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P CszOdz detsis' Pddcpsa@a 3 a 9 Pde K T n B H bl X
PHMUCTBIX COeAMHEeHUWUN nu3 YyrneBoJoOpPpoOaHE
CBA3MW C MNOBCEMECTHbBLM YyXeCcTOYeHNnem
ONOTrMYecKUM XapakTepucrtunmkam He (PT €
CTUXEHIWK ON cTeneHM ouymctknm. CoOKpaLw
wecTtB NPWUW NONyyeHUU NWOBBIX XUMUYeECK
MHULUMTAaM KoHUenumumu «3e/ieHOon» XUMUMN
MpPoOAHBbIX pecypcosB C MNPUMEHEH-N@&M
CyYe@per awuwm X 3 ophpe KT UNBHBLBIX MeTOpLOB
MOMHMPOBAHHBIX NOAXO0OA4OB K peuweHWNI p[a
Hanbéonee 3 PPeKTUBHBDBMMU npoyeccamu,
C /1 bl X CepHUCT bIX npumecei (cepoBog

ApPpOreHU3aULVNOHHRPE amMpodYermwa Ha HeddhTe

BOoaax (HM3) , o6bnapgawWwm x HeobOXxXoaunmw
gopopa p[pna rumpopporeHonunsa. CopgepxaHy
OTBEeTCTBYWOWMUX TpebBoBaHMAaM cTaHpgapT
nNoTovidaxHI I3, He MMetWwn x TexHono
TaAnuTNYeCcCKOro pudopmmHra wmam ycTaH
APOOYMNCTKM, OCOO®bIN’ MHT epec npeang.
AMOTI OHHBIX dpakKkuyuum ofT CEPHUCTBHBIX COE
OBEpPLWEHHBGMIXB OBA@X HOI BT RWIH.AT VAB H bl M Bapwua
NONb30BAaHMUE 9KCTpakKuUuWOoHHLBIX MeTOoaoB
nmecemn, a Takxe npuUMeHeHMUne H OB bl
mcnumntenem wMUNU NONUMMPYHKUMOHANbHbBX M

e xCHBWX CTB.

KomMnnekcHoOe pelweHMne npo6neMbl n3B

npumeceih ©nU3 yrneBogopoagHOro Tonnuea

OpraHmyecckKoMm CMHTO®E3e Cc vyyacTmnewm
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ULWUKNOAaNKeHOB, ankeHOB, aAapeHoOB)B/mMAEmMET
aKTyanbHBbBM mnccnepoBaHUWEM, cnocobc:
MeXaguncumniauHapPHBX 3apgaud.

KonundyecTBO BMepaBbLE CMHTEe3nNpoBaHHDLBbBIX

eXegHEBHO yBe/nmynsBaeTcsa ©Oonee 4yeM Ha
HOBBbIX JleKapcCT B e HaHTbeEXP Mnap/eonsa paanTao B3,/1 e T P O |
npouyueccos Hed@TerasonepepaboTK™u n ap
npo6bnemMa COBpPEMEHHONW XUMUYECKOWMW HaAYKMU
HOBBbLIX CO€AUHEHNN, aXKTHHP@ K YUK UDRE HIT IX (
noe3HOro nNnpoAaykTtTa), NMOHATMWE KOTOPOT O
4TO BOoO3pacTaerT Heob6XoOAMWMOCTb - WUPO
Heprocbeper awwnx noaAXOp4OoOB a4 nony
nNpakKTMWYeCcCKN BaXHbMMU CcBOMWCTBaAMWU, CBb .0

He wMeHee 3Hauymma nNpPWUW NONYyYeHWUNU OPpPT at
TOKCUMYHBIX OTXOAOB NpoM3IBOACTRBA A.
B NAaHHOM MeXAMUMCUMNTUHAPHOMW pab6orT

mccnepoBaHWMm HABNsSseTcsa paspaboTka HOB

KWC N blX CEPHUCTBE, KOBMOGPEEALMNXCS B H
pa3paboTke HOBbX ®MYyHAaAaMeHTAaANlbHbBX O0CH.
coeaNuHEHMNI Cepbl. A n s pelweHMns nocrTa
npopaboTaHb BOMNMPOCHL yAaaneHUs HeXena

NOMOUWbIK WMWOHHBMX, XBRJKTOACKTX € C NPpUMEHEH
npoyueccoB C MCNONb3O0OBaHWEM KOMMOJ/IEKCH:E
( Cu, Ni , Co, Fe, Zn) . Ana [AOCTMUXeEH.]
CoOegMWHEeEHUN cCcepb NpPpefNnOXeHb 3 KMDPOLL atEE
S9NEEO® MUKPOBONHOBOW CUHTES, KOoOTopble
HabupatrT NONYyNApPHOCTHb. B nepBoOM cny
npuMeHAeTCA 3NeKTPUUYEeGKMEKI OB ®/AH OBB® B
LaHHBbE MeTOof bl nepcnexKkTMWBH bl BBO @YW

B3aummopgemcTBUNA 7 pacxoaa MaTepuanos,
7



CMHT Ee30M. MHTepec K ©B33NeKTPOCUHTE3Y O

nepexoagom K 6e30TX0/0HBbIM Heproco6epe
MckKnNnwyaert LONONMNHUTENbHOE NRUBNAYTER
(BoccTaHoOoBUTEenemn) 7 nosBonaAerT npoBO
(paBneHnsa 6GAMW3IKWE K aTMoOcCcdhepHOMY, Te
nogaoepxaHmMd 3Ha4YnNTernbHbIX Hepropecy
MeaounaTOpPHBLX CUCTeEM, 0 6 eHCbMNile YUMEBEAAEOHUNCX 1)
yagaeTcd 3HayYnNnTenbHDO CHU3UTHDL Heprer
MCNONb3 0B aaHKUTAN B & I M u BewecrTB npwu OTC
obycnoBneHa CcoKpauweHuMnemw OBDp epvaesH)  Up eydK
BblXO0OJga U enes blX DHMOMpYKT OB . HICEHWOBO /1€ K
ABNAKTCA LOCTYNHBMMN CepHUCTbIMMNU pear
pa3nNnyYHbLIX KnaccoB yrnesojgopogoB, 4TO,
ANA OoOpraHMyeckKkoro CcuUHTe3a, Tak W Ans

HedTenpso.gayKTO

Ajdz d U®a®ygfaHHOrNro gAucceprtauyumnoHHDOI
pas3paboTKe H O B bl X noagxophoBs K M3 BNEe\YEe
yr 1eBopgopofaHblX bpakuynin, a TakxXe no
OopraHmMmyececkmx coegunuHeEeHUIN Cepbl HEAX O
KoMnoHeHTOB (cepoBogopopga M TUWONOB) (
M 39KONOTNTMYEeCKU YMCTblX - EMMOKIPOOBB OC/MHHOT BEMBTa

ANnNa AOCTUXeEeHWSA NocTaBNEeHHOW uenun p

- pa3paboTkKa 3 PPe kK TNBHBLBX cnocobo
npunmecei C MCNONb30BaHMEM MO HH BbIX
yrnesopgopoagHoro Tonnwusa, COOTBETCTBY

TpeboBaHWSAM;

- Mcnonb3oBaHMUeE H O B bl X apcopo6eHT
KapbokcunaTtammu (ayueTatamn, nnmeBanarta
nepejunH blX MeTannaeTuW®BHbBPMEUL O KINT aHA4AMM,

cepoBoagopoaga W TWUONOB W3 YTrNeBOAOPOAH
8
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HOe M3yudyeHUe npeanoxe
bl X 7 39KCTpPpakKuUWOHHBbIX npo
H@s No KOMNNEeKCHOW nepepakc
aHMWNeM HOBeWWMX TeopeTuyec

npodwuna,;

- npoBeAgeHMUE I3NeKTPOCUHTEe3a nNpackrtT
coeguMHeHUWN cepbl C yuyacTWWHEM BK UCC/EEX0 BO ¢
TNONOB) 7 yrnesBopopopagos (ankKkeHOoOB,
apomMaTuMyecKunMXx COefAMHEeHWUNnN) MU XanbKOTl eH
rerTepoumnk noB) npwu MCNOoONb3OBaW@KIT N Palu
pear eHT OB

- NPUMEHEHMUNE HPBME/UATOIP OB pasnu
(KoMnnnekxkcoB nepexoaHblXl W IMaEeH maalMio,B ca M
apomMaTMyYeCKUX -amumoewa, n oppmMhagansag CHMNX
bapbepa peakKkuyuuum cepoBopgopopga (Twumonos)

- npumeHeH-aeRBAaOWPBMHM cepoBoOpgopoga MU
OpraHmMyeckKkumx CcoOegUuHEHWUNH Ccepbl;

- nNnocCTpoOeHUne npmedHOManEMHMHERX KN X C X
obeccepumBaHmusA yr n1eBopgopopgHblXx TON MW
SKCTPAaKUMOHHBLIX M apgcopbuUMOHHBIX NOpAgXOo/[d

1 Oz ydzOvw dztso d..Bdgn ctc@ptsla™y M OHHONW pabo-
MeXAuncuMnNnAMHaAPHOE HanpaB/eHMNe nony .
coegVuHEHMUMN cepb C Mcnonb3OBaHMEM 23K
TEXHONOTMNYEeCKUX -NVMP OMIEIC [T ®BB O JIOHIOEBKOTIPOO C WU |

M3BMNTeYHe HHbBX CBEPKBDODAWHEKX KOMMNOHEHTOB y oI J

nosBonNnAwUWee 3HaAaYUTENbHO NOBLCUTbL UX K
\% KomMnnek c bl nepexopmnHblX MeTannos (
KapboKcunaTHbBMN NUTaHAAMU, a -TKTKIBKEH HIM



(6BAMMMNHOPEHONATHDBMMU UBIAMMHOT NDIEE AWM A M (
AnA MOoaoundpukKkauwu 208¢ M TyeT/IOA NYO3 BO /T MO C
KWC/NMTbIX CEPHUCTBIX KOMMNOHEHTOB B MOAenNnb
HarpeTtTod0°n© M&A3yTe O HOpPMATMUBHLX 3Ha
\ BnepBble C MCNONMb3 OBaHWelM akK §d @@ @K @IT JO
HaHecCeHHBbX C MCNONb3O0OBaHMEM YNbTPpas
nopucrTocTN, nNnpoBeageHO 3dPPeKTMBHOEe o06e€
MOAEe/NbHbLX aHanoroB O HOPMATWUBHLBX 3 HSE
Vv O6bHapyxXeH CUHepreTunmyecekwuimeccedpdgekat
MOAENbHbLX W O6EH3WHOBbLIX pakKkuwum npwu wn
nunmBanaTtToB Zn, Co, N i B KauyecTBe mMoOopAgwud
Vv ChopmMmpoBaH KOMNDANEKCHbBW noagxopn K |
nNnPpakTMWUYeCcCKOro MCNONb30OBaHWA AEBIREHWOT I X
OpraHMyeckKkoM CMUHTeEe3e C Mcnonbs3oBaHUEN
Vv [fpoBefgeH 39NeKTPOCUHTE3 UUKNOANKAHT
umknoankeHoB (C5, C6) M aKTUBUPOBAHHDC
cepoBojgopopga, nNoKas3aBLWNIK OFKMEWMHWEIC TPBC
pe3synbTaTe CHWUXEeHWNWHd aHOALHOTNIO nNepeHanNf g
\% BnepBble NMPUMEHEH bl B KayecTBEe 3N
cepoBogopopga npwu HWN3KMX 9N1€eKTPpPOL,HbIX
MOHOAHMWOHHBIE NMapamMar HUTHbIe KOMMNINEK CCh

OTMOCEMUXUHONATHBIMMNU NnNradvHpgamu, BblCO
cepoBojgopoagy M TMmonam.

Vv NM3yyueHO B3aumMeyemMeaoBmepPmwmpeHeO Ha OCH
C5CS8 M M3IOMEPHBLIX AuodytTwunapgmncynbd@upgos,
akTmMmBauuMunm CepoaBTob OPO@AO IMMAOWIEYCHK U a KT UB
MOHW AWUCYNb KU AbI.

\% [flpoBepneHa 3 NeKTpPOXUMMyeckasd MNHB (
HYK/n1eo@WuInbHbIX CBOMWCTB cepoBojgopopga

nnmpokKkaTtTexunHOM n OEeEH3UMNOBBLM cnmnmptToM.
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MHULUNUMPpY@MIAS OB TUONOB U3 WUHEPTHLX anit
CNnUpPpTOB.

\% [MfpoBepneHeM HORY I OpPraHmyeckmUx coepnwn
LUKNOAanNnkKaHOB. ConocTaB/e€eHbl nNonyu4yeH
aneKTpoxXxXumMmuyeckumnmx wmunum CBY cnocoboB ack
\ BnepBble B UMWOHHbBLIX XWAKOCTAX nNnpoBepne.l
MX 3NEeKTPOXUMMYECKOrNIo OKUCNEeHNA c 0 |
nyTemMm ©“UX B3auMmmMogemcTtTBMA C ankKkeHamu |
(6eH3010M, TONnyonom), PY HK LU0 & AU b el BGIK
yrnesopgopoagoB (6eH30MHONW KMcnoTtTounm, Qe
\% OAna nNOHWXeHUWA 3IHepreTmyecKkwux 3aTpa
CUMMETPUYHBIX CyYynbdPuMagoB U AUCYNbhunpgos
MeagunaTOpHbBE CUCT-EB-MBINTHAaATOMHOP R &M PERP MU N A MI
N, N, NFeTNdbamMeTunneHpgmammnHa.

\ MpepnnoXeHb TexXxHONOTrNrMYyeckKkwune C X €& Mbl

npoBegeHNsSs OS3KCTpPpAaKUMOHHOW UM apacopbuUM

TUWONOB yrneBoagopoaHblX TONANMWB H a 0cC
MHHOBAUWOHHBIX NOAXOJOB.
Vv MpeagnoxXeHd SHepr oc 6 e p ey eacKKUymiii M ONaexK

NMONyyYeHNIKW Ha OCHOBAaAaTpPPOoEeEeEpaABCOBERBRHOINSA
coegunHeHUn, obnapgatwwm x AHTPMERBRAWMEK @D
AKTUBHOC-OWIKD:®Y 2-4e pKkanTodgeHONa n ounc

OCHOBeEe, a TakKxXe pgudpeHuwngucynbdpupga.

1 cOC pHYoOw L dzORpfeisimdsxx e HHbBIW B paborT
OblTb pPpeKOMeHpgOBAaH ANdA 3Hepr osddpek T nBH
HedpTenpoaAYKTOB OT KMWCAbIX CEPHUCTHBIX |
TpebyemMor o kavyectBa. PaspaboTaewelmeax
npummMecen M yrneBofoOpoOAOB LEHHBX oOpTra

Cynb@®@uagoB WU AUCYNbMPMUAOB 3afgJaHHOW CTr¢
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KnoankeHOB, apomMaTNUYEeCKBNKETYHOBB
TepouMnKIMYEeCKMNX CoOegWHEeEHMMUKYNCHOCM
EKTPOXMUMMYECKMUX NOAXO[OB U [JeUCTBUS
enNTOXeHHbe peweHNda dABNAKTCHA HOBAaTC
mwaTb YrnesojopoaHbe ppakKyuuum oT cep
ayeHMWN, HO N Ha O@CBOBIE WIEXOEADEHHEX.)
pocojgepxXxawunme coOefUHEHWSH. OTpaborTaH
nesofgopofoOB OT CcepoBOpgoOpOfga CUNUKaA
NoNb30BAaH aAnsa obpaboTkKkwnu Teppurtopwui
ohbnnakcwwe@aCcrB8® OT Kneuweiwm.

[ Bl jCIsT d B3 SBHT @ dnHnalm HEEM O dzd @ 6 b
cnepoBaHMd ABNAKWTCA MOLgEe/TbHBIEe CMec
MMECMU TOKCMUUYHB&KT BKHGIXP OC3EMPOOHBHOOL O f O 4 a
ORaHM3onponpdyamaaaHB ka@GectpaevoBygnsa I
raHmMyeckunux coepguHeHmm cepbriCsnp eanmKoex
kKlc,e HOK,TeHUNKNONEeHTEeH N UWUKITOT eKCeH)
H3 0N, Tonyon, HUT pPOOEeH3 o0 N 0 wusaeejHs3 o |
TUANUPOKA AT, e XMelH 3 NdneoHB I CNWPp-LMKe T3aHE
T wm e cCTMYNTEeHHEBble reTepouUumnKkKnmnYUYecekKkme
AVnaTopHbLE CUCTEMbl H a OCHOBE Tpuap
TpabyTununamMMOHMNA n KOMMN/NekKcoB Ni ,
raHgamMmumcTpB/KALMIB K CEPHUCT bIX KOMMOOHE.H

NOoONNb30BaHbL WOHHLbBLIE XKNAOKOCTMWN H a OCHOB

OCHOBHBLIE MeTOoAa bl mccnepgoBaHA: €
MKNunyeckas BONbTaMnepomMeTpwus n <N
TeHunaneyiHes3 ,CB@h gacopbuUuMSa, KcTpakuwm

Ny 4yeHHblX coegunuHEHMNUI MCNONBKMMBIHHEE K |
T On4 bl aHanmnmaBagn i A cnekKkTpockonws4a,
ekKTpomMeTpusa, XpomMaTtTorpadgumsa C KONOH

eprogovikMa@PCPEHTI eHOPNYOPECKMVHMEBST K |
12
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cTas apcopbeHTOB onpepgenancs4 M €
KpoaHanmunsa ( PCMA) C MCNONb3O0OBAaAHMU
Kpockona Car |l Zeiss NVision 40.

1LO LOhMdIslz or desfw iIsfmw Mmdzj ndiswh:d j t5Mdats

-pa3paboTka cnocob6boB ypaganeHusa KWUCE

epoBogopoga W TWUONOB) M3 yrnesoaop

XnpKkKocTtTemw U apcopbeHTOB (OKCKMUOOB antw

KO
(a
(sa

I
o O ©

] o0 == — O
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MO EeKCHBMMN CoOoeAVWHEHMWAOGOS 0 € pKeaxpoQaaHKbICX
uetTartamu, nMmBanatTammwu M -aManBHATW
MU-HOT NO-MMILLTHAT NOCEMUXUHONATHBMN) NUT a
-M3yUYeHNeaKpaB@aKMN CcepoBOfJjOpOfga u T
AMbIX MU KOCBEHHBX MeTOAOB akTwuBauyuwuwu
BblX 9/71eKTpoMeAgMNaAaTOPHBLIX CUCTEM Ha O0o:f
MMNJ/TeKCcOoOB nepexbigRbP) MEaRTRMOEK MKONAT
raHgpamMum [Na NOBbLWEHMA peakKUMOHHONW C
- npoBefgeHNe 9NeKTPOCUHTE3 A B 9 H ¢
aronpuMsAaTHBLX YC/NTOBMAX Ha OCHOBEe ak:I
epoBogopopga “n TUMOoNoB) (UNKMMEPITKHDIKO B
KnoankeHOB. apomMaTmMnyecKunUmx coepguHeH
MpToB, 3afgewemwOboOBl, 8eneHodpeHoB U ¢
NnyyeHuMAa nNpakKTMUYeEeCKW NoNne3HbX OoOpradHil
OM, DJ3K&KBEHMNGAGemgOKpPaWeHmMa yumcna cTagl
- mccnepoBaHue peacxuymni cepoBOAgOp O]
KnoankadamMnaft @4YynNneHHBMN T eTepouUunKINNMY
nopmweProcoePrRrhammen yuunn,

-NPOr HO3 MpPOBAaAHMeaKOTMMOB/HOOTCUTUNE CHCEDKAO T O Pt

HW AUWCYnNnbdupagos.

dftesBOyYydwY tOBBsIlsr. JOcfHmeedrdbteO ydany 4 e H

3ynbTaTthb 6bAKM nNnpepacTaBnNneHb Ha 15 ™
13




TakxXe Ha 5 peruvmoHanbHBLX KOHMepeHUNSHX.
ofHa MOHOrpadgusa, 22 cTaTbW B XypHanax
of Science u Scopus, nonyvyeHo 6 nart
nyonukaunmm BKANwWYaeT 65 HauMMeHOBAaAHMWUIM.

dlstclzCIsZ tc OB AN e cse ptTayumsa 29BenpxeHnga.

BK/IYapeagH BeB,e NmMutTepaTtTypHbnhn o630p (Has3Bs

KcnepumMeHTanbHYI yacTb 7 Cnucoek
HaummMeHOBaAaHMA) .
[ dydser 2 9 C dzOB aKOHsusdeedOT c 1 B  Bbi6ope T

K1Y eB blX npob6nem mccnepoBaHMs, p a

XKcnepumMeHTanbHOrNIo anroputmMa [OCTMUXEH
KCcCnepuMMeHT anb H blX A aHH blX B BuUAeE
KcnepummMeHTanbHas yacThb pabboTbl BbMNOI
pykoBoagcTtTBOM. Permcrtpauyuumda MU UHTOBPMPET
A. N. NMNMoppopenbCcKUM ( UMX P A pl ¢ H TH . eHHooBCr NoepkoT/
MUKpPpOaAaHannm3 U CUHTEe3 pdajga Kapbokcwunart
MOHX PAH, -XmBMAMIS®BIONE pacuyeTb BbNOJIHEI
(ATTY) , mccnepgoBaHMa OOMIO N1 CTEPHMNTK BIK
npoBepgeHb A.X.H .B.MN. OcwumunoBon (ATITY)
| OBBISO 9" ftsdzdz] dzO fted PP o UH N #9431381 G tc
Mon _ a-033 NA30 Mo _a), Mpe3snpgeHTa Poc
3044, 209003. MK623. KK 17. 301169 HP ( 17
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lftrRycoIst oz 1R R JI1 f11dY[1RC

MKX—MOHHBIE XMAOAKOCTMN

HMNM3HedpTenepepabaTbBatkwmnin 3aBofg
pPMMUANTNOHHAA [O0nNA

UBAUuMKNIMYecCcKaa BONbTamMnepor pammma
BUGBepxHee LUPKYNAUMWOHHOE oOopoweHUe
AY-aKTuUBUPOBAHHBWA YT ONb;

MMGnsonponunoBbIKW €nuprt, nponamHoOn~N
MOK-MmeTannoopraHumyeckKkme KapKachbl;
Y3ynbTpasByKkKoBOe BO3agencTBMUE,;

Co—HayanbHaa KOHUeHTpauumsa obuwew cepb B TONAMN

C.KOHUeHTpayumsa OCTaAaTOYHOTIO cofAgepxXaHuUsa 06wWwei
(mr/ kr);

Pv-nmBanaT, oOcCcTaTOK N KB§Q0HWBMBMEAT, T Mppioviear HAQIBYO I
Ac—aueTaT, OCTaAaTOK YKCYCHONW KWUCNOT bl;

DFT- densityfunctionaltheory mMeT oA QMYHKULUMOHaAaMa NNOTHOCTM

SEM - scanningelectronmicroscopynethod MeT oA CKaHUpylWeinhn 3n0eKT
(C3M)

EDX - EnergydispersiveX-rayspectroscopy MeT o[ 3 HeproaguMmcnepcumodHt
cnekTpocKkonuwn

Med -pegaeq@unatop

CTEcBepxTOHKaAaa CTpPpyKTypa
OQMPR3NeKTPOHHBLIN NapamMar HUTHbBIW pe3OHAaHC
AMP-agoepHbBA Mar HUTHBIRW pe3oOHaHC
Yd-cnekTpocKONMNA NOMPWOMEHOBOR® FMamPAOH
MK-nHppakpacHLbIW

DFT-Teopusa @QMYHKULMOHana NAOTHOCTMN
SQ-sceMUX MHI B EH3 O0OXMHOH

ISQBM MMNHOBEH30CEMNUX UHOH

BQ-SM MU HOBGEH3O0OXMUHOH

15
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fsdzjLdzr » MjetssteeOddyj MSdn Mmtsj H d daj
1 dzj CstesaddBBdu MSdr d &BIdC oo tsdzdats
PeweHMNne OCHOBHOIM npob6nembl «3eneH
KnwoyaeTcA B pas3paboTke 9KONOT nyec.
anunsauunu O @BIOpPOLOXH,OT OT XTI pouyuecca $SBANS
egywuwer o M nNpuMBOAAT Ha KaXAoM 3Tane
OOYKTOB. Mopgpob6GHaAHd nocTaHOBK a npo
MNNTEeKCHOINOoO peweHMa WU BKNwYyaeT KOoOMOI
TOApPR. yAMlaneHUN BbLCOKOTOKCMUUYHBIX U B
poBogopoAaa 7 TMONOB n 3 yrnesopga
naropaxumpaHme TONNUBaA, HO nNpun 3TOI
nmecwu, nunoéo npeBpawawTcCcH4 B O4YeHb
amem, cepy mM3 cepoBoOpgoOopoga no npowuy
yyae TMUuONOB) , nnbé6o npocToOo co3pd4atwT
LeHTUMpPpOBATHL BHMMaHME Ha TOM, CepHI
neBogopoagHOM TonnunBe, SBMAKMTGAA NIDEHH
POKOro cnekTpa oOpraHumyeckKkux coepgunH
OMs3BOACTBE J/1eKapcTBEeEHHBbX npenaparTo
TMUYECKMNX mMaTepuanos, 3aWnTHBbIX I
TUKOPPO3MUNUOHHBIX 0006 aBoOTKG e nmB &6 B LK X e
cMeTONnNoOrmMmyeckKkumx cpepgcTsB U T. 4. B c
Aada npepgcraBieHNA OO BbEKTWNUBHOI 7
BPeEMEHHOMY COCTOSAHWUI Npob6GneMb WNUCCIC
JAaHHOM pas3gementTrepagoTPabU/Eee HCb P a B K U
yepnbiBatwwytw T Nyo66unHY BBUAY Ol pPaHMUUYE
HOBHBbIM MeToadam M3BNEYeHUSH K W C N blX
neBopoOpoOAaHOTOO ToOonnunBa (apcopbuyuwnmn

nydyeHwus O P T GIHMBIEST HK BIX a@eaUNHEHNN (
16
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Bogopoga MU TuonoB (929NeKTPOXUMMYE
HT noenaeTcHs H a 3KONOlNIMYHOCT b,
CoOoOGpa3HOCTb Tex UWUANW MHBIX nNoaxofn

€ 1 H W XC T/IOePTN Y6eec3k or 0 pPpa3 BUTUSA NPUMEH

1.1. RMftsdz Ls9a0Odzdy dsdzdz" = Y dHEC 5
dzj SstecsnddBduyud MSsd3 MddalsjLj Mjtoststca

nocnegHee BpemMs uMccnegoBaTenbCKl
ble XupagkocTtwu (MNXK)X, YHMXKX aob Wy e ™Mo B /CEB
OXHOCTH®bIH WM POKOT O MCcCNonNb30BaHMHA
HeCKOWMW TEexXHONOTr ngaAB N AMTHCHSbI € H OKBALOMK O K

e CKMUNMX COGAI/IHGHVIVI " BHOCAT BE€€EOME

HONOT MYecKUX pHompeo LL A Kc onBp.egnonnar aert

MHaUUM Pas3nyHbIX KaTWOHOB " at
OPYyHKLMOHANbHOE MCNONb3O0OBaHME K ¢
mnpnuyeckunMmMmM cBOMCTBAMU. IDKONOTFrMYyec

yganeHus poloemmMmHeaninecae onpepagensae

eHMemM napa Hapg HUMN, cnocobcTBYIW
O6HOCTMN MU OTCYTCTBUIKW 3arpsass3HeHUN4d
natwT HUW3KOI 9KOTOKCUYHOCT Db I

asnaraevM@uTW,AHbBOHK QKN pacTBOpPUTEN

=

HEHUW U KNUX NP AKWMEIHKEOH UTEH OB MO VK LKT QpCATKH

w

ennbHOTO TONMAWMBa BO3 MOXHDO onpepers

BooOpPOAHODNHMWXKass/eb H02 7T®%] .cBOMWCTB n o

MK MCnekKTDP HaﬂpaBﬂeHMVI n X npuMMeH®EHY/V

EHNS BO3MOXHOCTMW UX WUCNONb30BAaHIM:
BOAOOPOAHOTIO CbipbHA B KayuecTBe 3K

TPOXMMUYECKUX U Tpapmgwu Ll N00EHAHNbHXE HCUMIAH T

cpefge MOHHBIX XUMAOKOCTewn.

17
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1.1. CCMteOCydw ftodd3j My 2 Msj Hddzj dad
Fedzj ot sHtStctsHdzr = Mtcj H

Boicokaa KOpPPO3MOHHAA aKTUBHOCTHLb, a
pbl, copgepxXawnmxcsa B He@PTAHOM dabIMBEaA,X
ogounkKkKTOBana HeobGXOAWMOCTbL pas3paboOTEK .|
nNMBO ANA ABUTFraTenemw BHYTPEeHHer o ¢
McKa HOBbLIX NOAXO0O[OB NO yn4anEmMmmap entpa
e 6onbuwelé9.3HaveHNe
B paHM®NMEeHT OCHOBHObBIE NP ILBIE H HCbBES -
aneHMemM OpraHMyeckKkux coepgUuHEHWUNH Ce,
KaTannoibheeckipmBlaHunnelipenanmsauumu np
ApoaecynbayprpaaBawWLaIUK N e coefunHEeHUA C
ay hwupgol, - omoééden ) npeobpas3ytwTcHd
nesoagopoAab 3 a CHBeKr HpeansopcEama A@BHIDU 0 C
eayeT BoTcHwe&amnen nasneHune (2070 aTtmm.)

NMe HaBWaIYHbLIX KaTannmsaTopoBKOO6ORNbL MA)

7 HaHoOpa3MepHbBEe 4YyacTwuLubl, HaHeCeHH:@
pas3oB&aSsSne ack no6o4yHOT O [7-13.poAavVlipDage:
apopecynbtyempany o nb WU X KanuTtanosB
nNnoB UM sKcnnyaTtauuu, a T @ B X e K TA/BB/HSbE
npoBoOXAgaeTcsH4 NOGOYUYHBLBIMMOPMPOBRANWMEH NG
e punHOB, YT O BepfgeT K CHWXelwmao aomkarnarHe
PT e rasonepepabarthbBatuwmx 3aBO0pjOB

BEEPHUCTONO TONBHMBAKBE OH A0 AUMK HHbLIE
pexohg K co3jgaHUWIW 3KONOrumyeckm 6e30
npRAamBs B e H a MWUHMWMMUI3 aLBBLKD P G €@ 0O B TTUAB/IHEBHMOAE
MXeHWe 23Heprosartpat [ 13

B cBA3nMm ¢ 3aTWUM, Hapaagyregpoacdceowcaep

NeBOAOPOAHBbIX bpakumii N pPOKDO " M

18



SKCTpPaKypaBAEGH@A CepPHMUCTTOBNXR ac Okeaakn H & d d e

anbTepHaTMVWBHDLPIME AaM@ABY L MblI B MAT K U X 7

Tpebywwni McCNonNb3O0OBaHUHA K a3rKkacnTunps aBKn TOVPB
pacTBOpMNGEmE®TEeNbHO M3BNEeKaeT COefUWHeEeH
pas3pyuwas- npwu 3TOM ApYyTrwue er o KOMMNO L
coegMWHEHNA BO3MOXHO paccmMaTpuBaThb B

cuHTeBa 14 OCHOBHGBbIM dhba KT @ N H OpCET3NY 1 HITP
9KCTpPpaKLUMWOHHGB I 90e4TUCCAT K B IO O p 3KCTpakT.l
MpumMmeHeHNE TpaguumoHHBIX Opr aHm”\y
(nonvwanKMWNeHT NTUKONb, ANMeTUnncynb PokcCl

HeXenaTenNbHO BBUAY UX BHBHEDRBWNW peTrTgHEDQRP
He OoOTBeyYaeM™M DpohoBaMIEE KON] beBomwaaBMC
CTOMT 3 ajBameMmKicaTMpeaHfbe HT OB pacTBOpUTENHA
BbICOKOMW CIKEOpIMMWMY X U MMNYeCKOPB-1d.TabBUNbHOCT |

MoOHHBIEe XupagkKkocmiegHWX) Bpemnmdr cTanun B
NepcneKTUBHbB B KaydYyewKHA@SHUWBKCaGPERTIEBHTBEI
[18,19 . BnepBble MNX oxapakTepumsoBaHb U WU
[20] . YcTaHOBNEeHO, 4yTo, MOHHDBIE XWLOKOTC
O6beMHbBLE OpPpraHMyeckKkme KaTWUOHBL MU Heop
nNpoABANAKT cneumdpnyeckKkme XUMUYeCcKUe cC
cTexmomeTpumyeckasas WMU3IONUPOBAHHOCTbL 3a
XM AOKOWNW da3bl MOHHOT O COcoO@mTaB Yy ElTa Kyell e
NX knakunmum TemMnepaTypamMumu nnaBneHumsas wu
39NMTEeKTpPOXOMMUTYUBREEKVNIBIOBbLICOKON 31€eKTPONpPOB:
TOrl O, 4yToO MOHHBIE XN OKOCTW Heroptumn
TepMoOCTabOMWANbHL WKPYIKAPAVEHKE PP/AH AT O H
«3eNeHbMUN pacTBOPUTENAMU>».

Bnaropgpapsa BblC O,KOOOA b MU® ME [T B ®C TUMO H H bl X
CMewnmBatrwTC A c yrnesogopoagamu, ob6pas:

CMNCTEeé€Mbl, 3 a cuyerT yero B O3 MOXHa 9KCT
19



3

pumMe Rl i MX cmMewnmBatrwTCA C BewecTBaM
NONMNAPHOCT MU M  MMEOH HYyOT  POgaCcCHTOBBOPPEA T b K a K 0
HeopraHumyeckKkne BewecTBaA. OQ97Tun ocobGeHH
nepcnekTmMmBb pa3paboTKWMW HOBbLIX 3KCTpack
y Xe cywecTBYOWNX . Mp u 3TOM HeKOoTOop
TPYAHOOCYWRAOMBUMBIOCYLWECTBMWUMBI BOBCe€

TpagWLMWOHHBIX pacTBOpMUTEeNnNem nNO MNPUYNHE
XN OKOM COCTOSAHMUWN, HWUIZKOWN TemnepartTypbl
a Takxe BblICOK O ToKCcnRRAoctmX padvdpalo
MCNONBAYKRTNIA OYUCTKW T OoOpwYero npupoagl

nerkKknx wvMeRj}ampaHeGBHEeCeHUWUNW UNUX Ha pasinl

X o
CN
Gris 0
T o
CN

it dmMz@sOumnMcTKa CepHUCTBLIX COeAMHEHNUN
MOHHOMW XWUWAOKOCTMU

Kpowme cepoBopgopoga 7 TUWONOB B y
BCTpeyawTcsa ManononsApHbE coepUuHEHUNSS
6GeH30TunOCMdeH, He ABNAOWNeECS KOpPPO3Mu-c
AKTMUBHOCTHDb K &KToar /JOIp3bleeT O P @B X e MYy BEaHBWHE
CEQeMnHeHMAM nNpu nepepabdoT kK Pe uyerHmeB o3gaopa
yganeHmns TakxXe akKkTyanbHa n OC/NOXHEH

okKumcnnrtenem ans yBennmyeHmMHA NOoONAPHOCT U
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B KauyuecTBe okucnutenei, YU a LUeep e KBIL EH H

coefMHEHMNSA.

1.1.2. SCMbOCydtddr j Mots2Mmlse O (s da
BsHjdz dz 2 stsf dd e

OCHOBHOW NOOGBEWHOBIGEMP AK LN OHHBbIX CBO
XN OKO@MA@NW yaganeHMsas CepPHUCT blXH an pMmOoMIEec/ebi
Tonnueax. Bnepsuble 9KCTpPpaKLMWOHHLbBIE
COeagNHEHNUN U3 CHMLCTKMGBIT bK @ Kwa m @il s1enc B a H
Liquids) 6 b1 n onmcaHb boccmMaH®4 . n Nec oe K
SKCTpPpaKuUuWOHHLbBEY TURIaIMcTMEL  @Nghm o pTbeo pa T a r

TNnodogeHr M 4 1 6ROHK3TOaTHNEO dreoHkaa 3Ba /1 O 4YTO CH

a
TMNOMeHa Ha 44, 5% Hagwbie23% Tmoapeci@aognT

=

OHTakTa 15 MUHYT N TemMnepaTtype 30°C.
bPhpek TMBHO an oNyiTOUYyarew T A U H U R TeTpadmro

onbuwer o KonanmnmyecrtTBa apomMaTnmydyecKmMMX K O JI

- o o

mnodpemypvmgeammnneHna 3 dpdhekTa B3I ammogemcrTaBs

ABTop2amMumofimcaHb 3KCNnepuMeHTBHB NO 3K

6eH3Mm hbeHAUMed MG anNb6eH30TMOMeHANOWI-MMoOL[

MeTuMnNnNnunepmamHmng TeTpaxnopddeppaTtTom.
BpeMeHNW KOHTakTa 10 MMUHYT cCcTeneHb

45, 5%. Mpn 39TOM ycTaHDBNOKOTpPARIIU W QP

pagny AvnbendeHBOPa#WbGemHMe TN agnbeH30T KO

OxnaxpeHnme cuUmcTeMb O KOMHATHOMW TeEe
yrnesopgopoagHytw ¢gasy 7 MOHHBbIEe XU AKOC
nepexoaAuMT B MUCXOAHOE PIAMEHRAIVO HHOET BB H
aToMa Xenesa # atTomMa cepb AUWOEH3O0TMU
hbakToOpa MexaHMU3IMaAa I3KMEP DIV KKO@aT Ble @I
eopeTmnmMyecKuMMmM pacuyeTamu. Mpnm a9aTOM C°

21



KaTMmoHa O KIGDIKHMBra&elb HID @ HO He cyuwecrTBeE
KcCTpakuyuunun.

MoHHBIe XumagkoctTuCu ()c cAAg(B p x anupnoes B 1A 10T
SPPEeEKTMUBHOCTbL NPU SKCTpPpaKUUKU TWNOdEeHOE
K 006pas3 «BaHiwie26lc o |

YBeNNWUYEeHNI CTERMIEBHNMNOPET PBKX COoefnt
XMNAKOCTb cnocobcTtTByeT pgob6baBka 2id29p,e K &
TakxXe Mcnonb30BaHME NepoKCOBO/Nb@pam
KOMMN/TeKCcOB, MMMOOGUMUAM3OBAHHGBX 08B( NWOUB)H OF
MOHHOW XMDIKO®OTW By T QGOoOpMMNpPOBaAaHNI YyCI
OKMcneHnMs U 3KcTpakKkuum, npm 3TOM CTe
99% [29:

®

®dasa Tommmsa
®Da3a HOHHOM JKHIKOCTH

)

S

7

H,0,

S

|

l
@ [BuPy]BF,

\\

(1.1)

QkcTpakuma 6e3 uMcnNoONb30BaHWUA MnNeperk
50% ns3BgnedyeHwnda, 4T O Y KKao3mMbDBMAHEUTP OHBaA HIH [blex
OKMCNeHWAI U SKCTpakKkuunu.

DQKCTpPpaKUMOHHBEOYyamMammpma n H\1 1 TEeTp:
MOAEeNnbHbIX cMecdxK T@Hwrodwe H o BO @B X 0 BAHEE
mMcnonb3 0 aHMNEM) HZHaumMTenbHO ycuUunuseatwrT
MOAEenNdHwaarmmB a. HarpeBaHue pgo 55°C B T
cTeneHMW OYUCTKWN OT Twuodge+Hdd3WE], 5 %, oT

AnasaKcTpaKTUBHOT O 0 6 e C C eTpovnBianHBMas LY
SKCTpPpaAWRWMNIRABPOKO npumeHaAalwWT VOHnan 3 aavieay
AOoTcaTOYHO QGMUEEABPLUXA, N HMMAK U /13 aMe llle HH @K@ n

SPPEeKTMUBHDB MUMUAB, aueTaThb, LJUMMTNKLAPOOCOJ
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AeMOHCTpPpUpytwwme BbLCOKYW CeNnNeKTUBHOCTHE
coeagnHedusymesfnueHnune MaccoBOT O COOTH
TON/ITMBO WU MHOTFrocTyneHYaTasa 3KcTpakuyuwm
NPpUMeHEBENKIBBRKCTpPaKULMWMUOHHOEMOMODETIK P BlA HM
o6bpa3uoB 6eH3MHaAaVXHaCOOMGB & BB oAk KIEM
noagTBepXgawT, UTO KANnwyeBbMU GakKkTopawm
cTagununm 3KcCTpakuyuunwu n 1 B{bbeevHH30eH . ¢ 03T deieok
yoanaemogse HOBbLX COefgUWHEeHUWW npu onTunmaj
96,1% [32] . Mpowns3BOAHLIE TNoeHaTbyeme c OEO
anKkumns3ameuweHHbB MNN-MeDIBMHAMBMMAH3 01U A, K O
HepacTBOpPUMB B ToONNuUBE, ogHXKgoc pactaws
BbicoKasa 20640 MBI r) Ahkunnddpdekpaa Hwe N-oB e
STUunNnuMumMmnagasonma [LEMOHCTPUPYHOTCNPROGHKY IO
He3HauyYuMTeNNbHOEe B/AMAHME Ha cocCTeapaywuyl
nytTemM pa3bai@BéleHma Bopgon

YcTaHOBNEeHO, 4yToO yBenmuyeHwue T eMI
cnocobcTBYyEeT CHMUXEHUNI BA3KOCTMU MOHH.I
yBennyeHuvemexwoaddmmdbdddy3smn unu pocT13§5.B 3
cepwuwu Haww x3641p a Omegmpe HWIC C Te OB aHMHA no
TeMnepaTypHBX WU BpeMeHHbBLX nNnapamMeTposB,
MOJAeEeNnbHblX tmewwadaHa ( C npumMmecamMmn
beH3MAMepKanTaHa “U Tood@eamalbHBBDKadazMA
PeEXUM 3KcTpakuumm nexntT’Cp @goaTnemaeeamd:
N>XKX-1: 1, a BpeMs KOHTakKkTa O0T 268kisd#d25
MeuTTmMungasonumim bpomunpa ONT W @a /IvbKHCOTEP a K
cocTas#BFeT 50

MponsBepgeHa OuUeHKa alB kzdséme r mmB MO @ BB
TeTpa@ropd®opanmRalWeHN K ApYyruMmm cepoop
[36]. YcTaHOBNEeHO, YT O MakKcumManbHOEe ”3

AOCTWNUlraeTCH npwu Coo-fiHow@eewmarmnnm6é gz amn
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bytTumnagucynedpung 3a 20 MUH npwu t = 40°

TonumuBo: 1MX w3 BNneyvyeHb Ha 26, 8T CcBEen
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T

mncynobdpnag 3a 30 MUHAXIPpWM NMIQHE@BB@NM H Gl

111 - 16, 3%. Mpwn 3TOM Haubonbwasd ocTart
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bnwpaetTcda B papuHaTte, cofgepxalwem MEe
M3yuyueHHBe WX aBngwTcsda 3advine KNTOA BOHTbHVIOAI
TMonam MU ob6GnapgakwT MeHbWwWen S dPPeKTUNB.]
anmns BNUSAHMUSA AaHWMWOHa MOHHOI XU AKDO
EHblWEeHMNE MNOorowatWwed’d 46N 0-c OBOrHO ¢ T WIP1B
TUOHOB 3aBuUCUMOCTSL [BMRW Ay oBIBRBy] [ BMI n
QK CcTpakuuMmoHHa al1-Be-3iMetniP& vy amee™H wWheTCca

oMaTMuyecKMUne MepKanTaHb > AUCYNb@nAat

ynb du gbl.

o o1 X

(o9)

BannaHue TemMneparTypbl 3KCnNnepumMeHT a
CTpakKUMOHHOW cepooyvymnmcTKe. Tlpounssepqme
, 35, 45, 55°C) Ha 3 ddhe K T 1 BdgIooCATELK aVH3
00 pp m) C-B megeurbmion vMn g@spmopg paia |
enmnyreanmmeepaTtypb ¢ N22B°%QWaRB® N e3P @3KKLY U |
Hako fainNbHeWWMNn noagbemM TemneparTypbl
0O ob6bAcCHAeTCA TewMm, yTo po 35°C nopg
3KOCTWNW MWOHHOW >KUPMIDETYrenT, C 1 P10 B BT VOXIH HIPiA
on. 3a <cuyerT aTor o nepexopag AuWbGeHS3

aHOBMUTCSHA nNneryvye. eppTuy p BIO ABbbelee  3r5e°vM

MeHbBWaeTCHA n, KpowmMe TOTl O, YyBenNnmddyeHMUnE

bdheK TUBHOKS naw@eamnxp4sjr 1 o e H a

0]

M3yudyeHne 3KCTPpakBMINDOBFHMIKK ac3Baosmoc, T BY T[ O

OTHOWEeHMNWE TONMAMAWNMBa K pacTBOpPWMWTENIHO, K

6e3 HeobGXOAMMOCTWN pereHepauunmun, MHOT O K

=

a

0]

K Xe, KakKk a/ BTIEMVAMKETp aHay ppe3yNnbTaTWBHO

MNMOHEHT OB .
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OanH b vuKn KCTpakuyuunum npwu 30°C B
COOTHOWeHUMN N X: BEmMRTBHWK X KKl deHTPpa
AVNOeH3Tuaoegreag@@3¢%. YBeNnNnMYeHNUEe LUKNOB
perHepayuuMmnm MOHHOW XMAKOCTW NO3BONUAO |

M3 BEecTHO mccnepgoBaHMe SEE AP AaKWNOH
XMAKOCTEeWm KWMCNOTHOINIO Tuna Ha OCHOBE
yacTHOCTMW®, EBMI[MB NI A F@&SCO T HOWEeHNIO K
coegVuHeHNAM, OCOOGEHHOYCPOHBBOGHB X TM
9 ¢dPPeK TMUMBHDBMM 3 KCT pkaw cesHor Tabm 1J1]ba ke vasseaK KeiC 4
3KCTpaKuMnoOHHAaAH4 CNOCOBG6HOCT-bKMEIN o MO Hl B
(KMCNMOTHBIX XNAKOBMEeWD, szclotave pkaelGu e n
XN AKOCTMN 3 pPhpek TUBHO HOXTTW @AEGH PY W3
YyITB@nopomnHblx [BMONT|CY/e€ls aBnsaeTcCd onTwu
3KcTpar eHTowMm, T ak K aK obecneyunmBaerT
AvnBeoTnodeHm awpoyyHmwel( tme@%) . BbiABNEHO
ANKMWNbHOMI Lenwu KaTMWOHa KWCNOTHOMW
9KCTpPAaKLUMOHHYW CNOCOBHOCTb MOHHOMN XK
MOKas3blBaltlT nepcneKTUBHOCTHb NPUMEHEHMU
Xene@aa cokmwm T oaqoiyeBp xaHuewm @@4sE. meHee 5

OgpoHOKpaTHaH+«d KcTpakuwus KMWCNOTE aMM
[HMIM]HSO.,) npuneBoOaoUT K CHUXEHNIKW KOHLUEeHT
O noerwms pe-H3a0 , 6 %. Kwmtaimekgmwe § T emmK al[3ha61 u
npummeHeHune 4mMHM my eN@d@ep &od° C, BpPpeMeHMU
MUHYT W COOTHoOWeHUN WUX: MOoaAenbHOE TO
SKcTpakyuum TuHMuodheHa o 55, 5%.

B pab6o]jJtrendcdirepoBaHo r1rnyb6okoe o0b6ecoc
KMcnota —/UbOHMHCAaad XU 4K OCT b, COfe mRaM XB
yacTHoOCTMWN, ¢ uwmMmugBMR]GIAKRB bIMn conamu: |

Job6baBneHwNe nepeKkwuncwu BojgopoAaa B K

YBENNMYNTDb cTeneHb OYHNMNCTKMU MpPpAMOTI OHHOT
25



(dr excaBEIs-Hfdzopdgr ek caH + T Ko peaHn)3. e NbpHMO MO udwy
( p .-36(CO ycTaHOBI/EeHO, 4T O 10 MW H
mMcnonb3omd&zHsHif@m T AN NuupuamMHMN TeTpam@rop
cTeneHb uU3IBNeyvyeHUda 36 %N, npm 3TOM cCcof
ppm o 147 ppm.-12QCva HBPA KU VB bLIEGEEBK UM C O/
cepHuUucTbXx np+HbMWODe Pp(M5&AreneHb 3KCcTpat
M cocTak3daer 10

Hanb6bonee NpMMEHUMBIMU A1A 3KCTpPpakLUM
MOTOPHBIX TOMNANWUB U QHKEMNA OXIWMDK 00CT BHARGHVE HI 0
nnNpuanHmMesBble U uUMMpgasonmesble connm. Xc
CTPYKTYPHBX OCOO6EHHOCTENn MOHHBDBIX XWUAaKk
BelwecrTBa, nMewwmne B CBOEeM cocTaBe arT(
HepHcTa npu D3KCTpakilmpgomelo&Ha Ty e HAB
BIMAHMA KaAaTMUOHOB pas3auMyHbIX KnaccoB ([
> nNUPpUaUHMK > uMmpgasonumum > NUPPOAUAY

MeHbWwWMin 448dbdhekT |

1.1.3. SCMmbwOCydsddy j Mots2Mmlse O disda
©j Oder 7 sy ddoe

CoBpeMEMM®INb L EMHHGILEE O @ WIC TTKABGT K U C /1 bl X
CEPHUEDMROHEBEPB B OMIATOVPOO/IADABH O BHAGKW KK O p O WWe
PacTBOPBMM®GAHHMBMNKIAK O.CYT/IHaXB TN B Al WO® 6 ppS M or o
Pa3/NTVMAKUBIBOB/NbLLWNEAY BEEDETBC Y TOTHBDBBROG NMO XH (
3acyemr3aB3 an Mo g eciyrtBKILAN O H a 1 1 3 WIPKOHBa® 1€ HH 1) 18 18
MUPpMNOWmBAMMO HAMMAE, O WM, e N T o PN xoa arapy n40)y
CepoBOpB®POAGMAPUMTMEH PRABAME @ BIBMK N3 amMe we
MMWN L a 3KOOTTUOSB, BIE MBI EMIT b BIBO AT MOBHDIEMO 4 e C
06 /1amBaHK@ATY N TEEQ/bLLHADE @ O P O LM G G O @ HNATTTHGOWE H U
KHSnocpasHempwr WMitKnPac TBOpPpH,BBOTHOBHbIX
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OTOHMKIKBEeNnYMNe aesBede Hlaad W eMHaB50 K 1an
nabneHKATaAPHEBT O B 3ay M G5 UAYCETE/HIAY € H U
MNep@aRoBpdB33Knc HumMxXecHsmomb o 4 HOor o ob6bema.
anmo g eHaSEsmor y T M3 MEHATHDb CTp[HBG. By py

yercama nmpnme M¥Kiootg e pxauwmnkeBhk ot opai/ee e

S PPeK TMBHKHE HOMPAOGE Bla BHEHMPO Le OKWNM TNT €Nk

0 e
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cyypugayummpoTeKawBIMMPUCYTCTTRWEIIMULNOH:E
nes3oc o0 akegnkarumaXiaa KWpXoB06. 1 a MaAEm Mme N MYy LWe C
PMUN UYCETCKEBMN KH T CIOHT HIOTBIBEE NJ/TY a T PLAIKC X0 H BIe
epmbeccepuxamuie plj.nO6 wn p wasmma HH EB4

e M e2007a016rr .n)opac T B O phb¥Bpcaramn v MKEI& C HO B €
Mpaasmea/MMIIDO M eB &)X B AMPOEKT M PMOBAEHMMAP, @ B a H
a /IHMO3BaBI @ O L, e 'O ET & 4.

B HacTosawee BpemMa 60NbWMHCTBO 3KCTM
eoUNHEeEHNWW nNpoBefeHO Ha MOoOAEe/IbHbBIX CM:
OMNCTB W OHHBbIXNPHRUVIEKPOEC T Eaia NIHb&HYbIEXP ETACHMNOMN ¢
cneapoBaHWUN, OTNMUYHBLIA OT MOAENbHBX &
nnuBes XapakTepHDO copepxaHwue CepHMUCcC:-
mpasonmneBble MUOHHbBIE XWAKOCTMWU MoK as3heb
OCOBWMHIOCW3IB/NEYEHNID apomMaTmnMyeCcKnNx cep
nno@gle. [B kayecTBEe BO3MOXHOIO MeXaHMU3,
TOPbLIN OCHOBAaH Ha GOPMUPO-BaBHNAMNDKOMERN
XAY HeHacbWeHHbBMN CBSATENHUE TIHIXT &€ [DCL
MMUNAAa30TNnEeBbBIM KOJ/Mb UloMSA M OYWBHEOMN YHUB AKe T
eprma [BOBREPEPOHOR CTAaAaHOBWUTCHA BblWe,
NblLa CEPHUCTOrNro cCOoOefUuHEeHNdIS UAun arlkKu
NbWET B3IRNMOT BUE Me XAy MnMmnmpasonunes
LKOCTMU n 3KCcCTparmMmpyemblM KOMMNOOHEHT

NbHEE.
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MpoBepgeH CpaBHWUTENbHBLWR aHakhmkIs-daiz
nNUPUAOUHNA HINO:p &t IsdndaB My Hn a ERYINOspR &l-T (
Blzlsddzpmngnunua TeTpadTtBép 6 oNptalggida p (1o B w
TeTpadTr opPgIBFY,aNB Z(s{[ddzp n anHmna aAck TNuTIs d(dz B
nnmpuagunHuna EBylAe)T aB bKcTpakKuMOHHOM C ef
MokaszaHo, BRRmpodasBPaydg T nydyuwme 39KCTpakU
CeNekKTUBHOMW OYMCTKE OT CEepPHUCTHLIX KOM
(cTeneHb 2348 T7PBWKUMOUMCTKaAa EHYBFROXK@BEIT@BR
HanmeHee odbdlek TMBHONU |

[Tok a3 aHO, 4T o -Bnizpsamadeprmentimen 9 N T eT p a
([BPY|BF4), NG j S-mMd @zn o n H n A T e T pHiPyBiF) p OMeask dstdalkz
nmpuagunHuma TeTpRlBF)o pdppakkmamngydd gna cen
ANW3enNbHOINIo TonnuMmBa OT reTepouUUNKNINYECK
NnpuM CTaHAapTHBX yCcCnNoBUMAX. OTME@@RE MOHHLY
XN OKOCTW B 3HAUYUTEeNbHOW CcTeneHWU BANS
CEeEPHNUCT bIX KOMMNOHEHTOB, cogepxauwnxecs
CNOCOOGBHOCTb M3YUYeHHDBIX MWOHHBX XWBHEKOCT ¢
[HPYyBF, - [ BBFYy] B mMpapeHTUMWUYHKXepameBmAaAX CBKE
MNUPUAWNHNEB bIX MO HH bIX XMpAaKoOoCTEIW’ no oT
mM3ImMeHAaeTCcda B pafgy aunoéeH3ThBp peMlcrobHEBBECG
3B sdpmMAMHMEBDBIX WMUWOHHbBLIX XUWAKOCTEW MO
AONONHUTEeNbHOTN®MOYIpOMKIKL.CA T NAP

QKcTpaKLuMOHHaAaa oyuMmcTkKa 6eH3MHaAa U 4O
ctTeneHb oOobeccepuBaHumsa 55, 8% unu 70 %, C
bonee HW3KOMW 9KCTpPaKUUMOHHOWN aKTUWUBHO
TONAMBOM aBTOPb NpPpUBORUGTPAPNIYMEBR T HOJ
copgepxart 6o0onbwe retTepoyumnmKknmyYeckKmnx
cnoco6BMM|BFRKN[3BTEeUYeHNID CepHUIBTbIX coenl

Mcnonb30BaHMWE MUOHHbBLIX XUAKOCTeW B O

bpakumm neperoHKN HePHPeEHCcCAT T TADMNOBREBRN
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MOXHO BbAeNUWTb B OTAEeNbHOE HaNnpaBNeLl
Hanmbonee akTyaneH B CBA3MW C BbCOKMWUM
cepoBojgopogaedF enpoAYyKTax npwu TOM,

MCNONb3yeTCA TB/NKRGOECCTBEAEAN KOYALOBOTNO TC
TpebyeTcd MUHUMMU3IMUPOBATDL MNOTEeHUWMUANDbHC
Ha 4YyefnoBeka nNpuM onepaumnmsax HanmBa WU C
TAXeNnbXx dpakuumm B KayecTBe CbipbfATrmnd
TakxXe TpebyeTcd obecneynmTtTb MUHUMANDbHC

MOHHXWAKOCTbL NOC/MEe 3KCcCTpakKuum cCcepH
nNoABEPIrHYTb OYMCTKE U NOBTOPHOMY MUCNO

Cnepyert OWMeTUNAdAbHENWNEe NnpeBpalLe
CEepCHTMbiIX pear eHTOB BNPaAKHEHNE XMAXKONT H XMW
MTOo3TOMY HOBbBM W aKTya/lbHbBM HanpaBneH
TONMNbKO 9KCTpPaAaKUWMWOHHBIE npoyecchb C UCHC
nocnepgywuwne npeBpaweHnd M3BE eI HHBbI XL
NOTYyYyeHUd OpraHMyYyecKkMUx coefgUMHEHUN cep

MccnepgoBaHb 3NeKTPOXUMMYECKUE CBOI
BoisBneHoBRllsddep MN\ounHunuim TeTpadrtopbopart
ocyuwecTBNeHMNHd ANEeKTPOXU MNHEBEHKHIBXKX NQem
npunmeceinm HenocpenpcrtTBEeHHO B TOKONPOBO,
mccnepgpoBaHMAa nepcnekKTMUWBHBLMUM B HanpasAN
npouecca 3KCTpaKUMKM CEepPHUCTDLIX nNpPpuUuMec

MCNONMb30BAaAHIMUEIKHBBX COMpHITaeH3VeY elcekHn X [57,p80 u 3 B 0
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1.1.4. CdzjSbtesndBdud MSdd Gty mmr

QNEeKTPOXUMMYECKMUN CWMWMHTEBO NIMDT OIM LR LOJKMH
eoVWHEeHNN B NocnepgHuwe ropgbl NnpunobperTa
BbLICOKOW 9HeprosdPpekK TMBHOCTbLIW NO Cp
EKTPOCUHTES3 oTnAnnMyaeTcsad MTOBMBEOHDBH
ONOTr MYeCcCKOMN 6 eOIKOHNOACCTHOKC TPLEKS ,Y /IBUGP3DNB | & B ¢
COOTHOWEHMUSA NpoAYyKTOB peackuuni 7
oueccos oT MOJe€enbHBbIX cumcTtemb5H3. np
NOTMYEeCKUN-—HMUNKLCHEKBBOCTPEH QAAPHOCTDb U TV
opou MOXHO perynumposBarThb KOMOMUHAaL ]
roob6ewatuwen aNnbTepHaTNBOI Tpa)

o]

T

0

ctTBoOpuTtTenamM. ndBnope 3 WBKar@mmae3 oBaHUeE
AYNTEeNnNbHO CHUXaRTYMHJEeBO J0POLEAMHDOG @T KC
n

ee YNCTbNMIpmMmpMmeHEMmEM. KOHKPEeTHbBX 3al

by HK L M O H apmayB3anllMHbl X O pPr aHMWYEeEDE@NEOOWE 4@,

H

C

W O W 9 = <K O

e

"

NnpocCcTO peakunoOHHOI cpepoin, a M

cTeNdMHapa@gwmpok aeum ek TPmime HHE MKukaa K

dbde K T BBKHCLTXp a ME@IHKTaoTBa 1M 3 alm MP OB J1 e® @JIOH WO €

H

e

0]

y

e

MNMaMP@CNONb3 BBKAHIEIIITNIBEEK T PO N P CHPERA AN X
anvia@aglamopPECXKMNEO P BaHWDE @ HaMHa[@gbB e
OTNNYUYNTEeNbHOW OCOOGBEHHOCTBbLIW WUOHHBLBIX
CTOAT WMNU3 «CBOOBOAHBLIX» HOCWUTenemw 3ap
a3blBaeT Ha NepcnekKTWUBDL UXCKILX OMpbGBLDE
TEXHONOMIAE X H OICE W NPOM3IBOAECEVMEBE®B UCT
KYyMynaTopoB, 3NTEeKTPOXPOMHBbIX 7 dorT
3MOXHO UX MNWCNONb30OBaHWE B KauyecTBeE
MCTKW MeTannos, 91 €K TCPKOMBXO CIC T @B O PN @

we cér.B [ 6
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OoMH M3 O CHHUOMBXO NMOP/IVAHI LAN M O B <« @ M @1 1@ O I M |
6e3BpenHblX BCNOMOT aTeNnbHbIX BewecTB [
MUHUMU3IUPOBABRTWBLLWM OT UX |[UUGPORMBEORAHNE
cywecTBIOKBBHMAALKOM COCTOAHUMN, HMU3Kasa E
conbBaTtTuupywwasa CNOCOOBHOCTbL KaTWOHOB U
Xopowasd 9/1eKTPONPOBOAHOCTDbL [e /1eaHEeEH M
neKkTpocCiMHUT e 3 @MeEeHEe OpraHmMuKumKcximmwoeperT
npunvMmeHegmer o n 3 C a MblX LOpPDE MXP OMEATHE [E
MHAOWOPEeEPEHTHOT O dboHOlB®IT Op a Ol KUEMNPPOOSKOT
mMcnonb3ynwTCcCpPpeagmmnsauynmu PRAGMMEPOEOKUT NI
XUMUYEeCKNUX peakuyunm: mnsIomMmepusauyuma Xunp
peakMiwmmbAchab f@paieodPuUu b HOIISEN 3a@amiefiyEameTiCc a
[68. PeakpRApBMWK a/MPHCCIO® AN KWO AKKB aT ICKLMB A 3 A M
MpoB OJIGICTT a TyocUnHeOUBHTOM N U Y UMKx T ek c a T O pupo C ¢
TeTpadamoapiokompl 3 a M@l Q &€, °WMB nyyeHwUe
Xopowen peunpk@Ohaumwa cpegBEHAPRUHWMNA 1O \H
WNPOKO NpPpUMEeHSAEeMble B KayecTBe pacTBO,(J
3 NeKTpPpoWKHae®EHOBE KATMUOHOB TeTpaank
numnepuaguHua n unvmupaPedlpse s aarerHuHAa s 0B
npouncxoaaTtT O6nrmapopgaPpeaapgey®BE3 T eHepupo
mo-pagmnKkanoB CcoOoOefaunHEHWPDKB HEapWMHTeaW] b HKOANT N
cTabunnms3unplyawpmaompn K a bl . OTHOCUTEeNnNbHaAas
NPOMEXYTOUHBIX VnppBBEUMAN KBOOpPpa3zoBaHM
nNpoaAYyKTom @©e dwmee BbCOHK UMK aKbI XgpHasanin o
CHoBe conen nupumaguHuma (uMmmMumpgasonunma) 2
praHmMmyececkmmx coefgUuHeEeHNR, peanuns3yemMble
NnepeH@Coar,e K P ek a pogax NPU KOMHAaATHOIMW
cnyyae KMHeTumyYecKkunegamK OH OMILP/HDICIT WH KN
B OpraHwumyecekmx nNemAapHKXALPRCABDPuUuE e,

obnacrTwu INnekKkTip¥wmareaoTLAA OB P OKHHOLCET U B 043
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cneimoiga npmyemMm MENTMBIRYR I hbn am@aommi3 a n o
0 MeXaHUW3M NpeBpP@ ME M M@ HeHJMVEHVA K @ Bl & (
nekynapHor o pac 7tDMVMeEA[RZTEN A, Hanpumep
Tack, 9KCTH@KHMOMMH®OP OMETPUYECKUAP NNO
penpeneHNMM KaTtTexonamMuHOB C T4H7E M e HEPHW
OM MNW3Yy4YeHO TOJKbaKTee X ONM A &4 anoxe H A 84/10b H i¢ &
akuyuunmn B MOHHBIX -KP@BKEO®CTHE X .0OKIPEMO KIS
TU/NN3aMeWweHHBIX apoMaTMWUYEeBRKBXUEBDAAESBEA:F
HHbIX XUWAKOCTAX TakKxe /fadlccmdaprab B
cnepmMmMmeHTHbB NO wMUcCCNepoBaHWI 31eKTpPQO
MBKOBOM Macne ¢ pocamh¢HiBeM MWOHHOMU
Mpn 9 N€eKTPOXUMMUYECKOM B OACOCHTOABHOONB JIKENHC

bpomMBABMEElT U TMMMAA30NNSA NonyuyewHa M

bixopaomM pgo 91 %:

O OH

AIEKTPOIIU3
>
)J\ [emim][Br] )\
-1.3V vs. SCE
Ph CO,H Lo Ph CO,H
BBIXOZ 110 TOKY 53% (1_2)

PaccMOTpeHb peakuwuwum pgeranor eHumuposa

npncyTtTcTBUMN K06aﬂbTCOAep)KaBJ,eFOKaLIEeT

I /1eKTpoBOCCTaHOBMEHWA B M OHHBbBIX XN AOKOC

Br
AIEKTPOIIU3
5 mol% conb o
Co (ID[bmim][BF,]
Br -1.3V vs. SCE

BBIXOJ IO TOKY 68% (13)

OQNEeKTPOCUHT e 3 bl C METaNnnNoOKOMNOI/MEeKCal

9¢¢dheK TMBHO nNpoTeKkaTb C oOb6Opa3oBaH-ewm

CBA3AMN:
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SJICKTPOJIN3

r cat.NiCl,(bpy)
[bmim][NTf] | R=Ph 35%
-1.4V vs. Ag/Ag Bn 75% (1.4)
R R
AIIEKTPOJINU3
PhBr + Y cat.NiCly(bpy) Y
H [moim][BF,]/DMF H
9:1 v/iv)
R=H,Y=COMe 58%
R=H,Y=COMe 61%
v — 0

R=Y=COMe  41% (15)

MccnepoBaHMe MUWOHHBLIX XuagkocTelh B K
3NeKTPOBOCCTAHOBUTENbEONMONEG@ARDOORAEHIE@ K
pPpeakUMOHHONW cpefab MOHHBX XUAKOCTeW n
COeagVNHEeEHNWSA C BbLCOKWUMWU BbIXOgaMU:

co CO,H

snektponus, CO,

Ph/\NPh Et,NOTs (gacnnaB) > )\
140°C Ph NPh

BBIXOJl 110 TOKY 60% (1.6)

O
N /<I ONMEKTpOIU3 o )j\o
€0 R [bmim][BE,] > /
R

R=H 92%
CICH, 54%
Bn—_ O

P N—H 3J'IeI‘<TpOJ'II/I3 >~ Bn JJ\
R [bmim][BF,] N\
CO, (0.1MPa), 55°C N

pas3nelieHHas sueiika Me
-2.4V vs/ Ag/AgCl

OEt

87% (18)
M3yyeHBb peakUuUMU SNEeKTPOXUMUYECKOT

cCoegUMuHEHNMN n anokcunmpuposaHwna TER®@ pu H
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MeagunaToOpHOTO oOKMcneHunaAa CNMpPTOB Ao K
MOHHBIX XUWPIKoCTein
BennuyunHa KINMEeKTPOXUMUYECKIOT BH DKH@

KaToagHOT O MOT €eH L MBaoJ/ICOCBT aOHKOMBCW/TT UET/TIELJ/HBLOHI 00 n

9NeKTpPpoONNT a, ABNsAeTCH ogHOM n 3 B a X
NPUMEHSAEMOT OEK T/P/OSK MU MBAAECKMNX nMc.cnehoamw
«K9NEeKTpPOXMMMYECKOE OKHO>» -Blz Istdndm i @1 iy, 1 H 1K

TeTpadpropbopaTtal(lxgBc.tasngaetr 5.1 B

~———
N

Soa
[N}

it dMzdzZBSLOoneK TPOXUMNYEeONT@ TRAOIDH @M HM T
TeTpadpropboparTta

Bonbuwas4 BennmyunHa 31 €eKTpPOoX N MMKIoECCTKEDV
nos3BsonAaAer NRETP B OA B BILK MNP OORMEM M YU eCKUMN KO
pa&kyuunWim B WMNPOKOM AMana3 OHe 3HauUYeHWUNn no
B) , 4YTO He BCerga BO3MOXHO nNnpwn wncnoinli
M QPOHOBbLIX 3 /IESKAT PVOXTUT DIBH ENMB pas3psamKken.
cpepXxaayeToHMUTpPpUNa nnu XnNopuUuCTOTr o M
BA3KOCTb Ccpefb MU YBEeIUWUYUTb CKOPOCTH
pacTBOpeE.

