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PE®EPAT

BreinyckHas kBanugukanuoHHass pabora no Teme «CoBEpIIEHCTBOBaHME
CHUCTEMbl YCTOWYMBOCTH TPY30MOABEMHOIO KpaHa» COAEPXKUT /79 cTpaHull
TEKCTOBOT'O JIOKYMEHTA, 2 MPUIOKeHUs, 60 UCII0Ib30BaHHBIX HCTOYHUKOB.

BALIEHHBIM KPAH; YCTOMYMBOCTb; I'PY30BOM MOMEHT;
[MEPEJATOYHBIE ®YHKIWU, ITPOIT'PAMMA, OBBEKT, THOOPMAILIVA,
OTYET, PEKOMEHIAILIMA U ITPEJJIOKEHUA.

O6bekt — bameHnslit kpaH.

[{eas paOOThI: MOBBILIEHUE YCTOWYMBOCTH CBOOOJHOCTOAILETO KpaHa MPOTUB
OIPOKH/IbIBAHUS.

3ajauu uccieI0BaHu:

1) YcraHoBneHHME B3aMMOCBSI3€ MEXAY CHJIOBBIMU  TIapaMeTpaMH U
JUHAMUYECKUMH XapaKTEPUCTUKAMU IEPEXOIHBIX IPOLECCOB MOIBEMHBIX
MEXaHU3MOB I'PY30I0AbEMHOTO KpaHa.

2) Pa3paboTka  TPOrpaMMHOTO  KOMILUICKCA  CHUCTEMbI  YIPaBICHHS,
00€eCleynBaOIIe MOBBILIEHUE OBICTPOACHCTBUS  TOPMO3HBIX CHUCTEM
MEXaHU3Ma [0JbeMa 332 CUYET OLIEHKH I'PYy30II0AbEMHON XapaKTEPUCTHKHU.

3) Pa3paboTka METOAMKM pacueTa T'PAaHHUYHOTO JUHAMHUYECKOTO PABHOBECHS
KpaHa ¢ y4eTOM BJIMSHUS TapaMeTpOB MPUBOJA MEXAHU3MOB.

B pesynbrare mpoBeaeHusi paboThl Oblia ompeneneHa (HaKTOPhI BIMSHUS

AKCIUTyaTalMy OAIIEHHOTO KpaHa B Pa3JIMYHbIX YCIOBHUSIX Ha YCTOMUHUBOCTb.
B utore Obulo pa3paboTaHO MPENJIOKEHUS MO MOBBIIIEHUIO YCTOWYUBOCTH

OaIlIeHHOTO KpaHa.
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BBEJAEHHUE

[ToTepss yCTOMYMBOCTM KpaHa MPUBOAUT K BO3HMKHOBEHHUIO OIACHBIX
CUTyallMd, CO3JAIOMIUX YIrpo3y ISl KU3HU U 370pOBbs Jrojen. [lo maHHbIM
Pocrexnanzopa HaOm01a€TCA POCT KOJIMYECTBA OTEPh YCTOMYUBOCTU OallIEHHBIX
KpPaHOB. DTO CBS3aHO C HEJAOCTATOYHOCTHIO COOJIIOJIEHUSI COOTBETCTBUS CHUIIOBBIX
MapaMeTpoB MOJABEMHBIX MEXaHM3MOB C JUHAMUYECKUMU CBOWCTBAMHU IPHUBOJA
MEXaHU3MOB TOJbEMa, a TaKXKE€ IOrPEMIHOCTSIMU, BO3HUKAKIINMHU IpHU
cpabaThIBAHUU OTPAHUUUTENS TPY30MOIbeMHOCTH. J[ia obecniedeHus TpedyeMbIx
JUHAMUYECKUX TapaMeTpoB CJEAYeT MPUMEHSTh YINPaBJICHUE IUHAMUYECKUMU
CBOMCTBAMM CUCTEM IpHUBoOJa. s perieHust 3Tod 3agaud  TpeOyeTcsl cO3/laHue
MEXaHUYECKUX CHCTEM aBTOMATHYECKOrO TalleHus KojebaHuil Tpy3a u
YBEJIMYEHHE TOYHOCTH CpabaThIBaHUsI TOPMO3HBIX CHUCTEM, 3a CUET MOBBIIICHUS
OBICTPOJICHCTBUSI OTPAHUYUTENSI TPY30MIOABEMHOCTH, @ TAKXKE 32 CUET YTOYHEHUS
METOJIOB pacyeTa rpaHMYHOI0 JUHAMUYECKOTO PAaBHOBECHUS KpaHa.

Heap pabdoThl — TMOBBILIEHUE YCTOWYMBOCTH CBOOOIAHOCTOSILIEIO KpaHa
MPOTUB ONPOKUIBIBAHUSI.

3ajaun UCCIEeI0BAHUS:

1) YcraHoBiACHHE B3aMMOCBSI3€H MEXKIY CHIIOBBIMH  MapaMeTpaMud |
JTUHAMUYECKUMH XapaKTePUCTUKAMH TEPEXOAHBIX MPOILIECCOB IMOIBEMHBIX
MEXaHHU3MOB I'PY30M0IbEMHOT0 KpPaHa.

2) PaszpaboTka  TpOrpaMMHOTO  KOMIUICKCA  CHUCTEMbI  YIPaBIICHHS,
00ecreynBaroIIeil MOBBILIEHUE OBICTPOACHCTBUS ~ TOPMO3HBIX CHUCTEM
MEXaHH3Ma MOJbEMA 32 CUET OLIEHKU IPY30M0IbEMHON XapaKTEPUCTUKH.

3) Pa3paboTka METOOMKHU pacyeTa TPAHUYHOTO JUHAMHYECKOTO PaBHOBECHS

KpaHa € y4CTOM BJIMAHHSA MMAapaMCTPOB IIPHUBOJIda MCXaHU3MOB.



1 COCTOAHHUE BOITPOCA
1.1. AHaau3 cOCTOSIHUS I'PY30BOM YCTONYNBOCTH OAllIEHHbIX KPAHOB

B cTpoutenbcTBe MHUPOKO NPUMEHSIOTCS CBOOOAHOCTOSIIUE CTPEJIOBBIE
caMOXOJHbIe W OallleHHbIEe KpaHbl. bailieHHble KpaHbl 4- pa3MEpHOW TPYMIIbI
UMEIOT OJHOTUIIHYIO KOHCTPYKIHMIO M TPEJICTaBISAIOT 000N MOOWIBHBIE ca-
MOXOJHBIE IIOJHOIIOBOPOTHBIE MAaIIMHBI HAa PEIbCOBOM XOAY C IIOBOPOTHOM

TEJIECKOMUYECKON OalHel W HIDKHUM DPACIIOIOKEHHEM IMPOTHBOBEca (PUCYHOK

1.1).
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Pucynok 1.1 — Kpan Kb 4-i1 pazmepHo# rpyIibl



CocTaBHBIMM YacTAMHM KpaHa SBJSIOTCA: XOJOBas KoJsblieBas pama |
KOpoOYaToOro ce4eHus, OJHOPSAIHOE POJIMKOBOE OIOPHO-IIOBOPOTHOE YCTPOUCTBO
15 ¢ BHyTpeHHUM 3yO4UaThIM 3alleIUICHHEM, MOBOPOTHON OaliHeil ¥ MoJIbeMHOMN
CTpesio, moBopoTHas miargopma 2 mopran 14, 6amus 13, ronoska 7, ctpena 9,
IPY30BO# 6 M CTPENOBOM 5 KaHATHI, pacyan 8, KprokoBas noasecka 10, MOHTaxkHOE
YCTPOMCTBO, YHU(UIIMPOBaHHas KaOWHA MamMHUCTA 12 ¥ paboune MeXaHU3MBbI,
MPOTUBOBEC 3, packockl 4, 31eKTpooOOpyIoBaHUE, TPUOOPHI 0€30MACHOCTU U
kaOenpHbIM  OapabaH. bamHW MOpalIMBAaIOTCS CHU3Y MPOMEXKYTOUHBIMU
CEKIIUSIMU TI0 MEpEe BO3BEACHHUA 3AaHMs. B BepTHUKaIbLHOM IMOJOKEHUHU OallHH
YAEPKUBAOTCS ABYMsI TEJIECKONMUYECKUMH MOJKOCAMHU.

ITo nanubM PocTtexHanzopa HabII01aeTCsl yCTOMYMBBIA POCT TpaBMaTH3Ma
M KOJMYECTBA aBAPHUM HA IPy30NOIbEeMHBIX KpaHax. Tak B KpacnHospcke B 2017
rojy ynay OalieHHbBIN KpaH u3-3a MopbiBa BeTpa 6osee 25m/c [23].

Ha ctpoutenbhoil miomaake B KpacHosipcke ymnan OalleHHbIH KpaH: ISATh
YeJI0BEK C TpaBMaMu pa3ITUYHON CTENEHU TSKECTU
rocnuTanu3upoBansl. HawnbGosnee Tspkeno mocTpagalia KEHIMHA-KPAHOBIUK, OHA
JIOCTaBJIeHAa B OOJIbHUIY CKOPOM MEIMUIMHCKON IMOMOIIA C MHOKECTBEHHBIMU
nepenoMamu. Taxke ¢ pa3NUYHBIMU yIIMOAMH TOCTIUTAIM3UPOBAHBI €lIe YETBEPO
pabounx. IlpuumHamMM NPOU3OIIEAIIEr0O MOIJIM CTaTh HapylIeHUE MpaBHIl
MOHTa)ka KpaHa JIM00 CWIIbHBIN OPBIB BeTpa [23].

Ha 3amagme Kwutas noruOiu uerslpe ydeHHMKa IIKOJIbI M Oombiie 90
NOCTpajaiy, KOIJla Ha KpBIIy 3JaHUs O3TOr0 Y4yeOHOro 3aBeAeHUs ymaj
TMraHTcKuil OameHHbld KpaH. Kpan "mpakTudecku paspe3an 34aHue IIKOJIbI
cBepxy noHu3y". "Ilorubnm yeTbipe HAIMX IIKOJIbHUKA, KOTOPBIM HET U 12 et u
onepaTrop kpaHa" [IpuunHON MafeHUs ABUIOCH TO, YTO KPAaH MPOCTO OTCITYKWJI
CBOH CPOK, OJIHAKO MO-TPEKHEMY OCTaBajICs B dKCIuTyatanuu [23].

[lotepss Tpy30BOM yCTOMYMBOCTH OAalllEHHBIX KPAHOB MPOUCXOIUT IPHU
BBINIOJIHEHUU padouux omnepauuid. [IppurHamMu motepu yCTOMYMBOCTHU SIBJISIOTCS
neperpy3k, BO3HUKAIOLIUE MPHU MOJbEME Ipy3a a TaKkKe KoJieOaHHsl CTpesbl B

YCIOBUAX I'PAHUYHOI'0O JHHAMHUYCCKOI'O paBHOBECHA.
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JIsig 3amuThl OT ONMPOKUIBIBAHUS MpaBUiIaMu 0e30MacHON dKCITyaTanuu ||
BCE TPY30MOABEMHBIE KpaHbl O00OPYIYyIOTCS CpeAcTBaMH  0Oe30MacHOCTH,
IpuOOpamMu 3alIUTHO—OTPAHUYHUTEIBHOTIO XapaKTePa U TOPMO3HBIMH CUCTEMAMH.

MexaHu3Mbl NepeABUKEHUSI, MEXaHU3MbI BpPAILICHUS, CTPEIOBasi, IPy30Basi
U TeJeKeyHas Je0eIKM OCHAAI0TCS TOPMO3aMHU Ha BCEX pabOuMX JABMKCHUSIX.

['py3oBbie 7€OeaKd OOOPYIYIOTCS OJHUM - M JBYMS JBUTATEISIMH.
OCHOBHOM 2JIEKTpOJBUTATEND JIEOCIKU MpeIHAa3HAUYeH JJI MoabeMa (OIMyCKaHus)
Ipy30B HauOOJbIIIEH MACChI, BCIIOMOTATENIbHBIN 3JIEKTPOABUTATENb — JUISI MTObEMa
(omyckaHus) TPY30B HaWMEHBIIEH MAaccChl, KPIOKOBOW MOJBECKH W OOECICUCHHS
nocaz049Hoi ckopoctu [21].

CrpenoBble Jn€0€IKM OTIMYAIOTCS OT TPY30BBIX OTCYTCTBUEM BCIIO-
MoraTtenbHOro asurarens. TenexedHas yebelKka COCTOMT M3 AJIEKTPOABUTATENS,
KOJIOJIOYHOTO  TOPMO3a, PEAYKTOpa, BKIIOYAIOUIEr0 LWIMHAPUYECKYI0 U
rI000UIHYIO TIEpeaaun, U Hape3Horo Oapadana. OTKIIOUEHHUE TPUBOA JIEOSKH B
KpallHUX MOJIOKEHUX TEJIEKKU OCYILECTBISECTCS KOHEUHBIM BBIKIOYATEIIEM.

MexaHu3M TIOBOpOTa COCTOUT M3 BEPTHKAIBHOTO TPEXCTYNEHYATOrO
peaykropa, (pIaHIEBOro 5SJIEKTPOJABUTATENS W  CHEUUAIBHOTO KOJOJOYHOTO
TOpMO3a. MeXaHu3M MEepeABUKEHUSI KpaHa COCTOMT U3 3JEKTPOJBUTATEIS,
KOJIOJJOYHOT'O TOPMO3a, OTKPBITOM 3yOUaToi rnepeaayu u OOPHBIX KOJIEC.

Topmo3za obecrieunBarOT OCTAHOBKY MEXAHHU3MOB IIPH BBIIOJIHEHUU pabOUunX
onepauuid. Ilpu cpabarbiBaHMKM TOpMO3a BO3HUKAIOT MHEPLUOHHBIE HArpy3Ku B
Mexanusmax. [lociaenHue BbI3BIBAIOT KojieOaHus pabodyero oOOpYyIOBaHUS U
OarHu KpaHa.

Jlist ynpaBieHusl KoJeOaHUSIMU C LIEJIbI0 UX CHMKEHUSI IPUMEHSIOTCS Kak
aKTUBHBIE, TaK U MMACCHUBHBIE CIIOCOOBI yNpPaBJICHMUS.

B Tabmuue 1.1 mnpuBeneHbl crmocoObl  ympaBieHUs —KoJieOaHUSIMU

MEXaHHU3MOB MallluH.



Tabmuma 1.1 — CnocoOb! yripaBieHus KoJeOaHUSIMU

[TaccuBHBIE AKTHUBHBIE
Bubpowuzomnsius N3MeHeHne KOHCTPYKTUBHOM CXEMBI
Hemmndepsr JlnHamuyeckoe NpOTUBOACHCTBHE
JuHamuueckue racuteny KojaeOaHuii Hcnonp30BaHue s3HEPrUH BUOpAIUK
[lepepacnpenenenue 3HEPrun CUCTEMBbI

[TprMmeHeHre TacCUBHBIX CIIOCOOOB YIIPABICHUS OMPECIIAETCS METOIaMH,
CBSI3aHHBIE C UCIIOJIb30BAHUEM WHEPIIUOHHBIX, YIIPYTUX, TUCCUTIATUBHBIX U
JPYTUX MMaCCUBHBIX (HEYIPABISEMBIX ) AJIEMEHTOB.

OTIUYUTENEHBIMA OCOOEHHOCTSMHU MACCUBHBIX METOJIOB SIBJISTFOTCS
cienyromue [23]:

1) IMapameTpsl W CBOWCTBa YCTPOWCTB IO CHIDKEHHIO BUOparwii (ypoBHS
KoJieOaHuii), 3amporpaMMHUpPOBAHHBIE B  CTaAUU  IPOCKTUPOBAHMS
KOHCTPYKLMH, HE U3MEHSIIOTCS B IIPOLIECCE IKCILTyaTal[1H.

2) Jlns HUX HE MPUBJICKACTCS MPUTOK BHEITHEW YHEPTUU, MOIYJIN YIIPABIICHUS,

CpeacTBa 0OpaTHOU CBSI3H.
VYmpasieHue KoieOaHUIMH CUCTEMbI 00€CTIEYNBAETCA 3a CUET:
— M3meHeHus Macchl.

— YBeIMYEHUsI CONPOTHUBJICHUS (3aTyXaHHUs!).
— V3MeHeHus ynpyroro cOnpoTHBICHUS MPY>KUHBI.
3) Buemnero Bo30ymutens - f(t).

[lepepacnpenenenre BHYTpPEHHEH OSHEPruM MOXKET ObITh NaCCHUBHBIM
(cmocoObl BUOpOU30IAIMU, AeMIIPUPOBaHUs, TalllCHUS, U3MEHEHHUS JKECTKOCTEH
W JIp.) M aKTUBHBIM, KOIJla YCTPOMCTBA MEpEpacupeiesieHuss 3HEPruu YEeTKO
IIPOCMATPUBAIOTCS U OTOM SHEPTUEU MOXKHO YIPaBIISTh.

B maccuBHON KOJ€0aTeNbHON CHCTEME MPOUCXOAUT PACCEsSHUE PHEPTrUU U
3aTyXaHUE JAHHOI'O THUIIA JIB)KEHHs. B aKTMBHO yIpaBiIsieMOM CHCTEME DHEPTUs

KoaeOaHWi ITOMOJHSIETCS 3a CYET MCTOYHHKA OHCPIruu, BXOAAIICIO B COCTAaB




paccmaTpuBaeMoil cucteMbl. [Iponcxoaut mpouecc pereHepanuu JaHHOTO THIIa
JBIDKEHUS (HarpuMep, KoJeOaHuil ¢ 3aJaHHONW 4acTOTON U (hOpMOi).

Ecnm 4yacToThl M aMIUIUTYIbl JUHAMUYECKOTO IPOTUBOICUCTBUS COBIIAJA0T
C BO3MYUIAIOMIMM IPOILIECCOM, HO HMMEIOT IMPOTHUBOMOJOXKHYIO a3y, TO HIET
CHIWKeHue BUOparuu. Eciu ke yactoTa U aMIUTUTYy/la HE COBMAAAl0T, HO OJU3KHU
JIpyr Jpyry, TO B pe3yibTaTe HHTEPHEpPEHIUMU JBYX TAaKUX TapMOHHYECKHX
IIPOLIECCOB MPOSIBISIFOTCA OMEeHUsl. TyT MMEeT MECTO M YacTUYHOE TalleHHe, U
BCILUIECKHA B Pa3HbIE MOMEHTHI BPEMEHH.

BelgBruraeMple  COBPEMEHHOM  TEXHHMKOW  BBICOKME  TpeOOBaHHMS K
JUHAMUYECKUM CBOMCTBAM MEXAaHUYECKMX KOJIeOAaTEeIbHbIX CHCTEM HE BCerna
BO3MOXXKHO OO€CIIE€UYUTh Ha OCHOBE MACCUBHBIX cucTeM. CTelneHb W3MEHEHUs
JUHAMUYECKUX CBOWCTB KOJIEOATEIbHBIX CHCTEM C MOMOIIBIO AKTHBHBIX CBS3€d
OIpENENAETCS] B OCHOBHOM KOA(PGUIUEHTOM yCUIIeHUs, GOPMUPYEMBIM 3aKOHaM U
cnocoboMm ynpasieHusi. OIHAaKO AaKTHUBHBIE CBSI3M BHOCST JIONOJIHUTEIbHBIE
YCIIOKHEHUSI B CTPYKTYpPY KoJieOaTelIbHBIX CUCTEM. B0O3MOXHO BO3HUKHOBEHHE
PE30HAHCHBIX, aBTOKOJIEOATENbHBIX U IPYTUX HEKENIaTeJIbHbIX sABIeHUH. [loaTomy
BAXKHBIM (DaKTOPOM TOBBIIICHUS YCTOMYMBOCTH KpaHa SBIsIeTCA pa3paboTka
CHCTEM M METOJIOB ramieHust kojebanuii [12].

