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OBILIAA XAPAKTEPUCTHUKA PABOTbBI
AKTYa/IbHOCTDb T€MbI JUCCEPTALMH.

MexaHnnueckrne TMPHUBOABI, CO3JABAEMbIE HA OCHOBE M3BECTHBIX THIIOB
YEPBSUHBIX U 3y0YaThIX MEpeaayd, BO MHOTUX CIydasiX HE OTBEYAIOT COBPEMEHHBIM
TpeboBaHusiM 10 obOecneuennto Bbicokoro KIIJI, HM3kHX MaccoraGapUTHBIX
nokasareyied M ceO0ecTOMMOCTH u3roToBiieHus. [losTromy  pacmmpeHue BUAOB
MEXaHUYECKUX TMepelady SBISETCS aKTyallbHOW 3aJadeld, CTOsIIEed mepes
UCCJIeIOBATENSIMU U pa3paboTYMKaMHu B JIF000H 00JaCTH MAIlIMHOCTPOCHHUS.

K ozHMM U3 T[pOrpecCMBHBIX BHJOB IE€pelad MOXKHO OTHECTH
AKCIIEHTPUKOBBIC Tiepeaur. OHU BBITOJHO OTIMYAIOTCS OT LHUPOKO MPUMEHSIEMBIX
OOBIYHBIX TIEpeIayd MATOTabapUTHOCTHIO, KOMITAKTHOCTHIO, BO3MOXHOCTHIO TIepeaaun
KpPYTSIIETO MOMEHTa C BBICOKMMH 3HAadeHUSMU Kod(DPHUUMEHTa PEeAyHUPOBAHMS.
Pa3HOBUIHOCTBIO SKCIIEHTPUKOBBIX MEpeAad SBISCTCS IIAHETAPHAS NPEECCUOHHAS
nepegaya, OTIMYHUTEIBHOM  OCOOCHHOCTBIO  KQTOPOM  SBJSIETCS  HAKJIOHHOE
pPacoJIOKEHUE IKCLIEHTPUKA HAa BXOJIHOM Baily. OmHako 00NACTH UX NMPUMEHEHHUS
OTpaHUYEHbI. 3a4aCTYIO 3TO OOBICHSIETCS CIIOKHOCTHIO KOHCTPYKIIMHM TaKUX Iepeaad
13-3a OOJIBIIIOr0 KOJIMYECTBA COCTABIISIONIUX 3BEHBEB U KOMIUICKTYIOIINX U3JCIINiA, a
TaKK€  HEOOXOAMMOCTBHIO  HUCIOJIB30BAHHUSI  CIEIUAIBHOTO  HMHCTPYMEHTa H
MPUCTIOCOOJICHU TpU M3rOTOBJICHUHU. [lOMBITKM. ynpouieHUuss KOHCTPYKIMU U
MOBBILICHUSI TEXHOJIOTUYHOCTU UCCICAYEMOU ATepelaud MPUBOAUIN K YXYAUICHUIO
IKCIUTyaTallMOHHBIX TMOKa3aresdaeit. Takum | o6pazoM, 10 cuX MOp HE CO3/1aHa
IPELIECCUOHHAs  mepejavya. (. C , MUHHMaJIbHBIM  KOJIMYECTBOM  3BCHbBEB,
M3rOTABIMBAEMbBIX CTAaHAAPTHBIM PEXKYIIUM HWHCTPYMEHTOM Ha CTaHAAPTHOM
000py/I0BaHUU, C SKCHIYATAIlMOHHBIMHU MOKA3aTEIsIMHU, HAXOASIIUMHUCS Ha YPOBHE
MOKa3aTesen MUPOKO paCIIPOCTPAHEHHBIX MEXAHUYECKUX Mepeaay.

B HacTosiiee Bpemsi pOEKTUPOBAHUE PA3JIMUHBIX HWHKEHEPHBIX YCTPOWCTB
MPAaKTUYECKU . | HE® O00XOHuUTCS 0e3 NPUMEHEHHS  COBPEMEHHBIX  METOJOB
KOMIBIOTEPHOTO  MojeaupoBanusa. (OcoOEHHO Takoro poja MOJEIUPOBAHUE
HE3aMEHUMO IIPU KMCCIACAOBAHMM HOBBIX BUJOB MEXAHWUYECKHUX NEepenad, T. K. OHO
MO3BOJSIET HE TOJBKO COKPATUTh BpPEMS MCCIIEIOBAaHWW U INPOCKTUPOBAHUSA, HO U
IOBBICUTh TOYHOCTb pacyera mapaMeTpoOB, ONPEACISAIOIIMX HUX SKCIUTYyTallMOHHBIE
ITOKa3aTeNu,

Panee uccnenoBanus miaHeTapHOM MPENECCUOHHOM MEpefayu MPOBOAUIOCH
C MCIOJB30BAHMEM MHOXKECTBA JONyLIeHUM. Tak, Hanpumep, IpU IPOBEICHUU
KUHEMATUYECKUX U CUJIOBBIX  PACUYETHO-TEOPETUYECKUX  HUCCIIEIOBAHUM
UCIOJIB30BAIMCh CTEPXKHEBBIE MOJICNIM Tepefadyd, He YyduThiBaromue Gopmy
KOHTAKTHUPYIOIIUX 3yOhEB U HAJIMYKME MHOTOTIAPHOTO 3allCTUICHHUS. DTO MPUBOJIUIIO K
3HAYUTEJIbHBIM TOTPEITHOCTAM TPU ONPEACICHUM NapaMeTpOB NEpeaaydd, 4TO B
pe3yJIbTaTe OTPULIATEIBHO CKA3bIBAJIOCHh HA UX AKCIUTYTAIlMOHHBIX MMOKA3aTENsAX.

Ha ocHoBe wncnosib30BaHusl CHOCOOOB KOMIIBIOTEPHOTO MOICITUPOBAHUS
BO3MOXKHO  CO3/IaHME COBPEMEHHBIX METOIMK pacuera HUCCIEIyeMOW Nepeaayu,
MO3BOJISIONINX pa3paboTaTh MPUBOABI C HEOOXOJWMBIMU JIKCILUTYTAI[AOHHBIMU
MOKA3aTeNsIMU IIPA  BBICOKOM TEXHOJOTUYHOCTH KOHCTPYKUMH. Takou MOaXon



pacuMpuT 00J1acTh MPUMEHEHUSI HCCIIETyeMOU Mepejaun, a TAKKe MO3BOJIUT CAENaTh
3HAUMTEJbHBIE  IIalM B  HANpaBJIEHUM  CO3JlaHUd HAa  e€  OCHOBE
0OIIEMAITMHOCTPOUTENIbHBIX PETYKTOPOB.

CBsizb pa®oThl ¢ KPYNHBIMHM HAaV4YHBIMHU NpOrpaMMaMM,
TeMaMM.

HayuHble wuccneoBaHusi MO TEME JUCCEPTALMM MNPOBOAWINCH B paMKax
rocyapCTBEHHON MporpaMMbl (PyHIaMEHTAIbHBIX HcclieoBaHul «Pa3BuTHe Teopun
U pa3paboTKa METOJIOB MPOTHO3UPOBAHUS U IMOBBIIICHHUS HAJCKHOCTH TEXHUYECKUX
cucteM (HagexxHocte u  0€30MAaCHOCTB)», COTJIACHO TMEpPEYHSI MPUOPUTETHBIX
HarpasieHuil QyHIaMeHTaIbHbIX HAYYHBIX UCCIeA0OBaHU pecnyOnuku benapycyHa
2002-2005 rr., MexBY30BCKOM nporpammsl «MammHoctpoeHnue» (Tema «Pa3zpabotka
HAy4YHBIX OCHOB (OpMOOOpa3oBaHUs 3yObEB KOJIEC KOHUYECKO-IMIIMHIPUYECKUX
nperieccuoHHbx penykropoB (KLIIP) tpagunmonHsiMu mMerofamu o0paboTkm» No
roc. per. 20042155, 2004-2005 rr.), rocyaapCTBEHHOI -KOMIUIEKCHOM, IPOTrpaMMBI
«Mexanuka» (TeMa «YIIydllIeHHE KaueCTBEHHBIX IOKa3aTrelied 3aleIUICHHs] KOJeC
KOHMYECO-UWJIMHIPUYECKOW  TIpeneccnoHHorM — mepemadn . thna @ 2K-H ¢
HCIMOJIb30BaHUEM METOJ0B KOMITBIOTEPHOTO MOAEAupoBanus», Ne.roc. per. 2005900,
2005-2006 rr.), rpanta (Tema «Co3naHHUE ~AMHAMUYECKOM MOJIeNId KOHUYECKO-
HUJIMHAPUYECKON MPELeCCUOHHOM nepeaatdn-¢ pa3paboTKol Ha €€ OCHOBE CIIOCOO0OB
CHI)KCHUSI BUOpPAIIMOHHBIX XapakTepucTur»-Ne roc. per. 20041985, 2004 r.), a
TaK)Ke B paMKaxX X03JI0TOBOPHOM pa®oTel «Pa3paboTka cpeACcTB Majioil MeXaHU3AIUH
JUISL TIPOBEJCHHUSI PEMOHTHBIX PAOOT-KOHTAKTHOW CETH U TMOJBHXKHOTO COCTaBa
TpoJuieiidycHoro napkay (2004-2005 rr.).

Ileab uMcciel0BaHNM.

[empro  uccnenoBaHMK — SBISIETCA  YJIYYLIEHHWE  JKCIUTyaTallMOHHBIX
NOKa3aTesiell IUIAHETAPHBIX IPELECCUOHHBIX II€peJad Ha OCHOBE HCIIOJIb30BAaHUS
METO/I0B KOMITBFOTEPHOTO MOJEIMPOBAHU.

JIns 1OCTHOKEHUS yKa3aHHOM 11e7TM He0OXO0IMMO PEITUTD CIASAYIOITUE 3a/1a9H:

- pa3paboTaTh ~METOAMKY CO3/aHUS KOMITBIOTEPHBIX MOJIENIC 3BEHbHEB
IUIAHETAPHOW ; TPEHIECCHMOHHOW Mepelauv, a TakKXke METOAUKY MPOBEIACHHUS
HCCJIEIOBAHUM HA OCHOBE YKA3aHHBIX MOJICIIEH;

- C MOMOIIBIO-Pa3pabOTaHHBIX METOJIUK OCYIIECTBUTH BHIOOP CTPYKTYpPHOM
CXEMBI UCCIIEAYEMOM MEpenayrl U ONTUMAIbHBIX F€OMETPUYECKUX MapaMETPOB €€
3BCHBLEB;

-““Ha OCHOBE CHOCOOOB KOMIIBIOTEPHOIO MOJEIMPOBaHUS Ha CTaJAuU
MPOCKTUPOBAHMS  OLEHUTHh  JKCIUTyaTAallUOHHBIE  [IOKAa3aTelld  IUIaHETapHOU
NPEUECCUOHHOW TiepeAauyd, a TakKe YCTAHOBUTh BIUSHHUE MOTPEHIHOCTEN
WU3rOTOBJICHUSI HA MJIABHOCTH BPAIlIEHUS BBIXOJHOTO BaJIa;

- MPOBECTHU OLIEHKY MEPEXOAHBIX MPOLECCOB, MPOUCXOIALUIMX B MJIaHETAPHOU
MPEIEeCCUOHHOM TIepeaye mpu e€ padorte;

- pa3paboTaTh METOABl YPAaBHOBCUIMBAHUS BPAIIAIONINXCS 3BEHHEB
UCCIIEyEMOM IIEpeIayy;

- DKCIEPUMEHTAJIBHO OLIEHUTh AKCIUTyaTAllMOHHbBIE IMOKA3aTEeJIM OIbBITHBIX
0o0pa3IloB PEeayKTOpPOB, pa3pabOTaHHBIX Ha 0a3ze IJIaHEeTapHOW MPEeleCCUuOHHOM
nepeaayu;



- pa3paboTaTh METOAWKY NPOCKTHPOBAHUS TUIAHETAPHOW TMPEIeCCHOHHOMN
nepesaym Ha OCHOBE METOJ0B KOMITbIOTEPHOI'O MOJIETTUPOBAHUSI.

