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(54) BATAPESI HA OCHOBE CEPAOPTAHUYECKHUX COEJUHEHUM

(57) Pedepar:

N3z06perenue OTHOCHTCS K Garapee,
CcoJiepKalllei: a) aHOMd, COJEp)KAIIUA AHOJIHBIN
AKTWMBHBIM MaTepHUaJl, BKIIIOUYAIOIINAN HATPUM, TATUIA
WK CIUIaB, WIM KOMIIO3UIMIO IO MEHBIIEH Mepe
OIHOTO U3 HATPUS WU JIUTUS C TIO MEHbIIEH Mepe
OJIHUM JIPYTUM METAJJIOM JIjIsl 0OecrieueH s UOHOB,
b) karox, coaepKallMd KaTOAHBIA AKTUBHBIN
MaTepuas, COAEpXKallMi JJIEMEHTAPHYIO CEPY,
3JIEMCHTAPHBIA CEJICH WM CMECh 3JIEMEHTapPHBIX
XaJIbKOTE€HOB,; u c) MPOMEXYTOYHBIN

Crp.: 1

PAa3dEIUTENbHBINA 3JIEMEHT, PA3MEIICHHBIM MEXIY
AHOJIOM M KaTodoM, 3aJeHCTBOBAHHBINA  IJIS
pa3aecHUs pacCTBOPOB JKHUAKOTO MU TeJIc00pa3HOTO
3JIEKTPOJINTA, COINPUKACAIOIIMUXCA C aHOIOM H
KaTOAOM, uepe3 KOTOpble HMOHBI MeETala U HX
IIPOTUBOUOHBI IIEPEMELIAIOTCS MEXAY aHOIOM U
KaTOJOM BO BpeMs LMKIIOB 3apSAKUA U PA3PIOKU
Oatapew; TPU OSTOM PACTBOPBHI JKUAKOTO WU
reie00pa3HoOro IEKTPOIIUTA COIePKAT O€3BOTHBIN
TIOJIIPHBIA  OECIIPOTOHHBIN  PACTBOPHUTENTb WU
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MOJIMMEP U MPOBOISILIYIO COJIb U BBIMOJHAETCS 110
MEHBIIIEH MEpPE OAHO U3 yciioBui (i), (i) wm (iii): (1)
10 MEHBIIIEN MEPE OJIMH U3 PACTBOPOB KUJIKOTO WIH

reeoOpa3HoOro  JNEKTPOJUTA  JOTOTHUTCIIHHO
COOCPKUT o MeHbIEN Mepe OJIHO
cepaopranmyeckoe  coenuHenue; (i)  Kartop

JIOIIOJIHUTENIBHO COCTOMT M3 IO MEHbLIEH Mepe
OJHOTO CEPAOPTaHUYECKOrO0 COoeauMHEHHus; (iii)
IIPOMEXYTOYHBIN pa3aenuTenbHbII DJIEMEHT
CONEPXUT (PYHKIMOHATIM3UPOBAHHBII TOPUCTHIN
IIOJIUMED, COAEPXKAIIMNA IO MEHBIIEH Mepe OIHO
cepaopraHvdyeckoe  coeauHenwe. Ilpy  sTtom
CepaopraHuyecKoe COeIMHEHNE BEIOPaHO U3 IPYIIIbI,
COCTOSIIIE M3 OPraHUYecKOro MOJUCYIbhUIA

hopmyibt Rl-S-Sn-Rz, rae R' u R? HesaBucumo
ABIIAIOTCSL opraHuueckuM ¢parmeHToM C-Cyg,

KOTOprfI MOJET OBITH JIMHEWHBIM, Pa3BETBJIICHHBIM
HJIn IUKJINYHBIM aJ'II/I(baTl/lLIeCKI/IM nim
apoOMaTU4YCCKUM, H KOTOpLIﬁ MOXKET B KadcCTBEC

35—+
3.5

JIOTIOJTHEHUSI COAEPKaTh OJHY WM HECKOJIbKO
(hbyHKIMOHAIBHBIX TpyI, BKirouatonmx N, O, B, S,
Se, Si, Sn, rajoreH W/wWiIM MeTaJUI, a N SBIISETCS
[EeITBIM YWCIIOM, paBHBIM 1 WM OoIbIle, U

OPraHUYEcKOTO THoNAaTa (OPMYIIBI R'-S-M wm

OPraHUYECcKOTO MOJIUTHOIATA (HOPMYJTBI RI—S—SH—M,

rae R! smsieres opranmuecknm gparmentom Ci-Cap,

KOTOPBIN MOXET OBbITh JIMHEHHBIM, Pa3BETBICHHBIM
WU UKITAYHBIM anmipaTAICCKIM WIH
ApOMATUYECKUM M KOTOPBIH MOXET B KadecTBe
JIOTIOJTHEHUS COJEPXKaTh OJHY WM HECKOJIbKO
(yHKIMOHATBHBIX TpyI, BKiodatonmx N, O, P, S,
Se, Si, Sn, rajoreH W/wiau MeTasl, rae M sIBiIseTCs
JIUTUEM, HaTPUEM, YETBEPTUYHBIM aMMOHUEM WIIU
YeTBEPTUYHBIM (PochOHMEM, a n SBISIETCS LEIbIM
YUCTIOM, paBHBIM 1 unm 6ombie. batapes obnamaer
YIIYUYLIEHHON TPOU3BOAMUTENIBHOCTBIO BO BpEMS
ITOBTOPHBIX IUKJIOB 3aPSAKU M pa3psaku. 10 3.10. -
abl, 1 v, 13 np.
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(54) BATTERY BASED ON ORGANOSULPHUR COMPOUNDS

(57) Abstract:

FIELD: electricity.

SUBSTANCE: invention relates to a battery
comprising: a) an anode comprising an anode active
material comprising sodium, lithium or an alloy or
composite of at least one of sodium or lithium with at
least one other metal for providing ions; b) a cathode
comprising a cathode active material comprising
elemental sulphur, elemental selenium or a mixture of
elemental chalcogens; and c) an intermediate separator
element positioned between the anode and the cathode
acting to separate liquid or gel electrolyte solutions in
contact with the anode and cathode, through which

Crp.: 3

metal ions and their counterions move between the
anode and cathode during charge and discharge cycles
of the battery; wherein the liquid or gel electrolyte
solutions comprise a non-aqueous polar aprotic solvent
or polymer and a conductive salt and at least one of the
following conditions is met: (i), (ii) or (iii): (i) at least
one of the liquid or gel electrolyte solutions additionally
comprise at least one organosulphur compound; (ii) the
cathode is additionally comprised of at least one
organosulphur compound; (iii) the intermediate
separator element comprises a functionalised porous
polymer containing at least one organosulfur species;
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wherein the organosulphur compound. Organosulphur
compound is selected from the group consisting of an

organic polysulphide of formula RI—S-SH-RQ, where R!

and R? are independently a C-C,( organic fragment

which may be linear, branched or cyclic aliphatic or
aromatic, and which may optionally contain one or more
functional groups, including N, O, B, S, Se, Si, Sn,
halogen and/or metal, and n is an integer equal to or

greater than 1 and an organic thiolate of formula R-SM

or an organic polythiolate of formula RI-SSn-M, where

38
3.5

Rlisa C-Cy organic fragment which may be a linear,

branched or cyclic aliphatic or aromatic and which may
optionally contain one or more functional groups,
including N, O, P, S, Se, Si, Sn, halogen and/or metal,
where M is lithium, sodium, quaternary ammonium or
quaternary phosphonium, and n is an integer equal to
or greater than 1.

EFFECT: battery has improved performance during
repeated charge and discharge cycles.

11cl, 1 dwg, 13 ex
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OBJIACTb U3BOBPETEHU A

N300peTeHre OTHOCUTCS K OaTapesM, UMEIONIUM aHOJT Ha OCHOBE HATPUS, JIMTUS UITH UX
CMECH, WJTHU CIJIaBA UM KOMITO3ULIUU HATPUS U/UJIH JIMTUS C OJTHUM MJIM HECKOJIBKUMU IPYTUMU
MeTaJJTaMU, U KaTOJ Ha OCHOBE AJIEMEHTAPHOW CEePbI, CeJIEHA UITM CMECH 3JIEMEHTAaPHBIX
XaJIbKOT€HOB, IIPU TOM aHO/T M KATO/T pa3/IeIISIFOTCS Pa3AeIMTEIbHBIM 3JIEMEHTOM C PACTBOPOM
KUJIKOTO WK TeJIe00Pa3HOro 3JIEKTPOIUTA IMTPOBOISIIEH COJIU B 0€3BOTHOM OIS PHOM
OECITPOTOHHOM PACTBOPHUTEIIE UITH ITOJIMMEPE, COMTPUKACAFOIIIEMCS C 3JICKTPOIaMHU.

[TpenmnochlIku co3manust U300peTeHust

DIIEKTPOXMMHUECKHUE OaTaper SIBIISIOTCS OCHOBHBIMU CPEJICTBAMU /ISl XpAHEHUS 1
MPOU3BOACTBA 3JIEKTPUUECKOM sHepruu. BenencTBre pacTymx noTpeOHOCTEN B 9HEPTUU
JUIS1 QJIEKTPOHHBIX, TPAHCIIOPTHBIX U IHEProcOeperarovx MPUIIOKEHUN B OyayiemM OyaeT
CYIIIECTBOBATh HEOOXOAUMOCTD B OaTapesx ¢ eIie OOJIbIIUM 3al1laCOM MOIIHOCTH U
MIPOU3BOAUTEIBHOCTBIO.

BcenencTBre nx Maioro Beca v BBICOKOM 9HEPTrOEMKOCTH IO CPaBHEHUIO C APYTUMH TUITAMU
OaTtapeil, HauMHas ¢ paHHUX 1990-X I'T. TUTUN-UOHHBIE OaTapeu MUPOKO UCIIOIb30BATUCH
IS TIEPEHOCHBIX AJIEKTPOHHBIX TPUIOKeHUH. OTHAKO TEKYyIIast TEXHOJIOTUS TUTHUI-UOHHBIX
OaTapeit He COOTBETCTBYET BHICOKMM MOTPEOHOCTSM MOIIHOCTU M SHEPTUM JIJIsT OOJTBIITUX
MIPUJIOKEHUM, TAKUX KaK 9HEProcOeperarome Ui 3JeKTPOTPAHCIIOPTHBIE CPEACTBA C
JAIBHOCTBIO Mpo0era, COMOCTaBUMOMN ¢ TPAHCIIOPTHBIMU CPEJICTBAMU C JIBUTATEIISIMU
BHYTpeHHero cropanus. Takum obpa3om, OOJIbIIIKE YCIIEXH B HAYYHO-TEXHUUECKUX
COOOIIIeCTBAX MPOJAOJDKAIOT BBISIBIIATE OaTapen ¢ 60J1ee BEICOKOM IMIIOTHOCTHIO SHEPTHUU U
9HEPrOEMKOCTHIO.

Harputii-cepHble ¥ TUTHIA-CEPHBIE ATEKTPOXUMHUUECKHE JIIEMEHTHI IPE/JIararoT eIie
OOJIBIITYIO TEOPETUYECKYIO SHEPTOEMKOCTD, YeM JINTUH-UOHHBIE 3JIEMEHTHI U, CJIEIOBATEIBHO,
MPOJIOIKAIOT BBI3BIBATH UHTEPEC B KAUECTBE CUCTEM OaTapell «CIIEAYIOIIErO MOKOJICHUSI».

DIEKTPOXUMHUUECKOE TTpeoOpa30BaHUE AIEMEHTAPHOM CEPbl B MOHOMEPHBIN CYIIh(UT (SZ')
npeyiaraeT TeOPETUIECKYI0 eMKOCTh B 1675 MAY/T 1o cpaBHeHUIO ¢ MeHee yeM 300 MAu/r
JUTS IMTUA-UOHHBIX 3JIEMEHTOB.

Harpuii-cepuble 6aTapen ObUIM pa3pabOTaHbI U BBIYIIEHBI B KAUECTBE KOMMEPUYECKUX
cucreM. K coxarenuto, j1s1 paboThl HATPUN-CEPHBIN JIEMEHT, KaK MPABUIIO, TPEOYET BHICOKUX
temriepatyp (cBoite 300°C) u, criefoBaTEIbHO, OIXOUT TOJIBKO /71 OOJIBIIMX CTAIMOHAPHBIX
[IPUIIOKEHUM.

