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PACYHET COBUPAEMOCTH IBYXITAPAMETPUYECKHUX
NPEIM3NOHHbBIX COEJUHEHUWMU 1P MEXKI'PYIIIIOBOU
B3AUMO3AMEHSEMOCTH JIETAJIEHA

CaBuueB A.B. (kagh. AIIll, Borel' TV, 2. Boaeoepad, Poccus)

[Ipeunsnonnoii c6opke u3aenuii 00YyCIOBICHHOW TOYHOCTH OOBIYHO TPEIIIECTBYET
BbIOOp COOpPOYHOrO KOMIUIEKTa AeTaneil. [y 3Toro compsiraemble MOBEPXHOCTH IOJIBEPra-
I0TCA pa3MEPHOMY KOHTPOJIIO M JETaJM PACKJIaJbIBAlOTCS Ha BPEMEHHOE XPAaHEHHE B COOT-
BETCTBUU C IPUCBAMBAEMbIMU UM HOMEPAMHM pa3MepHBIX rpymnil. M3BecTHO, 4TO B pe3yibTare
MOTPEIIHOCTEH U3MEPUTENBHBIX CPEACTB HEKOTOPOE KOJIMYECTBO JAeTaneil oOpa3yer Tak Ha-
3BIBAEMBIIl BHYTPUTPYNIOBOW Opak. M3 Takux neraneir MOTyT coOMpaThes U3AENHsS HE COOT-
BETCTBYIOIIME TpeOyeMoi TouHocTU. [loMmumo 3TOT0, pa3ieseHue UCXOIHBIX MapTHHl AeTanieil
Ha TPYNIbl IPUBOJUT K 0Opa30BaHMIO HE3aBEPILEHHOI'O MPOU3BOJICTBA, TO €CTh HEKOTOPOTO
KOJIMYECTBA JIeTaJIel, ocTalommxcsi 0e3 MapHBIX JeTalleil COOTBETCTBYIOUIMX HOMEPOB pas-
MEpPHBIX TPYIIIL.

Jnst TOCTHKEHHUs] BRICOKMX 3HAYEHUI COOMPaeMOCTH MCTIOJB3YIOTCS pa3IMIHbIE CIOCO-
OBl pa3MepHOTO OoTOOpa AeTaneil B cOOpodHble KOMIUIEKTHL. OrieHKa uX 3((HEKTUBHOCTH ¢
TOYKHM 3PEHUSI KOJIMYECTBEHHBIX IOKa3aTeJIed Ha OCHOBE aHAJIW3a CTOXACTHMYECKON MOJENn
NPEIU3HOHHOTO M3/ENUs TO3BOJIMIA YCTaHOBUTh, YTO Hambosiee 3(PPEKTHBHBIM CIIOCOOOM
JOCTH)KEHHUST MAaKCUMAaJIbHON COOMPAeMOCTH SBJISIETCSl yCTAHOBIICHUE ONPE/ICNICHHON CTETeHN
B3aMMO3aMEHSIEMOCTH TPYTII JeTaleil B COSANHEHHH HAa OCHOBE COOPKH C MEXIPYIIOBON
B3alMO3aMEHSIEMOCTHIO.

Jl1s cOOpKM ¢ MEXTPYNINOBON B3aMMO3aMEHSEMOCTbIO U3BECTEH pacueT cOOMPaeMOCTH
Ipu COOpPKE 3JIEMEHTAPHBIX NPELU3UOHHBIX IAp, TOYHOCTh KOTOPBIX OIpPEAEseTcs OJHOU
TPEX3BEHHOM pa3MepHOIl 1enblo (Hanpumep, Bay-oTBepcTue). OH MO3BOIMI TaKXe paccuu-
ThIBaThb COOMPAEMOCTh 00JI€€ CII0KHOTO H3JENHsI, TOYHOCTh KOTOPOIO OIpEAesseTcss He-
CKOJIbKMMHU TOCJE0BAaTEIbHO 00pa3yeMbIMU TPEX3BEHHBIMHU Pa3MEPHBIMU LIETIIMU, OJIHAKO,
JUIS CITydaeB, KOrJa U3/elIue HE COJEPKUT MHOTOIIApaMETPUIECKUX COEUHEHUH, TO €CTh OJI-
HOBPEMEHHO 00pa3yloluX ABe U 0ojiee TPEX3BEHHbIE pa3MepHble Lenu. B Hacrosmei Hayy-
HOU paboTe paccMaTpUBAETCs MCIIOJB30BAHUE METOJ]a MEKIPYIIIOBON B3aUMO3aMEHSIEMOCTH
NPUMEHUTENBHO K COOpKE CIIOKHBIX MPELUU3UOHHBIX U3ENUil, B COCTaBE KOTOPBIX MMEETCS
JBYyXIIapaMETPUUECKOE COEIUHEHUE.

Taxoil y3en B BUjE, HAlIpUMEp, 3JEMEHTA PEAyKTOpa COJEPKUT YEThIPE AETAIH: KOp-
MyC, BaJl, JIEBBIA W TpaBbIil MOMMMNHUKA. JJi1 Hero oOpa3oBaHHE COOPOYHOTO KOMILJICKTA
NPOU3BOJUTCS B TPU 3Tama: HAa ABYX MEPBBIX BBIMOJHAETCS [0AO0Op AETaleil Mo 0AHOMY Ma-
paMeTpy M Ha TpeTbeM — IO JABYM IapamerpaMm oJHOBpeMeHHO. [logbupaemas Ha TpeTbeM
JTane AeTajb Kak Obl 3aMbIKaeT cOOpPOYHYIO Lienb. Takas cxema coXpaHsieTcs B JIIOOOM Ciy-
yae, HE3aBUCUMO OT BBIOPAHHOI MOCIEN0BATEIBHOCTH 0TOOpa JeTanell B COOPOUHBIM KOM-
TUIEKT.

CroxacTrueckas MOJEJb ABYyXIapaMeTPUIECKOTO NPELU3UOHHOTO COETUHEHUSI CTPOUT-
Cs Ha OCHOBE PACIPENEIICHUS CIy4YalHbIX BEJIMYMH Ha IUIOCKOCTH. I'€OMeTpHYecKOW MHTEp-
npeTanueil cToXacTUYecKo MoJeny KOMIUIEKTOBAHHUS JIBYXINapaMEeTPUYECKOTO TMPEIU3HOH-
HOTO COEIUHEHHUS SBIISAIOTCS HAJOXKEHHbIE JPYT Ha JApyra HOpMaJbHbIE pacHpeesieHUs] Ha
wiockocTH (puc. 1). Ilocne HOopMupoBaHUs pacrpeneNeHni, XapaKTePU3YIOIUX OTKIOHEHUS
pasMepoB CONPATacMbIX IOBEPXHOCTEN y MOJIIUIHKUKA A1 U B> , TO €CTh IIPU G4y = Gp, = 1,
0J/IHO HOpMAaJIbHOE paclpe/iesieHUe Ha IJIOCKOCTU OyAeT KPYTrOBBIM a BTOPOE AILIMIITHYECKUM
cocamu £ 4 u 1/E3.

CxemMa 00pa3oBaHUsl HE3aBEPLICHHOTO MPOMU3BO/ICTBA, BO3ZHUKAIOLIETO MPHU pPa3MEPHOM
nox0ope MOJIIMITHIKA Ha 3aBEpIIAIOLIEM dTale NPEeUU3UOHHOW COOPKU MOKET OBITh Mpea-
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Puc. 1. Teomerpuueckass MHTEpHpETALUs] CTOXACTUUYECKOW MOJEIH JBYX-
[apaMeTPUIECKOr0 NMPEUU3NOHHOTO COCITMHEHUS.

CTaBJICHa B BHJI€ B3aMMHOIO PACMOJIOKEHUS €IMHUYHBIX OKPYXKHOCTH U 3JumIca (puc. 2) B
KOOpJMHATAX PACCESIHUS Pa3MEpPOB COMPSATAEMBIX MOBEPXHOCTEM.

