
NYCTbI HHOE NOqBOOEPA3OBAH14E
14 ovH r(q voHup oBA H 14 E nvcrbr H H tX nnhguAoTo B 1

,Q.fl. fonoeanoe, M.ll. fle6edeea (Bep6o)

Bee4exue

feoxnmna nan4LuaQroB ,, reHe3nc noqB nycrbrHHbrx o6nacrera - oAHa ,,3 TeM
n pilcran bHoro BH nMa H ils r oco60ro h Hrepeca MapnvtAn u$pe40eH or rnaso gcrofi .l-lonyvenrue e'o pe3yflbrarbt r43yqeHnfl nycrbrHHoro 3arapa (rnasoscxan, 1950) nenorepflnil ceoerz aKTyanbHocrtA tA AO CeroAHRr.XHero rqHfl. B ne4aanrx ee crarbflx BcoaBropcrBe c lz'1.A. l-op6ynosora (2002,2003) eHoeu o6pau.laerce BHTMaHt,te Ha re_He3[c nycrblHHblx nove. Aeropbl BbtABtaraor rrnore3y 6rorennoro ou{enaqhBaHnfl
6ypurx apnAHbrx noqB, pa3rrL{aor aKTyarbHbre ., pen,KroBbre qeprbr nycrbrHHbrx
no'{B/ npeAnara|oT pa3AeneHne nonynycrbtHHbtx r nycrbtHHbtx noqB c ncnonb3oBa-
nrerrn npoQnnano-cy6craHr4BHoro noAXOAa, 6aznpynca Ha pa3nn.lnnx e na60pe
3neMeHTa pH urx noqeoo6pa3oBaren bH brx n poLleccoB.

flpoqeccnutti nogxo4 K noLrBaM 6urn ne ronbKo pean[3oBaH M.A lnagoe-cxofi e KaqecrBe anbrepHarnBHoro QaxropHoruy npn xnaccnbnxa,rr, 
"";r, ""r pacnpocrpaHeH Ha KareHapnurfi ypoeenu. 6urnr parpa60ranbr npeAcraB neHnlo nan4ulaQrHo-feox[Ml4qecKhx npoqeccax, no3Bonflrcu{ue Ha Be[4ecrBeHHOMypoBHe BbrFBt,|Tb MexaHil3M reox[Mr4qecxoil caasn MexAy 3BeHbFMl4 KaCKaAHbrx

nan4Lua$rno-reoxnMnqecKLlx c14creM (l-nasoscxan, 1 9gB).
flpoqeccuufi nogxog nMeer cBoro l4crop14'o KaK B noqBoBeA eHvtn nreorpaQrrrr

noqB, raK n e Qnznuecrofi reorpa$nv. B HeReHofvr BvrAe oH coAepxrrcfl e caMorreHernqecKorl xonqenqnn B.B.nroryvaesa. 50nee onp"4"n""Ho oH cQopnnynrapo-eax c'c' HeycrpyeeulM B crarbe <<onurr xnaccn$nxarlu14 noqBoo6paroearenururx
npolreccoB B CBF3.4 C reHe3ncoM r-ror.rB> (1926). snennenrapHbre noqBoo6pasoea_renbHde npoqeccbl Pnn) 3aHnMaor t-leHrpanbHoe Mecro B HeoAoKyqaeecrorz
KoHLlenqrr lzl'l-l' lepacr'rrvroea (1971).Pazpa6orKa repapxrqecxorz cr4creMbr noqBo-
o6pasoearenuHurx npolleccoB npnHaAnexvrr A.A. poAe (1 g47).BHacro'r4ee BpeMFKOHqenLlnff 3flfl npo40flxaer aKrnBHo pa3BilBarbcn (3nevrenrapHbre..., 1gg2;Tap_
ry nbfl H, 1 985, 2005 ; Boc kh ei m, Ge n n ad iyeq 2OOg).

l-exeru qecKaf, cneqnen v rocrb nycrbr H Horo noq 80o6pasoea r nn

,!nn nycrurnnurx o6nacrefi, c o4HOrr cropoHbr, xapaKTepHo AocraroqHo Bbr-coKoe paenoo6pa:ne rnnoB cy6crpara, cnyxaqee oAHl4M r43 KprrepheB BbrAe-neHnfl <TrnoB nycrblHb> (flerpoe, 1973): milHyrcrbre, KaMeHrcrbre, necqaHbre,

' Pa6ora BbtnonHeHa nph noAAepxKe rpaHra pOolzl 10_04_0023ga.
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COnoHqaKOBbte. C Apyrolt CropOnul, oTCyTcTBile cnellvlQilL{ecKoro (s repmrnonO-

rilil WRB - World Reference Base) yrnn 3neMeHrapHoro (B repMilHonornr Tepacr-

MoBa - Fnasoecrota - Taprynunna) noqeoo6pa3oBaTenbHoro npollecca, 3acTaBn-

no MexAyHapo4Hoe coo6u.lecrBo noqBoBeAoB orKa3arbcfl B KnaccilQrxaqnr or

repMrHa (nycrbtHHbre noqBbt) (Yermosols), nMeBUerocF B 6onee paHHLlx BepcvlFx

KnaccnouKaqiln FAO (1 97 B).

Cornacno rpaAh LlytoH HoMy noAXoAy, Kaxgotit 6norn rmarnqecKolZ 3oHe Aon-

xeH cOOTBercTBoBarb cBotl Trn noqB, ilMercqnft rOnurO eMy npu6yqufi nOqaoO-

6paSOearenbHbtfi MaKponpoLlecc, K rOMy Xe OAHO3HaLIHO rqrarHo6Tl4pyeMbll4.

fl ogaoxe CoorBeTCrByeT noATil n, OTn nqa Oult/ fr cF HanOXeH neM AOnon H ilTen bHOro

noqBoo6pa3oBaTenbHOrO npOLleCCa.,[nn nOvs nycTblHHoft 3oHbl MoHronnvnoAO6-

Hblfi noAXoA @a6n. 1) 6ttn nocne4oBarenbHo peanr3oBaH H.A. Horusoir (1978)'

.[.,[opxroroBoM (1983), lO.T. EecflzrQeeeuM vtE.lA. PaqroeCrola (1976,1993).

Ta6nuqa 1

KnnMaruqecKafl u noLt BeHHo-reo6ora H nLrecKafl xapaKTepncru Ka 30Han bH blx

rnnoB nycrblHb [enrpanunofi Ast4t4

(no tO.f. EecrvrQeeeY, E.111. Paqxoecxoft , 1976,1 993)

* r - cpeAHero.qoBoe Korr4qecrBo ocaAKoB (rvrrvr); f - cyMMa aKrvlBHurx revrneparyp (oC);

R/Lr - pagva1uonuuttl uHAeKc cyxocrvl M'tz'|. bygurro (1980)
** MeHee 1 axaeunnnPa xa 100 rvr2

394

JloAmxa Knumal*
0cxosx He AoIYll,t HaHTbl

pacTnTerbHo(Tl,l

flpoexrnatoe
noxpbrrIe, o/o
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PacurnpeHue cnilcKa 30HarbHbrx apilAHbrx noqB c gayx (4nn Kagaxcraxa, cpeA-
Heil Asilil) Ao Lterupex (gnn Monronrr) noeuu.raer aKryanbHocrb o6ocHoeaHilR tlx
reHerilqecKorl cavo6urrHocrLl Ha ocHoBe noAXoAoB HOeOrl XnaCCnQwxalnn n AVa-
lHocrnvA noqe Poccnr.

Kaxre n3 nepeqilcreHHbrx noqB orHocFTcF K caMocroflTenbHbrM TrnaM, KaKre K

no4rnnam? Coena4aer nnvepapxnR reo6oraunqecKoro r noi{BeHHo-reorpaQnvecxo-
ro pa3AeneHuaapupnoittsonu Moxronvu? B qeM npoqeccHbte r cy6cranrnaHbte pa3nr-
LlilF noqB, BbtAenneMbtx/ npexAe Bcero, Ha ocHoBaHtztr reo6oranrqecKnx xprrepraee?

lnn peuleH nA trtAx BonpocoB aartu 6unu il3yqeHbt nycrbrHHbte o6nacrr pro-
BocroqHoro KasaxcraHa (2006), LleHrpanuHorrr ra lOxnora Monronrr (2001-2010),
CurHuqrnn-Yrzrypcxoro aBroHoMHoro parloHa Knraa (2007).l'lpoee4eunbre HaMyl
noneBble, aHanilrilqecKue tA mrxpovropQofiorrr{ecKile rccneAoBauna (ma6n, 2)
no3Bonttnv npvhtn K cnegyol4ytM 3aKntoqeHnflM.

