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IKCTPAKIHHOHHO-KOJIOPUMETPUUYECKUN METO/N
ONPEAEJEHHNUA CJHENOB JXEJE3A B OJIOBE BBICOKOH
~ YHCTOTHI

(IlpejcTaBiena HayuHbIM CeMHUHAPOM XHMHKO-TEXHOJIOMHYeckoro (Gakyabrera)

Ha uncreix consix xenesa, cmecax coseil u o0pasiax 0J0Ba BBICOKOIN
UHCTOTHl HAMH U3YYeHbl YYBCTBHTENBHOCTL, TOYHOCTbL M BOCIPOH3BOIHMOCTb
Tpex (OTOMETPHUECKHX METOJOB ONpeIeseHust MUKPOKOJHYECTB JKeaesa:
pPOdaHHAHDIH, (PEHAHTPOJIHHOBBIN M ,q'-AMMHPH/IMIOBLI, K BO3MOMKHOCTD
NPHMEHEHHsT 9THX METOJI0B /s OMPEACJEHHS CIef0B JKejae3a B 0.J0Be BDI-
COKOH YHMCTOTHI NpH cojepxkanun xenesa 4,10 * ¢ wu nmxe. M3 Beex
H3YYEHHBIX METOJOB JIYYLIHM OKa3ajcsl 3KCTPaKLUHOHHO-KOJOPUMETpHYE-
CKHH MeTO1 ¢ o,a'-AHNHPHANAOM H cMecH (eH30/a C KPe3OoJOM B KayecTse
9KCTpareHTa KOMILIeKca »Kenesa.

@, 0'-AHIHPHAKI  Havyajd MNPUMEHATLCS I8  adaJUTHYECKHX — Ledell
p 40-x rogax Tekywero crojetus. [lepBuimi paBoTamMud 10 ero anajJHTHYE-
ckomy npumenennto B CCCP 6puin paGotst Anumapnua [1] no onpegede-
HHIO JKeje3a B MUHEpaJax W FOPHLIX nopogax M paboTui IloayskTosa u
Hasapeuko [2] o ero MHKPOXHMHYECKOMY MPHMEHEHHIO.

I'1aBHLIMK IPEHMYUIeCTBAMH 3TOTO peakTHBa NEPE] APYTHMH DeakTH-
BAMH, HCIOJB3YEMLIMH B HaCTOsUee BpeMsi IS (POTOMETPHYECKOro Ompe-
ACJMEHHA MHKDOKOJHUYECTB 2KeJ1€3a, IBAAIOTCS: BBICOKAS YYBCTBHTEILHOCTD
peaKTuBa, ero Go/bluasi CTENEHbL CEJIEKTHBHOCTH, CPaBHUTEIBHO GOJBUION
uurepsas pH pactsopa, npu KOTOPOM OH MOKET GBLITh HCMOJB30BAH Kak
peakTus Ha Fe, mofuiHeHde pacTBOPOB €r0 KOMILIEKCA C JKeJIe30M 3aKOHY
JlamGepra-bBepa n amutensnas yerofiuneocts pPacTBOPOB AHNHPHUAUIATHOTO
KOMIJIEKCA Kege3a.

ITo mannbiM Cenaens [3], uyBCTBHTEABLHOCTD 3TOIO peakTHBa OLUeHI-
saerca B 0,007 mxe Fe/ma npu cerotduanrpe ¢ MAKCHMYMOM TIPONYCKAaHU
B 552 mp. On MOXKeT GBHITb HCNOAL3OBAH S ONpelescHHs IKeaesa b pa-
crBopax ¢ pH ot Tpex Ro mesitu. Ha onTuueckyio miotuocTnb pPACTEROPOB
AHIMPHAMITATHOTO KOMIJIEKCa zKesie3a He BAHAeT H3GBITOK peaktusa, OKpi-
CKa@ pacTBOpa KOMILIeKca ycToluyuBa 40 1 rojga.

a,¢'-AHIHPHANA XOPOLIO PACTBOPHM B cnupTe, apupe, 6eH3oae H XJ10-
podopme. PacrBopumMocTts ero B Boge 0,5 2 B 100 ma (4]. ITo wawnm pan-
IBIM, €r0 pacTBODHMOCTBE B BOJE 3HAUHTEALHO MOBBIUACTCS, eCAH A0GaBHTH
K pactsopy or 0,01 mo 0,1 rpaMM-3KBUBajgeHTA CONANOI KIlCJAOTH Ha JUTP,
pactBopa. JlA MOBBILICHHS YYBCTBUTETBHOCTH  METONA onpejaencHHst
CACL0B Xeje3a STHM DEAKTHBOM MBI [PHMeHHJH ero 29 -uwii pacTeop
8 0,01 n. BoAHOM pacTeope COASHON KUCIOTDL.

