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TEXHOJIOTHA ®OPMOOBPA30BAHUS NOBEPXHOCTEH 3YEBEB CATEJLJIUTA
TIJIAHETAPHOM NPENECCHOHHOM IMEPETAYH
C HCTIOJIb30BAHHMEM YIIPOIMEHHBIX TPO®HJIEH

0-p inexn. nayx, npogp. ILH. TPOMbIKO,
Kano, mexn. nayx, npog. A.A. XKOJAOBOB, JI.I, JOKOHOB
(Benopyccxo-Poccuiickuii yuueepcumem, Mozunes)

OcHo6HOU NPUUHOL, COEPIHCUBAIOWET WHPOKOE NPUMEHEHUE RPEyeCCUOHHBIX PedyKMOpos & npo-
MBIMAECHHOCY ¥ CEALCKOM XO03AUcmEe, A61AeMe UCNOABI0EANHUE CTONCHBIX MEXHONOZUN O U3Z0MOEAEH U
npocmpancmeerHo-woouguyuposanisx 3ybvee camennuma. Cmames nocesujena pazpabomie max Hazvieae-
MbIX yRpowennsix cnocobog obpabomiu 3y0be6 Cameniuma nPeyeccUoHHo20 PedyKmopa Ha OCHOBE UCHONb30-
8aHUA MPAOUYUORHBIX JHEMO0006 3y6006pabomku, ynpowaiouux npoyece ux gopmoobpazosanus. Pewenue no-
CmaereHtbix 3G0ay no3sonum na 6ase NIGHEMAPHOU MpeyeccUoKHoU nepedayu pazpabamsieams U U320MAaGTU-
8amMb KOMRAKMHbIE, Manozabapumusie, UWMEIOUJUE HUZKYIO CEOECMOUMOCNTb U320MOBNEHUA PEGYKIMOPsL € 80IMON -
Hocmvio obpabomxu demaneil HG YHuGepcanbHOM 060PYOOSAHYY, YMO COLIAem X KOHKYPEeHIMOCHOCOBHbIMU U
RO3BONUM pewump 6axcryio ona Pecnybnurxu Benapyce npobiaemy umMnopmo3amejenus peoykmopHol mexnuri.

AHanuzupys TEXHHKO-3KOHOMHYECKHe XapaKTepHCTHKH MOTOP-PelyKTOPOEB, BEITYCKaeMbIX H3BECTHRIMH
MMPOBBIMY (PUPMaME-TIPOM3BOMMTE/SIMH, OBLIO ONpPENENeHo, YTO OCHOBHOM NMPUYMHON, CAcpkKuBalomel ce-
pHIHOE NPOH3BOACTBO PA3MUYHBIX TUNOB PEAYKTOPHOM TexHuku B Pecnybnuke Benapych, SsaseTcsa TeXHHUE-
CKas CNIOXKHOCTh JaHHBIX M3feaui. ITonsiTku uX cepuifHOro M3roToBNEHHA Oe3 UCIIONB30BAHMSA CIEUHANBHBIX
BHICOKHX TEXHOJIOTHI MPUBOJAT K HU3KOMY TEXHHYECKOMY YPOBHIO MM K BEICOKOM OTIYCKHOMH LigHE.

Pa3paGoTka HOBBIX CTPYKTYPHBIX BAPHAHTOB MeXaHWYeCKHX nepenay, obecneunBaionux paspabaTeiBae-
MBIM PeAYKTOpPaM KOHCTPYKTHBHBIE H TEXHONOTMYECKHE NPEMMYIIECTRA Tepeli CYLIECTRYIOLNMY H CEPHITHO Bbi-
TYCKaeMbIMH aHAJIOraMH, SBIAETCA OCHOBHBIM HANPAB/ISGHHEM COBEPIICHCTBORAHKA PelyLUPYIOMEN TEXHHKH.

