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OUBNKO-XUMHUYECKHUE CBOWCTBA TBEPIOU
COCTABJ/IAIOIIEN CBAPOYHOI'O ADPO30JIAA.
2. UK-CIIEKTPAJIBHBIE XAPAKTEPUCTUKU

C nomompio MK-criekTpanbHBIX HCCIEIOBAHMN IOATBEPIKICHA MONU(A3HOCTH 00pa3oB
TCCA-AHO-4 u TCCA-1UJI-11 — oOHapy»keHbI MOJIOCHI MOTNIONIEHHsT OKCHIOB JKelle3a, Xpo-
Ma, a TaKKe Kajablura. [1o0ckl nomomenus ¢ Makcumymamu tipu 1748 u 1381 em! xapak-
TepU3yIOT BaJEHTHBIE KoleOaHMsl KapOOHATO-KapOOKCUIIATHBIX TPYIII, MOABIEHUE KOTOPBIX
o0ycnoBneHo peakiueit okuciaenuss CO, 00pasyromerocs Ipu CXKUIaHUuH 3IEKTPOIOB, KHCIIO-
POZIOM BO3AyXa Ha MOBEPXHOCTH OKCUJIOB.

KuawueBsble cioBa: TBEpAast COCTaBJIAIOIIAass CBAPOYHOI'0O ad>p0o30Jid, HK-CHCKTpLI, OKCH/IbI
MCTaJIJIOB.

AHanM3 JTUTEPATYPHBIX JAHHBIX MO (PU3MKO-XMMHUYECKUM CBOMCTBAM TBEPIOU CO-
craBisitoieit ceapounoro asposoisisi (TCCA) [1-9] moka3zan, yTo OCHOBHOE BHHUMaHHUE
HCCcIieIoBaTeNell COCPeIOTOYCHO Ha YCTAHOBICHHU €r0 XHMMHUYECKOro M (Da30BOTO CO-
CTaBa, 3aBUCSALIETO, KaK MPaBUIIo, OT YCJIOBUN CBAPKU U MaTEpUAIIOB.

[Tomudazoslit coctraB TCCA MOXHO MOATBEPAUTh HE TOJBKO METOJIOM PEHTICHO-
(hazoBoro aHanmza, HO U MeTozoM MK-criekTpockomnuu, KOTOPBIH, K COXKAICHUIO, JIIIS
XapaKTEPUCTUKN CBAPOYHOTO a3PO30JIs IPUMEHSCTCS SIM30IMYECKU U 0e3 eTaIbHOro
aHajiu3a cekTpos [8-9].

Lenp pabotsl — conmocraButh MK-criekTpel TBEpAOH cocTaBismolIel CBAPOUYHOIO
a’p030J1s1, TOIY4aeMOro MpHU CBapke oTedecTBeHHbIMU dekTpogamu AHO-4 u 1JI-11,
OTJIMYAIOIUXCSA XUMUYECKHM COCTaBOM.

MeToanKa 3KCIIePUMEHTa

Xumudeckuii cocta aekTpono AHO-4 u LIJI-11, a Taxke MeTOIMKA MOTYYSHHS
TCCA-AHO-4 u TCCA-IJI-11 mogpo6HO onmcansl B pabore [7].

UK cnektpsl 00pa3ioB perucTpupoBaliv ¢ MOMOIIbIO criekTpodoromerpa Perkin
Elmer Spectrum BX FT-IR System (300-4000 cm™') ¢ ucrosnb30BaHHEM CHIIBHOI ario-
nu3anuud Hompa-HoproHa W CrIeKTpaibHOW pas3aeiUTeIbHON BO3MOKHOCTBIO 4 cM™.
CrieKTpbl TOIYYEHHBIX 00pa3IoB CHUMAIU B MPECCOBaHHBIX TabmeTkax ¢ KBr.

Pe3y.]'ll)TaTbI H UX oﬁcymuenne

[Momudazopsiii coctaB aspozoneit TCCA-AHO-4 u TCCA-IJI-11 moaTepxaaeT-
cs1 manabiMu MK-criextpockormuu. Ha pucynke mpeacraBnensl yaactku MK-ciiekrpos

6 © T. JI. Pakutckas, A. C. Tpy0a, A. A. DaHan, M. B. Onps, 2014
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2845
923

435

2851
2918

436

obpasnioB TCCA-AHO-4 (1) u TCCA-

IJI-11 (2), nnst KOTOPBIX OTMEUEHBI Ha-

noonpmue orauyus. C ygetoM (ha3oBOro
| coctraa TCCA-AHO-4 u TCCA-LIJI-11
[7], npu naeHTUDUKAIIMH UX CIIEKTPOB BO
BHUMaHHE IPUHUMAIOTCS JAHHBIC O YaCTO-
Tax BaJICHTHBIX KojeOaHuit cBsazeit M-OH
u M-O (M — meTasut) B UHAWBUIYAIbHBIX
OKCHJaX U JPYTUX coequHeHusx (Tabm. 1)
[10-14].

986

597

) V,CM

4100 3600 3100 2600 1600 1200 800 400

Puc. NK-cnexrpst TCCA-AHO-4 (1) u TCCA-LIJI-11 (2)

Tabnuma 1
BoJiHOBBIE YHC/Ia MAKCHMYMOB MOIJIOIIEHNS] HEKOTOPBIX OKCHIOB, HX CMeceil H InmuHe e
v, em™!
Oopazen
ceszeii M-O ces3eit M-OH

Fe O, (maruerur) 440; 480r1.; 580 [10]

v-Fe, O, 418; 560-585; 631; 691 [10]

a-Fe,0,, 800 °C (remarwur) <400; 475; 525; 610mu1. [10] 1390 [10]

B-Fe,O,, 500 °C 445; 540; 600m1. [10]

B-FeO(OH), 100°C (retur)

420, 560, 658m1 [10]

o-Fe O,, 300 °C (remarur)

2732

300; 380; 435; 525;
635 1. [14]

a- Fe O,,400 °C (remarur)

2732

298; 330m1.; 390; 437; 460m1.; 524;
540m1.; 646 [14]

a- Fe,0O,, 700°C

273

230; 300; 393; 440; 478mw.; 524,
580; 630mu1. [14]

Fe,O, (mpotoremarur)
(cycrieH3usi B Ba3eIMHOBOM
Macre)

235; 300; 330mu1.; 380; 440 u 4701y-
wiet; 530 u 580; 620mw1 [14]

409; 432; 446; 461; 470; 526; 600

a-Fe,0, (+ ZnO +Mn,0,) o [14] 1098 [10] — Fe-OH
a-Fe,0,(+Cr,0,) - 1093 [13] - Fe-OH
a-Fe,0, - 1045 [10] - Fe-OH
T T 1043 108, 1122 1 120
a-Fe,0, 434; 608; 670 [11]
MnO, Mn,O, <400; 550-565; 648-651 [10] 946 [10] — Mn-OH
MO 940; 980; 995; 1040; 1065; 1070;
2 1090; 1120 [12]

o 785; 820; 855; 890; 935; 980; 945;

25 995; 970; 1015 [12]
Cr,0, 459; 677; 658 [11]
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Tabmnuna 2

Bosnosble unciia makcumymos nornomenusi B UK-cnekrpax TCCA

v, eMm’!

AHO-4

1JI-11

OTHeceHMe MOJI0C

3435(v_)

CHM

3436(v_)

cuM

BanentHble CHMMETpHYHEIE KOTEOaHHs
OH-rpynmsl B acCOIMUPOBAHHBIX MOJIEKY-
J1axX BOZIBI

1658 mt; 1632(3

o)

1616 mr; 1600

1658 ru; 1637¢cp (3, ,);
1597 twr; 1593 wr; 1577

JledopmMarioHHbIe KOJICOAHHS BOBI

CHM:

2923(v,.) 2918(v,,) Accumerpuanbie konedanus CH,-rpyrnms
Bo (pparmenTax R-CH,-R
2845(v_) 2851(v_ ) Cummerpuueckue konedanust CH,-rpynmbt

cHM

BO (pparmentax R-CH,-R

1748(v, ); 1381(v_);

CHM)

1742(v,); 1381(v,,,)

BasentHsle kone6aHus KapOooHATO-
kap6okcmatHeIx rpymni (COOY)

1460 1471; 1451; Konebannst C=C-rpynmsl B apoMariye-
CKOM KOJIbIIC

1269; 1043; 1023; 1046; 1026 Banenrnsie xonebanus Fe-OH B mmmne-
JIIX

1401; 718 1412; 718 BanenTHble konebanus kapOOHAT-HOM

rpynisl B kanbiute (CaCo,)

1004; 986; 965; 948; 458

945; 886 (k.1. = 5)

Banentnsie konebanus Cr-O B
KOOPIMHAIIMOHHO-HEHACHIIIICHHOM
(BBICOKOYACTOTHBIC) U KOOPJHMHAILIMOHHO-
HACHIIIICHHOM XpOMe (HU3KOYaCTOTHBIC)
(k.4.=5)

819; 800; 780; 699

794; 774

JledopmaroHHbIe KOJIeOaHWst
Fe-OH

758; 738; 618 m1; 598 mn

758; 735; 615 mwr; 597; 559
mwr; 539

Oo6nacte konebanuii cBs3u Fe-O B okcH-
Jax

582; 517,497, 458; 436

470; 450; 430

Fe,O,

419

411

v-Fe O,

B Tabi. 2 06061mens! pesynbrarsl uaeHTudukannun UK-cnexkrpos oo6pasuoB TCCA-
AHO-4 u TCCA-IJI-11, Ha ocHOBaHMM aHalM3a KOTOPBIX MOXKHO CJENaTh TaKue

BBIBO/IBI.

1) Merogom MK-criekTpockonuu moaTBepkaaeTcs nonuda3oBblii COCTaB CBAPOYHO-
IO a3po30JIs — HAJIMYME OKCHIIOB JKeNe3a, Xpoma, a Takxke kanpiuuta — CaCO, (v, em™':
879; 1429-1492; 706 [11]).

2) B cnekrpax o6oux o6pasnoB TCCA oOHapy>KUBAKOTCS TOJOCHI MOTIOMICHHS,
OTHECEHHBIE K aCCHMETPUYIHBIM M CHMMETPUYHBIM KoneOanusam CH -rpymm (2923; 2845
cv'm 2918; 2851 cm!), a takke koiebanusam C=C (1460 cm' u 1471; 1451 cm), a0
00YCJIOBJIEHO HAJIMYUEM B COCTABE MOKPBITUS DJEKTPOJOB LEIITIONIO3BI.
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3) Hanuuue nonoc nororierust npu 1748 u 1381 e (AHO-4) u 1742 u 1381 cm!
(LIVI-11) oTHeceHBI K BaJICHTHBIM KOJICOAHHSIM KapOOHATO-KapOOKCHUIATHBIX TPYMIL.
[losiBneHme >TUX TPyNIl yKa3bIBaeT Ha MpoTeKaHue peakiuil okucienust CO, oOpasy-
OIIETOCS TIPH CKUTAHUH JIEKTPOIOB, KUCIOPOIOM BO3IyXa HA TIOBEPXHOCTH OKCHIIOB.
AHaIIOTHYHBIE TTOJIOCH HAOMIONAIOTCS TPU BBICOKOTeMIeparypHoM okucieHun CO Ha
OKCHUJIHBIX KaTanu3atopax [12].

4) Makcumymsr iormomienus mpu 3435 em! (TCCA-AHO-4) u 3436 (TCCA-LJI-11)
OTHECEHBI K BaJICHTHBIM KojeOaumsM OH-rpymnmsl B acCONMMPOBAHHBIX MOJEKYIax
Bonbl. ITomoca nmedopmanmonHbix kojebanuii OH-rpynmsl B Mosnekynne Bomsl (1632;
1637 cm!) mms oboux ob6pazmoB TCCA mMeeT CIOKHBIA XapakTep — HAIWYHE YETKO
BBIPQXKEHHBIX IUIEY, YTO YKA3bIBAECT Ha SHEPreTUYECKYI0 HEOIHOPOJHOCTh ATHX TPYIIIL,
00yCIIOBJICHHYIO TIPHPOIOA MeTaila U €ro KOOpAMHAIIMOHHBIM ducioM. Obpa3oBanue
OH-rpynmn nHa noBepxaoctn TCCA BO3MOXKHO B pe3yJIbTaTe pPeakilfy jKeJe3a ¢ mapaMmu
BOJIbI U KUCJIOPOIOM BO3ayXa. AHaloruuHele mojockl Ha0monatoTcs B UK-cnekrpe Ha-
HOYACTHI] JKeJie3a, MOMyYeHHBIX METOIOM pa3iiokeHus oneata xxenesa(ll) B opranudec-
KHX paCTBOPHTEISIX B MHEPTHOM atMocdepe mpu temmeparype 100 °C [15]

5) [omockl OTIOMICHHS, XapaKTePU3YIOIIUe KoIeOaH s PEIIeTKA OKCHIIOB, HAM0O0-
Jiee 4eTKo 0OHapyxuBatoTcs st okcuza xpoma (Cr,0,) v pasHbIx okeu0B xeresa. Cie-
IyeT OTMeTHTh, 4To B cirydae TCCA-11JI-11 monockl normonienus mpu 945 u 886 cm!
OTHOCSTCA K BaJIeHTHbIM KonieOanusiM Cr-O B KOOPIMHAIIMOHHO-HACBIIICHHOM XPOME
(x.g. = 5). Crnekrp obpaznia TCCA-AHO-4 B oOmacTsiXx BaJCHTHBIX KOJCOAHWH CBSI3U
Cr-O xapakTepu3yercsi CIOKHOW IMOJOCOU, MPEACTaBIIONICH CYNEepIO3UIHIO TTOJI0C
nortomenus npu 1004; 986; 948 cm™!, oTHeCeHHBIX K BaleHTHBIM Kosebanusm Cr-O
B KOOPAMHAIIMOHHO-HEHACHIIIEHHOM XpoMe (K.4. = 4) [12]. OOpaiaer BHUMaHue, 4TO
nmojtoca npu 458 cm!, mo ganHbM [11], MOXeT OBITH OTHECEHA K KOJICOAHHUSIM CBS3U
Cr-O B KOOpIMHAIIMOHHO-HACKIIIICHHOM XpOME, TIPOSIBIISICTCS TOIBKO B CIIEKTpe o0pasna
TCCA-AHO-4, B KOTOPOM XpOM SIBJISIETCS KOOPAHMHALMOHHO-HEHACHIIIIEHHBIM.

[Monoca npu 458 u 450 cm™! xapakrepusyet konebanus csi3u Fe-O B okcumax u minu-
e, Kpome Toro, Beicoko4acTOTHBIE KOMIOHEHTHI (1023; 1043) cnokHO# MOJIOCH ¢
y4eToM AaHHBIX [10] MOXKXHO NpUIUcaTh BaJICHTHBIM KoseOaHusM cBsizu Fe-OH B mimu-
HEIH.

B o6nactu Himke 760 cm! nposiBisitorest konebanus cBsizu Fe-O B pa3nmuuHbIX OKCH-
nax. HaGnronaroTcst He3HaYUTEIbHBIE CMEIIEHHSI MAKCUMYMOB TTOTIIONIEHHSI, YTO 00ycC-
JIOBJICHO, OYEBUIHO, BIMSHHEM COCTaBa HCXOIHBIX 3JCKTPONOB Ha (OPMHpPOBAHHE
TCCA.

Pesynsrarel MK-crieKTpanbHbBIX UCCIIEAOBAaHMA MOATBEPAMIN oMU (a3HOCTh 00pa3-
oB TCCA-AHO-4 u TCCA-LJI-11 — oOHapy KeHbI TIOIOCHI MOTIIOMIEHHS] OKCHUIOB XKe-
ne3a, Xpoma, a TakKe KaJIbIINTa.
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®I3UKO-XIMIUHI BJTACTUBOCTI TBEPIOI CKJIATOBOI
3BAPIOBAJIBHOI'O AEPO30JIIO.
2. IY-CIIEKTPAJIBHI XAPAKTEPUCTUKU

3a momomororo [Y-criekTpaibHUX JOCTIKeHb MiATBeppKeHa momidasnicTs 3paskiB TC3A-
AHO-4 1 TC3A-1JI-11 — BusiBIEHI CMyTH HOTIMHAHHS OKCHIIB 3a1i3a, XPOMY, @ TAKOXK KaJlb-
uuty. CMyru nornmuHaHHs 3 MakcuMymamu ripu 1748 ta 1381 cm! xapakTepu3yoTh BaJeHTHI
KOJIMBaHHS KapOOHATO-KapOOKCHIIATHUX IPYII, MOSIBA IKUX 00YMOBJICHA PEAKIIi€I0 OKHUCIICHHS
CO, 1110 YTBOPIOETHCS TIPH CMIATIOBAHHI SJICKTPO/IiB, KICHEM MOBITPs HA MOBEPXHI OKCHUIIB.



Dusuko-xumuyeckue ceoticmea TCCA. 2. UK-cnekmpanbHble Xapakmepucmuruy
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PHYSICOCHEMICAL PROPERTIES OF THE SOLID
COMPONENT OF WELDING AEROSOL.
2. IR SPECTRAL CHARACTERISTICS

Polyphase composition of SCWA-ANO-4 and SCWA-TsL-11 samples has been confirmed
with the help of the IR spectral investigation: absorption bands of iron and chromium oxides
and calcite have been detected. The absorption bands whose maxima are at 1748 and 1381
cm! characterize stretching vibrations of carbonate-carboxylate groups which appearance is
due to the oxidation with air oxygen of CO formed on the oxide surface as a result of the
electrode burning.

Keywords: solid component of welding aerosol, IR spectra, metal oxides
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B3AMMOCBA3b KNCJIOTHOCTHU-OCHOBHOCTMU,
PACTBOPUMOCTHU U CIIOCOBHOCTHU

K B3AUMOJEVMCTBUIO ®TOPUJ0B IIEJOYHbIX
N MEJOYHO3EMEJIBHBIX METAJIJIOB

PaccMoTpeHO BiaMsHHE Pa3IMYHBIX (aKTOPOB HA PaCTBOPUMOCTDH B BOjie (hPTOPH/IOB IIETOY-
HBIX U IIEN0YHO3eMENbHBIX MeTaios coctaBa MF (M— Li+Cs) u M’F, (M— Be + Ba). Ycra-
HOBJICHA OIPEEIAIONIas posib (paKTOpa OCHOBHOCTH, a TAK)XKE BEJIMYMH, CBA3AHHBIX C IHEP-
THeil KPUCTAININIECKOH peleTKH (TeMIieparypa KAIeHHs W SHTAJIBIINK HCIIapeHHs) COJIN B
ee pactopumocTu. [Tokazano, 4To MuHuManbHas pacteopumocts (LiF, CaF,)) nocturaercs
Y 3Ha4YEHHUH (aKTOpa OCHOBHOCTH, HECKOJILKO MeHbIIeM 1. [IporHozupyercst BO3MOKHOCTh
00pa3oBaHusI CIIOKHBIX (HTOPHIOB METAIUIOB ¥ U3MEHEHHUS HX PACTBOPUMOCTH IO CPABHCHHUIO
C UCXO/IHBIMH KOMITIOHEHTaMH.

KonroueBbie ciioBa: GTopu/Ib! METOYHBIX U MIETOYHO3EMETBHBIX METAIIOB, PACTBOPHMOCTb,
KHCJIOTHOCTb-OCHOBHOCTB, CJIOXKHBIE (DTOPH/IBI.

BBenenmne

BOHpOCLI PACTBOPUMOCTHU BEIIECCTB B PA3JIMYHBIX PACTBOPHUTECIIAX, BKIIIOYas BOAY,
paccMaTpUBarOTCs yXKe Ha MPOTSIKEHUU JIHTEIbHOTO BpeMeHH. Ocoboe MecTo B psay
BEIIECTB 3aHUMAIOT TAJIOTCHUABI MIEJIOYHBIX U MIEIOYHO3EMEIBHBIX METAJIOB, MHO-
THUC M3 KOTOPBIX HAXOAAT HIMPOKOC UCIIOJIb30BAaHMUE B KAY€CTBE CPE/I JIs BbIpallluBaHUA
KpHCTaIoB [1], onTHYeCKUX MarepuaioB [2] W B IPYyrux oONACTAX HAYKA U TEXHH-
k. B 3TOM I1aHe BaKHBIM SIBJSIFOTCSI BOIIPOCHI MX THTPOCKONUYHOCTH U PACTBOPH-
MOCTH, MIOCKOJIbKY YKa3aHHbIe (paKTOPBI MPEAOIPEILSISIOT BO3MOXHOCTD (JIMOO HEBO3-
MOXXHOCTb) X MPAKTHYECKOIr0 MCIOIb30BaHus. C BOPOCOM PacTBOPUMOCTH CBSI3aHbI
TaKHe MapamMeTpbl BEIICCTB, KAK TEMIICPATYPbl IUIABJICHHUS M KUIICHHUS, SBISIONIHECS
MPOM3BOAHBIMHA OT OHEPIU KPUCTAJUIMICCKUX PCIICTOK.

JleficTBUTENBHO, KaK OOIIEM3BECTHO, MPOIECC PACTBOPECHHS COCTOMT M3 CTauil
pa3pylIeHUs] KPUCTAJUTMYESCKON PEIISTKU, CONbBATALNK (TUAPATALMK) HOHOB U UX I0-
CIEAYIOUINM pachpesesieHneM B o0beme pactBoputeis. OOmumid sHepreTudyeckuii Oa-
JIaHC, @ 3HAYUT U PACTBOPUMOCTD BEIIECTBA, OIIPE/ICIISIeTCS] B OCHOBHOM, COOTHOIIICHHEM
SHEPrUil KPUCTAJUTUYESCKHUX PEIIETOK U ITPOLIECCOB IUAPATALIUH.

Ob6ocHoBanue KOHIENIUUN U MPOTrHO3MPOBAHNE PACTBOPUMOCTH

B cooTBeTcTBUY ¢ BBIABUHYTON HaMU paHee [2-4] KOHLIEMIHEH dJIeKTPOCTaTHIECKOM
KHCIIOTHOCTH-OCHOBHOCTH HEOPTaHWYECKHUX COCAMHCHWH HOHHOM MpUPOIB (Tayo-
TeHU/IbI, OKCHUJIbl, TUAPOKCHU/IbI, HUTPATHl U APYTUX ILEIOYHBIX, [IEJI0YHO3EMENIBHBIX U
pelKko3eMebHBIX METAIUIOB), COSAMHEHHUE C ONITUMAIbHBIM COOTHOIIEHUEM (IPUMEPHBIM
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MApPUTETOM) KUCJIOTHBIX U OCHOBHBIX NAapaMETPOB JOKHO 00JIaaTh HAUMEHbIIEH T'H-
IPOCKOMUYHOCTBIO U PACTBOPUMOCTHIO B BoJie. Takue COeqUHEeHUs, UIMEIOLIUE BCE IPU-
3HAKU «aM()OTEPHOCTHY, 00JIaIal0T HAHOONBIIAMHU (TIPH IPOYHUX PABHBIX JTUOO OIH3KUX
YCIJIOBUSIX) 3HAUEHUSIMH HEPIUU KPUCTAJUINYECKOM PeLIeTKH U, BUIUMO, HaUMEHbLIeH
CTIIOCOOHOCTRIO K THApaTannu. B kadecTBe OOBEIMHEHHOTO IapaMeTpa OCHOBHOCTH
(O,,.) CBA3M METaI-HEMETAILT NPEUIOKEHO COOTHONIEHHUE, YIUTHIBAIOIIEE 3aps10BO-
pa3MepHble apaMeTpbl aHHOHA U KaTHOHA!

2

_ ‘Za I
M-X —

2

‘Zk I,

0) , (1)

e z, 7,, I, I, — COOTBETCTBEHHO, (POPMAbHBIE 3aps/ibl U KPUCTALIOXUMHYECKHE
paanychl (C y4eTOM KOOPIUHAIIMOHHOTO YMCIIa) aHMOHA U KaTnoHa. Kak Hanbonee agek-
BaTHO OTpa)arolllie peasbHOe paclpe/ieIeHue AEKTPOHHBIX IIOTHOCTEH B peleTke 3a
OCHOBY B34Thl HOHHBIE panuychl 1o LllenHony [5].

B kauecTBe napamerpa, KaueCTBEHHO OTPaXKAIOIIET0 SHEPTUU KPUCTAIIIMUECKUX pe-
LIETOK COJIeH, B3AThl 3HAUCHUS UX TeMIIepaTyp KUIEHUS U SHTAIbIUN ucnapenus [6,7].
PactBopuMOCTB coell o JaHHBIM [6] mepecunTana, il OoJblIe 00BEKTHBHOCTH, B
MOJIbHBIE MTPOLEHTHI (YTO MO3BOJISIET YUECTh CYLIECTBEHHbBIE PA3IMUMs B UX MOJISIPHBIX

Maccax) C IIOMOINBIO COOTHOIIICHUA:

s, /M, 100

[ - m "
Sy »70 MOIL 5556+s, /M.’ (2)

rie 5,556 — uncio monk B 100 T Boakl, s — MaccoBas pacTBopumocTs (1/100r H,0), M. —
MOJISIpHAsI Macca COIH, T/MOJIb.

Cremyer OTMETHTB, YTO B CIy4ae XOPOIIO PACTBOPUMBIX COJNICH ¢ OOIBIION MOJISp-
HOU Maccoi, Macca paCTBOPSCHHOW COJIM 3aMETHO MPEBEIMIACT MACCy PACTBOPHUTEIIS.

Pe3ynbTaThl H UX 00CYyKAEeHHE

TabnuuHble 3HAYEHHS TEMIIEPATYp KHUIICHUS, DHTAIBIHUA HUCIAPEHUS, a TaKKe
pacueTHble 3Ha4eHus O u s_npuBeeHbl B Tabu1. 1 s GTOpUI0B BCEX MIENOYHBIX (KpO-
Me Fr) u menodnozemensHbIx MeTamuioB (Mg + Ba, kpome Ra), a Tarxoke aist comocTas-
nenust — Qropuga Oepwnins (MeTaia TOW ke IPYIIBI, He OTHOCAIICTOCs 10 CYTH K
[IEJT0YHO3EMENTFHBIM). YIOOCTBO JUISI COMTOCTABICHHS CBOWCTB YKa3aHHBIX COCIHMHCHHUN
3aKJIF0YaeTCs B TOM, YTO (PTOPHIIBI MIETOYHBIX METAUIOB KPHCTAILTH3YIOTCSI B OMHAKO-
BOi1 KyOmueckoii ctpykrype ramuta (NaCl) ¢ koopArHAIIMOHHBIMU YHCIaMH PTOpa U He-
MeTajuia, paBHEIMHU 6. B To ke Bpems, GpTOpUABI MET0YHO3EMEIFHBIX METAIOB, KPOME
MgF, (u BeF,) TeTparonanbHOi CHHTOHMH, KDHCTAJUTU3YIOTCS B KyOMYECKOH CTPYKTYpe
tuna ¢moopura (CaF)) ¢ KOOpIMHAIIMOHHBIM YMCJIOM METallla, paBHbIM 8, H (Topa,
paBHbIM 4.

Kaxk cienyer u3 Tabmn.1, B paay ¢ropunos menounsix metamioB oT LiF k CsF nabimio-
JaeTcs 0XKHUIaeMoe BO3pacTaHHEe OCHOBHOCTH CBsizei M—F u cumbaTHOE BO3pacTaHue
pPacTBOPUMOCTH. DTO 00YCJIOBICHO YCHJIEHHEM B3aUMOJACHCTBHS (PTOPUIOB METAIIOB
C BOJIOH ¢ 0Opa3zoBaHreM Bee Oosiee MPOUYHBIX KpucTamoruaparos tuina MF-nH O [8].
[ToBBIIIIEHNIO PACTBOPUMOCTH CIIOCOOCTBYET YMEHBIIIEHUE YHEPTHU KPUCTATITNISCKIX
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pELIETOK COCAMHEHUI B YKa3aHHOM DSy, O YEM MOXHO CYAUTH [0 YMEHBIIEHUIO TEM-
nepaTyp KUIEHUs U DHTAIBIINI HCTIApEHHUSL.

Tot ¢hakT, uTO HaUMeHee pacTBOpUMEIM siBisieTcs LiF, T.e. coennHenue ¢ mpeodnana-
HHEM KHCJIOTHBIX CBOUCTB (O, . < 1), MOXHO OOBACHUTH aHAJIOTHIHBIM COOTHOIEHHEM
KHCJIOTHO-OCHOBHBIX CBOMCTB pacTBOpUTENs (BoAbI). JleCTBUTENBHO, H3 OOMIMX CO00-
PaKeHUH NOHATHO, 4TO poToH H' (Tounee, karuon runpokconns H,0") kak cocraBHas
YacTHUIIA MOJIEKYJIBI BOJIbI JJOJDKEH 00N1aaTh 00Jiee BBIPAXKEHHBIMU KHCIOTHBIMHU CBOM-
CTBaMH, 4eM runpokcui-annoH OH ™ (apyras cocTapisromasi 4acTHIIa) — OCHOBHBIMH.
[oaTBepkneHHEM ATOMY MOXKET CIY)KHTh TOT (DaKT, UTO SHEPTHs B3aUMOACHUCTBHS
BOJIbI €O menounbiMu okcuaamu (Na,O, K O u ap.) 3naunTenbHo (B 2-3 pasa) BbIIIE 110
CPaBHEHHUIO C TAKOBOM JUISl B3aMMOJEHCTBHS ¢ KUCIOTHBIMU okcuaamu (SO,, N O,). To
K€ MOYKHO CKa3aTh O COOTHOIICHHH a0COIOTHBIX 3HAYCHHUH YHTAIBIINI paCTBOPCHHUS B
BOJIC KUCIIOT U Iesiouei [5,6]. DTo 00ycaoBiIeHO, T0 MHESHHIO aBTOPOB [9], acuMMeTpH-
ell MOJIOKEHHSI LIEHTPOB TAKECTH MOJOKHUTEIBHOTO U OTPULIATENILHOTO 3apsII0B AUTIONS
MOJIEKYJTbI BOJIBI.

Tabmmua 1
OCHOBHOCTD, JHEpreTHYECKHE MApaMeTPbl H PACTBOPUMOCTD B Boe npu 20-25°C ¢propunos
LIeJIOYHBIX H HIeJIOYHO3eMeJbHBIX MeTAI0B

®opmyJia propuaa MeTalia
CBoiicTBO
LiF NaF KF RbF CsF
0,57 0,95 1,63 1,95 2,31
OCHOBHOCTh
cesisei (O 1) 1700 1700 1500 1410 1250
Temmeparypa KANEHHUST 284 283 243 216 196
T °C
(L) 9-10* 1,86 22,8 34,0 40,5
DHTAJIBINS ucrapeHus Ber Mng Can Ser Ban
(A By ), KR0S
0,06 0,39 0,57 0,72 0,89
1160 2270 2530 2460 2250
PacrBopumocTb
(s,), % mou. 240 394 448 449 391
~36 2,2:10° 3,7-10* 1,7-10° 1,7-102

VYKka3aHHBIE BBIIIE OOCTOATEIHECTBA OCOOCHHO SIPKO TPOSIBILTIOTCS B psimy (ropu-
nos tuna MF, (M — Be + Ba). B cuity 3HaunTenbHO OONIbIIEH SHEPTMU KPUCTAILINYEC-
KHX PELIeTOK (PTOPUIOB IIEIOYHO3EMETbHBIX METAJUIOB 110 CPABHEHMIO C (propuaamMu
IIETTOYHBIX METAIJIOB (O YeM MOKHO CYAHTH IT0 PE3KOMY POCTY MX TEeMIIEpaTyp KUIICHHS
W DHTAIBIHNH ncnapeHus (Tadm.1)), uX pacTBOPUMOCTH B BOJIC 3HAYUTEIIBHO HIKE JTaKe
1o cpaBHeHuto ¢ LiF.

