I, P. TETAUBIIN
BIMAHME JMEVXBAIEBHTHLYX KATHOHOB HA TEILIORYD
JEHATYPALI) K B PACTBOPAX
Incceprauns

HB CONCRMMS ywemoff CTONOHE RKariu-
RETA CHEONOPMMECKEX HAYE

ROXTOD CHONOTHMECIMX HAYE
mpodeccop M. M. SAATHIBI.

Tommen - 1977 ».
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"HHKTO HHKOII2 HE COMHEBAJNCH E TOM,

yro JHK - norossHO CHALHSS KUCIOTS.

A 7OTOMy P YCAOBHSX OPranMsMg BOIUSH
OT OTpAL2TEeNRHO SapsaxeHHMuXx rpyan JHE
BCerla HaXOWATCHA [IOJOXETE/NHHO SapAXeH-
HEE HOHR — CKaKem HOTDHH WId MOIHES,
KOTOpHE HX HeiTpamsynr"

Jx. A.Yorcor, "lpolines cnupams”.

lomano onpeseeRHOro HHTEpeCa K JUIMKOXUMHNECKHM 1POCIEMay
CRASUBSHEA HomMOR merammor c¢ JHK g PHK, umu, 0o wemnmeli wepe, Ho~
TOIE30RSHMD IPUX HOHOP P XHMWH HyK/IGHHOPEX KMCAOT, - UHTEHCHRHHE
HBCCeNOPAHMA BISUMONGECTRAH MEXIY IPYXPaNSHTHHMY KATHOHEMA ¥ HyK-
HEHHOPHME KHCIOTaMA MOTHRUDOROHN, P OCHOBHOM, TeNM OGCTOATENLCTEOM,
9T0 CyWecTRyeT DA BECIepUMEHTaNBHEX QaKTOR, EacalmuUxcs BaxHOU
PONE ITUX KATHOHOP P CEMEX PESHOOOPaSENX {yEKUMSX HYKICMHOBRHX
K#CI0T,

Kmouow ¥ NMOHMMBHED POBMOXHOE DONE NBYXBaNCHTHHX K&TUOHOR P
GHONOTHYECKHX npoueccax, IpoTeKawmux B aAnpe, sRigercd TOT dexT,
40 OHM oOHapyzansawrca 3 JHK u PHK, SKkcTparuporsHHLX M8 KAGTHN,
OyAyud UPOYHO CRASSHHEME ¢ HEMA. Joxep /I1,2/ nonpoGHo mSyu#R coc-
T8F BHCOKOOUMueHHuX npenaparTor PHK 43 pasiuyHEX OpPraHOB MISKOIUTa-
DX Eug?enu gracitlis  ofmapymmn, 9To B MX COCTSR Pcerns BXOZET
raiie veramas kak Mg , Ca ,Ba ,Sr 4, Fe 4 Cu s Ma o Zn o
Ni . 911 xe veTanms, HO P MEHBUKX KOHNEHTPALMAX ONIM oOHapyXeHy
v B cocrepe JHK munenesHod us neveHu Ouka /2/. losmuee » padorex
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Aunpouskaurans & 1p. /3,4/ Swio nokssaso, uro mowmwo Mgt @ Ca’’
® cocrape MK » HanConee SamMeTHUX KONWYECTREX BeTpeuapTes /Zn’t
Cu y F™ @ Mn®", npuves xoENEHTpanAs STAX METEWIOR, ERpa=
XeHHad P MONAX/HYKIGOTHI, loudmorm"zmm"‘. Ommaxo exe
sancaro no Yowepa, Mesue ycresmormn /5/, uro mepceE @ umrpar, CRE-
suamgge  Co’* @ Mg , MOFYT GONHOCTSD PSpYUSTH XPOMOCOME
B Cpele ¢ HeCoibmol WOHHOJ cumoii. Kek muscHMEOCH » naasHedaen,
orcyrerrse momor (o' & Mq*™* ® nuveTeasmod cpeme meneT k gpar-
WEHTELME XPOMOCOM ¥ HSDYueHED #X CTPYRTyp: /6/. Jammwe oTux pador
1ospoaRaE JpASy UPELICAORETH, uTo C o' & Mq™ amnmores cocrerm-
Ml GacTHAME XPOMOCOM, ¥ YTO YHMENMA 2THX KaTHOHOD - O0ECIGUeHHe He-
IPEPHIHOCTH XPOMOCOM (0 ANMMHE (IyTel CRESKEGHHE OTNENHELX MOIEKY X
nesokcunyx gseonporeuns /7/. Oxasanoch, uT0 IEYXPECHTHHE KSTHOHW
HE TONBKO CTCAMMSUPYRY wMOponoraw weTedesHyx xpomocor /8/, HO &
DIILINT He NeKORJCHCALMD XPOMOCOMHLX HHTEd HamHoro sfdextarsee me-
nouHEx meranxos /9/. Kpome roro, Moyares-fawen » 1963 r. oaySmaxo-
Hail JaHHNe OTHOCHTeNBNO FIMAHMA WOHOR METANIOE HA IQAEICREE XDPOMO~
COMHVX MyTalEM - adeppaumii /I0#4. NyTereHHOe feiCTPEE MHOTHX KETEI-
ICE OENO OCH8pYXeHO eme poHbue. Jewepex MpOTEMOHCTDAPOREN MyTareH-
HO® jeidcTrde conedl mspremns u menesa He [.coll  pepeprapymgsx
43 38PMCHMON P HESARMCHMy® OT cTpenvoMmauasa Jopmy /I11/, a Podepre
odmapyzan, wro Mq™ @ Co™ ruswmewr myremms nyrew mosneicrsus
#a cTpyxTypy JHK /I2/. lorwseHHWe KOHUGHTPSUMA HOHOF MEPIEHUS
EO MHOIEX CIy“asdX Takxe /auT HDKO BHpaxeHHwl wyrareHEw/ afdexTt
/13/, a HOHE MeNd MHELMEDYRT KK 1parano myrswas » [Docillus suBti-
s, opavem cocvsr ocHOReRME MyTamTHOA JHK OueNs CHEBHO OTMAuE-
eTCa OT QMKOro Téla /I4/. JiXopHOM Guis IpelIOKeHs (ONySMIMDASECKas



THIIOTe38, COPNBCHO KOTOPOAd OTHOCHTENBHO FHCOKHE KOHLEHTDSLMH ABYX—
BaNGHTHEX KATHOHOB IPHBONAT K 10TEPH KOMIUTAMEHTApHOCTH OCHORSHMi
JHK, 9TO NONEHO NPHBONATH K HapyWeHHAM B [POUECCaX DelIHKanad,
TPaHCKDUNUMA ¥ Tpamcampau /I5/. VoHs IByXPaneHTHHX METALNOP Aeli-
CTEETENBHO UI'PapT KINYEBYD DONb BO BCEX JepMEHNTATHRHNX Deakuaax
C yuacTHeM HyKASHMHOBWX kHMcnor. llepeue namHWe 06 HHIWOHPORAHNE SK—
rapsocTa PHE-asu MeTaizems pcTpevswres ewe » 40-x roxsx /16,17/.
losamee Mercyumra odHapyxun vopmossuee neicreme -~ Cu’' @ Zo'' ma
GKTHRHOCTH 3-HykneoTauasy (3 . iasa K@ 3.1.
3.8) /18/. Takoe xe meiicreae Ha 9ToT Jepwent okaswean (o' , @
Ca®* s Ba® = Mq™ cunocoSersomems moBmwesMb ero exTuEHOCTH /18/.
Yucdepr » 1998 r. PuAPHA yBenMucHAe axktapHocTH K-8y 101 EBAASHE-
ev Mg o M , C®* ® Co* /I9/. 9vm nammwe mawnx moxreep-
xnesue » padore Croyms /20/, ® koropoll mokesaso, wro Mn*' x Mg
axrupupybr MHK-asy ms Streptococcus P’laemogé’cicus. @ uTo neicTmEE

atux meranxor ycmwmmaeres Co”' = Sr™* . M¢** @ Mn*, no-sa-
JENONY , CaMBE He3aNeHNMBe H3 BCeX KaTHOHOR, HeOOXOMdM: # Iud GHo-
CHETe38 HyKnemmoOBPNX kucioT. Tak, axruesocTs JHE-monmuwepasy u PHK-
nHommMepasy sepmcut of mpucyrerems Mn’" mm Mgq’*/21/, a ® padore
/22/ Guno IOKasaHo, 4T0 CkopocTh OHocusTesa JHE » sHaudTe nbHOI
CTEeNeRN 38RHCHT OT KOHUEHTPAUAN g‘“, M2* @ Ca®" . newTcs Tak-
Xe JNaHHEEe O HeOoOXOMMOCTH mmHks nna cunress JHK nevemsb kpucu /23/.
CrexyeT OTMETHTH HEOOHKHOREHHYK COGUUHUYHOCTH P NEUCTRAE TOrO UIH
mHoro wevamnns. Tak, JHE-nondmepass HavYHHaeT ESTOTORIATL OWAGCOYHEE
komum mpi saveme Mq’' ma Mn’" /24/. [fE-ssa I, xoropas oGHuHO
paspupaer onHy #s meneil JHK » npmcyrcrems Mg’' , momer pmswpars
aRoiiHne paspwey » mpucyrersmm Mn?' w Cu’*  /25/ Kpowe roro, 1o
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napEuM Jnyreana /26/ camves [HK, wrorainsapyenuil noammepasei ms
Micrococcus Quteus ¢ momm ( ql : gU, ) B rRavecTBe METDMINH, Des~
Ko axrmenpyercs mpa samcse Mq®' sa Mn’', Cmenyer ciasars, wro
BO BCEX BuMEHPABENEHHHX CHTYSIMfAX PCersa OHpaeT OYend TPY1HO OHpe-
ReJMTH, AIPAOT AN BYXBANEHTHHE KATNORN CBOD POJb Ra ypOBRE CYO-
crpata nam (fepMenta. Buap 01BAR0 JOKAsalo, 9P0 P caywse [HK-asu I
ONTHMYN HOBHEHPDAIME APYXP4ACHTHEX METANIOB BO3pacTac? C KoHDeH=-
rpammedl K /27/. Kpome Toro, mspecrmo, wro axrupamus S-focformne-
pass  Mn™  pusuraevcs oTHONS He HENOCPEICTBERNNM CRASHBAEMGH
RaPnops ¢ JepMenTol, & Ckopee ROBpPODMGIMOHHLM Wavenennem ANL u ATO,
conpoposgapmme cessuramme Mn™' 28/, looromy mmewmrcs ocsomsmms
ROppempoBaTh faveHeuNs DHsAMaTAYeCxOfl ARTANEOCTH P Eponeccax rese-
THYECHOI0 MeTad0/memra ¢ XoRJOTMEIMOHEEMA NSMEREHRAMA RYRJASAH)BHX
KnC 0T 1071 BAMAHBeN NRYXPAJCHTHEX METAAN-A0ROB. [o-PAnaMory, MMen-
O 3T0 OGCTOATEABCTBO OGYCHOBAND SoABMOS EOAMYECTEO BCCJejoBannii,
NOCBANEBHEX PSammoleficTBND NBYXBANCHTHHX Meraanoe ¢ JHE,

