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BBEILIEHUE

B nmepnrolt 4yeTBEpPTU TEKyllero CTojeTUd, K&K USBECTHO, Ha-
onllajnock veuieHre BHUMAHUA UCCyenoBareneil pasjyuuydHux CTpaH
K OpraHuUuecKoi XuMuu MWObska. OgHaxo B o0-e rojxHl OypHO pas-
BuBanack xuMua focdopa - Onuxaimero aHajora MHUbAKE, B pe-
SvibTATE Yero XWUMHUSA MHUbAKOPraHUYECKUX COoedVHEeHU# OKa3ajachk
MEHEEe WUS8VUYEHHOI.

B mocneliine ronH BHOBB BOS3POCJHO0 BHUMAHUE K OpraHuUYec KUM
MPOMSBOAHWM MWUbAK&. AToT daxr, mnpexne BCero, OCHBACHABTCA
USBECTHHM 3HAUEHUEM MHUbAROPrAHUUECKUX COEIUHEHUN AnA pas-
NUYHEX o6yacTrei HApoIHOro xosdicTBa U TexHuku. Tak, €ue B
Hauaye Hamero BEeRa B pesvibTaTe o6mupHrX uccnenosanui M.9p-
nuxXa B 00JACTU MMUbAKOPIaHUUECKUX COEUHEHUA B MEIUIIUHC KV
NPEKTUKY GHJ BHeAPEH carbBapcaH, &8 3aTeM HeocajbBapcau (mpe-
napaT 606 u 914 cooTBeTcTBeHHO) JnA sfPeKTUBHODPO NCUEHKHA (0=
nesHey, BHSWBAEMWX CIMpOXeTaMu, UTO ABUNOCH KPVIHNL VCHEXOM
XUMUAOTE pamiu. B MeguuuHe c TAKUM xe yCrHeXoM NpUMeHITCA Ha-
TpUEBAA CONb METUNAPCOHOBOW RUCNOTH (appeHans), 3-amiHo-4-
okcudeHunapcuHokcu (Madapcer), JS-arneTuramMuio-4-0KCude Huy-
apcQHoBafA Kucpora (cToBapconb, CHOUpOUUA) ¥ Op. B NEpBYW Mu-
POBVIO BOUHY HEKOTODHE JIEIKOJETYYMUe OpraHudecKue COoe jjiHe HudA
Tpe XBajeHTHOPO MWIbAKA OHJIM UCHNONB3OBAHNW B kKayecrse COEBHX
OTPaBNALUKX BelWecTB OCLETOKCUUECKOI'0, KOKHOIO ¥ pasipaxaoue-
ro geiicreua (MeTWwIUXIOPaApPCUH, PeHUnmIuxmopapcud, muheHunn-
8HADPCUH, JbOUSUT, anaMeuT u np.) (1] . B ofuey, ewe no 1932
rona GHMAU CUHTESUPOBAHN U UCTIWTAHN HA OUOJNOIUYECKVK &AKTUB-
HOCTh OKOJO 12,5 THCAY OpPraHMUECKUX COeMMHEHMI MPmbaka [2].

B naredHTHOV ¥ NEpUOIMUYECKOUN JNUTEparvpe MNoIBIAKLTCH CO00-



NeHUA o6 MCTNONbSOBAHUM OPraHUUYECKUX COeJUHEeHUl MWIbAKA B
KayecTRe AKTUBHNX KOMIOHEHTOB HeoOpacTaplidX KPACOK g TMol-
BOJHWX uYacTreil Mopckux cvioB [3-6J], wHCeKTMuUUIOB ¥ DyHPUIIU-
noB [7], a Taxkxe GakTepunumos [8]; MHmbARCOIEpxallMe Coe -
HeHMA C YCHOEXOM NPUMEHAWTCA U B LPYIUX 00nacCTAX HAPOLHOI'O
xosdaficrea [9-12].

CruMynoM OnA UCCHemoBaHUA OPraHMUYECKUX COenuHe HUU MH-
UhAKA ABNASTCHA TAKKE BOSMOKHOCTEL PAa3paAGOTKUM HA WX [pUMEpEe
HEe KOTOPHX BONPOCOB TEOPETUUYECKO¥ XUMUM, TAKUX KAK BANEHT-
HOCTh M KOODAMHAIMOHHOE UYMUCJ]O, MPOCTPAHCTBEHHOE pasMelieHune
aTOMOB B MOJI€KYJE, VUACTHUe HEeCBASHBALUWUX BJEKTPOHOB B XU-
MUYECKON CBASU U OP.

I3 uspecTHWX BCEro 9 3JNE€MEHTOB MMEWT IPY3UHCKUE Ha3Ba-
HUg, YTO YKASHBSET HA UX SHAKOMCTBO C HUMU [peBHUX ['DVSHUH.
9ty anemeHTH cnenvouue: Cu - "CmmumeHnsu", ﬁg-l- "Bepuxnu",
fu - "Orpo", Hg— - "Bepuxmucnkamu", Sn - "Kana", P8 . -
"Treua®, As - "Napumxadu”, S - "Porupgu" = Fe - "Pru-
Ha". ficHO, UTO MNWBAK X €r'0 COeNWHEeHWUA USBECTHH I'PVSUHCKOMY
Hapony eue ¢ JaBHUX neT. [apumxasu (MHUbAK) O03HAyae? "cMep-
renpHad orpasa” [13]. B rpvsuuckom donbkrope MrmbAK (gapum-
X8HA) OTOxIECTBJNEH C sANaMd. Leno B TOM, UTO TPEeXOKUCh MHIb-
AKA8 ¢ JAaBHUX MOp CYUTAETCA ANOM ¥ BMECTE C TeM YKpe IALUUM
cpegcrsoM. ToT xe cawHil CenHit MHIBAK B IPYSUHCKON HAPOOHOU
MeTUIEHe u3BecTeH Noj HassaHmeM "wwmueHi caxap" [13].