C »TuM cornacyercst B IeJIoM Oonee HU3Kas OCHOBHOCTh (DTOPHJIOB INENOYHO-
3eMeNbHBIX MeTamuioB. OnHako, B omnuue oT ¢propunos tTuna MF, y ¢propunos tuma
MF, HabnroziaeTcs SKCTpeManbHO HU3KOE 3HAYEHHE PACTBOPMMOCTH ISl CEPEMHBI psia
npu M =Ca; npu 5ToM 0cHOBHOCTh CaF, MpakTHY€eCKH TOJIHOCTBIO COBIAIAET C TaKo-
Boii s LiF. [pu ysennuennn ocnosuoctu B psany CaF, — SrF, — BaF, pactsopumocts
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CYIIECTBEHHO BO3pacTaetr, 0cobenHo s BaF,, wemy cmocoOcTByeT 3HauuTenbHOE
YMEHBUICHNUE SHEPTUH KPUCTAJUIMYECKON PEIIETKH MOCIEAHEro (4TO CIIEAYeT U3 CHUKE-
HUS TeMIICpaTyphl KUIICHUS M SHTAJIBIHN HCIApeHHUs). AHAIOTHYHAs KapTHHA HAOIIo-
JIA€TCA U TIpU yMEHbLIEHUH ocHOBHOCTH B psny CaF, — MgF, — BeF,, mpuyem peskoe
ee nmanenue Juid BeF, npuBoauT Kk KapuHaibHOMY YBEJIUYEHHIO €T0 PACTBOPUMOCTH.
3TOMY CIIOCOOCTBYET TAKXKE PE3KOe YMEHbIIEHHE SHEPTHUH KPUCTAIIIMUECKON PEIIETKH
110 CpaBHCHUIO C (I)TOpI/II[aMI/I HEC TOJIBKO BCCX MICJIOYHO3EMEJIbHBIX, HO U psia HICJIOYHBIX
METaJlJIOB.

OCHOBBIBasICh Ha KOHIICTIIINHA KUCIOTHOCTH-OCHOBHOCTH MHAMBUAYAIBHBIX (BTOPH-
JIOB, MO>)KHO TIPOBECTH MPOTHO3UPOBAHUE CIIOCOOHOCTH UX K B3aUMOJICHCTBUIO MEKIY
co6oii. Tak, MOXXHO MPEANOI0KUTH, UTO Bce (ropuasl Thna MF u 6ompmuHCTBO (PTO-
PHUI0B THIIA MF2 OJKHBI B3aUMOIEHCTBOBATE C Ber ¢ 00pa3oBaHHEM BeChMa MTPOYHBIX
CIIOKHO(TOPUIHBIX COCTUHEHUH, MPUYEeM IMPOYHOCTh M YWCIO ITHX COCAMHCHHH C
BO3pACTaHUEM PAa3HOCTH OCHOBHOCTEH MPOCTBHIX (PTOPUIOB IODKHBI BO3pacTarb. ITO
JeHCTBUTENbHO UMeeT MecTo (Ta0i.2). B MeHbleil cTerneHn nposBiIsieT TaKylo CIoco-
onocte MgF,, obnanarommii 3aMeTHO Gosiee BBICOKOH OCHOBHOCTBIO. CPEin CIIOKHBIX
(TOPUIOB MIETOYHBIX METAJUIOB CIEAYET OTMETHTS JIUIIb COSTUHEHHS Ha ocHOBe LiF —
COEJMHEHHUS C HAMMEHbILEH OCHOBHOCTBIO.

OueBuHO, 0Opa30BaHUE COCAMHEHUS CIOKHOTO COCTaBa JOJKHO COMPOBOXKIATHCS
BBIPAaBHUBAaHUEM KHUCJIOTHO-OCHOBHBIX CBOMCTB CBsi3ell M—F.

Tabmnuna 2
CaoxHble (pTOPHIBI HIETOYHBIX U IeJ0YHO3eMeIbHbIX MeTasL1oB [10,11]
Tun Cucrema / pasHOCTh OCHOBHOCTeI cBsizeii M—F
Dopmy.ia coeHHEHHS

e MF-M’F / AO MF-MF, / AO MF-M'F, / AO
| LiF-KF / 1,06 LiF-BeF, /0,51 BeF,-CaF, /0,51

’ KLiF,, P Li,BeF,, D CaBeF,, P
2 LiF-RbF / 1,38 LiF-BaF, /0,42 BeF,-SrF, / 0,66

’ RbLiF,, D BaLiF,, P SrBeF,, D
3 LiF-CsF /1,74 NaF-BeF, / 0,89 BeF,-BaF, / 0,83

’ CsLin, D NaBeF,, D; Na,BeF,, D, BaBeF,, D
4 NaF-MgF, /0,56 MgF,-SrF, /0,33

’ NaMgF,, D SrMgF,, S; StMg,F, S

KF-BeF,/ 1,58 MgF _-BaF, / 0,50
5. KBeF,, D; K,BeF,, D,; Ba,MgF, P; BaMgF , P;
K,BeF,, P BaMgF, P

6 KF-MgF, /1,24

’ KMgF,, D; K,MgF,, P
7 KF-CaF,/ 1,06

’ KCaF,, D
] CsF-MgF, /1,92

’ CsMgF,, D; Cs,MgF,, D,

Ipumeuanue: D — nucTeKTHKa (KOHTPYIHTHO TUIABSIICECs COeIMHEHNUE); P — mepuTekTika (MHKOH-
TPYSHTHO IUIaBSIIEeCs COCANHEHNUE); S — TBepA0(ha3HOE MPEBpaILCHNE
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OTUM MOXHO BOCIOJIB30BaTHCS JJISI MPOTHO3UPOBAHMA M PEryJUpPOBaHUS Xapak-
TEPUCTUK BEILIECTBA, B YaCTHOCTH, €r0 PacTBOPUMOCTH. Tak, mpu B3auMOIEHCTBUU
BaF, u MgF,, obnanarommx nosbimenHo# (o cpapuennto ¢ CaF,)) pacTBOpUMOCTBIO,
MOXKHO OXKHJIaTh BBIPABHUBAHMSI OCHOBHOCTH UX CBsize 10 0,64; 3T0 JOHKHO MpUBEC-
TH K 3HAQYUTEILHOMY YMEHBIICHHMIO PaCTBOPMMOCTH CJI0KHOro (ropuma BaMgF, mo
3HAYEHHH, NPOMEKYTOUHBIX Mexy TakoBbiMu 1t CaF, u SrF,, Te. ~1-10° % wmon.
(tounee, 7,9-10* % Mo, KaK CpemHssl TEOMETPHUYCCKAs BEIMYMHA U3 COOTBETCTBYIO-
mux 3Hauenuil s CaF, u SrF,). DkcnepumeHTanbHO yCTaHOBJIEHHAS BEIMYUHA pa-
crBopumoctr BaMgF, (B mepecuere Ha GpopmynbHyto enunuiy (Ba,Mg)F,) coctapser
9,5-10* % ™o, 94T0 BecbMa OJIM3KO K OIEHOYHOMY 3HAYCHHIO M 3aMETHO HUKE, YeM
JUTSL KQXKJI0TO U3 KOMITOHEHTOB coeunenus, T.e. MgF, u BaF,. Heckonbko Gonbruee (1o
CPAaBHECHHUIO C PACUCTOM) SKCIECPHMEHTAIBHOE 3HAUCHHWE PACTBOPHUMOCTH, BO3MOXKHO,
00yCIIOBJIEHO OONIee HU3KMMH 3HAYEHUAMM DHEPIUl KPHCTAIMYECKUX permeTok MgF,
u BaF, no cpasuenuro ¢ CaF, (1 SrF)). D10 OTKpBIBa€T BO3MOXKHOCTH MPAKTUYECKOTO
NPUMEHEHHs YKa3aHHOTO CIOKHOTO (PTOpUIa Kak MEePCIeKTUBHOTO MaTepuaia Jyis UH-
tepdepeHIoHHoN onTHKK [12], 00nagaromero MmoBbIIICHHBIME YKCIUTyaTalldOHHBIMA
IapaMeTpaMu, B YaCTHOCTH, KIMMATHYECKON CTOMKOCTBIO M MEXAHUYECKOW IMPOYHOC-
ThI0. B 3TOM IuUIaHE MOXKHO TaKke MPOrHO3UPOBATh BO3MOXKHOCTH IOIYYEHHUS CIIOXK-
Horo ¢ropuna StMgF,, pacTBOPUMOCTE KOTOPOTO JOJIKHA COCTABISATh, €CIIH 00 5TOM
CYIIUTh 110 BBIPAaBHEHHOH 0CHOBHOCTH (~0,56), MUHUMAJIbHYIO BEIMYHUHY, TPAKTUICCKU
COBMA/IAIONIYIO C TAKOBOM ISt Can. [IpencrapnsieT Takke UHTEPEC CIOKHBIA (HTOPHIT
cocraBa K BeF,, KOMIIOHEHTBI KOTOPOro 00/1aar0T BEChMA BHICOKOM pacTBOPMMOCTEIO
(tabm.1). ITockonbKy BeIpaBHEHHAs OCHOBHOCThH cBa3el M-F B coenunennn K BeF,
cocrasinser 0,84, ero pacTBOPUMOCTh JOMKHA OBITH MIPOMEXKYTOUHOM MEXKTy COOTBET-
ctByronmMu BennunHamu st NaF u LiF, T.e. okono 0,4 % mon. TabnuyHoe 3HaYeHHE
[6] cocranser (B mepecyere Ha s ) 0,22 % MOIL., YTO 1O TOPAAKY BEIMYMHBI BECHMA
OJIM3KO K OLIEHOYHOMY 3HAYEHUI0. AHAJIOTHYHBIM 00Pa30M MOXKHO ITPOTHO3UPOBATh Pe3-
KO€ YMEHBILIECHUE PACTBOPUMOCTH CJIOKHOTO (hropuna cocrapa NaMgF, no sennuuw,
Om3kux K TakoBbM 11 CaF ). Takum 06pa3om, NPUMEHEHNE KOHIETIIMH KHCJIOTHOCTH-
OCHOBHOCTH OTKPBIBa€T HOBBbIE BO3MOKHOCTH Ul IIPOIHO3UPOBAHMs CBOMCTB eIlle He
HCCIIEIOBAaHHBIX COETMHEHUH.
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B3A€EMO3B'SI30K KHCJIOTHOCTI-OCHOBHOCTI,
PO3YUHHOCTI I 3IATHOCTI 10 B3AEMOAII ®TOPUAIB
JYXKHUX TA JYKHOZEMEJIbBHUX METAJIIB

Pe3rome

Po3rnsayTO BIIMB pi3HHX (DAaKTOPIiB HA PO3YMHHICTH Y BOAI (DTOPUMIIB JTYyKHUX 1 JTy)KHO3E-
MenbHux MeTainis cknanry MF (M — Li + Cs) Ta M'F, (M — Be + Ba). YcTanosneHo BusHa-
YaJbHY PoJib (JaKTOpa OCHOBHOCTI, @ TAKOXK BEJIMYHUH, OB’ I3aHUX 3 EHEPri€l0 KPUCTAIIYHOT
PEeLIiTKY (TeMIepaTypa KHIIHH i eHTaJIbIIis BUIIapOBYBaHHs) colli B ii po3unHHOCTI. [Tokaza-
HO, 110 MiHiManbHa po3uunHicTh (LiF, CaF,) focsAraeThest Ipy 3Ha9€HHi (paKTOpa OCHOBHOCTI
Jeto MeHiomy 3a 1. TIporHo30BaHO MOJKIIMBICTH YTBOPEHHS CKIIAHUX (DTOPH/IIB METAIIB i
3MiHY IXHBOI PO3UMHHOCTI OPIBHSAHO 3 BUX1IHUMH KOMIIOHCHTAMH.

Kuarwuogi ciioBa: Gropuau Ty>KHEX 1 JTy)KHO3EMEIbHUX METANIB, PO3UHHHICTh, KHCIOTHICTh-
OCHOBHICTb, CKJIaJ{HI (TOPHIH.

V. F. Zinchenko
A. V. Bogatsky Physico-Chemical Institute of National Academy Science of Ukraine,
86 Lustdorfska Doroga Str., 65080, Odesa, Ukraine, e-mail: vfzinchenko@ukr.net

INTERRELATION OF ACIDITY-BASICITY, SOLUBILITY AND
ABILITY TO INTERACTION OF FLUORIDES OF ALKALINE
AND ALKALINE — EARTH METALS

Summary

Influence of the various factors on solubility in water of fluorides of alkaline and alkaline —
earth metals of composition MF (M — Li + Cs) and M’F, (M — Be + Ba) is considered. The
defining role of the factor of basicity, and also the magnitudes connected with energy of
a crystal lattice (boiling temperature and enthalpy of evaporation) on solubility of salts is
established. It is shown that the minimum solubility (LiF, CaF,) is reached at of value of the
factor of basicity slightly less than 1. Possibility of formation of complex fluorides of the
metals and change of their solubility compared to the initial components is predicted.

Keywords: fluorides of alkaline and alkaline — earth metals, solubility, acidity-basicity,
complex fluorides.
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XEMOCOPELHSI OKCHJIA CEPBI(IV) BOIOKHUCTBIMH
MATEPUAJIAMHU, UMIIPETHUPOBAHHBIMHU
MNOJIUDTUJIEHIIOJTUAMHUHOM.

1. O THAPO®UJIbHOCTH BOJTOKHUCTBIX MATEPHAJIOB,
WUMITPETHUPOBAHHBIX MOJUATUJIEHITIOJIUAMUHOM

B cratndecknx ycrmoBHAX € HCHONB30BAHHEM BAKyyMHOH COPOIIMOHHON yCTaHOBKH HC-
cle/1oBaHa IHAPOQHILHOCTh HCKYCCTBEHHBIX M CHHTETUYECKHUX BOJIOKOH, a TAKXKe MMIIPEr-
HUPOBaHHBIX nonudTUiIeHnonuaMuHoM (IIOITA) BOTOKHUCTRIX MaTepHajioB Ha WX OCHOBE.
B pamxax Teopuu moimMoieKyisipHoOi copoumu bpynayspa — Ommera — Temnepa (B3T)
MIPOaHAIU3UPOBAHBl M30TEPMbI COPOIIMU MAPOB BOJBI, OMPEIEIEHBI BETHUHHBI EMKOCTH MO-
HOCJIOSL ¥ 3HAYEHUS TEeIUIOT COPOIMU MOJICKYJ BOJBI B TIEPBOM CJIO€. YCTaHOBIICHO, YTO TH-
JIPOGUIBHOCTD MCCIEA0BAaHHBIX BOJIOKOH M3MEHSETCS B CIEAYIOIIEH MOC/Ie0BaTeIbHOCTH:
Buckosa > BIIOH AH-3 > BUOH KH-1 > xanpoH-1aBcaH > HUTPOH > JIaBCaH > MOJIUIIPO-
mwieH; ruapoduibHoCcTh MoanduuupoBaHHbIX [IDITA BOIOKHHCTBIX MaTEpUAIOB HECYIIE-
CTBEHHO 3aBHCHUT OT XUMHYECKOH IIPHPO/IBI HOCUTEIICH.

KaroueBble ¢J10Ba: BOJOKHHCTEHIC MaTepualibl, U30T€PMa, Iapbl BOAbI, IIOJIUITUJICHIIOIMAMUH.

Hay4Ho-TeXHHYeCKuil mporpecc MpakTUIeCKH BO BCEX OTPACISIX MPOMBIIIIICHHOCTH
CIIPaBEUTUBO CBSA3BIBACTCS C TOCTIHKEHISIMU B 00acT MatepuaioBenenus. [lociennee
B IIOJIHOM Mepe OTHOCUTCS K MTPOU3BOJICTBY CPEJICTB MHAMBUIYaIbHOH 3alIUTHl OPraHOB
neixanus (CU30/]) u o0opynoBaHus CAaHUTAPHON OUYHUCTKHU BO3IyXa.

CemMujiecsTbie — JEBSHOCTBIE TOMBI MPOIIOTO CTOJICTHS OBLTH MEPHOIOM WHTCH-
CHBHBIX HCCIICIOBAaHWW, HANpPABICHHBIX Ha pa3pabOTKy W BHEIPEHHE B MPAKTHKY
ra3o004yucTKH 0o0Jiee COBEPLIEHHbIX XEeMOCOPOEHTOB TOKCHYHBIX Ta30B U IapoB —
MOHOOOMEHHBIX BOJIOKHUCTBIX MarepuaiioB (UBM). B wacTtHOCTH, COTpyIHMKaMu
PU3NKO-XUMUYECKOTO0 HMHCTUTYTa 3alllUThl OKpyKawoled cpenbl M uvenmoBeka MOH
n HAH VYkpaunsl (PXN30CHUY) Brepoie B CCCP Obimu pa3paboTaHbl THIIOPSIT
LEJUTIOI030aHUOHUTHBIX BOJIOKHUCTBIX MaTepHajioB peCMpaTopHOro HazHadeHus [1-9]
U JIyYILIU O Cero BpEMEHH B CBOEM KJlacce JITKUH KapKaCHBINA ra30IblUIe3aluTHBINA
pecrnmparop «CHexok ['TI-B» ¢ usmenstomielics reomerpueit monocsl ootoparyu [10]
Ut pabotHUKOB npennpustuii Munnsetmera CCCP, cHapsikaeMblil TIPOTHBOTAa30BBIM
anemerToM (I1I'3) u3 BOTOKHUCTOTO CPETHEOCHOBHOTO IleiTono3oannonnTa [[M-A2,
B COCTaBE MOHOTEHHBIX I'PYII KOTOPBIX HAXOAATCA TPETUUHBIM U YETBEPTUUHBIH a30T.

OpHako yxe B Hayasie BOCbMHJIECATHIX T0J0B Psi3aHCKMI 3aBOJ] XUMUYECKHX BOJIO-
KOH IlepecTall CIIPaBIAThCA ¢ 3aka3aMu Ha Matepuas [IM-A2 — cononumep LeUI0103b]
C MOJTMMETHIBHHIIITUPUANHOM, JIKAIHPOBAHHBIN STHXJIOPTUAPHHOM JTHOO AUMETHI-
cynmbarom. Berxon ObLT HaliieH: MpephIBaHUE Mpoliecca cuHTe3a annonuTa [[M-A2 Ha
CTaJIuU AJKWJIMPOBAHMS MO3BOJIWIO TIOIYYUTh CI1a000CHOBHBIE aHHOHOOOMEHHBIE BO-
nokHa [IM-A1, conepxatine nuib TpeTUYHBIN azoT [11].

18 © A. A. DuHaH, P. E. Xoma, P. M. JIiny6osckuit, H. H. A6pamosa, 2014



Xemocopoyus SO, eonoxnucmoimu mamepuanamu, umnpecnuposannvivmu I19114

NBM pecnuparopHoro Ha3HaueHUs: U3TOTABIMBAIOTCS HA TOCTCOBETCKOM MPOCTPaH-
CTBE, HO, KaK U MPEX/Je, TOJIbKO npeanpusatusiMu Poccuiickoit @enepauuu u Pecryonu-
ku benapyce. [lpuyeM, UX CTOUMOCTb NMOCTOSIHHO yBeIM4MBaeTCs. B aTol cBA3M ObLIN
MPENPUHATHI MEPhI 10 pa3paboTKe ajJbTePHATHBHBIX COPOIMOHHO-(PUIBTPYIOIIUX Ma-
TEPUaJIOB HOBOTO MOKOJEHUS U3 JOCTYIHOTO U HEAOPOTO ChIPbsl OTEUECTBEHHOTO MPO-
M3BOJICTBA — UMIIPETHUPOBAHHBIX BOJIOKHUCTHIX XemocopOenToB (UBXC) [12,13], npu
WCTIOJIh30BaHUH KOTOPBIX TOKCUYHBIE T'a3bl 00E3BPEIKUBAIOTCS B pe3yJIbTaTe B3auMOJICH-
CTBHSI C HAHECCHHBIMH Ha IMOBEPXHOCTh HOCUTEISI XUMUYCCKHUMH PearcHTaMu.

B kauectBe BomokHHCTHIX HOcuTeneil (BH) BO3MOXXHO NMpHMEHEHHE TKaHBIX U
HETKAaHBIX BOJIOKHUCTBIX MaTEPHAIOB M3 MCKYCCTBEHHBIX (BHCKO3HBIX) M CHHTETHYCC-
KHX (TOJMAMHUIHBIX, TIOMHAKPIIIOHUTPIIIBHBIX, TOTMI(GUPHBIX U ITOTUIPONIICHOBBIX )
BOJIOKOH, CAHUTapHO-TUTUECHUICCKHUE U (PU3UKO-MEXaHNIECKHAE CBOMCTBA KOTOPBIX CO-
OTBETCTBYIOT TPEOOBAHUAM, MPEIBSBIIEMBIM K MaTepHajaM pPECIHPaTOPHOTO Ha3Ha-
YeHUs. B KauecTBe MMITPErHUPYEMBIX PEarcHTOB MCIIOIB3YIOT BEIIECTBA, 00CCIICUNBa-
IOLe XUMHUUECKOE CBA3BIBAHHME IMOJUIIOTAHTA B pe3ysbTaTe peaklMid HeHTpaau3aluu,
OKHCIICHUSI-BOCCTAHOBIIEHUS JINOO KOMILJIEKCOOOpa30BaHusl.

MNBXC kucapIx ra3oB HNepBOHAYAJIbHO OBUIM IOJYYEHBI ITyTeM HMIIPETHUPOBAHUS
BH BoaubiMu pacTBOpamu kapOoHara HaTtpusi [13] nubo rekcaMmeTH/IEeHTETpaMHHA
('MTA) [14]. B nocnenyromem i yBEJIMYECHUST aAre3ud U JOCTHIKEHUS paBHOMEp-
HOT'O PACIpe/IE/IeHUs PETEHTOB 110 TIOBEPXHOCTU BOJIIOKOH B BOjIHbIE pacTBOPhI Na,CO,
u 'MTA nonomHUTEIbHO ObUT BBEJIEH 3TAHOJI U MHOTOATOMHBINA CIUPT (MaHHUT WK
munepu) [15]; s nogaBaeHns: KUCIOTHOTO THAPOJIN3a, YBEIHMUCHUS BPEMEHH 3aIlUT-
HOTO JICHCTBUSI 1 TOBBIIICHHS ONHOTHI «CpabaThIBaHUS» MaTepHuaia B ciydae [ MTA —
kapOoHar Hatpus [16].

Ymecto ormeruth, yto MBXC Ha ocHoBe MTA 10 cero BpeMEHH HCIONB3Y-
10T npu u3roroBiennn [1I'D. Tem He MeHee, aBTOPHI HE MPEKpPAIIATN HCCIECTOBAHUM,
HalpaBICHHBIX Ha COBEPLICHCTBOBAaHME TEXHOJOTMM IIPOM3BOACTBA U yMEHBbIIE-
Hue cebecroumoctu MBXC, B yacTHOCTH, IyTeM IPUMEHEHHS JIBYXKOMIIOHEHTHBIX
UMIPETHUPYEMBIX CHUCTEM — BOAHBIX PpAcTBOPOB OPraHMYECKUX OCHOBAaHUH ¢
HEOOXOIMMBIMH TS ITOTYICHUS MAaTCPHAIOB PECIHPATOPHOTO Ha3HAYCHUS (PU3HKO—XH-
MUYECKUMH CBOMCTBaMHU.

K coxanenuto, mnombiTKa HPUMEHEHHMS ISl 3TUX 1eJiell BOJHBIX PacTBOPOB
9TaHOJIAMUHOB  (MOHOJTAaHOJAMMHA, METUIMOHOITAaHOJIAMUHA, JUAITAHOJAMHHA,
METWJIAMATAHOJAMUHA W TPHUITAHOJAMMHA) 3aBEpLUIWIaCh HeyJauyeil: ATUTeIbHbIe
MIPOU3BOJICTBEHHbIE MCIBITAHUS PECIUPATOPOB MOKA3aJIU, YTO MPH ITOM BIbIXaeMbIH
BO3AyX o0oramaercs TmapamMd 3TAHOJAMHHOB, HWMEIOMIMMHU  CHelupHUecKuit
HENpUATHBIN 3amax, a MaciooOpa3Hble THAPOCYIbPUTHI U CYIb(GUTHI, 00pasyromuecs
mpu xemocopbuuu okcuaa cepsl (IV), coduparoTcst B Karjiu U CTEKAIOT ¢ MOBEPXHOC-
T BOJOKOH. [l03TOMYy B JaibHeiIeM B KauyecTBE MMIIPETHHUPYEMOTO peareHTa Obul
ucnons3oBad nonmuyTwieHnonuamut (I19ITA) — coenunaenne ¢ OOIBIICH MONEKYISp-
HOM Maccoi, B COCTaBe MaKpOMOJIEKYJIBI KOTOPOTO UMEIOTCSI IEPBUYHBIC U BTOPHYHBIC
amunorpynnsl (NH,-(CH,-CH,-NH-) -H, rne n=5-7), Haxoznsmeecs Ha MOBEPXHOCTH
HOCHTEJISI B )KHJIKOM COCTOSIHHH (B OTJIHYHe OT cozibl U [ MTA), ycTOHYHMBOE K KMCIIOTHO-
KaTaJIn3UPyeMOMY THIIPOJIN3Y.

Ucxons n3 oOmieTeopeTHUecKuX MpeACTaBICHU W JaHHBIX pabdot [17, 18], mpu
xemocopOumuu SO, BOAHBIMHM PACTBOPAMHU a30TCOAEPIKALINX OCHOBAHMK B TOM YMCIIE
[I3ITA 06pasyroTcst «OHUEBBIS» CYTb(OUTHI, THAPOCYIb(MUTH H THPOCYITb(OUTHI:
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SO, +nH,0 + 2Am — (AmH),SO, + (n-1)H,0, (1)
(AmH),SO, + (n-1)H,0 + SO, 2 2(AmH)HSO, + (n-2)H,0, (2)
2(AmH)HSO, + (n-2)H,0 2 (AmH),S,0,+ (n-1)H,0. (3)

Kak cienyer u3 ypaBHenuit (1-3) Boja sBIsSIeTCS HE TOJIBKO PEaKIMOHHOW cpe-
JIOH, B KOTOPOH OCYIIECTBILSIIOTCS MAacCOOOMEHHBIE W XEMOCOPOIIMOHHBIE MPOIIECCHL,
HO M HEMPEMEHHBIM YYaCTHMKOM IOCIIEAHUX, MMOATOMY AAaHHBIE O TUAPOPHILHOCTU
WUMIPErHUPOBAHHBIX MATEPHAIIOB MIPECTABISIOT OONBIION MPAKTHYECKUI HHTEpEC.

IunpodunsHocTs UBM M poiib BOJBI B TIpoOIIeccax XeMOCOPOIMU KUCIBIX Ta30B B
vacTHocTH SiF, mccnenoBana pocrarodno moapoOHo. ITokasaHo, 4TO HEOOXOMUMBIM
YCIIOBHEM MPOTEKaHM MMPOLECCa XEMOCOPOLIMH SIBIISETCS HATMUHUE «CBOOOIHOM» BOJIBI
[19-22].

B macrosimeii paboTe mpeAcTaBICHBI PE3yNIbTAaThHl MCCICAOBAHUS COPOIMH MapoB
BOJIbl MaTepuallaMi, U3rOTOBJIEHHBIMHU C HCIIOJIb30BAHHMEM HCKYCCTBEHHBIX U CHHTE-
TUYECKHX BOJIOKOH Pa3IMYHON XMMHUYECKOH mpupoabl, a takxke UBXC, nomyyeHHbIMU
MyTeM UMITPETHUPOBAHUS MaTEPUAIOB, U3TOTOBJICHHBIX M3 9THUX BOJIOKOH, BOIHBIMU pa-
ctBopamu [1OITA.

MaTepuam)l H METOABbI HCCJICIOBAHUSA

Hns  umccnenoBanmit B kadectBe BH  wucmonb3oBamu  00pasibl  HETKaHBIX
WTJIONPOOUBHBIX MAaTepPHaliOB, BBIITYCKaEMBIX NMPOMBIIIICHHOCTBIO (Tabm. 1) u [IDI1A
(TY 2413-357-00203447-99).

Nwmnpernuposanu BH cnenyromum obpazom. B emkocTh, cHaOKEHHYIO MEILANKOM,
sanuBanu 90 T Boabl U npu nepemeruBanun godasnsm 10 T [IBITA. Obpaszen (5,0 1)
HETKaHOTO (DMIIBTPYIONICTO MaTephalia MPOMUTHIBAIH MOJYYCHHBIM PACTBOPOM, OTXKHU-
Maiu ¥ BeicymBaiu npu 298 K. Conepxanue [19I1A B obpasuax UBXC (H, B, III1,
JI, KJI, KH, AH), onpenenennoe o Kenpmamto [23], cocrasmsuio 12,82; 13,93; 13,72;
13,19; 14,48; 12,16; 13,15 %, coorBercTBeHHO. [[)s1 MiccienoBanus COpOIMU TTapoB
BOZIbI MICTIONIB30BANIN TepMOcCTaTHpoBaHHyto npu 297,0 + 0,2 K BakyymMHYI0 COpOIIMOH-
HYI0 YCTaHOBKY C KBapIlleBbIMU NPYKUHHBIMU Becamu Mak-bena-bakpa [24]. O6pasisi
marepuanoB (BH n MBXC) BakyymMupoBamu 10 MOCTOSIHHOW MAacChl IPH OCTaTOYHOM
nasiaenuu 1,33x107 kI1a.

Pe3ynbTaThl 3KCIIEPUMEHTA H X 00CyK/ICHUE

HM3otepmbl copOumuu napos Boabl a=f(P/P ) B MHTEpBalle OTHOCUTENIBHBIX J1aBJICHHH
ot 0 110 0,98 ucxoansiMu o6pasuamu BH u BH, umnperauposanusix [TII1A, npuseneHs!
Ha puc. 1 u 2.

