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AHHOTAIHUSA

Bgeoenue. 3naunmas npodiema TexHOC(EpHOI Oe30MacCHOCTH — PUCKU aBapuil M M0XKAapOB NPU TPAHCIIOPTUPOBKE
U Tepekauke HeTH M HeTEenpoxykToB. [IpmuMHAMH MOTYT OBITH YTEUYKHM H3-32 KOPPO3HOHHBIX ITOBPEKACHUH
TpyOONpPOBOZOB, IMCTEPH, pE3epByapoB HePTEXpaHWINIL. BBuUAy BO3MOXKHBIX CEpbE3HBIX (DUHAHCOBBIX,
9KOJIOTUYECKUX W COLMAIbHBIX IOCIEACTBHHA TAaKMX IPOMCHIECTBHH Ba)KHO INOCTOSHHO W3BICKUBATH HOBEIE, Ooiee
3¢ QEeKTUBHBIE, TTOAXOABI K IPEAOTBPALICHUIO KOPPO3HOHHBIX MporeccoB. OUeBHAHO, HAPUMEP, YTO B HACTOAIIEE
BpeMsl JOCKOHAJIBHO H3YYEHBl JAIEKO HE BCE XHMHUYECKHE COCIUHEHHS, CIOCOOHBIE MOAABIATH WIM TOPMO3UTH
paspylieHHe MeTauloB W cruiaBoB. [IpeacraBieHHas HaydHas paboTa NpH3BaHA OTYACTH MPEOAOJIETh HEAOCTATOK
JaHHBIX B 3TOH oOmactu. llens — uccnenoBaTh MaTOM3y4€HHOE COCAMHEHNE CATHMLMINICH-aHWINH, KOTOPOE MOXKET
OBbITh HHTHOMTOPOM KOPPO3UH aHAJIOTHYHO JIPYTUM, CXOHBIM T10 CTPOCHHIO U COCTAaBY a30TCOJIEPIKAIIUM COCTABAM.
Mamepuanvt u memoowvi. [ NCCIeTOBAHUS MHTMOMTOPHBIX, aJCOPOIMOHHBIX M KOMIUIEKCOOOPA3yIOIINX CBOMCTB
CAITMIIMIINICH-aHUIIHA HCIIOJIb30BAIM TPaBUMETPUUECKU MeTo/. [IpoBoauaM onbIThl ¢ IuacTuHamu u3 cramu Cr3.
dukcupoBanach Macca METAIMYECKHX 00pa3loB 0e3 MHrMOMTOpa M C WHTHOWTOPOM 10 M TOCJIE BBIJEP)KKHA B
UCTIBITYeMBIX cpefax. D((GEeKT omnpenersii 1Mo M3MEHEHHIO CKOPOCTH KOppo3ud. IIpM mocTaHOBKe SKCIEPHMEHTOB
opuentupoBanuck Ha 'OCT 9.905-82 «EnwmHas cucrema 3aIIUTHl OT KOPPO3UH M CTapeHUs. MeToabl KOPPO3HOHHBIX
ucnbITanniy. O0beM KoppoznoHHoH cpesl onpeaenmin o 'OCTy 9.506-87 «Enunas cucteMa 3aliuThl OT KOPPO3UU
n crapeHusi. VIHrHOMTOpPBI KOPpPO3MM METAIOB B BOJHO-HE(TAHBIX cpemax». KpuTepunm KOppo3WH B3sIH U3
I'OCTa 9.908-85 «Metayuibl u cruiaBbl. MeTOIbI ONPEACICHHS MOKa3aTe/iell KOPPO3UH U KOPPOZUOHHON CTOMKOCTH.
PacueTbl OCHOBBIBAJIMCH Ha TNPHUHIMIIE OLEHMBAaHMS, KOTOPBIH 3a/a€T OTHOUIEHHE MYJIbTUILNIMKATUBHOTO
METPHU30BAaHHOI'O JIMHEHHOrO MOpsKa Ha MHOXECTBE YaCTHBIX KpuTepueB. s paHKMpOBaHUS HCIIOIb30BAIN
MHTErpaJIbHBIN 110Ka3aTellb, OCHOBAHHBIH HA MATEMAaTHUYECKOM U METOJMYECKOM TO/IX0/1aX.