B mccaenoBaBny ¢ pAsHBanng mMeTaanos ¢ [JHE Gma0 HACHOALSOBAHO
JoNBRIeS ROMNUECTRC CAMHX pasHOOIpasHEX mMeTonom. He pjamaacs ¢ noge
POSHOCTH, CAUEEeNM MMnb, YTC BCE OHR NPUMERAMMCH AR DeNeHRS YeTHpSX
OCROBREX THIOB AHR/MTANECRAX NPoSAeM: YCTAROBASHAS NPADPONH CBASH-
BADMAI'C NEHTPa, CTEXNOMETPHZ N SHENreTHEA CEA3RBARAN, H3uenennii
B KoRjopwaimn B CTPYRTYpPE, & TAKRe KARETNKR NpOLecca CBASHBARALA,.
Miccaenopannsa koBQOPMAIMOHANX B CTPYETYPHEX 4CHEETOB NpPOBO HARCH
noxanyi mamdosece MHTEHCHBHO, OpAYEM MOXHO BH{EJATE GEC OCHOBHHE
rpynnn MeToioB. K meppoli rpynie OTHOCATCH T.H. MODPOJOrAYECENe Me-
TOIH, TARNE KAK BACROBMMETDUA /29/, anexTpofopes /30/, cmeropacces~
anme /31/, mmaJeRTpMYCCKEs pesakcamms /32/, cemaMcRTaImMSs /33/ R
RAXpomsN B noTore /34/. Bo Bropoil rpynne MOKANBEHE ASMEHEHRS KOBe



fopuammn RCCASIYOTCA OCHYHO METONOM GNCHEPCAM ONTAYECKOTO Ppaume-
HAR NN KPYroBorc mmxpomsma /35,36/. Bwecre ¢ Tem, paspmrac NP
CNEKTPOCKONAN OTKPHBAET BORHE BOSMOXHOCTY HCCHENOBAEAS KOBDOpDMA-
man JHE B ee mogaduRanmn Npn CBN3NBAHMM IBYXB:NCHTHHX RATROHOE /37/.
Hommpo PCEX 9THX METONOB, COOPHOCAMEX K IeOMETDAR MARDOMOASKY-
m, Ypeaswvaiino mawkyo spjopmamme, no mEeAmo fayma /38/ “gapr Pame
HC KDHBHE IJEMBAGHNs, MISHTAfMIMDyONEE BiMARAC KATAOEOE BA TEDMO-~
cradnipHOCTs Moxexys [HE", lpn peuesmm Gposionn PAMAENS MOHOR Me-
TALI0R BY PPARCKOHJODMEIMIORHHC DOAKIAN P MARPOMOASKYJAAX, B KAYCCT-
B MEDH R3MEHEGHNA CTAORJABHOCTE HATHRRON EXORfopvanEM [0 oTHOmE-
HAD R NSRATYpAPOBEHBCL  PuCmpaeTcH OONYEO RamGoaee npocrofi mapa-
METD, 2 AMEHHO - CPeNHAN TOGYKE NEpexond, KoTOPas OUpPeNeAMeTCH KaR
He3aPNCAMEA NeperMeEnaf, npa KoTopof nepexox npomsomea Ba 502 /39/.
JTOT HADSNETD OONYHO 000SHEWAGTCA 1 4 Con 5 pHyi B Tolle
BO MBOPEX CROTEMBX MARDOMOJGRYA DEDeXoT CnRpans-ERYOOR NPOACXOIUT
ASOTepMEYECKE, UPA ROGABAeHAR K DACTROPY POZPACTADMEr0 KOMYeCTrRa
HEROTOPEX COJecll A IPYIAX KOMNOHGHTOR, M BeimwMEA C ., @ pH
33%ACTYD NO1RAeTCA MATEPUPCTAIMN rOpasnd JerLe, 9eM .. . "OgHa-
K0 TOT (AKT, 9TO SKCHEDHMEETAJBHO ., MORHO WSMEDATH NYTEM Npo-
CTOr'0 HArpeB2ANS PAacTBOpa, NO-EURAMOMY, NCPEREMMB2ET 3HAUMVOCTH
TeopeTwdeCrnx paccmorpenni” /33/, BmasHan NRYXPaNCHTEHX RATHOHOB
na remmeparypy nnarnennsa JHE peficTEnTesBHO NOCRAMERO SHARATEABEOS
uncao mecaenosasnil /40,41,42/ B T.0., OTHARO BCE OHM NDOROAAACH
E OCHOBHOM ODTHYGCKAME METONEMN B NO3TOMY B HACTOMANEe BpEMS NpPaR-
THYSCKR OTCYTCTEYOT NABRHE, KacaoudeCs B/MAHAS NBYXPAJEHTHNX KaTh-
OHOB Ha SHTA/ABOMD nemnarypammm THK n, Taxmy oOpasom, octasres, NO




CYll€CTEY, HEBHACHEHHHM BOUPOC O MeXaHW3MEe CTACHIMSSUME AT HecTa-
cmmsanmy JHK sTuve karmoHamE. Kpowe TOIO, BHE 104 3DEHES HCCae-
JoBaTelNel OKaSamuch MHOTOuMCHeHHBe SfjexTy, CRASaEHNE C W3MEHEHU-
ew YCNOBMH cpefal, XOTH COBepueHHO OoveRHMmEHO, uTo pH pacTRopoR, THR
I KOHUEHTPALMsA ONOPHOIC SNEKTPOAATE M KOHUeHTpauus camoid JHK moan-
XHE ET'PaTth OHpeNeneHHyD Poib BO B38HMOINRICTRHA IBYXR&NCHTHHX KaTH-—
omoe ¢ JHK u, cregonarensBo, B OHEONOIWYECKEX npoueccax, Kpowe To-
ro, naEe UMEMMECs P NATEpATYpe NAHHEE CONEPXAT SAUECTYD BECHME
npoTHPOpEeUREYD EMfopmeuun. lodTOoMYy B JA8HHOU padoTe HaME OuNO PO~
PeNeNO KATODEMETPNNECKOe WCCHeIoRaEMe BumsmEs WoMo: Mg , Co*t,
Sr'n-. ani-. Mn”,NiQi’ IEO” K8 TEWIONYD NeHATypANMD
WK 3 pacyropax ¢ pesamumoil kommemrpemmed NoCl , a vame ®
pacreopex KCI m NoNO, » umpoxom muanasose nswemenus pH. Jxcne-
PHEMEHTH UPOROAMINCH Ha COSAEHHOL HaMd ODErMEANLHOA woxemu maghe-
PeHIAaBHOTD ITHATepMEYECKOr0 MUKDOKanopawerTpa. Kpupre 1napleHmsA
HCCHeNORANNCH TaKKe PpH momowd merona YO-ciuexkTpo@oTroMeTpdHm, uTO
[HCSBOMANO CAGHHTH 38 poubk KomHuenTpauwus JHK » avEx upoueccax.
Kpome Toro, P CRASH C (pOOAEeMOM HEIACHpymHero nefdcrids Tawenod
BONE Ha8 METOTHYECKH! ainapaT KNeTKH, Ouia NPeNIpAHATa UONHTKA
PHACHEHHH: OCOCEHHOCTE! B3aMMONEICTRHS PLHUEYKAa3AHHEX KaTHOHOR C
JHK 5 Hx0 u A0, uyrem cpasieRW: KDUBLX (NSBNEHAS KOWIJIEKCOE
JHE- Me™" 5 pacTropex ofwuHOll H TAXeNOd BomN. MSyueHme DONE CTPYyk-
Typs pacTeopHETens B npodneme nsammoneiicrrus [HK-merann vpoolme npen-
CTABNAET [IPeHMET NepPBOCTEIleHHO! BaXHOCTH, XOTA ofuue IpeHcTaRie-
HEA O NeHHOM BOUDOCE NOCTHI'IH b ypoBHs ruuores. Tem He weHee,
AnS PHABACHHS BO3MOKHOM pOMM CONBPATAUMN KATHOHOPR IDH B3adMOzeil-
creum ¢ JHK, mu apopenu MCCleRoBaHNe BAMAHMA NFYXBaTCHTHEX KaTHO-



HO® Ha TeilnoryD neRaTypaump JHK : nogHO-IHMOKCAHOBRHX CMECSHX.

Pagora Guna pwilomHeRa b naGopaTopuu GHOPEIMKN HHCTHTYTE Puau-
oxorus AH I'pys.CCP.
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TIABA 1. B3AMMONECTBHL HOHOB METAJIOB C JHK M BE
KOMIIOHEXTANM

§ 1. Cepyusy

B pacroamee BpeMs Xopomo mspecrTHo, uro JHK B BOgHO-COIEBHX
pECTREOPAX EMEST BTOPHURYD CTDPYKTYDY, COOTRETCTEYDEY® Moxemn Yor-
cosa~ipaga /43/. Jipofisas cnupaas odwumof [ cocromr #s IByX Bsa~
WMBO UEPEENTHX NO/MAYRISOTAIERX nenefl (asTADApalIeabHOCTE nenell
Guis ONROSHAYHO HOKE32HA CROXAMUYECEMN METOHOM), a30TECTHE OCHO-
PABRS BOTOPHX HOBADHO COGQAREHE BOSOPOLALNA CRA3SMA. AJSBER 0N~
HOil QenR CPASAR ¢ TEMAEOM Aqpyrol nema, @ IyaEEE - C IATO3RHON
(Pac.1). Texam oGpasoci, 006 UenN DSAMMEO KOMILUINMGHTSDHE, WTO ACHO
packpub&e? oMuca npasax Haprafile /44/. X HORET EPECTEIMSOBAThH-
CH B DASAMYRHX AByXCOApaashux Jopmax. Tax, opa GOALMOH BAAXROCTH
( > 92%) peaamsyercs I'€KCAroHAABEAS D~-JOpMA CO CASIYOIEME 0=
MeTpRMeCKmMN nupaMerpamn /45/: mar cumpamm - 34.6 A, wmcap Byxaeo-
Tanes B8 BETOX cnupe:m - 10, TpAECASMS R EyEneoTmy - 3.96 4,
HEKAOH ILIOCKOCTM ochoBammfl X ocu cumpaam - 0-2 rpayg. [pa Goaee
HASKAX OTHOCHTEIBNNX BaaxBocTSX (g0 707%) MHK mozeT EpRCTAAIRSO~
BaPHCA B A, JmOO C~fopme, € HEGHOAHKO OTIAYAEMI XapakTEpACTAKAMR
cuapeas /45/.

liccasnoBanan CBETOPACCAARASA, TRAPOAUBSMAYECKNX CBOHCTE R ToX.
no3Eomian oupenemTs mondopuammp JHK B pecrBope /46,47,48/. Kam-
pomMosieRyss marEEmol [l OTRONP HE HPENCTABAAET COOOL EECTERC
CTepHEH, & CKOpee CREDHYTH B DuXame TPyORa. leTogoM gBoinoro
AyvenpeonASHRS B NoTOKe OnA2 Ooumpene/eRa TepMogaRaravyeckas rac-
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xocTs marwencdl Nk, B 0,15 N pscreope NaCl  nepencrenesaa
amse JK passa 500 4, » 0.00I4 ¥ pacreope - 800 A, wro coowper~
CTRyeT NAMEe UpAMOJMBe#iHOr0 yvacTEs, npamepEo 150-240 MOROMODHHX
sBenBes /49/. BeoOXoqame OTMETATH, IO HENAEEC ORIC OTKPETO BO3-
BMREOBSHRE TpeTRunOfl CTPYRTYPH neynmrmesoll IHK r pacTmope noam-
STATCHIAMKONS - ODA oupenedAcHRNx ycaepasx [l npmolperasa JOpuMy
TOpa, NPEYSM 9TOT TpaRCKoMPopMarmoHRHE NEpeXOi Oxa3amca odpari~
wm /50/. Compeamaamps JHE oTueT/MBO HPOABIAATCA B & CHEKTDAML-
mux ceoficrsax ~ B sffenTe IrUNOXpOMASME B O0JECTR COOCTEEHAOTO
BOrZOmEHAA 8SOTACTHX OCRoBammi mpn 2600 L /45/. VaTemcurrecTs
nosocH noraomesus 2600 i y zpyxcazpamaoll X SBounTebEC HHRE,
YoM ¥ OTASABHHE MOHOMEDENX S:oEbBSE, 90 CBESAI0 C yUEPAROUCHNLM
pacnosoReRmeM Xposofopayx rpym (ocmomanml) UK /31/.

