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Pa6ora BbrrroJrHeHa n BenopyccKoM

HayuHsrfi pyroBoAureJrb

HaUHoHaJIbHOM TeXHHT{eC KOM

PEIZ3HHA ra;rnna

yHHBepcI,ITeTe

Huno.naeBHa,

O$zqraaJrbHbre o[roHeHrbr :

AOKTOp TeXHprqeCKHX HayK, AOTIeHT,
npoSeccop xa$e4prr <<Bucrrraq MareMa-
rHKa J\b 1) EenopyccKoro HarluoH€urbHoro
TexHr4r{ec Kofo yH14 Bepc HTeTa

AIbII,IH BnaarrMnp EopucoBnrr,
AoKrop rexHnrrecKr4x HayK, npo$eccop,
3aMecrl4reJlb Al4peKropa ro Hayr{Hofi pa6ore
fHy <O6relprHeuurrfi HHcrr4ryr MarrrnHo-
crpoeHerx HAH Eenapy cv>>;

fIOBAPEXO A,nerccaHAp CepreeBHrr,
KaHAI4AaT TeXHI4r{eCKprX HayK, AOUeHT,

roIIeHr rca@e4pu <Tparropbr)) Eenopyc-
cKofo HauI,IoH€uIbHofo TexHplr{ecKofo
yHHBepcr4TeTa

PI/fI <<HayvHo-rpaKTHrrecrcufi rIeHTp
Haquoua.nsHofi aKaAeMrrr{ HayK
Ee"rrapycu rro MexaHH3aur{H ceJrbcKoro
xogqficrBa>>

On no uupylo Iqas opra :avrca\vr fl

3aulura cocronrcr 16 l'r'afl 2014 r. B 14 rracoB Ha 3aceraHvrv coBera rro
3aIrII4re Al4ccepra\uir A 02.05.04 npu BenopyccKoM HarIr4oHaJrbHoM rexHuqecKoM
yHuBepcl4rere IIo aApecy: 220013, f. Mnscr, i lp. Hegaezcr4Mocrr4, 65, Kopn. l,
ay6 202. TeneQoH yr{eHoro ceKperapn 292-83-85.

C Al4ccepraquefi Mo)KHo o3HaKoMr4rbcfl B 6u6tuoreKe EenopyccKoro
H aTIHOH aJrbHO f O TexHr,rqe C KO f O yHr4 BepC HTeTa.

AnropeQepar pa3ocnaH ((_)) ailpens 2014 r.

Y.reHsrfi cexperapb coBera
ro 3aulure Aucceprarynit q.V. XaanoBprr{

O Muxynr.rK T.H. ,2014
C B enopyc c Kr4 it sa\uoualrsrrfi
rexHr{r{ecrufi yHuBepcr4Ter, 20 1 4
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BBEAEF{VIE

I4ccreAoBaHkrfl s o6racrn TpaHc[oprHofi 6esoracHocru cBuAereJrbcrByror o roM,
tITo ocHoeHofr npuuHuofi Aopo)I(Hbrx npor4crrrecreufi v rrpou3BoAcrBeHHbrx anapuit
.f,BJlflerct r{eroBeqecrzfi Sarrop. Tax, 57 % anapuit npoucxoAur BcneAcrBne
oruu6xu oneparopo, 2,4 oA v3+a rexHr4qecxofi HeucrrpaBHocrr4, 4,7 o

se6larorpufltrofi oKpyxarollefi cpeAbl, a 35,9 oh rpor4crxecrsufi cnyqarcrcs B cvrry
cJloll(Horo coqe raH:zfl BbIIrIe[pHBeAeHHbrx Qaxropoe. Tarzna o6pa3oM, Bax(Hoe Mecro
B Bonpocax o6ecneqeHlat 6esonacHocrn 3aHHMaer qeroBeK-oneparop,

roABepxeuusIfi BJII4tHrIlo oKpyxarorqefi cpeAbr u nra6poHarpyx(eHHocrrl cucreMbr
((oneparop-MalrlplHHo-rpaKropnufi arperar (MTA))), ror{Hee, ero SyHxrrHoHaJrbHbre
cocraBJrf,rorrlr4e na pa6orreM Mecre.

B Hacroflulee BpeMtr HcrloJlb3yrorcfl ABa ocHoBHbrx rryru rroBbnrr eH:afl
e$SexrHBHocrI4 AeqrenbHocrpr oreparopa KoJrecHoro rpaKropa. llepnsrfi ocnoBaH
Ha yqere ncuxoSr43lloJrorurrecKnx xapaKTepucrr4K orreparopa vr cB{3aH c
KoMrIJIercHofi ollrplMuza\uefi ycnoBr4fi rpy4a. OAHaxo oco6eHHocrn Ae.flrenbHocrz
ollepaTopa TaKoBbI, qTo BbllxeynoMflHyTbrM MeTOAOM HeBO3MO)KHO yrrr4TbrBaTb Vr

KoHrponupoBarb ranSoprraqr{oHHbre neperpy3Kr4, $arropu r43MeHeHvrfl

SyHxqHoHaJIbHoro cocroflHvrfl o[eparopa, noBeAeHr4 e Bo BHerrrrarHbrx v aBapvrfiHux
cuTyauvrflx. Bropofi ilyrb rroBbIIrIeHLrfl. e$Ser<u4BHocrr4 AesreJrbHocrr4 orreparopa KaK
Irkr\a, npl4HHMaloilIefo petueHHfl vr BblfloJlH{}oulefo anfopr4TMbr AeqTenbHocTr4, -

KoHTponb $ynxqraoHaJlbHoro cocro,f,Hr4r H rpaBr4nbHocrr4 BbrloJrH eHVfl SyHxqrafi
HerrocpeAcrBeHHo B rlpoqecce ocyqecrBJleHr4fl TexHoJrorHqecKHX onepaqnfi. B srofi
cBfl3u yrler $axropon, BrI4qro[IHX Ha eSSerrnBHocrb BbrrroJrH eHVfl oreparopoM
aJIropI4TMoB AeflTenbHocrn z $ynxllnoHanbHbrx Bo3Mo)Knocrefi cr4creM noAAepxKH
pa6orocnoco6Hocrl4 c prcrroJrb3oBaHHeM MoHHTopHHra Sz:nonornqecKHX
napaMerpoB, ruarHo crvKvr SyHxqraoHaJrbHoro cocrof,Hur orreparopa KoJrecHoro
TpaKTopa, qBrflercfl Ba)r(Hofi Hayunofi npo6nenrofi.

Heo6xoAl4Mocrb ee pelxeHnfl cBq3aHa c orpaHuqeHHocrbro v HQopvr a\krv kr
MeroAoB LIccJIeAoBaHpIr peaxqufi oileparopa (no4urenx) u c coBepueHcrBoBaHr4eM
MeroAoB rlccneAoBaHnfl eS$exruBHocrpr B3aprMoAeficreuq cr4creMbr ((oneparop-

xolecHufi rpaKrop) c yr{eroM nz6ponarppKeHHocrr4 oreparopa Ha ocHoBe
MoHHTopHHra ero Srasnonornr{ecKoro cocrorHr4fl, c Irenbro ynyqur eHvrfl
nu6po:aITIHTHbIX ceoficre cprcreMbr 14) KaK cJreAcrBue, rrporHo3lrpoBaHr4e
nra6paquoHHofi Harpy3K:a Ha Hero.

OEIIIAfl XAPAKTEPUCTI{KA PAEOTbI

Ceqsr pa6oru c KpyrrHbrMrr HayqHbrMH [porpaMMaMu, TeMaMH.
Tenaa lucceprawrkr coorBercrByer npl4opl4rerHoMy HanpaBJreHr4rc SynaaMeHrarrbHbrx
kr npHKrIaAHbIX Hay{HbIX HccneAoeaHprfi Pecny6 rrvKkr Benapycr sa 2010-201 5 roAbr
<<7 , MarunHocrpoeHne. Cucrenart 14 KoMrrJreKcbr cenbcKoxo:qficrBeHHbrx Ma[rHH.
Kourpolr kr AHarHocrHKa B MaIrII4HocrpoeHWD, no4pa34en 7.1 (nocrauoBJreHue
Coeera MuuncrpoB Pecny6rIHKI4 Benapycb or 19.04.2010 r. J\& 585) H prccJreAoBaHun

BsITIoJIH flIrvrcb B paMl(ax fB 09-52 <Pa:pa6orxa MareMarH.{ecxofi MoAenr4
ynpaBnteMoro 4evn$upyloulero ycrpoficrBa ilpnMeHureJrbHo K rroABecKe
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rpaHcnoprHoro cpeAcrBD) (Jrlb I-P 20093168, 2009201 0 rr.) u AoroBopa o Hay-rHo-
rexHl4r{ecKoM corpyAHur{ecrBe J\b 6 c PyTI (MT3) <<AHarr.rg vr o6o6ueHr4e
pe3ynbraroB Teoperprr{ecKux 14 3KcrrepnMeHTaJrbHbrx r4ccneAosaF{Hfi SynKrlraoH€lJrbHoro
cocronHl4n cncreMbr "Bo4urens-TC-4opora">> (J\rl I-P 20101080, 2009-2010 rr.) B
coorBercrBnu c |HTII <<MauruHocrpoeHue)), noAnporpaMMa <TpaxropocrpoeHr4e)),
3alaHr4e AT 02.30.

Ile.nr v 3aAaqu HccJreAoBaH[fl rroBbrrrreHue axrusHofi nu6po:arrluTbr
cr{creMbl (oileparop-cl4AeHbe)) KoJrecHoro rpaKTopa c r4crroJrb3oBaHueM $yHrcqrao-
HaJIbHoit guaruocrrlKl4 rIpLI BbrrroJrHeHlrrz oleparopoM TexHoJroruqecKr4x onepaqufi.

Als AocrHX eln:afl IIen u 14 c cn eAo BaHI4fl rr ocraBJreH br cn eAyrc rrlue 3ararilr :
-npoBecru I4ccneAoBaHl4f, era6po:ailIr4THbrx ceoficrs cr4creMbr ((o[eparop-

cI4AeHbe)) c qenblo aHaJrv3a yrpyfo4ertnu$Hpyroulr4x xapaKrepHcrr4K cHAeHbf,
KoJlecHoro rpaKropa vr 1arb orIeHKy e$SexruBHocru su6po3arrlr4rbr;

- pa3pa6oram ocHoBHbIe rrpuHrlr4nbr v MeroAHKy pacqera npoqecca
Hafpy)KeHldfl, cI4cTeMbI ((oIIepaTop-cr4AeHbe)) KoJrecHofo TpaKTopa c yr{eToM

ynpyro4evnSupyrorql4x xapaKrepucrl4K cI'rAeHb x u $rcr4 oJrorrlr{ecKoro cocr oflHvrfl,
oreparopa;

- pa3pa6oram MeroApIKy 14 cnoco6 AHarHocrHKH SrasrzonoruqecKoro cocro.flHufl,
oreparopa;

- npoBecrpl gKclepHMeHTaJIbHbre HccneAoBaHr4fl Slr:HonorurrecKoro cocroq:nprr
oneparopa Ha pa6or{eM Mecre c roMorrlbro KoMrrbrorepuofi AHarHo crkrKvr;

- pa3pa6orarr anropnTM ynpaBJIeHHfl noABecxofi clrAeHbq ro orIeHKe HHAeK-
ca Harrp fl>KeHnfl olleparopo, npeAcraBJreHHofr n BHAe 3neKTpr4r{ecKr4x cr4rHanoB;

pa:pa6orarb kr BHeApHrb MeroAprKy AVarHocrHKr4 SynxqnoHaJrbHoro co-
cTofl Hpr fl cr4cT eMbr (( ofrepaTop-c HAeHbe )) .

