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UCCJENOBAHME 3ABUCUMOCTEN MEXKIY 3ALIUTHBIM
IOOEKTOM OT KOPPO3UU U KBAHTOBOXUMUYECKHUM
JECKPUIITOPOM MOJIEKY.JISIPHOI CTPYKTYPbI
OPTAHMYECKHNX MOJIEKYJI KJIACCA KOMILIEKCOHOB,
HCMOJIL3YIOIMXCS KAK MHTUBUTOPBI B CPEJIAX
MUKPOBHOJOTMYECKOI1 KOPPO3MM C YYACTUEM
CYJb®ATPEAYIUPYIOIUUX BAKTEPUIA

RESEARCH OF DEPENDENCES BETWEEN PROTECTIVE EFFECT
FROM CORROSION AND QUANTOCHEMICAL THE DESCRIPTOR OF
THE MOLECULAR STRUCTURE OF ORGANIC COMPLEXONES
CLASS USED AS INHIBITORS IN ENVIRONMENTS OF
MICROBIOLOGICAL CORROSION WITH SULFATEREDUCTION
BACTERIA PARTICIPATION

Ilenv uccnedosanusa. B naHHOM COOOIICHWHM CTaBUTCS II€NIb HWCCIICIOBAHHUS
MEXaHW3Ma JICUCTBUS OpPraHMYECKHX HWHTHOMTOPOB  MHKPOOMOJIOTHYECKOU
KOPPO3WH, TMOPOXKIAEMON CyJIb()aTBOCCTAHABIMBAIOMIMMU OAKTEPUSIMH, ITyTEM

KBAaHTOBO-XMMHUUYCCKOI'0O MoAX0Aa K OIIMCAHUIO CTPYKTYPbI MOJICKYJIBI. PacueTHbic



napaMmetrpbl Haxonuiauch B nporpaMme GAUSSIAN-2009 ¢ npumeHeHueM
nosyamnupuueckux metonoB PM3, MNDO u neamnupuyeckoro DFT/B3LYP/3-
21G*, uto ObLIO cenaHo B cTaThe acnupanTa CukauyuHbl A.A «AHaau3 CTPOCHUS
a30T- u  ($ochopa30TOPraHUUECKNX  COCAMHEHWM  TMO  pe3yjbTaTam
NOJIYDMIUPUYECKUX  KBAaHTOBOXMMHUYECKMX  pacyeToB B  CPAaBHEHUM C
HEAIMITUPUYECKUM», TO3TOMY MPEJACTABICHHOE COOOIIEHHE MOMXHO CUUTATh
IPOAOHKEHUEM U JIOTUYECKUM JOTMOJIHEHUEM 3TON pabOTHI.

Memoowt nposedenusn ucnvimanuii. BeleynoMsaHyTOE UCCIEA0BAHUE HAMU
ObLJIO TMPOBEJAEHO MyTEM aHalu3a KOA(P(OUIMEHTOB KOPPEISIIUU CMEIIaHHBIX
MOMEHTOB, KOTOpbIe OyAyT BbicunTanbl B mporpaMmmuoM komriuiekce STATISTICA
7.0 /1, 2, 6/ Takum 00pazoM, 4T0 KOIDPUIIUEHTHI KOPPEISAIUU rjk, BBIpAKAEMBbIC B
NPOLIEHTAX, JAaAyT BO3MOXHOCTh CYJHTh O BKJIAJI€ PAaCUYETHOIO MOJEKYJISIPHOIO
napaMeTpa UHruOuTOpa B €ro 3alMTHBIN 3P dekT MoaensHoro odpasua crtanu Ct3
onpeneeHHoro oobemMa B HMHOKYJIUPOBAaHHOM 1 MJI HAKONMUTENbHOW KYJBTYpPbI
CBb. Ilpu sTom, uem Oosbllie BeMYMHA JAHHOTO Kod(ddummeHTa, TeM 3HauYuMee
TaKOM BKJIA/I.

