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YK 629.113
KA®E/IPA «TPAKTOPBI» BHTY- 65 JIET IIO ITYTU B
BYJAYIIEE
THE DEPARTMENT "TRACTORS"™ BNTU - 65 YEARS ON THE
WAY TO THE FUTURE
JI.B. Kanckuil, Oexan asmompaxkmopro2o paxkyivsmema
B.I1. Boiixos, 3as. xageopoii « Tpaxmopol»
benopycckuili HaMOHANbHBINA TEXHUYECKUN YHUBEPCUTET
r. Munck, benapych
Kapsky D.V., Boykov V.P.
Belarusian national technical University,
Minsk, Belarus

Kadenpa «Tpakroper» Obuma cozgana B 1953 romy.. Ha
npoTsoKeHuu 65 et kadempa TOTOBUT  CIIELIUAJIHCTOB,
o0ecreuynBarOIINX Pa3BUTHE COBPEMEHHOTO MAIIMHOCTPOUTEIHEHOIO
KoMmIiekca Pecnybnmuku benapych, BXOASINErO0 B YHCIO KPYMHEHIINX
MHUPOBBIX TPOM3BOAUTENIEH TPAaKTOPOB, KOJECHBIX M T'yCEHHMYHBIX
mammH. Kadenpa co3mana HayuyHble M KOHCTPYKTOPCKHE LIKOJIBI
Bbenapycu. Ceronus B ee cocTaBe paborator
BBICOKOKBAJTM(PHIUPOBAHHBIE CIIEIUATUCTHl KOJECHOH M TyCEHHYHOMH
TEXHUKH, a MOJIOABIE KaApBl SIBIAIOTCA OCHOBOH  KOJIIEKTHBOB
TEXHUYECKOTO TBOpUecTBa W mpomsBojctBa OAO «MT3», OAO
«M3KT», OAO «benkommynmainy, OAO «Amkogop», OAO «berA3»
U IpYTUX NPEIIpUATHI.

B nacrosmee Bpems Ha kadenpe BemeTcsl HOATOTOBKA HHKE-
HEpHBIX KaJpOB AHEBHOW (QOPMBI MOJTy4YeHHUs] 00pa30BaHUs 110 YETHIPEM
CHENHUATBHOCTAM:!

TpakropocTpoeHne; MHorouenessle I'yCEHUYHbBIE U KOJIECHBIE MAIIUHBL;
I'opoxnckol  nyieKTpuyecKHid TpaHCHopT, JIuM3aliH TIyCeHHYHBIX U
KOJIECHBIX MallliH.

Ha xadenpe «TpakTopsl» W CO3OaHHBIX Tpex (QuiMazax Ha
MIPOU3BOJICTBE Pa0OTAIOT:

- JIOKTOpa TEeXHHYECKHX Hayk, mpodeccopel: Bnamumup [letpouu
Borikos, Banepuit Bnanumuposud I'ycbKoB;

- JIOKTOp TEXHUYECKUX HayK, 3aM. 'eH. KoHCTpykTopa OAO «MT3», ri.
KOHCTPYKTOp 10 CIENHaldbHON TexHuke, mnpodeccop Bramgumup
AnppeeBnd KopoOkuH;



- KaHAMJATBl TEXHMYECKUX HayK, JoueHTel: [Opuit @panunesuy
Bamkesnu, YecnaB Mocudosnu XKnmanosuu, Anekcanap CepreeBud
IloBapexo, Awngapeit HMBanoBuu Paxmeit, ['eopruii AnexcaHapoBu4
TasHOBCKM, 3aM. Ha4. yNpaBleHUs N0 cepuiiHOMY npousBoacTsy OAO
«MT3» Banepuii I'enpuxosuu Epmanenox;

- crapmue npenojaBatenu: Anekcanap IlerpoBud AHTBHIMEHIOK,
Exarepuna Baxtanrosna 3antapus, Beponnka HukonaeBna JIykbsSHYHK,
IOpuii EsrenseBny OtnuBminkoB, Hukonait AnatonseBuy [lo3aHSIKOB,
Bragumup Huxonmaesna [Lmum, [TaBen Buktoposud Pamuenko, AHmpeit
AmnaronseBud J[3éma, ['annna JIbBoBHA MIBaHOBA, 3aM. TJ1. KOHCTPYKTOpa
o creruaibHoi Texuuke OAO «MT3» Erennii AnaronseBud Mainelr,
3aM. reHepaibpHOro koHcTpykropa OAO «MuHCKMH 3aBOJ| KOJECHBIX
Tsraueir» Aunapeit IlerpoBuu 3aifiieB, 3aM. TJIaBHOTO KOHCTPYKTOpa
OAO «MunHckuii 3aBOJ KOJECHBIX Tsrauei» Anapeid HukomaeBuu
SIyHUK;

- mpenonasatenu: JImutpuit Dayapaosuyd AreeHko, Muxawn MBaHoBu4
MaMoOHOB.

B obecnieuennn yuyeOHOro mpomecca Ha Kadeape u (unmanax
paboTaeT TaKke BBICOKOKBANH(UIMPOBAHHBI W OMNBITHBIN y4eOHBIN
nepconan: Anekcauap Ilerposna AHTEIMEHIOK; JltonMmuia EBrenneBHa
CrankeBny; Jlronmuna AnekcannpoBHa Yaran; Bmagumup VBanoBuu
Tpyxanosuu; Kpuctuna OmneroBHa AptumeHns; Enena AmnapeeBHa
AnpapeeBa; Omner NpanoBuu KynemoB; Cepreit Hukomaesuu ITnum;
Cepreit BnanumupoBud Muxanbu4eHKO.

Kadenpa no npaBy cuurtaercs Beayuield HayqYHON LIKOJOH CTpa-
Hbl TI0 KOJISCHBIM M TYCEHHUYHBIM MAaIllMHAM C TEXHOJOTHYECKHMU
KOMIUTIEKCaMH MHOTOLIETIEBOTO Ha3HaueHus. Ee mpernomaBarenn akTUBHO
Y4acTBYIOT B Hay4YHOM obecrieueHNH COBPEMEHHOI0
MAaIIMHOCTPOUTENBHOTO  TPOU3BOJCTBA, HAY4YHOTO  HCCIENOBaHUS,
CO3/aHUSl HOBBIX KOHCTPYKIUH MAaIlWH, BHUPTYANbHBIX M HATYpPHBIX
WCIBITAaHUM UX 3KCILTyaTaliHy.

JUia  TOBBIIEHWS  KayecTBa  IOATOTOBKH  CIEIMAIUCTOB
Kadeapol M3OAaHBl U MPHUMEHSIOTCA B Y4€OHOM Ipolecce KOMIIEKCHI
y4e0HBIX TIOCOOHMI 1O BCeM CHenHaibHOCTSM. B wacTHOCTH, Hambojee
W3BECTEH KOMIUIEKC y4eOHBIX TocoOmi «TpakTopbl» IUIS CTYAEHTOB
BY30B 10 CHELUAIBHOCTH «ABTOMOOHMIN U TPAKTOPBD B ACBATH YaCTSIX.
Ux aBropamm siBistorcs AtamanoB FO.E., bemos C.M., borman H.B.,
bynsko B.B., BacunseB B.T., Kabanor B.U., Kceneruu U.I1., Macrok



C.K., Cononckuit A.C. (mox oOme#i penaknueii mpogeccopa ['ycpkoBa
B.B.). B 1996 romy komnexkTuB aBTOpOB B coctaBe ['ycpkoBa B.B.,
AtamanoBa IO.E., benosa C.M., boiikoBa B.II., bormanma H.B. u
Kcenesuua W.I1. 6611 ynocroen ['ocynapctBenHoit npemun PecnyOmuku
Benapych 3a maHHBIN KOMITIIEKC Y4eOHUKOB.

B HacTosmiee BpeMs HayaTO M3JaHUE HOBOTO KOMILIEKCA
y4eOHBIX TOcOoOUi 1Mo 00ImMM Ha3zBaHuEeM «MHOTOIIeNIeBhIE KOJICCHBIE U
TyCEHUYHBIE  MAIMHBD), YK€ BBIILIO Tpu ToMma: Teopus;
[IpoexkTupoBaHue, IProHOMHKA U JU3AIH.

Kadenpa mmeer coBpemeHHbIe y4yeOHBIE J1abopaTopuu, OCHA-
LIEHHBIE HOBEUILIMMU CPEACTBAMM BBIYMCIUTENBHON TEXHUKU. [Ipu 3TOM
y4eOHBbIE CTEH[IbI ITOCTOSTHHO OOHOBIIAIOTCS, YaCTh W3 HUX 3allUIICHBI
MaTeHTaMy Ha U300peTeH s, IOJTyYeHHBIMHI COTpYIHUKamMu Kadenpel. B
y4eOHOM Tporecce IMUPOKO UCTIONB3YIOTCS KOMIBIOTEPHBIE TEXHOJIOTHI
MPOEKTUPOBAaHUS  MallluH, ¢GopMupyeTcss nadoparopus  JIU3aiiH-
MaKeTUPOBAaHUS W WCCIEIOBAaHUS MOJETe KOHIIETITOB MOOMIBHBIX
MallliH, OCHAIeHHAas HEOOXOMUMBIM TIPOTPAMMHO-ANIAPaTHBEIM |
HU3MEPUTETHHO-PETUCTPUPYIOMIUM KOMILIIEKCOM.

B pasBurum MarepuaibHO-TEXHHUYECKOH 0a3bl  Kadempsl
MPUHAMAIOT TIOCWJIBHOE YYacTHe 3aKa3dWKH KaJpoB — BeAyIIHe
npouiabHbIE MAalIMHOCTpouTeNnbHble mpennpusitus Pb. Bes wux
MOJICPKKH HEBO3MOXEH J>KM3HEHHO HEOOXOIWUMBIA JUIs Iporpecca B
COLIMAJIBHO-D)KOHOMHYECKOM PAa3BUTHUHM CTpPaHbl MEPEXO K HOBOMY
TEXHOJIOTHYECKOMY  yKJIaJly W K  pealu3alid  I[PEUMYIIECTB
MYJITUMOJAIGHOW HJKOHOMHUKH, a B BbICIIeM OOpa3oBaHMU — K
(akTHIeCKOMYy TPHUIAHHUIO YHHBEPCUTETaM (YHKIHUK TaK Ha3bIBAEMOTO
BBICOKOTEXHOJIOTHYHOTO KJacTepa, CyTh KOTOPOTO B TPHUEAHHCTBE
CUCTEMBI «IIepellaya 3HaHWW B MPOIECCe OOYdYeHHsI - MPaKTHYECKU
3HAQUMMbIE  HAy4yHbIe€  HCCIEJOBaHUS-KOMMEpUEcKas  peanu3anus
pe3yIbTaTOB M Pa3BUTHE 3a CUET IMOydaeMoi mpuObum». OMBIT TOTO,
KakK 3TO OCYLIECTBISICTCS, YK€ M3BeCTeH, Kadeapa paboTaeT B JaHHOM
HaIpaBJICHUU.

B ma6oparopum CAIIP crynenTsl mpoxomsaT oOydeHue cC
nepBoro kypca. Cremenp m miryomHa msydeHust CAIIP, a taxxke ux
WCIOJb30BAaHUE COBMECTHO ¢ aBromarusupoBaHHbiMu CAE-, CAD- u
SCADA-cucreMaMi TEXHUYECKOH M TEXHOJIOTMYECKOM ITOATOTOBKH
MPOU3BOJICTBA BO MHOTHX CIIyYasX OIpEAeNsIeTcs TpeOOBaHUSIMU U
COIJIACOBAaHUSIMU C 0a30BBIMH MPENNpPUATHIMU. B 3T0l yactn 0codeHHO



BoeigersaoTcs OAO «MT3» u OAO «M3KT», mnepemeamuMu Ha
0e30yMakHbIe TEXHOJIOTHH B MMPOSKTUPOBAHUU U W3TOTOBJICHUW MAIIIHH.
W3zyuaercst 60IBIION KacC HHTEPAKTUBHBIX MAKETOB (PYHKIIMOHAILHOTO
aHaJM3a  TPOEKTUPYEMBIX  KOHCTPYKIMH, WX  CTPYKTypHas U
nmapaMeTpuyeckas — ONTHMH3AlHsA, CBS3aHHAs C  OINpeJeiICHHEM
KOHCTPYKTHBHBIX IIapaMeTPOB MAaIIMH 110 33JaHHBIM KPHUTEPHSIM.
KommerorepHas TexHuka xkadenpsl umeet BbixoJ B UaTepHeT. CTyaeHTHI
noiy4aoT (yHIaMEHTaJbHbIE HAy4YHbIE M MPAaKTUYECKUE 3HAHUS, HX
y4aT MPOYHO OBJA/IeBaTh BBIOPAHHOW CIEIHATFHOCTHIO, HETPEPHIBHO
MONOJIHATH o0BeM MIPHOOPETEHHBIX 3HaHW, pacupsTh
MHUPOBO33PEHUYECKHI KpPyrozop # (opMUpOBaTh NAaTPHOTUYECKYIO
TpaXIaHCKYIO TIO3HIIHIO, 3apaHee HaMedyaTh TPACKTOPHIO CBOEH JKHU3HH,
OCHOBaHHYI0O Ha MPHUOPUTETHBIX OOIIECTBEHHO 3HAYMMBIX IIEHHOCTSIX
MOBBIILICHNSI OJIATOCOCTOSIHUS HAIIET0 HApOa.

Ha xadenpe akTBHO BemeTcs MaTeHTHO-IHUIICH3NOHHAA padoTa,
co3mano Oomee 1100 m300peTeHMit, HA KOTOPHIC MOJYICHBI aBTOPCKUE
CBUJIETETIHCTBA M MATEHTHI Ha M300peTeHusd. Bce AMMIOMHBIE MPOEKTHI
coJleprKaT MpeJI0KEHHbIE CTYJeHTaMU HOBbIE TEXHUYECKHE pEIIeHNus, a
JacTh paspabaThiBaeTCs Ha OCHOBE 3afBOK Ha W300peTeHUs U
MIPOMBIIIUIEHHBIE 00pas3Ilbl C MX aBTOPCTBOM. YK€ IIECTON IO, BIIEpPBHIE
B CTpaHe, Kadeapa aKTHBHO pa3BUBAaeT IOATOTOBKY WH)KEHEPOB-
MU3alHEPOB IUIsl C.-X. W TPaHCHOPTHOTO MAIIUHOCTPOCHHS, BOCHHO-
MIPOMBIIIUIEHHOTO KOMITJIEKCa, TOPHOTO Jiefia, Ui B hapBaTepe 3ampocoB
BpPEMEHHU Ha Ka4eCTBEHHYIO U KOHKYPEHTOCIIOCOOHYIO TEXHHKY.

OcymecTBnsercs MHOTOJIETHEE HAyYHO-TEXHUYECKOE
COTPYIHHYECTBO C PAIOM BYy30B M MHCTUTYTOB Ilompmm: BapmaBckum
arpapHbIM YHHBEPCUTETOM; ATrpapHO-TEXHHYECKON akajaeMuel, ropon
Beinrom; ITnonkum ¢unmanom BapimaBckoro TEXHHYECKOTO YHH-
BEpPCUTETA, ropo/I ITnonk, JIro0IuHCKOM ITOJIMTEXHUKOH,
[IpOMBIIIIIEHHBIM HMHCTUTYTOM CEJIbCKOXO3SICTBEHHBIX MAIIHMH, TOPOJ
[To3nanb. Kadenpa yuacTByeT B HaydHBIX KOHTAaKkTax C By3amMu PO,
npyrux crpad CHI, OrKHETO U JaTbHETO 3apyOeKbs.

Kadenpa Bcerma mpupacrana MHOTUMH CBOWMH BBIITYCKHUKAMU
W JUIJIOMUPOBAHHBIMA HAyYHBIMHM KaJpamH, BBIIEAIINMH W3  TATH
Hay4YHO-UCCIIE0BATENbCKIX nabopatopuii, B  pasHble  TOZABI
CO3/1aBaBIIMXCA TP Kadeape Mo pelieHusIM ToCynapcTBa IMOJ 3aJadn
pa3pabOTKH MOOMIIBHBIX KOJIECHBIX M TYCEHMYHBIX MAIIMH B paMKax
peanm3anuy CUCTEM MAaIlUMH AJs HapogHOTo Xos3sicTtBa. Ha xadenpe
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BBIMOJTHEHO W 3alIHIIeHo 15 mokropckux u Oonee 78 KaHIMIATCKHX
muccepranuii. Ee corpymamkamm wm3gaHo Oosiee 340 MoHorpadwuid,
Y4eOHMKOB M Yy4eOHBIX MocoOwuii, omyOnukoBaHo Oonee 1600 crareii.
BbImycKHUKaMU HAy4YyHOTO KOMILIEKCa Kadenpbl SBISIOTCS YUCHBIC,
KOTOpble MO0 HBIHE 3aHUMAT, JMOO 3aHMMald  HeJaBHO
OTBETCTBEHHBIE MOCTHI HA PA3JIUYHBIX MOMpHIIax, B yacTHocTd B BHTY
- Ckoiibena A.T. - 3aB. kadenpoii «/leranu mamus, [ITMuM» BHTY,
Pyxremens O.C. - 3aB. kadeapoir «ABTomMoOmIM», bobpoBHuk A.U. -
3aB. Kaenpoil «'maponHEeBMOaBTOMAaTHKAa M THUAPOIHEBMOIPUBOI,
UByTh P.b. - 3aB. kadenpoii « IKOHOMUKA U IOTUCTHKAY, 3enenslit I1.B.-
3aB Kadeaporn «MHxeHepHas rpaduka MaIIMHOCTPOUTEIBHOTO MPO-
¢uns», PazopenoB H.A. — 3aB. kad. «lIporpammHoe oGecriedeHue
BBIUMCIIMUTEIBHOM  TEXHMKHM W  aBTOMATH3HPOBAHHBIX  CHCTEMY,
TasnoBckuii [.A. — 3aB. kadenpoil «['opHble MamMHBD), MOJIOKOBHY
AJl. - 3aB. kadempoiri «Jloructuka» WHcTuTyTa OH3HEca W
MeHemkMeHTa TexHonmornid BI'Y. Ha kadenpe B pasHoe BpeMs YUHIHCH
M3BECTHBIE PYKOBOAMTEIN KOHCTPYKTOPCKUX IKOI: AmenpueHko [LA.,
Menemko M.I'. 1 Ycc U.H., - ObiBmMe reHepalibHble KOHCTPYKTOPHI
I'CKb MT3, Kopookun B.A. - 3am. reH. koHCTpykKTopa OAO «MT3»,
1. KOHCTPYKTOP MO CHEUUaIbHOW TEXHUKE, a Takke Matycesuu M.B. -
ObBIIMI 3amectutens mnpencenarens Kommurera ["ocymapcTBeHHOTO
koHTpons PecryGnuku Benapyce, ObIBIIMI 3aMecTUTENb MpeaceaaTens
Cosera PecrryOmmmku, ['pymmawk I1.I1. - mepBeIii 3aMectuTens MuHHCTpa
TpyJa U conmanbHOM 3amuThl Pecryonuku benapycs, Yanosckwmii E.B. -
OBIBILIMI NEPBBIA 3aMECTUTENIb MUHUCTPA TPAHCHIOPTA M KOMMYHHUKAINH,
SnkoBckuit B.M. - OBIBIIMIT TEpBBIA 3aMECTHTENb Te€HEPATHHOTO
mupektopa I[10 MT3, Konnpatuuk B.A. — OwsBmmii ['eHepanbHbIN
nupekrop OAO «AMKOJOp» - YIpaBlsiolas KOMIAHHUS XOJJIUHTa»,
JleBuenko A.A. -pupektop »siaektponeno «MockoBckoe» MuHCKOro
METpPOTIOJNTEHa, W MHOTHE IpyTHE.

Psan cotpynHukoB kadeapsl ObUIH yIOCTOCHBI MOYETHBIX 3BaHUH
Pecny6muku bemapyce: npod., n.1.1H. B.I1. boiikos, npod., n.1.H. A.M.
Comory0 - «3aciykeHHbII n300peTarenby; mpod., 1.17.H. B.B. 'ycbkoB -
«3acimyXeHHBIM JesTens Haykd H TexHukw». Ilpod., mTH. A.X.
JledapoB ObIn ymocToeH 3BaHMA «3acIyKEHHBIH MAIIHHOCTPOUTEIBY,
mpod., k.T.H. C.M. Benos - «3acmyxeHHBIH paOOTHUK BBICIICH IITKOJIBD».

TemaTrka Hay4HBIX HCCIICJIOBAaHWH, BBIMONHIEMBIX Kadeapoi,
BCErJa HEM3MEHHO COOTBETCTBOBala MOTPEOHOCTAM  HApOTHOTO
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XO35HCTBA, @ UX PE3YJIbTAaThl CAYKUIH (PyHIAMEHTOM MPOYHBIX CBA3EH C
MIPOU3BOACTBOM.

B cBs3u ¢ 3THM crenyer 0co00 OTMETUTHh OTPOMHOE BIIMSIHUE Ha
CBsI3b Y4EOHOTO mpolecca ¢ MPOU3BOJICTBOM, Ha OCHOBE HCIIOJIB30BAHUS
OTIBITa BRICOKOKBAM()UITUPOBAHHBIX KaJIPOB 3aBOJIa M €r0 MaTepHAIIbHO-
TeXHUYECKOW 0aspl, opranm3oBanHor Ha MT3 eme B B 1975 romy
kadenper «KosecHble TpPakTOpBD», MPeoOpa3oBaHHON 3aTeM B (puimain
kagenpsl «Tpaktopery BHTY Ha OAO «MHuHCKHIT TpaKTOPHBIA 3aBOIY,
KOTOPYIO BHAuaje BO3I[JIABIII TE€HEPABHBII  KOHCTPYKTOp IO
MpOMAIIHBIM TPaKkTOpaM, JOKTOp TEXHHYECKHX HayK, mpodeccop, a
3areM akageMuk PACXH, akanemuk-cexperapp BACXHUJI, rnaBHbIN
penakTop XypHana «TpakTopbl u cenpxo3mamuHby MBan IlaBnoBuu
KceneBnu. B Hacrosmee Bpems ¢GuimanoM pyKOBOAWT Bmamumup
AnzapeeBnd KopoOkuH — crenmanuct B O0JIACTH MPOSKTHPOBAHHA U
MIPOU3BOJCTBA CHEIUANBHBIX I'YCEHUYHBIX MAIIWH U MAIIUH Pa3InYHOrO
HapOJAHOXO3SMCTBEHHOr0 HaszHaueHus. B 1964 roxgy  okoHuui
benopycckuii  MOJUTEXHUYECKUH  MHCTUTYT MO  CHEUHATBHOCTH
«ABToMoOunK u TpakTops». C 1986 roga kKaHAWAT TEXHUUECKUX HAYK,
¢ 2005 rona - 1okTOp TexHUUYeckuX Hayk. Jlaypeat JIeHMHCKOM mpeMuun
u npemun CoBera Munuctpos Pb, akagemuk akamemMuu mpobGieMm
kagectBa (Poccust) M MexxayHaponHOW akaaeMuu HH(OPMAIMOHHBIX
TEXHOJIOTHH, 3aCIyXEeHHBIH paOOTHUK MpoMbIIuIeHHOCTH PB, mydmmmii
n3o0peraress MUHTPAKTOPOCETbX03Mallla, HayYHBIH pyKOBOJHUTETH 3-X
3aganuii 'HTII "Mammnoctpoenue"”, unen skcneptHoro Cosera BAK
Pecny6nuku benapyce, Harpaxnen opaeHoM «3Hak [lodyera» n Menanbio
«3a pobnectHBId Tpya».ABTOp Oosee 120 HaydHBIX pabOT M cTaTeH,
SBIISETCS. OJHUM M3 aBTOPOB KHHUTHM «MHOromeneBsle TI'yCeHUYHBIE
maccu» M yueOHoro mocobus «Jlecubie MamumHbl «bemapycy, mmeer
6omee 110 aBTOPCKUX U300pETEHUH 1 MTATEHTOB, OOJBITMHCTBO KOTOPBIX
BHEJPEHBI B NMPOU3BOJCTBO. B HacTosIee BpeMs TJIaBHBIH KOHCTPYKTOP
no creruansHoi Texanke OAO MT3, mauanenuk YKOP-2, npodeccop
kadenpsr «Tpakropery BHTY.

C 1 centsa6ps 2008 romxy co3ngan dhumuan kadenpsr « TpakTopsdy
Ha MUHCKOM 3aBOJi¢ KOJIECHBIX Tsaraued. Bosrnasui ¢unuan [naBHBIN
koHCTpykTOop OAO «M3KT» HOpmit UBanosuu Hukomnaes. B 2013 roxy
oH ymoctoeH l'ocymapcTBeHHOW mpemun Pecmyonmukm bemapych 3a
CO3JJaHUE KOJIECHOM TEXHUKHU.
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Co3manne ¢unmuana xageapsl B OObEOIUHEHHOM HHCTHTYTE
mexannku mamuH HAH Bemapycu, B koTopoM paboTaioT y4eHEIE B
objmacTh au3aifHa TPAHCHOPTHBIX MAIMH, IIO3BOJIMJIIO TPHAATH
HEOOXOOUMBI HMIYJIbC PAa3BUTHIO ITOATOTOBKH CHEHUAINUCTOB TI0
CHEUNAIBHOCTH «/lM3aliH I'yCEHHMYHBIX M KOJECHBIX MAIlH», YCBOCHUIO
CTYICHTAaMH  IIEPEOBBIX  METOJOB M  TEXHOJOTMH  JIu3aiiH-
MIPOEKTUPOBAHUS ISl pEAJIbHOTO MPOU3BOJICTBEHHOTO PUMEHEHHSI.

OtMeuas cBoe 65-metHe, KOIEKTHB Kadenpsl «TpakTopb» c
071aroJapHOCTHI0 YTUT M IOMHHUT IPO(EecCOpCKO-IIPENoaaBaTeIbCKUi
COCTaB, BETEPaHOB Kadenpsl, COTPYAHUKOB, CTYJEHTOB M BCEX T€X, KTO
Mo KpyIHIaM co3faBajl U pa3BuBan kadeapy Bce 3T roabl. Kadenpa c
07aroJapHOCTBIO COXpaHSET MaMsAThb O TEX, KTO CO34aBajl MM U
3HaunMOocTh Kadenpe «Tpakrope» BIIW/BITIA/BHTY: B.II. Cycnos,
C.A. baynoB, CK. Macwk; A.X. Jledpapos, B.B. bymsko, B.T.
BacunseB, C.M. benos, H.B. Bornan, A.M. Conory® u MHOTME ApyrHe.
C 0coObIMH TEIUIBIMM YYyBCTBAMH YBaKEHHUsI Kadeapa OTHOCHTICA K
HacJenInio, ocTaBliecHHOMY Berepanamu: A.D. Amnapeesbim, HO.E.
AramanoBeiM, ['.A. Monomem, [.II. I'pubko, KoTOpBIE U TeEmEph
MOJ/ICPKUBAIOT CBA3b C pOAHOM Kadenpoil. beiBmme coTpyaHuKu
Kaenpel: OKTOp TEXHWYECKHMX HayK, mnpocdeccop Banmesnu B.B.,
KaHIUJaT TeXHUYECKUX HayK, JouneHT Pomanuuk E.A. Tpyzasrca mo
NPUTTAICHUAM  BEAYIIMX  YHUBEPCHUTETOB  Ha  aMEPUKAaHCKOM
koHTuHeHTe. Ceromnsa kadenpa, MNO-IPEKHEMY, COXPAHIET CBOIO
aKTUBHOCTb M MMEET MOTEHIMAT Pa3BUTHSA 32 CUET HAIEIeHHOCTH Ha
CO3MJAaHHWE W TIOBBIIICHWE HAYYHOH KBadM(UKALUK LENOW TPYIIbI
MOJIOJIBIX IpenoaaBaTeneil.
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VK 629-33
YHUBEPCAJIbHBIN TPA®UK JJIAA OTOBPAXKEHUSA
XAPAKTEPUCTUK TPAKTOPA C
SJEKTPOMEXAHUYECKON TPAHCMUCCHEN
THE UNIVERSAL GRAPHIC FOR MAPPING OF
CHARACTERISTICS OF THE TRACTOR EQUIPPED WITH
ELECTROMECHANICAL POWER TRAIN
U.U. XKnanoBud, KaHa. TEXH. HAYK, JOLICHT,
H.B. Kasniuaun, crapiimii npemnojiaBaTeb,
Bbenopyccknii HAMOHAJIBHBINA TEXHUYECKU YHUBEPCUTET,
r. Munck, benapycs
Zhdanovich C.1., Associate Professor, PhD in Engineering,
Kalinin N.V., Senior Lecturer,
Belorussian National Technical University, Minsk, Belarus

B cratee mpemmoxen cmoco6 moctpoeHus B Delphi  XE
VHHBEpCcaIbHOrO  rpaduka  Uisi  OTOOpaKeHHS  3aBHCHUMOCTEH,
MOJIYYEHHBIX IIPH pacd€re TArOBO-CKOPOCTHBIX CBOMCTB TpakTOpa C
BHGKTpOMexaHH‘{eCKOﬁ TpaHCMI/ICCI/IGf/i.

The paper considers a dependence for creation of dependences
received during calculation of high-speed properties of the tractor
equipped with electromechanical power train by means of Delphi XE.

BBEJIEHUE

Hus pacuéra MOMEHTa Ha pPOTOpPE TATOBOTO ACHHXPOHHOIO
anekrponsurarens (TAJl), MOMeHTa Ha Koi€cax W IPYTHUX HapaMeTpoB
COCTaBJIeHa MPOTpaMMa, Pe3yNbTaThl paboThl KOTOPOH HpPEICTaBICHBI B
[1, 2 u 3], a pacuéTHbIC 3aBUCUMOCTH U UX BBIBOJ — TaM ke U B [4, 5].
beun  mocTpoeHBl Tpaduueckue 3aBUCUMOCTH C HCIOJIB30BaHUEM
komnoneHTa TChart um xpuBsix TLineSeries, THorizLineSeries u
TPointSeries (pabota ¢ rpadukaMu omnucana, HapuMep, B [6]).

Jlanee Obuta poOaBiieHA MOAENh M TOCTPOCHHS — TATOBOWM
XapaKTePUCTUKH, YTO IMOTPEOOBATIO CTPOUTH TPApUKH CHIIBI TSATH, CHITBI
TSITU Ha KpOKe M T.J. YHCIO KOJOHOK pacu€THBIX 3HAYEHHUM, IO
KOTOPBIM CTpPOSITCS TpaduKH, yBeauduwiochk Ooiee yem g0 70. UToObI
o0ecnednTs BO3MOKHOCTD MPOaHAIM3UPOBATH BOOOIIE BCE BO3MOXKHBIS
3aBHCHMOCTH Tpaduueckd, HYXHO JuOO co3maTh OdYeHb OoJbIIoe
KoM4yecTBO KomrioHeHToB Chart C kpuBbiME Series, 4To TOTpeOyeT
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OYCHb MHOTO BpPEMEHHM M CHIelaeT MpOorpaMMy OYEeHb T'POMO3JKOU W
HEYZ0OHOW B HMCIMOJB30BaHHH, JTHOO KaXIbI pa3 MpU BO3HUKHOBCHUHU
HecTaHaapTHoro ciydas n1o6aensate Chart C Series ¥ IporpaMMHpOBaTh
nocrpoeHue rpaduka, Ha 4TO TOTpPeOyeTCs BpeMs U HEOOXOIUMOCTh
BMEIIATENIbCTBA ~ MpOrpaMMHCTa.  [IporpamMmoil  mpeaycMOTpEeHO
coxpaHeHHEe TaONHWIBI pe3yapTaToB pacuéra B Microsoft Excel,
CPEJICTBAaMH KOTOPOI'0 MOXHO MOCTPOMUTH HYXHbIH rpaduk. OmIHAKO 3TO
TOXE MOTpedyeT MHOTO BpeMeHH. [lokakeM, Kak MOXKHO O0CCIICYHUTH
MOJIH30BATEII0 BO3MOXKHOCTh HE BBIXOJIS U3 MMPOTPAMMBI M HE TIOJIB3YSCh
Microsoft Excel yka3arh, kakyto BEIMYHHY HYXKHO OTJIOXKHUTh 110 OCH X, a
KaKyI — I10 OCH Y, a TaK)Ke CaMOCTOSATEIBHO JaTh Ha3BaHUE rpadukam,
YTOOBI 3aTEM MPHU HCIIOJIB30BaHUU HOXHHI Windows miu KOMOMHAIIUN
kimaBum  Alt+Print Screen MOXHO OBUIO CKONMHAPOBATh ITOCTPOCHHBIH
rpadMKk W 3aTE€M BCTaBUTh €r0 B TPEOYyEeMbId JOKYMEHT HE HCIIOJIB3YS
rpaduuecKie peaakToOPhl I K3MEHEHHSI MTO/IIIHCH OCCH.

[NPOI'PAMMHAS PEAJIM3ALIA ITOCTPOEHU A
YHUBEPCAJIBHOI'O TPA®UKA

Jlnst mocTpoeHust rpaduka ucronb3dyeM kommoneHT Chart, momoxum
4 Series s mOCTpOeHUs Tpa(UKOB MPU HOMHUHAILHOM PEXUME PabOTHI
TAI [1, 2] u 4 — npu npenensHoM. [1o 4 KpUBBIX AT KaXKIOTO peXUMa
B3jATBl W3 pacdyéra, 4YTO B TPAKTOpPE C DIIEKTPOMEXaHWYECKOU
TpaHCcMHCCHel He Oonee 4eThIpEX Iepefad; eciad 4YHUCIo Iepenad
MEHbBIIIe YEeTHIPEX WM paccMaTpuBaeTcs paboTa TOIBKO Ha OJHON U3
HUX, TO 4YacTh KPUBBIX HE OyIeT 3a7eliCTBOBaHA.

[lanee nanum BO3MOKHOCTbH IOJIb30BATENIO BEIOUPATh, KAKME UMEHHO
KpuBbIe OTOOpaxkath Ha Tpaduke, ucroib3oBaB (iaxku CheckBox
(pucyHok 1). IlepBblii ¢umaxok 3amporpaMMHUpyeM TaK, 4TO €CIId OH
BKJIIOUEH, TO COOTBETCTBYIOIIAS €My KpHBas OyIdeT oToOpakaTbcsi Ha
rpaduke, a eciii BBIKIIOYEH, TO He OyaeT:

procedure TForml.CheckBox11Click(Sender: TObject);

begin Series72.Visible:=CheckBox11l.Checked; end;

AHaJIOTHYHO U C OCTAIBHBIMH (DIaKKaMH.

310 B Delphi XE MoxHO caenateh u 0e3 co3mgaHus (BraxkoB
CheckBox, BeiopaB CheckBoxes B cTuiie JiereHabl, HO TOT/Ia B JICTEH/IE
OyayT oroOpaxaTbCsi KpUBBIE BceX TpaduKOB: M TeX, KOTOpHIE
MIOKA3aHBbl, ¥ TEX, KOTOPBIC OTKJIFOYCHBI.

15



Jns moanucu Bcex 8 rpadukoB (4eThIpEX rpadukoB 1-oif rpynmsl u
4eThIpEX rpauKOB BTOPOW TPYHNNBI) HCIOJIB3YeM  KOMIIOHEHT
ValueListEditor (Ha pucyHke 2 BHIHBI TOJBKO 5 U3 8 CTPOK) M KHOIKY
"Iloamucars", KOTOPYIO 3aPOTPaMMUPYEM TaK:

Series71.Title:=ValueListEditor8.Cells[1,1];

Series72.Title:=ValueListEditor8.Cells[1,2];
<...>

Series78.Title:=ValueListEditor8.Cells[1,8];

Ecam yacth CTpOK OCTaBHTH IyCTBIMH (IIOJNUCATH HE BCE rpaduKu
WIN OCH), TO IporpaMma He BblmacT ommoOKy. [losTomy ecnm HyKHBI
TOJNIBKO JABa rpaduka, a He Bce 8, TO MOAMUCH MOXHO CHAEaTh
aHaJIOTHYHO PUCYHKY 2.

Moanvcw rpacdmkos
Buanmele kpyBbie
Kpweas MMognwce =

o1 ‘1a 1 M MognucaTb
v 2 4 2a 2
¥ 3 ¥l 3a 3
V4 Y143 ‘11a 5 .| |Mo ymonuyanuio
Pucynok 1 — ®naxkn s Pucynok 2 — KoMIOHEHTHI A7t
KPHUBBIX TTOJIITHCH KPUBBIX

IMoanucy ocelt TOJKHBI COOTBETCTBOBATH U3MEHSIEMBIM MTApaMeTPaM.
s atoro ucnosibdyem Ooku penaktopa LabeledEdit u xHonku BitBtn
(pucynok 3). Ilomp3oBarens BBenér B LabeledEdit Ha3zBanme mommnuceit
oceil, METKHET 10 COOTBETCTBYIOMIECH KHOIKE — M TOATHCH Ocel OyayT
ycranoBiensl. [Iponenypa OnClick kHonku "YCTaHOBUTH IS JICBOW W
HIKHEH":

Chartl5.LeftAxis.Title.Caption:=LabeledEditl2.Text;
Chartl5._BottomAxis.Title._Caption:=LabeledEditl3._Text;

Moanuck oceit
nesoit (y) npaeoi (y)

HYKHER (%) BepxHeit (x)

YCTaHoBUTb ANs NEBOA W HDKHEN | |yc1'aHom1Tb ANA NpaBoi K BerHeﬁ|

Pucynok 3 — KoMmoHeHTsI 1u1s HOANMcH oceld rpaduka

CrenaeM Tak, 9TOOBI MOXKHO OBIJIO HE TOJIBKO TIOCTPOWTH 3HAUCHHUE
OJIHOTO TMapaMmeTpa OT JAPYroro JUis HOMHHAJIBHOTO U MPEACIbHOrO
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PEKUMOB, HO W JBE rpaduuecKkue 3aBUCHMOCTU Uil Kakoro-iubo u3
PEKUMOB T10 BEIOODY.

[ Ocb V cnpasa I[J_ISI 9TOIr0 MOXET BO3HUKHYTH HeO6XOJII/IMOCTB
@ |

Ocb X LBEDXY | Fpa(bI/IKI/I o pasHbIM MHOapamMeTpaM IPUBA3aATh K

Pucynok 4 — Pa3sHbIM OCSM. HHH rpaq)I/IKOB o YMOJYaHUIO 6yZ[CT

Qnaxku A1 0CEH  jrepas ochb Y M HMKHAA OCh X. UTOOBI IpHBS3aTh
BTOPYIO TPYIIY TpaQuKOB K JAPYTHM OCSM, IOJIOKHUM JUIsi BTOPOH
rpynmnsl rpadukoB daaxku "Ock Y cipaBa” 1 "Ock X cBepxy" (pUCYHOK
4). Ecmn duaxxox "Och Y crpaBa" OymeT BKIIOUEH, TO BTOpas TpyIima
rpadukoB (la-4a) Oyaer mpuBsizaHa K mpaBoii ocH, a mepsas (1-4) — k
neBoii. Ecnu naskok OyneT BBIKIIIOYEH, TO 00€ TpyIsl TpadukoB OyxyT
NpUBs3aHbl K JIeBoH ocu. 3amporpamMupyeM ¢uaxok "Ock Y crnpasa”
TaKx:

if CheckBox8.Checked then begin
Series75.VertAxis:=ARightAxis;
Series76._VertAxis:=ARightAxis;
Series77.VertAxis:=ARightAxis;
Series78_VertAxis:=ARightAxis;

end else begin
Series75.VertAxis:=ALeftAxis; Series76.VertAxis:=ALeftAxis;
Series77.VertAxis:=ALeftAxis; Series78.VertAxis:=ALeftAxis;
end;

Mpacuky 1-4 Mpacduk 1a-4a ARightAxis — STO MpHBA3ATH K
Mo oon x Mo ocn x npaBoit ocu, a ALeftAXis — k mpaBoii
i S [6]; VertAxis — BepTuKanbHas OCh.
M, Hm M, Hm AHAJIOrMYHO 3alpOrpaMMHUPYEM H
Mk, Hm  _ Mk, Hm  _ " "
¢maxok "Ochb X cBepxy" (TOIBKO Tam
Oyner: ABottomAXxis ATopAXis,
Mo ocn y Mo ook y . .
HorizAxis).
frwT, Ty = Pa, kBT = " 4 6
MH. Hu Pa tharr ~ Mcnombsyem CIHCKa BbIOOpa
i tba 1 ListBox. IlepBeie aBa OyayTr ans
BAdmime | mmmemas

MIepBOH TPYMITHI rpadUKOB (TIEPBIA —
Pucynok 5 — Cnucku BeIGOpa it ocH X, BTOpOM — Uit ocH Y),
BTOpBIE — Ui BTOpOH (pucyHok 5). Tabmuma pe3ynbpraToB pacyéra
StringGrid3 cocTouT u3 MHOXecTBa cTOJIONOB (pucyHOK 6). [lepenumem
13 Heé Ha3BaHMA CTOJOIOB B CIMCKH BhIOOpa ListBox B mpormemype,
BBITIOJIHAIONIEH pacyér:

ListBoxl.ltems.Clear; ListBox2.ltems.Clear;
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ListBox3.ltems.Clear; ListBox4.ltems.Clear;

for itle := 1 to 46 do begin
ListBoxl. ltems.Add(StringGrid3.Cells[itle,0]);
ListBox2. Items_Add(StringGrid3.Cells[itle,0]);
ListBox3. ltems.Add(StringGrid3.Cells[itle,0]);
ListBox4. ltems_Add(StringGrid3.Cells[itle,0]);

end;

WcxoaHele AaHHme | TE0MUE |M=f(\rk) I M=f{Pa) |s{\r) I Kng I I'pad:wc|

OuanasoH  frmT, Mo MH, Hm Mk, Hm MdarT, HM vk, KMy Pa, kBT Pa dakT, KB shakT

1 130 ' 11323,00241424,400390% 44, 2800910« 159995, 1778 159995, 1776 0,010273972(

Pucynok 6 — Tabmauia pe3ynbTatoB pacuéra StringGrid3 (dpparment).

Takum oOpaszom, mpu 3anmynieHHOW nporpamMe cruckun ComboBox
,OyIlyT BBITJIAAETH aHAJIOTHYHO PUCYHKY 5. [Ipm 3ToM 3HadeHus: OymyT
OIMHAKOBBIMH; B UYETBEPTOM CIHCKE HECKOJBKO CIBHHYTa I0JI0Ca
MPOKPYTKH, IMO3TOMY OTOOpakaeTcsi Ha JKpaHe Oojiee HIDKHAS €ro
vyactb. [lomoxum Ha ¢opmy kHomku "I'paduxu 1-4" (BitBtn) s
noctpoeHus: rpaduko 1-oi rpymmel u "I'paduku la-4a" — BTOpOIA.
IMpuseném mporpammy kHomku "I'padpuxm 1-4" (BitBtn20Click) u
nporuenypsl grstr ans mocTpoeHus rpaduka, KOTOPYIO OHA BBI3BIBACT.
[Iporpamma xHomkum "I'papukm la—4a" BBIIONHEHA IO TOMY JKE
AITOPUTMY.

Procedure grstr(dnst,xst,ysr:extended);

begin
if dnst=1 then Forml.Series71._AddXY(xst,ysr);
if dnst=2 then Forml.Series72.AddXY(xst,ysr);
if dnst=3 then Forml.Series73.AddXY(xst,ysr);
if dnst=4 then Forml.Series74.AddXY(xst,ysr);

{ecam pginss abcumccer XSt wm opmmHaTE YSY OJIS NOCTPOEHMS
I’pad}MK‘a IIOKasaHo, uTo OHM OTHOCHATCHA K IHepernade 1 (HOMep
nepenaum onpenenser nepemeHHas dnNst), To Touka cTpomTCca Ha
InepBoM I1'pa @I/IK'e u T.O0./; BHAYEeHusd lnepernawnrTcd uns IIpornenyper!
BitBtn20Click}

end;

procedure TForml.BitBtn20Click(Sender: TObject);

Var grp,grnx,grny,dn:integer; grpl,grp2:extended;

ith,itn2:string;

{3HaUeHME itn O6yneT NOpHMpPpaBHMBATLCSI MMEHM  HapaMeTrpa,
BEIOPa@HHOI'O B CHMCKe nas X,; HalpuMep, ecCcJju BebpaHa CKOPOCTh
vk, 7o 1tn=vKk,; amamormumo itn2 — ngna y}

begin
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Series7l1.Clear; Series72.Clear; Series73.Clear;
Series74.Clear; {ouncrka rpadmkKoB}
itn:=ListBoxl. ltems.Strings[ListBoxl.ltemIndex];
{OHPEﬂEHHGTC}Y, KakKoe 3HauveHme 1tn BH5paHO 13 CcrnmckKa nOjisd ocu
X}
for grp = 1 to StringGrid3.ColCount-1 do
if StringGrid3.Cells[grp,0]=1tn then grnx:=grp;
{onpenensercs, HazBaHMe Kakoro crToJsblia COOTBETCTBYET
Has3BaHMIO  BEOPAHHOI'O  MHIEKCA ListBox gnas ocm X, u
nIpucBamMBaEeTCs 3BHAUYEHMEe INepeMeHHOM (JINX ero Homepa}
itn2:=ListBox2.ltems.Strings[ListBox2. Itemlndex];
{onpenensercs, KkKakoe 3BHaAYeHME BEOPAHO M3 CHIMCKA ILOJIS OCH
v}
for grp = 1 to StringGrid3.ColCount-1 do
if StringCGrid3.Cells[grp,0]=1tn2 then grny:=grp;
{onpenensercs, Hal’BaHMe  KAaKoI'o croJibiia COOTBETCTBYET
Ha3BaHUo BEIOpPaHHOI'O MHIOEeKCa ListBox OJida ocu Y, 1z
npucBamMBaeTCs 3HAYEHMEe INepeMeHHOM Ny ero Homepa}
for grp:= 1 to StringGrid3.RowCount-1 do
begin { LMKJI BEIIOJIHAETCS OJId BCEeX CTPOK TabJiMLE }
dn:=StrTolnt(StringGrid3.Cells[0,grp]);
{ dn — Homep mepemaum; nOAA KaXZOTO PACUETHOT'O SBHAUYCHUS
Ta@ﬂML[H YKasaHo, K KaKoM nepernadye OHO OTHOCMTCH}
grpl:=StrToFloat(StringGrid3.Cells[grnx,grp]);
grp2:=StrToFloat(StringGrid3.Cells[grny,grpl):;

{ grpl u Qrp2 — rekymme 3HaUYeHMS IJIT AOGCLMUCCE M OPIMHATE
TOYKM Ha rpag¢muxe; QgrnxX m grny — Homepa CcTONI6LOB TabJIMLIE
StringGrid3, B korToprix oHM HaxomaATCA }

grstr(dn,grpl,grp2);

{B mponenypy Qrstr nepemaércs Homep nepemaum (dn) u
sHavenms no X (Qrpl) u mo 'y (Qrp2),; mpouemypa Qrstr crpowur
TOuKy Ha Trpaduxe mo koopamHaTam (grpl, grp2) }

end; ({xomer rmxaa}l
end;

IIpoBeném pacuér nns ogHoM nepenayu. cxoaHpie TaHHbIE BO3BMEM
aHajoruvHo [1, 2, 4].

BricTaBuM cormacHO pUCYyHKY 5 3HadeHHUs mapamerpoB. [lockonbky
pacuéT TPOM3BOAWM TOJBKO JUIA OIHOTO JHama3oHa, TO OyleT o
omHOMY Tpaduky u3 rpynmsl 1-4 u rpynnel la—4a. Jlnsg rpagukoB 1mo
OCH X OTKJaJbpIBacTCs 4acToTa, a 0 OCH Y — MOMEHT aJsl rpaduka 1 u
cKoNbkeHWe s rpadguka la. Eciim W MOMEHT, M CKOIBXCHHE
OTKJIaJIBIBAaTh Ha HIDKHEH OCH, TO pe3yabTaT Oy/IeT aHAJIOTHIHO PUCYHKY
7: KpuBasi CKOJIbKEHHs OyJeT CHU3y rpaduka, TOCKOJIbKY JUTMHA IIKAJIbI
Mo Y pPacCUWTHIBAETCS HWCXOAS W3 MaKCHUMaJbHOTO 3HAYEHUS
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OTKJIaIbIBAEMBIX TI0 Y MapaMeTpoB, T.e. 6onbiie 30.000, B To BpeMs Kak
cKoJbxeHue He npesbicuio 0,01.

Brimounm ¢nakok "Ock Y cnpaBa” Juist BTOpO# Tpynmbl rpadUKoB.
Torma otcuér ckompxeHuss OydeT BECTUCh IO TIPaBOH OCH OT
MUHUMAJIBHOTO J0 MAaKCHUMaJIbHOIO €ro 3HAa4YeHWs, a Kpusas
3aBUCHUMOCTH CKOJIBKEHHMS OT MOMEHTa OyJeT pacTsiHyTa II0 BCEMY
nosto TChart (pucynok 8). Ha3oBéM rpaduku coriiacHO pUCYHKY 2.

IIpoBeném Tenepb pacdy€r 3aBHCHMOCTH MOMEHTa Ha KOJECax OT
CKOPOCTH JUIsI HOMUHAJILHOTO M MPEICIBHOTO PeKUMOB padoTel TA/JI.
Jna aroro BeiGepeM B cmmckax ListBox coorBercTByromue 3HadeHHS
napamMeTpoB M MIENKHEM [0 KHOTIKaM MOCTPOCHUS rpaduKoB, yCTAHOBUM
MOANMUCH Oocell M JyereHanl. [IocKkoIbKy MOMEHT M HOMHUHAIBHOTO, U
NPEAETIbHOTO PEKUMOB pabOThl H3MeEpSAeTCs B OAHUX M TeX JKe
BeIMYHMHAX, TNpHUBsDKEM o00a rpadpuka K JneBod ocu Y. I'padux
MIPEJICTaBJIEH Ha PUCYHKE 9.
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Pucynok 9 — I'paduk 3aBHCHMOCTH MOMEHTA

Ha KoJ€cax OT CKOPOCTH ABVDKCHUS TPAaKTOpa Crnenyer oTMeTHTH, HTO

rpaduKu aHaJIOTMYHO
PUCYHKY OBUTH IOCTPOCHHI B [1, 2], HO TaM 3TO BEIOJHAIOCH OBICTpee
M0 TOW MPUYMHE, YTO AJS rpaduka 3aBUCHMOCTH MOMEHTa OT CKOPOCTH
ObUIa OT/AETBbHAS BKJIAJKa W HE TpeOOBaJOCh BHIOMpATh W3 CIIMCKA
napamMeTphbl U TOJMUCHIBATH OCH: OHU YXe ObUTH moamucansl. T.e. eciu
HYXHO YacCTO CTpPOUTH OHpeIIeJIéHHI)Ie 3aBUCUMOCTHU, TO TOrjJa YiKe
1[eJIeco00pa3Ho CO3/7aBaTh OT/CIBHYI BKJIAJIKy U TpauK, KOTOPBIHA
MOKHO OYyJIET TOJBKO JJISI UX MOCTPOCHUS.

3AKJIIOYEHUE

Beur mpennoxen cnocod moctpoenuss B Delphi yHuUBepcaipHOTO
rpaduka st oTOOpaykeHUs] 3aBUCUMOCTEH, TOJIYYEHHBIX MPH pacdére
TSATOBO-CKOPOCTHBIX ~ CBOWCTB TPakTOpa C DICKTPOMEXaHUYECKOU
TPaHCMUCCHUEN, MO3BOJISIOIIMKI MOJIB30BATENI0 CAMOMY 3a]1aBaTh, KaKOM
napaMeTp OpaTh MO0 OCH X, KaKOW — IO OCH Y, W TOAMNHCATh OCH U
KpuBble Tpaduka cpeactBamu  Delphi  06e3  HeoOXomIuMOCTH
ucrnonb3oBanuss Excel u rpaduuecknx pemakTOpoB; Takxke OaHa
BO3MOXXHOCTH TOJIb30BATEII0 TMOCTPOUTh TpaQUKH cpaszy Uil JBYX
Pa3HBIX 3aBUCUMOCTEH, TPHUBSI3aB UX K Pa3HBIM OCSM.
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THE IMPLEMENTATION OF NEW SOFTWARE IN MODAL
ANALISYS BRICKS WALLS DEGRADATION
MEASUREMENTS

dr ing. Mariusz ZOLTOWSKI
University of Technology and Life Sciences in Bydgoszcz
mariusz.zoltowski@utp.edu.pl
Abstract - The recommendation of the Polish low shows a need of
control the production quality of wall elements which should provide in
straight lines diagnostic tools. Requirement of this norm in range
establishing the partial coefficients of wall safety of wall treats to
settlement the category of works realization on building (A or B). They
would support qualification " suitably qualified person controls” straight
lines diagnostic methods indispensable the searches of new methods of
opinion.
It recognizes the need of improvement the methods of investigation of
wall building quality, and construction. In this article wall elements tests
were made using the modal analysis and the delimitation of passage
function FRF.
Key words: the modal analysis, function of passage the FRF temporary
course of trembling’s.
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1. INTRODUCTION

Existing constructions, such as: buildings, high poles, chimneys,
foundations under machines, and roofs are subject to the environment
and to trembling processes as well. The dynamics caused by wind,
earthquakes, machines work, railway and road movement, explosions,
and sea waves are important in the process of projecting constructions
and influence safety and durability. Trembling in buildings decreases
comfort of living, can have an influence on people working there, and
can also threaten the safety level of the construction. The trembling can
cause dynamic burden and even catastrophic destruction.

The previously mentioned recognizes the need of improving the
methods for investigating the quality of wall building constructions, their
diagnostic and the assessment of wall safety coefficients (PN - B-03002).
The test used to determine the level of destruction of chosen materials
was the experimental modal analysis and the concurrent procedure of
this method - the trembling estimators.

The new tools in this area of investigations concern the
possibility of using modal analysis methods, and also modern logging
and the processing of trembling to opinion the quality of wall elements.
Practically it can be used for better understanding the behavior of
constructions, which allows optimizing the projection and assessment of
dangerous states.

The task of this study is to check the usefulness of new LMS
Software and Matlab programs on the creation of stabilization diagrams
and the calculation of function areas. The objective is to test if the state
of materials can be shown in the size of these areas.

2. MEASUREMENT SOFTWARE

To measurements of temporary courses of the extortion and the
answer, also the qualification of FRF and COH function the most
modern measuring apparatus, named LMS TEST. XPRESS, was used.
This software makes possible in easy way to conduct the modal analysis
of wall elements and many different building constructions.
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Fig.1. Internet Shop window of manufacturer of software[www.ects.pl.]

The program possesses an easy and friendly user interface. After
the program is started a new project must be created by clicking on the
new project icon. From this moment all measurements will be
automatically recorded in the active project.

Defining all the necessary data for the calibration of the
measuring track is the next step. Then, for the investigations to be
conducted at this stage the quantity of active measuring channels must be
defined. The number of channels depends on the measuring card and the
number of slots it contains.
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Fig.2. Examplemeasurmg segment and callbratlon wmdow
[www.ects.pl]

For the measurement of temporary courses of strength two
channels should be used. First calibrate the modal hammer (strength
imput), and second the output of trembling accelerations (signal passage
through element). With measurements obtained from this channel
calibration allows developing the FRF function. The calibration window
that is shows all the sensors that can be used to make the measurements,
from which two must be selected: C1 and C2. This article shows that
using the LMS program it is possible to make measurements FRF
function in wall elements and to obtain a graphic visualization of the
FRF function. The measurements were made for different kind of
materials in all directions.
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I1l. GETTING THE STABILIZATION DIAGRAMS< AND FRF
FUNCTIONS DIAGNOSTICS

To get the stabilization diagrams from the LMS TestXpress 4A
software it is necessary to proceed in the way that is shown below. The
program records the time courses in xdf files (Test Xpress Date File).

Flg 3. Importing the files of recorded measurements
With the files open in Vioma, it is possible to generate the stabilization
diagram thanks to the LSCE function. A new window will appear which
contains data that will be used to create the stabilization diagram by
clicking on Estimate poles.
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Fig.4. Stabilization diagram generated in VIOMA

The stabilization diagram provides information on the state of
materials; however it is not comprehensive of all that is taking place
within the material in the destruction process. For this purpose, a
FUNCTIONS ANALYISIS program was created to give further
information about the material state based on the coherence function and
its areas, which will mark the difference between good and bad
materials.

The programs open the unv files that were create earlier by
selecting them and clicking on the Import date icon. The program opens
a new window that shows all the recorded data the file contains. From
this data, the program creates the drawing of the selected function.

Thanks to the slider located below the drawing it is possible to
mark the function areas which will be counted. The marked area is
shown in red. For this investigation, the whole range of values was
considered, explaining why the whole area shown in Fig. 5 is in red, and
considered the FRF and cohesion functions.
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Fig. 5. The main screen of the FUNCTIONS ANALYSIS program

3. MEASUREMENTS RESULTS

The results of measurements for wall brick are illustrated below.
These results are introduced by comparing the calculations of three items
in the axles X, Y, and Z: stabilization diagrams, the counted area of the
FRF function, and coherence function
(Fig. 6 - 7).
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Fig. 7. The visualization of the calculation areas for axels X, Y, and Z
4. SUMMARY

The introduced results of this investigation show the existing
possibility of distinguishing changes of material properties that
influence the properties of materials. The investigation confirmed that
the application is useful as it makes possible to create stabilization
diagrams and area counting of functions in Matlab. The data obtained
from the stabilization diagrams and area counting of the functions
allows assessing the state of materials by comparing their fitness.

From the results obtained, the following statement can be made:

For a full fit brick, a stable pole can be generated in the X axle at
the level of 420Hz of the stabilization. In case of a damaged brick, it is
not possible to generate a stable pole in the stabilization diagram. The
situation is the same when comparing X and Y stabilization diagrams.
This means that for a full fit brick a stable pole can be generated in the X
axle at the level of 790Hz of the stabilization. In case of a damaged
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brick, it is not possible to generate a stable pole in the stabilization
diagram.

For axle Z, it was not possible to generate stabilization diagrams
neither for good or bad materials. The studies performed in this axle did
not provide any answers and therefore further investigation should only
be performed in the first to axles, X and Y.
By comparing the area of functions, it was possible to notice that the
field of the FRF function for fit materials is many times larger than for
damaged units. The situation is similar when studies the results of the
coherence function, in which fit units have a larger function area than
damaged ones.
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PaccmoTpen Meroguyeckuii mOAXOJ K OLIEHKE YpOBHEM
KOJICOaHUI MMacCcaXKUPOB TPOJUICHOyca MPU BUPTYAIbHBIX HMCHBITAHUSIX
MaIlIMHEI HA MaTEMaTHYCCKUX MOJICIIAX.

A methodical approach to assessing the oscillation levels of
trolleybus passengers during virtual testing of a machine on
mathematical models is considered

BBEJIEHUE

TpomteiiOyc mpenacTaBisieT co0OM CIOKHYI0O MHOTOMEPHYIO
KoJieOaTeNlbHyl0 JTUHAMHUYECKYI0 cucTeMmy. [lpu ycraHoBHBLIEHCS
CpeIHEe CKOpPOCTH [JBMXKEHHS BO3MYIIAIOIIME BO3ACHCTBUSA Ha €ro
KoJieca OT MHKpONpoQmiisi  JOPOTM OMNHMCHIBAIOTCSA CIy4YalHBIMHU
CTallMOHAPHBIMK ~ (QYHKIMSIMA. OTH BO3JEHCTBUS, Kak H3BECTHO,
TIPUBOJAT K BO3HUKHOBEHHIO CITy9alHBIX CTallMOHApHBIX
HU3KOYACTOTHBIX KOJIEOAHUI paMbl MAallMHBI, BOAUTENS M HacCaXUPOB
Ha CHUACHBAX, a TaKXKe JIONEH, CTOAMMX Ha IOJIy MacCaKUPCKOro
cajoHa. Bricokue ypoBHU KojeOaHNi HEOIATOMPHUATHO CKa3hIBAIOTCS HA
3JI0pOBbE YENIOBEKA, MOSTOMY IIPENENbHO JONMYCTHMbIE 3HAYEHHS HX
OTPaHHYMBAIOTCS 3aKOHOAATENBHO.

IIpu pa3paboTke HOBOW MAamIMHBI M TIOABECKH €€ KOJec
HEoOXOJMMO Ha 3Tare BbIOOpa mapamMeTpoB 00IIel KOMIIOHOBKH, CXEMBI

33



U TapaMeTpoB TOJBECKU YyOCOUThCS B OOECIEYCHUU JOIYCTUMBIX
CaHUTapHBIX HOPM KoNeOaHWH YenoBeKa, Haxojsmierocs B mamuHe. C
Y4eTOM OCOOEHHOCTEH TUIAHUPOBKU MACCAXUPCKOTO CajoHa, YHCla H
pa3MeIeHUsT TacCaKUPOB H3MEHSETCS pachpelieicHHe Harpy3Kd Ha
KoJIeca MaIllMHBI, YTO H3MEHSIET KapTHHY IPOCTPAHCTBEHHBIX KOJIeOaHUH
monelt B mammHe. K ToMy e XapakTep BO3ICHCTBUSA KojieOaHWI Ha
YeNloBeKa, HaXOMAIIErocss Ha CHACHbE M CTOSIIEr0 Ha MOy cajloHa
CYLIIECTBEHHO pasHATcA. [loaToMy B cTaHZapTHble METOJIUKHU
WCCIICIOBAaHUS YPOBHEH KojeOaHWid Jofell B MaIlWHE BCeraa
HEOO0XOMMO BHOCUTH TOPa0OTKH.

KMATEMATHUYECKOMY OIIMCAHUIO KOJIEBAHUI
TPOJUJIEMUBYCA

PacuerHas cxema qMHAMUYECKOH cHCTEMBI Tposuieiidyca 6K4
MOXET ObITh IPEACTaBJICHA B CIIEAYIOIIEM BHUIE.

a)

d 5
T

Pucynok 1a,0 — PacuetHas cxema tposuieiioyca 6K4
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Ha opucynxke 1 o6oszHauenuss Mv, 2V COOTBETCTBYIOT
MOJPECCOPEHHON Macce U BEPTUKAIBHOMY IMEPEMEIICHUI0 MAalllUHbl U
BOJIUTEJISI, CUJISINETO HAa TOJIPECCOPEHHON MOAYIIKE CUIeHbs, a Mp, zp —
TO K€ JIJIS CTOSIIIETO MacCaKUpPa B CAJIOHE.

B dactHOCTH, TIpM pacCMOTPEHHMH KOJEOAHWA dYeloBEKa B
MallliHe, o MHEHHUIO MexnyHapoaHoit OpraHu3alnuu o
cragnaptuzanuu  [SO, 11emecoo0pa3Ho  ONpEACHsaTh HUX C  yYETOM
CTPYKTYpHl Tella 4eJIOBEeKa, TaK KaK JUid pa3HBIX dYacTed Tena
0Oe3BpeHBICE YPOBHH  KOJICOAHWMIA CYIIECTBEHHO OTIWYHBI H TIO
AMIIIUTYAC U 110 4aCTOTC.

Pa3zpaborannas pacueTHas AMHAMHUYECKas CHCTeMa TpoJuieioyca
¢ komecHo# (opmymoit 6K4 (pucyHOK 1) COCTOMT M3 HHEPITMOHHBIX
Macc, B3aMMOJICUCTBYIOIIUX MEXIy COO0OH IOCPEACTBOM YIPYTUX U
JIUCCHUITATUBHBIX D3JIEMEHTOB, MOJCIHPYIOMNX (HU3HUECKUE CBOHCTBA
MEXaHM3MOB IMOJBECKM Ky3oBa M cujeHuil. Ha pucynke la moxaszana
TUHAMHYECKash KPYTWIbHAS TOJACHCTEMa MPUBOJA KOJec OallaHCHUpPHOM
BEJYIICH TEJIEKKU TPOJUICHOyca OT OJTHOTO TATOBOTO 3JIETPOBUTATEIS,
Ha pUCYHKe 10 — TpOCTpaHCTBEHHas IWHAMUYecKas KojeOaTelbHas
cuctema Tposuieiibyca 6K4 mis mccrnemoBaHUS WHTEPECYIONIUMX HAC
HU3KOYACTOTHBIX KOJIEOAaHWH YMOMSHYTBIX Macc B TPOJOJIBHOM U
MOTIEPEYHON BEPTHKAIBHBIX TIOCKOCTSIX.

MareMaTndecKkoe onmucaHue IBIDKEHUS Macc M 1 My pacdeTHO#
)Z[I/IH&MH‘IGCKOIZ CHUCTEMBI BBIIIOJIHEHO B COOTBETCTBHUH C METOANYCCKUMU
PEKOMEHIAIVSIMH, H3JI0KeHHBIMHA B padote [1]. da3oBble KOOpAMHATHI
MOJIEIN yKa3zaHbl Ha pucyHKe 1. B3zaumonelicTBue MHEPIMOHHBIX Macc
KoJIec, 000pYIOBAaHHBIX ~ MHEBMOIIMHAMH, C  JOPOTOH W
MOJAPECCOPEHHBIMU MaccaMl JTUHAMUYECKON CHUCTEeMBI Tpoiuieiibyca
MOJICTMPOBAJIOCH C  yYE€TOM WX YIOPYTHX W JUCCHITATUBHBIX
XapaKTEPUCTHUK.

3

3
MZ+Z zpjil = 0,

2
I=1i=1j=1
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6 +iiz P = O, (1)

I
1=1i=1j=1
2 3 3
Lab+ ) > buPu =0,
1=1i=1 j=1
2 3 7
56+§Z§S§S“”%V‘Q
I=1i=1j=6

myZy — (Pyjp + Pay + Psj) + Pay + Psj; = 0,

1=172; i=13; j=123

C HAYaJIbHBIMM YCJIOBUSAMU IpH 1>=1p :

X|t=t0= Xo, X| t=t0=X0, Z|t=t0= 2o, 2|t=t0=20, (0|t=t0= ®o, (P|t=t0=¢0, l//|t=t0= Wo,
V| t=0=tp0, Oli=0= Oo, 6| =10=00, Zill=0= Zito, Zill 1=0=Zio,

rae M — moapeccopeHHass Macca TpoJuteiioyca; M; — HemoapeccopeHHas

macca il-it komecno#t omoper; Iy, l, |, — MomeHTHI wuHepiHH
MOJIPECCOPEHHOM Macchl OTHOCHUTENBHO OCEeM TaHraxka, KpeHa U
pBICKaHbsl MPH H3MECHEHHH YIIOB Diinepa: ¢, w, O; | — MOPAAKOBBIN

HOMEp KOJIeCHO# omopel mo Gopty, i=1, 2, 3; j — yCJOBHBIH HHIEKC
yIPYTo-ANCCUNIATUBHBIX DJIEMEHTOB B MOJENU Tpojuieidyca, j=1 —
YIPYTHUil 3JIEMEHT MOABECKH, =2 — aMOPTH3aTOp, =3 — AJIEMEHT «CyX0e
TpeHue», j=4 — DOIEeMEHT «yNpyroctb LIMHBI B HOPMAJIBHOM
HAMpaBJICHUN», J=5 — DJIEMEHT «pacCesiHUe SHEPTUU B IIUHE MpPU
BEPTHKAIBHOM JeopManuny», j=6 — yrmpyroe COnpoTHBICHHE HNOBOPOTY
mIaThopMbI TpoJIeiibyca Mpy PHICKAHUK MO yriay O, j=7 — paccesHue
DHEPrHU MpPU pbICKaHUU IUIaTGOpMbI Tposuieiidyca mo yruy O; | —
YCJIOBHBIN HHJICKC HOMepa OopTa Tposuieiidyca, 1=1, 2; Pji— HenuHeitHas

XapaKTepUCTHKA C  TepeMeHHBIM  3HAYCHWEM  IKECTKOCTH)
BOCCTaHaBJIMBAIOIIEH CHIIBI YCIIOBHOTO dJieMeHTa il moaBecku B MOIENH;
Psi , Psi - COOTBETCTBEHHO, BOCCTaHABJIMBAIOIIAs yOpyras u

AUCCUIIATHUBHAA HOPMAJIBHBIC CHUJIBI il-if muHBL B MOACIN Tponneﬁ6yca;
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li — paccrosHue MO TOPH30HTAIM BAOJNH OcH X OT LEHTpa Macc
Tposelbyca a0 ocu il-ro komeca; bi — paccTosHUE MO TOPU3OHTANIH
BJIONb OcHd Y OT LEeHTpa Macc Tpoiuieidyca 1O OCH YNpyroro M
JIMCCHUIIATUBHOTO JIEMEHTOB MojiBecku il-ro xomeca.

Jis BBIYMCICHHWS 3HAYEHW CHI B ypaBHeHHsX cuctembl (1)

OTIPEAETISIOTCS. OTHOCHUTENBHBIE TMEpPeMEeIIeHnss W WX CKOPOCTH B
aJIeMEHTaxX Ka)kJIOH MOJBECKH IO CIETYIOIIUM BhIPAKESHHUSIM:
Ay =z+lip+bay-zi, A=z + lig+binp-zi. Ananormuno a1 ympyro-
JIUCCHUIIATHBHBIX CHII B IIUHE il-ro komeca mius j=4, 5 OTHOCHTEIbHBIE
MEPEeMEIICHUS M WX CKOPOCTU pAaBHBL  Oi=Zi-Qii , 8i|=z'i|-qi|.
[IpuBeneHHbIE BRIpOKEHUS SIBISTIOTCS apTyMEHTaMH COOTBETCTBYIOIIHX
CHI B cucteme ypaBHeHHH (1), mpudyeM 5TH XapaKTePUCTUKH IS
MOJBECOK W IIMH TPOJJICHOYCOB, yalle BCEr0 HEJIMHEHHBI, MO3TOMY
BBIPQXCHHS ISl HUX OOBIYHO aNMpOKCUMHUPYIOT MOJMHOMOM BTOPOW U
BBIIIIE CTETIEHEH OTHOCHUTEIBHO apTyMEHTOB.

Ota MoJenb MO3BOJSIET MOACIMPOBATh KOJeOaHHsI paMbl U TI0J1a
caJioHa TpoJuielidyca B MeCTe PAaCIOIOKEHHUsS CTOSIIUX I1acCaXHUPOB,
00 MOAYIIKH CHICHBS B MECTE PACTIONIOKEHHS BOAUTEIISL.

IIpumMeHUTENBHO K  TPEXMOCTOBOM  KOJIECHOM  MalIMHE
MoJIpoOHOE MaTeMaTUYeCKOe ONHMCAHWE ee KoJeOaHWi B TPOJIOJIBHO-
BEPTUKAJILHON MIOCKOCTH TMPH JBUKEHHUU IO HEPOBHOCTAM CIydailHOMU
CTallMOHAPHOM JOPOTH [UId M3y4YeHHUs IJIaBHOCTH XO0Ja pa3pabdoTaHO
aBTOpaMH JaHHOU cTaThu B paboTe [4], MOATOMY 3lIeCh pa3BEpPHYTOC
MaTeMaTH4YeCcKoe ONMMCAHNE HEe TPUBOAUTCS.

Muxkpomnpoduis MTOBEPXHOCTH JIOpOTH OTIMCHIBAJICS
9KCTIOHEHIUABHO-KOCUHYCHON  KoppessiunoHHol  ¢ynkumedt. Takue
(GYHKUMHE  ONpeNesuIuCh no pesynpraram: 1) nu0O0 HATypHBIX
W3MEpPEeHHH C TOMOIIBI0 TE€OJ0JINTAa OPAMHAT BHIOPAHHBIX XapaKTEPHBIX
Y4acTKOB TOPOACKHX JOPOT C TOCIEAYIONNM yAAJeHHEM TpeHIa
MaTOXuAaHus; 2) nubo Opanuch OpAMHATHI W3 PEKOMEHAYEMBIX
CTaHAapTaMH TAaOJWIl TECTOBBIX JOpOr; 3) JMOO MO W3BECTHBIM W3
HAyYHOU JIUTEPATyphl KOPPEISIUOHHBIM (PYHKIMSAM AOPOT HAXOIWINCH
peanu3anuy OpIUHAT BBICOTH MUKPOTIPO(WIIA 1o anroputMy npod. P..
OypymxueBa [2], mpu 3TOM MOXHO HCIONB30BaTh Hambosee oOriee
BBIp@XXEHHE KOPPETSIUOHHON (DYHKIIUN BHIA:

Rq(r)ZAl*oze'“le*|’|+ Az*oze'“ze*lfl*cosﬁe*r.
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[ar TUCKPETU3aluu BpEMEHHU npu OTIpeeTICHUN
CTaTHCTUYECKHX OIICHOK BEPOSTHOCTHBIX XapaKTEPUCTHK KOJIeOaHMI
ompezensiercss no Tteopeme KortenbHukoBa-llleHHOHa W 1O OMNBITY
noJoOHBIX HccienoBaHuid mpuHAT paBHbIM 0,025 c. [lapamerps
HU3KOYACTOTHBIX  KOJIEOATENBHBIX  IPOILECCOB  OINPENeISIIoTCS B
JINara3oHe 4acTOT, B KOTOPOM PErjIaMEHTUPOBAHBI CAHUTAPHBIE HOPMBbI
HU3KOYACTOTHBIX BHOPOCKOpPOCTEHl W BUOpPOYCKOpEHHUI B OKTaBHBIX U
TPETHOKTAaBHBIX II0JIOCAX YacTOT, M B KOTOPBHIX dalle BCEro JexaT
3HaYeHHs  COOCTBEHHBIX  YacTOT  KojeOaHWil  AMHAMHUYEeCKON
KoJIe0aTeIbHOW CUCTEMBI TPOJUICHOYyCa.

CKOpoCTh IBIKEHHS TpOJUIeHOyca CyIIECTBEHHO BIMSET Ha
XapakTep KoJeOaHui U MPH MOJCIHPOBAHUN JTUCKPETHO M3MEHSETCS OT
10 mo 60 xwm/4, YTOOBI BBIIBUTH BO3MOXHBIC 30HBI IPOSBICHUS
CTaTHUCTUYECKHUX PE30HAHCOB, KOTOpBIE XapaKTepU3yI0TCA
3HAYUTENHHBIM YBEIMYCHUEM aMIUIUTYJ W YCKOPEHWH KoleOaHWi.
OIleHOYHBIE TIapaMeTPhl KOJCOAHWH OINPEACTAIOTCS ¢ ITOMOIIBIO
BBIYMCIICHHOW KOPPEJSIIIMOHHOW (YHKIIUH, TO3BOJISIONICH pPacCUUTATh
OpAMHATHI CHEKTPAIBHON TUIOTHOCTH B (DYHKIIMH YaCTOTHI KOJICOaHU, a
3aTeM, WHTErpupys TpapuK CIEKTPAIBHON IIOTHOCTH B TI0OJOCaX
4acToT, OTIPEIETNTH HWHTEpeCyoIne CpeIHeKBaJpaTHIECKHe
OTKIIOHeHHsT MO0  BUOpockopocTeir, JHO0  BUOPOYCKOpEHHI.
ChexkTpajibHble IUIOTHOCTH BBIYUCIISIIOTCS Ha OCHOBE  OpJAUHAT
KOPPENANNOHHBIX (YHKIHH, U CTIIAKUBAHUS KOTOPBIX HCIOIB3yETCs
KOppenannoHHOe OKHO Thioku. [Ipm MammHHOM HCCIEIOBaHUU
KoysebaHui  Tpojutelidyca  JOKHBI — OBITH  MOJyYeHBI  TpaduKu
3aBHCHMOCTEH  yMOMSHYTHIX OIIGHOK KojJeOaHWil Toja cajioHa
TpoJIeiibyca B XapaKTepHBIX TOUYKAaX B 3aBUCUMOCTH OT KO3 HHUIINEHTOB
JKECTKOCTEH yNpYrux HIEMEHTOB M KOI((HUIMEHTOB CONMPOTHBICHHUN
JUCCUIIATUBHBIX JJIEMEHTOB IMOJABECKH TPOJUIEHOyca M MacCaKUPCKUX
cuneHuii. OxapakTepH30BaHHBIA IIPOIECC HCCIICAOBAHUS KOJCOAHMI
KOJIECHOM MallIMHbI METOJAMYECKH XOPOIIO OTpabOTaH OTE€4eCTBEHHBIMU
yaeHbIMH. OfHAKO BO3pOcCIIME TPeOOBaHUSA K TOKA3aTeNsIM IJIaBHOCTU
X0/1a MaIuHBI, KOM(GOPTHOCTH U OE30MACHOCTH IS 3I0POBBS YETIOBEKa,
C YYETOM CTPYKTYPHI €T0 TeNa, YCIOKHSIIOT 3a/1ady UCCIIe0BaHUSI.

JNHAMUWYECKUE MO/JIEJIN TEJIA ITACCAXHPA
MexnyHaponHas opraHm3amus 1o craHgaptusanuu  [SO
pPEeKOMEHIYeT  ONpenensaTh Oojee NOAPOOHYI0 KapTHHY YpOBHEH
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KoJIeOaHUi, BO3ICHCTBYIOIIMX HA YEJIOBEKa, HA OCHOBE JIByXMAacCOBBIX U
YEeTBIPEXMACCOBBIX MOJIENICH Tena 4YenoBeKa, TaK KakK JOCTHIKEHUS
MEAMIMHBI TOKa3ajiH, YTO IS pa3dUYHbIX dYacTel Tejla OMacHBI
pasiMuHbBIe 3HAYEHHs] YpOBHEH M dYacToT Koiebanmit. Hampumep, B
W3BECTHBIX MHOIOMAacCOBBIX MOZETSIX [5] dYelmoBedeckoe —Telo,
YCOKEHHOE HAa CHJIEHbE, MOXET OBITh IPEICTABICHO YEThIPbMS
OTJIENIbHBIMA MAacCCOBBIMH CETMEHTaMH, CBA3aHHBIMH IIATBIO JIHOO

YeThIpbMs HabopamMu NPY>KUH U 1eMI(epoB (cM. pUCYHOK 2).

l 3 I\I
o

e Tt

PucyHnox 2 — Tononoruueckasi AMHaMu4ueckas 4-x MaccoBas
MOJIENb TeJIa CHUAAIIETO YeJIOBEeKa IS NCCIIEIOBAaHUI eTo
KoJIeOaHU IPU HAXOXKICHUU B MAIlIUHE

OTH dYeThlpe Macchl Ha PUCYHKE 2 TPEACTaBISIOT CIEIYIONINE
CCIMCHTHI TECJIa: I0JioBa U 1ICA, BEPXHAA YaCTh TYJIOBHIIIA, HUKHAA 4aCTh
TynoBumia, Oeapa u Ta3. Ha pucyHke 3,a mokaszaHa LIeCTUMAaccoBas
MOJIENTh TeJla TIacCaXMpa, CTOSIIEro Ha MOy caloHa Tposuieiidyca, a Ha
Mo3ulu 0) PHCYHKA — YIIPOIIEHHWE €€ 1O 2-X MacCOBOW MOJCIH,
KOTOpble HEOOXOAMMBI AJISl OLICHKH YPOBHEH IapameTpoB KoseOaHui
JacTel Tella CTOSIIEro MacCaKupa B CAJIOHe TPoJuIeioyca.

a)
PucyHok 3a, 6 — JlunaMHuecKre MOJIENIU CTOSIIECTO IacCakupa ¢
Pa3HBIM YHMCIIOM MaccC, BOCIIPUHUMAIOIIET0 BEPTUKAJIbHBIE KOJIEOaHHUs OT
ToJia TpoJuielidyca
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Hnst ydeta CTpPYKTyphl Tejla 4YeJlIOBeKa B paccMaTpUBAEMOM
WCCIIEJIOBAaHUH 1IEIeCO00Pa3HO MPUMEHATh MPHEM MOCIeI0BATEILHOTO
paccMOTpPEHUs CBA3aHHBIX JOKaJIbHBIX Mozeneil. CyTh MmpreMa COCTOUT
B ONpENeNCHUH, Ha TIEpPBOM »dTale, Ha MaTeMaTUYeCKON MoIeiIu
XapaKTePUCTUK KoJeOaHW TPaHCIOPTHOTO CpEJCTBa B IpoIecce
WMUTAIMOHHOTO  MOJEIHMPOBAaHWA. B pe3ympTate ompenenstoTcs
3HAYEHUs OPJINHAT, CKOPOCTEH M YCKOPEHUH KoJIeOaHuil B IF0001 TOUKe
MOJIPECCOPEHHON Macchl HECYyILIeH CHUCTEMBl MAalllMHbBI, 3Has 3HA4YEeHUs
MEPEYNCIEHHBIX BEJIMYMH B €€ IIEHTPe Macc, B COOTBETCTBHUU C
METOJAMYECKUM TI0nx0/10M [1], M3IOKEHHBIM Hajiee MPUMEHUTEIBHO K
paccMaTpuBaeMol 3asmade. A 3aTeM Ha OTJAENbHOM MaTeMaTHYecKOu
MOJIEJIH TeJa YeOBeKa MCCIeyeM BIHUSHHE KojeOaHuil moia cajoHa B
TOYKE CTOSHHUS TMaccakhpa Ha MapaMeTpbl KojeOaHWi dacTeil Tema u
CpaBHUBAEM C JIOIYCTUMBIMH 10 METUITUHCKUM OTPAHUYCHUSIM IJIS 3TOM
YacTHu Tena.

