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B cratke 060BWEHE H CHCTEMATWIMPOBAHL PE3YNBTATH MCCNEADBAHWA XMMUYECKOrD Maawdu-
LMPOBEHWA BLICOKOTEMNEPaTYPHLIX Npousccos obpascearnvs caobonHbix aTOMOE B ANSKTPOTERMN-
HECKOM aTOMHO-a5CcopOuMoHHOM MaToae adanvaa. Onucada HoBaR KOHUESNUMS, 3aKmOYawanca 8
CO3OaHMK KOHTRONMPYEMOrD KMMUHBCKOMD DKDYKEHMA aTOMOB ONpegensemory snemanta. Chopay-
NUPOBAHL OCHOSHLIE NPMHLANG BRBOPAE XMMUYECKHUY MOOMDUKATOROE, CROCODHEX K Habu PATENLHOW
KOODAWMHALWMK C WOHAMK aHanaTa. YoTasoeneds DaxTopel A0N0NHWTENEHEX BOIMOKHOCTER CHIXE-
HUa Npegena ohHapyxeHnd B NDWCYTCTEMK METaNNoKOMMIEKCHEN MOIUMGUKaTODOS,

Anemacosa Alrrumm- CepreesHa — gQoxTOp
XMMHHECKHX HayK, AOUEHT xadeapsl aHaIUTH-
HECKO# XMMHM [JOHELKOr0 HALUMOHANLHOID
yHMBEpCHTETE,

DBnacTe HAYYHBIX WVHTEPECOB: AaHANWTHYEC-
Kan XMMUA, aTOMHO-a6copBUNOHHLIA ananns,
MCCNeaoBaAHWE 3AKOHOMBPDHOCTEN XHMHUYSCKOR
MOANGHMKALWK NPOWBCCOB ATOMWIAUHN,

~ AeTop 97 nevaTHLix paGor, 4 naTtenTos,
aBTOPCKOrO GBMAETENLCTaa, y4ebHoro noco-
Guan uuuorpatnu.

Padanmok m.. Bnagumupoawd — acnW-
paHT [IOHEUKOro HAUMOHANBHOIO YHHBEPCHTETA.

O6nacTe HAYYHBIX MHTEPEGCOB: EaTOMHO-
aBcopBuMoHHLIf aHaNKa, NIYYEeHUEe BLICOKO-

HecaoTpa Ha copeplieHC TBOBAHHS aToMHO-a6-
copSuHoMHB [AA] cnesTpoMeTpor, Npod/esa ci-
e npefaesa oduapyvike i (MpO] i noswimrenng
TOYHOCTH OTIPEACTeHUA MIKPOIPHMECceil MeTALTOR
B CAOMRHBIX MATPHUAX OCTASTCH BRTVAIRHON. LA
PELIIEHET aTON FaadM Iﬂl]l-‘l_"Q." 0 B{’IJLUEI [CT RO -
HHEM AMITAPATYPLL HCMOALIVIOT XHMHUYECKHE MOTH-
(PHEOTOPLL MOZBOAIOLLLTE HE3MEHATE BRICOREOTEMITe -
parvpHbie npodeccblobpasoBarim cBoSoIHbIX ATO-
MOB B rpadhHTOBLIX MeaX 1 MROBOINTE ROHTPOTHPY-
eMYED aTamiizanum. Haubores noche1osa Te hHoN
NOMLEITHROH COSARKA ROHTPOMHPYEMOTO XHMHYECKD-
ro OEPYHEHHA ATOMOEB OMpeJelaesMoro MeMeHTa Ha
BOEX TAMAX NMPOHECCE ATOMMIAINT ARNACTCA HC-
[I0/Ib30BAHHE B Ka4ecTBe XMMHYeckiX MoagHduEa-

4

TEMNEePaTYPHBIX uﬁuemu: npmuual c
YHaCTHEM METANNOKOMIUIEKCHBX COBAWHEHWNA.
Astop 7 neyatHeix paBor.

Wenwua Haransa [lMUTpUEEHa — aCNWpPaxT
A oHeLKOTrO HAUMOHANEHOMD YHHEEDCHTETA.

O6GnacTe Hay4HbiX NHTEPECOB: aTOMHO-
abcopbuwoHHbIh aHanwa, pazpaboTka cnoco-
G608 NDBLILEHWS TEPMOCTaGHNNIHpYIOLLERA
CNoCOGHOCTH XMMHYECKUX MOaWDUKATOPOR Ha
ocHOBae nannagWa.

Amtop 5 neuatHeix paborT,

Pomanor Cepreid Huxonaeswy — cTygedT
AOHEUKOrO HAUMOHaNBHOTD YHHBEPCWTETA.
Astop 3 nevatHerx pabor.

TOPOE GRFAHHYECKIX PearedTos, ciocobHbIN K M-
fHparensHoil KoOPAMHALLIE C HOHAMK ONpegesae-
MOToNeMEHTA C ﬂﬁpil.’tﬂit:]lﬂlf‘.‘nl }'l:’_"[‘f}ﬁ‘[l IBBIX KOMIT-
JNERCHBIX COequieriil. Ceetennd ol vy uie i
METPOTOrHYECKAN XAPARTCPHOTHE AA MeTOLa B
OPHEVTETBHHN NOACOHLIX pearedTos ndoluleHs B ob-
sopax |1-3]. Pag npueeaeHHbIX B 3THX paboTax aaH-
HEIX HOCHT NPOTHBOPEYHBLIN XAPakTep. 0TCYTCTBY -
T eqHHAR KOHUEMMHA MOIHQIKAIN NPoieceon
ATOMMIALNN © OMOLLEI ORFaHMYCCRIEN H MeTas-
NORONTAIBKCHBIX PEATelTOR, HE 10 KOHUA BEIACHEH
MEXAHEIM MK AeACTBIA.

Hactoamwan pafora noceqaueHa o6ofLe 0 no-
MyHeHHLX ARTOPAMM TEOPETHHEC KX W 3ECTIEPHMEH-
TANBHBIX JAHHBIX 0 MOIHDHEALHH BelICOROTEMITE-
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PATYPHBIN MPOLECCOB B MIEKTPOTEPMHYECKOM AA
METOAE C MCNOMBIOBAHHEM OPTAHMYECKIX I METaT-
NOKOMITTERCHBIX DEANCHTOR H MPAKTHYECHOMY 1C-
MONEIOBAHKIO 3THX MOIHDUEATOPOD [LTA CHIGHeHMA
MpO # nossIUCHHA BOCTIPOMIBOIHMOCTH AA oripe-
AeNeHHA MITEPOITPUMECe il METLLION B CI0MHELIN BLI-
COKOCOEBBIX MHOTOKOMITOHEHTHBIX cHCTeMAX [4].

Buiffop mochichuscamopoa. PaapatoTHa TeopeTiec-
KX OCHOB MOAM(gUKALIM BiUlodaia b ceda otipete-
JeHHe NPHHIATOS Beibopa Mo HpUEATOPOB, KPITH-
RO |]i'|(‘l.',‘.\TUTPE'H.H’F {Jﬁi}{l.’i}'ﬂllﬂ‘t!rﬂf‘.ﬂ AUTANIHOr
ORPYHEHWA aTOMA C MO3NIHIT MPOYHOCTH CBAIN Me-
Tav-MoanduEaTop. onpeaenfemMolii, BCao ovepeh,
KakK ]'Il'.ll'll]-[l,-'l,{]ﬁ MOTALTA. TOK M XEIPHHTEFIU M {I'J}"I'I HILH-
DHATBLHBLIX TPYTIT MOAMDUEATOPA 1 CPOJCTROM HX K
onpegenAesory MeTawTy: i aToM HeodXom o, 9To-
Gkl BBIMOUTHATHCL CIEIVIOLLIFE VEIDBIHA;

- HCIOAB30BAHNE MOAHDUEATOPOR C 38430 HHBIM
]JII CIOTOHeHITCM fl'.l}"Hh'i.ll IOHATBHO-BHATHTHYCCKILX
T'p}"l'll'[. H(}Tﬂpbﬂ_‘ MOABOTIAKT ﬂﬁpﬂ.’it}lthBﬂTh Hanbo-
Aee CTOMKHe BHYTPHEOMIVIEKCHEIE COCTHHEHNA,
COIC PEALIME MATH- M IUEC TS HHbIE LI

- HCMOB30BAHIE MOAHPHEATOPOR, TEPMIAHEr K
cTAfLIBHOCTD KOTOPBIX [IDIBUIAET KOPPEKTHPOBATE
TeMMEPATYPY Tepaonipado TN ofPasVIOIINCH KOM-
MACKRCOR M TeM CaMhiM OOeCIe S HBATE Fl]‘.‘i[)itiﬂ‘lill‘l"
I’Illjf{f‘Ti'ﬂf}liEi HHOTD l!]h'[:lj.'iﬁ!‘l THH ATOMOB MOTAATA.