Cormacao Tpexstamnoit Mmeroamke [.C. bemormazoBa, kotopas moapoOHO
omucaHa B pabote /4/ U B CBSI3U C HEOOXOAMMOCTBHIO MOCTPOEHUS KBaJApaTHOU
MaTpHIlbl, UCCIEIOBaHHbIE 6 coequHEHUN HamMu ObUIM pa3lelieHbl Ha 2 Cepuu,
UCXOAS U3 OOIIHOCTH XUMHUYECKOW CTPYKTYpHOH (OpMyJsibl, KOTOpas sIBISETCS
HeoOxoauMon MHGopMalMe sl YUCICHHOTO dKCIepuMenTa /4/ co cienyrouein

aTOMHOW Hymepauuein (pucyHok 1):

Puc. 1. IppmenenHasi aToMHasi HyMepanus rerepoaToMoB

2 cepus
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beumn moctpoeHbl K03 HUITMEHTHI KOPPEIAIUA MEXAY 3allUTHBIM 3 PexToM
KOHKPETHON Cepuu WHTHOWTOPOB B KoOHIeHTpammu 1, 2, 5, 10 mmons/n
KOPPO3HMOHHOM cpeAbl M CIEAYIOIUMMHU JIECKPUNTOPaMHU, BBIYUCICHHBIMU
BBHIIIICYKA3aHHBIMU PACUETHBIMU METOJaMH, MPUBJICKAIONUMUCS I HanOoJiee

IIOJTHOW U TOCTOBEPHOM XapaKTEPUCTUKN KOPPEIALNOHHBIX 3aBUCUMOCTEN:

v/ 3aps/bl Ha TeTepoaToMax 110 aHalu3y 3acelIeHHOCTeM MaliMKkeHa
v’ 3HauCHMs SHEPIUM IPAaHMYHLIX OpOUTAjIel (BBICIICH 3aII0JHEHHON 1
HH3IIIEH CBOOOIHOM)

v IUNOJIbHBIA MOMEHT

Pezynomamul u oocyyncoenus. Jlanapie, popMaTa B I0JISIX €IUHHUIIBI, CBECHBI

B Ta0umy 1
Tabauna 1. 3Havenus ko3¢ duuenToB Koppeasinun
DFT/3-21G* | PM3 MNDO |
1 cepus 1 cepus 1 cepus
1 2 5 10 |1 2 5 10 1 2 5 10

Qn' -0.71 | -0.93 | -0.92 -0,78 1 -0,99 | -0,96 | -0,97 -1,00 |-0,42 |-0,04 | -0,07 | -0,32

o 0.72 0.93 0.92 0,79 ]1-0,37 | 0,02 | -0,01 -0,27 1-0,34 | 0,05 | 0,02 -0,24
Q’ -0.25 | -0.60 | -0.58 -0,351-0,37 | 0,02 | -0,01 -0,27 1-0,34 | 0,05 | 0,02 -0,24

Q" 074 1094 1093 0,81 10,74 1094 | 0,93 0,80 10,72 1093 1092 |0,79

Qo' 0.68 | 0091 0.90 0,76 |-1,00 {094 |-091 -0,99 1-045 | -0,07 | -0,10 | -0,35

Qo 059 [0.86 |0.84 0,67 10,13 -0,26 | -0,23 0,02 ]-0,56 |-0,19 |-0,22 | -0,46

Qo 0.73 0.93 0.92 0,80 |]-0,59 |-0,24 | -0,27 -0,50 1-0,22 | 0,17 | 0,14 -0,11

Qo' 0.92 1.00 1.00 0,96 | 1,00 |097 |097 1,00 10,73 094 |093 0,80

Qo 0.77 1096 |0.95 0,83 10,87 | 0,61 | 0,64 0,81 0,16 |0,53 ]0,50 | 0,26

Qo' 0.82 [0.53 |0.56 0,75 10,66 |0,33 | 0,36 0,58 ]-096 |-0,79 |-0,80 | -0,93

[ -0.82 | -0.98 | -0.97 -0,87 1-0,73 | -0,93 | -0,92 -0,80 ]-0,71 | -0,93 |-091 |-0,78

Q0" 0.19 | 055 052 0,29 1-0,74 | -0,94 | -0,93 -0,81 |-0,78 | -096 |-0,95 | -0,85

Q0" -0.74 | -0.94 | -0.93 -0,80 | -0,72 | -0,93 | -0,92 -0,79 1-0,74 | -094 | -0,93 | -0,81

p 1.00 [ 0.89 ]0.90 098 |-0,55 |-0,19 | -0,22 -046 |-0,55 | -0,18 | -0,21 | -0,45

B3MO | 0.95 1.00 1.00 098 10,77 1046 | 049 0,70 10,69 (036 |039 |06l

HCMO | 0.70 [ 092 | 091 0,77 1-0,40 |-0,72 | -0,70 -0,50 1-0,90 | -1,00 |-1,00 | -0,94

2 cepus 2 cepus 2 cepus
1 2 5 10 |1 2 5 10 1 2 5 10
Qn' 0,55 0,61 1,00 0,62 | 0,57 0,51 -0,30 0,50 0,78 0,85 0,97 0,83