N3otepmbl copOImm apoB Bojbl BOIOKHUCTEIME HocuTesimu KH, AH u B (puc.1a)
u UBXC, nmnperauposanusix [191TA (KH, AH, B u KJI) (puc. 2a) otHocsiTes k [V Tumy,
a BonokHucteiMu Hocutessamu KJI, H, JI u [T (puc.16) n UBXC, uMnperHupoBaHHBIX
[I2ITA (H, JI u IIIT) (puc. 26) — k III tuny no knaccuduxanuu Pomxkepca [25]. Onu
JIOCTaTOYHO XOPOILO ONKCBHIBAIOTCSA C IOMOILBI0 M3BECTHOIO JBYXIApaMeTPUUECKOro
ypaBHEeHHs aJicopOImonHoi Teopun bpynayapa, Ommera u Temrepa (BOT) [26]:
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Tabmuma 1
IlepeyeHb HUCIOJIb30BAHHBIX BOJIOKHHCTBIX MATEPHAJIOB
No Mapka [punsitoe
Ha3paHue BoJIOKHA Xumnyeckoe cTpoeHue 0003Ha-
n/n Marepuasia
4yeHue
— o ]
L. Q
BuckozHoe o |, BB-6-55 B
| HO  OH|,
2 [Monustnnentepedra- Q O_\_
’ o) BJI-1-15 J
JaTHOE (JJaBCaHOBOE)
* o n *
O (0]
CMech MoJIMaMHIHOTO _\—O
3 U monuaTHIIeHTepedTa- o .
| narroro (70% u 30%, * " BKJI-1-15 KJI
COOTBETCTB.) 0] H
N
* n
4 ~
’ [TonmunponuneHosoe BIIII-180 TIIT
L n
*\_ _\*
5. [TonmmakpunoHUTpUIIL- \‘/\ Hurpon H
Hoe Ul
_N —n
6. [TonmakpuIOHUTPHIIB- . * BHOH
Hoe, 0OpaboTaHHOE KH-1 KH
NaOH lll Na0” ~0
N n n
[ToNMMaKpUIOHUTPHIIb- I HN® O
7. Hoe, oOpaboTaHHOE n NH, BUOH AH
NaOH u ruapa3usru- AH-3
JpaToM * .
NaO o
n
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Puc. 2. 3otepmsl copOiim napoB Boabl oOpasuamu BH, nmnperauposannsix [I1911A
®- copbuus, o- gecopouus

i amCP/PS ’ @
1-P/P |1+lc-1P/ P
S S

TJI€ @ — BEIMYKMHA COPOIUH, MMOJIB/T; d, — EMKOCTh YCJIOBHOIO MOHOCIIOS, MMOJIB/T; P/
P _— otHocuTeNbHOE JlaBnenne ancopbara; C — KOHCTAHTa, XapaKTEPU3yOLIas SHEPTHIO
B3aUMOJICHCTBUS copbaTa ¢ COPOSHTOM B ITEPBOM CII0€ COPOUPOBAHHBIX MOJICKYII.

B Tabn. 2 mpencrasnens! mapamerpsl ypaBHeHus: BOT, a Takke paccunTaHHBIE, KakK
pEeKOMEHIOBaHO [27], 3HAYCHHUS TEIIOT COPOLUK MOJIEKy:I BoIbI ([[/MoIb) B IepBoM
cloe:

a

Q,=RTInC+Q, (5)

e Q ,— Terora COpOIMH B TIEPBOM CJIOE; QLf TerioTa KoHaeHcauu Boabl (135,9 Jhx/
MOJIb)
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Tabmnuma 2
BosoknuCcTBI MaTepuas
B | H | nmm | KJI | J | KH | AH
Bosnoxkuuctsiii MaTepuas 0e3 umnperuupoBanus [IIT1A
a, 3,32 0,35 0,09 0,93 0,18 5,95 3,63
C 11,6 3.1 1,1 4,3 1,8 9,1 10,2
Q, 6114,4 2893,3 367,7 3695,2 1570,2 55245 5803,0
a’, 12,2 2,0 0,33 4,1 0,61 32,3 15,4
BonoxnucThlii MaTepuaa umnperauposannsiii [IDITA

a, 3,80 1,74 1,65 1,85 1,25 5,0 4,04
C 10,4 6,7 5.9 6,75 6,3 8,4 9,0
Q, 5845,9 4772,3 4455,1 4795,5 4627,2 5329,2 5497,6
a, 16,2 11,0 9,0 9,9 9,6 33,7 21,1

a’_ —TpeJeNbHas BEIMYNHA COPOIIMM, MMOJIB/T

Kak crmemyer m3 pmec. la, B cimyuae BH, comepkammx rumpoQuibHBIE TPYIIIHI
(B — runpokcunbubie; KH — xap6okcmnarabie; AH — kapOOKCHIIaTHBIC, IEPBUYHBIC U
BTOPUYHBIE AMUHOTPYIIIIBI), POCICKHBACTCS YETKO BHIPAKEHHBIH COPOLIMOHHBIN THC-
Tepe3uc, 00yCIIOBICHHBIN, KAK M TIPU COPOLIMU MONIIPHBIX COPOATOB CHIILHOIIOISPHBIMH
HaOyxarommMu copoeHTaMu [28-30], KoHPOPMAIIMOHHBIMH TIEPECTPOHKAMHI MaKpPOMO-
JIEKYJ TOJTMMEPHON MaTpPULIBI.

W3orepmbl copOmu mapoB Bojabl BonmokHuCThIMU Hocutensimu I, JI, H u KJI
(puc. 16), umeroT Gopmy, XapakTepHYIO s CIa0OruIApOGUIBHBIX U THIPOHOOHBIX
MOJIMMEPHBIX MareprasioB [25]: B 3TOM cllydae SHEpPrusi B3aWMOJEHUCTBUS MOJIEKYI
BOJIBI C COPOIIMOHHOAKTUBHBIMA IIEHTPAMH yKa3aHHBIX TOJIMMEPOB HEIOCTATOYHA LIS
obecrieuenust auddy3uu copdara B 00beM BOJIOKHA U HAOyXaHUS €r0 HE MPOUCXOIHNT,
B TIpoliecce COpOIMH YyYacTBYIOT JIMIIb JOCTYIHBIC, PACIIONOKEHHBIE Ha MTOBEPXHOC-
TH, aKTUBHBIC TPYIIIBI, 00pa3yloe JUCKPETHBIC aCCOLMAThI — KIACTEPhl U3 MOJICKYI
BOJBI. CBHIETENBCTBO 3TOMY — CJ1a00 BBIpa)KEHHAs METIISI THCTepe3nca JTHO0 COBMETIe-
HUE U30TEePM COpOLIMU-1eCcOpOLH, HEOObIINE 3HAYeHUs KOHCTAaHT C U COOTBETCTBYIO-
LUX TEII0T copoumu (Tadi. 2).

Cyns no BennmunHam Q, ruapodunsHocTh BH n3Mensiercs B cieyrolei nocienosa-
tensHOCTH: B > AH > KH > KJI > H > JI > I1I1. [lomy4eHnnblie pe3ynsTaThl HAXOISTCS B CO-
[JTACUH C TAHHBIMHU O CPESIHUX THAPATHBIX YHCIaX (DYHKIIOHAIHHBIX TPYTI Ha3BaHHBIX
oJIMMepoB, noiy4yeHHbiMU Ban Kpesenenowm [28].

Monudukaius TOBEpXHOCTH BOJTOKHUCTBIX HOCUTENEH PUBOJUT K PE3KOMY YBEIIH-
yeHuto TuapodubHocTH BostokoH (H, JI, TTIT) (cM. puc. 26 1 Tabi. 2) BCleACTBUE MTPEH-
MYILECTBEHHOI'0 BKJIa/ia B polecc rufparauun amuHo rpynn [13I1A u HuBenupoBanus
BIHSTHUSI (PU3MKO-XMMHUYECKUX CBOMCTB Marepuaina Hocutels. B cimygae KH, AH, B, KJI
BOJIOKOH B TIPOII€CCE THIpaTalluy YYacTBYIOT Kak HaHeceHHbIN [IDITA, Tak u monsipHbie
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rpynmsl Hocutesst. CBHAETEIBCTBO STOMY — FHCTEPE3UC HA U30TEpMax copOuuu (puc.
2a).

Kak u B ciryuae [19-22], oOpazoBaHue «CBOOOIHOM BOIBI MOCIIE 3aBEpIICHUS Pop-

MHUPOBaHUsI MOHOCIOS W ONU3ICKAMNX YIOPSIOYCHHBIX CIOCB MOJEKYN BOIBI IIPU
P/P_> 0,4, oueBuHO, OyneT crocoOCTBOBAThL moceayromel s3¢pdekTuBHOl XeMocop6-
MU KUCITBIX Ta30B, B TOM 4uciie okcuaa cepsl (IV).

10.

11.

12.

13.

14.

15.

16.

24

Cnucok JuTepaTypsbl

A. c. 310473 CCCP, MKU B 01 d 53/14, C 01 b 7/22. Croco6 u3BiedeHHs1 4eThIPEXHTOPUCTOrO KPEMHHS U3
abrazos. / A.A.-A. Dunan , b.M. Kan, T.®. I'yniumosuu, U.H. Epmonenko, B.M.Uepssikos, B.D. biunnaep,
C.K. MuxaitnoBuna — Ne 1413300; 3assi. 14.03.70; He myOunukyercst.

A. c. 330682 CCCP, MKU B 01 d 53/14, C 01 b 7/22. Crioco6 u3BieYeHHsI YeTHIPEX(HTOPUCTOTO KPEMHUS
u3 abra3oB. / A.A.-A. Dunan, 3.A. Porosun, 5.M. Kau, M.A. Tioranoa, M.O. Jlumesckas, B.A. Auukees,
B.M. Yepgsxos, T.®. I'ynumosny, B.D. baunnep, B.U. Jlazapes — Ne 145863 1; 3asBn. 13.07.70; He myOnuxy-
ercsl.

A. c. 581973 CCCP, MKI B 01 D 39/00, 53/02. ®unstpytonmii marepuan. / A.A. Dunan, b.M. Kar,
M.IO. Jlazapes, O.H. Jlacosckas, 3.A. Porosun, M.O. Jlumesckas, ["M. Cranuenxo, b.I1. Mopun, H.A. Bo-
ponmoBa, K.A. Benkiosa, F0.A. Kanexuna, B.M. MBanunkosa — Ne 2336605; 3asiBi. 19.03.76; ony6u. 30.11.77,
Bron. Ne 44.

A. c. 897259 CCCP, MKU B 01 D 39/16. ®unsrpyromuii HeTkanblid Matepuai. / 3.A. PorosuHn, A.A.-A. DH-
HaH, B.C. Komees, M.O. JIumesckas, B.1. baunnep, O.A. Kosanes, B.M. NBannukosa, E.A. 3anpynHoBa —
Ne 2866412; 3asBmn. 31.10.79; onmy6u. 18.01.82, Bros. Ne 2.

A. c. 1051760 CCCP, MKH B 01 J 20/32. Crioco6 nomy4enus (GUIbTPYIOIIEro Marepuana s pecriuparo-
poB. / A.A.-A. DuHan, 3.A. PoroBun, M.O. Jlumesckas, B.J. Baiinenko, I'A. I'azueB, B.M. lBanHukoBa,
10.A. Kanekuna, B.A. 310H, O.A. 3anepuos, .M. Hoaruii, FO.C. 3axapenxo — Ne 3396373; 3assi. 12.02.82;
He 1yOnuKyeTcs.

A. c. 1135485 CCCP, MKH B 01 I 20/22, B 01 D 53/02. ®unbrpyromumii Matepuai ajis OYUCTKH Ta3oB. /
A.A.-A. Dunan, 10.C. 3axapenko, M.O. Jlumesckas, B.W. Baiinenko, T.M. bepesosckas, JI.H. Llenko —
Ne 3577914; 3asBin. 11.02.83; omy6u. 23.01.85, brom. Ne 3.

A. c. 1243787 CCCP, MKU B 01 D 53/14. Crioco6 ouncTKM ra3oB OT BpeIHBIX npumMeceid / A.A.-A. DHHaH,
T.A. Acaynoa — Ne 3751230; 3asBin. 19.04.84; He myGnukyercsi.

A. c. 1466052 CCCP, MK B 01 D 53/14. Crioco® 04HCTKH Ta30B OT ra3000pa3HbIX KHCIBIX IpuMecei /
A.A.-A. Dunan, T.A. Acaynosa, P.I. )K6ankos, 1.®. AmumoB — Ne 3972551; 3assi. 05.11.85; He nmyOnukyercsi.
A. c. 1614228 CCCP, MKH B 01 D 39/08, 53/02. Herkauslii GUIBTPYIOIINI MaTepHall JUIsl OYUCTKH Ta30B
oT KucIbIX npumeceit. / A.A.-A. DuuHaH, T.A. Acaynosa, B.®. XKenro6proxos, P.B. Jlyusik, XK.C. [lluraHosa,
T.®. Mopo3senxo, A.A. Terronres — Ne 3939548; 3asBi. 06.06.85; He myOnuKyeTcs.

A. c. 786088 CCCP, MKHM A 62 B 7/10. Pecriuparop. / A.A.-A. Dunan, B.W. biaunngep, O.A. Kosanes,
H.H. Komienesa, JI.3. Kazapsin, M.M. Ara6a6siH, D.I1. AxorsiH — Ne 2733168; 3asii1. 06.04.79; He myOiuKyercst.
Acaynosa T.A. Pa3zpaboTka XeMOCOPOIMOHHBIX MaT€PHAIOB Ha OCHOBE IIEJUIIONO3B! W MOIUKAIPOAMHIA UL
ynaBnuBaHUs (GroprcToro Boxopoxa: Juc...kauxn. texs. Hayk. Onecca 1988, 337c.

OuuaH A.A., Baiinenko B.1., 3axapenko 10.C., T'anp06paiix JI.C., JIumesckas M.O., 3axapenko B.H. mnper-
HUPOBaHHBIC COPOLMOHHO-AKTUBHBIC BOJIOKHUCTBIC Matepuaisl // // Tp. 1-ii MexayHap. Hayd.-IIpakT. KOHQ.
«3amura OKpy)Karomei cpesisl, 310poBbe, 0e30aCHOCTh B CBapOd. IPoH3BOACTBe» (T. Onecca, 11-13 cenTaOps
2002 r.). — Onecca : Actponpuar, 2002. — C. 422-431.

Onnan A.A., Baiidenxo B.U., 3axapenxo I0.C. VIMIperHIpOBaHHBIC BOJIOKHHUCTBIC XEMOCOPOCHTH! // DHEprox-
HOJIOTHH H pecypcocOepexenue. — 2011. — Ne 1. — C. 50-56.

Ilam. 1825459 CCCP, MKH B 01 J 10/00; B 01 D 53/02. CocTaB u1st DponuTKy (GHIBTPYIOIETo MaTepuaia. /
A.A. Duuan, 10.C. 3axapenko, M.O. Jlumesckas u ap. — Ne 4896924/26. 3assi. 29.12.90, Bron. Ne 24.

Tlarent Ykpainn Ha kopucHy Mozens UA 43409, MITIK B 01D 39/00. Cxmax aist mpocodyBaHHS (QLIBTPYIOIOrO
Mmarepiany. Enman A.A.-A., 3axapenxo }O.C., A6pamoBa H.M., YeueroB M.O. — Ne u200903898 ; 3assi.
21.04.09. Omy6m. 10.08.2009, brox.15.

Tlarent Ykpaiuu Ha kopucHy mozaeib Ne79641, MIIK (2012) B 01 D 39/00 ,39/16; Cknan amist mpocodyBaHHS
(inerpyrodoro marepiany/ JHHaH A.A., 3axapenko 10.C. Abpamosa H.H., 3assn. 15.11.2011.



Xemocopoyus SO, eonoxnucmoimu mamepuanamu, umnpecnuposannvivmu I19114

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.
27.
28.
29.
30.

Onnan A.A. PUUKO-XUMUYCCKHUE OCHOBBI Y/IABIIMBAHUS, HEHTPAIN3aNK U YTHIN3ALMH CBAPOYHBIX a9PO30JIeii
// Tp. 1-it MexyHap. Hay4.-lipakT. KoH(]. «3ammTa OKpy»,arolei cpebl, 310poBbe, OE30MaCHOCTh B CBApOY.
npousBozacTBe» (T. Onecca, 11-13 centsiops 2002 r.). — Oxnecca : Actponpunt, 2002. — C. 10-37.

Xoma P.E., lllecmaxa A.A., Dunan A.A., [enbmbonbom B.O. O cocTae NpoayKTOB B3aUMOICHCTBUS OKCH/IA CEPbI
(IV) ¢ BomabIMHU pacTBopamu dTanonamuHoB // Bicauk OHY. —2011. T. 16, Ne 5. — C. 105-113.

Kypunenxo O.J1., Ennan A.A., Hexpsiu €.@., Bnindep B.1. [0H00OMiHHI BOJIOKHHUCTI MaTepiaii Ha OCHOBI LIEITIO-
n03u B razoouncri / Bicu. AH YPCP. — 1975. - T. 39, Ne 7. — C. 37-45.

baiioenko B.U., Ounan A.A., 3axapenko FO.C. PazpaboTka ¥ NpUMEHEHHE BOJIOKHUCTBIX XEMOCOPOEHTOB B
MPaKTHKE HHIUBUIYaIbHOI MpoTHBora3oBoii 3amuthsl // Bicauk OHY. Ximis. —2003. - T. 8, Ne 7-8.—C. 24-38.
Ounan A.A., baiioenko B.H. CopOUHOHHO (HHIBTPYIOLINE BOTOKHUCTHIC HOHUTHI Ul HHANBHIYaTbHOU IPOTH-
BorasoBoit 3aumtsl (0630p) // DxkoTexHoI0rHU U pecypcocoepexenne. — 2004, — Ne 5. — C. 43-54.

Onnan A.A., baiidenko B.H. K mexanusmy cop6uuu terpadropuna kpeMHus annonuramu. Coobur. 1. Poib
Bojibl // Bonpockl XxuMuu 1 XuM. TexHoaoruu. — 2005. — Ne 6. — C. 64-68.

Knumosa B.A. OcHOBHbIE METO/Ibl aHAJIN3a OPraHUYECKUX coeanHenuid. — M.: Xumus, 1975. — 104 c.
Tapacesuu FO.H., Osuapenxo P.J{. AncopOuus Ha INIMHUCTBIX MUHepanax. — Kues: Haykosa nymka , 1975. —
350 c.

Poooicepe K. TpoGieMbl pU3NKN U XUMUH TBEPJIOrO COCTOSHUS OpraHu4eckux coexunenuii: [lep ¢ anm. — M.:
Mup, 1968. — 328 c.

I'pee C., Cune K. AncopOuus, yieapHast IIOBEpXHOCTb, HopuctocTh. — M.: Mup, 1984. — 306 c.

Loicetikox M., Ilapgpum [Joic. Xumus moBepXHOCTH paszaena ¢as. — M.: Mup, 1984. —269 c.

Ban Kpesenen /].B. CBOWCTBA 1 XUMUYECKOE CTPOEHUE noumepoB. — M.: Xumus, 1982. — 280 c.

Bona B nosmmepax / Ilox pea. C.M. Poynenna. — M.: Mup, 1984. — 555 c.

Yanvix A.E. Inddy3us B nomumepHsIX cuctemMax. — M.: Xumus, 1987. — 312 c.

Crarts Hanidnwia 1o penakiii 11.02.14

A. A. Ennan!, P. €. Xoma'?, P. M. Inny6oBchkuii', H. M. Agpamosa’
'®i3MKO-XIMIYHIH IHCTUTYT 3aXUCTY HABKOJIUIITHBOTO CEPEIOBHIIA 1 JTIOHHH,

MOH VYxpainu Ta HAH Vkpainu, Byn. [IpeoOpaxkencobka, 3, Oneca, 65082; eksvar@ukr.net
?OpnechKuil HanioHATIBbHUH yHiBepeuTeT imMeHi I.I. Meununkosa,

ByJL. J[BopsiHChbKa, 2, Oneca, 65082; e-mail: rek@onu.edu.ua

XEMOCOPHBLISA OKCUAY CIPKU (1V) BOIOKHUCTUMHU
MATEPIAJTIAMMU, IMITPETHIPOBAHUMH
MMOJIETUJIEHITIOJITAMIHOM.

1. PO I'’T APO®IJIBHICTBh BOJTIOKHUCTUX MATEPIAJIIB,
IMITPETHIPOBAHUX ITOJIIETHJIEHITIOJIIAMIHOM

VYV cTaTM4HUX yMOBax 3 BHKOPHCTaHHSIM BaKyyMHOI COpOLiHOI yCTAaHOBKH OCIHimKeHa
rigpoQiIbHICTh  IITYYHUX 1 CHHTETMYHHX BOJIOKOH, @ TaKOX IMIIPErHOBaHUX
nomiermiennoniaminom (ITEITA) BomokHHCTHX MarepiaiiB Ha iX OCHOBI. Y paMKax Teopii
nonimMonekyasipaoi copouii bpynayepa — Emmera — Temnepa (BET) npoananizoBani i3otepmMu
copOuii mapiB BoAM, BU3HAYCHI BEJIMYMHU €MHOCTI MOHOIIAPY 1 3HAYCHHS TEIUIOT COpOIii
MOJIEKYJI BOZIM B IepIioMy miapi. BeranoieHo, 1m0 TriapodiabHICTh JOCTIIKEHHX BOJIOKOH
3MIHIOETHCS B HACTYIIHIN MOCHiTOBHOCTI: Bicko3a > BUOH AH-3 > BUOH KH-1 > xanpon-
JIaBCaH > HITPOH > JIaBcaH > mojinponiies; rixpodinsHicts MoandikoBanux I[TEITA Bosok-
HUCTUX MaTepialliB HeCyTTEBO 3aJICKUTh Bil XIMIYHOT IPUPOIH HOCIIB.

Kio4oBi cj10Ba: BOJIOKHHUCTI Marepiand, i30TepMa, apu BOIH, MOTieTHICHITOMIaMiH.
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CHEMISORPTION OF SULFUR (I1V) OXIDE

BY POLYETHYLENEPOLYAMINE IMPREGNATED FIBROUS
MATERIALS.

1. HYDROPHILIC POLYETHYLENEPOLYAMINE
IMPREGNATED FIBROUS MATERIALS

The hydrophilicity of artificial and synthetic fibers and polyethylenepolyamine (PEPA) im-
pregnated fibrous materials based on them was investigated under static conditions using a
vacuum sorption installation. Water vapor sorption isotherms were analyzed and monolayer
capacitance values and a water molecules adsorption in the first layer heats were determined
in the framework of polymolecular adsorption Brunauer — Emmett — Teller. It has been found
that the hydrophilicity of the fibers studied to change in the following sequence: viscose >
VION AN-3 > VION KN-1 > nylon-polyester > nitrone > polyester > polypropylene; PEPA
modified hydrophilic fibrous material does not depend essentially on the chemical nature of
the carrier.

Keywords: fibrous materials, isotherm, water vapor, polyethylenepolyamine.



Bicnux OHY. Ximia. 2014. Tom 19, eun. 2(50) ISSN 2304-0947

YK 54-386:547.497.1

T. B. Kokmaposa

Opecckuii HAMOHABHBIA YHHBEPCHUTET,

kagepa HEOPraHMYECKOM XUMUHM U XUMHUYECKOH IKOJIOTHH,

yi1. JIBopsHckas, 2, Oxecca, 65026, YkpauHa; tanya.koksharova@gmail.com

KOOPAUMHALIMOHHBIE COEIUHEHMUSA
ALETUJIAIDNETOHATOB 3d-METAJIJIOB
C TUOCEMUKAPBA3ZNA0OM

CHHTE3MPOBaHBl KOOPAMHAIIMOHHEIE COSIMHEHUS alleTIIaleTOHaTOB 3d-MeTaioB ¢ THO-
cemukapOasunom. M3ydeHsl MX (U3MKO-XMMHUYECKHE CBOMCTBA M CTPOCHHE METOJAMH
KoHyKkTOMeTprH, MK-criekTpockonuu, >3MeKTPOHHOI CIEKTPOCKONUH, MAarHETOXHMHH U
nuddepenmansHO-TepMuyueckoro anann3a. CocTaB KOMIUIEKCOB COOTBETCTBYET (opMyliam
Co(L),(Acac) u M(L)(Acac), tne M = Cu, Ni, Zn, HL — tnocemunkap6asun, HAcac — aue-
THJIALETOH. Bece oHM — HeanekTposuThl. THOCceMuKapOasua BO BCEX CIydasX AENPOTOHUPO-
BaH U KOOPJMHHUPOBAH Yepe3 aToMbI a30Ta M Cepbl ¢ 00pa30BaHUEM YETBHIPEXUICHHOTO IIHK-
na. Croco0® KOOpAMHALMK alleTHIAleTOHAT-HOHA TIPH B3aUMOJACHCTBHU alleTHUIIAIIETOHATOB
3d-meTaiuioB ¢ THOceMuKapOasunoM He namensercst. Kommrekes! menu(1l) n aukens(1l) nme-
0T IUTOCKO-KBajpaTHoe, komuieke kobanbsra(lll) — okTasnpudeckoe crpoeHue.

KuroueBble cJioBa: TI/IOCGMPIKap63.3PII[, aleTuJIalCToHar, 3d-MCTaJ'[J'II;I, KOOPpAWHAIIMOHHBIC
COCOUHCHUA

[Ipu B3auMOJEHCTBUN aleTUIIAIIETOHATOB C aMHUJAaMH OPTaHUYEeCKHX KHUCIIOT BO3-
MOXHO KaK 00pa30BaHHE CMEIIaHHOIUTaHTHBIX KOMIUIEKCOB, TaK M 00pa3oBaHUE KOMIT-
nekcoB 3d-MeTayuIoB ¢ IPOAYKTaMU KOHICHCAIINN KapOOHMIFHOM TPYIIIBI B-IHKETOHA C
aMHUHOTpyInoi amuaa. Tak, KOMIUIEKCHI ¢ TPOLYKTaMH KOHJEHCAIIMHU alleTUIIalleTOHA C
trocemukap6azunom (HL) 6bumn Beiaenenst aust meau(Il) [1] u kobansra(Il) [2]. A npu
B3auMoJieiicTBuH aretrinaneronara Hukelsi(I1l) n Tnocemukap6as3uia B BOIHOM areToHe
IIpY HArpeBaHWU OBUT MONYYEH KPUCTAJUTMYECKUI KOMIUIEKC C IPOIYKTOM KOHJCHCA-
1My, a u3 puisTpara npu oxjiaxaeHuu BoiaeneH komiuieke NiLAcac [3]. Llenbio HacTo-
el paboThl OBUTO UCCIeNOBaHUE B3aMMOJEHCTBHA aneTunanetronatoB kobdangsra(ll),
nukess(1l), memu(Il) n nuaka(Il) ¢ THOCceMukapOa3uIOM B BOIHOW Cpefie, a TAKKE U3y-
YCHUE COCTaBa U CTPOCHHUS TOTyYCHHBIX ITPOTYKTOB.

MaTepnam)l U METOAbI HCCICAOBAHUSA

B kaduectBe HCXONHBIX pEareHTOB [UId CHUHTE3a COCIMHEHMH HCIOJIb30BaIN
CoCl,6H,0, NiCl,6H,0, CuCl,2H,0, ZnCl,, aMmuak, aueTHIaleTOn ¥ THOCEMHKAp-
0a3u MapKu «4.7.a.».

HK-cnextpel cHumanu Ha npudope «Specord 75 IR», obpasubl roTOBUIN B BHUJE
Tabnetok ¢ KBr. DinekTpoHHBIE CIEKTPHl MOMIOMICHUS JUMETHI()OPMAMHUIHBIX pa-
CTBOPOB PETUCTpUPOBAIH Ha criekTpodoromeTpe CD-18, KOHIIEHTpAMH KOMIUICKCOB
coctaBisui 1-107 monb/n. MI3MepeHust MAarHUTHON BOCIIPUHUMYUBOCTH TPOBOAUIIUCH C
nomouibio Metona I'yu [4]. TepmorpaBUrpaMmsl CHUMaJIM Ha JiepuBaTtorpade CuCTeMsl
Paulik-Paulik-Erdey na Bo3nyxe B TemneparypaoM unrepsaie 20-500°C, ckopocTs Ha-
rpeBa cocTtapisia 10 rpan/MuH. B BRIIETICHHBIX COSTMHEHUSX OTPEICIISUIN COACPKaHIe
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METaJIJIOB METOJIOM KOMIUIEKCOHOMeTpuH [5], a3ota — o meroxny Jroma [6], cepbl — o
meTony llleHurepa ¢ B3BelIMBaHUEM B BHJIE Cyabdara 6apust [6].

HcxonHple aleTHIIaeToHaThl METaJUIOB CHHTE3UPOBAIH B3aUMOJICHCTBUEM BOJHOTO
pacTBOpa COJM COOTBETCTBYIOIIETO METAJUIA C alleTHIAETOHOM C MOCIICAYIOINM TIpH-
0aBJIeHUEM BOJIHOTO pacTBOpA aMMHAKA.

Koopaunanuonusle coequHenHus: auetwianeroHaroB koOansra(lll), nukema(Il),
menu(Il) n nuaka(Il) ¢ THOceMuKapOa3uaOM CHHTE3UPOBAIIH 110 CJICTYFOIIIUM METOHKAM.

Moayuenune kommiaekcos. I, I1, IV. 0.91 r (0.01 momns) THOCEMHKapOa3uIa PacTBO-
psun ipu HarpeBaHuH B 100 MIT BOZIBL, TIOCIIE OXJIXKACHUSI TPUOABIISUTH TOPIHSAMH TIPH
nepemenBanuu 0.005 Mosb Cyxoro aneruialeToHaTa COOTBETCTBYIOLIETO MeTasuia.
BrimaBmmii ocagok oTGpUIBTPOBBIBAIIN, POMBIBAIH BOJIOW, CITUPTOM U CYIIMIH HA BO3-
JTyXe J10 TIOCTOSTHHOW MacCHI.

III. 0.91 1 (0.01 monst) THOCeMHKapOa3uaa pacTBOPsUIM NMpH HarpeBaHuu B 100
MJI BOIBI, TOCJTE OXJKACHWs MPUOaBIsLIM mopuusMu npu nepememuanun 0.005
MOJIb cyXoro aneruiaieToHara kodansra(ll). Cmech OCTaBISIM CTOSATH 10 OKUCIICHUS
kobanbTa(ll) B x06anmer(Ill) KUCITOpOIOM BO3/MYyXa, TIEPUOIMUYSCKUA €€ IMepeMeIInBasl.
O TOMHOTE OKHUCICHUS CYOHIH IO JOCTIDKCHUIO OCAIKOM M PacTBOPOM OIHOPOIHOTO
TEMHO-KOPHYHEBOTO OKparmuBaHus. Korjga mBeT ocagka U pacTBOpa yKe He U3MEHSIICS
CO BpPEMEHEM, OCaJIOK OT(HIBTPOBBIBAIH, TPOMBIBATIH BOIOH, CIMPTOM U CYIIIN HA
BO3J/IyX€e JI0 MOCTOSTHHOM MaccChl.