3aMHTepeCcOBEHHOCTh U3N8BHA I'DVBUHCKOIO HAPOLA MHIbAKOM
K ero coenvHeHUAMA He cjydaida, uGo Hejgpa ['pysumu GOraTH MH-

MbAKOBUCTHMUA ¥ MEeIOHO-MHMbAKOBUCTHMU KOMIUIE RCHHMU DpvIaMH .



aHckoe mecropoxneHue B CBAHETHUM APCEHOMMAPUTOBONR PYIAH HAB-
nsercA Haudonee KpvoHWM B CoBeTcroM Cowse. DTuM o6 bACHAST-
cd, HaBepHoe, TOT dakT, UTO HAlIeHHWe HaA TeppuTopuu ['pvsum
apxeojoryyecKkue MenHwe MpeaMeTw elje B I'IVOOKO# IpeBHOCTH
(1V-Il twcAueneTUds OO H.B.) Comepxanu MwmbAk [14]), a GpoH-
soBuye usienud ['pysum cpelHero mnepmoma M0 CPABHEHUW C M3Je-
JUAMA pPAHHEro Mepuola OTnUYAanTCA BHCOKUM conepxaduem (ugoc-
rurasg oouru 19%) Mpmpsara [9,cTp.3] .

HecMoTpss HA BrmeckasaHHoe U OGnaroNpuUATHHE YCIOBUA, KO-
TOPHE CVIECTBYVIOT Ind USYyUEeHUSd OPraHUUYECKUX COeNUuHeHUi MH-
mpARa B Hamei pecnvonuke (PauuHckuit u [JaHCKUYU IOpPHO XUMU-
yeckue 3aBonr 'pys.CCP), mraHoBoe ¥ CUCTEeMATUUECKOE Hayy-
HOE€ HCCheNoBaHUE MHIBAKOPraHUYEeCKUX coeluHeHuir B Tomnpuc—
CKOM I'OCVIApPCTBEHHOM VHUBEpDCUTETE HauanoCh Tonbko 10 jeT
TOMV Ha38L N0 MHUIIMATUBE M 0] PVKOBOIACTBOM 3aCJ]YyXeHHOTI'O
nearensa Haveu ¥ rexHuru PCRCP um TACCP, naypeara [ocynap-
CTBEHHO! NpeMuyu, NOKTOpa XUMUUECKUX HaVK, mnpopeccopa lunb-
va Xalipepuua Hamaa ¥ npogojxxkaeTcA IO CUX MOp MHoj oGUuM py-
KOBOJACTBOM IOKTOpPa XUMUUECKUX HAVE, mnpojeccopa F.J.YepHo-
KQTbCROIO. 3JeCh %€ HYXHO OTMETUTh, UTO HaAcTodAWLasd nuccep-
TaUOHHAA pafoTa ABNAeTCH HOBWM HaAlpapneHuUeM sToil obweil
padoTy.

[lenp0 nDaHHOK pPaCOTH ABjNAETCA CHUHTE3 U UCCIEIOBaHue He-
npe lenbHNX OPIE&HUYECKUX COeIMHEeHMU) MRUbAKA TUNa R2HSR',
roe R -apun unu ankun, a R —ankusmy wium anReHuUn, Comep-
xauyue pasHre QVHRIUOHANbLHHE IDVINN. T8K K8K TpeTHYHWE &apcu-
HHW CO CMEMmAHHWMU pagukanamu ( Rzﬁst ) o6WUHO monVUaTCA
B3 aUMOIEe ICTBUEM COOTBETCTBVIOLUX IanoreHapCUHOB C METanjop-

ragduvecKuMy CeoeguHeHUAMH MU TI'UIpoapCeHUMpOBAHUEM HEIIpeIenb-



HHX OpraHMUYEecCKUX COoelUHeHWUl, MHN 38JanuCh NHenbio paspadoraThk
fojee INOCTVIHWE METOIN CUHTE38 NUAaPUIXJIOPAPCUHOB U BTODHUY-
HHX apCUHOB.

llHrepec K HempelnenbHWM MHIbAKOPIAHUYECKUM COe qUuHE HUAM
¥ UBVUEHHUO UX PUSUKO-XUMUUECKHUX CBOiCTB, B OCHOBHOM, oOvVC-
NOBJEH TeM, YTO OHU UMEOT He MEeHee IBVX DPEeaKIUOHHHX IIeH-
TPOB: HemoleseHHasd napa 3NeKTPOHOB V &8TOMa MHUbAKE, UTO
npunaeT apcuHaM HVEneofunbHwe CBOjCTBA, U KPATHHE VyInepol-
-vrepoJHNe CBASW, KOTOpPWe NaKT BOSMOXHOCTH MOCHE X VIUKUX
nmpeBpalleHUu# ¥ UCCreNoBAHUA 3TUX coelnuHeHuil. OnperneneHHHH
KHTEpEC K 3TOMV KjI&8CcCV COoelNUHeHU# BW3WBAET U TO, YTO Tpoit-
Hag C=C ¥ JIBoiHasg c¢BA3M C=C HAXOHATCS B HeIlocpelncTBeH-
HOl OnUSOCTH K &TOMV MWIBARA, UYTO CO3J8eT BOSMORHOCTH CO-
npAxeHUA MexIv HuMM. Kpome Toro, uccpeIveMwe coequHeHud
MOTVT TIpeAcTaBnATh NPakKTUYECKUil UHTepec Kak fusuonoruvyecku
akTUBHNE BeumecrrBa [15].

Iuccepranua COCTOUT US BBENEHUA U TPEX I'JaB.

B mneproit rpjape TpuBeleH KpaTKUF nUTEpaTVPHHIA o0680p MO
MeTolaM CUHTES8 BTOPUUHNWX I'ajoleHapCHUHOB, auankui(apur)ap-
CUHOB, HECUMMETPUUHNX TPETUYHNX &PCUHOB TUIA RZA-SCEECRf
® uX cBoitcrBaM. Tak K&K HACTOAWA8A JUCcepTaruoHHasd padoTa
UMeeT 3KCTUEepUMEHTANbHWI XaparTep, B JUTEPATYPHOM 0080pe oc-
HOBHOE BHUMAHUE VIEeNANM VMMEHHO 3KCIEepUMEHTaIbHO! CTOpOHE
3TUX METOHOB.

Bropad ryaBa MNOCBAUlEHS PACCMOTDPEHUI PESYnbTATOB COO-
CTBEHHNX UCCJENOBAaHWNl, 4 B TpeTheil r'jyaBe M3JJOXEHE 3 KCIepu-

MeHTanbHAsA YacTh padoTH.