[ lC‘.: e O T ﬁﬂ.’l];[[lﬂ['[l HOVIHYCCTRA |:I'LL.§..'I -
HELX _".!ﬂ,'IH(I]III{-‘,'I'I'I’?IPUT! TR TG ﬂ'rfﬁl]':l']'l: II'rJ.Ii'[[.'I{:I'
Jee H(IJLt'it'I{THBIII-IE' Hf'r?\!l'[.-"[F’!{{‘ﬂﬂﬁ}‘.lil.'!:L"El.".lllL["" M M-
TALDEOMITTCRCHBLIE MOLHPHEATOPRL. ROTODLIE 110
NOABAVET TPH OINPEeLeTEH N PAzInaHbIN JTereH-
roi: o-dpeHanTpoant (Ad. Ce, NI, muproiiaasope-
aopie (Cd, Co, Cu, Ni. Ph. Zn). nupuarnasodad-
Tom (Cd. Ni). usveTwarmioscas [Ni), aanaapuio-
nl:lﬁ Ii'[:r.’-l['l-[i-rﬁ 5. K]]H.\lil:i}'l)i!.‘l "_': X]Jl]l.\l[!'l'l](][lt]uilﬂ 13
cyiibpocaTHIAOBAA RHCTOTE [Al), 8-0RCHNITHOTHH
(Bi. Cdd. Cu. In. Ni. Pb, Sn. Zn). amutionoanepocifia-
HOBLIE KHCA0TE H HCHcHWIoBGI opatsessnt [Ph).
(2-0eHaTHASO ) -MEPRATTTOMETIVTCY IR, (TH 20~
AHANHIHTHOEapOamat amMmyouna (Cu), anaruwaan-
ruokapiamar uatpudA (Cd, Cu. Mn. Ni. Pb). mupm-
AMAABGPEIOPIHHAT naiaana (Ni. Phl okcenxnHo-
auHate! Margua v mear (Cu, [n. Mn, Ni. 5b). B
BOLHBIX HTH BOIHO-OPIAHHHECKIX PACTBOPAX BhIlLe-
VIOMAHY Thie MOIHGHKATOPBI 0GpPasyIOT TP yoTi-
HOBIeHHOM 3Ha4e Hiti pH ¢ HoHaMit onpeasinesMo-
COAIEMEHTA VOTORYMBBIE [KOHCTAHTBI VOTOITHIBOC-
TH HAMEHHAKITCA B Iuandsone Ig [} = 5-28) xeaatel it
KOOPANHATLHOHHKE coelHHeHHA. HekoTopele 1a
ATHX PEAKTHEOE TPAAHLHOHNO HCAOTLAVIOTCH B Ka-
YECTBE AHATHTHYEC KX PEATEHTOB B MOJIEKYTAPHOM
CNeRTPOQOTOMETDHH LA MOV HEeHHA aHATHTIMEC-
wux dopm (Ranpusep. TTAH. TIAP. xpomaaypoa S).

APYTHE = CHHTe3IHPOBAHEL 1 HCTOILIOBAHLI HAMH
BrepBbie [BeH3THAZOTHIME PHATTOMe THICY T ).
VpoReH: CHIUHEHHA TIpeiena obHapYVReHIA B TPH-
CYTCTHHH ROMILTERCo06pasyviollMy MoJudHKaTopon
ONPEJSTASTCR TEPAMHYECKON CTAOIIBHOCTHIO MOIH-
chuxaTopa, coocobHOCTEIO MOJHDHEATOPA KOPPERTH-
POBaTH TEMTEPATYPY TepMoobpaboTri ofpaayrol-
CA HOMILTIEKCOB H MPHPOA0IT O PeeIaemMoro aeneH-
Ta i EoMiaerca. Tak, Hanpumep, aadisie Tadn. | ua
MpHMEepe onpeleTeHHA KaIMHA H HUKEIH JeMOHOT-
PITPVEOT BATAHIE TePMITHCCHEON cTabi o 111 Mo -
thHEATOP:A HA BETHYHHY HAMeHEHHA AHATHTIHECKO -

ro CHIHAMA, ROTOPOS CHEHMBAIH KAk
AA-A

rae A - aGcopbuna Gea Moauduraropa; A | - norao-
HIEHHE LA XOToCTorD 0nbIiTa. CIeayeT 0TMETHTE, HTO
BEJTHMITHA AN 3ABHCHT 0T MHOIHMX (PAETOPOE — BE1H-
HitHbE pH. pacTeopiTena (BOLa HIH CMECh BOJa-3Ta-
HOT), TEMITEPATYPHO-BPEMEHHOH ITPOrPAMMbL. KHC-
JAOTHOCTH f‘i)l?}'.l,hli. E‘H{]E‘ﬂﬁﬂ Ht‘llﬂpf"['l HAWT.O. nl:]_'T!'{:u-
MY AE1aTh BLIBOALL 06 adperTuBHOCTR TOI HIAN
HHOH GO0aBKEN HA OCHOBAHUH CPARHE HWA BETHYUH
A MOHO TOTBERO TIPH 0THHAKOBLIX VEI0BITAX H3Me-
periA. M3 ganssx Tabn, | BHAHo, 970 ¢ YMeHbIHe-
HUEM TEPMITHEC KO cTATINILHOCTI MoaMthHRATOpa
CHITHACTCHA BeTITdMIHA fl]JTﬂ}:H'"T'H AHATUTIYHCCKODD
CHIMHAAR AL HJJH aT0M CACIVET UMOCTR B BIAY. 4T
rﬁ][]]]l‘.’li’!ll’.” H MEHY CTCINeHBHD !il}i!,_'[{"ﬁt".l'l'll 1H ST -
[t]III{HT[]P;i [l II|]II!IL1"I."L"|=1 ATOMMIALIMT MeTANIOR T
TE'L'!I-'\.IH"-[FL"HD'IE"l }’{‘Tflf‘!‘-”lﬂﬂ["l'l:iﬂ E‘E]K]J:-I! 1A&TOA TN BEO
AR MOAMGHEATOPOE © 0ANHAKOBLIMH LOHOPHLIM
ATOMEMH,

TaBnwua 1

BruaHue TAPMUYBCKOR YCTORYMBOCT MOAWDMKETODOR Ha
BENAYAHY MIMSHEHWA GHANUTUHECHOMD cureana [0

EI_Fﬂunnmm T'T'a_mn_e.s:ua_wp:a AA+D,1 '
! | pasnowerws | 1|
§ paoancdmkaTtopa,"C I{a,qmuﬁ'Hmenb
| BatodeHaHTpomH 417 37 | 43
.. O-CRHAHTPOMMH 408 36 2B
naH | 34 | 20 | 23
nap B 1 O . 1 2.2
B-OKCHEMHOMIH 296 . 13 20 |
L. o, O E—. . 10 | 11 |

Henoabsosane MoARQUEATOPOR IIPHBOANT HA
nrpanﬁ CTAAMY ATOMUIATIM K Ulﬁpaaoummm npo-
MEHRYTOMHBIX KODPIHHALMOHHBIX COCOMHEHHIT i1 K
MOBBILIEHHIO TeMlepatypel Tepmoobpaborry Ges
norteph avatuTa. Jansie Tadl, 2 CBHIeTeALCTBY -
OT. 9T0 MaKCHMANBHO AOTYVCTUMAA TEMIepaTypa
TeprMoobpadoTHH COeIHHEHIT ompeleiAeMblX ane-

5
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MEHTOB B IIPHCYTCTEMH MOAMPHEATOPOB BOZpACTa-
et Ha 250-800° C, npu atom Takana TepMocTabnan-
aanuA ofecneYyHBaAeT JONoMHHTEIBHBIE BO3IMOFHHO -
CTH OTTOHKN MATPHILL 1 cHHmeHi# [Tpl, Ma nan-

HBEIX Tab/1.2 Takie CAeYeT, YT0 METALIOKOMILIEKC-
Hble COSIHHEHHA — XEAaThl MArHHA. Nallalua -
ofragaoT Soaslel TepmocTabuamanpyromeii cno-
COOHOCTRIO. YeM OpraiMYecKie MoaupUKaTophl.

