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PECULIARITIES OF METAL PROTECTION AGAINST ATMOSPHERIC CORROSION
BY ULTRATHIN FILMS OF HIGH CARBON ACIDS
Kyonenos IO M

. Yul Kuznetsov

BIEYH Hucmumym Gususeckoit xusu v snexmpoxtisu 1. 4.H Spywina PAH (Pocons,
2. Mocxsa)
AN, Frunkin Institute of Physical Chemistry and Electrochemistry, Russian Academy of
Sciences (Moscow, Russian Federation)

Anomaiyen. JIATCE KDATKIA 0630p COBPEMEHHLIX METONOB IAUINTHE METANACS H CONABOB OT ATMOCPEpHOR
KOPpOSMH YMMTPATORKINGE TNEHKANH BBICUTNX KRDGONOBMX KWCROT W X concd, OTMousioTea WX
PCHMYUECTEA TIEPET TPALMLLIOKKBIMM, HZCTO SKPAOTHHECKH OMACHBIMI MHPHGHTOPAMH Kopposw, MK
(XpomMaTe, AUTPHTSI W T.n.). [Tokasana saxHas pok b obecheder Bucokol spdexThenccTH UK ero
CMIOCOGHOCTI K XCMOCOPGUMH Ha TIOBEPXHOCTH JAIIMUIGEMLIX METOAIOB, R Takoke XAMHUCCKIN
npeepawckii VK, NOBMILAIOWHX HEOSPATHMOCTh aRcOpOUNN 1 o€ Jipamvipyiouee gefictaue, Jlarhi
DDHMEDE! CTANMHHOR NACCHBALIAN METATNOB, B T. 4. NPH MCPCTIEKTHBHOM METORS GYTeprHapopoGHIaUMN
MeTanoB (cnanos)

Kuioseabic ¢i06a: ErGTOp KOPPOIMH, NACCHBELIUA, ATMOCHEPHAA KOPpOIRS, AACOPOLKA

Abstract. A bief review of modern methods of protecting metals and alloys from atmospheric corrosion by
ultrathin films of higher carboxylic acids and their salls is given. Their advantages aver traditional, often
environmentally hazardous carrosion inhibitors, Cls (chromates, nitrites, etc.) are noted The imporiant role
in ensuring high C! efficiency of its ability to chemisorb on the surface of protected metals, as well as
chemics transformations of CI, which increase the imeversibility of adsorption and its soreening effect, is
shown. Examples of the staged passivation of metals, including the promising method of
superhydrophobization of metals (alfoys), are given
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ATMocepHan KOPOIHS METANIOB RBMACTC COMBIM  PACTPOCTDAHEHHEM W BechMa
PASPYUIHTENEHEM MPOLECCOM  BIZMMOTEHCTEHA HX MOBEPXHOCTH G emHoli aTMOohepoR B
IMKPOKOM WHTEPRARE c¢ TeMMEPATYP OHA BHI2BIBAET MIMEHHNE CBOIICTS METAINA H YXYAUICHHE
1o (YHKUAOHATEHLIX xapaxtephctik [1,2] COCTOAKHE METANTOB B ATMOC(EPHEX YCmOBMEX
TEPMOMMHAMUNECKH HEYCTORMNED K HX PAIpYUIEHHE SABUCHT He TOMLKO OT TPHPOI6! CAMOrO
MeTanna, HO W COCTABE ATMOCQEPH JIMEHBO TIOSTOMY HHTEEC K HSYMEHRIO KAK Camol
aTMOCHEPHON KOPOTHH, B TIEPBYIO OHIEpElb SRBHCHNOCTH o€ CKOPOCTeit AA PA3KE MOTaios
{CTInaBOB) OT BPEMEHM U COCTBA CPefbl, TAK W METONAM, & Taloke CPEACTBaM GopeSil C Hek
NPONOMAAET OCTARATECA HA BHICOKON YpoBHe [31.Cpen WHX eemensercs ocobas rpymna
BLICOKOI(PEKTHBHYYO METOOB, OCHOBAKHAA HA IPHMEHEHIU HHTHGHTOPOB Koppoai (HIK)

