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Jlnst pa3BUTHSI IPUKIATHBIX aCEKTOB EMHOrO rocyaapcTBEHHOTO pe-
ecTpa MOYBEHHBIX pecypcoB Poccun nmpumeHsiach OpUrHHanbHas Me-
TOJOJIOTHS aHAJIN3a NMPUTOAHOCTH 3eMenb ¢ ucnons3oBanueMm ['HC Ga-
3Bl IJaHHBIX C MIPOCTPAHCTBEHHBIM paspemenueM 2500 ra. OueHo4HbIE
MOJICIIH CTPOWIIUCH B METONOJ0ruU OlieHKH 3emeib DAO. O0beKTOM
aHaIM3a CIIYXWiIa KYJIbTypa XMEJs, OTIMYAIOUIascs CIEeHU(pUIHBIMU
N30MpaTeNbHBIMU arpodKOJIOTHUECKUMH TpeOoBaHMsIMU. [loka3aHa BbI-
COKasl MPUKJIagHAs aJeKBAaTHOCTh MPUMEHSEMOW METOHOJIOTHU. YcTa-
HOBJICHO, YTO 3€MJIM, ONTHMaJIbHbEIC N0 BCEM IMapaMeTpaM Ui BO3Je-
JbIBAaHUS XMens, 3aHuMaioT B Poccum oxosio 0,01% Tteppuropun.
HanGospmme orpaHideHus! CBSI3aHbI C IIOYBEHHBIMHU U KIIMMaTH4eCKH-
MU yciuoBusMH. HauMeHbIne 3aTpaThl JUIS BO3JCNBIBAHUS XMEJ
HeoOXOAMMBI Ha TEPPUTOPUH eBporieiickoit yactu Poccny, 1ore 3aman-
HoM CubupH m Ha paBHMHHBEIX (opmax penbeda Ha [ansHem Bocroke.
HawnGonpine Bno)xeHns: MOTpeOyrOTCs P BO3JIEIBIBAHUN XMENS B TOP-
HBIX paifoHax Ypana, Antas, B ropax Bocrounoit Cubupu n Jlansaero
Bocroxka.

Knroueswie cnosa: onieHkKa nous, XMellb, PECYPCHBIN NOTEHLIUAT 3€MENb
Poccun.

JJist poccHiCKOTO arpOonpOMBILIIIECHHOTO IPOU3BOICTBA C pazda-
JIAHCUPOBAHHBIM 3KOHOMHYECKUM YKIJIAJO0M, THIEPTPOGUPOBAHHBIM
JOMUHHMPOBAaHHEM KPYITHBIX arpOXOJIIUHIOB U CACP)KUBAHHEM Cpel-
HUX U MEJKUX ((epMepCKuX, KPEeCThSTHCKHX, JTUIHBIX) (DOPMHUPOBAHNUH,
ONTUMM3ALUS CTPYKTYPHI 3€MJIETIONB30BAHUS SABISIETCS HEOOXO0IUMOMN
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3ajayeil, pelieHrue KOTOpPOH IOJDKHO Oa3upoBaTbcs Ha HAyYHO-
000CHOBaHHOW OIIEHKE MPUPOIHBIX (ITOYBEHHBIX) PECYPCOB CTPAHBI U
MoTeHIMaa OMOpa3HOOOPa3HsL.

XMEeNeBoACTBO, TPAAULMOHHBIN POCCUHCKHUI MPOMBICEN, TEpe-
KUBAeT HE JTy4IINe BpeMeHa. DKCIAHCHS KPyITHOTOBAPHOIO STYMEHHO-
T0 MUBOBAPEHHS, 3aMMCTBOBAHNE 3apPYOEKHBIX TEXHOJIOTHH, BBHITECHSI-
€T XMeJb U3 3TOT0 INpoLecca U NPUBOANUT K COKPALICHUIO IIOMIaAeH
MOJ 3TON KyJNbTypol. Mexay Tem, KpoMe UCKIOYUTEIbHBIX BO3MOX-
HOCTEW B MMBOBAapEHUHM, XMeJb 001agaeT He3aMeHUMbBIMH (apMaKoo-
THYECKUMH CBOWMCTBaMHU. PacIIMpeHHIO pachpOCTpaHEHHS XMeENs B
MPOM3BOJACTBEHHBIX MacIITabax MOXET CIIOCOOCTBOBAaTh PAa3BUTHE U
cOaTaHCUPOBAHHOCTh MHOTOYKJIQJIHOCTH B OTEUECTBEHHOM arpomnpo-
MBIIUIEHHOM KoMIuTekce. IIpon3BoaCcTBO XMens py MOANEPIKKE TOCy-
JlapcTBa U ONTHUMAJIBbHOM KOHBIOHKTYpE phIHKA MOTYT pa3BUBaTh Mell-
KHE U CPEAHUE CENbCKOXO035HCTBEHHbIE (JOPMUPOBAHUS.

B ycrnoBusix ppIHOYHON SKOHOMUKH aKTyaljlbHa 3aja4ya pa3Mellie-
HUS KyJbTYpBl XMEI ¢ MAKCUMAJILHO TOJIHBIM COOTBETCTBHEM Kade-
CTBY 3€MENbHBIX PECYpPCOB, TAK KaK 3TO MO3BOJSET YBEIUYUThH Kaue-
CTBO M KOJIMYECTBO ypO’Kasi W MOBBICUTH IKOHOMHUYECKYIO 3 (eKkTruB-
HOCTh XMEJIEBOJCTBA. B HacTosdIee BpeMss XMeIb BO3/ENbIBAIOT C He-
JIOCTaTOYHBIM YYETOM €r0 SKOJOTHYECKHUX TpeOOBaHHWNA. DTO MPUBEIO
K TOMY, YTO MHOTHE XMEJIbHUKU PACIOJIOKEHBI HA OTPAHUYEHHO NpH-
TOJHBIX MOYBAX, B TO BPEMs KaK TEPPUTOPHUHU, ONTHUMAIbHBIE I XMe-
JI51, 3aHATHI IPYTUMHU KyJIbTypamH.

Enunblii rocyapCTBEHHBIN PEECTp MOYBEHHBIX pecypcoB Poc-
cuu (MBanoB u ap., 2013) Oaszupyercst Ha reoMH(POPMAMOHHON MOY-
BEHHO-Teorpaduueckoil 06aze JaHHBIX M SBISETCS HayYHOH OCHOBOIA
JUIsI. MHOTOLIEJIEBOTO aHAJIM3a TOYBEHHBIX M 3€MENBHBIX PECYPCOB
CTpaHBI.

OBBEKT

BO3I[CHI)IB3€MI)H7[ B TPOMU3BOACTBE XMCJb OTHOCHUTCA K BUOY
xMenb 00sikHOBeHHBIH (HUumulus lupulus L.) — MHOTONIETHEE pacTeHwe,
00TaHHUYECKH POJICTBEHHOE KOHOIUIE, U3 cemelicta Cannabineae (Ko-
HoruieBsle), mopsaaka Urticaceae (KpamuBouBeTHBIX). DTO MHOTOJET-
HsISl IBYIOMHAs BBIOIIASCS JHAaHA ¢ OJHOJCTHUMH (MOHOKAPIHUYECKH-
MH) ioderamu. MHoToeTHIS (PyHKITHOHUpYIOMas B TeueHue 20 JieT u
Oosee) y XMelsl TOJIBKO MoJ3eMHas yacTh pactenus. Hanzemusle opra-
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HBI (BEreTaTHBHBIC U F€HEPATUBHBIC) €KErOJHO BECHOH OTpPACTaloT W3
MOYeK BO30OHOBIJICHHS, 328 BETETAIUIO MTPOXOJISAT BECh UKL, & HA 3UMY
OTMUPAIOT.

H.. BaBuioB OTHOCUT XMe€Jlb K CPEIU3EMHOMOPCKOMY oOdary
MPOMCXOXIEHNUST KYJNbTYpPHBIX pacTeHHH. Apean OUKOro XMeJs Mpo-
CTHpaeTcs Jalieko Ha ceBep, TJe OH, BEPOSTHO, U OBbLIT BBEICH B KYJIb-
Typy. B. JIuHKe cunTaer poAMHON XMesl CEBEPHYIO U cpenHio EBpo-
ny. [To muenuto JI. BeHra, nepBudHas reoboTaHn4eckas objaacTh pac-
MPOCTPAaHEHHS XMEJIsl, 0 BCEH BEPOSATHOCTHU, — IUIOAOPOIHBIE JOIHHBI
u npearopbs Kapkasa, a takxke modepexnse UepHoro mopsa. Orcrona
XMeNb TIPH TIepeceicHUH ciaaBsH Bo |1V BB. H.3. pacmpocTpaHUiICs 110
Tepputopun cpenHerr EBpomnsl (Anekcanapos u ap., 1991).

[TonzemHas yacTh XMensl BKIIOYAET KOPHU U TJIAaBHOE KOPHEBU-
e ¢ nmoa3eMHbIMH noderamu. KopeHb y xMmensi BecbMa IIyOOKO Mpo-
HUKaeT B 3eMIIf0 (10 4 M, a OCHOBHas Macca KopHei 10 1 M) u maer
Maccy BTOPOCTEIIEHHBIX KOPHEH.

ITo xapakTepy pa3MelleHUs B I0YBE KOPHHU XMeJIs IOApa3essi-
IOTCSl Ha TOPU3OHTAIbHBIC, HAKJIOHHBIE M BEPTHKaJbHBIEC. | OpU30H-
TaJIbHBbIE KOPHU PACTIOJIOKEHBI MOYTH MapajlieIbHO MMOBEPXHOCTH TOY-
BHI (oTKJIOHEHHE 110 20°). ['myOuHa 3aneraHusi TOPHU3OHTAIBHBIX KOP-
Hel 3aBHCHUT OT MecTa X (popMupoBaHuUs, THIIA MOYBHI, cHocoda 3a-
KJIaJIKi XMeJIbHHKa, COpTa, Bo3pacTa pacTeHuil u ap. HakionHsie kop-
HH PacTyT NOA yriioM K ropu3oHty 20°-60°. OHr nmpoHHKaoT B Oonee
rITyOOKHE TIOYBEHHBIE CIIOW, OXBATHIBAIOT OOJBIIMNA 00BEM IOYBHI U
o0ecreunBaloT pacTeHUE BOJOW M DIIEMEHTaMM NMUTaHus. BepTukanb-
HbIe KOPHHU DPACHOJIOKEHBI B TIOYBOIPYHTE OTBECHO (OTKIOHEHHE OT
ropusonra Oosiee 60°). OHU MOTYT OBIThH JIFOOOTO MPOUCXOXKICHHUS U
BO3pacTa, NPUAAIOT PACTCHUSAM MEXaHHYECKYI0 YCTOMYMBOCTD, IOTIIO-
HIAIOT MUTATEIbHBIC DIEMEHTHI U3 HU)KHUX CIIOEB TOYBHI.

HanzemHble BereTaTuBHBIE OPTaHbl XMEJSI COCTOSIT M3 CTEOJIs,
BeTBel W nucTheB. CTeOenb — OJHOJETHS BBIOIIASCS JIMaHa, TONIIH-
HOil 8—15 MM. B ceyennu ctebenp MMeEET MIECTUTPaHHYIO GOopMy, IO
TpaHsiM PacroJIOKeHbI KPIOYKOOOpa3HbIE IMIBI, KOTOPHIMHU OH LIETUIS-
eTcsl 3a IOBEPXHOCTh HOAJIEpxKeK. Butbe cTedis MPOUCXOaUT 10 XO4y
4acoBOM CTpeNKM (MO ABMKEHHWIO COJHLA) 33 CYET JABKEHHUS TPeX
BEPXHUX MEXI0Y3Jud. [uamerp Kpyra, ONHUCHIBAEMOTO BEPXYIIKOU
crebust, pocturaer 50 cMm. PeOpucteie Mojoaple moberu CIuiomb 3a-
MOJTHEHBI CEpAIIEBUHOM, N0 Mepe WX pocTa o0pas3yercs MoJIOCTh C KO-
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JICHYaTOCThIO 1O y3s1aM. [lyinHa cTe0iist 3aBUCHT OT CPOKOB CO3PEBaHMUS
pacTeHuit XMels U U3MEHSETCS OT 3 M y YIBTPAaCKOPOCHENbIX 10 12 M
y odeHb no3nHecnensix (Bunorpamos, 1977; Horunesud, Kapnamies,
1990).

Crebenb XMesI BHIIONHSAET MPOBOAALLYIO (TIEPEABIKCHUE TUTa-
TEITBbHBIX BEIECTB BO BCE OpPTraHbl) U MEXaHHYECKYyI0 (oOecrednBaer
YCTOHYHMBOE MOJOXKEHHE B MPOCTPAHCTBE, BBIHOCHUT JIHCTBS K CBETY,
BBIIEP)KUBAET 3HAUMTENbHbIE MEXaHWYECKHE HArpy3KH OT BETOK C
MHIIKaMu) QyHKINH.

JIucTtbst y XMens TPOCThIE YEepPEIIKOBBIE ¢ HEOOJIBIINMHU TPH-
JUCTHUKAMH y OCHOBaHUs. II0BEpXHOCTH JINCTOBOM IUIACTUHKH Tallb-
4yaTo-pa3lieNibHasl, a Ha BETBAX — TpeXJ0jbHas U 1enbHas. [lo crediro
JUCTBS. PAa3MEIAIOTCS HEONWHAKOBO: B HIDKHEH 9acTH — KpYIHBIE
Tpex-, MATHIOJNbHBIE, B CpeJHeld — HamOojee KpyIHbIE MSATH-, Pexke
CEMHIOJIBHBIE, B BEpXHEW — TPEXJOJIbHBIE WU LenbHble. Kpas nmcTo-
BOH IJIACTMHKH HEPOBHOIMWIbYATHIC, 3a3yOpEHHbIE, KUJIKOBAHUE JIH-
cTbeB ceTdaToe. OCHOBHBIC I'PAaHHM HA HIDKHEM CTOPOHE JIUCTAa MMEIOT
munbl. Bes MOBEPXHOCTh JIMCTOBOM IUIACTHHKH, OCOOCHHO BEPXHSIS,
MOKPBITA KECTKIMH BOJIOCKAMH.

K renepaTuBHBIM opraHam XMens OTHOCSTCS LIBETOK, IUIof (ce-
Ms). Ha )KeHCKHX pacTeHHSIX [IBETKH COOPaHBI B COIIBETHS, KOTOPBIE TIO
Mepe Pa3BUTHS NPEBPAILAIOTCS B COIUTOIMS (LIMIIKH), @ Ha MY>KCKUX —
B Merenku. [lo BHemHeMY BHIy >KEHCKHE M MYXCKHE PACTEHHS He
pasnInMyarTCs MEXIy coO0OH a0 HacTyruieHHs (a3bl OyTOHM3ALMH.
JIByJJOMHOCTb pacTeHHUH XMellsi 00YCIOBIUBACT MIEPEKPECTHOE OIbLIe-
HUE IIBETKOB. XMe€Jb — BETPOONBUIIEMOE PACTEHUE, YTO OTPA3HIOCH Ha
Pa3BUTUH T€HEPATUBHBIX OPTaHOB: LIBETKH MENKHE, HE MMEIOT SIPKOU
OKPAacK{ M apoMata, COOpaHbI B COLIBETHS.

[locne mBereHHss Bce COCTaBHBIE YAaCTH JKEHCKOTO COIBETHS
CWJIBHO pa3pacTaloTCs W MPEBPALAlOTCs B MIMIIKY xMmens. [Ipomomku-
TEJLHOCTh ()OPMHUPOBAHHS LIMIICK 3aBUCUT OT COPTA, arpOTEXHHUKH U
KJIMMaTU4YEeCKUX ycaoBuM U cocraBiser 15-30 nuelt. Ilpu omnoaotso-
PEHUU KEHCKUX LBETKOB B IIUIIKaX 00pa3yloTcs ceMeHa.

Kynberypa xmensa B Poccun Benetcs ¢ nenbio nomydeHus decce-
MSHHBIX [IHUIIEK.

Boranuueckas 30Ha npouspacTaHus JTUKOTO €BPOINEHCKOro Moj-
BHUJA XM OOBIKHOBEHHOTO B Poccuu mNmpuypoueHa K YMEPEHHOM
30He. CeBepHasl rpaHuLa apeajia AUKOTO XMeEJs MPOXOJUT Yepe3 FoXK-
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Hble paiionsl Kapenuu, 6acceiinel CeBeproii JIBuHbI 1 Brraerasr (66—
60° c.ir.). B paitone Komu oHa pe3ko omyckaercs Hike 60° c.or. u
yxoaut K Ypaiy. B 3anagnoit Cubupu XMenb paclpOCTpaHEH F0KHEE
58-59° c.m. Bocrounee 3amagHoro 3aanrapes (95° B.1.) ero rpanuia
MMOBOpAYMBAET Ha 3araji ¥ MPOXOAWT IO paioHaMm mpearopusix CasH
o Anras. Ha BceM NpoTsbkeHMM CeBEpHas TpaHUIa paclpoCTpaHEHMs
XMeJIs MPOJIETaeT HECKOJIBKO HIDKE MPAaHUIBI BEUHOW MEP3JIOTHI, KOITH-
pys ee. B 30He OCTpOBHOrO pacnpOoCTpaHEHHMsS MEP3IBIX TOJI Cylie-
CTBYIOT TaJIble YYaCTKH, TJ€ BCTPEYAIOTCA 3apPOCIH TUKOTO MM 3aHOC-
HOT'O XMEJIS.

IOsxHas rpaHua apeanga AUKOTO XMeJs MPOXOAUT BJIOJIb TPaHH-
ubl Poccun, 3a uckiroueHueM 30HbI, Opuieraromei k Kacnuiickomy
MOpIO, TOe OHa TsHeTcsa oT Oepera Kacmumiickoro mops, ceBepHee
r. Kusnsip, BIonb monynycTeiHHBIX paiioHOB CtaBpomonibs u KamMmbl-
kun 110 T. Kameimmn va Bonre, 3atem p. Ypan u yepe3 10xHyr0 bar-
KHPHUIO BBIXOTUT K YpanbckoMy xpe0Ty. Ha Jlamprem Boctoke xmenb
OBLT paHbllle M3BECTEH TOJILKO B KYJIbType. B HacTosiIIee BpeMs BCTpe-
YaroTCs OTACIbHBIE MECTOHAXO0XKACHUS OAUYABIIEr0 ¥ 3aHOCHOTO XMe-
15 Ha rore [IpuMopss u B cpenHeM TeueHun Amypa. 31ech 10KHas rpa-
HHLIa pacIPOCTPAaHEHUSI MEP3JIBIX TOJIIL TSHETCS BAOJb JIEBOTO Oepera
HU30BBS p. AMyp.

