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MAPTAHIIEBBIX ®EPPOCIIJIABOB

Anomayia. BukxorHano aHaai3 cy4yacHozo 6upobHUYMEA DPAPIHOBAHUX MAPZAHYEEUX
gepocnaasié i OCHOBHUX HANPAMKIE (1020 600cKOHAJNeHHs. IIoKas3aHo, WO OCHOBHA
menOeHyis po3sumKy 0AH020 HANPAMKY 0A3YEMbCS HA BNPOBAOHCCHHI MEeXHONLOZIYHUX
cxeMm pAQiny6arHs po3naaéié npodyéanHAM 6 KOoHEepmepax ab6o mpaduyillHumu
Memodamu ix 3MIUWYBAHHA 3 OKCUOHUMU po3naasamu i ix iHMeHcu@irkauii wWaaxom
30inbUleHHA NAOWI KOHMAKMY Deazylouux KOMNOHeHMi6 34 DAXYHOK IHMEeHCUBHO020 iX
nepemiuly8antns abo npodysxku iHepmHumu z2a3amu. IIpusedena mexwnHoNL0ZiUHA cXxeMa,
001a0HAHHA, (1020 xapakmepucmuku (nocmaianvHuk - komnauia Sinosteel JEMECO
(KHP) O0na 3a800y 3 6upoOHUUMBA Memane6oz0 MaAPzaHYi0 CUAIKOMepMIitHUM
cnocooom.

Knrmouoei crosa: mapzaneudb memanesuil, npoekm, paQinyeanHs, MexXHOA02iYHA cXeMda,
napamempu neyi, pymepierxa, moroniosio, exonozis

Annomayusn. Bbinoanen aHAIU3 COBPEMEHHO020 NPOU3E00CMEa PAGUHUPOBAHHBLX
MaApearyesulx Geppocnaaso8 U OCHOBHbLX HANPAGJAEHUl €20 CO06epULeHCMEOBAHUS.
IToxasano, umo ocHo8HaA MmerHOeHUUSA pa3sumus 0AHHO020 HANPAELeHUs ba3upyemcs Ha
6HEOPEeHUU  MEeXHOLOZUYeCKUX CcXeM DAPUHUDOBAHUS DPACNAAB08 npodysKoil 6
KOHBepmepax uUJAU MPAOUUUOHHLIMU MemodamMu UX CMeWUBAHUSL C OKCUOHBbLMU
pacnaaéamu U UX UHMEHCUPUKAUUU nymem YyBeludeHus naou,adu KoHmaxkma
peazupyrouwux KOMNOHEHMO8 34 CcYyem UHMEHCUBHOZ0 UX nepemewlusanus Jaubo
npodysxu uHepmublMU zazamu. IIpusedenHa mexHoaOzudecKas cxema, 060pydosarue u
ez0 xapaxmepucmuk (nocmaswux — komnanus Sinosteel JEMECO (KHP) O0asa
3a600a no npou3godcmey Memaaiuieckozo Mapzanya CULUKOMEPMULECKUM CTLOCOOOM.

Kniwouesvie cnoea:  mapzaney — memaaaudeckuil,  npoekm,  pa@uHuposauue,
MexXHONL0ZUYeCKAS CXeMa, NApamMempsl. nevu, Pymeposka, moronodsod, IK0N02US.

Annotation. The analysis of modern production of refined manganese ferroalloys and
the basic directions of its perfection is carried out. It is shown that the main trend of
development of this direction is based on the introduction of technological schemes for
refining melts by purging in converters or by traditional methods of mixing them with
oxide melts and their intensification by increasing the area of contact of reacting
components due to their intensive mixing or purging with inert gases. The
technological scheme, the equipment of its characteristics (the supplier - the company
Sinosteel JEMECO (China)), for the plant for the production of metallic manganese
by the silicothermic method is given.

Key words: manganese metal, project, refining, technological scheme, furnace
parameters, lining, current lead, ecology.