Peszynemamul uccnedosanusn. V3ydeHo BO3NeHCTBHE COJITHOKUCION cpeabl Ha oOpasisl ctanu Ct3. Bpamu yersipe
KoHUeHTpauuu uHruouropa: 0 %, 0,01 %, 0,1 9%, 0,2 %. 3adukcupoBasin Maccy MeTaIMYECKHX 0O0pasloB 0e3
MHrUOUTOpa M ¢ MHTHOMTOPOM 70 M TIOCJE BBIJIEP)KKH B UCHBITYEMBIX cpefax. DPQPEeKT onpenenin Mo U3MEHEHHIO
CKOpPOCTH KOppo3uH. PaccunmTany MaccoBbIi TOKa3aTenb KOppo3ud. KadecTBO NMOBEpXHOCTH IpU pPa3pyIICHHH M
MHrUOMPOBAaHNM KOPPO3MU ONPENEISUIM B IISATh STAllOB: BHIOPAIM OLIEHHUBAEMBIE 3JIEMEHTHI, C(HOPMYJIMPOBAIN 1IETb
OLICHMBAHMA, HAILIM 3JIEMEHTHl TEXHHYECKOTO COCTOSIHUSI MCCIEIyeMOro OOBEKTa, ONMCAIU CYTh OIpPEAEICHUs
MOJIE3HOCTH WJIM LEHHOCTH KPUTEpHs, HOSICHWIM CYTh ONTUMH3aluH. Vcciexyemble CBOMCTBA paHXHPOBAIU TI0
OTHOUICHHIO MYJIbTUILIMKATUBHOTO METPH30BAHHOTO JIMHEHHOTO MOPsKa Ha MHOXKECTBE YaCTHBIX KpuTepueB. Jlis
pacyeToB MOCTABUIIN 3a/la4y — OIPEIENIUTh KOMIIOHEHTBI BEKTOpa B B COOTBETCTBHHU C OJIHMM M3 3TAIOB OlIEHKH. Peub
WAET O CTaauu, KOTAA IIOJIE3HOCTh WM IIEHHOCTh KPUTEPHs aHAIM3UPYyeTcs M0 TOYKaM Ha YHCIIOBOIl ocH,
YKa3bIBAIOIMM Ha COCTOSIHUE 00BEKTa «Iydile — Xyxe». [locTpomnin nokaszaTesb Z, alpOKCUMUPYIOLIHI H3BECTHYIO
W 3a1aBaeMyIo (obyuaromryto) MaTpHILy TIAPHBIX B3aUMOCBSI3eH MEXIy 00beKTaMH.
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[onydeHHslid B WTOre IOKa3arellb IO3BOJSET OLCHUBATh TEXHUYECKOE COCTOSIHME IIOBEPXHOCTH B IIpolecce
NPOTEKaHHs KOPPO3UM M IIPU €€ 3aMEUICHHH 3a cyeT NoOaBleHHs CalMIWIMICH-aHWINHA. [loyydeH pesymbTar mis
00pasuoB ¢ momaapo nosepxHoctu ot 10,1:104 M2 o 11,9-104 Mm% 3a BpeMs SKcIepUMeHTa Macca MeTajlla
ymenpmanack B 0,2-0,8 pasa ¢ marnOuTopoMm u moutH B 3,5 paza 0e3 Hero. OHKCHPOBAICS MACCOBBIN ITOKAa3aTelh
kopposuu ot 0,15 r/mM%>u 1o 0,48 r/m>u. IIpu 3TOM 3aIMTHAs CHOCOOHOCTh HMHTHOUTOpPA OKas3alach 0CTATOYHO
BBICOKOW: MuHMManbHass — 77,4 %, makcumanpHass — 94,8 %. Oto yOemutenpHbI mokasartensb. CTOHT Taxke
YIOMSHYTh TaKO€ MPEUMYIIECTBO CATUIMINCH-aHUIIMHA, KaK HeBBICOKas omacHocTh. Kiace ero onacnoctu — 111 (quist
CpaBHEHHS: KJIacCc ONMACHOCTH aHWIIHHA HAa ypoBeHb Bbite — ).

Odcyacoenue u 3axkniovenue. Ilpennaraercs UCIONb30BaTh CATHMIMINACH-aHIINH KaK CPEJICTBO, HOBBIIIAIOIIEE CPOK
Oe3omacHoi ciyk0bl HETENPOBOIOB U HUCTEPH. JloKa3aH MOTEHIMAT 3TOTO cocTaBa Kak 3((eKTHBHOrO MHrHOUTOpa
KOPPO3UH, XOPOLIO PacTBOPUMOro B HeTH M HedTenpoxykrax. OTMEUEHBl TaKHe CBOWCTBA CANMIMIM/ICH-aHWINHA,
KaK MEJUICHHOE OKHCJICHHE U YMEPEHHAs: TOKCHIHOCTb.

KiaroueBble ciioBa: WIHOUTOpHBIC CBOMCTBA CANMIWINICH-aHWIMHA, 3allUTHAas CIOCOOHOCTh HHIHOMTOpa,
WHTAOHPYIONIHE J00aBKH, CIOCOOHOCTh K KOMIUIEKCOOOPa30BaHUIO, KOHIICHTPALINS HHTHOUTOpa

BaaronapHocTu: aBTOpPHI BBIPAXKAIOT OJArofapHOCTh PEAAKIMOHHOW KOJUIETMH JKypHajla M pELEH3EHTy 3a
po)eCCHOHANBHBIN aHAMM3 W PEKOMEHIALMH OISl KOPPEKTUPOBKH CTaThbHU. ABTOPHI TakKe BBIPAXKalOT 0COOYIO
OnaromapHocTh Kojutere 3aiieBod M.M., HOLEHTY, KaHIUIATy TEXHHMYECKMX HAayK, 3a 3HAUUTENbHBIA BKJIaJ B
00CykJeHUE Pe3yJIbTaTOB U LICHHBIC 3aMeuaHus IPH 0pOPMIICHUU JTaHHON paboTHI.