C JIBYXBalCHTHBIM JKeIe30M  GeCcUBETHBLI pacTBOp a,q!-AMIKHPHAMIA
06pasyeT Xopowo pacTBOPHUMBI B BOje OKPAaUICHHDIT ABYXBaJeHTHLIl KJe-
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IEeBUAHBIH KOMILIEKC, B KOTOPOM OTHOLUeHHe Keae3a K o,a'-AHIHPHAHLY
paBHo 1| :3. Okpacka pacTBopa 3aBHCHUT OT KOHLEHTpauun Fe u MeHsiercs
C ee yBeauueHHeM OT 6J/1€JHO-PO30BOIH 10 KpacHO-(PHUOJETOBOH.

B nocneanune roasl ony0JaHKoBaHO psaj paboT [5--8] no HCMoJAb30BA-
HIIO 3TOTO PEeaKTHBA AJs OlpeJdesNeHHs MHKPOKOJHUECTB XKeJje3a B IIPHPOI-
HLIX BOJAAX, B XKeJaTHHE, B (PocOpPHON KHCJIO0TE H ee COJIAX, B CypbMe Bbl-
COKOH YHCTOTHI M JAPYTrHX oObeKTax.

I'pa-Ka6anak [7] uccienoBas BONPOC O BJAHAHHH JAPYTHX  TAXCJbIX
MeTa/JIOB Ha (OTOMETpPHUYECKOE ONpejelenHe cC/el0B kKeje3a ¢ a,o'-LHNH-
punuacy, [lo ero gaHHBIM, UHHK Melaer cnpelesaeHtio, ocaabasas oKpacky
KOMIIJIEKCA JKeJe3a, ecaH ero cojep:kauue GoJgblie Keae3a B 25 pas, Ko-
6ajibT — B 15, HUKenb — B 22 11 Maprasenr— B 88 pa3. ['acnep [8] nokasad,
uto go 100 me Al,O3 He Memaer onpeicacHHIO.

B mpouecce pdopaéomn MEeTOJAad OMpeICJeHHsT CJeJ0B Keaes3a B OJ0BeC
BBICOKCH YHCTOTH € @,at'-AUIUPHAMAOM Mbl 3KCIEPUMEHTAJbHO NPOBEPHIH
P/l cnocobOB NepeBojfa HaBeCKH® aHaJM3HpPYeMOro 0J0Ba B pacTBop H
VCTpaHeHdst Meualouero BAHSHIS 0J0Ba Ha X0 ONpeaes]eHHus CAeI0B XKe-
Je3a, M3y4Yuau BJausHie pH pacrBopa Ha ONTHYECKYIO IVIOTHOCTHL PacTBO-
POB AHNHPHAHJIATHOTO KOMILIEKCA Keje3a, HPOBepPH/I GOJbUIOH NepedyeHk
SKCTPareHToB JJisi 3KCTPATHPOBaHUs OKpalleHHOro KOMILJIeKca, HCCAea0Ba-
Jau JelicTBHe psaia OydepHBIX cMeceil Aad noagep:anusg nyxuoro pH pa-
CTBOPA, H3YYMJU CHEKTPAJbHYIO XapaKTePHCTHKY KOMILIekca JKejae3a H
VCAOBHS  ero  (oroMeTpupoBaHust Ha  ¢GoToKoJ0opUMeTpe-HedesoMeTpe
®IK-H-57, nceseaorany BAHSIHUE OCHOBHBIX IPHMeECeH OJ0Ba BHICOKOI
YHCTOTBI Ha TOUHOCTbL OIlpefeseHHs] CJAeA0B xKede3a ¢ o,0'-AHIHPHAHAOM.

