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MOAYNbHOM BEPTHKANbHOW BANKOBOM

MeNbHHLLbI

PEOEPAT. MogynbHbIe BepTUKasibHble BaJIkOBble MeJibHuLbl (BBM)
AJ1S1 TOMO1a CbhIPbEBbIX MaTEPUNAaJsIOB, LLEMEHTHOIr0 KJINHKepa u Mu-
HepasibHbIX 406aBOK C yCTaHOBJ/IEHHOW MOLYHOCTbIO NMPUBOAA [0

12 000 kBT pa3paboTtaHsbi st TOro, 410661 06ecrneyYynTb BbICOKYIO
npou3BoOANTEJIbHOCTb MOMOJIbHbIX CUCTEM, NMOBbLICUTb UX SHEPro-
a¢PeKkTNBHOCTL M ONTUMN3NPOBATHL TEXHUYECKOEe 06CNYy)XuBaHme
obopyaosaHusa. MoaynbHasi KOHCTPYKLUS NO3BOJISeT NCOoJIb30BaTh
TOJIbKO OA4HY MEJIbHULY AiJ1s1 TOMOJ1a Cbipbsi N eMmeHTa. MHHO-
BaLUUWNOHHbIV AN3aiiH NPUBOAHON CUCTEMbI, COCTOSILLEN U3 YeTbl-

pex uiu LWecTyn UAEHTUYHbIX Yy3J10B C YCTaHOBJIEHHOW MOLUHOCTbIO
kaxxgoro [o 2000 kBT, o6ecneuynBaeT paboty MesibHULbI BO BPEMSI
PEeMOHTa NI TeXHUYECKOro oocnyxueaHusi He ToJIbKO O4HOIro N3
YyeTbipex Uin LLIEeCTU BaJIKOB, HO N O4HOI0 U3 NPUBOLAHbLIX MOAYJIEH U,
Kak cnencTeue, BbICOKYIO HAA€)XXHOCTb U NMOBbILUEHHYIO 3KCcriyaTa-
LIMOHHYIO rOTOBHOCTb. B cTaTbe npuBegeHbl noka3aTesn paboTsbi Cbi-
pbeBbIX MOAYJIbHbIX BBM Ha npegnpusaTtusx B CeBepHovi AMepuke,
Amxupe u UHann, a Takxe pe3ysibTaTbl UCMOJIb30BaHUSI TAKUX MEJ1b-
HULY [J151 NTOMOJ1a LleMeHTa v rpaHyJIMpoOBaHHOI0 JOMEHHOrO Liaka.
Bnarogaps ocobomMy BHUMaHNIO, KOTOPOE YAEes1/I0Cb CHUXEHUIO
YPOBHSI KOJs1e6aHni KOHCTPYKUUu moaynbHovi BBM npu ee npoekTu-
POBaHUUN, OHa 6/IN3Ka K TOMY, YTOObI NOIy4YNUTb NMPU3HAHNE KaK camas
6ecLiymMmHasi MenlbHULa B MUpe.

KniodeBble cnoBa: BepTvikasibHasl BaJkoBasi MeJsibHuLa, roMOJ1 CbiPbS,
rMOMOJ1 KIIMHKEPAa, SHEProadPEKTUBHOCTb, TEXHNHECKOE OBCTYXBAHME.
Keywords: vertical roller mill, raw materials grinding, clinker grinding,
energy efficiency, maintenance.

Beepenme CTBEHHbIX NMHWA OCTPO BCTAKT BOMPOCHI MOBbI-

BepTukansHsle BankoBble MenbHULULI (BBM)
Ha NPOTSHMEHWUW AECATKOB NeT NPUMEHSATCH
B LIEMEHTHOW NPOMbILLINEHHOCTW ANg NoMona
CcbipbeBbix MaTepuanos 1 yrag. C 1980-x rofos
VX TaKMe CTann UCMoNb3oBaTh A% COBMECTHO-
ro WAW pasfenbHOro noMona KanmHkepa u mMu-
HepanbHbIX A06aBok. 3a nocneaHve 20 neT BO
BCEM MWpe 3HAYMTEenbHO BbIPOCNO 4ncno BBM,
1CMONMb3YeMbIX AN NMOMONA LEMEHTa 1 JOMEH-
Horo Lwnaka. Mo cen aeHs BBM ycneluHo npume-
HAOTCA A9 nomMona ¢ 0fHOBPEMEHHON CYLIKON
CbIPbeBbIX MATEPUANOB, Yr/g, LWnaka 1 KNMHkepa
¢ nobaskamu. B cBa3n ¢ 00LLEMMPOBOI TEHAEH-
LMEN pocTa MOLLHOCTEV OTAebHbIX MPOU3BOA-

