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B BormanoBudckoM OAO «Orseynopsl» CO3[daH y4acTOK II0 MPOXU3BOACTBY BBICOKOMAarHe3uajibHBIX U aJlloMOCO-

nepxkaimux (Gaocos. PacCCMOTPEH MeXaHW3M HX BIIHSAH

MUYECKUX BKJIIOYEHUH.

HA Ha HECYHBQ)YDB.HHIO MeTaJl/la U KOJIn4eCTBO HeMeTall-

KnoueBble CJIOBa: 8bICOKOMdAzHe3ud/ibHble U anromocooepacaw,ue parcyl, waakoobpasosaHue, oe-
cyabypayus Memannd, CpoK sKkcnayamayuu mensoebsix azpea2amos.

B HaCTOsIIee BpeMs IIPU COBPEMEHHOM Criocobe

IPOM3BOMICTBA CTAJIX MeTaJlJlypram 3a4acTyio
HeoOXOMMMO pellaTh 3afayH, 1eJId KOTOPHIX JIeXkaT
B O[IHOM IJIOCKOCTH, @ pelleHus 10 CBOeU CyTH IPO-
THBOpEYaT APYT APYry. C ONHOM CTOPOHBL, O0NIBIIOE
BHUMaHHE yaenseTcs NIOCTOSTHHOMY HapallliBaHUIO
00beMOB NIPOM3BOAUMOM CTAJIbHOM NMPOAYKIHH, & C
IPYToil CTOPOHEI, CYIIecTByeT He0OX0IUMOCTh BEI-
ITOJIHEHMS YCJI0BUY 10 CO3[IaHUIO MeTaJlJIONpoKaTa,
OTBEYaoIIero XecTKMM TpeDOBaHUSIM MeXIYyHa-
POAHEIX CTaHIApTOB 10 Ka4yeCTBEHHBIM MOKa3aTe-
JISIM CTaJllu.

VBenuuenue 00BHEMOB IIPOU3BOJACTBA HAIP-
MYIO CBSI3aHO C IIOBLIIIEHHUEM NIPOU3BOAUTEIHLHOCTH
TEIJIOBHIX arperatoB B OCHOBHOM 3a CYe€T MaKCH-
MaJIbHOM MHTeHCU(pHUKAI[UU BCEX CTalIelIaBUIbHBIX
MpOLIECCOB My TEM MCII0JIb30BaHU A KOMIITIEKCA MOII-
HBIX TEXHOJIOTUYECKHUX BO3[EUCTBUH, OCHOBHBIM U3
KOTOPHIX SIBJISIETCS MHTEHCUBHAs NIPOJyBKa KHCIIO-
ponoM. Hen3beKHEIM CJIEICTBHEM TAKOro MOAXoAa
qBJISETCS He TONbKO oOpa3oBaHue arpeCcCUBHOTO II0
OTHOIIEHHUIO K GyTepoBKe IjlaKa CO 3HaYUTEIbHBIM
KOJIMYEeCTBOM OKCHOOB XKejie3a, HO W IIOJIy4eHHE
MeTaJsljla MOBBIIIEHHOM OKUCJIEHHOCTH, 4YTO B KO-
HEeYyHOM CYeTe OTpaxKaeTcCs Ha UTOrOBOM Ka4deCTBE
CTaJIbHOM 3ar0TOBKH.

[ToMEMO BONPOCOB IIOBHIIIEHUS IIPOU3BOAHU-
TeJIbHOCTH METaJUIYyPrudecKux arperaTtos U yiyd-
[IIeHUS KAyeCTBEHHBIX I0Ka3aTelled IPOJyKLHH
OCTPO CTOMT BONIPOC 3KOHOMUYHOCTHU NPOU3BOACTBA
cTajIM, KOTOpas 3a4aCTyl0 3aBHCUT OT CTOMKOCTH
orHeyInopHo# GyTepoBKH. [Ipu 3TOM H3HOC OTHEY-
IOpPOB B YCJIOBHUAX SKCIJIyaTaluy OIpPeRessieTCH
B Ooblmed Mepe coOnoneHHeM IapaMeTpoB TeX-
HOJIOTMM BeoeHHus IJIaBKU (AYyTHEBOTO U TeMIiepa-
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B. B. 'op6yHOB
E-mail: VGorbunov@ogneupory.ru