K setannon cormacao crannapry CO 8044-1989 KasHIRAIOT XHMHNCCKHE CORRMHEHIS HIH
KX KOMAIOSHILGH, IPUEYTCTaHE KOTOPHLX & HESOMLILIX KONHYECTBAX B ArPeCCHaHOl Cpeac WA Ha
TIOBEPXHOCTH METAIUTE JRALIAET €70 OT KOPPOIMY, HE HIMCRTA CYLLECTBGHHO KOHUSHTPALHTO B
CPEAC £¥ ACPECCHBHBIX KOMMOHEHTOB. OHU MOTYT NPHMEHATHCA B OTKPHTOR BTMOctepe (outdoor
corrosion) Wi B 3aKPLITEIX MoMeweRH X (indoor corosion). CYIECTBENNO, YO B OSOUX erywan
310 MOMeT OMTh speMenwoll AUATON, Te QYEKUWOWHPOBATH TIDH  OTHOCHTENbHO
KPATKOBDEMEKHOM XpatichHn (o6kMHO He Gonce roa) i TpanenopTHpopke. Mexaunsm aekicrons
MK MoweT GLTb ZOBONBHO CROKHKM, HO €0 CYUIHOCTH OGBACHACTCH ABYMA OCHOBHBIMH

" PaGota Bsmomer » HEXI 109, A H. Opywiama PAH mpir nognepwxe Poccwdicxoro naynoro donga (Ipanr Ne
17-13-01413 «DYNIMMENTR s b€ ACTEKTE) OPHHPOBAIILL CECFXTOHKIEK aGCKENPYIOLINR MICHOK OpFaHIRCCKIK
Cocakuicuh npH 3aULKTE OT ATHOGHEPHOR KOPPOTTHY)
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swnciaMi: ancopiis MK Ha LORCPXITOCTH SallMUIGENOL0 METWUIA WA GOPMHDOBAHHE Ha e
TOHKAX CNIOER ©r0 TPY/AIOPACTEOPHMEIX COCMHHCHMI C KaTHOUaMM 5TOro Metwmia Crieayer
otnisats M Of KOURERTUPYIOUITX COCTAR0S, OBpASYIOUIHX Goiice TONCTHE pasiHiHMEe
ncoopykerisiv tnazow cnom, 1 JIKIL, xots oxk sacto conepaat MK

B HECTOAIWEE BPCMs OGCCMUHEHHC BPUMETHON 3IMTEL HACTO JIOCTHFNETCH NaCCHBAUACH
BOMHBIMH DACTBODAMH HCTOKCHYRBIX H HGOpOrHX MK Omi 3thlexTvBHO 3miumiior cranm,
MBI M GNIOMHHHCRHC Crinassi [3,4], M0STOMy YEIICHNIO JaMCHAIOT SXOLONHAECKH OMCHAE
1€ TOIILKO HUTPHTHLLE, HO 1t XPOMATIIHE TIACCHBHPYIONIIE PACTEOPLL OCHORON TZKHX PacTBOpOR
WACTO CHYAAT CONM BMCIMX KApOOUOBX KHCIOT, HATDHMED OMEWHOBOR KHCIOTH WM
oncincapkosmia TIpHMEpoM TakiX Cocrason snmacTes S%-HoM noxHbl pacreop HOXAH-39
(Puc1). TlaccMBama cTany 5 GaloBOM llCCHBHpYIomeM coctase 39A  obpasyer ia
HCCIENORRHIEIX MCTLIaX TORKYIO Tiicriy (4 =< 0.2 MKM), TPOJITCBAIOULYFO HHIKYGAIHOHHAIH
TEPHOA K0 MOZIICHIS TEPHOIO KOPPOIHOIIOTO TOPAKENHE, Txop MO 12 CYT B IKECTKUX YCIOBHAX
Kavepsi e i nar (KTB). Vaer4eiia Tup 10 20 CYTOK MOXHO NOGHTECH HECLCHHCM 8 STOT
cocTas BockoBolt uienepenst (39B), HaceHBALMA B KOTOPOM B ~10 pa3 yBEUNSHKACT TONWHIY
SRUHTHOM 1Rk, d. P

= OuuaKo STO e YIyMUET BTy CIROR WHONHIINA
(Tuop == 4-5 cyro). HlonBopom cancprentos k cocrapy 39A,
T cosnanmen pactaopa 39AJIT, HO3BOMACT He yenHAMBAT
Oy WIEHKI MONBICHTS Tyap U5 C1 3 410 38 CyToK, & AJL
31 u 116 Gonee, wem 8 4 pasa 10 NOIBONAET LPUMENATE
TAKYTO TICCHBALIO JULS MEKOTICDALHOMHOH SAIINTH! B TEXaX
WIlH 12 CKAQU@aX, HO JUTA G0Mmee JKECTKMX YCHOBHI HAabKHee
venomsosars coctas  39Y, coscTmoWwi  mosiweie
SbHEKTHEROCTH JALLATH ¢ yAeHCHHEM d.