O0beKT M mpeaMeT MCCIECJIOBAHUS.

OOBEKTOM HCCIENOBAaHUS SBISICTCS TUTAHETapHAS MPEIEeCCHOHHAs Tepeaada
tuna K-H-V ¢ munumanbsHOM pa3zHuiieil yucen 3yObeB caTeiuiuTa U LEHTPAIbHOTO
KoJieca.

[IpenMer nccnenoBaHu — SKCILUTYTAlMOHHBIE TIOKA3aTENN MOTOP-PEAYKTOPA,
pa3pabOTaHHOTO HAa OCHOBE MCCIICAYyEeMOU TIepeIayHn.

I’'mnore30i uCCIECIOBAaHUN SIBISUIOCH MPEANOJIOKEHUE O BO3MOXKHOCTH
MCIOJIb30BaHUA B 3allCTJICHUM TUIAHETAPHOM IpeleccuoHHon nepeaauun tuna K-H-V
caTe/uluTa W IEHTPaJbHOIO KoJieca C MHUHHMMAaJIbHOM Pa3HOCTHIO 4YHCENl 3YObEB,
obOecrieunBaroIIeii co3aHne MaJIorabapUTHBIX MTPHUBOIOB.

MeTOoabl HCCJIETOBAHUM.

OcHOBHBIE  PE3yNbTaThl  KCCIEIOBAHHUM, TO3BOJIUBIIME  “OCYIIECTBUTH
pallMOHANIbHBIA BBIOOP MapaMeTPOB IUTAHETAPHOM TIPEIIECCHMOHHOM - Ilepeayu, a
TaK)X€ YCOBEPLICHCTBOBATbh TIE€OMETPUIO 3alCIUICHUs, IMOMYyYECHbl HA OCHOBE
pa3paboOTaHHBIX KOMITBIOTEPHBIX MOJCICH HpH. IOMOIIHN, | CHCIHATU3UPOBAHHBIX
CAIIP na OBM. AeKkBaTHOCTh CO3JaHHBIX-MO/JICIICH, a TAKKE PACUCTHBIX METO0B
Oblla TpOBEpEeHa IMyTEM CpPaBHEHUS (\TEOPETUUYECKHUX M DKCIEPUMEHTAIbHBIX
pEe3yJIbTaTOB.

[ToslydeHHBIE TEOPETUYECKUE™ PE3ydbTaTbl, KaCAIOIIMECS OIPEACICHUS
sHaueHus KIIJ[ mimaHeTapHBIX ‘HPENECCHOHHBIX TMEpefad, a TakKxke pecypca Hux
paboThI, MOATBEPKACHBI SKCIEPUMEHTAIBHBIMU HCCIICIOBAHUSIMU, TPOBEICHHBIMU B
naboparopuu kadenpsl «TexHoyorus. MalmHoCTpoeHus» benopyccko-Poccuiickoro
YHHBEpPCUTETA, a Takxke BJabopatopud UMMUHMAILLI HAH benapycu.

JI0CTOBEPHOCTH pE3YJIbTATOB HCCIEAOBAHUS TMEPEXOJIHBIX IUHAMUYECKUX
MPOLIECCOB, TPOUCXOAIINX [ B: HUCCIEAYEMOM Iepeaadye, a TaKKe BBIBOJIOB,
MOJYYCHHBIX HAa OCHOBE MCCIICIOBAaHWM IUIABHOCTH BPAIIEHUSI BBIXOJHOTO Bajia U
YPAaBHOBEIIMBAHUSA  BPAIIAIOMIMXCI  3BEHBEB, MOATBEPKICHBI  HUCIBITAHUSIMU,
npoBeneHHbIMU Ha PYI['«MoruneBckuii 3aBoj «IJEKTPOABUTATENbY, a4 TAKXKE Ha
ucnpitTarensHoM nonuronie OAO «MUCOM OIly.

BriBo -0 ipenmMyIIiecTBE MpeajaracMoro MnpuBoja Ha 0asze IIaHeTapHOMN
MPEIIECCUOHHOM. . TiIepeaun st  OeroHo3zarnaxxuBaromier mamuuabel CO-170, 1o
CPaBHCHHUIO ‘¢ IPUMEHSIEMBIM B HACTOAIIEEC BPEMS MPUBOJOM C IUJIAHETAPHBIM
[IEBOYHBIM PEAYKTOPOM, OCHOBaH Ha CPABHUTEIBHOM TEXHUKO-3KOHOMHYECKOM
aHaJIM3e:.

HayuyHasi HOBU3HA M 3HAYMMOCTD NOJIYYEHHBIX Pe3YyJbTATOB.

Jloka3aHo, 4YTO KpUTEpPUEM, IMO3BOJIIOIINMM KOCBEHHBIM IIyTE€M Ha CTaauu
IPOEKTUPOBAHUA OLEHUTh KadecTBO pabOThl IIJIAHETapHOW MPereCCHOHHOU
nepeaayn, BIsEeTCA aMILTUTY1a KoJIeOaHUI 4acTOThI BPAILIEHUS BHIXOJITHOTO Baja.

Ha ocHOBe HCHONB30BaHHUS METONOB KOMIIBIOTEPHOTO MOJEIUPOBAHUS
BIIEpBbIE 0OOCHOBaHA BO3MOKHOCTh HUCIIOJIB30BaHMS B MCCIEyEMOU nepeade TUIa
K-H-V caremnura ¥ LEHTPaJpbHOrO KOJECAa C MHUHUMAJIbHOM Pa3HOCTBIO YHCEIN
3yObeB.



BriepBeie 0Ka3aHO, YTO PAaCcXOXKJIEHUE AaMIUIMTYIbl KOJEOAHWH YacTOThI
BpallleHUsl BBIXOJHOI'O Bajla IpPHU HCIOJB30BAHUM B 3ALECIUICHUU I[IJIAHETAPHOU
IPELIECCUOHHON  Mepefauyn NpUOMMKEHHBIX npoduied  3yObeB  caTeIUIUTa,
0o0pa3yeMbIX CTaHIApPTHBIM PEXYILIUM HUHCTPYMEHTOM, B CPAaBHEHUH C TEOPETUUYECKU
TOYHBIMH TpoduiasiMu He npeBblaeT 1%. DTO MO3BOISIET NPUMEHATH 3yObsl C
IpUOIMKEHHBIM ITpo(dUiIeM B 3alIEIUVIEHUN UCCIIEyEMOH epeaayn.

Ha ocHOBe wccienoBaHMi KOMIBIOTEPHBIX  MOJEIEW  IJIaHETapHOM
NPELECCUOHHON Tmepefaud IojydeHa QopMmyna sl pacdyeTra pacCTOSHHUS OT
O>KaMIIero TOpLUEBOro ceueHus 3y0uaToro BeHIa caTeJUIMTa O TOUYKH IPELEeCcCHH;
IpU KOTOPOM KOJIeOaHUS YaCTOTHI BPAIICHUS BHIXOAHOTO Bajla MUHUMAJIbHBI.

BriepBbie mpoBeaeHBI UCCIEIOBAHUS TEPEXOTHBIX MPOILIECCOB IMPOLECCOB,
POUCXOSIINX B UCCIEAYEMOI mepeaaye, Mo3BOJISIONINE OLCHUTh UX Ka4eCTBO.

Ha ocHoBe mnomydyeHHbIx  ¢opMyn isl pacyeTa’ 3HaUeHHS « BENMYUHBI
nucOanaHca IPOTUBOBECA U €O PACIIONOKEHHUSI OTHOCUTEIBHO TOUKH IIPELIECCUH C
IOMOUIBIO CIIOCOO0B KOMIIBIOTEPHOTO MOJIEIMPOBAHMSL, IO3BOJISIFOIIMX OCYIIECTBUTD
CTATUYECKYI0O U JAUHAMHUYECKYI0 OalaHCUPOBKYs;. JMAAHBl PEKOMEHJALUUu 110
PacroJI0KEHUIO IPOTUBOBECA B KOHCTPYKIIMU MTPEUECCHOHHOLO PENYKTOPA.

BrniepBeie pa3zpaboTaHa MeTOJMKa pacuera IJIaHETAPHOW INPEHEeCCHOHHOM
nepesaul Ha OCHOBE MCIIOJb30BaHMS CHOCOOOB KOMIIBIOTEPHOIO MOJEIMPOBAHUS.
[IpemioskeHO NEpCHEKTUBHOE HAIPABIEHUE COBEPHICHCTBOBAHUS —HCCIETyEeMOi
nepesayd MyTeM HCIOJIb30BaHUSl HBOWHOTO SKCHEHTpHKa Ha €€ BXOJHOM Baly,
oOecIeunBarolllee MOBBIIIEHUE pecypca padoThI fiepeiayuu.

IlpakTHuyecKkas U IKOHOMHUYECKASA 3HAYHUMOCTD
NOJYYEHHBIX Pe3VJbTATOB.

Pa3paGoranHass mnpu . HEMOCPEJACTBEHHOM YYacTHM aBTOpa METOJMKa
MPOCKTUPOBAHMS  IUJIaHETapHOM mpelneccuoHHor nepenaun tuna K-H-V  non
pykoBoacTBOM mpod., M.T.H. [')pombiko I1.H. mo3Bonuna co3marh MNperecCUOHHbBIN
PEAYKTOP C AKCIUTYTAIIMOHHBIMU HOKA3aTEIsIMHU, YAOBIETBOPSAIOIIUMH TPEOOBaHUSIM
K MpUBOAAM CTPOUTEIbHO-OTACIOYHON TEXHUKH, MPU HU3ZKOH Cce0eCTOMMOCTH
u3rotoBieHusl. . IlpemioxkenHass KOHCTPYKIMST TPUBOJA Ha OCHOBE JaHHOU
IJIAHETAaPHOM MPEIIECCUOHHON Tepenauun npuHsaTa Kk BHeapenuto B8 OAO «MMCOM
OI»«(r. MuHnck).

PesynbTater~ wucclienoBaHUNA  Takke  HUcnojb3oBaHbl Ha  MI'KVII
«T"opanextporpadcnopt» (r. Morusnes) B BUjie METOJUK MPOEKTUPOBAHUS PYUHBIX U
DIEKTPUYECKUX TaJedl Ha OCHOBE IUIAHETAPHOM MPELECCUOHHOM Iepenayu,
MpeHA3HAYCHHBIX JIJI1 MPOBEACHUS PEMOHTAa KOHTAKTHOW JIMHUU W TOJBHKHOTO
COCTaBa:

HpakTtruueckass 3HAUUMOCTb TIOJYYEHHBIX PE3YJbTaTOB  3aKJIIOYAeTCs B
pa3pabOTKe HOBBIX KOHCTPYKTUBHBIX PEIICHHI, HAa OCHOBE KOTOPBIX  CO3/IaHbI
MajiorabapuTHHIE TUIAHETAPHBIC MPEIIECCHOHHBIE MOTOP-PEAYKTOPHI JIJIsi MPUBOIOB
CTPOUTENIBHO-OTAEIOYHBIX MAalllWH, a TAaKXE€ — PEAYLUPYIOIINE MEXAHU3MBbI IJIs
TaJIeH.

lomoBoit  sxoHOMHMYeckHil 3P(HEKT OT HCMOIb30BAHUS —TUIAHETAPHBIX
MPEIECCUOHHBIX PEAYKTOPOB B MpUBOAE OeToHO3arnaxupawomei Mamuiasl CO-170
coctaBut Oosiee 130 muH. Oent. pyO. ipu ro10BoM 00beMe Boitycka 600 miT.