Tabrmua 2
BnuaHwe MogudeeaTopos Ha Temnepatypy TepmooBpaboTiM
JnemeHT Mogudwmratop Temneparypa TepmocBpaborim, °C '
BeamoguchukaTopa C mogmdhiukaTopom !
Ag MuporannonoBed KpacHe!A + &00 ash
O-DBHAHTDONAH
Al Cyneghocaniumnosas kmenoTa ; 1400 1650
Cd O-cheHanTponi- ! 300 700
Cu BenarnazonumeprkantoMeTancynsgmg | o00 1100
In o-~theHaHTPOMAH I 750 950
' OHCHXMHONKMHAET MarH1a 1000
hn COKCHXMHONMHAT MarH1a 1T 1200 | 2000
Mi OHCHUXMHONMHAT MarHua 1700 | 1900
Pb MuproWMNasopesopuUMHaT Nannagma 500 1300
Sh OHCUXAHOMWHAT MArHWA 900 1200

OseBHIHO, 4TO VPoBEHb CHHEEHHA [Tpl Hooe-
JyenMbIX METAJUIOB OIIPpedelAeTCH KAk CBOMICTBAMI
soapHUEATOROE (4T0 OLLUTO MOKA3AHO BLILIC). TAK 1L
I pltp{lﬂﬂﬁ' fl-TIFIFJIIE'_"[ﬁEMﬁl'D ATesMeHTA. BT'ILI T'I!l'}..'_'l't'l.ll.’l.}'.ri'l'.-
Aot ganible Tadnd. noyueHHbe 4158 MOAETEHON
CHCTEMBI MHPHAIIAOPEIOPUMHATOD METALIOR [3],
HauGosaee 3Ha'iTenbHoe HAaMEHEHHE AaHATHTHY e
KOrO CHIHATAS OTMEMEHO [UTA KOMILIEKCOR ¢ Donee
HUIKOIT HAMAJIBHOH TEMIepaTYPOil pa3noEeHuA.
Tak, ann CAMNAP ona cocrasndet 275° C 1 BeHYH-
HaaA = 1.4, 510 Bpema kar 178 Cu(lTAP), . paanara-
wouerocd npu 4357 C, HaMenee aHaIu THYLCROTO
CHrHAAA CTAHOBMTCA HeJocToBEpHEIM, [JatHble
Taln. 3 NoATBe PHAAKT MOTOHEHHE O BIHAHIN TPoY9-
HOCTH CBAIN METLULA ¢ MoApPHEA Topos Ha agpes-
THRHOCTE [MOCASIHEro.,

Tabnuuya 3

Bnyauve Npupogs METanna ua BENHAYAHY WIMEHEHWRA
BHANWTHYSCKOMD cUrHana AA

Xenar CA(NAP)| Pb{NAP)| Co(TAP),/Cu(NAP),
Temnepatypa 275 295 l 410 i 435
paianomenms,”C | "
AA+0, 1 | 14| 10| o5 | 01 |

ILnA TeopeTHHeCKOT0 000CHOBAHMA 3TON0 MOI0He-
HAA W U IPOrHOINPoBAHHA MPPeRTHBHOCT M BLID-
paHHbIX CHOCO0HBIX K KOMILIERCO00 pasoBaHH D MO-
AMpHEATOPOE HCTIOMb30BAH NAPAMETD CpeaHed
ATEKTPOHHOM MIOTHOCTH HA BHewHeH ofolouke aTo-
Ma O, [6]. 3TOT NapaMeTp HCNOIBEIOBAH paHes 115

B

reoMeT pHHeCKOro onpeielecHMA AJIeKTPOOT P -
TEABHOCTH ATOMOB B KpHeTaUax [ 7). Har nokasanu
ABTOPB! |B]. 13 MHOrOYHCIEHHBIX PAcCMOTPEHHEIX
PHANRO-KUMIHSC KUK CBOMCTE ANeMeHTOR [ TepMoai -
HAMIYCCKHE, TEMI0RRE, MeXaHYeckie, onTHYeC-
B 0L ) ITOYTH BOE NOKA3BBELTH TY HUTH HHVED 3a-
BHCHMOCTH 0T 2, . HabaroaaeTed HeTHAR KOpPena-
HHATUIOTHOCTH BiLTEHTHBLX ATOMHBIX 3MCKTROHOB C
KOVTHHECTREHHBIMIL (TApaMeTpaMi. HCITOIbLIVEMBL -
ML LA TEOPRETHHCCKOIO HPOrHOINPOBAHELHA L O01i-
CAHMA NPOLCCoa aroM3nig Br[.']ﬂqjiT'l'UHhLKIlE“-ILLK:
TEMAOTON ofPAIOBAHNA OKCHI0E U3 NPOCThX Be-
ILeCTH, Tf:'--"-fﬁi;‘].:'i'l'r}’iﬂlﬁ TTABIEHIA ORCHI0E. TEMITE-
paTypoll noAs eHHA croboHBIX AToMOB M TP, Bean-
HHHY {7, OIPEACAANT U3 VPaBHEHIA

n
o Vo Vi *
LA 11 = HHCI0 ATeKT POHOB, TIOTERAHHBLS ATOMOM 1126
i} PadOBaH I HOHO AAHHOTO 3apPs1a [H{'F FLTH a0 TR
BAMEHTHBIX 2ekTporoBl V. uV, - o00beMbl ATOM:S
M HOHA C ZAHHBIM 38 PAIOM,

Hanmu DbL0 YO TAHOBIEHO, UTO (), XOPOLLIO O -
ChIBAET VPOBEHL BOZAEHCTENA CNOCcoDHBIX K HalM-
PaTEIbHOH KOORAMHALIMN MOLHPHEATOPOR Ha npo-
UECCh! ATOMHBALMN KAk [TepeXoiHbIX. TAK 1 Here-
pPEXOAHBIX JTEMEHTOB: KOMMPUIMEHT KOPPETALN
Jurs TTAP cocrasmsiet 84 %, Uta 8-oKeHXHMHOTIHA -
85% [ralfn. 4). 3akoHoMepHOE YMEHbLIEHHE AHATH-
THYECKOTD CHIHAA 3EMEHTOB C YBEIHYEHHeM 0,
CBHAETENLCTRYET 00 VBETHYEHHH MPOYHOCTH CBAIM
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B COSMMHEHHH HCCOSIYVEMOI0 3NCMEHTa H 0 3aTpY-
HEHHM TPaLecca of PAIOBAFA CBODOIHLIX ATOMOE.

TaBnuua 4
BrnusaHpne Ha B2NAYAHY WIMEHEHAR BHANWTWYECEOMD
curHana As
QHEMEHT[ £, an/A* [6] AS,
nap B-OHCUXWHOMAH
Cd 0,169 2.7 32
Pb 0,142 1.8 1.1
Cu 0,207 1.8 0,98
| Al 0,263 1.1 093
Mn 0,325 098 | 089 |
N | o038 067 | o087 |

Maa npornoaupopanns adberruenocti AP n
B-OKCHXHHOAMHA I8 IPYTHX NTEMEHTOR paccyiTa-
Hbl KOPPeTALHOHHLIE VPABHEHHA I MTOATBERIeHA
BO3MOHHOCTE HCIOIB30BAHHA TPeLT0HeHHOTO 114
pamMeTpa f,, s MPOrHO3HbIX 0LeHOK 3dupekTHRHO-
CTH BBIO P HHBIX MOTHIIMEATOPOE U 3TeMEHTOE CO
CXOAHBIM MeXaHuaMom atomiaauun (8], Tag. ua-
mpisep. B Taln.5 Ha npHMepe HCTOTBIOBAHIA B K-
yecTse Mo EaTOpa B-0RCHXHHOMITHA MOKA3AHO.
HTO SKCICPUMEHTAIBHOE 3HAMEHIE AA XOPOLILO CO-
LIACVETCH C PACHETHBIMM AHAYMEHITAMM. {:}.'I,HH Ky
E‘,'I'E"T'[r'I‘T HMETE B BIIV. UTO B DADC CIVHASE MOTVT (10~
ABAATLCA GARTOPE!, ALIAKILHE SHAYCHIE TApaMeT-
pi [}, HEROPPEKTHRIM, Hanpusep B oeayvaae Mo, kor
Aa s rpaguiTopoil neqn obpasyw reA RapOHIblL. e
coveae Mo HEATOPoR, O0RAVIOLINK HOMILIERT-
Hble COCAHHEHNA ¢ DOPeleTHeMbIM HICMEHTOM
TONTEBRD 380 C9eT HDGI}JHHCILLIH}IIII{IZH CERHEI tilil.li][..‘li‘l-
mMep, a-heHaHTpOIH). B HacTHOCTH. PacyeTHOe
SHAMEHIE AA TR MOJHGIeHA B OPUCYTCTRII B-0K-
cHxHHoanHA cocTapaneT 0015, a arenepuMeHTAE:
Ho HaitaeHHoe - 0,44,