OAna papga WMWOHHBLIX XMAKOCTeWw onpepgene
«KOKOMNapakTepusywouwmne Pas3HOTH darwaeHaern
OKMCNVB®RLBRAG OBUTENbHbBX [[npouyueccosB WX |

MOHHBIE XWMWAOKOCTMU yacToO paccMaTpuBa
neTyuYymm OpraHmMyeckKkum coeguUuHEeHUAM, UCT
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B OpraHmMyeckKkomM CUHTe3e. OpHr&OT 1 oWV K
NO3BONAIKWT OBLICTPO AOCTaBNATbL peakdLlUmMmoOHH
npo6nneMy BO3MOXHO O0OO6OWNTMN, nob6aBnAaA |
pacTBOpuUTEenAa, A[AOCTaTO4YHOEe A/NTA CHUXEHMN
BEbino M3yyeHO BOpAHEHMBEY@O®@ABOPACTBOPUT
BA3KOCTMNW U 23aneKTponpoBogHocTu WX Mo
«ynmcTtbole» WX Ha ocHoOBe <coneim MMunmpagaso
NMONTUNMEPHBMMNU CTPYKTypamwu C BblICOK O C
CMelWweHNMU NXNne Holpa pacTBOpUTENdaMMHU

HaHOCTPYKTYpPUpPOBaAaHHbBIN wMaTepwuan ¢ non
[82] . Job6aBneHUe opraHmyeckKkoro pacTBO
KaTWOHOB n aHWOHOB, nponMcxoaunrt n x

YyMeHblWeHNIE BABEOEOMUYEHNE I3T1eKTPONPOBO/

pacTBOpPUTEDNS npuBoagunT K HE3HAUYUNUT e,
«K3NEeKTPOXMMMUYUYECKOT O OKHa» WX, npu 31
MOHHOMN XMAKOCTWU NO3BONSET YNYUYWUTb Y
O6NETH TpPpaHCNOPT 3apsXeHHbLX peakuUWOH
cpepe.

Ha pQaHHBLIKW MOMEHT MW3BECTHO AgocTaTou
MO HHbIX XnpkKocTtelw, OAHAKO, MccneposB:

opraHmyeckmx coepmnHed88B4 cepbl He Tak N
AdnacTtTepeoceneKTUBHOT O OKMWCnNneHMNH C

MmMcnonb3YyHKWTCHA M OHHLBbIE XN AOKOCTMWN c85]xmpanb

O

|

S 2%06. K *
/N i > /.S.\ + PhSO,Me
Me¢ Ph  okucmurens 1 9x8.; 20°C  \[¢ Ph (1.9)
McnonNb3oBaHWEANRAEPOKMCRAHNSA AUCY Nb

XNnNpanbHBLbBX M OHHBIX )KI/I,CI|KOCTe|7I no3BonNdaertT

Ao 82%.
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[O] R,S,

O
. . . / || .
LXM=O +L — L+ L Lx_1M=O ——> [+ L Lx_lM\\ /S_S\ + L LX_]M=O
O

R R
(1.10)
Ana onpepageneHun B68¢ e pHoaB oNivokppoqasan e[K T p O,
ceHCOpOB BO3MOXHO TV NGB OB/aa Hbn AN (DK a

N,NLNON-T eT padi,édenHin neHgmamMmuH U a4p

M- -5 M*
2M*+H,S - M+2H"+S (1.11)
NCNoNb3 0D & bl XN OKOCTeH B KauyecTeE
ceHcoOpoOB cepoBopgopoja n ner K mnx M e |
UWYBCTBUTENbHOCTHDb onpepgeneHma CRaBHE
AAaHHbBMMN, NMONYyYeHHbBIMU B BOAHLIX cpepax

Mfpoyueccb TpaHCOpPpMaLUWKpodoo/pPeaM €B1 T H BI B (

efax B npuncyTcCcTBUMNU M OHHBIX )KVI,U,KOC—TGM

(@]
©

nyuye Hwuse.q o Bl/A H 9 ek T TpaHCcpopmMaUuunwu

AN
w

pKanTaHb B pacTBOpax beH3o0na B np
MCTBUEM UMOHUNU3INpPEBShIBEmME pmMMRBHIT @b MH,0 VY

0 B 6G€eH30/MbHBbIX pacTBOpaX 9N1€eMeHTH

£ & =
® - © o

AVMaU¥XBMHOEeCKaHs TpaHc popmMaLuwus conp

- O

MnogPeHONOB, NpPW S3TOM CKOPOCTbL nNnpouecec
MccnepoBaHb NP oL eIC CObN ETMPEEHHT CHJOO/AP M 2eLp bl

KPOBOMTHOBOIO MW3NYyuyeHMUS B NpucyTcT

o =
=

mcrtTem B cCcheyuunmanbHBX PpeakKULUMWOHHBX COC
03 4€eNCcCTBUIW MUKPOBONHOBOINIO U3IAYyYeHUNSd
MaKCUMYyMTEMN2PpATYpPA peakKUMWOHHOW cCcMe

Ka3aHHBbIX yCcnoBunmAax 9 /1eMeHTHaH+s cepa

0o <K —~ W

epocojjepxallme coeAWHEeHUA, B YyacCTHOCT
[88].
M3yyeHa peakuMma OKUCNEeHUSA apoamaTHh

branoumaHmHomM KobGanbTa, npu cTaHA[AapT
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MoHHOW XxBPIJo,cTrIpMBOAAWaAaA K OOGBpas3z oB-aAHMUI

98 %) . BpemMma peakumum He npesBbiwaeTtT 45

R

{ o~

R

R .

R=H;N02
1 moneH. %, 1 6ap Oz
20°C 45 pauH
(1.12)
Np u 3T OM B blX O/ AVNWCYnNnbdupagos npw

MCcCNoONb30OBaHUKN @MTanoumMmaHMHaAa KobanbTa B
OpPpraHumMm4yececkKkmx pacTBOpPUTeEeNAdaX (Tro n
COOTBETCTBEHHO. MpyMMEeHEeHNE UNUOHHOMNWL XMU
ancynbdpmpga o 95% mn coBpparab BpewmMa [
MpuBepneHHLN KOHUEHTpPUPOBAHHGLBIN aHa
CBA3aHHBLX C MCNONb30BAHWUEM MUOHHBIX XMWu
npumecetmu n 3 yr nesBogopopagHoOro Cblpb S
9NEeKTPOEANMMNX TpaHC PopmMauunim CepHUNCTBbIX
Nnones3HbEe NPOAYKTbHB SABNdAeTcsa Mano WU3YUYE

HanpaB/1eHMNEM VICCI'IG,CI,OB&HI/IVI.

1.2. [ydmls€C O kEedzj o BHBtesSHdzsG 8 Mr g W (5|
fl dMftd' Lo Odd j &5 OBMEsEE yd 5 dadz’ 7

YopaneHutw TOKCMWYHBbBIX K 1NC N blX cepocc

vyrnesoagopoagHor o TONMANMB a vaoenaerTcCHA 3
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T €

HHble CoeAMuHEeHMNS nposaBNAT He T OJ
PPO3UWOHHYW AaKTWUBHOCTHSb, HO W Bbl3 blB i
OMBILW/M €HHOI nepepaboTke yrnesopopo
e60BaAaHUN K MUHMUMMUIALMUKU Ccoaepxarus
6yXanaeT NPOBOAMWTSL HOB byer /Peas opPIA0OPO0T K HA0
KW C N blX cCelpmere TbiX U C CeOB e plLeHCTBOB:

XHOMNOTMpPMO L€ CC OB obeckepmaamoEHOaKkK

BbICOKOTOKCMWYHIDbBIE ceposwago@@ommepuMamr K a

P
e
KO
C
e

oy}

O oo O 0o T O =
= D

=
=
4= O =2 O =

An
H W
B 3

3 a

ap
p e

AMOTI OHHBIX ¢Gpakumax, mMa3dyTe MU ocCcTarTo
pepaboTK®W TBOLICOO K yaeiewBmwgEopagruorioasoBs
HOEHCBTa@pPOMbWIEHHOCT W, yoaneHme ce
ywecTBnaerTcsa, npeMmMy uweakme HavHbliMeT
CbMa S dHpe KX MBEKHT epuMnMsyeTcsa 3HadyuUuTens.b
Bogopoaa. Fr'mapooymnmcrTKa nos3BonnAaAer
PHMUCTBIX KOMMNOHEHTOB, OAHAaAaKO B pajge
PMaAaTRHBHRHUNUIN C aApumVMepeaHnepmn X O@&pear ¢
onorunyecskKmu UYMUCT blIX MeTOopnoB, B K a
cCnnTtTenbvHdle, [ ®BcTpakyunoHHOe -105,6ec
Aaecynb gy pvBARju,mn ay g el0pakld nk caegaeso p p 1, b «
ga -J119.C8&hhepyeT OTMEWUK bHOBIOMOO NTWUMNaAa
NblX CEepPHNUCT bIX KOMMNOHEHTOB, B bl3 blB &
anmnsaTtopos, He Tepsaer cBoe# aKk:
copbumMmoHHaAaaA CcepooOYMCTKaA 3 al CTYeeXTH OCNBOO
3KOT o YPOBHHA 9KCNNyTaumnoHHBbIX n K ¢
pbiBOONACHOTNIO BOAgOpPpOAa MOXeT UCNONb 3
Bogax nNwW6OMN MOWHOCTMW.

OQphpek TMBHOCTDL apgcopbUMOHHOWN pfecynt
copbeHTaoOHHDMCOPM®@MO OGHOCT, N, C NCOEC/IOEOKHTOW

reHepauumu.
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YuntoeiBasdg NepcnekKTUBHOCTb TMNPUMEHEHYV
yganeHmns CepHNMCTBbIX npumecei n 3 yr n
BHUMAaAHMUE ypenaertcsd pa3paboTKkKe .HBBHBbIX
nocyHeMe T OAbl 3 Ha4YBT E/ObBHPOCGM @M BBMB epaTy
OTBOAMEEBEGANOPMUCTBHBIM MaTepuanam u n x K
KayecTBeE agcopbeHTOB c d304XH]o filopmo gac e
MOMTOXWUTENbHBbIX CTOPOHAKX MEe30nNOoOpUuCTBbIX
npob6nemMyN 3K I KOMMEpPUYEeCKOMW AOCTYNHOC
MHOTocTapgWWHBIM CUHTEe30M, /NM60 B bACNOAK N |
yBenum4yeHwuA 39 PPeKTUBHOCTMU BCeX TNWNOB
MOaAUMDUKALMNMN NnoBepPpXHOCTMWN, TaKkKuMe@KKG@KE !
nponuTKa c-umsuMmibnmerannos MH2ZpexoagHoOr o

MoavmdpukKkayumsa NOBEPXHOCTMW MNOPMUCTHX I
HeopraHumyeckKkunmn PYHKUMOHANb HbBMMU rpy
dun3 MXKUIOM M YU e C K KN e cBOMWCTBaA agcopob6EHTA@AT b
MOBEPXHOCTHOINO Cnosga. KomMmnosawuuywnun, B K /1
(Zn, Fe M BoagopacTBOpPA3Mbie aamaE&XeNn K@ p b6 0K
Megannos (auyueTartbl-1M doppovsmBasTsabl) T [ NlO2/40 X U T
B pe3ynbTaTe NEBOBE6E3IBBaAaM@ANPXNKBT OpPOB
npun ypaneHwmnm cepoBogopoga “ HavmuXP aH]
6bilno nNokKkaB@Hou[Tb2& omnnnekcobl Ne @rePt, 8g) H bl
C pepm@Ka&HAAMWU XUMHOMAHOIO TwWUNna cBaqgaa@ac
cepoBojgopojga W TMWONOB Apoa ACMOKOAT/IBOEBT. C TIBOYCK
AvMMepusauyumnsa CepouUueHTMUpPOBAHHBbBIX papghwu
nonumcynb®paHoB M3 cepoBoOpgopopga, a Takhr
H a OCHOBE TUWONOB. -K YaKT aa3naH3 HabT @0CPObOPHEL|Y
pereHepupoBaTtTbCca NpPpU [JeNCTBUU KUCNOPO

Ana ypaneHuma cepoBoOjgopoga U3 raso
KOMNO3MWTHBE COpb6EeHTb M3 OKCUWAOB Keakar

AKTMUBUPOBAHHGUBIM3G6Y T 0 AMme 3[0INDIp U C T blile OKIME Mt
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[138139 . [JaHHbBle copbBeHTH C NoOpuUCTON CTP
noBepxHOCTNW N OBGBONbWOWNKW OoO6GBEM nNnop, 4T O
agcopObUMOHHY IO cnocob6HOCTHBb, a oKcwuAal
cepoBOoOgOpOAOM, 06 p a3y Do gCryoIBLEPM [ 610 OVDEBT
MO AW (U KMAMAN6 H bl X MaTepunmanosx 408 A eKBTEWIB/
ctTabunmnbHOCTMWU, agcopbuyuMOHHOW CNocob6H:«
mcnonb3oBaHMA ypaensetTcsda -ldHauntenbHOeE

Tack, B p&ho6obtben al 1cAM3H T € 3 mMpjoyBH&KHIaM O B @ p
apcopb6gZmOMy® aK TMUBMUPOBAHHGBIWR yr etdzssenppgnsa
TemMnepaTtType OKpyxXawuwemnw cpeajbl, B AMWH
CnHrtes OMNPYHKULUMOHAINDb H bIX agpcopbeHTOB
BOAHBM paZoN@)p B0 M Mg(NOs),r B Ocpas3 TMYUYHBM MO S

CoOoOTHoOWM/Mg emMc nocnepytue & o1y UNKPOOUK ampmvs

aTMoC hepe a3 o Tda 3MOpBLINES 5cOOC @B YN OBEPRHA:/

OLeHMBanNn@aMOoLlWbI peHTT e HoHAWIdNP3aak. L, WIPOHKHA03r &
npokKkanumBaHMWUN NMPOUCXOLUITO NONHOE pasno
AHanwus m3otTepm ajpgcopbuwunmn nokasan, Y
YyMeHbLWaltlT NOPUCTOCTHb apcopbeHTa. B bl
MONTAPHOMQOEWB/IOQL MK YMEeHbLWEeHNIO nNnouwaang
nopucrTocTMH agcopbeHrTa, 3a cCcuyeNMgO,6 nw K
YyBe/TNYeroRPUBIHLT a Mes3onopucToOCTMN. AH &

noBepxHocTM apgcopbeHTOB Mnocne apgcopho6

Me X ZgO n H,S, K Xea oTcyTcTBUue MgRakKgmpun Me
KOMHATHOW TeMnepaType. CnekKTpanbHBMMU
NS S wu Cynb daTty@e necpammoBofOopoja. Hanwu:

obbACHAETCRBCKIANM aoKnNnEaAeHNeMpicepapeppo
MONAPEODDHOWEHMWA OKCUAOB MarHumda uU uwu
cTeneHb ypaneHusa cepoBopgopopga (113, 41

yaoaneHwusa cepoBopgopopga c BgQx bl BBaBeer Mgt ne
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HapazgznOnoBblWlaeT OCHOBHOCTHb a 4acmocpcooelHUT aall
cepoBogopopga, 4M4TO cnocobcTBYyeT XAn®wuuye
n KaTanuTtTunueck ¢abys 0 0 KIWICE/MEEHHUTIA P H O 1 cep
MoKasaHOo, 4ToO okKucneHwune cepoBojgopopg
MUKponowRXYye@ak xa apoop@dxa B Me

B paboTax4q [ lMdk a3 aHa 9 PdeKTNUBH
MOAMNMPUULUPOBAHHOTI O OKCWAESOID VL, IMHNIB & O T €W
n 3 ras3oBoro NoTOK a. MpunroToBNeHNE
NMPONUTK MU pacTBOpPOM HWTpPparTa H TUpraHukan o
nonyyeHwuda 10, Z2OOHan uyuEbnwtmac.c nocnepmny
1058C u npokanuvueaHunem Hak. BoXywwwweecRrR g
MOAWPUULUNMPOBAHH bIX oKCuagowm UL WHKa b eon
NOMOLWbI CKaHUpytwerm 9N EeKTpPpAaHK@IB amo K |
onTuMManbHad KnOegewnBpagnBygeT 17220 % awa cj
yBenNmnmyeHMe KOHULUeHTpaummnm npmBoauUT K pa
mM3oTepMb apgcopbumum nocne wMopgudpukauyumm
MEeHbLWeHUE nnouwapawu noBepxXHOCTM! 7 0
BUAEeTEeNbCTBYEeT N@anNpUEYBC BBMIOPAKTC O (
o6nacTtTun BHeWHEeW MNOBEePXHOAE®@OpP JCIKDH

BoWN,tTMBpegnonaraerTtc 4, 4UT O YyYyAOBMWERAE

T O m O X<

as3Mepb nop uLeonwUTa.
MO N1y YeH bl CMewWwaHHbl[gd47-1480 c Hpab e P T H O B €

cnepaoG@uOO0 HaHeCeHHOrNo Ha nNpoOMbLWAEHH

= B
=

eToaO0OM NPOMNUTKM BOAHBIMMU pacTBOpamwu
epmMoob6paboTKoOMW NpikC TMBeMmMmOpPaAaREPENHRDH

OHUEeHTPpauwuzn Que TR NM®BU P L NOPPOOBEAHHTHED MC OAC/]

BoxX -

0% wmac. , TOTl ga K aK 0 Zr'H 1o CWBT aePbbHDEB aon

(o8]
=

nwyasa apcopbeHT MoaAuMdPUUMPOBAHHDBLW 0K
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Mo cpaBHEHWUIW C HeMOAUWMPUUMPOBAHHSEBM
COpPpO6EeHTH, MOAMMDUUMUPOBAHMIBIEO HUICT DWW, WU
3HAYNTEeNbHO nNydywme apgcopbUMOHHBIE CBO

4UTO COp6€HT C QKBUMOMNTAPHSLBM Konnn4yecrt

aHanor a, copepxawne 100% Zn wmnnnm Cu n
copoébuumu, a T yrere @OBI/eBOU@HAMPM CUHEPT NYE
ABY MS oKcugamwu MeTannos. N 3 pes3ynbi
cynbd@am@Guob6pasytlwTcsa C BbLCOKOW CKOPOCTH®
3Tane xXummMumyeckonmn apgcopbuunwmu.

UxaH M Ko AUBEDr|n c[nlH4aT%e 3 MpOBRAN Y MBEB P
c e p bl, KOTOp®ble 6 bl 1 MgOM O Mo ghun X @ Bl & M bl A

BKNnw4yana NnPONUNUTKY EENO IO @ a O ODE IR @Y 10
npokanumBaHnuem npum 400°C mn TepmMoobpac

MOMTY YeHbl apcopb6eHT b, MO MEOPKIMIMMO B@O6 A 4
wesioyvyamm, MeToAOM NPONUTEKMU, 3 a MceKnN
Mopdonorumsa noBepxXHOCTW copbBeHTa xapa

rnapgk ol NMOBEPXHOCTHLbL I, 6es nedekToB
HabnwagaeTcd CHWUXEHWENA/OHAUAKLWTD CTOP 3 @O0 JTE
HeopraHumyeckumm condamm wuNpmMoOREABABPAMU M

06p8.3LI,bI CoOXpaHAWWT 3 HadYnMT eNb HLbLIE Me 3 0

obbemMomM nop. Bonbwoin o6bem nNop MOXeT
cepooyYyuncTKMU, Y €T TO YCHIEJT VOO EC HT VB 1O apcopeolL
copbeHTOB. AHanwus apcopbUMOHHOM

MOAOUMPUNLMNPOBAHHbBIX HeoOpraHMWYecKMUMM COANS

cnocobHOCTbL K HSEScyOGephpmoemamam Ccno& oot
pa3 BbIWEe YeM byx MNCPOOPMOLELHITEOHBH Ha OCH OB €

[151-152 ] . BEbino BbICKasaHOHSTHeaMHmOI/ao MeMH It e, L
HSBO BnNnaXHOW cpepge Ha noBepKFokecurenn aywtn
pagunkanamMu Kucnopopga A0 31eMe HHpSanppHWO 1

100°C B 1p3gb6omenonb3o0oBanNnmceob PYHK L UOH:
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nepoagHble HaHOBONMOKHaAa. Moaumdpukauyuunti vy
ToOAaOM nponunuTKU BO@HEHM. pEonBopOmMBO
HEe4YyHOM nNpoAayKTe C O0C TuaeB ursneom n2e0p a% ywmpabC
0°C XapakTtepusyeTcHd yBenumyeHunemm
HOWEeHWIW K cepoBoOoOjgopopgy.

B pab6oTte [154] M3YyUYeHb CUHepreTunmye
nés@M OKCUT eHepUMPOBAHHOINIO NOPUCTOT O
npu KOMHATHOW TemMnepaType. BEoinun
pafFxe®»BOPC cmMewaHHbBE MeXaHUWUYEeCKWUM U
na KOMMNO3MUTOB 6 bl1WU McnbolTaHb Hi$a8 90
NoBMWUSAX OKpyxXatuei cCpeagbl, n 6 bl N
HepreTtTunyeckewm DPEe K TOHBE a 3 U bl, nonyuye|
ewnBaHmMmem KOMMNOHEHTOB, NnokKasanmu
OCoOOH) cMww cCcpaBHeHWUWKW C agcopo6buyke®DHd HOI
OPC, YTO YyKa3s3bBaeT Ha 0 DBuhuphea Te N bOHOLE
MNO3WUTOB, MOMTYYeHHEBble XUMUYECKNUM I
HepretTmMyeckum 3 PPeKTOM U [AEMOHCTPMU)]
ocobHocCcTb (95%)

3arpyska OKCuUuAagoB MeTannos nnu CM
pPpUCTble CTPYKTRBRPpHaAaeDPOEABEOPBLMOHHS 10
Xe nNpuM HU3KUX TemnepaTypax 3 a -cceqpear.
Hako, ypes3MepHasa 3arpyskKka okKkcupga M
M arperagyum YvyacTtunuuy U CHUXeHNI 3 dPJg
[0 ami3, pa3paboTka 6o0onee 92dPPeKTUBHBX N
NbwMme MNYycTOTb MUAW KaHannb [gNnda 3arp)
puncrtocTtunu apcopbeHTa, nmeeT pewatue
30TBepPAoi peakxKkuyumn n n3odemadinag Crteomy
METUT b, 4YTO cCcyuwecTBYyeT cepbes3Hasa n
napgatwwer o BCeMMu XejmaeMbMNn XapakTeEe

COpPpOUMOHHY W BnocH@Hmam®eElb Hyt cenexkT
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pereHepauUunoOHHYI C N OHYO¥OHHIO CY % U T biBpanT b3 TTOC
6GoONbWMHCTBE cnydyaes npwu MOoaundUKaLumu
MeTannoB TpeobOYywWTCSHA BbLCOKME TemMneparTyryf

PacTBOoOpumMble B YTIr1eBOLOPOLgHbBME TTPPre/fa@a
npnvMeBaAwWBRYECTBE O OBRDTMTEOIEa, CBS3bBa3
mnun cynbpunpg. Ob6Wee copgepxaHue cepbl Nf
TOKCMYHOCTb U Kopp&KIdImMomweagTtoabpaszeaeparT
coeaguMHeHnax dinmwwmc fMepwesBlop @ 1 K apnbno K c
- HUTPUNOTPUYKCYCHaITl € HKIM@/MUTHaT,e T pay Kcy
nonunamMmHoagMUCcCykKkuUMHOBAA KuUcllGrB wmam ¢ myc
KormMiear asn/l HaxXxoaguWTCsa B BbO@RNOMCEBOBBMAEHDK
cepoBopagopo[lhl.Bop afdi®precoobwaerTcsa 0 ObICT
XMmpopactTBOpuMMOMS Noase@cwmaeoek ddlunartoB U
KOTOp®ble BNPbCKMWBAWTC 4 B BuULAe pacTaB
QhPhpeKk TUBHOCTHDb 3TOTroO MeToAa 6 bl1a no
cepoBogopojga.uuvkHxkmborkacmylaegH U3 LNUHHO
KMCNOTBIOBbLIWAKAePacTB I PWMONRTAOPMO O K C M T aT
pear npHySct odbpas3oBaHMeM TOHKWUX TpaHCNO
ancnefmguni

ZnN(OOCR,+H2S - ZnS+2HOOCR (1.13)

B nntTepaTtType 3 eawmep&as e a MeHbDbLloe
npumeHeHUMn KapbokcumunaTtToB MeTannoB AN
MepKaornBTbexH M puMMecenm NnNOoO CcpaBHEHWUIW C 04l
paborT €] [M@pe8agnar aeTcA mMcnonb3oBarThb a
MepKanTtTabHdoveg, O BC yw1 A PYT MUX Ccepocogepxauy
yrneBogopoagHbx T a3oB Kapb6bokcunarton (
nepexoaHbX MeT aZn kepGo,Ca MBM rupxy nNcnvbe ¢ € 1 .

B nocnegpmmee ROBBHO BeagyTcda paborThbl I
agcopbeHTOB pas3nun4eid, ceegwme HUMWMC N e

npumeceim yr neso fil6lpleZyme X a /T/OAI0IMIBA H M Y € C K
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(f{sHaHHBIW TMn apgcopbeHTOB COCTOWUT K”3
KOT OB AKHAQPHMWPOBAPHBAEAE N YMCE/KapkEYWIH Kl € PU
MeTannoknacTeplyp nwmeK aaToOeHbb HOC T b MO K C
nanowaagbl NOBEPXHOCTU, MHOXeCTBOM TONO
n BO3MOXHOCTbLW pPerynmpoBKMN pa3mMepa
noBepx[aeBcTtTAna Mo oM@ KRUWMEMHIHBOTB K Y , np
fob6baBneHnme PYHKULUWMOHANbHLX Trpynn B JINH
MaTepnmaBorgauyuecTBEe aAaKTWUBHbLX LEeHTPOB n
TUMONMTOB MUCNONMNb3YKWT MUWOHbL MUAW aTOMb MeT
npun ypxeepomBWALOpPOALA WU HU3IWUX TUOWVKOB BV
pab6oded] [ ond yganeHmuasA ras3oobpasSHpr o
CMHTEe3nNpoBaHbB MU MUCNONMbBROEBRAPK@EeBAaRAOQA
(MOF-199) , KOTOpH®bIEe npoAaeMOHCTpPpUpPpoOB@mMM
KoOMMepYecKkune yrnephmablelCc@QuEHp@OEMITBI. 3
ygaleHNnda cepocojgepxaluwmx wncaoae am HETHMMM & P
mi3 1 ab3la c[ulH6r e 3 © p 0 B a HMODF-dKooHpEeHHr TpER UMM C
COegWHEHUN Ha BXOoOfe B ERAKW OPJ CO HEEIHT
200 3*wMr/am Ha ymBNBMENHh%YbOTONCXOAHOT O B
PereHepauwus nokas3ana, 4yTOo Ccynbdupg vy,
yKas3bBaerT Ha ©6o0nee CUNbHOEe B3auWumopgerw
LEHTPOM LlAMWHHKWA. pBo6mTe o06pasyubl MOK HeoOf
200 °C ¢ nomouwb o a 300TTMae YBAbECTOCKAOQ, 1 Y4YTMOC TNQPT
LEeEONMNUTHBLX WUMMpaszonaTHBX Kapkacos (ZI
nopKknacc MOK, npaH8BaM/MoOgeEe/MTCIB 1Ma 3 py U
[166.

MeTannoopraHmyeckKkuwue KapKac bl A B
MaTepuanamum [ANA ypaneHmsa coegUMuHEHWUN C
mnmn paspeneHuma. Tem He MeHee, npakTwu
paAaoOM (PAaKDOPODBNOBEPI CTPYKTYPHON L e

BO3MOXHOCTHDb MOBTOPHOTIO MCcCNnNonb30BaHMMWA
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TEPMMUYECKYIH MU XMMMYECKYW cTabunbHOC

MoOneky@amT &k Xe HegocTaTKOM ABNAeT@a B
MOK ,

npnMMeHEHMWI.

- O O
o @® ® d O

n

e

=S 9 4 o0 0O

X

=

M
ne
e

npensaTcTBYtWwas n X KpynHoMac.l

XapakTep B3aummMoagehcTBUA MexXAay <cep

BepXx
PHUC

PHUC

HOCTbI copbGeHTa aABNAeTCcCHA KNWYOI
TblX COeAVWHEeHWN Ha nodepxXHOAD@OPp

T bl X COG,CI,VIHEHVIVI Ha MOoOBEPXHOCTMN

pMOAMWHaAMUYECKMUE CBOWCTBA rpaHmML bl

CUTTE/EO YT OTAE€NbHOINO MCCNnepoBaHUS.

CoBpeMeHHGBbB e KB KT X M@ pac4deT bl, B 0]

pWn A
y4yeH
3BON
31Ky
BepX
Mpw
andn
y4yeH
Bep X
3 a
oen
eKTp

XHWNHY

yHKUMOHana nnotHocTtwnu (DFT), a
Ma XMWMUYEeCKUxX npoueccos, nNpoT el
a9 nonyvyartThb A4 aHHble 0 CTPOEHMUMU
H bl X KOHMGUrypauymum a [ ceaipcoramman W €
HoCTAMMU N BewecTBamMUerlagacopbupy
aHanmse npouyeccos, NMPOUCXOASA Wl
LWNPOBAHHBIX nepexoAHbBMMNU MeTanna
ne MeXxaHMW3 MOB B3aummoagemcrTBuNA

HOCTHBbBMMU aKTWMBHDbBMMUN UeHTpaMun.

nocneagHune TprneprRCAEPMEAXCOT UMb X JTAET

YHUKANbHOMWM reoMeTpunuyecekKodi CTp
OHHBIM MU MArlrHWUTHBLIM CBOMUCTBAaAM-NPMU

ec K ofl70 a 6 nCamcctte Mbl nNnepexoagHbX MeT

MOPp (PHBLIM AAKPIEMHNA, SABNAKTCSAS MHOT eBoab e L

YHUKANbHOM NMOBEPXHOCTHOM XUMUUYEC

e 10 WK

pexo

ecHd MHOTIT O4MCNEeHH HLbBIE ncecneposBaH.I

O H bl X MeTaJsnsnnos C HOCUKUTenew an4

0OOMU&#HDY YeHb Ha MONEKYNSAPHOM YPOBHE.
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B pab6dnle g olnun BbiMOJIHEHbI pacuyerT bl
nepumnoagmMmyeckoro @QMYHKULMOHanNna MNNOTHOCTM
MeXxXxay 4dyacTtuuyamum Co, N i mnum Cu ( MOHOM:
aMopdgHOT O Kpewazxrarma. 4 Tlo reomMeTpus
cCcTabmMmnbHOCTbL M MArlrHWTHBE CcBOWCTBAaA pa
OcCcaxgeHHblX H a MOBEPXHOCTMU aMopogHOT O
KonunuyecTtBaSir pw,ine MODeKoTOpbLIX CAnyuy@H x,
Si, npwmoirema BO3HWKaeT CUNbHOEe BO3Jgenc
KOTOpOEe Bbl3blBaeT peopraHumsapyumnio cumnaHdc
KobanbT gaBnNAeTcd Hambonee CcTabuu/NbHBM
KnacrtepoB Haunbonee naobeaep B8apaocp flid2pgp e
173 OCHOBbBIBasdacChb H a noagxope nepunopagnwn
byHKUMOHaAana nnotHocTtu (cDFT), 6Gbl1O N
MeXaHW3MOB agpcopobumnwm n peakLuMOHHON
nepexoAmaHblXx MeTanna@aB,MTOMRBGETEWVHLX AP OK
aMOpPMpPHY I NOBEPXHOCTb AUOKCUAA KPeMHMUS

Mpwn OLEeHKe 9 ¢dPdPeKTMUBHOCTMU npouyecce
BaXHYyllO ponb wuUurpaert npouecc pereHepartl
Aaecynbdpypusaynmmn 3aBuncunrt oT YPmoA&C Kum

bakTOpOB (ncnonb3oBaHUeE Ges3onacHblX

3HavYeHWUR. OCHOBHbBIMMN Lensamu per eHe
agcopo6bunpoBaHHLBIX coefVMHEHNNR nnu n X
BOCCTaHOBJ/IeHMNe agcopbuUuMOHHOIM akK D DWBH

npouyueccam pereHepauyunm B nntepaType

BHWMAHMWS, 4YyeM npoueccam apgcopoéuum.
OCHOBHbLIE TWUNb pereHepauVMoORBRRNMWUAPOANW

XMUMUYEeCKMUE, YyNbTpas3BYKOBbLE U MUK POB

O30HMpPOBAaAaHUENY BOIKXKT pokmé hemmeagcTaHdneHd
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Adcopduyus

Hecopiyus Paznoxerue
Toomrsorrgs Homaomuar xug
Huepmret L E T T
2a3 Komrnexcoofpo- Fecmponyjua Fmempaifyrabos N_lm B Horrsl o0MeH
oboruE pocmbopumenen Bosfedrmbug [
Muxpobonwtie Xurrierkue Mukpoduoaazuqecxue IRER T EOXUNLNECKLE
uany MEMOTE MEmOGH rEmgt
Lobperenrse (ofipemenrse
flop OKULCAUMEBHEE Boccmonobumensrse
nOoUECCH npoyeccy
Tepmuyeckue Komanumusecxue POMOKOMOAMUSECKLE Komorumuveckue

4n]J B3O-0lc.HIOBHbLIeE TWUNb pereHepawyunoH

OaHakKko NPpUBEJEHHLbIEe MeTOoqgbl per eHe
cepooyncTtTKe He Bcerpga 3(PdPeK T UnBHEb. Ha v
XUMMUYECKUN nopaxopmdbl,

Mpun TepMMYecKONn pereHepauyumum wMUCNonNb.b
100 a4 f10dpum S9TOM BaXHywW ponb wWUrpae
agcopbeHTa. B cCnydyae [17M8nx/pso N X@WMKETOO 00
apfcop 6 HTUEOPHMMOY € C K O i pereHepaumnmnmH aH-a5 n o
Mac. % cnosda aKTMUBUPOBAHHOTNO yrnasa € N
CNOCOOBOEBEBKOTOpPbLIX CcCNANy4yYyaax ajfgcopobuposB:
npun 6Gonee BbCOKOIMKtlerorn e p alteyvp e eo M eHE e
o6paboTKe YyCTOIMWLY MHBObI X [ OLUCETOAMULT OB O UuMmomk 1 0
noBepxHocTn a-h8b6pbemHeramofit@da7TkamMm pgaHH

obpa3oBaHMWE TOKCWUUYUHBLIX OTXO0OA4OB, Tpeby
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nornoweHunsa, NPWME-HYECHTMOS YHKIBDP M3 MOCOHOHIOY A O
PUCK BOSHWMSKHDBTOHAULNUN U T OPEHUHA B CMUC
NP MNOBbLIWEHHbBIX TemMneparTypax. Hannuwue
Aenaert npouecc pereHepauyumum [JOpPOTrocrToO
HeBbllT O4HBbBIM.

XMMmMmyeckasa p@ECcCepeEEEMIPEBH a U o eagaeccooppboa 1
npwu MCNONb30OBAaHUM onpepgeneHHblX pac
coegunHeHUWW B pacTBOpaAaxXx MUAKMW nyTem pasj
C MCNONb3O0OBaHMEM X IKMIKY EICXAKMXIIDR UE E T 1B
per eHe paagicumomp 6 € H T bl HENOCRBAIOTBGR HH@DA 3 NI
pacTBOpUuTENAMN, TakKuMMWU KakK 3TaHOoON, I
MeToaA CcUMTaeTCcHa 9KONOrITrMYeEeCKU YUCTHbLIM,
B razoobpas3HOGM ncSOc[i&la.H M Mp o MbIB K a pac
ON3BOAUTCSHA AOPYAr WK a3/TaErHPUSA3 H A O WKW X B € L ¢
nnuea n 3 oTpaboT RaasE O pPMINEEeTp0 eCHOTA0EB(

napHoe <coeaguMHeHne (aueToH, CNUpPT b

-
® O O ©T

H
Tuneuwuxnopwa, aTUnnagyetTart , n n X KOoMO I
&

eK-CcC knNTadH, MeTUWNNAUMNKAONONEeEHTWMKH/] O MeEekHT aH

7:/\2
-

oMbuMmHauphphMpay1lBReckn oTcCcyTCcTBYILT pab
KauyuecTBe pereHepupytwer o ar eHrTa K1
mccnepgoBaHUM mcnonb3oBanmu npwu [
MOAOMMPUUMPOBAHHBIX KOMMNAeKCcaMu -@kepllexidEm
nuradHpamum pereHepaumio Kmcnopogom BOS3
[183.

ilmTepaTypHbBWN aHanNnwms3 COBPEeMEeHHbBX ap
CEPHUCT bIX KOMMNOHEHT OB n 3 YyM O/IHECBTOPRAVOPPY
nepcneKTMUBHOCTHb MoMcKa HOBBbIX AOoCTyn.l
CNOCOOGHBX He TONbKO 3dpeKTUBHO ypgans4
BO3MOXHOCTMW, He co3pjgaBarThb H O B bl X 0T X

HocuTenemn.
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1.3. 1 sdizyd ddi JfhptsisHedajdeidy?l Mg df ts d d3j dzd
d {dzjChtesndBdUujMSdE §GHEGHTS

CeHo C TwIREe A4 U HIEBH/MSHAIOOT [LHAN M B3H a 1 6 onipeoed 1€ MH
KOMNOHAHMETB,TCTBYE®UENEK a3 0K OHKOHOFAME,I0T
HeratTVBAAEHMENPONU3IBOANTBEBOBOBHOCH®BET @
ras3onepegpraaokE@ e M@ a H eTHpMaAH, C N 0 p T pMap30Be&/ve H
CbiptPsD.cT noTpebneHuna a3Hepr uwu, ocob6eHH
YyBeNnNunMUYeHUW BpPpem[gHbIX NPpOAYKTORB, B bl3 bl B
cuTyauunio n NMoBObLBLWAIKWU X punci K at8d ¢1ld8sh a :
CepHMUCTHBLIE coefUHEHMNSA, cogepxawnecs
NPUPOAHOM TFTase ABNAKTCA [JOCTYNHOWM CbIP

Knacca CcepooOpraHMyeckmx coeguUuHEeHUnn. |

C ep bl MPOAMNKTOBAQH npuMnMMeHEeEHNREMNY 8K K NK
nonynpoBogHWWK OB bIX MaTepunanosB, Kpacnrt
NOoONTUWMEPHBLBX MaTepumarsnosB, 3allnTHBLBX Mn

apomMaTmnm3IaTopoOB nNuuwesBbIX nNpopagyKIBEIBI M ne
T. 4. ana nNonNnyuyeHMA cepoopcaenHgyglio
pa3HOOOpa3HLE XUMMNYEeCKMUNe npeBpaweHMHd
paguKanbHOMY MexaHunus3mam. Ya we BCer ¢
OpraHMyecekmUnx coegunuHEHNN npoTexKkaert

3amMeuweHmnqa, nmnéo nNyTeM nNpuneaoanBHE&HUKIP

CBA3AM. B nwbébomM cnyvyae TpebyeTcsda Hanv

=

JOCTATOUYHO BbLCOKUX TemnepatTypl2. nnobec
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H.S, ALOs, t=350 M @ o
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H.S,
t>300°C

< RHal

d4n] BOOLHDBHBIE MeXaHMW3Mb NOMYyYeH
Ocob6beHHO TPYyAHO MU C OYEeHb HeEeBDLICOK
npamMor o BBeLEeHMUSH TUNNPNOIMbang U JHET3NaUN
apomMaTunyeckKkume uMUAU anNnMUUNKINNY e caKk3voedpa G 6 €
peakuma ©6eH30Nna ¢ c8pOBPOoOpPOAgYMCTIRMN
KaTanums3aTtTopa C ero HenoaBunik¥govivmpwm/BIO LM

obpa3oBaHWNW BVvOmheédw.oZia Cc B
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B nocnepHee BpeMss ocob6oe 3HauveHMUe
3KcCnMmecToAabl, Tpebytwne MUHUMANbHOT O
GnaronpuMusasTHOIO TeMnepaTypHOT o pexuma.

cooTBETCTBYHRT A NEKTPOXIENMKUNXC KIDOE JUNKHH THA

1.3.1. CdzjShkesidddyj mMcow OClsdeo Oydw
QNeKTPOXUMUYECKUNUIH CUHTE3 nNpoMbllwaeH

coegnHeHMWW B nocnepHme T oAbl NpuoobperTeE
C BbLCOKOW O9HeproasdppekTMBHOCTbBI NO CPp
OQNeKTpPOCUMHTE3 OT/NMYyaeTcsda agee/Me K TOHBHMMN
9KONOTrmMYyeckKkOoOmMm O eO3IKOHNOACCTHoOHC TPLEHS ,Y JIBUOP30OMB & H U
n COOTHOLWEHMUSH NpoAayKTOB peacxuymni 7
npouyueccoB OT MOAEeNbHbBX CcuUCTeOL10Y. Bpowm
HacToOAaWwWee BPEeMS M PHOUVHLELC/KEVHAH bIGAN HHTEEO3P I 3aH &
pacnpocTpaHeH B MUDPpeE no cCpaBHEHMUI
coegUuHEHNN, ogHAakKoO uenecoob6paszHOCTEL
npeummyuwecTtTBa NPUBOAAT KerHe YBK NMOpHOHM®BVBYO A
199. CoBpemMeHHaH+d MeTopoONOT U4 npoBeneHMU
naoéGopartopHBIX mccnepgoBaHUM 7 ocyuwectT
NPOMbIWWAEHHbBLX YCNOBMUAX MnNpepcTtTaBneHa B
By aHunK20§.0 i

MoCKONbKY TeMaTHnka LJaBROGRO CWN CEOIBRJLE
cepoBojgopoga M TMUONOB B CUHTE3 OpPr aH|;
pa3pgene npuBepeHb Hawnmbonee wmMmcnonb3lye
coeaguVnHEHNR. Ba3avnmoage TautoBHeSBC C @ [P0 &8 H 1l O @ (

coeAgMHeHNAaMU po6ew@aTOelMo®B-A04H plo2A0rloHsS c e ¢

N

TNONaxX BbimONHAET ponb aKTWMBHOT O p ¢

bBICOKOMW CcTa6GiopsHdK TH@®@NI CoabdwennartTbcsa T

o)

KakkKyKneodpmneawreKTpodbunbHeIZoOPreBEEe epeadrB
npaswuno, npoTexKkatwT B HeCKO/NbKDO cTap

HanpaB/leHWN, UTO CHUXaeT[208.bIX0a4 KOHEUYH
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O O T

an 4 yBenumuyeHuwus peakuyumnmoHHOIU cnocob
cnonb3ywTcHa TpaguWLWMWOHHbBE MeTOUbl, C B
OeHwHie ner kKo y X 0pn4auwem rpynnbl, 4TO

eTeponNnmiTmMyeckKkmnmx npoueccos, nméo npwu
oM yumncne bunokatTanumITImnyeckKkme. Mpwn r
cnonb3yeTca TepMonuns, pagumonums, GoTC

C nosBneHvewmgwaHoOEK TNIPPOHHOMY nNepeHoOo

D

a K J20612x0 8 ] cTano o4YeBWUAHO, pT1aqQ UK @ple B
OCTOAHMNUE pPpes3KO yBenmumBaeT WUX peackuyl
MHTEe30B C yyYyacTunmem «ManblX MONEKYN»,
M3 wme TMWUOIMBbI, akTmnmBpaumMsa THBA3IBPAWN MBXE T
neKkTpoMar HUTHOT O M3 Ny4dyeHwUusHd nnu MOoTC
enTpoHOB N Ap.), Nnb6bo 3a cuUeT KoopAawM
epeHoCca 3NeKTpPOHa, npun [AeNCcCTBUNU XUMI
nn pgencTtmada (amewgapaaTtopga). Ilpunm aTO0OM

bonee peakKkuumoHHoOcCcNnocOOGHBLE dGopMb C
CXOLHOM COCTOSAHMUMN. MeXbAagepHbe pacc:T
AKMNX AaKTUBUPOBAHHDLX MOJNEKY/ZT OUYBRWHbLWU N
Gpa3oBaHNM H O B bl X d209211B0H] b) X BYCar cy TnvaLo
3ammMopgencTtTBunue pgpyr ¢ agpyrom, ¢ pacrTB

pas3snnyHbMun[2d-218lc T paT amMu

E*" .
R
— _e
te S a
{ )
S N » P
-e(&y + Ny, R. _)\—’—e
S
) a
(1.14)

S—-cyb6c Np-aHTy,K Nneoe¢yme K EpecthpogyRPT peakuyunu,;
O-0OKNCNVUBORKH@HOBUT e DWoMBAN PERAXQUMWMQHUP OB AH
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HoBbM NOBRORBRONMEHNS peackcuempioBO PP aga
Mcnonb3o0OBaHWEe OKWCNUTENbHOW akKTuBauwm
YyCnoBMAX MONeKynbl cepoBopmpopogédnunkiepat
rf2144.Cnycta 3 ropga nodaBumnacb TeopeTuny
[21, noaoTBepxXpawwas BO3MODXHOC Tpa [ nokbapne
cepoBosOppaaoBaHuuraguwakkhI-a®blnaoogTBEP XA
KcnepummMeHTanbHO NPKWM HU3ZKON Temnepar)
(CFCLCRCI1 ), copepPxame B o fRol@oa i p[unc. 4

B SdPRekTpe 3adukcuypP0p28 Tpyunners ¢ as
pajgunk adly Blp ems XN3IHIPOKNDERPBOASOT C 4 no

cnexKTtTpaabHOTI O CUnr Hanna " B yCno0OBMWAX p €

t Mz dsLONk nek Tp-pragaMKEaHta CepoBOAO,|
( dp &BBHCFCICRCI), 0,5% HS,7 7 K)

MocKONbKY 3HauvyeHNne Ma(8)F1DHaB aH m®O&, N 3
y ¢pddda (11,99 aB), OTpPbLIB 3nekKksBSpoma H
dbpeoHa. CnemmpovB ac@mMpHOH UM HPeoHOBOW Ma

hhpekTMBHAA B3K3IOTEepMUYUYEeCKR@REAJMIEPRTA aMaAT

cepoBOAOpOAyeN KIpHBEEHKESDan H
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CECLCR,CI %» CFCLCRCI "

+
CFCLCRCI " + H,S ——» CFCLCR,Cl + H,S™ (1.15)

feHepupoBapaA@gUKamnaorwrepoBOgOpOAa KO
B NPUCYTCTBUHNDXKMTPaAH3EETTEPEYHHHAB CHEHHO3r 00X N H
npwu KOMHAQTHOI TemMnepartTyHsd -Gy T-2Em T
r'MaApoOKCUPEHOKCUNTBbHOT O pagukana H a Z

o6pa3oBaHUA NUpPpOKATeEexXMWHaAa MU ero Aucnpoa

BEbina paccuyuumTaHa KMUCNOTHOCTbL o06pas3)
cnocob6bomM nNno pa3HOCTMW NOTeHUMANOB NO N
cornacyrwrTcsa C TeopeTmwmuyrOR VB 6 RKKEMONTQaHH
pagunkan cepoBojgopojga O4YeHb CuUNbHas#A
npakTMWUYeCcCKN HeuWwTpanbHOIW pMRRABRKBYy non cep

MpumMeHEeHNE 3NEKTPOXUMMUYECKUN T eHepwn
MNKNW CcTeKnNnorpadpntosB emMm)gnaTIAB HCCRIPOO BK &1 P
NpoOBEeECTU XUMUYECKMUNE peacKkuyunm Cc 601b LW

YyCNnoBMAXx, B OOAHOM peakToprc mmn qaes2iie iic
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HAWN%NQCU4“DH
; X =0, NH; R = C4Ho, GH11, GH13; Rs = C4Ho, GH11,Ph;
RlﬁGﬁmem%

(1.15)

1.3.2. 1jtwmtij SIisd a3y szt bzts i3t azp &zjso o
Mjtecso SHBGBHO d Isdtsdztse

B HacTosuwee BpPpeMs OAHMUM U3 aKTyanlbt
C KaTanNuTunyeckKkuUumMum npoueccamMum, sSBASET
KOMNNEKCOB MNepexoHakT WMEHRMIA 0B WA T B
nNMraHpoB B Takoro pojga KoOMOAEeKCOB T
TMO3aMelWeHHbEe NPOMU3IBOAHLIX, a TakKkxe AW

aToMax TnNepexoOAHbLX MeTannos. B3aunmopge
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napbl C He3aNONHEHHOWN UXP KWOTMAITIELHE CMEXT aBJEJ]
K ob6bpas3oBabwuMyg cHBOA 3 m K SHauYnTenbHOMY
S9NEeKTPOHHOMW NNOTHOCTMW B op2@HMY Elp KoM
NUTaHpax 3aMeTHO noBblWwaT Cc a9 NHe INERIVOTIH bl
SHrpynn. B CXOC Kama N gk Wbl X coegnHeHwu
npeBpaweHMn MOITryT BO3IHWUKAaTb ManoycrTOi
cBoboagHOM BUAEe WUHTepmMeagunartbl, KOTOPpH®ble
nocpegHMKamMmu nNpPU CUHTEe3e pas3IMYUYHBIX O
OTMeT WT bdarkar , 4ToO KoMnekchb C TakKunumi
ABNAWTCA Haumbonee O6OMNU3IKMUMU MOpgenamMun a
ocywecTBNAKROWMMM B MNPUPOLHBIEC CTMEH CBIATXE
npouyeccbl. Mpunmepamum Takux depmveH[FDBT
228], copepRéiyanan KPOPAUMUHNDPOB@RMMWK A N B K
ankoronbperunmnaporeHasasZnlll)copepxaaaneudmn
ABYX3NeKTpPOHHOE oKucneHwune cnupTes

okcunagper ngPbH enaaaafusnpyOuas opnenKLURAH
SCoMeagykTasa TpaHchopMunupyeTrT MeTunkodd
[2292 3 0] . C 9TON TOYKWN 3pPeHUA CEeMUXUHO
CEMUXMUHOHAOUTMNOHOBbBLIE KOMMNMAEKCb HuUuKensa

MCNONb3 0B aHtHbI K a K pP eKaakKTuanwinxs a K @ p aly1 BT 4 e C

BOCCTAHOBANEeHUA, B KOTOPbLX WU AUTaHA, V
pe3epByanph.bl. M3BeCTHBLB KaTanusaTopb n
AVNaMWUHDOB blX KOMNNAeKcOoB nannapgwus [ 231
CTPYKTypaMIL MITOMAHB W nannapagunsa, SNeopae
NWUT aHA/gbl, MCcCnNonb3ywWTCAa B KayecTBe ek
NPOTMUBOONYXONeEeBOIA AKTUBHOCT®b 0, cpenp

o)
buspnepHbin Ps(ogBNALHEIKcadL=2mMmepk anTonuphmup
T

OcTaHOBUMUMCS noapobGHee Ha CcBoOMCTBAXxX KOC
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B yKa3aHHbBLX Bbllle KoMOnAaekKcax 4YacrTo
OpraHmyeckme coegunHEHMUSA, cCnocob6HbBE K
AernagpupoBaHMWID C€C MNpeBpawWeHWeM Y@ 3/ oo
XWHOWAHYI0 4Yepes3 CTagmaq) VokS8peasB3300BCAEHMIFX MaHI
a 3 as0eM 3 0XUWHOHAa. TaknmmM npeBpauweHunam
MONneKYnbl, copgepxawnme BiSMOA/BOMEIHNSMNY IT@® Y ¢
NHo-r pyn tswia T e XAv(OH), [233-235, tsa M1 H 0 (b eA(OH)(BIH,)
[236-237], 56 e H 3 0 A4 VAT(BH)N[238], Sa MU H O T 1 0 Breé\HH(BH)I
[239],spmamMuHub [ 240] .

Mpun KoopAMHaAULUWUW aMUHB O TIAIECHT POBHME IOl
ANA ob6pas3oBaHkKMbae N OWOG@OHMO CBA3 U C MeTa
obpasom B -K@AHEETHEBX JOUT aHAOB. MepBNUUY
apomMaTunye ok nig,ndim 24 bl C-um NvBxa Mme We H H bl e aH
nopgasnawWwe 6G0NbLWKHCT BXee /1 &T/IHyWia € BO U mem
KoopauvmHaunw [ 241] 7 obpasytrT C-1@ToN
wecTUWYNEeHHbe MeTannouyuwk nbol, CTabunmnbHOC

noBs n. A. YUy raesa [ 242] . Mpwn K OM
Myeckunme cBONMCABaAaHMNX apaegBEePapgerROm COC

M
M KoopAMHaAUMWS aMUHOB HaAa MeTannokuye
pepacnpepgeneHni 9N1eKTPOHHOW NNOTHO
C

eagHNMMU atToMawMMu B oOopraHmyecekKomM

o9)
w
I

MKHOBEHMWWB HHBEDXB bl Xl € RTKOTO B B KoopAawHI

(@)
£ O O o O

X
I

a, o6napgawWwWmMx BbLCOKOW peakuUuUunoHH:

BNSATb peakUMAMU KOOPAMWHMUPOBAHHBIX

|
» O
QL

I @eH T bl. Takunumwu pear eHT amMu no OTHOWLW

X

HayTMOG'bITb pa3nnmyHGLBE okKnmnecnanunrtTenn, a
OepXauwme HenopageinemdHHHbBIE 939 /TEeKTPOHHLbLIE

ar MeHTbl C NOBbLIWEHHOW 3NEeKTPOHHOIN

®» g 0O ®» T < ®

3O T O =2 o

bager npabobl, KeTOH bl, ayueTnneHHhobl.
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ApoMaTunEBRICAMIEHB CKIOLBYHDIITIEKTPOHHOMY
npeBpaweHunem OGeH30MAHOI do p M bl B He

o6bpa3oBaH-paMnUaBnnatsb eaH 330axTveHVD 243 1 M1 H a

Ha 8
NN -6 -eH € N\
M/2 _ M/2
NH +e, +2H +e ~n-
| |
R
R (1.16)
SNeKTPOXMMMYECKNE WUCCNEAOGBADN A O MO
KOMMNNEKCb HUKens, N alo/asepsT a T C A 1 acTm

o6paTnMMOMY LOBYXI3/T€KTPOHHOMY BOCCTA AHOE
AOBYX3NEeKTPOHHOMY OKMWUCANeHn NH)SGH et ny xee
pa6o2ik . [TTOCKONbKY /N WUT aH/gba BC ygeaTH HHbEX/T UKY
Istc j-G8Yy T M 1 b H bl X 3amMecTunuTtTenelm bonee
AMMWHOTMWOMATHbNEe rkYoem NMoJKEVKCC/IbA KT CA U T PY 4O H
Mpnm 3TOM COOTBEeTCTBYWWNE 3 HaAaUYeHNH p ¢
KOMMNJ/TeKCOB 6nNns3Kwu Me MYy HCeo 6D aB UL amp &
MeTannaueHTpa

inTepaTypHbe pfJaHHbBEe N0 KoMnekKkcawmw
yKas3bBawT Ha nepcneKkTUBHOCTHLb Mcnonb
akTusBauyumnmn Ma N bl X MONnekKyn, B yacTHOCT
AaHHOT O npemMBOUHEHAEHN ACNOCOOHOCTHSb A a
o6bpaTuMb M epPeXx®OKIGM 6e3 3aTparuMmBaHNMg u

fOCTaTOYHO nNérkonw no.cnepgytwwem per eHep

1.3.3. ovyOmlsdj ! d&jCktsdkjHdOsEdy &
fslsjdydOdss f sl  dzyd Oditistee ) te dzd fls

aon s CHUXEHMUSNA SHepreTmnmyeckKkoro 6ap
uenecoo6pas3HoO NMCNONBIDCET BB O BOKTUE TIHAHT bBE

KOTOpble NMO3BONSAWT NPOBOAUTbL ONOCPENOE
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[2452 4 7] . Mopo6HBWN NoAgXO4 HMOPUH(AW/ON CH I

akKT

C

I

7

o w o
® @

=
T T O T 3O 3
=

O 3 T —~ O
@ O ®d Q© W o

S 9 ™ T O O O T
o
I

X O ©
= T
=
= = X
w £ O

[200]:

TPpW
paa
npo

pea

mnBaunmeih MoOnekyn”n. MpumeHeHUWE 3NEeKT
3UThHb 3HeprosaTpartbl, H O 7 npakTwu

KTPOHOB (MmegunaTtop) B CBA3MU C MH

=
—

POreHeRAB P @O ®DALKG. SHJDIBE K T M B H bl X MeT
HUWYeEeCKIMUX coefguVMHEHNNR B &K aoM @ B0 A

b3 O0OBaHWUMU KOTOQPpPBbIX CHUNWXEeHM eC madBHeiH

= O O
o |

biM CRNnOCO6GOM aKTuBauuum CcOegUHEHMNUIN
"

HWMM3 a uivpve BnpoadLpeYHHAbIX

" BbiGOpe aneKkTpomMeagMnmaTtTopos He

WM Mun TpeboBaHMUAMMU: a) cnocob6H

- O Im ©

y
CTaAaHOBNEHMNI) C 06 p amaoBBKHANEQVB ; C T@)C
BOPMMOCTbLI, B) CTPYKENPEMM COOCBE

OC pPrN)ekKaP@®ETABE-APBBPDPEAPDKE Meguar

L
Y

HATbCA Evwaeshbr(EWS EMHON OTEeHUMNANB Me/n

_,
]

WwoaBeTCcTReldirHa) lMedaSpredosraHbBIel CMNoO
HMWIOHOBCETPMO A MP OT €K aHMU4 Mo6 oYHBbIX p
ecCKMM KaTanumaom, 4TO NPUBOANT K

auunm cybcTpaTtTa a9NnNeKTpomMeaMmaTopo.

P+e Q
P+A PA AN
Q+A QA

-e
PA— PB— P+ C QA -e OB Pt C (1.17)

P-megnaQ—-xmg7anmns<iyoEr,TpAPOALLKT peakuunun,
PA, QABQB-mnpoMeXYyTOYHbLE KOMNIMEKCH

Hambonee WMW3YyUYeHHbBMU OPraHMUUYECKUMN

apwvwnawmun Has1], 268 eTpameT n SHN-01 K1 @ 0 M 1 k1 Bl
MKanb, T eTepoamHMMa MA YOERCHK3MEX UCHOEH I H €
BeAEeHNWIWw peakKkuum B OAHOM PROGDK TG M E
reHT2fq. [ 252
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NMpuv ™MeanMaToOpHBW 3IWDEKKHTOP AI/DW3yel e HM e L e

BAUYeEeWKe C Hepas3 AaeHI0e[HHHbbLIMM TNKpaoT@oighad ¢ T B @ M

Cnydae nagertT MNWNHUWMaAa/TbHOE pacXogoBaHMN

n

B

=

W = T O

7

K

P

OCTOAHHO NnopBepraeTtTcsa pereHepauunmnm Ha
obpaszoBaHuUuM noReEIBdk . nplpayOT@BI MO X
aTanmnmTunmyecckmnx KONTMNYeEeC THBEAHXN 10 MeCA U P E @D
onNnmyecTBO KOTOPp blX MOXeT OblITb pasnu
oTeHUMane okmcneHma(BoccTaHOBI/IeHUSA)
asgeneHHwxatTapgaano nprell paBownad (KOHLUe
eaoMaTopa 3HaAaUNTEREKEHONBbLIME OKHAEDOHMXDIW N
blfeneHNUN KOHEeUYHbIX NPOAYKTOB peaKkuuu.
MoBegeHMNe MeTannokKkoOMN/IeKCOB B K at
ognpnkaumMm nNOBEPXHOCTMW a3NneKkTpoga WU
KTuBauumm mMa@onCONR65e6K6Y| 1 MO XHEY Oongeapsc
HyTpuc@PepHOro “u BHewHecPepHOro MeXxaH
1) o BHYTpPUCPepHOMY MeXaHUWus3my

cywecTtBngetrTcsda OMWETOTOKAQWRARMABAQTOP A

6pa3oBIPHOMENKY TOYHOTIO aKTUBUPOBAHHOT O
N MAGIKIMXE B P allie HMSA X KCO HMEOUHYoUr eOH UnepMo Ay K T a .
2) Mo BHewHec PepHOMY MeXaHWU3 MY CBSHS:
peareHToM A He o0ob6pasyerTcsa, HO T eH
oTopas-d Aanee npeBpawaerTcsH B npoAay:t

ereHepawme&ic ak oM
Med- e —» Med ' Med + € —» Med

Med + A — > Med + A* Med + A —» Med + A~

A+_ B +, A-' B'.