B pesyabrate nocaejoBaHMst YCTAHOBJENO, YTO HA CKOPOCTh PasJo-
JKeHHs HaBeCKH BJAMSIET TOJMIIMHA TIpo0bl aHanansupyeMoro ogoa. Haubo-
Jee CKOPO NPOUCXOANT pacTBOpPeHHe H Pa3JoXKeHHe HABECKH, CCJAH aHasH-
3UpyeMoe OJIOBO Tlepej B3siTHEM HABECKH [epPEeBeCTH B TOHKHE JHCTOYKH
toamuHo# B 0,1 — 0,2 mm u BecoMm 6auzxkum kK | 2. Pazpaboranbl ycjaoBHA
N0JyYeHus TAKHX JHCTOUYKCB 6e3 KaKHX-AH00 CAY4YaiHbIX 3arpsi3HCHIU.

VM3 MHOrnx peareHToB, onpo0oOBalHbIX HaM# /151 Pa3/iOKCHHS HaBec-
KH aHa/Ju3upyeMoro oJioBa, Jyulie pesviabtaTel gasa omech icoasnoir M
a30THOI kucaoT |:4. Paznoxenne aaurcs He Godbuie 5 munyt. Ha pasio-
Kenue | e ananusupyemoro osnoBa pacxoayercst 10—15 ma cmecn. Cwmecn
TOTOBHTCH H3 OUYHIUIEHHBIX TIePeroHKOll B KBAPLEBBIX NEpPeroHublx annapa-
Tax COJAHOH ¥ a30THOH KICJOT.

M3yuenne Bausinna pH pacTBopa na ONTHUECKYIO ILIOTHOCTb BOAHBIX
pPacTBOPOB KOMILIEKCa JABYXBAJIEHTHOTO Keje3a ¢ a,a'-ANIHDHIHJIOM NOKa-
-3a/10, 4TO onTUMAaJabHbeIM ABasgeTcs pH B npegenax 3-—4. Oxuaxo obpasyio-
HIHECS MPH PacJoXKEHHH HaBeCKH COAH  0/0Ba npH 37oM pH Bblaeasior
OOHMJIBHBIA GCa/l0K NPOAYKTOB THIAPOJH3a, [Aeqaalolliiil HEBO3MOKHBIM (DOTO-
METpPHpPOBaHHe KoMmJjekca xKesaesa. M3 pasanynbix BapuanTOB YCTpaHeHH:
MELIAIOUleTO BJAHSHHUS OJOBA JVYllHe pe3v/bTaTbl Aal0T CBH3bIBAHHE QJIOBA
B NPOYHBIH BHHHOKHCJ/BIH KOMIJIEKC IJIH IOJHOe Via/JdeHHe 0JioBa RYyTeM
pasioxedus: npobsl COAAHOH KHCIOTOH, OpPOMICTOBOIOPOJAHOR KHCJAOTOH M
GpOMOM M TPEeXKpaTHOTO BbllapHBAHHUA paCTBOPa C COJAHOH  KHCJIOTOH
npu temnepatype 80—90°C.

Hawy gadHbie o0 ChHeKTpasdbHOH XapaKTepHCTHKe KOMMJeKca Kesae3a
¢ a,o!-THNUPUIKHAOM Majgo 4YeM OTAHYAITCH OT MOCAE]HHX JHUTePAaTypHLIX
panubix. Jlydmne pesyabTathl (POTOMETPUPOBaHUS KOMIIEKCA Ha (CTOKO-
jdopumerpe-Hedenomerpe @IK-H-57 Mbl Noayduan npH  HCIOJb30OBAHUH
3eJeHoro cBeToHUAbTPAa ¢ MAaKCUMyMoM nponyckanus B 508 mp. B kaue-
CTBe 3KCTPAreHTOB JHIMPHAHAATHOTO KOMILIEKCA Kejie3a HaMu onpoboBa-
Hbl: GeH30J, HUTPOOEH30/, XJ0podopM, UeThIPEeXXJOPHCTbIH YriepoA, Kpe-
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301 1 GeH30/MbHO-Kpe30JbHble cMecH. Jlyuuieli oxasajach cMmech OeHsona
C MEeTa-kKpes3osioM. DTy CMech pelieHo 6bLIO MCNOJb30BATh NPH BH3YaJbHBIX
oTlpeleNeHUAX CcaeloB keqaesa B npefenax 10 - 5—10—69% wmerozom crau-
JapTHBIX CEepPHH.