B 30Hy, e qukopacTyluid XMenb HE paclpoCTPaHEH, BXOJAT
Actpaxanckas, Mpkyrckas, Marananckas, MypMaHckas, YutuHckas
oomactu; Kommu-llepmsimkuii, Kopsikckuit, Henenxuii, TalMbIpcKuii,
Xantel-Mancuiickuii, UykoTckuil, DBEHCKMII aBTOHOMHBIE OKpYTa,
peciyonukn Bypstusa, Kanmeikua, Komu, Caxa-Sxytus, Tysa (Cna-
CcTeHHUKOB, 1971; JInbankuii, 1993).

30Ha TOBAapHOTO XMEJEBOJCTBA TEOPETUUECKH JOJDKHA HMETh
HECKOJIBKO CYXXEHHbIE INPUPOAHO-KIMMAaTHYECKHE MapaMeTpbl 0
CPaBHEHHIO C 30HOW OOTAaHMYECKOTO MPOM3PACTAHHS AMKOTO XMEJs,
TaK Kak MpeJIoaraeT OpraHu3aliio NPOU3BOJICTBA ChIPhs C BBICOKOH
PEHTa0eNbHOCTHIO.

B HacTosmee BpemMst TOBapHOE XMEJNEBOACTBO COCPENOTOYEHO B
11 agMUHHCTPAaTUBHBIX peTMOHAaxX cTpaHbl: beraropoackoi, bpsHckoii,
Boponexckoii, Bsarckoit, Kypcko#t, Mockosckoi, [lensenckoit oOma-
CTsIX, ANTalickoM Kpae, pecryOnukax ['opHberii Anraii, Mapuii On u
Uysammu. M3 HUX TOJIBKO TpH MOCIEIHUX PETHOHA ABISIOTCS XMeTe-
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BBIBO3SALIMMH, OCTAIBHBIE 00€CIIEUYNBAIOT JIUIIb TOTPEOHOCTH MECTHBIX
HNpEANpUATUH.

B paznuuHble HCTOpUYECKHE NMEPUOBI TOBAPHOE MPOU3BOACTBO
XMeNsl OCYLIECTBISIOCh Ha TeppuTtopusix Brnanumupckoi, BaHOB-
ckoit, Koctpomckoit, Opnosckoit, Psizanckoit, CMonenckoit, TynbCcKoH,
VnpsaoBckoit (Cumbupckoit), ExarepmrOyprckoii (ror) obmacrted,
Kpacnonapckoro u CtaBponojibcKoro kpaes, pecrnyOnuk bamkupus,
Tarapus, Ueueno-Uurymerus (Anekcasapos u ap., 1991).

METO/I

B xauecTBE OCHOBBI JIsl OIICHKU MPUTOJHOCTH 3€MENIb MCIIOIb-
3oBasack IlouBeHHO-Teorpadudeckas 6aza gaHHpx Poccum (2014), a
TaKKe JIaHHBbIC 0 penbede M KIuMare, BXOAsIUe B 0a3y naHHbIX “3e-
MenbHBIe pecypcbl Poccun” (Savin, 2002; Stolbovoi, McCallum,
2002). JlanHble ObUIM TPEIBAPUTEIILHO MPUBEACHBI K €AWHOMY IPO-
CTPAHCTBEHHOMY pa3pelIeHHIo ¢ pa3MepoM mmkcemst 5 X 5 km (2500 ra
Ha MECTHOCTH). DTOT pa3Mep ONTUMAJICH C TOYKH 3peHHs MacmTada
WCXOJHBIX KapT, KOTOpble OBUTH MOJO0XKEHbI B OCHOBY YKa3aHHBIX BHI-
1€ TICPBOMCTOYHUKOB. TakuM 00pa3oM, dSJIEMEHTapHas IUIONIAHAS
enuHUIA aHaimm3a cocrasirsiia 2500 ra.

B kauecTBe METOJOIOTUYECKON OCHOBHI IS OIIEHKU TPUTOIHO-
CTH 3eMellb HCIOJIh30BAIUCH TOAXOABI, OCHOBAaHHBIE Ha WICOJIOTHH
orienkn 3emenb ®AQ, Gazupyromuecss Ha T€OMH(POPMAITUOHHBIX TEX-
Hosorusix (CaBun, 2004). OTH MOAXOIBI MPOLUIM anmpodanuio I
KyJBTYp B Pa3IMYHBIX PETHOHAX CTPAHBI M MOKA3alld UX JOCTATOYHYIO
HajgexHocts (CaBun, ®enoposa, 2000; [paraenesa u ap., 2005, 2007;
Hedtsmmes u ap., 2010; CaBun u np., 2013). B otnuume oT coBpeMeH-
HBIX OTe4decTBeHHBIX MoaxoaoB (KapmanoB u ap., 2013), ucmons3o-
BaHHBIE TIOJXOBI OOJIBIIIE OCHOBAHBI Ha aHAJIN3€ IKOJOTHIECKHX OCO-
OCHHOCTEH OlCHMBAEMOMN KYJBTYPHI, & HE Ha CTATUCTHYSCKUX JAHHBIX
00 ee ypoxaifHOCTH.

Ha nepBomM sTane mocTpOE€HHUs! OLIEHOYHBIX MOJENEH MpPOBEJU
aHallu3 ¥ OTOOP CBOKMCTB 3€Melb, KOTOPHIE MOTEHIIMAIFHO MOTYT OKa-
3BIBAaTh BIIMSHUE HA POCT XMEJA B Mpeaenax TeppuTopuu Poccuiickoit
Oenepannu. OTOOP CBONCTB OCYIIECTBISIIA B paMKax TPEX OCHOBHBIX
OJIOKOB: TOYBEHHOI'0, KJIMMAaTU4ECKOTro u penbedHoro. Bee oTobpan-
HBIE€ CBOICTBA KJIACCH(UIIMPOBAIIN IO CTENEHHN UX ONTUMAIBLHOCTH AJIS
pocra KynbTypbl. B 00llieM BHJE HCIIOJIB30BaIM CICIYIOIIYIO IIKATY
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YaCTHBIX OLIEHOK OTJENIBHBIX CBOMCTB 3€MEJb: ONTUMANIBHOE, OIPaHU-
YEHHO MPUTOIHOE ¥ HENPUTOTHOE.

B ximacc “onTumanbHbBIX” (TIEPBBIA KJacc MPUTOJAHOCTH) CBOW-
CTBO TIOMNA/AJI0 B TOM CIydae, €CIM OHO He JIUMUTHPYET POCT U pa3BH-
Tre pacteHus. K “orpaHudeHHO mpuroaHbM” (BTOPOI KiTacc MPUTOI-
HOCTH) OTHOCHJINCH CBOWCTBA, KOTOPHIE OTPAHUYMBAIOT Pa3BUTHE pac-
TEHHS, HO NOCJE YIy4IICHHS MOTYT AOCTUIaTh ONTHMAJbHBIX Iapa-
MeTpoB. “Hempuronusie” cBoiicTBa (TpeTuil Kiacc MPUTOJAHOCTH) JIH-
MUTHPYIOT BO3MOKHOCTb BO3JEJBIBAHUS KYJIBTYp IO TaKOH CTENEHH,
YTO UX POCT HPAKTUYECKH HE BO3MOKeH. JIMIb mocie MpoBeAeHUs
KOMIUIEKCHBIX MEJIHOPATUBHBIX padoT, 3TU 3eMJIM MOTYT NEPEHTH B
KJ1acc “OrpaHMYeHHO MPUTOIHBIX .

Kpome storo, ObuIH BBEIEHBI TIOAKIACCH &, b 1 C. B moakiacc a
BXOJWJIM TEPPUTOPHHU, HA KOTOPBIX JTHUMUTHPYIOLIHE (PaKTOPhl MOTIIN
ObITh ONTHMHU3UPOBAHbI C IIOMOLIBIO ArPOTEXHUUYECKHX IPHEMOB
(HampuMmep, Hu3BecTKOBaHue). B moakmacc b Bxomwnm Tepputopum,
yIIydllleHMe KOTOPBIX CBS3aHO C IPOBEICHUEM KOPEHHBIX MEIHOpa-
TUBHBIX paboT (ocymieHue, opouieHue, Teppacuposanue). K monkiaccy
C OBITM OTHECEHBI TEPPUTOPHH, HA KOTOPHIX ONTHMH3HPOBATH JINMH-
TUPYIOIINH (PaKTOp HEBO3MOXKHO (HEIOCTAaTOK TeIla, COMHEYHOH pa-
JIMAIN), WIU JK€ €ro yJydIleHHe CBS3aHO ¢ OONBIINMH JKOJIOTHYe-
CKMMU PHCKaMH (CUIIbHAS 3pO3HUs Ha CKJIIOHAX ¢ KPYTU3HOH Ooiee 15°),
WIA C HEONpaBAAHHBIMH 3KOHOMUYECKHMHM 3aTparamMu (BBICOKas CTe-
MIeHb KAMEHUCTOCTH).

XMernb 04eHb TpeOoBaTeNIeH K mouBam. [j1si HopMaapHOTO pocTa
W Pa3BUTHUsl PACTEHHUs MOYBA JIOJDKHA OOJIaAaTh XOpOIIMMH (usnde-
CKHMHU CBONCTBaMH: JOCTAaTOYHON BJIArO€MKOCTHIO, OJaronpHUsITHBIMU
TEIUIOBBIM M BO3IYIIHBIM peXUMaMu. Takue CBONHCTBA MPHUCYINU PHIX-
JBIM TI0YBaM. Ha yIIOTHEHHBIX MOYBaX PacTEHMs UCHBITHIBAIOT HENO-
CTAaTOK BOJIBI U BO3AyXa. YIJIOTHEHHE TOPU30OHTOB ITOYBBI U 11O ATIOYBHI
MOXeT ObITh oueHb cHmbHBIM (1,5-1,6 r/cM®), M KOpHeBas chcTema
XMeJIsl HE B COCTOSIHMM IPOHUKHYTh B HUX U Pa3BUBATHCS. AKTHBHBIN
CIJIOH TIOYBHI AJIsl pACTEHUH XMeJsl HaXOIUTCs Ha Tiyoune 1o 1 m. 3Ha-
YUTEJILHOE YNCJIO KOPHEH MPOHUKAET Ha [NIyOUHY 10 2 M, IO3TOMY IS
OLICHKM TPUTOJHOCTH IOYBBI IOJl XMEJNb HEOOXOOUMO YYHUTHIBATH
CBOWCTBA MOANOYBEL. s XMens HanboJjiee MOAXOIAT Cl1ab0yIIIOTHEH-
HBI€ MIO/IIOYBHI.
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Ha xapakrtep pocta u pa3BUTHS KOPHEBOW CHCTEMBI XMEJIECBOTO
pacTeHUsl OKa3bIBAIOT BIIMSHUE THAPOTCPMUYECCKHU PEKUM, adparius,
CIIO’KEHME, COCTaB M CTPYKTypa Mo4Bbl. Hampumep, B CTEMHBIX paiio-
HaX KOPHU PACTEHHUI XMeJsl MOTYT JI0CTaBaTh BOJY C OOJIBIION TIIyOu-
HBI, B TO )K€ BPEMSI OHU UMEIOT Pa3BUTYIO TOPU30HTAILHYIO KOPHEBYIO
CHUCTEMY B T'YyMYCOBOM T'OPHM30HTE MMOYBBI, OTKY/Ia PACTCHHMS IMOTJIOIIa-
0T 3JIEMEHTBI MUHEPATbHOTO TTHTAHUSI.

I'panynoMeTpuieckuii cocTaB MOYBBI OKA3hIBAET CYIIECTBEHHOE
BIIMSIHUE HA POCT M pa3BUTHE XMelsl. BelnunHa npoyKTUBHOCTH pac-
TEHUH 3aBUCHUT OT TPaHYJIOMETPHYCCKOTO U XUMHUYECKOTO COCTaBa
mouBsl. HambGomee OnarompusTHOE codYeTaHWE COACpKaHHS IIeCKa,
TJIMHBI U TyMyca OOBIYHO HAOJIOAAeTCs B CPEAHECYTTTMHUCTON TIOYBE.
Ha mecuaHpIX U MIMHUCTBIX MOYBAX YPOXKAMHOCTH XMEIS CHUXKACTCS.

X¥MU3M TIOYBEHHOT'O PACTBOpA SIBJISICTCS JUIS PACTCHUN XMEJs
9KOJIOTHYECKHM (HaKTOPOM IEPBOCTEIICHHONW Ba)KHOCTH. XMEIb OTHO-
CUTCS K HEUTpO(WIbHBIM pacTeHusM. OH MOXET HOPMAalbHO pa3BU-
BaThCS Ha IMOYBaX CO CIAOOKUCIION peakiueldl cpeibl, HACBIIICHHBIX
OCHOBaHMsIMH. Bo3jensiBaeMbie copra Jiydlne pa3BuBaroTcs npu pH
5,6-6,0 u ruaponuTHdeckor kuciaotHoctu 1,5-2,0 mr-sks/100 r nou-
BBl Takue yCIOBHsI IMEIOTCSI Ha OYCHb MaJIbIX IUIOMIA/SX BO3/ICIbIBA-
HUSL XMEJIS Ha JSPHOBO-IIOA30JMCTHIX M CEPhIX JIECHBIX IMOYBax. JTH
MOYBHI XapaKTEPHU3YIOTCS BRICOKOW KUCIOTHOCTBIO, a OTCIOJIa U Xapak-
TEpHBIC TUIOXUE (PUIUKO-XUMHUUECKHUE CBOMCTBA: YBEIWYCHHBIC KOJIH-
YecTBa TOABIKHOTO ATIOMHHUS, MapraHila W JKele3a, KOTOpbIE MpU
MOBBIIICHHOW KOHLICHTPAIIUH SIOBUTHI. PaCTeHUs XMeIs II0X0 Mepe-
HOCST KHCITYIO U HIETOYHYIO pEakluio. B 3TUX yCIOBHSAX B paHHHE Iie-
PHOJIBI POCTa PACTECHHI HA JIUCTHIX MOSBISAETCS XJIOPOTUYHOCTH, KOTO-
pasi ¢ BO3PacTOM TMOCTENICHHO WcUYe3aeT. M3JNHIIHAS KHCIOTHOCTh
yXy[AIIaeT MUTAHUE PACTCHUN KaJIbIIUEM, TaK KaK BOJIOPOJHBIC HOHBI
HE TOJIBKO 3a/ICPXKUBAIOT MOCTYIJICHUE KaJbIUS U IPYTUX KATHOHOB B
pacTeHue, HO M BBITECHSIIOT KaJIbIUH M KaTUOHBI C TIOBEPXHOCTU KOP-
HEi, 4TO BJIMSACT HA OMOXMMHUYECKUE MPOIECChl B PACTCHUSX W HA WC-
MOJIb30BaHNE UMU ITUTATEIILHBIX BEIIECTR.

XMenb oueHb TpeOoBaTeseH K pexuMy nutanus. OH OTHOCHUTCS
K HUTpO(HIaM, MPEABIBISIONIAM MOBBIIICHHBIC TPEOOBAaHUS K a30Ty B
noyse. B TeueHHe BEreTallMOHHOTO MEPHOJIa PACTEHHS XMellsl oTped-
JSIOT B 2—4 pasa Ooublie a30ta, Gochopa, Kajus U KaJIblus, YeM 3ep-
HOBBIE€ KYJbTYpbl. XO3SMCTBEHHBIH BBIHOC XMEJIEM 3JIEMEHTOB IUTa-
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Hust Ha 1 T ocHOBHOM npoaykimu coctasisieT: N — 84 kr, P — 35 xr, K -
92 xr. Ha o0Opa3oBanue 1 T mmiiek XMejib BBIHOCUT U3 mouBbl: N — 70—
100 xr, P — 40-60 xr, K — 110-135 &r u Ca — 80-120 &r. Oco0Osie Tpe-
OoBaHMS XMeNs K IMOYBEHHO-TPYHTOBBIM YCIIOBHSM OIPEIEIISIOTCS
MPOAOJDKUTENBHBIM MIPOU3PACTAHUEM €r0 B MOHOKYJBTYPE U HNPOHHUK-
HOBEHHEM KOPHEBOI CHCTEMBI PAaCTEeHHUH B TTTyOOKHE TOPU30HTHI.

ITox xmenb NpuroaHsl HE3a00JIOUEHHBIE M HE3aCOJICHHbIE TOY-
BbI, KOTOPBIE MOJICTUIIAIOTCS HETJIOTHBIMU TTOPOJIaMH C YPOBHEM TpyH-
TOBBIX BoA HioKe 2,0—-2,5 M ¥ riIy0OKHM 3aJIleTaHneM KapOOHATHBIX T'0-
puzoHToB. KopHeBas cucrema xmens, JOCTUTHYB OJIM3KHX BOJOHOC-
HBIX HEIPOHUIIAEMBIX CJIOE€B, MOMAAAET B YCJIOBHSA IUIOXOH a’paluu U
oTMupaer. HanzemHass 4acTh pacTeHH B 3THX YCIOBHUSAX IOJIydaeT
3HAUUTENIbHOE KOJIMYECTBO BOJIBI, YTO 3aTATMBACT POCT U Pa3BUTHE.