JIuTuii-cepHbIe JEKTPOXUMUYECKHUE IEMEHTHI, U3HAYAJIBHO MMPEACTABIICHHBIE B KOHLE
1950-x 1 1960-X, TOJILKO ceiuac ObLIM pa3padOTaHbl B KAUECTBE KOMMEPUECKUX CUCTEM
OaTapeii. DTU 3JIEMEHTHI MPEIAral0T TEOPETUUECKUE TNIOTHOCTHU YIEIbHOM SHEPTHU CBBIIIE
2500 Btu/kr (2800 Btu/i1) mo cpaBHeHUIO ¢ 624 BTu/r 17151 TMTUHA-UOHHBIX.
ITponeMOHCTpUPOBAHHBIE TNIOTHOCTH YJIEIIbHOW SHEPTUU 151 IMTUI-CEPHBIX 3JIEMEHTOB
HaxoaaTcsa B auana3one 250-350 Bru/kr o cpaBHenuto ¢ 100 BTu/r a1 TUTUIA-UOHHBIX
9JIEMEHTOB, IIPU 3TOM MEHBIIIUE 3HAUEHUS SIBIISUTUCH PE3YIbTaTOM CHEelU(pUIECKUX
0COOEHHOCTEM 3JIEKTPOXUMUUYECKUX MTPOLIECCOB JJISI 3TUX CUCTEM BO BPEMSI 3aPSIKU U PA3PSIIKH.
[TockonbKy NEeHCTBUTENBHBIE YACIbHBIC SHEPTUU JIUTUEBBIX OaTapeil, Kak MpaBulo,
COCTaBIAIOT 25-35% OT TEOPETUUYECKOTO 3HAYEHHS, TO ONTUMAJIbHAS JEHCTBUTEIbHAS
yieJbHasI QHEPTUsI JIJIsI TUTUN-CEPHOM CUCTEMBI OyI€T COCTABIISThH MpUbIM3uTenbHO 780 BTu/T
(30% ot Teopetuueckoit) [V.S. Kolosnitsyn, E. Karaseva, 3asiBka Ha [Tatent CIIIA No2008/
0100624 Al].

JIuTnii-cepHbI XMMUUYECKUI COCTAB MPEIIATaeT Psii TEXHUUECKUX TPYAHOCTEH, KOTOPBIE
MPENSITCTBOBAJIM PA3pa00OTKE ITUX IJIEKTPOXUMUUYECKUX IJIEMEHTOB, B YACTHOCTH CIIa0yI0
HUKJIMPYEMOCTD pa3psaku-3apsiakd. OQHaKo BCIeICTBUE HEOOIBIIOTO Beca, HU3KOM
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CTOUMOCTH, BBICOKOW S3HEPTOEMKOCTH, CBOMCTBEHHBIX I JIMTUH-CEPHOTO 3JIEMEHTA,
CYLIECTBYET OIPOMHBIN UHTEPEC B YIIYUIIEHUHA TPOU3BOIUTEIBLHOCTH JIMTUN-CEPHOM CUCTEMBI,
B mocyeaaue 20 JJeT MHOTUMU UCCIIEIOBATEIISIMU 110 BCeMY MUPY ObLTa BBITIOJIHEHA OTPOMHAs

pabota s permieHus 3Tux npooieM [C. Liang, et al. in Handbook of Battery Materials ond Ed.,
Chapter 14, pp. 811-840 (2011); V.S. Kolosnitsyn, et al., J. Power Sources 2011, 196, 1478-82;
Y HaXOJAIIHUecs TaM CChUIKH].

KoHcTpykius snemMeHTa 1S IMTUI-CEPHOM CUCTEMBI, KaK MTPaBUIIO, BKIIIOYAET:

AHOJI, COCTOSIIINI U3 METAJUTMYECKOTO JIMTUS, TUTUEBOTO CILJIABA WJIM KOMITO3UIMOHHBIX
MaTepHUalioB, COAEPpKAIIUX JIMTUMA.

WNHepTHBIN, HO OPUCTBIN pA3IETUTENb MEK/Y AHOJIOM U KaTOJOM (3a4acCTyI0 HA OCHOBE
MOJIUITPOTIUIIEHA UJIM OKCUJIA altoMuHus). Hamuuue 3Toro pasaenuresisi IpuBOAUT K
PAa3[IETIEHUIO OTCEKOB AHOJIMTA U KATOJIUTA.

[TopucTslit, comepxaluii cepy KaToJl, KOTOPhI OOBEANHSIET CBSA3YIOIIEE BEIIECTBO
(3a4acTyro Ha OCHOBE IMOJIMBUHWIMAEH(MTOPUIA) U MATEPHUAJI C YIIYUIIIEHHON TPOBOIUMOCTBIO
(3agacTyro Ha OCHOBE I'paduTa, Me30IOPUCTOTO rpaduTa, MHOTOCIIOMHON YIIIePOIHOM
HAaHOTPYOKH, rpadeHna).

DIIEKTPOIIUT, COCTOSIINN U3 TTOJISIPHOTO OECIIPOTOHHOT'O PACTBOPUTENIS U OJTHOM WIIU

HECKOJIBKHUX MpoBoasmx auTueBbIx cone [(CF3S0,),N°, CF3S057, CH3S05, ClO4 , PFq,

ASF6_, T'aJIOTCHOB U T.I[.]. PaCTBOpI/ITCJ'II/I, HCITOJIB3YEMBIC B OTHUX 3JICMCHTAX, BKIIIOYAIOT

6a30Bble (00pa3yIOIIME C KATUOHOM KOMILIEKC) OECITPOTOHHBIE MOJISIPHBIE PACTBOPUTEIH,
TaKue Kak cyJb(oiia, AMMETUICYIb(POKCUI, TMMETUIALETaMU/I, TETpaMeTUIIMOYeBUHA, N-
METUIITMPPOIUAMHOH, TETPAdTUII Cyb(amus, Terparuapodypat, metwii- 1T D, 1,3-mrokcomnaH,
JUrauM U TeTpariuM. CiaadomnoasipHble paCTBOPUTENN HE MOAXOASAT BCIEACTBUE ClIaboi

IPOBOAMMOCTH M HU3KO# TIPUTOIHOCTH JUTS CONMbBaTAaIMu coenuHennit Lit, a mporonnsie
PACTBOPUTENM MOTYT BCTYAaTh B PEAKLMIO C METAJIIMYECKUM JIMTUEM. B TBEpAOTENBHBIX
BapUaHTax JIMTUIA-CEPHOTO 3JIEMEHTA KUIKHAE PACTBOPUTEIIN 3aMEHSIOTCS ITOJTUMEPHBIMUA
MaTepualiaMi, TAKUMH Kak ITOJIMITUIIEHOKCHUI.

TOKOCHEMHUKH U COOTBETCTBYIOIIME MAaTEPUAIIBI 0OOJIOUKH.

CYINHOCTB NU30BPETEHU A

CocTaBbl U MPUMEHEHUS OPTAHUYECKUX MOJTUCYIb()UIOB U OPraHUUECKUX MOJIUTUOTIATOB
JUUTS UCTIOJIb30BAHUSI B METAJLJI-CEPHBIX OaTapesix, B YaCTHOCTH JIMTUM-CEPHBIX OaTapesx,
MPEAOCTABIISIOTCS HACTOSIIIMM U300peTeHueM. CoeIMHEHUs] OpraHUYeCKOTo MOIUCYIbhuaa
U OPTraHOIIOJIMTHOJIATA 3aAEUCTBYIOTCSA IS YIIYUIIEHUS IIPOU3BOAUTEIILHOCTUA TAKUX
3JIEKTPOXUMHUYECKUX ITIEMEHTOB BO BPEMSI MIOBTOPHBIX LIUKIIOB PA3PIAKUA U 3aPAIKU.

Taxum 06pa3om, HacTosIIIee U30OPETEHNUE OTHOCUTCS K XUMUYECKUM UCTOYHUKAM SHEPTUH,
BKJIFOYATOIIIMM 3JIEMEHT WK 0aTapero ¢ OHUM UJIM HECKOJIbKUMHU MOJO0KUTETbHBIMU
3JIEKTPOAaMU (KaTOAaMM), OAHMUM WIIK HECKOJIBKUMU OTPULIATEIBHBIMU 3JIEKTPOIAMHU
(aHOZAMM) U JIEKTPOJIUTHOW CPEIION, IIe ACHCTBYIOIINI XMMUUECKUI COCTAB BKIIFOUAET
BOCCTAHOBJIEHUE COEAMHEHUI Cepbl WU MOJIUCYIb(UIA U OKUCIICHUE PEAaKTUBHBIX
METaJUIMYECKUX COeIMHEHUIH. OTPpULATENbHbIN 3JIEKTPO/I BKIIOYAET PEAKTUBHBIN METAJL,
TaKOW KaK JINTUH, HATPUM, KAJIUN WM CIUIABBI/KOMITO3ULUU 3TUX METAJIOB C IPYTUMU
MatepuanaMu. [10710KUTETbHBIN 3JIEKTPO/I BKIIFOYAET CEPY, COEAMHEHUS] OPraHUUECKOT O
MOJIUCYTb(PUIA W/HIIH COJIA METAJNIMYECKOTO OPTaHUYECKOTO MOJMCYIb(GUIA U MATPHIIBI,
COZIeprKallMe 3TU COCUHEHUS. DIIEKTPOJIUTHBIE MATPULIBI BKIIIOYAIOT CMECH OPraHUYECKOTO
pacTBOpa WK OJIMMEPOB, COSAMHEHNSI HEOPTaHUYECKOTO MIIM OPraHUUYECKOTO MOJHUCYIbpua,
HecyIIMe JJI1 MOHHOM (OPMBbI AKTUBHOT'O METaJlIa, U IPYTMe KOMIIOHEHTHI, HAITPaBJICHHbIE
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Ha ONTUMMU3ALUIO IJIEKTPOXUMUUECKONU TTPOU3BOIUTEIIBHOCTH.

Tounee roBopsi, HACTOSIIIIEE U300PETEHUE OTHOCUTCS K UCTIOJIb30BAHUIO OPTaHUUYECKUX
MOJIUCYTH(UIOB U UX JINTUEBBIX (MJIM HATPUEBBIX, YETBEPTUUHO-AMMOHHUEBBIX WU
YeTBEPTUIHO-(POCHOHUEBBIX) OPTAHOTUOIATHBIX UIIM OPTaHOIMOJIUTHOIATHBIX AHAJIOTOB B
Ka4e€CTBE KOMIIOHEHTOB B KAaTO/I€ U 3JIEKTPOJIMTHBIX MaTpulax. BelllieynoMsHyThie
cepaopraHMYeCKUe COSAMHEHUS XUMUUECKH OO bEIMHSIOTCS C CEpHBIMU U AaHUOHHBIMU MOHO-
WM TTOJTUCYIb(DUITHBIMU COSTMHEHUSIMU 1JTSI POPMUPOBAHUS OPTaHOIIOJIMTHOIATHBIX
COEIMHEHUMN, KOTOPBIE UMEIOT TOBBIIIEHHOE CXOJICTBO C HEMTOJISIPHBIMUA CEPHBIMU
KOMITOHEHTaMH TIOJIOKUTEITBHOTO KaTo/1a U KATOJIMTHOM (ha3kbl.

OjMH acnekT U300peTeHusl pacKpbIBaeT baTapero, KoTopas BKIIOUAET:

aHOJ, BKIIFOYAIOIIUI aHOAHBIA AKTUBHBIA MaTepyall, BKIIIOYAOLIHUNA HATPUH, JIUTANA UITH
CIUIaB WJIA KOMITO3ULMIO IO MEHBILIEN MEPE OOHOTO HATPUS UIIH JIUTHUA C 110 MEHBIIIEA MEpPE
OJHUM JPYTUM METAJIOM ISl 00eCIeueHus HOHOB;

KaTO/I, BKITFOYAOILIUIA KATOIHBII aKTUBHBIN MaTepHall, BKIIOUYAIOIIHANA 3JIEMEHTAPHYIO
CEPY, IJIEMEHTAPHBIN CEJIEH UJIHM CMECH JJIEMEHTAPHBIX XaJIbKOTEHOB; U

MIPOMEXYTOUYHBIN PA3AEIIUTEIBHBIN 3JIEMEHT, PA3MELLEHHBIA MEXAY aHOAOM U KaTOAOM,
3aJIeUCTBOBAHHBIMN ISl pa3/IeJIeHUs] pACTBOPOB KUIKOTO UIIU FelIe00pa3HOTO JIEKTPOJIUTA,
COMPUKACAIOIIUXCH C AHOJIOM U KATOAOM, UEPE3 KOTOPHIE MOHBI METAJIA U UX TPOTUBOUOHBI
MepeMeIatoTCs MeXy aHOJIOM U KaTOJIOM BO BpeMsl LIMKJIOB 3aPSIIKU U pa3psi/iku baTtapeu;

/1€ PaCTBOPBI KUJIKOTO UJIU TeIe00pa3HOro 3JIEKTPOJIUTA BKITIOUAIOT O€3BOHBIN ITOJIIPHBIN
OECIIPOTOHHBIN PACTBOPUTEITH WU TTOJIMMEP Y IMTPOBO/ISIIIYIO COJIb M BBITTOTHSETCS 11O MEHbIIIEH
Mepe OAHO U3 yclioBuii (i), (ii) umu (iii):

110 MEHBIIIEH Mepe OAUH U3 PACTBOPOB KUIKOTO MIIU I'eIec00Pa3HOTO 3JIEKTPOJIUTA
JOTMOJIHUTEIILHO BKIIIOYAET ITO0 MEHBIIENH MEPE OHO CEPAOPTraHNYECKOE COEUHEHUE;

KaTO/I JOTIOJIHUTEIILHO COCTOUT U3 10 MEHBIIIEN MEPE OJTHOTO CEPAOPTAHUUECKOTO
COCOUHECHMUS;

MIPOMEXKYTOUHBIN pa3aeIMTEIbHbBIN AJIEMEHT BKITIOUaeT (yHKIMOHATIU3UPOBAHHBIN
IIOPUCTHIN MOJIUMED, COAEPKALINN IO MEHBIIEN MEPE OTHO CEPAOPTraHUYECKOE COEAUHEHUE;
IJIE CEPAOPTaHUUECKOE COEIMHEHHUE BKIIFOUAET M0 MEHBIIEA MEPE OJIMH OPTraHUYECKUN
(dbparMeHT U 1o MEHbIIeH Mepe OJHY -S-S,- CBSI3b, TJI€ N SBIISETCS UEIBIM YUCIIOM, PABHBIM

1 uu Gomble.