B nocTeume AeKab 0cofoe SUMMAIHC YXGRAETCH
YAKTPATOHKUM (HAHOPIMCPHEIN) JAULHTHSIM ILICHKAM R
Merwinax. Hx MOXHO PRIRemHT, Ha e T2 TTepasic 13 WX
OPMHYIOTCR W3 BOAWWX  pacteopon, miostomy MK,
BXORAWIG B COCTAN TAXHX MCHOX HEIVIOXO PACTBODHML B
BORE, XOTH W NOBCPXHOCTHO AKTHBHM  Bropse -
06paIyloTcH HOBOALNO
rmapogoruimit K 1 GopMHpYIOTCH 12 QpriliHNeCkiX PACTBOpHTENel, Yale Beero cnuprosix C
IpaicTizsecKkolt Touk 3peiiis Hepist TPy MK HMEET P 1EHMYUIeCTS, Tiepea BTOpOH; OHit Metee
OUICHL BKONONIHECKI 1 SKOHOMITICCKIH Goriee JOCTYMHH, & KX \[PHMENENHAE TCKHONOTHHCCK
yRoGrcit

Orkphrtue B cepermiic 1970-x 1008 aICOPOUMONHON naccinay Fe B HEATPANKHEX BOAHLX
DHCTROPAX  CONAMM  OPTAIMNCCIHX  KHGTOT CTMMYMMPOBAIO MCGHCHOBUHHA 2mcopGuan
opraisseciin FK I Sifi METONGMIL, TTIDiBIN OGPE30M MIHICOMETPHI [S]. HMCHHO ¢ 1OMOISIO
00 METOAE BUCPRIC OOBACHEH CHICPTHINM WICOPSUMI 1 HITHGHTOPHOrO AeHUTsid 11O
OTHONICINIO K FC ABYX OUHOMMCHIIO JAPAXCHHSIX RIHONOR OPFARHHCCNX KienoT, Tlokasureneit
HPHMED CHICPrtaME NTpHCEsIX conell (erniyticxanorol, GYIL, i weicnavunono, MEGH
arcior. M wamcpensit ancopBuusti otinx MK (Tabin. 1), ceAyer, 470 ol onuesiBaiorcs waoTephioit
Tewnia: © = (U)In[BuwC] Fiect & - cTencirh an0MHeHHA AXCONDATOM MOBEPXIOCTH METANRA;
/= BAKTOP HEOAHOPORNOCTH TOBEPXHOCIH, XipAKTLPHIYFOIIIH HIMEHCHHE IHTAIBIINH BICOPOWEH
© SAMOIICIACM MOBEPXHOCTH, C — KOHUCHTPAILA ATCOPGRTE, Buax= [-AG's maeXp/RT - KONCTANTA
27COPOLHOIINION0 PARKORCCHA, COOTBETCTBYIOIME CAMBIM  BICOKHM havenian  coGomoit
aHepriti ancopBumi (~-AG' e

Tabmaua | — Benwsnns: (-AG'yue) CONCH xapGONOBEX KHCIOT M WX CMecH 1ia
BoccranoBiienHom (1 0,65 B) # okncnensos (E = 0,20 B) xeeac, BEMUCACHIIME H3 YPABHENHA

Pucynox 1 — DBpews xo
nowBneEsIs nepaoro
KOPPOIHONHOID NOPAKE-IHA NPH
wenumanmax Cr 3w Al cnaason
NOCIE 1ECCHBALMI 1K OGPAILOS B
5% HOXAH-39 8 kamepe Tenns
W amar
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TeMKHHA TH HIMEPEHMIX 1 Silte SAMUMCOMETPHYSCKIM METOZIOM B GopaThom Gydepe ¢ pH 7,4

MEOH, (-4G7 ) sLx/1c0m
TIph £= 0,658 51.0
Tp£- 0208273

DVH, (-3G7, gus} 1 Tladhions,
Tlpk £=-0.65B 31.7
Tpu £=0208321

DYHAMERH(1: 1)(-AG uus) kb mons.