+ -

B +e—> B B"-e——>B (1.18)
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YpaudyHOW umMnnwcTpauyumem BHYTpPpUCPepHOT
CNYXWUT PpaccmMOTpP €eH vaem UBH30aX MMM OO INEANT CHTHIRK lI K oam

nzZn(l)c ceposBodbd:poagom

tBu

Dup

Ij @\/)

\/ (1.19)

aHHEBbe KOMpDpe RgEAOK G NEHbBIMN nmradnHpgammm

(@)

epoBOAOpPOAaA MEHSAWT O3/M1E€KTPOXUMMYECKDO

3

ornoweHna (ECI) N XaparRyepe ®ANPKICaesx,

T

a6bnwogaerTcs CHUXEeHUNe MAaKCcXayamioBe p g

napamMarlr AAMT AaBHAOB, nocTeneHHDO CHUMKaAaRAIAC G

=

CXOAHOFo KoMnnekca. Kpome TOro, -Hab.

nepexoanos no nnrawpmapy n noAaABNndAdAeTCHA

=

OoOpAVNHMNpPHBaBMMHHOXTMOHO N AT a:

tBu tBu
0) PPh
0 PPh 3
N ¥ N
. N1 1
/ H,S NH/
{Bu N —~ » {Bu
HLC H,C

P = |

Y4 | S

R R (1.20)

B npuBepeHHOM npumepe nmeert MeCT(
nepeHOC 3N1eKTPOHa. B cnydyae KoMNONnekcC:
MeHAeTCA -BMeagk TPEAP YyMEeHbWaeTCH4 MHT €HC

B38.I/IMOA6I7ICTBI/II7I n nodaBsideTCcCH4 AONONMHMWT €
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HecnapeHHBbIU

[268:

3N1eKTpPOH

H

H

nokanusyerTtcHs

\_

K;\ /\>

Z m o
\/
A\
\;J

<\\ | //>

A O\S/ N
B
AN TN
R

Diip Diip
— . ]|)iip . ]l)iip
o HmWS x A (0) N
— [ O = [ ><I>L
// N/ \O = - // IT 0)
L i Diip
(1.21)
ByrTpucdpeperp2HOC SMEK T BBHRM MOAENCTBV

Monekynoin (cepoBOAgOpPOAOM) BO3MOXEeH 67
Mo poO6GHEBbBIE peaskummn B HBEHUYHTepcMdpe pHOT O nepe
nekKTpomMeagMmaTOpPHbBMNU cUMCTemMaMW Ha OCHDO

C napamMarHvVBmMMIONmERABIAMNAeK CcoB [269. T eH
CoBeplweHHDO OYyeBUAHO, YT O NMPUMEHEHMN
NepcnekTWUBHBbLM HanpaB/neHUEM, Nos3eE
Heprocobeperawume 31eKTPOCUHTE3b OPpT
npaMoe B3aumbpgepaTBRManT@a peareHTa c I
[270-271].

1.3.4. 16Mmistetsj dedy daj Md 33y Isted ydz' = Ml

ftod 3 dzj dzd § 5 1 dzj S s~ ddBdud MSda

MonNnyyewme& TPOXMMMUYECKNUM NyTeM OPpPTrl aH

akKTWBHO [IB2Z3k 1 B a
Ancynb du gos
mM3yyvyaeTcH

OTHOCMWTCHA K O4OHOMY na3

MonydyYyeHWE CUMMETRPMUUYHBbIX "

OKMncneHwuwn TWNONTOB O YT a ™o KH

nabopaToOpHOW nNpakTWKe, Tak MU B NPOWN3]
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obpa3oBaHMWI HECUMMETPUYUHBIX Ccynbdupagos
n NOABUNUCDb OHM B OCHOB[A7&2VY. 3 al HITE/ES
nopob6GHOT O popgaa CO@HlI &M € HNIXA M B bICPOOKIOWIK T 6
KTUBHOCTH®bIO. lexkapcTBeHHbe npenapar bl
BoeM cocTamwenecripyy ngddmagbe aBnatwtca wu

e
bpas3ywuemMegaaTtTapa cepoBoagopoga, KOT
n

=
o

Or nyeakexg2aé@f]. Cnepgyert OTMETMUTHb (

O o O O 9

HWUTEeNbHO HepgaBHO HOBLW NoagxoAa K C

P

Pbli 3aknwyaeTcsas B 93NeKTPOXUMMUYEC

nNneHs CMMMETPMWUUYHBIX ANcynbdupagos

B
0
Cc

Kaun o HRSS, KOTOoOpble B fJa/ilbHelnwem pearwup
ynbhngom, o06pa3sys HKSKRMMeTppenauIHobkie HA
K

0 In
=

—|
T ®d® d O

TPOXUMMUYECKMNI MeTona NoONy4JyeHUSH |
MMMETP MUY HBIX ANcynbonupagos, coyerTa

c
e
Cc
TepoumWKIMYeEeCKNUNn dpar MeHT, obnapgatou
©

YTUNbHYW rTpynnyl[2¢d. opyr oim CcTOpPOHBGI

N N

Pt, I=Gma
\>7$H + HS—1tBu W \>7$—S—tBu +H2T
S S

(1.22)
O6bpasytommie ciNEeKTpPOXUNMMU UCEYCTKbOMe HOMXEVRILUE
MNPUHMMAKT YyyacameKk Bp PARMVIKHIHMAIXO Npucoen
n an K[R78-2814):

Anode, CH,Cl1 R
ArSSAr 20096 TCh 1A S (ArSSAr)+IBE, RN, >_<
BU4NF4
H (1.23)
CBejeHMNs 06 3NEeKTPOXUMMUYECKMUX

ACUMMETPUYWMbIXINEYH®G PUAOB HaA OCHOBE WUH
yyacTunueM CepoBOAO PRI TKAPUIA300BME PP BIFC T |

nyonukaumem ¢ yuyacTtumem aBBF.opa pgaHHOT C

64



1.4. [dStcotddsos’j §BHOBHT ¢ kldddL

CoBpeMeHHGBINR noagxopn K OpPraHM4YecekKkoOoNn
paszpa6boTke H OB bl X MeT O /TOB,p a lHaH Pp@a B JHESH
MaTepuanbHbX W O3HepreTunyYeckKkux, HO U

TEeXHONOrMyeckoro npouyecca nonydvyeHunsa
O4OHO3HAa4YHO OoOTBeyYyaeT MUKPOBOMTHOBOWN CMHUE
MHTEeHCUWPpNKayunmadbppparcpgWEX BU N po MIB4neH
2871 . nWpoBO/NMHOBOE o6 nydyarmmnemeXMB@®@)3 MB mip
KNwyeBOoOWnw XUWMMWUYBOBBUENEBERLJAYVIWRACTBEHHO )
pa3NMyYHbIX NpeBpawWeHNNn OoOpraHMyeckmMx coO
obppazaHMA ULeNneBbX NRAOAYEOIBDBE PERK QMO . VY |

TEXHONOIMWWNU BaXHbLM NPeUMyLWeCcCTBOM MUKPO

MHEPLULUMOHHOCTHDb 7 r’MoéokKoOCTHSb B 286@2&3r y nv
MNWKpPOBO/MTHOBOW MeTona nony4dyeHwunsd ao e A
peHTabenbHbLBM, 393KONOTrMYeckKmnm 6e3o0onacHSEBIN

NPOAYKTOB BbCABE20M 4YmnmcTOTb |
YTunnsauyuma cepoBogopomareaepeprbs
MPOMbIWAEGHHOCT WU, C MCNONb3O0OBaHMUEM CUHT
SKoOmwmoCcCTWU n 9KOHOMMUYHOCT MU Hanobébonee
NPpakKTMWUYeEeCKN 3HaAaUYMMbIX OpPraHMyeckmMx COE
BaxHo, 4yToO 9 KWOHHNOUMIMNYFHORBEAFHIAY € C K U X p
MUWKPOBONTHOBbBIM OO Ooyosa@MIHEPTIOTbKDO |
pa3or peB preoa rBepHETMOSIB ,K aBK peaK LU MOHHbBIA CoO
CpaBHeHmMaoL KU N THEIPWMM ECKNUMU CcnoOlpabdamio M-
yacTylw npummeHeHnme MBO nosBondaert npos
OO6G6bIHMHOM Har peBaHUMU BULOY HUW3KOI Tepwm
peakxkuuu, nunoéo TepMoaguMnHAaAaMMUYeEeCKMUX or
NMOoOBbIWEHNE CTepeoceNneKTUBHOCTUN peacxkuywni

UeHTpa B UCXOAHOM CcOefgVWHEHUN.
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B HeKOTODpbIX peakKkuywusax, TpagunuUuMWOHHDO
CMHTe3e noa pAnencwmparemMc SMBUOG K /HK@EYOE H N € H
HabnwgaemMbXx NpWU BefgeHUU CUHTe3a C 06t

YcnoBwusd MB O MOT YT MCKNKWOWYNTDb npo
MnMewwun vmcec 4 B CTPYKTYype coeguVuHeHNd X
BO3MOXHOCTMWNW NpPOTEKaHNA PEAKBUMUNTOMS K C
3aMeEHNTHLb Ha pacTBOpUTENDb, KMUnNnAauwmmn r
OTMe4yeHO, 4YTO nNpMUMeEeHEeHMNE MB O n o

cTepunocneyum@PmMuHoOoCTb U pPermocenekTUBHDC

Turbl OpraHuyeCKUX peakiuui,
NpPOBOAMMBIX N0 Bo3jaercTtBueM MBO
3aMCIICHHUEC ,/unmmaum KOHACHCALUA r'uApOreHOIn3 /31'II/IMepI/I3aLlI/lﬂ PEUUKIHU3aLnA

MPHUCOETMHEHHE PACKpHITHE LIMKJIA LMKJIONPUCOETHEHHE (yHKIMOHATH3ALHMS

1.4.1. 140%8ydd
(%

fjtetse shtsjcld @&j fzd wdzd Oazd
Bd Lo

S skzdzso sSG 8 8B dzlz y g dzd v

Mcnonb3oBaHMe MUWKPOBOMTHOBOT O o6 Ny
BnepBble olnNNT4oHm, eBl b neoaigypeoHmad H-8 Boc H

aT e H298 onunmcaHo nenhpeamwHUAae, cnocob

3

w

ek TUBEDEFONNTUTNYECEPOBOHpAEOAZBaAaHAABO

(@]

ygBEeNunYeHMAa nopgaun-nBannypaesi/mesH poapmHa® Byl
Mp MMBOpa3 noxedSmeoTekaerT no papgunkaneb
Bblge/neHNeEMOIBERMERU

hv .,
H,S —=H+HS (4 3 B) (1.23

HanepBmiiagmam3 6y XAMEOITEKMY NTbl CEPOBOAOC[
NMOTr NOWEeHNUS KB aHETED®/ BHIE3PT imese pNIaB/ERKeYDNE 1

K ob6pa3oBaHKn®ePAXNDAOO®MNB pajgunkanbHOE CC
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Ha BT OoOpoOIB O@ODHALQ@ANA N K @ 1 /BC3TaBAYMEOTA €C  H e i
MONTEeKYNOWNW CepoBOAOpPOL&O O pO:BEAIHMEIME POAIE M H

MO /1 EbKBYO/L O PO A A 1 KHAOT VAKX a fl

. hv .
H+HS — H, *HS (0 55 3B) (1249

Ha cTagunun obGpbLBIpoOME@mPBDIPREAKHAUYNA p a

nmn@eumMmepumsaumsa € NOrNoWEeHUEM 3Heprmum |

'SH+'SHLHZS+S (0,39 3B) (129
O6pa3@amaB LM OJICEEXKPyQB ABMO pacT/p MapHasa cepa
peackxuyuio AMncnponopuUuMOHMPOBAHMWMS, KOTO
MONnekKynaMueemwepoaa
S+H,S +19 (1,83 aB) (1.29
doToKaTannms 9 PPeKTUBHO UCNONb3YyeTc

TexXxXHonor mwu. nepCI'IeKTVIBHbIMI/I ABNAKTCA n

=

3Yy4YeHUWW CcNOCOBGBOB MUWHULMUPOBAHUA 3 aMe

(@)

TPYKTYype opoeagmMmegHmx MNpum 3TOM B K:

w

bPeK TUBHOTIO MCTOYHMKA C eHrD[290.pegnoxeH
doToOoOKaTanNnMTMyeckKkasa peaKkumsa ocyuwecrT

TUTaHaB TkK@QuecTBeE KaTanumsatTopa OKMWCHT

—_

EHEPUPHEROKGUMMHBIA pagunkan, KOTOopbWn A
pagpunkKkan, T eHepupyemMbin M3 CepoBOJAOPOMLS
B cnocwtrddd®]a B pe3ynbTaT ec edr30aBV0NGOPE0
ankaHapvmle3amnm ymcnom atTomMoB yrnepopga C
1,2(1, 4) Ysbopayaermma (HwW)= 300+600
R=CH-CH=CH, + H,S %»HS—RI—CH=CH-CH3 + R=CH—?H-CH3
SH (1.26)
daHHBWR noagxXxo4 Xapakgke@mBmypeaRaim HH|MmS3A

npoTexKkaeT HS un 86 bCTpKEeq y KOTOBOB®BD/AE aaapl
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oOpraHnmyeckKkune coepguHeEeHNSH. B ponum «kKkartTa
apomMaTmnmyeckoro KetToHa (unnwu. TUOKeTOHaA)
Paspa@ooz®O [nNonyyvyeHUSa anK apHETaWIOWI30YBK

peaenk,S c ankaevHac npwu O YO OBBIWM e HNnAa. F

3

pnucoeagnHeHUA TUMOT PYynNn bl K KpaTHOMW’
paguMKanbHOMY MeXaHWU3MY:
R-CH=CH, + H,S v, R-CH,-CH,-SH
(Ar)sP (1.27)

MpncoegnHepyren b HK MO/NEeKWTerloan®r&H ap
npoumMcxoanT NpPpoTuUB NpaBuna MapKOBHMUWKORB

3axuePobnydeHNa  CBOpPKeEppaEULAAKELTUCHKS, 4yTO CT
CHMUXEHUNII BaAEHPa@ANM N poBegeHNEe TeXHONOTl nye
BO/THOBO Py yeamagmmtTLiman al3®MH edH M,0 MOWHOCT &b
Y®Poa@ayue+Hln2400 BT, Bpemaop@agak  gnm
On wu ccarHo d294 OCHOBAHHbBN Ha B3aummopge

KpaTHOW CBSA3b B O6O0K@B @IT OWM®MBW N N0 @[ & B

—~

EHon, m=128 ) , Hanpummep, B U HBN LMK WICOYT TEEK TCBEL

o Gyn an 4
CH:CHZ CHz-CHz—SH

+st—>
(1.28)

CneKTm3IYY®ueHNUa nexunrtT B-3&MaR&M3 OH&C
MEHAEeTCHA B 3BBMETVMOMODUHOCTUN UCTOHPPOEEFK
MCXOAHOTITO BOBPUHEHMUSH

KoOHBepccymbeciT paTa BO3 MOXHO ¥ NMGUBHIGICTTbY
Yy NnbTpadwn o noebrnoysyoerHondie n c T somben y wedBimiasa e T |
CenekKkTUWBHOCOLBEDEBREBMDXKO®TH BbiX/DYLUaMT b
90% npwn LOBONbLHO HMU3KOM copepxaHwuwu n

JOCTOMHCTBOM nNpepagnaraemMoro cnocob6a
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TeMnepampmmuecca (=150°C) n 3KOoOnNnor ny
ycnosy@®mmnyyeHuna.

NMpeBpawleposd oBOYXTAOBUAX GoToKaTanm:

BOOHOM pacTBOpe U [29.H0m00J@PHE HMBKOMG
mMoHmMsaumm cepoaldSoxabPp,0f)a ddiMldk aTanms nC
reHepunpoBmaiMMK awlooHB W nNnocnepgywower o uns3
nMarw o0 1blWOE 3HaAavYyeHWe B OUMOXUMUNM.

Tak, TwaAamMaoIH, 9 B N A 10LWELrotHCos 0 M IMPBKTP
OTCY ME W B8 N OBM3MOMOHIEYHIIB ® 0, 0am 3 4 B Dalkiu m 0,6 p a
npoumcxoagnrt 3 dPeKTMUBHOE COBMELlWeHUNeE il
CMHTE3 mMmogapoOga NPpOAECRCE BOJ4OPO,a.

Takxe 3 a CYeT JwoCTMm/abr3a0 B acHIOSE cHiaa
KaTaneB@BOP MOXHOYB EE XN A0S B aapobHoO
B Xopge 4 aHHblX npeBpaweHnmn B KadyecT
obpas3pP@rca KOHeuYHbM npdBGK TIOMN yauBeHANEET
KMWCNOTb HAS AGBHH®GBE O ADBPCNEKTMUBHLTAYKPO
3PEBHDHOMUKMU

Taknm obpasom, npuMeHeHNne p-a3aGBUYB bl
TEXHONOINIMYeEeCcCKNX TnNPoCeavrashe®@ OBABOAF QKT
AJOBO/NWHEOPTHPEIAT e@pPpoBOALOpPOA KaXp rm/HuW4ea
cepocojgepxauwmx coeagnasgyvdtemsHO@A KT OW N iAg B

BoJgopoja.
1.4.2. l1tejdikh jmMso0 &iksHO [I1J, dnyt
~ddBdud MEdne td OCyd?2

BnabopaToOpHbBXalWeAnC MEMEBE@E b My B Or/IOH O B
o6b6nysasemrcam@dsrru (12, 2 jemMmpapgzao@8o0n2dad98 oM

npMOM, 4TO K MUKPOBONTHOBOMY O0YWaAYHE@THID
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300 MIy pgpo 300 TITluy, YT O COOTBeTCTBYEeT
AONen caHTMMeTpPpOB.

CepoBopgopopg n 39/TeMEeHTHYI OeHEY T OBl
peareHTamM B pe@aKUMAXCOCEeBPEABRMARI T H blX
M3BecwsRAMA WNUX akKTuBauumMm HeobBXOQUMB X
pagunonunsa, doTonmnsa, cnocobcTBYylOWME
mo-pagmnKkanos omaoimm @e@asnm B cBA3UKM C 3T UN
cnoomBO akKTmMmBauunNMU: XUMMUYECKMUR, KaTtanu
TepMuUuyYeckmnnn, C n o mMmomgbmnmo MBO)Y YyrerHm ak o Wodv
(opHOBpPEMEHHOE TnNpPpuUuMeHeHWaen 6Hoencekeo N &K MXE
noAaXo4oM K akTunuBauyuunmu MHEePTHbIX €oeq
npunreewmea s RONOoa®O®3 MOXHO He ANnd BCeXx Ba
cMeceln.

CytTb MmeTopa MBO cBOagmMTCAa K TOMY, Y
annonen (NonNApPHLX MONeKYy”n) npunoobperT ace
nor noweHwA SHeprunn. Mpwn CHUXEHNMN N H
X a
AK T
peakTope, KOTOpbin o6nagpaeT UCTOYHUKON
Mpwn

B O3

o

TMNYHOCTSDb OB WMWXEeHMWA MONneKyaBaltd NPpHHe p:

mMBauUMWI COEegUWHEeHWWN nopa [OBNIVCK BamBeawl HVE

3TOM 3HayYeHWW nNnoBefgeHUE MONeKynn
acTadpai BB 10ueTkKoy HRg R ET K GbICTpPOMY
pa3orpeBy wMaTepunana. MBE® ac reoic 86 ,cMB/yeRK

OCH

Y
0]
KOTOpPOM noBblWWaeTCHA KOHUEHTPAaAaBENSA UNBXA
OB HDbBMMU P € adkKaucut onHuHabMvMn B peaxKkuymsaxX
A

coegVHeEeHUNAMN.
Pesynb Ti@maOCNegoOoBaHUM MHT € HXWMGIW I & 1§ IK U
npoueccoB Nopj roeEBACmSB™ éano NddoccnTowl b 3B0 B a
NPOMbIWLAEHHO®PHPBRK TUBHOCTHLb MCNONMb30OBaAHM
BbimnapuumsallKwyaluBaHAa, OT BEpXM]e HommAp avBaaTaeHpH

oA MaNnoTOHHAaXH bIX nponM3BOACTB. Hanp:
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He@T a3 oBpPAXaMHOOOpPas3HbL: OT pas3Begmun M
ramwmMmmyecKkKmnX TEeXHONnNor ni n npo
yrnesopgopoagcopge[p98awmnx oT1TX0pn008B
PeHTabenmpHwMawme HN A MBTOC sB3 a R A Y A € €
CoKpauweHMUM npoAaonxutOe AV EEIEOTCUT 03 BB OB 1 I

npepagc biaBaghnc .

a ™ a ™
YeenuueHue
CEeNeKTUBHOCTH
peaxkumm

COKpaLleHUE BpEMEHM
peaxkumm

- n

OTcyTcTere NoGoUHbIX

NPOLIECCOB ASCTPYKLUMM
Ha CTeHKax cocyaa

[ veenuuenue BbIX0Aa R
NPOAYKTOB PEAKUUM U
YyNpoLeHUEe Npoueccos
MX BblAENEeHUA

A ™ o ~
MNpoBegeHMne peakumin
6e3 4oporocToAwmx
KaTanu3aTopoB

OTcyTcreue MukpoBoiHoBOE
pacresopuTens obnyueHue

HanpaeneHHan 3KoHOMMA
akTueaumAa SHEepropecypcoem
pearvpyrowmx Moaeryn 6e3onacHocTb B paboTe

™) ~
MpekpaweHue HoHTpOAbwM

NOCTYNAEHMUA SHEPTMUM ynpasneHue
nocne OKOHYaHUA OCHOBHbIMM
peaxkumm napameTpamu peaxkumm
.

J

it dmMz@sLlMNpenmywlmecTBa OpraHmyeckKkoro
MUKPOBO/THOBOTIO O0O6NYy4YeHMUSA

MMWKpPOBO/THOBASAP eAK T W& LY b O K VLB abeXT0 [ B
LenesBblX MNPOAYKYBS/ VPUTaBKAEVRIT 1B HOLE §299. a
Takumum ob6Gpasowm, aKTyanbHOCTb WU nNpakTMW

pa3paboTOK, OCHOBAHHbBLIX HaAa MCNONb3O0BaHt

1.4.3. ltwddjdegjdzdy dBBjBBHOBSEHF o ~d

B paf(30ddrepuBoamnmTCcSa ONWUCAH W eBXbHCA/KOOr 3|
HanpaemnkaoHT feneHne, nepepapCHRKRY B Mg 0P
NoNyyawm@mMOCsH MCTKEE PIRIPT bl X0 T,C 0O BOAUUNHCET HK €
NnPUPOAHOTNO rasa, a TaKXe B psaage TexHO

oTpacnu. ABTOoOpamu npunBoauntacém( Bsinunuc a
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cBepxBbCOXWUYCBY)O T CTAaHOBOK , MCNOoONb3y
cepoBopgopopga, p a3 p<BdidIiia Hr HOE X0 B G GBBbIMI €ALCC TT HOC
B. I. BomorPgHILH acwDK y pyaTOBCKUKW MHCTUTYT »
MpenpnoXeHHBN TEXHONOTNMUUY-BIENMBDPaRPOWe
paboTkun cepoBOpgoOpoOoACOAEepXaWNMX T a3 0B,
1) oTpeneHnMme cepoBoOpgopopga C€C NOMOLUWb
2)3paxdSmea BoOopgopoOag W cepy,;
3) BbigeneHMe yKasdaHHbBX NpPOAYKTOB.

ABTOoOpamu pa®paxoeTMaaH a NP oOMbIWEHHOIN’

nepepaboTKnm cepoBoOogmBpcogepxawmnmx r as

HS. CO

T s 1

€0 {H:S)

] e

i \ Is
Fppy ! ;

H.S, CO;
st

1 — ¥38N OMHCTEM M OCYLLKK rasa; 2 — y3en MemBpaHHonD paineneHWA cMecH «CepoBoqopod-
YIMEKMCNBIA rase. 3 — nNasMoxdMudeckidd Gnok, 3a W 30 — MHKPOBONHOBRIE MNAIMOTPOHBI,
4 — MATHWTPOHHBIE MNEHEpaTOpR, 5 — MCTOMHMEM NATaHKA MarHaTpoHHe!X NEHepaToOpoB, 6 —ce-
POKCHASHCATOR, T — CHCTEMAa OMMCTHA rasa oT cepHoro azposons; 8 — Gnok MembpanHoro
pasqeneHWA CMECcH «BoOopog — OKMCL YIMEpoaa — CcepoBoqopoaas

OB
K

t dMzdBBnekxema NPOMbLIWAEHHONR ycTadH
b) 500

n cegwpwdoagopoga (MOWHOCT

Bpab¢@30lknpmoeegeHa oueHKa 3 @dpdpekTUnBHOC
BHICOKOMONEKYNAPHBIX YT neBOAOPBOHGH eWMIT TG

MBO YcTaHOBOICEGHBIEHHOCT N M3 MeH@HWUd 0 BCOTrpc
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yrnesogopoagHoro coctaBa 6utymoB B 3a
PEXMUMOB MUKPOBONHOBHA® 0 BB 0e@0GBA)M.
Bcrtatf32paccmMoTpepHeba KCBH Bl NpoMbiWwaeH
3 (pheK TMBHOCTHDb n X N-pun M & xaEsom i € CEK 1 X e JuTpeE
YcraBkKka pgaiwTt WCBaHU nun 7)n apoawH cddoOcbrB T npyer
HenocpeagcTBEHHDO nepeanp Nneyb 0 n nmpsos n .

NOBbLWEHNUNA-I RN AEBMKODECKMUNX nokKa3saTenemn np

bannac

><]

M o
Ll BN CBY > 4>

reHeparop

dihkzdzZs{bnek®mma nNpoMbLWA-¢gERAWDEMBHO T 0B K
Nnamana npouecca nupbOiMBRART ) MO WHC

—

JaHHOE TEexXHO/NOTl UMPEIICBKMEY B P AKME B HWE @[ a
TUNEHMKEHMI OoOb6pas3oBaHMA -HNHOODP G MXT UMHPE
yrnesopopogoB U THAXeNnNon CBMOX/OBOCAH M @odl U I
Heuns3 MeHHOMH CW MBMbIX 0 ;e dpakuyumm apop@T umu
CHKIEHMNIO 06p a3 OUBTACHOUKSAD aKupareqya aMa T e P M a /i b H bl €
HaiepepaboOTKy Cblpbfa.

B kKkauyuecTBe nNepcneKkTUBHOINIO HamMpaBDOe
mccnepoBaHWUN TMNMOCBSAUWRHBE @WUBETAKOWD TSRHIBHXEV €
3ar pa3HeHUnIm MBONOM®IMB P ble 3aknwyarwTCs
3arpasHiwereniesipeuBo ge er o/kpopeyee TOKCMUUY

Tak,pabd30 npeagnoxeH wMeToOoa O06e3Bpexl
NOYB oOpPraHmMuyeckoncomEewpkam g Marig e, K O]
TpyAHOpas/iarlr e NBIKY /JBSHICHHX K O MB 0 HIEOHTOALR

MWKPOBO/OHHBI®MHM S, MNO3BONAKWWNUIA CHUMXATHb

73



2,5 pasa n HeprosaTpartTbl H a OYUMUCTK )
XUMMUYECKOTr O paszi/BODEEOHTICSH MaEF KToalieTy Yb,ue
CO,,MHKOKHCA,HOHCEA WM e O6OONbLWOTIO BpPpepga OKPY
M3yueH npouyuecc nNnuponusa -60gHaAXMBBBAT (
nop pencTBUMEM 31 e KBTCpBAHM ag mHaB@w3dermaec kxneomias
TEXHON @MWUMKICKO LL € C C a YIT Wipea/DI80giCconaouiBs 3 0 B a

ABYX MWUKpP UBOUYH@BE®XIEPHe AdMBd/IBn.8dHa Ha pwuc

Boxoa npoayxros
nNUPoNKU3a
bnok paanenenus
NPOAYKTOB NMPONK3A
RP—V Ve
MpoSoorbop NpoGoortop
bnox bnok
OXNaXQOHHMA OXNAXOOMMA
Muponuaxan Nuponuanan
news F. ‘1 20 neus F-130
e ] |
MNap -
Copeo pabasnenmns

tdmMzdAs{Cxema NOLRBYXMEHMHUKPOBOIHOBbIX
TEXHO/NOrIrMYeCcKYW NUHWIK nuponmsa Yy

Bo3MOXHOCT®Db NCNOM»BYB@HMIMA EEBUYK aT
npoyueccaxpe@aeey30mmagd BcmMmHTeEes3a MeTannnokcwu
C 3afaHHbMMU CBOMCTBAMM (antmMoOXpoMOB
HW3 WX nap@mwwH 03BT) 0. M HMNHPOBIOWME OB O I
pa3HONpPO MmN JTEMHIEP O T-BIPK@ATIB G J/OH O B bl a K TTWMBHA LBV

KaTanmnsgaeepapye KOMNOHENRNRPpPORBANAaAOABRAATC
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Mopagob6HBLBE npumenp bl MCNONb3O0OBAaAHMS M
TEXHONOrNrMYecKNX nNnpoupeccax YKadJNWOHXIONaH

YKa3bBalT Ha HEO6XO,£I,I/IMOCTb pa3BUNT NA C

144, [ dCtsotddss 2 MddlsjL st Odd yg i

PaccMOT p3BGHbI peakBpm nonuncynb hnpgos
apoMaTuMmyecKkumMm yrnesopgopogamu, copgep
LEeENWB Y COWUXBIWBXOTHOBOS O 06Ny4dYeHUA

B yacTmpe@umnuaweamiK POB O/THOBOT O P& R W wu
ctTMmpona C 3NeMeEHTHOIME®OpPBN NPUCYTTERBAL
KonumyecTB BOAbL MU TUAPOXMUHOHAa. B pw3y/J

250npeHMNTMO PeHOB

KOH/DMSO/(H,0) Ph
— hydroquinone
o S o ﬂ ’ /@
MW (600 W), 4 min 5, Ph Ph
S S (1.29

OTMeuyeHmeakugmos B OTCYTCTBUU T UAPOKX

CenneKkTUBHOCTS b IH. B pe3ynbodpa,3 yeadidps 4

beHuvmnatTnnpBpdipeHwmpga T nn ), A4swdegma@ihnedH w

1.35TpudpeHumnbé6eHs3on:
Ph

J— KOH/DMSO/(H,0)
Phi 5 MW (600 W), 4 min ﬂ + /@\ T
’ Ph S Ph Ph
S
/\/Ph +
S

Ph Ph Ph
+ N NN N N
Ph

+ Ph ﬁ e
— Ph ‘ ’
Ph Ph

(1.30

75



MpwTOM npwu HoabrbpyeHsoavd B n ° C8EH Ga HW@W)1OT Nt
YyC/NTOBMWAX, HO ©6¢e3 MUK peB@OH@ABOM@Pe@monmy
cxemMa8x wm@yT B AaHHbBX yCJ/O0BMWSAXP OMMPCEXVONIY
nonuMmmMmepunmsauma cTupona.

N3 yu ¢307hD BANAHNE MUKPOBO/TEBEE@B E@KT IAKH
peackuunm dbeHMNnauyueT noleH®@N B C CuUucrTel
KOHIMC®,0. lNMNokas3aHO, BYOT/IOH O B1@ & P OOMOQN3YBY0E/HSME
ynpaBnaTb CeNeKTUBHOCTbIK U 3dPPeKTMBHO
BT, 2 MWH) H a peakyumMoHHYIO cMecChb
4-be H-B-[(Z)-be H n N M e T-bAgoumTenHo| n a

S¢ /KOH/DMSO/(H,0) S
Ph—C=C—H > Ph =
MW (90 W), 2 min \

S (1.3)
Moag penctBuem MBO (600 BT, -A Zna)

M3oOMepPoOB aAuUWcTuUupuncynbdpuaga B COOTHOLWEH

Ph
Sg /KOH/DMSO/(H,0)

MW (600 W), 1 min [ \/ T\

Ph S Ph S Ph (132

Ph—C=C—H

B ycnosBusax o6b4y-B8r d CHamBpepa-pgladd;, Zc
M3o0MepoOB AUNCT e A-Q-K2)-¢ ewm iy a m & T-BIAogvrenao] n a
He3HauyWVr eB/lbbXHEBT ¢ @ BNHpoee My WLe CTB O CUHTe3 a
3aK/104YaBeOT3SCMAIO MBYy OpPAB/NEHUA CEe/NNeKTUBHOCTHDb
SPPeK TUBHOCTbLI Npoyecca.

MongHL[30§ THMOoOamMIKagbly MEROPOAWN M B blX O [
GeH3uMnTaMNHOB nnu NPOMN3IBOAHBXCEDOWHS3MN
MUKPOBOJ/THOBON nNeym MU B YCNOBMUAX OTCY

TeyeHMme 15 MUHYT
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MW
MW 170°C/15 min 170°C/15 min

S
PN R Sg
Ar/\NH2 4> )J\ /\ Ar I}\II — )k R
Ar N
H
R =alkyl, aralkyl; Ar=aryl
(1.33)
170°C/ 15 min

(1.34)

ApomMaTunueckmnme anke(HTbPOyTE - BN AGAED B8O
XNeABNHNNOBEeH30nN) pear MmpyrwT C KpacHBbBM
CBEPXOCHOBHOWN-GEMCO eyle npOH MM K pPOBONHOB
(600 BT Mub) B npucytTc309annonyisdnfne mH
dbe HunNng T ls mYaE-1Bu-dboe H N ) 3 mu fsjc RAEP-Cl-doe Han h n
boc puHCcgB DL Pu A

X

KOH/DMSO (H,0)

S S=—P
+ Preg + S MW, 600 W, 6-8 min XO7R

R =H, tBu, Cl

R (1.35)
AB T op BMy 311 npoBeaAEGPraHaI/HIE C K N X p e
AEeWNCTBWEKMD OBO/THOBOT ONPoBoYWelwmIXxa , K 06

cepocojjgepxXaumwx coeagunHEeHUIMN

0 weakly acidified / \

SH silica gel S S
T S/\/
R; R, R, R,
70-90%
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OO

NH4NO3 /
Rl\ )J\ szlzcagel /S_S
R
: 57-98% (136)

RR-MeT-unpeHUymK n-oREapRyMN LNKN0aANKMUIN

YcTaHOB/NEeHAa LenecooMMpU&3pHBOTIEKH OBOU ME |
B CUHOE®PE aHNYEODRCWMMHENBNO/Cb3O0OBAHNE@M |
CEPHUCTBbLIX P/EAMEEHTTH@BNA Ccepbl UAKU e é MHNo Y
Ppunpop€padrca TakxellomiwTe™H/BO BT PIGIMKATMHD 0B \a
MCXOMAHBbIX CuGmtpma meie Cc K INe Ancynbdunpgsol,
TUWOHB W 3aMewWwWEHHBLE TWUONWUPAHBbI.

AHanmni nAuTepaTypHbBLIX AaHHBLX NO BOB
CMUHTEe3 nokasan, YTO Ccepa nNepcnekTMWUBH
npouyuecacmxgedicTBnNeEM MUKPOBOTHOBOINIO 06N
cepbl, KoTopas yyacTByerT B pasHISX T

revtepouniSthywaymmwHanmnsayuumum U CyYynb Pu AN
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1/l 2. [farwuvrrr1lRL trYV]?2uduf

OcHOBHas npob6newma, cBA3aHHaAs“a ¢ O

Chipba 3aKknwyaeTcsa B o6pas3oBaHUM Haa oOC

B C
cp
6 un
T e
on
ne
06

razoobpasHbX OTXO0A4OB, Tpebywowunux yT
Tynasa B XWUMMUYEeCKUEe peakKkmmceis CB BOSKLPEYCK
ene, MOryTtT o6pas3oBbBaTb BTOPWUYHbBLIE T
oT e, BK /Y as yenoseka. BonbwmMHCTB
XHOMTOIMMMN CepooYMCTKNU HanpasBAaeHb TO
TMUMM3ALUUNI NapaBeTpPHOOB HiegpopaccmaTpus
pepaboTKy M3 BJ/leKae MblX OT XO0pM0B. on

pas3ytuwnecs B BUA@ CTTABOIEEP e pHaebjor Tek

3 PpPeK TUBHBMMU CYnNbpupytwmmmn areHrTamu

Py

oT

c e

O —~ 1 0O
o)

T O O

Mp

np
n X

9 K
no

HO

HKLUMWOHANMKMU3aUWMO eoapur HAEHHNYIAE C R & X /1 UCY H bl X
METUWTbL OTCYyTCTBMUE Nybnumkauumm, nocssA
POOYUCTKWN YT neBofoOpoaHOrNoOo Cbipb4 B
p bl. B HacTOoOAWwee BpemMAa OAHMUM MNU3 nNnepc
naencaseTaHne 3PPeKTUBHLX MeTO0OnOB U3
epoBojgopogpga n TUONOB) n 3 yrnesopj
nNnyyeHuMmem Ha WnX OCHOBE& HOBBbBIX n a9 g
OM3BOAHBLIX Ccepb, Oob6NapgawWMX nNpPpakKkTMUYE
OM Mn3IBNeYeHUWHA KUCNbIX CEePHUCTHLIX Npwu
paborTe npepgnaraeTtcsH4 OB a OCHOBHBIX
MMEeHeHMWe p[JaHHbBIX MNOAXO0[OB OCHOBGbBIBaAe
OCTOTe annapaTypHOro ocdgopmMOoeyuacTBDBR
B MATKWUX YCNOBUAX NPUW KOMHATHOW T
A npouyeccos KCTpakKkuyunwm 6yanyT pacc
ONOTrMYeEeCcCKNU YNUCTHhbE, ycTOMYMBBLIE U CN
HHbl€ WOHHBE Haven KaqiccTovp.6 uB1 OCH/HYoUd o4 uMCT

Bble apgcopo6eHT®hl, nonyuyeHHbe nN-AMW; Mo
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K

oMnnexxkcamwmMmwu nepexomnHasbX MeTaJsnsnos C

agacopobuyumnMoOHHEBbIE cmcrtemb AanA obeccepus.

H

"

ayuyHoii nNnuoapaaypwpe He
ABGCONWTHO HOBbLM peweHNemM aABNAeTCS

3 BN1eydeHHLBbX K WNWCNbIX CepPpHMCTbIX npunmmme

MNKPOBOJJITHOBOM CMHTe€ea3e MpaKTuMnyeckKkHm" nc

C

"

C

C

epbl.

B npouyuecce BbiMOMHEHUS JaHHOWNO pa
CNONb30BAHMWI AOCTYNHBX XUMMUUYECKUX Pe¢
ONPOBOXAEHMWA C NpPUMEHEH-MemMOm®B.peRBekw

oefANHEeHNI 4N s CepHUCcCTOM byHKULMaAanms

paccMOTpPEeHB YT /TeBOAOPOAbl,P ackoUuamesapxk a LK/OEHC

Ana nopTBs

pupoagHOM rase, Takune KaK UWKMOoOaNKadH.I
pXaeHnsa 3 @dpPpekTMBHOCTM BbLIOpPaA

e
PUMEHEHNUS paccMOTpPEeHb WU aApyrue pagoOCT
A

.
COeANUHEHNA, UERKIEPOODRAONHEHNS U NpPOMUS3
coeAMHEeHNWIA C pPas3sNUMUYHBIMU GYHKULUMOHANbHDLb
KOTOpble OOAHOBPEMEHHO SBNAKTCS WU WN3BIE
BblOpaH bl cepoBoagopoj " TWNOANBbI. [ aHH bl
TUWaTHEOTLO Yy AaanNneHUWsS U3 YT NeBOAOPOAHBIX
OKpYyXatwlytw cpepagy, T eakKkCTMUBHHbb, WK 00X pACB 3bIBCAH
BAUSAHMNE H a pa6boTy JOPOTr OCTOSA WK X M e
Bbl3blBass WX OTpaBAeHUEeE. BoBneyuenH@aaT ME
npeanoOXeHHbBMU COBpPEMEHHBIMMU MeToadam
MWUKPOBO/NHOBBIMMW) npuMBOAMT K OPTFraHMyUeoc
TpagWUUOHHBMM MeToOoOAgaMMW MNoNAyvyYawTCcsa 3 H
cTapgmunii " TpebyltT Mcnonb3oBaHSHA X
BoccTaHoBuUTenemn, AOCTAaToO4YHO BblCOKMW:
AOpOrocTOoOSsSWMX KaTanmsaTopoB.
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B pa6oTtTe npumBoauMTCA anNnropuTtT M TNPUTC
npumeceinm, nNpuUMepHbIe TeXHONOlNIrMYeckmnme C
XMmagKocTtTamMm N apeppbagvuubiMpjagpaqgpobeHTan
TMONOB, a TaHKPoe MaRomUioKMe aa Mogenb, B
BO3MOXHBbIEe nyTwu coyeTaHUsH pas/fnunyHblX
nocTaB/NEeEHHbBLX ULenewn.

Bce peweHMsas HacTOSWEro umMccnepgoBaHM
HWea-n atTomMcbeperawwmne peweHMsa, KOTOP bl
AanbHeWwer o 6onee rnybokoro mccnepmpoe
Hed@TerasoBoro npodwuns n npwu M3 y4yeHMu

XUMUYECKNUX TEeXHONOrumum» npodmnbHBLX BYS3

2. 1. REREMlsH €CHOC 1 CMistcOGj dals™ Hd&W EHO
feddiMi2 dL bkedj osHssH &

MOHHBIE XUWAKOCTMWU, obnagas YHWKAanNbH

nepeBOoOAgY pPas3/IMYHbBIX TEXHONOIMWN HAa HOBGDLb

ycTomnymBocTWu, NPaRTBOAYBCRBUIKIOMBEABYYH
nongapHOCTMWN, Xopouweiwm pacTBOpSAUWeE U cn
BA3KOCTW, 4TO NO3BONAET paccmMaTpuBarThb
cmcrtem. B cBA3M C BbLICOKOW NONAPHOCTHDLK
K a K NPpaBmM3noOoObBbBEMHBIX OpPraHMYecKIMUX KarT
HeopraHMyecKMUXx aHWMUOHOB) , He CMeWwnsBarHt

GpasytwTcCcHd ABYX(Mpa3sHBDBE mnnu MY NnbTwudgas3

D

0

3KcTpakuuMmm B MNepBYW o4yepeab MNONAPHDELb
CEPETHLX KOMMNOHEHTOB (CApOeBOAWPEAMCKB N
C

BA3 aHHBIX C vhaneHunew T @K @AW HHIB X KW

KOMMNODOHEeHT OB, npnmmMmeHE®EeHMWE M OHHBIX Xnpak

3

peapctaB/asaeT HECOMHEHHb b bWHOT € Ip @BCH LR @bHO

~—~

pas3agen MXiImMoryTt ObTb yCnNnewHO nNpPUMEH
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6e3 AONONHUTENbHOTNO BBepgeHWUSA @OHOBBLIX

,D,afleeI\/‘ILIJeFO 9 /1TeKTPOCUMUMHT €3 a C vyyacTunerl

B KauyuecTBe pearepBOBOpPOpasB/IBYKBRXEeygTHBE
nuntepaTtTypb nokasan, 4TO cpepgu 60NnbWOT
KCTpakuunm CeEPHUNUCTbIX coegVuHEHMU n 3
McnNnonb3ymwT NMUPUOUNHNEBSLIE 7 MMmunpgasonwu
JOCTaToO@HKBOHRBRONYy4YaTb B nabopaToOpHbLX Yy
Kak KOMMepYecKW [OCTYNHbLEe pear eHTbl.

B HacTo4dawWwee BpemMms cywecTtByerT AocCT
nyénmkayumm, NOCBAWEHHBX CUHTEe3y pasinu
XnpgkKocTtemn, B T OMMO pHWOWYe CKIHMEGEBHa U C K

XMAKOCTEeN B KaTanNMWTUMUYeEeCKUX peakuunsax.
Symyx [312] , B KOTOPOM oONnucCaHO 6oNnbwoe
obcyxXxpgaeTca uUenbln pap KaTanumTuMmyecKkKux
mcnonb3lderewILMNAaTbHO KONMWYECTBO WOHHDBGI
6e3srpaHMYHO U NUMUTUPYETCALMA M IOKT AE @MW
MO/TeKYyn (KaTMWOHHBIE yacTMuLUbl) n Heo
MeTannoOKOMN/IEKCHBX aHWOHOB. T[lo pABXI MUY
KoM6MHAUMN KaAaTMOHOB M a@aHMUOHOB B Takwmn
108,

Bce OCHOBHbBLE MeToOAbl CUHTEe3a WOHHDLBIX
TPW OCHOBH®8314:pynn bl

1) peakuuma ob6MeHa MexXAy CONbik cep
AHWOH B rAOD@BEBPREHBLM C Heo6GXO0OAMUMbBM KarT

Ag'B + A*Hal -~ A*B + AgHal;

2) peaKkuuna K BalTKepPIH L3Ol rem  nNh om3I BOA4HO
MeTanna:

=N*-AlkHal + MeHal = =N*-AlkMeHal 1.

3) peakuyuumum MOHHOIo obGmMeHa Ha MOHOO
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O6 wa « ameagmd 0B CMHTeEe3a Ha npumepe
XMKOCTen npepcrtaBneHa Ha cxeme 2. 1.

B nepuogmueckonm nutepaTtype nopapob6!
OTAENbHBX MWOHHBLIX XUWAKOCTEI.

)

MeXa
—R R\N/\N/R

e

Keatepruzanus \@ /

Harpepanue: 0,5 — 14 Harpepanue: 0,5 — 1 u
CBY: 15 cek — 1 mun CBY: 15 cek — | Mun

-—

HY / MeY
R\N/\<>N/R ¢ R—n

v Honnoii odmen

©

e
MeX g

1) NaH 2) RX (n36)

Cummerpuunbie MK

/>_.

HN

i

1) DTunar Hatpus 2) R-Br

—

R
\N

(7

Hecummerpuunsie H/K

Harpeeanue: 24 —36 u
¥3:1-3u
CBUY: 5 — 15 mun

R'X

—

MeX

. n ,
N/R R\N/\N/R

e

X Kearepauzanus \@ /

Harperanwue: 0,5 —1 4 Harpesanue: 0,5 -1y
CBY: 15 cek — | mun CBY: 15 cex — | mun

. HY/MeY
R\N/\N/R R

(Ol

v Howunsrii 06MeH

©

)
MeXp.q

(2.1.)
Hanb6onee pAOCTYNHBLMMU B nNnabopaTopHbl

ABNAKWOTTCEAHAI KB UHNPUNOANHNEB bIX VI],O(I-DI-I'I:{D)O b 41K @ @&

B na6opaTop|/||/| caMOCTOATEeNbHDO B He
KoO/1Tn4yecTBax:

83



» |\ O

BuOH ——— BuBr —»

4 zexcan | + . ayemon

Bf*
B bu BFS 2.2)

OAnNgaKCTPaAaKUMOHHON OYMUCTKWU MOAENbHbIX
OT KMWUC/NbIX CEPHUCTbLIX KOMMNOHEHTBB ABHHK®

pabaope@MeHeHb chneagywwme NUPUAUVNHUEBELIE:

Me
N N
| ) BF, ) e
NG N*
I|3u l|3u
[1-BUPY|BF, [1-Bu-3MePy| BF,

n MnmMmagasoslTnNesBbE conun:

Me e /Me
N N4 N
(/ ) BF4- (/ > PF6_ (/ ) Br’
N N N
Bu Bu Bu
[1-Bu-3Melm|BF, [1-Bu-3Melm]|PFKs [1-Bu-3Melm|Br

211 flsd L OydWw fr] ao[:z L Cisd ®rtsd d d fig plad:
H

z
A d sflsw d3d
MccnepoBaHMe 3KCTPaAaKUWMOHHBIX CBOWCT
nNpoBOAMAOCDb H a MO Aenb HZ & N TcavHeac,n  cHOap, €
cneapywowune T1TMuUO0 b, OpyolHRHT @I H TreckAt,a H T
rentTa#dATmnontunodepeoHm n mgpkantatH) n 0
(6eH3MNMepKanTaH) . MocnepHwi BblOpaH

AaNnbHENLWnX npeBpaweHnn, MOCKO/NbKY 0 ¢

cBoOoero CTPOEHWNHA " Hallnmiwumio pe3oHaHCH
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CTabunnbHOCTODbLIO. HBLLIXO O |y C /DAIBTMMM A BIK C T p a kK L |
npoueccaAaULWB@KCTPRAEMEHN KOHTa aAKT aT, o /iwascac Ot
pacTBOPUTENHOUNKODOBMYACTI®BAI b3 OBAaHNSA N XK
peEeHepauyunn, MBECOPPRPATLHMAGTMPOBOANUNN C
TMonomaHTGBAlyo favogenbHasas cMecb 1) mn 6eH
cMecb 2) C LeNnNbk 3KOHOMMUMU peakKkTWMUWBOB V
CopgepxaHwne 06 uWwen C epbl B O BCexX 006pe
KOHTpoOAMpoOBannwu MeTOoOAOM SHeprogMnomep
CNeKTpPOMME@ TR@NMOAOM ULUUKNUWYECKON BONbTaAaAN
TemMmnepaTypa npouyecca KcTpakKkuyuunm
XMAKOCTAMMU UT paeT BaXHYW poOolb, MNOCKOI/
Ha MW3IMEHeHWNe UX BA3ZIKOCTMU U TeKyasBOWM
onTMManbHbBLINA TemnepaTypHbBN [2da nNNap3voBHe [
TeMnepaTypHBE 3aBucumMoOCTMU AN A O BY X
beHmMnmetTaHTHMonNna), KOTOp®ble AeMOHCTpPM
MHTepBan WU CcTeneHb 3KCTApPaKkKyymwmne BooTh OIp D U

pagnkKkana TWONa.

50
“2 45 ———
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= 40 .”’_;-—*--".'fﬂ -——..______H-..__L_‘hh
E 35 *— "“‘-ilz
2 % — =
E.ZS ’f l\\‘\“‘ “"-,-______ — IV
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i iy ‘E_::“‘:'R H
E 10 ] : “‘-—-_Q._.qh
5 s ~ |
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0
toC
20 30 40 50 60 70 BO 90

t d Mk dzstod ild issmis! Misd 4 ded + CSMistc@Cydd
[1-BuPy BF,, Il - [1-Bu-4MePy BF4, Ill - [1-Bu-3MelmiBF] d % j dzd dz
BJ Is O dzls /s[dzBu-4MePyBF,, V - [1-Bu-3Melm{BFy) ks Isj BB j & C
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Ana conen numpumaguma Haumbonbwas abceco
Mnepatwbypak, 5M0na conen wmmMumpgaszonuma of
eneHN 3KCcCTpakKUuMM NPU NOBbLIWEHNUU Tel
3 KocTHn n, CNefjoOBaAETEGHNHROTN YBOAHOE@HN
MBOAMWUT K ®QGopMuMpoBaHNI NOLBUXHOT O E
MEeEHeHNA MUu3InmyeckKkunmx xXxapakTepucTuk ab
3y MOHHOW XUJgKOCTMW. Mpn yBEeNUWYEeHUNMU
KydyecTbKUMEIOIKHEIX N MeHAeTCcCsa He3HauyYurte
6GO0ONbWOMY YMEHbWEHNIK CTeneHUW 3KCTpPpack
MoHHaa Xu-fyowmeT nh nMunagasonnmsd 6 p o N
epaoom arperaTtTHOM COCTOSAHUMN. B CBS
cTpakumm Cc OB IM amalearB /Ice HTUEAM NAEIHAHTOWP oclo N
N3yuyueHUne BNNUAHMNS NPOAONXUTENbHOC:"
BNeyeHUAa TUONOB MOz BIMM a HKaN [, € O GNTC ST\ I
n 6 Orbital SheikerELMI SO . 2 ( c K orpmc TNLO KA N o, Y

PUAMNHUBLIX ,MUTAABKB OMMBEBSBIXMCONEelW onNnTuma

2530 MUH22( puc.
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tdmz@as8asunmcummocTtTb cCcTeneHBUSH R—aCgHESEI K 1L 1 ”

no

an

B cnyuvae -6y o3megran n1 v m A@E2a0B ommmwy T KO
HHONW XWMWAKOCTMWU C€C MOLENbHbBMU LJOBMEAQN BHU

A [JOCTUXEeHUI NoNnNoxXmB)enbHOT o 3 ek Ta
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<, 10 —_— ==[ tsH j dz! dzOw fn
. A~ SH J dz/ dzOw T
0 6 12 s 18 24 30 36

tdmMz@sTasncummocTb CcTeneBud-MekniBrpack yny
BuSH, 2 — CsHsSH
M3MeHeHNE NOT/OHE@OILE NNETYyYOEOMbIX T erT

conem OT COOTHOWEHNWHA MUOHHaAaA XWAgRDCTDb:

ml:1
1:2

CTeneHb aKcTpakumm, %
W
_‘D
o
1

MogenbHaa cmecb 1 MogenbHaa cmech 2

t Jindzx¥.3aBnMCcCUMMOCTb CTeneHUW SKCTpPpakKkuUuuWl
MOHHOW XWUAKOCTMKBUB-MadmiBrs 1o ana [ 1
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tdmMz@s¥aBunucumMmocTb CTeneHNW 3KCcCTpakKkuwni

MOHHOW XuUAKOCTMKBUBMadmlRlb 0 A na [ 1

M3 PUCYHKOB HAarnanHO BUWAHO, 4yTO O

MOHHOW XUAKOATHA.K AHPBHOINIMYHAaASA 3 akKoHON
APYT NUX N OHCHTBEXA . XX U A, K O

MpoBegeH CpaBHUTENbHBLWN aHanNnwmi3 BINAWNS

MOHHOIM XN OKOCTMU K ajgpnyp 6wum e n TTamHoan O B

OAHOKPATHONK B3KCTpPpakKkKuum.
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o e 30
AR
+30 - AR
(] 18 8 ERR A
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H [1-BuPy]|BF4 = [1-Bu-4-MePy|BF4 1 [1-Bu-3-Melm]BF4
. B[1-Bu-3-Melm]PF6#% [1-Bu-3-Melm]Br

tdmMz@sCpaBHMUTENbHBN aHanNnMi3 3KCcTpakKkuuwu
MOHHBIX XMUWAKOCTEeEI
B pagy XOBKHGIXTEN C pas3nunyHHobBum REHN

Ha6]'IPO,£I,aeTCFI YMEHDBbLWEeHNE o6eccep|/|Barou_w|x
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TEeM, 4TO aHWOHL MWOW HBIB NRUWIIKGC Tearig p'BEpu

PR ruagpodo6HLM. F'maopodo6HGLE > omaax el

pacTBOpPpUTENAMN, a TakKkXe cCoO

MHOTIT UMMU

Hanpumep, BreBo@oHOMMEe p eBy-B-Melmlfabmaw alfelr 5\

PakLuMWOHHDOI a K T BBua-MePy[,

=~
—

O 9 oo wm 4 o w o
¥ I O O O O O =
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N
O ® x» T O

poumna 6eH3IMIMepKanTaHa C

w
zZ < O 9
L

()
X

cTpareHTOoOB.

M3BecTaEAOYyBEB8/NINYEHNE KpaTHOCTMW

c CoMR@CH
cnepuMmMeHTaAaNbHbLM 2640aHMHEBMMO N(bpaMgcM M a p H
eccepuBatwwenm cnoc oo6-H-OGy T-B+ve TO 6 /maMlaaoa 3
adT op®@wpRaMe TM N MUHga3IonNnna o6pomnpg.

eT Ha cTeneHb ero wus3BneyvyeHunsda-l1uns

e 39 PdPeKTNBHLWMUN gebOKydraWdme mn nampun gas o
6o0Nbwei
ae NPpUMeEeHEHMNA TeTpagpropboparTta C

ewe HHor o nnpmaomHmMA npoAaAaBUMIN HaWu

3KCTP

nNoBbIWATbL KauyecTBO paduHarta. MpoBepageH

KOHLULEeHTpauwniow cepbl B MOAE/bHOI

CNCTE®EeM¢

P®PA), u4TO nNnos3BONsSseT AOCTwuUUYd/).eBponeimncek
< 120
£ 100 YcnoBsus:

glOO t=55C, -
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° 20 \ 11

v

0 T T T

2 .3
t x c e 'E 'H_mth __ ¢

t dindzs Y. M21or okpaTtTHaa a3KcTpakKkuu4d
Bu-4 -MePyBF,

MOJAdENnbt
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BnumsaHue CTPOEHMUSH yrneBopgopoagHOT o

XKNAOKOCTAMMU HaKU,lPIEI'IBHbFBNEaBaZ.lﬂpMBe,ﬂleH

vOBd&ZJUYUOTRENAdHDb NWBBORAOEBHUG, % Macc. ) nj
SKcCTpaKkKumMmum M3 MOAe N b HWMUASKCTVAOREG ur oy Im Faer 0
10%)1-6y T-4MmeTUMpmagnHMA TerT pbkRBpda-oeP§IBFR a T 0 M

Tunon a, % Twnon a, %
CsH;SH 42,2 C;H1sSH 39,8
C4HoSH 44,9 CeHsSH 59,4
CsH1.SH 41,8 CsHsCH,SH 64,3
CeH13SH 41,3
AHannasa 9 K QT8 alkIL IH bl X TMWONOB n 3 M
MMUT NPY OLWN X BbICOKOOKT AHOBBbI 6GeH3MH

anndpatTmyueckKkoro yrneBogopoagHOro papguneke
abcopbuyunmn TUKM@AK OMTOBIHE,0N B TO Bpewms [
apomMaTuMmyecKoro papgpa HabnwgaeTcsa MakcC.|
TOro, 3amMeHa rentTaHa Ha nMWs3obyTaH Tackh

Takunmw obpasom, H a MOJe b HblX cCMe
onpepjeseHbbE KakpyaeMBe T Pbl 3 KCTpakuyuum:[l-Bpe
Bu-3-Melm|Br — 15 MuWuH. ) , KpaTHOCTb TONNWBO:
cTyneHen a3cTpaemMpopapaTtTypa 3KcTpakKkuuwm
500 C pgna nmunpapbid@B CvadbEx-meTnn oambpammga
-85° C.

212 eso jHjdedj {1 SMlsteOSydd dtsdader d3d HJL

C yuyeToOoM BblOpaHHLBX pekomeHagauumm 6
rmgpooyvmuweHHoOn3Ixpakngaan.128.02) Oy mfnon

MeTunnumpmaunuuma TeTpadprtopboparta.
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v Okd yO. MH.02r ok paTHaH

3KcCTpakuus4

AN3enbt

CtryneHb 3K|CopepxaHppn| CTeneHb 3KC
1 92 62
2 50 79
3 12 95
Temnepatypa 55°C, BpemMa KOHTakKkTal30, mwenune

peunknos
[fpoBepneHa

NMPAMOT OHHBbIX
1200C un -2B@CO wu

METUANNMUPUANH
OOHOKpPpAaATHOM
CHMUXa
ppm,

cocrTa

eTcsa [To
B O
Bnaer

BpeMeHMW KOHT
cTene
Ob6ecc
Hanoéo

3-Melm]|BF; B

Hm
epu

nee

J p3dRCY Man 281D
21 %,

M3IBJ1eYyYyeHWHs
BaHMWe

3 PdpheK TMUMBHOE

dyprak airnai

MX Ha -BaXpoKOQgRYBERBDAE P A0 ppen
9 KCTpPaKUMNOHHAaH-

kcormmDHOaertHCc aT a

Cenpbl

O4YNCTKaA A 0]

Ac-Tpa

rmpapoouun HIBHAH oai mhpm-GLvGEM4e n 1

n A

T e Bp-4aMePyB,06 oB aprea3 y n[blr a

°kCETOopmaekpmanH nEe 2 5¢c e p bl -120€ b

16280 pppmm,

5 %,

akta po 30

Mas3yTa

ppm A0
35 %,

CepPHUCTBbIX

286C drp ak L pl@2rd
155

CcoOOoOTBETCT®BET

ppm.

MUWH 3BIOD /THDPI®T H @ (

npoTekaer

Mm3IBJsievyeHMUe

npumMmecei

TpyaAal
-Bue c T v

TedyeHneg T3mpmnuremneparTtype 4

COOTHOWeHNBKRAPRTE@HMa. I: Opuw(s3abm. 243

copepxaHmel X

,ePp%Wro.0 o

2,

57

v OB dzd YyB- X.cIF paKkuUuMOHHAaH4 cCepoouyncrTKkKa M i
XmnpapkocTteimw (MaccoBoe =xlolpTHoweHNUe WMX: ma
Ctene Bpewms
MOHHaAESA >K|/|3|<CTpeTew(:neFia KOHTal
a, % ¢ MW H
[1-BuPy|BF, 19 55 30
[1-Bu-3-Melm]BF4 22 40 30
[1-Bu-3-Melm]Br 10 85 15
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HDOBe,quHbIe ncecianepgoBaHMMAH YKa3blBalo’

HOpPMa
yrnes
XNnpakKo
mcnon
KoMNO
mcnon
npepas
Ha
cepos
CUHT
TeXH
Mpenp
CTpoO

o ® O3 O o

TexXH
yr nees
ceposB
pacTB
uenes
3 ek
B blC O K
Herart
BblXOf.4

opr at

2. 1.

TUBHBLX NOG@GABRPRXEBHMWEBRI KBC/TbIX CE€pPHIUC
OAOpPOAHBLIX ToNMAMBAX 3a cyYeT NpuMe
cTein. B JAaHHOM dHeprocbeper akgw
b30BaHWUe BoJoOpOgJpa MU He nNnpoucxon
B € HTToON N M B a . M3 BNe4YeHHBLIE CepHuUCcT
b3 0BaHHb 4 n s NMONy4yYeHUs npakTunuy,
apuntenbHoOW o06paboOTKWU

OCHOBAaAaHMUN 3IKCNepuUuMeHTaNnbHbBX AaH
ogopopga (ankKkaHT UM OYUOEBK M PUBI UVK3PYOUBEOHTVH}
3 a C n X yyacTune-mH popamapav®@HHama
NormyeckKkoro npoyecca nonyvyeHwunsd
OXeHHasa TexXHONormsag CcuHTe3a OopraHtH
Hn4 OT 1N Y aHentecws SMKPOWINDEr HAEY € C K U
normyeckKkoro npouyecca nepepab6or
ogoOpoOAHbBX dpakKkuum, BKAWYatwwer o
ogopopga (anKkaHTMNONOB) c mcnor
oputenei) N IOM 1€ A WBIKIR @N NCKPHOTBED /1
bIX NPOAYKTOB peakuum Ha OCHOBE
TUBHbBIM ABNAeTCHA NpuMumMmeHeHuUe WX B
ON 9NeKTpPpONpPOBOAHOCTMN, pereHepa
NBHIODSA DU A Ha OKpyXawwytw cpepgy Wu
a cepocojepxaluwmx coeguVuHEHMNI H &

nyeckKMUnX BewecTB.

