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BBEAEHHUE

OnHMM M3 OCHOBHBIX MyTEH CHUKEHMS SKCILTyaTallUOHHBIX PacXOJ0B, CBsI3aH-
HBIX C TEXHHYECKHM OOCIY>KMBAaHHEM M PEMOHTOM, SBIAETCA AUATHOCTUPOBAHHE
MAITUH B IIEJIOM U OTJEIbHBIX MEXaHU3MOB, OCOOEHHO B pabOUYnX yCIIOBUSX 0€3 pas-
OOpKHM y37I0B U arperaroB. BHenpeHue QUarHOCTHKM oOecrieuyrBaeT 0oJiee MOITHYIO
BBIPa0OTKY pecypca U MoBbIIIAET ero Ha 6...10 %, cHuXKaeT 4uciao HalpaBiIIeMbIX
MaiuH Ha peMoHT 110 30...40 %, cHmxkaer pacxo 3amacHbix yactedt Ha 15...20 %,
COKpaIl[aeT pacxo] TOIIMBa Ha 5 %, TPYAOEMKOCTh PEMOHTA OTIEIbHBIX CHUCTEM U
coopounbix equnuil 10 80 %.

Hau6osnee BocTpeOOBaHHBIMU CTPOUTEIBHO-IOPOKHBIMA MAITUHAMU SIBISIOTCS
OJTHOKOBIIIOBbIE  (PpPOHTAJIbHBIE  TMOTPY3YHKH,  BBIMNOJHSIONIME  3€MIIEPOWHO-
TPAHCIIOPTHBIE OIEpalMU MPHU MOTPY3Ke CHIMTyUYUX M METKOKYCKOBBIX MaTepuajoB B
TPAHCIIOPTHBIE CPEACTBA WJIM B OTBaJ, @ CO CMEHHBIMH pabOYMMH-~OpraHaMu—
00pabOTKy MITY4YHBIX I'PY30B, B TOM UYHKCJIE JUIMHHOMEPOB, KOHTEHHEPOB. OHU TaKkxkKe
MCIIOJIB3YIOTCS JIJIS1 BBITIOJIHEHUSI MOHTaXHBIX pa0OT, Ha cHeroouuctke. [lorpy3unku
(Amkonop, MoA3, bentA3) BbIIyCKalOT ¢ THAPOMEXaHUYECKON TPAaHCMHCCHEMN, T. K.
OHa 00ecleYnBaeT aBTOMAaTHUECKOE PETryIMpOBaHNE CKOPOCTH ¥ HATIOPHBIX YCHIIUN B
3aBHCHUMOCTH OT BHEIIHHUX COMPOTUBJICHMH.. OZHAKO HAJCKHOCTh THAPOMEXaHUYE-
CKUX TPAaHCMHCCUH, U3-3a crielu(PUKU paboTel (HPOHTATBHBIX MTOTPY3UUKOB, €IIe He-
JOCTaTOYHO BBICOKA. B 3aBUCMMOCTH OT KOHCIPYKIMM BJIMSHHE TPAHCMUCCUN Ha
HAJEKHOCTh MAlIMH M3MEHSAETCS B MIMPOKUX Tpeaenax. B mydiiem ciydae g0 oT-
Ka30B AJIEMEHTOB TPAaHCMHCEUU COCTaBJsieT 0Kkos10 30 % ob1iero yucia 0TKa30B Ma-
IIMHBI, & B OTAEIBHBIX cilydasx AoCTUraeT 67 %. TpynoeMKocTh e BOCCTaHOBH-
TEJIBHOTO PEMOHTA THAPOMEXaHUYECKUX TPAHCMHUCCHI ToCTaTouHO Benuka. [loaTomy
OJTHOM M3 aKTyaJbHBIX-33]1a4 TI0 HOBBIIICHUIO HAIEKHOCTH (PPOHTAIBHBIX MOrPY34H-
KOB SIBJISIETCSl OTCICKUBAHUE TEXHUUYECKOTO COCTOSHUS TUIPOMEXaHUYECKUX TpPaHC-
MUCCHH, TOYHAas TOCTaHOBKA JMAarHo3a Mo COCTOSIHUIO 3yOuUaThIX nepenad u GpuKIu-
OHHBIX MY(T. B 3TOIif'CBsSI3U BO3HUKAET MOTPEOHOCTH B CO3AAHUM METOAOB M aJro-
PUTMOB KOMIBIOTEPHON [HAarHOCTUKUA MPUMEHHUTENBHO K OJHOKOBIIOBBIM (POH-
TaJbHBIM TOTpy34YMkam, Ha npumepe MoA3-4048, koTopbie T03BOSUIH OBl TIPOBO-
IUTh MOHUTOPHUHI TEXHMYECKOTO COCTOSIHUS THUIPOMEXAHUYECKUX TPAHCMHUCCUH B
MPOLIECCE IKCIUTyaTalHH.

OBIIAA XAPAKTEPUCTHUKA PABOTbI

Cas3b padoThl ¢ KPYNHBIMUA HAYYHBIMH POrPaMMaMHM U TEMaMHM.

BriOpanHasi TemMa COOTBETCTBYET MPUOPUTETHHIM HAIPABICHUSIM HAyYHBIX HC-
cinenoBanuii B PecryOmmmku bemapych. OHa oTBEYaeT CemyonuM HOPMAaTUBHBIM aK-
Tam:



— IloctanoBnenne Coseta MunuctpoB Pecniyonnku benapycs ot 17 mas 2005 r.
Ne512 «O06 yTBepkaeHUH MEpEUHs IPUOPUTETHBIX HAIMIpaBIeHUN (yHIaMEHTaIbHbBIX
U MPUKIAAHBIX HAay4HbIX uccienoBanuii Pecny6muku benapyck Ha 2006 - 2010 ro-
nel» (I 2. MexaHuKa MaIluH, oOecnedeHue HaJACKHOCTH M 0€30MacHOCTH TeX-
HUYECKMX CHCTEM, IOBBIIICHHE KOHKYPEHTOCIIOCOOHOCTH MPOAYKIIMU MAIIUHO-
CTPOEHUA);

— [octanoBnenne Coera MunuctpoB PecnyOnuku benapych ot 28 HOAOps
2005 1. Nel339 «O0 yTBepKIeHHH TEpPEYHs TOCYJapCTBEHHBIX Mporpamm (yHma-
MEHTAJIbHBIX U TPUKJIAJHBIX HAyYHBIX HMCCIEAOBaHUN B 00JACTH €CTECTBEHHbIX
TEXHUYECKUX, TYMaHUTApHBIX U coluaibHbIX HayK Ha 2006 - 2010 roxe» (n 8. Hc-
CJIEJIOBAaHHE MEXAHUKH TEXHUYECKUX U OMOMEXaHMYECKHX CHCTEM, pazpaboTka 3¢-
(EeKTUBHBIX METOJIOB IMOBBIIICHUS MX HAJIEKHOCTH, CO3JaHHEC HOBBIX KOMIIOHEHTOB
MAaIIMH 1 000pyI0BaHUs ISl MAIIMHOCTPOCHHUSI: CO3/IaHuE HOBBIX METOJIOB. UCCIIEI0-
BaHUs M pa3BUTHE (PU3MKO-MATEMATUYECKOTO armapard ONHUCAaHUS AWUHAMUKH MO-
OWJIbHBIX MAIIHH, MOBBIIIEHUE KOHKYPEHTOCTIOCOOHOCTH MAaIlIMH M 000py/I0BaHuUs Ha
OCHOBE MPUMEHEHUSI HOBBIX MAaTEPHAJIOB M TEXHOJIOTHUH);

— Vka3 Ilpesunenra PecniyOnuku benapych ot 6 utons 2005 r. Ne 315 «O6
YTBEPKACHUH MPUOPUTETHBIX HANpPABICHUHN ‘HAyYHO-TEXHUUECKON AEsTeNbHOCTH B
Pecniyommuke benapych (1.1 Pecypcocbeperatorue u 9HEprodGpGeKTuBHBIE TEXHOJIO-
MU POU3BOJICTBA KOHKYPEHTOCTIOCOOHOM MPOIYKILHMH: pa3padoTka METOAUK U TeX-
HUYECKUX CPEJCTB JAMArHOCTUPOBAHUSA MPHUBOJAOB, TMAPOCHCTEM U HECYIIMX KOH-
CTPYKILUH SHEPrOHACHIIIEHHBIX, CETbCKOXO03IUCTBEHHBIX MAIIMH, 00€CTICYHBAIOIINX B
MOJIEBBIX YCJIOBUAX 0€3 pa3bOopKku MamIMHBI OLIEHKY TEXHHYECKOTO COCTOSHUS U
UIECHTU(UKAITIIO HEUCITPABHOCTH ).

Heapb u 3a1aun Mcce10BaAHUS.

Llenv uccneoosamuii: OBBIMEHNE SKCIUTYaTAIIMOHHOM HAJCKHOCTH THIpOMEXa-
HUYECKOW TPAHCMUCCUU MYTE€M IMArHOCTHPOBAHHS KOMIIBIOTEPHBIMH CpEACTBAMHU
3yOuaTeIx-Tepenady U (PPUKUMOHHBIX My(PT B MpolLecce ABMWKECHUS, HA MPUMEPE
dbpoHTanbHOTO TIOTpy34yrka MoA3-4048.

3aoauu uccredoganuii:

— 000CHOBATH TMarHOCTUYECKHE MapaMeTphl U aJalTUPOBATh TUAPOMEXaHUYE-
CKYIO TpaHeMHUCCHUIO (ppoHTaNBEHOTO Norpy3unka MoA3—4048 Kk KOMIIBIOTEPHOMY JH-
arHOCTHPOBAHUIO 3yOUaThIX Mepeaayd U GPUKIMOHHBIX My(T B Ipoliecce ABMKEHUS;

~.paspaboTaTh MaTeMaTUYECKyI0 MOJENIb OOBEKTa M CPEACTB AMArHOCTUPOBA-
HUSLJ1JI9 MoJienTupoBaHusi ipoiieccoB padoTel [ MII ripu TecTOBBIX BO3IEUCTBUSX, IS
HCCIIeTOBaHMs 3aKOHOMEPHOCTEH M3MEHEHHUsS! JTUAarHOCTUYECKHX MapaMmerpoB, C Iie-
7610 (HOPMYIHPOBAHUS YCIOBUI JOCTOBEPHOTO JAUAarHOCTUPOBAHUS 3y0UaThIX Iepe-
a4 U (PUKIHOHHBIX MY(T TMIPOMEXaHUYECKOH TPAHCMHUCCHH (PPOHTAIBHOTO IMO-
rpy3unka MoA3-4048 B porecce IBUKEHHUS;



— pa3paboTaTh aarOPUTMbI KOMITBIOTEPHOTO JUArHOCTHPOBAHMS 3yOYaThIX Ie-
penay u ppUKIUOHHBIX MYPT THAPOMEXAHUUECKON TPaHCMUCCUU (DPOHTATIBLHOTO I10-
rpy3unka MoA3-4048 B npouecce 1BUKEHUH;

— IPOBECTU IKCIIEPUMEHTAJIbHBIE UCCIEAOBAHUS JIJISl OATBEPKACHUS ITPABHIIb-
HOCTHU TEOPETHYECKUX BBIBOJIOB M MPAKTUYECKOTO MOJATBEPKICHUS pa3paboTaHHbBIX
QJITOPUTMOB KOMITBIOTEPHOTO JUATHOCTHPOBAHUS 3yOdaThiX mnepenad u (HpUKIHUOH-
HBIX My(]T.