ReTaesas tEyxcunpaassas xopdopuarms JHE Dechma cralnisug B
mMpOKON JEanasone ycmosmil cperm, xots [, conepRanas OgEy OTPRe
OeTeABHC 3apsSicHnRy® focdaTnyn PPYyLNY HA HYRISOTAL, MNojEepseHa
SBAUNTENBNO) BHYTDAMOJSKYASDHOL gecracnamsaumn /92/. lpa gocwa-
POYHO GAJBHOM HArpese, maMenchmm pil, yMESLUSHMN XKOHNEHTDADAU CO=
M B T.d. BaOmogaeTcs gesarypaums K, npesCropagionss pasgeaenne
ueofinofl compens Ha IP€ IeUN, CHOPAUABANIASCA B CTETACTIANECHRS
xayoxs /53/. lipa 2Tor SHEUATEABHO YMEEBBE&CTCA BA3KOCTH N OUTHUEC-
Ras AKTUBHOCTH, WCUE3aeT raAnoxpomusy /47,53/. Kpome Toro, sHaum-
TEIBHRO FOSPACTAcT NDABEONLMNOCTH pacTeopor [JHH /54/, wro cmmneTenn-
eTEyeT © "pnrOpoCcHEanuR® NDOTAROROROE B Xoxe Aemsryparmn /55/.
OSmenpREATC paccMaTPEEaTh gesarypammo [JEK Kax nepexol COApah-
EAyOOK 4R naspacEne cumpamm. Jlesatypemms X npencraziser Bech-
Ma CJoREEi Dpomecc, €CJAN PACCMATPEBAETH €I'0 B LEeTAMaXx. [ia MoJexy-
RARPEOM yPOBEE IOMNSEN NPORCXOQATS CJenyDmae COOMTHEA: BCUc3HOBCHmE



-]l -

CTORRII NBAMMONC/CTEAA, DASDHEE PONOPONAEX cBAsell mexny ocHOBARA~
i, pasaeprTHEaRMe nenell, ByKrcam@A KAYOROPHMX odmacrell cpema
CIMpanssHnxX pailonos ¢, BOBMOKHO, EORME~TH NDYI'AS CTYNEEA TPAHCKORe
fopuarme /56/. Ha MaRPOCKONAYSCHOM YPOBHE MOXHO DUDPRACARTE: KChA-
TYpPamn Caeqyonar odpa3lomM: YeTKo pupaxensnft xoonmepaTAERrll nepe-
X0 A3 HATABAOPO yHOPAROYEHHOre COCTOABRMA B UERaTYDHAPOBEAEOE
pasyuopaToueRaoe cocrosnpe /56/. "HoomeparnspocTs nepexona, Ha-
daogaenas N0 xamRony-amdc cmofcrsy MK, oTsocamenycs K @ cradats-~
HOCYTR, NPDOABAACTCHE = TOM, UT0 S0/man RpuTHyYeC:oll BoaMMARN EaROPO=-
mdo napameTpe, XAPARTOPRIYAMErs cpexy, NOCOARMABE NBMOHENNA ITP0-
ro DapaneTPE PHSEPADT SOABANE BaMCHOHEMS HaJaagaeMoro caoflerna™
/56/. HoTa yCTApoRma, YTC RBEPESXORE CONDPAAR~HAYOOR HOCAT BECHMA
pearnft xapaxrep /48/. HeaGoaec comepmenuunii mapmasT cracTr9ecKOll
Teopan, CHNCEBADNSH ROONEPATHRIOCTL NEPEXONa CHADANL-KAYUOR B
P, Gua npexgtoxmen Smexon /57/, ma ocpopasnn mogemm Msamra /56/,
B Teopnn SmMna pACCMATDEDRAETCS HECKOALRO AREAM3NAPORARAAS RROf-
Bad COEpaTh, HC YIATHBA @S TO 00CTOATEABCTBO, YTO OPORHOCTH
cuensenna 8 ¢ T u T ¢ [ pasumuna /45/. No Smamy cyuuoeTs Roome-
parmennx cpoficTe NHK cocTomT P ToM, YYO yHAYTORSHNE CHCIASERS
MER{Y OTHCABEHMR HYyXICOTRIZMR = gpeofinoll cnvpam HeBHT'OTRO, TAK
REK OpR OTOM SPCHRA Re 0CROCORIAOTCH B EE yRe/AUYAB20T CBOD 9H-
Tponnn. D peayasrare Torofl DAaspHB HOMCLIGHHO BOCCTARAT INBAGTCH.
Heofpazavo MOxeT PASOPRATHCH JMINh JOCTATONAC ARMEEAA NOCASRORA-
TONBHOCTE CBAvef MemIY OCHORAHAMA - TOABRO B OTOM CAYYA: NDOR-
rpEm B OHTAABNAN KOMNMERCHPYSTCS PHArpEmeM ¢ smTponmEn /57/.Kpome
Tore, IJABAGHEZS CoMee TMEENX cnupanefl oo NPORCXOINATE HDH
Gollce BUCOKUX TeMIEPETypax, 9eM LIAPJeHRE KOpOTHWX. lloeToMy 4us
enCOxoMoMexyaapenx JHE gematyponga n0/KEa NPORMCXCIATE B gBE CTa-



A - CHEYGAM QOAKEE UASBATHCH HODOTEEE yUECTRE i BOJMARATH wWaC-
TAYHO AeRATYPAPOBEEEOE COCTSSHAE C LEOFOWMCACRENNN "DeTama” 2
MWub DOTOM NPONCXONAT NOAHOE NASENeRRe geoinof cnmpamm /37/. How
HOJBSYA OcCOPAJOYHC [ENSpPUDOBEHNEE LOCJACQOBATEALS0CTE OCHOBAHAR
Kposepc /59/ oGsapyzan, 90 NRsBieRae HelCTENTEABEO COCTORT U3
ALYX OCHOEHSX HBPONOCCOE: HYRISSIMA B DOCYE NEHONTYDRDOBOREUX 00
mcTeh, n cmamas Raydxoolpasenx oommcrefl ¢ RCYLIHORERAEN LONMAMRX
MERNY HAME CHRPSABENX YHYSCTKOR, epemf Hpounece, Gogee nocTenenBnil,
BRURHOCTCH P OOMECTAX JoAfe JOPoTHX ARCHBHOM B TRMAEON, B TO BpSw
i KaK 2Topodl, Ooaee pesmmil, Badapmaercd B o0NECTAY GOPGTHX PyaENe
HOR © HRTOBAHON 759/, UTO COPASCYOVCS € PONBO ToE. "Tl-sgep” Pefie
yocks /60/, GIIBsUEXCA DPH TeMUCPATypaX, HPEEHUIBDAMX CpPe {HDD
TRMIepITyPy Damsseans K A mak G "caEssnaux™ MONCKYAY.

Kak 2 casgyeT omEgaTs, TesueparType uaspaemsa [H: pospecraey
¢ yReMYenHeNM OTHOCHICAREOrs conepmanms [l wap, npa€ey 31BECHNOCTH
Tnnas  OF cogapzapna [7i sap muneilne /61/. dodopsenne walitpaanumx
conefl Tamme cywecrmesnc yremumeaer T., [, npuuen 1% 210KTPO-
maop funa M"'A”  medaogpercs cAelyouRs 3SBNCHNOCTH T.. OF
sounesarpanms coum ( Cs ) @ npomemrsore cogepranms Il map (I'<l)
/61/3

Tha =166 P_ogcs 0,41y + 31,5 (1)

Corascro mopEmM (jamne ¥ AKEOpMana, SHTSALINA NEPEXON: CillEDaib-
wayGor 5 Q. npa Jurcapopanson pl & KOHUGHTPAAN COAR TAKES 30BN~
CUT OT COCTGBG OCHORAHWE pesumwaEx ofpasuer (il /6%/. beamuasa
A B pameasercd imeeflo ¢ yseamucemes cogepzamms [l pap m sospacra-
er of 7.73xxan/vons nav ock. (upr 3IF I'l nap) 2o 8.52 KEan/moan



nap oce. (npm 72% I'll nap) /62/. Tepmomusaumuecxue XaparTepACTAKA
menarypamma [HE Ouam noqpodHC @SydYelH METONOM MEKDOKAJIODAMETDAR

B padorax lpnpanosa /63,64/, 'pommenens /65/, Cropresapra /66,67/
2 Ip. llo nasnem Npueamope TennoTa NEHATYPAIAN CHABHO SABACHT OF
pH cpenu. [pn mospacranms pH or 7.0 xo 9.7 memmumna A H yOusaer
or 9.656 xman/moms no 7.140 rxan/mons, a T, - or 84.8°C no 66.3°C.
Tipn yousammm pi or 5.4 30 3.2, T., yomeaser or 84.0°C go 55.0°C,
a AH - or 9,40 xxan/mons 20 4.0 Exan/moms, B To xe spems o H
IOBOABEO €AA00 SaBACAT OT MomHOK cmmm /64/. Emnoxmmon u Bapman-
cEni mccaegopasm niapachme JHE B oduusofl @ rareaol noge, ® MMpO-
KoM nETepsane msmememmil pH or 2 no I2 /68/. I'padux saspcaMOCTA
T,, Or pil aveer momoRoMOOSpesnyD dopMy ¢ maarTe npa 80-85°C (MK
fara T2 ) » snveprase pH 4.5 - 8,5. [pn Hefivpassinx pH TPeMBepa~
Typa uzapnenus JHK » H,0 u D, 0 commangor. B xmcaoll oGaacTs Gosee
yeroiiunea H-JHK, & 3 mesounofi - D-JHK, Pasamusa A sasucuMocts
Temueparyp naapaenns H-(HK m D -/JHK or moneof caam npa HASRAX
ee saavennsx (~ 0,01 W), Smewenma me A Hpm HOa D,0 mpar-
THYECKR COBDAawOT /68/,

b padote /69/ xajopmMETDHYECKAM R ONTHYECKAN METONOM OuAa
asydena kpcaornas nemarypamms K, onpenessemas nporonmsanaed
430THCTHX OCHOBAHEHA. YCTARORNEHO BOSEWRHOBEHAE HEROTODOH UpOMExy-—
rounoll xonfopmammn IHK, orimumoffi Rax oT BmaTnBRO#l, TaK M OT HeRa-
TypRpOBaRBOf.

Teopernyeckai aRaIM3 HPOLECCOB NJABAGHRAA I'OMONOJIAHYKASOTHIOR
W TeTepoNojANEDOB NOSBOJRJA NOCTPOATH DAL MORexell, NPEMEBEMHX K
JHK, n npapes K CO3JAaHMD METONY MCCACNOBAHAA CTDYKTYDH HYRICAHO-
pux Emcaor /70,71/.



XoTa npEpong cmi, OTBETCTREGHAHX 38 COXDAHGHME CTDYRTYDH
ApOIBOM chmapamm, BCe ele O0CTaeTCs NUCKYCCROHHOIN, ONHAKO HEOOGXO~

BEMO OCTEHOBETHCH Ha HanOosee PaxEEX maesx B orofl oSaacra, Bogo-
ponkNe CBASA MERAY OCHOBGHNAMN DPACCMATDUBAOTCHA KAK NEDEAYHHE A
KOJIGKTAEHO OTBETCTBEHHNE 84 MONICDRAHAE BTODAYHOH CTPYKTYDH.
llooToNy Jerxo MOEHO NORATH BaxHOCTH pH: P Rucaoil cpexe axennn

MMM DUTOSAE NPACOSNMEADT NPOTOR B mosomesmu N, , Bovopmil wema-
eT y4YacTH 9TOro aroMma P OGPASORAHAN BONOPOLHOH CBA3M, Torga Kax
ops BuHCORNX cBavenmax pH TAMRE RAR ryassE oTRawr ceofl ApoTOR #3
TOro ®e NoAOmEenns, KOTOpoe yme Gonp@e Be MORET (YRAKUMOHADOBRATE KaK
IOBOP mpoTosa 8 Bogoponmofl cessm /72/. MHOrme apTopH YEASHBADT

H8 CTORMEr-B3sEMOfcfiCTBEN® OCHOBAHRN, ROTOpOS, UO-BRIEMOMY, AMEAT
Goammee 3HAveHHE, YoM BRAAL BPORoposumx cessell /73/. Coraacso Tc’e
/74/ mEnONBENE MOMEHTH OCHOPaHNE He SRAALTCH DEPBONDAWAEOH CTS-
KRHIa, NOCHOABRY NANOAL-IRUIONBEOE B3ammonelicTERe NOAXHC OCAACASTH~
cA Goxemofi guvAcKTpEYecxofl NPOHANGEMOCTHO BOXH. OZRARC XOpomas
KOpPDCASI A MEANY OCMOTHYECIMMA Ko3J(MIAEHTAMA HYRAGO3RLOE B DOAS-
pNsyenMocThio OCHOBERME YRasSHPaeT H8 70, YTo ruaxpojoldnme psamMoneii-
CTRHA o0Nerant CTeRMEr /72/. Kpome Toro, 0 BagHONM BRAANE TANDO-
dooEsx Bsammorneficreall B olecnevenne cradmashoctn MK rosopar cie-
nyomge faxTH: a) necradmamsaums 11K ocHOBanWAMA, BYKICOTANAME &
Byxneosagamum /75/; ) oOparmMas nesatypamma [HK oprasusecruma
pacTBROpATE IAMA, HECHOCOOHEME OGPASOBHBATH CHABEHE BONODONHHE CBs-
s /76/; ») necradmimsaums UK PHCORAME EOBUEHTDAIMAMA SHAOHOB
/77/ B np. 9TO BEPOATHO OSHAYAET, YTO B oOmeM cradanerocTs NHK
o0yCHOBAEHA Opexfe BCEro NOHNOHOECKAMA NUCHEDPCHORREMA cuiamm /78/.
Boasmoe ROMMYECTBO pacdoT NOCBANEGRO po)M CRasanHoll Bomm, a Takxe



o

PO CTPYETYDH BONH KAK DACTROPATE/T MOHOB # MAKDOMONERYA /79,
80/« Kpowe Toro, Ha moylepRaEme NpoCTPARCTBenaol CTPyETypE MEK
B paCTEOPE SHAWMTEABHO RANAET K&K BCAAYAES MORHON CAMM, P4K @

[papora ROMICECAPyOMAX Xa?AOROB. llocKoaBRY T,, TepMHYECROr0 KOH=-
fopmaumonnerc mepexona & THK nponopusonsissa AorapadMy KORNGHTDE-
man xaraoRa /€I/, cieqyer oRunATS, YT MOERSHDOEAHHEE docdeTHEe
TpynnH, paciloliokeRAne Ha pRemrell CTODOHE MUKDOMONEKyMH, OyIyT
06yCnsBAMDATE €C NOBENEHAE KARK ojeKTpoanta. HemerTopme 8RTONH
OPSIOJErant, ST0 SASKTPOCTATHYCCHOE OTTAIKMBAHNG MEXNY SAPATAME
docfaTEEX Ppynl o6yCRARANBAET THN CHMN, HEOOXOMAMME a8 packpyaf-
BamnA pofinel cmmpaam [EK /52,82/. Werepecauil Teopermueczmii pac-
et cradmasaccrs NHK gam 3 pacdore KasesGaxa /83/.

