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YueHue 0 OMOJOTMUYECKOM KPYTOBODOTE 3JEMEHTOBR fBJAAeTCA (QyHAa-
MEHTAJbHHM PasfielloM COBPEMEHHOI'O TOYBOBENICHMA, OCHOBH KOTOPOTrO
3azoxeHn B Tpydax B. B Jlokyuaeea, B. B. BepHaackoro, B. B. [loJuHOBa,
B B. Cykauera. -

CTaHOBJeHME OCHOBHHWX NPHMHLMIOBR OGHOJOTMUECKOrO0 KpyToBOpOTa
CBA34HO C MMEHaMy MHOT'MX DyCCKMX [OoYyBOBe#OB. CpefuM HHMX ocoboe
MecTO mnpuHagaesuT B. P. Buabamcy . IL A. KoccoBMY OZHMM M8 MepBHX
onyGJIuKoBaa paGoTy , OCOOGeHHO aKTyalbHyl ceropisa, "O KpyrosopoTe
cepd ¥ XJopa Ha 3eMHOM mape". PabOTH, INIpOBOAMMHE B MOCKOBCKOM
YHUBepCHTeTe Nnoj pykoBoicTeBoM H IL PemesoBa, MMeJaM OI'pOMHOE 3Hauye-
HMe JIJA PasBUTHA MeTOIOJOTMM M TeOpHM OGHOJOrMYecKOr'o KpyroBopoTa.

¥ayueHM0 GHMOJOIrMUECKOTO KpPYTOBOpPOTa NOCBAMNEHH paGoTH Kpym-
Hemux reoxumuKoB: B. B. Budorpagosa, B B Kosambwckoro, M A.Ixa-
30BCcKOR, A. WL Mlepeabmana, A.JL KOBAaJeBCKOTO M MHOTHMX APYTMX. Tpyau
B. A. KoBnin, H Y. Basunesuuy, JLE.Popusa, C.B.3onxa, H H Boanmesa,
A A MonuanoBa, B. H Munu, T.A. PaGoTHoBa, A. A. TuTasHOBOA, JL-A. I'pu-
mHo#, T. W EBmokuMoBOR, E. M. CamMOMJOBOR M IDYTHX SBJAWTCA OCHOBO™
noJaranmyMd B o6JacTi GHOJOTHUECKOro KpyrosopoTa. Ha Kajenpe oOime-
ro NMOYBOBEAEHMA 3TOT Kype AoJarue roas uuraza JL A. I'pumKMHA ¥ NOAro-
TOBMJA ONHO M3 MepBbX YUeOHHX NOcOoOMMt, KOTOpOe O CHX NOp He NoTe-
PAJO CBOER AKTYaJIbHOCTH.

Ocoboe MecTO B COBPeMEHHHX MCCJeJOBaHUAX NPHHANJEXUT paspatoT-
Ke MaTeMaTHuecKux Mofelefl LUMKJIOB 3JeMeHTOR. Cpeld BeIyuMx clelyeT
HasBaTh paboTh: A. A JlanyHoBa, A. A. TUTIAHOBOH, 0. M. Ceupexepa,
B. @. Kpanusuxa, T.TI. 'aabMaHoBa.

KoHuenuusa OHOJOrMUYecKOro KpyroBOopoTa, KaK CJONMHOI'O MOJMLIMK-
Ju4ecKoro npoliecca, npuo6peda B NocJefHHe IOJH OCOGYI0 8HAUMMOCTD
3T0 OOBACHAETCA TeM, UYTO MHOTMe NpoOJeMH OXpaHH OKpyXawnued cpejiH,
palMOHANBbHOI'O MCMNOJb30BaHMA arpocicTeM, TaK WIM MHauye OKA3HBAKTCH
CBfi3AHHEMM C HeOOGXONMUMOCTBI M3YUeHWUA LUMKJOB BasHeRUMX OHOPUIbHHX
3JEeMEeHTOB.

B HacTosAmeM nocoOMM faKTCd OCHOBHHE TeOpeTHUYecKHe NPHUHLIMIH
GMOJOTMUYECKOr0 KpYTOBODOTA C KpaTKHM aHalM3oM OcoGeHHocTed (yHK-
LIJMOHMPOBaHUA pasJMUHHX 3KOCHCTeM. CIOMHHN pasied, NOCBAMEHHHA OINTY
MATEMATHYECKOTO MOJieJMPOBaHUA OGHOIeOXMMMUECKMX LIMKJIOB  HAalWCcaH
M. M. PuxoBOft, ocTalbHHe rJjasd JL I'. BoraTHpeBhM.

ABTOpDH 3apaHee INpPHHMMAKT BCe KpPUTHYECKHEe 3ameYaHWd, KOTophe
BO3HMKHYT DM 3HAKOMCTBE C HACTOALMM NOCOOHEM.



TJIABA 1
Buoctepa. Crpoenue, cBOMCTBA, OQYHKLMK

Eme B 1875r aBcTpMACKMM reoJor 3wpcc noj Guochepol noHuMan
o6nacTh, INpPOHMBAHHY® XM3Hb. [lpomao mnoyru 50 JeT,npexge ueM
B. M. Beprafickuit oOmyGIMKOBAl CBOM TNepBHe TPyAH B o6JacTH Guocde-
pH. OTMeTHMM, YTO B. M. BepHafCKOMY NPHMHALJISXUT BHAAIMAACH pOJb B
paapaboTke yueHMs O Ouocepe,ee cTpoeHuH, QYHKUMAX M CBOMCTBAX.

B ocHoBe yueHud o Guocdepe JexuT npeicraBlerle O NiaHeTapHON
reoXMMHYEeCKOR pOJM MMBHX opraHMamoB. CorzacHo B. A. Kosze (1973 ),
Guocfepa - 3TO CJAOMHAA MHOT'OKOMIOHEHTHAd OOmENIAHeTApHas TepMOJIH-
HaMWUyeCKH OTKpHTad CcaMoperyIMpylmascid CHCTeMa MMBOI'O BemecTBa M
HeXMBOM MATEepHMM, AaKKYMyIMpyOmAS M nepepacnpefielsONAsS Or'DOMHHE
pecypcH 9Hepruu M OlpeflelANAA COCTAR M AMHAMMKY 3eMHOW KOpH, ar-
mocdepu ¥ ruxpocdeps.

OCHOBHHMM KOMNOHeHTaMH Ouocepn SBJAAKTCH MMBHE OpraHWaM, B
COBOKYTIHOCTHM HasHBaeMHe MMBHM BeHECTBOM. JIpyrol BamHeAmMii KOMIO-
HeHT Ouocfepd - 3TO OMOre€HHOE BEMECTBO,NIOfi KOTOPHM NOJpasymMeBa-
eTcd pAjl NPOAYKTOB, B CO3JJaHMM KOTOPHX Ha PasHHX 3TanaxXx CymecT-
BeHHasd pOJb NpUHANJIEXAT XMBHM OpraHuamam. Cofia OTHOCHATCH, Hampu-
mep, yraW, Topfa, canponesd, rysyc. TpeTHR KOMIOHeHT GuocdeDd -3To
GHMOKOCHOe BelleCTBO, OOpasoBaBmeecs B peayJbTaTe IAWTEJBHOr'O Baau-
MOJIEACTBHS MMBLX OPraHMBMOB M HeXMBOA MaTEpHH. 3fiech clelyeT OTMe-
THTh TaKWe OOpABOBAHMA,KaK NOYBH, WIH, HEKOTODHE I'asH M OCANOYHHE
NOPOJH.

K BaxHeAmMM cBoACTBaM Guocdephl OTHOCAT: pasHOOOpasHe AMBHX
OpPraHWaMOB, KAK N0 pasMepaM, Tak M M0 MX CNocoGHOCTH TpaHcdopMupo-
BaTh HEXMBYW MATepHio, HEepPABHOMEDHOCTH( ACCHUMETPHUHOCTb) pacmpele-
JeHUd ¥MBOI'O BemECTBA IO JMKY NJIaHeTH, a Takme NAACTHYHOCTbL M pe-
SHCTEeHTHOCTH. PaccMaTpiBas INoCJefHME CBONCTBA OTMETHM, YTO B G0Jb-
mel cTeNeHM OHM XapaKTepHH JIf MMBHX OpPraHMaMOB. TeM He MeHee, 3TH
CBOMCTBa mnpucymy M Guocdepe B LeJoM. BufiBMras 3TO [IOJOMEHHE
B. . BepHagckut (1977 ) npeanoJarai,yTo B TeuUeHHe MHOTMX JeT 3BO-
JOLWM MIACTHUHHNR 3BOJNLMOHHHA npoilecc GHA B TOM MIM MHOR Mepe ne-
PEeHeCeH M3 MWpPa XMBOA NDUPOAH B HeXMBYL.

TBopuecky pasBMBaf yueHue o Guocdepe B. A. Koaa (1980 ) Bujge-
J¥n 6 BasHeAIMX CBORCTB: 1) MHOXECTBEHHOCTH,NOJ KOTOpPOA MNOApasyme-
BaeTCHd OI'POMHOE HKOJMUECTBO XUBHX OPraHMaMOB, GMOI'eOlieHOBOB, Ba3au-
MOZIe/iCTBYNONMX MeMIy co6OH Ha DasiMuHHX YPOBHAX M ONpelelSmMX He-
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papxuio ouocdepH B LeJioM; 2) roMeoCTATHUYHOCTH - CBOMCTBO OnpeleJsi-
mee CaMoCOXpaHeHMe M caMoperyiupyemocTb GuocdepH 3a cuyeT pasJuy-
HHX MEXaHUsMOB, OOYCJOBJEHHHX TNpexie BCero NeATeJbHOCTHI MUBHX
OpraHusMoB; 3) MOCTOSHCTBO NPUTOKA M AKKyMyJsLUMM SHEepruy¥ B Hasem-
HHX 3KOCHCTEeMaXx,YTO OCYNeCTBJISeTCA 3a cueT NpoleccoB ¢oOTOCHHTEsa
¥ nocJellynmero nepepacrnpelelieBus SHepPruM B CHUCTeMe MMBHE OpraHua-
MH-OMOreHHOe-0MOKOCHOE BemMeCTBO; 4)paciMpeHHOe BOCIpPOM3BONCTBO
6HOMACCH. 3TO CBOMCTBO XapaKkTepuayeT Npollecc MOCTOSHHOT'O HAaNpEaB -
JEeHHOTO  YBeJMUeHMs pasHooOpasWsd MMBHX OpraHusMOB, X UHCJEH-
HOCTH, YTO obecrneunBaeT MaKCHMaJbHOE yJllep¥aHue 3JeMeHTOB B CHUCTeMe
¥MBHX OPraHM3MOB, a CJeioBaTeJbHO, M B Guocdepe B LieJoM. B 2Haun-
TeJIbHOM CTeNeHM IMKIMUHOCTBE 3SJeMeHTOB OOYCJOBJEHA MMEeHHO 3THUM
cBOMCTBOM GMocdeph. 5)OMOreoXMMMUECKHMA KDYT'OBODOT M MUIpalMs OT-
HOCATCA K UMCAy BaxHeMmMX cBoMcTB Ouocdeph, obecneuupanmmx akTu-
YeCKHM MexXaHWaM YyCTOMuMBOCTH 6uocdepn; 6)reTeporeHHOCTh OHocHe-
PH, IPYTHMM CJOBaMH ee HeOJHOPOIHOCTE B Da3JMUHHX perMoHax J3em-
Ju. KpoMe TOro,BaxHO OTMETHTb, UTO reTeporeHHocTh Ouocdeph cKIANk-
BaJach B peayJbpTare NJAWTEJIbHON MUCTOPHMM DasBUTHA BCel IMJAaHeTH B
uenoM. B COBpeMEHHYK 3MOXy YJCMJeHMe TIeTeporeHHOCTH O06yCJIOBAEHO
BO3HMKHOBEHWEM HOBHX CHMCTEM, HanpuMep,CO3AaHHHX UeJOBEeKOM M INpu-
BOJAIMX K H3MEHEeHHM MHOTMX COOTHONEHMA B LMKJIax Kpyrosopora. Ilos-
ToMy Guocdepa nocTeneHHo TpaHcdopMupyeTca B Hoocdepy.

CymecTBYIT MHOIO JApYI'M¥ TeDMMHOB, OGO3HAYalIMX 3eMHyK 060-
JOUKYy, HaceJeHHY® XMBHMM opraHuamamy : duroreocdepal( E. M JaBpeH-
Ko), anureHemu (P. ). AGoamH), sKxochepa, Guoreocdepa (M. M. 3abesmH),
suracepa (A. H TwopiokasoB, B. ]I AnexcanppoBa) ¥ JAp.. B. A Hosja
OpeRJONAN TOHATHMe TryMocPepa. Bce 3TH 00OJOYKHM OOBEAMHAET OJHO
BamHOoe fABJeHMe - OHOJOI'MUECKMI KDYT'OBOPOT 3JIEMEHTOB.