O6rercr kr rlpeAMer HccJreAoBaHHfl. O6reKToM HccneA oBaHvrfl flBJr{ercfl
cucreMa ((o[eparop-cl4AeHbe)) KonecHoro rpaKTopa. llpe4nrer uccneAoBaHufl
ez6po:ailrl4rHble Kar{ecrBa cncreMbr (<oneparop - cr.rAeHbe)) KoJrecHoro rpaxropa)
r4 cpeAcrn nz6po3arrlprrbr oreparopa.

MeroArt HccJreAoBaHHq. Teopernr{ecKr4e HccneAoBaHHfl BbrrroJrHeHbr Ha
ocHoBaHr4l4 3aKoHoB MexaHvlKvr) MaTeMaTI4KpI H rrJIaHHpOBaHHt 3KCIIepI4MeHTa.

SxcnepI4MeHT€LIIbHbIe HccneA oBaHvrfl rrpoBeAeHbr e I4cnrrrareJrbHoM rIeHTpe rpaK-
ropuofi rexHI4Kr4 (I4IJ <Tpar<rop)) c rroMorrlbro cilerlnann3upoeaHHofi KoHrpoJrbHo-
I43MepHTeJIbHofi annaparypbl B coorBercrBr4pr c HopMarprBHbrMH AoKyMeHTaMr4.

O6pa6orxa 3KcrIepHMeHT€uIbHbrx AaHHbrx BbrnoJrHeHa MeroAaMH
M areM arur{ec Kofi crar vrcrvKkr H t{Hc r e uuofi o6pa6 orKr4 c r4rH aJro B.

Ilo.nonceHrrq, BbrHocHM bre Ha 3arrlr{Ty:
- Mero rkrKa H pacr{er nH6ponarpyxeHHocru cr4creMbr ((oileparop-cuAeHbe))

KoJlecHoro rpaKropa npl4 B3auMo4eficrnuu c nselrHefi cpe4ofi c yr{eroM
BblcoKoqacrorHblx v yAapHbIX Bo3Myrrlelauit Anfl o6ocHoBaHkrfl. kr peanu3a\krv

Ar4 arH o crr4Kpr S uaraonorzq e c Ko ro c o croq Hkrfl o rr ep arop a ;
- Mero rvKa v cpeAcrBa oIIeHKH nla6poHarpyxeHHocrr4 cucreMbr ((oneparop-

cI4AeHbe)) KoJIecHoro rpaKTopa, omruqarculancfl yqeroM Qu:uonornr{ecKHX
Saxropon oleparopa B ycnoBl4qx oKclnyararryrvr, no3noJtfltou.lafl npoBecrlr a*aJrvr3

[vHal.r,lar{e c Koro c o cro flHlafr c pr creM bI c ue Jrb}o n o Bbr rrre Hr4x ua6po3 auIHTbI ;
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- €urropklrM ynpaBn eHvrfl KoJle6arenbHofi cr4creMofi ((onepaTop-cHAeHbe)),

omrwtarcu,luficfl caMoperynflIll4efi SynxquoH€urbHoro cocro-f,Hr4f, orreparop?, r{To

no36oJtLtm dantu oIIeHKy sSSexu4BHocrH aJrropr4TMa ynpaBn eH:afl Ha ocHoBe
6raoo6parHofi cBfl3vr;

- cnoco6 AI4arHocrI4poB aHvrfl $yHr<qraoHaJrbHoro cocrosHnq oneparopa
KoJlecHoro rpaKropa B npoqecce ero (oneparopa) AeflrenbHocrr4, ocHoBaunsrfi Ha
npHHIII4IIe perI4crpaIIHH H3MeHeHr4tr noKa3arenefi Su:raonorr4qecKoro cocro{Hr4fl, r4x
aHalrv3a vr BbIAar{I4 rlpeAy[pe)KAaroilIero cr,rrH€Lrra, ont]twtarcuyuilcn or
cyilIecrByloql4x cncreM oueHoK $u:raonoruqecKoro cocro.flHkrfl oneparopa yrreroM
ero 14 HAeKca Hanpqx elnnfl. HosHgHa noATBepx(AeHa rrareHToM Ha H:o6pereHue
Pec ny6Jrr4Kr4 B enapyc I ;

- MaKersttfi o6pa:eq pyneBoro Koneca co BcrpoeHHbrM oKcnpecc-
aHalrkrsaropoM, npedcmeBJtfltouluit co6oil uoeut;t uuSoprtraqHounrrfi HcroqHHK ilnfl
ynpaBn elnkrfl cucreuofi ((oneparop-cnAeHbe)) ro rroKa3areJrro ((HHAeKc

Hanpt)K eHkrfl>>, nos^oJryflrouyuit cBoeBpeMeHHo o6nappr(r4Tb HerrrTaTHbre cvrryar]J/.vr,
cBfl3aHHbre c 3Kcnnyararlnefi rolecHoro rpaKTopa;

KOHCTpyKTI4BHOe peIXeHHe ynpyfofo 3JreMeHTa noABecKpr, omrLtttAtouleecfl
TeM, qro B HeM BMecro cl4creMbr pbrqaroB vr KpoHrxrefinoe npr.rMeHeH $urypurrfi
rlpyr r43 npy)KHHnofi cralrvr, t{To daem 6o3u4oJtcHocmb cHr4)KeHr4r rrolepeqHbrx 14
npoAonbHblx aeSopu a\uil. HoezsHa roArBep)KAeHa rrareHroM Pecuy6Jrr4Ku
Eenapycr.

JIuqHstfi BKJTaA coIrcKareJrfl. Teoperur{ecKr,re vr oKcrrepr4MeHTarlbHbre
HccneAoBaHkrfl, npeAcraBJIeHHbIe B Ar4cceprarllroHnofi pa6ore, BbrrroJrHeHbr aBTopoM KaK
caMocrotreJlbHo, TaK 14 B coaBTopcrBe. AnropoM Jrr4qHo pa:pa6oraHbr MareMarrlrrecKr4e
MoAenI4 onpeAe lreHufl nIa6poHarppreHHocrr4 o[eparopa KonecHoro rpaKropa, Mero ilr4Ka
aHaIrv3a nra6ponarpyxeHHocrn rlo nz6paqzonsofi MouIHocrH Ha ocHoBe noJrHoro

$axropHoro 3KcnepHMeHTa, paspa6oraHbr anropr4rM yrrpaBJreHuq roABecxofi cprAeHbr rro

Qra:rEonorl4r{ecKoMy IloKa3areffo ((HHAeKc Hanpqx( eHr4fl>>, MeroAr4Ka vr cnoco6

Ar4arHocrr4poBa HVfl SynrquoHarrbHoro coc r o flHr4fl o[eparopa.
O6cyxgeHne pe3ynbraroB vr KoHcynbrr4poB aHHe rro ocHoBHbrM BonpocaM

Al4ccepra\vrr ocyqecrBJlflJlocb c Hay{HbrM pyKoBoAHreJreM f.H. PefiguHofi. CoeMecrHo
c Hay-IHbIM pyKoBoAI4TeneM pa:pa6oraHo KoHcrpyKropcKoe perreHr4e roABecKr.r
cI4AeHbs. llouolrlb B rIpoBeAeHHI4 3KcrrepuMeHra oKa3arrr4 rJraBHbrfi roscrpyKrop PylI
(MT3) A.f. CracnleBl4r{ 14 Har{arbHHK 3KcrepnMeHruurbHoro rlexa W <Tpaxrop)
C.A. feremox.

Anpo6aIlHfl pe3yJrbraroB AHccepraqur. Pe:yrrrarbr prccneAoeaHrari

AoKnaAbIBaJII4cb H o6cyx4alrLrcb ua 5, 6, 7, 8-fi MexAyHapoAHbrx rcon$epeHrlusx
<Hayxa -  o6pa3oBaHnro, npoz3BoAcrBy, 3KoHoMHKe)) (Muncx, 2007,2008, 2009,
2010 rr.), X, XI, XII Pecny6JIHKaHcKI4x HayqHbrx xoH$epeHrlr4qx cryAeHroB kr
acnkrpaHToB <<Hosble MareMarl4r{ecKue MeroAbr 14 KoMrrb}orepHbre rexHoJrorur4 B
npoeKTvrpoBaHvkr, npopl3BoAcrBe v Hayr{Hbrx HccneAoBaHuflx)) (fovelr, 2007,
2008 , 2009 rr.), Mex4ynapo4Hofi HayqHo-npaKruqecxofi roH$epeHrlprz,
IlocB.flIrlesnofi 8O-nerraro co AH{ pox(AeHu.f, A-pa rexH. HayK, rrpo$.
B. A. CroruuKoBa <Tpaxropbl, aBToMo6utu, vo6HrrHbre 3Heprerr4r{ecKr4e
cpeAcrBa: npo6leurt kr nepcneKrr,rBbr pa3Br4rr4fl>> (Muncx, 2009 r.),

?
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Mex4ynapo4nofi MareMarHqecxofr rconQepeHrIHpr <ArryaJrbHbre npo6nevu
aHarIH3a> (fpoAHo, 2009 r.), Me)KtryHapoAuofi HayqHo-rexHuqecrofi xoH$epeHrlr4r4
<<AeroMaru3allr4t rexHororr4r{ecKux rrpoqeccoB)) (MuHcx, 201 1 r.).

Ony6nuKoBaHHocrb pe3yJrbraroB Ancceprarl l lu. OcnoeHrre noJro)KeHr4fl,

Al4cceprar\vvr ony6nraKoBaHbl B 22 [eqarHbrx pa6orax, vr3 HHX 7 crarefi B
coorBercrBylolrlzx nyHKry 1 8 lloloN eH:afl o rrpncyx( !.eHvrkr yr{eHbrx creneuefi H
IrpI4cBoeHVkr yr{eHbrx zr,aHuir e Pecny6nzxe Belapycr, o6reuow 2,44 a. r., 13 - s
MarepuaJlax perkl oHaJlbHbrx v Me)KAyHapoAHbrx xoH$epeuqzfi, 1 nareHr Ha
[one3Hyro MoAenb, I rrareHT Ha ra:o6pereHze <Cnoco6 Ar,rarHocrprKr4

$yHxqIaoHaJIbHoro cocroflHvrfl BoAr4Terq, ynpaBnqroilIero aBTorpaHcrroprHbrM
cpeAcrBoM, p.nfl npeAynpex(AeHprr HerrrrarHbrx cr4ryarluir>>. O6tr1ufi o6renl
ny6nur< a\ui,t cocraBJrser 5, 10 anropcKr{x Jn4 cra.