HecmoTpsa Ha To, 4TO B HACTOsINEe BPEMS PA3BUTHE MUPOBON 3KOHOMUKH
OPUEHTHUPOBAHO Ha pa3paboOTKy U BHeAPEHHE COBPEMEHHBIX TEXHOJOTUIA
IIOJIyUeHUsI HOBBIX MaTepwmajJoB Ha 0ase HaHouactul, IT-TtexHoJormii,
TEeXHOJIOTHUU 3d-mpunTep, 9JEKTPOMOOMIECTPOCHUE, BO300HOBJIEHHBIE
SKOJIOTMUYECKU 0e30mMacHble MCTOUYHUKU 9SHEPrUH, CO3JaHle WHPPaACTPYKTYPHI
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HOBBIIIIEHHONW KOMMPOPTHOCTH M CKOPOCTeH U T.O.€ MeTaJLIypruuecKas
IpOAYKIIUA W B  JaJbHeHIed  MepclieKTHBe  OCTAaHeTCS  OCHOBHBIM
KOHCTPYKIIMOHHBIM MATEPHAJIOM Pa3BUTUS ITUBUIN3AIINN.

Tak, ¢ Hauajma 3-TO ThICAUYEJETHUS TOJAOBOH 00HEM MHPOBOTO IPOM3BOIACTBA
cranu yBenuuuica ¢ 850 go 1670 muaH.T u, IO HAIIeMy MHEHHIO, Uepes TaKoii
JKe IIepuoJ BpeMeHU JOCTUTHEeT 2 MJIPJI.T.

B macrosiiee BpeMs, B CBA3UM MUPOBBIM SKOHOMUYECKUM KPHU3UCOM, TE€MIIbI
pocTa IIPOMBBOJACTBA CTAJM HECKOJbKO CHUBUJNCH, OJHAKO O00BEM BEIILIABKU
CIIeIMaJIbHLIX MapoK CTajiell M CILJIaBOB BO3PACTaeT, COOTBETCTBEHHO BO3pacTaeT
00'beM IPOMBBOACTBA pPapUHUPOBAHHBIX MapOK MapraHIeBBIX (heppociiaBoB [1],
3aHUMAIONINX BeIYIIYIO IIO3UIINIO B 00II[eM 00hbeM MPOM3BOACTBa (hepPPOCILIABOB.

B mocnemame rogbl Ha MUPOBOM PBHIHOK IIOCTAaBJIAETCA 0OJBIIIOE KOJUUECTBO
(cBbIlile 1 MJIH.T) 3JIEKTPOJUTUYECKOTO METAJJIMUECKOTO MapramHiia, OCHOBHON
o0beM Kotoporo mpousBomutrca B KHP (97,5%), a ocransuoe B CIITA. OgHako,
cIpoc Ha padUHMPOBAHHBIE MapraHIleBhIe CIIJIaBLI — METAJLIMYECKUI Mapramelr,
cpenHe- U HUBKOYTJIEPOAUCTBIN (hbeppoMapraHell, IMPOU3BOAUMEIE B 9JIEKTPOIIeYaX
CUJIMKOTEPMHUUYECKHM CIIOCOOOM HE CHUYKAeTCsd.

Kadenmpoit  saexTpomerannypruu  HammoHaabHOW  MeTaJLIyprAYecKOmn
akagzeMuu = YKpawHBI, MMEIOIIUA  OOJbIIOM OHmBIT B  pa3pabdoTKe U
COBEPIITEHCTBOBAHUY TEeXHOJOTUUECKUX CXEM IIPOM3BOJCTBA pPa(UHUPOBAHHBIX
cILIaBOB [2-5] u ee CTPYKTypHBIM moapasaenenumeMm — HIIP «TexHOCTIIIABEI» )
paspaborarno TexHosoruueckoe 3amanue (TJI3) m TEeXHMKO-3KOHOMHUECKOE
o6ocHoBaHue (TOO) cTpouTesbCTBA 3IEKTPOMETALIYPIAYECKOr0 KOMILIEKCA IJIS
IIPOU3BOJACTBA MeTaJLJINUYeCcCKOro Maprania B oobeme 33 ThIc.T [6].

B 1mpoekTe wucnmosb3oBaHa TEeXHOJOTHA IIPOUB3BOJCTBA, CYIIECTBEHHO
oTJIMYammasacA OT OOIenNpPUHATON u AelicTBymomeir B Kurae, YKpauHe m Apyrux
cTpaHaxX.

JlanHasg TexHOJIOTMA OCHOBaHAa Ha TPeXCTAAUNHON cxeMe IIPOM3BOJCTBA
MeTaJIImYecKoro maprasiia (puc. 1).

