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AnHoTanus. Co BTOPOil MOJOBUHBI MPOIIJIOTO BeKa B KaYeCTBE 3aIIUTHBIX (PYTEpOBOK CTalu
IPUMEHATH PE3HUHY, YEMY CIIOCOOCTBOBAIM €€ YHUKaJIbHbIE cBoWicTBA. OnHOM U3 Beayumx Gpupm B
00JacTy CO3aHUSI U TIOCTAaBKH PE3WHOBBIX (PYyTEPOBOK Ui BCEX CYIIECTBYIOUIMX THUIIOB IIAPOBBIX
menbHuI ctano npeanpustue OO0 «Banca-I'TB» (r. benas LlepkoBs, Ykpanna). DToMy crocoo-
CTBOBAJIO CJIENyIOIIEe: HAIWYUE BBHICOKOTEXHOJOTMUYECKOIO COBPEMEHHOI'0 00OpyI0oBaHUs, pa3pa-
00TKa ONTUMAIBHBIX KOHCTPYKIIMIA 3JIEMEHTOB ()yTEPOBOK, CIeIMaIbHbIe MAapKU Pe3uH U npodeccu-
OHAJILHOE COMTPOBOXKICHUE IKCILTyaTalliui MEIbHHUIL C (PyTEpOBKOI peanpusTHs. BaxkHbIM IPH 3TOM
SBIISUIOCH TAK)KE MCIIONIb30BaHUE (PYHIaMEHTAIbHBIX TOCTH)KEHUH B 00JIACTH TUHAMUKH MEJIBHUI] U
MeXaHHUKH pe3nuHbl. Co3aHHast TEOPUS BOJTHOBOTO a0pa3uBHO-YCTAIOCTHOI'O H3HOCA PE3UHOBBIX (Y-
TEPOBOK, METOJIbI MX pacuéTa U METO/bI YKIIAJKH 3JIEMEHTOB B OapabaHe MO3BOJIMIM MEXaHUKaM U
TeXHoJIoTaM co37aTh pyrepoBku THNa «BoHay (Ha peiake yenyr «Ilnmuta-Bomnay, «llnuta-JIndrép-
Bonnay, «G.M-Bonna» u «llnuta-H-Bonnay). M3naraercs 3akoHOMEPHOCTb BOJITHOBOTO U3HOCA pe-
3MHOBOM ()yTEPOBKH TPH €€ B3aUMOJACHCTBUU ¢ BHYTPUMEILHUYHOM 3arpy3koi. [loka3ano, 4ro pe-
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abed GyTepoBKH HAXOAUTCS B ONPEAEIEHHON 3aBUCUMOCTH OT CTPYKTYPHI IIOTOKA U SIBIISIETCS OTIIE-
YaTKOM CTPYKTYPHBIX 00pa30BaHUM €ro TypOyJlIeHTHOCTH; 00pa3yIoIUecs IPU 3TOM HOBbIE (hOPMBI
MMOBEPXHOCTH (YTEPOBKH HETIOCPEACTBEHHO CBS3aHBI C MyJIbCAIllMEN CKOPOCTEH M C JIMHEWHON KOp-
pernsiuei Mex, 1y MTHOBEHHBIMH CKOPOCTSIMH, OTIPEIEISIOIMMHI MaciuTad 3Toi TypOynenTHocTH. B
KOHEYHOM HUTOTE, MOSIBISIIOTCSA TaKHe THAPOMOP(OIOTHYECKHE XapaKTePUCTUKU TOTOKA U TAKOH
MopdomMeTprudeckrii penbed pabodei MOBepXHOCTH (PYTEPOBKH, IPU KOTOPHIX IMOTOK Ha MPEo0Ie-
HHE BCEX CONPOTHBICHUI 3aTpauuBaeT MUHUMYM SHEPTUH U MUHUMYM JHMCCHITAINK SHepruu. Pac-
CMaTpHUBAIOTCS OCHOBHBIE COCTABISIONINE HOBOM pecypco- U sHeprocoeperaromieil TeXHOJIOTUU U3-
MeIbUeHHS Py B IApOBBIX MEIbHUIAX. PaccMaTpruBaloTCs HOBbIE KOHCTPYKIIMH PE3MHOBBIX (yTe-
pPOBOK THIA «BoJHa» ISt BCEX THIIOB LIAPOBBIX MENBHUI] U JUIS BCEX CTAAMNA M3MENbYCHUSI MUHE-
PaIBHOTO CHIPHSL.

KiroueBble ciioBa: pe3snHoBas (pyTepoBKa, IapoBbIe MEJIBHUIIBI, BOJIHOBOM M3HOC, PECypco- U
sHEprocoeperaonas TeXHOIOTUsl.

1 Beenenue

OBOJIOLHS TEXHOJIOTMI U3METBbYEHUSI MUHEPAIBHOTO ChIPhS POLUIA CIOKHBIN
IIyTh OT KAMEHHOM CTYIIKH C ECTUKOM (5-7 ThIC. JET O H.3.) U MEXaHUYECKOU TOTYEH
C MPUBOAOM OT BOZsiHOTO KoJieca (15-18 B. H.3.) 10 cOBpeMeHHBIX OapabaHHbBIX MEJIb-
HUI Auametpom 14-18 M, momHocThIO puBoaa 6osiee 36000 kBt u crnoxxHoit cucte-
MO aBTOMaTHUECKOI0 YIPaBJICHUS; COOTBETCTBEHHO HBOJIIOLINS 3aIUTHBIX (pyTepo-
BOK — OT KaMEHHOTO JINThS M METAIMYECKHUX IUIUT A0 KOMIIO3UTHBIX MaTEpHAaJIOB.
[lepBbie onmucanus 3aUTHRIX (YTEPOBOK U MEPBHIC MATCHTHI OTHOCATCS K Hadamy XX
BEKa U CBUJIETEIHCTBYIOT O JJOBOJBbHO IPAMOTHOM MHKEHEPHOM TOJIX0/I€; N0 KpaiHeu
Mepe KOHCTPYKIIMU METAUIMYECKUX ITUT, Tpoduiib ux padbodyeil MOBEpXHOCTH U OCO-
OeHHO croco0 KperuieHus K 0apabaHy CUCTEMOM «BUHT — raiikay 3a MOCJIeIHUE TIPU-
MEPHO CTO JIET U3MEHWINCh HECYLIECTBEHHO.

Pe3unoBas (pyrepoBka B MpPaKTHUKE TOPHO-METAILTYPrUYECKUX NPEANpUsTUN
HauOoJIbIIee PACTIPOCTPAHECHHE MOTYUYMIIA B IIAPOBBIX MENBHUIIAX MOKPOTO HU3MEIb-
YEeHUsI U MEJIbHUI[aX MOKPOro camou3MenbueHus. PaboThl mocieaHuX JeT B paccMaT-
puBaemMoit oomactu [1-5] ¢ JOCTaTOYHOM OYEBUIHOCTHIO CBUACTEIBCTBYIOT O BaXKHO-
CTH MCCIIEJOBAaHUN IMPOLECCOB M3MEIbUEHUSI MaTEpUaJioB B OapabaHHBIX pylopas-
MOJIBHBIX MEJIBHUIAX U POJIU 3aIMUTHBIX (DYyTEPOBOK B ATHX MPOIIECCAX.

[IpumeHeHne pe3uHOBBIX (PyTEPOBOK, TOMUMO YHCTO MIPAKTUYECKOTO UHTEpeca,
CIIoco0CTBOBAJIO Takxke OoJiee TITyOOKOMY MCCIIEIOBAHUIO B3aUMOJICHCTBUS MEITbHUY-
HOM 3arpy3ku U ()yTEpOBKH U, B KOHEYHOM UTOT€, MOATBEPIUIIO NMPABUIBHOCTh BOJI-
HOBOW Te€Opuu nU3HOCa [6].