B o1HOM BapuaHTe OCYIIECTBIICHUS BBIITOJHSAETCS TOJIBKO OJIHO U3 YCIOBUH (i), (i1) Wimn
(iii). B mpyromM BapuaHTe OCYIIECTBJIEHUS BBIIIOJIHSIOTCS BCE TPH ycaoBus. B eme onHom
BapUaHTE OCYIIECTBJIEHHUS BBITIOJHSIOTCA TOJIBKO JIBA YCIOBUs, Harpumep (1) u (ii), (i) u (ii1)
wi (i) u (iii).

B npyrom acriekte nu300peTeHHE pACKPBIBAET 3JIEKTPOJIUT, BKITFOUAIOIINN IO MEHBIIIEH
Mepe OJIMH OE3BOIHBIM MOJISIPHBIN 0€CITPOTOHHBIN PACTBOPUTEb UJTH ITOJIUMED, TIO MEHbBIIIEH
Mepe OAHY MTPOBOJISIIYIO COJIb U 110 MEHBIIIEH Mepe OJHO CEpAOPTAaHUUYECKOE COCTMHEHUE,
COCTOSIIIEE U3 IO MEHBIIEH MEPE OJTHOTO OPTraHUUECKOTO (hparMeHTa 1 10 MEHBIIEN Mepe
OJHOM -S-S - CBSI3U, T]Ie N ABJISETCS LEIBIM YUCIOM, paBHBIM | UK OOJIbIIIE.

JpyTroii actieKT U300 peTeHUs PACKPBIBAECT KATO/I, BKIIIOYAIOIIMIA: a) 3JIEMEHTAPHYIO Cepy,
3JIEMEHTAPHBIN CEJIEH WIM CMECH 3JIEMEHTAPHBIX XAJIbKOTEHOB; b) 110 MEHbIIEH MEpE OHY
3JIEKTPOINPOBOISIIYIO JOOABKY; U C) IO MEHBIIIEH MEPe OJTHO CEPAOPTaHUUECKOE COEIUHEHUE,
BKJIIOUAIOILIIEE IT0 MEHBIIIEH MEePE OJIHY -S-S,- CBSI3b, TE N SIBJISICTCS LEJIBIM YUCIIOM, PABHBIM

1 vy OoJIbLIE.
CepaopraHnuecKoe COeIMHEHUE, HATIPUMEP, MOXKET OBITh BBIOPAHO U3 TPYIIIBI, COCTOSIIEH
U3 OPraHUYECKUX MOJIUCYIb(MUIOB W/HUIN METAJUIMUECKUX OPraHUYEeCKHUX MOJIMTHOIATOB. B
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HEKOTOPBIX BAPHAHTAX OCYILIECTBIICHUS U300pETEHUS CEPAOPTraHUUYECKOE COSIMHEHHUE

COJICPKUT OJTHY MJIM HECKOJIBKO CepOCOAepKaIIMX (DYHKIMOHAIIBHBIX TPYIII, BEIOPAHHBIX U3
TPYIIIBI, COCTOSIIEH U3 TUTHOALICTAIS, TUTHOKETAIIS, TPUTHOOPTOKapOOHaTa, THOCYIb(poHaTa
[-S(O),-S-], TnocynbpunaTa [-S(O)-S-], TnokapOokcunata [-C(O)-S-], tuTnokapObokcuIaTa

[-C(S)-S-], Tmodocdara, THOPOCchOHATA, MOHOTHOKAPOOHATA, AUTHOKApPOOHATA U
TputHoKapOoHaTa. B Apyrux BapuaHTax OCyIIECTBJICHUS] CEpAOPTAHUYECKOE COEIMHEHUE
MOXeT ObITh BBIOPAHO U3 TPYIIIIBI, COCTOSIIIEH U3 aPOMATHUECKUX TTOJIUCYTB(MUIOB, TOTUIDUP-
MOJIUCYITb(PUIOB, TOTUCYIBPUI-KACIION COIM U UX CMECEH.

KPATKOE OITUCAHUE TPAOUNYECKNUX MATEPUAJIOB

Ha gepTexe mokazaHbl TpodUIn pa3psiKy JIUTUN-CEPHON OaTapen ¢ 100aBIIEHHBIM K
karony H-C12H25SLi m1st noBTOPHBIX 3-63 LUKJIOB 3apsAKU/pa3psIKU.

[Toapob6HOE omucanue n300peTeHus

DNEeKTPOAKTUBHBINM MaTepHall, KOTOPbIH ObLJI COOpPaH B CTPYKTYPY JJISI UCIIOJIb30BAHUS B
OaTtapee, Ha3bIBAETCS AJIEKTPOAOM. M3 maphbl 371€KTPOI0B, UCIIOIBL30BAHHBIX B OaTapee,
KOTOpast CIYy>KUT B KAUECTBE XUMHUYECKOTO UCTOUHUKA IJEKTPUUECKON IHEPTUU, SJIEKTPO/T
Ha CTOPOHE, UMEIOIIEN 00Jiee BBICOKUH 3JIEKTPOXUMUYECKUI MMOTEHIUAT, HA3bIBAETCS
MTOJIOKUTENIBHBIM 3JIEKTPOAOM WIIM KATOJOM, TOT/Ia KaK 3JIEKTPOJ Ha CTOPOHE, UMEIOLLEH
0o0J1ee HU3KUHU JIEKTPOXUMUUECKUIM MOTEHIMAJ, HA3bIBAETCS OTPHULIATEILHBIM JJIEKTPOIOM
wi aHosioM. Kak ucnosnb3yercst B JaHHOM 3as1BKE, UCMIOJIb3YETCS TPAAUIMOHHAS TEPMUHOJIOT S
JUTs OaTapei, rjie TEPMUHBI «KATOI» WM «ITOJIOKUTEIbHBIN 3JIEKTPOI» U «aHOI» WU
«OTPULATEIbHBIN JIEKTPO» OTHOCSITCS K AJEKTPOXUMUUECKUM (PYHKIUSIM 3JIEKTPOJAOB BO
BpeMs pa3psKK 3JIEMEHTA JIJIsl TPEeIOCTABICHUS 3JIEKTpUUECKOi s3Heprun. Bo Bpemsi
3apspKAIOLIEH YacTH LIUKIIA peajibHbIe JIEKTPOXUMHUUECKUE GYHKIMU JIEKTPO/Ia SIBISIOTCS
MPOTUBOIMOJIOKHBIMUA TEM, UTO BOZHUKAIOT BO BPEMsI pa3ps/IK1, HO 0003HAUYECHUE
COOTBETCTBYIOIIMX 3JIEKTPOIOB OCTAETCS TAKUM K€, KaK U JIJISl pa3psIKy.

DIIEKTPOXUMHUUECKUE JIEMEHTHI OOBIYHO OOBETUHSIIOTCS B MOCIIEA0BATEIHbHOCTH,
COBOKYIHOCTb TaKHX 3JIEMEHTOB Ha3bIiBaeTcs Oatapeeil. Ha ocHOBe aeiicTByromIero
XMUMHUUYECKOTO COCTaBa 3JIEMEHTOB IEPBUUHbIE OaTapeu MpeaHA3HAYATUCH 1J1s1 OJHOPA30BOM
PA3PSAKU U1 IPEIOCTABIICHUS] TIMTAHUS BHEIIHEMY YCTPOUCTBY. BTopuuHbie OaTapeu ObLin
nepe3apskKaeMbIMU, UCTIOIB3Y S AJIEKTPUIECKYIO SJHEPTUIO U3 BHEIITHETO UCTOYHUKA, U, TAKUM
00pa3oMm, npeaaraii paclIMpeHHOE UCIIOJIb30BAHUE B TEYEHHE MHOXKECTBA IUKIIOB Pa3PsIIKH
Y 3aPSJIKU.

DNEKTPOXUMUUECKU AKTUBHBIN MAaTEPUAIL, UCIIOJIb3YEMBIN B KATO/IE UJIU ITOJIOKUTEIIbHOM
3JIEKTPOJIE, 1ajiee B JTaHHOM 3asiBKE HA3bIBAETCSl KATOIHBIM aKTUBHBIM MAaTEPUATIOM.
DIIEeKTPOXUMHUECKU AKTUBHBIM MaTEpHal, UCIIOIb3YEMBbIN B aHOJIE UJIM OTPULATEIBHOM
3JIEKTPOJIE, 1ajiee B JaHHOM 3as1BKE€ HA3bIBAETCSI AHOHBIM AKTUBHBIM MATEPUAJIOM.
MHOrOKOMIIOHEHTHBIE COCTaBbI, 00padbaThIBAIOIINE JIEKTPOXUMHUECKYIO aKTUBHOCTD U
BKJIFOYAIOIIME JIEKTPOXUMHUUECKU AKTUBHBIN MaTepHUall U TIOTOJTHUTEIbHYIO
3NEKTPONPOBOIAILYIO J0OABKY U CBA3YIOLIEE BELIECTBO, 4 TAKKE APYrUe JOIOITHUTEIbHBIE
00aBKH, Jajiee B TaHHOM 3asiBKE HA3bIBAIOTCS AJIEKTPOJHBIMU cocTaBaMu. baTtapes,
BKJIFOYAIOIIASI KATO/I C KATOJIHBIM aKTUBHBIM MATEPUAJIOM B OKUCIIEHHOM COCTOSIHUM U aHOJ
C aHO/THBIM aKTUBHBIM MAaTEPUAJIOM B BOCCTAHOBJIEHHOM COCTOSIHUM, HAXOIUTCS B 3aPSKEHHOM
coctosiHui. COOTBETCTBEHHO OaTapesi, BKIIIOUAIOIIAsi KATO/ ¢ KATOJHBIM aKTUBHBIM
MaTepUasioM B BOCCTAHOBJIECHHOM COCTOSIHUM U aHOJ] C aHOJIHBIM aKTUBHBIM MaTEPUATIOM B
OKMCIIECHHOM COCTOSIHUU, HAXOAUTCS B pa3ps>KEHHOM COCTOSIHUM.