Obvexm uccnedoganusi — TUIPOMEXaHUYECKas TPAHCMUCCHUSI OJHOKOBIIOBOIO
(GpOHTANBHOTO NOTPY3YHUKA.

Ilpeomem uccneoosanus — 3ybuatble nepenadu U GpUKIUOHHbIE MYy(PThl FPULI-
pPOMEXaHNYECKON TPaHCMUCCUH PPOHTAIBHOTO norpy3unka MoA3-4048.

IToJ10:keHNs1, BBIHOCUMbIE HA 3AIIMUTY:

1. YcnoBust JOCTOBEPHOTO AMATHOCTUPOBAHUA 3y0UaThIX Mepeaad U PpUKIHOH-
HBIX MY(T TMIpOMEXaHHMYECKONH TPAHCMHUCCHH IO OTHOCHUTEIBHBIM YTJIOBBIM IEpe-
MELIEHUSM BXOJHOI'O M BBIXOJHOI'O BAJIOB, ONPEAEIAEMbIM UMITYJIbCHBIM CIIOCOOOM,
IIyTEM YyYeTa MOTPEIIHOCTEN, BOSHUKAIOIINX ITPU TECTOBBIX BO3JECHCTBUSAX BO BpEMs
JAMArHOCTUPOBAHMS B IBUYKEHUHU OJHOKOBIIOBOTO (DPOHTATIBLHOTO MOTPY3UHKa,

2. MartemaTrueckas MOJIEIb, ONMUCHIBAIOMIAST 0OBEKT JUAarHOCTUPOBAHUS C y4e-
TOM HENUHEHHOW (DYHKUIMU BbIOOpA CYMMapHOTO YIJIOBOTO 3a30pa M HUMITYJIbCHBIC
CpelIcTBa AUArHOCTUPOBAHMS, MO3BOJSIOIIAs MOJIEIUPOBATh YCIOBUS JABUKEHUS H
TECTOBBIE BO3JIEUCTBUS, ONPENEIsATh YEI0BUs BI0Opa CYMMapHOTO yriOBOTO 3a30pa
B 3y0YaThIX mepegadyax, MOMEHT Hayana OyKCOBAHUS U BpeMS MEPEKITIOUCHUS CTyIIe-
Hell (PPUKIMOHHBIX 3JIEMEHTOB B IPOLIECCE ABMXKEHUS OJHOKOBIIOBOTO (PPOHTAILHO-
r'o MOTPy34MKa C THIAPOMEXaHNYECKOW TPAHCMUCCHEH;

3. AJNTOpUTMBI KOMHBIOTEPHOW JINArHOCTUKU THAPOMEXAHUYECKON TPaHCMMUC-
CHUH, TTO3BOJIAIOIINE OUEHUBATH TEXHUUECKOE COCTOSHUE 3yOUaThIX mepenady u Gppuk-
IIUOHHBIX MY(T WO OTHOCUTEIHHBIM YTJIOBBIM MEPEMEIIEHUSIM BaJOB KOHTPOJIUpYE-
MBIX UMILyIbCHBIM CITIOCOOOM M TIPOBOJAUTH TUATHOCTUKY B JIBU’KEHUU BCTPOCHHBIMU
U BHEUIHHUMH KOMIBIOTEPHBIMH CPEJICTBAMHU HE BBIBOJI MAIIUHY W3 3KCIUTyaTalllH,
HOBBIIIAS TEM CaMbIM. SKCIUTyaTallHOHHYIO HaJI€KHOCTh OJHOKOBIIOBOIO (PpOHTAIIB-
HOT'O NIOTPY34HKa.

JIMYHBIH BRJIAJ COMCKATEJS 3aKJII0YAETCs B CAMOCTOSITEIBHOM BBIITOJIHEHUU
TEOPETUYECKUX HCCIIeI0BaHuM, pa3paboTKe aJrOpUTMOB JIMAarHOCTUPOBaHUS 3y0Oya-
THIX MEpPeaay 1Mo CyMMapHOMY YTJIOBOMY 3a30py B JIBJKEHUH, B pa3pabOTKe ajiro-
PUTMOB THarHOCTUPOBAHUS (PPUKIHUOHHBIX MY(PT THAPOMEXAHUIECKON TPAHCMHUCCHH
110, 0yKCOBaHUIO, pa3padOTKe 3KCIEPUMEHTAILHON YCTaHOBKHU ISl POBEPKH paboTo-
CIIOCOOHOCTH aJITOPUTMOB JTMATHOCTHUPOBAHUS, MPOBEACHUM SKCIEPUMEHTAIBHBIX
uccleoBaHui, o0paboTKe MOMy4YeHHBIX pe3yiabTaToB. COHMCKaTelIeM COBMECTHO C
HAy4YHBIM PYKOBOJMTEJIEM IOJIYyUYECHO JBa MaT€HTa Ha M300peTeHHsl crocoda AuarHo-



CTHUPOBAHUS TEXHUYECKOTO COCTOSHUS (PPUKIIMOHHOTO 3JIEMEHTa TPAHCMHUCCUU U
croco6a AMarHoCTUPOBAHUS THAPOMEXAHNIECKOM KOPOOKHU mepeaad.

Hayunbil pykoBOAMTENb NMPUHUMAJ YYaCTHE B IOCTAHOBKE 3a7ay MCCIEN0Ba-
HUM, UX TPEIBApUTEILHOM aHAIN3€, a TAKXKe OOCYXICHUU MOITYYCHHBIX pe3yJbTa-
ToB. HayunsiM pykoBoguTenemM B coaBTopcTBE ¢ Makcumenko A. H.,
Antunenko [I. I'., Mopranukom b. M. 3amareHToBaH cnoco® AMArHOCTUPOBAHUS
3youateix mnepemad. Jouentsl KysuemoB E. B. Antunenko I'. JI., wumxenep
Mopramuk b. M. npuHMManu y4yacTue B CO3LaHUM MOTOPHO-AMHAMHAYECKOTO CTEHA
IUISL SKCIIEPUMEHTANIBHBIX HcclienoBanuil. MHxxenep bemsskoBuu M. A. ydacTBoBai B
CO3JaHUM MaTeMaTHYE€CKOM MOJENH, ONMCHIBAIOIIEH IPOIECC TUAarHOCTHPOBAHUSA
¢dpuxiuona. AccucteHT Kyty3os B. B. nmpunuman ydyactue B SKCTIEpUMEHTANIbHBIX
MCCJIEIOBAHMSX I10 ONPEAEICHUI0 TOPMO3HBIX XapaKTEPUCTUK ABUTATEIIS.

AnpobGanusi pe3yabTaToB AUccepTanuu. OCHOBHBIE TI0JIOKECHUS-AACCEPTALU-
OHHOU pabOTHl U PE3yJbTAThI UCCIICIOBAHUN NOKIAIBIBATACH Ha «AHTEpCTpoiiMex-
2011» MexayHapoaHOi HaydyHO-TEXHUUECKON KoH(pepenuuu (Morunes, 5-7 okTsa0-
ps 2011); «Marepuainbl, 000pyI0BaHUE U pecypcocOeperaroIue TeXHoIoTuny Mex-
JAYHapOJHOW Hay4yHO-TeXHHYecKoi kKoHpepenunu (Morues, 20-21 anpens 2006, 17-
18 ampenst 2008, 16-17 anpens 2009, 22-23 anpens 2010); «Hosble MmaTepuaisi, 000-
pPYIOBaHHE€ M TEXHOJOTMM B MPOMBIIUICHHOCTH» MEXIyHapOJHOW Hay4HO-
TEXHUYECKON KOH(pepeHInn MonoAbX yaeHbix (Morwies, 2007, 20-21 nos6ps 2008,
19-20 Hos10pst 2009, 18-19 Hos0pst 2010); «HoBble maTepuansl, 000pyJOBaHUE U
TEXHOJIOTMHM B MPOMBIIIJICHHOCTHY PecnyOInKancKkoi HaydyHO-TEXHUYECKON KoHe-
PEHLIMM aCTIUPAHTOB, MArUCTPAHTOB U CcTy/IeHTOB (Moruies, 26 ssuaps 2006); «42-s
CTyJeHYecKass Hay4dHO-TexHuueckas KoHpepenuus» (Morunes, 16-20 mas 2006);
«Pa3BuTne npurpaHudHbIX peruoHoB. bemapycu u Poccum Ha COBpEeMEHHOM JTare:
npo0JsieMbl U niepcriekTuBb) - HayuHo-nmpakTuueckoil KOH(EpEeHIIUU acCIUpaHTOB, Ma-
TUCTPAHTOB U CTY/ICHTOB MPUTPaHUYHBIX obnactelt Poccun u benopyccuun (Moruses,
12-13 oxrs16ps1.2006).

Ony0IMKOBaAaHHOCTL Ppe3yJbTaTOB Auccepranmu. [lo Teme aucceprauuu
omyOnrKoBaHbI 29-niedaTHBIX padot (18,7 aBTOpCcKOro IucCTa), B TOM YHCIIE CTaTei B
pELeH3UPYEMBIX JKYPHAJIaX, BKIIFOUEHHBIX B CIHCOK Hay4HbIX M3gaHuil PecnyOmnuku
benapych miis onmyOIMKOBaHUS PE3yIbTaTOB IMCCEPTALMOHHBIX HUCCIEI0BaHuM, — 9, B
3apyOexHbIX W3JaHUSIX— 6, MaTepUaIoOB WU T€3UCOB JOKIAI0B HAyYHBIX KOH(pepeH-
1uid — 13, maTeHToB Ha U300peTeHne — 2.

Crpykrypa n o0bem auccepraunum. Jluccepraiysi COCTOUT U3 BBEICHUs, 00-
[Ie XapakTepUCTUKHU PAa0OThI, MATH TJIaB, 3aKIIOUYEHUS, CIIUCKA JIUTEPATYPHBIX HC-
TOYHUKOB (129 HanmeHOBaHMil, U3 HUX 4 HA UHOCTPAHHOM SI3bIKE) U MPUIIOKECHUH.
Ona u3noxena Ha 176 cTpaHUIlaXx MAaIMHOMUCHOIO TEKCTa, BKJIKOYAET 68 PUCYHKOB
u 16 Tabmu. [Ipunoxxenus npuBeaeHsl Ha 38 CTpaHUIIAX.



OCHOBHOE COJAEP XAHHME

Bo BBeneHuu onucana HEOOXOIUMOCTh KOMITBIOTEPHOM TUArHOCTHKH, KaK OJI-
HO W3 PELIECHUI MO MOBBIIIECHUIO YKCIUTYaTaI[MOHHOM Ha/IexKHOCTH (PPOHTATIBHOIO IO-
rpy3unka MoA3-4048. O60cHOBaHA aKTyaJIbHOCTh AUCCEPTAIMOHHON PaOOTHI.

B nepsBoii ri1aBe onpezeneHsl Lelb U 3a1a44 UCCIIeI0BaHuM. Bonpocamu aua-
THOCTUKM MaIllMH 3aHUMaJHCh Takue yudeHwle, kak C. 1. A6pamos, 1. H. Apunun,
H. B. bornan, U. A. buprep, B. C. Bouapos, 0. A. Bnacos, /I. B. I'ackapos,
B. A. 3opun. B. . UBanos, B. B. Kmtoes, B. I1. Kanssun, A. C. Kpyuek, A. A. Ko-
ceukoB, . M. Kocc, E. C. Ky3uenon, P. A. Makapo, A. H. Makcumenko,
A. B. Mosranesckuii, C. A. PemakeBuy, E. JI. CaBuy, I'. B. Crimukun, A. B. Cokoios,
A. M. Xapa3zos, B. Fenton, S. Sivathasan, R. Yager u ap.