CoriacHo BOJHOBOM TEOPHH U3HOCA IS YIyUIIEHUS TEXHOJIOTUU U3METbYECHUS
Y YBEJIMUCHHUS JJOJITOBEUYHOCTH (PyTEPOBKU HEOOXOAMMO, YTOOHI B OapabaHe METbHHUIIbI
YCTAaHOBUJIOCH TaAKOE B3aUMOJICHCTBHUE 3arpy3KH U JIEMEHTOB (DYyTEpPOBKH, MPU KOTO-
POM 3aTpayuBaeTCd MUHUMYM 3HEPTUU U COOJIIOIAETCA MPUHIUI MUHUMYMa MPOU3-
BOJICTBA SHTPONMH, T.€. MUHUMYyMa Oecropsijika B cucteme. Takoe rapMOHHUYECKOe
B3aUMOJEMCTBUE JOCTUraercsi Ojaronapsi HCIOJIb30BAHMIO HOBBIX OPUTMHAJIBHBIX
KOHCTpYKIui (pyrepoBok Tumna «Bomuay. Ilomumo 3toro, tTakue pyrepoBku Omaro-
napsi CBOUM MOP(POMETPUUYECKUM MapaMeTpam NP pa3pyIlIeHUH Py bl O3BOJISIOT pe-
aM30BaTh MPEUMYIIIECTBEHHO CABUTOBBIE HAMPSIKEHUS, YTO TTO3BOJISIET 3HAYUTEIHHO
CHU3UTH DHEPro3arparbl Ha JE3UHTEIPALUI0 MUHEPAIHHOTO CBHIPhS, a TAKKE YBEIH-
YUTh NpUpocT rotoBoro kiacca (0,056 mm). B mpornecce skcrutyaTanuu 3J€MEHTHI
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(GyTepoBOK MPUOOPETAIOT BOJHOBYIO IIOBEPXHOCTh, KOTOpPasi COXPaHAETCS MpaKTuye-
CKH 110 oTKa3za. DyTepoBkH «BosHa» 00ecrneunBaioT: 3aJaHHYI0 TPOU3BOAUTEILHOCTD
C MEPBBIX YaCOB pabOThI MENBHUIIBL; COXPAHEHHUE BOJIHOBOTO pesbeda 10 MOJHOTO U3-
HOCA, YTO MO3BOJISIET JOCTUTATh CTAOMIIBHBIX TEXHOJOTUYECKUX MOKa3aTeNel B Teue-
HUH BCErO CPOKA DKCILTyaTaIUU.

Ha nannbiii MmomenT 6osiee 230 BUIOB MEIbHUI, paOOTAIOMIMX C Pa3IMYHBIMU
BUJAMHU Py Ha MPEANPUSATUSIX TOPHOIO0OBIBAIONIEH MPOMBIIUIEHHOCTH, OCHAIIECHBI
¢dytepoBkoil Tuna «Bomna» npousBoactBa OO0 «Banca-I'TB». ®yrtepoBku Tuma
«Bomnnay» cepuitHo BeinmyckaroTcs npeanpusituem OO0 «Banca-I'TB».

Jns 2-ii m 3-i craauii u3MenpueHusi Hanbojee BOCTPEOOBAaHHBIMU SIBIISTFOTCS
koHcTpykuuu «Ilnura-BonHay (pyrepoBka BeiyckaeTcs B AByX BapuanTtax: «Ilnura-
Bonna» rnagkas u «Ilnuta-Bonna» camodyrepyromiascs, a Takke QpyTepoBKa TUMa
«IInuta-JIudrép-Bomuay.

2. Pe3yabTaThbl CPaBHUTEIbHBIX HCIIBITAHMHA IIAPOBBIX MEJILHUIL €
MeTAVIMYEeCKUMH U Pe3MHOBBIMH (pyTepoBKaMu

Takue ucnbpITaHKs MPOBOJIUIIUCH B TAOOPATOPUU HA MOJICIHHOU MEIBHUIIE U B
MIPOMBITTUICHHBIX YCIOBUIX. J{JIs onipeiesieHnst BIUSHUS 4YacTOThI BpallieHus: 0apabaHa
Ha BBIXOJI PACYETHOIO KJIacca KPYMHOCTH U3MENIbYAEMOT0 MaTepralia pu pa3aIudHbIX
TUmax GyTepoBOK W BIUSHUS HANpsHKEHUN B MaTepuasie Ha 3QGEeKTUBHOCTh €Tr0 U3-
MeJbYCHHS B TAOOPATOPHOM MENIbHHIIE OBLIO MPOBEACHO JABE Cepur UcTbITanuii. KoH-
TPOJIBHBIM ITapaMeTPOM ObLI Kjacc KpynmHocTy — 100 MkM.

B nepBoil cepun HCIBITAHUEN UCCIIEN0BAIACh 3aBUCUMOCTD BBIXOJa PACYETHOTO
KJIacca KPYMHOCTH OT 4acTOThI BpaiieHus: 6apadbana (puc. 1); kak BUIHO 1151 00enx
(GyTepoBOK HaOMIOAAINUCH SIBHO BBIPAXKEHHBIE MAKCHUMYMBbI MOJYYEHHBIX 3aBUCUMO-
CTEH.

XapakTepHO, YTO JJIsl METAIUTMYECKON (PyTEpPOBKH 3TOT MAaKCUMyM HaXOJUTCS
pu yactoTax BpaiieHus Z = (68-72) % ot kputuueckoi. {151 pe3suHoBoi GpyTepoBKU
MakcUMyM cojepkaHusi kinacca |00 MKM ©W HHM)KE HaxOAWTCA B Mpenaeiax
Z =(76-82) % OT KpUTHUUECKOM.

DTO SBJICHUE MOXKHO OOBSICHUTH TEM, YTO METa/lInueckas pyrepoBKka crnocoOHa

MOJAHUMATh IIapbl HA OOJIBIIYIO BbI- 50

COTYy U MPU MEHBIINX CKOPOCTAX

(opMupoBaTh ABYX()a3HBIA PEXHM | o 70 /——\\[1

pabOTHI BHEIITHETO CJI0S IIIapOBOH 3a- 2 60 \

rpy3ku. [lpuuém oTpelB mapoB | £ 50 ~

BHELUHETO CJIOS WAPOBOH 3arpysku | § 4o ~ // \\

OT (yTEPOBKM TPOUCXOAUT BBHIMIE | S 20 / \

TOYKH TEOPETUYECKOTO OTPbIBA, TAK 520 < \/—2

KaK (yrepoBka MMEeT Ha CBOEH mo- | 2 \

BEPXHOCTU BBICTYIBI, M0 pa3Mepam 10

3HAQYUTENBHO MPEBBIIIAIOIINE Pa3- 0

50 60 70 80 90 100

Mepbl 1apoB. B Takux ciydasx OTHoCUTe/TbHAsE YacToTa BpalleHus 6apabana, Z, B %
Pucynok 1 — BausiHue yactotsl BpamieHus Oapa-
0aHa Ha BBIXOJ PACUETHOTO KJIacca KPYMHOCTH
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UMEET MECTO 3a0poc IIapOB Ha MPOTHUBOIOJIOKHYIO CTOPOHY. Takoe siBlIeHHE CleyeT
CUHUTATh OTPUIATEIHHBIM.

Bropast cepus 3xcriepuMeHTOB IPOBOAMIIACH ITPH YACTOTAX BpalleHus bapadbana
(puc. 2), COOTBETCTBYIOIIUX MaKCUMyMaM COJIEpKaHUs pacuyETHOrO Kiacca, NOJIy4YeH-
HBIX [IPU IIPOBEJICHUHN MIEPBOM CEPUH ONBITOB, TO €cTh pu Z = 70 % u Z = 80 %.

CpaBHeHHE IBYX CepUil SKCIIEPUMEHTOB MO3BOJISIET CJIENATh BHIBO, YTO MOBBI-
HICHHE COACPKaHMsI pacyETHOTO KJlacca B MEIbHUIAX C PE3UHOBOM (PyTEpOBKOM CBsI-
3aHO C OTCYTCTBHEM 3a0poca IapoB.