Jna oceoeHus cepuiHOTO NMPOM3BOACTBA PEJYKTOPOB, H3rOTOBIEHHEIX HA OCHOBE HeTalell ¢ mpHeMIie-
MOH 71 0GBIMHOTO TIPOH3BOJCTBA TOYHOCTHIO M3FOTOBJCHHS, HO B TOMKE BPEMS MMEIOIMX TEXHHUECKHI ypo-
BeHb, COOTBETCTRYIOMIMA YPOBHIO MYYIIMX MHPOBBIX aHAJONoB, HE0OX0AMMO YTOOR! CO3[aBacMbie PEoyKTOpSI
coueTany B cebe ONHOBPEMEHHO peayuupyomue QyHKupy ¥ QYHKIHE KOMICHCHPYIOLWEH MY(TEL.

Ha ocHoBe nccienoBanuii, NPOBEAEHHBIX CnelHaIMCcTaMy J1abopaTopHy 0 NPeLeCCHOHHBIM Nepeaayam
benopyccxo-POCCHICKOr0 YHHBEPCHTETA, OBUIO YCTAHOBJICHO, YTO YKa3aHHBIM BRILE COYETAHHEM (YHKLMIA,
Onaronaps ocoOEHHOCTIM CTPYKTYpPEI, 06nafaloT nnaHeTapHeie npeneccHonHsie nepenadu (IIIIT) (puc. 1) [1].
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Prc. 1. OCmmii BuA KOHCTPYKUHH NPELECCHOHHOTO MOTOP-PEAYKTOpE:
1 — sxcreHTpHE; 2 ~ KOPIYC ¢ HEMOMBMKHEM HEHTPATEHEIM KONECOM;
3, 4 — catemut; 5 — KopiIyc; 6 — BaJl BEIXOAHOH; 7 — XBOCTOBMK
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0630p pasuyHBIX KOHCTPYKIHI M QYHKUMOHANBHBIX BO3MOXKHOCTEH IIAHETAPHBIX MPELECCHOHHBIX ne-
penad, OmbIT MPOSKTHPOBaHKsA, H3TOTOBICHHA H HCIBITAHUI PaboThl MPEUECCHOHHEIX Nepejay PasiHIHbIX TH-
TOB MO3BONMIM CAENATH BEIBOM, HTO OCHOBHBIM (JAKTOPOM, COEPKHBAIOIIMM LIMPOKOE npuMenenue TITITI, sBna-
J0TCA TeXHONOrHYeCcKHe TPYAHOCTH, CBS3aHHBIE C NPOLIECCOM H3rOTORNEHHS 60uK000pasHbiX 3yObes caTenunTa.

AHanus pasnuuHbIX cnocoGOB H3rOTOBIEHHA MPOCTPAHCTBEHHO-MOAW(HUMPOBAHHEIX 3yObeB 1103BOMAI
ONpeNeNnuTLCS C HANpaBlieHHeM COBEpUIGHCTBOBAHMA Mpouecca uX (opmooOpasoBaHHs — 3TO HCTONb30BaHHE
VIpOLIeHHEX Tpouielt 3y6bes caTe/uInTa, MOMYHEHHBIX TPaIMUMOHHBIMM METOJaMH 3y6006paboTku cTaH-
JapTHBIM PEXYIIHUM MHCTPYMEHTOM.

Jns wccnenoBanmii GbUT MpETOXKEHEL YeThipe cnocoba dopmoobdpasosanus 3y0ber caTejuldTa, Ha OC-
HOBE KOTOPHIX BO3MOJKHO MX M3TOTOB/ICHHE TPaJMIUMOHHBIMM METOAaMM 3y600GpaboTku cTaHAapTHLIM 3yGo-
PE3MBIM HHCTPYMEHTOM, HE HCTIONB3Ys COXHBIX CeUHANbHBIX NPHCTIOCobnerHil. '

Heo6xonumMocTh paspaboTki HECKONBKHX CIIOCOG0B H3TOTOBIEHHS 0G0CHOBBIBAETCS CIIOCOGHOCTBIO Ka-
JNOFO0 M3 CIOCOGOB YNOBNETBOPATH CHelMHueckuM TpeGoBaHHAM THOA MPOM3BOACTBA W HEOOXONMMOMY
YPOBHIO Ka4eCTBa BEIXOJHBIX TOKasarenell NPOEKTHPYEMBIX PEAYKTOPOB.  +

IleperiM warom paspaboTku cnocoGoB (opMo0oOpasoBaHHa YNPOIEHHBIX 3yOBEB caTeiuTa ABHIOCH
CO3J@HMA METOMMK JUIf ONpPENENCHHs TEOPETHIECKH TOUHBIX M YIPOIIEHHBIX MOBEPXHOCTEH 3yOheB Ha OCHOBE
CO31aHuA KOMIBIOTEPHBIX MOJENel 3yObes TpanenennansHoi Gpopmst [1].