Oousn BCE CyEeCTRyOmAC MONEMR LPENCT2BIRDT HOANS ASKT PO ARTHRE
uogpomonesy s UK B PARS WAAMHPOR, HOPPYXEHANX B SASKTDOMT,
cocrosnall 28 UPOTRBOMOHOB (OJHOBAJGHTHEX MAH NEYXBAIGHTHNX KATR-
oHOR) ¥ KomOHOB /84,85,86/, Moxpoduoe {aSHRO-XAMAYSCKOE OGCYRna~
HEe noxodHol cmerems Omnao gaso Favaascxmm /86/. Tamam odpasom,
CHRELYET ORANETH, WPO NSYUEHMe CBOfiCTE TAKMX PacCTBODPOB, HO~BAIAMO-
My, ARCT NGHANE CBENEHNS OTHOCHTCABHO POMM HOHHOL aTwocdeps OKpy-
maonail IHK, 0OCOCeHHO OpH TepMAYECKMX KOBMOpMAIMOREHX Hepexonax.
Heodxomqumo, onmaxo, OTMETATH, YTO H3YyYeHED cpoiicTs JHK » paceBo~-
pax, ConepsauAx HOHH METAWIOE, HOJMRHO NpeNEeCTBOBATH PACCMOTDEEHE
B3aAMORCUCTRAA KaTHOHGB C NPOCTERUMMA MONSABHHMA COCNUHGHAAMA ~

OCHOBaHuAVH, HYRACOSHNBMA, HOMAEYKACOTHIAMH A AP.



Hecmorpa Ba TO, 90 SRCHEDHMEHTH, NOCBANGHENE CBASHRAHED
KaTHOHOB € MOHOBYKJISOTAIAME M OCHOBRGENAMA,PCErNA OYEHD TPYIHO,
H 7aRe OUacHO, DECTPANO/EIPOBATH K HYENEMHOPHM RECNOTAM, BECOMBEH-
BAS NOAB32 [NOROGHOr® MORE/MPORAHAA SAKIOYAETCHA B BHARNCHNR €CAH
HE NOCTATOYANX, T0, U0 kpafineldl mepe, EeOoOXOAMMEX yCaoBafl RLAR Ho-
godnex m3anvoneficrezfl, fnepnudl marnnTERi peloHaAMC ABAACH, HORAAYE,
RANGONe: NOERNM METONOM LAY ONDeNeNSHRSN CRASHDAINAX NEHTDOB B
CNy3ae RCCALNORANNA NMAPAMATAATHEEX KaTHOHOE, H3MeHCHHMS BpamMeH pe-
JARCANMA COCEeNHAX NPOTCHOE 2, B HEROTOPHY CAYWGSX, XAMANECKRE
CHBATrA, ARNYLMPOBARHMNE MATEATHHM HONOM MORA, NOMOraJR ANSRTAAIM-

ponath UPAPOLY NEHTPa A IEOMETPED CBA3HRAHRLA,
Oquofl @3 mandoee XapakTepREX padoT B 2TOM HANDARJCHEA SBHAOCH

fyRmaMeETaTRHOS WCCAeRoranme Beprepa m Oiixopma /87/, HoTepue me-
TOROM HSMEDeHNS UAPOMATHATHOIO ynuapeRus UpOTOHHEX nnEoB fANP ompe-
gesman wecTa ceasupamng momor (u®' 2 agemAnopEx HYRASOTANAX B
sasmeAMOCTA 0T mx xonfopuampn. Cmasusemme Cu’' ¢ oupeseaenusmm
rpyunamn oCcHoRaHmi Biamanc Ha mapuuy nsxa GNP NpoTOROE B RENOCpen~
CTEGRHOI 0am30CTH 0T MeCcTz CBaAsuBanmd, Kax noxasans pesyashraTd
SKCHEeDAMERTOB, KOHE NBYXBAJNGHTHOH Menm MOI'yT OUDa20BHEBATH CBH3H
CO MEOIMME IPyONAMA 2TOMOR P OCEOPSHUN, OpDHYEM MECTO CBASHBAHAN

B OCHORHON ompenessercs noaozcruey $ocdara na préose B pa3HHX #A30~
mepax AND, B nansmefimem dprTCm MeTONOM clSmp CHERTPOCKODAR N0~
xasan /88/, aro Cu®' cpasuseercs ¢ nmramgamox mo atroxy N, , a
B cayuse S-agemosmmmomofocdara , C.* msammoneficTeyer ®ax ¢ N,



var 7 ¢ N, . Korosuw /83/ , conocTapiss 3aBMCAKOCTA CKopocTed
CO¥B-peneToqHoli B cnun-CIMHOROfl pelaRCcEIMA yrASPONEHX sUlep 0T
kommentpanua momop Cu'', yeramomma, uro cpasweamme Cu2' mpoac-
xomar ¢ arowor N, womexyn S5-INO®, 5-¥i®, 5-TM@, mmTumana u ypu-
napa, XoPa A B gansnelimem mcciaenopanne XOMONSKCOB NRyXBanenTHOH
MeTR ABRO MOMARAPOBANO B 00ueM HOTORS mecaenopamall /90,31,92,33/,
OHAKO ORA0 TONYYCHO SPAUATENBAO: KOMMYECTRO PeSyARTATOR, X2paK-
TEPRIYONAY CRAIEBAHNE € RVEICOSNNAMN 7 BEYETROTH[AMA TAXNX MeTai-
nor k88 Zn, Co , Ca Mé,P’c 2 gp. Tar Gmpao norasase, 9T0
mosr Mo ca860 cRaBMRARICHE ¢ G1SHOSHEON, XOTH CBAARBARNE U MORET
nporcXonATh oxsorpexento no N, , N, n ammmorpynme ma C. , B
70 PpEMs KAR Se-ryaposmmmonodocdar dmmcmpger MY raapmEme o6pasom
no gocfarmol rpymie # N, , & B caymae ryancsmea mpesmamm Ma''
spasores N, » zapdoxcaaminil mmesopon me (. /68/. Hecsenosasrs
odpasonanms mownaekcos monor (o' ¢ AM®, AT n ageRoanH-2-S-yu-
focharamn noxazams, wro Co*' co BceMw HyRAeOTATAME CEASHBADTCA
RAK N0 O-pocdary, Tax m no asory N, , mpmues B KOOpARHANEOEMYD
cfeny KOMINERCH PRIVUADPCH TAKXE MONEXyAH BOZH /94/. Koncrasnra
TRCCONAXIMA CBRISTEARCTRYET 0 TOM, WPO CTAOAABHOCTE FOMIUIRECA CBA=~
3GH8 P OCHORHOM € o0pasomamzem ceasm (o' ¢ S-doclavod. Hamrme
HECKONBENX ISHTPOR CBASKPAHNA OuA0 NOITEEDRAGHO TARKe 7 I8 HOHOB
7 /90/. Cormacmo ngRREM, npencTABmcREnM fxeHeTT /95/, 14N MOHOB
Hq™" mmeerca mo nea mecra CBssuPeEMS B CAYYSe ANEHOSAEE B IYAHO-
SnRa, NPRYEM CRASHEAHAS COUDORORISETCH CHABHOL peoprarasaimeil
SACKTPOHKEOH CTPYRTYPH HyKneosnna. Handonee 3ameTeH CHBAD NAA aTO-
MOB, OPABATAGRAWMX TyamosmEy, » avom N, ryasmmEa npequmosaraercs
OCHOBHEM [GRTDOM CPA3uPanms. Merogom SAMP Omar mccaenoBasEE TaRRe



KOMILIGKCH HYKJICOTANOE C ile/0YHOSCME IBHEME METa/AiaMi, B YACTHOCTH,
Gu70 NOKASAHO CYMECTBOBARME KOMIIEKCA ryamosma- Co?'  /96/. laa
aneHOSNEA, IMTHAMEA X MEOSARE Bmmsmms Co®' ma cmexrpm AMP od-
sapyReno me Owio /96/. Momm MQ*' Pamme me oxasmBaam Bosgeficr-
BAA Ha COEETDH BCEX YNOMAHYTHX HYKICOTANOB, xoTd Xesnep n [moHC
/97/ nomasaam, Wro WACHO IPHTpOB cesssBamma Mg’" ¢ AT, vamse
RAK B ¢ ApYrAMM HyxieorampfocfarTamm, CoCTARASET 2 Wm 3, PO B
COBOKYDHOCTH C BHNGIPABCTOHHEN DeSYyAbTATOM NOSBOARET NPENNOAAraTh
nepBAYHEM CRASNBODWEN LEHTPOM momor Mq'' B Tpasykaeormmjocfarax -
docdareyo rpynny. losamefimus mccaenosarns Bamendeprepe /98/ mo-
xasam, wro moss Mq”' cmasmeammes ¢ ocrarmes Tpajocfopoil xac-
sotu B AT¢, I'TO, UTO® a JT¢, cnapses peero npH mefirpansemx pH.
Bozee Toro, Mq' odpasyer xesavENil KOMNAERC C XByMS aTONAMA
KACNODONS, DpERALiesamEME ¢ - Qocfopy, HO me «- mm ¥ ~
jocdopy, DpUYeM NPAPONA OCHOBGHAS NPARTHYECKR He BJmMeT Ha JmEca-
mo momos  Mq’t  /98/,

Hapagy ¢ seronom fAMP, pemTresocrpykryphnii agaims ece wame
NPEBAERAETCSA N/A paspemchns npodiemu psammogeficTRRA MET8LI-HYKISO=-
THI, DOCKOMBEY AAMB peRTresorpafus cnocoOHa TOWHO OUpeEATH
MECTO JIOKANMSAIMN Kaxiore MeTaLN-EROHE BHYTDA HYKJASOTHIHOL CTPYyE-
vypu /38/. llenss cepas upesewuafiio MSANEHX DacoT, BHNOAHERHHX
Meectpe, ['ynreiimow » Cranckm /99,100,101/, mossommia SHASMTEABEO
pacmmpuTh Hale SHAHWE O CTPYKType KOMIJICKCOR MOHOE IMHKA, MAapras-

12 B HEKeAA C I'YSHAGAH~ A AHOsAE-MOHOpOCHaTaNR. Hayussme Koujop-
mamus coemmmeras [Za(5-UMP)).\,0 mnoxasamo, Wro B mNOJAyYeEHOR
CTPYETYPE Kaxnoe oCHopamwe npa N, CONpAKACAeTCs ¢ aPOMOM Zn ,
gorTopuil B CEOD ovYspend cBaA3aEH ¢ (ocfarREMRE rpynnaMm Tpex COCERHAX
W9, Asazormuso xaxgas gocarTnas rpynna CBH3aBa C TPeMs aToMaMi



-m-

Za  /99/. B xpacrasmueckoi cepyrrype LNi(5-TMP)(HO0)] apoy
HAKeAs CBRsaH Toabko ¢ N, ocmopanms, upugem paccrosmme Ni- N
papeo 2-12 A. Kpowe Toro, xaxmuii avox Ni  odpasyer mars xoop-
TMBAIMOHHEX CBA3€ll ¢ aTomanm KMCAOpONa MOJEKYA BogH, BXogauell B
cocrap Komuamexca /100/, Buio NOKA38HO, TEKEE, CTPYKTYpHOe HORO-
gue YHOMAHYTOrO KOMIJGKOE® ¢ KoMnAekcoM [Mn(5-TM®P)H0)I3H,0
b srofl crpyrrype Mn  CEBASHBEETCH C UATHD MONERyIRMH BDONHN #
OCHOBaHRA, o6pasys oxvasipmyecxnfi rmovmiexc, Ceges Mn ¢ foca-
TOM OCYUCCTBAACTCH Y6PeS MOJSKRYAH BONH, CBaSaHEHE ¢ Mn , @
00pasSyoiMil BOIOPOTEKE CBABY G aTOMEMM KuCAOpogs docdevrsoro oc-
varxa /101/. Kmpx a Opfean /102/, onpexnesss xpacrailgvueckse ®
NOJEKYMADENE CTPYKTYPH KOMDAGRCOR S-Ljd ¢ momsmm Co*' @ Cd¥
noxasasm, wro Co*' cpasam ¢ N; xoasus, ¢ AByME aToMAME KaC-
aAopona pashux JocfaTeMx rpynn B sosexyaol nomu, 8 (dY' caasam ¢

N, KosBua, Tpems ATOMEME KACHOpDONA pasuux JocfarTsux Fpyun &
MOJIGKYIOE BPOXH.