3. lted®jtedzOv Isjrndasdzseduj S oOw o,

xﬁHQBMBd d 1 SMisteOC yd tsdadfts dat johp2 dz' W MekOE

TexHonorumnmyecekKkasd cXeMa YCTaHOBKMWU C

Aecy /wb3dayyy m pAu3enbHOWN) hprmrRgupagpaborT @
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o

MMUCaHHBbLIX B nuntepaType NPUHLWARBERMWMNUI
MOHHBIMU Xnpgk-dHF.Tamm [ 313

YCTaAaHOBEBOUT M3 HECKONbKWUX CeKLUWNIN:
N X, 6 /10K OTTIOHa aueToOHa, 6 /10K 9KCT
AVN3eNnNbHON Gpakumm M O6BMNOK pereHepauyumn

OCHOBHBIMMU annapaTtamu Gnoka CUHTES3

(@]

MelweHNA, KoOTOoOpble HO®BOBT xWwTa 4 nBMPW BV T e 18
C U H T BMPg BF]. Ha nepBom 3-tame2u B(P8p e3aaBrimogn \

cTagunm uUMKNa) nNnopgawTcss nNpeaBapuTenbHO

oytTunoéopomupg | Jilnwveelihoalhemeagmedlun BaHN e p e
B TeyeHnme 12 4yacosB. OAna nopgpepXaHWH
yacTb NOTOKa, KoTopasa MMowA® THa&r paBacs

cTaguun uUuunkKna) BO3Bpauwaertrca ob6bpaTHO B
3ajflaHHOTI O BpPpeMeHMWpeHEeryveseE Humree cIp ek p a ma
yaoangdaeTtcasa ns3 peakTopa. 3aTem -6 T4 R a K
MeTUANUPUAUHMA OGBpowmunpg, noctTHtWwWmaeau&mren

MepemMewnBaHMe peakKUWOHHONW cMecu Bepger

OJanee os@paadacd coweremne TM AN unpwuAal
TeTpadpPropbopaTdl Hac auyEvMoHHa pokauynBaerT
Tennooo6bmMeHHMKe THarpesaetTcda o 40°C n
KONnNoHAY E KOTOPpOIW npoumcxoaunurt OTTI OH
KoHaoewrganomuwnnb-l pk gakK&Xéc aGlegaoaeitrcsda B Ce
1, OTKYyAa 4Y4acTb nNoTOKa oTnpaBnga-t&tTed
KayecTBe OCTpPOro opoweHmda, a BTOpasa

cmMmewnmBaeTcaV.c Chvako-ik ootvomimaH KOHHasa X
ViInocTynaeTtT B 610K 3KCcTpakuumn. ona no,
K-1 yacTb NOTOKAa MWOHHONW XuuAak-btTtTwnm Rachpsy
nNoag HUWUXHIKWKW Tapenky.

MoOHHAaSA XN AOKOCTHDb VI Har peBageac§5 Bl

nogmaeT B BepXxHWW 4Ya c Bb MHKOT TOaKymMEHa ad
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O KoOHH&nNnRra@epb NepemMewMBaHMA HaAaxXO0[ATC
Pacnonarawtca KaMepb BepTuUuKanbHO, 006
annapaTta noMeuweH Ban eaoMeHaKeaoHn HB BH &
nogaeTcC4d nopgorpeTaa -7TB TMAPOOYMOMEHHAR
bpakVWllha copgepxaHumpm cleopHbH a290 OKM A K OC T b
KamMepy nepemMewnBaHmnA BepXxHel cTyneHH
cKannuvwsaerTc/ne fyalougmee .c TBynce HM M OHHaAa XMn
Hacocawmu, pacnonoXeHHBbBMMU Ha Tpyb6onp
TemnepaTtypa XupkKkocTtTewnw perynumpyeTtTcsa ¢C
SKcTpakuunm CepHMUCTBHBIX coefgUuHeEeHMUN TOoN/J
9KCTpPpaAa,KTOWPM3Y KOTOPbLIX HaAa pereHepaywunto
XNnpagkKoXecTb

B pes3ynbTarte 3KCcCTpakumm H3a  NBOLIXYO4 A€
AN3enNbHYW Gpakymio cC Qg IX p(HiaeHIeesn i C enpp
yCcCTaHOBKMU) MW HaCbIWEHHYIW CEepPHUCTbLIMU C
ManblM copgepxXaHuewm (X717 021498 o/ glaOn%)H NTA0 NC/nn
IXoTcTaneaetTca-2B cenapaTtope C

MoTXKkKHarpesaeTcd B mMeemyillaeT B B ak
perHepaium BRKYyYy MH bLA oOHTakcaodcy BBAHE T 1 a3 bl M
C3, B KOTOPbLIN C Bepxa KOMNOHHBL NOCTYyH
Mocne pas3speneHunda 3Toro-4KkenjewepanaTtTsBiec
Xlm KoHAeHCAT BOAGIHSOT OF NP a0 OHMO IBHIBK a .
KONOHHBL ANA oOTBOJaAa Tenna uUuuUWpKynupyer

PereHepunupoBaHHasa XInyoXHOHQaMAT »CU OHKVD3Rar WK O
Aanee CMewnBaeVlicm IcCa udneocTToBKEO Mp e U U P K Y N4
pereHepumpoBaHHON WX ByTampmMalain anearpcksds OBN Ap
peanunsdaunmm. WN3BNneyeHHbLE CepHUCTBHLE cCcoOe
noaABepPrHYTb TNYOBOKOMY OKWUCNEHWIW U WUCT

KMNWCNOT bl.
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2.2. [BjmMMmjtcdoOdzd] kcdzj o tsHBWEH dz' =
BsHIWJYydtetso Odzdets 3 CsRYf dzj S MOBd ¢ J tej

MoOCKONbKY T MmappooyYyunmcTKa YrnesBopgopos
PHMWCT bIX KOMMNOHEHTOB, Hblee aIND R TUMSY LLL et
pakTepu3ayeTcsa BbCOKUMMU BHeprosaTpart
gopopa, MHTepec K anbTepHaTWUBHLM a
paeT CcBOeWlw akKTyanbHOCTW 3a cuyerT n
CTYNHOCTM, HMBWKDA Db HYPXO B I S KCNn/ayarTa
K Xe BO3MOXHOCTM ocyuecTtBAEeHMNSA

gopoagcopepxauwero ras3a B OTHoOCUTEenNb
HOAEeHLUWMN B nopb6ope HocuTeneim B 6
NONb30BaAaHUEM MEBOBOPUIBIX bIKOMRATEPNMAB ,
MMEHEHMUA MOAUMPUKATOPOB HABAAKNTCA XOCf
TMONOB, 4UTO OTpaXeHO B NuTepaTypHOWU
30N0OPUCT bIX MaTepunanos AOCTAaTO4YHO

ryonceTH4 aTblIW nNpouecc, KakK 9TO OTMeuya

€ X O0/A4HEBble MeTaninbl, 4aue BCero B B WO

s T O

MeHSAKWT ANa MoAMPUKAULMUU Me3 0NOoOpPUCTE

(@]

opb6beHTOB Haumbonee YacTIONCTLLX]1 € @§ A
MONOHEHTOB AaKTUWUBUPOBAHHbBLIN yronb N M
TUBUPOBAHHBIWN YT ONb T3pa& LEHTO0 pred PeHIYL UL
epAblX coOefgUWHEeHWMm cepbl Npu MoAU (pMKadl

MOK oTnumyatrrT Xopowwe, XapawoeaaumatorT

CTaAabUNbHOCTIO npwu BbiCOKMNX TeMnepar:
OYHOCTbL. TlpakTunuyecKoe UCNONb30BAaAHI
Cynbdypusayumm TaKxXe 3aTpPpyagHeEeHO, Tal

MNMEeHeHNuemMm MOK K n Hepd®paTunumMoMy pas3py
MEHEeHNWw uBerTa, 4yToO henaert HeBO3 MO
rnoweHdHmunsa.
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OTNANYNTENbHBLIMU OCOBGBEHHOCTAMU AaHHDC
MCNONb3OBaAaHMWE KOMMEPUYECKWNU AOCTYNHOT O
MOAUMWMpPUKATOPOB cuUuNUKar ensa ZogQuE o’ deifpce x o
aueTaTHBM AHWOHOM M MNONUMEPHLIX CcOMel
KWUCMNOT b, B ) MCNONb3OBAaAHME B KaudyecT
nornotTutenei KOMMNJ/TTEeKCOB neEraxaomBbs M

nmnradwHpgamny.

2.2.1. ¢HMBLBY]BdROY Mjtessydnsso f {1
d OyjlsOlsses §jtejrntsHd & &jlkOddess. [

MHTepec K nonunmagepH-bLM MONTeKYnap
KapbokcumnaTHbXdMeommmeBC bime 3 a /1 /IMOEBIQ LN & C
CTPYKTYpPY KOOpAMWHALMWOHHBIX nonunmenpo
KOHULUeHTpaunmem akKTUBHBLX MeTannoueHTPOI
CNoCoOGHOCTbLI MeTannoueHTPOB yyacTBOBSa
Boi6Op AaHHDLBX MOAUWKMUKATOPOB ENIPUH € | & N
razoobpasHbX WU XUAKUX TONAUB NPOAUKTC
B OpPraHmMyecKkux pacTBOpUTENnAX, BbICOKOI
B nopax Hocutensa, a TakXe p[fOoOCTYynHOCT
ObpaboTKa noBepKMBAEDEPUAaNOPUCODBIRMUHEHNSHI
OpraHmMmyecekKmuni 7 HeopraHuw4yeckwmMMu bpar
BapbupoBambu MPpuwe &K 0 € cBOMWCTBaA apcopoc
CnocobBGHOCTbL NOBEPXHOCTHOINO CAO04.

B pab6orTe M3yuyeH 9KONOrmMyecekHmu Y u
ancopbuUMOHHBIN MeTOpn ypaneHMsa HeSMKRSBHp X ¢
n 3 MOAENbHOT O TONn/nuBa C Mcnonb3 0B a
MOBEPXHOCTb KOTOPOro HaHeceHb Kapbok
nog BoO3agenWcTBMUEM ynbTpas3BYKa. Cuny
agcopbeHTOM, a Kapb6bokcunarthb NeeipcerXsoMmH
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KMNWCANAbIMHA

ob6bnapgatwuwne

yaeneHo

CEPHUCTbBLIMM

coepawu

nNnoTeHUMaNbHOI

Kapbokcunatam

C CepoBOAOPOAOM W

OMONOr NyeckKkomn

MeTaJsnnos

cTpoeHUe

CnekxkTpOC K-IRB.M wm
B T1.ab.n4.
nepexoAaHblX

noATBEepPXgaltlume

WM POKOM

sOBdzdyXadpakTepucT UKMU

MONy4YyeHbl

[ 318

npunseemgeHbl

MeTansnos

TeMnepaTypHOM

atBi1iwWwgHOCBe ®
B WOHX

ycTaHOB/MEHDO

ans

CTabOMNbHOCT Vb

LWHKa,

MeToaamu

3 HaydYyeHWns4d

nnBanatT OB

HEeEHWNWAMMU

006

OMonor myeck

nM. H. C.

CNOCOOGHLE
TMONMNAGNOODDPEAUWHEGHANR,
k8A6oKcCcun:

peHTT

npepocTaBI:«

pexunme.

HasBa/ dopmyjTemnepallpogyKkKT Monexkyns4
cybnummapasnoxe opmb B
°C nnn dha3e

cyébnumma

Mwn e a n|[Zn(Piv)], | 210 [Zn(Piv)2]n Zny(Piv)y

LMWHKa

Mwu B a n|[Co(Pivk], | 190220 Cos( #O) £ M Caoy( $0)(Piv)s

Ko6an Piv)s( $Piv)e

(11)

Mwn B a n|[Ni(Piv),]s |322 NiO dopma,

HUK e cogepxau

bonee Y
aT oMMDB

Mun e a n|[CuPiv)2]n| 230 Cu, CuyO, CuO| Cu(Piv)s

Me U

B 3aBnucumMocCcTMU

KOoOMNIMeK C bl

OT

MMEeIT

npoyuecco

MPUMEHEHV

MeTain)

npapaguakapbavcnbhi

Ppa3fnunyHbLE

KapKacCHLble
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Zn2
Zn
0
e c
O !

it Mz dz2cLCTP.YX TYypHbBEe dGopmMynb Kapbokcwuna
crry; 2 . NMhsaoapguma g AOKHBW nonwnmép;

-(unmk nollygpmampobébokKcumnart)

[fpnBepneHHELBE H a punuc. 2.9 KoMNDANeKC bl

pa3/IMYHON pPacTBOPUMOCTbI B BOAHBLIX U C

MW MaNOHATMOMOME@ABEMNHEHNA, PacTBOPUME
LWHKaA He pacTBOpPpAeTCcs B BoOAe, HO X
pacTBOpuUTeEenax (mM3onponumnoBbBLIA cONMUpPT, \

ana npoBepgeHMA agcopbuyumnmnoHHOM ouYyMnc
yrnesopgopogHoHoobxognmea O6blI10 ONTUMMU:
npoyeccosB: pa3mMep nop HocutTensa, Bpew
KOHUeHTpauma KapbokcwunartoB.

) Bbl6bop nopguoxacwmwmige Jksp.eMHUsda obnapgaeTtT p

pas3snNMWyYHbLIM pas3sMepoM NIPBUNBLTINOGMNHANBEBOOC
HocuTenda. B pa6boTe npoBepgeH BbbOOpP Hawu
obnapawwer o MakKcuMalbHBM NOTr JOoWeHNEM
MOAENbHOT O Tonnumea npwu MOAUMPUKaAaLL NN

nepexoagHbXx MaTtanhpoBphet2m1lO:
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+ 100
90

+ 80 j
o 70
Zn(CH,COO0),

W60 ~ _
° 5 [Zn(piv).],
° a0 [Cuy(piv)4(Hpiv),]
T, 30 [Co(piv),l,

20 7 [Nig(OH)s(piv) o(Hpiv),

10 o Co(CH,COO0),

0

2,2 3,0 6,0 9,0 15,0

~ " a h coh 5 ea

—

i dMzdzct¢E¢32BAOMNMOCTDbL CTEemNnmpein alDT MOJEE HO'T
nop (HM) MoOoagaMWPUUMPOBAHHOTIO CUNUKAT enNnq
N 3 O aHHBbIX punuc. 2.10 cnepyerT, 4yToOo
NOr TowWeHMsa KUCNbIX CEPHUCTbLIX KOMMNOOHEH
pa3MepoM nop 60 HM, 4ToO onpepennno
TeHAgeHUuUnAa coxXxpaHdgeTcCcda He3aBMUCUMO OT T
N 3 pMUCYyHKa cnepyert, 4YTO HaumMeHbLWwas
nponuTKe cunuKkarenda kKodlMynnekcomM nuBana

i) Bo3spgencrtBue ynNbTpa3sBYkKa H a 3akper

noBepxXxXHOCTMWN 4 B nopax HOCUTenasAya.

Ana 6onee NPOYHOT o MU OBLICTPOro 3akKkp:
AMNOoOKCKHga KpeMHMUA NPUMEHSANMN Bo3gencrt
MakKcunmManbHGBRARKEPEEME&MM A KapbokcwumnartoB
NOBEPXHOCTMW anpcopbeHTa B 3aBuCuUMQ
YyNbTpPpas3BYKOBOT O BO3AeWCTBMUSH npoBOAMNI
abCOpPOUNMOHHON CNeK-APCOEDODWMIOHHD MAOVAI @ K @
300 C OoOE@OUWMSId MeToOaUKMN M3 MepeHum B a

KagMunasa, UnmHKa, CBMUHLUaAa, HMNKens4d n Mapr
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ocapgkax CTOMYHDBIX BOA MeT odg@amo p GNnuiocaHV
cnekTpomMeTpumun. (MNMH@). ® 16. 1:2.2:2.3: 3.
QKcnepuMMeHT N oOKiamawa,1bHOGMN MOZ N PN K a L
cMmnmKkarenda ynbTpas3BYyKoM MowHoOCTb 180C
MWH . C yBenumuyeHunmewmw NPOAONXWUTENDbHOC
KOHUeHTpauyna (Tabn. 2. 5) HabnwgaeTc4d

npakKTNnNyYyeeKMmMe HE A .

v OB dZdYy®BRMHSHME NPOQONXKUTENbHOCTMW YNb
agcoOpObUMOHHYI CNOCOOBHOCTbL CUNMUKT ensa,

nepexoagHbx MeTtTannoB (1% macc. ).

KoHueHTpauyuvBpemagewncTBMA YyNbTpasBs)

TBEepapon da 3

(HocwuTenb dgg 60 90 120 |150 |180 |210
KpeMHua), N

Zn(CH,COO) 45,91 45,73| 41,28 43,34 39,28 40,61 | 39,96
[Zn(Piv)a], 50,42 | 56,98 68,73 | 67,14 | 64,77 | 63,26 | 65,51
[Cu(Piv)]n 30,81 35,65 | 40,37 | 49,85 | 42,76 | 56,17 | 45,12
[Co(PiV)]n 33,22| 41,94 56,88 | 63,23 | 70,37 | 76,61 | 71,19

[Nis(OH)s(piv)12(Hpiv)] | 51,58 | 58,29 | 64,71 | 66,25 | 70,31 | 67,68 | 67,02

Co(CH,COO) 30,82 | 35,69 | 40,44 | 49,87 | 46,78 | 56,23 | 45,12

MpoBepgeHMWe mMmccnepoBaHUWW NOrNoTUTeEN
TMOMOB n 3 MOALEeNbHOTO T™MOOmgVvdanal, n p @ 1B ja
KapbokcumnaTtTaMnu nepexopgHbX MeTannoB
BOoO3aeunWncTBUA ynbTpas3BYKa (tabn. 2. 6)

JanNnbHeNnWer o Mcnonb3oBaHMSs-9006 pMmnbHO. T K U ,
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v OB dZdyOUN22MEHEeHNE

ajBopoOpaga cepam3onpo

MOAMW(PULMUPOBAHHOM Kapbokcunatamu nepe
3aBUMUCUMOCTMU OT NPOJONXKUTENbHOCTMN BO3[
Kowmn ne k|Zn(CH3COO), |[Zn(Piv)2], [CU(Piv)2]n
CteneHb OYMUCTKMU %
ts 03X 3, M
H.S | RSH H,S RSH H.S | RSH
50 62 |69 70 78 34 |39
60 59 |63 72 84 41 |45
90 58 |62 73 91 45 |51
120 61 |65 73 85 55 |63
150 55 |59 70 82 48 |54
180 57 |61 68 80 62 |71
210 56 |60 71 83 50 |57
Ko wmn n e k| [Co(Pivk], [Nio(OH)s(piv)12(Hpiv)4] | Co(CHCOO)
ho¥3 . MCTeI'IeHb OYNCTKMU %
H,S | RSH H.S RSH H,S | RSH
50 23 |42 38 46 42 |37
60 27 |53 43 54 52 |46
90 36 |72 49 60 61 |54
120 40 |80 72 89 65 |60
150 45 |89 76 94 90 |80
180 49 |97 64 79 75 |67
210 45 190 59 76 73 |65
Kak cnepyert ns3 O aHHblX Ta6bnnmy 2.5
obnapgpatwT 6onee HW3KOIW anpcopbumnei H

aHanorlr N4YH-LBMMU

MmonNnmMmmepHbLBMMNU

KoMnaneKcamMWu
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TOro, auetTaTb TMAapPpONM3YyHKWTCABHAPBABNAY R
pacTBOpUTENSAX.

M3 nuTtepaTypHbIX AAaHHBLX UWU3IBEeCTHO [ 2
MOXeT CYWecTBEHHO BAUWATbL Ha KaTanutwu

CBSA3aHO c 6onee TOHKOAUCNEPCHBM pa:

noBepXxwHaTammsaTopa. B Hawem cnyuvyae, E
obpaboTkKa cnocobcTBYyEeT H e TONbKDO )
Moagundpukartopa B NOpb HOCUTensa, HO ”n

MoaundpukatTopa NOoO NOBEepPXHOCTMW HocwuTens.

2.2.2. 1tHBotgdey ofid daff gzl O Nds] dzls O dz! dzr o3
d3d stsH Od3d

O6bpas3oBaHWe cynbdPupagoB MeTannoB Ha
B pe3ynbTarTte apcopbuwunmn nNoATBEPXAEeHO

MNKpoOoOaHasnTms3a Cc Mmcnonb3oBaHWMWEM pacTpoO

ZeissNVi si on 40, OCHaweHHOTr o pAaeiMax(®0opo
MM~ 2) npu yckopawwem HanpaxeHwuum 20
MepTBOM BpemMeHMN ~10 (puc 2.11) . Me

NOBEeEPXHOCTbL 06pa3uoOB HaHoOCUAWMW cnoun yr

4000 o T Si
3500

3000

ity, counts
S
R

15004

Intens
5
5
5
w

5004

T T T T T T
18 2 22 24 26 28

1I 1 .I2 1 Id 1 vIS
Energy, keV

tdmMkzdesC- l2HBble 9N1E€eKTPOHHOMW CNEKTPOCKDO

apcopb6eHTa, MOAUMPUUMPOBAHHOINIO NO/TMMEDQR
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ApCOpPpOUMNOHHBIE XapaKTepUCTUKN KoMN/J
HM3KoTeMnepaTypHOMW agpcopobumnwm a3orT a,
3HAMUSA YyaAeNnNbHOW nNnoBepxXHOCTMW urc, c /i6eAnly 1en
68C ™M agnAa cunukarenemn, MOAUNPUUMPOBAHH
crry, Hnkena (1 1) cooTBeTCTBRpEDAHT T AG
M cepoBoOogoOpoOAga A€ M3HBUCPWMNO/COTTb CCITaedbnyaoH |
YyAEeNbHOWMNW NOBEPXHOCTWU HOCUTenNns.

OQhheKk TMBHOCTDbL apgpcopbébumm cepocopgepx

cmMecei H a MOAMMDPULMPOBAHHOM CUNUKa AT ¢
agcopb6bumniw B paBHOBECHOM pexumume. oMcc
pexunme obecneunBaert HaxXxoXpageHune |

agpcopbunmpoBaHHOT O BewecrTBa 7 Nno3BOMA
napamMeTpb agcopbébumm B HebOONbLWOM WUHTE
CUYMTaAaKwTCd HeUW3IMEeHHbMN. B y C 10 BKAGAHXT gaOKOTC
agcopb6btmBa € NOBepXHOCTbW agcopbeHTa
paBHOBECMWI. Frnyo6uHa OYNUCTKMU, gocTwur
ancopbuUuMOHHOT O paBHOBecCMWUA, cooTBEeT
SPPeKTMBHOCTM apgcopbunm CEPHEIOHERIP KA M
KOHKpeTHOro apgcopbeHTa.

B TtTabnunuye 2.7 npeagcrTaBnNneHb 3 Ha4yveH

nponaHTMoONa U3 MAMEMDWAEWLIN PCOMBEACHIH O M K a

Me T anZm BCu, (Co, Ni) cumnunkKkar ene. Apcopbuywnu
paccuyunTobBpOpPaMybiend 2. 3)
=5 a0q9)
[S] (2.3)
roeYRY ° ¥, (MI9 RREKPHUEHTpPpaumsa obwem cep
Cbipbe, SV+K/OKHTUL,e Hf pauyun s ocTaToO4YHOTO cCo

OYNWEHHOM CbhiPprepHMEeEARpPaAaLIN agcoOpobaepl
(nNno oTHoweHWW K Wak(¥ke) ,c bMMiskac T ae cbAp

mS-macca obuwen cepb, @r .nphaoyém na.doo m
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DEIM g

H ) Mm,ctMacca apgco@@eHrt

a=

sO0OBdzdyPe2yTipa@8HEHBIBECHON agcopbumm cepc

cMecwmopgpRAPMNUMpPpOBAaHHOM Kapbokcunmnartamum

Zn(CH3COO) | [Zn(Piv)y] | [Cu(Piv)2] | [Co(Piv)z] | [Nig(OH)e(p
Temnepal2 n n n V) 12(HpiV)4]
°C o, [a, No,la, |o.]a, |0,]la, o %|a,

% (M1 /|% |[mMT /|% |MmT / Mmr /
20 21 0,045 |34 0,11 |25 |0,07 |20 |0,05 |16 0,03
40 28 0,055 |69 (0,23 |34 |0,07 |40 |0,10 | 39 0,08
65 34 0,065 |92 0,26 {46 |0,12 |59 |0,15 |87 0,16
80 20 0,036 |51 /0,15 |38 |0,09 |30 |0,08 |67 0,14

PesynbTart bl 3KCnepuMMeHTOB no apnpco,|
cmnunkKkarenew, MOAWNMULUPOBAHHIBIM ayuerTa
cBuMagetTenbcTBYIT 0 MOBbLIWEHHOMW 3 bhe
OTHOWEHWI K Tmonam. MeTopaOM (MYHKLMWOHSa
B3LYP/6-31++G{d,p) ) , C Mcnonb 3 0 Eaussi®Mn @p om @Jahv
onTMmmMmilaumem T eomMeTpuUMn, npoBeAEeHb Ppe&
KapbokcunaTtoB ULWHKa H a KnacTtepe cCunn
yKa3aHHbBMMN (Kpavayie KK aBiMMnN O/THEeHb [0 . I

mMarumcTtpom A. H. KaMbWlWHMKOBOWN) .
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U OB ZRBO3IHepretTmueckmer pedeKMHEH OA3 UMY
Kapb6okcwnl@ramun,

gnd BO ) OCydd oE
CH3SH + ZnPiv, = PivH + PivCHz; + ZnS( k 1 a £n3S$ p 6,5
C.HsSH + ZnPiv, = PivH + PivCHs + ZnS( Kk N a £ngS¢ p -1,3
H-C3H;SH + ZnPiw, = PivH + PivGsH; + ZnS( k 1 a £n3Sg@ p -0,4
2CHsSH + ZnPiy = 2PivH + Zn(SCH), 15,4
2CHsSH + ZnPiy = 2PivH + Zn(SGHs)2 16,5
2 H-C3H;SH + ZnPiy = 2PivH + Zn(SGH7)2 16,6
CHsSH + ZnAg = AcH + AcCH + ZnS € n a cZng&)p 1,4
C.oHsSH + ZnAg = AcH + AcGHs + ZnS & n a cZng&)p 5,5
H-C3H;SH + ZnAg = AcH + AcGH; + ZnS €k n a cZnsS)p 4,6
CH3SH + Zn(cbhdcy = 3499
HOOG-ch-COOCH; + ‘OOCGch-COO + ZnS k n a cZnsSsp
CoHsSH + Zn(cbdg,? = 3427
HOOG-ch-COOGHs + O0Gch-COO +ZnS( Kk n a £ZngSe p
H-CsH,SH + Zn(cbdg,? =

343,3

HOOGch-COOGH7 + O0Gch-COO +ZnS( Kk n a £ngSe p

dpar MmeHT CTPYKTYpPb cCcynbdupaa L WNHK :

Knac tZe8.n= 1, 2, 4, 6) . PacuyéTb nonkas
(T.e. C yBenNunuyeHmem pas3amMepENVGHXKAKLH T
M3 pe3synbTaTtToB pacuyérTos, npepcrtaBieH

BEPOATHbBM MapuwpyTomM obeccepuBaHmMmsa SE
nmBanaTtToM LUWHKa, NnpuvaBZP-ATLEKE KaKoOPRAB C
XapakTepusyrwTcsHd bonee B /M30K 1 M 1P a B3HHEaH UM
anNnbTepHaTMWBHbBLM MapuwpyToOM papgemMepKanTadt
npoaykT TSR mpBpunpoaga yrnesogopoagHoro p

MOnekKkyI ne TMNOnNna, e € T BOEKHaH30blI BOa € B J1 UICAYH U A
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CcCMaAaTpPUBAEMBIX MOEL®OHEHBERY CPBRAIWMKEES 3 H

yyae MeTaHTMUuoONa, 3TaHTMoONa WU nNpona-t
CornacHoO pJaHHbBM, npepacTaBE®BABMbBOLI
akKuUuMin OeMep KcaimyTyaaHen 3MAMMIE HBE H M S Ma /1 0 H

eBblWawT ETRaMBAOUWMUYABX peakuwmwih ¢ yuya

KuUM o6pasom, C TOYKW 3 peHusa aHeprT
akKkuwui, MasoHaT ULWUHKA [JONXEeH nNpossBI/
UegeMmxpKantTaHMm3sayumMm NO CPaBHEHUW C

nepuMMeHTal/ZlbHBbBMMU AaHHbBMMUW. I‘IpquHa

o]
C
pookKcunatTadmmgyme Mg, B@akKk/swyaeTcda B T
eeT 6o0NnNee yctToMuYynmMBY CTPYKTWEHE @ 0C K
eé paspyuweHwunm.
[fpoBegeHHbLE pacyeérTsbl, MOoOgenupytwwme
cumnunkKkar ene, NMoO3BOMAWT NONYYnTHb (
pamMeTp bl Mopaeneim ancopobuUumMOHHDBX K OM
BasnaT oM, aueTRANMOKMG WaKipada@mepaMn Cu.
epr uu agcopbunmn an4 nmBanarta, auye
OTBEeT CO97POp49190¢ 2-1 5, 0 K AX/ mMmonb, 4T O
MOMNMPOM3IBO/NbBHOM NpPpOTEeKaHUNM nNnpouecca.
B cnyyae ManoHaTtTa @nerRrKaTpaGamgasHI
eprumm agcopbyumm nNo CpaBHEHUIW C MNUB,
noHaTtT UMHKa ob6pa3yeT 6o0/1ee MNPOYHBbIK
NbHee ypepXmBaTbCa Ha MNOBEepPXHOCTMU
anmMojgedegBmM@E@LCpPOoOfLOM N TUMOTAMMU,

CopepXaHnue WUWOHOB MeTannoB B TBepA/a

MEeTOAOM NNavMeweoOpPpOoaMOMHMON CNEKTPOMETCV
300, Analyticlena AG (Tabn. 2.9).
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s OB d&ZdyYyoO- KXKoHuyueHTpauwn Coydi®B TBepaon

MOANUMPUULUUPOBAHHOTIO CcUAUKAT e N«

. MU H C*we, MT /[ oM
! [Zn(PiV)2], [Co(PiV)2]n [Nio(OH)s(Piv)12(HPiV)a],

50 50.42 33.22 51.58
60 56.98 41.94 58.29
a0 68.73 56.88 64.71
120 67.14 63.23 66.25
150 64.77 70.37 70.31
180 63.26 76.61 67.68
210 65.51 71.19 67.02

B paboTe nNPOBEMMHOECEEBART MB@E/TNPOB
MOHOMEPHBX NuBanaToOB MeAaW U K OoSBiBHL T a
Bocnpoums3BoOoasUWeM dpar MEHT NOBEPXHOCTMU
KoMnnekca, o6pa3oBaHHOINIO nNWBAJ/IMHOBOI

PacuyeTb npoBOagWAIUCHL COTPpPYLHKKID.MT akunaedH. K

Mar MmctTpomM Kadeagpsb A. KaMbIWWHMUK OB O

¢
? e
sﬁ iZ ' czé’{ ‘W\@
W:.z,

c24 ¢
P i
wslize

@

it dMzdzdZ- O TnmMnsInpoBaHHasd reomMeTpus a,

Me XAy MONEeKYnol NnMBanMHOBOMW KMWCNOT bl
NOBEPXHOCTb cunanmkKkarens

Mpoyuecc KoOMNNeMERDY pPAGOBKRHMGNH N UBa.)
7 aAKTMWBHBIM LEHTpPOM cmnanmnmkar ens 39K30
paccuyunTaHHas#s SHepruna3lagpbcopfAKnmp nbpas
npoumcxoagut OGnaropgapsa ob6bpasoBaHWbBI2BOA

CUNAaHONbHONK TeyaNnbL nxmMmaAxTr e OL 9 1 MoanTex W
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nuMsBanim
H12 n
nopnooH
Knopopg
Ha
CTPYKT
aKTMWBH
KoMnne
Bblgens
CUNKNKa
obpaso
Knucnop
H10-0O3 6
6nnxe

3 TOM O

HOBOW KWUCMTOT bl. (pnc. 2.12) . B bl
019 cocraBsaaeandeB8B88B RAnonHe Tun
bIX MEeXMONeKYNnNAapHbX B3aumopgemhncrTeE
a.

puc. 2. 13 npeagcrtaBneHdHa NMONYy4YeHrt
ypa ajgcopbuMOHHOINo KoMnaekca M

bl M UueHTpPpOM nNOoOBEPXHOCTMWNU cmnmkKar

Kca Q©Qd¢PDax/yjlad MONb, NPpPaObUBA €TTP U3 H|
oWy C A B cnydae agcopbuwnmn MO
renem. Apgcopbuyumda nporTeKkaeT no ¢c
BaHMe BOJOPOAHBLX CBSA3EeWm U CBSA:

ofa OOHOW M3 KCWaEIAI/OA.b HbIAN W LY NBIO
cocTtaBnaet 1, B®WOLR. codmaisimna ectB Al
K XapakKTepHbBM 3HadYyeHumam HQiun Hlpm6

AOHOBpPeMeHHO pes3skKkoOM#BEZINBNEARAR G

rpycmeinkapend, 465 A. PaccTZmZH @Dkl ME ¥

agpcopb6

B Mmcxo

LMUOHHOM KoMNnnekce cocTaBnZe@ 1,

AHOWNW MoOoNnNekyne nuBanartTa.
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t dmMzds¢- ON.TMMMN3I MpoOoBaHHAHA reomeTpunaAd a,
MeXAYy MO JekKayr/ao iy UMHKBaa 1M1 K 1ac T e p oM, MO 4

cmnmkKkar ens

it dMzdes - Ohr.TmdMmnsmpoBaHHaAasd reomMeTpus a,
MeXpay MO/TeKY /oW MOHOMEPHOT O NnunBaAaI”a:

MOAge nNnpywWNM NOBEPXHOCTbL cununmkarens.
110



10

=

0
np
BO
n3

K O

O WY W o X =x
S O 9 O T I 9 =

3

9N

M a

PaccunTtTaHHOe 3maopOU@VI A@MBRAMATA KO
2.0 xAOx/ moneob.
Kak cnepyeTtT nW3 pes3ynbTaTtToB pacyérTo
banbTa Ha CMMNaHONDbHBbIX rpynnax M
omcxoagnrteob no TpexTo4YyeyHOMY Me X aHMWu
AOoOpIRABEBA3EN M CBA3IUW MexXxpy aToOMOM KO
CMNaHONbBbHLBX T pPpynn KAQacTepa CUNUKAaATI
MNn/ekxKce HaxoAauTtcs4d B KoopAMHALULWMWOHH
cnopopga (reomMeTpua  UCKaXELHXH OT DU H a4 ]
TaTkKaM NMBANVWHOBOWKKACMEDPM, CANUE BB E
OAnunHa BoOAgOpPOAHD3NG ccBosc3THa BHilaGe T 1,836
ONHE TUNUUYUHBIM 3 HayvYeKBAMERNIT OGWMAKHH
cnopopga) . AN coxyaB AT 1,046
pakTepHbM 3HadYyeHuUuAM AnuUH o0 blUulHmBK K
HOBpPEMEHHDO pes3kKo yBenwHbhRB aeT ccan Nm/Mu
ynne cwnmok af ,ed®m2 A. PakKTNMUeEeCKMU nmMme
aopopa HHDnKHOMNMAr pynn bl H a ocTaToK
ccToOodAHMNE Me XAy aTomMaMWu Co22 n O1
ctaBsnaetr 1,902 A, 4T 0-Of a8Xea1 CNKOHIHLDEA [
BasnarTa.
Mpwn obpaszoBaHMUM agcopbuyumMmoHHOT O K C
EKTPOHHOW NAOTHOCTW C MONeKy Db apgc

nNnNNKeHOBCKMUWX 3ap4dagos Ha aT oMa X NnWnB A
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it dmMzds¢- ON.TMMMN3IMpoBaHHAaHC reomMeT XWOmMN A |
MeXny MONeKynomw MOHOMEPHOrNoO nwuBanarTa
NMOBEPXHOCTb CcuUuAamnkKkarensa.

MwnBanat Megun, WUMewWWNMNn WMPOKO pacnp
CTpoeHMWNe «KKMTamckKor o boHapwuka» [ 32
yoepXunsaerTcC A0 MNOOMBOEKPCXMHOOAC TKbp e MH M A (puc. 2

MpoBefgeHHbBE nNpepgBapuTesibHble 3KCNe,|
mccnepoBaHNHd NMO3BONUAMN BblOparthb onTw

npouecca o6eccepuBaHMsa C UCNONb30BAaHYV

2.2.3. lesojHftEtsoBuseEBOdd sdsdss L
tj Od dzgscts ks dzdo O.

Ans nab6opaToOpHBLIX MUCCNepoBaHWN pacec

M3ooKTaHa Cc C emppocmoggTpwqoowm u( laén. 2. 1
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v OB dz

dyo-B2imaHmne yrnesBoagoOpoOagHOrNo cacrTa

9¢PPeK TMUBHOCTbL apcopoébumnwmn
VLGdz] 9 SHEStGISH
dHMsteB j dzZlsT ek c aH FentTaHtH M3 00KTaH
i, %
H,S RSH H,S RSH H,S RSH
Zn(Piv), 69 86 73 87 43 50
Co(Piv), 47 95 49 97 48 95
Cu(Piv), 62 71 58 65 56 64
Ni(Piv), 69 81 76 89 69 75
Zn(Ac), 62 69 62 70 52 59
Co(Ac). 81 80 82 79 55 50
Cu(Ac): 50 65 52 67 52 68

M3 paHHBX Taob6bnumub 2.10 cnepyertT, Y
HabnwpaeTcsa M3 rekKcaHa UMW rentaHa WU He
pa3/iInyHOT O nencrtBeud MOAE€eNbHOT O Tonn
hbakTOpOM YrneBopgoOpPOAHBLX MONEeKYIN: C K C
pa3BeTB/IEHHOrINIo CTPOEHWNHA HUXe nNo cpas
AanNnbHeWnweM B KayecTBe MOAENbHOINO TOT
renTtatH.

BnmaHunwe npupopgbl KOMNAE®BC MR D apmpe x am
agcopoéuyuunwu cepocofgepxaltwmx coefguMHEHNNR
MOAUNW (U ULUUMPOBAHHOM cunmkKkarene mccnepo
agcopbumn (Tabn.2.11).
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sOBdZdyoO P23y hbTatTb TpexcTyneHyYyaToOn apg

nponaHTuna/aawar {1 0@.npp

" a, %
[ sHdW G G)Islsttal_|2S o
[Zn(Piv)y]n 78 94
[Co(Piv)]n 78 91
[Nig(OH)s(Piv)i2(HPiV)s]n | 82 92
N3 pgaHHBX Tabn. 2.11 cnepyeT BbLICOK
2nponaHTtunony nmBanarta LMHKa, B TOM

MakKcMmmManbHasa CcTeneHb OYMUCTKWU 3adukcwnu
HUKens.

B Tabn. 2. 12 npuBemneH bl C®ZEpLKA av
coegnHeHUWm nM3 aHanora 6eH3IMHOBOWN K pe

nNonNnmMmMmepHBbLBMMNU nmnmBanatTaMu MeTasnnos CnMnNnKk

v OB dZd YO - Ped¥nbTar bl MHOToOCTYnNneHYaTOI
KOMMNOHEHTOB MOAgEeNNbHOI cmMecwu, MMUT KNP
6e3MHOBOW Gpakumm H.K. 60°C

a, %

[ sHdW S Olstste|f SHJ dz2 d&zZOW fibeH3MHOBOM
H. K. 60°C

[Zn(Piv),] 90 96
[Co(Piv)]n 94 95
[NI 9(OH)6(P|V)12(H PIV)4] n 93 90
Bbic OK a s agcopbumMoHHAaH*A cnocob6HOCT®Gb

KapbokcunartHGBbBX K20 Mn2ne kK cyoteo ,( Tea 6B O 0 Y

pe3ynbTaTaMnu NPOV-ZEBEMPARBEKNXKPBaAaEBW"eBOB.
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Pa3paboTaHHBIE nogxoAab OGblAMK npumMet

CepPpHMNCTHBIX KOMMNODOHEHT OB 6GEeH3MUWHOBOI

rasonepepat6atTbBatwwer ® Aamdma 2( ABNI3) +

s OB dZd YO - PeBy nbTarT bl

KOMNDOHEHTOB

TpexcTyneHYaToOoOMu
6GEeH3MHOBOWNOC dpaK U uen N N K .
MOOUNWPUUMPOBAHHOM nuneanart a dfPiv)/GofPivk)a |

cumnmkKkar ejnemmM.

MapameTp Chbhipbe I 1 1]
O6 wa a ppre 103/102 60/34 18/20 4/5
CteneHb |- 42167 83/80 96/95

3, %

dn3 UXKMOMMN Yy eckKwue "

I KcnnyatauyuunoHHBbBIE

6eH3MHOBOW dpakKkuyuwunwun
OkKkTaHoOBOE NaBne®PpakKUMOHHBINA CoO
MnorT
no no Hac bl
CThb
mccnej/MoTOp H bl X 10% | 50% | 90%
20 ° H K K K
Tenbcly ; napos 06./06./06.
KT
MeToa/MeTON K [Ta
73 70 703 13 64 |75 96 139 |161
Kak BUAHO n3 Tabn. 2. 13 B pes3ynt
cumnumKkarenda nueanartTamMm UWMHKa Kob6anbT

CHMXartT

bpakuwu

CymMmmapHOE

MO 4Wdwu
3 ek T

OeH3UnH

b cogepxaHwme

s5ppNy, 0

Kaluunmu
a K

O B bl X

a K

3

mncnonb3opaHmMe peMegEHUDB X N MA

npdenodgbduap
obeccepunuBaHUmM

cnmnmnmKkar en4d

npwu

bpakuywnin.

TOKCMWYHDBIX

cepHMUc
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sOBd&ZdyoOP&3yAbTaTb afgCoOpPpObUMOHHOWMW Cepoo
H. KIC ®&6a mMoaumdpumuumupoBaHHOM dmMeck @GR NB A

Hukel)a 1¢ 1: 1 Ha cunukKkarene.

WKOMOO3UNLUUM
AL SR R
MacC . %

0,0 78 78
0,1 94 94
0,5 98 98
1,0 99 99
5,0 98 98
10,0 98,5 98,5
15,0 98 98

N 3 O aHH bl X Tabnunuybel 2. 14 cnepyerT,
obnagaeT NONOXUTENbHbBM CUHEPT MUYECKUM
OYNCTKY @EpipugxK oHueHTpayuumumnm numBanatToB
CpaBHEHWI C MCOQWMOeBOBROBMRER/NEKCa.

AueTaTb nNepexoOAHbBX MeTannoB 3aHWUM:
MeXAy CONnNAMWU OpPraHMUYecKMUx U HeopraHMy
AOCTYNHbBIMU COEAMHEHMUAMMU, HO TeM He Me
MCNOoONb3yeMbMn BpHMBAwMWacdce Co®agy®T OT Me
nepexoAaHblX MeTarsnnos MOT YT ObIT b pacT
obpas3oBaHMUemm MOHOB M TNODMO BB M T OalL
agcopbuUMOHHYW CNOCOBGBHOCTbL B nNnpouecce
C uenbtw FTEeNaHUW3IMaAa YyagepxXxmBaHuUusa pacc
NOBEPXHOCTMW cumnunkKkarenga-xmmpoeeweeb p
Moagenupytwwne apgcopbulpw a&élhawmosveipmuak(
KnacTtepe CIsDMck)aTrT @ NspPpedqkuUumNM aueTaToB

AdTKaHTWOTaMN.
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[fonNy4YyeHHbBEe 3HavYyeHUA 3Heprulyp, agoodpd
(1) n MI@ o M6 N1 3 K un n -9948cr@as n3ten 1 K AX/ N
COOTBETCTBEHHDO. MpOYHOCTHDb obpasyemMmMt
BoO3pacTaeT B pagyrtaayuemakavMegauertrartT |

CornacHo pe3ynbTatamM Ipa c ukeordbaen, B TamLe el
() o6pas3ywT apcopobUMOHHBIE KOMMNOAEKCHb
KayecTBe npumepa, npumBefgeHO oOoONucaHwNe

augm@a KobanbTa. ONTUMMU3IMUPOBAHHAS T €0 M

)

it dMzdes - Ohr.tTmMmmn s mpoBaHHAasd reomeTpunasa a,
MeXAy Monekynon TeTparlipaoparaaagepadma (

Kak cnepgyet n3 pes3synsErtanes ap alb« éfa
MNaHOIMbHBbIX rpynnax NMoBEepPXHOCTMN cCun

pexTo4d4ye4yYyHOMY MeEXaHNMN3 MY, BKAONWO4Yawwe My

o =1 O

BA3W MexXay aToMOM KobanbTa WU aToMON
rpynn KnacTepar oeu /KMokbaarnieb/msa. BA agcopolL
HaXoAWTC S B KOOpPAMWHALUWOHHOM OKPYXeH
reomMmeTpus MUCKaXeHHOrNro TeTpaapgpa), T
YKCYCHOW KWCAOTKbN,acar eypeyT BCEeMpITUekia r e n s .
OAnnHa BopgopoAaHORN acecABaB MHleOT 1, 852

BMNOJMHE TWUWNOWMNMYHBbBIM 3Ha‘-IeCI-IB/IFESMeI7I,D|I'ICFI YCUrancb THI
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cnopopga) . Anoa 8 cCBg 3 AB MHle2r 1,048
pakTepHbM 3HaudYeHuUuAaM ANUH 6@ blUlHmBIK KT
HOBPEMEHHOUY IpEaB&TC Ay BemwiHd 2 ¢c 84 3cum n@ H 1
ynne Cwnvok alX .efés A, PaKTMUNUUeEeCKMU nmMme
gopopga H12 ¢ cuvMnaHONBHOWMW T pynnbl Ha
Xny a€al@@damum Oll B apgpcopbuUuUMOHHOM KOM
O faXe MeHbB@OABIUMGIX CBMGABIM MONeKyn”ne
Mpwn obpas3oBaHUM agcopbuyumMoHHOT O K
EKTPOHHOW NNOTHOCTMW C KnacTepa CMuIl
NNNKeHOBCKUX 3apapgosB H)a, aalbvanx Meypent
eerT oTpuuyaTtenbHbin -0,064k0, @85c @d™asBn
OTBETCTBEHHO.

MoNy4yYyeHHBE 3HaAaYeHWNUs s 3Heprumumu apgcopeo:

POEeHMNSs aacopo6LUMOHHBIX KOMN/TekKCcOoB C

accMaTpPUBaeMblX e XaolIeHTbBxT O BV € Tnaen 11 o B 0oc

=

©O d T O o

epXmBaTtTbCd Ha NOBEPXHOCTMW CuUuMUKAT €
KBaHMXwMBMM 4eCKOEe MOoOgenunpoBAaHMUE p ea
KaHTMWONOB (MeTaHTHMoONN, 3T aHTnol, n|
banhrtar (MpAM NOE3IBONMUMO WKLY HBIT > M OBXHHBDX
eBpaweHmnm cepocofjgepxauwmx coefguVHEH.]
POOYUCTKMU. dpar MmeHT CTPYKTYyPb CVYyl
MO WM K Mc&AM = pnaCo, Cu) . [TfonyyeHHbBIEe pes3yrs
mMpeTenbCcTBYIWT O TOM, 4ToO pas3noxeH
pa3oBaHMUeM Ccynbdupga mMeTanna, c 3 H
poOoATHO. 3HadyeHNAd AE peaxkuum B3awu
TAHTMWOMTOM, BPAARAWODMOMOM COCTAaAB/MAWT
OTBETCTBEHHO. PasHocTb MexagWSBiumepr

Nb pun gos MyeogamaipBHe K AKD monb .
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CornacHoOo NMONYY€eHHBbBIM SHayYyeHNam AE
SHepretTmnmyeckmw GdBMee3 BpIKI MO Nb) , yem p
(65,3 kAx/ Mmonb) .

BanmaHunme npupoagb aueTaTtToB nNepexoaH
agcopbunmn cepocofagepxalmx CoeaguHEHMNT
MOAUNW MU ULUMPOBAHHOM cumnanunkar ene mccnepgo
agcopbpmpuwm. 2. 17) .

100

&0 F
80 g1

19
80 15

10
w0t

80
00t el
40

ip, Vo

EIV
20F

I r

D 1
Zn(CH3COO)2-2H20 Co(CH3COO)2-4H20 Cu(CH3ICOO)2-H20

it Mzt CRed&@Hb cepoouynmcTkunm (-@CHBH bmo o
HSY ¢ npumMeHeHWEM cuaukKkarensa, MO AauduL
Me T a Zm(lb)sCo(ll), Cu(ll).

MakcumanbHas CTeneHb CepooyYyunmcTKM
cpoBopgopopga (bpnmcus 2mMdgenbHOIN cMecwu
MoOaAMPMNLULMpPOBAHHOM aupeTaToMm Kob6banbTa
OTHOWeHWMBO&KnNapngaerT auertart LWHKaA (75 %
CnocobHoOCTb MOagudpuuUMpPpOBaAaHHBK SnNaomop®6at

cMecun CHuxaetcsa B pagoAc)gSiCenAn(aaisid, >0 6 p
Zn(Ac),/SIO..
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Mccnepyemble agcopbeHTb nNo (OpMHO.WeH.N]
npoaBunnmn OANHAKOBYI ancopbUMOHHY IO €

MepKanTaHaM apgcopbumoHHas CcnNOCOBGBHOCT

MEHbLWE, 4TO COlFfanacyerTGxXan MU Yeec3KyWwixs Tpaarcaun
MpoBepageHa apcopbUMOHHAAENGEP®OYRAEA:
6eH3MHOBOW dpakuyuumu, C KOMMNOHEHTHHM

msonponumntmonel (obuee KONMYeCcTBO cep
cocTaB @MpakuyuamKk &%Bb) MBG . JapowmaTuny eaxbB8me
m3mapadgnH,bbsO0, aimicin,oank -OaAddeHbl LaHH)
TpexcTyneHYaToOMW agpcopobuyunwn cepocopjenpx

cMecun, uUMUTUupylwein 6eH3IUWHOBYL, nNnpepgcrT

80

- L]

i}

i 46

M
£y

Zn{CH3COO)2 Co{CH3COO)2 Cu{CH3C0O)2
tdmMzdzse C2 et @Hb ce@ 4 ncotTakewm b(HO N C Me C U

MoagundpuuUuMmpoOoOBaARAMOMNE@peRa &, QueTannoB (

TpexcTyneHuyaTtasa apgcopbumsas cepHUCT

6eH3MHOBOW Mpakunm, MOOAWNWPUULUMPOBAHHGDBIM
mn meagun (I 1) cumnmnmkarenewm, LEMOHCTPUPY E
89% mpAPauetata yUuuHKka (I 1) n KxobanbrT

nokasaTenunm 3PPEeEKTUBHOCTMN CEPOOYUNUNCTKMN
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MccnepoBaHa 39 PPeKTUBHOCTHDb MO OgWn Wl
npouyecce yaganeHuUa CepPHUCTBLBX KoMnB8MHe.T
PesaynbTart bl TpexcTyneHYyarToOolu apcopobuUy
KOMMNOHEHTOB W3 peanbHOrNo TonNnNMuBa NpPUE

100 ¢

m F
78
80
T0 Ok 64
59
(-] 6{. I
- a
g 50 r 43
10 }
30 d
20 17
10 f a
0 .
Zn(CH3IC00)2 Co({CH3ICOO0)2 Cu(CH3ICOO0)2

tdzdscCR2el@Hb Cce@ A 4 MoceTHKIM H(0 B eliB O hCa K|
cmnmnkarene, wMoagundpumuumpoBaHHOM(Za,Ge@GuaT a N
ApcopbuyumoHHasa cnocobHU)TH glhs rkG@O/Hb LKEO
CpaBHeHMWI C auyuetTaTtTomM MeagWn. CTtTeneHsb
ayueTarta KID 6 acnaxcTTaa B flaeT 9 0 %, 4TO 9 K B
CEPHUCTHLIX coegunmp@HMMNn He 6onee 10

Tem He MeHee, Ha Haw B3rnNah caMblM
cnepyeTtT cuuMmTaTb nNwnmBanaT UMWMHKa. B 3
CEPHUCTbLIX TOKCWUKAHTOB MNpoucxoautT npe
coeagunHeHNAa, obnapgatwwme O6-HMNOPIATOU BUOUKECEK LDENB
npoTuBOT panHK oBabIM a(k Xe aHT KN oK ZMIRR) [BI5H bl M
317] . Cunmnkarens, 06 paboT aH H bIMU BKAONOAPTAO
LUMWHKa, MOXeT ObTb PpekKoOMeHAOBAaH nNnocne
yoaneHmnsa cnepgoB ¥lAeBOBepopegcTBaAa A0S
CNOPTUBHBIX MNAowapmpgock. CnHTes3 nwuBanarto
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K O

HeYHbIN pes3ynbTaT No3BONAEeT 6e3 yuwep

npumecun -HA3 , Mnmme coOBpPpeMEeHHbBEe MeTOAb T
He BbIT OfHBbl.
2.2.4. t1Jc6jditeOydwy OHMStB |
K a K oTMeyanochb B numrtepaTtTypHOM 06:
mMeTogamM npwu pereHepauunwm agpcopbeHT OB
XUMMYEeCKNUue MeTogqbl. Mcxopasa wM3 noc¥FasBi
HeprocbemeypeHOweT € paccMOTpPpeH MeTO0pn X
Mcnonb3oBaHMWEM OpPraHMYecKMX pacTBOpPMUT
Mcnonb3ysa MOJAenb nonapunmsyemor o K
Continuum Model) -"RpmBegewoe KBAQAAEOBPO |
CO/NbBEHTHHeOPVA UMenr eH ac bille HHbIX apgcopbeHTO
cnupr, T-KOOTWJ/OCAT] € K OH H K aK Hanbonee Y
npoyeccax pereHepauumm copbeHTOB, pacec
v OB dZd YO - PekynbTart bl pac4yeToOB Hepr ni
C € P 0O oK@ AauM X coeavnHe RGVII( Bhe TIO @ Mepr nu 0 ¢
KOMN/IeKCOB MeXAy MoJleKynamu U3 ONPONMWUT/S
t OmMsestedIlsj dzeelk, €1 %/ d3tsdz ek S/
i-C3H7-SH C2oHeZNS;
ALeTOH -12,42 -84,35 -9,7
M3onponwunosB|-12/42 -83,74 -10,2
Tonyon -4,51 -34.72 -4,0
oKcunon -7,82 -37,55 -4,3
H-f ek caH -6,50 -25,81 -0,5
B3HavyebBmMmAaEAATab6bn. 2. 15) yKa3s3bBawT, yT

I HEPTI NN O6pa3OBaHI/IFI KoMNnnanekKkecCca MeXAay Y

pacTBOpPpUTENA XapakKTepHb AOn4 n3onpornwunur
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BbinnM TakXe paccMOTpPEeHb cMecu [ABYX
apaavnT wWBHOICETA C T B U S o BY X pacTBOpuUuTENnE

npeagcTaBnNneHb Ha puc. 2.20.

O-Kcumon + v-T'excan 16
Tomxyon+u-T'excan 27
Tomxyomx+o-Kenmnon 24
HITC+u-T ekcan 87
HIIC+o-Kenmon 91
T T T oy 0T [ 06
Aneton+u-I excan 65
Amneton+o-Kcnmon 71
Aneror+Tomxyon 82
Aneror+HIIC 89
H-I'excan 19
o-Kemmon 18
Tomyon 25
HIIC 96
Arneron . . : . 81 .

0 20 40 60 80 100
(p;ecr%

t dmMkzdes & RphdgeOk TUBHOCTbL pecopbumm cepoc

NOBEPXHOCTU afgcopbeHTa pa3TMUYHbBMU pac

AHanwuns NMONTYYeHHblX OAHHBX3 Pypea I VB & O
aecopb6buyumnm (<30%) Hab-ROpASTA&KC HAWA T OWMY
a nydwe BCero gecopbupyeT CcCepHUCTbLIE T

Boina npoBepgeHa pereHepauynma apcopbe
apcopbumm cepouHpaipa wmBXx O6ceHesm HBHOCS L ¢
OAWNHAQMMWYECKOM pexummMe B CPaBHEHMUMU C Henq

OI ctymess BII ctymers OIII cTynens
100 - 95

90 -
80 - 73
70 + 67
60 - 56
50 -
40 -
30 -
20 -
10 -

(p,%

27

Zn(Piv)2 Zn(Piv)2 (per)
it dmMezdes S - 20pOeK TUBHOCTHDb agcopbuwnmn H €
pereHepumpoBaHHOrNo ajgcopbeHTa
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MpoBeAaeHbB 3KCNepUMEHTHB NO 0N meaer
LUK NOB agcopb6bumnmn/ pereHepauyuu agcop

npepcTaB/NeHb Ha pUCYHKe 2. 22.

100 O, % Oopgec,%
r o1 03
o0 | 86

80 73
70 b
60 53

40
0
20 |
10t

I derturHOCTS agcopomiH (¢.%)

I mmEn IT maEn IIT maEn

it Mzt 3 2B R2n MoCTb 93PPEeKTMUBHOCTM apgco

agcopbunmnn/ pereHepayumu.

K coXaneHwuntiw, 3 PPEeEKTMUBHOCTHDb ajgcor
CHMXARLTCOCOBOBEHHDO nocne TpeTbei CTYT
OLHOBpPEeEMEeHHasa MnNoTepsa € pacTBOpUTENeEN

noBepxHoOoCTN apgcopbeHTa.

2. 2.5. [Mmcedz | MOHdd fsHeEBIssaCd OH
tej 64 dz tOydd.

MoCKONbKY [ NsKanvoe@/na T0a0 CLTWH HYy T a Mat
obeccepunBaHmMsA (96 %), BCe cTagumn p a
NOTUMEPHOTIO COEefUHEeEHNSH.

A) TNMonydyeHune apgpcopbeHTa
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CunTes muBanara maaka (11)

k4

H301ponHmoBELi
CIHpPT

IIpuroToBICHHE pacTBOpa
moxupHKaTOpa (1% 0T Macchl
HOCHTEILT)

[ToaroTOBKA HOCHTELA
(CHIHKArems ¢ pazMepoM mop 60 Hu)
(cymka mipa 100°C)

Y Y
[TpOIHTEA HOCHTEIA PACTEOPOM MOTH(HKATOPA TIPH
3a1aHHOM BPeMeHH YIBTPasEyKOBOTO BO3deHcTEHA (90 MHH)

h 4

Cymika aacopdeHTa pH 25°C
B TedeHHe 24 9acoB

k4

Cymka ancopbeHTa IpH TeMneparype 100°C
B TEYSHHE 24 9acoB

l

Monu¢HuupoBaHHEIH aacopOeHT

t dmMzdes € CX ea
B)
pecopbunito

nonyuyeHunus apgcopbeHTa cef

PereHepauymunsda HacblEpHHBXWM IOYaapecTo p A B BT

(aKCTpakumiw) cepocopgepxauwmx

MW ypaneHue npoayBK

3aTeM pacTBOpPpUTERNS

A
B) 3T1anb npouyuecca ajgcopoObuyuMOHHOWM O4YUCT
PerenepupoBaHHbIl agcopOeHT
CpeskHii pacTBOPHTENs BOCCTAHOBIEHHBLT Torruensif ras
PACTBOPHTENH
Y
AncopieHT—» AgpcopOmia HACHIeRHs OKCTpaKImA OunmensE AKTHBATIA
Coippe ——»| CCPOCOMCPHKAMMX o7 congenr »| CCPOCOMCPRATIIX acopOeHT TOBEPXHOCTH
COeTHHEHIIT COEIMHEHHIT ancopGenTa
HICTIONB30BAHHEI | o PacTBOPHTENE
PacTEOPHTENE Ha JHCTHILIATHK v
OuHINEHHOE TOILUIUBO
JucTunmsams ] Otnenenue
pacTBOpUTENT pacTBOpUTENSI

! '

KoHmeHTpar cepocoaepikallHX coeIHHEHHH OTtpaloTaHHELi ras,
Tocie npelBapHTeIbHOH OTHCTKH,
B TOILTHEHYIO CeTh

tdhkzdzsSbAeckxke Ma afgCcoOpPpOLULUMOHHOMN CEepPoOO0OYMNI
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2.2.6. ljHEZOCO] BOV kjodsdsecdyj mMsow -
BjdzL ddzser n WtOCyd?2.

t qifndzs € 2 NMPpMHyuymnNnmanbHaHd TEeXHONOoOr nyeck
cCepooyYuncTKM

P-1-P2-cnaprmak Tb@ls; -bPo6apabaHHbBeEe Ba
dunnb T pbEpeRK nNpukaumoHH-4A-AC yKUOWTIObHHHAASA; -1 kCaKv e
cenapa-i-owe, wavh Kklg ;3 HB8+H-10-H a c 0 ¢, ;-4 +HH-7 |, -11H
—NopwHeBbEe -IH+A-b-aevl;ToDO6Me HHKIXB- KO HIfIXX He a T C
xonoamnnekhmemwpl-Flda3 oanyBKkKa,

|l-6eH3MHOBAA GHpaKH@PCHA@QHDMUIMCOEN3 UMD
C agcopbeHTOM n-otcenHes noHyomscatsak Uhp alklulm s H e
cycneHsus GeH3MHOBOI bpakuynmu C apfcc
O4Y U HaAH 6GeH3MHOBaASHA Ppraax gywmige H H\GIIM, aMliclo
BoOCCTaHOB H+@HaKaBOY!| NinBaraB@ XYUNnHKGALCSOpPE
TONNMUBHbBLWTOMBYUBIXBIN ras3 Cc TemnepaTypoi
TONNUBHBIN T a3 ¢ Tewmnepaxlypoain /2B KCbliH ar

OO0OYNMCTKY n B TONNUWBHYHK CETWDb,
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XV — BoOCCTaHOBI/M E€HHblI afheopdewBagd X@dpa
cycneHagunposayHmmeeH XWd apcopbeHTa B-6eH
CBeXWnim M30MNPONUNOBLIN —BRAPP QN NX\OIBILIN, |
BOTC&@HOB/NeHWeBOCXXaHOBI/1€HHLbIN msonponwun
KOHLeHTpaT CepoCOJAep X-aHLPACXK OCHOASEOHNCHVEPHONBAE;
B Neyb [AOXWUT a;

CoipbBpakyuids8 06 T, H-Acoopwmxélaga uyepes
T-1, nopaeTcHpeadkTApaphymopomcxagnTt nor
cepocojgepxaluwmx cCoegUNUuHEHUNN nmBanatowMm
agcopbeHTa nNnopwHZ2pHBjaaAaTOSL OoOMa H6apaba
bnnetT-h B® paszgpeneHmMme MU NPOMbLBKY apfcof
3atTeM O6eH3MHOBAaAAT (JHaa KALOMGY WCOTCKTYY-pBa@ K Br TO Q.
P2 nW nocnepywwee pas3geneHme un -apofhasBe
oynmnuweHHasa O6eH3MHoOBasda dGpakKkuuma oTnpabs
pnpopmMmHra A nonydvyeHumsa 6as3 o0oBOr O KON

ApcopbeHT VMBIBERENDpPOYynNnaeT B ynbhrtpas
nNoOANUTKY pacTBOpPOM nwuBanarta LMHKa.
MOaoUWpUKaTopa nocTtynaert Bl . c yTwam/b VHBy HObI
Bo3ayxo-hyBepgpaeTch, Br medywaffdlpeBaeTcsa Ao

CYW b HY O Ka-hepwa CKpoayBKY agcopbeHTE

TeMnepaTypolWu 100°C nosBonaerT 3BakKky.l
pacTtTBOpuUTENA (nsonponusnoBbIN cCnuprT)
He3HauUuunTeNbHOM KONWMWyecTBE, B pacTBOEF

npleycmMoTpeHa nNpoagyBKa TONAUBHBLM T as3o
oOTpaboTaHHOT O rasa, nocne AONONHUT ¢
TONNUWBHYW ceTb. BoccTaHOBNEeHHbLIW apcopf
NonNyyYyeHHasa CcCYyCNeH3UNspaHampamBbul.aeTcsa B C

MdnponunnoBbLIW CcNUPT MNOCNANEe MNPOMbIBEKWU
BOCCTAaHOB/eHNWEe B pekT Kwidn Kraalem onHpHUy KX eKnor

npomcxoagnmrt BblgeneHwue pacTBOpPpUWT ENA.
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npaBnsaeTcsa Ha CMeWwWeHWEe C UYKOHHSHMpP
pocogepXawnmx coefguHEeHUIN OTBOOWUTCS
yecTBE nNob6GoYyHOT O nNpoAYyKTa H a npe
MUMYECKON NPOMbWLWANEHHOCTMW.

[MONHBIN UMKN apfcopobObBUMOHHOW cepooync
1. Apcopb6bdunmsHacbiue Hyceo p 6ae HT a cepoco

eagnNHEHNAMMNU.