Tabnwuua 5

MporHosuposande 3bhesTHBHOCTY MOOUIPUKATORA
B-OKCUEWHONUHE

[3nemenT] p,,.3n/A’ 3nadenve AA ]
Pac4arHoe Excnapnmemanwue&
In 0,100 23 21 |
Sn | 0,166 19 1.9 N
Bi 0,167 19 | 1.8
Zn | 0226 1.5 14 ]
Ga | 0293 | 099 10

Taxum oOpaszoM. BeBOP DprafHuHeckoro Moaidi-
KATOPA OTIPeIeIATCR CAeIVIOLMMH TPeSoBAHMAMK:
mMoaMHKaTop J0IHeH 0fecneuynBATE KOHT POTHPY-
eMoe XUMHYeCKOS OKPYHEHHE ATOMOB OIpejese-

MO0 TEMEITA B PACTBOPE H, BIIOCIEACTBHH, B TBEP-
noit dade. fomeH GuITh 10CTATOMHO CTARMIBHBIM
JUTH 3TOTO TEPMHYECHH. [MOBLIMATE JOMYCTHMYK)
Tesnepatypy repmoolipaboTEH CcOeHHEHHR oTpe-
AeaAesMoro aneMenTa. Buinoauerne sty tpebosa-
Huit ofiecnevysaeT cHmxerne [pO MeTannos anex-
TpoTepMuyeckiM AA meTogom. B Tabn.t nokasaHa
aupe K THBHOCTE HCMOMB30BAHMA BLIOPAHBIX MOLM-
tpuraTopos a8 cHitkeHHa [pO MeTanios B pale
AEMPECCHPYIILIMY BLHICOROCONCBEIY MATPHIL NPH
AHAMNAE WAXTHEIX BOI, KHUCIOTHLIX MITHEPATHIA -
TOB MOYE, AKTHBHOTO 1A, GHONOTHYeCKOro MaTepi-
ana. HepHbIX ¥ IBETHLIX CILTABOB.

BuaHo, uto [1pO. natpuMep. HHKEIA B PACTREO-
P a30THOI KMCI0TE B MPHCY TCTBHEH NPe/LToHEeH-
HBIX HAMH MOIH(PHUEATOPOB cHKaeTea B 2-10 pas
OTHOCHTETBHO pacTaopa Oes MogiduraTopa. PaHee
ucnoabayesalit mogndguratop PACL cHnmaer npe-
et ofHapyweHHA Becero B 1.5 pasa, T.E. conM nai-
AAAMA B OKHCIHTETBHBLY MaTpHuax HeaduperTHB-
el HanbBosee aprie peayisTaTel MOTyHeHsL 1P
OTpeaeTe I ATIOMUHIA H CBHHLA. KOTAA HCNok-
aoBaHWe MpeLTKEHHBIX HAMI MoAHdHEaTOpOR
cHItHAeT npejet obuapyrenia AloT 30 ao 125 pas.
a B omydae cerHLA - o7 80 1o 156 pas. Cnegyer omme-
THTH. 4TO HCTIOIb30BAHTE TPeLIaracMBX Moad-
kaTopos res Soaee ape KTHBHO. YeM CAOHHEes Co-
cTap Marpiusl. Mpu aTom cxecH soauipuraTopos,
HAK, HAMPHMED. B CTVHAE ONPeASTeHHA ATIOMHHIA,
naoT Handonee soicoiie undpbl koapdunnenTa
cHueHna MpO - 105- 125 paxs [9)].

Moo e s SeICoKoiNEATNEPOITILIHBLY NPOLEC-
o8 8 arekmpomepmudecicol amomHol afcopduii.
HenomkaoeaHie MoauhukaTopon piiedeT 3a coboi
HaMCHEHHE XapakTepa MPoUeccos aToMIM3aLH,
MPOTERADMINX © VIACTHEM KAK CAMITX MOTHHEA-
TOPOB. TAK I ROMIUVICKCOB © ONPEAETAEMBIMH 31 -
MEHTAMM M aeMeHTaMM Al TPHIUBL. HameHeHMe Xa-
PAKTERA BRICOKOTEMTIEPATYPHEIX Mpoleceons oGyo-
JOBACHO HECKOTBEUMH (JaRKTOpamMM; B HacTHOCTH,
NUMUHECHHM PAsieiedines onpeleldaesoro ane-
MEHTZ M MaTPILLEL. TE."[JM{}L‘T[}FIHHL.‘TE-KI CAMOro Mo-
JAncpuiraTopa i obpasyioleroca KOMILIE KCa, PAdiibl-
M TEMOEPATYPHBIME HHTEPBANAMH PAITOKEHHA
COETHHEHHIT ONPeieAeMOro AeMEHTA i MaTPHLBL.

YeTAHOBRIEHD, 9TO CNOCOOHBIE K KOMIUIEKCooOpa -
JOBAFHIO MOIMPUKATOPR] TPHBOIAT K yITYDIeHHID
NPoUSCCOB PpA3e/IeHIA ONMPelelaeMoro aaenMeHTa |
sMarpub (4], Menas ogH MoaudHkaTop Ha apy-
TOM M. CAeI0BaTeabHO, Mei XAPAKRTEP MX B3AMMO-
AeHCTBUA © ONPeleAEMBIM 3MeMEHTOM H MATRHMIE,
MOMHO JOBUTHCA CHIHEHWA [Ipefe1a obHAa PYHEHHA.

YrayGnenne npoleccos XHMHUYECKOTO pasgene-
HHA OMpeleTASMOoro 3MeMeHTa M MATPHUILL A0CTH-

7
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Tabnuuya 6
CHizweHve npagena ofHapyeqds METANNoOE 8 JenPecCupy oMy MaTPHLax
nemeHT MaTpuua MoouukaTop KoathdumesT CHIHEHUA
npanena oBHapyweHUA
! OTHOCWTENLHO pacTeopa bea
. MoamchmkaTopa
M 0,5 MHNO, MpMaMnNasopes0pUMHAT NANNaaus 10
MupraunasopesopurH 7.4
ANopwa nannagMa 248
Cd |0,1MHNO, Cynsdpat o-dreHaHTponiHa 2,2
! Hutpar nannagua 1.3 ;
0,1 MHCI Cynisthar o-deHaHTponitHa 5,5
Al 0. 15 M CuCl 5 Cynb@hocanuumMnNoBasA KACNOTE 50
BexaoncynsgokMcnoTa 3
CynedocanvumMNosan KMCMOTa+ aNU3apHOBEIA 125
KpaCHIA S
0.12MFeCl, CynNbRocaniUMnoBan KMCNoTa 50
| Bensoncynsdiokmucnara 59
! i CyNbOCANMUMNOBAS KMCMOTE+ ANVIaPUHOBEIA | 105 ;'
! i KpacHer S
' Komnnekcou Il 20
Cu | CaCl, MgCl, NaCl. KCI, | BenarvasonmnmepranTomeruncynidua 60 T
HNO, (cogepxadve coned |
30 rin) | - - |
' Pb  |0.07MCuC, | VhanHommetvnendgocdonosan knenota 156
HurpunTpumeTMnendocioH0BaR KMCNOTS 83 ,
; STUNEHOMAaMUHTETRaMETUNERDOCHOHDBAA 47 :
f KMCNOTA E
i Komnnewxcon i 1.9 I
- | Ourapodioctar HATDMA 23
S HuTpar naxTara B 15 !
Ag | Ca(NQ,),. MgCl,. K.50,, | o-heHaHTpOomH + uporannonoesii kpackH bR . 32 7
| NaHCO,, KCI, Fe,(S0,), i