CoOCTBEHHBIC YAaCTOTHI KOJICOAHWH Tela CTOSIIETO Iaccaxupa
JUIT  TByXMAaccOBOM JAWHaMH4YecKol wmojenu (pucyHok 30) w
aMIUTUTYAHO-()a30BbIe YAaCTOTHBIC XapaKTEPUCTUKU TEpeMEeIleHUH |
YCKOpEHHIl MacC Teia, BBIPOKEHHBIC Yepe3 IapaMeTpbl MOJEIH,
OTIPEAETISIOTCS 110 M3BECTHBIM BRIpaKEeHUM [ 1, 4].

Kax u3BecTHO U3 CHEeKTpalIbHOrO aHanu3a Koiebauuit [3], mpu
BO3/ICHCTBUM Ha OOBEKT C TepemaTovHoi ¢(yHkuueit @(P) BXOTHOTO
CHUTHAJIa ¢ U3BECTHON (hYHKIHEH CTIEKTPAITbHOU TIIOTHOCTH Ser(w)
CHeKTpalibHast TUIOTHOCTH KoJieOaHWH Ha BBIXOZE U3 00BEKTa paBHA

SZeblx(w): Sst(CU) X |d)(i6())|2,
a JIUCTIepCHUsl YCKOPEHUH OMpeessitoTes , AJId paccMaTpuBaeMon
3aJa41, U3 BRIPAKEHUS

GZZ = 1 X J.O+OO SZsb’bz (a))da) .
T

B mpuBeneHHOM paHee MaTeMaTHYECKOM OINMCAHUW KOJIeOaHUit
Tposuietidyca (1) paccMaTpUBaIUCh YCKOPEHUS IIEHTPA MAcC MAIlHHBI.
YckopeHre ToueK, HaXOMSANIUXCS Ha HEKOTOPOM PAcCTOSIHUHM OT IICHTpa
MaccC, BCICACTBHUEC HAJINYUA IMPOAOJBHO-YITIOBBIX, ITONCPCYHO-YTIIOBBIX
KoJIeOaHWIl 4YacTO TMPEBBIMIAIOT YCKOPCHUS IIGHTPa MacC B pasbl.
Bossmem uis mpuMepa TOYKy A Ha MOy MACCaXHUPCKOro CalioHa
Tpoiieiidyca (CMOTpH PHUCYHOK 1), HAXOIAIIYIOCS OT IIEHTpa Macc
MAIlIUHB HA pPaccTOSHWU L1 OT momepevyHod W Ha paccTosHUU Dy OT
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NPOJOJBHOM OCeH, MpOXOIIIIMX 4Yepe3 ILEHTP Macc MamuHbL U3
TEOMETPUYECKUX COOOpaKeHUH M MPHUHIHIA CYNEPIO3ULUHN KOIeOaHui
CTIpaBeJIMBa CIICAYIONIAs 3aM1Ch

Zy@®) = z(t) + Ol + ()b, (2)
rie

Z 4 (t) — BepTHKAJIBHOE MEPEMEIICHHE 10J1a CaIOHa B TOYKE A

z(t) — BepTUKAIBHOE MEePEMEIICHUE LIEHTPa Macc Tposuieiioyca;

() m Y(t) — COOTBETCTBEHHO NPOIOJIBHO-YIJOBEIC H
MONIEPEYHO-YITOBBIE  KOJeOaHWs TOJNa  [acCaKUPCKOro  cajioHa
TpoJuieidyca.

Crenyer y4ecTb, 4TO B BhIpakeHUH (2) BenmuuuHbl @ (t) u Y(t)
B3ATHl CO 3HAaKOM IUIIOC, TaK KaK HaM HEOOXOAWMO OIPEAEIUTh
MaKCHMaJIbHbIE 3HAUEHHS NIEPEMELICHUS U YCKOPEHUs TOUKU A.

IlepeiineM OT OpPUTMHAIOB TMEPEYUCIECHHBIX BEJIMYMH K HX
OMepaTopHBIM  H300pakeHWssM  mo  Jlammacy, Torma — mocine
(YHKIIMOHAIEHOTO ~ MPeoOpa3oBaHUs  ypaBHeHWe (2)  3amumiercs
ciemyomuM 00pazom:

Zy(p) = z(p) + o)1 + Y(p)b2,
rae p — omepatop mpsMoro mnpeoOpasosanus Jlammaca. Vcmombsys
IpUEMbl TEOPHH aBTOMATUYECKOrO PEryIHpOBaHMS, I1OCIE 3aMEeHbI P Ha
iw, TOYYNM YaCTOTHYIO XapaKTePUCTHUKY TEepeMELIeH i TOYKH 4 depe3
YaCTOTHBIE XapaKTEPUCTUKA TpeX NPOCTHIX KOJeOaHWH OCTOBa
Tposei0yca B IIEHTpe ero Macc:
Zy(iw) = z(iw) + @(iw)l; + P(iw)b,y, @)

rie | — MHUMasi €IUHUIA; W — YaCTOTa KOJIeOaHMIA.

VYpasuenne  (3)  oTpaxkaeT  3aBHCHMOCTh  YaCTOTHOH
XapaKTePUCTUKU IEPEMELICHUSI TOUKH 4 OT 4aCTOTHBIX XapaKTEPUCTUK
MPOJOJIFHO-YTIIOBBIX M BEPTHKAIBHBIX JIMHEHHBIX KOJIEOaHUH moa
Macca)XHpPCKOro CaJioHa B IEHTpe Macc Tpoiutelidyca. [amee, 1o
YaCTOTHOM XapaKTEpUCTHKE IMEPEeMENIeHUs TOYKH A W CHEeKTpajbHOU
IUIOTHOCTH BO3/ieiicTBUs SBX(W) B TOYKE MOJIA MACCAKUPCKOTO CAIOHa,
COOTBETCTBYIOIIEH LEHTPY Macc OCTOBa TpoJjuieiidyca, oOmpenensior
SHEPreTHYECKHUN CIEKTp MEePEeMEILCHUH PH KOIeOaHUX TOUKH A

Sza(w) = | z(iw) + @(iw)l; + P(iw)b,|Sex(w). (4)
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B3sB BTOpYIO MPOM3BOJHYIO 10 BPEMEHHU OT BENUYHHBI Z4(t) B
BEIpaXXCHUU (2) TMOJIYyYWM YpaBHEHHUE, OIpEAeNIolee BepTUKaIbHOE
YCKOpPEHHE TOUKH A

Zy(iw) = () + $(iw)ly + P(E)b,. (4)

OpHokpatHOe AuQQepeHIpoBaHie B BEIIECTBEHHOW 00JacTH
COOTBETCTBYET YMHOXKEHHIO Ha iw B KOMIUIEKCHON 00JacTH, MO3TOMY
YaCTOTHAs XapaKTePUCTHKA BEPTUKAILHOTO YCKOPEHUS TOUKH A Ky30Ba,
nosrydeHHast u3 BeipaxkeHus (3), mpumeT Bun [1]:

Zy(iw) = —0? [2(iw) + @(iw)l; + P(iw)b,]. (5)

YpaBuenue  (5)  TO3BONSIET  OMPEACTUTh  YAaCTOTHYIO
XapaKTEPUCTUKY YCKOpPEHHWsT TOYKH A Ky30Ba TI0 YacCTOTHBIM
XapaKTePUCTUKaM BEPTUKAIBHBIX, IMPOIOJIHHO-YIJIOBBIX KOJNeOaHWUU H
MOTIEPEYHO-YTIOBBIX  KONEeOaHW B  BEPTUKAJIBHBIX  IUIOCKOCTSX.
DHEPreTUYeCKU CIIEKTP BEPTHKAIBHBIX YCKOPEHUIN TOYKH A Ky30Ba —
CIIEKTpalbHasl MJIOTHOCTh YCKOPEHUN TOUKH A:

Sza(w) = 0 z(iw) + @(iw)l; + Y(iw)b,|*Sex(w). (6)

VYunteiBas Gpopmymy (6), BRIpaKEHHE CIIEKTPAIBHON MJIOTHOCTH

YCKOPCHUA MOXXHO 3al1iMCaTh B BUJEC
Sza(w) = Sza(@)w™. (7)

Ecnu criektpanbHas MIIOTHOCTH MTEPEMEIEHHSI OTIpeieieHa, TO B
JTAHHOM cJTy4ae Uil OINpeJIeNIeHUs] CTIEKTPAIbHON TUIOTHOCTH yCKOPEHHUS
UCTONB3YIOT ypaBHeHue (7). UToOBI TOMYyYHUTH CHEKTPAJbHYIO
TUIOTHOCTh YCKOPEHUS, IOCTATOYHO ISl K&KIOTO 3HAYCHHS (O YMHOXKHTD
BEIMUYMHY CHEKTPANLHOM IIIOTHOCTH MepeMelieHns Ha o”.

Ecnmu  sHepreTMyeckmid  CHEKTp IEpeMENICHHS HE  ObLI
OTIpeZIeTIeH, TO JJIS OIPENeICHUs YHEPTEeTHYECKOTO CIIEKTpa YCKOPEHUS
ClIeIyeT TMOoNIb30BaThCcs ypaBHeHHeM (6). [lucmepcust BepTHKaIbHOTO
YCKOpEHHs TOUKH 4 Ky30Ba

051 =1 Iy Sea(w) do. ®)

Kak yxe ymoMHHanoch, 3TOT WHTETpal OINPEACISIIOT II0
MJIOIIAAM, 3aKIOYEHHOW MEXJy KpPUBOM CIEKTPaJIbHOM TIIJIOTHOCTHU
YCKOpEHHUs] U KOOPIWHATHON OCBIO 4YacTOT. A CpelHEeKBaIpaTUUYeCcKHe
YCKOpPEHHs B  OKTaBHBIX  II0J0CaX  4YacTOT, COOTBETCTBEHHO,
OTPENEIAIOTCS 1O IUIOMIATH IO TOW K€ KPUBOW M OCBIO aOcCIHcC, B
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npeaciax MeExay TpaHUYHBIMU 3HAYCHUSAMU YaCTOT KOHKpCTHOﬁ
OKTaBHOM II0JIOCHI.

O CUCTEME JIOKAJIbHBIX MOJIEJIEV KOJIEBAHUU
ITACCAXUPA TPOJIJIEMBYCA

Taxum 06pa3oM, Ha BTOPOM 3Tarle UCCIEIOBAHNS UCTIONB3YIOTCS
MaTeMaTUYECKUE MOJICIHU, pa3pab0oTaHHbIC HA OCHOBE OMOMEXaHUYECKUX
pacueTHBIX MOJICNCH 4YelOBeKa B MAIMHE B CHISYEM MM CTOSYEM
MOJIOKEHUH,  AaHAJIOTHYHbIE  TpUBENeHHBIM. [IpuueM  BXOTHBIM
BO3ZIGI7[CTBPICM ABJIAIOTCA COOTBETCTBYIOIIUE BCIIMYUHBI, OIIPEACIICHHBIC
B pE3YJIbTATC BLINIOJHCHUS IICPBOTO 3TAlla BUPTYAJIbHBIX HCCJICL[OBaHI/II;'I,
HanpuMep, TEKYyIUe OpAUHATHI IMEepeMelleHHus JH00 pambl CHICHbS,
00 TOYKH IOJIa TACCAKUPCKOTO CalloHa, HaJ KOTOPOW pa3MemlaeTcs
CTOSIIIIMNA [TACCAXKUP.

Jamee B pesynbraTe MOACTUPOBAHUS HAa OHOMEXaHWYECKOU
MOJIEIH TaKxke OTIPEIETISTIOTCS CHEeKTpaIbHBIE TUIOTHOCTH
BUOPOCKOPOCTEH WM BHOPOYCKOPSHHI HHU3KOYACTOTHBIX KOJICOaHUI
KaXIOW M3 CTPYKTYpHBIX 4YacTeld Tela YEJNOBEKA, BBIUUCISIOTCS
CpeIHEeKBaJpaTUIYEeCKHe MX 3HAYCHHUS B TPETHOKTABHBIX HIIM OKTABHBIX
M0JIOCAX YaCTOT CIEKTPa KOJIeOaHUM U CPAaBHUBAIOTCS C JOIMYCTUMBIMU
YPOBHAMHU IO MEAMIHUHCKUM HOpPMaM, KOTOPLIC HEC BbI3BIBAIOT
HETaTUBHOTO BIUSHMS Ha 37J0POBHE YENIOBEKA, HAXOMASIIEroCs B TAHHOU
MaIlliHe.

[lo pesynbTaTaM OMHWCAaHHOIO aHalW3a JEJaeTCsS BBIBOJ O
MPUEMJIEMOCTH  [apaMeTPOB MAIIUHBI, OOYCIOBIMBAIONINX TaKHe
ypoBHHU KoneOanmii. Bce wcciemoBaHus TPOBOISATCS IS Pa3IAIHBIX
CKOpOCTefI JBHIXCHUS, obecreunBaeMbIX MOTOPHO-TPAHCMUCCUOHHO-
JIBUKHUTEIBHBIM arperaToM TpoJuieidyca (cM. puCcyHOK 1a).

BreruncnurensHbIN 9KCIEPUMEHT MapaMeTpHYECKOM
OINTUMH3aMU TTOABECKH IO MNPCAJTOKCHHOMY IMOAXOAY W KPUTCPUAM-
periaMeHTaM IO3BOJIAET HAWTH TpeOyeMble pallOHAIBHBIC MapaMeTPhI
MOJIBECKH MAIUHBI. M370KEHHBIN MOMX0J] C HCIOJb30BaHUEM Habopa
JOKANBHBIX MoOJeNied ynoOeH TakXe TeM, YTO Ha MOJENH YeJOBeKa
MOXKHO IIOAaBaTh B KAa4Y€CTBC BXOJHBIX U BO3IICI7[CTBI/I$[, OIIPEACICHHBIC
110 pe3yJjibTaTaM HAaTypPHBIX HCHLITaHHﬁ, IMOCKOJIBKY 3aMEphI IapaMETpOB
HU3KOYACTOTHBIX KOJEOaHW Ha Telle YelloBeKa M BHYTPEHHUX OpraHax
JI0 CHX B IIMPOKOH IpaKkTHUKE 3aTpyaHUTENbHBL. Kpome Toro,
COCTaBJICHHME, OTJIaJKa MPOrPAaMMHBIX TMPWIOKEHUH U TPOBEACHUC
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BUPTYaJbHOTO HMHUTAUMOHHOTO MOAEIHPOBAaHMS B TaKOM CiIydae
CYLIECTBEHHO IPOIIIE, YeM Ha OJHOM OOIIel CI0KHOU MOJEIH.

Pacmmmpennsie BapHaTHBHbBIE BO3MOKHOCTH U3JI0KEHHON 001Iei
CTPYKTYPBI HCCIICIOBAHHUS MO3BOJISIOT TAK)XKE BBIMOJIHATH CTPYKTYPHYIO
ONTUMM3ALMUIO IUIAHUPOBKM IACCAXXHPCKOI'O CalloHAa TpoJuleibyca,
paccMaTpuBasl BIMSHHE 3allOJHIEMOCTH CaJOHa M CXEMbl CIy4alHOTO
pa3MeIeHNs] MAacCaKHMpPOB IO IUIOMAJM CaJOHa HA HArpy>KeHHOCTb
HECYILEro OCTOBA, XOJIOBOM CHCTEMBI M YPOBHHM KOJIEOaHHU OCTOBa U
[acCaXUpPOB.

[Ipencrasiennble JopaboTaHHBIE METOAMYECCKHUE ITOJIOKEHHUS
MO3BOJISAIOT BBITIOJIHUTD pacyeTHO-TEOPETUUECKHUH aHam3
JUMUTHPYIOLIIMX BO3MOXHOCTH pabOThl Tpoiieiidyca mnapamMeTpoB
MOJBECKM M PEXHMOB IBIKCHHSA I10 KPUTEPHUAM IIIABHOCTH XOJa,
BHIOpaTh palMOHANbHBIC MapaMeTphl Kak TOABECKH, TaKk M 0oOmIeH
KOMITOHOBKH, U IUNIAHUPOBKH CaJIOHA.
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DESCRIPTION ON DESTRUCTION MACHINES AND
CONSTRUCTIONS USING VIBRATION DIAGNOSTICS
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Abstract. This paper presents selected problems connected with
automation of procedures involved in assessment of machine
degradation degree using vibration method with special emphasis on the
machine state prognosis. The current knowledge of these problems is not
sufficient and needs further research on data processing, analysis of
efficiency of diagnostic and prognostic procedures, collection and
selection of diagnostic parameters and development of automatic
procedures for recognition and prognosis of a machine state. New
solutions and different aspects of diagnostic prognosis based on the
proposed partial procedures focus on factors determining automation of
procedures for identification of technical systems states. New automated
procedures for acquisition and processing of symptoms indicating the
machine state provide better possibilities of control and supervision of
technical systems operation and maintenance through identification of
their current states, and its good prognosis.

It is possible with the use of many original solutions in the field of
automation including methods and procedures of computer aided
research, modeling of degradation degree of engineering objects, system
supporting decision making, classification and standardization.

Keywords: assessment of the state, forecasting of the state, diagnostic
symptoms, the optimization procedure.

1. Introduction

Increasing demand for methods and means of technical
diagnostics, that is tools for assessment of technical systems degradation
states, meets the needs of contemporary entrepreneurs who use a variety
of technical appliances to run their businesses. Destruction processes
affecting technical systems have a direct influence on their operation
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safety and therefore it is necessary to monitor their technical state
[1,10,23]. Methods and means of modern technical diagnostics are tools
for diagnosing states of technical systems which provides the basis for
making operational decisions [4].

Constantly changing demands and new possibilities have
generated new categories of research problems, highlighted others and
disqualified some issues which have lost their importance in terms of
application due to [15,22]:

- access to advanced world technologies;

- availability of the newest generation research equipment;

- possibilities of the latest computer applications in the field of
hardware and software;

- access to databases , capital market and vast possibilities of
cooperation.

All this have diametrically changed the views and achievements in
the area of automation of detection and control of technical object state
changes by methods of technical diagnostics, especially in the field of
shaping the current and predicted safety of technical objects. This
provides the possibility of computerization of the processes connected
with an object operation, supervision of the state changes, location of
faults and minimization of damage effects and safety threats [12,21,24].

Technical diagnostics of mechanical engineering is based on
utilization of information about the machine changes which enables
identification of safety threats and progressing destruction of a machine
throughout its life cycle. Changes of the state, reflected by methods of
technical diagnostics, prevent from occurrence of causes and effects of
damage [2,3,16]. A factor which boosts development of machine
diagnostics is the responsibility of the function it performs, in particular,
reduction of the following threats: threat to human life and health, threat
to natural and technical environment, threats to operation quality and
economic risks [8,20,25]. The need to assess the technical condition of a
machine results from the necessity of making decisions on the machine
quality and its further operation. It can be a decision concerning its
further use, taking preventive actions or altering its structure, use of
technologies or maintenance methods.

This work deals with selected problems connected with the
machine state control and monitoring in time, focusing the machine
operation process and the final product quality shaping, diagnostic
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modeling and control of a machine usability in its operation and
maintenance by means of prognosis methods — in terms of developing
faults. Computer aided modeling of an object lifetime, degradation
processes, operation states, operation control and decision support
systems — are the main issues to be addressed in order to provide
technical systems with efficient operation.

2. Description of the machine wear process

Occurrence of faults is one of events that accompany the process
of machine operation and maintenance and determines its reliability,
efficiency and the way it is operated. After being damaged a machine
(assembly, component) becomes unusable. A usable machine is able to
perform tasks it is designed with simultaneous maintenance of
parameters specified in its technical documentation. Due to the impact of
the environment and performance of the assigned tasks the object initial
properties can be changed in the following way [26]:

- in result of irreversible aging and wear processes that take place in the
machine ;

- in result of occurrence of reversible processes with different intensity ,
caused by exceeding permissible values of one or more forcing factors;

- in a step - like manner which is manifested by a non-constant transition
of one or two features beyond the limits accepted for a given machine.

The major causes of damage occurrence are classified as follows:
a) structural - faults due to design and construction errors, most often
when extreme loads are neglected;

b) production related (technological) - faults which occur due to errors
and imperfections of technological processes (no dimensions tolerance,
insufficient surface smoothness, thermal treatment, etc.) or faults of
materials used in the object or its structural components;

c) operational - faults which occur in effect of failing to observe
respective rules of operation or due to the impact of external factors
unexpected for the object service conditions;

d) due to aging and wear - always accompany operation of objects and
are caused by irreversible changes that impair strength and cooperation
of particular components.
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In the energy based approach the object damage occurs under the
influence of energy transmitted by it. Depending on the kind of energy
prevailing in given conditions can be divided into:

a) mechanical — static stresses, creeping, fatigue, pitting, friction wear;
b) chemical — metal corrosion, rubber, paint and insulation aging,
wood rotting;

¢) electrical — electro-corrosion;

d) thermal — hyper melting, intensification of occurring phenomena.

The process of wear and degradation of functional qualities is not
homogenous and can be divided into four physically different
degradation processes. In the first place, it is fatigue wear that should be
mentioned as it leads to loss of cohesion of the structure components,
and is caused by too high dynamic stresses — oscillatory, that is
vibrations. The second is friction wear in all forms which occurs in
kinematic pairs and leads to losses in mass — backlashes. Rheological
properties of construction materials cause the third degradation process
involving creeping (floating) leading to changes in the size and shape of
the structure stressed elements. The fourth way of erosive wear of
machine components involves physical (cavitation) or chemical
(corrosion) degradation resulting in the material mass loss.

This work takes advantage of the basic assumption, already
proven in many studies, that knowledge of relations between the
machine model described by parameters: m, k, ¢ (m — mass, k — stiffness,
¢ — damping), and quantities a, v, X (a — acceleration, v — velocity, x —
displacement) describing the vibration process provides big possibilities
and vast applications of vibration based diagnostics.

Tribology deals with all the phenomena connected with a machine
wear. It is based on the assumption on proportionality of vibrations D to
the wear processes advancement [4,5]. Creation of a mathematical model
of a machine with regard to all the acoustic and wear phenomena is a
tribology approach. Advanced wear of a machine — tribological E; is best
measured by energy lost for irreversible wear processes - tribological.
Having in mind that a new machine (with no wear) is already
characterized by some level of rated vibration D, the constitutive
relations of diagnostics can be expressed as follows:

D=Dn+vE; (1)
where: D - amplitude measurement of vibration — e.g. acceleration,
velocity etc.; Dy - level of rated vibration of a new machine, E; — energy
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lost for irreversible processes of wear, y — coefficient of
tribovibroacoustic lossiness (TWA) depicting correlation between
tribological processes and vibrations [4].
Knowing the machine mechanical efficiency # it is possible to
estimate lost energy E, as:
N, N_-N E_-E.
” — Az — Zas CE— Ias Zz

N'a" N'a.': E'a' (2)

where : Nz — is useful power , Nzs — feed power, E- respective energies.

Tribological processes which most frequently accompany machine
motion include fatigue and friction, whereas their energy is generated
proportionally to the fatigue crack length | and the volume of the worn
material U. Focusing on the two phenomena it can be accepted:

E =E_. +E. +..=2al +bU

tarcia IMEMmECIen . (3)
whereas: a and b — certain coefficients of proportionality, | - computed
from Paris formula [12], U - from Archard formula [17].

Computing fatigue crack length from Kocanda formula [8] is:

1=Cy(0,+0,)'N=Cy(0,+0,) - f-8=C,(0,+eD)" - -6 @

where: e — coefficient of vibration proportionality, D - to variable
stresses ga, O — time of their operation, f — vibration frequency .

When dynamic component of thrust p = po + g D with coefficient
of proportionality to vibration amplitude g is introduced into Archard
[17] equation we receive:

. kg -v-0
U = ———(p, + &)
R, )

Substituting E; to expression (3) describing energy of wear
processes, and this in turn to constitutive relation (1) we receive:

D =D, +y|ac,(c,+eD)" - 1 + b‘;'ar (Py + gD}}-H =D, +IN8
on ., DEgv
N, =aC,(0,+eD)" - [+ R (po +£D)
’ (6)

into which the power of wear processes Nz = E,/© depending on
vibration amplitude D is introduced.

Using these dependencies for final determination of the machine
vibration amplitude in a function of its operation time we can find:
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Analysis of the final formula of this tribovibroacoustic model
involves identification of two characteristic points. For time © = 0, the
above formula yields D = Dy, that is the amplitude of rated vibrations for
a new object, whereas for:

D:

dlv,,
8=0, = X
aw {}! ,{'li[

(8)

we have D =, which can be interpreted as a failure. Value of time to

failure:
dN N
6, = = |
Sl [ daD |1_.-=L"_.I ]

(9)
is inversely proportional to tribo-vibro-acoustics loss y, and sensitivity of
wear to vibrations: dN,/dD.

The value of vibration amplitude D and the rate of their changes
during operation © depend on these characteristics as well as on the total
power of machine tribological processes. Qualitative image of these
changes is shown in fig.1, according to which both time of failure ©Gaw
and velocity of the vibration symptom growth (tga) are functions of
tribo-vibro-acoustic lossine vy, sensitivity and total power of wear
processes N..

AMPLITUDE

-1
)
D=D

DAMAGE

n

aL-(r 4F o)
Fig.1. Graphic presentation of vibration amplitude changes a tribo-vibro-
acoustic model [4]
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Both the model and the insight into vibration feedback of wear
processes it provides are very valuable. This model shows that the time
of failure ©Aw can be predicted for a new machine knowing only the
vibration gradient of lost power:

dN. s

—= |p=

dD " (10)
and its lossine TWA v. Sequential utilization of the model for prediction
of a machine state and its vibrations is possible as well [6,9].

In practice however the current state of a machine can be
identified by observing the object functioning, that is, its main output of
converted energy (or a product) and dissipation output where residue
processes e.g. thermal, vibratory, acoustic, electromagnetic are observed

working processes

l interference ¢ * process parameters

MACHINE measuring

: *performance testin
STATICS AND DYNAMICS effective energy (product) p 9

A 4

X ('[, G). I’) destructive scattered product testing

control back coupling" energy
system A\

———pJ TECHNICAL STATE tribovibroacustic processes: residual processes

<

supply (energy, T
material) - vibrations, noise

- pressure pulsation

- thermal processes

- wear products

- electromagnetic processes
- ultrasounds

<

Fig.2. Possible three ways of a machine state monitoring

Observation of these outputs provides a vast range of possibilities
of machine dignosis through:
*observation of operational processes by continuous monitoring their
parameters or by testing the machine efficiency on special test stations
(power, speed, pressure etc.),
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* studying of its product quality, consistence of measurements , pasowan,
links, etc, as generally speaking the better the machine technical state the
better the production quality,

* observation of residual processes which provide the basis for many
attractive diagnostic methods based mainly on symptom based models.

The above presented problems should be solved with the use of the
newest technologies. This is an area for wide application of computer aid
and automation of procedures in the field of: holistic and symptom based
modeling, inference, planning and performance of tests, utilization of
artificial intelligence encompassing counselling systems and neuron
networks with fuzzy logic [7,10,19].

Physics of phenomena accompanying operation of a machine based
on a model of signal generation is the basis for good diagnostics (fig.3)
and involves knowledge of a machine dynamics which facilitates smooth
transition to the field of diagnostics.

drive
u X y
T 2T T Al
t t t

kinematic Dynamic
™ transformation structure >
¢i(t,0,r) X(t0) = Zgi*dr h(te,r) VEShsiSr
T - periodical

Fig.3. Model of machine diagnostic signal generation [7]

Knowledge and technology of diagnosis are always connected
with the kind of diagnostic model that can be developed for a given
object.

Depending on the type of features included in the object it can be
of symptom or structural character (fig.4). In dependence on the
possibility of compensation of interference the model can be
deterministic, probabilistic or fuzzy. For assessment of the object
condition both kinds of diagnostics can use the same pack of inference
methods, starting with deterministic ones and finishing with artificial
intelligence [13,14,18].
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DIAGNOSTIC TASKS
(REAL OBJECTS)

PHYSICAL MODEL— MATHEMATICAL MODEL> MODEL IDENTIFICATIQN
gualifaive —— explanatory—— quanttafie
STRUCTURAL MODEL OPERATION MODEL
WEAR DYNAMICS * deterministif WEAR EVOLUTION
* probabilistic
* furzy
HOLISTIC MODEL | Zr SYMPTOM MODEL

Fig.4. Possibility of diagnostic modeling of objects

Reduction of destructive influence of an object physical aging and
fatigue wear is necessary in all stages of its existence. Desirable effects
of the number of reductions in the number of technical object failures
can be achieved in:

* the field of construction — by appropriate selection of materials and
their shapes to withstand the loads, shaping unit compressions, choice of
adequate materials and substances for friction pairs, elimination of dry
friction, wide application of appropriate tightening, providing
appropriate temperature;

* in the field of technology - by choosing optimal treatment, shaping an
optimal surface layer, choice of appropriate thermal and thermal-
chemical treatment, proper installation and adjustments;

* in the field of operation — by complying with frequencies and scope of
services (smearing, regulation, protection from corrosion), avoiding
overloads and abrupt speed changes, monitoring of technical condition.

Inappropriate operation and maintenance causes intensive impact
of wear processes leading to premature failures and threats to safety.

3. Machine diagnostics throughout its lifetime

Each machine undergoes four stages of its existence: validation,
design, manufacturing and operation. Increasing requirements from
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machines provide a set of criteria which are studied in each of these
stages [9,22,24]. Methods and means providing such possibilities of
control of quality of machines — fulfilment of these criteria — are the
included in the field of technical diagnostics [fig.5].

STAGES OF MACHINE LIFETIME

[ vaimaTion ]| [consTRUCTION | [ MANUFACTURING | | _OPERATION |

Fig.5. Stages of machine existence in terms of diagnostics

Looking synthetically at all the possible applications of
diagnostics in each stage of an object existence it is possible to
distinguish the following fields and the range of knowledge
indispensable for appropriate development of this area. These are:
knowledge of technical objects, their modeling, identification, behavior
simulation, science of signals and symptoms, theory of experiments,
theory of decision and computer aided diagnostic research [23].

Technical diagnostics covers the following activities: assessment
of the state, genesis and prognosis of the state. These activities are
performed by intelligent and often automated diagnostic systems (mobile
software and hardware with self-learning loop and risk assessment). The
set of diagnostic parameters is identified from a set of input parameters
accompanying the machine operation. Determination of a set of damage
sensitive diagnostic parameters should take into consideration:

- ability of reflect the machine state changes in time during its
operation and maintenance.

- amount of information on technical state of the transmission,

- sensitivity to parameters value during operation.

Methods for determination of diagnostic symptoms include [22]:

o method of maximal sensitivity of a parameter to change in
technical state,

e method of maximal relative change of diagnostic parameter;

e method of maximal information capacity of a diagnostic
parameter;

e method of maximal variability of a diagnostic parameter.
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An advantage of the above presented methods is that they provide
the possibility to choose, from a set of output parameters, both the one-
element and multi - element sets of diagnostic parameters.

Criteria for optimization of the set of parameters include:

e parameters should characterize the destruction process and be
closely related to it;

e parameters should be sensitive to changes in the object degradation
process;

o the number of diagnostic parameters cannot be too big as too many
of them make it difficult to identify the process of devastation and
sometimes it becomes even impossible;

o diagnostic parameters should be measurable;

o the must exist reliable statistical and analytical data of the
distinguished parameters.

The diagnostic system becomes a subject of separate
considerations and diagnostic features of such systems require
elaboration and description (with mathematical formalization). A
diagnostic system is a set of diagnostic agents, set of methods and means
for obtainment, processing, presentation, generation and collecting
information and a set of engineering objects, their models and algorithms
for diagnostics, generation and prognosis of states as well as relations
between these elements. It is intended to support making reliable
decisions on an object’s belonging to a respective class of states. The
structure of a diagnostic system proposed in fig.6 shows the basic
relations between the test object and its diagnostic model as well as the
system of its state identification and decision making.

Diagnostic systems belong to a class of automated computer
systems and are characterized by:

o the goal of their operation is identification of the state of other
objects (or systems), actually they do not affect this state,

e this goal involves generating a diagnose by converting information
on the object properties into information on its state.

For these reasons, the attention must be focused on the informative
structure of the diagnostic system and it needs to be designed, optimized
and evaluated in terms of the information flow possibility. Different
forms of components and their different functions provide the possibility
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of creation of diagnostic systems with different structures and with
diversified automation degree.

A. Un-automated diagnostic systems include a human (group of
humans) who perform all operations using measuring equipment,
instructions concerning methods for collection and processing
information on the test object to work out a diagnosis which if necessary
is registered (e.g. in protocol). Such a system includes a measuring tool,
a diagnostic technician and a manual with data. Such systems are still
quite common in industry.

N machines (n> m), or S =m independent discriminant or
observation of the same machine diagnostic signal symptonow

_— m - discernable damage of __ search for the unknown of

varying intensity symptoms

Diagnostics and
———————— ] — e  its object model
L
\“‘-___ - - _“_,"Y
o
state of the object [——————— 14 Diagnostic

model tests 31 Observation model

[ classification algorithm _Qecisinn— __‘ layout decision- ‘aBT_—.—_—_-.
"‘ o‘:_)j_ns )‘ class ect status

maklng

recognition of the
flicted status and
I:nllfrﬁzw:r pattern - decisions
quality allowable
crl(eru:ln slates

Fig.6. Structure of a diagnostic system

B. Automated diagnostic system which uses an array of technical
devices performs the diagnostic process according to the respective
program. There is little participation of a human and is usually reduced
to activation of the system. Automatic diagnostic systems are usually
self-controlled and failures are signaled. Then back - up components can
be turned on and the controlled object is turned off. Particular results of
control or only those exceeding the set limits are registered
automatically.

The process of a machine handling is as follows:
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a) for a usable machine: testing the state — performance of necessary
servicing activities —prognosis of the machine state — scheduling the next
survey;

b) for an unusable machine: assessment of the machine state — finding
causes of its failures (maladjustment, damage, poor quality of repairs or
liquidation) — removal of failure — assessment of a repair quality —
performance of servicing activities — prognosis of the state — date of the
next diagnosis.

Problems connected with diagnostics are usually addressed by a
diagnostic team. They define the scope, methods and means necessary to
supervise machine operation mad maintenance (critical, important,
unimportant). The tasks are performed in cooperation with the
departments of the chief mechanic, production supervisor and manager
of marketing department and accountancy department. Particular
departments of a company are interested in different information items
on the condition of machines, depending on the specificity machine use
and production.

4. Examples of practical diagnosis of the state

The machine technical state prognosis process can be carried out
by different methods [5,7,14]. forecasted symptom value, times of a
machine operation or other prognoses the states of machine (e.g.
extrapolation trend methods and adaptive methods) [16,20].

The selected problems of diagnosing the state of machines using
forecasting methods have been validated in a number of different studies
on operation and maintenance, and some examples of the issues and their
solutions are presented selectively below.

Schematic diagram of the predictive diagnosis consists of:
selection of the optimal set of diagnostic parameters, choice of the
optimal method of forecasting, and assessment of predictive quality of
the diagnosis. The optimal set of diagnostic parameters guarantees:

1. the minimum number of points needed to run the time prediction;

2. changes in units of the machine during operation resulting from
replacement or adjustment of teams and variable operating conditions
(road conditions, climate, quality of handling) that cause abrupt changes
in the value of diagnostic parameters;

3. the maximum value of the time step;
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4. the cardinality of the set of relevant parameters to the application.

The choice of a forecasting method is conditioned by: the forecast
horizon; the minimum number of points needed to run the time
prediction; the number of measurements before time t, to calculate the
predictive diagnosis; the variable degradation bands, causing abrupt
changes in symptoms. Evaluation of the quality of diagnosis prognostic
prediction error is determined.

Studies of the procedures of machine prognosis state in the aspect
of determining methods for forecasting damage, examining the influence
of horizon prognoses in the recognition of damage, and studies of the
influence of the number of diagnostic parameters on the damage
prognosis, were carried out on the basis of. determination of a set of
prognosis methods for values of diagnostic parameters, and prediction of
the next time of diagnosis - according to the process presented in [25].

For the set of diagnostic parameters Y, = {P,., P,;} (of highest
weighing of values), visualizations of their prognoses value was obtained
for different models (linear model, exponential, Brown-Mayer model,
Holt’s model), and two methods of determining dates of the next
diagnosis term (0,4, 0,,), for three values of horizon prognoses (z =
A®, T =2A0, T = 3A0). The analysis of the research results for the
combustion engine type UTD-20 showed that:

(1) different (according to the minimum value error the prognosis of
damage) prognosis methods of diagnostic parameters values can be

accepted:
. for P, — Holt’s method (¢ = 0.1, f = 0.1), prognosis error:
3.02%,
. for P,;— Holt’s method (a = 0.1, B = 0.1), prognosis error:
3.39%.

(2) different values for the next diagnosis term are obtained in terms of
the prognosis horizon and the size of the diagnostic parameters set:

o for P, — Holt’s method (¢ = 0.1, g = 0.1), examination dates:
0,(t = AB) = 8775.62, 0,(T = 2A0) = 8693.23, 0,(t = 3A0) =
8610.85;

» for P, — Holt’s method (@ = 0.1, § = 0.1) and P,; — Holt’s method
(e =0.1, B =0.1) weighed examination dates 0,,(t =A0) =
8740.03, 0,,,(t = 2A0) = 8622.07, 0,,,(t = 3A0) = 8504.11.
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Summing up the research performed for the state prognosis
method, it can be stated that:

» considering low values of the curvilinear correlation coefficient (<
0.8), high values of prognosis of damage, and negative values for
the next operation dates of the objects examined in analytical
models (linear model, exponential model, model Brown-Mayer, and
Holt model), for potential applications it is necessary to use the
Brown—Mayer model and the Holt model;

» the accepted optimization criteria, and the presented algorithm
identify unambiguously the prognosis methods and the method of
estimating the next diagnosis term. This confirms the
appropriateness of the formulated procedure, and will provide the
basis for methodology to be used for the machine state recognition
and in the field of state prognosis for other objects.

The analysis of results of the research on the machine state
prognosis methodology allows of formulate conclusions in the areas of:
diagnostic parameters optimization and state prognosis. After
appropriate verification the presented conclusion can provide the basis
for application of dedicated software for a machine state recognition
system in an online (board system) and off-line (for a stationary system)
modes.

Determining the next term of diagnostics

Evaluation of state changes on the basis of change monitoring of
diagnostic parameters (®p1 determination) was carried out for a vehicles
STAR 200, for the results of tests of peripheral clearance of the main
shaft - shown in Table 2.

This procedure uses the already approved method of determining
the limit value of the symptom [8,22]:

_ Pg
Sy =S+0, oA (11)
where: Py — repair policy of the works, A=k (1-Pg), k ={1-9}.

The presented relationship allows determine the term of the next
diagnostics in relation (11) to the current value of a measured symptom,
its relation to the value symptoms of limiting with taking into account
the repair policy of the works [22]:
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Determination of this value (12) based on the value of data on a
circumferential backlash of the main shaft of t STAR 200 vehicle in
operation is shown in Table 1.

Table 1. Measuring data of peripheral clearance of examined

main shaft.
Clearance-S; [mm] 1o o2 clg1|95| 105| 142| 15.7| 165/ 16,9 171’
H . 3
Mileage ©; [x10°km] |, | 54| 48| 72| 96| 120| 144| 168| 102|216

In accordance with relations (11) [7,10,15] it was evaluated: Sjg =
18,99, accepted in (17) k=4, P4 =0,95, A=k (1 -Pgy) =0,2. Evaluating
further values ®y; according to (12) for accessible measuring data (Table
2) there was fixed a trend of transmission gear clearance changes (state
symptom) in the following form:

*=6,0091 €

0,11890);

(13)

Thus, in table 2 there are presented values S*; (calculated
according to (13) for determined mileages ®;, which allowed to
determine forecast error e*,, defined as [24]:

e*p = (S*j - Sj) / S*j (14)
Table 2. Calculations of results.
Mileage ©;
[10° km] 2 24 48 72 96 120 144
Sj 66 | 7,5 8,1 9,5 10,5 14,2 15,7
Reversal
Op [km] | 488 | 4560 | 7776 7776 7644 720 of sign
S*; 7,27 | 9,75 10,4 13,19 | 11,16 | 11,36 X
e*p, [%] 10 30 29 37 6 20 X
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The average forecast error of a symptom value (S;) for mileages Q;j
accepted in the measurements is 20%. A relatively big forecast error of
the proposed method may be decreased by optimising activities
undertaken in the area of measuring accessible data from servicing. The
performed analytical studies, testing conformity of the measured values
of symptoms for the determined mileages (table 2) by means of the
proposed methods [22], allow of propose the following actions:

e Sjr should be maximised in the procedure of step-by-step
determination by periodical changes of Py and k [22];

e good approximations are obtained for an increase of Pq, and K in a
half of the vehicle operational time (according to data from table 2).

For Sjr accepted from standard (or from operator's manual),
results of theoretical calculations are well represented by operational
data:

» approximation of ®; evaluated from operational data is satisfactory
for relation (12);

» presentation of frequency the examination with registrations of
exponential trend of the examined symptoms.

The results of the experiments allow to shows a way of reasoning
and inference in terms of the future diagnostic agent, an intelligent
system monitoring critical technical systems. On fig.7 shows the general
idea of an agent system to be used for diagnosis and observation of
critical systems as well as for information flow handling in the future of
diagnostics. We can also see a need to provide some other information
concerning the system operation including: load, current time of system
life, and also some previous records on the system history contained in
the maintenance data base.

If such an agent is added to hardware properties in the form of
sensorimotor transducers and actuators - it is possible to implement the
concept of the Independent Agent Diagnostic (SAD). Such an entity
supporting the application of innovative technical systems must have an
array of intelligent sensors embedded in the phenomenal facility, where
the SAD collects all the information about the evolution of the state. The
provided symptoms have independent status which enables creation of
Vector Diagnostic Observation and symptoms observation matrix for the
next life time value of an object. After each reading, an observation
vector is derived from generalized damage symptoms as well assessment
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of the current intensity of damage is provided. In cooperation with the
local knowledge base enriched with information and environmental
control the damage classification and the final diagnosis of the object is
possible.

~
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Fig.7. The information flow and processing of intelligent monitoring
system [7]

The last step of SAD is to develop a measure of further operation
risk and make other decision of service type / repair resulting from the
assessment of the status and information about the object and the
environment. Thus it can be implemented, as shown graphically, and as
you can see, for innovative objects which lack experience in operation
and have no operating history there is only one chance to fulfill this
mission by using a self-learning mode.

4. Conclusions

Apart from tribology, reliability, security theory and the theory of
operation technical diagnostics is one of the fundamental issues
connected with rational operation and maintenance of objects.
Understanding the physical phenomena occurring during the operation of
the machine allows determine of the qualitative relationships taking
place between destructive processes and the machine state. The growing
demand for diagnostics goes hand-in-hand with applications of new
inventions in microelectronics, computer technology, fractal theory,
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neural networks and artificial intelligence - effectively support
diagnostics capabilities.

As for application of the prognosis methods in maintenance of real
industrial machines (vehicles, combustion engines) it allows to confirm
the following technical observations:

» the accepted optimization criteria identify unambiguously sets of
parameters values with a large amount of information on the technical
state, variable usable lifetime of the engine, which confirms advisability
of formulating of optimization procedures for sets of diagnostic
parameters;

« for the combustion engine, the order of parameters {P,,s, Poi, Poprs
Ps;;} is not maintained, which indicates that the accepted criteria for
determination of sets of parameters identify unambiguously changes
occurring during the machine lifetime, but having the largest amount of
information on the technical state.

The basic condition for these considerations to achieve success is
to establish a uniform wear of machinery, or provide knowledge of the
measured symptoms trend (knowledge of intensity of damage). The
phenomena that cause wear of assemblies are very complex and their
formation is usually affected by a number of factors, so including them
all in the forecasting process is impossible. Among them the most
important are:

« the minimum number of times of symptoms measurement are required
for prediction the object condition;

« variable degradation of the machine components during its operation,
resulting in e.g. replacement or adjustment of the assemblies and
changing service conditions (road conditions, climatic conditions, the
quality of handling), cause abrupt changes in the value of diagnostic
parameters;

« the maximum value of the time step in measurements;

« significance of diagnostic parameters contained in a set.

The issue of machine tests for the process of prognosis to be used
for estimation of the technical state, as well as legal acts related to safety
of the user and the environmental protection, are a stimulus to search for
new prognostic methods, determining new measures and tools that can
describe the current state in the machines specific work condition. This
paper attempts to summarize basis mathematical rules to be used for
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machine condition forecasting based on multi-symptom prognostic
methods.

The presentation of the procedures for machine state prognosis

allows of determine the parameters, according to the accepted criteria:
diagnostic parameters set, diagnostic parameters values prognosis and
machine operation date estimation.
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PROBLEMS OF BALANCING TURBOCHARGERS
OF AUTOMOTIVE VEHICLES

Hubert WOJCIECHOWSKI*, Bogdan ZOETOWSKI**
UTP University of Science and Technology, Bydgoszcz, Poland

Summary. In order to increase the filling of the cylinder in the engine, a
so-called charge is applied, which consists in increasing the amount of
air input under increased pressure and at an unchanged temperature. This
increases the density of that air and increases the mass in the engine
cylinder. In most cars, the charging is carried out by an exhaust gas
turbocharger or a mechanical compressor. This paper presents the issues
that concern the failure of turbochargers resulting from their balance by
weight reduction method. Selected aspects concerning consequences of
incorrect balancing and methods of reducing unbalanced rotor mass. A
key part of the work includes a proposal to balance turbochargers of
automotive vehicles using the "weight-adjustment"method. In this scope,
preliminary studies were presented and conclusions observed during
their implementation were described.

Keywords. dynamics, turbo-charging, turbocharger, mass adjustment,
balancing

1. INTRODUCTION

Modern internal combustion engines are characterized by the

downsizing (decrease in engine capacity, while maintaining high engine
power) and aim to achieve the best overall efficiency [4].
These trends can be met by using mainly a turbo-charging system in the
drive unit. The principle of the engine charging system is relatively
simple and consists in injecting more air into the cylinder in order to
burn the petrol-blend more efficiently. The turbocharger or compressor
is responsible for this process. In this way, the engine produces more
power, which improves vehicle performance.

Car companies use mechanical turbo-charging in their models -
compressors, as well as turbocharging. The second option is much more
commonly used because of its universality. They are installed in
compression ignition engines, spark ignition engines and hybrid cars.
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The turbocharger is the basic and at the same time the main element in
the system of turbo-charging [1,3,8]. It consists of three basic elements
[3]: centre hull, in which there is a bearing turbocharger rotor, turbine
hull and compressor hull.

The basis of the efficiency of the turbines is the fact that they are
able to pump a very large amount of air into the cylinder, and in addition
they are powered by exhaust gas energy, which is not used in any way in
naturally aspirated engines. The turbo-charging system has a significant
influence on performance, so a noticeable power decrease can be one of
the symptoms of turbocharger damage, especially if the problem is
mainly related to the rotational range in which the turbine is most active.
The technical sources are usually rotor damages, bearing damage and, in
the case of turbines with variable geometry, hydraulic steering wheels.

Engine Exhaust

Intake Air

Fig. 1. Working principle of the turbocharger [2]
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The turbocharger principle is based on the exhaust gas drive of the
turbine rotor. The turbine is connected by a common shaft with a
compression wheel, on which the air is aspirated. The compressed air is
supplied to the combustion chamber of the engine cylinder under
pressure - Fig. 1. To increase the efficiency of the turbocharger, an air
cooler (intercooler) is used. Cooled air increases its density, which
results an increase in the mass delivered to the combustion chamber.

Publications and scientific articles in this area of research discuss
outside the typical operational defects of turbochargers do not focus on
their faults, which are result from the methods of turbo-charging
equipment regeneration [10,12]. Despite the huge popularity of engine
turbo-charging systems for modern motor vehicles, manufacturers of
turbochargers do not reveal the materials from which given components
are constructed and do not provide information about theirs mechanical
and physical properties[4]. Defects of the turbochargers components
have a negative impact on the emission of harmful exhaust gases to the
environment [13,15]. Description and modelling of the dynamic state,
methods of diagnosing the state as well as the application of modern
information techniques in turbochargers' research is so far hardly
recognized and requires immediate improvement [14,16,17]. Literature
describing the dependence of the method of regeneration and mainly
balancing the turbocharger components -on the operation of the turbo-
charging system is still very insignificant in this field. Existing
publications so far describe mainly the balancing of turbochargers by
means of a reduction method - taking off unbalanced mass and focusing
mainly on damage to turbochargers resulting from improper operation of
the turbo-charging device. Examples of this are the following articles:
Balancing of turbocharger rotor [10], Damage analysis of turbocharger
compressors [12], Analysis of the impact of operating conditions on the
technical condition of turbocharger turbochargers of combustion engines
[11]. Under heading [1] engine turbo-charging, general information can
be found on, inter alia, balancing turbochargers using the' mass
capturing' method.

This article presents the main causes of turbocharger damage,
emissions in motor vehicles. The present methods of verifying the
condition of charging devices have also been described and an
innovative method of balancing turbochargers by "adding mass" has
been proposed. For the turbochargers regeneration, apart from the
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correct replacement of worn parts and the cleaning of other parts, the
most important thing is the precise dynamic balancing of the rotating
parts of the turbine.

2. DIAGNOSTIC TESTER - VERIFICATION OF ACTUAL
PARAMETERS

In order to eliminate the undesirable condition of the
turbocharger such as its failure, it is necessary to correctly identify and
evaluate in detail the technical condition of the turbo-charger by
available ways. The simplest and at the same time lowest effective
method of diagnosing turbocharger is organoleptic. Turbo-charging
devices are evaluated with human senses. An oiled turbocharger may
indicate a broken housing, damaged seals or a worn out suction section
of the turbocharger. The organoleptics make it possible to hear
disturbing sounds from the device. The damaged turbocharger is
characterized by rustling, whistle. This can be indicated damaged,
broken turbocharger rotor and a clogged cable between the inlet and
intake manifold [1,3,7].

Fig. 2. Fracture of the outer part of the housing

The colour of the exhaust gas coming out of the exhaust system
may also indicate the condition of turbo- charging device. The blue or
black colour of the exhaust gases can indicate a turbocharger failure.
This defect may indicate a cracked compression wheel or a defective oil
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system in the turbocharger. The presented method is one of the simplest,
but in case of its credibility it becomes questionable because it does not
ensure accuracy and insight in its assessment [10].

The parameter that characterizes turbo- charge system and can indicate
its condition is the pressure of turbo-charging. The vehicle directive that
has been drawn up stipulates that cars manufactured after 2000 must
have 16-pin diagnostic connector. This makes it easier to diagnose any
drivers emissions in a vehicle and the reading of operating parameters in
any time unit.

Fig. 3: DASHBOARD application in IDC5 software [5]

The key information in the turbo-charging circuit is the actual data,
which is stored by signals from sensors in the circuit. The evaluation of
the above parameters is possible through additional functions, which are
used as applications in diagnostic testers. An excellent example of this
solution is the dashboard function in IDC5 software in the TEXA
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TXT's Tester. The turbo-charge pressure is checked here depending on
[5]:
rotor speed,
compressed air pressure,
exhaust gas temperatures,
the blade angle of inclination in the variable geometry system.
One of the main reasons of failure of turbochargers is unbalance of
its rotating parts. To measure the balancing quality of the turbocharger's
rotor we use two types of devices:
e quick-rotating turbocharger core correction machines (fig.4),
e slow rotating devices for balancing the turbocharger shaft (Fig.

Fig.4. Core correction machine  Fig.5. Rotor balancing
machine

The presented devices verify turbochargers in the context of
unbalance measurements of rotor masses and correct the balance of
turbine wheel and compression wheel with turbocharger shaft.
Unbalanced weight is reduced with an accuracy of 0,01 mg/mm2 and
the unbalance tolerance value is assigned to a given type of turbocharger
and stored in the internal memory of the device. Unquestionably, the
above method is one of the most accurate, precise methods of verifying
turbo-charging devices.
3. Methods of identifying the condition of turbochargers

Due to higher and higher operating speeds of turbochargers, even
a minor unbalance causes an increase of vibrations, which in
consequences may lead to a quicker damage of the whole component.
The effect of its use is subsequent vibrations of rotors, causing much
faster wear of bearings, rings and other parts of turbochargers.
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Balancing is the process of checking the distribution of the rotor
mass and correcting it, if necessary, until residual unbalance is obtained
within the set tolerances. The aim is to achieve an even weight
distribution of the rotor with respect to its geometric axis of rotation. In
theory, the unbalance of rotating elements can be divided into three basic
types: static, momentary and dynamic. In practice, we are dealing with
all of them simultaneously, but the division applied makes it easier to
understand the essence of the phenomena taking place and to choose a
rational method of limiting their negative results.

3.1. DYNAMIC BALANCING OF THE ROTOR BY THE 'MASS
REDUCTION' METHOD

The main reason for damage and failure of turbo-charging
devices is unbalance of turbocharger's rotor. Rotor unbalance creates
excessive vibrations which are transmitted to the machine body, which
leads to damage to the roller bearings. A characteristic feature of the
rotor unbalance is a regular increase in bearing vibration amplitude,
which depends on the rotational speed of the rotor of the turbo-charging
device. These are always harmonic vibrations, the frequency of which is
equal to the frequency of rotor rotation. Rotational speed of turbocharger
rotor oscillates around 200 000 rpm, so the problem of natural frequency
is particularly important. The absolute condition of the turbocharger's
usefulness is not showing a tendency to any vibrations, whether the drive
unit rotates or not [2,6,16].

Unbalance of basic components of the turbocharger may lead to
various damages and even serious failures [3,9]:

e damage to the turbine wheel blades and compression,

cracks in the turbocharger shaft,
damage to radial cotact ball bearings and thrust bearings,
jamming and damage of turbocharger's rotor,
variable geometry system failure.
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Fig.7. lllustrates the dynamic balance of the turbocharger's rotor [1]

The force pair P1 and P2 as shown in Fig. 7 is in the same mode of
working as the axis of the rotor. On a bearing-mounted balancing station,
the reactions R1 and R2 are generated, which are in the same position as
the above forces. They have equal values but opposite directions (R1=-
R2). The location of the rotor, as well as the value of unbalanced mass,
is used to verify the place and mass of the material, which has to be
removed for proper dynamic balancing of turbocharger rotor [1].

The turbocharger of vehicle is balanced in two stages:

e stage | - Balancing the shaft with the turbine wheel and the
compression wheel with nuts and spacers and seals (Fig. 8),

o stage Il - balancing of the bearing-mounted turbocharger rotor in
the compressor housing with oil system connected (Fig. 9).
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Fig. 8. Balancing the turbocharger shaft Fig. 9.
Balancing the core of the turbocharger

This type of balancing is the result of the recommended stricter
requirements imposed by companies manufacturing turbo-charging
devices.  Correction  of unbalance  of  turbochargers by
"reduction of mass" certainly affects the structure of the balanced
element, because excessive removal of material from the compression
wheel or turbine wheel make them weak, which often causes cracking of
these elements.

The following figures (10 and 11) show the points on the
compression wheel from which the mass hass been reduced and the
resulting wheel crack at the point where the unbalanced mass was
gathered.
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Fig.10. Mass reduction points on the compression wheel
Fig.11. Cracked compression wheel

3.2 DYNAMIC BALANCING OF THE ROTOR BY THE 'MASS
ADDITION' METHOD

Most of the damage to turbochargers is caused by breakage of
the compression wheel; turbine; and also by breakage of the
turbocharger shaft. Such defects are caused by improper exploitation of
turbocharged combustion engines and incorrect regeneration of
turbocharger components. Incorrect balancing of basic components has a
negative impact on the construction and mechanical properties of
turbocharger components. In order to prevent damage to materials which
result from improper regeneration of turbocharger components,
innovative tests are carried out in order to minimize the above problem.
The method of 'mass addition' is carried out in two stages:
- first stage concerns the correction of the unbalanced mass of the
turbocharger rotor including sealants and spacer nuts,
- second stage is based on balancing the rotating element (core of
turbocharger) with bearings in the body of the device.

Two types of devices were used to perform these tests:
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- Schenck TB Comfort slow-running balancing machine for the first
stage of balancing,

- the second stage was carried out on a high-speed Schenck MBRS 110
machine.

Disassembly of balanced components and input of data of
turbochargers into the system is the identical as in the traditional method
using balancers for rotors and cores of turbochargers. The difference is
in the way of correcting unbalanced masses of rotating parts. The
process of unbalanced mass correction was carried out by using a special
thermo-resistant mass, which is designed, among other things, for the
removal of exhaust gases and liquids whose temperature exceeds
1000°C. Characteristic feature of this substance is a high adhesion
coefficient and short time of mass fixation. During the reading of the
value of the unbalanced mass of the rotating element, the heat-resistant
mass is applied to the outside of the turbine wheel and compressed via an
insulin syringe. Before application, the rotor surfaces were thoroughly
cleaned and the amount of mass applied was verified on an electronic
scale with an accuracy of 0.01mg.

When the adhesive mass was bound, the turbocharger rotor was
mounted in the core, which was subjected to strength tests on a device
allowing to accelerate the rotating element to the speed of more than 200
000 1/min.

The above method has been used for turbocharger number
038145702E, which is used in vehicles of Volkswagen brand with
engine capacity of 1900cm3 and after removal of main components of
turbocharger was verified its rotor in terms of balance.

In the first stage, the basic dimensions of the rotor, which are
necessary for the test to be carried out correctly, were entered into the
TB COMFORT balancing system. The following dimensions have been
set:

diameter of the compression wheel,
height of the compression wheel,
turbine wheel diameter,

turbine wheel height,

turbocharger shaft length,

distance between turbocharger shaft and balancing sensors
placed in supports.
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Then the rotor of the turbocharger was rotated in order to verify its
level of unbalance. The obtained value of unbalance correction was
reduced by application of thermo-resistant mass with the use of insulin
syringe (Fig. 12 and 13).

Fig. 12. Imposition of mass on the turbine wheel Fig.
13. Imposition of mass on the turbine wheel

After the process of balancing the turbine wheel had been
completed, the compression wheel was verified. The procedure was the
same as in the case of the turbine wheel. The unbalance of the
compression wheel was reduced by overlapping the same mass as that of
the turbine wheel. The procedure of balancing the turbocharger rotor was
carried out in a correct way, the size of unbalance was within the
tolerance limits.

After the process of balancing the turbocharger's rotor, the
balanced element was placed in the core of the turbocharger and
mounted in the high speed Schenck MBRS110 balancing machine.
During this process, the rotational speed of the rotating component
exceeds 200 000 rpm. At this stage of the test, the high rotational speed
strength of the mass of the rotor, which is common during the daily
operation of the turbocharged drive unit, has been verified. During this
test, it was observed that at a rotational speed of 200 000 rpm, the heat-
resistant mass remained on the turbine wheel (Fig. 14), but broke out of
the compression wheel (Fig. 15).
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Fig.14. Mass on the turbine wheel after compression test
Fig.15. Ripped wheel massss

Turbochargers of properly operated car engines do not require
frequent repairs and reach mileages from 100 000 to 300 000 km. They
run reliably on heavy commercial vehicles, achieving mileages up to
500,000 kilometres and more. The reason of their possible earlier
failures are usually mistakes in the exploitation and service of engines or
damage to other systems cooperating directly with the turbochargers.

4. RATIONAL USE OF THE TURBOCHARGER

Turbocharger is an exhaust-driven compressor used for
turbocharging combustion engines, which is used to increase engine
power by increasing the amount of oxygen supplied to the combustion
chamber - Fig. 16. The construction of the turbocharger is designed in
such a way that it can cooperate with it without any problems during the
engine lifetime. The turbocharger does not need any specialist
maintenance and its examination should be limited to a few basic steps
included in the instructions for use of the turbocharger provided by the
manufacturer. Typical damages to turbochargers are:
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damages caused by foreign material,
Insufficient oil pressure,

temporary delays in oil delivery,
contaminated oil,

overheating,
construction faults in the process of turbocharger manufacturing.
CO‘-\f!?EF[SSOP E-L.jila;]
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Fig.16. Diagram of turbo-diesel system [3]

There are obvious symptoms of turbocharger worn out:
sudden loss of power;

much louder operation (whistling);

blue exhaust smoke combined with rapid oil loss in the
lubrication system;
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» oiling of the area around the turbocharger and in the air inlet
ducts;
» (,,check engine”) error and low engine rpm.

Approximately 90% of damages of turbochargers are caused by
their incorrect operation (use and maintenance). The main causes of
turbocharger damages are following:
overheating of the turbocharger (after a long period of use, it is
recommended to leave the unit cooled down, lubrication decays, charring
of the lubricating oil, wear of bearings, clogging of oil ducts);

» excessive load on the cold engine (cold oil is dense, the bearings
are not lubricated);
use of not recommended oil by the manufacturer (preferably
synthetic, for high operating temperatures);
exceeding the recommended oil change intervals (loss of
lubricating properties);
low oil level (bearings, tilting in the sloping);
damaged air filter (sand, dust, high speed — wear);
defective turbocharger control (worn actuator and valve);
damage to the turbocharger seals (pumping oil into the engine,
increase in rotation, uncontrolled damage).
Only the manufacturer of the turbocharger or authorized repair
companies have the tools and personnel specialized in repairs of these
devices.

The rational use of engines and turbochargers requires certain
habits and simple maintenance to ensure the reliable operation of these
units. The basic recommendations in this area are:

VVVY V 'V

» avoiding sudden engine stop after prolonged use;

» do not use the full power of the engine immediately after it has
been started up;

» use of recommended oil, resistant to high temperatures and
carbonization;

» compliance with the timeliness of the oil change and the oil
filter;

» regular inspection of the engine oil;

» on-time replacement of air filters;

» application of CERAMIZER (protective layer for shafts, rings,
sleeves).

5. Summary
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It is difficult to imagine a modern motor vehicle that is not equipped
with an engine turbocharging system. The most common charging
device is the turbocharger, which has gained its popularity thanks to its
universality and flexibility. It is used both in internal combustion engines
and in innovative hybrid drive units.

The most common cause of failure of turbochargers is unbalance
of turbocharger's rotor. A characteristic feature of this problem is a linear
increase in the amplitude of bearing vibrations, which depends on the
rotational speed of the rotor. Incorrect balancing of the basic
turbocharger-impeller element is caused by the following damages:
cracked wheel of turbine or compression, damage to the turbocharger
shaft, damage to thrust bearings and variable geometry system failure.

Analysing the proposed innovative method of balancing the rotor
of turbocharger by adding heat-resistant mass we can conclude that the
presented method is an interesting alternative to the current method of
balancing turbochargers. Certainly, the probability of turbocharger
failure during the reduction of unbalanced mass is minimized. Correction
of the unbalanced mass of the rotor by the "mass addition" method does
not affect the mechanical properties of the material and does not affect
its structure. Thus, it does not cause cracks of rotating elements in the
turbocharger.

Further research on this issue should identify the phenomenon of
the loss of added mass from the compression wheel at a rotation of
200,000 min-1. In the initial analysis, this can be explained by the
incorrect selection of glue for the material mass.

The proposed method aims to remove the problem of incorrect
reduction of unbalanced weight. This problem appears in the form of
cracks, i.e. damage to the basic components of the turbocharger's rotor.
This involves expensive repairs to the main turbo-charging unit in the
turbo-charging system.

The presented first results of research of the proposed solution
confirm the fact that the right balance is the key aspect for the correct,
failure-free use of the turbocharger.

Briefly indicated basic recommendations for rational use of car
engines and turbochargers ensure safe and reliable operation of these
systems.
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IMOCTPOEHUE MEXAHUYECKOM XAPAKTEPUCTUKH
TATOBOI'O ACUMHXPOHHOI'O JIEKTPOJABUTI'ATEJIA
MOBWJIBHON MAIIIMHBI IO MACHOPTHBIM JIAHHBIM
CONSTRUCTION OF THE MECHANICAL
CHARACTERISTICS OF THE TRACTION ASYNCHRONOUS
ELECTRIC MOTOR OF THE MOBILE MACHINE USING
PASSPORT DATA
Atamanos lO.E., K.T.H., JOIIEHT,
[Tnum B.H., ct. npenonasaresns,
benopycckuil HalMOHAIbHBINA TEXHUYECKUI YHUBEPCUTET,
r. Munck, benapycs
Atamanov Y.E., Ph.D.in Engineering, Assosiate Professor,
Plische V.N., senior lecturer,
Belarusian national technical University,
Minsk, Belarus

B pabore mpemnokeH anrOpuTM MOCTPOCHUS MEXaHWYECKOH
XapaKTCPpUCTUKHU TATOBOTI'O ACUHXPOHHOT'O QJICKTPOABUTATCIIA C
HCITOJIb30BAHMEM KOOPAMHAT XapaKTEPHBIX TOYEK

The paper proposes an algorithm for constructing the mechanical
characteristics of the traction induction motor using the coordinates of
the characteristic points

BBEJEHUE

Jns  uWccnenoBaHWsT Ha  MEXaHHKO-MAaTEMATHUECKHX — MOJIETSX
MUHAMUAKH ~ DJICKTPOIPUBOJA MOOWIBHBIX MammH  (JIeKTpolyca,
Tposel0yca, TpakTopa U T.II.) HEOOXOIUMO MOCTPOUTH MEXAaHHUYECKYIO
XapaKTePUCTUKY  TATOBOTO  DICKTPOJBUraTens, T.e.  MOJYYHUTh
3aBUCHMOCTh BpalIaloONIer0 MOMEHTa 3JEKTPOABHTATENs OT YacCTOTHI
Bpamienust poropa M,,=f(n,;) wmm yriaosoit ckopoctu My =f(w,y). TIpu
3TOM HE YYHTBIBAIOTCS TEPEXOAHbIE TPOLECCH B JAJIEKTPHUYECKHX
MammHax [1]. B HacTosiee BpeMs B Ka4eCTBE TATOBBIX JIBUTATENICH Ha
MOOHIIBHBIX MAIlIMHAX MPUMEHSIIOT ACHHXPOHHBIC 3JCKTPOIBHUIATEIIH.
OpHako pacdeT H  TIOCTPOCHHE XapaKTEPUCTHKH aCHHXPOHHOTO

QIIEKTPOJBUTATENST — JOBOJBHO CJIOXHBIM mpouecc. B pabore
npeasaraeTcs YIPOLICHHBIN ANTOPUTM MOCTPOCHUS 3TOH
XapaKTePUCTUKU.
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IIOCTPOEHUE MEXAHUYECKOU XAPAKTEPUCTUKU
TATIOBOI'O ACMHXPOHHOI'O DJIEKTPOABUI'ATEJIA
MOBMJIbLHOM MAIIMHBI 10 ITACIHIOPTHBIM JIAHHBIM

Ha puc.l nmpuBeneHa  OpuHUMIIHANBHAs  XapakTEpHCTHKA
ACHHXPOHHOTO TSTOBOTO 3JIEKTPOABUTATEIS.

MommHocTts, KBT

YacToTa BpaleHus potopa, MUH

Bpauiatormuit MOMeHT,

Yacrora BpalleHus poTopa, MI/IH_1
6 7 8
1 — MakcHManbHAas BBIXOJIHAS MOITHOCTH; 2 — BpAINAIOIINA MOMEHT; 3 —
JIEHCTBUTEIIbHAS BRIXOJHAS MOIIHOCTR; 4 — MAaKCHMAJILHBIM MOMEHT; 5 —
HOMMHAJIBHBIN MOMEHT; 6 — 4acTOTa BpallleHHs poTopa Mpu
MaKCHUMaJIbHOM MOMEHTE; 7 — HOMUHAJIbHAs 4acTOTa BpallleHus; § -
MaKCcHMaJbHas 4acTOTa BPAIIEHUsS pOTOpa

PI/IcyHOK 1- HpI/IHLII/IHI/IaJ'ILHaH XapPaKTCpUCTUKA aCUHXPOHHOTO
QJICKTPOABUTATCIIA

AJNTOPUTM TIOCTPOCHHUSI XApPAKTEPUCTUKU TATOBOTO ACHHXPOHHOTO
SICKTPOJBUTATENSI MO TMACMOPTHBIM JaHHBIM C  HCIOJIb30BAaHHEM
XapakTEepPHbIX TOYEK pAcCMOTPUM Ha IPUMEPE JIIEKTPOJBHUIATENs
Rexroth size 312, xoropslii npumeHsiercsi Ha TpakTopax. OCHOBHbIC
JIaHHbIC, HEOOXO0/IUMBbIC Ut HOCTPOCHUS MEXaHUYECKON
XapaKTEePUCTHKHU JJIEKTPOIBUIaTe sl IPECTaBICHbI B Ta0II. 1.
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Tabmuua 1

HaumeHoBaHue napamerpa 3HaveHue
HomuHanbnbll KpyTsamuid MoMeHT Mu(H-Mm) 1100
HoMHHaIbHAS YaCTOTA BPAIIEHHs Ny(MUH ") 850
HomunansHas MmomHOCTh Py(kBT) 97,9
MaxkcuMallbHbIH KPYTAIIH MOMEHT 2750
Mimax(H-M)

MaxkcumalnbHasl 4acToTa BpaleHus 3400
Nimax(MHIH )

B Tabn. 2-mpuBEICHBI YacTOTa BpAlICHHUS POTOPa W BPAIIAIOIIHH
MOMEHT 3JIEKTPOJIBUTATEIs], CHATBIC HEMIOCPEICTBEHHO Ha TPAKTOPE.
Tabmuua 2

N5,00/M1 82 | 90 | 121 | 161 | 205
" 0 297 | 506 | 746 0 5 7 7 1
210 | 210 | 151 | 105 | 95 | 87
M, Hm 5 5 6 0 3 0 645 | 485 | 373

CHauana BOCIIPOM3BEIEM XapaKTEPUCTHKY TATOBOI'O aCHHXPOHHOTO
JIEKTPOJBUTATENsl MO JAHHBIM TabJj. 2, HCIOJb3Ys AamlIpOoKCHMAIIUI0
3THX JaHHBIX TpPUEMJICMON (QYHKIUEH TpH W3MEHECHHH YacTOTHI
BpaleHus potopa oT 297 mun™" 10 2051 Mun.

Hanecem maHHBIE MO BpallAOIIEMy MOMEHTY 3JEKTPOJBHUraTessl OT
YacTOTBHl BPALICHUSI €r0 POTOpa, MpUBEIEHHbIC B Tabn. 2, Ha rpaduk,
puc.2.
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YacToTa BpaleHHA PoTOPa, MMH-1

PucyHnok 2 — 3aBHCHMOCTB BpalllaIOIIEro MOMEHTA SJIEKTPOABUTATENs
OT 4aCTOTHI BPAILLEHUSI POTOPA
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Touka, COOTBETCTBYIOIIAs HOMHHAJIBLHOMY BpAIIAIOIIEMy MOMEHTY
(Tabm. 1) oTMeueHa Ha PUCYHKE TPEYrOJbHBIM MapKepoM. Pe3ynbTaTsl
WCCIIEIOBAaHWH TIOKa3ald, 4YTO JaHHble Tabjl. 2 Jydlle BCEro
aNMpOKCUMHUPYIOTCS TTOJMHOMOM 4YETBEPTOH cTemeHu. PesymbraThl
BOCIPOM3BE/ICHNUS  XApPAKTEPUCTUKU DIICKTPOIABHUTATENS] MOJIMHOMOM
MOKa3aHbl HAa PHC.3 ¢ HAHECEHHBIMH XapaKTEPHBIMH TOYKAMHU.

]

B Mm.max

E 2000 3-./

E \

2 1500 A \

E i \ Mau,nom

E 1000 '

= Noa.max
E 500 \-

5 "*--..._____

H N

0 +
o / 500 / 1000 1500 2000 2500 3000 3500
NoxMmax  Nonom  yacrra spawenmn potopa, mus-1

Pucynok 3 — 3aBHCHUMOCTD BpaIaroIiero MOMEHTa OT 9aCTOTHI

BpalIeHUs poTOpa

B Touke HOMHHAIEHOTO MOMEHTa (N, =850 MUH) 3;IeKTpOABHTaTEND
pa3BHUBaET MOITHOCTb PAaBHYIO Psyuow = 71,064 kBT. B nuanasone gacrot
BpalleHus poTopa oT 850 MMH 10 MAKCHMAJIbHON 4acTOTHI BPaIleHHS
potopa 3400 MHH' MOIIHOCTB SIEKTPOJBMTATENs MOYTH IOCTOSHHA.
Opmnako crerka noHmkaerca ¢ 71,064 kBt npu wactote 850 MuH " 10
67,68 kBt mnpu wuyactore 3400 MUH . Bpamaroumii - MoMeHT
AIIEKTPOJIBUTATENSI B HAYaJle XapaKTEPUCTHUKU MPAKTHYECKH MTHOBEHHO
JIOCTHTacT HOMHUHAIBHOI'O 3HAYCHHUSA My mon = 798,3681 H-M u ocTaercs
MIOCTOSIHHBIM B IMANla30HE YacTOThI BpalleHus poropa ot 0 mua? 10 850
mun'. C BO3pacTaHMeM YacTOTHI BpaIeHHs poTopa oT 850 muH' 10
3400 mmH' BpamamomMii MOMEHT H3MEHSETCS 110 KpPHBOH IpH
MMOCTOSTHHON MOIIIHOCTH.

CrnenoBatensHO, M3MEHEHHe BpAIAIOIIEeTo MOMEHTa
JJIEKTPOJBUTATEINS B JAWANa30HE YaCTOT BPAIICHHs] POTOpa OT HYJS IO
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MaKCUMAJIbHBIX 3HAYCHUH MOXHO TIPEACTaBUTh TpeMs ydacTkamu: |
y4acTok OT N,,=0 MHH' 10 Numax (9acTOTa BpamleHHs TIpH
MaKCHMaJIbHOM  MOMEHTE, KOTJa  JIBUTaTeJib  IEPEXOAWT  Ha
KPUBOJIMHEHHYIO XapaKTepUCTUKY, 3HAUYEHUE €€ MOKa He U3BECTHO), Ha
KOTOPOM BpAaIaloNINi MOMEHT paBEH MaKCUMAIILHOMY MOMEHTY Mo max,
npuHATOMY Ui pacdera; |l y9acTok - OT Nmmax MO Nuoy HMEET
KpPUBOJIMHENHYIO 3aBUCUMOCTb, MO KOTOPOM BpalalolMii MOMEHT
YMEHBIIACTCS ¢ Moyymax J0 Myguon; Il ydacTox - oT Nuow A0 Nmax, HA
KOTOPOM MOIITHOCTh JJICKTPOIBUTATEN TOCTOsSHHA P,; = CONst, a
BpaIIAONIHi MOMEHT onpeenseTcs mo hopmyne My, = Pyq/(1t Nyy/30).

Teneps ITOCTPOUM XapaKTEPUCTHKY DICKTPOIBUTATEIIS,
BOCITOJIE30BABIIINCH KOOPAMHATAMH XaPAKTEPHBIX TOUCK:

- HOMUHAaJIbHAs! MOIIHOCTb Pyoy = 82,048 mipH Nyon = 933,08 MUH

- MaKCUMAaJbHBIA MOMEHT Mmax = 2102 H-m;

- MaKCUMaJbHas 9acTOTa BPAIIEHUS BaJia, Nmax = 3400 munt
U CPaBHUM €€ C IEHCTBUTEIBHON XapaKTePUCTUKOM, puc. 3.

Pacyer uw mocTpoeHHE WCKOMOW XapaKTEpPUCTUKA HA4YMHAEM C
BOCIIPOM3BEACHUS  HW3MEHEHHUS  MOIIHOCTH  DJEKTPOJBHTATEIs B
3aBUCUMOCTH OT 4YacTOThl BpaimleHus portopa. Iloctpouts 3Ty
3aBUCHMOCTh IS TPEThEr0 YyYacTKa HE TMPEACTaBIsSeT HHUKAKOH
TpynHOCTH. [loaTOMY mMOapoOHEE pacCMOTPHM 3aBHCHMOCTH MOIITHOCTH
OT YaCTOTHI BpPAIlICHUS Ha MEPBBIX ABYX yUacTKax.

Ha nepBoM yyacTke Bpamaroumii MOMEHT [IOCTOSSHHBIN, & MOLTHOCTb
WU3MEHSETCS 10 JIUHSHHOMN 3aBUCHUMOCTH Poy = Moy maxT Nyy/30 (kpuBas 2
Ha puc. 4). Bropoii KpUBOIMHEHHBI YYacTOK BOCHPOHU3BEICM,
BOCITOJIE30BABIIIHCH 3aBUCHUMOCTBIO
B, =P, 1-¢ Mo | (1)

el HOM

Ha puc. 4 BTOpOI#i yuacTOK MpecTaBieH KPUBOH 3.
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Pucynok 4 — VI3MeHeHrne MOIITHOCTH OT YaCTOTHI BpaIlIeHUs Ha MEPBBIX
JIBYX y4acTKaX XapaKTePUCTHUKU

Jns cpaBHeHMs Ha TrpaduK HaHeceHa KpHWBast 1, COOTBETCTBYIOIIAS
peanpHON XapaKTepucTuke, puc. 3. M3 cpaBHEHUS MPeaCTaBICHHBIX
KPUBBIX  MOXHO  3aKJIOUWTh, YTO  HU3MEHEHHE  MOIIHOCTH
QNEKTPOJIBUTATENS] HA BTOPOM YYacTKe XOPOIIO BOCIPOWU3BOAMTCS
mpearaeMoi 3aBUCUMOCTBIO (1).

OcTaercs omnpenenuTh KOOPAUHATH TOUKHU MepeceueHus npsMoit 3 u
rpaduka 2, T.e. ONPEAETUTh Nmmax. IS 3TOr0 MOTpedyeTcs pemmuTh
cucTeMy ypaBHeHHUH (2):

Ny

Pabl = PH().M 1-e Mo ; (2)
min
Py =M 20,
902 max 30

Pemmts cucremy ypaBHeHUit (2) MOKHO TpauyecKH, puc. 5.

150

100
f(n)
2n)

Psa1 /“’

MomHoCTh, KBT

0 100 w 300 400
P3n2

YacToTa BpalieHHs potopa, MHH

Pucynok 5 - I'padudeckoe pereHne CHCTEMbl ypaBHEHHH (2)
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B pe3ynbTaTe MONYUMIH, 9TO Numax = 300 MuH". PeansHoe 3HauYeHHE
YacTOTHl BpAIlleHUs] POTOpa MPU MaKCUMAaIbHOM MOMEHTE, Nvmax = 298
mun’. Eciu rpadudeckoe pellleHHe CHCTEMBI He OTBEYaeT TpebyeMoit
TOYHOCTH, TO 3TOT CIIOCOO HCIIONB3YeTCsl Ul OTAEICHUS KOPHEH, T.e.
JUI YMEHBILICHNS OTpe3Ka UCCIIEI0BaHNUs, a 3aTeM cucTema (2) pemaercs
JIFOOBIM CIIOCOOOM, KOTOPBIH MPEANOYNUTAET UCCIEe0BATENb.

Yrtobbl moctpouth rpapux M,,=f(n,;), HEOOXOOMMO Ha BTOPOM H
TPeTheM y4YacTKax KpUBOH P, =f(N,;) BOCIONB30BATHCS 3aBHCHMOCTBIO
M,y = Py/(m n,y/30). TI'papux M,=f(n,;) s mepBoro ydvacrtka
XapaKTePUCTUKU — TpsIMasi, COOTBETCTBYIOLIAs NPUHATOMY 3HAYCHHUIO
Mmax. Ha puc. 6 mokazaHa uCKoMasi XapaKTepUCTUKA DJICKTPOIBUTATEIIS
Rexroth size 312, moctpoeHHast M0 KOOpAWHATAM XapaKTEPHBIX TOYEK,
KOoTOpas  HMEeT  XOpollleeé  COBHaJeHue C  JEHCTBUTEIbHOU
XapaKTepUCTUKOI puc, 3.