70 80
g 60 70
% 50 60
5 2 50
2 240 \
2 § 1 40
= E 30 J \ !
2= \K 30
52020 ™~ \
g T ] 20 ~
s 5 — >\
£ 10 : 10 S m——

45 195 345 495 645 795 945 1095 45 295 545 795 1045 1295 1545 1795
Pa3mep oTBepcTHii CUT, MKM Pasmep oTBepcTHil CUT, MKM
a — OTHOCHUTENbHas yacTtoTa Bpamenus 70 % 0 — oTHOCUTENbHAs YacToTa BpauieHus 80 %

1 — Ipu UCTIOJIL30BAaHUHU METALTHYECKON (QYTEPOBKHU;
2 — IpH UCHOTIBL30BAHUU PE3UHOBON (PYTEPOBKHU

Pucynok 2 — CymMmapHble XapaKTEPUCTUKH NTPOTYKTOB U3MEIIbUEHUS

Haunbonee r3pdekTuBHBIM clieiyeT cunuTaTth TpoQuib, HE JOMYCKAIOUUNA Mpo-
CKaJIb3bIBaHMS 3arpy3KH M0 (yTEpOBKE HE TOJBKO HA TPACKTOPUSX MOABbEMA, HO U B
30H€ MATHl OTKaTa. YacTUUHO 3TOMY TpeOOBaHHIO OTBEYAET PE3UHOBAs (DyTEpOBKA.
OpnHako ecTh y4acTKH, IO KOTOPHIM MPOUCXOJUT yAap HIApOB MOJ TAKUMH YIJIAMH,
YTO BO3MOXXEH OTCKOK B MPOU3BOJIbHOM HAIMPABJICHUU. DTO MPUBOJIUT K TOMY, UTO
miapbl He cpasy YBJIEKAIOTCA Ha KPYroBble TPACKTOPHH, & CKAIJIUBAIOTCS HAJl MATOM,
crocoOCTBYS siBIIeHHIO «HHTepdepennnm». Kpome Toro, mpu ynape mapoB o ¢yTe-
POBKY 1MOJ] HEOOIBIIMMH YTIIAMUA UMEET MECTO OTHOCUTEIHHOE MPOCKaib3biBaHue. B
MecTax KOHTaKTa 1apa U METaUIMYECKOM IUIUTHl BO3HUKAIOT HOPMaJIbHBIE HaIPsIKe-
HUS, a TIapbl OT/IAIOT YacTh CBOCH DHEPTUU HA pa3pylIeHUE COOCTBEHHOU MOBEPXHO-
CTH U TOBEPXHOCTU (PyTEpPOBKU. DTO MOATBEPKIAET BBIKJIAJKK pazpaboTaHHON MO-
nemu. Tak, mapranuoBucteie ctanu 1100'13JI npu yaape noa npsmMbeIM YoM XOpOIIO
HaKJIENBIBAIOTCS, MPU 3TOM YBEJIMYMBAETCSI TBEPJOCTh UX MOBEpPXHOCTEH. B ciyuae
MIPUMEHEHUS PE3UHOBBIX PyTepOBOK Takue 3(h(PEKThl HE BO3HUKAIOT.

Ha ocHOBaHMM M310KEHHOTO MOKHO C/IeJIaTh BBIBOA, YTO Hauboiee 3 PpexTuB-
HBIM OyzeT Takas (yTepoBKa, B KOTOPOU Ha MOBEPXHOCTH OTCYTCTBYIOT YYaCTKH, TJIe
BO3MOKEH yJIap MapoB Noj yriamu MeHee 90°.

bpui mpoBeAEHBI TaKKE CPABHUTEIBHBIC UCTIBITAHUS BO3JICUCTBUS PE3UHOBOM
(GbyTepoBKM Ha TEXHOJOTUYECKHUE MOKAa3aTeIN MEJIbHUI[ B YCIOBHUSIX TOPHO-000OTaTH-
teapHOoro komomHarta YAO «CeBl'OK» (Tabm. 1).

Ha YAO «CeBI'OK» na menbpauiiax MIIP 3,6x4,0 u MIIIL] 3,6x5,0 66110 mpo-
BEJICHO MPOMBIILICHHBIE UCTIBITAHUS PE3MHOBON (DYTEPOBKHU C BOJIHOBBIM MTPOQHIIEM.
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Tabmuma 1 — Pe3ynbrarsl CpaBHUTEIBHBIX UCTIBITAHUN

Cramust | Merammmue- | PesunoBas ¢yre- | PesunoBas ¢yre-
TexHomornueckue nokasa-
e u3Menbue-| ckas pyre- poBka «Ilnuta- | poBka «Ilnmura-mud-

HHUS pOBKa Boanay TEP»
[Ipupoct roroBoro kiacca 2 23,8 —-24.5 28,7289 28, 7—289
(-0,056 mm), % 3 10,7-11,8 17,20 10,7-11,8
VY nenbHBIE pacXoIbl dJIEK- 2 5,727 5,349 5,50
TpodHepruu **, kBT/T pyabl 3 6,370 5,890 5,92

[Ipumenenue Takoi pyTepoBKU 00ECTIEUMIIO BEIXO HA HEOOXOIUMBIM TEXHOJIO-
TMYECKUN PEXUM U MPOU3BOJUTENBHOCTD YK€ Uepe3 Tpoe CyTok padoThl. [Ipensapu-
TEJbHBbIE PE3yJbTAaThl MPOMBIIUICHHBIX MCHBITAHUM MOKAa3bIBAIOT, YTO MPUMEHEHUE
(yTepOBKH BOJHOBOTO MPOQUISL MO CPAaBHEHHUIO ¢ METANIMYECKOM (QyTepoBKOH (ca-
Mo(dyrepyromascs (yrepoBka, Tak HaszbiBacMas «MexelbCOHOBCKas (yTEpPOBKa»)
MO3BOJIMJIO TTOBBICUTh MPOU3BOJUTEIBHOCTh MEJIBHULIBI IO BHIXOJIHBIM MUTaHUEM Ha
3-5 % npu yciaoBuu odecrieyeHus He0OXOAMMOro KauecTBa U3MEIbYCHUSI.

Kak Bunum B Tabi. 1, yAenbHBIN pacxo IEKTPOIHEPTHH HA MEJLHUIIAX C pe-
3MHOBOU (DYTEPOBKOI 3a BECh MEPHUO]I UCIIBITAHUI IO CPABHEHUIO C METAJTMYECKOM
(GyTepoBKOM HUXKE: BO BTOPOM cTaanu n3MenbueHus Ha 7,1 %, B TpeThelt cTaguu us-
MenbuyeHus Ha 7,46 %. Kpome 3Toro, mpumMeHeHne pe3nHOBBIX (hyTEPOBOK B TEXHOJIO-
IMYECKUX CXEMaxX PyAOINOATOTOBKH MTO3BOJIWIIO: CHU3UTH YAEJIbHBIA PACX0/ IIAPOB HA
10 % 1 CHU3UTH YIEIBHBIN PacX0.l AMEKTPOIHEPTUH BCETO HA TEXHOJIOTUYECKYIO CEK-
uuto 10-12 %.