Tipn 658 580
Tipn £=020B41.7

Ananus agcopbuHOHMLIX MsoTepM X MK noxasan BENHYIO PO MPHTATRTCRBREI
B3aumonchicrsnl MEDH ¢ OVH W, McHAN NOCTCIOBATENGHOCTE hX BACODEUMN Ha kenese
TIPOAGMOHCTPHPOBAN  BOIMOKHOCTL  yCHAeHUs amcopuse MEGH wa anextpofe ¢ yxe
ancopSuposantsie GYH (Pric 2) [7). Bomee Toro, ecnit Mocne GOPMpOBEHIA MOKOCNOZ AHHOHOD
MEQH, pactsop Toro HH 3aMeHwTs uhcTeiM Gydepom n BeecTy 8 Hero OYH, To ancopbuns
TPETLErO HAHOTTOA B OBTACTH CPERHHX 3AMOTHEHNT, OMUCKIBACAAN H30TEpMON JIsHrmiopa BC =
©/(1-8), xapaxtepusyercs (-AG°)= 39,2 xIK/MOML, 9T0 BEIE, oM MPH AACOPOLAN Ha

naceusHom Fe. KopposHOHABIG UCNLITAN I NOTREPRITH, 4TO FIOCTEAOBATEbIAR

" cranWias nacowsauna ofpasuos k3 Cr3

MOKET MpWAATH WM Ayduylo  GHTHKOP-
PO3HORHYIO CTOWKOCTS BO BAGWHOA aTMO-
cdepe ¢ MeproRRMECKolt KORASHCALNEH! BTarH
Ha 0GPASUAY, 4eM TPAUMUHOHHaX O6paSOTKA
WX pacTEOpoNs eaeet ik MK,

ManeHefitile  Weonea0BaRRA  ZOKATANH,
o geyxcTamwiinas obpadoTia eTamnon
BOHEIMH DACTBOPAMIS HETOKCHAHBI  pea-
FeHTOB, MOET MpHMEHATECR 6 Kk Apyrit MK
Tax, SMTHNCOMETPHYECKHE  HCCTCAOBAHWA

CCEEE] -4 2
Preyhok 2 - HaoTepns: BACOPBAK H3

Gopathora epa HaTpues coneii
OpraHIHECKX Ketc-noT Ha okicAeHHoN Fe npn
E=0,2B; MEOH 6e3 (1) h ¢ npezancopbiwvicii
©YH (2), BYH 6e3 (3) 1 ¢ npezancopSusicit
RBYXC0fHOT0 MokpLITi GYH+HMEGH (4)

ancopbunn ®YH 1 ETA, noxasamu, wto
npenancopbuKa Ka naccksHof C13 MOHOCTOR
DYH cylecTaerHO YCHIMEALT NOCERYIOWYIO
agcopSimo BTA, yeenmumeas ero (-AG.Y) ¢
18,3 20 40,5 ellacaions (8]

310 TOATBEPATAIOT 1 PEIYNBTATH KOPPOSHOHMBIX CTHTAWHI BO BR&XHOR aTocepe mpH
RIEPHONUMECKOR  KOWIEHCAUMA efari Ha o6pasuax CT 3, MpemmapHTGTbHO oGPabUTARHEN
nacckBupyromMi pacTeopamis UK (1 Mmors/n), Ecnit aBpaGotka nposonsnace pactsopom BTA,
DYH 7 1 KBUMONEKYNADHOT CMECH, TO OMEPH KOPPOSHH HA 0GPRIUAX MOABNTTKCS YSPE3 Txop=
7, 81 w125 u, cootectctaerno, Ilpr ZBYXCTAEMIHOM Xe MAccHBAURM, @ KOTOPOR CHaYara
NoBepxHOCT:  MomudHLIpoBaTacs o6paGoTkokt pacTeopom DYH, a satem BTA menmubiva
TuopYBEAUNHBANACE 10 225 4.

JInd MOAKDUKAUNN NOBEPXKOGTA CTATH MOTYT HOMONGIOBATLCH i KOMILICKCH MOTANIOB,
anpiviep Komnrekes! |-ruapokcustan-1, 1-nudochonomolt xicnoter (OIIP) ¢ wrkkdoss [9] min
weasto (10) Kax Buano Wy mpezcTasnenrbix b Tabn 2 NARKEX, AACOpBLUIO akiIKapBoKCHIATE
Hatpna (AKH) ofinervaior Momnkauk nosepxuoctr Ct3 OBJIOLL 1 Gonee s¢ipexTueHo —
ODCu  mwecre ¢ BTA, KOTOPHII NpENATCTBYET AKTHBALMIO MOAW,  cMocoBmylo
BbI3RATEOOPAIOBaTS MuKpomapy Cu-Fe OmHEM W3 BEKHBIX DPEWMYWECTB ABYXCTAAMIHOMN
TIACCHBALIAN ABNAETC BOIMOAKHOCTE HEMOME308ATS B el MK, KOTOPEIC HECORMECTRMAL B OXHOM
naccuBHpytolilens pactsope Bo MHOTHX CTydasx amWTHOe AcHCTEHe TAKKX DOKPHTWA HacTo
MHOTO BIIle, HeM MACCHBALMA PACTROPOM cMecesoro MK, T.e. NOKpeITas c:opMHpoBaHHOTO B
onwy craueo [11]