flo na6opy 3flf1 nycrurnHbre noqBbr pa3Aenfltorcn Ha ABa rrna: naneBo-6ypure
r xpaftneaprAHbte nogBbt. lnn nepaurx xapaKrepHa aKrilBHaF MilrpaLlilF rap6oHa-
roB c noBepxnocrHot; aKKyMynFLl7tefi, ot4enavrBaHne r KprnroocoloHqeBaHre.
,[nn eropurx - noBepxHocrHaF aKKyMynqlnn C}neh, npexAe acero cynuQaroB Ha

$one ymenuueHrfl noABllxHocrr xap6onaroa.
B xpa tl nea pilAH bx nycrbt Hsx Mo s ron nv vccne AoBarefl b cran Kil Baercg c n a paAo K-

canunoti cntyaqueil, Kor4a npil orcyrcrlnv eHcueri pacrrrenbH ocrn vM[3epHoM Ko-
flnqecrBe ocaAKoB (rvreuee 50 rvrrvr npn noreHLlnantaoh ilcnapfleMocrn 6onee 1000 rvrm),

noLlBbl ilMeor orqernreo gu$QepeHqupoBannufi, xorn r ManoMou-lHurfi (oxono 20 crvr)

npoQnnu. Crpoenre npoSllnn: KaMeHrcran orMocrKa c nycrbtHHbtM 3arapoM, ocBer-
nenHuttZ Ho3flpeBarbttZ xopxoauttZ ropil3oHT (K), cnoeaara A tAnv nceBAoonecltaHeHHaF
(sa cqer KpncrannoB nerKopacrBopr4Mbtx conei vnw rvnca) noAKopKa (L) rz ynnorneH-
uafit, rnar6ucro-KpynHonp[3Marnqecxnfi py6e$n]ilpoBaHHbtrZ (oxpaurennurir a xpac-
HoBarble roxa) unn nenar bHo-MeravopSruecxu fi ropursoxr. fl poQrzrn u Soprvurr pyercn
Ha AByqneHHoM HaHoce: sepxHre 20-30 cru (pexe,4o 50 clr) cynecvaHo-cyrnilHytcrbte,
Hnxe 3areralor nponoBilanbHbte necL{aHo-u.le6nrcrute ornoxeHnfl, e pa:nor7r crene-
nr xap6ouarHble,3acolteHHbre ,4 rrncoHocHure. flo grrM cneq[$rvecxrm ceotzcraarM
lo.F. Eecrr$eee (1977) npeAnoxffi orAennrb r/x Ha ypoBHe rilna or cepo-6ypbrx ny-
crblHHblx noqB, qro 6utno cgenaHo, Bo-nepBbrx, AI|ff cornacoBaHrg c reo6orann.{ecxofi
rnaccrQrxarlrzretl nycruru E.lzl. Paqxoecrofi (1993), pa3nrvaBrxefi Ha eurcoroM raK-
coHoMLlqecKoM ypoBHe rilnrqHbte (r<ycrapHrzroBbte, npexAe Bcero - carcaynoeure)
nycrblHLl or xpatitneapnAHbtx, Bo-BTopbrx, Ha ocHoBaHun o6nnrattoyr armorenuorl
coloHqaKoBocrr xparaneaprAHbtx novs (f'laHxoea,1992).l'lpoee4ennute MilKpoMop-
Qonorrvecxne, MrHepanorrqecKile, unrpo6ronornLrecKre n anbronorvL{ecKtae aHa-
nil3bl 3oHarbHoro prga aBToMopQnurx noqB nycrbtHnofi gonur MoHronrn no3Bo1lt41rLt

noArBepAilTb FeHerrL{ecryo canno6ufiHocrb nycrbrHHbrx xpafiHeapragHbrx noqB r rx
ortlvlqne or cepo-6ypbx nycrbrHHbrx He roflbKo npn SaxropHo-aKonorilqecKoM, Ho 14

npo$rzrnuno-npoqeccHo-reHernqecKoM il Bet4ecreenxo-cy6craHryrBHoM noAxoAax
(lonoeaHoe c coaBr., 2005; Ile6e4eaa (Bep6a) c coaBr., 2009).
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Ta6nuua 2

MOpQonornqecKue, aHatt nrnqecKne u MrlKpoMopQonornvecKne npu3HaKvl

npof BneHun 9nn B noqBax pa3nuqHblx no creneHn apu4HocTl4 no43oH

nycrblH b Mon ron nu, c0opM14 poBaHHblx Ha He3aconeH H blx

nponIoBuanbHblx orno)KeHnfx (Ie6eAeea (Bep6a) c coaBr.' 2009)

Ilpuueuanue. Bcrpeuaeuocrb npil3HaKa: (-> - re1 <0+> - OqeHb peAKo; (+) - pe4Ko; (++) - yMepeHHo,

(+++)) - qacTo.
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AHanns KoMnneKca ceoticre nycrbrHHbrx noLtB noKa3btBaeI, vro e xparineapilfl-
Hbx noqBax He ronbKo MaKCilMaIbHO BbrpaxeHbt np43HaK4 nycrbtHHoro novsoo6pa-
3oBaHilff (nanrvre nycrblHHoro 3arapa, cQoprvrrpoaaHHocrb noprcroro KopKoBoro
ropreonra), Ho 4 npofl Bntlercfl cnequsnxa xparlneaprrl4Hbtx yc;loBytrl: so:;tilraer
conoHqa KoBocrb 14 ril ncoHocHocrb, yMeH bula oqne qenoq Hocrb noq BeHHbtx pac-
rBopoB; na6nrc4aercfl noAB]4XHOCTb OKCT4AOB Xene3a HeconoHqosorl npnpo4u Ha
Qo n e pa enoMe p Horo nnn aKKy My nfl rr B H oro pacn peAea e HnA v nncrou $pax4nn;
orMeqaercfl amopQra:a11nfl fnnHucroro BeqecrBa c o6paeoBaHileM Cneqr,rsnve-
cxnx annopoHbrx njreHoK Ha noBepxHocrr Be3nKyflflpHbrx nop (ma6n.2).

flnn soprvrrapoBaHn' nycrbrHHoro 3arapa cyqecrByror ABa AononH'or4?rx
Apyr Apyra o6ucnelrn: c o4nofi cropoHbr, 9To Harnqtae nilrMeHTa noLtBeHHbtx
BoAopocneh, a c gpyroh - nnponn3ura, oKcn1a MapraHlla (MnOr) qepHoro qBe_
ra.3nerrpoHHo-3oHAoBurri rvrr,rxpoaHann3 nlreHKn 3arapa (puc. l) noxa:an, qro oH
cQoprvrra poea H nperMyr4ecrBeH Ho amopQnurm KpeMHe3eMoM co 3Haq ilrerbH brM
y'{acrileM oKcnAa MapraHqa (Ao 40/o). B neroropurx cnyqaflx B nreHKe sarapa o6_
HapyxnBa|oTcf noBbl[JeHHble KoHqeHTpaqiln Kannq, qTo cBfl3aHo, no-BytAl4MoMy,
c llJl4poKt4M pa3BnrneM B cocraBe ornoxennri 6orarurx KanneM TplloKTa34pt4qe-
cKfix cnloA. Amop0nulur KpeMHe3eM - crponrenbnurl gnennenr cKerrera noqBeHHbrL
B qacrHocru, 3nv- n sHEOnUTHbrx BoAOpOCnefi, cxpurBarot4r4xcf B MnKpoHnujax
(Hoailq xoea-l4 eanoea, 1 984).

Puc. 1.llneuxa nycmuHHoao 3azapa na t4e6ne omMocmKu Kpadueapudnoit noqett
Monzonuu: A - auop$nan nneHKa (p)M); 6 - gneKmpoHHo-Jondoeafi muKpoaHonuy

nneHKu yqacmKo <<cng6ynp 7 3r,

fl por,r cxoxAe H ne fl opr4 crocr4 Ko p KoBo ro ro pr3oHTa nycrbr H H brx noue (p u c. 2)
cBF3aHo c HecKorbKl4Mn npoLleccaMil. B cnyvae noBbtlueHHofi xap6onarHocfl4
nan60nee 4efi craennotM oKa3brBaercF MexaHn3M CMer4e HnA fn$poKap60narno-
KanbqneBoro paBHOBeCnA B CTOpOHy o6pasoeanrfl Kanbllrra n BbrAeneHilfl B



ra3oBylo Qasy CO, npy| n3MeHeHnr BflaXHOCTl4, TeMneparypbl, qro xapaKTepHo

npn nerHeM MaKcrMyMe arrvrocQepnblx ocaAKoB:

Ca(HCor), <=> CaCo, + H2o + co2.