AHanu3 NoJIy4eHHBIX pe3yabTaToB (pHc. 3, Ta0. 2) MOKa3bIBAET, YTO BO BTOPOU
CTaJNM MU3MEJbYEHUSI PE3UHOBAsI (PyTEPOBKA UMEET aHAJIOTMYHbIE TEXHOJOTUYECKHE
MOKa3aTesd co CTalbHOU (hyTepoBKOM mapommunosoro npoduis. [Ipupoct rotoBoro
kiacca (-0,056 Mmm) B ciMBe MENbHUIIBI COCTABISIET B 000ux ciydasax 22,3 %; B Tpe-
ThEU CTAUU U3METbUYCHUS PE3H-
HoBas ¢dyrepoBka tuna «llnura- SE = ,
mudTép» U Metaumueckas Qy- 1
TEPOBKAa IIAPOUIMIIOBOIO IIPO-
¢GuiIs UMEIOT IPAKTUYECKU OJIU-
HAKOBBIE TEXHOJOTMYECKUE IIO- "
Ka3aTeau 10  HU3MEJIbYECHUIO: o
IIPUPOCT II0 TOTOBOMY KJIacCy B %
CIIMBE MEJIBHHLIBI COCTaBIISET E
10,5-11,8 %; pe3unoBas ¢yre-

20 A

poBka Tuna «[loura-BoaHa» >

HMECT IMIPUPOCT FOTOBOTO KJ1acca

B ciauBe MeIbHUIBI 18,7 %, 4T0 0

B JIBA pasa BHILIE, YEM C METaJl- 2 cragus 3 cTagua
audeckoi ¢pyrepoBko mapor- | 1 — «llnmra-Jluprép»; 2 — meramnmmdeckas; 3 — «Ilnra-
HIIOBOTO TPO(GUISL U PE3UHOBOI Bonnay; 4 — nnuta camodyrepyromascs
dyreposkoii Tuna «Ilmura-mud- Pucynox 3 — IIpupocT roToBoro kiaacca KpymnHocTH (-

0,056 mm) B ctuBe MenbhuIl 11 u 111 cTaamii n3amenpue-

TEPY.
HUS TIPU UCTIOJIb30BAHUHU PA3IIUYHBIX (PyTEPOBOK
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[Ipu ucnonp3oBaHUM PE3WHOBOH (HyTEPOBKH B TpeThell cTanuu HabIOmaeTcs
YBEIMYEHHUE BBIX0J1a TOTOBOTO Kilacca KpynHoctu (-0,044 mm) Ha 3,9 % u yBennueHnue
KadecTBa KOHEYHOTO KOHIICHTpaTa 1o xeje3y obmemy Ha 0,3 % (Tabm. 2).

Tabmuma 2 — Pe3ynbrarsl ncciae0BaHUN N3MEbUSHUSI MarHETUTOBBIX KBAPIIUTOB C MCIIOIb30Ba-
HUEM METAJUTMYECKON U pE3NHOBOH (PyTEepOBOK MEJIBHUIL

[Iponykr ‘ Kiacc kpynHocTH, MM | Boixon, % | Macconas noiist Fe 0611,%
Ceknus ¢ menpHunie ML 3,6x5,5 ¢ meTanmmueckoi GyrepoBKoi
+0,071 1,0 18,5
-0,071+0,056 3.1 24,5
Cnus /11 3 cT. -0,056+0,044 3,5 43,7
-0,044+0 92,4 66,5
Bceero 100 63,9
+0,071 0 —
I PE— -0,071+0,056 3,2 27,6
HpOJYKT 4 CT. -0,056+0,044 2,8 46,2
-0,044+0 94,0 67,2
Bcero 100 65,5
Cexknus ¢ menpaunier ML 3,6x5,5 ¢ pe3snHoBo# GhyTepoBKOi
+0,071 0 —
+0,056 1,5 25,3
Cnus /11 3 cT. -0,056+0,044 2,2 41,4
-0,044+0 96,3 66,0
Bcero 100 64,85
+0,071 0 —
I PE—— -0,071+0,056 2,1 20,1
HPOJYKT 4 CT. -0,056+0,044 1,8 32,5
-0,044+0 96,2 67,4
Bceero 100 65,8

[Ipu olieHKe pacKphITUS MUHEPATIbHBIX 3€PEH YCTAHOBIIEHO, YTO MPHU UCIOJIb30-
BaHUU PE3MHOBOI (PyTEPOBKH MOBBIIIAECTCA PACKPBITUS PYIHBIX 3€peH Ha 1,8-3 %, He-
pyaHbIX — Ha 1,3 %, 4TO B CBOIO OUEpEIb YBEIIMUYUBAET KAUYECTBO KOHEUHOTO KOHIICH-
Tparta Ha 0,3 %.

Jlns ananu3a BIMSIHUS Matepuana GyTepOBKH Ha MPOIECC M3MENIbUYEHHUS pac-
CMOTpPEHBI PE3yJIbTaThl U3MEIIb-

YEHMsI JKEJIE3UCTHIX KBAPLUTOB B 20

OJTHOM W TOH ke MEJIBbHHUIIE HO C 1/

pasHbIMH BHIaMH QyTepoBOK: ¢ | 3 15 //

METAIITIECKOH U ¢ PESMHOBOR. | 2 1 2

Ha puc. 4 npencrabiens! okere- | / P—

PUMCHTalbHBIC JaHHBIC KHHE- | A g ]

THKH [IPUPOCTA TOTOBOTO Kjlacca

(-0,071 MM) B MEIIBHMIIE C Me- 0

TAJIUIMYECKOW M PE3UHOBON (y- 0 20 40 60 t MuH

TECPOBKHU. Pucynok 4 — Kuneruka npupocra roroBoro kjiacca npu
[Toka3aHO, UTO PACKPHITHE pe3uHoBoil (1) 1 MeTaMueckoi (2) GpyTepoBKH Meb-

PYIHBIX ¥ HEPYTHBIX MUHEPAJIOB HHLET
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IpU U3MEJIbUYEHUN MArHETUTOBBIX KBAPLUTOB MOJU(PAKLIMOHHOIO COCTaBa B yCIIO-
BHSIX HEPAaBHOMEPHO- KOMIIOHEHTHOI'O C)KaTUS KyCKa PyJbl KOHTAaKTHBIMH CHUJIaMU
IIPOUCXOJUT IIPU AOCTHKEHUU HAIIPSDKEHUEM, MHAYLMPYIOIIUM BHYTPH 3EPEH CHBHU-
rOBBIE HANPSKEHUS, BEJIMYMHBI, PABHOM NpPEIeIly IPOYHOCTH Ha CABUT U PACTSKEHUE,
KOTOpPbIE OpPHUEHTHPOBAHBI MAPAJUIEIbHO BHEIIHUM HOPMAJIBHBIM (COKMMAIOLIUM)
Harpy3kaM WIA NEPHEHIUKYJISIPHO HaIPaBJIEHbl CIABUTOBBIM (PaCTATMBAIOLIVIM)
HaIPSKCHUSM.

3. HoBasi pecypco- u 3Heprocoeperammas TeXHoJ0Tus

[Ipumenenue ¢pyrepoBok THNA « BoaHA) MO3BOJIMIIO CO3/1aTh HOBYIO YHEprocOe-
peratonryto ES-texnonoruto (ES-Technology — Energy Saving Technology) u3mens-
YEHUS PY]l B IIApPOBBIX MenbHUIIAX [4, 5]. biarogapst 5Tol TEXHOIOTUH JIJ1s1 METbLHUILIBI
MIIII 3,6x5,5 BTOpOi1 U TPETHEMN CTAANU U3METBUYEHHUS JKEJIE3HBIX Py MOJYUYEHBI CJIe-
IYIOIIME Pe3yJbTaThl: MPUPOCT TOTOBOrO Kiacca yeenuuwiics Ha (17-29) %; pacxon
Memomux Ten cHusuics Ha 10 %; yienpHbIil pacxo 2JIEKTPOIHEPTUH B LIEJIOM Ha TEX-
HOJIOTUYECKYIO cekiuto cHuzmics Ha (10-12) %. Tak, HanpumMep, 0 CPaBHEHUIO C Me-
TaJuiMueckuMu (yTepoBkaMu pe3uHoBas QpyrepoBka «Ilnuta-BonHay Ha mapoBBIX
MeJbHUIAX 2 U 3 CTaJuu U3MENIbUEHHUS MO3BOJIUIIA: CHU3UTh Maccy KOMIUIeKTa (yTe-
poBKHU OoJiee 4eM B 3-5 pa3 U TEM CaMbIM MOBBICUTH CPOK CITYKObI OTIOPHBIX MO/IIHUII-
HUKOB, CHU3UTb SKCIUTyaTallUOHHBIE 3aTPaThl HA MOHTAXKHO-I€MOHTaXHbIE PAOOTHI IO
3aMeHE U3HOIIEHHON ()yTEepOBKU U YMEHBIIUThH PUCK HECUACTHBIX CIy4yaes; B 2-3 pasa
CHU3UTH IyM; Ha (3-5) % moBbICUTH KOA(DUIIMEHT UCTIOIB30BaHUS MEIbHULL (pe3u-
HOBasi pyTepOBKA MO CPABHEHUIO C METAJUIMUECKOW MMEET MEHBIITYIO TONIINUHY); 00ec-
NEYUTh 3aJaHHYIO MPOU3BOAUTEIBHOCTh MEIBHUIIBI YK€ C IMEPBBIX 4acoB PabOTHI;
CHU3UTH pacxo Memomux Ted Ha (6-10) %; yMeHbIIUTh MOTPEOICHUE AIEKTPOIHEP-
rum Ha (7-9) % (B 1esioM Ha TexHoiorudeckyro cexiuto Ha (10-12) %); yBeau4uTh
cpok ciayx0b1 Ha (80-150) %; yBeTUYUTH MPOIOKUTEILHOCTH MEKPEMOHTHBIX IIHK-
JIOB B J1Ba pasa; Ha (25-30) % cokpaTuTh BpeMs MPOCTOEB MEILHUIL JUIs TUTAHOBOTO U
HEIJIAHOBOT'O PEMOHTOB; YBEJIMUYUTH IPUPOCT FOTOBOTO Kilacca npoaykra (-0,056 mm)
Ha (17-29) % (npu UCTOJIB30BAHUM METAUIMYECKON (DYyTEPOBKH MPHUPOCT TOTOBOTO
kiacca npoaykra (10-12) %).