TYPHOTO PEXKUMOB, IpoLuecca my1akoobpa30BaHus,
MpUCcafKu Pa3TAYHBIX MaTepuasioB), YeM MCIOJIb-
30BaHUEM IOPOroCTOALIMX OrHEYIIOPHBIX U3[EJIUU
B GyTepoBKe. YUMTHIBAs CJIOXKHOCTb KOMIIJIEKCa
npo61eM, HEKHM KOMIIPOMUCCOM MEXKY IIPOU3BO-
MTUTeNbHOCTHI0, Ka4eCTBOM M 3KOHOMHUKOM MOXKHO
CYMTaTh IPHMEHeHHUe CIeluanbHO pa3paboTaHHbIX
momuduKaTopoB mnaka (¢pnocoB) B COYETAHUHU C
0Tpa00TaHHOM TEXHOJIOTMEN MX MCIOJIb30BAHUA. B
HACTOSIIMI MOMEHT MMEHHO NpUMeHeHHe (III0COB
— OJIMH W3 CAMBIX aKTyaJIbHBIX U 9()(HEKTUBHEIX Me-
TOHOOB 3aMe[jIeHus U3Hoca QyTepOBKH arperaros.

B BormanosuuckoM OAO «Orueynops» CO3[aH
MPOM3BOACTBEHHBIM Y4YacTOK, CHeLHaIu3upyIo-
MIMACS Ha BBHIIYCKe He(OPMOBAHHBIX MaTEPHUAJIOB,
B TOM YMCJIe BBICOKOMArHe3uUasJbHBIX U aJIlOMOCO-
mepKaliux (QarcoB.

Oele3HeHHBe BHICOKOMArHe3uasnbHbe (ITio-
ChI IONTY4AIOT AAByMSI CII0OCOOAMHU:

—~  TepM0o0o6pabOTKOM  MarHUUCOAEPKAIIETo
MaTepuajia BO BpalJalOIIUXCH MedYax C MOoCIenylo-
M JO3UPOBAHHBEIM CMelllMBaHUEM C Pa3/THYHbIMH
nTo6aBKaM¥, OpUKeTHpOBaHHEM MaTepuara (puc. 1);

—  nepepab0OTKOY BHICOKOMarHe3uaIbHbIX Ma-
TepHasoB C MOCTefyIOMKUM CMellMBaHHEM C Kallb-

O3Kee3HeH b BEBICOKOMArHe3uanbHbi (IIoC
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IUH- U XKeje3ocofepxamumu nobaBKaMu, Opuke-
TUPOBaHUEM MaTepHuaia.

CopepxaHUe OCHOBHBIX XMMHYECKHX 3JIEMEH-
TOB B BLICOKOMAarHe3uabHbEIX 0KeJIe3HEHHHIX (ITI0-
cax npuseneHo B Tabi. 1.

Cnyxe0OHble XapaKTEePUCTUKHU (IIFOCOB, KpoMe
IOBHIIIEHHOTO0 COOepKaHUus B HUX OKCHUIOOB Mar-
HUS, ONpEefeNsioTCs TaKXe HaJlluyhueM [OPYrux
XUMHYECKHX 371eMeHTOB. Tak, o6pa3oBaHHue B IIPO-
ecce nojy4yeHus (pJroca U3BECTHOTO KOJIMYECTBa
JIeTKOIJIaBKUX (a3 (peppUTOB Kaablius) C TeMIle-
patypour muasneHuss 1170-1220 °C cmoco6cTByeT
OLICTPOMY PAcTBOPEHMIO MaTepHasa B XOHe IjiaB-
Ku. [IoHHKeHHOoe cogepxaHue B Matepuanax CaO
HUCKJII0YaeT OTpPHIIATEeJIbHOE BIIMSIHUE aTMocdep-
HOM BJIaru (rupgpartayuu ¢ oOpa3oBaHUEM COEIU-
HeHur Ca(OH)2) B npouecce TpaHCIOPTUPOBKH Ha
NPEONpUSATUI-IOTPEOUTENIN U IEepPerpysku G-
COB B OYHKEpHEIE CHCTEMBI, KOTOPOE IPUBOOUT K
CHHU2KEHHIO IPOYHOCTHU (PJIr0Ca, YBEJIMYEHUIO KOJIHU-
YecTBa MeJIOYM C MOCJIeAVIOINIMM HACHIIEHUEM ee
BOZOPOIOM.