CrpyrcTypa v o6rena Anccepraqlru. lracceprarJzrfl cocror4T vr3 BBeAeHHfl,
o6qefi xapaKTepI4crI4KI4 pa6oru, qerbrpex rJraB ocHoBHoro reKcra, 3aKmoq eHnfl,,
crII4cKa I4cIIoJIb3oBaHHbIX I4cror{HHKoB v ry6nura\nir coprcKareJrfl vr trpnno)Ketrui,t.
flonHrrfi o6rena - 162 crpaHurlbr, BKrroqaq 40 HJrJrrocrparyvrir Ha 17 crpaHr4rl&X, 24
ra6lnqst Ha 10 crpaHI4IIoX, cnucoK r4crroJrb3oBaHHbrx Hcror{Hr4KoB H3 122
HaI4MeHoeaHIafi na 9 crpaHI4IIoX, crrncoK ny6nrax a:q;ltit aBTopa uz 22 Har4MeHosaHrafi
ua 3 crpaHr4rloX, 10 npunoxeHufi sa 29 crpaHr4rlax.

ocHoBHoE c oAEp}ItAHVtF,. AVTCCEPTATIVI}T

Bo BseAeHHH AaHo o6ocuoBaHl4e aKryanbHocru TeMbr Ar4cceprar\w kr
oIrpeAeJIeHbI ocHoBHbIe 3aAaril4 r4ccJreAoBaHlr'fl, perueHpre Koropbrx Heo6xoAr4Mo Infl
Aocruxel^tprfl rlocraBrensofi uenu: rloBbrlrreHr4fl sSSerruBHocrra SyHrcrlr4oHupoBaHr4t
KOJIeCHbIX TpaKTOpOB lIyTeM MHHT4MV3AT\VIL4 HefarHBHbIX aCTIeKTOB r{erOBer{eCKOfO

$axropa HeilocpeAcrBeHHo Bo BpeMfl BbrrroJrH eHkrfl oneparopoM TexHoJrofnqecKr4x
oueparlHfi.

B nepnofi r.naBe rpI4BeAeH aHarrvrruqecKzfi o6:op nr4reparypbr rro BonpocaM
I4ccneAoBaHkrfl Sra:uororl4qecKoro cocrof,Hvrfl orreparopa B npoqecce yilpaBneH:afl
TpaHc[oprHbIMI4 cHCTeMaMV) AaH aHArrur3 CyilIeCTByrOrrIHX Cr4CTeM [OAAepXKr4

pa6orocnoco6Hocrn orreparopoB (no4arenefi) KonecHbrx Marrrr4H pa3nnr{Hbrx $"pr,
ycraHoBJIeHo, qro xone6aHprfl c qacrorofi Ao 3-5 fq Bbr3brBaror peaKrlr4u
eecru6ynqpHoro aililapara, xore6aHvrfl, c qacroraMu or 3-5 Ao I 1 f U Bbr3brBaror
pe3oHaHcHble role6aH:afl qeJloBer{ecKoro reJra (rolona, Ta3, 6prouuax [oJrocrb,
flo3BoHouHux). Kon e6asus, r{eroBeKa c qacror al.r.:a 1 1-45 fu Moryr
conpoBo)KAarbcf, paccrpoficreal,rH HeKoropbrx BHyTpeHHHX opraHoB. Cepre:Hbre
I43MeHeHprfl (vu6parll4oHHaq 6ore:ur) ilpor4cxoAflr rrpu MexaHuqecKr4x xore6aHkrflx
c rracroraMr4 cBbrrrre 45 fu.

Bnusnue xole6 asuir Ha BaxHefiruyro xapaKrepprcrr4Ky oneparopa (no4urenq) -

6esouu6oqnocm ero reitcrsuia vr HaAex(Hocrb yrpaBn eHprfl - rrpuBoAr.rr K rrorepe
KoHTponfl HaA TpaHcIroprHbIM cpeAcrBoM, r{To rBrqercr npn.ruuofi 70 % o6ulero
qucna ar,apuit B 6onrurefi crefieHpl 3To orHoclrrcfl K ceJrbcKoxosqficreeHHofi TexHprKe.

llpo6neMaM 6esonacHocrpl oneparopa (no4rarenx) rpn BbrrroJrH eHvrv
anropnrMoB yrlpaBneHvrfl rrocBfltueHbl TpyAbr oreqecrBeHHbrx kr sapy6e)KHbrx
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H C Cn eAOBareXe fr , B KOTOpbTX npHBeAeHbr O6Ulrae MareMarHqec KH e MoA errkr, Kpr4TepHr4
kr ofpaHr4:qelti^vr'^ , aJrfopHTMbr aHanvrca v ofrrplMH3arJvrv Kone6aHvrir, rr,ro6HlrHbrx
MaIUHH, OAHaKO QyHXIIHOH€UrbHOe COCTOf,HT4e OnepaTopa npH 3TOM He yr{HTbrBaercq.

llpoaHaru43l4poBaB cocro,rrHr4e pa6or rro MareMarur{ecKoMy MoAennpoBaHr4ro
BJrr4flHr4fl IVHaMkrr{eCKHX Hafpy3OK Ha Cr4CTeMy ((BOAHTeJTb-KOJreCHafl MarrrHHa)),
aBTop cAenaJI BbIBoA o ueo6xoAuMocrn co3AaHHr cr4creMbr rroAAep)KKr4 npr4tflTr4fl
peruenufi, peaJlu3ytoulefi Aocraroquufi Kpyr 3aAaq aHaJrkr3a, B ToM rrucne

MHHI4MragarJr4v BIrvrflHHfl Herarr4BHbIX acneKToB rreroBeqecKoro Saxropa
HeilocpeAcTBeHHo Bo BpeMfl BbrrroJrHeHnfl olepaTopoM anfopr4TMoB ynpaBneH[fl
KonecHofi vraruuHofi.

Bo nropofi rJraBe pazpaloraHbr MeroAHKLr rrpoBeA eHVfl reoperuqecKux
I4ccneAoeaHzfi nv 6ponarpyxeHHocrr4 oreparopa KoJrecHoro rpaKropa rppr
pa3nHqHbIX BHAax eogAefi crsuir. B pe3ynbrare pacr{eroB rrpeAno)KeH roKa3areJrb
oIIeHKI4 olllyuelauit rleJloBeKa-oneparopa ro nra6paqzoHHofi MorrIHo crr4 W (a,q) c
KocuHycoplAaJmnofi zc v cr4HycoH4amHofi zs cocraBJrflrorrluMr4 o6o6ureHHoro
BeKTOpa Zs Ha OCHOBe CK€UrspHOfO rrpOH3BeAeHr4s BeKTOpOB rrpkrnoxessofi cHJrbr

1 T
p ( t )  H  nn6pocKopocrH D :  W - '  l e  V) .  D( / )d r  :

T :
U

c)_

W(a,n) : o,t; a' (nti * 84) ,

rAe o", cDK - paccMarpvrBaertrrfi AI4ana3oH r{acror, frl, 4eficrnyloqnx Ha cr4creMy

rloApeccopl4BaHkrfl, cHAeHbfl BoAlrrenf,; n 4enan$rapoBaHr4e cr4creMbr; B - Marpprqa
xoe S $ urlr4e Hron 4enan $ vp oBaHvrfl .

Pa:pa6orassrtfi roKa3areJlb W(a, n) rro3BoJrser cyMMr4poBarb 1eitcrsufl,
rcole6auuit, ilpol4cxoAqull4x c pa3nI4qHbIMI4 r{acroraMvr) onpeAeJruTb 3aBvtcr4Mocrb or
qacrorbr 14 AeMnSupon anvrfl cr4creMbr.

llpu ilpoBeA eHr4v KoMrIbrorepHbIX HccneAoeaFrrafi nra6pouarppreHHocrH
pa6ouero Mecra oneparopa (no4r,rreu) paccMorpeHbr rore6aHkrfl ToJrbKo r{acrr.r

rpaKropa (<r<oneco-ocros-ra6uHa-ckrleHre>>), coAep)Kaulefi xa6uuy vr cr4AeHbe
orleparopa v cocrorrqefi vr3 qerbrpex Macc, Koropbre cB,rr3aHbr Me)KAy co6ofi
coorBercrByroilII4 MI4 yrlpyro4erranSr4pyroq krl,r^vr oJreMeHraMH, xapaKrepr43yloilIr4Mr4cfl

xecTKocTbro 14 Bfl3Kr4M COnpOTr4BJreHHeM

(aer'ruQl4poBaHraena), pr4cyHor< I .
Mareuarr4qecKafl MoAenb, coorBercrByro-

illafl npuuxrofi pacrrernofi cxeMe, no3BoJrrer
BbrrroJrHr4Tb p.vHaMvrqecxufi aHarwr3 BeprnKaJrb-
Hbrx kr yrnoBbrx role6a suit c uenblo
npeABapurenbHofi oqeHKr4 xole6areJrbHbrx
npoqeccoB. Yrrtoerre rore6aHkrfl Bo3Hr4Karor B
pe3ynbrare rrepepacnpeAeireHHr Hafpy3KH rro
ocqM npH r43MeHeHW TqfOBOfO COTTpOTHBTeHH_g
nnyfa.

PucyHorc 1 - Cxenra rco,re6annii cucreMbr
<(Kor eco-o cro B-rca 6nn a-cutreH b e>)

( 1 )
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YpanHeHI4e I.r4Halr'rqecKoro paBHoB ecvrfl, xaxAofi Maccbr c yr{eroM cvril
ytlpyrofo Lr Bfl3Koro conporvsneHnir cocror4r vr3 uerurpex azQ$epeHrluaJrbHbrx
ypaBHeuuit BToporo iloptAKa c r{erbrpbMq HeH3BecTHbrMH 21, 22, Q, z+ 14 r4MeeT BHA

n t r Z ,  +  c , ( 2 ,  -  q )  +  k 1 ( 2 1 -  q )  +

( r t ,  +  m r ) i ,  t  m r l r e  *  c r ( 2 ,  -

- c 4 ( r ^  -  z z  -  l r e )  -  k 4 ( t ,  -  t ,

( 10  +  mr l r . '  ) q  *  c s l r e  -  c  o ( z  o  -

- k 4 l ( 2 0  -  z 2  -  1 2 0 )  +  m r z r l ,  =

m o Z o  t  c o ( t o  -  z 2  -  l r p )  +  k ^ ( z o

F , p  -  c r ( 2 2  -  z ,  )  :  0 ;

z , )  -

-  l 2 q )  =  0 ;

z2  -  l 2q ) /  -

0 ;
-  i 2  -  / 0 )  =  0 ,

(2)

rye m1 - Mocca BeAyulero 3aAHefo Koneca n c6ope, Kr, Frp:Fsgn(2t I cuna rpeuux, H;

t7t2- Macca ocToBa, K\ m3 - Macca xa6uurt, Kr, ma- Macca cHAeHbq c oilepaTopoM, Kf;
zi - BepTI4KaJIbHbIe nepeMeuleHl4q Macc, M, i : 7,2,3, 4; q - yrnoBbre nepeMeuleHH,fl,
pa[kIaH, ci XecTKocTb ynpyrHx 3JIeMeHToB cooTBeTcTByIotUI4X Macc, If/w; ki
roeSSHIIHeHr 4evruSupoBaHuq Macc, H.c/u; i: 1,2,3; l: l t  * lz, lr, 12, - KoopAuHarbr

rIeHTpa Tr)KecTV, M) Is - MOMeHT HHepUuH KOJTeC TpaKTOpa, nr.r'.
Ha.{ansHbre ycnoBzfl 4rrfl cr.rcreMu (2):

t l to, ztfti l : Ztoi ztftd - zrci zz\i - zzol zzGil : z20i zafto) : zasi zafts) : z+o; q\i: qo;
q  ( td :00.

llpoQunb eAzHzquofi HepoBHocrr4 3aAaBancfl Bbrpa)KeHHeM

q( t )  =

I
t  < -

u

0, ecru

rge As: 0,1 v - aMrrJrr4ry4a rcole6auui,t;
I : 2 M - Anr4Ha HepoBHocrr4;
u - 8-16 rna/q - ocHoBnafl. pa6ouar cKopocrb.
flpur fapMoHr4r{ecKoM Bo3Aeficreur4 q(t) - Asinat.