He xenas ObITh CBSI3aHHBIMM TEOPUEH, JaJiee CIEIYIOT HEKOTOPbIE BO3MOKHBIE
MpEeUMYIIECTBA WJIM OCOOEHHOCTHU HACTOSIIETO M300peTeHus. CepaopraHu4yecKoe COeIMHEHE
MOJKET pa3lessiTh O0raTyro Ha cepy KaTOJIMTHYIO (pa3y. Peakuuy xumuueckoro ooMeHa Mexty
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JTMAHUOHHBIMU CYJIb(PUIAMU UK TOJIUCYIbduaamu (Hanpumep, LirSy, x 1,2,3...)u
OPraHOIOJUCYIb(PUIAMU UM OPTaHOIIOIUTHOIaTaMu (Harpumep, R-S,-R' wimm R-S,-Li, R u

R'= opranuueckue hparMeHThl) HApsiTy C XAUMHUIECKMMH COCTAaBAMH BBITECHEHHS/TIOBTOPHOTO
BBEJICHUS CEPBI, CBOUCTBEHHBIMH JIJIS TIOJIUCYJTb(UIOB U IMTOJMTHOJIATOB, CIIOCOOCTBYIOT
MUHUMU3ALUN KOJIMYECTBA TUAHUOHHBIX ITOJUCYIb(UIOB B KATOJIUTE U CIOCOOCTBYIOT
MOBTOPHOMY OCKAECHHIO CEPBI M CEPOCOIEPKAIIMX COSTMHEHMI Ha KaToe. KoneuHnoe
yJIaJIeHUE TMAHUOHHBIX MOJIUCYJIb(MHUIOB CHU3UT BSI3KOCTh 3JICKTPOJIUTA M, TAKUM 00pa3oM,
MUHUMU3UPYET BPEIHBIC BO3ICUCTBUS BHICOKOM BSI3KOCTH HA TPOBOIUMOCTD JJIEKTPOJIUTA.
CepaopraHn4yeckue COeTMHEHUS] MOTYT TaK)Ke YBEIIMUUTH PACTBOPEHHE U, TAKUM 00pa3oM,
OUYKMCTHUTBH HEPACTBOPUMBIC HU3KOYPOBHEBBIE COSIMHEHUS CYIb(pUa TUTHS (B 4aCTHOCTH LisS

u Li»S,) B KaTOIUTHOM U aHOJIMTHOM (ha3ax, TAKUM 00pa30M, MUHUMU3UPYS TOTEPIO

PEAKTHUBHBIX COCIMHEHUM JIMTUS TIPU MIOBTOPHBIX HUKJIAX 32 PSAKU/PAZPSIIKH.
ITpon3BOIUTENBHOCTD CEPAOPTAHUUYECKMX COEIMHEHUI MOKET OBITh «HACTPOEHA» IyTEM
BbIOOpA OpraHruecKoi GyHKIMOHATBHOM rpynbl. HanpuMep, KOpOTKOLETTOUSUHBIHM aTKUIT
WK AJIKWIBHBIE TPYIIIBI ¢ 00JIee MOJISIPHON (PYHKIMOHAIBHOM TpyNIion OYAyT CHITbHEE
pa3nensaThCs B AHOJIMTHOM (ha3e, Tora Kak JUIMHHOLEOYEYHbIE UIIM MEHEE MOJISIPHbIE aHATIOTH
OyIyT CUJIbHEE pa3/IesiThCS B KATOJUTHOM pase. YCTaHOBKA COOTBETCTBYIOIIMX COOTHOIIICHUMN
JUTMHHOIICTIOUEYHBIX/HETIOJISIPHBIX M KOPOTKOIEITOUYETHBIX/TIOJIIPHBIX OPTaHUIECKUX
COEIMHEHUH 00eCTIeUUT CPeACTBA YIIPABJICHUS pa3/IeJICHUEM CEPOCOIEPKAIIUX COSAMHEHUM
Ha KaToa/katoaut. boiee TOro, mockoabKy HaJIMUMe HEKOTOPOTO KOJIMYECTBA MOIUCYIb(huIa
WY TTOJIMTUOJIATA B AHOJIUTE SIBJISIETCS IPEUMYILIECTBEHHBIM B KAUECTBE CPE/ICTBA YITPABIICHUS
POCTOM JIMTUEBOTO JICHAPUTA Ha aHOJE BO BpeMs 3apSAKH, TO BBIOOP COOTBETCTBYIOLIUX
OpTraHUYECcKuX (PArMEHTOB U UX COOTBETCTBYIOIIMX COOTHOIIIEHHUIM OOECTICUHT JTydIIiee
yIpaBJIEHUE POCTOM JICHIPUTA.

Cepaopranuyeckie COeTMHEHNsI, UCITOIb3YEMbIE B HACTOSIIIEM U300 PETEHNUH, BKITIOYAIOT
110 MEHbIIIEH MEPe OJIMH OPTaHUYECKUI (PparMeHT U O MEHbIIeH Mepe OJIHY —S-S - CBSI3b,

IJI€ N SIBJISIETCS 1EJIBIM YHUCIIOM, PaBHBIM 1 WM OoJibiiie. B 0lTHOM BapuaHTe OCYIIECTBIICHUS
CcepaopraHnueCcKoe COeIMHEHUE BKITFOYAET JBAa OPraHUYeCKUX (hparMeHTa Ha MOJIEKYITy

(KOTOpBbIE MOTYT OBITH OJJMHAKOBBIMU UJIU OTJIMYATHCS APYT OT APYyra), KOTOPBIE COSAUHSIIOTCS
=S-S,,- (monucynbGhUIHOM) CBA3BIO (TI€ N SBIISIETCS UEJIBIM YMCIIOM, PAaBHBIM 1 WM OOJIbIIE).

—S-S,;- CBsI3b MOXET (POPMUPOBATH YACTH OOJIBIIEH CBSI3YIOIIEH I'PYIIIIbI, TAKOM KaK

—Yl—C(Y2Y3)—S—Sn— CBSI3b WJIU Y]—C(:Y4)—S—Sn— CBSI3b, I1Ie Y! apnsercs O wm S, Y2uy?
HE3aBUCHUMO SIBJISIIOTCSI OPTaHUYECKUM (PparMEeHTOM WK -S-S,-Z, rae 0 paBHSETCS 1 Uin

Ooutblle, U Z SBIISIETCS] OPTAaHUYECKUM (PpPAarMEHTOM WJIKM COeIMHEHUEM, BHIOpaHHBIM U3 Li,

Na, 4eTBepTUUHOTO AMMOHHUS UJIU YeTBEPTUUHOTO (POoChOHMS, U Y* apnsercs O wm S. B
JIPYTOM BapUAHTE OCYIIECTBIICHUS] CEPAOPTAHNYECKOE COEAMHEHUE COIEPKUT MOHOBAJICHTHBIN
OpraHUYeCKUi parMeHT U COeMHEHHUE, BBIOpaHHOe U3 Na, Li, 4eTBEpTUYHOTO aMMOHUS
WA YETBEPTUIHOTO (OCPOHUS, KOTOPBIE CBA3BIBAIOTCS —S-S, - CBSI3bIO (BKIIFOYAsI, HATIPUMED,
1 2 1 4
-Y -C(Y Y3)—S—Sn— cBs13b WM —Y -C(=Y)-S-S,- cBs3b). B emie oqgHoM BapuaHTe
OCYIIIECTBJIEHUS —S-S - CBSI3b MOXKET BO3HUKATh HA 00X CTOPOHAX OPTraHUYECKOTO
¢dbparmenra. Hanmpumep, opranndeckuii parMeHT MOXKET SIBIISIThCS IBYXBAJICHTHBIM, B
KauyecTBE JIOTIOJIHEHUS 3aMEIIEHHBIM apOMAaTUUEeCKUM (hparMeHTOM, C(R3 )» (rae xaxnaas R3

He3aBUCUMO siBjIsieTcst H uimu oprannyeckuM (pparMeHToM, TAKUM KaK OpraHUu4YecKuii pparmMeHT
C1-Cy), xapbonunom (C=0) mmm Tnokapoonminom (C=S).
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Cepaopraamueckoe CoOeAMHEHHE MOKET ObITh, HAIIPUMEDP, BBIOPAHO U3 TPYIIIIBI, COCTOSIIIEH
U3 OPraHUYeCKUX MTOJTUCYTb(PHUIOB, OPTaHUUECKUX ITOJIMTHOIATOB, BKITFOUAS CEPOCOIepKAIIHE
(yHKIMOHAIbHBIE TPYIITBI, TAKKE KaK AUTHOALETAITh, IUTUOKETaIb, TPUTUOOPTOKApOOHAT,
apOMaTUYECKUI MOJUCYTb(UI, TOTMIPUP-TIOTUCYTB(DUI, TOTUCYTb(PUI-KUCITAS COTIb,
trocyibdoHart [-S(0),-S-], Tnocynbdunar [-S(O)-S-], Tuokapboxcunat [-C(O)-S-],
nutrokapboxceunat [-RC(S)-S-], Tuodocdat nnm tnodochonatHas GyHKIMOHATIbHAS TPYIINA
WJIM MOHO-, IU- WIIM TPUTHOKapOOHaTHAs (DYHKIMOHAJIFHAS TPYIINA: OPraHOMETAIIMIECKUE
MTOJTUCYIB(MUITBI, COACPIKAIIME ITH WU 0 100HbIe (DYHKIMOHAJIBHBIE TPYIIIIBI, U MX CMECH.

[Toaxonsiue oprannueckue pparMeHTHl BKIIOYAIOT, HAITPUMEP, MOHO-, TU- U
MTOJIMBAJICHTHBIE OpraHNUecKre (parMeHThbl, KOTOPbIE MOTYT BKJIIOUATh Pa3BETBIICHHBIC,
JIMHEMHBIE W/WITA HUKJIMYHBIEC TUAPOKAapOUITbHBIE TpyHITbl. Kak UCIIONb3yeTcs B JAHHOM 3asIBKE,
TEPMHH «OPTaHUYECKHI (PparMeHT» BKIIIOUaeT (parMeHT, KOTOPBIM MOXKET B JOITOJTHCHUE
K YIJIEpOy ¥ BOJOPO/IY BKITFOYATh OJIMH HIIM HECKOJIBLKO T€TEPOaTOMOB, TAKUX KaK KUCTIOPO/I,
a30T, cepa, rajiorex, gocdop, ceneH, KpeMHHUM, MeTaJlJI, TAKOM KaK 0JI0BO U TOMY IT0JI00HOE.
I'erepoaToM (TeTepoaTOMBI) MOXKET IMMPUCYTCTBOBATh B OPTaHUYECKOM J10J1e B hopMe
(hYHKIIMOHAJIBHOM IpyIIbL. Takum 06pazoM, THIAPOKApOUII, a TaKke (PyHKIMOHATIM3UPOBAHHbIE
THUIPOKAPOUITBHBIE TPYIIIIBI, PACCMATPUBAEMbIE B KOHTEKCTE HACTOSIIETO U300 PETCHMUS,
SIBIISIFOTCSI OpTaHUYECKUMU hparMeHTaMu. B 0;JHOM BapraHTe OCYIIECTBIICHUST OpraHUYECKHIA
dbparmeHT ssiseTcst opranuueckuM pparmeHToM C-Cy. B 1pyrom Baprante ocyecTBIeHHs

OpraHuvecKuil (hparMeHT COJACPIKUT ABa UM OoJiee aTOMOB yriepoaa. OpraHudecKuil
dbparMeHT, TAaKUM 00Pa30M, MOXKET SBISITHCS OpraHndeckuM pparmenTom Cyr-Cyy.

Cepaoprannyeckoe COeTMHEHHE TI0 CBOEMY XapaKTepy MOXKET SBISATHCSI MOHOMEPHBIM,
OJIMTOMEPHBIM WJIM MoJiuMepHbIM. Hanpumep, —S-S - GyHKIMOHAIbHAS TPYIIIIA MOXET

MPEACTABIISITh COO0M OOKOBYIO LIEMb TJIABHOM IETTH OJIMTOMEPHOTO WJIM MOJIMMEPHOTO
COEJIMHEHHUS, COJICPIKAIIETO JIBE WK O0JIee TOBTOPSIONIMXCS €AMHUIIBI MOHOMEPA B CBOEH
[JIaBHOM Henu. —S-S,- GyHKIMOHAIbHAS IPYIINa MOXET ObITh 3aKIIIOUEHA B TJIABHYIO LETTh

TAKOT'0 OJIMTOMEpa WIIK MOJIUMEPA, TAK UTO TTIaBHAS LETh OJIMTOMEPa WK ITOJIUMEPA COJIEPIKUT
psn —S-S,- cBs3ei.
CepaopraHuuecKoe COeIMHEHUE MOXKET, HAIIPUMED, SIBJIATbCS OPTaHUYECKUM

MOJIUCYIB(UIOM UIIU CMECHIO OPraHUUYECKUX MOJUCYIb(PUIOB 1Mo hopmyIie: RI—S-SH—RZ, rjae

R! u R? Hesasucumo npeAcTaBisitoT opranrueckuit pparmeHT C;-Cy, U n SBIISIETCS UEIBIM
YuCIIOM, paBHbIM | wim 6obiine. Opranndeckuit pparmeHT C-Coy MOKET SBISTHCS
MOHOBAJICHTHOM pa3BETBJICHHOM, TMHEHHON WITU IIUKJIMYHOW THAPOKAPOUIIBHOM T'PYIIIOHN.
R! uR? MOTYT HE3aBUCUMO SBIISIThCS TUApOKapOuinbHoM rpymmon Co-Cyy, rae H=1 (4To
COOTBETCTBYET TAKOMY TPETUUHOMY TUCYIbPHITY, KAK JOACHUT TUcyIbum). B apyrom
BapUaHTE OCYIIECTBIIEHUS R! u R? HesaBucumo stBIsIOTCS ruapokapounibHol rpymmoi Co-Cyy,
re H=2-5 (4TO COOTBETCTBYET AUCybdumy). [Ipumeps! Takux cTpyKTyp BKitouaroT TPS-32

u TPS-20, nponaBaemble komnanuen Arkema. B qpyrom BapuaHTe OCyLIECTBICHUS R'uR?
HE3aBUCUMO SIBIISIIOTCS TUAPOKApOMIbHBIMU rpynnamu C7-Cqq, rae H=2-5. TPS-37LS,
MpoaaBaeMbli KoMIiaHuel Arkema, sIBJISICTCS IPUMEPOM MOIXOIAIIETO MOIUCYIbpuaa
JTAHHOTO THMA. [[pyrum THIOM MOAXOASIIETO TOIUCYTh(GUIA SIBISETCS MOTUCYIbPHT UITH

CMECh MOJIUCYIb(UIO0B, TIe R! u R? sBisiores TpubyTHiioMm U H=2-5. [IpumepsI Takux
CEpaOPraHUYECKUX CTPYKTYP BKIOUarOT TPS-44 1 TPS-54, mpoaaBaemble koMmnanuen Arkema.
CepaopraHuyecKoe COEIMHEHUE MOKET TAKXKE SIBIISIThCS OPraHUYECKUM MOJIUTHOJIATOM
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o hopmyie: Rl—S—Sn—M, rae R! sBisercs oprannueckum ¢pparmenTom C;-Cy, M siBIIsI€TCS

JUTHEM, HATPUEM, YETBEPTUYHBIM AMMOHHEM UJIM YETBEPTUIHBIM (hOChHOHHUEM, A N SBIISETCS
LEJIbIM YMCIIOM, PAaBHBIM | WK OoJIbIIIE.