Pe3y.]'l])TaTbI HCCJHCJ0OBAaHUA U UX AaHAJIHU3

U3 pesynbraToB xuMuyeckoro ananusa (tadun. 1) sugxo, yto ans meau(Il), auxens(1l)
u nuaka(1l) peanusyroTcs COeIMHEHUS COCTaBa METaJII — THOCEMHUKapOa3u | — aleTuia-
metoHar 1 : 1: 1, a g kobaneTa- 1 : 2 : 1, U3 4ero cieayeT, YTo ¥ THOCEMHUKapOas3u, 1
aIleTUJIAIIETOHAT BBICTYIIAIOT KaK OHO3apsIHBIC aHHOHEL. [IpH 3TOM, KaK U Ipu B3auMo-
JEHCTBUU C THOCEMUKApOA3UIOM COJIeH pa3IMyuHBIX KUCIIOT, Jis KOOAJIbTa MPOUCXOAUT
okucneHune kuciaoponom Bozayxa u3 Co(Il) 8 Co(III).

AHaJH3 TIOJYYEHHBIX BEIMYHH MOJISIPHOM 351eKTporpoBogHocTr B JIM®DA (Tadm. 1)
C YYETOM JINTCPATYPHBIX MaHHBIX [7] MOKa3bIBaeT, UTO BCE MONTYUYCHHBIC KOMIUICKCHI —
HEDJIEKTPOJIUTHL.

Tabmuua 1
Pe3yabTaThl XMMHYECKOI0 aHAIN3a, MOJISIPHASI 3JIEKTPONPOBOAHOCTHL B /IM®A 1 user
NMPOAYKTOB B3aHMO/IeiiCTBHUSI alleTHJIALeTOHATOB 3d-MeTa/lIOB ¢ THOCEMHKAPOa3ua0M

M, % N, % S, %

Ne w
Coenunenne . . . Omlem? LBer
n/n HaW- | BbIYMC-| HAH- | BBIYHC-| HaM- | BBIYHC-| 0o

JACHO JICHO JACHO JICHO JACHO JICHO

I | Cu(L)(Acac) | 25.7 253 16.2 16.6 12.5 12.6 18.0 | KOpUYHEBBIIA

I | Ni(L)(Acac) | 234 | 238 | 165 | 169 | 128 | 129 | 189 | >cfeHosaros
KOPUYHEBBIN

Il [Co(L)(Acac)| 17.1 | 175 | 247 | 249 | 187 | 189 | 475 TeMHO-
KOPUYHEBbIN

IV | Zn(L)(Acac) | 25.2 25.6 16.2 16.5 12.2 12.6 28.9 KpeMOBBII
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Ananmusz UK cnextpoB (Tabi. 2) MoKa3bIBaeT, YTO AJIsl BCEX MOJyYEHHBIX KOMILIEK-
COB II0 CPaBHEHMIO CO CIIEKTPOM CBOOOAHOTO THOCEMHKapOaszuja rmojioca Momole-
HUsl «tHoaMujl 11» moBeIIaeT CBOKO 4acToTy 0e3 M3MEHEHHs] HHTeHCUBHOCTH. [lonoca
«trnoamup I1I» 1o Takol CTENeHM yMEHBIIAET CBOK MHTEHCHUBHOCTH, YTO CTAHOBUTCS
BOBce Hepaznuuumon. Hacrora monocel «tuoamup [Vy» monmxkaercs. [lonoca «tuoa-
muj [» mepekpwiBaeTcs ¢ monocaMu KoyeOaHWi areTwianeroHar-aHuoHna. CornacHo
JUTEepaTypHbIM JaHHBIM [8], M0J00HOE M3MEHEHHE THOAMUIHBIX MOJOC COOTBETCTBY-
eT OWJICHTATHOW KOOPJIMHAIIMK THOCEMHKapOa3uaa ¢ y4acTHEM aTOMOB CEphI U a30Ta.
B criekTpax Bcex KOMIUIEKCOB B 06acTi 0koi10 2100 cm! HabmonaroTest OueHb CHITbHBIE
MIOJIOCHI TIOTJIOLIEHHUS, KOTOpBIE, Kak ObLIO TIoKa3aHo Hamu paHee [9-11], oOycnoBneHb!
00pa30BaHMEM YETHIPEXUICHHOTO IIUKJIA C Y4aCTHEM aTOMOB a30Ta M CEPBbI, TPHUUYEM THO-
cemukapOa3un aenporonuposat. [Tomocel mormomenus B MK criekrpax, 00yclioBlieHHbIE
KOJIEOaHMSMU alleTHIIAIETOHAT-HOHA, I NCXOAHBIX alleTHIAeTOHaToB 3d-MeTaioB u
WX KOMILJIEKCOB C THOCEMUKap0Oa3uaoM Becbma Onu3ku. B Tabm. 3 B kauecTBe mpumMepa
MIPUBEJICHBI COOTBETCTBYIOIIME MONOCHI Ais anerunanetonara meau(Il) [12] u ero tuo-
ceMHuKapOa3uaHOro Komriekca. CieoBaTenbHO, TPHU B3aUMOICHCTBUY alleTHIIAIeTOHA-
TOB 3d-MeTalIoB ¢ THOCEMHUKApOa3HIoM CIIOc00 KOOPAWHAIMH alleTHIalleTOHAT-HOHA
HE U3MEHSIETCS.

Tabmuna 2

OcHoBHbIe KoJ1e0aTebHbIe YacToThl (cM™') B UK-ciekTpax THOCeMuKap0a3nia H NPoIyKTOB
€ro B3aUMO/IeiiCTBHA ¢ aleTUIaneToHaTaMu 3d-MeTa10B

TuoaMmuaHbIe NOJI0CHI

Coennnenue v(NCS)
1 I I v
HL - 1530 1315 1000 800
Cu(L)(Acac) 2090 * 1347 - 770
Ni(L)(Acac) 2105 * 1335 - 730
Co(L),(Acac) 2100 * 1350 - 775
Zn(L)(Acac) 2090 * 1340 - 765

*TI/IO&MH}IHBIG IIOJIOCHI IEPEKPBIBAOTCA € IMOJIOCAMU MOITIOMEHUA all€TUIall€TOHAT-HOHAa

[TonoxeHue MOJNIOC B AIEKTPOHHBIX CHEKTPaX CHUHTE3HMPOBAHHBIX COCIMHEHHIHA
(Tabm. 4) COOTBETCTBYET IUIOCKO-KBaJpaTHOMY CTpoeHHI0 KomruiekcoB menu(Il) m
Hukensi(Il) u oxraznpuueckomy crpoeHuto xkomriuiekca kobampra(lll) [13]. Otu npen-
MOJIOKEHHUSI TONTBEPXKAAIOT M JaHHbIE HM3MEPEHHs MarHUTHBIX MOMEHTOB. Jliist
Cu(L)(Acac) m,,=1.8 M.b., xommuexcer nukem(ll), wunka(ll) u kobanpra(lll) nna-
MarHUTHBI.

W3 nanHBIX TEepMOrpaBUMETpuH (Ta0I. 5) BUIHO, YTO JIWIIB JIJISI METHOTO KOMIICK-
ca TepBble JBa dPdeKTa Ha TepMOrpaBUTPaMMax SBILTIOTCS SHAOTCPMHUUCCKUMH, BCE
octanbHbIe 2(P(EKThI SK30TEPMUUECKHE, YTO COOTBETCTBYET Pa3pbiBY XMMUYECKUX CBS-
3eff B KOMIDIEKCAX C OJHOBPEMEHHBIM BHITOPAHHEM OPTaHHYECKOH YaCTH MOJEKYIEI.
B 3aBUCHMOCTH OT KaTHOHA-KOMILJIEKCOOOpa30BaTess M0 TePMUUECKOW yCTOMYUBOCTH
MTOJTyYCHHBIE KOMITJIEKCHI MOYKHO PACIIONOXKHTD B PSI:

Ni>*> Zn?" > Cu?** > Co’*".
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Tabmuna 3
IMostockl noromenust (cM?) anermnaneronar-uona B B MK-cnexrpe
anernaaneronata meau(ll) u ero kommiaekca ¢ THOCEMUKAPHAZUAOM
Cu(Acac), Cu(L)(Acac) OTHeceHme
1577 1585 v(C=C) + v(C=0)
1552 1540 v(C=C) + v(C=0)
1413 1410 3,(CH,)
1353 1360 3(CH,)
1274 1280 v(C-CH,) + v(C=C)
1189 1200 3 (CH) +v (C-CH,)
1019 1030 p(CH,)
936 950 v(C=C) + v(C=0)
780 800 n(CH)
684 700 v(C-CH,) + neopmanus kombua + v(MO)
653 660 n(CH,-CCO)
612 615 nedopmanus xonsia + v(MO)
Tabnuia 4

HapaMeTle 3JIEKTPOHHBIX CIIEKTPOB THOCGMI/IKapﬁalWIZlHLlX KOMILJICKCOB

aneruwaneronaros 3d-meramwios (IM®A, C = 1107 mon/)

Coenunenue v, cM”! OrHecenue
Cu(L)(Acac) 17000

. 23000 v
Ni(L)(Acac) 16600 v?
Co(L),(Acac) 18500 1Alg—>1A2

Tabmnuna 5

Pesyabrarsl fepuBarorpagpuyeckux HccIe0BaHUN TEPMHYECKO YCTOIYHUBOCTH
THOCEeMHUKAPOa3HIHBIX KOMILIEKCOB alleTH/IaleTOHATOB 3d-MeTaJIoB

IHA0IPPeKTHI K309 PeKThI Oobmas
Coennnenue yObLIb
t,°C Am, % t,°C Am, % macesl, %
Cu(L)(Acac) 135-168(150) 11.7 435-500 11.7 63.3
220-260(248) 18.3
Ni(L)(Acac) 180-225(200) 12.5 70.0
260-345(310) 15.8
438-500 28.3
Co(L),(Acac) 108-330(303) 40.0 73.3
420-500(480) 13.3
Zn(L)(Acac) 172-212(200) 9.3 57.1
450-500 10.0
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HpOBeI[eHHI)IC HCCIICAO0BAaHUA IIO3BOJIAIOT npunurcarb CUHTE3UPOBAHHBIM

KOOpAWHAIMOHHBIM COCAUHCHUAM CJICAYIOIIEC CTPOCHUEC.

CH

M = Cu (I), Ni(II), Zn(IV)

H
H3C_ C/C N CH;

i
N N/ s

N0 Sc—nn
b N ’
/Cés I|\]
N, N,

V)
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KOOPIUHAIIMHI CIIOJIYKA AIIETUJIAIIETOHATIB
3D-METAJIIB 3 TIOCEMIKAPBAZU10OM

Pesiome

CHHTE30BaHO KOOPAWHALIIHI CTIONYKH alleTHIaleTOHaTiB 3d-MeTaliB 3 TioceMikapOa3uIoM.
BuBueni ixHi (i3uko-xiMiyHi BiacTHBOCTI Ta OyaoBa MeTomaMH KoHAykroMerpii, Y-
CHEKTPOCKOIIii, eJIEKTPOHHOI CIIEKTPOCKOIMIii, MarHeToximii Ta audepeHIiiHO-TepPMIYHOTO
anamizy. Cknan xommnekcis Binnosinae popmynam Co(L),(Acac) i M(L)(Acac), ne M =
Cu, Ni, Zn, HL — Tiocemikap6asun, HAcac — anermnaneroH. Yci BOHH — HEEJICKTPOJIITH.
Tiocemikap0a3u/ y BCixX BUMaAKaX JeNPOTOHOBAHUI 1 KOOPAMHOBAHUI Yepe3 aTOMH a30Ty Ta
CIPKH 3 YTBOPCHHSIM YOTUPUWICHHOTO IUKITY. Crioci0 KoOpIuHAIII] alle THIIaeTOHAT-10Ha IPH
B3aeMoii anerunaneroHariB 3d-mertaiiB 3 TioceMikapba3uaoM He 3MiHIOeThCs. Komrieken
Mmigi(1l) Ta mikemto(Il) MaroTh TITOCKO-KBaApaTHY, KoMIuieke kooansry(I1l) — okraeapmyny Oy-
JIOBY.
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COORDINATION COMPOUNDS OF 3D-METALS
ACETYLACETONATES WITH THIOSEMICARBAZIDE

Summary

Coordination Compounds of 3d-Metals acetylacetonates with Thiosemicarbazide were
synthesized. Their physical and chemical properties and structure were studied by
conductometry, IR spectroscopy, electronic spectroscopy, magnetochemistry and thermo-
gravimetric studies. The complexes compositions correspond to the formulas Co(L),(Acac)
and M(L)(Acac), where M = Cu, Ni, Zn, HL is thiosemicarbazide, HAcac is acetylacetone.
All of them are nonelectrolytes. Thiosemicarbazide is deprotonated and coordinated
through the nitrogen and sulphur atoms with the formation of four-membered ring in
all cases. Acetylacetonate co-ordination mode does not change at acetylacetonates with
Thiosemicarbazide interaction. Copper(Il) and nickel(II) complexes have square-planar
structure, and cobalt(IIT) complex is octahedral.
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ONTUMU3ALIUS METOJA NOJTYUYEHUSI
BUMETAJVIMYECKOIO MAKPOKOMILIEKCA
C ®PATMEHTAMM B-JUKETOHATOB Mn(II) U Cu(lI)

MertomoM TpOHHOI COMONMMEpU3anUH CTUPOJIA ¢ MOTH(PYHKINOHATEHBIMA KOMIOHEHTAMH
paguKaNbHOM monmmepu3anuy S-metui-5-rexceH-2,4-nuonaramu Mn(II) u Cu(ll) cunre-
3UpOBaHbl OMMETaTIMYeCKUe MOINMEpHbIe MeTauloKoMIUIeKehl. [IpoBenena onTnmmsanms
poliecca CUHTE3a, I03BOJIAIOIIAs 0JIy4aTh IPOAYKTHI C IIPHEMIIEMBIMU CKOPOCTSIMU, Pery-
JMPOBAHHBIM COJEPKAHINEM METAIIOB U MOJEKYIISIPHBIX Macc.

KuroueBblie cj10Ba: BUHII-B-IUKETOHATHI, paUKanbHask COMOINMEPU3aLHs, TeTepOMeTaIIH-
YECKHUE MOIUMEPHBIC KOMIUICKCHI.

B nocneaHue HECKONIBKO JECATUIIETHH YCIEUIHO Pa3BUBAIOTCS HayUHbIE UCCIIEI0BA-
HUSI IO CUHTE3y UIMMOOMIN30BaHHBIX HA MOIUMEPHBIX HOCUTEIISX METAIJIOKOMIIIEKCOB.
CyIecTByeT HECKOJIBKO CIIOCOOOB TIOMYYCHHUs TaKuX coequHeHnit. Hanbonee npocToit
13 HUX OCHOBBIBAETCS Ha CHHTE3€ METaJJIOCOAEPIKallliX MOHOMEPOB, KOTOpBIE B pe-
3yJbTaTe TOMO- WM COIOJUMEpHU3aluu 00pa3yIoT MOJMMEPHBIE METAJIOKOMIUIEKCHI.
OCHOBHBIM JOCTOMHCTBOM 3TOIO METOAA SIBJISAETCSI COXPAaHEHUE METAIUIOLEHTpa B Ipo-
necce nonumepuszanui [1]. IIpuMeHenne Takux coeMHEHUN pa3sHOOOpa3Ho, HO MPEXk e
BCETO 3TOT0 KaTaJM3aTopbl PA3IMYHBIX OPTaHUYECKHUX peakiuil [2] u OakTepHIMIHbIC
Matepuaisi [3,4].

Ocoboe MecTo cpear IMMOOIIH30BAHHBIX METAJUIOKOMIUIEKCOB 3aHUMAIOT COCITHU-
HEHMUsI, KOTOpBIE COZIEPKAT B MAKPOMOJIEKYIIE JBa U OoJiee pa3InuHbIX MeTaynoB. CHHTE3
TaKUX COEIMHEHNH OYeHb MaJio u3ydeH [5]. PemenneM Bompoca CUHTE3a TaKUX FeTepo-
METaJJIMYECKUX MAaKPOKOMJIEKCOB MOXKET CIIy’KUTb METO [TOCII€A0BATEIbHOMN 1OCTPOM-
KH Ha CEJICKTHBHBIC [UTS KaXKIIOTO MeTajlia EHTPbI ON(YHKIIMOHATBHBIX JTUTAHI0B JBYX
MeTauioB. KpoMe Toro, Takue coeTMHEHUs! JOIKHBI COACPKaTh PEAKIOHOCIOCOOHYIO
JIBOIHYIO CBSA3b. MOXHO TaK)Ke CHHTE3UPOBATh MOHOMEPHBIN OMMETaNTHUCCKUH MeTa-
JUIOKOMIUIEKC, KOTOPBIH B IPOLECCE TOMO- WIHM COMOJIMMEPU3ALIUN IIPUBOJUT K I10JIY-
YEHUIO TEJIEBBIX MPOTYKTOB [6].

HenaBHo HaMu ObLI NpeUI0AKEH METOA MOIY4EHHsI OMMETaITUYECKUX TOJUMEPHBIX
KOMIIJICKCOB, coziepxanux B-auxeroHarHsle ¢pparmMentsl Mn(Il) u Zn(Il) myrem Tpoii-
HOW CONOJIMMEPH3AIIMU CTUPOJIA C BUHWII-B-TUKETOHATAME 3THX MeTauIoB [7]. Hanuune
B MTOJIAMEPU3YIOMICHCS CHCTEME BUHIUI-[3-TMKETOHATA IIITHKA IPUBOANT K HHTHONpOBa-
HUIO PaJKaJILHOTO NPOLlecca U 3HAYUTEIbHO YMEHbBIIAET CKOPOCTh MOJIUMEPHU3alltu.

Llenpro HACTOAIIETO UCCICIOBAHUS SIBISICTCA CUHTE3 OMMETAUINYECKOro MOIUMep-
HOIO0 MaKpOKOMIUIEKCa METOIOM TPOWHOM CONOJIMMEPU3ALUU CTHPOJIA C S5-METHII-5-
rekceH-2,4-quonaraMu Mn(Il) u Cu(Il) (MIJI-Mn) u (MI'JI- Cu), uzyueHue KWHETH-
YECKUX 3aKOHOMEPHOCTEH CHHTe3a, ONpeieIeHne MOJIIEKYSIPHBIX MacC U COAepKaHNe
METAJUIOB B OJIUMEPAxX C LEIbI0 ONTUMH3ALUY IIpoliecca.
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MaTepuaJbl H METOABI HCCETOBAHUS

5-Metun-5-rekcen-2,4-muorn (MI]]) cunHTEe3mMpoBanmM KOHIEHCAIMEH MeTHIMeTa-
KpHWJiaTa ¢ aleTOHOM B MPHUCYTCTBHM MeTwiata Hatpus [8]. M3 peakiumoHHOW cMech
SKCTPaKLKEH TUATUIIOBBIM 3(UPOM BBIJEIAIOT NPOAYKTHI peakiuu. BakyymHoil nepe-
TOHKOH WX pa3/IelstoT Ha ABe ¢ppakiuuu. U3 onHoi 13 (pakiuii npu J00aBICHUN alleTara
MEJIH BBIIIAIAeT 0CAA0K S-METHI-S-rekceH-2,4-11oHaTa MeIu. 3aTeM MeIHbBIH KOMILIEKC
NEPEKPUCTAIIM30BBIBAIIM M3 METAHOJIA U pasnarany npu oxnaxaenun 10% H,SO,. Ba-
KyyMHas neperonka npogykra jgaet MIJI ¢ T  =70-72°C/17 mm.pr.cT 1 n **=0,9562.
Brixon MI'J] cocraBisier 5-10%. Cunre3 meramnokomiuiekcoB MIJI-Mn u MIJI-Zn
npoBoAwIN Tipu B3aumoeiicteun MIJ] ¢ arteraramu Mn u Zn ananoruyso [9].

KuHeTnky moauMepHu3alii W3ydald JAHJIATOMETPHYCCKUM H TPAaBUMETPHUYCCKUM
MeTojaMu. MoJeKysipHbIe MacChl TIOJIMMEPOB OIPEIEISUTH BUCKO3UMETPUIECKUM Me-
TOZIOM B BHCKo3uMeTpe Yoemoae [10].

ConeprkaHre METAJJIOB B IMOJIMMEPE ONPENEISUTH Ha aTOMHO-2JICOPOIIMOHHOM CIICK-
TpomeTpe «CatypH». VICTOYHHKOM MEPBUYHOTO W3IYYCHHUS CITY)KWJIA CIICKTpaTbHAs
namira ¢ moisiM karomom JICII-1; amamutudeckas auHHAg kobOampra — 240,7 HM; aHa-
JUTHYECKas JTUHUS Mapranua — 279,5 HM; mupHuHa 1mend MoHoxpomaropa — 0,1 Mm.
Hccnenyempbie pacTBOPBI PACTIBUISIIM B IJIaMs IIEJIEBOM TOPEJIKU alleTUIICH-BO3IYX TIPU
pacxoze roprodero rasza (C,H,) — 2,17 n/mun, a okucnurens (Bozmyxa) — 11,33 1/ mum.
Bricora (oroMerpupyeMoOl 30HBI IJIAMEHH HaJA IHENb0 Topenku — 1,5-2,0 M.
B mnpuBeneHHBIX YCIOBHSIX HWHTEPBAl OIPEACISEMBbIX KOHIEHTpAIMi MeTajuia Co-
ctaBisieT 0,25-10 MKI/MI TIpy BEIMYMHE CTAHAAPTHOTO OTHOCHUTEIBLHOIO OTKIOHEHUS
(S,) <0,075.

Hagecky mommmepa (0,05-0,10r) npeaBapuTensHO pacTBOPSIIN MPU HArpeBaHUH Ha
rnecyaHoit 6ane B 25-30 MJI cMeCH KOHIIEHTPUPOBAHHBIX a30THOW M XJIOPHOM KHUCIIOT
(5:3). Ilocne sToro momyueHHbIH pacTBOp pazdaBisid a0 10 MI TUCTUITMPOBAHHOMN
Bojoi. CraHmapTHbIe pacTBopbl, cofepxame 0,5; 1; 2; 5; 10, 25, 50 Mkr/mi mera-
JUTa TOTOBWJIM TTOCJIE0BATEeIbHBIM pa30aBicHueM B 2-10 pa3 HCXOMHOTO CTaHIAPTHOTO
obpasna (I'COPM — Cu, Mn npousBoactBa CKTH ®u3nko-XUMHYECKOr0 MHCTUTYTA
HAH VYkpauns! (r. Onecca) ¢ koHIeHTpanueid meramia — 1 Mxr/mi. i ucKiIoueHns
BEPOSTHBIX IOTPEITHOCTEH, OOYCIOBICHHBIX BJIHMSHHUEM YKa3aHHBIX MHHEPAIbHBIX
KHCTIOT (A30THOW W XJIOPHOHW), YpaBHHMBalIM WX COJACPKAHUE B aHAJIM3UPYEMBIX WU
CTaHJIAPTHBIX PACTBOPAX.

PesyabTaThl 3KCIIEPUMEHTA U UX 00Cy:KAeHUe

Jns OlleHKM KMHETHYECKUX 3aKOHOMEPHOCTEN TPOMHOM COMOJMMEpU3alUuU CTUPO-
Ja ¢ JByMs XeJNaTHBIMH COMOHOMEpaMH Oblia M3yuyeHa OMHapHas COMOJIMMEpU3aLus
C yJacTHeM Kakaoro u3 Hux. lIporecc comomuMepusanuy MIpOBOAMWIN A0 KOHBEPCUU
10—11 %, xKaKk 3T0 OOBIYHO JENAIOT MPH U3YICHUN KHHETHYECKUX XapaKTCPHCTHK I10-
muMepuzanud. [lanee momydeHHbIE 00pasibl IBaKABI MIEPEOCAXKIAIOT U3 pacTBOpa B
OeH30Jie B CIMPT, CyLIaT A0 MOCTOSHHOTO BEcCa W HCHOJB3YIOT Ul ONpPEIeNeHHs CO-
Jiep>KaHMs MeTalaa ¥ MOJNEKYIIpHbIX Macc. KuHeTHdeckue U MOJIEKYISIPHO-MAaCCOBbIE
XapaKTEePUCTUKH Tporecca HHUIMupoBanus MIJI-Mn npencTtasiens! B Ta0m. 1.

B Tabmuue npuseneHsl HavanbHble (V) M CPEIHHE CKOPOCTH IMOJMMEPH3ALMH
(ch). Kak BunHO u3 Tabnuipl V, 3Ha4MTENBHO BhIIE 4eM V. B ciydae kiaccuueckux
MPECTAaBIECHUN paJUKalIbHONW MOJMMEpU3aLnu Mpu KoHBepcuu ~10% 3TH BeIHMUYMHBI
JIOJKHBI OBITH paBHBI. B HarleM cityuae XenaTHble MOHOMEPHI SIBIISIOTCS] OAHOBPEMEHHO
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COMOHOMEpaMH, MHUIMATOPAMU U MHTUOUTOPAMHU U MO3TOMY, yXkKe IPU KOHBEPCUSIX B
HECKOJIbKO IIPOLIEHTOB, KUHETUYECKNUE KPUBBIE OTKIOHAIOTCS OT JIMHEIHHON 3aBUCUMOC-
TH. Takum 06pasom, pasin4ue B BEIUUMHAX V| U ch MOTYT OBITh KaUeCTBEHHOM OIICH-
Koii iporecca nHrudnposanus. Kpome toro B Tadm. 1 mpuBeeHbI BETHYUHEI KOHBEPCHU
OIPE/IC/ICHHON METO/IOM JJUIIATOMETPHUH (S ) U TPaBUMETPHH (S - Meron nunarome-
TPUU OLICHUBACT BEINUNHY KOHBEPCHU HCXOJIS 13 yObLIH KOIMYeCTBa IBOIHBIX CBA3EH B
[IOJUMEPU3YIOLIUXCSI MOHOMEpaX, @ METOJ] FPaBUMETPUU Ha OCHOBAHUU COIOCTaBIICHUS
B35TOIO B MOJIMMEPU3ALMI0 MOHOMEPA U BBIIEIEHHOIO NPU NEPEOCAKICHUN MOJIMME-
pa. B ximaccmueckoM cirydae 3TH JBE BETUYUHBI TODKHBI OBITH Onm3kumu. Ho Bcerma
S s AOIDKHA OBITH HEMHOTO OOnIbIe 4eM S_ . 3a CYCT IOTEPH YaCTH MPOAYKTOB MPH
BBIJICJICHUN U3 IUIATOMETPA U IpU JIByXKpaTHOM nepeocaxaenuu. Ho B Hamem ciaydae
paznuune S # S , OYEHB BEJMKO. DTO CBA3aHO C TEM, YTO B MPOLECCE MHTMOMPOBa-
HUS UIeT OépLIB paCTyH_II/IX paAMKaJoB Ha MeTaulolleHTpe xenaroB. [Ipu aTom Moryt
00pa30BBIBATHCS MPOAYKTHI C HU3KMM MOJIEKYJISPHBIM BECOM, KOTOPBIE PaCTBOPSIOTCS B
CIHpTE TpH NepeocaxkaeHU. OUeBHIHO, 3TO ABISETCS OCHOBHOI NMPUUMHON pa3iuyus
S uS _.Yem MEHBIIC Pa3IHUYNC YTUX BEINYNH, TEM MCHBIIYIO POJIb UTPACT NHTHONU-
pitin g rpas
poBaHue.

Tabmuua 1
3aBHCHMOCTH KHHETHYECKHX H MOJIEKYISIPHO-MACCOBBIX MApaMeTPOB MOJHMEPH3aHH
cTHpoaa, HHNIUupoBanHoii MI'JI-Mn, oT koHuenTpauuu xejaara. T=85°C

C,10% V -10° mosin/ V -10° mosn/ S % I|s % Wi [nl, M -10°%

MOJIB/JT (1°¢) (J'l c) ana rpas mac.% aa/r n
3,00 16,9 9,7 9,9 8,0 0,42 0,98 2,63
2,00 20,4 10,1 10,5 8,2 0,46 0,95 2,52
1,00 18,8 8,0 10,2 9,7 0,20 1,10 3,07
0,50 19,5 8,0 10,3 6,4 0,15 0,97 2,58
0,25 9,5 53 9,9 8,7 0,04 0,55 1,17
0,10 6,1 4,5 10,5 9,0 0,01 0,73 1,76
0,05 34 33 9,9 9,6 0,01 2,31 8,65

TEpMO 2,2 2,2 10,2 10,0 - - -

Kaxk BunHO 13 Taln. 1, HavanbHbIE CKOPOCTH NMoaMMepu3anuu (V) B InanasoHe KOH-
nerrpanuit xeiara 0,50 —3,00- 1072 MOJIB/1T M3MEHSIFOTCSL MaJIO, YTO TOBOPHT O MEHBIIIEM
uHruoupymomem aeiicreur MI'JI-Mn o cpaBHEHHUIO € 5-METHII-5-TeKCceH-2,4-1M0HaTOM
Co(I) [11]. B cinyuae xenara kobanbra mpu KOHIEHTpanuu 310 MOJIb/1 mouMepu3a-
st cTuposia He uaeT. Kpome Toro, uist 3Toro Xenara HaOMiofaics YeTKHH MaKCHMyM Ha
3aBUCUMOCTH V  — -\j}EXCH. Jins MIZI-Mn Takoil MakcuMyM OTCYTCTBYeT. O MEHbIIEM
uHrudupyromeM aeictsun MIJI-Mn roBopsT M MOJEKYISPHBIC MAcChl MOJTYYEHHBIX
nmojuMepoB. B auamaszone konnentpanuii aroro xenara 0,50-3,00- 10 Mob/1 oHE H3-
MeHsI0TCs Majio. Heo6X0MMO OTMETUTh, YTO BEJIMUMHA MOJIEKYISPHBIX MacC IpU UHU-
LUUPOBAHUN BUHUII-[-AUKETOHATAMU CYHIECTBEHHO 3aBUCUT OT yYacTHs BOILIEAIINX B
MOJTUMEP XeJaTHBIX TPYIII B Mpoliecce MPUBUBKM OOKOBBIX IIeTIeH, a TakKe 0T 0OphIBa
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pactymux 1eneil Ha metaioxenatHoMm mwukie. [Ipu xonnentpanusx MIJI-Mn 0,10—
0,25-10 MOJIB/JT KOJIMYECTBO XEJIATHBIX TPYII B MOJIMMEPHOU Ienu OyneT malio, 4To
olpeseNseTcs CoAep KaHueM MeTajula, Bouleamero B nonumMep. CrenoBarenbHO, Ipo-
[IECC IPUBUBKH Oy/IET MPAaKTHUESCKH OTCYTCTBOBATH, & HHTHOMpYIOIIee NeHCTBUE XemaTa
coxpansiercs. [loaToMmy cymmapHoe JieiicTBre IPUBUBKU OOKOBBIX LieTieii 1 0OpbIBa pac-
TYLIUX Lenei OyneT CABUHYTO B CTOPOHY 00pbIBa. MONEKYIIAPHBIE MacChl IPU STUX KOH-
uentpauusix MIJ[-Mn pe3ko ymenbmmince. JlanbHeiiee yMeHbIIEHHE KOHIICHTPALUN
XeJ1ara PUBOIUT K YMEHBIICHHIO V NPAKTHYECKH JI0 CKOPOCTH TEPMOTIOJUMEPHU3ALIHH.
Ho npu sTtoM u mHrubupyouee AeHCTBUE TaKXe€ CTAHOBUTCS MHUHUMAJIBHBIM, O Ye€M
CBUJIETENILCTBYET NPAKTUYCCKH TIOJIHOE COBNAACHUE VM CPEHEH CKOPOCTH MOJIHME-
pu3anuu (ch). 3TO NPUBOJNUT K PE3KOMY POCTY MOJIEKYJIIPHON Macchl. Takum oOpaszom,
MOKHO YTBep:k1ath, uro MI'J[-Mn siBisieTcst akTHBHBIM MHUIIMATOPOM TTOJIMMEPHU3ALINN
CTHPONA, HO V _ TpPH 5TOM 3HAYMTEILHO MEHBIIE V,, 4TO FOBOPUT O CYIICCTBCHHOM HH-
ruOupylomeM AeWCTBUU 3TOrO XelaTa.