B. ). BepHaJCKuM#t OTMeual,uyTo B 6uochepe Memuy ee KOCHBMH NPUPOJ-
HHMM TeJlaMy ¥ »MBLMM OpraHuaMaMi, ee HaceJdomyiMd, HIeT HelpepHB-
HHA MAaTepMalbHLM ¥ 3HepreTHUeCcKHP oOMeH, MaTepMalbHO BHpAXAWIMACH
B ABUMSHMM ATOMOB, EBHBBAHHOM XMBHM Be[leCTBOM. 3TO INBUMEHME, Has-
BaHHOe B.JL BepHajcKkuM OMOI'eHHHM TOKOM AaTOMOB, OCYHNECTBJAAETCHA
npexye BCEro MeMIYy XMBHM M KOCHHM BelecTBOM GuocdepH M OGYCJOBJIM-
BaeT OTHOCHTEJBHO YCTOWYMBOE DaBHOBecHe,CymecTBykimee B Guochepe B
nelJoM. OO0 3TOM DABHOBECHMM MOXHO CYIWUTH MO JaHHHM ,IPUBOJMMEM B
Tadd 1.

17-725(
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Tataunpgal

CooTHomeHWe GHOMACCH CYIIM, pasMepoR JOTOCHHTE3a M BHHOCA
alemeHTOR ( no Komjpe, 1976 )

[lokazareau JanacH, T

5
Bromacca cymm 3*10“L 10‘

Tomoso#t doTocuuTea i
Ha cyme 1,5 -5,5%10

Togoso! BO3EBpaT
B0JBHHX 3JEMEHTOB o =
¥ asora nx10 -10

BHHOC pacTBOpPEeHHHX 9
3JEeMEHTOB DeKaMH 3 % 10

BuHOC ¢ TBepIHMU w©
yacTHlamMu 1,6 = 10

Xumuueckut cocraB GuocdepH

CBelleHMs O XMMUUYECKOM cocTaBe OuWoc(epH NPOTHMBODEUMBH, UTO
OGBACHAETCH MHOTMMM NDMUMHAMM M Npexie BCEro TeM, UTO OHa MHOI'O-
KOMIIOHEHTHA. YroOW TOYHO DACCUMTATEH e XUMMUEeCHMN COCTAaB, HeOOXOH-
MO 3HaTh COCT2B M YyJIeJIbHWA BKIAJ KaXIOrO M8 KOMIOHEHTOB, BXOASMMX
B cocTas OuochepH.

OmHaKo OfHO MOJOMEHWe NMPHBHAETCH HECOMHEHHEM - Ouocdepa, B
OTJMuKe OT APYruX ctep, KApOOKCHIMpOBaHa M THMApPATHpPOBAHA, YTO O3-
HauaeT o6orameHHOCTh GHOC(epH,npesfe BCero yraepoloM M BOAOMN. Bu-
ocepa onpefiessieTcs KaKk apeHa Ba3aUMOZEMCTBUS YeThpeX 3JeMeHTOB,
TakMX Kak BOJIOPOX, yTJepox,asoT M KUCJOpOL . HeoGXOAWMO BKJIOYMTH
Ciofa eme nBa BasxHeMmnx alxemeHTa -focdop u cepy. CymecTsyorT obmue
B3KOHOMePHOCTH pacHpoCTpaHeHUs 3JeMeHTOB B Guocdepe:

1. Jorapu¢Muueckas KpHBas KIApPKOB ABJAETCA (YHKLMeR 3apana Mx

aTOMOB.

2. B npypole yeTHwe AApa NMpeobaaZaldlT Hall HeUeTHHMH. 3TO MUa-

BECTHO B I'eOXKMMM Kak npaBuic Oxjo-I'apkuHca.
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3. HabmonaeTes onpefielleHHasd B3AUMOCBA3bL MEXLY UMCJOM MUHepa-
Jn000pasoBaHMd ( KOJIWUECTBO MMHEDAJNOB,B COCTaB KOTODHX
BXOJMT 3JIEMEHT) M paclpoCTPAHEeHHOCThbI A3JeMeHTA B MXMBHX
opranuamax. IlpoBenss TaKoe conocTtaBJeHue (pHe.1),C. TucceH
(1954) ycTaHOBMA cJepyllee:
a) B MMHepaJaX ¥ XMBOM BemeCTBe NpeoGJafiaioT 3JEeMEeHTH, COofep-
xampecs GoJble YeM nx 10 %,B OCHOBHOM CIOfla OTHOCATCH BaMHelmme
oModuabHHe aaeMeHTH (rpynna N 1 );

oi {097
M
380 1 Sixk
| Sk Fex|
350 4 |
| |
300 1 Alx |
| 1 | 2
250 4 Cax |
| |
200 4 Mgx | Pb+
| %
150 1 Mnx | Cu
| Nax Px |
100 { Cx |  As+ Bi+
| Kx Nix|Zn+ Ag+ Th+
50 {Hx Crx| Sb+
Nk | |[La-Cp |-W+—Hg+—U+—
ILix Ge+ Be+Mot+Cd | |  Pt+ Ac+t 3
(2 Z

5 10 20 30 40 50 60 70 80 90

Puc.1 BeaMuyHH MMHEDPANOOOPA30BAHMA ¥ PACNPOCTDPAHEHHOCTH 3Je-
MEHTOB, PACMOJOXSHHEE [0 MX NOPAAKOBEM HOMepam:
M - uMCNO MMHepaloB, B COCTAB KOTOPHX BXOIWT 3JEeMeHT;Z- Mo-
PAIKOBHA HOMEp 3JeMeHTa. 1x - paCHDOCTpaHeHHOCTb>id'z; 2+ -
pacIpoCTpaHeHHOCTB<10 %

6) OKOJO TPMALATOrO 3JeMeHTa (LMHK ) NMPOXOMMT IPaHMLa Mexay
MAJIOpacnpoCTPAHeHHHMH M 60Jiee PacMpOCTPAHEHHHMH 3JEMEHTAMM,
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B) OKOJO OpDAMHATH, XapaKTepusyoliell UMClO MMHepaJoobpasopa-
HMS, DABHOTO JBAMUATH, MPOXOAMT I'paHMLa MO pacnpoCcTpaHeH-
HOCTHM 3JEeMeHTOB GOoJNblie ¥ MeHblle nx 10" %

r) HeckoJbko anemeHTOB ( Hg, As,Vi ),OoTHOCANMXCHA K HeOpraHu-
YeCKMM fAllaM, 06pasywT cBol 060cOGAeHHYWH rpynmny N 2;

) 3JeMeHTH C aTOMHuM BecoM Gozee 30 BelyT cebf GHOJOTMYECKH
HeATpalbHO. 2TO TAK HAZHBaeMHe 3JeMeHTH- [AcCasupH (Ipyn-
ma N 3),KoTopHe BCTpeuaTci B HeOOJBMOM UWCle MUHEDAJOB M
B He3HAUMTEJbHHX KOJHYECTBaX B XMBHX opraHuamax. Takum oG-
pasoM, HaOJofaeTCH COOTBETCTBHE MeMOy UMCJIOM MUHepasooG-
pasoBaHMA M PacHpOCTPaHeHHOCThI 3JeMEeHTOB B MMBOM BemeCT-
BE.

YeTaHOBJEHO, UTO 4aTOMH MepBHX 18 3JeMeHTOB INepHOAUUYeCcKOn
CHCTeMH OTJHMYAlTCH TeM, UTC BSJeKTPOHH OKpyXanT AP0 NJOTHO M
nocaefioBaTebHO. 9TO YACTHUHO OOBACHAET MX YCTOWuUMBOCTH B GHOCHe-
pe, BHCOKYK peakLMOEHYK CNOCOGHOCTh M MAKCHMaJbHY® pacnpocTpaHeH-
HOCTbB.

IuMTebHOE CymecTBOBaHWe GuocdepH B Npefeiax 3eMiaM NPHBEJO K
CIeZy MM BaxHeNmMM NOCJEeNCTBHAM:

1. llorwcuaack uHfOpMATHBHOCTD cpeid. Eciu B MUpe MHMHEDAJOB
HacuWTHBaeTcA 1700-2000 MMHepalbHHX BHIOB, TO oOmee pasHoobpasue
¥MBEX OPraHMSMOB OLEHMBAETCA BeJUuMHaAMM Golee 2 MMILIMOHOB.

+ 2. B TeyeHMe TeOJOTMUYECKOTO BpEeMeHM UBMeHMJICA XWMHYEeCKHA
COCTaB OCAJIOUHHX MOPOJ, B HUX YBEJMUMIAch ROJA OKMCHHX M YMEHDBIM-
Jach fonA sakuMcHeX fopM. Kpome TOro , NpoMSOmJIO yBeJWUeHWe HKalb-
UMs 83a CcyeT OMOreHHHX KApOOHATHHX NOPOA, a poCT Kauud OOYCJOBHJICH
ero copbuMedt rAMHHHMKM MMHEpaJNaMA.

3. [pomsomno yBeJuuyeHHe 3HeprWM T'IMHMCTHX MMHEPAJOB MO CpaB-
HEHMO C AJIOMOCHJMKATAMM MArMaTHUeCKMX MOpOJ, UTO OOBACHAETCH yBe-
JWYEeHWEM B HMX MEMATOMHHX DacCTOAHMA MeXIy allMMHUEM H KHCJIOPOZOM.

4. ¥a KkpyroBopoTa GOhlM BHBelleHH I'poMaliHhe KOJMuYecTBa YT JAepo-
Ja, COCpefOTOUeHHHe B HAcTOAmee BpeMs B yraax, HedTu, ropoumx
cJIaHlax.

5. B pesyapTaTe ¢oTocHHTe3a cPopMHpOBANacCh Pe3KO OKMCIMTEJNb-
Hafd ¥ BOCCTAHOBUTelbHad cpefa. [lepBasd - obdsaHa KMCAOpOJAY, BTOpas
- OpraHMyecKHMM coeIMHEeHHUAM.

6. ['eOX¥MMUECKHUI KPYTOBOPOT 3JIeMEHTOB NpeobpasoBaicds B OHore-
OXUMHYECKHM, T.e. NPOTEeHAIMA ¢ yyacTHeM XUBHX OPraHHWaMOB.

7. MoABlaeHMe MBHX OpPraHMaMOB NPUBEJO K TOMY,UTO XHUMHMYECKHe

-g_

3JeMeHTH CTaJH MHOIOKDATHO MCHOJb3OBATHCA B TpodMUecKMX 3BeHBAX.
B yacTHOCTH, nNpuMHUMNOM GepemnuBocTH K M Bop OOBACHAI MefJeHHHR
nepexoj yraepoza U3 opraHuueckof opMH B HEOPraHWYeCcKyw. OTHM OT-
YyacTH OOBACHAETCA SHAUMTEJbHHRM BO3PACT I'YMUHOBHX KHCJOT, oONpeje-
JAeMHR I'OJIOLEHOBHM BDEMEHEM.

8. Brnarogzapa 6uocdepe MOABMICH HOBHA MHTErpANbHHN KOMIIOHEHT
- noyBa c ee BaxHenmmuM¥ QyHKuMAMM. B. O. Tapryapsat(1989 ), paseuBas
YuYeHMe O NOPEPXHOCTHO-NJaHeTapHHX O060JOYKAaX M poJu B HUX nejpoce-
PH, TNOAUEpPKHMBAN,UTO M0 XapaxkTepy QyHKUMOHUPOBAHMA MMOUYBA ABJIFeTCH
apeHol AJUTeJbHOr'O B3auMONIEMCTBHMA BCEX OCHOBHHX OMOTHUECKMX ¥
abHOTHUYeCKHX MOTOKOB BeliecTBa M 3Hepruu. legocdepa no npuHUMny 06-
paTHON CBA3M OKABHBAaeT MOMHOe BO3AeACTBME HAa TeKymee (YHKLIMOHUpPO-
BaHue Bced OuocdepH B LEJOM.

TakuM oGpasoM, Ouocepa - 3TO He TOJBKO OGJACTE B3aUMOZeNCTBHA
BeMECTBA M 3HEePrMM, HO M O6GJAacCTh CHHTE3a, NOABJEHHMA HOBHX KOMIIO-
HEHTOB M CBOMCTB. Biarofiaps IesTelJbHOCTH OPraHMaMOB, COCTABJSIOMUX
He Oojee O,01% OT MacCH B3€MHOA KODH, TOJBKO ? XMBOJ OuoMacce,
PacTeHMi HaseMHHX 3KOCHCTeM aKKyMyJAMpPOBAHO 4 * ujﬁﬂucaneprun.

O npoBezeHuMM TpaHul 6uocdepu

Bompoc 0 rpaHuuax 6uoceph pemaeTcs MO-DAZHOMY. TOPMAJbHO
MOmHOCTb OHMocepH HAa cyme He NpeBHmaeT 4-5 ¥ 11 KM B pafloHax oKe-
aHMUeCKHKX BIANKH.