Brpaxan ravOokKvio GiarolapHoCTh MOUM HAVUHWM DV KOBOIU-
TensaM: 3apelviueMy xapenpoil TexHomoruu OCHOBHOI'O opraHuuec-
Koro u Hedprexumuueckoro cuHresa Ka3aHCKOI'O XUMUKO-TEXHOJO-
rydyeckoro umHcrurvra umeHu C.M.KupoBa, HOKTOPV XUMUUECKUX
HAVK, npobeccopv B.J.YepHoranbckomv u gouedrv TI'Y P.J.['u-
raypu, Co CTOPOHN KOTODWX BCerjpa YyBCTBOBAJN NOCTOSHHOE BHU-
MaHue, vuacTue U NOLIEePEKY.

[lorp8yiock CypyvyaeM BHRPASUTH MPUSHATENBHOCTE 3&BEAVIOUEMY
kadenpoit HeopraHuueckoit u odue#t xumuu TI'Y, morropy xuMmMUyec-
KUX Havk, mnpobeccopv H.U.[lmpuxanasa 3a 1eHHre Yka38HUA [pU

BHNTIONHEe HUY Ia&HHOTO WMCCjieNoBaHuUdA.



T ABA 1

WUCCJEJIOBAHVE B OBAACTU XUMUN HEIPEJLEJBH X
OPT'AHVMECKUX COEIMHEHWA MAIUbAKA

1. CHHTE3 U HEKOTOpPHE CBOMCTEBA NOpPOU3BOILHHX
nuankun ( apun ) apcuna

1.1. CuHTes BTOPUUHWX IajOreHapPCUHOB

s wHubAKOPraHWYECKUX COENUHEHM, KaK USBeCTHO, OCOJjbme
BCEX TNPUMEHALTCHA NepPBUUYHNE U BTODUUHWE rajoreHapcudn [2,10,
11,16]. Tak, [> -xnopeuHUnmUXNOpapcud (nbousut) u 10-xy0p-
5, 10-gurunpodenapcasun (agaMcur), KaK VEe GHJIO CK&38HO BO
BBe Je HUM, JOAI'0 CUHUTAaNUCh GOEBHMU OTPABAALNUMUA BeleCTBaAMU.
B HacTosuee BpeMA ranoreHapCUHNW MUPOKO NPUMEHAKTCHA B Kaue-
CTBe MONVOPOLVKTOB CuHTEsa necrunuuos [8] u ap. Kpowme Toro,
TAK K&K B [ajoreHapcUHaX ranoreH ABnfAeTCA BEChbMa IOLBUXKHNM
U nergo savenaeTcs, OHU TpUMEHAOTCA K&K MCXOINHHWE BellecTBE
INA TONVUEeHUA COOTBETCTBVONLUX apcuHoB [17,18], HecumMeTpuu-
HNX TpeTWuYHwWX apcuHoB [19], asor - [20,21], kpemuuid - [ 22,
23], repumaHuii [24,25] u APYruX aneMeHTCOJEPXAUMX MHUbAKOP-
raguyec Kux coenuHe Hui.

Wexonsa us HanmpaBjneHUA NpoBeNeHHOI'O MUCCneNOBAHUA, BIECH
OvOVvT TpUBeOEeHNW VKEe U3BECTHHE MEeTOIN CHUHTE38 TOJNbKO BTOpPHUU-
HNX ['aJor'€ HAPCUHOB .

Lo HacToAmMero BPeMEHM CYWLECTBVIOT HECKONbKO OOWUX CMOCOo-
GoB naA monvueHua Huankun(apun)ranoreHapcuHoB. BTHU CHOCOOH
mo Tpamunuy [19,CTp.?] MOXHO VCIOBHO pasIeNuTh HA& LBE OCHOB-
HHWe TPVIIN:

8) MeToIN CHHTEB38 BTODPUUHNWX [aN0oreHApCUHOB, KOTOPHE TNpU-



BOJOAT K 06pasoBaHUD HOBHWX cpaselr fAs-C;
6) MeTOoON, MpU NOMOUWM KOTODHX USMEHAETCHA JuUmb DYHKIUA
MNIIb AKOBOI'O0 OCTATKA B MHIbAKODPraHUMYECKO! MOjeKyie.

PaccMOTpUM KaxANi U3 HUX Gojee MOLPOGHO.

1.1.1. Meroaw CUHTE38 BTOPUYHNWX ranoreHapcuUHOB,
KOTOpHE [PUBOAAT K O0pasoBaHUW HOBHX CBS-
seii MNEIbAK-VYI'JIepoJ

BTopuuHre ranoreHapCcUHH BIEpBHe OHNU MNONVYEHH B3AUMO-
DeiicTBUEM coomaemcmnynmnx PTVTHOOPraHuYeCKuX CoeluHEeHU# ¢
TPEXXNOPUCTHM MHUbAKOM.

CvilHOCTP pACCMETPUBAEMOI0 METONE8 BSa8KJOYE8eTCA B TOM,UTO
cBA3p Hg-C ABpAeTcA Oojnee NPOYHON MO CpaBHEHMW CO CBA-
3AMU A3JIeMEHT-VIJIEPO] BO BCEX 3JIEMEHTOPraHyuecKUX CoequHe-
HUAX, USVUEHHNX IO HACTOAWEr'0 BPEMEHHM M VCTVIAET TOJbKO
ceasu  C-As (M) [26]. Takas vCTO#UMBOCTH DPTVTHOOPraHMYeC-
KUX COeNUHeHufi O6VCIOBNMBAET NETPKOCTh KX MOAVUEHUA ¥, Cre-
JoBaTe 1bHO, pasHooOpasye METONOB UX MNpuUMeHeHuA. Tak, pTVT-
HOOpraHuueckue coeJUHeHus M0SBOJAKT BBOLUTE B OOMeH ropas-
no Conbmee pasHooOpasue palIuKanoB, TONNA KaK NOCpencTBOM,
Hanpumvep, peaxTusa ['pUHBADA MOXHO BBECTH TOJBKO Takue pagu-
KajH, KOTOopwe He colepxaT (PYHKIMOHANBHWX IDVIN, KPOME YCTO i~
YUBKX K JeRCTBUL MAIrHUA MUNU MarHujiopraHuuecroro coenuHeHud.

llveercsa nenwit pang padoT, MNOJOXUBINUX OCHOBH HA&HHOI'O Me-
rona [27-33]. Meron ocHOBE&H HA I'pvINe pearuuii:

RoHg + AsCls —s RHgCL + RAsCL,
RAsCLy + RoHg —> P AsCe + RHg L
RzHg + 1?3&3 — RZHSC@ -+ Hg(’,é’,z



M T.XI.