Wzyuena wmHunumupytomas aktuBHOCTb MIJI-Cu npu mnonmmepusaluu CTHPOJIA.
Pesynprater npencrasiens! B Tabnuie 2. Kak cremyer u3 TaOMHITI, TpH KOHIICHTPALISIX
xenara Bbite 0,5-107 Mo/ noMMMepy3alys POXOUT IpU V|, MeHbIIIel, 4eM CKopoCTh Tep-
MOITOJIMMEPHU3ALINHI TIPY 3Tol Temneparype. 1 tombko mpu kornenTparwu 0,1 - 1072 Momb/i1 cko-
POCTb NOMMEPU3ALIIH CYILLECTBEHHO BO3pacTaeT. B ommuue ot Apyrux BUHWI-3-AUKETOHATOB,
B Cllydyae MEIHBIX XEJIATOB MOIMMEPU3AIMSI MACT 10 HEOONBIIMX KOHBEPCHH, a 3aTeM U3
CHCTEMBI BBhINaIaeT ocasok. [Ipyu 3ToM KOHBEpCHs, PH KOTOPOH BBITIAACT OCAJOK 00paTHO
niportoprioransHa koHneHTparmi MI JI-Cu (I1). [Tocie BeimaaeHust ocaaka CKOpOCTh MOTNMeE-
PpHBaLMK 3HAYUTEIEHO MEHBILIE, YeM ITPU TePMOIOIMMEPU3ALIHH.

Tabmuna 2
Kunernyeckue napamMeTpbl OJIMMEPU3ALUH CTHPOJIA,
ununuuposannoii MI'JI-Cu (IT). T=85°
C -10% V -10° mosin/ V.. 10° Dy
Wnnunarop MOJIB/JT (1°¢) 8,% MOJIB/(J1°€) S.w% Bec? %
3,00 1,4 1,1 0,5 2,2 1,10
1,00 1,6 2,2 0,7 5,0 0,10
0,50 2,2 2,8 1,4 7,6 0,09
MII-Cu

0,25 5,0 4.4 0,7 6,6 0,13
0,10 9,5 8,2 0,5 8,2 0,03
0,05 8,1 12,3 0,2 12,7 0,01

S,% — xoHBepcus, TPH KOTOPOH BBITTAAAET 0CAMIOK;
V... — CPEIHSA CKOPOCTH MOMMEPHU3AIIH TIOCTIE BBIMAICHHS 0CAIKA;
S, — KOHEe4Has IIyOMHa TIONTMMEPH3ALIUH.

B pabore [12] uccnenoBana paaukansaas nommepusaims MIJI-Cu B pacTBope abcomnoT-
HOTO 3TaHONa MPY KOHIIGHTPAIMK XemarMoHoMepa 0,9 MOMb/J1, HHUIMMPOBaHHAsT a30M300yTH-
poruTprioM ¢ KoHneHTparwed 1,0 — 2,0-102 mos/i1. [Ipy 3TOM MONMMMEpBI IPAKTHIECKH HE
00pazoBBIBAIHCH, X0Ts1 KomiuiekeTel MI/T ¢ Co (1I), Mn (II), Ni (II), Cr (1) mommvepusoBaich
C JIOCTATOYHO BBICOKOHM CKOPOCTBIO. DTOT (DAaKT MOKHO OOBSICHUTB PeaKIeil BHyTPHUMOJIEKY-
JISIPHOTO TIEpPEeHOCa IIEKTPOHA C PACTYILETO paiuKaja Ha MOH MeTairia [6)].
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CH3 CH3

[Ipu 5TOM MPOMCXOIUT BOCCTAHOBJIEHHE MeTajlla U OOpbIB paaukania. [Ipudem, BeposT-
HO, JUISL 3TOTO TIporiecca HEOOXOMUMBI HU3KHE 3HAUCHMSI MOTEHIMAJIOB PEIOKC-TIepexoaa
M™—M™!, 4T0 BRITONHSCTCS B Citydae Meu. DakT YaCTHIHOTO BOCCTAHOBJICHHUS METAIUIA [IPH
nomimvepuzari MIJI-Cu nonBeprkaaeTest JaHHBIMA PEHTTEHOBCKOM (DOTORIEKTPOHHOM CITeK-
tpockonuu [ 12]. Conocrarnenue criektpoB MIJ[-Cu u nomimvepa MI'JI-Cu rokazaso, 4to rnpu
MOIMMEPH3ALIN MAKCUMyM OCHOBHOTO TIHKa CMEIIAeTCs B CTOPOHY OoJiee HM3KUX SHEpPri
CBSI3H, YTO COIVIACYETCS C MPEITONOKESHIEM O YACTUYHOM BOCCTAHOBJICHUH MEIH B TIPOLIEC-
ce nonmmepu3aimi. Panee monoOHbIi a¢dext HaOmroIaIy Py MOMMEPU3aIH aKPHIIATHBIX
xomruiekcoB Memu [13]. Ho B HamieMm ciydae KOHLIEHTPaLUs MEAHBIX METaJUIOLEHTPOB
Ha 3 mopsAKa MEHbIIe, U TIOATOMY HonuMepu3anus npu koHueHtpauuu MIJI-Cu pas-
uoti 0,110 MOJIB/TT TPOXOIUT, HO TOIBKO 10 KOHBepcuu 8,2%. Takum 00pa3om, MOKHO
yTBepxaaTh, ut0 MIJI-Cu Oyaer BBINONHATH NPH TPOWHOW cOMOIMMEpH3anuu (QyHK-
U0 UHTUOUTOPA.

[IpoBenena TpoitHast conoaMMepHu3alus CTUPOIIa ¢ y4aCTHEM JBYX XeJIaTHbIX COMO-
HoMepoB-uHunuaTopos MIJI-Mn u MI'JI-Cu. Ilony4eHHbIe pe3yibTaThl IPEACTABICHbI
Ha puc. 1 u B Tabm. 3.
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Puc. 1. 3aBucuMOCTh KOHBEPCHUHU COMIOIMMEPHU3ALIUN CTUPOJIA OT BPEMEHU NPU MHULIUUPOBAHUU
cuctemoit MI'J[-Mn (I)+MTI'/I-Cu (IT). T=85°C.

Konuenrpamun: 1-C,=C,=1,0-10 * mons/m; 2- C,=1,0-10 2 mons/n1, C;=0,5-10 * Monb/1;
3- C,=2,0-10 ? mons/x1, C,=0,5-10 * mons/m;
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Ipu xouuentpanusx MIJI-Mn=MTII-Cu pagHoii 3,0- 102 mons/a u 2,0- 10 Mosb/1
MOJMMEpHU3alysl He UAET B CBA3HM C CWIIBHBIM HMHTrHOHMpyroummm faeiictBuem MI/I-Cu.
[IprumHa Mo00HOT0 HHIHOMPYIONIETo NSHCTBHSI yKa3aHa paHee.

Tabmnuna 3
Knnerndeckne u MoJ1eKyJIsIpHO-MAacCOBBIe TApaMeTPhbI MOJINMePH3aIUH CTHPOJIA,
uHMuupoBanHoi cucremoii MII-Mn + MI'/I-Cu, oT koHueHTpauuu xejaaros. T=85°C

Cunl'/ll}‘[)?’u“-‘l‘)’;l"/" o | wm | Sy Sy |l g g
MIJ-Mn | MII-Cu| (1) (1) o v | ca | M

3,0 3,0 He uger

2,0 2,0 He uner

1,0 1,0 3.4 1,26 6,1 3,6 0,60 | 0,55 | 1,71 5,70
1,0 0,5 4,1 2,26 9,2 5,1 0,36 | 0,18

0,5 1,0 He uger

2,0 0,5 4,9 ‘ 33 ‘ 9,6 ‘ 6,0 ‘ 0,56 ‘ 0,15 ‘ 2,62 ‘ 10,20

Ipu rourerTpammsix MIJ[-Mn = MIJI-Cu paBabix 1,0-102 Mob/ moTMMepU3aIust
UJIET CO CKOPOCTBIO OMU3KOW K CKOPOCTH TepMmonoiaumepusanuu. [Ipu atom o6pa3zyror-
Cs1 BRICOKOMOJICKYJISIPHBIC ITOJMMEPHBIC OMMETATHIECKHE KOMIUICKCHI, C COICP/KaHHEM
METaJIJIOB IPOIOPLHUOHAIBHBIM UX COAEPKAHNIO B MOHOMEpPHOU cMecu. MakcuMalbHOe
cogep:kanue Mn u Cu B nonumepe coctasuiio ~0,6 mac %. [Ipu ymenbluennn copepixa-
uust MI'JI-Cu (konnentparust MITJI-Cu = 0,5-102 moins/i, a MITJI-Mn = 2,0-10-* Mosb/n)
KMHETHYECKasi 3aBUCHMOCTh MOUYTH MpsIMONUHEHHa (puc 1). DTO TOBOPUT O TOM, YTO
HECMOTPSI Ha MaJIyl0 CKOPOCTb IpoLecca NOIMMEpPU3alMU, IPU ITUX KOHLUEHTPALMIX
MOJKHO I10JTy4YaTh MOJIMMEPHBIE METANIOKOMILIEKCHI C YIOBIECTBOPUTEIbHBIM BBIXOIOM.
ConeprkaHue MeTallIa 371eCh Tak)Ke MPOMOPLHUOHANBHO UX COJEPKAHUIO B MOHOMEPHOI
CMECH, CKOPOCTh MOJIMMEPU3AIMN BO3POCIa, a MOJICKYIISIPHBIC MAacChl TAKXKe BO3POCIH
MPUMEPHO B 2 pasza u cocTaBuim Oonee 1 MITH.

Taxkum o0pa3om, cielyeT OTMETUTh, YTO OCHOBHBIM HEJOCTAaTKOM Iojy4yeHus Mn-
Cu conepxalux MOJTUMEPHBIX KOMILIEKCOB SIBJIAIOTCS HU3KHE CKOPOCTH COMOJIMMEPHU-
3anun. [lostomy nenecoo6pazHo OBLIO MCIOIB30BATh B MPOIECCE COMOIMMEPU3AINN
JIOTIONTHUTENBHBIN nHUIHaTOp-Tiepokcun Oenzonia (I16). Hamu panee Obiio mokasaHo,
yto [1b sBigeTcs He TOJbKO AONOJIHUTENBbHBIM MHULMATOpOM. B ciyuyae ucnosnb3oBa-
HUS MHULUUpYolel cMecu B-aukeronat-I1b on oOpasyer ¢ merasioxenaraMu KOMII-
JIeKC, KOTOPBI 00eceunBaeT YCKOPEHHBIH pacnag 000uX KOMIOHEHTOB CHCTEMSI [14].
B cnyuae cucrem anerunaneronar Mn(11I)-I1b u anernnaneronar Fe(III)-ITb ckopocts
pa3ioKeHUs] KOMIIOHEHTOB CHCTEMbI yBelnuuuBaercs B 5-10 pa3 B 3aBUCUMOCTH OT CO-
OTHOIIICHHSI KOMIIOHEHTOB, a i TpudTopuermianetonara Fe(1ll)-I1b yckopenue pac-
naja MHOTOKpaTHO Oofblle. AHAJOTHYHO TEpPMOpaclaay, CKOPOCTH MOIUMEPHU3ALUN
BUHWIOBBIX MOHOMEPOB, MHHUIIMUPOBAHHON TAKMMH CHUCTEMaMH, TaKKe 3HAuUTElb-
HO BBIIIIE, YEM TMPHU aJJUTUBHOM JCHCTBUM KoMmoHEHTOB [15]. Beimo mokazano, 4Tto
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3¢ HEKTUBHOCTh TAKMX CHCTEM CYLIECTBEHHO 3aBUCHUT OT MPHUPOIbl METALIa, HAJIUYUs
3aMeCTHUTENIEH B JIMTAHAE U MIPUPOJIbI pACTBOPUTENSI.

Brina H3yYcCHa NoJIMMEpusalus CTUpoja B IPUCYTCTBUU COMOHOMEPOB-UHUIITUATOPOB
MIJI-Mn u MI'JI-Cu u pononautensHoro unummaropa [1b. Ha puc. 2 npencrasnenst
KMHETUYECKHE KPHBbIE IOJMMEPU3ALUU IPU HKBUMOJEKYIAPHBIX KOHUEHTPALMIX
XEJIaTHBIX MOHOMEPOB. YBEJIHUYEHHE KOHLEHTPALUU JTUX COCIWHEHHH MPHUBOIUT K
YMEHBIICHUIO CKOPOCTH MOIMMEpH3aINH (KpHBBIE 1, 2, 3) TI0 CpPaBHEHHIO CO CKOPOCTHIO
MOJTUMEPHU3aINK, THUIMUPOBaHHOH ToJIbKO [16 (kpuBas 5). OCHOBHOM BKJIaJ1 B MPOIIECC
narnduposanus BHocuT MIJ[-Cu. O6 sToM roBopuT KpuBas 4, re WHHIIUHPOBAHHEC
MIPOXOAMT IPHU IKBUMONEKYIApHbIX KoHUeHTpausx MI/[-Cu u I1b.

5.%
12
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B8 ——2
: —— 3
—m— 4
4 —¥—5
2
I I I I 1 | t= MHH

a 50 100 150 200 250 300

PI/IC. 2 3aBI/ICPIMOCTL KOHBEPCHUU COIOJIMMEPpU3allMN CTUPOJIa OT BPEMEHH, ITPU MTHULIUUPOBAHUA
cuctemoit MITI-Mn (I)+MI1-Cu (II) u 15 (ITT) T=85°C.

Konuentpauuu: 1-C=C,=3,0-102 mons/x1; 2-C=C,=2,0-10 mons/1;
3-C=C,~1,0 IOZMOJIB/JI 4-C=C,, 20102M0JIL/J1 5-C,=2,0-10 * momp/m;

Ha puc. 3 npencraBiieHbl KUHETUYECKHUE KPUBbBIE MOJUMEPU3ALUM TIPH Pa3InYHbIX
COOTHOILIEHUSIX XeJIaTHBIX MOHOMEPOB. 31ech Takke, ueM Oomnbie MIJI-Cu conepxxutcs
B MOJIMMEPHU3YIOIIEHCS cUCcTeMe, TeM MEHbIIE CKOPOCTH MoluMepusanuu. Hannuue B
cucTeMe cuiIbHOTO MHUIMaTopa [1b B onpenesieHHON cTeneHn HUBETUPYET HHIHOUPYIO-
1ee IecTBUe MEAHOTO Xeara. JIish KOHIIeHTpaIui, ONMMCaHHbIX KPUBBIMHE 1, 2, 3, cKko-
POCTH MOIUMEPH3ALMU OIH3KH U TOJIBKO TpH KoHeHTparmsax MII-Cu paBaotii 2,0-1072
MOJTB/JT HAOJIIOJAJIOCh YMEHBIIEHHE CKOPOCTH MPH KOHBEpCHsIX Ooublie 5%.

Ha ocHOBaHMU MOyYEHHBIX SKCIICPUMEHTAIBHBIX JAHHBIX PACCUUTAHBI BEITUYNHBI
V. u'V_, comepxaHue METAIOB B MOJMMEPAX M UX MOJEKYJISIPHbIE MacChl (Tabi. 4).
I/I3 Ta6m/1um 4 cnemyert, uyto nipu KoHueHTpamusax MII-Cu 2,0-10- mons/i 1 Beime V o
CHIIbHO YMEHBIIACTCSA, XOTA V[P 5TOM MMEET JI0CTATOYHO BHICOKOE 3HAYEHHME 10 CPaB-
HEHWIO ¢ HUIIMUpoBaHueM Tosbko [1b (kpuBas 5, puc.2). Ho nist cuaTesa rerepomeTan-
JTUYeCcKoro Makpokomiuiekca ¢ gpparmerramu MIJ[-Mn u MI'JI-Cu, umeroiue BbICOKHE
BBIXOJIBI, peratornee 3HaueHne umeer V . CoznepKaHue METajIoB B MOTMMEpax Mpu
9KBUMOJIEKYIISPHBIX KOHUEHTPALMSIX XeJIaTHIX COMOHOMEPOB MPUMEPHO OJIMHAKOBBIE,
Kkpome koHteHTparuu 3,0 102 Mob/11.

39



A. C. Cuacmnusey, O. B. [llesuenko, A. H. 3axapus, H. C. Bonowanosckuii

5.%

10

——1
-

——3

i 1 1 1 i t: MHH
0 20 40 &0 B0 100

Puc.3. 3aBUCHMOCTE KOHBEPCHHU COMOJIMMEPU3ALIMU CTUPOJIA OT BPEMEHH, ITPH MHUIMUPOBAHUI
cucremoii MIJI-Mn (I)+MTZ-Cu (IT) + I1B.
C,;=2,0-107 mons/11, T=85°C.
Konuentpauuu: 1- C=1,0-107 monn/n, C,=0,5-10> mons/i1; 2- C=0,5-107 mons/11, C,=1,0-107
Monb/1; 3- C=2,0-10? mons/n, C =0,5-107 mons/i1; 4- C=0,5-107 moms/11, C,=2,0-107 Monb/x;

WHuTepecHoii ABIseTcs 3aBUCUMOCTD COJIEPXKaHMs METAJIOB B IMOJIMMEpPax OT KOH-
LEHTpAIMH XeJIaTOB B OJIMMEepH3yIolieiics cucteme. Ecim aTa KoHeHTpanus, 11t 000-
nx xematoB 1,0-102— 0,5-10 mMonb/i1, TO comep)KaHne METAJUIOB B ITOJUMEPax PE3KO
MaJiaeT, MpUIeM CoJepkaHne Menu Beeraa Oombine. Tak npu xoHneHTpanuu MIJ[-Mn
pasuoro 2,0-10 moins/n, a MTJI-Cu 0,510 Mosib/nt coiepkanue 06eux METaIoB paB-
HO 0,34 mac. %. TouHO Tak)Ke IIpU HIKBUMOJIEKYJIAPHBIX KOHLIEHTPALUAX XEIaTHbIX MO-
HOMEpOB, paBHbIX 3,010 Mmonb/i1, coneprkanue Cu B mojMMepax B TPH pasa BBIIIE, 4eM
Mn. TpyaHO BEIIEIUTH KOHKPETHYIO IPUYNHY 3TOTO (haKTa, HO MOKHO YTBEP)KIATh, UTO
KOJIM4ECTBO MeTasl1a OyleT 3aBUCUMOCTb OT KOHCTAHT COMOJIMMEPU3ALIMU XeJIaTHBIX CO-
MOHOMEPOB U 00pbIBa PACTYIIUX PAAMKATIOB Ha MeTamiolneHTpax. B coydae MI/I-Cu
OOpBIB paluKaiIoB OyJeT 3HAYUTEIBHO OonbimM, 4eM it MIJ-Mn, uto moaTBepxie-
HO KMHETHYECKUMHU XapaKTepUCTUKAMU IOJIUMEPU3aLUU. 3aBUCUMOCTh MOJIEKYJISIPHBIX
Macc IOJIyYeHHBIX MPOAYKTOB OT MCXOIHOW KOHLEHTPALMH XEJaTHBIX COMOHOMEPOB
HeoJHO3HauHa. [Ipu MX SKBUMOJNEKYJISPHBIX KOHIEHTPALHUAX MOJEKYISAPHBIE MacChl
BBICOKH W MPAKTHUYECKU PaBHBI. lJis pa3InYHBIX COOTHOIICHUI XeNaTHBIX COMOHOME-
POB MOJIEKYJISIPHBIE MACChl PE3KO MAJal0T, TAKXKe Kak [aJaeT U CoAep KaHue METaJlJIOB B
noiauMepax. YaCTUIHO 3TO MOXKHO OOBSICHHUTE TEM, UTO ()parMeHTHI B-IHKETOHATOB 000-
HX METAJIJIOB, BOLICAIINE B MAKPOMOJIEKYTY OylyT HHULIMUPOBATh MPUBUBKY OOKOBBIX
erneid, 4To 00ecreynBaeT poCcT MOJISKYJISIPHOW Macchl, M 4eM OoJibIe STUX (pparMeHToB,
TeM OOIIBIIIe MOJICKYIISIPHAS Macca.

Takum 00pa3zoM, MOJKHO YTBEPIKAATh YTO MHUIIMHPOBAHUE TIOIUMEPH3AIINH CTHPOJIA,
OJTHOBpEMEHHO BUHWII-P-aukeToHaraMmu MI/I-Mn + MI'JI-Cu npuBoauT k 00pa30BaHUIO
MOJIMMEPOB, COACPKAIIMX B MaKpOMOJEKYJe [B-AMKETOHAThl JBYX MeETauioB. B sTom
MPOIIECCe UCTIOIH30BAHHBIC XENIAThl BRITOIHSUIA ()YHKIIMA COMOHOMEPOB, HHUIIUATOPOB
¥ UHTHOUTOPOB.

40



Onmu,wu3a14uﬂ Memooa NOoJIy4eHusl OUMemanIu4ecKux MAKPOKOMNIIEKCO6

Tabnuna 4
Kunernueckue u MoJIeKy/JISIPHO-MAcCOBbIe NapaMeTPhbl NOJUMepH3aLHH CTHPOIIA,
uHuupoBannoi cucremoii MI'/I-Mn + MI'I-Cu, 0T KOHIEHTPAILUU X€JIATOB.
T=85°C. Konuenrpauus IIB = 2-102, moJib/J1.

Nnun-po1 o

C 10 Momb/a | V10 wom/ | V105 | S | s | MM g oy
M]\Ef- Mcrl{l- (1°¢) MOJIB/(J1°€) % ) Mn Cu /e | -10°%
3,0 3,0 21,7 5,1 8,1 7,5 0,54 1,60 | 1,13 | 3,19
2,0 2,0 26,2 8,9 10,6 | 89 0,42 0,66 | 1,09 | 3,05
1,0 1,0 34,4 28,0 10,7 | 7,5 0,59 0,53 | 1,07 | 2,90
1,0 0,5 33,5 22,7 10,2 | 8,5 0,07 0,15 | 0,22 | 0,32
0,5 1,0 31,7 26,7 9,7 8.5 0,06 0,25 | 0,57 | 1,20
2,0 0,5 34,4 28,9 9,2 7,3 0,34 0,34 | 0,14 | 0,17
0,5 2,0 29,4 18,1 10,3 | 8.3 0,03 0,50 | 0,29 | 0,48
- 2,0 25,3 5,6 7,5 3,6 -- 0,72 | 0,52 | 1,11
I1b 2,0* 50,2 48,2 10,3 | 10,2 -- -- 0,72 | 1,73

*- TOMOIIOJTMMEpHU3aLlis CTHPoJIa pu HHULKnpoBanuu [16 ¢ konneHTparmeii 2102 Momb/1

[Ipouecc mpoBOAMIN B OTCYTCTBUU U MPUCYTCTBUU JOMOTHUTEIBHOTO HHULIMATO-
pa — nepokcuaa 6eHzouna. Bappupysi KOHIIEHTPAUK BUHII-[3-IMKETOHATOB U UCTIONb-
3y TOTIOTHUTEIBHBIH HHUIAATOP, MOYKHO U3MEHSATH COOTHOIIICHHE METAJUIOB B TIOJIME-
pe, CKOPOCTH CONOIMMEPH3AIMUA U MOJIEKYISIPHBIE MacChl IPOIYKTOB. ONTHMaIbHBIMH
YCIOBUSMH ISl TIOMYYCHHUS TETEPOMETAIUINIECKUX TOINMEPHBIX KOMIUIEKCOB ¢ (hpar-
MeHTamu B-nukeroHaro Mn(Il) u Cu(Il), umeromux npuemsieMble XapakKTEPUCTUKH 110
BCEM IapaMeTpaM CIeayIoIue:

Mn — Cu cooeporcaujue makpoKkomnieKkcol

bes npumenenus I1b

DKBHUMOJIEKYJISIPHBIE KOHIIEHTPAIIMK XEJIAaTHBIX MOHOMEPOB, paBHbie 1-1072 Mob/1,
coneprxkanue MetauioB ~0,5 Mac%, MONIEKYIIsIpHbIE Macchl ~5,7-10%, ch OYEHb Mao.

C npumenenuem I1b

DKBHUMOJIEKYJISIPHBIE KOHIIEHTPALMK XeJIAaTHBIX MOHOMEPOB 1-1072 MoJIb/11, comepika-
HUe MeTautoB B onumepe ~0,5 mac%, MOeKyIIsapHbIe Macchl ~2,9-10°, ch BBICOKOE.

[TonmydyeHHbIC MPOMYKTHI MOTYT OBITh HCIOJNB30BaHBI B KAueCTBE KaTaJM3aTOPOB
OpPraHMYecKUX peakuuid U OaKTEepULUAHBIX MarepuasoB. s MOHOMETAIIMYECKUX
MTOJTMMEPHBIX METAJTOKOMITIICKCOB 3TO MOKa3aHo B padoTax [3,4,16].
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ONTUMIBALISI METOJA OTPUMAHHSI BIMETAJIIYHOT'O
MAKPOKOMILIEKCY 3 ®PATMEHTAMM B-JUKETOHATIB
Mn(II) TA Cu(ll)

Pesrome

MertonoM TOTpilHOT KomojiMepu3anii CTUPOIy 3 MOTi(QYHKIIOHAIPHUMH KOMIIOHEHTAMU
panukansHOi monimepu3anii S-metuin-5-rekcen-2,4-nionaramu Mn(1l) ta Cu(Il) cunre3oBani
OiMeTaiyHi MoJIiMEpHI MeTaJoKOMIUIeKcH. [IpoBeneHa onTuMi3anis mpoueca CHHTE3a, sKa
JI03BOJIsIE OTPUMYBATH MPOAYKTH 3 3aJIOBUIBHUMH IIBHUAKOCTSIMH, PEryIbOBAHMM BMICTOM
MeTaJiB Ta MOJIEKYISIPHUX Mac.

KonrouoBi cioBa: BiHIN-P-AMKeTOHATH, pajKajdbHA KOMONMIMEPH3aIlis, TeTepoMeTalivdHi
MOTIMEPHI KOMIUIEKCH.
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Dvorianskaya St., 2, Odessa, 65026, Ukraine

OPTIMIZATION OF METHOD OF RECEIPT BIMETALLIC
MACROCOMPLEX WITH B-DIKETONATES FRAGMENTS
Mn(IT) AND Cu(Il)

Summary

Bimetallic polymeric complexes were synthesized by the method of ternary copolymeriza-
tion of styrene with polyfunctional radical polymerization components Mn (II) and Cu (II)
5-methyl-5-hexene-2,4-dionates. The optimization of the synthesis process is carried out,
which allows to obtain products with the reasonable rate, regulated metal content and mo-
lecular weight.

Keywords: vinyl-p-diketonates, radical copolymerization, heterometallic polymeric com-
plexes.
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AHTHOKCHUJIAHTHBIE CBOMCTBA DKCTPAKTOB U3
PACTUTEJIBHOI'O CBIPbBA

HccnenoBana aHTHOKCHIAHTHAs aKTUBHOCTh KCTPAKTOB U3 PACTUTENBHOTO CHIPbs, 00Ia-
JIAIOILEro renaTonpoTeKTOPHBIMU cBoMcTBaMU. ClienaHa CpaBHUTEIbHAS OLICHKA MEKAY CO-
JiepXKaHueM TOMN(EHOIBHBIX COSTUMHEHUI U (IaBOHOMOB B YKa3aHHBIX 3KCTPAKTax M HMX
AHTHOKCUJAHTHOM aKTUBHOCTBIO.

KuoueBble c/10Ba: pacTHTEIbHBIC SKCTPAKTHI, TeNATONPOTEKTOPHI, aHTHOKCHIAHTHAS aKTHB-
HOCTb, MOJIH(EHOIbHBIE COSTUHEHNS, (HIIABOHOUIBL.

DKCTPaKThl U3 PACTUTEIBHOTO ChIPbS ABISIOTCS LIEHHBIMHU MPUPOAHBIMU MCTOYHH-
KaMW aHTHOKCHJIAHTOB, OOJIaJJaroIIMMH, TENarnpoTONPOTEKTOPHBIMU cBOMCTBamMH [1].
brmarogapst mX OKMCIMTENHFHO-BOCCTAHOBUTEIHLHOW aKTHBHOCTH YKa3aHHBIC BEIIECTBA
00J71a/1af0T TTPOTUBOBOCIAMTEILHBIMHI, AHTUOKCHJIAHTHBIMU W UMMYHOMOJYJIUPYIO-
LIMMH CBOMCTBaMH, a TaKXke MPEMsTCTBYIOT pa3BUTHIO (uOpo3a neyeHn. OgHAKo, Ha
CETO/IHSIIIHUN J€Hb HE CYIIECTBYET JOCTATOUHBIX JUTEPATYPHBIX JaHHBIX, O BIUSHUU
MPUPOABI IKCTPAreHTa W PACTUTEIHHOTO CBHIPHS HA COCTaB IMOJMYyYaEeMBIX IKCTPAKTOB.
B cBs13u ¢ 3TMM OTHON U3 33134 AaHATUTUYECKOW XUMHUU SIBIIIETCSI HE TOJIBKO pa3paboT-
Ka, HO U CPaBHUTEJIbHAS XapaKTEPUCTUKA PE3yIbTaTOB SKCIPECCHBIX U CPABHUTEIBHO
HEJIOPOTUX METOMOB aHaIM3a J0O0POKAYECTBEHHOCTH HKCTPAKTOB U3 PACTHTEIHHOTO
ChIpbA [2].

Ienpto naHHOM paOOTHI SBISETCS YCTAHOBICHUE BIUSHUS TIPUPOJIBI PACTUTEIHHOTO
CBHIpbs (TeMaTONPOTEKTOPOB) U IKCTPAreHTOB HA KOMITOHEHTHBIM COCTaB MOIYYEHHBIX
SKCTPAKTOB U NX AaHTHOKCUIAHTHYIO aKTUBHOCTb.