Ha ocHoBanuu ux paboT MpoOBEEH aHaIN3 METOJIOB W/-CPEACTB TUArHOCTUPOBA-
HUSl TPAHCMUCCUIM MAIIMH U YPOBHS OCHAILIEHHOCTH COBPEMEHHOMN TEXHUKU KOMITbIO-
TEPHBIMU CPEJICTBAMU KOHTPOJISI M IUArHOCTUKU, KOTOPBIM MMOKA3ail, dTO MCIOJIb30-
BaTh UX JJI1 KOMIBIOTEPHON TUArHOCTUKU TPAHCMHUCCHM JOCTaTOUHO Mpo0ieMaTuy-
HO. OIHM UMEIOT HEBBICOKYIO TOUHOCTb, APYTHE, — CIOXKHBIIJIS pealn3aliid KOMIIb-
IOTEPHBIMU CPEJICTBAMU, TPEThU — rpoMo3AKH: [ [oaToMy B'HacTOsIIIIee Bpemsl Ipu JH-
arHOCTHKE TPAHCMHUCCUHN MpeoOsaatoT CyOBEKTUBHBIE METO/bI, UMEIOIINE HEBBICO-
KyI0 TOYHOCTb NIOCTaHOBKH JIMAarHo3a U Kak cjencTBUe, OONbIINE 3aTpaThl HA MOUCK
U ycTpaHeHHe HeucrnpaBHOCTH. ClIe10BaTEIbHO, CO3/IaHUE CIOCOOOB M aJIFOPUTMOB
I KOMIIBIOTEPHON TUArHOCTUKY 3y0YaThiX mepenad U PpuKIHOHHBIX MydT TpaHC-
MUCCHH SIBJISI€TCS NEPCIIEKTUBHBIM HAIPABICHUEM. DTO MO3BOJIUT YCKOPUThH MPOIIECC
MOCTAaHOBKU JIMAarHO3a, CHU3UTH JI0JII0, CYOBEKTUBHOTO (DaKTOpa B OLEHKE COCTOSIHUS
T'HJIPOMEXaHNYECKON  TpaHCMHUCCUH.  (ppoHTaNbHOTO Torpy3unka MoA3-4048 wu
YMEHBILIUTh 3aTpaThli-Ha MOA/EpKaHUE ero B paborocnocoOHoM coctosHuu. Ho s
ATOro HeoOxoauMa pa3paboTka METOJIOB M aJITOPUTMOB JUArHOCTUPOBAHUSA, COBME-
CTUMBIX C-MHUKPOIPOIIECCOPHBIMU CPEICTBAMH.

OCHOBHBIMU JJIEMEHTaMH, ONPEACIAIONIMMUA PECYPC THIPOMEXaHHUUECKON
tpancmuccuu (I'MT), sBrsroTcst 3y0uarsie nepenaud U GpuUKIUOHHBIE MY(PTHI, TeX-
HUYECKOE COCTOSIHUE KOTOPBIX OMPEENISIETCS CYMMapHBIM YIIIOBBIM 3a30POM, Xapak-
TEPU3YIOIIUM U3HOC pabovYnX MOBEPXHOCTEH 3yObeB, OYKCOBaHHEM U BPEMEHEM Iie-
peximtodeHns GpuKIUOoHHBIX My(dT. [lockonbky mpu HepaboTaroleM JABUraTesie Ku-
HEeMaTH4YecKasi CBA3b MEXKIY BEAYIIMM U BEIOMBIM BajlaMU HapylIaeTcs, TO JUAarHo-
ctupoBath I'MT HeoOXOAMMO B JBUKEHHH, OTCIIEKHBAS OTHOCHUTEILHBIC YIJIOBBIE
[IepeMEILEeHUS BEAYIIETO U BEAOMOTO BaJIOB UMITYJIbCHBIM CIIOCOOOM, peain3yeMbIM
KOMIIBIOTEPHBIMU CPEACTBAMU. AJITOPUTM JAMATHOCTUPOBAHUA 3yOUaThIX Mepead 1o
BEJIMYMHE CYMMAapHOTO YTIJIOBOIO 3a30pa, IpeJroJiaraeT mnojadyy Ha TPaHCMUCCHUIO
TECTOBOI'O BO3JEHCTBUS, HAPABICHHOTO HA BHIOOpP 3TOro 3a30pa, B BUIE TOPMOXKeE-
HUS IBUTaTeJIeM, IPU KOTOPOM CHJIBI MHEPIMH MOCTYHAaTEeNbHO JBUXKYIIEHCS Maliu-



HBI OyAyT BBIOMPATH 3a30pbl IPOTUBOMOIOKHOTO HAMPAaBIEHUS MPH JUArHOCTUPOBA-
HAHA B JBW)KEHUU. B 3TOT MOMEHT NpPOM3BOAUTCS MOJCYET MMIIYJIBCOB BBICOKOYA-
CTOTHOI'O ONOPHOro curHana Ul, TeHepupyeMoro JaTYMKOM YTIJIOBOTO MOJIOKEHHUS
TypOMHHOTO Baja, B KaxaoM nepuojie 7; BoIXxogHoro curHaia U2, reHepupyemMoro
UMITYJICHBIM JJATYMKOM 3yOILI0BOM 4acTOTHI ¢ BeAOMOTo kojieca. CymMMa UMITYJIbCOB
OIIOPHOTO CUTHAJIa 332 BpeMs BHIOOpPA CyMMapHOIo YIJIOBOI'O 3a30pa B OJIOKE CpaBHe-
HUS COIIOCTABIISIETCS C CyMMOM CPEIHEro 3HA4eHHs ONOpHOro curnana Ul 3a 310 ke
KOJINYECTBO NEPUONOB 7 IIPU KECTKOM KMHEMATUYECKOM CBA3W. Pa3HuIa, OTHECEH-
Hasl K YMCIy UMITYJBCOB OMOPHOTO CUTHAJA 32 OJWH OOOpPOT BEIYIIEro Baja U JacT
BEJIMYUHY CYyMMAapHOTO yIJIOBOTO 3a30pa, KOTOpas OTpaskaeTcsi Ha OJOKe WHANKAIUH
(pucynoxk 1, a).

JATYHK OIOPHOTO CHTHATA  OIOPHBLI BBIX0IHOI curgai (U2)
cHrHai (U1)

GIOK GITOK
CPABHEHHA —— HHIHKALHH

H3MeHeHHEe BEIXOTHOTO CHIHATA HPH BLIGOPE 323014 Ag
o, T2 @, 14, T, T6

uz2

Ty OHHHBIH Ban
THAPOTPaHCchOpMATOpa

(puEIIIOHHAA
2 o
H3MeHEeHHe BBIXOJHOTO CHIHATA IPH ITOARTIEHHH GYKCOBAHH
T T T3 T4 H2MeHeHHe BEIXOHOTO CHIHATIA TIPH ITe]) eKIIE0T eHHH ITep e/t
PR T N K 4 ., T5 T
2
I
Uz
6 U MU - U I

a - I3MEHEHNE BBIXOAHOTO CUT'HAJIa MPH BBIOOpE 3a30pa; O - 3MEHEHHE BBHIXOIHOTO CUTHAIA IPU
HOSIBJICHNY OYKCOBAHNS; B - U3MEHEHHE BBIXOJIHOTO CUTHAJIA IPU MEPEKITIOUCHUH
nepenayd

Pucynok 1 - CxemMa HMIYJIbCHOTO CIIOC00Aa THATHOCTHPOBAHUS
THAPOMEXaAHNYECKOI TPAHCMHUCCHH

ANTOPUTM TUATHOCTHPOBAHUS (DPUKIIMOHHBIX MY(PT TaKkKe BKIIOYAET OTCIICHKH-
BaHUE M3MEHEHUN OTHOCHUTENBHBIX YIJIOBBIX MEPEMEIIECHUH BEIYIIEro U BEIOMOTO
BAJIOB ITyTeM aHAJIM3a IIAroB 3aleTUICHUs 3y04aToro Kojeca, CBA3aHHOTO C BEIOMBIM
BAJIOM 10 KOJMYECTBY UMITYJIbCOB BRICOKOYACTOTHOT'O OIOPHOTO CHUTHANIA C BEAyIIe-
ro Basia. VI3MeHeHne 4ucia IMITyJIbCOB OMOpHOTO curHana Ul B kaxaom nepuoje Ti
BBIXOMHOTO U2 Oyner CBUICTENHCTBOBATH O HApYIICHHUH KUHEMATHUECKON CBS3H
MEX]ly BajaMH, T. €. 0 OyKcoBaHUH (HPHUKIIMOHA, a TIPU OJMHAKOBOM UYHUCIIC UMITYIIh-
COB — OTCYTCTBUH OyKcoBaHus (pucyHOK 1, 6). [Iporiecc nuarHocTupoBaHust KOPOOKH



repeaay no JUIMTEIbHOCTH MPOoLiecca NEPEKITIYEHUS CTYIIEHEH UMITYJIbCHBIM CIIOCO-
6oM (pucyHok 1, B), HampuMep, C BbICIIEH CTYNEHH Ha HU3LIYIO, IPEANoaraet moj-
CUeT JUIMTEIBHOCTU Ipolecca OyKCOBaHUS IPU U3MEHEHHH KOJUYECTBA WMITYJIbCOB
oT oaHoro ycranosuBiuerocst 3Hauenus (T1, T2) ¢ MEeHbIIUM YUCIOM UMIYJIBCOB J0
OompIiero ycranoBusiierocs 3nadenus (TS5, T6).

Bo BTOpoOii rinaBe Ha ocHoBanuu padot B. II. Tapacuka, A. 1. I'puiukeBuya,
O. C. Pykrewens, U. I1. KceneBuua, B. A. Basyino, A. B. Kapriosa, A. A. MenbHu-
koBa, H. @. Metmnioka u z1p. onpeaeneHsl MOAX0Abl K CO3JaHUI0 MAaTEMaTHYECKOU
MOJIEJIA ¥ AJITOPUTMOB JIHArHoCTUpoBaHus. Co3aaHa MaTeMaTuyeckas MOJENb Mepe-
MEHHOH CTPYKTYpbI JUJIi UMUTALMIOHHOIO MOJEIMPOBAHUS MPOLECCOB B JUHAMUYE-
ckoi cucteme aurarenb — ['MT mpu TECTOBBIX BO3JEHCTBUSX, OIMMCHIBAIOIIAN, 00H-
eKT IMarHOCTUPOBAHUS C yUYETOM HEJIMHEHHOW (PYHKIUU BHIOOpA CYMMapHOTO YTII0-
BOI'O 3a30pa W HMMIYJbCHBIE CPEACTBA AUArHOCTUPOBAHUS, . ITO3BOJISIOMIAsSL OIIpEe-
JUTH YCJIOBUS BBIOOpA CyMMapHOIO yIJIOBOTO 3a30pa B ABIKEHUU AJis OLICHKU TeX-
HUYECKOTO COCTOSIHUA 3y0UaThIX Mepead U COCTOSHUE (PPUKIUOHHBIX My(]T 110 OYyK-
COBAHMIO M KAa4eCTBY IMPOLIECCOB MEPEKIIOYEHHS CTyIleHel B.KOpOOKe mepenad npu
KOHTPOJIE OTHOCHUTEJIbHBIX YIJIOBBIX MEPEMEIUCHUM BXOIHOIO U BBIXOJHOIO BaJOB
¢dponTanbHOro norpyzunka MoA3—-4048 uMIyJIbCHBIM CTIOCOOOM.