B xpafireapilAHblx noqBax e getTtcrene Bcrynaer eu.le oALIH MeXaHil3M - Bbl-

recHeHhe cop6npoeaHHOro reepgorl Qasora noqB Bo3flyxa enarofi aruocQepnutx

ocaAKoB. Kpoue TorO, ruApaTaLlylf noqBeHHblx qacTul-l nponCXoAl4T 9rcOTepMnqe-

cKil, qTo npn TeMneparype noBepxHocTn noqBbl 70'c moxer npilBecTil K ilCnape-

Hnlg Bnarn c pe3KnM yBenili.teHheu ee o6rrenna 3a cqeT saroeoro nepexoga. Taran

yAapHaF rilApaTaLlytF, no-Bt4Al4MOMy, nprBoAl4T K aMopQuza[nn cnoucrblx aAnvt-

KaroB oKononopoBoro npocrpaHcrBa KopKoBoro ropn3oHra (puc' 2)'

puc.2. Meso- (A) u cy6muxpocmpoenue (6) KopKo^ozo zopusonma xpailue-apuduoil noueot

a - nreHKa r: anopQraroBaHHbtx c1lot4crblx cyurKaroB Ha BHyTpeHHeil noeepxHocTil ny3blpbKo-

Bbtx nop; 6 - cy6napannerbHaf opreHTaqrf ctlloA Ha noBepxHocTvl nopbu B - pblxnoe cfioxe-

Hne BHyrprnepHofr maccut.

flprsnarn nOABl4XHOcTyl Xene3a B nycTblHHblx noqBaX OrMeqaIngb MHOrn-

Mr aBTOpaMn h cBR3blBa ntAcb n46o C npoXOXAeHileM noqBaMu TaKblpHOh ctagww,

nil69 cqilTanncb cBytgere1bcTBoM 6ulnutx (cpe4HeronoqeHgBblx nnu 6otlee paH-

Hrx) rennbtx r/t BraxHbtx (cy6rponnqecKhx) ycnoBvth (Io6oaa, 1960; lnasoBcKafl,

Fop6ynoaa, 2003). He orpnrlan Bo3MoxHOCrn 060ilx nyrefi QopnnnpoeaHVA npn-

3HaKoB rhApoMOpOil3Ma B nygTblHHblx nOLlBaX, Mbl CBfl3blBaeM nX C cOBpeMeHHOfi

AilHaMilKolit noqBOO6pa3OBaTenbHoro npoqecga B MHOT9IeTHeM qnKne (Ionoea-

HoB c coaBr., 2005), reM 6onee, qro rnApoMop0Hble npn3HaKil Han6onee orqer-

rtrBo npOFBnROTCF B CaMoM BepXHeM (roproeOrrn) ropvl3gHTe' cgxpaHHOCTb KOTo-

poro B nycrunsx Monroniln o6ecneqilBaer u.le6nracruft naHqnpb. Ha6nrc4aeuue

B unroax npu3HaKil Mo6nnil3aqnn oKcr4AoB xene3a xopotuo cornacylorcfl c pac-

npeAeneHneM no npoorno rparTrreapvrAHblx noqB noABvlxHblx oopru xene3a'

ycraHoBneHHovt Jl.A. Bopo6ueaoli, O.O. Hernngox n E.lzl. flanroeola (2000)'
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MraxponnopQonornvecxnh auannznoKa3a.n, qro BepxHl4e KopKoBbre (K) ra nog_KopKoBbre (L) ropraronrbr cpaBHrBaeMbrx Mexrqy co60hnoqe 60nee cyqecrBeHHO
oTJll/1qa toTcfl no MnKponpn3Ha KaM, qeM cpeAnH H He.

'o 
cauonny 6onuulonny parnoo6pasnrc rap6oHarHbrx uoeoo6paa oeannh(nannuna ctaxennh, menrofi 6enornagxr ns MnKpnra, KyraH nnn,,Bnnpo""r^ipa3flnqHoro cocraBa ,, MOT4HOCT]4, BHeApeH Vh e tpeulnn' o6norurroa nopo4) epnAy [3yqeHHbrx noqB BbrAenFercF rop. AK naneeo-6ypoil noqeat. Bce grn no_soo6pasoeanrR na6npAa'Tcfl e ocFroe'ofi Macce e6-nnil nan60nee KpynHbrxcKBo3Hbtx nop-TpequH. lzlnrepecHo, r{To roHKne MuKpt4ToBbte KyraHbt orMeqa_rorcfl Ha MrHepaaax r o6nouxax nopoA n,o60ro cocraBa, BcrpeqeHbr Aaxe Hao6nourax KpynHo3epHrcrbrx xap60Harnurx fiopoA rrr o6urqno npnypoqeHH K 

^X6oxoe'A/l n HnxHnM noBepxHocrnnn. crpoeHne gToro KopKoBoro ropr3oHTa He_oAHopoAHO no pacnpeAerreHnro necqaHbrx qacrnq n MnKpocrpyKrype. Han60_ree KoMnaKTHble nJIa3MeHHo-ToHKonblfleBarble 3oHbt orllt4qalorcf nysutpuxoeorZ
M14KpocTpyxtypoh, a cpeA[ cKonrleHilF necL{aHbtx qacTt4t-l oTMeqa16rcfl nna3MeH-Hbre FnilHilCro-xap60narHbre oKpyrnbte arperar' pa3MepoM 0,1_0,05 MM il axyp_Hafl nopncTocTb.

loprsonr L naneeo-6ypofi novau cocror4r r43 pbrxroro Marepilafla nrra3MeHHo_necqaHoro cocraBa, qro r onpeAen'er orcyrcrBne cJror4croro MnKpocrpoeHnfl,cronb xapaKTepHoro Ajlfl 3TOrO ropil3oHTa npr ero na6nrc4 eHvtn BnoreBbtx ycno_enRx' ocFloBHble pa3rllt'ttlfl c KopKoBbrM ropLi3oHToM npoflBrrFrorc' B noflBfleHn,l3oH' xapaKTepz3ylotql4xcfl pa3HbrM cocraBoM nIa3Mbr - xene3ncro -fnnHncroe,
xap60naruo-r'.nHl4CTOe n fnwHncro-rap60narHoe Bet4ecrBo o6paryer nneHKn nMOCT.4Kr4 MexAy necLraHbrMn 3epHaMn. r-rparrrvecrn Bce KpynHUre Qparqrara no_Kpbfrbf roHKnMU Xene3LlCTO-fJil4Hl4cTbtMr n,|eHKaMil (C nar6onee eucoxoli 14HTep-
Qepenrlr,ronnofi oxpacx oil n patxn't rlBeroM B napannenbHbrx H14KOrRx), roropue3areM 6urnr neperpbrrbr rnIHrcro-xap60narHbrM nnn xap60narHbrM MarepranoM.
B ne6onuuoM Korrilr{ecrBe Bcrpeqaercfl MerrKaF rap6ouarna n MnKpuroBan 6eno_fna3Ka, xoroporl Bbrr.ue 6urno gnaqurenbHo 60nrure. EArnnvnu cKonreHrf B TOH_Kl4X nopax cnapilTOBbtx 3epeH KanbqnTa B BilAe 3Be3AOqeK.

Tarrm o6pasovr, e naneeo-6yporr nouae B npeAenax ropn3oHroB AK ra L orMe_qaercfl g,ooepeFrqnaq'v' cocraBa n M,,Kponp[3HaKOB. ceepxy BHl43 .rMeqaercfl:
1) yaenravenre coAepxa Hnfl rnnHncrofi nnaguu t;2) ycnneun nponrr*, roHKoALr_cnepcHbfMr4 xap60naraun rnnHncrbtx KyraH Ha necqaHbrx 3epHax; 3) yvreHuuennepasroo6pasnn xap60xarHbrx HoBoo 6pazoeaunit(rcve:arcr vr4Kpr4roBbte KyraHbr _6opo4xr'r Ha KpynHbrx $paxqranx; yMeHbuaerc' Ko,.,14qecreo ruenror 6enornarrn).
B qenona xoproaurr r.opl43oHr 6onee orap6onaveH, qeM noo*oo*orurri. Marepranorrrqaercff sulcorofi Mexarperaftrofi nopracrocrbro, pbrxnocrbro n nJra3MeHHO_necqaHbtM cocTaBOM.

fopn:onr K (0-3 ctd cepo-6ypod noqearorrr4qaerc' or KopKoBbrx ropr43oH-
TOB Apyrhx noqB nflorHocrblo 14 OqeHb gurcoxori orap6ouaueHHocrblo rnvtnnctoh



nna3Mb|,BKoTopylo(BnaFHb|))oTAenbHb|eKpynHonecqaHb|eL{acTnLlb|pa3nnqHo-
ro Mil HepanOrilqecKoro COcTaBa. MnxponnOpQOnornveCroit oCo6en nocrbn SToro

rgpkl3oHra flBnFeTcfl BbICOKaF nOpulCrOCTb c npeo6naAaHheM OKpyrnblx nntA V3O-

Merpilr{Hbtx MaKponOp. flO crenraru MHornx nOp Ha6ntg4aIgTCR crtOl4cTble' nHorAa

c nonepeq H blMl4 Tpequ H KaMn xene3ncTo-rn n H ncTble KyTa H bl vnnnBtA',/.poBaH nF c