[ToMuMO 3TOro: MpU HCHONB30BAHUU PE3HMHOBOW (PYTEPOBKH OTCYTCTBYET
yTeuKa MyJbIbl; MeTajuinueckas (yTepoBKa TpeOyeT 4acToro OCMOTpa, MOATIKKH
00NTOB U PEMOHTA; MPU UCHOIB30BAHUU PE3UHOBOHN (yTEPOBKU OONTHI HE TPEOYIOT
MOATSIKKH.

Crnenyrommm maroM B pa3BUTUU MEJTBHUYHBIX QPyTepoBOK THMa «BoiHay nmpe-
npusitust OO0 «Banca-I'TB» crano coznanue gyTepoBoK 715 IEPBOM CTATUU U3METb-
yeHus ¢ mapamu guamerpom 100 MM (B mepcnektuBe ¢ nuamerpom 120 mm). 3aech
NpEANPUATHE PUIECPKUBAIOCH IBYX KOHLICTIUH.

[lepBas xoHIENIMS MpeIoiaraia UCIOJb30BaHUE PESUHOMETANINYECKON (Y-
TEPOBKU: ISl TIOBBIIICHHS HECYIIEH CIIOCOOHOCTU B PE3UHOBBIC AJIIEMEHTHI OBLIU 3a-
BYJIKAHU3UPOBAHbl METAJUIMUYECKUE BCTAaBKM (IIUIMBI) K3 BBICOKOMApPTaHIIOBUCTOM
ctanu (pyrepoBka «G.M-Bonna»). Ha CeB['OKe na mensauiie MIIP 3,6%4,0 Ha nep-
BOM CTaJauu U3MeNb4YeHus ¢ mapamu auametrpom 100 MM BriepBble B MUPOBOM Ipak-
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TUKE JE3UHTETPaIlM KPEMKUX JKEJIE3HbIX PYJ OblIa YCTaHOBJIIEHA PE3MHOMETAIINYe-
ckas (yrepoBka tuna «G.M-Bonnay. Pe3ynbTaTsl ucnbITaHU: CHU3UIOCH TOTpeOIe-
HUE 3JIEKTPO3HEPIUU Ha 5 %; yIeTbHBII pacxo] METIOUX TeN CHU3MICA Ha 5 %; Ipu-
POCT FOTOBOTO Kjacca npoaykra ypeanuwics Ha 10-12 %; noaroBe4yHOCTh 10 OTKa3a
9044 yaca.

Bropas xoHuenuus npeamnosaraia UCIOJIb30BAHUE COYETAHUS OPUTMHAIBHON
MapKu pe3rHBI (M3rOTOBJIEHA 10 HAHOTEXHOJOTUHU U 00J1a/1aeT MOBBIILIEHHON TUCCUTIa-
1yel PHEpruu) U PyTepOBOYHBIX TUIUT BhICOKOTO npoduis tuna «llnura H-Bomnay.
B 2013 rony na I[TAO «CeBI'OK» HauaTsl CpaBHUTEIbHBIE IPOMBIIIEHHBIE UCIIBITA-
HUS TaKOW (yTEepOBKH U CTAaHIAPTHON MeTaJUTMYeCcKoi (hyTepoBKH mpousBoacTea 3A0
«K3I'O». @yTepoBKH yCTaHABIMBAIWCH B IIAPOBBIX MEJIBHUIAX C pa3rpy3Kol 4yepes
pemérky tuna MIIP 3,6x4,0 nmepBoil cranguu u3MmenbdyeHUs. PymnooboratutenbHas
(dhadpuka Ne 1 nmepepabarsiBaeT KBapuuThl [lepBoMaiickoro 1 AHHOBCKOTO MECTOPOXK-
nenust KpuBoposkckoro 0acceiina. B 1iukiie pyJ10noiIroTOBKY MEPBOX CTAINN U3MEITh-
YEHUS UCIIOIb30BAINCH CTANIbHBIE Mapbl AuameTpoM 100 MM TpeTheid IpyIbl TBEPAO-
CTH.

Pesunonas dyrepoBka «Ilnuta H-Bosnnay (mepBbie Tpu KOJbIA OT 3arpy3Ku C
tommuHoN wuT 270 MM, octanbHble — 240 MM) OblIa yCTaHOBIIEHA HA MeJbHUIIE No
121, metannuueckas — Ha MmeabHHUIE Ne 111. O6e menpHunpl MIIP 3,6x4,0 Obln
YCTaHOBJICHBI B LIUKJIE NIEPBOM CTAMU PYAONOATOTOBKH HA OJJHOM TEXHUYECKOU CEK-
uun Ne 11-12 u paGoTtanu B 3aMKHYTOM LMKJIE CO CHEUUATIbHBIM KIacCU(PUKATOPOM
tuna 2KCH 12,5/2 4.

Texnonornueckas cexiusa Ne 11-12 ocnamena cucremout ACYTII, mo3Bousro-
nieil paborarb B pexxume «Ontumusanun» u pexume «CradunbHocTh». Ilocne 3a-
nmycka MeabHULBI Ne 121 ¢ pe3nHoBo# (yTEpOBKOM B SKCILUTyaTalMIO BBIIIOJIHUTH KOP-
pextupoBKy cuctembl ACY TII nukia nepBoi craany n3MeIb4eHus He y1a710Ch BBULY
CYIIIECTBEHHOT'O YMEHBIIEHUSI ITYMOBBIX XapaKTEPUCTUK PabOThl MENbHHUII: JIaTYUK
IIyMa MpakTUYECKH HE pearupoBall Ha padOTy METbHULIBI.

[TosTOMY BCAEACTBHE N3MEHEHUS LTYMOBBIX XapaKTEPUCTUK MEJIBHULIBI C PE3U-
HOBOH (yTtepoBkoit «Ilnmura H-BomHay 1ukn mepBoi cTaguy U3MENbUYCHHUS CEKIIUH
Ne 11 pabotan B pexume «Crabunu3zanus.

3a Bech nepuo] ucneitanuii Ha PO®-1 noctynana apo6iénas pyaa ¢ coaepxa-
HueM kinacca +20 mm 12 % yaenbHast paboTa pa3pylieHus: pyAHOM MIUXThI COCTABIISIIA
8,8 KrM/cM>; smm30qMdYecKy nocTynana pyaa Kpynaoctsio 50-200 mu (3-5) %.