[Ipyn nmocTpoeHNHM TMHAMHYECKOW MOJEIN UCIOJIB30BAaH METOJ COCPENOTOYEH-
HBIX Macc. JDTOT METOJ IMPUMEHUM, €CITH CHCTEMA HWMEET SBHO BBIPAKCHHBIA JHUC-
KPETHBIN CHEKTP COOCTBEHHBIX YAaCTOT: DTO XapaKTEPHO I TEXHUUECKUX OOBEKTOB,
y KOTOpBIX Macca pacnpeiesieHa B IPOCTPAaHCTBE HEPABHOMEPHO (PUCYHOK 2).
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Pucynok 2 - JIuHaMn4yeckasi MoJieJib TPAHCMHUCCHH KaK 00beKTa
AUATHOCTHPOBAHUS

B cooTBeTcTBUM ¢ 33aayaMy MCCJIEOBAaHUN B JUHAMHYECKONW MOJIETU YUYTEHBI
WHEpUHUOHHBIE (J;), ynpyrue (¢;) 1 IUCCUNIaTUBHbIE CBOMCTBA ( ;) 2IEMEHTOB TPaHC-
MHUCCUH, OTIPENEIISIONINE UX HU3KOYACTOTHBIE KOJIeOaHusI M HENMHEHHbIC (PYHKITUH,



OTIHCHIBAIOLINE TpoIiecc BbIOOpa 3a30pa B 3yOuaThix nepenadax ['MKII u tpancmuc-
CHH, XapaKTEPUCTUKU TPEHUS (PPUKIMOHHBIX 3JIEMEHTOB PO, BHEUIHHE YIPaBIISIO-
e (MOMEHT ABurateiis My) 1 Bo3Mylaromuye (MOMEHT CONPOTUBIIEHUS IBUXKEHHIO
M_ ) BO3AEICTBUSL.

Ha ocnoBe nuHamuueckoi Monenn ppoHTaibHOro norpyzunka MoA3-4048 co-
3MaHa MateMaTudeckas mozaenb. Cucrema nud@epeHIuanbHbIX yYpaBHEHUN HMMeEeT
BH/I:

0 :[Ma —-(-Ly)-M, - L, '(01(% -9) +ﬂ1(§;’o_§;’1)jj/~]o

(1-Ly)- M, —sign(-L,)- (Cl(¢0 —@Q)+ ,u1((.P0_ g.pl)j -

B ‘ . I, £, 5T
2 (03((%/141)—(03 _A(P1)+ﬂ3(((p2/ul)—(p3)) (J,#L,J,)
-L - —(1=L)-M,,
U -m,
(03“% )= 0~ Ap) + (9 w,) _;)3)) \
(.D; - /J, (1)

[c4((<o3 [~ 9, — Apy) + 1, (03] 1,) = 4'04))
Uy -1,
(.D. _ (04((% lu,) — @, —Ap,) + ,u4((g.03/u2) a (.04)) -
_(I_Lz)'%z _Lz'Mc
N L, '(04((¢3 [uy) =@, — Apy) + ,U4((§.03/u2) _4274)j - /(

Ps =
—sign(Ly—=1)~(1-L,) - M, — M.

/(J4+L2"]5)

L,-J,+J,)

rae L, — TepeMeHHas, XapaKTepHu3ylolllas COCTOSHUE TuapoTpaHchopMaTopa

(3HaueHue nmepeMeHHoi pasHo 0, Koraa ruapoTpanchopmarop pazdonokupoBas, u 1,
Korja 3a0JI0KUpOBaH);

Ly L, — TIEpeMEHHbIE, XapaKTepU3YIOIINE COCTOSHUE (DPUKLMOHHOTO 3Jie-
MeHTa (3HadeHue nepeMeHHoi paBHo (), Koraa PpUKIMOHHBINA 3JI€MEHT Pa30MKHYT, U
1, KOorJia OH 3aMKHYT);

L, — IepeMEHHAas1, XapaKTepU3yIoas BO3MOKHOCTb JBMKECHHSI MAILIUHBI C
Mecta. Hauano aBryKeHMs MPOU30UIET TOJBKO MPU YCIOBHH, €CIIM CYMMa KPYTAILIUX
MOMEHTOB M,, U M ,, TPEBOCXOIUT CyMMY MOMEHTOB COIIPOTHBIIEHUS IBHXEHUIO
M.. B atom ciiywae L, =1;

Ag,, Ap, — TEeKylllue 3HAUYCHHUs YTJIOB MPHU BHIOOPE 3a30pOB B KOPOOKE Iie-
penay u B TPAHCMUCCHUH B LIETIOM.



MonenupoBanue HETMHEHMHON (YHKIIMM BBIOOpa 3a30pa B 3y04aToM 3alleruie-
HUU MPEACTaBIEHO cienyromumM obpaszom. [Ipu pacuerax ynpyrux MOMEHTOB Ha Ba-
Jax A0 Hayajla TECTOBOI'O BO3ICHCTBUS BEIMYHMHA A, B YPABHEHHSIX ONPEACICHUS
YOPYTUX MOMEHTOB NPUHHUMAETCS PAaBHOM HYIIO, T.e. Al KOPOOKH mepenad MpH
(o, /u, —¢;) )0 IpUHUMACTCA Agp, =0.

[Ipy 1OCTM>KEHUM PaBEHCTBA YIJOB MMOBOPOTa BEAYILIErO0 M BEAOMOIO BajoOB B
KOpoOKe Tiepenay A, OmpeaensieTcs: u3 BeIpaxeHus (2), 9To0bl KOMIIEHCUPOBAThH YT-
JIOBOE TMEpEMEIlEHNE BXOJHOTO Bajla OTHOCUTENIBHO BBIXOAHOTO BO BpeMsl BbIOOpa
CYMMAapHOI'0 YIJOBOr0 3a30pa, MOCKOJIBKY MOMEHT Ha BajlaX B 3TOT IEPHOJ PAaBEH
HYJIIO.

Ap, = (@, /u; —@5). (2)

[Tocne monHoro BeIOOpa 3a30pa y, B KOpOOKe mepenad ero BeAudnHa MoJICTaB-
JIIETCSA B YpaBHEHHUE I pacuyeTa MOMEHTA, [IOCKOJIBKY. CHJIbI HHEPIIUH 3aKPYIHUBAIOT
BajJbl B IIPOTUBONOJIOXKHYIO CTOPOHY, T. €. TIpH- (¢, /u, =@py) (~y;, OPUHUMACTCI
A, =—y,. AHAJOTUYHO MOJEIHPYETCS BHIOOP CYMMAapHOro. yTJIOBOTO 3a30pa s
TPAaHCMHUCCHUH B IIEJIOM

NmiynbCHBIE CpencTBa JUArHOCTUPOBAHUSI 00ECHEYMBAIOT KOHTPOJb YIJIOBBIX
MEPEMEIICHUN MHEPLUHUOHHBIX MAacCC, ¢ KOTOPBIMU ‘CBSI3aHbl MMITYJIbCHBIE JTATYUKH.
[Tocuer UMITYIbCOB TPOU3ZBOAUTES IIyTEM JTUCKPETU3ALMY 3HAYCHUHN ¢, KaK:

N, =gl e, (3)
rac « — yroJ rmoBopoTa Bajla Ha OAWH MMITYJIbC JaT4YMKa, pal.,
Ni — KOJIMYCCTBO UMITYJILCOB 3a ITOBOPOT BaJla HA YIOJI ¢, .

[TocKoJIBKY. IMITYJIbCHASI CHCTEMa JHArHOCTUKHW MOXKET MOJCUUTHIBATH TOJIBKO
I[EJIbIC YHCJIA, UMITYJILCOB, TO TEKYIIHME 3HAYCHUS YIJIOB MOBOPOTA BaJOB B UMITYJIbC-
HOM BBIpaXEHUU, PA3ACISIIOT HA MEIYI0 UM JPOOHYIO YacTH. 3aTeM JpoOHasl 4acTh
MPUILTIOCOBBIBASTCS: K TTOCJICIYIOIIEMY UMITYJIBbCY.

B Tpetbeii riaBe npeicTaBieHbl PE3yIbTAThl TEOPETUUECKUX HCCIICIOBAHUI
IIpU JUATHOCTUKE 3yOUaThIX Iepead Mo OTHOCUTEIbHBIM YIJIOBBIM MEPEMEIICHUSIM
BaJIOB, KOHTPOJUPYEMBIX HUMITYJICHBIM CIOCOOOM JIsi (DPOHTAIBLHOTO MOTPY3UHKa
MoA3-4048, nmeromero ' MT.

TecToBoe Bo3/ACCTBHE PU AMATHOCTUPOBAHUY 3y0UaThIX Mepe/iad B ABUKEHUN
OCYILIECTBIISIETCS MTOCPEACTBOM TOPMOKECHHS JIBUTATEIEM IIPU PE3KOM MPEKpaIICHUN
NOJa4M TOIUIMBA A0 JOCTHKEHUS MUHHMAJIbHO YCTOMYMBOM YIJIOBOM CKOPOCTH @, C
MOCJICAYIOIIMM YBEIMYCHUEM IOoJa4u ToruiuBa (pucyHok 3). TopMo3HOM MOMEHT
JIBUTATEIIS ONIPECIISACTCS 10 3aBUCUMOCTH, IMOJITBEPKICHHOM SKCIIEPUMEHTAIBHO:



M,

P

2
0 [0
m = —Mp b0+bl'a)_()+b2'[_()j ) 4)

I7ie w,— yrioBas CKOPOCTh KOJIEHYATOr0 Bajia IBUTATENs, pao/c;
M ,,®, — KpyTALuil MOMEHT (Hv) 1 yriioBasi CKOpOCTh ABUraTens (pao/c)
IpY HOMUHAJIBHON MOIITHOCTH;
b;— xoadpurmentst perpeccuu (by = 0,0955; b; =0,00181; b,= 0,137 nns

AU3CIIBHOT'O I[BI/IFaTeJ'Iﬂ).