BbtcoKl4M ABynpenoMneHreM. B or4enunurx 3oHax B4AHO, t{TO OHvl nMepT pa3Hylo

BennltytHy ABynpenoMreHnfl n MilKpo3epHrcrocrb, tlro cBF3aHo c pa3nrqHoil vlx

oKap6OHaqeHHOcTbto. l-nnnrcrute KyTaHbl Moryr nepeKpblBaTb vl KpynHO3epHLt-

CTble penilKTOBbte Kap6oHaTHble KyTaHbl, tlTo CBilAeTenbCTByeT o6 nx ornocnTenb-

HO no3AHeM o6paloaanuh orHocnrenbHO Kap6oHarHblx KyraH'

finn rop. L (3-7 cM) ra KXe, KaK tl A1AOAHOyIMeH Horo ropu3oHra naneBo-6ypo1i

noqBbl, He xapaKTepHa nflilTqaTo-qeuyl4qaTaf crpyKrypa' qTo cBfl3aHO C ero oT-

HoCnTenbHO IerKilM rpaHynoMerpvlLlecKhM CoCTaBOM' flpeO6nagatou1ile necqa-

Hbte L{acrilubt t/Metor oqeHb roHKile rflnHncro-Kap6oHarHble (pexe - Kap6oHarHo-

rnvrH14crbte) KyraHbl t4 coeAnHeHbl MexAy co6oti MocrnKaMh'

Ta xnu o6paaou, AnF cpa BHil BaeMbtx BepxH r4x Mvl KpOrOpn3oHToB Cepo-6ypo14

noqBbt xapaKrepHo noBblueHHOe coAepxaHne roHKOAl4CnepcHbtx 0paxqrla il roH-

Ko3epHytcrbtx Kap6oHaroB (MhKpl4Ta) B KopKoBoM ropn3oHre. [nF Hero XapaKrep-

HO 06pa30BaHre MHOroqilCneHHblx Xene3ncTg-rnilHnCTblX KyTaH nnntoBnnpoBa-

Hylfl B t43on[poBaHHblx nopax, KOTOpde nepeKpblBanT rnnHilcTO-Kap6OHaTHylO

nna3My. HeMHoro.{t4cneHHble Kap6oHarHble HoBoo6pa3oBaHuF npe4craBneHbl

pbtxnblMt4 crFXeHnRMn n KyraHaMil Ha 6oKoBblx noBepxHocrflX qe6Hfl. CnequQra-

qecKoit oco6eHHocrbro an4x Mt/tKporopyr3oHroB flBtlfllorcn MHoroqncreHHble Mo14-

Hbte Xene3ilcTo-rnilHylcTo-Kap6oHaTHble KyTaHbl co cnoXHblM pvlcyHKoM 14 cocTa-

BOM, KOTOpbte He MOryT 6urru o6pa:oBaHH B COBpeMeHHblx ycnoBvlfx.

flnn rop. K xpauueapuduoil noqeu xapaKrepHo HannLlile nHoro Mt/|Hepanorn-

qecKoro cocTaBa rnilHylcTblx 14 TOHKO-nblfleBaTblx qacTvlq no cpaBHeHn|o c onrcaH-

HbtMyl Bbtue KOpKoBblMyl rOpn3OHTaMr, qTO AnarHOCTvlpyeTCR no Hanilqrtg 6Onee

KpynHblx rnilHklcrblx qeuyeK n ilronbL{aTblx Kp14CTannoB B nna3Me, nMenl4nx Bblco-

Koe ABynpefloMneHre. Onrrqecxne cBoficrBa roHKo-nbtreBarblx qacrilq no3Bonfl-

or npe4nonararb npeo6naAaHre B hx cocraBe AnrptloKra3gp14qecKvlx ruApocarcA'

9ro no4reepxAaercg AaHHblMl4 peHrreH4rQpaKroMerpvlqecKoft c5eMKn (9vtxt'l-

KOBa, fle6eAeBa, 2010). oco6ennocTbro ropvr3oHTa FBnfleTCfl Haflnqile rnhHvlcTblx

KyraH c rycKnolit 14HrepQepeHLll4oHHolil oKpacKoil Bo MHorilx oKpyrnblx MaKpono-

pax n nprcyrcrBt4e B orAenbHbtx oKpyrnbtx nopax 6onee nporyMycvlpoBaHHoro

(CeernO-ceporg qBeTa) ToH Kon blneBaTgro MaTepilana, COAepXa 14er6 oTAen bH ble

6ypure KneTKyt, npeAnonoxnTenbHO, BOAOpOCneft. Taxnru 06pa3oM, MOXHO OTMe-

TnTb Halnqne 3AeCb CneqnQnqecKgrg HaKOnneHilF opraHnqecKgro Bel4ecrBa B

ny3bt pbKoBbtx nopax 3a c'.{eT Myt Kpo6ilonorhqecKoli Aefl rejtbHocrvl.

Mnrponpn:HaKr roprl3oHTa, BblAenFeMOro B ngneBblx y6noBtlflX KaK noA-

KOpKOBOTO, n03BOnFtoT roBopl4Tb, t{To orHoct/TerbHo HeAaBHO OH 6bln KOpKOBbIM'
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TNAEAS

3ro 4oxaautBaercfl: 1) oveHu eucoxofi orap6onaveHHocrblo ero rnrHilcrori nna:-
tvtuU 2) HarlrlL{ileM B npeAenax nnilTqarbrx arperaroB 6onuuloro KonilqecrBa MenKhx
il3onrpoBaHHbtx oKpyrnbrx nop;3) npr,rcyrcrBreM orHocflTeflbHo 6onuuloro KonA-

'{ecrBa xene3ilcrbtx noeoo6pazoeauwiA (crnxeurfi, nflTeH, xnonoeB), Koropbte pa-
Hee ra KXe 6urn r on nca H bt HaMn Anff KopKoBoro ropr3oHra xpa fi nea p ngaoh rh nco-
xocnofi noqBbr (fonoeaHos c coaBr.,2005); 4) nnaw MrHepaflorilqecKyrM cocraBoM
rna, onpeAereHHoM rqnF AaHHOTO pa3pe3a paHee. flo crenram nop B noAKopKo-
BoM ropil3oHre Ay|arHocrrpytorcF MilKpoKp14craflJrbt (pasnneparvru oKojro 0,01 nru)
nceBAopoMo6oen4xurx Qopvr cynuSara MarHur - KLt3epilra (MgSOo.HrO) r,rnu :n-
coMnra (Mg5Oo'7H20).lzlx grarnocrrKa ocHoBaHa Ha KpilcrannoonrilqecKrx ceota-
crBax - Ha ffBreHrr nceBgoagcop6quu r BennqutHe ABynpenoMneHilr.

Taxrv o6parovr, nepeqrcneHHbre Ml,tKpon pn3HaKA n03Bonfl ror nperqnonararb,
t{ro coBpeMennult xoproeuil ropr3oHT xparZneaprzrgHorl noveur c$oprrnrapoBaH Ha

manoxap6oHarHoM nna3MeHHo-nbtneBaroM HaHoce (moqtocroo 3 cm) aonoeoro
reHe3rca, xoropurrz BepoFrHo He oqeHb AaBHo nepeKpbtn xap6onarHurir roproeufi
ropr3oHr. B Hacronqee BpeMff e norpe6erHoM rop. K npoutcxoAilr ero crpyKrypHafl
nepeopraHil3aLlilfl vt3 KopKVi (c ee:rxynnpHbrMl4 nopaMr, Koropbte et4e qacrhr{Ho
coxpaHnnrcu) e nnrruaryo noAKopxy. p,na noAKopKoBoro ropil3oHTa orMeqaer-
cn o6pa:oea H ile Mr KpoKpLlcrannoB cyn uQara MarHnfl (n pegnonoxilren bH o HoBo-
o6pasosanrA Ktmepvra vnv sncoMtAra). 3ro cBnAerenbcrByer o noeepxnocruofr
conoHqaKoBarocrl/ xpatlHeapmAHbrx noqB, cQoprvrurpoeaHHbtx Aaxe Ha He3aconeH-
HbIX OTTOXCH'4FX.