Tabnua 2. Peaynstarer Hombitannii 8 KTB HAHOPAIMEPHEIX TOKPSITHH, cPOPMRPOBRHHLIX B
Bonkex pactsopax MK ua wiskoyrnepoanetodi cran C13 32 20 MiH fiph 60°C.
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Coctas  pacteopa | OSHOL | AKH | O9A®I | OSAOL | O3A®Cw
CioB mome/n, lenoit | 8 16 | 8 16 8 16 0,020

24 cpont AKH 8 | AKH 16 | BTA4rAKHA
T SRR T~ 07 W] 2 30 50

Kpowe Toro, MOAMGUUNPORATL NOBEPXHOCT: SAIMUIMACMOTO METANAA, NPHUEM KE TONLKO
CTaM, HO K APYTMX METAMIOB, MOYHO O4cHb pRaGaBTcHHbm pacteopawn UK, koropeit
QCOPGHPYIOTCA B MIGEPHOM KORNHCCTRE, T & O6PATYET ML AOMIO MOHOMONEKYAZPHORD CN0A ©
< 1,0, H0 370 OCTATON O WNR CyWeCTaeHOrD yayWsenia o10pore UK. Baciyxnsalot enn-

MAHHA KDYIIHGIC 1 (NIOCKHE MONEKYALI OPDHPIHA W €10 APOHIBOLHBIE.
"\.’t 7, TaK, B ol AGOPATOPAH WSYCHA AUCOPEUIR NPOHIBOBNOTO AUNCTHHA,
15

T e. npotonopidmpana 1X [2,4-aut)-meTonciatuaieiTepo-nopdipiia IX

- AUHBTDHERON CONM], HMCIOULEFO (PUPMYTY: HE TOMKKO WA WENCSE MM
wt 3] Ko ram {17], oo n weiw [13] Berno novasms, 170 80,600 1pex CAya o4
L oTRIHO aucopbipyeTca HE Sopathora Gydepi ¢ PH T4 Ha okncacHHBX
$,, B, roscpuocra wemanos. g woremat ero. ascopbun szexserio

ONNCHIBOTES YPADHENtIEn WIaTepw TeMkHKa

Bennantier (-AG,"), pasible npy acop6umn ka Fe, Cr3 i Cu cootsercreenro 43; S1 n 56
KTIA/NODG NAIOT OCHOBEHHE TIONATATE, STO AMETHH XeMOCOPGHPYETCA Ha ITIX METAITAX H MOET
SICIONEI0BATECA KAK MOAWQHKATOD MOBEPKMOCTH ANA yAyduleRus ancopbuns apyrwx HK.
JleficTouTens MO, Adske MpH MENO CTENEHs JAMOIHEANA AMMETHHOM NoBepxHOCTH Cu © = 0,1 - 0,)
ou ysennumpact (-AG,") BTA ¢ 58 2o 63 kIIAMome 370 DAET BOIMOKHOCTE HEMIONEIOBATE B
pasSavnenkbic pactsoph HK Ges ocnaGnenns samwrst Cu B eé Caros of amMochepwort
Kopposu Tax, nocne naccrBaumH €& oGpaznos B pactsope | moms/t BTA 1 nomewenna ux o
KTR KopposHOHHOE MOpakeHue NOABATOCH Ha HIX Hepes 9 cyTok Ecan Xe HX NpEIBAPHTENBHO
obpaGaTsinann B pacTeope Akweria o 1§ Cuq = +8.10, KoTopan cooTseTcTByeT © = 0.47, & 3aTeM
NaCCHBHPOBGUTH B TakoM e pacTBope BTA, T0 tu ROCTHEET 18 CyTok