XMenb XOpOIIO pacTeT W pa3BUBAETCS Ha IMOYBaX, KOTOPHIE B
JIETHUE MECSIbl JOCTATOYHO Iporpersl. Ha mouBax IUIOTHBIX, CHIPBIX,
XOJIOAHBIX PACTEHUS JIETKO MOBPEXAAI0TCS Oone3HsMu. B To ske Bpems
XMeIb TpeOyeT MHOIO Bjlard, IO3TOMY Ha CyXHX II0YBAaX OH 4YacTo
Hy)knaaercs B opomeHuu (Ilpaktuxym..., 1989; Hoarunesny, Kapna-
mes, 1990).

sl OLeHKM TPUTOJHOCTH CBOMCTB MOYBEHHOTO OJOKa aHAIu-
3UPOBAUCH TaKWe CBOWCTBA MMOYB, Kak pH, ypoBeHs I'pyHTOBBIX BOJ,
coJepkaHue KapOOHATOB M THIICA, TPaHyJOMETPUYECKHI COCTaB, Ka-
MEHHCTOCTb, IIOTHOCTh, MOIITHOCTH TOYBEHHOTO MPOQUIIS, TTEPHOIH-
gyeckasi 3aromsieMocTs. 1lo kaxkmomy CBOWMCTBY pa3paboTaHa IIKaja
OIICHKH ITPUTOTHOCTH.

I'panynomempuueckuti cocmas UrpaeT BaKHYIO pojb B (HOpMU-
poBaHUM (DU3UKO-XUMHYECKHX CBOMCTB IOYBHIL, &, CIEIOBATENBHO,
uMeeT OOJBIIOE BIMSHHE HA IPOLECCHl pocTa pacTeHuil. s xmens
ONTUMANBbHBIMH SBJISIOTCS JIETKO- M CPETHECYTJIMHUCTBIE MOYBHI, IMO-
3TOMY OHM OBUIM OTHECEHBI K IIEPBOMY KJlacCy MPUroIHOCTH. [1ouBEI
CylecyaHble M TSDKEJOCYTJIMHUCTBIE OTPaHMYMBAIOT pa3BUTHE pacTe-
HUM, [IO3TOMY OHHM OTHECEHBI KO BTOpoMYy kiaccy. Ha mecuaHex u
TIIMHMACTBIX MTOYBaX XMEJb HE PacTeT U3-3a HeOIaronpusTHEIX (PU3UKO-
XMMUYECKUX CBOHCTB. Takue MOuYBBI OBUIM OTHECEHBI K TPEThEMY
KJIacCy IPUTOJHOCTH.

Kamenucmocme noug siBISI€TCS] CWIBHO OTPaHUYHMBAIOLINM (akx-
TopoM uid XMend. ONTUMaIbHBIMU MOKHO CUMTATh ITOYBHI, KAMEHU-
CTOCTh KOTOpBIX He npeBbimaer 1%. Ecnu xamMeHuCTocTh HE NMpeBBI-
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maet 3% W uMeeT medeHYaTO-TaJCUHUKOBYIO IPUPOTY, TO TaKUE T0Y-
BBl OTHECEHBI KO BTOPOMY KJIacCy MPUTOIHOCTH. [10UBBI ¢ KaMEHUCTO-
cThio Oosee 3%, WM €CIM OHM UMEIOT BATyHHYIO TPUPOAY, ObLTH OT-
HECEHBI K TPETheMY KJIaCcCy MPUTOTHOCTH.

XMenb 4yBCTBUTENEH K niomuocmu noussl. K mepBomy kiaccy
MIPUTOTHOCTA OTHECEHBI TOYBHI C IUIOTHOCTHIO 1,1-1,3 r/em?. Ko BrO-
poMmy Kiaccy — OoJiee Jierkue u 6osee TsoKenble ¢ ioTHoCThio 0,9-1,1
u 1,3-1,5 r/cM? COOTBeTCTBeHHO. B TPETUd, HEMPUTOJHBIN, KJIAcc Mo~
[MaJI¥ IIOYBEI C INIOTHOCTHIO MeHee 0,9 r/em? u Goee 1,5 r/em?.

U3-3a GonblIoi TiyOMHBI POHUKHOBEHHS KOPHEBOW CHCTEMBI
XMeIb TPeOOBATeNeH K MOWHOCHU Menkozemucmou moawu. Ha mou-
Bax C HeOOIBLINM MPOdUIEM KOpPHEBasi CHCTEMA HE B COCTOSHHH I10JI-
HOCTBIO Pa3BUTHCS W OOECIEUUTh pacTeHHe HEeOOXOIUMBIM KOJNYe-
CTBOM 3JIEMEHTOB MHHEpaIbHOTO nuTaHus. K HempuroaHsIM OTHECEHBI
MTOYBBI C MOIIHOCTHIO MMOYBeHHOTO npodwist MmeHee 100 cM, kK orpanu-
YEHHO MPUrogHbIM — ¢ MomHocThio 100-150 cm. K ontumansHbIM
ITOYBBI OTHECEHBI, €CITA UX MPOQITH MpeBbimmaet 150 cM.

XMenb JIydIie pacTeT Ha BO3BBIIICHHBIX POBHBIX MECTaX, U HHU3-
KH€ nepuooutecky 3amonisaemvle meppumopuy s HeT0O He TIOIXOIT.
Teppuropun, MOABEPKEHHBIE PEAKUM 3aTOIUICHHAM (OJUH pa3 B -
CATH JIeT U Ooee), HapuUMep BBHICOKHE TTOWMBI, OTHECEHBI KO BTOPOMY
KJIacCy MPUTroAHOCTU. B TpeTuil knacc monanu moYBhI, MOABEP>KEHHBIC
CHCTEMaTHIEeCKOMY 3aTOIUICHHUIO, a TAK)Ke OOJIOTUCTHIE TIOYBHI.

OTHeceHne MOYBBHI K KAaKOMY-THOO KJIacCy NPUTOJAHOCTH TIO
MMOYBEHHBIM CBOWMCTBaM B IIEJIOM OCYIIECTBIISUIOCH HA OCHOBE aHAlIN3a
pe3yIbTaTOB OLEHKH ONTUMAILHOCTH OTJICIBHBIX CBOWCTB, a TaKXKe
BO3MOXXHOCTH U OTHOCUTEIHHOM 3aTPaTHOCTH YJIYUIICHUS HEONTH-
MaJTbHBIX 3HaYeHUH. PerraronmM mpaBuiioM st OIIEHKH TIOYBEI HCIIOJb-
30BajiCsl METOJ “MaKCUMaJIbHON JUMHUTAIMK, T.€. KJIacC MPUTOTHOCTH
MOYBBI HE MOT OBITH BHIIIE KiIacca “Xyamiero” cBoicTBa. Takum oOpa-
30M, Bce mouBsl Poccuiickoit denepanyn Oblin pa3oUTHI HA KIIACCHI:

kyacc 1 — mouBbl, ONTUMAaNBHBIE TSI XMEIS TI0 BCEM OIICHHBae-
MEIM TIapaMeTpam;

KJlacc 2a — MOYBBI CO CBOWCTBaMHU, OTPAaHUYMBAIOIIMMU Pa3BHU-
THE PACTCHUI XMeJi, HO KOTOPbIE BO3MOXKHO ONTUMU3UPOBATH MpHeE-
MaM¥ arpoOTEXHUKH A0 ONITUMAIIbHBIX 3HAYEHUH,

kimacc 2b — mouBBI cO CBOWCTBAMH, OTPaHUYHMBAIOIIMMHU Pa3BH-
THE pacTEeHUI XMeJsl, HO KOTOPhIe BO3MOYKHO ONITUMHI3UPOBATH MEIHO-
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PATUBHBIMH MPUEMAMHU JIO ONTUMAJIbHBIX 3HAUCHUI (CHIKCHUE YPOBHS
TPYHTOBBIX BOJ, YMCHBIIICHHE COICPKAHMUSI KapOOHATOB U THUIICA);

KJlacc 2C — TOYBBI CO CBOHCTBAMM, OTPaHUYMBAIOUIUMHE Pa3BU-
THE PAacTEHUN XMeEJs, HO KOTOphIE HEeNb3s M3MEHUTh WM W3MCHCHUE
KOTOPBIX CBSI3aHO C HEOIPaBJaHHO OONBIIMMHE 3aTpaTamul (TpaHyJo-
METPUYECKHI COCTaB, KAMEHHCTOCTh, INIOTHOCTh, MOIITHOCTh TTOYBEH-
HOTO TPOdHIIs, IepHOANYECKas 3aTOIUISIEMOCTh TTOYBHI);

B omimune ot kimacca 2, B Kjaacc 3 BOLUIM ITOYBBI, B OOJBIICH
CTENEHU JUMUTHUPYIOLIUE POCT U Pa3BUTUE PACTCHUU. YIIydllIeHHE JIU-
MUTHPYIOIIHUX (PaKTOPOB BO3MOXKHO TOJILKO JIO OTPAHUYCHHO PUTO/I-
HBIX 3HaYEHHUH.

KJlacc 38 — IMOYBBI CO CBONCTBaMHM, HENPUTOIHBIMH IS BbIpa-
LIMBAHUS XMEJIs, HO METOJJaMH arpOTEXHUKH UX MOKHO YJIYYIIUTh 10
OTPaHUYCHHO MPUTOIHBIX 3HAUCHHUIA;

kiaacc 3b — TMOYBBI CO CBOMCTBAMH, HENPHUTOJHBIMHU ISl BBIpA-
UIMBAHUSL XMEJS, HO MX YJIy4YlICHUE CBSI3aHO C NPUMEHEHHEM KOM-
TUIEKCHOM MENHOpaIii (CHIKEHHE YPOBHS TPYHTOBBIX BOJI, YMEHBIIIE-
HUE COJIepPKaHUs KapOOHATOB ¥ TUIICA);

KJIacC 3C — TIOYBHI CO CBOMCTBAMHU HETIPUTOIHBIMH IS BRIPAIITH-
BaHUSI XMEJS. YIIYyYIIUTh 3THU CBOMCTBA HENb3s, WIM UX YIy4IICHHE
CBSI3aHO C HEONPABIAHHO OONBITUMHU 3arpaTtaMu (TpaHyJIOMETpHUE-
CKHM COCTaB, KAMEHUCTOCTb, MJIOTHOCTh, MOIHOCTb MMOYBEHHOT'O MPO-
¢uist, nepuoauvecKast 3aToIIIEMOCTh MTOYBHI).

OTaenbHO BBIAEISIICS OLIGHOYHBIN Kiacc x. B 3ToT kiacc oTHe-
CEHBI TTOYBEHHO-TEOTpadUICCKUE BBIACIBI C CIJIBHO KOMIUIEKCHBIM
MOYBEHHBIM TOKPOBOM, IZI€ OTACJbHbIE MOYBBl HMEIH Pa3IUYHbIC
OIICHKH TIPUTOTHOCTH.

[anee oueHuBanach NPUTOAHOCTH 3€MENb MO KIMMATUYECKUM
YCIIOBHSIM.

XMenb — CBETONIOOMBAsA KyNbTypa. 3a BeTeTallMOHHBINA MEePHOJ
pacrennto Heobxoaumo 1500—1700 4 coHeuHOH pagualuy, IpH 3TOM
0oJIee MOJIOBHUHBI €€ TOJDKHO MPUXOAUTHCS Ha TIEPHOJ] OT IBETEHHUS 110
TEXHUUYECKOU cnenoctu mumek. [Ipu xopomeil 0CBeeHHOCTH YBEJIU-
YUBAETCs OOJMCTBEHHOCTH PAaCTEHUH, MPOUCXOIUT PaBHOMEPHOE I[Be-
TeHue, 00pazyeTcst O0JIBIIOE KOJIMYECTBO NIMIIEK, ¥ OHHU JIydIe cdop-
MHPOBaHBI, OCOOEHHO B CpEeJHEM M HIDKHEM sipycax. PaBHOMEpPHOCTh
OCBCILICHUSI 3aBUCHT OT T'YCTOTHI ITOCAJIKUA PACTEHUI U criocoba ux 3a-
BoAKH. Jlyisl moirydeHus] BBICOKHX ypo)kaeB XxMens Ha 1 ra Tpebyercs
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uMeTh 14—18 ThIC. MPOAYKTHBHBIX CTEOJel. 3aTeHEHHE PACTEHUH BBI-
3BIBaET 3aMeJUICHHE POCTa, OTMUpaHHE OYTOHOB M IIBETKOB, IIHIIKU
00pa3yroTCs PHIXJIbIE, JIETKUE, CBETIIO-3EJICHBIE.

XMenb — pacTeHue JITMHHOKOPOTKOro AHsA. OH 3alBeTaeT TOJb-
KO TIpHM TIOCJIEJIOBATENBHOM MPEeOBIBAHWN CHadYaja Ha JUIMHHOM, a IT10-
TOM Ha KOpOTKOM JHe. Ha tore, rnme JAHU Kopode, XMelb 3alBeTaeTr
paHbllle, 4eM B cpefHel mosoce. CBET OKa3bIBaeT BIUSHHUE TAKKe Ha
TPaHCIHPALHUIO JTUCTHEB, M3MCHEHHE HAIIPABICHUS M CUJIBI POCTa Be-
TOK, CTPYKTYpy ¥ TaOUTYC KpOHBI, MHTEHCUBHOCTb IIBETEHUS U IJIOJ0-
HOLICHUS. Yy4IlICHHE OCBELIICHHOCTH CHIXKAET MOPaKaeMOCTh pacTe-
HUIl OONE3HSAMH ¥ BPEAWTEISIMH, YBEIHYHMBAET MPOJIODKUTEIHHOCTH
KHU3HU U IPOAYKTHBHOCTH XMEJIs.

XMenb — KyJIbTypa YMEPEHHOT0 KIIMMaTa U TMpOU3pacTaeT B 30-
HaX CO CPEIHEroI0BOM Temreparypoi Bozmyxa 1,5-8,5°C u cymmoii
akTHBHBIX Temneparyp (Bbime 10°C) 1000-3500°C. B ceBepHO#i 30He
XMeINeBOoICTBa (TMPU JOCTAaTOYHOM KOJMYECTBE BIIarW) CyMMa aKTHB-
HBIX TeMIleparyp, HeoOXomumas Uil BO3JCIBIBAHHS paHHECIEIBIX
coproB, orpanndena 1700°C, a B rokHoii 30He — 2500-2900°C, uro
MO3BOJISIET BO3JIENBIBATH 37ICh MO3HECIIENbIe copTa XMensi. CeBepHast
TpaHMLia MPOMBIIUIEHHOTO XMEJEBOACTBA NPUXOAWUTCS Ha 30HBI CO
cpemHel TemriepaTypoit mepruoaa Bererammu 14,3-15,0°C. Hamboee
OnaronpusTHa CpeIHECYTOYHasl TeMIlepaTypa BO3Iyxa BO BpeMs Bere-
taruu xmens 15-17°C 6e3 pe3kux koneOaHui ee THEM U HOYBIO.

[MoTpeOHOCTh XMellsi B KOJMYECTBE Telia B Pa3HbIC TEPHOJBI
JKU3HH HEOJIUHAaKoBa. [lOYKM TOA3EMHBIX YacTedl MNpPOILIOTOJHUX
crebreit mpoOyxaaroTcs mpu Temreparype moussl 3—4°C, pocT creb-
JIeH HauMHAETCS IpU Temiieparype Bozayxa 5—6°C. [Ipu sToii ke Tem-
neparype MpopacTaroT TMOYKH Y TMOCAKEHHBIX CTEOJEBBIX YEPEHKOB.
[Ipn nHeBHO# Temmeparype Beime 15°C moOern MOSBISIOTCS Yepes
10-15 nmHeli mocne oOpe3KH TJIABHBIX KOPHEBHWIL, TpU Oojiee HU3KOH
TeMreparype — uepe3 19-20 nueil. [IponomkuTensHOE TOX0JI0IaHUE B
(aze orpacrtaHusi MOOErOB—00OPa30BaHUE BETBEH BBI3LIBACT IMOXKEITE-
HUE JICTHEB, 3aMEMIIET POCT CTeONeld W CHIKAeT NMPOTyKTHBHOCTH
pactenuii. Cte0aM HAYMHAIOT pacTH MpU Temreparype Beime 10°C,
BETBH — NpH Temneparype Beime 14°C, a Hambomee OiarompusiTHas
temneparypa 17-18°C. B mepuon oOpa3oBaHHs BETBEH PacTEHUIO
HeoOxoarumo nonyuntsb 450-550°C.
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Oco0eHHO YyBCTBUTEIBHO K TEIUIy PacTeHHE B MEPHOM IBETE-
HUs 1 popmupoBanms mumiek. CpeqHecyTOUHAs TeMIIepaTypa BO3IyXa
15-21°C mno3Bosiar mosyuuth 15-20 1y/ra mmmek (copt bpsHckuit).
Jns popmupoBaHus muiexk HanOosee 01aronpusTHA CPEIHECYTOTHAS
temreparypa 14-19°C. Bozpactanue temmneparypbl COKpaIaeT mepu-
0J1 CO3pEBaHMs NIMIIEK, & CHU)KEHUE — PaCTATHUBAET €T0.

D¢ dexTHBHOE HAKOIUIEHUE TOPHKUX BEHISCTB MPH CO3PEBaHUU
HIMIIEK UAET NpU cpegHecyTouHor Temneparype 14-18°C, a nmoHmke-
HHe TeMrepaTypsl 10 9-13°C cHIXaeT UX HaKOIUICHHUE.

Temneparypa Bo3ayxa Boiiie 40°C npuBOIUT K BOSHUKHOBEHUIO
0KOTOB B Pa3iMYHBIX YacTSAX PACTCHUH W YXYIIICHHIO KOJIHYECTBA U
Ka4uecTBa yposKasl.

XMenb — BIaroito0uBas KyJibTypa. BICOKHI yporKail ero moiy-
4aloT B pailoHax ¢ cyMMoil rogoBbix ocaakoB 500—600 M.

CHmwxeHHe ypokasi XMellsi HabJrogaeTcs B TObl, KOTia 3a Bere-
TalMOHHBIA Tepuo ] Bhimagaetr MeHee 200 MM 0CaaKoB, MPU ITOM [0
uBereHust (ampenb—uioHb) — 80 MM, a mocie LBeTeHUsl (UIONb—
aBrycr) — MeHee 120 MM.