Cucrenaa ypaBHe:nuit (2) npeAcraBJrfler MareMarr,rqecKyro MoAenb qacrvr
TpaKTopa ((oneparop-cl4AeHbe)) c cr4crevofi Bropur{Hofo noApeccopprBaHprfl.

VcraHoBJIeHo, tITo orHocpITeilbHble aM[JrHTyArr role6anvtirt, nepeAaBaeMbre
cl4AeHbro oneparopa (no4rarerx), cocraBJrf,ror 0,05-0,13 vr, ycKopeHufl (1,5-3)g.

B pa6ore HccneAoBaHbI peaKur4r4 cr4creMbr ((oreparoryr4AeHbe)) Ha yAapHoe,
rapMoHl4r{ecKoe v [onurapMoHur{ecKoe no:6yxAeHne. Pacc.{uraHbr 3HaqeHr4fl
MaKcprMalruofi aMIIJII4rY.qrr Znrax npu y.UapHofi Harpy3r(e P0 - 50 H, t - 0-20 c,
o : 1,0 fq v o - 3,0 fq. Beluquua Ps- 50 H paccMarpr4Baercf l  KaK sau6olee
sacro BcrpeqaroilIaflc-fl rIpI4 pa6ore rpaKTopa Ha rpyHToBbrx Aoporax, raxore.
AuurprryAa xore6alnuir B AaHHoM cnyqae Aocruraer 10 crvr.

!r,- c o s r o / ) , e c l z

I
t > -

u
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C r4crlorlb3oBaHr4eM roeSSHrIHeHra rkrHaMvrqHocrr4 K -lZ^u*l/la,r. 
I

(ornorueHue ycvrrvfl, repeAaBaeMoro oneparopy (no4urelro), K MaKcHManbHoMy
3HaqeHulo yAapHoro nos6yN4enux) ycraHoBJreHo, r{To cucreMa [orpeccopr.rBannfl,
:SSexrHBHa (yvlenrrlaer yAapHoe Bo3Aeficreze) npra K < l, co6creeHHaf, r{acrora

T ' ' , -
yAoBnerBopqer HepaBeHcrBy cD 0 ( ^ laHuovy rpeoonaHprlo orBer{aFor

5to

yrlpyrorrJracrr4 Hr{arbre 4eunSr4pyrotqr4e sJreMeHTbr, B Koropbrx paccer4 BaHHe
sHeprI4H ocyqecrBJlrercs 3a cqer rrJracrprqecKoro KpyqeHntr MeraJrJra. Pealu: arJr4fl
sroro rpe6oeaHufl BbrrroJrHeHa B rexHr4r{ecKoM perrreHuu l2ll.

llpu rapMoHl4qecKoM nos4efi crBvrvr Ha cr4creMy (oneparop-cnAeHbe)) B
3aBvrcr4Mocrl4 or ros$Sraqueura lI repeAaqvr cvrrcr, roe$Snqraenra nH6pon3orqq:ar4

U 14 orHorrle .'krfl r{acror n - 
t0 

nonyr{eHbl aMnJlkITyAHo-r{acrorHble vr
(D

$a:ovacrorHbre xapaKrepr4crprKpr cr4creMrr (pracyHoK 2) 16].
AHarug 3aBvrcvlaocrefi, [pr4BeAeHHbrx Ha pr4cyHKe 2, [oKa3brBaer, r{To c

yBenI4rIeHHeM r{acrorbr Bo3MyrrI e:nnfl, B ABa pa3a (na oKTaBy) nu6po3arrluTa Bo3-
pacraer sa 6 aE. llpu M€uIoM 4evruSzpoBaHr4r.r vrv ero orcyrcrBrln yBenr4r{eHkre
r{acrorbl Bo3MyrrIeHH fl Ha oKTaBy co[poBo)KAaerc,f, Bo3pacraHr4ev nH6por.r3on ilJlavr Ha
12 tB.

20

2,5
I

PucyHorc 2 - SaswcrrMocrrr nu6pourorqlluu or u3MeHeHufl orHocnTerrnoii qacrorbr

BogHzxarctul4e npu pa6ore cutronofi nepeAaqn rroJrprrapMoHprr{ecKue nu6pa-
IrHoHHbIe clrJrbr, rrpeAcraBJreHHbre pflAoM @ypre, Bbr3brBaror xore6aHvrfl.,
se6larorpl4rrHo Aeficrsyroulne Ha cplcreMy ((oreparop-cr4AeHbe)) B Anarra3oHe
qacror 25-100 fq. Peaxrluq cncreMbl or nogleficrBr4q BbrHyx(AeHHbrx xole6asuir

I
I
I
I
I

I

t-
I+-
I
I
I
I

I
L_- -- -.
l

I

I
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cI4JIoBofi ycraHoBKH ecrb cyMMa peaKunfi rta orAenbHbre rapMoHuqecKue xole6 aHr4fl.
YpanneHr4e Beprr4K€lJrbHbrx xore6auuir HMeer nna [6]

m 2 + k z + c z

T

I f (t) cos ncrrrdl; b,,
0

1

n' (arcos rzcrtl * brsin ncof) ,

I 2nn-sin -'-'- 
t - no:6yxqaloqafl cvrra.

n T

@

I
n=1

T
|  ^ ,
I f ft) sin nrrrrdr
] J

0

= (D2

2
T

(3)

fAe Q,,

_f (t) -

_ 2
T

4 0 0, T
.L

T  n _ 7

ros$Suur4eHrbr pn4la @ypre;

B pe3ynbrare rpaQuuecKl4x I4ccneAosaHrafi (3) nonyqeHa cyMMa peaxqufi,
Aeficrsyrcqux Ha cucreMy ((oneparop-cuAeHbe)) KoJrecHoro rpar(ropa (pracyHox 3).
flepnue r{erblpe rapMoHHKH Ans nepuoAl4r{ecKofi no:6pKAaroq eir cvltbr 14 r4x cyMMa
npr4BeAeHbr Ha pucyHKe 3, 6 16l.

lloryueua Al4clepcr4fl, ycKopeuuit BbrcoKoqacrorHofi cocraBJrq]oqefi, Koropat
npH 3aAaHHbIX y[pyfoAl4ccvrraTprBHblx napaMeTpax H BHerrrHHX ycnoBlrrx HMeeT Br4A

I "  .  
t 2 l '

D - - IO: exp(-2nt)sin2(ro/ + e,)d/ - + [exp(-2 nt)sin2(crrr + q,)d/, (4)
T , u  

' t '  
T i  d

rAe 4,, Qi ctryuafiHble HarrarbHble aM[Jrr4TyAsr v $asa role6auuit, M v pal,.
COOTBCTCTBCHHO.

0,15
M

0,1
t
I
| 0,05
I

Z ^

0

U

t l

n

n

M

I
Z

0,01

U

-0,01

-0,02

-4,03

-0,04

25
--|>c

/.u

Pucynon 3 - IlepeMelrleHufl cucreMbl ((oreparop-cnAeHbe KoJrecHoro rpar(ropa> (6^)
or Bo3Aeiicreufl BbIHylKAeHHbIx tco,re6anufr cu"ronoii ycraHonrcn (a)

PaneucrBo (4) i lo3Borqer oneparr4BHo cnporHo3npoBarb napaMerpbr
nra6pouarpy)KeHHocrr.r, coorBercrByForrlne rpe6on aHuflv^ |OCT 12.1 .012 <8z6-
parIHoHHafl 6esonacHocrb. O6urue rpe6oBaHnr)).

Taxuvt o6pa:ou, nop{AoK onpeAe reH:afl nra6ponarppxeHHocrn cucreMbr
((oneparop-cnAeHbe)) cocror4r B cJreAyroqeru [20] :

1510
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- onpeAeJIeHHe Ao|IyuJelHvrfi, 14 HcxoAHbrx AaHHbrx ilnfl rrocraBneHHofi 3a!.aqv;
- Bbl6op AonycrnMoro rvraila3oHa r43MeHeHVfl, Bapbr4pyeMbrx rrapaMerpoB c

Ilenbro o6ecueqeHl4fl 6esonacHocru oneparopa (no4rarenx) c yr{eroM caHurapHbrx
HopM. Ha ocHoBaHVr4 Kpl4repufl nra6ponarppreHHocrrz BoAurenfl npaKrr4r{ecKu
MoxHo orpaHur{I4rbcq paccMorpeHueM KoJre6a:nnfi B 1prana3oHe 0-10 fq.

B rperrefi rJraBe paspa6oraHa MeroAprKa AuarHocrr4poB aHktfl SrE:uonorr4-
r{ecKoro cocrotHHfl oneparopo, MeroAbr nra6p03aurr.rrbr cHcreMbr ((orreparop-
xolecHrIfi rpaKrop) v npeApacrloJro)KeHHocrr4 orreparopa (no4urenr) K co3AaHr4lo
anapuitnofi crryarryu H3-3a He6rarorpnsrHofo coqeraHur ynpaBn,flIoulux
sosAeficreHfi Ha orleparopa B KoHKperHbIX ycnoBkrrx (naxora, rpyHr), ilnfl perxeHr4{
xoropofi ueo6xoAl4Mbl ycrpoficrBa, cnoco6Hbre ranSopuupoBarb BoAurenr o ero

S z : u on o rl4r{ e c Ko M c o cr o flHVkr c rlen b}o ycrp aH eHvrfl ar;apuitu ofi cvry a\Hvr.
TexuuqecKu raKue 3ailaqv peuaer KoMrrbForepHa{ cHCTeMa, Aarourafl

oreparopy (no4urenro) znQopnaaquro o ero Sz:Honorr4qecKoM cocroqHnr B
KoHKperHbIX Aopo)KHbIX ycnoBprqx H npeAyrrpe)KAaroulaf, ero o6 oilacHo crvr.