OcCHOBHBbIE MNOJOKEHHUH JAHMCCEepPTANMH, BbIHOCHMBbIE Ha
3AIMMUTY.

Pe3ynbTarhl TEOpETHYECKUX MCCIIEIOBAHUM nccieryeMoi nepeaaun tuna K-
H-V, ocHOBaHHbBIE HA IPUMEHEHUSI METOJI0B KOMITBIOTEPHOTO MOJEIHMPOBAHUS.

Mertoauka pacuera IiaHeTapHOM IpeneccuoHHou nepenadn tumna K-H-V ¢
MUHUMAJIBHON pPa3HOCTBIO YMCENl 3YyObEB cCaTeIUTa U LEHTPaJbHOIO KoJieca,
MO3BOJISIOIAs OLIEHUTh IPOrHO3UPYEMBIHN pecypc paboThI Iepeaayu.

Pe3ynbrarsl HKCHEPUMEHTAIbHBIX UCCIIEJOBaHUH, HIO3BOJIMBIINE
MOATBEPUTH BBIBOJIbI TEOPETUYECKON YAaCTH padOThI, & TAKXKE OCYIIECTBUTH OLICHKY
AKCIUTYaTaI[MOHHBIX CBOMCTB PEIyKTOPOB, pa3pabOTaHHBIX HA OCHOBE IUIAHETApHOM
IIPELECCUOHHON NTEpeIavn.

HoBasi koHCTpykIusi penykTopa, pa3pabOTaHHas Ha OCHOBE IUIAHETApHOU
IPELIECCUOHHON TIepefjaud NPUMEHUTEIBHO K MPHUBOAY . OETOHO3aIIaKUBAIOLIEH
mamuHbl CO-170.

JIMYHBIN BKJIAJ COUCKATEJHA.

OcHOBHbBIE pE3yJbTaThl, MpPEICTAaBICHHbIC B JIUCCEPTalMOHHON padoTe,
IIOJIyYEHBI COMCKATEJIEM CaMOCTOSTENBHO. [Ipu 9TOM nOKa3aHO, 4TO ONTHUMAIbHON
CTPYKTYpOH HcCCleyeMON mnepedaud A’ CO3/laHusl MaJloradapUTHBIX MPUBOJAOB,
ABJIAIETCS IUIAHETapHas IpeueccuoHHas neperada tuna K-H-V ¢ MuHHManeHOR
pasHuLed uucen 3yObeB caTeIuTa ‘U HEHTPAIbHOIO 'KOJieca PaBHOW €IMHUIIE.
[Tosryuensl popmyssl 71 pacueTa 3HaU€HUs BEJIMYUHBI JucOanaHca MPOTUBOBECA U
€ro0  paCHOJIOKEHUS OTHOCHTENbHO  TOYKH', IPELECCHUH, Ipu  KOTOPBIX
00€eCIeunBalOTCsl MUHUMAJIbHbIE, 3HAYEHUS |CYMMAPHBIX PEAKIUN B MOAIIUITHUKOBBIX
onopax. JlokasaHo, 4TO B ‘3aLECIUICHUM IVIAaHETAPHOM IPELECCUOHHOW Iepenayde
palMOHAIIBHO  WCIOJIb30BATH MPUOIMKEHHBI MpoQuiab 3yObeB  CaTEIUIUTA,
o0Opa3yeMblil CTAaHIapTHBIM PEXKYILIMM UHCTPYMEHTOM.

CamocTosiTenbHO  COUCKAaTeNeM  ObLIM  TPOBEIEHBI  MCCJEIOBAHUS
NEPEXOAHBIX MPOLECCOB, MPOUCXOIANINX B HCCIEYyEMON IIepeaaye.

Pa3pab6oraHa _COBMECTHO €  HAyyHbIM pPYKOBOJAMUTEIEM  METOAMKA
IIPOEKTUPOBAHMS INIAHETAPHON NMPELECCHOHHON Nepeayl Ha OCHOBE HCITOJIb30BaHUS

METO/IOB. KOMIBIOTEPHOTO  MOJEIHUPOBAHUS,  IO3BOJSIONIAS  OMNPEACIIUThH
IPOTHO3MPYEMBII | pecypc padOThl MPEUECCUOHHBIX peayKTOpoB. COBMECTHO C
HAay4YHBIM  pPYKOBOJUTEJIEM NPENJIOKEHO HalpaBJi€HHE COBEPIICHCTBOBAHUS

UCCIIeyeMO Hepelayd Ha OCHOBE HCIIOJIb30BAaHUSI JIBOMHOTO SKCIEHTPUKA Ha €&
BXOJHOM-BaJy, 00€ecCIeurBaroilee MoBbIIIEHUE pecypca e€ paboThl.

B 1mpomecce uccaenoBaHUN  COUCKATENb  SIBISUICS — OTBETCTBEHHBIM
WCHoJHUTENEM Xo310rosopon HP.

AnpolOauus pe3vJabTaTOB JUCCEPTANNHU.

OcCHOBHBIC TIOJOKEHUSI PaOOThI MPEACTABICHBI HAa BHYTPU BY30BCKHX
koH(pepennuax: «36-1  CcTyAeHYECKas HAyYHO-TEXHUYECKas  KOH(EPECHIIHS
( r.Morunes, 2000 r.); Ha MEXIYHAPOJHBIX HAYYHO-TEXHUYECKUX KOH(EPEHIIUSX:
«CoBpeMEHHBIE TEXHOJIOTHH, MaTepUalibl, MAIIUHBI U 000pynoBanue» ( r.Morunes,
2002 1. ), «lIporpeccuBHbIE TEXHOJOTHMH, TEXHOJIOTHYECKHE IIPOIECCHl U
obopynoBanue» ( r.Morunes, 2003 1. ), «lIl mexmyHapomHas MeXKBY30BCKas
HAyYHO-TEXHUYECKOW KOH(EPEHIIMH CTYJeHTOB, AaCIHPAHTOB M MAaruCTPaHTOB)




( r.'omens, 2003r. ), «Marepuanbl, 00OpyJAOBaHHE U pecypcocOeperaroime
texHonorun» ( r. MormieB 2004r. ), «HoBeie Marepuainbl, o0OpynOBaHUE U
TEXHOJIOTUU B MpoMbIuIeHHOCTH» ( T. Morunes, 2004r. ); B COOpHHUKAxX Hay4YHBIX
Tpya0B: «llepcrieKTUBHbBIE TEXHOJIOTUH, MAaTEPUAIIBI U CUCTEMBI €O. Hayd. Tp. MI'TY»
( r.Morunes, 2001r. ), «IlepciekTUBHbIE TEXHOJOTUH, MaTEPUAIBl U CUCTEMBI: CO.
Hayd. Tp. MI'TY» ( r.Moruznes, 2003r. ), «IlepcriekTuBHbIE TEXHOIOTUH, MATEPUATIBI
u cucrtembl cO. Hayd. Tp. ben.-Poc. yH-T» ( r.Moruies 2005r. ), «CoBpeMeHHbIE
METOJbl TMPOCKTUPOBAHMS MalIUH. Pacuer, KOHCTPYHPOBAHHE U TEXHOJOTHUS
U3roToBJIeHus. ¢0. Hay4. Tp.» ( T.Munck, 2002r. ), «Becthuk MI'TY» ( r.Morusnes,;
2002r.) «Bectauk MI'TY» ( r.Morunes, 2004r.), «BectHuk MI'TY» ( r.Moruiues,
2006r.).

Mexanu3mbl  Ha ~ 0a3e  IJIAHETApHBIX  IPELIECCHOHHBIX - Ilepenad
DKCIIOHMPOBAJIMNCh HA CIEAYIOIIMX BBICTaBKaX M sApMapkax: [anHOBepckas
npombinieHHas sgpmapka 2003 1. T[annoBep ®PL, “7-12 ampens 2003r.,
['anHoBepckass mpombinuieHHas sipmapka 2003 r.I'amHoBep ®PIY. 19-24 amnpens
2004r., benopycckuii mnpomsbinuieHHbIH GopyM r:Muuck, 18-21 “mas 2004r.,
['annoBepckas mpombinuieHHas spmapka 2005 (r.lramnoep @PI', 11-15 ampens
2005r., III mexayHapoHast BBICTABKA BOOPYKEHUS W BOCHHONW TexHUKH «MILEX-
2005» r.Munck, 17-20 wmas 2005t  Ilepssriii  bemopyccko-Poccuiickuit
sKoHOMHYecKui ¢GopyM u Poccuiickas HalluoHalbHasi BbICTaBKa r.MuHCK, 6-9
ceHTs0ps, IV-1 HanwmonanbHas (BeicTaBka «bemapycb-2005» B JluToBCcKOU
Pecny6nuke 1. BunbHioc, 5-8 okTs0ps.

PesynbraThl AuccepTanuid. ObUTH JOJAOKEHBI U OOCYXKIEHBI HAa COBMECTHOM
cemunape kadenp «Teoperumdeckas wmexaHnka» U «OCHOBBI MPOEKTUPOBAHUS
MamnHe» benopyccko-PoccniiCkoro yHuBeEpeuTeTa.

Onyo0JMKOBAHHOCTL Pe3yJIbTAaTOB.

[To Teme muccepranuu OmMyONnMKoBaHO 14 HaydHBIX pPabOT, B TOM YHUCIE &
cTaTeil B pelEH3UPYEMBIX KypHAIaxX U COOpHHMKAX, 5 MaTepuanoB KoHpepeHuuid, 1
nernoHupoBanHas pabora.’ [lTomydeno 10 akTOB W COpPaBOK O BHEJIPEHUU U
AKCILTyaTalIOHHBIX UCHIBITAHUSX.

CTPYVKTYpPAa ‘M 00beM JHCCEPTANNHU.

Huccepraiiiontas pabdoTta usnokeHa Ha 104 cTpaHUIlaX MaIIMHOIKUCHOTO
TEKCTa, collepKUT Tadsuil 9, pucyHkoB 133. Coctout u3 4 pas3aenoB, 3aKJIIOUYCHUS U
npuioxkeHui. CHUCOK UCIOIb30BaHHBIX HCTOYHUKOB BKIIIOYaeT 112 HauMeHoBaHUM

OCHOBHOE COIEP XAHUE PABOTbI

Bo BBegeHmm o000OCHOBaHa AaKTyaJIbHOCTh HAayYHO-TEXHUYECKOW 3ajaun
YAYYIICHUs OKCIUTyaTalMOHHBIX  IIOKA3aTelied IJIAHETApPHOU  MPELECCUOHHOMU
nepeaadn. OTMEUYEHO, YTO PEIIEHNE BOIIPOCOB CHUXKEHUS YPOBHS LIIyMa M BUOpALIMA,
MOBBINMICHUE TUIABHOCTH BpAIllEeHWsT BXOJHOTO Baja, a Takke obecreueHus
TpebyeMoro pecypca pabOThl TO3BOJIUT PACHIMPUTH OOJACTH TMPUMEHEHHS
UCCIIEyEMOM NIEpENAUH.



CdopmynupoBaHbl 1€JIb W 3a/layd  MUCCJIEIOBAaHUN, Hay4dHass HOBM3HA,
MPaKTUYECKask 3HAYMMOCTh MOTYYEHHBIX PE3yJIbTaTOB, AaHa OO0IIas XapaKTepUCTUKA
pabOTHI U MOJIOKEHUS, BRIHOCUMBIE HA 3aIlUTY.