2500
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\/- Mas
:E 51500
{ 'ﬂ;: Pau,
2 21000
* 2 RN
§ 500 / \\ —
- I —

o 500 1000 1500 2000 2500 3000 3500

06opoTel Bana snekTpogsuratend, ob/muu

Pucynok 6 — Mexanuueckasi xapakTepUCTHKA 3JICKTPOIBUTaTEIsI
Rexroth size 312

IIppu  ucnosb30BaHMM  MEXAHMYECKOHW  XapaKTEPUCTUKU I
UCCIIeIOBaHUSl TMHAMUKNA MOOWJIBHBIX MAIIMH CJIEAyeT UMETh B BHIY,
YTO TPU pa3rOHE UCIONB3YETCs XapaKTepUCTHKA, IIOKa3aHHas Ha puc. |
IIyHKTUPHOW JIMHUEH, a IIPU NOBBILIEHUU HAIPy3KH — CIUIOIIHOM JIUHUEHN
oe3 BBIXOJa Ha MaKCHUMaJILHBIN MOMEHT. Mexanunueckas
XapaKTePUCTUKA DIIEKTPOJBUIATENs] MOKET MCIONb30BaThCA M JUIA
MOCTPOEHUS TATOBO-CKOPOCTHOM XapaKTEPUCTUKNA MOOMIBHOM MaITHHEI.
3AKIIIOYEHUE
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[Ipeanoxken anropuTM pacueTa U TIOCTPOCHHUS MEXaHUYECKOM
XapaKTEPUCTUKU  TSITOBOTO ACUHXPOHHOTO ANEKTPOIABUTATEIS.
OCOOCHHOCTh aNTOpUTMa 3aKIIOYaeTCsl B HCIOJB30BAHUHM  TOJBKO
KOOPJIMHAT XapaKTePHBIX TOUCK (MACMOPTHBIX JAHHBIX, MPEJICTABICHHBIX
B 3aBOJCKOH  Tabnwuke Ha  KOpIyce  AJIEKTPOJBUTATENS).
KpuBonuueiinslii yuacTox XxapakrtepucTuku P,,=f(n,;) pexomenmyercs
anmpokcuMupoBats  ¢dopmymnoi (1), Jlasg HaxXOXIEHUS YacTOTHI
BpaIlleHUs] POTOPA Nmmax HEOOXOAMMO PEIIUThH TPAPUUSCKU HITH JTHOOBIM
MaTeMaTHIECKUM METOJIOM CUCTEMY YpaBHEHHH (2).
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STATE CHANGES IN VIBRATION DIAGNOSTIC AND
METHODS OF MODAL ANALYSIS
Bogdan Zéttowski_1, Mariusz Zéttowski_2
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UTP University of Technology and Life Sciences _2,
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Abstract. Presented considerations of this work includes selected issues
in the area of statistical procedures use in vibration measures study and
modal analysis methods to assess the building structures and machines
state. The indicated statistical procedures are particularly important in
vibration and modal research, where the multidimensionality of
diagnostic signals requires a wide application of various statistical
procedures at the stage of processing and decision-making. This paper
presents the MATLAB program for determination of the Symptoms
matrix, software tools for reading and exporting files in the .unv format,
the OPTIMUM computer algorithm, the Singular Values Decomposition
(SVD) computer algorithm and the state matrix analysis program using
the MAC theory.

Keywords: statistical methods, exploitation, diagnostics, redundancy,
product life cycle.
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Streszczenie

Przedstawione rozwazania tej pracy obejmujg wybrane zagadnienia z
obszaru wykorzystania procedur statystycznych w badaniu miar
drganiowych oraz metod analizy modalnej do oceny stanu zuzycia
konstrukcji budowlanych i maszyn. Wskazane procedury statystyczne sa
szczegoOlnie istotne w badaniach drganiowych i modalnych, gdzie
wielowymiarowos$¢ sygnatow diagnostycznych wymaga szerokiego
stosowania réznych procedur statystycznych na etapie przetwarzania
oraz podejmowania decyzji. W tej pracy przedstawiono program
MATLAB do wyznaczania macierzy Symptomow, narzedzia
programowe do odczytu i eksportu plikéw w formacie .unv, algorytm
komputerowy OPTIMUM, algorytmu komputerowej analizy rozkladu
(SVD) i programu do analizy macierzy stanu z wykorzystaniem teorii
MAC.

Stowa kluczowe: metody statystyczne, eksploatacja, diagnostyka,
redundancja, cykl zycia produktu.

1. INTRODUCTION

The achievements presented in this work are a result from the
implementation of many studies related to the description and statistical
verification of the vibrational energy distribution usefulness in the state
degradation assessment. Both the developed field of vibration
diagnostics and applied modal analysis methods are based on the
vibration process and use in the research as basic - different vibration
estimators. The physical aspects of the vibration process are described in
terms of time, frequency and amplitudes, giving in practice a large
number of measures (often in excess) of the energy distribution
containing a lot of information about the processes studied (objects).
This forces the need for widespread use of statistical methods when
developing research results for making rational decisions.

Diagnostic experiments should enable quantitative assessment and
in-depth analysis of destructive processes occurring in constructions and
machines, mainly at the stage of use and maintenance. An in-depth
analysis of the results of the experiment, which is the basis for the
operational decisions to be taken, should each time contain answers to
users' questions [6,15,36]:
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 how to successfully recognize the technical condition of a structure,
in general?

» how long and under what load can the system operate for the next
technical support?

« how to change or shape the system load for maintaining task ability?

e what are the most advantageous ways and means of renewing the
system?

* how to protect the system against the destructive effects of external
factors?

Only a comprehensive application of diagnostics and effective
diagnostic procedures for the state, distinguished in dedicated diagnostic
experiments, guarantee the reliable operation of technical systems in the
adopted structures of exploitation [8,38,41].

Modern technical diagnostics very widely uses the possibilities
offered by such a universal tool as virtual engineering. For a more
effective use of these possibilities, there is a need to constantly search for
new, more effective tools supporting the diagnostic process, as well as
modeling phenomena whose characteristic parameters allow monitoring
the increasing number of available symptoms [39].

The technical systems state analysis is compound for a set of
mathematical procedures that they can be related to each other to
develop analysis of superior order and to find relationships between
procedures and states in different systems. There are many relationships
that can be possible with the procedures, in this work is proposed only a
few relations (see Omudka! Mcrounuk cchbUIKE He Haiimen.), it is possible
to formulate other relations of procedures to do another kind of
methodologies or analysis.

Authors of many studies assessing the correctness of diagnostic
procedures most often use single-criterion indicators, which do not
consider in detail the impact of operating conditions of technical means
(the changing model of destruction) on the quality of formulated
decisions (diagnoses and forecasts) [4,6]. This is due to the fact that the
status recognition procedures are very sensitive to the complexity of the
system structure and the randomly variable wear process. There is,
therefore, a need to conduct sensitivity tests of these procedures
depending on factors characteristic of the actual conditions of existence
in service [5, 10].
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Fig.1. Diagram of the technical state analysis

In modern technical systems, considering technological advances as
well as developed and available possibilities for signal acquisition and
processing, it is possible to obtain a large amount of information from
signals registered in various system states. This information must be
processed and interpreted by the available procedures for the statistical
processing of results, which is often used by technical staff to determine
the status [16,25]. Recognition of the degradation status of a complex
system is based on a multidimensional analysis, for which it is possible
to assess the relations between variables whose values have changed as a
result of the developing damage [3,14,29].

More and more often, dynamic state identification tests used to
assess changes in the state of degradation, damage development and
location of causes of the condition were the basis for the development of
a specialized statistical software system. It enables acquisition and
processing of measurement data, creation of many measures of
diagnostic signals, testing their diagnostic sensitivity, statistical analysis
of results and diagnostic inference [29, 33].

The subject of this work includes selected fragments of important
research issues in the following areas:
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« statistical procedures in the measurement of vibration energy flow
measurements (acquisition, ordering, redundancy, modeling and
presentation of results from tests and measurements);

* estimators of vibration diagnostics in studies of degradation of the
condition of structures and construction machines (identification of
needs and formulating requirements for measures, processes, products
and constructions);

* rules for the use of modal analysis methods in the examination of
structures and construction machines (rules and procedures for practical
applications);

* maintaining the fitness of structures and technical facilities
(shaping technical readiness and safety in the operation of facilities,
introduction of new technologies and technical solutions, design,
construction and rational use).

Studies of energy distribution measures (in vibration diagnostics
and modal analysis methods) are used in many fields as a result of
displacement, velocity or deformation measurements. Indirectly they
serve to quantify the characteristics of material properties, e.g. functional
properties, the state of destruction of the structure or the load-bearing
capacity of old buildings in the field of cultural heritage. They can also
be used in structural quality tests to detect damage affecting the fatigue
properties of a structure. Vibration assessments of engineering structures
degradation also enable assessment of the degradation status of
materials, elements and structures, assessment, or delamination of
composite panels used in industry.

Measurements of energy distribution used in the studies use various
estimators of vibration diagnostics and modal analysis, the usefulness of
which in indicated areas should be assessed by dedicated and specialized
statistical procedures.

2. STATISTICAL RESEARCH SPACE

All studied mass phenomena are characterized by certain
regularities, which are difficult to study and not all are detected and
investigated. Statistical assessments used for this characterize the
quantitative side of the studied phenomena in an inseparable connection
with their qualitative side. It should be remembered that in nature there
are no numbers used by statistics, but only things and processes [4, 25].
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Statistical methods using a numerical description make it possible to

make the necessary generalizations of a large amount of detailed
information. By using generalized statistical methods to make the
necessary generalizations in the statistical description, order is
introduced in the apparent chaos of random events. This allows detection
of regularity in the form of cause and effect relationships occurring in
the studied phenomena [2,17, 23].
The massiveness of the data requires the use of computer-aided research
in the field of methods and means of modeling, acquisition, processing,
inference, visualization, dissemination and storage of information. The
current development of science requires from engineers the use of
modern computer applications, thanks to which it becomes possible to
make complex calculations and to analyze the obtained results in a short
time [39].
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Fig. 2. Changes algorithms in the state of structural degradation
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In general, the proposed methodology for studying the consumption
state includes detailed procedures for the development of. a data
acquisition system and their processing and statistical inference -
repetitive in many different issues of testing many measures of vibration
signals.

The control tools of the considerations are the proposed statistical
procedures (Fig.2) that make up the measurement system of vibration
energy propagation (acquisition, ordering, redundancy, modeling and
presentation of results from tests and measurements) [1,3,26].

The obtained research data (uncertain, incomplete, random) are
subjected to analysis and assessment of regularity in the field of mass
phenomena. For the purpose of highlighting the main components of the
observation matrix, the obtained results are combined into control charts,
which are subjected to painstaking research in the scope of:

a) data presentation:

- statistical series: detailed, distributive, temporary;

- statistical plots: linear, bar, point;

- statistical tables: working - raw statistical material subjected to further
processing.

b) use statistical tools to describe the structure of the community:

- arithmetic mean - average value,

- geometric mean - used to examine relative changes in a given feature,

- dominant - the value of which is the most probable,

- range - difference between the maximum value and the minimum value
of a given feature,

- standard deviation - average deviation of the value of a given feature
from its arithmetic mean,

- variance - the arithmetic mean of the squares deviations of the value of
the feature from its arithmetic mean,

- coefficient of variation - determines the degree of diversification of a
given feature in the whole population,

- asymmetry coefficient - determines the direction and strength of
asymmetry,

- concentration factor (kurtosis).

These analyzes determine the initial and justified selection of
qualitative measures, further processed to highlight the components to
the main model. Statistical analysis of the acquired data is also the basis
for many interesting description and trends of the events studied. Basic
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statistical surveys use many methods for qualitative and quantitative
analysis of the data obtained. These include: analysis of variance,
correlation analysis, regression analysis, factor analysis, discriminant
analysis, time series analysis, canonical analysis, others, generally
available in various informational statistical procedures [11,34].

The MATLAB program is used for basic engineering applications
used in the analysis of results. This program is used for computer
calculations, combining data logging and processing, specialized
calculations, visualization and an easy-to-use programming environment
[17]. The program contains the following applications:

- mathematical algorithms and their calculation,

- the creating own calculation algorithms,

- modeling and simulation algorithms,

- data analysis and visualization,

- engineering graphics applications,

- application for creating own programs, creating their interface and
graphical data analysis.

Depending on the application, the program includes specialized
packages of calculation procedures from any areas of knowledge called
toolboxes, for example: SIMULINK, Signal Processing Toolbox,
STATGRAF, STATISTICA and others. Such packages make it possible
to obtain basic knowledge in a given scope and apply this knowledge to
solve problems [2,13,39]. Statistical procedures in studies of vibration
energy propagation measures supports the conducted experiments and
have been verified in many publications describing vibration tests, modal
analyzes and ex-test systems.

To accomplish the objectives of the above tasks, an engineering
application was developed: State Examination Procedures (PBS) -
enabling the generation of dedicated sets of variables of independent
symptoms of the degradation status of the tested structures and
machines.

3. MAIN ELEMENTS OF THE DEVELOPED PBS SYSTEM
Identification tests of structures and machines used to assess
changes in the condition, damage development and location of causes of
the existing condition constitute the basis for creating a specialized
software system for statistical procedures. Modules of the developed
system enable acquisition and processing of measurement data, creation
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of many signal measures, testing their sensitivity, statistical elaboration
and inference.

The program modules correspond to the subsequent stages of the
statistical survey of technical objects [25,31,40].
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Fig. 3. Module window with the generated matrix of vibration estimators
[31,38]

The processing of vibration processes to obtain the values of the
vibration signal (estimators) allows you to generate own and mutual
measures of the vibration signal that are used in various applications.
The dialog boxes of the proposed module "Symptoms™ used to generate
own and mutual measures of the signal are shown in Fig.3.

The ideal point method - OPTIMUM

Measured signals represent the space of observation, and indirectly
the development of damages in the structure or construction machine.
Using optimization, you can characterize the sensitivity of measured
symptoms to state changes based on distance measurements from the
ideal point [24, 27, 33]. The algorithm presented below enables
statistical evaluation of individually elaborated symptoms, resulting in
the final qualitative ranking list of their sensitivity and usefulness. The
next steps of this procedure and its result are shown in Fig. 4.
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Fig. 4.1. OPTIMUM procedure algorithm and an example of its result
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Fig. 4. 2. OPTIMUM procedure algorithm and an example of its result
[30]

Having statistically significant good symptoms, it is possible to
build cause and effect models on the state conclusion stage. However,
the quality of the model depends on the number of measures taken,
which can be indirectly estimated in the simplest regression models with
the R? coefficient [18, 22].

Multidimensional system observation - SVD

SVD (Singular Value Decomposition) is a numerical procedure for
multivariate tracking of changes in an object's degradation state. Detects
evolving lesions and selects the maximum informational status
symptoms (quantitative assessment) in a given research situation. The
procedure uses all measured signals to assess changes in the state of the
technical system under study, without losing any information possible to
obtain. The algorithm of the method and an exemplary result of the
applied procedure are presented in Fig.5.
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Fig. 5.1. The algorithm of the SVD procedure and an exemplary result of
its operation [4,25]
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Fig. 5.2. The algorithm of the SVD procedure and an exemplary result of
its operation [4,25]

The SVD procedure in the newer software implementations is
modular (base) and allows further development of the algorithm,
automatically searching for unnecessary measurement symptoms for a
given research topic.

Information system for degradation studies

The degradation status identification tests of various technical
facilities are increasingly the basis for the creation of a specialized
software system. This program includes software for the needs of:
vibration acquisition, processing, statistical inference and visualization.
It enables the acquisition and processing of measurement data, the
creation of many measures of diagnostic signals, their testing of
diagnostic sensitivity, statistical elaboration and diagnostic inference.

The presented procedures of statistical surveys are the sum of
experience from theoretical and experimental research of the field of
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vibration and modal testing, supported by statistical procedures
[5,20,29].

The program structure is a modular structure composed of the
following modules (Fig.6):
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Fig. 6. Main dialog window of the proposed statistical survey system
[31,32,34]

A. Read .unv module that allows processing from UNV format to XLS
format.

B. Symptoms module that allows defining, determining and creating a
matrix of many measures of vibration processes.

Modules A and B form part of the software responsible for
acquiring and processing vibration processes in order to obtain a matrix
of observations of vibration estimates.

C. The Optimum module uses the ideal point method for individual
assessment of the qualitative sensitivity of the measured symptoms of
vibration processes.

D. SVD module (multidimensional description of the state of the tested
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object) used to quantify the generalized damage measures and to assess
the damage development.

E. Input / Output module used to analyze the similarity of vibration
processes and to determine various operational measures of the tested
object.

F. Optimization module used to develop models and data in genesis
(methods of approximation and interpolation), diagnosing and
forecasting states.

G. Network module using neural networks to classify states based on the
obtained results in the form of time series.

Modules C, D, E, F, G are elements of statistical inference and
evaluation of cause-and-effect relations, and also serve to visualize the
results obtained.

H. The MAC module is a procedure allowing the comparison of different
vectors treated as a measure on the entry and exit of a system.

The exemplification of the developed solutions was carried out in
the operational tests of selected objects (railway transport system,
construction elements and constructions, internal combustion engines,
gears, bearings) in which verification of modeling procedures and
degradation status was carried out on the basis of actual signal
measurements.

4. SUMMARY

More and more frequently conducted technical systems identification
tests, also used to assess changes in this condition, damage development
and location of the existing condition, constitute the basis for the
creation of a specialized statistical survey system.

It enables the acquisition and processing of measurement data, the
creation of many measures of diagnostic signals, their testing of
diagnostic sensitivity, statistical elaboration and diagnostic inference.

The content of this study is the sum of experience from theoretical
and experimental research in the field of vibration and modal research of
various objects, supported by statistical procedures.

The implementation of the above assumptions required the use of the
most modern specialized measuring equipment and programs enabling
the execution of defined tasks at the required level, characterized by
optimal technological, price and quality efficiency.

The proposed procedures have been verified in many studies
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(compact studies and publications), indicating their original capabilities
useful in many applications [32,43,44].
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Annortanusa. HccnenoBaH Mpouecc B3aUMOJEHCTBUS KOJECHOIO
JIBIKUTENS] C TPYHTOBOM MOBEPXHOCTHIO IPU H3MEHEHUHU JABICHUS
BO3/lyXa B IIMHE. Y CTAHOBJICHO BIMSHUE JABJICHUA BO3AYyXa Ha TATOBO-
CLIETIHbIE CBOMCTBAa KOJIECHBIX MamuH. llpemyoxeHa cucrema
ABTOMAaTUYCCKOI'0 PpETyJIMPOBAHUA OAaBJICHHA BO3AyXa B MIMHAX
MOOWJIBHBIX MAIIWH B 3aBUCUMOCTH OT JIOPOKHBIX YCIOBHH.

Abstract. Studies of the process of interaction of the wheel drive
with the ground surface when the air pressure in the tire. As a result of
researches it is established that the size of air pressure in tires renders
essential influence on traction properties of wheel cars. As a result, the
design of the system of automatic control of air pressure in the tires of
mobile machines, depending on the road conditions.
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UzBecTeH psin crnocoOOB TOBBILICHUS TATOBO-CLEMHBIX CBOMCTB
KOJIECHBIX ~ TPaKTOPOB, OCHOBHBIMH W3  KOTOPBIX  SIBIISFOTCS:
UCIIOJIb30BaHKE TIOJIHOTO TPUBOJIA, CIBAUBAHWE WJIM CTPAaHBAaHUE IIHH,
UCIIONIb30BaHKe Oaiiacta, IpUMEHEHHE JOTpy)KaTeleil CIemHOro Beca,
OJIOKMPOBKA MEKOCEBBIX M MEKKOIECHBIX UG (EPEeHIINAIOB.

B mocnexgnee Bpemst pa3BHMBaeTCs OAWH W3 CIOCOOOB TOBBIIICHUS
TATOBO-CIICITHBIX CBOWCTB M IMPOXOJMMOCTH MAIMH IO TIPyHTaM CO
cnaboil HecyIel coCOOHOCTBIO — pETyTUPOBaHUE AABIICHUS BO3AyXa B
[IMHAX BeIyIINX KOJEeC TPAKTOpa.

OOBIYHO MOCTIE/ICTBHS HCIIOIH30BAaHUS HEMPABHIBHO MOJJOOPAHHOTO
JIABJICHUS B IIIMHAX HEJIOOLICHUBAIOT. A BEJb BCICACTBUE STOrO MallluHA
HE MOXET I[IOJIHOCTBI0 pealin30BaTh CBOWM TmoTeHIWan. Pacrer
Kod(hpumueHT OYKCOBaHMS W CHIDKACTCS TIATOBas MOIMHOCTH TPAKTOPA.
UToObI CHU3UTHh OYKCOBAaHUE U YIYUIIUTh NIepeady TATOBOH MOIIHOCTH,
HAYMHAIOT HABEIIMBaTh JIOTIOJHHUTENBHBIN Oamnact. PesymbraTsl
MPOBEJCHHBIX MCCIIEOBAaHUI TTOKa3alld, OJAHAKO, YTO TO — HE CaMBIH
3¢ (HEKTUBHBIA UHCTPYMEHT IS YMEHBIICHUST OyKCOBaHUsS. Y BeIHUUNBAs
o0mIyro Maccy TpakTopa, Mbl yBEJIMYMBAeM HArpy3Ky Ha IOYBY,
MOBpEXIas ee, 1a U SKOHOMUYECKHUN Pe3yJIbTaT BhI3bIBACT COMHEHMSI.

[Ipu weGompmmx pabounx ckopocTsax (9...12 km/4), Hanpumep, pH
BBITIOJITHCHUU OCHOBHOW OOpaOOTKH IIOYBBI, TSATOBYIO MOIIHOCTh
OTPaHMYMBACT IIATHO KOHTAKTA IITMHBI C IOYBOH.

Cama 1o cebe mo4yBa HE MOXKET «BOCIPHHSITH» OOJBIIOE OKPYKHOE
ycuiIie Ha KoJiece. Bpamaronyecs: kojeca He TIepeIaloT MOTHOCTBIO TY
MOIITHOCTh, KOTOPYIO OHU Yepe3 TPAHCMHUCCHIO TOTYYHIIA OT JBUTATEIS.
OcCHOBHO# 3a7aueil CTAaHOBUTCSI CHIDKeHHE KOod(¢uIernTa OyKCOBaHUS
3a CUeT YJIyUIIeHHs CIETJICHUS IIUH U TIOYBHI.

Co CHMKCHUEM JIaBJICHHSI B IIMHE YBEIMYUBACTCS MATHO KOHTAKTA C
MOYBOM, a 3HAYUT, HArpy3Ka paclpeneisieTcs M0 OOJNbIIeH TUIOIIAIN.
BenenctBue MEHbIIEro  JaBJICHHUS, IIHHBI B MEHBIICH CTCICHU
3armyOsiioTesl B TO4BY. TakuM 00pa3oM, CHMIKAETCSl COMPOTHBIICHHE
KaYCHHUIO U MEHBIIIE MOITHOCTH PACTPAYUBACTCS Ha YIJIOTHEHUE TTOYBHI.
K Tomy e 3a cueT yBemMYEHHUS OIOPHOHN IMOBEPXHOCTH YIyUIIAIOTCS
CIICTIHBIC CBOMCTBA IIMHBI C IOYBOH, a 3HAYHT, HA HEE MOXKHO TepeIaTh
OOJIBIITYEO MOIIHOCTb.

TsroBass MOITHOCTh M OYKCOBaHHE CBS3aHBI BOSAWHO, U 0€3 MepBOro
He Oymer BTOporo. YpoBeHb OyKcOBaHUWs, NpeBbImaronmi 15%,
MPUBOIUT K TOBPEKACHHIO MOYBHL. UTO ke KacaeTcsi CONpPOTHBICHUS
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Ka4eHHUI0, TO NP ABWKEHUH IO IIOCCE OHO TEeM MEHbIIE, YeM OoJbIie
JaBJICHUE B IIMHAX. B mone cuTyanusa nuaMeTpanbHO NPOTHUBOIOIOXKHA!
4YCM MCHBIIC JaBJICHHUEC, TEM MCHBIIC I‘.]IYGI/IHa 3axo0Ja KoJieCa B IIOYBY U
COOTBETCTBEHHO MEHBLIE COIMPOTHBIICHNE KAauCHHIO.

B 2017 r. Ha MeXnyHapOJHON BBICTABKE CEIbCKOXO3AHCTBEHHBIX
TpakTopoB u MamuH ¢upma «Fendt» (®PI) mpencraBuia
CENIbCKOXO3SIMCTBEHHBIH KOJIECHBIN TpakTOp TATOBOro kimacca 5,0 ¢
JIBUTATEJIEM MOUTHOCTHIO 360 JI.C. ¢ cUCTEMO peryIupoBaHus BO3AyXa B
muHaxX (PUCYHOK 1).

—-—

Pucynok 1 - Tpakrop ¢pupmsl Fendt Ha mosieBbIX HCIIBITAHUSIX
IO PETYJINPOBAHUIO AABJICHUS BO3IyXa B IINHAX.

q)I/IpMa MIpoOBEJIa UCCIICAOBAHUC BIIMAHUA JaBJICHUA BO3/JyXa B IIMHAX

TpoLEHT UCnoNb30BaHNA MpoLeHT ucnonb3osaHna
MOLLHOCTK MOLWHOCTH

100 100

Ve

75 1 75
50 50

25 25

Tarosos MoWHOCTb (KH) npu 8 km/u TarosoA MowHoCTL (KH) npu 15 km/y
0 T T T T T T T T T T 1 0 T T T T T T T T T T 1
20 30 40 50 60 70 20 30 40 50 60 70

m— [1BC Taroso#

PucyHok 2 — B3aumM03aBUCHUMOCTh OTHOCUTENIBHBIX ITOKa3aTeNen
TSTOBOM MOITHOCTH U MoIHoCcTH JIBC
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3TOTO TPaKTOpa Ha €ro TATOBO-CLENHBIE CBOMCTBa MpH paboTe Ha
CYIJIMHKE HOpPMajJbHOM BnaxHoctn (W=14-16%) npu pasindHbIX
CENTbCKOXO3SIMCTBEHHBIX paboTax, PUCYHOK 2

B pesynprare wuccnenoBaHWil OBUIO BBISBICHO CYIIECTBEHHOE
TOBBIIICHHE MOIITHOCTH Ha KPIOKE NP PETYJINPOBAHUHU JIABICHHSI.

Takke CyIIECTBEHHO TIOHMDKAeTCS M PacxXo] TOIUIMBA IIPH
pasnuuyHOro BHaa paborax. JlaBieHHWe B INMHAX PETyJIHUPOBANOCH
coryiacHo Tabmnuue 1.

Ilpp >TOM HYXHO OTMETHTb, YTO JABJICHHE PETryJIUPOBAIOCH
BOJWTENICM IIPH OCTAaHOBKE TPAKTOpa B 3aBUCHMOCTH OT CE30HA,
KaTeropuu TPYHTOBOW TOBEPXHOCTH M BHAA paboT, 4YTO, MO HAleMy
MHEHHIO, CHIDKaeT 3()(eKTUBHOCTh pacCMaTpUBaeMOro METO/a.

Tabnuna 1 — [ondop naBiieHus

OpOHTaNbHBIN JlaBieHue B IIKMHAX
Oamract TpancnopTHBIE pabOTHI [Tonessle pabOTHI
[Mepenmss SamHsst [Mepennsisa SagHss
0Ch 0Ch 0Ch 0Ch
OTCYTCTBYET 0,8 6ap 1,6 6ap 0,6 6ap 0,6 6ap
1250 xr 1,4 6ap 1,6 6ap 1,2 6ap 0,6 6ap
2500 kr 2,4 6ap 1,6 Gap 1,6 Gap 0,6 6ap

1 TEOPETHYECKOE OBOCHOBAHUE ITPOLIECCA
B3AUMOJAENCTBYMA BEYIHIEI'O KOJIECA KOJIECHBIX
MAIIIMH C TPYHTOBOU ITOBEPXHOCTBIO

1.1  ®U3UKO-MEXAHUYECKUE CBOWCTBA T'PYHTOBOM
[TOBEPXHOCTHU

[Ipu Bo3neiicTBIM XOOBBIX OPraHOB MAIIMHBI HA TPYHT B TTOCTIETHEM
BO3HHUKAIOT JAe(opMalnny, 3HaYCHHE U XapaKTep KOTOPhIX 00YyCIOBICHBI
JIeficTBMEM BHEIIHMX M BHYTPEHHUX CHJI, BBI3BIBAIOLIMX CMELICHHE
YaCcTHI[ APYT OTHOCHUTENIBHO [pyra, a TakKe H3MEHEHHE CpEIHEro
paccTosHUS MEeXAy dacThlaMu. Eciam mocne ycTpaHeHHs BHEIIHErO
BO3/IEMCTBHA YaCTHIIBI TPYHTA BEPHYTCS B IIEPBOHAYAIBHOE IOJIOKEHHE,
TO nedopMalyisl CUYUTACTCS Ynpyeotli, €Cd TOJNOKEHHE YacTUIl TOoCie
CHATHSI Harpy3KH OTJIHMYAeTCsl OT IMEepPBOHAYANFHOTO, TO Habmromaercs
ocmamounas nepopmanus. Ecimm  ocratounas agedopmanusi paBHa
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o01iei nedopmarium, To peub HIET O niacmuieckol aepopmanuu.

PeanpHBIE TPYHTHI HE SBISIOTCSA YUCTO YIPYTUMHU U IIACTUYESCKUML.
OouH W TOT JKe TPYHT MPH pPa3IMYHBIX YCIOBUSX jAedopmanuu
MPOSBISCT CBONCTBA M YOPYTOCTH, W IUIACTHYHOCTU. [lpum Maibix
Harpy3kax pgedopmanus mpsSMO NPONOPIMOHAIEHA WM, T.€. TPYHT
mposiBIsIieT cebst kak ympyroe Teno (yuactok |, pucynokx 3). Ilpm
JATbHEWIIEeM  YBEJIMYEHUM  Harpy3Kd  OTHOCHUTENBHBI  TPUPOCT
nedopmaru Bodpacraer (ydactok |l, pucyHOk 3), B 3TOM COCTOSHUH
TPyHT OIM30K K YNPYro-TUIACTUYHBIM cpenam. lIpum  Kakoi-To
NpefeTIbHOM Harpy3Ke IPOUCXOIUT YBEJIWYeHHe Jedopmanun  Oe3
OIIlyTUMOTO BO3pacTaHus HanpskeHus (ydactok 1, pucynok 3).

Jedopmanuu TpyHTOB, HaXOMAIIMXCS B €CTECTBEHHOM COCTOSHHH,
MIPEICTABIIAIOT COO0H 0CcOOBIH BUA AchopMannid, CBOMCTBEHHBIN TOJIBKO
MOJIUJAUCIICPCHBIM CHCTEMaM TPH YCJIIOBUHM, YTO CHJIBI OTTAJIKUBaHUS
MpHOIKAIOTCS K 3HAaYeHWsAM Cull cueruieHus. llostomy maxke npu
JTUHEHHOW 3aBUCHMOCTH MEXIy HamnpsoKeHHEeM W aedopManuei (Maibie
Harpy3KH) TIOCJI€ CHATHS Harpy3KH HaOIIONAI0TCS OOJBIINE OCTaTOYHBIC
nehopMaIu.

[Ipu B3amMozeiCcTBUN ABIKUTENEH MOOMIIBHBIX MAIllUH C TPYHTOM
MOCIIEIHAN MOJBEPTaeTCsl CMATHUIO, CIBUTY B Pa3HBIX HAIpaBJICHUSX, B
pe3yJbTaTe Yero B HEM BOZHUKAIOT TONS HOPMANbHbIX U KACAMENbHbIX
Hanpsajcenutl, paCIIpOCTPAHSIOIINXCS B TIIyOHMHY U B pa3HbIE CTOPOHBI OT
MecTa TIPIIOKEHUsT Harpy3ku. OT croCcOOHOCTH TPYHTa BBIIEP)KHUBATH
yKa3aHHbIC HANpsDKEHUE 3aBHCAT IDIIyOMHA Kojed, o0pa3zyeMoi
JMBUKUTEISIMA MAITMHBI, CHJIA CONPOTHUBICHUS IBW)KEHUIO 3a CYET
CMSATHS TPYHTa OIIOPHOHN YacThIO KoJjieca M 00pa30BaHUs KOJIEH, a TaKkKe
cuna cueruieHus. [103ToMy conpoTHBIIEHHE IPYHTOB CXKATHIO U CIBUTY
SIBIIICTCS OCHOBHBIM II0Ka3aTEJeM, BIMSIOINIAM Ha TATOBO-CIICITHBIC
KadyecTBa MalllvH.

W3BecTHO, UTO TATOBO-CIETTHbIE M CKOPOCTHBIE CBOWCTBA MOOUILHON
MAIIMHbBI TPOSBIISIFOTCS PH B3aUMOJICHCTBUM €€ XOJ0BOTO armapara ¢
MOBEPXHOCThIO JBIKEeHHs. [lOBEpXHOCTh JBUKEHHS MOXKET OBITh
HMCKYCCTBEHHOH (acdanbt, OCTOH, OYIBDKHHUK W JZIp.) W €CTECTBEHHOM
(menuHa, 3ajeXkp, MaxoTra W 1p.). B CBoO odepenp, €CTeCTBEHHAS
MOBEPXHOCTh MOXET OBITh MHHEpalbHOTO (IVIMHA, TECOK U TMp.) U
TOP(SHO-00JIOTHOTO MPOUCXOXKICHUHN (TOPHSIHUKHN C OCTAaTKAMU Pa3HOTO
poJia paCTUTEIHLHOCTH).

112



TsaroBo-cuienHbple CBOWCTBA MHOTOLENEBBIX KOJECHBIX MaIlUH
(MKM) 3aBucsT, ¢ OJHOW CTOPOHBI, OT IapaMEeTPOB MAIMHBI (ee
JBWKUTENS), C IPYTOH — OT (PU3HKO-MEXaHUYECKUX CBOHCTB TPYHTOBOU
MTOBEPXHOCTH.

I'pyHTOBas MOBEPXHOCTH XapaKTEPHU3YeTCs COCTABOM TIpyHTa
(MUHEpanbHBIC TPYHTHI, TOPGSHUKH), COMPOTHBICHHEM €€ CMSTHIO H
CABHTY, BIQXKHOCTBIO, TNIOTHOCTHIO, IIOPUCTOCTHIO U JIP.

OmHMM M3 OCHOBHBIX CBOWCTB SIBISIETCS CONPOTHBIIEHHE TPYHTOB
CXKAaTUIO M CIBUTY TIOJA JEHCTBHEM JMHAMUYECKOW Harpy3ku. B
MEXaHHKE TPYHTOB B OCHOBHOM PacCMaTpPUBAIOTCS] 3aBUCUMOCTH CHKaTHUS
U cIABUra OT CTarTudeckod Harpysku. IIpomecc B3auMomeucTBHs
JOBIDKUTENST MOOWJIBHOH MAIIMHBI — XapaKTEepU3yeTcsl MEepEeMEHHBIM
HEYCTAHOBHMBIIUMCSI PEKUMOM IIE€PEXONa OTHOCUTEIBHOTO TIIOKOS K
OTHOCHUTEIBHOMY JIBUKEHHIO.

OmHMMH W3 3aBHCUMOCTEH CONPOTHUBIEHUS C)KAaTUIO M CIBHUTY,
KOTOpBIE a7eKBaTHO OTpa’karoT JUHAMHYECKUT IpoLecc
B3aMMO/ICHCTBHUS BEAYIIETO W BEJIOMOTO KOJIEC ABIIKUTENS MAIIWHBI C
TPYHTOBOM TMOBEPXHOCTHIO SBIAIOTCS 3aBUCHUMOCTH, NPEJIOKEHHBIE
npopeccopom B.B.Kaumprrmaeim  [6]. Ha pucynke 3 mokaszaHa
3aBUCHMOCTb HOPMAJILHBIX HANPSDKEHUI O OT IITyOHHBI TorpyskeHus h, a
Ha pUCYHKe 4 — HanpsDKeHUH cABUra 7 OT nedopmanun A.

/|

17

Oy

h ——
Pucynok 3 — 3aBucMMOCTh HOPMAJIBHBIX HAIIPSDKEHUN O
OT IIyOuHBI orpyeHus h mramma

HopmanbHoe HanpspkeHHe onpenenseTcs no popmye:

O'=O'0'th<£'h), (1)

Op
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TJIe Oy — HECyIas CrocoOHOCTh rpyHTa; K — K03 duimenT ooGbeMHOTO
CMATHsI TPyHTa; N — ri1yGHHA MOTPYKEHUsI [IITaMIIa.

1 ~
-—""-- r
= /", | 3
Z' [ ,f
TREIRS le
2 Pl x
g o :
S e
o
- ! Y !
- Ao - A

1 — ntoTHBIE TPYHTSHI; 2 — MIIACTUYHBIC TPYHTEHI
Pucynok 4 — 3aBucuMOCTb HaNpsDKEHUH caBura 7 oT fedopmanuii A

Hal'[pﬂ)KCHI/Iﬂ CABUTa, BOBHUKAIOMIKUEC IIPpU I[e(bOpMaIlI/II/I TpyHTa:

f, A
n
T=fo Q| 1+—F |"th (2)
he)
T
rae Ox — JaBJICHUE Kolieca Ha TPYHT; foa — KOIpUIUMEHT TpeHus
ckonbxenus; f; — koadduument Tpenus mnokos; K. — kodhunmeHT
neopmanyu rpynTa; A — nedopmariusi cIBura.
OCoOEeHHOCTBIO 3TUX 3aBHCUMOCTEH SIBIIIETCA TO, YTO OHH HMEIOT
peanbHOe TMPOMCXOXKACHHE, a KOdQGHUUUEHT K; TponopuuoHalIeH
npeaensHoi nedopmaruu capura Ao, T.€.

kr = f (D).

1.2 TATOBO-CLIEITHBIE CBOMCTBA KOJIEC MKM

IIpuMeHeHnEe BBIIENPHUBEACHHBIX 3aBUCHUMOCTEH K IPOLECCCY
B3aMMOJICHCTBUS KOJIECHOTO JBIKUTENS C TPYHTOBOM IOBEPXHOCTHIO
JaJi0 BO3MOXKHOCTH C OOJIBIION OCTOBEPHOCTBIO ONPENEIUTH TATOBO-
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CIICTIHBIC KAUeCTBa MAIIWHBI IPU IBUKEHUH 110 YKa3aHHOH MOBEPXHOCTH
[1,4,7].

Cuna Fep compoTHBIEHHS MABIKEHHIO 3a CYET CMATHS TPYyHTa
OTOpPHOW TOBEPXHOCTBIO KoJieca W TIyOMHA KOJEHW ONpEeAessIoTCs Ha
OCHOBE pac4eTHOM CXeMbI (PHUCYHOK 5) ¢ OMOIIbI0 ypaBHeHUH (3) u (4).

v

Y
7
/ G © Muu
Mk
(o]
F: R
g T@ Yi B
& _
X Qf
O X <1 X
A~ -
%
3
£

O0o03HaueHus:l, Iy, [y — HOMUHAIBHBIN, CTATHYECKUH U TMHAMUYECKUN
paanycHl KoJieca; ¢ — TOPU30HTAIBHAS KOOPAMHATA MPIIIOKEHHS PEAKIINN
TPYHTOBOU NOBepXHOCTH; F1, M, — ToNKatomIast cuina ¥ KpyTAIIHA MOMEHT,

neiicTByroIre Ha koseco; h, h,, — ryouna Kosen u geopMaItis IIHHBI 0]
neiictBueM Harpy3ku G
Pucynox 5 — Cxema CiiI 1 MOMEHTOB, ITPHIIOKEHHBIX K BETYIIEMY
KOJIeCY, ABMKYILIEMYCS 110 TOPU3OHTAIIBHOW TPYHTOBOM MOBEPXHOCTH B
YCTaHOBUBIIEMCS PEKUME

h
E ‘fob eh [T gy T TR 3
cnp 0o o nrnp _ hO ’ ()
0
ho
b-oy-(r,, —h k-, T, —h
G:f o )-th 2. 2 dh. 4)

0 ’Z'Tnp'h—hz 0o Tnp_ho

rae b — mmpuna xoseca; Iy — IPUBEACHHBIH PaanyC Koeca.
IIpu 3TOM OBUIN IPUHATHI CIIEAYIOIINE Oy ICHHUS:
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— BeOyllee KOJIECO JBIKETCS [0 TOPU3OHTAIBHOU TPYHTOBOM
MTOBEPXHOCTH B YCTAHOBUBIIIEMCS PEKUME;

— pealbHOE BeIyIIee KOJIECO pPaanycoM [lp 3aMEHEHO JKECTKUM
KoJiecoM OoJbIlero panuyca I, cornacHo [2, 3, 5];

— peakuuu TPYHTOBOH IOBEPXHOCTH HANpaBIeHBl HOPMAJIbHO K
OIMOPHOM MOBEPXHOCTH.

3aMeHa HOMHUHAJIBHOTO pajuyca Fp MPHUBENAEHHBIM PAINYyCOM [pp
JKECTKOTO KOJieca IPOBOIUTCS IO PopMyJie:

hy,
nw ==Tb' (1 +”7;>.

———
-~ ‘h“\
e G AN
’ ~
N,

Pucynok 6 — 3ameHa 31aCTUYHOTO KOJIeca paJnycoM Io )KECTKUM
KOJIECOM PaJnycoM Iy,

KacarenpHass cumnma TsATM (IBWKYIIAs CHJIa) ONpeseisercss Ha
OCHOBAaHHH PUCYHKA 7 COTJIACHO BBRIpaXEHUIO (5):

Lyp

fn 6x'L
Fk=fb-fc,<-qx- 1+ 5,1 th 7 dL, (5)
0 ch—7— t

ke

h

rae Ly, — npuBeaeHHas IIMHA OMIOPHOU YacTH koneca (AB, pucyHok 6);
Ox — IaBJICHUE JBIDKUTEIS HA TPYHT.
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Ly, =19 - arctg

—_+\¢2'T'0'h.

rae 60— OykcoBanue koneca (0 <5< 1).

fem
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= =
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=

Pucynox 7 — Cxema B3auMOJEHCTBUS BEAYILETO Kojieca
C TPYHTOBOM MOBEPXHOCTHIO

PAnix

)

1.3 BYKCOBAHUME BEAYIINX KOJIEC KOJIECHBIX MAIINH

PaccmoTpuM  mpomecc  BO3HHUKHOBEHHMsI  OyKCOBaHUS — Kojeca
WCIIOJIB3YSI pacueTHYIO CXeMy, IpeACTaBIeHHYI0 Ha pucyHke 7 [2 ,3].

Kak y>xe yka3pIBaJloCh BBIIIE, TATOBO-CLEMHBIE CBOMCTBA MOOHIIBLHBIX
MAallliH, B YAaCTHOCTH KOJIECHBIX TPAaKTOPOB, 3aBUCAT OT OYyKCOBaHUs
KOJIEC MAIMHbI, KOTOPOE ONpENeNsieTCs CHIaMU TPEHUS U CABUIOM
rpyHTa [OYBO3aLENaMU B CTOPOHY, OOpaTHYIO HAIPABICHHUIO ABHIKCHUS
HOCJHEIHEN.

TeOpeTI/I‘IECKI/I nepeaava BEAyLIETO MOMCHTa 00s13aTeILHO JO0JDKHaA
COIIPOBOXAATHCA 6yKCOBaHI/I€M, B pE3yJIbTAaTC 4Y€ro OChb KoOJIe€Ca MEPEMCIIACTCS KaK
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Obl Ha COOTBETCTBYIOLIEE pacCTOSHME HazaA. B 9ToMm, INIaBHBIM 00pasoM,
3aKJIIIO4acTCA (1)I/ISI/I‘I€CK8.SI CYIIHOCTb 6yKCOBaHI/Iﬂ BEAYyIIUX KOJéc Ha
nehOpMUPYEMO TIOBEPXHOCTH U MPHYHMHA CHIDKCHUS HMX IIOCTyHaTeIbHOM
CKOpOCTH. ,HOHOJ'IHI/ITGJILHOC HC3HAYUTCIbHOC CHUXKCHHUC HOCTyHaTeIIBHOﬁ CKOpOCTH
BeAyIMX Konéc oOycnaBiIuBaeTCs TAHTCHIMAIBHBIMUA AehOpMalusIMU  IIKH.
Bﬂaro;{ap;{ OJIACTUYHOCTH IIIHMH B  OKPYXXHOM  HAaIlpaBJICHUHU  YYaCTKHU Eé,
le/IGHI/I)Ka}OLLlI/IeCﬂ IpyU Ka4€HUHM KOJIeCa K IJIOIIaJKEC KOHTAKTa IIHWHBI C I'PYHTOM,
nog JA€uCTBUEM BEAYHIEr0 MOMECHTA CXKHUMAKTCA, BCICACTBHE 4YE€ro IyThb,
IPOXOJMMBIH KollecoM 3a OJIMH O0OpOT, yMeHbInaercs. W3 ckazaHHOTO
BEHIIIE CIIEAYeT, YTO CIEIUICHHE OIOPHOM MOBEPXHOCTH KoJieca C
TPYHTOM TIPOWICXOOUT 3a CYET CHJI TPEHHS, BO3HUKAIOUINX MEXIY
IIUHOW M TPYHTOM, M CHJIBl CIBHTa M Cp€3a TPYHTOBBIX KHPIHYEH,
3aXaThlX MEXIy TpyHTO3arenamu. I[lpu ABHXKEHHH Koyieca (v=const)
CABHT M Cpe3 TPYHTOBBIX KHPIHYEH MPOUCXOJUT B OCHOBHOM B TIEPHOT
BBIXO/Ia TIOCJIETHEr0 IpyHTO3allena OMOPHON MOBEPXHOCTH Kojeca U3
rpyHTa (pucyHok 7). B 3TOT MOMEHT Harpy3ka OT BBIIIEIIIETO W3
3allelyIeHds  TPyHTO3alena TepepaclpeneisieTcss Ha — OCTalbHEIE,
HaXOJsIIuecs B 3allelyieHnH. Bce TpyHTO3aIensl CABUTAlOT U CPe3aroT
TPYHT Ha OJWHAKOBYIO BEIUYHMHY MPHYEM TMEPBBIM CIBUTACTCS Ha
BeJIMUMHY A1, BTOpoM Ha BenuumHy AjtA1=2-A;, Tpetuii Ha
A1tA1+A1=3-A1 1 T.1. TloCKONBKY TIEpPBBIM TpyHTO3AIen MPOUIET BCE
CTaJMH 3alleTUICHUS OT BXOJa B TPYHT JIO BBIXOJIA U3 HETO, HAUMOOIBITUI
CIBUT U Cpe3 TPYHTA MPHU BBIXOJIE €r0 U3 3aICTUICHUS PaBeH Amax=N-Ag
(3mech N - YUCIIO TPYHTO3AIICTIOB B 3AIICIICHUHA OTIOPHON MOBEPXHOCTHU
KoJieca C TPYHTOM).

C npyroil CTOpPOHBI, HaWOOJBITHN CABUT M Cpe3 TPyHTa MOYKHO
MIPEICTaBUTh KaK MMpou3BecHNE K03 duIineHTa OyKCoBaHMsI O Ha JJIUHY
OTOPHOW MOBEPXHOCTH KONECA Ly, T.€. Ay =6 * Ly,

IIpy nBMKEHHUH IO IPYHTOBOW NMOBEPXHOCTH JABUXKYILAs CHIJIA PACTET
B 3aBHCHMOCTH OT OYKCOBAaHHS O JO OINPEHCICHHOTO Tpemena Ooum, a
3aTeM HaYWHAET CHIDKATHCS (PUCYHOK §).

118



FK max /

d_é"nnm’ o =

PucyHok 8 — 3aBHCHUMOCTD IBIXKYIIEH CHIIBI OT OyKCOBaHUS IIpH padboTe
KOJIECHOW MAIlIMHEI Ha CTEpHE CYTITMHKA HOPMAaJIbHOW BIIaKHOCTH

3TO OOBSICHIETCS TEM, UTO NP B3aMMOJICHCTBUU IIWHBI, UMEIOIICH
TPYHTO3allEIbI, C TPYHTOBOM TOBEPXHOCTHIO MOCIEAHUE CIBUTAIOT
TPYHT B HalpaBJIeHUH, OOPATHOM JIBIKECHHIO MAIIMHBI U HA YYaCTKE OT
0 10 Opmm MBUKYIIAS CHJIA TIPOMIOPIIUOHATBHA YCHITUSAM CIIBUTA T co.

I[pu moctmxkeHMn OYKCOBAHUS  Opnny TPYHTO3AICHBI  CPE3AOT
TPYHTOBBIE «KHPIHUYM» U 00pa3yercs «3eMJISTHOE» KOJIeco, T.e. TPeHHe
caBura T.y 3aMEHSETCS TPEHUEM CKONBXEHUS [ W3BecTHO, 9TO Top >
Tex.

Takum oOpazom, mpu OYKCOBaHWHM KoJeca WMEETCs JBa pEeXHMa
OykcoBaHUs (pUCYHOK 8):

— CWJIa TATH PacTeT C YBeIWYCHNEM OYKCOBaHUS;

— Ccuia TATM TaJaeT M CTPEeMHTCS K IIOCTOSHHOW BeIHYUHE,
00YCJIOBIICHHON CHJIAMH TPEHHS <3EMIITHOTO» Kojieca C TPYHTOBOI
MTOBEPXHOCTHIO.

2 BJIMAHUE JABJIEHUA BO3/JYXA B IIIMHAX BEAYIIIMX
KOJIEC HA TAI'OBO-CHEITHBIE KAYECTBA MAIIMHBI

Pesynprarel uccienoBaHuil mpoliecca B3aMMOICHCTBUS KOJECHOTO
JIBIDKUTENS] ¢ TPYHTOBOM MOBEPXHOCTBIO, MPOBEICHHBIC COTPYTHHUKAMU
kadenpsl «Tpaktopery BHTY [1, 2, 3] moka3anu, 4To MpU CHHUKCHUH
JaBlIeHHs Py BO3AyXa B IIMHAX BeOyIIMX KOJIEC TpaKTOpa
YBEIMYUBACTCS CHJIA TATH F, M yMEHBIIAeTCAd CHUJa CONPOTUBICHHS
JIBUKEHHUIO 3a c4eT oOpa3oBaHus Koien F.,, 1 Ha000poT (puCyHOK 9).
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PucyHok 9 — 3aBUCUMOCTD TATOBO-CLEMTHBIX CBOMCTB KOJIECHOTO
TpaKTOpa OT AaBJICHUS BO3IyXa B IMIWHE IPH pad0Te HA CTEpHE CYTIMHKA
HOpPMAaJIbHOM BJIaKHOCTHU

[Ipyn yBenuueHuu OaBieHHS BO3AyXa B LIMHE A0 Pw max HACTYHAeT
MoTepsl TATOBO-CLEMHBIX CBOWCTB MamuHBL. OCOOEHHO 3TO SIBJICHHE
3aMETHO TpPH JBIDKEHHHM TpPakTopa MO TpyHTaM co ciaboil Hecyriel
CHOCOOHOCTBIO THIA TOP(SIHUKOB WM HAa MUHEPAIBHBIX I'PYHTaxX HpH
00IBIION BIAXKHOCTH.

3 ABTOMATHUYECKOE PEI'YJIMPOBAHUE JIABJIEHUA
BO3YXA B HIMHAX MOBMJIBHBIX MAIIINH

B macrosimmee Bpems  peryiupoBaHHE  JaBICHHS ~ BO3AyXa
OCYILECTBIISIETCS PYYHBIM CIIOCOOOM IPH OCTaHOBKE MAIIUHBL. Takoe
peryinupoBaHue He Bcerga ycnemHo. Hampumep, ecnu mammHa npu
JBIDKEHHUH IOI1A1aeT Ha yYacTOK IPyHTa C1aboi Hecyliel ciocoOHOCTH,
TO MpH pPYYHOM pEryJIMpOBaHHU OHA TEpsieT MPOXOAUMOCTb WIH
YXy[IIIAlOTCSl €€ TATOBO-CLENHBIE CBOWCTBA 3a CUET YBEIMUYCHHUS
OyKCOBaHUSI.

Hamm  mpemmaraercst  co3math  CHCTEMy — aBTOMAaTHYECKOTO
peryaupoBaHus JaBieHUs, (QYHKIHOHMPYIOUIYI0O B COOTBETCTBHU C
JOPOXHBIMU  yciioBuAMH. OHa OCHOBBIBa€TCSI Ha TOM, 4YTO MpHU
JIOCTH)KEHWH KacaTeIbHOW CHJIBI TSITM MAaKCHMAaJbHOTO 3HAYEHUS H
JanbHEeHIIeM yBeIn4eHuN OyKkcoBaHUs (PUCYHOK 8) HauMHaeT paboTaTh
3JIEKTPOHHOE YCTPONCTBO, IMO3BOJISIOIIEE CHU3UTH AABICHUE BO3IyXa B
IIMHAaX MAlIUHBL

120



B pesynbrare nccnenoBaHuid MPeNIoKEHO /Ba HAMPABICHUS OLICHKH
HEOOXOIMMOCTH PETYJIMPOBAHUS JaBICHHS BO3IyXa B IINHE.

[epBoiii TyTh TpeOyeT yCTAHOBKU JATYUKOB, ONPEACISIFOIINX
MaKCHUMaJbHYIO F, CHIy, W 3JIEKTPOHHOTO yCTPOMCTBA, pPeaIM3yIOIIEero
3aBUCHMOCTH F, =f{J). [Ipu 3TOM peanmzyeTcst ypaBHEHUE BUIA!

Bropoii nmyTh TpeOyeT yCcTaHOBKH JaTYUKOB TEOPETUUECKOH Vi = w -
1. u neiictButenbHol Vy = Vi - (1 — §) CKOpOCTH IBHIXKEHHUs TPaKTOpa
(pucyHok 8). IIpu aTom peanuzyercs ypaBHEHHE BUA!

aé/aFk — o0,

Ha pucynke 10 nmoka3zan oMH U3 BapUaHTOB IIpeAjiaraeMOi CUCTEMBbI
ABTOMATUYCCKOI'0  pPEryjiupoBaHus  OaBJICHUA BO3ayXa B murHax
MOOWMJIBHBIX MAIIIVH.

O6o3HaueHus: 1 — xommpeccop; 2 - Pperyyiarop MAaBieHHS; 3 — TPOWHOM
3aIIUTHBIA KiIanaH; 4 — pecuBep; 5 — MIMHHBIA KJIanaH; 6 — JaTYUK JaBICHUS; [
— JAaTYMK pPEATbHOW CKOPOCTH; § — MaTYMK TEOPETHYEeCKOoil ckopocTH; 9 —
3JIEKTPOHHBIHN OJIOK
Pucynox 10 — IIpuHniunuansHas cXeMa CHCTEMBI aBTOMATHYECKOTO
pEeryIupoBaHus NaBJIEHUS BO3AyXa B IIWHAX
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Boznyx ot xomnpeccopa 1 nmogaercsa B pecusep 4, U3 KOTOPOTro Hpu
MOMOIIIHM ITMHHOTO KJIallaHa 5, yIpaBIsieMOro SJIEKTPOHHBIM OJOKOM 9,
HETOCPE/ICTBEHHO B HIMHY. YTpaBJeHHE AaBIeHHEM BO3AyXa B IIHHAX
OCYILECTBIISICTCSl DJIEKTPOHHBIM OJIOKOM II0 CHTHajlaM OT JaTduKa
pealbHOM CKOpOCTH 7, MATYNKa TEOPETUIECKOH CKOPOCTH § U TaTYUKOB
KPYTAILIETO MOMEHTA 6 ITyTeM yIPaBJICHUS IIMHHBIMA KIIaTlaHAMHU.

3AKIIIOYEHUE

1. VYcraHOBJIEHO, UTO peryavpOBaHUE JAaBICHHS BO3JyXa B IIMHAX
MOOHMJIBHBEIX MAIIINH BIIMSET Ha UX TATOBO-CLCITHBIC CBOIiCTBA.

2. PyuHoe perymupoBaHHe O00JaJaeT pSJIOM HEJOCTAaTKOB IIpHU
JBIDKCHUM MAIMHBI Ha Pa3jMYHBIX TPYHTOBBIX MOBEPXHOCTSAX, KOTA
TpedyeTcst OBICTPOE N3MCHEHHE TaBIICHUS.

3. B03MOXHO €031aTh CUCTEMY PETYJIMPOBAHUS JAaBJICHUS, KOTOpas
obecreynBaeT aBTOMATHYECKOES PEryJMpPOBaHHME MABJICHHS B IIMHAX B
3aBUCHMOCTH OT JIOPOXKHBIX YCIIOBHIA.
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YK 629.062
OBECIEYEHHUE YCTOMYUBOCTU TOPMOXKEHUS
TPAKTOPHOI'O ITIOE3JJA
ENSURING THE STABILITY OF BRAKING TRACTOR TRAIN

J.B. T'op6aués, Marucrpasr,

A .. Paxuieii, kaHJ.T€XH. HAYK, JOLIEHT

Bbenopycckuii HalMOHANBHBIA TEXHUYECKUI YHUBEPCUTET?
MuHck, benapychb
D.V.Gorbachev, master student,
A.l.Rahlej, Ph.D.in Engineering, Assosiate Professor
Belarusian national technical University,
Minsk, Belarus

PaccmoTtpen paboumii poliecc CXeMHOTO pElIeHHs THEBMOIPUBO/IA C
9JIEKTPOTTIHEBMAaTHUECKON  KOPpPEKTUpPYIOUIeH  Ienbl0  TOPMO3HOMH
CHCTEMBI CKOPOCTHOT'O TPAKTOPHOTO I0E3/1a.

The working process of the circuit design of a pneumatic
actuator with an electropneumatic correction circuit of a brake system of
a high-speed tractor train is considered.

BBEJEHUE

B HaCTOAMICEC BpEMA BO BCCX PpPa3BUTBIX CTpaHaX BBIITYCKAarOTCA
SHEPrOHACHIIICHHBIC TPAKTOPBI, KOTOPBIC TIO3BOJSIFOT 3HAYUTEIHHO
MOBBICUTh 3()(HEKTUBHOCTh HCIONB30BAHHUS TPAKTOPHBIX MOE3/I0B IS
MEPEeBO3KK TPy30B. BbICOKHME TPaHCHOPTHBIE CKOPOCTH  JICNAIOT
NPUMEHEHUE TPAKTOPHOTO TpaHCHOpTa 3(PQPEKTHBHHIM HE TOJBKO Ha
BHYTPUXO3SMCTBEHHBIX, HO U Ha MEXXO3SIHCTBEHHBIX MepeBo3kax. C
MOBBIICHAEM  TPAHCIOPTHBIX  CKOPOCTEH W TPy30MOJABEMHOCTH
TPAKTOPHBIX IIO€3JI0B, a TaAKXE C BbIXOAOM HX Ha OOpOoru C
WHTECHCUBHBIM JBUKEHUEM, ocoboe 3Ha4YEHUE npuoOpeTaer
3 (PEeKTUBHOCTH TOPMO3HOU CHCTEMBI, oOecrieunBaromias 0e30MacHOCTh
JABUKCHHA MW, B YaCTHOCTH, obecrieueHne YCTOﬁqHBOCTH JABUXXCHHU A
3BCHBEB TPAKTOPHOIO IOE3/1a MPH TOPMOKEHUHU. [10J] yCTOWYMBOCTHIO

123



TPaKTOPHOTO TMOe3/1a CeNyeT MOHMUMaTh €ro clocoOHOCTh, 0e3 ydacTus
BOJWTENS.  COXpPaHATh  33JaHHOE  HalpaBleHHWE  JBW)KEGHUA U
MPOTHUBOCTOSITh  JEUCTBUIO BHEIIHMX Bo3Mymalomux cmwi. Ot
TOPMO3HBIX CBOWMCTB 3aBHCUT HE TOJIHLKO 0€30MaCHOCTH ABIKEHHS, HO U
CTETEHb PEATU3AN CKOPOCTHBIX BO3MOKHOCTEH.

JUI TpaKTOPHBIX MOE3[]0B U3Y4YEHHUE SIBJICHUS MOTEPU YCTOMUUBOCTH
3aHMMAeT CIIEUAIbHOE MECTO B CBA3M C TeM, YTO HMEETCS psI
ocobeHHOCTeH 1 MPoOJIeM, TaKUX KakK:

1) TpakTop He SABISETCS TPY30HECYIICH MAIIMHOH, M IOATOMY, B
YaCTHOCTH Ui OOJNBIIETPY3HBIX TPAKTOPHBIX IOE3JI0B, 0CO00 OCTPO
CTaBHUTCS MPOOJieMa COTJIACOBAHMSI TOPMOXKEHHUSI 3BEHBEB TPAKTOPHOTO
Moe3/1a, Tak Kak BEC IpHIENoB B 3-4 MPEBOCXOAUT BEC TArada, 4yTo
NPUBOAUT K 3HAYHTENBHBIM YCWIHAM CXaTHA B TATOBO-CIENHBIX
YCTPOHCTBAX.

2) TpakTop MeHee YCTOHYMB MPU TOPMOXKEHHH, TaK Kak UMeeT Ooiee
BBICOKOE PAacIIOJIOKECHUE LEHTPAa THKECTH M MEHbLIYI0 0a3y, 4eMm y
OyKCHpYEMBIX TPHUIIETIOB.

Hcnonb3yemblid B TOPMO3HBIX CHUCTEMAX IMPULENOB OJHOIPOBOJHBIN
MHEBMOINIPUBOJ, €  YyIOpaBIeHHEM  OT  TOPMO3HOTO  KpaHa,
YCTaHAaBIIMBAEMOTO Ha TPAKTOpE, HE AaeT BO3MOXKHOCTH OOECIIeYHThH
CUHXPOHHOE TOPMOXECHHUE 3BE€HBEB TPAKTOPHOIO IOE€37a, YTO CO3JaeT
YCJIOBUS 7151 BOSHUKHOBEHUS CHJI CKATUS B CLIEMHBIX YCTPOWCTBAX U KaKk
CIEICTBUE, IIOTEpE YCTOMYMBOCTH MIPH TOPMOKEHUH, a HMEHHO
CKJIa/IBIBAHHIO 3B€HBEB HMJIM MX ONPOKHU/IBIBAHUIO (PUCYHOK 1).

Pucynoxk 1 — CxiabiBaHuE 3B€HBEB TPAKTOPHOTO MOE3/1a

B cBa3m ¢ 3TEM 3amaua  oOecledeHHs YCTOHYMBOCTH TIPH
TOPMOJKEHUM SIBISETCS akTyalbHOM. /[l peleHus 5ToM 3amadu
HEOOXOOMMO 00ECIeYnTh BBICOKOE OBICTPOACHCTBHE M CHHXPOHHOCTH
TOPMOKEHUSI 3BEHBEB TPAKTOPHOTO IO€3la IPH OAHOBPEMEHHOM
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palroOHAJIbBHOM pacOopCACIICHUN TOPMO3HBIX CHUJI MCXKAY HUX MOCTaMU U
CIICOAIIUM ,Z[eﬁCTBPICM TOPMO3HOI'O MMPUBOAA.

Onnum u3 Haunbonee MePCTIEKTUBHBIX HaIpaBIeHUH
COBEpILEHCTBOBAHUS TOPMO3HBIX CHCTEM MHOTO3BEHHBIX TPaKTOPHBIX
M0E3/10B SIBIISICTCS HpUMEHEHHUE B HHUX CIeISIINX

JJICKTPOITHEBMATHYECKAX TOPMO3HBIX TIPUBOJIOB, C 3JCKTPOHHBIM
yIpaBJIeHHEM, KOTOpble  IO3BOJSIOT  TONYYUTh  ONMM3KUH K
ONTUMAIBHOMY TPOLECC TOPMOXKCHHS MHOTO3BEHHOTO TPAKTOPHOTO
moesna [2].

OI[HaKO NPUMCHCHUC CICAANINX SJICKTPOIMTHEBMATUYCCKUX CUCTEMBI C
QJICKTPOHHBIM  YIPABJICHUCM H3-3a HAJIW4YUA DSJICKTPOHHOIO 6J'IOKa
yIpaBJiCHHs, MATYUKOB TMEPEMEIICHUS] TOPMO3HOW TMEAald, JTaTYMKOB
JIABJICHHS, DJICKTPOITHEBMOMOJIYJISITOPOB, YCIOXKHSACT KOHCTPYKIIHIO
TOPMO3HOW CHCTEMBI M €€ CTOMMOCTb, YTO HELENecOo00pasHo IS
pellICHUST OTHOCHTENBHO Y3KOW 3a/Ja4d HCIOJB30BAHUS TPAKTOPHOTO
noe3/ia Juis IepeBO3KH TPY30B.

PABOTA CXEMBI ITHEBMOITPMBOJIA C KOPPEKTHPYIOIIEN
SJIEKTPOITHEMATHYECKOM LIEITBIO
Bonee mpocTeIM pereHneM MOXKET OBITh IPUMEHEHHE HE CIIEISITIX
KOPPEKTUPYIOIIUX AIEKTPOITHEBMATHUECKHUX YCTPOKCTB,

YCTaHaBIUBAEMBIX Ha BO3/lyXOpacrpeAeTUTeIbHbIC KJIanaHbl
MTHEBMOTIPHBO/Ia TOPMO30B TIPHUIIETIOB TPAKTOPHOTO 1M0e3/a (PHUCYHOK 2).

S

Pucynox 2 - Cxema TOpMO3HOT0 MHEBMOMNPUBOA TPAKTOPHOTO MOE3/1a C
HE cleJsed KOpPEeKTUPYIONIECH 3JIEKTPOITHEMATHYECKOM 1IETIhIO
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[Ipemnaraemas cxema TOPMO3HOTO MHEBMOIPHUBOAA TPAKTOPHOTO
1oe3/la C HE CIeIdlled KOPPEKTUPYIOUIEH 3JIEKTPOIMHEMATUYECKON
IEenblo, pa0oTaloIeli TOJNBKO B TIEPEXOJOM PEKUME, TO3BOJISIET
0o0ecneunTs CHHXPOHHOE TOPMOXKEHHE 3BEHBEB TPAKTOPHOTO MOE3/a B
CITy9asix 3KCTPEHHOTO TOPMOXKEHUS, PH MOATOPMaXHBAHUH Ha YKIIOHE
U T.J.

[Ipu  ucnonb3oBaHMM  WOpejIaraéMoil  CXeMbl  TOPMO3HOIO
MTHEBMOIIPHBO/IA TPAKTOPHOTO T0E3/1a C HE CIEAAIIEH KOPPEKTHPYIOIIen
AJIEKTPOITHEBMATHYECKOH IEIBI0, BO3AYXOPACIIPEICTUTEIbHBIC KIIalTaHblI
3, B TmepByw odepenb, OyayT cpabaThiBaThb OT YHPABIAIOLIMX
MTHEBMATHYECKUX CUTHAJIOB, MOCTYHAIIUX OT 3JIEKTPOIMHEBMATHYECKIX
KJIallaHOB 5, KOTOpBIE, B CBOIO oOuepenb, OyayT cpabaTeiBaTh NpHU
3aMBIKAHUM KOHTAaKTHOTO BBIKIIOUaTes 1, CBS3aHHOTO C TOPMO3HOM
MeAanblo, a ciefsiiee JeHCTBUE OyNeT MOAISPKUBATHCS TOPMO3HBIM
KpaHOM 2 MITaTHOTO MHeBMonpuBoza [1].

3AKJIIOYEHUE
Hns  oneHKH pPabOTOCHOCOOHOCTH NPEeAsiaraeMoro TOPMO3HOTO
[THEBMOIIPUBO/IA, HEOOXOAMMO pa3paboTaTh MaTEeMAaTUYECKYIO MOJEIb
JUHAMUKA TOPMOKEHHUS TPAaKTOPHOTO TMoe3/la C Y4EToM paboThI
MTHEBMONPHUBO/A C 3JCKTPOITHEBMATHUECKONH KOPPEKTUPYIOLIEH LETbIO.
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YK 631.3-52: 519.711.3
SHEPTETUYECKHUI AHAJIN3 TAHTEHIIUAJIBHOT'O

MEXAHHU3MA
JABUT'ATEJISI BHYTPEHHEI'O CT'OPAHUS (ABC)
ENERGY ANALYSIS OF THE TANGENTIAL MECHANISM OF
AN AXIAL AUTOMOBILE COMBUSTION ENGINE

B.I1.boiiKkOB, TOKT. TEXH. HAYK
Benopyccknii HalMOHAIBHBINA TEXHUYECKU YHUBEPCUTET,
r. Munck, benapycs
V.Boykov, doctor of sciences, Belarusian national technical university,
Minsk, Belarus
I1.B.Ilamibiko, uHXkEHep, T'. MuHck, benapych

P. Shaplyko, engineer, Minsk, Belarus
H.A.Tlo3aHsK0B, cTapiiuii npemno/iaBaTeb,
benopycckuil HaMOHAIBHBINA TEXHUYECKU YHUBEPCUTET,

r. Munck, benapycs
N.Poznjakov, professor assistant, Belarusian national technical
university,

Minsk, Belarus

Paspaborana  QyHkuMOHaNBHAs ~ MEXaHWUYECKas  cxXxemMa |
MaTreMaTu4deckKkasd MOACJIb TAaHI'CHIUAJIBHOIO MEXaHU3Ma JABUTATCIA
BHyTpenHero cropanus (JIBC) MOOMIbHON MaIlIUHBL.

Formed a functional mechanical scheme and mathematical model of
an axial automobile combustion engine (ACE).

BBEJEHUE

[IpeoOpazoBanme  SHEPrUM  TEPMOAMHAMHYECKOTO  IIMKIA B
MEXaHMYECKYI0 JHEPTUI0 Ha BBIXOAHOM Baly B COBPEMEHHBIX
JMBHUTATEISIX BHYTpeHHero cropanus ([IBC) TpaauiilnoHHO MPOUCXOINT C
MOMOIIIBIO  KJIACCMYECKOT0  KPUBOILIMITHO-IIATYHHOTO  MEXaHH3Ma
(KIIM). Ero koHCTpyKTHBHBIE OcoOeHHOCTH, Bimsromue Ha KIIJ]
JIBUTATENs, CBOWCTBA W TEXHOJIOTUA W3TOTOBJICHHS OTPaOOTaHBI
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JIOCTATOYHO TIIYOOKO. DTO IMO3BOJISIET IOJIyYaTh 3HAYCHHS YJCIBHOM
MOIIHOCTH, XapakKTepHble W MpHUEMJIEMbIE [UJII  COBPEMEHHBIX
nopmHeBEIX  JIBC, HCHONB3yeMBIX NPEUMYIIECTBEHHO B KadeCTBE
SHEPreTUYECKUX YCTAHOBOK TSATOBO-TPAHCIIOPTHBIX CPEICTB.

OmHako Takoe KOHCTPYKTHBHOE ucrmosHeHne JIBC mpuBOAHMT M K
MOBBIIICHHON JWHAMUYECKONM HArpy>KEHHOCTH U  HANpPSXKEHHOCTH
AJIMHAPOB W TOPUTHEBOH TPYIIIBI ABUTATENsI. B pabore paccMoTpeH
VHOM DpPHUHLMII KHUHEMAaTU4YECKOM CBS3M MOPIIHEBOW TIpPYIIBl C
KojeH4aTtbiM BajioM JIBC U caenaH SHEpPreTUYeCKUd aHalu3 CHIIOBOM
CXEMBI TIPeIIaracMoro MexaHu3Ma.

®OPMAJIN30OBAHHOE OITMCAHUWE PABOTHI
TAHT'EHIIMAJIBHOI'O MEXAHNU3MA

M3BectHbie kuHemaTuyeckue cBorictBa KIIIM, 3akmrogaromuecs B
OCOOEHHOCTSIX TOJMYYEHWS TaHTCHIIMANBHOW CHJIBI 1, Bpariaromei
KOJICHYATHI Bal H CO3MAIOIIMNA HAa HEM KpyTsammid MoMeHT My
MO3BOJIWIIA OLIEHUTh 3aBUCUMOCTb 3TOH CHJIBI OT YIVIa IOBOPOTA
KOJICHYAaTOTO Baya, IpEJACTaBIeHHYI0O Ha pwuc. 2, B. OCHOBHOM
ocobeHHOoCThIO  KIIIM  4YeThIpeXTakTHOTO  ABHUraTeliss  SBJISETCS
BO3/ICICTBHE HA BEIMYMHY TaHTECHIIMAIHLHOW CHIIBI HHEPIIMOHHBIX CHII Pj
BO3BPATHO-TIOCTYNA-TEIFHO ABIKYIIUXCS Macc AeTaieil. DTH CHUIIBI, B
CUIy NEPEeMEHHOM CKOPOCTH [BMXKEHHS MOPIUHS, HU3MEHSIOTCS IO
BEJIMYMHE, W 4YEThIpE pa3a B TEYEHUE I[OJHOTO IMKIA W3MEHSIOT
HampaBjieHue. B pe3ynpTaTe XapakTep M BEIUUYMHA TaHTEHIHAIBHOM
CWJIbI, BpAIIAIOMIMKM KOJIEHYAThId Bajl MMEET BUJ, NMPEACTABICHHBIA Ha
puc. 2, B.

Hpyras 0COOEHHOCTD OIpeAeIsIeTcs napameTpom A,
NPECTABIISIONINM 000l oTHOIICHHE paaryca R kpuBormna K mmHe |
matyHa, T.e. A = R/l. Dtor mapameTp BBIOUpAETCS MO KOMIIPOMHUCCHOMY
YCIIOBUIO C YY€TOM OTrpaHHYeHWH TaOapuTHOW BBICOTHI ABHUTATENS H
JIOTYCTHMBIX HArpy30K Ha €ro OCHOBHBIC JCTald W JJisi OOJBIIUHCTBA
KOHCTpYKUMH Haxoautcs B mpenenax A = 0,25...0,35. Ilpu pacueTHOH
oneHke TanreHuuanbHoi cuiibl B KIIIM ncnonp3yro 3aBUCHMOCTD
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Qn(@4-B)’

1
cosp .

T=(R+P):

rae P — cuia naBneHns ra3oB B HWJIMH/PE JBUTATEINS;
() — YTOJI TTIOBOPOTA KOJIEHYATOTO BaJja,
B — yrom oTKIIOHEHHS MIaTyHa OT BEPTHUKAIBHOM OCH.

HerpyaHo onpenenuts, 4To B TeueHHe pabouero xoja (Korjga cymma
P. + Pj umeer makcumanbnble 3HadeHuss ot 370° mo 400° mk.B.)
sin(+p)
MHOXHTeNb —— = B (opmyde (1) umeer 3nauenue 0,2...0,6. A
cosf3
MakcumanbHoro 3HaueHus (0,8...1,1) 3TOT MHOXHTETh IOCTHUTAET B
nmuanazone 410°...470° m.k.B., T.e. ONIKe K 3aBEPIICHUIO paboyero xoaa
HOPILHS.

Takum  oOpazom, KuHemaTHueckue xapakrtepuctukun  KIIM
CHOCOOCTBYIOT MOTEpE MEpPeAadn SHEPIUU AABJICHUS Ta30B B LUIMHAPE
JIBUTATENsl HA IOJIE3HOE BpallleHHe KOJEHYaTOro Bajia. JTH IMOTEPH
TpaTsATCd Ha TPEHHE MOPIIHA O TWIb3Y LWIMHIPA W B MOALIMITHUKAX
KOJIEHYaTOI'0 Bajia, BbI3bIBAsi HNHTEHCUBHBII U3HOC ITHUX JeTaleH.

Jnsi HMCKIIIOUEeHHs OINMCAHHOTO HETaTHBHOTO BO3JEHCTBUS CHI
MHEPLUMKM M MOBBILEHUS 3(PGEKTUBHOCTH HCIOJIb30BAHUS HSHEPTUU
TEPMOJIMHAMUYECKOTO TIpollecca HaMHU IMPEJIOKeHa KOHCTPYKIIWS
AIbTEpPHATUBHOTO MeXaHU3Ma npeoOpazoBaHus BO3BPATHO-
MOCTYIATEIBHOTO JIBMJKEHHS TOPIIHS BO BpPAalIaTeIbHOE JIBHKCHUE
BBIXOJJHOTO Baya JIBUTaTelsl. Takas KOHCTPYKIHMS MPEJCTaBICHA Ha PHC.
1.

B mpemnaraemoill KOHCTPYKIMHM TOPIICHb 1 Ka)JIOTO M3 IMJIHHIPOB
CBSI3aH C COOTBETCTBYIOLIMM MEPEAATOYHBIM MEXaHH3MOM 2, MPUUEM
CMEKHBIC EPEeaTOYHbIe MEXAaHM3MbI IIONAPHO CBSA3aHBI MEXIY COOOH
TakuM OOpa30M, YTO MOPIIHU TepeMelarTcs B npotuBodase. s
KaKIoro mwinHApa (mopmHS 1) MOCpeacTBOM — MepeaaTOdHOTO
MeXaHu3Ma 2 OCYIIECTBISIETCS CJeAyIolas —IOCIeI0BaTebHOCTh
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NBIDKEHUN (QHAJIOTMYHBIE TIPOLECCHl TMPOUCXOASIT MapauieNbHO B
TpeTbeM W3 YeTHIpEX LWIMHApPE): TMopmeHb 1 mox eiicTBue
paclMpsAONIeics TOIUIMBHOW CMECH TOJIKAET BEPTUKAJIbHO BHHU3
CBSI3aHHYIO C HUM OCh 4, Ha KOHIIE KOTOPOH pacIojI0XKeH MepeIaTOuHbINd
dJIEMEHT 5 (HampaBIISOIIas ).

7 NN T
o 2
PI/IcyHOK 1 — Cxema KOHCTPYKIUHA ABUTATECIIA C TAHI'CHIIUAJIbHBIM

MEXAHU3MOM:
a — o0 BU ABUATATeENs; 0 — OOIIMI BH TAHT€HI[MAJIBHOTO
MEXaHU3Ma; 6 — IEPEIATOUHBIN JIEMEHT; & - POJIUK
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Jlea  HEempephIBHBIX, BOJHOOOPa3HBIX B  BEPTUKAIHLHOM
HaTpaBJIeHUH HAIIPABIIIONINX IyTH B BUJE HAIPABIISIOMIEH KOHTAKTHON
MOJIOCH 9 ¢ CUMMETPHUYHO PACIIOIOKEHHBIMU JIByMs BepiiuHamu 16 u
nByMs BhnaguHamu 17, B maHe wuMerolmed  QopMy  KOJbIIa;
MepeaTOYHbIl MeXaHU3M 2, TepeMelnlasch BEPTHUKAIBHO BHU3, TpPHU
KOHTAaKTe Ka)I0H W3 JBYX HANpaBJSIONIMX KOHTAKTHBIX Tojioc 9 ¢
COOTBETCTBYIOIIMM OeryHKOM 6 oOecredyWBaeT ero mnepeMenieHue I10
HEMPEPEIBHOMY, BOJHOOOPAa3HOMY B BEPTUKAIBHOM HaIPaBICHUH
HamnpaBISAIONIEMy MyTH W3 monokeHus BMT dyepes mneHTpambHOE
nojockenue B monoxkenne HMT, HO Tak kKak OeryHok 6 wumeer
HEU3MEHHOE BEPTUKAIBHOE IIOJIOKEHUE, €ro  IMOALIUIHHUKH 7,
YCTaHOBJICHHbIE Ha TOPU3OHTAJIBHOH ocH 8, XECTKO CBA3aHHOU C
CYMMHPYIOIIUM MEXaHU3MOM 3 o0T0Opa MOIIHOCTH, B TpoIiecce
JIBUKEHUS TIPOCTO «OMHCHIBACT» OKPY>KHOCTh B OJHOW TOPU30HTAIBHOMN
IIOCKOCTH. [IpudeM IBHMIKEHHE POJIMKOB 6 OCYIIECTBIACTCS B OJHOU
(aze, HO B IPOTHBOIIOJIOKHBIX HANPaBJICHUAX. TakuM 00pa3oM Ha OCsIX
8 kaxmoro U3 poJaMKOB 6 0Opa3yercs KPyTAIIHA MOMEHT, MepelaBacMbl
Ha CYMMUPYIOIIHA MEXaHU3M 3.

Cxema cun, geiictByromumx B KIIIM u omucaHHOM MexaHH3Max
MpeIcTaBlIeHa Ha puC. 2, a, 0.

[TockonbKy TaHTEHIMANBHAS cWia | B MpeajiaraeMOM MEXaHHU3ME
CO3/1aeTCsl B IJIOCKOCTH BPAIEHHS POJIMKA, TO TAKOW MEXaHW3M OyaeM
Ha3bIBaTh TAHT€HIIUAIBHBIM.

CrnegyeM OTMETUTh, UYTO CHJIAa HHEPLHMHM BpaIIAIOIIMXCSA JeTajieit
TaHTEHIIMAIBHOTO MEXaHHW3Ma JIEWCTBYeT BHE IUIOCKOCTH BO3BPATHO-
MOCTYMATEIHFHOTO JABMKCHUS JIETANCH M HE OKa3bIBaeT BO3NEHCTBHUS Ha
COTIPOTHBIICHHE ABMKEHUIO MOPIIHA U TIEPEAaTOYHOTO MEXaHU3Ma.

[lomuerii  paboumii  YETHIPEXTAaKTHBIA LUK  JBUTATENS  C
TaHTCHIMAIBHBEIM MEXaHM3MOM COBEpINAeTCs 3a OAMH 000OpOT POJIMKa,
T.€. 32 OJIMH 00OPOT BBHIXOJHOTO BaJla, CIENOBATEIHLHO, JAJISi COXPAaHEHHS
CKOPOCTHU JIBIDKCHHS TIOPIIHS, XapaKTEpHOTO ISl OCYIICCTBICHHUS
pabouero mporiecca ¢ mapamerpaMu 3PGEKTUBHOCTH KaK y JABHTATENeH ¢

131



KIIIM, cnemyeM CHU3UTH BIBOE YacTOTY BpAICHHUS BBIXOJHOTO Baya
JIBUTATENSI C TAHTEHIIUATEHBIM MEXaHU3MOM.