I4s onnlra I4ccneAoBauuit, rrpoBeAeHHbrx aBropoM B EHTy, npaue6Ho-rreAafo-
rplr{ecKl,Ix na6nrcA esuit Efy H MarepnaJroB VII Bcepoccuficroro KoHrpecca
(Mocxra, qHBapb 2009 r.) HoMeHKnarypa SrasuorornqecKux napaMerpoB
onpeAeJltJlacb aBTopoM cneAylorrluM o6pasovr: vr3 rrvcra ucloJrb3yeMbrx B

Susuon orvvr rpyAa rapaMerpoB nrt6rapaJrncb roJrbKo re, Koropbre Mo)KHo
rpeAcraBl4Tb B BHAe 3neKTpI4r{ecKVX cr4rHaJroB. Tarurupr rroKa3areJrrMn ($axropaun)
tBJIfl lor c r, nap aMerpbr 6uo 4usaMr4r{ e c xo fi c H cre Mbr r{ eroB e Ka 14, 7 l:

o qacrora cepAeqHblx coKparqeuuit (r{CC), yAapoBll.r.uu;
O BAPZAqI4OHHsIfi PA:HAAX (BP) _ PA:HOCTI BPCMCHpI MeXAy MaKcI4MaJIbHbIN,I H

MI4HIIMaJI;H;IM HHTepBaIraMr4 cepAerrHbrx coKparqettuitt 3a r4ccneAyenrufi [epnoA
BpeMeHV, Q,

o aMrrJluryra MoAbI cepAeLlHoro purMa (AMo), Aaloulafl npeAcraBJreHr4e o
cocToflHLII4 aBTOHOUHOfi pefyntIJr4r 14 B3aHMOCBfl3kr AByX OTAeIOB BeferarHeHOfi
HHHepBar\vrv cepAIIa cl4Mrlarl4r{ecKoro v napacvMnarr4qecKoro. Pocr AMo Hrr-
nrccrpl4pyer IIoBbIITIeHHe aKTI4BHocrl4 cprMrrarprrrecKoro orAena BererarueHofi
HepBHofi cucrertarr (BHC ), c nmKeHHe - napac vMrrarkrqec Kofo ;

o HHAeKc Hanp,q)K eHlafl perynflropHbrx cr4creM (I4H), xapaKrepr{3yro ru4ir
crelleHb BMerrrareJrbcrBa B pa6ory BereraruBHoro KoHTypa orAenoB rleHrpalruofi
uepenofr czcreMbl, orBercrBeHHbrx 3a peaKrlr4ro opraHz3Ma B MoMeHT BbrcoKr4x

$uszuecKux Harptxeuufi vr crpeccoB Bo BpeM{ BbrrroJrH eHVfl o[eparopoM
anfopHTMoB ynpaBn eH[fl,.

Anroporra coBMecrHo c corpyAHHKaMH MT3 6ruu npoBeAeHbr HccneAoBaHnfl

$usuolorl4r{ecKoro cocroflHr4fl oreparopa (no4urenr) B rpoqecce ero
npo$eccploHiulrHofi AeqrenbHocrrr c y{eroM nra6poH3oJrrrlr4r{ pa6ouero Mecra Ha
TpaKropax <Benapyc-122112025N3022re>>, BrrvrnHvrr Ha opraHpr3M cJro)KHoro
KoMrIJIeKca ycnoeufi: ynpyro4enanSrapyroilIr4x ceoficre [oABecKr4, BHerrrHprx ycnosuia

NBI4)KCHI4fl.

Ha ocHoBaHkrr4 TeoperuqecKl4x v 3KcnepuMeHTaJrbHbrx AaHHbrx ilonyqeHo
ypaBHeHHe perpecc uu su6paqproHnofi MorrlHocrpr Yn$):
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rAe x1 Macca BoAI4Tenfl (oneparopa), Kr; x2 xecrKocrb cHAeHbq, FVrur; x3

xoeSSHIIHeHr AeMrOHpoBaHvrflH.clw; x4 - Bo3MyrrI eHHfl co cropoHbr Aoporu , xrlc2.
AeropoNr I4ccneAoBaHo BIrprflHHe Sarropon xt, x2, x3, x4 Ha Br46paqHoHHylo

MOIIIHOCTb CHCTeMbI ((OneparOHHAeHbe)), COOTBerCTBylOrqylo npeAenbHo

Ao[ycTI4MoMy 3Har{eHHro KoMoopra (cpe4Hxf, KBaApaTHrrecK afl. Berrvrtl]Z.Ha oTKJroH eHLfl,
z:7,63rt1c2, fOCT 12.1.012). B pe:yrlbrare onpeAerreHbr parluoHaJrbHbre rapaMerpbr

cl4creMbl rroApeccopr4BaHnn (cra4eHsx) rpaxropa <Benapyc-3 022!.B>> : roeS$uqpreHr

4enau$upoBaHl4fl 0,4-0,6 H.c/rra, x(ecrKocrb rroABecKr4 3,5 . 103 Wv^, co6crseHHafl
qacrora c BoAHTeJIeM 1,3 fq, o6ecuequBaroulze AonycruMbre 3Har{ eHvrfl aMrrJrr4TyArr
BeprI4K€urbHbIX repeMeIrleHrafi, paBHbre 0,04-0,08 M, qro coorBercrByer |OCT
12.1 .0t2.

Ha 6ase npH6opa "3rcnpecc-aHanr43arop qacrorbr i lynbca <<OrHnrrt))"
pa:pa6oraH cnoco6 MoHHropHHra $yHxqraoHaJrbHoro cocrotrHkrfl orreparopa Ha
rpaKropax <Benapyc- 1 22112025 A|3022AB). l lporpaMMHo-rexHnr{ecKoe ycrpofi-
crBo BMOHTI4pOBaHO B pyneBoe KOireCO, 6raro hapfl r{eMy co3Aaercq cepBprcHo-
nporpaMMHoe o6ecner{eHkIe I4 Bo3Mo)KHocrr 6srcrporo, ToqHoro vr xovrsoprHoro
onpeAeJreHl4r napaMerpoB $ynrrlHoHaJrbHoro cocroflHnfl oreparopa. leficrnue
npra6opa ocHoBaHo Ha perplcrparJurv v aHaJrr43e 3neKrpoKapAr{orpaMMbr
(3Kf), cHl4Maevrofi c raAoHefi rrenoBeKa; $u:zvecKoe recrnpoBaHue 3aHr4Maer
He 6onee 5 MHH.

O6pa6orrca gKcnepHMeHTarIbHbIX AaHHbrx rroKa3€ura, r{To orIeHKa orqyIrlenuit
orleparopa (ucurrrarenx) rlo MolrlHocrpr xole6a sui,t r4Meer rroJroxr4TenbHyro
KoppenflIlHlo, lusefinafl 3aBhcl4Mocrb Koropofi s KoAHpoBaHHbrx 3HarreH4flx Sarropon
HMeer Bkrp 13, 4, 12]

W(a, n) = 0,04 * 0,27 I{CC + 0,08 BP + 0,14 AMo + 0,18 Ir IH.

Y,r{x) : 28,37 5 + 0,l25xy a 1, 125x2 - 0,,625x: * 0,625xa, (s)

(6)

Ha ocHoBaHr4r4 Koppenqlll4oHHoro aHankr3a ycraHoBJreHa crefleHb BrrvflHHfl
Ka)KAoro $z:raoJlorur{ecKoro napaMerpa B 3aBucr4Mocru or MorrlHocrr4, rroABoAuvrofi
K cprAeHbro oreparopa: Brr4.rrHne r{CC -40o ,BP - 12o ,  A} l4o-2l  UA,I4H-27 %.

OcHonHoe npel4MylrlecrBo npeAnaraeuofi orIeHKr4 cocror4T B ToM, qro oHa
IIo3BoJI.ler paccMarpulBarb AeficrnHq rore6auuit, [por4cxoAflrrlnx c pa3nrlr{HbrMr4
qacroral.r^la. llpe4noxeusufi cnoco6 AHarHocrHKH nos4eficrBr4q cprcreMbr
(oreparop-MTA) Ha SrasuonornqecKoe cocroflHr4e oreparopa flBrrflercfl, c o4nofi
cropoHbl, cl4creuofi ilpeAy[pe)KAeHn\ qro rroBbrcHT ero aKTr4BHyro 6esonacHocrb, c

4pyrofi cropoHbl, yx(e Ha craAHH npoeKTupoBaHvrfl MoxHo KoJrrrqecrBeHHo orleHvrrb
BlrvflHkre pI3MeH eHvrs. KoHcrpyKrIHr4 Ha 3proHoMnqecKr4e noKa3areJru 17 , 91.

Pa:pa6oraHHble MareMarr4r{ecKr4e v nporpaMMHbre cpeAcrBa rro3BoJrflror
noBbIcI4Tb KaqecrBo rIpI{HHMaeMbrx perueHufi npu co3AaH:z:a cvcreMbr nu6po:auluTbr.
OAnunr vg raKpIX perueHrafi f,BJrflercfl co3AaHHe yrrpaBnseuofi [oABecKr{ cHAeHbfl
orreparopa ( eoAHrenr).

l 0
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B Kar{ecrBe o6rexra yilpaBn eHkrfl cucreuofi (oileparop-cr4AeHbe))

paccMorpeHa AByxMaccoBa,f, r<ore6arerbHaq cprcreMa (pHcyHox 4). Pols
yrlpaBnxroulefi cHcreMbI BbrrroJrHrJr 6opronofi 3Kcnpecc-aHaJrz3arop r{acrorbr

[ynbca c oqeuxofi ((xopolllo)), (yAoBnerBop[TeJrbHo)), ((rrJroxo)), B 3aBuc[MocrH
or $ynxqzoHaJlbHoro cocrosHHfl, oneparopa. Ir lcnorHsrorur4M opraHoM f,Brrercq
aMoprl43arop. laruux Dl Aaer ranSopMarlr4ro o reKyuIHX KoopAuHarax
nu6poycKopeHuir s 3aBncvMocrr4 or HH [5, 19].

ZnSopMaIIHoHHbIM cI4rHaJroM 5ilf l  cucreMbr yrpaBn eHkrfl (Cy) rBrrrorcq
cI4rHaJIsI o6parHblx cs.f,gefi no r4HAeKcy Harpr)K eHHfl (l{H) oileparopa (no4zrenx)
r4lru ilo nra6poycKopeHl4lo 2(t) t5]. llpeo6pa3yfl 3rr4 crrrHaJrbr B oneKrpr4r{ecKr4e,

Cy nrrpa6arblBaer cHrHaJI ynpaBn eHkrfl) xoroprrfi nos4eficrByer Ha HanpaB-
rqloulufi ruApopacrpeAeJll4reJrb (Hf ), perynprpyn rroroK pa6ovefi xr4AKocrn.
HagHaqeHue Cy aBToMarI4rIecKpI, 6es BMerrrareJrbcrBa orreparopa (no4urenx)
o6ecner{HTb nJraBHocrb xoAa.