K dHAJOTHYHCMY pelleHHIO psiid BONOPOCOB METOOHKH OIpeae/icHHA
MHUKPOKOJIHUECTB 2Keje3a ¢ «o,o!-TUNHPUAHAOM B JAPYFroM OObeKTe He3aBH-
cuMo ot Hac npuumau Jlunomng, CmupHoBa w Kyiaukos [6]. ABTopbnl mpen-
JIOXKHJAN JJ51 CBA3BIBAHIA CYPbMBl B NPOUYHBIH KOMIIJIEKT, BOCCTAHOBJEHHUSA
TPEXBAJEHTHOTO XKeJde3a A0 ABYXBAJCHTHOTO H NoAfepxanuss pH pacrso-
pa HCnosab30BATb OUHILEHHYIO OT CJCJOB »Kede3a CMeChb BHHHOI KHUC/JAOTHI,
cyabgHTa HATPHSA, XJAOPHUCTOrO HATPHs M rIL1para okucH HaTpus. Hawmn
ONBITHL NOKA3aJi, 4To 3Ta CMECb MOXKCT ObITb € YCIEXOM HCIOJb30BaHA
TakxkKe IIPH ONpeJeJCHHH JKejde3a B 0JOBe BLICOKOH uYHCTOTH. B Hamel
METO/Ke Mbl €& Ha3blBaeM KOMIUICKCYIOUleH BoccTanasauBaiouleii 6ydep-
HOH CMecChIo.

Hast mpurotoBaenus: 500 ma cMecH pacxoayercsi 7,5 & XJAOPHCTOro
narpus, 30 ¢ BunHON KHCAOTHI, 15 e cyabdura Hatpus u 10—11 2 TBepaOrO
rujipata OKucH Hatpua. OuHcTKa CMecH OT CJe/0B Keje3a OCYLIeCTBJs-
eTcsl  JBYXKpathoil o6paboTkoii ee 2% -HBIM pacTBOPOM «,a'-IHNHPHIHIL
C NOCJeAYIOHM yaajJenueM 00pasylollerocsi KOMIJEKca KeJe3za 3KCTPak-
el cMecblo Gensoaa ¢ Kpesoaom (1:1).

B pesyabTate mpoBeleHHBIX HCCAeAOBATENbCKHX paloT paspaboraHbi
2 BapHanTa BBICOKOUYBCTBHTE/JIbHOIH METOAHKH ONpeleseHHs CJeN0B KeJe-
3a B 0J0Be BBHICOKOH uHcTOTBL. [lo nepBomy BapuauTy HaBecKa OJOB:
B KBapIEBOM (CTAKAHYHKEe pACTBOPSAETCH B CMeCH COASIHON KHCJACTHI I
a30THOH KHCJIOTHI, PACTBOP BHINADHBAJCH MOA CYWMJIBHOH 3JEKTpOJaMuoil
Ha CTOJIMKE, MOKPBLITOM Te()IOHOM B sllMKe H3 OpPNCTeKAa TIpH TeMIlepa-
Type 80-—90°C, ocTaTtok o6pabaTeiBaeTcsi KOMIJIEKCYIOWell BOCCTaHaBJIH-
Bafouleii Oygepnol cmecnio, kKoropoit pH pactsopa posoauTes go 3,5, 10-
GaBaserca 2 ma 2%-HOro pactBopa a,q'-AHNUPHAHAA, OOLEM pactBopa
JAOBOJHUTCA. OHAHCTHAAATOM B MepHOil koa10e g0 25 umau po 50 ma u nocae
OJHOrO 4Yaca CTOSIHHS H3MCPSIOT ONTHUECKYIO IJIOTHOCTB pacTBopa Ha (o-
TOKoJMopuMetpe-Hedenomerpe PIK-H-57 B 50 mum KioBeTax npu 3edeHOM
CBeTOQHIBTPE ¢ MaKCHMyMOM nponyckauust B 508 myu. PactBopom cpasue-
HUAS CAVKUT OHAHCTHIIAT.