Hccnenosanua GopMel TEOPETHYECKH TOUHBIX H YNPOMEHHEIX 3y6beB CaTeNIuTa METOAaMH KOMITbIOTep-
HOTO MOJEAMPOBaHMA NO3BOJIANKE YCTAHOBHTB, YTO C POCTOM YIJla € HakiioHa npoduns 3y6a ueHTpanbHOro

KoNeca, a TAaKKe C YBENHYEHHEM DAcCTOSHHA [, OT TOUKM mnpeueccud Ao Gmikalflliero TOPUEBOrO CEYEHHA
caTeslIATa NPOYMIs TEOPETHUECKH TOUHOM MoaeH 3yba caTemra npubamxaeTcs K npoQuio 3yOses ueH-
TpanbHoro koneca. [Ipubmmwxenus npoguis 3yObeB LECHTPAILHOTO KOJIECa K npodunio 3y6ses caTeNnnuTa AB-
AseTCs OHUM M3 HeoOXOMMMEIX YCIIOBMI BO3MOXKHOCTH 0OpaboTKU 3yObeB caTeniuTa NPeUIoKEHHBIMU YiI-
ponienHsMu criocobamu ux popmoobpasosanus (puc. 2).

a) 6)

Puc. 2. CopMerueHue Moeneli TeopeTHYeck: TOUHEX 3y0beB care/nuTa
¢ MOJIENAMY TpaneueH faibHEX 3y0seB GopMo0Opasylomero IEHTPANEHOTO Kojleca
TpH PasHEIX YIUIaX HAKJIOHa npoduns 3yGseB HEHTPAIBHOTO Kojieca o
a—npu a=20° 6 - npu o = 40°

ITo pesynbTaTaM MCCNENOBAHMH TEOPETHYECKH TOYHBIX mpoduneii paspaboTaHbl METOAMKA pacyeTa
nporpaMMHoe obecreyeHue, peanuayloniee yKasaHHyIO METONUKY, NO3BONHMBIINE ONPEAENMTH BEICOTY Npoduis
3y6heB CATENNINTa, Ha KOTOPOH rapaHTHPOBAHO COBNAJeHUE Npoduiel 3yObeB LECHTPANBHOTO {opmoobpasyro-
mero Koneca u npoduie 3yGbeB caTeuTa, CEAOBATENbHO, HE MPOUCXOIMT Cpe3aHue Tena 3yba caTesnuTa B
npouecce ero gopmoobpazoBaHus.

B ocHoBe meproro crnocoba GopMoobpazopanus 3y0beB caTe/uIMTa NIEXUT UCTIONb30BAHME B 3alenie-
nuy [T KOppUrHPOBAHHBIX 3BONBBEHTHHIX 3y0UaThiX KONEC, H3rOTOBICHHLIX Ha TPalHUHOHHOM 3ybopes-
HOM oCopynosanuu. MeTopuka pacuera, a TOuHee, noaGopa reoMeTPUH aJANTHPOBAHHBIX 3BONBBEHTHBIX
3y6LeB CaTENIUTa OCHOBAHA Ha MPUMEHEHHM U3BECTHBIX (POPMYI TEOPHH 3BO/IBBEHTHOrO 3ALCIUICHHS [2].