B HaCTOAIICC BpeMA HaMu IMPOBCICHBI MMpeABAPUTECIILHBIC
WCCIIEJIOBAaHUS  MOIMHOCTHBIX M  JKOHOMHYECKHX  ITOKa3aTerel
MOPIITHEBOTO JIBUTATENS, OCHAIIEHHOTO TAaHTEHIIHAIBHBIM MEXaHH3MOM
HA OCHOBE aHaliM3a €ro KUHEMaTHYeCKUX W  JUHAMHUYECKHUX
xapakTepucTuk. ['paduku mepemMenieHus Sy, CKOpocTH Vy U YCKOPCHHS
nmopmHsa JABUrareid C TaHICHUHUAJIBHBIM MCEXaHU3MOM HMCIOUICTO
nmapaMeTpsl pabodero mpouecca Kak y cpaBHHBaeMoro japuratens BA3-
21128 npexacrasieHsl Ha puc. 3.

YuuThiBass ~ MIEGHTHUYHOCTH  XapakTepa MpOTEeKaHus  pabouux
MPOIECCOB IBUTATENICH ¢ 00ENMHU CXeMaMHU IPeo0pa3oBaHuUs BO3BPATHO-
MOCTYNIATCIIbHOT'O JABUXKCHUA ImopuIHs, BBIIIOJTHEHO CpaBHCHUEC
MOIIHOCTHBIX MTOKAa3aTeJIel Ha OCHOBAHWUU Pa3IMYMil B KHHEMAaTUYECKHIX
W JIWHAMHYECKHX XapaKTePUCTUKAaX HCCIEeTyeMbIX MeXaHu3MoB. s
TAKOTO CPaBHEHHS MPHUHSITH HIECHTHYHBIC MapaMEeTPhl, OMPEACISIONIIe
pabounii mporiecc ABUTATEIN:

- IMaMeTp UWIMHAPA D = 82,5 mMm;
- XOJ1 MOPILIHA S =84 mmM;
- YUCJIO LUJIMH]POB i=4;

- CTEIIEHb CHKATHS ¢=10,5.
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pi
N22222"

nepedam oumend
IeAEMEHm

0
50000 50000
40000 40000
30000 30000
T 20000 T 20000
2 3
= =
S 10000 S 10000
0 0
-10000 -10000
-20000 -20000
Yron M.K.B., rpag YIosn.k.B., rpag
Cvna faBneHWA rasos TaHreHuManbt Cuna fjaBneHus rasoe TaHreHumant
Cvna nHepuuu Cwna nHepumun
8 l

Pucynok 2 — Cxemsl cui, aeiictyromux B KIIIM (a) i TaHTeHITHAIEHOM
MexaHu3me (0) u rpaduku cui: B — neiictyromux B KIIM, r —
JEWCTBYIOUIMX B TAHTCHIMAIIEHOM MEXaHU3ME
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[lyrem TemnoBOro pacuera OMpeAENcHBl IOKa3aTenu padodyero
mporecca. B coorBercTBHEM ¢ ocoOeHHOCTAMH KnHeMatnku KIIM u
TaHTCHIIMAJIBHOTO MEXaHMW3Ma TIOJYYCHBI CHJIOBBIC  IIOKa3aTely,
neiicreytontue B KIIIM u B TanrennmansHoM Mexanusme (TM) (taba. 1).

TaGHI/ILIa 1 — CunoBele ITOKa3aTead B MEXaHU3Max JABHUIaTCIIA

oka3zaTesnn KIIIM ™
CpenHee 3Ha4YeHHE TaHTCHIHATBHOH CHIIbI 10665 22096
OJIHOTO NWJIMHJIpA 33 pabouunii nuki, H
CymmapHas TaHTeHIUATbHAS cuIia 4266.0 8838.2
YeThIpex MIMHAPOB, H
CyMMapHBIi HMHIUKATOPHBIA  KPYyTSIIHA 179.2 564.5
MoMeHT, H-Mm
D¢ dexTuBHBII KPY TALIHHA MOMEHT 138.0 434.7
nurarens, H-m

WHAMKATOPHBIN KPYTAIIMIA MOMEHT ONpPEAEIISIICS KaK
M i TZ ) rK !

rae Tz — cymMMapHasi TaHTeHIUaIbHas CHjla BCeX LUJIMHIPOB ABUIATEINS,
H;
I'« — paAuyC KpUBOIIXIIA, M.

st nurarens ¢ KIIM panuyc kpuBOIINIIA ONPENEISETCS KaK I =
S/2, a nns nBUraTens ¢ TAaHTCHLIMAJIbHBIM MEXaHH3MOM B KauyecTBE
paanyca KpUBOIINIIA BEICTYIAeT CPEIHUI PaauyC HAIPABIAIONIEH YacTH
5 (puc. 1), KOTOPBI B CBOIO OuYepeAb 3aBHCUT OT XOJAa MOPIIHS S U
rmapaMeTpoOB KPUBU3HBI HANTPaBIIAONUMX y4acTkoB 16 u 17. [Ipu paguyce
BBICTyIIa Hampasistonie 12 MM, paanyce KpUBU3HBI BIAAUHBI — 52 MM
U IuaMeTpe posimka — 36 MM, paguyC HANpaBIAIOLIEH YacTH HUMeEET
3HayeHue 63,9 MM.
OddexTrBHAS MOIIHOCTD:

N :2-7r

e

.Mi .nH .77M .1073’
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rae Ny — 4acToTa BpallleHUs] KOJIEHYaTOTO BaJia IBUTaTels;
Mn — Mexanudeckuil KITJ] neurarens.
CpaBHHUTENBEHBIE pE3yJbTaThl PAcUE€TOB IMPEACTABICHHI B
Tabmume 2.

Tabnuma 2 — Pe3ynbraThl pacdyeTra MOIIHOCTHBIX U SKOHOMUYECKHX
MoKa3aresiel ABUTaTeNsl C pa3InYHbIMU MEXaHU3MaMHu.

3HayeHus UIA:
HaumenoBanune JIBUTATEIS C JIBUTATEIS C

KIIIM ™
Juamerp nunuaapa D, mm 82,5
Xox nopmiHs S, MM 84
Yucno DUIuHAPOB | 4
Jlurpax, 1,796
Yacrora BpallleHUs BBIXOJHOTO Bajia
NH, 06/MHH 5400 2700
MaxkcumanpHOE JaBlieHHe padodero 75
nporecca p;, Mlla '
MaxkcumainbHas TeMIieparypa 2890
pabouero nporecca T, K
Cpemnee 3 dexTrBHOE naBiIeHUE Pi, 102
Mlla '
Wnpukaropuerit  KIIJ]  pabouero 0297
mpoiecca n; '
Mexanmndaeckuiit KI1J1 nBuraremns #y 0,77
Cpennss cyMMapHas 4266.0 8838.2
TaHTeHIMaIbHas cua Ty, H
Pamnyc kpuBommmna re, MM 42,0 63,9
NHaukaTopHBIM KPYTSIIMKA MOMEHT 179 2 5645
Mi, H-m ' '
OddexruBras MmomHOCTh Ne, KBT 78,0 122,9
Yaconoii pacxon Toruma Gy, Kr/4 22,6

AHaHI/IBI/IPYSI JaHHBIC TabI. 2 MOXKHO CACIaTb BBIBOAbI OTHOCHUTCIIBHO
MOIITHOCTHBIX U O9KOHOMHWYCCKHNX MoKa3aTeseH aBnraTeneﬁ OCHAIICHHBIX
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KIIIM u TaHreHIMadbHBIM MeXaHu3MaMu: (()EeKTHBHAs MOIIHOCTH Y
JNBUTATEJSI ¢ TAaHTCHIIMAJIBHBIM MEXaHW3MoM Ooibmie B 1,6 pasza mpu
COXpaHEHUWM OJMHAKOBOrO pacxona TorumBa. Ilpm 3TOM yacToTa
BpAICHUs BBIXOJHOTO Baja ABUTaTels C TAHT€HUUAIbHBIM MEXAaHU3MOM
HIDKE B 2 pa3a, YTO MO3BOJHUT YIPOCTUTH TPAHCMUCCHUIO MPUBOJAUMOUN
MatuHbl. KpoMe Toro, paauyc, Ha KOTOPOM ACHCTBYET TaHTCHI[UAIbHAS
CHja y JBHUTATels C TAaHTCHIIMAIBHBIM MEXaHW3MOM OOJbIIe, 4eM
neuratenss ¢ KIIIM um He uMeeT OMHO3HAYHON «KECTKOW» CBSI3H C
BEJIMYMHON X0Ja S TIOPIIHSA, U MOXET BapbUPOBATHCS B OIPENEICHHBIX
mpexeniax 3a CYeT Moa0opa paanyCcoB KPUBU3HBI HAIPaBIIAIONICH U
JIMAMETPA POJIUKA.

SAKJIIOYEHUE

Takum oOpa3oM, Ha pacyeTHOM YPOBHE MOXHO OO0OO3HAYUTH
MPEeUMYIIECTBa TAHM€HLIMAIBHOTO MeXaHu3Ma 1o oTHomeHuto Kk KIIIM
M0 KWUHEMAaTWYeCKHMM TapameTpaM, THo3BojsiommM dShdekTuBHee
HCITOJIB30BaTh SHEPTHIO pabodero xojaa MOPIITHSA B TEUCHHE pabodero
mporecca. Kpome TOro, BemuymHa KPYTSIIETO MOMEHTA ABUTATENS C
TaHT€HLMAIbHBIM MEXaHU3MOM JOIMOJHUTEIBHO BO3PACTAET.
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VK 629.113: 72.012
K METOAUMKE PASPABOTKHN D9KCTEPBEPA TPAMBAS
TO THE DEVELOPMENT TECHNIQUE OF THE TRAM
EXTERIOR
TasmoBckmii ['.A., x.1.H., moriear, Mypor K.A., Hewait O.11.,
benopycckuil HaHMOHANbHBINA TEXHUYECKUN YHUBEPCUTET
r. Munck, benapych
Tayanousky G.A., Ph.D.in Engineering, Assosiate Professor,
Murog K.A., Nechaj O.1., design engineers,
Belarusian national technical University,
Minsk, Belarus

Pa3paborana cTpykTypa ammapaTHOr0O W KOMIIBIOTEPHOTO
HHCTPYMEHTapUs, KOHKPETU3UPOBAHBI METOANYCCKUC IIOJIOKCHU S
pa3paboTKN dKCTephepa AM3aWH-KOHIIENITA TOPOJCKOTO TpaMBas Ha
MacmTabHOM MakeTre U 3D-Molenn ¢ y4eToM BIHMSHHUS XapaKTEPHCTHK
(l)OpMI:I Ha 3KCILTyaTalluOHHBIC CBOIiCTBa MAaIlIMHBI U BHEITHEH Cpeabl Ha
(dhopMooOpazoBaHe TpaMBasl.

The structure of the hardware and computer tools has been
developed, the methodological guidelines for developing the exterior of
the urban tram concept on a scale model and 3D models have been
specified, taking into account the influence of shape characteristics on
the operational properties of the machine and the external environment
on the formation of the tram.

BBEJIEHUE

CO3I[aHI/Ie TpaMBacB HOBBIX KOHLICHLII/IfI 1 KOMIIOHOBOYHBIX CXEM
TpeOyeT ompenereHus WX PalUOHAIBHOW (OPMBI M MapaMeTpoB, UYTO
p€aIn3yeTCsa HaTYPHBIMHU, MAKCTHBIMU UCIIBITAHUAMA U KOMIIBIOTECPHBIM
MOACIUPOBAHUCM JUHAMUKU HX JIBUKCHUA, OTpa6OTKOI>'I KOHCTPYKIIUHN
N0 MHOTHUM JpYyIrUM acClCKTaM. CII0KHOCTD BLI60pa OKCTCphCpa JIA
3aJIaHHOM ~ KOMIIOHOBOYHOM  CXEMbl  MAIlMHBI W CTPYKTYpPHO-
napaMeTqueCKoﬁ OINITUMH3AallMK KOHICIITa HOBOI'O TpaMBas CBsA3aHa C
TEM, UTO BHCHIHAA CPCJia U HA3HAYCHUC BJIUACT Ha (bOpMOO6pa3OBaHI/Ie,
a ¢opMa BIMAET HA DKCINTyaTallMOHHBIE CBOWCTBA OYIyIIETO TpamBas.
HCHB onTuMu3angmn — JOCTHKCHHUEC MAKCHUMAJIBHBIX noka3arejiei
HOTp66I/ITeJH)CKOFO KaueCTBa, KOTOPOC U OMPEALIACTCA COBOKYITHOCTBIO
YHOMSIHYTBIX (DYHKIIHOHATBHBIX U MOTPEOUTETHCKHUX CBOMCTB [1-3].

Ha nayanbHBIX dTamax 000CHOBaHUS CO31aBacMoro TpamBas
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B PpacHOpsDKCHUU pa3paboTuuKa-Iu3aiiHepa WMEIOTCS, KakK IPaBHIIO,
TOJILKO JCKH3HBIE BapHaHThl KOMIIOHOBOYHOH CXEMBI ILTIaT(hOpPMEI
TpaMBasi M NEpPBUYHBIE NMPOPHCOBKH BAPHAHTOB MX 00Beca, BO3MOXKHO
TaK)Ke - HECKOJBKO MAacCIITa0HBIX MAaKETOB, BBIIOJHEHHBIX W3 OyMarw,
TUTACTUYHOTO JIETKO JAe(OPMHUPYEMOTO HITH IPYroro MaTepuaina [2].

[looToMy  aKkTyambHBI ~ MeTOAMYECKHE  Pa3padOTKH IO
MPAKTHYECKOMY PEIICHHIO 3aj7jad M3BICKaHWA M BBHIOOpa palnroHaTIbHOU
(GOpMBI C TIPOTHO30M €€ XYAO0KECTBEHHO-ICTCTUYCCKOW OIEHKU U
BJIMSIHUSA Ha Ba)XKHEUINWE HKCIUIyaTallMOHHBbIE CBOMCTBA, TEXHUYECKUI
YPOBCHDb U KAaUY€CTBO MU3TOTOBJICHUA TpaMBasd.

Henp nmaHHO# paboTBl - (QOpPMUpOBaHHME palMOHAIBHOM
CTPYKTYpBI anmapaTHOTO W MPOTPAaMMHOTO HHCTpyMeHTapusi pabodeit
mabopaToOpuu  WHXKEHepa-Iu3aiiHepa, METOIWYSCKUX  ITOJOKEHUH
HCCIEIOBAaHUS JKCTepbepa AM3aiH-KOHIENTa TOPOICKOTO TpaMmBas Ha
MacmrabHoM Makere W 3D-Momenw Ay OUEHKM — BIIMSHUS
XapaKTepUCTUK (OPMBI Ha OKCIDIyaTal[iOHHBIE CBOMCTBA MAIIMHBI H
OTpabOTKH IKCTEphEpa MO APYTUM Ba)KHEHIIIUM aclieKTaM METOJI0JIOIUU
CO37aHus TpaMBasl.

CTPYKTYPA METOJUKU PA3PABOTKU JU3AMH-KOHIIEIITA
I'OPOJICKOI'O TPAMBAAA

AJIeKBaTHOCTh PE3yJbTATOB aHAaKM3a CBOWCTB MAIIWHBI IO €€
CO3MaHMS B  MeTajyie MpeAomnpereNseT  BbIOpaHHas  MOJEIb,
pa3paboTaHHasi METOIUKA MCCIEOBAHNS MOJETH U NIEPEHOCa MIPUHAITHIX
pemieHHH W pa3pabOTaHHBIX PEKOMEHAAMH Ha IOJHOPa3MEPHYIO
MaIlIHHY C COONIOIEHNEM 3aKOHOMEPHOCTE! TeoprH momoous [3].

Pemenne paccMaTpuBacMbIX 3aja4 Hpeanojaract HaJIn4yue
KoHuenuuu (opMooOpa3oBaHMsI JKCTepbepa TpaMBas 3aJAaHHOTO
HA3HAYCHUs, YETKO OYEPUYCHHOW CHenU(PUKH TPOSIBICHUS H3BECTHBIX
MPUHIUIIOB (hopmooOpazoBaHus TEXHUYECKOTO o0BexTa,
COOTBETCTBYIOIIIETO  aIMlapaTHOr0, PacyeTHO-TEOPETUUECKOTO u
NPOrpaMMHOTr0 HWHCTpyMeHTapus. HekoTopble mpoOieMHbBIE BOIPOCHI
paccMaTpuBaeMON CIIO)KHOM TEXHHYECKOW 3a/la4ll PacCMOTPEHHI B
paboTax aBTOPOB JaHHOU CTaThH [6, 7].

Ha pucynke 1 mpeacraBieHbl CTPYKTypHbIE KOMIIOHEHTHI
aCTIEeKTOB U TOCIIEIOBATENFHOCTh MX MPOEKTHO-TEXHOIOTHIECKUX
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AcneKTbl U NPOEKTHO-TEXHONOorM4Yeckue npoueaypbl
oTpaboTku hopMoobGpazoBaHUA IKCTepbepa TpaMmBas

AspoaguHamuyeckas XynoxecTBeHHOe JdproHomuyeckas OTpaboTtka Ha OTpaboTka Ha
onTUMu3auma KOHCTpPyMpoBaHue oTpaboTKa IKcTepbepa TEXHONOIrMYHOCTb HaAeXHOCTb
(acnekT A) (acnekt 1) (acnekr B) (acnekT B) (acnekt IN)
Komnnekc Tpe6osaHum OPMynpOBaHme KoHLenumn " " Komnnekc Tpe6osaHui

p 3KCTOPLEPA C YUOTOM Cpeab! Komnnekc Tpe6oBaHuin Komnnekc Tpe6osaHuii p

BupTyanbsHas mogaernb

Bbi6op cneundmkmn peanusay

AHanua o63opHoCTH,
OCBELLEHHOCTH, 3aMETHOCTU

Bui6op maTtepuanos

BuisiBneHne npuynH
npeaenbHbIX COCTOSIHUIA

AspoguHam onTummnsauust

Ha BUPT mogenn

3ckuaHas npopaboTtka
3KCTEpbepa 1 oKpacku

OTtpaboTka TpamBas Ha
6e3onacHocTb

BbiGop TexHonornyecknx
NpoLIeCCOB N3roTOBN

AHanua cTpykTypHOn
Ha[eXHOCTU

TpoayBka MakeTa B

aspoauHam TpyGe

W3rotoBnenne
MmacLTabHoro MakeTta

OTpaboTka Ha NnaBHOCTb
xopa,

Bei6op cnocoba
Kpennexus obBecku

Ananus HOC Hecywen
cUCTEMbI

[opaboTka v oueHka MakeTa

0 @3POAUH COMPOTUBIIEHUIO

OTpaboTka akcTepbepa
no acnektam Aun b

OTpaboTka hopMbl Ha
3HEepProaKOHOMUYHOCTb

Bbi6op TexHOMorn4ecknx
NpoLIeccoB NoKpackm

AHnanus sBnuaHus
konebaHuii Ha pecypc

Bbi6op BapuaHTa hopmbl 1

pacnonoXeHns Ha waccu

PaspaboTka BapnaHTa
BUPT MOAENM SKCTepbepa

OtpaboTka TpamBasi Ha
BMUCLIBAEMOCTb B MnaHe

OTpaboTka aKkcTepbepa
Ha yHuduKaLmio

AHanua BNUSIHWUA knumat
YCrIoBUIt Ha pecypc

McnbiTaH 1 aspoaunH foBoaka

aKcnepumeHT obpasua

Pa3paboTka Nna3oBbIx
yepTexen obBecku

OtpaboTka aKcTepbepa Ha
paGoTy B CNOXH Knumare

OtpaboTka aKcTepbepa
Ha TUNu3aaumio

Ananus
COXpaHsemocTn

Pa3paboTtka pekomeHaauui no

BbIGOpPY 3KCTepbepa

M3roToeneHre MakeTa
TpamBas, 3KCnepT OLEeHKa

OtpaboTka Ha yaobctBo
nocagku-Bbicagku

Pucynok 1

AHanus Ha
TEeXHONOrNrM4YHOCTb CGOpKVI

OueHka TYuK no Bcem
acnekTnm

139



NpoLenyp B HUTEPAllMOHHOM IIpolecce OTpaboTKu (opMooOpazoBaHuUs
JKCTEpbepa TpaMBas.

OcHoBHasi 4acTh pabOT IO BBHINOJIHCHUIO acrlekToB A, /[, b
(pucyHOK 1) BBIMOJHSIOTCS B OOpO Jau3aiiHa W OOIIeH KOMIIOHOBKH,
TOTJa KaK MPOIEAyphl aclekToB B u I CBSA3aHBI ¢ peanu3anueil Kak B
cootBercTByromux Kb, Tak w B Ooyplmedl cTemeHH - 0OsS3aTEIBHO C
M3TOTOBIICHUEM W HATYPHBIMH HCTIBITAHUSIMHU.

[Mocne0BaTeNBHOCTh  BBIMOJNHEHUS  TPOIEIYyp  OTPaOOTKU
(hopMooOpazoBaHMs TpaMBas, MPEACTABICHHBIX HA PUCYHKE 1, sSBIIsIeTCS
HEU30eKHO UTEepalMOHHON. [Ipyu 3TOM MPOEKTHBIC MTEPALUU SIBIISIOTCS
MHOTOYPOBHEBBIMHU U COJIEPKAT MPOIEAYPHI, KOTOPBIE MOTYT OTHOCHTCSI
K J1I000My M3 PacCMOTPEHHBIX acmnekToB A-/[. Cmbicn m000H Takon
UTEepaIlii 3aKII0YaeTCs B JOCTIKEHUH MPUEMIIEMOTO pe3yibTara o
KOHKPETHBIM JIOKQJIBHBIM [EISM-KPUTEPUSM YJIYYIICHUS TEKYIIEro
COCTOSIHHSI 00BEKTa ITPOSKTUPOBaHUS. B CBS3H € 3TUM pallMOHAIBHOE IO
3aTparaM BpEMEHH IIIaroBoe MO-TIPOIeypHOE TUIAHHUPOBAHHME XOja
MPOCKTUPOBAHUS BO3MOXXHO, Ha HAml B3DIA C  HAWIYYITUMH
pe3ylibTaTamM, B (POPME CETEBOTO IUIAHUPOBAHHUS C KOPPEKTHUPOBKOM
CEeTKH TIOCJIE PACCMOTPEHHS PE3yJIbTaTOB KaXIOW MPOIEAYyphl U
MIPUHSTHUS PEIICHHSI O TIPOIIEYPHON CTPATETHH U TAKTUKE NabHEHIIIETO
XoJla Tpoiiecca npoektupoanus. CeTeBble METOABI B MPOSKTUPOBAHUH
JTABHO, IMUPOKO M YCIIEIIHO HCIOJB3YIOTCS 3a PYyOEeKOM BeIyIUMHU
MaIIMHOCTPOUTENFHBIMA ~ KOpIopanusiMi. B ciydae  peann3anuun
MIPOCKTUPOBAHUS B TMOAPA3NCICHUAX, KOTOPHIE MOTYT HAXOJWTHCS B
pa3sHBIX CTpaHaX U KOHTHUHEHTAX, C OOJBIIMM KOMILIEKCOM pPaboT H
WCTIOJHHUTENeH TpW OTrpaHWYEHHBIX (UHAHCOBHIX M BPEMEHHBIX
pecypcax, Ojaromapss KOMITBIOTEPHBIM BO3MOXKHOCTSIM  OBICTpOIA
nepeiayu TPOMaJHBIX MACCHUBOB JAaHHBIX U CETEBOMY IUIAHHPOBAHHUIO,
JIOCTUTAETCS 3HAYUTEIFHOE COKpaIlleHNe BpEeMEHHU Pa3pa0OTKU MAaIIlH U
MOBBINICHNE WX TEXHUYECKOTO YPOBHS M MOTPEOMTENbCKMX KadecTB. K
MpUMEpPy, B CO3JaHUM pakeTHOM cucteMbl «llomspucy ydacTBOBaIoO
3800 moApsATIMKOB U BRIMOIHIOCH 60 ThICSY onepanuid| 8].

Ha pucynke 2 rmpuBeleHa CXE€Ma  B3aUMO/JICHCTBUSA
anmapaTHOr0 ¥ MPOTPAMMHOTO  HWHCTpyMeHTapus paboueit
naboparopun WHXCHEpa-Iu3aiiHepa B pean3aliyl MpeaiaraeMbpIxX
0COOEHHOCTEN METOAMKH pa3pabOTKU IKCTEpPhepa TPaMBasl.
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Kak BugHO W3 pHUCYHKa, ammapaTHas 4YacTh OOeCHeYeHUs
mpe/iaraeMoid  METOJWUKHM  BKJIIOYAeT  BOCEMb  HAaWMEHOBAaHUU
obopymoBanus (cM. mosuruu 1-8), mpu 3ToM mosuiuu 5, 6, 7 Moryt
OBITh KOJJICKTUBHBIMU CETEBBIMHU MIPUHTEPAMH, MPESIHASHAYCHHBIMU JIJIS
WCTIONb30BAaHHUS ~ HECKOJBKUMH  PabOYUMH  MHKPO-JIA00PaTOpUSIMU
JU3aifHEPOB OJJHOTO MPOEKTHOTO OI0PO.

st obnerueHus W3bICKAaHHUS BAPHAHTOB SKCTEPHEPOB TpamBasi 1
WX  UCCIEAOBaHUS  WCIONB3yeTCS TMPUEM CO3JAaHUS TCPBUYHOU
MacmTabHOM  KommbloTepHoit 3d-mMomenu  kommenTa  (mo3.l), 1o
MPOEKIUAM KOTOPOH Ha IJIOCKOCTH CO3JAIOTCS MEPBUYHBIC IIA0IOHBI
JUTSL U3FOTOBJICHUS TEPBOTO MACIITA0OHOrO MaKeTa BapHaHTa TpamBasi.
DTOT MakeT J0padaThIBAETCS M ONTUMHU3UPYETCS 10 a’dpOAHMHAMUKE C
MMOMOIIBIO HM3MEPUTENFHO-PETUCTPUPYIONIETO KOMIDIEKCa CTeHaa -
KOMITBIOTEPU3UPOBAHHOW  adpPOAWHAMUYECKON  TPYOBI. B cuny
CrelM(HUKN BIUSHUSA adpOAMHAMUKNA (POPMBI IKCTEphepa Ha CBOICTBA U
ACTETUYECKOE BOCIPHSTHE pa3pabaThiBA€MOTO TpamBas KOMIUICKT
000pymoBaHUs KaK pa3 u BKJTIOYAET MaJIorabapuTHYIO
KOMITBIOTEPU3UPOBAHHYIO adpOAMHAMHUYECKYI0 TpyOy 8 mist mpomyBKu
MacCIITa0HBIX MaKETOB BAPUAHTOB KOHIICTITOB TPaMBasl.

3areM Ha TIOBOPOTHOM cToJjie ¢ TomMonipio 3D-ckanepa (1mo3. 2 u
3) BomonHAT 3D-ckaHMpoBaHWE OTPaOOTAHHOTO BapHaHTa MakKeTa.
[Tocne yero crnemyer U3roTOBJICHHE MO CKaHUpOBaHHOU 3D-Mopenu c
rmomombeio 3D-npuHTepa (1M03. 5) HaTypHOro MacmTabHOTO MakeTa M
MPOBOAUTCS €ro KOHTPOJNbHAs TpPOAYBKAa Ui TOATBEPKACHUS
a’pOIMHAMHUYECKUX TTOKa3aTeNeH.

Jlanee, Ha OCHOBE TBEPIOTEIHHON KOMIIBIOTEPHON MOAEIn
BapHaHTa KOHIIENITA TpamBas, C HCIIONb30BAHUEM METONOB TEOPUHU
noJo0Hsl TOJIy4aloT €ro IOJIHOMACIITaOHYyI TBepAOTeNbHyl0 3D-
MOJIeJIb, KOTOPYIO HCCIEAYIOT PacYeTHHIMH METOJaMH Ha ITOKa3aTeNd
BOXHEHIINX (YHKIMOHAIBHBIX M 3KCIUTyaTalldHOHHBIX CBOHCTB C
MOMOIIBIO pa3padOTaHHOTO KOMIUIEKCA MPOrPAaMMHOTO OOecTiedeHust
(ITO) mo mBym HampaBieHusM aHanu3a: a) u 0) (cMm. pucyHok 2). Ilpu
MTOJIOKUTENEHBIX PEe3yNbTaTax PacueTHOTO HCCIENOBAHNUSA Ha PYJIOHHOM
npuHTepe 6 BBIBOJSATCS IUTA30BBIC YEPTEKH JUIsI W3TOTOBICHHS B
MPOU3BOJCTBEHHBIX YCIOBUSAX IOJHOMACIITAOHOTO MakeTa KOHIIENTa
TpamBasl.

M310XeHHBIM METOAWYECKHH MOAXO0J K  M3BICKAHHIO |
0TpabOTKE dKCTephepa TpaMBas IMO3BOJSET C MEHBIIMMH 3aTpaTaMu
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paccMOTpeTh OOJBIIOE BAPUATUBHOE IMOJIE KOHIICNITOB, CO3/1aBaeMbIX Ha
KOHKYPEHTHOM OCHOBE HECKOJbKUMHU nu3aiiHepamu B ogHoMm Kb
nu3aiiHa U o01eli KoMnoHOBKH. OH TakKe IMMO3BOJIIET UCKIIIOYHUTH Ha
paHHUX JTamax HEAOCTAaTKU OIEHKU adpOJIMHAMUYECKUX CBOMCTB
TpamBasi Ha YHCTO KOMITBIOTEPHBIX MOJIENSIX, a TaKKe TOIYYUTh
AKCIICPTHBIM MIPOTHO3 XYI0’)KECTBEHHO-ICTETHIECKOTO o0mKa
KOHIICTITOB TpaMBas /O 3HAYUTEIBHBIX 3aTpaT Ha W3TOTOBJICHUE
JIOPOTOCTOSINUX  TOJIHOMACINITAOHBIX ~ HATYPHBIX  MAaKETOB. OJTOT
aJTOPUTM Peallu3yeT CHCTEMHBIN MOAXO0 B POSKTHPOBAHUH TpamBas U
MO3BOJIIET C OOJIbIICH BEPOSTHOCTHIO M30EkKaTh 3aTpar, CBS3aHHBIX C
M3rOTOBIIGHHEM  3aBEJOMO  HEYJAUHBIX  BApUAHTOB  KOHIICIITOB
pa3pabaTbrIBaeMOro TpamBas.

3AKJIIOUEHUE
B pesymprare pa3paboTaHa CTPYKTypa ammapaTHoro H
KOMITBIOTEPHOTO WHCTPYMEHTapHsi, KOHKPETH3UPOBAHBI METOANYCCKUC
MOJIOKEHUST Pa3pabOTKH dKCTephepa JAU3alH-KOHIIETITA TOPOJCKOTO
TpaMBad Ha MaCHITa6HOM MAaKe€TC U 3D'MOHCJ’II/I C YUCTOM BJIUAHUA
XapaKTepUCTHK (OPMBI Ha OSKCIUTyaTAl[HOHHBIC CBONCTBA MAIUHBI U
BHEIITHEH CpeIbl dKCIUTyaTaIni Ha popmMooOpa3zoBaHue TpaMBasl.
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pen. B. II. boiikoBa. — Munck : BHTY, 2018. — C. 78-81.
[DnexkTpoHHBIH pecypc] - Pexxum JOCTyTIA:
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OPTAHM3ALUA UCCIAEJOBAHUS BJIUSIHUS CPE/IbI

METATNIOJINCA HA BBIBOP DKCTEPLEPA TPAMBASI
ORGANIZATION OF STUDYOF THE INFLUENCE OF THE
METROPOLIS ENVIRONMENT ON THE CHOICE OF THE

EXTERIOR
Heuaii O.U., TasHosckuii ' A., K.T.H., JOIIEHT
Benopycckuii HaMOHAIBHBINA TEXHUYECKUA YHUBEPCUTET
r. Munck, benapycs
Nechaj O.1., design engineer,
Tayanousky G.A., Ph.D.in Engineering, Assosiate Professor
Belarusian national technical University,
Minsk, Belarus

Omnucana opraHu3anus HUCCIICA0BaHUA BIIMSHUSA CpCabl
Meraroyiuca Ha BBIOOp  OJKCTepbepa TpaMBas IIyTeM BHPTYaJbHOTO
JKCIIEPUMEHTA.

The organization of a research of influence of the environment of
the megalopolis at choice of an exterior of the tram by a virtual
experiment is described.

BBEJAEHUE

AKTYyanpHOCTh HCCJICIOBAHUU MO JaHHOW TEMAaTHKe, HaIpuMmep,
IUIs TAKOTO Meramojiuca Kak MHUHCK M ropoja-CIlyTHUKH, CBsi3aHa C
HayaJloM pealu3aluyd KOHLEMUUU CYLIECTBEHHOTO  PACIUUPEHMS
CKOpPOCTHBIX TpaMBallHbIX JUHUW COCTaBaMM [0 MATU-IIECTH CEKLHH B
KOKIOM [Jsl CBA3M YacTed Meramojuca U CONPsDKEHHM ¢ OpyruMu
BAJAMH TPAHCIIOPTA «IIO CYXOMY», TO €CTh 0€3 HaxOXICeHUs
MMacCaXUpoOB TIOJT OTKPHITHIM HEOOM. A 3TO HEHM30EKHO TNPHUBEICT K
U3MCHCHHUAM BHCIIHETO O6JII/IKa TpaMBacB.

IIpu uccrnenoBaHuM BIMSIHUSL CPEObl METamojiuca Ha 3KCTEpbep
TpaMBasd HCIOJB30BAHO BUPTYAJIBHOC MOACIHNPOBAHUEC JIBUKCHUA
TpaMmBasi KOHKPETHOTO JU3aiiH-00MMKa B pEaTUCTHYHOW  cpefe
KOHKPETHOTO  MHKpOpalioHa  Meramojuca, IAe  IUIaHUpYyeTCs
AKCIUTyaTHUpPOBaTh TPAaMBail, B paMKax MPOLEAYypPbl SKCIEPTHON OLIEHKHU
XYJI0’)KECTBEHHO-3CTETHUECKOI COTIIAaCOBAHHOCTH OKPY’KaIOLIeH Cpepl,
JKCTEpbepa W OOIIel KOMITIOHOBKH psijfia OOJMKOB TpaMBacB THIIaXKa,
pa3pabaTsiBaeMOro TpPOM3BOAWTENEM. MeETOoaudecKkne TIONOKEHAS W
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AITOPUTM YHCIIOBOH OLEHKH He()OpMaTu3yeMbIX MaTeMaTHUECKU
ACTETUYECKUX BOCTIPUSATHI SKCIIEPTOB pa3paboTaHbl apTopamu [4, 5].

Jlanee mnpuBEAEHO OMHMCAHHWE BHUPTYAIbHOTO OKCIEpHMEHTa B
MPOLIEAYPE IKCIEPTHOTO OLIEHWBAHUS HAWIY4YLIEr0 B CTaTHCTUYECKOM
MOHUMaHUHU JKCTEphEpa pa3pabaTeIBaEMOro TpamBas,
COOTBETCTBYIOIIETO B  HAWOONBINEH CTENEHW 3aJaHHON  cpene
COBPEMEHHOI'0 METaIoJuca.

OPI'AHU3ALNMA BUPTYAJIBHOI'O DKCIIEPUMEHTA

3amaya SKCIEPUMEHTa COCTOMT B  IPEOJOJIEHHH CIIOKHOCTH
MaTeMaTu4deckor (popmanu3zaliu npoueccoB CyObeKTHBHOM O MPUPOJIC
OIICHKH XYI0KECTBEHHO-3CTETUYECKOT0 00pa3a IKCTephepa TpamBas, C
Y4eTOM OKpY)Kafomleld cpenbl, IyTeM CTAaTUCTHYECKH 3HAYUMOTO
MPEBATUPYIOMIETO SKCIEPTHOTO MHEHHUS KOJUICKTHBAa JKCIEPTOB IO
paccMmarpuBaeMol mpoOieMe, C MOMOIIBI0  MOAH(DHIMPOBAHHOTO
peiituHTOBOTO  MH(PEpEeHITUPOBAHIST YPOBHS KOMILIEKCAa CBOWCTB
3KCTEphEpA TpaMBasi, JUIsl MMOJYUYEHUS] SKCTPEMYyMa MHOTOKOMIIOHEHTHOM
OLICHKH, KOTOpPYyIO IIpe[JlaraeTcs NpUHITh B KadecTBE HaubOoee
BEPOSATHOTO TPOTHO3a OKHUJAEMOHN OIICHKH IO pe3ysbTaTaM HaTypPHOTO
WCCIIEZIOBAHMS TIOCTIE BBIXOA TPAMBas B SKCILUTYaTaIHIO. .

OneHka SCTETUYECKMX M (YHKUMOHAIBHBIX KauyecTB U3aiH-
KOHIIeTITa TpaMBasi OyAET OCYIIECTBIATHCS KOMILIEKCHBIM 0000IIEHHBIM
Mo GJIOKaM Ka4ecTB JM3aifH-KOHIIETITa TOKa3aTeeM.

Takoif moaxon OGJIM30K K MPOLEAypPE CTAHAAPTHOTO OMpPEesICHUS
MOKa3aresi TEXHUYECKOrO YPOBHS U KauecTBa M3TOTOBJICHMS, a TaKkKe
cootBeTrcTBYeT cranmapty CHI' Ha omeHKy MOTpeOHTEIbCKUX KadecTB
MAalIuHEI.

KoMIutekcHbIii 00O0OIIEHHBIH IO OJ0KaM KayecTB  IHW3aiH-
KOHIIETITa TpaMBasi T0Ka3aTelb onpeesercs no popmyie [4]:

1 m 4 Si
Djit
P, = —E E k; Y ki x
j=1i=1 1=1
Tne M — 4YUCIO0 YWICHOB :')KCHepTHOﬁ KOMHUCCHUMH, N- 4ucio

YCTaHOBJICHHBIX KPUTEPHEB OIEHKH; Pjj- OlleHKa I-ro KpUTepus, AaHHas
j-M wIeHOM; (- YKCiI0 OJOKOB KayecTB; S — UMCIIO MOKas3arejield B i-oMm
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OJOKe KadecTB; M- 4YKHCIO NPUCYTCTBOBABIIMX OJKCIEPTOB; Ki —
yIeTbHbIA Bec i-ro Gimoka B oOriei oueHke; Kij — yaenbHblid Bec j-ro
nokasateis i-ro 0JIoOKa B OIIEHKE BHYTPH JTAHHOTO OJIOKA KadecTB; Pjil —
olieHka |-ro mokasarenst i-ro 6J0Ka j-M IKCIIEPTOM.

VcnoBusi-orpaHHYeHHsT Ha OTICJbHBbIC [OKa3aTeld WM Ha
KOMIIJIGKCHBIN MOKa3aTesb Ka4ecTB Ul AM3aifH-KOHIENTa B 3aJaHHOM
BapHaHTE CPeJIbl MeTarnojnca:

Pjit = [Pjil zon P = [Pl on

ANTOPUTM pacyeToB IO BBIPQXKEHUIO JUI1 KOMIUIEKCHOTO
MoKa3aTeliss IMOCTPOCH TaKMM O00pa3oM, 4YTO KOJUICKTUB SKCIIEPTOB
CHaydaja BBIPa0aThIBAET, CHUMS 32 DKPAHOM KOMITBIOTEPa, C ITOMOIIBIO
WHTEPAKTUBHOTO  JPYKECTBEHHOTO  HWHTepdeiica  pa3paboTaHHOM
MPOrpaMMBbI, CIIMCOK CTPYKTYPbl TPYII-OJIOKOB pPacCMaTPUBAEMbIX
CBOWCTB DKCTEphEPa, 3aTEM BBIPA0ATHIBAET HIKAIBI OIEHOK MO KaXIOMY
CBOMCTBY KaX/IOTO OJIOKa OIEHKH, C yYeTOM HW)XHHX JOIyCKaeMbIX
MIPEAEIIOB IS TEKYIIETO BPEMEHH, U BUA (DYHKITUN TPUHAIC)KHOCTH B
paMKax KaxJoW IIKadbl. 3aTeM  ONPENeNsioT  CTaTHCTHYECKOe
cornameHne O Kod(p(UIMEHTaX BECOMOCTH KaXXJOTO CBOHCTBa B
Ka)KI0M OJIOKEe M KaKJoro 0JIoKa B KOMIUIEKCHOW 0OOOIIEHHOHN OleHKe
JKCTEpbepa.

Hanee, sKcnepThl MPOCMATPUBAIOT JIO00E YHCIO pa3, B JHOOOH
MOCTIeIOBATENNFHOCTH HA0Op CUMYJISIMA JBY)KCHUS WA PACIIONIOKEHUS
TpamMBas BHYTPH CTPYKTYPHBIX JJIEMEHTOB 3aJIaHHOTO WM 3aJaHHBIX
BapUaHTOB Cpebl COBPEMEHHBIX METaloJINCOB, HAIPUMEpP, BEPOSITHBIX
JUTS KCIIOPTa TPaMBAeB HITH MCIIOJIb30BaHUSI BHYTPH CTPAHEI.

B kadecTBe mpHMepa CyIIECTBEHHO Pa3IMYAIONINXCS BHEUTHHX
cpen  —  apXUTEPEKTYPHO-CTHIICBBIX  PEIICHUN  COBPEMEHHBIX
CYIIECTBYIOIUX M CTPOSIINXCS MHUKPOPAHOHOB YpOAHW3UPOBAHHBIX
METaIoJINCOB Ha pUCyHKaxX 1-2 mpuBeAeHbI (OTO-KaAphl OOIMUX BUAOB
HECKOJBKHUX W3 CO3JaHHOW 0a3pl BHUAECOpEAM3aIil BHEUIHUX Cpel,
MpeIHa3HAYCHHBIX JUIS TPOBEACHUS CPaBHUTEIbHBIX BUPTYAIbHBIX
SKCIIEPUMEHTOB.

WUneonormn  TpaHcmopTHOTO  OOyCTPOWCTBA  COBPEMEHHBIX
TOpPOJIOB, YMOOHBIX JJISl JKWU3HHU, IIOCBSIICHO 3HAYUTEIHLHOE YHCIIO
Hay4YHBIX myOnukanuii. Cpean mpovero, 3HAYMMBIM BBIBOJIOM B TaKHX
W3aHUAX SIBJISICTCS YTBEPKICHHE O TMEPCHEKTUBHOCTH Pa3BUTHS
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MYJBTUMOJANBHBIX ~ TPAHCIOPTHBIX  CHUCTEM C  pPalMOHAIBHON
MHTerpalyeil pa3inyHbIX BUIOB TpaHcnopTa [1-2].

Pucynok 1 Pucynok 2

B To e BpeMs, M3yueHHE YNOMSHYTHIX IMyOJIMKAIMi yKa3bIBaeT
Ha OOJIBIIYIO CJIOKHOCTH TIPOOJIEM TOJOOHOM MHTETpaluu TpU
MOIBITKAX BCTPaMBaHUSI CUCTEM IMACCAXXHPCKOTO TPAHCIOPTA B CTaphle
CTPYKTYpPHBIE KOHIJIOMEPAThI JABHO CYIIECTBYIOLINX TOPOJIOB.

B nanHOM mcciienoBaHNM M3HAYAIBHO MOCTABIICHA OoJee mpocTast
3ajaya: cAeaTh CTaTHCTUYECKH 3HAYMMBIA MPOTHO3 JAJSl OPraHUYecKd
LEJIOCTHON KapTHHBI CUCTEMBI, B TPaHHULIAX CTPOSIIUXCS JUHAMHYHBIX U
BBICOKOIUIOTHBIX YpOAHM3UPOBAHHBIX MHKPOPAHOHOB METaIlojNCcOB, B
COCTaBe 3a1aHHOM ApXUTEKTYPHON UHDPACTPYKTYPHI,
KOPPEJIMPOBAaHHBIX C HEW 3KCTEPhEPOB MACCAKUPCKOIO TPaHCIOpTa U
HEOTHEMJIEMON YacTH (YHKIMOHUPYIOMIEH CHCTEMBI — ITOJIB3YIOMINXCS
TPAHCIIOPTOM JIFOJICKUX TIOTOKOB.

Jnst mpoBeIeHUs UCCIIEIOBaHUS TU3aifHeEpaMu, y4acTBYIOIIMMH B
napajjieNIbHON pa3paboTKe Ha KOHKYpPCHOH OCHOBe, pa3palaTbIBacTcs
HECKOJIbKO BapHaHTOB M3aifH-KOHIIETITOB TPaMBaeB, CO3/aBaEMBIX Ha
OJTHOM M TOM € LIacCH, MOJ0OHO TOMY, KaK 3TO MPHHATO MPU CO3JaHUU
COBPEMEHHBIX JIETKOBBIX aBTOMOOUIIEH.

Pucynok 3 Pucynok 4
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Ha pucynke 3 npuBeneH mpumep 6azoBoro TpamBas [3], a Ha
pUCYyHKe 4 — BapuaHTHl KOHIIENITA HOBOTO JKCTepbepa Ha 0ase maccu
3TOTO K€ TPaMBasl.

[Tpu npocMoTpe BUACO-CUMYIIALIUI JBIKEHHS BApUAHTOB TU3AIH-
KOHILICNITOB TPaMBaeB B BapuaHTaX BHEUIHEH cpensl (CM. PUCYHOK 5)
9KCIEPThl  PAacCTaBIIOT, WM TMOANPABIAIOT MO XOAY YINIyOJeHus
paccMOTpeHUs] BapHaHTOB BUJICOPSJIOB C JIBUKCHHUEM TBEPAOTEIBHBIX
BUPTYaJIbHBIX MOJEJCH, CBOM OLEHKH MO KaXJOMYy CBOWCTBY
JKCTephepa, ¢ yIeToM (GYHKINW TPUHAIUICKHOCTH U KO3 GUIINCHTOB
BECOMOCTH B KOMIUIEKCHOM TIOKa3arede.

BapuaHTer %
IMEKTPOHHELX Komnextie
it BupTyamsnas IKCTEPTOE
iy CHMYTISIIHA ¥
e . IBIDKEHHA r @
KOHIIEITT OB SRR | :
i 3271aHHof KomnnexcHei
Sz cpene MoKa3aTelhb
Loied METanomica P
pa3HEIM k
3KCTEPLEPOM
Bazu Baza sHgeo Cxema .
SMEKTPOHHEIX pommKoE ONEITa BHPTYAIbHOM
- i BHA€0CHMYTHIIHE
MOTENEH EHEIMef & s
maccH cpemst ABHACHHA KOHIENTa
TpaMBaes P — TPaMBasd B cpege
OIHOTO TpamBan Meramo.Iuca
TIPOH3E OMHT &I
Pucynok 5

B pesynbpraTe ompenensercs KOMIUIEKCHas 00OOIIEHHAs OIEHKA
OTJIENIBHOTO DKCIIEPTa, a 3aTeM BBIYHCISACTCS CTATHCTUYECKH 3HAYMMAs
eAWHAasg JJIs TaHHOTO COOOIECTBa HKCIEPTOB OIEHKAa M BCE KOHIIEMTHI
9KCTEpbepa BhICTPAMBAIOTCS Ha OOIIEM DKpaHe MPOTUB 3aJaHHOM CPe/Ibl
MeErarojmuca 1o MecTaM B COOTBETCTBUHU C OMPEAEICHHOMN OLIECHKOM.

Pa3zpaborannas MeToIMKa OTJIMYAETCS TMOKOCTHIO B OTHOIICHUH
creneHd TiyOWHBI mudQepeHnnanul CBONCTB 3KCTepbepa M IPYTHUX
ACIICKTOB CJIOKHOU CHUCTEMBbI, JIEMEHTOM KOTOPOU SIBIISICTCSI 3KCTEPhEp
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TpaMBasi, 4TO cIocoOCTBYeT OoJblell 0OBEKTUBHOCTH KOJUICKTHBHOM,
CyOBEKTUBHOMU TIO TIPUPO/IE OIECHKH.

3AKIIIOYEHUE

Aananu3 pas3BUTHSL TpPaMBaWHOTO TPAHCIOPTAa B PpeCIyOJHKe

MOJTBEP)KAAET U aKTyalbHOCTh HCCICIOBAaHHHA IO JTAHHOW TeMaTHKe.
UznoxxeHHple MaTeprajsl AIOT HAlNITHOE TPEACTaBICHHE O
crenuuKe, OpraHu3aliH, CTPYKTYpe M OCHOBHBIX METOIMYECKHX
MOJIOKEHUSIX HCCIECOBaHUS BIUSHMSA CpPEAbl Meramojiuca Ha BBIOOp
dKCTEpbepa TpaMBas MyTEM BHPTYaJIbHOTO SKCIIEPHUMEHTA C IKCIEPTHON
OLICHKOM.
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YK 629.433.2
K METOOIUKE ®OPMOOBPA30OBAHMUS U OITPEAEJIEHUSA
XAPAKTEPUCTHUK ADPOINHAMUKHU TPAMBAS
TO THE METHOD OF FORMING AND DETERMINING THE
CHARACTERISTICS OF TRAM AERODYNAMICS
Mypor K.A., TasHoBckuii ['.A., K.T.H., TOLEHT,
benopycckuil HalMOHANBHBIA TEXHUYECKUM YHUBEPCUTET
r. Munck, benapych
Murog K.A., design engineer,
Tayanousky G.A., Ph.D.in Engineering, Assosiate Professor
Belarusian national technical University,
Minsk, Belarus

KOHerTI/BI/IpOBaHBI METOANYECKUEC IIOJIOKECHUA
dhopMooOpa3oBaHus, OIEHKH ad’pOAMHAMHYECKOTO  COTPOTHUBIICHUS
HHSaﬁH-KOHHeHTa ropoaCkoro TpamMBasgd W  BJIIMAHUA q)OpMI)I Ha
IKCILITyaTallUOHHBIC CBOMCTBA MAIIUHEI.

The methodological provisions of the shaping, the estimation of the
aerodynamic resistance of the design concept of the urban tram and the
influence of the form on the operational properties of the machine are specified.

BBEJIEHUE

Co3znanue TpaMBaeB HOBBIX KOHLIEMIMI U KOMIIOHOBOYHBIX CXEM
TpeOyeT ompeneneHus HX PalUOHATBHOM (OPMBI UM NApPaMETPOB IIO
KPUTEPHUSAM Pa3TUYHbIX (YHKIIMOHAIBHBIX U MOTPEOUTEIHCKUX CBOICTB.

[lo-npesxkHeMy aKTyaJdbHBI METOIUYECKHE pa3pabOTKU IO
Teopur HopMOOOPa30BaHUS COBPEMEHHOI'O TOPOJCKOTO MACCAKUPCKOTO
TPAHCIOPTA H 10 MPAKTHYECKOMY PELICHUIO 33/1a4 U3bICKaHUS U BBIOOpPa
pannoHanbHOW (OpPMBI TpamBas C TPOTHO30M €€ XYI0XKEeCTBEHHO-
3CTETUYECKON OLEHKM M BIUSHUS HA Ba)KHEHIINE 3KCILTyaTallMOHHBIE
CBOWCTBa MOOMJIBHON MAIIIMHBI.

Henp panHOW paboThl - (HOpMHpPOBAHUE METOAUYECCKUX
MIOJIOKEHUI CPaBHUTEJILHOU OLICHKU a3pPOIMHAMUYECKOIO
COIIPOTHMBIICHUSI TOPOJICKOrO0 TpaMBasi Ha MacIUTaOHBIX MakeTax
BapHAHTOB TU3AHH-KOHIENTAa C yYETOM WX CHenu(HKH IJs1 BEIpaOOTKH
pexkoMeHmanmii 1o (HopMooOpa3oBaHMIO TpamMBas H MOCIETYIOLIETO
WCCIIeIOBaHUSl BIMSHHUS BHEIIHEH (OpPMBI  HA O3KCILTyaTalMOHHBIE
CBOICTBA MaIlIMHEI.
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CPEACTBA ®OPMHNPOBAHUA S5KCTEPBEPA
JIN3AMH-KOHLIEIITA TPAMBAS

Ilpu co3manum sKcTEpbepa TpaMBash OCHOBHBIMU JU3aHHEPCKUMH
Cp€acTBaM KOMITIO3MIHHU ABJAIOTCA: MNPOINMOPHUOHAIBHOCTb, CHUMMETPUA H
ACUMMETpPUA, CTaTUKa W AWHAMHKA, PUTMHUYHOCTH, TCKTOHHKA, 00BEMHO-
MIPOCTPAHCTBEHHASI CTPYKTYpa, MAacIITa0HOCTh, PUTM, aKLEHT, HIOAHC, IIBET,
(hakTypa, KOHTPACT, CTHJIb, MH(OPMATHUBHOCTb. B TO ke BpeMsi Ipu 3TOM
pealin3yroTcsa u pas3InuYHbIC KOHCTPYKIIMOHHBIC TMIPUHIUIIBI
dhopMooOpa3oBaHus: yHHUPUKAIKMA M KOMOMHATOpHKA, MOpP(OIOrnyecKue
Hp€06p330BaHI/ISI (I)OpMBI Ha OCHOBC 06HICMaIHI/IHOCTpOI/ITCJ'H)HI)IX n
O6’LCKTHO'OpI/IeHTI/II)OBaHHBIX 0aHKOB 9BPUCTUYCCKUX TPUCEMOB, MNTPUHIUIT
H3MEHEHHUS JTHHCHHBIX pasMepoB 1O OHHOﬁ KOOpAHWHATE HAa OCHOBE 06HICFO
CCUcHMU, TIPUHIUIIBI CEKMUOHUPOBAHUA, HWHBEPTUPOBAHMAA,
MOIU(HUIMPOBAHUS JIEMEHTOB T€OMETPHH U MaTEPHUAIIOB H JIp.

HpI/I 3TOM NEPEYUCIICHHBIE CPEACTBA MCHOJIB3YIOT UIST JOCTHKCHUA
ONTUMAILHOW BHEIIHEH (GOPMBI TpamBas, CpEOW MPOYEro, M C IMO3UIUU
AIPOMHAMUYECKOTO COBEPIICHCTRA.

Bribop »skcrephepa KOHIENTa HOBOTO TpaMmBas CBS3aH C
HEOOXOIMMOCTBIO MIPUHATHS MHOTHX KOMIIPOMHCCHBIX petieHuit [1, 2],
KOTOpBIC YYWTBHIBAIOT TPEOOBAaHWS MHOTOYHCIEHHBIX CTaHIapTOB,
PErJIaMeHTOB, cneruduKy MICUXOCEMAHTHUKHU OLICHUBAHUS
XYJI0KECTBEHHO-3CTETUYECKUX M 3KCILTyaTallMOHHBIX Ka4eCTB TpaMBas
W Jpyrue acnekTel. B Tabnume | mpuBeneHa AOCTaTOYHO HOAPOOHO
muddepeHnnpoBaHHas KiaccH(UKAIUSA TTOKazaTeleld XyI0KeCTBEHHO-
ACTETUYECKOr0 CBOMCTBA JU3AWH-PEIICHHS TpaMBas.

Ilpuyem ¢opma TpamBas — OTO PeE3yJNbTaT pELICHUS
ONTHMHU3AIMOHHON, BO MHOTOM CYOBEKTHBHO KOMIIPOMHCCHOWM,
MHOTOKPUTEPHATHHOHN 3a/7a4l 00ecriedeHnss KakK BBICOKHX ITOKazaTernen
XYJO’)KECTBEHHO-3CTETHYECKOTO CBOWCTBA JAW3alH-PEUICHUS TpamBas,
TaK U €ro TEXHUYECKHUX AKCIUTYyaTallMOHHBIX MTOKa3aTemeil.

dopMa TpaMBas CYIIECTBEHHO BIMSET Ha IIOKa3aTelld €ro
(YHKIMOHAIBLHBIX CBOWMCTB, CPENIU TIPOYETO, U Yepe3 adpoIMHAMUIECKUE
xapakrepuctuku. C pocrom ckopocredi (mo 90..120 xM/4) OBUKEHUS
TpamBaeB OOJNBIIONH MACCAKUPOBMECTUMOCTH Ha O0OCOOJICHHBIX OT
JIOPOKHOW CETH JIMHUSX CBA3H TNEpUPEpUHHBIX MHKPOPAHOHOB WIIH
KPYMHBIX HPUTOPOIHBIX MOCEICHUH COBPEMEHHBIX ypOaHH3MPOBAHHBIX
METaIOJINCOB a9POAMHAMUYECKOE CONPOTUBIIEHUE MOABHKHOIO COCTaBa
B HaOOJIBIIEH CTENeHN OMpeeNsieT 3aTPaThl YHEPTUU Ha IBUKCHHE.
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Tab6muua 1

Knaccuguxauus nokasareneit Xyq0KeCTBEHHO-3CTETUYECKOTO CBOHCTBA

JM3aiiH-pelIeHns TpaMBas

Haumenosanue
epynnvl noxkasameneti
nompeoumenbCcKo2o
ceoticmesa

Tloxasamenu, onpedenaoujue xyo0odircecmseno-
acmemuyeckoe c80UCME0 NOMPeOUMenIbCKo20 Kauecmea
mpameas

HndopmaTuBHOCTH
(hopmbl

- IPOSIBJIEHUE B TPAMBAE INIABHOW KOMIIO3ULIMOHHOM UIEH,
9KCIUTyaTallMOHHBIX BO3MOXKHOCTEH U 0COOEHHOCTEH,
KOPPEIMPOBAHHOCTH CO CPEIOH IKCIITyaTaluH;

- Y3HAaBaeMOCTh, 3aMETHOCTh, OCBEIIEHHOCTH TPaMBas;

- HAJIM9IME U XapaKTePUCTHKH OPUTHHAIBHBIX
(hopMoOOpa3yONIMX AIEMEHTOB, OTIMYAIONIAX JAHHBIH
TpaMBal OT aHAJIOTOB M IPOTOTHIIOB.

Komrmo3uimonxoe
COBEPILECHCTBO

- COOTBETCTBUE KOMIIO3ULIUH TpaMBasi (PyHKIIMOHAJIBHO-
KOHCTPYKTHBHOH XapaKTepHUCTUKE Ha3HAUCHNS;

- COTTIaCOBAHHOCTb KOHCTPYKTUBHO-KOMIIOHOBOYHOT'O
PEIIEHHS C ICTETHYECKOM XapaKTepPUCTHKOI 00BEMHO-
MIPOCTPAHCTBEHHON CTPYKTYPHI TpaMBas;

- OPraHUYHOCTH WICHEHHMS Ha CEKIIUM MHOTOCEKIIHOHHOTO
TpamBasi JUIs OpraHu3auy (QyHKIIMOHAIFHO ONTHMAILHOH,
3CTETHYECKHU LeIeCO00Pa3HON CTPYKTYPbl TpaMBas;

- KOMIO3UIMOHHAS yBSI3Ka Pa3JIMYHBIX 110 CTPYKTYpe U
(YHKLUH 3JIEMEHTOB ()OPMBI, €AMHCTBO XapaKTepa
3JIEMEHTOB (hOPMBI;

- TEKTOHMYHOCTh KOHCTPYKIIMH, BBIpakeHne (hopMoit
KOMITO3UIIMOHHBIX JIEMEHTOB XapakTepa paboThl
KOHCTPYKIIMH y3JIOB U JAeTalel TpamBasi;

- KOMIO3UIMOHHAS yBsI3Ka 3JIEMEHTOB I'paduKy, IIBETOBOTO
U CBETO-OTPAXKATEJILHOTO PEIICHNsI CO CTPYKTYPOH (OpMBL.

T'apMoHHYHOCTH
(hopmbl

- JIOTHYHOCTH Pa3BUTHUS (POPMBI KaK IIPOJIOIKEHHE
KOMIO3UIIMOHHOM IIETIOCTHOCTH CTPYKTYPBI TpaMBast;

- COOTBETCTBHUE (HOPMBI TPaMBasi B LIEJIOM U
KOMITO3UIIMOHHBIX JIEMEHTOB B OTAEIBHOCTH BEIOPAaHHOMY
MaTepHaTy KOHCTPYKIIHH;

- COOTBETCTBHE IIACTHIECKOHN ITPOPadOTKH (POPMBI
KOMIIO3ULIMOHHOMY PELICHUIO.

CoBepieHCTBO
MIPOU3BOJICTBEHHOT'O
HCTIOHEHHUS
BHEIIIHETO BHIA
MTPOMBIIIIEHHOTO
oOpasna

- TINATEJIBbHOCTb IOKPHITUS U OTJEIKU IOBEPXHOCTEH;

- UUCTOTA BBINIOJHEHUS COUWIEHEHUH, CKPYTIIEHUN 1
COMNPSATAIOLIUXCS TOBEPXHOCTEH;

- YeTKOCTh MCIIOJTHEHHs (PHPMEHHBIX 3HAKOB, yKa3aTeleH,
JIPYTHX CTHJIEBBIX aTpUOYTOB M 3KCILTyaTaIllMOHHOM
JIOKYMCHTAIIUU TPaMBasl.
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OINIPEAEJIEHUE ASPOAMHAMUYECKOI'O
COITPOTUBJIEHUA MACHITABHOI'O MAKETA TPAMBAS

CoBpeMeHHBIE TPOTPAMMHEIE CPEICTBA IS HMCCIEIOBAHUS
a’POIMHAMUKN MOOWIILHBIX MAIIMH IT03BOJIIOT JI0 CO3/IaHUS MAITUHBI
B METaJuIe BBITOIHUTH BIIOJIHE MPAKTHYECKU MPUEMIIEMBIA IPOTHO3 €e
a’POIMHAMUYECKUX XapaKTepPHCTHUK. ATMMapaTrHble CpeacTBa IS
HaTypHOr'o SKCHOCPUMEHTA I10 MNPOAYBKE MMOJIHOMACIITA0HBIX MAaKETOB
MOOWJIBHBIX MAIUH JOPOTOCTOSIIM M HEIOCTYIHBI Ui OOJIBIIMHCTBA
oTnenoB oOmied KoMmoHOBKM MammH B coctaBe Kb. Ha ortame
MEPBUYHON OTPaOOTKH BAapHaHTOB BHEIIHEH (POPMBI MaIlMH Ha MaJIbIX
MakKe€Tax BIIOJIHE npueMiieMo HUCIIOJIb30BAHUEC HpOCTCfIIHHX
a’POIMHAMUYECKUX MajorabapuTHBIX YCTaHOBOK. [Ipum aTom, Kak
MOKa3an aHajiu3 TOJOOHBIX WCCIEeIOBAaHHUA, BO3MOXKHO TIONTyUYCHHE
aJICKBATHBIX IO XapaKTepy MPOTEKaHHUS 3aBUCUMOCTEHM IOKazaTemeit
a’POIMHAMUYECKOTO CONPOTHBICHUS B 3aBUCUMOCTH OT T'€OMETPUHU
MacITaOHOTO MaKeTa ¢ TAKUMH JKe JIJIsl HATypHOTO 00pa3iia MalluHbL.

CreHn nnsi CpaBHUTENHHOM TPOAYBKH MACIITA0OHBIX MAaKETOB
BApUAHTOB TpaMBas TOKa3aH Ha pucyHke 1. Ha3BaHust CTpyKTypHBIX
JacTel CTeHJa YKa3aHbl Ha PHCYHKe. V3MepeHune chiIbl COMPOTUBIICHUS
MEPEABIKCHIIO MaKeTa O] JCHCTBHEM HaOEeraromiero moToka BO3ayxa
OT BEHTWIATOpA, 3a BBIYCTOM COINPOTHUBICHUA KAYCHUIO MakeTa Ha
BEPXHEM CTEKJIe 0 UTOJIbYaThIM POJUKAM, OMHPAIONIMMCS Ha HUKHEe
TOPU30HTAJIBHOE CTEKJIO, W3MEpSAeTCS 1O YBEIWYECHHIO JUINHBI
TapUPOBAHHON TIPYXKUHBI PACTSDKCHHSI C  IOMOINBIO  JIAa3€pHOTO
JAIBHOMEpPa, a CKOPOCTh BO3IYIIHOTO II0TOKA — C TOMOIIBIO
npeuusuoHHoro rtaxoreHeparopa TITI -1A, Ha Baxy KOTOpoOro
3aKperuieHb! JionacT. CKOPOCTh MOTOKA BO3yXa U3MEHSIETCS IUTABHO OT
CHUCTEMBI  yTpaBlEHUS  BEHTWIATOpOM. HampaBneHue  moToka
HaOeraromiero BO3AyXa MOXKHO MEHSTh B IUTAHE W B BEPTUKAIBHOU
IIJIOCKOCTH, U3MCHSA YIJIbl IOBOPOTA IITAaTUBA U KOPITyCa BEHTHUIIATOPA.
CurHanel OT [AAaTYUKOB IMEPEMEIICHHUs] M CKOPOCTH IOTOKAa MOXKHO
OTCUMTHIBATh Ha IIKaNaX HW3MEPUTENBHO-PETHCTPUPYIONMIETO TMYIIbTa.
Mensisi BapuaHTBl MakeTOB  pa3pabaThIBaeMoOro TpamBas ¢
oTiI4aromieics: hopMoi, MoTyqaroT YACIOBOU MaTepHa JJIsl CPAaBHEHIS
3HAUCHUNW CHJI  a’pOJWHAMUYECKOTO CONPOTUBICHUS. A  3aTeM
OIICHWBAETCS BIMSHHUE TOCIEIHETO Ha HEKOTOPHIE JKCILTyaTaI[MOHHBIC
CBOIMCTBa BapuaHTa TpaMmBas. I[IpoBeNEHHBIE OIBITHI IOKA3aJIU €ro
MPUTOAHOCTD JJIs1 UCCIIEIOBaHUM.
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Pucynox 1



[peBanupyomum KOMITOHEHTOM o01ero a’pOANHAMUYECKOTO
CONPOTHBIICHHS TPAaMBasi SBJISCTCS CONPOTHBICHHE e€ro BHeNHel Gopmbl. Uem
Ooypllle IUIOIIAJb MHACIEBOIO CEYCHHs, TeM OOJIbIIE a’pOJHHAMHYECKOES
CONPOTHBIICHHE TIPH COXPAHCHUH MPOMOPLUUHA MOJA00Us o0beMa M KOHTypa
¢dopmsl. 13 ncenenoBaHuil 0 adpoAMHAMMKE ABMXKYIIMXCS MAIIMH H3BECTHO,
YTO BHEIIHASA (opMa MaIIuHBI HMeeT (POopMOOOpa3yIOIINe IIEMEHTHI, KOTOPBIE
ABAIOTCA ~ WCTOYHUKAMH  0Opa3oBaHWsl  TypOyJCGHTHBIX  BHUXpeill  1mpu
B3aUMO/ICHCTBUH ¢ HaleraromMM IIOTOKOM BO3/AyXa, OIpenesseT
MECTOPACHOJIOKCHUE 30H IOBBINICHHOIO W IOHMXXCHHOIO W 3HAYCHUA
nasinennii. Ha oOpa3oBaHue W cXon BHXpeil ¢ OOBECKM Ky30Ba TpamBas
3aTpavyMBacTCs 3JIEKTPUYECKasi SHEPIHs, C MOMOIILI0 KOTOPOH NMPHUBOIATCS B
TSATOBBIM peXUM Kojieca TpamBas. M3 aroro ciemyror BbIBOAbL: 1) hopma
TpaMBasi BO MHOTOM OIpEJIENseT 3aTpaThl SHEPTUHM Ha JIBIDKCHUE TpamBasi; 2)
U3MEHEHHEM (OpMBI TpaMBas MOXHO BIHATb Ha €ro a’poJMHAMHYECKOS
CONPOTHBIICHHE W, KaK CJCACTBHE, Ha HKCIUTyaTalHOHHbIC CBOWCTBa
MIOJIBIXKHOTO COCTaBa.

HATIPABJIEHUS COBEPILEHCTBOBAHUS ASPOJUHAMUNYECKUX
KAYECTB TPAMBAS

Kak u3BecTHO, o0Iee a’poJMHaMHUYECKOE COMPOTHBICHUE HA3EMHON
MOOWMJIBHOM MAIIMHBI COCTOMT W3 IBITH COCTABILIIOIINX: COIPOTHBICHHE
(GOpMBI; HHIYKTHBHOE COIMPOTHBICHHE; MOBEPXHOCTHOE COIMPOTHBIICHHE;
nHTEp(EPEHIIMOHHOE COMNPOTHBIICHNE; COIPOTHBICHUE BHYTPEHHHX ITOTOKOB
[2,3].

OOmye peKOMEHJAMKA MO0  YMEHBIICHHUIO  adPOJHMHAMHYECKOrO
CONPOTHBJICHHUS MOOMJIBHON MAIIMHBI 3aJaHHOTO HA3HAYCHHS BKIIFOYAKOT
MEpOMPHATHSA: N0 YCTPAHSHUIO 30H MOBBIMICHHOTO M MOHMXEHHOTO JABJICHUS
BO3yXa, OTPBIBHBIX TEYCHHH M OOpa30BaHUs BHXPEH; MO OOECIECYCHUIO B
HauOONBIIEH CTENEHH  JTaMHHAPHOTO OOTEeKaHWs HAOErarolUM ITOTOKOM
BO3/yXa 110 IUIOMIAAX BCEH IO JUTMHE BHEIIHEH (OPMBI MAIIMHBI B [HAIIA30HE
paboUnx CKOPOCTEii, C yU4ETOM BO3ACHCTBHSI GOKOBBIX IOPHIBOB BETPA.

IMpakTrdeckasi KOHKPETU3aLMs MPUBCICHHBIX OOIIMX PEKOMCHAALUI
BKJIIOYAET, B 3aBHCHMOCTH OT Ha3HAYCHHS M BHIAa MOOHJIBHOW MAIIMHBI, CBON
Habop mpuemoB. [IpumeHuTesnsHO K (HOpMOOOpa30BaHMIO BHENIHEro oOBeca
TpaMBas MOXHO PECKOMEHI0BATH CICAYIOUINE MCPOITPUATHUSA.

YMeHbllIeHHIO TypOyJCHTHOTO BHXpeoOpa3oBaHUs Ha JIOOOBOH u
KOPMOBOM YaCTSX TpaMmBas, OINPECIAIOIINX Xapakrep OOTEKaHWsI ero
BO3YIIHBIM IIOTOKOM M HAJWYHE OTPBHIBHBIX TCUCHHH BO3/LyXa, CIOCOOCTBYIOT:
- YBEJIMYCHHE YTJIOB BCTpeUH (yriia MeXIy HampaBlICHHEM BEKTOpa CKOPOCTH
JBIDKCHHS TPaMBasi M KacaTelIbHOH K (opMe B IIIOCKOCTH, IPOXOSILICH Yepes3
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BEKTOp CKOPOCTH M TMEPIEHAUKYISIp K ¢GopMe B 3aJaHHOW €€ TOYKE) H
YMEHBIICHHE YTIIOB OTPAKEHU OT (POpMEL;

- YBEJIHMYCHHE PAJINyCOB 3aKPYTJICHUS HIDKHEH, BEpXHEH U OOKOBBIX KPOMOK B
MeCTe Tepexoja HOCOBOH M KOPMOBOH 4YacTel B YacTh Ky30Ba TpamBas C
MTOCTOSTHHOM (hOPMOH ¥ IIIOMIABIO TTIOTIEPEYHOTO CEUCHIS,

- TpUIaHWe HOCOBOW dYacTh (OpPMBI Ha OCHOBE psAa KHHEMaTHYECKUX
MOBEPXHOCTEH B BHAE Mapabojonaa, OTHOMOJOCTHOTO THUHEepOOTIouaa W
nujinHApouaa, a KOpMOBOﬁ 4JacTH TpaMBasd U BETPOBLIM CTCKJIaM B IIJIAHC BH]Ja
KHHEMATUYCCKUX MPOCTPAHCTBCHHBIX HUJIUHIAPUYCCKUX HOBCpXHOCTCﬁ C TpEMA
HalpaBJIAIOUMIUMUA,

- 1esecoodpasHa Tiaankas ¢ IpSIMOJIUHEHHOW BOCCTAIONICH K KOPME Ha MallbId
yroJyi obpasymoiieii (3a cueT 00eCreUcHHs OTPUIATEIBHOTO yIiia TaHTaxa MpU
YCTaHOBKE Ky30Ba TpamBas) U C MaJOi BBINYKIOCTHIO B TOMCPEYHOM CCUCHUU
dopMa KpBHIIIM TpamBas, C IEIBI0 YMCHBIICHHUS adpPOIOJIBEMHON CHIIBI,
oOecrieueHHs CTaOMIIEHOTO CIETUICHHS KOJIECHBIX Map C PeIbCaMU U YTy UIICHHS
TUTABHOCTHU ¥ YCTOHYMUBOCTH X0J1a TPaMBasi;

- ONpaBAaHO NPHUMEHEHHWE TJIAAKOTO JHUINA, 3aKpPBITHIX CIICIHATbHBIMHI
AIPONMHAMHYCCKIMH  TAHENSIMH  KOJECHO-TENEKECUHBIX  IPOEMOB  C
obecrieueHEM MHHAMAIBHOTO 3a30pa MEXIY HIDKHUMH KpPOMKAaMH |
PEIBCOBBIM  TIOJIOTHOM, YTO TIO3BOJISIET MPHONM3UTECS K O€3BHXpEeBOMY
MPOTEKAHMIO BO3AYIIHBIX IIOTOKOB B 30HE IO JHUIIEM KOpITyca TpamBas;

- OITUMMH3aLuA KOHTypHOﬂ miomaan MmyTeM OTKasza OT BCEX BBICTYNANOMIMUX
3JIEMEHTOB KOHCTPYKIIUH, 3aMEHA 3¢pKaJl Ha KaMepbl OOKOBOTO U 33 {HETO BH/IA,
BBINOJIHEHNE 3aIOUIMII0 JBEPHBIX PY4YE€K M KHOIIOK Hapy>XHEro OTKPBLIBAHUS
JIBEpEH, JIFOUKOB JUI TEXOOCTYKHBAaHUS, CBETOTCXHHUKH, ITAKCTOB OCTCKICHUS,
JIBEPHBIX OJIOKOB, BBIJIBUTAIOIINXCSI HA OCTAHOBKAX MOJIHOXKEK MUKpOIH(Ta s
JUI] C OTPAaHWYCHHUSMHU OIOPHO-JBHraTEIBHOTO almapaTa W Ha WHBAJTUIHBIX
KOJIICKAaX, a TakkKe C JCTCKUMH KOJSCKaMH, BBITIOJTHEHHE KaruteoOpa3Hoi
(opMBI TIaHETW, 3aKPBHIBAIOIICH OCHOBAHHE IIONYMAHTOrPAGHOTO WM HHOU
KOHCTPYKIIMM TOKOCHEMA, BBIOJHCHWE BBIIBUTAIONINXCS TOJBKO IIPH
OTKpBIBAHWH JIBEPEH BOJOOTBOMIOB IPH IOKAIUBON MOTOJE, BCE 3TO C LENBI0
YMEHBIICHHUS  JOJMM  OTPHIBHBIX  TEUYEeHMH B  OajmaHce  TOJHOTO
a’POTMHAMHYECKOTO COMPOTHUBIICHHS TPaMBasi;

- oTKa3z OT (HOPTOUHOM CHCTEMBI M JIIOKOB B KpBIIIE Ui MPOBETPUBAHMS
MACCAKUPCKOTO CajloOHA IyTEM HCIOJIb30BAHUS aJbTCPHATHBHON CHCTEMBI
OpraHM30BaHHOTO U JO3MPOBAHHOIO 3abopa © BBIOpOCAa BO3AyXa IS
BEHTIWIAIIMH U OXJIAXKIICHHs/000TpeBa pabouero OT/ACICHUS BarOHOBOXKATOTO U
CaJIOHA, C IEJIBI0 YMCHBIICHHS YICIFHOIO Beca COMPOTHBIICHHS, CO3/[aBaEMOT0
BHYTPCHHUMH TOTOKaMHM BO3/yXa, MPOXOIAINIMMU BHYTPH TpaMBas JUIs
BEHTIISIINH WIIA 000TPEBa MacCakUPCKOTO CaoHa;
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- HaJIeXHasi TepMETU3alnsl MECT COCIMHEHMS M KacaHusl (OopMOOOpazyromnx
TaHeNel BHENIHEro ooBeca TpamBasi, OCTEKICHHS, IBEPeil ¢ Ky30BOM;

- B ciy4yae o0OOpyZOBaHMS TpamBas YJIOBUTENEM IIPH CTOJIKHOBEHHUH C
MEMEeX0J0M  IENeCOO0pa3HO  BBIMONHATH €r0 HABECHBIM C  3aKpPBHITON
JeTkoe(hOpMUpPYEMBIM IIJIACTUKOM 30HOW 3axBaTta, ¢popMa KOTOPOTro oOiamaer
XOpOIIeH a3pOJMHAMUIECKOI 00TeKaeMOCTBIO;

- CYLIECTBEHHOE CHM)KEHHE a3POJMHAMUIECKOTO COMPOTUBIICHHSI 00ECIICUNBACT
WCTIOJIb30BaHNE MOKPBITUNA, KOMIIO3UIIMOHHBIX MaHeNel ¢

O4YEeHb MaJIOH LIEPOXOBATOCTHIO;

- UCIIOJIb30BAHUEC NEPCIAHUX U 3aTHUX CHOﬁHepOB, IIpU UX IOJIb3EC.
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BBEJIEHUE

[Ipu cozmanuu TpamBas Ui aJlpecHOM Cpelbl SKCIUTyaTalliH, C
Henplo obecrieyeHnss ee KOMGPOPTHOCTH, TapMOHHHM M IEIOCTHOCTH
XYJ0KECTBEHHO-3CTETUYECKOTO BOCTIPUSATHS HaceJIeHuEM
MUHAMHYECKUX OOBEKTOB, KAaKUMHU SIBIISIFOTCSI CPEACTBAa TOPOJICKOTO
MACCaAKUPCKOTO TPAaHCIOPTa, AaKTyallbHOW 3ajadeil SBISETCS, Cpean
MpOYero, BBHIOOP JKCTEphbepa TAKUX CPEJACTB, B YAaCTHOCTH, TpamBasd,
KOTODBI TEpeXUBaeT HOBBIA 3Tam OYpPHOTO Pa3BUTHS B CBI3U CO
CTPEMUTENbHBIM YPOaHUCTHYECKUM HW3MEHEHHeM OOJHMKa KPYIHBIX
TOPOJIOB W METalojiCOB B OKPY)XEHHH TOpPOJOB-CIyTHHKOB. U3
CKa3aHHOTO CIEAYeT, YTO BBHIOOp JKCTephepa TpaMBas HE CBOOOJEH OT
o0mrKa BHEIIHEH cpebl ero ueronib3oBanus. [loaTomy B maHHOH padoTte
cAenaHa TIOTMBITKA BBIIENUTH HambOollee CyIIECTBEHHBIE ACIEKTHI
CBOCOOpa3HOM  KOppeNsiiUM  BHEHMIHEH Cpedbl C  OKCTEPhepoM
MPOEKTUPYEMOTO0  TpaMmBas,  4YTOOBI  BBIPaOOTAaTh  BO3MOJXKHBIC
PEKOMEHIAIHH 10 TU3aHH-TIPOSKTUPOBAHUIO €T0 BHEITHETO 0OBeca.

O HEKOTOPBIX XAPAKTEPUCTUKAX MEI'AIIOJIMCOB

K w™eranonucy oOTHOCAT OONBIION TOPOA WM TOPOJCKYIO
arJIoMepanyo, KOTOpbIE  SIBISIFOTCS ~ KPYNHBIM ~ 3KOHOMUYECKUM,
MOJIUTUYECKUM M KyJIbTYpPHBIM LIEHTPOM MJIi peruoHa WM CTPaHbl B
[EJIOM, U, KaK MPaBUIIO, CHCTEMOOOPA3YIOIUM 0a3uCOM PETHOHAIBLHON
W MEXTyHapOHOU HHPACTPYKTYPHL B Merarojmcax
KOHIIEHTPUPYIOTCA MPOMBIIUIEHHBIM, KaApOBbIi, WHHOBAIMOHHBIMH,
()MHAHCOBBIA TIOTEHIMAN 3JEMEHTOB MHOTOMOJAIBHON HSKOHOMUKH.
OTHM OHM 3HAUUTEJIBHO OTIMYAIOTCSI OT MOHOIPOMBIIIJIEHHBIX TOPOJIOB
W moceneHuid  c.-x. mnepudepun. [IpuMepbl  MeramoimcoB ¢
YUCIEHHOCTHIO M NpeoOsafalouMMH  BHUAAMH  MACCaXKHPCKOTO
TpaHCIIOpTa MPUBEACHHI B TabmuIe 1.
Tabmuua 1. Meranonucsl (YUCICHHOCTh HACEJICHHSI, BUJIBI TPAHCIIOPTA)

Ctpana (ropon) YucCJIEeHHOCTh OcCHOBHBIE BHABI
HaceJIeHusI TpPaHCHOPTa
Benapycs (MuHck) 1,975 mnn Mertpo, ABTOOYC,
TpoJuteiioyc,
TpamBai
[onpma (Bapmasa) 1,765 mnn ABTOOYC, TpamMBai
Poccuss(HoBocubupek) | 1,511 muH Mertpo, ABTOOYC,
Tpoieioyc,
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TpamBai

Yexus (ITpara) 1,281 mmH METpO, TpaMBal,
aBTOOYyC
Poccusa(Yensouuck) 1,150 M ABTOOYC,
Tposueioyc,
TpamBai
Bamkoprocran (Yda) | 1,075 v ABTO0YC,
Tposeioyc,
TpaMmBai
Poccus (Kpacnosipck) | 1,007 muH METpO, aBTOOYC,
Tposeioyc,
TpaMmBai

HentpanbpupiM MeranoiucoMm B benapycu sBngercs MUHCK — 3TO
Pa3BUBAIOLIMICSA METANodNC, HUMEIOIMNA CBOM TIOpOJa CILyTHHUKH.
Cronmiia Bce daimle NPUHAMACT MEKIyHApOIHBIC MEpPOIPHUATHSI: OT
MOJINTUYECKUX JO KYyJIbTYPHBIX. B CBS3M C 3TUM W KOJIHYECTBO
HaceJeHUsl ropofa IOCTOSIHHO pAacTeT, YTO MPHUBEIO K PEIICHUIO
OOHOBIIATH JBUKCHHUA TPAHCIIOPTHHIX IIOTOKOB. JTO KacaeTcs Kak
BHYTPUTOPOJCKUX MOTOKOB, TAK U HaJaJMBaHHUE MEPEBO30K MACCAKUPOB
JI0 a’pomopTa, BBEJIECHHUEM CKOPOCTHBIX TpaMBaeB OT ILEHTpa MO
aspornopra. Tak ke yBeITUUNBAETCS 3aCTPOIlKa B TOPOJAX-CITyTHUKAX U3-
3a COKpalleHUs KWIMIIHOTO CTPOUTENIBCTBA B YEpPTE IOpoJa, UTO
MpUBEIET K  TOTPEOHOCTH  CTPOUTEILCTBA  psiia  TPACIOPTHO-
nepecagoyHbIX y3II0B. B mpoekTe nHPpacTpykTypbl MHHCKa U TOPOJIOB-
CIIyTHUKAX - BBOJIMTh CKOPOCTHOM TpaMBai.