Ha s10ii cxeMe moka3aHo, 4YTO BEJIMYMHA OTHOCUTEIHLHOW COOMpPaeMOCTH IByXIIapaMeT-
PUYECKOM MPEU3UOHHOM Mapkl OyI€T COOTBETCTBOBATH IUIONIA/IA, B3AUMHO MEPEKPHITON OK-
PY’KHOCTBIO U 3JUIMIICOM paccesiHus, a 00beM HE3aBEPILIEHHOI'O MPOU3BOJICTBA BEIUYHHOM,
COOTBETCTBEHHO, B3aUMHO HE TEPEKPHITHIX IUiomaaei. [lomoxurensupiii 3¢ dekT oT npume-
HEHHUSI MEXIPYNNOBOW B3aMMO3aMEHSIEMOCTH BO3HHUKAET 3a CUET CIIBUIA JIMHEWMHOTO pacrpe-
JIEJICHUsL pa3MEPOB OJJTHOM COIPAracMOM NMOBEPXHOCTH OTHOCUTEIIBLHO PACIIPEACIICHUS pa3Me-
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Puc. 2. 'eomerpuyeckass MHTEpIpETALUsI MATEMAaTHYECKON MO cOOU-
PaeMOCTH ABYXIIapaMETPUUECKOTO MPELU3UOHHOTO COETUHEHMUS.
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CPaBHEHMIO ¢ TpeOyeMbIM Uil CeNeKTUBHON cOopku. Tak kak mpu cOopke ¢ MEXIPYHIOBOI
B3aMMO3aMEHAEMOCTBIO JIByXIIapaMETPUUECKOTO MPELU3HOHHOTO COCTUHEHUS] aHAJIOTHYHBIN
CABHT OyJIeT UMETh MECTO OJHOBPEMEHHO MO 0OOMM MapameTpam, TO EHTP eIUHUIHON OK-
PYXKHOCTH OyJeT pacnojaratbCsi BHYTPH MPSIMOYTOJILHOM 30HBI co ctopoHaMu [TA[(1-1/A ),
ITAy(1-1/Ap) (cM. puc. 2). [Ipudgem eciu BBIOOP COOPOYHBIX KOMIUIEKTOB JeTajei OyaeT or-
TUMH3HPOBAHHBIM, TO (PaKTHYECKU IIEHTP OKPYKHOCTH OYyJIE€T CKaHUPOBATh IO €r0 BHEITHEMY
KOHTYpy. Torna oGmnacTh, XapakTepusyomas BEpOsSTHOE OTKIOHEHHE JIBYX HapaMeTpoB Oy-
JIET ONMCHIBATHCS IUIONIA/IbIO, OTPAHUYCHHOM TyraMH YeThIpeX €IWHHYHBIX OKPY)KHOCTEH,
COEMHEHHBIMH KacaTeIIbHBIMU 110 BHEITHEMY KOHTYPY.

[IpousBeneHHbIN U1 CpaBHEHHUST KOHKPETHBIN pacyeT MoKasal, 4To MpH cOOpKe y3ia
YCTaHOBKH Bajia B KOPILyC€ Ha NOAIIMITHUKAX KaYEHUsI METOIOM I'PYIIIOBOM B3aUMO3aMEHsIe-
MOCTH HE3aBEPILIEHHOE NPOU3BOJCTBO cocTaBisieT 21%. A mpu paclIMpeHuM YCIOBHM MEX-
IpyIIOBOM B3aM0O3aMEHIEMOCTH yXke B 1,5 pa3a mpu Tex e yclIoBUsAX cOOPKHU HE3aBEPILIECH-
HO€ NPOU3BOJCTBO cOCTaBUT 3%. [laypHeliliee yBeIuueHNEe B3aUMO3aMEHsIEMOCTH TPy Je-
TaJiell B COCIMHEHUSX TT03BOJISIET B ellle OOJIbIIel CTeTIeHN COKPATUTh 00beM HE3aBEPILICHHO-
ro NPOU3BOJCTBA, @ B HEKOTOPBIX CIydyasX U HE JOMyCTUThb €ro MOsBICHHE. AHAJIOTUYHBIN
pe3yJIbTaT MOATBEPKAEH UMUTALIMOHHBIM MOJIEIMPOBAHUEM.

Takum 00pa3om, croxacTudeckass MOJENb ABYXIIapaMETPUUYECKOTO MPELU3UOHHOTO CO-
€IMHCHMsI, OCHOBaHHAs Ha B3aMMHOM DPAacCMOTPEHHUM BEPOSTHOCTHBIX PACIPENCIICHUN Ha
TUIOCKOCTH M MX XapaKTepUCTHK B BHJE €AMHUYHBIX OKPYKHOCTH M 3JUTHIICA, OOBEKTHUBHA.
CrenaHHO€ MpPENAIOIOKEHNE O CMELIEHUM LIEHTPAa €AMHUYHOM OKPY)KHOCTH JI€HCTBUTEIILHO
MOKAa3bIBAET U3MEHEHUE YCJIOBHM KOMILJIEKTOBAHUS MPHU cOOPKE ¢ MEKIPYNIOBON B3anMO3a-
MEHSIEMOCTbIO, U JIeaeT JOCTYNHBIM pacueT KOJIMYECTBEHHBIX IOKa3aTesield coOupaeMocTu
napTuil AeTajneid npu U3MEHsEMBIX YCIOBHSIX 0TOOpa JeTasiell B COOpOUYHbIE KOMILIEKThI. JDTO
MO3BOJISIET aHAJIM3UPOBATh U HA CTaJUM pa3padOTKU YCTAHABIMBATH ONTUMAJIbHBIE YCIOBHS
cOOpKH NPELN3UOHHON NPOAYKIMH Pa3TUUHON KOHCTPYKTUBHOM CIIOKHOCTH.

TeMm caMbIM NPOU3BOAUTENH NPELU3MOHHOW MPOAYKLUMHU IOIY4YaeT JIOIOJIHHUTEIbHYO
BO3MOXHOCTh I'dpPAHTUPOBATh Ka4€CTBO BBIITYCKAEMbIX M3JEJIUU IIPU MHUHUMAJIBHO BO3MOXK-
HOM UX CTOMMOCTH, TO €CTh IOBBICUTh CTAOMJIBHOCTD pEAIM3allMi CBOEH NPOIYyKLIUH B yCIIO-
BUSAX KOHKYPEHILIUU.

Cnucok autepatypbl: 1. Kecosiu A. I'., Pabunosuu JI. H. PanmoHansHbIi anroputm
ABTOMATH3UPOBAHHOTO KOMITJICKTOBAHHS TPEIU3UOHHBIX JeTalied. //ABTOMATH3AIMS TEXHO-
JIOTUYECKUX MPOIECCOB B MAIIMHOCTPOEHUHN: MexBy3. ¢0. Hayd. Tp. — Boar['TY, Bonrorpan,
1997, C. 73-78. 2. PabunoBuu JI. A., Kecosit A. I'. COopKa CIIOKHBIX MPEIU3UOHHBIX y3JI0B
NPY MHOTOBAPHMAHTHBIX CXEMaxX aBTOMATH3UPOBAHHOTO KOMIUICKTOBAHUS //ABTOMATH3AIMSI
TEXHOJIOTHYECKHUX TMPOIECCOB B MAIMHOCTpOCHUU: MexBy3. ¢6. Hayd. Tp. — Boir['TY, Bon-
rorpan, 1994, C. 138-145. 3. Pabunosuyu JI. A. UccnenoBanue mporeccoB U 000CHOBaHUE
CXEM aBTOMATHYECKOTO BhIOOpa COOPOYHBIX KOMIUICKTOB JI€TaNiel MPEIU3UOHHBIX WU3/IEIIUA
//ABTOMaTH3AIMS TEXHOJIOTHYECKUX MPOIECCOB B MAIIMHOCTPOEHUN: MexBy3. cO. Hayd. Tp.
— BoarI'TY, Boarorpan, 1991, C. 34-45.
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PA3PABOTKA KUHEMA TUYECKON MOJEJIN ®YHKIIMOHUPOBAHIS CBOPOU-
HOI'O MOJYJISI

CnuBa A.A., OabxoBckas 0.0. (kagp. TM, /JonHTY, 2. /loneyk, Yxkpauna)

CoOopka — o0pa3oBaHUE pPa3bEMHBIX WU HEPA3bEMHBIX COCTUHEHHIA COCTABHBIX YaCTeH
netamu uim u3aenus. Coopounbie paboThl ABISIOTCS 3aKIIOYUTEIBHBIM 3TAIIOM B IIPOU3BO/I-
CTBEHHOM IIpOLIECCe, HA KOTOPOM U3 OTJENBHBIX JeTajel U y3JI0B COOMPAIOT TOTOBBIC U3/e-
musi. KauecTBO cOOpKM 3HAUUTENBHO BIMSAET HA SKCILTyaTal[MOHHBIC KaueCTBa MAIIMHBL, Ha €€
HaJIS)KHOCTD U JIOJITOBEYHOCTh. COOpOUYHBIE paOOTHI BHIIOJIHIIOT B COOPOYHBIX OTJCICHUAX U
1exax 3aBoJ0B. MecTo U opraHu3aiysi COOpOYHBIX pabOT ONpeeseTCs XapaKTepOM BhIITyC-
KaeMbIX U3[I€HH, TEXHOJIOTHIECKUM MPOIIECCOM, 00BeMOM mpou3BoacTBa [1].Bumnbsr cOopku
KJIACCU(PUIUPYIOTCS IO CIICTYOIAM OCHOBHBIM MPHU3HAKAM [2]: EJIOCTHOCTh COCTMHEHUIA,
MOJIBMKHOCTH COCTaBHBIX YacTel, (hopMe COnmpATraeMbIX MOBEPXHOCTEN, METO Ty 00pa30BaHuUs
COCTMHEHHUS.