2. Necopb6HuBbigeneHune cepocojgepxalim

BEPXHOCTWN apgcopbeHTa, oOCywecTBASAEMC
3. BoccTaHOBNEHWRBROAMBODPAECPAAQTBOPOM

4, Cy wk a apcoep byesHar/ae H M €K a O CpTaacTT B O P |
pa3oBaBWerocsa Ha cTaguu nNOANUTKMM,
0° C.

5. OxnaxpeHune agcopbeHTa nepeagj n

OAYBKOW TONNUBHBLM Fa3oM C TemMnepary

Ana cnpppecca MCNONAb30BAaHL Kaalcuy
napaTtToB XUMMUYecCcHB2WH TexHonorwumm [ 325
AnnapaTypHoe ojopM/eHMue npoyecca cC
g4 ZOwdgdOC Istste (toj OCIststc MMy J dzL d Odz' dzts G

B AaHHOM npouecce MUCNONb3yeTcs pe.:

agcop6eHT-pe aKTNOAP)ppPME ECKNTAMPUEEIBN O, K O C T b ( G
Xnpkercerelpp g oe wwWeapokdLBrnonb3ywrtcaAa B X
XMMUYECKOW 7 bapmMauyueBT unUY@/TxKppp@ra K T O P
NPUMEHSAIKT B npoueccax rmppor eHuns al
KoHaoeHcaummn, aTepndpnkarepcrnpepmMer AP anr a
CywecTtByerT YyeThblpe C NoaGHEMBKHTLIXP O BT: U N ap e
MeEXaHMWMYEeCcCKUM nNnepemMewlmBaHNeEM, netTneso

p e

aKTOp C MPexXA@aBXWKE HHbBM cnoem (pucy
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OO0OXMUWXEeHHbM C/noeM

PeakTopb C MeEXaHMWYEeCKUM nepemMeuwnsea

non

3 Ha

XU OKO

K a

C

0]

L W

3

T

Tan

CTO

b3yIlTCSA OJORVN O p eTeBREHVAD e I arse 10, 7
UM T ®THIMY AT C A oT peakTopoB, - np
CThb. OTnAnMUYnTtTenbHOM OCOOEHAOTW Iy

NBaBem@HHbLX HIPKMMKIMET MBO NeTINeEt

MT B TOM, UTO BHYTPEHHSAA U UTPEK Y N

pKynmpoBaTb C€C BbCOKOWN ckopocTbt (20

oM

XU OKO

n

| -

C

e

o

OtcOB Odzdz" 2 0 OC Iz z d3dz" 2

eB [
B
poo
pem

CTY

MaccBhnapexagEakamwpe C ncesBfjgooOXl
CTb BBOAMTCSHA B peakTop 4uepes3 pac
ooXMmxaeT YyacTH3IPG) KaTanmsatopa [ 3
AaHHOM cnydae, AN A NPUMEHEHMNS
YNCTKWU, MNpe[nonar apeerackar ompcan OC/M b8 EOXE
ewnBaHmem. O6pasywwasacsa CcycneH3Mn
naeT Ha pas3pgeneHwme pmnéapabdbaHHGLBIN
W ddz Iste

BapabaHHbB-DMBRKYY MpPpMKUC. 2.27) npeAac:-

Bpawatwuwmnimec 4 (c yacTOTomopmaemsHaK@d b A bl v

n

OMeWweHHbBN B BaHHY 2 ¢ cycneH3wunem.
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tdmMkdzc~bapadaHHbI -chbma 6Gag HH2ap a g3 a N b H

CT

no

EHKBEKAOPPBM NLET pyoWwas N emae@J/pbliH O BHIOEX, [;

T O-Kl,e p& MewnBatwuUe e-aOynuCcCTKP;0 1 C T B O, 9

|-cycneH-3gwmm,b TlptaoTc,a gloll,p olIMbIBHaAaa XWALKOCTE
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M e
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cCo
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N
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nec
no
cnhn
ne

no

Bapa6aH pas3fgeneH pPapAaNBHMIEMIBHGBIEEILIK

T Op blX nogaepxXxumBaerTcsd paspexeHwue.
MNUHAPUMYECKa ASN) noBepxXxXHOCTb ©6GapabadH:
Tannaunyeckasd NMOBEPXHOCTGHLb, NOKPOLTaAaAHA
pabaH BpauwaeTmmo T(MWHBA YpaNCCOYBHXKIE C T P e nK v
€EeONWHEHHOM oTBEepPCTUAMMU C NOoONOCTAMM
peMewnBawwee ycTtTponcrtseo 8, npepoT s
ameTp 6apabaHa pocTwuraedd 3m,m, N OmBIEVPH
NbTAaQuwm

B 6apabaHHGBWNBAK YYWeNpepbBHO -tcogaalj
XopagHad cCycneHswuns4d . Mpw BpalweHUNU
BepxXHoOCTMW®, ONYyWeHHON B BAaAaHHY, Hak a

M ocapesnefgdiBune agBaak®&@HWA GrpB3pP DV

o)
peropoaky noja AgeAcCTBUEM pas3pexeHus.
n

bii Ban. Ocafpgok NpW HeOoBGBXOAMUMOCTHM

130



o —~ 1O O 3
aJ O © O

o)
Q]

o |
I T d® ® d® Im» O o

n

I
T O @

2 .

Nanee, pBUrascb BMecTe Cc 60KOBOMW n
AcywnBaepgaka ocapgka npoumcxopgunmt, K
pabaHa nonapjgaeT B NoNnNoxXeHune A. 3pe
BeEpXHOCTWN ©OapabaAaTokKHaberaee3aart HD
ofl)okB nNnpuemMHYyIwO eMKOCTb (Ha cxemMe He
eyuMmanbHOro yctTponWwcTtTBa B cekKToOoOpe, Ha
KyymMm (4Y4yacTo pgaxe pgaeTcsd H2DO/p adpeblx
afgok M ob6bnerdvyaeT eowE Mo MMDMDB/EPHKIHE Cam™ . (
dPnnbTpyrowas NOBEepPXHOCTb NpK BpalulweH
HHY C cycneHsauneim, 7 Ha HelW CHOBa
pa6baHHOM @@uANnbTpe paboTaeT OOKOBaAaH

NbTpoBaHWMHA H e vyyacTBYye€erT.

Tamnmobpasom, B paboTe npumuBoaAMTCSa n
nw4yatwuwa s NOAT OTOBKY apcopbeHTa, n |
reHepauunsa oTpaboTaHHOT O agcopobeHT
NYy4YyeHHGBWN apcopb6beHT, npeagcTaBNsaLU

Cop6BaHHBM Cynb@PuMagomM ULUWMUHKa MoxeT 6
pepaboTKy: ypaganeHue pacTBOpMUTeEensda, O
ABnNAerTcd OoTXopgoM, a npepgcrtaBnaerTt 0

KoMeHAOBaAaAH K AanbHeWnwepy M D M M eOHOEPH:

OFrYy/TOUYHBX AOpPOXeK UM Ta. B paboTte A
MMaHUE, MW MOXHO paccmMaTpuBaTb TONb
3 BUTMA. [TnaBHOe, 4TO OoTpaboTaHHBDLNW

YTUNUN3NPY EHVELORT € D & X 0 B bl X npoM3IBOACT

I/IHLI,I/II'II/I&]'IbHOVI TEeXHONOrmMyeckotm C X € M bl

2.7. [udMmkSCO dzgjWlswdyr i kZcdzjobHBGEHTS
Eizso dw R &ls Cdmdr 7 Mjttddms' 7 Codkits

e Gldzl cdolz ] d3se G @Y d&isE@ ~ d3J Is Odzc
a) B pab6boTe BhNnepBWIE HRAOMPBE MEM®®EWV-NI4RA

re)k cwmal MoAgenNnbHOINIO YyrneBoAaoOpPOAHOTNO T
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pefp@Ka MBHBLBIMU JIpmMAXLZAMMNMUHOT MO MMM bIe
P(Il),Pdll) ,T aak Xe ceMUXMHOHAMNT NQIn &Pilly LO432% 0 M
328].:

iox " Nos
NO i N N,
. M . ~ / . M .
RN SV RN
N N /\N S II\{T
H H TT o

Ph

[NI I (1|_| ISQ)Z] 1 [Ni” (2L| ISQ)Z] 4 [Nill (SLI SISQ)Z] 7
[Pd'(LLi'SQ),] 2 [Pd' (°Li'S9),] 5 [Pd'(CLis'S9),] 8
[P (1Li'SQ),] 3 [Pt (2Li'SQ),] 6 [Pt'(3Lis'S9),] 9
(2.5)

YHNKAaNbHOMN OCOOGBEHHOCTbLK AaHHbBLX KO
cepumum o0b6GBpPpaAaTMMbIX OAHO3NEKTPOHHBLIX flepe
(xena-memm@aNI NoKomM® me ik c & ofiid"WyYizez=-2,-1, 0, +1,
+ 2. OQNeKTpPOHHbBLIE Nepexoabl OoOnNMUCcCbiBaAawTCA

-€

— ML),
+e 2

[MH(LiISQ)z] %; [MII(LiISQ)(LiISQ)]+

[+e

MUYLIAPH)(LiS))] <= [MI(LiAP-H),]
IMI(LIAPH)(LISO)] <= . 26

[laHHBE KOMMNI/EK C bl CNocoo6Hbl NMONHOC

-€

2 -

cooTBeTCTBYyWMNeE [gUCYNnbguabl. AHanus
JAaHHBLX Ha nNnpumepe KomMnnekca Ni ¢ aMuH

KoMnnekxK~®acC MOXeT BbiCTynaTb CBIUR &@WEAC

|
o

=
® O O O O

HOCTVbLIH BOCCTaHOBJ/1TeHHAaH- AONnaHWMOHHAasrcr
06Ha K caMonpounsIBO/ZIbHOMY peoKWNMmCcecI

C
aB/leHNnH+Hd gecAaTnNKpaTtTHOT O M3 6bITKaa 3T

n &= O
o

L

MKy Ha LUBA ¢ T eueH YL EBCPTEBMEEHHHNO eH ayol

—

T
» @ O
w =

a BTOPOKN BONHBL OKWUCNTEHMNSA. A3T0T
blBaeMblX, KaTanuTuMUyecKUxXx TOKOB, BO

TaadntTumyyecekKk™mmX CNnNcTem. Hanwunuwne KaTa
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MEHEHMWEM OI3SHEePEewmyn obpwmX O MPbLIBE 3/1€KT
MnmMmepkKkanTaHa. JanbHenwaa peakuunmsa K
MMapHbBLM NajgeHMeM TOoOKa OKWUCTeHUda Tn
pexoAO0OM KOMMINEAKWA@MHE NB HYMEOH GOp Mbl U -dpp a
omaasTuniamMepKkanTaHa ©®W obpas3oBaHuewm
Mnne®capulgecynbpypmsaumm npepgcrTan/s
Kowmnne k9 bl X 0lp o Wwo paboTawhr UBAK T@B & H
omcxoagunrt 3amMeTHOE yXyaAWwWeHNe KaTar
apauynun KOMMNO/MTEeKCcOoB. MfpoBegeHHEBbIE or

P

Nblwe TeopeTUuyecKYyl HanpaB/NeHHOCTHSb,
Pbl  He npomcxoanrt, npert TONbKO np
C

ynb dwupgbobl.
Bonee nepcnekKkTUWBHO NC M@A/PBM@AE HHWMITE

ranHpoAvmnsda, mMmoagumdpukKkauumm TBepabix HOCMUT

TOALOM NMnPONUTKMN HHAnwRmoakK@gaAanQR BB K §
napjatwin i BblC OK O NOPUCTOCTbI X B bl
OPUCTOM MeTUNEeHe UNTHOoOmEgRrRMDHMBaP®BABE H
cce npoMoOoTUupywWen pobdGaBKMU 1:10. H
epa/mNdo XomMnnekca OTHOCUTEeNbHO 06uwei
TanusaTop 3arpyxancsa B KBapueBbli poc
Aadya 6 eHaBKIHWOMB 0G0 dofix os/p/ow.T bBop eAMs o0 g HO
reHepauma KatanmiaaTopa oOocCcyuwecTBANSAANE
H .

HaHeceHNe MeToagoOM T p6nu-AlOwn a30BVAUTIVE]
M3NTb COAEepXaHWUe cofgepxaHwue 3i5ppmn bl X
A KOoOMMNJ/TeKCOB XMHOMUAHOW CTPYKTYDPpbI

CTabunnb HPIX O VKKAAT/MOOBH C nocnepgywwmm 06
OAYKTOB. KatTanumtumnmuyueckad aKTUBHOCTGHDb

cnopopga BO3AyXxa.
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2287 jMed YL PROY C Bes 56 d ZO dz d&sd ¢
CsBOd SO, &iHg, ddSjd' » ctEEd]

CopepxaHue CepPpHNCT bIX coeguMuHEHNIN
pernameHTuUpyeTcsda BO BCex CcTpaHax wMup
TpeboBaHMAM, HeobOXOoOAUMO CHUBWUID I O O
MepKanTaHOB A0 Muppm My mar o( Hie 66/owpeae TS5 B
NOMWCK MeTOoOAOB yjaganeHUA KUCNAbLIX CepHUC
paborTe an4 obeccepunuBaHwmusA Mas3yTa oT
npejanoXeHbl NONNMEPHWIEGEMN MOKOHePp wIReT
KmcnoTtTb (nNnuBanuHoBOW KwucnoTaa)Ni e Co,e p e
paccMOTpPEeHHEBbIEe B pas3spagene 2.2.1.wn non
MeTannoB Ha OCHOBe CcO/leil MeTannos Mai”n
B O [ bl KoNiQuz(H20)o(MezMal) 4], [KsCuy(H20)s(MeMal) 4],
[K4C0:CU(H20)16(MeMal)g]n, [BaZn(H,0)s(MeMal)] .

N33 a HWN3KOI pacTBOpPMMOCTMN nonuapgepr
OpraHmMyeckKkumx pacTBOpPpUTENAX, UCNONb3OE

Kapb6okcunaTtHbe (nuv&ZaQoaNi,Hedel) 1 Kk o1y m e
nabopaToOpHbBX oOnNbITaxXx O0OYMUCTKM MaszyTa A
ner KkMx MepKanTaHOB. ObeccepumBaHMe- Mma:
80°C C nepemMewnmBaHNeEM B anpwmecymrogagBu
ayueToOHUTpPpUAE NUNUN AUXNOPMeTaHe. OcrTar-
KOMMNDOHEeHTOB? 0c,ocOrtadBMSn omacc . %, YTO COO01

noKas3aTendamm.

134



vsOBdRZdYO CdDa0E®XKaHME KUCNBIX CEPHUCTHBX K

no6asneHnma (1 macc. %) KapbokcunatToB
#5Jd HJdppm (& 5] HJdad ded d ppm
[Zn(PiV)a], |3 [K2oNiCux(H20)o(MezMal)4] 18
[CoPiV)s], |4 [KsCus(H20)s(MeMal)a] 16
[Cu(Pivp]n |5 [K2C0:Cus(H20)16(MexMal)g] 19
INi(Piv)]], |4 [BaZn(H.0)s(MeMal)] 25

MonunapgpepHbe KapboKcuMuANnaTHbLE KOMNIEHE
NPOSBUAN CyYyWecTBEHHO HUXEe aKTUWUBHOCT

nmnBanatTaMMu nepexopanHasbX MeTaJsnnos, 4TO C

2.3. CczjSltesmddasjL BGitcOdd yjdCids M
OCkdodieso Odzdz' # Wisted3 Mjtoso SHESEEHC

QneKTpoOXmMmMmMmyeckunme MeToAbl CUHTe3a n
TOM 4YyMce MU C NOTeHUWMWaAaNbHOW OGMONOT NUY:¢
BblICOK O/ HeprosdPdhpeKk TMBHOCT b IO, Tpeby
peakTWnBOB, npoTeKkawT B ©6onee MAT KWNX
KOHTpoOonAnumpoBaThbCH4 MPUNOXEHHBbBM NoTeHLy
anexTponmnsa, YyTO pAenaeT WUX BecbMa np
TpagUWLUWOHHBM MeToOhgaM CWUHTIKB@:NbIX[ 3c7ebp H
KOMNOHEHTOB YyrneBogopoOAgHOro ToOonnunsea
opraHmyeckKkumne coeguuHeEeHNH cCepbl c mcecn
noagXOoOAOB MNoO3BOMNAEeT NpPpefgnnoXUMTb HOBBbIE
MCNONb30OBaHMA TOKCMUYUHBIX OTXO[OB.

B apHHOM pa3fgene paccMaTpuBatwTtcs p

cnocobb akTuMmBauMm cepoBoOogoOpoOga WU Tuon
C pAAOM OpraHMmyeckumx cybcTpaToB B O0Opl
MW MOHHBIX XWMWAKOCTSAX C WCHO/MOb 3/DBE@HPMaETMO
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obopyapoBaHuA. C AKTUBUPOBAHHBIMMU no

@ —~ O T O £ ©T

M

no

w

a

< o =
O 3

w

® T @
N

B
OC
6 p
oT
acC
p u
p e

cob6oMm peareHTamm (cepoBOoOagoOpPOAOM
nmMoagencTBMA ¢ 6GONbLWUM CNEKTPOM Of
noankeHawmwu, ULMKNoOankaHaMeHUs MWP)OM
bKOreHcogepxXxauwnmm coegunHeHNS vBic e( A
nNepumMeHT bl 3NeKTPOCUHTE3 bl npoBoOALV

rMEHHOM MWUHUWUINEeKTpPONu3lIépe B

= I
o =
I 9
g
3 ©
o 9

9 MeTojd UUKNUYEeCHBOMNBONIET @MTI

aHM3IMa peakuumim wmu BbIOBOpPpAa ycnoBuUN 37T

3.1. uwftsfse’ {djCktesididuyj MSs2 OCLk

Kak X0poLwo M3BEeCTHO, cepoBojgopoj
KUMOHHBMU COegUuHEeHUnAaAMHN, KOTOpbBE B
EKYynspHOHI dbopwme. B p4apge pab6orT M b
CcCneHme UM BOCCTaHOBJ/IeHMWE CcnocoO6H
KLUMWOHHOC NHaDbHI/Eb NoAH1 8] . Mpra d X aan
a3 ywTcs aKTWNUBHELBIE T U WU N bKHabVEbl (V& A K WM T
Knrtunonart) aHMWOHBI, KOTOp®ble, B OT MU
ynawT BO B3auMmMopgemcTBUE C OpPraHUUYE
Pt-anode Pt-catode -  Pt-anode .
HS <———— H,S ———— > SH ———> HS
-¢, -H +e7, -1/2H, -e 2.7)

nogaBnawuwem 60NbWMHCTBE He3aMeLUuweH
cTaHaBnNuMBawTCHA 3HaYUMTEeNbHO TPYAHEE
as3ywrT aKTMUBHBX, N &0 @ M0 HBe pdREALOAKNEN [ HH aN Ki
eHUuManb OKWelneHMnB) (e é&pBBC ThiX alpPE@AT
TBOPMUTENAX TaKXe BbCOKW MU AOA CHMWN
MEHATbL pPpas3/inyHble MeguMmaToOpHbLE GuUCT

BpaweHnWs npu 6Go0oNnee HU3IKUX NOTeHLUMUaA

oc-paguMKanbHbEe OGGEREVMAKTUBNEO®ESH b BMa ae ey

en

MmaTopHBbIX cmcrtem B paborTe pacemMor
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TeTpamMeTuneHagmnamMmnH, Gpomupg TeTpabyT.l
neKkTpomMeagmnaTopos npepnoxXeHo mMcnoneob
MOHOG @HUMOHH bl eH blnea pKaoMVarr JHEMKTC bl N e p MixXPo ROH bl

o-ANTUHMOCEMUXUHON-AMHamMBEa-geRl.ooB 29

. CH;|@
(B N% @:Cb\M/SD © (B N(? /@:CS\M/S:@/ 3
ug * Uy :
VRN
S/ \s HsC S S

BuN)INI"CLs™S?),)]  (1v)
BugN)[PA"CLsSY,)] (V)
(BuyN)[PHI(LgTS),)] (VD)

(BuN)[INi"("Ls™59),)] (1)
(BuyN)[Pd"('Ls59),)] (11
(BugN)[Pt('Ls"™),)] (11D

KomMnné-wlcob nagawt nap&wanuepunsmom K B

KomMnnlemoagygyeH cnekTtTp 3BDIMNP, npepagxa.686 4 0L
6e3 CBEepPXTOHKOMW CTPYKTYPpH®H, YT O 3 H-auwu
2. 0014, XapakTepHelXxXTpagp®B a/HMHIbBXH 4 pa guK :

Bennugthaxk Topa M 6/1M30CTb 3 HayYeHMUsda non
Hes3aBUWCUMMOCTb NOTevHeWaaUnwB .0T N PUPOASL
CoepgnHle-wiha B OT N
npeacTaB/leHHBbX |

KoMnnekKkc OB nepex

NN nm, NSKoopaguHMPpC
nAuMravHpgamMu, He n0p
N M TI TB AT 1 OKMWCNMEeHUMN CepoeE
{dmMizdtscCreBp 3MNP ceaAszaHo c nx
K omn n BuNJ[AI"CL™YCLS- xapakTepom. B
HIDMF, T= 300K, OAHO3NEKTPOHHOT O
0 aHHbIX KOMMNNe«kKec

OnpagnkanbHbe @O

aKTununponBaTRSH mo n

19NMMccnepoBaHna BbMONHEeHB A. WU. MoagpaenbCcKUM, COTPYAHI
PaszyBaesBa, H. Hosropog
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N . N
(2.8)

InTtTumomagnkan (punc. 2.28), BpemMsa XMu3l
coctTaBnseTrT Bcero 15 MMUH NpuW KOMHATHOI
6nmszok Kk O0, 0 B, obnapgaeT BbCBK®Me Hreea
OKMCNEeHHbW Ha aHOpfe pacTBOpP KoMNNnekec
npumBoOANT K N3 MekKPMIBIO BN Ma olUBApaxaeT
yBenmyeHununm TOKa nNepBOro npoyecca OKWM
pepok@exona. QTN U3 MeHewWMSI KOBP IS A L
(RSH) H a MeTannoueHTpe " nocnepgytwwmn

99, J@ ~0OCC
NN
(I D

(2.9)

B pe3synbTaTtTe 31eKTponmisa oKpacka |
TEMEIHIOIW, UTO KOCBEHHO oBman3edrealbICT B Y
coeguvnHeHUR, OA4HAaKkKoO obpa3s3ytwwasacs H ¢
HeycToOhWuynsa, YT O e€eé HEeBO3MOXHO 3aduk
cneKkTpanbHO. Mpouyuecc LUKNMYEeCKMUIR,
pereHepupyeTcs4 noap [ s8i0GmE XxaM KY H 01 K
npefgNnoOXeHHbX KOMMNNEeKCOB 3akinwyaeTcsa B
(cBblwe 50).
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2.3.2. CdzjSbtesmMddzlsj L tteeOddy MSda Mt
L dzj ClstesdBd HJOLBGdz = MdMIsy d3 O BMdetse § ¢
h - O6GHodz dzf ¢ OdzH O d&3d

ansa KOMMNJ/TeKcOoOB nep eN(lb),a Rl Pdine Tta n n
ANTMNonaTHLBMN I-VhIDblAAL arMMO B e 4, e H a OLeHKa
cnocobHoOCTM H a OCHOBAQHVWUBOGHRAMKHBIWT €
noTeHULMAaNOB n onpepneneHowenwmaydemenes ya
r'PaHMUYHBIMN MONEKYNAPHBMUN opbutanamu,

MeTarna mnnun nmn-nasegaeHaepeagoRA/TOK OMI /T € K

s OB dZd YO -22AdKTpPOXUMMUYECKUNE XapakTtep
Hepr eTunyeegmomomeTH bixX |-Xidvm @ O 6 K égh@,,
C=5 2Mm0 n Ptann, e kK T p 0 BwNCID,, AH,CH)

P Bxred,

) sl dj ¢ | En ni | E%p, nz J

| | [BUNJ[Ni"(LsTSQ(LSEPT-H)] | — 1 0.46 | 0.8| 0,92

Il | [BuN]J[Pd"((LsTSO(LEP™-H)] | — 0, 09| 047 |08| 0,79

| [BusNJ[Pt'(LsSQ(LSEP™-H)] | — 1 042 | 1 | 089

IV | [BuNJ[NI"CLsS9(LSP™H)] | - 0, 0,8 | 0,36 | 09| 0,85

ol O O o] o

V | [BUN][PA'CLsSOCLSO™-H) | — 0, 1 0,38 | 09| 0,76

VI | [BuNJ[PU'CLSTSQELED-H) | — 0, 1 034 | 07| 0,85

M2-4UCNO 3NEeKTPOHOB NepBOMN U BTO-EPERP pOEDRMHIAN C
noTeHLUWAN NONYBO/EH,-BOTEHAMD/B NRGUMWBONTH OKMUCI

CywecTBeHHOE pas3fgenedHune noTeHUMaAn
LEHTPUPYeEMbBNIVMWO upeeca@gMor a(6MmME 2. 17) cornac
cTeneHbO-NWrearHg1 T OpOMUTaAaNbHOT O CMewWweH.I
KOMNNEKCOBRMKO UBRB/OKC TUT aHOgaAaMMK.,

Takuwm obpasowm, ANEeKTPOXUMMY ECKLUNE
uenecoob6pas3HOCTHDb McNonb3o0OBaHA4 nenyu

KayecTBe 9/ekTpomegmnartopoB (cxema 2.1
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® ..

% M(L)2] H2S

7

T .
M(L'SR)(LAP-H +

/ [M(L™=4)( ) H,S 2.10)

Q(pdhek TMBHOCTDL p[JeundcTBUA MOHOAQHMUWOHHLE
nepexoagHbXx NimettPdn neoBOde MUX MHONATHBMMU
3NNeKTpoMeaVNaTOHWNWOdB HPABCGOMEDPERT HbIX peacxuy

PAAOM apoMaTMUUYeCKUX CoOeaUuHEeHUR.

N 3 XpomMaTorpadgmueckor o aHanunsa n |
cnepyert, UTO COOTHOWEHWUE ULeneBbX MNpo,
6eH3unT-Mmo-/M- mM@aokpe3q4dhnk3:1:1,3) 4yToO noartT B
pagunkanbHbBWN MeXaHW3IM 3aMelweHMWsaLNRaagD
cepoBojgopojga Ma/ioBeposTHa B AUXNOpPpME:

TUWUNbHBLBIN pagnkKanin n npoToOH ABnNnAaeTcCHA n L
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sOB&ZdUYUOP 3 i/BbTaThbl I OMOTI@HHbBIX peakuuni

cepoBogopoagoM B nNpucyrTlVvismmCPe RGN N0 K C

lrTatslr At

. (10
8 56y skzeMmls| 1 teHEZS | ftetsH G % _ % _
(t Ofmise 5t | Ud ted|ud e
Y. Y .
-1l @ C( 1,76 22 73
CH,4
7 1,68 13 23

CH, A sy

& |
IV -VI T
@ 1,72 24 50

~ 1,89 18 68
S

NO,

[-111 @ NH,
@ 1,10 8 14
A A
Ton o 1,56
IV-VI 7 19 69
—SH 2,31
X
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B A CH, CHs
| SH
CH,SH

o5 —

oo

A ; T
t dmMkzdets¢- M2a3209Bad xpomMaTorpammMa nNpPpoOAYK:T
cepoBogopogoM B npucyTcTBuUumM ljun BU /AT
31 eKTpomMeRCHCH,@.ANMNBUICIO,).

CywmecTBEeHHOEe 3HayeHuWue wnWmMeeT nNpoao.
yBenmuyeHvneenpgemeHic 1 4 g0 34 NO0O3BOIN!
BbiXO4 ULeseBbX NpoaykKToOoOB. T[llpunmeHeHUNne f
TONbKO NonNnyvyaTb LeneBble coeagunHeHMAa C

SHepretTmnmyeckwuwbii, paPpbrbep Ha 0, 8

2.3.3. €dzj ¢ lomisunjofipglsfjil fddwd@ o S H dz ¢
YdS dzsOdz d oz dz' 5 Wt Oc d3j dzls O dgq

Q) Cdzj Clstetsmddals j L Is d ts dzts © €20 b g dzts
OCIlkdodtotseo Odzgdetse s tcOL dzd ydz© dsd MY stsB Od3d
HecmoTpsa Ha TOo, YT O U WK N OpaenrKya/HT TUOO|
nonumMmepunsayummn, rep6bumuyumnmpgos, aHTucenTV
NonNnyyeHMWe MUX HaAaNpAMYyl M3 ULWUKNOANKeEeHOB
Hanunuunma BLCOKOW TemnepaTypbl, QAgaBneHMU

paccMOTpPEeHb anlbTPOHUTMMBIEEE NS N K 4X 014
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cepoBojgopoa, NO3BONM@MYI'€€e HBIES T YU KI/POAE
LUKNOankHgSHNOpBM MK OMHATHOW TemnepaTtype v
[331-332].

Lln Kk noanx2e H3bl  B() OK MGHiICANBT™H@EH N BENbHO
cepoBopgopopga (1, 6 B) , cneposBaTtTensb
(unmknok,ldmenH<cnacCoprgma 2. 11) akKTunuBauymnwu
pear eHrT. Mp HS e an cneaHTumiH H oGH;CM w6 pa 3 yBe T
HecTabunbHBbBHEALIWKKAAT/UN,0 H L[MOAACBAE P T d@ar MeH T
obpa3oBaHMeM TUMUNBLHOINIO papgunkana wnu np
MeTOopf, Bopasenna no3BOAUNMN p PA@WMIKTaan
CepoBoAapKpPo® 42311147, 18 maHY) gni) — 3 apapg Ha @
Boagopoaga B MO D epkayymek Bmnel8 Ha sk ke (H.8) -
PKa(H2S ) cocTaBununo 18, 9, 4T O O6BbACHSAE"

dbpar MmeHT aumag Kk BlHma H

1 Pt-anode 1.6V

2 Pt-anode + $1.6 V

3 Pt-cathode -1.5V

H,S— 4 Pt-anode + QIQH11V [——=HS

5 Pt-anode +-Bu,NBr 0.8 V

6 Pt-anode + EN 0.1V

(2.11)

B pesynbTate 9neKTpobhs3andmede 4y m

Y Ha nnaTtTWHOBOM aHOOe - U OJVK e B € KWK

oknmcnawwmecsa npu noTtTeHuwmanax 1, 70; 1,

@ O/SH H,S ( j/SH
HS —
: -HS' (2.12)

LnknoankaHTMWOANBGI B YyCNOoOBMUWAKX 39 /1TEKTPC

KaTi#p@yg n K aj1oB, 4TO npmnmeBoanT Cc YBeEeJNWnHye
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HakKonneHWWW AuMUUMKNoOankumnagumncynbd@mpagoB WU
noTeHUManb KOoOTOopD>bX 1p, asOHMLB:BIE CL6CHOC B ( C

B
AL oros-oto

CocTaB MNONYyYeHHOW cMecWUW NPOAYKTOB
ULWKNMNYEeCKON BONbTaMNepPOMETRBHKAPpOMEST QB C
cnekTpocKkKonuiu.

NMpmw3anmoageHsISaB MM K AQMBKEC 0BG Hapsagy

cepocogepxXxawunmmum OPpPTr aH WO AK NWHIGD QCT OaeHIMYHEE
Cynb pélisp (hge + 8) M 39neMdeHT HBE 9 cHiSeTRAM e
reHepunpoBaHMUPAaIMKIBMEOBbIXNPOTEeKaerT c B bl

CI'IOCO6CTByeT NoBbLWEHWIK BbLHXOAA oOopr aHumAu

B cBaAa3un ¢ 3T UM, mccnepgosBaHb HXSBe KT

3
©
=
(@)

YyYTCTBUMU LUKNOAaNKeHOB OH:CNC e pGIMHT R

oankKkaHayuwgpnmo®y YWUCYNbdOUMAOB NpPU  UC
KTunBaHfSMc no@o 6 conpoBoXpagancs obpasos

o
s
=x
o

|
o

nncynbdgpmnpgpos ¢ BbIXOgom 8,1 wnu 18,8 ¢
COOTBETCTBEeHHO.

KatToagHasa HKE(teumBodtuomHp o B o gmM1acb BCHTC®

3NeKTpPpoOnns3a npwu pa3BepTKE noTeHLUMUa
-1, 7 B. Mpun 9TOM cepoBOfgoOpoOopn Heobpar
aHVW-pagukana, pacna/jaaHwWeorHo Cifi aTa0 M aapoHIbay

CBOW O0O4YepeaiHbn, O HT NOOK/IMACT/1 £ e NOA THMHM Nd MO L O [
0,1 B.
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Cnocdbpe f@aka nB@aaymwmB o gopoga ABNAKTCHA

K aK OHWU ocyuwecTB/NAKTCA Cc MCNONb3 0B
COCTOSH WK X n 3 nnaTMWHOBOT O aHopa n X |
3NeKTpPOME[IpATAHMEH eIL/KID T® 0 C A o ®KaHW BRI 1o
B peaxyuyumkKknoankeHamun 06blnanapanrhisdsitss a

6y  T-BO1Ie H3 0O XQ)B,BoHT PO T-erH A,3mum oQH,)( ( cHDCOO

0 OH
/\ O /\ OH
Q QH,
Okumcnuntenbv -AuUstc j-B8y BBOGIE H3 OX M HOH 0 €

BoOCCTaHaB/AuMBaeTCH4 B ABe ogHpagaKapal
AnaHnmAkwaus REghh(R=H, Al) B npuncyQ@crtmwvam un nj
ANEeKTPOXUMMYECKOM OKUCNeHnu, Bepger

KaT#ypamumkanos (puc. 2.30). dpar meHTau
ANaHUWHra 3 oxmHOBRa30BaHWe MQHE 1 p COKKaNTC ENXANC

npun nortT Bpy nla; nle B

-e -e
l + RSH _ +H+ «  +RSH
» QH H,+R f
o Qg™ ORI QRS
R=H, Alk (2.14)

Mpun oKnkdBleHMmMAO@B 3 0OXMHOHOM O0Ob6pa3syer
cepa, B ClNydYyaegvnaywkmagpnpeno@ plek TelHBEEE PP

KMcnopoagomM BO3AgyXxa:

QM 5>

"H0; (2.15)
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I, mcA

s
20 MK_A Vi \\

tdmMzdzsc  UBA3 B3 anmMoHsSe eI HBH N e M
BOCCTaHOBNeHIReE coegunmMHeHUHS NB:ECNI B, fobat

Ag/AgCI, 0,1M n-BusNCIO4, C(Q1) = 8M,CH,S) = BSM)1 0

dBa anbTepHaTWBeipXH 0@ oMM A O TS MO S
K MONeXwmrme nNpPpOTOHPaAaAAKABHNOEHBODEKBMMHDHT
obpas3oBa+pag N MMODMb HOMN napss. 8 Oxpmmconye@HaiTes
(MOnapHOEe COOTHOWeHMNWe 1:1) MeTopaam 3T
TPOYT-ANMMAPOKCUNDPEHOKCUMNBHOIO papgunukana
BO3pacCcT3aaeToMmMmBalsSORAPBRNHOHA 7 Ancnpor
(punc. 2.31 06):

OH
H,S + Q—> HS' +
o

(2.19
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it dmMzdcscCRreBiLp OIDIMPa nBp30aaMyo Heil KM TIQH e n
a) B HayYyanNbHbN MoMeHTB peradk L MGO;ny 06G1), R

MepBOHaAa4vYanbHOMN cTapguneim npeBpauweHwu
okKuncneéibnen HoHnQmc (ob6bpas3oc@diaDBDmem Tponns
(unknodspkempeosogmnnca npun mMFfemmgwanes3as
CHM3NTb aHOAHOEe nepeHanpsaxXeHune 3NeKTEC
1, 2.

MpuHUKMAIN nencTBWuSA npennoXs®iiemaioxX N u

cepoBopgopGNBw3Bmo&HO onucaTtb cnepgywnuwnmmm

OO0

QH,
Coksh HS du s

A-cyoCcTpRpPOAOBKT peakxkuunwu
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Peak uHs c ULUWKNOanKeHamMu B npumcyrTec
nNeKkTpoMe@Mpammowpa TeTpaobdyThniavaMioXe Aanp a
yepes obpasoBaHMue TUUPIWBHOL WT pkA L4 UMK

umkKknoankaHtTmnmonos (cxema 2.18):

+ +e
1/2H,
_ - H.S _ -
Br e Br 2 Br + H,S* — Pt-cathode, CH,CN
Pt-anode, CH,CN RH
T — HS —— RSH+ 1/2H,
RH = cyclopentene, cyclohexene
(2.18)

Mpn S9TOM HabnwpaeTcsad CHUXEHWE aHoOA
Co cnot@aéammnu
an4a HenpaMOro reHepupoBaHMUa TWUWNNbH

KOMOUHUMpPpOBTaecHMABa R o & UHE)N(C no®.d@PuaTmnammnmH

CUNbHOEe OCHOBaHWe Jlbwumca, cnoco6GCTBY
TNOAAMMOHA. [10C KAaOHWbOKHYy OTKMMOC/VASTE TC A Npaxk T
noTeHUuMaAane, AaHHbLK Nopgxopna AaeT XOPOoLW

t dindzts 27 21.B 0 K 1 Cc T &) s, s2)c M e B¢ (CoHs)sN (1:3)
(CH,S) =72M, -PdaH pGHCN, 0,IM n-BusNCIO,4, Ag/AgCl)
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CncTe&Rma-@@HOB@MMEB 0 AyoccpnoegsH O M CNONb 3 C
ANAHSPYyHKUMOHaAanNM3ayuwu pBRIXOAULMVMKIOO AT
LMKNOAaNKaHTMONOB nNpu p-axmwmsheB(xabcin o2c. 016
v OB d&ZdyYyO-BRAX AR no TOKY UUWKNoOankaHTWON
nepeHanpaxeHuna (AE) ana peakuly@s(aepEFos

y) .

Boixoa nNno TOKY LMWK
Cnocob akiS AE S
LUKNOMNEH ULUWUKINOT eKC
1 PtaHOp 28 35
2 PtaH o0Sg + 36 38 0
3 Ptk aTtop 28 35 -
4 Pta H oQIQH; 18 23 0,5
5 Pta H onaBti;,NBr 29 33 0,8
6 Pta H oELN 39 77 1,5
aHHGBbeEe, npuBegeHHbe B Tabn. 2. 19, O ¢
MO TOKY UWKNOrekcaHTunmona npu mMmMcnolAb3O
6. PesynbTaTb 93N€KTPOXUMMUYECKNUX 3KCTI:

KBaAaHXMBMMYECKNUX pacuyeérTosn aHBuCA Ypner aSutiLHMbIE
LUKMTONEHTEeHOM 7 LWK/TOT €EeKCEeHOoM nNokKas
HepretTmnyeckKkun B¢, Gampy owdlkd md N b, cCo
Llmk noankaHTMWONbBT yyacTBYHRWT B QAanbHemnlL
3 HadyeHh ag n A peakuumi AvMmMepunsauyunmmu L "
ULUKNOTeKCcCUunNTuMmMmnbHOT 0 -2 1p8a, A/n-X B ,0 & P AR MH
COOTBETCTBEHHO. O aH1 axos BeHaakileHm e 0 &
AnMuunknoneHTunncynbpnpgasbcuwexrxBroA®) HMA
aHanorvammwmMmumem A8 ALUULUMUKANOTFTeEeKCcCUunncynb
pasnnyne, BepPOATHO, daBANAeTCHA OCHOBHOMW

BblXO0Aa UMNKANOMNEeHTaHTuMmoiIsna.
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Takunm

obpasowm, npopeMOHCTpPUpPOBAHaA

UMnNKnoankKaHTMWOJ/ZT1OB NMNPUHBIXC MTDUWMBG® BAARAKT [P

akKTnseaunwu

peareHTa C YMepeHHBM BbXO

ULMKNoaKKk@APB KOMHATHOW TemnepaType.
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P

HdBEZIsddzHndMmMEzdzr W JH SO

HECUMMETPUYUYHBIX - VO P T IAMHCIYMIELCd Y
aerT OCO06Ge€eHHbl MHT epec BB W,
n, cCBA3aHHOM c Hanunuynmem B
OOHOT O W AN Vb Of/IBbYLXY KM OPCOT/MbK OfBa HCHEb[

dbapmMaueBT MUY eECK@IK T [0 Q@ M LR LB /T
HHbBI 333 BPeTamp@ar-ams gNCYynb Pu agbl C
EHTUBHbBMMU mli nnwn XMMmMoTepan

Ha -Ha XN GTPNIBMIEKC M1 NPUMEHEHNS

K OB bl X ar eHtT os, CnocoobHbIX H
warT b pa3BUTMUE OHKONOT nMyeck
A NBUMERAAB®BTCT B € npekKypcopos
4 0B, TNOB,pupasB o@HCB & bkpoHOPp LI
HHble npenapart bl AHTUWHEBPOTMU

e HHIBF3IB8.BakBDBEMNDCOOEHHOCTV bLIO

pPngeBcsas ob6ecnevyeHUe 3aWUTHOT C

OBpRpeKgeHNH KneT oK 3 a cyeT -unuxX

TPaHCMWTHESSEp KOTOPpGbIR OTHOCSHAT K BHYTDV

Monekynam, BbNnoOnNHSASLWUM cneundunu e’k ne

3393 4 0 ]

M3 BecCTHGU IE MeTOAbl NMNOJZTYyYe HIPA Cw

ancynbdungos, yaue B C eBr3ca MO @ B @B & F1HI U

(ankuvun)ranoreHnmagoB ¢ Twuonawik engp nn plAy -

[341]n nw

B

npmMcyTcCcTBUMN MOHO3TaHOMNTaMMUMHa
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CMHTES

MOHODO3T

ABToOopa

w T 0

job)

3

K

NKwWna
pucyT
CUMME
HUuuyumu
onyue
puncy
avecT
bpek T
eakum
amMe e
cCnmMmme
nexkKTQp

Mcnort

dbeHNMN?

H.S

aonbeHsunncynobpunpga ¢eaywovacecipBem 6
aHoNnamMuHa npoBOASAT B YyC/NTOBMWAX
M W [ 343] npeanoxed cnocob
puncynb®@uMmpagoB B3aumMopgemcTtTBUEM arj

cTBuUunM connm pyTtTeHmwsds K( T@RO yu@)H.m oHa

TPUUYHOIO CTpPpoOeHUN aABNSAeTCSHaA McC
aTopos paagvnKkanbPaBRpabOmp@Bp aHe s u
HWS ankumnapuncynb dpugos nyTem

Nb POHMAT N 4p a3Hgeavals tg sy M mMmelmb B Ko B
Be (¢34 c nTupreenicagpold vagraan CarSicamab
MBHO KaTanmaunpyerTcs aueTunnauyert
OHHONW cmMetn KaTdRWOT #Le c[kK304e5 apun
HHOXB apenpuwPdi)tTcsengeaert K nonydyeHd
TP WUYHBIX Avapun(ankumnn)cynb u pgoe
OPU/NTBHOTNIO CEpPHUCTOT O pear eHT a

d . [ 3Mo6cTaAaTOUYHO YyAOOHBM O60HROC O

bUpmM)I@Y /B YyC/NTOBUAX MeXdaislHOro «kKkart

cCoOpdDMaTNNOGEH3ONOM B -MEQ MHIQ@NN 3 P& O /B

NPUCYTCTBUUN UNOCHKHODPURALKPUTILKCUNTETpPAa]

o

P
X

o

a

n

Mpepgn
Kucnmn
aagnk a
apackT
TBeuYa

nexk

nKnnIa3

pncyrtd

[282].

ar aembli B paboTe MopgX oMUY@ C KACC
TenNnbHHSL@DK HIeERARAOM N-pARGgNRAaKAT NOMI
na (25 B° (h,eadyunvaa™Xm. ¢ oOopraHunmyec
epnsyetrcsda cnabbM HeraTUBHBM BO:
€T OCHOBHbBM N XBHUIWLMHON »C|XapMarnme H H
TpPpOXMMMUYEeCKOe B3aummMopgemcrtTBuUue C

aMelWwe HH bIMMWU MHepTA-GsMWI mMmes o mA &
cuBymnmugvcy nlsthbudgyar vvn ) gmwe (CHELhn A
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X n=1,%=-H, Xo=-H (I); n =2, X%=-H, Xo=-H (I );

Xz@ n= 2, Xi= -CH3, Xo=-H (l“ ), n= 2, X= -C2H5, Xo=-H
n (|V),

n =2, %=-CHgs, X,=-CHs; (V);

n =3, X=-H, Xo=-H (VI);

n=4, X%=-H, Xo=-H (VIl)
AnnyumknumyeckunbVllcmoHeegpurHHebH B M ccnepny e
aHOoO/OHBbIX nNnoTeHUMANOB (po 2.4 B), cne
TPEXKOMMNOHEHTHOMW cmMmecwu npwu NMOTEeHLUMU
nopBepratwtTcAd T OJ/16 € PO BmegaorpeoHyT bi( 1, HIE B
ancynb CHMS( A, 4 2n-CBY.S (L, 54 B) . 2B e w1 p
cmecS (+tH uywunk n a-&Hd4p @ ((GiHo)%) ) npoBo2wha@.
Peakumsa npoTtTekaeT NpuWM HepocTaTKS, oubyp
cBA3aHOo ct-CHpBr N@ENMS;B MHUMUULMUMUPOBAHUN NP
ctTagvuun npeBpaweHunim. JAna cepoBogopopga

o6bpa3oBaHUE COOTBERATLWKBAYMNABMX KaTMuWnoH

HpS ——H,S ——HS  + H'
-e °+
(n-C4Hog),S, ——— = (1-C4Ho),S, (2.19
B3avmmMogeNnaAGBMET UBUPYEMOTr ou Hun s ome g

Aanéyrtuncynbdunpgosl-\dl vypekrn aeon KpaHaIKi| 1 b H 0
obpas3oBaHMUeM <cCcMecCHMHn npoAyYyKTORSHp,eawmnwn«
(RSR ) n [aNcRPRB pupacMMMeTpPUNYHOINIO CTpoOEl
ancyndRhHpha ob6pas3oBaHMEe KOTOPbIX duKCcUp
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I, MA
R'SR"

1,0 +

R'S2R"

’ o 20 BB
t Mz dzsSUBRA PB Bbe o0KlnmBudBla,4 C=0. 025 M)
NPOAYKTOB > evadeEmywmiw nhl amcynbdpuga Cc LUKDI

CHClL,PtaHonan, Ag/ Agd®l, v = 0.2 E
QNeKkKT MOXIEM N e npeBpaweHns, nporTe
NMocnejoBraarpeayb/HEOT b HbIX CTaagum, aHanor u

coeagunH¥HmMMonumncoiBawTCcsa cnepgywwmm obpas
(t-C4H 9) 252) .

X

Xl SH X] S\
Pt-anode t-C4Hy
+ (t.-C4H9)282 + st —_— + +
Xz CH2C12 X2 Xz
n
n=1-4 X, S—3

n n
) X S5 Xy
. HCHy
X, X2 X2
n n n (2.20)

MonyyeHHbBEe NPOAYKTbB TUNCaGPDIB aAHANTIE H LW
3NNeKTponmsa CMNOCOOBHbB K 931E€KTPOXUMMUYE:

0O ANCYNbMOUWAOB CUMMETPMUUYHOTI O CTPOEHMNS
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—_— — o+

X, SH X, SH X, s

-C

X, CH,Cl,, Pt-anode | X, X,
n n n
n=1-4 _ o X s
n
X, X,
n N (2.21)

O6bpasywompmmedaankK nNTUUAbHBN pagunkanrn
c -QuHo)>S,, npwu 35TOM TRrEBRDPDUMPpYBBEIRBS pagukan
ANCNPONOPUMOHMUPOBAHMUSH panee npueBoaunT

MOHW aguncynbdpmposB (cxema 2. 22)

X, X1 S\
t-C4Hyg .
X + (CHoRS, ——— o + 1-C4HoS
2 CH,Cl, 2
n n
n=1-4
Xl S. Xl S—S\
-C4Hg .
X + (-C4Hg)oS; —— + -C4HoS
2 CH,Cl, X2
n g (2.22)

[Tony4yeHHEBbIE pe3ynbTartT bl I/ICC]'Iep'OBaHI/II7|

AdaHHbBMMU nao I NeKTpoOoXMnMMMNYyYyecKIMM MNMpPpeBpalLle

A n s noAaTBEPXAEHUNH MexXxaHMNs3mMma N3Yy\YeE
UNKNOT e ke gMCaHy)S,/(tH4Hy),S,) N p 0 B eAHETHXLB OKVBY € C K
pacuyeTb. B CBAMIBHGUATOERA,ANKBO MOXEeT, HaI
aTakoBarThb aneyrtwmnnapucynbdnpg, 6bHiSAB Np

_

eHepupoBaHNUM ULUKANOT €K C p/apggHmxragionB . 6 YK
YTO 3HayvYeHMA Tennosoro sddpekTa B nNe
Be/NITMYMHY A[NnAa BTOPOTr o HanpaeCHeMSHma 4ns5p. e
K X/ M ot«L4o).Sp) (. CnepoBaTenbHO, MHUUNKNP O
peakuMum npoMmexoamBKIAaLMKIOrekKcaHa TMuyv

reHepupoBaHnUa O6YTUNTUNUNbHOT 0-CHa Btk a n ¢
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C4Ho)2S,) C ULMUKNOTeKCUNbHBLM paguKkanom 60/
4yeM peakKkyuunma Cc UWKIOT ekHcan natdn nQh s(/HwBmn3p).a O
3HayeHNe cBUaeTenbCTBYET O TOM, 4TO O
SHepreTunyecekHmU bonee 3aTpyoHeEHDO no
byTumnanuumkKknorekcumncynbdupga. Pe3ynbTtaT bl
CsHo)oS, + HS+ 4 m K 1 0s5eCh) K, aBHOOMN B Wwe I 0 RHB'(ly52m56 b

B)R,S(1.661 . 6 ORI 1.781 . 8 2RIR)(1.951. 99 B), npeaqa
B 1Tabn. 2.20.

v OB dZd YOBHEX @A) npoagyk DB Isgegg@yx umm) gHncy nb

UWKIMOanKkKs&Htaeam 2 XHLL, 1 = 1,80 1mwOH ,B)E
Coeann Boixoaga nonydyeHHBIX %oepqu
R'S;R” R'.S, R’'SH R'SR’ >

I 129 4.7 9.4 14.0 410

Il 11.2 8.8 16.2 17.9 54.1

1] 117 53 20.6 10.7 48.3

\Y} 14.9 5.6 14.5 25.8 60.8

\Y 6.1 5.8 8.9 7.7 28.5

VI 11.1 6.6 7.5 10.1 30.8
VI 2.5 6.6 9.9 5.3 24.3

Mpnmevya-kKWyeMapHDLBN BbXOA Cepaopr aHMU\uE
onpepgeneHHbn No paHpuic SBA e ) pacy @b el

N3 Tabn. 2. 20 C Nee/pWwIeWwK, N ady TBON U@ & T M €K
cybctTpaTtTa M o6wWNMIA BoKNapbopemYK TOBMPEP
cepocopgepxalumx coenounHeHNNS aa-CHhpS & nc s
STUNUNUKNOT eKcaHOM, 4UTO oOob6bACHAeTCH r
pagnkanbHOINIO 3aMeweHMWda NOo anunuUuukKknIy WU
ULMWKNOA/NKaHMH@B NNIOO CC M&XB aNKUANPON3BOLHDBIMU
okasancs Hnxe, npwu CON3IMEPUMOM CYy MI

NPpPoAyKTOB PeaymmmumaT bl 3NEeEKTPOXMUMMUYE
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cornacywTcH C [ARHMMHWNMEBCKKIBXaHpPpaewerTOoOB.
BbIXOQOAYKTOB peakuumunm (T1TabnsHp(20Q) 0 @k a
CpaBHEeHMmK 3c0. @ %) npun oAWHAaAKOB a-f;HopSH a u €
(=79. 0%) , YT O nNoaTBepXgaeTcsda pasHULULer
AHYynmumnnnbHOT O papgwnukKkana CcNn ocao/okTaBHearMur B(y5H L
B nNnonb3y ssomMonora C

CteneHsb npedppHe) e HamBeapbupyeTcsd np
aHanor NYHolx—omp e6gle nale N&EX%B.MBHOCTHIWGPBaAaK
oyTun) ancynbdupga c He 3 a @eyupe HIHpbUVCUYHFBCUTKBN
nNo ABYM HaHA@pG@EBazeHMaAHMI € aC MU MMET P MU YHbIX

TakxXe 3aBUCUT OT CcTpoeHmda cybcecTtpaTta (

\é\:* 30 _
" m R'S:R"
2 25 +
5 ® R'SR"
=
E 20 T
E 15 +
s 10 +
S s
o
I IT VI Vil
IaknoankaHbI

it M3 B BANMOCTDbL Ce€N1EeKTUBHOCTMUW peack
acnmmMmMmeTpunumbiZnommpmwbpn gos n pHeS BrBlamMD O e 1
oynpaoncyrgbdmgaoali-€Gamapmasmepa anumumnmekn:

Kak cnepyeT w“W3 aAgunarpammMmMmbl,, C YBENWUUYE
BEPOATHOCTb O6GWpPpaAaBWBYMHMAN MOBH OACUMMET P U
He3amMmeweHHbBe ULMKANOANKaHb NO Be/NWYUHE
paccMaTpuBaeMblX TPEXKOMMNOHEHTHBIX nNpes.
cnepyowiCiHep ao> s> ol

Ha npuwmepé&2prematummy m KoHeSBe I@amK y TIe T B U
6yTun) ancynb dpuga M3y4yeHa 3aBuncummoc
CepocojepogiyxT 0B peakuuUum OT NPOLOMAXNS
2.21).

156



v OB dzd y.21

-23aBNCUMOCTHDb
anmeTnnuunk nd (niCiHag.,ratc B pame 2 8CHLL, ,,+~=1.9

BbiXO0J/a

npoAay:t

B)

T Boixoa NONNYyUYeHHBX COe)/

MU H R’,:B8"| RS RS H RSR >

60 2.1 2.5 5.2 3.1 12. €

120 5.5 4.0 8.3 4.8 22.7

180 7.8 4.6 10.0 54 27.8
I'Ipmmeqﬁ-rcvyem:maprlVl B bl X O A cepaopraHumyecKmnXx
N3 Tabn. 2.21 BUAJHO, UTO B Te4dyeHMWUe

peakuuun yBeaimBimBrRMKLIA .BHIX0a4 xapaKkKTepeH

UmkKnoankKaHTMWOINa, ABndawower ocCc 4 NnMpomMEeE X

JamMmeTawen HRBHBE Xxoage a3n1ekKTponM3a CBMULE

TN ECoWwE oo aiSHR 59 y=6c 0p @1

ocTaBanlnmceceob

CKOpPOCTHWN CcTapjguu
NRSHRSR'(=1.0: 0. 6)

vyyacTunewm UMNKNOanKMWNnbHOTI O

BO BpewmMert
paguwkKkana B
UuKnoankaHTwunonosB. (n-@Hy>FP poocmymTHCUTPBOVBYA N1 A
AMNcnponopuUuMOHMPOBAHMWMA C YybMXa C P A @ M K aLfk

wp

NPOAONXUTENbHOCTMN

OTNAMUYME OT AUMEPUBRALPACCMDCT R EGEHHHMXI

peakuuMmunm yBenmyeHwue
ACUMMETPUYMBIZN CAPMBOADPN 0B .

B xopge
(§-CaHo)2S,
RSR"R,SSRSHRSR = 0. 8: 0.5:1:0. 6.
(0. 7:0.7:1:

obpas3oBaHWMNA

I NneKT pSShImmam ecrwmenaum K(nkbr ek c a H)

COOTHOWeEHMUE NnPoOAoYKTOB p-e a Kl
[tCiHo)2SM ¢ N ¢
0. 9)nCgHe)S;8p a B
ACMMBIBOPVMHEBOTI OBB YA
p a A um-GHy)es; B

cMeluweHoO B

GanawBameHANCA
NoNnb3y
BbICOKOMW CT aléts jiGByHTONC/TBbHO I O
COOTHOLRESRN A R,S, 6 bI/10

Ancynbpunpga, a B

Nnonb3y
p eGaHe)iEMBAbI X0 O Y YyaaBCy XM €QvIO ¢
CON3IMEPMUMBIM.
oncynbu gos
peakuunmu,

oKasancs4 dKcnepun mEeH THABYX

M3 O0OMEDPHDbBIX YKa3bBatkwT H a

NPoOAYyKTOB npwu 3TOM Hab6ntf
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KOMMNOHEHT BB nopwecym-CHoBSMomme fleK TUBHOCT b n
HanpaB/IeHNIW C YyYBeNMWYEeHNMeM NPOAONXUTE
noBblWanacb cneagR®SRINBM D.6FRaPiaoava 2 . BSHp a 3
iB 1. 2RpR3B .6 pas3. Takum obpasowm, H
OTAMYaAaKWTCA [ABaoMyramBoOpaaKBUICLMMMET PUYH
acnMmMeTpPpUUYHOTo cynbdupga. QT 0T dakT o0
bopmMumpyrwtTcsa 3a c4yeT CcTapguim pgumepsn3 al
AOCTAaTOYHO BbLIOAHBX C NO3UMWUWUWK 3I3HeprerT
cTeneHb nNpespaygeis(te sdsyursvoiv eqomHcbyxn b o 4 0 B
peakHBlhc coepiMlle Hmwarom cornacyertcsa co
nonyuy eRASREI XRISR'.

Mpn BOBPAHUM NPOAONXKXKUTENbHOCTU 30€K:
H.S + (-CiHo)2S: ((-CiHo)2Sy) ) obpa3ywTCcHa HeopraHwMy
H$(0.31. 2 B) ¢ pas3nunuuyuHbM C OARSP X aMH e mae
cepa, KakK NOOOYHbBLIE NPOAYKTHL MUccneppgyen.

an4a aCuMMMeET pP-UM H @XM C ywDbBH(N 0 0 BPASE O @irnma n
npoumsBegeHa OLeHKa WX NoTeHuManbHOW ¢
yT BSR RSR CNOCOOGHBL NPOABI/MISKYT arkprMTBWHED
MOT YT BbiCTynaThb B KayuecTBe MykKomeMOb
WMPOKOT O pAapga hbepmMeamTTOVB/:T @3 BIYy NN € (F MNKOQ
auunNKagHmpEpoHl ae bITlekdagpc paTa3 bk T ap& 3 bl J

Takunm obpasowm, SDEMTPOX RBMBWAGKIAEAK T
no3BONMAAa MNPOBECTU Tpex KAEOWMMHIE) HITUHCLYEN b
(ol j-Gsy TMN) gncynb dmnuagom) 5@ B LU WMKIM & a1/X K ayHCa

(atTmMoCcepHOROmMaABAMmEARAETRMNEPATYpPpa) .

2.3.5. CdzjShtesnddkdujmMSd ddzdyddtstse Odzd

CqHEESHR §+ o OtsdOlsdujmSdrs MYy dlso
BonbwmHuHcTBO M3BeCTHHBIX cnocobosB M

apoMaTMyYeCcCKNUX TUONOB OCHOBAHbL Ha pe:
ranor e HMHHEY 3 BYOT 1eBOJO0OpPO/JgOB npwu mcno
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HYKNneo@uU NIbHbBX peareHTOB TwuMmonarta HaTPp
Kanwus npwu NOBOLIWEHHbIX TemMneparTypax,
KaTanus3B4a885RodBlonyudyeHuNne TNO(PE@E@VIAOBT UWN

ocob@KHyanNnbHO B CBHA3M C UX BLCOKOWN 6wn

coegMWHEHMNH npepgoTBpawatlT OKMCcCnNnnTensb
naToreHes3 MHOIrux 3aboneBaHuUunmw, nyTtTem C
pagunkanbHbBX nNpouyeccosB, Bbl3 Bap &M XK aauTap
[353-355]. BeH3onagwutTwoAbI n n x NpPpowns3BOAH
XenaTtTunpyiwuwe CNOCOBGBHOCT b IO, 4yToO nos3B
MeTannokKoMNJ/JiekKCbl, MoaenumpyowiBee3HORcTE

KayuecTBe NPUMepoOB CUHTe3a@pgaeesxw acaoa
MATNWONOB MNPMW BblC OO ,T envansengediTuyapr e .1()2"

CYTCTBMUM KaTanmi3aTopoB (knmcnort Iy

OAYKTOB He npesBbwan 25%. YcnoBwusa np
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CKMUMMU cCoegNHEHNAMMU,eHHGC O 4 esf
apomMaTunuy e ClkwH-rapgypnen bi .

Ana nonydyeHMda apomMaTMWyYeCcCKUX MepkKan
cepoBogopogoM WNAN MOWMUNTr MAPOKCUPeHON
pervappaTtupyrme Kartanumsartopbl,-7001/A)B biuwe
nNoBbIWEHHOEe AaBneHWMe. Boixon apomMaTwnyec
36% [ 363] . Mony4dyeHwue LWUKNOrekcaTtunorna

cepoBoOojgopojga TakxXe npoBoaguMAOCbL B A0
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MpyMMeHeHNE OKCOMPU/IbHDBLIX BRNEATGHRNABBDNOA
HYKNneo@MnbHOT O 3ameMEmMBIA CMWMpP @ BIC/H a
apumntTmnonaTtTHyw rpynny TpebyeT npoAOXMN
B TeyeHuum 24 4yyacoB [ 365].

BoiwenpusBepgeHHEBN KpaTKMuIM aHanuns n
anundaoarTt 1 YTENCOK/IMOXB yKas3bBaerT H a nepcneck
9NEeKTPOXUNUMMYECKOHSH ermmeoHceeTa BaEHHHASatBE p
nascendign s HYKNeo@PUMIbHOTIO 3aMelWwe-BHWRAOHNAP

B pfAaHHOM pab6borTe npoBoAaMacsh @agHo
akTumBauma cepoBpA@MPEARAALOKAQHRAPHN B M
bparmMmeHTnpyerTcH C obpas3oBaHMWemM peack.
pear eHm@@aaMoOHa:

— HS
s| —
'/2Hy (2.23)

Ha LB A (puc. 2. 35) permcrTpupyerTcH4

H,S + ¢ —>[H2

BOCCTAHOB/IeHUA CepoOBOAOGP@RA.0OKHE TSBIPRA
AHWOHA:

10 LMK A

0,5

t dmMzdstURk BvbuecKkaa BONbTamne pHI(p=amma
100mB/c; CH;CN; Pta H oAg/AgCl; 0,15M NBusCIO,).

CnepyetrT OTMETWUTHL, UTO KOHTPONbHBLIE
HaTpusa ¢ deHonamu, NnpoBeAEeHHbBE nNpwu

OTCYTCTBMUE NPOAYKTOB HyKneodpunbHOT O 3
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reHepuMmpoBaHaBANOHaAMONAA
B3aummMoaenmcrTBMUA
nMpoKaTexuopMy TH NI MpoOKAaAaTEXUHOM,
npoAaAyKT
B

aueToHN Bpxoda,.