HanpaBneHme peaxnuy 38BUCHUT, MOpexIe BCEro, OT MOJNAPHOIO
COOTHOWEHUS DPEarwpviouux BEUWECTB ¥ OT XapakTepa paluk&anad B
PTVTHOODPraHMYECKOM coeluHeHUM. TeueHWe peakKnuu SABUCHUT Tar-
X€ OT VCNOBMI NMpoBeeHUA, TAKUX KaK XapakTep pacTBOpUTEnd,
npoﬁonmnrenbuocmh omnNTa, TeMnepaTvpa U T.HO. PacTBopuUTeNeM
UpM B8TOM CHVEUT uaWe Bcero 0eHsom, a B GONbUUHCTBE CyUaen
XJIOpAPCHHN HOnVUANT G6es pacTBOPUTENA - NPAMHM [o0aBJjeHUEN
pearupvouux BelleCTB U TNOCjeNYOLUM USBIeUeHUEM cyxuM adupow.
B kauecTBe TpPeXrajouJHOI'0 MWObAKA B CONBUMHCTBE CjvyaeB Npu-
MeHgeTCcs TPeXXJODUCTHI MHUBAK, WHOTHE - TPeXCDOMUCTHIA MH-
wbag [30].

TakuM 06pasoM, pPEAaKNUA TPeXTajouIHOr0 MHUbAKA C PTVTHO-
OpraHNYECKUMU COeNUHeHUAMU OTHOCHUTCA K TUMY JErKo NpoTeKa-
ouux. Hanpumep, OUSTHAPTVTH VXe NPU KOMHATHON TewmIe paType
¢ BHIENEHMeM TEINa BCTVMAET B PEAKIUOD C TPEXXHOPUCTHM MH-
mbAKOM, [€&anKUIUpVACh, BIpPOUEM, TONbKO OO0 CTANUM XIOpPUC-
roit srunprvru [34]. ApoMaTuueCcRUe PTYTHOOPraHuuecKue coe-
IUHeHUA TuUna szHg pearupvor ¢ TPEeXXJOPUCTHM MHIbAKOM C
o6pasoBaHueM CMeCH NEPBUUYHOI'O ¥ BTOPUYHOI'O &DUJXIOpapCu-
Hos [35,36]. [lpu moBwmeHHoit TeMmeparvpe (mo 200-230°C) u
U3CHTKE TpeXXNOPUCTOr0 MHUBAKA BOSMOXHO TOUTH MOJHOCTHL
pe BpaTUTh OUAPMWIPTVTH B 8PUALHXIOPAPCHH U XJIOPUCTVIO
prvre (II).

eTepecHo OTMETHUThL, UTO W 8pOMATUUECKUE DIVIHOODI 8HU=-
YecKHWe Coju THUMNa ﬂzHg.Hag- CNOCOGHN ApPUIUPOBATH TpeX-
XTOPUCTHI MWIbAK. 18K, H2 NpPUMEDE XAOPUCTON e HumpTvTH
NOKasaHO, YTO 3TOM C XOPOMMM BHWXOJOM (OIVYAETCH COOLHET-

CTRVOWMA BTOPMUHWI xnopapcud [37]. Tak kxar gudedumxnopap-



CUH jerko IJUCNponopuuMoHupyercsa B deHunmuxnopapcud u TpudeHmn-
apCcuH Vie MpyU TeMNeparvpe OKONo 150° B MPUCYTCTBUU CVIIEMN
K&K Karajusaropa, To Ind MonvueHus nubeHunxmopapcuHa ¢ jnvi-
mUM BHXOILOM ABTOPH MpennarapT BecTu oOMeHHOe pasnoxeHue He
CNUIKOM IUTENbHO. JTUM MONXOINOM WMM NOCTUIHVT BrxO0J NuUbeHMn-
xnopapéuﬂa, pasdNii 75% TeopeTudeckoro. Takum xe mvreM Owju
nonvuedw muaduswn - LBJ, muruesun~ [39] u gubvpunxmopapcuHw
[30, 81, 88].

Kak vxe OoTMEU&j0Ch BHME, VCIMemHOoe MojvueHUe BTOPUYHHX
XIopapcuHoB B3aumMoleACTBUEM DPTVTHOOPraHuuYeCKUX coeguHEe HUN C
Tpe XrajgougHFM MHIbLAKOM SaBUCUT TaKxke OT XapakTepa pafqukana.
Tak, danpumMep, XI0pUCTAA O-HUTPOPeHUNPTVTH HE pearupyver c
Tpe XXAO0PUCTHM MWIbAKOM LAXe MpY TeMreparype 200°¢ [B]; xmo-
pucTad 2-KapdoMeTOoRCHU-5-0poM=-4-PypuIpTyTh B38UMOJE ACTBYET C
Tpe X6POMUCTHM MHUIbAKOM, 8 C TDEXXJOPUCTHM MHNEbAKOM OGMEH He
nporexkaer [30].

llogHwe PTYTHOOPraHuuecKne CoeJuHeHud XUPHOT'O pAAa Mpu
B3AUMOLEHCTBYM C TPEXXNOPUCTHM MHIbLAKOM, MO-BUILUMOMY, CTMOCOG-

HN OTNABATh TONbKO ONUH paluKa; no vpapHeHusM [34,40):
ﬂﬂlszgf + fslls — > MK AsCL, + MHgCﬂ
Mk AsCly + MkyHg — Mr, RsCL + MK HgCL

U Tele
Brnepswe Hapamem ¢ COTPVIHUKAMU (41] Owmpo ycTaHOBIEHO, UTO
B3 auUMOJie iCTBMEM TPEXXJIOPMCTOr0 MWIbAKA C TETPA3TUNCBUHIOM

MonvyaeTCcAd CMeCh B3TUILUXNOP- U IU3TUNXIOPApPCUHOB.