B mMaccoBOM M KpynHOCEpUITHOM MPOU3BOJACTBE COOpPKA 4acTO MPOW3BOJIUTCS Ha aB-

7 TOMAaTUYECKUX JIMHUSX, B TOM YHCIIE

¥ Ha poTOpHBIX. PaccMoTpum cOop-

| Ky JUI HECKOJBKHUX BHJIOB COEIIMHE-

HHUI: COEAMHEHHWE I0 LWIMHApPUYE-

CKOM TOBEPXHOCTH, COEIMHEHHUE TIO

| | IUVIOCKMM TTOBEPXHOCTSM, pe3b00BOE

z f 4 2 x 2 COE/IMHEHHE, LUTMIEBOE COEIHMHE-

ﬂn? X nue. Kak wmsBectHo [3], ABukEeHUE

G | Vy NpeMETOB NpU COOpPKE B TEXHOJIO-

y X a THYECKOM MOJIyJIé MOXHO OIHMCATh

MHOXecTBOM  pynkumid.  Kaxmas

| GyHKIUS  SBISETCS  MPSIMOJIMHEH-

Y b HBIM JBIDKEHHEM WIW BpAaIlCHUEM

OTHOCHTEIIFHO OCH B JEKapTOBOU

cucteme koopauHat (puc. 1).Jlms

HAIJSITHOTO  TMPENCTABIICHUS  WH-

dbopmanmy  pe3yJIbTaThl  aHAM3a
CBEJICHBI B TAOIMIIEI 1.

[Ipoanam3upoBaB NPUBEACHHBIE B TAOIHUIE CXEMBI U ()OPMYJIBI MOKHO COCTaBUTh
000011eHHBIE (POPMYJIBI, OTIMCHIBAIOIINE 3aKOHBI JABIKECHHS COOMPAEMbIX €IMHUIL IS pa3-
JMYHBIX BUIOB COOPKHU.

Jnst cOopku pe3bOOBBIX COENMHEHUHN 3aKOH JBH)KCHHUS COOMPAEMBIX €IMHUIl HMEET

Puc. 1. DnemenTapHbie NBUXEHUSA
B cOOPOYHOM MOJIyJIE

BUI:
Fp =fa(t)/\vful(t)/\fo(t)/\vfxl(t)7

rae f,(t), f,,(¢)- 3aKOH IpsAIMOTO U 0OPATHOTO BPAILATENLHOTO JIBUKEHHS, OTHOCHTEIIBHO OCH
OX;

f.(0), f,(t)- 3aKOH NPSIMOJIMHEHHOTO IBM)KEHHUS, COBIAAAIOIIEr0 U HECOBINAJAIOIIETO C
HanpasieHuem ocu OX.
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Tabmmma 1. Pe3yabraTsl KHHEMAaTHYECKOTO aHAJIM3a HEKOTOPBIX CXeM COOpKH,

HCIIOJIB3YEMBIX B POTOPHBIX JIMHUAX
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Jlis cOOpKM COeNMHEHMH MO IUIMHIPUYECKON MOBEPXHOCTH 3aKOH JIBUKEHHUS COOU-

paeMbIX €IMHHI] UMEET BUI:

rae f,(t), f,,(¢) - 3aKOH IPsAIMOTO M 0OPAaTHOTO BPAIATEIbHOTO ABHKECHHS, OTHOCUTEIBHO OCH

0OZ;

F,=1.@OAVIA@OAVSHE AV (D),
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f.(@), f.,(t) - 3akOH TPSAMOJIMHEWHOTO JBIKCHHS, COBIAIAIONIEI0 U HECOBMAJAIOIIETO C
HanpasieHueMm ocu OZ.
Jlnst cOOpPKY COETMHEHHMI T10 TJIOCKOM TIOBEPXHOCTH 3aKOH JIBHIKCHHUS COOMPAEMBbIX
SIMHUL] UMECT BH/I:

E, = LOANVLOAVEO AV [0

it cOOpKM NUIMIEBBIX COCJIMHEHHA 3aKOH JIBIKCHUS COOMPAEMBIX CIUHUI] HMEET
BUJ:

EF, =f.OAvf,)AV], ().

O4eBUIHBIM CTAaHOBUTHCSA, YTO (DYHKUMS IBWOKEHHS JIIOOOW M3 COOMpaeMbIX
€JIMHHUL] B IPOCTPAHCTBE MOKET OBITH ONUCAaHA MOCPEACTBAM CIIEIYIOLIETO BBIPAKECHUSA:

= [ AV O AV L0 ANV L () AN L0 AN L) AV
AV Lo O AN Lo (O AN L0 AN L0 AN L) AV (D)

Wckmoyas Te WM MHBIE COCTABISAIOIINE B JAHHOM BBIPAKEHUM MOKHO IOJIy4YHUTh Ya-
CTHBIE (POPMYJIBI JBIDKCHUH JI000# M3 coOMpaeMbIX eIWHMIl B Tpoliecce COOPKH, KOTOpbIE
ObutH TIoSTy4ueHsl paHee. O01Iee BrIpakeHHEe KMHEMAaTHKH (YyHKIIMOHUPOBAHMS OJIOKAa TEXHO-
JIOTHYECKOI'0 BO3JICUCTBUS UMEET BUJI:

O=F O)VF,OVF,OVE,@)..0nF@)),

rae F,(¢) - 3aKOH ABMKEHHs COOMpPaeMbIX €AMHHUIL IS i-TO BUJA COOPKU.

TakuM 00pa3oM, MoJTydyeHa YHUBEpCAIbHAs KHHEMaTHYeCcKass MOIeb (YHKIIMOHHUPOBA-
HUS COOPOYHOTO MOAYJISI, MO3BOJISIONIAS TOJMYYUTh KMHEMATHKY IBVO)KEHHS Ui JFOOOW 13
coOupaeMbIx eauHUI. VICIIONB30BaHKUE TOYYEHHOW MOJEIH MOYKET OOJErduTh M YCKOPHUTH
NpoIeCcC MPOEKTUPOBAHMS POTOPHOTO 00OPYJOBaHMS U pa3pabOTKU MPUHIUIAAIBHO HOBBIX
CXeM COOPKU M3/IENNH.