OcHOBHOM 3aJaueil MepBOl CTAaAWM IMIPOM3BOACTBA SABJSAETCS IIOJyUYeHUe
BBICOKOKAUECTBEHHOT'O IIEePENIeJIbHOTO MapraHIiieBoro IIJIaKa C MUHUMAJbHBIM
comep:kaHuem Gochopa U Keae3a, KOTOpPOe MOCTUTaeTcAd 3a CUET UX IIOJIHOTO
BOCCTAHOBJICHUS II0 PEAKITUSIM:

3FeO + 4C = FesC + 3CO; AG) =464101-459T, I /mMoub,

2/10 P205 + 2C = 2/5 Py + 2CO; AG? =416300-381,5T, Isx/Moub,
a TaKJKe IIOJIyYeHHe IIOIIYTHOT'O MeTaJjlja, SIBJSIOIEerocs TOBAPHOI NPOAYKIIUeH
u comepsxkamuii ceiime 50% Mn, KOTOpBIii ImapaJijiejibHO BOCCTAaHABJIMBAETCS B
IIpoiiecce PyJOBOCCTAHOBUTEJIBHON IIJIABKU B 3JEKTPOIIEYM II0 PEAKI[UH:

MnO + (1 + x)C = MnC; + CO; AGOT =196293—-123,0T, Ix&/MOJb.

TeopeTnueckasa TemMmepaTypa Hauajia BOCCTaHOBJeHUsA okcuaoB Fe, P u Mn
cocraBager 738°C, 820°C u 1324°C cooTBEeTCTBEHHO.

IlepByro craguio TIPOM3BOJCTBA  IIPEAYCMOTPEHO  OCYINEeCTBJSATL B

pyaoBocCTaHOBUTENABHOI  saeKTpoumeun Tuna PKO-15. XapaKTepucTuku
OCHOBHBIX TeXHHNYECKHX IMOKasaTeJieil mpuBeaeHbl B Tabuuie 1.

X) COBMeCTHO ¢ paspafoTUMKOM M IIOCTABLIMKOM KOMILIEKCA SJI€KTPOTEPMUUECKOr0 0BOPYAOBAHMS
KuTaiickoi xomnauueii Sinosteel JEMECO.
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| CTALINA

Beinnaska NOMYTHOTO METANNA H NEPEAENLHOTG
WAaKa HenpepbiBHbLIM NPOLECCOM B
pyAoBoccTakoBKTeAbHOMH neun PKO-15

Mapranueean  YenepoaucTein CTAIUA

BOCCTAHOBUTEND Bbinnaska mapranya
BneKTpon HepadUHUpOBaHHOTO
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Ha BroOpo#t craguum mIpPegyCMOTPEHO, WCHOJb3YA BBICOKOKAYECTBEHHBIN
repeaebHbIH 6ecdhochopucToIit u 0e3°KeJIe3UCThIN IIaK
YTJIEPOIOBOCCTAHOBUTENBHLIM MPOIIECCOM B PYAOBOCCTAHOBUTEJILHOM I€UM THUIIA
PKO-15, ITPOUB3BOAUTH HepapMHUPOBAHHBINA HU3K0(hochopUuCThIit,
HUBKOYTJIEPOAUCTBIA M BbhICOKOKpeMHHUCTHIH (30-32% Si) cmimaB, KOTOPBIH
mpegycMaTpuBaeTca pa@uUHHMPOBATHL HA TPEThEd 3aKJIOUUTEJIbHON CTaIuu.
Oco0eHHOCTBHIO ATOM CTaAMM SABJIAETCSA MCIIOJb30BaHMe (hJIfoca M BOCCTAHOBUTEJIIS
C MHUHUMAaJBHBIM coAep:KaHueM ¢(ocopa u Kejgesa, OCHOBHBIX BpPEIHBIX
IIpuMeceil MapraHila MeTaJIInUYecKoro.

ITonyuenue MapraHiia MeTaJJInYeCcKOro OCYIIeCTBIAETCA B
paUHUPOBOYHOM 3JEKTPOIEUYN C YCTAHOBJIEHHOI MOIIHOCTBHIO TpaHchopMaTopa
5 MB-A (Ttabauma 2).

OcHoBHBIe TexHUUYecKme xapakrTepuctuku mneueir PKO-15 u PKO-5
IIpuBeneHbl B Tadbaumnax 1, 2.