B apyrom BapuaHTe OCYILIECTBIIEHUS CEPAOPIaHUYECKOE COEIMHEHUE MOKET SIBIISTHCS
JTUTHOLIETAJIEM WITM TMTUOKETAJIEM, TAKUMH, KOTOPBIE COOTBETCTBYIOT (hopmynam (I) u (II),
WJIM TPUTHOOpTOKapOokcuiaaToM 1o gopmysae (II1):

3 5—-5,—Z
55 3 |

R? R
e —do5-8,-7 R-G-5-5-I
a5 s St

I I il
I KaxXaas R3 He3aBucumo saBisgerca H nim OpPTraHU4YCCKUM (I)parMeHTOM C]'CZO’ ao,pu

( HE3aBHCUMO SIBJISTIOTCS LIEJTBIM YUCIIOM, PaBHBIM | WM O0JIbIe, U Kaxaas Z He3aBUCHMO
aBisieTcst opranndeckuM ¢pparmeHToM Ci-Cy, Li, Na, 4eTBEpTUUHBIM aMMOHHUEM WU

yeTBepTUIHBIM (hochorueM. [IpuMepsl TaKOTO cepaopraHUIECKOTO COSTMHEHUS BKITIOUAIOT
1,2,4,5-Terpatuan (popmyna I: R’=H, o=p=1), Terpametui-1,2.4,5-rerpatuan (popmyna I:
R3=CH3, 0=p=1) U €ro OJINTO- UIIA ITIOJIUMEPHOE COCAMHEHUE.

Jpyroii BapyuaHT OCYIIECTBIICHUSI U300PETEHHUS UCTIONB3YET CEPAOPTaHUUECKOE COSTMHEHHE,
KOTOPOE SIBIISIETCSI apOMATUYECKUM MOJIUCYIbduaom o Gopmye (IV), mommuadup-
noscynbhuaom no popmyie (V), moaucyibhua-Kuciaok conbto mo dopmyie (V1) wim
MOJUCYIb(DUI-KUCITON coblo 1o popmyre (VII):

R* R4 R*
¢ p-u O g-S0~Z MO3S—R6—S—8,~Z
O—s—sof( )—s—s%—(@) [ 2 o
\|/ 0 TSp—Z
R® Rs r R°
v

MO,C—R’—S-S,—-Z
A\ vl
e R* HezaBncumo siBrseTcst TPUOYTUIIOM UJIU TPUAMUIIOM, R’ Hesasucumo siBsieres OH,
OLi unmu ONa, a r paBHsieTcs 0 unmu 6ombine (Hanpumep, 0-10) B popmyne (IV), rae
ApOMATUYECKHE KOJIbIA B KAUECTBE AOMOJIHEHUS TTOJICTABIISIIOTCA B OJHY UJIM HECKOJIBKO

APYyrux MMO3UIUI C 3aMEHUTEISMU, OTIIMYHBIMUA OT BOOOpPOAA, R6 HC3aBUCUMO ABJISACTCA

JIBYXBAJIECHTHBIM OpPraHU4ecKuM (pparmeHToM B popmysie (VI), R’ sBisiercst JIBYXBAJIECHTHBIM
opranuueckum gpparmeHToM B popmyie (VII), npu 3ToMm Kaxaas Z HE3aBUCUMO SIBJISIETCS
oprannueckuM ¢pparmeHToM C;-Cy), Li, Na, 4eTBEpTUUHBIM aMMOHHEM UJIM YETBEPTUYHBIM

dochonmreM, a 0 ¥ p HE3aBUCUMO PaBHSIOTCS LIEIIOMY YHCITY, paBHOMY 1 mim 6obite. [Tpumepsr
TaKUX CEpaOPraHUYECKUX COEMHEHUI BKIIIOYAIOT apOMATUUECKUE MTOTIUCYIbMUIBI,

MPOIABAEMBIE KOMITAHUEN Arkema 1101 TOProBOM MapKoi Vultac® (bopmyma IV, R*= TpUOYTUI

VI TPUAMMIL, R’ =0H); 1 monucynb(hUA-KUCIIbIE COJIU, COOTBETCTBYIOIIME popmyiiam VI u
VII, nnony4yaroTcs U3 MEpKaNTOKUCIOTHI, TAKON KaK MEPKANTOYKCYCHAs KUCIIOTA,
MEpKaANTOMPOIMOHOBAS KUCIIOTA, MEPKANTOATAHCYIH(OKHUCIIOTA,
MEPKaINTOMPONAHCYTh()OKUCIIOTA, UK U3 OJIe(PUHCOAEPIKAIIMX KUCTIOT, TAKUX KaK
BUHUJICYIb(POKUCITIOTA WK 2-aKPUIIAMHI0-2-METHUIIITPOTIAHCYI()OKHUCIIOTA.

B emie ogHOM BapuaHTE OCYIIECTBIIEHUS CEPA0PTAaHUYECKOE COETMHEHUE SIBIISIETCS OPTraHo-
WK OPraHOMETAJITMYECKUM TOJIUCYITB(PUIOM, COACPIKAIIMM TPUTHOKAPOOHATHYIO
dbyHKIMOHATBbHYIO rpynny 1o dopmyse (IX), opraHo- Ui opraHoOMeTAUINYECKUM
TTOJIUCYTB(UIOM, COAEPIKAIIMM TUTHOKAPOOHATHYIO (YHKIIMOHATBHYIO T'PYIITY TT0 (hopMyJIe
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(X), Wi OpraHo- WM OPraHOMETAINIMYECKUM MOJIMCYIb(DUIOM, CoepKALUM
MOHOTHOKAapOOHATHYIO (PYHKIMOHATBHYIO rpymiry 1o ¢popmyite (XI):

i i i
L=Sg=S=C=S=5;=Z Z-5,-§-C-S=§,-Z Z—0—-C—S—§,—-Z
IX X X1

rne Z sisisiercs: opranudeckuM pparmeHToM Ci-Cy(, Na, Li, 4eTBEpTUIHBIM aMMOHHEM

WA YeTBEPTUIHBIM (hOChHOHUEM, a O ¥ p HE3aBUCUMO PABHSIOTCS 1IEJIOMY YUCITY, paBHOMY |
WM OOJIBIIIE.

PactBOp 3XUIKOTO UK reJIe00pa3HOTO0 3JEKTPOIUTA MOXKET JOMOJIHUTEILHO COCTOSTh U3
JTUMETAIITMYECKOTO MOJIUTUOIATHOTO COeAUHEeHUsI 110 (popmyiie M-S-S,-M, rae kaxaas M

He3aBUCcHUMO siBisieTcs Li, Na, yeTBepTHYHBIM aMMOHMEM WJIM YETBEPTUUHBIM QochoHueM, a
n SIBJISIETCS LEJIBIM YUCIIOM, pPaBHBIM | min 6ombliie. Takoe coenvHeHne, TAKUM 00pa3oM, He
COJICP’KUT HUKAKOTO OPraHUYECKOTO (pparMeHTa B OTJIIMUME OT BBIIIEONMUCAHHOTO
CEPaOPraHUUYECKOr0 COEIMHEHHUSI.

[TpoMeXyTOUHBIN pa3AeIUTETbHBIN 3JIEMEHT MOXET BBIOTHATH (DYHKUMIO pa3IeTUTEIS
MEXIY OTCEKaMH B 3JIEKTPOXMMHUUECKOM 371eMeHTe. OJIMH OTCEK MOKET BKIIFOUATh 3JIEKTPOJIMT,
COITPUKACAIOIIMICS C KATOIOM (3JIEKTPOJIUT B TAKOM OTCEKE MOKET HA3bIBATHCS KATOJIUTOM).
Jpyro¥ OTCeK MOXKET BKJIIOUATh JIEKTPOJIUT, COIIPUKACAIOLIUICS C aHOIOM (3JIEKTPOJIUT B
TaKOM OTCEKE MOXET Ha3bIBAThCS AHOJIUTOM). AHOJIUT U KATOJIUT MOTYT ObITh OJJMHAKOBBIMU
WM OTJIMYATHCS APYT OT ApYyra. AHOJIUT W/WUIM KATOJIUT MOXKET COAEPKATh OJTHO WU
HECKOJIbKO CEPAOPTaHUUECKUX COETMHEHNUI B COOTBETCTBUU C HACTOSIIIMM U300pETEHHUEM.
ITpoMexyTOUHBIN pa3Ie/IMTENbHbIN 3JIEMEHT MOXKET ObITh PA3MEILEH MEKAY TAKUMU OTCEKaMHU
TaKkuM 00pa3oM, UTOOBI O3BOJIUTH MOHAM AHOJIUTA ITPOXOJUTH YEPE3 TPOMEKYTOUHBIN
pa3IeUTENbHBIN 3JIEMEHT BHYTPb KaTOJIMTA UK, HA00OPOT, B 3aBUCUMOCTH OT TOT'O, B KAKOM
pexrMe paboTaeT IMEKTPOXUMHUUECKUI IIEMEHT, B PEKUME 3aPSAKU WIH PA3PAIKHU.

B cnenyromiem BapuaHTe OCYLLIECTBICHMSI HACTOSIIETO U300 PETEHUSI TPOMEKY TOUHBIN
Pa3aEIUTENBHBIN 2JIEMEHT COCTOUT U3 IMIOPUCTOTO NToauMepa. I1opUCThIil MONMMMEP MOXKET,
HaInpuMep, COCTOSITh U3 MOJUMIIPONWIIEHA, TOJIMITUIIEHA WM (TOPUPOBAHHOIO MTOJIUMEPA.
ITopucThIfi TOIMMEDP MOXKET OBITh 3aMEILEH CEPAOPTAaHUYECKUM COEIMHEHUEM OITMCAHHOT'O
B JaHHO 3as1BKe Tuna. CepaopraHuueckoe COEqUHEHNE MOKET IIPEACTABIIATH COOON OOKOBYIO
eI [JIABHOW LENU IIOPUCTOIO ITOJIMMEPA U MOXKET IIPUCYTCTBOBATH B IIOIIEPEUHBIX CBA3AX
MEXAY TJIABHBIMM LETISIMU OTAETIbHBIX MOJIMMEPHBIX LENEH W/ MOKET OBITh BKIIOUEHO B
[JIaBHYIO LIETIb [TOPUCTOM I1aBHOM Henu. Takum oOpa3omM, Ii1aBHas LIelb IOPUCTOrO IOJIMMepa
MOJKET COJIEPKATh OJIHY WJIM HECKOJIBKO —S-S, - CBSI3E€H, W/MIIU —S-S - CBA3U MOTYT

MPENCTaBIATh cCOOOM OOKOBYIO LIENb TJIaBHOM Henu. Takue —S-S, - CBSI3U MOTYT TaKxke

MPUCYTCTBOBATH B TIOTIEPEYHBIX CBSI3SIX.