CyiecTBeHHOE BIUSIHUE Ha POCT U Pa3BUTHE XMEJsl OKa3bIBACT
KOJIMYECTBO OCAJIKOB, MPUXOJISAIINXCS HA OTACIbHBIC TEPUOJIBI BEreTa-
uun. BecHoli 3amacoB Biard B mouBe 0OBIYHO OBIBACT TOCTATOYHO JJIS
HOPMAJILHOTO OTpacTaHus MoOeros, 3aTeM MOTPEOHOCTh PacTEeHHH BO
BJIare Bo3pacraeT. B mepuonsl nuBeTeHus 1 06pa3oBaHus MIMIIEK XMETb
TpeOyeT 0cOOEHHO MHOTO BJIard, a MpU CO3PEBAaHUH MIMIIEK M30BITOY-
HbIE aTMOC(EPHBIE OCaJIKH HEXKeNaTeIbHbI.

CpemnecyTounoe BoAOINOTpeOIcHne xMensd B HeuepHozemHOU
30HC B MEPHOJ OTpacTaHHs NOOEroB — IMOSBJICHHS BETBEH paBHO
2,2 MM, TIOSIBJICHHS BETBEH — IBEeTeHUS — 3,9 MM, IIBETeHUs — 00pa3o-
BaHUs muiek — 4,1 MM, 00pa3oBaHUs NINIIEK—TEXHUIECKON CIEIIOCTH
— 2,5 M. EnuHnYHBIE 3aCyIIIMBEIE MIEPUOJIBI (TIPOIOIKUTEIHHOCTHIO
10-15 nmHeit) BO BpeMs BETeTallMy XMeJs CYIIECTBEHHO CHIKAIOT ypO-
XKaWHOCTb B CIIydae, KOTJa X KOJIMYECTBO OOJIbIIE TPEX.

OtpurarensHoe AeWCTBHE N30BITOYHOTO YBIIAXXHEHUS Ha MPOAYK-
THUBHOCTB XMEJIS CKa3bIBAETCA B FO/BI C HU3KUM TEIUIOBBIM OaIaHCOM.

KadecTBo mmirek 3aBUCHT OT BJIAr000ECIIEYCHHOCTH PACTCHHH B
nepuobl (OPMHUPOBAHUS M CO3pEBaHMs cortoanid. Tak, A momyde-
HUS YpOKasi BBICOKOIO KauecTBa JOCTaTOYHO B Mae—utoHe 120—170 MM
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ocankoB, B utone 80—110 mm. Illumku HU3KOTO KauecTBa 00pa3yrOTCS
B T'OJIbI, KOTJa KOJIMYECTBO OCAIKOB 32 Mal—HIOHb COCTaBJISIET MEHEe
80 MM u MeHee 35 MM — B mtone. HanbomnbInee KOMMYECTBO TOPHKHUX
BEIIECTB CUHTE3UPYETCS B IIMIIKAX MPU CPEIHECYTOYHOM KOJIMUECTBE
ocankoB 1,1 mm (CrmactenaukoB, 1971; I'ogoBanubIi, 1990; Anekcan-
IIpoB u jp., 1991).
J71s1 OLIeHKHM KIIMMaTHYEeCKUX YCIOBUM BBIIEIICHBI IISITh OCHOBHBIX
(akTOpOB, BIMSIONINX HA BO3/ICIBIBAHUE XMEJIS:
1) cpennsis TeMnepaTypa 3a BereTaluOHHBIN EPHO;
2) cyMMa HOJIOKUTEIIBHBIX TEMIIEPATyp 3a BEreTaIlMOHHbIH TIepHO/T;
3) cpenHeroaoBas TEMIEpaTypa;
4) cymMa 0CaJIKOB 3a TOJI;
5) cymMa 0caJIKOB 3a BereTalMOHHbBII IEPUOI.
Jlnst Kaxa0ro U3 3TUX (GakTOPOB CO3/IaHa OIIEHOYHAsI IIKana (Tadu. 1).
ITo xaxnomy daxkTopy craenaHa IIPOMEKYTOUYHAs KapTa IPUTOHOCTH.
3areM Ui CO3JIaHMs €IMHOW KapThl OLEHKH MPUTOJHOCTU 3€MENb IO
KJINMATy TPOMEKYTOUHBIE KapThl “HANOXWIN OJHA Ha Apyryro. Kax-
JIbIA TIOJTYYEHHBIM KOHTYp MMEN CBOIO OLIEHKY IO Ka)XI0My U3 OLIEHH-
BaeMbIX (pakTopoB. OOIIYI0 OIIEHKY KOHTYPY HPHCBAUBAIH MO “XYA-
meMy”’ KJIaccy, pyKOBOJCTBYSCH NMPaBWIOM ‘‘MaKCHUMaJbHOM JIMMHUTa-
110505
K kmaccy 1 oTHeceHBI TEppPUTOPHUH, A KOTOPBIX KIMMaTHUe-
cKuil pakTop MMeN ONTUMAIbHOE 3HAUCHHE.
K knaccy 2 — tepputopun, Ha KOTOPBIX KIMMaTHYeCKHH (hakTop
MMeJT HEONITUMAIIbHOE 3HAYCHNE U INMUTHPOBAJ POCT PAaCTEHUH; He-

Tab6ymua 1. Knaccel IpUroJHOCTH 3eMeNb N0 KIMMaTy

®dakrop Krnacc npuronnoctu
HETPUTO/I-| OTPAHMYECHHO MPHU- | ONTUMAJIh-

Hele (3) roauble (2) usie (1)

Cpennsisi TeMreparypa 3a Be- <9 9-14u>19 14-19

reTaIlMOHHBIN MTEPUO]T

CymMma moJiokuTeabHbIX TeM- | < 1700 1700-2200 >2200

meparyp 3a BereTannoHHbIH

MepUo

CpennerojioBas Temiieparypa <-15 -15-7,0u>9,0 7,0-9,0

CymMa 0caKoB 3a roj <450 450-500 u > 600 500-600

CyMMa ocajJKoB 3a BereTalm- <200 200-250 u > 450 | 250-450

OHHBIN IEPUOJ,
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KOTOpBIC U3 3TUX (HaKTOPOB MOXHO ONTUMHU3UPOBATh (HapuMep, npu
HeJloCcTaTKe BIIark MPOBOUTH OPOIICHUE).

K xmaccy 3 — Teppuropumn, Ha KOTOPBIX, BCIEICTBUE CHUIBHOMN
JUMHUTAIUKA CO CTOPOHBI KIMMaTHYeCKHX (DaKTOpPOB, BEHIpAIMBaHKE
XMeJlsl B IPOMBITIIIEHHBIX MacIITabax CTAaHOBUIIOCH HEBO3MOKHBIM.

Penbed He MPUHAMIEKUT K IKOJOTHIECKAM (pakTopam mpsMoro
NIeHCTBYS, OKa3blBasg BIMSHUE B Iepepacipe/ie]IeHNd X B MPOCTpPaH-
crBe. [IpocTpaHCTBEHHBIE BapbHPOBaHHMA KIMMATHYCCKUX (HaKTOPOB
YYHUTBHIBAIOTCS MPH aHAIA3E KIIMMATHYECKUX YCIOBHIA.

B nporuecce orieHkH 3eMeNb ObUIM BBIIEIEHBI CIEAYIONINE KIlac-
CBI TIPUTOTHOCTH 3€MEITh JJIs1 BO3AETBIBAHUS XMEJIS 110 pebedy:

knacc 1 — Tepputopuu co ckiioHamu 0°—2°;

KJlacc 2a — TEpPUTOPUH CO CKIIOHAMHU 2°—8°;

kiacc 2b — reppuropun co cknoramu 8°—15°;

KJIacC 3— TEPPUTOPHUH CO CKIIOHaMu Oostee 15°.

Ha teppuropun kiacca 1 mpurogHocT# XxapakTepHO OTCYTCTBHE
9PO3HOHHBIX MPOIECCOB, YTO MO3BOJISIET BO3EIBIBATD XMENb C MUHH-
MaJIbHBIMH JIOTIOJIHUTEIILHBIMU 3aTpaTaMHu.

Ha teppuropusx xiacca 2a 3po3UOHHBIC MPOIECCH UMEIOT BBI-
PaKEHHBIM XapakTep, IM03TOMY Ha HHUX TpeOyeTcsi MpoBeleHHE KOM-
TUIEKCa POTHBOAPO3UOHHEBIX PAdOT.

Ha Teppuropusix kmacca 2D Bo3aenbIBaHHE XMEIS BO3MOXKHO
TOJIBKO B CITy4ae TeppacHpOBaHHUsI.

Ha teppurtopusix kmacca 3 XMeneBoACTBO HEBO3MOXKHO. OTHAKO
B Mpeziesax KOHTYpa MOTYT OBbITh HEOOJbIINE YYACTKH ¢ OoJiee Mioc-
KHMH CKJIOHAMH, TPHUTOJHBIC JJII XMENEBOJICTBA, HO OOJBIIOTO IPO-
MBILIICHHOTO 3HAYEeHHSI OHU HE UMEIOT.

[Tocme co3ganus ONEHOYHBIX KapT MO KIMMAaTy, penbedy U mod-
Be, ObLIa MOCTPOCHA KapTa MHTErPAJIbHOMN OIEHKU MPUroaHOCTH. [1Jist
ATOTO CHavdaya OBUIO CIENIaHO HAJIOKEHHE KapT OIEHKH 0 KINMaTy U
no penvedy. Bce BapuaHTHI mepecedeHHs OLECHOYHBIX KIIACCOB STHX
KapT OBUTH CTPYTIITUPOBAHEI B KJIACCHl 00BETUHEHHON OIIEHKH (TaluI. 2).

KJacc 1 — TeppUTOpPHHU C ONITUMATIBHBIMU XapaKTEPUCTHKAMU,
KJlacc 2a — TepPUTOPHUH, C HEONTHMAIBHBIE TI0 penbedy MoKa3zaTeNsIMu
(cksoHBI 2°—8°), HO ONTUMATBHBIC TIO KIMMATY; JUIS YIYYIICHUS ITHX
TEPPUTOPHH, HEOOXOIVMO TMPHUMEHSATh KOMIUIEKC MPOTHBOIPO3HOHHBIX
Mep;
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Tabémuua 2. Kitaccel 00beAMHEHHON OIICHKH MPUTOIHOCTH IO KIMMATy B pe-

abedy
Kinacc nmpuroanoctu Knacc npuronnoctu pe- Knacc o0benunen-
KJIMMaTa needa HOM OLIEHKHU
1 1 1
1 2a 2a
1 2b 2b
2 1, 2a, 2b 2c
3 1, 2a, 2b, 3 3
Tabéauua 3. Kiaccel HHTErpaqbHOH OICHKH
Kitacc onenku moussl OO0beqMHEHHBIH KITacC HTorosslii Ki1acc UHTE-
OIICHKH KJIMMaTa u penbeda rpaJIbHOM OIIEHKH
1 1 1
2a 1, 2a 2a
2b 1,2a,2b 2b
2c 1, 2a, 2b, 2¢ 2c
3a 1, 2a, 2b, 2c 3a
3b 1, 2a, 2b, 2c 3b
3c 1, 2a, 2b, 2¢, 3 3c
X 1, 2a, 2b, 2¢, 3 X

kiacc 2b — Teppuropumn, ONTUMANBHBIC 1O KIIUMATy, HO HEONTH-
MaJIbHBIE IO pesibe]y; CKIOHBI 34€Ch BapbUPYIOT B Ipenesax oT §° no
15°; qnisg ux ynydmeHus HeoOX0AUMO TIPOBECHUE TEPPACUPOBAHHS;

KJ1acc 2C — MOYBHI HEONTUMAJIBHBIC [0 KIIMMATUYECKUM, a TaKKe
no penbedHBIM IMMapaMeTpaM; Ha OTJACIbHbIC (aKTOPHl JHUMHUTALUU
MOKHO BIMATH (IPU HEJOCTaTKE BJAard NMPOBOAUTH OPOIICHUE), Ha
Ipyrue (HeqoCTaTOK TeIUIa) 3TO CIeNIaTh HEBO3MOXKHO

B Kjlacc 3 BOLWUIM TEPPUTOPUH, HEIPUTOIHBIC JUI BO3/AEIbIBA-
HUSI, OTHAKO YacTh M3 HHUX TOCJIC MPOBEICHHUS arPOTEXHUICCKUX U ME-
JIMOPATUBHBIX pabOT MOKHO OyZeT IepeBecTH BO BTOPOH KJlacce.

[Tocne 3TOTO MOMy4EeHHas] MPOMEXKYTOUHAsI KapTa Mepecekasach
C pe3yibTaTaMH OLIEHKH MOYB. Bce BapHaHTBI mepecedeHUs KJIacCoB
OIICHKH ITPEJICTABJICHBI B Ta0M. 3.

B pe3ynbTare 3KCIEpTHON OLIEHKU BCEX BAPUAHTOB IEPECCUCHUS
OBLTH MONTYYEHBI CICAYIONINE KIACCH HHTETPajJbHOW MPUTOIHOCTH:

kjacc 1 — TeppuTopuM ONTUMAaJIbHBIE IO BCEM IIapaMeTpam,;
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KJIacC 2a — TEPPUTOPUH C HEOOJBIINMHU OTPAaHUYCHUSIMHU, KOTO-
pbie TpeOOBAITH TIPOBEICHUS arpOTEXHHUYECKUX H MTPOTHBOIPO3UOHHBIX
pabor;

Kiace 2b — Teppuropun co cpeaHeil CTENeHbI0 JUMHUTAIUU pac-
TeHU# (OTpaHMYEHHO TPHUTOIHBIC); IS UX YIydIIEHHsS HEO0OXOIUMBI
KOMIUTEKCHBIE pabOTBI TI0 arPOTEXHHUKE M METHOPALIUH;

K1acc 2C — TEPPUTOPHU CO CPEOHEH CTENEHBIO JIMMUTALUH
(orpaHMYEHHO MPUTOMHBIC); OJAHAKO UX YIIyYIICHHE HEBO3MOXKHO (He-
JOCTaTOK TeIuia);

KJ1acc 38 — TEPPUTOPHUH C CHUIIBHOW JIMMUTAIIUCH HEOIaronpusT-
HBIX (PaKTOPOB; C MOMOIIBIO arpOTEXHUYECKUX METOIOB U NPOTHUBO-
9PO3UOHHOI 00pabOTKM MOKHO YIYUIIUTh UX J0 YPOBHS Kiacca 2,

kiacc 3b — TeppuTopuu, Ha KOTOPBIX BO3/EIBIBAHHE XMEIs He-
BO3MOJKHO, HO TOCJIE€ TIPOBEJCHUSI MEIMOPATUBHBIX PabOT MX MOYKHO
OTHECTH K KJIACCY OTPAaHWYEHHO ITPUTOIHBIX;

KJacc 3C — TEPPUTOPHU aOCOIIOTHO HENPHUIOAHBIC JUIS BO3/ICIIbI-
BaHMS XMEJ; METOJaMH AarpOTEeXHWKH M MEIHOPAlUU HX HEIb3s
YIIy4IIUTb;

KJ1acc X — TEPPUTOPHHU C KOMIUIEKCOM Pa3HBIX MMOYB; BHYTPH 3TO-
ro KJIacca TOJBKO YacTh 3€MeJb IMOJXOAUT JJIS IPOMBIIUICHHOTO XMe-
JICBOJICTBA.

[Mocne mpoBeieHHsT OLIEHKH MPUTOAHOCTH 3eMeIb ObUIa MOCTPO-
€Ha KapTa JKOJOTMYECKHX PHCKOB, KOTOpPBIE MOTYT IMOTEHIHAIBEHO
BO3HUKATh IPU UCIIOJIB30BaHUH 3€MeIb JJISl BO3JENbIBAaHUSA XMensi. B
OCHOBY CO3/IaHUSI KAPTHI IKOJIOTUYECKUX PUCKOB MOJIOKEH CIIEY FOIITHIA
NPUHLMIL YeM OJiaronpusitHee (aKTOPbl OKPYXKAIOIICH CpeIbl, TeM
MEHBIIICe BO3JCHCTBUE HY)KHO Ha HUX OKa3bIBaTh JUISI UX ONTUMH3A-
IIUM, TEM MEHBIIE SKOJIOTHYECKHi puck. M1 HaoOopoT, yem Hebmaro-
npusiTHee GakTop, TeM OoJiblIee BO3JICHCTBUE HYKHO Ha HETO OKa3bl-
BaTh, BBIBOJS MPUPOJTHYIO JKOJOTHYECKYIO CHCTEMY W3 COCTOSHUS
€CTECTBEHHOT'O PaBHOBECHSI, TEM OOJIbIIIE IKOJIOTUIECKHUI PHCK.

ITpu cozmanum KapTel OBUIM yYTEHBI MOYBEHHBIE M pelbedHbIC
(bakTopsl, TaK KaKk NPU BO3/CIBIBAHUM XMEIIsl YEJIOBEK B MEPBYIO OYe-
peab U3MEHSET HX.

Jnst XxapaKTEepUCTUKH YKOJOTMYECKUX PUCKOB ObLIM pa3paboTa-
HBI CIIEAYIOIIHNE KJIACCHI:

0 — TeppuTOpHH, HA KOTOPBIX IKOJIOTHYCCKUI PUCK HE BBIPAXKCH;
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d — TEPPUTOPHUH, KOTOPHIC MOABEPKEHBI CIa00MY 3KOJIOTHYE-
CKOMY PHCKY; OHU XapaKTEepU3YIOTCA CpPEIHEN M CUIBHOM CTENEHbIO
JUMUTAUU PACTEHUM, HO UX YJIYYIICHHE CBSI3aHO MPEUMYILIECTBEHHO
C MPOBEJICHUEM arpOTEXHUYECKUX M MPOTHBOIPO3MOHHBIX PabOT, KO-
TOpBIE€ OKA3bIBAIOT HECUJIBHOE BIUSHUE HA OKPYKAIOLIYIO CPENy.

b — Teppuropum co cpeaHei ¥ CHIBHON CTEMEHBIO JTUMHUTAIINH,
JUTSL UX YITyYIISHUS! TPOBOAST KOMIUIEKC MEITHOPATUBHBIX PaboT, KOTO-
pbie B OOJIbIIICH CTEIICHM, YEM arpOTEXHUKA, U3MEHSIOT OKPYKAIOIIYIO
MIPUPOJHYIO Cpely; CIIeOBaTENbHO, 3T 3€MJIA MOJBEPTaloTcsi O0JIb-
meMy 3KOJIOTMYCCKOMY PUCKY, HEM NPCAbIAYIINE KIACChI.