MeToauka IKCIIEPUMEHTA

B kadecTBe 00BEKTOB HMCCIEIOBaHMS BHIOPAHBI BHICYIICHHBIE KYKYPy3HBIE PHUIbLA,
TpaBa PacTOPOIILIN, TpaBa OECCMEPTHUKA, TpaBa COJSHKH XOJIMOBOM, TpaBa SXHHAICH
(c6op uronb 2011 1., ror. Onecckoit o6macTh). B kauecTBe 3KCTPareHTOB ObIIIM BEIOPAHBI
1-npomaHot, 2-IPONaHo, TAHOI U TUITHIIOBEIHA dHp.

Jnst oTydeHns SKCTPAKTOB U3 PACTUTENFHOTO CHIPhS aHAIUTHYECKYIO TPO0y U3-
MeBYaIn JI0 pa3Mepa YacTHUI], MPOXOAAIINX CKBO3b CUTO C oTBepcTusiMu 1 MM [3]. Ha-
Becky (okoio 1,00 1) momemtanu B kKoyOy co nutudoM emkocThio 100 M, moOaBisimn
30 M1 9KCTparenra, Kooy MPUCOSANHSIINA K 00paTHOMY XOJIOAWIGHUKY M HarpeBasld Ha
kursieit BogsiHont 6ane B Teuenue 30 muHyT. [Tocie aToro xomdy oximaXkaamu 10 KOM-
HaTHOH TeMIlepaTypsbl Mo CTPYeH XOJIO0MHOM BObI M (GMIIBTPOBAIN COIEPKUMOE Yepe3
OyMa>kHBIN (QUIBTP B MepHYI0 K0JI0y eMKOCThI0 100 MIT (3KCTpaKIIMIO TOBTOPSIIH 2 pa3a
YKa3aHHBIM BBIIIE CTIOCOOOM, MTOYIEeHHBIC BRITSDKKN (PUITBTPOBAIH B TY e KOOy depes
TOT k¢ QUIBTp). OUIBTP MPOMBIBAIH BEIOPAHHBIM SKCTPAreHTOM M TOBOIIIIH 00BEM
(unbTpaTa pacTBOPUTENIEM J0 METKH.
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Cymmaproe conepkanue (heHONBHBIX COCAMHEHUH B IKCTPAKTAX OMPEACIISIIN CICK-
TPo(OTOMETPUUECKH C HCIOIb30BaHUEM (heHonbHOro peareHTa dommna-Unokantey
[3]. AnmukBoTy (1 M) BKCTpakTa WINM CTaHAAPTHOTO pacTBopa 3,4,5-TpUrHapoKcoOeH-
3o0itHON kuciothl (20, 40, 60, 80 u 100 Mr/ir) moMeIaim B MEPHYIO KOJIOY €MKOCThIO
25 mn, conepsxanyto 9 ma H,O. Ilocne storo no6asnsim 1 M1 peHonbHOro pearenra
®donuna-Unokanrey u nepememnBani. Yepes 5 mun. nodasmsim 10 ma 7% pactBopa
Na,CO,, noomusu H,O 1o 25 min H,O u cnosa nepemenmbainu. [locie BeiiepkuBanus
TpU KOMHATHOW Temrieparype B TeueHnd 90 MUH. M3MEPSUTH ONTHYECKYIO TIIOTHOCTh
Ha crektpodoromerpe CD-56 mpu amuHe BoHBI 750 HM B KIOBETE C TONIIMHON CIIOS
20 mM. CymmapHoe coaepxanue nonudenonbHbix coenuHenuid (CIIC) B axcTpakTax
OTIpeeNAeTCsl KOTMYEeCTBOM SKBUBAJICHTOB 3,4,5-TPUTHIPOKCOOSH30MHOU KUCIIOTHI, CO-
nepxareiicst B 1 11 skcTpakTa (MMOJIB/T).

Coneprxanue (GpIaBOHOHMIOB B ITOMYYCHHBIX AKCTPAKTAX OMPEACIILIH CIIEKTPO(OTO-
MeTrpuyecku [3]. ANMKBOTY 3KcTpakTa (4 MJI) MOMEIIadl B MEPHYIO KOOy €MKOCTbIO
25 mi, nobaBisu 2 mit 2% pacTBopa XJIopHaa alfoMUHUS B 95% sTaHone U JOBOJUIN
o6bem 10 meTkr 95% C H,OH. Yepes 20 MUHYT U3MEPSIIN ONTUYECKYIO IUIOTHOCTh
Ha criektpodoromerpe CD-56 npu anmuHe BoiHBI 410 HM B KIOBETE C TOJNIIMHON CIIOS
10 MmM. PacTBOp cpaBHEHUS: 4 MJI SKCTPAKTa MOMENIAINA B MEPHYIO KOOy 00beMoM 25
MJ1, 100aBisi | Karmo pa3BeieHHON XJIOPOBOAOPOIHON KUCIOTHI M JIOBOAUIN 00beM
pactBopa 95% stanonom g0 meTku. CymmapHoe copepkanue ¢uaBoHouioB (CD, %)
B TIepecyeTe Ha aBUKYISIPUH B aOCOJIOTHO CYXOM CHIPBE B IPOIIEHTAaX BBIYMCIISUIA IO
hopmyite

_ A-100-100-25 (1)
330-m-(100—- W)’

rae A — onThyecKast IJIOTHOCTh UCCIIEAYyEeMOro 3KkcTpakTa; 330 — yaenbHbIN MoKa3arenb
TIOTIIOMICHMS KOMIUIEKCa aBUKYJSIPHHA ¢ XJIopuAoM amromuHus mpu 410 aM; m — Macca
CBIPbs B rpaMMax; W — yObUIb Macchl IPU BHICYLIMBAHUH B MPOLIEHTAX.

AHTHOKCUIAHTHYIO aKTUBHOCTH (AOA) MOIY4YEeHHBIX HKCTPAKTOB OMPEACIISUIN I10-
TEHIIMOMETPUYECKU C HCIIOJIb30BAaHUEM B KAueCTBE MEAMATOpHON cuctembl Fe*'/Fe?t
[4, 5]. CrexysiHHYIO AJIEKTpOXUMHUYECKyto sueiky 3amonssiau 10 mum 0,015 M K-Na
¢docdarnoro Oydeproro pactBopa (pH = 7,40), nodapmsum 0,10 mu 1,0 M pactBopa
K,[Fe(CN),] u 0,1 M1 0,01 M pacteopa K [Fe(CN),]. [lorpyskanu B s4€iKy TI1aTHHOBBIA
u xnopuacepedpsaHubiii (OBJI-1M3) snekTpo/ibl, BBIACPKUBATIN CUCTEMY 110 YCTaHOBIIE-
HUS IocTosiHHOTO 3HaueHus nmoteHnuana (E). Jlobasmsimu anuksoty (0,5 mir) uccnemye-
MOTO pacTBOpA M 3aTeM BHOBb M3Mepsiiv noTeHuuan (E,) 1 paccunThiBaim KOHIEHTpa-
LUI0 aHTUOKCUJAHTOB 110 popmyJie

aC ox C red (2)

AOA= I+ ’

rnea=10""xC /C ,b=23RT/nF,n=1;EunE, —okucIUTENbHO-BOCCTAHOBUTEIIBHBIC
TTOTEHIIMAJIBI CHCTEMBI, YCTaHABIIMBAEMBIE JI0 U TIOCJIE BBOJA aHAIM3UPYyeMOoro oOpasia
aHTUOKCH/IAHTa, B; E | — cTaHIapTHBIA OKMCIUTEILHO-BOCCTAHOBUTENBHBIN MOTEHIIUAI
MEMaTOPHBIX cuCcTeM, B; C | — KOHIEHTpauus OKUCIEHHOM (POPMBI MEIMATOPA, MOJIB/JI;
C,., — KOHLEHTpaIMs BOCCTAHOBJICHHOH (popmbl Menuaropa, Monb/1; AOA — monsp-

Has KOHICHTPpAalMs 5KBHBAJICHTA aHTUOKCUAAHTOB, BCTYIIUBIIUC BO B3aMMOJICHCTBHUE C
OKHCJICHHBIM KOMIIOHCHTOM MCAUATOPHBIX CUCTEM, MMOJIB/]I.
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[oreHnMOMETpHYECKIE M3MEPEHHS BBITOIHSITH C [IOMOIIBIO HOHOMEPA YHUBEPCAIb-
Horo DB-74. Yka3aHHbIC METOAMKH OTIIMYAIOTCS DKCIIPECHOCTHIO BBIMOTHECHUSI aHATIH3a,
OTHOCHTEJIBHO HEBBICOKOW C€0ECTOMMOCTBIO 000pYTOBaHHS.

Pe3yJ’ll)TaTl)l MCCJeJ0OBAHMI U HX oﬁcymuenne

Hannble no AOA, CIIC u C® 5KCTpaKTOB U3 JIEKAPCTBEHHOI'O PACTUTENILHOIO ChIPbs
npeJcTaBIeHb! B Ta0I. 1 u 2.

Tabmuua 1
CymmapHoe coep:xanue nmojaudenonbubix coenunenuii (CIIC, mmoan/a), paaBononnos (CPD,
%) M AHTHOKCHAAHTHAas AKTHBHOCTH (AOA, MO.IB//T) IKCTPAKTOB M3 PACTUTETBLHOIO ChIPbS

06 AOA, CIIC, Co,
'bEKThI DKCTpareHThl A
MMOJIb/JI MMOJIb/J %o
1-IIponanon 4,37 0 0,24
K 2-IIpomanon 4,37 0,56 0,24
Kypy3HbI€ PbUIbLIA
VIopY P DTaHon 9,68 2,25 0,24
JvTrnoBeii a¢up 4,37 1,26 0,27
1-IIponanon 0 0 0,42
2-IIponanon 4,37 0,54 0
Tpasa pacTtopomnmu
DraHon 4,37 1,26 0,76
JvdTrnoBeii a¢up 4,37 1,50 6,06
1-IIpomanon 0 0 0
2-IIponanon 4,37 0,73 0,46
Tpasa 6eccmepTHHKA
Dra”oa 4,37 1,26 0,78
JvaTrioBeii adup 4,37 0,09 0,24
1-IIpomanon 0 1,26 0
Tpasa CONsHKN 2-TIponanon 4,37 0 0,27
XOJIMOBO# Stanon 437 0 0,19
Justrnoseiit a¢up 9,68 0 0,06
1-IIponanon 4,37 0 0,09
2-IIponanon 0 0 0,09
Tpasa sxunaneun
DTaHon 4,37 0 1,67
JwTrnoseiii a¢up 4,37 1,03 0,12

ComniacHO TMOJIy4eHHBIM JIaHHBIM, HauOOJbIIEH HW3BIEKAIOMIEH CIIOCOOHOCTHIO
[0 OTHOIICHHWIO K AHTHOKCHJAHTaM W3 KyKYPY3HBIX pbUICI 0OlafaeT dSTaHON;, W3
pactoponiusl ¥ 6€CCMEpTHHKA 2-TIPOTMIAHOM, 3TAHON M AMATHIOBBINA (Hp OTMHAKOBO
u3BnekatoT AO, a 1-nponaHos NpakTHYeCKH UX He U3BJIEKaeT. B ciaydae CONHKH XOI-
MOBOW HauOoJbHEW u3BJIeKawlell crnocodHocThi0 AO 00nasaeT IUATUIIOBBIN 3¢up,
a l-mpomaHoi UX TMpakTUYeCKH He u3BiekaeT. [lis sxuHanew |-mpomnaHol, STaHOT U
JMATUIIOBBINA 3GUp OMHAKOBO M3BJIeKaoT AQO, a 2-pOonaHoN MPAKTUYSCKU UX HE W3-
BJICKACT.
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Tabmuna 2
CymmMmapHoe coaep:kaHue noaupenonsubix coequnenuii (CIIC, Mmmounn/i),
¢aaBonounoB (CP, %) u aHTHOKCUIAHTHASA AaKTUBHOCTB (AOA, MOJIB/JT)
BOTHO-3TAHOJIBHBIX IKCTPAKTOB U3 PACTHTEIBLHOIO CHIPbSI

O0BEKTHI [0) , % AOA, CIIC, MmMom/nt C(,(D’
orarona MMOJIB/JT 0

50 0 0 0,27

" 60 4,4 0,56 0,24

KypYy3HbIE PBUIbIA
YIvPY P 70 4,4 2,25 0,24

90 6,4 1,26 0,24
50 0 0 0,24

- 60 0 0,54 0,24

aBa PaCTOPOIILIN
papa pactop 70 11 1,26 0,33

90 12,2 1,50 0,76
50 0 0 0,42
60 4.4 0,73 0,42

TpaBa GeccMepTHHKA
70 4,4 1,26 0,43
90 9.8 1,26 0,46
50 0 1,26 0,06
60 0 0 0,09

TpaBa COJIIHKM XOJIMOBOM
70 35 0 0,13
90 5,4 0 0,19
50 0 0 0,07
60 0,8 0 0,09

TpaBa sxuHaneu
70 2,5 0 0,23
90 12,2 1,03 0,67

JJis BOJHO-3TaHOJBHBIX AKCTPAKTOB KyKYPY3HBIX pbUIEL], SXUHALIEH, COISTHKN XOJ-
MOBOH, O€CCMEPTHHKA M PACTOPOIIIIEI C BO3PACTAHUEM COJICPKAHUS ATAHOA B €T0 CME-
csix ¢ Bogoit (ot 50 1o 90 %) yBenmmunBaetcss AOA TOTYyYSHHBIX SKCTPAKTOB.

W3 sxuHaren nonnpeHoIbHbIe COSIMHEHIS N3BIEKACT TOIBKO JUATHIIOBBIN dup, a
U3 COJISIHKH X0IMOBOH — 1-mponanon (tabi. 1). CIIC B ciaydae 3KcTpakToB O€CCMEPTHH-
Ka yBEITMYMBAETCS B Py

1-mponanon < AUATUIOBBIH 3¢Hp < 2-IPOMaHONT < 3TAHOI,
JUISL PAaCTOPOIIIIIBL:

1-npomnanon < 2-mponaHoi < 3TaHoJ < JUATHIIOBBIH 3dup,
JUTSL KYKYPY3HBIX PBLICIT:

1-nponanosn < 2-nponanoi < AUSTUIOBBIN 3¢hup < 3TaHOII.

[Tpu 3KcTparupoBaHUU BOIHO-3TAHONBHBIMH PACTBOPAMH C YBEIHUCHHUEM COJCpIKa-
Hust B HEX criupTa (o1 50 1o 90 %) comeprkanne nonn(eHONBHBIX COCAMHCHUN YMCHbB-
[IaeTCst TS SKCTPAKTOB SXHUHALIEH, OECCMEPTHHKA, KyKYPY3HBIX PBUICI i COJSTHKH XOJ-
MOBOH B OTJIMYHME OT MX aHTHOKCHUJJAHTHOW aKTUBHOCTH (Talm. 2).
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)4 ! pasToponubl U COJISTHKH XOJIMOBOM l-nponanon MPAKTUYECKU HE H3BJICKACT

(hmaBoHOMIBI, @ OeccMepTHUKA — 2-Tiponanon (Tadd. 1).

Coneprxanue (IaBOHOMIOB B CITydae SXHWHAICH YBEITUIUBACTCS B PSTY
1-mpomnaHon ~ 2-ponaHoit < JUATHIOBBIN 3dup < sTaHOIT;
ULl O€CCMEpTHHKA!
2-nponanon < l-mponanoin < 3TaHoi < AUATUIIOBBIH dup;
JUISL pAaCTOPOTIIIH:
1-niponanout < AMATHIIOBBIN 3up < 1-mpornanoi < 3TaHOI,
IUTSL KYKYPY3HBIX PBLICIT:
l-iponiaHot & 2-IPOMaHOI & 3TaHOI < JUITUIOBBIN Qup.
Juia sxuHanen HauOoJjblee conuepkaHue (raBoHOMIOB mpu dKcTpakuuu 50 %

3TaHOJIOM, MTOBBINIEHNE KOHIIEHTparuu 3Tanona ot 60 10 90 % mpakTHuecku He BIUSET
Ha C®D; B cirydae O6CCMEPTHHKA, PACTOPOIIIIH, KYKYPY3HBIX PBUICI] U COJISTHKH XOJIMO-
Boii HauGonbee CO ans 90 % pactBopa, a aTanona — 60 % (Tadm. 2).

Takum 06pa30M, nmpupoaa SKCTparcHTa, TakiKEe KaK U BUJ] PACTHUTCIIBHOTO CbIPbA

CYHICCTBEHHO BIIMSIOT Ha COJACpKaHUE TONU(EHOIBHBIX COCHAMHEHHM, (DI1aBOHOM-
JIOB, a Takke aHTHOKCHIAHTHYIO aKTHBHOCTH ITONYYCHHBIX IKCTPAaKkTOB. Kakapli m3
YKa3aHHBIX [TOKa3aTeJel SBIETCS CYIIECTBCHHO HHIUBHIYAIbHBIM, YTO COTIACYETCS C
JIUTEpaTypHBIMU TaHHBIMHU [6, 7].
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AHTUOKCUJAHTHI BJJACTUBOCTI EKCTPAKTIB I3
POCJIMHHOI CUPOBHUHUA

JloCImipKeHO aHTHOKCHIAHTHY aKTUBHICTH SKCTPAKTIB 3 POCIUHHOI CHPOBUHH, IO BOJOIIE
rernaronpoTeKTOPHUME  BIACTHBOCTSAMHU. 3poOJieHa TMOPIBHSIBHA OIlIHKA MK BMICTOM
MoTipeHOTBHUX CHOMYK 1 (JIaBOHOIMIB y 3a3HAYEHUX EKCTPaKTaX Ta IX aHTHOKCHIAHTHOIO
AKTUBHICTIO.

KorouoBi ciioBa: pociMHHI €KCTPaKTH, IeNaTONpPOTEKTOPH, aHTHOKCHIAHTHA aKTUBHICTD,
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Dvoryanskaya St., 2, 65026, Odessa, Ukraine, e-mail: alexch@ukr.net

ANTIOXIDATIVE ACTIVITY OF EXTRACTS FROM PLANTS

The antioxidative activity of extracts from plants with hepatoprotective properties have
been investigated. Make a comparative evaluation between the content of flavonoids and
polyphenolic compounds in the extracts and their antioxidant activity.

Keywords: plant extracts, hepatoprotectors, antioxidant activity, polyphenolic compounds,
flavonoids.
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KHUCJIOTHO-OCHOBHBIE U IBETOMETPUYECKHUE .
XAPAKTEPUCTUKHU MUIIEBOT'O KPACUTEJIA KEJIThIU
«COJIHEYHBIU 3AKAT»

MetogaMi XMMHUYECKON IIBETOMETPHU,CHEKTPO(QOTOMETPHH U ITTOTCHIIHOMETPHU H3y4YEHBI
KHCIIOTHO-OCHOBHBIE CBOWCTBa mumieBoro kpacuress E110 sxenTblil «conHeyHbIH 3aKaT» B
BOJHBIX PACTBOPAX U OLPEACICHBI COOTBETCTBYIOLIME KOHCTaHThl MoHM3auuu. [Ipennoxe-
Ha BEPOATHAs CXEMa JAUCCOLMALMH (DYHKIHOHAIbHO-aHAIUTHYECKUX TIPYINI KPACHTENs U
JarpaMMa paclpeseNIeHNsI eT0 PaBHOBECHBIX ()OPM B 3aBHCHMOCTH OT KHCJIOTHOCTH CPEIBL.
PaccunTaHbl OCHOBHBIE CHEKTPO(GOTOMETPUUECKUE M LIBETOMETPUYECKUE XaPAKTEPHCTUKH
OT/ICNIBHEIX (DOPM peareHra.

KiroueBble cJ10Ba: YKEITHIM «COTHCUYHBIA 3aKar», METOQ XAMHAYECKON HIBETOMETPUH, KOH-
CTAHTbI HOHU3AIUH.

Kpacutenn urpaioT 3HaYUTENEHYIO POIb B MHIIEBOM NPOMBIIIICHHOCTH, IPU STOM
Ka4€CTBO MULIICBLIX MPOAYKTOB TECHO CBA3aHO C OPraHOJICITHUYCCKUMMU ITOKA3aTCIIAMU.
I/IH}Z[yCTpI/IaJII/I3aL[I/IH MMPOAOBOJIbCTBEHHBIX CUCTEM B HHHICBOﬁ IMPOMBIIIJICHHOCTHU YBEC-
JUYUIACh C UCIIOJIBb30BAaHUEM PA3IHUHBIX J00aBOK, TAKMX KaK IMHUIIEBBIC KPACHUTENH,
KOHCEPBAaHThI, CTa0MIM3AaTOPbl U MOACIACTUTENN. BomopacTBOpUMBIE KPAacUTENU HC-
MOJb3YETCs B HAIIUTKAX, KOHAUTEPCKUX, XJ1€000YIOUHBIX, MOIOYHBIX TOBApPAX U JpY-
roit npoxykun. HepacTBopuMEbIe B BOJIC KPACUTEIH IIPUMEHSIOTCS JUIS OKPAIINBAHHUS
MTUIIEBHIX, (papMaIleBTHUECCKIX, KOCMETHIECKUX IIPOAYKTOB, CONEPIKAIIHX YKUPHI U Mac-
na (TabJIeTKH, JIeJCHIIbI, TIOMaJIbl, MbUIA, AaMITyHH U T.J1.).HaTypansHble (pUpomHbIC)
KpPacHUTENN HEyCTOWYNBBI H JIETKO TIOIBEPTalOTCs ASCTPYKIINH, a CHHTCTHICCKHUE Af0T
MHTEHCUBHBINA LBET IPOLYKTOB IUTaHUA U yCTONUUBBI Ipu XxpaHeHuu [1]. Ilpu stom
pacxoanbl, CBsA3aHHbIC C UX IMPOU3BOACTBOM 3HAYUTECIBHO HUKC IO CPABHCHHIO C IIOJTY-
YEHUEM HaTypajbHBIX KpacuTesel. YkazaHHbIE TPEUMYLIECTBA CTUMYJIHPOBAIIN IPOU3-
BOJMTEINCH MCHONB30BATh CUHTETHUCCKUE KPACUTENIN, HECMOTPSI HA MHOTOUHCICHHBIE
JJaHHBIE, KOTOpbIE MOATBEPKAAIOT UX HETaTHBHOE BIIMSHHME HA 3]0OPOBbE YEIOBEKA.
[IumieBble KpacUTEIN MOTYT BbI3BaTh CEPbE3HbIE HAPYLICHUS U 3a00JI€BaHUsA: TOIIHOTA,
TOJIOBHAS OOITB, SI3BBI, PaK JIETKUX, THIIEPAKTUBHOCTh, aHEMHUS [2], a TaK)Ke OKa3bIBAIOT
BIMSIHUC Ha 3pEHHE, KOXKY, CIM3UCTHIC 000I0UKH U T.1. VICXOms 13 BEIIIE H3II0KEHHOTO,
BO3HHKAET HEOOXOANMOCTH KOHTPOJIMPOBATH CONEPKAHUE ATUX KPAaCUTENIeH B MHUIIEBBIX
npoxykrax. s 3TOM HeaM HMCHONB3YIOT pa3iuiHble (PU3NKO-XUMHUICCKHE METOIBI:
cnekTpodoromeTpuio [3], XxpoMarorpaduro [4], MULECIUIAPHYIO KCTPAKIHUIO [S5] U psa
apyrux. OgHako NpH CO3JJaHUM HOBBIX M MOJEPHU3ALINU CYIIECTBYIONIMX IOJIXO/I0B
K KOHTPOJIIO 3@ COJICpPXAHUEM IUILEBBIX KpacuTeleil HeoOXOAUMO AETalbHO U3Y4YUTh
X XMMUKO-aHAJIUTHUYECKHE CBOUCTBA, M B IEPBYIO Ouepelb, KUCIOTHO-OCHOBHBIE.
Ompenenenne xoHCTaHT aucconmannu (pK) sBisercs 3amadell pasiuyuHBIX (HU3HUKO-
XHUMUYECKAX M XEMOMETPUYECKUX METONOB, IMOCKOIBKY BennmunHa pK HeoOxoamma B
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pPa3IMYHBIX XMMUYECKUX M OMOXMMMYECKUX HMCCIENOBAHUAX MUILEBBIX KpacUTEJeH.
i u3y4eHus: KMCIOTHO-OCHOBHBIX CBOWMCTB KpacHUTENEH, B MOCIEAHNE IOkl aKTUBHO
HCIIONIE3YIOT METO XUMUYECKON IIBEeTOMETpHH [6-8].

B kadyectBe 00BeKTa HMCCIEIOBaHUS HAMK BBIOpaH TuieBol azokpacutesb (E110)
KenThld  «comHeuHbld 3akay (JKC3) —  6-ruapoxcu-5-[(4-cynbpodenmn)azo]-2-
cynbhoHadTaTH, KOTOPBIH HCIOIB3YIOT JJISi OKPAacKH HAIHUTKOB, Jpaxe U JIPYTHUX
MUIIEBBIX MPOIYKTOB, YTO OOYCIOBICHO YCTOMYMBOCTBIO €r0 OKpacku. Tak, uccieno-
BaHUIO MPOTOJIUTHYECKUX CBOMCTB JKC3 MOCBsIIEHO TOJNBKO OAHY paboty [9], B KO-
TOpPOW METOJaMM KaNWJUIAPHOTO 3JeKTpodope3a U crneKTpohoTOMETpUH OmpeeseHbl
KOHCTAHTBl MOHU3AIMK JUIsl ofHOW U3 (yHKumoHaneHbX Tpymn (PI) — pK=10,44 u
pK=10,36 coorBeTcTBEHHO. ABTOpaMH HE BBIITOJIHEHO OTHECEHHE NAHHOTO 3HAYCHUS
pK k Toil win nHor DI, a Takxke HE U3yUYeHBI MPOTOIUTUYECKUE CBOMCTBA psla Apy-
rux @I J)KC3. OtcyTcTBHE 1IETOCTHBIX TAHHBIX O KUCIIOTHO-OCHOBHBIX cBoMcTBax JKC3,
CTIEKTPAJIBHBIX XapaKTEPUCTHKAX OTACIBHBIX (POPM pearcHTa B PacTBOPAX, B OINpEIc-
JICHHOM CTENCHH YCIIOXKHSET OMTUCaHKe TIPOIIECCOB €T0 B3aUMOICHCTBUS ¢ KOMIIOHEHTA-
MU Pa3IUYHBIX XUMHUUYECKUX U OMOJIOTUYECKUX CUCTEM. MICX0/s M3 BBIIICU3II0KEHHOTO,
LeNb TaHHOW paboThl 3aKITI0YAETCs B UCCIIEOBAHUM KHUCIOTHO-OCHOBHBIX PaBHOBECHN
JKC3 B BojgHOM pacTBOpE B MIMPOKOM JTUANIa30HE KUCIOTHOCTH cpefinl (pH 1+12), onpen-
€JICHUU CHEKTPOPOTOMETPUUECKUX U BETOMETPUUECKHUX XapaKTEPUCTHK CYLIECTBYIO-
[IUX PAaBHOBECHBIX (DOPM.

MaTepl/la.ﬂbl U METOAbI HCCICAOBAHUSA

KucnorHo-ocHOBHBIC paBHOBeCHs B BOAHOM pacTBope XKC3 m3ydanu crnekrpooro-
METPUYECKUM U IIBETOMETpUYecKUM MeTonamu. Mcxoanslii pactBop KC3 ¢ KoHIIEHTpa-
et 1-10 MoJb/1T TOTOBHMJIM MyTEM PACTBOPEHHSI TOYHOW HABECKH KpacuTens B Owu-
JUCTUITUPOBAHHOM Boze. PacTBOpbI ¢ MEHBLIMMHU KOHLEHTPALMSIMU FOTOBHIIA IIyTEM
pa30aBieHHs UCXOIHOIO HETOCPEACTBEHHO Iepell UCIob30BaHneM. CIIeKTpbl CBETOIIO-
IJIONICHUS perucTpupoBaiy Ha criekrpodoromerpe CD-56 (OKb «JIOMO-Crekrpy, C.-
[TeTepOypr, P®) B KroBeTax ¢ TOMIMWHON MOMIOMIAFOIIETO CJIOS | CM B MHTEpBaJe JUITHH
BoutH 380 + 780 mMm. st onpenenenust pK B psii MEpHBIX KOJIO BHOCHIIH 11O 1 M1 pacTBOpa
XKC3 ¢ xounenTparweii 1107 Mob/J1, B K&XKI0# CO3/1aBaIH COOTBETCTBYIOIICE 3HAUCHHE
KHMCJI0THOCTH cpeibl B quana3zone pH 1 + 12 uepes equnuily 3HadeHnii KucioTHoctu. Ilpu
HEUETKOM pas/ielieHMH MaKCUMYMOB M JJisi Oonbliueit nuddepenuuannn 3HadeHuil pK
JucKpeTHocTh u3MeHeHust pH ymensiuanu g0 0,25 eqununst pH. B pabore ucnonbs3osa-
JIM PEaKTUBHI KBATU(HUKAIIIMH HE HIDKE «9.71..», HEOOXOIUMYIO KACIOTHOCTD CO3aBaJIH
pacTBopaMu cynb(haTHON KHCIOTHI U THAPOKCHIA HATpHsl, pH KOHTPOIMPOBAIH C TIOMO-
b0 CTEKISTHHOTO 3MekTpoaa DCJI-43-07 B mape ¢ XiiopcepeOpsTHBIM IEKTPOIOM CPaB-
Henust OBJI-1M3 Ha nonomepe U-130, oTkamnOpOBaHHOM IO CTaHAAPTHBIM Oy(pepHBIM
pactBopam. Ilpn ncronp3oBannn MeTona xummudeckor nBeromerpun (MXII) omepupo-
BAJTH CJICAYIONTMMU I1BeToMeTprueckuMu pynkimsivu (LD): X, Y, Z — koopauHaTHI 11BE-
ta B cucreMe CIEXYZ; L, A, B — xoopaunats! usera B cucreme CIELAB; nonHoe 11Be-
ToBoe pasnuuue (AE, ); HachleHHOCTD 1BeTa (S); yenbHoe nBeToBoe pasnnyue (SCD)
1 nokazarenb xkentusubl (Y,). Heobxonumeie 1® ucenenyemMbix pacTBOPOB HOTyYasn
UCXOAs U3 KoopAuHAT 1BeTa X, Y, Z pacCUMTaHHBIX HA OCHOBAHUH 3aPETUCTPUPOBAHHBIX
CIEKTPOB CBETONONIOIIEHHSI C IOMOLIbIO 6a30BOro MPOrpaMMHOI0 00ECIEUeHHUs CIeK-
Tpoporomerpa. Bemmunnnt SCD, AE, ., Y onpenensim o popmynam:
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AS
SCD =—— (1)
ApH
rae ApH=pH —pH; AS=|S —S_|; S, S, — HaCBIIIEHHOCTH 1IBETA UCCIIEYEMBIX PACTBO-
pos 1ipu pH, 1 pH, cOOTBETCTBEHHO.