JUIst 3amuThl KpaHOB OT MEPErpy30K MEXaHW3Ma IoAbeMa Ipy3a H
aBTOMATUYECKOTO  YIPABJICHHUS YCTOWYMBOCTBIO TI'PY30MOJBEMHBIX  KPaHOB
IPUMEHSIOTCS OIPAHUYUTENN TPy30IOABEMHOCTH. OTrpaHWYUTENN IPYy30BOIO
MOMEHTa BCTPaMBaIOTCS B O00OHMY IMoJaKcCHacTa, B pacnop MeEXAy BUHTaMH,
YAEPKUBAOIIMMHU CTPENTY, WIH B Y3€Jl KpEIJIEHUs TPy30II0IbEMHOI0 KaHaTa.

Ha OameHHBIX KpaHax pPEKOMEHAYETCS YCTAaHOBKA JaTyWKa YCUJIUS B
IPy30BOM IMOJMCHACTE C MOMOIIbI0 HEMOABUKHOTO W MOJBHKHOTO PhIYAaroB Ha
3asIKOPEHHOW BETBU TPy30BOro KaHata (pucyHok 1.2) wid ¢ TOMOIIBIO

OTKJIOHSIOIIETO OJIOKA.
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Pucynok 1.2 — YcraHoBKa JaTyiKa yCUIUS B TPY30BOM MOJUCTIACTE C
HOMOIIbIO MOJBUKHOIO pblyara: 1 — natyuk ycuius; 2 — 3amacoBka KaHarta; 3 —

ITOJABWKHBIN pbIYar

Ha camoxoaHbIX aBTOMOOMJIBHBIX KpaHaxX M Ha OallleHHBIX KpaHax HamOojee
pacnpocTpaHéH crnoco0 YCTAHOBKM JaTYMKAa YCHIIMA C MOMOUIbIO KaHATHOTO

MHOTOYTOJIbHUKA (PUCYHOK 1.3) B HEMTOABUKHBIX OTTSIKKAX.

4

Pucynok 1.3 — YcraHoBka 1aTyuka yCUIIMs C MOMOUIBIO HEMTOABUKHOTO phlyara
Ha 3asIKOPEHHOM KOHLIE IPy30BOIo KaHaTa: 1— gaTuuk ycunus; 2 — 3asKOpEHHBIN

KOHeIl KaHaTa; 3 — pbryar; 4 — 0JIOK; 5 — mpoyIrHa.
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Ecnmm ycraHoBka nmaTymka yCWIMM HAa CaMOXOJHBIX aBTOMOOWMJIBHBIX
KpaHaX, HMEIMUX KopoTtkue (7—15 M) WM TENeCKONMUYECKUE CTPEbl,
3aTpyAHUTENIbHA W3-32 OTCYTCTBUS HEMOABUKHBIX OTTSKEK, TO PEKOMEHIYEeTCs
YCTaHABJIMBATh KAHATHBII MHOTOYTOJBHUK Ha JIBYX CPEIHHUX BETBSIX CTPEIOBOIO
nosicnacta. biounast o6oiimMa MOKET UMETh Kak OJIMH, TaK W ABa 0yioka. B aTom

CJIydac JaT4uK U3MCPACT YCHIIMC B IBYX CPCAHHUX BCTBAX IIOJIUCIIACTA.

[Ipn m3mepeHun ycuims B JBYX CPEIHMX BETBSAX ITOJIMCIACTA OT Pa3IU4Ms
K.IL.JI. OTACJIbHBIX OJOKOB MOSBIISETCA MOTPEIIHOCTh. DTOT HEIOCTATOK BIIMSIET Ha
TOYHOCTb OLICHKM TpPy30BOIO MOMEHTAa MEXaHHW3Ma IOABEMA U TPY30BYIO
YCTOMYMBOCTb KpaHa.

B Hacrosee BpemMs IMPOKO NPUMEHSIOTCA KOHTAKTHBIE OTPaHUYUTEIIN
MoMeHnTa OI'K-1, OT'K-2 1 O0eCKOHTaKTHBIE OTPAHUYUTEIN TPYy30BOIO MOMEHTA

OI'b-2, OI'b-3, (pucyHnok 1.4).

Pucynox 1.4 — OrpaHuuureny Tpy30HO0JAbEMHOCTU:1— OrpaHUYUATENTN

momenTa OI'K-1, OI'K-2; 2 — orpannuutenu momenta OI'b-2, OI'b-3.

Orpanuuntens rpy3onoabeMHoctd OI'b-2 coctour uW3 AaTyvika ycUIui
HAYC, natumka yrma HakimoHa crtpensl JYI, peneitHoro 6moka Pb, manenu

curnanuzaruu [IC, pacnonokeHHOM B KaOMHE W OCHAIIEHHOW CUTHAJIbHBIMU
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namnamu. VICTIONHUTENbHBIE MEXaHH3Mbl PA3IMUYAIOTCS PEJICHHBIMU OJIOKAMH,
(pucynok 1.5).

JIaTuuK yCHIHMS MpPEACTABISICT COOOW AIICKTPUUYSCKUN JUHAMOMETpP, B
KOTOpOM  JepopMaIisi  YyOpyroro Kojblla [epefaeTcss Ha  HHIAYKTHBHO-
TpaHc(hOPMAaTOPHBIH npeoOpa3oBaresib BCTPOCHHBI MEXAY KaHATHBIMU

OTTSZ2KKaMU CTPCJIOBOI'O ITOJIHCIIACTA.
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Pucynok 1.5 — @yHkmoHanbpHas cxema OrpaHUYMTENs TPy30M0AbEMHOCTH
OI'b-2: 1 — natumk yrina; 2 — 1aT4uK ycumus; 3 — 010K ynpaBieHus; 4 — 610k
IIMTaHKA; 5 — HCTIONHUTEIBHOE YCTPOMCTBO; 6 —1anens curHamusanuu; Ug, U, —

BBIXOJHBIC HAIIPSAKCHUA [JH — HaAIIPSA’KCHUEC MU TaHHA

JlaTuuk yria mpeAHa3HayeH Ui MOJayd CHUrHaja, MPONOPUUOHAIBHOIO
JOMYCTUMOM Harpy3Ke JUisl JaHHOTO BbUIeTa. Ero yCTaHABIMBAIOT COOCHO C OCBIO
IATHl  CTPEJbl, JABWKEHHUE KOTOPOM uepe3 TOBOJOK IMepeAaeTcss Ha Bal
OECKOHTAaKTHOTO JaTyuka yria. V3MeHeHue XapakTEepUCTHK OrpaHUYHUTEeNs
JIOCTUTAETCS TaJeTHbIM TepeKitoyaTesieM, OOeCrnevynBarolMM HaCcTPOHWKY Ha
ONpENENeHHYI0 XapakTepuctuky. CTeneHb 3arpy3Kd KpaHa HU3MepseTcs

MWUIMAMIICPMETPOM, BKIIFOYCHHBIM B MOCTOBYIO LCIIb OI'PAHUYUTCIIA. C OCJIBbIO
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KOHTPOJIsI pab0OTOCTIOCOOHOCTH OTPAHUYUTENSI TPY30TOTEMHOCTH TPOBOIUTCS MX
IIOBEpKA.

VYmopaBienue  pabotroid  orpaHuumTens — rpysonogbemHoctd  OI'b-2
IIPOU3BOJIUTCS 0JIOKOM YIIPaBJICHUA. Henocratkom OTPAHUYUTEIA
rpy3onoabemMHoctd OI'b-2 sBnsieTcst cnabast 4yBCTBUTEIBHOCTh JAaTYMKA YCHIIUM.
DT0 0c000 BbIpaXKaeTcs BIUSHUEM U3MEHEHUS TeMIIepaTyphl BO3ayXa.

OrpannuuTeny TPy30moabeMHOCTH HOBoro mokonenus OHK-MII-110,
BBITIOJIHEHHBIE HAa COBPEMEHHOW DJJIEMEHTHOM 0aze  (MUKpPOIPOLECCOPHI,
WHTETPAIIbHBIE MHKPOCXEMBI, KUIKOKPUCTAUIMYECKHE WHIUKATOPBI) O00JamgaroT
MPOCTOTOM  HaJaJK{, TOBBIIMICHHOW HWH()OPMATUBHOCTHIO, pPaCHIUPEHHBIMU
(GyHKIHOHATBHBIMH BO3MOKHOCTSIMU, BBICOKOW TOYHOCTBIO OTPAOOTKH TPY30BOM
XapaKTePUCTHKH, YTO B UTOTE MOBBIIIACT YCTOWIMBOCTD KpaHa [28].

TexHuyeckass XapakTepUCTUKa orpaHuuyutens rpysonoabeMHoctn OHK-

MII-110 npuBenena B Tadaure 1.2.

Tabmuua 1.2 — TexHuyeckas XapaKTepUCTUKA OTPAHUYUTENS TPYy30MOAbEMHOCTH

OHK-MII-110

Uucrno 3a1aBaeMbIX IPy30BbIX XapaKTEPUCTUK 128
Yucio 01HOBPEMEHHO 0TOOpaKaeMBbIX MapaMeTPOB 3
Ob11ee yncno oToOpaXkaeMbIX apaMeTPOB 5

Juana3oH U3MEHEHHUS! «yCTAaHOBKWY IO MPENETbHOMY 3HAUYEHHUIO MAcChl Tpy3a,

MOJHUMAEMOTO WJI OITYCKAEMOTO C MOBBIIIEHHBIMU CKOPOCTSAMHM, T Q — Qmax

Jlnana3zoH W3MEHEHHUs «yCTAaHOBKM» IO TPEIEIbHOMY 3HAUEHUIO BETPOBOU 5-25

Harpysku, M/c

HopmupoBannoe ycumue Ha naTauke npu Qmax, KH 4,25

Yroa moBopoTa Baja JaTyMKa BbUIETA MUHUMAaJIbHbIM/MaKkCUMalbHbIN,
IIPUBEIECHHBIN K HOPMUPOBAaHHOMY 3HaueHHU0 BbuieTa (50 min 70 m), rpagyc

70/270

OrpaHuuuTeny MOCTPOEHbI Ha 0a3e MHMKPOMPOIECCOPHON TEXHUKH,
MMEIOT PAa3BETBJIEHHYIO CTPYKTYPY TEXHUYECKUX CPEICTB M COOTBETCTBYIOLIEE

IMpOorpaMMHOC O6GCH€‘-ICHI/I6, 4dTO TMO3BOJIICT BBIIOJIHUTL 3allUTy KpaHa 110
13




YCIOBUSIM  MEPErpy3Kd, YAaCTUUHYIO  aBTOMAaTH3allMi0O  paboTbl  KpaHa (B
OCHOBHOM B  00OJacTM  aBTOMAaTHYECKOTO  BBIOOpAa  PEKHUMOB IO
Ipy30NOABEMHOCTH) U MPEAOCTaBUTh  MAUIMHUCTY  OOJbpIION  00BEM
KOHTPOJIbHOM M JUAarHOCTUYECKOM HH(POPMALIHH.

HenocraTkoM  COBPEMEHHBIX  OIpPaHUMYMTENECH  IPy30MOIABEMHOCTH €
MUKPOIIPOrPaMMHPOBAHUEM SBIIIETCS OTCYTCTBUE B HUX CHCTEMBI OTOOPAKEHUS
MOJlyYeHHOW HWH(OPMALIMK U OLIEHKH CXOJMMOCTH MaCMOPTHBIX 3arpaguTeIbHBIX
XapaKTEPUCTUK C HATYpPHBIMU. OTO CYIIECTBEHHO BJMSET Ha YCTOWYMBOCTH
KpPaHOB.

DKOHOMHYECKasl CHUTyaluuss B cTpaHe oOOycClOBWJIa HEO0OXOAMMOCTb
NepEeOCHAIIECHUS KpaHOB B TOM 4YHCIE€ M 3apy0eXHOro HpPOU3BOJACTBA,
OTpa0OTABIIMX 3HAYUTENIbHBIA CPOK, MPUOOpaMHu OE€30MAaCHOCTH, MPEXKIE BCETO
OTPAaHUYUTENSIMU  TPY30IIOABEMHOCTU. Tak, Ha KpaHax HEKOTOPBIX THUIIOB
npousBogctBa KHP orpanmuurenn BwlpaboTaii pecypc, HE HUCIpPaBHbBI, HE
UMEIOT JOKYMEHTAIIIH. TexHHUeCcKoe MepeOCBUACTENBCTBOBAHUE CTaPbIX
KpaHOB, KaKk MpaBWJIO, CBSI3aHO CO CHI)KEHHEM TIPY30BBIX XapaKTEPUCTHK, a
Takke ¢ TPeOOBAaHUSMHU OTEUECTBEHHBIX HOPMATHUBHBIX TOKYMEHTOB. [loaTomy
Jake HCHpaBHble NPUOOPHI JODKHBI OBITH MEPEHACTPOCHBI, YTO HE BCeria
BO3MOXXHO U3-3a OTCYTCTBUSI JIOKyMEHTAllMM W TEXHUYECKUX CPEACTB MJIs
COBPEMEHHBIX MPUOOPOB, MOCTPOCHHBIX HA OCHOBE MHMKPOMPOILIECCOPHOM
TEXHUKH.

HekoTtopsie mpennpusitus, iMerone OONbIION MapK pPa3IudHBIX KpPaHOB
3apyOEKHOr0 TPOU3BOJACTBA U COOCTBEHHBIE PEMOHTHO-CEPBUCHBIE CIYXKOBI,
OPEINOYUTAIOT Il  yAOOCTBAa OOCIY)KMBAaHHUS NEPEOCHACTUTh BCE KpaHbI
npudopamMu 0€30MACHOCTH OTEYECTBEHHOI'O MPOU3BOACTBA OJHOTO THIIA.

AO  “BHUUCTtpoiimopmamr”  mpuoOpeno  3HAYUTENBHBIA  OIBIT
OCHAaleHHs]  3apyOEKHbIX  KpPAHOB  OrPAaHUYHUTENSIMH  TPY30MOIABEMHOCTH
coOCTBEHHOM  pa3paboTku. IJTa paboTa MTPOBOAMUTCI C  KCIOJIB30BAHUEM
orpannuutened OHK-MII-110 u OHK-MII-120, skcrimyatupyemsix ¢ 1992 r.

Ha PsJIe CEPUIHBIX OTCUECTBEHHBIX KpaHOB [28].
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Ha camoxomnom kpane 790-TC (¢ ruOKOW TIOABECKOW CTpPEIbI)
rpy3onoabeMHOCThI0 80 T dhupmbl «Kobectrm» (SmoHus) 3aMEHEH BBIIIEIIINMU
U3 CTPOsl OTPAHUYUTEIb IPy30M0AbeMHOCTH. [Ipu 3TOM Ha KpaHe ObUIN COXpaHEHBI
y37bl NPUBS3KM JAaTYMKA YCHIHS, KOTOPBI B COOTBETCTBUU C MPOEKTOM OBLI
YCTaHOBJIEH B OTKJIOHSAIOIIYIO CUCTEMY KaHaTa Ipy30BO Je0eIKU Jis IPUBEACHUS
yCUJIUSL B KaHaTe K Mpefelly U3MEpeHui aartuuka. Takas ycTaHOBKa JaTyuKa
YCWIHSL IJIs1 HETIOCPEICTBEHHOTO KOHTPOJISI MAacChl Ipy3a 0OyCIIOBJIEHA TaK K€ TEM,
4TO0 1O  HOPeUIOKEHUI0  OpraHoB  l'ocroprexHaja3opa  MakCHUMallbHas
IPy30M0BEMHOCTh KpaHa ObUla YMEHbIIeHa 10 55 T MpU COXpaHEHUH OCTAIbHBIX
YYaCTKOB I'Py30BOI XapaKTEpUCTUKH HEM3MEHHBIMHU.

VYcTaHOBKa J1aTUMKa YCHIIMS B OTTSDKKE CTEJbl, YTO METPOJIOTUYECKU Ooiee
MPEANOYTUTENBHO, MTpUBETIa Obl K 3HAYUTENBHBIM 3aTpaTaM Ha UCIHBITAHHS KpaHa
Ui npeoOpa3oBaHUsl HOBOW Tpy30BOM XapaKTEpPUCTUKH B XapaKTEPUCTUKY
OTKJIFOYEHUI oOrpaHuuuTessd. M3MepeHuss Harpy3sku B OTKIIOHSIOLIEH CHCTEME
KaHaTa Tpy30BOM J€OENKH IMO3BOJWIO MPOCTHIM HW3MEHEHHEM JaHHBIX O
JOTIyCTUMOM Macce rpysa, 3anucbiBaeMbix B [I3Y orpanmumrens, oOecnedutsb
peanu3auo N3MEHEHHON TPYy30BOM XapaKTEPUCTUKH.

B paccmorpenHbIx paboTax NOJATBEPAMUIACH BBICOKAS IOTPEUIHOCTH
U3MEPEHHsI Macchl Ipy3a IPH YCTAHOBKE JAaTYMKa YCWUJIHA B OTKIJIOHSIOILYIO
CUCTEMY Tpy30BOro kaHara. HecMoTpss Ha mpuMEHEHHE JaT4YMKa YIjia HaKJIOHA
CTpeibl C TpaBUTALMOHHBIM TPUBOAOM (CJIEIOBATENIbHO, TOYHOE HW3MEpPEHUE
BBUIETA, OMNPEIENSIONIEr0 JAOMYCTUMYIO HArpys3Ky), CKpyIyJIE3HYIO YCTaHOBKY
ATOrO IaTYUKA, JaTYMKA YCUIIUS U TPUOOPOB B LIEJIOM, TPEHUE B OJIOKAX TPYy30BOTO
nojucnacta (MakCuMajbHasi KpaTHOCTh 3allaCOBKHM HA 3THX KpaHaX cocTaBiisieT 14)
NPUBOAMIIA K CYIIECTBEHHBIM (10 50%) pasznuuusM B MOKa3aHUSX MAcChl MpHU
NOJbEME M OIyCKaHWU TIpy3a. BcernencrBue  3TOro  CHTHal — OTKIIFOUEHHMS
OrpaHUYMTENIEM  MEXaHU3MOB KpaHa  HacTpauBajJCsi  Ha  YPOBEHb,
COOTBETCTBYIOILIEH TOIBEMY TIpy3a C 3€MJIM, a MOKazaHus (HaKTHUECKOU
Macchl TIpy3a M CTENEHWM 3arpy3Kd KpaHa CUUTAJIUCh COAEpPKALUMU

3HAYUTENIbHBIE TMOrpelHOCTH. [1og0OHONW yCTAaHOBKM JaTdyMKa YCHJIMH IO
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BO3MOXXHOCTH cieayeT usberatb. IIpeoOpazoBanus, MIPOU3BOINMBIE
PAaCUYETHBIM IyTEeM, CO3JAal0T 3HAYMTENBHBIC TOTPENIHOCTH [22].

I'pyzonoasemuocth kpanoB NK300 S rpysonogbemHocThio 30 T pupmbl
«Karo» 1 GMT-80 rpy3onoasemuocts 80T ¢upmbl «Kpymnm», Kak U MHOTHX
JIpYTUX, MpU Hayaje BBIIBMKEHUS CEKIUHA PE3KO YMEHBIIAETCS U COCTaBISET
50-66 % rpy30M0BEMHOCTH COOPAHHOM CTPENbI, BBIIBUTAEMbIE CEKIIMH KOTOPOM
JeKaT Ha MEXaHMYECKUX yropax.