[Tockonpky nuarHoctupoBanue ['MT ocyriecTBisieTcs: B ABHKEHUH, pa3padboTaH
JITOPUTM JAMArHOCTUPOBAHUS 3yOUaThIX Iepeay o CyMMapHOMY YIJIOBOMY 3a30py.
YcnoBueM BbIOOpa CyMMapHOIO YIJIOBOTO 3a30pa, MPU TECTOBOM BO3ICHCTBUM Ha
TPAHCMHUCCHUIO B BUJE TOPMOKECHUS JIBUIATENIEM, SIBJISIETCS IIPEBBILICHUE, YTIIOBOIO
3aMeJUICHUs] JIBUTaTeNsl HaJ 3aMEJICHHEM BEIOMOIO Bajida. YTJIOBOC . 3aMeJICHUE
JBUTATEIIS ONPEAEISAETCS TOPMO3HBIM MOMEHTOM M)y, @ yITIOBOE 3aMENIEHUE BEO-
MOI'O Baja 3aBUCHUT OT NPHUBEACHHOIO MOMEHT CONPOTUBIICHUS M., BETUYMHA KOTO-
pPOTO 3aBUCHUT KaK OT JOPOXKHBIX YCJIOBUM i W OT HOMEpA BKJIFOYEHHOM IEPENadn u;.
BrIpa3uB 310 ycinoBHe depe3 yIJIOBYIO CKOPOCTH KOJIEHYATOrO Bajla ABUTATENS, I10O-
JIy4EHO CJIEYIOIIEE BBIPAKECHHUE:

a)">m-g~rk~l//-u1-u2~(J0+JT+J]+J2)_j dmin o (5)
‘ ko -(Jy + g4, u?) ky o

rae k,— Ko>QPUIHEHT HAKIOHA PA6OUEro yuacTKa XapaKTEPUCTUKHA TOPMO3HO-
IO MOMEHTA, ko = (M 0= M V@00 <@, )
S =M, S HHTEpBa YIJIOBBIX CKOPOCTEH KOJEHYATOrO Baja
ABUTATCIIA U COOTBCTCTBYIOI_HI/Iﬁ NM HHTCPBAJI TOPMO3HBIX MOMCHTOB IIpU JUArHo-
CTUPOBAHUHA B/ ABUKCHUMU.

a)dmax - a)bmin b M

0 min

Pacuersl HEOOXOAUMON YIJIOBOM CKOPOCTH JABUTATeNis IO YCIOBHIO BbIOOpa
cymMmMapHoro yriioBoro 3azopa B I'MT ¢ponrtanbHoro morpy3unka MoA3-4048 B
pPa3NMYHBIX JOPOXKHBIX YyclIoBUsAX (rpyHToBas pgopora c¢  w=0,035; rpaBuiiHas
w=0,025 u achanproberonnas y=0,015) npuBenensl Ha pucynke 4. [IpuHsB mis
JUArHOCTUKYU B JBMKEHUU HAYaJIbHYIO YIJIOBYIO CKOpocTh ABurarens 180 paz/c, Ha
rPaBUMHOM W TPYHTOBOM JIOpPOT€ Ha MEPBOM, BTOPOU Iepenade U nepeaade 3aaHero
X0/la,  M3-32 OOJBIIOTO COMPOTUBIICHUS JBUXKEHUIO, CyMMapHbBIA 3a30p B 3yOUaThIX
nepeaavax CUIaMu MHEPLUU HE BHIOMpAETCS.

OnpeneneHHbI B JBUKEHUU CyMMAapHbBI YIJIOBOM 3a30p — 3TO (haKTHUECKOe
YTJIOBOE MEPEMEIIECHUE BBIXOIHOTO Baja OTHOCUTEIBHO BXOJIHOI0. JTO 3HAYUT, YTO B
CyMMapHbI{ yTJI0OBOM 3a30p OyAyT BXOJUTh CTATUYECKAs COCTABJISAIONIAs, CBSI3aHHAS
c yrioBod aedopmaiiel BajoB MpHU Mepefaye KpYTAIIEro MOMEHTa B Ipoliecce
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JABWKCHUSI U JAUHAMHMYECKas COCTaBIIAIONIAs, CBsi3aHHAas ¢ naedopmanuell BajoB B
IIPOTHUBOIIOJIOKHOM HANPABJIECHUN OT CWJI MHEPLUU INPU MOJa4e TECTOBOTO BO3ACH-
CTBHUS Ha TpaHcmuccuio (pucyHok 5). Ilockonbky nedopmanuu ynpyrux 3J€MEHTOB
UACHTU(PUIUPYIOTCS UMITYJIbCHOM CHUCTEMOM JMAarHOCTUKU KaK COCTAaBJISIOIIME CyM-
MapHOTO YIJIOBOTO 3a30pa, TO X HEOOXOIHMMO Y4ECTb MPHU ONPEICICHUN UCTHHHBIX
YIJIOBBIX 3a30pOB. YUECThb 3TH COCTABISIOLINE MOXHO MOMPABOYHBIM KO3 dulineH-
TOM, JTUOO OMPEAENATh 3a30p IPU HYJIEBOM MOMEHTE Ha Bany (pucyHOK 6). [lompa-
BOYHBIN KOO(QPUIIMEHT HE SBIIACTCS YHUBEPCAIbHBIM, & PACCUUTHIBACTCS I KaXK 10U
nepesayr KOHKPETHOW MalInHbI Kak GyHKIUSA JOPOKHBIX yenoBuil K = f (v ).

il 400 15
2801~ pag/c
200 |- 300 00,035
— m0,025
120~ 250 1
w0l 200 -
o 150
40 -
Vg | 100
-120
: 50 7
-200 0+
0 1 2 3 4 5 6 ¢ 7 v X
L
Pucynok 3 — I'paduk usmeHenus Pucynoxk 4 — J/luarpaMmma cKopocreu
MOMEHTA ABUTaTe sl IPH TECTOBOM JABHUTraTeJIsl M0 YCJI0BHIO BbIOOpa
BO3/1€CTBUH 3a3opa I Pa3IMYHbIX JOPOKHBIX
YCJIOBUI ABHKEHUS
Hm
] ; s ] ; 5 12000
e et et oo e e
pap |- :
0¥ amewecxan 1l 9000
roeeeoees 6000
041 3000
-0,8
AP T M 0
1,21
1,6 -3000
0 1 2 3 4 5 6 ¢ 7 0 1 2 3 4 5 6 ¢ 7
L L
a- rpaduk BeIOOpA 3a30pOB B TPAHCMHUCCUU; O — Pucynok 6 — 'padpuk MmomMeHTa Ha
rpadguk PaKTHYECKUX YTIOBBIX IEPEMEIICHUI BBIXOHOM BaJIy TPAHCMHCCHH IPH

BaJIOB
Pucynok 5 — Bb10op cyMMapHOro
YIJIOBOT'0 3230Pa B TPAHCMHUCCHU

TEeCTOBOM BO3AeHCTBHH
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B 4eTBepTOi IJIaBe PacCMOTPEHBI BOMPOCHI TUATHOCTHUPOBAHUS (PHUKIUOH-
HeIX MyQT I'MT ¢ponTtansaoro norpysunka MoA3—4048 no OykcoBaHHIO IIpH Tiepe-
Jadye KpPYTAIIUX MOMEHTOB M JUIMTEIBHOCTH IPOLIECCA NMEPEKIIOYEHUST CTYIECHEH
I'MKIL.

Texuuyeckoe coctosiHuEe (QPUKUUOHHBIX MY(PT THAPOMEXAHUUYECKOW KOPOOKHU
nepenay B Mpolecce ABMKEHUS CyOBEKTUBHO OINPEAETUTh TOCTATOYHO CIIOKHO, TaK
KaK OTJEJNUTh CKOJBKEHHE B pa30JOKHMPOBAHHOM ruapoTpaHchopmMarope oT OyKco-
BaHMs (QPUKIIMOHA TIPAKTUIECKA HEBO3MOXKHO. CocTosiHue GpUKIMOHHBIX My(T OT-
paxaeTcs U Ha BpeMeHu nepekintoueHus crynened B 'MKII. 3arsaayrocTs nponecca
NEPEKIIOUEHUsT IPUBOJIUT K YBEIMYCHHUIO PaOOTHl OYKCOBaHHUSA, a CIEI0BaTEIbHO, K
MOBBIIICHUIO TEMIIEPATYPHl AUCKOB M YBEJIMYEHUIO MU3HOCOB Iap ‘TpeHus. bricTpoe
MIEPEKIIIOYEHUE TAKXKE HEXKEIATEIbHO, MOCKOJIbKY OHO YBEIMYHMBACT JTMHAMHUYECKHUE
Harpy3Kky B TPAHCMHUCCHHU U YXYJIIAET MTOKa3aTeNn IIABHOCTH xo01a. Vcnoabs30BaHne
e UMIYJIbCHOTO croco0a Mo3BOJSIET OTCIIEKUBATh B MPOIECCe BIKEHUS OTHOCH-
TEJIbHBIE MEPEMEIICHNUsS] TYPOMHHOIO M BBIXOJIHOTO. BAJIOB TPAHCMUCCHH, a 3HAYUT
oTHensATh OyKcoBaHHE (PUKIIMOHA OT CKOJBXKEHUS B THAPOTPAHCHOPMATOPE U OIpe-
nensate Bpems nepekitoueHuss ' MKII, uto cymiecTBeHHO o0Jieryaer OUEHKY TEXHU-
YECKOTO COCTOSIHHS (PPUKIIMOHOB.

[Ipn aumarnoctupoBanuu (GPUKIUOHHBIX My(T B, Ipoliecce IBUKEHHS, B Kade-
CTBE TECTOBOI'O BO3JECUCTBUS HA TPAHCMUCCHIO MPUHATO HArpy)eHHe GPUKIIMOHHBIX
My(T MITAaTHON TOPMO3HOUN CHUCTEMOW IPU PACUETHOM pPEXKUME pabOThHl ABUTATEINS.
[Tpu »>TOM BenmMYMHA MaKCUMaJIbHOTO MOMEHTA Ha (DPUKIMOHE OIpeaessieTcs 3apa-
HEE U 3aBHUCUT OT MECTOPACHONOKEHUS (DPUKIIMOHA B KHHEMATUYECKOM LIeMU TpaHC-
MUCCHH M OT peKHMa padOThl ABUraTeNIs: YTJIOBas CKOPOCTh KOJIEHYATOr O Baja JBH-
raTeys IpU HarpyXeHUH: TPAHCMUCCUU W3MEHSETCS 0 PEryJsATOPHOM XapaKTepu-
ctuke ¢ 200 pan/c mo-152 pana/c (pucynok 7, kpupas a), a yrioBasi CKOPOCTh TypOUH-
HOTO BaJla MaJaeT 3HAYUTENIBHO OOJble U3-3a MPUOIMKEHHUS K CTOIOBOMY PEXUMY
pabotsl tuapoTpanchopmaropa. [Ipyu MOCTHKEHUHN TIPENETFHOTO MOMEHTa (PPUKITU-
OHHBIN PJIEMEHT HauWHAeT OyKCcoBaTh (PUCYHOK 7, KpuBas 0), a BEJIOMBIN Baj U Be-
Iyuiye KoJjieca 4yepe3.HeOOobIIoN MPOMEXYTOK BPEMEHH OCTaHABIMBAIOTCS (PUCYHOK
7, KpUBBIE B, T). IMEHHO B 3TOM IPOMEXYTKE BpeMEHU MH()OPMALMOHHBIE ITEPEMEH-
HbIE UMITYJIbCHOM CUCTEMBbI IMarHOCTUKY BBLAAIOT YETKUN CUTHA 0 OyKCOBaHUH (pH-
CYHOK &), MOCKOJBbKY YHCIIO HWMITYJIbCOB OINOPHOTO CUTHAJIA B Ka)KIOM BBIXOJHOM
PE3K0 BO3pACTaET MO0 CPAaBHEHHUIO CO CPEAHUM 3HAYEHUEM IMPU OTCYTCTBUHU OyKCOBa-
HUSI'HA JAaHHOW KOHKPETHOU Iepeaaye.
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a — KpuBas USMCHCHUS yl“)IOBOﬁ CKOpPOCTH PHcyHOR 8 — Onpeﬂeﬂeﬂne HAYIAJ1a
ABUTaTCIIA, 0 - KpuBasi K3MCHCHU A yl“JIOBOfI 6yKCOBaHl/Iﬂ (l)pmclmona

CKOpPOCTH BenylIeH yacTu (pUKIMOHA; B - KpUBast
W3MEHEHUS YTJIOBOM CKOPOCTH BEOMOM YacTH
(pPUKLMOHA; T - KpUBasi U3MEHEHHUS YTIIOBOH
CKOPOCTH BBIXOJJHOTO BaJjia TPAHCMUCCUH
Pucynox 7 — Xapakrep U3MEHEHHS
YIJIOBBIX CKOPOCTEi NPU AMATHOCTUPO-