~

0 %.

no
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nnNageHOB@NMBER

-ocv Isdsg-@ey T 1I0 Mpe H20,160 M,

L eslieB blX

MpoBepageHWed NerkopPWGTHIEEX0 B

(TeTpadgrTropEoypramme TU NN PULAMNHMA)

9 NEeKTPOXMNMMYeEeCKMUX

Hao6nwpagpancs

MB) ,

3

P
"
B

I o c

Ene nNwuKkK

4TO

nekTponusa B
actTBOpuUTENSA,

CHMN3NTDb

A3KOCTMN

OB dzd Yy n2e.k2r12p.oXx U MM Y e€CKMe

NUPTOB MU

53MIon b/ n)

OB HBABHABOIC

"

b

XapakTepucTunk,

Heb6oNnNb WO

MOHHOMW

COKpPaTuThb

netTyuecThb

BbICOKOMW’

MOHU3 UPpYHLWeENR

BIA3KOCTUbLI

XUAOKOCTMN

caABwuUT

O e H 3

MmOH

H € :

-~
~

(

H

nNokKas3

MOHHOMW

K aKk

noT e |

mMo3B O

cepoBoagopopgaeTH

n o 1 yOH£N; Pta 1 oAgiAgCH 6, 55M NBu,ClO,4; C

RfMnotSH O [ @ [ @o| 1 " R tfHS
v ddz
Ny qcls | J sts¢ Iz
QOH 1,60 @SH 1,76 61,2
S S
QOH 1,58 Qsa 1,62 60,3
X X
OH 1,25 SH 1,20
68,3
on 1,62 - 1,75
S ~
1,34 1,25
_‘ OH —’ SH 66,1
1,65 1,80
OH SH
QCHZOH >23 QCHZSH 1,22 69,8

OKMncneHnd

W CnX-O AMHVOKI 00 KCWyCOCETHpuasT an; p oEQ'y K T a
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C MCNONb3O0OBAaAaHUEM 39NEeKTPOXUMMYECK
XMpHOaAapoMaTMnyYecKkor o GEeH3MNT0OBOT O cnwu
HYKNnNeo@pPun nbHOE 3 aMPYWEHABE HAY TM@KIGIH VK N b

pegmpeBpalleHns o6Gpa3ywWer ocss 6eH3UTME

Pt-xamoo Pt-atoo
' , — CH,SH| —
QCHQOH + HHS W CH,SH T 16B 2 -HI
. oumMepuayua H; Hy
— CH,S ——Mm = C —S—S—C
(2.24)

MpoBeaeHH bl 9KCNepuMeHT NokKasar

TOKCUYHOIO U UMUHEPTHONo cepoBOAgoOpOAAa B

_

naopeKwomn B e HonNnax " XCUTMPVYHPOTAapXxo M arl
3NEeKTPOXMMUYECKOM [aeHHIEQHID.0BAHUUN TUNONS

QNeKTPOXUMUYECKUNIA CMHTE3 M C a HyodaaHC
MHULUMUMPYEMOTIO CcepoBOgoOpOAa NoO3BONSAET

Bogopoaga B apomMaTMyecKoOM KOonNnblue, T ¢

o |

oATRAGQRBRX ynpaBnsseMblii -PMpOYPACNHDPEE ad ¢

tBu tBu iBu

OH
Pt-anoo OH Pr-xamod SH

-— +H,8 ——>
+1,68 : -15B

tBu OH Bu OH (Bu SH

SH
(2.25)

B ycnoBudax aHOAHOINIO OAHO3NEKTPOHHO
KaT#w@HmKkana peannmiayeTcsa MexXxaHW3IM apol
(pagunkanbHOTIO) 3 aMe lWe H NoAC, C Taa HBO BY/ICENHOMBAN S
pearemaxaHM3M HYKNneoMumANnbHOTINIO 3aMelweHMU

pear.eHTa
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HecmMoTps4da H a TO, 4yTO peakuunmn OK U
akTumBaumm cepoBopgoOpOfga MU TMUOMNOB nwme
CywecTBEHHbBIN —Ba@amDoCmMaE@a/XKAeNbHO NpoTEex
pe3synbTarTe KOT ODp bIX obpasytlTCHA TPYAH
NM3MeHeHNE OKUCNANUTENbHON QMYHKUMM 23NeKT
H.SMRSHRnos3sBonaer reHepumpoBarThb aKTMWNUBH DI
CBOAMUMHUKY MY 4Y4UMCNO NOOGOUYHBLIX peakxkuyuwunimn.

MpwnmMep bl peacxuyuuni HY K1 e o W /1 brHPoyrnom bl 3 &
AOCTAQTOYHO WMUHEPTHLM CepoBOJOPOAOM NpWU
AaBNneHUMWU €4 WHMWYHBbI, 3HaYnNTenbHO 4y awe

MepPpKanTaHbl.

2360 yomlsdj OCIsdeodtotseo Odzdzts? W tstcd3" ] lotse
Hd S

3]
d¢jlssdiso .
AﬂbTepHaTl/IBOI7| 3]'IeKTpOXI/IMI/Il-IeCKOI7I akKT

pa3nMyYyHbIMN cybcTpaTtTamMumu gaBNAeTCSHdS NPUME
oOKMcnvBeomewWTesze TUNONUPHAHOBLWMH HILKXK €lD,058 @
OblIM MCNONb3O0OBAaAaHLB 2 nNnopaxoAda: XNMUYec
cepoBojgopopga.

a) Ana XMWMMUYEeCcCKOW akKTuBauwWuuMm CcepoB

MeTanmMNos Pd, Pt) C HEMWHHOULUEHTHbBMMU
CeMWUXUHOHMUMMU HIoNTT aoHHESaEMeVIMN 1 Bbllwe pas3pgenr
Ph

q H H |
©§N\M/ND OZN)A(N)] CT%\M/SD

V) I <)

H H Ph H
[Ni"(ILi'S9),] 1 [Ni'"(2Li'S9),] 4 [Ni"(3Li s'9),] 7
[Pd'(ALi'SQ),] 2 [Pd'(3Li'SQ),] 5 [Pd'(CLis'S9),] 8
[PH'(ILi"™Q), 3 [Pt'(2Li'S9),] 6 [Pt ((Lis'59),] 9
rge:
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NH Ph S
11j1sQ 2| jIsQ 3jIsQ
Bonbwon 6 NnoK pab6orT, CBSA3aHHDBLIII (

HEMWHHOULEHTHBbBMMU CEMNUNXMNHOHAOMNMWMMUMHOBbBI MU

ANTaHpaMu nNpuHapgnexaTt TFTpynne HeMelLlK WX
B O rnaBe C OOKTOP O M[222225ph /IC@ w 1 XBWMH @/PspTT
KoMalkicaMMm nNnepexofgHbX MeTannoB Ha nNpo;

yyeHbe MHcTUuTyTa MOX PA[E3]B BHumarbeoN a H ¢
KOMMNDAEeKCHBbIX coeguHEHNMN akKkaapg. . N. =
PAH, napannenbHO pa3pab6boTadHbl NKYCT HAbI X C
cCoegUNuHEHNIN anNnbTepHaTWUBHLBMMU nyTamu,

nnaTtTWHDB WNIWN nannagwnaAa:

2+

XH XQ\ }Y
O w22 O 210
YR HX

YR M=pd m
R=H Ph X =, NO,
XH RY. 2
\M/ X, _OpKOH C \ />
Y{ ‘\HX HZ%NSCN / \

(2.26)
Hnuk enesbsble KOMMN/MeK C bl OblNwu CMHT €3 n|

TpumMmeTmnunauetTaTHbBX KOMIMBEKCOB HUKena
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xapa
MeTa
nnorT
opr a
T O
Koop

Mo
peack
cnoc

Y H

cepwu

(H30)3HCC\// OH\&\ ¢ / O/(\l
CH3CN\L\$ /\\\ /OH\ \i/

M

b

n

O I o =T

"

MeCN, 50-70°C

NH,
(L
YR’

C(CH3)3 Ry
C(CHg)3

Nj~—-—

/I\ (")'\\Ni ~—_ or \\ CHICN

O\/O / \\ O\/ ~° roe R =tert-Bu

e H,N YR'O\C C(CH3)3 R'=H, Ph

C(CHa)s CH(CHg)s

(2.27)

nnekKkcoobGpasoBaHMUeEeE, COMNPOBOXAa oLt
aMWMUWHa, TWMWOnNna nnun aMl/lHT-MIOI‘ﬂ]aﬂTBOpCH'
) npmneBoanNrT K TOMY, 4UTO nnmr aH/[/
TEpPHbLIEBAA®AHUK ®GOCCTOSAHUKM. TMpu 3

noueHTpe Beper K CywecTBEHHOMY
ocTMm Ha CBSA34dAX Me Xnay OOHOPHBLBMMU
mMyeckomM ¢Gppar MmeHTe, Bbl3blBasdg XWUHOMU
comb6bcTBYET BO3HWKHOBEHMUI H O B bl X
MHWPOBAHHOW MONeKyne nNUraHpga.

KONbKY K@OMNH&KCcIbB T1AKT C 4 KOoOMMEDpUY
mnBamu, BCe€ CUHTEe3bl AaHHBX coefau
GHOCTMW NPOBOAVN/DMAI a/HIHBIWMO MEHF O @M X N
KanbHOW OCOOGEHHOCTbI AaHHDBX KOMT

OOpPaAaTUMbX OAHO3NEKTPOHHDLIX MNepeH
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(xenatvesTM N)T0KOMNDNeKCaNMXrlide #=-2bh O, MYy N bl

+1, +2. D1 e K T POONHMHCBbEB arteETpcedax OCA/Ibe O Y 0 Wu M U
2.6, paspen 2.2):
[MH(LiISQ)Z] ‘% [MII(LiISQ)(LiISQ)]+ % [MH(LiISQ)Z] 2+
— +e . 2-
[MI(LiAP-H)(Li'SQ)] — [M(LiAP-H),]
AHanmwns 9 NEeKTPOXUMMYECKMNX O aHHblX C

Be/n1nm4ynmHtH KoOMNDAneKCOB

-TPPpPARRQOOB
op6uTtanei

csunpger
MeTanna W TAMBRAH/Oa.WLeBT @&
sd(em)r BB Me oo u TEH@MOMep &nmnal

Me XAy

pasHuua B

nmnmr aHAga, KOTOpPbLMMU nponcxoagdart 3 J

vOBdzZd YyGoAeRBpOXMMMYECKNE XapaKTepuUucTMHn

CEMUXMUHOHAOAMUUMMHOBU BIX MOMHIGusFa € H bAGICIE M N 1

C=53Md@®ntPtann, ek Tpo BuNCOD)1 M
No KomMmnneg PacTBOG( El,, n1 E12/2’ ny E13/21 n | E),,B| N4
1 | [Ni"(L'S9y oMo A 156 | 1| -086 | 0,8 | 016 |09| 046 |09
2 | [PA'(*L™Q)] OAM® A -1,48 1| -0,86 1 0,12 | 1| 048 | 1
3 | [PI'(L'S9)] AM® A -169 |[09| -087 | 0,7 | 019 | 1| 0,79 | 1
4 | [Ni"CL'SQ)3] | A HCHCI; -1,34 1 | -0,64 1 032 | 1 0,64 | 0,7
5 | [Pd'(?(L'™9)7] | A HCHCl -1,27 | 08| 0,70 | 09| 032 | 1| 064 |11
6 | [P'CL'9)2 | AHCHXCI 1,50 [09| -084 | 0,8 | 038 (08| 088 |08
7 | [Ni"(CL'S9Q)y] OAMOA -1,62 1| -0,93 1 0,14 |0,7| 0,42 |1,2
8 | [Pd'((L'S9)y] OAM® A -152 | 11| -091 | 09| 0,10 |09| 041 | 1
9 | [Pt'CL'S9),] OAM® A -1,72 1] -092 09| 012 | 1 | 063 |09

MN1234~4MNCNO

El,-NOTEeHLUWan b

3NeKTPOHOB NepBOW W BT o-pdoeip pcoTlEpmalf

nonyeoEH,EBercacmeaHipBai/esst UMg Ny B O N1 H
BanmsoctTwHBHEKTIREPEXOJOB C

(tabn. 2. 23)
opburtanein, Yy 41§ 0T B2 C K LA K X

KoopAauHauwuwu

OAHUM TwWn
MeTannammwu
npupoAa bl

cnocobcTBYyEeT

noaATBEPXAAWT C
BMe 1

MO /TeKY bl
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yyacEmekuncneHnwamomkraanowlpnm penhcTtBuu

npouMcxoaunT pereHepaumsas Komnnekca n[o Vv

e /\
@@bﬂ@ —{0ex @l v — QU0

= \T
W S Y\ p \\:Sn+Hzo
Qo 5@ 5@*0‘)
Y =N; X=S: M= Ni, Pt, Pd (2.28)

KomMnnekcb -ack T@Eeg6lM@ nNuUuraHpgamm pacec
reTepouuMknumsaygmmu C/Nnepny WUgMXT a H3JaMIMEHLHEBH H

KOHAOEeHCMUWpPpOBAaHHDLbBIX NMPponMs3BOAHDBbIX C cepoBoC

Rs R=R=CGHs R=R=R=H());

Ry R, R=R=GHs R=nGsHCl R=R=H(Il);
R=R=nGH/OCH R=R=R=H(lll);
R=R=R=Gts Ri=CH R=H (IV);
RIOO R R=R=R=nGHOCH R=R=H(V);
R=R=GH4«Cl R=R=H(VI);
R=R=R=GHs R=R=H(VII);
o R=R=0,RGH(OCK R=GHs R=R=H(VII)

O O Ph O O Ph
(1X) %)

B 06 wewm cCnydae TUMONMUPAHBI n n X
retTepouvk nusaugaewmae nygmpwwawadoBd ¢ cep
B CUNbHO KMUCANBLIX CNUPTOBbLIX pacTBOpax
cooTBeTCTBYWWMEe THmonmpunumesbole conu. T

BO3 MOXHDO MONYYNTHDHb okKuncneHmem TNMNOMNWUPAH

R3 R3 R3
R4 Ro R4 R, o. Ra A R,
H,SHCl ‘ ‘ H*X ‘
CH3OH RMgX
R "0 0" Ry Rs g7 Ry Rs \8 . Ry
(2.29)

167



CnepyeTtT 3aMeTUT®Lb, YyT O Haumbonee <cCcyl
3aMeUweéHHBX NeHTaHAWOHOB C cepoBOpgoOpOA
BbICOKasa BEPOATHOCTb BHYTPUMONEKYNAQH
obpasoBaHueM KapbouumKIMYeCKNUX CcoepunH
peakuumum wn T nnybmHa npeBpaweHUs Mcxopml
cTepumyeckoro @GakTtopa [368{qgukeTbd)bl cf
MONEeKY NAPHOMWN dbopmo W cepaBeangadpoaikar n6a
pear mpytwrT, K TOMY Xe€& OHMUW B-@&XbMaOTEHTO
okumcneHmda cozT@BBAwITAd, 86ecneynBaeT I
peakuuMunm TONbKO C OKMUCNEHHOWN dGopmMon ce
noTeHunalipegpné&BaeMmMbli MeXaHUWU3IM peacxKuywu
BuUAOe cnep,yrou_\eﬁ C X €Mbl:

H R
-H*, HZO -H+

R OO0 R ROHOR R SHO™ R SHHO

H__R H_R

=

R >s” R R s R

(2.30)

O6bpasywwmnmnmca npu dparmMeHTaunmm TUWNII
peakuumin AaAumMepunmsauunm n nonumMepunsauyunmmn
aTakoBaTwkhTesIaaMelt T U cam TManumupaHOoOB bl
MepKanTo3aMeWEHHBX Qop-R% Boixopg Tuanup

Mpn npoBepgeHBUucppAaAKlEAMIY,HANNB NpucyTC
KoMmne#c ondgp=ml 25° C doumkcwmpoBanum obpaso
nMmpaHoB U UpOAUYXKEL UMAEHTUPUUMPOBAANMN
LUKMTMUYEeCKOWN BO/IbT a MAIMEEEQKOMETPAUATMO MAT PY @
(punuc. 2. 33) roMor eHvNecinn cepaBDMIO P ORRBIT @
KoMNnnNneeaaHo, 4YTO B Ppes3ynbTaTtTe KaTanl
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monuigagHl ,(38B) un TuonupWhnn&Bl)a.a [LaoHmwbbl d E

X 0poLwo cornacytTcs C noTeHuManamu,
3NeKTPOXMMMYECKOrNIo B3KcnepumumMeHTa, a T
«K3TANOHHBIX» COEAMHEeHUN, CWMMITESUKIONM alHH

@

it Mk dets € - MPp. o3a6y K T NeKTpohwrw3sacepoOBOTOWA
npucyTcTBNN2(KAHMT Nk .k 20gACICAr, Pta nek T po g,
BU4NBF4)

6) MonNny4vyeHMe TWUOMNMUP aCHOOIBE N UN-MME3k D&, MM W O
9NEeKTPOXUMMUUNEPCKBAOMO, MJYUT €BM aLLeTOHUT pUuNIeE
Hac blwe H Hopek elT,05H bl B Ee€BbIME YEMOMBHMUI.
MX@HOAHOTIO OKWUCNEeHNWA B HEeBOAHLIX chEaa:
B -8B 3aBucunmmMmumpTOygblOT3amMmpcTHnNTENnen, 4yToO
npoBegeHNE I3NEKTPOXUMMYECKON peakuumwu

KoTopasa reHepupyeTcs npu noTteHuwmane

MONTY YeH bl N aHHBbE, AONONHAKLWNE 7 Kop
npuBerHABKM B paboTe [369], aAaBTOPOM KOT
OAHO3M1EeKTPOHHDBbBIX okKuMmcnunrtTenem 6 bl WK n

3aTpyABLHEHHbBIE XWUHOHBGI.

MockonbkKy B paboTte [ 368] He O6blnwnu
NpUMEHSAEMbIX AWKEeTOHOB UCTUIKeIK ThppadigyHKbIre
npoBefgeHO 6onee AeTanbHOE M3yudyeHwUe
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MCXOAHBLX AWKETOHOB, T ak n nNpPpoAoYKTOB
bopmMoinn cepoBopgopopga (Tabn.2.24).
MccnepoBaHMA INEeKTPOXUMUMMIEEBRAH@MUNO
NoKasyar/om,npoyecc UX Npor2kaeB, neTeHgH
Bblwle 3 HayvyeHNA HSHOAMH®DUY ©C Al MXKAU C T EeHNMA 0K
ayueTOHUNTpPUNE HOCUT HeobpaTUMbIA OAHOD?3
obpas3oBaHMUemm H € C FpaaboMm/KbaH/TbDXB € HKT adIpPUAQOHLL N X C
OTPLIBOM NPOTOHa, YyTOo mMHEIODgT B édlMBPpHAR@TIC P a
noTeHUManax OKMWCNEeHUH AVNKEeTOHOB -00m5D

aKLuenTOpPHBLIX CBOMCTBAaAx 3amMecTurtTeneun npg

s OB dzd yGoAeRApPOXMMMYECKNE U CNeKTpanbH
npoAaykTO®B.San dgTnésear CHsONB Pt Ag*/Ag®, NBusClO,)

sz Mmls| (90 1 r[ee M -y Amax, dz0f3
Id 2,36 1,50 0,52 402
Iid 2,55 1,12, 1,52 0,62 357
lid 2,20 1,73 0,74 370
IvVd 2,32 1,26 0,30 383
vd 1,82 1,35 0,24 375
Vid 2,25 1,39 0,38 360
Vild 2,46 1,18;1,65| 0,35 395
Vilid 182 2,19 1,11 0,31 380
Imd 2,34 1,10 0,40 360
Xd 2,38 1,14 0,44 440

}tod d3d yCHlzd di=Env-noTeHUyManbs oxwmkKeITeHHMAB ,1,1B5nonu|
BOCCTaHOB/NeHUda coneim THNoONMUPWUAAWN

ana M3yyeHUna4a MexXxaHuM3IMa -pleraa&TLol
obpa3oBaHMeM cepocojgepxawmx T eTep
6blN nNpoBepjgeH pAaa 3KCNnepuMeHTOB C
akTunseauysmn B pe3syabTpPpIRN3IDA npwu r
3aTparuvsawwemM TONbKO OKUCNeHWe ce

cooTBeTCTBYyWUWMeE TuMmanumpaHb, npun ga.
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npoumcxoanno obpas3oBaHMWMe TManumpmuin

doHOBOro aBE)XKTpPOnuTa

_ . E,B
-0,6 0~ 05 1 1,5 2 123

\/

t dmizdets S LPBA3 7B3 ammopgeiicTtBuAa ¢ e pld,B0AdHo p a
V=0. 2 AgBAQRl,, xE 5 -*m0O nb/ n ,BuNBRL M
NPOAYKTbL 3neKTponusa;

O6bpasytwwmnmimeca npun dp ap aMevHKTaa Nmo Mmwan |
peackxkumni AnMepunsaymum (nonuvmmepusauunmmu y
aTakoBarThb 3amMecTuNUT enu mnnu cam nunp

MepkKanTtTo3aMeWEHHBX qopmMm.

Takum obpasowm, NnpoBegeHHEBblEe akKcecn
WecCcTMWMUYTeHHBbX KeAxepononeEnUMeB@E@EHT amH3g M dH ¢
cepoBopgopopga, nokKkasanwu BO3MOXHOCTHDb

KaTa/lnrtTumyeckKkmiX yCcCnoBKMNAX B MPMNCYyTCTBW
nepexomnHasbX MeTannos Cc HEMWHHOLEHTHBblI

S3NHKTPOXMUMMUUY € CCKEOPIO BaOKATOMPBOaALAW. U

2.3.7. (k2 OCkdodttso Odadzs? W stedsr )]
fj dzj dets¥ j dz@ ( Mj dzj des R tes d3j dzO) .

XMMMUSA OpPraHMyYecKMX COeaAUNUHEHWUN cCcenece
obycnoB/neHO n X NMO/TEe3HbIMMN cBoMcTBAaAMM

Y YeHblX, p ab opTaasHUBLMXX OBG Nac T A X HayKMu
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NeHOpPraHMmyeckKkwmne coeguHEHMNSH npumMm
NbKOreHcogepxXawmnx nonynpoBOAHMWEKOB blX
OpraHunyeckKkmne coefgVNHEeHMNA ceneHa N C
mcnmntenem N KAT@mMMBaTK®PO BaAa K BU B HOC T E
naeTcHa OoOAHOW M3 NPUYUH OBYpPHOTNr o pass
eMa cefnleH, KaK MUKpPOI/NEeMeHT, CcuUunuTarm
Myac yCcTaHOBI/MEHDO, YTO OH Hg9BNgerTcCH
JOCTATOK KOTOPOro B NUTAHWUNU XUBOTHDE
boneBaHNM. CeneHcopgepxawne r1reTepouy
HOMY 1”3 Hanmobonee BaXHbIX retTepoopr ;
TOPbLIX BepgpetTcs ycnNewWbAeRAPCEKBBRBHEABERMY
N3 BEeCTHbl HEMHOT OYNCNEHHEBbIE pab6orT bl
EKTPOXUMUYECKMUNE mccnepoBaHMA ceneH-t
ctTemMax371[]]370 bebwino BblACHEHO, 4TO

EKTPOXMUMMUYECKOM OKWUCNEOKILMBHTE@BMHaUFAY BT

ene, ceMPMOHNOBCAPMEYW TCTBUUN BOLbL 4Yepe:
oTBeTCTBYlWeEr o KeTOHa. Boinuv wnccaepgec
dhe-Hd01e H3-0B T G-4HCce NTeHOX POMRMXE O OGle HIN JS
H-i,816 e H36Q U T N4Hpcce neHOXpomMeHa [ 371]. H

eactaBnsetr cob6oili M3yuyeHUEe peakKUWOH

TEepPOUUKTUYECKIMX coeaguHEeHUNNR C e
TOAOB, KOTOpbe No3BO-AKTMB HOOMCPTE € B A
PO3MpOBaATHL cBolWcTBaA. Oco6GeHHO npu

OBefeHNWIo peuunkamnsauynmu CeneHNncThIX |
PHUCTbLEe aHanorm B YCNOBWUAX OKWUCAUTE
6cTparTtosB.

JaHHOe HanpaBfneHWEe VNBHIRRPWECHNGC/TORBMS X
oMa Se H a S B retTepouyunknmax TepwMo/
AOVKANbHBX UWHTepMeagmaTtToOB HanNnpaB/ILHMU:

MBOAUT K peuunknmsaauunmn.
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C mcnonbs3oBaHMeEeM MeTOAa UUKAMYECKO
PEKR@KTUBHOCTb Ce/lieHOoCo-filéhpXxa&@me HaE)E A0t
n 4Lk neHoxpomeé[g7gs (V, VI)

‘ |
O .
-1V V, VI

R'=H, R?=H (1), R'=CI, R>=H (Il), R'=H, R?>=CI (Ill), R'=Cl, R=CI (IV); R=H (V);
R=CI (VI)
Ha BONbTamne po]rpameieo pep & p B n 4 H)e ne

Hab6nwgawTcsa ABa NUWKaAa OKWUCNEHUWUS B aHO/

it Mz 2k BBYecKkaa BONbTawmee DX IVn@d)emwa
[1,2-b]c e n e H ollp@)HP&> (e K TAp/AQL!, O . NBEu,CIM, CHXCI)

"CeneHopraHnyeckmnme coegunHeHNUs ANsS uUCC.
O. B. ®degoTOBOI (CapaTtoBCKMUMm rocypgap
UepHbLWEBCKOT 0) .
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v OB d&zd YOO ne.kZrpoxmmmuyueckmne U cnexKkTpoddo
[1,2-b ] c e ne H elpe HecBed/He H 0 X p 0 M ePirsos/Be KVIAD/AYQAL  (
0, 1 BuMNCIO4 CH.CL)

CoeaAWHEna1 |Indna E“ Rk g” o1 E” NEND Y A2, A3, A4,
| 1,44 0,50 |1,74 |0,78 |- 252 291 355 -
[l 1,50 042 184 |0,86 |- 264 282 371 462
11 1,44 0,60 |1,64 |0,75 |- 255 292 354 | —
v 1,51 0,44 1,76 | 0,90 |- 256 |335 |382 475
V 1,25 056 |157 |0,74 |-0, |250 |- 387 465
VI 1,30 042 1,70 [085 |-0, |259 |- 380 468

lted &3 WOdah nE2nda n&NOTEeHUMAaNb OKWUCNEHUS #”
b] c e ne H O pecHea1Be HO X4plOkIM£LOHTOHBO, Lle HM e ToKa KarTopg
NnMKa aHQLHHYE-MAKX UMY Mb NOT TOWEeHMUSA.

[ aHHEBbe Tabnunuybl 2. 25 nos3ssBonmnnm- ou
npoyeccam ceodlamHasHNnNNaBMUIcCnMoC T MK oT C
3amMmecTunuTtTena.

Hanwunuwne akuentTopHOT O samedTymT A4q 2
b] ceneHodeHnos (I 1) n (1V) cnoemnboeBw
Hanuvmume atToma CIHeB BMOUHA®ENAE HHMan NRO T e H LU U
b] ceneHodeHOB, 4YToO obycnoBneHoO BNWUAL
HabnwaoaeTcsda CcnNoOCOBGBHOCTH®B K bonee Aer k

cCefeHOXpPOMeHOB nNo c p al[k2be]lHmear ecH ondaer HadMIve

M3 MeHeHNne KNCTTERTIHHOXIP o M&HOB MO X |
KcnepumeHTAannbHO, onuvpasacmkOCHCAT AaHHBWEG K
noTeHUMaAanNnosB. [ N A0 COHUDEBHHKOU OK pca/BaHE@BOM T IT 58

nNPUMEHNTIN yYypaBHeHMBODbDRpPOBPOM®E,TEeHOXPD
Bo3pacTaeT 3Ha4yYeHMWUEe KUCNOTHONU GQYHKLUMWN
CpaBHEHWIW C MONeKynspHoOh dGopmMon reTe
nunkK okmcneHunma loenpwvwewermnB@Tc(TlBYyeT -06p

pagunkana-gnKRaamM@mHY :
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0
B i (2.31)

Mpwu M3YyUYeHMUWN -BOOKCUCCT/IAVHTOEB/MBTHEQN b H bIX - X a |
CeneHoOXpoMEeHORB nokas3aHDO, 4T O H a ne
OKMWCNAIWTCSA -poaoaun K ar omH 3aTtTem cnepyert
0EeNPOTOHMWPOB-RARRAK ANAAT MOH Oo6Gpas3oBaHUEM
paagunkana, KOTOPbLINK nNpuM 3neKTpoxXxumMmuyec

ceneHoxpoMmnwnmaAa:

-H"

_I"I+ O
Se

e,
‘ )
Se
Cloy

I R

I R

(2.32)
QneKkTpoxmmMmmuyeckoecenenoxpameHodH np
MmeaxH M3 my ECE. [TockKOoONbKY pagmKkan oOKwUcAH
NO CpPpaBHEHWIW C HeWwTpanbHOW dGopmMon, F
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bnkcunmpyeTcsa ABYX3NeKTpPOHHasa <cTapgwusa.

o6nacrTwu pasBepTKMY noTeHUMANOBAT MPHE

X O O

n

o

o

eneHoxpomMumnuma ©nu obpas3oBaHWUKW NPOAYKT
poBepgpeHNn ockewcetHeoHxmpio MertHoB B NpucyTcCT
aKxXe peanumsyeTtTcda MegNnNeHHO NPOTekKawwy

0] cCenneHoOXpPOMMUITNERBDbBIX KaTMWOHOB:

— .
Ph H Ph H

. +H'
‘ +0, —> ‘ +0, —
O ) O O ) O
_ -

Ph H
+H* . .
—_— | +HO, — H;O0, +
Sé O Se

i | (2.33)

B pa6orTe paccMOTpeHa PeuunK Ins3anmus

oOooTBeTCTBYlWME T MWOddeEeH bl B YyC/NTOBMWAX
epoBoOoaCHCAMWB nO6GaBNneHNN cepoBOAOpPOA
nopuctToMUBEBEHAEGREeOKpPAacKY OT Xenton |
pPpOTOHa H a LBA noagaTBepxXpgaerT ob6bpas3os

eneHoPeHa C CepoBOAOPOAOM B pPe3YNbTa

Cl cl

(2.34)
B pe3ynbpTatTecmeiecKTicrpdaB8000p0a +
OCTOAHHOM noelr.enBinaaénidaoade T C 4 M3 MeHE
Gpa3oBaHMWEe HOBBbIX nuvlk.o584 nBp nullolw. &0 Yy B 2

KMNWCneHMUWHA MoNny4deHHBbIX npoaAayKTOB c me u
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3HAaYEeHNN NO acHPaBHHIeMHIN K1 OCT e HUMaTaMWU KC X
0.1+0. 28B, YT O OoOOBbACHAeTCA 6O0/1ee BbLCOE
no CpaBHeHMUWUW ¢C ceneHowM (1 (I'B3) =elHe Hibe
9N €eKTPOHHBLIX cnekTpax He3HauduunTenbHOE,
retTemaeanr®m ob6Gpa3oBaHWIW coeguMuHeHIMBTadWMAa
MkcnekTpomMeTpumn nokKasanrm obpas3oBaHMWMe
nNnokKa3s3artTsenawu=5 ,V5v67 497 wm™mo cOOTBETCT

-NnpOoOAYKTY peumknuaauyuumum ceneHodgeHa:

Cl

Cl

(2.35)
Peuunmknusayuma ceneHocogepxawmx coep
HanpaB/IeHWNSHAM: NyTeM NPOTOHWUPOBAHUSA T
JOCTATOYHO /NabGi3eibmpu B WCCMIHHUONX pdoHi-e H O
bceneHodpeHoOB. Ana paHHOro npouyuecca B

cnepgytwas cxemMa npeBpaweHui:

Ph

R (2.36)
Mpwn akTunuBaunn-blcumeTemwdplaBB,omopona B

TakXe o6pa3oBaHWE TUO3aAaMeLWENWBKT AlITPO WU:
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ONbHBLX 3amMecTuUuTenem TUUNbHBIMU pa
MEeEHTaUupajgWKKka/maoHcCepoBOgOpPOAa. KB a
3an, 4ToO pagnkanbHOEe -I3@AYMENYE H A& N
ogoMHamMuMmyeckKkmn B bE0006AFHS MK Op/omcercec)o. Mt
e leHbl mccnepgoBaHMA no -bJaxermesraaidg
BogoOpoO4A pas3/IMYHBIMU COELUHEHUSAMMU:
nuntTenaAMMU, KOTOpPble NO3BOMUAU NPOBC
M 3 PpeHUIK MBXH esparTepramty.e MoTeHUMaAaNN OKMU
noTeHUMaAanNna OKWUCNEHNH cepoBOfoOpC
HOT O nepeHanpaxXeHMNHd 3NeKTpPOXUMUMNY
nin noTeHUuMan OKMCNneHNA ceAR)HCO
aBnae 1B, TO B KadyecTBe 3n1eKTpemMed/
adt,épermnmmnnenHngunamvmud ( En-at ®dn2@0amibH 8QE

-noGpomgpeHunmnammud (Ena 1.3 B). B pe

MCTOMW MO/ eKYnbl K Me BWOAITLbaT@WIN eH@0o T
TNMWBO NpocnexumBaeTcsd UUMKAMYECKaASH
HOC 9NeKTpPOHa B pacTBOpE ocyuwe
MYynmBoOoOI M5O Ne K yrrnebH e il p o B a H HbIM npwu

neHnpagarxaoamM-TErTrNaédpdMHmm nengmnamnt

pPmT OnNMnNnamMuHa. Mpwu 3T epva gavkpadnsoly aHD 0 A 4 & K

bBICOKOW peakUuMOHHOW CNOCOOBHOCTGLbLI.

AHanunsHAMPek TpoB NOEASAOIpe MA O B CcNe

MTHanNnol apomMa/T B4 evc. kAN xa n(naph.adBy Be avk 1I|x ) ( 2,

TO

cornacyertcsH C KnaccuuecH nmewme kpp

pPpoaAYyYKTOB A N1eKTpPONmMs3a NOKa3blBalT o6

aHanor N4YHOr o CTpOoOeHnsa, 4TO nMoAaTBEP XA«

7.

94) Mn panwvdgart r“24.e9c5k mw. a(.2). 8n8p o T OHOB

Takum o6Gpasowm, B YCNOBWUAX 31eKTPpPO,

epoBoagopopgab](cle n6eOH oBdreeHbe Hd x4pHo me H bl p e U

cooTBeTCTBYyWWME TMUOKeHSDbB-bWT UmamdoexHo0Bv €
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TUHoOXpooBMedHa 3 Y4 231 ekKTponunsa-—28 %cpdnpxKean
3 pPeK TUBHOCTHDb npouecckd cperupphrsaBnun
CeneHoOXpPOMEHORB B CepHUCTH LIE aHanor u
NeKTpomMeaMaTOpPOB U KOMMNJNEK C 6aBK TIEB[HEX
MT aHagamu.

2.3.8. uvjMmsduse Odedj dsdedz R q
Clstots ™ o

A
Bdud MEs2 OCIsd

o o

C uyuenbtw 3aMeHbl TOKCWUYHBIX WU NeTyumn
NPUMEHSEMBbIX B OpraHmMyeckoM CUHTES3,
MCNONMb3Yy KeITEC AX MMOOKHOHC T 1 ( LK) , cocTofauWwne

bBonbwnmHCTBO M OHHBbIX )KVI,CI,KOCTGVI npwu TEeM

XN OAKOM COCTOSAHMUMN. YHUNKANbHOCTHSLb Nnx 3
WMNPOKOM TemMnepaTypHOM WHTepBane, HeB
peeHepayunmn. Boic ok asda pacTBOpAwLWa#A cn

genaeTtT UWUX MNpuBAnekKkaTeNbHbLMU ANA OPprl a
CUHT[B76laYumnTbBasd HEEOO®BGHBE MWOHHLBX XW/AK
bITO paccMOTpPEeTb BO3MOXHOCTBbE WCXP €Ul Gin

NeKTPOXMMMYECKNUX NpeBpawWeHU’n ¢ yyacrtT

O 0 o

EPHUCTBLIX KOMMNOHEHTOB.
QNeKTpPOCUHTES B OpraHmyecekmx cpe
MHAOWOPEePEHTHOT O dboHOBOT O anexKkTpon
9NeKTPONPOBO/AHDOCEN by YaacCTTBBYOSP UMPEWw! 43, T GHM B
npeBpaweHMsax. Mpun BbAENEHWUU NOoONYyYyYeHH.I
9NeKTPONUTH CcO3[JalT onpejgeneHHbe TpPpYyo/L
OOHOBpPEMEHHbBM CcCOYeTaHMWEM CBOWNCTB WOHEH
Ana POEWMMUYECKOrNo CUHTe3a OopraHmnuy
yyacTuem cepoBBAEPRAARETBET P@AEGER N OHHBbIX
MPUMEHEH b MOHHBIEe XM AKOCTMN H a (
revrTepoapomMaTunyeckKmx KaTWMWOHOB: (nunpwu
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bPTopcoge pHaNOUHNMMIVMI T U INM U P U AU HUNA TerT psadPpr
160y T-#4MEeETU AN NPUONHNA [1-Bu-4pNVeeidyiB6;,p B0 \p 1adr N
MeTUIMMMAagas onmusA T e-Byp3avpm|®k, 6 o @y -3+ n [ 1
MeTUuIMMMagasonmusA r e-Ble3avipimiPiR 6 o p@yw 1-3t n [ ]
MeTuUAUMU@RAG o wBy-3-Mdim]Br.

an4d O aHHblX M OHHBIX XU OKOCTEeH 6 bl s
INEeEKTPOXUMMYECKUX «KOKOHD>, npepcTaBndat
noTeHUMANOB. B nones3HOM OKHEe TMNOTeEeHLWMU
BOCCTaHOBUTENbHbLX NPOKEIKL CO®BNbLT BMipe ook
X1 4K o c FBu-3MePylPF, npeacTaB/IeHHOMN Ha p

NeMOHCTpPpUpPpyeT cBpEepRAPLOMODGEpPpAgDKE pat

0,4 -

o
O

-4000  -3000 -2?"‘“’-"1'666""""'”"‘( 1000 2000 3000 4000

-0,2 -
/
_(,‘f -0,4
/

/
;f
-0,6 -

[f' -0,8 -
{
/

14

1,2 4

t Mk dzs €3 /Re K3TOp O X U MU 4 e-6 X D-BMIEKTOVK/HVOMYM Ala 3 0 /1 |
rekcadd@rt o pPtposteduaghglAgCl).

B Tao6n. 2. 26 npunBeneHb 3HavYeHUS4
NOoONYy4yYeHHEble MEeETOAOM UUKAMYEeCKON BO/NbI

TPEX3NEeKTPOAHON CUCTEMBI.
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vOBdZdYy®3RAaQéHMA 9 NEeKTPOXMMMUYEeCKNUX AMKUa
(Pta n e k TAp/AgLl).

MoHHaAa4a X % B % B A E, B
[1-BuPy]|BF, 3,5 -1,6 51
[1-Bu-4MePy]|BFR, 3,7 -1,7 54
[1-Bu-3MePy]|BFR, 3,0 -3,0 6,0
[1-Bu-3MePy]Pk 3,4 -3,5 6,7
[1-Bu-3MePy]Br 1,0 -1,2 2,2

JaHHbBle Tab6bnumub 2. 26 YyKa3bBalT Ha
noTeHUMAaNOB ANsA npoBegeHWAa 3e kbt,plo x)
4yToO CBA3aHO C 9NTeKTPOXUMMYECKON CTa
MopgoOOGHBLIM AManas3 oOH ANA 93N1eKTPOPOABAH HLE
pacTBOpUTENAX. BaHeoyaae KO6popmup ner
9NEeKTPOXUMMUYECKOE «OKHO» 3HaAauUUTeNnbHO
[1-Bu-3-Me |l m] Br npu KOoOMHaAaTHOW TemMnepaType
3NTeKTPOXUMUYECKMNE M3ME@ P erHpMoAB O B U TIBEW T C
TeMnepaTyponhnw nnaBABENG, pnameoiB OGOMb WV

Bbl3 blBaeT onpeagpeneHAHELBE annapaTypHELbLIE C T

N33 a BblIC OK O BA3KOCTMWN N X, CKopocCcT
cnepoBaTtTenbHO, Ma bl PTEOrKUUC. T P U@Vl e 1A, e @
aAanpoTOHHDLBIX pacTBOpuTENneim npounmcxoagnrt
XM AKOCTMN n pacnpepgeneHune no O6bEéEMY
KaTMOHOB WU AQHWOHOB, 4TO NPUBOAUT K YyM
3NeKTponNnpoBOAHOCTMN 7 C K OP O CKT 13 nodhrpopyo:
yCTaHOBNEHNSH onTMManbHOT O COOTHOLWEH
3NNTeKTPOXUMUYECKMNE mccnepgoBaHUA C n
CcCTaHJAapTHOINIoO BewecTBa B 9NeKTPOXUMUY
coegunHeHUR. N3yyeHMWMA N3 ABIKAN DKONTCU € H b &
pa3b6baBneHMA UOHHOW XMAKOCTWUW NPOBOAUNC
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Mpwn 2TOM ANd NepBUUYHOrNro obecneyvyeHwU
XnakKocTu cmMecb npepBapufPCnba o3 O OH
Lob6aBka agueToHuUuTpuUNa K MOHHOI X",
9NTeKTPOXUMMUYECKON YYBCTBUTENbHOCTMU P
XMAKOCTb MeHee BA3KOMW, YT O NOATBEPXAE
N XK) POCTOM 3 Ha4eHueip proalkead ao K MLAB evHKKWAT (2
MKA(400 MK n) - 60 Mkn(1000 wmMkKknNn). Kpow
noTeHUMaAan OoOKMUCNeHMA cmMewaeTcsa HaEODHDORauwn
MB (puc. 2.40).

008l /4
0,06 - -
:\\\
0,02 - s ;’:
E , M

—0

-200 .Jioo 600 800

-0,02 - - \:\,}2’

-0,04 - e

-0,06 -

it dmMzdsc 2k AWUBRCABRAaAMNIEepPOr pamma OKWC e
nekKTpoage NpU KOMHAaATHOIM-3Melm|BRa:p afEN/1Pp e E
5:1;2)2,5:1;3)2:1;4) 1,6:1;5) 1,4:1; 6) 1,25:1; 7) 1,1:1; 8) 1:1.

CpaBHeHUe 9NEeKTPOXUMMYECKMNUX CBOWNC
pas/mouWiyHnpupoab (cTeknorpaopumrt, nnaTuWH
TOKOBOEe 3HadYeHuWue pJocTuUuraeTcs nNpu WUCI
MpumMeHeHNe cTeknorpagpuToBOro 2NeKTpo,

TOKa @eppoueHa npumMepHO B 2 pa3sa (pwuc
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tdMmMezdzs ¢ Raimlc MmmMoCcTb BenNUMUYUHB T o KPAC- 0 K ¥
neKxTpoAgax OT pas3/IMYHBIX KOoOnNnumyecTB -auye
Bu-3-Melm|BF,+ 0, 2 w~Mna, O0:CN). mn, 1 mn CH

Takum 06 pa3omM, BBeageHWne oOopraHwumyecKk
XKNAOKOCTWN 3amMeTHDO MoBbLIWaAaeT 9 N1€eKTpPpOoOnpOE

CoeAUWHEeHWNNH K a3aneKkTpoay WU BepeT K YBer

2.3.9. CdzjChtesmddasjL GtcOdduyinsSdn M
RO thdse | MjttsosHBSEEHO d ISdt

OkKncnedvwue cepoBopgopoga 7 TUWONOB B
aAHa/Tor MY4HO aNnNPOTOHHBLIM OpPraHMWYEeCKUM P
MEeEXaHW3IMYy Yepes3 (PapaxaBsaHBenoaT @y OLULE
Ha nNpoToHapmnmMNXWMHILIA papgukan, Ho-On 8un Br

NOMNTOXNT eNbHEE, 4TO cCBA3aHDO o NOoBObLIWE HH
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500 1000 1500 2000 2500 3000

:
g

it dmMedsc¢ 2Kk ARuyecKasda BONbTamMnepor pamma
nnatTunmHoBOoOM a HBu-AMePyWBRCcpepne [ 1

McuepnbBalRIKWTIPOAM3 TUONOB HaAa MNnanaTwUuH
amcynbdmpgpamMm CUMMETPUYHOT O CTPOEHUSA MU
npocnexmBaerTcs H a npumepe 3NeKTf |

beH3UMIMepKanTaHa:

H,C—SH H,C—SH" H,C—S'

S5

S\C

550 =00,

KoHBepcua 6GeH3mnmepkKkanTtaHa (75%) B
17 MMUHYT, a oA peakKkumm B aULEeTOHUTPWUTS
MpoBegeHNEe CPaBHUTENbHbLX 31eKTponwu
cepoBojgopopgoM npu noTeHuwmane er dl- ok |
BuPylBE, o eMOHCTIPppmewMeyYWLWeCTBO WUCNO/NIb30BadHI
cCoKpawaeTcsa NPOAONXUTENbHOCTb 3/1€eKTp

npoagykrtoB (T1Tab6bn. 2.27)
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OB &ZdqUYUO® 2Z1eX T poxXxXmMMMYyeckmne cBoOUCTBA UC)
coeguVnHeHWW W NNepKoTgpyoknTnodea ucx GE;ENFB[b-gop oA
BuPyBF,(Pta ne K T I HH, MMe Erp3),=90/ 3 0mMu H

Erd cyO6cT1E{npoa| Bbixop
No CybcTpa
B B TOKY,
1 BeH3 0N 2,6/2,8 1,76/1,88 75,03/81,22
1,68/182
2 Tonyon 2,2/2,68 78,25/83,60
1,78/2,02
3 deHON 1,6/1,78 1,57/1,69 53,45/73,63
260m peT6Yy
4 1,58/1,76 1,62/1,78 48,20/58,8
dbe HON
5 Hntpob6eH > 2,5/2,72 1,89/2,03 65,50/77,3
BeH30WHas+ > 2,5/2,85 1,71/1,88 80,00/83,00
7 TunodeHOo| 1,66/1,79 1,64/1,78 25,28/72,30

*B ayueTtToHUTpPpUuAe npumeHsaniBuNPéGH o @B(&i3 3 11 €
bPoHOBOro 9aneKTpPpoONUTa.
Ana O6eH3-pmPpen 6heaoina ObIIM NPOBEJEHDLb

9 N1€eKTPpPOoO/Tn 3 bl " BbleneH bl uLeJsnesBble T 1N O N bl

M3y4yYyeHUsH n x bMnomMm@cMwmecKDO@EN aROMBHLULMNE:
cepoBogopoga B C Ny wBada p ynNapHOECHTHpoar HoC T Bpee
OKMcneHnme Kak cybcTpaTta, Tak WU peareH

TOKY) unpetT 2600 pHGET-HHMBPOKC-MEPRKAMT aHa:

OH

(0]
Q tBu tBu
{Bu tBu tBu tBu
HS™ + E—— NORE
H SH

SH

OH

OH
tBu tBu
tBu tBu
e  -HY .
st E—> HzS ——» HS + —_—
1

SH
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tBu tBu tBu

2 HO SH — = 2 |HO SH| ——[HO S

tBu tBu tBu 2

(2.38)

O6bpasywwmnimca npu 6Gonee Tr-myMHoXGaEm O K
TpO®yT-H4MepKanTtTodpeHoNna dGparmvmeHTUnpyerTcH
6onee MepwakWToOr pynne, 3aTeM uUpgeT AuUME

MpoBeAEeHO M3yUYeHUE aHTUPMRVOLPO®RN4RAOIN
MepKkantTodgeHona M agucynbdpumupga Ha ero o
Mcnonb3 0B aHICYRRAZTEID T ovB NoKa3aBlWee BeE
THNONa M b dmugcay  C M p G3car TPPaYH/C Hr €8 He HH BH MO U e
bpar me B7A3Ra Mmn

QnekTponns 6BErAMemiBB,oa TR Ny dzn20,M6 § EB)
MOCTOAHHOM nNoOoOTeHUMWane 1,9 B B TeyyewH.l
MepKanToOnpounusIBOAHEARL B7 TB)N)yphmuBERRo ¥ n
ancynbdunpga cocTaBnaert 3 8 %. [Monyue
MOEHTMNEPNLNP OB AHbI 3 N1 eCKIT EPKOTX PUOMCUKY OErC VK evij, l

rasoBoii xpomMaTorpadum Ha KanunnapHOTW

I, A
og b C4H98H\“ W
0.6 F CeHsCH3SCyHg 1Y ; 72
04T 7
02F s '
0 N - — : . .
____ 1500 2000 2500 3000 3500
io'_"z..... """""" E,B
> ”
—Qaf-
—0.6 |
it dMzdesC- M.k vueckune BONMbTaARKD A pPBIS pl aOBM
npucyTtTcTtBUNM T o By-DSMeln]|BE: CeLgAak: 1] 1( =200
Ag/ AgCl ;3 avo5-wll/0e,k Thaoog )a. nelk T-pome3 a/ - BNt
yepes 17 MWUH.
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C ankeHamumu B WX cnMHTe3 vpacTBOGE@RWDE
OTnNnuuntenbHas OCOOGEHHOCTH®Db Haobntwoagae
LWUK/TOT €eKCeHOoM: Nnoc/ie OKOHYaAaHWMNA-CBEBREKDP

mncueszaer nonoca KkKoneb6aHmWsas wmBo@RAaABRT CH

ULUKNOTekKcaHTMWON, 4T O poyxmaisabuiBOEEe T N pPHIE C
obpasywer pagukanaowkepoBogopoga. B a
0 aHHBbeEe peackuymnm npoTekKkatrT no CMewa

pagnkanbHOMY .

MpoBeageHO B3aunwmog4aidde sueeBeeMdpiBR,a c
MpoponXxmMTenkHupaoemMB3asneocTaBuaa 30 M U
OKMUCNefHWMM™MaHATNONA . AHanus3 nNpoAYKTOB 3
NMTMK NonoxXxmtenbHee 2, 0 MBP O KYK TOW biBi3 a&V/ON

BUHWN/MOeddBYTNaAH T M ® M2 . 4 3) .

0,004

it MUk MMueckada BOAbTamMnepor pamma

anekTpoBSHE acCTupona np msCNEJL-Bu-3MeldBF,B1;, ( CH
PtaHopg; Ag+CGAgSElnp. 2 he kK T-pcomenc3ba ;C TSl u
SNEeKTPOMPDAYKI bl 91€eKTpPONN3a.

B3auvmMopgee ncNnToB U 4, B OWHOIM CBSA3MU nporTe
apomMmaTtTunyecKoOMy aapy. MpoAyKT b peackuy

XpOMAA@AIEeKTPOMET PUM.
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CB

O un

MNOHHBIEe XN OAKOCTMW obecneuyuunBawT Yy H

eaAunHEeHNN, 6naropgaps KOTOpPOMY 6onbL
TaAaNnNTNUYEeCKOWNW aKTUBHOCTGUbIO, YTO OT NN
ctTBOpuTenemn. Mpn S9TOM 3a cuyYeT MUCT

0
eKTponmsa BO3MOXHO COKpaTUTb A0 TPEe
HHOWM XN OKOCT MU pPpaBHOWMEPHBOO pAC N BE R
ecneynmnBasd KoopAauMmHauwnWwiw peareHTa B Bk
B Taobnénupen B2e./2e Hbl NMOTEeHUWMWANb OKMUCNEH
ANPOTOHHLIX pacTBOPUTENSAX U B UOHHOI
N 3 NMPpUuBESEHHBbIX O aHHblX BUOHMWNONOBT
CYynbdpmnpagoB B WMUOHHbLIX XWAKOCTSAX CMeLle
fS3aHO0O CcC 6o0/1ee BLCOKOWNW BA3KOCTb WX

hbpy3snmunm BewecTBA K 30eKTpoagy.

v OB dzd BOIReRTpOXMMMNYECKMNE XapaKTepucTwu

(ve@ wmB/ c, AgPfMasCHd Lonn@=xFtpbQ)

PacTBoOC([

MoTeHLy
okKuncne E n BRSH), B E n &SSR , B
RSH

$ho H C4HoSH | CeHsCHLSH | C4HeSSCGHg | CeHsCHSSCHCeHs

CH.ClI,
o,1 N 170 1.76 1.40 1.27
BU4NC|O4

CHsCN
0,1 M 162 1.72 1.32 1.43
BU4NC|O4

[1-BuPy|BF,
nnu
[1-Bu-4-
Me Pyl B

1.83 1.98 1.52 1.65

y u
a K

En—NOTeHUMAaN OKMUCNEeHNWS Ha aHopge
ANS CHUWXeHNWS 3IHepreTmyeckoro 6apbe
MTbiBass BbLCOKWE MNOTeHUMWANb OKMWUCAEHMU

TyanbHDO MCNONMb3-MB8RAETHOCYMBNE KYIHBE K
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aneKkTpomMeRBunananapsBTIBe MeagMAaTOPHBLIX CUCT

paCCMOTpe-I'HTbIOI'II/ITﬂpaI/IMI/I-H-GpONICpEMHI/I]'IaMI/IH -n

TeTpamMeTuneHagmRan@HmnikKkeaba. saHepretTunye

npoueccos AOOCTNI aeTCAHA npun MCMNONMb3 O

sneKkTpomMeaMaTopoB.

MoNnyuyeHHBLIE OpraHunmyeckKkmue ® X @ I I &

yrnesogopopgammu (NeHTaHOM uUANMK rekKkcadt

BO3BpawawTcsa B Npouecchb a3KcTpakuuum ce

C n X vyyacCcTnmewm.

vOBRZJUED -22N1eKTpPOXUMMMUYECKMUE XxXapakTtep
HepretTmnmyeckKkor o ko egHsHEGHICEHS K LM & X0 C H
opraHumyeckunx mMepgumatopoB (CneR®imeKPrp,o,

= B AE* 6 B
PacTtBOp
GneKkTpoOXMuUM CH.CI, NoHHa
”MOKa3aTe POHOBGL| XMNAKO
eAanaTol snekTpdq [1-Bud
0.1 M MePy] C4HoSH | CeHsCH,SH
BU4NC|O4
Tphr onunnai 0.84 0.90 0.97 1.08
T pth6 po MmdeHV 1.20 1.25 0.62 0.73
NNNN-TeTpan 550080 | 025085 | 1.02 113
-l 4ApeHuneHpf

Ena—MmOoOTeHUWanb.bl
MeaANnaTre-pagyekynan

Takuuwm

n ankKkeHammn)

XKNAOKOCT AKX

BbICOKOMW’

obpasowm,

Ha

OKMncineHwMHd

psapge

OK WU QAR H n & yp—anoE*e Haym BN e H 1
MepKanTaHa

cybcTtparTtosB

C UBHYTRAZUPOAHMM NIDK a3 aHO

ycneuwHoOo

CKOpPOCTVWDbUH,

OnNxXxXnopmmMeTaHe.

peaﬂI/ISOBbIBaPOTﬁfI&'I(

no

CpaBHEHUW
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24 S oo sdzdzso ts?2 MddzlsjL IsdsftesdL o BH
OtesBOISdyUUd MSdr kZedzj otsHBteBHEB d G Jlsj to
Eyofmisdj &3 m fiffi teijofifnde tdfx(HH@s o

B nocnemeres MU EBPIO BOWHTOE 3 Bbl3blBaert
BBUAY 3HaAaYNTEeNbHOT O COKpauweHU"s B p
pacTBOpUTEeNnenln WU KKHTOAC/TUM3 alm po@BOE/ € HB/OA3 MOV
peack.alloppmeMme HeHNE MUKPOBO/THOEBOINIAa3ICXMHMES
npomosgctTBe 6GypeT cooTBeTcCcTBOBATbL Tpeb
npouMsBOACTB, obnapgawwmnmx I3KONOTrMYecCcKDO
CUHT €3 oTnun4yaerTcCH oT INEeEKTPOXUMUNY €
KofmyecTBa peareHTOB 3a CUYeBKmMPORAA@AT O

Apyro

M CTOPOHB, MUKPOBONHOBOW CUHTES3
QnexKTp
7

o

CMHTEe3 MnNo3BO/NAET KOHTPO/MpPOBA
peackuy : o6pa3oBaHMe NHTepMeaMnaTOB

MUNKpPOBO/NHOBONW CUHM@BNBEBRAABMEeRTPOEGMRBYPE

- O =

roMoIMTMYEeCcCKNUX npouyeccoB U NpPpuUu nNpoBe,
AONONMNHUTEeNbHOrNo pacTtBOpuUTensa). MunkposB
cepy M BoOAOpOpLg BhNepBRAENpaucaoo@gape&H 6 aBl [
CBW3nyyeHnsa B peakKUUWOHHYIW 30HY. B x o)}
cepoBopgopopga H a ABa Hak $H1 B HIBIXC K O p R A Y K
coegnHeHMAa B peakTope oTcyTcTBOBANMK,
pagunkanos, NPVWBOAPR QAR K dB/eBIPHEI3NY NNib & A d B €
peakuuMmunm K BoOpgpopoagy U cepe. MexaHMU3I M T
BHacTOoOpRaénTe MW3IYUYEHHBIHRBPEB/PUWMUYEKHMIAY €
(He3 amemunea Ak N 3beeM elurekHTHO @03, K alHVbK /ICO g @gk € H b
apomMaTunyeéemB N, ( Tonyon) yrnesopgopo
retTepouUumnMkKknIunYecknNx coeagunmHeHunm (dypadt,
noagBepraemMor o MUKPOBOJJTHOBOW ak Tvm B a
TPeEXKOMNOHEHTHbLEe (C Mcnonb30BaHMUEOM #”ns3

4Ho)2S,, (N-C4Ho)2S, mn nm cCepbl) peakuyunu NnpPpoOBOAMW
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MWK POBONHOB CEM FoausedMicmsage SynthesisSystem( Mo g e 1 &
Discove) npu BapbupogidovOd mBamHOIL AT /MK N T € N b |
900 ¢c¢) MWKPOBONHOOBBI)oa oToankyxiee AR A IO bl CHBE
MOWHOCTbLIW A48 K806OcTBBree CcyO6CTpacTnoesny pa,a

opraHunyeckmunel-XeVregnunenwuma (

R,
R,=H (IX); R,;=CH; (X);
n=1; R;, R,=H (I);
R, n=2; R, R,=H (II);
=3 =H (1ID);
n=3; R, R,=H (III); n=1(XI); n=2 (XII);
R, n=4; R;, R,=H (IV);
o 0=2;R;=H; Ry=CHj; (V);

n
n=1; R,=H; R,=CHj; (VI);
n=2; R,=H; Ry=C,H; (VII); // \\ // \\

n=2; R;=CH;; R,=CH, (VIII); o~ (XI); g~ (XIV)

MpepncTasBneHHble(l-XIt) oseB/MSHIETHCNSA M a nono A

ycnoswunasax MBO He noaBepr awTC A akKTuBa
CNOCOOGHBL K WMWHWMUMMPOBAHWNI Nopg A[AencrTBMU
3KcnepmmeHTa C cepoBOjgopoAgOM NpuU BO3/
cnocofGamMmacemdmmeocpenCcTBeHHEPOBOD@gEZpadRO
BBefgeHMMaEeyOCTpaar HSpm CH;@No fle p B bI i1 cnocob
OrpaHunyeHune, cBA3IaHHOEe ¢C HepocTarToOuyH
cpepe cybcTtpaTtosB, 4YTO He no3BoOoONdAeT C
[loc T oBMOHMC T C N @ cs0BO/lass e T C A B3 MODEHOENBM B
AONONHUWTENbHOINIO BBefpeHUWA pearedHtTa B |

CKa3bBaeTcsa Ha Bblxoae ¢ eKpooHcTopaoenpbxHablen X
MBO HacbWeHHOrNIo pacTBOpa auULeTOHWAPUAN
OTCYTCTBUE NPOAYKTOB CcCynbdpumpoBaHuma alL

KnwueBonn cTaagyemodBRX arinaeTcsa H5Mor
M oOpas3wBAHHEX Tp aaWuK a IKooBT, 0 pobnxXM eBpevazeaTl, VK

pacnapgatwuemMmycs npwu MUKpPOBOJNTHOBO A a
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NONUCY N bIMMHIKPHAKL VOKBA, /1 BCTPRAKWMWMBA NP OB AHI

yyacTtTunem ¢yga23daarTtos

MBO .
. +
H,S HS + 1/2H, 155, 5 «k:A%/ MO b

stzM—BO’HSS.Jrl/ZHZ 81. 7 KOX/ M8
fpoBegeHHasa B paboTespracHBPa@THO B L e
YKa3bHRAaB8BICOKYH BEPOATHOCTb NPOTEeKaHUSs:s
MpeBpanpgHHUBEMWO TYWMbON AL B YC/N0BMIAX
NPOMEXYTOUYHBIM Ob6pas3oBamaemMyecicamR® v mm
(cxema 2.

MBO
+ HS —_—

@@ Rt
oy @ @

e}
@ @ (2.40)

B pe3ynbpTate peakuyund)0 (ana DdDawue

cepocojjgepxXxawunx coefguVuHeHUN: [AUMPEeHUNONC
angpenmncynobdng (1,92 B) M CcUuMMETPUYHD
04100 8: 1,5, a TakxXe Heopr.&(ma2e8yepas
MONEeKY/NAPHON Macchbl, OKMUCNAWLWMECHA Npwu

O6bpa3oBaHWe Tpucynbpunpaga o6GycnoBAeEt
cMecwu aKTMWBHOII C-epP@bl N®AUN MEYPYANBbaHUEVKN  UT
rmagopononuncynbdumpagHbXx papgunkanoB g€ crema
2.41):
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. MBO
2HS3S—’H288—’SS + H2 (2 41)

B pab6boTenepepe@b®bnun n3HSIep Hwd CpdesatkdrSn
Hstbgl-IVB yCcnoBMAX MUKPOBOJNHOBGral bm@mJ/o)Bac¢
MOWHOCTMN M3 NYy4dYeHMNnsH W Bpame n pHS gea a8 v
ULMKNoam@&H-VnpoTeKkaeT Yepes3 @mapamoeme]
CTajmao pagukKkanbHOMY R @o e hpyre DBAM
COOTBETCTBYHWMUKX U n fcxneonaan K).a2iReréikouns ¢
UUKNnoamMB&H-IVNpoTekaeT yYyepes3 @mapamoeme/
cCTapmao pagukKkanbHOMY R @6 MG hpyre DBAM
COOTBETCTBYLWNX Ui peompiapeirmso,N1 0P accm

npumMmepe He3aMe Weé HH blXB alMTKCIs0 AKX eaMHo0iB on

+HS
TH,S
n

|

n=1-4

+ HS
(3
n n (2.42)

Lnk noankaHTMWOI Takxe Mo/ ABE®PEIA6MC S

|

BOLOpPpOMar o NpowBHPABDB&EHNI BTOPMUYHBbBIX n
YBennmuyeHne nNpoaoONnXuTenbHOCHSMC nppecaokoLsur v
pa3pbBySHovBOA3eMKUWM/KET O a/NKaHTMUWONa WU Nocne;

CepoUueHTPUPOBAHHBX pagukanoB B 24MCYy Nk
MBO
—»
@\SH-I/ZHz
n
n n
(2.43

MapannenbHO NPOTEKae TH boxO pcay3/obElanHdEiME 1 N
193
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R Q
(i (A,
n ! ! (2.44)

Cnepyer oTMgTMOBEBWBEBAO 9O TONNYRAEITHaAaYMgG e N
Obpa3®eBaWIODOMPMOAWKLUIVAK TOOKTRPEEPKIOE cCcoOAae
KoToOPRPpOd@NyYae 9NeKTpPoOX Hmpera@o@imTaKk KU B &
peakuUuMOHHBMWMNIa@MeSEwMoobpa3oBaHNI T eT.epo
OpHaxeopa aKTUBHO Y4YacCwB YU WEBIFOOH@T @®@T &

AVCYNbipe 5 @BM45:

) T e

n (2.4H
OdaHHas+ peak@ombuwOMeemTpakT WYy ercakko e K as
OpraHnMyeckKkune nNonNuMCY Nnb (PN AKIO TOOTPHLDEC AMP UKM €
CMHTEe3e NnNekKkapcTBEeHHbBX nNpenapaTtToB WNpPC
ONAPOrHO3IMpPOBAHMA L eseBbXpatakidioo 4 H
UMKNnoankK-dWwamm nNPOBHABAMBKOBIO Y e CAKCIHEE T 1
Mcnonb3oOBaHMEM KoMNbOTOBHUXGCARPpERaAamMMA
Xap vdpok a ( 632aBG(cd, ®) ) n byHKUMOHaAnNa n
BLYP, 6-3al&(ad,p). AHa nu 3 MONYUYeHHblX A aHH blX
UMKBeEmMmaHa aTaka TWUMWNBHOINIO papgukKkana M
OTPLIBOM aToOMa BoOopgoOopoOfa XxXxapakTepusyerTc
( H) , HO He3HayYunTtTenbHbLM NO BenumuyunmHe (27
OTHOCUTENbHO HEeOOABAPTI VPN, KOOE@HECTEBU M

Heprmnmenm paspbiBa BoOAOpOAHHSD IGC HEA YK/ M

2KBaHUMBMMAIYE€CKME pacuyeTb KHiphaEmee HoM MU IK . Bl B O oBO
rocygapcTtTBeHHbBn TeXxHlmuedHwmwi Ky HMBepcuterT »
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umnkKknor enH=é u 4 Kk Ax/ mMmonb) paccMaTpuBaew
TUMWNBHOT O pajgukana N po-T3eHKaske TT edIQICOTBELITXO
JaHHbB&aKpuin oTpumuaTtTenbHBLBNW. 310 BO3 N
YyYCTOMUYMBOCTbLI LMUKAOTrekKcaHa U UuyuunkKknoren
YyunuTtTbBasg 3HauyeHMA TennosbiXx 3dPPpeKkTOB Pp

LUKNOrekcaHa W ULUWUKAOTenTaHak N@T&eaA HE & |

yewmM AnNns UMNKNONeHTaHa.