LUEHNS 3KCMNyaTaLMOHHON TOTOBHOCTY TEXHO-
NOTNYECKOro 000pyaoBaHNS 1 ONTUMU3ALUM
NPOLEAYypP ero TeXHUYeCKoro obCnyumBaHms.
OTUM KpUTEPUSAM B MONHON MEPe YA0BNETBOPS-
€T KOHLenuma Moy abHbix BBM [1—3].

0c00eHHOCTH KOHCTPYKLMH
Mpor3BOACTBEHHAS MOLLHOCTb OTAE/bHbIX
MeYHbIX arperatoB B LEMEHTHOM MPOMbILLAEH-
HOCTM CErofHsa focturaet 12 TbiC. T KNMHKepa
B cyTkn. [ng 6ecnepe6OMHOrO NUTaHNS Takow
neyn TpebyeTcs NPOU3BOANTENBHOCTD ChIPbEBO-
ro otaenequs 4o 1000 T CbipbeBOM MyKYM B Yac.
Haumeree 3atpatHbin cnocob peanusauny no-

AO06HbIX MPOEKTOB COOTBETCTBYET KOHLEMUUM
«0flHa MefNbHULA Ha ANHWI0», HO AaHHbIN NoA-
XOA NPeabsBISeT TaKkue #ecTkue TpeboBaHus
K OnepaLvoHHON HAAEKHOCTU W MOBbILLEHNIO
KO3(P(PULMEHTA VCMONb30BaHNS 000pYyA0BaAHNS,
YNPOLLEHNI0 MPOLIEAYP TEXHNYECKOrO 00CNy K-
BaHWA.

Bcem 3TuM Kputepusm yL0BNETBOPSET KOH-
CTpyKUMs MoaynbHon BBM B coyeTanmm ¢ 3ana-
TEHTOBAHHOM MOAY/bHOV NMPUBOAHON CUCTEMON.
«['opsyee» Pe3epBMPOBAHIIE OCHOBHbIX 31EMEH-
TOB ME/bHWLIbI NMO3BONFET AOCTUYb BbICOYANLLIEN
9KCnnyaTalvoHHO rOTOBHOCTY NPOU3BOACTBEH-
HOV NHUN.

MoaynbHag BepTvKanbHas BanKoBas Mefb-
HMLA MMEET YeTbipe WAM LIECTb MOMO/bHbIX
MOZAYNeN v pa3MONbHbIA CTON C NNOCKOW OPOHe-
(pyTepoBKon. Kaxapiin Moynb BKAYaeT B cebs
LUMAVHAPUYECK M BaNoK, BpaLlatoLLmnics Ha Bany
Y NPYKMMaeMbn K CTONY rmapaBanyeckon cu-
cTemon. BaanmHo nepneHanKynspHoe pacnono-
HEeHMe Banka 1 noMonbHOro CTona Npw NAocKon
reoMeTpnyeckonm KOHMpUrypaumum nocneiHero
NO3BONAKT COXPaHWUTb HEM3MEHHbIM BO BPEMEHW
3a30p MeX/y PONVKOM 1 CTOMOM, YTO CHUMAaeT
BUOPALMM KOHCTPYKLAV Mpr paboTe MenbHILbI 1
ee 3HepronoTpebneHve.