B HekoTophIX ciy4asx TO psay MPOU3BOACTBEHHBIX COOOpa)KEHHUI
UCIIOJIB30BaJach 4YacTh TEeXHUYECKHX cpeAcTB orpannunrens OHK-MII B
KOMOWHAIIMA C WCOPAaBHBIMM  JATYMKAMH COOCTBEHHBIX  OTpaHUYHTEIICH
3apyOexkHBIX KpaHoB. Tak, Ha keje3nomoposkHoM kpane Tankraf EDK  300/s
IpU 3aMEHE BBIIIEANIETO W3 CTPOS OTPAHUYMTENS ObUT COXpaHEH HCIPaBHBIN
JATYUK YCWIMS, CTaTHYecKash XapaKTEepPUCTHKAa KOTOpPOro ObUla TepecurTaHa
JUIsl IPUMEHEHHsI BMecTO natyuka ycwius orpannuutenss OHK-MIL Oto nano
MOJIOKUTENBHBIA pPe3ylbTaT MO TOYHOCTH IO CPAaBHEHUIO C YCTAaHOBKOW Ha
kpane EDK  300/s nmarumka ycwiuss — orpanuuutens OHK-MIT B
CTpEJIONOIbEMHOM ToJIMcIacTe [22].

Haubonee nenecooOpa3sHbIM MPEACTABIAETCS COXpAaHEHHME Ha KpaHax C
TEJCCKOMUYECKUMHU  CTpeJIaMH  JaT4MKa  JUIMHBI, YCTAaHOBJIEHHOTO  Ha
Npy>KMHHOM OapabaHe, UM TOJbKO OapabaHa, TaKk KakK NpU ITOM YJaeTcs
n30exaTh TPYAHOCTEH COTJIACOBAHHUS MapaMeTpOB JaT4YMKa C JIJTMHOW CTPEIIbI
KpaHa.

AHanM3 COCTOSIHHSI CHCTEM 3allliThl KPaHOB OT OMPOKUIBIBAHUS IOKa3all,
YTO TPU CpadaThIBAHUM TOPMO3HBIX CHCTEM BO3HUKAIOT CHJIbHBIC KOJEOaHUs
pabouero 06opyI0BaHUS KPAHOB M JJISI UX CHUXKCHUS TPEOYETCsl CO3JJaHIE CHCTEM
rameHus Kojaebanuii 1 pa3paboTKa METOJOB MPOCKTUPOBAHUH, 00ECIICUNBAIOIIINX
raimmeHue KojieOaHuil. [[ns 3amuThl MexaHW3Ma TOIbeMa OT MEpPEerpy3oK Ipu
cpabaThlBaHUW OTPAHUYUTEINS TPY30MOABEMHOCTH TPEOYETCs CO3MaHUSI CHCTEM,
00eCreurBaOIIKUX MOBBIIIEHHE TOYHOCTH PAOOTHI TOPMO3HBIX CHUCTEM 3a CUET
OLICHKH YIPABIISIONINX XapaKTEPUCTHK OTPAHUUUTEINS TPY30TI0THEMHOCTH.
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1.2 AHanu3 npeAlIecCTBYIOIIMX  HCCJEJ0BAHUH  YCTOHMYHBOCTH

OalIeHHbIX KpaHOB

Uccnenosanust B 00J1acT  YCTOWUYMBOCTH MPOTUB OMPOKUJIBIBAHUS KPAHOB
U Harpy)xeHHOCTH MEXaHM3MOB TMoOJbeMa Oa3upyrTCs Ha PacCMOTPEHUU
KJIACCUYCCKHUX JTUHAMUUYECKHX MOJIENCH KojaeOaTeIbHBIX cucTeM. MccneaqoBanusam
Harpy>keHHOCTHM MEXaHM3MOB MalllMH TOCBSIIEHbI Pa0OThl MHOTOYHMCIEHHBIX
aBTopoB: borycmasckoro M.B., Baiincona A.A., BoakoBa JI.II., I'magkux IL.A.,
['o6epmana JILA., EmenbsinoBa P.T., Makc Xaaka, Manpaensmirama JILU.,
PabunoBuua JI.B. [5] u npyrux.

B pa6ore [1] mpuBeneHbl HCCIEIOBaHHMS TPAHUYHOIO AUHAMHYECKOTO
paBHOBECHS MallIMHBL. B cTaTMUeCKOM COCTOSIHUM OTPBIB BHEITHUX OMOP MAIIIUHbI
MIPOMCXOAUT MTHOBEHHO. IloTeps JauMHAMUYECKOTO PAaBHOBECHS MaIlIUHBbI,
BBI3BIBAIOIASI OTPBIB €€ BHEITHUX OIOP OT OCHOBAHUS, HEe 00s13aTEJIbHO CBsI3aHA C
ee OomnpokuabiBaHUEM. Bce 3aBUCUT OT M3MEHEHUS ABWIKCHMS MAIIMHBI MOCTE
MOTEpPH KOHTAKTa €€ BHEIIHMX OMOp C OCHOBAaHHMEM, M Kak OyJeT pa3BUBAThCS
MPOLIECC MEPEXO0AA JMHAMUYECKON CUCTEMBI U3 OJTHOTO COCTOSIHUS B IPYTOE€.

B pabotre [17] mpuBOaMTCS oOmNpeneieHHe IWHAMHYCCKUX HArpy30K B
MOABEMHOM MeXaHuzMe. [l omnpeaeneHus ABWKYIIEW CHJIBI  TIPUBEJCHA

3aBUCUMOCTD.

Tds:Qc+Tu36 (ll)

rne Q¢ — rpy30mnoabeMHOCTh MEXaHU3Ma,;

T, — N30BITOYHAS CHJIA.

Tll36:¢0QC (12)

rae Qg — Ko3QPUIMEHT IPOMOPIHOHATEHOCTH TPY30TIOIBEMHOCTH.
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Beipaxxenue (1.2) omnpenenser HU30BITOYHYIO CHIIy IOCTOSHHOM M HE
YUHUTBIBAET MEPEXOHBIX MPOLIECCOB, MPOUCXOAAIINX IPH MOABEME IPy3a.

B pabGore [28] mnpuBeneHbl OCHOBHBIC COOTHOUICHUS JJIsl pacyeTa
CBOOOJHOCTOAIIMX KPAaHOB HAa YCTOMYMBOCTh THPOTUB OINPOKUABIBAHUS IIO
IpeeIbHBIM COCTOSHUSAM. YTOJI HAaKJIOHA KpaHa B IJIOCKOCTHU MEPIEHANKYIISIPHOM

pedpy ONMPOKUJIBIBAHUS ONPENIETSETCS B BUIE CYMMBI:

P(t) = (1) +04(t) (1.3)

rac Q. — CTaTU4YCCKasd COCTABJIAIOIIAA yIyla OIIPOKHUABIBAHHA, (g - JUHAMHWYCCKAA

CoCTaBJArOIIas yriia OImpoOKuAbIBAHUA.

CraTnueckas COCTaBJIAIOIIasd yria OIIPOKHUAbIBAHUA O6yCJ'IOBJ'ICHa
HU3MCHCHHUCM BO BPCMCHH HArPy3KHM Ha KPIOKC OTHOCHTCIIBHO paCCMaTpuBaCMOI'0O

yrjia OIIPOKHUABIBAHUS U HAIIPABJICHHS HAKJIIOHA OCHOBAHMA:

o () = Af (@t +y) (1.4)

rae A — ciaydaiiHas aMIUIMTY/Ia,
Af(..) — cnyuaitHas QyHKIUs, omMchIBaroIias u3MeHeHue @ (f) B ImKIIe

paboTHI.

ITockonbKy Hapsay € . UBMEHSETCS U (g BOIPOC HAJO paccMaTpuBaTh C
YYETOM  MAaKCMMAJIbHOM  JMHAMHYECKOM  CcoCTaBisitomie. MakcumanbHas
JMHAMHUYECKasi COCTABJISAIONIAsl BOZHUKAET B CIydae HeOIaronpusaTHOrO COYeTaHus
10 3HAYEHUIO U HAPaBJICHUIO JICHCTBUSI.

B pabore [2] npuBemeHo, 4YTro B YIPYrod CBSI3M KaHaTa BO3HUKACT
CUHyCOMJAlbHAs COCTAaBIISIOIIAS aMIUIUTYJbl HAarpy3Kd, KOTOpasi CO37aeT

HauOoJIee TAKEIbI Harpy304UHbIN PEXKUM:
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F,=A,coso,t +B,sinm,t +%, (1.5)

rae A, u B, — aMmuuTyibl rapMOHUK KOJIEOaHUH,

q 4 P — KO3 PUITUEHTHI CMEIIEHUSI CHHYCOU/IBI.

3aBucumocTh (1.5) oTpakaer rapMOHUYECKHE KOJEOaHUS CHCTEMbI U HE
COJIEP>KUT COCTABIISIONINX 3aTyXAOIINX KOJICOAHUN CHCTEMBI.

B pabore [21] mnpuBemeHbl pe3yibTaThl aBTOMATHYECKOH  OICHKH
3arpaJITeNIbHON XapaKTepUCTUKHU OTPAHUYUTENS TPY30I0IbEMHOCTH.

TopMo3HBIE TIPOIECCHl  XAPAKTEPU3YIOTCS OCHOBHBIM MMApaMeTpoM —
K03 PUIIMEHTOM TPEHUSI.

KoaddunmeHT TpeHus |1 3aBUCUT OT MHOTOYHCIICHHBIX (hakTopoB [29]:
OpUpOJBI MaTepuaia M HaIW4YUs TJIEHOK Ha TIOBEPXHOCTH TpeHHs (CMa3oK,
OKHCJIOB, 3arpA3HEHMI ), TPOAOKUTEIbHOCTU HEMOIBUKHOTO KOHTAKTa, CKOPOCTH
OPUJIOKEHUSI HArpy3KH, XKECTKOCTU M YNPYroCTH Yy3Jla TPEHUs, CKOPOCTH
CKOJIbKEHUS, TEMIIEPaTypHOTO peXuMa Yy3Ja TpEHUs, [aBICHUS, XapakTepa
CONPUKOCHOBEHUSI TEJ, pa3Mepa CONPUKOCHOBEHMsSI, KauecTBa IOBEPXHOCTH U
mepoxoBartoctu. [loatomy akanemukom Kparensckum M.B. Obuta BeIIBUHYTA U B
JTATBHEHIIEM pa3BUTa MOJCKYJISPHO-MEXaHW4YecKas Teopusi TpeHus [34].
CornacHo 9T0# Teopur TpeHHE 00YCIaBIMBAETCS B OCHOBHOM Je(hOpPMHUPOBAHUEM
TOHKOTO TIOBEPXHOCTHOTO CIIOSI MaTepuaia, BHEIPUBIIMMHCI HEPOBHOCTSIMH H
CONPOTUBIIEHUEM  pa3pylIeHHIO IUIEHOK, TOKpBhIBAIOUIMX Tena. Teopus
OCHOBBIBAC€TCS Ha MPEANOJOKEHNWH, YTO MPU KOHTAKTUPOBAHWU BCETJa UMEET
MECTO OTHOCUTEIILHOE BHEIPEHHE.

KoadduimmeHT Tpenus coriacHo 3TOW TEOpUd B OOIIEM CIIydae BbIpa)aeTcs

CJIEAYIOIIUM 00pa3oMm:

4 IS (1.6)
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ra¢ ot O; — HAPsXKCHHUA OTTCCHCHUA B TAHICHIHAJIbHOM H BCPTUKAJIBHOM

HaNpaBJICHUSAX;
h — BemMuMHA BHEIPECHUS HEPOBHOCTH;
b — mmpuHa TOPOKKHU TPEHHUS;
K — xo3ddunmenT, yauTsiBaronuii peaabHo 1ehopMUpyemMbiii 00bEM;
Tun — IPOYHOCTH IIJIEHKU HA CPE3;

Srm — IIoImaab Ha KOTOpOﬁ IMIPON301IJIO CHCIIJICHUC TUICHOK.

[Tpu mmactuueckux nedopmanusx ais onpeaesieHus Kod3PphuireHTa TpeHus

B paboTe [] ucmonb3yercs 3aBUCUMOCTb:
h P.
B=ty+ K\/;- /E’ (1.7)

rae M, — MOJEKyJspHas cocTaBisromnias koddduunuenra tpeHus; t,= K

h , P
\/; : ﬁ— nedopMalioHHasi cocTaBJsonas KodphuireHTa TpeHus;

R — panuyc unaexrTopa;
P. — naBiieHHE KOHTYPHOE;

HB — tBEépaocTh MaTepuana.

CooTHoIIeHHE MEXTy MOJEKYJIIpHON U JAehOpMAIMOHHON COCTaBIISIFONIAMU

B (hopmyrie kordduireHTa TpeHrs 3aBUCUT B OCHOBHOM OT YETHIPEX (DaKTOPOB:

1) ot ycnoBusi pabOThI JAHHOW TPYIIEHCS Mapbl (BEIUYNHBI CIBUTOBOTO
CONPOTHUBJIEHUS U KOIP(DULIMEHTA YIPOUHEHUSI MOJIEKYJISIPHOU CBSI3H);

2) TpUMEHSIEMBIX HArpy30K (KOHTYpHOE JaBIICHHE);

3) mukpoTonorpaduu MOBEPXHOCTH (MapaMeTpa KPUBOW OMOPHOM
[IOBEPXHOCTH, I1apaMeTpa CTEINECHHOM allpOKCUMAllUM KPUBOM OIIOPHOU
MIOBEPXHOCTH, BEJIMYMHBI BHEAPEHUS U pauyca UHIEKTOPA);

4) (HU3HKO—MEXaHUYECKUX CBOMCTB TPYILEHCS Maphl.
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YucneHHOe 3HAUYEHHE MOJEKYJISIPHOW COCTaBISIONIeH KOdPUIeHTa
tperus mpu 0 < N/R < 0,2 nmaxomutcs B npeaenax ot 0,178 mo 0,220. Ipu n/R <
0,005 nedopManmoOHHON COCTaBIAIOIIEH MOXHO mpeHeOpeds. [lpu onpeneneHuu
ne(pOpMallMOHHON  COCTABIISIIOIIEH  PEKOMEHIYETCS  YWUCIEHHOE  3HAueHUE
koap¢unuenta K, B 3aBUCUMOCTH OT HaIlOJIHEHUSI KOHTaKTa, B npeaenax ot 0,55
no 0,75. Tlpomecc pabGoOTBl KOJOJOYHOTO TOPMO3a  OTJIMYACTCS OT OIIBITOB,
HEPAaBHOMEPHOCTBIO TOJUKATHUA KOJOAOK IO JUIMHE OKPY>KHOCTH TOPMO3HOTO
mkuBa. [loaToMy, NpUHSB 32 OCHOBY aHAaJIUTUYECKOE 3HAUEHHE 3aBUCHUMOCTH 1.7,
HEOOXOJMMO ONPEICNIUTh YHCICHHBIE 3HAYEHUS  paclpeleleHHs YACIbHOTO
JABJICHUS 110 JUTMHE KOJIOJKH.

["amenue konebaHuii ocymecTsisieTcss Bubporacutensimu. [lokazarenem
CBOMCTB BUOpOracuTeseil siBisieTcs CUiloBas Xxapakrepuctuka. OHa 3aBUCUT OT

KOHCTPYKIIUU BUOpOTACUTENS U UMeeT BUJ [2]:

N(x)=C-x"+ N,, (1.8)

riae C — KecTKOCTh BUOpOTacuTesICH;
X — CHKaTHE;
N — MMoKa3aTeNb CTCTICHH, 3aBUCSIITNI OT KOHCTPYKITUU BUOPOTaCUTES;

N, — ycuiine HayanbHOU 3aTSKKU.

ITo popme cuioBbie XapaKTEpUCTUKKU OBIBAIOT JIMHEWHBIE (N = 1), )KecTKue
(n>1) m wmsarkue (N <1). JluHelHBIe H JIMHEHHO-(PUKIIMOHHBIC CHIIOBBIC
XapaKTEPUCTUKN HMEIOT MPY>KUHHBIE U KOJIbLIEBbIE BUOPOTaCUTENH, KECTKUE —
NPYKUHHO-QPUKLIMOHHBIE W pPE3UMHOBBIE  BUOpPOTacUTENM,  MATKHE  —
ruapaBnudeckue BuOporacutenu. Ompenenenue koddduimenta N tpedyer
MPOBENICHUS] OKCHEPUMEHTAIbHBIX  MCCIEJOBAHUN TMPUHITOW  KOHCTPYKIUHU
BUOpoOracuTenei.

BaxxapiM KpuTepreM B OIICHKE CBONCTB BUOPOTACUTENCH SBIACTCS

KO2(PGULIMEHT CUIIOBOM XapaKTEPUCTUKH, 3aBUCIIINHN OT K03 uimenTa n:

21



M= @%+cil) (1.9)

(n+1)

=Z|r

Yem Oonble 3HaUYeHHE 3TOTO Kod(pduimeHta, TeM OOJbIIEe HSHEPrHH
CIIOCOOEH TMOTJIONIaTh BUOpPOTAacHUTENb, a CJEAOBATENIbHO, TEM MEHbIIE OyIyT
MaKCUMaJIbHbIE YCUJIUS TIPU PaBHBIX HAMOOJBIINX HEPTUSAX yAapa U OAMHAKOBOMN
ammuntyne.  JKectkue ~— BuOporacuTeld  MMEIOT  HEBBICOKOE  3HAYCHHUE
kodpdunmenta I1 = 0,25 + 0,28. [Ipu oTHOCHTEIBLHON AchOpPMAIIUA PE3UHOBBIX
AJIEMEHTOB, He TipeBbImaroniei 20%, onn nmeroT ko3¢ dunuent I1= 0,4.

CusnoBasi XxapakTepHUCTUKa B Ipoliecce 00paTHOTO XOJ1a TO3BOJISIET OLEHUTD
BeMUYMHY  Kod(dduimeHta  HEOOpaTUMOro  MOTJIOMICHHWS] ~ DHEPrUu 1,
OIPENENIIEMOr0 OTHOIIEHUEM HEOOPATUMOTO MOTJIOMIEHUS S3HEPruu AD K SHEPIrun

S IIpH IIPSIMOM XOZ¢€.

n==2. (1.10)

[Ipu cpabaThIBaHUM OTPAaHUUYUTENS TPY30MOIBEMHOCTH CO37aeTCs Hanboee
TSKEJIBIA Harpy304HbIM PEKHUM, C HAarpy3KOM yHpyroro yCKOPEHHOIrO IOJXBara,
KOIJJa CHUCT€Ma HAaXOJUTCS B COCTOSSHUM HEOJHOPOJHOW JIMHAMHYECKOU
YCTOMYUBOCTH.

BaxHbIM KpuUTEpHEM B OILIEHKE JIWHAMUYECKHUX CBOMCTB OTPAaHUYUTEINCH
I'PY30IOTLEMHOCTH SIBJISIIOTCS MOTPEITHOCTh CpaOaThIBAaHUS M OBICTPOJICHCTBHE.
[TorpemHoCTh OTPAHUYUTENS TPY30MOIBEMHOCTH CKIIAIBIBAECTCS U3 CTATHYECKOU U
JTAHAMUAYECKOW. J[MHaAMHUUYeckass TMOrpEemIHOCTh COCTABIISIET OCHOBHYHO JIOJIIO
MOTPEIIHOCTA OTPAHUYHUTENSA TPYy30HOABEMHOCTH. lIpUuumHONM €€ TOosABICHUS
ABJISICTCS. BOBHUKHOBEHUE PA3JWYHBIX MAKCUMAaJbHBIX JTMHAMUYECKUX YCUJIUA B
KaHaTax, KOTOpbIC NEPEeHarOTCd HAa HCHOJIHUTEIBHBIM 3JIEMEHT OTPaHUYHUTEIIS.