Jaa uuruposanus. Kypens C.I'., Bomsaux C.A., CaBenkoBa M.A. 3aiinieBa 3.A. CBoiicTBa canuuuiINIeH-aHUINHA
KaK MHIHOMTOpa KOPPO3HU B CHCTEMAaX TPAaHCIOPTUPOBKU HeTH U HeDTENPOAYKTOB. bezonacnocms mexHozeHHbIX U
npupoonsix cucmem. 2023;7(3):14-23. https://doi.org/10.23947/2541-9129-2023-7-3-14-23
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Abstract

Introduction. Risks of accidents and fires during transportation and pumping of oil and petroleum products is a
significant problem of technosphere safety. The reasons may be leaks due to corrosion damage to pipelines, tanks and
oil storage tanks. In view of the possible serious financial, environmental and social consequences of such incidents, it
is important to constantly seek new, more effective approaches to preventing corrosion processes. It is obvious, for
example, that at present not all chemical compounds capable of suppressing or inhibiting the destruction of metals and
alloys have been thoroughly studied. The presented scientific work is partly aimed at overcoming the lack of data in this
area. The objective is to investigate an insufficiently studied compound salicylidene-aniline, which can be a corrosion
inhibitor similar to other nitrogen-containing compounds similar in structure and composition.

Materials and Methods. The gravimetric method was used to study the inhibitory, adsorption and complexing
properties of salicylidene-aniline. The experiments were carried out with St3 steel plates. The mass of metal samples
without an inhibitor and with an inhibitor was recorded before and after exposure in the test media. The effect was
determined by the change in the corrosion rate. When setting up experiments, the authors were guided by GOST 9.905-
82 "Unified system of corrosion and ageing protection. Corrosion test methods. General requirements”. The volume of
the corrosive medium was determined according to GOST 9.506-87 "Unified system of corrosion and ageing
protection. Corrosion inhibitors of metals in water-petroleum media. Methods of protective ability evaluation”. The
corrosion criteria were taken from GOST 9.908-85 "Unified system of corrosion and ageing protection. Metals and
alloys. Methods for determination of corrosion and corrosion resistance indices". The calculations were based on the
valuation principle, which sets the ratio of a multiplicative metrized linear order on a set of particular criteria. An
integral indicator based on mathematical and methodological approaches was used for ranking.
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Results. The effect of hydrochloric acid medium on steel samples St3 was studied. Four concentrations of the inhibitor
were taken: 0 %, 0.01 %, 0.1 %, and 0.2 %. The mass of metal samples without an inhibitor and with an inhibitor was
recorded before and after exposure in the test media. The effect was determined by the change in the corrosion rate. The
mass index of corrosion was calculated. The surface quality during destruction and corrosion inhibition was determined
in five stages: the elements to be evaluated were selected, the purpose of the evaluation was formulated, the elements of
the technical condition of the object under study were found, the essence of determining the usefulness or value of the
criterion was described, and the essence of optimization was explained. The studied properties were ranked with respect
to the multiplicative metrized linear order on a set of particular criteria. For the calculations, the task was set — to
determine the components of vector B in accordance with one of the evaluation stages. We are talking about the stage
when the usefulness or value of the criterion is analyzed by points on the numerical axis indicating the state of the
object "better — worse". We constructed an indicator z approximating a known or specified (learning) matrix of
paired relationships between objects. The resulting indicator allowed us to assess the technical condition of the
surface during the course of corrosion and when it slowed down due to the addition of salicylidene-aniline. The
result was obtained for samples with a surface area from 10.1-10“% m? to 11.9-10* m2. During the experiment, the
mass of the metal decreased by 0.2-0.8 times with the inhibitor and almost by 3.5 times without it. The mass index
of corrosion was recorded from 0.15 g/m%h to 0.48 g/m?h. At the same time, the protective ability of the inhibitor
was quite high: the minimum was 77.4 %, the maximum was 94.8 %. This is a convincing indicator. It is also worth
mentioning such an advantage of salicylidene-aniline as a low danger. Its hazard class is 1l (for comparison: the
hazard class of aniline is a level higher — 11).

Discussion and Conclusion. The authors propose to use salicylidene-aniline as a means to increase the safe service life
of oil pipelines and tanks. The potential of this composition as an effective corrosion inhibitor, highly soluble in oil and
petroleum products, has been proven. Such properties of salicylidene-aniline as slow oxidation and moderate toxicity
are noted

Keywords: inhibitory properties of salicylidene-aniline, protective ability of the inhibitor, inhibitory additives, ability
to complex formation, inhibitor concentration
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BBenenune. TpaHCIOPTHPOBKA W XpaHEHHWE arpecCHBHBIX JKHAKOCTEH, B TOM 4ucie HEPTH W HEPTEHpPOIYKTOB,
TeHEPUPYIOT PUCKH aBapHil ¢ THKENbIMU mocieacTBusiMu. Oco0oro BHUMaHUS TpeOyeT COCTOsIHME TPpyO M eMKOCTEH,
BO3MOXKHOCTh HMX TOBpeXIeHUs. HedTenpoBoxapl, XeIe3HONOPOXKHBIC IMCTEPHBI M aBTOLUCTEPHBI ITOCTOSHHO
KOHTaKTHPYIOT C arpecCUBHON cpenoi. VX nenaroT U3 cTaid, 4To CTaBUT BOIPOC O NMPEAYNPESKACHUH WM 3aMEJICHAN
KOPPO3WOHHBIX ~HpoleccoB. [locnencTBUSIMM  Takoro pa3pylieHWsT MOTYT OBITh aBapuM M KaTacTpogsl,
COTIPOBOKIAIONIHECS MTOKapaMH U B3PBIBaMHU.