Cnucok aurepatypsi: 1. Eropos ML.IO. u np. TexHonorus mMamuHocTpoeHus. Yueo-
HUK U1 BTY30B. M., «Bbicmi. mkoma», 1976. — 534 ¢. 2. Mynenek K.f5. ABromarmu3arms c60-
pouHbIX nporeccoB. — JI.: Mammnoctpoenue. 1969. — 108 c. 3.Umenko A.JI. Pa3paboTka me-
TOJIOB CTPYKTYPHOTO U MTAPAMETPUIECKOTO CHHTE3a TEXHOJOTHYECKIX CUCTEM HETPEePHIBHOTO
JeUcTBUS i1 COOPOYHBIX MporeccoB: ABToped. nuc. kaHa. TexH. Hayk. Jlonenk. — 1998,
Ar'TY
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NCHO/J1b30BAHUE BUBPOIUATHOCTUKHN HACOCOB
HNEPEMEHHOMU IMTPOM3BOAUTEJIBHOCTHU PYJIEBBIX MAIIINH

Crosin CJL. (kagh. TCM, YI'MTY, e. Huxonaes,. Yxpauna)

JUis  CynOBBIX MallMH M  MEXaHU3MOB IPEAYCMOTPEHHAa CHUCTEMa  IIAHO-
IpelyIpUINTEILHOTO PEMOHTA, KOTJja arperar 1o JOCTHKEHHUIO perjJaMeHTHpPOBaHHON Hapa-
OOTKHM 3aMEeHseTCsl HOBBIM WM pa3Oupaercs 1 AedekTauun U peMonTta. OIHaKO MpakTHKa
MIOKA3bIBAET, UTO IUIAHOBBIM PEMOHT, HA3HAUYEHHBIN, UCXO0/1Sl U3 YCPEIHEHHBIX JTaHHBIX, HE UC-
KJIFOYAeT OTKA30B U HE SKOHOMHUYEH, TaK KaK B PEMOHT OTIPABIAETCS 3HAUYUTEIILHOE YHUCIIO
MEXaHU3MOB C HEJIOMUCNOoIb30BaHHbIM Ha 20-40% pecypcoM. DTO BBI3BIBACTCS pa3IUuYHbIMU
YCIIOBUSIMH COOPKHM M MOHTa)ka, YPOBHEM TEXHHUYECKOTO OOCIYXHBAaHUS U JIPYTUMHU (HaKTO-
pamu. B TO ke BpeMst ONBIT AKCIUTyaTalluy, HaIlpUMEp, HACOCOB NMEPEMEHON MPOU3BOAUTEIb-
Hoctu (HIIIT) pyneBbIX MalivMH MOKa3bIBaeT, 9YTO HEOOXOJMMOCTh UX PEMOHTA B OTIEIBHBIX
Cly4asx omnpeesieTcs 00CIy KUBAIOIIUM EPCOHATIOM “Ha CITyX .

[IpoGnema noBbIIIEHUS IKCIUTY TALMOHHOW HAJIEKHOCTH HACOCHBIX arperatoB pyJEBBIX
MAaIIMH B HACTOSAIEE BpeMs pelIaeTcs 10 MHOTUM HalpaBJICHUSIM: COBEPLICHCTBOBAHNE KOH-
CTPYKLIUH;

- Ha3HAYAIOTCS paIOHAIBHBIC METOJBI 00PAa0OTKH JIMMUTHPYIOMUX Tap 0e3 u3MeHe-
HUSI KOHCTPYKLUM y371a WK €r0 MaTepHalloB;

- IPUMEHSIOTCS METO bl Oe3pa300pHO TUAarHOCTUKH.

B nocnennem ciydae oOcimy)uBaHUE MO (PAKTUUECKOMY COCTOSTHHIO MOKET OKa3aThCs
HYKOHOMHUYECKH BBITOJIHBIM 32 CYET MOBBIIICHUS YPPEKTUBHOCTH HCIOIB30BAHUS HACOCHOTO
arperaTa, COKpaIeHHIO TIPOCTOEB, CBI3aHHBIX C MPO(UIAKTUKONW U PEMOHTOM, yBEINUYCHHEM
MEXPEMOHTHBIX CPOKOB.

K 4ucny nanbonee mepcreKTHBHBIX METOJ0B TEXHHUUYECKOW JTMArHOCTHKU OTHOCHUTCS
BUOpOAKyCTUYECKasl TUarHOCTHKA, TIO3BOJISIONIAsl (PUKCUPOBATH HE TOJIBKO MOBPEKIACHUS, HO
U UX HaKOIUJICHHE, YTO MOKET 00eCHeunTh HAJEKHYI0 IKCIUTyaTallMi0 HACOCHOIO arperara u
OTIPE/ICTNTH TOJHYIO BBIPAOOTKY €ro JeHCTBUTENBHOTO pecypca. M3MeHeHne BHOpOaKycCTH-
yeckux xapakTtepuctuk (BAX) saBnserca B OONBIIMHCTBE CIlydaeB CIEJICTBUEM M3HOCA MeXa-
HU3Ma U YBEJIMYEHHUEM 3a30pOB B Mapax TPEHMs, a YPOBEHb BUOpaALMM U IIyMa MOXHO pac-
MaTpHUBaTh KaK MHTErpajbHbIN MTOKA3aTeNb JUIsl OLEHKU COCTOSIHUS MexaHu3ma [1].

[lepBUYHBIM HMCTOYHUKOM HH(POpPMAIMHK, TO3BOJSIONIMM CyIUTh O BHOPAIMOHHBIX
CBOMCTBAxX arperara, siBJsII0TCS CIEKTPOrpaMMbl BUOpALUii, CHATBIE B XapaKTEPHBIX TOUKAX.

Jl711 BO3MOKHOCTH OIPEAETCHNUs TEXHUUECKOIO COCTOSIHUSI HACOCHOTO arperara ¢ Io-
MOIIIbI0O BHOPOAMATHOCTUKN OBUIM BBINIOJHEHBI MOMCKOBBIE HCCIIEAOBaHMS Ha JKCIUIyaTH-
PYIOLIUX Cyaax.

Lempto uccnenoBanmii OBIIIO BBISIBUTH WHPOPMATHBHBIE TOYKH, YCTAaHOBUTH HAJHIHE
XapaKTEPHBIX JUCKPETHBIX COCTABJSIOLIUX CHEKTPOrpaMM Ui Pa3HbIX Y3JI0B HACOCHOTO ar-
perara, OnpeAeauTb PeKUM JUarHOCTUPOBAHUS B CYJOBBIX YCIIOBHSIX.

B pesynbraTte aHanusza yciaoBuil paboThl pa3IMUHBIX y3J0B HACOCHOTO arperaTta U 3Kc-
NEPUMEHTAIILHON TPOBEPKU ObUIM OmpeAeneHbl 3 TOYKHM 3aMEpOB YpOBHEW BHOpaluu
(puc.1).

Orto Touku | W 2, B HampaBlIeHMU NMEPHNEHANKYJISIPHOM ONOPHONW MOBEPXHOCTU (OCh
OY) u Touka 3, Ha KOPIyce Hacoca B paloHE KavyarolIero y3ja B paJiialibHOM HaNpaBJICHUU -
ropusoHTasbHO (0och OX). B Hanpasnenuu ocu OZ AUCKPETHBIX COCTABISIONINX, COOTBETCT-
BYIOIIMX YaCTOTaM OCHOBHBIX Y3JIOB, 00HApyK€HO HE ObUT0. 3aMepbl BUOpAIHid OCYIIECTBIIS -
JIMCh OJHUM U TEM K€ KOMIUIEKTOM NEPEHOCHOM U3MepUTeIbHOM annaparypsl pupmsl “brosb
u Kbep”.
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Puc.1. Cxema pacroJio)keHus: TOUeK 3aMepa BUOpAIIUH.

DKCIEpUMEHTHI TPOBOJWINCH B CIIETYIOLIEH MOCIEI0BATEIBHOCTH. 3aMeEPSIIINCh 001N
YPOBEHb BHEIIHUX MoMeX ((oH), oOIIHe ypOBHH U CIEKTPBI BUOpAIMK HACOCHOTO arperara B
TPEThEOKTABHBIX MoJIocax yacToT B auanazone 20 - 31500 ['n Ha yCcTaHOBUBIIUXCS PEXUMAaXx
XOJIOCTOTO XOJIa ¥ [0 HArPY3Koii (mepextanka pyis +35°). YkasaHHas HOC/IE[0BATEIBHOCTD
NEPEXO0J0B MOBTOPSIACH ISl KaX/101 TOUKHU. 3aMepbl BUOpALMU OCYLIECTBIISINCH HA HACOCax
PYJIEBBIX MaIIMH KCIUTyaTHPYIOMIMXCS CYZOB y CTEHKH M Ha Xoxy. OOliiee KOJIM4ecTBO HC-
CJIETyeMBIX HACOCOB COCTABUJIO HECKOJIBKO JECATKOB, YTO 00ECTIEYMBANIO TOJTyUYSHHUE HAIEXK-
HBIX pe3yJibTaToB. HapaboTka HaCOCHBIX arperaToB Ha MOMEHT MPOBEACHHS SKCIIEPUMEHTOB
ObL1a pa3IMYHON U COOTBETCTBEHHO OHU HAXOJIWINCh B Pa3IMYHOM TEXHUUECKOM COCTOSHUU.