B xoze npoBeneHuss NpOMBILIIEHHBIX UCIBITAHUA KOHTPOJIMPOBAIUCH OCHOB-
HbIE TEXHOJIOTHYECKUE TOKA3aTENM; PE3yJIbTaThl CPABHUTEIIBHBIX MCIBITAHUN MPEJ-
CTaBJIEHBI B Ta0I. 3.

AHan3 pe3ysbTaToB paboThl MENBHUIIBI ¢ pe3UHOBON GyTepoBKOi «BosiHay B
CpaBHEHUU C pabOTON MEIBHUIBI C METAUINYECKON (hyTEpPOBKOM MOKA3BIBAET, YTO B
LUKJIE PyJONOATOTOBKY NMEPBON CTAJANU W3MENbUCHHS IPUMEHEHNE PEe3UHOBOM (PyTe-
POBKH MPUBOAUT K YBEJIMYEHHUIO TOTOBOI'O KJacca B CIIMBE MEJIBHUIIbI, YBEIMUYECHUIO
yAETbHOM HAarpy3KH MEJIbHHULIBI [0 BHOBb 00OPAa30BaHHOMY KJIacCy. 3a CU€T U3MEHEHHUS
XapakTepa ABUKEHUS BHYTPUMEITLHUYHOM CPeibl MPU pab0Te METBHUIIBI C PE3UHOBOM
dyrepoBkoii «Ilnuta H-BomHa» mpoucxoauT sydiinee pacKpbITHE MHUHEPATIOB H, KaK
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CJIEJICTBHE, TIOBBIIIIEHUE COJIEP KaHMS JKelie3a B KOHIEHTpaTe MEePBO CTa Ui MarHuT-
HOU cenapanui.

Tabaua 3
Menbuumna Ne 121 Menpauma Ne 111
pe3uHoBas ¢pyre- | MeTauyeckas Qy-
pPOBKa TEPOBKA
CpenneuacoBasi Harpy3Ka 1o UCXOJHOH pyje, T/9ac 107 108
Co/:[epmaHI/IOe roroBoro knacca -0,056 MM B ciauBe 39.9 37.1
MeabHUIEI, %
VY nenpHas Harpy3Ka 1o BHOBb 00pa30BaHHOMY 1,486 1,451
kiaccy -0,056 mm
Conep:xanne Fe B konuentpare 1 craquu MMC 51,4 50,8

Pe3ynbTaTel ucnpITaHU:
Menbauna MIIP-3,6x4,0, 3adyTrupoBanHas pe3nHOBON (HyTEPOBKOM U pe3nHOME-
Tajueckon pemerkon npousposictBa OO0 «Banca-1"TBy», Beiaepxkana npoMsbiiii-
JIEHHBIE UCIIBITAHUS U BbIpaboTaja CBOM rapaHTUIHBINA CPOK SKCILIyaTalluu: Hapa-
6oTka cocraBuiia 6850 yacos.
BonnoBoit npoduiie pe3nHoBoM (HyTepOBKU MOJIOKUTEIBHO OTPA3HIICS HA TEXHOJIO-
THYECKUX NTOKA3aTEIAX U3MEIBbUYCHHUS: IPOU30IIIO0 YBEINYEHNUE CONEPKAHUS TOTO-
BOI'O KJIacCa B CIIMBE MEJIbHUILIBI Ha 2,8%, yBEIMYEHUE YIAEIbHON HAarpy3Ku MeEb-
HUIBI 110 BHOBH OOPAa30BaHHOMY KJIACCY M YBEJIMUEHUE COJIEP)KaHUA JKeye3a B KOH-
LIEHTpAaTe MEePBOM cTaau MarHuTHOM cenapanuu Ha 0,6%.
B kauectBe Memonux Te B IEPBOM CTainu u3Menb4yeHus B yciaoBusx PO®-1 ITAO
«CeBI'OK» ncnonp3oBanuch mapsl ctainbHble quametpoM 100 MM 3 rpynmsl TBEp-
noctu npousBoacTBa [TAO «MK «A30OBCTAJIby. 3a nepuon paboThl yAeIbHBIN
pacxona mapoB 1o menbHUie Ne 121 coctaBun 0,586 Kr/T pyabl, O MEJILHUIIC
Ne 111 — 0,645 kr/T pynpl, T.e. IPOU30LUIO CHUKEHUE YJEIBHOIO pacxo/ia mapoB
Ha 10,0 %.
AHanu3 rnokaszaTenei pacxo/ia 3JIEKTPOIHEPTUHU 110 CPABHUBAEMOMY IIEPUOLY MOKa-
3aj1, YTO IO MEJIbHUIIE C PE3NHOBOM (HyTEepOBKOI HAOIIOAAIOCh CHI)KEHUE Y/IEb-
HOTO pacxoja 3JeKTPOIHEPTUH Ha OJIHY TOHHY nepepaboTanHoi pybl Ha 5,0 % no
CPaBHEHUIO C MEJBHULIEH C METAININYECKON (hyTEePOBKOM.
OtMmeuaeTcs BbICOKasl ®KUBYYECTh pe3UHOBOM PyTepoBku Tuna «Ilnuta H-Bomna» u
€€ YCTOMYMBOCTh K U3MEHEHHIO KPYITHOCTH TEXHOJIOTUYECKOUN HAarpy3kHu. [1o TexHu-
YECKUM MPUYMHAM HA MPOTSKEHUHU BCETO Meprojia paboThl pe3UHOBOM (PyTEpOBKHU
B INTAHUH MEJIbHULIBI IPUCYTCTBOBAJIM HE CBOMCTBEHHBIE JJI1 TEXHOJIOTMH IEPBOM
cTaauu usMenbueHus pazmepsl yactuil 50-200 mm (3-5) %. Ilpu aTOM nipon3BoIU-
TEJIBHOCTh MEJIbHUIIBI U3MEHUIIACh HECYIIIECTBEHHO, TOHUHA [TIOMOJIA YBEJINYMIIAChH
oT 30 % 110 48 %, u B coziep>KaHuu roToBoro kiacca -0,056 MM B cliiBE METbHUIIBI
Ha0J1t0/1a71ach MOBBIIIEHHAs OIS MEJIKOW (ppakiyu, B TOM YMCie HaHOYacTull (Me-
Hee 30-40p).
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[IpaBUIBLHOCTH BHIOOpA HANPABIIEHUS U3MENIbUCHUS KPETKUX JKEJE3HbIX PY/I 10
ES-texnonorun ¢ ucnonp3oBanueM pe3nHoBor (yrepoBku «llnura H-Bomna» mon-
TBEpKJIeHa TexHonornyeckumu ucneitanusiMu Ha OAO «IlontaBckuii ['OK» Ha Menb-
Huiax MIITP-4,0x5,0 nepBoii ctaiuu u3MenbyeHus ¢ mapamu auamerpom 100 mm.

CpaBHUTENBHBIC UCTIBITAHUS POBOAMIUCH ¢ MapTa 2014 1. mo utons 2015 1. Ha
nByx MmenbHuIax MIIP 4,0x5,0: menpauUIle Ne 72 ¢ pesunoBoit pyrepoBkoit «Ilmura
H-Bonna» (nepBble aBa psaa ToamuHoi 270 MM, octaibHbie — 240 MM) U MEJIbHUILIE
No 52 ¢ meramnmmueckoit ¢pyrepoBkoii (ctans JIMIL); 3a Bech mepuo UCTIBITAHUS Ha
CEKIIMH MOCTynayia Apo0iéHas pyaa kinacca 6-8 M.

Pe3ynbTaTel ucnbITaHUu:

e Menbauna Ne 72 ¢ pe3nHoBO# (pyTepoBkoit Oapadbana tumna «Ilnura H-BomHay u
PE3MHOMETAJUIMYECKON PEMIETKON BbIAEpKaia NPOMBILIIJIEHHBIE UCIBITAHUA: TPH
rapaHTuiiHOM cpoke 3kcrutyaTanuu 8000 u paktruecku otpadorana 8891 yac. Uc-
MBITAaHUS MPEKPALIEHBI 110 NPUYMHE U3HOCA PEIIETKH; B OCHOBHOM, MUHUMAaJIbHAs
OCTaTouHas TOJIIMHA (GyTepOBOYHBIX IUNIUT OapabaHa coctasisiia 110 MM, B HEKO-
TOPBIX MecTax 45 MMm.