Ecim B CBASHB2RAE RATHORE BOPJGKAOTCH OCHOBSHAA, 8 KAk Mu
BAge:M, fud CONBMMHCTEE KATACHOR 2T0 Reonporepmmuul faxy, o mad-
depeHumaabnan YO-CNeKTPOCKONURS, & TOKRe METON KpyroBoro JuXpomssa
CTAHOBATCA BECHME YYBCTBATCABHEM SORNOM 1A# NOAYNeRAs REjopMamma.
Tax, I'maccman /103/, msyvas KommieRcoodpasopasme mosas Ni' ¢
ATD, oGEapy=EA XOMIMIEKC cocTapa [3:1, B ROTOpDOM MOH MOTAANE B3AEMO-
meicreoBan ¢ focfarom ATY 2 KOoABNONM OCROBAHHA. [IpE BHCORAX KOHIEH=
vpamsx mosoe Ni™ Gux odeapyzer Takme xommaexc cocrasa 2:I (Nij =
ATT). NeTojon KPYroBOFO AMXPOMSMA OHAO ACCASTOBAHO TAKRE CBASHBE-

mne momos Mq™ ¢ myxmeosmmamn (conposomgepmeecs paspymenmen
mx coissaTHOll oGoxouxm) /I04/ m BsammoxeiicTBEe ROEOB Zr ¢ AMO
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/105/. liemii psn NaHHNWX, KaCODWEXCH CTEXHOMETDHM KOMINEKCOR Zn®*t

Cd*™, Mq™ u Ca’ ¢ ATO n MO Gun oTyveH ¢ WEHOIBIOBEMH~
e WHQpaxpacHoii cuexrpojoroveTpaN, pamaHOECKOM cnexTpockommu /106,
107/ u wmomocenexTHEHOl noTeHumoMeTpHu /I08/.

Tnaccuan, Keoman n Kynep /I09/ c mowousn oSoGmemHod Teopmm
BOSMYyWeNHi, HCHONL3yNmeH PesyIsTaTh pacueTa CTPYKTYP Oprapgyec-
REX Monexyn wmeronow Xmxxend, # KraccHlukaumn XoROB Hs “Markme”

( Cd™, Cu* , Hg' ), "meowkme™ ( Mg™, Co* , S/2t, Ba* )

B "npowexyvoumse” { Fe'' , Mn*, Co®, Ni¥, Cu** m Zn* ¥
HCCNeNOBANA PIANMONGHCTRNE ¢ YRESANHEMM WOHamM ageHozuss (a),
7-neasaajenosuna (6), puSomyxneormgor 2-amummo (»), u 2,6-IxeMERO-
Typusor (r), 8-esssatemosmmz (1), 3-msoanemosams (e), N -MeTdi-
anenosuis (%), zaxTaMEuX § nexTmMENX Qopw IysHosuHs (3,#), Kcam-
rosuEa (k,n) ¥ wmosmms (m,H). Corzscmo wx pacuersy, "Marxue® Nomu
pearmpynr ¢ (a) » N; , rorma xax ocramsmuve » tomomemmm N,
Bee xevmouy sammoneicTeyn? mpenuovrmversmee ¢ N, » (¢), N, &
(r) = Ng » (x). "Marxme" momw npemtowrnrensuo P3ANKONBHCTEY BT
¢ N; n(e)m N; » (6) u (n), » "wecreme” - o N, = (6) =
(), we Ng r fe). Monywemnwe Teoperwueckmw myTem pesymsrTavy ©
pAne cIyuaep NaRaid XOponee COBIANEHHE ¢ SKCNOPHMERTENE.

Omesko, Kak yxa3WPanoCh PEme, MpH MONNTKAX SKCTPaTOAANNE pe-
SYyIBTATOR HCCHENOPaHMi, NOCPAGEHHNX B3SHMORGHCTEAD KATHOHOE ¢ Hy—
KneoTRIaMA, K HYKNSHHOBEM KHCNOTEM HEOOXONHMO YUHTHWBATH CHEIyHHe
odcrofrensersa /38/:

a) JmexkTpocratHYecKoe B3amMORelicTREE ¥, CAeNOBaTeTHHEO, CRASH-
BaHieé TONOXATENbHRX YacTHN, HOMHOYO CHABHEE IpX E32HMONEiCTRHE C
NOANDAEKTPORNTON .



*» 2B -

6) UacTh UEHTPOR, KOTOPHE NOCTYNHE B MOHOMEDE, MOXET GHTH BO-
BIEYEHO © KOBANEHTHYD HIN BONOPONHYD CRASh B noimmepe. Te xe, Ko-
TOpHe OCTANTCA CBOCONHEME, MOIYT HMETH OTANUHYD PEaKIEOHRYD CO-
COOHOCTS.

B) CymecTRoRamWe NONEMEDHO! CTPYKTYPH Iaxe H8 KODOTKOM OTpes-
k€ NPMPOIMT K CYMECTDeHHHM M3NEHCHEAM CTEPHUYSCKHX JAKTOPOP W HSNe-
HAET BHTPONEINYD uacTh CBOGONHOK SHEPIMA CRASNBAHNS.

lloaromy skcnepuvenTansAve faxTh, Kacammgaecs rsamvonefcTrus
HOHOP METALIOB C NONRHYKNEOTHNAMH, WMODIMMN DETYAAPHYD CTPYKTYDY.
HECyT ropasio Gonee peamsHyn UEHNOCTH /A DOHMMARNS MEXSHASMOFR
r3amvoneiicTrRs nmeTannos ¢ JHK.

B 1960 r. @pecro /110/ ofmapy=mn, 9TO P NPECYTCTREW IRyXBATeHT-
mmnmnlz-lo‘zlpucmpc MqCly , conepxamew momm A
n oonm ¥, ofpasyercs Tpolinas cumpazs. Momu Mg o+ DO-BENAMAMY,
koMneHcHpopa sapAnk b goedaTHNX rpymmnax (nazee mw ymmmmv, uTo
SHaNOTrHYHEM OOPSSOM HOHH Mal'HESI RPeRyT cels X B pacrmopex JHK) u
JMeHBUANM SEEKTPOCTATHYECKOE OTTAAKHBAHEE ueneli. BeposTHO, HMEHHO
€ 3TOI'C MOMEHT2 HaUNHAETCH OCOUEHEO HHTERCHRHOE HCCISNOBSHEE CRA-
suBaEms #oEo® Mg'' ¢ mommyxneoramemk. Hccaemomamms BsammonelcT-
st Mg ¢ moms A, mousY m wx xommnexcems moms (AWY) m momm (A+2Y)
GOK838MM, YTO OTHOCHTEILHAS KOHCTENTS CRASWBENER WoEor Mq' wmm
Mmﬂmmqmmﬂmmmcmmmcﬁ-
I€HH CRASHBAHEA H NpPH HESKEX CTENeHAX CRASKBEHMA - OPE yREeANYCHMUH
xomuentpemar  No'  (samomsmm svor @exr!) /I111/. Cresupanme Mg
¢ nomuA ¥ mommY NOKA3AN0 TEKXE, YTO HPH BHCOKOM BAIONHERHE CRASHBS-
DgEx mecT PocPaTHNX Ipynn HaVAESET AIPETH PONH BSSHMONEHCTRHE Mex—
Iy CRESaHHEMN HpoTHROnoHamE /1I2/. Kpome Toro, Eccirenopanme paEs-
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mugs Mq" ma propwwmyw crpyxrypy mommA u moamy,mporememmoe c
IOMOWbD CcHeKTpor Yo-moraouenmsa um 0B, noxasano, 4To RoOapRneR@e
Ng% K nosuy HPUPONAT K OOpasopamup Cozee
TYPH H BOSDPACTAHMD CTOKAMI B3amoneficrmas /II2/, IxcTpanonduus
K HyJAerpold KOHUSHTDAIHA HOHHOE CHAM Nalsa CHenyude PEeRVYHHH KOH-—
crmommmnl-bmﬂnmw-s-m“/uz/m
1974 r. Kpaxayep/Il3/ ouyGauwopaj HAHEHE N0 CEASHBANWD WOHOB
Mg™ ¢ nommA*nomuy « noamy » ofuacT: xommewrpemuit womon No' or
0«0 mo O.IM ¥ noayymi BHpameHEe I SABNCUMOCTH KOHCTAHTH CHBASH-
pamen Ky, or 8 (moms samsrux gocparor) 2 rommemrpemmm No'

(2)

s S 1 = ot 18)
Ry = 16 [Mg“]”'exp(ﬁ ’

rge Go ¥ O dApafered JYHKIMSAME NPEPONH DOMMHYKACOTHNS 4 KOH-
nenrpamss momor No' , PaccunTannye mM PeANTEHY Kﬁé OKA3AJI0Ch
BOBMOXHEM MCHOXB3OBATH IS DACYeTOR CRASHEAHHA HOHOR Mfr ¢ JHK

/114/. Vsmepenusa pH pacTropor NOANA ¥ NOJRY B 32BHCHMOCTE OT HOH-
moit cumm Mg(R, , mexommoro pH @ upupoms ocHORSHES, UPOBENERHuE
Buanemoenou /IIS/, noxasamm, wro noummenme pH ofyciomieso B
ocuorson xomkypemmeit wemny Mo m H'  sa xommemyn gocjammyn
rpynny. lccaemopamma pmismmms Mg'' Ha TemmepaTypy KOHpOPMAIMOH-
HOI'O Hepexoja X USMEeHeHHe SHTAJLIME » HOMMA u NOAMY 4 MX KOMILIGK-
cax /I13/ noxasaus,4ro npu Husxod momuemrpamas No'  somu Mgt
CTACHANSADYDT NByX~ ¥ TPEXHETHERHE KOMILICKCH. Mg“ crEsHBaICH

Gonee cnemipuvecks,uen No' , mpuvem xomavecrmo cmasamsoro My
MaIO 3aBMCeno OT xommemrpamms No'  Jlammue SToil padoTH HO3BO-
AR NpeRNoJaraTh, 4To wom No  o6pesyor mmijysmuil saexTpuuecki
ciol BPONN3Z NOAEMEPA, TOINA K&K HOHH Mgu HeNoCpeNCTBeHHO B3AUMO-
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NeldCcTRYNT ¢ AHHOHHEME UEHTpaMM -~ OYeHL TOUHOE MOICAMPOBE8HEEe CHTYya-
nuE, Evengell meero B cryvse JHK /I13/. Ommexo, OTHONL He BCe Ka-
THOHH TEfCTEYHT KA8K ONHOSHEYHKE CTACHIHSATOPH CTPYKTYDH (1ONHHYKIeO-
vanos. Tex, mEsmpuwep, Hg®'  yremmvumser TemuepeTypy nisBACHES
vepenyoumaxes nommsepor moxm [A(A-T)  u momm [a(rW)) = ywems-
menT Tha roxonomamepor (moms oA + momt A T) m fmonm AT 4
+ doms A [), npuven msuparesshoe masumomelicrsée Hg'' o

monk [ A (A-T)  ofsscasercs crasuvsmmes Hg'* ¢ TmaugsHoN B
xomiLBNeRTapEux ueasx /116/.