Bce cpeduuHue zopusoHmu n3yqeHHbrx nycrbrHHbrx noue (puc.3) no ocHoe-
HbtM SneMeHTaM MUKpOCTpOeHnF - necqaHo-nna3MeHHoMy cocraBy, Hajthqro
pa3Hbf x no pa3Mepy, nHorAa cflol4crbrx rnilHTrcrbtx KyTaH n Mocrl4KOB MeXAy nec-
qaHbtMvt qacrilqaMvt - cxoxvt MexAy co6ora. B psAy l43yqeHHbtx noqe xah6onee
$poHranuno orap6ouaqeHnofi nBnFercn rnvHlcra+ nra3Ma e naneeo-6ypora no-
qBe, B xoroporZ ncKntoL{ilTenbHo MnKpo3oHarbHo BcrpeL{atorcAyLlacrKn c rolbKo
rnvtnncroit nnasrMolz (puc. 3 a,6). Oxap6oHaqilBaHre rn4Hilcrofi nnasMur B cepo-
6ypoit (puc.3 e, e) w rpairHeaprzrgHorz noveax npogBnflercn B o6pa:oeaHLA,A Ky-
tan u nnQnnnrHroB, Koropbte nprypoqeHbt B ocHoBHom x nan6onee KpynHbtM
CKBO3HbtM nOpaM-rpeu.lrHaM. o6r4ee KonnqecrBo xap6ouauurx Hoeoo6pa:o-
eanvh B ropvr3oHTax B ur BC r,lsyuenHbrx noqB yMeHbuaercF npr yBenwleHntA
apilAHocrvf KJrilMara, B 9roM xe HanpaBneHVitAyBennL{ilBaercF coAepxaHile rnh-
ancroh (xerap6ona+rori) nna3Mbr.lnn 6onee ceBepHbtx nycrbtHHbtx noqB xapaK-
TepHa ilx coBpeMeHHan xap6oHarv3aqtAq, e Har6onuujerZ creneHn BbtpaxeHHas
e naneeo-6ypofi novee. ffpxrm cBilAerenbcrBoM ycilneHnF conoHqaKoBocrr4 B

cpeArHHoM ropn3oHre a rpairneapnAHbtx noqBax FBnFercF AecrpyKqrF nane-
oKyraH (puc.3 d, e),ynacneAoBaHHbrx or nnoBuanbHbrx 3TanoB pa3Bv{rilfl noqB,
r o6pasoeaHme cnequr$il.lecrofi rpaHyaflpHorir vrraxpocrpyKrypbt n3rnvHt crbtxvl
f nvlvtcro-Ka p6o x arH urx Kyra H.
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Puc. 3. Muxpocmpoenue cpedunHbtx zopu3oHmoa nycmdHHbx no'la Monzonuu

a,6 - naneeo-6ypaa noLtBa: mnHilCTble aHr3oTponHble KyraHbl Ha cKefleTHblx 3epHax; MenKile

rap6ouarnure crFXeHUfl; e, a - cepo-6ypafi noqBa: :oHa rap6ouaTvl3aqnil rnilHt4crblx KyTaH n

MOCTT4KOB MexAy necqaHbtMyl 3epHaMr; d, e - xpafiHeapilAHaf noqBa: coleBaf AecTpyKl-Il4fl

peJlnKTOBblx rnnHucTblx KyTaH.
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i trrrti,,,rrx -l,

Bnnn Iue noltB na Qyn rquoH14 poBaH ne nycTblHH blx nan4uraQroa

BnrRnre cQoprvrrapoeaHHOrO npoQrann nycTblHHblx noLlB CKa3blBaer6f Ha MHO-

rnx cropoHax Qyn rqrrron h poBa H hfl nycrbl H H blx nangulaQroe'

flycrurHnurfr 3arap yMeHbuaer ano6ego semnotTt noBepxHocTll il CnyDKl4r Me-

XaHn3MoM rgMeocra3a nycrblHHblx nanguraQrOs' Yqacrrh c ny6rblHHblM 3arapoM 14

nnueHHble ero B pe3ynbraTe nepeBblnaca, cyqecrBeHHo pa3nu'{aloTcf no paAna-

ql4OHHOMy r TeMneparypHoMy pexnMaM noqBbl npn3eMHOrO Cnotl aTMOCQeput.

flycrunnure naH4uaQru, cornacHo A.H. 3onoroKpblnnHy (2003), xapaKrepvl3ylorcn

cneqnQrrrvecKrM xapaKTepoM paAraq|/|oHnoro 6ananca: na6no4aercfl He3aMblKa-

Hne ypaBHeHytf TennoBoro 6ananca, KoTopoe He MoxeT 6utru o6uscneno our6xa-

M4 t43Mepennfi. Harrr6onuueit BennqvlHbl nOAO6nOe (He3aMblKaHne> Ao6Tilraer B

KaMeHilCTbtX ny6rbtHRX - raMaAaX, pae6nrutx BepTnKanbHblMl4 TpeqhHaMr, qro yBe-

,f ilqrBaer nnou-laAb rennonepeHoca MexAy noqeofi ra arruocQepoh.lna o6ucne-

Hyfg BbtgBneHHor9 nport4Bopeq wn 6ar1 npegfloXeH KoHBeKrLlBHo-QranurparlnoHnutTt

MexaHh3M nepeHoca napa il3 rny6oxutx cnoeB noLlBbl a arrvroc$epy.

Mnorne xapaKTepHbte npn3HaKil nycTblHb - xpacnutrt qBer ornoxeHnh, Tfl-

xenuttTt rpaHynoMerpilLlecKnft cocraB TaKblpoB' aKKyMynFLlrn conetTt - 3aqa-

cTylo nMeor penylKToBurrz xaparrep. Kpacnulil qBer nycTblHHblx noqB HepeAKo

o6ycnoanen yqacr[eM B CnoxeHhh noqBoo6pa3youll4x nopoA l4HCLlTHblX l4tl]4

nepeoTnoxeH H btx Kop Bbl Berp vBaHVA Men-najleoreHoBoro Bo3pacra (Kac14rrnoe,

1988), xorn <py6e$urxaqvrn B nycrblHHoM BapilaHre> Ha6nogaerctl n Ha LlerBep-

Tt4r{Hbrx nponoBnanbHblx ornoxeHlrflx. CoepemeHnufi snoeilil B nycrblHFX nMe-

eT necqaHo-qe6Hhcro-rnH6OBHft xapaKrep B cBff3t4 C rocnoAcrBou $r:nvecro-
ro (repnnrveCroro) BblBeTprBaHVA Vt 3otlgBblM BblHocOM nblIeBaTblx qaCTnLl'

lzluennO raMaAbl - KaMeHncTble noBepXHoCTt4 C nycTblHHblM 3arapOM - flBnFtoTCF

aBroXroHHbtMil nycTblHHblMyl o6paaoaanran. fl og rameHnCrofi orM6cTKoil O6na-

pyxvrBaercF Bnon He cQoprvrvrpoaannutrZ r orqernhBo grooepen qrpoaannu ft '
XOTfl yt ManoMol4Hutfi, ngveenHurft npoQurnb C nopngrotit oCeerneHHgtil Kopo'{-

Kott, cnoeBatoh wnu nceBAoonecqaxernofi 3a cqer coneit n rvnca nogroproit vt

py6eQrzrqrrrpoBaHHbtM KCepoMeraMoporvecxraM cpeAilHHblM ropr30HroM. floqea

pa36ilra Ha KpynHO-rnu6rcrule 6noroe61e oTAenbHoCTl4, pa3AeneHHble nec'{aHbl-

MnKnrHbflMl/,HanoMylHapqnMnMep3noTHHe/anoAcTy|naeTcflraneqHnKoBblM
nponloBneM. Mur npurAepxhBaeMcf rot{Kt/ 3peHhfl, qro 3ro - TpeqilHbl ycblxaHnF,

BnocneAcTBvl il 3a non HeHH ble necKoM.

K Qoprvrra poBa H il rc qe6n racrofi OTMOCTKyI, cornacHo nMercu.ll4McF n peAcra Bne-

HilFM, nphBoAl4T HecKonbKo MexaHil3MoB. B nepBylo oqepeAb,3ro ocraroqHoe HaKo-

nneHile KpynHoro qe6nn npon;gByranbHblx ornoxeHntl e pe3ynbraTe gonoBoro Bbl-

Hoca necL{aHo-nbrneBaroro Marepuana.n.E. fynran (1980) BcneA sa R.U. Cooke (1970)

3KcnepilMeHTanbHo o6ocHoeureaeT MexaHn3M <BCnnblBaHilfl)) qe6Hn BcneAcTBile

yBnaxHeHytfl-l4ccyueHhfl MenKo3eMncToro cnoF nponoann. flpn STOM U-le6eHb

40,4

npilcyrcTByeT KaK Hhxe
cnofl coBnagaer c rny6l
(1960) orMeqaer HepeA
cocraBa r4e6xn orMocrl
ilx npon1oBytajrbHbtx oTflr

lOxsorZ MoHronrn, xax I
6utru npnvrnorl rar naEt
Xoyeennonn c coaar. (Hora

yBnaxHeHile rnnca B pe.