AE., =+[(AL)> +(A4)? +(AB)* , )

meAL=L -L,AA=A -A,AB=B -B,.

Y, = 100(1,28 X —1,06 Z) i 3)
Y
rne X, Y, Z — koopauHathe 11Beta B cucteme CIEXYZ.

Benuuunsl pK onpenensnu ¢ ucnonab3oBanueM rpaduyeckoro Bapuanta MXIL] my-
TEM aHaJIn3a 3aBUCUMOCTEN BeToMeTprueckux Gpynkuumii (SCD u AE. ) ot pH cpenpr.
Pacuersr 1 00pabOTKy pe3ynbTaToB MPOBOAMIIN Ha CO3JJaHHON HamHu mporpamme «lBe-
TOMETPUYCCKHI KaJbKYJISATOP», HAIIMCAHHOI Ha s3bike CF,

Juia onpenenenus pK criekTpodoToOMETpUIECKUM METOJIOM TOTY4YEeHHBIE AIIEKTPOH-
HBIE CTIEKTPBI MOMIOIIEHUs 00pabaThiBaii ¢ MOMOIIBIO IporpamMmel SpectroCale-H A,
anroput™ pacuera pK B KOTOpoil OCHOBBIBae€TCs Ha METOJaX UTEpALMM U MHOXKECTBEH-
HOTI'0 JIMHEHHOI0 PEerpecCMOHHOr0 aHajlu3a M0 METONy HauMEHbLIUX KBajpaToB. IIpo-
rpaMma IpUrojHa Jiisl HcCIeJOBaHus BEIIeCTB pa3HOW OCHOBHOCTH — OT OHO-I0 MATH
OCHOBHBIX JaX€ B CIIydae 3HAUUTEIBHOTO MEPEKPHIBAHUS TOJIOC B CIEKTPAX MOIIOIIE-
HUS OTIIENBHBIX dopm [10].

i npoBepky NpaBWIIBHOCTH BeJMYMH PK, MOJYyYEHHBIX IBETOMETPUUYECKUM U
CIEKTPOPOTOMETpHICCKHM MeTofaMu, pK TakKe pacCUMTHIBAIM 110 PE3ylbTaTaM I0-
teHromerpudeckoro tutpoBanus 0,01M pactBopa XKC3 0,1M pactBopamu a30THOU
KHUCJIOTBI ¥ THAPOKCUIA HATPUSL.

Pe3yJ’ll)TaTbI U UX oﬁcymz[enne

XpomodopHsle cBoiicTBa Monekynbl XKC3, kak THITHYHOTO MPEACTaBUTEINS a30Kpa-
cuTenei, 00yCIOBICHHBI HAIMYNEM a30T Py, COSINHEHHON C ayKCOXPOMHOM THIpPO-
KCOWJIBHOM I'PYIIIION Yepes T-CUCTEMbI apOMAaTUYECKUX sJIep. Y UNThIBask OTPULIATE/IbHbIE
3apsiIbl IBYX BHEIIHEOOPAIIEHHBIX CYIB(POrPYIIIL, KOTOPHIE OTBEYAIOT TOIBKO 33 PACTBO-
pumocTs JKC3 B Bozie, CBETOMOMIOMIAOILY IO YACTHIY MOXKHO MpeacTaBuTh B Buae HR? .
Hamu uccnenosano ceeronomnonienre pactBopos JKC3 B IMPOKOM UHTEPBAJE KUCIOT-
HocTH cpenbl (pH 1+12) u morydeHsl COOTBETCTBYIOIINE MIEKTPOHHBIC CIIEKTPHI TO-
romeHus (puc. 1).

Kak Bunno u3 puc. 1 (kpuBas 1) B xucnoii cpene (pH 1) B 37eKTpOHHOM CIIEKTpe
BogHoro pacreopa JKC3 mpucyTcTByeT ofHa JOCTATOYHO y3Kas MHTEHCHBHAs I[10JI0Ca
ceeronoriomenus ¢ A = 485 um n nedom npu 400-415 nm. [Toswimenue pH cpepl
1o 7 (kpuBast 2) MpUBOAUT K HE3HAYUTEIHHOMY CHMIKEHMIO ONTHYECKOH IJIOTHOCTU
OTHOCHTEJIBHO MoJockl norouienus npu pH 1(kpusas 1). B menounoit cpene npu pH
12 KC3 nepexoauT B ApYyryl0 KHCIOTHO-OCHOBHYIO (DOPMY, O UeM CBHJCTEILCTBYET
THIICOXPOMHBIN cIBUT (AA =~ 35 HM) MakCHMyMa HOJIOCHI MTOTJIOIICHHS U 3aMETHOE CHH-
JKCHHS €€ MHTEHCUBHOCTH (KpHBas 3).
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Puc. 1. CnexTpsl CBETONOITIOMICHHS BOAHBIX pacTBOpoB JKC3:
I-pH1;2-pH7;3—-pH 12; C=2-10°M.

Jist icciemoBaHus KUCIOTHO-OCHOBHBIX paBHOBecuit JKC3 B pacTBOpax Moy4eHHbIH
MaCCHB CIIEKTPO(POTOMETPUIESCKUAX TAHHBIX 00pabaThIBaId C TIOMOIIBI0 METO/Ia I[BETO-
Metpu. Ilomydennsle 3aBucumoctu BeauuuH LD pactBopoB JKC3 oT kucaoTHOCTH
cpensl (puc. 2) UCHONB30BATH s rpaduueckoro onpeaenacHus pK.

AEs, 12 SCD 25 6

_N=N-
20

15

10

0 1 1 1 1
1 3 5 7 9 11
pH

Puc. 2. 3aBHCUMOCTb BEJIMUMHBI [IBETOMETPUYECKUX (yHKIMI BogHbIX pacTBopoB JKC3 ot
KHUCJIOTHOCTH CPEIbl: a) yAeIbHOE OTINYKE LIBETa; ) IOJIHOE LIBETOBOE PA3IHUHE.

Bun npeacraBieHHBIX KpUBBIX (pHcC. 2 a, 0) B HccieayeMoM auana3one pH ykasbiBaer
Ha CYyIICCTBOBAaHHE B PACTBOPE TPEX KUCIOTHO-OCHOBHEIX (opMm JKC3, Haxomsmmx-
Csl B JMHAMHYCCKOM paBHOBeCHH B 3aBHCHUMOCTH oT pH cpensl. Touku mepenoma Ha
KPHUBBIX (pHC. 2) COOTBETCTBYIOT 00JacTsM nepexoaa u3 ogHoi ¢opmel JKC3 B n1pyryro.
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Haxoxaenuem aOCIMCChl KaxI0ro MakCUMyMa Moly4eHo 3HaueHue pH, kotopoe uuc-
JEHHO paBHO cooTBeTcTByOLEl pK. Bennunnsl pK, onpeneneHssle ¢ MIOMOIIBIO ABYX
L@ (SCD u AE,) 6musku Mexty co0o¥ (Tabi.1), 9To 0IHO3HAIHO CBUJIETENBCTBYET O
Koppersauuu Mexay BennauHamu LD u pK @I

Tabmuna 1
Koncrantbl nonnzauuu KC3 B BogubIix pacrBopax (n=3, P=0,95)
pK
Meton
—N=N— —OH

I{BeTomeTpus

(rpacduaeckuii Bapuant SCD) 3,1£0.2 10,5:£0,1
[{BeTomeTpus

(rpaduueckuii Bapuant AE, ) 3,0£0,1 10,5:£0,1
Crnexrpodoromerpust 29+0,2 10,6 £ 0,1
[Horenunomerpust 2,9+ 0,1 10,7+ 0,1

Kak BumHO U3 Ta6m. 1, pK JKC3, nomydeHHbIE ¢ HCTIOJIB30BaHUEM Tpaduiaeckoro a-
pHaHTa LBETOMETPUH U PACCUUTAHHbIE HA OCHOBAHUM CIEKTPO(GOTOMETPUIECKUX U T10-
TCHIMOMETPHUYCCKUX JAHHBIX ONM3KN MEXIy co0oi. OTCyTCTBHE 3HAUUMOI pPa3sHUIIBI
Mexy BesnuuHaMu pK, onpeneneHHbIMM IBYMs METOAAMHU JOKa3aHa C MUCIIOIb30Ba-
aueM kputepust CteionenTta [11], 9To yka3piBaeT Ha MPaBWILHOCTH IMONYYCHHBIX pe-
3yJABTATOB ¥ IPUTOJAHOCTH METO/1A LIBETOMETPUH JIJIsl UCCIICAOBAHUS U KOJIMYECTBEHHOTO
OTIMCAHUS KHCIOTHO-OCHOBHBIX CBOMCTB OPraHUYECKUX PEAarcHTOB B PACTBOPAX.

B nenowm, cnenyeTr KoHCTaTUPOBATh, YTO IPU HEU3MEHHOM IJIOTHOCTH OTPULIATEIbHBIX
3apsIIOB Ha BHEIIHEOOPAIICHHBIX CYIb(OTrpyIIIax B pe3yasrare mporoimnza PI, moreky-
na JKC3 MoXeT cylecTBOBaTh B TPEX PaBHOBECHBIX MOHHBIX (hopMax, COIIacHO MpH-
BEJICHHOM CXEMBI:

H,R HR?2
HO HO
K
o L )
| -
JIOAS IO
- - - SO
0,8 pH<4,5 S0, 0,8 pH1,5-12 3
H pK,
R3-_
0
[ jNN
0,8 S0,
pH > 8.5
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Ha nam B3msin B ocrarouno kucioit cpese (pH 0+4,5), mponcxonuT npoToHUpPOBa-
HIUE aToMa a30Ta a30rpyMIbl (HZR*), KOTOpOE MPaKTUYECKH He BIHIET Ha XpOoMO(OpHbIe
CBOICTBa CBETOIOIVIOMIAIONINX YaCTHUII, YTO MOATBEPIKAAECTCA TTOCTOSTHCTBOM 3HAUEHUH
JUTAH BOJIH XMM = 485 HM JUIs JIByX COCYIICCTBYIOIIUX HOHHBIX (OpPM: HZR*I/I HR*
(Tabm. 2).

Tabmnuna 2
CrnekTpodoToMeTpHyecKre U BETOMEeTPHYECKHE XapAKTePHCTHKH
7KC3 B BoaHbIX pacTBOpax
dopma H,R - H,R* R
pH MeHsble 4,5 1,5+12 6oubwie 8,5
x> HM 485 485 450
€10 2,15 1,88 1,04
S-10¢ 2,00 2,00 1,00
Y,-10¢ 2,00 1,00 1,00
AE_ 107 6,70 2,00 1,00

l'uricoxpomuoe cmetenue nonockl noromienns JKC3 B uarepsane pH 8,5+12 mox-
HO OOBSICHUTH TepepacnpeesieHHeM dIEKTPOHHON MIOTHOCTH NP OTILEIUIEHUH MPOo-
TOHA OT THAPOKCHIIBHOM TPYNIIBI, KOTOPas HAXOJUTCA B OPTO-TIOJIOKEHUH K a30TPyIIIIe.
KucnorHo-ocHOBHBIE hopmbl JKC3, KOTOpBIE CYIIECTBYIOT B BOJHOM PACTBOPE HAXOMST-
Csl B JMHAMHYECKOM PaBHOBECHH B 3aBUCHMOCTH OT KHCIIOTHOCTH CPEIbl K MOTYT OBITh
MIPECTaBIEHBI B BUJI€ COOTBETCTBYIOLICH AMarpaMMbl paciipeneneHus (puc. 3).

100 1

60

20

pH
Puc. 3. lnarpamma pacnpenenenust nonHsix ¢popm JKC3
B 3aBUCHMOCTHOT KMCIIOTHOCTH BOAHBIX pactBopos: 1 —H. R 2 —H R*; 3 —R*,
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ABTOpamu [6] TPEMTIOKEHO ISl XapaKTEPHUCTHUKH OPraHUYEeCKUX AHATUTHYCCKHIX
peareHToB JOTOJHUTENFHO K MOJISPHBIM K03(p(HIlMEeHTaM CBETOMOIIOUICHHUS UCTIONb-
30BaTh MOJISIPHBIC KOO (HUIIMEHTHI IIBETOMETPUUSCKUX (PYHKITUI, KOTOPBIC BEIYUCIISIOT,
HCXOJIsl U3 3aBUCHMOCTEH, aHAIOTMYHBIX 3aKoHYy byrepa-Jlambepra-bepa n onepuposars
YMH B KOJIMYECTBCHHOM aHaim3e. Hamu paccyntanbl MOJSIpHBIE KOG (UIUEHTH CBETO-
MOIVIOIICHHST U MOJISIPHBIC KOI(GHUIMEHTHI [IBETOMETPUUICCKUX (DYHKIUI TS KaxIou
OT/ICNBbHON KUCIIOTHO-0CHOBHOI (hopmbl JKC3 B BoaHBIX pacTBOpax (Tadi. 2).

Kak BumHO U3 Tabm. 2, MOJIsIpHBIC KOA(MUITMESHTHI IIBETOMETpHUYSCKUEe (QDYHKIIMN Ha
1-2 mopsiaKa GOINBIIIE COOTBETCTBYIOMINX MOJLSIPHBIX KO (PHUIINEHTOB CBETOTIOTIIONICHHUS
HCCIIEAYEMBIX KHCIOTHO-0CHOBHBIX (opm XKC3. Takas 3Haunmasi pa3HUIAa OTKPbIBAET
HOBBIE BO3MOXXHOCTH JJIs1 KoTMuecTBeHHOTOo onpezenenus JKC3 MeTo0M IBETOMETPUH.
HyxHo 3aMeTHTB, YTO Ha CETONHAIIHUN ACHb HE yNAeTCs OOBSCHUTH TAKYIO Pa3HHUILY
MEXTy MOJIAPHBIMH KOA(P(PUIIMEHTAMH MTOTIIOMEHHSI © MOJISIPHBIME K03 duimeHTamMu
LBETOMETPUIECKUX (DYHKITHIA.

Taknm 00pa3zoM, B JaHHON pabOTe ¢ HCMOIb30BAHUEM KIACCHYECKHX METOOB (TI0-
TEHIIMOMETPHUH U CIIEKTPOPOTOMETPHH) U TTOJXOIO0B METOd XUMUIECKOM IIBETOMETPHH,
HaMH OTpe/IeNeHBl Be KOHCTAHTHI HOHM3anuH numieBoro kpacurens JKC3. Paccanranst
MOJIIpHBIC KOI(QHUIUCHTH NBETOMETPUICCKUX (YHKIHMHA I KUCIOTHO-OCHOBHBIX
(hopM KpacuTens 1 yCTaHOBJICHO, YTO MOCIIEAHNE OOJIbIIE COOTBETCTBYIOMIUX MOJISIPHBIX
KO3 (PUIINEHTOB CBETOMOMIOMCHNS Ha 1-2 mopsaka.
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Kucnomuo-ocHosHvle u yeemomempudecKue xapaKkmepucmuxku nuiyesoco Kpacumeiii

0. M. YeboTapros, K. B. bessiok, H. M. XpicroBa, K. O. CtonoBHiK
Onecbkuil HallioHaNbHUI yHiBepcuTeT iMeHi I.I. MeunukoBa,

kadepa aHATITHYHOI XiMii,

ByJ1. JIBOpsiHChKa, 2, Oneca, 65082, alexch@ukr.net

KHUCJIOTHO-OCHOBHI TA KOJIBOPOMETPUYHI
XAPAKTEPUCTUKHU XAPYOBOI'O BAPBHUKA
KOBTUHU « COHAYHUUN 3AXIT»

MeronamMu  XimMiuHOT KombOpoMeTpii, crmekTpodoToMeTpii 1 moTeHumioMerpii BHBYEHI
KHCJIOTHO-OCHOBHI BIIACTHBOCTI Xap4oBoro OapBHHKAa E110 OBTHIl «COHSYHHMI 3aXimy y
BOJTHHUX PO3YMHAX Ta BU3HAYCHI BIMOBIIHI KOHCTAHTH 10HI3allii. 3anponoHoBaHa MMOBipHa
cxema rucornianii GyHKIIOHAIBHO-aHATITHYHUX TPyI OapBHUKA 1 Aiarpama po3Moily Horo
piBHOBa)XXHHX (OPM B 3aJISKHOCTI BiJ] KHUCIOTHOCTI cepeqoBumIa. Po3paxoBaHi OCHOBHI
CHEeKTPO(OTOMETPHYHI 1 KOTbOPOMETPHUYHI XapaKTEPUCTUKU OKPEMUX (OPM pearcHry.

KirouoBi cioBa: >KOBTHII «COHSYHHUI 3axXim», METOA XiIMIi4HOI KOIbOPOMETpii, KOHCTaHTH
ioHi3amii.

A. N. Chebotarev, K. V. Bevziuk, N. M. Khristova, K. O. Stolovnik
Odesa I.I. Mechnikov National University

Department of Analytical Chemistry,

2, Dvoryanskaya St., Odessa, 65082, alexch@ukr.net

THE ACID-BASE AND CHROMATICITY CHARACTERISTICS
OF FOOD DYE «SUNSET YELLOW FCF»

The acid-base properties of yellow food dye E110 «Sunset Yellow FCF» was studied by
chemical chromaticity, spectrophotometric and potentiometric methods in aqueous solutions
and identified relevant ionization constants. A probable scheme of dye functional-analytical
groups’ dissociation and equilibrium its forms distribution diagram depending on the medi-
ums acidity were proposed. The main spectrophotometric and colorimetric characteristics of
the reagent individual forms were calculated.

Keywords: Sunset Yellow FCF, chemical chromaticity method, ionization constants.
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HOBBIE KPAYHO®AHBI, COAEPKALLIUE ®PAI'MEHTbI
2,7-JTNOKCUDITYOPEHOHA A 2,7-TMOKCUHAPTAJINHA

CuHTEe3MpOBaHbl HOBBIE KpayHO(aHbI, BKIIIOYAIOIINE (parMeHTs! 2,7-1noKCH(IyOpEeHOHA 1
2,7-nuokcuHadTaIMHa, COeqUHEHHBIE (hparMeHTaMH TPH- U TeTpadTUIIeHIINKoneH. Mertona-
mu BBA wmacc-ciektpomerpun n YO CIIEKTPOCKONNH MMOKa3aHO 00pa30BaHHE KOMILIEKCOB
BKJTIOUEHHS TUIA «TOCTh-XO35IMH» TPH UX B3aUMOAEHCTBHH C TapaKBaT-IUKaTHOHOM.

KiroueBble ciioBa: ¢myopeHoH, HadranuH, KpayHO(aH, MapakBaT, KOMILIIEKCHl «TOCThb-
XO3SUH»

Kpaynodansl — 1ukinodansl, B KOTOPBIX apoMaTHYeCKue (hparMeHThI COCIMHEHBI
MOTMA(PUPHBIMHE [ETIOYKAMH, SBIISIFOTCSI OHIM U3 OCHOBHBIX KIIACCOB MaKPOINKIHYEC-
kux perenTopoB [1]. OHM NPHUBIEKAIOT 0cO00E BHUMaHHE Ollarojaps WX CrocoOHOC-
TH TIPOYHO U M30MPATENLHO CBA3BIBATH OPraHMYECKHE U HEOPraHMYECKHUe KaTHOHBI U
HeUTpajbHble cyOcTpaThl. Takue CHHTETUYECKHE PEeLeNTOPbl MO3BOJISAIOT LeJeHaIpaB-
JICHHO W3y4aTh HEKOBAJICHTHBIC MEKMOJCKYJSIPHBIC CHJIBI B HPUPOAC M OTKPHIBAIOT
HOBBIE IyTH JUIS Pa3pabOTKH CEHCOPOB, KaTajlM3aTOpPOB, MOJCKYJISAPHBIX MAIlUH W
ycrpoiicTB [2]. Bonbiioe 3Ha4eHne UMeeT Takke TOT (PakT, uTo KpayHo(daHbI, BKIIOYA-
FOIIHE TOHOPHBIC apOMATHUCCKUE (PPATMEHTBI, SIBIISIOTCS OTIIMYHBIMU MaTPULIAMU JUTS
TEMIDIATHOTO CHHTE3a CYNPaMOJICKYIPHBIX CTPYKTYp THIIa KaTeHAHOB U POTAKCAHOB.
B ocHoBe 3TOro Habopa moJje3HbIX CBOHCTB KPayHO(DAHOB JIKUT CEIEKTHBHOE 00pa-
30BaHUE YCTOHYMBBIX CYIPAMOJICKYJISIPHBIX KOMILUICKCOB THIIA «TOCTh-XO3siH». [lo-
JHAsl DHEPTHSI B3aUMOACHCTBHUS PEIENTOpa ¢ CyOCTpaToM OMpeAesIeTcs Kak CyMMa T.H.
cnabuix 83aumooeticmauil, TAKNX Kak BOZOPOAHAS CBS3b, KOOPAMHAIINS C HOHOM METaIa,
HOH—IUIOJIbHBIE, THIPOQOOHBIe U T—n B3auMozekcTeus [3]. [lokazano, uTo HanOOIb-
IMA BKJIAJ B YCTOHYUBOCTH KOMIUICKCOB C OPTaHHYCCKHMU JIEKTPOHONEUIUTHEIMA
cyocTparaMu, a Takke 3PPEKTUBHOCTH CHHTE3a KATEHAHOB M POTAKCAHOB BHOCST HMEH-
HO T—T CTCKHMHT-B3aMMOJICHCTBHS MEXKIYy apOMaTHYECKUMH (parMeHTamMH JOHOpa U
akuenTopa [4]. OddekTuBHOCTD peanu3anuu MOCIEAHUX B MEPBYIO O4epelb 3aBUCUT
OT TPUPOIBI APOMATHICCKHX (PPArMEHTOB, BXOSIINX B COCTaB KpayHO(aHa — OT HX
TUTOIIATN ¥ HAJTMYHS 2JIEKTPOHOIOHOPHBIX 3aMECTHTEIICH, MOBHIIIAIOIINX HICKTPOHHYIO
IUIOTHOCTh. TakuM 00pa3oM, MPOBOIS MOAM(HUKALNIO apOMAaTHYECKUX (ParMeHToB,
BXOALIMX B COCTaB KpayHOodaHa, MOXKHO YNPaBIATH €0 KOMILIEKCOOOPa3yIOMIMMU
CBOMCTBaMH.

Panee namu mokazaHo, YTO MEPCIIEKTHBHBIM aPOMATHIECKUM OJIOKOM UISL CO3TaHUS
KpayHo(aHOB siBisieTcs (parMeHT 2,7-muokcuduryopeHona. Ha ero ocHoBe MoTy4YeHbl
cepuu KpayHo(aHOB, BKIIOHArOMKX (pparmMeHTsl GiyopeHoHa [5] Hapsny ¢ ¢pparMeHTa-
mu 1,5-nuokcuHadranuna [6], Oudennna [7], ruapoxuHoHa [8] u ctuibbena [9].
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diryopeHoHokpayHO(haHbI ¢ pparmenTamu 1,5-nmuokcnnadranuna 1-4 [6] npuBieka-
10T HauOoJIbIIIee BHUMAHKE, TaK KaK OHU SIBJISIOTCSI ONHUMHU U3 Hanbosee 3 eKTUBHBIX,
Cpeay ONMCAaHHBIX B JIUTEpaType, TEMIUIATOB IJIs CUHTe3a KareHaHoB [10].

. OQ .
¢ 5
X0 0\)

1(n=0),2n=1),3n=2),4(n=3)

Boixon [2]kareHana Ha ocHOBe KpayHodana 2 coctaBun >90%. Kpome Toro,
MONTyYCHHBIN KaTeHaH 00JallaeT YHUKaJbHBIMH, paHee HE ONMHCAHHBIMUA CBOHCTBAMHU.
JluHaMUYeCKHe MPOIECChl B3aMMHOTO TepemMertieHus (mo aanasiM IMP 'H) apomaru-
4ecKuX (PparMeHTOB P KOMHATHON TEMIIepaType OTCYTCTBYIOT. MOJEKYJBI, Comep-
xamue ¢pparMeHTsl 2,7-muokcudiryopeHona u 1,5-auokcuHadranuia mo oTaeIbHOCTH,
MoJJOOHBIMU CBOMCTBaMHU He 00nanaroT. B Toxxe Bpems, unrepnpetauus IMP cnextpos
KaTeHaHa OKa3aJach BEChMa 3aTPYJHHUTEIFHOH, BCIEACTBHE TOTO YTO YUCIO CHIHAJIOB
aTOMOB BOIIOPOZA M YIVIEpPONa BTOPOU IUKINYECKOH KOMIIOHEHTHI OKa3aloch OOIbIIe
oxunaemoro [10]. [puyrHa 3akmodaeTcss B TOM, 4TO (hparMeHT 1,5-muokcuHadTaivHa
obnamaer C, cummerpuedt nin 2D-xupanbHocThi0. Hanuuue 0fHOM MIOCKOCTH CUM-
METpHH (B KOTOPOH JIeXkKAaT BCE aTOMBI) U NMEPICHANKYIISIPHOHN eif 0CH 2-T0 MOpsIIKa IPH-
BOJHT K TOMY, YTO OOBEKT HE COBMECTHM CO CBOWM 3€PKATBLHBIM OTPaKEHHEM, HaXOIsI-
IUMCS B TOU ke IIockoctu (puc. 1a).

Cop Cyy ‘
5 ;
O | e
A
= e
9] .
a 7]

Puc. 1. DnemMeHTHI ¥ TPYITIBI CHMMETPHUN H30MEPHBIX THOKCHHAPTATHHOB

Takum 00pa3oM, IPOCTPAHCTBO IO Pa3HBIE CTOPOHBI OT YHAHTHO(DACHOI MIIOCKOCTH
HadTalMHA HE OIMHAKOBO, YTO M IMIPUBOAUT K YIBOCHHMIO YKciIa curHanos. Cam 1o cede
JaHHBIN (pakT mpobneMoit He SBISETCS, HO MPU JalbHEHIIeM U3yueHUU CBOMCTB JaH-
HOTO KaTreHaHa (auHaMudeckuii SIMP) 1 ero romMonoroB MOryT BO3HUKHYTh MTPOOIEMBI
C MHTEpIpeTaIyell, BBI3BaHHBIC YIIMPEHNEM U HaJIOKEHUEM CUTHAJIOB. EqMHCTBEHHBIH
crioco0 perreHns 3Toi mpodIeMsl — 3aMeHa 1,5-THoKkcnHadTaIHa Ha apOMAaTHIECKUH
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(bparMeHT ¢ OJIM3KOH reoOMEeTPHEH M AIICKTPOHOAOHOPHBIMH CBOWCTBAMHU, HO 00J1a/1ar0-
Ui OOJBIIMM YHCIIOM AJIEMEHTOB CUMMETpPHH. [IepBBIM ABYM yCIIOBUSM OJIMIKE BCETO
COOTBETCTBYIOT M30MEPHBIC JIN3aMelleHHbIe HagTanuHbl. Cpenn HUX Haubosee moaxo-
JUIITAM KaHJIUJATOM SIBIISIETCST (hparMeHT 2,7-TuoKcuHadTamHa (C2V CUMMETpHSI), TIO-
CKOJIbKY OH 00JlaZiaeT OCbI0 CUMMETPHUH 2-TO MOPSAKA U ABYMsI IJIOCKOCTSMHU CHMMe-
TPHH, Ha IEPECEUCHUH KOTOPBIX JIEKHUT 3Ta OCh (puc. 16). OObEKT COBMECTHM CO CBOUM
3epKaJbHBIM OTPAKEHUEM B IUIOCKOCTU U He 00naaaeT 2D-XupanbHOCTHIO.

Takum 00pa3oM, LEIbI0 JTAHHOTO MCCIIEOBAaHUS SIBISJICS CHHTE3 HOBBIX KpayHO-
(haHoB, BKIIOYAOIIUX (pparMeHTHl 2,7-TUOKCHU(IIyOpeHOHa U 2,7-IHOKCHHA(TANINHA,
COCMHEHHBIC MOMUI(PUPHBIMU 1IETIOYKAMH, a TAKXKE U3YYEHHE UX KOMILJIEKCO00pasyro-
IIUX CBOMCTB.

Cunres

[omyd4enue neneBpIX KpayHO(PAHOB OCYIIECTBIISUIN B3aHMOICHCTBIEM JUTOZNIATOB
5u 6 [6] ¢ 2,7-muruapokcunadranuaoM 7 B IM®DA B npucyTcTBUM KapOOHATa Kallus B
YCIIOBHUSX BBICOKOTO Pa30aBICHIIS:

g\o 0.0 0 ' HO | gOO’;)_
/E 0 Ojﬁ N K5CO;, JIMDA /g jﬁ

o Q 80°C o o
%,ms TsO\) HG L;r(/o\./ 0\)

S(n=1),6(n=2) 7 B(n=1;32%),9(n=2;28%)

[Tociie 00paboTKM peaKMOHHONW CMECH U XpoMaTorpauyeckoil OYMCTKH LEeJIeBbIe
kpayHo(haHbl 8 1 9 ObUIH BBIJICJIEHBI C YMEPEHHBIMHU BBIXOJAMH.

B cnekrpax SMP 'H mnomydyeHHbix (ryopeHOHOKpayHO(DAHOB HAOMIOMAeTCs
tunanbii 111 CH,CH,O ¢parmentoB Habop MynsTumieTos B oonactu 3,65-4,20 m.a.
B ob6nactu crnabbix mosiei MoikeH HaOoaaTbecss HAOOp M3 6-U CUTHAIIOB: JyOJeT, JTy-
Onet 1y0neroB U AyOJeT apoMaTHYECKUX IPOTOHOB B OJNIOKeHUsX 1,8-, 3,6- u 4,5- dmy-
OpPEHOHOBOTO M HA(TaIMHOBOTO (PparMEeHTOB, COOTBETCTBEHHO. B nelCTBUTEIHHOCTH
B CHEKTpe KpayHo]aHa 8 MPOMCXOIUT YaCTUYHOE HAJOKEHUE CUTHAJIOB, B PE3yibTare
Yero perucTpupyercs Habop U3 5-u cUrHaioB (puc. 2).

1 3
CHClL, goog

LO OJ Hc
H4’5 \,OOJ
Hys
7.7 7.6 7.5 7.4 73 72 7.1 7.0 6.9 6.8 6.7 6.6 5, M.