Fonee uwmporoe uccrexopapmne womnrexcor nomul', momall,nonmy =
somsll ¢ Mq', Co¥ , M , (ot o Ni¥* | Cd*, G m Zn?
HOK8B8A0, YTO 11O XBPAKTEDYy HEUCTHAS RHNEYKSSGHHNE KaTHOHY IeIATCH
ma pu rpymw /117/: Mg Co’* credwmtaupywr cumpersine crTpyxry-
pE nommNepos, HelicrRys mak M Na' , HO IpE KONNENTDBUMAX HS
TDH IODANKAa HEEE. JITE KeTHOHH BSANMONEGHCTBYNT TOABKC ¢ @oclarTam:.
(e w Cd*" necradummsmporsns TONMRYEASOTHNN, OODASYA ¢ OCHOBE-
HHSME KOMIEGKCH, MOUSDMHE HODMEILEOMY CEPHBSNAD OCHOBRSME X CTo—
xunr-ssemmoneficremn. WNi*', 7', (o' ® M?' nsammoneficTrone-
Im ¥ ¢ ocHoRaHmaM# M ¢ Jocdarssmm /I17/.

B uenou GOARUMHCYEO 9THX H HENOr0O pANS APYI'HX ISHHWX CHI'DANH
BAXHYD DOXbL B HSyYeHMH upoGaems nsammoneicrsas JHK - P

1OSTOMY SHaUNTENbHAS 4YacTh (AKTOR, KacamExcs R3aHMONEHCTEHA
EByXBaneHTHHX KaTHOHOPR C IONMHMyKIEOTARZaM# X ocHonsHumm JHK Gyzer

PECCMATDHBATHCH B CHENYRUMX pasjexsx 00Sope.
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§ 3. Bsaumozie/icTBi@ MOHOB MOTAWIOB C MAKPOMOAEKyZauN
daTuBHoil JHK

lipu paccuoTpenEN CTPYRTypH uomeRy: [AHK CPaHOBHTCH HCHO, |IO
OHN COZGPEAT HOCHONHEOC THIOB BAGKTIPOHHHX AOHOPOB, K KOTOPHM MOPYT
GPHCOGNHATHOH WOHH METAANOB: (OCHATHNG IPYNUL U PEaRWMOHHEG
neHTpi OcHOBaHWil. HOHM HOTBANOB BECHMA NOABMXHH W, UDPH NOAXOAALEX
younoBusx, CyAy® CBRASHBATHCH C MNONTY BCOMM JOCPYNHLMN USHIDAMK.
OUuesuano, Y20 WASHTUDUKAINMA UNCHE HOHTPOE CBESHBAHWA U HX IETEpPO~
IeHHOCTH, & TAKNG HOHNCTAHT CBRASLBAHUK, W WX WSMOHGHUS NPH BaEPHUPO~
BAHNE BHOUNMX yCnoBHi SBARNETCH B ARCGON HpOGHEMNE CBASHBEHHS HIDUE~
wﬂﬂmmhhmmmmmmmdmm
30BAHN CaMMS PA3R00OPE3HUE METOAH, OAHGKD OCHOBAYD CIORHOCTS HPEA~
CTABIACT KODPGKTHAN PEOPITANGCKAT UHTGPUPETANAR HACHDARGMME KPUBHK.
OCGosnavas 46pe3 ! WWCIO CBASEHINX HOHOR B8 HyRASOTUAHNE OCTATOR
(oGuwno 0<I<I) m wepes A, = KOHUSHTPAMD CBOGOZHMX WOHOB, IEIK0
MOXHO HPHATH K REGCCHNGCHKEMY ypasHsenup lemmmpa /118/:

r/A, =K(n-r) /3]
P46 " - [OMHOG WOHO CBRSHBARNMX HBHTPOB, 8 K ~ KOHGTEHTE CBASH-
BaHHA HOHA C RAAHHM USHTPOM.

HecuoTpil Ha RAXYUyRCH NPOCTOTY, CUTYalus CHALHO OCHOZHAGPCH
cuaaypniuuy GaKTopaii: reTepPOre¢HHOCTHH USHTPOB, SHAGKTPOCTATACTIYSC—
RaN OTTAAKNBAHNGM MEXAY CPA3aHANMA HOHAMH, 8 TEKZE XOONEpPAPHBHHMM
adfeRTaMN, MEAYHUPOBAH{HMA HIMOHOHHAME B CTPYKTYPS. BCE 270 HPEBO-
ANT K TOMY, WPO rpajur sasucusocts I /A, or I° nepecraer Guws :
auneiinum /38/, Ecumm npn NOMOmM BCIOMOFATEABHEX SECHEPUMSHTOB yAGST™
CH RIGCCADMIMPOBATH "Bo3uyueHus®, ypasnenue /3/ MOEHO IEPRO MO/MH— |
mpoBaTh., OAHAKD, AOBOABHEO YACTO GHBAGT HEBOSMORHO YCTAHOBHT, BHI~



BaHE 1M KPUBASHA HARMWMOM HOCHONBRUX HOHTPOR CBASHBAHNEA WIN SAGKTPO=
CTAaTAYSCHUN OTTaARNBAHUGM, JNCO B TeM W Apyruau. HamGomee npoeTo B
970N CAyUGE NPGANONQMITH, YTO WSMBHSHWE CBOCOAHO! SHEDPIrEM pPeaKIMA
{2G) ssagercs Qyaxuuefi v um:nmmwl
cooTHOMGHEE /383
AG =86t wr /]
uam, novmousHy Ne=exp(AG/RT) ypamseune /3/ MOXNO SaNNCATS CREAYL-
AN 00pasom: |
Eogrlh.,(n-r):?og*(o“ﬁwﬁ-r 15/

rre K =axp(-AG,/RT ) npeAcrasass? npeASibHEyD BANTMNY HOHCTSHTH CBi
auBamNs P savase npouscca (r =0), Sunupwescmuli napaMeTP W  OOROEM-
TOI8H B CIYYES 2ISETPOCTETUMECKOr0 OPTAIKMBAHAA U OTPENAETAAEH HDM
HENWI KOOUGPATMBNOTO ePaMBauan /118/. Tpapur samucumocms logr/hn-r)
OF ' OUNWNO ANHGGH, HDM yOROBEM DpEBEABHOPC BuOOpa . . Taxuw
0Cpasom, MJ CHOBA BOSBPGUAGMOS R HPOCASNO OBDeASAGHNS WMGHA B THHOB
WBHTPCE CBASHBAHM.

llocwonsxy Nomamym: [HE ABRINTCS OTPHRATOABNC 3GPASCHEMEMG NONH=
#onaul, 0 SCHO, UTO ING0E CRASKBARUC NONOXNTEABHEX 3apRN0S (3 uac~
THOCTH, /ABYXBANOHTHHX XATHOHOB) JONEHO NPONCXOAMTH B NEPBYD OYEpSLb
Ha QocQarHEX PpPyNNEX. [pd paccuoTPSHAN SASKTPOCTATUUCCEEX CBOUCTS
HOAUBEGRTPOANTOS "HEOGXOAMMO yWITHBATH KAk )JEKTH WHCTO SEGETPO-
CTATANGCIOTO XBPAKTEPA, 3ABECHNEG OF BACKTPAWCLOMO NOTSHINALS NOMM=
ROR& ¥ 3apaja NpOTHRONOHA, TAK W S(JEHTH, CBASAHNNG C CEAGHTHBHOCTHE |
B CHSNUQNIHOCTHYD CBESHBaHNA, & TAKEE ¢ ABNGHNEME rFEApataima® 332/,

Honexyna JHK mpescTaBifeT XOPOHYD MOZSAS AOCTATOGHO HOCTHOTO
JNHGUHOrO NONMBAGKIPOANTA, UTO NOSBOMMAO CO3AETH paX Teopail /II9,
120, 121, I22), xaparTepHayOMXCR CISAVENME OCHHuN wepTaMi:

a) Oc?03 /630KCHpUGOHYRNCKHOBO) EUCHOTH MONST GHTD NPEACTABICH
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AnHGlIHEM pacnpezieseHHeM 3apAj0B, NAOTHOCTH KOTODHX ABIAEPCH OCHOB~
uw&u&mu;—mﬂmn&}um
WMWRS

A= ek'Th. 6/
rae h - paccTosnme MeZLy AByMS NOCASZOBATGIBHLME! 3apPAZAMN €, & ¢
AUSASETPUYCCKAA NPOHANASMOCTS cpeii. Tawouy AuneiHOMy pacupeneneHED
AONEeH COOTBOTCTBOBATH SEGRTDUYGCHKN! moTenuman \9 (r) , oGmazawmumil
M RZpRveckol cHuMOTPHG X yMeRBUADURICE C PAaCCTOSHAGN | OF
NOAKWOHE TaKMS Kax B /90ail- nKKes8BCKMI MOTEHMAN NPOCTHX HOHOB
738/«

G) Boasuan ¥aCTH NPOTHBOWOHOB (OEOEO 80 % B cuyuse ABYXGSNO~
weunoll AHK) #e oGuajiae? Mamepusoli AKTHEROCTHD M MOEST PECCHATDH=
saTson Kak “osmsannas’ ¢ AHEK /38/, Ocvasmasncs 48CTh CBOGOAHEX HOHOD
mmmmmmmimmoamlm
COZ@PEUNOE DECTBOPE JMN KORAGHCHPYET HOHHYD STMOCHSPy BOKpyP JHK
Ans oCecnevgnns 0osee CHCTPOrO CHUEGHNA $(°)C I o

B) Honnas ROHN@HTDAWMA B HENOCpeACTBeHHOH Gmmacemw 0T jochar~
HHX PPyun HAaMHOTO BMNE, UYSM B OKDPyxapu8y DacTseps. [lputiumexnan
OueHKa MONOT ONTH AaMa DOABLNMAHOBCREM (aKTOpOM:

C=Coexp(-Zey/kT) 17/
rRe 7 - BOANWHHA DOZOXUTONLHOPO 38DAKA NPOTMBONOHA. B CAyuas
OZHOBANGHTHNX KATWONOB N Beiuwmse o /ul~ 8( manpmmep, JHE mpm
anaxoll monnoll cmue) momyesrpamus Na® omomo goefaramx rpymn B
memmummpmmpaco.Hmmm
EQTHoHOB (Z =2) 870 OTHONGHNE DPABHO NPUMEDPHO 9-105138/. BaxuocTs
370/ NOKANBHOH EOHUNGHTDAUMM KATUOHOB NDPOSBIRETCH NpH (JEETaX Xe=
1aT000pa30BanuAl BHCOKAR BEMMUMHA KOHCTAHTH SCCOUMAIMM, UTO OCHWHO
X8paKTePHO AAR MHOIUX HOMNAGKCOB ¢ yvactuem JHK, oGnscHseTes OOCHY~




HO CYymeCTBOBAHNGM BORDYr MORSKyMH [HE noBumeHEO!l NOKANBHOH HOHUGHT-
panud EaTHOHOB, CYATEDMMXCH B DABHOBECHH C KOMIIZEE KCOM.

P) 53eXTPOCTATIVACEOS OTTANNNBAHNG NOEAY (JOCATHEM I'pyInanm,
pacnononeHHuMl B pasHux uenax AHK ABAREPCS BECHMA BARHEM (axPOpOM
B cTaluubHOO™ AByxXonupansnoli erpyxeyps /38/. Tamue %6 Cum, Cy=~
HOCTERYDIG MOXAY coceiumm QocarTHuMi Ppynnauy » OxHOL neus, yse-
A¥uLBADT NSCTKOCTD ME(POMONSKYIs. Takuu o0pascu, fACHO, UYT0 rFAGHOCTH
ABYXCHRPAIBLEOH CTPYETYpH (y462 BO3pacTaTh ¢ yBOABNGHUGM WORROK cu=
e CunCarTHOS WIHEHEHWS PSOMETDPEYECHAX NapameTpos AHK womeT Cueh
SApPETUCTPUPOBEHO PUAPOAMiAMUNGCHUMN ueTOAsMM /29/. Peszve CRUmEHNS
BA3KOCTH PacEsopos JHK npu zoGaszeima Ca°* m MQS* Guuo nomaseso B
padozax JI23/ u JiZ4/, cooTBeICTBSEHO.