Q" -0,06 10,02 | 0,75 0,03 10,19 [0,10 | -0,66 0,10 10,27 1035 1093 0,35




5 098 1096 |043 0,96 |-0,06 |-0,14 | -0,82 -0,14 10,66 | 0,60 |-0,19 | 0,60

Q’ -0,25 | -0,17 | 0,62 -0,16 1 0,12 ] 0,19 | 0,86 0,21 — 10,10 10,79 | 0,08
Q! 0,74 10,69 | -0,08 0,68 |-0,89 |-0,93 | -0,90 -093 1-0,86 | -0,82 |-0,13 | -0,82
Q° -0,27 |-0,20 | 0,59 -0,19 1 0,31 0,39 1094 039 1052 058 1099 |0,59
Qo' 1,00 1099 10,53 098 1-0,79 |-0,82 | -0,97 -0,84 1096 |093 |0,35 0,93

Qo 0,06 |0,13 0,82 0,14 1098 1094 |043 09 |]-1,00 |-098 |-0,57 |-0,99

Qo 0,65 0,59 |-0,20 0,59 |-1,00 |-0,99 | -0,57 -0,99 10,31 0,23 |-0,57 0,23

Q' -0,84 | -0,79 | -0,08 -0,791-0,13 | -0,05 | 0,70 -0,05 1047 1054 |098 0,54
Qo 0,70 10,75 10,99 0,75 10,51 0,44 | -0,36 044 1045 052 098 |0,52
Qo' -0,71 | -0,76 | -0,99 -0,77 1-0,89 | -0,95 | -0,90 -0,93 1-0,89 |-091 |-0,90 |-0,93

[ 0,84 10,79 0,08 0,79 1-0,99 |-0,97 | -0,49 -0,97 1-045 | -037 | 0,43 -0,37

[ 0,55 0,48 |-0,32 0,48 10,89 (093 | 0,90 0,93 -0,38 | -0,46 | -0,96 | -0,46

[ -0,82 | -0,77 | -0,05 -0,77 1-0,94 | -091 | -0,32 -091 1-0,73 | -0,80 | -0,99 |-0,79

Q0" 0,12 10,19 |-0,13 0,20 1093 1093 | 0,85 0,96 10,99 1,00 | 0,71 1,00

Q" 0,70 | 0,64 | 0,86 0,64 ]1036 |028 |-051 028 109 (097 |082 |097

Qo' -0,58 | -0,64 | -1,00 -0,64 10,30 | 0,22 | -0,57 0,22 ]-098 |-096 |-043 |-096

p 0,71 0,65 -0,12 0,65 1037 0,29 |-051 029 ]-0,74 | -0,80 | -0,98 | -0,80
B3MO | 0,85 0,80 | 0,10 0,80 ] 0,99 1,00 | 0,70 1,00 1024 |07 |-0,62 | 0,15
HCMO | -0,97 | -0,95 | 0,41 -0,95 1 -0,68 | -0,62 | 0,16 -0,62 |-091 |-0,88 |-0,24 | -0,88

Pacnipenenenne koaddummeHTsl KOppensnuu B TaOMUIlE MPOIIE BCETO
o0CcyauTh UCX0ld M3 OOBIYHO MpuMeHsiemou mkansl Yenmoka /3, 6/, xoTopas
dbopMupyeTCsT U3 TIOKa3aTelsi TECHOTHI CBSI3M M €€ CHJIbI (3HAYCHMSI TIOKA3aHbI 110

MOJIYJII0), UTO OTPAKEHO B TabuIie 2:

Tabauua 2. 3HauyeHus Mo MOAYaI0 mIKaabl Yenaoka

Ilokazanus 10...30 30...50 50...70 70...90 90...99
TECHOTEI
cBs3u, %

Cuiia cBsI3u cinabas yMEpCHHas 3aMETHas BBICOKAst BECbMa BEICOKAs

B xonTekcre Hamelr 3amaun  HaumOosiee 3HAYMMBIM KO3 uUImeHTOM
KOppeJAIuu sBJIsIeTCA Moka3zaTtenab TecHOThl cBa3u 1,00 (100%), T.e. «monHas»,
HesHauumeie — 0,01 (1%), T.e. «HecylecTBeHHas» 1o cuie /1, 2/, rne mapametp
TECHOTBI CBSI3U OTOOpakaeT CBs3b 3aluTHOro Hddexkra cepuud MOJEKYI
OPTraHUYE€CKOTO MHTMOUTOPa C KBAHTOBOXMMHUYECKUM JECKPUIITOPOM.