OCHOBHBIMH TOPOJAMH-CITyTHUKaMH MUHCKAa Ha CETOTHSIITHUI
nenb  sBistorest  Jloroiick,  JI3epxkuHck, @anumonb, 3aclaBib,
CmoneBuuu U PyneHck.

Buemnsst cpema i CTPYKTYphl  CHCTEMBI  TOPOJICKOTO
TpaHCIIOpPTA — 3TO HE TOJBKO CTaTHYHBIE OJEMEHTHI TOPOJCKOU
3aCTPOWKH, HO W PsA APYrux (akTopoB, (HOPMHUPYIOUIMX OOpPa3HOCTh
cpenbl U OOYCIIOBICHHBIX COIMABEHO-DKOHOMHUYECKHMH, TOPOKHBIMU,
KyJbTYPHBIMH, Teorpa)MdeCKUMH, IOTOJHBIMH, HH(OPMAIMOHHO-
OPUEHTHPYIOIIUMU H JPYTUMHU (HOPMHUPYIOIIUMHU BOCIPUITHE CPEIbI
JKATEJIEM, IMaCCaKUPOM U T.I1. YCIOBUSMH.
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HACENEHVE PACCTOAHUE TPAHCMOPT HACENEHUE PACCTOAHWE TPAHCMOPT
OT MUHCKA OT MUHCKA
14 000 27 e | 111 200 39  eowan
YENOBEK KWIOMETPOB “MAPLPYTKA YENOBEK T *MAPLPYTKA
NOrovcK
nacenenve 13 00;| o—
i 3AC/IABJIb Haceneqvel 5 000
? YENOBEK
.l CMONEBUYNA
PACCTORHME 24 | GAHUNONb PACCTORHUE 3@
OTMUHCKA  kwiomerea MWHCK OT MUHCKA g monerros
ﬂ3EP?KVIHCK|
TPAHCMIOPT  -ansirmimica PYOEHCK TPAHCTIOPT  (2MEKTRUMKA
*ATOBYC “ATOBYC
“MAPLIPYTKA *MAPIIPYTKA
HACENEHWE  PACCTOAHME  TPAHCMOPT | | HACENEHME PACCTOSHUME  TPAHCTIOPT
OT MUHCKA OT MMHCKA
25410 30  emes 12713 22 e
YENOBEK KUNOMETPA *ATOBYC YENOBEK KUNOMETPA ATOBYC
*MAPLUPYTKA *MAPLUPYTKA

Pucynoxk 1. Cxema ropoioB-CITy THUKOB

Ha ocHoBe pucynka 1 W aHanm3a CYIIECTBYIOIIMX CPEICTB COOOIICHUS
TOPOJIOB-CITyTHUKOB MErenoiuca T.MHUHCKa MOKHO CJIe/IaTh BBIBOJ, YTO
TPAHCIIOPTHOE COOOIIEHHE C TOpPOJaMHU-CIIyTHHKAMH pPa3BUTO HE
JydIuM o0pa3om.

K nmpumepy, paccmarpuBasi — TPaHCIIOPTHOE  COOOIICHHE
BapiaBsl, B MPOIEHTHOM COOTHOIICHUH TI0 3KCIUTyaTaI[l TPAHCIIOPTA,
MBI MOXeM OOpaTWTh BHHMAaHHE Ha TO, YTO HHQPPACTPYKTypa C
ANEKTPUYECKUM  TPAHCIIOPTOM  pa3BUTa JIydlle, YTO YIMPOIIAeT
HACEJICHUIO TIPEIBUKCHHUE!

1) Asrto0Oyc 15%

2) Tposneiidbyc 5%

3) Tpamsaii 15%

4) Mertpo 10%

5) Jluunbiit aBT030%

6) IIpuropomusie sekTpudKu 25%.
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«TpamBait  oOnmamaer OoJbllell  CKOPOCTBIO M MPOBO3HOM
crmocobHocThio»  [5]. Kpome ToOTrO, «IIpH ONMHAKOBOH JTOCTYITHOCTH
MOJb30BaTENIM  MPEIIIOYUTAIOT aBTOOYCy TpaMBalk B CHIIy €ro
BU3yaJIbHOM 3aMETHOCTH U MPUBJIEKATEIbHOCTH [6].

B nocnegneit  Bepcum I'enmnmana r. MuHCKa CyLIECTBEHHOE
pa3BUTHE IOJIy4aT HOBBIC TpaMBalHbIE JUHUU. BKiIto4yas HECKOJBKO
COETMHEHUH MEX]Ty LIEHTPOM M OKpauHaMHU.

Kak wu3BecTHO, «OAMH TpamBail MOXET 3aMEHHUTh CO0OW B dac
MUK HECKOJIFKO JIECATKOB aBTOMOOMIIEH 1O KOJMYECTBY IMepeMeIIaeMbIX
naccaxupoB. Hanpumep onnH HU3KOMOJIBHBIN TpamBait moaenu 84300M
(benxomMMyHMa), ucnoiab3yeMblii B MHHCKE, MOXXET OJHOBPEMEHHO
nepeBe3TH 40 226 maccakupoB, 3aMEHss MPH 3TOM KaK MHUHHMYM 56
aBToMoOmieli. OQdekr TpH ITOM  OKa3blBacTCI HE  TOJIBKO
JOTHCTHUYECKUH, HO W TIPOCTPAaHCTBEHHBIH:  OCBOOOXIaeTcs
JIOTIOJTHUTENBHOE MPOCTPAHCTBO, SBJSIOLIEECS B TOPOJAE OCHOBHBIM
pecypcoM, KOTOpPbIA MOXHO MHCHOJb30BaTh B TOM 4YHUCIE IS
OOIIIECTBEHHBIX U 3€JICHBIX 30H» [4].

[lpu co3manum parMoOHANBHONM W KOM(OPTHON JIsS TOPOACKHX
JMIONCKUX MacC OJHY W3 BaKHEHIIMX HArpy3oK B IPEACTaBICHUU
MPOCTPAaHCTBEHHON cpenpl wurpaioT ¢Gopma, IBET, OCBEIIEHHOCTh
JJIEMEHTOB W O0BEMHas HAMOJHEHHOCTh Cpelabl IS CO3JaHus
TrapMOHMYHOTO BOCTIPUSITHS €€ CUCTEMHOT0 ancamous [5].

CrieruanmcTaMy KadyecTBO IMAaCCaXUPCKUX YCIYT OIIEHWBAETCS
KOMIUIEKCHOM XapaKTepHCTUKON 13 COBOKYITHOCTH HEOJHOPOJHBIX
aciekroB, Tak I'OCT P 52113-2003 ycraHaBmuBaeT KOMILIEKCHYIO
XapaKTEPUCTUKY KayecTBa MACCAXUPOIEPEBO30K CO  CIEAYIOLIUMU
OCHOBHBIMH  TpYyNIIaMH  TIOKa3aTeJei: - uH(pOPMAMOHHOTO
o0cCiTy>)KuBaHHs; - KOM(POPTHOCTH; - CKOPOCTH; - CBOCBPEMEHHOCTH; -
COXPaHHOCTH 0araxa; - 0e301MacHOCTH; - SKOHOMHUYHOCTH.

IIpu uccrenoBaHWM BIWSHUS CPENbl MEraroyiica Ha 3KCTephep
TpaMmBasl HCIIOJB30BAHO BHUPTYaJbHOE MOJIEIIMPOBAHUE JIBHKCHMS
TpamBas KOHKPETHOTO JU3aiiH-O0JMMKa B PEATUCTHYHOW Cpefe
KOHKPETHOTO  MHKpOpaloHa  Meramojuca, IZA€  IUIaHHPYETCs
9KCIUTYaTHpPOBaTh TpaMBal, B paMKax MPOIEIyphl IKCHEPTHOW OLEHKU
XYJI0’)KECTBEHHO-3CTETUUECKOM COTJIaCOBAaHHOCTH OKpY’Karolleil cpenpl,
JKCTEpbepa W OOIIell KOMIIOHOBKH psia OOJMKOB TpaMBaeB THITaXa,
pa3pabaTsiBaeMOro MPOU3BOAWTENEM. METOaUYEecKHe TIONO0XKEHAS WU
ITOPUTM YHUCIOBOH OLEHKH He()OpMATU3yeMBIX MaTeMaTH4eCKH
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ACTETUYECKUX BOCHPUATHH OKCIEPTOB pa3pabOTaHbl aBTOPOM U
W3TIOKEHBI B TOM COOpHUKE paHee. B cOOTBETCTBHH C IENbI0 paOOTH B
METOJIMKY OLEHKH KOPPEIALMHU 3KCTEPhEpa TpaMBas ¢ BHEILIHEW cpenoit
BHECEHBI IOTIOJTHEHUS.

CornacoBaHHOCTb 3KCTepbepa
TpaMBasl co cpeon

COOTBETCTBME BHEeLWHEN GOPMbI TpamMBas CTUNEBOW LLe/TOCTHOCTU
apXuTeKTypHoro obpasa BHelLHeW cpeabl B Ka4ecTBe ee AMHaMUYECKOro aNemMeHTa

BMUCbIBaEMOCTb LLBETOBOIO pelleHna 3KCTepbepa TpaMBas BO BHELWHIOK
cpeny Meranonuca

3MOL|,VIOHaﬂbHO-06p33HEH LIEHECOOGPB3HOCTI: 3KCTepbepa
TpaMBas B cpeje Meranonuca;

oTpaxeHue cneundrKr KynbTypHO-6bITOBbIX TRaANLMA
HaceneHWs cpefbl Meranonuca B aKcTepbepe TpaMBeasn

Pucynox 2

CI0XHOCTH BBISIBIEHHUS U OLICHKU BJIMAHUSA BHEIITHEHN Cp€abl Ha
IKcTepbep M (OpMy TpamBasi MPHUBEIM K HEOOXOJUMOCTU PaCIIUPHUTh
MepedeHb TPYNI OIEHKH IOTPEOWTENhCKOTO KadecTBa TpaMBas
JIOMIOJIHUTENBHOM TPYIION, BKJIIOYAIONIEN HECKOJIbKO IOKa3aTeneH,
KOTOp&BIC B CTaHJapTax Ha HOTpe6I/ITCHI)CKOC KauyeCTBO MOOMJIBLHBIX
MAIlIMH HE YYTCHBI HH B OJTHOM W3 OLIEHUBAEMBIX aCIIEKTOB (CM. pUCYHOK
2).

3AKJIFOUEHUE

Takxum 00pa3zom, MpeIoKeHa aBTOPCKas TOpaboTKa CTPYKTYPHI
METOJMKH WCCIIEOBaHWIN BIHMSHHUS BHEITHEH Cpelpl SKCIUTyaTallHd Ha
9KCTEphEep MW TMOKa3aTeNH XyJ0)KeCTBEHHO-3CTETHYECKOTO CBOICTBa
MOTPEOUTENILCKOTO KauecTBa IUM3aiH-pEIICHUS TpaMBas B 3aJaHHOU
BHEILHEH Cpelie;
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Pa3paboranpl BapHaHTHI peNIaEMBIX MPAKTUYCCKUX 3a7ad C
MOMOIIBI0 Pa3pa0OTaHHONW METOJMKU TPH CO3aHUU HOBBIX TPaMBacB
pa3IMYHON KOHIENIUH JIJISl 3aIaHHOM BHELIHEN CPEJIbI.

ITo pesynpTaTam  HcCIEAOBaHMM  JaHBl  IPAKTUYECKUE
PEKOMEHJAIMK 10 palMOHATBLHOMY BBIOOPY nuddepeHnanun u
U3MEPUTENIE COINIAaCOBAHHOCTH J3KCTEpbepa TpamMBas CO CpEAoH,
KOTOpBIE O00ECTIEeUNBAIOT MOCTIDKCHHE XYI0’KECTBEHHO-ICTCTUUECKOM
KOPpPENSALMKA TACCAXUPCKUX TPAHCIOPTHBIX CPEACTB CO  Cpenoit
Meramnojimca. B yacTHOCTH, peKOMEHOBaHa JIWHEHKa TpaMBaeB Ha 0a3e
co3nmaBaeMbIX B benmapycu st pa3mTuIHBIX METAIIOJINCOB,
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V]IK 629.114. 2
N3BICKAHUE PAIIMOHAJIBHOI'O TOKOCBEMA
9JEKTPOBYCA
FINDING RATIONAL DEVICE REMOVING CURRENT TO THE
ELECTRICAL BUS
Kucens H.U., [Ipoxonosuu JI.A.,
Cumaxos E.C., nayunsiit pykoBoautens TasHoBckuil I.A., KaHa. TexH.
HayK, JOLI.
Bbenopycckuit HaMoOHaIBHBINA TEXHUYECKUN YHUBEPCUTET, T. MUHCK,
benapych
N. Kisel, D. Prokopovich,
E. Simakov, scientific director G.Tayanovsky, Ph.D.in Engineering,
Associate Professor
Belarusian national technical University,
Minsk, Belarus

B pabore mpoaHanH3upOBaHBI IKCILTYATHPYIOIIUECS TOKOCHEMBI
3JI€KTpO6yCOB, BbISIBJICHBI HEAO0CTAaTKH, YTOYHCHBIL TpC6OBaHI/I$I,
paccMOTPEHBI METOJWYECKHE AacCleKThl W Pe3yJIbTaThl HW3BICKAHHM
MEPCIEKTUBHOTO TOKOCHEMA.

In work analyzes the operating current of electrical bus
collectors, identifies shortcomings, clarifies requirements, considers
methodological aspects and results surveys of prospective electrical bus
collector.

BBEJIEHUE

PazButne TOPOJICKOTO MACCaKUPCKOTO JIOPOKHOTO
0ecTpoBOAHOTO  AIIEKTPOTPAHCIIOPTA MPECTABISET aJbTEPHATHBY
aBToOycaM HW Tpoiuie0ycaM M CBS3aHO C CO3JaHHEM HOHHCTOPOB,
JUTHIA-TUTAHATHBIX, TPAQEHOBBIX U JP. IEKTPOHAKOMUTENEH OONbIION
€MKOCTH, ITPUEMJIICMBIX I10 ra6apHTaM n Macce.

B cBa3u ¢ mpoucxopsmeil CMEHOW JOMUHHPYIOIIHUX IyTel
pa3BUTHS  HEKOJEHHOTO TOPOACKOTO 3JIEKTPOTPAHCIIOPTa aKTyalbHa
3aJada CO3aHUS CETH 3apsSIHBIX CTAaHIMM Ha MapHIpyTax IBHKCHUS
anekTpoOycoB. Tak Kkak HWMEHHO TMpoOieMbl  00ycTpoiicTBa
9KOHOMHUYECKU d(PPEKTHBHON MH(PACTPYKTYpHI A OOCTY>KUBaHUS Ha
MapmipyTe HOBBIX BHJOB TEXHHKH CAEPXHBAIOT UX ObICTpoe
pacrnpocTpaHeHue.
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Lenp paboThl — M3BICKAHWE PAIMOHAIBHON CXEMBI TOKOChEMa
anexTpolyca TPEXOCHOTO COYJICHEHHOTO (pucyHox 1),
COOTBETCTBYIOIIETO CTHUJICBOMY IH3aHHEPCKOMY PEIICHUIO BHEIIHErO
o0nMKa JHMHEWKH pa3pabaThiBAGMBIX OTCUYECTBEHHBIX 3JIEKTPOOYCOB,
MIPHUCIIOCOOIEHHOTO K 3apsiIke Ha YHHBEPCAIBHBIX 3apSIHBIX CTAHITHIX
Oymymieit mopoKHOW HHPPACTPYKTYPHI.

METOJIMYECKUE ACHEKTBI U PE3VJIbTATBI
M3BbICKAHUI

HccnenoBanust NpOBOJMIUCH — IyTEM HHPOPMAIHOHHO-
IIaTCHTHOTI'O, MOp(bOJ'IOl“I/I‘leCKOFO nu q)yHKL[I/IOHaJ'H:HOFO aHain3a ¢
CHHTC3a KOMIIOHOBKH KOHTAKTHOTI' O TOKOCBhEMaA 3neKTp06yca,
OTBEUAIOMIeT0 TPeOOBaHMSIM XOPOIIEH BIHMCHIBAEMOCTH B (UPMEHHOE
JU3aliH-pELIEHNE JKCTEphEpa anekTpolyca u OoJbIei
(YHKIMOHAIBHOCTH, Y€M CYILECTBYIOIIHE.

PucyHoxk 1 — BapuaHThI 3KCILUTyaTUPYyEMBIX OT€UECTBEHHBIX
3NIEKTPOOYCOB C MOIYHaHTOrpadoM U TEIECKONMNIECKIM
TOKOCHEMOM

Texnuueckne TpebOBaHUS K TOKOCHEMY - YHHBEPCAIBHOCTD MPHU
JIOCTaTOYHON MPOCTOTE U HAJAECKHOCTH KOHCTPYKLMHU B KCIIITyaTally B
YCIOBUSAX HU3KHMX TeMiepaTyp. TpeOoBaHHS K XapakTepy 3SBOJIOLHMH
KOHCTPYKIMH, IpH TpPHBEJCHUH ee B paboyee NPOCTPaHCTBEHHOE
MIOJIOKEHHUE, COCTOAT B 00ECIIEUCHNH NTOIbeMa KOHTAKTOB Ha TPeOyeMyto
BBICOTY C  KOHTPOJIEM M  BO3MOXHOCTHIO  ABTOMAaTHYECKOTO
pETyJIHpOBAaHUSA YCWINSA MPHXKATUA MX K KOHTaKTHBIM IIPOBOAAM
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CTaHIIMU 3apsJKH, a TAKXKE B JOCTH)KCHUH MUHUMAILHBIX Ta0apHUTOB B
CIIO)KEHHOM COCTOSIHMH. PerynmmpoBka Hy)XHa, B YacTHOCTH, B
3aBHCUMOCTU OT CHJIbI 3apsIHOTO TOKA WJIM TEMIIEPaTyphl KOHTAKTOB,
00 TO BENWYHMHE YCWIIMS TPIDKATHS KOHTAakToB. [Ipmuem, B ciydae
MPUMEHEHUs] TOKOChEeMa DdJIeKTpoOyca Ha YHUBEPCATBHBIX CTaHITHSIX
MOM3APSAKH, I Ka)XJI0M MallWHBI clelyeT O00eCIeuuTh CBOE BpeMs
ONTHMAIBHOTO PEeKUMa 3apsIKH, 00beMa TOIy4aeMoro 3apsijia B aMmIiep-
yacax, JIOMyCTHMbI MaKCHUMaJbHBIH TOK 3apsAAKd. OTO, B CBOIO
ouepenb, HaKIaAbIBaeT TpeOOBaHUS Ha (GopMy, IUIOMAAb KOHTAKTOB
BO3UMOTO TOKOCHEMA, CHIIy WX TIPIDKATHS, MaTepranl KOHTAKTOB U JIp.
I[lpu 3TOM  TOKOCHEM  HEOOXOMUMO  O0OpYAOBaTH  CHUCTEMOU
aBTOMAaTUYECKOTO KOHTPOJIIS MTO3UIIHOHUPOBAHUS KOHTaKTOB
3JeKTpo0yca  OTHOCHUTEIILHO KOHTAKTOB  CTaHI[UM, KOHTPOJIS
MOJIAPHOCTH TOIKIFOUEHUS U TEMIIEPATYPHOTO COCTOSHUSI KOHTAKTOB C
ycTporicTBaMu 3amuTHOTO oTKiroueHus (Y30).

[Ipumepsl HHPOPMALMOHHBIX PECYPCOB, B KOTOPBIX MPHBEICHEI
OMHMCaHUs MPOAHANM3UPOBAHHBIX aHAJIOIOB TOKOChEMa 3JEKTPOOYCOB U
JPYTUX MAIMH, IPUBE/ICHBI B CIIUCKE JuTepartypsl [1 - 7].

Pucynox 2 Pucynok 3

IIpn aHanm3e W3BECTHBIX TEIECKOMUYECKUX KOHCTPYKUUH (pUCYHKH 1-
3) ysCHEeHbI UX HEJIOCTaTKH: JOCTATOYHO OOJbIIasi BBICOTA YCTPOMCTBA B
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CIIO’KEHHOM COCTOSTHUH u3-3a BEPTUKAIBHON YCTaHOBKHU
MHEBMOLIMJIMHIIPA, HEOOXOAWMMOCTh ITHEBMOCHCTEMBI, OTCYTCTBHE
KOHTPOJIA 33 TEMIIEPaTypoll B 30HE KOHTAKTOB; KOHTAKThI HE 3al[UILCHBI
OT HaJIUIaHWS CHEra, HaMep3aHusl JEASHOM KOPKH MpH BHEIIHHX
ocagkax W T.I.; BO3MOXKHBI 3HAYWTENbHBIE OOKOBBIC W3THOAIOIINE
Harpy3Kkd, KOTOpPbIE CHMXAIOT pPabOTOCIOCOOHOCTHh TEIECKOITNYECKOTO
MTHEBMOIMITHIPA.

PaccMoTpeHBI BO3MOKHBIE HOBBIE CXEMBI TOKOCHEMA, KOTOPHIE
OTIIMYAIOTCS OT U3BECTHBIX CTPYKTYPOHU, CXeMOil mpuBeaeHus B pabodee
MOJIOKEHUE M BO3MOXKHOCTSIMH PETYJIMPOBaHUS YCHIIMS B KOHTaKTe C
3JIEMEHTAaMH KOHTAaKTHOM CETH MOA3apSAAKH 3apsIIHON CTAHIIHU.

[Ipennoxeno KOHKYPEHTOCIIOCOOHOE TEJIECKOITNIEeCKOe
TEXHHYECKOE pEIIeHUe, OTBEYalolee MPUBEICHHBIM TPEOOBAaHUSIM U HE
cofepxamiee  Oonpleil 4YacTH W3  OTMEUEHHBIX  HEJOCTaTKOB
CYIIECTBYOIIUX TOKOCHEMOB.

YCeTpoicTBO CHA0XEHO aBTOMATHYECKOH CHCTEMON KOHTPOJIS,
pETYIMPOBaHUS YCHIIUS TIPIDKATHS KOHTAKTOB, a TAKXKE OTKIIOYCHUS
NpU TPEBBIIIEHUH OOMYCTUMOH TeMIepaTrypbl KOHTaKTHOW OOJIACTH.
Takoi TOKONPUEMHUK SBIISETCS JOCTATOYHO IMPOCTHIM B OOCITYKHBaHUU
W HaJeKHBIM B paboOTe 3MMOW W JIETOM, IOBBINIAET YCTOHYHBOCTH
KOHCTPYKIMH K OOKOBBIM Harpy3kaM ¢ yMEHbIIAeT TrabapuThl
TOKOCHEMa B CIIO)KEHHOM COCTOSIHHH.

IIpoBenennsie pacueTbl  KHHEMAaTHUKH  JBOJIOLUMA B
MPOCTPAHCTBE M IPOYHOCTHBIE PAacdeThl TOKOChEMa IOATBEPIMIN
paboTtocriocobHOCTh W 3((EKTUBHOCTD TIPEAIOKEHHOTO BapuaHTa
CHUCTEMBl TOKOChEMa, KOHCTPYKIHSA SBIACTCS YHHUBEPCAIbHON B
OTHOIIICHUH BHJOB KOHTAKTOB CTAHIUH 3apsIJIKH.

B npuHmMIUaneHOH  cXeMe CHUCTEMBbl  aBTOMAaTH4eCKOTro
PETYJNUPOBAaHUS YCWIHS TPYDKATHS, KOHTPOJIS W 3aIIUTHl KOHTAKTOB
TOKOChEMa 3JIeKTpoOyca (PUCYHOK 4) MOryT OBITh HCIIOJIb30BaHbI
paboTocmocoOHbIE CTaHAAPTHBIE CXEMHBIC pPEIICHHs] M3 IPYTUX BHIOB
TEeXHUKH (pUcyHOK 5-6) [8-10].

168



. ITueemo- MexaHHIM
Kommpecco
p P |—=>| PacupeneamTeab(— - e — ———

IIyaeT YcTpoiicTEO HaTaEkE J1eKTpO-
YIIpaB.IeHHA - YIOpaEIeHAA ﬁ tazoerrx imm KOHTAKTBI

nepeMeHHBIX
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O6o3Havyenus: 1 — B031yx03a00pHHUK; 2 — QUIbTp; 3 —
KOMIIpeccop; 4 - TETUIOOOMEHHHUK; 5 — BIarOOTICIHUTENb; 6 — pecuBep; 7
— IPEeIOXPaHUTENBHBIN KJIanaH; 8 — Ipoccelib; 9 — MacIopacbUINTENb;
10 — penykunonnsiii knanas; 11 — apoccens; 12 — pacnpeaenutens; M -

MaHOMCTP

Pucynox 5 — TunoBasi THEBMOCUCTEMA B IPUBOJIE

TOKOCHEMA 3JIEKTpodyca
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Pucynok 6 — TunoBoi MOJyJib MOJICUCTEMBI PUBEACHUS TOKOChEMA B
COIIPUKOCHOBCHUEC C KOHTaKTaMU 3ap;1;[H0171 IIoACTaHIIUHU

[Moxcucrema Ha pucyHke 6 paboraeT ciueayommM o0pa3oM.
[IpenoxpanutenbHbiii kiamad 0.4 orpaHUYMBaeT YpOBEHb JABICHUS B
pecusepe 0.1, a kmamassl 2.01 u 2.02 co3matoT «moAmop» B pabounx
nonoctsax mHeBMormmHApa 2.0. IlocpemcTBoM 3TUX  KIamaHOB
(haKTHIECKH peryIupyeTcsl CKOPOCTh NIBMKEHHS ITOKa IumHApa 2.0.
IlomoOHass cxema peryjaupoBaHus 0OECHEUHMBACT  CTAOMIIbHOCTH
CKOPOCTHBIX XapaKTepUCTUK NPU HU3MEHEHHHU BEJIHMYMHBI HAarpy3KU.
Penykimonnsiii kimaman 1.02 mopjaepKuBaeT Ha IMOCTOSHHOM YpPOBHE
ycuiue, pa3BuBaeMoe MHeBMonwinHApoM 1.0 mpu npsimom xojie. UToOst
obOecnieunTh CBOOOAHBIN BO3Bpar HHEeBMOIWIMHApPa 1.0 B MCXOAHYIO
MO3UIIHIO, MAPaUIeIbHO peAyKIHOHHOMY Kianany 1.02 ycraHaBIMBaroT
oOpatusIif kraman 1,01.

AnroputMbl  pabOTHl TPOTPaMMHO-AINNAPATHOTO 00ECICUEHHUS
MHOTOMEPHOM CHCTEMBI  YINpPaBICHUS TOKOCHEMOM M MOA3apsIHOM
CTaHNHel 00EeCTIeYMBAIOT YaCTh MEPEUNCIICHHBIX paHee TPeOOBaHWU W,
COBMECTHO € OOBEKTOM YIpAaBJICHUS, JOCTHKCHUE LEIN H3BICKAHUH
MEPCIEKTUBHOTO  TOKOCheMa i JUHEHKH  OTCYECTBEHHBIX
anekTpoOycoB. I[lody4aroT pa3BuTHE TaKKe TEXHHYECKHE peIICHUs
TOKOCHhEMA ¢ OECKOHTAKTHON WHAYKITMOHHON Tiepenadeii dIeKTpHIecKon
SHEPrud OT 3apsSIAHON CTaHIMM [Js 3apsSOKU  BJICKTPOHAKOIMUTENeH
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anekTpoOyca. OpHAaKO TOKa OHM HE JOMUHUPYIOT B CHCTEMax
MOJI3APSAKH BIIEKTPOOYCOB TI0 PAMYy TEXHUKO-PKOHOMUYECKHX MPUYUH U
(YHKIIMOHAJILHOMY YPOBHIO.
3AKJIIOUEHUE

BrImmotHeHHBIE M3BICKAHMS, 0030p U aHATU3 (QYHKIIHOHATEHOCTH
PAacCMOTPEHHBIX TEXHHYCCKHX PEIICHHH TOKOChEMa JIIEKTpoOyca,
MPOBE/ICHHBIC TPOPAOOTKH KOMIIOHOBOYHOTO PELICHHUS TOKOChEMa U €ro
BHEIIIHETO JU3aiiHa B CIOXXCHHOM COCTOSSHMM B pPaMKax OOIIero
JKCTephepa dJeKTpoOyca, KHHEMAaTWIECKH W CHJIOBOM pacdeThl
MeXaHH3Ma TOKOChEMa U aHaiu3 paboTsl BO3MOXHOTO BapuaHta CAY
KOHTPOJIS, 3allUThl U PETryJIMPOBAHUS YCWINS MPUKATUS KOHTAKTOB,
MOATBEPIWIN  PaOdOTOCIIOCOOHOCTh NPEIIOKEHHOTO BapHaHTa, U
MMO3BOTIIIM  OOOCHOBAaHHO pPEKOMEHIOBAaTh €ro IS JaJIbHEHIei
KOHCTPYKTOPCKOW TPOPa0OTKA H BUPTYAIBHBIX CHUMYJISIIUOHHBIX
HCITBITAHNM.
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B.IT.ABrymiko [u ap.]; nox pea. H.B.bornana, H.®.Metntoka. — MuHCK:
HIT OO0 «I11MOH», 2001. — 396 c.
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Ob UIBMEHEHUU KOHUEIIIINHU 1 OEHlEﬁ KOMITIOHOBKHA
CEJbCKOXO3siICTBEHHBIX TPAKTOPOB

ON CHANGES IN CONCEPT AND GENERAL COMPOSITION
AGRICULTURAL TRACTORS
Tasguosckuii I'.A., K.T.H., JOILIEHT,

Benopycckuit HalMOHaIBHBINA TEXHUYECKUN YHUBEPCUTET
r. Munck, benapycs
Tayanousky G.A., Ph.D.in Engineering, Assosiate Professor
Belarusian national technical University,
Minsk, Belarus

CdopmynupoBaHbI BEIBOJIBI IT0 aHAIHM3Y COCTOSIHHSA Pa3padOTOK B
TPaKTOPOCTPOCHWUH, paccMOTpEHBI ACTICKTHI MIPOTHO3HOTO
MIPEACTABIICHUS 0 TpaHchopMaIuu KOHIIEIIIUH, 001X
KOMIIOHOBOYHBIX pEIICHHH W TEOPUH TMEPCIeKTHBHBIX MAaIIHHHBIX
TPAKTOPHBIX AarperatoB ¢ HOBBIMH JIBUTATEILHBIMH YCTAaHOBKAMH,
MPEACTaBICH  OOMMM TOAXOM K TMPEANPOCKTHOMY OOOCHOBAHHIO
TPaKTOPOB HOBOM T'eHEpaIUU.

Conclusions on the analysis of the state of development in the
tractor industry are formulated, aspects of the forecasting concept of
transformation, general layout solutions and the theory of promising
tractor units with new propulsion systems are considered, a general
approach to the pre-design substantiation of new generation tractors is
presented.

BBEJIEHUWE

Ob6mupHas 6ubnmorpadus HaydyHBIX pabOT MOCIETHUX JIET Ha
TEMY JJIEKTPOIPUBOJA HAa TPAKTOPE OTPaKAaeT HAYYHO-IIPAKTUUECKUMN
HHTCPEC K PACCMOTPCHUIO BOMNPOCOB, CBA3AHHBIX C U3MCHCHUSIMU,
KOTOpPBIE DJJICKTPOIIPUBOJ IIPUBHOCUT B CTPYKTYPHOE IIOCTPOCHHUE,
KOMITOHOBOYHBIE PEIICHUS, AU3aiHEPCKUl 0OIUK, U TOTO, KaK BIHSIOT
BAapUAHTHI I[BI/IFaTeJ'H:HOf/i YCTaHOBKHA Ha CBOMCTBA 6y,[[y11[€1" (0]
MamuHHOTO TpakTtopHoro arperata (MTA). Takas wuHbopMmarms
HCO6XOJII/IMa €II€ Ha CTaguu MNPHUHATHA TCXHUYCCKOTO 3aJlaHus Ha
MPOEKTUPOBAHUE  MAIlIMHBI. ConepxaHue CTaTbU  TOCBSIIEHO
pPacCMOTPCHHUIO  OTACJIbHBIX  ACIICKTOB STOH HaquO-TGXHquCKOﬁ
3ada4Hu.
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AKTYAJIbHBIE 3AZIAYM COBPEMEHHOI'O

TPAKTOPOCTPOEHUA
AHanu3 myOJIMKAIMOHHOW AaKTHBHOCTHM aBTOPOB B oOxacTu
MIPOTHO30B MEPCIIEKTUB pa3BUTHS, pacyeTHO-TEOPETUUECKUX

000CHOBaHWM, AMHAMHKH  IATCHTOBAaHUS W  OCYILECTBIICHHBIX
WHHOBAllUOHHBIX ~ TEXHUUYECKHX PELICHUH  CEeIbCKOXO3SHCTBEHHBIX
TATOBO-DHEPIETHYECKUX  TPAHCIIOPTHO-TEXHOJNOTHYECKHX  HA3EeMHBIX
MOOHMJIBHBIX MAIIUH (TPAaKTOPOB, MOOMJIBHBIX SHEPIeTHYECKUX CPEICTB,
YHHUBEPCAIbHBIX JHEPreTHYECKUX CPEICTB, IIaccH KOMOAlHOB IOX
pa3auyHbBIE TEXHOJOTMM W T.aI.) 32 mocueauuid  15-metHwid
PETPOCHIEKTUBHBIA TIEPHOA TO3BOJSIET OTMETHTh DPAJ OCOOCHHOCTEH.
Cpenu Hux:

- TIOBBINICHHOE OOIee BHMMAaHWE K BOMpocaM  pa3pabdOTKH
AIbTEPHATUBHBIX JIBUTATENFHBIX YCTAHOBOK JJISI MOOWJIBHBIX MAILHH,
KaK CJeCTBHE: TJO00aJbHBIX NpoOIEeM C 3KOJIOTHEH, BBIOpOCOM
NApHUKOBBIX Ia30B; OJIM3KOrO HO BpPEeMEHHU (10 Pa3HbIM OLEHKAM —
30..50 mer) wcUepmaHMA ~ WCKOMAEMBIX  MPHPONHBIX  IKUAKHX
VII€BOAOPONOB  (MpH  W3MEHEHHWH TOTpeONeHHs B HUX 110
MPOTPECCUBHON KPHUBOH); HU3KOro, He Oonee 0, 42..0,48, obmero KIIJI;
BBICOKHMX yJIENbHBIX 3aTpaT TOILIMBA HA CMHUILY MOJIE3HOH MOIIHOCTH
JABC u  mnpakThyeckd  IHOYTH  JOCTMTHYTOTO  Ipefena  ux
COBEPILUCHCTBOBAHUS, HECMOTPS  Ha  CYIIECTBEHHOE  pa3BUTHE
MEXaTPOHHBIX aBTOMATHYECKMX CHCTEM YIPABICHUS IPOLECCOM
JIBUTATENS] W JAPYTHX JOCTIDKEHWH B WX CHCTEMaxX TOIUTMBOIIOIAYH,
BITyCKa, BBIITYCKa, OXJTaXICHHUS U T.I1.;

- MHTEHCHBHOE pa3BUTHE: aBTOMATHU3UPOBAaHHBIX M ABTOMAaTHYECKHX
aIalTHBHBIX TPAHCMUCCHH, TIO3BOJISTIONIMX OOECTICUUTh MEePEKIIOYCHNE
nepenad 0e3 pa3pbiBa MOTOKAa MOIIHOCTH, Ha OCHOBE  IUIAHETAPHO-
BaNbHBIX Ilepefady ¢ (QPUKIUOHHBIMH My(Tamu, B OCHOBHOM
«MOKPBIMUY» THJIPOTIO)KUMHBIMH OyCTEpHOT'O THIIA; MHOTOIIOTOYHBIX
THAPOIMHAMUYECKUX Tepead, JM00 Ha OCHOBE OEcCTYNEHUYaThIX BO
BCEM CKOPOCTHOM JAMAana3oHe TUAPOCTATUYECKUX MOJHOMOTOYHBIX
obwvemubIX THAponepenad (OI'Tl); nByx- U MHOTONMOTOYHBIX OOBEMHBIX
runpoMexanndecknx mepemad  (OI'MID) ¢ guddepennmansHpIMU
MEXaHMYECKHMHU 3BEHBSMH; Tiepeiad Ha OCHOBE DJICKTPOMEXaHHUUECKUX
nepefay, COCTOSIMX W3 MOXYJS: MOTOP-TEHEPAaTOp IUIIOC TATOBBIN
ACHHXPOHHBIH JJIEKTPOJBUTATENL CO CKAJSIPHBIM WM  BEKTOPHBIM
yIpaBJIeHHEM B COCTaBe TMOpHUIHOI aBurarenbHol yctaHoBku ¢ JIBC,
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MO0 HAa OCHOBE 4YHCTO JJICKTPUUECKUX Tiepefad C aCHHXPOHHBIMH
AIIEKTPOMAIIIMHAMH c MUTAHUEM oT JNIEKTPOHAKOHTENEH
aKKyMYJIATOPHOTO, KOHJIECHCATOPHOI'O THIIA; MEpelad Ha OCHOBE Tak
HA3bIBACMBIX AJICKTPUUECKUX TOIUIMBHBIX BOJOPOIHBIX 3JIEMCHTOB;

- HEZIOCTATOYHOE KOJMYECTBO KOMIUICKCHBIX PACUCTHO-TEOPETUUCCKUX U
OTBITHO-DKCIIEPUMEHTATIBHBIX 00OCHOBAHUHN TEXHUKO-D)KOHOMUYECKOH U
COIMATIbHO-3KOHOMHUYECKON 3((EKTUBHOCTU MEPEUUCICHHBIX JI0 3TOrO
WHHOBAIMOHHBIX MPEJIOKEHUH B KOMIUIEKCE M CUCTEME C BEPOSTHBIM
B3aUMOOOYCIIOBJICHHBIM H3MEHEHHEM C.-X. TEXHOJOTHH, C yYeTOM
crelM(PUKN JKU3HECHHBIX IUKJIOB HOBBIX MaIllMH, MPOOJIEM pa3BUTHUS
UHQPACTPYKTYPbl  JKCIUTyaTallMd,  PEMOHTA,  TEXHOJIOTHUYECKOIrO
obecrieueHusi, OOydYeHHsS TIepCOHANla M, YTO YPE3BBIYAWHO BaXHO,
0C30IacHOCTH M COBOKYIHBIX  3aTpaT  CO3J@HHBIX  YEIIOBEKOM
(DMHAHCOBBIX, SHEPTETHUECKUX, MATCPUAIBHBIX U CO3JaHHBIX HPUPOJIOH
MHUPOBBIX PECYPCOB, & TAKKE DKOJOTHMYECKHX MOTEPh B «TIOOATHLHOM
nepexo/ic Pa3BUTUS) OT MaTepHAIM3alUU TOTO, YTO MO OTACIBHOCTH
MPEJICTABJIICTCS BBITOHBIM U MIEPCIICKTHUBHBIM;

- (opmynupoBaHUEe BhICKa3bIBaHUN O HEOOXOJIMMOCTH Pa3BUTHUS OOIICH
Teopuu CENTbCKOXO3SIHCTBEHHOTO MAITUHHOTO TPaHCIOPTHO-
TEXHOJIOTHYECKOTO MOOWIJIBHOTO  DJIEKTPONPHBOIHOTO arperara ¢
YOpaBICHHEM  HAa  OCHOBE  MEXAaTPOHUKH, B  TOM  YHCIE
pOOOTH3MPOBAHHOTO, M  C  TPOU3BOJACTBOM  DIIEKTPOIUTAHHS
UCKJIIOYUTENBHO  OT  OKOJOTMYECKH  YHCTBIX  BO300OHOBIISIEMBIX
MIPUPOTHBIX HCTOUHUKOB.

Lenp nmaHHOW pabOTHI — TOMBITKA TPEACTABUTH BEPOSTHOE
WU3MEHEHUE  KOHIICTIIHH, pa3BUTHE THUIOJOTMH M  CHUCTEMHBIX
CTPYKTYPHBIX OCOOCHHOCTEH OOIIMX KOMIIOHOBOK IEPCIEKTUBHBIX
CEJIbCKOXO3SIMCTBEHHBIX MAIIMHHBIX TPAaKTOPHBIX arperaroB Ha OCHOBE
TPaKTOPOB C allbTEPHATUBHBIMU JIBUTATEIILHBIMUA yCTAHOBKAMH.

BUAOBOE PASHOOBPA3UE JIBUT'ATEJIbHBIX
YCTAHOBOK J1J151 TPAKTOPHOM TEXHUKU

KoHCTpyKTHBHOE  WCIIOIHEHHE  ABHUTATENBHBIX  YCTaHOBOK
HA3eMHBIX TATOBBIX MAIIMH IOCTaTOYHO pasHoobpasnoe [1]. [IpuBenem
BapuaHT  KJjacCHpUKANWW  JBUTATeNbHBIX  ycraHoBok (V)

HEOOXOAMMEBI B KOHTEKCTE pacCCMAaTPHBAEMBIX B pab0TE BOTIPOCOB.
IIpencraBnennas BbIOOpOYHAss TaOimma chopMHpOBaHA C
Y4ETOM NOTEHLIUAIBHBIX TOCTOWHCTB U MPEUMYIIECTB BKIFOUCHHBIX B
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tabmuiy 1Y, nprcrmocoOIeHHOCTH K CO3/IaHUI0 Ha MX OCHOBE KBa3U- W
MOJTHOCTHI0 OECCTYMEeHYAaThIX MOTOPHO-TPACMHUCCHOHHO-IBIKUATEINBHBIX
ycrtanoBok (MTHY), oOecreduBaromux MaKCUMAIbHO BO3MOYKHBIC
oommme KIIJI Bo BceM CKOPOCTHOM Juamna3oHe C OJIarOnpUsTHBIMU
TATOBO-IMHAMUYECKAMHU  XapaKTepPHCTUKaMH, B TOM 4YHCJIE Ha
MEPEXOIHBIX PEXUMAaX, a Takxke 3aiuTy 3j1eMeHToB MT[Y oT MUKOBBIX
JUHAMHUYCCKUX HArpy3oK B IMPaKTUYCCKMU OIMACHBIX, C TOYKU 3PCHUA
HAJSKHOCTH, YYaCTKaX 4YaCTOTHOTO CHEKTpa HarpyxeHus. OgHako
CPOKH TIOSBIICHHS TIEPEUMCICHHBIX B TaOnuie, W30aBICHHBIX OT
IPUCYIIMX MM  HEJAOCTaTKOB U  JOBEJAEHHBIX [0  HYXHBIX
IKCILTyaTallMOHHBIX moKasaresnei 00paszios paHee HE
pacrpoCTpaHEeHHBIX MEPCIEKTUBHEIX J{Y, 3aBHCAT CIUIIKOM OT MHOTHX
(dhakTOpoB.

Tab6mua 1 — Berbopka u3 kiraccupukaIiy nepCermeKTHBHBIX
ABUTATCJIBHBIX YCTAHOBOK JIJId IPUMCHCHUA Ha COBPEMEHHBIX
CENIbCKOXO03MCTBEHHBIX TPAKTOPHBIX arperarax

A - ipu3HaK b - npusHak B - npusnak
Tennoseie Y Huzenpabie JIBC Ha cunreTnueckom
TOIJIUBE
pacTUTENIBHOTO
MIPOUCXOXKICHHUS
I"a3oBEIC nBUTaTEIN Ha 0ayutorHOM
BHYTPEHHETO IPUPOTHOM rase
CTOpaHMsl

Ha Bonopone
BBICOKOT'O AaBJICHUS

Bnemnero cropanus | JIBurarens
Crupnuara anbda-
THIIA

JBurareins
Crupnunra 6erra-
THUIA

KomOunupoBanHabie l"azoauzenbHBIN
LMK C [UKJIOM
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Crupnunra ans
0TpaboTaBIINX Ia30B
B 6-TU TAKTHOM

JIBUTATEIe
T'ubpumase 1Y Hwnzens- [TocnenoBarenpHOM
TeHEepaTOPHEIE C CXEMBI
ACUHXPOHHBIMHU
SJEKTPOMAITHHAMU
[TapannensHo-
[OCJIEIOBATEIBHON
CXEMBI
MHOTOMOTOYHBIE C
ANEKTPOMOTOP-
KOJIecaMu
Juzennb- C HEe3aBUCHUMBIM
TEeHEPaTOPHBIE C BO30YXKICHUEM
BEHTUJIbHBIM
WHIYKTOPHBIM
TATOBBIM
AJIEKTPOJIBUTATEIIEM
CILAT - JByXIMITHHIPOBEIE C otOoMHUKAMU
CBOOOTHOTIOPIIHEBON | TUHAMUYIECKU
JIUHEHHBIN TBUTATENNb | YPABHOBEIIICHHBIC
BHYTpPEHHETO
CTOpaHus C
JINHEVHBIM
ANEKTPUICCKUM
TeHepaTopoOM
MIePEMEHHOTO TOKa
ONEKTPOHAKOMUTENb | DIEKTpoXuMHuueckuil | JINTHil-noHHbIE
+ TATOBBIH HaKOIUTEIh AKKyMYJISITOPHBIC
ACHHXPOHHBIH Oarapen
SJIEKTPOJBUTATEIb
Jlutuii-xeneso-
(dbochartabie OaTapen
EMKkocTHOI CynepKoHAEHCATOPHI

HAKOIIUTCJIb OHCPIUU

Ha rpadeHOBOU
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OCHOBE

Honucrtopel
Emkocts Bogopona + | Tum: AFC (siu6o: C 3anpaBOYHBIMH
Bomoponnsie PEMFC, PAFC, MOIYJISIMU
TOIUIUBHBIE MCFC, SOFC) «TBEPAOTO»
SIIEMEHTHI +TATOBEIHA BOZOpOJA
JJEKTPOJIBUTATENb

O BBIBOPE BAPUAHTOB ITEPCIIEKTUBHBIX
CEJIbCKOXO3SMCTBEHHBIX TPAKTOPHBIX ATPETATOB

W3MmeHeHne THUMa JIBUraTeIbHOW  YCTAHOBKH  HEU30€XKHO
MPUBOJUT K CTPYKTYPHBIM HM3MEHEHHUSM KOMIIOHEHTHOTO 3JIEMEHTHOIO
CcOCTaBa, HECYUIMX CHCTEM, OOLIMX  KOMIIOHOBOYHBIX  CXEM,
JIU3alHEPCKUX PEIICHNN 3KCTephepa MAIIMHHOTO TPAKTOPHOTO arperara
, KaK cJIeJICTBHE, HA0Opa U TIOKazaTeleil nX (yHKIMOHAIBHBIX CBOHCTB,
YTO B ONpEJCICHHbIE MOMEHTBl MNEPEXOJUT B HOBOE KauyecTBO —
n3mMeHnenue konueniuu MTA. Tak nmpou3onuio ¢ U3BMEHEHUEM TATOBOU
KOHIIETIIINY TPAKTOPa Ha TATOBO-IHEPIeTUYECKYIO U, BEPOSATHO Jajiee, Ha
YCIIOBHO Ha3bIBAEMYIO B JAHHOW CTaThe - MOOMIIBHO-IHEPreTHUECKY10. B
paborax npod. Kceneruua W.II. eme B 80-X rogax mpomuioro CTOJIETHS
c(hopMyIIMpPOBaHBI BEIBOABI O BEPOSTHBIX HampaBieHHAx pasButus MTA
[1-3]. Tenepr kak pa3 HPUILIO BpeMs OCYLICCTBICHUS B OCHOBHBIX
yepTax T€X NMPOTHO30B U UX KOPPEKTHPOBKHU C YUETOM PEaTM30BAHHBIX
Ha TIpaKTHKE pa3padOTOK HOBBIX TeXHWYEeCKuX pemeHuit J1Y,
TPAaHCMHUCCHUH, MBIDKHTENCH, CHCTEM arperaTupoBaHus W 0OTOOpa
MOIITHOCTH TPAKTOPHBIX CPENCTB, Pa3BUTHUSA C.-X. TEXHOJIOTHH 1 HAOOPOB
CeNIbXO3MAIllMH Ul UX ocylecTieHusa. llosBneHue pa3paboTok (B
Ommxaiimee Bpems B 5.10 JeT) mepedYHCIEHHBIX KOMIIOHEHT
TPaKTOPHBIX CPEJCTB CTaJ0 BO3MOXKHBIM, B TOM YHCJI€, U Ha OCHOBE
BBIMIOJJHEHHBIX B T€ TOAbl B TECHOM COTPYOHHYECTBE C
TPAaKTOPOCTPOUTENBHBIMU  3aBOAAMHU  pa3pabOTOK HAy4HBIX  IIKOJI
0eopyCCKUX yUEHBIX: J.T.H., mpodeccopoB Kampiruna B.B., IlutoBuua
N.C., Ckornukosa B.A., Tapacuka B.I1, I'ycekoBa B.B. u ap.

C UHTEHCHBHBIM pa3BUTHEM NPUHLUUIOB OJIOYHO-MOAYJIHHOTO
IIOCTPOEHUsI M MHoroomnepauuoHHocty MTA, kommekca cpeacts
arperaTupoBaHvs W MHOTOYUCIEHHBIX CHCTEM OTOOpa MOIIHOCTH K
pasBuTOMy HaOopy akKkTuUBHBIX pabouux opraHoB (APO) wu
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Pa3BETBICHHOMY IMPHUBOJY KOJEC HA arperaTUPyeMbBIX C IEHTPAIbHBIM
SHEPrOMOJIyJIEM, Pa3HOOOPA3HBIX MO HA3HAYEHUIO MPHUIICTTHHIX 3BEHHEB,
TEOpHsI TPAKTOPA, C YIETOM BCETO OTMEUEHHOTO, CTAHOBUTCS DJIEMEHTOM
oonee obmeli teopun MTA. Tak kak oraensHoe 3BeHO MTA He
obOmamaer BceM HaOOpOM CBOWCTB IEJOTO arperata Kak  CIOXKHOU
cucteMsl. [Ipu 3TOM 110 cHMX TMOp B 3HAYUTEIHHON CTETIEHU BBIJEIIEHHO
pa3BHBaIOIIEECs HaIpaBJeHHE UCCIICZIOBAHUH u TEOPUHU
arperaTupoBaHus TpakTopa c CEIIbCKOXO3SHCTBEHHON
MaruHoi/ opyaueM (cM. pucyHok 1) [1, 2] BMecTe ¢ pa3BUTHEM TCOPUH
YW TPUHIMIOB o00benuHEHUs Moxayieil B cuctemy MTA saBisroTCs
OCHOBOM  pa3BUTUS  COBPEMEHHOM TEOPUM TaKUX  arperaros.
[IpuMeHUTENEHO K TPAHCIOPTHBIM M TPAaHCHOPTHO-TEXHOJIOTHIECKUM
Cpe/CTBAaM TIOBBIIIEHHOW IPOXOJUMOCTH TaKas IIOTBITKA CO3aHUS
00111ei Teopuu paboYKX MPOIECCOB U CUCTEMHOTO IMPOSKTUPOBAHUS CIIIe
Oonee TpuALATH JET Ha3aja CHAelaHa, Hampumep, A.T.H., npod. B.H.
[TansruneiM [5].

CHCTEMA PACYET A H OLIEHKH ATPECATHPOB AHHA KOJIE CHRIX TPAKT OP OB
KOHLEIT ¥ ATBHAA CTPYKT YPHAA CXEMA

| LCOEKTH ATPETATHFOBAHEA |

- -||.,,w m||“

THIIOERE 34 TAYH ¥ TPOIEJ VPR
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[En——
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smesen wpereTa
PacusTimn cxemar Tpac-
TepTaEnR ArpaTaTen

Pacxerya

[

Themeprs ® moEazaTems arpe-
TATHDOE4HMA, CooTReToTEe HTTT

Pucynox 1
IIpencraBnser omnpenenacHHYO MpoOJIeMy I[IPOrHO3HPOBAHUE

MPOIECCOB OOYCIIOBICHHON CMEHBI KOHCTPYKTHBHBIX KoHIenmi MTA
B CBSI3U C Pa3sBUTHEM BIIMSIOIIMX ACIEKTOB, N3-3a X MHOTOYNCIEHHOCTH
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U HEOYEBMIHOCTH TEHICHIMNH H3MEHEHHS CKOPOCTeH C TEYeHHEM
KaJCHAApHOTO BpEeMEHH. OTO Kacaercsi B MEHbUICH CTENEeHH
KpPaTKOCPOYHBIX MPOTHO30B Ha 5 JIET, OJTHAKO CHIDKAET HAJeKHOCTh Kak
CPEIHECPOUHBIX, TaK M JTOJTOCPOYHBIX MPOTHO30B. [IpuMep, n3BecTHBIN
or 1990 roma, rpaduuecKodl WILTIOCTPAMM W3MEHEHUS CTPYKTYpPBI
MOTPeOICHUS] DHEPTOHOCUTENCH C TPOTHO3HOMW DKCTPAIOJIIUEeH Ha
nepuox 1o 2100 roma mokasan Ha pucyHke 2. Takoe mHpoTexkaHue
KPHUBBIX TPEANOJIarajoch 3a CueT MPHUpOCTa MPOU3BOJCTBA BOJOPOJA,
MOJYYEHHOI'0 B OHMOTEXHOJIOIMSX, IIyTeM 3JIEKTpPOjiM3a BOIBI U T.IL, ,
XOTS TOKa JI0JIST BOAOPOA B Ta30BBIX YHEPTOHOCHUTENSIX HE3HAYUTEIbHA.
910 TOBOPUT O BO3MOXHOCTHM OTKJIOHEHHMs MpPOrHo3a OT
neiictBuTenbHOCTH. OJHAKO, HAAEKHBIE CpPEAHECPOUYHBIE IPOTHO3BI
KpaliHe HeoOXOIUMEI JIJTs TPaKTUKH TIaHupoBaHus, Hapumep HUOKP.

TIparnoa oF 1990 1. IAEReNH J0AH RIION GCHORMAD JNEPrONOCHTERER 168 nepiton & 200 et

Topd, apoea, yroms 1 1 1 NPHPOIHO B CHHTETIFECKOE
L FRIONOE TOMTmG

- WeTh i IPOYKTM e NepepaloTial

V0 13 10 10 190 1w W ;W X AW AW X4l He0 XNe0 MU am0 me0 2 @0 2

Kaneimapiiie roas

PI/ICYHOK 2 - BapI/IaHT IMMPOrHo3a NU3SMCHCHHA UCIIOJIb30BaAHUA
3H€pFOHOCI/ITCH6ﬁ

Kax /b1l IPOTrHO3 OTpakaeT CBsI3b IPOLLIOro, HACTOSILIETO U Oy IyIIEro.
Hanexuplii mporHo3 craHoButcst ¢axtoMm. KoHCTpykTop damie Bcero
BBINOJIHSET IPOTHO3bL:  a)TEXHOJIOTMYECKUH IIPOTHO3 IPHUMEHEHUS
JAHHOW TEeXHUKH; ©O) OOImHUX KOHCTPYKTUBHBIX KOMIIOHOBOYHBIX
pellleHuil; B) MPOrHO3 pa3BUTHUS NAapaMeTpPOB JAHHOTO BHJA TEXHMKH,
NpUHIMIA QYHKIHOHUPOBAHUS [TOJICUCTEM U T.II.
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Jns BBIMOJMHEHWS NPOTHO3a pa3paboTaHbl MHOTOYMCIICHHBIC
METOJBI TPOTHO3MPOBAHUSA: OSKCTPAIONSINN; OSKCIEPTHBIX OICHOK;
METOJIbI MOJIETMPOBAHUS: CIIEHAPUS, HCTOPUIECKON XPOHOJIOTUH H T.J.

Meton SKCTpanoianuu Hanboiee Mpo3padeH W CBOJUTCS K
OTBICKAaHUIO (PYHKIIMU 3aBUCHMOCTH HEKOTOPHIX (DaKTOpOB (I1apaMeTpoB
TEXHWKH) OT BPEMEHH Ha OCHOBE OHMIHMPHUYECKHX HaHHBIX 3a
MPEIBICTOPUIO0 HM3YYaeMOTo Tpollecca M K OINpeAeTeHHI0 0 3TOU
3aBUCHMOCTH 3HAYEHHUS OLIEHMBAEMBIX (PaKTOPOB B OyIylIHEe MOMEHTHI
BpPEMEHH.

HagexxHocTe mporHo3a METOJIOM AKCTPAIOJSAIUN 3aBHCHT OT
JOCTaTOYHOCTH  HWCXOJHBIX  JaHHBIX M MNPaBWIBHOTO  BBIOOpa
COOTHOIICHUI MHTEpBalla SKCTPAIOJSAIUNA K WHTEPBalIy PETPOCIEKIIHH.
OOBIYHO TIPUMEHSIOT 3TO COOTHOINECHHWE, paBHBIM 1/3. HambGomee
MPOCTBIM MaTeMAaTHYECKHM alnaparoM JJs BBINOJIHEHUS IPOrHO3a
METOJIOM KCTPAIOJISINAN CIYXKHUT MaTeMaTHUECKUH METO]] HAMMEHBIIIIX
KBaJIpaToB.

MeTton SKCIepTHON OLEHKH, MO CYTH, COCTOMT B TOM, HYTO
coOupaercsi KOJUIGKTUB CHENUAINCTOB—IKCIEPTOB B JAHHOW 00JacTh
TEXHHKH, KOTOpPbIE TI0 palMOHAIGHOW METOAMKE  OIPEIENSIOT
MPEBATUPYIONIYIO OINEHKY KOJUIEKTHBA OJKCIIEPTOB O TEHICHIWU
W3MEHEHUs] BO BPEMEHM JIaHHOTO BHJAa TEXHHUKH. B TexHmyeckoe
3aJaHde Ha pa3paboTKy HW3IENHs 4acTO BHOCAT KaK pa3 JAaHHBIC Ha
OCHOBE Pe3yJIbTaTOB DKCIIEPTHOM OIEHKH.

HanexHbld 0OporHo3 MpoueccOB 3aMEHbl CTApOM TEXHUKH
TEXHUKOW HOBBIX HPOTPECCHBHBIX KOHIEMIUA OCOOCHHO Ba)KE€H IUIs
pa3pabOTYNKOB HOBOM TEeXHUKH. Takwe CyOCTUTYIHOHHBIE IPOIECCHI
MOJUUHSIOTCS S—00pa3HBIM KPHBBIM, KOTOpbIe HauOoliee IOITHO
onuceiBatoTcst hopmynoit [lepna [6].

[lycts, pu OLIEHKE 3aKOHOMEPHOCTEN YIOMSIHYTBIX MIPOLIECCOB,
B KadecTBe MPOTHO3MpPyeMoro (hakropa BbIOpaH 0OBEM BBIOIHIEMBIX
paboT MoJens MU pa3HbIX KOHCTPYKTHBHBIX KOHLENIUN TEXHUKH OTHOTO
HazHaueHus. [lpu coOpaHHBIX JaHHBIX MO rojaM 00 o0bemax
BEITIOTHAEMOI pabOTHl HAaXOSMIIUMHUCSH B OKCIUTyaTalldd MalllHAMA
KKIIO0W M3 KOHIIEMIIHH, TUTIOBOE UX TpadUIecKoe IPEICTaBICHUE UMEET
BH/I, TOKa3aHHBIN Ha PUCYHKE 3.
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o0BeM padoT EBIL.
MaIIHHAMH i-0H
KOHLETIIHE ManrHEa 3-efl KOHIenHE

MaIIHHA 2-0H KOHIE

MamHHA 1-0H
KOHIIEIITHA

EOHENTIPHM. = KOHEH NPHM. EOHEII IIPHM. KATeHTapHEIE
Mam. 1-oft gopm-EE Mam. 2-off gopn-mE Mam. 3-eff KoEU-HE TOAEL

Pucynok 3 — XapakTtep S-00pa3HBIX KPUBBIX 00EMOB BBITIOTHEHHBIX
paboT MalTMHAMHM PA3IMYHBIX KOHIEHIIMA U OJJTHOTO Ha3HAYCHUS

I'padpmk HarIggHO TMOKA3bIBaeT, IO KaJCHIApHBIM TOJaM,
MOMEHTBI CMEHBI JOMHHHPYIOIIEH Ha TMpaKTHKEe MAaIluHBl OJHON
KOHLENIMA Ha MAalluHy JApyroil Oojee MpOTrPEecCHBHOW KOHICIIIHH.
BeIBOI 71s1 IPOSKTHPOBIIMKA COCTOMT B TOM, YTO €My IIE€IeCO00pa3sHo
pa3pabaTeiBaTh YIYUIICHHYIO MAIUHY, aHAJOTUYHYIO TOW KOHIICTIIHH,
KOTOpasi InOO NOMUHHUPYET B HAcTOsIee BpeMs (3HaK KPUBH3HBI S-
o0pa3HOli KpPHBOW HE MEHSUICS, a 00bEeM BBIMOIHSAEMBIX paboT Oyaer
YBEIMYHMBATHCS M NPEBBILATh AHAIOTHYHBIA JUIsI MAamlMH JAPYTUX
KOHLENIMK eIle JIUTeTIbHOE BpeMs, JOCTaTOYHOE HJsl MOJTY4YEHHUS
a¢dexra B HAPOHOM XO3AUCTBE OT pazpabaTeiBaeMoil MamwuHbl). JInbo
HEOOXOIMMO CO3/1aBaTh MAIIMHY TOW KOHIIEIIIMH, KOTOpas, CyAs IO
MPOTHO3Y, 3apokaaercd (MO0 yke MOABHINCH Ha PBIHKE MOJ00HBIE
MalllMHBl KOHKYPEHTOB) M KOTOpas MO TEXHUYECKOMY YPOBHIO Oyzaer
NPEBOCXOJUTh CBOMX MPEIIICCTBEHHHMKOB WJIM MAIIMHBl JPYTHX
ANbTEPHATUBHBIX KOHCTPYKTHBHO-TEXHOJOTHMYECKUX KOHIENIIMKA Ha
MOMEHT BBIXOJIa Ha PHIHOK MAIIWHBI, KOTOPYIO TOJBKO IUIAHUPYIOT K
paspaboTke.

B cmywae cymiecTBOBaHMS ~MAallMH, KOHKYPUPYIOIIHX C
3aJyMaHHOW, Ha BBHIOPDAHHOM CETMEHTE PBIHKA, NPU (OPMYIUPOBAHUU
TEXHHYECKOTO 3aJaHusg Ha pa3padOTKy MallMHBl  BBIIOJHSIOT
MIPOTHO3HYIO OILIEHKY €€ TeXHW4deckoro ypoBHS u kadecTBa (TYuK), a
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TaKKe CTPOAT TaK Ha3bIBaEMBIH pajap KOHKYPEHTOCIOCOOHOCTH,
KOTOPBI  HAarSIIHO  MOKAa3bIBaeT JOCTOMHCTBA M HEAOCTAaTKU
3aJyMaHHOW MaIllMHbI, B CPABHEHHH C MallMHAMH KOHKYPEHTOB, JIN0O
CO CTaTHCTHYECKH OIpPEJCICHHBIMU MOKa3aTelsIMH TaK Ha3bIBa€MOI'0
"WaeanpHOrO" CYIIECTBYIOMIETO TOBapa (CM. pUCYHOK 4).

[IpoBoauMbli aHalM3 Ha OCHOBAaHWM H3Y4YEHHS  TEHACHIUH
pasBUTHSL JIaHHOTO BHJA TEXHUKH .HEOOXOJUM Kak MO pasjenam Hu
MYHKTaM CTaHIapTHOTO T3, TaK u o ¢daxTopam
KOHKYPEHTOCIIOCOOHOCTH, OTMPEICNISIONAM CIPOC, IEeHY, 00BEMbI
MPOJIaXK, EMKOCTh PBIHKA aHAJOTrOB pa3padaThiBAEMOT0 U3JICIHS.

CpaBHeHHE KOHKYPEHTHBIX IPEUMYLIECTB pPaccMaTpUBACMBIX
BapUaHTOB 00BEKTa Pa3pabOTKH, IO CPAaBHEHUIO C CYLIECTBYIOIIMMHU
MallliHaMH, yao00HO IPEACTaBIATh B BUZE panapa
KOHKYPEHTOCHOCOOHOCTH, KOTOPBIH MOXHO O(QOPMBHUTH CIIEAYIOLINM
o0pa3oM (CM. pryHOK 4).

— Tpusep
et | rmppn Panap

Tizaiiy. Gawtos
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Pucynok 4 — [Ipumep pamapa KOHKYpEHTOCIIOCOOHOCTH
aHAIM3UPYEMbIX MAILIMH OJIHOTO Ha3HAYEHUS

ANroputM HUHQOPMAIMOHHOTO OOeCleUYeHHsI KOHCTPYKTOPCKOM
MOJNTOTOBKM  pa3padaThlBAaeMOro  BUJAa  TEXHUKH HA  CTaJIUU
MIPEANPOCKTHRIX HCCICAOBAHUMA B pa3paboTKu T3 MOKHO MPEICTaBUTh B
BUJIC BApHAHTA U3BECTHOM OJIOK-CXEMBbI (PUCYHOK 5).

s ynoOcTBa MHTErpaibHON OIICHKH KOHKYPEHTOCIOCOOHOCTH
mpeanojaraeMoil K pa3padoTke MOOHMIBHOW TEXHWKH Kak pa3 u
WCTOJB3YIOT YIOMAHYTHIN pafap KOHKYPEHTOCTIOCOOHOCTH (PUCYHOK 4),
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AHBIHE PIHOYMHOM COCTABNAKILERA KOHKYPEHTOCNOCOGHOCTH

TreSosammn Gnpec Boicromn Rouourin Tevenarin
norpeiurenad EOHEYPRHTE a0 AWzadHE
AHaNKWa H.-T,
= PaapaboTea NepeyuYHOre BapuadTa
COUTEEMEROES TexHWMECckoro 3a80aHus
KOHIYPEHTOCNOCOOHOCTH
CueHa MNapamMeTpa
KOHUEMUHA wHASANBHOM D
NEKCHEHHA Hinenss AHENKE NPeMMYLWEecTE pa3lpaboTim no
ACMEKTAM KOHEYPEHTOCNOCOBHOCTI
I I I |
MNp=rMyL. no BOaMO®HEA
G:rinau: “BHET_;: noTpeiuT. Em:'::"m' MannTHEes LeH alfhean
P CREIACTRARM PEHMYLL EsaHach

DKCNEPTHANA OUBHKA YPOBHA
KOHKY PEHTOCNOCOBHOCTH paapaBork

KoHkypeHTOCNOC
paapaboTem
ARl

OroHuaTensHoe ohopunedne W obcyxasnne TexHMHECKOrD 3a8HHA HA
pa3zpaboTxy Manenus

W NpaicTapdTensm JakazquKa

Y1eepraeHne TeXHWMECKDOrD 330aHHA PYKOBOOCTEOM (hMpMBl-pa3paboTynka

Pucynok 5 — Cxema anropuTma aHaimM3a TpakTopa Ha

KOHKYPEHTOCIOCOOHOCTD
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KOTOPBIN HATJISITHO MTOKA3bIBACT MPEUMYIIECTBA ¥ HEJOCTATKH
BAIlICTO BapHaHTa MAIIMHBI TI0 OTHOIICHHUIO K HanOoJiee OIU3KOMY
KOHKYPEHTY WU K 0000IIEHHOMY CTaTUCTUYECKH O0BEKTY-UICATLHOMY

TOBapy JUIsl BRIOPAHHOTO CETMEHTA PHIHKA JaHHBIX MAIllWH.

[IpuHsATBIE TIO pe3yNbTaTaM aHalli3a KOHKYPEHTOCIOCOOHOCTH
TeXHUKO-d3KOHOMHYecKuX Tokazateneit (TOII) 3akmansBaroTcss B T3 Ha
pa3paboTKy MOOWMIIEHOM MAaIlIMHEI.

[lpy  BbIMONHEHMHM  TOPOULEAYpP  BHEHIHEIO  IOMCKOBO-
W3BICKATENILCKOTO TPOCKTUPOBAHUS M TPEANPOSKTHBIX HCCIICOBaAHUIMA,
HEOOXOIMMBIX JIue Hay4YHO-000CHOBaHHOTO (hopmyaHpoBaHUS
TEXHUYECKOTO 3aJaHus Ha pa3paboTKy HOBOW MAaIWHBI, MCIOJB3YIOT,
CpeM  MpOoYero, KOMIUIEKC  JIOCTAaTOYHO  pa3pabOTaHHBIX U
MHOTOYHCIICHHBIX COBPEMEHHBIX METOIOB TIOUCKA HOBOT'O TEXHUYECKOTO
pelieHus, 00JIaaroIero NaTeHTo- U KOHKYPEHTOCIOCOOHOCThIO [2], a
TaK)Ke METOJIOJIOTHIO OLCHKU KOMIUIeKCa (YHKIMOHAIBHBIX CBOUCTB C
YUYETOM JIEHCTBYIOIIUX PErJIAMEHTOB [7].

AHann3 BapHMaHTOB BO3MOXKHBIX CTPYKTYPHO-KOMITOHEHTHBIX
cxeM oOmed KOMIIOHOBKM pPa3pabaThIBAEMOTO  HEPCIEKTUBHOIO
TpakTopa yJ00HO BBIMOJHATHL HA OCHOBE KOMOWHAIIMOHHOW MATPHUIIBI
CTPYKTYp TO aITOPHTMaM MeToAa MOPQOJIOrHYECKOTO BapHAHTHOTO
aHaJIn3a, JIN00 JF00r0 MPOTYKTUBHOTO APYTOTO.

UccnenoBanue KOMITOHOBOK HOBOTO TpakTopa Ha
CPEZIHECPOUYHYIO TEPCIEKTHBY, C YYETOM HWMCIOMMXCS MPOTHO30B
Pa3BUTHS arperaTUpyeMbIX ¢ TPAKTOPaAMHU MAIUWH U OPYAUM U C y4eTOM
C.-X. TEXHOJIOTUH, BBITIONHACTCA MyTEM aHaji3a BCETO CIEKTpa CBOWCTB
paccMaTprBaeMbIX BAPHAHTOB M MX CPaBHEHUS MEXIy coOOW B paMKkax
ABTOMATH3UPOBAHHOTO MTPOTPAMMHOI0 KOMILIEKCA.

CyTtb 000OOLICHHOTO aNropuTMa MPEINPOCKTHOTO aHan3a
CBOMCTB MOOWJIBHOI MAIlIlMHBI B TOM, YTOOBI 00ECIIEUUTH BBITIOJTHEHUE
000 M3 TPOEKTHBIX MPOIENyp, BXOIAIINX B €€ CTPYKTYPY H JIt000i
MPOEKTHOW OTepaliy — 3aa4uu, JJF000e YHCIIo pas.

BrommonnenHnoe  MHGOPMALMOHHO-NIATEHTHOE  HCCIIEIOBaHUE
TEHICHIIMA B W3MCHEHHHM OOINEH KOMIIOHOBKH C.-X. TpPaKTOPOB
Ommxaifiero OyIymiero IMmokKasajao, YTO PEeaNbHO IPOUCXOAWT CMEHa
TﬂFOBO'SHepFCTH‘{CCKOﬁ KOHIICTIITNH JAU3CIBbHOT'O TpakKTopa,
VIPaBJIIEMOTO BOJUTEIEM BPYYHYIO, Ha MOOMJIBHO-IHEPTETHUYECKYIO
KOHIICTIIIMIO  DJIEKTPONIPHUBOJHOTO  TpakTopa €  MEXaTPOHHBIM
YIIpaBICHUEM BCEMU (YHKIMOHATEHBIMH MOACUCTEMAMU U
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BO3MOJKHOCTBIO ~ aBTOMATHYECKOTO WJIHM yIAJCHHOTO  YIPaBIICHUS
BOXK/ICHHEM C MOMOILBIO TOJCUCTEM TOYHOTO TMO3HUIHOHUPOBaHus. [1pu
3TOM aHaJU3 OMyOJIMKOBAaHHBIX B TI€YaTH ¥ BBICTABJICHHBIX Ha
NpPE3CHTAlUSAX KOHIIENTOB TPAaKTOPOB Oynaymiero  oOHapy)XuBaeT
OMPEICTICHHY 0 KOPPEISLIHIO UX IKCTEPhepa U KOMIIOHOBOYHOI CXEMBI C
BBIOOPOM HOBBIX CHJIOBBIX YCTAQHOBOK, PAacCMOTPEHHBIX paHee, JUis
Takux MamuH. [IpuBesieM B KavyecTBe MPUMeEpa HECKOIBKO PACKPBITHIX
JUIST  TEXHHMYECKOTO COOOIIECTBA BapUAHTOB KOHIIENITOB OYIyIINX
TPaKTOPOB C BO3MOXKHOCTHIO OECIUIIOTHOTO YIPABJICHUSI OT U3BECTHBIX
bupm (cMm. pucynku 6-11).

Pucynok 6

Huzaitnepamu  MuHCckoro TpakTopHOro 3aBoxa (bemapycs)
Cco37MaH MOAYJIBHBIA CyIep-TpakTop TpaHchopMep, cxema oOreit
KOMITOHOBKH KOTOpOTO IOKa3aHa Ha pHCyHKe 6, a GOTo - B UCTOUHUKE
[8]. BolmonmHeHHble U3BICKaHMA JU3aiiHAa TpakTopa Kiacca 3 ¢
U3MEHSIEMOW TMPOCTPAHCTBEHHOM CTPYKTYpOH CJIOXKHBI TE€M, YTO IPH
ydere BceX TpeOOBaHMI M OTpaHHYEHHN K YCTPOWCTBY M CBOMCTBaM
TpakTopa coriacHo TexHudeckoMmy pernamenty CHI', crangapToB u T.11.
HEOOXOOMMO JOCTHYh MAaKCHMalbHOTO pe3yjibTaTa B  PELICHUU
JIBYEIVHOW 3amadu: obecrieunTs (PYHKIMOHATIBHOCTH B pPaMKax
HaWIy4IIero AU3aiHEepPCKOTO 00JMKa TpakTopa. DTO MpEACTaBICHHE 00
uAeanuzamuu Juid  OyIyliero MamMHbl JaHHOTO Bua. Kakosa
BEPOSITHOCTh TOT'0, YTO TAKOM MPOEKT OyJeT KOoraa-HuOyIb pean30BaH
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MaccoBO, OMNPEACIUTh  CII0OKHO, TaK KaKk 3TO Kacaercsi U
aKCHOIIOTUYECKOTO TPOTHO3a OYAYIIMX MOTPEeOHOCTEH uernoBeKa. DTo
KOHIICTIT, BapHaHT BO3MOXHOTO OyAyIIEro, OJHAKO 3TOT o0Opasels
W3rOTOBJICH B METaJie M paboTaer, TaKk KaK OTICIbHBIC MOJYJIH
MAIIMHKI YK€ 0TpabOTaHbI Ha AKCIUTYaTHPYIOIIUXCS TPAKTOPAX.

biwxkaitiiass  mepcriekTUBa  TPAKTOPOCTPOECHUST  COCTOUT B
pacuIMpeHny MOJAEIBHOTO Psiia DJIEKTPOTPAKTOPOB C 00s3aTEIbHBIMH
KaOWHaMH, JaXe MPU 000PYAOBaHUM HX CHCTEMaMH aBTOMAaTHYECKOTO
BoXkneHus. [lpumep m3MeHeHns muzaiiHa TpakTopa Oymymiero (Gpupmsl
CLAAS - opHOro 13 jaypeatoB MeXIyHapoAaHOTo KoHKypca iF Design
Award 3a ycrmemHoe coYeTaHwe xai-Tek & Ju3aiiH TpPUBEACH B
ucrtounuke [11].

["abapuThl BHENTHETO OYEPTAHUS TPAKTOpa C dIeKTpuueckoin Y
OCTAlOTCS TOYTH TMPEKHUE, TOJIBKO BMECTO JHU3EIsS IMOJ KaroTOM
pasMelieH  KOMIUIEKT JnekTporpuBoma. Jius  Oomee  manexoit
MEPCIIEKTUBBI, TPH OTCYTCTBHHM KaOWHBI, pEaNbHO paCIIMpeHne
UCIIOJIb30BAHUSI TPAKTOPOB “‘OCCIMIOTHHKOBY, YTO MOTPEOyeT TaKKe
Pa3BUTHUS COOTBETCTBYIOIIUX Pa3JIesIOB TCOPUU TPAKTOPHOTO arperara.

Hanee (pucyHku 7-11) nmpuBeneHsI MPUMEPHI SCKU30B MTOT00HBIX
TPAKTOPOB PA3HBIX O6I]_[I/IX KOMIIOHOBOK, KOTOPbLIC HAXOAATCA B TOM K€
(dapBarepe IOMCKOBOTO JIBIXKEHHMsSI K HOBoMy. [IpakTuueckas
peanmzaiys TOro HapaBJICHUS YXKEe Havalach, TOATBEPKICHUE TOMY B
MpUMEpax TpakTopa B UCTOYHMKaX [8-11]. A 3To yxe mpu3HaK Hadajga
(bOpMPIpOBaHI/IH TCHACHIIN pa3BUTUA NI TpEHIA U3MCHCHUA
KOHIIETIIINY JAHHOTO BHJIA TEXHUKH.

Ha pucynke 7 npuBeneHa KOMITOHOBOYHAS cXeMa OSCITHIIOTHOTO
TpakTopa 4x4 C MepelHMMH MEHBUIMMH YIPaBISEMBIMU KOJIECAMH C
WCTIOJb30BAaHHEM MEXKOCEBOTO IPOCTPAHCTBA HAa BCHO TrabapUTHYIO
MUPUHY C TEepeIHHMMH W 3aJHAMU CIEMHBIMH YCTPOHCTBaMH, Ha
pHUCYHKE 8 — MOJHOTPUBOIHBIA TPAKTOP € KOJECaMH OJHOTO pa3Mmepa U
CHUCTEMOI TIOBOPOTa THIIA «Kpad», 000pyJAOBaHHBIA aBTOMATOM CILEIKU
Ha TPEXTOYEYHOM CIIETTHOM YCTPOMCTBE.
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Pucynok 8

Ha pucynke 9 npuBeneHa KOMITOHOBOYHAS cXeMa OSCITHMIIOTHOTO
KopoTkoOa3Horo Tpaktopa 4x4 c OGOpTOBOIl cxemoil moBopoTa s
paboThl Ha MaibIX M pa3BopoTa IUIOMAISNX, C BO3MOXHOCTBIO
arperaTupoBaHMs LIMPOKOTO HAOOpa CMEHHOTo pabouero 000pynoBaHUs
C MIOMOUIBI0 YHUBEPCAIBHBIX 3JIEKTPOYIpaBiIsieMblx eBpoaaantepos. Ha
pucyHke 10 mokazaHa KOMIIOHOBOYHAsI CX€Ma MOIIHOTO OECITUIIOTHOTO
MOJHONPUBOJHOTO IIAPHUPHO-COUICHEHHOTO TPAaKTOpa C Pa3BUTBIMHU
IUIOIIAZKaMHU Il Pa3MELICHUus pPa3sHOOOPa3HOIO TEXHOJOIHYECKOTIO
000opyIoBaHUs, a TaKkKe C TU(TOBEIMU 3aHUM U TIEPEIHUM CIICITHBIMHU
YCTPOHCTBaMH, KOTOPbIe 00ECIIeUNBAIOT PEATN3ALNH [IEPEAETO, 3aIHETO,
3ILEJIOHUPOBAHHOTO U IPYTUX BUAOB arperaTupoBaHusl.