ONBITHO-IPOMBILIJIEHHEIE HUCHHITAHUSA (bIiroca
Mapkid MT®-1 nposemeHs B ycnoBusix [CII-120
IJCIIL OAO «IlepBoypanbsckuii HoBOTpyOHEIN 3a-
Bon». Kak mokasajiu UCHBITAHUS, CYIIECTBEHHEIM
NOCTOMHCTBOM TEXHOJIOTHMM BHIIIJIABKU CTaJId IO[
MarHe3WaJbHBIMHU LIJIaKaMU Hapsaay CO CHUXKEHU-
€M M3HOCa IepHuKia3ocomepxkalieid GyTepoBKH 3a
cyeT oOpa30BaHMS 3AIUTHON IINWHEIU B CUCTE-
me Ca0-S10,-MgO-Al,03 sBnsgeTcs yny4dlieHue
mpouecca InakooOpa3oBaHUs, YTO 00YCJIOBIEHO
YyCKOPEHHEeM pacCTBOPEHUS U3BECTH BCJIEICTBUE
IIPUCYTCTBUSA OKCHUIa MarHus. [IpymMeHeHue BBHICO-
KOMar"HesuanbHOro (arwoca obecrneyuBasio Takxke
PAHHIOI U CTaOUIBHYI0 IEHOYCTOMYHUBOCTL B Te-
4YeHHEe BCero mpolecca IJIaBKH, 4TO 00YCIJIOBHJIO
HU3KHWH YPOBEHb MEXaHUYECKOro BO3[EHUCTBUSA Ha
OTHEYIIOPHI ¥ yIy4YIlIeHHe TeMIEePaTyYPHOr0 pPexXu-
Ma maaBKH. OCoOeHHOCTh yrpaBlIeHUS IIPOIECCOM
BCIIEHHBAHHUSA IIJIaKa B MPOIECCE €r0 HACHILIEHUS
MgO 3akno4aeTcs B TOM, YTO MEIKOMHCIIEPCHEIE
TBepabie YacTullbkl MgO, BHIensIomuecs U3 XKumi-
KOro pacljiaBa NpPU IEPEecHIEHUH ero OKCUOOM
Mar"ius, KpOMe IIOBHIIIEHUS BA3KOCTH, IPEINsT-
CTBYIOT CIIUSAHUIO Ny3bIpeu ra3a CO U BEITEKAHHUIO
mnaka Mexay ny3sipamMu CO. [laHHOe 00CTOSATENb-
CTBO CTaOM/IM3HpyeT ILIJIAaKOBYI INEHY, Heas ee
YCTOMYHMBOH B IIMPOKHUX MHTepBajlaX TEMIIEpPaTyp
¥ OKHCJIEHHOCTH. BEICOKas BA3KOCTh, CO CBOEH CTO-
POHEI, CIIOCOOCTBYET NEHOOOPa30BaHUIO, [IOBHIIIAS
IPOYHOCTH IIPOCJIOEK KHUIKOCTU MEXK[IY Iy3hIps-
MH.

[Ipucagka MT®-1 o xony BeleHUS IJIaBOK IIO-
3BOJIMJIA ITOJTy4YaTh B KOHEeYHHIX minakax [ICIT 10-14
% MgO, 4TO rapaHTUPOBAHHO CHHKAET arpeCcCHB-
HOe BO3[IeHCTBUeE llJlaKa Ha QYTEepPOBKY €YU U TEM
CAMBIM YBeJIMYUBAEeT CPOK CJIYKOBI OTHEYIIOPOB.

IloOaBiieHue BEICOKOMarHe3uaJlbHOro (Jrca B
KonuyecTBe 0,8-1,0 Kr Ha 1 T cTanu B cTanepasiiu-

Tabnvua 1. Copmep>XaHue OCHOBHBIX XMMMYECKMUX
3/1IEMEHTOB B BbICOKOMarHe3uaNbHbIX OXXeNe3HeH-
HbIX hnrocax

Hopma ansa ¢moca Mmapku
Maccosas mons, % -MT ) ‘ MTOD
MgO, He meHee 70 75
CaO, He bonee 3-7 10
S107, He bonee 6 3
Fes03 6-12 2-3
S, He Oonee 5 05 0,05