K Guocdepe, BEPOATHO, OTHOCATCA  JuoGwe  06JacTH, rae
NIPUCYTCTBYOT ONHOBPEMEHHO TPY ee OCHOBHHX KOMIIOHEHTA : MUBoe, OU-
OreHHoe M OWOKOCHOe BelmiecTBO. Ho TOrjia BOSHMKAET BOMpOC, Kak
OWTDH, €CJHM MPUCYTCTBYeT IUlb OAMH M3 KOMIOHEHTOB OuocdepH? Hanpu-
MED, KOMIJEKC OCaNOUHHX [OPOA MIM TOJBKO MMBHE OpIaHMaMH.

B moGoM M3 yKasaHHHX BHIlE MOJXONOB CYMECTBYKT CBOM HejOCTAT-
Kku. Tak, npu nepBoM, (OPMAM20BAHHOM, NOAXOMe cJeAyeT YCTAHOBUTD,
JefiCTBUTEJLHO JM MBMEHSITCH CBOMCTBA Ha riybuHe 5,2 MaM 5,3 kM,
YTOOH OT'PaHMUNTbh Ouocdepy TOJBKO 3TON O6JACTBIO. IIpoBeieHMe HuXHen
TpaHulil, TakuM oOpasoM, B 3TOM CJAyuae BeCbMa YCJOBHO.

OueBUIHO, uTO ecau Guochepa paccMaTpUMBAeTCH KAaK MHOTOKOMIIO-
HeHTHad caMocTofiTelbHad cHUCTeMa, TO 3TO JLOJXHO CONPOBOXIATHCH INO-
ABJEHMEM HOBWX CBOMCTB, OTJWYHHX He TOJBKO OT CBOMCTB IpYTHUX
CHMCTEM, HO M OT CBONCTB KOMIOHEHTOB, BXOJAWMX B Hee. JlNA 3aJeMeH-
TapHHX fAvyeek Ouocdepu-OuoreoucHoz20B ( BII), TaKHM HOBHM , 3Mepd-
XSHTHHM, CBOACTBOM, 3KOJOI'M Ha3nBawT NPOAYKTMBHOCTE. B Opyrux
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ClyuyadX, eCJM He PacTUTeJbHOCTB, TO MHWe (ODMH XM3HM, CO3[aBas
COGCTBEHHYI GMOMACCY,paaMEOMAACH ¥ yMUpas, OO6YCJOBJIMBAIOT "Henpe-
PHBHHA TOK aTOMOB" C KOCHOHW MaTepuel M Mexay coGom.

Takum o6pazoM, CylieCTBOBaHWe GHOJOTMUYECKOT'O KDYrOBOpPOTa 3Je-
MEHTOB HaNO [PMBHATD OCHOBHHM KDUTepHMeM NpPH oNpefieJeHUM IpaHul
6uocdeps. OTClORA CleAyeT BHBOJA, UTO NYyTh K peallbHOMY M NpaBUJIbBHOMY
BhENEeHNI0 BepTUKANbLHHX rpaHHl O6uocheph 3aKMOYAETCHd B CHCTEMHOM
noxxope. B ocTalbHLX CJayuadx, Kak NPABUIO, peub MAET O OHIMX Gy-
ocdepax. TaxkOBMWMKM HBJAKTCH NpeXie BCero OCANOUHHE NopoAL. Kpome
TOT'0, W HEKOTOphe MHTPY3MBHHE MOPOIH, HANpUMEep T'PAHMT, Takxe oT-
HOCATCA K HUM. He cliyuanno B. A. KOBHa crpaBefiJMBO OTMEYAN, 4YTO BCH
Halla nJaHeTa npousa GHOJOTM3aLMIL.

Taapa 2
Ponb ®MBHX OpraHuamoB B Ouocdepe

pn paccMOTPeHHM DOJM ¥MBHX OPraHMaMoB B. M. BepHamckum npepn-
JIOXUJ NPUAEepPXUBATHCA NBYX OMOI'€OXMMWUECKMX NDPMHLMIOB. [lepBhit M3
HMX KacaeTcd OMOIeHHOW MWIpauuy 3JeMeHTOB, BTOpPON CBS2aH C 3BOJIG-
Uued XMBHX OPraHMsMOB. BuOTeHHAd MMIpALUs ATOMOB XMMUUECKHMX SJe-
MEHTOB XapaKTepHayeT CTPeMICHME MMBHX OPraHMSMOB K CBOEMy MaKCH-
MAJIbHOMY NPOABJEHMI0, MpHUEM OHa pasfielideTCs HAa TPM TPYNMH: MUIpa-
Iy 1-ro pojia,oOyCJOBJeHHad AeATeJbHOCTHO MHKPOCKONMYECKUX ORHOK-
JETOYHHX M MUKPOOOB; 2-TO DOfla - MHOT'OKJETOUHHMM OPraHMaMamy; 3-Tro
pojia, WIyuwad MOJ BJIMAHMEM MM3HM, BOJM pasyMa, T.e. YeJOBeyeCTBa.

flBneHuR MUTpALMH  3JEMEeHTOB HENOCPEe[CTBEHHO CBASAHH C pasHO-
0GpasueM XMBHX OpPraHMaMOB. CamuM NPOCTHM ABJAAETCHA pasaHoobpasue Mo
pasmepam. Tax, ecJM pasMepH OaKTepHll COCTABISAIT HECKOMABKO MUK-
POH, TO TUraHTCKMX BOoJopocleft - 300 M,a 3BKaAIMNTOB - 150 M. Takxoe
paajuune HapAly c pasHooOpasueM cpelHel MAcCH OPraHMaMOB He MeHb-
e XapakrepuayeT INpeICTABHTeJel MMBOI'O MMpa, UeM MX XUMHUECKHN
cpeznuA cocrae ( BepHamckuk , 1987 ), onpefiesgeT He TOJBKO Xa-
PaKTep B3AaUMOOTHOWNEHWA MEMNY HUMM, HO M C KOCHOJ MaTepuel. OTMe-
THM, YTO CpelHMe BeJMUMHH pasMepa ¥ MACCH OPraHMaMoB ABJSAKTCS XO-
pOWO BHPAMEHHHM BUIOBHM NPHBHAKOM.

UpesBHyYafiHO BaxHa pas]UuHas TPeGOBATEJBHOCTh OPraHWaMOB 10
OTHONEHMIO K BJare. Tak,Hanpumep, CIODH HEKOTOPHX TepMOQHIbHHX
GaxkTepul coxpaHAlTca [pH 100°u BHIEDAMBAKT NlaBJeHMe Ao 12000 aTM,
a coJeHoCcTd - Ao 300 r/a Cpel¥ NpPOAYLEHTOB, OCHOBHHX HAKOMWATEJel
SHEPryH, W Cpefd MUKPOODIaHM3MOB CYNECTBYKT DasJuuHWe rpynnu. Jus
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noclefHUX, B B3ABMCHMOCTH OT YPOBHA BJAAMHOCTH, NPH KOTODOM OHM Ha-
YMHAT CBOX POCT, BHAEJANT TPH I'PYNNH: KCepodWJH - NpM BJIAXHOCTH
85-90 * ; wMesofuan - 90-95 XZ; rurpoduin - cswme 95 % . B uacT-
HOCTH, NJIeCHeBHe I'DUOH OTHOCAT K Kcepoduiam ¥ Mesoduiam, a Gaxre-
p¥M - K rurpodunam. Helbas He OTMETHThL PasHOOGPAsMs MMBHX OpraHua-
MOB MO TepMOJIMHAMHMYECHKHMM YCJIOBMAM CYMEeCTBOBAHMA. K Haubojee BH-
HOCJIMBHM OTHOCATCHA GaKTepHH.

Takoe pasHooGpasue OOYCJOBJAMBaeT (YHKUMOHMDOBAHME PACTeHMN M
MHUKDOOPTaHM3MOB B IIMPOKOM JMANa30He TeMIepaTyp ¥ BJAMHOCTH - OT
TOJAPHHX 70 TPONMMUYECKUX DErwoHOB. ECJM pacTeHMds OTBevYalnT 3a OOmMyo
BeJMUMHY 3SHepruy, HaKanIMBaeMol B 3KOCHCTEMAX, TO MMKDOOPraHW3MH
- 3a NpoueccH MeCTPYKUMM pacTHTelbHHX OCTATKOB M CKODOCTH peLmp-
KyJALMH 3JEeMEeHTOBR B CHCTEMAX.

Ta6auyga?2
Buoreoxumuueckne (GYHKIMM ¥MBHX ODIaHMBMOB
( no BepHazckomy,1987)

l'asoBue |KoHUEHTpalMoHHHe |BoXMMUYecKHe | Okued. - BoceT | Buoreo-
XKMHUECKHe
yeJioReKa

1. Bucno- 1.IlepBoro popma 1.Ilepeas GMOXM- 1)OKHUCJIM- 1) mposas-

POIHO-YyT- -B3aXBaT 3JeMeH- MuuecKas (CBA-  TeJbHad JseTcA B
JEeKHCJOT- TOB,BCTpeyal-  3aHa C NUTAHHWEM, GHoreHHON
Had IMXCA BO BCeX  JAhXaHWEM, PABMHO-Z) BOCCTAHO- MWTpallMd

2. ¥rIexuc- opraHusmax, XeHUeM) BUTeJbHAg  2-To poja
JoTHas BTOpPOro polla- 2. Bropad GHOXMMK- K 3-ro

3. 0OBoHHAaA XapaKkTepHuayeT yeckad(cBfizaHa ¢

H NepeKuch omnpejlieJeHHHe paspyleHMeM Tel 2) npoapJsa-
BOJIOpOZHAasA T'PYNNH MMBHX OTMEpIMX OpraHua- etTcd B ycu-
4. ABOTHasi BemeCTB MOB M IIepeXojioM JeHUH KOH-
5. ¥raepogo- MX B KOCHYK Mare- UeHTpalMoH-
ponHHe pH) HOW (YHKUMK
6. TepneHo- 1-ro poaa
Bas

7. CepoRojio-

poziHas
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TakuM oO6pa3oM,baarofaps CymeCcTBOBAHMK oOlIpelleleHHON CHUCTEMH
opraHuamMoB, ofpaaywmeft crneuuduueckye TpoduuecKkue 3BeHbA, MPOUCXO-
IHUT KPYTOBOPOT 3JeMeHTOB. B 3TOW cHCcTeMe B caMmoM OOLieM BHAe Clely-
eT pasiMuaTh NPOAYLEeHTOB ¥ reTepoTpodoB.

Bujlanmyecs aMnupuueckue obobmeHuAa A. PpaHka u B. lifeddepa, pas-
NeJMBIMX MWBHE OPraHMaMH Ha aBTOTPOJOB M reTepOTPOQOB [0 MCTOUHM-
Ky norpefjsemMolt 3Hepruy, Cer'paj¥ OrPOMHYI pOJb B CTAHOBJEHUH
nocleyiomUx KOHLENUMA B 3SKOJOTMM M OuoreoleHoJorud. Bsaumo-
JeficTBMe MepBOA M BTOPONA IPYNN OPraHMaMoB, NpUYeM pasHOOOPA3HHX
o napameTpam, ofecneudBaeT pasHuwe NYTH CO3N8HUA M pa3pylLeHus op-
raHupyecko# Macch. Mucap JL [lacTepa 0 TOM, UTO JeCTpyKUMA MepTBOR
OpraHuMyecKof MaTepuy ABJAAETCH HeOOXOIMMHM YCJOBMEM HelpepHBHOCTH
KM3HM, TMO03[HEe NOJYyUUJIA PAsBHTHEe B ONpeflefleHWH CYMHOCTH OMOJIOTM-
YEeCKOTO KPYyroBOpOTA, 3saKkjiouyabmerocsd B CHHTe3e Y paspylleHMu opra-
HUMUeCKOro BemecTBa, OcoGeHHO ODHMpOKad aMIIUTYLa BO3MOXHOCTEN B
3TOM Npoliecce OTMeueHa ¥ MMKpoopraHmamoR (3apapsuH,1972). Jnag HUX
BHAEJAKT TPM NDUMHUMNA MAeHTHQUKALMKM Tpoduu: 1O XapakTepy MCTOUHM-
Ka BHEepruM, IO JIOHOPY 3JEKTPOHOB, N0 MCTOUYHMKY yriepoza. IlpuHLMAD
Npedpepa , TakuM oO6pasom, HOMOJHMACH elle ABYMA KpUTepuamMH., B
nocieHue rofd B KaaccHMKalMM opraHusmoB NpeljaraeTcf MCNOJb30-
BaTh MX CNOCOOHOCTH YTHJIM3MPOBAThH OIHOYTJEepOIHHEe COeJMHeHMd, Ta-
KMe KaKk meTaH, MeTaHola, dQopMMaT, MeTHJAMWMH, a Takme pAd APYIHX
ONHOYTNepPONIHHX WIM coliepsailMx 6oJiee OJHOrO aroMa yriepojia coemu-
HeHMM, He umelmymx C-C cpaaen (IyTuHa,1988).