C — TEPPUTOPHUHU C PA3HOW CTEMEHBIO TUMUTAIIUN PACTEHUH, JTU-
MUTHpYyIomye (GakTopsl (MPEeUMYLIECTBEHHO KIMMAaTHUECKUE) HE MO-
TYT OBITH yIyUIIeHbI, WA X ONITUMU3AIUS CBA3aHA ¢ OOJBIINMH KO-
JIOTMYECKUMU Harpy3KaMH.

AJNTOPUTM TIPHUCBOCHHUA TEPPHUTOPUH KJlacca SKOJIOTHYECKOM
PUCKOBAHHOCTH OCHOBAaH Ha IPaBWJICE MaKCUMalIbHOM JTUMUTALUU U
MoKa3aH B TalII. 4.

Ha nmocnennem sTamne npoBoAMIach OLIEHKA MOTEHIUAIBHOU OT-
HOCHTEIILHOH HSKOHOMHYECKOM 3aTpaTHOCTU BO3ACJIBIBAHUA XMCJIA.
Ona OblTa OCHOBaHA Ha MPHUHIIKIIE: YeM HeolTUMalibHee (pakTop, orpa-

Tab6auua 4. Kiracchl 9K0JIOTHIECKUX PUCKOB IPH BO3ICIBIBAHUN XMEIIS

Knacc onenkn moussl | Kimace onenku penseda Kiacc onenku
9KOJIOTHYECKOT0 PUCKA

1+x 1 0
2a
2b
3c
2a+ 3a 1
2a
2b
3c
2b+3b 1
2a
2b
3c
2c + 3c 1
2a
2b
3c

OO0 0000 TTOTDS 929 0T
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HI/I‘II/IBaIOHII/II\/'I BO3JCJ/IbIBAHUC KYJILTYPhI, TCM 60.J'H)HIC HYXXHO ITIpOu3BeC-
CTH SKOHOMHMYECKHUX 3aTpaT Ha €ro ONTUMHU3AIHIO.

Ecmu Ha TeppuUTOpHH XMENbHHKA HECKOJNBKO JTUMHUTHPYIOIIHX
(axTOpoB, TO OOLIME IKOHOMUYECKHUE 3aTPaThl PABHBI CYMME 3aTpaT Ha
Kaxplii (akTop, T.e. MPUMEHSETCS TMPAaBWIO HAKOIUICHHUS HEONTH-
MaJbHOCTEH.

Ha ocHoBe 3KkcIepTHON OLEHKH Ka)KIOMY KJlaccy MOYBEHHOM, pe-
Nbe(pHON M KIMMATUYECKOM NMPUTOAHOCTH OBLT MPUCBOSH CBOM OAT TO-
TEHIUATLHOW OTHOCUTEIBHOM 3KOHOMHYECKOM 3aTPaTHOCTH (Tal. 5).

OO0mIast oIleHKa TEPPUTOPHUHN TI0 OayiaM 3aTPaTHOCTH PaBHSIIACH
CyMMe OaJJIOB OICHKH KJIaCCOB MPHUTOTHOCTH IO MOYBaM, pelbedy U
KJIMMATYy.

MaxkcuManbHoe KoaudecTBo OamnoB — 20, MuanMansHoe — O,
YeM BbIIie 6ami, TeM OONBIIME YKOHOMHYECKUE 3aTPaThl HYKHO ClIe-

JIaTb JJId ONITUMH3AIMU TEPPUTOPUN 11O BO3ACIIBIBAHUEC XMEJIA.

Tabauna 5. OrneHka KJ1accoB MPUTOTHOCTH B 0aJiax 3aTpaTHOCTH

Krnacc npuronnoctu Bamr noTeHIMansHOM OTHOCUTEIIFHOM
HKOHOMMUECKOH 3aTPaTHOCTU
ITouBeHHBIE KJIACCHI
1 0
2a 1
2b 2
2c 3
3a 4
3b 5
3c 6
X 3
KinnmaTtnueckue Knaccel
1 0
2 3
3 7
Pennedubie kmaccer
1 0
2a 1
2b 2
3 7
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PE3VJIbTATBI

B pesynbraTe mpoBeneHHOTO aHANIHW3a MOCTPOEHBI KapThl MPH-
TOJTHOCTH 3eMelNb Poccnu amst BO3AENbIBaHUS XMEJ 0 TI0YBaM, KITH-
Maty u peibedy, a TakKe WHTErpalibHas KapTa OLEHKH MPUTOAHOCTH,
KapThl OLIEHKH 3KOJIOTHYECKUX PHUCKOB U OLEHKH NMOTEHLUANBHON OT-
HOCHUTENBHON SKOHOMHMYECKOW 3aTPaTHOCTH BO3JENBIBAHUA XMEJs
(puc. 1-6).

OneHka MOYBEHHBIX YCIIOBHH MOKa3ana, YTO ONTHMAaJIbHBIMHU
(kmacc 1) I MPOMBINUICHHOTO BO3/EIBIBAHMS XMEJSI SIBJISIFOTCS He-
Oompime ywactku B Kamunumarpanckoi obnactu, LlenTpanbHo-
EBpomneiickoit wactu Poccnn m Ha Kamuarke. CymMMapHO OHHM 3aHHUMa-
10T okouo 0,88% TeppuTtopuu cTpaHbl.

Ko BTOpOoMYy Kitaccy (2a) orpaHM4YeHHO MPUTOTHBIX 3€METb OT-
HOCSTCS HEOOJBIINE YIACTKH, PACTIONI0KEHHBIE PIJOM C ONTHMAIBHbI-
Mu mouBamu. VX obmas miomans cocrapiser 0,29% wm 4,94 mnH ra.
3emun KJlacca TPUTOJHOCTH 2D 3aHMMArOT OdYeHb HE3HAYHMTEIbHBIC
wromanu, u cymmapuao mernee 0,01% TeppuTopun CTpaHsL.

Teppuropun kiacca 2C 3anuMmarotr 7,47% miomiaad CTpaHbl.
OnHn pacrmonokeHbl HEOONBIIMMHA KOHTYypaMHU IMPAaKTHYECKH Ha BCEH
eBporeiickoli yactu Poccuu, Ha Ypane, B toxHOU yactu Cubupu, Ha
Anrae, B Sxytnn, [Ipumopckom kpae u Ha Kamyarke.

Teppuropun knacca npurognoctu 3a u 3D pacmoioxeHbl He-
OoNBIIMMHE KOHTYpPaMHU Ha ceBepe eBporeiickoil yactu Poccuu, mpen-
ropbsix KaBkaza, Ha Anrae, tore Cubupy, B Sxytun n Ha Kamuatke.
Ounu 3anumaror 0,50 1 1,30% COOTBETCTBEHHO.

Teppuropun knacca HPUTroJHOCTH 3C  PaCIpOCTPaHEHBl Ha
88,79% Tepputopun Poccuu. D10 MouTH Bech ceBep cTpaHsl, Ypai, Cu-
oupb, UykoTka, 6oxpmast gacts Jlanerero Bocroka. Ha rore — mpenro-
pbst KaBkasza u Bcs 30Ha creneil. HeGonpmmmu KOHTYpaM# aOCOIOTHO
HETPUTOTHBIE 3eMJTH PACIIOJIOKEHBI Ha BCeil €BPOIECKOi HacTH.

KonTypsl MOYB ¢ KOMIUIEKCHOM OLIEHKOM (Kj1acca X) 3aHUMAroT
0,67% TeppuUTOpUU CTPAHBI.

3eMiu ¢ ONTUMAIBHBIM IS BO3JENBIBAaHUA XMENS KIMMaToOM
(xmacc 1) 3anmmaror 2,02% Ttepputopun cTpaHsl. K HUM OTHOCATCS:
Kanununrpazackas obnacts Ha 3amane, Kypckas u Boponexckas obmna-
CTH Ha 1oTe, ANTaliCKuid Kpald Ha I0TO-BOCTOKE W HEOOJIBIITNE YIACTKH B
XabapoBCKOM Kpae U AMYPCKOH 00J1acTH Ha BOCTOKE.
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2500 km
Puc. 4. VnrerpanbHas — OPUrOJHOCTh 3eMellb Poccuu sl BO3JebIBaHUsT XMelsl (YCIOBHbIE 0003HAYCHHS

npuBeieHb Ha cTp. 35-36).
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Teppuropun, Ha KOTOPBIX OJUH WM HECKOJBKO KIMMAaTHYECKHX
(aKTOpOB OrpaHUYMBAIOT pa3BUTHE XMelsd (Kjgace 2), 3aHUMAIOT
23,69%. OHu pacrosararoTcsi LIMPOKOH MOJOCON OT 3amaJHbIX MPaHUIL]
Poccum no Anras, kotopast mocreneHHo cyxkaercsa. K Hum oTHOCSTCS
TaKxe U Hebouspme Tepputopun JansHero Bocroxa.

Knmatiueckue (akTopsl HONTHOCTBIO OTPaHHYMBAIOT POCT U
pasButue xmens (xnacc 3) Ha 74,29% Teppuropun crpassl. ITo,
MpeKAe BCEro, CeBepHble Tepputopuu, Ypan, Cubupp, Yykorka,
Janpuuit Bocrok. Ha rore ctpaHbl HEMPUToHBIE TEPPUTOPUN 00pazy-
10T TIOSIC BJOJIb FO’KHOM TPaHMIBL. DTO CBSI3aHO B MEPBYIO OYEpEdb C
HEJIOCTaTKOM BJIATH.

K ontumansHOMy Knaccy 1 mpUrogHOCTH 10 peibedy OTHOCHT-
cs1 28,39% teppuTopun cTpaHbl. DTH PaBHUHHBIC YYACTKH PACTIONOXKE-
HBI Ha Bcel eBpomeiickoit uactu Poccun, npearopbsax Kaskasza, [1puka-
CITUICKON HU3MEHHOCTH, Ha Ooibieit yactu 3amamHo Cubupu, SKy-
tnu, [laneHem Boctoke n Uykorke. OrpaHM4eHHO MPUIOJHBIE TEPPH-
TOPHH, OTHOCAIINECS K KJIacCy 23, pacliojo)KeHbI BIOJb BCEH 3amaj-
HOMW TrpaHHUIIbl CTPaHbI, Ha eBpolneicKkoi yacTu, CTaBpoOIIoJILCKOM Kpae,
Sxyrun u KpacHosipckom kpae. Onu 3anumarot 32,78% rutomanu Poc-
CHH.

3emuti, oTHOCsIIHECs K Kinacey 2b, 3anumaror 12,25% teppuro-
pun. OHH pacrnojIOkKeHbl MPEUMYILECTBEHHO Ha Ypaine, B BocTtouHoi
Cubupu, 'opnom Anrae, Taub-11lane u Jlansaem Bocroke.

VY4yacTky aOCOMIOTHO HENPUTOAHBIE N0 penbedy IUIsl BO3AEIbI-
BaHMsI xMels (kiace 3) 3anuMarot 26,58% ruromany crpaHsl. ITO mpe-
umymectsenHo Ypai, Cpennsisi Cubups, I'opHblit Antaii u ropsl Bo-
ctoyHoi Cubupmu.

Kapra unterpaibHOl OLEHKHA NPUTOJAHOCTH 3eMenb Poccuiickoit
®deneparuu A1 BO3ICIBIBAHUS XMEJS MPe/ICTaBlIcHa Ha puC. 4.

Tepputopun, onTUManbHbIE [0 BCEM MapaMeTpaM JUIs BO3eIbl-
BaHus xmens (kmacc 1), 3arumarot 0,01%. K HUM OTHOCHTCS TOJBKO
gacTh KanmauHTpamckoi o0racTy.

VY4acTku ¢ 3eMJIsIMH KJ1acca npuroaHocty 2a 3anuMarot 0,40% ot
Bcell miomamu Poccmm. K HMM OTHOCATCS HEOONBIIE TEPPUTOPHH,
PaCIOI0KEHHBIE B LICHTPAIbHBIX PallOHaX €BpOIENCcKoi yacTu Poccun.

Teppuropun kiacca OUEHKH 2D pacroyioKeHbl OTACIbHBIMH
OueHb HEOOJIBIIMMH yYacTKaMH B €BPOIEHCKON 4acTh CTpaHbl U CyM-
MapHo 3aauMaroT MeHee 0,01% TeppuTopumn.
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A DPEruoHsl ¢ KJIaccoM MPUTOAHOCTU 2¢ 3aHMMaroT 3,95% Ttep-
putopun. OHH pacmojaraloTcsl HTMPOKOM MOJIOCO OT 3amagHBIX T'pa-
Hun Poccun 1o Antas, KOTOpasi IOCTEIEHHO CYXKaeTcsl K BOCTOKY.

3emun KJacca oleHku npurogaocty 3a sanumator 0,20% Teppu-
Topun. OHU pacmoyiaraloTcsi NPEUMYIIECTBEHHO B NpeArophsax Kaska-
3a, CEBEpHOU 30HE eBporelickor dacTu Poccum (ApxaHrenbckas 00-
nacth) U Anrae. K 3TuM e pernoHaMm NpuUypOUYEHBI 3€MIIU € KIacCOM
orenku npuroanoctd 3b. Oum 3anumaror 0,47% TUIOMagM CTPAHBL
Tepputopun Kjacca NPUroJHOCTU 3C PACHOIOKEHBI HA MOJaBIISIOICH
IUIOIIAU CTPAHbI M COCTaBISIOT 94,97%.

PesynpTarel aHamM3a MPUrOJHOCTH, arperupoBaHHbIE AT CyOb-
exToB Poccuiickoil hexepauuu, npeacTaBieHb! B Ta0. 6.

Bce ontumanbHble 3¢MIM AJIS1 HPOMBIIUIEHHOTO BO3AEJIBIBAHUS
XMeJsl pacnoiioxkensl B KanuHuHrpagackoi obnactu, re OHM 3aHHMa-
10T 0K0JI0 9% oT momanu perrnoHa. OTpaHHYEHHO MPUTOIHBIE 3EMIIH
npeobnanator B bpsiHckoli, MBaHoBckoi, Kuposckoli, CMosieHCKOM
obmnactsax, pecrryonuke Y amyptua. Oxono 40-50% orpaHuyueHHO TIPH-
roJHbIX 3eMenb — B Kanununrpaackoit, Kanysxckoii, Huxeropoackoi,
TBepckoit oOmacTsix.

Ha puc. 5 noka3ana kapTa OIIEHKM MOTEHIUAJIBHBIX 3KOJOTHYE-
CKHX PHUCKOB TPU HCIIOJIb30BAaHUM 3€MENb I BO3/EIBIBAHUS XMEJIs.
3emuty, 10 CBOMM XapaKTepUCTUKaM Bxojsume B kinace 0 (oTcyrcTBHe
9KOJIOTHYECKUX PHUCKOB), 3aHMMatoT 0.52% TeppuTopuu cTpaHbl, YTO
cocraBisier 8.72 muH ra. K aTuM TeppuTOoprsM OTHOCATCS HEOOIbIIIHE
yuacTku B KanmuHuHrpaackoit obmactu, meHTpanbHBIX 06macTtax EBpo-
Neiickol 9acTy, F0)KHOM U cpenHel Skytun, a Takxke Ha Kamuarke.

PernoHnsl ¢ HEOONBIIMMH IKOJOTHUECKUMH pHCKamu (Kiacc a)
3anuMaroT 1,22% rteppuropun crpansl. OHH pacnosoxeHsl B Kamu-
HUHTPAJICKOI 00J1aCTH, 3aMaJHBIX, CEBEPHBIX W LEHTPAJIbHBIX paiioHax
eBponelickoi yactu Poccun, SIkytuu u Ha nansHeM BocToke.