¢ 3a cpaBHMBAEMbIH IEPUO/ UCIIBITAHUN OOIIAsl MPOU3BOIUTEIBHOCTh CEKIIHI IO T1e-
pepaboTke pyabl MeabHHUIT Ne 72 1 Ne 52 Obl1a MpUMEpHO OIMHAKOBOW; OTKJIOHCHHE
He npesbimano 0,34 %.

e VYIenbHBINA pacXo/ MENIONIUX TeJI Ha epepaboTKy TOHHBI Py ikl MeJIbHUITBI No 72 ¢
pe3nHOBOM QyTepoBKoi cocTaBui 0,528 Kr/T, 4TO CBSI3aHO B OCHOBHOM C TIOJIOMKOM
PE3MHOMETAJUTMUECKOM Pel€TK; MelbHULIBI N 52 ¢ MeTayuinueckoi (yTepoBKOM
coctami 0,531 kr/T (oTkimonenue 0,6 % B paMKax MOTPEIITHOCTH).

e VenpHBIA pacxo] 3JIEKTPOIHEPTUHM HAa TOHHY BHOBH OOpPa30BAHHOTIO T'OTOBOTO
kiacca kpynHocta -0,071 MM MensHUIIBEI No 72 ¢ pe3nHOBOM (PyTEpPOBKOI COCTABHII
20,905 xBt-u/T, MenapHHLIBI Ne 52 ¢ MeTaruinyeckoit pyrepoBkoit — 23,415 kBt-u/T;
CHUKEHHUE YJEIBHOTO PACcX0/1a 3JIEKTPOIHEPTUH JJI1 MEJLHUIIBI C PE3UHOBOM PyTe-
poBko# coctaBmiio 2,511 kBt-u/t (10,72 %); cHuXEeHUE yIeIbHOTO pacxoja dJIeK-
TPOSHEPTUU HA TOHHY NiepepaboTaHHON pyAbl cocTaBuiio 7,67 %.

Ha pesunoBoit ¢yrepopke Ttumna «llnurta H-Bomna» npousBoactea OO0
«Banca-I"'TBy» u€tko HaOm01aeTCs BOJTHOBOM XapakTep adpa3uBHO-YCTAIOCTHOTO U3-
HOCa IUTUT, YTO CBUJIETEIBCTBYET O MPABWIILHOCTH pacyéTa yKIaJAKy TUIUT B OapabaHe.
Takoii BoTHOBOM mTpoduiib paboudeit moOBEpXHOCTH (YyTEPOBKH TMOSBHUIICS Yepe3 OJIHY-
JIBE HEJIeJIM U COXpaHsuIcs 0 8 MecsleB padoThl. ITO TapaHTUPOBATIO KAYECTBEHHOE
M3MEJIbYEHUE PY/Ibl U ONITUMAJILHYIO JOJITOBEUHOCTH TUTUT B Mpeaenax 9 ThiC. 4acoB.

4. Uupexc kauectBa Valsa-E/F

Ha npennpustun  OOO «Banca-I'TB»  pa3paboran uHAEKC KadecTBa
«Valsa-E/F», moka3bIBarominii MoBHIIIEHUE Ka4eCTBA PAOOTHI MEJILHHUIIBI C PE3UHOBOM
(GyTEepOBKO 10 CPABHEHHIO C aHAJIOTUYHOW METBHUIIEH C METAITMYECKON (PyTepoB-
koi. 3aeck E — sHeprocOepekeHne 3a cuéT NpuMeHEeHUs pe3NHOBOUN (hyTEpOBKH, BbI-
paxaeTcs B % Kak CHH)KEHHE YAEJIBHOIO pacxo/ia AIEKTPOIHEPIHH Ha TOHHY Mepepa-
OaThIBa€MOM PyJIbl WJIM Ha TOHHY BHOBH 00pa3yeMoro roToBOro kjiacca KpymHoctu; F
— CHUKEHHE YJIeJIbHOr0 pacxo/ia apoB B % Ha TOHHY nepepadaThiBA€MON Py ibl.
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Jns mensHuinel MIP 3,6x4,0 ¢ pesuHoBoit dyrepoBkoi «Ilnuta H-Bosnna»
(ITAO «CeBI'OK») nnaekc kauectBa paBen 5/10.

Jns menpHuiel MIP 4,5x5,0 ¢ pesuHoBoit dyrepoBkoi «Ilnuta H-Bosnnay
(OAO «IlonTasckuit 'OK») nnaexc kauecta paBen 7,67/0,67.

Nunekc kadectBa «Valsa-E/F» MokeT ObITh BBIpaKEH U B A0COJIFOTHBIX BEJIH-
YyHaX: B OTOM CJydyae, Hampumep, IJisi MEJNbHUIBI C PE3HWHOBOU (HYyTEPOBKOM
OAO «lIlonraBckuit 'OK» on pasen 20,9 kB1-4/1/0,528 kr/T.

CrnenyeTr nogq4epKHyTh, YTO JI1 U3MEJIBUYECHUS KPENKHUX MOJUMETAINYECKUX U
JKEJIE3HBIX PY/l B IIAPOBBIX MEJIBHUIIAX MIEPBOU CTAINU C mIapaMu auamerpom 100 mm
pe3uHoBas pyrepoBka «Ilnura H-BonHay Ha ceroaHsIIHUM I6Hb UMEET CaMbIi BBICO-
KM MHIEKC KauyeCTBa M JIyYIllee COOTHOLIEHNE «IIEHA-KAYECTBOY.

5. BuiBOaBI

1. JIs11 COBpEMEHHBIX TOPHO-000TaTUTENBHBIX KOMOMHATOB MTPHU MOBCEMECTHOM
YXYALIEHUU KaueCcTBa MOJE3HBIX UCKOMAaEMbIX U HE0OX0IUMOCTH 00Jee TOHKOTO U3-
MEJIbYEHUSI MUHEPAIBHOTO ChIPbsA (10 Kinacca 40 MKM M HHM)KE) BECbMa BaXKHBIM SIBJIS-
€TCs MOBBIIEHUE TPOU3BOAUTEIBHOCTH OTACICHU U3MEIbYEHUSI U YMEHBIIECHUE 3a-
TpaT Ha €QUHMILY nepepabaTbiBaeMoil MpoayKiuu. OCHOBHBIE COCTABIIAIOIINE 3TOM
npo0JieMbl — yCOBEPIIEHCTBOBAHUE KOHCTPYKIUMN MEJIbHULl U MPUMEHEHHUE pPalno-
HaJIbHBIX TEXHOJOTMYECKUX CXEM — JOCTUIIIM HEKOTOPOTO Mpeena.

2. MupoBas npaxkTruka nokasaia [2-5], 4To CHUKEHHE SHEPrOEMKOCTH Mpoliecca
M3MEJIbYEHHUS U TTOBBILIEHUE POU3BOIUTEILHOCTH MEJIbHUII (IIIAPOBBIX, CAMOU3METb-
YEeHUS U MOJyCaMOU3MENbUEHHUS) KaK 10 MUTAHUIO, TaK U [0 TOTOBOMY KJIACCy JIOCTH-
raeTcsi NPeUMYIIECTBEHHO 3a CUET MCIONIb30BAHUS PE3UHOBBIX U PE3UHOMETAIINYE-
CKHX (PyTEPOBOK.

3. Ha npennpusituu OO0 «Baica-I"'TB» pa3paboTtansl HOBbIe KOHCTPYKITUH pe-
3MHOBBIX (yTEPOBOK; CEMUJICTHUM OTBIT MPUMEHEHUS UX Ha Oosee yem 20 mpeanpus-
TUSX Pa3IUYHBIX CTpaH (mpumepHO 180 MeIBHUIl Pa3IUYHOTO TEXHOJIOTHYECKOTO
Ha3Ha4YeHMs1) TOKa3aJl IBHbIE IPEUMYIIECTBA PE3UHOBBIX (DYyTEPOBOK MO CPABHEHMIO C
METaJUIMYECKUMU.