CorylacHO mpaBWly O MaTpHIE KOPPEJALM, B paMKax MpPeabsIBICHHOM
3a1a4d [+] 3HAUMT, YTO, €CIAM KaKUM-TUOO 00pa3oM yBeauyaTcs 3HAYEHUS

IPUMEHEHHBIX JECKPUITOPOB , TO 3aIIUTHBIA 3()(PEKT MOIKEH TakKe BBIPACTU U




HA000pOT. [—] 3HAYMUT, UTO, €CIM KAKUM-IMOO 00pa3oM yBeIMYaTcs 3HAYEHUs
MPUMEHEHHBIX JIECKPUNITOPOB , TO 3alTUTHBIA 3(P(HEKT MOHKEH yYMEHBIIUTHCSI U
HaoOopoT /2/.

[Ipu uccrenoBaHUM MOMYYEHHBIX KOA(P(GUIIMEHTOB B cepuM 2 HaOIIOIaeTCs
UX TOYTH TOJIHASI CXOXKeCTh B KoHIeHTpanuu 2 u 10 mM/n, a B cepun 1 — B
koHneHTparuu 1 u 10 MM/, a takxke 2 u 5 MM/ BO BceX HCIOJIB30BaHHBIX
METOJaX.

[lo cepuu 1, aHanmu3upys CTATUCTUKU MO BCEM HMCIOJb30BAaHHBIM METOZaM,
BUJTHO, YTO 3alIUTHBIA 3P deKT OyJEeT CUIBLHO U HANPSIMYIO 3aBUCETh OT 3apsija Ha
atome P'° mpu Bcex KoHmeHTparmsx , a Taxke ot O°, O°, 1 OT SHEpruy rPaHHIHOM
op6utanun B3MO. Ilpu nomoiu CUIBHO BBIPAKEHHOTO MOJOXKHUTEIBHOTO 3apsjia
atoma P'°  Momekyna cmocoGHa TOJOMTH K OTPHIIATENHHO 3apsKCHHOM
MOBEPXHOCTH HCCIENyeMOro o0pasla cTajiu, T.e. OOyCIaBIMBaTh TPOIECC
snexrpocop6imu. Atomsr O° u O°, u sueprust B3MO, 6rarogaps JOHUPOBAHHIO
AJIEKTPOHHON IUIOTHOCTH Ha d-opOuTanu aTroMOB MeTalia, OOYyCIIaBIMBAIOT
IPoLIECC XEMOCOPOIUHU.

[lpyauMass BO BHUMaHHE, 4YTO HEIMIHUPUUYECKUH METOJ THUOPHUIHOTO
(GyHKIIMOHANMa SJIEKTPOHHOM TIUIOTHOCTH SIBJsieTCsl HauOosiee MPHUOIMKEHHBIM K
HCTUHE, MOXKHO CKa3aTh, YTO 3aUIUTHBIA 3¢ (PeKxT OyAeT pacTu TakKe U IMpU pocTe
CIEAYIONMUX JeCKpUnTOpoB: >ddexTuBHbIX 3apsamos: O , O° , O° , O’ , OV,
JUTIOIBLHOTO MOMEHTa U 3Hepruu rpannyHor HCMO, npuuem c Gonblieit gosiei
BEpOSATHOCTH Hanbojiee CUIBHO OyzieT cKa3biBaThes 3apsa Ha O, mockonbky PM3
MOKa3bIBaeT ONMM3KYIO 1O IKane Yemmoka pacnpenesieHne, a OH SBIAETCS OJHUM
U3 HaubOoJjee MapaMeTPU30BAHHBIX MOJYIMIUPUUECKUX METOJIOB. 31ECh TaKKe
mpociexuBaeTcss BausHHe kertorpymn (O° u O’), KOTOpbIe SBISIOTCS
b (HEKTUBHBIMU JOHOPAMU SJIEKTPOHHOW TUIOTHOCTH Ha MeTtamt /7/, B CBOIO
ouepeb ME30OMEpPHO moiyyast anektporsl or OF u O° | cyns o xosddurmentam
koppessinuu. JHeprusi HCMO u AunosibHBIE MOMEHT BHOCSIT BKJaj B SIBJICHUE

AIEKTPOCOPOIIHH.



Crenenp 3apsmHoctH artoma N' u P® . cormacHo mnpaBminy o Marpuie
KOppesiiuii, 0OpaTHO MPOMOPLHOHATIbHA 3HAYEHUIO 3aIIMTHOTO 3¢¢deKra, 4YTo
CB3aHO, OYEBHUJHO, CO CTEPUYECKUMM MPENATCTBUSAMU U  CHUXKCHHUEM
aIre3MBHOCTH, KOTOPBIE CO3/1al0T HAJTMUME TPEX 3aMECTUTENIECH U YTICBOIOPOAHbBIE
nenouky. To e MoxHO ckazath 1 0 O'' n O'? | UMeroImUX OTpHUIIATEIbHbIE 3HAKH
KOd((HUIHEHTOB KOPPESAIMH BO BCEX NPUMEHEHHBIX MeTomax. O mmeer
YMEpPEHHYIO CBA3b C 3alIUTHBIM 3(PPeKToM MM 0O0paTHO MNPOMOPIHOHATHHYIO
3aBUCUMOCTb OT HETO.