WuruburopamMu KOppO3UH MOTYT OBITH a30TCOJAEpKallde OpraHUYecKHe OCHOBaHMS, B TMEPBYI0 oOdepenb
amupaTHuecKue W apoOMaTHYECKUEe aMHUHBI U MX Tpou3BojHbIe [1-3]. A30METHHBI — 3TO MPOM3BOIHBIE aMHHOB. OHH
MIEPCIEKTHBHBI KaK CIa000CHOBHBIE HMHTHOMTOpPHI (pKa-ocHoBaHms Ha 1-2 mopsiika MeHbIIE, 9eM Y HMCXOIHBIX
aMHUHOB).

Annnua (penmnamuH) CsHsNH npumeHstoT, B 4acTHOCTH, Uil NMOBBILICHHS aHTHJICTOHAIMM ToIuMBa. llpm
cojepxannu | % aHWIMHA OKTaHOBOE YKCIIO OeH3MHA MOBbILAaeTcs Ha 3—4 equHunbl. OHAKO B YHCTOM BUJIE aHMJIMH
Jydllle HEe WCII0JIb30BaTh. [Ipu JUIMTEIbHOM XpaHEeHHMH TaKas MPHCa/JKa OKHUCIIETCS, YTO CHIDKAeT KauecTBO OCH3MHA.
[TpousBosHble aHWIMHA, HaIpUMep (Qocdarsl, 100aBISIOT K PACTBOPAaM CHIIBHBIX IEKTPOJIMTOB Ul MHIMOMPOBaHMS
KOPPO3UHU YIJIEPOAUCTON CTaNH.

Kitace onacuoctu annnaa — |l (BeIcokoomacHoe BemecTso), a canummnaeH-anmmna — 11 (ymepentno omacHoe).
MeHnbmasi OMacHOCTh CATHIWIMACH-aHWINHA — YOeIuTeIhHOE OCHOBAHWE Ui IPHUCTAIBHOTO W3YYCHHS €ro
AQHTUKOPPO3MOHHBIX CBOMCTB. K TOMy ke M3BECTHBIC 3alUTHBIE BO3MOXKHOCTH IeTEPOAPOMATUUECKIX COCAMHEHUIN Ha
NpUMepe TMUIEePHIMHOB OJHO3HAYHO MOJATBEPIMIM MX KauecTBa Kak WHTHOUTOPOB KHCJIOTHOW KOPPO3MH
HenerupoBanHod cramu Ct3 [3]. Ilpu 3ToM BO B3aMMOACHCTBHH C TIOJOXKHUTENBHO 3apsDKCHHBIMH HOHAMH
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KOPPOJAMPYIOLIEro MeTaa 00pa3yroTcsi MaJlopacTBOpuMble BeuiecTBa. OHM 0CaXKJal0TCsl B BUJIE CBEPXTOHKHX IUICHOK
(ue Gonee 10 HM) M 3ALIUIIAIOT OT JaJbHEHIIET0 KOPPOZHOHHOTO MTOPAKEHUS.

ITpoTHBOKOPPO3MOHHBIE 3alIUTHBIE XUMUYECKHE BEIIECTBA MCTIONB3YIOT KaK MHTMOMPYIOIINE JOOABKH — TMPHUCAIKH K
arpecCHBHBIM ~ CpelaM W B KOMIUICKCe C 3allMIIAOIMKU  TOKphITHaMH [2-3].  Kommiekcoobpaszosarenn ¢
AHTUKOPPO3MOHHBIMU ~ CBOMCTBAMH: KOMIUIEKCOHBI  (HAampHMep, OTWICHANAMUHTETpaareTaT HaTtpus (TpuioH b)
Na,H(OOCCH2)2 N — (CH>),— N(CH>COO); Na,H), paziiuHbie KOMILIEKCHBIC COCTUHEHNUsI (-37IeMEHTOB W CMECH Ha HX
ocHOBe. Bezyiiiee Mecto B 310t rpyime 3aHUMAar0T GOCHOHATHI HICTOYHBIX U IENOYHO3EMENTBHBIX MeTaLIOB [1-5].

B napyryro rpymnmy BXOZAT a30T- M CEPOCOJEpIKAIIMe TeTEPOLHKIIBI. A30TCOIEpIKallie COeIUHEHHsS 00pa3yioT
MEHEe TOKCHYHBIC IPOMYKTHI B3aUMOJCHCTBUS C KOPPO3MOHHOHM CpeloW, MOITOMY OHM IPEIIOYTHTENbHEE IS
pa3paboTku U co3nanust 3pHEKTUBHBIX AHTUKOPPO3HOHHBIX MpUcaaok [3].

B kadecTBe 3aIIUTHBIX TNPOTHBOKOPPO3HMOHHBIX cpeacTB st crand Cr3 XOpomlo 3apeKOMEHIOBaIH ce0s
YETBEPTUIHBIE AMMOHHEBBIE CONM aTH(ATHIECKUX M TETEPOapOMATHIECCKUX a30THCTBHIX OCHOBAHHH, B TOM YHCIIE
MIPOU3BOMHBIE CIIMPTOB, aJbJETHUIOB, KapOOHOBBIX KHCIOT. OHH XOpOIIO PAacTBOPSIOTCS M yCTOHYMBBI B pabOdMx
cpenax, AeicTByIOT B Gonbiiom uatepsaie pH [6].