(CZHS')L, Pé + Rs &3 ——+02H5 Rs Cez + P&Cﬁz + CE H5C€
(CaHs), PE + sz —> (CaHs ), RsCL +(CoHs), PECLy

llonvyuTe TaKUM OCPASOM I1€NeBWe MPOAVKTHW C VIOBIETBODU-

TeNnbHNM BNXOIOM, K&K U NpU B3aumolelcTBUU PTVTHOoOpraHuuec-
KAX COeIMHEHWUI C TpeXrajouIHrM MFUbAKOM, VIAEeTCA [OVIEM U3-
MEeHEeHUA COOTHOMEeHUA PEareHTOB U VCJOBUR NpoBeNeHUd peakruuu.
BonpIvio CKIOHHOCTH CBUHEINOPraHUYECKUX COENUHEeHUR K I[eajyKu-
AVPOBAHUD ¥ JeapUIMpPOBAHUO aBTODPH [42] oGbACHAKT TEM, YTO
npyu Tepexone OT KPeMHUA K CBUHUV yBenuUUBEETCH MOnApU3ye-
MOCTh CBASM MeTanjy - vIPjgepo], TPUTOM VMEHbHaAeTCH NPOCTpPaH-
CTBEHHOE B KpaHUpOBAHUE aTOMa CBUHIA OpraHuYeCKUMU paluKa-
navu, 4YTO ofneryaeT B3aUMOJEACTBUE CBUHEUOPIaHUUYECKUX COe-
OUHEHUI ¢ TpexXrapouNHNM MWIBAKOM ¥ IpVPuMKM aredramu (ramgo-
reHaMu, COjNAMU, MEPKANTAHAMU U LpP.). '

- B 60-vx rozax reTpasTUJCBUHElN ONj VCNEWHO NpUMEHEeH I
Kamaew u O.TarunoswuM [43, 44] mnd moavueHus BTOPUUHFX XIOP-

ApCUHOB C pasSIUUHNMU DPANUKAIEMA:

Az fsCl, + (C2Hs ), Pb —> 2 (C2Hs) isCL + PE (L, + CoHs (2,

rge Av=CeHs u N-CH3CeHy- _
llpy 3Toi peaxrnuu apuasTUAXNOPApPCUHN OHIU BHAEJEHH C BH-
xomomM 88-90%.
KpomMe TeTpasTUNCBUHUAE Iinf TNONVUEHUA BTOPUUHNX PanoreH-
apCUHOB TA&KXKe VCIEmHO NPUMEHATCA U ApPVIUe CBUHEUOPIaHU-

yeckue coeluHeHus, Hanpumep, Terpa-H-OVITu-TeTpaBUuHUICBUHEN



[(45] u np. llpu NpuMeHEeHUM CBUHEIOPraHUYECKUX COequHeHui

B KauecTBE BTOPOI'0 KOMIOHEHTA, BMECTO TpPEXIajougHOro M-

mbAKA, IPUMEHALTCH Takke ankun(apun)aurajoreHapcuHn, Takue
gaKx MeTunguopomapcud [46] , srunguuonapcud [47], ‘Pedunmn-
xnopapcud [48], n-Tonunauxmopapcud [49] u mp. [IpuBuneHHo-
MV MEeTONV MOonVUeHUA BTOPUUHWX &DPCUHOB OTHEIT [NPEUMVIIECTBO
U npvrue uccpegosarenu [50].

fupHre U apoMaTUUeCKUEe MarHUuiopra’HMuecKue coeluHeHUud
pearypvior ¢ TpexXrajougHNM MNUbLAKOM ¢ o0pasoBaHueM cMecu
rajounapc uHoB ¢ TPeTUYHWM apcuHoM [51,52]. lonrrka npume-
HeHUA MArHUAOPraHMYECKUX COeNUHEeHUH C [enbl mnojvyeHUA, Ha-
npuvep, Pedunguxnop- U JudeHUNXNOpPaApPCUHOB B3aAUMOLEUCTBUEM
3 KBUBAJNEHTHNX KOJNUYECTB TPEXXNOPUCTOr0 MHULAKE C OPOMUCTHM
PeHMIMardueN npusBena K HUUTOXHOMY BRXOLV [€JeBWX MpPOAYVKTOB
[53] . llpu usGHTke peakTuBa ['pUHBLAPA ¥ JOCTATOUHO IIUTEJb-
HOM BS8HUMOJEcTBUU, KAK USBECTHO [JQ,cmp.lS] y, TPEeTUYHWIH
apcuH ABnAeTCA OCHOBHWM MNPOLVKTOM peakyuu. [IosaTomy sta pe-
axnuA Haubonee mnpuUMeHuMa IS CUHTesa Tpuankui(apun)apcu-
HOB.,

OnHako, HecMoTpd Ha 8T0, MarduilopraHuueckue coenguHe Hud
UHOTJa VCTemHo NpuUMeHAwTcd OifA MNojavyeHud BTOPUYHWX rajoref-
apcuHoB. Jlejo B TOM, UTO 4TOM MFUbAKA B TPEXKOOPHUHMUPOBAH-
HFNX NPOU3BOLHNX B COJNbUEN CTENeHM uMeer pS-COCTOHHHe 3Ne K-
TPOHOB, BCjeICTBUE Uero cgMa Mojexrvyia oyner umerb hopwmy
TpPUI'OHanbHO# mnupamMungw. B TAKUX VCIOBUAX, €CTECTBEHHO, IOnA
nonvyeHus opraHuYeckux coeduHeHuly Mrmpara (L) Coxpmoe sHa-
uyeHue OvieT uUMeTh o0beM s3aMecTuTrend. MarHuiloprasuuecxue
coeUHeHUs U3-38 JerKOoi NOCTVIHOCTH NpuoCpeTanT nepBocTe-

neHHoe sHaUeHUMEe KUMEHHO TOrJa, KOIJa DONVYanT BTOPUYHWH



XnopapcuH o6beMUCTWRMY 3aMecTurensavu. Tax, IOU- oL -Haprun-
XJIOpapCUH € OOBOJNHBHO BHCORKUM BHXOZOM MOXHO MNOJVUYUTH B3&-
uMopeiicTBuUeM ol —HadTUAMArHuiCpoMmua C TPEXXJIOPUCTHM MH-
mpAKOM B 3dupHO#t cpeme (54] . C 59%~HWM BHXOLOM MojnvyaeT-
CA TAKXe MNUIIURIOrEKCUAXNOPAPCUH BSAMMOJE ICTBUEM TpE XXJo-
PUCTOr0 MREBSAKA C COOTBETCTBVONUM pearTuBoM ['puHpapa [17,
55,

MaraufopraHu¥eCcKuii CUHTE 8 UCMNONBLBYETCA TAKke Ind mony-
YeHWA BTOPUYHWX PaJOreHApPCUHOB U3 JHUan KUJaMUHOIUXNOPAapPCU-
Ha [56].