OcTaHOBMMCH INpesie BCcero Ha aBTOTpodax, polib KOTOPHX 3aKJio-
yaeTcd He TOJbKO B CBd3HBAHMM YTJepoja M CO3[aHMM OCHOBHOI'O
MCTOUHMKA SHEpru¥ IMsf rereporpodoB,HO ¥ B HAKOMJEHMM pAfa APYTHUx
BaXHeMIMX 3JEeMeHTOR, ocoGeHHO azoTa ¥ docdopa. Illoguepkupas podb
nocJeJlHeTo 3JeMeHTa, pAl MccledoBaTeted oTMeuadnu, uro " ... ¢do-
TOCHHTeTHUeCKas  ¢uKcauMsa  yraepoia Owia OH GecnoJeadHhM ¢o-
KycoM, ecay Oh 33 HeW He cJregoBano docdopuaupoRaHusa NOAYUEHHOTO
caxapa"(Jmeu, 1972).

OCHOBHYK poJb B nOpupoauuwx B wurpaer dororpodu - BHcmme
pacTeHMs, BOJOpOCJAM, a B Ipynile XeMOTpofoB Bedyllee 3HauUeHHe NpH-
Ha#JexUT OGaKTepUAM.

KoHCYMeHTH, MOJ KOTOPHMM MOHMM2KT XMBHE OpraHUaMb, NHTANMK-
ecd 3a CcuyeT NPOAYUEHTOB, oO0belVHeHH B OOJbIYyK T'pyNny reTepoTpo-
(OB, BKIAKYAKNIMX B ce0s CJelyiONHe OpraHUaMH: MaKpPOKOHCYMeHTH ($a-
rorpodu) - opras€uamu, noejalie Apyrve OpraHuWaMb MJM YacTHLH Op-
raHyeCKoro BelleCTBa; MUKPOKOHCYMEHTH, WA PeAyleHTH, - oOmMpHas
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Tpynna, BKIOYAODAA B ceGA NpeUMymeCTBeHHO I'pHSH ¥ OaKTepHs,

Tadaunygas3

Cxema 'rpo_dnm MHKDPOODIaHH3MOB
( mo KonrgparpeBofi, 1983 )

I 1
| McTOouHMK JoHOp 3leKTpOHOB HcTouHMK yTJaepoza |
| sHeprumM |
| oprasudeckue yrleKucaora |
| COeIMHEHAS |
| |
| |
| Cper OpraHuuecKue gforooprasore- doroopraso-as- |
| CoeIMHeHUA TepoTpodus ToTpodua |
| |
| HeOpraHnyecKue foromrorere- ¢oroauro-arTo- |
I CoeJIMHeHUst porpodus Tpodus |
I |
| |
|Oprakuyeckue oOpraHudyecKue XeMoopraHore- XeMoOpraHoasTo- |
|coenuHenMs  coeIMHeHMs TepoTpodua Tpodus |
| |
|Heoprauuuec- HeopraHWyecKHe  XeMOJMTOr'eTEepO- XeMOJMTOAaBTO- |
|KMe coezmHe- CcoeJMHEeHUA rpodus Tpotus |
| Hust |
L 1

XapaxTrepuayomuecs CMOCOGHOCTbI PaspymaTh OpraHMuYecKHe COeJMHEeHHS,
BHCBOOOXAAA 3JEeMeHTH M 3Heprup AAf IalbHelmero KpyroBopoTa.

TetTepoTpofoBR MHOrja fedaT HA GHodaroB - OpraHusMH, NOeJallue
IDyTHe XMBHE OpPraHMaMu,- K canpodaroB, Kak NpABMAC, MCIOJbBYOmHX
MepTBHe OpraHMYecKHe OCTATKU(MOPTMAcCY). 3HAUeHHe MOCAEJHMX OCO-
GeHHO BeJMKO B YCKOPEHMM DaslOMeHMA ONaja, MHOrJa 3Ty Tpynny opra-
HMBMOB €lie HasHBaWT IeTpuTofarami.

AHan¥a OHMOreoXMMMyecKMx OQyHKUMA MMBHX OpraHusmos(Tabl. 2),
NIOKABHBAET HACKOJIBKO BeJMKAa M PasHOOOpasHa JeATeJbHOCTDH MMBHX OpD-
TaHuaMoB B Npeflelax Ouochepd. HeTpyIHO BaMeTHTh, YTO OHA OXBATH-
BaeT OCHOBHHE 3BeHbA OMOJOTMUECKOr'O KPYyrOBOpOTA 3JEMEHTOB.

Bropo#t OMoreoxXuMMuecKMf npuHUMN B. M. BepHajicKoro,kak yme ro-
BOPHMJIOCH, CBOIWTCA K 3BOJKIMM BHIOB. B XOJe reoJOrMYeCKOrO BpeMeHH
OHA NPHBOAUT K CO3JAHMK He TOJBKO DasHOOOpAsHHX, HO W YCTONUMBHX
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(GopM XM3HM ¥ WOeT B HanpaBJeHWM, YBEJWUMBAWIEM OHOTEHHYW MMIpaLyio
aroMoB OuocepH. B cBA3M ¢ 3THM BCe BemecTBO OMocdepH MHOIOKDATHO
NPOWNO Yepes MMBHE OpraHuamul. [N MMBHX OpPraHMsMOB OOIME XapakTep
3BOJIOLIMOHHOrO mpouecca, Mo A. H CepepuoBy (1934 ), NpoOMCXOAUT cle-
LyoumyM oSpasom: nyTeM apoMopdosoB, MauoajanTauuil, LEeHOTeHeaoB,
obuweR nereHepauuel. PAacCMOTDMM 3HAUeHHMEe 3TMX NyTel 3SBOJNLUMM AJIA
OHMOJIOIMYECKOr'0 KPYyTOBOPOTa 3JEeMEHTOB.

ApoMopdoan XapaKTepUayoTCd HM3MEHEeHMAMM, IIPM KOTODHX ofmad
SHeprus ¥MaHeledATeJbHOCTH B3POCJHX [TOTOMKOB MOBhHmaeTcd. Ilpoucxo-
Iamas NpyM STOM CMeHa MMBHX OPraHuaMoB GyfieT CONPOBOMIATHCA 38KO-
HOMEeDHHMI M3MEHEeHUsAMM B XapaKkTepe Kpyroeopora. Jle#cTBuUTeJbHO, 3a-
MeHa DenTUIMA MACKOMUTAONMMYA WJM NMANOPOTHUKOB - LBETKOBHMM TpHBe-
Ja, B KOHeYHOM CuYeTe, K YCUIEHMI MHTEeHCHMBHOCTHM OOMEHa MeXIy MMBH-
MH OpraHMaMaM¥ M KOCHOW MaTepuel ¥ oOycJOBWia Bce MOCJeJCTBHSA
CMEHH XapakTepa, UMCJASHHOCTH M OCOOEHHOCTEN MU3HeICeATEJbHOCTH AH-
BbIX OPraHuaMoB.

Mmuoananrauyu, NpY KOTODHX 3HEPI'MA MMaHEAeATEeJHHOCTH He NoO-
BHIBETCA ¥ He [OHMMAeTCds, oOnpejliedseT B HEKOTOPOM CMHCJE CTaGUAb-
HOCTb OHOJOTHYeCcKOTO Kpyropopora (EBEMEa), BKINOYAA ONHOTHMIIHOCTH
NpeBpalieHUA BelecTB.

lleHoreHe3, OCHOBHOM UepTOM KOTOPOr'o HBJAETCA BO3pacTaHue
yMcJia [MOTOMKOB OnNpeflelleHHHX TIpYyNN ¥MBHX OPraHWaMOB, TPUMBOANT K
YCUJIeHU UX POJM B KDYTOBOPOTE M BOBMOMHO K M3MEHEHMI0 ero Harnpas-
JeHHDcTH.H&HDHMED,peaH@e yBeJMyeHHe IpPYNNH reTeporpodoB yckopaeT
npoleccH MUHepaaWsaliy OpraHMUeCKOro BemecTBa,a IpM pPOCTe JHMCJIeH-
HOCTM aBTOTPOJOB MPOUCXONWT MHTEHCHBHHN MepeX0o] 3JeMEHTOB M3 OK-
pyxawlet cpelitl B COCTAB MMBOIO BelleCTRA.

O6was nereHepaumda, NP KOTOPOR BCA 3Heprud MMaHeEeATeNbHOCTH
CHUXdeTCs, MOMET NPUBECTH K YMEHbIEHWI NMOTOKA 3JEMEeHTOB B XMBHE
OpraHMamsl, eclM 3TO NPOAYLEeHTH,a B clyyae c rereporpofamy - K ua-
OHTOYHOMY HaKONJEHMWI0 HePasJOMMBIMXCH PACTUTEJbHHX OCTATKOB.

OBOJIOLIMA MMBHX OpPraHuaMOB OTHOCHTCSH K UYHCAY HauboJee CJIOMHEX
npobaeM, Ho ee CymeCcTBeHHAs poJb AJA KpPYTOBODOTa 3JEMEHTOB B MCTO-
pUH 3eMIM B lieJIOM 3aKOHOMEpHa.

B yCHOBMAX MOCTOSHHOIO M3MeHeHMs OKpysalmed cpefit, OOGYCJOB-
JIEHHOI'0 CMeHOW THIOB KPYyI'OBOPOTA,CYmECTBYNT B3 CHOco6a 3BOJIOLMHM.
[lepeult crioco6, 3TO TOT, NPM KOTOPOM 3BOJIOLMOHHHE H3MEHEeHMA ycle-
BalT cJeJoBaTh 23a KoJeOGAaHUAMM YCJIOBMM cymecTBOBaHﬁs{MHouh,
1979). Bropo - zemndupoBaHue, T.e. HepearvpoBaHMe H& OTHOCHTE.Jb-
HO OhCTpWe  KoJeGaHua  yCJOBMA, UTO OOBACHAETCH BHPAGOTHOR

..15_
NpHCNocoOaeHM! M CYMECTBOBAHMEM AMBHX ODPraHHMaMOB B IMPOKOM AMana-
BOHe YyclOBMA. BeposTHO, UTO 3TH JiRa cnocofa SBOJWIMHM 06ecleuMBalT
CTAOMIBHOCTDE KPYyroOBOPOTA 3JEMEHTOB, KOHEUHO, B ONpefeleHHHX paM-
Kax , oOycJoBJMBawmyX oflee paBHOBeCHe B CHCTeme. B mpoliecce 3Bo-
JOOLMM 0COGyl 8HAUMMOCTh NPUOGPETANT KMHETHUECKHe B8aKOHOMEPHOCTH.
[lpy 3TOM HApAAy C UHCICHHOCTHI OPraHM3MOB BeJMKO 3HAueHHe KOJM-
yecTBa BemecTBa "m", mpeoOpasyeMoro B eIMHHIY BpPeMEHM B BeNeCTBa
JaHHoro BapuaHTra ([Hoxmp, 1979).
lloaToMy npefJomeH KUHETHUECKHMH KpUTepUR oTGopa Ii:

d mi
Ii = ==~ =mi = Ki mi,
dt
rpe I1i - onpepeasercs BeauuMHoA Ki, sBIdomefca (QYHKUMER MHOI'MX

NepeMeHHHNX BelWUWH, onpefleldemMol 3HPeKTHBHOCTBO HCNOJb30BAHMA
NOCTYTameR B CHCTEMYy SHEpPrMM, YCTOAUMBOCTBHO OGPA3OBABIMXCH MaK-
POMOJIeKyl (OpraHusMOB) IO OTHONCHMIO K HeOGNATONDHATHHM YCJAOBHAM
CpeJs.

Takum oOpasoM, pOlb XMBHX OpraHuaMOB B Ouocdepe CBOOMTCS K
ABJCHUAM OMOreHHOM MUTDAlMM SJEMEHTOB. 3Ta MUI'DALMS OCYMeCTBIA-
ercd Gaarofiaps pasHOOGDasHMI OPraHUSMOB HE TOJBKO NO pasMepaM, HO
W O THNaM NHTaHKA, 3BOJOLUMOHHHM OCOOEHHOCTAM M YCJOBHAM XMBHene-
ATEJbHOCTH. Bce 3TO B LeJNOM ¥ MPUBOGUT K HMBMEHEHMN OKpymalomeR
Cpefh.

XuMMueCcKM cocTaB OpPraHMsMOB

OcOGEHHOCTH BO3ZIEACTBMSA MMBHX OpPTaHWSMOB Ha KOCHYI uérepun
8aKMoyaloTcs B NOTPeCJEeHMM MMM 3JEMEHTOB He TOJBKO B DasAMUHHX KO-
JMUeCTBax, HO M B PA3JMUHHX COOTHOMEHMAX.