ITpu 3TOM BBHIY HMOTEHIMANBHBIX CEPHE3HBIX (DMHAHCOBBIX, SKOJOTMYECKHX M COLMAIBHBIX YIPO3, CBA3aHHBIX C
KOppO3UEH CHCTEM TPAaHCIIOPTUPOBKH HE(TH M HE(TEIIPOAYKTOB, CIEIyeT HENMPEPHIBHO MCKaTh Oonee 3¢ddexTrBHbIC
MOJXO/bI K MPENOTBPAICHHIO pa3pyLIAIOMIKX MpoueccoB. OUEeBUIHO, HAPUMED, YTO JOCKOHAIBHO M3YYEHBI JAJIEKO
HE BCE XWUMHMYECKHE COCIMHEHUs, CIOCOOHBIC IOJNABIISTH MM TOPMO3UTh Da3pylIeHHE METAUIOB W CIUIABOB.
[IpencraBnenHas Hay4Hast paboTa NpU3BaHa MOMOJIHUTh JAHHBIE B 3TOM 00J1aCTH.

Lens uccnenoBaHus — CO3JaHUE KOMIO3WIMH C BBICOKUMH IIPOTHBOKOPPO3MOHHBIMHM CBOMCTBaMH Ha 0ase
MIPOM3BO/IHBIX aHWIMHA U COCJMHEHMH Kilacca a30MeTHHOB. [IpOM3BOIHBIM aHWIMHA SIBISIETCS MPEICTaBUTEINb Kilacca
a30METHHOB — CAJHIIMINICH-aHWINH. [loaraeM, 9To 3TOT COCTaB WM KOMIIO3HMIMHM HA €r0 OCHOBE LIEJIECO00pa3HO
UCTIONB30BaTh KaK WHTHOWUTOP KOPPO3HMH CTalIM, YTO B HTOTE IMOBBICHT 0E30IIaCHOCTH TPAHCIIOPTHPOBKH HE(PTH U
HEe(TEPOIYKTOB.

Marepuaibl # MeToABbI. V3yuanucs cieayomuye 0cCOOeHHOCTH CaluIMINACH-aHIITHHA!

— MHTUONTOPHBIC CBOWCTBA;

— MPOTHBOKOPPO3UOHHAsI aKTHUBHOCTB;

— CIIOCOOHOCTH K KOMILJIEKCOOOpa30BaHuIo;

— aJIcCOpOLIMOHHBIE BO3MOKHOCTH.

Mornexymsl HHTHOUTOpa 00pa3yloT KOHTAaKTHBIM CJIOI Ha MOBEPXHOCTH MeTajla 3a CYET JOHOPHO-aKIENTOPHOI
CBSI3M MEXK/Ty DJIEKTPOHHBIMH ITapaMy aTOMOB a30Ta U CBOOOHBIME (-opOuTamsaiMu aToMa KoMIuiekcooGpasosareis (B
JaHHOM cllydae — oKkenesa). Takue coenuHeHHs o0OpasyroT Ooyiee NPOYHYIO IUICHKY, YeM Yy MHOTHX JPYrHX
UHrHOUTOpPOB. B pesynbraTe Ha NMOBEPXHOCTH CTalM (OPMHUPYIOTCS MHKpPOTAJbBAHWYECKHE Mapbl W IPOUCXOIMT
aHO/HAsI M KaTOJHAS JICTIOJIIPU3ALINs, 32 CUET KOTOPOH IPOSBIISIOTCS 3aIlMTHBIE CBOMCTBA MHTHONTODA.

B pabore 3anmelicTBOBAIM TpaBUMETpUYSCKUil MeTon uccienoBanus [1]. OH ocHOBaH Ha (UKcCaMu Macchl
METaTMYECKNX 00pa3loB 0e3 MHrMOWTOpa W C MHIMOMTOPOM /IO M TOCJE BBIJEP)KKH B HCHBITYeMbIX cpemax. Ilo
HU3MEHEHHIO CKOPOCTH KOPPO3UH OIIEHMBAETCS IMPOTHBOKOPPO3MOHHAST aKTHMBHOCTh HCHBITYEMOTo coefuHeHus. s
Ka)J0ro o0pasua BpeMs BbIAEPKHBAaHUS B MHIMOMPOBAHHOW Cpejie paBHO BpeMEHH B cpejie 0e3 aHTUKOPPO3HMOHHOTO
arenta [1-3].

Hust uccnenoBanust no ['OCT 9.905-82 «Enunas cucrema 3amuThl OT KOPPO3UM M CTapeHus. MeToubl
KOPPO3MOHHBIX HCIBITAHUIY» HCIOJB30BAIMCH TUIACTHHBI U3 ctanu Mapku Ct3. O0bem koppo3uonHoi cpenst (0,25H
HCI) — 30 cm®B cootsercTBuu ¢ TOCT 9.506-87 «EquHas cucTeMa 3allUThl OT KOPPO3MH U cTapeHus. VIHruOuTops!
KOPpO3HH METAUIOB B BOAHO-HE(QTIHBIX cpenax». B cpexy nodaemsum no 0 %, 0,01 %, 0,1% u 0,2 % canumminuiaeH-
anmwmHa. Kpurepun xoppo3un — mno ['OCT 9.908-85 «Meramisl u cruiaBsl. MeToabl ONpeseNneHus IMoKas3arelei
KOPPO3UU U KOPPO3HOHHOM CTOMKOCTHY.