CviHoOCTh 5TOr0 METOIA COCTOUT B Clelyolem:

SropuuHre rajoreHapcuH~N, KaK apoMaTuyeckKme, TAK U anu-
bayryueckue, HaAYuUHaA ¢ IuOyTuUnrajouapcuHa noayyaorca C
XOpomuM BHXOILOM B3auMojeiicTBuem peakruBa ['puHbApa ¢ nuan-
RUNaMUHO X OpapcHHaMd (IpolVKTH B3auMole fCTBUA NuanKWjIaMu-
H& C TPeXXNOPUCTWM MHOBAKOM) U mocyenvioueil o6paboTkoil KOH-
UeHTPUPOBAHHOK IanoreHBONOPOLHON KMCHOTO#. XUMUSM 3TOI'O
MeTOo8 OMUCHBAETCHA COBOKYIHOCTBHI CHeIVUNUX MOCjeJNoBaTe b~

HHX peaxuuii:

a. 2R,NH + (25hs —>RoN-AsCly +[RyNHz] (L
6. RoN-AsCly + ,Q,RM3H€9 —> E;‘N—ﬁsﬁz +2 My Cl g,
5. RyN-AsRy + 2HHLy —> R NHa THig. + RoAsHey

Beunv Toro, UTO AMUHONUXJIOPAPCUHH IULDPOJIUTHUYECKU Kpaii-
He HeyecToiUuBH, InA CHUHTE38 BTOPUUHKX IajoreHAPCUHOB CUU-
TAOT 11€7€CO06PASHNM UCIONb30BATh HE UUCTHE aMUHOXIOPAPCU-

HH, 8 CWpPO# MPOILVKT BSAUMOIE ACTBUA TP XXJIOPUCTOI0 MHUbAKA



CO BTOPUYHNMU AMUHAMU [pU MoxsApHOM cooTHoweHuu 1:2. PacTmo-
pUTEeNEeM TpU 2TOM CRVxUT adup unu cMech sdup-6eHson.

[lpyBe feHHWM METOLOM VCHEmMHO TojayYaloTcsd COOTBETCTBYbUUE
$rop-, xmop- u OpoMapcuHN. CuUMMETDPUUHWE BTOPUUHNE XJIOPAPCU-
Hi GeyIM TONVYEHH TAKXe B3aUMONEeMCTBUEM anOMUHUi- [57 |, onoBO-
[58] u npvrux MeTannmopraHMYecKUX COoeNUHEHWN C TpexXiopuc-
THM MHIbAKOM.

CviecTBYOT U OpPYrue cmocolfw monvueHud nuankun(apun)ra-
nT0TeHAapCUHOB UM, CHeNoBaTenbHO, oOpasoBadud HoBwx As =C
cBASeil, TaKWe KaK apUnupoBaHUe OeHS0JOM SNKUNLUrAnOre Hapeu-
HOB [59];

R.ﬁSHegg + CgHs % EPﬂ,ﬂst?? + Hh‘ﬁg,,
B3AUMOJE iCTBUE MepPBUUHHX [ajole HAPCUHOB ¢ ankuHawmu [19,
crp. ¥, onHAKO 3TM MOCNEJHME CHOCOGNW He HANIU BCEOOUEro
NpUSHAHMA UB8-38 MHOUOCTANUAHOCTU CUHTESa uUny HUSKUX BHXO-

OOB HejieBHX NPOAYKTOB.

1.1.2. MeronH CUHTESa BTOPUUHHX rajor'eHaApCUHOB,
NpUBOOAUMe K USMEeHeHU©D QYHRUUM MHIbAKO-
Bo I'0O OCTATKA B MOjeKyne
HecummveTpuuHNe BTOPUUHHE rajoreHapCUHN yIoO6Hee BCero
NMONVYUTEL BOCCTAHOBIEHUEM COOTBETCTBVOUUX &PCUHOBWX KUCJOT.
Tag, eue B 1881 r. Jia Kocrou [60] Owno mokasaHo, UTO 8pCU-
HOBNE KHUCJIOTH BOCCTAH&BJIUBAITCA B KUCJHOH Cpele TpeXxJopuc-
M focdopoM Lo COOTBETCTBVOWMX CamOUmHWX ankui(apun)apcu-
HOB .
RJQSO3 Hz : 5 P(‘fzs ———avRﬂSC@z +HP03 +HCL
RzﬁSOZH + PC,€3+H20 —> R AsCL + HPOs + 2HCE



Mouru B TOT %€ mnepuol Meitepom [61] Grn paspaGoraH Ha-
uGonee vIOCHHWI METON MOJVUEHUA &J]KUTAPCUHOBWX KuCjoT (wme-
mron Mefiepa). OueHb BAXHWM pacmupeHueM OCNECTHU NPUME HEe HUR
weroga Meiiepa sBunace oTkprrad Oxe [62] peakuus coneit ap-
COHUCTKHX KUCJIOT C PanouLNpOUSBONHWMU C oOpasoBaHUEM COOT-

BETCTBVOUUX BTOPUUYHWX APCUHOBHX KUCJOT [0 VPaABHEHUAM:

a. RAs(ONa), + R'y —> RR AsOgNow + Nad
5. RR'AsOpNa, +H(L —>RRAsOH + Na.CL

Ylc XoqHFMU BelleCTBaAMU IJA MNOJVUEHUSA ANKUIAPCUHOBHX KU-
CIOT B OCHOBHOM CHYXAT anKujpgurajoreHapcuuw [63,64] , a
IUEPUNTAPCUHOBNE KUCIOTH MONVUENT NUa30MeTOL0M [lQ,cmp.5f}.