HOBTOMy JUHaMH4YCCKasid MOrpC€IHOCTD ) THH OTpaHUYIUTECIIA 3aBUCHUT oT
COOTHOIICHUA MCKIY MaKCHUMaJbHBIM Kyax ¥ MHWHUMAJIbHBIM Kyinun

ko3 dureHTaMu TUHAMUYHOCTH.
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Bripaxxenue nns  onpeneneHus JTAHAMHAYECKOW IMOTPEIIHOCTA MMEET BHU/L

[21]:

S _ (KMax B KMI/IH) (111)

IAH
(KMaXKMI/IH)

TJ1€ Kyaxy Kyun — MAKCUMATBHBIM 1 MUHUMAJIBHBIN KOG OHUITUEHTH JUHAMUYHOCTH.

CHmxeHHe IUHAMUYECKHX Harpy3ok oOecmeduBaeTcs OBICTpPOICHCTBHEM
OTPaHUYUTENS TPY30II0AbEMHOCTU. PaboTa MEXaHHW3MOB KpaHa paccMaTpUBAaeTCs
KAaK CHCTEMa C YINPYTUMH CBS3SIMH TpU 3HAUUTENbHBIX KoneOanusx. Komebanus
rpy3a 3aBUCAT OT YNPYTUX CBOWCTB M CUJIOBOW XapaKTEPUCTUKH MOJIHUCIIACTA.

[IpoBeneHHbIN aHAIN3 COCTOSHUS YCTOMYMBOCTU OAIIEHHBIX KPAHOB MpHU
AKCILTyaTalMK MOKa3ajl, YTO MPUYUHBI MIOTEPH YCTOMYMBOCTA MAILIMH PAa3INYHbIE.
OCHOBHBIMHU NPUYMHAMHU [TOTEPU YCTOMUMBOCTH KPAHOB SIBJISIOTCS:

— OoJibllIME AMHAMUYECKUE HArpy3KH, BOSHUKAIOIINE B MEXaHU3MaX M3-32
O0JBIINX PabOYUX CKOPOCTEH;

— coueTaHHe Harpy30K Ipu paboTe MeXaHU3Ma Mo IbeMa C OJJHOBPEMEHHBIM
JBUKEHUEM KpaHa;

— HEJ0CTaTOYHAsi TOYHOCTh OTPAOOTKU AMHAMUYECKUX MTapaMeTpOB MEXaHU3Ma

MOJbEMa OTPAHUYUTEIIEM IPY30MOIbEMHOCTH.
BoiBOABI

AHanu3 TpenecTBYIONUX UCCICIOBAHUA B HAIICH CTpaHe M 3a PyOekKoM
MO3BOJIMJI ONPENENUTh Hauloyiee NEepCHEKTUBHBIE PEIICHUs, O0eCeunBaroIne
CHIDKCHUME  JMHAMHUYECKUX  HArpy30K H, COOTBETCTBEHHO, IIOBBILICHUE
YCTOMYMBOCTHU I'PY30M0IbEMHBIX KPAHOB.

Leas paGoTrbl — pa3paboTKa METOAUKHU pacyeTa Ipy30BOM YCTOMUMBOCTHU
CBOOOIHOCTOAIIETO KpaHa MPOTHUB ONPOKUABIBAHUS C yYETOM OLIEHKH BIUSHUS

IIPUBOAOB HA I'PAHNYHOC JHUHAMHWYCCKOC PABHOBCCHUC.
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2 TEOPETUUYECKHWE UCCJIEJOBAHUSI IMPOIIECCOB
YCTONMUYUBOCTHU KPAHA

2.1 Bonpochl ycTOMYMBOCTH OAallIEHHBIX KPaHOB

[Ipouecc HapymieHus: yCTOMYMBOCTH KpaHa B PE3yJIbTaTe BO3JACHCTBHSA Ha
HEro BHEIIHUX BO3MYIICHUH MOXXHO MPEACTaBUTh COCTOSAIIMM M3 ABYX (Das.
[lepBas (a3a HacTymaeT nMpu paBEHCTBE HYJIO HOPMaJbHOW peaklMyd Ha BHEITHHX
ormopax MalMHbBL. JTO YCIOBHE COOTBETCTBYET COCTOSIHUIO TPAHUYHOIO
JUHAMUYECKOr0 paBHOBecus. Bropas ¢aza — 3TO JBMKEHHE KpaHa B CTOPOHY
OIPOKUJIBIBAHUS, CBA3aHHOE C OTPHIBOM €T0 BHEITHHUX OTIOpP OT OCHOBaHHS [22].

C HacTyIuIeHHEM IPaHUYHOrO0 PABHOBECHA B CIEAYIOIIUA MOMEHT BPEMEHU
MOXET BO3HHKHYTh JIBHJKEHHE MAaIlMHbI BOKPYI OCH €€ ONPOKH]IbIBAHUS.

M3meHeHne yria ONpOKHABIBAHMS KpaHa IIOCJIE IOTEPH KOHTaKTa €ro

BHCIITHUX OIIOp C OCHOBAHUECM MOKHO OIIMCATh YPABHCHUCM

@ =[Ashpt—(chpt—1lae,,,, (2.1)

rae A,=D /tqe,,;

P — BeauyMHA, 3aBUCALIAS OT MOMEHTA MHEPLUMUU KpaHa OTHOCUTEIIBHO OCH
OIIPOKUBIBAHUS U OT €TO MAaCCHI;

t — Texy1ee Bpems;

D — BenuuuHa, 3aBUCANAs OT JUHAMUYECKHX IApaMETPOB KpaHa W

BO3MYIIIEHUH, COOOIAIOIINX KpaHy OMPOKHUIBIBAIOIIEE ABUKECHHUE.

Bennuuna A, omnpeznenseT XxapakTep U3MEHEHUS (PyHKIUH (p(t) BO BPEMEHH.
IIpu A,<1xpusasd (p(t) BO3pacTacT OT HyJId J0 MaKCHUMyMa, COOTBETCTBYIOIICTO
MOMEHTY BPEMEHH T, [IOCJI€ YeTO HAYMHAET CHUKATHCS 10 HYJIs, PUCYHOK 2.1,
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» Pan
0,28

0,24

0,2

0,16

0,12

0,08

0,04

Pucynox 2.1-KpuBble cocTOsSIHUN KpaHa MPH BO3CHCTBUN BO3MYIIICHUIA:

1-2=04,2-1=0,6;3-1=08;4—-A=10;5-1=172

IIpr TakoM MpPOTEKAHUM IIPOIECCAa OTPE30K BpeMeHH OT t=010 t=T7

onpeaesaeT MPOJOJLKUTEIBHOCTh ABMXKCHHMS KpaHa B CTOPOHY ONpPOKMJIbIBAHUSA, a
OTPE30K BPEMEHHU OT t =1 110 t =t,— BpeMs ABWKEHHs KpaHa B OOPaTHYIO CTOPOHY

K ITOJIOKCHHUIO PABHOBCCH:.

W3menenne ¢yHKuMu A, = (p(t) BO BpPEMEHU aNPOKCUMUPYIOTCA
YpaBHECHHUEM
A=0,01991°-0,12227% + 0,24951 + 0,0066. (2.2)

MoMeHT BpeMeHHM T, B KOTOPBIM (YHKIMS [OCTUTraeT MaKCUMyMa,
OIIPEIENACTCS COOTHOLLIEHUEM

T=A/Pp,
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rac }Lt — KpI/ITCpI/Iﬁ 3aBHUCHUT OT IIapaMECTPOB, 3HAYCHUA KOTOPBIX MOXHO U3MCHSATH

B OIIPCACJIICHHBIX IIPCACIIAX, OKAa3bIBas YIIPABJIAIOIICC BOSHGﬁCTBHe Ha IIpOoLeCcCC
OIMIPOKU/IbIBAHMU .
HpOI[OJ'DKI/ITeJ'IBHOCTB ABMKCHHUA KpaHa B CTOPOHY OIIPOKHABIBAHUA U

MaKCUMAaJIbHOE 3HA4EHUE yria ¢ OyayT TeM Oosblie, 4eM OOJblIe 3HAYEHUE A, .
[To mepe nBuKeHUs A, K €IUHUIE MAKCUMAIIbHOE 3HAYCHUE YIJIa OIPOKHUIbIBAHUS
NPUOIMKAETCS K KPUTHYECKOMY 3HAYEHHMIO @, =@, ,, 3& KOTOPBIM HPOIECC

ONPOKUIBIBAHUS TPUOOPETAET HEOOPATUMBII XapaKTep.

[Tpun A,=1dynknns (p(t) MMEET XapaKTep HENPEPBIBHO BO3PACTAIOIIEH
KPUBOM, YTOJI (@ HEOTPAHUYEHHO BO3PACTAET BO BPEMEHH.

W3 KpUBBIX COCTOSTHUM CHCTEMBI, IIPUBEACHHON HA PUCYHKE 2.1, BUIHO, YTO

KpuBast (p(t), COOTBETCTBYIOIAss A;=1, acCUMNTOTHYECKH NPUOIMKAETCS K
IPSAMOM, MapajIeNbHOW OCH abCUMCC M MPOXOIAIIEH Yepe3 TOYKY ¢, =@, . JTa

KpUBasl SIBISIETCA TPAaHUYHOM, pa3/emsionieil MIOCKOCTh COCTOSHUM Ha 001acTh
JTUHAMUAYECKON YCTOMYMBOCTH, JIEXKAILYIO HHKE KPUBOM U 00JIaCTh TMHAMHYECKOU
HEYCTOWYMBOCTH, pAaCIOJIOXKEHHYH0 Bbime ee. (CocTossHue CHUCTEMBI B
OKPECTHOCTSAX TPAHMYHOW KPUBOM MOXKHO OXAapaKTEPU30BaThb KaK COCTOSIHUE
HEOJHOPOJHON AMHAMHUYECKON YyCTOMYHUBOCTH.

OKCTpEHHOE HArpyK€HHE KpaHa IPOMCXOAUT IPU BHE3ANHOM CHSTUU
Harpy3kH, HalpuMep KOrja Ipy3 CpBIBAETCS C KpHOKa MEXaHM3Ma IOAbEMA.
Hanxyamum  sBisieTcs  ciydail, KOIZJa CTpejla HAaXOAUTCA B  IOJIOKEHUHU
HauMeHbLIero Bouiera. [Ipu rpyse, HoaBENIEHHOM Ha KPIOKE, CUCTEMA KpaH-CTpeIa
HaXOJUTCS B HAIIPSYKEHHOM COCTOSIHUM, ITPU KOTOPOM HAKOIUIEHA MMOTEHIHAIbHAS,
3aBUCAILLAS OT NEPEMEILIECHUM JJIEMEHTOB KpaHa, CTPEJbl U CTPEJIONOABEMHOIO
MOJIMCIIACTA U JEUCTBYIOIIMX B HUX YCWINSX. [Ipy MTHOBEHHOM CHSTUU HArpy3Ku
C KpaHa HaKOIUICHHas MOTEHUHUalbHAas 3HEPrusi mpeodpasyercs B KMHETUYECKYIO
DHEPIUI0 JBHKEHUS KpaHa U cTpenbl. CTpena mpu 3TOM MOJCKAKUBAET U, €CIIHA €€
KMHETUYECKAsl DHEPrusl JIOCTAaTOYHA, 3alpOKuAbIBacTCs. LIeHTp TskecTH CTpensl

nepeMemacTCss B CTOPOHY BaﬂHeﬁ qaCTu KpaHa, 4YTO HapymacT YCJIOBHA
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COOCTBEHHOW YCTOMYMBOCTU U MOXET MIPUBECTH K ONPOKUABIBAHUIO KpaHA Ha3a/l B
CTOpPOHY IIPOTHUBOBECA.

I'paHrYHOE NMHAMMYECKOE PAaBHOBECHE HACTYIIAET IPU PABEHCTBE HYJIIO
HOPMaJIbHOM AUHAMHAYECKOMN PEAKIIMH HA BHEIIHUX ONOPAax KpaHa.

PacueTHass cxemMa TIpaHUYHOTO JUHAMUYECKOIO pPAaBHOBECHA KpaHa

MIpUBEJICHA HA PUCYHKE 2.2.

Pucynok 2.2 — PacdeTHasi cxeMa rpaHUYHOTO JUHAMHYECKOTO

PaBHOBECHA KpaHa

Ocb BO3MOKHOTO TPOJIOJBLHOIO OINPOKHUABIBAHUS KpaHa IMPOXOJIUT 4epe3
pebpo ompokuabiBanus 1-1. Cunsl  uHEpHHH HamnpaBJIEHbl B CTOPOHY

OIIPOKHUAbIBAHUA]. PeaKI_[I/I}I B OIIOpE.

(G 1,-G x,)cosa— (G, h, +G y, )sina — (P, h,+P y.)

R,= C

(2.3)
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rae Gy — Bec kpaHa,
I, — paccTosiHUE OT HEHTpa TSHKECTH KpaHa /10 peOpa ONpOKH IbIBAHNUS;
G, — Bec rpy3a;
Xo —pacCTOsIHUE OT IICHTPA TSHKECTU TPy3a J0 peOdpa ONMPOKUIBIBAHUS;
hkx— paccTosiHHe OT IIEHTpa TSHKECTH KpaHa J0 TTOBEPXHOCTH OIOPHI;

Yr — pacCTOsIHUE OT LIEHTPA TSKECTHU IPy3a 10 MOBEPXHOCTH OIIPHI;

0. — YroJl HaKJIOHa KpaHa;
Puk — crja MHEpLMH KpaHa,
Pur — cuJIa uHEpIUU Irpy3a;

L — PACCTOAHUC MCIKAY OIIOpaMHM KpaHa.

YcioBre rpaHUUHOTO paBHOBeCHs [22]:

(lel_GZXO)Cosa _(Gkhk+G2y3)Sin a— (Pukhk+PUey2) = O

(2.4)

BBexs 0003HaueHuMs:

M =G.|1-G)Xx, ; Gh=Gh+Gy.; Ph=P h+P .y ; G=G+Gz (2.5)
MMOJYyYruM BBIpEl)KeHI/IC:

M cosa —Gh sina-P, h =0. (2.6)

Ilpunss P,=Gg,Cosa W pa3aenuB ypasHenue (2.6) na Gh cosa
HaWIeM yroj TMHAMHYECKOW YCTOMYMBOCTH KpaHa a =a,, .

o

Gh

c

tq ad.ycm.: _wcu: tq a ycm_wcu ' (2 7)
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Yros AMHAMHYECKON YCTOMYMBOCTH KPaHA TEM MEHBILE, YEM MEHBIIE €0
CTaTU4YeCcKass YCTOWYMBOCTb U OOJIbIIE YCKOPEHHE MPU TOPMOKEHUH. Tak Kak

HOpMaJIbHaA pCaKOHus Ha KOJIECaX MAIINHBI PABHA.

Ru=mg+my_,a my_>mg TO IIpH y.= 0 HacTymaer OTPBIB OIIOp

KOJICC KpaHa OT OCHOBAHUA.

2.2 luHaMu4YecKHe mpouecchl MpHU MobeMe rpy3a

JlnHamuka Koje0aTenbHOro mpolecca NOAbEMHOIO MEXaHU3Ma CTPEIOBOrO
KpaHa pacCMaTpUBAETCs KaK CHCTEMa COCTOSIIAsl U3 MAacCChl Tpy3a, Macchl KpaHa,
Macchl pOTOpa DJJIEKTPOJBUTATENs M D3JIEMEHTOB INOJBEMHOIO MEXaHHU3Ma,
CBSI3AHHBIX MEXJy CcO0OH yNpyrMMH 3BEHBSIMH M JKECTKOCTSIMH IOJABEMHBIX
KaHaTOB W METAJUIOKOHCTPYKIWHU KpaHa. B pabote [7] caemano momymieHue, 4To
YOPYrOCTh METAJUIOKOHCTPYKLMH 3HAYMUTEIBHO BBIIIE YIPYrOCTH KaHara. JTa
O00OOCHOBAaHHOCTb  TOATBEPKAACTCA  OAKCIEpUMEHTanbHO. [lpum  ykazaHHBIX
JOMYUIEHUSAX MOABEM TIpy3a NPOU3BOAMUTCS NyTeM BbIOOpa CiaOWHBI KaHaTa,
ynpyroi nepopmanny Bcex 3J€MEHTOB KOHCTPYKLIUU U OTPBIBE C MECTA.

MakcumanbHble JUHAMUYECKHE HATPY3KHU MOSIBISIIOTCS MPU OTPBIBE TPy3a.

ITpouecc nogbema rpy3a MEXaHU3MOM MOIbEMA CTOUT H3:

— BBIOOPKH 3a30pOB B KaHATE;
— OTpBIBa Ipy3a OT 3EMIIN;
— JIBW)KEHUS Ipy3a B yCTAHOBUBLIEMCSI peKUME PabOThI.

Ha pucynke 2.2 mnpuBezeHa AByxmaccoBas AMHAMHUYECKas cXeMa MoabeMa
rpy3a KpaHOM.

I'py3 mnoxHMMaeTcss IMOCTYNATEIbHO B PEXUME HEYCTAaHOBUBILIEIOCS
nBukeHusa. Ha nmepBom stamne BeiOupaetcs 3a30p A.

[Tpornecc BHIOOPKHU 3a30pOB OMUCKHIBACTCSI CUCTEMON YpaBHEHUM

29



mF dt, —-C(x,—x,)=0,
dx’?
m +C(x,—x,)=0 (2.8)
Az%t
dt
P
m
c N
A
m;
S

Pucynox 2.2 — JIByxmaccoBasi JuHaMUYeCKas cxeMa Mo ibeMa rpys3a:
M, — Macca Ipy3a 1 rpy303axBaTHOrO OpraHa; M, — IpuBeIeHHAs Macca

BpalaIOIIMXCs YacTel npuBoaa; A — 3a30pbl B MEXaHHU3ME;

C — k03¢ (ULMEeHT yIpyrocTH MOJIKUCHACTa;

Ha BTOpoM sTane B ynpyroii cBsi3u BOZHUKAET Harpy3ka F:

dx’
—C(x,—x.)=m_.g,
. dt2 ( P F) Fg
dx’ o
m +C(X,—X.) +k(X,—x)=m_g+F (2.9)

rae X X, — IIePEMELICHUE TPy3a U pOTOpa IMPUBOJIA;
F — n30bITOUHAsS cHJIa MEXaHU3MA.
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F =A cosm,t +B, sinm,t +%, (2.10)

q:mQ+i; p’=mc.
m

P

N30biTOuHas cuila MeXaHW3Ma B BHJIE CHHYCOMJAJIbHON COCTaBIIAIONICH
aMIUTUTYAbl CO3/a€T HauOoJiee TSKENbId Harpy3ouHblid pexuM. [losBieHue
CUHYCOUJAIBHOM COCTABJSIONIEH HE TOJBKO YBEIMYMBAECT HAUOOJBIIYIO
JWHAMUYECKYIO HAarpy3Ky, HO U MOXET MPUBECTU K KAUECTBEHHBIM U3MEHEHUSAM B
XapakTepe ABWKECHMsS O0OpyJoBaHMs KpaHa. [l CHUXKEHUS JHHAMUYECKOU
Harpy3ku TpeOyeTcs ramieHue kojebaHuil B cucrteme. [Ipu BBEJICHHHM CHCTEMBbI

raiieHus HanOoJbllas Harpy3Ka ynpyroro yCKOpEeHHOTO MOoXBaTa OMpeaeIsieTCs
P =abs(exp(-xu)Asin(mu)) (2.11)

rac o — KpyroBas 4aCcToTa KOHC6aHHﬁ;

U — BpeMsi MpOoTeKaHusI mpolecca.