VY4acTku co cpenHeil BBIpaKEHHOCTHIO MOTEHIHAIbHBIX 3KOJIOTH-
Jyeckux pHckoB (kmace b) zanumaror 1,36% Tteppuropun crpadbl. OHu
pacrnoyokeHbl B NpeAropbsix KaBkasa, FOKHBIX OOJIACTAX EBpPOIEHUCKOI
yactu Poccun, Anrae, 10)KHBIX U LEHTpaJIbHBIX paiioHax SAxkytun. K Tep-
PHUTOPHSM C CHUIIBHBIMU JKOJIOTUYECKMMH PUCKaMU (KJ1acca C) OTHOCUTCS
OoupImast acts crpanbl. OHK 3aHUMaIOT 96,89% ee momany.
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Tabauma 6. Pe3ymbTaThl HHTETpaNbHONW OLIEHKH MPHUTOJHOCTH 3eMenb Poc-
cuiickoit Menepannu Jisi BO3JIEIbIBAHUS XMEJISl [0 pErHOHaM

Pervon Knacc u moakmace mpurofHOCTH,
% OT IIOIIAAH PErMoHa
ONTHUMA- | OrPAHUYEHHO HETIPHUTOIHBIH
JIbHBIN MIPUTOAHBIN

1 2a | 2b | 2c 3a 3b 3c
Arunckuit bypsitckuii A.O. — - - — - — 1100,00
AnTaiickuii Kpai — — — 2,99 - 10,39 | 86,62
Amypckas o06macTpb — — — 1,53 - — 98,47
ApxaHrenbcKas 00J1acTh - 0,03 — |15,39| 9,76 | 0,25| 74,57
AcTpaxaHckasi 00JIacTh - - — - - - 100
Benropockas o6nactb - - - 0,19 - 1,84 | 97,97
Bpsiackast o6nacThb — 16,62 — (44,11| - — 39,27
Bnamgumupckas o0nacth - 3,27, — |32,16] - - 64,57
Bosrorpazckas 061acts - - - - - — 1100,00
Bonoroackas o6inacts — 161 — (24,66 - 2,72 71,01
Boponexkckas 06acTb - - - 1,01 - 0,24 | 98,75
Toprerii Anrait — — — 0,11| - 0,27 | 99,62
Espeiickas A.O. - - - - - — 1100,00
ExartepunOyprckas obmacts — 0,08 — 3,64, -— 0,21 96,07
HBanosckast 001acTh - 3,36| — |67,47| - - 29,17
Upkyrckast 001acTh — — — 0,06| 0,13 — 99,81
Kanuaunrpaackas o0macts 9,22 (35,00 - 7,79 — - 47,95
Kanyxckast 061acTh - 17,06 — 1(32,36| - - 50,58
Kamuarckas o6nacts — — — — — — 100,00
KemepoBckas 001acTh - - - |17,65| - 7,51 | 74,84
Kuposckas obxacts — 1,99 — 160,33 -— 0,04 | 37,64
Komu-Ilepmskuii A.O. - 1,52 - (16,99 - - 81,49
Kopsikckwmii A.O. - - - - - — 1100,00
KocTpomckas o0macth — 6,70, — 29,98| - — 63,32
Kpacnonapckuii kpai - - - - - 2,51| 97,49
KpacHosipckuit kpait - - - | 0,68 - — 99,32
Camapckast 0071acTh - - - 0,44 - 0,73 | 98,83
Kypranckas o0xactsb — — — 3,48 -— — 96,52
Kypckas obnacts — 5,23 - |18,11] - 10,19 | 66,47
Jlenunrpazckas 061acThb — 0,20, - |30,74| 0,41 | 0,03 | 68,62
JInneuxas o0xacThb — 0,11, - |6,85 - 0,83 92,21
Marazganckas 001acThb - - - - - — 1100,00
MockoBckas 001acTh — 1,28 — |21,42| - — 77,30
MypmaHckas 00J1aCTh - - — - — — 100,00
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Pernon Krnace u moakiace mpuroHoCTH,
% OT MJIOIIA/N PETHOHA
ONTHUMA- | OrPAHUYCHHO HETIPUTOHBIH
JIbHBIN MIPUTOAHBIN

1 2a | 2b | 2c 3a 3b 3c
Heneuxuii A.O. - - - - - — 100,00
Hwmxeropozackas obmacts — 6,82| — (37,79 - 0,27 | 55,12
Hogropojckas 00acTb — 0,05 — (29,01| 3,69 — 67,25
HoBocubupckas 061acThb - — — 9,99 — 2,89 87,12
Owmckast 001acThb — — - |12,55| - 0,20 | 87,25
Openbyprckas 00J1acTh - - - 1,12, - 2,39 | 96,49
OproBckast 061acTh — 0,41 - 1(36,73] - 6,02 | 56,84
Ilensenckas o6macTh - 6,02 — 14,00 - 14,24 | 65,74
IMepmckast o6acth - 3,77\ — 8,79 — — 87,44
[Mpumopckuii kpait - - - - - — 100,00
IIckoBckas 001acThb - 7,29 — 30,50 - 0,19 | 62,02
PecniyOnmka Anpires — — - — - — /100,00
Pecniyonmuka banikupust - 0,05 - 2,200 — 0,19 | 97,56
Pecniyonmka Bypstus — — — 0,04 — 0,09 | 99,87
Pecniyonuka Jlarectan - - - - - 0,20 | 99,80
Pecny6mmka KabapauHo- — — — — — 9,39 | 90,61
bankapus
Pecniy6nuka Kaampikust - — — - — — 100,00
Pecniy6mmuka Kapavaeso- — — - — - 12,06 | 87,94
UYepkecus
Pecniy6mika Kapenms — — — 3,69 — — 96,31
Pecniyonuka Komu - - - 6,86| 0,22 - 92,92
Pecrybmika Mapwmii-On — — — 131,90 - — 68,10
Pecniyonika MopaoBust - 3,73 — (31,48 - 14,45 | 50,34
Pecniy6nuka Caxa-Skytus - - - - - — 100,00
Pecrryoimika CesepHast Ocetnst - - - - - — 100,00
Pecniybnuka Tatapcran - 1,74 — (12,24 - - 86,02
Pecniyonuka Tysa — — — — — 0,09 | 99,01
Pecniyonuka Y amyptus - 8,58 — [43,13| - - 48,29
Pecniybmika Xaxacus — — — 0,16| — 0,62 | 99,22
Pecniyonuka Uysarus - 561 - | 0,68 - - 93,71
PocroBckas o0nacts - — — - — — 100,00
Ps3anckas o0inacts — 1,40 - (17,15 - 4,38 | 77,07
CaparoBckas 00J1acTh - 0,05 - 0,07 - 0,69 | 99,19
Caxanuuckas 00J1acTb — — — 1,71 - — 98,29
CMoJIeHCKast 00J1aCTh — 10,91| — 1[60,66| — — 28,43
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Pervon Krnace u moakiace mpuroHOCTH,
% OT IJIOIIA/N PErHOHA
ONTHUMA- | OrPAHUYEHHO HETIPHUTOIHBIH
JIBHBIN MIPUTOAHBIN

1 2a | 2b | 2c 3a 3b 3c
CTaBpOIOJILCKUi Kpaii - - - 0,38 - 14,29 | 85,33
Taiimeipckuit A.O. — — — — — — 100,00
TamboBckas 00acThb — 1,68 - 3,13 - — 95,19
TBepckas 00nacTb — 2,33 - |40,12] - 0,51 | 57,04
Tomckas obnacts — 0,39 — 4,60 — 0,31 94,70
Tynbckast 061acTh - 0,39 - 3,25 - - 96,36
TromeHckas o0acTb — — — 118,72] — 0,17 | 81,11
VibsiHOBCKast 00J1acThb - 3,56 - 16,07 - 11,74 | 68,63
VYerp-Oppa — — — - — — 1100,00
XabapoBckuii Kpaii - - - 0,93| 0,05 - 99,02
Xantel-Mancutickuii A.O. - - - 1,38 — - 98,62
YensOunckast 00acThb — - - 3,11 - 0,40 | 96,49
Yeyus - - - - - 0,93 | 99,07
YurtrHaCcKasa 001acTh — — — — — — 100,00
Uykotckuii A.O. - - - - - — 1100,00
DOBenkniicknii A.O. — — — — — — 100,00
SImano-Henenkuii A.O. - - - - - — 1100,00
SIpocnasckast 001acTh — 14,32 — 1(24,69| - 0,77 | 60,22

Ha puc. 6 npencrapieHa kapTa Oll€eHKH NOTEHIIMATLHON OTHOCH-
TEJIbHOW 3KOHOMHWYECKOMN 3aTpaTHOCTHU BO3JEJbIBaHUSA xMend. B cooT-
BETCTBHUH C KapToii, B Poccnn mpeo0i1agatoT MoTeHINANBHO CHIIBHO- H
cpenHe3aTpaTHble pernoHbl. Teppuropuu, HaOpasime 0 OajioB, 3a-
Humatot meree 0,01% ot TeppuUTOpHHM CTpaHbI;

1 Gamn

2 bamia

3 Gamna

4 Oanna

5 daiuta
6 GauioB
7 6auioB
8 GaoB
9 GamIoB

10 6amnoB

0,03%,
>0,01%,
0,23%,
0,40%,
0,08%,
1,48%,
3,25%,
0,78%,
6,63%,
10,10%,
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11 6amwioB
12 GamioB
13 6amnos
14 6amioB
15 6amwioB
16 GamioB
17 6amwioB
18 GamioB
19 6amioB
20 GamnoB

3,86%,
0,98%,
19,19%,
17,59%,
9,67%,
2,10%,
0,55%,
0,08%,
0,04%,
22,97%
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B niennom MoHO cka3aTh, YTO HAUMEHBIINE TOTEHIIMAIBHBIE 3a-
TpaThl OTMEYEHbI Ha TEPPUTOPHM €Bponeiickoil yactu Poccum, rore
3amagHoit Cubupu u amsHem BocToke, Ha TemnbIX paBHUHHBIX (C
yKJIOHaMHU 110 2°) opMmax pesbeda.

CyiecTBeHHbIE MOTEHIMAJIbHBIE BIOXEHUS TPEOYIOT TEppHUTO-
puu rora Poccun, ceBepa eBpOINENHCKON 4acTH, LICHTpalIbHbIE U CEBEP-
HBIE paiioHbl 3anagHoit Cubupu u cpenssst yactb Bocrounoit Cubupwu.

Campble OoupliMe MOTEHIMATBbHBIC BJIOXEHUS TPEOYIOT TOPHBIC
paiionsr: Ypan, ['opHsrii Anrait, ropsl Bocrounoit Cubupu u [lansHero
Bocroxka.

3AKJ/IFOYEHHE

[lony4yeHHble B XOJ€ OLIEHKH HPUTOJHOCTH 3€MeJb IaHHBIE B
LEJIOM XOPOIIO KOPPEIUPYIOT ¢ PaKTHUECKUM pa3MeLIeHueM pPaioHOB
MPOMBIIIIEHHOTO BO3JAeNbIBaHus XxMmens. OTHOBPEMEHHO, BBISBIICHEI
JIOCTaTOYHO OJIArONpHUATHBIE PETHOHBI, KOTOPBIE B HACTOALIEE BPEMS
JUTSL BO3JICNBIBAHUS XMEIsl HEe UCIIONb3YIOTCS.

OneHka NOYBEHHBIX YCJIOBMH IIOKa3aja, 4TO ONTUMAaJIbHBIMU
JUIE TIPOMBIIUICHHOTO BO3JENBIBAHHUS XM SIBJISIOTCS HEOOJbLINe
yuactku B lleHTpansHo-EBpornelickoii yactu Poccun, Kanununrpan-
ckoif o0mactu n Ha KamuaTtke. CymmapHo oHH 3aHuMaroT okono 0,88%
TEPPUTOPHUH CTpaHbl. HempuroaHo mo mousam oxoiio 90% teppuropun
CTpaHbl, ¥ JMLIb 0KOJO 2% W3 HUX MOTYT OBITh yIYyYIIEHBI 0 Kiacca
OTPaHUYEHHO MPHUTOTHBIX.

Tepputopun ¢ ONTUMAaIBHBIM ISl BO3JCTBIBAHUS XMEIIS KJIUMa-
tom 3aHnMaroT 2,02% tepputopuu crpanbl. KinnmMaTtudyeckue GakTopbl
MOJHOCTBIO OIPAaHUYMBAIOT POCT U pa3BUTHE XMensd Ha 74,29% teppu-
TopuM cTpaHbl. K onTuManbHOMY Kiaccy NPUTOAHOCTH MO penbedy
otHOCcHUTCs 28,39% Tepputopun. Y4acTkd aOCOJMIOTHO HEMPHUTOHBIC
mo penbedy U1 BO3NENBIBAHUS XMeJsl 3aHUMArOT 26,58% rmuiomaau
CTpaHBbI.

TeppuTopun, onTHMaNbHBIE IO BCEM MapamMeTpam I BO3JeIbI-
BaHMs xMmens 3anuMaroT Bcero 0,01%. AGcomoTHO mpeobiamaroT (6o-
nee 95% oT wiomanyu CTpaHbl) 3eMIIM, HEMPUTOAHBIE [T BO3/IEIBIBA-
HUSI XMEJISL.

Bce ontumanbHble 3¢MIU AJIS HPOMBIIUIEHHOTO BO3/AEIBIBAHUS
XMeJIsl pacnoiiokeHbl B KanmuHuHrpaackoi o61acTy, 4To BecbMa HHTE-
PECHO B CBSI3U C T€M OOCTOSTENLCTBOM, YTO HMEHHO 3TOT PErHOH SIB-

50



bronnerens [louBenHoro uncruryra um. B.B. Jlokyuaesa. 2014. Bein. 73.

nsieTcsl HanboJiee TToKa3aTeIbHBIM B YaCTH HKCIIAHCUH TEXHOJIOTHH sT4-
MEHHOTO NMWBOBAPEHUS W JOMUHUPOBAHHEM arpoxoiauHroB. Orpanu-
YEeHHO NPUTOHBIE 3eMiu TpeobianatoT B bpsHckoi, VBaHOBCKOM,
Kupogckoii, CMoneHckol o0nactsax, pecnyoiuke Yamyprus. OKoio
40-50% orpann4eHHO MPUTOAHBIX 3eMenb — B Kanununrpaackoit, Ka-
mykckoi, Hmxeropoackoid, TBepckoit 00macTsx.

[Ipu Bo3zmenbIBaHUM XMeJIs peodIaaroIas 4acTh 3eMelb UMe-
€T BBICOKHME DJKOJIOTHYECKHE PHUCKH. PHCKM OTCYTCTBYIOT IHIIb Ha
0,52% Ttepputopun crpanbl. K HIM OTHOCATCS HEOONBIINE YYACTKU B
Kanununarpaackoit o0macT, LIEHTPAIBHBIX O0O0NACTSIX eBpOINEHCKON
YacTH, I0)KHOMU U cpeaHelt SAxyTuu, a Takke Ha Kamuarke.

BoznenpiBanue XMens NOTEHHWAILHO TpeOyeT HauMEHBIINX
SKOHOMHUYECKUX 3aTpaT Ha TEPPUTOPUHU eBporeickoi yactu Poccun,
tore 3amagHoii Cubupu u Jlaneaem Bocroke. Cambie 0OJbIlMe MOTSH-
LUAJIbHbIE BJIOXKEHUS P UCIIOIBb30BaHUU 3€MENIb 1101 IPOMBIIUICHHOE
BO3ZEJbIBAHUE XMeJsl MOTPeOyIOT TOpHBIE pailoHBI CTpaHbl: Ypai,
Iopuerii Antaii, ropst Boctounoit Cubupu u Jlansaero BocToka.

OmnucanHbple MOAXOABI K aHAJIM3Y PECYpPCHOTO IMOTEHLHala 3e-
MeJh MOTYT OBITh MCIIOJB30BaHBI U Ha 0o0Jiee METATHPHOM YPOBHE IS
TUIAHUPOBAHUS 3aKJIAIKA PEATbHBIX XMEJILHUKOB.
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METHODOLOGY OF LAND RESOURCES ASSESSMENT
FOR AGRICULTURAL PRODUCTION IN RUSSIA (AT
THE EXAMPLE OF HOP CULTIVATION

© 2014 A. Ivanov, I. Savin, A. Egorov

Original methodology for land evaluation was elaborated as based on
GIS technologies and FAO land evaluation approaches. Unique register
of soil resources of Russia was used as a basis for land suitability anal-
ysis for hop cultivation in Russia. Optimal territories for hop cultiva-
tion occupy in Russia only 0.01% of lands. Greatest constraints for hop
cultivation are associated with the soil and climatic conditions. The
smallest potential expenditures for the cultivation of hop are expected
for the territory of European Russia, the south of West Siberia and in
the Far East on the “warm” plains. The greatest investments will be re-
quired for the cultivation of hop in the mountain regions of the Urals,
Altai, in the mountains of East Siberia and Far East.

Keywords: methodology of land evaluation, hop, resource potential of
Russian lands.

Russian agricultural-industrial production with the unbal-
anced economics, hypertrophied prevalence of large agricultural
holdings and restrained development of middle-and small-scale
farms (peasant, private farms) is urgently required in optimizing
the land use structure based upon the scientifically-grounded
evaluation of the country’s natural (soil) resources and biodiver-
sity potential.

The hop production as a traditional trade in Russia is expe-
riencing hard times now. The expanded commodity output of
barley brewing and technologies adopted in foreign countries
serve as evidence of shortening the lands under this crop and the
hop production on the whole. However, apart from exceptional
possibilities in brewing, the hop reveals valuable pharmacologi-
cal properties. Only the development of balanced many-sided
economic structure in the agricultural-industrial complex may be
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conducive to advancing the hop production, the latter being de-
veloped by different farmers at the support of the government
and market conjuncture.

Today, under conditions of market economics the problem
of hop cultivation in accordance with the quality of lands and
their suitability for this crop is becoming very acute and will
permit to increase hop yield and economic efficiency of hop pro-
duction. The hop is cultivated now leaving out of account its en-
vironmental requirements. Due to this fact the hop-fields take
place on unsuitable soils, whereas the areas as optimal for hop
are used to cultivate the other crops.

The united State register of soil resources in Russia [8] is
based on GIS-technologies being a scientific basis for a compre-
hensive analysis of soil and land resources in the country.

OBJECT OF RESEARCH

The hop cultivated in agricultural production is a perennial
plant (Humulux lupulus 1.), in botanical terms it is related to
hemp included into Cannabineae family and Urticaceae order.
This is a perennial dioecious climbing liana with annually ap-
pearing sprouts. Perennial is only the underground part of hop
that is functioning for more than 20 years. The terrestrial organs
of this plant (vegetative and generative ones) are active every
year in the spring, at the end of vegetation period they become
dead in the winter.

Following N.I. Vavilov’s statement, the hop has been orig-
inated among mediterranean cultural plants. The area occupied
by wild hop is stretched far to the north, where it has been proba-
bly used as a crop. According to V. Linke the northern and cen-
tral Europe is a native land for hop, but L.Venta considers that
the primary geobotanic area of hop distribution can be fertile
soils in valleys and piedmont of Caucasus as well as in coastal
areas of the Black Sea. Having migrated in 11-V centuries, the
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Slav people promoted to the hop distribution at the territory of
Central Europe [1].

The underground part of hop includes roots and a rootstock
with sprouts. The rootstock (rhizome) penetrates deep into the
depth of 4m and branches in numerous small roots at a depth of
1m. The distribution pattern of hop roots allows dividing them
into horizontal, inclined and vertical ones. Horizontal roots are
almost parallel to the soil surface being deviated to 20°. The
depth of their penetration is highly dependent on a soil type, plant
species, etc. Inclined roots are developed at an angle of 20-60°
and penetrate into deeper soil layers embracing a great volume of
soil and providing the plants with water and nutrients. Vertical
roots display deviation of more than 60°. They can be different in
age and origin, receive nutrient elements from lower soil layers
and make the plants rather stable.

The terrestrial vegetative organs of hop consist of a stalk,
branches and leaves. The stalk is an annual climbing liana of 8—
15 mm thick. The stalk section is a hexahedron by nature; its
sides are prickly to be clutched at something. The stalk and its
three upper internodes in particular are twined clockwise with the
sun reaching a diameter of 50cm. The ribbed young sprouts are
completely filled up by a medulla, when they are grown a cavity
is formed with elbowed nodes. The hop stalk length depends on
alternative ripening and has 3m in case of early growth and 12m
when the plant arrives at maturity rather late. The hop stalk dis-
plays two functions and serves for moving the nutrients to all the
plant organs as well as for providing mechanical stability of
plants (to keep the stable state in space, to turn leaves to the sun
light, to bear load of branches, etc.). The hop foliage is pedicle
with small leaves near the base. The blade surface is palmate but
in branches it is three-lobed. The leaves along the stalk are quite
different being three-five-lobed near the base, five-lobed and sel-
dom seven-lobed in the middle part of the stalk and three-lobed
in the upper stalk part. The blade edges are unevenly palmated,
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serrated with netted venation. The blade surface especially its
upper part are covered by stinging hairs.