B nmepBoil riaaBe jguccepTaldd BBINOJHEH aHAJU3 KOHCTPYKIIUI
MEXAHUYECKUX MEPENAY C COOCHBIM PACHOJIOKEHUEM BXOJHOTO M BBIXOJIHOTO BaJIOB.
Ha ero ocHoBe cJenaH BBIBOJI O MEPCHEKTUBHOCTHM COOCHBIX JKCHEHTPHUKOBBIX
nepemad. Hwuskme wmaccorabapuTHBIE TIOKA3aTeld JKCIEHTPUKOBBIX —Ieperaad
MPUBJIEKAIHA Y MPUBJICKAIOT B HACTOSIIIEE BPEMSI BHUMAHUE MHOTUX MCCIIEIOBATENIEH.
Cpenu nux Cksoproa H.A., [llanaukoB B.M., [lamkeBuu M. @., bopucenko JI.A
Suxkenu H.I'., bacuniox B.JI. boinoroB M.A. u np. lLleBouHble mnepeaayu
HKCIICHTPUKOBOT'O THUIA HAlId CBOE TMPUMEHEHHWE B HEKOTOPBIX O0JIacTsIX
npombinieHHOCTH. B fInonun u CIIIA HanaxeHo HMX CepuilHOE NPOU3BOACTBO.
Hecmotps Ha TO, 4YTO SKCIUTyaTallHOHHBIE IIOKAa3aTeNd (YKAa3aHHBIX: Ilepenad
COOTBETCTBYIOT JIYYIIMM MHPOBBIM aHAJIOraM, M3-3a/BbICOKOW CTOMMOCTH OHH
UCIIOJIB3YIOTCS, KaK MPaBUJIO, JIMIIb B IPUBOJIAX TEXHOJOFPUUECKOFO 000pYA0BaHMUS.
[TonbITKH CHU3UTH CEOECTOMMOCTh W3TOTOBJICHUS ', IICBOYHBIX - Ilepead MyTeM
CHIDKCHUS TOYHOCTHM M3TOTOBJICHUSI WX 3BEHBEB “WJIM IIyTE€M JIPUMEHCHHUS B HX
3alleTUICHUHA CTaHJAApTHOTO SBOJBBEHTHOTO HPOMUIS 10 HACTOSIIETO BPEMEHH K
yCIIEXY HE MPUBEIIH.

Ocoboe MecTo cpeau Kiacca . SKCIEHTPUKOBBIX Tepefad 3aHUMAIOT
IUIaHETapHbIE TpEIeCCHOHHbIe mnepefadn. OWIMYUTEIbHOW HMX OCOOCHHOCTHIO
SBJISICTCS UCIOJIb30BaHNE HAKJIIOHHOTO SKCLECHTPUKA HAa BXOAHOM Bany. [lmanerapHsie
IIPELIECCUOHHBIE NEpeaayl MOXKHO NOApa3Je/luTh HA JBE Ipymmbl. B naHeTapHbIX
IIPELIECCUOHHBIX Mepeaayax 1epBOi IPyHIlbl'B KAUYECTBE KOHTAKTUPYIOINX 3BEHBEB
WCMOJIB3YIOTCS Tena KadeHus. VCclaeqoBaHMSIMM TakMX MPELECCHOHHBIX Iepead
3aHMMAIOTCS CIEUUATUCThl KUIIMHEBCKOM MKOAbI (TeXHUYEeCKUH YHHBEPCHUTET
Monpaossl, r. KuimHeB) moj pyKOBOJACTBOM J-pa T€XH. Hayk, mpodeccopa N.A.
bocrtana. Penyuupyromme y3iibl, COPOCKTUPOBAHHBIE CIELUATUCTAMU YKa3aHHOMU
IIKOJIbI, HAILId MPUMEHEHUE B MPUBOAAX YCTAHOBOK ISl MOJBOJHOIO OypeHWs.
OnHako OPUMEHEHHE, - MPEIECCHOHHBIX Mepenady ¢ TelaMu  KadyeHusi B
0011IeMallTHHOCTPOUTEIIBHBIX PEAYKTOpax MpoOJIeMAaTUYHO BBUAY HAIU4YUs B HX
KOHCTPYKIUU OOJILLIOr0 KOJIMYECTBA DJIEMEHTOB (POJUKOB), KOTOPhIE HEOOXOAMMO
TOYHO.JIO3ULIMOHUPOBATh U HAZEHKHO KPENUTh B KOPITYCE MEPENAYU.

UccrenoBanreM BTOpOW TpyIIbl TUIAHETAPHBIX MPELECCUOHHBIX Iepeaady,
OTJIMYUTEIBHON OCOOECHHOCTBIO KOTOPBIX SIBJIIETCS MCIOJB30BAHME B KAauyeCTBE
dhopmooOpazyromiero npodusis 3yda eHTPaTbHOTO KOJieca BOJIbBEHTHI, 3aHUMAIOTCS
cnefquaucTsl B KOXHO-Y palibckoM Trocy1apCTBEHHOM yHHUBeEpcuTeTe (T. YensOnuHCK)
HOJ. PYKOBOJACTBOM JI-pa TEXH. Hayk, mpodeccopa b.A. JlomaTuHa, a Takxke B
benopyccko-PoccuiickoM yHuepcutete (T. MorusiieB) moJi pyKoBOJCTBOM JI-pa TEXH.
Hayk, podeccopa I1.H. I"'pomsiko.

[IpeumymecTBom TJTAHETAPHOU MPELIECCUOHHOU repenayu,
pa3pabaThiBacMOi CIEIUATUCTAMU YENSIOMHCKON IIIKOJIBI, SBJISIETCS OOecrieyeHue
MHOTOMApHOCTH B 3aLIETUICHUU 32 CUET YBEIMYEHUS YKCIIAa NapaliesIbHbIX MOTOKOB
MOIIIHOCTH, YTO MO3BOJIUIIO UCIOJIb30BaTh eé B KOHCTPYKIIUSIX
AIEKTPOMEXAHUYECKUX MPUBOJOB KOCMHUYECKHX amnmnapatoB. OIHAKO HMCHOJIHEHUE



DKCLEHTPUKOBBIX KPUBOLIMIIOB B BHUAE KOJIEHYATOrO BaJla W HAJIUYHE JBYX
HAKJIOHHBIX CaTEJUIMTOB IPUBOAAT K YCIOKHEHUIO KOHCTPYKIIUH TAaHHOW MEpEIavn.

Hanbonee s3pdexTuBHbIN cIOCOO YIPOIICHUS TUIAHETAPHOW MPEIEeCCUOHHON
nepesayu MpeAsIoKEH CIEeUaIucTaMi MOTHUIIEBCKOM MIKOJbL. CyIIHOCTh €r0 B TOM,
YTO B CTPYKTYpE NAHHON NepeAadyd UCHOIb3YETCS OJIMH HAKJIOHHBIN KPUBOILIWI U
onvH careyuT. Ilpu Takol KOHCTPYKLIMH IE€peladyd BO3MOYKHO YMEHBUICHUE
rabapuTHBIX pPa3MEpPOB PEAYKTOpa 3a CUeT JOBEACHMS Pa3HULBI MEXKIY YHUCIOM
3yObEB CaTeJUINTa U YUCJIOM 3yObeB IIEHTPAIBHOTO Kojeca 10 eAuHUlbl. [Ipu sTom
U8 JAHHOW CTPYKTYPHOM CXEMbl IUIAHETAPHOM NPELUECCUMOHHOW IMeperadn
JOCTUIaeTCsd MaKCUMaJbHO BO3MOXKHOE NEPENATOYHOE OTHOIICHHE. Y IUIAHETapHOU
NPEECCUOHHOM Tepeladyd JaHHOW TpPYIIbl HMEITCA MIUPOKHUE BO3MOXXHOCTU
palroHaIbHOTO BBIOOpA MapaMeTPOB 3BEHHEB M COBEPILICHCTBOBAHHS T'€OMETPHUH
3alleIEHAd. OJTO TO3BOJISIET BBIAEIUTh HCCIECIOBAaHUS MOLHMIIEBCKOM « IKOJBI B
CaMOCTOSITEJIbHOE HAIlPaBJICHUE.

Becomplil BKJIal B MCCIENOBaHUS IUIAHETAPHBIX TIPEHECCUOHHBIX IMepenad,
KaK C TeJaMU KaueHHUs, TaK U C DBOJBBEHTHBIM .(OpMO0OOpa3yloumnM mpoduiieM
3yObeB, BHEC J-p TexH. Hayk, mpodeccop +A.T. Ckoibena (benopycckuii
HAIMOHAIBHBIA TEXHUYECKUN YHUBEPCUTET, T'. MUHCK).

[IpoexkTrpoBaHue IUIAHETAPHBIX HPELUECCUOHHBIX TIepead ClelralnucTaMu
BCEX BBIIIE HA3BAHHBIX IIKOJI 0 HACTOSUIET0 BPEMEHU B.OCHOBHOM 0a3UpOBAJIMCH HA
CO3JaHUM MATEMaTUYECKUX MOJEJNEH, B OCHOBY, KOTOPBIX OBUIM TMOJIOXKEHBI
YIPOUIEHHBIE CXEMbI MCCIEAYEMBIX Tepeay ¢ MHOTOYUCICHHBIMUA JIONYIIEHUSIMH.
Hanpumep, cnenuanucraMu MOTHJIEBCKOM | IIKOJIBI PaHEE  HCIOJIb30Bajlach
YOPOUIEHHAs! CTEp)KHEBash MOQIedb IUJIAaHETAPHOW MPEIECCUOHHOW Mepeaauu, IMpu
3TOM HE YYHUTHIBAIACHh . MHOTOMAPHOCT, B 3alCIUVIEHUM MW BUJ Opoduis
KOHTaKTHPYIOIIMX 3yObeB: Pe3ynbrathl wHccaegoBaHUl HOCWIM OTHOCUTEIbHBIN
XapakTep, pacuyeThl NePEnayu JAeIaTuch ¢ OOBINON MorpentHocThio. CrienuanucraMu
MOTHUJIEBCKOW  MIKOJBI  ObUIH .pa3pabOoTaHbl MHOTOYHUCICHHBIE KOHCTPYKIIUU
pEAYLUPYIONINX YCTPOUCTB~ Ha 0a3e TIUIAHETApHOM MPElEeCCUOHHON TmepenayH,
KOTOpbIE HAallJIKW- CBOE’ IPUMEHEHUE B MPHUBOAAX KOHTAKTHBIX Pa3bEeIUHUTENECH,
yCTaHABIMBAECMbIX Ha JIEKTPUPHUITIPOBAHHBIX YYaCTKaX >KEJIE3HON JOPOTH, a TaKXKe
B KOHCTPYKIUAX PpY9dHbIX jieOenok. OgHaKo 10 TOCIEIHETO BPEMEHH B TMPUBOJAX
OOIIEro | MAlIMHOCTPOEHUS TaKue IUJIAHETApHOW MPELEeCCUOHHON Tepenayu He
HaXOJMJIM NPUMEHEHHUSI. IJTO OOBACHSETCS TEM, YTO IPU OTHOCUTENBHOU MPOCTOTE
KOHCTPYKIMU | PSAJ  OKCIUTYyaTAllMOHHBIX IIOKA3aTelie MCCIEAYyeMOW mepeaadu
HaXOJMJICSH. HAa OTHOCHTEIIbHO HHU3KOM ypoBHE. K JaHHBIM 3KCIUTyaTallMOHHBIM
MOKA3aTelIIM CJEeAyeT OTHECTU: IIYMOBbIE M BHUOPAI[MOHHBIE XapaKTEPUCTUKH,
IJIABHOCTH BpAILIEHUS BXOAHOTO BaJia, a TaK’Ke TpeOyemblil pecypc paboThI.