HauGosnbias Harpy3ka paBHOMEPHOTO MTO/IXBATa’

F,=Q+V,Cm, (2.12)

rae  V — CKOpOCTh MoJgbeMa Ipysa.

JIns KpaHOB, y KOTOPBIX COOTHONIEHHME Macc M, >= m,. dopmyna

orpeeneHus: HauOoJIbIIeH Harpy3Ku

F =P[1+ /1+2CTA (2.13)

31



[Ipu onpeneneHny Harpy3Kyu HECOCTOSIBIIErOCS MOABEMA, TaKasi HArpy3Ka

OOBIYHO aBapuiiHasl, ypaBHEHHE JBUKCHHS B STOM CIIy4ae:

m 3?+cx:mrg : (2.14)

rae M, — Macca KpaHa,
M, — Macca rpysa;
C — JKECTOKOCTD TOJINCIIACTA,
X — TIepeMeIIeHHe Tpy3a.

O6o3HaunB P :\/z u Q= M. g (2.15)
m m

k

HNmeem perieHne 3Toro ypaBHEHHUs

g

2

X =A, cos pt +A,sin pt +

%:— psin pt+A,pcospt. (2.16)

MaxkcumanpHOe ycunue nogbema oyaet npu pt=-1

P...=Q.(L+2¢p mL), (2.17)

0 F+mP

m
rne K, =0+2p —F—).
= (pm+mp)

0 r
OTUm BBIPAXKCHUCM ONPCACIIICTCA TUHAMUYICCKAsA 3arpy3Ka KakK KaHaTa, TaK

1 JII000T0 YHOpyroro 2J€MCHTa MCXaHnu3Ma 11oJbeMa.
HpI/I moaABEME I'py3a C YUYCTOM MMOAATIMBOCTHU METAJNIOKOHCTPYKIIUH CTPCIIbI

KpaHa JUHaAMUYeCcKas MOJIEJIb CUCTEMbI TIPUBEJICHA HA PUCYHOK 2.3

32



Pucynok 2.3 — JIlunamMmuueckasi MoJienb pabodero o0opya0oBaHus KpaHa

[Ipu aHanuze OTUHAMHUKU KOJIEOATEIBHOTO MpPOIecca, MPOUCXOSAIIETO MPH
MOABEME Tpy3a C YYETOM IMOJATIMBOCTA METAJIOKOHCTPYKLIMHU ITPUHSTHI
CIIYIyIOIHE TOIYIICHUSA:

1) Macca kpaHa u Ipy3a paccMaTpHUBaeTCs Kak 001as macca.
2) Yrnpyrocth METAUIOKOHCTPYKIIMM — 3HAYUTEIBHO OOJbIIE  YIPYTOCTH

KaHaTOB M MIPUBOJIA MEXAHU3MA.

OOOCHOBaHHOCTh TAKUX JOIMYIICHUIN MOATBEPKIACTCS IKCIEPUMEHTATBHO

[22].

[Togbem rpy3a Nnpu OPUHATHIX JOMYLICHUSX MPOU3BOJIUTCS CIETYIOIINM
obpazom:

[lepBoiii srtam. Ilocine BKIIOYEHUS JBUraTelisi MPOUCXOAUT BBIOOpKA
3a30pOB B KaHATe.

Bropoii sran. Ilpoucxomut ympyras nedopmarusi BCeX SIEMEHTOB
KOHCTPYKLMHU. DTO MPOAOJDKAETCA MOKA YCUIIME HA KPIOKE HE CTaHET PaBHBIM
rPYy30II0BEMHOCTH.

Tperun aran. [logsem rpysa.
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3a 0000meHHy0 KoopAuHATY X TPHHUMAETCS MepeMerieHrue X, MaccChl
KpaHa My, 00J1a1afo1eii KeCTKOCThIO Ky.

HGpBBIﬁ 9Tall OIIUCBIBACTCA YpPAaBHCHUAMU

dx’?
m —+k(x,)+c(x,)=0, (2.18)
ot
L
dt
Ha BTOpom 3Tarne ypaBHEHHE TOABEMA TPy3a UMEET BHI:
dx’
m F+k(xk)+c(xk):P. (2.19)
K 2

B MmomeHT OTpbIBaA I'py3a YCHUIIUC IIOABCMA OIIPCACINUTC 110 YPABHCHHUIO
P =abs(exp(-u)Asin(m u)), (2.20)

rIe  ® — 49acToTa KoJieOaHui rpys3a; -

U — BpeMsl OTpbIBa rpy3a.

Ha Tperpem srame ycunme noabema rpy3a pPaBHO TPY30NOABEMHOCTH.
JIBrkeHrue Tpy3a OMNHCHIBACTCS YpPaBHEHHWEM TapMOHUYECKUX KOJICOAHUH.

VYpaBHEHHE TOABEMA TPY3a UMEET BUI:

m ‘;%+ K(x,)+c(x.)=m g. (2.21)

K 2

ITonmHas Harpy3ka Ha KprOK paBHa CyMME CTaTUYECKOU U JUHAMUYECKOM:

F’WX=QC(1+1 L)- (2.22)
g\mg+m,

rIe [{m:1+1/L
g\yme.+m,
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2.3 MojaeaupoBaHue mnpolecca MeXaHU3Ma MojabeMa rpysa

Jnsg mopenupoBaHHsS TOBEACHUS JUHAMUYECKHX CHCTEM, K KOTOPBIM
OTHOCATCSA, U MOABEM Ipy3a KpaHoM, ucronb3ytoTcs IBM. CymiectByeT 6oibiioe
KOJMYECTBO QJITOPUTMUYECKHUX SI3BIKOB, Ha KOTOPBIX MOJXET OBITh BBHITIOJHEHO
perieHue 3agaun. BeIOOp TOTO MM MHOTO sI3bIKAa MPOTPAMMHUPOBAHUS 3aBUCHUT OT
MHOTMX  ycioBuil. YacTo  pemaroniylo  poib  OKa3blBaeT  yA0OCTBO
MPOrPaMMHPOBAHHS], HATUYUE TPOBEPEHHBIX MATEMATUYECKUX METOIOB, JIETKOCTh
MPEICTABIICHUS PE3YyJIbTATOB MOJEIUpOoBaHus. TakuMu 0COOCHHOCTSIMU 00J1a1aeT
nmaketr MATLAB, coaepxamuii B CBOEM COCTaBE€ HMHCTPYMEHT BH3YaJIbHOIO
MoaenupoBanusa SIMULINK.

SIMULINK codyeTaet B cebe HarIsiIHOCTh aHAJIOTOBBIX MAIIMH U TOYHOCTh
ur(ppoBbIX BbrurcauTenbHbX MammH. SIMULINK oOecrieunBaer mosib30BaTENIO
JIOCTYII KO BCeM BO3MOXKHOCTSIM maketa MATLAB, B ToM uwmcie K OONbIIONH
OMOJIMOTEKE YMCICHHBIX METOI0B [32].

JIns wmcciienoBaHusT OCHOBHBIX JIMHAMHUYECKHX IMApAMETPOB MEXaHU3Ma
MoJAbEMa MOJIENb C IBYMsI CTETICHSIMU CBOOOJIbI, B KOTOPOM JBE MACChl CBSI3aHbI
YOPYTUMHU U AUCCUNATUBHBIMU CBSI3AMH (pUCYHOK 2.3). Takast MOZEIb ONMHUCHIBAET
BEpTUKAJIbHbIE KOJIeOaHUs MPU YCKOPEHHOM IMOIXBaTe rpys3a.

YpaBHeHUs JBU>KEHUSI CUCTEMBI 6e3 ydera KECTKOCTH
METAJTIOKOHCTPYKIIMK CTPEJIbl OMUCHIBAIOTCA NU((DEpEeHIINATBHBIMU YPABHEHUSIMU
(2.9):

[IpeobpazoBaB ypaBHEHUS Yepe3 BTOPYIO MPOU3BOAHYIO, TOJIYUUM

dx? 1

== == (—c(X,—X,)—m
dt, mr( (X,=Xp)—Mm.Q)
dx?

k() + et —x,) - g~ P). (2.23)
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Monens onucannas B cpeae SIMULINK npusenena Ha pucyHnke 2.4,
Jnst MoAenupoBaHWs MCIHOJIb30BAaHbl CHEAYIOIIUME HWCXOIHBIE JaHHbIE,

tabmuma 2.1.

Tabmnura 2.1— UcxoaHble TaHHBIE

’KecTkocTb npuBojia cp, = 2600 kH/Mm

[IpuBeneHHas Macca npuBoaa m, = 1000 KT

Macca rpy3a m; = 8000 KT

JKecTkocTh KaHaTa c, = 7000 kH/m

JlemnipupoBanue MpuBoIa b; =90 kH c/m
fu W duidt

Cladk Gain Fien Crerivative

Scope

- Zain Integratar Integrato

b L”f
* 1 el 1
-+ —-— z =1 =
— ,1

g .

L>+ .’ Scopel
-+ 1 1
4{: e K ™ 4

r—) - netsum&  Gain Integrator2 Integrator3

Yy

Pucynok 2.4 — Mogens, onucannas B cpeae SIMULINK:CLOCK — Bpems;
GAIN — ycunurens; F¢, — dynkuus; DERIVATIVE — nuddepenunarop; SCOPE
— ocumumorpad; NETSUM — cymmartop; INTEGRATOR — unrterparop
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YpaBHEHUS IBUKEHUS CUCTEMBI C YYETOM KECTKOCTH METAJUIOKOHCTPYKLUN
CTpeJIbl ONMUCKHIBAIOTCS AU PepeHnanbHpIMU ypaBHeHUsIME 2.18 1 2.19.

[IpeoOpazoBaB ypaBHeHus 2.19 yepe3 BTOPYIO IPOU3BOAHYIO, TOTYUUM

‘;—f: =—mik(k(x,() re(x)-m.g-P). (2.24)

Jlist HaOmroieHusT 3a MporeccaMu B MOJIETH yCTaHOBUM "ocmminiorpad" -
0ok Scope, ob6o3HaueHHbIH "[lepemewenusn”, st OTOOpaKEHUS HW3MEHEHUS
MEPEMEHHBIX BO BpeMEHU. Pe3ynbTaThl MOJETUPOBAHUS IPEJCTABICHBI B
rpaduueckom Buae (pucyHku 2.5; 2.6; 2.7; 2.8).

BapbupoBanueM mnapamMeTpoB YacTOThl KOJIGOAHUW U COINPOTHUBIICHHS B
KaHaTe TMOJy4YeHbl rpadukd (QyHKIUM 3aTyXxalolmMX KOJIeOaHUN CHUCTEMBI
(pucysok 2.9). Ilpm KpyroBoi dHactore ® = 5¢° H AeMIbUPYIOMIM
conportusieHuu B=1,5 kHc/m ammnutyaa gocturaet a = 5,0MM. DTo B J1Ba pa3a
IPEBBIMIACT HOPMATHBHOE 3HAYCHHE a. Y MEHBIICHHE [TapaMeTpa o 10 4c — mpu
NpPEeKHEM 3HA4YeHMHM [ aMIUIMTyJa CHIKaeTrcs A0 2,5 MM U COOTBETCTBYET
HOPMATUBHBIM TpeOOBaHUAM. Takoil e pe3yNbTaT JOCTUTACTCS IPU COUEeTaHUU
napamerpoB B= 1,25 kHe/M 1 o 4 ¢ . COnpoTHBICHHE CHIDKAET aMILIHTYLY,

9acToTa KOJIeOaHUH JeUCTBYET 00paTHO MPONOPIHOHAIBHO (pucyHok 2.10).
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y = 0,4133g0.4631x ¢ Panl
2,5 RZ=0,9964

2 /// B Pap?2

e OKCMOHEHUManbHas

(Psn1)
0,6373
0;2_0466 " OKCcnoHeHumanbHas
RZz=10,997 (Psin2)

PI/ICYHOK 2.9 —3aBucuMocTH AMIUIATYAbI OT 4aCTOTBI

kojebanwuii rpy3a: 1 — npu B = 1,25 kHe/m; 2 —npu B = 1,5 kHe/m

6
i ¢ Panl
5
s 4 \\ y:42’6_471e—0,6'9x B Papg2
dg 3 R?=0,971
x

\\\‘\ e— JKCMOHEHLMANbHAA
2 (Psag1)

= -0, =
1Y 3537@"\\\‘. AKCrnoHeHUManbLHas

RE=00441 ol (Pn2)

a,mMmm

Pucynok 2.10 — 3aBHCHMOCTH aMILTUTYIbI OT K09 uimenTta
neMiupoBaHus MIPUBOJIA:

l-mpuo=2c 2-mpuow=3c"

[TonoxxutenbHbI 3(PPEKT OT YMPYrocTh KaHaTa JOCTHTAETCS TOJBKO TMPHU
AKECTKOCTU YIPYTOro 3J€MEHTa, KOTOPOl COOTBETCTBYET IpoliecCc KojeOaHud B
3ape30HAHCHOM o6nacTu I >+/2 u | Ky |<1. Ho IIPY MaJION KECTKOCTU yIPYroro
3JIeMeHTa OyAyT BO3HUKATh PE30HAHCHBIE KOJIeOaHus.

B ciyuae, korga TpeboBaHME K KECTKOCTH YIPYroro 3JeMeHTa MOJBECKU

(w/wg>~2) He MOXeT OBITh BBINOIHEHO, MPUMEHSIOT MOBBIIIEHHOE
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nemngupoBanue (I =0.5 ... 0.8) wiu ynpyryro TMOJIBECKY C OOJIbIIEH
KECTKOCTBIO, JUISI KOTOPOH Mp>® (TI0 HOpMaM ®p>2®). [IpaBuiIbHO BEIOpaHHBIE
napamMeTpbl  3JEMEHTOB  aMOpPTHU3AallMd  CIIOCOOCTBYIOT  YBEJIMYEHUIO
crabunuzaiuu padoTsl. B 3ToM ciydae yCKOpeHUs: BBIYUCISIOT aHATUTUYECKH U
CPaBHUBAIOT C JOMYCKA€MbIMH, B 3aBUCUMOCTH OT KOTOPBIX PacCCUMTHIBAIOTCS,
KOO PUIIMEHTHI KECTKOCTH M IOKa3aTeld JeMI(UPOBAHUSA. Y BEIMUYCHHE
COMPOTUBJICHUS B MPHUBOJAEC HMHTEHCUBHO CHUXAET aMIUIUTYJy KOJICOaHUMU.
Bnusnue wyacToThl KoneOaHMII TIpy3a Ha aMIUTUTyIy KosieOaHUN MeHee
cymecrBenno. Takum oGpasom mpu B = 1,5 kHe/M 1 @ = 3¢°  gocruraer
ammumtyna 1,75 mm. YBenuuenue mapamerpa B mo 2,5 kHe/m cHmkaer
ammutyay 1o 1,0 mm. Takoit pesynbrat nocturaercs npu = 1,5 kHc/M u

-1
o= 2c .

BriBoabI

1) JlnHaMUYecKue CBOMCTBA KaHATHO-OJOYHOW CHUCTEMBI ITOJIMCIIACTA BIIUSIOT
Ha KoJieOaTeIbHBIA MPOIECC MEXaHW3Ma IMOJbeMa IO SKCIOHECHIIMATIbHON
3aBUCUMOCTH. ODG(DEKTUBHOE CHIDKCHUE JMHAMUYECKOW Harpy>KeHHOCTH
3aBUCHUT B 3HAUUTENILHOW CTEMEHU OT Croco0a BO3ACHCTBUS OTPaHUUMUTENS
IPY30IIOABEMHOCTH HA CUCTEMY YIIPABJIECHHUS MEXAHU3MOM IObEMA.

2) ToyHOCTH yIpaBJICHUs YCTOWYHUBOCTBIO KpaHa oOecrieunBacTCs ObICTPOTOM

OLIEHKH I'PY30BBICOTHBIX XapaKTEPUCTHK.
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3 OKCIIEPUMEHTAJIBHBIE UCCJIEJOBAHUA

3.1 Mertoauka muccJaeI0BaHUKi

[Ipu 3KCEPUMEHTAIBHBIX UCCIEAOBAHUAX OCHOBHBIE 3a/1a4l 3aKJIFOYAIINCH B
ONpEIEICHUN TapaMeTpOB 3arpaJUTElIbHOM XapaKTEPUCTUKH OIPAaHUYUTEIS
IrPy30HOABEMHOCTH, BIUSHMUS HHM3KMX TEMIIEpATyp Ha MEXaHWYECKHE U
NIEKTPUYECKUE CBOMCTBA JATYMKOB YCHJIMS W yIJla IOBOPOTA CTpenbl. OTH
IapaMeTpbl ONPEACISUINCh NPU BAapbUPOBAHMM BEJIIMYMH BHEIIHEW HArpy3ku M
TEMIIEpaTypbl OKPYXKAIOLIEro BO31yXa.

OKCIEpUMEHTAIIBHOE UCCIIEN0BAHNE ITPOBOINUIIOCH HA SKCIIEPUMEHTAIIBHOM
CTEHJIE JUISl TOBEPKH OTPAHUYMUTEINS TPY30IIOABEMHOCTH.

Orpanuuutens rpy3onoabeMuoctd OI'b-2 mpusenen Ha pucynke 3.1.

Pucynox 3.1 — Orpanuuurtens rpyzonogbemaoctu OI'b-2:

1 — natuuk ycunus; 2 — 1aT4uK yriia moBopoTa; 3 — MyJIbT YIPABICHUS

HccnenoBanusi orpannuutens rpysonoabeMHoctd OI'b-2 mpoBogunuck Ha
CTEH/Ie, MPEACTABISAIOMMM  COOOW YCTPOWCTBO HArpyXeHusi, COCTOAIIEE U3

40



nepenady BUHT-Taiika, KaHaTHOW cucTteMbl, gatuuka ycwimit (AYC) 1, Onoxa
ynpasnenus (bY) 2 u naruuka yria (JAYT) 3.

[Ipyn BpaimeHuu nepenayd BUHT-TaiKa CO3/Aa€TCsl Harpy3ka Ha JaT4uKe
(AYC). Bpamenuem myna pgatuuka ([YI) ycranaBnuBaercs yrojg mnoabema
cTpenbl. Dnexktpudeckuid curnan ¢ paruukoB (JYC) u (AYID) momaercs Ha G0k
yIpaBJICHHUS.