CocraB Kasoro KOHKDETHOrO OpraHMaMa omnpeflelseTcs Npexie
BCero ero CHcTeMaTHuYeCHOM NPHMHANIEXHOCTEN. B npouecce SBOJOLMH
MBHE OpraHMaMh HaXOJHMIWCh B MOCTOAHHOM BBaMMOJIEMCTBMM C KOCHOM
Cpefioff -~ OCHOBHBM MCTOYHMKOM 3JEMEHTOB - M HACAEJICTBEHHO 3aKpelu-
JH CMNOCOGHOCTD MOTPEGJATD Te MIM MHHE OSJIEMeHTH. ITIOSTOMy XuMu-
UeCKU! COCTAB KAmIoro OpPraHMaMa XDaHWT NPHUBHAKU CBOEr'O NMPOHCXON-
JieHus.

B HaKONIeHMM MAKPO3JEMEHTOB Bejlyliee BHaUeHHe AJA OpPraHMBMOB
MMEeT CHCTeMaTHyeckoe NOJOMEHMe, & JAf MHOTMX MHMKDPOSJEMEHTOER -
reoxuMuueckre ocobeHHOCTH JaHamadTos.
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EcTecTBOMCINTATENM JABHO MNHTAINCH YCTAHOBHTE  SaBHCHMOCTH
Mexy (MBHMONOTMUECKMM NENCTBMEM SJEMEHTOB M MX MECTOM B MEpHOIM-
yeckod cucTeme. Tax, eme B 1885 rosy @. CeCTHHM YCTAHOBMA, YTO
9IeMeHTH, HaKalIMBAlMMeCd B MMBHX OpPraHMaMaX, MMEeRT HeGOJbmyw
aToMHynw Maccy. OGcToATelbHHe Hcclefopanus K Ipmae (1938) noka-
3alM, YTO HauMeHbmeN ANOBHUTOCTHN B PAAY MEJOUHHX MeTaJloB o6Jaza-
eT K, B paly melOYHOBeMeIbHHX SJEeMEHTOB - Ca, a B pAAy raloMfoB
= Cl. lloctimenne K IMpmie B8aKIOUaeTCH B YCTAHOBJEGHMM MM 3aBHCH-
MOCTH (MBHMOINOTrMUECKOro NOBENeHMs SJEMEHTOB OT BEJAMYMH MOHOB M
NMOJHHX DanHMyCOB.

AHAIMBUDYS XMMUUECKMA COCTAB MMBHX  OPraHMBMOB, A E.
Tepcmar(1958) u A, dped-BucaMHr(1935) NOYTH ONHOBPEMEHHO NDMILIA K
BHBOAY, WYTO XM3HEHHO BamHHe 3JEMEHTH IeXaT Ha JMHMM, CcoeIMHAmeN
Yraepoji-apros, Tak HasHBaeMOW JMHMHM "NUTATEeNbHHX BemMECTB", WM
OCcH GIAropofHHX rasoB. Kpome Toro, A.E.JepcMaH BaloXil OCHOBH
3HeprernueckoR auddepeHUMALlH 3JSMEHTOB B MMBOM BemecTie. JeRCTBH-
TelJbHO, B NOCTPOEHMM NMBON KIETKM YUACTBYKOT SJEMEHTH Jerkue, Ko-
TOpHE BHCTYNAKT B KauyeCTBe MOJBMMHHX AHWOHOB M MalHX BeJMUMH
SHEpPrMM pemeTKH. B MepTBHX M OCTATKAX MAET OTHOCHTeJbHOE HaKOM-
JieHKe BJeMeHTOB ¢ Coabmel 3Hepruesf ¥ HauGodee YCTOWUMBOR KpUCTal-
Juueckon pemeTKo#n(Si,Ca,P M mp).

Heckoabko nosme TI'. Kynep(1950) mokasan, uTo cofepsaHue aJge-
MEeHTOB B DacTeHMAX KOppeJMpyeT C OTHOCHTENBHOM CHIOM MOHOB, a
yHKiMYK  NUTATENbHHX BSJEMEHTOR CBA3aHH C MX SHEpPreTUYECKUMH
CBOACTBAMH M CNOCOGHOCTBO BCTYIATh B peaKiyy OKHUCJEHMS-BOCCTAHOB-
ZeHuA. I'. Kymep ycTaHOBUI ONpefieleHHYI 3aBUCHMMOCTb MeMAY 3JAEKTPOA-
HHM TMOTEHUMANOM 3JEeMeHTa M ero CONepXaHHeM B pacTeHMAX. 3aKoHOMep-
HHl  XapaKTep HOCHT CBHA3b 3JEKTPOOTPULATENBHOCTH M KOHIEHTDALMH
SJeMeHTOB B DACTeHHMAX. YCTAHOBJEHO, UTO 3JEeMEHTH B 8aBHCHMOCTH OT
CBOEro CofiepXaHUfl B DAcTEHHAX JielATCHA Ha TPM IPYNNL: KaTHOHOooGpa-
8yumMe, aHMOHOOOpasywmye M INPOMEXYTOYHYN I'DYTNY, HpeficTaBIeHHYD
MeJlie80OM, MapraHueM, aJiMUHMEM - M3BeCTHYI CBOMMM aMfOJMTOMIHHEMUA
CBOACTBaMM M NMPOKMM yyacTHeM B (epMEHTATHMBHHX peaKlMax. Hamow-
HUM, 3JEeKTDOOTPHIATEIBHOCTE [OKA3HBAET COOTHOMEHMe NOJM KOBAJNEHT-
HOM M VMOHHOW CBsizell M paccuMTHBaeTcd nmo gopmyre:E =I(m)/n + F,
rge I(m) - MOTEHUMAN MOHM3AlUMM ATOMA J0 COOTBETCTBYNETO BANEHTHO-
IO COCTOAHMA,KIX/MOIb ; n -BaleHTHOCTb; F- CPOACTBO K SJEKTDOHY,
KIIx/Moxb ( BoaoGyes,1974).

Takum 00pasoM, JAJd XHMMYECKOTO COCTABA pacTeHMA XapaKTepHH
onpellelleHHNe 3aKOHOMEPHOCTH , OOBACHAEMHe 3HEPreTHUECKHMH ocoGeH-

..1?...
HOCTAMM CaMMX 3JeMeHTOB, IOJOX2HHEM B [IeDUOJMUECKOR CHCTeMe M
CNnocOGHOCTBI BCTYNATh B DeaklMM OKMCJIeHMA- BOCCTAHOBISHHA.

OTHOCHTEJBHO 3BOJIOLMY XMMUUECKOI'0 COCTaBa PACTeHHMRA CYmMeCTBY-
€T HecKoJabKo Teopw#. CordacHo A.IL BuhorpamoBy (1935) , cocraB mmu-
BHX OpraHuaMoB HeceT MHPOpMAUMI0 O MX MPOMCXOXIEHMHM. OpUI'MHAJIBHHM
MeXaHKaM, DaCKpHBAKIMA NMPHUMHH GOPMUPOBAHMA HMBKO30JbHHX OpraHMa-
MOB, Ipepuaoxer H C, [laHukoBuM ¥ B. T. EMueBnM (1989),KoTOpHe, B
YaCcTHOCTH, OCHOBHYO NPHUMHY OOpasOBaHMA HMSKOBOJbHHX DacTeHMA BH-
IAT B cnelmduixe B3aUMONEHCTBUA MeXIY MMKPO- M MAKpOOpPraHMaMaMu.

MHTepecHada T'HNOTe3a,  pacKpHBAW@DAA  3BOJIOLMIO . XHMHUUECKOro
cocraBa pacTeHMi npeajoxeHa B. P. Bapuileroi. 3ra r'unoTeaa CBA3HBaeT
B eAMHOe lieJioe MOCJeNOBaTeJhHOCTh BHBETPHUBAHMS NEePBMUHHX MMHepa-
JOB M cTaiau¥ nmoysBooOpasoBaHua ¢ ¢opMMpoBaHMeM oNpeflelleHHHX TpyIn
pacTeHMA. CorJacHo STOR TI'HNOTe3e HAa [epBHX CTaguAX paspymeHus
[MePBHUHHX MMHEDAJIOB, KOT'Ja Cpejla XapaxkTepHaoBalach HeATpaJbHON
peakupedf ¥ M3GHTKOM KANbUMA, GopMHPOBAIMCh KANbUMe(UIbHHE pacTe-
HHUA,Ha BTOpOM - KajaueduabHHe. Ha TpeTheil cTaguM BuBETPHBAHMA BHU-
Ioo6pasoBaHue npMBelso K dopMMpoBaHM0 MaprasiieBo-deppocHIBLodMUAbL-
HHX pacTeHHd. HeKOTOphe NpelCTaBUTeNd 3THX IDYNN pacTeHWK MoKasa-
HH B Tabuql. 4.

JeACTBUTEJbHO, 3Ta I'MNOTEe3a XOpomo KOppeaupyeT C ofmell mocJe-
HOBATeJbHOCTbI0 BHBETPUBAHUS NMEPBUUHKX MUHEDANOB, MILIOCTPHPYEMON
KJacchuyeckol cxemon Toanuua-BoysHa, COTJacHO KOTOPOM B INepByW
ovepejb paspyleHW0 NOABEpraeTCA IDYNNa MAAruoKIas0B, 3aTeM NoJe-
BHX WIIATOB ¥ JUllb B MOCJelHION ouepellb PaspymanTCd KAPKACHHE CHJIM-
KaTH, Cpell KOTODHX KBaplly NMpMHALJexuT Belyllee 3HauyeHWe.B cBA3M C
3TUM, THNoTe3a B. P.BapuueBof, DpDHCYONER 3IBOJKLIMO  XMMHUECKOro
cocTaBa pacTeHul, peJicTaBifdeTcs BecbMa BepOATHON.

CymecTByeT I'DYNNHMPOBKA DAcTeHHMU NO MX NPHYPOUEHHOCTH K THIaM
Jayamagros. Tax,M A T'nasoBckasa(1989) BujeJseT apUAOHUTHHE pacTe-
HUA, SHEepPryyHO HaKalIMBAIMe AHMOI'eHHHE MHMKDOSJEMEeHTH, M T'yMUIO-
KATHHEe BUJAH pacTeHud, paclpoCcTpaHeHHHe B padioHax ¢ NpeobJajaHueM
KHCJIHX [IOYB M HaKANJKWBalIME KATHOHOT'eHHHe 3JEeMEeHTH.

B. A. KoBa, aHaaMsupys XUMMUECKMM COCTABR [MOKPHTOCEMAHHHX M

roJOCeMAHHHX, TPeANOJOMMA, YTO 3BOJIOLMA pacTeHMH CONpOBOXIAJACH
2-/25(



Tab6auua 4
Cranuy BHBeTPMBEHMA M  pasiMuHkWe TPYNNH pacTeHMR
(mo Bapuuepon, 1977 )

B,Co,Mo, Mn,Zn Jas POROREHAPOH.

I T L
| Cragus Jegumur | Borarerso| Cpena Tpynnu |
| BHBEe TPUBaHMS| 3IEMEHTOB| 3JeMEHTOB pacTeHud |
| |
| 1 2 3 4 5 |
| I
| 1 Fe,Zn,Mn Ca HeAT-  KOHONAA, JeH, |
| parb-  ropox, JiolepHa|
| Has |
| |
| |
| |
| |
| . KapTodess, 9610 |
| 2 Ca,Co,Mo, K,Fe,Mn kuc- Hf, POXG, OTYPLK |
| S Jas, |
| CHIBHO |
I Kucaas I
| |
| |
| puc, poxm, |
| 3 Ca,S,Na, Se,Fe, KHC-  anelbCHH, 6aMOyK |
| |
L ]

BO3pacTaHueM B COCTaBe NOrloMaeMhX SJEeMeHTOB NOJM KANbIMd M Ka-
audg, a Takme focdopa, cepH, MATHUA ¥ Medesa NPH YMEHBIEHUM HOJM
KpeMHHA ¥ XJopa. OIHOBPEMEHHO C 3THM YBEJIWUMBAIOCH pasHooGpasue
3JEeMEHTOB, BOBJEK3eMHX B KPYT'OBOPOT B CHMAY POCTa YMCJIEHHOCTH BH-
AIOB pacTeHMM. '

T'naBa 3
Buoreolieso3. OnpejfieleHKe, CTpOeHHe, (YHKIMK

MayueHWe KpyroBopoTa NPOBOIMTCH B npenesax TeppuUTOpMA , KO-
TOpHE JOJMHH GHTH JOCTATOYHO OXHOPORHHW Ha oOnpejeJeHHOM npoTAMe-
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HHM. TAKOW 3JeMeHTApHOR enuHMIleR, corzacHo B. H CykaueBy,CIysuT GH-
oreouenos (BI'). BNl - 3TO yYaCTOK 8eMHOM [OBEpPXHOCTH, TIJfie Ha Ma-
BECTHOM NPOTAMEHMM GMOLIEHO3 ¥ OTBevanmie eMy YacTM aTMochepn, Ju-
Tocep, ruzpochepy M nemocPepH OCTANTCA ONHOPONHHMM M MMEOIMMH
ONHODOIHHA XapaKTep BaaWMOomeACTBHA Mexly coGo#(CykaueB,1946). B
NPUBOAMMOM ONpeleleHUM MOZA OHMOLIEHOBOM NOHMMAETCA OJHOPORHHA Xa-
pakTep ¢uTO- M 300leHO3a B npejesax BIIL

H B. TuModeeB-PecoBCKMI MOAUepKHMBAXN, UTO uepea EI'll He NpOXOAMT
HY OJlHa CYMECTEBEHHAA I'paHulla, MMed B BHAY OMOLIEHOTHYECKY®, INOY-
BEHHYW, THAPOJOTHUECKY®, MAKDOKIMMATHUECKYI M IeOoXHMuuecKyw. Cae-
IyeT AOGaBWTH,UYTO OJHOM M3 BamHefmux uepT BIIl, KpoMe 3STOro, ABIA-
eTcA ONHOTMIIHHM NpOllecC NpeBpamieHUA BemMecTBa M SHEDPIMH.