[1apbl CMEXHbIX PONVKOB YCTAHOB/EHbI HA
eqvHov onope. 370 obneryaeT AocTyn ang obeny-
HMBAIOLLEro nepcoHana, ynpoLLaeT KOMMOHOBKY
ra3oxofo0B CYLUWMNbHOrO areHTa, TPaHCrnopTHbIX
yCTPOWCTB BO3BpaTa Martepmana Ha AOMON W
BCMOMOraTenbHOro 060opyA0BaHNS MEeNbHULbI.
Bankn moryT nasnekatbCs M3 MenbHULbI Ang
0CMOTpa 1 06CNyXMBaHWS NPV MOMOLLM TON e
FUAPaBNYECKOV CUCTEMBI, KOTOPast obecneynea-
€T UX MPYHKMM B paboyemM COCTOSHUM.

Bce anemeHTbl, BAKAOLLME HA ABVKEHME Cbl-
ny4yero martepmana v ra3os BHYTPWU MeNbHULbI,
TaKune Kak Te4KW, ra3oxofbl CyLUNbHOrO areHTa,
COMMoBOE KONbLO, BbICOKOI(PPEKTUBHBIN Knac-
cuuKaTop 3-ro NMOKONEeHNs, CNpPOeKTUPOBAaHDI
C Y4€TOM a3poANHAMNYECKIMX PACHETOB; 3PPEK-
TUBHOCTb WX KOHCTPYKLMM AOKa3aHa Ha npakTu-
Ke Ha npefblayLlem noKoNeHnn BepTukanbHbIX
MENbHWL,.
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[TOMONbHBIA CTON NPUBOAWUTCS B ABUXE-
HE Yepes peaykTop, OT BEHLOBOW LuecTep-
HI, MOMEHT Ha KOTOPYI nepefalnT A0 WecTu
NAEHTWUYHBIX NMPWUBOAHbIX MOAYNEN MOLLHOCTHI
00 2000 KBT kamabli, COCTOSILLUMX U3 3NEKTPO-
MoTopa, My(Tbl U NPaMo3y6oi KOHUYECKON
nepenayun, CMOHTMPOBAHHbBIX Ha OMOPHON pame
¢ 6OKOBbIMY HanpaBAgLLIMMK canaskamu. Pa-
boyas Harpyska Ha CTON BOCMPVHUMAETCS crne-
UvanbHbIM NOAAEPXMBAKOLLAM MEXAHU3MOM
npvBoaa. MexaHuyeckoe ycunve, BO3HUKarLLee
B X0Ae pPaboTbl MebHNLbI, MepeaaeTcs Ha (hyH-
LaMEHT Yepes KNacCuyeckylo Cxemy ¢ noaLumn-
HUKOM CKONMbXEHNs, TeM CambIM VCK/HYaeTCH
LONONHWTENbHAR Harpy3Ka Ha 3neMeHThl 3y6ya-
TOW nepenavn.

13BecTHO, 4TO pabota BBM npw ucnonb-
30BaHUK NprBOAA C MaaHeTapHou nepepayen
BOSMOHA, €CNW BbIABUHYTbI UAW NOAHATHI ABa
MPOTUBOMOMOXHbBIX Banka, npu 3TOM MNpou3Bo-
AVTENbHOCTb MeNbHUUbI CHxaeTcd 4o 60 %
HOMWHabHOW. Hanuyne MoLyNnbHOro npusoaa
no3BONgeT NPOA0MXaTh paboTy v nocne Noabe-
Ma TONbKO OAHOrO Banka. Takum obpa3som, bna-
rofaps «ropsgyemy» pesepsrpoBaHnio, peanu-
30BaHHOMY B KOHLEMNUWW MOAYbHOW MENbHLbI
€ MOAYNbHbIM MPUBOAOM, OHA MOXET obecneyn-
BaTb 0 85 % HOMWHANBHOW NPOW3BOANTENbHO-
CTW Aaxe B TO BPEMS, KOrAa O4VH 13 BANKOB U
0[4Ha MPYBOAHAS CTaHUMS HaxoaaTcs Ha obeny-
HUBAHUN.

Kpome Toro, 6narogaps 0COOEHHOCTAM
KOHCTPYKLWW, CHVKAKLLMM YPOBEHb BMOpaLmn
npu pabote, moaynbHag BBM 6in3ka k Tomy,
4TOObI CYNTATBCSA «CaAMOW TUXOW MeNbHULEN
B MUpe».