JlaTuuk ycuiHMs TPeNCTaBIseT COOOM JIEKTPUYECKHM JAMHAMOMETp, B
KOTOpoM jaedopManusi YOpyroro Kojblla Tepelaercs Ha HMHIYKTUBHO-
TpaHCHOPMATOPHBIN npeoOpa3oBareiib, BCTPOCHHBIN MEXAY KaHATHBIMU
OTTSKKaMU CTPEJIOBOro mojucnacra. JlaTuuk  yriia mnpeaHasHadyeH id 10Jayu
CUTHaja, MPONOPLUOHAIBHOTO JOMYCTUMOM HArpy3Ke i JaHHOTO BbuIeTa. Ero
YCTaHaBJIMBAIOT COOCHO C OCBIO IISITHI CTPENbI, IBMXKEHHE KOTOPOM Yepe3 MOBOJOK
nepeaaeTcss Ha Bal OECKOHTAKTHOTO JaTyuka yria. M3MeHeHune XapakTepUCTHK
OTPaHUYMUTENSI JIOCTUTAETCS] TaJeTHBIM IMepeKiitouareseM, 00ecIeurnBaronum
HAaCTpPOWKY Ha OIpPEACNICHHYI0 XapakTepucTuky. CTemneHb 3arpy3Kd KpaHa
U3MEPSETCAI MIJUIUAMIIEPMETPOM, BKIIFOUEHHBIM B MOCTOBYIO LIETIb OTPAHUYUTEIIS.

Hactpoeunsie nanusie orpannuntens OI'b-2 npusenens! B Tadmuie 3.1.

Tabnuna 3.1 — Hactpoeunsie nanusie OI'b-2

XapaKkTepuCTUKU Yroum, rpan. Yceunue, kH
1 0 3,64
5130 4,13
2 0 1,96
5200 3,50
3 1 2,84
44 30 3,33
4 1 1,91
43 00 2,45

HaCTpoe‘-IHI)Ie JaHHBIC JaT4YHKa YCI/IJII/Iﬁ U JaTduKa Yyrja IPUBCIACHLBI B

tabiuue 3.2 u 3.3.
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Tabnuna 3.2 — HactpoeuHble JaHHbBIE TaTYMKA YCUIIHIMA

Harpyska, kH 0,49 0,98 1,47 1,96 2,45
BrixogHoe
HarpsikeHue, (B) 0,8 +0,1 ,6£0,16 2,4+0,16 3,2+0,16 4,0+0,16
Harpyska, kH 2,94 3,43 3,92 4,41 4,9
Brixognoe
HanpskeHue, (B) ,8+0,16 5,6+0,16 6,4+0,16 7,2+0,16 8,0+0,2
Tabnuua 3.3 — HacTpoeunsble JaHHBIE JaTYMKA yTriia IOBOPOTa
OI'b-2 OI'b-3

0 7,4 0 6,85

35 8,3 20 8,55

55 10,9 40 10,25

60 12,0 60 12,0

Crenn 1 monkmodyen k [I19BM 2 (¢ mpomeccopom Intel Pentium MMX) ¢

IUIaToil  aHaloroBoro BBoAa/BeiBoAa (mmata cepuum PCL-818L  dupmbr

“Advantech”) uepe3 kiemmuyto mwiaty PCLD-8115 ¢ coeauHuTeNbHBIM KalOeneM

DB-37, (pucyHok 3.2).

Pucynok 3.2 — INogkmouenue crenaa k [ID9BM:

1- ynpasnsomuii KOMObIOTEDP; 2 — CTEH OTPAaHUYUTENS TPY30M0IBEMHOCTH
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[lnata PCLD-8115 mnpennasHaueHa [uisi  pa3MEIICHHs  MACCUBHBIX

COrJacyloIIUX 3JIEMEHTOB (PE3UCTOPOB M KOHAEHCATOPOB) JUIsl TMOCTPOCHHUS
bunbTpoB W mpeoOpazoBaTerei TOKOBbIX curHajioB 4 - 20 MA. B cpene
nporpammuoro npoaykra GENIE.

OcHOBHBIE

TCXHHUYCCKHUC

XapakTepucTuku 1atel  cepun  PCL-818L

npuBeIeHBI B TabuIe 3.4.

Tabnuna 3.4 — OCHOBHBIE TEXHUYECKUE XapaKTepUCTUKH miatel cepun PCL-818L

OcCHOBHBIE XapaKTEPUCTUKH BenuanHb!
Pazpemenne 12 6ut
YacToTta BEIOOpKH 40 xI'ng
OO0wue napameTpbl CkaHupoBaHME KaHAJIOB Ectp

Illuna 8 out
Pazmepsl, MM 155 x 100
Brewnue coenuauTenn DB-37

Uwco kaHAIOB C o0Ouum mpoBoI0M 16
Jubdepennmranbapie 8

Huanazon Bxonnoro | Kosdduumenrt ycunenus 1,2,4,8

HAIIPsSXKCHUA

OpnnononspHbIe BX0b1, B

JBynoisipHbie BXO1bl, B

+10 B, +5 B, +2,5 B, +1,25 B,

AL +0,625 B
Pexxnm 3anycka OT cxeMbl 3ammycka Ectp
IIporpamMMHBIi Ectp
Bremnmit umnyinsc Ectp
Pexxnm nepenaun [IporpamMHBIi Ectp
JTAHHBIX ITo pepbIBaHUIO Ectp
[To xanany DMA 1 xanan
Pazpemenue 12 6ut
Yucno kaHalIoB 1
ITAII JInana3oH BBEIXOIHOIO 0-5, 0-10
HarpsbkeHus, B
BbricTponelicTBre 30K
Kanan DMA -
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[Tponomkenne Tabmuib 3.4

OCHOBHBIE XapaKTEPUCTUKH Benuuunel
BxonHble KaHAIbI 16
JIMCKpETHBII BBO/BBIBOJI BrIixoaHble KaHaIb 16
Tun MUKPOCXEMBI 8254

B 3aBucuMOCTH OT 3a/1auu YIpaBJIEHUSI OCYIIECTBISIETCS BIOOpKa OAHOU (U3
3aJI0)KEHHBIX B maMiaTh [IOBM mporpamm) rpy30BOM XapaKTEpUCTUKH U
BOCITPOU3BOJIUTCS HA SKpaHEe MOHHUTOpA B BUJE 3arpaJuTeIbHON (QYHKIUH, T. €.
3aBUCUMOCTH MEXJIy BBUJICTOM M MacCOd TIpy3a, MPU MPEBLIIICHUH KOTOPOH
dbopMupyIOTCS  BBIXOJHBIE KOMaHABl YIPABJICHHSA, BO3JCHUCTBYIONIHE Ha
JIIEKTPUYECKYIO CXEMY.

HNudopmarus o paboTe OrpaHUYHUTENS TPY30IIOABEMHOCTH OTOOpaXKaeTcs Ha
9KpaHe auciuies B uudppoBoM u rpadudeckoM Buge. OOpaboTka MaHHBIX,
noctynapmux B [I9BM, mpou3BoauTCs ¢ MOMOIIBIO MPOTPAMMHOTO KOMIUIEKCA
GENIE - uHCTpyMEHTaNnbHOM Cpeabl pa3paboTKy IMpuiiokeHuil coopa, o0paboTKu
U rpaduueckoro npejcTaBiIeHUs JaHHBIX U yripaBiieHus. [IporpaMMHBIi KOMILIEKC
GENIE conepxur MHOXECTBO BCTPOCHHBIX (DYHKIIMOHAIBHBIX OJOKOB H
rpaUYecKuX IIEMEHTOB OTOOPaKEHHs, MO3BOJSIONINX CYIIECTBEHHO COKPATHUTh
3aTpaThl Ha pa3pabOTKy MPOrpaMMHOTO 00ecTieueHus JjIsl CUCTEM MTPOMBIITUICHHON
aBTOMATH3AIlMY, BKIIOYAET BCTPOCHHYIO Cpely MpPOTPaMMHUPOBAHUS Ha SI3bIKE
cieHapuen, coBMectiMoM ¢ Visual Basic s npunoxenuii (VBA).

Hcrnonb3oBaHne  OrpaHUYUTENCH  TPYy30MOABEMHOCTH  TMPU  HHU3KHUX
TEMIEpaTypax OMPEASIUIO0 HEOOXOJUMOCTh B HM3YYEHHHM JTOW 00JacTh WX
MIPUMEHEHUS.

3a1aum uCcciIeI0BaHNN:

1)  yCcTaHOBWTH BIMSHUE TEMIICPATYPbl OKPYKAIOIIETO BO3AyXa B
npepenax or +60° go —60°C Ha CTaOMIBHOCTH BBIXOAHBLIX CHIHAJIOB
JATYMKOB YCUJIMW U JATUYHUKOB YTJIa TOAbEMa CTPEJIbI;

2) CHATHL XapaKTCPUCTUKY MU3MCHCHHUA BbIXOJHOI'O CHIHAJIA AdTUYMKa
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YCUJIMH OrpaHuuuTens rpysonogbeMHocty OI'b—2 B 3aBHCHMMOCTH OT
TeMmnepaTypsl npu Harpyske 430 kr;
3) BLISIBUTH CTENEHb BIUSAHUA Temmeparypsl ot +60° mo —60°C Ha
MEXaHUYECKHUE U IEKTPUUECKUE CBOMCTBA JATYMKOB.
MopenupoBanue paboThI OTPaHUYUTEIIS rpy30H0Ib€MHOCTH
MpOBOJMJIOCH B Kamepe xonona. Ha pucynke 3.3 mpuBeIeHO pa3MelieHue

OTPAaHUYUTEIIS IPY30I0JbEMHOCTH B KAMEPE XOJI0/a.

Pucynoxk 3.3 — Pa3mernienue orpaHuYHTENS TPY30MIOIbEMHOCTH B KaMepe

xoJi0/1a:1— TUAPOUMIMHID; 2 — NaTYUK YCHIHNM; 3 — TEH303BEHbS

Huskoremneparypusiit mkap TKCM—-02—-80 npuseaen Ha pucyHke 3.4
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1 2

Pucynoxk 3.4 — Huzkoremneparypubiit mkadp TKCM-02-80: 1- kamepa

X0JI0/1a ; 2 — OTPAaHUYUTENh TPY30MOIBEMHOCTH

Wcnbitanuio ObUIM MOABEPTHYTHI JIBAa OTPAHUYUTENSI TPY30MOABEMHOCTH:
OI'K-1 m OI'b-2. [latunku ycunui orpanuuuteneit rpyzonoaseMHoctd OI'K-1 n
OI'b-2 obGopynoBaHbl BCTPOCHHBIM MOJIOTpeBaTeNieM. B kadecTBe mojorpeBaTes
rcnoJib3oBaics pesuctop 119B-50, ycTaHOBIEHHBIN B KOPIYC C TEILIOM30JISILIACH.
Kopriyc camoro gatdvika He TEIJIOM30JMPOBAIICS YTOOBI KOHJICHCUPYIOIIas Bjiara
3amep3aia Ha 0oJiee XOJIOIHBIX CTEHKAaX KopITyca MoIoTpeBaTers.

B mpouecce wuccinenoBaHud — ONPEAENSUIMCH  OCHOBHBIE — MapaMETpBbl,
npuBeAeHHBIC B Ta0uIe 3.5.
[Topsanok mpoBeneHUsT UCCIEAOBAHUM:
1) TapupoBka JaTYMKOB TP KOMHATHOM TeMIiepaType;
2) KoHTposbHas 3aIUCh U3MEPSIEMbIX TapaMETPOB;
3) Harpepanue narunkos 10 +60°C 1 BbIIEpKKA B TEYCHHE IBYX YACOB;

4) Oxnaxaenue naraukos 10 —60°C ¢ unrepBanom 10 °C ¥ BBIIEPKKONM Ha
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Ka)XJIOM UHTEpBaJje 2 yaca;
5) Custre XxapakTepucTUKH pu TemrepaType —60°C ;
6) Bsigepskka marunkos mpu temreparype —60°C B Teuenue 48 4acos;
7) VYcraHOBICHHE HATMYHS KOHJCHCATa B AaTunkax mpu temmeparype —10°C ;
8) Mukpomerpax nehopMaliy yIIPyroro 3BeHa P pa3HbIX TEMIIEpaTypax;

9) CHsTHE XapaKTEPUCTHKH OTPaHUYHUTENS rpy3omnoabeMHoctd OI'b—2,

Tabnuna 3.5 [lapameTpsl, ornpenesieMble B IPOIECCE SKCIIEPUMEHTOB

[TapameTpsl

Amnmnaparypa

OOBbeKT onpeeneHus

Ycunue PaCTAXKCHUA

JaTYnKa

Tenzonatumku, SAHY-7M,

ocumuiorpad H-004

9KCHCpHMCHTﬂJ’ILHLIfI CTCH

Hanpsxenne

BBIXOJHOI'O CMIrHajia

BonbpT™eTp 351€eKTpOHHBIN

DKCIEePUMEHTATBHBIA CTEH/T

Temnepatypa B XonoaunbHas YCTaHOBKa| ODKCHEPUMEHTAIbHBIA CTEH]
KaMmepe XoJioaa TKCM-02-80

Temnepatypa noa XonoaunbHas YCTaHOBKa| DKCHEPUMEHTAIbHBIA CTEH]
KPBIIIKOW JTaTYHKa TKCM-02-80

Hedopmarnus TenzogaTumku, 8AHY-7M,| DOkcnepuMeHTalbHBIA CTEH]
YIIPYTOro KOJIbIa octmmorpad H-004

Hedopmarnus TenzogaTumku, 8AHY-7M,| DOkcnepuMeHTalbHBIA CTEH]
TEH303BCHA ocumuiorpad H-004

[Ipu npeaBapUTEILHOM OMNPEACIICHHMH HEOOXOJAMMOTO YKCJIa OIBITOB
MPEANoIarajoch, 4YTo aOCOJIFOTHOE OTKJIOHEHHE cpenHer X Tmpu N -TOM
U3MEPCHUI BeIMUMHBI X HE MPEB30HAET M0JaM TOro cTaHmapTa ( HOPMaabHOTO
3aKOHA pacIHpeeCHHs CpeIHeH KBaApaTHIHON OMIMOKK []1X), KOTOphIC JalOT HaM

VU3MEpPEHUs, T. €.
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q=t,/2n.

[Ipennonarasi, uto = 1, To ecTh mpenenbHOE AOCOTIOTHOE OTKJIOHEHUE
paBHO CTaHAApTy MPOBOJIMMBIX M3MEpPEHUI, a BEpOSTHOCTh Oxkumganus 3, = 0,95,
OTpe/ieNisieM MHUHUMAJIbHOE YHCIO H3MEPEHUH, KOTOPOE IO3BOJSET MOIYYHUThH
3HAYCHUS] M3MEPSIEMBIX MapaMeTPOB C 33aJaHHOW CTENCHBIO TOYHOCTH. B Hamem
ciyuae g B, = 0,95 u q = 1,00 uncno msmepenuii n; = 7 /36/. I[lotomy npu
NPOBEJCHUHM  DKCIICPUMEHTAJIBHBIX  HCCIICTOBAHUMA BCE  HM3MEPCHHS,
COOTBETCTBYIOIIME OJJHOMY OIIBITY, TOBTOPSUIUCH HE MEHEE 7-MH pas3.

O0paboTka pe3yabTaTOB IKCIEPUMEHTAIBHBIX HCCIEAOBAHUN MPOBOIMIACDH

CTAaTUCTHUYCCKUMHU MCTOAaMH C UCITIOJIb30BAaHUCM KOMIIBIOTCPHBIX ITPOTPaMM.

3.2 Biunsinue HU3KHX TeMIIEPaTyp Ha padoTOoCIOCOOHOCTH

OIrPAaHNYIHUTEISA I'PY30IMIOABEMHOCTHA

bonpmroe BiMsiHME HAa HAAECKHOCTb OTPAHUYHTENS TPY30NMOABEMHOCTH
OKa3bIBAIOT KIMMATHUYECKHUE YCIIOBHS. BO3aelCTBHE HU3KUX TEMIIEPATYP MOXKET
IIPUBECTU K YCAJIKe MaTepUalia, 3aCHaHUI0 IBIKYIIUXCSA HeTajed, WU3MEHEHUIO
KOHCTaHT MNPOYHOCTH M YIPYrOCTH MaTepuana, KOHACHCAlMW BIIATM U
o0pa3oBaHMIO JbAA, TOTEPH AJIACTUYHOCTH PE3WHOBOM U  IJIACTMACCOBOM
U30JIALMHY, U3BMEHEHUIO DJIEKTPUYECKUX U MATHUTHBIX XapPAKTEPUCTHUK.

PesynbraTtel  ucnblTanus  gatumka  ycwiuid  OI'b-2 moxareepanin
OTPULIATEJIBHOE  BJIMSAHHUE HHU3KUX TEMIEpaTyp Ha BEJIMYMHY BBIXOJHOTO

HanpspKkeHus, (Tadsmna 3.6).

Tabmuma 3.8 — BrausHue HU3KUX TeMIlepaTyp Ha BEIUYHHY BBIXOJHOTO
HaIpsKCHUS

Temmeparypa, °C 0 -10 | -20 -30 -40 -50 -60
Hanpsokenne, B 3,5 3,4 3,12 3,0 2,7 2,5 2,25
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Bimsinne HU3KOM TeMnepaTrypbl Ha BBIXOJHOE HANPSDKEHUE NAaTUYMKa YCUIIUU

OI'b-2 npuBeneHo Ha pucyHke 3.5.

U,B
6 |
4
5
3
4
2
| a——— = = !
/./ ~

N

L 4
L 4
L 4
L 2

—

D

-70 -50 -30 -10 10 30 50 70
t, rpag

Pucynok 3.5 — BiusHue HU3KOM TemnepaTypbl Ha BBIXOJIHOE
Hanpspkenue aatunka yeunuit OI'b-2:1 — marpyska ynpyroro komibsia 50 kH; 2

toxe, npu 40 kH;3 Toxe, pu 30 kH; 4 Toxe, mpu 10 kH

AnmnpokcuManven pe3ynbTaToB, NMPUBEIECHHBIX B Tabn. 3.8 mosydeHHas
3aBUCUMOCTb BBIXOJHOTO HAIPSDKEHUs JAaT4MKa YCWIMKA OT TEMIEpaTypbl

OIMMCBIBACTCA YPaBHCHUEM
U = 1E-05t° - 0,0004t* - 0,0129t + 5,5202 (3.1)

[onmxenne Temmeparypsl patdnka ot +20°C no —60°C ymeHbmmio ero
BBIXOJIHOC HampspkeHue Ha 34 %. OxjaxkaeHue JaTdydka OT +60°C 1o —60°C pu
cTporo nocrosHHoM HarpyxeHun 4300 H Takke CONpOBOXKIAIOCH CHUKECHUEM

BBIXOIHOTO curHana B 1,51 pasa (pucynok 3.6).
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Pucynox 3.6— CHu»keHue BbIXOJHOTO curHaia aaruuka ycuiaus OI'b-2

CHuKeHME BBIXOAHOTO CUTHANA JaTYMKa YCWIUS MPUBEICHO HA puc. 3.12
MPU TOJOXKUTEIBHBIX TEMIIEpaTypax HaIpsHKEHHE BBIXOJAHOTO CHUTHAJa JTaT4yHKa
ycuiusi He u3MeHsierca. Haumnas ¢ temmnepaTypbl OKpYKaroIlero BO31yXa MUHYC
10°C mampspkeHHE BBIXOAHOTO CHTHAJa YMEHBINAETCS C HWHTEHCHBHOCTEIO,

ONMCHIBAEMOU YPaBHEHUEM

U = 4E-06t° - 0,0002t* - 0,0016t + 4,7022 (3.2)

Ilpu munyc 60°C ymnpaBisiOmMii CHTHAN JaT9MKa YCHIIUS TepsieT CBOM
¢ynkiuun. [lpeamonaraemoe  BIMSHUE TeMIepaTypbl Ha OTHOCHUTEIBHYIO
nedopManuio  KojJblla ObUIO  IMOATBEPHKIECHO JIOMOJHUTENBHBIM  OIBITOM,

pe3yabTaThl KOTOPOTO MPECTaBIICHBI Ha rpaduke (pucyHok 3.7).
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Pucynok 3.7 — BiausitHue HU3KoM TeMiiepaTypsl Ha edopmaruto kosbiia Ol'b-2:

1—3&M0pa)KI/IBaHI/I€ KOJIbLAa, 2— HarpeB KOJibla.