BacMYRUBACT BHUMAHNMS Xak €NOCOD NOBHLICHHA IAMMTABIX CROMCTE MaccHRHpyloweH
o6paGoTIH MeTannoB BomKeIMI pacTsopamn WK C HEMOME30BANHEM TPHANKOKCHOHTANOE (TAC)
R{CH;),Si(OR);, rme Rl - oprawopyHkuioHaneHas rpynna, a OR — rwponwsyemss
ankoweirpynina JIaA 33MEHE TOKCHUHEIX XPOMATOR DM AWNTE Al CrAaROR ysie HENO/K308ATE
nacchBKpyloie pacteopis He camix TAC, a wx kommomwumk ¢ xpyrr MK Hanpuwep,
NacoMBaKA crinasa AMI6 b BOLHOM PACTROPE CMeCH anemTcapkosiiata Harpiit (OCH) ¢ TAC
(311) 1 Can= 16 MMONBN ABAAETCH PREKTHEHEIM METOTOM NIPEOTERALIEHHS KOPPOSHH HE TOMBKO
& yonosuax KTB, HO 51 B OWeHE KECTKUX YCOBHAX KAMephl cONeBOro TyMana (KCT) [14] Tax,
naccuanin 8 pactaope camwx TAC, oneata Hatpia w ocobero OCH Sonee o@dexnsra ns
aoururs: 5 KTB, 4em ADOMATHAS, HO, ECIH 1 HMEET Nepea Aefi HeGonsimoe npensiyuectao b KCT
Onraxo oBpaGoTxa pacTEopom checesoro HK CyWECTSEHRO €6 MPEBOCKOAMT MO HpiekTARHOCTI
3,9 pasa ans KTB 0 2,75 111 KCT. D7a koMMO3MIiA N0Ka22Na BHICOKYIO 3heKTHEHOCTS 1 TIpH
NGCCHBAINA KH3KOYTAEPOTHOTOR CT 3, MpeaoTapauias noseNekne npusrakos kopposan & KTB
wepes 456 4 [15)

TAC, xar_mopMdhkatopsi nosepxwocti Al cinasa (AJl 31), Moryr cnocoScrsosats W
cyneprigpooduzauni (CT®) ero MOBEPXKOCTH CTHPTOBEIM PACTOOPOM CTCAPRHOBON KHOTOTE!
(CK) (16.17). HizpectHo, uro ans poctiierns CTO coctosHMa kowraxTrEn yron @, > 150°,
HeOGXOIHMO COMIGTE MOMHMOLANAHYIO LICPOXOBATOCTH MOBEPXHOCTH, HO ANA 1070, 4TOGH!
ancop6ina CK npusena k CId cnidsa HEOSXOMUMO NpeNBAPRTENLHAS OOpaGOTKa MOBEPXHOCTH
pactsopom TAC. JIns Takix oGpazion noane 36 4 skcnosikk o HyO coxpanserca CTo (8, =
152°), Jlansveftinas Bounepiica 0Gpaliop ¢ MONYHEHNEIMK NOKDHTHFAH, XOTS 4 CONPOBOXIRETCA
cHibKeriEM O, HO U Hepes 49 CyToK coXpaHAET rMAPOGOGHOCTS MOKPHTHA MenmTawas B
HauGonee xecTRink yenopuax KCT Noka2afk, Y7o oMt O6FANAIOT IOCTATONHO B6ICOKOH SALATAOM
CHOCOSHOCTEIO 1 OGECTIENRBAIOT gy = 86 Y. CTETOBATENEHO, MPOCTOTA H HKOHOMHUHOCTS ITOFO
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ancopSuposantsie GYH (Pric 2) [7). Bomee Toro, ecnit Mocne GOPMpOBEHIA MOKOCNOZ AHHOHOD
MEQH, pactsop Toro HH 3aMeHwTs uhcTeiM Gydepom n BeecTy 8 Hero OYH, To ancopbuns
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ManeHefitile  Weonea0BaRRA  ZOKATANH,
o geyxcTamwiinas obpadoTia eTamnon
BOHEIMH DACTBOPAMIS HETOKCHAHBI  pea-
FeHTOB, MOET MpHMEHATECR 6 Kk Apyrit MK
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©YH (2), BYH 6e3 (3) 1 ¢ npezancopSusicit
RBYXC0fHOT0 MokpLITi GYH+HMEGH (4)

ancopbunn ®YH 1 ETA, noxasamu, wto
npenancopbuKa Ka naccksHof C13 MOHOCTOR
DYH cylecTaerHO YCHIMEALT NOCERYIOWYIO
agcopSimo BTA, yeenmumeas ero (-AG.Y) ¢
18,3 20 40,5 ellacaions (8]

310 TOATBEPATAIOT 1 PEIYNBTATH KOPPOSHOHMBIX CTHTAWHI BO BR&XHOR aTocepe mpH
RIEPHONUMECKOR  KOWIEHCAUMA efari Ha o6pasuax CT 3, MpemmapHTGTbHO oGPabUTARHEN
nacckBupyromMi pacTeopamis UK (1 Mmors/n), Ecnit aBpaGotka nposonsnace pactsopom BTA,
DYH 7 1 KBUMONEKYNADHOT CMECH, TO OMEPH KOPPOSHH HA 0GPRIUAX MOABNTTKCS YSPE3 Txop=
7, 81 w125 u, cootectctaerno, Ilpr ZBYXCTAEMIHOM Xe MAccHBAURM, @ KOTOPOR CHaYara
NoBepxHOCT:  MomudHLIpoBaTacs o6paGoTkokt pacTeopom DYH, a satem BTA menmubiva
TuopYBEAUNHBANACE 10 225 4.