JUCKTPOCTETANSORAN TOUKN 3POHHA B COMETPEBA6T UPOTHBORKOHH B
AHK POABKO REK 38PASGAHNE MOJNGRYNH, (ZNAKO HEOCXOAWMO YWITHBATH,
9P0 B 6 B APyrEe COMBBETHPOBAHH, T.6. OHPYESHN MOAGKYNAMM DACTBO~
pufosis CONGE MAN MOHES TOCHO CBHSGHALMM C HOHHNME OCpasuams /38/.
Hax cnepyeT ms nexoro paxa padGer /JI25, 126, 127/, npn musxoll moxscf
cilié O0pasoBanne WOHHOI napy uMexAy (oCHATOM B KaTHOHON CONPOBOXAAET
CA HOBHM DaclpeAGiASHEGNM SHCKTPUYGCHOrO NOTeHMaNE. [IPONCXOAMT NOC—
A80BATOALHOS NEPEPACHDE/ISNOHNS MORGKYE PONN BOKDYr HOHHOU Daps.,
HBROTOPHE WONSKyAH BOAH NEPEXOAAT W8 TOCHO! yNAKOBEW, BHYTPH Fuf=
parHoll COONOURM, B OTEPHTYD CTDYRTYDY BOAH, B DOSYyABTATS GG MON~
HO HaOINZAATE CYMMSDHOE yBeIMueHue oUneMa pacesopa /118/. llassnas
"yacTauHan” ZerRApaTauRn CHIa DONTBEPEAGHE KEUSCTBEHHO METOROM
“cnun-axa® /I28) ¥ KOIMYOCTBOHHO ~ MOTOZOM BPOUGH HauMeHBES! pezaR-
caguu /118/.

XoTA CBA3HBANNE KATHOHOB ¢ (ocjaTHHMR Fpymnaws b IDCoN CAyvae
ABIAGTCA NepBoil cPazmell mpouscca, OHO MORET CONPOBORAATRCA ADyrHMM,
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Gonse cnequjuveckaMz s(jexTamu, BeAyuMM: E OODa30BaHMD BHYTDEHRHUX
X8IATOB ¢ JYaCTHEM DOAKIMOHHOCHOCOOHHX 8TOMOB OCHOB&HWH. OuSBMZHO,
9T0 [0 PSAKIMOHHOCMOCOOHHMM ATOMAMN HAAO WMETH B BMAY aTOMM, 00Ia=—
ASNijl6 BHCOKO{l BNGKTPOHHOH NIOTHOCTBM. B COOTPETCTBAN C DACYSTAMH,
NpON3Be/SHHEME MeTOROM JKAQ /129) wOEHO NOAYWITH CHEAYBUYE KApPTHHY
S8 ETPOHHEX NAOTHOCTEHS
» amesmwes N, (0,52), N; (0,53) @ N oz NH,(0,43)
B ryauune: N, (0,63)y N, (0,55) @ N o® NHy(0,43)
¥ qmrosune: N, (0,66) # N oz NH(0.43)
B THMHE S Oy (0s35) m N, (0,32)
Bee =%u OeATPN B pasEoOli CTENGHU JOCTYNEN B CHYYES OAHOUENONENHOH
oTpyuTypu, OAnaxo mms N, ryammme, N, azesmse w O, Tmmsa zocTyn-
HY Aie RETNOHOB B ABoliMoli cnmpamm. N, ryamuse sBAse®Cs, TARMM 00~
pason, HaKROOHGE DOAKIMOHHOCHOCOOHNY UEHTPOM NpH B3aWMDAGUCTBAR ©
NOHAME METANNOB.

B npunigane, BOSHOEAC 0CP30BaHNE ABYX THINOP XE1aToB: &) xenaTa,
B ROTOPOM ORENM HS JuranAop asamercr doocfarsam rpymna ¥ 6) xsnaTa,
B ROTOPOM 288 4l (046G 4TOMOB OCHOBSHEN BOBJAGKASTCH B KOMIIBRC,
Houmnexe mepBoro THN AONESH HACMWAATHCH B OCHOBHOM AAA ABYXBANGHT=
AMX RSTHOHOR Hepexoimux wezammon (Mn*, coft, N, ¢u 2%, 7.2,
uMeUMEX Epaiinel  d -OpOurass /38/. OCHOIBEY B HOMIIGHCS yYACTBYET
QocjaTsas rpyuna, oHepPRS CBE3MBAHMA CyZ@T YACTHWHO KySOHOBCROH M
PEROH XQNAT ZONNEH OMTH OYSHD WYBCTHHTEHSH K BOANWIHG NOKAISHOFC
BMGKTPUYGCKOFC NONifl. [I03TOMY KOHCTQHTA CBASHBAHHA LONAHA DASHD
JMEHBUATHOR NpH yBOAWUSHMN HOHHO! CHAN. X8HATH BTOPOrO THNA MOXHO
B CBOD OUGpEAh PasAemNTD Ha AB6 FPYyNNN: XeRATH, B KOTODHX WOH MoTame
d8 PacnonarasTos MOEAY AByMd OCHOBSHuAMN OZHOW N Tofl ®e nenuw, nan
MOELY ABywr NapaMi OCHOBEHAN B XABYXNENOUGUHO! CTPYETYPE U XOAATH,
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B KOTODHX HOH METaNAE WIDaeT DPONDb CBESH MONAY ABYME OCHOBAHNAMY,
NEPBOHAYANBHO CHAPSHHNME B ABOHHON chnupazW BAN pPACHOAOBEHHHEMI B
P6CHOI Oansll, B NOCASAOBATEAbHHX CHAAAKAX OMUHOWOH nend. Hepsuii
Bpoyece, 3 HEROTOPHX CAYYARX, MOEST NDHBOZNTD K OCPS30BAHED HON-
IMeKCa C NEPEHOCOM 38pAA8 MERZY apOMATHYUSCRUM EOIBUOM IypHHOBOIO
ogTaTRa, ArpanuaM POAb AOHODA, @ WOHOM MeTANIE P KAYGCTHE aRUSNTO~
pa /1307, B 1pyrmx cuyusax, NOFAS U rEoMeTpHs INFaHZOB B cpoficTsa
EaTHOHOE ABASDTOH OLAPONDRATHOM!, DPOUCXOXNT HOTHHHOS X8JaPOCOpa~
30BaHNG. 38 WCHANUOHWEM B3Menenull P NORAIGHO! ROHNGHTPAIMN ABYX=~-
BANQHTHIEY RaTHOHOB, TaKO! KOMBEGRC AONSGH CLPH a0COMOTHO HEYYBCTBU=
PReH K WOHNOCW cmias. [locnezumi U0 XOXATOR BOSMONSH TOABKD AAS
RATHOHOB, CHOCOOHLX JaBarth CTA0MILHNE IuHelHHG XeuazH, CBOLCEDO,

EOTOPOS CBASANO ¢ BOSOENOCTBD Womos mana Ag®, Cu, f’.q"n
d, eocronuny xasess Sd PUGPRANSSIND, FOPAS DASHUNA B SHEPIUAX HGH-
ﬂd.o Id,S Mada /ISI,.

Kax mu BR/NM, CHTyAW BPECHUS CuORHA W HeOoGXOAMMH OUSHD TOHENS
SECHEDEMONTH /N BURBISHUS CYNSCTBOBANNA TONC WUIN YHOIO THNA KoM=
mmmmmnwmmm-
mmmmmnmmmammmlm-
A0BANO OEMZATH, BCE METAL NEPBOPC NGPEXOZHOrO pAAA OCHAPYXNBADT
TeHAGHIMD R BaauuojeHicTBub ¢ ocuoBamuswmy [JHE, sHOCH sameTaMl Bruag
P HSMOHOHEG AByXonupaasHof momjopmamma /132, 133/, 3 0 Bpems REK
HBJOYHOSQNCADHNS MOTAMAN BOAYT cels ovuduHum olpasowm /I32/. Teu me
HOHG0, CTONT yHOMEHYTH, UPO COFEACHO PAAy pausux patoz, TaKMe EaR
mous Fa?*, Co®* m Ni®*, au6o mooGue ue casswsamics ¢ JHK, auGo
B3auMOZisiicTROBAMN TOEBKO ¢ Jocfaramm /I34/., X073 CHERIPH NOTRONG=
mua sartusHoll JAK He ofmapymuBanT SaMeTHHX HSMeHEHH! B HpUCYTCTRMN
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MOHOB NEPSXOAHHX MeTanNoB /35, 133/, mmdjepedupanbane JO-CHeRTPH
sounmencos C.2¥, Ni 2%, Fg2* y up?* ¢ JHK napams sawevune wawCu-
MyMi, CHBHHYTHE® B CTOpOHy GOomee AANHHEX Boa# /135/. HieoGxoammuo o7-
MTHTE, UTO MOHN BeZ', NpUBAAIGEANS K FPYINE HEIOUHOSSMEMBHHX
METQNNCE, NOAABARLY NONOCY HOPACuSHHA 260 HM YO-cmeK®Tpa HarusHofl
AHK, x0T MONGRYASDHHI HOXAHNSM 9Tofl pPeSRKIME A0 CHX HOP HE YCTAHOB~
nes /136/. Nosasee Ouno NMOKASER0, UPO XAPAKTEPHCTHUGCHN! CNERTP
IHK 3 mownmexce ¢ vammwm maswomamw max Ni 2%, goft, ¢d %%, wup®t

# Zn °* obmapysmssaer wasemuyws mpn 293 HM, 8 WmHNMyN - upn 208 m
/132/. NonBnenns WaRCHMyMa 03HANAET BOSMYUSHWE SHGRTPOHHMX yposuel
OCHOBaHNK, B PE3yALTATE BSAHUOAGKCTHNS MOTRAINUGCRMX HOHOB C

S/ KTPOR~AONODHEMEN NSHTPAME NYPREOR ¥ NHPUMEAANOB, AHABOPHWIHE
soxedcHuR CHNE NOAYUSHN ¥ AN Aenatypuposamsodl HHE 137/, omnaxo
BAE A€ 4 TAE N DOANNEG CNOWGNEE MaRCHMyNMa B CTOPOHY COABMEX AANE
BOlH, yROJLBEDNT 58 COUBEYD AOCTYHHOCTH OBASHBGOLMX USHEPOB B pas—
BOpHyTHX uenax ARK. Cxozuss cuTyamua HadonfaeTes B 4R KOMINGHCA
MHE~C.&* 138/, Bompoe me o uewtpe BsamupaSfioTEas Aow0B Cuo o
mazaepsofl JHK npm Pemmeparypax Camsmmx K 259C mccumenoman, nNORANyH,
HanOonee NORPOGHO. XOTH HMEDTON HOEOTODHS AGHHHE O POM, YT BIGUMO~
RelcTBHA NPONCXOAAT MCRADWMTSIEHO B JocfaTHHX WSRIPaX, yUGCTHE CBA~
SHBAWEAX NSHTPOB ocHOBamuil narzusmofl [HE wOENO CUATA®h AOKG3ARHHE
J139, 140/. B Rau6CTBE BOMONENX LGHTPOB CEASNBAHNS NpeIONAraDT-
Cf PYQHUH W UNTOSHH, NOCKONBKY M3BECTHO, uPO W ryamms /oI, %2/ n
WRTOSHE /92, 93/ uEODT TeRASHIMD OCPA3OBHSETH HOMNNGECH ¢ HOHAMN
Cué*, o6a m ocuopamus mapu AT - meT /93). HeEOTOpH OTRIOHSEWS
0T JTOF0 33KIVNGHES BOSNOXHE LD BHCORMX HORNNGHTPAIMIAX MOAHW, NpH
EOTOPHX HaCInAaeTCs BaauuojelficTsue ¢ aAeHUHOBMM KoXBmoM /T4T/,
Asnune Kl CHSKTPOB NOATBEPAAAT NPOUMYNSCTBOHHOS B3anuojsiicTsne
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woo® Cu? ¢ Il napamm MHE /162/, ARQPSKPacHH® CHGKTPH KOMLISKCOB
HHE-C.E* /T42) zep® npu cossusanmw weaW ¢ ryamgHoM ¥ nETosamo AHK
RapTANy, GHANOFHUHYD CHGKTPAM STUX MOHOMEPOB B KOMENGHCS ¢ Cus’
/143/, npudes B3GEMOASHCTBNG MERLY MOHAME ME/N U OCHOBAHNHFM HEC-
J0AGSTCH faNe NpH OUeHb HMAKO{ ROHNSHTpanuUE weranns. OfHaxy nps
HUSHHX ROHUGHTDAINAX MEAM 6€¢ WOHN OON6e NPOYHO ¥ CUSIMIUNHO CBA3H-
sapres ¢ JocdarTHam rpymneum IHK, mAemeam ¢ ocHopasumMm /31/. 9%oro
CIBAOBALO OXWAATS, NOCKOALKY WSBECTHO, WHO HOHE Cu’' aETuBHO pearu-
pyu? ¢ Jocdazawm /I44/, W ORA2HBEWTCH HamdCAeE CTACLABMIME B EOOD=
ABHAPIOHENX Rouwndexcax goofarmux afmpos /145/. bomes Hpowios CBa~
supanne Bonos Cu“’ ¢ Joojammnm uenspaus AHK paccwaTPABAGTSS § ADy-
mmmﬂnl.immmmﬂmmlgz'
/146/. Ha puc. 2 NORGSEHA UPSAIOCLOBNTUABHAN WAGHS (umuepa /I42/,
ASHOHCTPUPYDUAA CBSHBSHNG HOHA MO C IySHNHOBHM [EHTPOM, B COOT-
BGTCTBEA C PACcYSTOM BUGKTPOHHOH crpyxeyps Il map /129/ u paccuozpe-
HlGN ROMILNG BCOOOpasyDuMX UEHTPOB UypuHoB /88, 89/. /ON0 ARATSIBHNG
AORA3aTGALCTRA HOMINOKCOOGpasopasus Cu-' ¢ I napam JHE, noayues-
HHG NYT6M HCORGACBAHUA AGHATYDEUMOHHHX Npoueccos, (yAy? paCCHOTPeHNH
B CRGAyDUGM Dasfess. YPO 3 KaCAeTOR CBAsNSAmME MOHOB Cul' ¢ aemme
HOM, TO HOCHOTPS Ha BaamNoeliorswe Cul' ¢ cawmuw azemumom /IAI/, TaE
i ¢ ageHosuHOM /92, 93/, m ux upowssoxmEnm /I47/, maNNWNe NOROGHMX
momanmummmmmommmMm
CUOCOCHOCTS K EOMINGRCOOGpa3oBaimp ¢ wouaud Cuo¥ aummorpynn B mupe=
MEZAHAX BOOGWS OueHB HMaKa /I48/. B CHATCTUVSCKMX NONNHYKNGOTHASX,
COZGPEANNX QMIHOMeTHIANpOBEHHNE TmmE /I49/ mam ypauua /I50/ xome
mmodpmccf‘mmmr‘mmmmm
HO UOHATH, NOVSMY CBRSHBSHEE WOHA Cul * wemay N, ryasnna @ doecharnoil
rpyunoli, mido wemgy N- ryassse @ N, gmTosnEa, CWITAGTCH B HACTOH-