PesyabraTrel uccaenoBanmsi. PaccmarpuBanochk BO3/ICHCTBHE COJITHOKMCIOH cpensl Ha 00pasmbl  CTaiu.
@OuUKCUPOBaNK Pe3yNbTaThl C YYETOM Pa3HBIX KOHIEHTpALUil CAIUIMINACH-aHUIMHA U TaKUM 00pa3oM OIpeessiii
MPOTHBOKOPPO3HOHHBIH ¢ dekT (puc. 1).
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2)
Puc. 1. ®oTo KOPPO3NOHHOTO MOPAXKEHHS — BUJI IITHA P>KaBUMHBI HA TOBEPXHOCTH 00pa3moB ctamn C13 B COMSTHOKHCIION cpesie
IIpY KOHLeHTpauusax uaruouropa, %: a — 0; 6 — 0,01; 6 — 0,1; 2— 0,2. OGpa3ubl HPOHYMEPOBaHBI CBEPXY, UX U300paKeHUS
MOCIIe BO3/ICHCTBHUS PACIIONIOKEHBI BEPTHKAIBHO

MaccoBblii MOKa3aTeslb KOPPO3UH j PACCUUTHIBAIH 1O hopMyJIe:
j=Am/(S-t),e/ M2 -wuu 2/ m? - 200,

rie AM — yMeHbIeHHE Macchl MeTaina (T) TpH KOPPO3MH MeTalla B TEeYeHHe BpeMeHH T (Jac MIM TOJ) Ha
NOBEPXHOCTH S (M?).

KauecTBO MOBEPXHOCTH MPU KOPPO3HMH U €€ MHIMOMpOBaHuH (puc. 1), olleHuBaeTCs B MATH 3Tanos [7].

1. Ha ocHOBe Npe/IBapUTEILHOTO aHAJIM3a CTABUTCS MPOOJIeMa, yKa3bIBAIOTCS OLEHHBAEMBIE JJIEMEHTBI.

2. CTpyKTYpHBIi aHanu3 Mo3BoJisieT CHOPMYJIMPOBaTh OCHOBHYIO 1€]h OLCHHBAHMS M BO3MOKHOCTH €€

OCTHOKEHHS.
3. Jlns aHaymu3a HEOMPEISICHHOCTH BEAETCS MOMCK OOBEIUHSIONUX 3JEMEHTOB JCHCTBUTEIBHOTO TEXHHYECKOTO

COCTOSIHUSI OOBEKTA.
4. TIone3HOCTh WITH [EHHOCTh KPUTEPHS aHAIHU3MPYETCsI [0 TOYKAM YHCIOBOIM OCH, YKa3bIBAIOIIMM HA COCTOSHHUE

00BeKTa «IydIe — XyXKe».
5. OnrTuMu3anys MpeacTaBiIsieT OO0 MONCK MyTH K JOCTHXEHUIO HEOOXOANMOT0 TEXHHYECKOTO COCTOSHHSI.
MeToapl TOCTPOCHUSI CTPYKTYpbl Iieneil W QopMupoBaHHe TMeEpedHs KpPHUTEpHEB paccMOTpeHbl B [8].
[Ipennonaraercs, 4To 3aJaH HMCXOAHBIH MAacCHB OOBEKTOB M B MCCJICAOBAHUM BBUIBIIIOTCSA JIy4YlIME W3 HHUX MO
TEXHUYECKOMY COCTOSIHUIO. PaHXHMpoBaHME MNPOBOAUTCS MO CHELUATbHOMY HHTErPalbHOMY IOKAa3aTello,
OCHOBAaHHOMY Ha MaTeMaTHYECKOM M METOANYECKOM I01x0Aax. I mapHbIe MpuHIMIBL 0T60pa onvcausl B [9].
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OCHOBHOW »3JIEMEHT paccMaTpHBaEMOIo IOJX0Ja — NpaBWwiIo (WIM TPHUHIMII) OLIEHHBAaHWS 7, 3aJAIOIIHA
OTHOIIECHNE MYJIbTUIUIMKATUBHOIO METPU30BAHHOTO JIMHEHHOTO IOPsIKa Ha MHOXKECTBE YaCTHBIX KPUTEPHEB.

Jst maps! OOBEKTOB av U ay BEIOOP Oa3upyeTcs Ha CIeIyIONHX IPUHINIAX:

— av > ay — NepBBIi 00BEKT 110 paccMaTpUBaEMbIM (haKTOpaM «JIy4lle)» BTOPOTo;

— av ~ ay — OOBEKTHI OLIEHEHBI OJJUHAKOBO;

— av < ay — TepBHIi 00BEKT O pacCMaTPHBACMBIM (PAKTOPaM «Xy>Ke» BTOPOTO.