BOYHEIM KOBII BO BpeMs BEIIYCKa MeTajija [103BO-
JIAJI0O CHU3UTH 10 BO3MOXKHOIO MUHMMYMa CKOPOCTE
NPOTEKaHMUS PeakKLUUuu MexXy KOMIIOHEHTaMH IiJjia-
Ka 1 MgO ¢yTtepoBku. Kpome Toro, npu yBenuues-
HOHM BSI3KOCTH IIJIaKa Ha MIOBEPXHOCTH OrHEYIIOPHOH
KJIaJKH IOCJIe OKOHYaHUS Pa3JIMBKH OCTAETCS TOH-
Kas IJIeHKa rapHucaXxa, KoTopas CMIaryaer [1ocJie-
CTBUSI PEaKLUHWH OKHCJIEHUS KHCJIOPOAOM BO3[yXa,
0COOEHHO 3TO BaXKHO NPU Pa30rpesBe CTajiepasiid-
BOYHHIX KOBIIIEX Ha YYaCTKe ITOATOTOBKHU.

BaXXHHIMH MaTepHajlaMi B HOBOM IMPOJLYKTOBOK
nuHerKe borganosuuckoro OAO «OrHeymops», mo-
3BONISIOIIMMHE YMEHBINAaTh HE TOJILKO arpeCcCHUBHOE
BO3[I€HCTBUE IlIJlaKa B KMHETHYECKOH CTAgUU ero
B3aMMOJIEUCTBUSA C OTHEYIIOPOM, HO U MOMEHTaJIb-
HO MpUAaBaTh IIJIaKy BBICOKYI papUHHUPOBOUYHVIO
CIIOCOOHOCTH K@K B OTHOIIEHHHU CEPhl, TaK U B OTHO-
[IeHUH HeMeTaJlJINYEeCKUX BKJIIYEHUH, SABJISIOTCSH
anmoMoconepxaiue ¢naocel. OOUH U3 HUX — aJlio-
MoInakooOpa3ywomun daoc mapku AIIM-75. Co-
[lepXKaHue OCHOBHHIX XUMHUYECKHUX 3JIEMEHTOB (HOp-
Ma) B ¢uroce AIIIM-75 npuBeneHo HUXKe:

MaccoBas nons, %:

Al2O3, HE MR e s s eeeesiissasassens 79
Ca0. oo T N .o eiieseesonssssssnssosnnnss 3-7
0102, HO OO OB e s . . ooeiiinniiinsiarnsonnins 5
102003, . i o I ey - .. iienesoniioinonesestnne 0-2

[Ipumenenue ¢nwca AIIM-75 no3BonIsieT HeW-
TPajau30BaTh arpeCCHBHOCTD LIJIaKa U MPUOATh MY
BBICOKYI0 PaPUHUPOBOYHYIO CIIOCOOHOCTS.

OQ(}eKT CHUXKEHHUS arpecCUBHOCTH IIJIakKa
nonydaetcs Onaromapsi BEICOKOH MaCCOBOHM HOJIe
Al,O3, KOTOPEIX 00pPa3yeT C H3BECTHIO JIETKOMJIaBKOe
COeJMHEeHHe C TeMIlepaTypou mnnasneHus 1395 °C,
BCJIE[ICTBHE YEero IPOUCXOOUT pa3KUXKeHUe IIJ1aKa.
[Ipu 3TOM OKCHJ allOMUHHSA B OTJIHYKE OT GPTOpUIa
Kaneuus CaF,; noMmumMo spdekra pa3KuxkeHUs CIIO-
coOcTByeT 00pa30BaHHI0 Ha IOBEPXHOCTH KJIagKW
[IIJTAKOBOT'0 I0siCa MarHe3WaabHOU IINUHEIH, IIpe-
NSATCTBYST TeM CaMbIM IIPOHUKHOBEHUI) HOUOKCH-
la KPEMHHUS B MOPHl OrHEyNnopa U MOCIEeAVIOIeMy
ero pacTpeCKMBaHHIO. B manbHeuuem B xopme IMpo-
TeKaHUS peakKlLUd B COCTaBe IJIaKa CHUXKAeTCH
noisi cBobogHoro O* 3a cyeT KoMIIeKCooGpa3yio-
[IUX KaTHOHOB AJIIOMUHUS, KDEMHUS U NPYTUX Be-
[1eCTB, BXOASAIINUX B COCTaB BBICOKOTJIMHO3EMHUCTOM
nobaBku. OOpa3oBaHUE CIOXKHBIX aHHOHOB AlO,.,
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Six0;.y, Fex0,.,, obecrnedynBaeT CBsA3bIBaHHE CBODON-
HOTO KKUCJIOPOMa, YTO TaKXKe YMEeHbIIaeT arPecCus-
HOCTb IIJIaKa.