-

PiC.2 [lpeanosomurenssas cxema ssaumoneficesss soua Cus® ¢
I-il napasa JUIK / 142 /.
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Hee BpeMs HaWOONee HpEHATO! MORENED rOMmEeRca Cu’'-iHK. Boe BHme-
CK833iiH08, B 3HAYWHTEILHON CTeneHH, OTHOCUTCHA M K APYyrHM HEPEXONHR
wetaliaM. Tak, W3WEHOHHE B ANG(EpEHUMGIBHHX JO-CUEKTPAX, OCOGEHHO
amn Zn 2* oomapympare wixyn sasucumocts of Il coctasa /I32/.
Congu CHIBHOG BOSMYWBHWS XPoMOQOopHci cucTeud ocsopanuil I'li=OOPaPuHx
AHK ZOonZEHO AAGHPHPHIMPOBATHCH, Kax NPEANOYPHTEN-HOS CPOACTHO HOHOB
mepaxoguix Mevannos x I'l napew sgramuol HHE. Avom N, ryasmma, ap-
AABGARCH HENAYWINY DISKTPON-JOHODHMEM HOHTPOM OCHOBAHUA, KOE M BE=
AGH@, WCPaeT OCHOBHY DOJS BO Baammozedcraus ¢ Cu°', CCIORMBROCTS
O OTHOWGHAD X PYGHUHY ANOANHG GO OHNG NORKASEHA TANEe Ais KOMINOH
ca *)151/, Gpome PoPO WaDECTHO, UTO HNSKNG HKORWGHTDAIMA KO~
mon Zn%t, mn’, Ni2*, o, 0@, gracummsupyos svopawayn czpyee
Typy AHK Do OTHOSGNMD k TOmEOBO/ AeHaTypaumk (Cu.CHeAyOE paszed),
OAHGRO HAMHGDT UOHANATS POMUEpPATYpy BasBaeHin /HE npm Gomee BHCO~
HEX Bosgesspamsax 3152, 132/, 0207 s((eK? AOBONBHO CHABHO SaBHCHT
nanmm.m:wumhz"/ISZl. TaK B an’/nz;.
Bee stw Qarts nanuywsEy o0pasoM HMOry? OHTH OULACHGHN CBAALBARMEM
WOHS uEepexoANOro wevamsa wexiy N, nypusas u Jocdamsol rpymicH AHE,
WTO COPASCYSTOS ¢ MOAGNBD EOOpAMsamAN womom Cul? 121/, Onmemo cy-
HECTBYST # AABTEPHATHBHAA MOASHD CBAJHBAHUA WOHA MOTALIE MERNY ABy=
MH COCGAHMME FySHUHOBLMM OCHOBauusum /135/.

Coseepy wpyrosorc nquxpousua (Ki) Taxse BOCHMG VyBCTBATCILEH
E BoGNMOASHCTEAY NEPEXOZHHX METANAOE ¢ OCHOBaHWANM HaTwusmoll JHE.
B cayuae li~Coraroll JHE nonomureibiuli wamcHuys cuextps KI nps
270 H¥ 0O4ERUAGTCS BCOME NOPEXPAHMMG! NeTANIAUN (CM.DHC.5, padora
132), 5 70 EpSua RaX OTPRNATEABHHI MARCHMyN NOYIN HE Mesneven /JI32/,
{SNOUHOSGUOABHNE RATHOHH HDPH Toii N6 KOHNGHTPAIMA IPAKTHYECKN HE U3~
mmmlﬂ.mmlg?mmdmmm



IMAX, TaAKEe NOZABIART NONOKATENHHHI HARCHMYM. CT6LEHD NOAABIGHUS
uercHMysa Kl yxasupaeT Ha CTONSHD B3aNuOAGlCTBUA WOHA C OCHOBSHHA=
up MK, # XOpOmO ROPPEINpYST ¢ AAsHMME WJ(EPEHAGHLHOL JO=CROKTPO=
CEONNE. [0 BO3pacTamuell PEHAGHINY & BIGUMOASHCTBAD ¢ OCHOBAHWAMN
WOsHO MOCTPONTS CFGAyDMEI Pan mamonon: Mg-', Ba** < CaP* < Co?t,
Fe®*, Ni2* ( gg?*, Zn2* ( ga?* g2* J132/. lnulgz’ pearupyes
TOILED € OTPALATOALHO 3apaueRIMMN (JochathuMs rpynnaMu, Kay Ouzao
yOGANTEIDEO ZOKESSHO B NeNON Daje pados /146, 153, 133, 140/, w0
Cd?* @ C.2* pearmpyur B 00HOBNON © OCHOBRHNMNI, VSO WONET COUDODON
AQThCA PaSpHBON BOSX BOAOPOREuX cmaseR /41/. Caeayes oTwemTs, PO
XOPAKIe PICTINCKRS NOAABIGHRS NONOENTONBEOH NomocH Ki wosam /&Y
nﬂ’mm:mWMIlﬂf.nm
HOKHO CASNATH SAMADNGHNS, UFO NONe NMPRHAS, SQAAHROS I'SOUITPUYGC—
HHN pAcDONOESmuSH QOCLATHHX TPYIN # ACHOPHEX HATPOD OCHOBaEMH, B
paugax Apoiinofl cmMpanu, ONPEABINET CBA3HBARYC NEPEXOAHLX NETEIHOB
B STHX UEHTPEX, PO N BUPAXAETCH B HACHDAAGMMX ROBDOPMEUMOHHMEX Aow
UGHOHAAX. DWW usMeueHnus saswen? or Il coerasa, oxmaxe womsmmene ANK
¢ Zn** zase auewNTeanENe Wswenenum u mam AT-Goremsx AHK, ¥ Xaze
Afs nomusymisomina [ nomu g(A=T)emomu g(A=T)] /132/. Kpows zoro,
Kposepe /I54/ mowasan, w20 CBRSMBAANG MOHS 7o' ¢ HAEMMSIICO UGHTDON
HpSUATOUByET CBASHBANND B Coumalunx nenTpax, B lli-GoraTux ROHMEHAX.
CBaausamme womos 7n 2% » azemumomux yenwpex JHK Tames BecsMa BOpOAD=
HO, OCOOQHNO ©4MN yUSCTH pacKpywisauue noms A mosawm /2% /1557 m
npouHoe camamsasme Zn 'c aienpassonmm momojoojaresu /I05/, xon
TSONGTPAI ABOUHOU Cllipasli WOEGT, HOHOWHO, HGNOXNTH CBON OFpPEHANSHWUS.
KaE u3BeCTHO, B DACTBOPEX C HUSKMM COASpmammes momos Na'
(~107°N) wersepruunan “ezpyxrypa® savassod JHK museT Becssa pacem—
HyTy®n monjopuamap /33, 15, 6/. 970 pacTamenne, OCYCLOBASHHOE GONB~
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mell mecTROCTHD ABOfiHOfI cnupami, uMeeT npuwmsoli ymesuvenue HeCali~
XDKRENEBCKOrO 9KDasuPYDNEro paguyca sapamsHHHX (ocaToB Hpd NOHARS=-
HEM WOHHO! CHINH, UTO, B CBOD OuePeXbH, NPUBOAMT R @ue GoAbIeMY
2AGRTPOCTATHUCCKOMY OTTAARMBAHND SAPANSHHHX Ppymil. B COOTBETCTBAN
¢ ROBgenell ROHASHCAUMN KaTHOHOB 3 PAcTBOpaX SEGRTPOANTOB, BEPOAT-
HOCTH ROHAGHCALMN ABYIBAJGHTHHX RATHOHOB HAMHOTO BHING, HEHGNN OXHO~
saneHzEEX /157/. liooToMy, NOHNEGNWE CYMMADHOrO 3apajs noaawosme Oy-
A€ HPON3BOXMTHCA LBYXBAUGHTHHMY KaTHOHAME HAMAOrO 9))eKTUBHEE.
JoCapugnue & pactsopy LHK HOBOB XAByXBaNeHTHHX METELNOB AONRHO HpE-
BOARTE R “cmamuo®™ wosexyx [HE ¥ yseauvsHRD ROSQUUNGHTE CONMMOHTE~
meu. Cansusanume ¢ AHK Zny<eanenT?mux EaTHONOR ASlCTRETCILHC NpHBOZNT
K 3HQUATEALHOMY ROSDACTANAD EOB((UIMEHTE COAMMSHTRIUN, HDUYeN
mmmmmmmmmam.
ummlgz*mmmm Ne* 132/,
Taxau o0pa3ou, CHEAYET BHBOX, YI0 B3aUMOASHCTHNE NepPS XONHMX MNETAN-~
40B ¢ NOHOPHMMN LEHTPSME UYPUHOB N (oc)HarThHMN NSHTPAME NPUBOAMT

K AONOAHATOALHNN BHYTPOHHNM ROHQOpPMARHOHHNY H3MGHOHUAM B CTDYKIYPe
MK, HaCKOLBEO CYuOCTBEHHH DTH M3MORGHMS, MOEHO HPOGHALNSRPOBATD,
CPABHABAHA BHUSPAGCHMOTDE{HNE W3MOHEHNA B K CHOKTPax, HHMNEPYeMS
ABYyXBARSH RHMME KATHOHAME, C NOZABIGHLEM MARCHMyNS K SRCEPELALBHC
BHCORAMY HOHNSHTDAUMAMY OJROBGUSHTHHX COaGil. Ki~CHOKTDANLHEE N3G~
dendn AHE B HOBUSHTPUPOBAHHEX CONEBHX PRCTBODEX BERSPIpS THRyD2CH
Eax KoBjopsarioRnull nepexox u3 B-opun B C-N0A0GHYD CTPYETYRY
nssl.lmlgz’nmu&mmmm.nmmu
sjfermuenocTs wouon Mn°' B pvom ommomemuy memmore smme 132/, Kak
#3BECTHO, Nepexox us B B C jopuy AHK, CONPOBORLAETON yHOANUOHUOM
yria CKpyWIBGHNR MGXLy Napaup ocEonauuil 88 2,6°C m wamweHemmen yr-
fa CENOHGHNE OCHOBaEAfl K ocm cnupanu /I59/. CXomENe SaREDUSHNA
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