CymmocTs BToporo cnocoba hopmoobpasosais 3yOber CaTENIUTA, HA3BAHHOTO METOLOM JIBOMHOIO
paBouero Xo/a MHCTPYMEHTA, 3aKouacTcd B cliemylomen. B npouecce 06paGoTiu HepBaiHOH ¢dpese u 3aro-
TOBKe 3y6uaTOro M3nenus coobUAlOT B3AHMOCBA3aHHbIE BPALICHHs BOKPYT HX ocef, ofecnevnBaloIMe Hape-
sanue 3y6bes Metonom obkarky. IIpuieM o6paGoTKy NPOM3BOAAT, HACTPOMB HEPBAUHbIH UHCTPYMEHT Ha Ha-
pesaHye KOCHIX 3yObeR C YITIOM HaKiIOHa, 06ecTieuHBAOIM HEOOX0MMOE 320CTPEHNE GouKo0bpasHeIX 3yOLEB.
3ateM OCYMECTBIAIOT NepeHacTpoiiky 3y60ope3Horo obopyioBaHus Ha Hape3aH1e KOChIX 3yObEB ¢ TEM 2Ke 3Ha-
yeHHeM YITIa, HO C MPOTHBOTOOKHBIM HaNpaBlIeHneM HakoHa 3yOses [3].
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Tpetuii cnoco6 dopmoobpasoBanus 3yObes caTenuTa HOCHT HA3BAHHE METOJA KOHHYECKOro zyBodipe-
3epopaHua. Cxema npouecca GpopmMoobpasoranys 3yOses caTeN|Ta TPETHUM METONOM [10Ka3aHa Ha PHCYHKE 3.

@

Puc. 3. Cxema GopMooGpasopanns YIPOMECHHEEIX 3y0BEB CaTe/LIHTa,
HOMYHYEHHEIX IyTeM HaKJIOHa OCH BPAIlICHHs 3aTOTOBKH CATE/UIHTA K OCH UEHTPANBHOIo KONeca:
1 — ctheprueckuii wapHup; 2 — ONpaska; 3 — 3aI0TOBKA CATENTHTE;
4 — cihepurueckuit mapuup; 5 — sybopeskymui HHCTPYMEHT

YersepThiit cnocob gopmoodpazopanus 3y6beB caTe/INTa OCHOBaH Ha IPUMEHCHHM B CTPYKTYDE TITIIT
KOHHYECKHX PONMKOB s obpa3oBaHuA 3y6uaToro BeHila LEHTPaIBHOIO KOJeCa, a 3y0ba caTesnnuTa Npes-
craBasioT coboit 3y6pa 3Be304KH LienHo# nepenaun (puc. 4). Ipu ranHOM criocobe 3yGbs caTennuTa MOryT
BLIT MOJTy4EHB! TAKUM K€ BHICOKOTIPOM3BOAMTEIILHAM MCTONOM, KaK U NPOGMITE 3BE3M04KH uernHoi nepena-
YW, YTO JENaeT BO3MOXKHBIM HX H3roTOBNeHHe Ha 0ObiyHOM 3yGopesepHOM CTaHKe yepBa4HOH peszod ¢
KpyroBsIM npotunem 3yoees [4].

i

Puc. 4. Crpyxrypuas cxema IIII ¢ 3ySeamy caTennuta,
pMeommME Tpod b 3y6GreB 3BE3N0UKY UCTTHOM nepenatiy:
1 — xopriye; 2 — BXOQHOH Bam, 3 — SKCUEHTPHKOBAA BTYIIKA; 4 — CATEILINT;
5 — cepUTECKHE TIOUTHIHAK; 6 — KOHUMECKHE POTAKH; 7 — yriopad MydTa; 8 — BRIXOAHOH BaN

IS YCTaHOBICHHS COOTBETCTBHA reOMETPHYECKUX MaPaMETPOB YIpPOMEHHBIX 3y0Bpen catentuTa, no-
MY4EHHBIX PA3AMYHEIMA METOiaMH (opMooGpPa30BaHus C TEOPETHIECKA TOTHBIMU 3yOpaMy, Opia HCTONB3O-
pana nporpamma CATIP SolidWorks, ¢ momompio K0TOpOH MPOU3BOAMIKCE 3aMEPLL PA3HULIEL MEXKIY napa-
MeTpaMH 3THX npoduieit.