B cnydyae npupaHUs IIJIaKy BEICOKOH PapHHHUPO-
BOYHOM CIIOCOOGHOCTH OCHOBHOM 0COOEHHOCTEIO (IIIOCa
AIIIM-75 siBIsieTCsI ero MUHepaJIbHBEIU COCTaB, B KOTO-
poM ocHOBHas moist Al,O3 HaXOOUTCS B HECBSI3aHHOM
cocTosiHuH. [Ipy HaBeEeHUH IIIJIaKa C UCII0JIb30BaHHU-
eM u3BeCTH comepzkamuucs B Hed CaO BCTyIaeT BO
B3aumopenctaue ¢ Al,O3 ¢iroca, B pe3ynbrare 4ero
obpa3yercs cucrema CaO-Al;03 obOnapamomas He-
0OXOOUMBIMHU [JI IIpoliecca papUHUPOBAHHS CTaIU
BSI3KOCTBIO ¥ CYJIbOUIHON €MKOCTHIO.

[Ipy BBEEHHHU BHICOKOTTIMHO3EMHUCTOH N00aBKH
3HAYUTEJIbHO CHUXKAETCS KOJIMYEeCTBO HEMeTallJlu-
YeCKHUX BKJIIOUEHUH B CTanu. IPPEeKT JoCTUTaeTCs
yMEeHbIIeHHeM MeX(a3HOoro HaTsAkKeHUs Ha I'PaHu-
e Kalljig jlaka — HeMeTa/lJIi4yeCKue BKIIIOYeHuS,
IpY 3TOM 3alyCKaeTcs Mpouecc papuHUPOBAHUS
MeTaJijla KallJISsMH HaBeJeHHOro Ijiaka.

VMeHBIIeHHI0 KOJIHWYecTBa HeMeTaJlNIM4YeCKHX
BKJIIOYEHUN B MeTalljie CIocoOCTBYeT TaKXke CHH-
KeHHe CTeleHU OKHCIIeHUS MpUcaxkuBaeMHX dep-
POCIIABOB B mpoluecce 00pab0OTKH, MPOUCXOAsIIee
B OCHOBHOM 3a CYE€T MHHMMH3AllUd MaCcCOBOU [IOJIH
cBOOOMHOr0 KUCIIOPOAA.

[leHHBIM CBOMCTBOM IlJIaKa, ITIOJTy4YEHHOTO C HC-
10JIb30BAHMEM BBLICOKOTJIMHO3eMHUCTOM H00aBKH,
OTHOCUTEJILHO BHEINEYHOU MEeTaJIIYyPruu sBIsSETCH
ero CrnocoOHOCTh NMPAKTHUYECKH IIOJIHOCTBIO OTJe-

NSTBCS OT MeTajja. [JTMHO3eMUCTHIH MIJIaK B OT-
JWYHe OT IIJjiaka, IoJIy4aeMoro npu nobaBke Imjia-
BMUKOBOIr'O IIIaTa, COBEPIUIEHHO HEe «IPHIHIAeT» K
MeTajy. 9TO CBOMCTBO TJIMHO3EMHCTOrO IIjIaKa
co3MaeT IIPEAIOCHIJIKKA [Jig IONy4YeHHs YHUCTOro
MeTajijla, He 3arpsi3HEHHOr0 HeMeTaJlJIn4eCKUMH
BKJIIOYEHUSIMU.