(conepxanre conen 22 r/nj)|

FAeTeA TOALKRO MPU OMTHMANTLHOT KOHULSHTRAIIN
MOAMPHEATOPA. KOTOPOA ONPeIETASTeA XM Her-
KHM COCTABONM 1 KOHIEHTPaLHE MATPUILL, A Tak-
WE KAPAKTE POM MHpoanaa camMoro MogihukaTopa.
B rafa. 7 va npise pe aToMHac-afcopoLUHoHHOTD O1l-
PEILTEHITA CRIUHLEA 1 HNREETA B IeTTpeccHpyIomiis
MATPULAN NOKAIAHA JIARHCHMOCTE Mpeaena obHa -
PVAEHIA MOTLATIOR OT KOHLEHTPALINN Mok -
Topos. [NpHseieHHble AaHHbLIE CBHASTENLCTBYOT,
HTO ¢ VEETHUSHIEM ROHIEHTPatMH MoanduraTopa
Mpeae ofHAPY#EHITH METIULTOB CHAMTA VMeHbIIA-
ETCH, A 3ATeM BOAPACTAET, UTO CBA3ZAHO © YBEIHYE-
HHUEM HECENEKTHEHOTO MOMGUIEHIA CAMOro MoLiI-
duEaATOpA. AHAJOMMUHAR 3ARMCHMOCTE HaBaoga-
ETCH H ATA METALTOROMIVIERCHBIX M D,Il,l-‘l'ltll.'l h'E.lTﬂPﬂB :

8

CYMMHPYA BOE BBILIECKAIAHHOES, MOWHO FORO-
PHTH O BAMANIN XapakTepa o0 pasviolxei npoMe-
WY TOMHBIX COBAMHEHHTT HA MTPOUECCH] ATOMMIALLITI
OHPEACAREMBIX ATEMEHTOB, YTO NPOABTACTCH B 13-
MEHEHIE TapaMeTpon uMnyiscos abcopbunn. B
TADUL B IIOKA3RH0 3TO BAHAHME Ha TTPHATE PE OrTpee-
NEHNA MeAN 1 CBHHLA, B A30 THOKHCBLIX 1 B BOHO-
OPrAHHYECKIX PAcTROpax Aobasra KoMresconbpa -
ayouLero Moandpura ropa Ge I THAIDTMIME PRANTO -
METHACYABGHIA 1 KCHISHOA0BOTO OPAHIKEBOTD BE-
AT K CTATUCTHYECKH 3HANHMOMY YBETHYEHHIO BPe-
MEHH 1 TEMIIEPATYPEI MAKCHMYMA HMIYABLCA abcop-
GLUH 10 CPABHEH IO © CAXAPO30IT H ACKOPOHHOBOI
KHCNOTOH, KOTOPAIC He 00 Pa3yIoT MPOYHBIX KOMILIEH-
CHBIX COEIHHEHHI ¢ HOHAMM MEIH i CBHHLIA.
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Tabnuuya 7
JasrcuMOCTL Npefena obHARYXEHWA CEMHUA ¥ HUEENA OT KOHUSHTPAUMM MoaWtu«aropa
Snement. | Moowdu-| Kosuedtpauss | MNpenen oEHapy~| Snement, Magsdi-! Konuswtpauua | MNpeaen obHapy-
martpuua | kEaTop | mogwdwkaTopa, M HEHWA ' Martprua | kaTop  (Moowdukatopa, M| seHus, mErn
[ Crmin-10°% | | .
Pb, nao* 0001 3,0 | Ni, | PdnAP 00001 | 2.7
0,08 M 0,002 18 05M | | oooco2 | 20
cucl, | 0.005 13 | HNO, | 0,0003 20
! 0,008 0.92 0,0004 2,0
| 0.010 092 0,0005 20
i 0,020 0,92 ! 0,0006 Mogudburkatop
' 0,030 0,92 NONHOCTERD He
0,050 10 | pacTEOPRETCA
| 0,10 Bwinapaer
a ! OCafok , R | |

* WnrHogMuMmeTenaHhocoRDBaR KKCNOTa

Hafmogaemiie 3QderT bl MontHo 00 BACHITS 10-
NOTHUTEILHLIM (hakTopoM TepMmocTaliLTHaaliin no
CPABHEHID ¢ OBLENPUHATLIME dhakTopaMi. aefi-
CTBYIOLLIME B IPHCYTCTEHH MOIHMUHEATOPOR 0pra-
Hitdeckoil npupoast. K aicny Takux GakTopos Mo-
HO OTHECTH, HalpiMep, obpasosatie cBoGOIHBIX
PADMEATOR. BOIFTRAIOLIIIN T I Pﬂ,-'l H3E KOMTILTEH -
ca. B R3aMoaeficTame n Pﬂi[!\" HKTOB [MTHPOAH3A C Co-
[APAKeHHOI CHCTEMON FPafu TOBOTD CII0H. DRCTIEPH -
MEHTIWTRHO BBLTO MOKAIAHO, YTO MOA0GHOE BIAHMO-
JeTCTRHE HMEET MECTO HA CTAINH MPeIBapuTelh-
Hoi repyoolpaboTrin B AnamaoHe TeMnepatyp 300-
5007 C. oTopslil XapakTe pHAVETCA MAKCHMATLHOT
KOHIEHT paLiedt criH-ueHTpos. [1poIyETs TepMi-
HECKOTO P 30 eHNA ARTIBI IFH}."!'UT MOBEPXHOCTHE

AToMMaaTopa. olpasyA Ha Hell AKTHBHLIE LEHTPBI B
auae ofopBaHHBIX XMudeckix ceraeil [10]. 3o
ITRITRANT K QOITOT I TE T l{.'lﬁ TR ML‘I{‘.T{IEI LiH3anng
AHATHTA ITPH HISKEX TEMIePATYPAX, CORPALLE HITH
EI0 TOTE P Hi MTPEABAPHTELHBIX CTAAHAX, YMEHR-
wie e audhyany coeguienii onpeieigemMoro
AMEMEHTA B XOT0AHBLIE Tepitde pritHbl e 20HBL NeYH,
C AanBHEITTIIHM MOBBIIICHICM TEMIEPATYVPBL Xapak-
TEP TepMoCTADNIN3ANNN HAMEHACTCA I CBA3AN
APEHMVILESCTBEHHO C ITPOBATHBAHIEN YACTHL OKCH -
JoB aHanMTa B T.T\.'Ei‘r PEH.'I LTaBa A HHMYICCHOTD fe-
LHiecTEA, HHH.‘[E‘{]:IIH‘F‘I YACcTHI aHAITA I'}'HH.\.T _"n.'r."[{"
pﬂ.’j[lhlh[ CUCTATHOM BCIEICTRHEC H’ﬁ}]-‘li!ﬂﬁ:‘lll“}l }Hifil'}}.'l'
MHX TUIDTHBIX YITTEPOLHBIY 0D0I0YER B pesy/ibTaTe
rpaduTH3anm vrepoaa | L.

TaGnwua 8

TemMnapaTypa W BREMA NORBNEHMA MaKTHMyMa @mnyvneca aboopbuwm (n=5; P=0.93)

Dnemert Pactaap | Maxcymym umnyneca abeopbuma
_ | Bpews cex | Tewneparypa,C
Cu BOAHO-3TAHOMbHLIA (3:2) pacTeop 1,49+0,05 1950
0,01 M BOAHO-3TaHONLHIA pacTaap BTMMC ] 1,75+0,05 2207
0,01 M BOAHO-3TBHONEHBIR PACTBOR CaXapoak . 1,52+0.07 19490
0,01 M BoOHO-3TEHONBHEIA PACTROD ACKOPOMHOBOW KMCNOTE ! 1,61+£0,05 2100
Pb  |1% HNO, 0,80£0.07 | 1050
p.m:n M paéﬁanp KCWNEHONOBOro opaq#esoro 8 1% HNO, 1,17£0.04 | 1580 |
i0.1% HNQ, 0,52:0.06 | 9498 '
‘D.DUE M pacreop cyneara o-hedantponuya 8 0,1% HNO, 0,85+0,06 1050 |

' BeHITHAIONUNMBDEATTOME THICY Mpug

[MoaTBepHALHHEM ITOMY CIYHHT H3MEHEHNE BE-
JHYHHBL 3HEPTIHH AKTHBALMK TPOLUECea aTOMIM3E-
LI, OIEHEHHOE, HATPHMED, [UIA MPOLEcca ATOMM-
3ALMH COSMMHEHHA CBMHLIA B MPUCYTCTBHH Konle-

HOMOBOrO OpaHMeBoro rno Metoauke | 1 2], Ipamoni-
HelTHAA 3aBHCHMOC T JorapudiMa KOHCTAH T CRO-
POCTH ATOMH3ALMH OT TeMMepaTyphl CBHISTEb-
CTBYET B IO/IL3Y TOTO, 4TO B MCCAEA0BAHHOM TEMIe-