[Io 3HaueHMI0 OTKIOHEGHHH YKa3aHHEIX BEIIE TPO(UIeEH AeNaeTCa 3aKmoyeHie 0 BOSMOKHOCTH NpUME-
HeHUsi TOTG MM MHOTO M3 NPENOKeHHBX Crocofor GoprmoobpasoraHus 3yObeB caTeNIUTa NPU MPOSKTHPOBA-
uny 3avenneqns TIIL

PaspaGoTaHHble METOIUKH HACTPOiKM, BBOJA, 0GPAOOTKH IaHHEIX KOMIBIOTEPHBIX uccneaoBanuii Mojie-
neit TITITT myTeM CO3J@HKs MPHIJIAZHOTO MPOrpaMMHOro ofecriedeHus B CAIIP SolidWorks u npunoxkeHus
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COSMOSMotion MO3BONHIH MPOBECTH MCCIENOBAHMS, 3aKMOYAIONIMECH B ONPEACICHAH KUHEMATHYECKOH
norpemuoctd B KITJT [1]. : :

Ha ocHOBe HMCCIIEIOBaHHS KOMITBIOTEPHBIX MOAENEH ¢ KPYTOBBIMH M 3BOJIBBEHTHBIMH TIPO(UIAMY KOH-
TakTHpyromuX 3y6se Konec ITTIIT ycTaHOBNEHO, YTO N0 KPHTEPHAM MUHUMANLHBIX 3HAYEHVH AMIUTATYABl KW~
HeMaTHYecKOM morpemHocTy # MakcumansHomy KITJL TITIIT ¢ xpyroBuiMu MpOdusAMM 3yObeB HMEIOT NpEeHMy-
mecteo Hag ITTII1 ¢ 3BONBBEHTHBIME 3yObsIMH caTelTHTa (puc. 5).
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Prc. 5. 3aBMCHMOCTE KMHEMATHYIECKOH TIOrPeNIHOCTH

OT yTNa NOBOPOTA BXOXHOIO Bajla IPH UCMONL30BAHHA IpHGIHXEHHBIX Npodriei 3yGheE caTe/lInTa:
1 — kpyroBoii mpodtis 3y65es; 2 — aNANTHPOBAHHLIE JBOJIEREHTHEIC 3ybbs;
3 — 3y0ks, MOy4eHHBIE KOHUYECKHM (ppescpoBanHs; 4 — 3yb6Bs, NONyYeHHBIE METOAOM JBOHHOTO pafouero xoia

Cpenee 3nauerns KITJ] komnprotepubix mopene# ITIIIT ¢ npubImKEHHBMH TpodUIAMH 3yObes, oGpa-
30BAHHLIX METONAMM JBOIHOro pabovero Xoja M KOHMMECKOro QpesepoBanusd, a TAKKe C allalTHpOBAHHEIMH
3BOJHBEHTHEIMH 3yGbAMH, HAXOMITCA Ha OHOM YpoBHe (npumepHo 90 %). Onuaxo pasmax konebanuii KILI xoM-
NMBIOTEPHBIX MOZENeH, B 3aLEMUIEHHH KOTOPBIX MCO/B3YIOTCA aJANTHPOBAHHEIE SBOJNBBEHTHEIC 3y0Oesa, B 1,5 paza

Gonbiiie, YeM Y [BYX APYTHX CPABHUBACMBIX MOJEINCH (puc. 6).
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Puc. 6. 3apucumocts KIIJI ot yria moopoTa BXOJHOTO Bana
NpH MCTIONE3OBAHMM MPHOMMKEHHBIX NPOduneH 3y0res carennmuTa, %:
1 — kpyrosoii npodune; 2 — NPOpANE, NONYICHHELH MCTOAOM KOHHHECKOTO (pesepoBans;
3 — npoduith, NOMYHEHHEIH METOIOM JBOHHOTO pabouero xo/a; 4 — afanTAPOBAHHLIH IBOILBEHTHEIH npoduis

Il POBEPKM afeKBATHOCTH PE3Y/ILTATOB HCCIEN0BaHHH KOMIBIOTEPHBIX Mojenedi Op11 CNPOEKTUPOBAH
MOTOP-PEAYKTOP CO CMEHHBIM BHYTPEHHHM KOJNECOM M CaTe/IHTOM. 710 MO3BOJMIO MPOH3BECTY HCTBITAHUS
sauerenus ITTIIT ¢ npodunaMu 3yObeB, NOTYYCHHBIMH PasIAHLIMA cniocobamy Gopmoobpazosanus, UCTIONb-
3yst Wb OJIMH OTIBITHEIH 0Opasel ¢ MEHHMAILHEIM CyMMHPOBAHUEM NOrpeIHOCTe N H3rOTOBNEHUS ¥ CGOPKH.