[To cnekTporpaMmam, MOCTPOECHHBIM I KaJKIOM TOUKH HA PEKUMAX XOJIOCTOTO X0/1a U
101 HArpy3KOM, ONpeesUINCh YPOBHU BUOpAIMK HA 4acTOTE CIEI0BAaHUS ITyHKepoB. Jlaee
METOJIOM HAaUMEHBIIMX KBaApaToB [2] ObuIM OmpeAeNieHbl 3aBUCUMOCTH YPOBHEH BHOpaIyu
Ha 4acCTOTE CJICJOBAHUS IUTYHXKEpOB 1, 2 1 3 OT HApaOOTKH.

JluneitHerit poct ypoBHs BuOpauuu Ha 10 1b u 6o7ee ¢ yBenndeHneM HapaOOTKH SIBIIS-
€TCsl HUYEM MHBIM, KaK peakiueil Ha MOCTENeHHOE U3MEHEHUE TEXHUYECKOTO COCTOSIHUS Ha-
coca, CBSI3aHHOTO C M3HOCOM IUTyH)KepHBIX map. OTcrozia ciieayer, 4yTo BUOPOCHUIHAJI Ha yac-
TOTE CJIEZOBAHUS IUTYHXEPOB IPU paboTe B PEKUME XOJOCTOTO XO0/1a MOKET OBITh JHAarHO-
CTUYECKUM NPU3HAKOM.

W3menenue ypoBHs BHOpany Hacoca Ha 4acTOTE CJIEIOBaHUS IUTyH)KEPOB SIBISETCS
CJIEZICTBHEM H3HOCAa 3TOW maphl. [loaTOMy ycTaHOBIIeHHE (YHKIHMOHAJIBHON 3aBHCHMOCTH
MEXJly YpPOBHEM BUOpALMU M 3a30pOM ISl IUTYHXKEPHOM Maphl sIBISETCS BAXKHOM 3ajadeit
NPAKTUYECKOTO JUATHOCTUPOBAHMS.

Hcnonp3ys naHHbIe 0OMEPOB HACOCOB, MOCTYMAIONIIMX B PEMOHT, U PE3yJIbTaThl 0OMe-
POB IIpU CTEHOBBIX UCIBITAHUSIX, OblIa yCTAHOBJIEHA 3aBUCUMOCTb CPEHETO 3a30pa B IUTYH-
JKEpHOM mape oT HapaOOTKH. 3aMep ypOBHEH BHOpaIMM 3KCIUTyaTHPYIOIIMXCS HACOCOB IO-
3BOJIMJI YCTAHOBUTHh MX 3aBUCHUMOCTb OT HapaOoTku. DyHKIMOHAIbHAs CBA3b IMOJIy4HJIAch
AQHAJIOTUYHOM 3aBUCUMOCTH CPEAHETO 3a30pa B IUTyH)KEPHOU Mape OT HapaOOTKH.

Cnucok sutepatypsl: 1. bopucos M. B., [1asnos U. A., [Toctaukos B. U. Yckopenunsie
UCTIBITaHKUS MAlllH Ha U3HOCOCTOMKOCTh KaK OCHOBA MOBBIIIEHUS UX KadectBa. — M.: U3n-Bo
cranaaptoB, 1976. — 352 c. 2. Maptun ®@. MojenupoBaHue Ha BBIYUCIUTEIHHBIX MalllHHAX.
[TepeBon ¢ anri. nox pen. Y. H. Kosanenko. — M.: M3a-Bo “CoBerckoe panuo™. 1972.- 288 c.
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YCOBEPIIEHCTBOBAHUE CUCTEMbBI IEPEMEIIEHUA U ITOT'PY30YHO-
TPAHCIIOPTUPYIOHIIEU CUCTEMbI IPOXOJYE CKOI'O KOMBAUWHA 1T'TIKC

Tapacenko B.A., Kpaiiceutnsiii C.B., Jamkyas B.W.
(xag. I'M, [JonHTY, 2. [Joneyx, Yrpauna)

OCHOBHBIM HaIpaBJICHUEM MEXaHU3AIMH TOPHOIMIPOXOIYECKUX PadOT HA TOPHBIX MPEI-
NpUATUSAX YKpaUHBI SBISETCS JalbHENIIee pa3BUTHE KOMOAHHOBOTO crioco0a MpoBeIeHUS
BBIPa0OTOK B3aMEH MEHEE MPOU3BOIUTEIHHOTO U MEHEe OE30MacHOTO — OYPOB3PHIBHOTO CIIO-
coba. Hapsimy ¢ 3TuM, Ha MHOTHX HIaxXTaX YK€ SKCIUTyaTHPYETCs JOCTATOYHO OOJBIION U
pazHooOpa3HbIi apK MPOXOAUECKON TeXHUKU. OHAKO TEXHUKO-IKOHOMMUYECKHE MTOKA3aTen
HKCIUTyaTaluu KOMOAHOB OCTAIOTCS IOKA HE JOCTATOYHO BBICOKMMHU, BCIIEICTBHE TEXHUYE-
CKOI'0 HECOBEPLIEHCTBA HEKOTOPBIX Y3JI0B U CUCTEM 3THUX MAIlIUH.

Tak, npuMeHEeHNE MPOXOAUYECKUX KOMOAHOB TIO3BOJISIET YBEITMYUTH CKOPOCTH IIPOBE-
JIeHUsI BBIpaOOTOK B 2-2,5 pa3a U CHU3UTh TEM CaMbIM CTOMMOCTb IIPOBEEHUSI TOATOTOBH-
TEJIFHBIX BBIPAOOTOK MO CPaBHEHMIO ¢ OyPOB3PBIBHBIM CIIOCOOOM UX npoBeaeHus. [Ipu aTom
MAaIIMHHOE BpeMs pabOThI MPOXOAYECKUX KOMOAHOB B CPEIHEM B J[BA pa3a MEHBIIIE, UEM Y
OYHCTHBIX MaIIUH. BCE 3TO CBUAETENBCTBYET O HEOOXOAMMOCTH TIOBBIIIEHHS UX HA/IE)KHOCTH
U, KaK CJIeZICTBUE, IPOU3BOAUTEIBHOCTH.

Oxcmryatanus komOaitHoB Tumna 1T'TIKC BeIsiBUIa psii KOHCTPYKTHBHBIX X HEJOCTaT-
KOB, HanOoJiee CylIECTBEHHBIMU U3 KOTOPBIX SABJISIOTCSA HU3KAsl HAJEKHOCTh CUCTEM Tepe-
MeIIeHus: KoMOaiiHa, NOorpy3KU U TPaHCTIOPTUPOBAHUS OTOUTOM TOPHOM MacCHhl.

OCHOBHBIMHU HEZOCTATKAMH MEXaHH3Ma IepeMEeIeHUs POXOAUYECKOTO KoMOaiiHa THIa
IT'TIKC aBnstoTCS CIIOKHOCTH KOHCTPYKIMU U OTHOCUTEIbHO HU3Kasl HAaJIe)KHOCTh €T0 3JIeK-
TPOMEXAHUYECKOT0 NPUBO/IA.

OTO 00yCIIOBJIEHO IOCTATOYHO CIIOKHOM KOHCTPYKIMEN penykropa [1], Hammuuem
00JBIIOT0 KOJIMUECTBA 3y0UaThIX Mepenady, KOHMIeCKO! rnepenadn, PpUKIHOHHBIX TUCKOB U
CJI0KHOM CUCTEMBI YIIPABJICHUS UMH, YTO CHIKAET HAJEKHOCTh U IKCILUTyaTallMOHHbIE CBOM-
ctBa MammHbl. Kom6aitn Tuma 1TTIKC umeer oOuwii peayKTop Uit MPHUBOIa 00EHX XOT0BBIX
TEJIKEK, YTO YCIOKHACT YIIpaBlIeHHE KOMOAtHOM 1 eTo o0ciy kuBanue. [IpuBoIHOM I1ek-
TPOJBHUTraTe b KOMOAiHa pacToI0KeH OJIM3KO K MOYBE, KOTOPas B PEAJbHBIX YCIOBUAX IKC-
IUTyaTalliy 3a4acTyo ObIBaeT, 0OBOJIHEHA, UYTO TAKXKE ABJIAETCSA MPUUMHOM BbIX0J1a ABUTATEIS
U3 CTPOSI M CHI)KEHUE KOd((UIeHTa TOTOBHOCTH KoMOaiiHa B iesoM. [Tomumo 3Toro msro-
TOBJICHUE U 3KCIUTyaTallis MeXaHu3Ma MepeMeIleHUs IPEICTaBIsIeT cOO0M JOCTaTOUHO
CJIOKHBIA M TOPOTOCTOSIIUN IPOLECC.