B cepun 2 pemaroniee BIUSHUE Ha 3alIUTHBIN 3(Q(EKT, NposBISEMBbIN
MHTHOMTOPOM, OymeT uMmeTh 3(QeKTHBHbIA 3apsn Ha atome N' npu Bcex
KOHIIEHTpalMsX. 3apsay Ha atome N'° OKa3hIBaeT HECKOJNbKO Ooiee ciadoe
BIMSIHUE Ha 3alIUTHBIN 3(P(EKT, OUYEeBHIHO, CKAa3bIBACTCS PE3KOE YMEHBIICHHE
aare3uy MOJIEKYJI Ha MOBEPXHOCTH MeETalljia, CBSI3aHHOW C yBEJIWYEHHEM JIJIMHBI
YIJIEBOJAOPOAHOM uenu. [l p? Mmetoasl DFT m MNDO mnoxka3pIBarOT BEICOKHE
KOA(PGUIIUEHTHl KOPPENSINYA, U TOYTH BE3/A€ OJMHAKOBBIE 3HAKU, YTO CIIYKUT
OCHOBaHMEM IpelrojiaraTb €ro OTBETCTBEHHOCTb 3a D3JEKTPOCOpOLMIO Ha
TIOBEPXHOCTH MeTaJlIa B GOJIBIICH CTENEHH, YeM 3TO HPHUCYTCTBYeT y atoma P'' u
TeM Oonee y P° . Jlnst 0%, 0°, O’ — amanormuno O” , O, O — TIBYX
pacyeTHBIX METO/AX IOJIyYE€HbI CXOXKHE pACIpPENESCHUs, YTO JAeT OCHOBaHHE
OPEINONIOKUTh, YTO 3a HX CYET MPOUCXOAUT XUMHUYecKas aacopOuus Ha
metamnonosepxHoctu. Atombr O°, O He moka3any BKIana B 3aIIUTHBIN S dEKT,
4TO, CKOPEE BCET0, CBA3AHO CO CTEPUUYECKUMH IMPENSATCTBUAMH IPU  a[CcOpOLUU
mosekynsl. Tuapokcuaasie O' n O'® moka3eIBalOT BEICOKMIT BKJIAJ B 3HAUCHHE
3aUTHOTO 3¢ (peKTa, HO MEHBILNI, YEM BbIIIEONUCaHHbIE aTOMbI. DHeprust B3MO
TaK)Ke MOKAa3bIBAET BBICOKKE KOA((UIIMEHTHI KOPPETSIUHU C IPSIMBIM BIUSHHEM Ha
3alTUTHBIN 3P PEKT.

B ortnuuune oT pacnpeneneHus NpeablIyled Cepru, 3apsaabl Ha KETOrpynmnax
0*,07,0", 0" nokasamm o6paTHBIA BKIA B 3aIUTHEIH S3BMEKT CEPUN MOTEKYII.
To xe MoxHO ckazath U 00 sHeprur HCMO. 3apsin Ha atome P" nokaszan IPAMOM

BKJIad B (I)I/I?)I/I‘{CCKYIO az:cop6umo JUIIb II0 MOJYSMIIMPHUYCCKUM MCTOIaM, 4YTO,



BEPOSATHO, HEJOCTOBEPHO, YUYHTHIBAs WX MPUOIMKEHHOCTh. OOBSCHEHHE STOMY
YKa3bIBACTCS BBIIIE M CBSI3aHO OHO, BEPOSITHO, C HAIMYMEM B CTPYKTypE BEChMa
JUTMHHBIX YTJIEBOJOPOJIHBIX IeNoYeK. AHAMU3UPYS KOA(D(DUIIMEHTH KOPPEISIHH,
MO>XHO BHJI€Th, YTO JWMOJBHBII MOMEHT WIPAaeT CPEAHIOI POJIb BO BKJIAJE B
AIIEKTPOCOPOIINIO, YTO B OOOMX CEPUSX MOJEKYT MOXKHO OOBSICHHUTH JOCTATOYHO

CUMMCTPHUYHBIM CTPOCHHUEM MOJICKYII.
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