Ar/r K pocry ero Kpl4cran
crefi noeepxnocrr, 4n$
Hillo non14foHoB, HanoM]t
uqe6nrcrum 3arilncoBaH
Mbr raKXe na6no4ann ua
prm. flnulu rpet4rHbt, ol
necKoM, nprHeceHHbtM H

TTTeIbHOCTV, a nO nec'{a
npilcyrcrBt4e e qe6nrcr
BnaxHocTn nprBoAl4T K T

qanocb MHorfiMh uccneq
ToqHoM Ka:axcraue s gor

Puc.4. Pact4ennenu
(eop. BC cepo-6ypoil euncoa
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nprcyrcrByer KaK HilXe necLlaHo-nbtneBaroro cfloF, TaK r Bbtlue Hero, a Mou.lHocrb
cnoF coBnaAaer c ny6vHoh MHoronerHero npoMaqnBaHrF. o4xaxo B.A. Hocrax
(1960) orMeqaer HepeAKo BcrpeLraloqeecfl HecoBnaAeHtae nerporpaQrqecKoro
cocraBa qe6ns orMocrKLt rparzneapnAHbtx noqB crnuq:nxa n noilcrnnaoqilx
nx nponloBilanbHblx ornoxelntl. IJJupoxoe pa3Bilrne rhncoHocHbrx ornoxeHilri e
loxnorl MoHronrr, KaK r Ha noAropHoM uLnerrQe Kynunynn (Hocrr, 1960),Moxer
6urru npnvnxofi rax Ha3brBaeMoro (cyxoro Kpilna), onrcaHHoro n o6ocHosaHHoro
Xoysennov c coaBr. (Howell et al.,20oB)Anr nycrbrHu Ararama egnnu.lAccywenne/
yBnaxHeHile rrnca B pe3ynbrare xone6anrrl reuneparypbt t4 BflaxHocfl4 np[Bo_
A14T K pOCTy ero Kpl4cran noB v noABvtxHocila cy6crpara, crflaxrBaHilO HepoBHo_
crerl noeepxHocr[, 4rrrQ$epenqnaqvn Marepilana no KpynHocrn, sopnnupoea-
Hn|o noflrroHoB, HanoMilHatot4rx Mep3norHbre. flonnronut Ha raMarqe, cnoxexxoti
qe6n ncruu 3a rnncoBa H H btM Marep nanoM, npa Kril qecKil n rueH HoM Men KO3eMa,
Mbl raKxe na6no4ann Ha noAropHorl paexnne na pxnoft nepr,lQeprrrrrr nycrurxr Ta-
pnu. /lutu-lu rpetlvtHbt, orpaHnqilBarclu.lre nonilroHbr, 6urnr ganonHeHbr sonoBbrM
necKoM/ npIHeceHHblM 143 necqauofi nycrbtHkr. l-aua4a 6urna nnu.lena auculefi pac-
TrrenbHocrn, a no necL{aHOMy 3anOrHeHno rpeqilH pocnv conAHKtA, KpOue roro,
npilcyrcrBLte a qe6trcrbtx orfloxeHnAxrnnca npn xone6aHnflx reMneparypbt l/
BnaxHocTl4 npnBoAytT K TaK Ha3btBaeMoMy (coneBoMy BbtBeTpnBaHrlo), r{To oTMe_
qanocb MHorilMl/t ilccneAoBarerffMl4. MUI na6nrc4anr.no4o6noe flBneHile e Boc_
roqHoM Kagaxcrane B AonrHe pexn lAnv Ha raneqHnKoaorZ reppa ce (puc.4).

;trffi

-

.i

Puc.4. Poct4ennenue aonbKu cnaHqee pacmya4uMu KpucmonnaMu zunco
(zop. BC cepo-6ypoil zunconocnod noqeat). flonuna p. llnu, rczo-eocmoqnotil KasaxcmaH
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Cneqr,rQvr Ka BoAHo-3po3vloH H blx n poqeccoB

Hecuorpn Ha Mn3epHoe KonilqecTBo ocaAKoB e rpafineprAHblx nycrblHgx

Mgnronnn, Knta1 il lOrO-gOcrOqHOrO KagaxCrana/ 3HaqnTe1bHble nngu.la4n Ha

noAropH btx pa BH nHax 3a H nMa Or BSAHo-3po314oH H bte Qoprvrur penueQa (puc. 5).

Puc.5, Bodxo-apozuonnote Soptuot penaeSo (cailpoeaa mopSodunomuqecKan cucmeMa -
no fl.A.TuuoQeeey) na nodeopnoil paenune Adx-ioedo (3aanmailcxon fo6u, Moneonua)

a - cKanbHble BblxoAbl,6 - no4ropxar paBHnHa,

pacqreHeH HaF pycnaMil BpeMeHH blx BoAoroKoB (<<ca it poa>).

Ognoft n3 npt4t14H 9TorO, HapFAy c tlilBHeBblM xapaKrepoM OCaAK9B, pe3Ko He-

paBHoMepHbtM no rogaM (or 0 Ao 100 tum, B cpeAHeM 30-50 MM), fBnflerc+HtA3'

Kan BoAonpoHilqaeMocrb KopKoBoFo Fopr43oHTa nycTblHHblx noqB. fleranunule
MytKpoMopQonorhqecKyte nccne4oBaHhF eroro flBrteHnfl (Jle6eAeea (Bep6a) c co-

aer., 2009) Bdl',}nnvyBennqeHne flonr 3aMKHyrblx nop Bnlorb rqo nx a6conlorHoro

npeo6naAaHrf Ha 0oHe Bo3pacraHhF o6u{eft nopncrocrvl KopKoBoro ropu3oHra,

o6bncHR totqee 3aKOHoMepHoe yMeH bueH ne BoAon poHil qaeMocrtt noq B no rpaAr-

eHry apngHocrtA (puc.6).Hawn AaHHble xopotxo cornacynrcn c pe3ynbraraMn co-

n pRXeH Horo 14ccneAoBaH nf crpoeH rf nopoBoro npocrpa HcrBa n BoAon poH 14 qae-

Mocryt KopKoBoro ropn3oHra noqB nycrblHn HaMr6 (Mills, Fox, Poch,2008).



Puc.6, I4guenenue donu zaMKHymux nop (a) a nopoeoM npocmpaHcmae
KopKoeozo aopu3oHma nycmuHHbrx noue (no daunaun aemopoe),

o6oentnozo eeca (6), o6qed nopucmocmu (e) u eodonponutperocmu (z)
npu yBenuqenuu apudnocmu KnuMoma (no f.H. fxynuny, | 9g3)

floqetr: 1 - naneeo-6ypue, 2 _ cepo_6ypue, 3 _ xparaHeapilAHbte,

Y nnzxoil BoAonpoHl4qaeMocrvr nycrbrHHbrx noqB ecrb t4 ApyrueQrsnvecxme,
Qrsnxo-xruilL{ecKhe u 6noxnuiur.tecKne MexaHn3Mbr. Tar, E.}o. MilnaHoecr nia (2010,
ycrHoe coo6qeure) norasan, vro rra4poso6nocru noqB xorfl yr Bo3pacraer c yBe-
Jlll'{eHreM coAepxaHrA ryMyca, Ho g o6nacrv Hvt3KVtx coAepxaHnra oprannvecxo_
ro Bet4ecrBa rr4poQo6Hocrb Moxer BHOBb pe3Ko Bo3pacrarb, qro cBfl3aHo co
cneqnQrxofi rn{poSunuHo-rra4poQo6xurx a:anvo4eri ctenh MrHeparrbH oir n op-
ranrqecxorl qacrefi noqB, a raKXe oco6ennocravrra rpancQopMaqilil opraHrqecKo_
ro Bef4ecrBa noqBeHHbtx BoAopocnefi, ne cogepxaqrx nnrHnl.

9onoeaR MnrpaLlun

B nycrulnnx MHorue nau4ua$rHo-reoxrM14r.{ecKre npotleccbr, no M.A. lnasoe-
crora (1993), exnoqaF ranoreHe3, 3aropMoxeHu B cBA3tA c peAyqrpoBaHHocrbro
6rorenega n eognoh Mnrpaq.nn. B ro xe BpeMF BbrcoKa aKrnBHocrb MexaHore-
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LtACTb lll

He3a, B nepByto oqepeAb, 3onoBoro nepeHoca, cTt/panu-lero MHorre noqBeHHo-

reoxilMt4qecKne penilKTbt. 3aconeHre noqB h ornoxeHrit s nycrutHnx TaKXe 3a-
qacrylo ilMeer penuxrosurrl xapaKTep, o6ycnoenenHutti tvto6unnza4veh coneti e

nnr3BilanbHbre nepro4bt r aKKyMynaqueh hx B HbrHe Bbrcoxlur4x o3epax (flaHxoea,

1992). Coepeuennbre npolleccu sonoeofi Milrpallnil npilBoAnr K pa3BerBaHilo

coneBbrx aKKyMynflqilfi. flo6onutrHo, qro BeKropbl BoAHoro r 3onoBoro nepeHo-

ca conefi npon4BononoxHo HanpaBneHot (l4eaFroe, l-nasoecrilfi , 1986,lnagoecxttil,