[Taps! 00BbEKTOB XapaKTepU3YIOTCS BEKTOpaMH CpaBHEHUH Svyu. s MccnenoBaHus MOJIe3€H MPHHIMIT 0000IIEHHOTO
KPHUTEpUS U TaK Ha3bIBa€MBbIE JICKCUKOTpaHIECKUE MOJIXO0bl — C CHIIBHBIM HPEANOYTEHHEM Ha MHOXKECTBE YaCTHBIX
KputepueB. B naHHOM BapuaHTe OOBEKTHl PAaBHOLEHHBI (dv~ du), @ MX OLEHKH COOTBETCTBYIOT YCTaHOBJICHHBIM
MHUHHAMaIbHBIM BeanunHam [10].

Paccmotpum ycnosue:

a,~a, < x; = d;, xt'>d;,i=1,..,m,
rae di — 3agaHHOe MOpOroBoe 3Ha4YeHue (YPOBCHD JOCTATOYHOCTH); M — KOJIHYECTBO PACCMATPUBACMBIX MTOKa3aTeINeH;
Xiv M Xiy — OIIEHKH CPAaBHUBAEMBIX OOBEKTOB (V-TO U LL-TO).

[psiMoe MCIOIB30BaHKE ATOTO NPHHIMIA OrPAHWYMBACTCS BOSMOXKHOCTBIO €ro MPUMEHEHHS Ha NMPAKTHKE, TaK KakK

MpeAnoaaraeT CuibHOe npemnoutenue Ha MHOkecTBe kputepueB K = {Ky, Ky, ..., Kn} B Bue:
Ki=>K, =Kz =+ =2 Kp.

LlenecooOpa3Hee 3amaTh METPH30BAHHOEC MYJBTHUINIMKATHBHOE OTHOIICHHE JIMHEHHOrO IOpsIKa, TO €CTh

MIPUMEHHUTH 00O0OIICHHBIN KPUTEPHUHL.

B stoMm ciyuae
m

m m
a, >a, & z a;K;(ay); a, ~a, © Z a; K;(a,) = Z a;K; (a,).
i=1 i=1 i=1

3nech ai — K03 GHUIUCHTHI, yIOBICTBOPSIONINE, HATIPIMED, YCIOBUIO
m

Z a; =1
i=1
3araya 3aKiII04aeTcs B ONpEACIICHUH KOMIIOHEHT BEKTOpa B B COOTBETCTBHHU C 4-M 3TAllOM OLIEHKH U IOCTPOECHUH
NoKazaTesst Z, alpPOKCUMUPYIOIIET0 0OBEKTUBHO W3BECTHYIO WM CHEHMABHO 3a/aBacMyro (00ydarolyto) MaTpuiy
MapHBIX B3aMMOCBsI3€il MEXIY UCKYCCTBEHHBIMU 00bekTaMu (B [11] 3To ObUIM TPaHCIIOPTHBIE CPE/ICTBA):
Q =l grx ”p,p .
311ech p — KOJIMYECTBO PACCMATPUBAEMBIX HCKYCCTBEHHBIX OOBEKTOB, KOTOPOE ONpeJessieT pasMep MaTpuibl Q; Qi —
9JIEMEHTBI MaTpHUIIbL; I', K — HCKYCCTBEHHBIE OOBEKTBI HA YHCIOBOW OCH «JTyYIIe — XYXKE».
Ha ocu noxasatens Z KBaapaT pacCTOSHHS MEXAY -M H K-M MCKyCCTBEHHBIMH OOBbEKTaMH (BapHaHTaMU 3alL[HThI)
UMEeT BH:

2
m

di(B) = (2, — )% = Z bi(xrj — x5) |
=1

D(B) =l dyg llp -
Martpuria D (B) otenuBaeTcs ¢ moMoIpo GyHKIIMOHATA

JB) =§ i [k (B) = ae]?

r=1k=r+1
VcKOMBIM HHTErpajbHbIM KpuTepuem sBisiercst GyHkuws Z, eciu J(B) MuHMManbHa M BeKTOp B COOTBETCTBYET
HOCTABJICHHBIM YCIOBHAM. [10TydeHHBIH MOKa3aTeNb IPUMEHSIEM s OLCHUBAHUSI TEXHUYECKOTO COCTOSHHUS KauecTBa
HOBEPXHOCTH B pe3yJibTaTe MPOTEKAHHs KOPPO3MH M €€ 3aMeIUICHHs 3a CYeT H00aBICHHs CalUIUIHICH-aHIINHA
(tabmuma 1, puc. 1).
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Tabuumna 1
AHTHKOPPO3HOHHBIE CBOWCTBA CATMIIMINICH-aHIHHA [utst ctanu Ct3
MaccoBbiit 3
Homep | S, 10 KoHueHtpauus MOKa3arensb aurrHas
) T,94 |[AmM=my—m, T o . CII0OCOOHOCTH
obpasma M uHrnduTopa, % KOPpPO3HH |,
. nunruburopa Z, %
r/m%u (j = Am / S-1)

1 10,22 | 120 3,4590 0 2,8205 -

2 10,11 | 120 0,7815 0,01 0,4793 77,4

3 119 120 0,3363 0,1 0,2542 90,2

4 11,13 | 120 0,1805 0,2 0,1482 94,8

Kak BuzmHO U3 Tabmuuel u puc. 1, KOPpO3NOHHOE MOPAKCHNE TMOBEPXHOCTH CTAIN YMCHBIIAETCS NMPH YBEIHUCHUN
KOHLECHTPAINH CATHIMIINICH-aHUIINHA.