BAHUU (PPUKIMOHA

UMILYJILCHOM CHCTeMOU

[Ipouecc amarHocTHpoOBaHUA 'KOpOOKHM mepenay mnorpy3unka MoA3—-4048 mo
JUTUTEIBHOCTH TPOIIecca NEPEKITIOUEHUSI CTYNIEHEeH UMITYJIbCHBIM CIIOCOOOM MOSICHS-
ercs rpadukamu. [Ipu nepexmodennn eryneHei ¢ Husmen Ha Beiciryto (I-11) ¢ me-
pPEKpBITHEM (PPUKIMOHHBIX -My(T yIJOBasi CKOPOCTh BEAYIIEr0 Bajla BHauyajie He-
CKOJIbKO BO3pacTaeT, a 3aTeM MaJaeT, MOCKOJIbKY TpeOyeTcs SHEpIusl Ha pa3roH ma-
IITUHBI 710 00Jiee BHICOKOW CKOPOCTH (PUCYHOK 9, KpuBas a), a yrioBasi CKOPOCTh Be-
JIOMOT0 BaJia (PACYHOK 9, kprBas 0) M BBIXOJAHOTO (PHCYHOK 9, KpHUBasi B) yBEIUYH-
BalOTCS. B'3TOT repno; BpeMEeHH KOJMYECTBO OMOPHBIX CUTHAJIOB B KaXKJOM IIEPUOE
BBIXOJIHBIX HM3MEHSEICS B MPOLECCE MEPEKIIOUYEHUs, OT OJHOTO YCTAaHOBUBILEIOCA
3HaYeHUs C OONBIUM. MU CIIOM UMITYJIbCOB IO MEHBILIETO YCTAHOBUBIIETOCS 3HAUCHHUS
IIpH 3aBeplleHnr nepexinoueHus (pucyHok 10). CymmapHas JIMTENBHOCTh BCEX UM-
MyJBCOB 3a.BpPeMsl IEPEXOIHOTO MPOLIECCa U COCTABUT BpeMsi OyKCOBaHMS (YPUKIUO-
Ha IIPU MEPEKIIFOYEHUH CTYIIEHU.
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a — KpUBasi H3MCHCHUS YIJIOBOH CKOPOCTH Pucynoxk 10 — U3MeHeHe OMOPHOTO

BEIyIIEro Bajia; 0 - KpuBasi U3MEHEHHsI YTIIOBOU CHIHAJIA NPH OYKCOBAHHH
CKOPOCTH BEJIOMOTI'O BaJia; B - KpUBAasi K3MEHEHUS

YIJIOBOM CKOPOCTH BBIXOJHOTO BaJia
Pucynok 9 — Xapakrep U3MeHEHUs
YIJIOBBIX CKOPOCTE pu
AUATHOCTHPOBAHUM KOPOOKH nepenay

¢GpuKIMOHA IPU NEPEKTIOYCHUH
CTylNeHeill KOpoOKM mepeaayd

Ha ocHOBe NpoOBEAEHHBIX TEOPETUUYECKUX HCCICIOBAaHUN pa3pabOTaHbl ajro-
PUTMBI UMITYJIbCHOM AMAarHOCTUKHU PPUKIHOHHBIX MypT ['MT norpy3uuka B mporec-
Ce JIBIDKEHUS MO TMOSBICHUIO OYKCOBaHUS IIPH Mepeaaue MaKCUMaJIbHBIX KPYTAIINX
MOMEHTOB U 10 BpeMeHH OykcoBaHus pu nepekitoueHnn cryneneit ['MKII.

B nsiToM riiaBe mpeneTaBiCHBI PE3YNBTATHl IKCIIEPUMEHTAIBHBIX HCCIEN0Ba-
HUW, TOATBEPKIAOIMUX HPABUIBHOCTD IMPEIJIOKEHHBIX AJITOPUTMOB AUArHOCTUPO-
BaHUs 3y0UaThIX mepefad U PpUKHIOHHBIX 3JE€MEHTOB B IPOIECCE ABMXKEHUS 10 OT-
HOCUTEJIbHBIM YIII0OBBIM NEPEMEILIEHUAM BEAYIETO U BEAOMOIO BAJIOB, KOHTPOIUPY-
€MbIX HMITYJIBCHBIM CIIOCOOOM. DKCIEpUMEHTaldbHas yCTaHOBKA, HMHUTHUpPYIOIAs
MAaIIMHYy B. JBUKCHHM, TPEICTABIAECT COOOW MOCIEI0BATEIbHO COCAUHEHHBIC: IH-
3€JIbHBIN JBUTATEIb,-T03BOJISIONINNA CO3/IaBaTh TECTOBOE BO3JIEHCTBHE HAa KOPOOKY
repeay; UMILYJIbCHBIM JaTYMK ONOPHOTO CHUTHAJIA, CBA3aHHBIM C BEAYIIMM BajlOM
KOpOOKHU Tepenad; KopoOka mepeaad, ¢ BEJOMBIM BaJOM KOTOPOM CBSI3aHBI TOPMO3,
CO3JAOIIMMI COIIPOTUBIICHUE OT ONPEACICHHOTO BUA TOPOKHBIX YCIOBUN, MAaXOBBIE
MAaccChl;, IMUTHPYIOIINE MOCTYNAaTeIbHOE ABMKCHHE MAIIMHBI U 3y0uaToe KOJECco C
UMITYJIbCHBIM JATYMKOM BBIXOJHOIO CHUTHAJIAa, HAKAIIMBAEMOI'0 Ha Iuiate coopa JaH-
HBIX C nocnenyomeid oopadotkoit [IIDBM (pucynok 11).

Ha skcniepuMeHTabHOM yCTaHOBKE IIPOBEPSUIUCH YCIOBHS BEIOOpa U HE BBIOO-
pa CyMMapHOTO yIJIOBOTO 3a30pa B KOpOOKe mepeaad mpu TECTOBOM BO3/JCHCTBUM B
BHUJIE TOPMOXKEHHUS JIBUTATEIEM M COINOCTABIUIACH C PACCUMTAHHBIMU HAa MAaTEMaTH-
YECKOW MOJENM C IapaMeTpaMH CTeHAd. BenmuumHa CymMMapHOTO yriloBOro 3a3opa,
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OIIpEeIeNIIEMOT0 UMITYJIbCHBIM CIIOCOOOM, CpPaBHUBAJACh C Pe3yJIbTaTaMHU, MOJIyYeH-
HBIMHU UHCTPYMEHTAIBHBIM CIIOCOOOM.

1 — mopomkoBbIii TOPMO3; 2, 6 — UCTOUHUK NMUTAHUS; 3 — UHAUKATOP MOMEHTA; 4 — U3Mepu-
TeIbHAasg CKOOa TOPMO3a; 5 — TaXOMeTp; 7 — UMITYJILCHBIM JATYUK OTIOPHOTO CHUTHANA; 8 — HMITYJIbC-
HBIA TaTYHUK BBIXOJHOTO CUTHANA; 9 — mata coopa manHsix; 10 — [I9BM

Pucynok 11 — JKCNIePUMEHTAJIbHAS YCTAHOBKA

AJNTOPUTM OMPEICIICHUSI CYMMAPHOTO YIII0BOFO 3a30pa UMITYJILCHBIM CIIOCOOOM
MpeInoaraeT co3/lanue TecToBoro.Bo3aeictBus Ha KII B Buje TOpMOXKEHUS ABUTA-
TeJieM, KOrJa yIjioBasi CKOPOCTh. KOJICHUYAaTOro0 Bajia yMeHbIaeTcsl (pucyHok 12, a),
MOJICYET OOIIEro yucia OMOpPHbIX UMAYJIBCOB B KaXKJIOM BBIXOJTHOM Ha 3Tou (asze (c
1,5 ¢ mo 2,5 ¢ pucyHok 12, 0), 1 HAXOXKJIeHUs Pa3HUIIbI YHCIIa OTIOPHBIX UMITYJIbCOB
OTHOCHUTEJILHO CPEAHEro 3HAaYeHHUs MPH KECTKOM KHMHEMATHUYECKOW CBS3HU 3a ATO K
YHUCJIO0 BBIXOHBIX CUTHAJIOB MO (popMysie:

n2
AN =N, —n_, -(n,—n +1). 6)
i=nl
r7ie 1; — HOMep UMITYJIbCa BBIXOJIHOTO CUTHaJIa U3 0a3bl JaHHBIX, COOTBETCTBY-

IO BPEMEHU Hayala Mojc4yeTa ONOPHBIX UMITYJIbCOB, T. €. ipu t = 1,5 c;

1y —HOMEp MUMITYJIbCa BBIXOJHOTO CUTHaja MPU OKOHYAHHUHM IOJCYETA, T.€.
nipu t= 2,5 c;

Hep — CPEHEE YMCIIO MMITYJIBCOB OMIOPHOTO CUTHAJA B KaX/J10M BBIXOJHOM
[IpU J)KECTKOM KUHEMATHUYECKOM CBS3M B 3yOUaThIX Mepeaaydax;

N; — (hakTHYECKOE YHUCIIO0 UMITYJILCOB OMOPHOTO CUTHAja, MOJICYUTAHHOE Ha
WHTEpBaje BpemeHn ot t=1,5c not=2,5c.
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a - rpaduK U3MEHEHHS YIIIOBOW CKOPOCTH KOJIEHYATOr O BaJla IBUTATENs; O - rpaduk
MU3MEHEHUSI KOJIMYECTBA OMOPHBIX UMITYIbCOB B KaXK/IOM BBIXOTHOM

Pucynok 12 - Pe3yjibTaTbl 00pa00TKM JAHHBIX ¢ JaTYMKOB HAa MOHUTOpe II9BM
NPHU CKOPOCTHOM pexume 170 paj/c

[Ipu HavanpHONM CKOPOCTH TECTOBOTO Bo3HencTBUs w,=110...170 pan/c u xo-
JMYECTBOM HMMITYJIbCOB OIMIOPHOTO CUTHAJA 3a OAMH 000pOT Bemyllero Baja Z, =144,
BbIOpanHbIi 3a30p coctaun AN =1,98...1,70 umnynsca. Ilepesoas noyueHHyro
pasHUIly B Yroj MOBOPOTa BXOJHOTO Baja OTHOCUTECNHHO BBIXOAHOTO, OMPEICISIIOT
3HAa4YEeHHE CyMMAapHOIo yIJI0BOr0 3a30pa KOpOOKM epeiad Ha MepBON CTYIIEHU:

_ AN 360 (198..17) 360 _ 4 o504 ose

A
"= 144 (7)

3HaueHHE CyMMapHOro YIWIOBOTO 3a30pa, IMOJYYEHHOE HHCTPYMEHTaJIbHBIM
CIocoOOM € YHETOM YIpyro-.ajieMeHTa, cocraBisier A@ =4,5°. Takum oOpasom,
omuOKa ompesesieHrs 3a30pa B 3yOuaToil nepenaye UMIYJIbCHBIM CIIOCOOOM B IPO-
1ecce IBMKeHHs cocTaBisieT 5,6...10 %.

JI1st mpoBepKH YCIOBUI HE BHIOOpAa CYMMapHOIO YIJIOBOTO 3a30pa IO BbIpaKe-
Huto (5), Ha CTEH]Ie 3aJ]ae€TCsl MOMEHT CONPOTUBIICHUS JBUKEHUIO, TP KOTOPOM 3a-
30p He BBHIOMPAETCS M aHAIOTMYHBIM 00pa3oM moiydaeM pesyiasrar A@ =2° 1. .
3a30p MOIHOCTHIO HE BHIOMpAJICS.