HauuHas ¢ TemrepaTypsl OKpy»Karomiero Bo3ayxa Munyc 10°C 3aBUCHMOCTB
BIIMSHUSL HU3KOM TeMImeparypbl Ha JedopMamuio KoJjiblla MpuoOpeTaeT
HEJIMHEHHBIM BUJ M IO XapakTepy OJHM3Ka K 3aBUCUMOCTH BIIHMSHUS HU3KON
TeMIlepaTyphl Ha 1eopMaInio KoJblia.

Bxurouenne mnoporpeBartenss MOIIHOCTBIO S50 BT TO3BOJIMIIO TOBBICUTH
TeMIeparypy mox kpsimkoii gatanka ot — 63°C o —38°C B Teuenue 1 waca 40
MHHYT, OJTHAKO 3TO HE OKAa3aj0 3aMETHOI'O BJIMSHHS HA TMOBBIIICHUE BBIXOIHOTO
HanpspkeHus. [lpuuMHa 3TOTO TO, YTO MOIIHOCTH IOJOTPEBATENSI OKa3alach
HEJIOCTATOYHOM ISl HarpeBa ympyroro KoJiblla 0 TeMIEpaTyphl, MPU KOTOPOH
YOPYrocTh €ro o0ecrneunBasa Obl MacOPTHBIE XapaKTEPUCTUKHU TTPUOOpa.

Oxnaxnenue natuuka yria OI'b — 2 ot +60°C 0 +10°C MPAKTUYECKU HE

MOBJIMAJIO HA USMCHCHHNEC €T'0 BBIXOAHOT'O HAIIPSAKCHUA, I[&HBHGI\/’IHICG IIOHUXKCHHUC
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Temmepatypsi 10 — 60°C yBemmumo ero Ha 15,6%. Biustaue mogorpesa OI'B — 2

MIPUBEJICHO HAa PUCYHOK 3.8.

t, rpag T, MUH
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Pucynok 3.8 — BiustHue mogorpeBa qaTunka yCHITUS

Ha TemmnepaTypHbiid pexxum OI'b-2

3aBHCHUMOCTB TEMIIEPATYPHOTO PEKUMA UMEET BU:

t = -5E-05T2 + 0,0075T2 - 0,0018T - 59,787 (3.3)

I1o OKOHYAHMHU SKCIIEPUMEHTOB H IOCTIDKCHHH B Kamepe xonoxa +20°C Bce
napaMeTpbl gatuuka ycwinii OI'b-2 BoccTaHOBUIIMCH B MCXOAHBIE. B pesynprare
OCMOTpa TOCJI€ 3aBEepIIEHUsI ONBITOB, 00pa30BaHME KOHJEHCATa MOJ KPBIIIKAMH
natuukoB OI'K u OI'b-2 He oOHapyKeHO.

Bo BpeMst HCIIBITAHMI [IPH JOCTIKEHHH TemmepaTypsl —45°C Habmoaanocs
SBJICHME 3a€JaHus Baja JaTdydka yria, CONPOBOXKAAIOLIETOCS  PE3KUM
YBEIMYECHUEM YCWIMS TOBOPOTAa C JAJbHEHIIMM TOHWKEHUEM TEMIEPaTyphl.
[Tocne okoHYaHMS SKCIEPUMEHTOB U YCTAHOBIIEHUS B KaMepe X0J10/1a KOMHATHOMN
TEMIIEPaTyphl +20°C Bce mapamerpel aTdYMKa yrina OI'b-2 craHoBWIHCH B

HUCXOIHBIE.
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[TocTpoeHHAs 1O IKCIIEPUMEHTAIBHBIM JJAHHBIM 3aBUCHMOCTH (PUCYHOK 3.9)
IIO3BOJIIET OLICHUTH BIUSHHE HU3KUX TEMIIEpAaTyp HAa BEIMYMHY BBIXOJHOTO

HanpspkeHus aatuuka yria OI'b-2.
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Pucynox 3.9 — OrieHka BIUsHUAS HU3KUX TEMIIEPATyp Ha BEIHUYHUHY

BBIXO/IHOTO HampsiKeHus narduka yria OI'b-2

3aBUCHUMOCTh  BBIXOJHOTO  HampsbkeHust pgatuumka yrioa OI'b-2 ot

TEMIICPATYPbI OIMMUCBIBACTCA YPABHCHHEM

U = —2E-08t* — 2E-07t% + 0,0002t* — 0,008t + 6,928 (3.3)

Oxnaxnaenne natankoB ycmmii OI'K-1 ot +60 °C mo -60 °C moHu3MI0 ux
BBIXOJHOE HAINPSOKCHHE HEPABHOMEPHO C YBEIMUYECHHMEM MHTEHCUBHOCTH IIPH
HU3KUX TeMIeparypax. VHTEHCHBHOCTh YMEHBIIEHHUS BBIXOJHOTO HAIPSKEHUS

IPY OXJIAKEHUH TIpuBeeHa Ha pucyHke 3.10.
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PI/ICYHOK 3.10 — MHTEHCHUBHOCTH YMCHBIICHUS BBIXOAHOI'O HAIIPAKCHUA

OKT-1

Brnusaue Hu3KoM Temmnepatrypbl Ha BbixojHoe HampspkeHue ycwmius OIK-1
npuBefeHo Ha pucyHke 3.11. HccnemoBanme mpomecca oxnaxaeams OI'K-
lopoBoaunocs mpum Harpy3kax naruumka ycwimit 1kH, 2xH, 3xH, 4xH, SxH.
MHTEeHCHBHOE M3MEHEHUH BBIXOJHOTO HAIPSKEHUS HACTYIAET MPU TeMIEeparype
or munyc 40 °C go muuyc 50 °C. Ilpu temneparype muHyc 60 °C BBIXOIHOE

Hanpsbkenue nagaet 10 20%.

7 S5xkH
6 , -
4xH
5 - —e—Pan1
3kH
4 X —8— Papn2
m
2 5 V/VH*!—I—I—F—I— 2kl - Pan
1xH Papn4
2 - —_—
4 —x— Psn5
1
0 T T 1
0 50 100 150

T, rpaa

Pucynox 3.11 — BnusiHue HU3KOM TeMrepaTypbl Ha BBIXOJAHOE HAIIPSKEHUE
OI'K-1
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Temneparypa noJl KpbILKOW TaTYMKa YCHIHNA € TOAOTPEBOM MOILIHOCTBIO 32
Bt noseicunace ¢ munyc munyc 60 °C go munyc 48 °C uyepes 1,5 gaca. Ilpu
IIOJIOIPEBE JAaTUMKA YCWIMH MOIIHOCTBIO 65 BT TeMiiepaTypa IMOBBICWIACH 10

munyc 32 °C (pucynok 3.12).
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T, rpag
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Pucynox 3.12 — 3aBucumocTts Biausaus nogorpea OKI'-1

BrlinonHeHHble MccaeIOBaHUS TOKa3ald, YTO MPHU HU3KUX TeMIepaTrypax
OTPaHUYHTENb  TPY30MOIBEMHOCTH  TEpsAET  TMOKa3aTeldd  TEXHUYCCKUX
XapaKTEPUCTHK M 1T HOPMAJIBHOTO (PYHKITMOHHUPOBAHMS €0 TpeOyeTcs 3amuTa
OT HU3KUX TEMIIEPATyp.

[Tocne TtemmepaTypHOTO BO3ACHCTBUS HU3KMMH TeMIlepaTypaMu ObLIa
MIPOBE/ICHA NMOBEPKA OIPAHUYUTENS TPY30TOIHEMHOCTH.

Ha pucynke 3.13 npuBeieHbl NaCOPTHBIC TAHHBIE 3arPaIuTEILHOM

XapaKTEPUCTUKN OTpaHUIUTENS rpy3onoabemMHoctn OI'b-2.
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Pucynoxk 3.13 — [lannsie 3arpagutenbHoi xapaktepuctuku OI'b-2

Psan 1— mmanaszon Nel; Pan 2— nuamnazon Ne2; Ps 3— numana3oH Ne3

Ha pucynke 3.14 u 3.15 npuBeaeHbl 3aBUCUMOCTH BBIXOIHOTO

HaIpsDKEHUS JaTYMKA yIJIa U TPY30Bast XapaKTEPUCTHKA.

|
&
5
y = -0,0016x2 + 0,1473x + 5,0881
4 R?= 10,9563
3
2
1
0 VB
0 20 40 60 80

Pucynox 3.14 - 3aBUCHMOCTD BBIXOJHOTO HAMPSHKEHUS JATYMKA yT
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Pucynok 3.15 — 3arpaguTenbHas XxapakKTepUCTHKA
BoiBOABI

1) Oxnaxnaenue natanka yria OI'b-2 ot +60°C 1o +10°C [IPAKTUYECKU HE
MOBJIMSJIO HA U3MEHEHHUE €ro BBIXOJHOIO HAIPSOKEHUs, JajbHEHIIee MOHUKEHUE
Temmeparypsl 10 — 60°C ymenbumio ero Ha 15,6%. IloHmwKeHHe TeMiepaTypbl
JNaT4YUKa YCUWIUA OT +20°C mo —60°C YMEHBIINJIO €r0 BBIXOJHOE HAIIpsSKEHUE Ha
34 %. Oxnaxnmenne mgarumka ot +60°C mo —60°C mpu CTPOro MOCTOSHHOM

Harpykeanu 4300 H Takke cOmpoBOXAAJIOCh CHUKEHHUEM BBIXOJHOTO CHUTHaja B

1,51 paza.
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4 PEAJIM3AIIUA PE3YJIBTATOB PABOTBI

4.1 Pa3paboTka mporpaMMHOI0 KOMILIEKCA 3alIUThI KPaHa OT

ONMMPOKUAbIBAHUSA

Ha ycnemmHyro 3KCIulyaTalMio KpaHOB BIMSET HE TOJBKO 3alUTa OT
IpeebHbBIX HAarpy30K, HO M YNPaBJICHHE TOYHOCTBIO M OBICTPOACHCTBHEM
TOPMO3HOW CHCTEMBI, KOTOPOE€ BO MHOI'OM OIPENEISAETCS CTEINEHBIO OLEHKH
IPY30BbIX XapaKTEPUCTUK MEXaHU3Ma MObEMA KpaHa.

VYmpasiswoniee  BO3JCUCTBHE HAa  MPOLECC  ONPOKUABIBAHHUS  KpaHa
obecnieunBaeT  3(PPEKTUBHOE  CHIKEHHWE  JUHAMHYECKOM  IMOTPEIIHOCTH
OTPaHUYUTENS TPY30MOABEMHOCTH, @ TAKXKE JOCTATOYHOE OBICTPOJEUCTBHE, UTO
IIPENOTBpAIACT OMACHBIE JUI KpaHa MEperpy3ku. B cBOI0 ouepenb CHUKEHUE
JUHAMHYECKON TOTIPEIIHOCTH OTPaHUYUTENS] T'PY30HOJIBEMHOCTH CIIOCOOCTBYET
YMEHBUIEHUIO KOJIEOaHUI B KPAHOBOM CHCTEME.

KosdpduimenT auHAMHUYHOCTH ONpEAeseT IMOrPEHIHOCTh OrpaHUYUTENs
IPy30IO0AbEMHOCTH. [TorpemHocThb OTrpaHUYMTEIIS IpPy30I0ABEMHOCTH
CKJIQJIBIBACTCS W3 CTATUYECKOW W JUHAMHUYECKOM. J[MHaAMWYecKass MOrpelIHOCTb
COCTABJISIET OCHOBHYIO JIOJIO TMOIPEIIHOCTH OrPaHUYUTENS] T'Py30I0JIbEMHOCTH.
[IpyunHON ee MOSIBICHUS SBJIAETCS BOZHUKHOBEHUE PA3IMYHBIX MAKCUMAJIbHBIX
JUHAMUYECKUX YCWJIMKA B KaHaTaX, KOTOpbBIE NEPENArOTCs Ha HMCIOJIHUTEIbHBIN

QJICMCHT OI'PaHUYIHNTCIIA. HOBTOMY JUHaAMH4YCCKasd IIOTPCIIHOCTD SHHH

orpaHu4uTesl  3aBUCUT OT COOTHOIICHHS MCEXKAY MAaKCHUMallbHbIM K, . H

MUHHUMAJIBHBIM K, . KOC—)(l)(l)I/IHI/IeHTaMI/I JUHaAMHU4YHOCTH. BBIp&)KCHH@ pIRIb |

OTIpeIeTICHUS TUHAMUYICCKON MTOTPEITHOCTH UMeeT BT ||

S — (KMaX B KMI/IH) (41)

JUH
(KMaXKMI/IH)

Koaddumment nuaamuanocTtu onpexaensercs mo Gopmyse /32/
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K, =1+ (1+—X), (4.2)

rae V — CKOpoCTb MojbeMa rpysa.

JIiHaMU4ecKast MOrpeIIHOCTh OIPAHUYUTEINS IPY30II0ABEMHOCTH BO3HUKAET

IIPU MOBEME TPYy3a C OCHOBAHMS B PA3JIMYHBIX YCIOBHIX NIOAXBAaTa. Y MEHBIICHUE

9TOM MOTPELIHOCTU JOCTUIAETCs C IOMOIUBI KOPPEKTUPYIOIIMX YCTPOWCTB Ha
OCHOBE COBPEMEHHBIX HH(POPMAIIMOHHBIX TEXHOJIOTUH.

[Ipu cpabaTblBaHMKM OTPAaHUYMTENS TPY30MOJIBEMHOCTH MOXKET HACTYIUTh

MPEAEIBbHOE COCTOSIHUE KPaHa B IByX BEPOATHBIX CIydasiX:
1) ycwine B kaHaTe OOJIbBIIE JOMYCTUMOTO (KaHAT MOXKET 000pBaThC);

2) W3rHOaroIIUii MOMEHT B CTpelie OOJbIIe JAOMYCTHMOTO (MOXKET pa3pyIIUThCS
KOHCTPYKIUS CTPEJIBI).

Hcxons 3 MoCTaBICHHBIX YCIIOBUM:

P <P ;M. <M (4.3)

rae Py, P, —pacuerHoe u 1onmycTuMO€E yCHJIME B KAHATE;
M., M, - pac4eTHBII U AOIIYCTUMBIN I'PY30BbIE MOMEHTHI.

OnpenensatoTcs pasperaromue (UId e 3anpeliaronie) HepaBeHCTBA:

P <P,;L-P <M (4.4)

rae L — BbuieT Kproka CTpesibl, KOTOPBIM ONpeaeseTcs Kak

L=L, -Cosa, (4.5)
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rac a — yroi HOI[’I)éMa CTpCIIbI,

L.— qutiHa CTpebl.

Pemiass coBMECTHO STHM HEpaBEHCTBA, MPOBEJCHA aBTOMATHYECKas OIEHKa
napameTpoB OrpaHUYMTeNIed TPY30MOJIBEMHOCTH M TMOJY4YeHbl 00JIacTu
JIOMYCTUMBIX 3HaUeHUH P 1 a.

Jl5ig ynpaBiieHus: TOPMO3HBIM TPOIIECCOM MU cpabaThIBAHUU OTPAHUYUTEIIS
Ipy30M0AbEMHOCTH MPUMEHSETCS] aBTOMAaTU3UPOBAHHBIN cTeH] (pucyHok 4.1) ¢
nporpaMMmHbIM KoMiiekcom GENIE.

[Tporpammusbiii  kommeke GENIE  comepUT MHOXECTBO BCTPOEHHBIX
GyHKIHOHATBHBIX ~ OJIOKOB M IpaUYeCKUX  DBJIEMEHTOB  OTOOpakeHUs,
MO3BOJIAIONINX CYIIECTBEHHO COKPAaTUTh 3aTpaThl Ha pa3pabOTKy MPOTrPaMMHOTO
o0ecriedyeHunss s CHUCTEM MPOMBIIIICHHOW aBTOMAaTH3allid, BKIIIOYAeT B ceOs
BCTPOEHHYIO CpeAy IpOrpaMMHUpPOBAaHUS Ha SI3bIKE CLICHAPUEB, COBMECTUMOM C
Visual Basic mist npmnosxennii (VBA).

[IpoekTupoBaHHe CHUCTEMBI YIOPABJICHHS MPUBOJAOM OT OTPaAaHUUMUTENS
IPy30MOAbEMHOCTH IyTEM BBIOOPKUA OJHOM (M3 3alI0KEHHBIX B mamath [I9BM
IpOrpaMM) TPY30BON XapaKTEPUCTHUKU U BOCIIPOM3BOJUTCS HA SKpaHe MOHUTOPA B
BUJIC 3arpaJUTeIbHON (DYHKIIMH, T. €. 3aBUCUMOCTH MEXIY BBUIETOM W Maccou
rpy3a, TPU TPEBHIIICHUH KOTOPOH (OPMHUPYIOTCS BBIXOAHBIC KOMAaHJIbI
YIOPABJICHHS, BO3JCUCTBYIOIIME Ha AJIEKTPUUECKYI0 CXEMYy MPHUBOJIa MEXaHH3Ma
noxbema. MH@opmanus o mpoTeKarolux Ipoleccax oToOpakaeTcs Ha 3KpaHe

nucruies: B iu(poBoM U rpapuuecKoM BUJIE.
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Pucynok 4.1 — ®yHKIMOHAIBHAS CXeMa MPOrPaMMHOI0 KOMILJIEKCa

[ToMmuMO TpaguIIMOHHBIX CPENICTB co3nanus uurepdeiica oneparopa, GENIE
BKJIIOUAET B ce0s1 BCTPOCHHYIO CpEIy MPOTrPaMMHUPOBAHMS Ha SI3bIKE CIICHAPUEB,
coBMectiMoM ¢ Visual Basic mas mpunoxkenuit (VBA). Jlna obecrnedeHus
UJICHTUYHOCTH MeToloB mporpammuposanus ¢ Microsoft Visual Basic (VB) u
Visual Basic ms npuioxkenuit (VBA) B cucreMy pa3pabOTKH ¥ UCTIOJIHUTEIBHYIO
cpeny GENIE BcTpoena cpema mporpaMMupoBaHus Basic-ciieHapueB (QUpMbI
SUMMIT. VkazanHas cpega MNOporpaMMHUpPOBaHUs 3HAUUTEIBHO OOJIeryaeT

MPOIIECC pean3aIii CIOKHBIX aJTOPUTMOB 00pabOTKH U aHanu3a AaHbix. Kpome
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TOro, naHHas cpcaa ABJIICTCA MOIIHBIM M YHHUBCPCAJIBHBIM CPOKOM aJiallTaliuu

NaKeTa K TpeOOBaHUSAM MPUKIIATHON 3a/1a4u.

OKHO TporpamMMmbl YIpaBJiI€HHUs] TOPMO3HOM CHCTEMBbI IPUBEICH Ha PUCYHKE
4.2.  Tloka3zaHa »>JEKTpPOHHAs cXeMa  NPOrpaMMbl U peaakTop ¢opm
oroopaxkenus (Display Designer). B oxHe mnporpammbl (pucyHok 4.3)
MOSIBUJIUCH TIOJI3YHKOBBIE PETYJSTOPHI TPY30MOJBEMHOCTH M yIjla MOAbEMA
CTpeJbl, KOTOPbIE 3aMEHWJIM BHEUTHHE AAaTYUKUA. UTOOBI MpeaynpenTh JT0KHbIE
cpaOaThIBaHUs OTpPaHUYMTENI TIPU KPATKOBPEMEHHBIX IMEperpy3kax ObLIo
BBemeH 10 % 3amac B 00nacTh MOMYCTUMBIX 3HAYEHUH Harpy3ok. Takxum
oOpazom, mpu BXOXKJeHUH B 30HY 10 % npuOauxeHus NpeaeabHOro COCTOSIHUS

BKJIIOUYACTCS MPEIYIPEKAAIOMINN CUTHAII U MHIUKATOP Meperpy3ku (B %).