AHaJIOTHYHO TOTOBHTCS XO/0cTast mpoba, B KOTOPYI0 A0GaBISIOTCH BCC
T€ K€ PEeaKTHBBI I B TAKOH XK€ TNOCJAEL0BATEJIBbHOCTH, TOJIbKO 6€3 HaBeCKH
ojioBa. HMcTHHHYIO ONTHUeCKYI0 MJOTHOCTH HAaXOAAT, OTHHMAas oOT -OlITHYe-
CKOH IIOTHOCTH IIPOGHI OJIOBA BBICOKOH YHCTOTHI ONTHYECKYIO [JIOTHOCTb
XonocToil npobet. Jlas nocTpoenus kaaHGPOBOMHOTO rpaduka HCIIOJB3Y-
CTCs CTanAapTHbIH pPacTBOp kKeJe3a U3 YHCTOH KeJe3HOH NPOBOJOKH,
PacTBOPEHHOH B COJSHOIl KHCJIOTE,

[Ipu conepxannn xenesa B aHaI3HPycMOM OJIOBe B npejenax Aecd-
THIX AOJIeH MKe (JeXKAallUX Ha T1Oopore UYBCTBHTEJNBHOCTH MeTOfa npit
oTOMETpHUECKOM OKOHUAHHH) B KaueCTBE pACTBOPA CPABHEHHS HCHOJIb-
3yeTcsa XoJdJocras npoba, K KoTopoil nobGasiasercst 10 mxe xesmesa. I1o H3-
MEpeHHOH TaKHM NyTeM ONTHYECKOll NJIOTHOCTH HAXOAAT HA KaJHGDPOBOY-
HOM rpaQuke, nOCTPOCHHOM NO  aHAJOTHYHOH MEeTOAMKE, COofepIKaHHe
JKeseza B aHaJu3upyemonn npoGe oJioBa.

ITpu coaepxkanuu Xenesa B npefenax 210~ 75— 1-10- 6, (hOTOKO10-
PUMETPHYECKOe OKOHYaHHe 3aMEHAKIT BH3YAJbHLIM OKOHYAHHEM METOAOM
CTaHAApPTHBIX CepHil 1loCae 3KCTPAarHPOBAHUS AMNUPHAMIATHOLO KOMILIEKCa
Kejesa 1 ma cMmecu 6eH30/a ¢ Kpe3ooM.

Bropoii BapuanT MeTOMMKH OTIMYAETCA OT MePBOTC TEM, YTO OCHOBHASI
Macca ojJoBa yIaJseTCs B BHJIe XJOPHOTO osioBa. Ilo s3ToMy Bapuauty Ha-
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BecKa 0J/10Ba B KBAPLEBOM cTaKanuuke ofpabaTbiBaercs 2,5 MA COJNAHOH
KHCJIOTBL, 2,5 M4 OPOMHCTOBOAOPOJHONH KHCJOTH H NPH OXJAXKAECHHH IIO
Kanasam 1,5 ma 6poma. PacTBop BBIMapuBaeTcs 10 4YyThb BJAAXKHOTO OCTAT-
Ka, ABaxAbl AobGasasercd no 0,5 ma consiHolt KUCJAOTH M 06a pasa eblia-
puBaetcs gocyxa. Cyxoii ocratok ob6padarsiBaercs 0,5 MA COMAHON KHCJIO-
Thl, Jo6aBaserca 10 ma kKoMmjekcymoiled BoceTaHaBAHBawIiell GydepHOi
CMeCH, pacTBOp HarpeBaeTcs W KHUOATHTCH 3—4 MHHYTH, J06aBaseTrc
2 ma 2%-noro pactsopa o.o'-ANNUPUAHIA, TIEPEMELIHBACTCA W BBIACPIKHU-

Taoaumal
Hposep}(a TOYHOCTH oONnpejleTeHHA XKeJje3a 1o nepsomy Bapuamy METOAHKH

Bsato Fe, wxe Haiineno Fe, ke A6comon;z:cﬂz omubKa, OTHOCHTGJII;Z&H omuoKa,
2,00 2,05 +-0,05 +2,5
2,00 1,92 —0,08 —4,0
3,00 2,90 —0,10 -3,3
3,00 3,16 +0,16 - -}5,3
3,00 3,12 +0,12 +4,0
5,00 5,00 0,00 0,0
5,00 4,85 —0,15 —-3,0