Pucynok 9
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Pucynoxk 10

OCOOCHHOCTHIO BCEX BAPUAHTOB SBJISIETCS MPUMEHEHHUE CUCTEM
3JMIEKTPO- U THAPOOTOOpa MOIMHOCTH HA MPHUBOJ AaKTHBHBIX PabOYMX
OpraHoB arperaTupyemMoro MOJIYJIBHOTO OBICTPOCHEMHOTO
TEXHOJIOTHYECKOTO  O00OpYZOBaHHS, KOTOPOE TAKXKE CYIIECCTBEHHO
BUJIOU3MEHSCTCSI KOHCTPYKTHBHO.

4 61 5

I I

O0o03HaueHust: 1- KOPIYC C IEKTPOHAKONUTENIEM; 2 — CTHIKOBOYHBIN y3€l;
3 — MOANPYKMHCHHBINH PyKaB KOJIECHOH OMOpbI; 4 — MOBOPOTHBIHN TPUBOTHOMN
LIapHUD;
5 — Benyee noBopoTHOE Kojeco; 6 — BOM; 7 — maHenu CoMHEUYHBIX OaTapeit
Pucynok 11

CumMeTpr4Hass KOHCTPYKIMA TpakTopa U3 JBYX TATOBO-
MPUBOJHBIX 3JICKTPOMOJyJeH (pucyHok 11) mo3BONsET pa3Iu4aTh
JIBUKCHHE TI0 HAIMPaBJICHUSM TOJBKO TPU TMPUCOCAMHEHWH CHU3Y H
criepend KakoW-TMOO MAIIMHBI-OPYAUS K TakoMy TpakTopy. Bce
IMOBOPOTHEIE KOJIECa 5 OCHAII€HbI JJICKTPUYCCKUMHU MOTOpaMH, HX
MOIIHOCTh pacmpenaensercs wunauBuayansHo [9 - JKypuam Naked
Science Ne 41, 2018]. Tpakrop oTiam4aeTcs OOJBIIAM IHATIA30HOM
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MIPOCTPAaHCTBEHHON KOHCTPYKTHBHOM 3BONIOIMHM U 3IHEPreTUYECKON
THOKOCTBIO. DJEKTPOMOTOPHI  TPAaKTOpa MOTYT IOJNydYaTb dYacTh
HEOOXOJMMOM 3HEpPruu OT COJHEYHBIX OaTapeil 7, yCTaHOBJCHHBIX B
BepxHel yacTu Kopmyca l, u OpBI3TOBHKAX, a OCHOBHBIM HCTOYHHKOM
SBJISIFOTCS HJICKTPOHAKOIMUTENN OOJIBIION EMKOCTH.

OtnenpHOE HampaBlIeHHE CO3IAaHUSI  CPEACTB IPHUBOAA H
MepeMeIIeHNs C.-X. MAIlUH U OPyAHU{ IO MOS0 COCTOUT B Pa3BUTHUU
MIPUBOIHBIX HECYIINX miaThopm c MHAUBUAYJIBHBIM
THIPOCTAaTHUECKUM WM JIEKTPONPHUBOIAOM KoOJiec, JHOO0 pPE3UHO-
TPOCOBBIX BENyIIUX TeJeXKeK, MpeJHa3HAuYeHHBIX M OBICTPOro
nepearperaTupoBaHus, a TaKxke TpaHCPOPMUPYEMBIX
BBICOKOKIIMPEHCHBIX MYJBTHMOIYJIBHBIX TPAaKTOPHBIX maccu. OguH U3

MPUMEPOB TOAOOHBIX MAIlWH IT0Ka3aH Ha PUCYHKE 12 M B MCTOYHUKE
[12].

Pucynox 12

CyliecTBeHHOE TEepEYIUIOTHEHHE BEPXHETO M MOJCTHIIAIOIICTO
CJIOEB BO3CIBIBAEMBIX 3€MEJb IMPU MHOTOKPATHBIX MPOX0JaX XOJOBBIX
CHCTEM TPAKTOPHBIX arperatoB [3], HEOOXOIWMOCTH CYIIECTBEHHOTO
CHMIKCHUSA SHEProsarpaTr U IOBBIIICHUA IMPOU3SBOJUTCIBHOCTH Tpyda B
PacTeHUEBO/ICTBE, a  TaKkkKe  DKOHOMHUYECKHX  IIOKa3aTesei,
00yCIIOBIMBAIOT, CPEIH MPOYMX MPUYUWH, Pa3BHUTHE padboOT B 00IacTH
CO3JIaHMs ~ NIMPOKO3aXBaTHBIX  IMOPTANBHBIX  MOOHWIBHBIX  C.-X.
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TEXHOJIOTHYECKHX arperaTtoB C JJIEKTPONPUBOJIOM, B TOM UHUCIE C
UCIIOJIb30BaHKUEM COJTHEUHON 3HEPTHH.

[lonobnoe HampaBnenue paspurue c.-x. MTA mporHo3upoaina
eme B 70-Xx rogax MpOUUIOrO CTOJIETHA Hay4Has Inkosia mpod.
N.I1.Kcenepuua [1-2]. B HekoTopeix mnpedekTypax SmoHuu, rae
BO3MOXKHO BBIpAIlUBaHUE [BYX YPOXKaeB pHCAa B TOJ, NPUMEHIETCS
TEXHOJIOTHS C TPUMEHEHHEM YCTPOMCTBa B BUAEC MOCTOBOH (hepMBI,
NEepeIBUTAIONICHCS 10 HANpaBIAIONIMM Ha OOKOBBIX CTOPOHAx
OCTOHHOrO ueKa, C KOTOPOM OCYLIECTBIIIETCS IIOCAgKa IPOPOCIIMX
POCTKOB pucoBOTO pacteHus. OIHHM U3 MPUMEPOB COBPEMEHHOTO
BUJCHUS KOHCTPYKIMU MOOHJIBHOTO arpoKOMIUIEKCa AJISl PaBHHUHHBIX
PETHOHOB ¢ OOJNBIION IJIUTEIBHOCTBIO TEMJIOr0 IEPHOAd, B UYEM-TO
NOJOOHBIM YIOMSHYTBIM B JaHHOM ab3ale yCTpOoHCTBaM B BHIE
MOCTOBOH (hbepMBl Ha MOAJEPKUBAIOIINX €€ U JBIKYIIUX OCCIMIOTHBIX
MUHH-TPAKTOPAX, SBIAETCS MOOWIBHBIN arpokomruiekc-pooot [10],
KOTOpPbI OPHEHTHPOBAH HAa MYJbTUKYJIbTYPHOCTh IOJIEHl W MOXET
00ecneunTh BO3MOXHOCTh 00padaThiBaTh OJHOBPEMEHHO J0 BOCHMHU
BO3/ICJIBIBAEMBIX KYJBTYD Ha IJIOMIAH IO HECKOJBKHUX THICSY TEKTap U
MOBBICUThH 3aILUTY pacTeHuil oT BpeauTeneil. Kommiekc Briovaer:
MOCTOBYIO ¢depMmy, OeCIMIOTHBIE MHHHU-TPAKTOPHI, HaBECHBIE
MaHHITYJISITOPBI TSI BO3JENBIBAHUSI KOHKPETHBIX PACTCHUH, COMTHEUHBIE
MaHeIN U aKKyMYJSTOPbI 3neKkTposHeprun. OH IoKeH oOecrednBaTh
paboTy BeCh TOJIEBOI CE30H.

OnHako dYacTh W3 TPUBEACHHBIX KOHICTITOB Pa3BUTHS C.-X.
TEXHUKH C TPAaKTOPHBIM OECHMJIOTHBIM KOMIIOHEHTOM IIOKa JIMIIb
0003HaYMIN HyXIy COLMyMa B HOBOH 0ojiee MPOrpecCUBHOI TEXHHKE,
HO oHa emie He odopMmiach B (UHAHCOBO TapaHTHPOBAHHYIO UM
notpedHoCcTh. OAHAKO U3NOKEHHBIE (aKThl KaK pa3 U CBUACTENbCTBYIOT
0 3apOXICHUM M Pa3BUTUM OYEPETHOIO LUKJIA CMEHbl KOHLEHIHUHA B
cepe cenbCKOX03sIMCTBEHHON TPAKTOPHOM TEXHUKH.

3AKJIIOUYEHUE
Takum oOpazoM, B paboTe CHOPMYITHPOBAHBI BBIBOABI 10
aHaJM3y COCTOSHHS Pa3pabOTOK B TPaKTOPOCTPOCHUH, MPEACTABIICHBI
00IIMe METOAMYECKUE MOJIOKEHUS MPEIIMPOSKTHOTO 00OCHOBAHHS C.-X.
TpakTopa, HEOOXOmWMBIE JUIs  TOCIENyIOMmEro  BeIOOpa  €ro
palMoHaIbHOM O00IIelf KOMIOHOBKM W MapaMeTpoB IO KOMILIEKCY
KpUTEpPUEB Ka4yecTBa, JIN3aHHEPCKOTO o0nmka u
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KOHKYPEHTOCHOCOOHOCTH,  PAacCMOTPEHBl  aCleKThl  MPOTHO3HOTO
IpeAcTaBIeHUs 0 TpaHcHOpMaUUU KOHIENLUH OOIIMX KOMIIOHOBOYHBIX
pelieHuii W HEOOXOIMMOCTHM pA3BUTHUS TEOPUU TEPCIEKTHBHBIX
MAalIMHHBIX TPAaKTOPHBIX AarperaroB, B CBSI3U C IPUMEHEHUEM Ha
TPAaKTOpPaxX HOBBIX IIEPCHEKTUBHBIX [BUTATEIBHBIX YCTAHOBOK U
KOHLIENITYyaJIbHO HOBBIX KOMIIOHOBOYHBIX pemeHnit
CEJIbCKOXO3SIMCTBEHHOM TEXHUKH C TPAKTOPHBIM KOMIIOHEHTOM.
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®OPMHUPOBAHUE JUHAMUYECKON MOJEJIH
MAHNINHHO-TPAKTOPHOI'O ATPEI'ATA JJIAA PEXKUMA
TPAHCIIOPTHOI'O IIEPEE3 1A
FORMATION OF ADYNAMIC MODEL OF A MACHINE-
TRACTOR UNIT FOR THE MODE OF TRANSPORT MOVING
B.I1. Boiiko’, TokTOp TexH. Hayk, mpodeccop,
B.b. HOHOBZ, KaH/l. TEXH. HAyK, IOLEHT
'Benopycckuii HaMOHANBHEI TEXHHUECKUH YHHBEPCHTET,
r. Munck, benapych
°T" OMeJIbCKHil TOCY1apCTBEHHBIN TeXHHUECKHiT YHUBEPCHTET
uM. [1.0. Cyxoro, r.['omens, berapycs
Boykov V.P.%, Professor, Doctor of Technical Sciences,
Popov V.B.? Associate Professor, PhD in Engineering
'Belorussian National Technical University, Minsk, Belarus
Sukhoj State Technical University of Gomel, Belarus

Cdopmupopana (dbyHKIIMOHATHHAS MaTeMaTH4ecKas MOJEINb
TPAaHCIOPTHOI'0 Mmepec3aa, YUUThIBArOIIas OCO6CHHOCTI/I MAIllMHHO-
TPaKTOPHOI'O arperara

Formed a functional mathematical model of transport moving, taking
into account the features of the machine-tractor unit
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BBEJIEHUE

OCHOBHBIM UCTOYHUKOM HHM3KOYACTOTHBIX KOJIEOaHUI, KaK TpakTopa
“benapyc-3022” [1], Tak u copMHpPOBaHHBIX Ha ero 0a3e MAaIIHMHHO-
TpakTOpHBIX arperatoB (MTA), SIBISAIOTCS HEPOBHOCTH MHUKPOIPOQUIS
OTIOPHOM  TOBEPXHOCTH, HWHAYLIUPYIONIHE KONEeOaHWsS  KOJECHBIX
IBWKUTENEeH Tpakrtopa [2,3]. HMeromue ciy4dailHBIA — XapakTep
HEPOBHOCTH ONOPHOW MOBEPXHOCTH Yepe3 IBMIKUTEIH, BO3IACHCTBYIOT
Ha OCTOB TpPaKTOpa W CBS3aHHYIO C HHM, TOCPEICTBOM MeXaHHW3Ma
HaBeckn (MH), HaBecHyI0 MallMHY, HamnpUMep, KOCHIKY-TUTIOIIMIKY
potaronnas “KITP-9” [4].

KoneGanus arkuTeneil, MOPOKAAIOT KaK M3MEHEHHUS B HATPYKECHUU
3BeHbeB MH moabpemHo-HaBecHOTO ycrpoiictBa (ITHY) TpakTopa c
OJIHOW CTOPOHBI, TaK ¥ CHUXKCHHE YPOBHS YIPABIIEMOCTH U
ycroituuBoctu MTA ¢ npyroid.

Lenp paboTs! — GopMUpPOBAHHE CHCTEMBI YPaBHEHHUH, OMTUCHIBAIOIITIX
mpormecc  TpaHCIOpTHOTO  mepeesma MTA  mom  AeiicTBueM
KHHEMaTHYECKOTO BO30YKACHHUS CO CTOPOHBI OMTOPHOH MOBEPXHOCTH.

DOOPMAJIM30BAHHOE OITMCAHUE TPAHCIIOPTHOI'O
ITEPEE3IA

[Ipu coctaBneHnn pacdeTHOM CXeMBbl TPaHCIOPTHOTO nepee3na MTA
ObUIN IIPUHSTHI CIEAYIOINE JOMYIIEHUS:

- MTA nBueTcss paBHOMEPHO U NPSMOIMHENHO;

- xonebanns MTA paccmarpuBaroTcss B MPOAOJIBHOM BEPTHUKAIBLHON
IUIOCKOCTH €T0 IBHKCHUS.

“KIIP-9” B TpaHCIOPTHOM TIOJIOKEHUHM CYHTAETCS IKECTKO
COCIMHEHHON ¢ pamoi TpakTopa “bemapyc-30227, e€ BiusHUE
YUHUTBIBAETCS COOTBETCTBYIOIIMMHM H3MEHEHHMSMH IIOJIOKEHHUS ILIEHTpa
Tsoxect MTA n momenTa nneprmu MTA;

- BO3HMKawIlMe B IIMHaX W mnojBecke “‘bemapyc-3022” ympyrue u
JIUCCUIIAaTUBHBIE CHUJIBI NMPOMOPLUOHATIBHBl MU3MEHEHUIO XapaKTEPUCTHUK

HeposHocTu ( (], (] ) onopHOI NOBEPXHOCTH;

- KonebaHWs TPAaHCMHUCCHHM W CHICHHS BOJHUTENS HE BIHAIOT Ha
kosiebaHust octoBa “Bemapyc-3022”, Tak Kak OHH MaJIbl;

- B JBIDKEHHHU KOJeca TpaKTopa COXPAaHSIIOT TOYEUHBIM, HO
MOCTOSIHHBIA KOHTAKT C OTIOPHON MOBEPXHOCTHIO.
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BaxHBIM KOMIIOHOBOYHBIM MapaMeTPOM KakK OTIEIBHO TPaKTOpa, TaK
u MTA, B 3aBHCHMOCTH OT KOTOPOTO BBIOMPAeTCs COOTBETCTBYIOIIAS
pacyeTHas ~ cxema, sBISAETCS KO3 QUIMEHT pacnpeaeneHus
HOAPECCOPEHHBIX Macc:

e=p°lL-L,,
rie O — paguyc MHEepIUH MOoApecCOpeHHoro kopmyca “bemnapyc-3022” u
csazanHoi ¢ HuMm KIIP-9; L, L, — paccrosHus oT oceil 3amHero u

MEPETHEr0 MOCTOB TpakTopa A0 LeHTpa Tskectd MTA; J - Moment
uHepuun MTA, M = mmp +M,,, - 3KcuIyaranuoH-Has Macca MTA.
Ecin 3Hauenue koa(duimeHTa pacrupeneiacHus Mace HaxXxOIUTCS B

mpenenax  0.8<e£<1.2, 10 xonebanus oceil 3aqHET0 M IEPEIHETO

moctoB “benapyc-3022” wunm, chopmupoBaHHOro Ha ero O6aze MTA
MOYKHO CUMTATh HECBSI3aHHBIMHU [2].

3a  000OmICHHBIE  KOOPAWHATHI ~ TNPHUHUMAeM  BEPTHKAILHBIC
IIEpEMEILEHHsT 1IEHTPa MacC Z, M YIJIOBBIE IEPEMEILECHHUS OCTOBA O
TpakTopa (pucyHoOK 1):
Zs

:

P
—

Pucynok 1 - Cxema aqunamuueckoit Mmogenu MTA
O000I11IEHHBIC KOOPIUHATHI CBSI3aHbI C BEPTUKAILHBIMH KOJICOAHUSMU

oceil 3a7HEr0 W TEPeAHEro MOCTOB (pUCYHOK 1) cleayronmMu
3aBHCUMOCTSIMU:
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_yL i+l
=22t
LE
roe, L, =L + L, - 6a3a Tpakropa.

»oa=(2,-2)/ Ly, 1)

MoxHO  yTBepXKHIaTh, YTO KHHeTHueckas odHeprus MTA,
onpezeicHHas depe3 000OIICHHBIE KOOPJMHATHI paBHA KUHETUYCCKOU
SHEPIruM 33JIHEW U MEPENHEN YacTeil ocToBa:

R P :imlz'l2 +lm2222
2 2 2 2

[lpu wmccnemoBaHWM HHU3KOYACTOTHBIX KOJEOAHWH OCTOBa TPaKTOpa,
OCOOCHHO Ha CKOPOCTSX IBM)KCHUS, 3HAYUTEIHPHO MEHBIUX CKOPOCTEH,
MpU  KOTOPBIX BO3HUKAET BBICOKOYACTOTHBI PE30HAHC, MOXKHO

npeHeOpeyb BIMSHHEM HENOAPECCOPEHHOM Macchl (M, ) mepenHei
YacTH, TaK Kak OHa y OOJBLIMHCTBA KOJIECHBIX TPaKTOPOB HEBEJIMKA 110
CpaBHEHHMIO ¢ Maccod Tpakrtopa. Cxema auHamuueckod mogenun MTA,
npu M, =0, mpexcraBiaser cucteMy ¢ ABYMs CTCHEHSMH CBOGOJBI
(pucynox 1).

CornacHo 3TOi cxeMme, NMpPUBEICHHBIE KECTKOCTh U JeMIdupoBaHHe
(OByX KOJeC) mepeHeld MOJABECKH TPAKTOpa PacCUMTHIBAIOTCS KaK:

C. = ZCpZCmZ k _ 2kp2kul2
CpZ + ClLl2 p2 + w2
rae, C P2 ,sz - COOTBCTCTBCHHO JKCCTKOCTbL PECCOPbI U NIMHBI KOJIECa
MEPEAHCTO MOCTA, kp2 ’kmz - COOTBECTCTBECHHO Z[eMHq)I/IpOBaHI/Ie PECCOPEBI 1
HIMHBI KOJIECAa HCpCZ[HCfI IIOABCCKH.
OKBHBaJICHTHAS ,I[I/IHaMH‘{eCKOﬁ CXEME (I)yHKI_[I/IOHaﬂ])HaH

MaremaTuaeckas Mojieib (PMM), MUTHpYFOIas TUHAMUKY TPAHCIIOPTHOTO
niepeesaa, (Gopmupyercss Ha ocHOBe ypaBHenus Jlarpamxka Il poma [2] u
OIMCHIBAET BHIHYK/IeHHBIe KoeOanust MTA. OHa BKITIOYaeT 4acTH MacChI

L2+
MTA (m=m +m,), npuxofdmuecs Ha 3agHui (M, = M——— 2 p ) u
b
e Lt p
peHuil (M, = M—————) MOCTBI TPAKTOPa, a TAKXKe ynpyrue (C,,,C, )
5

195



u Jgemndupyronme sementsl K ,,K,, BOCHpHHHMaOLIME TONYKH CO

wl?
CTOPOHBI CENbCKOXO03sHicTBeHHOro0 (hoHa (0, J, ).
M2 +K,u2y +CnZy =\K Gy + €005
m,Z, +K,z, +¢C,z, =K,q, +C,0,.
PaznenmnB ypaBHEHHS Ha COOTBETCTBYIOIIYIO YacTh  OOIICH
(3KcmmyaTaioHHOM) Macchl, moayuyuM @MM TpaHCoOpTHOTO Tepeesaa

MTA, onuceiBaemyo  auddepeHINaTbHBIME — yYpaBHEHUSIMH  C
MOCTOSTHHBIMU K03 prurimeHTamu:

Z,+2h,2, + 0)5121 =2h,,0, + (’351(:11; 2)
Z, +2h2, + 035222 = 2h,q, + (’)Ezqz- (3)

wl

wl

rje Z; — BepTHKANbHbIE MEPEMEIIEHHs 3a]IHET0 U MEPEJHEro ¥ MOCTOB
TpakTopa; (;,(; — XapaKTepHCTUKH HEPOBHOCTH OTOPHOH MOBEPXHOCTY;

(Dci— YaCTOThI COOCTBEHHBIX KOJCOaHUM 3aJHCTO0 U MECPEAHETO MOCTOB

TpaKTopa; hi — K03 GUIHEHTHI JeMITQUPOBAHUSI.

SAKJIIOYEHUE

Ecnu nocne nepeBoga HaBeCHOM MamuHbl, nocpeactsoM I[IHY
TpPaKTOpa B TPAHCIOPTHOE IOJIOKEHUE, KOJeOaHUs TepeHeil U 3aaHei
gacTeil ocroBa “bemapyc-3022”  oKaxyTcs HECBS3aHHBIMH, TO IS
OTIpENICICHHSI TapaMeTpOB WX KoOJIeOaHWI CJemyeT HCIIONIb30BaTh
MPEACTABICHHYIO 3[€Ch JHUHAMUYECKYIO MOJEIh TPAHCHOPTHOTO
nepeesza.
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VK 629.114.2
B3AMMOCBS3b IOTPEBUTEJIbCKUX CBOMCTB U
®OPMOOBPA3OBAHUS TPAMBASA
RELATIONSHIP OF CONSUMER PROPERTIES AND TRAM
FRAME FORMING
K.A. Mypor
Benopycckuii HaMOHAJIBHBINA TEXHUYECKUHA YHUBEPCUTET
r. Munck, benapycs
K.A. Murog
Belarusian national technical University,
Minsk, Belarus

B cratne pacCMOTPEHBI ITPUIYNHHO-CIICACTBEHHBIC COOTHOIICHUA
W B3aUMOCBSI3M  (DOpMBI TpamBasi, KOTOpas HampsSMYyH I KOCBEHHO
BIUACT Ha 1'[0Tpe6I/IT€J'I$I 1 IOCTOAHHO B3aHMOﬂeﬁCTBy10meF0 C HUM
naccaxmpa, BbI3bIBasd Yy HHUX pCaknuv, 5SMOOUH, accoluanuu, C
COBPEMEHHON TPAaKTOBKOW OCHOBHBIX IOTPEOMTEIBCKHUX CBOHCTB IO
TaKUM  aCIICKTaM KaK TCEXHHUYECKasa COCTaBJIAOIIasA, COLHaJIbHas1
(y,J_IO6CTBO B HCIIOJIL30BAHUM U COOTBETCTBHE C BHEIIHEH cpez[oﬁ),
aCTeTHYecKass (OMOITMOHATBLHOE W XYHOXKECTBEHHOE BO3ICHCTBHE Ha
4eJoBeKa), JIProHOMHUKa, Mopdonorus (popma, OpraHu3oBaHHAs B
COOTBETCTBHH CO CBOCH (hyHKIHEH).

The article considers causal relationships and interrelationships
of the form of a tram, which directly or indirectly affects the consumer
and the passenger who constantly interacts with him, causing them
reactions, emotions, associations, with a modern interpretation of the
basic consumer properties in such aspects as the technical component,
the social ( usability and compliance with the external environment),
aesthetic (emotional and artistic impact on a person), ergonomics,
morphology (a form organized in accordance with its function).
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BBEJIEHUE

YenoBeuecTBO CTpeMUTENLHO pa3BuBaercs. Llenapio Takoro
Pa3BUTUA ABJIAIOTCA ABE BEIIHU — MAKCHUMAJIbLHO 06€3OHaCI/ITI) YCJIOBCKA U
MaKCHMaJbHO YIPOCTUTH €ro >KW3Hb. TpaMBau CTAHOBSATCS Bce Ooee
KOM(OPTHBIMH, TEXHOJIOTUYHBIMHU, OBICTPHIMH ¥ SPrOHOMUYHBIMH.
Pasutne nomuio yke A0 TakOro BUTKA TEXHOJOTHH, YTO WM y)Ke He
HYXHBI MalIMHUCTBI H BOO6H_[e Joan g YHIpaBJICHUA OBUKCHUCM.
OpHako TexHMKa HE WAeanbHa W B HEH MPOHMCXOAAT CBOM COOM M
HETOJaIKH, TO3TOMY KOHTPOJIb 1 MOHUTOPHHT OCTAETCS aKTYyaIbHBIM.

IlpocnexuBaercss  ycroWumBass  TEHACHIMS  BO3BpalllCHUS
TpaMBasd HE TOJIbKO Ha yJHUIIbI TOPOJ0OB, HO U UCIIOJIL30BAHUE 3TOTO BUAA
TPAHCIIOPTA JIJIS BHITIOTHEHHSI 00Jiee BRICOKOCKOPOCTHBIX PHUTOPOTHBIX,
MEXTyTOPOJHBIX U JTaXKe MEXKTyHAPOTHBIX IIEPEBO30K MMAaCCaXKUPOB.

Baxno OTMCTUTH, YTO B MNOCJICIHCEC BpPpEMA TpaMBau INOJJYyUYUIN
«BTOpOE JIpIxaHue». Ha Hero B3TIsSHYIM MOJ HOBBIM YTJIOM ITOTEHIHAIIA
s pexkTUBHOCTH i1 OOIIECTBa, YBHACTH TEPCICKTHBEI W HOBBHIC
BO3MOKHOCTH. MHorue CTpaHbl B OAHOYACh€ Hadajlkd BO3POXKAAaTb H
pa3BuBaTh O3TOT BUJ TPAHCIOPTA, BO3BPAILAACh K EPBUYHOU
norpeOHOCTH ~ O0mecTBa —  KOM(OPTHOMY  TEpEIBUKCHHIO.
MoOUIBHOCTH BayKHAS YaCTh COBPEMEHHOTO METAII0INCa CETOTHS.

CoBpeMeHHBI TpaMBail NpHOOpEeTaeT poib CBOEOOPa3HOTO
cumBona  mporpecca.  OtTpakaeT  TOCIHENHHWE  TEHACHIUU B
MalllHHOCTPOCHWH,  WHHOBalMM B  cdepe  TpPOW3BOJACTBA U
dbopmoobpazoBanus B cdepe  nu3aifHa. BocrpeboBaHHOCTE
UCCIelOBaHUH B 3TOM cdepe BbI3BaHAa YBEIMYEHHEM KOHKYPEHLUH
Cpeau TPOW3BOAUTENEH, TPEeOOBAaHUSAMH 3aKa3uWKa W IIOXKEITaHHSIMU
ob1ecTna. Tpambait CTaHOBUTHCA HEOTJIEMJIEMOU 4acTbiO
ypOaHUCTHYECKON TOPOACKON CpeIbl COBPEMEHHBIX METaroJiCcoB.

EctecTBeHHas MOTpEOHOCTH HBIHEIIHETO YEJIOBEKA - CTPEMIICHHE
Kk koMmpopty. TpamBail B Hamem ropojie ¥ B APYTHUX CTpPaHAX SBISIETCS
HEOTBEMJIEMOM 4YaCThIO >KM3HU KaXJOro TropoxaHuHa. TpamBail B
NEPBYIO O4Yepelb CPEACTBO TMEPEIBIKCHHS NacCaXWpoB, oOmiecTBa —
norpeduteneid. Bce oHM , ¢ MO3WIIMH yIOBIETBOPEHUS MOTPEOHOCTH B
MEPEABUKCHNHU, OIMHAKOBO B33HMO}IC§ICTBYIOT C TpPaHCHOPTHBIM
CpCACTBOM, IMO3TOMY CJICOAYyCT NPHUHUMATH BO BHUMAaHUEC u
MOTPeOUTENbCKIE CBOWCTBA Tpu  (OpMOOOpA30BaHUM  IKCTEpPhEpa
TpamBasl.
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COOTHOILIEHHWS [TOTPEBUTEJILCKUX CBOVCTB C
O®OPMOOBFPA3OBAHUEM TPAMBAA

PaccmaTpuBas (hopmoobpazoBanme MacCaKUPCKOTO
TPAHCIIOPTHOTO CPEJICTBA B IIEJIOM M €0 OTIWYUTEIbHbIC MPU3HAKU,
MIPUHIUIIBL, (DaKTOPHI, BAYKHO YYHTHIBATH WX OIPENESIIOIIee BIMsIHIE Ha
MOTPEOUTEBCKHE CBOMCTBA M KaUeCTBa 00BEKTa pa3pabOTKH.

[ToTpeburennpckue CBOMCTBA, 3TO T€ K€ SKCIUTyaTallMOHHBIE
CBOWCTBa, KOTOPHIC ONPEACIAIOT MPHUCHOCOOIEHHOCTh K H3BJICYEHUIO
MOJIB3bI U3 YCIOBUS pabodero KOHTaKTa YellOBeKa C TPAaHCIOPTHBIM
CpPEJCTBOM, HamNpuMep, TpaMmBaeM. JJOMUHHMpYIOIIMA Ha MpPaKTUKE U
COOTBETCTBYIOIINH COBPEMEHHBIM HOPMAaTHBHBIM TPEOOBaHUSM YPOBEHB
MOTPEOUTENBCKUX CBONCTB, 0€3yCIIOBHO, OKa3bIBa€T BIHMSHUE Ha
npeaiaraeMplii pa3pabOTINKOM JHM3aiiH TpamBas W Ha (GopMy camoro
NPOMBIIIIEHHOIO  M3IEIHI €  yYYE€TOM  KOHCTPYKTOPCKHX U
TEXHOJIOTHYECKUX MapaMeTPOB KayecTBa.

KoneuHslif, TOTOBBINA TpamBail CO3/laH JJIsI YEJIOBEKA W JIOJIKEH
UMETH (bYHKHI/IOHaJ'IBHYIO 3HAYUMOCTb M TCXHOJOTUYHOCTH C YUYCTOM
MHOKECTBa (DAKTOPOB M CBOWCTB. J[M3aiiH-NIPOCKTUPOBAHUE TpaMBas
HaNpaBJIeHO Ha 00ecreYeHne KaueCTBEHHBIX XapaKTEPUCTUK U CBOKCTB,
KOTOpBIE OMpPENENIT OOIIyI0 TOTOBHOCTH JUIA 3aKa3dyMKa M MOKYyIaTess
pUoOpecTH TOBap, a U Macca)Xupa - MOJb30BaThCS 3TUM TOBApPOM.
TpamBaii, kak crierduueckas MOOWIbHAS MalllWHA, JOJDKEH 00J1aiaTh
PSAZOM TIOJNE3HBIX IOTPEOUTENHCKUX CBOWCTB, KOTOpPHIE BIHUSIOT Ha
o01ee Ka4ecTBO TPAHCIIOPTHOTO CPEACTRA.

[ToTpeburenbpckue CBOMCTBA TPAHCIOPTHOTO CPEICTBA — 3TO
CBOWMCTBa, KOTOpPO€ MOTYT OBITh, CpEOU IPOYEro, H3MEpPEHBI
MOTPEOUTENbHON CTOMMOCTBIO, KpOME€ TOTO, YTO OOYCIIOBIHNBAIOT
OLIEHKY TIOJIE3HOCTH U CIIOCOOHOCTH YAOBIIETBOPATH ONpEAEICHHbIE
norpeOHOCTH  yenmoBeka (motpeburenss TexHuku). CymecTByOT
pa3nuuHble KiaccHu(UKAUKd TOTPEOUTENBCKUX CBOWCTB TPOTYKIHH,
KaXkaas M3 KOTOPBIX MOXET OTpakaThb pa3JIMYHbIE  ACHEeKTHI
UCCIIeyeMoii TpobieMsl [2].

B rabmume 1 B kadecTBe  KIIACCH(UKAIIMOHHOTO  IPU3HAKA,
npeobiaaomero ceifyac B METOHOJIOTHYECKOM MOAXOAE, MPUHSATHI
CBOWCTBa 00BEKTa, MPEUMYLICCTBEHHO XapaKTEPHU3YIOIINE T€ WM WHBIE
MOKa3aTeNN 3TUX CBOMCTB.

Tabnuma 1 — OO01ue noTpeOUTENbCKHIA CBOMCTRA.
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CsaoiicTBa XapaKkTepUCTUKH
(mapameTpsr)

Haznauenue OyHKIIMOHAIBHBIE,
CoLMaJIbHbIE, KIACCU(PUKAIIIOHHBIC

Hanexxnocth HonroBeyHoctb —  CpoOK

3KCILIyaTalMH + pecype
PemoHTONPUTOTHOCTH
besoTkazHoCTh
CoxpaHIeMOCTh

OcreTHueckre XynoxecTBeHHast
BBIPa3UTENBHOCTE (0Opa3Has WIn
JIeKOpaTUBHAs);

PanmonansHOCTD dhopmbI
(cooTBeTcTBHE (OPMBI HAa3HAYCHUIO
U3JICTTU);

IlenocTHOCTh  KOMITO3UITNH
(COTIOAYNHEHHOCTH LI€JIOTO
U yacreil);

CoBepITICHCTBO
NPOU3BOACTBEHHOTO  HCITOJNHECHUS
(uucToTa BOCIIOJNHEHHS KOHTYPOB
U COTPSDKEHUH)

DproHoMHYecKue AHTpoTIOMeTpHYECcKHe,
(uznonoruyeckue,
NICUXOJIOTHYECKHE,
CcuX0(HU3NOIOTHUECKHE

DKOJIOTHYecKHe be3omacHocTh M3eNNsSA

[epeuncnennsle B Tabmuue |  moTpeOMTENbCKHE  CBOMCTBA
00BeKTa B OOJIBINEH MIIM MEHBITICH Mepe B3aMMOCBSI3aHbI MEKIY COOOM.
IToatomy MOJKHO YTBEP)KOATh, 4TO OJTHO u3
CBOWCTB «IIPEUMYILECTBEHHO» TOW WM WHOH TIPYyMIBl CBOHCTB OyAeT
BJIMATH Ha ONpeneNeHHble (GakTopel U HaoOopoT. CymiecTByeT TecHas
CBA3b TAK)KE€ MEXIy CBOWCTBAMH, XapaKTEPU3YIOIIUMHU TEXHUYECKYIO
COCTABJISIFOIIY 1O, 0e30macHOCTh U HaJI)KHOCTh 00BEKTA.
PamyonansHOCTE  (OPMBI,  OTpakaroliass CBOMCTBa TEXHHYECKOH
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ACTETHUKH, CBS3aHa C SPTOHOMUKON 00beKTa [2] U ¢ IKCILTyaTallHOHHBIMU
TEXHUYECKUMHU  CBOICTBaMHU, HampuMep, a3POJUHAMUYECKUM
COTIPOTUBJICHUEM, JHEPrOEMKOCTHI0 Ha OCYIIECTBICHUE JBIKCHUS,
KOJICOQHMSIMH U T.I1.

OtmeueHHBIE BBHIIE OOIIWE TMOTPEOHWTEIHCKUE CBOWCTBA
TEXHUKH CBS3aHBl C MOTPEOUTENTECKUMH CBOWCTBAMH TPAaHCIOPTHBIX
CPEJICTB, B TOM YHCIIC M CO CBOHCTBAMHU TPaMBAacB.

COBOKYITHOCTh MOTPEOUTEIHCKUX KAueCTB (MM CBOMCTB) — 3TO
CBOETO poJia MOCTHK MEXAY IMO3UIMel OymyImieli MalnHbl Ha PHIHKE U
norpedbHOCTAMH (TpeOOBaHMSIMM) PBIHKA K TOM WM WHON TEXHUKE, C
OJIHOH CTOPOHBI, U - TEMH 3aJa4aMH, KOTOpbIE KOHCTPYKTOP IOJIKEH
pelIUTh B TpoIecce TNPOCKTHPOBaHHMS OOBEKTa s ee Oymymieit
ajanTaly Ha pbIHKE M OpoJaxu. MIHBIMM CIOBaMH, aKCHOJIOIMYECKUE
OXHUJaHUS OOINECTBA U TPEOOBAHUS PHIHOYHOW 3KOHOMHKH BO MHOT'OM
MPEAOIPENETIOT, Kakoi 00BEKT Oyner CO37aBaThCs B
MPOMBIIIEHHOCTH.

Ilenp auzailHEpPCKOW JEATENBHOCTH - JIeJIaThb BEIIM HYXKHbIE
JIOSIM, KpacHuBble, YAOOHBIC B MPUMCHECHUHM, COOTBETCTBYIOIIUC
KyJbType »TOro Hapona. JluzaiiHep B Tmporecce cBoedl paboThI
OCYIIECTBIISIET TapMOHHU3ALMUIO MPEAMETHOTO MHpA, BECh IPOIIECC €ro
JIESTEIbHOCTA  OKa3bIBAIOTCA TECHEHIIMM 00pa3oM CBSI3aHHBIMH C
KOHKPETHBIMH ~ JIOABMH W  OINPEACICHHBIMH  OOCTOSTEIHCTBAMH.
[IpumMeHeHHe KayeCTBEHHO HOBOIO MHJMBHUIYAIBbHOIO MOAXOJA B
MN3aMHEPCKON MEATEIHHOCTA TPH yYeTe JIUYHOCTHBIX, KYJIbTYPHBIX,
KITUMATHYECKUX, BO3PACTHBIX M TMPOYUX XapPaKTEPUCTUK OyzAer
CITOCOOCTBOBATh IPEOMOJICHHIO OMHOTHUITHOCTH BCEH Au3aifHEepCKOi
MPOMYKIIMK, TPOSBICHUIO BHUMAHUSA KO BCceM  TpeOOBaHHIM
MOTPEOUTENISI, COXPAHCHHUIO KYJIBTYPHBIX IIEHHOCTEH, HAI[MOHAIBHBIX
00pas3IoB U BOCIIUTAHHUIO 3CTETHYECKUX BKYCOB IOTPEOUTENEH.

Tabmuma 1 — «Oobmue moTpeOUTENhCKUN CBOWCTBA», B IIEJIOM
omnpeNesieT U MPEUMYIIECTBEHHO — XapakTepu3yeT T€ WIW HHBIE
MoKa3aTelld 3THX CBOWCTB. [lpumenutensHO K cdepe umcto
TEXHHYECKUX  HWCCIEJOBAHWH, TJaBHBIM  OOBEKTOM B  HHUX
paccMaTpuBaeTcd TpaMmBaid, KOTOpBIA TMpPOSIBIIIET BCE CBOMCTBA,
YIIOMSHYTHIE BHIIIE, 4, B KOHTEKCT€ CKA3aHHOTO, B CBOIO OYEpE.b,
YpOBeHb TPeOOBaHHUN K ITOKA3aTeNsIM CBOWCTB BIHSAET Ha TpaMmBal. [[ms
TN3aH-UCCIE0BaHMS HEOOX0IMMO, HA000POT, paccMaTpruBaTh TpaMBa
KaK OOBEKT, KOTOPBIA BIMACT Ha TOTPEOUTENs, NMPU STOM CIECIYET
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MOMEHITh MECTaMH JiBa OCHOBONOJAralmmx oObekrta. To ecTh
«UeNOBEK — TMAacCaXWp» — IMOTPEOUTETh CTAaHOBUTHCA B IEHTP, Kak
OCHOBHOW OOBEKT MCCIEOBaHMs, a TPAHCIOPTHOE CPEJICTBO-TpaMBai
OyJIeT COCTaBISIONICH CPEJbl, BO3JACUCTBYIONICH Ha YTJaBHBIA OOBEKT.
Wnade, BO B3aMMOMAEHCTBUN 3JEMEHTOB CHCTEMBI «UEIOBEK-TpaMBai»,
OIICHKa BJIWMSHWSA Ha dYellOBeKa W COCTaBIsieT OJHY U3 3ajad
UCCIIeIOBaHUS, 1IelTb KOTOPOTO COCTOUT B BHIPAOOTKE PEKOMEHIAINIA 110
(dhopMooOpazoBanuio TpamBas. Takum 00pa3om, TMpU B3aUMOJICHCTBUU
moTpebuTenst ¢ Qopmoi, moHmeM OT 00paTHOro, pPacCMOTPEB
MepBOHAYAJIBHO 00IIMe (PaKTOPHI U BBIAEIMB TE MX COCTABIIAIONIUE, T/IE
YEJIOBEK HAMPSIMYIO BIUSET Ha (hOpMYy.

Jliis ipaBUIIbHOTO TIOCTpOeHUs (POPMBI HEOOXOAUMO 3HATh, KaK
BITUSIOT Ha He€ pa3inuuHble GakTophl (QyHKIMOHAIBHBIC, SCTCTHIECKUE,
COIIMANIbHBIE, KOHCTPYKTOPCKO-TEXHOJIOTMUECKHE). OTH  BHEUIHUE
(haKTOpHI TUKTYIOT, KAKAM JIOJDKHO OBITh U3JIENIE M0 COACPKAHUIO U TI0
¢opMe, OmHAKO CIIEQyeT TakkKe 3HaTh M MPABIIBHO WCIIONH30BAThH
3aKOHOMEPHOCTH  CTpOCHUsI camMoii  (QopMbl  (3aKOHOMEPHOCTH
KOMIIO3HUIINH).

ChopmynupyeM OCHOBHBIE XapakTepucTukd oObekTa. Kaxk
M3BECTHO, OOBEKT MOXXHO OXapaKTepH30BaTh 10  CJIEXYIOIINM
XapakTepucTukam 1- 4.

1. ¢yHKIMOHANEHAS (CBsI3aHAa C HA3HAYEHUEM TIPEAMETa):

- TexXHWYecKas (KOHCTPYKIIHS, MaTepHa);

- COIMANIbHEIE:  amanTuBHAas  (YAOOCTBO  IOJIH30BaHUS
MPEIMETOM); CpeioBasi (CBsI3b C IPYTHMHU MIPEIMETAMU);

- acrermyeckas  (IMOIMOHANBHOE W XYJOKECTBEHHOE
BO3NICHCTBHE HA YCIIOBEKA).

[lepBass rpynma BaxkHa, T.K. CI0Ja BXOIST CaMble BaXKHBIE
COCTaBJISIONINE, TI€ C TOYKUA 3PCHUS BIUSHUS YEIOBEKA MPUCYTCTBYET
colMaiIbHAS U ICTETUYECKAs aCIIEKTHI.

ConmanpHas aJanTHBHAsl COCTaBIAIONIAs HAMPSIMYIO CBs3aHa C
4yeJoBeKOM. B mepByro ouepenp mo yaoOCTBY U MPHCIIOCa0INBAEMOCTH K
00BEeKTy HCIoNb30BaHusA. B 3aBucuMocTn oT ymobctBa (opmbl Oyaer
3aBHCETh MEPUOJ aJaNTaluy accakupa K HoBomy. Croa BXOJIUT TaKoU
KPUTEpUH Kak ypPOBEHb CIOXHOCTH (QopMbl.BaxkHO, HAaCKONBKO
WHTYWUTUBHO M TPAMOTHO C TOYKH 3PEHUS SPTOHOMUKH OYIeT MMOCTpOeHa
u crupoektupoBaHa (opma. s maccaxumpa JKelaTeleH KOPOTKHUit
Mepuosa aJanTalu, T.K. OT 3TOT0 3aBHCHT €ro YpOBEHb CTpecca.
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JlokazaHO y4YeHBIMH, YTO KOTAa 4YeJOBEK IO3HAET YTO-TH0O0 HOBOE,
BaXHO YMEHBIIUTh €ro YPOBEHb CTpecca M YBEIUYUTh OBICTPOTY
NPUBBIKAHUSL W aJlanTalyd. B 3ToM cocTouT emie ofHa OCOOCHHOCTH
JIu3aiiHa — CIIPOEKTUPOBATh AJIA YeJloBeka, a He BO Bpen eMy. CTOUT
MOMHHUTH, YTO TPaMBaeM MOJB3YIOTCS MACCAKUPHI Pa3HBIX BO3PACTHBIX
KaTeropwii: Ha4YWHAsg OT IIKOJHHUKOB, MOJIOJIE)XH W B3POCHBIX,
3aKaH4YMBas MOKWJIBIMH JIIOJBMH MPEKIOHHOTO BO3pacTa W JIOABMH C
OrpaHUYEHHBIMH 0COOEHHOCTSAMH.

CommanpHasi cpeioBasi COCTaBISIONIAas OyJeT KOCBEHHO BIUSTH
Ha TMacCaXWpoB. BzanMoneHCTBHE NPOUCXOAUT HE HANPIMYIO, a
ciayuyaiiHo. Hanpumep, npu NepeaBUXEHUU 10 yIMIAM TOpOJAa,
TPAHCIIOPTHBIE CPEJICTBA MEIHKAIOT BO3JIE HAC HA JIOPOKHOM TOJIOTHE,
HO HHUKaK HamnpsiMyl0o He B3auMojeicTBylT. TpamBaiti ¢ ero
OTpaHUYEHHBIM IyTEM NEpPEeABIKEHUS (TOJBKO PENbCOBOE IMOJOTHO —
OTIpEICTICHHO 3a/IaHHBId MyTh) OYyJEeT TaKKe BIHMATH Ha TOJCO3HAHWE
yenoBeka. OHAKO BOCTIpUATHE OyIeT IPYTHM, T.K. TpaMBai IBHIKETCS
MpsIMO W TUIABHO, W3/aeT XapaKTEpHbIE MOCTYKUBAIOIIME 3BYKH OT
KOJIECHOM Mapbl, MPOHOCUTCSA C OTPaHMUYEHHON CKOpPOCTBIO 0€3 pe3KHx
W3MEHEHUM OUCTAaHIIMM — OYEBUIHAS TpaeKTopus nedcTBuid. Yenopek
MIPU TaKOM IIOCBUIE TpaMBas OTJIMYAET €r0 OT OCTAIbHBIX YYaCTHHKOB
JOPOKHOTO JIBMDKEHHSI M acCOLMHPYET ero Kak OoJiee CIOKOHHBIM,
TUTABHBIHM, BBI3BIBACT JIOBEpUE U CUUTAETCA Ooliee OE30MacHBIM BUAOM
TPAHCIIOPTHOTO CPEJICTBA, OBICTPHIM, YAOOHBIM, TOCTYITHBIM.

OcreTryeckas COCTABIIAIONIAs — CIOJ]a BXOJUT IMOIMOHAIBHBIE
TIOPBIBBI YEJIOBEKA, TO KaK OH BOCIIPHHUMAET o011yi0 popMy 0OBEKTa B
cpene. HemanmoBakHO, dYTOOBI M caM OOBEKT BHOHCAICS B OOMIYIO
CPEIOBYI0 KOMIO3HIINIO. B 3cTeTHKY BXOIAT codeTaHue (HOpMEbI, I[BETA,
¢baxTyp u ap.

OmymeHnuss W SMOLIMM, BBI3BIBAEMBIE COUETAHMEM LBETA U
(OpMBI, aHATOTWYHBI OINYIICHWSM, CBSA3aHHBIM C TIPEAMETOM WU
SIBIIEHUEM, MTOCTOSIHHO OKpAIIeHHBIM B JaHHBIN 1BeT. Pa3znuuHble 1BeTa
¢ coueraHueM (GOpMBI 00IaNAIOT HEOJUHAKOBOH CIIOCOOHOCTHIO
BBI3BIBATH TICUXWYECKHIE PEAKITHH.

K npumepy yenoBeKk, MOKET HCIBITHIBATH CIICAYIONINE IMOILIUU
accoLMaIIN:

a) TO3UTHBHBIE (Becenble, MPHUATHBIC, OOJApBIC, OXXHUBIICHHBIE,
JTUPUYECKHE);
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0) HeraTuBHBIE (TPYCTHBIC, BSUIbIC, CKYYHbBIE, TpParduecKue,
CEHTHMECHTAJBHEIE);

B) HEUTpaJIbHbIE (cmiokoiiHbIe, Oe3paznuiHebIe,
ypaBHOBEIICHHEIE) [3].

Takue accormuanuu MOTYT OBITh KaKk CyOBEKTUBHBIMH, TaK U
00BEKTUBHBIMH.

K 00bekTHBHBIM cBOMicTBaM 1BeTa W (POPMBI OTHOCSTCS €To
YHUCTOTY, CBETIOTY (SIPKOCTh), (hOpMYy UBETOBOI'O ISITHA, MECTO U
3HAUCHHWE €r0 B BU3YaAJILHOM CTPYKType, MaTepual u ¢aktypy [3].

CBoiicTBa BOCIIPUHHMAIONIETO CYOBEKTa MOKHO TOJPa3JICIUTh
Ha TPYIIIOBBIC M UHAMBHUyallbHbIC. K MEpBbIM OTHECEM HAIMOHAILHBIN
¢akrop (paca, 3THUYECKAs TPYIINA), KyJIbTypHbIE TPAJAHUIINH, KIACCOBYIO
MPUHAIICKHOCTh. KO BTOPBIM OTHOCSTCSI BO3PACT, MOJ, KYyJIbTYypHBINA
YpOBEHb, 00pa3oBaHHE, pOJI HAEATEIBHOCTH, OCOOCHHOCTH HEPBHO-
MICUXWYECKOT0 CKaia cyonekTa [3].

[IpyarMass BO BHUMaHHE Bce BBINIE CKa3aHHOE ISl OOBEKTa -
TpaMBasi, JBIKYIIETOCS MO  3aJaHHOMY  IIyTH, Heo0Xoauma
quHamuueckas ¢opma. T.K. TpamBail OTHOCHTEIBHO CKOPOCTHOE
TPAHCIIOPTHOE CPEACTBO C XapaKTepHOU Y/UIMHEHHOW 4acThio Tena. [lis
TOrO, 4YTOOBI YeJOBEK BOCHPUHHMAN M ONIyIIad TpaMBai Kak
JUHAMHUYECKOe NEeWCTBUE, MHCCIIEAOBATEeIM W YY€Hble Ha OCHOBAaHHH
CBOMX HUCCIICJIOBAaHWH TpeJUIararoT CIeAyIollee XapaKTepHOe OIMKCaHUe,
JUISL TOCTHOKEHHUS dToro 3¢dekra: a) MUHAMHYECKOoe AeicTBHe, O)
cMmenble (OpMBI, B) MOIIHBI KOHCTPYKTHBHBIM PHUTM, T) IJIOCKOCTH,
MOCTaBJICHHBIE TIOJ yIJIOM, 1) IWaroHalld, €) MacCHUBHEIC MaTepHAllbI,
Takue, Kak KaMeHb, OCTOH, IEPEBO HIIH CTAJb. JK) TPyObIe €CTECTBCHHBIC
MOBEPXHOCTH, 3) KpyTasi BEpTUKaJb, M) SBHbIH KOMITO3UIIMOHHBIN LIEHTD,
K) KOHIICHTpAIlUsl BHUMaHUs Ha (OKYCHOUM TOUYKE JNEHCTBUS, HA TOYKE,
KyJa HampaBieHO o0Ilee JBWKEHHE, J) JBIKEHHE, BBI3BIBAEMOC
JUHAMMYHBIMA JIHHUSIMM, JBIOKYIIAMCS CBETOM U PEIINUTEIbHBIMH
U3MEHEHUSIMU (OpMBI 1O JUIMHE OOBEKTa, XapakTepa H 3BYKa,
M) CHUJIbHBIE TIPOCTHIC 1IBETa [4].

2. mo TexHomormn (crmocod TomydeHHS ~(GOPMBI U3
OTPENICICHHOTO ~ MaTrepualla  ONpPEJCNICHHBIMA  WHCTPYMEHTaMH,
YUHTBIBasI IPOU3BOJICTBO U TCHACHIIUU Pa3BUTHSA);

C ToukM 3peHHs Maccakhpa TEXHOJNOTHA OyIeT CBA3aHHa C
dbopmoii, a ¢opma mMODKHA OBITH YIOOHOWH, TO €CTh JEHCTBYET
Joruyeckas Iernoyka: TexHojorus — gopma — ynodctBo. TexHomorus
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MO3BOJISIET CErOAHs PACHIMPATh I'PAaHUIBI BO3MOXHOCTEH M CO3/1aBaTh
¢dopMbl TMIOOBIX CIIOKHOCTEH W BHIOB. Popma mnpuoOperaeT poib
CBOEOOpa3HOTO  Iporpecca W TO3BOJNIIET HE  OrPaHHYMBATH
MPOEKTUPOBIIKKa-In3aiiHepa B popmoodpazoBanuu. TenaeHn GopMbl
CTPEMHTHCS AeJIaTh ee IIAaBHOH, 00TeKaloel ¢ XapakTepHbIMH I Hee
TJIAJAKUMU, OKPYTJIBIMH, IUIABHBIMH, NE€PETEKAIOIIUMH OJHA B APYTYIO
JIHUSMH.

CoBpeMeHHOE pa3BUTHE TIEPEXOTUT OT KBAAPATHBIX K OKPYTJIBIM
obbekTaM popmooOpazoanus. C IPEeBHOCTH 3aJI0KEHBI B ITOJCO3HAHUHT
accolMaTHBHBIE 3JIEMEeHTHI B BHUAe (popwmel. Bocmpuarue udenoBeka Tak
YCTPOEHO, YTO COXpaHSET OMBIT MPOLUIbIX MOKOJEHUH WU MpPOSBISLETCA
Kak MHCTUHKT caMO- BBDKMBaHHs. YTioBaras, ocTpas Qopma Bcerza
HACTOPa)KUBACT, BBI3BIBAET BHYTPEHHIOID OIACHOCTb M JUCKOMQOPT.
OtpunarensHble SMoUuK. C OKPYTIBIMHU, MATKAMH 3JIEMEHTaMH (POPMBI
Hao0opoT. Bocnpusitue yenoseka meHserca. OH CIIOKOEH, €My IPHSTHO,
Oe3omacHo.

OTO TOBOPUT O BAXHOCTH JAHHOTO aCHeKTa B BOCHPHUATHH
4YeJOBEKOM ()OPMBI C HCIOJIB30BAHUEM TOW WM WHOW TEXHOJOTHH.
TexHONMOTUH TO3BOJSIIOT CO3JaBaTb OOBEMBI C XapaKTepHBIMH e
ocoOeHHOCTSIMH, 0e3 0co0bIXx TpymHocTeil. Illmpoxue BO3MOKHOCTH
€CTb HE€ TOJIbKO B INPOM3BOJICTBE, a TAKXKE €CTh M IPOrpecc 3a CYeT
coznanusa 3D-mpuHTEpa, OTKPHIBAIOIINN HOBBIE TPAHULIBI.

[Icuxomnorus COBpeMEHHOTO 4YeJI0BEKa TAaKOBa, YTO OH HAYWHAET
yCTaBaTh OT BCETO OOBIAEHHOTO. AKTYyaJlbHO CETOJHS TOTPY’KaThCS B
BUPTYaJbHYI0 pEaJbHOCTh, UTO HAKIAJbIBA€T CBOW cCled Ha
¢dbopmooOpazoBaHnU. 3aMETHO IO HPUCYTCTBYIOIIUM M IIPEJIaraeMbIM
KOHIIETITaM TPAHCIIOPTHBIX CPEICTB, UYTO TeiM-IN3allH aKTHBHO BIIHSET
HE WTOTOBBIA BHEMIHWN BUA 0oOBekTa. EMy mpucymu pe3kue TUHHH,
XapakTepHble W YeTKHue oOpaspl, AuHamuKa. cmome3yercsi Takas
TeXHHKa W300pakeHWs W co3laHus (POpPMBI B OCHOBHOM TOJBKO Ha
ABTOMOOMJISIX JIFOKC, CIIOPTKapax, OTPaHUYEHHBIX CEPHSIX aBTO, YACTHBIX
3aKa3ax B OTPaHUYEHHON CEpHM WM €IUHUYHOM SK3eMIuripe. Taroke
4acTO BCTPEYAIOTCS TaKHE PELIEHUH  Ha Pa3iIMYHBIX MHPOBBIX
BBICTaBKaxX, OHU JEMOHCTPHPYIOT CBOIO TOYKY 3pEHHSI Ha pa3BHTHE
TEXHHKH, IPECTABIISAS KOHIIETITHl TPAHCIIOPTHBIX CPE/ICTB.

3. mopdosorust (dopma, OpraHn30BaHHAsI B COOTBETCTBHU CO
cBOeH (hyHKITHEH);
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AKTyaJbHO TOBOPHUTH O B3aUMOICWUCTBHM JBYX MpPEIbIAYIINX
XapaKTEePHBIX YepT ¢ Mopdooruen.

Opnaxo, Mopoorus ajs yenoBeka — y100CTBO, IPTOHOMHKA U
Ip.; Mopdororus MoJpa3yMeBaeT LEJBHYIO CTPYKTYPY,
OpPraHM30BaHHYK) C COOTBETCTBHU C €ro (yHKIHEW, MaTepuaiaMd
TEXHOJIOTHEH (CTTOCOOOM M3TOTOBJICHHS ).

B3anmocBa3p 001X 4epT XapaKTEPUCTUKN O0BEKTa Ba)KHA IS
BOCIIPHATHS 4YeJOBEKOM, T.K. (opMa B TMEpPBYIO oOuepeAb MOJDKHA
co3maBaThCs I deioBeka. Camoe oOriee cBoicTBO Mopdomoruu —
CTPpYKTypHOCTh. DYHKIMS, BOIUIOMASACH B MaTepHaIbHOH Qopme,
npuaaeT e crnenuduyeckyro opraHmzanuio. Kaxkngas nerans (opmbl
OKa3bIBaeTCsS CTPYKTYPHO CBS3aHHOH C JPYTHMH JIE€TAISIMU BHYTPH
mejgoro. BzaummopelicTBHe TpeaIMETHBIX (GOPM  MOPOKITACT MHUP
MophoJioTHi, 00JIAAF0NUX 3aKOHOMEPHOU CTPYKTYPOH.

4. ceMaHTHKa (TICUXOJIOTHYECKOE BO3IeHiCcTBHE (DOPMEI IpeMeTa
Ha YeJIOBEKa).

CemaHTHKa TIOJ[pa3yMeBacT CO3JaHUE JW3aiiHa, KOTOPBIA HeceT
B cebc CMBICHT;, JW3aiiH, KOTOPBIH JEHCTBUTEIBHO HYXKEH; MOJC3HBIN
U3aiiH, B KOTOPOM KaXKias JeTallb UMEeT MeCTO OBITh, KaxKaas gopma
HeceT B cebe OIpelelieHHOe 3HadeHue; Mu3aiH-popma OO0BEeKTa Kak
pe3yabTaT PCHICHUA MOCTaBJICHHOMN oejim W KOTOpasd HallpaBJICHA Ha
ayIUTOPUIO, Ha TAacCaXXupa, Ui YAOBIETBOPEHHUS ero 3ampocoB. @opma
B3aMMOJICHCTBYET C HEIIOBEKOM, dYepe3 oOmmi o00BeKT-TpamMBaii.
[IpocnexxuBaeTcst B3aMMOCBSI3b Yepe3 IEeMnouKy «(hopMa — TEXHOIOTHS ,
TO €CTh OT TEXHOJOIMH 3aBHUCHT BHEIIHEEe, KOHEYHOE BOCIIPHATHE.
TexHomorusi, B CBOIO ouYepenp, OYIET CBsA3aHA C [IBETAMHU MaTepHaia.
XapakTepucTHKa MaTepuaia — IIISHEll, MAaTOBBIH, ¢ OJIIECKOM H JIp., BCe
3TO OTACIBHBIC TEXHOJIOI'UHU HBGTOBOﬁ OKpacCKu. I_[BCT TaKXX€ HMECT CBOU
OCBOCHHOCTH: TOHANBHOCTh (IIBETOBOM TOH, OTTEHOK), SPKOCTh
(cBeTnoTa — TeMHbIE\ CBET/IbIC 1IBETA), XPOM (HACBIIICHHOCTH) - 3a 3TH
0CcOOEHHOCTH OTBeuYaeT IICHXOJIOTHSl 1BeTa. B Oonee jgerampHOM
W3yUYCHHH, TPEANOYTEHUE [IBETa 3aBUCUT HE TOJBKO OT BO3pacra, HO U
MO TIOJOBOM NPWHAIIEKHOCTH (CM. HCTOYHHK «Teopusi TeHIepHBIX
cxem» [1]). Kareropuu: put™M, CHMMETPHS, aCUMMETPUS, TUHAMUKA
WM CTAaTHKa, KOHTPACT, HIOAHC, aKIEHT NPEICTaBISIOT CO00i
OTpaXCHHE B HAllleM CO3HAHWU PA3HOOOpPA3HBIX CBOWCTB
npuposl. JIrobas ¢opma B MPUPOJIE COCTOUT HE M3 CIy4aitHOTO
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CKOIILICHUA OTACIIBbHBIX HC3aBHCHUMBIX JacTed u JJICMCHTOB, a
SBIIIETCSI TADMOHUYECKH CTPOMHBIM B CBOEM E€IMHCTBE IIEIBIM U UMEET
OIPEJIETICHHBIN NOPSAJIOK B IOCTPOEHUH.

B nenom, Bce BbIIlIE IEPEUNCIEHHOE, XOTHM MBI TOTO WM HET,
HO CYIIECTBEHHO BJIMSET HAa BOCIPHUATHE dYeloBeKa. B3ammopeilicTBhe
BCEX aCMeKTOB M (JaKTOPOB HATISIIHO MIPEICTABIEHBI B cxeme 1.

couunanbHad

Hesioeek
cCeEMaHTUKa naccaxup

TEXHONorn4yeckas
rnompebumers

Mopcdonorus
Pucynoxk 1 — Cxema B3auMOCBSI3€1 OCHOBHBIX, XapaKTEPHBIX aCIIEKTOB
0o0beKTa

Co3nmanue 000ro 00BEKTa IMPEIMETHO-IIPOCTPAHCTBECHHON
cpenbl 3T0 padora ¢ Gpopmoii. B cBoeit 0cHOBE OHa HalpaBiieHa Ha IOMCK
BOKHOTO M CYIIECTBEHHOTO, YTO B IOJHOM M TTyOOKOWH Mepe OTBedaeT
CTPOTUM (bYHKIIMOHATBEHBIM TpeOOBaHHUAM (yTUIUTApHBIM,
OKOHOMHYECKUM,  dproHomuyeckum). KoHeuHas  Hama  Lelb
(bopMo0OpazoBaHus - HOCTHKECHHE XY0KECTBEHHOW BBIPA3HTEIBHOCTH
(bopMEL.

dopmooOpa3oBaHue  JaeT  BO3MOXKHOCTb  CIIPOSKTHPOBATH
UJICaTbHYI0 MOJIeTIb 00beKTa\ mpeMeTa MPOSKTHPOBAHHS, CO3IaHHYIO C
y4eTOM KOMIIO3MLMOHHBIX 3aKOHOB TBOpUYECTBA. YUHUTHIBas BCE
COCTaBJISIOINNE, IM3aifHep padoTaeT B NHEpBYIO ouepenb C (OPMOii.
[IpoekTUpOBaHHE, KaK KOMIUICKCHBIH TPOIECC, TPYyIOEMOK U
crienuduyeH. B ero cocraB BXOJMT JBE COCTABISIONIME: yTUIHUTAPHO-
TEXHOJIOTHYECKas 4acTh M AMOIMOHAIIbHO-00pa3Has. B npoekTupoBanuu
coyeTas 3T YacTH, JOCTHIAaeTCs B WUTOTE CJIOXKHBI TapMOHUYHBIN
KOMILJIGKC, KOTOPBIf YUYHTBIBAET M TEXHOJOTUIO IPOHM3BOJCTBA,
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TCHACHIUU, TAPMOHUN3AI[UI0, SPrOHOMUKY, HOTpe6I/ITGHLCKI/IG CBOICTBa U
Ap.

3AKIIIOUEHUE

Takum o00pa3oM, H3I0KEHHOE B paboTe paccMOTpeHHe
INPUYMHHO-CJICACTBEHHBIX COOTHOUIEHUH M B3aMMOCBS3€H, Ha OCHOBE
MPUHATBIX B HAay4YHOM COOOIIECTBE OOIINX TEOPETHUYECKUX
npeacraBieHuii [1- 4], ¢Gopmbl TpamBas M ero mOTPEOUTEIHCKHX
CBOHWCTB TIO3BOMIIIO YyOemuThCsS B TOM, 49TO (opMooOpa3zoBaHme
HampsAMYyI0 WJIM KOCBEHHO BJHSET Ha TMOTPEOUTENs W TOCTOSHHO
B3aMMOJICHCTBYIOIIETO C HHUM IacCakupa, BBI3BIBAS y HHUX pEakIuH,
sMolMH, accounanuu. [lokazana coBpeMeHHas TPAaKTOBKa OCHOBHBIX
NOTPEOUTENbCKUX CBOWCTB TpaMBas II0 TakUM acleKTaM Kak
TEXHUYECKasl COCTABIISAIONIAs, cOlManbHas (YA00CTBO B MCIOIB30BAHUH
Y COOTBETCTBHE C BHEIIHEW Cpeloi), SCTeTHUecKas (SMOLMOHAIBHOE U
XyZIOXXECTBEHHOE BO3JCHCTBUE HA YENIOBEKA), 3PTOHOMHKA, MOP(OJIOTHs
(opma, opranuzoBaHHasi B COOTBETCTBHHU CO CBOCH (QyHKIIHEH).

®opmoobpa3zoBaHue TpaMBasi HEOThEMJIEMasi U BakKHas 3ajava
U TIPOCKTUPOBILMKA, PEIICHUE KOTOPOW JOJDKHO YYWUTHIBATH TO, YTO
TpamBai IIOCTOSIHHO B3aUMOJICHCTBYET c Iaccakupamu,
NOTPEeOUTENSIMU, TPOXOXMMH, HAXOIAHWTCS B OKPYKEHHH TOPOAad, €ro
paiioHOB, YNHL, MEPEIBUrasch MO 3aJaHHOMY OrPaHMYCHHOMY IyTH.
Braemanit o0dMK TpaMBas Kak HampsMylo, TaK HW HEOCO3HAHHO,
KOCBEHHO, HO BIHSET Ha 4YeJloOBeKa M HeceT B cebe OompeaeseHHBIN
MOCBHUI C MMO3ULIUU IICHXOCEMaHTHKH.

[IpoBeneHHbII aHAIN3 apIYMEHTUPYET yTBEPKACHUE O TOM, YTO,
C OJHOW CTOPOHBI, (QopmMa TpaMBas BO3HHKAET C YYETOM Cpenbl, B
KOTOpOH OH OylIeT OKCIUTyaTHpOBaThCA (CIOJa BXOMAT HIOQHCHI,
CBS3aHHBIC c KIIMIMAaTOM, TpaguLUsIMH, KYJBTYPOH,
CTapble\COBPEMEHHbIC TOPOJCKHE MOCTPOMKH H Jp.), a C JApyrou
CTOPOHBI, TpPH CO3JaHHM (OPMBI YUHTBHIBACTCS €€ BOCIPHITHE
notpedureneM\ mMacca)XupoM\ YEIOBEKOM, KOTOPBIH KaXIblil JCHBb
B3aUMOJIEHCTBYET C TPAHCHIOPTHBIM CPEACTBOM HANpPSAMYIO (KOTAa OH UM
MOJIB3YETCS, ISl TIEPEABIDKEHNS) WIIM KOCBEHHO (KOT/Ia MUMOJIETHO €ro
3aMe4yaeT B TOpOJICKOM cpele, HO HampsIMyl0 MeEXaHHYeCKH He
KOHTaKTHPYET).

Buemmusist  ¢dopma BiaMseT Ha  AMOLMOHAIBHO-00pa3HOE
Bocnpustue 4enoBeka. OT Hee 3aBHCHUT, KaKWe BHYTPCHHHUE\BHCIIHHE
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peaknuu y 4YCJIOBCKA BBI3OBCT AdaHHAA (bopMa. HOZ-)TOMy TpaMBafI
JAOJDKCH HECCTU I'PAMOTHYI0, TAapMOHUYHYIO XYIOKECTBCHHO-CMBICIIOBYTO
Harpy3Ky. DTOT CMBICI o0Opa3a HaxOJUT CBOe oToOpakeHHe B (opme,
OBETEC, Martcpuaiax, O6IIICI>1 KOMITIO3HUIINU O6I>CKTa, TaKXeE B
COOTBETCTBHUHU C O6H.II/IMI/I [ICHHOCTHBIMH YCTAHOBKAMHU KYJIbTYPbI U TEMHU
WM HWHBIMHA TpC60BaHI/I$[MI/I, UMCIOIIIMMH OTHOIIICHUE K 3CTETHYECKOM
BBIPA3UTEIBHOCTH OyAylIero o0bekTa, ero (YHKIUH, KOHCTPYKIUU U
HCIIOJIb3YEMbIM MaTepHaIaM.
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HNCCIIEJOBAHUME IOBOPAYNBAEMOCTH KOJECHOI'O IIACCH
C MOAPYJIMBAIKOILINUM 3ATHUM MOCTOM
STUDY OF THE TURNABILITY OF THE WHEELED CHASSIS WITH
THE DRIVE REAR BRIDGE
Y.U. YKnaHoBHY', KaHI. TEXH. HayK, JIOLEHT,
A.A. JI3émal, MarucTp TexH. HayK, CTaplLMii IpernojaBaresb,
B.C. BynaToBCKuii 2, MarucTp TeXH. HayK, Ha4aJbHUK KOHCTPYKTOPCKO-
TCXHOJIOTMYCCKOI'0 OTACa,
!Benopycckuii HalMOHALHBIN TEXHMYECKUH YHUBEPCUTET,
20A0 «IIpubopocTpoutenbHbiii 3a801 OnTpon»,
r. Musnck, benapycs
Zhdanovich Ch.1.1, Associate Professor, PhD in Engineering,
Dzioma A.A.%, Senior Lecturer, Master of Technical Sciences,
Bulatovsky V.S.2, Head of Design and Technology Department,
Master of Technical Sciences,
!Belorussian National Technical University, Minsk, Belarus
2Instrument Factory Optron, Minsk, Belarus

PaspaboTtana pacueTHas cxema, MaTEMAaTHYCCKOE OIMCAHWE W IMPOBEACH
aHaJIu3 IMOBOPAYMBACMOCTHU KOJICCHOTO IAacCHU C MOAPYJIUBAIOIIUM BEAYIIUM
3aJHUM MOCTOM.

A design scheme, a mathematical description have been developed and an
understeer analysis of a wheeled chassis with thruster driving rear axle has been
performed.

BBEJIEHUME

IIpu pa3paboTke TPAaHCIOPTHBIX CPEACTB HEOOXOAWMO COOIIOAAThH
TEXHUYECKHE TPeOOBaHUS, OMHUM U3 KOTOPHIX SBISETCS MAaHEBPEHHOCTH. Tak,
cormacHo paeictByromuM lIpasmiam EDK OOH [1], TpancmopTHOE CpeacTBoO
NpY JIBWKEHUH Ha MOBOPOTaxX JIOJDKHO MOJHOCTBIO BIMCHIBATHCS MO HanboJee
BBICTYTAIOIIEH TOUke B Kpyr pamuycoM 12,5 M M MoJIOCY ABHKEHHUS IMIMPUHOM
7,2 M.

Jns  oOecnieueHuss JAaHHOTO TpeOOBaHHMSA y JUIMHHOOA3HBIX MAIIWH
UCTONB3YIOT 3afHHE NoApynuBaromue koseca. Ilpu »TOoM dacTo mepepaua
YCHITUSL OT PYIIEBOTO KOJeCa OCYIIECTBIIETCS HE TOCPEICTBOM MEXAaHUKH —
PBIYQKHOW CHCTEMOH, a dYepe3 KOMaHIBl AJIEKTPOHHOTO OJI0Ka YIpaBICHUS
(3BY) u BraATHBaromIee pelnie (aKTyaTophl), KOTOPBIC IBUTAIOT 33aHHE PYJICBEIC
TATH, TOXOXXKHE Ha T€, YTO HCHOJIB3YIOTCS B OCHOBHOI CHCTEME PYJIEBOTO
ynpaBieHus. [Ipu moBopoTe mepemHUX YIpaBIIEMBIX KOJEC 3agHHE Koyeca
MOJPYNHABAIOT, HO C MEHBIIMM VTJIOM. YTON TOBOPOTa 3aJHUX KOJIEC
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obecrieunBaercst OBY Ha OCHOBe auropurMa NPOXOXKICHHUS IIOBOPOTa M
MOKa3aHUH JaTYNKOB YTIIOBOTO YCKOPEHHS, CKOPOCTH, ITOJIOXKEHHS Ky30Ba H JIp.
B nepBbIX crcTeMax NOAPYIMBAHMS 3aIHUX KOJIEC YO HX TOBOPOTA COCTABIISIT
okoJ10 20 rpasycoB, B COBPEMEHHBIX - JOCTUTAaET MAKCUMYM 5-15 rpaaycos.

ITOBOPAYMBAEMOCTD KOJIECHOI'O IIIACCH C ITOAPYJIMBAIOIIVM
3AJHM MOCTOM

Lenp paboThl — MaTeMaTHYeCKOe MOJCIMPOBAHUE M aHAIN3 IapaMeTpoB
MOBOPOTA NIACCH C MOJPYIUBAIOIINM 33 JHIM MOCTOM.

ITpu pa3paboTke MareMaTHYecKOil MOJENM IOBOPOTa OBUIM IPHHATHI
CJIEIYIOIIE AOIYILECHHUS:

1. Bce cuibl, AeHCTBYIOIME B KOHTAKTE KOJIEC C JOPOrOH, NMPHUBEIEHBI K
cepeqHaM KoJec.

2. TloBOpOT OCYLIECTBISIETCS C MOCTOSSHHOW JIMHEHHOW M YIJIOBOHM CKO-
POCTBIO.

3. IToBopoT ocymecTBnsieTcs MpH 3aUKCUPOBAHHOM PYJIEBOM YIPaBICHUU
(Tpm 3aUKCHPOBAHHBIX YTIIaX TOBOPOTA YIIPABISEMBIX KOJIEC).

4. Yriel yBoAa KoJieC M3MEHSAIOTCS B JIMHEHHOIN 3aBUCHMOCTH OT OOKOBOM
cunbl. Koaddurmentsr 60k0BOi 21aCTHYHOCTH MINMH MTOCTOSHHBI U OAWHAKOBBI
JUIsl BCEX KOJIEC.

AHanu3 napameTpoB IIOBOPOTa HCCIEIOBAJICS Ul MIACCH CO CIIEAYIOLIMMU
WCXOJHBIMU JIaHHBIMH: KosécHasi 0a3a - 9078 MM, Koyes meperHux M 3aJHUX
konéc — 2101 mm, rabGaputHasi mupuHa maccu - 2550 MM, rabapuTHas AJIMHA
maccu — 12090 MM, monmas macca maccu — 18000 xr. Pacuernas cxema
NIpUBE/ICHA Ha PUCYHKE 1.

Pucynok 1 — PacuérHast cxema moBopoTa ¢ MOAPYIUBAEMBIM MOCTOM
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[TpuHMMaeM Ha Bcex cxeMax CleqyIole 0003HauCHUSL:

L — konécHas 6a3a, M; 8 — pacCTOSHHE OT MEPEIHEro MOcTa 10 IIEHTpa Macc,
M; b — paccrosiHEe OT 3aqHEro MocTa 10 IeHTpa Mace, M; Bi — kones, m; FKi —
cunsl Taru, H; F6i — 6oxoBbie cuibl, H; Ffi — cumer uaepunn, H; Fy —
CHUJa CONPOTHBIICHUS BO3AYXY, H; Fji — cuner waepunu, H; Mcc. —
CYyMMAapHBIif MOMEHT COIIPOTHBIIEHHS OBOPOTY Koiieca, H'M; Rmi— paccrosnue
OT KoJieca 0 MTHOBEHHOTO IIeHTpa moBopoTa (6e3 y4uéra yBoja konéc, m); Ri —
paccTosiHEe OT KoJjieca/MOCTa JI0 MTHOBEHHOT'O IIEHTpa MOBOPOTA, M; O — YToJl
MOBOpOTa KoJjeca, rpaj; V¢ CKOPOCTh TPaHCHOPTHOTO cpenctsa, km/d; Om —
MTHOBEHHBIH LIEHTP IOBOpOTa 0e3 yuéra yBoJa KOJEC; O -
MTHOBEHHBIH IIEHTP IOBOPOTa C yYETOM YBOa KOJIEC.

OOmue ypaBHEHHs, ONMCBHIBAIOIIME IIOBOPOT  IIACCH, HMMEIOIIEro
MOAPYJIMBAEMbI BETyILIUN 38 JHUI MOCT:
2F«=0: Frocosoz — Fricosai— Frcosar — Feisinai+Fepsinaz+ Fix— F=0;
2Fy=0: Frosinoz+Frsinai— Frsino, — Feicosar — Fsacosao+ Fiy =0;
¥M=0: aFnsinas + bFpsina; — aFsicosai+bFsacosaz — bFasinas+ +Mcc+J,8
=0.

ITo pe3ynbrataM HCClemOBaHMS OBUIM IONY4YEeHBI 3aBHCHMOCTH paanyca
noBopora R (pucyHok 2), cuibl Taru Beaymero mocra Fy (pucyHok 3),
OOKOBBIE CHIIBI, JEWCTBYIOIIME Ha nepeaHuil Fsi (pucynok 4) u 3axuuii  Fer
(puCyHOK 5) MOCTBI, OT yIJIa IOBOPOTa MEPETHHX 01 ¥ 3aJJHUX 02 KOJEC.
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PucyHnok 2 — 3aBUCUMOCTD JEHCTBUTENHHOTO pajryca OBOPOTA OT yIiia
MOBOPOTA MEPEAHUX 01 U 3aJHUX 0O KOJIEC
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Pucynox 3 — 3aBUCHMOCTD CHJIBI TSITH BEIYILIETO MOCTa OT yTjia IOBOPOTa
MEpENHUX 01 U 3aIHUX 02 KOJIEC
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PucyHok 4 — 3aBucuMOCTh OOKOBO#! CHIIBI, JCHCTBYIONICH HA MEPESIHUI MOCT,
OT yrJla TIOBOPOTA MEePETHMUX 01 U 3a]JHUX 02 KOJIEC
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Pucynox 5 — 3aBucumocTs OOKOBOI CHIIBI, ACHCTBYIOIIEH Ha 3aJHAI MOCT, OT
yIUIa MIOBOPOTA MEPEIHUX 01 U 3aTHUX 02 KOIEC
3AKJIIOYEHME

W3 rpadukoB crmemayer, 9To MpU CpeaHEM YT MTOBOPOTa MEPEITHUX
Kojec 03=46° TpUMEHEHWE MOJAPYJINBAEMOTO MOCTa IIO3BOJISET
YMEHBIIUTh: Paguyc MoBopora Imaccu 10 44%; OOKOBBIC CHIIBI,
NeficTBytone Ha TepemHuit MocT 1o 64%, 3amauit - mo 70%;
COTIPOTHUBJICHUE IBIKCHUIO IIACCH HAa TIOBOPOTE 10 57%.

Takum 00pa3oM, NPUMEHEHUE MOAPYIUBAIOIICTO 3aJHETO MOCTa
3HAYUTENHFHO TMOBBIIIAET MAaHEBPEHHOCTh, TOTUTUBHYK) SKOHOMUYHOCTD,
YCTOWYHMBOCTh M 0€30MACHOCTh JIBYIKCHHS ITACCH, OIHAKO YCIOXKHSCT
KOHCTPYKITUIO PYJIEBOTO TIPUBO/IA.

JIMTEPATYPA
1. TIlpasuma EDK OOH 36 (03)/[Ilepecmorp 3. EmmHOOOpa3HbIC
NpeNIHCaHus, Kacaroumuyecs OQHIHATFHOTO YTBEPKICHUS NACCaXKHPCKUX
TPAHCHOPTHBIX CPEACTB OONBIION BMECTHMOCTH B OTHOLICHHH HX OOIIeH
koHcTpykuuy : B3ameH [IpaBun EDK OOH Ne 36 (03)/ITepecmotp 2 : BBea. B
kadectBe roc. craugapra Pb 01.07.11. — Munck : bea['MICC, 2010. — 94 c.
15.01.2019
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VK 629.114.01
K BBIBOPY MOJAYJIBHOI'O TATI'OBOI'O ITPUBOJA
OBBEJUHEHHOM XOJOBOM CUCTEMbBI
MAIINWHHOI'O TPAKTOPHOTI'O ATPET'ATA
Tasnosckuii I'.A., x.T.H., nouenr, [Hupses .A.,
Benopycckuil HalmoOHaIbHBINA TEXHUYECKUN YHUBEPCUTET
r. MuHck, benapycs
Botitex Tanacs, 1.T.H., mpod.,
EcrecTBennsrit YauBepcuret B JIroOmae
r. JIroO6nmmn, TTonbma
Tayanousky G.A., Ph.D.in Engineering, Assosiate Professor,
Shirajev D.A, engineer,
Belarusian national technical University,
Minsk, Belarus
Wojciech Tanas, dr. hab. inz., prof., University of Life Sciences in

Lublin, Poland
BBEJIEHUE
Hayuno-TexHuueckuii rporpecc B obactu
CCJIBCKOXOS?IIZCTBCHHOI‘O TpaHCHOpTHOI‘O MaH_II/IHOCTpOGHI/DI

XapaKTEPHU3yeTCs POCTOM JHEPrOHACHIIICHHOCTH TPAKTOPOB, MOJIE3HOU
HArpy3Kd arperatoB, pabod4uMX CKOPOCTEW NBIKEHUS, TCHISHIVSIMH K
MOIYJIbHOMY HCIONHEHWI0 (YHKIIMOHAIBHBIX YacTel arperartos,
peanu3anueil eqUHBIX CUCTEM, arperaTHBIX OJOKOB, Y3JIOB, MPHUIIEITHOTO
cocTaBa K TpaKTOpaM ¥ aBTOMOOWJISM  CEIIbCKOXO3SHCTBEHHOU
CTeTHaTN3aIIH.