[TpaKTHYECKHH ONBIT HCIONIB30BaHHSA (QIioca
AIIIM-75 B yCnOBHSIX BHemne4HOM 00pabOTKU Me-
Tajijla IoKa3ajl, 4YTO TJIMHO3EeMHUCTHIM MIJIaK C CO-
nepxanuem 21-24 % Al;O3 B cranepasauBOYHOM
KOBIIe NIPAaKTUYECKHU [0 KOHI[a Pa3/IMBKH OCTaeTCs
JKUIKOMOMBUKHEIM. JTO B ITIOJTHOU Mepe o0ecrneyu-
BaeT yHaaJleHHe Ijlaka M3 KOBIIa M CIOCOOCTBYeT
KayeCTBeHHOW 00paboTKe MOHHHX IIPOAYBOYHBIX
6710k0B. OII0OPUTOBEIE INJIaK¥ K KOHIY Pa3JIMBKHU
MeTaJjljla «KOPKYIOTCS», 3aTBepPAeBaloT U, KakK Clefl-
CTBHE, I1JIOXO0 YOaIATCS.

Pe3ynbraTel ONBITHO-IPOMBILIJIEHHBIX  HCIIBI-
raHui ¢niooca AIIIM-75 npuBepeHsl B Ta0. 2. [Ind
00BEKTUBHOM OLIEHKHM 9KCMJIyaTAallHOHHHIX Ka4yeCTB
ONMBITHOrO MaTepuasia B KayeCTBe CPABHEHHUS BHI-
O6paH MacCCHB IJIaBOK TEKYyIIero Mapo4HOro copTa-
MEHTa B TOT e [epHoJ UCIIEITAaHUH IPH BHETIEYHOH
06paboTKe CTalH C KCIOJIb30BaHWeM 0a30BOTO I'JIH-
HO3EeMHCTOr0 MaTepuana.

M3 Tabin. 2 BUOAHO, 4YTO CKBO3HasfA CKOPOCTH
necynbdypauuu MeTaayjia IPHA UCIOJIB30BAHHUH
amoMoinakoo6pasymwommero ¢nwoca AIIM-75 co-
craBuna 0,00054 %/MuH, Ha yCTAaHOBKE KOBII-TIEYD

Tabnuua 2. XapakTepuCTUKM CTeneHu aecynbdypauum metanna

Maccosas mons cepdl [S] B Metae, %, CreneHb TTPOMOTIKH- CKopocCTh ecyibdy-
Yucno | Macca B arperare, npoba necybGypalyy, % | temmHOCTE paryH, %/MHH
S i IIABOK |TOJHOTO, T VKII, npo6a 06paboTKH
" [ICI1 = ’ MHJI3 |ckBo3nas| B YKII v | CkBo3Has [ B VKII
pBasi |[OC/emHssA

droc 14 1121 0,0314 0,0237 0,0048 0,0041 86,94 82,7 | 0,00054 0,00037
AIlIM-75
IIpyrou 13 112,6  0,0323 0,0240 0,0067 0,0062 80,80 124 50 0,00052 0,00034
IlenbTa -0,5 0,0009 0,0003 0,0019 0,0021 6,14 10,6 1 0,00002 0,000024

0,00037 %/mMuH, CKBO3Hasi CKOPOCTh Aecynabdypa-
[IMY IIPH MCIIOJIb30BaHUU 0@30BOr0 r’MMHO3EeMUCTO-
ro matepuana 0,00052 %/mMuH, Ha yCTaHOBKE KOBIII-
neys 0,00034 %/mus.

Takum oOpa3oM, IpUMeHEHHEM HOBBIX BHIOB
nponykuuu borganoBuuckoro OAO «Orueynopsr»
IOCTUTAIOTCS CIEeAyIolUue TeXHUYEeCKHe pe3ylib-
TaTHl:

—  yBelIHMYEHUE CPOKa JKCIJIyaTalld¥ TeIlJIo-
BHIX arperaTtoB 3a CYeT CHUXEHHs arpecCHuBHOIO
BO3[EUCTBHUS IlIJITaKa Ha OTHEYIOPHI;

—~ HaHeCeHUe KayeCTBEHHOI'0 rapHucaxa Ha
GyTepoBKY 3a CYET ONTUMAaIbHOM XKUIKOTEKY4YeCTH
I111aKa;

— paHHee W yCTOMYHBOE BCIEHUBAHHUE IIJIa-
Ka, obecrmeydBalllee TII0JIHOe 3KpaHWpPOBaHHE
3JIEKTPUYECKUX AVT;

—  yhyylleHWe Ipolecca IIaKooOpa30BaHUS
1 padUHUPYIOLUUX CBOUCTB IIJIaKa. W

IToayueHo 18.08.14
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