TepmuHoM, 6avaKuM K BI'l, cxejyeT CUMTaTh MNOHATHE 3KOCHCTEMA,
npenpiaomeHHoe B 1935 r. TaHcau. Ho B oramume oT BI'll, sKocHCTeMa Kak
COBOKYTTHOCTb MMBHX OpraiuMamoB ¥ (uauueckoft cpefn - GeapaaMepHad
eIMHNLA. B OCHOBe ee JiexaT 3KOJOrMyecKMe CBfASH, Torja kKaxk B BI'I -
MeXBUJIOBHE ¥ Tpoduueckue. OMHAKO B HacTosmee Bpema NMOHATHA Bl u
SHOCHCTEMA HCNOJb3YEeTCA KAk CHHOHMMH. I'paHuiu BI'Il MpOBORAT MO rpa-
HALAaM fuTOolLeHOB3a, M. B LEJOM COBIAJANT B YCJIOBMAX HeHApymeHHHX
TEepPUTODPMI C 3SJeMeHTApHHEMM JaHAamaframy mo B. B. [loJHHOBY.

TakuM oOpasoM, OCHOBHOM KIacCH(MKALMOHHON eIMHMLER SBJASNTCA
BI'll, xoTopHe B NMOpAJiKe BOCXOXINEeHMs OOBeAMHAKNTCA B I'DYNNY, KJacc,
dopmaumio, rpynny dopmaimi, kinscc gopmauufi, THn GHMOreolieHO30B, Ha-
KoHel, TN Ouocdeph. Kaxnuy GHOreHOLEHO3 B3aUMOZEACTBYeT ¢ GOJbIMM
YUCJOM COCeNHUX OHOreolleHO30B,00pasysd MHOMECTBO pasJMYHHX CBA-
3eM, ¥ MpeacTaBafeT coOOi CHCTeMy, JMJfA KOTOpDOH XapakTepHa OTHOCH-
TeJbHO 3aMKHyTasd NpPOCTpPAHCTBEHHAd Or'paHMueHHad LeJOCTHOCTD.

Ins XapakTepUCTMKH B3aUMMOJERCTBUA GHOTeOlEeHOB0B NpeJOMEHH
cleliyomye NMOHATMA: 6 MO T e OTr O P M3 0HT - 3JeMeHTapHad GH-
oreomMacca B I'DAHMIAX MapUeJull; C T a 1 ¥ 0 H a I M - BCe NOKOAme-
ecf B KMHETHMUECKOM OTHONEHMM B npefienax EBIIl, oHM OnpefensioT JUCK-
perHocts EIl; 6 M OTr e oNOTOKH- COBOKYIHOCTD MHOXSCTBA
JaTepajen, o6pasyolMX eXMHCTBO M obGecleuMBalmUX CBA3k Mexay BI'M;
JaTepaudau- Bce ABMNymeecd B GMOIODHM3OHTE M2 ONHOM NapUeLiH
B Jpyryw, a Takme Bxogamee B BI'll iy BeXOZAdmee M3 Hero B Jare-
palbHHX HanpaBJeHUSX.

I0. IL BanaopuueM( 1973) npeAJomeHO NATH YACTHHX NPHHLMNOE BHje-
JeHua cucTeM BI'l, KOTOpHEe NMOJE3HO 3HATh NPM MBYUSHMM KDYTOBODOTA.

1. [IpMHLIMNT KOHTpacTHOCTM. CYMHOCTh 3TOrC MNpPHHLUMIA CBOOHTCA K
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ClenyomeMy. YeM SHaunTeJbHee pasiMuMs Mexfy cocefliuMu BT, TeM
GoXbme OHM BBAUMOZENCTBYIT MeMIy COGOM M BEMANT JApYr Ha Apy-
ra. fakTHYeCKM MBYy4eHMe KpYT'OBODOTA HAUMHAETCA C NOMCKA Haubolee
KOHTpacTHHX BI'IL Tak, K. H MasakoB (1970) conocTasisa BeJWUMHH, Xa-
paKTepUaymie  eMKOCTbh GHOJOTHUECKOI'0 KpYTOBOPOTA CONPSAXEHHbX
JaHImafTOB, ¥ NOKA3aN DA3JMuMa B XapakTepe KPYroBOPOTA CpaBHUBAg-
MuX BITl. KOHTPAacTHOCTb DAaCCUMTHBAETCH N BCEMl CYMMH 3SJEMEHTOB, a
Takme AJd OTHeJbHHX 3JEeMEeHTOB.

2. [IpyHLMN MMHMMyMA CBfSed. (HCTeMa MOMET MMETh BXOH TOJBKO Ha
KaKOM-TO ee OTpesKe IpaHMLb. UYame BCeTO 3TOH I'paHMUEN CAYMUT JH-
HUA BOZOpasjiela. Hanpumep, B YCJOBMAX BHDOBHEHHOTO Jaspmadra cBf-
31 Mexny cocefnrumy Bl MMHMMAJIBHH M OTDaHMUMBAIOTCH TOJBKO NOBEPX-
HOCTHHMM ABJECHUAMM - NEPEHOCOM JIeTPHTA, MepeMemeHMeM MMBOTHHX.
Takafd cuTyauus cosjiaeTcid Ha BHDYOKAaX, YepeLywmMXCH C COXpaHWBIM-
MUCH yuacTKam{ Jeca. B 3TOM cJiyyae KOHTpacTHOCTh EMKa cpaBHMBae-
MbX ET'Il MOXeT OGBACHATHCH HCKJIOUNTEIbHO nIpolleccaMi, KOTophe Ipo-
HCXORAT BHYTPHM HCCJEAYEeMbX 3KOCHCTEM,a He 3a CueT CBA3el O0yCJOB-
JIeHHBX,, HAllp¥MeD, MOBEPXHOCTHEMY MJIM TI'DYHTOBHMM BOZISMH.

3. llpuHuMn  B3auMoypaBHMBaeMux BI'I. B npupofe cxomswe BII, or-
HOCAMMECH K ONHOMY THNY, MMENT OIpPOMHOe 3HaueHWe ADPYT AJS ZApYyTa,
TaK Kak ABJAKTCA eCTeCTBEHHHMM pesepBaMy OZHMX M TeX Xe OpraHWa-
MOB. Ecait ozHy ET'I]l GYAyT YHMUTOMEHH, TO MX BOCCTAHOBICHHE BO3MOXHO
8a CueT MnepeHoca, HanmpuMep, CeMAH M3 coXpaHuBmMxca BIIL

4. [IpUHUMN KUHETHUECKON SaKOHUEHHOCTH. JlAHHOe TNOJOMEeHME yT-
BepMIaeT, UTO B NPAaBUJIBHO BHODAHHOM CHCTEME MMENTCH SCHO BHpaweH-
Hee BI'll - HavanbHhe ¥ QUHAJBHHE, INIDM STOM OHM 3aHUMAKT KpakHue
NOBUIMY ‘B NPOCTPAHCTBE. MeXIy HUMM CYmECTBYIT TpaHCcHOpMHUpYIOME
BI'l. Hanpumep, HauajbHHe BI'Il OGHUHO 3aHUMAIOT BepIMHH BOJOpasje-
JOB, TpaHCHOpMUpYHIMe - CKIOHH,a (MHANLHWE NPUYPOYEHH K YCJOBHUAM
AKKYMyJATHBHOrO JaHamadra.

5. [IpMHUMIT MHBADHAHTHOCTH OCHOBH CTDYKTYDHOTO IJaHa GHOTe-
OCHCTEeM. OTOT NPUHLMN BAKJIOUYAETCA B TOM, UYTO CTDYKTYDHWA IJaH
CHCTeMH GCofiee yCTOAUMB 1O CPABHEHMIO C ZDYT'MMM COCTABJHIOmMMYM BI'IL
MHorpa Ha CKJIOHe NMpOMCXOAMT cmeHa BI'Il BcIeAcTBHe NOXapoB MJIM Jpy-
THX NPHYHH, HO HANPaBJAEHHOCTH TeOXHUMMUECKHMX TNOTOKOB, CBASHBAIMX
ET'll, ocraeTcs npexsel. ITO NojpasymeBaeT MHBApHMaHTHOCTD, T.e. Hesa-
BHCHUMOCTD MOBEPXHOCTHHX Y BHYTDHIIOUBEHHWX B3aMMONENCTBMA B mpele-
JaxX KaTeHH, KOTOPHe COXPAHANTCH MOCTOSHHHMH, JaXe €CJM PaCTHTeJb-
HOCTb ¥ XMBOTHOe HaceleHue BI'll usmeHAwTCS.

TakuM o6pasoM, NepeuncleHHHe Bhlle NPUHLMIN  YNIOPAIOYMBAIOT

"

L
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Hallf NpeiCTABJICHWA O© BBaWMOENCTBKMM Mexay BI'll, uro HeoGXomuMMO
yUMTHBaTh NMpH HayueHMM EBMKa. MHoroumclenHwe cBfau BEIIl apyr c npy-
roM OGYyCJAOBRIMBalT O0OpasoBaHMe CJHAeNYOIMX OHOreOLEHOTHYECKHX
CHCTEM: HepasBeTBJEHHHX, Korja Kasuol EI'll cBA3aH TOMBKO C IBYMA
cocemuuMd BI'll, a kKamguil KOHLEBOW TOJBKO C OJHMM M3 CDeIMHHBX;
pasBeTBJSHHHX - KOTZa MMeeTCd HECKOJbKO BeTBell ¥ MO KpaWHeR Mepe
OfMH ya3JoBo# BI'I, M2 KOTOPOro pacXolATCA MJIM CXOOATCH JaTepau;
KOHTYDHHX, KOTOpHe OTJIMUAlTCA NepeKpellBaHWeM cBAsefd memay EII mo
THIIY CETKH, pemeTKH.

HauGoJee pacnpocTpaHeHH B MpUpOZe KOHTYPHHe OHMOreOCHCTEMH,
NpocleXMBawmMecs C HAUAJbHHX CTafMA [pOlleCCOB M0YBOOGDpA30OBa-
HUA. TAKOBHMM ABJIAKTCA KDYTOBMHKH JMIAWHMKOB, HasBaHHWe B. B. [loJh-
HOBHM MMKpoJaHamadramy. OAuH M3 aBTOPOB Nocobua HaGJOAaJa rocee-
HHE MXOB B BHJle KOHTYPOB Ha Topdax M NecuaHeX OTJOMEHHAX B yCJO-
BMAX cCceBepHOR Tanry .3ananHoR Cubupu. [loJuroHanbHuHe G6oJoTa TYHIAP
TaKme CJAYXAT NPUMEPOM KOHTYDHOCTH OHMOI'@OCHCTEM. OTO fABJeHHe IPHBO-
IAT K o6pasoBaHMi0 Y3KMX MoJoc, pasjedwomux GoJee oOmMpHHE Teppu-
TOpUH. IIOHATHO, UTO THUNH KPyrOBOpPOTa B HHMX OYAYT pasauuaThcd. ¥Ya-
KHe noJock o6pasyiTcs BAOJb CTOKA, a Takxe NONepeK CToKa, Hanpu-
Mep ciofia oTHocATcd BI'Il, NOpMypoueHHHe K TMOJHOMMI0 CHKJIOHOB WK
OKANMIAKIME O3epa. 3ITH NOJOCH MrpawT pPoJb I'eOXMMHMUECKHMX ¥ OHOTH-
YecKUX OGapbepOB, TIJie NedTeJbHOCTb MMBHX OpraHM8MOB XapaKTepusy-
eTcs [MOBHMEHHOA GHOreOLeHOTHUECKOR AKTHBHOCTHN. ClefoBaTelbHO,
Jiaxe NMpU paBHOW UMCJIASHHOCTHM MIM GUMoMacce OOHM ¥ Te Me OpraHusMH
WrpaT pA3JUuYHYyl0 poJb B KPYTOBOpOTe B NpelelaX GapbepHHX TeppuUTO-
puil ¥ BHe HX.