4. IlpuMeHeHrEe HOBBIX KOHCTPYKIIMM PE3NHOBBIX ()YyTEPOBOK Ha BCEX CTAIUAX
W3MEIJIBYEHHUS MT03BOJIIET MOJIYYUTh JOIOJHHUTEIBHBIN PE3EPB MO MUTAHUIO MEJIBHMI
IUTSI TOCJIEYIOIET0 YBEIMYeHUs1 00bEMOB M3MenbueHusd B npenenax 10-15 % B uenom
1o I'OKy, 4To cylecTBEeHHO CHH)KAET KaUTAJIbHBIE U SKCIUTyaTallHOHHBIE 3aTPATHI.

5. BepBbie B MUPOBOM NPAKTUKE HA ITIEPBOM CTAAUN U3MEJIBUCHHS KPENKHUX XKe-
JEe3HBIX pyn ¢ mapamu guametpom 100 MM mpruMeHeHa pe3nHoBas pyTepoBKa BHICO-
koro npopuisa («Ilnmuta H-Bonnay); pe3yabTaThl HCHIBITAHUI: JOJITOBEYHOCTD J0 OT-
Ka3a 7-9 ToIc. 4, 3koHOMUS mapoB A0 10 %, anextposneprun — 10 5-8 %.

6. HoBble KOHCTPYKIIMM PE3MHOBBIX (PYTEPOBOK BIEPBHIE MO3BOJIUIN CO3/1aTh
HOBYIO pecypco- U 3Heprocoeperaronyro ES-TeXHOI0ruo n3MenpbyeHus MUHepasib-
HOTO CBIPbS B IIAPOBBIX MEJIBHUIIAX.
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AHoTanis. 3 Apyroi NOJOBUHA MUHYJIOTO CTOJITTS B SIKOCTI 3aXUCHUX (DyTEPOBOK CTall 3aCTOCOBYBATH
ryMy, YOMY CIIPHSUIH 11 YHIKaIbHI BiacTUBOCTI. OIHIEI0 3 MPOBIAHUX (BipM B 001aCTI CTBOPEHHS 1 MOCTaYaHHS
rYMOBHX (h)yTEPOBOK IS BCIX ICHYIOUHX THINB KyJIbOBUX MJIHHIB cTaio mianpuemctBo TOB «Banca-I' TB»
(m. bina LlepkBa, Ykpaina). LlboMy cripusiio HacTymHe: HasBHICTh BUCOKOTEXHOJIOTTYHOTO Cy4acHOTO 00a-
HaHHA, PO3POOKa ONTUMAJBHUX KOHCTPYKIIH eeMeHTIB (yTEepOBOK, CIielialbHi MapKu I'yM i mpodeciiinuit
CYIIPOBIJI eKCILIyaTallil MIMHIB 3 ()yTEPOBKOIO MiANPHEMCTBA. BaXJIMBUM IpH 1IbOMY OYyJIO TAKOXK BUKOPHC-
TaHHs pyHAaMEHTaIbHUX TOCATHEHB B 00J1aCTi IMHAMIKM MJIMHIB 1 MexaHiku rymu. CTBOpeHa Teopisi XBUIIbO-
BOr0 a0pa3MBHO-BTOMHOTI'O 3HOCY TYMOBHX (yTEPOBOK, METOJIU 1X PO3PaXyHKY 1 METOJIM YKJIaJaHHS eJIeMEH-
TiB B 6apabaHi TI03BOJIHMIN MEXaHiIKaM i TEXHOJIOTaM CTBOPUTH (pyTepyBaHHS TUITY « XBHJIISH (HA PUHKY TTOCITYT
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«IImnra-XBumnsay, «llmra-Jlibrep-Xsumst», «GM-Xpuisa» ta «Ilnmura-H-XBumsa»). Bukinamgaerses 3aKkoHOMIp-
HICTh XBUJIBOBOT'O 3HOCY I'YMOBOI (h)yTEPOBKH IPH ii B3a€MO/II1 3 BHYTPIIHLOMINHOBUM 3aBaHTakeHHIM. [1o-
Ka3aHo, Mo penbed GyTepyBaHHS 3HAXOIUTHCS B TICBHIN 3aJICKHOCTI BiJI CTPYKTYPH MOTOKY 1 € BiIOUTKOM
CTPYKTYPHHUX YTBOPEHb HOr0 TypOyJIEHTHOCTI; YTBOPIOIOTHCS MIPU LILOMY HOBi (popMHU MOBEpXHi (HyTEPOBKU
0e3rmocepeTHbO MMOB’s3aHi 3 MyJIbCAIIEI0 MBUIKOCTEH 1 3 JIHIHHOIO KOPEJAII€0 MK MUTTEBUMH ITBUIKOC-
TSMH, 1110 BU3HAYAIOTh MaciTad i€l TypOyIeHTHOCTI. B KiHIIEBOMY MIACYMKY, 3’ SIBJISSIOTHCS TaKi TiIpoMop-
(oJoriuHi XapaKTEpUCTUKU TOTOKY 1 TaKUi MOppOMETpUUHUH penbed podouoi moBepxHi QyTepoOBKH, IPU
SKHX TOTIK Ha MOJIOJIAHHS BCIX OMOPIB BUTpavyae MiHIMYM €Heprii i MiHIMyM nucunanii eHeprii. Posrmsa-
IOTHCSI OCHOBHI CKJIaJIOBI HOBOI pecypco- Ta eHepro30epirarouoi TeXHOJOTil MoJpiOHEHHS Py B KYJIBOBHX
MIIMHaX. Po3risinaroTbess HOBI KOHCTPYKLIi T'yMOBHX (YyTEPOBOK TUIY «XBWJISD Ui BCiX THIIB KYJIBOBHX
MJIMHIB 1 U1 BCiX cTafiil moapiOHeHHs! MiHEpaIbHOI CHPOBHHHU.

Karouosi cioBa: 'ymoBa (yrepoBka, mapoBi MIMHH, XBIIBOBHI 3HOC, PECYpCO- Ta eHepro3oepiraryda
TEXHOJIIOTSI.

Abstract. Since the second half of the last century, rubber was used as protective lining, which was pro-
moted by its unique properties. One of the leading companies in the field of creating and supplying of rubber
liners for all existing types of ball mills was the company Valsa-GTV LLC (Bila Tserkva, Ukraine). This was
facilitated by the following: availability of high-tech modern equipment, development of optimal designs for
the lining elements, special rubber grades and professional support of operation of the mills with the company’s
liners. Important in this case was also the use of fundamental achievements in the field of the mill dynamics
and rubber mechanics. The created theory of the wave abrasion-fatigue wear of the rubber lining, methods for
the lining calculation and methods for the elements laying out in the drum allowed mechanical and manufac-
turing engineers to create the liners of the «Wave» type (brands in the market of services: «Plate-Wavey,
«Plate-Lifter-Wavey», «G.M-Wave» and «Plate-H-Wave»). Regularity of wave wear of the rubber lining is
described in terms of its interdependence with load inside the mill. It is shown that relief of the lining to some
extent depends on the structure of the material stream and is an imprint of the structural formations of the
stream turbulence; the forming new reliefs of the lining surface are associated directly with velocity fluctua-
tions and linear correlation between the instantaneous velocities, which determine rate of the turbulence. In
the end, such hydromorphological characteristics of the stream and such morphometric relief of the lining
working surface appear, at which the stream applies minimum energy and minimum energy dissipation to
overcome all of the obstacles. The main components of the new resource- and energy-saving technology of
ore grinding in the ball mills are described. New designs of the rubber liners of the «Wave» type for all types
of the ball mills and for all stages of raw mineral grinding are considered.

Keywords: Rubber lining, ball mills, wave wear, resource- and energy-saving technology
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