AHanu3 pa3IUyHBIX TUIIOB IUIAHETAPHBIX MPELUECCUOHHBIX Mepeaady,
IIPUBECHHBIM B JAHHOW TJIaBe, MO3BOJIUI BHIOPATH JIJISi MPOBEACHUS MCCIICIOBAHUMA
nepeaayy, BeinoaHeHHY0 o cxeme K-H-V, koTopast nzobpaxkena Ha puc.1.

B 3aknroueHme mepBoil r1aBbl OOOCHOBBIBACTCS MEPCIEKTHBHOCTH TaKOTO
HalpaBJICHUS]  HWCCIEIOBAHMI  MEXaHMYECKHUX TMepelad, KaKk KOMIIbIOTEPHOE
MOJIEJIMPOBAaHUE, OCHOBAHHOE Ha CO3/IaHUH KOMIIBIOTEPHBIX MOJIEIIEH.



Puc. 1. IInanerapnas npeneccuonnas nepenada tuua K-H-V:1 <=Bxognoi
BaJI C HAKJIOHHBIM KPUBOIIIUIIOM, 2 — CaTEJJIUT , 3 —~TICHTPAJIbHOE HEIT0/IBUKHOE
KOJIECO C BHYTPEHHUM 3yOUaThiM BEHIIOM, 4 — yIiI0Bas MyQTa, mepeaatonias
BpAILICHUE HA BBIXOIHOM Ball

Bropas rsaBa  jauccepTanMu ¢ IIOCBSIICHA . ~BONPOCAM  YJIYYIICHUSA
DKCIUTyaTallMOHHBIX NIOKA3aTeNel IIAHETAPHOM MTPEHECCUOHHON NIepelay Ha OCHOBE
palMOHAJIBHOTO BBIOOpA ITapaMeTpOB 3BCHBECB.

B nHawane rmaBbl onmucaHa. METOJIMKA CO3JaHUS KOMIIBIOTEPHBIX MOJEIEH
3aneruieHnst. OcoOEHHOCTRIO JIAaHHOW METOJAMKH SIBJISIETCS TO, YTO OHA ITO3BOJISET
BBITIOTHATE  (POPMOOOPA30BAHNE MPOCTPAHCTBEHHO-MOAUMUIIMPOBAHHBIX 3YObEB
careuiuta. OOmMA  BUJA, *CO3JaHHOM = KOMITBIOTEPHOM MOJEIN TUIAHETapPHOM
MPELIECCHOHHON nepeAayy: mokazaH Ha puc.2.

Puc. 2. O6muit BUJ1 KOMIOBIOTEPHONU MO TIJIaHETAPHON MPEIECCUOHHON
nepenayu: | — BXOQHOM Ball C HAKJIIOHHBIM KPUBOIIUIIOM, 2 — CATEJUIUT C HAPYKHBIM
3yOUYaThIM BEHLIOM, 3 — EHTPaJIbHOE HEMOABUKHOE KOJIECO C BHYTPEHHUM 3y0UaThiM

BEHIIOM.



Kpurepuem omnenkn pabOThl IUIaHETAPHOM MPEIECCUMOHHOW mepeaadu
BbIOpaHa aMIUIMTYyAa KOJIeOAaHWU YacTOThI BpalleHHUs] BBHIXOJHOrO Baja. B kauectse
YUCJIEHHOTO  3HAY€HUs KpUTepUs  MNPUHATA aMIUIUTyAa KOJeOaHWW YacTOThI
BpaIIeHUs BHIXOJHOIO Baja CTaHJAPTHOW PBOJIbBEHTHOU nepenayu. [ns storo Obuia
co3laHa €€ KOMIIBIOTEpPHAss MOJEIb W ONpPEAciiCHa YNOMSHYyTas aMIUTUTyZA.
I'paduixku 3aBUCMMOCTH B CTaHAAPTHOM 53BOJILBEHTHOW 3y04aToil mepengadye u
IJTAHETapHOM mpeneccuoHHon nepenade tuna K-H-V, npuBenennsle Ha puc.3,
MOKAa3bIBAIOT COMOCTABMMOCTh 3HAYCHHM aMIUIMTYIBI KOJIGOAHWIN BBIXOJHOTO Baja.
Cnemyer OTMETHTh, YTO MPUMEHEHHE YTJIOBOM MY(THI ISl CHSTHUS BpalleHUs C
caTeJUTUTa Ha BBIXOJHOW BaJl YBEIIMYMBAET YKa3aHHYIO BBINIC aMIUTUTYAY KOJIeOaHUN
Ha 0,2%.

CpaBHUTENBHBIN aHAIN3 KOMIIBIOTEPHBIX MOJENEH HCcCleayeMbIX depeaad
tuna 2K-H u tuna K-H-V mo3Bonwiu ycTaHOBUTH, UTO .aAMIBIUTY/A ‘KOJCOAHMI
YacTOThI BpaIllEHUsI BBIXOJHOTO Baya y nepeaaun tuna K-H-V- Gonee 4eM B ueTbipe
paza Huxke, yem y nepenauu tuna 2K-H. D10 moaTBepAusio mpaBUiIbHOCTH BHIOOpA
CTPYKTYPHOM CXEMBI IJIaHETApHOM NpeneccuoHHon nepenaun tunaK-H-V.

Puc. 3. 3aBucUMOCTh KOJI€OaHUN YacCTOTHI BpAIICHUSI BBIXOIHOTO Bajia OT
BpeMeH!: | — B'CTaHIapTHOM HBOJIbBEHTHOM 3yOuaToil mepenaye; 2 — B INIAHETAPHOMN
npeneccuoHHon nepegave tuna K-H-V

[Tomyuena 3aBucumocTs (cM. dopmynny 1) MexAy OCHOBHBIMH MapameTpaMu
3al€NCHUS TUIAHETAPHOM MPELECCUOHHOM Mepenadyd, a MMEHHO MEXIY YIJIoM
HyTallUM ¢, PACCTOSTHUEM OT TOYKU MpEeLeccud N0 Onmxailiero Topua 3y04aTroro
BEHIIA CaTeJUINTA, a TAK)KE MEePEIaTOUHBIM OTHOIIICHUEM I, IPH BBIMOJIHEHUH KOTOPOU
obecrieunBaeTCsl MOBBINICHHUE TUIABHOCTH BpaIlleHUs BEIXOIHOTO Baya 6osee 5 %.

Rca + Rcf
b=—"" (1)

2-i-sina’

rae Rea, Ref — paauycsl BnajuH 1 BHICTYIIOB CaTEIJIUTAa COOTBETCTBEHHO.



OT TOYHOCTH ypaBHOBEIIMBAHUS BPAILAIOIIMXCA 3BEHBEB IUIAHETApPHOMN
IIPELICCCUOHHON IE€pPEeAaun 3aBUCAT TAaKUE  DKCIUIyaTallMOHHBIE IIOKA3aTelM Kak
ypOBEHB IllymMa 1 BUOparuu. i 3Toro Oblia cocTaBieHa pacueTHas cxema (puc.4) u
NOJIy4eHbl BbIpaKE€HHsS (2) Juisl pacyera paBHOACUCTBYIOIIEH CHUJI HMHEPLHH,
IO3BOJIAIOIIEH OIIPENEINTh BEIUYHUHY JucOalaHca IPOTUBOBECA, a TAKXKE MECTO €ro
PacIoJIOKEHHS Ha BXOJHOM Bally.

Puc. 4. PacueTHas cxema JjIs OIpe/ICICHUST BEIUYHHBI JUcOaiaHca TPOTHBOBECA
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rae: RY — PABHOJICMCTBYIOIIAS CHUJI HHEPLIMHU BPAIAFOIIUXCS 3BEHBEB,

H — paccrostnue oT neHTpa npeneccuu 10 eHTpa Macc MPOTUBOBECA,

Mmy;~ny;, M, — MacChl carejUiMTa, LIEKM W IIEWKW HAKJIOHHOIO Baja
COOTBETCTBCHHO,

I'c2, Terl, Terz,— PAAUyChl BPAIlEHUs LIEHTPA MAcC CATEJUINTA, LIEKU U IICHKH
HaKJOHHOTO Bajia, OTHOCUTEJILHO TOUYKU MPEIECCHH,

] — yTJIOBasi CKOPOCTh BAJIA,

€, — YIJIOBOE YCKOPEHUE CATEILINTA,

l;, l,— paccrosHME OT TOYKM MpelecCHH 10 IIEHTpa MacC INEKH W IICHKH
HaKJIOHHOT'O BaJla COOTBETCTBEHHO,
["P); — IpUBeIEHHBII MOMEHT HHEPIIMU CATEJLINTA



JI71s1 IpOBEPKH aJIEKBATHOCTU YpaBHEHU (2) U BOBMOKHOCTU UCIIOJIb30BaHUS
UX N1 MHKEHEPHBIX PAacueTOB OBLIM JOMOJHUTEILHO MPOBEJEHBI HCCIEIOBAHUS
YpaBHOBEIIMBAHUS BPAIIAIONINXCS 3BEHbEB MJIAHETAPHOU MPELeCCHOHHON nepenadu
C TMOMOIIbI0 METOJOB KOMIIBIOTEpHOTrO MojenupoBanus (puc.5). Ha ocHoBe
KpUTEpUST MHUHUMyMa 3HA4YeHHUS pEaKIuid B MOJUIMIHUKOBBIX OMOpax ObLIO
OTpPENICJICHO  ONTUMAJIbHOE  PACIHOJIOKECHHE NPOTUBOBECA B KOHCTPYKIIMH
IIPELECCUOHHON MTepeayn.

Ha KoMIBIOTEpHBIX MOAENIAX OBUIM TakKe€ NPOBEIEHBI HCCIEAOBAHUS
BJIUSIHUSA TOrPEIIHOCTEN W3rOTOBIICHHS 3BEHBEB IUIAHETAPHOM MPELECCUOHHOW
nepeJayn Ha IUJIABHOCTh BPAILICHHS BBIXOJHOTO Baja. Y CTAaHOBJIEHO, YTO U3 BCEX
BEPOSITHBIX TMOTPEIIHOCTEN HamOOJbllee BIUSHUE HA BEIUYUHY aMIUIMTYHbI
KOJIeOAaHWI YacTOThl  BpallleHHs BBIXOJHOIO BaJla OKa3bIBA€T MOTPEMIHOCTD
M3TOTOBJICHUSI SKCIIEHTPUKA BXOJIHOTO Baja.

1 3 5

Puc.-5:O0umit BUJ KOMIBIOTEPHON MOJIENH AJI1 YPABHOBEIIMBAHUS
BpAIIAJOIIMXCS 3BEHBEB MIIAHETAPHOW MPELNECCUOHHOM Nepenaun: | — BXxoaHon
BaJI, 2 =CaTEJJIUT, 3 — HEHTPAIBHOE KOJIeCO, 4 BHIXOJHOM Bajl, S — MPOTUBOBEC

Konebanust  49acToThl  BpalieHHs  BBIXOJHOTO  Bajla  IJIJaHETapHOM
OPCLECCUOHHON Tepeadyl MOTYT TMPOUCXOJUTh H3-3a HEMPaBUIBLHOTO BBIOOpA
MapaMeTPOB YIIPYTUX U JUCCUIIATUBHBIX 3JIEMEHTOB. DTO BBI3BAJIO HEOOXOAUMOCTD B
MpPOBEJICHUN UCCICAOBAHUM  TEPEXOHBIX MPOIIECCOB, MPOUCXOISIIMINX B
MJIaHEeTapHOM TpereccuoHHON mnepenade. OOmuMi BUA JTUHAMUYECKOW MOJEIU
MPUBOJIA C MPELIECCUOHHOM Mepeaadeii MpeIcTaBiIeH Ha puUcC.6.