Marevarl4r{ecKafl. MoAenb cncreMbl Br4pryanbHoro y[paBn eHwfl. c yqeroM
yrpyro4evrn $r4pyro Iqe fi xap aKrepr{crr4 Kr4 rrrr4 Hbr HMe er BprA

1. .  I
|  4 = -@(r) - qQz - zr) - hGz - 2));
I nrt
{
|  . .  I
I  iz :  -kz@ - zz) + kzQ - 2) - ctQz - z) - hGz - 2) - u(t)),
I l7l't

(7)

r4e u(t) - BeKrop yilpaBreHr4q.

zz(t)

q(t,

q(t) - Bo3MyrrIeHvrfl Aopofr.r; c1, c2 - )KecrKocrb )Trpyfr4x sreMeHron; fr1 , kz - xoessuuHeHrbr
4enrnSHpoBaHuq aMoprl{3aropa; z{t) - nepeMeilIeHr4q m; z2(t) - nepeMe:u\eHvfl. ffi2,

t't'11, tt't2 - MaCCbI CI4AeHbq Ia Xa6uHrt

PucyHorc 4 - IIpuHIIurIta.,'IbHaq cxeMa yrlpaBnqel{ofi more6arerrtroii cucreuoii

Vrvuralrl4oHHoe MoAenl4poBaHr4e (Simulation Modeling) ocyuecrBrqrocb c
rIoMoIrIbIo rlporpaMMbl MATLAB. 3aAauHrre Har{aJrbHbre ycnoBr4t
q(t) - 10 sin ro/, u _ 0-6 rB/nanr. Beruquurr ct, h yrpyro1nccvnaruBHbre
rapaMerpbr rroABecKr,r cHAeHbn 80-6800010 (c:3431,3 FVvr,0,32 < n < 0,6).
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Pe:ynrrarbl MoAenr4poBaHpr,fl noATBep)KAaror, rrro rrpeAno)KeHHafl cprcreMa
cnoco6Ha e$SexrI4BHo cHH3pIrb ycKope Hr4fl, cHAeHbr oreparopa (no4zrenx) B

lkraila3oHe qacror or 0,5 Ao 25 fq, oco6esHo BpeAHbrx rnfl 3AopoBbr, 3a cqer
ylrpaBnqeNaofi nonyaKrIasnofi nv 6po:aururuofi cucreMbr, rlrApocrarr4qecKoe

AaBneHHe roropofi, a cneAoBareJlbHo, BoccraH aBlruBaloilIa{ ckrJra orHocureJrbHoro
IlepeMeuleHHq Macc pefynHpyeTcf npl4 noMorqr4 cHfHaJroB ynpaBrreHHf, , r4cTorrHtrKoM
Koropbrx flBJr,sercq VH oreparopa (ro4urenr).

B rrerBeprofi rJIaBe pa:pa6oraHa Merorr{Ka rkrarHocrprKr.r $H:zonornrrecKoro
cocrosHl4,x oneparopa KoJlecHofo rpaKTopa <Eenapyc) npr4 BbrrroJrH eHvrv anropr4TMoB
ynpaBneHvrfl, rIpI4BeAeHbI I43MepqeMble BeJrHr{r4Hbr kr r43MepuTeJrbHafl arr[apaTypa,
HcIIoJIb3yeMbIe ilpu HccneAoBaHuu Qu:Honorr{qecKoro cocrosHnr oneparopa
(zcnsrrarenr) B rpoqecce yrpaBn ennfl, TpaKropoM c y{eroM nra6poz3onsrluz pa6ouero
Mecra, Blrvrfllevrfl, Ha opraHI43M cJro)KHoro KoMrrneKca ycnoekrfi: ynpyro4enanQupyrorlr4x
ceoficre [oABecKpI, BHeIrrHLtx ycnosuit, c y{eroM cpeAHeKBaAparr4qecKr4x ycKopesuit
Ha cHAeHbH oneparopa rpu ABLDKeHITH no rpyuronofr Aopore v Ha rraxore
coorBercrBeHHo (0,5-0,7)9 kr (0,7-1.})g. trls MoHHropHHra Su:uonorr4r{ecKoro
cocroqHLrfl orreparopa (ucurrrarenr) B npoqecce BbrrroJrH eHr4fl, anfopHTMoB
yrlpaBneHvrfl, co3AaH MaKeT pyneBofo KoJreca co BcTpoeHHbrM 3Kcnpecc-
aHaIru3aropoM c cl4crenrofi lloKa3arerefi r{CC, BP, AMo, VtH (pr,rcynox 5).

B

a - MaKeruufi o6pa:eq; 6 - notoxeHr,re pyK; 6 - 6aeosoe uaccu AHarHocrHpoBaHHe Susuo,rorHqecKoro
cocrotHl4 t oneparopa Bo Bpe M fl Bbr noJr He Hur rexHororuqecKnx onep atluit

PucyHorc 5 - LlruepeHlre QynrcquoHaJlbHoro cocroqHufl o[eparopa c [oMorrrbro
KoHTporbHo-u3Mepurerbuoii annaparypr,r, BcrpoeuHoii B pyreBoe Koreco

(9, Bp,AMo, l,{H)

c:t rl [-Ll x.

t c , . 5 l l  L *J r ,
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3xcnepHMeHTaJrbHbre

122112025AJ3022re> B
<Tpar<rop)) PY|I MT3 npr4

I4ccneAoBaHufl rrpoBoAkrrrkrcb Ha rpaKropax <Eenapyc-
VIcnstrareJrbHoM rleHrpe rpaKropHofi rexHuKra (I,il1
BbrrroJrH eHvrv rexH oJrornr{e c Kr4x on ep a\uit ( p z c y n o r 6 ) .

iii',ri;i::

iiii:lii

PucyHorc 6 - SrccnepnMeHTarbHble Hccd'reAoBaHufl nu6poHarpyrffeHHocrrr o[eparopa
Ilplr BbItIorHeHuH TexHo.,'rofurrecKux o[epaqufi Ha [axore B r{cnbrrareJrbHoM rIeHTpe

IIO (MT3)

llo pe3ynbraraM pacqerHo-TeoperzqecKr4x vr 3KcnepnMeHTuurbHbrx AaHHbrx
onpeAeJleHa flofnolqaeMafl MorIIHocTb cr4cTeMbr ((cr4leHbe-BoAr4TeJrb)) ilnfl TpaKTopa

<Eenapyc-3022AP.) )  npr4  cD -  1 ,5  fq ,  62:  1 ,5  v lcz ,  62- :  I ,2  w lcz ;  o ; -  :0 ,4  xr lc2 ,

Koropaq cocraBJlfler I,0g2 Bt, u: HHX rrpolonbHbre ycxope Hzl .oatu"rnH 38 %, d
BeprpIKaJIbHbIe 59 % or llornolqaeMofi MorrlHocrr4 Kone6aHnir, r{To orpaxaer
cJI o)KH o crb Bo c rrpr4flTnt Kone 6 asui,t o flep aropoM (no4zren enr).

PerucrparJkrfl, 143MeHeH:afl, xapaKTepr{crLrK SynxquoHaJrbHoro cocros:nvrs.
orreparopa (no4urerr), krx aHaIrLr3 kr BbrAar{a |IpeAyilpex(Aaroulux cHrHaJroB rro
KoMrrJIeKcy Su:uonorurrecKl4x rloKa3arerefi c oqeurofi ((xopotuo)),
((yAoBnerBopI4TeJIbHo, ((TIJIOXO)) [pOBOAr4nVCb C rroMorrlbro 3Kcnpecc-aHarrv3aTopa
rlacrorbl rrynbca. 3neKrpoAbr pef ucrpvrpyFor 3neKrpoKapAr4ofpaMMy vr
aHalrr43upylor AI4HaMHKy r{acrorbr cepleqHbrx coKpaqeuuiz v noKa3areJrkr
eapua6errbHoc rkr pr4rMa cepArla 17, 221.

fiuarurocrupoB aHkre cocrotHzt oneparopoB npoBoAr4nocb Ao Har{ara pa6orsr,

rrocJle qerblpex qacoB pa6orrr u B KoHUe ee Ha rpaKrope <Benapyc-3 022 re) Ha

rlaxore, rpaKrope <<Eelapyc- l22I>> - Ha rpyHroeofi Aopore Lr rpaKrope <Eenapyc-

2025A> - Ha rloqBe. Kaxrrrfi onstr (aanrep) rpoBoAprrrcn rpn pa3a. B pe3ynbrare

o6pa6orKn 3KcrepI4MeHTaJIbHbIX AaHHbIX ronyrreHbr aAeKBarHbre rro Kpr4Tepr4ro

Oraruepa crarucrl,IqecKue MoAenH 3aBncvMocru r4HAeKca Hanpq)K eHvrfl orreparopa

or BHerrrHHX ycroeufi:

l t  :1  13,3 8 + 4,13x1 + 6,13x2 + 14,624,

fAe lt - HHAeKc HanptxeHl4fl cI4creMbl perynflIJnkr orreparopa (no4rarenx) npra pa6ore
Ha rlaxore, xt nv6paql4oHHafl MoulHocrb, Br; x2 cpeAHeKBaAparr4r{ecKaq
BeJII4trI4Ha BeprHKaJIbHbIX ycKopeHrafr, xz - ypoBeHb 3ByKa BHeruHero rxyMa, AB;

:! : !,,j:.: j,::t,,: {t'1,:,

; , : ' ,  , , , ,1,: ,

(8)
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!2 = 5,96 + 1,48x1 + 0,06 xz * 10,02x3 , (e)

fAe lz HHAeKc HarpffI(eHkrfl cHcreMbl peryntr].llkl oneparopa (no4rarenr) Ha

rpyHroeofi Aopore. 3asucl4Mocrn (8) z (9) yxa3brBaFor Ha cyqecrBeHHoe Brrr4flHvre

Saxropon xr Lr x3 Hd Halpf,)KeHl4e cl4creMbr pery rrrrr4w HcrrbrrareJrr npn pa6ore na

rpaKrope <Benapyc).

llony.reHo 15 % IroKa3arerefi c oqeHrofi (yAoBnerBopr4reJrbHo)), oAHaKo

AHcKperHble 3aMepbl He rBntlorc.s orrrnMaJrbHbrMr4. llpe4nox{eHHaq aBTopoM
cucreMa noAAep)KKH pa6orocnoco6Hocrr4 oneparopa 6azupyercfl Ha npprHrlr4re
ylrpaBn elF.krfl noABecrofr Ha ocHoBe oneKTpr4r{ecKoro cr4rH€ura perHcrpar\Hvr
I43MeHeHvrfl $yHr<qzoHaJlbHofo cocroflHr4fl, HcrrbrrareJr.fl, cyrb Koroporo 3aKJrroqeHa B
eogAefi crBvrr4 sneKTpnqecKI4x cl4rH[uroB c oqenrofi (xopolro)), ((yAoBnerBo-
pI4TenbHo)), ((rIJIoxo)) (n ilocneAHeM cnyqae Heo6xoAHMo npuH,arb perxeHr4e rro

AaJlbHefiureuy ynpaBneHl4lo rpaKropoM, nepefiru Ha 6laronpuxtustit pe)Kr4M

SyHxqraoHplpoB aHkrfl (cHuxeHl4e cKopocrn rru6o [oAKnror{eHr4e orreMeHToB
yrpaBnenrar)) 17 ,221.

fiauuar^ cl4creMa [o3BoJlter cBoeBpeMeHHo o6nappKnTb rrperBapr4TenbHbre
cvrryarryv, cBfl3aHHbIe c $usuonorur{ecKHM cocroqHueM orreparop?, vr) KaK
cneAcrBkre, HarHr{I4e IrIyMoB , Brrr4rHr4e nra6pouarppxeHHocrH, o6ycJroBJreHnofi
KoHcrpyKTI4BHbIMI4 perxeHpl flMr4 rroApeccopzBaHufl cucreMbr (ra6nurr, cr4AeHbtr?