B xadecTBe 0JHOTO U3 Iy TeW YCTPaHEHUs 3TUX HEIOCTATKOB MOXKET OBITh MPEIOKEHA
3aMeHa AJIEKTPOIIPHUBOIA U PPUKIIMOHHBIX MEXAaHU3MOB yTIPABJICHHUS HA THIPABINIECKHN Ba-
puarop ckopoctu (puc. 1), coctosimmii U3 paauaibHO-TopiHeBoro ruapomoTtopa PIIT u
TPEXCTYINEHYATOTO peAyKTOpa KJIaCCUYECKO KOHCTpYKIMH. Takum oOpazoM, Xo0Bas Te-
JIeXKKa YCOBEPIICHCTBOBAHHOW KOHCTPYKIIMH OYIET COCTOSITH M3: CBAPHOM paMbl CO BCTPOCH-
HBIM B HE€ peayKTOpPOM U NPUBOJHOM 3Be30ukoi 311, paguanbHO-NOPIIHEBOTO IBYXPSIHOTO
TUJIPOMOTOPA, OTIOPHBIX KaTKOB, HATSIKHOIO KaTKa C MEXaHU3MOM HaTsKEHUS, TPEKOBOH 11e-
. B peaykTope X0/10BOH TEIEKKU TAKKE MPETYyCMOTPEHO CTOTIOPHOE TOPMO3HOE YCTPOUCT-
B0 TV, BBIIIOJIHEHHOE B BUJIE KYJIaYKOBOW My (PTbI, KOTOpast HAXOJUTCS B 3allCTJICHUHU 101
JeHCTBHEM IIPYKUHBI. PacTopmMakuBaHMe CTOIOPHOTO YCTPOMCTBA MPOUCXOAUT THpaBInde-
CK{ HETIOCPEACTBEHHO Mepe BKIIOUEHUEM THIPOMOTOPOB.

OnbIT AKCIUTyaTallMM OYUCTHBIX U MPOXOJYECKUMX KOMOANHOB MMOKAa3ajl, YTO UCTOJIb30-
BaHUE FUAPABINYECKOTO BApUATOPa CKOPOCTH B CUCTEMAaX MEPEMEIEHHUS TOPHBIX MaIIUH
obecreynBaeT Kak XOPOLIyI0 YIIPaBIIeMOCTb, TAK 1 HEOOXOUMbIE TSATOBbIE YCUINS, KOTO-
pbI€ OH MO3BOJISIET Pa3BUBATh Ha BHIXOJIHOM 3BEHE pabouero oprasa.
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Puc. 1. Kunemarudeckas cxema peyKTopa X0JI0BOH TeJIe:KKH KoMOaitHa

CrnenyommmMu MOAEpHU3HPYEMBIMU CUCTEMaMH MPOXOAYECKOTO KoMOaiiHa TUIa
ITTIKC sBIrOTCS CUCTEMBI IOTPY3KH OTOUTON TOPHON MAcChl M TPAHCTIOPTHPOBAHMUS €€ 3a
npeiebl MallliHbI.

B 6a30B0ii KOHCTpYKINH KOMOaitHa 00€ CUCTEMBI COBMEIIEHBI — IMEIOT OJIMH OOTIHiA
ANEKTPONPUBOJI. DTO KOHCTPYKTUBHOE PEIICHUE NMEET CYIIECTBEHHBIN HEIOCTATOK — IIUTa-
TeJb KOMOaiiHa MPUBOINTCS B JBUKECHUE OT OOBOIHOTO OapabaHa CKpeOKOBOT0 KoMOaiiHa,
BpallleHue KOTOPOMY COOOIIaeTCs MOCPEACTBOM Iienu Kouseiiepa [ 1]. [Ipu aTom 1ens oka3bl-
BAETCsl HArpY>KEHHOM JIOMOJIHUTENIBHO YCUIMAMU OT MPEO0I0JIEHNS CONPOTUBIIEHUS TIOTPY3KU
Hopo/ibl Ha KoHBelep. [loBbIlIeHHas HarpyKEHHOCTh LIENH CHUXKAET U 0€3 TOro HE BHICOKYIO
HaJIS)KHOCTB 3TOTO 3BEHA CUCTEMBI, YTO CKa3bIBACTCS HA HAJIG)KHOCTH BCETO KOMOaiiHa.

B xauecTBe ycTpaHeHHs 3TOTO HEJOCTATKA MOXKET OBITh PE/I0’KEHa KOHCTPY KLU TTH-
TaTelIs U KOHBeWepa ¢ pa3ienbHbIM IpuBoJoM (puc. 2 u 3). Kaxnas nana nuraresns ocHala-
€TCsl He3aBUCUMBIM TMAPAaBIMYECKUM IPUBOAOM. KpyTsammiit MOMeHT oT ruapomoTopoB PIIT
nepeaeTcsl Ha KpUBOIIMITBI KPUBOLIMITHO-pblyakHOTr0 MexanuzMa KPM nocpencrsom nByx-
CTYIIEHYATOIr'0 PEeIyKTOpa, pacojlo;KeHHOT0 BHyTpu Kopiryca KP. Peruar ogHuM KOHIIOM yc-
TAHOBJIEH B MOJIIUITHUKOBYIO OIIOPY, a BTOPbIM COE€UHEH C Janoi. Mcnonap3oBanue 11s
NPUBO/IA IUTATENS TUIPOMOTOPOB OoJiee 1esiecoo0pa3Ho BCiIeACTBHE OJIM30CTH 00BOTHEH-
HOU TIOYBBI BEIPAOOTKH.
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Puc. 2. Kunematuueckas cxema nuratesst kombaiina 1TTIKCy
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Puc. 3. Kunemarudeckas cxema cKpeOKOBOTO KOHBelepa

Be100op knHEMaTHUECKO# CXeMbI peAyKTOpa OCYIIECTBIICH U3 YCIOBUS 00ECTIeYeHNUS
TpeOyeMoil 4aCTOThI KauaHusl HarpeOarolyX Jiar, Ha KOTOPYIO HaK/IaJbIBaeTCs OIrpaHuuYEeHNE
10 (PPUKIMOHHOMY MUCKPEHUIO M JMHAMUYECKUM Harpy3kam. [ nepenaun KpyTSAIIero Mo-
MEHTa Ha HEOOX0AMMO€E PAaCCTOSIHUE B PEelyKTOpaxX UCIOJb30BaHbl TapasuTHble koseca KII.

[Tpumensiemblii Ha KoMOaiiHe CKPEOKOBBII KOHBEHEp CIPOEKTUPOBAH C UHIUBH LY AJTb-
HBIM 3JIEKTPOMEXaHUYECKUM JBY X IBUIATEIIbHBIM IIPUBOJJIOM, SHEPTH KOTOPOIO PACXOAYETCA
TOJIEKO Ha TPAHCIIOPTHPOBAHUE TOPHOI MACCHI OT MUTATEJIA 3a Mpeaesbl komOaiaa. [Tpu aTom
IIPEAJIaraeTcsi KOMIIOHOBKA PEyKTOPOB, KOTOPAsi O3BOJIAET PACIIONIOKUTh UX BMECTE C DJIEK-
TpoasuraresiMu D1 B0k cTaBa ckpeOkoBoro kouseliepa CK, 4To He MPUBOIUT K YBEIUYC-
HUIO TadapUTHBIX pa3MepoB KomOaiiHa. Takoe pacrnonoxeHue NpruBoa BO3MOKHO IIPH UC-
M0JIb30BaHUHM KOHMYECKOH 3yOuaToil nepenayu. it 3TOro UCHob30BaHbl KOHUYECKHE 3y0-
yaThle KOJIeCca C KPYTOBBIMU 3yObsIMU, MEHEE YyBCTBUTEIbHBIMU K TOUHOCTH UX B3aUMHOTO
PAaCIIOJIOKEHMS.

C nomo11bl0 BUHTOB, PAaCIOJIOKEHHbBIX Ha 33JHEH YacTH KOHBEIepa, MOYKHO IepeMe-
math npuBogHOU 6apaban [1b u perynmupoBats HaTsKeHUE ckpeOkoBoi nenu. s nemmndu-
pOBaHMsI JTMHAMUYECKUX HArpy30K B KOHCTPYKIMM MEXaHU3Ma HATS)KEHHU HUMEIOTCS JBE
NpPY>KUHBI.