Ta6aumna 1
XaparTepuctuku mneueir PKO-15 MB-A
HaumenoBanue mapamMeTpoB Epurnna Bennunna
N3MepeHnus
1. MomuocTs neun MB-A 15
2. Tum s71eKTPOomOB CamocIieKaroImecs
3. KosmuecTBO 5J1€KTPOJOB IIIT 3
4. IuameTp dJa€KTPOIA MM 1100
5. Xopm saexTposa pabounit MM 1200
6. X0z 9JIeKTPOAA TIOJHBIN MM 1500
7. CKOpOCTh mepeMeIanusa 3JIeKTpoaa M/MUH 0,2-0,7
8. IuameTrp pacmaza SJIEeKTPOIOB MM 2800
9. lmaMeTp BaHHBI IE€UYU MM 6100
10. I'nyOuma BaHHBI MM 2750
11. [luameTp KOKyxa BaHHBI MM 8600
12. BricoTa KOXKyXa BaHHBI MM 4750
13. KoauuecTBO JIETOK T 1
14. BricoTa ocu JIeTKM HaJ HOSUHOI MM 100
15. JuameTrp 30HTaA B rabapurax KomKyxa BaHHBI
16. Bricora 3ouTa (He 60iee) MM 2000
17. KonuuecTBO MEeUYHBIX OYHKEPOB 1T 12
18. KoauuecTBO TpyOOTEUEK HA 30HTE T 10
19. [TuameTp IeHTPAJbLHONE TPYOOTEUKM MM 530 x 16
20. InameTp cpegHUX TPyOOTEUEK MM 426 x 16
21. NuameTtp nepudepuiiHBIX TPyOOTEUEK MM 426 x 16
22. KonuecTBO Ta300TBOJAHBIX TATPYOKOB 1T 2
23. YcraHoBJaeHHAsA MOITHOCTh TpaHcopmaTopa | KBA 5000 x 3 T
24, IlepBuuHoe HampsAKeHMe TpaHchopmaropa | KB 110
25 BropuuHoe Hamps:keHue Tpancopmaropa | B 115 - 193 (19 ct.)
26. MakcuMabHBIN padOUMil TOK B 9JIeKTpose | A 63680
27. HoMmuHaIbHAS YACTOTa TOKA I'n, 50
28. Hamps:xeHue olmepaTUBHBIX Iemneit B 220/380
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Taoauma 2
Xapakrepuctuku neueit PKO-5 MB-A
HaumeHoBaHUe mapaMeTpoB Enununa Beanuuna
M3MepPeHUs
1. MorHOCTS TIEUN MB-A 5
2. Tum smeKTpOmOB rpaduTUpoOBaHHLIE
3. KoamuecTBO 5/I€KTPOIOB IIT 3
4. MuameTp dJIEKTPOIa MM 400
5. Xom saexTposa MM 2350
6. CKOpOCTh IIepeMelleHNs dJIeKTPoAa 2 perKuMa:
«MeIJIEHHO» MM/CeK 3-6
«OBICTPO» MM /CeK 30
7. lnameTp pacmaga sJIEKTPOIOB MM 1250
8. lmameTp BaHHBI IeUU MM 3100
9. 'myOuHa BaHHBI MM 1490
10. IuameTp KOKyxa BaHHBI MM 5000
11. BricoTa KOKyXa BaHHBI MM 2670
12. KonuuecTBO JIETOK T 1
13. KoauuecTBO MEUHBLIX OYHKEPOB IT 5
14. YcramoBIeHHAS MOIITHOCTE Tpexdasuoro Tpaucoparopa | KBA 5000
15. IlepBuunoe HampsKeHMNe TpaHcopMaTopa kB 6
16. BropuuHoe Hampsi:KeHMe TpamchopMaTopa B 202 — 322 (7cr.)
17. HoMmuuanbHasg 4acToTa TOKa I'o 50
18. HanpsakeHue omepaTUBHLIX Iemei B 220/380

IIporecc padUHUPOBAHUS OCYIIECTBISETCS 34 CUeT OKMCIeHUS KPeMHUS
Mapranma Hepad®UHHPOBAHHOI'O OKCHAOM MAapraHIla, COJep:Kallerocs B
CHUJIMKATaX MapraHia, IepeeJbHOT0 MAapraHIeBOro IIIaKa II0 PeaKIin:

(2MnO-Si0,) + [Si] + 4Ca0 = 2[Mn] + 2(2Ca0-Si0,)