HvxHO OTMETMTH, UTO C TeX mop Auankun(apun)apcuHoBHe
KWCJIOTH Cpelu BCeX RIaccoB CoeJuHeHH{i MWUbAKA Hamju MUpo-
KOoe MNpUMMEeHEeHUe B CUHTE3e BTOPUYHNWX lajoreHapcuHop. Paspa-
GoTaHy pechMa VIOOHNWE METONN BOCCTAHOBHNEHUT Iuankuin(apun)-
ApCUHOBNWX KHUCJIOT [0 COOTBETCTBYOUWUX rajoreHapcuHoB. Hpome
BOCCTAHOBJEHUA TpexxmopucTHM dochopom, o uem Orio CKa=aHo
BrRUIE, BTOPUYHNWE AapCUHOBNE KUCJOTH BOCCTaHABJIUBAWOTCA B KUC-
J0ii cpelle CepHUCTHM rasou[52,65], runodpocduroM HATpUA [66,
67], xnopucTHM TuoHmwnoM [68] u Ap. /8 mepeuucieHHWX BOSMOX-
HOCTE# BOCCTAHOBJIEHUA BTOPUUHWX BPCUHOBHX KUCIOT Hamboynee
yacTo UCTONb3VeTCHd BOCCTAHOBJEHUE CEpPHUCTHM rasoM. Peaxiud

BHNpaxaeTcd oluelt cxemoi:
RZHSO_QH + HL +502 —-—PRZ)QS:T, +H250q

BuGop cpeld Inf BOCCTAHOBJEHUA 38BUCUT OT TOr0, B KAKOM
BUIE XejaTejbHO UBONMPOBATH MONVYEHHWH nponykr. Tak, B co-

NAHORUC oK cpele OHnM CUHTE3UpoBAHW nubeHuUR- [6Q], 2-HU-



rpogubesnn- [?70], 3,3 -muavmsomubennn- [71] , sTua-, npo-
nuwn-, aTunsvrun- [72), verun(3-aurpodenun)- [18], wmeTun-
(3-amuHO-4-okcudeunn)- [70], deunn(4-Gpombenun)- [?78],
srun(2- mubenun)- [74], deuun(4-veroreudesun)xiopapcun

[75] u mpvrue xpopapcuHW. CUHTE3 BTOPUUHKNX OpOMAPC UHOB
BOCCTAHOBJEHMCM COOTRETCTBVOLUX 8PCUHOBWX KUCJOT CEPHUCTHM
rasoM B cpele OpoMUCTOBOLOPOIHON KUCJIOTH OmMACaH B padorax
[18,4?,?6—?8] , 8 MONapPCUHOB B Cpelle UOLUCTOBOLOPOMHON KU-
CHOTH - B [47,79,80]. Bo Bcex cpydyagx BOCCTAHOBAEHUE OH-
cTpo ¥ IJafKo TpPOTeKaeT upu NoOaBireHMM MON&, UOJUCTOIrO
KanUA Wa¥ MOMUCTOBOJOPOLHON KUCIOTH B KauyeCTBE KaTajlusaro-
poB.B OTCVTCTBUE KATANM3aTODPa DEAKIUA NPOTEKAET BECHhMA
vMennedHo [65].

Hamo vVUMTWBATH, UTO NPU BOCCTAHOBJEHWUM CEPHUCTHM ra-
30M HEeKOTOPNX IUAPUNAPCUHOBHX KACHOT MHOIZA HaACGNOIATCH
noGoYHrWe ¥ BTOPMUHNWE peaknuu. Tag, B pAge ciydaeB OLHOBpE-
MEHHO G BOGCT&HOBJEHHWEM TNPOUCXOLNUN PAaspwWB unmbﬁn—ypnepoﬁ—
HO#t cBAsW [81-84].

Bropmusne rajoreHapcuHN MOXHO MOJAVUUTHL TaKXe I€ajRuiu-
DOBAHUEM WM JeapUIUpOBAHUEM NUIajoreHumoB Tpuankui(apurn)-
apcuHoB [19,cTp.156]. DT0T cHoco6 CHHTE38 TMPUMEHAETCA B
ConbmUHCTBE CHVUEEB IUIA NONVUEHHUA CUMMETDPUUHNX IUAJ KUI-
(apun)ranoreHapcuHos. [nd 3Toil mend BsauMoleifCTBUEM TpPETH-
YHNX QpCUHOB C IajoreHaMu MONYYAWT COOTBETCTBYOWUE IUIao-

PeHUAN TpUaNKU(apus)apCuHoB :

RSHS + Hegfz i R_gﬁSHeg,g:

ree  Heg = &, B u J .

Peaxnua gBnAeTCA BecbMa ofueii; rajoreHH jJerKO MPUCOELU-



Hfer kak mupHre [85-87], apomaruueckuwe [60,crp.34; 88,89],
Tag U cmemaHHwe [67,90,91] TpeTuuHwe apcuHMW.PacTBopuTeneM
cnyvrur Geuson [92], nerponeituwit afup [85], xmopotopm [86,
93], uerwpexxuopucTHit vrnepon [94] u gp. TonvueHHNe BTHM

mvTeM OUTanoreHuAN TNOLBEpPrawnTCs TUPONUSY NpPU OGFUHOM [aB-

neHuu. Peaxuuda pwpaxaercd oOueit cxemoii:

RyhsHeg, b s RyhsHey +RHEy

[lpn TepMuueckoM pasjoXeHUM OUranoreHunoB Tpuankunlapun)-
ApCUHOB THMA E'R”R”Uﬂ3HQ32, Takxe 06pasyOTCA BTOPUYHWI
rajore HapCcuH u fanomnﬁwﬁ QnKUg UAU apui. Onﬂako, K coxane-
HUD, JO CUX MOp HAKOIIEeHHOI'O Marepuanya HeNOCTaTOUHO, UTOOH
chopMynupoBaTH MPABUNO, [0 KOTOPOMY MOXHO GHmo OH Npensu-
IeThb, Kakoy UMEHHO pajuKay OTUENUTCA B BUOE IajorleHNpOus-
BogHoro. [lpuMepw TepMUUECKOI'O DpaBSNOXEeHUA OUrajoreHuUnoB, &
TaKXe OUIUAHUIOB TPEeTUYHNX APCUHOB LOBOJBLHO MOJLPOGHO OMA-
caiv B [19, cTp.157]. B cBASM C BTUM MOXHO CKa3a&Th, qrohﬁa—
udonee nerko, ve TMpHU 30—50°C, pasyparaprcda OUXNOpPUL TpuUMeE-
runapcuHa [95] ¥ nmepuonun TeTpameTunapcodua [96]. 'opasno
yame nMponus TpebfyeT HarpesaHusd 1o 150-200°C u srme.