Taxum o6pa3om, npeanaraeMble KOHCTPYKIMU CUCTEM MEPEMEIEHUS IPOXO0T4ECKOTO
koMoOaitna tuna 1I'TIKC, norpysku u TpaHCIOPTUPOBAHUSI OTOUTON TOPHON MaccChl pelaroT
JIOCTATOYHO aKTyaJbHBIE 3aJJa4y: TIOBBIIICHUE €r0 HAJICKHOCTH U Ka4eCTBA yIPABIIIEMOCTH,
MOBBIIIEHHE TIPOU3BOIUTEIILHOCTH TI0 OTTPY3KE OTOUTOM TOPHOI MacChl M CHIDKEHHE METall-
JIOEMKOCTH KOMOaifHa 3a cueT: 3aMeHbI ANEKTPUUECKOT0 MPUBO/IA XOA0BOM TEJIEKKU C (PpUK-
IIMOHHBIM O€CCTYIEHYAThIM YIIpaBJiIeHUEM Ha 0oJiee HaAeKHBIH MMIpaBIMYECKH BapuaTop
CKOPOCTH; pa3HECEHHUs PHUBOJIa CKPEOKOBOI'O KOHBEHEpa U MUTaTelsi KoMOaliHa; HCI0JIb30-
BAaHMA TMIPABIMYECKOTO IPHUBO/IA TUTATEISA; OBBIIIEHHUS MOIIHOCTH IPHUBOJ1a IOTPY3049HO-
TPAHCIOPTUPYIOIEH CUCTEMBI B LIEJIOM.

Cnucok gutepatypbi: 1. TomopkoB A.A. MamIMHUCT TOPHBIX BHIEMOYHBIX MAIUH —
M.: Henpa, 1991. - 334 c.
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HNUCCIEJOBAHUE TEMIIEPATYPHOI'O ITOJIA JETAJIU TP HVIM®OBAHUN
Tapex banu Xanu, UBuenko T.I'. (xag. TM, JonHTY, 2. [Jloneyx, Yrpauna)

®opmupoBaHUE TOBEPXHOCTHOTO CIIOS JETaJIeH B IPOIECCe UX MEXaHUUECKOH 00pa-
OOTKHM MPOUCXOUT O] BO3JIEHCTBUEM CWIOBBIX U TEMIIEPATypHBIX Harpy3ok. [Ipeacrasien-
Hast paboTa MOCBsIIEeHa OTPEACTICHUIO TEMIIEPAaTyPHOTO TOJISl B IIOBEPXHOCTHOM CJIO€ JI€TAIIN
npu NUTH(OBAHUN C UCTIOJIB30BAaHUEM OJHOTO U3 HanOOJIee pacpOCTPAHEHHBIX B TEIIO(DU-

3UKC aHAJIMTUYICCKUX MCTOJ0B pacucTa — METOJa UICTOYHHUKOB.
OCHOBHBIM UCTOYHHKOM TEIIOTHI npu

g UM OBAHUHM SIBIIICTCS 30HA 00PabOTKH, pa3-
MEpbI KOTOPOH CYIIIECTBEHHO MEHBIIIE pa3Me-
poB oOpabatsiBacMo eTanu. B cBsizu ¢ 3Tum
MPH CXEMATHU3AIUHA KOMITIOHEHTOB TEXHOJIOTH-
yeckoll cuctemsl (puc.l) nerans paccmaTpuBa
eTcs Kak moyry0eckoHeyHoe Teo. cTouHuK
TEIUTOTHI, BO3HUKAIONINI HA IOBEPXHOCTH 3a-
TOTOBKH B PE3yJIbTaTe B3aUMOICHCTBUS C HH-
CTPYMEHTOM, TIPEJICTABISIETCS OBICTPOIBHIKY-
IIAMCS TTOJIOCOBBIM. MOIITHOCTh UCTOYHHUKA
TETUIOTHI OTPEAEIISIETCS CKOPOCTBIO €ro Iepe-
Puc. 1. Cxemarusamusa KOMIIOHEHTOB TE€X- Melennst ¥ 1 cuitoif P, qeficTByomeii B Ha-
MPaBJICHU Y MIEPEMEIICHUS] NICTOYHUKA B 30HE
o6paboTku: W=PV.

Jous TemnoTel, NOoCTynaias B 1eTalib, paBHa [1]:

b* =1/ [1+1,18(/1u J2 W, V1 /(234 +1n(w,7/1?) } (1)

rne Ay, Ao, @y , @y — K0IHPUIMEHTHI TETUTONPOBOIHOCTH U TEMITEPATYPOIPOBOIHOCTH UH-
CTPYMEHTA U ICTAJI COOTBETCTBEHHO, T - BpeMsl ICHCTBUSI HCTOYHUKA, /[ — €ro JUINHA.

|~

T[1I0THOCTB TEIIOBOTO TIOTOKA, PABHOMEPHO PACHPENEIEHHOTO TI0 TLIomake F KonTak-
Ta HHCTPYMEHTA C JIeTalbio: q = b"PV /F.

TemnepaTypHoe 1oJjie B AETaIH Ui OJ0COBOI0 OBICTPOABMKYIIETOCS HCTOYHHUKA OIH-
CHIBAETCSl aHATMTUYECKUM BhIpaKEHUEM [2]:

g O, £ dx, Vy? o)

@ ) = A E
(x y) ZEaW!).,/x—xu P 4a)a(x—xu)

rae x, — abciycca UMIyJibca TEIJIOTHI; X, Y — adcIycca U OpJuHaTa TOUKH, Il KOTOPOH pac-

CUMTBIBAETCS TEMITEpaTypa.
Jnst iicciieI0BaHuUs TEMIIEPATyPHOTO TIOJIS B IETAIH I[EIeCO00pa3HO MePEeTH K Oe3pas-

MepHbIM BemmanHaM (v = x/1; y, =x, /l; v = y/l) 1 HCIIONB30BATH BBIPAXKCHHE

l 1
® -1 T 3
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rae Pe=Vl/w, - xpurepuii Ilexne; T (t//,v) - Oe3pa3MepHOe pacrpeielieHHe TeEMIIepaTyp:

T (y.v)

:%?f(v/u)dv/u exp| - F¢ v

0 V¥V VY,

— 4

rie f(y,) - 3aKOH pacnipe/esieHus MIOTHOCTH TEMIIOBOTO NOTOKA.

i

Puc. 2. Be3pasmepHoe pacnpenesieHue TeM-
nepaTtyp B IMOBEPXHOCTHOM CJIO€ JIE€TajIH
npu (G oBaHAN

4
Al o

P

joo 200200

0.3+
100

0.2

01 300

A200-400
100 300500

(A

1 2

EX,_M.'M

Puc. 3. TemneparypHoe moje B TO-
BEPXHOCTHOM CJIO€ JIETAIN MPHU MIIH-
dboBanun

[Ipu numdoBaHUM MIOTHOCTH pacrpeserne-
HHS TEIUIOBOTO TOTOKA HMMEET PaBHOMEP-
HBI 3aKOH pacmpeneieHuss ¢ (QyHKImen
f (l//u)ZI. s aToro ciydast Ge3paszmep-

HOE pacIpeielieHHe TeMIIepaTyp B MOBEPX-
HOCTHOM CJIO€ JI€Talil TPEACTaBICHO Ha
puc.2

[IpencraBneHHsI Tpad UK CBUIEC-
TEJILCTBYIOT O TOM, UTO TEMIIEpaTypa Io
Ty OMHE TIOBEPXHOCTH JIOCTATOYHO OBICTPO
yObIBaeT, mpuuem yxe mnpu v=0,2 craHo-
BUTHCA MPAKTUIECKH paBHOH 0. ITO MOXKET
OBITH OOBSICHEHO TEM, YTO AJIs1 OBICTPO/IBU-
KYIIMXCS] ICTOYHUKOB MTOBEPXHOCTHBIN
CJIOH 3aTrOTOBKH MPOTPEBAETCS JINIIH HA He-
3HAYHUTENbHYIO TITyOHHY.

bespasmepnas temneparypa T (l//,v)
uMeeT HauOobiee 3Hauenue 7. =1 npu

w=1 u v=0.