OKCHepUMEHTAIbHbIE UCCIEAOBAHUS TAKXKE MMO3BOJIMIM MOITBEPIUTH MPaBUIIb-
HOCTH| AIrOPUTMA JUATHOCTUPOBAHUS (PUKIHUOHHBIX 3JIEMEHTOB IO OYKCOBAHUIO
[IpM NIepeiaue MaKCUMaJIbHBIX KPYTSAIIUX MOMEHTOB B IIpoliecce ABrxeHus. [Ipu He-
PEPHIBHOM HArpy€HUW O Hayaje OYKCOBaHUS (PPUKIIMOHHBIX AJIEMEHTOB CIEIIe-
HUSL B DKCIEPUMEHTE CBHJIETEIBCTBYET PE3KOE YBEIMYEHHE KOJIMYECTBA OMOPHBIX
UMITYJIbCOB B KaXXJIOM BBIXOJHOM C 24 — IpH OTCYTCTBUM OYKCOBaHHS, O MaKCH-
MajbHOrO 3HaYeHus (pucyHok 13, B). [Ipu 3TOM BUIHO, YTO YacTOTa BpalIECHUS BbI-
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XOJTHOTO Baja ,,, = 18 pan/c no
HYJIS IPY HEU3MEHHOW YaCcTOTE BPALICHHUS MaXOBUKA JIBUTATENS @, (PUCYHOK 13, a).

(pucyHnok 13, 0) HauMHAeT yMEHbLIATHCA OT @,

OKCIepUMEHTANIbHBIE UCCIEIOBAHUS TOATBEPAUIN MPABUIBHOCTH UMITYJIBCHO-
ro crnoco0a M ajJroputMa JUarHOCTUPOBAHUS (PPUKLIMOHHBIX 3JIEMEHTOB MO OyKCOBa-
Huto. [lofcuer UMMyIbCOB OMOPHOTO CUTHAA B KaXXJIOM BBIXOJTHOM U MX COIOCTaB-
JIeHHE OTHOCHUTEIBFHO CPETHETO 3HAUEHUS MPH KECTKOW KHHEMATHUECKON CBSI3U IM03-
BOJISIET YETKO 3a(UKCHpOBaTh Hayaylo Mpoiecca OyKCOBaHUS, YTO MO3BOJIAET HC-
M0JIb30BATh JAHHBIN aJrOPUTM AJI AMATHOCTUPOBAHUS (PPUKLIMOHHBIX MYy(PT THAPO-
MEXaHMYECKUX Mepeaay N0 OYKCOBAHUIO U JJIUTEIBHOCTH MEPEKIIOYSHHS TTepeaay.

Takum o0Opa3om, pe3ynbTaThl 3KCHEPUMEHTANBHBIX HCCIEIOBAaHUS MO3BOJISIIOT
YTBEpKAaThb O BO3MOXKHOCTH CO3/IaHUSI BHEUIHMX W BCTPOEHHBIX 'UMMYJIbCHBIX CH-
CTeM JAMAarHOCTUPOBAaHUA 3y0UaThIX Mepedad M0 CyMMapHOMY-YLJIOBOMY.3a30py U
(PUKIMOHHBIX MYy(T 10 OYKCOBAaHHMIO M BPEMEHU IMEPEKIIOUCHUS CTYHEHEH T'HIpo-
MEXaHU4YeCKoi TpaHcMmuccuu ¢GpoHTanbHOro norpysunka MoA3-4048 -8 mporecce
JBUKEHUSI HA OCHOBE IPUBE/ICHHBIX PACYETHBIX UCCIISIOBAHUI.
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a- rpaduk U3MEHEHHS YIIIOBOM CKOPOCTH KOJICHYATOrO Bajia JBUraress; O - rpaduk U3MEHEeHUs
VYILJIOBOW CKOPOCTH BBIXOJIHOTO Balia; B - rpadyiKk M3MEHEHUS KOJIMYECTBA OMOPHBIX UMITYJILCOB B
Ka)KJIOM BBIXOJHOM

Pucynok 13 — Pe3ysabTaThl 00pad0TKH JaHHBIX € JATYUKOB HAa MOHUTOpe II9BM
NP IUATHOCTUPOBAHMHU QPUKIUOHHBIX 3JIEMEHTOB CLeEIJICHUsI
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3AKJIIOYEHHUE

Pe3ynbpTaToM BBIMOIHEHHON pabOThHI SBISIETCS pa3pabOTKa CUCTEMBbI KOMIIBIO-
TEPHON AMArHOCTUKH 3yO4aThIX Mepefady U (PPUKIHOHHBIX My(PT TruapoMexaHuye-
CKOM TPaHCMHUCCHUU 10 OTHOCHUTEIBHBIM YIJIOBBIM MEPEMEIIEHUSM BaJOB KOHTPOJIH-
PYEMBIX UMIYJIBCHBIM CIOCOOOM B JBM)KEHHUU OJHOKOBIIOBOTO (PPOHTAIBHOTO IIO-
rpy3unka MoA3-4048.

OcHOBHBIE HAy4YHbIE Pe3yJIbTaThl IUCCEPTALUM

1. IpennoxeH UMITYJIbCHBIM COCOO AMArHOCTUPOBAHMS 3yOdUaThIX Mepenad U
(PUKIMOHHBIX MY(PT B THIPOMEXaHUUYECKON TPaHCMUCCHUH (PPOHTAIBHOTO MOTPY3-
ynka MoA3-4048, o cpencTBam KOHTPOJISI OTHOCUTENBHBIX YIJIOBBIX TIEPEMENICHHI
BXOJIHOTO ¥ BBIXOJHOI'O BAJIOB KOMIBIOTEPHBIMHU CPEICTBAMHU M, AJITOPUTMBIL AUATHO-
CTUPOBAaHMS B TIPOLECCE JBWXKEHHS IIPU  TECTOBBIX ~ BO3JACHMCTBUSAX  HA
TpaHcmuccuto [1-A, 10-A, 11-A, 12-A, 14-A, 15-A, 20-A].

2. PazpabGortana matemaruyeckas MOJelb NEPEMEHHON CTPYKTYpBI, OMUCHIBA-
011asi 00BEKT IMAarHOCTUPOBAHUS U UMITYJIbCHBIE CPEICTBA TUATHOCTUPOBAHUS, 03~
BOJISIFOLIAS] MOJAEJIMPOBATh YCIIOBHS ABUKEHUS M TECTOBBIE BO3IEHCTBHSI, ONPEAEIIATh
yCIIOBUSI BBIOOpAa CyMMAapHOTO YTJIOBOTO 3a30pa B 3y0O4aThIX IMepeaadax, MOMEHT
Havasia OyKCOBaHUS M BpeMsl MEPEKIIOUCHUs CTyNeHed QPUKIUOHHBIX 3JIEMEHTOB B
nporecce ABMKeHus ppoHraabHoro norpysurka MoA3—4048 ¢ ruagpoMexaHnyecKoi
TPAHCMUCCHUEHN, MO3BOJIMBIIAS YCTAHOBUTH 3aBUCUMOCTh TEXHUYECKOIO COCTOSHHUS
3yOuaThIX nepenady U ppuUKIUOHHBIX My(T OT OTHOCHUTEIBHBIX YIJIOBBIX IEpeMelie-
HUM  BEIOMBIX M  BEAyIHUX  J3JEMEHTOB  TPAaHCMHUCCUM IPU  TECTOBBIX
BO3AeHCTBUAX [16—A, 22=A,.23-A, 25—-A].

3. CopmynupoBaHbl yCIOBUS JOCTOBEPHOTO JTUATHOCTUPOBAHUS 3yOUaThIX Tie-
penay u ppUKIUOHHBIX MYPT THAPOMEXAHUUECKON TPAaHCMUCCUU (DPOHTATIBLHOTO IO~
rpy3unka MoA3-4048, yuuTsIBaronye NOrpeiHOCTH, BO3HUKAIOIINE U3-3a YIPYTUX
AJIEMEHTOB MPU OIPENEIIEHUH CYMMapHOro YIJIOBOrO 3a30pa 3yOuaThIX Nepenad H
MOMEHTOB Hayajla M OKOHYaHUS OYKCOBaHUSA (PPUKIHMOHHBIX MY(T MPH TECTOBBIX
BO3/ICICTBUSIX HA TPAHCMUCCHIO B TIpoliecce ABWKeHus [17-A, 24—-A, 26—A, 28-A].

4. Pa3zpaOoTaHbl aJropuTMbl KOMIBIOTEPHON JUATHOCTUKH THIPOMEXaHUYECKOM
TPAHCMHUCCHH, TIO3BOJISIOIINE OLIEHNBATh TEXHUYECKOE COCTOSIHUE 3yOUaThIX Mepead
U (QPUKIUOHHBIX MY(PT MO OTHOCUTEIBHBIM YTJIOBBIM MIEPEMEIICHUSM BaJIOB KOHTPO-
JUPYEMBIX UMIYJIbCHBIM CIIOCOOOM M MPOBOJIUTH AUATHOCTUKY B JIBUYKEHUHU BCTPO-
€HHBIMU ¥ BHEIIHUMU KOMIIBIOTEPHBIMH CPEICTBAMH HE BBIBOJIS MAIIMHY W3 IKCILTY-
aTaluy, MOBBIIAg TEM CaMbIM JKCILTyaTAlMOHHYIO HAJEKHOCTh OJHOKOBIIOBOIO
dbporTanmpHOTO TOTpy3unka [2—-A, 3-A, 4-A, 5-A, 7-A, 8-A, 9-A, 13-A, 18-A,
19-A, 21-A].

5. Ilomy4yeHsl pe3ynbTaThl SKCIIEPUMEHTAIBHBIX UCCICAOBAHUN, ITOITBEPKIAIO-
1€ MPaBUIBHOCTb AJTOPUTMOB JIMAarHOCTUPOBAHUS 3y0UaThIX mepefad U (ppUKIH-
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OHHBIX MY(T THIPOMEXaHMYECKON TPAHCMHCCUU OJHOKOBIIOBOTO (DPOHTAIHLHOTO
MOTPy34YMKa B JBUKEHUHU IO OTHOCUTEJBHBIM YIJOBBIM MEPEMEIIEHUSAM BaJIOB, KOH-
TPOJIUPYEMBIX UMIYJIBCHBIM CIIOCOOOM. JIaHHBIN cIOCOO U3MEPEHUS OTHOCUTEIbHBIX
YTJIOBBIX MEPEMENICHHUI BAJIOB MO3BOJISET ONPEAENSITh CYMMApPHBIN YIJIOBOM 3a30p C
MOTPENTHOCThIO cocTaBisromieit 5,6 %...10 %, nmpu cooTBETCTBYIOIIEM BBHIOOpE Ya-
CTOTBI ~ ONOPHOTO W  BBIXOAHOTO CHUTHAJIOB IpPU  JHATHOCTUPOBAHHHU B
IBMOKEHUM [6—A, 27-A].

PexoMeHganuu 1o NnpakTu4ecKOMY MCIOJIb30BAHUIO Pe3yJIbTATOB

1. Pe3ynbTaThl MpoOBEACHHBIX MCCIEAOBAHUN CUCTEMbI AMATHOCTUPOBAHUS 3y0-
YyaThIX Mepefad U (PPUKIHOHHBIX MY(PT THAPOMEXaHHMYECKONW TpaHCMHCCUU (PpOH-
TanbHOro mnorpy3unka MoA3-4048 1mo OTHOCHTENBHBIM YIJIOBBIM/ [IEpEMELLIEHHSIM
BaJIOB KOHTPOJIMPYEMBIX HUMITYJIbCHBIM CIOCOOOM MOTYT OBITh. MCIIONb30BAHBI IS
CO3JaHMs BHEIIHUX U BCTPOCHHBIX CPEICTB AUATHOCTUKH W APYTUX CTPOUTEABHBIX U
JOPOKHBIX MAIIHH.