JInd MOAKDUKAUNN NOBEPXKOGTA CTATH MOTYT HOMONGIOBATLCH i KOMILICKCH MOTANIOB,
anpiviep Komnrekes! |-ruapokcustan-1, 1-nudochonomolt xicnoter (OIIP) ¢ wrkkdoss [9] min
weasto (10) Kax Buano Wy mpezcTasnenrbix b Tabn 2 NARKEX, AACOpBLUIO akiIKapBoKCHIATE
Hatpna (AKH) ofinervaior Momnkauk nosepxuoctr Ct3 OBJIOLL 1 Gonee s¢ipexTueHo —
ODCu  mwecre ¢ BTA, KOTOPHII NpENATCTBYET AKTHBALMIO MOAW,  cMocoBmylo
BbI3RATEOOPAIOBaTS MuKpomapy Cu-Fe OmHEM W3 BEKHBIX DPEWMYWECTB ABYXCTAAMIHOMN
TIACCHBALIAN ABNAETC BOIMOAKHOCTE HEMOME308ATS B el MK, KOTOPEIC HECORMECTRMAL B OXHOM
naccuBHpytolilens pactsope Bo MHOTHX CTydasx amWTHOe AcHCTEHe TAKKX DOKPHTWA HacTo
MHOTO BIIle, HeM MACCHBALMA PACTROPOM cMecesoro MK, T.e. NOKpeITas c:opMHpoBaHHOTO B
onwy craueo [11]

Tabnua 2. Peaynstarer Hombitannii 8 KTB HAHOPAIMEPHEIX TOKPSITHH, cPOPMRPOBRHHLIX B
Bonkex pactsopax MK ua wiskoyrnepoanetodi cran C13 32 20 MiH fiph 60°C.
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Coctas  pacteopa | OSHOL | AKH | O9A®I | OSAOL | O3A®Cw
CioB mome/n, lenoit | 8 16 | 8 16 8 16 0,020

24 cpont AKH 8 | AKH 16 | BTA4rAKHA
T SRR T~ 07 W] 2 30 50

Kpowe Toro, MOAMGUUNPORATL NOBEPXHOCT: SAIMUIMACMOTO METANAA, NPHUEM KE TONLKO
CTaM, HO K APYTMX METAMIOB, MOYHO O4cHb pRaGaBTcHHbm pacteopawn UK, koropeit
QCOPGHPYIOTCA B MIGEPHOM KORNHCCTRE, T & O6PATYET ML AOMIO MOHOMONEKYAZPHORD CN0A ©
< 1,0, H0 370 OCTATON O WNR CyWeCTaeHOrD yayWsenia o10pore UK. Baciyxnsalot enn-

MAHHA KDYIIHGIC 1 (NIOCKHE MONEKYALI OPDHPIHA W €10 APOHIBOLHBIE.
"\.’t 7, TaK, B ol AGOPATOPAH WSYCHA AUCOPEUIR NPOHIBOBNOTO AUNCTHHA,
15

T e. npotonopidmpana 1X [2,4-aut)-meTonciatuaieiTepo-nopdipiia IX

- AUHBTDHERON CONM], HMCIOULEFO (PUPMYTY: HE TOMKKO WA WENCSE MM
wt 3] Ko ram {17], oo n weiw [13] Berno novasms, 170 80,600 1pex CAya o4
L oTRIHO aucopbipyeTca HE Sopathora Gydepi ¢ PH T4 Ha okncacHHBX
$,, B, roscpuocra wemanos. g woremat ero. ascopbun szexserio