9
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PATYPHOM JHAIIAI0HE CBHHEL HE B3auMogeHCTBYET
C YIIepoaoM B KOHIeHCHpoBaHHOM dase. Hamewe-
HHE AHEPrHH ARTHBALIMK cocTaBuno 12 k% /Monk.
YTO COOTBETOTEVET HAMEHE HIHIO 3HTLTLITHM Npu M-
andeckotll ancopbuHH, HANPHUMED, 38 CUET BaHAep-
BAATBCOBOrO B3AHMOAENCTRHA MEXIY MOBEPXHOC-
TeIo H agcopbnposannoi Monexynod. Kak Gui1o ye-
TaHoBAeHD paHee [13], MMeHHO BIHAHMCM HEKOH-
TAKTHOH (JIOTALIMM JUTA HACTHIL OYeHb MATEHLKOTO
paasepa. obyciorieHHON MorekynApHoIit agreaneil
3a cuet cun JlonaoHa - Bau-aep-Baaneca. ofbac-
HACTCA CMAYHBACMOUTE OKCH/I0B pacninasaMi Mo-
AMPHEATOPOR M MPOBANHBAHME 3THX HACTHL BHYTPb
pacriasa. 9To BEIET K 3aePKKE HCTTAPEHHA.
HeonenosadHue sauannag mogudHrEaTopos Ha
NpoUecesl ATOMEIALNN BLIABWIO TAKON BAKHBIN
thakTop. Kak COOTHOILEHIE TEPMHUYeckoil cTabine-
HOCTH MoIHdUKaTopa 1 ol pasvioLLeroc KoMILIe-
ca. [InA noateepre HUA 2Toro SUTH CHHTEe3MpoRa-
Hbl KoMrteresl Cu(ll). Colll). Pb(IT). Zn(lT). CA[II) ¢

mauarwiguTuorkapbamarom [JITH), mupporpony-
muTrokapGamatom (TIITE). ITAP u SeHaTHaIo -
MepranToMeTHacyibpuiom (BTMMC). Bee onn
ObLIH OXapaKTePHI0BAHL! AHAMHTHYECKH. DeHTTe-
HothaIoBEIM 1 CIIEKTPOCKOMMYECKHM METOMAMM,
CpapHHTENLHOE HaYYeHHE MOTMDHEATOPOB H KOM-
miaexcos Guiae npoeeledo MetogoMm Judiheperm-
ANTBHOD TEPMUYECKOrD A HANNIA C 3AMTHCEI TePMO-
rPaBHMETPIHYMECKHX XAPAKTePHCTHE.

lpusegerdbie B Tabn. 9 jaHHBIE MO TEpMUYeC-
KoMy pacna y komriekcos Cd, Co, Cu, Ph e TTAP yet-
KO JeMOHCTRPHPYIOT HEOOX0IHMOCTE VHETA COOTHO-
LeHHA TEpMITYeckoll cTafMILHOCTH MOgMpHEATO-
pa 1 00 paavioLLXCH KOMILTEKCOB H KOPPETALMN 3THX
AAHHBIX ¢ BEJIMYNHON AHATHTHYLCKOTO CHIHANA.
[Ipwu atom TepMUYHecKiil pacnaj Beex KoMILIEKCOB
MPOUCKOIMUT B IBE CTAINH, ¥ PAagHOCTh TEMIICPATY]
PATOKEHUA MOTHOMHUEATOPA M KOMILTEKCA KOPPETH-
PYET C BEAHYHHOI HAMEHEHIA AHATUTIYECKOro CUr-
HEUTA B TIPHCY TCTBHNA MourhHKaTopa AA.

Tabnuuya 9

Bnuanue TEpMUHECKOR YETORYMBOCTH Moaudvkatopa MAP v komnnexcos, obpazyiowmxca ¢ MAP
Ha IPDEKTUBHOCTE NPOUSCCOR ATOMUIALMH

Mogwdwrarop | Yonosedan KoHcTaHTa | Temneparypa pa anoweHnA™", “C AT *C AA= A-A,
W KOMANEeks YCTOWIWBOCTI I atan llaTan Ao
komnnexca lg i NWRONnaa nvponuaa |
NAP 280 ] |
| CdiNAPR) 6,53 195 275 | 5 1.4
Pb(MAP} 6,48 295 445 ? 15 10
Co(MNAP), 11,57 378 410 | 95 0,52
Cu(MNAP), | 11,82 395 435 1585 0,07

Al = OAIHOCTE TEMNBPATYD DAINOWEHHA MOQWWMEATORE W KOMONSKCA mpw MAKCUMANEHOW HRAIOTEDMWYECEDR CHOPOCTIA

NaTERW MACCHI,

" TepuorpaguMETPWSECcEnE SanHBE NONYWEHE NP CEODOCTH HArpeEa 5 rpan’vKe 8 Boagyxe.

CrenyeT oTMETHTE, YTO MOTYHEHHAA KOPPEIALLIH
XDPOLUD COMMACYETCA ¢ BETHYMHON KOHCTAHT VOTO[ -
YUHBOCTH 3THX RoMiekeos. Jlantbeie Tabn. 10 rakse
ASMOHCTPHPYIOT 3Ty Koppeaaunio. OaHako ona By-
AeT HMETE MECTO BCEMIA B TEX CAYVHAAXN. KOrda nupo-
N3 0D PAaVIOLLHXCA KOMIVIEKCOB [IPOHCKOANT CTY -
MeH4aTo. I'I:m'r BE'I.J}H_."[[:'I IITEM ATOMY I:."JT!.-'HiﬂT JIAA TR e
no koMmiviercy Meau c I3ATH. koTopslil pasziaraet-
CA B OJIHY CTAAHI0. B 3TOM cutyyae ROPPeIALIMA M-
ay AT it AA napyisaeTea. OBuAcHuTE oluapyked-
HYI0 HAMH 3aHOHOMEPHOCTE MOMHHO, BEPOATHO, C/le-
AVI0iEmM obpaso.

C oanoi cToponsl. MpH H30LITEKe MogndHEaTOpa
BO3MOMHA H30NALIMA YACTHL AHAMTA OT BOCCTAHO-
BUTEMLHON NOBEPXHOCTH rpahToRON ey, 38 cueT
HEro CASVIOLIIHE ITAML PEAKLIANA C YHACTHEM [TPO-
AYKTOB PACOajd KOMILICKCoB GVAVT HATH MELIeH-
Hee (HanpuMep. peakiiMA BOCCTAHOBAEHHA OKCILIOB

10

VIIepoaon 1 xemocopbunsa pagMkanos. oGpasyio-
LHXCA TTPH MHPOIH3e KOMIUTEKCOB, HA MOBEPXHOC-
TH ey}, BAN3ocTs TEMIEpaTyp pacnaga Mogmndm-
KaTopa i KOMIUIEKCA MakCHMaILHO ofecnevHBacT
PAMKAABHBIT XapakTep NUPOIH3A KOMIUTEKCA, YTO
CHoCOGCTEYET XEMOCopPOLII AHAMITA 34 CHET MeTa-
CTAOHIBHOIO KOOPAHHHPOBAHUA METALICOAE KA -
LMK PAAHEAT0R M CAMOTro KOMILIeKea BOAMIN all-
COPOUHMOHHOTO CTIOA PAIHEATOB HA MOBEPXHOCTH Fpa-
thuToBOI MevH.

Moarsepsaennen pasjHKaAbBHOTD XapakTepa
pacraja NpPoMEeKYTOYHBIX KOMILIEKCOB ABRIAIOTCA
AKCMEPHMEH TANBHBIE JAHHBIE [0 MHPOIHIY. HAMPH-
sep. koMiLtexcea Cufll) e BTMMC 11 Ph{ll) ¢ JI3ATH.
Metozom DTTP-cNekTPOCKONHH MOKA3AHO, 4T0 MPo-
MEHY TOYMHBIE TPOAYETBI TEPMOTHIA 3THX HOMILICH-
COB, MOMYHEHHLIE TPH TEMIIEPATYPAX MePROTO JHI0-
apperTa, cofepaaT cTalMIHAHPOBAITHEIE DATHER -
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ael. Hx camMonponassoisHan cTafiianaaiua ocyule-
CTEIACTCA BOASCTRME B3aMMmoaeiicTema oOpasym-
WIMXCH PAIHKATOR C CHeTeMOl m-caaAsell yriepoa-

HOil nopepxHocTH rpadHTOROIT NewH 1 yTiepoa. of-
DASVIOUIETOCH B PEVILTATE MHPOIHaa Moaudika-
TOROE.