AG) =-32018 +141,78T, I /Mo0mb

HositectBoM (GUHUMIHON CTaguy IMOJYUYEHUS MapraHila MeTaJIAYecKOTo
AJIEKTPOTEPMUYECKUM CIIOCOOOM SABJAETCI TO, YTO B JAaHHOM IIPOEKTe
IIPeJ[yCMOTPEHO OCYIIECTBJSATh €ro MeTOJOM CMeIIWBAaHUA J[ABYX pAacILIaBOB,
yIeJbHBIII BeC KOTOPBHIX 3HAUUTENbHO pasiandaercs. C Iesbi0 MHTeHCUPUKAIIUHU
M TIOJHOTHI IIPOTEKaHWs IIpollecca pPa@UHUPOBAHUS ¥ WU3BJIEUEHUS BEIYIIETO
aJieMeHTa B KOHEUHYIO IIPOAYKIIMIO HEeOO0XOAUMO VBeJHWUYeHHe I[IOBEePXHOCTHU
KOHTAKTa peareHToB, UYTO JOCTUraeTcA 3a CUeT OCHAIlleHUA padUHUPOBOUHOMN
neun o0opyIoBaHUEM, obecIIeuynBaOINIM NHTEHCHBHOE o0beMHOe
repeMeIBaHe MapraHila HepaUHUPOBAHHOTO U IIIJaKa MepefebHOTO B ABYX
IIJIOCKOCTSIX. IIPOTHOBHO 9TO IO3BOJIUT MOBBICUTH CKBO3HOE WU3BJIEUEHUE
maprasnma Ha 10-15%.

OpHoit m3 mpobJsieM, CHHUMKAIOIUX 9(DOEKTUBHOCTH 3JIEKTPOTEPMUYECKOTO
IIPOM3BOJACTBA MapraHila MeTaJJINUeCKoro, sABJSEeTCa HU3Kasd CTOUKOCTh
dyTepoBKU paduHUPOBOUHBIX meueil. Kuraiickaa xomnanusa Sinosteel JEMECO
nmpeaycMatTpuBaerT (yTepoBaTh PaUHHUPOBOUHLIE I[e€UYM HAOMBHOI MAaccoil u
rapaHTHPYIOT IIOBBIIIIEHNE ee CTOKocTH B 2-2,5 pasa.
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Hna obecrieueHUA KOJOTUYECKON 0e30MMACHOCTH M OXPAHBI OKpPYIKaloliei
cpenbl, IPOEKTOM TIpeayCcMaTPUBAETCs:

- CTPOUTEJHCTBO OOOPOTHOTO IMKJIAa BOLOCHAOKEHM;

- ToJIHasA TIepepaboOTKa ¥ YTUAMB3AIUS OTBAJBHOTO IIIJIaKa MapraHiia
HepaUHUPOBAHHOTO U PaGUHUPOBOYHOIO IIIJIaKa B TOBAPHYIO IMIPOAYKIIUIO;

- cyxas Trad004YUCTKa, obecmeunBaloniasi yJaaBJIMBaHUE ILIJIEra30BOM cMecHu
Ha BCeX IPOMB3BOJACTBEHHBIX yYaCTKaX CO CTemeHblo ee ouncTKu 99,9%.

Kommanus  Sinosteel JEMECO, mocTaBIIUK  5J€KTPOTEPMUUYECKOTO
000pyIOBaHUA,  ABJAETCA  OAHUM U3  KPYOHEHIIUX  MOTPOU3BOJUTEJIEH
PYAHOTEPMUYECKUX TIeuel, MeYHBIX TPaHcGHOPMATOPOB C TJIYOOKMM BBOJOM U
HaIpsa’KeHrueM BBLICOKOH cTopoHBI oT 35 mo 220 kB, cucreM aBTOMaTH3aIluu U
kKoHTpoJsiss [6]. IIpomsBomcTBeHHBIE MOITHOCTA KOMIIAHUM HAXOAATCSI B T.
I[I3unuHL Ha ceBepo-BoCTOKe Kuras, KOTOpblie COCTOAT M3 4 KOMILIEKCOB:
MAaIIXHOCTPOUTEIbHBIN,

TpanchopMaTOPOCTPOUTENbHBIN,
IIPOM3BOACTBO METAJIOKOHCTPYKIIUIA,
IIPOM3BOACTBO CHCTEM aBTOMATH3AIIUU U BJIEKTPUUECKOTO KOHTPOJIS.