FE;EAdvantech VisiDAQ - [Task Designer: TASK1]

E\Ie Edit Setup  View Window Run Layout Help _1=21x]

EEEREEEREE

=
User Programmable Block

Tag: PRG? Description: |PRG2 |
Input Blocks: Operators: oK |
PRG1:PRG1:[Output 0] + -
TAG2:SPIN2:[Channel 0] - Cancel |
PRGA:PRG4:[Output 1] -

PRG4:PRGA4:[Output 2] ! Help |

% =~ -
Program: &I
=]

i MpuHATHME peweHrAa

it (p2>=-21) I

i

{f 3JammTa

rn=1;

gl=0:

nl=2:

k1=10:

B Ad|

e o

PRGZ2:PRG2 [Error Count:0

Pucynox 4.2 — ®opmupoBanue nporpaMMbl
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[Ei Advantech VisiDAQ - [Display Designer: KB-405-1A]

_\Ie Edit Setup View MWindow Eun Help == x|

5 [ e = = e 2

.OrpaHMqMTEHb PPYSOHOJJ%?MHOCTM e Kpal—l ‘ KB 4 O 5 :I-A

YTON NONFBEMA CTPeNbl, Tpam:: :
I'PYy=0N0OEEMHOCTE, T i .. ...

:?E—F6

75 ¢ OnMHA CTpenkl, M

. »
) 1 BrlneT CTPEJEl, W
55 1 :’746

© BrlcOTa MOABEMAa & @@l 1 il

s (SR Ycuave B Kadare 76 10 xH
2 ) 'm65 S
35 112
30 i MakCcuMMalEHaH 754
o 6 ¢ TPYSONOIBEEMHOCTE, T @0 37—4/—/P
" ; :Too SEEIRBIE -
15 a : i A T Tasela:

I'py30BOH MOMEHT 18757 KH*M:

7ED-I

Running normally |[Error Count:0

Pucynox 4.3— BxiroueHue npeaynpexaaroniero CurHaia

KpacHas u 3enénasi ammbl, pacroioKeHHbIe HaJl TpaduKaMu, YKa3bIBalOT
Ha pellleHre, TPUHITOE MPOrpaMMOii: pa3pelIuTh padoTy (TOPUT 3eIEHas JiaMIia),
3anpeTUTh PaboTy (TOPUT KpacHas Jiamra) U NpeaynpeauTh O BXOXKICHUN B 30HY
10% -oro npuOAMKEHUS TPENETLHOTO COCTOSHMS (racHyT o0e jammbl). JTa
uHpopmaruss mpoayOIMpoBaHa B BUJIC€ HAQAMNUCU HaJ JaMIlaMH, TaM ke

pacrioyiaraeTcsi HHIUKaTop Meperpy3ku (pucyHok 4.4).
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I Advantech VisiDAQ - [Display Designer: KE-405-14]

Eile Edit Setup ¥iew Window BRun Help _|EJ|L|

Tl EEE ElErE

ompemcameny Tpvaonemtmmormn| | KA b ‘ KE-405-1A

OmMHa CTPeNbl, M

15

14

13

§0 1 [ EEEEE ERERSEe
55 11
50 10
45
a
40
8
# SRR
q : .
30 . MaKRcMMalbHaH [
% 5 | DPY2ONONEEMHOCTE, T
0 ; 100
s . o

Running normally |Error Count:0

PucyHok 4.4 — BkiroueHrue WHIUKATOpa NEPErpy3Ku

brok-cxema maHHOW MpOTrpaMMBbI COCTOMT U3 TPEX TOUEK BBOJA BHEIIHEH
unpopmanmu  (SPIN1, SPIN2, NCTL1) - yrom momabéma  CTpebl,
Ipy30M0AbEMHOCTD, JUIMHA CTPEJbL, U TPEX OJOKOB MPOrpaMMHON 00pabOTKH 3TUX
nanubeix (PRG1, PRG2, PRG4). Tak kak B TaHHOW BEPCUU 32 OCHOBY Oblila B3fTa
mozenb kpana Kb-405-1A, To 11 COBMECTUMOCTH C APYTMMH THUIIAMU KPaHOB U
Ui ynoOCTBa HCMOIB30BAaHUS MPOTPAaMMBI BCE HEOOXOAMMBIE TEXHHUUECKHE

XapaKTEPUCTUKHU KpaHa BbIHeCeHbI B 0110k PRG4 (pucyHok 4.5).

64



"4 Advantech VisiDAQ - [Task Designer: TASK1]

=8 File Edit Setup View MWindow Run  Layout Help =1

A

fag User Programmable Block
SPINT Tag: PRGA Description: |PRG4 |
| user]
prog prc
FRGI F Input Blocks: Operators: 0K |
tag iy -
NCTLY N ﬂl
/ Help |
% b
tag | - Print |
SPINE Program:
// xapak TepUCTUKK KpaHa ﬂ

// BeenuTe mapky kpada (oo 10 cumeonoB)
51="Kb-405-1A";

// BeearTe MakcHMManbHBA MOMeHT B cTpene ml kH M
m1=1766;

// BeeanTe makcumManoHoe ycunme g kaHaTe pl kH
p1=98.1;

Kl

-
| »

PRG4:PRG4 |[Error Count:0

Pucynok 4.5 — Baecenne B 610k PRG4 TexHUYeCKO# XapaKTepUCTUKU KpaHa

B pesynbrare mNpoBENCHHOrO WCCIEAOBAaHUS OBUIM IPOAHATU3UPOBAHBI
AHAJIMNTUYECKUE 3aBUCHUMOCTH, OIUCHIBAIOIIME MOJEIb TIPYy30BOM YCTOMYHUBOCTHU
KpaHa W  IIOJYYECHBI XapaKTEPUCTUKH, ONPEACTAOIINE TOYHOCTh U

OBICTPOJICHCTBHE TOPMO3HOM CUCTEMbI MEXaHU3Ma MOAbEMA.

BoiBOABI

Pa3pabotan mporpaMMHBIN KOMIUJIEKC YIPaBICHUS TOYHOCTHIO PAOOTHI
TOPMO3HOM CHCTEMbI MEXaHU3Ma TOAbEMA IIyTEM AaBTOMATUYECKOW OLIEHKH
3arpaIMTEIbHON XapaKTEPUCTUKH OTPAHUUUTENST TPY30MOABEMHOCTH HA OCHOBE

matel aBroMatusanuu (PCL-818L) u mporpammuoro npoaykra VISIDAQ.
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1)

2)

3)

4)

3AKJIIOYEHHUE

['py30Basg yCcTOMYMBOCTH Tpy30MOJBEMHOTO KpaHa B OOJACTH T'PAaHUYHOTO
paBHOBECHA OOECIEYMBAECTCS PALMOHAIBHBIM COYETAHUEM JTUHAMUYECKHX
CBOMCTB MpPHUBOJA, MOJUCHACTa, METAIOKOHCTPYKIIMM CTPEIbl U BPEMEHHU
cpabaThIBaHUS TOPMO3HOU CUCTEMBI.

BbIsIBIIEHO BIIMSIHME 3a30pOB B IPHUBOJIE, JKECTOKOCTU CHCTEM MOJUCIACTA
Ha aMIUIMTYJHO—YAaCTOTHYIO XapaKTEpUCTUKY MEXaHu3Ma IoJbema, a
Tak)Ke BIUSHUE JAUCCUTIATUBHOTO KO3(PPUIIMEHTAa pacCeMBaHUs YHEPTHH HA
KoJsie0aTeNbHBIH Mpoliecc KpaHa.

Pa3paboTana Meroamnka pacyeTa TPpaHUYHOI'O COCTOSIHUSI KpaHa C y4eTOM
TOYHOCTH pabOThl MPHUBOJOB B IIYCKO-TOPMO3HBIX pEXUMaxX, a TaKxKe
OTpabOTKH 3arpaJuTeabHON XapaKTEePUCTUKHU OTpaHUYUTENS
Ipy30M0ABbEMHOCTH, YCTAHABIMBAIOIIECH B3aMMOCBS3b pa3pellaromero (1iu
3alpeliaollero) HEpPaBeHCTBA, PACYETHOIO M JIOMYCTUMOTO YCHIIUS B
KaHare.

Pa3paboTan mnporpaMMHBIA KOMIUJIEKC YINpPaBICHUS TOYHOCTHIO pPabOThI
TOPMO3HOW CHCTEMBI MEXaHU3Ma MOJbEMA ITyTEM aBTOMATHYECKOM OLICHKU
3arpaJIMTeNIbHON XapaKTEPUCTUKU OrPAHUYUTENST TPYy30HNOJABEMHOCTH Ha

ocHoBe maTtel aBromatusanuu (PCL-818L) m mporpamMmmHOro mnpomykra

VISIDAQ.
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HNPUJIOKEHHUE A

MNEPEYEHb YCJIOBHBIX OFO3HAUYEHU

M; — MOMEHT, yAEep>KUBAIOIIMI KpaH OT OMPOKHUABIBAHHUS OTHOCHUTEIBHO pedpa
ONPOKUIBbIBAHNUS,

M3 — ONpPOKUABIBAIONIMI MOMEHT OT JEHCTBUS MHEPLIMOHHBIX CHJI, LIEHTPOOEKHON
CWJIBI IIPY BPAILICHUH KpPaHa, OT IEWCTBUS BETPA.

G — Bec kpaHa;

B — PacCTOSIHME OT LEHTpPA TSHKECTU OAIIEHHOTo KpaHa JI0 pedpa ONMpOKUAbIBAHMUS;
a,; — KOOpAWHATA LIEHTPA TSHKECTH KpaHa Mo TOPU30HTAIIH;

h. — paccTosiHUE OT TOJIOBKH pelibca JI0 MEHTPa TSHKECTH KpaHa,

0L — YroJI HaKJIOHa MECTHOCTH;

M, — MOMEHT yJiep>KUBalOIMii OallleHHBI KpaH OT ONPOKUJIBIBAHUS B CTOPOHY
MIPOTUBOBECA;

M;, — BETpOBOI OMTPOKKIBIBAIIMA MOMEHT MpU HEPAOOUYEM COCTOSTHUU KpaHa;

P2 — PaccTOSHHE OT JMHUU ACHCTBUS BETpa IO IOJIOBKH peiibca, IPU HepaboueM
COCTOSIHUU KpaHa;

Fxar Fun Fey Frpy Fe — II0OIIann noaBeTpeHHBIX NOBEPXHOCTEN KpaHa;

W, — naBnenue BeTpa Ha AIEMEHTHI KpaHa;

Serp — YCHIIHE B CTPENIONOIBEMHOM IIOJIHCIIACTE;

S’ — cocraBinsronIas OT Beca rpy3a U Kproka;

S" — cocTaBmstomas OT Beca CTPEJIbI,

Kyax, Ky — MAKCUMAJIBHBIA U MUHUMAaIbHBIN KOA(DPUIIUEHTH TUHAMUYHOCTH;

C — KecTKOCTh BUOpPOTaCUTEIICH;

X — cKaTue;

N — MmokasaTesib CTENCHM, 3aBUCAIIUM OT KOHCTPYKIMU BuOporacurtens;, N, —
YCUJIME HAYaJIbHOM 3aTSKKH;

A=D,/tqo

3am’
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P — BelMuyMHA, 3aBUCAIIAS OT MOMEHTAa MHEpPUUU KpaHa OTHOCUTEIBHO OCH
ONPOKUJILIBAHUS U OT €€ MaCChI;

t — Tekyiee Bpems;

D — BenmuuuHa, 3aBUCSIIAsS OT JUHAMUYCCKUX MApaMETPOB KpaHa M BO3MYIICHHM,
COOOMIAONINX KpaHy ONMPOKUJIBIBAIOIIEE JBUKECHUE;

To— KHHETHYECKAs SHEPTHUS IBUKCHUS CTPEIIBI,

Go— BecC CTpeIhl,

Y — paccTOsIHUE OT MSTHI 10 IIEHTPA TSXKECTU CTPEJIbI,

Qo— yroJt HaKJIOHA CTPEIIBI K BEPTUKAJIIH,

Q1 — yroJ moBOpOTa CTPEJIbI PU CHATUU HATPY3KH;

| — MOMEHT WHEPITUH CTPEITbI OTHOCUTEIIBHO TISITHI,

V — cKOpOCTh NOAbEMA TPY3a;

m;, — Macca Irpy3a 1 rpy303axBaTHOTO OpraHa;

M, — IpUBEACHHAs Macca BPAIIalONIMXCs 4YacTeW NPUBOJA;
A — 3a30pBI B MEXAHU3ME;

C — k03 pULKEHT ynpyrocTy KaHara,

Xr, X, — IEPEMELIECHUE I'Py3a U pOTOpa IIPUBOJA;

F3; — n30bITOUHAS CHJIa MEXaHU3MA;

P — ycunue nogwsema;

Q — rpy30m0ABEMHOCTb;

M, — Macca KpaHa;

M, — Macca rpys3a;

C — JK€CTOKOCTb MObEMHBIX KaHATOB,;

X — TIepeMeIIeHUEe Ipy3a;

g(t) — cunycoua;

[1+W (S)] — KOMIUTEKCHOE YHCIIO ;

Co, C1, C2, «.., Cyy - KOO PUIIUESHTBHI OITHUOOK;

P, P, —pacueTHOE ¥ 1OIIyCTUMOE yCUIIUE B KaHATE;

M., M, — pacueTHBIN U JOIYCTUMBIN I'Py30BbIE MOMEHTBI.
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L — BBIIET KpIOKa CTPEJIbl, KOTOPHIN ONMPENEISIETCS KaKk
0L — yroJl NoibEMa CTpEbl,

L.— mirHa CTpebl.
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[MPUJIOXEHUE
YK 624. 432. 1
I'anosn A.K.
MopaenupoBaHue yCTOHYHBOCTH OAIIEHHOT0 KpaHa
Hay4yHblil pyKOBOAMTEIb — J-P TexXH. HAYK Emeabsinos P.T.

Cubupckuii ghedepanvruiii ynusepcumem, 2. Kpacnosapck

JAns MopenupoBaHUs TMOBEACHUS JIUHAMHYECKHX CHCTEM, K KOTOPBIM
OTHOCATCA, ¥ MOABEM I'py3a KpaHoM, ucnonb3ytorcss IBM. CymectByer 0onbioe
KOJIMYECTBO QJITOPUTMUYECKUX SI3BIKOB, Ha KOTOPBIX MOXET OBITh BBIMOJHEHO
pereHue 3agayr. BeiOOp TOro Wium MHOTO SI3bIKA MPOTPAMMUPOBAHUS 3aBUCUT OT
MHOTUX  ycioBud. YacTto  pemarouryr0  pojiab  OKa3blBaeT  ya00CTBO
MPOrpaMMHUPOBAaHUS, HATUYUE MPOBEPEHHBIX MATEMATUYECKUX METOJOB, JIETKOCTh
MPEICTABIICHUS PE3YyJIbTATOB MOJAEIUpOoBaHus. TakuMu 0COOCHHOCTSIMU 00J1a1aeT
nmaketr MATLAB, coaepxamuii B CBOEM COCTaBE€ HMHCTPYMEHT BHU3YaJIbHOIO
MoaenupoBanusg SIMULINK [1].

SIMULINK coudeTaeTr B ceOe HariIsiIHOCThL aHAJIOIOBBLIX MAIIUH U TOYHOCTD
udpoBeix BeryucautenbHbix MamuH. SIMULINK oOecrieunBaer mosib30BaTENIO
JIOCTYIT KO BCeM BO3MOXHOCTSIM makera MATLAB, B ToM uwmcie K OONbIIONH
OMOJIMOTEeKE YHUCICHHBIX METOA0B .J[J1s MccienoBaHusi OCHOBHBIX JUHAMHUUYECKUX
napamMeTpoB MEXaHHW3Ma MOJbeMa  MOJENb C JBYMSI CTENEHSIMH CBOOOJbBI, B
KOTOPOM JIBE€ MacChl CBSI3aHbl YIPYTUMH U JIUCCUNIATUBHBIMU CBSI3SIMU (PUCYHOK
1). Takas Mojenb ONHCHIBAET BEPTUKAIbHBIE KOJCOAHUS TIPU YCKOPEHHOM
noaxsarte rpysa [2].

YpaBHeHus JIBIKCHUS CUCTEMBI oe3 ydera KECTKOCTH

METaJUIOKOHCTPYKITUHU CTPEIIbI OMUCHIBAIOTCS MU depeHITnaTbHBIMUA YPaBHEHUSIMU

dx? 1

= =—= (—¢(x.—x.)—-m
d = CSx) m9)
dx?

S k() + (¢, —x,) M g~ P)
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Mopens onucanHnas B cpeae SIMULINK npuBegeHa Ha pucyHke 2.

IIpeoOpa3oBaB ypaBHEHHs YEPE3 BTOPYIO IPOU3BOIHYIO, TOIYYHM

=) +e(x) -m g - ).
KECTKOCTh TIPUBO]IA ¢, = 2600 kH/m;
MIpUBEICHHAs Macca NpUBOa m,; = 1000 KT,
Macca rpysa m; = 8000 KT;
’KECTKOCTh KaHaTa ¢, = 7000 kH/m;
neMIipupoBaHue MPHUBOJIA b, =90 kH c/Mm;

Jlist HaOnrofieHus 3a MpolleccaMy B MOJIENM YCTaHOBUM "ociwuiorpad” -
omox Scope, oOo3HaueHHBIN "[lepemewenus”, st OTOOpaXKEHUS HW3MEHEHUS
MEPEMEHHBIX BO BpPEMEHHU. Pe3ylnbTaThl MOJEIUPOBAHUSA IMPEIACTABICHBI B

rpaguueckom Buze (puc. 2).

e ol
Fei

Clock &ain n Derivative

¥ v

D]+
* 1 1
+ s s
B Gain Integratar Inte gratard

netsum2

¥y

netsumd o2 netsums  Gaing Integrator2 Integratora

Puc. 1- Mopens, onucannas B cpene SIMULINK

CLOCK — Bpemsi; GAIN — ycunurens; Fcn — ¢pynakius; DERIVATIVE —
muddepenuuarop; SCOPE — ocuiunnorpad; NETSUM — cymmarop;
INTEGRATOR — unrerpatop.
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Puc. 2 - AMInuTyAHO-4aCcTOTHAs XapaKTEPUCTUKA Mpoliecca
Cnucok aureparypsl
1. EmenbsinoB P.T.  VYmpaBieHue AMHAMUYECKMMU CBOMCTBAMH CHCTEM
Oe3omacHocTH  rpy3onogbemMHoro obopynoanuss /P.T. EmenbsHOB.
HoBocubupck: HI'Y, 2002. 149c.
2. EmenssnoB P.T.  ABTOMaTu3upOBaHHBIA CTEHI i1 HACTPOWKHU
orpaHu4MTeNieldl rpy3onoabeMHocTd KpaHoB. / P.T. EwmenbsnoB, A. IL

[Ipokonbes, Typeimesa E. C.
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