TabGnuuya 10
BruAHHe xapakTepa TEPMUYSCHOrD PACNaAs KOMNNEKCOB HE BENUYUHY SHAMWTUHECKOND
CWMrHANS
MognbHKkaTop M KOMMNEKS Temneparypa paanowenva®, “C AT C s A - A
| 3an nMponuaa | |l stan nuponvaa | A=A
i BTMMC | 332
| [Cu(BTMMC), 335 | 390 $ 30
O30TK 325
CHABATK), 37| 3 = 1.3
O30TK 325
PH{ASATK), 250 '; 345 = 1.2
naTK 167 ]
Cu(MATK), 23 | 335 | o
O030TK 325 '
Cu(a3aTK), 278 a7 09
* TapuOrpaBHMETRMYACKHE JaHHbIE NOMyHeHsl MpU CHOPOCTH MarpeRa 5 rpan‘sus & armocdepe aprowa
Henoassosarie CrocodHbX K KoMILIekcoo0paso- Ta6nwua 11
BaHHIO MOAH(PHEATOPOB MO3BOAAET PeAibHO KOHT- KoadhdmunenT (K) CHUmEHHA MHEpTHOW Macckl aneMeHTa
OAMPOBATE W PEryINPOBATE MeXaHaM obpajoba- - -
I:I“H {‘lF:i‘:vﬁU.u.HhL\'F:.lT;rMn:DBu-tltl—'JHbtx. Iy TEM u};mrl{n r1- MU,D.HEIJHKEIGP Il—K * E._—.
pRBASHHOrD (POPMUPOBAHIA COCTABA NpeIATOMMaa- | | Cd Sb
HHOHHOTO COeIHEeHIA, BO-BTOPRIX. VBeAMYeHmen | ACKOpBUHOBAR KMCNOTa 1.5 | 1.2
BOCCTAHOBUTEILHBIX CRONCTE AHATNTHYECKOT XNopKanannagua 1.6 1.3
30HB. MeToA0M PEHTTeHDPAI0BONO aita113a Oblao Cmecs HHJUE nannanus 16 | 1 3
MOKAIAHO, HTO OCHORHBIMH MPOIYRTAMM PACHIAIAB | 4oy onBH0B0R KWCNOTH i
CAVHAS HCMOTRAGEAHHA OpPrafifyecil I3 Mol thlIHLl- o T —— I'IB:.I;L-I;IEEI-"IH U'] 17 1 1.4_
TOPOB, fﬂ{w;mmuum 30T 1 EHCAOPO1 B KAYeCTRE Gkt Xiia RAAASc A TIAP 18 - 15
JAOHOPHBIX ATOMORE, ARTHHTCA OKCHI MeTA11a 1 Y-
Aepoa. a B cayae S-1oHopHbIK MozupikaTopos - [PUIANE30PEI0OPUMHAT nannagua(ll) | 40 | 22

cyashHa WK cyabgat n yraepoa. Mocaeanu cno-
coGeTBYET passuTim fonee OLICTPON peaklni kap-
HOTEPMUYECKOIO BOCCTAHOBIEHHA OKCMI0B META-
0B 1 YMEeHBLUEHHIO NAPUHATBHOTO JABTEHHA KUC-
A0poda. STo ocole HHO B0 B CIVHEE OO BIOEA-
HUA B KAYECTBE NHMUYECKUX MOZHDHUEATOPOB C0O
enuuerdil naviagna. HyveHHo Moapdgmin posaHne
© OMOLLBIG XEAATOR MULELIH clocoGCTRYET €10 BOC-
CTAHOBASHIED 10 METATAA I MOCCLYHOLLEN TEpMo-
cTabimHaaiiiH AaHAMHTA 33 CHeT oDPa30BAHHA H-
TEpPMETAATHIOB H TeepALIX pacTeopos. B raba. 11
npeacTanicHbl JaHHble of yMeHbBIUCHHIT B MTPHCYT-
CTBHH MOAM(HEATOPOE TAK HAILIBAEMOH HHepPTHOI
MACCHL CYPbMBI M EAIMUA. MPOMOPUHOHATEHOMN KOH-
UEHTpaLHK CBOBOAHOTO KHCAOPOAA B TA30BOH
thaae, BemanHEY KoTopoil onpetenamno | 14]. B
o, 410 HphesET CHINREHUA TaPUHATLHOTD JaBae-
HHA KHCIopoia Hanbonee aHAYMTEALHO BbipakeH
JUTA XeJATOB Ma/uIa L,

MNpolecesl BOCCTAHOBIEHHA © YYACTHEM MOIH-
(PHKATOPOR B TREPAOI (PASE MOKHO OUEHHTH, HCXO-
Af M3 3HAYEHHI TOTEHUMATL HOHMIALMN MOTeRY-
At megudukaTopa. Ha preyiike npeicrapiena 3a-
BUCHMOCTE BEJHYIHB HAMEHE HUA AHATHTHHECHO-
o CHIHATE HITKETH 0T 3HaMeHi MTOTeHIIHATA HOH-
sarun Moerya moanguraTopos | 15), TTpn aTom xa-
PAKTED BRILEVITOMAHYTBIX 3aBHCHMOCTEI. ¢ 0HOM
CTOPOHEL ONPEACTAETOR THITOM CBA3H HUEE/IA B EOM-
naekce: MHG0 TONLKO KOOPIMHALNOHHBIT THI CBA-
an, Anbo HOHHO-KOOPAHHAIHOHHOE BIaAKMOIE-
cTBHe. C Apyroil cTOPOHBL, YETKO IPOCIcHHBAETCA
VBREAHYEHHE 3HaYeHUA A © yMeHbILIEHHEM MOTEeH-
LHAIA HOHHUBALIH MOICKV B HE3ABUCHMO OT THIIA
CBA3H B KOMIUTEKCE. DTH JAHHBIE MOTYT CIAVHNUTD
KOCBEHHBIM [TOATEE PAISHHEM YYACTHA CAMOT o MO-
OuprraTopa B TRepAcPaIHLIN BEICOKOTEMTIEPATY -
HbIX peakLHAX BOCCTAHORIEHHA CoeIHHEHMIT onpe-

11
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ASMASMOTD INEMEHTA. a BEAMYHHA [MoTeHUMAa A
HOHH3IALWHH., BEPOATHO., MOWET HCNOAb3OBATECH B
Ka4ecTBe elle oJHoro akTopa npH eeiffope Momwm-
drkaTopa,

AA

075 a0 85 8.0 a5 100 1.5 |P. 9B
JABMCHMOCTE BENMYKHE NOBLILUBHWE BHAMWTHYSCKOTD CUrHana
HAREMA Af OT 3HaYeHuE NOTEHUHENA WOHMIALHKA MONSKY TR
MoaHdEaTops 1P
| = BIAHMOJBRCTEVE WOHOE HUKENA C MOAMBMKATODOM
MPOUCADAWMT M0 KDOPGAHALNOHHOMY THNY; || — HoeHHO-
KOODOWMHALMORKDE BIAVMOOSACTRHE
1 - BatoderauTponud; 2 - o-haHanTponed; 3 - MAH; 4 = NAP:
3 = WMHOMKUH, B — OECHXHHOMUH, T = MHEONMH; 8 — NapraKe:

9 = aumeTenrndoEcas; 10 - amueas; 11 — ackopBunosan
RWENOTA, 12 = TarpastiunBeHInnaMmMoHmt Lnoprg

Memcporosiaescribie modugiucamaops. Henoss-
BOBAHHE METAANOKOMILIEKCHBIX MOZWgHUKaTOpOR
MPUBOAIT KO0/ 3HAUHTEIBHOMY CHHMKEHITIO Mpe-
lena odHapyKeHHA MeTanos. Tak, koadpuiment
CHITREHTA Npeleia ofuapyikeHis Hureas s 0.5 M
HNO, coctannaer 108 nupianna — 1,9; aumMeTn-
CHOKCHMA = 2.5 8-0kcHXHHOMHHA — 3.3: Xipomn-
HAa - 7.1: TMAP - 7.4: cmecu [TAP 1 PA(NO }, -7.4:
roMiniekca PATTAP - 10. Bee nepeusicnersie opra-
HITYECKHE MOAH(IHMEATOPEL B TOM uncie o [TAF obec-
MEHHBAKOT CHUHEHNE TTPeIeTa o0HAPYHEHUA HURE-
A He bonee ges 8 7 pas, Hommaere Pd{ll) ¢ TTAF no-
SBOAACT CHUIHTE nIpefen ofHApyRe A HHKeTA B
10 pas. CreayeT oTMETHTE. 4TO OAHOBPEMEHHOE BRE-
aeHne [TAFP ¢ HUTpaTosM MaLIaaHa 1 Iake BOMOH-
Hoe ofpasosaiie koMerca c [TAP He npupoauT K
OOCTHAEHHI TEX NOKA3ATENLI, YTO NoyyeHbl 418
rosmmaerca Pd(ll)c [TAPR