Nokazano (CreGaeB,1978),uTo Takue ysKHe MOJOCH, HeCMOTpS Ha
CBOK HEe3HAUWTEJbHOCTDH, ONpeleldlT CTAOUIbHOCTL OGHMPHHX Mexbapb-
epHHX npocTpaHcTB. [loflo6HOe CTpoeHMe, B INpUHLMNE, XapakTepHo IJs
KAMIOro ypOBHA opraHusaimuy OHOreoLEeHOTHYECKHMX cucTeM - oT BI'l mo
6uocdepH B LEJOM, Kak IJA CymM, Tak M JJIA oOKeaHa. TakuM obpa-
30M,Ccyap6a GOoJbmOMX Y4YacTKOB OHMOIe€OLIEHOTHYECKOI'o MOKpoBa M GHOJIO-
T'MYECKOI'0 KpYrOBOpOTa Ha HMX peliaeTCs He yCpeNHEeHHhMM NoKasareis-
MM, @ KpPUTHYeCKUMM GapbepHhMUA CHUTyaLMAMA. YIUBHUTEJbHO, HO 3TO re-
HuaJbHO npepaBuaes B. B. JlokyuyaeB, NOAUEPKHYBIMA NOJOMMTEJbHYI DOJb
JeconoJoc - fakTHyecKM Y3KMX OMOreOLEHOTHYECKHX GapbepoB, aKTHBHO
BAMANIMX HA pexuM MexOapbepHHX NPOCTPAaHCTB.
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T'aaBa 4
[IpOAYKTHRHOCTH

TIPOAYKTHBHOCTD - 3TO CIOCOGHOCTL XMBWX ODIraHMBMOB COSJSBATSH,
KOHCEpBHpPOBaTb M TpaHCOPMMPOBATh OpraHWueckoe BemecTBO (Xpa-
MOB, 1970). 3ra 0COGEHHOCTH MMBOI'O BEmMECTBA SABASETCH MHTET paJbHbM
CBOACTBOM 3KOCHCTEMH M OTHOCHTCA KG BCEM IHMBHM OPraHUaMAM, BKIOYAS
MUKDOPraHuaMe. Cpefd NOCJHeNHMX MH OGHApYMMBAeM OCOSEHHO YHMKANB-
HHE TDyiNH, OOyCROBJAMBAKIME DasHooOpasie (OpM MeTAGOIMBMA W npex-
Je BCero B CNOCOGHOCTY CO3J@BaTh GMOMACCY. MMBHWE OPraHWaMH, pas-
AeJslompecs IO THNaM NUTAHHT, MAKCHMAJbHO MCHNOJB3YNT JIOOHE BO3MOX-
HOCTH [Jfl CBOEM XM3HeJeATeJbHOCTH.

B KamuoM KOHKPeTHOM Clyyae MPOAYKTHBHOCTD -ONpefielieTCs CYyM-
MapHHM BHJIALOM pa3ﬁoo§pa3num rpynn pacreHuf. Ilof 3TUM NOHMMAETCH
COOTHONEHNE ApPEeBECHHX DAcTeHMA, KyCTApHUUKOB M KYCTADHHUKOB, MHO-
rOJIeTHHX W OZHOJETHHX TpaB,ofNaja M NPHPOCTa,YTO O603HAYAETCH Kak
cTpykTypa ¢uroMacch. Tak, ApeBeCHHe DacTeHHMS npeoGAaianT B TPONK-
UecKHX 3KOCHCTeMaX. MeHee 3HAUMTeNbHA MX DOJb B JecaX yMepeHHOM
TeNJIO! 30HW. OTCYTCTBYIT 3TH (ODMH B MOAYTYCTHHHMX, NYCTHHHHX 00-
JacTdX W TyHupax. TpaBH e MpeoGIajianT B CTENAX, HECKONBKO MeHbIe
UX B Jiecax yMepeHHOro mnosca. '

MaKCUMyM OZIHOJIETHUX PacTEeHUA NPUYPOUEH K NYCTHHHHM peryoHam,
8 KyCTapHHUKOB M MOJYKYCTApDHWUKOB - K MOJYIWCTHHHMM 00JacTsM. Ha-
ubolee cOANAHCHPOBAHHOE COOTHONEHNME - MeMLY HpEeBECHMMA KyCcTapHUY-
KaMi M MHOTOJIETHUMM TPaBaMW - XapakTepHO NI AyOOBOI'O DeAKOJeChi.
UYro 3TO O3HayaeT AJd ocoGeHHOCTeR GHMOJOTHYECKOr'o Kpyroeopora? B
SKOCHCTeMax ¢ npeoGJalaHueM ApeBecHHX (ODM OCHOBHAS Macca 3JeMeH-
TOB COCpenOTOYEeHa B MHOTOJETHMX YACTAX, & CKOPOCTB KpYToOBOpPOTa
OonpefielfeTCd UCKIOUUTENbHO CKOPOCTBI [IPpeoGpa3oBaHis Onafa. Tpapsa-
HbM cooGmecTBaM, HaOOOPOT, NpPHUCYN AETPHTHHA THUIl AKKYMYIMDOBAHMS
OPr'aHHyecKoro BemecTBa NP HeGOMBMON aMIIMTYHe Mexay ofme#t duro-
Macco#t ¥ TOAWYHOA NPOAYKUMEN, KOTOpHE GJM3KM Memy coGol. Mawkcu-
MalbHHE CKODOCTH O00OpOTa OpraHWyeckKoro BemECTBA NPHYDOUEHH K
KDaAH¥M BapuaHTaM: C OAHOA CTOPOHH - K TPONMMYECKUM HOXISBHM
JecaM, a C Jpyro# - K NyCTHHAM, Tle 3TO OGYCJOBJICHO He TOJBKO
npeoSJaaHueM OJHOJETHUX pacTeHMfl, HO M OHCTPOM peLMpKYJsILHeR
3JeMEHTOB, OCOGEHHO BOBpacTawmedf MPH OpOeHMH.

CymecTBeHHOe 3HAUeHMe MMeeT DasHOOOpasMe DacTEHMH, MaKCUMyM
KOTOPHX NPUXOOUTCH HA 30HY YMEpPEeHHOro KAMMAaTa. TaK, 3JaKOBHUKM 6O-

]
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raue, uem Jeca GoJee BJAMHHX VCIOBMA cpelld, a CyXHe pelKoJechs
ooraue, ueM COMKHyTHe Jeca. [IpyuMHA 3aKmOYaeTCAd B OMPOKOM AHama-
80He YCJOBMP B MOUBaX MOCAeIHHMX, MeHee MOJBEPMeHHHX BJHSHHIO NOJO-
ra JjepesbeB, a IO3TOMY B HMX OoJbile BMAOB, YeM B COCHOBHX MIM
[UXTOBHX Jecax (YHTTekkep,1980). PasHoo6pasHe pacTeHHMA NOBHmAST
BHJIOBY0 UMCJEHHOCTb reTepoTpooB, HaMeHAeT COOTHOmMEeHHe NoTpebisde-
MhX 3JEeMEHTOBR M CHMHTe3 OPraHMUeCKHMX COeIMHEeHHMH - YCTOWUMBHX M He-
YCTOMUMBHX 1O OTHONEHHMIO K HECTDYKLMHM, OoraThX ¥ OeIHHX 3HepreTu-
yecKU. PasgooOpasue pacTeHHMH OOGyCIOBIMBAET, TaKMM 06pasoM, TOT
CNIEKTD COeJUHEeHHWN, KOTODHA BaseH AJA oO0pasoBaHid chelnfHueCcKHX
T'YMYyCOBHX BemeCTB.

He cayuaitHo,uTO OfHOM 3 IPUUMH (OPMMPOBAHHSA BHCOKOKOH-
IeHCHPOBAHHHX I'YMyCOBHX BemECTB B UepHO3eMaX SBJAETCH,IpelnoioxM-
TeJbHO, GoJbloe pasHooOpasHe pacTeHMA JYTOBHX cTenel, obecleunBan-
IMX NHWPOKYI NeATelbHOCTh CaNpOTPOPHOrO KOMIIEKCA.

CymecTBeHHOEe BHMMAaHME TIPM MaYUeHMM KDPYTOBOpOTa YAEJANT NpO-
IYKLMOHHOA MHBEPHAHTHOCTHM DACTUTEJLHOT'O MOKDOBA,ION KOTOPON MOHM-
MaKT CHNOCOOHOCTH OHOreOLEHOTHUECKHX CHMCTEeM K HNOCTUMSHMIO M MOAnep-
XAHMI0 B TeueHWe MJAMTEJHHOT'O BpPEeMEHU OAMHAKOBOI'O YPOBHA OHOJOI'HM-
YeCKON NPOAYKTHMBHOCTH. B COOTBETCTBHMM C OCOGEHHOCTAMHM OKpymamei
cpeliH ¥ CYKLUECCHOHHHMH SBJCHHMAMM [Js JeCHHWX GHOreOlieHOBOB BHAekA-
10T HECKOJbKO BaxHeMIMX MEPUONOB.

[lpeIMHBAPHYAHTHHA NEPHOJ, XApaKTEePH3YeT YCJAOBHUS,NIPH  KOTODHX
IOCTYNHAd UAacTh peCYpCOB OKasnBaeTCH yMe OCBOEHHOW DacTeHHMAMM K
MOMEHTY HaOJIOIeHHd, U naahneﬁmee'ynennqeﬂﬂe MX NpoAyKuMM oO0ycloB-
JeHO BOBJeYeHHMeM B KDYTOBOPOT NPOYHOCBASAHHHEX (OpM NUTATENbHEX
3neMeHTOB ( PoMIecTBeHCKMMA, YTKMH,1986).

MHBApHAHTHOMY NEepHOZLYy  CBOWCTBEHHO [IOUTH [OJHOE OCBOEHHe
pecypcoB MecTooOuTaHudA. JaibHejmee YBeJWUEHUE MPOAYKTUBHOCTH Ape-
BOCTOA CONPDOBOMIAETCH COKpameHUeM De3epPBHHX DEeCYPCOB CpeflH.

[loCTHHBAPHAHTHLHI NepHOL XapaKTepusayeTCdA HEeNOJHHM WCIOJb30Ba-
HHEM pecypcoB MECTOOOMTAHMA, HO B OTJMUME OT IpelVHBApUMAHTHOTO
nepyoa HeNOMCIOJb30BaHMe pecypcoB CBABaAHO C NOoTepelt CNoCOGHOCTH
IpeBOCTOA MNOANepMBATh ONTHUMANBHYK CTPYKTYDY.

JocTHXeHME MHBApHAHTHOTO YPOBHA INPOAYKTMBHOCTH B CXOJIHHX
MECTOOGUTAHUAX MOXST MATH pasHuMM NyTAMMA. Baarozaps MpOIyKLMOHHON
MHBApUAHTHOCTH YCTOAUMBOCTb PACTMTENBbHOTO NOKPOBA B ILeJOM [pe-
BOCXOIOMT CTabMIABHOCTH OTAeJbHO B3aTOro ¢uroueHoaa. [IpuMepoM npo-
AYKUMOHHOW HMHBApDMAHTHOCTH fBJdeTcd OJAMB0CTH BeJMUMH T'OAMYHON MpO-
OYKTHBHOCTH MeJKOJMUCTBEHHHX IIOpOX Ha BHpyOKax - 11 - 14 tv/ra c
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8HAJOTHMYHHMK TIOKA3aTeldMM AAf eIbHMKOB B BospacTe 30-80 Jer.

i OLEHKH BIMAHMA Tellla ¥ BJAry Ha NPOAYKTHBHOCTH MCNOAb3Y-
OTCH pasHoOOpasHHe MoKasarelM, CpelM HMX Bejymee 3HAUEHHE MMeeT
palMauMoOHHHR MEAeKCc cyxocTH ( R/Lr), rge Lr- KoawyecTBO Tenaa,
HeoOXOAMMOe IAd MCNapeHHs I'OIOBOM CYMMH OCAJIkOB,r - ocajku,L -
CcKpwTas TemioTa (A30BWX NepexoloB, R - pagMalMOHHHA GaljaHc .
CBA3b NPOAYKTHBHOCTH C YCIOBHAMM YBJAMHEHMS HEONMHAKOBA. IIpM STOM
emerofHad MPOAYKUMA CHMMaeTCA IpPH YBEAWUSHHMHM MHIEKCA CYXOCTH,
TOrja Kak np¥ oOmeM YBeJMUeHWM DajualMOHHOro Gajanca NOoBHmaeTcs. B
YCIOBHMAX HHMBKHMX BHAUeHMA pajWallMOHHOro OajsaHca NpuGaBKa Temaa
NPYBOZMT K OHCTPOMY POCTY NPOAYKUMH, & NpH BHCOKOM OGECNeUeHHOCTH
TellIOM OTHOCHTeJbHOe NpHpalieHWe NPOAYKLMM HEeCKOJAbKO MeHbme ( pHC.
2).