2. Pe3ynbTarhl TEOPETUYECKHUX U IKCIIEPUMEHTATBHBIX UCCIIEA0OBAHNI BHEAPEHBI
B y4eOHBII nporiecc: 1abopaTopHas padota «OnpeneseHre TMHAMUYeCKUX mapameT-
POB TPAHCMUCCHHU ISl TUATHOCTUPOBAHUS 3yOUaThIX 3alleMICHNH KOpOOKHU mepenad
B JIBDKEHUI JUISl HIOATOTOBKM MHXKEHEPHBIX KAJPOB 10/ KypCy «JlnarnocTuka cTpou-
TEJIbHO-TOPOKHBIX MAalIMH» (CM. aKT BHEIPEHUS B NpUioKeHnu JK).
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PE3IOME

CynakoBa BepoHuka AnekcanapoBHa
JluarHocTupoBaHue 3y0UaThIX nepeaay v GpUKIHOHHBIX MY (T
THAPOMEXaHNYECKOM TPAHCMUCCHH OJHOKOBIIOBOIO (DPOHTAIHLHOIO
NOIPY34YUKA B ABUKEHHUH 110 OTHOCHTEIbHBIM YIJIOBBIM IepeMelleHUsAM
BAJIOB

Kawuessle ciioBa:

JlnarHoctupoBaHue, 3y0UaThie nepeaayn, CyMMapHbIN YTIIOBOM 3a30p, PpUKITH-
OHHBIC MY(THI, CcleTUIeHHE, OYKCOBaHHUE, TPAHCMHUCCHUS, UMITYJILCHBIN" cr1oco0;. 60p-
TOBasl TUArHOCTUKA, CTEH/, MATEMATHUYECKAST MOJIEIIb.

JlanHast paboTa MOCBSIIEHA OLIEHKE TEXHUYECKOTO (COCTOSIHUSL 3yOuaThIX mepe-
Ja4 MO0 CyMMAapHOMY YIJIOBOMY 3a30py, XapaKTepHU3YIOIIeMy H3HOC pabouux Io-
BEPXHOCTEH 3yObeB, U (PPUKIIMOHHBIX MY(PT M0’ OYKCOBAHUIO.IIPU TIepeaue MaKCH-
MaJIbHBIX KPYTSAIIMX MOMEHTOB U 10 BPEMEHU. HEPEKITIOUCHUS CTyIIeHEe!H B TUApOMe-
XaHUYECKON TpaHCMHCCHUU, Ha TMpuMepe  GpoHTanbHOro norpyzunka MoA3—4048.
O1neHKy NpeyiokKeHO MPOBOAUTH MO OTHOCUTEIHHBIM, YTTIOBBIM MEPEMEIICHUAM Ba-
JIOB, KOHTPOJMPYEMBIX HUMITYJIbCHBIM CHOCOOOM, TPEAHA3HAYEHHBIM JI1 KOMIIbIO-
TEepHOM AMArHOCTUKH. Pa3paboTaHbl aNropuTMBI AUArHOCTHKHU 3yOuaThIX Mepenad u
GPUKIIMOHHBIX MY(T THAPOMEXAHNYECKOM . TpaHCMUCCH B mpouiecce aBuxkeHus. Co-
3/laHa TMHAMUYEcKas 1 MaTeMaThyecKasi MOJCIU UMIYJIbCHOW CUCTEMBI TUAarHOCTH-
KH, BKJIIOYAIOLIEH OOBEKT W-Cpe/CTBa AUAarHOCTUPOBAHUS, MO3BOJISAIONINE BHIOPAThH
napaMeTpbl CUCTEMbLU ITapaMeTpPhl TECTOBBIX BO3JECUCTBUN Ha TMIPOMEXaHUUECKYIO
TPAHCMHCCHUIO MTPH IHArHOCTUPOBAHUY B IBH)KEHUU.

HoBu3zHa mpeaioxkeHHOrQ MMITYJIbCHOTO Ccrioco0a it IUarHOCTUKU 3yOuaThIX
nepeaad w-PUKIMOHHBIX My(DT 3amumieHa Tpems nareHtamu PecnyOnuku bena-
pych. Paborocnoco0noetrh pa3pabOTaHHBIX aJrOPUTMOB AWArHOCTUPOBAHUS MOJI-
TBEP)KJICHA SKCIIEPUMEHTAIBHBIMU HCCIEAOBAHUAMA Ha MOTOPHO-IMHAMUYECKOM
CTEHJIE.

JlanHast pa3paboTka PEeKOMEHIYeTCS AJISi CO3[aHUSl BCTPOCHHBIX M BHEUIHHX
CUCTEM AMArHOCTUKH 3yOYaThIX Mepenad TPAaHCMHUCCHUN MO CyMMapHOMY YIJIOBOMY
3a30py. U+ (PPUKLMOHHBIX 3JIEMEHTOB MEXaHMUYECKUX M TUIPOMEXAHUYECKUX TpaHC-
MUCCHI 10 OYKCOBaHUIO MpU IMepeaadye MaKCUMAJIbHBIX KPYTSIIUX MOMEHTOB M IO
JUTATEIHHOCTU TEPEKIIIOUEHUS CTyNeHEeH. DTO MO3BOJIUT MOBBICUTh KOHKYPEHTOCIIO-
COOHOCTH MaIlIMH, BblyckaeMbIx PecryOnukoit benapyce.
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RESUME

Sudakova Veronika Aleksandrovna
Diagnosticating of toothed gearing and friction muffs of hydromechanical
transmission single-bucket frontal loader afoot on the relative angular moving
of billows

Keywords:
Diagnosticating, gearing, total angular gap, friction muffs, coupling, skidding,
transmission, impulsive method, side diagnostics, stand, mathematical model.

Hired sanctified to the estimation of the technical state of-toothed gearing on a
total angular gap, characterizing the wear of working surfaces of points,-and friction
muffs on skidding at the transmission of maximal twisting moments and at times
switching of the stages in a hydromechanical transmission, on the example of
frontal loader of MoAZ- 4048. An estimation itis suggested to conduct on the rela-
tive angular moving of the billows, controlled by the impulsive method intended for
computer diagnostics. The algorithms of diagnostics are worked out toothed gearing
and friction muffs hydromechanical transmissions in the process of motion. The dy-
namic is created and mathematical to the model of the impulsive system of diagnos-
tics, including an object and facilities diagnosticating allowing to choose the param-
eters of the system and parameters of the test affecting hydromechanical transmis-
sion at diagnosticating afoot.. The novelty of the offered impulsive method for diag-
nostics of gearing and friction muffs is protected by three patents of Republic of
Belarus. The capacity‘of the worked out algorithms of diagnosticating is confirmed
by experimental researches on a motor-dynamic stand.

This development is recommended for creation of the embedded and external
systems of-diagnostics of gearing of transmissions on a total angular gap and fric-
tion elements mechanical and hydromechanical transmissions on skidding at the
transmission of maximal twisting moments and on duration of switching of the
stages. It will allow to promote the competitiveness of the machines produced by
Republic of Belarus.
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PI23I0MD

CynakoBa Bepanika AnsikcanapayHa
JIpIATHACTABaHHE 3y04YacThIX Nepaaay i GppbIKUbICHHBIM MY(]T rigpame-
XaHiYHail TpaHcMicii agHaKkaymoBara (ppaHTajbHara narpy34bika y pyxy na
aIHOCHBIX BYIJIABBIX IEPACOYBAHHAY BaJIOy

KiarwouaBbis CJIOBBI:

JlpIirHacTaBaHHEe, 3yO4yacThls Mepajaydbl, CyMapHbl BYTJIaBbI 3a30p, (PPBHIKIIbI-
€HHbI My(ThI, CUAIUICHHE, OyKCaBaHHE, TPAHCMICIs, UMITYJIbCHBI criocad, OapTaBas
IBIATHOCTBIKA, CTIH, MaTAMATBIYHASI MaIJIb.

JlanzeHast mparnia npeiCBeYaHa BBISYIICHHIO TOXHIUHAra CTaHy 3y04acThIX mepa-
Jad 1a cymMapHaMy BYTJIaBOMY 3a30pY, SKi XapaKTapbi3ye 3HOC paboUbIX-HaBepXHSY
3y0'sty, 1 GPBIKIBICHHBIX MY(PT Ma OyKCOBaHHIO MPbI NEpajaubl MaKCIMAIBHBIX KPY-
TOYHBIX MOMaHTay 1 Ma yace MEpaKIIOudHHS Mepaaayd y riipoMeXaHudyHail TpaHc-
Micli, Ha MpBIKIaa3e ppaHTanbHara narpy3usika MaA3-4048.

AlleHbBaTh NpanaHaBaHa MPaBOJ3ILb 114 ATTHOCHBIX: ByIJIaBbIX IE€pacoyBaHHIX
BaJIOY, SIKisl KAHTPATIOIOII[A IMITYJILCHBIM CHOCA0aM, HpbI3HAYAHBIM JJIsl KaMITyTapHai
JBIATHOCTHIKI. PacmpariaBanbl anrapbITMbl IbIITHOCTBIKI 3yOUacThIX mepagad 1 Gppbik-
IBICHHBIX My(QT TifpamexaHiyHail /TpaHcwmiciit 'y pyxy. CTBopaHa AblHaAMiYHas 1
MaTIMaTbIYHAs MaJI3IIl IMITYJIbCHAN CICTAMBI ABIITHOCTBIKI, Y SKYIO YBaXoA341b a0'eKT
1 CPOAKI JbIATHACTABaHHS, SIKISL JA3BAJISIOLb, BHIOpALlb MapaMeTphl CICTIMBI 1 MapaMeT-
PBI TACTABbIX Y3/3CSIHHSY. Ha T[paMeXaHIdYHYI0 TPAHCMICIIO MpPbI JbISITHACTABaHHI ¥
PYXy.

Hagi3na nparnanaBaHara iMmyJbcHara crnocaly Ui JbIATHOCTBIKI 3yOUacThIX
nepagad 1 QpeIKHBICHHBIX MY(T abapoHeHa TpbhiMa maTdHTami Pacmy6umiki bena-
pych. AqnaBeAHACLIb paclpaliaBaHbIX ajJrapbiTMay AbIITHACTABaHHS MalBEpKaHa
IKCIIEPbIMEHTANIbHBIMI IacIeIaBaHHAMI Ha MaTOpHA-/IbIHAMIUYHBIM CTIHA3E.

Jlanzenas paernpalioyka pskaMeHayenua sl CTBAp3HHS YHYTPAHBIX 1 3HEIIHIX
CICTOM JIBISITHOCTBIKI 3y04acThIX Mepajay TPaHCMICIH Ma CyMapHBIM BYTJIaBbIM 3a-
30py 1 (PPBIKIBICHHBIX JJIEMEHTAY MEXaHIYHBIX 1 TiJpaMeXaHIuYHbIX TPaHCMICIH ma
OYKCOBaHHIO “IIpbl IMepajaybl MaKCIMAJIbHBIX KPYTOYHBIX MOMaHTay 1 Tia
npausitiacil NepakiIoy3HHA nepajaad. ['aTa 1acup MardsiMacip MaBbICIb KaHKYP-
BHTA3A0JIbHACIIb MallIbIH, IITO BhITycKatoa Pacnyomnikail benapyce.
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Hayunoe nznanue

CYJIAKOBA Beponunka AnekcanapoBHA
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