Puc.6. — O6mumit Bu1 JuHAMHYECKON MOJCIHM IPUBO/IA C TUTAaHETaPHOM
MPELECCUOHHON TIepenayen

B pesynbrate Obuta nmoiyuyeHa cucreMa quddepeHnnaibHbIX YpaBHEHUH:
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rae: M, — KpyTaimuii MOMCHT Ha IBUTATElNeE,
M.~ MOMEHT CONPOTHUBJICHUS HAa BBIXOJHOM Bay,
®],'®, 3 — YIJIOBbIE CKOPOCTH BpAILICHUS 3B€HbEB CUCTEMBI,
Cy, C, — 3Hau€HUs1 KPYTWIHLHOM KECTKOCTH 3BEHbEB CUCTEMBI,
Ly, Uy = 3HaueHUst K03 PUITMEHTOB YyIPYTrOCTHU JJIsl 3BEHbEB CUCTEMBI,

B.pe3ynbrare MNpOBEACHHBIX PACYETHO-TCOPETUUECKUX UCCICIOBAHUMN C
MOMOINBI0 CUCTEMBI  AuddepeHIIMaIbHBIX yYpaBHEHUN MOJAO0O0paHbl  MapaMeTphl
MPUBOJIA "C TPEIECCHOHHONW Tepenaydeld, oOecreunBaronue HEOO0XOIUMOe BpeMs
repexoanoro nporuecca (0,01-0,02 c).

Tperbsi r11aBa paboOThl TOCBAIIEHA BOIMPOCAM  COBEPIICHCTBOBAHUS
r€OMETPUHM 3ALEIJICHUS TNIAHETAPHOM MTPELIECCUOHHON NEPENAYH.

N3BecTHO, yTO 1mUIaHEeTapHas npeneccuoHHas nepenada tuna K-H-V nmeer
MUHHUMAaJbHbIE Ta0apUTHBIE pa3Mephbl NMPU PA3HOCTH MEXK]Y YHUCIOM IBOJIBBEHTHBIX
3yObeB IIEHTPAJBLHOIO KOJieCa W 4YHUCIOM 3YObEB caTe/uluTa paBHOW €IUHMIIE.
Cuuranoch, 4YTO YyKa3aHHas pa3HUIA MOXET ObITh JIOCTUTHYTa TOJIBKO B
MEJIKOMOIYJIbHOM 3arleryieHud. OJIHaKo 3TO MPUBOJUT K CHIDKEHHUIO HArpy304HOMN



cnocobHocTr Tmiepeaaud. C TOMOIIBIO KOMIBIOTEPHBIX MOJIEIEH HCClIeayeMon
nepefadynd IMyTeM BapbUpPOBaHUA KOI(P(UIMEHTa CMEIIEHHS HCXOJHOTO KOHTYypa
3yOOHApE3HOr0 MHCTPYMEHTAa M MOIYJsl, ObUIa JOKa3aHa BO3MOXXHOCTb CO3/IaHUSA
3alleTVICHUs TJIaHETApHOW MPEIIECCUOHHON Tepeladyd ¢ MUHUMAIbHOW Pa3HOCTHIO
MEXIy uuciIaMu 3yObeB IIEHTPAJIbHOTO KoJjieca U careiumTa. [lpu 3TOM Her
HEO0OXOJMMOCTHU B UCTIOIB30BAHUN MEITKOMOAYJILHOTO 3allEeTIIICHUS.

HccnenoBanuss KOMIBIOTEPHBIX MOJENEN IUIAHETAPHOM MPELECCUOHHOM
MEepeIaun C YKa3aHHOM BBIIIE PAa3HULICH paBHOW €IWHUIE MOKA3aJIA, YTO aMIUIATY/IA
KOJIeO0aHUN YacTOTHI BpAIllEHUS BBIXOJHOTO Baja B 3TOM Cly4ae YIOBIETBOPSECT
BbIOpaHHOMY KpuTeputo. C yBEIMYEHHEM pa3HMIBI YUCENl 3yObEB LIEHTPAIbHOLO
KOJIECa M caTeJUIuTa MOBBIINIAETCS IJIABHOCTh pabOThl UCCIENyeMOMN Iepenayil; HO
IIPU TOM 3HAYUTEJIBHO BO3PACTAIOT €€ rabapuTHBIE pa3MeEpPHI.

Kpome Toro, Oblia BBINOJHEHAa OLIEHKa KadecTBa (PadOThl _ Pa3IMYHbBIX
3alIEIVICHUNA:  HBOJIbBEHTHBIM BHYTPEHHUM 3y0 LIEHTPAIABHOTO KOJIECA 'BXOJHUT B
3allerIeHre ¢ 3yO0OM CaTeuINTa C TEOPETUUECKU TOUHBIM MPOPUIIEM; . IBOIbBEHTHBIM
BHYTPEHHHI 3y0 LIEHTpaJbHOrO Kojieca — C 3yOOoM™caTeuinta ¢ IpuOIuKEHHBIM
npoduiieM, oOpa3yeMbIM CTAHIAPTHBIM PEXYIIAM HHCTPYMEHTOM; KPYrOBOM
BHYTPEHHUI 3y0 LIEHTPAJIBHOTO KOJiECa — C TEOPETUUECKU TOUHBIM 3yOOM CaTeuINTa
C TEOPETUYECKM TOYHBIM MNpoQuiieM; KPyroBoll BHYTPEHHUU 3y0 UEHTPaJIbHOIO
Kojeca — ¢ 3y0om careiuta ¢ nNpubMwkeHHbIM mnpoduieM. AHanu3 padoThI
ONMCAHHBIX 3aLEIUICHUM IO3BOJWI ~YCTAHOBUTH, YTO PACXOXKICHUE aMILIUTYAbI
KoJe0aHUN 4YacTOThl BpAILLEHUS BBIXOJHOIO + Bajla He npesblmiaer 1%. U3
TEXHOJIOTMUECKUX COOOpaKEHUI HPEUMYILIECTBO MPU BBHIOOPE 3aLIETIJICHUS] OTIAHO
BapUaHTY: SBOJIbBEHTHbII BHYTPEHHUIl~3y0 LEHTPalIbHOIO Kojeca BXOJUT B
3alleIJICHUE ¢ 3yOOM caTe/uiuTa ¢ IpUOIMKEHHBIM ITpoduiem.

3areM, UCIOJIb3Ysl’ KOMIIBIOTEPHBIE MOJENM YKa3aHHBIX BBIIIE 3aLCIICHUH,
ObL1a ocymectsieHa ouenka KILJL nmanetapHoit npeneccuonHoi nepeaaun. Ha puc.
7 moxaszaH rpadguk 3aBucumocTh- KIIJ[ oT BpemeHM sl BHIOPAaHHOIO BapuaHTa
3alenJICHUS.

Puc.7. 3aBucumocts KIIJ[ oT BpeMeHu 115l BapraHTa 3aleTICHUS:
ABOJIbBEHTHBII BHYTPEHHUM 3y0 IIEHTPAIbHOTO KOJIEca BXOUT B 3alICTNIEHUE C
3y0OM caTeyuTa ¢ NpUOIMKEHHBIM ITpoduiieM



KIIJI B cmydae ucmosib30BaHus SBOJIBBEHTHBIX 3YOhEB IIEHTPAIBLHOTO KOJIeca
B IIape C 3yOOM caTejuinuTa ¢ TEOPETUYECKU TOUYHBIM NPOodUiIeM HaXOIUTCS YPOBHE
86%. B cnyuasx, Korja UCHoOJIb30BaJICsl KPYrOBOM BHYTPEHHHUN 3y0 IEHTPaIbHOTO
koseca KII/] mianerapHoil npereccuoHHOM nepegauyn OblT HUXKE B cpeHeM Ha 5%.
JlanHble HCClieIOBaHUSI MOATBEPIUIN NPABWIBHOCTh paHee CACIaHHOrO BBIOOpA
BApUAHTA 3aLICTUICHUS.

CpaBHUTENBHBIN aHATN3 HAPSXKEHHO-e()OPMUPOBAHHOTO COCTOSTHUS 3yObeB
KOHTAKTUPYIOIIUX KOJIEC IUIAHETAPHOM NPELECCHOHHOM Iepelayd, HWMEIOIUX
pasHUIly MEXIy 4YHCIOM 3yObeB IIEHTPAJIbHOTO KOJeca M CcaTeIuTa pPaBHYIO
€QVHHLE U JIBYM, ITO3BOJMJI YCTAHOBUTh, UTO KOHTAKTHBIC HAIPSIKEHUS B MEPBOM
ciaydae B 1,5 pa3za MeHblie, 4eM BO BTOPOM.

PykoBoACTBySICh KpuUTE€pUEM IUJIABHOCTH BpAILCHHUS BBIXOAHOTO Baja, Ha
OCHOBE KOMITBIOTEPHBIX MOJIEICH TMJIaHETapHOW MPEIeCCUOHHON mepenadu Obul
pa3paboTaH aJropuT™M JUIsl  ONPENEICHHUS KPUTHYECKOI'o 3HAUEHUS H3HOCA
KOHTaKTHPYIOLIUX MOBEPXHOCTEH 3yObeB.

Oco0OeHHOCTBhIO ~ pa3paboTaHHOM  METOAMKH + pacyeTa | TUIaHeTapHON
nperieccionHor mepenaun tuna K-H-V ¢ pasnuiielr Mexay dYucioMm 3yObeB
LEHTPAJbHOIO KOJIECA W CaTeJUIMTa pPABHOM €AUHUIE “SABIIETCA IIMPOKOE
MCIIOJIb30BaHUE METOJ0OB KOMIIBIOTEPHOT O/ MOAEIINPOBAHMSI.

B koHme TpeTped TInaBbl  NPENIOKEHO IIEPCIIEKTUBHOE HAIPABJICHUE
COBEPLICHCTBOBAHUS 3aLICIUICHUS UCCAEYEMON IepERaYr Ha OCHOBE MCIIOJIb30BAHUS
JBOMHOT'O 3KCUEHTPHUKA HA BXOJHOM Bally, 00ECIEYNBAIOIIEE MOBBILIEHUE pecypca
paboTHI.

B ocHOBY yeTBepTOM IJIABBI MT0JI0KEHBI DKCIIEPUMEHTAIBHBIE UCCIIEN0BAHUS
OTBITHBIX OOpa3llOB NPEHECCHOHHBIX (\ PEAYKTOPOB, a TaKXe IMPUBEJCH pacyuer
TEXHUKO-DKOHOMHYECKOM - 3PPEKTUBHOCTH TPUMEHEHUSI WX B MpPUBOJAX OETOHO-
3arnaxkuBaroiieid mammHel CO-170.

AHaJIN3 TMPUBOJOB CTPOUTEIBHO-OTACIOYHBIX MAIIWH IO3BOJIMJI YCTAHOBUTS,
YTO K JIaHHBIM IPUBOJIaM MPEIBABIISIIOTCS MOBBIIIIEHHBIE TPEOOBAHUS K €0 OCEBOMY
pa3mepy. YMEHBLIECHHUE JIAHHOTO pa3Mepa MNPUBOJHUT HE TOJBKO K CHUXKEHUIO
MaccoraOapuTHBIX TOKaszarened, HO M  MOJOKUTEIbHO CKa3bIBaeTCi Ha KayecTBe
paboTsl MalnH. B (HacTosIiee BpeMsi B COCTaBe yKa3aHHBIX MPUBOJOB B OCHOBHOM
IIPUMEHSAIOTCS [UIAHETAPHBIE IEBOYHBIE PENYKTOPBI, UMEIOIIUE 3aBBIIIEHHBIA OCEBOU
pazmep. Kpome ' TOro, ceGecToMMOCTb IUTAHETAPHBIX LEBOYHBIX PEIYKTOPOB
OTHOCHUTEJIBHO 'BBICOKA, TaK Kak JJIsi O0OeCleueHHUs 3aJlaHHbIX SKCIUTyaTallMOHHBIX
MoKa3aresield MPeabsIBISIOTCS TOBBIIICHHBIE TPEOOBAHUS K TOYHOCTH M3TOTOBJICHUS
MX 3BCHBEB, JOCTIKEHUE KOTOPOM BO3MOXHO Ha CIIENUAIBHOM BBICOKOTOYHOM
000pyA0BaHUH.