ABzrarenx). [raaruocrl,IKa coBMeIrIeHa c ilpoqeccoM ylpaBn eHVs, xolecsofi
MaIrrI4Hoit, u AononHVTeJIbHo He rpe6yer cnerlr4€urbHbrx recroB.

I4cuol13oBaHI4e cpeAcrB uo6umHoro MoHr4TopraHra $zsraonornqecKoro
cocro.fiHr4fl orleparopa (no4zrenr) [o3BoJrr{T ocyqecrBuTb B rroJreBbrx ycnoBz,f,x
orleparl4BHyro oIIeHKy Blrr4flHr4fl sHeuuefi AvrHal.r^prqecrcoft Harpy)KeHHocrn v
rrpeAynpeAurb anapuirHyro c t rryarlnro.

3AKIIOTIEHI4E

OcHosHbre HayqHbre pe3yJrbrarbr AucceprarIHH

B pe3ynbrare reoperxr{ecKr4x kr 3Kc[epr4MeHTaJrbHbrx r4ccneA osaHuir
nH6pouafpy)KeHHocrkI cl4creMbl ((oreparop-cr4AeHbe)) KoJrecHoro rpaKTopa perreHa
HayqHo-npaKTnqecKaq 3a4aqa [oBbrrr eHVfl anrprsHofi ez6po:arrluTbr oileparopa
(noglarenx) npu BbIrroJIH IHVV anropurMoB y[paBn eHvrfl, ocHoBaHHaq Ha rrpr4Hrlr4rre
v nSopukrpoBaHr4fl oneparopa o ero $ra:raonornr{ecKoM cocroflHvrkr c yrreroM
nz6po:auII4THbIX ceoficre cr4AeHbq, cncreMbr y[paBn eHkr\ qro B coBoKyrrHocrn
flo3BoJlfler cHpl3zrb nH6ponafppreHHocrb Ha oneparopa (e 5-7 pa3) u o6ecner{Hrb
6esonacHocrb yrrpaBn eHvrfl KonecHbrM rpaKropoM 12, 5 , 7 , 17 , 72, 16, 20 , 22].

I . Ha ocHoBe KoMrIJIeKca pacr{erHbrx HccneAosauufi B3ar{Mo Aeficreux
cncreMbl ((oneparop-cl4leHbe)) KoJrecHoro rpaKropa c oKpy)Karoulefi cpe4ofi rro
orHocHrenbHoMy nu6ponepeMeuleHHro npH pa3nHqHbrx BHAax nos6yNAeHHr:
rapMoHHqecKHX, rIoJIHrapMoHHr{ecKHX, yAapHbrx 14 clyuafrHbrx, peKoMeHAoBaHbr
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Ildana3oHbl pauHoHaJlbHbrx 3HaqeHHr.r napaMerpoB rroABecKpr cr4AeHbr; rrpoBeAeHa
oIleHKa nH6pouarpyxeHHocrH olreparopa Ha coorBercrBHe caHHTapHbrM HopMaM B
rperboKraBHbrx  r roJrocax qacror  12,6 ,71,12,  14,  15, l7 l .

2. llolyueurt aAeKBarHbIe Koppenqrlr4oHHbre 3aBvrcvrMocru $opvHpoBaHnt
nn6ponarppxeHHocrl4 [1, 3, 8, l3], no3Bon,f,rorlne orleHnrb BJrHflHue nu6paqzoHuofi
MoIrIHocrH W(a,ri na I,IHAeKc Harlptx(eHvrfl (l{H) cncreMbr peryrrfrrJprv r4crrbrrareJrfl
(oneparopa-BoArarenr). YcranoBJreHo, qro BrrHflHHe nH6paqproHHofi nlorqnocrra 12, 4]
Ha HanpffKeHl4e cI4CTeMbI peryn{rJkrl. l r4crrbrTaTeJr.f, rrpH BbrrroJrH eHl.dvr
rexHorlorplr{ecKl4x onepaqHfi Ha rpaKropax <Belapyc -1221 I 2025A I 3022 AB)
cocraBnqer 1 821 oA, Beprr4KaJrbHbrx ycKopenuit - 20-26 o 

, BHerrrHero rxyM a - 4l-
53 % 12, g, 101.

3. Pa:pa6orau anropnrM yrrpaBJreHr.r{ rroABecxofi cHAeHbq oileparopa (no4z-
renx) KaK rlo ypoBHro orHocr4reJrbHbrx nu6pouepeMeilr eunit, TaK H rro

Sz:uonorur{ecKoMy Saxropy (I,IH) oreparopa (no4u renx). llorasaHo, r{ro

rpI4MeHeHHe ynpaBnqeNaofi rroABecKr4 cr.rAeHb.fl orreparopa Aaer B03Mo)KHocrb
cHI43Hrb ypoBeHb nz6ponepeMerrl esuirt KaK Ha Hecyrryro KoHcrpyKrlnro, raK Lr Ha
ofleparoPo, qro B coBoKynHocrr4 rro3Boir,f,er ynyqlllvrb noKa3areJrpr cpeAHe-
KBaAparI4qecKHX BeJrr4qHH ycKopesvit Ha 3 0-40 % ro cpaBHeHr4lo c
cyulecrByrouefi xoscrpyKrlr4efi [ l ,  5, 19].

4. Pazpa6oras MaKer pyneBoro Koneca co BcrpoeHHbrM 3Kcrpecc-
aHaIrv3aropoM vr cnoco6 AuarHocrr4poBaHnfl SyurquoHaJrbHoro cocrof,Hvrfl. orre-
paropa (no4Iarelx), yrpaBnsloulero rpaKTopoM, Ha ocHoBaHnvr MoHHTopHHra

$u:raonorl4qecKl4x rlapaMerpoB: qacrorbr cepAer{Hbrx coKpaq esuit (r{CC),
BapI4aIII4oHHoro pa3Maxa (BP), aMrrJrr4ryAsr MoAbr (AMo), HHAeKca Hanptrx eHvrfl
(I,IH), orrur{arcul4ecr or cylqecrByrorll4x KoHrponupyeMbrMr4 rrapaMerpaMr4 (qC C,
BP, AMo, I4H) 17 , 8, I 1, 18] v rlo3BoJrrrorrlze o6ecnequrb HopManr43arlr4ro

SyuxqHoHaJlbHoro cocroflHr4fl orleparop?, ynpaBnflrorrlero KoJrecHbrM TpaKTopoM,
qro Aaer Bo3Mo)KHocrb cBoeBpeMeHHo o6Hapy)Kprrb He[rrarHbre caTyar\krv,
cBq3aHHbIe c 3Kcnnyaralluefi xorecHoro rpaKTopa. Honvr3Ha cnoco6a rroATBepx(Ae-
Ha rrareHroM Pecny6rrkrKr Eenapycs 122].

5. Pa:pa6orauo 14 npeAnoxeHo KoHcrpyKrHBHoe perxeHue ynpyroro 3JreMeHra
rIoABecKI4, orJlI4rlarcilIefocfl TeM, r{To BMecro cLIcreMbI pblr{afoB kr KpoHlxrefiHoe
npI4MeHeH Srarypnrrfi rpyr H3 rlpy)KuHsofi crarrtr,4enlnsrEpyroqrafi n neprr4KaJrbnofi
H fopl43oHTaJlbnofi rrJlocKocr.sx, no3BoJr,flroulero cHH3r4Tb rroileperrHbre 14 Kpyrr4JrbHbre

4eSopna arJnu B 1,5-2 pa3a. Hoszsna noArBep)r(AeHa rrareHroM Pecny6 rrkrKkr
Benapycr l2ll. ONzAaeurtfi sKoHoMI4qecKHfi e$$err 3 13 MrrH py6. Ha nporpaMMy
BbrrrycKa.

PerconaeHAallu H rlo rr pa KTIrqecKoMy rrc[oJr b3oBa H rr ro pe3yJr braro B

I4cnoru3oBaHne KoMllbrorepuofi Ar4arHocrnKH c SyHrqnefi KoHrponfl

Sra:uonornrlecKoro cocrotHuq orreparopa (no4nrenx) rro3BoJrr4T MuHprMpr3r4poBarb
Blrvr'.Hvre qeroBeqecKofo Qaxropa He[ocpeAcrBeHHo BO BpeMq BbrrroJrH eH]Z^fl.
TexHoJIorI4qecKI4x onepaqafi (llporoKoJr KoMnbrorepnofi AlrarHocraKpr
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QynxIrHoHaJIbHoro cocrofl:anfl BoAprrenfl r^pkr pa6ore Ha rpaKropax <Benapyc -1221

I 2025A I 3022 AB)). HonugHa I4ccrreAoBaHufi noArBepx(AeHa rareHraMu 121 ,221.
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rpaKropHofi rexHuKra PV|I (MT3)) Ha rpaKropax <Eenapyc -1221 12025A 13022
re) v rpI4HflTbI K HcrIoJIb3oBaHI4ro npu pa:pa6orre nepcileKTnBHbrx l,ro4enefi.
(Cnpanra o npaKrl4qecKoM I4cIIoJrb3oBaHr4H pe3ynbraroB HccneAoBaHHr J\,lb 915-
201143855 or 12.05.2013 r.), a raruKe Moryr nBJrf,rbcn ocHoeofi rnn AanbHefiurHx
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HccneAoBaHHr e yue6uoM npoqecce ̂rg Vn-l or 01.02.2012 r.).
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P33IOM3

Mircyrirc TaqrlnHa MircanaelHa

fIABbI[I SHHE AKTbIYHAIZ BTSPAAXOBbI
CICTSMbI (ATIEPATAP-CflA3EHHE> KOIABA|A TPAKTAPA

3 BbIKAPbICTAHHEM @I/HKrIbrqHAIbHArz AbrflfHOCTbrKr

KnroqaBblq cJroBbI: ni6paaxoBa, ni6paHarpyxaHacrlb, Mar3MarbrqHaq MaA3Jrb,
BafaHHi TC, r<ipyevrax raABecKa, QynrquflHarbHaq AbrqrHocrbrKa, nraHiropbrHr,

$isirnari.rHsr craH arrepar apa.
Mera pa6orsl - IIaBbrrrr3HHe axrulnafi ni6paaxoBbr cicreuu ((aileparap-

ctA3eHHe)) KoJraBara rpaKTapa 3 BbrKapbrcraHHeM QyuxququansHafi AbrflrHocmrri
npbl esIxaHaHHi aileparapaM aJrfapbrrua! xipananHx Ha acHoBe HoBbrx rraera4a!