Puc. 2. ®parment SIMP 'H cniekrpa kpaynodana 8 B CDCI,
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Kpome Toro uMeer Mecto HEKOTOpPOE YIIUPEHHUE MUKOB, BEPOSTHO B pe3yJbTraTe B3a-
MMHOTO 5KpaHHPOBAHHUS MPOTUBOJIESKAINIMMU apOMaTUYeCKUMH (hparmMeHTaMu. D10 3a-
TPYIHSET OTHECCHUE CHUTHAJIOB IO 3HAUYECHUSM KOHCTAHT CITMH-CITMHOBOTO B3aMMOICH-
ctBusi (KCCB). C BBICOKOW CTENEHBIO YBEPEHHOCTH MOXXHO TOBOPHUTH 00 OTHECEHUH
cursanos H, ; mporonos HadrammHa (7,57 M.1.) u payopeHoHa (6,67 M.J., HOCICIHUE
o6o3nauenbl Ha puc. 2 kak H ), ncxons us ux KCCB 8,7 u 8,1 ', coorsercTBenHO [6].
WuTepnperanus mynerumiera npu 6,80, gybnera ayoneroB npu 6,96 u nydnera npu
7,09 m.x1. 6e3 npusiedeHus aymeproi SIMP 'H cniekrpockornmu HeBo3MOkHA. B criek-
Tpe KpayHO(aHa 9 MPOMCXOIUT HAIOKEHHE 3-X CHTHAJIOB IPOTOHOB, UTO JENACT €ro
HHTepIpeTanuio ené Oonee 3aTpyaHUTENbHON. BakHO OTMETHTDH, 4TO HaOIIOIaeMble
CHIeKTpaJIbHbIe 0COOCHHOCTH HE SIBIISIOTCS TOMEXOH NPY U3YYEHUH KaTeHaHOB, KOTOPbIE
mpeonaraeTes nojay4ars U3 kpayHodanos 8 u 9.

H3yueHne KOMILIEKCOOOPA3YIONIUX CBOICTB

OueHUTh TEpPCHEeKTHBHOCTb IMPUMEHEHUS  MOJIEKYJbI-XO3IMHA JJs  co37a-
HUSl CyNpaMOJIEKYISPHBIX CTPYKTYp THIA POTAKCAaHOB M KAaTEHAHOB MOXKHO, OIIH-
pasicb Ha €ro KOMIUICKCOOOpa3yIoIIHe CBOHCTBA IO OTHOIICHHIO K MOJACITHHOMY
sneKTpoHoAepUIMTHOMY CyOCTpary — AnKaTnoHy mapaksara 10?*, KoTopbIii Yarie BCero
npuMeHsieTcs B Bujie ouc(rexkcadropdocdara) [11]:

/A T -
MefNC\>—<\3N+—Me x2PF;  10-2PF,

BosMoxkHOCTB 00pa3oBaHusl TAKUX KOMIUIEKCOB M KAYECTBEHHYIO OLIEHKY UX YCTOM-
YUBOCTH MPOBOJMINA C ITOMOIIBIO MAcC-CIIEKTPOMETPUH B YCIOBUSIX OOMOApIUpOBKH
obicTpbiME aroMaMu (BBA), xoTopast mo3BomsieT 3adukcupoBaTh ux obpasosanue [11,
12]. Macc-crieKTpaibHOMY aHAIH3Y TOIBEPTalil PACTBOP, COACPIKAIIII SKBUMOJISIPHBIC
KoJM4eCcTBa KpayHodanos 8 u 9 u 2 sksuasnenta napaksara 10-2PF, B 3-nutpobensu-
JIOBOM criupTe. B momyueHHOM Macc-CreKTpe, KpoMe TTHKOB OT/IETbHBIX MOJICKYIISPHBIX
KOMITOHEHTOB, HaOIIOHaroTCs UKU ¢ m/z = 931 u 1019, orBeyaronue noHaM COCTaBa
[8@10-PF,]" u[9@10-PF ]*, cooTBETCTBEHHO. DTH HOHBI 00Pa3yIOTCs IPH MIOTEPE OHO-
ro rexcadropdocdar-aHmOHa KOMIUIEKCHBIMH YaCTUIIAMU KPayHO()AHOB C MapaKkBaTOM
cocrapa 1:1. X HopMaJIM30BaHHBIE HHTEHCUBHOCTH cocTaBmstoT 23 u 100%, cooTBeT-
cTBeHHO. [Tojj00Hast crieKTpasibHas KapTHHA XapaKTepHa JJisi OOJbIINHCTBA KATCHAHOB
U TICEBIOPOTAKCAHOB M CBUICTEIHCTBYET 00 00pa30BaHUM JOCTAaTOYHO YCTOMYIHBEHIX
KOMIIIEKCOB BKJIFOYEHHUS MOJTYYECHHBIX KpayHodanos 8 u 9 ¢ mapaksarom 10-2PF, [12,
13]. Bornee MHTEHCHBHBINM MUK KOMILJIEKCHOTO MOHA HaOmonaeTcs A KpayHodana 9,
B KOTOPOM apoMaTHYeCKHe (parMeHThl COSAMHEHBI OCTATKAMH TETPad3THUIICHIITHKOIIS.
[TockonbKy COOTHOIICHNE WHTEHCHBHOCTEH MHKOB KOMIUICKCHBIX MOHOB ONM3KHX TIO
CTPYKTYpE JIUTAQHIOB B IEPBOM IMPHOIKCHHH COOTBETCTBYET yCTOWYHBOCTH 00Opa-
3YIOIIMXCS KOMIUIEKCOB [12], MOXXKHO CUMTaTh, YTO B YCJIOBHUSAX MacC-CHEKTPaIbHOTO
3KCIIepuMenTa KpayHohan 9 obpasyer ¢ napaksarom 10-2PF, Gonee ycToiunBbiii koMI-
JIeKC, 4eM KpayHodaH 8.

KauecTBeHHYIO OIIEHKY BO3MOKHOCTH 00Pa30BaHUsI KOMIUIEKCOB BKITFOUCHHS MOXK-
HO TaKkKe MOJYYUTh M3 aHAJIM3a SJIEKTPOHHBIX CIEKTPOB IOMIOILIEHUS PACTBOPOB
uccienyemMbix kpaynogpanos ¢ napaksarom 10-2PF . Ilpu mpubaenennu mapaksara
10-2PF, k pactopam kpayHOo(haHOB 8 U 9 B alETOHMTPHUIIE OKPACKa PacTBOPA MEHs-
€TCSl OT OPAaHXKEBOW JI0 OpaH)KeBO-KpacHOW. [Ipu 3ToM B BHIUMOW 00JAcTH CIIEKTpa
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MOSIBJIIETCS JOIOIHUTENbHAs 110J0Ca, KOTOpas HaKJIaAbIBA€TCS Ha II0J0CY IIOIVIOLIe-
HUsE PITyOPEHOHA, U €€ HHTEHCUBHOCTh PACTET C yBeNuYeHneM KoHueHTpaunun 10-2PF,
(puc. 3a).

0.84 [9@10]*"
0.61
0.4

0.21 ~
] @10

T T T T ¥ 0 T T T T T
400 450 500 550 600 650 400 450 500 550 600 650 A, nm

Puc. 3. Cnexrpsl nomomenus kpayHodana 9 u ero cmeceit, conepskanmx 10, 40 u 80 sxBUBaIICHTOB
napaksara 10-2PF (a); Bbinenennble nosocsl KI13 xommiexcos [8@10]* u [9@10]* (6)

[TosiBneHne STOH TOJOCH OOYCIOBIEHO 0Opa30BaHMEM JOHOPHO-aKLENTOPHOTO
KoMIutekca ¢ niepeHocom 3apsiza (KI13) mexay m-IoHOpHBIMH apoMaTHYecKuMu (par-
MEHTaMH NUKIO(PAHOB M T-aKIENTOPHBIM IUITUPUANHUEBEIM OCTOBOM IHKATHOHA
nmapakBara 10?, KOTOpPBI HaXOmUTCS B MOJOCTH Makporwmkia [13]. MHTeHCHMBHOCTH
U nosioxkeHne mMakcumyma mosochl KII3 mo3BosstoT cyauTh 00 YCTOHUMBOCTH KOMII-
nexca. ITockonbky B HaneM ciaydae Ha nonocy KII3 naxiiagsiBaeTcs 1mosoca norionie-
HUS (ryopeHoHa, BeAenenue nonoc KII3 B «umctom» Bume (puc. 30) oCyImIeCTBISUTH
BBEIYUTAHUEM CIIEKTPOB MOMIOIIEHHS KpayHO(paHoB 8 U 9 U3 CIEKTPOB pacTBOPOB, CO-
JepiKaIiuX COOTBETCTBYIOIIMH KpayHO(aH U 80 MONBHBIX SKBUBAJICHTOB IapaKBaTa
10-2PF . Untencunocts nosocel KII3 kommiekca kpaynopana 9 Gonee uem BiBoe
MIPEBBIIIACT TAKOBYIO Y KOMILIEKca KpayHodaHa 8.

[lomy4eHHple NaHHBIE XOPOIIO COIIACYIOTCS C NAHHBIMHU MAacC-CIIEKTPATbHOTO
IKCIIEPUMEHTA ¥ OIHO3HAYHO YKAa3hIBAIOT HA TO, YTO YCTOHYMBOCTH KOMILIEKCA Kpay-
Ho(ana 9 ¢ mapaksarom 10-2PF, Beiiie, uem ananoru4Horo KOMIiekca kpaynogpana 8.

Takum 00pa3oM, UCXOMs U3 MOMYUYEHHBIX CIEKTPaIbHBIX JAHHBIX, MOXKHO C/IETaTh
BEIBOJI, UTO CHHTE3UPOBAHHBIC (HIIyOPCHOHOKPAYHO(DAHBI SIBISIFOTCS MEPCIIEKTHBHBIMA
TEMIDIaTaMH{ JJIS TIOJTyICHUS Ha X OCHOBE HOBBIX CYIPaMOICKYISIPHBIX CTPYKTYp. Ko-
JMYECTBEHHOE M3yYeHUE UX KOMILJIEKCOOOPa3yIOIUX CBOWCTB U CUHTE3 KATEHAHOB 5IB-
JISIeTCsl IPEIMETOM HaIIUX AAJIbHENHIINX UCCIIETOBAHUM.

BKCHepl/IMeHTaJ'IBHaﬂ qacThb

Coekrpet SIMP 'H u *C monyuanu na npubope Varian VXR-300 ¢ paGoueii 4ac-
ToToit 300 u 75.5 MI'1 COOTBETCTBEHHO B CDCIS, XUMHUYECKHE CIIBUTM M3MEPEHBI B
O-1IKaje W JTaHbl B MIJUTHOHHBIX 10J1siX, a KCCB — B 'epriax. Macc-criekTpsl ¢ HOHU-
3alueit MEKTPOHHBIM yIapoM Ioydanu Ha Macc-criektpomerpe MX-1321 ¢ npsmbiM
BBOZIOM 00pas3iia, SHEPrusi HOHU3UPYIOIUX eKTpoHOB 70 3B. BBA Macc-criekTpsl — Ha
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Mmacc-criekrpomerpe VG 7070EQ (Ar, 8 kB) B marpuue 3-HUTpOOSH3UIOBOIO CIIUPTA.
Y@ cnekrpsl 3anuceiBany Ha crnekrpodoromerpe Specord M 40. IIpenapatuBHyto ko-
JIOHOYHYIO Xpomarorpaduio ocymiecTsun Ha cumkarene Kieselgel 60 (0.063-0.100
MM, Merck). DnemenTHbIi aHamm3 mpoBoawiun Ha CHNS anammsarope EuroVector
EA3000. Yucrory BceX CHHTE3MPOBAHHBIX BELIECTB KOHTpOIMpoBaiu merogoM TCX
(Sorbfil Yd-254). Temneparypsl IIaBICHUS ONPEACTSUIA KAMUUIAPHBIM METOAOM Ha
npubope IITII. [{urosunarer S u 6 [6] u Gucrexcapropdocdar napaxsara 10-2PF, [14]
MTOJTY4EHBI, KaK OITUCAHO.

MMonyyenue duyopenonokpaynodganoB 8 u 9 (odmasi meroquka). K cycnensumn
5,52 1 (0,04 mosb) cyxoro K,CO, B 600 mn 6e3soan0oro JIM®A npu nepemMenimBaHuu
npukaneiBany pacteop 1,6 r (0,01 monb) 2,7-guruapoxkcunadranuaa u 0,01 monb co-
OTBETCTBYIOIIETO JuTo3miatTa S umu 6 B 400 mu 6e3BoHOTO JIMDA. TIpnbasnenue Bemu
B Teuenue 10 u, mogaepxuBas remreparypy peakiuonnoit maccol 80°C. [1o okoHuanum
npudaBieHus cmech nepemernnBanu emeé 40 4 npu 3Toil ke Temneparype. OCThIBIIYIO
PEaKIMOHHYI0 Maccy (UIBTPOBaJM W OTTOHSJIM PAacTBOpUTENs B Bakyyme. OcTta-
Tok mocie otroHkH JJM®A pactBopsuin B 300 Mt xiaopodopma, H OTHUIETPOBHIBAIH
HEpaCTBOPUMEIC MpPUMECH. XJIOPOPOPMHBIN PacTBOP IOCIECIOBATEILHO MPOMBIBAIN
5%-mu pacteopamu HCl, NaOH u HaceimenubsiM pactsopom NaCl, cymman MgSO,, u
pacTBopuTeNb ynausm B Bakyyme. [locne xpomarorpaduueckoii ounctku (Si0,, CHCL/
CH,OH — 100:2) npotyKT nepekpucTaIM30BbIBAIA U3 MOAXOAAIIETO PACTBOPUTEIIS.

2,5,8,11,23,26,29,32-0okTaokcarekcanukio[31.5.3.1!216,118:22 (15,19 (3640
TpuTeTpakonTa-1(39),12(43),13,15,18(42),19,21,33,35,37,40-ynaexaen-17-on  (8):
OpankeBo-po30Bblii mopouiok. Beixon 1,92 1 (32%), T 164,5-165°C (u3 CH,CN).
Cnexrp SIMP 'H (CDCL,), J, m.n.: 3,71-3,94 m (16H), 4,04 T (4H, J 4,3 T'n), 4,16 T (4H,
J4,3T), 6,67 n (2H, J 8,1 T'n), 6,76-6,86 m (4H), 6,96 1.1 (2H,>J 8,9, 72,0 '), 7,09 1
(2H,J1,9T'w), 7,57 1 (2H, J 8,7 I'). Cnextp AMP “C (CDCL,), 6, m.1.: 67,3, 68,4, 69,8,
69,9, 71,0, 71,4, 106,0, 111,0, 116,1, 120,1, 120,8, 124,2, 128,7, 135,5, 135,7, 137,2,
157,1, 159,0, 193,1. Macc-cnexrp, m/z (I, %): 600 [M]" (100). Hatineno, %: C 70,10,
H 5,86. C,H, O,. Berancieno, %: C 69,99; H 6,04.

2,5,8,11,14,26,29,32,35,38-1eKa0KcareKcamnKIIo [37.5.3.11519,121.25 ()18:22 ()42:46]
HOHaTeTpakoHTa-1(45),15(49),16,18,21(48),22,24,39,41,43,46-ynnexaen-20-on  (9):
OpanxeBo-kpacHbie Kpuctamisl. Beixon 2,05 r (28%), T.m. 118,5-119°C (u3 sTaHona).
Cnexrp SIMP 'H (CDCL,), J, m.1.: 3,65-3,81 m (16H), 3,82-3,94 m (8H), 4,01-4,12 m
(8H), 6,76-6,90 m (6H), 6,94 n.n (2H, °J 8,9, %7 2,3 T'n), 7,03 n (2H, J 2,2 Tn), 7,54 1
(2H,J 8,7 I'm). Cnextp SIMP "*C (CDCL,), 6, m.11.: 67,7, 68,5, 69,9, 70,2, 71,1, 71,2, 71,2,
71,3, 106,2, 110,5, 116,6, 120,6, 121,2, 124,5, 129,1, 135,9, 137,6, 157,4, 159,2, 193,5.
Macc-cnextp, m/z (I, %): 688 [M]" (100). Haiineno, %: C 68,04; H 6,53. C, H,,O

ori.” 397744110

Beraucneno, %: C 68,01; H 6,44.
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HOBI KPAYHO®AHMU, IO MICTATb ®PAIT'MEHTHU
2,7-JIOKCUPJTYOPEHORY 1 2,7-JIOKCUHA®TAJIEHY

Pesrome

Cunre30BaHi HOBi KpayHOdaHH, 110 MICTATh (parmMenTn 2,7-miokcuduyopeHoHy i
2,7-niokcuHadraneny, 38’s13aHi (hparMeHTaMH TPH Ta TeTpaeTmieHnikonis. Meromamu BIITA
Mac-crekrpoMerpii Ta YO creKkTpocKorii HaBeACHO YTBOPEHHS KOMIUICKCIB BKIIOUSHHS THITY
«TiCTh-Xa3sTH» MU X B3a€MOIi 3 MapaKBaT-IiKaTiOHOM.

Korouosi cioBa: giyopenoH, HadraneH, kpayHo(aH, HapaKkBat, KOMIDIEKCH «TiCTb-Xa3siH»

A. Yu. Lyapunov

A.V. Bogatsky Physico-Chemical Institute, National Academy of Sciences of Ukraine,
Lustdorfskaya doroga 86, 65080 Odessa, Ukraine.

E-mail: Lyapunov_A@rambler.ru

NEW CROWNOPHANES CONTAINING
2,7-DIOXYFLUORENONE AND 2,7-DIOXYNAPHTHALENE

Summary

New crownophanes containing 2,7-dioxyfluorenone and 2,7-dioxynaphthalene fragments
linked by tri- and tetraethylene glycol linkers have been obtained. The formation of “host-
guest”-type complexes upon interaction with paraquat dication was detected by UV-Vis and
FAB-MS spectrometry.

Keywords: fluorenone, naphthalene, crownophane, paraquat, “host-guest” complexes
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IHO®OOPMALISA 1151 ABTOPIB

1. ITIPO®IADB JKYPHAAY

1.1. «BicHuk OnechKOTo HalliOHAJILHOTO YHIBEpCUTETY. XiMis» 3AiHCHIOE Taki TUIH ITyOJTi-
Kawin:

1) HaykoBi cTarTi,

2) KOPOTKi MOBiIOMJIEHHS,

3) marepianu koH(EpeHIiH,

4) 6ibniorpadis,

5) peueHsii,

6) Marepianu 3 icTopii HayKH.

1.2. YV neBHOMY KOHKPETHOMY BHITYCKY OJIFH aBTOP Ma€ MPaBO HaAPYKyBaTH TIIbKU OIHY CaMo-
CTiliHy CTaTTIO.

1.3. MoBu BuaHHS — YKpalHCBKa, pOCiiicbKa, aHIIiHChKA.

1.4. o penaxiii «BicHuKa ...» MOAAETHCS:

1. Tekct cTarTi 3 aHOTAIli€I0 — 2 MPUMIPHUKH (PUCYHKH Ta IiIMICH J0 HUX, TAOIUI PO3MIIITy-
BATH 110 TEKCTY MICJIsl HePLIOro MOCHIaHHS Ha HUX)

2. Pe3tome — 2 puMipHHKH;

3. Komonturyi;

4. Pexomenpanis xadenpu abo HaAyKoBOI yCTAHOBH JI0 IPYKY;

5. BimomocTi npo aBTOpiB;

6. BimpenaroBaHuii i y3roJpKeHHI 3 PEIKOJIETIEI0 TEKCT CTATTi, 3allMCaHUi Ha JHUCKETI y pe-
naktopi Word (kerne 14; Bigcrani Mixk psakamu 1,5 iHTepBanu; MO CTOPIHOK: JIiBE, BEPXHE Ta
HIDKHE — He MeHIT 20 MM, ripaBe — 10 MM), Ta ABa IpUMipHUKA «PO3IPYKOBKID) 3 Hel.

2. ITIATOTOBKA CTATTI — OBOB'SI3KOBI CKAAAOBI

OpwuriHaibHa CTaTTS Ma€ BKIIFOYATH:

2.1. Berym.

2.2. Marepianu i METOJH JIOCTIIKSHHSI.

2.3. Pe3ynbrat JOCIIHKSHHSI.

2.4. AHaui3 pe3ynbTaTiB JOCIiDKEHHS (MOXKITIBE TIOEJHAHHS TPETHOTO 1 YeTBEPTOTO PO3LTIB).
2.5. BucHoBku (y pa3i He0OXiTHOCTI).

2.6. AHorauisi (MOBOIO CTaTTi) Ta pe3toMe (JIBOMa IHIIMMHU MOBaMH).

2.7. KirouoBi cioBa (1o 1’TH).

2.8. KononTtutyn.

3. OOOPMAEHHS PYKOIIVCY. OBCAT.
ITOCAIAOBHICTD PO3TAIITYBAHHSA OBOB'I3KOBUX
CKAAAOBHUX CTATTI

3.1. I'pannuHmit oOcsT cTarTi — 8 CTOPIHOK, 4 pucyHka, 4 Tadbmumi, 10 Kepen y Crucky JiiTe-
parypwu; JHcTa B penakiito — 4 cTopiHky; orisiaiB — 20 CTOpiHOK (OINISIOBI CTATTi 3aMOBIISTIOTHCS
PEIKOJICTIEND).

3.2. INocninoBHICTH APYKyBaHHS OKPEMHUX CKJIaI0BUX HAYKOBOI CTAaTTi Ma€ OyTH TaKoIo:

1. VIIK — 3miBa.

2. Ininianu Ta npi3Buile aBTOPiB (3rigHO 3 macnopTom) — Hwkve Y/IK 3miBa.

3. Ha3Ba HayKkoBO{i ycTaHOBH (B TOMY YHCII BifJIiTy, KadeapH, e BUKOHAHO JTOCIIDKSHHS).

4. IloBHa momIToBa anapeca (3a MDKHAPOAHUM cTaHAapToM), E-mail, Tenedon mns cmiBmpari 3
aBTOpaMH Ha OKPEMOMY apKyIIi.

5. Ha3zBa crarti. BoHa oBHHHA TOYHO BiJOMBATH 3MiCT JOCIiKEHHS, Oy TH KOPOTKOIO, MiCTHTH
KJIFOYOBI CJIOBA.
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6. AHOTaIisSI MOBOIO OPUTIHATY JIPYKY€ETHCS MEPE MOYATKOM CTaTTi micist inTepBary 20 MM Bif
JBOTO HOJISL.

7. Ilig aHOTALI€RO APYKYIOThCS KIFOUOBI (OCHOBHI) cJI0Ba (HE OLIbIIE 11’SITH, MOBOK) OpHTIHATY
CTarTi).

8. Jlaui ¥ijie TeKCT CTaTTi 1 CIUCOK JIiTEepaTypH,

9. Pe3roMe PyKyeThCs HAa OKPEMOMY apKylli Marepy Ta BKJIIOYae: Ha3By CTATTi, MPi3BHUIIA Ta
IHIIiaJIl aBTOPIB, HA3BY HAyKOBOI YCTaHOBH, clloBO «Pe3rome» abo «Summary», TEKCT pe3toMe Ta
KJIIOYOBI CJIOBA.

3.3. JIpyruii ek3eMIULsIp CTaTTi HOBUHEH OyTH MiANUCAHUIA aBTOPOM (200 aBTOpaMu).

4. MOBHE O®OPMAEHHS TEKCTY:
TEPMIHOAOI'TA, YMOBHI CKOPOYEHH{],
IMOCUAAHHS, TABAUIII, CXEMU, PUCYHKHN

4.1. ABTOpH HecyTh MOBHY BiIIOBiIaJbHICTh 3a Oe310raHHE MOBHE O(OPMIICHHS TEKCTY, 0CO-
ONMBO 3a MPaBHJIBHY YKPaiHCHKY HAyKOBY TepMiHOJIOTIO (1T CIIijt 3BipsATH 32 ()aXOBUMH TEPMIHOIO-
TIYHUMH CIIOBHUKAMH).

4.2. SIk110 9acTo MOBTOPIOBAHI y TEKCTI CIIOBOCIIONYUYECHHS aBTOP BBAXKAE 3a MOTPIOHE CKOPOTH-
TH, Taki aOpeBiaTypu IpHU NEPIIOMY BKHBAHHI 00yMOBIIOIOTh Y JIy>KKaX.

4.3. TlocunaHH4 Ha JiTEpaTypy MOAAIOTHCS Y TEKCTi CTaTTi, 000B’I3KOBO Y KBaIPATHUX JIy)KKaX,
apabcpkumu nudpamu. [udpa B nyxkax moznadae Homep npaii y « Cucky jitepaTypm» (IUB. i
«Jliteparypay).

4.4. llndposuii MaTepial, MO0 MOKIMBOCTI, CIIi/T 3BOAUTH y TaONHIl 1 HEe XyOIIOBaTH Y TEKCTI.
Tabnmuii noBUHHI OyTH KOMIIAKTHUMH, MaTH ITOPSIKOBUI HOMeD; rpadH, KOJIOHKH MalOTh OyTH TOU-
HO BU3HAUYEHHUMH JIOTI4HO 1 rpadivHo.

4.5. PucyHku NOBUHHI OyTH IPEACTABICHI B JBOX IJJCHTHYHHMX €K3EMIUIIpaX, BAKOHAHUX Ha
KOMIT 10Tepi (Ha AUCKeTi — (aiinu 3 po3mmpenssM tif, pex, jpg, bmp). [ligmucu Ha HUX TOBUHHI Oy TH
KOPOTKHMH, iX CIII/I 0 MOYKITUBOCTI 3aMiHATH IUPpaMu 9 OyKBaMH, KOTPI PO3MIH(PPOBYIOTHCS B
MiIICax 10 HUX; KPUBI HYMEpPYyIOThCs apaOchbkumu nudpamu. OTHOTHITHI KPUBI TTOBUHHI OyTH
BUKOHAHI B OZIHAKOBOMY MacIiTabi Ha OTHOMY PHCYHKY. PEKOMEHIy€ThCSI 3aCTOCOBYBATH JEKITbKa
MaCIITAOHMX UK JUIs 00 €IHAHHS PI3HUX KPUBUX B OJAMH PHCYHOK. 300pakeHHsI Ha PUCYHKaX
CTPYKTYPHHUX Ta Jpyrux (¢popmys HebaxaHo. Bei inmocTpauii noBuHHI OyTH MPOHYMEpOBaHi B MO-
CJIIJTOBHOCTI, SIKa BiJIIOBiJIa€ 3raJlyBaHHIO iX Y PYKOIIKCi, Ta HOMEpaMH IIPHUB’s3aHi 10 HiApHCY-
HOYHUX IIiJIIHCIB.

ITpu 06’€eaHAHHI IEKUIBKOX PUCYHKIB ui (hoTorpadiii B OIMH PUCYHOK PEKOMECHIYEThH MO3HA-
YaTH KOKeH 3 HUX TIPONMMCHUMH JiTepamu 3Hu3Y. Hanpukian:

Puc. [lignuc pucyHKy.

4.6. Y posnini «Pesynbratu gociipkeHb» (SKIIO el po3/aii He NOeTHAHWN 3 « AHai3aMH pe-
3yJbTaTiB», AUB. 2.4.) HEOOXITHO BUKJIACTHU JIMLIC BUSBIICHI eekTH 0e3 KOMEHTapiB — BCi KOMEH-
Tapi Ta MOSCHEHHs MONAIOThCS B « AHANI31 pe3ynbratiBy. [Ipu BUKIaai pe3ylbTaTiB CiliJl YHHUKATH
TIOBTOPEHHSI 3MICTY TaOJIUIb Ta PUCYHKIB, a 3BEpTATH yBary Ha HalBaXUIUBINI (akTH Ta MeBHi 3a-
KOHOMIPHOCTI, II0 3 HUX BUILIHBAIOT.

4.7.Y po3nini «AHali3 pe3ysbTaTiBy HEOOXIHO MOKa3aTH MPUYHHHO-HACIIAKOBI 3B’ I3KH MIX
BCTAaHOBJICHUMH e()eKTaMH, HOPIBHATH OTpUMaHy iH(OpMAILiIo 3 JaHUMH JTITepaTypH 1 HATOJIOCUTH
Ha BHSIBIICHMX HOBUX JaHMX. [Ipyw aHami3i ciiJ mocuiaTucs Ha UIIOCTpAaTHBHHUN MaTepiaa CTarTi.
AHai3 Ma€ 3aKiHYyBaTUCS BiMOBIUIIO HA MMUTAHHS, IIOCTABIICHI y BCTYII.
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5. AITEPATYPA

Crmcok JiTepatypu JpyKyeThCS MOBOK OpHUTiHANY BiAMOBiAHOI mpami. BiH opopMItOeThCs
3rigao 3 [OCToMm i moBHHEH MICTHTH TUTBKH Ha3BH TIpallb, Ha SIKi HOCWIA€ThCs aBTop. Ha3su mpanp
Y CIIMCKY JIiTepaTypy pO3TAIOBYIOThCS B MOPAIKY 3rajyBaHHs. Ha3Bu mpaip y CUCKY JiTeparypu
odopmIiroroThes 3a npaBmwiamu BAKy.
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Ingpopmayis ons asmopis

6. AHOTAILIIA. PEBIOME. KOAOHTUTYA

AHoTa1is (KOpoTKa CTHCIIA XapaKTepUCTHKA 3MICTY TIpalli) MOAAETHCS YKPATHCHKOK MOBOIO, MiC-
TUTPH He Oinbine 50 TOBHO3HAYHMX CIIB 1 mepeaye (OKpeMuM ab3aieM) OCHOBHOMY TEKCTY CTaTTi.

Pestome (KOpOTKHiI BUCHOBOK 3 OCHOBHMMH HOJIOKEHHSMH IIpalli) MOAAIOTHCS ABOMAa MOBaMHU
(BHIKIJTIOYAIOYN MOBY CTaTTi), KOXKHE MICTHTH He Oinbmie 50 MOBHO3HAYHMX CIIB 1 APYKYETHCS Ha
OKPEMOMY apKyIi.

Kononturyn (kopoTkuii a0 CKOpOUYEHUH Y1 BUJO3MIHEHHUH 3ar0JI0BOK CTaTTi IUIs APYKYBaHHS
3BEpXy Ha KOXKHIW CTOPIHLI TEKCTY Ipalli) NOJAETHCS MOBOIO CTATTI Pa3oM 3 MPI3BHUILEM Ta iHilia-
JIaMH aBTOpa Ha OKPEMOMY apKyIIi.

3rigHo momatky ao nocranoBu [Ipesnaii BAK Vipainu Nel-05/3 Big 08.07.2009 p. nHaykoBwHid
KypHai «BicHnk Onechkoro HallioHAJIFHOTO YHIBEpPCUTETY. XiMishy» BXOAUTH 10 [leperniky HaykoBHX
(axoBUX BUIaHb YKpaiHH, B IKMX MOXYTb IyOJIIKYBaTHUCS OCHOBHI Pe3yJIbTaTH JUCEPTAliHUX PO-
0iT Ha 3100y TTS HAYKOBUX CTYICHIB JOKTOPA Ta KAaHAWAATA HAyK.

CrarTi npuiiMaioThes 10 APYKY Iicis MOMEepeaAHbOro pereH3yBanHs. Pesikosneris Mae paBo pe-

JlaryBaTh TEKCT CTarell, PUCYHKIB Ta MiANKCIB 1O HHX, MOTODKYIOYM BilpenaroBaHMil BapiaHT 3
Ximis. Pykormucu crareit, mo npuifHATI 10 MyOIiKyBaHHS aBTOpaM, He TIOBEPTAIOTHCSI.
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