Ha ocnHoBe pa3paboTaHHOW METOAMKHK pacyeTa IJIaHEeTapHOU MPEIeCCHOHHON
nepenaun thna K-H-V co3maHa KOHCTpyKIMST M HM3TOTOBJIEHBI  NPELIECCUOHHBIE
MOTOP-PEAYKTOPBl €  MEpeAaTOYHbIM  OTHOIIEHHWeM 24 i OpuBOJa
oeronozarnaxupatouieii MamuHbl CO-170. OOumii BUJI MOTOP-PEAYKTOPA, a TAKKe
JIeTajiv, COCTABIIIOIIME Er0 KOHCTPYKLMIO, IOKa3aHbl HA puUC. 8.

PazpaboTannbie MOTOpP-pEAYKTOPHI MPOIUIA OOKAaTKy U TMOKa3aldd CBOIO
paboTOCIOCOOHOCTh Ha CHENUAIU3UpOBaHHOM cTeHje Kadeapbl «Teopernueckas
MexaHuka» benopyccko-Poccuiickoro yHuBepcurera. s uU3MepeHus BEJIWYMHBI



HM3HOCa 3yObEB caTe/UIMTa IUIaHETApHOM MpeIrecCUOHHOM mnepenayu (puc. 9) ObLI
aJlanTUPOBAH MeTAJUIOrpapuuecKuil KOMIUIEKC, pa3paboTaHHbIN Ha 6a3e MUKpPOCKOIa
MKU-2M-1.

brnaronapsi omnpeneneHHOM € TMOMONIBIO H3JIOKEHHBIX BBIIIE METOJ/IOB
KPUTUYECKOW  BEJIWYMHBI  HM3HOCA  KOHTAaKTHPYIONIMX  3yObeB, a  TaKke
DKCIIEPUMEHTAJILHO  YCTAHOBJIEHHONM CKOPOCTHM WX HW3HOCA, OBUT  OIICHEH
MIPOTHO3UPYEMBI pecypc pabOThl MPEIECCHOHHOTO MOTOP-PEIYyKTOpa B TPHUBOJC
OoeToHO3arnaxuBaronie wmamuHbl. OH coctaBuin  Oojee 10000 wacom. [ns
MOATBEPAKACHUS ATOTO pe3yibTaTa Ha cTeHjax Jiabopatopuu UMMUHMAIIL HAH
benapycu ObuiM MpoBEeAEHBI PECYpPCHBIE MCHBITAHUS JIBYX OIBITHBIX 0O0pa3ioB
MPEIIECCUOHHBIX MOTOP-PEIYKTOPOB, KOTOPBIE MOKA3aJIU TOCTATOYHYIO CXOJMMOCTD
MPOTHO3UPYEMOI0 U MOJIYYEHHOTO MO pe3yibTaTaM UCIBITAHUA pecypca paboThI.

Puc. 8. OOumit Bug MOTOp-peayKTOpa Ha Oa3e MiaHeTapHOU
npeneccuoHnon nepegaye tuna K-H-V u ero ocHoBHbIE neTanu:
I — npoTuBOBEC, 2-— KOpHycC, 3 — CaTeJUIUT, 4 — KAMEHb, 5 — BBIXOJIHOU
BaJI,.6'— KpBIIIKa, 7— JIEKTPOABUTATEh

1 — u3HOIIEHHAs TOBEPXHOCTH 3y0a; 2 — OPUEHTUPYIOIINE ITPUXHU
Puc. 9. Bua topuoBoii yacTu 3y0a careyuinTa: a) mociie SKCIepuMenTa; 0) mocie
KOMITBIOTEPHOI'O aHAJIN3a



Ha crenmax xadenpol «TexHONOrHs MAIIMHOCTPOSHUS», J1aOOpaTOpUH
NMHWHMAIII HAH benapycu, a Takxke B wucobsiTaTeabHOM IieHTpe PVYII
«MoruneBckuid  3aBoji  «DIEKTPOABUIATEIbY»  OBIIM  HU3MEPEHbl  TaKue
DKCIUTYTALIMOHHBIE II0KAa3aTeIu IPELECCUOHHBIX MOTOp-peayKTopoB, kak KII/I,
aMIUINTy/la KoJeOaHUM 4acTOThl BpAlEHMs BBIXOJHOTO Baja M ypOBEHb Iiyma. B
Ta0JIMLE TPUBEIEHBl TEXHUKO-3KOHOMMUYECKHE XapaKTEPUCTUKU TPEX PEIyKTOPOB
JUIsL TPUBOJIA CTPOUTEIBHO-OTAEIOYHOM MAIWHBI, pa3pabOTaHHBIX HA OCHOBE
Pa3JIMYHBIX CXEM MEXAHUYECKHX Iepelad dKCUEHTPUKOBOro tuma. Pegykrop Nel
pa3pab0OTaH Ha OCHOBE IIaHETApHOW TMpereccuoHHon mepenave Ttuma K-H-V 1o
METOJIMKE, TPEIJIOKEHHON B JaHHOW JUCCEPTAMOHHON pabdoTe. Pemykrop No2 —#Ha
OCHOBE IUIAHETApHOW IpeneccuoHHoW mnepenaye tuna 2K-H Ha ocHOBe panee
CO3aHHBIX MeTOMMK. PenykTop Ne3 — Ha OCHOBE IUTaHETAPHOW LIEBOYHOM ITEPEIadu.

Tabnuna
[Ipumensiemsrii | ['abaputnasie | KIIJ, | YpoBenb AMruidtyaa [Iporuosupye | OtmyckHas
PEaYKTOP pasMmepsl, % myma, KOJIeOaHn MBI/ pecypc | LeHa, ThIC.
DxL, mm nbA Y4acTOThI paboTeL, yac. | Oen. pyo.
BpaIICHUS
BBIXOJHOTO
Baia, MUH!
Penykrop Nel 155x117 85-88 66 1,75 10 000 235
Penyxrop Ne2 155x125 82-86 80 43 - 368
Penykrop Ne3 155x190 85 65-72 1,72 10 000 500

Ha ocHOoBaHUM pe3yIbTaTOB, IKCIIEPUMEHTOB, IPUBEACHHBIX B Tabmauue 1, Obu1
caenaH BBIBOJ;~ ‘4TO  JKCIUIyaTallMOHHBIE II0KAa3aTeIM MOTOP-PENYKTOpa,
pa3pabOTaHHOTO HAa+OCHOBE IJIaHETapHOM mpereccuoHHou nepempaun Tuna K-H-V,
COOTBETCTBYET TPCOOBAHUAM, MPEAbSBISIEMbIM K TMPUBOAY O€TOHO3arjJakKuBaroIien
mamuael CO-170.  Ha nomurone OAO «MHUCOM OIl» (r. Mwunck) Obuin
IIPOBENCHBl. JKCIULyaTallMOHHBIE  MCIBITAHHUS  MOTOP-PENAYKTOpa B  COCTaBe
oeTono3armaxuBatomer mamuasl CO-170 (puc. 10).

TlonoxuTenbHble pe3yibTaThl SKCIUTyaTalMOHHBIX HCIBITAHUN TO3BOJIMIN
PEKOMEHI0BaTh Pa3pabOTaHHBIM MOTOP-PEAYKTOP AJII CEPUITHOTO MPOU3BOJICTBA.

PesynbraTomM pa3pabOTKu SBHJIOCH YMEHBIIIEHHE OCEBOIO pa3Mepa MpHBOjIA
0ETOHO-3aMIAYKMBAIOIICH MalIUHBI TI0O CPAaBHEHUIO C MPHUBOJIOM, pa3pabOTaHHBIM Ha
OCHOBE NUKJIOMAAIBLHOTO peaykropa, co 190 mm go 117 MM, a Takxke rojaoBOM
SKOHOMHUYECKUU A(PPEKT OT MPUMEHEHHUsSI MPEHEeCCHOHHOTO PEayKTopa, KOTOPBIH
coctaBut Oosiee 130 mutH. Gen.pyo.

Pe3ynbTaThl TPOBEJACHHBIX HCCICAOBAHUM TaKXKe HCIOJIb30BaHbI  IPHU
pa3paboTKe pPyYHOH M IJIEKTPUUECKOW jebenok, skcmryarupyemMbix B MIKVII
«"opanekTporpancnopt» (r. Morunes).




Puc.10. beronozarnaxusatomas mammHa CO-170 ¢ MOTOp-peayKTOpOM Ha
0a3e riaHeTapHoO# npeneccuonHoi nepenayn - Tuna K-H-V:il — snextponsurarens,
2 — TIPETICCCUOHHBIN PEIYKTOP, 3 — AIEKTPo00opyaoBaHue, 4 — pabounii
Opras

3AK/IIOYEHUE

1. 3a xpurepuil Npyu UCCIETOBAHNN KOMIIBIOTEPHBIX MOJIEIEH 3BEHBEB
IUTAHETAPHOM NPELECCUOHHOM Nepelayd, MO3BOJIIONIMM KOCBEHHBIM IIyTEM Ha
CTaJIMU IPOEKTUPOBAHUS OLIECHUTh KAUECTBO PabOThI NEpeIaun, MOKET ObITh IIPUHSATA
aMIUINTY1a KoJeOaHUI YacTOThI BpallleH!s BBIXOJHOTO Basia /3/.

2. Ha ocHOBE MCII0JIb30BaHUSI METOI0B KOMITBIOTEPHOI'O MOJEIMPOBAHUS:

- 000CHOBaHa BO3MOXHOCTh HCIIOJIb30BAaHUS B IJIAHETAPHOM MPEIIeCCUOHHON
nepenaue tuma-K-H-V, 3y6uaroro koneca caremumra ¥ 3y04aToro IHEHTPaIbLHOTO
KoJIeca C'MUHUMAaIbHOW PA3HOCTHIO YUCeN 3yObeB;

- JJO0Ka3zaHa, 11e1eco00pa3HOCTh MNPUMEHEHHsS] MPUOJIMKEHHBIX Mpoduien
3yObEB.CATEIUTA; 00pa3yeMbIX CTaHJAPTHBIM PEXYLIUM HHCTPYMEHTOM;

- TIOJTy4eHa 3aBHCHUMOCTh MEXKIYy OCHOBHBIMHM MapaMeTpaMu 3aleIuieHHs
UCCIIEeNyEMOM TIepeiaun, & UIMEHHO MEXIYy YIJIOM HYTallUH, PACCTOSSHUEM OT TOUYKH
npeueccuy A0 Ommkailiiero Topua 3y04aTroro BeHLA caTelUIuTa, a TaKke
NepelaTOuYHbIM ~ OTHOLIEHMEM, IIPU  BBIIIOJIHEHUH KOTOpPOM oOecnedyuBaeTcs
HOBBITIICHYE TIJIABHOCTH BPAIICHUs BBIXOIHOTO Baja 6omee 5 % /3,6, 7, 8/.

3. IlpemnoxeHo  MEpCHEKTUBHOE  HANpaBJICHHE  COBEPLICHCTBOBAHUS
3alleTVIeHUs TJIaHETapHOW MPEIeCCUOHHOM Tepelayd Ha OCHOBE MCIOJIb30BAHUS
JIBOMHOTO SKCUEHTPHUKA HA BXOJHOM Bally, 0OOeCleyrBarollee MOBBILIEHUE pecypca
paboTs /14/.