[Toaxopasiue pacTBOPUTENH, UCTIOJIB3YEMBIE B 3JIEKTPOXUMUYECKUX IIEMEHTAX B
COOTBETCTBHUM C U300PETEHUEM, BKITIOUAIOT JIFOOBIE 0a30BbIe (00pa3yroIme ¢ KATHOHOM
KOMIIJIEKC) O€CITPOTOHHBIE MOJIIPHBIE PACTBOPUTEITH, U3BECTHBIE MU UCTIOB3YEeMbIe OOBITHO
JUTSL IMTUR-CEPHBIX OaTapeli, Takue Kak CyIb(hosaH, IMMETUICYIb(OKCH, TUMETUIAleTaMUI,
TETPAMETUIMOUYEBUHA, N-METHUITUPPOIUANHOH, TETPAITHI CYIb(haMUI; TPOCThIE 3(QUPHI,
Takue Kak Terparuapodypan, Metwi-TT'D, 1,3-1uokconaH, UMM U TETPATJIMM, U UX CMECH;
KapOOHATHI, TAKME KAaK 3TUJICHKapOOHAT, MPOMUIEHKAapOOHAT, TUMETUIIKApOOHAT,
TUATUIIKAPOOHAT, STUIIMETUIIKAPOOHAT, METUIIITPOTIMIIKAPOOHAT, STUIITPONIMIIKAPOOHAT U
TOMY NTOJJOOHBIE; a TAKXKe CII0KHBIE A3(DUPBI, TAKKE KaK METUIAlETaT, dTUIAleTaT,
MPOMUIALETAT U TaMMa-OyTUPOIAKTOH. DJIEKTPOIUT MOKET BKITIOYATH OUH TaKON
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PacCTBOPUTENb UJIM CMECh TAKUX pacTBOpUTENei. JItoOble mossipHble 6eCIpOTOHHBIE TOJIMMEDBI,
U3BECTHBIE B 00JIACTU U3TOTOBJICHUS OaTaper, MOTYT ObITh UCIIOJIb30BAHBL. DJIEKTPOIUT
MOXET BKJIIOYATh IMOJIMMEPHBINA MaTEPUAIl U MOKET MpUHUMATh (popmy rens. [loaxoasimue
JUIS1 UCTIOJIB30BAHHUS B 3JIEKTPOJIUTE MTOJIMMEPBI MOTYT BKJIIOUATh, HAIIPUMED,
MOJIMATUIIEHOKCUT, TOIN3(PUPCYTbGOH, TOJTMBUHUIIOBBIA COUPT WU MOJIUMUI. DIEKTPOIIUT
MOYXET UMETh (POPMY T'eJisi, KOTOPBII MOKET SIBJISITHCS TPOCTPAHCTBEHHOM CETKOM, COCTOSIIICH
U3 KUIKOCTHU U CBSI3YIOLIEr0 KOMIIOHEHTA. KUIKOCTh MOXKET SIBIISITbCS MOHOMEPHBIM
pacTBOPUTENIEM, KOTOPBIM IIOMEIIAETCS BHYTPD MTOJIMMEPA, TAKOI'O KAK CLIMTBIN ITOJIMMED.
OHa UM HECKOJIBKO MPOBOJSILIMX COJIEN MPUCYTCTBYIOT B 3JIEKTPOJIUTE B COUETAHUU C
0€3BOHBIM MOJIIPHBIM OECITIPOTOHHBIM pacTBOpUTENIEM U/uin nosmmepoMm. [IpoBoasime
COJIM XOPOIIIO U3BECTHBI B 00JIACTH U3TOTOBJICHUS OaTapeli U BKIIOYAIOT, HAIIPUMED, JIUTUEBbIE

coi (CF3S0,),N", CF3S057, CH3SO5, ClO,, PFy", AsFg, rajoren u Tomy nogooHoe. Hatpuii

Y Ipyrue 1IeJIOYHbIE METAJUIMUYECKHUE COJIU U UX CMECH MOTYT OBITh TaKK€ UCIOJIb30BaHBI.

AHO/THBIN aKTUBHBINM MaTEpHAT MOXKET BKITIOUATD IIEITOYHOM METAJIT, TAKOW KaK JIUTHIA
WJIM HATPUIM, WM IPYTrod aKTUBHBIN MaTepuall uiM coctaB. OCOOEHHO MPeAnoYTUTEIbHBIC
AHO/IHbIE AKTUBHbBIE MATEPUAIIbI BKIIIOUAIOT METAJUIMYECKUIA JIMTUM, CILIABBI JIMTHS,
METAJUIMYECKUI HATPHIA, CIJIABBI HATPUS, IEJIOYHBIE METAJIIBI MJIU UX CIUIABBI, METAJUIMYECKUN
IOPOLIOK, CIUIABBI JIUTHS U ATFOMUHUS, MATHUIA, KPEMHUM U/WJIU OJI0BO, UHTEPKAJIATHI
MIEIOYHOT'0 METAJUTMYECKOTO YIIIepOa U IETOYHOTO METAJUTMIECKOTO rpaduTa, CTpYKTYPHI,
CIIOCOOHBIE HA IBYXCTOPOHHEE OKUCIICHUE U BOCCTAHOBJICHUE, CO IIETOYHBIM METATUTMUECKUM
MOHOM U WX cMech. MeTall MiIu METAJUIMYECKU CIUIaB (HalpuMep, METaJUIMYECKUI JINTHIA)
MOJXET COAEPKAThCS B OaTapee B BUJI€ OJTHOTO CJIOSI WJIU B BUJIE HECKOJIBKUX CIIOEB, KOTOPBIE
B KQUeCTBE JIOTIOJIHEHUS pa3AeIISIIOTCS KepaMuueckuM MatepuanoM. [loaxoasiue
KEPAMHUUYECKHUE MATEPUAJIbI BKIIOYAIOT, HAITPUMED, JMOKCU KPEMHMUS, OKCUJ AJTFOMUHUS,
JTUTUICOAEPIKAIIIME CTEKIISIHHbIE MAaTepUalibl, TAKUe Kak (pocdaTel IUTHS, aTTFOMUHATHI JIUTHS,
CUJIUKATBI JTUTUS, POCHOP-OKCUHUTPUIIBI JIUTHSI, OKCHUJT TAHTAJIA JIUTHUSI, ATFOMOCUITUKATHI
JIUTUS, OKCUIBI TUTAHA JIMTHS, CUITMKOCYJTb(HIBI JIMTHSI, TEPMaHOCYIb(UIBI TUTHS,
AITFOMUHOCYIb(UIBI TUTUS, O0POCYIbGUABI TUTHS, POChHOCYTb(OUIBI TUTUS U UX CMECH.

Karon Bkito4aeT ajieMeHTapHYIO CepPY, 2IEMEHTAPHBIN CEJIEH UJIM CMECh 3JIEMEHTAPHBIX
XaJbKOTeHOB. B 0JHOM BapraHTe OCYIIECTBIEHUS KATO/I TIOTIOJTHUTEIILHO COCTOUT U3 OJHOTO
WJIM HECKOJIBKUX CEPAOPTAHUYECKUX COECIMHEHUI B COOTBETCTBMY C PAHHEE ITPEICTABIIEHHBIM
Mo IpoOHBIM onMcanreM. KaTo1 MoeT TOMOTHUTEIbHO U/UJTM B KAUYeCTBE aJIbTEPHATUBBI
COCTOSITh U3 CBSI3YIOIIETO BEIIECTBA /WU JIEKTPOIpoBosieit nooaBku. [Toaxoasiue
CBSI3YIOIIME BEIIECTBA BKIIFOYAIOT MOJIMMEPBI, TAKKUE KAK MOJIMBUHUIIOBBIN CIIUPT,
MOJIMAK PUITOHUTPpUII, nonmuBuHUIUMAeHDTOPpUA (PVDF), momuBunundropus,
nourerpadropatuiieH (PTFE), comomiMepst u3 TeTpadTOpITUIIEHA M TeKcadTOPITPOTIHIICHA,
COTOJIUMEPHI U3 BUHUIIUACH(DTOpUAA U TeTpadTopaTuieHa, kayuyk (EPDM) Ha ocHOBe
COomoJIMMepa 3TUJICHA, MPOMUJICHA U IMEHOBOTO MOHOMEPA, U ToJIMBUHUIIXTI0pU (PVC).
DIEeKTPONPOoBOIAIIas T00aBKA MOXKET, HAIIPUMED, SBIISATHCS YIIIEPOJIOM B
3IIEKTPONPOBOAIIEH (hopMe, TAKUM KaK rpadur, rpadeH, yriiepoIHble BOJIOKHA, YTITIEPOIHbIE
HAHOTPYOKHU, TEXHUUECKUH YIIIEPO WIK caka (HAPUMED, JIAMITOBAS UJIU MIEUHASI Caxa).
Katon MoxeT nmpucyTcTBoBaTh B 0aTapee Uilu 3JIEKTPOXUMUYECKOM 3JIEMEHTE B COUETAHUU
C TOKOCbEMHUKOM, TAKUM KaK JIIOOOH U3 TOKOChE€MHUKOB, U3BECTHBIX B 00J1ACTH U3TOTOBJICHUS
OaTapeli WM 3JIEKTPOXUMUUYECKUX dJIeMeHTOB. Hampumep, KaTo/1 MOKeT OBbITh HAaHECEH Ha
IMOBEPXHOCTh METAJUIMYECKOTO TOKOCHEMHHUKA.

ITPUMEPDBI

[TpousBocTBO KaTOAA, U3TOTOBIIEHUE OaTapeu U TeCTUpOBaHUe OaTapeu

ITpumep 1
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ITonoxuTenbHBIN 31EKTPOI, BKITIoUaromuii 70 Bec.% cyOTMMUPOBAHHOTO 3JIEMEHTAPHOTO
cepHoro nopouika, 20 Bec.% nommatuineHokcuaa (PEO, MW 4><106), 10 Bec.% TEXHUYECKOTO

yriiepona (Super P®Conductive, Alfa Aesar), ObLJT TPOU3BE/ICH C UCIIOIB30BAHUEM CIIEYIONIEH
MIPOLEAYPHI:

Cmech 3TUX KOMIIOHEHTOB B N-MeTui-2-muppoiiuaoHe (NMP) Obuta MexaHU4eCKH
M3MeTbUYCHA Ha TUTaHeTapHO-(Ppe3epHOM CTaHKe. ALIETOHUTPIIT ObLT JOOABIICH TS
pa3basieHus cmecu. KoHeunas cycrieH3us Obljla HAaHECeHa Ha aJIlOMUHUEBYIO Goibry (76
MKM TOJIIIEHOM) ITOCPEACTBOM aBTOMATUYECKOTO IPAKUPOBOUHOTO KOTIIa (Mathis). O60osouka
ObL1a BeICyIIeHA ITpu TeMitepaType S0°C B BakyyMme B TeueHue 18 uacoB. Koneunas obonouka

conepxaia 3,10 MT/CM> KaTOIHOU CMECH.

[Tpumep 2

[TosoxuTenbHBINA KaTO, COAEPKAIUMI H-Toaeuun MepkanTu ity (10 Bec.% cepsl),
OBLT U3TOTOBJICH MOCJIE TPOLEAYPhI, OnMcaHHOM B ipumepe 1. Koneunas obosiouka cogeprrana

3,4 Mr/cM? CepBhI.

ITpumep 3

[TonoxxurenbHbIN KATO U3 ITpuMepa 2 ObLUT UcTioIb30BaH B anieMeHTe PTFE Swaglok ¢
JIByMsI HEPKABEIOIIMMU CTAJIbHBIMU CTEPKHSIMU WUJIM B IJIOCKOM KPYTIJIOM aKKYMYJISITOPE B
cOope, cneraHHOM U3 HepkaBerotei craiau (CR2032). DnemeHT 6aTapeu ObLI COOpaH B
rnepyaToyHoM suuke (MBraun), 3a110JJTHEHHOM aproHOM, CJIEIYIOIMM 00pa3oM: KaTOIHbIN
3JIEKTPO]I ObUI MOMEIIIEH Ha HI)KHEN YaCTH KOPITyca, 32 KOTOPBIM CIIEAYET Pa3ae/IUTENb.
3aTeM 3JIeKTPOJIMT OBLT 100ABIICH K pa3aeIuTent0. JIUTHEeBBIi 3JIeKTpo,1 ObLT IIOMEIICH Ha
paznenutene. [Ipokiagka u mpyxuHa ObLIM TOMEIIIEHbI HA BEPXHIOIO YACTh JIUTUEBOTO
aeKTpoa. Sapo 6atapen ObLIO 3aMe4aTaHO HEP>KABEIOIIMMH CTaJIbHBIMU CTEPKHSIMU WU
MOCPEICTBOM TO(PPUPOBATHLHOTO CTAHKA.