B cBS3u ¢ mNOBBIIEHHEM y;:[em)Hoﬁ MOIITHOCTH KOJIECCHBIX
TPAKTOPOB B paMKaxX HCU3MCHHBIX TIATOBBIX KJIACCOB O6OCTpI/IHaCI>
mpoOiieMa 3arpy3Kd WX JBHTareleil Ha TpaHCHopTe. 3arpys3ka
)IBHFaTeHefI OHEProHaChINICHHBIX TPaKTOPOB 110 MOIITHOCTH Ha
TPaHCIIOPTE B COCTaBe TPAAUIIMOHHBIX II0 CXEME arperaToB, Kak
MOKa3bIBa€T MpPaKTHKa, He mpeBbimaet 50-65 %, 4TOo OpUBOOUT K
3HAYUTEIFHOMY CHIDKEHHIO SKOHOMHYHOCTH paboThl TpakTopa, €ero
mmoKazaresieit (1o mokazaTelield TPaKTOPOB MaJIOH yACIIbEHONH MOITHOCTH),
MMPOU3BOAUTCIIBHOCTH, YBCIWMYCHUIO YJACJIBHBIX pPACXOJ0B TOIUIMBA,
Matepuanoemkoctd [ |. Llenb paboTsl — moka3aTh HEOOXOIUMOCTh U
11e1ecCO00pa3HOCTh  COBEPIICHCTBOBAHHUSA CHCTEM  arperaTupoOBaHUs
TpakKTOpa C HOpULOCIIOM, CHHTC3a HOBBIX KOHCTPYKTHUBHBIX CXEM
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CEIbCKOXO03SMCTBEHHBIX TPAHCIIOPTHBIX arperaTos, O6eCH€‘II/IBaIOH_II/IX
CYHICCTBECHHOC IMOBBIIICHNUEC UX TATOBBIX TOKa3aTeeH.

YCJIOBUSA NEPEXO/JA K ITIPUMEHEHNIO AKTHUBHBIX
[MPULIETIOB 1JI1 ATPETATUPOBAHUS C TPAKTOPAMU

C yBeqWMYEeHWEM MAacCChl TIOJTHOIPUBOJHOTO TpakTopa (ero
CIICITHOTO BECA) W TATOBOTO YCWJIMS CHUXKACTCSI MPOU3BOAUTEIHLHOCTH
arperara Ha €JJMHHIIYy MacChl U PAaCTyT 3aTpaThl HA €ro U3rOTOBJICHHUE U
skcruryaTanuio. J((EeKTUBHOCTh AOTPY3KH KOJIEC TPAKTOpa HYaCTHIO
Harpy3kd OT arperaTupyeMblx ¢ HHM MallMH  OrPaHUYCHA
IPy30MOAbEMHOCTHI0 U TATOBO-CIEIMHBIMU CBOMCTBAMHU IIUH TPAKTOPa
MIPU HOBBILICHUH UX AOTPY3KH [1].

HecooTBeTcTBHE BBICOKOW 3HEPrOHACHIIIIEHHOCTH TpakTopa M
€ro TPOU3BOJUTEIBHOCTA B COCTABE AarperaToB TPaJAULUOHHOTO
MOCTPOCHUSI  YCTpaHSAETCSl IyTeM peaju3allid  TATOBO-IPUBOHON
KOHIIETIMK TpakTopa [2, 3].

st 000CHOBaHMSI TpaHUI] TEPEX0/ia K CO3MaHUI0 TPAKTOPHBIX
MIPUIICTIOB c MIPUBOJIOM KoJIeC oT JIBUTATEIISI
BBICOKODHEPTOHACHIIIIEHHOTO  TPAaKTOpa IIOJNyYeHBbl aHAIMTHYECKUE
BBIPOKCHUS 3aBUCUMOCTEH MPeNe-HON MacChl aKTHBHOTO TPAKTOPHOTO
Moe3/ia, rPy30IMoIbEMHOCTH MpPHIICNa C MPUBOJOM KOJIEC, MOTPeOHOU
OTHOCUTEIBHOU CLEMHOM Harpy3Ku u JIOCTHKUMOM
MPOU3BOAUTEIHHOCTH TPAKTOPHOTO TIO€3/1a OT DHEPTrOHACHIIIEHHOCTH U
MacChl TPaKTOpa, 3arpy3Kd ABUTATENS II0 MOIIMHOCTH, CYMMAapHOTO
JTOPOKHOTO COTIPOTHUBIICHUSI U APYTUX (PaKTOPOB:

My =3 -Kp -1y -(1=6)-mp vy -g); D)

O - Kp -y -Urp
g"//'r/f'(a)x.max_ﬁ'k/o)

iﬂ/ =0 -kp -1y (1-6)-m (v ks-5-g); @)
J=1

W=03,-kp-ny-(1-5) m-kp {yv-9), (4)

Mpp = —1\-my—mpy: @
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rac T a - MoJiHag MacCa AaKTUBHOTO TPAKTOPHOTO ITOC3/1a, 9T -

SHEPTrOHACHIIIEHHOCTh TPAKTOPA; k p - KodpduumeHt 3arpysku
aBuratens no momuoctd; 17, - KIIJI Tpancmuccnn akTMBHOTO

TPAaKTOPHOTO MOe3fa; O - OYKCOBAHHE KOJEC IBMKHTEIS; my -
Macca TpakTopa; V/ - jmelicTBUTenbHas CKOPOCTh IBIKEHHSA; U/ -

CYMMapHBIH KO3(QQUIMEHT JIOPOXKHOTO COMPOTUBIICHHS, g -
yCKOpeHue cBoOoaHoro manenus, 71 ;p - Macca rpy3a B akTHBHOM

IIPUIICTIC, UTP - HOepeaaTovyHO€ OTHOHMICHHUE TpPaHCMHUCCHUU OT

0
JBHMIaTellsl TPaKTopa 10 KOIEC OCHOBHOIO Beyllero mocra; / P
paauyc KaueHHs KOJIEC OCHOBHOTO BEIyIIEro MOCTa TpakTopa B

BCAOMOM PCIKHUME; w MaKCHUMaJIbHas YrijioBasg CKOPOCTb

X.max
BpalICHUA Bajla ABUIATCIISI HAa XOJIOCTOM XOAY, ﬂ - KOB(l)(l)I/II_II/IeHT

almpOKCUMAIIUU BHEUTHEH CKOPOCTHON XapaKTePUCTHUKHU JIBUTATEINS;
/11 - xomu4ecTBO BEAYIIMX MOCTOB AKTHBHOTO TPAKTOPHOTO IOE31a;

A j ° yAembHas (mpuxonsdmascs Ha EIWHUIy MAacChl TPaKTOpa)

HOpMaJIbHAasA Harpy3ka Ha j-e BEAYIIEC KOJIECO IBUIKUTCIIA, kE -

K0d(QPUIIMEHT,  XapaKTepu3yIOUMH  B3aMMOCBSI3b  PEaH3yeMOro
kodduimenta cuemieHHs BeOyIIMX KOJeC MABWXKHTENI C HX

6YKCOB3.HI/I€M; k['vp - OTHOLICHHUC MAaCChl I'py3a K IIOJIHOM Macce

AKTUBHOI'O TPAKTOPHOTO IOC3/14a, T I~ Macca INOpOKHETO IMpUIeIia.

W3 amanmsza Belpakenmid (1)-(4) crmemyer, 4to 4Yem OoibIme
OHCProHacCbIICHHOCTL, 3arpy3kKka ABUTraTtejid TpaKTopa WU 4Y€M MCHBIIC
OyKCOBaHUE KOJEC MABHKUTENS, TeM OOJbIIe MPOU3BOIUTEIHLHOCTh
aKTHBHOTO TPAKTOPHOTO TOE3[a, €ro mpelaeNbHas TMOJHAas Macca,
moTpeOHAs OTHOCHTENbHAs CIlEMHas Harpy3ka ©  HeoOXoamMoe
KOJIMYECTBO BEIYIIUX MOCTOB arperara. C BO3pacTaHHUEM CKOPOCTH U
COTIPOTHBIICHUS JIBUKCHUIO MPEEIbHAS Macca aKTUBHOTO TPAKTOPHOTO
Moe3/1a YMEHBIIACTCS.
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U3 BeipaxkeHus (3) MOKHO ONpEACIUTh T'PAaHUYHBIE 3HAYCHHS
MOKa3aTesiell  PHEProHAaCHILIEHHOCTH TPAKTOpa, MpH MPEBBILICHUU
KOTOPBIX HE0OXOJWMO aKTHBHU3WPOBATh Kolieca TpHIenoB. IIpu sTom
CIIeyeT YYUTBIBATh, YTO
1) Tpy30mMoaBEMHOCTh LIMH TOJHONPUBOJHOTO TpakTopa (B COCTaBe

2
M0Ee3/1a) ONpEeIeNIIeT OTPAHNICHUC Z A j= 1,2-1,3;
J=1
2) 1715 cOBpeMEHHBIX TpakTopos 17,,=0,87-0,95;

3) 1enecoobpasHO MOAMEPKUBATH 3HAUCHUS k p B npenenax 0,85-0,9;

4) CKOpOCTb JBM)KCHHS B TSDKEINIBIX JTOPOXKHBIX YCIOBHSIX, IPUHSATHIX B
KayecTBE 0a30BBIX NpU OOOCHOBAHWM MapaMETPOB IITATHBIX
npuienos u xapakrepusytomuxca /= 0,12-0,24, ne nmpepbimaeT

2,2-28wm/c[ ;

5) ¢ TOYKM 3peHHs CHIKEHHS DJHEPreTHYCCKUX TOTEePh |
MOBPEKTAEMOCTH TTOYBEI paborta BEYIINX KoJiec
CENTbCKOXO3SIHCTBEHHBIX TPaKTOPOB c OYKCOBaHUSIMH,

npessimaronmu 0,2 Herenecoobpasma [1];
6) coOBpeMHHBIE TPAKTOPHbIE IIMHBI B YKAa3aHHBIX BBIIIE JOPOKHBIX
YCIOBUSIX, KaK CJIeAyeT W3 aHajiu3a TATOBBIX XapaKTEPUCTHK

TPaKTOPOB, 00ECIICUNBAIOT Ky =22265 [2, 3].

Pacuersl  mokasplBarOT, YTO  TIpaHMLA  Iepexoja  OT
TPaIUIUOHHBIX K aKTUBHBIM TPAaKTOPHBIM IOE3aM OIpENeNsIeTcs UX
SHEProOHACHIIICHHOCThIO 18,7-21,4 kBT/T.

Taxum o0pazom, MIOCKOJIBKY paspabaTbsiBaeMble u
MEPCIIEKTUBHBIE  CENBCKOXO3SAHCTBEHHBIE  KOJIECHBIE  TPAaKTOPBI
MPAaKTUYECKH  COOTBETCTBYIOT  YKa3aHHOM  SHEProHACBHIIIEHHOCTH,
3¢ ¢eKTHBHOE M TOJNHOE  HCIOJb30BaHUE HMX NpU JajbHEHIIEM ee
MOBBIIICHUN BO3MOXHO TOJBKO IPH paboTe ¢ aKTUBHBIM MPULETIOM HIIH
MIpHLIECTIaMU.

IIpencrasnsier PaKTUYECKUN UHTEpEC YCTaHOBJICHUE
HEOOXOJMMOTO KOJIMYECTBAa BENYIIMX KOJEC aKTUBHOTO MpHLENa HIU
NOTPEeOHOHN CLENHONW HAarpy3KH JABHXKHMTENSI AaKTUBHOI'O TPAKTOPHOI'O
Moe3a TpW 33JaHHON DSHEPrOHACHIIIEHHOCTH TPaKTOpa C YYEeTOM
OTpaHUYEHUH NPOU3BOJUTENBHOCTH arperara I0 JBUTaTeNl0 U IO
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cuerieHuto. VX  cuenmHod  BeCc  CTAHOBHUTCA  «OTPAHUUYHUTEIEM»
MaKCHMaJbHO BO3MOXHOH TIpy30monbeMHOCTH mpuuena. llosTomy
OMATh HEOOXOAUMO HCKaTh pe3epBbl. UM Takme «Maibie» pe3epBhl
COCTOAT B JOTPYKCHHM TpakTopa IJMO0 OallacTHBIMH Tpy3aMHu
(SKCTEHCUBHBIN MyTh Pa3BUTH), THOO B MEpeHOCE YacTH Beca MpHLena
Ha KoJjeca TpakTopa 3a CYeT pa3IuyHbIX JOTPY’KAIOIIUX MBI,
rugpoforpyxarened u  T.m.  OAHAKO  TpaKTHYeCKW  3amac
Tpy30MOIBEMHOCTH KOJIEC TPAaKTOpa OOBIYHO KapAWMHAJIHHO PEIINThH
npobieMy He MO3BOJIAeT. BbIxom B 3aeliCTBOBaHUM «OOJIBIINX»
PE3EpPBOB — B UCIIOJIb30BAaHUU CLIEITHOT'O BEca KOJIEC CaMOro MpHLena s
CO3JIaHHS HEOOXOJMMOM JOTIOTHUTENBHON TATH, ITyTEM MPEBPALICHUS HX
B Benymue. s sToro pa3paboTaHo M 3alaTEeHTOBAHO OOJBIIOE YHCIIO
pasiM4HBIX BapUaHTOB IPHUBOAOB TaK HA3bIBAEMBIX AKTHBHBIX
TIPUILIETIOB.

JI71 HOBBIX KOJIECHBIX TPAKTOPOB 9T = 22-28 xBt/1. Cornacuo

T
¢dopmyne (3), s HUX Zﬂ, j= 1,64-2,08. Oto o3Hauaer, 4TO AJIS
J=1
peanu3anMy  IMOTEHIHMAIBHBIX  DHEPreTHUECKHMX  BO3MOXKHOCTEH
TOTOBSALIUXCS K NPOU3BOACTBEHHOMY BBIITYCKY
BBICOKOIHEPTOHACBILIEHHBIX TPAKTOPOB Ha MpHLEIE, MPEeAHA3HAUeHHOM
JUISL arperaTUpOBaHUsl C TaKHUM TPAKTOPOM JIOCTATOYHO HMMETh OJMH
BEAYLIUHA MOCT.

HUccnenoBanue, mpoBeaeHHoe Ha ocHoBaHuM (Gopmyr (1) - (4)
[I0Ka3aJl0, YTO MaKCHUMajbHas 3arpys3ka ABHMrareis TpakTopakiacca 2
npu paboTe ¢ MacCHBHBIM NPHUIIETIOM He mpeBbimaer 63 % mpu cxeme
Tpaktopa 4K4 u nomycTuMol JOTpy3Ke €ro KOJEeC YacThI0 HATPY3KHU OT
HOoJyHaBecHOro npuuena. [Ipu 3Tom mosHas macca Ipuiena He 10/DKHA
npespiiate 13 T mpu W= 0,18. B ciyuae aKkTUBH3ALUM KOJEC

MOJKATHOM TEJIEKKHU MOJyHAaBECHOTO MpHULENa U 00eCTIeUeHHUs 3arpy3Ku
neurarens, pasHod 80 %, Macca rpyKEHOTrO aKTUBHOTO IpHIIENA B TEX
K€ JIOPOKHBIX YCJIOBHUSIX HE JOJDKHA TmpeBblmath 19,5 1. B cuny
HaJIM4YMsl pe3epBa MOIIHOCTH JABHUTraTellss TPAKTOp C TaKUM MPUIETIOM
MOXET  IPeofoNeBaTb y4YacTKW C  CYMMapHBIM  JOPO>KHBIM
conpotusienneM I/ = 0,20 (pacuetHoe 3nauenue Y/ = 0,18). PacueTs

MoKa3anu, 4ro B TpakropHoMm mnoe3ne 4K4+4K2 (1110) ummeercs
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CYILIECTBEHHBII pe3epB MO CIEIJICHUIO BEIyIIUX KOJIEeC arperara Jaxe
NP TIOJIHOM HCTIOJIb30BAHUU MOITHOCTH ABHUIaTEIA.

Yuensivu BHTY oOocHoBansl mapaMeTpsl OOBEAMHEHHOTO
JOBIDKUTENS]  BBIMYCKAIOWIETOCA JIECOXO3SHCTBEHHOTO (opBapiepa ¢
AKTHUBHBIM MOJYHPHULENIOM, MpEeJHAa3HAaYeHHOro Juid paboThl MOJ
IOJIOTOM  Jieca, pa3paboTaHbl TEXHUYECKHE pEIIeHHs KOMILIEeKca
TOPQSHBIX TPAaKTOPHBIX arperaroB Ha 0a3e KOJECHBIX TPAaKTOPOB C
MPUBOJOM KOJIEC TEXHOJOTHMYECKHUX TPHUIIETIOB, NPOBEJIEHBI IOJEBBIC
UCTIBITAaHUSI ~ OIKCIEPUMEHTAJIbHOTO  o0pa3lila  3alaTeHTOBAHHOI'O
YHUBEPCAIBHOTO aKTHBHOTO OOOPOTHOTO aBTOTPAKTOPHOTO TMpHIIENa,
MO3BOJISIIOLIETO  arperaTMpoBaThCs Kak € TPakKTOpOM, Tak H ¢
ABTOMOOMJIEM-TSTA4e€M, 4YTO YCTpaHsSeT HEOOXOAMMOCTh IIEpPerpy3Ku
rpy3a IpH €ro I0CTaBKE BHAYajle B COCTaBE TPAKTOPHOIO Ioe3[a II0
0e310pOXKbIO, a 3aTeM aBTOMOE3[OM C BBHIE3IOM Ha JOPOTH 0O0MIero
Ha3HAYCHUS U JBIXKEHHEM C OOJIbIIEH CKOPOCTHIO.

Ha ocHOBe mpHBENCHHBIX PE3YJIbTAaTOB INPOBOIATCA paboTHI IO
000CHOBaHHUIO CPEACTB aKTUBU3ALMK XOJOBBIX CHCTEM IS KOMIUIEKCa
MAaIIMHHBIX TPaKTOPHBIX arperatoB Ha 0a3e TPaKTOPHBIX IIacCH s
MeXaHU3aluu yOOPKH Ha TOIUIMBHYIO MMy OBICTPOPACTYILINX PACTCHUH
Ha BBIpaOOTaHHBIX TOP(SIHO-O0NOTHRIX MOouYBax B xo3siicTBax [THP, rue
TaKHe IKOJIOTHUECKHE TEXHOJIOTUH TOTydaroT 3HAaYUMOE Pa3BUTHE.

3AKJIIOYEHUE

Haubonpmiee pacmpocTpaHeHne TNPU aKTHBH3AIMH TPAKTOPHBIX
MPULIETIOB  PAa3IMYHOTO HA3HAYEHWs IMOJYYWIO HaNpaBlICHHE IO
pa3paboTKe CpPEACTB ONEpPaTHBHOW AaKTHBU3ALMM B BHUIE AKTHUBHBIX
IOAKATHBIX IOBOPOTHBIX TCIICKECK CABOCHHBIX (HOHyHaBeCHLIX)
MOJYIIPUILICTIOB U IMMPUCOCAUHACMOI'O NPUBOJAa IITATHBIX HCIIOBOPOTHBIX
TEJIe)KEK C TaHIEMHBIMH OallaHCUPHBIMU  KOJIECaMH. Y YEHBIMU
Benopycckoro HannmoHanmpHOro TexHUYeckoro yHuBepcureta (BHTY)
pa3paboTaHbl TEOPETHUYECKHE OCHOBBI arperaTMpOBaHHs AKTHBHBIX
TPAaHCIOPTHBIX TMOE3[0B, pa3padOTaHbl W 3alaTEHTOBAHbI MHOTHE
TEXHUYECKHE PEIICHHS CPEACTB ONEPATUBHON AKTUBU3ALMH KOJIECHBIX
MIPULIEIIOB.

Celfyac CIOXXHUIINCHh YCIIOBHS, B KOTOPBIX KOJHMUYECTBEHHBIH pOCT
n300peTaTeIbCKUX MPEUIOKEHUH Iepelesl B Ka4eCTBO OTPaOOTaHHBIX
TEXHHUYCCKUX pemeHI/Iﬁ, B PpE3YyJbTAaTC 4YCro MNPUMCHCHUEC aKTHUBHBIX
MMPUIICTIOB CTAHOBUTCA AKTYaJIbHbIM W 3KOHOMHUYCCKU OIIpaBIaHHBIM.
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PacmmpsieTcst cmekTp HX NPUMEHUMOCTH, O Ye€M CBHIETEIbCTBYET
BO3POCIINNA HMHTEPEC MPOU3ZBOJUTENEH CIEHHUATBbHON aBTOTPAKTOPHOM,
TEXHOJIOTMYECKOM CEIIbCKOXO3IUCTBEHHON, TOp(SIHOM, TOpPHOH W T.II.
TEXHUKH K CO3[JaHUIO MPUIETIOB U MPHULETHOr0 pabovero o0opyaoBaHus
C aKTUBHBIMHU pabOYMMH OPTaHaMHU U C BEAYIIUMH KOJIECAMHU.

JIMTEPATYPA

1. T'ycekoB B.B. Tpakroper: Teopus / B.B. I'ycekos, H.H.
Benes, 10.E. AramanoB u ap.; Ilom o6m. pen. B. B.
I'ycpkoBa. — M.: Mammunoctpoenue, 1988. — 376 c., mi.

2. Tajanowskij G., Tanas W. The Estimation of distribution of
traction forces on wheels of multibridge traction means.
MOTROL. Motorization and power industry in agriculture.
Polish Academy of Sciences Branch in Lublin. V6. Lublin,
2004.

3. G, Tajanowskij, W, Tanas, A, Kalina. Mathematical mOdel of
harvest combine for deception fuel chips from fast-growing
plants/ Jornal/ Teka commission of motorization and power
industry in agriculture/ Polish Academy of sciences branch in
Lublin, 2008. Volume 8, page 267-276/

222



VJIK 631.372
CIIOCOB OMNPEJIEJEHUS 3AKOHA JBUKEHUSI OPLIHS
I'UJIPOLMJIMH/PA MOABEMHO-HABECHOTI'O
YCTPOHCTBA MOBUJIBHOI'O DHEPTETUYECKOT'O
CPEJICTBA
METHOD FOR DETERMINING THE LAW OF MOTION OF
THE PISTON OF A HYDROCILINDER OF A LIFTING-
MOUNTED DEVICE OF A MOBILE ENERGY UNIT

B.B. ITonos?, kaH.TexH. HAyK, ITOLICHT,
Y.U. XKnaHOBHYZ, KaHI. TEXH. HAyK, JOLEHT
T omenbckumii rocy1apcTBeHHBINH TEXHUUECKHiT YHUBEPCHTET
mM. I1.0. Cyxoro, r.['omens, benapycs
2EeJIOpyCCKI/Iﬁ HallMOHAJIbHBIA TEXHUYECKUN YHUBEPCHUTET,
r. Munck, benapycs
Popov V.B.}, Associate Professor, PhD in Engineering,
Zhdanovich Ch.1.2, Associate Professor, PhD in Engineering,
Sukhoj State Technical University of Gomel, Belarus
“Belorussian National Technical University, Minsk, Belarus

Hpe)mar aeTcs CIIoco0 OIpeACJICHNA 3aKOHAa IBUKCHUSA TOPIIHSA
ruaponujinHApa NoAbEMHO-HAaBECHOI'O yCTpOfICTBa, I/ICHOJ’IB3YI-0H.II/II?I
BO3MOXXHOCTH OIIEPAITMOHHOI'O HCYUCIICHUA

A method for determining the law of motion of the piston of a
hydraulic cylinder of a lifting-mounted device using the capabilities of
operational calculus is proposed.

BBEJAEHUE

XapakTepUCTUKH THIPONPUBOJA, H300pPaKEHHOTO Ha pPHCYHKE 1,
omnpenensoTes mapamerpamu ruapoHacoca (I'H), paboueit >xmmkoctw,
rugpormnuaapa  (I'Ll), BuaoMm Harpy3ku, a TakkKe MapaMeTpaMu
YeTBIPEXILENEBOro JApoccenupyomero ruapopactpenenurens (I'P).
OOpryHO, TpH  (GOpMUPOBAHWH (YHKIIHMOHAIBHOH MaTeMaTHIECKOM
Monemn (OPMM) HarpyX€HHOrO THAPONPHUBOJA MPEANOTIaraeTcs, 4YTO
CTPYKTYpPHBIE SJIEMEHTHI THAPOIIPHUBOIA PA0OTAIOT OE3BIHEPIIMOHHO, YTO
MO3BOJIAET Ha PaHHEH CTaluM MPOEKTUPOBAHUS M30€kKaTh yCIOXKHEHUS
ero ®MM. bornee aeranpHOE HCCIeNOBaHME PAOOTHI HArpy>KEHHOTO
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TUAPOTIPUBOJIA Tpedyer, 0JTHAKO, ydera XapaKTEPUCTUKU
TUIPOpACIIPEACTUTEIIS.

Lenbto paboThl siBiIsIeTCS OPMATM30BAHHOE OMUCAHUE MEPEXOTHOTO
mpolecca B Harpy>XeHHOM THIPOTPUBOJAC ¢ ydeToM cBoiictB ['P npu
MOMOIIM  ammapara IepelaTOYHbIX  (QYHKIWH, OSKBHUBAJIEHTHOTO
OTIMCaHUIO C TIOMOIIBIO CUCTEMBI (D EePEeHITNANBHBIX YPaBHEHHIH.

Pylyormy, YoF

= oz

heF

M

Pucynok 1 — Cxema rufiponpuBo/ia ApOCCEIBHOTO PETYINPOBAHUS C
JIeHcTBYIONIMMH Harpy3kamu (Y'Y — ycTpoHCTBO yrpaBieHus).

OIPEJEJIEHUS 3AKOHA JABUKEHUS [IOPIIHS
TUJIPOLIMJINH/PA

dopmanuzoBaHHOE omucaHue pabOTHl THIPONPUBOAA IMOIBEMHO-
HaBecHoro ycrporictBa (ITHY) MOOMIEHOTO SHEPTeTHYECKOTO CPEeCTBa
(M3C) B mporrecce moabeMa HaBecHOW MammHB [1] dopmupyercs Ha
OCHOBE JMHAMUYECKON CXEMBI, IIOJyYEHHON U3 €ro CTPYKTYPHOU CXEMBI
(pucyHok 1) B Buze cucTeMbl qud epeHIMaIbHBIX YpaBHeHHH [2].

Pabodas  KuAKOCTh, W3-32 HAIMYUSI B HEH  Iy3BIPHKOB
HEPAacTBOPEHHOTO BO3JyXa CUMTaeTcsi CxXumaeMmol. Temmepatypa,
IUIOTHOCTh,  BA3KOCTh  paboueil  KHUOKOCTH M KOJIMYECTBO
HEPAaCTBOPEHHOTO B HEW BO3[MyXa NPUHAMAIOTCS TOCTOSHHBIMH.
[IpuBenenHsii MOAyIh 00BEMHON yIpyrocTu paboueit xuakxoctu E,,
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cunTaeM MOCTOSHHBIM. OOBEMHBIN pacxomx paboueit skuakoctn Q)

MOCTYTAIOIINA B MaruCTpaib, 3aTPAYMBACTCSl HA TIEPEMEIICHNUE TTOPIITHS
I'll Quep, 1 neopmanmto padoueit xunkoctu [3]. Pasmepbl Maructpanu
CUMTaeM HE3HAYUTEIBHBIMU, TOATOMY MpeHeOperaeM aedopmarmeit
caMOi THUAPOMArMCTpali W HE YYUTHIBAEM BJIHMSHHE MECTHBIX
TUIPABINYECKUX COMPOTUBIICHUN.

= + um Q= f d—Y—i-V—O%;
Q=Q,, +Q, mm Q=1 a TE, d "
Q=q-n-n,
rne  f, - mmomams mopmms TL; V,— o0beM XuaKkocTH,
COCPEIOTOYEHHBIH y TWApoumiamHApa; E, _—  mupuBeneHHMOmyIb

np
00beMHOH yrnpyrocTu padodeid KUIKoCTH; (, N, #o — COOTBETCTBEHHO
oOBpeMHasl mmosaya 3a 00OpOT Baya THAPOHACOCA, a TAKXKE €ro 4acToTa
BparieHus 1 o0beMabid KIT/I.
N3BecTHO, YTO CKOPOCTh HU3MCHCHHS JABJICHHUS B TIOPITHEBOM
MOJIOCTH MponopLroHanbHa ckopoctu nopuns ['1] [4], moaTomy:
dy Vok, dy dy Vok,
Q=f,——+—E ="l f + , )
dt E dt dt E

e kp — K03 HUTIIESHT TPOTTOPIIHOHATHHOCTH U3MECHECHHSI TaBIICHUS.

[IpuBenennoe  ypaBHeHme  pacxoma (1) He  yuuThIBaer
npoccenupoBanue PXX  rumpopacnpenenurenem. s momyueHUs
JMHEApU30BAaHHOW  MOAENIM  THAPOIPHUBOJA  C  JIPOCCEIbHBIM
pEeTyIHpOBaHUEM,  YYUTHIBAIOIIETO  HMHEPIHOHHYIO  HAarpy3ky W
neopmanuro PXK, nonyunm cucremy auddepeHnranbHbIX ypaBHEHHN
(AY).

YpaBHeHHUE TIEpEIaioB JaBJICHUNA OyIeT UMETh BU/T:

m, d° 12-R-1,

k x—k Q= 3)
px pQ 2 !
£t f
rae kpx— KOO (PHUIMEHT KPYTH3HBI MEPENagHOil  XapaKTEPUCTHKA
THAPOPACTIPEICTUTENS; ka =1/ ka —  KO3(pDHUIHMEHT KPyTHU3HBI

PacXoHO-TIepenaHON XapaKTePUCTHUKH;, X — TepeMEIIeHIE 30I0THUKA;
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m,, — npusesenHas k mroky I'll Macca HasecHoii mammnb;; By — Bec

HaBECHOM MammHbl; |, — mepenaToyHoe OTHOIIEHHE MeXaHH3Ma
HaBecku [IHY; Y — koopaunarta nonoxxenus mroka ['1l, koadpdunueHt
1,2 npu P, , yuursiBarommii moTepu Ha TPEHHE B MEXaHU3ME HABECKH.

[lpu oTHOCcHUTENBHO HEOONBIIOM W3MEHEHHH IepelaTOYHOrO
otHomenus |, (B cpeaHem or 3 1o 5) B Juamna3oHe H3MEHEHHA

00001ICHHON KOoOpAMHATHI Y MOXKHO pPacCMaTpUBaTh HX CBA3b Kak
MPOTOPIIUOHANBHYIO Y:
I, =k-Y (@)
Tak Kak KOHEYHBIM PE3yJILTATOM PEIICHHUS TOJYyYCHHON CUCTEMBI
YpaBHCHUHN SBISETCS ONPEICICHUE JUHAMHUYECKOM CBS3H MEXIY
MOJIOXKEHUEM TIPUBEICHHON Harpy3ku Y() u mepemMeneHueM 30JI0THHKA
X(t), To HEO6XOIUMO COBMECTHOE pPEIIeHHe ypaBHeHu (2-4).
Koneunoe ypaBHeHUE OyIeT UMETh CICAYIOIIUNA BU/I;

m,, d?Y Vok, YdY 1,2-P, -k
KX ===t koo f, + =t |+ =Y (8)
f o dt E Jdt f
[IpuBenenue ypaBHenus (5) Kk omnepatopHoi  ¢Qopme u
COOTBETCTBYIOIINE npeoOpazoBaHus MO3BOJISIOT MOy YHUTh
nepefaToYHy 0 (QYHKIMIO Harpy>KEHHOT'O THAPOIPUBOJIA;
Y(s k

X(s) T2s?+2eTs+1'
rae S= jo, j=\/—_1;

Ko f, m, Koo (£, +V0kp/E).

Y12k \12Pk 2,/L2Pk-m,,

ITocne momaun Ha BXOJ E€IWHUYHOIO CTYNEHYATOrO BO3JAEHCTBUS
(MrHOBEHHOE TIepeMeNIeHre 30JI0THIUKA) N300pakeHne Ui KOOPAUHATHI
nosoxxenus nopins 'l mpumeTt Bu:

k
Y(s)= = : 7

(s) s(T%s? +26Ts +1) )

OpI/II‘I/IHaJ'I JJIs1 BBIXOAHOI'O CUIrHaJia MJIKM aHAJIUTHUYCCKOC BBIpa)KeHI/Ie,

OTIpeJIeNsIoNIee KOOPAWHATY HArpy>KEHHOTO IITOKA THAPOLMINHIPA,
uMmeer Buf [5]:

226



Y(t)=k[L+Ce " sin(At +©)), )

i a=¥Z5 3 c-L o- arctan(L/y).
T AT
HpH nmoBTOpHOM  auddepeHnmpoBanny  BelpaxeHuss (8) 1o
HE3aBUCHUMON IEPEMEHHOHM IOJNyYyHM AHAJUTUYECKOE BBIPAKEHHE IS
CKOpPOCTH, a, TOBTOPHB OIlepauuio IupQPepeHIupoBaHus, H IS
yckopenus nopiss I'I] ITHY.
3akoH aBmwxenus nopiund ['1] npeacrasieH Ha pucyHke 2.

raey =

1.5 T T T

yz(t) 0 'ui. ..-'u".-"..'."'¢<

1 1 1
0 1 2 3 4

t

Pucynok 2 — I'paduxu mepexoansix mporeccos: Y(t) - 06001eHHOM
xoopauHatsl; Y1(t) - ckopocty; y2(t) — yckopenus

3AKJIIOYEHUE
Hcnonp3oBanue amnmapara MepeAaTOYHBIX (QYyHKIMHA MO3BOJISIET
Y4ecTb 0COOEHHOCTH PadOThI YETHIPEXIIEIEBOTO0 THAPOPACIPEACTUTEIS
U OLICHWUTH €T0 BIMSHHE HA 3aKOH JBWD)KCHUS MOPIIHSA THMAPOLMIMHIPA
MexaHuzMa HaBecku [IHY Ha paHHUX cTagusx NPOEKTUPOBAHUS WU
MonepHu3anuu cepuitbix [THY MOC.
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YK 631.3-52
ONPEJEJIEHUE YCKOPEHUM, MTPUOBPETAEMBIX
XAPAKTEPHBIMU TOYKAMHU MAIINHHO-TPAKTOPHOI'O
AI'PET'ATA B ITIPOHECCE TPAHCIIOPTHOI'O IEPEE3 1A
DETERMINATION OF THE ACCELERATIONS ACQUIRED BY
THE CHARACTERISTIC POINTS OF THE MACHINE-
TRACTOR UNIT IN THE PROCESS OF TRANSPORT MOVING
B.b. Ilonos, kaHa.TeXH. HAYK, TOLEHT
l'omenbCckuil rocyJapCTBEHHBIN TEXHUYECKUI YHUBEPCUTET
uM. I1.0. Cyxoro, r.I'omens, benapycs
Popov V.B., PhD in Engineering, Associate Professor,
Sukhoj State Technical University of Gomel, Belarus

Ha ocHoBe q)yHKHHOHaHBHOﬁ MaTeMaTU4YeCKOM MOZCIIN U arrapara
MepesaToYHbIX (PyHKIUH OIpeneneHbl YCKOpeHHUs, NpuoOpeTaeMbie
XapakTEpHBIMU TOYKaMH MAaIIMHHO-TPAKTOPHOI'O arperara B IPOIECCE
TPaHCIIOPTHOTO Mepee3ia

On the basis of the functional mathematical model and the apparatus
of transfer functions, the accelerations acquired by the characteristic
points of the machine-tractor unit during the transport moving were
developed.
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BBEJEHUE

[Mpobnembr  obecriedeHUsT  YHOpaBISIEMOCTH M YCTOWYMBOCTH
MallMHHO-TpakTopHOro arperatra (MTA), oOocTpstomuecs Tpu
JUHAMHYECKOM TepepaclpeliefieHnd Harpy3kd Ha MOCTax TpPaKTOPOB
o0I11ero Ha3Ha4YeHUs B IPOLIECCE TPAHCIIOPTHOTO IEpee3a, CBS3aHbI C
BO3HUKHOBEHHEM TIEpEMEHHBIX CHJI HHepiuu. llog TpaHCIOpTHBIM
nepee3IoM 3/1eCh MOHUMAETCS TaK Ha3bIBaeMbIN “IANUHHEIN nepee3n” [1],
T.e. mepee3i MTA ¢ oaHOro mojss Ha JPYroe ¢ IMEPEBECHHOW B
TPAHCIIOPTHOE IMOJIOKEHUE HaBeCHOM MmamnHoi. I[lpumepamu Moryt
CIIyXWUTb TpPaHCIIOPTHBIE IEepee3bl B TMEpUOJ KOIIEHHs Tpas,
BEITIONTHSIEMBIE TpakTopoM ‘“bemapyc-3022” [2], arperatupyeMoro c
KOCHJIKOU-TUTIOIIMIKOM porarmonnoi KITP-9 [3].

Lenp paboTbl — aHaIWTUYECKOE OIpEJCIeHUE YCKOPCHUH B
XapakTepHblx Toukax MTA, BO3HHMKAaOIMX B MpOLEcCe €ro
TPaHCIOPTHOI'O  Tepee3fa  MOA  JACHCTBHEM  KHHEMaTHYeCKOTO
BO30YKIEHHUS CO CTOPOHBI OTIOPHOHN TTOBEPXHOCTH.

OIPEJEJIEHUE YCKOPEHUI XAPAKTEPHBIX TOUEK MTA

Jormymenus 0 IponopIHOHATEHOCTH YIIPYTHX U TUCCUIIATUBHBIX CHII
W3MEHEHUIO XapaKTepPUCTUK HEPOBHOCTH, IO3BOJISIIOT HCIIONb30BATh
anmapar nepeiaTovHbIX (GYHKUM [4] Ansg ompedeneHUs HapameTpoB
kosiebanuit MTA.

[IpeobpazoBanubie o Jlammacy mpy HYJIEBBIX HAYAIBHBIX YCIOBHSIX
ypaBHEHHUsI AJIs1 HE3aBHCUMBIX IpPYyr OT Apyra KojeOaHWMH mepenHed u
3a/IHEHN YacTell OCTOBa TPAKTOpa NPUHUMAIOT BUJL:

(s?+2-h,-S+0%)-Z,(5)=(2-h,-S+03)-Q(S) @
(S2+2-h,-S+0%)-Z,(S)=(2-h,-S +©2)-Q,(S), ()
W3 npuBefeHHBIX BBIPAKEHUNA ONPEACIAIOTCS COOTBETCTBYIOIIHE
nepenarounsie Gynxmun - W, (S) u W,,(S).
Jlnst 3agrero Mocta nepenarounas Gyuakmus ([1D) npuarMaeT BUI:

W, (5)= Z,(S) 2h,S+o’ _  bS+1 -
# Q(S) S*+2h, S+’ a’S*+hS+1’
e, & =1/o,; b= 2hm1/0)§1.

[1I® nns nepegHero MocTa UMEET aHAJIOTUYHYIO CTPYKTYPY:
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_Z,(S)_ 2hS+oh _ bS+1 @
Q,(S) S*+2hS+w; aS*+hS+1
Crnengyer OTMETUTD, YTO PEAKIUs Ha MEpPeIHEM MOCTY 3ala3iblBacT
(0 OTHONIGHWIO K 3aJHEMy MOCTY) Ha OTPE30K BPEMEHH paBHBIN
YacTHOMY OT JIeJICHUsI 0a3bl TPAKTOpa Ha CKOpocTh JBrkeHust MTA.
XapakTepUCTHKH BBIHYKIEHHBIX KOJE€OaHWH, KaKk TpPakTopa, TaKk U
MTA omnpenensitorcss couetanueMm cBoiictB ®MM u 3akoHa U3MEHEHUS
BHEITHUX BO3JCUCTBHHA. Takyro KOMOMHAITMIO ymOOHEE HCCIIeNoBaTh,
€CJIM B Ka4eCTBE XapPaKTCPUCTUKU IMHAMHUYECKOW MOJIENH MPHUHATH €€
aMIUIMTYTHO-4acTOTHYIO0 xapakTtepuctuky (AUX), a BoszaeiicTBue
3aaBaTh ~ CIEKTPAJIbHOW  IUIOTHOCTBIO  CIyY9alHOH  (QYHKITUH
CeNbCKOXO03s1iicTBeHHOTO (hoHa [5].
Takum oOpa3om, mocperactBoM AUX CBS3BIBAIOTCS CIEKTPAIbHBIC
TUIOTHOCTH XapaKTepUCTHK HEPOBHOCTEH c¢/X (oHa © MmapameTpsl
BHOpAITMH 0CTOBA TPaKTOpa:

S:,(0)= Ay () Sy (@) S,,(0)= Ay, (0) Spl)  ©)

rac Sq- ((1)) — CIICKTPAJIbHBIC TNIOTHOCTU XapaKTCPUCTUK HCpOBHOCTeI‘/'I

W,,(S)

CX®; S, (@), S;,(w) - cmexTpambHbIC MIOTHOCTH YCKOPEHHiT OT
XapaKTEPUCTHK HEPOBHOCTEH JUISl 3aJHETO M TEPEIHETO MOCTOB,
A (@), A, (@) — AYX yckopeHuii OT HEPOBHOCTEIH.

N3 Teopum aBTOMaTHYECKOTO ympaBieHus [4] m3BectHO, uTo AUX
JMHAMUYECKOTO 3BEHA PaBHA MOIYIIIO €ro MepeaaTouyHON QYHKIHH, T. €.

Ay (@) = Wy, (jo),
HeobOxomuMo monmyunth cootBercTByROIE AUX MZI (ja))‘ Ut
TiepeiHel U 3a[THel YacTeil ocToBa TpakTopa, 3ameHuB B [1D (3) u (4) S Ha
Jo . 1, u36aBACH OT j B 3HAMEHATENAX JAPOOHO-PALIMOHATIBHBIX (YHKIIUH

(3) u (4). Moxynu IID Mz,( jw)‘ YCKOPEHUH HAXOIHMM, YMHOXKast

c00TBeTCTBYIOIIKE MOAYIH [IMD BepTUKAIBHBIX TEPEMEILCHUN Ha ©’.

CpenHekBagpaTUYHbIE BEPTUKAJIbHBIE YCKOPEHHA 3aJHEr0 U
MepPEeTHET0O MOCTOB TpakTOpa OMIpPEIENAIoTCd IO HM3BECTHOMY H3 [5]
BBIPAKCHHIO:
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®)

1[1)
= [s. (o)d
n.([ ZI((o) 0

B pesynbrare mepeBoga HaBecHod ~MammeHbl — KIIP-9 B
TPaHCIIOPTHOE MOJOXKeHHe HeHTp Tsxecth MTA - S’ cmemaercs
OTHOCHUTEJILHO LIEHTPA TSHKECTH TPAKTOPA - S , PACIIONIOKEHHE KOTOPOTO
coBmajaeT ¢ obmmM ans TpakTopa U MTA LeHTpoM YIpyroctu
(pucyHok 1).

Ss

u

Oss N

Pucynok 1- Cxema, osiCHAIOMIAs TUIOCKHE KOJeOaHus
XapakTepHbIX Touek MTA

3a o0000menHble KoOpauHATEI MTA TpuHNMaeM BepTUKAIBHEIE
HepeMeleHHsl LEHTpa Macc Z, M YIJIOBBIE IIEPEMEIIEHUS OCTOBA O

TpakTopa. OHH CBSI3aHBI C BEPTUKAIBHBIMU KOJEOAHUSAMH OCei 3aIHeTO U
TIEPEHEr0 MOCTOB CJEIYIOIINMHU 3aBUCUMOCTSIMHU:

L+ 2L,
0= ) , o=(z,—-7)/L,, (6)
b
roe, L, =L + L, - 6a3a Tpakropa.
CpenHekBapaTHIHBIE JIMHEHHAST CKOPOCTh IeHTpa Tsbkectn MTA u

yIJ0Basi CKOPOCTb €ro Koje0aHu!l OTHOCUTEIBHO IIEHTpa YNPYIOCTU
OTIPENIENIAIOTCS KaK pe3yibTaT JudQepeHnnpoBanus BeIpaxxeHui (6) 1o
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He3zaBucumon mnepemenHoit t. IToBropHoe nuddepeHuupo-BaHHE IO
HE3aBUCUMON TIEPEMEHHOW JaeT HaM BBIPAXEHUS A  €ro
CpPEeIHEKBAPATUYHBIX JUHEHHOTO U YTIIOBOTO YCKOPEHHUIA:

L, +17 .
O:%zl'l; o=(Z,-7)IL, o)
b

Konebanust MOCTOB TpakTopa »ECTKO CBSI3aHBI ¢ KOJIEOAHHSIMU €ro
LIEHTpa TsOKeCTH W IleHTpa Tskectu MTA u ganee uvepes MH c
KoJIeOaHUSIMH TICHTpa TshKecTH HaBecHOM mammubl — KIIP-9 u rpy3oB
Oamutacta. BepTukanbHble KoneOaHusl Ocell 3aJHETr0 U MEPeIHEr0 MOCTOB

Zy w Z, cONpOBOXIAIOTCSA COOTBETCTBYIONIMMM KOJEOAHUAMH LIEHTpa
TsokecTn MTA - Z,, HaBecHOH MammHbl - Zgs M IEHTPA KpPEIUICHHS
bamacra - er (pucyHok 1).

CpenHekBagpaTUYHbIE  YCKOPEHHUS,  COBEpPUIAIOMIMX  IJIOCKOE
JIBIKEHUE XapaKkTepHbIX Touek MTA, onmpenensitorcs Mo U3BECTHOMY U3
[6] BRIpakeHUIO:

= =N 3T
Ly =4, +a5+3y , (8)
= . =N
rae 4, - CPeAHEKBAJPATUIHOE YCKOpeHne neHTpa Tsukectn MTA;  dg;

y 5; - COOTBCTCTBCHHO HOpMAJIbHOC u TaHT'CHIIMAJIbHOC

CPEIHEKBAIPAaTUYHbIC YCKOPEHUS XapaKTePHON TOUKH.

CpenHekBagpaTU4HbIE JIHMHEHHOE M YIJIOBOE YCKOpPEHHs LEHTpa
Tsokectn MTA onpenensitorcss mo BelpakeHusM (8). HopmanbHbie u
TaHT€HIMAJIbHBIE CPEIHEKBAAPATUYHbIE YCKOPEHHSI XapaKTEPHbIX TOUEK
OTIPEIEIISIIOTCS 10 U3BECTHBIM M3 [6] BRIpaKCHUSIM:

ag = dszi -Lg; -sin By dg = dg - L -sin g
rie g U (g; COOTBETCTBEHHO CPEIHEKBAIPATHYHBIE YIJIOBBIE CKOPOCT
M yCKOPEHHsl XapakTepHbIX Touek; Lg - paccTosHMe OT IeHTpa
yOpyroctd o xapaktepHoit Toukw; S - yron, obpasyemsii Lgc
TOPH30HTOM.

Cpe,Z[HeKBaI[paTI/I‘IHLIG YTJIIOBBIC YCKOPCHHSA XapPaKTCPHBIX TOYCK
OIIPEACTIAOTCA IO BBIPAXKCHUAM:
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. . L .. L
O, =0 Srp : assza.ﬂ.
L. L.
SAKJIKOUEHHWE

Ha craguu ¢popmupoBanus BapuantoB MTA crienyer pacCuUTHIBATH
YCKOpPEHUsI, BOZHUKAIOUINX B XapaKTEepHbIX ToYkax komrnoHeHT MTA Bo
BpPEMsI €70 TPAHCHMOPTHBIX MEPEE3I0B MO NMEPECEUEHHON MECTHOCTH. JTO
MO3BOJIUT MPOTHO3MPOBATH BEPOSITHOCTD: TIOTEPH yIpasisiemoctd MTA,
BO3HUKHOBEHMSI PE30HAHCOB, HApYLIEHUs TPy30IHOJbEMHOCTH LIHH,
HE)KENaTeIbHOTO  IPEBBIIMIEHWS HOPM  JaBIEHHS HAa  OINOPHYIO
MOBEPXHOCTH CO CTOPOHBI ABHKUTEIEH.

JIns BBITTOJTHEHUS IPEIBAPUTENBHOTO pacyeTa CcleayeT OnmupaTbcs Ha
OMM TpaHCHOPTHOTO Mepee3sia, B TOM UYUCIE CXEMYy ITUHAMUYECKOM
MOJIENH, a TaKKe BO3MOXKHOCTU IIpeoOpaszoBanuii Jlamnaca m anmapara
I1D.

C nmnoMmompI0 MPEeACTaBICHHOM  3/1eCh  METOAUKH, IOMHMO
YHOMSIHYTBIX ~XapaKTEPHBIX TOYEK, IO aHAIOTMM MOTYT OBITh
OIpeJiesieHbl  IIapaMeTpbl KojeOaHWN JAPYrMX XapaKTEePHBIX TOUEK,
Harpumep, pabouero MecTa orneparopa.
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SPECIFICITY OF TEACHING DRAWING TO STUDENTS IN
THE SPECIALITY «DESIGN OF TRACKED AND WHEELED
VEHICLES”
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benopycckuii HaMOHAIBHBINA TEXHUYECKUA YHUBEPCUTET
r. Munck, benapycs
Zantaria E.V., Seniora Lecturer
Belarusian national technical University,

Minsk, Belarus

PaCCMOTpeHH METOAOJIOTHUYCCKHUE AaCIICKTbI H CHeHI/I(i)I/IKa
00y4YeHUsT PUCYHKY OOYyYaroIuXcsi B By3€ IO CIEIUAILHOCTH «Jlu3aiiH
T'YCCHHUYHBIX U KOJICCHBIX MAIlIWH».

Metodological aspects and specificity of teaching drawing to
students in a higher educational institution in the speciality «Design of
tracked and wheeled vehicles”.

BBEJEHUE
Cratyc puCyHKa Kak Ba)KHCWINCH JUCIMILUIMHBI B 00JIaCTH
XYJIO)KECTBEHHOH  IeJaroruku  00OCHOBaH MHOT'0ACIIEKTHOCTBIO

MEJJAaTOTHYECKUX M METOJUYECKUX MPoOJIeM, KOTOpBIE HE00XO0IUMO
pemiate B mporecce oOydeHus. OCHOBHOU 3ajaueidl JAMCHUIUIMHBI
«PUCYHOK» Yy CTYIOEHTOB CHEIHUANbHOCTU «JlM3allH TyCEHHUYHBIX U
KOJIECHBIX MAIlMH» SIBJISETCS NPAKTHYECKOE NPUMEHEHHE HaBBIKOB
M300pa3UTENHPHON TPAMOTHl B TMPOCKTHOW AESITEIHHOCTH, T.€. MOYKHO
YTBEpKaTh, YTO PUCOBAHUE B JU3allHE UMEET NPUKIIAJHOC 3HAUYCHHUE.
Pacxoxnmenuss B BbIOOpe Ileneli W OIpenelNeHnd 3adad pPUCYHKa Y
JIU3aiHEpOB OTpa)kaloTCsi Ha MO3UIMOHUPOBAHUHM JIUCLMIUIMHBL B
cUcTeMe HM300pa3sUTENbHBIX YYeOHBIX MPEIMETOB, U OIpPENelsIoTcsS He
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KaKk  XyJO0’KECTBEHHO-H300pa3UTEeIbHBIMH, HO KaKk IIOHCKOBO-
AQHAJIMTUYECKUH BHI y4deOHOro pucCyHKa. B KOHTEKCTe KOpPEHHBIX
W3MEHEHHII B COBpPEMEHHOM 00pa30BaHMM WH)XEHEPOB-IAH3ailHEPOB,
ompenenseTca 0OBEKTUBHAsI CTENEHb COBMECTUMOCTH Y4YeOHBIX 3ajad
aKaJAEeMUYECKOro W  Ju3aiHepcKoro  (JIMHEHHO-KOHCTPYKTHBHOTO,
TEXHUYECKOTO U MOUCKOBO-aHAINTHYECKOI0) PUCYHKAa B paMKaxX OJHON
JUCLUIIIVHBIL.

METOJOJIOTUYECKHUE ACIIEKTBI U CITELIN®UKA
OBYYEHUS PUCYHKY B MHXXEHEPHOM BY3E
HJucnunnnnaa «PUCYHOK» Y CTYJIEHTOB CIIELUAIBHOCTH «Jlu3aitH
TYCEHUYHBIX W KOJIECHBIX MallMH» KaK MHTErpamnus CYLIECTBYIOLINX

JUCIMIUIMH  «AKaJleMUYecKuid  pucyHok»,  «lIpoekTupoBaHue»,
«Texnuueckuit pucyHok», «[IpoextHas rtpaduka» u «IlouckoBo-
AHATTUTUYECKUI PUCYHOK» B CHCTEME MOATOTOBKH [H3aiiHEpOB

MIPEICTABIIACTCS ONTHMAIBLHBEIM BapHaHTOM C TIO3WUIIUH METOIOJIOTHH U
OpraHu3aluy yIeOHOTO MpoIecca.

Crienuduka MPOSKTHOM JEATEIBHOCTH JM3aiiHEpa TPEAbSBIISCT
CBOM TPeOOBaHUS KO BCEM HM300pa3HTEIbHBIM JAUCIUIUIMHAM, OCOOSHHO
K pucyHky. CMeIIeHne akIEeHTOB CO CBETOTCHEBOTO HATypPHOTO
pUCOBaHUS Ha MMOUCKOBO-aHATUTHIECKOEC, pucoBaHue o
MPEJICTABIICHUIO, a TAK)KE PUCOBAHUE C HATyPhl B U3MEHEHHOM paKypce,
MOXET JIaTh OTJWYHBIC PE3yJNbTaThl B 00JacTH  (OPMHUPOBAHUSL
MOHUMAaHUS (POPMBI U MaTEPHAIOB, UX CBOWCTB M CIIOCOOOB IEepeaayu.
Takxke HEMaJIOBaXHO YCBOCHHE CTYIECHTAMHU MPUOPUTETA PUCYHKA - KaK
00o03HaueHne OOBEKTa U €ro CBOMCTB, a HE KaK MEXaHHYECKOe
moApakaHue HaType.

[Iporecc MpoOEKTUPOBAHUS MOXKHO Pa3JEINTh HA TPU OCHOBHEIE
JTama: TPEeANpPOSKTHBIM aHanmu3 O0beKTa, padoTy Haa CO3JaHHEeM
KOHIICTIIIMA W BU3YaJU3alUI0 MPOEKTHOTO TpemioxeHus. OCHOBO
BU3yaJIM3allM HMTOT'OBOIO BapHaHTa pEIICHUS B HACTOSIIEE BPEMs
SBIISICTCS KOMIBbIOTepHass rpaduka. OpHAKO HaYalbHBIC CTaIUU
MPOEKTUPOBAHUS - aHAIW3 CUTyallM W TIOWCK BapHAaHTOB peEIICHUS
MpoOJieMBl - OCHOBaHBl Ha COYETaHWH PYYHOH H KOMIIBIOTEPHOU
rpaduku. B mpoiiecce pucOBaHUS OT PYKH MBIILIICHHE MaKCHMAalbHO
y4acTByeT B Pa3BUTHUU KOHIEMIMH, MBICIb HAXOIUT BOIUIOIICHUE B
M300paKEHUH W OJHOBPEMEHHO PHCYHOK ITOMOTAeT Pa3BOPAvYMBATHCS
VMHTYHUIIMN B HANpaBICHWU JABHEUINET0 pa3BUTUS HIEU. PUCYHOK B
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MU3aiiHe BBICTYNAeT Kak BaKHEWIas acCOlMaTHBHAS, IIOMCKOBas,
aHAIMTUYeCKass W 00pa3HO-TBOpYECKas COCTaBISIOMIas B 00JacTd
npoecCHOHATLHON ~ AeATeNbHOCTH. VHTerpupoBaHHAs JAWCIHILIHHA
«PHUCYHOK» MOKET CTaTh CPEJCTBOM PA3BUTHS MPOSKTHOTO MBIILJICHHUS U
WHCTPYMEHTOM  OCYIIECTBIEHUS (QYHKIUH pHCyHKa B JIH3aiiHE:
aHATUTHYCCKON (amamu3 (hopMaTLHBIX, MIPOCTPAHCTBEHHBIX,
IUIACTUYECKUX W JIp. TapaMeTpoB  0OBEKTa  H300pa3uTeNbHO-
rpa@UyYecKUMH CPEJICTBAMH), KPEAaTUBHOH (ITOMCK HOBBIX BapUaHTOB
mpeoOpa3oBaHus IPOCTPAHCTBEHHOTO U Tpadudeckoro odbpaza oOneKTa)
Y KOMMYHHKaTUBHOH (ObICTpas ¢pukcanus o0pasa, ONTHMAaIbHBIA BEIOOD
rpauecKuX CPEICTB).

CyliecTByIOT pa3Hble B3IIISAbl Ha HEOOXOAMMOCTh OCBOSHUS
Iu3aiiHepaMyu W HMHKEHEpaMH  KJACCHYECKOTO  «AKaJeMHYECKOTO
pucynka». C OJHOH CTOPOHBI: OH JaeT XOpollyr rpaduyeckyro 0asy,
pa3BUBaeT HaBBIKM IMOHUMAHHUA U Pa3pabOTKH TapMOHUYHOUN dopmbl. C
IPYTO:  pa3BUTHE  AW3AHHEPCKOTO  MBINIICHUS  HE0OXOIUMO
MOJJICP)KUBATH W B MPOIECCE OCBOCHHS XYI0KECTBEHHBIX JIHCIUILINH,
npeasaras He TOJIBKO 3a/aHMsl, [PHU3BaHHBIE HAYYHUTh OTOOPaKEHUIO
peaNlbHBIX TPEAMETOB, HO W 3aJaHHs, TO3BOJSIIOIIAE CTYACHTY
MIPEIOKHUTh KaKOW-THO00 TMPOEKTHO-XY/I0KECTBEHHBINH 00pa3. O0yuenne
CTYACHTOB PHUCYHKY JOJDKHO BKIIOYAaTh B ce0s CIEKTp 3aJaHUid,
MO3BOJISONINX MMOJYYUTh OOJBIION 00BEM 3HAHWH W HABBIKOB B COKATHIC
CPOKH.

MOXXHO TpEeNJIOKUTh HECKOJBKO PpEIIeHUH Uil  CO3JaHus
3¢ (EeKTUBHBIX METOJUK OOyYEHUS CTYACHTOB, TAKMX KaK: BKIIOYCHUE
pUCYHKa B KypC MPOEKTUPOBAHUS, IUIACTUYECKOTO MOIECITUPOBAHMUS,
TEOPUM U METOAOJOTMHM  Ju3aifHa. Bo3moxxHO  BBeneHUE
MHOTOACTIeKTHOCTH (POPMaILHOTO M CMBICIIOBOTO KOMITOHEHTA 3aJaHus
B paMKax Kypca TMpOEKTUPOBaHUS. OTO IIO3BOJIUT MPUMEHHUTH
HOJYYCHHbIC 3HAHUS Ha MPAKTHKE.

YK 629.433.2
BbIBOP METOJA KOHCTPYUPOBAHUA IIPU

INPOEKTHPOBAHUUM UHTEPBEPA ITOKAPHOI'O
ABTOMOBWJIA
CHOICE OF CONSTRUCTION METHOD TO DESIGNING THE
FIRE CAR INTERIOR
E.A. T'oHuapoBa, MarucTpasr,
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B.II. BOWKOB, OKT. TEXH. HAYK
benopycckuil HalMOHANBHBIA TEXHUYECKUM YHUBEPCUTET
r. Musck, benapycs
Goncharova E.A.?

Boykov V.P., Professor, Doctor of Technical Sciences,
Belarusian national technical University,

Minsk, Belarus

BrinlonHEH aHanu3 METOAOB COBPEMEHHOTO KOHCTPYHUPOBAHUS U
N3YyUCHBI 0CO6CHHOCTI/I pa6OTI:I TCEXHHUKHU CIICHUAJIBHOI'O Ha3HA4YCHU, B
YaCTHOCTU IOXKApPHOI'O aBTOMOOMIIS. I[J'IH pa3pa60TKH HUCXOOHBIX
TpeOOBaHMIA K MHU3AWH-TIPOCKTY €ro WHTEphepa H3yYCHA KOMITOHOBKA,
YCIIOBHSL JKCIUTyaTalldd W  TEXHUYECKHUE XapaKTepUCTHKH. BpiOpan
METOJ] TPOEKTUPOBaHUS JuId pa3paboTKu Ju3aiiHa UWHTEphepa
MO’KapHOTO aBTOMOOMIIS.

The analysis of the methods of modern design was carried out and the
features of the operation of special-purpose equipment, in particular, of a
fire engine, were studied. For the development of the initial requirements
for the design project of its interior, its layout, operating conditions and
technical characteristics were studied. Design method selected for
interior design of a fire engine

BBEJIEHUE

CoBpemeHHas WHQPACTPYKTypa MPOU3BOJACTBEHHBIX CEKTOPOB
skoHOMUKH Pecnybnuku benapyck mnpezacraBiieHa MHOTOYHCICHHBIMHU
NPEANPUATUAMH € Pa3IMYHBIMU TEXHOJIOTMYECKMMHU IPOLECCAMU,
KOTOpBIE 3a4acTyl0 IPEICTABILIIOT OIPEACIEHHBIE OYard OIACHOCTEH
pasMuHOrOo  YpOBHS  (JIECHOE  XO3SHCTBO, TOP(OIPOU3BOACTBO,
JHepreTudecKkue CTPYKTYpel W J1p.) B coderanmm ¢ pasaumyHBIMU
KJIIMMaTUYECKUMHA  NEPUOJAaMU U IOTOJHBIMH  YCIIOBUSMH  OHH
OpeACTaBIAIOT  co0OH  odarn  0co0oil  HAampsDKEHHOCTH U
MOKApOOIIACHOCTH AJIs 4eloBeKa U camoil uHdpacTpykTypsl. IlosTomy
pOJIb Takoro BEAOMCTBA Kak MMHHMCTEPCTBO IO YpPE3BBIYANHBIM
CUTyalussM W MOOWIIBHOCTb €ro TEXHHYECKOTO OCHAICHHS OC000
3Ha4lMa B BOIPOCE CBOEBPEMEHHON JIMKBHUIAIINY BO3HUKAIOIIAX OYaroB
onacHocTU. VIMEHHO MO3TOMY COBEPIICHCTBOBAHUE IMOXKAPHON TEXHHUKHU
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SBIIICTCS aKTyaJbHOW 3ajaueil WCCICHOBATCILCKAX M HHKCHEPHBIX
ciryxO0.

Jna BeIOOpa MeToja KOHCTPYHPOBAHHMS HHTEphEpa I0KAPHOTO
aBTOMOOMIISI HEOOXO0IUMO:

1. Uzyunth wHpOpMAIMOHHBIE M HOPMATHUBHBIC MaTEpUANBI II0
0COOEHHOCTSIM pabOTHI TTO’KAPHBIX aBTOMOOHMIICH M SKHITA)KHOTO OTCEKa.

2. JlaTh TOHSTHE HWHTEpPhEpa IOKAPHOTO ABTOMOOWIIS, OIHCAThH
HATPAaBJICHHS 110 BHIOOPY CTIIIUCTHKH MPH pa3pabOTKe MPOSKTa.

3. O3HakOMHUTBCS C MarepuallaMH, HCIOJIb3YEMbIMU MpPHU
IMPOCKTUPOBAHNHU TCXHUKHU CIICIHMaJIBHOT'O Ha3HaA4YCHUA u ux
NPUMEHEHHUEM B COBPEMEHHOM HHTEphEpEe aBTOMOOMIEH CHEelUalIbHOTO
HA3HAYCHUSI.

4. TlpoBecTu aHalU3 BapUaHTOB KOMIIOHOBKH IPOEKTHUPYEMOTO
aBTOMO6I/IHH, CyHIE€CTBYIOIIUC METOABI u HUHCTPYMCHTLIL
MPOEKTUPOBAHUSI.

OIIMCAHHME CYUIECTBYIOIIMX METOJIOB I1PU
[MPOEKTUPOBAHUU ABTOMOBWJIA

[loxxapuple aBTOMOOWIM CO3HaHBI Ha 0aze TPY30BBIX
aBTOMOOMJIEl 00mero Ha3HAYEHHS, COCTOSANIMX M3 TPEX OCHOBHBIX
YyacTel: IBUTaTelisd, IacCh U Ky30Ba.

it co3maHus MOXapHBIX MAIIMH HAa IIACCH TPY30BBIX
aBTOMOOMJICH KOMIIOHYIOT MOXKapHYIO HaICTpoiKy. B 3aBHCcHMOCTH OT
Ha3HA4YCHHA IMOXKapHOro aBTOMOOMIIA HﬁIICTpOﬁKa MOXET BKJIOYATh
KaOMHY C OTCEKOM sl OOEBOTrO pacuera, pa3lIM4HbIe MEXaHU3MBEI,
MUCTEPHBI U OaKy JJIsi OTHETYIIAIIETO BEMIECTBA, TIOXKAPHO-TEXHUIECKOE
BoopyxeHwue. [1].

[ToxapHas HAaJICTpOMKa SIBJISICTCSL, TaKuM o0Opaszom,
MEepPEeBO3UMBIM I'Py30M. Macca 3TOro rpysa HOCTOSIHHA, T.€. MOKapHBIN
aBTOMOOWMIIL HE HMEET XOJOCTHIX TpoberoB. [lo ompenmeneHuio, oH
IKCIUTYyaTHPYETCA B TPAHCIOPTHOM pEXHUME M B pekuMe O0eBOU
JKCIUTyaTalluy Ha MOXKapax.

KomnoHOBKa mOXapHBIX aBTOMOOWIEW JODKHA OBITH TaKoOM,
qTOOBI pcan3oBaIMChb €ro TEXHHUYCCKUEC u TEXHOJIOTHYECCKHUEC
(omepaTuBHBIE) BO3MOKHOCTH B TPAHCIIOPTHOM PEXHME, B YCIOBHSIX,
OTPaHWYMBAIOIINX MaHEBPUPOBaHHE, U B CTAI[MOHAPHBIX PEXHUMax MpU
BO3MICHCTBUH OMACHBIX ()aKTOPOB ITOXKApa.
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Texnuueckuii ypoOBEHb U  COBEPIICHCTBO KOHCTPYKIIUHU
MOXKAPHOM HAaACTPOMKH, a TAaKKe PAaLUOHAIBHOCTh €€ KOMIIOHOBKHU C
0a30BBIM ITACCH JIOJDKHEI 00ECTICUMBATh PEATU3AINI0 BCEX TPEOOBaHUA,
MPEIBSABISIEMBIX K MTOKAPHBIM aBTOMOOHIISIM.

[Ipu 5TOM KOMITOHOBKA AOJDKHA:

- He CHIDKATh MOKa3aTelieil 0e30macHOCTH 0a30BOT0 MIACCH;

- obecrieunBaTh B MUHUMAJIFHOE BPEMS OCYIIECTBICHUE OOCBBIX
JIeHCTBHIA ¢ 0€30MACHOCTHIO JIJIS JIMYHOTO COCTaBa;

- YAOBJIETBOPSATH TpPeOOBAaHMSAM OXpaHBl TpyJa TIOXKapHBIX U
OKpYXKarolleu cpeibl.

[Ipu W3yyeHUM CyIIECTBYIOIIUX METOJOB KOHCTPYHUPOBAHUSA
MO>KHO BBIACIIUTH TPU B3aUMOCBSI3aHHbBIE TPYIIIHI [2]:

- [10 BUJAM CBSI3€M MEXKIY 3JIE€MEHTaMU;

- 1m0 cnocoOy BBISBICHHUS W OpraHU3allMd CTPYKTYPhI CBs3CH
MEXIY 3JeMEHTaMU;

- [0 CTENEHU aBTOMATH3aLUU KOHCTPYUPOBAHMS - 3aBUCUT OT
HA3HAYCHUS anmnapaTypsl U ee GYHKIHA, TPeo0IaIaoliero Buaa CBs3ei,
YpOBHS YHU(UKAIIUU, ABTOMATU3AIUU U T.]I.

PaccMmoTpum KpaTko CIOKUBIIMECS METOABI KOHCTPYUPOBAHUSA
Ha OCHOBE CJICAYIOMUX HCTOIHUKOB [1,3].

l'eomerpuyeckuid Meton. B oCHOBY MeTojga TOJIOKEHA
CTPYKTypa TE€OMETPHUUYECKHMX W KHHEMAaTHYECKHX CBA3CH MEXIy
JETaNISIMU, TIPECTaBISAIONIasi COO0H CHCTEMY OMOPHBIX TOYEK, YHCIO H
pa3MelleHue KOTOPBIX 3aBHUCUT OT 3aJaHHBIX CTEMeHEH CBOOOABI U
TEOMETPUUECKUX CBOWCTB TBEPAOTO Tena [2].

MaiMHOCTpOUTENbHBINM MeToAd. B  ocHOBY »3TOoro Mertoja
KOHCTPYHMPOBAHUS TIOJIOKECHA CTPYKTYpa MEXAaHUYECKUX CBSI3EH MEXKITY
3JeMEHTaMH, MPEACTABISAIONIAS co0oii cUCTEMY OTIOPHBIX
MOBEpPXHOCTEH. MaIIMHOCTPOUTENbHBIA METOJ HCHOJB3YETCsS IS
KOHCTPYHPOBaHUSI YCTPOHCTB M JJIEMEHTOB aBTOMOOWIIEH, KOTOpBIE
HECYT OOJIBIIINE MEXaHWYECKHE HArpy3Kd M B KOTOPBIX HEH30CKHBI
BCJIEJICTBUE 3TOTO OoJbIIHe AeopMaIny.

Tonosornyeckuit meton. B ocHOBY MeToja TOJIOXKEHA
CTPYKTypa (U3MYECKUX CBsI3€d MEXIy CHCTEMaMH, arperaraMu |
y3llaMd MAaIIWHBL.. TOMOJOTUYECKUNA METOJ, B MPHUHIUIEC, MOXKET
MPUMEHSATHCS IS BBIABICHUS CTPYKTYpPHI JIOOBIX CBS3€H, OIHAKO
KOHKPETHOE €ro COJIepKaHhe TIPOSBISETCS TaMm, TJ€ CBSI3HOCTH
3JIEMEHTOB MOXET OBITh COTIOCTABIICHA.
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MeTo NPOEKTUPOBAaHUS MOHOKOHCTPYKIMH. (OCHOBaH Ha
MUHUMU3AIAA YHCIa CBA3eH B KOHCTPYKIIMH, OH TNPUMEHSETCS s
co3aHusl (PYHKIIMOHAIBHBIX Y3JI0B, OJIOKOB, HA OCHOBE OPUTHHAJILHOU
Hecylledl  KOHCTPYKUMH B  BHAE MOHOYy31a (MOHOOJOKa) C
OpUTHHAJIHHBIMH 3JIEMEHTaMHU.

ba3oBeIi (MOIYJIBHEII) METON KOHCTPYHMPOBaHWSA. B OCHOBY
METOAa IIOJIOKEH MOZIynBHLIﬁ IIPUHOUIT TIPOCKTHUPOBAHMA. ,Z[CJ'IGHI/IC
0a30BOro Meroja Ha PAa3HOBHIHOCTH CBSI3aHO C OTPaHUYCHUSIMH,
CXEMHOM KOHCTPYKTOPCKON yHHU(DHKAIMEH CTPYKTYPHBIX YpOBHEH
(Momynelt GyHKIMOHANBHBIX Y3JI0B, OJIOKOB).

Ba3oBbIii MeTO SBISETCS OCHOBHBIM IPH MPOSKTUPOBAHUU B
COBPEMEHHOM JI3aifHe, OH HMEET MHOT'O MTPEUMYIIIECTB IO CPABHEHHUIO C
METOJIOM MOHOKOHCTPYKIIH, OCHOBHBIE U3 HUX CIICIYIOIIHE :

- Ha JTane pa3padOoTKH MO3BOJIIET OJHOBPEMEHHO BECTH paboTy
HaJ MHOTUMH y3JIaMH W OJIOKaMH, YTO COKpAaIlaeT CPOKH MPOBEACHUS
pa3paboToK; ympoIIaeT OTIaAKy W CONPSDKEHHE Y3JIOB, TaK Kak paboTa
mo00ro  (PyHKIIMOHAJIBHOTO y371a Ompesensercs padoToil M3BECTHBIX
MOJyJel, pe3K0 YMNpoUIaeTcsi KOHCTPYUPOBAHWE U MAaKETUPOBAHUE;
COKpamaer 00beM OPUTHHAIBHOW KOHCTPYKTOPCKOW JTOKYMEHTAIIHH,
JTaeT BO3MOKHOCTh HEIPEpPHIBHO COBEPIICHCTBOBATH ammapaTrypy Oe3
KOPEHHBIX U3MEHEHUN KOHCTPYKLMH; YIPOILIAET U YCKOPSET BHECEHHUE
U3MEHEHH B  CXeMy, KOHCTPYKIIHIO ¥  KOHCTPYKTOPCKYIO
JIOKYMEHTAIIHIO;

- Ha 3Tare MPOU3BOJICTBA COKPAIIAET CPOKH OCBOCHHSI CEPUITHOTO
MPOM3BOJCTBA amNmNapaTyphl; yOpPOIAeT COOPKY, MOHTaX, CHHXKAeT
TpeOOBaHMs K KBaTU(UKAIIMH COOPITUKOB W MOHTAXKHHKOB; CHIDKAET
CTOMMOCTh  ammapaTypbl Ojarojmaps IIHPOKOW  MeXaHW3aIluul |
aBTOMAaTU3allM TMPOU3BOJCTBA; IMOBLINACT CTCHNCHL CIICHUATIU3aANN
MIPOU3BOJICTBA;

- IIpHU SKCIUTyaTalluK MOBBINIACT SKCILTYaTallTUOHHYIO Ha/IC)KHOCTD,
oOmeryaer OOCITy>KMBaHHE, YIy4yIIaeT PEMOHTOIPHUIOJHOCTE BCEX
COCTaBHBIX YacTel uuteprepal3].

Ha ocHoBe pa30OueHHs HWHTEPLEPHOW CXEMBI TIOYKAPHOTO
aBTOMOOMIISI, OCOOEHHOCTEM M YCIOBHH OJKCIUTyaTalWik,  aHaJIW3a
CYIIECTBYIOIIMX KOHCTPYKIMM BBIOMpaeTcs MeTOJ KOHCTPYHPOBaHUS
YCTpOICTBa B 1IEJIOM M €ro 4vacTte. YUWuThIBas BCE€ HIOAHCHI
IMPOCKTUPOBAHNUA TEXHUKH CIICHUAJIBHOIO HAa3HAYCHMHA, CepHﬁHOCTH €c
MPOU3BOICTBA, CHICIIM(DHUKYN M YaCTOTHI 3aMEHBI JIeTalicii MOAY1sl 00CBOTO
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pacyera, 15 MPOSKTHPOBaHWs KOMIIOHOBKM WHTEpPhEpa CIIEAyeT
BEIOpaTh 0a30BOM (MOIYNBHBIA) METOJA KOHCTPYHPOBAHHS Ha OCHOBE
NPUHIAIA YHUQHKALTUH.

Ilpy KOMIMOHOBKE JOJKHBI OBITH y4TEHBl TpeOOBaHUS
ONTUMAJBHBIX (DYHKIMOHANBHBIX CBSI3€H MEXAY MOIYJISAMH, HX
YCTOMYMBOCTh, CTAaOWJIBHOCTh, TPEOOBAHUSI HMPOYHOCTH M JKECTKOCTH,
MOMEXO03AIMUINEHHOCTH W HOPMAJIBHOTO  TEIUIOBOTO  PEKUMA,
TpeOOBaHMsI TEXHOJIOTHUYHOCTH, SPTOHOMUKH, YI00CTBA SKCILTyaTallud 1
peMoHTa. PasMmelieHne KOMIUIEKTYIOIIMX 3JE€MEHTOB B MOZYJIAX BCEX
YpOBHEH JIOJDKHO O0OecrieunBaTh pPaBHOMEPHOE ¥ MaKCHMAIbHOE
3all0JJHEHUE KOHCTPYKTUBHOTO O0BeMa € YOOOHBIM JOCTYNOM ISt
UCIIOJIB30BaHMsl OOEBBIM pacyeToM, OCMOTpPA, PEMOHTa M 3aMEHBI.
3aMeHa JeTanu WM cOOPOYHOM EOUHHUIBI HE MOJDKHA IMPUBOIUTH K
pa30opke Bcell KOHCTPYKIIMM WM €€ COCTaBHbIX yactei. Jlns
YCTOMYMBOTO TOJOXKEHHSI HM3JENUsl B IPOLEcce 3KCIUIyaTalUuu LEHTP
TSDKECTH  JOJDKEH HaXOOUTHCS, BO3MOXHO, ONIDKE K  OIOPHOM
nmoBepxHOCTH. [Ipy KOMIIOHOBKE MOJyJiel BceX ypOBHEH HEOOXOIUMO
NPEAYCMOTPETh  JOCTATOYHOE MPOCTPAHCTBO JJsI CBS3U OTACIBHBIX
3JIEMEHTOB.

3AKJIIOYEHUE

Hcnons3oBanue yHHUKaH JJIEMEHTOB npu
NPOCKTUPOBAaHUM HMHTEphEpa IOKAPHOTO aBTOMOOWJISL  MO3BOJIUT
CYLIECTBEHHO YMEHBIINTh Ia0apUTHBIE Pa3Mepbl W3IENHsl, YIPOCTUTh
cOOpKy H 3aMeHy He0OXOIUMBIX MOJIEIIEH B ClTydae BBIX0JIa U3 CTPOS.
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HNBETO®AKTYPHBIE PEHIEHUSI UTHTEPBEPA HASEMHOI'O
TPAHCIIOPTA, IIPUYHUHBI BO3I[EP1CTBHH
J.C.AcatpsH, MarucTpanT
B.II. BolKOB, TOKT. TEXH. HAYK
benopycckuil HalMOHANbHBINA TEXHUYECKUI YHUBEPCUTET,
r. Munck, benapych
Asatrajn D.S.,
Boykov V.P., Professor, Doctor of Technical Sciences,
Belarusian national technical University,
Minsk, Belarus

N3yuena ponp 1BeTa M KOJOPUCTUYECKUX pELICHUNH B JU3alH-
npoekrax. IIpoaHanu3upoBaHa HCTOpUYECKass CBsI3b LIBETA U
mpeaACTaBJICHUEM CpeablL O6I/ITaHI/I$1 u MCHTaJIUTETA o6mecma.
[IpuBenena Knaccn(bHKauI/m BETOBBIX acconuanui. CaeraH BEBIBOI O
BaXHOCTH aHaJM3a 1BETO(GaKTypHOTo (heHOMEHA B CUCTEME KYJIbTYPhI U
HHSaﬁH-HpOCKTHpOBaHHH.

The role of color and color solutions in design projects has been
studied. Analyzed the historical relationship of color and representation
of the environment and the mentality of society. The classification of
color associations is given. The conclusion is made about the importance
of the analysis of the color-patterned phenomenon in the system of
culture and design.

BBEJIEHUE

B coBpemMeHHOM MEpe O4YeHb BakKHa POJIb IIBETA B OCOOEHHOCTH
¢dopMHupOBaHUsT ~ NPOCTpAaHCTBEHHOH  cpeapl.  LlBer  sBisercs
YHUBEPCATBHBIM MMPU3HAKOM MPHUCYIIMK JTI000MY CTHITIO. B oTnmmumm ot
¢opMBI  OH  JIOCTaTOYHO  XOpOWIO  MOAAAETCSI  OIMHUCAHUIO.
Konopucruueckne CUCTEMBI MOSBHWIMCHE OJHOBPEMEHHO C TEPBBIMHU
MHU(DOIIOTHIECKIMH O0psIIaMi B PUTyaJlaMU B CBSI3H CO CTPEMJICHHEM K
YIOPSAOYMBAHUIO MUPA: UL TOrO YTOOBI CO3/1aTh SA3bIK, MOHSATHBIA A

242



BCEX - IS JIFOJICH, U1l OOTOB U AYXOB; MMO3JHEE CUMBOJIUKY I[BETA CTAIIU
WCIIOJIB30BaTh JuIsi 00OO3HaueHWs cruxuil. JlanpHeimee pa3BuUTHE
KOJIOPDUCTUYECKUX CHCTEM TIPUBEIO K pa3paboTKe METOA0IOTHU
WCTIONb30BaHMs [BETOPAKTYPHBIX PEIICHWH Tpu pa3padoTKe Iu3aiiH-
MPOEKTOB, KaK OJHOW M3 BaYKHBIX COCTABJIAIONINX, B PAa3IMYHBIX chepax
YEJIOBEUYECKOM AEATEILHOCTH U OTPACISX SKOHOMUKH.