4. PazpaboTtaHa MeTOJIMKa pacuera IJIaHETapHOW MPELeCCUOHHON nepenayu
tuna K-H-V ¢ pazHocThIO uncen 3yObeB IEHTPAIbLHOIO KOJieca U caTelIuTa paBHON
€MHMIIE, OCHOBAHHAs HA MCCIECJOBAaHUU KOMIIBIOTEPHBIX MOJIEIEH, YUUTHIBAIOIIAS



BIIMSIHUE MEPEXOAHBIX MPOIECCOB, MPOUCXOAANTUX MpU padoTe nepenauu /1, 2, 4, 9,
12, 13, 14/.

5. CreHmoBblE U OKCIUTYTAIIMOHHBIE HCIBITAHUS  OMBITHBIX 00pa3IoB
MPEIIECCUOHHBIX MOTOP-PEIYKTOPOB JUIsl MPUBOJIa OETOHO3ATTXKUBAIOIIEH MalTUHBI
MoKa3ajM, YTO aMILTUTYa KoJeOaHU 4acTOTHI BpallleHUs! BEIXOJHOTO Bajia, YPOBEHb
myMa u BuOpamuu, a Takxke KIIZ, cOOTBETCTBYIOT HOMYyCTUMBIM TEXHUYECKHM
HOpMaM, MPEABABISAEMBbIM K MPHUBOJAM CTPOUTEIHHO-OTAEIOYHBIX MamuH /5, 7,10,
11/.

6. Ilpumenenue pa3pabOTaHHOTO MPEIECCUOHHOTO MOTOP-PEIyKTOpa B
OeToHO3arIaKUBaIoNIeH MallMHE TO3BOJIMIIO YMEHBIIUTh OCEBOM pa3Mep MpUBO/Ia €O
190 mm no 117vmm. TomoBoit skoHOMUYeckHi dA(hPEexT OT mnpuMeHeHus
MPEIIECCUOHHOTO MOTOP-PEIyKTOpa JUIsl MPUBOAa OETOHO3ATaKUBAIOIIEH . MAITMHBI
CO-170 cocraBnser 6onee 130 muH. Oen. pyO. mpu o00beme Bbimycka, 50 mT. B
MECHILI.
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PI23I0OM3
TI'AJIFOKBIH [Janiin Capreesiu

IMagssnumPHHE IKCIVTYATAlBIMHBIX MAKA3YbIKAY IIAHETAPHAKM NP3 CiiiHai
nepajaavbl HA AaCHOBE palbISHAJbHATA BbIOAPY MapaMeTpay i yAacKkaHaJIbBaHHE
reaMeTpbli 3a43IJIiBAHHS

KitrouaBbist CIOBBIL: IJIaHETapHAs MPOALACIHAS Mepaaaya, SKCIUTyaTallbIiHbI
Maka34bIKi, CaTAJIT, HAXUJICHBI KPBIBAIIBII, CYBOCEBHI PIyKTap, IPHTpaJIbHAE KOJja,
MPALRCIHHBL PIIYKTAP, KaMIT I0TapHae MajdIlipaBaHHe, FeaMeTPhis 3a43ILTIBAHHS.

AG’exTaM nmaciefaBaHHSA 3 AYIseIia TJIaHETapHas MPIIRCiiHas mepagada
teimy K-H-V 3 posninai konpkacii 3y00y caramiTa 1 mPHTpajbHAra Kodla, poyHai
aI31HIIBL.

[IpaameT nacnenaBaHHsY — HKCIUTyaTallbIMHbIS MAKA3UYbIKI pyXaBIK-pIayKTap,
pacmpaliaBaHara Ha aCHOBE ITaHETapHail mpaICiiHal epaaaysbl.

Mbralt  pacienaBaHHSy 3’Ayisellla paclliblpdHHE . TajliHbl MPBIMSHEHHS
TUTAaHETAPHBIX MPALACIHHBIX TIepajiad Ha aCHOBE MAISIIIDHHA 1X dKCIUTyaTallbIHHBIX
[1aKa34bIKay.

ACHOYHBIA BBIHIKI JacieJaBaHHAY, Aa3BOJIYIIBIS aKbIIUABILb PalbIsTHAIbHbI
BbIOAp MapaMmeTpay Jacienyemai rnepegadbl, a TakcaMa yaacKaHaJlbBalb r€aMeTPhI0
3aYdITIBaHHA, aTPhIMAaHbl Ha ACHOBE paclpanaBaHbIX KaMIl I0TAPHBIX MaJdJsTy NP
narnamo3e cnenpistizaBanbix  (CAIIP wa ! OBM. AgpkBaTHacllb  CTBOPAHBIX
MaTIMATBIYHBIX 1 KaMIT I0TapHBIX 'MaJdJIiy; @ Takcama pasliKOBBIX MeTanay Obuia
IpaBepaHa MIITXxaM MapayHAHHS TIaPITRIYHBIX 1 KCIIEPHIMCHTATBHBIX BBIHIKAY .

PacmpamaBana MeToAplka  pasiiKy IUIaHETapHAW MpALACiiHAN Tepagadbl
eIy K-H-V 3 po3Hiliaii -3y00Y .-caTonita 1 KOJAbKACIIO 3y00Y IPHTpaibHara Kosa
poyHai aj3iHIIbI, J1a3BOMIYIIAs CTBAPBIIL MallaradapbITHRI 1 HI3KiI Ma Ca0EKOIITY
PBIBOJI.

BrIHIKI -macienaBaHHsy BBIKAPBICTAHBI TIPBI  pacIparioyilbl MIpaldciiHara
pyxaBika-p3AykTopa [Jisi TpbiBoja OeToHazarnamxBatouad mambiHel CA-170,
npbIMSIHAEMal TIpbl” MPaBsSA3eHHI OyaayHiua-ajyi3e’adynblX padoT, a Takcama Iphbl
pachparoy1sl pydHOH 1 2JIEKTphIUHAM JI10e1aK 1Jis MPaBsA3€HHS PAMOHTHBIX pa0oT.



PE3IOME
T'AJIIOKUH Januna CepreeBuy

YiyduieHue 3KCIVIyaTAMOHHBIX NOKa3aTeJ e NJIaHeTAPHO! NMpenecCuHOHHOMN
nepeaavyu Ha OCHOBE PALIMOHAJILHOI0 BbIOOpa mapaMeTpoB U
COBEPILICHCTBOBAHNS FeOMETPHUH 3aleNJICHUS

KiaroueBbie cjioBa: IJIAaHETapHas IIPELECCUOHHAS repenaya,
DKCIUTYyaTallMOHHBIE TIOKA3aTENIH, CaTEJUIMT, HAKIOHHBIM KPHUBOIUMII, COOCHBIH
PEOyKTOp, UEHTpPaJbHOE  KOJIECO,  CaTEJUIUT, [MPEUECCHOHHBIA  pPEeAyKTOp,
KOMIIBIOTEPHOE MOJEIUPOBAHUE, TEOMETPUS 3ALETIICHUSI.

O0beKxTOM Hcc/IeJ0BAHUA SIBIIIECTCS TUIaHETapHASL IPeHECCUOHHAs Niepenaya
tuna K-H-V ¢ pasnuneit yncen 3yObeB caTelyiuTa U IEHTPaIbHOTO  KoJieca, PaBHOM
CAUHULIE.

[IpenmMer mccmenoBaHnu — IKCILTYTAlMOHHBIE-TI0KAa3aTENN MOTOP-PEAYKTOPA,
pa3pab0OTaHHOIO HAa OCHOBE IUIAHETAPHOU MPEUECCUOHHON epeAayu.

Heabo wucciaegoBaHmii SBISIETCS  PACLIUPEHNE 00JIaCTH TNPUMEHEHUS
IUIAHETAPHBIX  IPELECCHOHHBIX  II€pelad Ha  OCHOBE  YJIydlIEHUs  HX
DKCILTYyaTAlIMOHHBIX ITOKA3aTEIEH.

OcCHOBHBIE  PE3yNbTATHl . WCEIICIOBAHMK, ITO3BOJIUBIIME  OCYIIECTBUTH
palMoHaJIbHBIA  BBIOOpP  MapaMETPOB  HCECIENYyEeMOM  mepenauyd, a  TakKxke
COBEpIICHCTBOBATh I'€OMETPHUIQ 3allCIUICHNUS], IOJyYeHbl HA OCHOBE Pa3pabOTaHHBIX
KOMIIBIOTEPHBIX MOJEISX. HpU nomoun, crnenuannznpoanHsix CAIIP ma OBM.
AJIEKBATHOCTh CO3/IaHHBIX MAaTEMATHYECKUX M KOMIIBIOTEPHBIX MOJEIIEM, a TaKkKe
pacueTHBIX METOJOB ~ObUTa _IIPOBEpEHa IyTEM CpPAaBHEHHUS TEOPETUYECKUX U
DKCIIEPUMEHTAJIBHBIX PE3YJIHTATOB.

Pa3paGorana me€TommKa pacuera IUIAaHETAPHOW MPELECCUOHHON Tepenayu
tuna K-H-V c'pa3nunet 3yObeB MeXAy YMCIOM 3yObEB CaTeIIUTa U YUCIOM 3yObeB
LHEHTPAIBHOIO KOJIECA paBHOW €IMHMUIIE, MO3BOJIMBILASA CO3AaTh MajlorabapuTHBINA U
HU3KHUI 110 ce0ECTOUMOCTH MPUBO/I.

Pe3ynbTarbl ncciaen0BaHU HCIIOJIB30BAHBI MTPHU Pa3pabOTKe MPELECCHOHHOTO
MOTOP-PEIYKTOpa MJisi TpuBoja OeToHo3arnaxwuBatomeid Mamuuabl  CO-170,
NPUMEHSEMBIX TPU MPOBEACHUH CTPOUTEIbHO-OTAEIOUYHBIX pPaboT, a Takxke MpH
pa3paboOTKe pyYHOU U DJIEKTPUUYECKON JIeOe0K sl IPOBEACHUS PEMOHTHBIX paldoT.



SUMMARY
GALIUZHIN Daniel Sergeevich

Planetary Precession Transmission Maintenance Characteristics Improving on
the Basis of Rational Choice of the Parameters
and Gear Engagement Mastering

Key Words: planetary precession transmission, maintenance characteristics,
satellite, cranks pitch, coaxial gearbox, central wheel, planetary precession gearbox,
computer modeling, engagement geometry.

The Object of Research is K-H-V planetary precession transmission with
satellite and central wheel teeth difference of one tooth.

The Subject of Research is maintenance characteristics of a gear-motor drive
based on planetary precession transmission.

Goal of the Research is planetary precession transmission application
diversification on the basis of their maintenance characteristics mastering.

The principle results of the research allowed making the rational choice of the
transmission and mastering the geometry engagement have been worked out on the
basis of the specialized CAD computer models. Conformity of the mathematic and
computer models created and also the calculation methods used have been checked
by virtue of theoretic research and experimental data results comparison.

The calculation methods for K-H-V planetary precession transmission with
satellite and central wheel teeth difference of one tooth within the engagement have
been created. It results in a compact low cost-efficient drive creation.

The results of the work have been applied while designing the planetary
precession gear-motor box for the concrete floating machine CO-170 used for
construction finishing works and also the hand and electric winches for fixing and
maintenance works.
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VAYUYIIEHUE SKCILTYATAIIMOHHBIX IOKA3ATEJEN
MJIAHETAPHOHM NPELIECCUOHHOM MEPEJAYU HA OCHOBE
PAIIMOHAJIBHOTI'O BBIBOPA TIAPAMETPOB 1
COBEPHIEHCTBOBAHUA 'TEOMETPUM 3ALEIIVIEHUSA
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