AblflrHacqipanaHHfl) MeroAbrK i anraprrruaf rpbrHqrlqq parueunx! rrpbr
nsrnpa6aBaHHflx, Bbrpa6y i 3Kcnnyaraqni rpaKrapay, peani:ar1br,f, qxix ga6scneqbrqb

aneparsrlHae BbI3Har{oHHe craHy cicreurr i npa4yxineHHe aBaprrfisrrx ciryaqrrfi.
A6tenr AacJreAaBaHHfl cicreua ((aneparap-cflA3eHHe)) KoJraBara rpaKTapa.

llpa4ruer AacJreAaBaHHq - MeroAbIrci ertgHarroHHx ni6paaxolHux {Kacrlefi cicrsNarr
((aileparap-MTA) i crnap3HHe cpoAKaf ni6paaxoBbr arrepar apa.

MeraAbI AacJreAaBaHHn - pa:niroBa-Toap3TbrrrHbrfl MeraAbr Ha acHoBe :axonaf

Asrranaixi MaIrIbIH, MaroMarblrrHae nraAsnipaBaHHe, MeraAbI trJraHaBaHH{ 3Kcrrepbl-
MeHry. BrrxapblcraHa crellblqrigaeaHaq KaHrponbHa-BbrMrp aJrbHafl ailaparypa. Anpa-
qolxa oKcrepbIMeHTaJIbHbIX AaHbrx BbrKaHaHa MeraAavri Mar3Maruqnafi crarbrcrrrri
i nixanafi aupaqolxi ciruana!.

PacnpallaBaHa MeroAbIKa aHani:y ni6pauarpyx(aHacqi na ni6paqrrfiHafi naaryr-
nacrli W (a, n) na acHoBe noluara QarcrapHafa oKcrepbrMeHry, flKafl fni.rnae $y*tn-
IIbIflHaJIbHbI craH arreparapa na $isixnariuuavry Saxrapy IH npbr 3Kcnnyaraurri
MTA : ynixaM 3HeIxHix y:43etrHHt! y uac pyxy, Aa3Banxe pa6iub arl3Hxy ni6p aHa-
rpyx(aHacqi Ha ctA3eHHi anep arapa ra aAHocHaMy ni6panepaMrrxrr3HHro rrpbr
rapMaHiunrtx, nonirapuauiqsbrx, yAapHbrx i ssruaAKoBbrx y:6y4x3HHsx.

PacnpaIIaBaHbI aJlrapblrM xipananHfl naAeecri cflA3eHHr : yniKaM Qi:irnariqHara
Saxrapy IH aneparapa. llpallaHaBaua isxuHepHae parrr3HHe ra KaHcrpyrqrri npymara
3JIeMeHTa cflA3eHHq, qri Aa3Ba[qe gHi:iqr na[flpoqHbrfl i *pytlimsus saraHHi
y 1,5-2 pa3bl. CrnopaHbl MaKer pyntBora KoJra z y6ygaBaHbrM oKcnpoc-aHarisarapaM
r{acrarbl rynbcy. llpanauoBaH cnoca6 AbrqrHocrrrxi Si:ixnariqHara craHy aneparapa

Anf, rra[rpoAx(aHHq rra3arrrrarHbrx c iryaqufi .
fa;riHa BbIKapbIcraHHfl: alraua6ine- i rpaxrapa6yAaBaHHe, HaByr{aJrbHbr

nparl3c.

t 9

Ре
по
зи
то
ри
й Б
НТ
У



PE3IOME

Murcv"ullrc TarbqHa Huro.naeBHa

froBbrrrr EHuIE AKTHBHOfr BHEpO3ArrIr4Tbr
CI{CTEMbI (OIIEPATOP-CI4AEHbE> KOIECHOTO TPAKTOPA
c H c rI oJIb 3 o BAHI{ E M @I/H K Ur4 O HAJI b H O Iz AI,rAr H O C T VII(.VI

K"uroqeBbIe cJroBa: nu6p03aIIII4Ta, nu6poHarppr(eHHocrb, MareMaruqecKat
MoAenb, rore6 aHkrfl TC, ynpaBn fl,el.rrafl rroABecKa, SyHrcqzoHaJrbHafl AnarHocrr4Ka,
MoHr4Topr4Hr, Sra:raonorur{ecKoe cocrorHpre oleparopa.

Ilenn pa6orsl - rIoBbIIrreHI,Ie arrngHofi nz6posaulr4Tbr cr4creMbr ((oleparop-

cr{AeHbe)) KoJlecHoro rpaKTopa c HcrroJrb3oBaHueM Syuxqraosalruofi AnrHocrr4Kr4
fIpI4 BbITIOJIHeHVT4 O[epaTOpOM anfOpHTMOB ynpaBneH[fl, Ha ocHoBe HoBbrx MeToAoB

AI4arHocrI4poBaHvrfl, MeroAr4K H aJrropr4TMoB rrpprHflTvrfl. perrreHufi npra HcnbrraHvrflx,
H3foroBJIeHI4Ia kr 3Kcnny ararJurr4 TpaKTopoB, peaJrr43 a\Hfl Koropbrx o6ecneqr4T
orleparuBHoe onpeAeJIeHI4e cocroqHnfl, cr4creMbr v npeAorBparrleHpre asapuitHbrx
curyaryufi.

O6rercT HccJreAoBaHlr'fl - cl4creMa ((oneparop-cr4AeHbe)) KoJrecHoro rpaKTopa.
Ilpegruer lrccJreAoBaHlafl - MeroAI4KH orrpeAeneHur- vu6po3arrlr,rrHbrx Kar{ecrB

cucreMbl ((oileparop-MTA) r4 c o3AaHr4e cpeAcrn nu6po3arrlnrbr oreparopa.
MeroArt uccJreAoBaHufl pacr{erHo-Teoperr4r{ecKne MeroAbr Ha ocHoBaHvrkr

3aKOHOB AI4HaMI4KH MarrIr4H, MaTeMaTI'IqeCKOe MOAenUpOBaHHe, MeTOAbr
lnaHupoBaHprfl 3KcIIepHMeHTa. I4cnoJrb3oBaHa clerlr4aJrr43upoB aHHafl KoHTpoJrbHo-
H3MepHTeJIbHafl an[aparypa. O6pa6orKa 3Kcnepr4MeHTaJrbHbrx AaHHbrx BbrrroJrHeHa
MeroAaMH MareMarl4r{ecxofi crarncrkrKr4 rr r{r4cJrenHofi o6pa6orKr4 cHrHaJroB.

Pa:pa6oraHa MeroAHKa aHEUIuza sulpoHarpyx{eHHocrr{ rro nu6paquossofi Morrl-
Hocru W (a, n) Ha ocHoBe noJrHoro $axropHoro oKcrepHMeHra, yqnrbrBaloqat

$yHrqIaoHaJlbHoe cocro,f,Hue oreparopa ro Su:zonoruqecKoMy Saxropy I4Iri^ rpr4
oKcnny aralJvrvr MTA c yr{eroM BHelIHr{x nos4efi crsuir Bo BpeMf, ABH}KeHr4q,
rlo3BoJIqroulafl npoI43BoAr4rb orIeHKy eQSeru4BHocrr4 nra6ponarppKeHHocru Ha
cHAeHbpI oileparopa ro orHocr4TeJrbHoMy nv6ponepeMerrleHr4ro npu fapMoHr4r{ecKr4x,
rroJrHrapMoHHqecKHX, yAapHbrx H cnyuafiHbrx nos6yxAeHr4rx.

Paspa6oraH €urropI,ITM ynpaBn eHnfl, [oABecr<ofi cHAeHbr orreparopa c yr{eroM

$usuonorl4r{ecKofo $axropaI,f}{ oreparopa. llpe4ro)KeHo HHXeHepHoe perreHue rro
KOHCTpyKIII4LI yrlpyfofo 3JIeMeHTa CI4AeHbfl, rrO3BOnqlOUIefO CHH3HTb nonepeqHbre pr

Kpyrl4nbHble xole6aHvrfl, B I,5-2 pa3a. CosAaH MaKer pyneBoro KoJreca co
BcrpoeHHbIM sKcnpecc-aH€urr43aropoM qacrorbr rrynbca. llpeAnoxeH cnoco6

AI4arHocrHKI4 $ra:uonoruqecKoro cocroqHkrfl oneparopa rnfl rpeAynpe)KAeHufl
He IrlTarHbrx cury aryuit .

O6.nacrb rIpuMeHeHHfl : aBTonao6ure- H rpaKropocrpoeHr4e, yue6Hrrfi npoqecc.
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SUMMARY

Tatsiana N. Mikulik

RAISING OF ACTIVE VIBRATORY PROTECTION
OF SYSTEM OOOPERATOR-SEATO' OF WHEEL TRACTOR BY USING

OF FUNCTIONAL DIAGNOSTICS

Key words: vibratory protection, vibratory loading, mathematical model,
vibration of vehicle, controling suspension, functional diagnostics, monitoring,
physiological state of operator.

The aim of the research: raising of active vibratory protection of system
"operator-seat" of wheel tractor by using functional diagnostics during fulfilling of
operator the algorithms of control on the base of new methods of diagnostics methods
and algorithms of taking the decisions during the testing, making and usade of
tractors, which realization will ensure the operations determination of state of system
and prevention of emergency situations.

Object of research: the system "operator- seat" of wheel tractor.
Subject of research: the procedures of determination of vibration protection

qualities of system <<operator-MTS> and the creation by means of vibratory
protection.

Methods of research - rated and theoretical methods on the base of laws of the
dynamics of vehicle, mathematical modeling, methods of planning of experiment.
The specializing test equipment was used. The processing of experimental data was
executed by the methods of mathematical statistics and numerical processing of signals.

Are developed: the methods of analysis of vibratory loading according to
vibratory power W (r,r, n) on the base of complete factor experiment, which take into
account the functional state of operator according to physiological factor is in process
according to the level of external actions and in time of movement, which allow to
value the efficiency of vibratory loading on the seat of operator according to relative
vibration displacement during the harmonic, polyharmonic, shock and accidental
excitations.

The algorithm of control of suspension of operator's seat according to
physiologicai factor IS of operator.

The engineering decision of design of elastic element of seat was offered, which
make it possible to reduce the lateral and torsional vibrations in 1,5-2 times. The
model of steering-wheel with express-analyser of the pulse rate was created. The
method of diagnostics of physiological state of operator in order to prevent non-staff
situation was offered.

Field of application: automobile and tractor industry, educational process.
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