VcnsrTanms SKCTIepUMEHTANLHBIX 0GPa3lioB NPELECCHOHHBIX PEAYKTOPOB NPOM3BOIMINCE Ha HCHIBITA-
TeJbHOM cTeHfie Kadenpbl «TeopeTHHecKas MexaHHKa» Benopyccko-Poccuifckoro yHusepcutera. Ha nanHoM
crenpie Gbia onpeesieHa KHHeMaTHIecKas MorpemHocTh MOTOP-PEAYKTOpa H KIIJT. B ucneITaTeNLHOM LEHTPE
PYTT «MorunéBckuit 3aBoj «IEKTPOABHraTeNnty OblIH MPOM3BEICHEl 3aMEPHI yPOBHA LIYMa H BUOPOCKOPOCTH.
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PesynbTaThl IOKa3aiy, UTO OBLIIIEHHBIE YPOBHHM MIYMOB HaOMOANUCH Y MPEUECCHOHHOIO MOTOP-PENyKTOpa ¢
HCHOML30BAHHEM CaTENIMTA C afaNTHPOBaHHEIMH BONEBEHTHRIMH 3yObamu (penyktop Ne 4). Vposenr myma, a
TaKoke 3HAYeHAs BUOPOCKOPOCTH MPEeCCHOHHBIX MOTOP-PEAYKTOPOB C 3yObAMH CATENNINTA, W3TOTOBIEHHBIMU
cnocofom asoiiHOro paboyero xopa (pemykrop Ne 2), cnocobom koHH4eckoro gpescpoBanus (peaykrop Ne 3) u
crioco6oM, mpy KOTOPOM B KadecTBe 3yObeB HeHTPaNbHOTO KONeca HCTOL3YIOTCs poiuky (penykrop Ne 1), co-
OTBETCTBYIOT TEXHHYECKMM TpeGOBaHMAM, NPEXBABIAEMBIM [0 3THM TOKAa3aTeNdM K CepHUHHO BBIIYCKaeMbiM
ananoram. Pe3ynsTaThl HCHIBITAHKM NpHBEeHE! B Tabauie. )

PesynbTars! HCNEITAaHHH MPeUeCCHORHEIX MOTOP-PEIYKTODOR

ﬂpeu?czﬁzﬂﬂom OGuuil ypopeHs VpoBeHs Kunemarnyeckan KIIIL %
MOTOp-DEAYKTOpa BUOPOCKOPOCTH, MM/C myma, 1b NOrpemHocTE, MUH ?

1 8,2 64 46 92

2 12,9 67 53 89

3 11,2 65 53 88

4 154 72 63 85

3aiuiouende. [lo pesynsTaTaM wHccleloBaHMIT pa3spaboTaHa KOHCTPYKLMA MPELUECCHOHHOTO MOTOp-
PeNyKTOpa M M3TOTOBIEHB! SKCIEpUMeHTATbHble 00pasibl Wi NpuBofa sarnaxuBawolledi Mawmuel CO-170,
KOTOpas MpeRHa3HadeHa A 3arnaxuBanus GertoHa. Ilpu M3roTOBIEHHA 3yObeB CaTe/IHTA MOTOP-pEMyKTOpa
ObL1 KCIONB30BAH TpPeTONKeHHbIH cnocod nBoiiHoro pabo4ero xoaa. Ha maHHBEI MOMEHT BCE MATH SKCNEPH-
MeHTaNEHBIX 06pa3LOB KCIUTYaTHPYIOTCA B Pa3fNiHHEIX CTPOHTENBHBIX OpraHu3almsX. B HacTosmee BpeMs jBe
sarnaxupaiomye mMaiael CO-170 co BCTPOSHHBEIMYE B MX KOHCTPYKLIMIO MPElECCHOHHAIMH MOTOP-peLyKTOpaMH
ucnonssylorea Ha [TPVIT «BopHcOBCKMH XpycTaibHBIi 3aBO/I» C OpraHM3alueil NPOM3BOACTBA MEAHUMHCKOrO
CTEKNa, IPH BBINONAHEHMH PaboT 1o 3arnakuBanmio 6eTona opranusauued «OJ0 Tpancerpoit (r. Mosbips).
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