¥aMeHeHMe BEJWUMH I'OJWYHOR NMPOXYKLMM, PacCMOTPEHHHX B KOOp-
IVMHATHOR cHcTeMe R - R/Lr noxasuBaeT, YTO NpPY MHAEKCE CYXOCTH, He
NpeBHEAKNEM BeaWuMHH 0,5 M 3HaueHMAX R He Bume 40 Huamfcuanponyx~
THBHOCTb OHCTPO BO3pacTaeT B CTOPOHY Temsa. Ecau sHaueHMs R Goab-
me 40 Kkan/cM B rof ¥ R/L Goxbme 1,0, B yBeaMUeHMHM NpHUpOCTa, 3HA-
UiTelbHasA POJb NPUHARJENHT ywe VYBIAXHeHHO.Ha OCHOBaHMM CpaBHH-
TeJbHOro aHaausa A. B JlposnoBy(1969) yrmasoch mokasaTh, 4YTo "...
AAA ROCTHMeHMA HaWGOAbmeNd NPOJYKTMBHOCTH MHAEKC CYXOCTH, paBHHA
I OIMBKHA efiMHMIE, He AJf BCeX TeMNOBHX NMOSCOB SBASETCH ONTH-
MAJbHEM, "'

B ofmeM BHfle CKOPOCTDH KBMEHEHMA sanacoB (uromaccH (no Byzu-
Ko, 1969 ) BO BpeMeHM NpelCTABIEHA B BHJe YPaBHEHMS :

dM
--- = A(S) - Bm (S) - B (m),
dt

rae A(S) - QoTOCHMHTE3 B CJOe DACTHTEABHOTO NMOKPOBA, SABMCHIMA OT
, BEIMUMHH JUCTOBOT'O MHIeKca S ( OTHOWNEHHMe NOBEPXHOCTHM JHCTBEB K
 NIOmATH, 3aHMMaeMOd PAacTHTeJbHHM NMOKPOBOM); BmS -pacxos opraHu-
UECKOro BemecTBa HA ZHXaHMHE M Ha OTMMpaHMe OTJeJbHHX OpraHoB
pacTeHufl (B - Kos{@MUMEHT NPONOPLMOHAABHOCTH, M - MAcCa JWCTHEER,
MMENIMX eZMHMUYHYO NOBEPXHOCTH); B(m) -~ oOmMA pacXoji OpraHWyecKoro
BemecTsa Ha [JbXaHWe W Ha OTMMpaHMe OTMeJbHHX OPI'aHOB pacTe-
Hufl,(rle m - Macca OpPraHWuecKOr'o BeMeCTBa, 3aKMOUSHHOTO BO BCeX
opraHax pacTeHHMH, KpoMe JAMCTHEB).
PacueTH nokasamM, 4yTO B NepBhe IOAH OGPA30BAHMS PACTUTEJBHO-
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ro IIOKpOBa, KOrZa BeJWuyMHA JMCTOBOI'O MHIEKCA BOBpPacTaeT, CKOPOCTH
HaKoNJeHWs (UTOMACCH NMPUOJMMAETCH K ONTHMMAIBHOA M 3arTeM YOHBAaeT.
B pamKax KOJMUECTBEHHOR TeOpPHMM (OTOCHHTETHUECKON JAesTelb-
HOCTH PacTHMTEJbHOr'0 NOKpOBa, MHTEHCHMBHOCT® (OTOCHHTe3a ABIAETCH

R, KKal/ CMa* roxn
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Puc. 2 MaMeHeHMe TOJUUHOrO NpupocTal(B OOJAX eIWHMIH, O6G03Ha-
yawmen MaKCHMAJbHHM NPUPOCT) B 3aBMCHMOCTM OT pajMallMoHHOro 6a-
JaHca M yCJOBMA yBaaxHeHuda (no Jlposjory,1969)

dyHkumed DAP; KOHUeHTpauyu CO, ¥ NMOBEDXHOCTH; TeMIepaTypH 3JeMeH-
Ta OMOMAcCH; MoKasaTelel BOLHOT'O ¥ MUHEPAJbHOI'O NUTaHMA. C yueTOM
pacxofoB Ha JHXaHWe IJA Kaxgoro sjemeHTra ( i) OMomaccH ( KOpHeR,
JUCTHEB M T.H.) H3MeHeHMe cyXol Ouomacch (mi) Bo BpemeHM (t) Oy-
IeT PaBHO:
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dmi

--=- = VFi + Wi(mi,t)-Vi(t),

dt
rge Fi - rasoobMeH i-TOro opraia GHOMAcCH B JIOGOA MOMEHT BPEMEHH;
V -nepexofHs® KO3(IMUMEHT OT KomMyecTBa CO, K KOIMUECTBY CyXon
duroMaccH; Wi - CKOPOCTH NPHTOKA MM NOTEeDM BEmeCTBA i-TOro opra-
Ha B eIMHNLY BpemeHM; Vi - onajieHue MEpTBHX MIM NOrMOHMX yacTed
i-Toro opraHa pacTeHHM. YcTaHoBIeHMe ¢yHKMm Fi,Wi M Vi nossoaser
HafTH KpHBHE POCTA MO OTMeJbHHM OpraHaM pacTeHMH.

I'naBa 5
BrOJOrMUeCKU KpyTOBOPOT. OCHOBHNE NOHATHA. Knaccudukaums

KpyroBopoT - ofmee NMOHATHMe, O06GO3HAUANEe LWPKYJAALMIO OpPraHM-
YeCKOro BemecTBa, OJJEeMEHTOB MJIM 3HEPrMM B eCTeCTBEeHHHX MJM
MCKYCCTBEHHBX 3KocHcTemax. CoraacHo I0. Ogyma (1986),B KpyrosopoTe
pasauuair nBa QoHma: pesepBHHN, ~ GOJBMYH MACCY MeNJEHHO NIBUXY-
MXCH BemeCTB, MNpPeUMymEeCTBEHHO 3aKJIOYANMXCH B HeOHOJOIMUSCKUX
O0BeKTaX M MOJBMMHHNA, MM OOMEHHW, (OHA - MeHbIMHA, HO GoJee aK-
THBHHA, AJA KOTOPOrO XapaKkTepeH OHCTPHi OGMEH MeXIy OpraHusMaMi M
X HENOCPeJCTBEHHHM OKDYXSHHEM.

Mo GMOJOTrHUECKUM KDYT'OBOPOTOM ( PeMeaos, PoauH, Basuae-
BMY,1968) NOHMMAETCA NOCTYNJICHME 3JEMEHTOB M3 aTMoc(epH M IOYBH B
XBHE OpraHuamh, OHOXMMMUECKHMMA CHHTE2 M 3aKpelJeHue XHMUUECKUX
9JeMEHTOB B OpraHMYeCKOM BeNMEeCTBe pacTeHMAA ¥ BOSEpaleHHe UX B
nouBy M arMocgepy C emerofiHHM ONAaOM YacTH OPraHWyYeCKOro BemecTsa
WI¥ C MOJHOCTBK OTMEPUMMM OpraHW3MamM¥, BXOIANMMH B COCTAB GHOr'eo-
ueHosa. Illo A. A. TwrasaHoBo# (1987) KpyroBOpOT MNpejcTaBaseT Co6O#
COBOKYIIHOCTE OMOTHYECKMX [pOLECCOB, a K aGHOTHUECKHMM OHAa OT-
HOCHUT, HallpuMep, NOCTYNJeHHe 3JEeMeHTOB ¢ arMocepHHMM ocafjxaMuM ¥
[MOYBEHHHMY BOJaMH.

Kpome oOumero MoHATHA KPYTOBOPOTA, MCHOAB3YETCHA AN APYTHX MO-
HATHA, TAKUX KaK OOMeH BelecTB, UMKJAN M ApPyTHe. 3a HEeMHOTHMM WCK-
JIOYeHHeM B OCHOBe OOJBIMHCTBA TEDMMHOB JEMMT "GHMOreHHHMA TOK" 3Je-
MEHTOB N0 B. J. BepHaIcKOMy, KOTODHY HalJonaeTCs MemIy MMBHM Be-
WeCTBOM M KOCHOM MaTepueR. OHAKO HYXHO YUMTHBATh, UTO NpAMOe Baa-
MMOZIefiCTEME MeXIy MMBHMM OpraHHaMami ¥ KOCHOR MaTepuen npeuMy-
MeCTBEHHO XapaKTepHO JJA HAYAJbHHX 3TalOB Kpyrosopora. Ilo Mepe
pasBuTha Bl NPOMCXOZMT He TOJNBKO YCIOMHEHHME CBA3E! MENMLY KOMIO-
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HeHTam# BI'll, HO ¥ 3ameHa MpPAMOrO BJIMAHWA MMBHX OpPraHHMBMOB B
CHCTeMe Ha OmocpefioBaHHOe. 9T0 OOYCIOBIEHO PANOM ABICHHMHA, TAKUX
Kak o0pasoBaHye NeTPHUTa, BKINYANMEro MOACTHIKY,'YMYC, IDYTYO MOpT-
Maccy,a rakme (opMMpOBaHKe OpPraHOMMHEDAJbHHX COeNHWHeHMN.

B mMpoKOM NMOHMMAHMM OHOTeOXMMMUECKMH KpyroBOpOoT o0G603HauaeT
COBOKYTIHOE JIeACTBMe OMOreHHHX M abMOTeHHHX NpolieccoB. CHHOHHMAMH
3TOr'0 MNOHATHHA ABIANTCA OMOreOXMMHUYECKHe UMKIH, OHMOreoXuMuuecKas
murpaums. CoraacHo L Onyma, OMOreoXMMMUecHMe LMKJIH pasfielfioTcs Ha
JiBa THO&: KPYTOBOPOT I'as0oo0pasHuHX BEemMEeCTBE C pe2epBHHM (QOHAOM B
armocepe umM ruppocdepe; OCANOYHHA UMKJ C DeseDBHHM (OHAOM B
3EeMHOR Kope.

PoCcT MMBHX OpPraHMaMOB YBelIWUMBAET BpeMd NpeChBaHWA 3ISMEHTOB
B TpofuuecKux sBeHbAX, a o6pas3QBaHMe MeTPUTA NDHUBOIUT K TOMY, YTO
XMBHe OpraHMaMi NOTJIOWANT 3JeMeHTH He TOJbKO M3 MMHEpaJbHOM YacTH
nousH. IlpyyeM B OTHEJbHHX CJydyadX NOTpeGJeHWe SIEeMEHTOB W3 MeTpU-
Ta HOCTHraeT 3HAUMTEJbHHX BelWuMH. TakK,NOCTyNIeHHe HEeKOTOPHX 3Je-
MEHTOB M3 NOACTHMIKM B [PEeBeCHHM HApPyC B COCHOBWX HacamIeHMAX
cocTaBafeT MHOrfa o 70% OT MX O6mero NoTpeGAeHMH.

PaccMaTpuBas KpyroBOpOT, HEJb3R He YUMTHBATh BpEMd, B Teue-
HHe KOTOpPOro 3JeMeHT MepelBUraeTCA BHYTDH MMBHX OpPraHW3MOB, B
YaCcTHOCTHM,B DAacTeHMAX. YCTAHOBIEHO, UTO B HEKOTODHX CAyuyasX 3Je-
MEHT NepeBMraeTcd MO MOBEPXHOCTH KODHEBHX CHCTEM.

Mepapxusa KpyroBopoToB, [0 B. B CHakuMHy(1987), BKIOUaeT TpPH Bam- -
HeluMX THna: OHOJOrMUEeCKHA, reoJOruuecKMi M GHMOreHHHMN. Ecam 6GMoJo-
I'MYECKHA KPYTOBOPOT NPOTEKAeT Ha YPOBHE MMBHX ODI'aHM3MOB, TO GMO-
reHHHA TpeficTaBlAeT COGOA COBOKYNHOCTBH INPOUECCOB, NPOMCXOAAIMX B
npefeaax BI'Tl ( GHMOJOrMuecKHUl );MeXAy CONDAMSHHHMM eIMHHM LIMKJIOM
murpauuu BI'I( GMOreoXMMMUeCKHR ); MEXITY cHUCTeMaMu GMOTI'eOlieHD30B Ha
YPOBHEe TI'eOXMMHUeCKHMX JaHAamadToB (reoXMMMUeCKHMA KpYTOBOpOT).

TakuM o6pasoM, 3TOT MOAXOX MOAPOGHO ONMMCHBAET KPYTOBOPOT B "
PANY MMBHE OpraHMaMH - OMOT'eOLEHO2 - reoXMMMUecKHMR JaHpmadr.

PexuMu GHOJOI'MYECKOT'O KpyT'OBOpOTa

XapaKTepUCTHKHM GMOJOI'MUECKOT'O KpYroBOpOTa, I[IOJyUeHHHEe  Ha
OCHOBE ONHOKDATHOI'O B3fATHA OMOMACCH, NOJe3HW IpPH CPABHUTEIBHOM
aHaJuae pasJMuHHX 3KocucTeM. Ho GoJee TOUYHO CYIMTH O Xapakrepe
GMOJOTMUECKOTO KPYT'OBOPOTa M CaMoe IJaBHOe O ero (yHKIMOHKPOBAHMM
MONHO Ha OCHOBe M3YUeHMs DEeXVMOB KpyTroBOpOTa.

Tlon ycTOAYMBOCTBI0 KPYT'OBOPOTA CleAyeT MOHMMATDL TaKyl LIMKIMY-




















































