Tadanuna 2

PEBYJIbTaTbl napanajelbHbuIX onpeaeneﬂuﬁ }Kejleza B OJIOBE BLICOKOH YUCTOTbI

Ne o o Cpennee snavenue, [OTkaOHeHHe 0T cpes-
npob Hajineno Fe, % % Hero, %
2,25.1071 —-3,8
2,50.10~% +6,8
31 2,20.10~% ©2,34,10~* —6,0
2,38.10~* ‘ +1,6
©2,30.10* —1,6
1,32.107* —3,6
1,40.10~*
30 1,37.10~4 +2,2
1,36.107% —0,7
1,48.10 40,8

Tadbanpa 3

HponepKa TOUYHOCTH ONPEJECACHHA Keqae3a o BTOPOMY BAPHAHTY METOAUKH

Banto Fe, miz Haiineno Fe, k2 Adco.rnoTt[;lfz omubxa, OTHOC];I{;?JI(;}H&H OILIHO-
2,00 2,25 -+0,25 +12,5
2,00 2,30 +0,30 +15,0
2,00 1,95 —0,05 — 2,5
2,00 2,10 10,10 + 5,0
2,00 2,00 0,00 0,0
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Tatbaunua 4

ﬂpoaepKa TOYHOCTH BTOPOro BapHaHTA METOHMKH METOA0M }1062{80!(

Ne Hapecka ogosa,jJo6asneno Fe, | Haitneno Fe, Conepmanne Fe B oaose
npooGst 2 MK MK A2 | 0%

| 0,9972 — ; 0,975 0,975 f 9,75-107"

0,9909 2 2.7 0,75 7,5-107°

28 ‘ 1,0032 2 \ 2,95 0,95 . 1 9,5-107°

0,9992 2 2,90 0,9 | 9,0-1077

0,9977 2 2,75 | 0,75 L 7,5.107°

i i

paercs 1 uvac. 3ateM pacTBOp JAOBOIAAT J0 25 mMA B wMepHoi Koabe U PoTo-
METPUPYIOT HJIH 3KCTParupyloT | ma cMecn Gem3oja ¢ KpPe3oJOM H CpaB-
HHBAIOT €O CTaHAAPTHOH IIKaJA0i TaK ke, KaK ¥ B MepBOM Bapuaurte
METOIHKH.

Ilo BTOpOMY BapHanTy METOAIKH CTAHAapTH3HPYeTCs II 3UHAYHTEIbHO
COKpallaeTcsl Pacxoj] KOMILIeKCYIOUeH BoccraHaBjauBatouleil  6ydepHoI
cmecu. Ha kaxkioe onpeigesnenne xenesza pacxoayerca adib no 10 az cme-
ci. Ilo nepsomy Bapuanty pacxox cMmecH Ha joBedennie pH pacrsopa
10 3,5 CHaAbHO KoaeBGJaCTCs H B OTACJABLHBIX  ONpeaeneHusix IOXOAHT 19
50 ma u Gonee.

B ta6a. | u 2 npuBesena uwacTb JalHBIX, NOJYYEHIIBIX HaMH IIPH TPO-
BepKe TOUHOCTII M BOCTPOH3BOAUMOCTH ONPeAeJEHHsl CAeJOB Ke/jesa Mo
NCpBOI MeToAMKe, B Tabj. 3 U 4 — 10 BTOPOIl MeTOAHKE.

BoiBO bl

PaszpaGoraH BBICOKOUYBCTBHTEJBHBII METOA ONPCAEJCHIS  CJIej0B
¥eje3a B OJOBE BBICOKOM UHCTOTBL. UyBCTBHTeABLHOCTH MeToAa npi (orto-
KoJlopuMeTpudeckom oxondannu 2°10 2%, npu OKOHYAHMI METOAOM CTall-
AapTHBIX CEepHIl MOCAe 3KCTPAKUHM KOMILIEKCA CMeChIo GeH3oJa ¢ Kpeso-
gom 1-10~ 99, TTpogosmxuTebHOCTh olipededcHus 3—4 vaca. Ownubxa ue
npesblinaet 10—12% oTHOCHTEAbIILIX.
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