Keapuesbit FavHucTbI - MenesoconepraLias
A3BecTHIK  Mmecok cnate, nobaska
4 :Il T

[Nloavposaxue 11 nogava

Mpumep U3 npaxTuxu

Ha ogHom 13 3aBonos B CeBepHoin Amepuke
ObINO NPUHATO peLLeHNe NOBLICUTb NPOU3BOA-
CTBEHHYI MOLLHOCTb € 1,25 MAH 40 2,20 MAH T
uemeHTa B rod. [na atoro HeobxoanMo 6bino
[OMOMHUTB CyulecTBywLlee obopyaosaHue 06-
¥ura v napk mensHuU. OAHy 13 NeYHbIX AUHUN
3aMEeHMNV Ha HOBYIO, C MATUCTYMEHYaTbIM Temnno-
0OMEHHMKOM 1 AekapbOoHN3aTOPOM, a K Meto-
LUMMCS CbIpbEBbIM LLAPOBLIM MeNbHMLaM A06a-
BUAU BEPTUKANbHYIO YETbIPEXBANKOBYK Mefb-
HWLY MOAYAbHOW KOHCTPYKUMW. K LeMEeHTHbIM
MenbHuuam nprnbasunace BBM nponasoantens-
HOCTbIO 245 T/,

[TpounssoamnTensHoCTb MoaynbHon BBM onpe-
Aensanacb N0 pesynbraram WCMbITaHWiA, NpoBe-
[EHHbIX Ha TeCTOBOM CTEHAE MPOW3BOAWTENd,
B PACMOPSIHEHNN KOTOPOrO UMEKTCS HECKONb-
KO OMbITHO-MPOMBbILLIEHHBIX YCTaHOBOK ¢ BBM
TPaANLNOHHON 1 MOALYNbHOW KOHCTPYKLWN.
Ha ycTaHoBKax OMpefensTCs XapakTepuctu-
K CbIPbEBbIX MATEPUANoB U WHbIE MoKasaTeny,
OTHOCALLMECH K MPOEKTY, Takne Kak yaenbHoe
3HepronoTpebneHue, HeobXxoanMbIN 06bEMHbIN
PACXOA CYLUMNBHOMO areHTa, yaenbHas CKopoCTb
n3Hoca n ap. C Mcnonb3oBaHNeM AaHHbIX Tec-
TPOBaHWS Gblna CNpOeKTUpOBaHa ChipbeBas
MebHULA NPON3BOAMTENBHOCTbIO MO ChIPbEBON
myke 340 T/4 npw ocTaTke He bonee 10 % Ha cute
¢ pasMepoM gyeek 90 MKM (4TO SKBMBANEHTHO
ocTaTky He 6onee 0,8 % Ha CuUTE C pasMepoM
ayeek 200 MKM). PaamonocnocobHoCTb npeao-
CTaBNEHHbIX ANS VCTIbITAHNIA ChIPbEBbIX MaTepya-
noB Bbina onpefeneHa Kak «CpefHas».

TexHudeckas MH(popMauns 0 BbiOpaHHON
MenbHULE npuBeaeHa B Tabn. 1.

LInknoHbl Ang
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npoaykTa

[aT4nK 1 MarHuTHbI |
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Puc. 1. Cxema paboTsl y4acTka nomona Chipsst € 1CMob30BaHI1EM MOZYbHOM BBM
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Bce cyxve 1 BnamHble KOMMOHEHTbI, Takne
Kak W3BECTHSIK, KBApLEBbI NECOK, CMaHeLl, Xe-
nesocofepxallas aobaska, nocTynawnT K Menb-
HMLE N0 NEHTOYHbIM KOHBEMEepam ¥ NoaanTCs
B HEe Yepes3 repMeTVYHbIA POTaLMOHHbBIV 3aTBOP
(puc. 1). MocnenHuin 0borpeBaeTCs ropsayUM
ra3oM BO M30ewaHue 3akynopkn maTepuanom
NpW 0OHOBPEMEHHON MOAAYe CYXUX 1 BAAMHbIX
CbIPbEBbIX KOMMOHEHTOB.