The hop generative organs include a flower and fruit
(seed). Feminine plants have a flower cluster transformed later
into a seed ball (knobs), the masculine plants form panicles. The-
se plants reveal no difference before budding. The diclinous pat-
tern of plants is conditioned by cross-pollination of flowers. The
hop is a wind-pollinated plant what is reflected by the growth and
development of generative organs: flowers are rather small; they
have no bright color and aroma being represented by clusters.
After blossoming the clusters are spread in growing and trans-
formed into a knob. The latter is forming for 15-30 days in de-
pendence on the plant variety, agricultural practices and climatic
conditions. When the feminine flowers are inseminated, the seeds
are formed in knobs. In Russia the hop culture is aimed at grow-
ing seedless knobs.

In Russia the subspecies of wild hop is grown in the zone
of temperate climate. The northern boundary of its botanical zone
is located in the regions of Karelia and Northern Dvina and
Vychegda river basin (Lat. 66—60°N). In Komi it falls lower than
Lat. 60°N to be stretched to the Ural. In Western Siberia the hop
distribution is observed southwards to Lat. 58—59°N. In western
Trans-Angara region (Lat. 95°N) its boundary swings to the west
to be in the piedmont of Sayan and Altai mountains. Thus, this
boundary is located somewhat lower than that of the permafrost.
In the zone of frozen lands there are thawing areas, where the
wild hop is met.

The southern boundary of the wild hop distribution lies
along the frontier of Russia with the exception of the zone adja-
cent to the Caspian Sea. The hop culture was known in the Far
East as well. At present, there exist areas occupied by wild hop in
the south of Primorie and the middle Amur stream. The southern
boundary of frozen land distribution is stretched along the left
bank of Lower Amur.
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The zone, in which the wild hop has no distribution, em-
brace Astrakhan, Irkutsk, Magadan, Murmansk, Chita regions,
Komi-Permyatskiy, Koryakskiy, Nenetskiy, Taimyrskiy, Khany-
Mansiskiy, Chukotskiy, Evenskiy autonomous districts, Repub-
lics of Buryatia, Kalmykia, Komi, Sakha-Yakutia, Tuva [10, 16].

When comparing to the botanical zone of wild hop grow-
ing, it is worth emphasizing that the zone of the commodity out-
put of hop production should be theoretically limited by natural-
climatic parameters to advance its profitable production.

At present, the hop production is mainly concentrated in 11
administrative regions of the country including Belgorod, Bry-
ansk, Voronezh, Vyatka, Kursk, Moscow, Penza regions, Altai
Territory, Republics of Mountain Altai, Mariy-El and Chuvashia.
Among them only the last three regions enable to export the hop,
in the other regions the hop production provides only demands of
local enterprises.

In different historical periods the commodity output of hop
production has taken place at the territory of Vladimir, lvanovo,
Kostroma, Orel, Ryazan, Smolensk, Tula, Ulianovsk (Simbirsk),
Ekaterinburg (in the south), Krasnodar and Stavropol regions, in
Republics of Bashkiria, Tataria, Checheno-Ingushetia [1].

INVESTIGATION METHOD

The soil-geographical database of Russia (2014) [4] as well
as the data about relief and climate included into the database
“Land Resources of Russia” [15, 18] were used as a basis for
evaluating the land suitability. Preliminary these data were given
in a united spatial resolution with pixel of 5 x 5 km (2500 ha) to
be optimal from viewpoint of initial maps scale. Thus, the ele-
mentary area unit made up 2500 ha.

As a methodological base for evaluating the land suitability
different approaches adopted by FAO and based upon GIS-
technologies found an application [13]. They have been appro-
bated for crops in different regions of the country to be assessed

elb



bronnerens [louBenHoro uncruryra um. B.B. Jlokyuaesa. 2014. Bein. 73.

as most reliable [6, 7, 11, 14, 15]. As distinct from current native
approaches based upon statistical data about crop yield [9] the
above approaches imply a comprehensive analysis of environ-
mental peculiar features of crops.

At the first stage of creating the models to evaluate the land
suitability the properties of lands have been chosen as affected
upon the growth and development of hop at the territory of the
Russian Federation. These properties were divided into three
blocks including soil, climatic and relief ones to be classified ac-
cording to their optimum for crop. Three classes were taken for
every land property: optimal, slightly suitable and unsuitable.
The first class includes optimal properties that don’t limit the
crop growth and development. In the second class (slightly suita-
ble) are properties that restrict the crop growth and development
but can reach optimal parameters after their improvement. Un-
suitable properties (the third class of suitability) serve as a limit-
ing factor for crop cultivation and only a complex of measures to
improve them permit to consider these properties as slightly suit-
able ones.

Moreover, three subclasses (a, b, ¢) were defined. The sub-
class a — consists of areas, the limiting factors of which can be
optimized using different management practices (for instance,
liming). In the subclass b are the areas that can be improved by
such ameliorative measures as drainage, irrigation, terracing, etc.
To subclass ¢ — we relate the areas, where there is no possibility
to optimize a limiting factor (deficit of heat, sun radiation) or
their improvement is associated with an ecological risk (erosion
on slopes of 15°) or high economical expenditures (the increased
amount of stones).

The hop is rather sensitive to soil. The latter should display
favorable physical properties including the efficient water capaci-
ty, heat and air regimes. Such properties are inherent to friable
soils. Being cultivated on compacted soils, the hop suffers from
the water and air deficit. The compaction of soil horizons and
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especially subsoil to 1.5-1.6 g/cm® prevents the root penetration
into them to be efficiently grown and developed. The active soil
layer for hop is at a depth of 2m that is why the subsoil properties
should be taken into complete account to evaluate the land suita-
bility for this crop. The slightly compacted subsoil is most favor-
able for hop.

The hop growth and development is highly affected by the
hydrothermal regime, aeration, soil consistence, composition and
structure.. For example, in steppe regions the hop roots can pene-
trate into the soil and obtain the water from a great depth, how-
ever, they have a horizontal root system in the soil humus hori-
zon to be supplied with nutrients.

The particle size composition of soils has a significant in-
fluence on the hop growth and development and the hop produc-
tivity is highly dependent on the particle size and chemical com-
position. The most favorable combination of sand, clay and hu-
mus is usually observed in the middle-loamy soil. The hop yield
is rather low on sandy and clay soils.

The chemical composition of soil solution is an ecological
factor of primary importance. The hop is regarded to neutrophilic
plants and can be developed only on soils with slightly acid pH
enriched with exchangeable bases. The hop is grown well on
soils with pH 5.6-6.0 and hydrolytical acidity equaled to 1.5-2.0
me/100g. Such conditions are inherent only to small areas of
soddy podzolic and gray forest soils. These soils are character-
ized by a higher acidity and unfavorable physical-chemical prop-
erties: the increased amount of mobile Al, Mg and Fe that be-
come toxic in higher concentrations. The acid and alkaline pH is
not suitable for the hop. Under these conditions the leaves dis-
play a chlorinity at the first stages of the plant growth. A higher
acidity degree deteriorates the calcium nutrition of plants because
the hydrogen ions not only delay the input of Ca and the other
cations to the plant but also replace them from the root surface
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adversely affecting the biochemical processes in plants and their
nutrition.

The hop requires a special nutrition regime. Being consid-
ered as a nitrophilous plant, the hop is needed in soil nitrogen.
During the vegetation period the hop takes up N, P, K and Ca by
2—4 times higher as compared to cereal crops. The hop removal
of nutrients for 1 ton makes up 84 kg of N, 35 kg of P and 92 kg
of K. For 1 ton of knobs the hop removes from the soil 70-100
kg of N, 40-60 kg of P, 110-135 kg of K and 80-120 kg of Ca.
Specific requirements of hop to soils are determined by its pro-
longed growing in monoculture and penetrating its root system
into deeper soil horizons.

Unswampy and nonsaline soils underlain by uncompacted
parent materials with the ground water level at a depth of 2.0-2.5
m and deep carbonate horizons are most suitable for the hop pro-
duction. Having reached the close water-bearing impermeable
layers, the root system of hop seems to be in the bad aeration
zone and disappears. Under these conditions the terrestrial part of
plants is enriched with water what is also unfavorable for their
growth and development.

The hop is well grown on soils with a higher amount of
heat in the summer. The compacted, moistened and cold soils are
unfavorable for hop and cause different diseases of this plant. At
the same time, the hop needs in much water, that’s why the irri-
gation is required for the plants grown on dry soils [5, 13].

A comprehensive analysis was made to evaluate the fol-
lowing soil properties: pH, the ground water level, the content of
carbonates and gypsum, the particle size distribution, stoniness,
the bulk density, the thickness of soil profile, periodical flooding.
A special scale was given to evaluate the suitability of each soil
property.

The particle size distribution plays an important role in the
development of physical-chemical soil properties and hence has a
great influence on the plant growth and development. For the hop
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are favorable light-and middle-loamy soils to be included into the
first class of suitability. The loam-sandy and heavy-loamy soils
eliminate the plant growth. They are included into the second
class of suitability. The physical-chemical properties of sandy
and clay soils are unfavorable for the hop. They are referred to
the third class of suitability.

The soil stoniness is a limiting factor for the hop. Optimal
are the soils, the content of stones in which doesn’t exceed 1%.
The soils, having the stoniness not more than 3% and the stones
are detritus-pebble by nature, are referred to the second class of
suitability. If the stoniness is more than 3% and the stones are
represented by blocks, it is the third class of suitability.

The hop response to the bulk density of soil is rather high.
The first class of suitability includes the soils, the bulk density of
which is 1.1-1.3 g/em®, the second class — the soils with bulk
density 0.9-1.1 g/cm® and the third class consists of unsuitable
soils with the bulk density of less than 0.9 g/cm® and more than
1.5 glem®,

Being penetrated deep into the soil, the hop roots require a
great thickness of fine earth.In soils with a shallow profile the
hop root system is not capable to develop and provide the plant
with sufficient nutrients. The soils with the thickness of profile
less than 100 cm are unfavorable; slightly favorable are the soils,
the profile thickness of which is 100-150 cm. If the soil profile
exceeds 150cm, they are considered as favorable for hop growth
and development.

The hop is well grown in elevated flat areas; the low, peri-
odically flooded areas are unsuitable for it. The areas suffered
from rare flooding (once for ten years) exemplified by high
floodplains, are referred to the second class of suitability. The
third class of suitability includes the soils that are subject to sys-
tematical flood as well as swampy soils.

To classify soils according to their suitability for the hop
growth and development, every soil property was comprehen-
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sively analyzed and evaluated using the “method of maximal lim-
itation”, i.e. the class of soil suitability could not be higher than
the class of the worsen property. Thus, all the soils of Russia
have been divided into the following classes:

class 1 — soils, which are optimal for the hop according to
all the evaluated parameters;

class 2a — soils with properties, limiting the hop growth and
development but they can be optimized by using efficient man-
agement practices;

class 2b — soils with properties restricting the hop growth
and development but can be improved to optimal values (de-
crease in the ground water depth, the content of carbonates and
gypsum);

class 2c — soils with properties limiting the hop growth and
development, that cannot be changed and improved due to great
expenditures (particle size distribution, stoniness, bulk density,
thickness of soil profile, periodical flooding); as distinct from
class 2, the class 3 includes soils restricting the hop growth and
development to a considerable extent;

class 3a — soils with properties unfavorable for the hop but
they can be improved up to slightly suitable values;

class 3b — soils with properties unsuitable for the hop, how-
ever, their improvement is associated with a complex of amelio-
rative measures (decrease in the ground water level, the content
of carbonates and gypsum);

class 3c — soils with properties unsuitable for hop growth
and development. It is impossible to improve them or their rec-
lamation requires great expenditures.

The class x was separately identified as included soil-
geographical contours with the very complicated soil cover,
where the soils have been differently evaluated according to their
suitability.

The land suitability was also evaluated according to climat-
ic conditions.
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The hop is a light-requiring plant. During the vegetation
period this plant is needed in 1500-1700 hours of the sun radia-
tion and the half of this radiation should be used in the period of
blossoming up to maturity of knobs. In case of good sun light the
foliage is increased, a great amount of knobs is formed especially
in middle and lower parts of the plant. The even lighting depends
on a density of hop plantation. 14-18 thousand of productive
stalks per 1 hectare are sufficient for a high crop yield. Due to
shading the plant growth becomes slower, buds and flowers are
dead, knobs are friable and light-green in color.

The hop is a plant requiring a long-and short-day. It begins
to blossom when the day is long and then changed by a short day.
In the south, where the days are shorter, the hop starts blossom-
ing earlier than in the central part of the country. The light exerts
an effect on transpiration of leaves, changes in growth direction
and strength of branches, structure and habitus of the crone, blos-
soming and fruiting intensity. Due to the increased light the
plants are subject to diseases and insects to a lesser extent, their
duration of life and productivity become enhanced.

The hop is a crop growing within the area of moderate cli-
mate with annual average temperature 1.5-8.5°C and active tem-
perature sum (higher than 10°C) equaled to 1000—1500°C. In the
northern zone with an efficient amount of moisture the sum of
active temperatures required for the early-ripe hop cultivation
makes up 1700°, in the southern zone it is 2500—-2900°C for late-
ripe species of hop. The northern border of hop production lies
through the zone with average temperature of 14.3-15.0°C dur-
ing the vegetation period. The most favorable average daily tem-
perature for the hop is 15-17°C without sharply expressed fluc-
tuations in the day-time and night.

In different periods of life the hop needs in uneven amount
of heat. The underground parts of last year’s stalks are in full bud
at temperature 3—4°C and their growth starts at 5-6°C. At daily
temperature >10°C the sprouts appear after 10-15 days, in case
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of lower temperature — after 19-20 days. During the prolonged
fall of temperature the leaves begin to turn yellow, the productiv-
ity becomes rather low. The stalks are grown at temperature >
10°C, branches — at temperature higher than 14°C, the most fa-
vorable conditions for their growth are 17—-18°C. 450-550°C are
required for plants in the period of their branch formation. The
hop is especially sensitive to heat in period of blossoming and
knob formation. The average daily temperature 15-21°C permits
to harvest 150-200 kg/ha of buds (Bryanskiy cultivar). The aver-
age daily temperature 14-19°C is most favorable for the bud
formation. The efficient accumulation of bitter substances in
buds occurs at average daily temperature of 14—18°C, their ac-
cumulation is decreased due to decreasing temperature to 9—
13°C. The air temperature higher than 40°C leads to burn of dif-
ferent plant parts and to decrease in the quantity and quality of
yield.

The hop is a water-loving plant. The top yield can be only
in regions with precipitation of 500—600 mm. It becomes consid-
erably lower in years when the precipitation is 200mm in the
vegetation period (80 (mm in the period of blossoming and less
than 120mm after this period). The growth and development of
hop is highly affected by the rainfall in different time of the vege-
tation period. In spring the water supply in soil is usually suffi-
cient for plant sprouts, later the water need becomes increased. A
great water amount is required in the period of blossoming and
knob formation; when the knobs begin to ripe the excessive pre-
cipitation is already undesirable. Within the Non-Chernozem
zone the hop takes up 2.2 mm of water per day in the period of
sprout formation, 3.9 mm in the period of blossoming, 4.1 mm
during the knob formation and 2.5mm in the period of maturity.
An adverse effect of excessive moisture on the hop yield is ob-
served in the years when the heat balance is rather low. The knob
quality is also dependent on water supply in soil, particularly in
the period of formation and maturity of knobs. So, 120-170 mm
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of precipitation in Mai—June and 80-110 mm in July are quite
sufficient for the hop yield of high quality. The knobs have a
lower quality if the precipitation in Mai—June is 80mm and in
July — less than 35mm. The greatest amount of bitter substances
is formed in knobs when the average daily precipitation makes up
1.1 mm[1, 3, 16].

To evaluate the climatic conditions 5 factors affecting the
hop cultivation have been identified:

1) average temperature for the vegetation period;

2) the sum of positive temperatures for the vegetation peri-

od;

3) average annual temperature;

4) the total amount of precipitation for a year;

5) the total amount of precipitation for the vegetation peri-
od.

An estimate scale was created as provided with an interim
map of suitability for every factor (Table 1).

To compile a map of land suitability owing to the climate
conditions all the interim maps were superposed and each con-
tour was estimated by using every factor. Based upon the princi-
ple of “maximal limitation” the contour was estimated as a
“worsen” class.

Class 1 — areas, where the climatic factor is optimal.

Class 2 — areas, where the climatic factor is not optimal and
eliminates the hop growth and development, but some factors can
be optimized, for instance, irrigation in case of water deficit.

Class 3 — areas, where the hop cultivation is impossible due
to unfavorable climatic conditions.

Relief is not included into environmental factors to influ-
ence on their re-distribution in space. The spatial variability of
climatic factors is taken into consideration in the course of ana-
lyzing the climatic conditions.
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Table 1. Classes of land suitability according to climate conditions

Factor Suitability class
unsuitable | Restrictively suita- | optimal (1)
(3) ble(2)
/Average temperature for the <9 9-14 and> 19 14-19
\vegetation period
Sum of positive temperatures | < 1700 1700-2200 >2200

for the vegetation period
Temperature averaged for a <-15 |-15-7.0and>9.0 | 7.0-9.0
year
/Annual precipitation <450 |450-500 and>600| 500-600
Sum of precipitation for the <200 |200-250 and>450| 250-450
\vegetation period

The following classes of land suitability were specified
with taking into account the relief for hop cultivation:

Class 1 — areas with inclination of 0°-2°;

Class 2 — areas with inclination of 2°—8°;

Class 2b — areas with inclination of 8°—15°;

Class 3 — areas with slopes more than 15°.

At the territory included into class 1 °the erosion processes
are absent what allows cultivating the hop with minimal addi-
tional expenditures.

At the territory of class 2 there are erosion processes; a
complex of preventive measures is required to cultivate the hop.