HawmbGosnee  opurmHaibHOW  ABJAETCS  CHCTeMa  KOMOMHUPOBAHHOTO
IIPOM3BOACTBA C YCTPOMCTBOM IIEepelrycKa 9JIEKTPoaoB. KEe TexHMUYecKue
IIPEMYIIIECTBA B CJIEAYIOIITEM:

1. IIpocTtad CTPYKTypa TOKOBEAYIIIMX KOHTAKTHBIX JJIEMEHTOB 3aMeHU’Ja
rPOMO3IKMe KOHTAKTHBIE IIIeKHU.

2. KoHTakTHBIE  BJIEMEHTHI  IIPUMEHSIOTCA  HA  CaMOCIEeKaIoIuXCs
3JIEKTPOJAX Pas3JNUYHBIX AUAMETPOB 3a CUeT M3MEHEHUs KOJMYeCTBA 3JIeMEHTOB.
KoHCcTpyKnmss yHUBepcaJbHa, UYTO NPUBOAUT K CHUXKEHUIO KOJIMYeCTBa
KOMILJIEKTYIOIIUX 3aIllacHBIX YacTem.

3. OGoJsiouKa 3JE€KTpojga He 3a)kaTa B KOHTAKTHBIE IeKW — OTCYTCTBYIOT
mpob6aeMbl ¢ qedopMaleil 1 3agupaMu KOKyXa.

4. B mpomecce paboThl TaKasd KOHCTPYKIIMSI TOKOIIOABOJA IIO3BOJISIET
CHUBUTL TEIIOIEPEeIa] 3JEeKTpPoJa U PeryJupoBaTh YPOBEHb CIIEKAHUSA
BJIEKTPOA.

5. Takol TOKOHOABOJ CHHKAET KOJHUYECTBO AaBAapPUMHBIX CHUTyalluil u

OTTapoB 3JIEKTPO/IOB.

Biaromapsa HOBOII KOHCTPYKIIMHM peOpa KOMKyXa 3JIeKTPoja, IIPOXOXKIeHUe
TOKa II0 3JeKTpoay OoJiee cOalaHCUPOBAHO, CIIOCOOCTBYET YCKOPEHUIO CIIEKAHUSA
JieKTpoma wm  wm30eraHWI BO3HUKHOBeHUA aBapuit. KoMOmMHMpPOBaHHBIN
TOKOIIOABOJ HaJleXKeH B 9KCILIyaTalluu.

Cucrema aBToMaTuku u yuapasiaeHus PTII obecmeumBaeT 06e30IacCHOCTh U
HAJEKHOCTh  IIPOM3BOJACTBEHHOI'O  IIpollecca U IO3BOJSAET  IMOBBICUTH
IIPOU3BOAUTENBHOCTb, CHU3UTH  PACXOJ  JJIEKTPOSHEPTUUM U  IMOBBICUTH
3@ (peKTUBHOCTL PAbOThI 000PYIOBAHUS.

IlpuMmensagemMasa cucTeMa MOKPOM M CYXOHM OYMCTKM IIBLJIETa30BOII CMECHU
obecrieuBaeT BHICOKYIO CTeleHb OUuUCTKHU ra30oB (99,9% ) u yruamusanuio mbljiei.
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BriBoabI

PaspaboranHada m 3ajio’KeHHad B IIPOEKT COBPEMEHHasd TeXHOJIOTHUecKas
cxeMa IPOMB3BOJICTBA MapTraHIla METAJJINYECKOTO0 CUJINKOTEPMHUUYECKUM CIIOCOO0OM
C HCIIOJb30BAHMEM HOBEHIIIEro 3JIEKTPOTEPMHUYECKOTO 000pPYZOBaHUSI KUTANCKON
komnanuu Sinosteel JEMECO 1m03BOIMT IOBBICUTH CKBO3HOE W3BJIEUEHUE
Mmapranna B cmaaB Ha 10-15%, B 2-2,5 pasa yBeJIWYUTb CPOK CJIYKOBI
pPaduMHUPOBOUYHON IIeUuM, O0ECIeUYMTh YTHUIM3AIINMI0 BTOPUYHLIX MATEPUAJIOB U
PEINTh BOIIPOCHI OXPaHbl OKPYIKAIOIeil cpeabl.
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