[Tpumep 4

[Tocne mpoueaypsl, OMMCAHHON B IIpUMEPE 3, IEMEHT OaTapeu, COCTOSIIMM U3 KaToJa U3
npumMepa 2 (muametp 7/16”), 20 mxi pactBopa 0,5 M LiTFSI B numerunoom a¢upe (TEGDME)
TETPAd3TUICHITIMKOJISA: 1,3-nuokconiad (DOL)=1:1, pa3zaenuresis u JUTUEBOTO JIEKTPOaAA
(tomuuHou 0,38 MM, tuameTpom 7/16”), ObUT MPOTECTUPOBAH HA LUKIIMPOBAHUE 3APSIIKHU-
pa3psnaku npu Toke B 0,1 MA. TecTupoBaHue ObLIIO BBIITOJIHEHO C UCIIOIB30BAHUEM
noreHuomerpa Gamry (Gamry Instruments) 11t oTceuky Hanpspbkenus B 1,5 B u 3,2 B ipu
KOMHaTHOM Temriepatype. [Ipoduias nukia pa3psaakyd WLTIOCTPUPYETCS HA YEPTEKE.

CuHTE3BI AJTKWIMEPKANTUAOB JIUTUS

ITpumep 5

CuHTEe3 H-10JIe1UI MEPKATITUAA JTUTUS C TEKCUITUTUEM

B v-nopeumit mepkantua (9,98 r, ypaBaenue 1) B rekcane (100 mur) mpu remnepatype -30°C
OBLT KaIuIs 3a Karuie n1obaBiieH H-rekcuiumnthii (33 Bec.% B rekcaHe, ypaBHeHue 1.1) mis
MOJIICPIKaHUS TeMIIepaTypbl cMecH Hke -20°C. PacTBopuTesb ObLT y1aJIeH P ITOHMKEHHOM
JIaBJICHUM JJ1s1 TTOJTyYEeHUST OEJIOTO TBEPIOTO BEIIECTBA MPU KOJIMUECTBEHHOM BBIXOJIE.

ITpumep 6

CuHTe3 H-10IeUWT MEPKAIITUIA JIUTUS C TUTIPOKCUIOM JIUTHUS

Cwmech H-onenui Mepkantuaa (2,0 r, ypaBHenue 1) u monoruaparta (0,41 r, ypaBHeHHE
1) ruapokcuaa IUTUs B aueToHUTpuie (8 mir) Obuia Harpera 10 75¢C 1 pa3MeluBaiach Ipu
temneparype 75°C B TeueHue 16 yacosB. Ilocie oxmmaxxaeHus 10 KOMHATHOR TEMITEpATYPhI
peakuoHHas cMech Obl1a OTrIbTpoBaHa. Ocasok Ha PUITHTPE ObLIT TPOMBIT ALETOHUTPUIIOM
Y BBICYIIIEH ITpU TeMmnepatype S0°C B BaKyyMe B TEUEHUE BCEW HOUU. H-Jloaennn MepKanTuyg
JIMTUS OB MOJIYYeH B BUJIe O€I0r0 TBepAoro BelecTna ¢ 93,5% Brixoaom (1,93 ).
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ITpumep 7.
CuHTe3 H-10/IeUWT MEPKAIITU/IA JIMTUS C TEKCUIUTUTUEM

W W N

ITocne nmponenypsl, OMMCaHHOM B Iipumepe 6, 3,6-TMOKCAOKTaH-1,8-TUTHO AUITUTHEBAS
COJIb ObLJIa CHHTE3UPOBAHA U3 IMMEPKAIITaHA B BUJIe OEJI0T0 TBEPIOTO BEIIECTBA B
KOJIMYECTBEHHOM BBIXOJC.

CHHTE3BI AJIKWIIOJIUTUOIATOB JIUTUS

[Tpumep 8

CuHTE3 H-10ACHUJIITOIMTHOJIATA JIUTUS C TUAPOKCUIOM JIUTUS

\/\/\/\/\/\/SXU

B a30THBIM 1era3upoBaHHbIN pacTBOP H-HoaeurMaMepkantasa (2,00 r, ypaBuenue 1) B 1,3-
JImokcoJiane (25 mit) 6puti 1o0aBiaeHbl MoHoruapar (0,41 1, 1 ypaBHeHHE) THIPOKCHUIA JIUTUS
ucepa (1,27 r, ypaBHeHue 4). Cmech pa3MeMBaIach o1 BO3ACHCTBUEM a30Ta IPU KOMHATHOMN
TeMriepaTtype B TedeHre 30 MUHYT. H-JloAeuuInonuTuonat autus B 1,3-1uokconane Obul
MOJIY4YeH B BUJE TEMHO-KPAcHOro pacTBopa. I1oaHoe npeobpazoBaHue MepKanTaHa B H-

JOJICHWITIOIMTHONAT JIUTUSI OBLIO MOATBEPIKIEHO MOCPEICTBOM 3C.NMR u LCMS.
[Tpumep 9
Cunrtes 3,6-1MOKCAOKTaH-1,8-TOIMTHOIATA JIUTUS C TUIPOKCUIOM JIMTUS U CEPOM

RN N . ke

ITocne mpouenypsl, ONMCAHHON B IpuMepe 8, TEMHO-KPACHBIN pacTBOP 3,6-TMOKCAOKTAH-
1,8-nmonurrosiata uTus B 1,3-1MOKCoIaHe U3 peakiuu 3,6-aMokcaokTan-1,8-qutrona (0,72
r, ypaBHenue 1), Monoruapara (0,33 r, ypaBHeHue 2) rugpokcuaa autus u cepsl (1,02 T,
ypaBHeHue 8) B 1,3- nuokcostane (10 mir).

ITpumep 10

CuHTEe3 H-10ICHUIITIOJIMTHOIIATA JIUTUS U3 AJIKWIMEPKANTHIA JIUTUS

B azoTHy10 AerazupoBaHHyO ruapocMech H-goaenuimepkanrtuaa (0,21 r, ypaBHenue 1)
vty B 1,3-nuokcosane (5 mun) Obita nobasneHa cepa (0,13 r, ypaBHenue 4). CMmech
pa3MelInBalIaCh M10]1 BO3IEUCTBUEM a30Ta IPY KOMHATHOM TEMIIepaType B TeueHue 16 yacos.
HepacTBopumbie TBep/Ible BEIIeCTBA OBUIH yIaJICHBI TOCPEACTBOM (puIbTpanuu. TemHo-
KpacHbIN pUIbTpaT coaepxai 63% H-T0ASHUIIOIUTHOIATOB JIUTHUS U 37% cMmecHu Ouc(H-
JTOJEIMIT)ITOJIMCYTb(PHUIOB, KaK OBLIO OompeeeHo mocpeactsom LCMS.

ITpumep 11

CuHTE3 H-I0IEUWITIOIUTHOIATA JIUTUS C METAJUIMYECKUM JIMTUEM U CEPO

B a30THBIM Iera3upoBaHHbINM paCTBOP H-I0AeUMIMepKanTaHa (2,23 r, ypaBuenue 1) B 1,3-
JIMokcoaaHe (25 mit) obutn 1ob6aBieHsl cepa (1,41 r, ypaBHeHue 4) v mututi (76,5 mr). CMmech
6bu1a Harpeta 10 60°C ¥ pa3MelnMBaach MoJ BO3JEHCTBUEM a30Ta pu Temriepatype 60°C
B TeyeHue | yaca. H-JlogeuminonuTuosar Jutus B 1,3-1uokcosiane ObLI OJIyYeH B BUJIE
TEMHO-KpacHOro pactBopa. [ToiHoe nmpeoOpa3zoBaHue H-I0AeHUIMEPKANITaHA ObLIO

IMOATBEPAKICHO MMOCPEIICTBOM 3BC.NMR.
ITpumep 12
Cunrte3s 3,6-TMOKCAOKTaH-1,8-TTOJIMTHOIATA JIUTUS C METAJUTMYECKHUM JIMTUEM U CePOit
ITocne npouenypsl, onmMcaHHoM B mpumepe 11, TeMHO-KpacHBIN pacTBOp 3,6-IMOKCAOKTaH-
1,8-nmonuTHonara auTus B 1,3-auoKcoiaHe ObLT MOJIy4YeH U3 peakiuu 3,6-AMoKcaoKTaH-1,8-
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nurrona (1,97 r, ypaBHenue 1), metasummueckoro autus (0,15 r, ypaBHenue 2) u cepsl (2,77
r, ypaBHeHue 8) B 1,3-nuokcomnane (11 mu). [TonHoe npeoOpazoBaHUe HAYAIBHOTO

JMMepKanTaHa ObUIO MOATBEPIKICHO MOCPEACTBOM 1E}C—NMR.

ITpumep 13

PactBopenue Li,S mocpencTBom n006aBieHus: H-10ICHUITIOIUTHOIATA JTUTUS

JIns1 onipeieNieHrst paCTBOPUMOCTH CYJIb(hUAA JTUTUS B JIEKTPOJIUTE C H-
JTOJCIUIITIOIMTUOIATOM JIMTUSI HACBIIIIEHHBIA PACTBOP CYJIb(GUIA JIUTUSI OB U3TOTOBJICH
CIEYIOIMM 00pa3oM: pacTBop KoHueHTpaiuu 0,4 M H-101eUUITOIMTHOIATA JIUTUS B 1,3-
JTIMOKCOJIaHe ObLII MU3TOTOBJIEH TTOCIIE MPOLEyP, OMUCAHHBIX B ipuMepe 10. 3aTeM pacTBop
ObLT pa30aBjIeH TUMETUIOBBIM 3(DUPOM TeTpadTHIIEHTIMKOJIs 110 0,2 M, a 3aTeM 100aBjieH
B pactBop LiTFSI ¢ xonnenTpanueit 1 M nipu cooTHoteruu 1:1 (C IMMETUIIOBBIM 3pupom
TETPAdITUIICHIJIMKOIS: 1,3-AMOKCOJIaH) B COOTHOIIEHUU 1:1= 00beM/00beM. J[0 nostyueHust
HACBHILLIEHHOW CMECH B KOHEUHBIN PACTBOP ObLI 100aBJIEH CYIb(PUI IUTHUS. 3aTEM CMECh ObLIa
OoTUIBTPOBAHA, U (PUIBTPAT OBLT MPOAHAIIM3UPOBAH HA HAJIMYME PACTBOPEHHOTO JIUTHUS
nocpenctBoM ICP-MS (Agilent 7700x ICP-MS). PactBopumocTs cynbduaa mutus Obuia
BBbIUMCIIEHA HAa ocHOBE ypoBHs uTusl. B pacrBope LiTFSI ¢ konnentpanueit 0,5 M ¢
KOHLEHTpaUUen H-1oaeuuinoautuoiarta autus 0,1 M npu cootHoteHuu 1:1 (C ITMMETUIIOBBIM
3(UPOM TETPAITUIICHIJIMKOJIA: 1,3-TMOKCOJIaH) paCTBOPUMOCTD CyJibuaa JIUTUs ObLIa
onpeneneHa B Buje 0,33 Bec.%. g cpaBHeHUs1, 6€3 H-JOACUUIITIONUTHOIIATA JINTUS
pacTBopuUMOCTh cyiabduaa nutus B pactBope LiTFSI ¢ konuenTpanueit 0,5 M cocTtasisiia
muub 0,13 Bec.%. ITO HATJIAIHO IEMOHCTPUPYET YIYUIIEHHYIO pACTBOPUMOCTH LirS B

3JIEKTPOJIMTHON MaTpHLe OaTapeu pU HAJIMYUK CEPAOPTaHUYECKOT O COEAUHEHUS 10
HACTOSIIEMY U300PETEHHUIO.