ONNCHIBOTES YPADHENtIEn WIaTepw TeMkHKa

Bennantier (-AG,"), pasible npy acop6umn ka Fe, Cr3 i Cu cootsercreenro 43; S1 n 56
KTIA/NODG NAIOT OCHOBEHHE TIONATATE, STO AMETHH XeMOCOPGHPYETCA Ha ITIX METAITAX H MOET
SICIONEI0BATECA KAK MOAWQHKATOD MOBEPKMOCTH ANA yAyduleRus ancopbuns apyrwx HK.
JleficTouTens MO, Adske MpH MENO CTENEHs JAMOIHEANA AMMETHHOM NoBepxHOCTH Cu © = 0,1 - 0,)
ou ysennumpact (-AG,") BTA ¢ 58 2o 63 kIIAMome 370 DAET BOIMOKHOCTE HEMIONEIOBATE B
pasSavnenkbic pactsoph HK Ges ocnaGnenns samwrst Cu B eé Caros of amMochepwort
Kopposu Tax, nocne naccrBaumH €& oGpaznos B pactsope | moms/t BTA 1 nomewenna ux o
KTR KopposHOHHOE MOpakeHue NOABATOCH Ha HIX Hepes 9 cyTok Ecan Xe HX NpEIBAPHTENBHO
obpaGaTsinann B pacTeope Akweria o 1§ Cuq = +8.10, KoTopan cooTseTcTByeT © = 0.47, & 3aTeM
NaCCHBHPOBGUTH B TakoM e pacTBope BTA, T0 tu ROCTHEET 18 CyTok

BacMYRUBACT BHUMAHNMS Xak €NOCOD NOBHLICHHA IAMMTABIX CROMCTE MaccHRHpyloweH
o6paGoTIH MeTannoB BomKeIMI pacTsopamn WK C HEMOME30BANHEM TPHANKOKCHOHTANOE (TAC)
R{CH;),Si(OR);, rme Rl - oprawopyHkuioHaneHas rpynna, a OR — rwponwsyemss
ankoweirpynina JIaA 33MEHE TOKCHUHEIX XPOMATOR DM AWNTE Al CrAaROR ysie HENO/K308ATE
nacchBKpyloie pacteopis He camix TAC, a wx kommomwumk ¢ xpyrr MK Hanpuwep,
NacoMBaKA crinasa AMI6 b BOLHOM PACTROPE CMeCH anemTcapkosiiata Harpiit (OCH) ¢ TAC
(311) 1 Can= 16 MMONBN ABAAETCH PREKTHEHEIM METOTOM NIPEOTERALIEHHS KOPPOSHH HE TOMBKO
& yonosuax KTB, HO 51 B OWeHE KECTKUX YCOBHAX KAMephl cONeBOro TyMana (KCT) [14] Tax,
naccuanin 8 pactaope camwx TAC, oneata Hatpia w ocobero OCH Sonee o@dexnsra ns
aoururs: 5 KTB, 4em ADOMATHAS, HO, ECIH 1 HMEET Nepea Aefi HeGonsimoe npensiyuectao b KCT
Onraxo oBpaGoTxa pacTEopom checesoro HK CyWECTSEHRO €6 MPEBOCKOAMT MO HpiekTARHOCTI
3,9 pasa ans KTB 0 2,75 111 KCT. D7a koMMO3MIiA N0Ka22Na BHICOKYIO 3heKTHEHOCTS 1 TIpH
NGCCHBAINA KH3KOYTAEPOTHOTOR CT 3, MpeaoTapauias noseNekne npusrakos kopposan & KTB
wepes 456 4 [15)

TAC, xar_mopMdhkatopsi nosepxwocti Al cinasa (AJl 31), Moryr cnocoScrsosats W
cyneprigpooduzauni (CT®) ero MOBEPXKOCTH CTHPTOBEIM PACTOOPOM CTCAPRHOBON KHOTOTE!
(CK) (16.17). HizpectHo, uro ans poctiierns CTO coctosHMa kowraxTrEn yron @, > 150°,
HeOGXOIHMO COMIGTE MOMHMOLANAHYIO LICPOXOBATOCTH MOBEPXHOCTH, HO ANA 1070, 4TOGH!
ancop6ina CK npusena k CId cnidsa HEOSXOMUMO NpeNBAPRTENLHAS OOpaGOTKa MOBEPXHOCTH
pactsopom TAC. JIns Takix oGpazion noane 36 4 skcnosikk o HyO coxpanserca CTo (8, =
152°), Jlansveftinas Bounepiica 0Gpaliop ¢ MONYHEHNEIMK NOKDHTHFAH, XOTS 4 CONPOBOXIRETCA
cHibKeriEM O, HO U Hepes 49 CyToK coXpaHAET rMAPOGOGHOCTS MOKPHTHA MenmTawas B
HauGonee xecTRink yenopuax KCT Noka2afk, Y7o oMt O6FANAIOT IOCTATONHO B6ICOKOH SALATAOM
CHOCOSHOCTEIO 1 OGECTIENRBAIOT gy = 86 Y. CTETOBATENEHO, MPOCTOTA H HKOHOMHUHOCTS ITOFO
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©n0606a CT® MOKET GHiTh HONONE3083HA TIPH JAULHTE HEKOTOpbIX cinaBos Al OT aTwocdepHoil
KoppoaHH
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