[losToMy Ilenbl0 JaHHOW pabOTHI SBWJICSH aHAIU3 LBETO(PAKTYPHBIX

MOJXO/IOB U PEIICHUMN IS BBITOJIHCHUS TU3aWH-TIPOCKTOB MOOMIHHBIX
MAIlIMH U TPAHCIIOPTHBIX CPELCTB.

AHAJIM3 [IBETO®AKTYPHBIX IOJAXOJOB U PELLIEHNUI B
JIN3ANH-TTIPOEKTUPOBAHUU

Kak npaBuio, 6onbiryro 4acte HHGOPMALMU O BHEIIHEM MHUPE MBI
nojyvaeM uepes Tiasza. ['na3 ¢pukcupyer popMmy u 00beM MPEeIMETOB, a
TaKke 1BeT. L[BeT - 3T0 ofHA U3 CaMBIX Ba)KHBIX XaPaKTEPHCTHK BCETO
BUJEHHOr0o HaMM. Kaxaplii 1LBeT BBI3BIBAET Yy 4eJIOBeKa LEMb
acCOLMAIMM, KOTOpPBIE BIUSIOT HE TOJBKO HA €ro ICHXOJIOTHYECKOE U
MOLMOHAIBHOE COCTOSIHUE, HO U Ha ¢u3uoiorudeckoe. Eine npesHue
y4eHble TOAMETHIN 3TOT (EHOMEH M C YCIEeXOM MpHMEHsIH Ha
IpakTUKe nBerojedeHue. OueBHIHO, YTO B OJHOM IIOMELICHUHU
JBIIIATCS JIETKO U CBOOOJHO, a2 B HEKOTOPHIX JAPYTHX - CTEHBI OyATO
cOmKaroTCs U AaBAT Ha Bac. He mocieqHIo0 poiib B TAKOM BOCIIPUSITHH
urpaer u nser. [103ToOMy moaxoauTs K BBHIOOpPY LIBETOB ISl MHTEphEpa
HYHO ¢ 0cOOBIM BHUMaHUEM. Benlb poekTHpyeMblil HHTEpbep T0JKEH
HE TOJIbKO OTBEYATh BKYCaM, HO U OBITh MAaKCUMAaJIbHO KOM()OPTHBIM.

Ecnmu uHTEpBEp TPaHCHOPTHOTO CpeAcTBa OyNET BHIACPKAH B OJHOM
MOHOTOHHOM IIBET€, TO TAaKOM HWHTEPbEP BBI3OBET  OBICTPYIO
yromssieMocTs. Ho odopmieHne uHTEphEepa B JIByX KOHTPACTHBIX
[[BETax MpHUBEAET K TOMYy Xe pe3yibTrary. Bo Bcem HyxHa Mepa U
TapMOHMS, M3JIUINHSAS [ECTPOTa HA30WIMBA, KaKk W M3JIUIIHSSL
MOHOTOHHOCTb. V30€XaTh 3TUX MOABOJHBIX KaMHEH MOMOTYT pa3yMHO
noJoOpaHHbIE [EeTadd WHTephepa M HEKOTOpbIE IPOCTHIE NpaBHIIA
€OYeTAEMOCTH IIBETOB.
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O}_'[HOTOHHB.SI COUYCTACMOCTL 3aKJIIOYACTCd B COUYCTAHUH PA3JTUYHBIX

OTTEHKOB OIHOTO 1BeTa. Takoe 0hOpMIICHHE CTEH MPUMEHSETCS B TOM
ciydae, €ciiiu JOOUThCS CIOKOWHOW W paccialiistonieii 00CTaHOBKH.
OIHOTOHHAS COYETAEMOCTh I[BETOB HJICATBHO TOIXOIUT ISl HHTEPhEPA,
B KOTOPOM aKIIEHT OyJeT C/IeJiaH Ha SPKHUE ICTaN: MOPYYHH, CPEICTBA
OmjaThl  TMACCAKUPAMH  TOE3JIKH, PACIOJOXKCHHBIE 10  CAJOHY
HAIPAaBJISIOIINE, TTACCAKUPCKUAEC CUIICHHUS.

KOHTDaCTHaﬂ COUYCTACMOCTEL - 3TO COCAMHCHUC JBYX KOHTPACTHBIX
[[BETOB, HAIIPHMEP, CHHETO W OPAHKEBOTO. DTH IIBETa YPaBHOBEIIHNBAIOT
IIPYT ApyTa W CO3MAIOT SPKUH M HApAIHBIN HHTEphep. UTOOB M30ekaTh
V3IUITHEN HA30MIMBOCTH TaKOro coueTanus. [Ipu 3TOM CTOUT MOMHUTB,
YTO 1O TOHY MeOenb JOJDKHA OBITH CBETNIee T0Ja, HO TEeMHEE CTeH.
3pUTENBHO 3TO MPHUIACT BECOMOCTh M €CTECTBEHHOCTH ITOMEIIEHHIO.

MOXHO TPOCIEAUTh HCTOPUI0 (POPMHPOBAHUS MEHTAIBHON CBS3H
MEXIy [BETOM W JXW3HbIO oOmiecTtBa. LlBer HampsMyio 3aBUCHT OT
MOAAIBHOCTH (BOCIPUATHS, IIPU MOMOIIK KaKoro-TO uyBcTBa). Kaknprit
UBeT 3amu(poBEIBacT B cede KO, BOCIPHITHA KOTOPOTO Y KaKIOTO
HapoAa cBos. IIoHATH 1BET O3HA4yaeT MHOHATh KYJbTYPY WU Hacieaue
obmiectBa. [loaToMy 1BET HACTONBKO BaxkeH B (popMooOpa3oBaHuY.

Bocrmpusatue 1mBeTa — 3TO CIOXKHBIA Iporiece, 00yCIOBICHHBIA HE

TOJILKO (PU3UYECKUMU, (PU3UOJOTHUCCKUMHU, HO M TCHUXOJIOTHYCCKHUMHU
¢dakropamu. 3a  gmoiroe  pa3BUTHE  YEIIOBEYECKOTO  3pEHHA,
MICUXOJIOTHYECKOE  BO3ACHCTBHE IBETAa COBEPIICHCTBOBAIOCH  OT
3JIEMEHTAPHOTO LIBETOOIIYIICHHS JO BBICOKO Pa3BUTOrO YyBCTBA I[BETA
COBPEMEHHOTO YE€JIOBEKa.

OMOIIMOHAIBHBIE ~ aCCOLMAllMA  MOTYT OBITh  TO3UTHBHBIMH,
HETaTUBHBIMH WM HeWTpanbHbIMH. [[BeT Moxer B030yXmaTh Kpome
OpraHOB 3PCHHsI W APYyTHE OpraHbl YyBCTB — OCSI3aHUE, CIIYX, BKYC,
obOonsHme. 1[BeT MOXKeT BbI3BaTh Takue (DU3MUYSCKUE aCCOIMAIINU, KaK
JIETKUH, XONOIHBIA, TUXUH, TTIaJKUNA, OTCTYNAIOLIUN, TSDKENIbIN u T.4. [1]

B omHOM »KcIiepuMEHTE HECKOJIBKHUM HCIBITYEMBIM IPeaiarajioch
MEPEHECTH Ha ONpeielieHHOE pPACCTOSHHWE JBE TPYIIBI  SIIUKOB,
BBIKPAIIIEHHBIX B JKEJIThIA U KOpUYHEBBIN 1IBET. [locie Toro kak sSuuKu
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OBUIM TICPEHECEHBI, YYacTHHUKAM JKCIICPHUMEHTa 3aJlaBajcsi BOIPOC:
«Kakas rpynma smmkoB Tspkenee?» M3 mumx 90% oTBeTwimM, dTO
KOpUYHEBAs IPYIINa, XOTS BEC SIIUKOB ObLIT a0COIOTHO OJJMHAKOB.

Bo3Hukaromue npu BOCHPHUSTHH — I[BETOB  acCONMAllUd — —
3TO HecOOCTBEHHbIe KadecTBa HBeTa. COOCTBEHHBIE KadecTBa IIBETA
— 3TO TaKHe OCHOBHBIC XapaKTEPUCTUKH, KaK IIBETOBOM TOH, CBETJIOTA,
HaCBIIIIEHHOCTh. HecoOCcTBEHHBIE KauecTBa, OTPAKAIONINE TECHYIO CBSI3b
I[BETa C MPEAMETOM, BCerjia ObLIM OYEHb BaXKHBI JUIS BCEX BHUJIOB
MCKYCCTB, TaK KaK OJlarogapsi UM MOXKHO YCHIIMBATh BHIPA3UTEIEHOCTD U
3MOHHOHaHBHBII>'I H&CTpOI?I XYIO0XKECTBEHHOT'O IIPOU3BEACHUA,
MPOCTPAHCTBA B UHTEPbEPE TPAHCIIOPTHOT'O CPEAICTBA U T. 1.

Cuna m xapakTep BO3JEHCTBHA OMHOTO I[BETAa HAa Pa3HBIX IIOJEH
HeoanHakoBa. OHM 3aBHCAT OT MHOTHMX KaK OOBEKTHUBHBIX (haKTOPOB
(COOCTBEHHBIX Ka4deCTB IIBETa, IUIOMAAU, (AKTYpHOCTH I[BETHOU
MOBEPXHOCTH, MECTOTIONIOKEHHS B MIPOCTPAHCTBE), TaK U CYObEKTUBHBIX
(HacTpoeHMs, XapakTepa, BOCHPHAMYHBOCTH denoBeka). OmHako
MHOTOYHCIIEHHBIC MCCIIEOBAHMS MTOKA3bIBAIOT, YTO OJAHM M TE JKE€ IIBETa
U COUYCTaHUA [BCTOB BBI3BIBAIOT Y 6OJII>IHI/IHCTB3 HIOI[Cﬁ 6J'II/I3KI/IG
MCUXO(pU3NOIOTUIECKHE pPeaknud. MHOTHE €3 HHUX OOBSCHSIOTCS
00BEKTUBHBIMU (U3NIeCKIMHU u (pM3NOIOTHYECKIMH
3aKOHOMEPHOCTSMHU.

[IpocTpaHcTBEeHHBIE  CBOWMCTBAa  I[BeTa  OBUTM  3aMEUEHBl |
WCIIOJIB30BANIMCH €Ille XYAOKHUKAMH 3MOXH B0o3poXkaeHus, KOTOphIEe B
CBOMX paboTax IOJIL30BANKMCh KaK JWHEWHOHN IEepCIeKTHBON, Tak W
BO3AYIIHOW, M 1BeTOBOM. llepeaHue TuiaHbl Ha CBOMUX IOJIOTHAX OHU
M306pa>i<any1 B TCIUIbBIX KOPHMYHCBATBIX TOHAX, a JaJbHUEC — B
MIPOXJIaTHBIX, BEICBETIICHHBIX, CHHE-3€JICHBIX, TOTYObIX TOHAX. [2]

CymectByer CTOJNIb K€ Hay4dHOe OOBSICHEHHE pe3yibraTaM
HEOJTHOKPATHO MPOBOJUMBIX IKCHEPUMEHTOB CO CIETBIMHU JIOJbMH, Ha
OIyTIh OTPEACISIONNMA KPACHBIA IBET MO TEIUIY, HUCXOISAIIEMY OT
IBETHBIX 00pa3ioB. Eciu mocMOTpeTh Ha MIKATy 3JIEKTPOMArHUTHBIX
W3nydeHuid BceneHHO#W, TO CHEKTpaJlbHOE BUAMMOE U3IyYEHHE,
BbI3BIBAIOIIICC KpaCHBIﬁ OBCT, HAXOAUTCA Ha TIpaHUIE C CaMbIM
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«ropsYMMY» TI0 TeMIieparype WH(ppakpacHbIM H3IydeHueM. JlaHHoe
«COCE/ICTBO» OOBACHSAET, UYTO OTH W3Ny4YeHHS TpU IOTIIOUICHUN
MTOBEPXHOCTHIO BBIETSIOT OOJIbIlIee KOJMUYECTBO TeIjia M0 CPaBHEHUIO C
XOJIOJTHBIM, HaIlpUMep, CHHAM I[BETOM.

Kpome ¢msmueckn OOBSICHHMBIX  TEMIIEPATYPHBIX  Pa3IAUIHA
KPacCHOTO M CHHEro LBETa, B OCHOBE HX pPa3IUYUi JIeKAT TaKXKe U
BEKOBBIE ACCOIMANNN C TEIUIBIMH M XOJIONHBIMH TIPEIMETaMH, a TaKKe
SIBJICHUSIMH  OKPYKAroIero 4YeloBeKa MPUPOJHOro Mupa. Hampumep,
KpacHBI 1BET BOCHPUHUMAETCd Kak TeIJIbli, MOTOMY 4YTO OH
accormuupyercss ¢ ordeM. CHHHHA Jk€ TBET BOCHPHHHMACTCS Kak
XOJIOJHBIN, MOTOMY YTO OH acCCOIMHPYETCS C BOJOW, JIbJOM, HEOOM U
BEI3BIBAET y HAC YYBCTBO MPOXJIAABI U CBEXECTH. JJaHHBIE «IIPUPOIHEIE)
aCCOIMAINK JICTJIM B OCHOBY IPHHSTOTO B IIBETOBEACHUU Pa3CICHUS
CIIEKTPaJIBHOTO IIBETOBOTI'O KPyTa Ha TEILUIYIO U XOJOJHYIO YaCTH.

SBnenus MOCJIE0BATEIBLHOTO KOHTpacTa OymyT  JaBaTh
«TeMIeparypHbie» OTTeHKU. Hampumep, 4YUCTBIA KpacHBIM LBET Ha
¢uoneTroBoM (oHEe OymeT Ka3aThcs TeIIee TOTO JK€ KpacHOro Ha
opaHXeBoM (poHe. YMEHHE BUICTh OTHOCUTEIIEHBIC Ka4eCTBA IIBETOB —
U3MEHEHHE HX «TeMIEPAaTypHOCTU» —  CIYXHUT MPEKPACHBIM
MOJICTIOPHEM JIJISI  CO3JAHWS IIBETOBBIX TapMOHMHA. JTO K€ yMEHHUE
SIBJISIETCSI TIOKA3aTelIeM BBIPAOOTKM YTOHUEHHOTO KOJIOPUCTUYECKOTO
YyBCTBa I[BETA.

CUMBOMYECKHE 3HAYCHUS I[BETOB TAaKXKE BBI3BIBAIOT Y JIOACH
SMOLIMOHATIFHBIE PEaKIUK. 37eCh, KOHEYHO, OOJbIlIe CYObEKTUBHBIX
¢dakTopoB. «OKpacka» WIH OIEHKa 3MOIMOHAJIBHBIX acCOIHaIni
(MO3UTHBHBIC WM HETAaTHUBHBIC), BBI3BAHHBIX CHUMBOJIMKOM IIBETA,
3aBHCHT OT BO3pacTa YelOBeKa, €ro >KU3HEHHOIO OIbITa, Mpodeccud,
00paszoBaHus, HAIMMOHATHHBIX U KYJIbTYPHBIX TPATUIIAN, B KOTOPBIX OH
BEIPOC ¥ JKMBET U Jp. TeM He MEeHee eCTh MHOXECTBO CHMBOJIMYECKHX
3HaYeHHWH I[BETOB, KOTOPHIE HA CETOMHSIIHUN JEHb SBISIOTCS Hamboee
oOIIMMH 11 MHOTHX HapojoB. PellieHue 1[BETOBBIX MPOOJIeM, KOHEYHO,
JIOJDKHO 0a3WpoBaThCS Ha 3HAHWHM M OCMBICIIEHHH OTPOMHOTO OTIBITA,
HAKOIUIEHHOTO YEJIOBEYECTBOM B 3TOH 001aCTH.
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TMCUXOJIOTUYCCKOT'O BIMAHHA, KOTOPOEC OKa3bIBACT Ha JIIONEH KaXKIbIi

JIy4dHIero ITIOHUMAaHU s TOTO OMOIIMOHAJIBHOI'O u

[BET, TpeajaraeM TaOJMIy IIBETOBBIX AacCOLHMAIMid, KoTopas Obuia
COCTaBIICHA Ha OCHOBE MCCJICIOBAHUI CMEI[HATMCTOB B JAHHOM BOMPOCE
(P. Apmxeiim, I'. Iloiiraep, I'. ®pmwmmuar, K. Ayasp), a Takxke psaaa

COLMANIBHBIX ONPOCOB, MPOBEACHHBIX aBTOpPOM (puc. 1). [3]

Tab6numa 1. Tabnuiia [BETOBLIX aCCOIUALIHM.

Tpes Temnepa [PaccTosHu [BiaxHoct 3EvK A ccoruanui [Accoruanum
Typa e b Y [IpUpOIHBIE [PMOIMOHAIBHEIE
Koack OTOHB, THEB, CTHIJ,
ng rOpsTYMid [OMM3KHKA  [cyxoi CPOMKUN  [KPOBB, MaK, [AKTUBHOCTH, paloCTh,
BHHO ITF000Bb, PHEPTHUSI
conHue,
DKenTer . . . . [cBET, JIMMOH, |ONTUMH3M, PaTOCTh,
= TeTIIbIA  [ONMM3KUHA  [CyXoi BBEHSIIINI
i [10ICOTHYX, [BO3BBILICHHOCTD
[Ty CTBIHS
o = N mpupona,  [Hazexna,
3eneHblHeNTpabHeonpe el [HeHTpaibH [CIIOKOHHBI <
= = . - o BeCHA, TPaBa,|CIIOKONCTBHE,
it HbI CHHBII bIii i1
lnepeso. BEPEHHOCTb, TOCKA
., [xomonHBI . N N Bozta, X0J01, [[IOKOM, CTaOMIIBHOCTB,
Cunnii [, Ja’meKnuil [BINAKHBIA ([TUXHUH
Mope Bepa, neyaib
I A — MOJIOKO, UMCTOTA, POMAHTHU3M,
benbii HEIﬁ OIU3KUN it p TUXWI InHEBHOM [HCBHHHOCTD,
cBeT 0;1aropoACTBO
., [XOTIOHBI . N [eTieN, MLk, [FPyCTh, TACCUBHOCTH,
Cepblii [, Y QUISTFOIIH | BIQXKHBIN [TUXHH
s cepedpo Oy IHUYHOCTB, CKyKa
scencnnag,  |[FAMHCTBEHHOCTD,
UepHbI [XOI0IHBI . N N > |cMEpTh,
o . najekuit | cyxom [pe3KHit HOYB, yroJb,
158 i esnma [HE3aBHCHMOCTb,
[Tparusm
SAKJIKOUEHUE

be3 wm3ydenuss n ananmza (opMbl 0OBEKTa W IBETa HEBO3MOXKHO
CO03/1aTh ONAaroNpHATHYIO MPOCTPAaHCTBEHHYIO cpeay. Tpaauuuu TecHO
CBSA3aHbl C WHHOBALIUAMH, KOTOpBIE SIBIISIOTCA YacTbi0 COBPEMEHHOMU
KU3HU. Pe3ynbraTel HaydYHOTO 3HAHWS B IIE€JIOM CKJIAJBIBATNCh B
¢dopmupytomuiicss 006pa3 HOBOH KyJbTyphl, B KOTOPOH «cCIielbl» LIBETa
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SBHO TPHUCYTCTBYIOT, OKa3bIBas MOOYIUTEIbHOE BO3JCHCTBUE Ha
KYJBTYPBI MOCIEAYIOUINX ITIOX.

Ananmuz  1BeTO(aKkTypHOro ()eHOMEHAa B CHCTEME KYJBTYPBI
MO3BOJISIET Jy4Yllle M3YYUTh CIeNU(UKY KyJIbTYPHBIX IPOIECCOB, KaK B
MX IMMaHEHTHOH CTaTHKe, TaK U B X UCTOPHUECKON TUHAMHUKE.

[lepcriekTUBEI UCCIIE0OBaHUSI MOTYT OBITh MCIIOJIB30BAHBI B aHAJIN3E
3HAYMMOCTH I[BETa JJISi COBPEMEHHOW KYJBTYPHI, UYTO CTAaBUT BOIPOC O
MPUHLMIIAX LEIOCTHOCTH KYJbTYPBI, MPHUPOJABI U OCOOCHHOCTSIX
KyJIBTYPHOTO THAJIOTA.

IlBer sBAseTCS MOIIHBIM HMHCTPYMEHTOM Ha  BO3ACHCTBHE
YEII0BEUECKOTO pa3yma, mudp KOTOPOro XPAHUTCSA B KKIOM M3 HAC Ha
MOJICO3HATETILHOM YpPOBHE WM KOTOPBIM YXOAWT KOPHSIMH B JIalIeKOe
TMIPOIIIIOE.

Kateropun 3puTENnbHOr0 MBIIUICHUSI CIOBECHOTO 3KBHUBAJICHTA HE
uMeroT. UeM cltokHee BU3YalbHAsI KATETOPHS, TEM CIIOKHEE HAWTH IS
He€ cIoBecHOEe 0003HAYEHHE.

[losToMy KadecTBeHHBI aHamM3 [BETO(AKTYPHBIX BapHUAHTOB
SIBJIIETCS. BAYKHBIM 3TalloM B pa3pabOTKe JU3alH-TIPOSKTOB MOOHMIBLHBIX
MalIluH U TPAHCIOPTHBIX CPEACTB.

JIMTEPATYPA

1. Cero3an Yaiitamenk, 100 HOBbBIX riaaBHBIX TPHHIIUIIOB
nmuzaitaa / Crio3ad YauHIEHK - M3naTenbekuit nom «llutepy,
2017 — 45-46 c.

2. Solla [DnexTponHbIit pecypc]. — DIeKTPOHHbIC TaHHBIC. —
Pexxum nocryna: http://solla.site/2016/coloristika/

3. Dedesign [DaekTponHbIi pecypc]. — DNeKTpOHHbBIC JaHHbIC. —
Pesxum moctyna: http://deadsign.ru/design/color-glossary-for-
designers-terms-and-definitions/

248


http://solla.site/2016/coloristika/
http://deadsign.ru/design/color-glossary-for-designers-terms-and-definitions/
http://deadsign.ru/design/color-glossary-for-designers-terms-and-definitions/

V]IK 629.114.2.001
METOJ ®YHKIHUOHAJIBHO-CTOUMOCTHOI'O AHAJIN3A
M EI'O BOSMOXXHOCTH ITPU TIPOEKTUPOBAHUN
MOBUWJIBHBIX MAIINH
boiikos Brnagumup [etposuy, Boykov Vladimir Petrovich —
3aBeAyromui kadeapoit « TpakTope» bemopycckoro HaITMOHAIBHOTO
TEXHUYECKOTO YHUBEPCHTETA, TOKTOP TEXHUYECKHX HAYK, MPOodeccop.
I'ycbkoB Banepwuii Bnagumuposuu, Gus'kov Valeriy Vladimirovich —
JOKTOp TEXHUYECKHUX HayK, rpodeccop kadeaps! « Tpakropbn»
Benopycckoro HalMOHATBHOTO TEXHUUECKOTO YHUBEPCUTETA.
I'punuieny JIro6oBb Biiangumuposna, Grintsevich Lyubov Vladimirovna
— KaHIUJIaT SKOHOMHYECKUX HayK, 3aBeayrommas kadenpoit « IKoHOMUKa
¥ yIpaBJeHHe HHHOBAIIMOHHBIMH IIPOSKTAMH B TIPOMBIIILIIEHHOCTID
Benopycckoro HalMOHATBHOTO TEXHUUECKOTO YHUBEPCUTETA.
IMTasnoBa Beponnka Bnamumuposna, Pavliova Veronika Vladimirovna —
KaHIUIaT 5KOHOMHIECKUX HAyK, TOLUEHT Kadeapsl «OneHouHas
JIeSTeIIbHOCTh Ha TPAHCIIOPTE U B MPOMBIIIICHHOCTHY benopycckoro
HAlMOHAJIBHOTO TEXHUYECKOTO YHUBEPCUTETA.
3esetko Hukonaii IBanosuu, Zezetko Nikolay lvanovich — nepssrit
3aMeCTUTEeINb TeHepaTbHOro KoHCTpykTopa OAO "MT3" - rmaBHBIN
KOHCTPYKTOP TPaKTOPHO# TEXHUKH, KaHIUIAT TEXHUUECKHUX HAYK.
brusurok Onbra Cepreesua, Bliznyk Olga Sergeevna — mpemnogaBarens
kadeapsl « THHOBaIMOHHBIN MEHEXMEHT» beropycckoro
rOCY/IapCTBEHHOTO YHUBEPCUTETA.
r. Munck, benapycs
Minsk, Belarus

B cratee paccMmaTpuBaroTCS BOIPOCH NPUMEHEHHS MeEToja
($yHKUMOHAIBHO-cTOMMOCTHOTO aHanu3a (PCA) npu NpOEeKTUPOBaHUHU
MHOTOIIETIEBBIX ~ KOJIECHBIX H TyceHHYHBIX wmamuH. [lom ®OCA
MOHUMAETCSI METOJ CHUCTEMHOI'O HCClieioBaHusl (QyHKOHMHA 0OBEeKTa,
HampaBJICHHbI Ha MUHHUMM3ALHUIO 3aTpaT B cepax MpOEKTHPOBAHMSA,
NPOM3BOACTBA M 3KCIUIyaTallUM HPU COXPAHCHUU WM IOBBILICHUU
KayecTBa W TEXHUYECKOTO YpOBHA m3fenuil. lIpuBomuTcss moHsATHE U
knaccudukanys (yHKIUE MalivH, 00JacTh UX NpuUMEHeHus. B cratbe
paccMOTpeHb! BO3MOXHOCTU puMeHeHns PCA B CTpyKType OTAEIbHBIX
MPEeINpUATAH  MAaIIMHOCTPOWTENHHOTO  KOMIUIeKca  PecmyOmuku
benapyce.
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This article discusses the application of the method of
functional-cost analysis (FCA) when the multi-purpose wheeled and
tracked vehicles are designing. FCA means the method of a system
research of functions of an object, aimed at minimizing the costs of
design areas, production and operations while maintaining or improving
products quality and their technical level. The article contains the
concept and classification of functions of cars, area of their application.
The article is also has examples of possible applications of FCA in the
field of machine-building enterprises of the Republic of Belarus.

BBEJIEHUE

[lonutuka oTKpbITOCTH 3KOHOMUKHU PecryOnuku benapycs npusena k
YKECTOUEHUI0 KOHKYPEHLIUM CpPEAH IPOU3BOAMTENIECH TPOTyKIUH,
MPUTOKY HPOMU3BOAMTENECH M3 CTpaH ONMKHEro U JajbHEro 3apyOexkbs,
CHIDKCHHIO 00BEMOB TOCYJapCTBEHHBIX 3aka3oB. [lostomy st
YCIIEIIHOTO Pa3sBUTUSL HKOHOMHUKU DPECIyOJUMKHM HEOOXOAMMO aKTUBHO
OCBauBaTh BHEIIHHME PBIHKH, TaK KaK BHYTPEHHMH YK€ HEIOCTATOYEH
e 3QQEKTUBHOTO TPOM3BOACTBA M OCBOCHHS HHHOBALIMOHHOW
npoxykiuuu. HacymueiMu npoOnemMamu  OeNOPYCCKMX MPEANPUSATHMA,
TpeOyIomuMu HE3aMeLJIUTENBHOTO peuieHus, SIBJISIFOTCSL:
HEOOXOJAMMOCTh AKTUBHOIO IMOMCKAa TIOKyIlaTened, OCBOEHHE B
MIPOM3BOACTBE HOBBIX M BBICOKMX TEXHOJOTWH, MOBBILIEHHE KadeCcTBa
MPOAYKIHMN U CHIKCHMSI M3IEPKEK Ha €€ MPOU3BOJCTBO, MOIIECPKAHNE
MPEXHUX U HATAKUBAHUE HOBBIX XO35ICTBEHHBIX CBA3EH.

OnHuM W3 MyTedl peuleHusl yKa3aHHBIX MPOOJIeM MOXKET CIYXHTh
peamm3anus  3(Q(EKTUBHBIX  METONOB  TEXHHKO-3KOHOMHYECKOI'O
000CHOBaHHUS TPOEKTUPYeMOW MOOWIBHONH MamuHBL. B Hacrosmee
BpeMsi OJHUM M3 TaKUX IIPOIPECCUBHBIX METONOB  SIBISIETCS
¢yHKIIMOHATEHO-cTOMMOCTHOH ~ aHanmu3 (®CA), KOTOpBId IIMPOKO
MPUMEHSETCS B JTUX IENAX Ha Mpeanpuiarusx 3amagHod EBporsr,
CesepHoii Amepuku, Kuras.

DYHKUYUOHANbHO-CMOUMOCMHBLIL  AHATU3 — —  OMO  Memoo
CUCITNEMHO20 ~ MEXHUKO-IKOHOMUYECKO20  UHIICEHEePHO20  aHAIu3d,
HalpaBJICHHBII Ha MOBbIIIeHHe (coxpaHeHHEe) (YHKIMOHAJILHON
MOJIE3HOCTH 00beKTa, MOBBILIEHHE ero TeXHHYeCKOro YPOBHS IpU
MHMHUMHU3ALMH 3aTPAT Ha CO3JaHNE U SKCILTyaTaluIo.

Ipenmerom OCA sBisercss PyHKIUS TIPOSKTHPYEMOTO 00BEKTA.
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®CA mnpencrasnsier co0oil yHMBEPCANbHBIH BBICOKOA(HEKTHBHBIN
MeTOJ ONTHMH3AalMM NapaMeTPoB M JPYIMX KOHCTPYKTHBHBIX,
TEXHOJIOTMYECKUX, OPTaHMU3aLMOHHBIX, ICTETUYECKUX, KOHOMHUYECKUX
XapaKTePUCTUK H3/AeJMsl TI0 NPUHATOMY KpHUTEpHio (Kputepusm). B
KauecTBE  OCHOBHOIO  KPHMTEpPHsl  BBICTyHaeT  OINpeAensieMoe
CIELUAIBHBIM 00pa30M COOTHOILIEHHe NMOTPe0UTeJbCKUX CBOMCTB Ha
eIMHUILY 3aTparT.

IIpu mpoBeaennn @OCA aKTHBHO HCIIOJIB3YIOTCS  pa3IHyYHBIC
9BPUCTUYECKHE METOABI M METOAbl AKTHBHM3AallMM TBOPYECTBA. OJTOT
MeTOJ] Halesl Hanbosee mupokoe pacnpoctpanenue B CILIA [1], npyrux
MEPEeIOBBIX MPOMBIIUIEHHBIX CTpaHaX, AaKTUBHO pa3BUBAIOLIMXCS
WHAYCTpUANBHBIX CTpaHaX, Takux Kak Kwurai, FOxnas Kopes, B
001acTsIX BOEHHOTO M TPaXJAaHCKOI'O CTPOUTENLCTBA, BJIEKTPOHHOM,
ABHALIMOHHOM, MalIUHOCTPOUTEIBLHOMN u IpOYUX 0Tpacisax
MPOMBIIUIEHHOTO  MPOM3BOACTBA. Ero  npuMeHEeHMEe  IPUHOCHT
3HAYUTEJIBHBIA  KOHOMHYECKMH 3(QeKT 3a cueT ONTUMH3ALUU
KOHCTPYKIIMH HM3ACTUIl W TPOILIECCOB, CHIDKEHMS 3aTpaT Ha CO3JaHHe,
BHEJPEHHE W HEMOCPEACTBEHHO MPOM3BOJICTBO TOBAPOB, UYTO, B CBOIO
ouepeb, CI0COOCTBYET MOBBIICHUIO UX KOHKYPEHTOCIOCOOHOCTH.

MOXXHO OTMETUTH JIBa NPUHIUIHAIBGHO OTIMYHBIX JAPYT OT Jpyra
MOJIX0Jia K MOUCKY pEIIeHUH, CBA3aHHbBIX ¢ KOHCTPYHPOBAHUEM U3EITIH.
HepBblif moaxon — mnpeomemmHwvlil, OCHOBAH Ha IIOUCKE pELICHUI
MIOCTaBJICHHOH 3a/1a4¥, CBOIUTCS B OCHOBHOM K CHHTE3Y M KOMIIOHOBKE
W3MIeTUST WU TIpoIlecca M3 3aJaHHOr0 Habopa AJIEMEHTOB (IIPEAMETOB).
Bropoit - @yukyuonanvuwil, npeanonaramiud paccMOTPEHUE
KaXJI0T0 00BEKTa M €r0 COCTABILIOIIMX KaK BapUaHT peanu3aluu (Win
HaMe4yaeMoro K pealqu3alnu) KoMIulekca (yHKIHU, HeoO0XOAHMBIX
NOTPEeOHTENI0, 1 HAXOKACHUE Ha STOH OCHOBE Hamboisee d3(PPEKTHBHBIX
MyTel ocyIecTBIeHUs 3TUX QYHKLUI;

Ilpu nposenmenun @DCA moHATHE «PYHKUHA»  TpaKTyeTcs
CIIEAYIOMNM 00pa3oM — 3TO Ha3HAYCHHE WJIM CHOCOOHOCTh OOBEKTa K
ONpEAEICHHOMY JEHCTBHIO, BO3JCHCTBHIO, peaTu3aliil KOHKPETHOIO
TEXHOJIOTMYECKOTI'0 MPOLECCa, YAOBIETBOPEHUIO TIOTPEOHOCTH.

[IpakTU4HOCTH U OOJNBIIYIO 3HAYUMOCTH (HDYHKIIMOHATBHOTO TTOAX0Ia
MOYKHO TOHSTh W3 CIEAYIOIIETO PacCyKIOCHUS: <«T00oe u3aenne
W3rOTABIUBACTCS U1 TOTO, YTOOBI BBHINOJIHATH BO3JIOKCHHYIO Ha HETO
¢byHKImO» [2].
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Takas 3agaua CBOIUTCS K JMKBUAAIMM HAa OCHOBE MPOBEICHHOTO
aHanm3a (YHKIHWHA W3IUIIHAX WIA BPETHBIX AJIEMEHTOB M 3aTpar Ipu
COXpaHEHUH (MTOBBIIIIEHUH) Ka4eCcTBa.

[Morpebutens QakTHYEeCKH CTPEeMUTCS HPUOOPECTH HE H3IENUs B
MPsIMOM CMBICTIE, a (DYHKITUH, BBITIONHSAEMBIE dTHM m3aeineM. 3nenve
SIBIISIETCS JIUIIb HOCHUTENEeM (DyHKITHIA.

Hanpumep, mokymnasi JIeTKOBYIO aBTOMAIIWHY, Mbl HE aHAIU3UPYEM
CTPYKTYpy TPHUMEHSIEMBIX MAaTepUAIIOB, KX MacCy U BapHUaHThI
TEXHOJIOTHH €€ MPOW3BOJICTBA, a OIEHWBAaeM (hYHKIHIO KOM(MOPTHOTO
VIpaBJICHHUs, CKOPOCTHOTO pEXWUMa, HAJICKHOCTH, MPECTIKHOCTH,
JCTETHYECKUX KaueCTB, CTOMMOCTH H T.JI.

Takas, orTiHuaromascs OT TPaIWIIMOHHOW, MOCTAaHOBKAa BOIpOCa
W3MEHSET CIIOKUBIINICS CTEPEOTHIT MBIIIICHUS U MO3BOJISIET JTOOUTHCS
TAKOTO JKOHOMHYECKOTO 3(QeKTa, KOTOporo He ymaércs IoOUThCS
JIPYTHMH METOJIAMH.

Oco0eHHOCTh (YHKITMOHAIBHO-CTOMMOCTHOTO aHalli3a COCTOHUT B
TOM, 4YTO OOBEKTOM HCCIEJOBaHMsS M W3y4YeHUs SBISIFOTCS (DYyHKIHMH
TOBapa, yCIOyrW, mpolecca H HUX cocTaBisiomux. Ero rmaBHoe
JIOCTOMHCTBO 3aKII0YaeTCs B TOM, YTO OH IO3BOJISIET HE TOJIBKO
COCTaBUTh HCTUHHOE MPEJACTABIIEHHE O TPEAMETE HCCIEAOBaHUS, €ro
(GYHKIMSIX, TOTPEOUTENILCKUX CBOWMCTBAX, YBUICTh JICHCTBUTEILHBIC
MPUYUHBI HEYJIOBIETBOPUTEIHHOI'O Ka4yecTBa U HEONPABIaHHBIX 3aTpart,
HO W TIPEIJIOXKHUTh KOHKPETHBIE, MHOTOBAPHAHTHBIE MYTH JOCTH)KEHUS
ONTUMAJLHOTO COOTHOIEHHS MEXAy KauecTBOM U 3arparaMd Ha
(YHKIMOHUPOBAHUE UCCIIEAYEMOTO OOBEKTA.

OnTuMH3anys OCYUIECTBISETCS ITyTEM IPUMEHEHHS CHCTEMHBIX
UCCIeIOBaHUH QYHKIMIH 00BEKTOB, HAITPABICHHBIX HA PUHIMITHATEHOE
U3MEHEHHE KOHCTPYKIMH OOBEKTa, M H3BICKAHUS HOBBIX CIIOCOOOB
BBITIOJTHEHUS (DyHKITHIA.

I[Ipumenenne @O®CA  oTpakaeT HaMETHUBIIYIOCS  TCHICHITHIO
MOCTETIEHHOTO TIepexo/ia OT MPOSKTUPOBAHUS MAaTePHAIbHON CTPYKTYPHI
00BeKTa K MEPBOHAYATHLHOMY MPOCKTHPOBAHHUIO €0 (PYHKIMOHAIHLHOU
CTPYKTYpPBI, TPECTABIAIONIEMY COOOW NMPUHIHITHAIEHOE H3MEHEHHE B
TEOPHH U MTPAKTUKE TIPOCKTUPOBAHUSI.

IIponecc wuccnemoBanust mnpu BeimonHenun DOCA coctour u3
HECKOIIbKHX 3TaIoB, IPECTABICHHBIX Ha pUCyHKe 1 1 2.
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Ha pucynke 3 mpencraBnena knaccupukanus (QyHKOUA H3AeTUs,
MO3BOJIAIONIAS] COCTaBUTH MPEACTaBJIEHHE OO0 OCHOBHBIX NPHHLIMIAX
metona OCA.

3ranbl ®CA
TIpeasapuTeas HBIH * Onpensmute  NpofmeMy ©  HAMETHTE  NETH
ITam Brifpars 06seKT

HrdopyaHoHEBIH * CofpaTe H HSY9IHTE HEQODMAIOHED D0 OO0BEKTY.

ITAm Onpensmare @YHEFIHOEATEHBIE S0HEL
A & *B WTh MAECHMATbHOE WHCIO HOsd oms
SR ERIOMHEEREA  Easgodl  momesHOfl  @VEEDHE
sran OUEHHTE B OTOGPAETE Ty NN E3PHARTED
HecaeaoBaTenbokHi * Brfpars Hanfones S0MDeFTHEHbIE BapHAHTHL IR
ITAnm DambHERMER DopaboTER
PexoMeHIaTe TEHEIH * Apamms  pexomeRganmi  PCA  m  opumATHE
ITam PEIISHIE M0 HX BHEIPEHHEY
JTan . 05 =
EHEAPEHHA e : i

20

Pucynok 1 - IlocnenoBarensHOCTS BhITTOTHEHHS 3TanioB PCA

Iransl PCA

Moo MATPHL] BIAMMOCEBAIM MOMHO HMCMOILIOBATE MONENL
dvHELMET B BHOe rDada

9 ] 2

FO = maexan dymoma; Fl = F§ = ccmosmme dymoom;, 11 - f8] = scoomoramensomes
EVHKIEE, BOMSPd B KDAODATAR  cImasaeT  fymEomonanbEme  Gooxm  (amesenTa
KOBCTPVETER).

Prodl ¢ $yVENmua Mosss TPOCTARNATE SRANEMOCTIE B B0 B ApyTyie smbopaamne,

Pucynok 2 - Uepapxus Gpynkiumii B atanax ®CA
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Krnacendukamms Gpysxuuii

IIpusnaxu DYHKINH

KJI&CCII@)]IK&HH][

Ob1acTe  mposBie-

HIA Buenune

Poms B YAOBIIETBO-

BryTtpenHne

DEtE’ CUOIpeOHO: ‘ BropocTeneHHse

cTeil

‘ I'naBHBIE ‘

Poms B obecnede-
Bemomora-

TeIIbHEIC

HOCTH
[ I |

OcHOBHBIE

HHI paboTocnocod-

Crenens  momesmo- ‘ Tlonesuele ‘ ‘Eecr{onemme ‘ ‘ Bpenssie |

CTH

Puc. 3 Knaccudukanus GhyHKIMA W31eUs.

Ilo obnactu mnpuMeHeHUs (YHKUMH MOXHO pa3geluTh Ha
BHEIITHKE U BHYTPeHHUE. BHeNIHNE QYHKIMH BHIOIHSIIOTCS OOBEKTOM B
LEJIOM U OTpaXKaroT (pyHKIHOHAJbHBIC OTHOIICHHUS MEXIY OOBEKTOM U
BHEIIHEH cpeaod, ¢ KOTOpOW OH B3auMojeucTByeT. BnyTpeHHuHe
GYHKLIMM ~ ONpENeNsIOTCS  B3aUMOJEHCTBHEM BHYTPU OO0BEKTa U
BBITIOJTHSIFOTCS €70 AIIEMEHTAMH.

Cpenn BHEmIHUX (YHKUIUA B 3aBHCHUMOCTH OT HMX pOJH B
YAOBJIETBOPEHUHN IOTPEOHOCTEH ciexyeT pasaudaTh IJIaBHBIE U
BTOpOCTeneHHble. [naBHas QyHKOUS O0O0BEKTa ONpeAessieT  ero
HazHaueHWe. BropocremeHHble (QYHKIMM HE BIMSIOT Ha  €ro
paboToCIIOCOOHOCTh, OHU OTPaXatOT HOOOYHBIE LIENTH CO3AaHuUs OOBEKTa,
00ecIeuynBaOT W YBEIUYHBAIOT CIIPOC HAa HETo (Hampumep, yaoO0CTBO
UCIIOJIb30BaHHUs, SCTETUIHOCTB ).

Cpenu BHYTpeHHUX (QYHKUMI cileqyeT pa3jindyaTh OCHOBHBIE U
BCIIOMOTATEIILHBIC. OcHoBHas byHKIHS obecrieunBaeT
paboTocrocoOHOCTh 00BEKTa W CO3/1aeT HEOOXOAMMBIC YCIOBHS JUIS
OCYILIECTBJICHUSI TJIaBHOW (YyHKUMH. Pa3nuuaioT ocHOBHBIE (YHKUIUHU
nmpueMa, BBoma (PHepruw, WHGOPMAINH), Tepenadu, MmpeoOpa3oBaHus,
peryinMpoBaHus, XpaHEHWs, BbIJAYM pe3ysbTara. BcromorarenbHbie
(GYHKIMM ~ CIIOCOOCTBYIOT — peaim3auud  OCHOBHBIX.  CyImiecTByeT
HECKOJIBKO Pa3HOBUAHOCTEH BCIIOMOTaTEIbHBIX ¢$byHKUMM:
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COCIUHUTENbHBIC, W30JHUPYIOIIUe, (QUKCHPYIOIINE, HAIPABISIONIUE,
KPETEeXKHbIC U T.JI.

B 3aBHCMMOCTH OT cojiepKaHUsI MOKHO BBIICIIUTH CIEAYIOIINE
BHCIIIHHE GyHKIHH: MOTPEOUTENBCKU-IKCILUTy aTAIIHOHHEIE,
3CTETHUYECKHE, IPTOHOMHUYECKHE, SKOJOTHUECKHUE, & CPEIU BHYTPECHHUX —
KOHCTPYKTHBHBIC U TEXHOJIOTHUYECKHE.

[To xapakTepy NpOSBICHUS PAa3INYaOT QYHKIIUH HOMHHAJILHBIC
(eneBbie), oOecreYnBarOINEe HEOOXOAMMYIO MOJIE3HOCTh OOBEKTa B
COOTBETCTBHHU C 3a/IaHHBIMH TPEOOBaHUSIMH, JCHCTBHTEILHBIC, PEATbHO
CYNICCTBYIOIUE B W3JACIMH, MOTEHIMAIbHBIC (10 ONpPEICICHHOrO
BPEMCHU HE TPOSBIISIOIIUECS), CIIOCOOCTBYIONIUE PACUIUPEHUIO chepsl
MpUMEHEHUs] 00beKTa (HampHMep, BO3MOXHOCTh HABECKH Ha 0a30BYIO
MaIIuHy Pa3IuIHOro pabodero o0opyaOBaHWS).

[To creneHu MOJIE3HOCTH PA3JIMYAIOT: MOJIE3HbIC (QYHKIUU —
BHEIITHKE W BHYTPEHHHUE, OTpakaroiine QyHKIHOHAILHO HEOOXOIUMbBIE
MOTPEOUTEIBCKHE CBOWCTBA W ONpEICISIONe pPadoTOCIIOCOOHOCTh
oObekTa; Oecrone3nple  (YHKIUHM, HEWTpaJdbHBIE W  BpEAHBIC.
Heiitpanbabie QyHKIMH — 5TO (YHKUMHM HW3JIUIIHUE, HE CHIDKAIOIINE
paboTocriocoOHOCTh 00BEKTa, HO CO3JAMOIIKAE HW30BITOYHOCTh |
ynopoxkamomue o0BeKT. Bpeanple — 3TO0 (YHKIHH, OTPHUIATEIHHO
BIUSIONIME Ha PabOTOCHIOCOOHOCTh O0BEKTa U €ro MOTPEOUTEIILCKYIO
CTOMMOCTD, yIopoxaroniiue o0beKT. K BpeTHBIM MOXHO OTHECTH TaKHe
GYHKIMK Kak CO3JMaHHe Mapa3suTapHBIX IMOTOKOB MOIIHOCTH WU
OHEPruv B IPpHUBOJC, pAaCCEMBAHUEC DHEPTUU U T.I.

COBOKYIMHOCTh PACCMOTPEHHBIX MOHSITHHA [aeT BO3MOXHOCTh
MHOTOACIIEKTHOTO TIpe/CTaBIeHUus] (QYHKIMH ©u crocoOcTByeT Ooee
TOYHOMY OIPEICICHUIO OO0JacTH BO3MOXKHBIX pemieHuil. Takas
KJaccU(pUKaMs TO3BOJISIET TaKKe JIydlle TPEACTaBUTh HEPAPXHUIO
B3aMMOCBSI3U (DyHKITHIA.

OtoOpakeHne w3nenwss B BUAE (PYHKIMH M MX OTHOIICHUI
MOJMYYHJIO Ha3BaHWEe (OYHKIMOHAIBHOW Moaenu (3T0  MoJenu
Jorudeckoro  Twma). [lpomecc TOCTpOSHWST H  HCHOJIb30BAHHS
(GYHKIMOHAIBHBIX ~ MoOJened OyaeM Ha3bplBaTh  (PYHKIUOHAITBHBIM
MojenupoBanreM. OYHKIIMOHAIBLHOE MOACIUPOBAHHUE ACT JIOTHYECKOE
OmHCaHue 00BEKTA.

Hapsiny ¢  (QYHKIUOHANBHBIMH ~ MOJENSMH  MOTYT  OBITH
WCIOJb30BaHbl CTPYKTYPHBIC MOJICIH, JAONIUe MPEICTABICHUS O
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COCTaBJISIONIMX OOBEKTAaX, WX OCHOBHBIX B3aMMOCBS3SIX Ha pPa3HBIX
YPOBHSX Hepapxud (cM. puc. 2).

ITo cpaBHEHHIO C METOJOM MAaTEMaTHYECKOW  TEOpPUHU
ONTUMU3ALMY, IPEANOTIATaI0NIeH HAX0XKACHUE ONTUMAIBHOTO 3HAYCHHUS
[eNeBOl (PYHKIMH C TOMOIIBIO CIOXKHBIX aJTrOPUTMOB MAIIMHHBIX
nporpamm, @CA He HarlelleH Ha HaX0XJI€HHEe TOYHOTO ONTHMyMa. JTOT
METOJ  OpPUCHTHUPYETCS Ha MNPUOMDKEHHYI0  ONTUMHU3AIMIO  C
HCIIOJIb30BAaHUEM JOCTYIHBIX W OTHOCHUTEIBHO TMPOCTHIX AITOPUTMOB,
WIM HHaye TOBOpsA, MPaBWI, NPEIyCMATPUBAOIIUX KOMIUIEKCHYIO
MOATAIMHYI0 TEXHUKO-YKOHOMUYECKYIO OIICHKY PEIICHUH C y4eTOM HE
TOJILKO BHYTPEHHUX, HO BHEIIHUX XapaKTEPUCTUK 00BEKTa, KOTOPHIC HE
BCerna MOTyT OBITh TIpeACTaBIeHBl B BUAEC (POpPMaTH30BaHHBIX
MaTeMaTUYECKUX 3aBUCHMOCTEM.

Upe3MmepHas TpPyAOEMKOCTb BBIUYMCICHHUH, MPUCYIIUX TEOPUHU
ONTUMH3ALUU, NPU PELICHUU 3a7ad Majod M CpegHeil CI0KHOCTH
MOOYXXIAIOT CHenuanucTa otmaBath mnpeamnouteHuss PCA, KOTOpHIi
SIBJISICTCSI 00001IIeHHEIM METOJIOM TEXHUKO-IKOHOMUYECKOTO
uccienopanus. OH Oasupyercs Ha METOJaX M MPHHIUIAX TEOPHUU
CUCTEM M CHCTEMHOIO IOAXO0Ja, METOJaX HWHXXEHEPHOrO aHalIM3a;
MeTogax d3KoHoMmHMueckoro aHamusa. Ilpu  mpoemenuu DPCA
3¢ (EeKTUBHO UCTIONB3YIOTCS PAa3IUYHBIC IBPUCTUYCCKHE METOABI U
METO/bl aKTUBHU3AL[UU B TBOPUYECTBE.

B xagectBe mpumepa mpumeHeHusT OCA TIpu MIPOESKTHPOBAHUT
MAIllMH PacCMOTPUM MPOIecC (GOPMHUPOBAHMSI TIEPCICKTUBHOIO THUIAXKa
TpakTopoB OAO «MHHCKHH TpaKTOPHBIN 3aBoa». THHaxk TPakTOPOB
COCTOUT W3 pslla CEMEWCTB, COCTOSIINX U3 0a30BBIX MOICICH U
Moau(pUKalKH, YAOBICTBOPSIOIMIUX Pa3HOOOpPa3HbIM MOTPEOHOCTSIM
HapOJHOTO XO34MCTBA CTPaHBl U XapaKTEPU3YIOMIUNA OCHOBHBIM
KIIaCCH(PMKAIIMOHHBIM TapaMeTpaM — HOMHHAIBHBIM TATOBBIM Fip
YCHJIMIEM, BBIpQXAIONIMM B TOHHaX. B HacTosmee BpeMs THIIaX
TPaKTOPOB 3aBOJIa COCTOUT U3 BochbMmu cemeiicts: 0,2; 0,6; 0,9; 1,4; 2,0;
3,0; 4,0; 5,0. B Ommkaiiimee Bpems OyJeT peann30BaH JEBATHIA Kiacc —
8,0. Ilpn dopmupoBaHUN THUTIAKAa TPAKTOPOB MOXET WCIIOIH30BATHCS
JIBa TIONXO0Ja: OJIMH, CBSI3AHHBIA C BBIOOPOM CEMEWCTB TPaKTOPOB,
BKIIIOYAIOIIUX  KOJNECHBIE M  TyCCHWYHBIE  MOAW(HUKAIMH U
OCHOBBIBAIOIINN Ha TPEANOYTHTEIBHOM psife Tu(p, OTOOpaXKarommi
HOMMHAJIBHOE TATOBOE yCHJINE, HANOOIBIINK SKOHOMUYECKHH 3P HeKT n
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NoTpeOHOCTH HapOoJHOTo Xo3siicTBa. [lox 3TOT THHaXK GpopMupyeTcs paa
arperaTupyeMbIX MallliH U OpYIUH.

Hpyroii  moaxom  opueHTHpyeTcs  Ha  MEPCIEKTHBHBIC
TEXHOJIOTHH, MHCIIOJIb3yeMble B CEIBCKOM U JIECHOM XO3sHCTBax,
JIOPO’)KHOM M TOPOJICKOM CTPOHUTEIhCTBAX, TOPHOH H JOOBIBAIOIICH
MPOMBIIIUIEHHOCTH, OCBOSHHH OOJIOT 1 3a00JI0YEHHBIX 3eMelb U Ap. [lpn
3TOM YYHTBHIBAIOTCS Pa3Mepbl M KOHTYpBl 00padaThiBaeMBbIX ILIONIAJIEH,
COIIPOTHBIICHHWE TOYBHI 00Pa0OTKE pPAa3NUYHBIMH arperaTHpyeMbIMU
MalinHaMHu, OOBEMBI TepeMemaeMoro rpyHra u ap. Kax mpasuio,
TEXHOJIOTHYECKHE  OIEpalMyd  TPEACTABICHBl  COOTBETCTBYIOUIMMHU
TEXHOJIOTUYECKUMH KapTaMu, TJe HapAly C MalldHAMU MPEACTABICH U
COOTBETCTBYIOIIUH Psii TPAKTOPHON TEXHUKH.

[To HameMy MHEHHWIO, BTOPOH MOAX0J Oojiee MPEATIOUYTHTEIICH.
OH OCHOBaH Ha TSTOBBIX M POTAIMOHHBIX YCHJIMSX, pPa3BUBAEMBIX
TPaKTOpaMH, W HEOOXOMUMBIX JUIsi pabOThl OJUHOYHBIX WM
KOMIUIEKCHBIX MAIllMH W OpYIWi, arperaTUpyeMbIX C ITOCIETHHMH.
Cucrematn3anys TSATOBBIX ~ Harpy3oK IO3BOJIUT  c(hopMHpoOBaTh
COOTBETCTBYIOIIMI IWAMa30HHBIA Psl — OCHOBY AJISl pa3paOOTKH THUTaXa
TPaKTOPHOHW ¥ IPYroi MOOWMILHOW TEXHUKH.

IIpensaputensubriit ®CA, TpoBeNeHHBIN B 3TOW 00J1aCTH 3HAHUMA
MOKa3bIBa€T, 4YTO CYIIECTBYIOT OIpPEACIEHHBIE HANa30Hbl TATOBBIX
YCUIIMH W MOIIHOCTEH, KOTOpPHIE OXBAaTHIBAIOT BECH MEPCIIEKTUBHBIN
TUIAX (PUCYHOK 4).

SJLM]

/i
- 1 .
L v .
Pucynok 4 - [lnotHoCcTh pacnpenenenus S(W) ceMeHCcTB TPaKTOPOB
MEePCIIEKTUBHOTO THITaXa B 3aBUCUMOCTH OT W (F)
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[Mukn mmotHoctu pacmpenenenus (I, II, 1II, IV) mokassiBatoT
PalMOHAIIBHBIN IHANla30H CEMENUCTB TPAKTOPOB.

[epBeiii  auana3oH QopMupyeTCs B TpeAenax TATOBBIX
conpotuieHuit or 2,0 mo 6,0 xH u cocrour w3 arperarupyemsbix
MaIlIvH, MpeTHa3HAYeHHBIX TUTS thepmepckux XO3SICTB,
KUBOTHOBOJYECKUX (EepM, CaIOBBIX M OrOPOJHBIX YYacTKOB M,
YaCTHYHO, B TOPOJCKOM XO3SHCTBE. MOIIHOCTH JBUTATENS TPaKTOPOB
mpu 3ToM KomeOsmercs oT 2 mo 15 kBr. KonécHbrit nBmxuTETH
dopmupyeTcs o cxemaM 2x2 u 4x4.

Ko BTOpOMY Amama3zoHy OTHOCSITCS arperaTupyeMble MaIluHbl U
opynus, HanOoJee paclpoCTpaHEHHBIE B CEIBCKOM XO3SIMCTBE TpHU
BO3JICNIBIBAHUA HU3KO- M BBICOKOCTEOETBHBIX KYJIBTYp TaKHX Kak
371aKOBbIe M 3epHOO000BBIE, KapTodenb, KyKypy3a, XJOMOK U [p.;
BIIArOJIFOOUBBIX — PUC, KIFOKBa U Jp. TpakTop 3TOoro ceMeicTBa (Kiiacca)
B KauecTBe 0a30BOil Mojenn U MOIUGUKAIUI IMHPOKO UCTIOIB3YETCS B
TOPOJCKOM H© JICCHOM  XO3SHCTBax, JOPOXXHOM CTPOHTEILCTBE,
MPOMBIIIUICHHOCTH, MPH 00pa0OTKE TOPHBIX CKIOHOB M IPU OCYIICHUU
0070T 1 3200JIOYEHHBIX 3E€MEIb U T.1.

JlnamasoH TATOBBIX yCHIUH mpH 3ToM cocTasisiet 9,0 — 20,0 kH,
a momHocTh aBuratens or 60 go 100 kBt. Tpaktopsl 3Toro kiacca
MOTYT BKIIIOUaTh KaK Kon€cHble monenu 4x2, 4x4, Tak U T'yCEHUYHbIE
MOAU(UKAITHH.

OTH TPaKTOPHI SIBISIFOTCS YHUBEPCATHLHO-TIPOTIAITHEIMU M MOTYT
UMETh MMPOMBINUICHHBIE MOIU(DUKALINY.

K Tperpemy kimaccy mnm ceMEWCTBY OTHOCATCA KOIECHBIE H
TYCCHUYHEIE TPAKTOPHI, arperaTupyeMble ¢ KOMIUICKCHBIME MAaIlTHHAMU,
TpeOyIOIINe 3HAYUTEIbHBIX TATOBBIX YCHIIWH, MOIIHOCTH U e€ orbopa
gepe3 Bajbl 0TOOpPa MOIIHOCTH.

B cembckoM W JIECHOM XO3SHCTBAX KOMIUIEKCHI MAIIIWH,
HABEIIIMBAIOTCS HA TPAKTOpP CHEPEId, C3aad M TOCpPEIUHE, HAIpUMep,
KOMIUIEKCHBIM arperar, MpOU3BOJISAIINN BECCHHUE ITOJIEBBIE PabOTHI 1O
BO3JICNTBIBAHUIO TIOYBHI (I1aXOTa, ... OOPOHOBAaHME), TIOCEBA W BHECEHUS
yI0OpeHUH, TPUKATHIBAHUS U T.I.

Jnamna3zoH TATOBBIX YCWIMK B 3TOM KJIacce AOJKCH HAaXOJUThCA
B nipeaenax 30,0...50,0 kH u 6onee ¢ nBurarenssMu MOIHOCTEIO OoT 150
1o 250 kBr.
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K uerBépTrOMy Kiaccy cieayeT OTHECTH TPaKTOPBI C KOJIECHBIM
WIN TYCEHHYHBIM IBIDKUTENEM, C ABHratreieM MoluHocTeio oT 300 mo
500 kBTt u TsroBeiM ycmimem ot 5.0 mo 8.0, yHHUDHIUPOBaHHBIMH
TPaHCMHCCHUSIMHM, CHCTEMaMH TIIOJBECKH, KaOMHAaMH, HABECHBIMHU
cuctemamu U 1p. OHK TpeaHa3HaueHb! A7l padoT B CEIILCKOM XO03sHCTBE
IIPU arperaTUpOBaHUM C KOJECHBIMU arperaTaMmu, TpeOyromue O0oibLIInx
TATOBBIX YCWIHHA, B TOPOJCKOM XO3SIIICTBE U CTPOUTENBLCTBE B arperare ¢
Pa3IMIHOTO PO/a MalIMHAMHE, TPEOYIOIINMH 0TOOP MOITHOCTH U T.J.

PaznuyHoe TAroBoe YyCWJIME MOJDKHO JAOCTUIaThCS 3a CUET
KOMIUIEKTAIIMH KOJIECHOTO ABFIKUTEINS PA3JIMYHBIM KOJUYECTBOM IITHH,
CUCTEMaMHU aBTOMAaTHYECKOI0 peryJIMpOBaHUs BO3yXa B IMHAX.

Ha 6a3ze mammH 3TOro Kjacca MOTYT CO3[aBaThCsl MAIIWHBI JIJIs
JIECOXO35ICTBEHHOTO KOMILJIEKCA, JOPO’KHOI'O CTPOUTEIBCTBA U AP.

B necHom X03fHCTBE 3TH KOMIUJIEKCHBIE MAIIUHBI JIOJKHBI
MPOU3BOJAUTH OJHOBPEMEHHO PsiJ ONEpaLuil IO 3arOTOBKE JPEBECHHBL, a
MMEHHO: Cpe3Ka CTBOJOB, OOpe3Ka Cy4beB, pa3lelKa XJbICTOB, HX
MOTpy3Ka W BBIBO3KA HA HMKHAN CKIaJl

3AKJIIOUEHUE

DCA SIBJISIETCSI 0000IIIEHHBIM METOJI0OM TEXHUKO-
9KOHOMHYECKOTO HCCIIEeIOBaHUs, Oazupylomerocss Ha MeToJax H
MPUHLUIIAX TEOPUU CHCTEM M CHUCTEMHOTO MOAXO0[a, BKIIOYAIOIIEIO B
cebs KOMITbIOTEPHBIE u nHGOPMaIMOHHbIE TEXHOJIOTHH
MPOEKTUPOBAHUS, METOABl WHKEHEPHOTO M IKOHOMHYECKOTO aHaIH3a.
IIpu nposenennn ®CA >PPEeKTHBHO HCHONB3YIOTCS IBPUCTHYECKHE
METO/bI U METO/Ibl aKTUBU3ALMH TBOPUECKOTO MBIIIJICHHUS.

Bce nepeuncnennsie monokeHus u cnoco0sl npuMeHeHnst CA
MOXXHO HCHOJNB30BaTh Ha MUOHCKOM  aBTOMOOWIIBHOM  3aBOAE,
BenmopycckoM aBTOMOOWIIBHOM 3aBOZie W JPYTHX MPEINPUATHSAX,
BBIITYCKAIOINX MOOMIIbHBIE MAIITHHEI.

JINTEPATYPA
1. Kannan, P. @OyHKIMOHAIBHO-CTOMMOCTHOW aHAaJU3:
npaktudeckoe npumenenne / P.Kamman, P.Kymep. — M.: OO0 «U]J
Bunbssamcy, 2008. — 352 c.
2. [TonoBunkuH, A.M1. OCHOBBI MHKEHEPHOT'O TBOPUYECTBA!
yueOHoe mocobue mnsi cryaeHtoB By3oB / A.W. IlojmoBuHkmH. — M.:
Mammzoctpoenue, 1988. — 368 c.
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VJIIK 622.331
OCOBEHHOCTHA ITPUBOAOB I'YCEHHAI]
MAIIWH AJ151 TOA3EMHBIX T'OPHBIX PABOT
FEATURES OF DRIVES OF CATERPILLARS
CARS FOR UNDERGROUND MINING OPERATIONS
bacanaii I'.A, Kazauenko I'.B., x.T.H., T0o1IeHT,
Bbenopyccknii HAMOHAJIBHBINA TEXHUYECKUNA YHUBEPCUTET
r. Munck, benapycs
R.A. Basalay, G.V. Kazachenko, Ph.D.in Engineering,
Assosiate Professor,
Belarusian national technical University,
Minsk, Belarus

[MpuBenmen o0030p © aHAIM3  CTPYKTYPHBIX  OCOOCHHOCTEU
3¢ (EeKTUBHBIX TPUBOAOB OT pa3IMYHBIX JIBHTATeNell TyCEHHI
HOA3EMHBIX MOOHMIIBHBIX MaIllInH, 06ecneqHBa10umx MaJlbIC
TEXHOJIOTUYCCKUEC CKOpOCTH JBHXXCHUS, MaTepualioCMKOCTh u
croumocth, Bbicokuit KIIJI u HamEeXXHOCTb, NEPCICKTHUBHBIC IS
pcainzanuun 0c000 OOJIBIINX nepeaaTovIHbIX OTHOIIIEHUH.

The review and the analysis of structural features of effective drives
from various engines of caterpillars of the underground mobile cars
providing small technological speeds of the movement, a material
capacity and cost, the high efficiency and reliability perspective for
realization of especially big transfer relations is provided.

BBEJIEHUE

OxugaeMplii 3HAYATEIBHBI POCT OOBEMOB TOA3EMHON MOOBIYH
KanuiHbIX  colieii B PecmyOnmuke  bemapyck  mpenompenensier
aKTyallbHOCTh COBEPIICHCTBOBAHUS IPOXOJYECKHX KOMOAiHOB Ha
TYCCHHYHOM XOJY.

Ilenb pabOTHI COCTOUT B U3BICKAHHUH IyTEH MOJACPHU3AIUH TIPUBOIOB
TYCEHMI] HA OCHOBE MCMOJb30BAaHUS HOBBIX TEXHHUYECKUX PEIICHUA U
MEXaHHU3MOB, KOTOPEIE MTOBBICAT 3PPEKTUBHOCTh JOOBITHBIX MAIIHH.
IIpoBeneHHBId 0030p TPHUBOAOB TYCEHHUIl HCCICTyeMBIX MAIluH
OpPUCHTHPOBAaH HA  aHalU3 BO3MOXKHOCTH  BHEAPEHHUS  HOBBIX
TEXHUYECKUX PEIICHUH IJIaHETAapHbIX WM LUKIOUAAIBHBIX Mepeaad ¢
COXpaHEHHWEM yHH(QHKaMh B  OTpa0OTaHHBIE  CYIIECTBYIOIINE
T'YCEHUYHBIC IBIKUTEIHN IKCIUTYaTUPYEMbBIX MOOHMIIBHBIX MAIIHH.
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CTPYKTYPHBIE OCOBEHHOCTHU [NPUBOJOB I'VCEHMUIL]

Ha pyaaukax OAO  «bemapycekanmuit» mpu  pa3paboTke
CrapoOMHCKOTO ~ MECTOPOXKAEHHSI  KaJIUHHBIX  COJed  LIMPOKO
NPUMEHSIOTCS IPOXOI4eCKHUe KOMOaHHBI ¢ OCHOBHBIM MCIOJIHUTEIBHBIM
opranoMm B Buze coocHBIX potopoB (IIK-8MA, IIKC-8M u KPII-3), a
TaKkKe KOMOaiHbI ¢ miaHeTapHo-auckoBbiM MO: «Ypan-10A» u «Ypai-
61» (mpousBomurenr — KomeWcknii MalIMHOCTPOUTENBHBIA 3aBOJ,
Poccus), KIIO-10,5 m KIIO-8,5 (mpomsBomurens — Conuropckuit
WuctutyT mpobiiem pecypcocOepexenns ¢ ONbITHBIM IPOU3BOACTBOM,
benapycs).

I'yceHnunplid OBWXKUTENs KOMOaiiHa mpegHasHAa4deH Uil I0Jauu
KoMOaliHa Ha 3200l BO BpeMs TIPOXOIKH BBIPAOOTKH W IS
OCYLIECTBJIEHUA TPAHCHOPTHBIX ONEpalMid MAIIMHOW. JIBMXKUTEND
COCTOMT W3 TYCEHWYHBIX TeleXeK (ImpaBod MW JIEBOH) ¢
WHIWBUYaJIbHBIMHA THAPOMEXaHUUYECKUMH IPUBOIAMH.

ConpoTuBieHHe ABIKEHUIO KOMOaiiHa B pabodyeM pexHMe MOXKHO
NpEACTaBUTh B (hOpME CyMMBI MSATH COCTABJISIONINX OT CONPOTHUBICHUS
MepeIBUKCHNIO ManuHsI [ 1-3]:

—  CONpPOTHBJICHHWE TNEpPEIBIKEHHUIO TYCEHHUI] IO  OIOPHOM
MOBEPXHOCTH (IIOYBE BBIPAOOTKH);

— CONPOTHUBJICHHUE MEPEABIKECHUIO arperaTa npu padore B BIpaboTKe
C MPOJOIBbHBIM YKJIOHOM;

— COIPOTHUBIIEHNE TToAade KomMOaiiHa Ha 3a001;

— TPOTaHHE C MECTa U Pa3roH 10 HOMUHAJIBHOM CKOPOCTH;

- COTIPOTHUBJICHHE TIepPEIBIKCHHTO TpHIena (bynkepa-
MeperpykarTeisi) C y4eToM YBEJIHUMBAIOIeics MacChl PyIbl B Ky30Be€.

Hcnons3yemple B kombOaiiHax IIKC-8, KPII-3 mpuBoab
BEIYyIINX 3BE3/I04€K (pucC. 1) BKIIOYAIOT MHOTOCTYIICHYATHIE
LWJIMHAPUYECKUE  PENYKTOPBI, IPUBOAMMBIE B  JCHCTBUE
rugpomoropamu MSE-18 wim MR-80.

[Ipu BkIIOYeHHH pabodvell CKOPOCTH MOJauu KoMOaiHa KpyTAMH
MOMEHT OT TuApoMoTopa M mnepemaeTcs BeOyLIMM 3Be3loukam 24
T'YCEHHYHOI JICHTBI Yepe3 IMIeCTh CTyNeHel 3youareix nepenay (4 — 6, 8
- 11,12 - 13, 14 - 16, 18 — 19 u 21 — 22), a npu MaHEBPOBOM — 4epe3
yeTeipe cTymnenu nepenay (3 — 13, 14 — 16, 18 — 19 u 21 — 22).
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[lepenaToyHoe OTHOILIEHHE MPHBOAA B paboueM pexume KomOaifHa
cocraBisier 204,5; mpu maHeBpax — 15,8. MakcumanbHasi CKOpPOCTh
KoMmOaifHa Ipu OTTOHE — 10 3 M/MUH.

Puc. 1. [lpuHIMNHANbHAS KHHEMATHYECKas CXeMa IMAPOMEXaHHYECKOT0
MIPHUBOJIA TYCEHMIIBI MPOXOAYecKHX KomOaitHoB cepun [1IKC-8

B  pemykrop mpuBOJa  TIyCEHHLbI  BCTPOEH  TOpMO3 9,
NpefHa3HAYeHHBIH JUII TOPMOXEHHsS TYCEHHIBI BO H30ekaHne
CaMOIIPOM3BOJIBHOTO CIION3aHUA KoMOaiiHa 1Mo YKJIOH IO JeicTBHEM
COOCTBEHHOTI'0 Beca MU OTKJIIOUEHUH 3JIeKTpoJBUrareneil Hacocos. [Ipu
OJJHOBPEMEHHOH Iojade Macia K THAPOMOTOPY H B  IMJIHHAP
HPOUCXOJNT cpabaThIBAHNE TOPMO3a.

B mpuBomax TryceHHI] MpPOXOJYECKO-OYUCTHBIX KOMOAHHOB cepuu
«Ypan-10 (20)», a Ttaxxke KIIO-10,5 (8,5) Ttaxke wucnomb3yercs
MHOTOCTYIEHYAThIe IMIMHAPHYECKHE PEeIyKTOPHI, o0ecreunBaonme
paboumii ¥ TPaHCTIOPTHBIN PEKUMBI JBMXKECHUST MamuH (puc. 2). B Hux
MIPUMEHSIOTCS aKCHAJIbHO-TTOPUIHEBBIE THAPOoMOTOpE! 310.4.

Psaa nmpowsBoguTenelr TOPHBIX MAalllMH B THAPOMEXaHHMYECKUX
NpUBOJAX TYCEHHI] MPUMEHSIOT KOMOMHHUPOBAHHBIE CXEMBI,
COCTOSAILIME W3 MHOIOCTYIEHYATHIX LWIMHAPUYECKUX M OIHO-
JIBYXCTYIICHUATBIX IIJIAHETAPHBIX IIEpeaay.

Hampumep, B  TI'MIPOMEXAaHMYECKOM MPHUBOJE TI'yCEHHI
KoMOaitHOB m3bupatensHoro aeiicteus cepuun KMJ(-220, a takxke
LIEJICHAPE3HOU MaIlHbI MBB-140 IIPUMEHSETCS
KOMOMHHpOBaHHAsl CXeMa, COCTOSIIas U3 ABYXCTYNEHYATOTrO
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[WJIMHAPUYECKOTO PEIyKTOpa W  IUIAHETApHOM THXOXOIHOM
nepeaayu (puc. 3).

7

4
;
i

Qx/
Wg“ o *A) q
27

Puc. 2. IIpunrunuansHas KHHEMaTHIECKast CXeMa IIPUBOJA T'YCEHHUIBI KOMOAfHOB
cemeiicta «Ypam» n KI10-10,5:
1 - mydra; 2,5,8, 11,17,20,23,26 — Bansl; 3,4,6,7,9,10,13,14,18,19,21,22,24,25
— 3y0OuaTtbie Koseca; 12 — kynaukoBas Mydra; 26 u 29 — NOAIINMIHUKOBBIE OTIOPHI;
27 — 3Be3104Ka

Hanpumep, B ruapoMexaHHMYECKOM TMPUBOJE T'yCEHHMI]
KoMOaitHOB m3bupatenbHoro aeiictBus cepuun KMJ(-220, a takxke
LICJICHAPE3HOU MaIlHbI MBB-140 IIPUMEHSETCS
KOMOMHHpOBaHHAs CXeMa, COCTOSMIas U3 ABYXCTYNEHYATOTrO
UWIMHAPUYECKOTO PEAyKTOpa U IUIAHETAPHOM TUXOXOAHOM
nepenaun (puc. 3). JIas 3TOro MCHONB3yeTCsl YHUPHIIUPOBAHHAS
IUTAHEeTapHasl Tepenada OT OOpPTOBOTO pEIyKTOopa MPUBOJA
T'YCEHHUII CIIEIIUATIbHBIX MALIMH CEPUMHOTO ITPOU3BOJICTBA.

B ruapomMexanmdeckoM TMpuBoje TyceHHIBI komOaiina CM2B-30P
(«Eickhoffy, I'epmanmst) MIPUMEHSETCS TPEeXCTYNEeHYAThIH
OWIMHIPUYECKUH  PEIyKTOp B COYETaHHMH C  JBYXCTYNEHYATOH
TraHeTapHoi  mepemauerd  (puc. 4). Ilepemarounoe oTHOIIEHWE
penykropa paBHo 302. Ilpu »ToM Ha MepBON M TPEThEH CTYMEHSIX
OUIMHIPUYECKOTO  PEAYKTOpa  HCHOJIB3YIOTCS  MPOMEXYTOUHBIE
3yOuatele konieca 4 u 12, oOecreunBaronve yBEIMYCHUE MEXOCEBOTO
pacCTOSHMS MEXAY BEAyUMM BaJloM 2 M COOCHBIMHU: BalioM 15,
Bommitamu 20 u 24, a TakKe BaJIOM 25 CTYHHIIBI CO 3Be310UKamMu 27.
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Puc. 3. Kunemarudeckas cxema IpHUBOJA T'yCEHUIIBI
kombaitnoB cepun KMI-220 u mammusr MBB-140:
1 - mydra; 2 u 5 — Bansl; 3, 4, 6 u 7 — 3ybuarble Kojieca IIIHHIPUIECKOTO PEIyKTOpa;
8, 9, 10 3y6GuaTsie koneca u Bogwio 11 ruianerapHo# nepenayn; 12 — ONOpHBIN Bawl;
13 — moAIIMITHUKOBEIE OMOPEL; 14 — KOpITyC TIaHeTapHOH mepenayn; 15 — ctymuna;
16 — 3Be3mouky; 17 — KOPIyC UMITHHIPUIECKOTO PeAyKTOpa; 18 — ymmoTHeHne

23|22 27
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i 10 19Q 28
1 ojor- HQOl
o CE T3y
r‘x 1T 1 T x 1L x T

| |
—|7o+\\—k~ T :o\o»—k\olc: [ &
2 34 6 8 11 12 13 14 15

Puc. 4. Kunemaruyeckas cxema
THIPOMEXaHUYECKOT0 MMPHBO/IA TyceHHUIBI KomOaitnHa CM2B-30P
Hns  oumnctHoro kombaitHa «KoOpa Ko6» (Xomguar «Hwusay,
r. Conmuropck) pa3paboTaH AJIEKTPOMEXaHWYECKUH MPHUBOJ TYCEHHII, C
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YaCTOTHBIM PETYJIMPOBAHUEM ABUTraTelNs MEPEMEHHOTo Toka. [loaToMy B
pelyKTope HE TpUMEHseTcd My(Thl TEPEeKIIOYCHUSI PEKUMOB
nepenBukeHnusa (pabouuii — TpaHcmopTHBIN). OgHAKO MexaHHUYecKas
YacTh MPHUBOJA — PEAYKTOP MMEET IIEeCTh CTyINEeHEeH 3y0uaThiX mepenad

(puc. 5).

Puc. 5. Kunemarndeckas cxema 3J1€KTPOMEXaHMYECKOTO ITPUBOJIA 'y CEHUIIbI
kombOaiina «Kobpa Ko»:
1 - snekrpoxBuratens; 2 — mydra; (3 — 15) — 3yOuaTsie Kojeca;
16 — ymotHenue; 17 — Topmo3s; 18 — 3Be3n04KH

HenocratkoM BCeX pacCMOTPEHHBIX TPHUBOJOB MOMHMO HH3KOIO
KII/] siBysieTcst MX CIIOKHOCTh U METAJUIOEMKOCTb.

B arom cwmpicie  ompeneneHHBIH ~ WHTEpEC  MPEICTABIISIOT
UKJIOUJANIbHBIC PEAYKTOPbl bapaHOBUYCKOTO CTaHKOCTPOHUTEILHOIO
3aBojIa.

KIIJI omHOCTYNEHYaToro NHKIOWIATBHOTO PEAyKTOpa COCTaBIISIET
92,5%, pmByxcrymeHuatoro — 85%. Bricokas HarpysodHas
CIIOCOOHOCTh,  BBIJCPKHMBACT  S5-KpaTHbIE  IHKOBBIE  IEPETPY3KH.
[uknounaneHbie PEMTyKTOPHl O0NAJAIOT BBICOKOW HAAEKHOCTHIO JI0
20000 dYacoB HeNMpepbIBHOH pabOTBI peayKTOpa TPH IOCTOSHHOM
Harpy3ske C BEpOATHOCThIO Oe30oTkazHoW paboter 10 90 %.
MHOronapHoCTh 3alleIUICHUs O0ECIeYMBACT HU3KUN YPOBEHb IIyMa
65...70 nb. OmguH W3 BapWaHTOB HCIIOJIE30BAaHUS IIHKIIOUIAIBHOTO
peayKTopa B IPUBOJIE TYCEHHUII MMPOXOTIECKIX KOMOAITHOB MpeACTaBIeH
Ha pUCYyHKe 6.
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Puc. 6. Cxema npuBoja ryceHHIbl FOPHOIi MAIIMHBI
€ HCMOJIb30BAHMEM HA GbICTPOXOIHOI CTYNEeHH LMKJIOHIAIBHOIO PEAYKTOpa

18

Takum oOpa3oMm, aHamM3 KOHCTPYKTHUBHBIX OCOOCHHOCTEH
NPUBOJIOB TYCEHHI MPOXOJUYECKHX KOMOAHHOB IOKAa3bIBaET, YTO OHHU
o0ecreuynBarOT 3HAYUTEIBHOC IIEPENaTOYHOE OTHOLICHHE, I103TOMY
BKJIFOYAIOT B ce0s OT 4 710 7 CTyleHel IMINHIPUIEeCKUX Iepeaad.

D¢ dekTHBHOCTE peayKTopoB MoxkeT cocrasmsats 0,8 — 0,9.
VY4uThIBas, UYTO TNPOXOAYECKHE KOMOaWHBI TPENCTABISIIOT COOOM
TUXOXOJHBIC MOOMJIBHBIC MAIMHBI, STOT MOKA3aTeNlb HE BIUSET Ha UX
obmyro 3ddextuBHOCTh. CIIOXXKHOCTH KOHCTPYKIMH OTpaXkaeTcst Ha
CTOMMOCTH U3TOTOBJICHHS],  TAKXKE [IOKA3aTENAX HAJACKHOCTU U3/ICIHH.

3AKJIIOYEHUE
AHanu3 TPHUBOJOB TYCECHHUI[ IIOJ3EMHBIX MOOWIBHBIX MAaIlNH
MOKa3kIBAET, YTO €CTh NyTH WX MOJCPHH3AIMHA Ha OCHOBE
HCTOJIb30BAHUSI HOBBIX TEXHUYCCKHX PENICHUH W MEXaHU3MOB,
00eCIeunBaIONUX MaJlbie TEXHOJOTHYECKUE CKOPOCTH  JIBUIKCHHS,
MaTepHaIOEMKOCTh U cTOouMOCTb, BbicOKMM KIIJI u HagexHOCTS,
MEPCICKTUBHBIE MJII peaU3allii  0Co00 OOJIBIMUX TepeaaTOUHBIX
OTHOIIICHHUH.
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