Buc-(IuanKunapcuH)OKCULN JEePKO Pearupvior ¢ rajoreHoBO-
NOPONHNMU KUCJIOTAMU C o0pasoBaHueM COOTBETCTBYLUNX LUANKHI-

(apun)ranoresHapcudos [97,98] :

Bce Ty pearnuu oOparTumy. YToSw CIOBUHYTH paBHOBECHE
BNpPaBO, B CMECh MPOMYCKALT rasoo6pasHNWii rajore HOBOLOPOI.
Takum nvreM Ownu cuHTesupoBaHw dedun(4-xymophesun)-, derun-
(4~Cpomdpenun)- u M-ronundesEmaxnopapcun [737; mudeaun-



[99] u werun ( & -Hadrum)OpoMapCUHH [100]; ¢euun(2-uurpo-
beuun)-, merun(3-amuto,4-okcuderun)- u dermn(2-merorcude-
HULI ) MO 1 8pCUHH [70]. BsauMozeiicTBUEM PTOPUCTOBOLOPOLNHON Ku-
CJNIOTH C Gmc[Mei'Hn( ok —gadTun)apcuH | OKCULOM TONVYEH MEeTUn-
( o -padrun)dropapcut u Ap.

B ouc[ muankun(apurn)apcud_| OKCUAAX KUCIOPO] 8aMelaercs

XNOpOM U TpU BSAUMOJEHCTBUM C XJOPUCTHM CVIbPypunom [101]:

lpr BSauMOJEHCTBUM C rajoreHUIAME WeNOUHHX MeTAansoB
( Noo, K ) muanxun(apun)XiopapcWHN MpeBpalanTcd B COOTBETCTBY-
omue OpoM- M MOJ&PCHHW. [lpoTeKaHWe 8TO! PeaKIUM CBA3EHO C
Me Hpme f PACTBOPUMOCTHO B OPraHMUECKUX PACTBOPUTENAX XIOPUC-
THX HATDUA ¥ KANIUA TO CDABHEHMO C CDOMUCTHMU U MOSUCTHMU

COonAMM :

QZ!QSCE + NaBy —> Ry #sBz + NalL

Insa oTUX peaKuil pacTBOPUTENAMU MOL'YT CIVEUTE a0CO]OT-
HHﬁ aTunoswi cmpr [102,103], amerod [100,102,104-106] u
np. [107]. Mcnonpsya cBoiicTBa rajoreHunos cepedpa - yMeHb-
meHue pACTROPUMOCTH B DALY ReF > Ag CE > ,4ng> /933
[108], ~ peaxumeit oOmeHa ylaeTcs sauecmrqpanorea B ramo-
reHapcuHax Ha Oojee JNETKUN.

C ofpasoBaHUMEM BTOPUYHKX rajoreHapCUHOB UAVT DpeaKiIuu
¥ TpY B3&UMOJEMCTBUU AnKUNOBHX adupoB muanmkui(apun)apcuHuc-

THX KUCJOT ¢ TpeXxpropucTwy GopoM [109] U KOHIEHTPUPOBAHHOH

consoir xucyoro#r [110].

(CF) hs0Bu-t +BFs —>TsChhsF + t-BuOBFH




1.2 CuHTEs BTOPUUYHNX ApPCUHOB

BropuuHne apcuHH RoflsH MOXHO paccMaTpUBATH KaK &ap-
cu ( ﬂsH3 ), Dme IBa aTromMa BOJOpOIa 3aMelleHH opraHuuec-
KUMK pajukajaMu. B MOj€Kynax STUX COENUHEHUNR C aToMoM
MHIbAKA MOIVT OHTH CBAS&HH JUO0 aiKUNbHHE, NUG0 apusbHHE
paqukanH, nufo M Te U Apyvrue. Eciau pagukanH oTIUYEAOTCH
opvre ot gmpvra ( RR'AsH ), Takoil BTOpMUHHII apCcuUH HaSHBAa-
ercqd HeCcuMMeTpUYHHM. o

Kax yxe rOBODUIOCH BHINE, CPENU MEeTAOpraHudYecKux Co-
eqUHEeHU OpraHuvyecKue MpoUsBOJHWE MHUbAKA 34HUMANT OJHO U3
MepBNX MECT MO VCTOAYMBOCTHU CBA3U C YInepoJjoM K IeiCTBUL
BOIOH, MUHED&NBHHWX KUCJIOT, K HarpepaHuo U gp. llHaue o6CTOUT
Ieno C VCTOMYUBOCTHL [0 OKUCJIEHUK BTOPUUYHNX APCUHOB: OHU
BechpMa UVBCTBUTENBHH K BO3IVXYV, a HEKOTOpHE, KAK Halnpumep,
HUBMUE BTOPUUHNWE APCHUHN XUPHOI'O DPAlA BOC [IaMe HAOTCSA HA BO3-
IyXe, MO3TOMY C TepPBUHHMU M BTODPUUYHHMU &aPCUHAMU HE 00 XOIUMO
pafoTaTh B Cpelle UHEepPTHor'o rasa.

 Jlo HACTOAWEro BPeMEeHM W3BECTHNWE METOIN CHUHTE3a BTOpPUY-
HWX 8pCUHOB, K&K ¥ METONN MoJyueHus OuUayrua(apuj)rajoreHap-
CHHOB, MOXHO pasienuTh Ha JgBe rpymmH. [lepepadg rpynna o6benu-
HAET peakiUy BOCCTAHOBIEGHUA PaSJIUUYHHX OpPraHUYEecKuUuXx coenuHe-
HUf MWUbAKA, B MpOUECCe KOTOPHX He USMEHAETCA OCHOBHOU CKe-
neT MoinexviN. CbIa OTHOCATCA PEAKIUM COOTBETCTBYWILUX rano-
regapcrHoOB, APCUHOBWX KUCJIOT U Igp. C pasHWMHM BOCCTAHOBUTE-
nava (nuvgr, nurnikop~ u NUTUKanOMEHOrUOPUL, WEJOoUHHEe MeTasn-
TH U IDP.).
Ko BTOpoOit rpvime MeToOLOB OTHOCATCHA peariuuu, B IMpolrecce

KOTOPHX CO3Ja0TCA HOBHE MNIbAK-VIJEPOLHNE CBASH.

CuMMeTpuUHWE BTODUUHEE APCHUHF BNEDPBNE ORIU NONVYE HH
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