[Tpu pacesMoTpeHHN METAMIOKOMILIEKCHBIX Ma-
AUpHEATOPOE HA NPUMEPe COeTMHEHN MTaaLrA
CHEAVET YUUTHIBATE, 4T0 HX ofpeRTHBHOCTH Orpe -
nenfeTcd paaoMm gakropos. Meproe - aTo XapakTe)
KOOPIHHHPOBAHHOIO IMIAHIA, 9TO OMPEfenaeT Tep-
MHYECEVIO CTABHALHOCTE METALIOKOMILIEKCHOrO
soaudukaropa u ocofenHocTH ero nHponnsa, B
rabn. |2 npeacrasnedbl JAHHBIE 110 BAHAHMIO TEM-
NEPATYPbl PAATOHKEHHA METAUIOKOMILIEKCHBIX
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MOAMPUKATOPOR NAUIATNAA HA BEMHTHHY aHATHTH-
YMECKOTO CHIHAIA CBHHIIA. M3 HOTOPBIX CJIEVeT. YTo
Haubonee adxpeR THRHEIM ABTACTCR HaHBoee TepMi-
YeckH yeToiunBelit PAMAP Kak cnenyer ua peayibra-
TOB TEPMOINHAMITYECKOTO MOJETHPOBAHMA € HOTOMh-
SOBAHMEM HPOrpaMMHOTr KoMiutekca ACTPA-4 11 Ga-
Ra TepMoZHHAMHYeCHKNX TaHdkx MBTAHTEPMO,
MPHPOAA KOOPIMHHPOBAHHOID TUTAHIA B Moamdu-
KATOPM OMPEIeNaeT XapakTe D MpeaaToMHU3alImoHHO-
ro coefnHEeHHA onpeielaeMoro anemMeHTa. Tak, a
CAVHAE ITHPUINIAI0PE30PLITHATA MALTALHA — 3TO
METALTHYECKHA CBMHEL, B CIVHAS ALETHIANETOH:A-
Ta Pd - oKCHI CBHHUA, B CTVHAE AHOTHANTHOKAP-

Gamara Pd - cyanthia ceinua. Xivngeckitii coctan
APeIaTOMITIANHOHHOIO COCIHEHMA ONPEIeTAeT He
TOMBKD MOCTE VIO MeXauam o0pazoBaHitd Cao-
BOAHBIX ATOMOB. HO H MEXaHH3M TepMocTabiHIa-

LI COSIHHCHMIT onpegeasesoro atemenTa. Byact-
HOCTH. CEMHEeL 0fpalveT ¢ naiiaaMes HHTepMETaT-
Anveckne coeauuerna PdPb,, PdPb,, Pd Pb, ¢ em-
!'IE.‘FIHT}"JDH IMIABTEHHA AHAYHTENBHO BLILLIC, YL
¥ CHHHUA. YTO MNO3BOJAET VBEAWYHTE A0YCTHMYI0
TeMniepaTypy o30JeHHA coeAMHeHHA cBHHLEA 10
1300°C. B 1o BpevaA kak 6e3 MoaMdUEATOPOR CHT-

HET MAgAeT Vike IRH TeMIepaTvpe nopaaka 400°C,

TaGnwua 12
Bnuaxke TEpMuYeckon cTabunsHocTH
METANNOKOMMNEKCHLIX MOAWHMKATOPOR HE BENWHYMHY
AHANUTUHBCKOND CUIHANE CBMHUA

Mn.qhd:lm;'rup Temnepatypa| , a _ uﬂﬂ'
nwponnaa,"C Ag ‘
T‘Iupmnnampempuwar 365 | 2.1
nannaana I
 AueTUnaueToHar | 350 082 |
nannagms - |
ﬂuamn.umw;{.apﬁamm 230 073 |
nennags | |

XaparTep IMraiia B MeTATIOKOMILIE KCHOM MO-
AHMHEATOPE BANAET TAKWKE I HA MPOILLCe ROCCTA -
HOBNEHHA naanagna. Tag, gepusatorpadudeckue
HCCEI0BAHHEA PATOKE HHA MHPHIHIA30Pe30pLi-
Hata u okcuxunoanuara Pd {I1), a rakme crexmo-
METPHYECROA CMECH KTOPHLA MALTAINA B CODTBET-
CTEVIOIHX OPraHiYeckny peareHToR CRNICTEN:-
CTBYIOT. ¥TO N3 KOMILTEKCOB NaNIaHil BoCCTaHAB-
auBaeTeA npu Gonee HUAKoI Temnepatype (363 1
4007 C). PEHTreHOCT PYRTYPHBI RHAINE NPOJIVETOR
MTHPOTHAA [TPH 3THX TEMIIEPATYRAX NDATRE P IACT
MPAKTHHECKH NOTHOE BOCCTAHOBTEHWE CORIMHEHI
nantaaus 10 ceoboqHoro metamia. [Uia npeasapu-
TEABHOTO NPOrHO3MPOBAHMA BOCCTAHOBHTE/TLHOIT
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crocobHOCTH JHIAaHAA NPH Befope METANTOKOMIT-
AeKCHOTO MOQUEATOPA MOMKHO, BEPOATHO, HC-
MOJBIOBATH BETHHHHY MOTeHLITATA HOHWIALIIN M-
NEKVAL! OpraHMyecKoro pearedta |4, Opramudec-
KM JIMrang BIHAeT Takme ua manyeckyio opry
BOCCTAHOBAEHHOTD MA/LTALHA - pa3Mep YacTIr, mx
thopny. XapakTep pasMelieHHd HA MORePXHOCTH
aroMmMuaaropa. Moecne gosaiie COCToOAHAA rpaduTo-
BOH MOBEPXHOCTH MEYH € MOMOLLLI CKAHNPYIOUETo
MUKPOCKOMA € CHCTEMOI PEHTIeHDCTeRT PANLHOTO
AHAJIN3a CBMIETETRCTBYET, 4TO HA MOBEPXHOCTI,
ofipaGotanHoil PACl,. nafmojarwTes XxaoTuueck
PACMOMOHEHHBIE METKHE HACTHITM ROCCTAHOBICH-
HOro Maiaaua pazyvepos or 0012 o 0.25 um. Ha
nosepxHocTH, cGpafoTaHHOI ORCHXHHOIHHATOM 1
MU PILIHTAZ0PEIOPLUHHATOM MALIAAHA, O0pasyIoT-
CA CIUTOWHEIEe 08JACTH TOHKOrO rYG9aToro nokphl-
THA pasvepop 10 HyM 1 Goaee, wTo cnocofeTeveT

MPOTEKAHHID MPOLECCOR 00PAa30BAHHA TBEPILIX pa-
CTROPOE, HHTEPMETLTHAOE, KATATMIA © YHACTHEM
MeTalHeckors natapm, HenonsaopaHue cBA3aH-
HOTMD B KOMIUTERS C OPradiHeC KM THCaHI0M TaL1a-
A NO3BOTAET YONEMIHO pelliaTh pofitemy Tak Ha-
ABIBAEMBIX "ORHCTH TETRHLI MaTPIL, L€ HEOPTAHI-
HECKHE COCIMHEHIA MT211a1HA HeadperTIHBHEL.

NMosyueHHBle PeayIBETATE KOMILIEKCHOrD Hoeee-
AoBaHHA (PAKTOPOR, BIHAIOIIHX HA BLICOKOTEMITEPA -
TYPHBIE TPOLECCHE TTPH ATOMHO-A0Copa LLHOHHOM 011-
PEfeNeHHH MeTALT0D, No3Bo UM paipadoTaTh Te-
OPETHHECKHE OCHOBLI Bhifiopa KoMIUIeKcoobpadyo-
LN H MeTALTOROMIDTCRCHBIY MOZHDMEATOPOB, M-
MOAL3OBATEL 3TH MOJUPHEATOPE! ATA paspaloTHi
DRCTIPECTHBIX M BEICOKOMPDERTHBHLIX AHATHTHY e -
KUY METOIHE, HEOOKOAMMBIY OPIT aamiae ofLekx-
TOB OKPYHAKLIEH CPReaLl M COATANMN HOBBIX MATE-
pPHATOR,
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