2. 4.1, RmMMdzj Hs9 Odedy o dzdwdzdWw f tetSH ts5d
sted Odzd yj MSdr MtsjHddzj ded?2 Mg to

MUKPOBONMHOBOWMW CUHTeEe3 U NHSMO aymiK ano aum &
I-IVnpoBOoOAn AP bMPBWBRAREMEe HI . p eKaakkl MO & SKo H & JT
3TOT GakKTOp CYylULHeRBBBE@HHE BORPOTIOERIA
coegnHeHunmih (puc. 2 45

%

35
30
25
20
15

M RSSR

N RSH

BuiXog npogyKTos

= RSR

.\
3 6 9 15 18
Bpema peakuuu, mM1H

tdmzdts&-A2radpamma 3aBUCUMMOCTM cCcnekKkTpa
npoaoyKTOBH®Peaguwnor B)xocta Hoo A4(0 1 XU T enNbH
(MOWHB4L2ZI BT)

N 3 puc. 2. 45 cnepyert, 4T O C y Benu
cepocojgepxaluwmx KOMMNOHEHTOB cmMecwu n |

BO3pacCcTaerT Boixop LUUKNoankaHTMoONa ¢ Ha

B TeyeHMNe ONUNTEenNbHORKOBOBPOE MI@g&d MP eEMBVAK P C
copgepxXxaHumem pgucynkSHBER ax. o gkeo nounupeecaTesnoé H H
BpemeHn pacTtét (o1t O pgo 9 MWUH), H-0O A
15 MwWuH), TakK KakKk npoTekKkaeT cnepyitewasd
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OO6pa3 0B aeH MOe OHCaH-OMB €T eTTppMa cy Nnb hu g o B no
39/1TeMEeHTHOIM cepb B peakyuMnoHHOMN cMec!
AOoOCTWUTr aeTCA ANS-AVMEX O MHOMKO OrlekKX aHa,
AMMUTBREYEEPMOAMHAMUNYKRILKES® MN i X T TOPBO/ME H b
npepeHna pBakwymmnooKkTaHOM B YycOioBMuSAKX
MpeBbiWleHNE RELIKO gL paBHEHUN c RSEH o g e
cBupgpetTenbcTBYET 0 BbICOK O/ cKkopocTwWu
pagunkanos. Mpwn MMUKPOBOJ/THOBOM 006 Ny\uE
Habnwaganm MaKcuUuManbHLW BbXOA CYyNnbdhunpaa

s OB dZdWPWE3adaBRACcKMMOCTDL nNnpoAayKTOEHV)pHAKAM K
penmnctBeunuem MBO (MowHoOoCcTb 700 BT) OT BGFf

Mpopgonxumwe nMBO,C MKUH

CoepauH 6 | 12 | 18 | 24 | 30
Boixopn cepocojgepxXawunux npo

RS, 10,2 11,8 17,7 19,3 21,9

RSH 7,3 11,6 15,9 18,3 16,2

R2S 23,2 31,0 35,7 30,4 44,3

Koneb6aHwnsa 3 HaR4SeBHOM B pBELMKEOHAMA C B 13 a H O (
Cynbpowsag nNnpucyTtTcTBMUA He3HauunTenbHDO

BO3AdyXa B peaKLWOHHOIW cMecum nNo cxewme

1000

MccnepoBaHMUe 3aKOHOMEepHOCTEN faHH
MakKCuUuManbHOT O 3 HaulemHmM EBO)LHEOTCET/MOC T B
KONMYecTBEHHOM o6weM BbiXxoad). NpoAYyKTOHRB

v OB kYD - 2aB8ncummMocTb BblXO0pja Tpucynob®
cepocopgepxawnx nHSILY KUTUOKBN Op&X a KALIWDWM B Yy
(MowHoOCcTbL 700 BT)

Bpema MBO, MW H
3 | 6 | 9 | 12 | 15
B bl X &%, %
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362 | 250 | 277 | 243 | 16,1
O6bwmnminm BbLIXOA Ccepocopgepxauwm
(RSH, R:S;, RS, R:Ss), %
71,2 | 76,7 | 900 | 921 | 58,8
Tak Kak Tpucynbdpumpg saBnaetTcsa HEaLSKOH

M uUMKnNnoENKxa@am@asmnmax MBO wmu cnocobeH cCc Yy
TeTpacy/oHuamag BbiIXx 04 NPOAYKTOB MeHAeTCSHd
e ue pas noAVWBOpXpae®cMaTpuBaemas pa,
npeactTaBnsaeTrT cCo060M COBOKYRHOIE® TIHIBIXC JTE

AHanorumMuyHbe uMccnepoBaHWUa ANSA [JaHHDQ
npun 6o0onee cnab6bonmw mowHocZu MBO (560 BT

v OB dZzdREG3adaBRACKMMOCTDL npoAaykKTOHV)pHsAKQmM U
penctTBeunuem MBO (MowHOCTb 560 BT) OT BGFf

MpoAaONXNTEeNbHOCTbL |
Coefue 8 | 16 | 24 | 32
Boixopa cepocopgepxXxauwnx
RSSR 9,6 10,2 15,5 20,3
RSH 6,5 7,8 9,7 5,2
RSR 22,0 28,6 39,3 18,6
B pe3synbTarTte Habnwpganumceo aHanor v

copepR&EHMN AT eyeHNeM BpemMeHN o0b6bACRISFeTC
KOTOpbe C€C OAMHAKOBOW CKoOpOCTbRSopmpas
yBenmyeHnmn BpemeHUM MBO B 4 pasa BO3p:
MOMEHTAa O6pas3oBaHNUA HSHOKIWKSKHOIBIELE HT @ A (
RSHuepes 32 MW H peakuyuumm cBUAEeTEeNbLCTB

Kncanopopga BO3 A4y X a.

242. ¢ dzOdzd L o dzdw dzdvw sh detsmisd [ 1 [ dzO ¢
fiesdLoBHA ~ Mjter

Npun yBe NwWHEHMMT MH aMbB1Qo g a e T C S CPNaecKLITUpp:

C € p 0 C 0 [ ecpoxeaaumHxe HRLG).

197



16,8 —

- 58 &

3’- 16 —_— L:;

s 14 >
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c 8 e
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0 = 2]

420 560 700

Mowocrs, Br

it dmMzdzsd JRadpamMmma 3aBUCUMUMOCTMWU BbLIXOAaA

peakuumunm cheHBmHmpHME3I ATMYHON MoOowWHOCTMU MB

Kak cnepgpyeTtT W3 agwuar pamMmMbl, CKOpPpOCTHWDb
paagnkKkanos Bblwe , yewm CKOpoOCTHb pekKoME¢
pagunkanamMmu. BRR®BATmMecuHn asmpogyKTOB MUCC

PukcunmpyrwTcsa NpPUW MEHbWe i Kvaokl, HOOTCM eny, a SHOECH
MBO He npuBOANT K 3HaAUYUNT e NbCHeo My ,H a0KO@ a
Xopm4e paborT bl ycTaHOBI/IeHO, 4yTo A aHHO
npoTeKkaHUsa peackuyunaSrc ynoogyRifemiyoss a Hea e H U
BpeMeHnpuphtaa pediScmuncoegnihe a n XM UNBLY/HE H &
3aBunmcmmoc RSHMBRSfopma MOWHOC TN DWW NYgHRHAR
BpemMeHU obpwged)e Hn A
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MommocTe ofayvaenna, Br

dmMz@&®r'~nar pammMma 3aBMWCUMOCTMNU BbIX0o[ga C
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OAna nonyyeHMsas NpPpoOaWEB@BIE IR A HAHMROR MK
Cs-Cg I-1V ¢ yyaciSnesvw yHc noswma x odMB®OB aH U MU np
kcnepnmMeHTa REHOMB8AKRIOBAHIVW3 W3YUYeHHDBbX
(420 Bt) , a 0 parnaiH nciIneoc/Kuiiex\ya 1 b- qoroqicese BbiCO
MOWHOCTbL (BdAAQOBpPEWMBERRADWMEHMUUN NPOAONXKUT
B TabBAnpe&ag@BTaB/leHbl O aHHBbe no COOTHOQO
KOMNOHEHTOB cMecun HPo gy kKmoer gReédRIH MW
onpepeneHune KOoOToOpoOTro no3BOAKUT nopo
MWK P OB OO/1 HCOMBHOTT € 3 a .

N 3 AaHHbLX3 cTne@y®d. 3004 paccMOTpPEeHHEL
SHepPreTmMyYecKuMUXx YCNOBUIK NpoOBefEHUNUSA MWUI
RSHHanb6onee yenecoobpa3HbLWE HB&EPaBeT pal
B To Bpewmd K aK A NS 0of 0B Bl YRISE @ e1e 6 Xxyoniempy
MOWHOCTEANMBOBT 1 Bpdda Mpeak Lnwu

v OB dRZd YD - 3aBnucumumMocThb COOTHOWEHNSRS ng o
UMNKNnor e REMRBHmMT (MOWHOCTN MU BpemeHun MBO

MowHocTbL MBO,

Bpewmsa, 420 | 560 | 700
CooTHOWe HMREH RS |

9 1,9 0,9 1,6

12 2,3 1,0 1,9

15 2,1 1,1 2,1

Onpeackwd mecnk no o krtaskHkeM 6 blJ1a MMa E e N GB(
BbiXO0gaiRIE$H MX COOOHOMEMACT U PoMd JTIYOUC ET HOVAS
BpeMeHuUuKMBOcCcnepgyetT M3 [aHHBbBX, fLOCTaTC
NPOAONXUTENBHOCTN MUKPOBOMHOBOTIO Har |
pocT cyMMapRSHVBSETkaxxaava o TP R B OB SIs Odadzr 2
B S toso b &idsdrsYy d 5 dzO0Odzd L Oy d ff ts L updtStdady tsj Cleod€ dOadlist ¢
My dSClste MjteshmsHj ey O dn  Oddyd<ddud MSdn
zdB s dBsh dtsMmisd, dzdet otcj d&3j dzd B dzlz yJ dzd v
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2.4.3. RfMMdzjHsoOddj oddwddvw tOL &t
LOBj filsdlsj dzj 2 dzO o' AtsH MjOstee Oded UJ

MoNyuyYyeHHbLIET aBT ep ECUH/TEE 3 A Cepocogepxa

NMOeHTUNONUMBO B @ARBIN : LEENBEAaEaBRRERPEAAM ra:
XpomMaTtTor padguwn AC N eXK[pr opMDaMTEopVpaBcHhce H N e 3 H

NOTEeHUMWAaNoB NOKKGCRES HIBISX CCOBEUANEHTEEH/MbIAC T B )

aAaHaAaNOr M4yHOMDN Xeap@m& meeHE e a NIk\A Mo Bo 6 pas3 0B .
MOAEeHTMWUYHbIX cepocojgepxawnmxB nN@UO/MWKIT® E
paccMOTXp ewKpa K DBON POAONXNT eaNMMbMOOACETLC T B [
MO LWHOCT bln pMBAQD)ye,6 C HEEa B @AY N T € JIEb HIWWAa BCIOIGIT a E
nNpoaAYyKTOB peacxkLuuCyCs a8 m 0 aB/BKXgoOHAC BOCAEE P X a L
coeagunHB HmMaGn. 2. 35 npepjs bl RAECEEOHIE 030 3E B UKG

npoAayKTORB npu OagnMHaK OB bIX yCcnoBunmAaKX MW K

MCcCXoaHBLIX dywcTparTtos
Haunbonbweu
MB O n3

cnydyae

N3 Tadaneply&T, 4yTo, p e a

paaga |
TMon

B3aunmopage HESBB WK NO B U A X
-V o6bnagaeT UMWKMTOOKTA AH. B

Hanmobonb WMRBHMBPpIXK OMaKCMMalbHOM O006UWEM BbIX

aAancynbhunpga.
LnKJNoan«kiaH ol\e.:

CnocobHOCTbL K oO6pas3oBaHMWUI

s OB dzd Y® BhIXopa
H Snoa pgencrtBUuEM

cepocopgepxXxauwnx nplaio K T (
MBEOT ,( M0 WFH 0 TwM H/)O O

CoeagnHe Bbixofn cepocojepxalmnx
| I I Vi

RS, 2,8 3,9 6,3 9.2

RSH 1,6 28 4.2 97

R2S 4,3 9,1 10,2 14
AR 77 15,8 20,7 32,9

BblXO0f
CnHTes cepocopepxawmx C O eVierHHEeeH VBibl ITC

O nA4 nNATWYNEeHHOT O unmkKina, 4T O -XKMOMIMNPYEE/ICUKPO

9 dHp@xPreaa KAUAMHOHHOHMA SIP ecark
200
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uunmkKknoasmsksHogenosumax MBO 3aBumcutT O0T pa

M CHUuXaeTEACBC, MR ByYX o4 ULUUKNOOKTAHTHMOma
npeBblwaerT copgepxXaHunapiyn K/JUMHEAHKTOSBHTIN OM
BpemMeHMU ob6bnyvyeHwunsa. B cBAaA3wu C Tem,
cepocojjgepxXawunmx coOefUHEHWN N proarpeaksaseet/i bB
cTagunmn, BbIXOA4 NepBOHaAa4yYanlbHO NO@PE &% P IO
peakuMOHHYIb CIMO CBBHMOKYIl0O CKOPOCTHb B I
npeBpaw@HwmBenNnmMyYeHnEM pas3mepa UumnkKna
cnocobHoOCTbL ldWeamHeBpRAsISIBBRHNU He3 Hau
CHMXaeTcC84a.

ONAPOrHO3IMNPOBAHNSA LUeneBblXxpala Koo 4 H
3 a MEHHbLIWMWMK NoankK-&XH&@MnaumM N poB.esexdbMKYBeaCHKT
pacuyeTb Onga MeTumnuuwoklpearyoAHATPBBAYATH
TUNNBbHBM paguMmKkanom OT OALHOINIoOo M3 aToM
23,1-37,6 «kAx/ mMmonb, UTO MEHDbLWe, yem Yy

KOAX/ MONHEH:r pgmsbl MeTUNUUKAOTrNrekKcaHa €O

DH cocTaBnaer 61, 2 K AX/ Monb. Takunmwm
3aMeCTHEERODBOKI@TI YyaerT, C TEepMMONIH@ SNH K
aKkTuneauyuwuio MO eKY bl cyébcTtparta, npw 3

XNUNMMUYECKUNUX NpeBpalWleHMsaX ydyacTBYWT arTo
B unmkne Hambonee BeposATHbelnMperamMpgnmAa
LMWK INOanK UT/MbUHIOLIHObI MC MMa JOVMOKpaa/BOO B a HM € M H U K
nonoxeHuma 1 wmw 2 (26,1 wnu 23,1 KA/ Mons

YBenNumweHreea 0o40pPORAMECanemMEB/OBLUT K Hee
CHuUuXebHp®ak UMW oOoTpbiBa BOJgOpoga OT <Ccyb
DH(umnkn) -351BX/XMO0 b, npu 37T o00yHs)B O30aIMee
BepodaTeH OT P bIB Bopomdaga 48, 0 o K @xxeé mio
nonoxemwyxn 7 ,(5 KAX/ monb) .

BBepeHnme B ULUUWKN BTOPOTNI@oapmwmHURH HHEE (

nNpMBOAMUT K QAanbHOeEeHpieakyWpPHBEE BB O P-0 4 a
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AnNmMmeTnnuyuwukdbHq ruenkkcngd H-&4 22, 0o A/ (@H-npy nna)

59, 7 K AX/ Monb. OT pblB Bogopopga Haunoo.
MeTuUunNnbHOWDH pyBBOBA (OX/ Mmonb) . Taknm o
npuMBeAEHHbBX 2pmamesBx,aunknorexkcadt 4 0 /1 H
paccMaTpuBaeMblX YyC/NOBMWAX 60Nb LWyt p
LUKNOTrekcatH, HO HEeCKONbKO MEeHbLWy.to, L
MTOor e NnopgobHGLE B blB O [ bl No3BONAWT np

peakuunoHHOW pcan3oficMoYéHHbDXC TcMy 6 c TpaT OB C T O

LuenesBblx MTHrumyiwoBom gUpgwceds G244 B

Buixoa npoaykTor, %
on
=

| RS

"N D N

VII VIII IX

it dmMzdzs& — Pnadr pamma 3 aBucRSHouCcR:3 ¢ BpixXxeHa
pa3nNnunyHbX ¢=y8 cmupHa;T oo uUfHoCcTb MBO 700 B

KagneagyetT &3 npwc.MakdcmMManbHOW MO WH
yBeimMmyeHnNe pasmMepa 3amMmecTunurtena B CcybCc
RSH, T ak K aK B cnydyae 3TUMUNLNKNOT €K
obpas3oBaHMEM WMU3IOMEPHbLIX NPOAYKTOB pea
pagunkKkany) .

OpavnHakoBoOoe RJmMmep KaeHigmMe T U N LUK NOT €
6Gonee BblCOKREBHI MBAbIXBOTACGP OT O Ccyb6CcTparta 0/
NMPOCTpPAaHCTBEHHGBbIM bakTOpoOM. QT 0T d
STUNUNUKNOTreKcaHa, TaKpP&aAKK TRPIOHLIE HET @ T
cybcTtTpaTe Takxe cTepamyuédéomeree 3aDpeMHOTF

3aMecCcTWNT en4d no cCpaBHeHNI C MEeETWNTbHBbLBM.
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244RL EZyjdedy Cddzjlsduyjmedr L OS tsdztsd3j toc dzts
Yy d € dzts O dzCHaSMats oz ffiglzs o W 7 f

KnHeTnezxzakKMHHOM@E a K UMUK LMUKNOTNekKcaHa
yyacTHh® ppaccMOTPpPEH bl aonsa nepasBbIX A BY X
cybébcTtparta; 2) obpas3oBaHMUe ancynbdu
noATBEPXAEHMNA MexXxaHMu3ImMa OCHOBHOW CTal
n onpegenexvmMmarnbpvblX M B €0 ra YVJEHIT HP@DIEEAbI X 80 [,
UMWKNoankaHmanm omi3o0yBH e HU A KUHEeTUKNW YyKasaHt
MHT Eer panbHbBN —WETTO MaBOYWIeMTpaD BOACHHNOAB aCHCHBbLEN
npoBefgeHNWN B3IaumopgemcTBWUA pear eHToa MU
copepxaHwusd LUMKNoasnkaHa. Mpw 3T OM N C
nopapgokKk no cyb6bcTtTpaTy B pes3ynbTtTate er
peacxkukgunk) ( gna p a3 HblX cTapgwnim 7 nopAa,
aHanuMTnMyeckum MeTopom népgpbébopa ypaBHEH
v OB dZzd VO NcB8nepoBaHMUEe KMHeTUMYeCKUX 3 ack

HS ¢ UMKNOrekcaHOM MU LWUKNOOKTAHOM

LUnknor ekc a Lnk nooOKT 4
[ 5h dzts kK, ®sd / d&* i
[1J, k1 (RSH) k2 (R2S) ki(RSH) | k2 (R:S)
420 1, 523. 0, 9% - 1 - -
560 1, 88. 1,36-1 1, 1323. 0o, 8%7-
700 2,358. 1,58.-1 1,76. 1, 023.

ltoedd3sy y@dghgyeHmMe KOHCTAHTbB CKOPOCTWU MPld MO LWHC
ANUWTEeNbHOCTMW [JaHHOINO nNpouyuecca C LWKNOOKTAHDO

C BoO3pacTaHuUuewm MOLWHOCTWN MB O KOHC
TMonmpoBaHusa cybcTpaTa U ob6pa3oBaHMUSH
CKOpPpOCTb MnNepBOW CcTBaflpAazganpe am/xanpDad €TK C 3
LMWK J/MOOXBT BpHaaz allp M OAHOM 3 HaueHunNmy GucoTHaDTC
XapakTepHa ©6o0nee BbICOKaAas CKOpPOCTb CT
CpaBHEHMNI CoO cTaguneim obpas3oBaHNA il

KNnNHeTnmvyeckKkor o pac4dyeTa cBMnageTenbCTBYE

(@]

NOCOBGHOCTMW LUKJAOT €KC aoHoaKk TRHO M@ B & i & H ki
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pacuyeT KOHCTAaAHT CKoOpoCTennw peakuyuum no
nopagKke peakuuMun TUONUPOBAAHIBA VI IMNIOBaEIXK
OQHeprmnMiw akKkTuBauwunwu H a OCHOBAaAHMUM K NHE
rpagpuuyecknmmamed)a@pondov y(ppaBHeHNW AppeHUN)
coctasununo 56770 Ox

Koneb6aHwusa BblXO0Jfa cepbl BO B 3aBuc
nogTBepxXxpgaeTr @QakT eé&unygaaplat yBb@upgoe
yBenmyeHumem MowWHOCTWMW MBO BbIXOOgIyeepHH
CHMXaertTc8sa, cnepoBaTtTenbHO, obpasoBaH-H

cTaHoOBUTCA 6Gonee 6GnNnaronNnpuaTHBM npouec

-6,05 2

-6,1

L

-6,15

6,2

-6,25

Ink

-6,3

6,35
-6,4

-6,45

-6,5 *
1/\W*1nnn 1/Rr

dmMedzOd Npadhmnueckasna Iikasb@ vy MmoW 80 WLHOC T L
B O, nonydyeHHasa Hpa uyuumknorekcaHa (

[
M

MapannenbHO C OCHOBHbBLMMW NpPpoOAYKTAaAM
npoMcxXxoaUT obGpa3oOBaHWE 3/TeMEHTHOW cep

2.36.

v OB dzd Y& 32BN CMMOCTDbL BbIXOAaAa Ccepb B XO,
ULUKNOOKTAaHOM OT BpPpeMeHMU U MoWHOCTMU O06F6

ltej &Y, [ shdtsmls: |11 0 S%
1l Is
6 700 0,8
8 560 0,4
9 700 0,6
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15 700 0,3
16 560 0,1
24 560 0,2
32 560 0,3

2.4.5, RLEYjdedj IstejRCtdftsd dlsdz 7 toj

buyOflsdj s fMjtco SHEBEEHO d Mjtr o

C uUenblw NONYYEeHUAT powp rMH/MMHEYL/KMEN OB
MUKPOBOJ/JITHOBOT O MHULMUMPOBAHMNSH cepoBoj
AONONHUTENbHbLM BBefJeHNUEM Cephbl.

MUKPOBO/MTHOBOMW TPEXKOMMNOHEHTHBNANA CUH
cepb nNpcBaTmw/THERSMSH»N NY U COOTHOWEHUNU cCcep
144yT0 oObecneymBaeT BbLICOKYW CKOpPOCTHb T
MO CpaBHEHWIW C MWUKPOBONMTHOBSOM akTwmeadwl
MNKPOBOMNHOBOWN Har p e BHSeSywc He:;@N\-B  poeTacr YyeTHCTT
cyob6cmmpaammaBepxagan coypapamHoaBHICEe 6 0/1ee BbIC
mMacch (n = 35) , aHOAHGLbIEe noTeHUWan”nb.bl K
noxaTtenbHytw o-apddrtTB) (Bp92paBHEeHNIK C a8
B OTCYTC TIBpume ocbenpybH.e H IHB-Se» 1 ¢ P @ HBD BAGHEC, H
W=300 tB1T 45 MuMuH) Ha UBA Habnwpanu aHO,
B, oTBedyawwmm oKUCNewmHEIO BbICWNX CYNbda

B KauyuecTBeE cybcTtpaTtosB 6 bl 1 U p
revtepouunknuuyecimbeOdzod BI,BWhdznonumcynb
KOT OQp blX npeacTaBNART 3HAaUYUTeEeNbHBbIN
NMPOMbIWIEHHOCTW.

TpPeXKOMNOHEHTHWERLPEAQK &MIHS»NI poBOAMNIMY
pacTBO@PN, CHOT OpPb N HpeaocOTXBOQAPMEMH UOAN SAIC € P bl U
CooTHoweHMne ddypaH/ aueToOHBBPpHREHBOCDABHF

B CUCTEeMy MnNO3BO/MUNO CHMU3IUTb COAMP XEAH.I
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NPOBOAMTHL peackumnio TUWONMPOBAHMWUSH reT
pnencrtemem MBO B n36bITKEe @dpypaHa no OTH

Peak Wikuc CddSn SsnposopgprmummmowHoesd A0 MBO
BapbupoBaHWUNM BpemMeHN o06NnyeveaMmelWeoHN el

BoAaoOpGhypaBe NPpOTEX4Eed

@ + HS —» @\SH+1/2H2

JanbHeWnwne N p evBeppakuURENHTVOA Y [Eeh @-py p)w. N
AnNcynew@wgmg noB/ieHHbe SHROMDIENYOGa B A .

s @S’ T U\s—s/@

O 214,6 kOX/ mor

O6 pa3oBed@uby pwr/pouy N bapB H 3 MO X H O npwu
KOHULUeHTpauyuum cepbicnoE ObOpgac®yoOWe e r e

90, 3 K AR.ATM 0 Nt

NONUNCY Nb®PUAHPXT @aM&acIXO@B4UT NO CXeMe
4 kK Ox/ o

[/ ) + { \5 L Z/ \5 [/ \S +1/2H
o \ SSH o~ S o STSTSTN 2_9 8
(2.49

Peakuyuunuun HPYpReayiumec MBEPBRAPHL U P MBDAYHIWOIC T V
MB O-100, 200,30B ™ BpemMeHU ool @anewHm sB pe 3y

npoBegeHNWsS CUHTe3a 6blNa nNonydgpaHtme

25y paHppuvedi@ay pppvcy nbtamn. 2. 3

vsOBdZd YWG-32BA3cMMOCTDb BbXOAga OCHOBHSBX T
CUCcCTehd-iSg»« 0T BpemMEFHRMNT7 VB OB X )

Beixoa npopayk,|
T, M %
RSH RS, R>Ss
8 15,9 14,1 -
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16 8,1 10,0 47,4

24 10,1 16,0 53,4
TakumM o6pas3omM, B YyCI/0BMUAHS/IMU KTPUOVB/IOb/HI
paaguvnkana yaanochb nNpoBedaiywpapa@a KLU p aTam
MEXAHUNU3MY . OaHak o, B JAaHHOM B3auWMO
3aTPYAHEH, TaK Kak [AOCDaAVMEeWo 3a@BCHADP

BegoeT K NONYYEHWUW NONMMEPHOT O NPOAYKT
M3yyueHa BO3MOXHOCTb MMUKPOBONEBDABODBNDS
sdsW egdzZ®d npnm Mo wH-0/c0TOM BMBO Bpemsa MBO Bary
30 MW H aonsa LOCTMUXEeHWNH yMepeHHOUN O
ANTMNONUPOBAHMUSA cybcTtpaToB. Peakuumn
cyo6cTtpart/ plpar g NUHMBHMNKN 0P O A26N MO UITEeH /T BAH
cnoeo®cTynartThb B TMeOaIMLPOB a H U A Cc 006pe

ANTuMno3amMeweHHbBX cgb0cTpaTtos cxewme

@+HS—>©+HS O\
O Q™ o

Peakuyuniw THrS WSgnHpao BcompmomwHoc T MBO1 =
BpemMeHU 03wy.HMIEHKMOAH Y aHUWIO CUHTeEe3a nonywu
peack2numo e HZHTM/O,pe H OBl B0 ne wypmecy neg afhn.
2.3).

sOBd&dPBEGBRIXB®L4 nNpoAayKTOB pkakgwumeT emeygu

S»WE= 300 Btr, 1 = 30 MWUH)
MpoAayKTH®I Bbixop,
RSH 5,2
R(SH) 12,8
RSSR 15,3
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Kak BuagHO2BZOM@WWMPY WOWNM NPOAYKTOM
avncynbdng, aHanor NyHoO npoTekKkato npe.l

nOCTa,D'MVIHbIVI MeXaHW3M peaxKkuynmun ONnNWMCUBLIB a €

W g
@+Hs—>©\ +1/2 H,
2[i&g'__’éiﬁk&4A[j§

(2.5)
Takumum ob6pas3om, nNokKkasaHa nepcnekKkTMWBH
akKTMunBakpmnm fHe ak ughpxa HO M, . TMoareaHBo M U B

cepocojgepxXxawunx nNpoAYKTOB peakuumm 3as
MpunmMeHeHNeHEsOTMam@npmnarTcTByeT pwepm 3o
TPUCYNb GhN /g o, erHpTpYaeywm 5K c e pbl OKa3blBaerT

COOTHOLWEeHMWNE MOoONMTYy4YdYeHHBLbLIX opraHmyeckKmx I

2. 4.6. RfMdzj Hso Odzgd ] Istcj - C BBY tsdzj dzls dz

MsjHndde dzed?2 M) EuOomédd i3ty 6t s tizks ¢ D dz’
o kmazsedwas [ ][

a) PaccMOTPpEH b TPEe’aKaMmnMOo HI i RG-Gs& N K

CHSM msomMepHbBMU guoyTunaguncynedpugamm n
AHanor M4yHbLln CcnNneKTpP NPOAYKTOB peackay

stej-ByTunMun3ame wé HHOT o TpéoxmkcoymMnbodHMenHaT. H y o P

yyacTtunem U UAkVmdreCaHe)#,H @O B 0 4 1 MD UL H M W =1200(

BtT) n npopgonxutenbHoz2z3®)mn MBO 30 wmMwuH (T
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v OB dzd G- 23aBucumMocTb BbIXOoga (n) cepo
pa3mMepa anuvmuunmkna uniwk=oagHGX BRTO,e gMHEBHBD
C 0 O T H O HpS/(-G4H),S, = 6:1)

eats5j H] 7 d, %
RS RSH RO SR RS X

I 1,3 2,0 6,7 19,0 29,0

[l 0,6 1,8 6,9 18,3 27,6

1 5,4 1,2 7,5 15,6 29,7

v 2,2 2,3 8,1 17,4 30,0
PeaKLIII/II/I npoTeKawT OAHOTMUWNHDO

TPEXKOMMNOHEHTHO I cmMecwu B yCnoBwuAKX

cepoBOgBopkggeecTBEe L eNNeBblXx cepocopjgepxa
mccnepmaos@MHuA o n(a BCe€X McxopnHbCkCs IklWk no
nonysheHaMuunknoanx usiiadvw &wmByg du uyunk Bo azn Kk a
byTunuunmknoankwuvwnER)y,nwupmean or(elk,cORn T pucynb
O6GHapyXempHMEY KT OB peacxkuyuunm CUMMETPUUYHO
boNbWMM MU3IOBBITKOM ULUUKNOaAaNKaHa B peack
anermnpapucynbhnpgy

Ka K cneagyetT 23930 C HABEOHTBIPIOI ALY K T a M U 0 K
CUMMETPMUYHEBIE Tpucynb puasbl, Hanbonb WN |
gocTurancsa AnBoixwwmnayawihpama. acumMMmeT p Vv
consmMepum [anasCaniCowr moieNER"R o n A p a
LUWNKNoOaNnKaHOB coCcTaBWunNo: 2¢ @4 e RXdgnmoe |, B
OTHOWEHMNWI K KOHULUEeHTpauum cynbdpmnpgos Agn
I-ilVoka3anocb npwuwmMwe.pHIH TOEGMEHCEA KD B &IAHTAIIBNIBS
COOTHOUWSHRS, RKoOTOpbN ANA pa3NMWUYHOT O
14, 6; 30, 5; 2, 9; 7, 9, COOT B € TTCOTMB, € HYHTOC
cnyvyae LUNICKODIPOKTaH an pSeep aReHMAe TRR 4 Ha
BbICOKOI, a Ang uUuMKNOr enTtT amHaa. ATaakHaM B
AN 4 CMHTe3a Tpucynb du goB HG3 H DCHODBEE

nepcnekKkTMWBHbBM OKa3ancs4d UMNKTOTIN eKkcaH.
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Mpn yBenuuyeHmm BpemMeHN ONEnYODODH BT o
NPOAOYKTOB peacxkuymnmu ayemmammmbncn,epo,qeal,l

coegvnBamesraHopacTasbh). (puc.

® 30 mun, R2S3

45 muH, R2S3
30 mmn, ¥

45 MuH,

fnlzdﬂ)‘iSﬁBMCMMOCTb CyMMapHOTNIOoO BblXo0opga
a
n

I S I S T T
=T N - L. I = v

Brooja npojykToB peakiuu, %o

= uh

KuuMum ¢  yuyacT udw (n-Gitd3, oHaSh wma HcooBA € p X a
cynbgpmnpgoB OT BpemeHn MBO

td
p e
Tp
Ka K BUMAHO25W3 yBpROMNMYEHMUE NpPO-RABHIOMEY
BNnmsaer Ha npeBpalw¥.HB1 a9 c cyGyeants B el X 1aRES;
CHuUuXaeTcCSA4, CTIROB/AEGUMABAMIOG OLEPOEHBATYT
nocneppgywuwume peakyuunmegs n3INpunedmaA LoMmpo
CHUXEeHMuemM CcyMMap HCgH a0 GBOLPX0OTA, @ , B 0a3 pOaviCAT a H
CnepoBakRBObHAKNONEHTUNbHbBMNW 3 amMecCT
Aanekégs, B KOTOpPble Mbl He KOHTpPOnNUupOR&ZRO U
LUKNOOKTMUNbHBMMU CKop@W miHT akMamk MeHee
ancnponopuwvoHmRp uslsdsHMa ogcoHoBaHMKM NpPpoOBe
mMccneposEamHMBINIO®HOQEeTbIO N O0RARY 6 HIKBLKXOWIPA
LUeneBblX NpPOJIWKTDBX O JAVBMILAMY BE@ B W MVEO LWHIO C T

MBO oT 2 OBO( m®&LB 00
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s
L T = ]

]

' = 200 Bt
[ ® 300 Br
I I1 11 IV

it Mz dz&lC— 23 @B UCUMMOCTbL BbiXOoga TpPpUCYNb (Pu
B peakuunmdax Ha o cd4ivo ([B-EsHo)s34HaISO0ATT KMAOHUOHBO C T U
Kak cnepy 40, pgwsanpuo H-AVGB KpomMe LUUKAIO

Brxoj npojiyKToB peakiuu, %o
= -

yBenmyeHue MAOLUHOCTT UMMNOHIa0 XU T e€NbHO BAAWAE
peakuumn. Ana ©6onee BbICOKOMWo 33Ha4 eBim)4
npoBeféH aHanns BNUAHMUSA 3aMecTUNUTen:
LunkKnoanKa@m. 19)

A 3 T aX4Q . M aHoO, 4T O MaKcumManbHBIN
cepocojgepxauwmx NnpoUATYXKWT®OWBAb PAAOBNNLOCT
MeTuUunuunknorCGoraakHgay e HM e Ccynbdupga acumi
HecyuwecTBEHHO 3aBMUCUT OT CTPOEHNUA UMUK

v OB dzd 240 — 3aBuMcuMmMocCTHb BblXO0Ma cepoc o/
CYyMMapHOT ) Beixopas3 pepd-& Waamnn3w& nB B, T
MO/MbHOEe C oS (FrCdseSH nal)

5] HJd lTatsH ftosHEZzSCIsse toj C
RS RSH RO SR RS X
| 3,6 3,1 7,8 17,8 32,3
1 4.7 3,5 8,5 20,5 37,2
11 50 1,9 9,5 19,6 36,0
\Y} 2,2 2,1 10,2 18,8 33,3
V 7,0 1,8 9,1 23,2 41,1

He 3 HauuTcealkbpHaouge H N e RSHhepEaeKa NCXO0/
coeagunHEOHILWNOBIEHO €er o ér Kgpew crpddigdpvia upe

CUMMETPUUYHBIA Auncynbuapg.
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6) bBbnu TakweaKkpme meHEMaT N UY(E@T K WMHXO ST
m Tony oyiagdkswemmsj-BytTumnagucynobdpuaga B ycC
MowHocTKu 300 BT M nNpPpoaoONXMTEenbHOCTWU C

On a NOATBEPXOLEHIPEXNOKMAPHUEBMAHON pea
HoS  m-CiHlg)oS,6 611 N p OB e A eXHbMUKYBEACHKTVOEB Op a C Y € 1
9 ek HymBa3(MMMEHBIZNN pagunKanbHbBX nNpeBpa

AvnmMepumsaumsa TUUANBHOIO U apuUNbHOT O
Tennodr=bB 3A7 , 5 o>/ MTO TepMOgUHAMMUYECKDHMN
StcJ @8y TUANTUMUUNDBHOT O pagukana B O3 MP XH
B3aunmopge b-CHpIe MOPEH M NT MKUNDb H bRV dpeaHIMWIKbaH/bC
pagunkasnomw. [Mpnuém, BTOPp O WO oOB1a&pen aoHOTC T Ty gl
K a K TennosoWu 3 pexkT npeBbl@aemnosBHa e
obpas3oBaHue cynbdpPuga acuMMMEeTpPUUYHOT O
cMMMEeTpPUEHOY Db PUAa. Cawmbli TepMOAgUHAM
O6pa3olgtajHsysr mnapununcygbudwempan 3-a UMHO OY T U N
PeHUMNTMNMNDbHOTMNOP NP adaTUOKMA NAPIBK C MU Py eTCad OTf
TennoBoro 9 ddpdx-32a6 pRakiAKmmdnsb. Mpuyén
peakuyumm ¢ y4yacTmem cybcTpaTta - UUKDAIC
K AX/ Mmonb .

Obpa3zoBaHuUue gucynbdpumpga acuMmMMeT HWY HC
nportekKkaerT yepes 3 alvang n ode HomMrewpais 18 o r
oytTmnmnrtTmmnnbHOro pagntarnfgrw/ vemp BHRLWLE, Y
beHMNTbHOT O pajgwnk agGHy),Sc I ms X o0 p BN SATHMHAN §
METUNBbLHOT O 3aMecTunTena BPpOBE@NEHTOUUYEE
PE&KalMOHHOMW CcnNoco6HOCTBMO OBe3HA3NOMIOAL 651 CIF @B(W \
CiHo)oS: ( p 1RE2).
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Booxoj nmpoyKToB peaKiHs, Yo

R2S3 z

R'SR"
it Mz dz2RE-32aBMCMMOCTDL CYyMMaAapHOT O BbIX0pga
peakuumm Cc ydacTumem apohaX, nwme crTkakKxk ey IcJoe
CYNnbdPuooOBMeTpPUUYHOT O n Tpucynobdpupagos CNMME"
mcxopgHoro cybcecTtparTa
Kak cnepyeas2, N3B Y@EWCY.TONY O Jla copnepx
coeguVuHEHMUIN peakuuMmum N CyYMMapHGLN B blX O [

npeo6na,u,an no cpaBHEHMNIO C pe3ynbTartTa

o6bAcCcHSAeTCA BO3MOXHOCTUbBLIO OAHOBpPpEeMEH.

BO fpakl,&x U ps i (J.-Byotvgm)c y nb b g o m.
NPpOMEXYTOYHOT O

apeHTMONOB
B blX Of
3,8%.

c)
LWK/NMTOT @K aQigpgma y T C T B U 1 Iscteejplsoysrangnor pmongign e y n

npoaykKTa — apewH:-

MpoBepgeHO CpaBHeHMUE péeeaHk 3uoMaH H

KangHo wnxkzdla@BOmin BbLIXOA NPOAYKTOB pea
C/Hyae a/IMUNKTINYEeCHMODO CoOOBABNERBA € [
XMUMUYEeCKNUX pacuyeToB.

vsOBM&ZdU® 3adumucmmocTb BbIXOfga CepocoOepx
LUKNOT ek caHaHSMaa€Hg.5 My 300 Bt, 1T = 30

COOTH O HLE(-@,4El).,S, =6:1)

CoepgunH BeiIxoa npoaoyKTOB pe.
RS, RSH R’ SR RS >
1 7,4 0,4 4.9 17,4 30,1
IX 51 7,9 3,5 8,5 25,0
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B pe3synbTaTe aHanumsa NPOAYKTOB pe.:

QL O—

aAaHOOHBIE MUKW afCcoOpOBUMOHHOTIO XapakTep:
Taknmm obpasowm, MOXHO cpAenatTb BbBOA O
npeagTOXEMHEOTPEXWMOMNOHEHTHOINO CUHTEe3 a.

Takum o@OpaB/OMKEH HOBbBLW CNOCOO6 MUK,
cepoBojgopopga B TPEXKOMMNOHEHTHOMW pea
M3 O0OMEPHLBLMMU aneytwunnagucynbhunpgamu, OCHO
peakuyuuum TWUONUP OB aAUHAVKAN OHae/G#AaNHEDB® B I L0 P 0 A (
nenctBunelvpuMBEB.an Mo me ino neCue@ae oBe poBOgOP
aneyTtTunpguncynobdpmpgamMm (NMHEeWMHOTro U pas
MB O NeAYIYH LMKMNOANKAaAHT WO, aH LYWl Kime] bl
Tpucynb dpu abl.

YcTaHoOBNEeHO, UT O peakumnmoHHaCG, CBILOXC D,
n COOTHOLWEHVWEECKRP A CPregdHHYE H U Np € 31y 1B Y @
Moc/1e/jo Bhaarpea/b/HeON b H bl X ctagumn, 3aBuncAar
Hanmuunma MeTWU/bHOTOK aBaNeG T NHTEM ACETanKC LUproC
MccnepgoBaHHDLBbBX apomMaTnyeckKkHUx coefunHel
COOTHOWEHNE eCEMXOPCAEIMMHEHNA,pe TNOINBTMAE
Moc/1ejo Bhaarpea/Vb/HeON b H bl X cTagunn, 3aBuncar

3amMecTunTeEensa. BbiSBNEeHOWOHOT T b p & a K408 @ K
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BbXOA4 WU COOTHOLWLEGHWMIEX CECQaMIPH @My, 3 ymaITa
Moc/ejoBraarpealUb/HEOT b HbIX CTaaun, 3aBUCAT
OnpepagenedHo, YU T ON PBOLUXYOKAT OLBE /IPeeBabKXL B I (

OpPpraHMyeckKk nMUN C30ERBRIWMHEMHMEMb CHBPpEMPRAN A

MOWHOCTMN MB O, npnuyuem nocnepgHwe agBa T
cnekTpa NONTYYEeHHBX CO€efUHEeHNII. Mok a3
npoagykKkTammMmwu B O BCe€X ndeSnegyemmbiXH P e

COEeWNHEHMIAMINC A9 BHEeOoOpPraHmnyeckme nNoONUCYI
KoTopas nNnpuBoOaAUT K obpas3oBaHWNW 6KOTS
M TeTpacynbdPn goB CUMMETPUYHOT O CTPOEH

Moka3aHO, 4YTO BbLXOA 3N€eMEeHTHOW cep
cybcTtTpaTafaeneauneape BapbuMupOBaAaHMUU MO LUH

MB O, YTO BAMAET HaAa KOHBepCWUIW AUWCYNb (Pu

25/ dMOdedd HJdOGWOMddl BEHRD ydisdzdz&E B -ditsH |

d i mMztemMsMB jtej cOE N j2 Isjrdsdzsedd fJtejt

dzj G ¢ d~ Hedsjdg thH t,Ic OQ Ylgf@ S yoj e AQedsdOy J M ¢
ftesdLoBHA §J Mj ter

B pamMkax HacTOaAwWeadDp anbCcoctneeHiao BaM@ A0 [
nor mmapopmMauMOHHOMN W @X e/ o rXMmMIUMENCK Koo C
npumepe nNouMmckKka TEXHONOIrMYeCcKOTrl eHpemwe
npouecca OpraHMyecKuUXx CcoepUuHEHUKW cep.
hPakTMyecKNW MOXHO paccmMaTpumBaThb Kak
pa3HOr o nNRava, oG@wetwWMU X H ea1TOH Q0 Le EHC T €8
NpPpOM3IBOACTBY WU SABNAKWUXCATIERID.0 «iERpoyae
MHPoOpMaUyUNM, TO ecCTb €ee UWU3IMeHeHUe, c
TexHONOrMyeckKkuMimapRBEoBEOU3IyeTCHAICNTBAPBIOBE
cneyumnmpmuyececkmnx dPnsmueckmnmx o0OBEKTOB, K
onpepgeneHHbli MHGPOpPMAaLWNOHHLBIW NMOTOK .
mMcnonb30BaH B pJaHHOW paboTe B KaudecCcTel

B3aummMocCcBSA3eM MeXAay NOagXOK@aMMNIr NWHeC K I WK

£10
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PraHMYecKNMWX MNPOUNU3IBOAHBIX Ce€Ppbl. Lle nb o
OnNoNnNHeHUE 7 CTPYKTypusaumus npepnnox:
ayecTBEHHOT O KOHTpPpoOANA 7 per ynuwpos
KOHOMMYECKUNUX TMNOoOK@Ks@arRermen npeyeoaar n H
Opo6GHOMW peopraHmsaauumMum UMUHOGOPMALMOHHDOI

Tane pa3paboTkMW TexXxXHONOrMUM MU NpPOEKT

DEF1 nosBoOonderT YyCTAaAaHOBMWUTHLb onTumMansb
OTOKOB ATMBHBMGDpe M KayecTBEHHOIW p
HbopmMaLMOHHOM MO e nu SHepropecypc
ONyYeHNAa OPraHMNUYecKIDCHOAOPPHEBBOMPERYM MY
etToponorumm | DEF1 aAaBa&@asaeTe9B®OB PMOXHBR
30bpaxXxeHMNnBambae/BB@R®W® MOCBSA3 MU Me XAy
nnapaTtamMm unu obecneyvyeHWe nocneposBarTe
pouecca @aHanuMsa TEeXHONOTN MWYeCKIMUKX nort
ponmsBOACTBaA. K o1 /nuwentroeqio/Hd@imk Ac B @ M iE C
MPOKO ypoa3BOZY NbHOCTHb, NMO3BO/MTAKWIWYI
oppekamTmwpoppa3 pabaTbiBaBRYROPOEXRKOHADN NBC
opennpoBaHuANa.

JaHHOe TexHONOrumMyecekKaoe peweHune 4B

o

KyMeHTauunumn, HeobXo0A4WNMbIM 4 NN N odaimic
M3 KOMOP/HEBKXY ICAE PHMU C TbIX OTXO0OAOB W3 nNer K
ocnepywowmm BOB/1eYeHMUEM B CUHTEeES npe:e
POM3IBOAHBLIX Ce€epbl. M3roToBnNneHne npopy
alWnNTb OKpyXatwwen Bepegb,MCNPALNOBANWY
bhek TMBHOE nNnpumeHeHMme obopypagoBaHMUA

or mmapopmMauUMOHHON Moagenun pa3paboTaHH
cCooOTBETCTBUKM C MEeTOAMKOWU, cCcOCTOSAUWeELMN
X € M bl , oumeniic bIBTae8X HO T OT MY e C K MK e NOTOK MU
epoBOAOPOAANn e KTMMXO NYOrB/ enMB30 A OCP O I1 M I X /1 eHp en

NbTepHATMWUBHBLBIX, 3Heprocb6eper atwWmx M €
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bpakumm pnNnAa nocneppgywwer o BOBANeYyYeHUA |
cepbinucnonbs3oBanun CtaHpgpapT | DEF1. OaHt
HapgeXHblM MHCTPYMEHTOM AnNAd aHanunsa "
MHMPOPMALMOHHBMN (MNUNN TEXHONOTMUYECKMUMYV
npeaganpuatTmnma pa3nNnMyHoOro npocdcdumnsea.

Llenbio npumMeHapmna CDBHEHAh ABnaeTcCH4
nmMmewwemcsa SB3KCNepUMEHTaAaNbHO MNONYYEHHOI
TEXHONOrIMYecKmMUXx YyY3/10B nNpefioXeHHOW C
peanuns3auumu TEXHONOTr nu 3a cuer onTwnNw
MeTopgponorngnolchoEbRcltr By e T bonee 3 dexK Tl
MHPOPpMaAaLULMNOHHDHOT PBRPYABPAT bI aHanunsa b
OTOKOB MOT YT OblTb MCNoONb3O0OBaHbLB AN4
naaHuWpoBaHMMA AEeATEeNbHOCTUN NHPE@EMPLWIAT H
eHeaAXMeHTa.

Heob6bxopgumocThb B NoAOBGHOIM peopr adH.]
TEXHONOIrMYeCcKNUX nNpoueccoB HedpTerasoBO
HadyalbHOM 3Tane -MOPTPVRHWMGIH HOK NKIOC T € M
| DEF 1 nos3Bonaert LOCTAaTOUYUHOCTHATIK/UA A HC
cywecTBytlwe#m Knaccumuyecekol CTPYKTYypeEe
KOHKPpPeTHOMW TEXHONOTr uwu. C MoMO Wb K0
cywecTtBylwen wMUWHPopMauMum O pas3iunydHDEBX

npeanpuaTtunas.

MpnmeHeHnme wmeTopgonorwumum | DEF1, Kak W”
Moagenu TEeXHO/NOrMyecKOro MHOTOCTAaAgWMKH:
OTXO0[4O0B C nocneagywnwnm npeBpaweHnem
coegunHeHUSA, noTpebHOCTHDb B KOT apma X
npeagnpuaTunio pewnTsb cnepgytwouwme 3agaumn
copepxaHwue TEXHO/MTOT MYecKIMUKX MOTOKOB
npoo6sneMbl, BblAB/IeHHbEe B pe3ynbTaTte @y
TEeXHONoOrunyeckKkmune NMOTOK WU, TpeBby®OHN L il
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HOW pea-mugapma Ll NWOMIHWKIO MO Aen
A3en MexXxAy cyuwecTBYLOWUMU UHADPC
TKnA. MeTtTopgponorma | DEF1 no3BC
HUWN MoOgenupoBawmMbpCcCBHPOUpPMaKAYHP
n (TexXHONOrMyYyeckKuMmMum ys3namm) .
rmu | DEF1 aBnAeTcCAd obecneuye
OBaHHOrNIoO npouyecca aHanusa

p
OCT W nupuyenarnep/mbsHToOMes .Cc BADMEE d B @ P DEE
T

CThb, nos3BOMAtWaSA 9 PPeKTMUBHDO
WYy CTPYKTYpPpY MHGpOpPpMaALMUM H
rma | DEF1 paspab6boTaHa KakK WH

@B VUAM3MEOEMBEKT OB MHMPOPMaAaULMOHHOMW
TBYHOWNX UM OO6OBEKTOB peaibHOT C
C BblwecKas3aHHbBMMW AOCTOMUHCTBa
wewm pabdoOT en HIGNGIP MOLBYAHHMEAN NMT M
C € POHHMECHTTBIOXB  KMO3M T XM A4 K OT O TonNAN

TKOIW n X B NnpakTunyYecKHMU none
CKune n p36780B( opaHCR). €2 . c5e p bl
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[eeOdd Ui M )  )wfotster——mnj e’

L dz8c A Rabp OEMa@ or mmHapop Ma LM OHHON-MO L ¢
ypcocbeper awuwenm TexHoONorumm nepepasc
€eBOAOPOAHbBIX dpakKumm B OpPraHumyeckmwme

ana 3 (pdhpek TUBHOT O M3BNeuyYeHNA cepos

YT NTeBOAOPOAHBLX TéhpaperpinoxepabgBa BAPMU:

NPUMEHEHMUEM TMNOMAPHDLbBX anpoToHHBbIX (Hart
MeTunsneH) pacTBOpuUTENneim ( 0) nnwu Mo H
KCnNepnMmMe BAHAMBIXHBIXOKA3aHOCEPMHAVCDKE TPAME
TON/iMBa OpPraHMYecKMMMWM pacTBOPUTENAMMU
BBUAOY cneundpmnuyHom XMMMUUYECKOW CTPYVYK
pacTBOpPUMOCTMN B H I X cepoBojgopoAaa

MHPOpPpMaAaULMOHHaAaHA MOgEe/NNb HOGCE&GNEWLBIDOD
pa3snNnnMyHbX cnocoboB A8 MW3IBNeyYyeHuUAa cep
C uUuenbtw uUX TwuppoouunmcTtkn (4, 5) . Py H &
annapaTtoB (3KcTpaKkKTopoB) BO3MOXHO nQg
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pe3ynbTaTte dOd@epreecaHan 90066 pas3yeTcd 04U
bpakuynsa, KOTOpPpYy HeobXxoagunmmo Hanpas/
pas3geneHdHwuns H a KOMMNOHEHTBH nNOo TeMnepa
KCTpakuunm nonyyatwrtT CepHUMUCTbIE nNpuUuMeC
pacTtTBOpnwyemepu B WX (8).

YTunnusauus cepoBopgopoga 7 TUWONOB
cepocojgepxauwune coefgUuHEHMNH 3aBucunT 0
npummMecen, yyacTBYywOWNX p[Janee B OpPr aHMwML
B CNydyae dplOME RSN e CPKMOTTEOT A paC TP o Nu :
nepepa®G®pMHIBRC TbHIX OTXO0pM4O0B BO3MOXHa ABY
cepoBogopopga U Twnmonos ¢ WX npepnar ace

yTmnumsauyuummu CepPHNCTBbIX K 0 M NGHCA H(CHY,), p

aBNnNdaderTcA n x NOOHBEEeNR DHA e BCNMOUWHTeEe3e
MUWKPOBONHOBOTIo ob6bnydvyeHnwna (9). B kKaue
9NeKTPOCUHTE3, OCHOBAHHDBIA HaAa 3 NEeKTPpPOoH*

TUMWONOB Ha NNaTuWuHe B OPraHWWOEROBOWNOCDPP &
(10).

aon s BCeX CUHTEeTUnUYEecKkKImx NMoOAXOM[OooHE
3KCcCTparMmpoBaHHbBX CEPHUCTHLIX OTXO0AOB

BblOpaHHbBLMM B KayvyecTBe cybcTpaToBS U c

byHKULUMOHaANU3aAULUM. Mocne FrMAapPpoOooOYUCT:H
yTr /JOBD P OJ HO I cmMecHu Heob6xopaunma o n s
yrnesopgopopgos (11) onpepeneHHoro <cT

anmnmunmnknmnmyeckunum) ¢ uyenbtw fganbHewWnwer o Vv
C No3unuywuin MeTOoOpnOB 9NEKTPOXUMUY @MUK OV
annmuunmknmyecekKmue (apomMaTunyeckKkmne) yr nee
aHanorum gaBndawtTcga 6onee UHEePTHbLMU B p
cepoBogopoag M TWUOANBLI.

N X, npunmMeHsaewmMas K a K KcTpar eHr

yr 1eBopgopoAnscxn odnpba3kyuep c gam BT esie kK @ 12) n
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OKMCnNneHnAa cepoBoOoOjgoOopoOga W TUONOB Kak
hPoHOB O conwn. MHanBuagyanbHOE opr aHy
pas3jeneHnsa scmepasoHF fra GPBKWMMK POBOIN.Y
peakTop, BTE®TOPppPpECOAE@pPXaAaWNX NPOAYKTC
NPUCYTCTBMUMN (nnwn OTCYTCTBMUMN) pacTBO
NoNTyyeHU4d MSEhy MK KM®B anmnms3aymnu Opr aHuwmy
yrnesopgpopopagb onpepgenneHHOrNro CcCTpoeHMUH
opr amcwwem pacTBOpmmeamelX(QLHBY) .

B cnyyae MWKPOBONTHOBOIO CUHTe3aunopr

n x nNeKTpoOCUHTRPaUuasagyWWX @(PhBB)gjeneHnsa [

nNpoaoyKTOB peakuum 7 pacTBOpPUTENSA M
9N €eKTPOCH/NEHBTOE3HAO iB cpeage. B pQaHHOM CUHT
BBeAgeHUWEe HenonspHoro (Hanpumep, rekc

doHOBOT O A NEeKTpPONNT a nocine I NeKTponmn

9 NeKTpPONNT (20) BO3 MOXHDO NCNOoOeIGG ® B
nekTpocuHTesza (21). HenonsapHbN pacrTel
AnNa ypaneHusa GQOHOBOW conu. CMecb nojJ
cepocojagepxalwmx NPOAYKTOB peakuunm (2.
pe3ynbTaTtTe pgaHHOW d)aBWIBBPACWBRRTCHT &I
6no0K AN s M3 BNeYyeHUHA cnepgytuetm nop
AHanor myHas npouepypa ocyuecTtBNsAeTC A
oOpraHmMmyececkmx NMPOW3BOAHBbBIX cCepbl nog

peunpkynupyet (260 WMCOHOMBHIDIBDAPIAT HB N [
CepHNCTBbIX OTXO0[4O0B n 3 XM AKOT O ToOonN wn

OpPpraHMYecKkunmx COeAUHEeHUWn Cc CcCepoBOAJOP O/

CUMHT(E236a) M MNONYyYeHHBEK BP QPO2BH)NGPTEKTOEM € H [

NnpUMemeH pas3/nyHblX obnacrTsax MpPoMblLJ
bapmMaueBTMYeEeCKON, U B CE€NbCKOM XO03s8MWC
Takmum obpas3omM, B paMKax HacToOAuwWeroO
XUNMMUUYECKMUE 7 TEXHONOIrMYeEecCKMUE OCHOB.!
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KTWUBHOT O npoums3BOACTBa A OpraHMyecHk
MYUHBIX CEePHUCTbLIX MNpumMecei i, @mHEP *
X. TMNMpumMeHeHMWE CcOBPEeEMEHHOTOoO nNo,

KynsapHBX TNONTOB nyTewM 9 K C~
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bl LUenecoo6pas3s WOVMHENRABAATHORB
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D
(@)

KUWX TMNPOMU3IBOAHBLIX Cepbl B O0PpPT
BUM. TlepcneKTMUBHOCTb BOBJ/leYeHDMN

yueckuniiobypowBAeHAa HEe TONbKO

- O O =
@ O -
—_
N

e 9 PPeKTUBHBX 3KCTpar eHTOB, H

HWA 9 NMNTEeKTPOXNMNMMNY EeCKNUX peaKLI,I/II\/JI

]
0]

opraHumyecKkKIMmMmKX COGAI/IHGHI/IVI. 3amMeHa B

opraHnmnyeckKor o pacTBOPUOEBI A B@e TN OKH HWIC

do

M e

O b = O 0 0 =X
® O T

o]

I

TA
bl I

e X

P
b

H

S 9 T 3

I

HOBWDbLIXKTPONANUT OB BBUAY e e BblCOKOW 3

TOAbl CUHTEe3a XapaKTepusymTmaaT evpuHawIn

aT TakXe 3a CUYeT NpPOBEeFEHWERSOM@PONDN !
0 NONyyYyeHUS O6GUONOT UKBIQKM Q&G IIBH &Il
aTemmepaTtype U aTMocdepHOM pagaBeH
eEpUMEHT anNb HbIX JaH-HBOMOpPpMAaAagpmaHaasan”
ropecypcocbepETE @QUBPAKT UMNEBCT K 1 n
HUUYEeCKIMUX NMPOW3BOAHbIX cCepbhl, B
MHUPOBAHHAH TEXHONOT USA N Yy TTIW/KICHLE
MCThIX OTXO0M[OB.

pa6oTe Takxe N-g 8 MHopMaHAO HH®AMN K

Nb30BaHUS KXW C K M N OCHEEPHHTMOCBT, bl M 3 B /1€ Y
TBUEM BOJNHOBbBLIX TEeXHONOT NI: Mar H
NbHOCTW, TakK WU NPWU COBMECTHOM Jei
NHeHa Halun M# C OKT QR IeHrnak v v Kadengp

onorununpg ApywosrnoggcTBOM TN poagd. H. A. T
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NOoONyyeHMsa OoOpraHMyecKMUux TMNPOM3IBOAHDBX C¢
B JaHHOW paboTe anropurtmmy.

Ana 9sdpdpekTUBHOINIOo wm3BnedveHusa cdBpoBC
aboTe nNpeagnoXemmEr mpPpAHaME TG PTAKEB Y K
o30ennyBunenx KoMOMnHMpoBEdMHHOEaAa fLeBeDB
KcnepumMeHTaNbHbBXYOaHEBIXeDAaABRA/TIAQBY X T
ynbTpa3sBYKa 7 Mar HUTHe@K T weoHp@a.6 0o Tlpen
or wmHapbopmayumoHHasa wMoagenb obecneynmBae

aAa3/1MYHBIX TexHoONdj)mnaeaknzBpypenaeBamnpg22cenp

< T O — 0 w ©

3 MasyHRALMUOHMPOBAHME KOTOPLIX BO3MO

3

apanennbHO.

JanbHenwans3 ayym A cepoBopgopopga n T Vv
cepocogepxXxawunme coegmHeHMAa 3aBuUCUT OT
ABNAEeTCHA XUMUYEeCcCKOe OKMCNneHMUe CepoBO/
C NOMOWbKW OAHO3NEKTPMOMHMHGITXP 8 HOETUEPIHAHIIBIOE € |
OC6EeH3O0OXUNOHDTBOT( 9BapmaHT nNnpumuBOaoUT K nNO
ankumnagmncynb @un agosB CUMMIETTPUPBHOT @ aT/ge/os
LuenneHanpaB/IeEHHOrNIoO MUCNONANb30BAaHUWSA ankwuj
TPEXKOMMNOHEHTHbBIAN OPraHMYecKUN CUHTEeES3

BTopbM BapumaHTOM yTuamMsdayuum cepHN
nocnepagywuee MCcCNnonb3O0OBaHME B CUHTe3e
obnyyeHpadH@mnMma cnocob6ba HeobGXOAMMO UNX
yrnesogopBoly@ramHb MN B KadyegnBeyMEBHMNA
npoAayk Sy K ULUMOHANN3 AU NN (5) . C noswunl
MUKPOBOJ/TTHOBOW MeTOoO4OB akTmnmBauunm anmu
KOHAOEeHCUMpPOBaHHDBIE aHanorun gaBnawtTcdada 60
npeBpaweHMAax, 4Y4eM cepoBOAgOpPOn U TUONDL

Cmechb TBMPHNOTXOAOB npumMeHsaeTC4
ABYXKOMMNOHEHTHOM CMHTe3e OPraHMyecku

pas3nunyHbX yrnesBopopopgos (8) . Cwme
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yr nees
Tpexk
AAaHHO
nonyu
noswuuy
Cepbl
BOBI/eE
acumm
6 U

a1 B

pacTB
pacTB
nonsap
peanu
ceposB
Henps
(14ps
MO XeT
mcnon
opr aHt
KO

ogopoagamm npwu BBeAEeHUM! 3NeMeHT
OMMNOHEHT HOpEHN CCTMBHUTEENMB MIMOKAP O B O JTH OB O T
M CnNnydvae npepgnaraemMbli TexHONOT MU
EHMUS Hanbonee MnNepcnekKkTMunBHbIX op
Mihi OGMUONOT N Y-LICK/DMC YUKbTAMMBOHOOBC TOA A /1 U H
>30yrumMm BapuaHTOM npoBepgeHua Tpe
YUyeHNE aNKmomy'eceq i isby 8@ BC UTHATOEMBO BC Y J

EeTPUYHOTNLOOTRAPDOWMAC A BblCOK O I

onormyeckom akTuBHOCTbI (7).

TpeTbuUM cnocobG@poBOBOPOAANM @NKAH

naeTcH4d akKTunseauymnsd pear eHT 0B AGMCTBME

opuTtTensax (12). ana npoBefneHNAd
opuTensax npepanaraerTtcHd y3en cCMe
HbIMUW HBLAMID O TP@K TBOPUT ENAMMU (6) . .
3oBaTbCH Cc MCNONb3O0OBaHMEM ABY.
opopojga M TWONOB HAaAa MNAaTMWHOBGLBLX |
MOEe OKMWC/ITeHWUEe CepHUCTbIX OTXO0[O0B
MOIA A BYXKOMMNOH € HaTHbBAT 03 JMEYKHTOP OMCUMKHPT Of
OblTb 3aMeHEeH H a TPEXKOMMNOOHEH!T
b30BaHWUW 3N1eMEeHTHOW cepb C uen

MyeckKkunUx nojgvrcoyonbepn gppac mlsbaBaynbC

T OpP©bIE BaXHb A4 CMHT® Ee3 a HeCunmMmMeT pPpny
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4 fj tets o ts Hitgjtady H Qg
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t dmMzdz=AE 1@ WkHoOpop MayuMoOHHaAasa MoAgenb TeXxXH
nNoNyyeHNMda OpPraHMyYecKMX NPOM3IBOLHBIX C

MasyTa.