(57) ®opmyna uzobpeTeHus

1. barapes, conepxamas:

a) AHOJ, COAEP XKAIMI AHOAHBIA AKTUBHBIA MaTepUall, BKIIIOYAIOIIUNA HATPUH, JINTUI UIIA
CILJIaB, WIA KOMIIO3ULMIO 110 MEHBIIIEW MEpEe OJHOTO U3 HATPUS WIH JIUTHUS C 10 MEHbILIEH
Mepe OJTHUM JIPYTUM METAJIIOM 71 00eCIIeYeHUs MOHOB;

b) KaTon, coaeprKalui KaTOAHbIA aKTUBHBIA MaTEpUall, COACPKALLUN JIEMECHTAPHYIO
cepy, JIEMEHTAPHBIN CEJIEH UM CMECh JIEMEHTAPHBIX XaJIbKOIE€HOB; U

C) IPOMEXYTOYHBIN pa3AeIUTENbHBIN JJIEMEHT, PA3MEILIEHHBIA MEXK1Y AHOJIOM U KaTOIOM,
3a1eWUCTBOBAHHBIN JJIs pa3/AeIeHUsI pACTBOPOB JKUIAKOTO WM IeJIe00pa3HOro 3JeKTPOJIUTA,
COIIPUKACAIOIIMXCS C AHOAOM M KaTOJIOM, Uepe3 KOTOPbIE HOHBI METAJIIA U UX IIPOTUBOUOHBI
MEPEMELIAIOTCS] MEX/1y aHOJIOM M KaTOAOM BO BpeMs LIMKJIOB 3aPSIAKK U pa3psIKu OaTapeu,

IIPY 3TOM PACTBOPBI JKUAKOTO WIIM IeJIE00PA3HOr0 NEKTPOJIUTA COAEPKAT OE3BOTHBIN
MOJISIPHBIN OECITPOTOHHBIN PACTBOPUTEID WIIM ITOJIMMED U ITPOBOSIIYIO COJIb M BBIITOIHSETCS
10 MEHbIIIEH MEPE OJTHO U3 yCIOBUH (1), (i1) nu (iii):

(i) Mo MeHbIIEH Mepe OAUH U3 PACTBOPOB KUIKOTO WU reeo0pa3HOTo 3JIEKTPOIUTA
JOTIOJIHUTEIIBHO COJIEPIKUT 110 MEHBIIIEN MEPE OHO CEPAOPraHUUECKOE COCITMHEHUE;

(i1) KaTOA NOIOJIHUTEIIBHO COCTOUT U3 IO MEHBIIEH MEPE OJTHOTO CEPAOPTAHUIECKOTO
COEUHEHNS;

(iii) TPOMEKYTOUHBIN Pa3AeTUTEIbHBIN 3JIEMEHT COACPKUT (DYHKIMOHAIM3UPOBAHHBIN
IIOPUCTBIN ITOJIUMED, COAEPIKALLMN 110 MEHBIIIEN MEPE OJHO CEPAOPTaHUUYECKOE COCIMHEHME,

IIPY 3TOM CEpaOPraHUYeCcKOe COeTMHEHNE BBIOPAHO U3 TPYIIIIbI, COCTOSIIEN U3

OPraHu4ecKoro Mnoaucyibduaa Gpopmysbl RI—S-SH—RZ, rae R u R? nesaBucnmo sBnsioTes

OpraHN4CCKUM (bpaFMeHTOM CI'CZO’ KOTOpLIfI MOJKET OBITh JIMHEHUHBIM, Pa3BCTBJICHHBIM UJIN
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IIMKJIMYIHBIM aJi(aTHIECKUM UIIM APOMATHIECKUM U KOTOPBII MOXKET B KAYeCTBE IOTIOJTHEHUS
CO/IepKaTh OJHY WM HECKOJIPKO (DYHKIMOHAIIBHBIX T'pyI, BKItouaromux N, O, P, S, Se, Si,
Sn, raJlore” W/uiayM MeTal, a n ABISETCS LEIbIM YMCIIOM, PaBHBIM | WM OOJIbIIIe, U

OPTaHUYECKOTO THOIATa (POPMYITBI R!-S-M nm OPTaHUUYECKOTO MOTUTHOIATA (POPMYITBI

Rl—S—Sn—M, re R! snstercs opranuueckuM ¢pparmeHToM C;-Cy(), KOTOPBII MOXKET OBIThH

JIMHEMHBIM, Pa3BETBICHHBIM WJIU UKIMUHBIM aJTi(haTHYECKUM, UJIIM aPOMATHIECKUM U KOTOPBIM
MOJKET B KQUECTBE JIOTIOJTHEHHSI MOYKET COACPIKATh OJTHY UJIM HECKOJIBKO (PYHKIIMOHATBHBIX
rpynmn, Bkaovaromux N, O, P, S, Se, Si, Sn, ranoreH u/viav Metaiul, riae M sBIseTCS JTUTHEM,
HaTpHUEM, YETBEPTUYHBIM aMMOHHUEM WJTU YeTBEPTUUHBIM (pochoHMEM, a n SIBISETCS HETbIM
YUCIIOM, PABHBIM | WK OOJIbIIIE.
2. barapes 110 1.1, OTIMYAIOIIASCS TEM, UTO CEPAOPraHUYECKOe COSIMHEHUE SIBIISIETCS

JUTHOALIETAIIeM WK AuTHokKeTasieM 1o popmynam (1) i (II) i TpUTHOOPTOKAPOOKCHIIATOM
o popmyse (III):

3 S—S,—Z
R3 /S_SD\ R3 Fl2 3 | °
RS‘;C\ /ciRs z—so—s——c|;~s—sp—z R ‘?‘S—Sp—z
S—5, RO S—5—Z
I 11 11|

rie kaxas R Hesasucumo sisistercst H wim oprannyeckuM pparmeHToM C1-Cy, KOTOPBIiA

MOJET OBITh JIMHEHHBIM, PA3BETBIICHHBIM WU MUKIIMYHBIM aJIu(daTUUECKUM, U
apOMAaTUYECKUM U KOTOPBIM MOKET B KAUECTBE JOIOJIHEHUS COAEPKATh OJHY UJIU HECKOJIBKO
dbyHKIMOHATBHBIX Tpy1Il, BKitouaronmx N, O, P, S, Se, Si, Sn, rajgoren u/vuiam meta, a o, p
Y  HE3aBUCUMO SIBJISIFOTCS LIEJIBIM YMCIIOM, paBHBIM 1 WiIu OoJIblle, U KaXKaas Z He3aBUCUMO
aBisieTcss opraHnueckuM gpparmeHToM C;-Co(, KOTOPBIM MOXKET ObITh JIMHEHHBIM,

Pa3BETBIICHHBIM MJIM HUKJIMYHBIM ajli()aTUYECKUM MM aPOMATHUIECKUM U KOTOPBIM MOXKET
B KauecTBe JOTIOJTHEHUS COJIEPKATh OJIHY WM HECKOJIBbKO (DYHKIMOHAIBHBIX TPYIIII,
Britovaronux N, O, P, S, Se, Si, Sn, ranoren w/vunu metast; Li, Na, 4eTBepTUUHBINA aMMOHUI
WIIM Y€TBEPTUYHBIN (HOCHOHUI.

3. barapes 1o 1.1, OTIIMYAIOIIASICS TEM, UTO CEPAOPraHUYECKOE COSTMHEHUE SIBJISIETCS
apoMaTUYECKUM MOJIMCYIbGUAOM 110 hopmyite (IV), mommadup-moaucyabdumaom mo hopmyie
(V), momucynbdua-kuciaol coibio o popmyite (V1) uimu mommcynbGua-KUCIon COIbIO TI0
dhopmyne (VII):

R4 R4 R4
p-u O g-So~Z MO3S—R6—S-8,~Z
(Fs-s s-S, [ 2 o
\|/ 0 "Sp—Z
R® Rs r R° 7
v MO,C—R’—S—S,~Z

v Vil

e R* nesasucumo sisstercs TPUOYTUIIOM WJIU TPUAMUIIOM, R’ He3aBUCHMO ABIISETCS OH,
OLi unu ONa, a r paBHsietrcs 0 wim 6obine B hopmylie (IV), rie apoMaTHyecKkue Koablia B
Ka4eCTBE JIOIIOJIHEHUS [IOACTABIISIIOTCS B OJIHY WM HECKOJIBKO JIPYTUX ITO3ULUM C

3aAMCHUTCIIAMHU, OTIIMYHBIMU OT BOAOPOA, R6 ABJIACTCA IBYXBAJICHTHBIM OPIraHUYCCKUM

dbparmernTom B hopmyie (VI), R’ sBisercs JBYXBaJIEHTHBIM OPTaHUUECKUM (PparMeHTOM B
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dhopmyne (VII), mpu 3TOM Kaxkaast Z He3aBUCUMO SIBJISIETCSI OPraHUYECKHUM (pparMeHToM
C1-Cy, Li, Na, 4eTBepTHUHBIM AMMOHHEM WJIA YeTBEPTUIHBIM (DOCPOHMEM, A O U p HE3ABUCUMO

PaBHAIOTCS LIEJIOMY UMCILY, paBHOMY | uinu OoJblue.

4. bartapes 1o 1.1, oTMyaromascs TeM, YTO CEpAOPTaHUUECKOE COEITMHEHNE ABIISECTCS
OPraHO- WM OPraHOMETAILNTMIECKUM MOJIUCYTb(DUIOM, COEPKAIIMM TPUTHOKAPOOHATHYIO
dbyHKUMOHAIBbHYIO rpynny 1o popmyse (IX), opraHo- Ui opraHoOMeTaNIMYECKUM
MOJIUCYJTB(UIOM, COAEPIKAIIMM TUTHOKAPOOHATHYIO (PYHKIIMOHAIBHYIO T'PYIITY 10 (hopMyJie
(X), UM OpraHoO- WK OPraHOMETAIIMICCKUM TTOJTMCYIIB(GUIOM, COAEPKAIITUM
MOHOTHOKapOOHATHYIO (PYHKIIMOHAIBHYIO T'pyIny 1o ¢popmyite (XI):

i i i
Z—SO—S‘C—S—SP—Z Z—SD-S—C—S'—Sp—Z Z—O—C—S—SP—Z
IX X X1

rae Z asisiercs opranuueckuM ¢pparmeHToM C;-Ch(, Na, Li, yeTBepTUUHBIM aMMOHUEM

WK YeTBEPTUUHBIM (hOCHOHHUEM, a O U P HE3ABUCUMO PABHSIIOTCS LIEJIOMY YUCITY, paBHOMY |
U OOJIBIIIE.

5. baTtapes o 1.1, oTIMUaromascs TeM, 4YTo PacTBOP KHUIAKOTO UJIK TeieoOpa3HOro
3JIEKTPOJIMTA MOXKET JOMOJIHUTEIILHO COCTOATh U3 JUMETAIIIMUECKOTO IMOJIUTHOIIATHOTO
coenuHenus 1o popmysie M-S-S,-M, rie kaxnas M HezaBucuMo sBisietcs Li, Na,

YETBEPTUUHBIM AMMOHHUEM WJIM Y€TBEPTUUHBIM (pochoHMEM, a n SBIISETCS UEIBIM YUCIIOM,
paBHbIM | WM OoJbIIIe.

6. barapes o 1.1, oTJIMYaromascs TeM, 4To KaTOo I JOTIOJTHUTEIBHO COCTOUT U3 IO MEHBIIIEH
Mepe OJTHOM 3JIEKTPOIPOBOISIIEH 100aBKU W/UIIM IO MEHBIIIEH MePe OJTHOTO CBS3YIOIIErO
BEIIIECTBA.

7. batapes 1o 1.1, oTiIMUaromascs: TeM, YTo OpraHudecKuit GparMeHT COJICPIKUT IO
MEHBIIIENW MEpE JIBA aTOMA YIJIEPOIA.

8. barapes no 1.1, oTiMyaromascs TeM, 4To 6€3BOAHBIN MOISIPHBIN O€CITPOTOHHBIN
PACTBOPUTENH WIIM ITOJIMMEDP COJICPIKUT OJTHY MJIM HECKOJIPKO (PYHKIMOHAIBHBIX TPYIIII,
BBIOPAHHBIX U3 ITPOCTOTO 3(pupa, KapOOHUIIA, CIIOKHOTO 3dupa, KapOoHaTa, AMMHO, AMH/IO,
cynbduauna [-S-], cynbunauna [-S(O)-] wu cyabdonuna [-SO,-].

9. batapes 1o 1.1, oTiMyaromascs TeM, 4To MPOBOAAIIAS COJIb COOTBETCTBYET (hopMyJie
MX, rne M sBnserca Li, Na uim yeTBepTUUHBIM amMmMOHMeM, a X sBirsieTcs (CF3S0,))N,

CF3S03, CH3S03, ClOy4, PFg, NO3, AsFg nimu rasoreHom.

10. Barapes o 1.1, oTauyaromascs TeM, YTO OPraHUYeCcKuii hparMeHT SIBIISETCS
OJIMTOMEPHBIM WJIM MTOJIMMEPHBIM, a CEPAOPTaHUUECKOE COETMHEHUE COJEPIKUT 110 MEHbIIIEH
Mepe OAHY -S-S- CBS3b, KOTOpPast MPEACTABISAET COO0H OOKOBYIO LIETb IJIABHOM LIEMU
OJINTOMEPHOTO WU MOJIMMEPHOTO OPTaHMUECKOTO (pparMeHTa.

11. Barapes o 1.1, oTauyaromascs TeM, YTO OpraHUYeCKUil GPparMeHT SIBJISETCS
OJIMTOMEPHBIM WJIM MTOJIMMEPHBIM, a CEPAOPTraHUUYECKOE COETUHEHUE COAEPIKUT 110 MEHbIIIEH
Mepe O/IHY -S-S- CBsI3b, KOTOPAas BKJIFOUEHA B INIABHYIO LETIb OJIMTOMEPHOIO UIIH ITOJIMMEPHOTO
OpraHUYecKOoro ¢pparMeHTa.
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