1986), qro ycvnvBaer KoHrpacrHocrb gilQQepeHqva1rvt vloHHoro, B qacrHocrl4,

aHuoHHoro cocraBa conerl aBroHoMHbrx h nogqilHeHHbrx nozn1uh. Xopouto tts-

BecrHa 66nuuan cKopocrb nepeHoca eoAofi xnopilAoB, no cpaBHeHurro c cynuQa-

raMta KaK B noqBeHHom npoQrane ,TaKn B npe4enax reox]4M14qecKoro conpflxeHilfl,
r{ro gKcnepilMeHraflbHo BnepBbre noArBepxAeHo 5.5. flonulHoeun (1932).l,4nren-

cvrBHocrb goroBoro nepeHoca cynuQaros, uao6opor,6onuue qeM xnopilAoB, B

CBA3A c MeHburvrM pa3MepoM Aerr4parnpoBaHHblx Kpl4crannoB rrnca (axrugpn-

ra - CaSOo) il reHap4hra (NarSOo) no cpaBHeHrto c ranilrorrn (NaCl), o6pa:yror4urrvt

KpynHbre 6eseo4xue Kpilcrannbt. Xnoprgu MarHt,tn il KanbLlt4fl B npilpoAHblx ycno-

Br4flx He o6essoxileaorcn Ao cyxt4x conefi.
Taxnu o6paaou, Ha nnaKopbt c 3onoBbtM nepeHocoM npovlcxoAt4T npenMy-

u-lecrBeHHoe nocrynnenrae cynu$aroB, a B noAL{nHeHHbre no3ilt-lt/14 c t4oHHbtM cro-
KoM - xnopnAoB. B aeroHolnxbrx no3Lr-14flx npeo6nagalor ManoBognue conr. Tax,

B KopKoBoM ropLr3oHTe rpafiteapnAHbtx rilncoHocHblx noqB Ha reppacax, oKpy-

xaoulr4x oa3ilc 3xrairH-l-on e [OxHol/ MoHronrn, xaur o6HapyxeH nonyrilApar
(CaSOr'0,5HrO)- xpurcrannbt rnnca c noBUueHHblM ABynpenoMtleHheM B pe3ynb-

rare qacrrlr{Horo o6essoxnBaHilfl. flonyrragpal coilracHo cnpaBoi{Hoh nurepaty-
pe, o6paayercn npr 70oC. TlMeHHo raKne reMneparypbl xapaKrepHbl AnF noBepx-

Hocn4 noqBbr s loxHoro6ilhcxwx nycrbtHFX B nerHee BpeMfl.

C aonoeutl nepeHocoM Ha nnaKopbt cBfl3aHo r o6orauleHne KopKoBblx ro-
pLt3oHTOB noqB annoxToHHbtM rnilHncTbtM MaTepnanoM, qTo 6utno noxagaHo Anfl
MoHronru H.fl. 9rxraroeofi c coaBr. (1988), a raKxe MilKpoopraHil3MaMr/ BblHo-

cr4MbfMyl r43 Bbrcbtxaoqrx o3ep trt conoHqaKos. f]olrofiry HeyEVtBtATetbHo o6na-
pyxeHre B BepxHt4x ropyr3oHTax nycrbrHHbrx noqB xere3o- ra cynuSarBoccraHaB-

rilBaor4Llx opraHr3Moe (tle6eAeea (Bep6a) c coaBr., 2010), npil3HaKr arrileHofi

Aenren bHocryt Koropbtx pa Hee 6 urn ra o6na pyxeH br HaMn M il KponnopQonoril qecKn

(puc. 7, FonosaHoe c coaBr., 2003, 2005). flo4o6xuth 6uo-ttrviaepanbHoconeeoil
nepeHoc n3 noAqnHeHHbtx no3hllhrl a aeroHoMHbre nportAl cvnll' rnxecru flBnF-

erCF xapaKTepHbtM Anfl nycrbtHHbtx naHAUaQroe, Ha qeM aKLleHrrpyeT BHnMaHile

ra M.A. [na:oecxaR (1988).

To, qro xene3oBoccraHaBnilBa|ou-lile opraHil3Mbr HaxoAflTcF B nycrbtHHblx no-
L{Bax He B cocroflHr4il aHa6rosa B BilAe cnop il qracr, 6utno AoKa3aHo 6narogapn

rcnorb3oBaHilto creKon o6pacraHnn (puc. B),3anoXeHHblx B KopKoBble ropu3oH-

rur xpafixeapnAHbtx noqB AonilHat p. Vnv B oro-Bocroqnou KagaxcraHe nocne rc-

408

KITOL{t/TenbHO peAKOrO B 3]

cocraBnfler 70 vrrvr. Mecro t

Cpe4Heur r,r Llerrpanuxofr I
qecKLrM T4HALTKaTOpOM Kpal

Puc.7. Oxononq
Kp

.I
. t'r

t-

.f
a1 a

a-'trl
1



K,ltor.trreflbHo peAKOrO B 9rr4x Mecrax AoxAF. cpe4nero4oBoe KOn14qecrBo ocaAKoB
cocraBnfler 70 vtvt. Mecro 6urno eu6paHo n3BecrHbtMt4 t4ccneAoBarelrflMyt nycrbtHb
CpegxerZ n Llenrpanuaoh AEnn - lO.L Eecrr0eeeurnn uE.lA.Pauxoecrori. feo6orasn-
qecKilM l4HAilKaropotrn xpatineapilAHbtx ycnoeuh cnyil<nna vnlnHtAr (ttjinia regetii).

Puc.7. Oxononopoeoe o6esxenesHeHue I KopKoaoM eopu3oHme
xpailneapuduoil noqaor (Mouzonua)
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Puc. 8. Cxpyuen n orc Hu mu )Keneloflaxmepu il
Ha cmeKnaxo6pacmanun u3 KopKoaoeo

eopusoHma nycmonnoil xpailneapudnoil
no.tebt (donuna p. llnu, rczo-eocmoqnofi
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Bogruoxnocrb pa3Br4Tyrn cynuQar- il xene3opeAyKqt/l/ B KopKoBoM rop,'-
3oHTe nycrbrHHbrx noqB cBfl3aHa, no-Bu4t/MoMy, c pFAoM o6crosrenucre. B:-
nepBbrx, qe6urcran orMocrKa yxyguaer soe4yxoo6MeH noqBbt c arrvrocQepoi
BO-BTOpblX, KaK yxe OTMeqanOCb, MilHrManbHa BOAOnpOHTLIaeMOCTb KOp6:-
Boro ropll3oHTa; B-rperuurx, 6uoxrMuqecKafl aKTLIBHocrb a xpariHeaprflFia-r
noqBax rMeer e:puranofi xapaKrep, qro 6uno npegnoxeHo cr.trrarb mx 6xc-
AilarHocrrqecKvrM noKa3arereu (l-enuqep, 1 988); B-qerBeprbrx, npu BbrcoKrr
reMneparypax il 3Haq nren uHorTr Mil Hepan r3a Llil il noq BeH H btx pacrBopoB pe3x:
yMeHblxaercn pacrBopr4Mocrb B Hr4x ra3oB t,t, npex4e Bcero, KilcnopoAa. flo:-
TOMy AnF Mvr KpOOpra H r3MOB CTa HOByTTCF n peAnOqrrrefl bH brM ilcnofl b3oBa Hr€
B KaqecTBe aKqenropoB 9neKrpoHoB cynbqaToB Lt rpex3apflAHoro xene3a, :
He Kilcnopoga. l1o4o6Hyp coBoKynHocrb n pol{eccoB npeAnaraercfi Ha3brBa-:
Kpunmooconodeuuena.

Hapngy c oKononopoeuln o6esxene3HeHneM B KopKoBoM roprr3oHTe orrra
Liaercg Lf acrnr{ Hafl avrop$rzrsa q tAA rnvi+Vtcrbrx Mr Hepanoe (fl e6eAeea (Bep6a), Vr-
xrKoBa, 2011) - npex4e Bcero, rpexcnorZHurx, 6orarurx KanileM rilApocno& qr:
cBF3aHo He ronbKo c ux MllKpo6ronorrqecrorZ 4ecrpyx4tneh, Ho 14 c <pa6ororrr
BepxHnx roprl3oHroB B pexrMe nccylueHilfl - yBJraxHeHna. fwgpocnoflbt, HCC-r-

[xeHHbte Ao BnaxHocrr Hyrxe MaKcilManbnota uonexynRpnoil, HaqrHaor repfr:
KpvcranntnaqiloHHyro aogy. flprrr nnBHeBoM xapaKTepe rerHnx ocaAKoB yAapHaF

rilApaTaqvrF npilBoAl4T K paclxarbrBaHn10 KpilcranrilqecKyrx peueroK cnoilcTbrx ci.-'

,r r KaroB, r4x qacril q Hotl amopQrrrra qr rur.