MoaynbHag BBM 6bina cnpoekTvpoBaHa
C Y4YETOM BHELUHEro PacrnonoMeHns TpaHcnop-
TVPYIOLLMX YCTPOMCTB KOHTYpa BO3BpaTa Marte-
priana 1 060pyLoBaHa CUCTEMOW BMPbICKA BOAbI.
[0TOBas CbipbeBas Myka 0CaxaaeTcs B CUCTEME
UVKNOHOB, 3(D(PEKTVIBHOCTL OCAMAEHNS AOCTU-
raet 90 %. OcTaBLwascs YacTb MyKU ynaenvea-
eTCs B YCTAHOBNEHHOM fianee no TPakTy pykas-
HOM (punbTpe. MOTOBBIM MPOAYKT NPU MOMOLLN

Tabnuua 1
TexHnyeckne xapaktepucTuki BBM
ang 3asoaa B CeBepHom Ameprike

XapakTepucTvika lMokasatenb

Ywvcno Bankos, WT. 4
Macca v3HalLmBaemon YacTu 9
Banka, T
MaTepuan n3Halgaemon BbicoKoXpoMumCTbIN
4acTy ponvka HYyryH
YcTaHoBNeHHas MOLLHOCTb 3300
ABUraTens MenbHMLbI (MpUBOA
C NnaHeTapHoN nepenaven),
KBT
YcTaHoBNeHHas MOLLHOCTb 200
aBvratens cenaparopa, kBt
YcTaHoBNeHHas MOLLHOCTb 4300

asuratens BeHTnunaTopa, kBT

Bnpbick Boab!
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Puc. 2. 06Lwmi BIAA CbipbeBOi MOAYAbHOM BBM, ycTaHoBAEHHOM
Ha 3asogae B CeepHoil Amepiike

Tabnvua 2
FapaHTUPOBaHHbIE 1 AOCTUHYTbIE PE3ybTaThl

lapaHTupoBanHoe PakTuyeckoe
3HaYeHne 3HaveHve

He 6onee 4 41

[lokasatenb

BnaxHocTb
nuTaHNa Menb-
HUUBI, %

OcTarouyHag
BNAXHOCTb
Cblpbs, %

MeHee 1 0,1

pon3soau- 340 350

TENbHOCTb, T/Y

OcTartok
Ha cuTe
90 MKM, %

Y nensHbin 8,3 7,8
pacxon aHep-
ran, KBT - u/t

10,0 8,3

aspoxenoboB 1 KOBLLIOBOrO 3/1eBaTopa f0CTaB-
NAETCH B CUMOC CbIPbEBOV MYKN.

HoBas MenbHMLA B KOPOTKME CPOKM BbiLL-
na Ha Tpebyemy Npon3BOANTENBHOCTD, Bbinn
[OCTUrHYTbI BCE LIeNeBble MokasaTenn TOHWHbI
nomona. B 1abn. 2 ykasaHbl rapaHTMpOBaHHbIe
nokasartenu 1 nokasarenu, 4OCTUTHYTble Mo pe-
3ynbTatam npov3BOACTBEHHBIX UCTIbITAH.

Ha puc. 2 nokasaH o6wuin BUA HOBOW Cbl-
pbeBoi MoaynbHoM BBM Ha 3aBoae B CeBepHo
Ameprike.

OnbiT 3kcnnyarayum mogynbHeix BBM

3a nocnegHve roabl N0 Bcemy Mupy 6bin0
BBE/LIEHO B 3KCMnyaTaumio MHoxectso BBM mo-
ayneHoro tuna (puc. 3). B Tabn. 3 npuseneHsbl
TUMNOBbIE MOKA3ATENM LLIECTVBANKOBOW CbIPbEBON
Me/bHULbI Ha MPUMEPE ABYX MenbHuLL, paboTato-
LLMX Ha 3aBoaax B Amxupe n VHauw.