Jns o0bACHEHHWsT aHTHKOPPO3MOHHON aKTHBHOCTH M XOpOIIeH aacopOmMOHHOH crocobHocT N-camumunmnaeH-
aHWIMHA Ha CTaJIbHOW MOBEPXHOCTH TECOPETHUYECKH M3YUWIN €T0 (POTOMHHIIMMPOBAHHYIO CTPYKTYPHYIO HEKECTKOCTb.
DTO TO3BOJWIO BBUSICHUTH, B KakOW TayTOMEpHOHl QopMe paaHHass CTPYKTypa HMMeEET OOJNBIIYI0 3JHEPIUIo
KOMILIEKCOOOpa30BaHus acoOPOIMOHHBIX KOMIUIEKCOB Ha MOBEPXHOCTH 3aluiiiaeMoro Meramia [12—16].

DOTOXPOMHBII MEPex0] KETOHHOH (HOPMBI B CHOJIBHYIO 00ECIICUNBACTCS MIEPSHOCOM MPOTOHA MEXTy H30MEPHBIMHU
(dhopmamu MoJieKyJibl N-caluIminICH-aHIITHHA.

[omysmnupuueckuii MeToq KBaHTOBOM xuMuu PM3 (mapamerpudeckuit Metos 3) 3aAeHCTBOBANM I JAECTAIbHOTO
OTIpEJEeTICHUS

— MOCJIEZI0BATEIBHOCTH 3JIEMEHTAPHBIX CTaIHH OCHOBHOTO (hOTOXPOMHOTO IpoLecca;

— FeOMETPUIECKIX XapaKTEPUCTHK BCEX NMPOMEXYTOUHBIX M KOHEUHBIX (POTOOKPAIIEHHBIX CUCTEM;

— pacmpezeNneHus 3apanoB Ha atomax [17].

CanunuiuaeH-aHWINH, KaKk W JPYTHe aHWIbI, MPEICTaBIAET HMHTEPEC H3-32 BHYTPHUMOJICKYISIPHOH BOZOPOIHOM
CBsI3U, 00pa30BaHHON MEXIy aTOMaMM KUCIOpoJa U a30Ta B Oosee cTaOWIIBHOM LHC-eHOJbHOU (opme. DakTuyeckn
¢opmer OH u NH HaxonmsaTcst B paBHOBECHH. B 3aBUCHMOCTH OT MOJIOXKEHHUS aToMa Bojaopoaa B 3toi cBssu O—H—N
AHUITBI MPOSIBIISIOT JIBE TayTOMEpHbIC (DOPMBI: CHOJ-MMHHHYIO W KETO-eHaMHHHYIO (puc. 2). Bonee crabmibHa Iuc-
¢dopma. Ho tpanc-opma obmamaeT ydiieii aacopOIHMOHHON cCOCOOHOCTRIO. TayToMepus BO3HHUKAET MO ACHCTBUEM
TaKUX BHEIIHUX (aKTOPOB, Kak 00JIydeHHUE, TEMIIEPATypa U JaBJICHHUE.

O‘“H 1,5 O H

——
—_— |

/N\Ph NS N\Ph

a) 6)

Puc. 2. Kero-enonbHas tayromepusi: a — CA (eHoxn); 6 — keTo-popma

[Mpu noHMXKEHUH TeMIlepaTypbl €HOJbHas (opMma MepexoquT B KeTOHHYlo. Hamu poka3aHo, 4To OHa Jyulle
azcopOupyeTcs: Ha cTainbHOM noBepxHocTH. L{uc-eHon GecuereH. [Ipu obiyyennu ynbTpaduosieToM mpeBpamiaeTcs B
TpaHC-KeToOopMy KpacHOro 1mBera. KeTo-mzomep MoOXeT 0OpaTHMO OOECIBEUMBATHCS TEPMHUYECKH WIIH
(bOTOXHUMHUYECKH MPH JeHCTBHH BHAUMOTro ceta [18].

OOcysxknenne W 3akjI04eHHe. Pe3ynbTaTel UCCIENOBaHHS MO3BOJSIIOT YTBEPXKAaTh, YTO CATMLIMIHICH-aHUIUH
aKTUBHO MHrHOUpyeT Kopposuto ctanu Ct3. CreneHp 3amuthl qocturaet 77,4—94,8 %.

KBaHTOBOXMMHYECKHE pacyeThl MONYSMIUPUYECKUM MeTogoM PM3 mno3Bommimm OOBACHUTH (HOTOXPOMHU3M
CaTMLIMIMACH-aHWIMHA 3a CYET KETO-€HOJBHOM TayToMepuu. BceieactBue MOHOMOJIEKYJISIPHONH IPOTOTPONHOM
JUXOTOMHH «KHCJIOTa <> OCHOBaHME» CAJIHIWIMACH-aHIWINH 007a7aeT (OTOXpPOMH3MOM H JIIOMHHECIHEHIHEH. DTo
OTJIIMYAET €ro OT IPYTHX a30METHHOB

BrisiBeHa cTpykTypa ancopOIHOHHOTO KOMIIEKCa ¢ OONbIIeH SHepruel CTaOMIN3aIiy, 9YTO OOBACHICT JIYUIIyIo
a7ICOPOIIMOHHYIO CITOCOOHOCTh KeTO-(POPMBI HHTHOUTOPA.
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