Bureo4ur

MopQonornqecKue, mrrpovropQonorhqecKre v alannrrqecKre ilccregD-
BaHilF noArBepATrril reHeruqecKylo cneqnQrvnocrb nycrbrHHbrx xpafi Hea-

pr4AHblx noqe Monronvv vt conpeAenbHbtx pernoHoa Llenrpanuaoil Azut
Koropan 3aKnoqaercs e 6roreHaoil rrto6nntmaLpAtA B KopKoBoM roph3oHr€
oKcr44oB xefle3a c oKononopoBbrM o6esxenesHeHneM v BHyrpnarperarHoi
cerperaqile/t, nporcxoAnr4ile e Hefirpanunofi -cna6or4enoqHorir cpege. fls
aHanofnv c KpnnrooconoHLleBaHreM npe4naraercfl Ha3btBarb nogo6nui
6noreoxrm n\4ecxwi1 Mexa H n3M Qo pvr rzr poea HVA tAx n poQrann - (Kp fl nrooco-
noAeHileM>.
BoeruoxHocrb nporeKaHnF KpnnrooconoAeHilF cBF3aHa c B3pbtBHbtM xapaK-
TepoM 6noreHe3a, t{ro F Bnfl erca 6uognarHocTl4qecKytM Anf xpa fi Hea pn4g ux
nycrbr H b. OcHoeH urrvl r/ n poAyqeHraMr B nycrbt H H btx na HAlltaQrax Bbtcryna o-
noq BeH H bre BoAopocn r r qraHo6a xrepnn. lecrpyxropoM opra H nqecKoro Be-

ulecrBa 3Aecb, HapnAy c aKrrHoM14LleraMil, Bbtcrynaor xene3o- yt cynbQarBoc-
cra Ha Bn il Ba nu.lile Mil Kpoopra H il3M br (n pr H rsrorTr pacraopurMocryt Krcnopo-
Aa B MilHepar n3oBaHHbrx noqBeH H brx pacraopax).

1.

2.
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:r'KL].t/t/1 B KOpKOBOM fOpr-
3fi^00M o6croFrenbcrB. Bo-
,.reH noqBbt c arMocoepol4;
- on poH r/ LlaeMocrb KopKo-
:rocrb B Kpar4HeapilAHbtx

:.loxeHo cqrrarb vx 6tAo-
-.reTBepTbtx/ npr BbrcoKr4x

-3eHHbrx pacrBopoB pe3Ko
-e Bcefo, KucnopoAa. llog-
,lTen bH btM ncnonb30BaHhe
-pex3apFAHoro xere3a, a

: 3 npe,qnaraeTcF Ha3btBaTb

icpKoBoM ropr3oHTe oTMe-
-cB (le6eAeea (Bep6a), t{r,r-

>X KantleM rrApOCnlorq, qTO

)yK\r eh, Ho t4 c <pa6oTofi>
ieH fi ff . lrgpocnroA bt, tAccy-
t lflpHOIA, HaqrHatoT TepFTb

: rerHilx ocaAKoB yAapHaF
:<HX pelueToK cnoilcTbtx c7t-

aHafl rTr4qecKre ilccneAo-
lcrb nycrbtHHbtx KpalzHea-
3HoB UeHrpanbHoti A3tAvt,

,'r B KOpKOBOM ropr3oHTe
-fi eM r BHyrprarperarHorz
-a6ou-lenovHol4 cpege. no
:TCF Ha3btBaTb noAo6Hbtfi
x npoqilnfl - (Kpilnrooco-

ia3aHa c B3pbtBHbrM xapaK-
aKnM AnF Kpafi HeapilAHbtx
r( naHAUaqTax Bbtcrynalor

iropoM opraHilLtecKoro Be-
:or xere3o- l/ cynbQarBoc-
cacTBop14MocTLt Krcnopo-

3.

4.

ruqA*A.5

Oynxqronr,rpoBaHile BepxHltx ropil3oHroB noqB B pexilMe yBnaxHeHilF-
/rccylxeHhF B Ailana3oHe, Hrxe MaKcnManbHort rilrpocKonilrlHocTr npilBo-
Avrl B Lf acTHocrr4, K aMopoil3aLlvrA fivt+LAcTbtx MilHepan oB vnncroiA sparrlrarrr a
KOpKOBOM rOp1430Hre.

CQopnnrapoaaHHbtfi npoQrnb nycrbtHHbtx noqB c qe6Hilcror ormocrxofi yr

nycTbrHHbtM 3arapoM Ha Hefi HaKfla,qbtBaeT oTneqaToK Ha MHorile cTopoHbl

QyHKr-lr/oHr/poBaHrF nycrbtHHbtx naHALt.la0roB: t/x paAraLlroHHbtfi r rennoBoti
6ana nc, BoAHo-con eBo14 pexilM, AVHaMVKy BoAHo-3po3ytoH H btx n poLleccoB:

- CneqrQrvecKnh xapaKrep rennoBoro 6anasca nycrbtHb 3aKnpqaercn B

y qacr vtvt KoH Be Krr B H o-0 iln brpa qil o H H o ro nepeH oca Bnaf v v3 r ny 6oxnx r opn-
3OHTOB noqB r FpyHTOB/ r.lTO MaKCrManbHo npoflBnFeTcF B KaMeHt4cTbtx nycTbt-

HFX - raMaAax, rAe noqBbt pa36ilTbr BeprrKanbHbtMt4 rpeqilHaMZ.
- IJJurpoxoe pa3Bilrre BoAHo-3po3r/oHHbtx $oprvr o6ycnoBneHo, B qacrHocrn,

HVt3Koil Bopon poH 14 qaeMocrbto KopKoBoro ro pr3oHTa nycrbt H H btx noq B.

- flpeo6na4aHre 3onoBoro nepeHoca HaA BoAHofi wrnrpaqmefi r, KaK npa-
Brno, pa3HoHanpaBneHHocrb BeKTopoB nepeHoca aapo3onerZ n eogHurx no-
ro Ko B n p m BoAfi r x gon o eo-o6ycn o Bn e H H o n qupxy naqvrA co neiA a n a H g u:a Qre,
noBepxHocrnofi cononqaKoBocrn novs, cQopMt4poBaHHbtx Aaxe Ha He3aco-
fleHHbrx nopoAax.
3onoeurfi nepeHoc MenKo3eMa, coflett n MnKpoopraHil3MoB, B ToM r.{rcne ,l
aHaSpo6Hbrx, npofl4B cLlllbt rFxecrr FBrFercn cnerlrzrQrqecKofi oco6eHHo-
crbn nycrbr HHbrx ra HA[uaQroe, n pegnocbtn xofi xpnnroocnogeH ilff noq B a Bro-
HOMHblx nOEtlllrttil.

5.
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3.

4.

OynrqrzroHrapoBaHne BepxHytx ropn3oHToB noqB B pexilMe yBnaxHeHilF-
r4ccyr.leHrn B Ailana3oHe/ Hilxe MaKcrMarbxofi rrrpocKonilqHocrl4 npilBo-
AilL B qacrHocn4, K avopQra:aqtAn rnvHncrux MnHepan oe unuctoit $paxrlrara s
KOpKOBOM rOpyr3oHTe.

CQopvrrpoeaHHurrZ npoQrrrnu nycrbrHHbtx noqB c r4e6nrcrorl oruocrrorZ r,r

nycrbrHHbrM 3arapoM Ha HetTt HaKnagbrBaer orneqaroK Ha MHorile cropoHbl
QynxqrrronrapoBaHr/F nycrbtHHbtx nan4ulaSroB: t4x paAilaqnonHuir ta rennosofr
6an a H c, Borq Ho-con eeofi pexr m, AVHaMVKy BoA Ho-D po3 r o H H btx n potleccoB:

- Cneqr,rQnvecxnh xapaKTep rennoBoro 6ananca nycrbtHb 3aKfloqaercn B

yqacrnn KoH Be KTLI BHo-Qrrrn urpa qnoH H o ro nepeHoca Bnaf v vt3 r ny6oxnx ropn-
3OHTOB noqB n rpyHTOB, qTO MaKCilMaIbHO npOFBnfleTCfl B KaMeHnCTbtX nycTbt-

Hflx - raMaAax, rAe noqBbt par6rrur Beprr4KanbHbrMt/ TpeqilHaMil.
- IJJnpoxoe pa3Bilrile BoAHo-3po3ytoHHbtx Qoprvr o6ycnoBreHo, B qacrHocryt,

n rgxorl Bogon poH 14 qaeMocrbto KopKoBoro ropyt3oHra nycrbt H H btx noq B.

- llpeo6na4aHre sonoBoro nepeHoca HaA eognorl urrpaqurerZ r, KaK npa-
Brno, pa3HoHanpaBneHHocrb BeKropoB nepeHoca a3po3onefi n eognurx no-
roKoB nprBoAflr r sonoeo-o6ycnoBneHHoh tqupxynaqun coneh s nan4ulaQre,
noBepxHocrnori cononqaKoBocn4 nove, cQopMt4poBaHHbtx Aaxe Ha He3aco-
neHHbrx nopoAax.
3onoeurfi nepeHoc MenKo3eMa, conefi tzt MnKpoopraHn3MoB, B ToM qncne n
anaopo6nurx, nporutB cl4nbt rnxecrlt FBnflercn cneqrsrqecxorZ oco6euno-
crbo nycrbr H H btx na HAtt.ta$roe, n peAnocbtn rorTr xpr nroocno4eH ilfl noq B a BTo-
HoMHblx nozv1nh.

5.