At the territory of class 2b the hop cultivation is possible in
case of terracing.

Class 3 includes territories where the hop cultivation is im-
possible.

Having created the maps of land suitability according to
climate, relief and soil, a map of integral evaluation of land suit-
ability was compiled. For this purpose the maps of climate and
relief were superposed with each other and all the versions of
class intersection were grouped into classes to give the united
estimation (Table 2).

Class 1 territories with optimal characteristics;
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Table 2. Classes of united estimation of climate and relief suitability

Class of cll_mate suitabil- Class of relief suitability Class _of m_tegral
ity estimation
1 1 1
1 2a 2a
1 2b 2b
2 1, 23, 2b 2c
3 1, 2a, 2b, 3 3

class 2a — territories characterized by non-optimal relief in-
dices (slopes 2°—8°) but optimal according to the climate; a com-
plex of erosion control measures is required to improve these ter-
ritories;

class 2b — territories that are optimal according to the cli-
mate but non-optimal according to relief;

class 2c — territories that are restricted to be suitable and it
is impossible to improve them (the heat deficit);

class 3a — territories that are restricted by unfavorable fac-
tors; the management practices and anti-erosion tillage can im-
prove them to be evaluated as class 2;

class 3b — territories, where the hop cultivation is impossi-
ble but after amelioration they can be regarded as the class of re-
strictively suitable;

class 3c — territories unsuitable for the hop cultivation. The
management practices and their amelioration cannot help to im-
prove them.

class x — territories composing of different soils and only a
part of these lands is suitable for the hop cultivation.

When conducting the evaluation of land suitability, it
seemed possible to compile a map of environmental risks that can
occur in the course of land use for the hop cultivation. This map
was based upon the following principle: the more favorable are
factors of the environment, the less are efforts to make the lands
optimal, the lesser is the environmental risk. On the contrary, the
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Table 3. Classes of integral estimation

Class of soil estimation | Integral class of climate and | Class of integral estima-

relief estimation tion

1 1 1

2a 1, 2a 2a

2b 1, 2a, 2b 2b

2c 1, 2a, 2b, 2¢ 2c

3a 1, 2a, 2b, 2¢ 3a

3b 1, 2a, 2b, 2¢ 3b

3c 1, 23, 2b, 2¢, 3 3c

X 1, 2a, 2b, 2¢, 3 X

more unfavorable is the factor, the more are efforts to improve
the lands, the greater is the environmental risk.

To compile the above map the soil and relief factors have
been taken into complete account because the human activity
changes them.

The following classes have been grouped to characterize
environmental risks:

0 — territories without environmental risks.

a — territories that are subject to a slightly expressed envi-
ronmental risk; they are characterized by moderate and strong
elimination degree of plants but their improvement is connected
with management practices and anti-erosion tillage affecting the
environment to a lesser extent;

b — territories characterizing by moderate and strong limita-
tion degree, to improve them a complex of ameliorative works is
required that can change the environment; hence the lands are
subject to a greater environmental risk as compared to the other
classes;

c — territories with different limitation degree of plants; the
limiting factors cannot be improved or their optimization is asso-
ciated with strong ecological loads.

The algorithm to group the studied territories into classes is based
on a principle of maximal limitation; it is presented in Table 4.
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At the last stage of research the potential and relative eco-
nomic expenditures have been estimated for the hop cultivation
as based upon the following principle: the more non-optimal is
the factor limiting the hop cultivation, the higher are expenditures
to improve the lands.

If the hop-field has several limiting factors, the total eco-
nomic expenditures are equal to those spent for every factor.

Based upon an expert estimate each class of soil, relief and

climate suitability acquired a mark of potential relative economic
expenditure (Table 5).
The total estimate of the territory suitability included the sum of
marks acquired to the suitability classes according to soil, relief
and climate. The maximum of marks is 20, minimum — 0. The
higher is the mark, the greater expenditures are required to opti-
mize the territory for the hop cultivation.

Table 4. Classes of environmental risks for the hop cultivation

Class of soil estimation | Class of relief estima- Class of environmental
tion risks

1+x 1 0
2a
2b
3c
2a+ 3a 1
2a
2b
3c
2b+3b 1
2a
2b
3c
2c +3c 1
2a
2b
3c

OO0 00000 TTOTD 2900TS
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RESULTS

As a result of the above analysis the maps of lands have
been compiled to show the soil, relief and climate suitability of
these lands for the hop production in Russia. An integral map of
suitability evaluation, the maps of evaluation of environmental
risks and the map of estimate of potential relative economic ex-
penditures for the hop production have been also created (Fig.1—
6).

The evaluation of soil conditions showed that the hop culti-
vation is most efficient in small areas of lands (class 1) in Kali-
ningrad region, in Central European Russia and in Kamchatka.
They occupy about 0.88% of the total country’s territory. The
class 2a embraces restrictively suitable lands occupied by optimal

Table 5. Estimate of suitability classes according to expenditures

Suitability class Mark of potential relative economic
expenditures
Soil classes
1 0
2a 1
2b 2
2C 3
3a 4
3b 5
3c 6
X 3
Climate classes
1 0
2 3
3 7
Relief classes
1 0
2a 1
2b 2
3 7
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2500 km

Fig. 4. Integral evaluation — land suitability for the hop production in Russia (conventional signs are given in

pp. 26).
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2500 km

Fig. 5. Potential environmental risks for lands used for the hop cultivation in Russia (conventional signs are

given in pp. ¢25).
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soils. Their area makes up 0.29% or 4.94 min ha. The lands in-
cluded into class 2b are estimated as 0.01%. The territory of class
2¢ occupies 7.37% of the total area to be located as small con-
tours at the entire territory of European Russia, in the Ural, in
southern part of Siberia, in Altai, Yakutia, Primorie and Kam-
chatka. The territory in classes 3a and 3b is located as small con-
tours in the north of European Russia, in the piedmont of Cauca-
sus, in Altai, in the southern part of Siberia, Yakutia and Kam-
chatka, thus occupying 0.5 and 1/30% respectively. The territory
in class 3c is estimated as 88.79% of the total area in Russia.
These soils occupy the north of the country, Ural, Siberia, Chu-
kotka and the major part of the Far East. In the south they are lo-
cated in the piedmont of Caucasus and within the steppe zone.
Small contours of unsuitable lands are distributed in European
Russia. The soil contours evaluated in a complex way (class x)
occupy 0.67% of the total country’s territory.

The lands as optimal in the climate for the hop cultivation
(class 1) make up 2.02%. To them we relate the lands of Kalinin-
grad region in the west, Kursk and Voronezh regions in the
south, Altai Territory in the south-east and small area in Khaba-
rovsk and Amur regions in the east.

The areas, where one or some factors restrict the hop culti-
vation, occupy 23.69% (class 2). They are located as a wide zone
stretching from the west of Russia to Altai. Such small areas are
met in the Far East. The climatic factors restrict the hop growth
and development on the area occupying 74.29% of the total
country’s territory, including the plain areas in European Russia,
in the piedmont of Caucasus, Pre-Caspian lowland, in the major
part of Western Siberia, Yakutia, Far East and Chukotka. The
restrictively suitable lands in class 2a are located along the west-
ern frontier of the country, in European Russia, Stavropol and
Krasnoyarsk regions, Yakutia. Their area makes up 32.78% of
the total territory of Russia. The lands included into class 2b oc-
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cupy 12.25% being located in the Ural, in Eastern Siberia, Moun-
tain Altai, Tyan-Shan and Far East.

The areas unsuitable according to relief (class 3) are esti-
mated as 26.58% in the Ural, Middle Siberia, Mountain Altai and
in mountains of Eastern Siberia.

The map of integral evaluation of land suitability in the
Russian Federation is given in Fig. 4.

The territory optimal in all the parameters for the hop culti-
vation (class 1) occupies 0.01% only in Kaliningrad region. The
areas of land suitability (class 2a) account for 0.40% of the total
country’s territory. They are predominantly located in central re-
gions of European Russia. The areas in class 2b are locally met in
European Russia and estimated as 0.01%. The regions in class 2¢
occupy 3.95% being located as a wide zone from the western
frontier of Russia to Altai to be narrow in the east.

The lands in class 3a are situated in the piedmont of Cauca-
sus, in the north of European Russia (Arkhangelsk region) and
Altai occupying 0.20% of the total country’s territory. The lands
in class 3b are also confined to these areas and occupy 0.47% of
the total territory in the country. The lands of class 3c are located
in the major part of the country and estimated as 94.97%.

The results of integral evaluation of land suitability in dif-
ferent country’s regions are demonstrated in Table 6.

Fig. 6 demonstrates a map of estimation of potential eco-
nomic expenditures for the hop cultivation. According to this
map the regions requiring high and middle expenditures are dom-
inant at the territory of Russia. The areas estimated by 0 mark
occupy less than 0.01% of the country’s territory.

All the optimal lands for hop production are located in Ka-
liningrad region, where they occupy about 9% of this region. The
restrictively suitable lands are prevailed in Bryansk, Ivanovo, Ki-
rov, Smolensk regions, in the Republic of Udmurtia. About 40—
50% of such lands are distributed in Kaliningrad, Kaluga, Nizhni
Novgorod and Tver’ regions.
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Table 6. Results of integral evaluation of land suitability for the hop cultiva-
tion in regions of the Russian Federation

Region

Class and subclass of suitability,

% from the area in region

optimal |restrictively suitable unsuitable
1 2a | 2b | 2c 3a 3b 3c

Aginskiy, Buryatia - - - - - — |100.00
Altai Territory - - - 1299 - |10.39| 86.62
Amur region - - - | 153 - - 98.47
Arkhangelsk region - 0.03] — |15.39] 9.76 | 0.25| 74.57
Astrakhan region - - - - - - 100
Belgorod region - - - 1019 - 1.84| 97.97
Bryansk region - 16.62| - |44.11] - - 39.27
Vladimir region - 3.27 — |32.16] - - 64.57
Volgograd region - - - - - — 1100.00
Vologda region - 1.61| — [24.66| - 2.72| 71.01
Voronezh region - - - | 101 - 0.24 | 98.75
Mountain Altai - - - | 011 - 0.27| 99.62
Jewish autonomous region - - - - - — 1100.00
Ekaterinburg region - 0.08/ — | 3.64] - 0.21 | 96.07
lvanovo region - 3.36| — |67.47] - - 29.17
Irkutsk region - - - | 0.06| 0.13 - 99.81
Kaliningrad region 9.22 |35.000 - | 7.79| - - 47.95
Kaluga region - 17.06| - (32.36] - - 50.58
Kamchatka region - - - - - — 1100.00
Kemerovo region - - - |17.65| - 751 74.84
Kirov region - 1.99| - |[60.33] - 0.04 | 37.64
Komi-Permyatskiy autono- - 1.52| - |[16.99| - - 81.49
mous region

Koryakskiy autonomous - - - - - — 1100.00
region

Kostroma region - 6.70| — 1(29.98| - - 63.32
Krasnodar region - - - - - 2511 97.49
Krasnoyarsk region - - - 1068 - - 99.32
Samara region - - - | 044 - 0.73 | 98.83
Kurgan region - - - | 348 - - 96.52
Kursk region - 5.23| - |18.11| - |10.19| 66.47
Leningrad region - 0.20f - |30.74| 0.41 | 0.03| 68.62
Lipetsk region - 011 - |6.85| - 0.83] 92.21
Magadan region — — — — — — 1100.00
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Region

Class and subclass of suitability,

% from the area in region

optimal |restrictively suitable unsuitable
1 2a | 2b | 2c 3a 3b 3c

Moscow region - 1.28| — |[21.42| - - 77.30
Murmansk region - - - - - — 1100.00
Nenets autonomous territory - - - - - — |100.00
Nizhegorodskiy region - 6.82| - |37.79| - 0.27 | 55.12
Novgorod region - 0.05 - (29.01| 3.69 - 67.25
Novosibirsk region - - - 1999 - 2.89| 87.12
Omsk region - - - 1255 - 0.20| 87.25
Orenburg region - - - | 112} - 2.39| 96.49
Orlov region - 041 - |36.73| - 6.02 | 56.84
Penza region - 6.02| — |14.00| - |14.24| 65.74
Perm’ region - 3.77, — | 879 - — 87.44
Primorskiy Territory - - - - - — /100.00
Pskov region - 7.29] - (30.50| - 0.19| 62.02
Republic of Adygea - - - - - — 1100.00
Republic of Bashkiria - 0.05| - | 220 - | 0.19 | 97.56
Republic of Buryatia - - - 1004 - 0.09 | 99.87
Republic of Dagestan - - - - - 0.20 | 99.80
Republic of Kabardino- - - - - - 9.39 | 90.61
Balkaria

Republic of Kalmykia - - - - - — 1100.00
Republic of Karachaevo- - - - - — 112.06| 87.94
Cherkesia

Republic of Karelia - - - | 369 - - 96.31
Republic of Komi - - — | 6.86| 0.22 - 92.92
Republic of Mariy-EI - - - [31.90| - - 68.10
Republic of Mordovia - 3.73| — |3148| - |14.45] 50.34
Republic of Sakha-Yakutia - - - - - — 1100.00
Republic of Northern Osetia - - - - - — 1100.00
Republic of Tatarstan - 1.74) — [12.24] - - 86.02
Republic of Tuva - - - - - 0.09 | 99.01
Republic of Udmurtia - 8.58| - (43.13| - - | 48.29
Republic of Khakasia - - - 1016 - 0.62 | 99.22
Republic of Chuvashia - 561 - | 0.68| - - 93.71
Rostov region - - - - - — 1100.00
Ryazan’ region - 1.40| - |[17.15] - 4.38 | 77.07
Saratov region — 0.05| — | 0.07] - 0.69 | 99.19
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Region

Class and subclass of suitability,
% from the area in region

optimal |restrictively suitable unsuitable
1 2a | 2b | 2c 3a 3b 3c

Sakhalin region - - - | 7 - - 98.29
Smolensk region - 10.91| - 1|60.66] - - 28.43
Stavropol Territory - - - 1038 - |14.29| 85.33
Taimyr autonomous - - - - - — ]100.00
territory.
Tambov region - 1.68 — | 3.13| - — 95.19
Tver’ region - 2.33| - |40.12) - 0.51| 57.04
Tomsk region - 0.39] — | 4.60] - 0.31] 94.70
Tula region - 039 - | 3.25| - - 96.36
Tyumen’ region - - - 1872 - 0.17| 81.11
Ulianovsk region - 356 - (16.07] — |[11.74]| 68.63
Ust-Orda - - - - - — 1100.00
Khabarovsk territory - - — 1 0.93| 0.05 - 99.02
Khanty-Mansiskiy autono- - - - | 138 - - 98.62
mous territory.
Chelyabinsk region - - - | 311 - 0.40 | 96.49
Chechnya - - - - - 0.93 | 99.07
Chita region - - - - - — 1100.00
Chukotskiy autonomous - - - - - — 1100.00
territory
Evenkiskiy autonomous ter- - - - - - — 1100.00
ritory.
Yamalo-Nenetskiy autono- - - - - - — 1100.00
mous territory
Yaroslavl’ region — 14.32| - |24.69| - 0.77 | 60.22

Fig. 5 shows a map of evaluation of potential environmental risks
for the hop cultivation. The lands of class 0 (absence of environ-
mental risks) occupy 0.52% or 8.72 min hectares in Kaliningrad
region, in central regions of European Russia, in southern and
middle Yakutia as well as in Kamchatka. The regions with small
environmental risks (class a) are estimated as 1.22% and located
in Kaliningrad region, in western, northern and central regions of
European Russia, in Yakutia and Far East.
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The areas characterized by slightly expressed potential en-
vironmental risks (class b) occupy 1.36% being located in the
piedmont of Caucasus, in southern regions of European Russia,
Altai, in southern and central regions of Yakutia. The lands with
strongly expressed environmental risks (class ¢) make up 96.89%
of the total territory.

One should notice that the small expenditures are required
for the hop production at the territory of European Russia, in the
south of Western Siberia and Far East, in warm flat forms of re-
lief with inclination to 2°. Considerable expenditures to grow the
hop are required at the territory of Southern Russia, in the north
of European Russia and in the middle part of Eastern Siberia. The
mountain regions of Ural, Altai, Eastern Siberia and Far East re-
quire significant financial investments for the hop cultivation.

CONCLUSION

The data obtained in the course of the suitability evaluation
of lands for the hop cultivation well agree with factual regions of
the hop production in the country. Simultaneously, the regions
have been identified which are rather favorable but not used for
this purpose.

The evaluation of soil conditions showed that optimal for
the hop cultivation are small areas in Central European Russia, in
Kaliningrad region and in Kamchatka, occupying 0.88% of the
total country’s territory. Unsuitable soils occupy 90% and only
about 2% of such lands can be improved to the level of restric-
tively suitable lands.

The territory as optimal in the climate is estimated as
2.02%. The climatic factors restrict the hop growth and develop-
ment at the territory embracing 74.29% of the total area in the
country. The class of optimal suitability according to relief em-
braces 28.39%. The areas that are not optimal in relief occupy
26.58%. The territory optimal in all the parameters for the hop
cultivation makes up only 0.01%. Dominant are the lands abso-
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lutely unsuitable for the hop production (more than 95% of the
country’s territory).

All the optimal lands for the hop production are located in
Kaliningrad region; what is evidenced by expansion of foreign
technologies in barley brewing and prevalence of great holdings
there. The restrictively suitable lands are dominant in Bryansk,
Ivanovo, Kirov, Smolensk regions, in the Republic of Udmurtia.
Such lands accounting for about 40-50% are mainly located in
Kaliningrad, Kaluga, Nizhnyi Novgorod and Tver’ regions.

To cultivate the hop, the major part of lands has high envi-
ronmental risks, the latter being absent only at the territory of
0.52% and located in Kaliningrad region, in central part of Euro-
pean Russia, in southern and middle Yakutia as well as in Kam-
chatka.

The hop cultivation requires small economic expenditures
at the territory of European Russia, in the south of Western Sibe-
ria and Far East. The greatest investments are required for the
hop production in mountain regions of the country: in Ural, Altai,
Eastern Siberia and Far East. The approaches used for analyzing
the resource potential of lands can find an application at a more
detail level for purposes of planning and creation of hop-fields.
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