CeroaHs moaynbHble BBM HaxoasT LwWmpokoe
NPUMEHEHUE ANg NOMONA LIEMEHTOB 11 IOMEHHbIX
LINAKOB, @ UX MepBas NpoMbILUNEeHHas anpoba-
umMs B 31O ponn coctognack B 2008 roay. Ha-
npyvMep, Ha npeanpuaTi B ABCTpanuy oaHa
13 TakVX MeNbHNL NCNONb3yeTcs Ang nomona
rpaHyNMpOBAHHOTO JOMEHHOTO LWNnaka U LeMeH-
Ta. MenbHMUA UMEET NPOM3BOAMTENBHOCTL A0

Puc. 3. O6wwi Big YCTaHOBOK C MOAY/bHbIMY CbIPbEeBbIMI BEPTMKANBbHbIMI BANKOBbIMIA MeNbHLaMN

1,1 MIH T B rof, OHa OCHALLleHa LWeCTbio BasKa-
MV 1 TPEMS MPUBOAHBIMI MOAYNSMI MOLLIHOCTbIO
1840 kBT Kaxabin. [MepBbit MyCK MeAbHNLbI CO-
crosnca 8 2014 ropy.

CoBpEMEHHbIE MENbHMLbI XOPOLO Cnpas-
NATCH ¢ 3agavamu nomona 6e3no6aBoyHo-
ro uemeHTa u uemeHTa ¢ gobaskamu. OaHa v3
menbHU, paboTawwas B CeBepHon Adpuke
¢ 2016 roaa, BbiNyckaeT Aga Tuna 6e3nobasoy-
HOrO LieMeHTa, PasnuyatoLLXCs AUCMNEPCHOCTbI:
MpU BbINYCKE LieMeHTa C TOHWHOM No bneiny
3880 cM2/r MpOM3BOANTENBHOCTb arperarta o-
cTuraeT 345 T/4 Npu yaensHOM 3HepronoTpebne-
HuM 18,7 KBT + 4/T, @ Ng LieMeHTa € TOHUHOM Mo
BneiHy 4800—5000 cm2/r — 236 T/4 Npu SHEpro-
3atparax Ha nomon 25,3 kBT - u/T.

OavH 13 KpynHemwmx npou3BoaMTe-
nen uemenTa Ha WHAMACKOM CYOKOHTUHEHTE
B 2011 roay paclumpun cBOM MOLLHOCTW, BBEAS
B CTPOW HOBbI 38BO/ C NEYHON NMHUEN MOLLIHO-
cTbio 10 TbiC. T KAVMHKEPA/CYT (0KOMO 3,6 MAH T
B roa). [ng nomona KnuHkepa Ha 3asoge Obina
ycTaHoBneHa yetbipexsankosag BBM ¢ ye-
TbIPbMS MPVBOAHBIMYA MOAYNSIMU MOLLHOCTbIO
1650 kBT kaabin. Pabota MenbHWLbI B pexu-
Me Topsayero pesepeupoBaHnsa obecneymsaeT
COXpaHeHne NPOM3BOAUTENbHOCTY arperata
Ha ypoBHe He MeHee 70 % HOMWHanbHOM npwu
TEXHMYECKOM OOCNYHKMBaHWW OAHOrO M3 Ban-
KOB v NpvBOAOB. [laHHas MenbHMUa npoLu-
na UCMbITaHNs B pexrMe paboTbl ¢ NOAHATbIM
BaNKkoM. [1pov3BOANTENBHOCTb CHU3MMACh Ha

17,5 % (c 291 no 240 T/4) npu cKopocTw Bpa-
LeHnsd NMOMONBHOMO CToNa 0KoNo 88 % Homu-
HanbHOM ¥ TOHMHe momona no bnemnHy okono
3000 cM?/r. KonebaHus cKopoCTy BpaLLEHNs po-
TOpa NPYIBOAHOMO 3NEKTPOABUraTeNs npu 3TOM
coctasun £1,8 %, Y4TO COMOCTABVMO C aHano-
TMYHBIM NOKasaTenemM mpu paboTe MenbHULbI
C aCUHXPOHHbIM ABuUraTenem. B uenom pabota
MENbHULI C OAHUM MOAHATHIM BankoM Gbina
cTabunbHONM, 3KCMAyaTaUMOHHbIe MOKasaTenu He
VCMbITbIBAAN 3HAYNTENBHBIX KONEOaHN.