Takw@pasowm, Ha OCHOBAa@HMWWNU TNONYUYEeHHHb
pa3paboTadHbl 0B enH (o p Mao MOKHOH bl X
SHepropecypcocbeperawumwmx nNpomMs3IBOACTB
POM3BOAHBLIX Cepbl M3 NerkKkux yrnesogopo
NnpeanwOXnNnYoTeB OTX O H @O /1 UT30&KLEMIK W 18 €1 bl X CepH
TXO0[4O0B.

MpoBepageHHBLE B JAaHHOMN paborTe MCCcIe
MHOT OYUCNEHHBIX MNUWOHEPCKWUX MNpPpUMEepPpOB,
WweHMWe NO M3IBNEUYEHMUI U TOKCIBODHILP O@ep
cnepgytwuwer o BOBJ/ieYeHMNSH n X B CUHT es3

nNagawwnm X npakKTMNWNyecKMU NoJs1e3 HbBIMMNU C |

O O O T =T
S O @ o

HepUweecKkKMNW 6GRNaronpuUATHBX YC/NTOBMUSX.
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3 Csugl it RrRI[VUO[ ?216dCc YodHU?

311 sHEBSIsts9 C O dzgjtsBratsH B » BHPEEdEBH ded
L dzj S-loiefts tots o s dzdzts o t5 G O Bffpdfdels Y@ dzdzr = d OH
LSy jtedd3j delstso .

3.1.1 stoBfdiShm' §jtjrcHdy & &jlsOddss
COwB S M d&zOlsT (fdoOdOls’ , d&OdsC

B kayuecTBe OQLHO3NEKTPOHHDBIX OKUCAUTE
H O B bl X aneKkTpomMegmnaTtToposB 6 bNin MPd ®Pto @1 y 4 €
napamMar HUTHbBM/VMA MWMHERIMIAMA NOCEMUXMUHOMATHI
MO ONMWCAaHHBLM MeTOAMUK AM.

s st dzj M'"ALSY, [ ¢ Mj= Ni, Pd, Pt) 6 bl CUHTE3UNUpPO
MeToaAMRPpeagnoxelHHon B [ 381

s tsdzf dzj € MNI"C%j oz yBi eBin fec MEMH® oOcCcapgka
OGbll1 OT MU NbBbTPOBAH, NMPOMBT aueTOoOHOM WU
MaTepuana ~ 7 0 %. OumcrTtKa nponMs3BOAaMN
KCcCTpakumenhm B aueToH. TlepBble 3KCTpPpack:I
pacTBOpas CM&@HWMACbLIWEHHO CUHWUR, 3KCTPp:
TeyeHUWe HeEeCKONbKUX pAHehw. W3 asKcTpakTa
NMNOBEPXHOCTHbI, nepetMBaOME AO-I80BDDENHADN
KpunucTtannbe O6bl1M NPOMBTbB aueToHOGMMNU BbIC

stsdizf dzj € ) PH'GLEYzXH dpva ¢ T B 0 pH[ILum r(alh, ;2a mn
MMO 1b ) B abCONWTHOM 3TKWU/MOBOM C ENMT e
PACH;CO,), (0O, 45 ~2 MMOANb) . PeakymnoHHasa c1
KOMHATHOW TemnepaTtype B TeuyeHune 10 ™
KOpMUYHEBbLIN pacTBOp, K RNaOCle/GHx@HY( 06 bl/8 avc
Mocne nepemMewWwnBaHUH pacTBOpa B Teue

PeakuyuMOHHON C MecC U -CTMHWEIH s /TIcosc NHea  BTbIENMAHOOA |
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5 Mn ob6pas3oBaBWUUCHA MUKPOKpPpUCTaNAunuye
NPOMbBT abCONKWTHBLM CNUPTOM, BbICYLWEH B

st dzj € Pf@B®.Kdz'pac 1 B0 pH[LA KM r(a0H,g6a ™,
MMONb) B abCONWTHOM 3TUNOBOM C EHNMT e
PtCL( 0, 27 T, ~1 MMOAnb) . PeakKuyuunoHHasa cCcM™
o 0B nNnpucyTCcTBUKM BO3IAYyXa B TeyeHUe
NOTYyYeH-C TEWAHOTB 0P, ynapuBaHwue KOoOTop
Kpucrtannunsauymnei npueBeno K obpa3oBadH:
KowMmnnett¥)][. Beixopg -~62%.

O BB detsIs d sdzO s dz" | Csdzf dzj € My dzd € Q wizv u
CMHTEe3unpoBaHbB No mMeTopauke [382].

g ddals jL C sdyf2E MOpoB O AN N U COTF TacHoCc
npeanoXeHHONW aBTopammunpdd s pHPleMom@z .13 o
~8,44 wMMOANb) B abCONKWTHOM aueToOHUTQPYV
pacTNsGhplB,0O( 1.,234,r25 MMONb) B aLeTOHUTQPL
TemMnepaTtype. B TeyeHMUe yaca n 3 p
MUKPOKpPUCTannun vyefd'"¢#La"),] o c agox op bl 6 bl N
fo6aBKOW xXxXnopucTtoro metTumneHna (30 wmn).

1lmn) . CMecb nNepemMewmBanacb NpPU KOMH
TeyeHUe OAHOT O yaca, nok a L B-€ M H npia
YnapuBaHuUuem pacTBOpPUTENS nopa -®GlAHKWIWY N

MUK POKPMUCT an n vsHeeCetighl] (2lo'tal o, 0 Kk 0OG K /P bIAP O M |
XONOAHBLIM ALETOHUWTPUNOM U BbICYLWEH B Ba

dddals j L € SRHILE).C OPHLSS)( BMpoBOAM AN NO N
npuBeageHHO[@B4]BEAp pacsadOIPY o T 1 oHke o n(al , 2
~4,22 MMONb) B abconwTHOM STunoERM cn
PACH:CO),( 0. 45 r, 2 wMMonb). PeakuwunoH&H asd
TedyeHne 10 MuUH. O 6Kpoap3MoYBHAEBBLLUIA CIC aXKAEQNKT Of
OTKPbLITOW EMK®@CHWA Ha agpAz gyB3xaTeM XenrTblin

Y F[Bd' ((LAP)2][NH(CoHs)3][ CHsCO;) (Bbixoa 0,34 1t (24%)
228



M1 MeTaHona UM cMewaH ¢ NaOGCH/TlH:QH p Hlw e 1K
TPMAULATUMUMUHYTHOINO NepeMe LWl BaH U A0 6Hpae nBac
TEMEIHIW OKpacky, a o-bpazen asBuisic®dzign
I yP(?LSY)] aBYyKpatT EyOHMpP OBMLLETY WIEH B B akKyy
91 %. 6) ksa prakca Bl e lon a0, 6 M, ~ 2,
abconwTtTHOM a3TmnoBoM cnuptCe( 0(. 2200 Mn) 16t

m TpuatTmnamuu (1,1 w~mn). CMec HC.HaAT®HMBC(
CUHUN b2l 66l NnepekpuUucTannmsc
Me TenHna . Boixoag ~ 62%.

B cnekTpaxKB K nommaiio B aneHNHGEKSA Keim ¢
Anana3oBe0B2edooTBETCTBYWMX KOOT([HBAMNH
beHMneHgMaMUMUHORB, 3adunkKcunp@BcaBisbB eBila ANepHM
600%Lt2021270% cwm

' dlsd sdgOIs Bzts ozt dzy € M dzd € j dzv, n ¢ Oyzer®On o W
mMeToauke [ 383].

s ts 3t AHCEHP.B ¢ mMe ¢ boHDOB/ BAsOK(CB COOTHOLWEH I
OblN BHEeCEeH -enH3ampanT o2 B KOoONIMYecTBE
nNoNyyeHHMY pacTBOpyYy Me aNGHIBO ( (i,pMn8inue a
MMO/NMb) B 39TaHone (10 wmMn). 3aT e3ve N éH oor
useTa npwununBulNBrY Opa&d2TEQpP 1, 6 MMONb) B &
Uepe3d paBa 4yaca oOTdMMANAbLTpPOBLIBANWN BbiNnask
TEMIOHNM@I O ULUBEeTa, KOTOPbIA 6GbIA nNepekpmn:
~47%.

s s AP K cmecwu ,HAH #MOKCB CcOOTHOLMW
10: 1)6enHdyR2gonutmnona B KonumyectBe 0, 23
pacTKB[BANO,)] (Q, D 76 MM EHENHB( lc:mle)c s T aH
M) . 3aTewm, K obpa3oB-aBmMmEMYC® paeTaRn
pacTBudpr( 0. 52 1, 1,6 MMONb) B 39TUWNOBOI
OTPM NbTPOBANUN BbNAaBWUK MUKPOXKEH ©T a,/B Je v

KOTOpbllAi 6bIN NnepekpucTannusoBaH U3 XAC
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s s i3 dRICEF).6 bl CMHTEe3MpoBaH NO aHanor
PA®LsSY,c mcnonbBagPECEBuer™mg: 62 %.

B cnektTpax KBMK A(WATUMCOKMI @ N H/BIXK C O B 3 adu
BafleHTHbe CkScme B aHunenport; 202 70 cwm

sOEBBSMddOlsT (fdoOdOlsr , EOEEWYICU) ¢t
(1), Co (), Ni (Il)) npepgcTaBneHb COTpPpyAHWUKAMMN
KOOpPAMUHALMOHHBbIX NnonunsamagepHblX CoeflNHe

HeopraHMyYyecKoOmn XUMUU UM, H. C. KypHakKOo0B

3.1.2 1tHGEBB9CO ddedzr &= Y dHS sflsj

dyj stsdzdplsitpdidas e T oH N T p Wlokacbre pme pxawmm <
HOBblgepxXxmBanu B.HTaepdi e@eeB . B ace™m B T ey
BbijepXuB@QaHAcrossg USB A, -DPMyMJ10r / n) po0 npecxk
Bblaenaéygwvwag aChH€LNE nekaHTUupoBanm n nopBepl
cBexen CaplBEmiesm) 1 MonekynApebpge QOBT & &
(I=60cm) . OcHoOBHYW Qhp akeymaor o(HBAlL M6 B aT MO
P.Os(5r / n) wn wMonexkynsap H-bovan HC nplaaspjadsh sa 4 a

[ dr dzstcadgple@adza pmTenbHO HP@ MbIBABI@ME H BD M
pacTBNyCOmM aucTunnup B BHOAERC y wunmnmn BLTetr
cyHaflaChu neper owOanun beape CHOLAtr w40 C)
nonydyanwu nocne neper oH KD (kas SHIT@)o n H AV
copepxuntHBCIB ,08% o@ HY 0O CHPbairpoByInAnN Hap
nopuyuR@s)i HaHeceHHOrNo Ha LAHegrkeMBAP & 4 C ME
nepepag ynoT3go66neHnem |

Risdzdz J Y d[A-8ustijéPyBF,, [1-Bu-3Melm]|BF,], e H-{1ABu-
AMePy|BF, 1 [1-Bu-3Melm|BF;) n pu me HAa nun 1 o SigmaAldech.dou p Mt

TeTtTpadpr Nwamaim v p nBulBk,a fdnyuvuanum no

npuBegeHHom B paboTe [387].
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tJeidzeijtcOUdY dtdazo RKHbpyelHKXKBMISGRTM nNnoc
MOOE/TbHbLMMU Tonnwueam¥ubOon ndopagxeapueaiveip h & ¢

McCNnonNb3o0OBaHMWEM BaKyYyyMHOW aAuncTunnauum.

cCoegVMHEHMAMNU cCcepbl B cuUucTeMy paob6aBA,

I
A

ageTo Tpwun.

PereHepauumsa MWOHHOW XMUAKOCTW MNpPpoBOA

o o

oapo6HOM 3KCTpPAaKOQBRAHMWEM MOEBOABBRKPATHDO

aueTo puna npWe memnepaenrnype7D0mM6ap.

u
N
—

PeH

—
—_
D

HoNnyopecuUueHTHbBN aHanNnM3 MNOoOK as

neper oH

P

e nepexopaaTtT M3 @a3bl MOHHON XWu

3.1.3. 1tHGElBssCO 1 dzj Tclftdsg Rag®d uj M

QO 1BHGEEBISS9C O Wtsdzso ' - L dzj SIstetsdzd Ists9

l Jor izstc OB E s 2O di33ts ezt ¢ biue HHO MY B OAH
8,4 r (25 wvmvBuNBrg uyub8Te®mnmoBOAbL O MMDBIMBS J
K 0 HHCIO,(70-7 2 %) . BoinaBwum nepxnopat OT(

BOAOW UM BbCywunBanwu., Boixopn domoBD4L »%)3 . N
197- 199 C. Mocne ABOWHONW nNepekpucTannmn:
cnunperoga (1 : 1) n onfBuNGIOIwn B BI 01 YLIE I B &1 U
80C B TeuedBde 48 u [

1 tetsd3d H -dgBjAS]OizO dgosspdedk"p M c TannNnms3 0B bLIB AN
KpumcTtannb NnpoMbBanAnum 3dumpomM U Ccywmnaunm n
3KkcnkatTo@e w®waweHue 10 uy. TemnldgbaCr.y p a

1 jtorn dzstc OO edz@BloOt@fHSIN BbICY WM BANU NPU K
BakwkwmnkatThb(per HeaweHNMNe 48 4y,

U JIstcOW IststeB 5 tc-@ds Iz ISl A d3E3 $rdByi,NBF,, «Aldrich»

99, 99 %) OB axabl ne plOKMP WBCHLT caynunmes aaim ven

BakyymkKka®my B TeuyeHue 48 uy.
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B) ltcdetslstsodzjdadj  dzj Slstetstf totso tSH dzts?2 ¢
HdzW 1 dzj SIstesHO MteOo dzj ded W

MnacTukoBytw (MUAN CTEKNAHHYO) TPpPpyOoK)

NNOTHO HabwmwBanum acbecTOM (Kpowka U
pacTBOpMM3IOnNP@GNMANTaTa ®B&OWOUMBL KHSABCaokcyay. m [
Tpy6Ky Cc acbecTOM B TeyedwEn/1ib Mo Bblige P
60 C. 3aTem acbecTtoBOE BO/JOKHDO aHano
pa3fnoXeHMWsa wn3onponumnata antOMUHURAYAMN
Yy Ka3s3aHHblen obbe ppaalsn laneecbHbpyg@Gowm nopgc
anekTpoAay AgAg@E,He HIPsSO N NT bIBANMU HKZIlc m P
MCNONb30BAaNMU A n 4 39NEeKTPOXMMMUYECKMNUX
aneKkTpon HeobxoagaumMo X@lawn M 6B Xaawe B
Aanadgpar Mbl.

fn) [ilstsH]S O f sdzzyd dzdw Mmj tetso SH SESH

B KPYrnopoHHYH K O /MOy  MEOMVKEOUEATNIBNIG M IS

cogpepxamemadODepToro uncrtraoppomrpathpaat
30r M3 Menb4YeHHOT O B O/ OK H WHCATI OpreoB aasicMb eHcar
6aHe, NOMEUWeHHON Ha nNAMTKeEe ¢ 3akKphbT

(TemnepaTypa nnamne HeBORGe0p Hp)e,r yFIapy A
BblgeneHnsa T a3s3a. FasooTBOAHYW TpyokKy,
coepnuniksakion 6 o e, p X a o g 1 opraHunmyeck HIN, pac
CH.Cl,) , ANA HacbWeHNda cepoBoaopsSsSmaew.ec il
npeaBapuTenbHO NpokKanueanu B MYy P8 NHHC
[389 . KOHUEeHTpauusa UWEeMHMHYY OH H@DA OT BHOg@bl C
CHsCNcocT aB+0a,e0r01C 1/ n.

OdnsasHannsa HYCTMOaO/BY YEeHHOT O OnN®voaew wmbl
mMcnonb3oBaAW B KayvyecTBe CTaHpapDa HGI@(|
MHCTPYMEHT KO. , nta» (amMnynbl no 1, 2
PEeE3NHOBYW €e€MKOCTb C Tra3o0o0TBOAHCGHICN, Tpy

nommMme wanwu 6 amMnyn H¥ rpaygaatppoavs Hplam3 6 N B &
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Hacblluanm pacTBOpUTENDb cepmsoig 0 prosavioenp.
noTeHunanaHSk #tame M@HECNH a JoBu,BCIlO,, OT HO (
Ag/AgClI/ KCl HacMmeTOLOM ULUUMWKNMWYECKON BONbLTaAaAM
OKWNcnedImaaH Holx ycnog#mak, @aB.eH E

H) J[HtejHjdzjdedj G tsdzy] dzlsted yf]lHdzy @dzs 45 H

[ JHtsd yYyd&dzd yd M 2 Drisedr! TispOodixdf nj Masad @) ctexls
KO/TMYecTBEHHOT ©e poonBpoeiEogpRogiHal s 0 N1 0B B O |
pacTBOpG@H;@\n ax MEP ALl [GI-39]], pa3paboTaHHDb

nabopaocopomBmbBaeTCca e@apoccaogepwHawmRSHC o e

(R=H,AK, HS) ®KOHO3/1eKTPOHHOMD &KpTaNIDIGH & JOO
3aBucCcCumMmMocCTHb ke nMmRAKAa ORDEAe d MRBH(RoD e a1
H,AK,HS) oT MX KOHUeHTpaumum B 3 NEKTPpPOHX
NnpsaMOnunHe llHB(@). B WA

KonnmyecTtBeHH®eepapegepwaumn RSHERo=eHy 1 H €
Ak,HS) ocywecTtBAanann cnefiyysoumihd favbso a 516 m1 0 B
besanadgpar MEBKYPOOIHWERWAIRAUYEAK MOIN p AaXeHE
noTeHUMWOIPGPaIar o MM Hanor os a4 KoMneHcauunsa
NOMOLWbLIK NOTEHUUWOCTRATSA MPECHOGLMOP PXHM@AN Y
M3MepeHUNn B HEBORABAHRCTPOINBXOIPOEBEOH AN
NnnaTWHOBLIN a3nekmnpag GM&) 2 1 OMeKTpP-oL
Ag/AgCl/ KICH a cc. BOAOHEeNPOHMUWLAaeMOI anadgpar
SNEKFMAATMNHOBAASHANAO) mmaBuecTBE g0 H
npumme éaBUNEZIO,.

B sanekTpoxunmmMmnuyeekwawmsau e aiECi:BNy p lMab/AL
CHCl,— V= 2 wmMn) , mBuNCH, (00,61a BM)a nwm -30 T e
MMWUH nNnpoaysBann apr oHOM (ocu) pnna4 y 4 a

MUKPOLWNPULOM HEWN3BECTHEPEO KOMHEALEX Learia K

RSH (R = H, Alk, HS,), npuuye Mm,Sen Ky ywezaegyema s
npeacTtaBnana cob6oi pacTB (OQH:CNy) e af MAHAT, C
C HCly) KOT Op bl nonydvyanwu B pe3ynbTarTeE
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pacTBOpUTENA cepoBoagoOpoOAgOM nnwu 3
cCepbl.

LJanerenvigBM okunmcapaaoapgepxauwe RSH(R=6le o n
Ak, HS)BananasoHe n-avre0ypamBands n( pukcunpos
MUKW NPUN TBOYOAALMBEE T3CH g H € W38 M8 @ & M MTUOHKYya N U |
aHOAHOT GONW,3YACH KanunoépoBOYHOM 3asB|
cooTBeTCTBYylWee 3Hauepaeraer eRAHEB= HTAKA U © |
HS,) B O6beMe&/,, p&HaABMOPO BOYHBLIWK T padgueck
M3 BEeCTHBbLM LWOGCHaLIpeHCTOpMmE p X a WMRSH@R e id, Alk, H®)H 1 i
BOpraHmyeckoM pacTBoputene 106 - HOv Mn a 3 «
TOYHOCTHDB ONWEHIegIHMaEU N W coeguHeEeHMUN
cnoco6om c o5%ayBRICATEBTU T3e Nb HAOT MEMAT g a

[ftejHjdzjdzd] MBHJ ey Odedwyw Mjtotso BHEBSIEBHC
MoTeHUMOMETpPUYUYECKOE TUTpPOBaAaHMUE pacrTe
OpraHunmyecekKkmnx CH:CN & &) T e mpxoBOAMAIN C
MHOWKATOPHOT O Ccynbualdkpedpdaa3pHBaUEBHAK
HayanbHOrIo noTteAgiMSBa nNnPme vHESe-acBE 0w a n a 3 |
(-750)-(-500) wmB, aBl K aGmaaol-330H §H&EWM IMB.

Pabouyyiw noBepXHOAgGSH pepmerpmMogabHO O
TOHKOW wWnwundo B@I,b H® G e 30X MEaN Bar/UW1 0B 1% c n
cCynbcgpupoBanu B pacTBOpe:paceNaPHued © o
95%r o0 ;H4OH, HacblweHHOTro ©6e38B. YKCYCHOKMWN
pacTBOpY npwu NMOCTOSAHHOM nepemMe Wwn B a
cBexenpwmwrHemo B0, el  MgN@sa\¢=11B00 p™m ) B Te4yeH
CynbcunpagcepebpsaHbN a3nexKTpoOL BblHUNMAa
ANCcCTUNNUPpOBaAaHHOW BOAOQOM, 3aynuwanunm noe
fJanee onepauywn pmseEpropanm 3

3atTeM B CTeKNAHHMWANCMEaAaKapPaOopBOpPRAASA.
p a c T BNa@HsO,: (B3:0) , 2K8,0,mn6 0 C:H@HIM 400 wmn ToO

Lo6aBnanuw npkpby HEM @nBeopa@ankaHTKWONa, ol
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asnekTtpoab (MHADMAGRS mMOopMERKT P o a— AQ/BECE KIEH 1
Hac.) WU nepemMewnBanm pacTBOp B Teu

Mocne M3MepeHMHA HayvyaNnbHOINIO 3Ha4yeHMNHd
nNpobbl pacTBOPOM a3 o0oTHORMCIPO 0N 0 MO & € |
(MiurpamraO, 1 M) . Lanee onpepenanmwmMnRaK.
rpacpmueckytw 3a@EwmepmouBmePpazn 3 HaUYeHU:E
mn3meHeHnmnm < 30 MB/ MMWH) B TOUYKEe 39KBUBaA
H.S B CH3;CN (1 B,Cl).

320 jlstsHT WidddEuwsi NS sets 0dzOd&dL 0, Jm{
ftetso i HJ dedtzfo QdspfiRdzj H

321, CcdzjSkwsridddujmMSd2 1 SMYjts

afdSdazdyimcow otdzlbORfipuosdBted . 23 n1eck

9 KCNepunmnmeHT OB Mcnonb3oBamTwu MeTO.A U wu

npenapaTtTunuBHOT O 3N1eKTpoOoCUuHTES3aA. Bon
poB O mumm THe H VesaSTA3I ¢ CLLUANn om e H y niCePmoa 1 e
Poccwua). Bce 3 KCcnepuMeHT B npoBO
es3anadpar MeHHOM Aa4Yyenmk e c npeaBapuT

acTBOpPOB Td@KMWMTraprpmammyecKkunx BONbT

3 T o —~ 3

pumepafmuynin nnatTuvnHBtBEIALBORAD HEAMNG N C |

=

nn cTeknoyrnepoaldwNi Bomemopape (b Hbl I
nnaTtTmuHoBasa nNnNnachyHaneRTpEFoAAC vave Gle Mk G
BooOHenpoHMUyUaeMon pagunadgpar-g AnMufMOI®G,,0 B bl
BblCYy LWeHHBbl B BakKyymwme B Cxwprwica b 4P as
notTeHuunmara 0,2 B-c

OnpepeneHvne 4Yymcna nNepeHOCUMbBIX 3/1eK:-
peakuyuuvumn nNPOBO@AMYI/NOHOMETDPUY ec KuwersaBBAT n o
37, nydem cpaBHEHMNAJPECPOP OCLUTEAHHOAVE @ HM M K O 1
HeBOSgHbIX cpepjax ABNAeTCH mpeanbHO

co6niwopawtca Dkp HEEpxm nd, 058 480 o TregHey vEa n
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AHOAOAHGREFNOOTEEH L MA T NUKa

Kaelpgibetbr oh pry-4 e o

T OK nnkKka lg@aH®KH 01X ,a KaToagHOT O.

B) [ dCtets! dgj s dsecasagn u

B TpexaviziOmppp ot

npu pabBounmx KOoHUeHGIPRBMA XbHaY)TIOT R, VD
NMW501 . 1“VansaSTAT3"™Ha nnaTuHOBLXS=3BZeRnp6gaga

NnnaTMWHOBOM ceSHa3 cBBNoOM@EMaenpPCcCTAaTMYecK

MHepTHOW cpepe. B KauyuecTBe a2n1eKTpojga

anek Ago AgCl / KCI C BOAOHeNnNpoOBH@OARGDAT

SN eKFPoALT MHOBASA aHIABCHL M HX/BenkBugiiGI MG, 1 M)

Pa6ounim noTeHuMman 3anekKkTponumsa B 3N€eKT

1,7 B; c8Bwmonamnm 1,

Hapm.25% npepgcrtraBneHa

CXeMa\u EeTIPKeWK,d 11 & B

npnmMmeHsAamTachb A ns perumMmcrTpaygnmmn UNKIANY eC K

/ \

~

Beoa HyS i RSH

Peaxm{onnan cMecChb

Pt xaTox (-)

Beoa opranugeckoro
cvocrpara (vraiesogopoaa)

Cmecs

T > CepocoaepKamuX
OpOAYKTOB
3J1eKTPOCHHTe3a

Hcrounux
\ JJ1eKTpoJ CpAaBHEeHHS —

(Ag/AgCl)

t dMzdzEX T €x & ma A4YenmKu
mMeToagom LUBA

ANs 92NeKTp:

Bpewmsa npoBepgeHna -Miysk-pdoaswek Tipecmies3 ao |

9 NeKTpawewsa NpoagyKTOB

peakuumm pgeras3unp
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- 15M U H N/osaneHU4d cnepoB peamaceErumppsmal
NONYYeHHbBIX OpPraHMyYecKUX COEefUHEHWUWN CE
B) ltjtfiOOlsdeodz 2 1 dzj ClstetsdzdL .

Ana npoBepgeHMUA nNpenapaTuWBHOT OB ®TIE |

besaunmadgpar MeEHHbBIN TpexamnNeEKLO®o (MHIBIN U3 Mk
anekTpoab $RAIAG) MmMBIK Op OC 7S5 6 O b(apaadE). H

QnekTponunsep OCHaAauweH ob6paTHBLBM Bo no
snektTponunsep nomeVm nm0 pvast)T,B opaHr ceridbii (3
n-Bus;NCIO;) cuy 6 c Vp=a 13 0( mMn) . [Moc HSperRYyWOMPOR
ra3 oBblM pacxopaglomvmaplys. (K20H Ok XQUUIeT
OpraHmyeckKkmnx cyobcTenaiTe@BERTY P &MB R O MBI E 0B
CUMCTeEeMY HMENaQKAse U X NP e Uy p/KE/ABLIle p ¥ A E

aneKkTpocuHrtessad0cacTtaBsnano 4

(1] [ ]
+ 2
v~ lr 0|3
V]~ il |
L
ity
eyl
A
n“fgjﬁ . i
RN B

tdmMzdzc CRema Auyuennka ANsa nNnpoBepfeHMsa 37
l—-o06paTHbBN X O0NOKIMMWL/HUKE MRnNnsa nogadyv U
pa6bouyuninn 3 reBkmpPaD,r afeNbHbH AaPO@KE P O [/ S
pear edH+mpalekb®pog d¢paamHbkeameicb Henpopear
peareHTa ¢ WuHepHamVH BMEVIBaIZ A .
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Mocne OKOHYaAHWA 31 e€eKTPON3alr ac3MIEICObB ¢
apr oHow (o0u) 20 maun HT e yensauiee H U 4 cepoBOjaQ

obpabaTtTbBanuM reKcaHOM ANA O€CEaAaXAOPHUWAS3C

OT PN NbTpPpa@aBbLIBAMRARB b pas3genanun GpakKkuynoHH
n B BakKyymwme.
an s CUHTE3WBK TO@/TKaHamMMu MONbHOE

uMmkKnoankaH/ Tmon/ cepoBopgopoag cocTaBnNAar
peakyuMWOHHYW CMecChb pger ayvwpoBammaB yma,
cepoBopgpopopa B TeyeHunme 30 MWUMH. Mocne
ocaxjae@amc aHOoM. CMHTEe3unpoOBaHHEBbIE opr at
Bblgensanwu TpexcTyneH4yaToMu KCTpakdLUym®e
KOHULEeHTpupoBanmu B Bakyymme 7 3aTtTewm
pa3TMyYHBIMN Me XUuMAMIEe CRIWI WK AaHaNnMs3a.

9) Cdzj Clstetsn d IRl 20 + §tHdede" = 4 d H G 51

MOHHBIE XUMAKOCTW ANA nNpoBefeHWUda 3¢

mcnonb3oBanwnm 6e3 @QMOHOBbLIX 3NEeKTPONUTOR
B pa6oTe npumeHeH <cnocob YyYMeHSbDBLWeH
MEXMOHHOT O BBAVMD Jep(MEePRBIOBBTI& HUN A an
pacoputTenem. Ona onpepeneHunsa on
pacTtTBOpuTenb/ WX 6bl0MNK NnpoBEeaEHbl 3 1ecx
MCNONb30OBaHUEM beppoueHa, K aK CT
39NNeKTPOXMUMMUYECKUNUX wMccnepgoBaHMax opr al
3aBWCWNMODCCOTTMBI BT O K a beppouyeHa oT pas®b
MopAHrbIN oOpraHmyeckKku-mayupaoHmopmmenbvnsda
mnmMmmMmoobunumsayumm deppoyLeHa B MUOHHOW Xwupg
HarpetTd8C,n00a 80aTemM oxnaxpgeHa A0 KomleHaAT
agueToHUuTpUuTa K MOHHOW XWMAKOCTMWU npus
UWYBCTBUTENbHOCTMNW peakLULUWOHHON cpepasb n
18 mMkA (200 wmMkn) -42,5 MKA(400 wMkKkn) -6
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ayueToHuUuTpuna no 100 MK /19 €NTOCTSAe HHL@ A H1a You
nonoxXurtenbHYI-0c OORonwnyB 0, 001

OnNTMMaNKHHE HOWRMMA NpPpoBefeHNA 3 Nneck
mccnepgosBaHmm B Cpe ABe-3-MedmBFo ;BN g 00T BB J
1:1 HaanePktTpopje.

3.2.2. [dScsodzazss s igfdadsg sH teice Oftlg

CMHTES OPraHNYeCKUXNpPCORIAWMMHILHBA Naeé
MMWUKPOBONHOB N Mp fFaokcusead Mi cr owave Syn
Discover(USA), B KOHTPONVMPY@BMKXMEYC TOBIPHAXKE H |
IBM. PeaKUMNWOHHBE C MEeyxrmn ep LT P OB) n ce
(cepoBoO@/O@EA) NOoOMewWwanun BO 6Cureeon) MaaTs €5

3HausevHoWLH O M M P OB OJTH OB O [ 0P COMOUYVETHEM Hb
CMUHTe3a, npefgeibHOTN O pJaB/ieHWda wn TewMmn
ycTaHaBHIeIB@UIpe JCTBEHHO Ha CeHCoepmHKa prI
MoWHOCT®Bb obnydyeHwnd Bapbupogads/On , Ber
npoagonXutenb Hbd0ATMb MUMHHT € 3 a

[fTonNy4YyeHHbBE B X04€ MUEKINDBIOYISGOBIOE ON [T
cCepbl BbM3E NFACIMNK UNOHMEO I YyOREEGAT ON I3KCTpPpa
Aanee 3KcTpakT K O HyyMed T BT @BJ1a /IKIO HE P B &

cogepxaHwume Ppas3nunyH bBXMMM IMUEEr COKOIMOM  ajH1as /MK 30

3.2.3. lwtsojHjded] tj dzlsgj desW dzztstej Myd «
M ter d oJ s O dzddfsjS tesjddY sz deripds o d3j Is O dzdzts ¢

Ana KonumyecTBEHHOrNO onNpepeneHMms CcoO
obpasywweimca B KayecTBe nHbouyuKkymNMe Qpap
OPTr aHMMY eOCEKAMMVE H U A M U , a TakKxXe MeTaninok
agcopb6beHT®bI, NCEHEaBNpYDBRPAMT I ecHKO Pnyope
cnekT poWRAOpLarlCeiss Yena FrepmaHwusg) .
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W O O Im O O

O O W U = o -

® O O T

S T

MoNny4JYyeHHBIPMA MO c Ne,8HKS) HRamaHoae, ®m T
3ynbTtarte N X -6 OK3NCXIVEHHAA MO -p @ MK a R a
raHMyYyecKkmnx 3NEXTPOMEMMN/ATKWP/OBPHON Ce
bnnbTpoBLHBaAaRA. OYmaBgrOmMEdPY IbTpPE BbLICY
yeHR4 4y, npwu 298 K. By Ma >Xmnblélp Tow yit
ONOXKY UM ycTaHaB/AuMBanNnwm B KIKBeTY.
anasa

nmkKarena MONeKYynapHOWK cCcepbl, o6pasy

Konunm4yecTBEHHO NN ePIKHOLaME HKST nmaml

raHNyY@EeKmWMMIEHNAMN B T eTepor eHHbIX YyCIJ
3aKTUBUPOBAHHOT O HOCWUT a.n 1 TAAHOan/earru
ywecTBNANNOT oipoYvonnma YyCTaAaHOBI/TEHMUSs
AepXaHUda MeTannokomnaeKkcoBacnamRepxa
OpamHMBEAXB HOCUWM&N MO AMa/LeI P OBaHSA.

O6bpasey nopgBepranu AeNCTBUIW NepsBwu:
y 6 Rhva Hco alo=m30KB | =30MA) ©® KonnummaToOpoM, 0
Nb Wy 0 pas3pewatwuwy o CNoCOO6HMDIH LA M, O
MONb 3 ONBPAaOHTMOEMMH OT O rFr a3 o0oBOro (cmMecb a
rmctTpaumnio CcnekKTpoOB nponMsBOAUAMN H a
coTa NoMMKEOBHbBIXpONOPUMWOHANbLHaAa K OHLU
pasuye. CpaBHeHMUE NponN3IBOAUNMNMN Cc

anoHamMunu npu 3aBefoMO MU3IBECTHDBX KOHLU

O6uee <copgepxXaHWe cCcepbl B CMec#un nNo

penapaTIIBmMHOIe3 a OpraHMWYEeCKUX CcoefUuHe

M

HTreHodpnyopecueHTHON cneKTpoMeTpuwu
annsaTtopa cepbcmBe ¥€EIeglddpoeoEByHpP@EBECT
Mpnoéop npepgBaputTenbvBog@wan &30« AaHM 60
c-5 % mac.) C nomMowwipaspwB ¢T&ON
nn cepbl B MMMHagaosFROMNRAOBAHUNA UMOY

nnoamtTyagbol CcooTBETCTBY®ET coagepxaHWWKO CE
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3.2.4. lwoajHjdd] ~tesBOIssctcOW dy

O) RHjdsdW S OyYydw  tsdzlzy] deder = tstcc Odad 1
- o iZEROEM | C Istetsdzj Istcd d

AHanwnsa cCMecwu NPOAYKTOB peakuymnm |
XpoMaT-OMAKTPOMET pPUMN H aQP20p0un Blta p(Bhima@dfuM S
AnoHuA) ¢ ERleTéQ@ToPBlpw ala kKIBABRSWMEIUR( 30 ™
X 0. 3BacMR)0, HacUMTmBEBMNN. TemnepaTypHbl
nporpammmpoBanum B aAgunmanasoHe oT1T 30 pgo

aB MZTCOEKTpPaAaxyKToOB B3aumMoagenmcTtTBMA T
UUKNoanpeHampmoB anp H bie N /By %)A

CsHoSH (mVz = 102 M+, 40), 75 (15), 69 (100), 53 (20), 41 (60));

CeH11:SH (m/z = 116 M+, 25), 83 (23), 67 (40), 55 (100), 45 (20));

C;H13SH (m/z= 130(M+, 20), 97 (35), 81 (50), 67 (45), 55 (100), 39 (30))

CgH1sSH (m/z = 144 (M+, 15), 142 (25), 110 (25), 82 (40), 69 (100), 55 (35),
41 (35))

( Ho)oS, (M/iz= 202 M+, 11), 134 (21), 69 (100));

( 6H11)2S (Mz= 230 M+, 14), 147 (16), 83 (100), 55 (27));

(C7H12)2S; (MVz= 260 (M+, 13), 163 (17), 130 (10), 97 (100));

n-C4HsSGHg (m/z = 159 (M+, 48), 134 (26)115 (23), 91 (20), 82 (100), 67
(78),53 (20),41 (68));

n-C4HeSCGeH11 (M/z = 172 (M+, 52), 129 (18), 115 (32), 91 (20), 82 (100), 67
(78), 55 (75), 41 (66)).

N-C4HeS,CsHs (MVz= 191 (M+, 44),122 (49), 115 (42), 91 (20)785), 67 (78),
57 (100) 41 (33));

t-C4HoS,CsH11 (M/z= 204(M+, 56), 126 (18), 115 (27), 91 (20), 87 (8), 67 (78),
57 (100), 41 (66)).

NMoeHTMdPnKayumniw nNPOAYKTOB peacxkuyumnm C
onedmnmampomMaT My ecKU MU MNCPOMECOYUT HCEFEBAANM KK 38T C

neKkTpomMegunaTtopoB npoB oHewlattPackarcnAdikn Wb K
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Technologie®$890N GCSystem) Cc -CcMea/teCK T M B H bl M MBR, Agdextt o0 p

Technologies 5973 Network) . O6bpaboTka O aHHblX
nepcoHanwwwwelBMM npor pamMMmHbL M érentente 4 e
Controb .

Paspgpeneme eu MO/TYYeHHbX NnpoayKTORB
Mcnonb3o0oBaHMWeM N aRMMSE flpH BD Kvg g = 0

beHMAMeTMnMNCcUMANOKCaHa) N p nX PI0OHMEAPTT our vp a v Ho!
npoBOAMIN B pexXummMe JNIMHENHOTNTo nNporpamlt
35-300 v=C (4 °C/ Munn) . Tewmnep-a2r3ylp a°-B, K
HOCUTFREBUNWN.

Mepep CbBEeMKOIW CcNneKTpPOB XpomaTorpadg
KOHOAMWULMOHMUpPpOBANMNU. CkaMShbpopemaepeaT 4 E&T a0
Mae&aeKkKTQpoB, oTob6paxatwmnx 3aBUCUMOCT L
OTHOWenEZM A Ana pacuwn-gperkK pPoBIa@ NPT H3AAVBM
«EnchancedData Analysis» B peESgan MeB K TloYyawwyw -CuUC
cnek TAMDIB) (n 6umonunomek tNiSta cCLLUA ) .

6)f XKXAHanwns CepPHMUNCT,blX N OCMOYyEYAENHHHEBHXN 1 3 N1 €
M OHHBbIX XVPBROBODANXNMN Ha Kmpwamaaom p@deec
nnamMejoOHTOO MeTPU Y ECKNUM pfeTeKkTopomMm-lLAllk an
(15m x 0.1 MM, 0. 08 MKM) C " C N OOHbH300MB |
XNOKOCTMU 1.5an (-2, 3
ANMeTnnNnuUMMAaasonNnuUm) neHtTaHounc (TpuUnmrTop Me

PereHepauyumnio W OHHOBXO AMWIOIK ONCETTEONS OMMP C T
OAPOOBHON pesaKCTpPpaKUMUNUM C UCNONb3O0OBaAaHUEM
npnm 70°C m 70 wmMb6ap. BpemMa oaHDTIMMNHL.UK T

tdedmsOydw M jSlstetso G 1 ¢
CHATWNec MIKPRPMOCBT aN/TOB AWT N O JHAKTEH/AT 6 T B |

pacTtTBopa B OAM®A peruvcrTpupoBanm ¢ nNol
D-SRC», CHabXeHHOro QABOWHBLIM pes3oHaAaToOp
TepMoOKOHTpPponnepom ER 4111 VT npwu 2
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onpegenammopja UWCOoBDHPBEADEBAKWPUNT NAPAS3MN
2.0037).

3.3. lwsojHjddi 1 SMyijtcddhzi destse 5 EH
OHMBB yd sdzdz’ i3 d3J IstsH Od3d

a) NpumeHeHNe auLueTaTOB MeTannos B
KpeMHMNSA .

dKcnepnmnmeBODAMNN Ha CUNTUKRHEWMeal eOd
nepexoagHbx Mig1TCafi)yiGuell) Zn npen atTmoc depHO
TemMnepaTtype OKpyXatwuwem cCpeAjbl. B K a
NMPOMBILWAEHHBbWR cumnunkKkar eno MapKkKWu Al f a
MoagndmkaTtopamwu 1B NS NN CHblEK opvevaerped Hehid bk : v
YKCYCHOK-BOOHHUNK, 2Mapkun «PeaxBy»x (KxwH,an
YKCYCHOKVBO/OHMIBL,A 4dvapK K «IQKpPO-C€9) ;( yume arbC
YKCYCHOKMUCAYHW Mapkun «HeB@&PeakTwns» (4rj

Moagudpukauywut cumnukar ea Coa(l)e Ca 1l mun

ocywecTtTBAAAM MeTOAOM NPONUTKWU, NPU BO
paHee MBIBpRBMReyeHMe 24 4vyyacoB cumnumkar
BaAaKYYMHOM CYWMUWAbHOM WK adgy npwu 100°C
nNPpUMeEeHSANMN BOHHHK® NPAC MET@RNNOB (1% wma
rmgpponnmsa pobasnganm no 0,2 MO YKCYCH
noMewannm B YNbTpa3BYKOBYW BaHHY Cc MolU
yactoTtoim 40 Kly, A[ANS MUHTeHCUMuPUKaummnm
B NnOpPpUCTYIO CTPYKTYPpPY HoCuKuTensqa. onrT
obpaboTkum cocTaBnano 50, 1510 ,un Kb®BIG nwv
m wMelgn coTBEeTCTBEHHDO. MoandpuumpoBaHH

BAaKYYMHOM CYWMW/TbHOM QUXE ryp 1B TTEMEEHMET Y2
dKkcnepuMMeHTSBL NO agcopobuUuMOHHOM C ey
npoBOAMAKM Ha nNnabopaTOPHOW NPOTOYHON Y

CTEeKMAHHDHBbBIX nocnepgoBaTtTenNnbHDO pacnoinaoX
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o)

w

K«

MAWHAPUMYECKOTO TwmogaunioayeapmpmanaHHHOTIO C
yecTBE Yyr n1eBopgopopgHOoHM cmMecwu Mcnoint
H3MWHOBOMW bpakuyumu n peanbHy-®H©806 €H
30KOHAeHCaAaTHOT OO Cblpb A AcTpaxaHCcCKOT

pepa®aomnieadogopwelchy i %0 CMUCXOAHBM C

S o 9 OO Q

wem cepb 100 ppm, nonaamepexaHoiio D
MCXO/MOHOI n OYMUWEHHOWN MOAOEeNbHOMN’
HeproauMcnepcMOHHOW peHTreHodnyopecuyert
epbl _ACOKNTmMWMEeCKONW BONMNbTamMnepomMeTpuwn
I PR o0 » .

6) lMNpmmeHeHMWEe nNuBanatToB WU ManNnoHarTOoO
ogoundpmKkayumm HocutTensd

oAna nowm®dwP@anee onNTUMWMAaNbHOINIO AMOKCMU

aAaKCUMManbHbBM NOTAOWEHNEM KHITOMBDLXMOEE P H
onnunea, N ccrman/mbk3aor Beavgigmaid ik u Alfa Aesar c
asmvMaeippm 2. 2, 3, 6, 9 u 15 HM.

ltcdeslstso dzj dzd jMoQumgiimta Bajudalso)® .c m nmk ar e n 4

Zn (1), Cu (1), Co (1), Ni (1) ocyuwecTBNANMN MeTOopao

B

B

I

M
y
H

C

o3pencrteunemM. yBibrTpaeBye€az2d 4y cunumkar
AaKYYMHOM cywnnbHO@. wkagHy mapu dulkOa0u n v
punumMmeHanu 1% mmMacc. pacTBOp conen MeTa
ogouvndpumkaTtTopa U CUBUNYABEPAa3BYWE@B/AWNB aH

eHepamBdpaBT pabouenn 40ackrfour,oMmyTOo o AROC

HTeHCcCUupnkKkayunm agudpdpys3smnm pacTBOpa Kap
ocurtensqa. OnTuvManbHGBbBM BpemMeHeM 006p
oandnkaTtopa BHOMMWERYITACT BBRNAETCA 90
BenmyeHwue NPOALONXNUTENbHOCTMWU faHHOIW
e3HauyntTenbHMOoO@u buppe kdBAaHHbLIA TakKuWum O
y lwuvnwu H a BO3A4YyXe 24 yaca. Mocne )
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BbiAE€pPXMWBAaNMHOM BCAyKWyw/lb HOM WK adpy mMpuUte
TemMnepa?t®™.pe 100

[ JIstSHT Codzlstetsdzvy s H j toy Odzd K 0 HiFj dsarizdzf
CTEeENeHb Yy OepPXnMEQ@aHWBEKO K CNMEPacTXo0BA H bl X ZNM € T «
Cu, Co, Ni) Ha HocuUuTene OCyuwecTBNANU HBETC
abcopObUMOHHOMW C N e kKaTAPCCOMEOTUMIDWH H (bldd NAXAMNEXK T
300, Analyticiena AG) n poTomMeTpHKoAa@aKBCTBEHHOE 0
MeTannoB MNpoBOAWAWM B CcCTaHAgapTHbLBX AnN4

o6bXuMra npob6 Cc nNnocnepgyvwmMmeRCp@O3INRAXKABNEN

doTOMETpPUYECKOE onpepgeneHune NnpoB.
cnekTpodoToO¥eopPpanpl® gnumuHe BOAHBL A = 5
B nNPpUCYTCTBMUMN cynbdgapcasoHa (nntwo

KoMnnekcoobpas@saHMNad C MOHaAMMU

CCMmY j tod dzd @B Mts tdfetsy d ts dzdzts 2 My estsydmls €
npoBomanmabopaToOpHONW NPOTOYMHOWM ycCcTaHO
M TemMnepaType okKkpBxawmariisepa@ovlagcopobe
TMNna noMeuwanw 15 r MOOMWPUUMPOBAHHOT O
cnoemMlna oueHKW BNMAHUMA Kap©6bolnGuaTos

Ni) Ha CcTeneHb OYMCTKWNW TONNmMBAa OT C €

MHAWBUWAYANbHELBE yrnesoagopoahbl (rekcaH
yrnesopopopgos, npeagcTtTaBnsaOWmM X 3 KLHMOBHIX
bpak uMoie nbHY O YT neBoaVop o HHY rc G1c Meccxso g
copepxaHumem obuweippmaoeommBaium ne 18H0copo6e
CKopocTblio nopgaum cOwegcep XKaHIeyobuwemn ¢
OYMNIWEeHHOW MOOLEeNbHOW CMe@WHWepnpagprenaa/pe

peHreHogpnyopecueHTHONW -1-lc@@TK T pPoaME®4pIn n |
LUKNNYEeCKOI BO/IWKEZMEREMM@ATP NMMP.OBOAMNINY
pexume pnNna BCcex apgpcopbeHTOB Npun wmcno

cunukarens pasNUUeEpPBEXEAPEOKR@TNANOEGB I
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CCMmY J ted d3d dzls 'd MMmdeisH s Odzd & tcOo dztso j
cepocogepxawenhn MOMOMBIKHOIE N |C MEBE MHOHM K a
Me T alJiZzmé&s CoN)cmnmnkapenegumnm B AuanasoH
0o 800@ucdprnMnpoBaHHLIbBOY IL/BIBKBERILEM/BE TN U
KOHMYEeCKYW Konby ¢ nNpuTteprtTonln KPpPbWKOWN
MOAEeNnNbHYW yrneBoaVwpEo/asH VM 6@ece) Hcxopn
cogepxXxaHumem obuweppmeap@MOKOMOGY1B@KDPbIB :
B TepmMocTaT p[O ycTaHOB/ieHUA ajpgcopbyan
CcCMecCcb fJeKaaHaposBafegamxaHune obwen cep
OYMUWEHHOWN MOAOEenNbHOMN cMecu onpepgensan
PpeHT eyHoopdesic L e HT H O 1 cnekITp@GTe T p RRAOY).A 7A C
QKcnepuMMeHT npoBOaAMAUN B OAWHAKOBOM pE

[Ht.jH]dj dzd § tcOo dzs o JdydiasRk T M OH s ©B Y da
cepocojgepxXxawunx coefMWHEeHUMUN N3 MOAenNnbH
cCunmkKkar eeoe OM@KMUT b, mccnepysa apcopouyy
MccnepoBaHne apgcopbuMKM B PpaBHOBECHOM
MaKcuMumManbHOT O Konunm4yecTBa apcopbupos
paccuynTaTtTb TepMoOogMHaAaMMyYeCcKUue napamerTnp
TemMmnepaTtyp, B KOTOPOM OHW cuUuMmTarwTCcsa H
NPOAOONXNUTENBHOINIO KOHTakTa aagcopbTtusa
cCmcTemb O4YeHb 6N1M3KO K paBHoOBecwut. TIn
hbopmMumupoBaHmMs afgcopoyUMNMOCHOGOTROETECABY®@B € (
6onbwonn 3dPheKTUBHOCTHN agcopbumm cepo

cMecCHMH O nA KOHKpPeTHOT O ap,c0p6eHTa.

QKCNepuMMEHTMCCJ/INEOG 0B aHMI paBHOBEC |
cepocojgepxawunx coepgunHeHnrviiMmomapenowposBa
Kapoboxamwmwmwa aJjsizme&e CoN)cmnnkapensegmnnun B A
TeMnepaTyp oT 2000 v gp o U, M8p00°BCA. H H bl M5 @ 9 T K

B3IBewWwWnsanwn " noMelwanu B KOHMWYEeCKYIK KO
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agcop6eHTa oampemuaBeaet Wt=ombn #BMm6 P( C ) mMcxopn
copgepxXxaHmnem oobuweppmeeapE@MOKOMOGY1B@KPbLIB :
B TepmMocTaT O ycTaHoB/ieHUsas apgcopbumo
CMecCcb fJeKaHTupoBaGajepaaameslapomeidanawep
OY4MLWEeHHONMOMOTEOMMLINBE oOoNpepenanunm MeT O]/
PEHTEeHOMAYOpPECULEHTHORBKC TCEAIRKN@PHMET PR A E

OAVWHAKOBOM pexXxume AnNsS BcexXx afgcopbeHTO

an4 pacuyerTa agcopbumMmoHHOI cnoco
agcopob6eowmbaz ovBcani M cnepywipme dpopmynb (2
OQpdhpek TMBHOCTH Yxacopbumm (
/:C%doo (2.53
rone G-G C mC/—xHra)u,anbHasda KOHUeHTpPpaLuy.
Tonnppé Mr / kKOHUE@HTpayuma ocCcTaTOYHOT O
B OYMWEeHHOMN MOAde /ppmH @ Mo / KOTe) IK/omBUaE,HT p a

apcopb6bunpoBaHHOW ob6uweiw cepb (N0 AGYWH O WE

Mr/M+macca Tom@®umaccxragbuweim cepbl, MT.
Pacuét apwmop @Rwmwu (
aey
a:—i (25@
monr]
Mm,ctMacca apgcopbeHTa, T.

[t H ]y gladryj dzs?2 59 j ten dzSMIsd

YaoenbHasd NOBEsxpXHOODP®R3 L OB M3 Mepsarn
HM3kKoTemMnepaTypHoOn apgcopbumm asz3oT-a C
OMMmMeTreannepa (B3T) NATUWTOYEeYHBIM MeTO]
AaBneHWRSATXNS , KATAKOH, Poccua). O6p.
Toke as3oTa (1 aTtm) npm 200°C B TeuyeHyV

TeKCTYpHbe XapaKTepUCTUKN MOAMDULMN

MOHX PAH wuwm. (BypHAK/DYBWBBEHHDbBIE pe3ynbTa
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Tabn48. 8 aKk Ka&x BONWWLasax HoOCUTeneIMO)as n.
aonsa mnoeHtTundpmnkKkaumm apgcopbeHTOB MCHAHONDb
Kapb6bokcukanarthb nemdl)cylb,u(ll)Me()a nnos

s OB dZd Yyl - Yo nbHad nnouwaaghb NMOoOBEepPXHOCH

agpcopbeHTOB

O HiMMtsteB j dzls
Zn(Piv), | Co(Piv) | Cu(Piv) | Ni(Piv), | Zn(Ac), | Co(Ac) | Cu(Ac)

Sy A

(BZ/ET)’ 500 640 500 580 390 400 380
M I

341 dz§R | 50 OB SOl ttds? EMlsOdso Cd OHf

HapncyHKetp@pgb&T1T aB AcexHeam ab /lyocKT a H O B K " a
CepooyYynmMcTKN MoOpgenbHOro TonmAwmBa C wUcnH
cumnukKkarensa, MoOagundpuumpoBaHHOTNIO Kapb6ok
(1rr)y, Co (11), N i (rr)y wmw Cu (11).

l-cMnunKka—egwHeHHbBN CUWNHAKadTERI®bLE kKadpobéo
MeTannemp,oniMr aHHbIN cCMOPKWEPNBNP PBEHHBLBWR
VI-BbICYWEHHBIN MOAMPUUUNPOBAMBBIMNN KCHOIA KRO
VI —o4ynuweHHOEe MogenXxHoeac HOEHNWMBIO ; X-4C 0|
agcopbeHrt nocne aecopoébuywuwmu cXpocopg.
pereHepumpoBaHrbhpaagreppeHaenb HaXllB-occ

O‘—II/ILLI,eHHbII7I pacTBOPUTENDbL.
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L Bngx pozswanpoguy odcopionng |

dmMkz dzs ¥ — b.n5%ckx e ma yCTaHOBKMU agcopo6bul

MOoOaAaenbHOT O TONMANAWWBaAaA

l-cywnnikkmasepa,cerumsa n0NponuTK U— acnuiavpKaar

YyNbTpPa3BYKOBOMN o06paboTkKMU,;

4 -y3en BBOJa aygpipsbep &3 ebpByap cobHOpa

MOOEe/NIbHOT O-CTEOKNUIMSB a3 K C7T P a K icuyvl nancHoapab akT

(

ceKuMmsa akKTuBauunraelkn @ BepMUeaDKEKmupacodBBOpwU

MpepnpnoxXeHH@AIe M&® NorKpouyuecca agcopbuwnm
KnwyaeT B Cceba cTaguu: NOATr OTOBKMK a
ereHepauynmn apgcopbeHTa.

Bnock noaAr orToBKKMW apcopbeHTa BKIAWYa
eyeHneB 28 BAKYYMHOM CYWUMANbHOM WK ady
ro NPONUWTKOW pacTBOPOM KapbokcunartoB

Janee mMoagundumuumpoBaHHBN WU nNpepgBapnTt
arpyxaertcs4 B apcopbep. Mpouyuecc np
TMOCQPepHOM AaBWee Mmon Mome clp oROpPYPOA
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agcopbep cBepxXxy BHMUSI3. Mo OKOHYaAHMUK I

MOAgeNnbHOTNIo TonNnaAMBa NocTynaeT B MNPWUEME

Bnock pereHepauyunwu apcopbeHTa COC:"
cepocojgepxaluwmx C 0 al/MWH e Haygit o p(bzakrcaTt) p a K1
NMOBEPXHOCTMWN. PereHepupoBaHHbBN pacTBO
cTagnw agcopbUMOHHOMW OUMMUCTKMU. 3arpsast
OY4UCTKY MeTOAOM AMUCTUANALUKM U BO3BPS
oOYynmcTKkKN apcopbeHTa.

35.u e Isdud MS dJ .gdndddy iase Ddagd' wj M d J

KBaHIXWMBMIM UecCcKMUNe pacuerT bl npoBOAUNNC
NMNOTHOCTMW, C MCNONb3O0OBaAaHMUAM (Y MHXILMa M
nnoTtTHocTwn (BLYR K umaoBI& ) 6C NONHOW ONTMWUI
reomMmeTpumu CTPYKTYpP. OQHepr etTunyedqkWe =
BKNYas SHeprumum apgcopbuyumm, paccuyunTblE
K OH®€EUYHblX 7 HauyanbHblX CTPYKTYDPp. dpa
cmnmnkar ens MoagenumpoBacowmepa C 0 Mgpl@ais @
Kpuctannunueckasgarddbpyuunppao@GeAPpPBAaAHMNHA
KOMMN/AEeKCOB n pacyerTa SHepr nin peascx

Kpuctannor padpuueckon 'Eaamnkiidgdl @rystallographic C D
Data Center).Y u e T B/l USEA KW W WeE COKpOrr O pacTBOpPUTEN
ocHoBe Mopagenu nonapuBCGMBaHHOTINIO KOHTMWUHY

1 sMmistetsj dadfd deWoistedfQ@ s s dzdz” =7 B H § dzj 2

B pamMmaaxoswer o vpazpaodenaNna MeTOof.
NOor mmHapopmMauyumMmoOHHOI W@ X &/ O IXMmMUMENCK KOO 1 C
npummMepe nNonmckKka TeXHONOrNIMYyeckoro peuwe
npouyuecca OpPpraHmnyeckKkunxTexrH@®/GQUMHLHMNAK U B
XapakTepuMm3syemMEMCBIPbLBOBRAMMA cneuyundpny

O6bekKTOB, KaxXgomMy n3 KOTOQPpP bIX cooTBEeTC

£0VU



OTOK. Paspab6otTaHHbLW cTaHpgapTt | DEF1 wnu
HCTPYyMeHTa ANnNd aHanuMmiaa U U3IYyYeHWwWMN B
oToKaMMm Ha npoumsBOfCTBEe OKrammMemx a@nr
BoMWc Meampgon ®OEFAL OTHOCHAT WNnpok o pas
O3BONAKKWYW 93PPEeKTMUBHO BBablIsbB NP a dp and ack

eXHO/H@ar mmpoTAaAXeHNN BCcerevond9Beod.a ee Mo
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l " otBHT

1.Co3pgaHo HOBOE HayuyHoOeE HanpaB/neHMU
KOMMNNEeKCHOT O noaxonma K npo6nemMe
McnNonNb3OoOBaHSHA TOKCMWUYHBIX KW C N blX
YyIr NneBOAOPOAHOT O Tonnusea. MnoHepc

3 (pdpekaomBMH3IBIEeYHeHNUN cepoBOAgOpOfa U F

yrnesogopoagos abcopbuuneim MOHHBIMMU
HoCUTenamMmu, MOAUWMPULMUPOBAHHSBMMU K a
MeTannos n K O MM AGEKKTCVABBVHABI M®1 meé1 s @K @ a
NONYy4YyeHUMU H a AX T NOHEH KBIe UMM H bl X c
9 KONOr#Nuwe ckKkamHepretTmnyecekm 6naronpwu
MCNONMb3 0B aHWIE MV NIK/PEOKBTOP/IOH O B OT O CUHT € 3
.OnpepeneHb TexXxXHONOrMYyeckKkunue napammer
cepoBogopoga WU TWUONMOB WUOHHWLBIMUN PRIADKL
MOTOpPHOTIO ToONnNwWuBa. JOCTUT HYT@pmCcTe.
MpepnoxXeH OfAHOPEeaAKTOPHbLIW 3TeKTPOCMU
MTUPULAUNHMNEB bIX 7 MMMNAgasonunesBblX moH
aAaKTMWBUPOBAHHBbIX Ha 230epopoje@ /sl €!
cybcTtpaTtoB: reKkceHa, U 1K 1 0o-g MSHeQy-dsH a
6yTundgeHona, 6GEeH3O0MHOI KWCNOT bl,
MeaunaTtTopHBbIX cumcrTewm H a OCHOBE 3 a
N,NLN'N'-T e T pamMe T U N endHogs iBaoOMIMMHIA0 YMEHbBLWNT

3neKkTtTponnsa pearedHtos o1 0,8 pgo 1,
.BnepBble nNpoesee@mepwBaHNne Yyrnesopgopoas
KpeMHMUSA, MoaundpuuumpoBaHHOM Kapb6bokcwu
ManoHaTawmun)ll) xoppapugpakenglPHk aQnpepe.
oOnTMUManbHLE Yy C/OBWSH MOAaWNMUKaUnmM

NPOALONXUTEeNbHOCTb W YyacToTa BO3gen
o6bpaboTkn, KoMOMHMpPOBaAaHME KapbBoKkcCcwH

OYNUCTKY TONnNuMBaA 4o CTaHOLaAapMP®XAH:
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CUHepPprmMmam pencrTBUS SKBUMONApPHON C
KMWCNbX CEPHUCTBIX KOMMNOHEHTOB Ha cwu

.BnepBble pgna cepoouyuncTKkun npié€lh POl)e Hb

Pdll) c pe-Aa0KBBHBMUEMUXUHOHANUMUNUHDO
CEMUXUHOHMUMMUH OJTWMTOaNH ed MM, U HaNARI©Oeg HHDb
cnocobHbe K pereHepauyuun H/HKOMEGIMIOP O F)O
KOMHaAaTHOW TeMnepaType ®n ob6ecneyuns:
97%.

.MpoBefaREBKTPOCUHT €3 OpraHumyecekmnx

ULUWUKNOANKWUNBbHBMNU Chp AICMOHTHBMMB AHNEM

39NNeKTPOXMUMMYECKUX MeToaoOB akKTuBauwm
aHopga, KaTtoga, Hanmuiunme wMeagMmaTtTopoB.
MpoaoeMOHCTpPUpPpOBAaAaHa BO3MOXHOCTbL o06p
cepoBopgopopga ( 3n emkeropdoUdImMb/HbbHEL) X MHPAN H3YE
KaToa B pxbamisiterjdsy TmnnmpoKkaTeXUUHOM.
.BnepBble npepnoxXxeHo NpuMeHeHNEe YyCTO
MOHOAHMWOHHBIX MNapamMar HUTHbBIX K OMIMeK
(), Pt (1),

Pd (Il) ) CTMNOCEMUXMUHONATHBMMU NNT aH/
neKkTpomMegunaToposB, NO3BONMAKWWNX CHMU

1,11, 3 B npwu B3alamageammelnur e i e Hu

apomMaTmnmyeckumm yrnesopopopgamnm ( 6eH
.NMpoBepgeHa OAHUVMKAIKNTMAKE&ET 01H, 05B n petL
3aMe lle HHbIX ceneHodeHOB n ceneHOX
TUOMPEeHB n TManumpaHb B YyCNnOBMWAX )
cepoBojgopojga B OpraHmMmyeckKkumx pacTBO
.MpepnoxeH aNnbTepHAaATMWBHBLIN Hepr oc¢
6Ge3onacHGBbBW MMWKPOBOI/MHOBGBIW € N H-T &3

nonncynb@PMpagoB Ha OCHOBEe CepoBOAOP

CTpoOoéeHuns4da, I'IOBBOI'IFIFOLLU/IIZ BeCTMWu CMNHTZ® ES
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9. MpepgnoXedHbn NMEM b Hble TEXHONOTI NYUecCcKMWUE
n apcopobULMOHHOI CepooyYnmMcTKMN, nos3Bs
Yy C/ZTOBMWAKX nonyvyartThb TONANUBO c HOop

cogepXaHWUW Cepbhl.

10MTfoNyY/Ha&K T POIM3 OM C Meice @ j-Goyer+pznaoijoan aun
cep@eOpogoM B aueToOHUTpP W ne&BuRy]|BFEn)o H H
coefUuHEHMNSH, obnapgatwwne anHPTOUT OEKK CT MOpE

AaKTWMWBHOCT b IO.
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