ﬂerunpumuml THNCOBOr0 KAMHS
[TockonbKy 3HeproagekTusHocTs BBM
3HAYMTENBHO BbILLIE, YEM Y LLIAPOBOV MENbHNLLbI,
B XOZle MOMONa MaTepuana Bblaensercs MeHblue
Tenna. bnarogaps 3ToMy npu Nomone KNuMHkepa
C CynbpaTHoN A06ABKON, B KA4eCTBE KOTOPOW
324acTyl0 NPYMEHAeTCH NPUPOLHbIA ABYBOA-
HbI TUNC, MOCNeAHUA HEe MOABEpraeTcy cylle-
CTBEHHOMY HarpeBy U 06€3BOMVBaHMIO; KPOME
TOro, oTnagaeT HeoOX0AUMMOCTb B Oxnaautene
LlemeHTa. MeHbluas Temneparypa npoaykTa, no-
CTynarLlero B c1noc, NpeaoTepaLLaeT gernapa-
TauMio runca npy XpaHeHun LeMeHTa, CHIKa-
eT CNeXMBAEMOCTb 1 KOMKOBAHME MaTepuana.
YMeHblUEeHHan CTemneHb Aervaparauny o3Havaet
¥ TO, 4TO AOAS NOMYBOAHOTO rumnca B LieMeHTe
TaKKe CHU3NTCH, OAHAKO 3TO CHUMKEHUE MOXHO
KOMMEHCVpOoBaTh, yBENMYMB 06LLEee KOMNYECTBO
rmnca (Tak, YTobbl He MPEeBbICUTL YCTaHOBNEH-
Hble mpeaenbl copepmanusg SO;), ero peakum-

Tvnosble 3KcmnyaTaUnoHHbIe NOKA3aTeNV LLECTUBANKOBOW CbipbeBO MoaynbHON BBM raonaa s
Anxup MHavs
[ BT oo MO
3HayeHve 3HaueHne 3HaueHre

BnaxHOCTb NUTaHWS MenbHULbI, %o 6,5 1,7 He 6onee 5,0 1,15
OcTaToyHas BNamHOCTb, % He 6onee 0,7 05 - 0,5
[pon3BOANTENBHOCTD, T/ 680 692 500 545
Octartok Ha cute 90 MKM, % 12,0 11,8 15,0 17,0

Y aenbHbIn pacxop aHepru, kBT - w/t 8,5 8,0 12,1 10,8
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OHHYI0 CMOCOOHOCTb WA MOBBICKB TEMMepaTypy
roTOBOrO MPOAYKTA.

YBENM4YMTb COAEPKaHMe Nonyruapara MoxHo
MyTeM yCTaHOBKMN AOMONHUTENbHON MONIOTKOBON
CyLUMNKKM-apobunkn B covetannn ¢ BBM ¢ ue-
b0 YACTUYHO Aeruapatvposats rinc. B Tabn. 4
yKasaHo coaepiaHue nonysBoAHOro runca Ha
BbIxo4e 13 BBM npwu pasnnyHbix pexumax no-
MOAa, a TaKKe NPU HaUYMN CyLLINAKI-APOOUNKIA
11 ee OTCYTCTBUMM B CXEME nomorna. Temneparypa
KNVHKepa, noaasaemoro Ha nomon, paeHa 30 °C.

CpaBHWTENbHbIE UCCNELOBAHNS LLEMEHTOB,
nonyyaemblix Ha npombiwneHHsix BBM, mosso-
MNW YCTAHOBWTL CeAyIoLLee: Npu TemnepaTy-
pe mMatepuana Ha Bbixoae 13 BBM okono 95 °C
COLlepMaHve nonyruaparta cocTaBngno 0Kono
30 % B nepecyeTe Ha obLuee coaepianme SO,
B CynbpaTHoM obaske. Ipu 4ONOAHUTENBHON
YCTAHOBKE CYLLMAKW-APOOUAKIM C TeMnepaTypon
Ha Bbixofe 160 °C 1 TemnepaTtype Ha Bbixoae
BBM okono 75 °C copepxaHue nonyruaparta
Bospactano 4o 80 %.

YTobbl yacTryHasg Aervaparaums npoucxoau-
na B BBM, Temnepatypa Ha Bbixoae ee [0NK-
Ha cocTaenatb 120 °C, 0AHAKO LIEMEHT C Takowm
BbICOKO/ TemnepaTtypon OyLeT KOMKOBaTbCH
MNPV XpaHeHUn 13-3a NPOAO/MKAILLENCH ferna-
patauum runca. Takum obpa3omM, npy nomone
uemenTa B BBM poctiib Tpebyemoro copepxa-
HVS nonyruaparta npu CoxpaHeHun TemnepaTypbl
maTepuana Ha 6e30MacHo HI3KOM YPOBHE He-
BO3MOXHO 6€3 1CNONb30BaHNS AONOAHNTENLHON

Tabnvua 4
Mpumepbl 3aTpat Tenna Ha aeruapataumio runcoBoro KaMHs
B cxeme «BBM + cywmnka-apobunka»

Homep BapuaHTa
[MapameTp
1 2 3 4 5

CocTosHvie reHepaTopa ropaumx razos BBM OtknoveH B pabote OtkmoveH OtkaodeH OTkaYeH
Temnepatypa matepuana Ha BbIxoae CyLUNNKM- - - 120 140 160
apobunku, °C
Temnepatypa maTeprana Ha Bbixofe BBM, °C 70 120 70 70 70
Moasoa BHeluHero Tenna, A/ 0,0 21,4 74 11,2 12,7
Maccosaa fong nonyruapara s runce, % 0 20 20 68 93

CyWwnnKn-apobunki. Ynpasngs Temnepatypon
Ha BbIXOale U3 Hee, MOXKHO BapbupoBaTh COAEP-
¥aHvie NoAyBOAHOrO runca B LUMPOKKX Npefenax
ANS NOAYYeHs LeMEHTa C 3aaHHbIMU XapakTe-
PUCTUKAMU.

3akniouenne

B3gB Kypc Ha ycTON4MBOE Pa3BUTHE CBOE-
ro 6uaHeca, NPOM3BOAUTENN LiEMEHTA AOMKHbI
NOCTOSHHO OPVEHTVPOBATLCH HA MEPEMEHUMBbIE
(hakTopbl pbiHKa; 0coboe BHUMaHWe cnepyeT
yAenUTb BOMPOCAM 3HEPrOCOEepeeHns 1 3KC-
nayaTaumoHHON rOTOBHOCTW NMPOV3BOACTBEHHbIX
MOLLLHOCTen. HoBag TeXHONOrUg MOAY/bHbIX
BBM, BbiBeaeHHbIX Ha pbiHOK 0kono 10 neT Ha-
3aa, cnocobHa yaoBNeTBOPUTL CTPOrME 3anpo-
Cbl MPOMbILLNEHHOCTU B 4ACTU HAAEHKHOCTU W
9KCMNyaTaLnoHHON rOTOBHOCTY 060pYA0BAHNS,
NPOCTOTbI TEXHNYECKOrO 00CNYHKMBAHUS, HW3-

KOr0 yenbHOro NoTpebneHns 3neKTpUYecKon
1 TennoBoi sHeprun. C y4eToMm TOro, YTO BHe-
[pEeHVie AaHHOW TeXHOMOTMN OKa3biBaeTCcs Hau-
MEHee 3aTpaTtHbIM MPU UCMONb30BAHUN TONBKO
OHOV MENbHULbI AN NMOMONA CbIPbEBbIX KOM-
MOHEHTOB WNW LieMEHTa, HeyanBUTENbHO, YTO
CerofiHs MHOXeCTBO NPOU3BOAUTENEN MO BCEMY
MUPY OTAAKT NpeanoyTeHne MoaynbHbiv BBM,
COveTalkLLMM YKa3aHHbIE BbiLLe NMpenMyLLecTsa
C BbICOKOW NMPOU3BOANTENBHOCTbI0 €ANHUYHOTO
arperara.
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