PacueTsl (dakTHueckux TeMmmeparyp
npv NUTMQOBAHUY BBITIOJHSIIMCH IS CIie-
IYIOIUX PEKUMOB OOpabOTKU: CKOPOCTh
pe3anus V,,, = 30m/c, mogada s = 16 Mmm/00,
riryouna pesanust ¢ = 0,01 mMm; cuna pesa-
Hus coctaisina P= 100 H.

TemmepaTypHOe TIOJie B TIOBEPXHOCT-
HOM CJIO€ JICTaJIH NMpH NUTMGOBAHUH Ha YKa-
3aHHBIX peXUMax 00pabOTKU NPEICTaBICHO
Ha puc. 3. MakcuManbpHOE 3HaYEHUE TEMIIe-
parypsl Oy, = 915°C.

Ha ocHoBaHMM npemyioxKEeHHONW METO-
UKW pacyeTa TEeMIIepaTyp B IOBEPXHOCT-
HOM CJIO€ JIETa I NP NITU(POBAHIH MOXKET
OBITH OTPEAETICHO pAaCIpe/ielieHue TeMIIe-
patyp, Kak 10 TIOBEPXHOCTH JICTaH, TaK U
o e¢ TIyOWHEe MPU Pa3IMYHBIX YCIOBHIX
00paboTKH.

Cnucok sutepartypsi: 1. PesnukoB A.H. Teriodusuka nponeccoB MeXaHn4eckoi 00-
paboTku matepuanoB. - M.: Mamunoctpoenue, 1981. - 279c. 2. PesnukoB A.H., Pesnukor
JILA. TemioBbie MPOIECCHI B TEXHOJOTUYECKUX cUCTeMax. - M.: MamuHocTtpoenue, 1990. —

288c.
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YNCJITEHHO-AHAJTUTUYE CKOE MOJEJINPOBAHUE KAYEHUA TUCKA
IO I'NTAAKOU I'OPU30HTAJIBHOMU INIOCKOCTHU C IOMOIBIO
IMAKETA CUMBOJIbHBIX BBIYUCJIEHA MAPLE 6

HIanoBanosB P.I'., Priounckas T.A., Kunnaes WU.IL
(kagh. Mexanuxu, TPTY, e. Taecaupoe, Poccus)

[Tonyuenue u perieHre ypaBHEHU N IBUKECHUS CII0KHBIX MEXaHUYECKUX CUCTEM CBA3a-
HO C IIPOBECHHEM OO0JIBIIOTO 00beMa BRIYUCICHUH 10 H3BECTHBIM aJIrOpuT™MaM. BeimosHe-
HUE BBIYMCICHUN BPYYHYIO TPYIOEMKO, COIPSKEHO CO 3HAYUTEIbHBIMA BPEMEHHBIMU 3aTpa-
TaMH U HE TAPaHTUPOBAHO OT oIHMOOK. COKpaTUTh BpeMsi OPMUPOBAHKS YPABHEHHIA IBHIKE-
HHS MO>KHO, IPUMEHHUB Ha dTarne ux (opMUpoOBaHUS CPEACTBA KOMIBIOTEPHOM anreOphl.

IIycTb 0IHOPOHBIN KPYTOBOM JUCK IBUXKETCS B IOJIE TAKECTH, KacasiCh OJHONW TOYKOU
CBOETO Kpas HEMOJBIKHON abCOMOTHO TNaakoi miockocTd. OTHeceM JBHKEHHE K HETOJ-
BIKHOU cucTteMe koopauHat OXYZ ¢ HayaloM KOOpPAMHAT B HEKOTOPOW TOUKE OMOPHOU
IUIOCKOCTH, ochb OZ HampaBUM BepTHKajlbHO BBepx (puc. 1). BBenem cucreMy koopauHaT
GXYZ, Hauano KOTOPOM HaXOAMTCS B LIEHTPE MAacC AMCKA, & OCH NapaJulebHbl COOTBETCT-
BYIOILIUM OCSIM HEIOJBHKHOM cucTeMbl kKoopauHaT OXYZ, m *EeCTKO CBSA3aHHYIO C JUCKOM
cucreMy koopauHar Gxyz, ocbk Gz KOTOPOH NEPIIEHINKYJIIPHA INIOCKOCTH JUCKA.

Puc. 1. Kauenne nucka mo abCOIOTHO TIIAAKOM MIIOCKOCTH

W3BecTHO, 4TO JUCK Ha a0COJIIOTHO TJIaJKOM MOBEPXHOCTH SIBJISIETCS FOJIOHOMHOW Me-
XaHUYECKOW CHCTEMOM, MMEIOIEH TSTh CTeneHel cBoOoabl. B kauecTBe 0000IIEHHBIX KOOP-
JUHAT IpUMEM TpH yria Diinepa vy, 6, ¢ u 1Be KOOpAHUHATHI X, ¥ TPOEKIMHU LIEHTPa TAKECTH
JIMCKa Ha OMOPHYIO IJIOCKOCTh B cucteme OXYZ. TpeTbst KOOpAUHATA Z LIEHTPa TAKECTH OII-
penensieTcsl Kak pacCTosiHUE ero 10 onopHoi# wiockoctu OXY. U3 puc. 1 BuaHO, 94TO z=psinb,
TAe p — paguyc JIHACKa.
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Kunernueckast 7' u noteHuuanbHas [1 sHeprun katsimierocsi 1ucka OmnpeessitoTcs B bl-
paKEHUSIMU

T=%m(5c2 ;2 +z‘2)+%(pr2 +J,q% +J.r"), Ti=mgpsind,

2 1
I7le m — Macca JICKa; g — yCKOpeHue cBoboHoro najnenus; J, =J, =Zmp , J, =5mp —

MOMEHTBI MHEPLMH JIMCKA OTHOCHUTENIBHO TJIABHBIX LIEHTPAIbHBIX ocel unepuuun Gx, Gy, Gz;
P> q, ¥ — IPOEKIMH YIVIOBOM CKOPOCTH JIUCKA ( HA OTH OCH, BEJIMYUHBI KOTOPBIX 3aJaI0TCA
KMHEMAaTUYECKUMH ypaBHEHUAMHU Dilniepa:

p=ysinOsinp+0cosp; g =ysinBcosp—0cos@; r=\ycosO+¢.

Benem 0003HaueHMs1 0000IIEHHBIX KOOPAWHAT ¢1=0, ¢2=0, ¢3=V, ¢4=X, ¢s=y U 0000-
mieHHbIX cui Q; [ 1], onpeaensemMbiX coryiacCHO paBeHCTBaM

I1
0 = —a—, i=1,2,3,4,5.

oq;

VYpaBuenus Jlarpanxka BTOpOTo pojia, OMHUCHIBAIOIINE JTBUKEHUE MEXAHUYECKOU CHUCTE-

MBI, UMEIOT BU [1]:
Apdr) or o il,.mn, (1)
dt\ dg; | 0q;

/1€ 1 — YMCJI0 00OOIIEHHBIX KOOPAUHAT.
VYuutbiBas, 4to Z =0pcosO, noxydaem BbIpakeHHE KUHETUYECKOM SHEPTHH B BUIIC

1 1 1 . 1 . .
T = Em(qf + q'52 )+§mp2q'12 (1 +4cos’ q, )+§mp2q'32 sin’ q, +Zmp2 (q3 Cosq; + 4, )2 )
Q1=—mgpcosqi, r=03=04=05=0.

OHYCKaSI MPOMCKYTOYHBIC BBIYHUCIICHUA, UMECM

d(dT | 2 2.2 .
— | —|==m 1+4cos —2m cosq, sing, ;
dt(dqu 4 p ‘]1( %) P q q,814q,

d|( dT 1 e .
=—mp (‘]3+Q2_%Q3 Sln(]l);

de\dg, ) 2

d{dl | 1 5. 2 1 .

—| = |=-m 1+cos +—m cosq, — 2
dt(d%j p o @) 4P 7420084, 2)

1 .. 1,
—Empquqz sing, —Emr)qu% sing, cosq,;
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di\dg, ) 2" di\dgs ) 2"

_ 2.2 . 1 2.2 . _1 2. . . . .
=—mp ¢, SIng, COsq, +Zmp q3 S g, €08 ¢, Emp 43(q; cosq, +q,)sing;

dar
dq
dldT dT dT _
dq, _d% _d% _d% B

)
0.

[MoacraBum pasenctsa (2, 3) B ypaBuenue (1). [Tocie npuBeaeHns mogo0HBIX YJICHOB U
COKpallleH!s] 00enX yacTel paBEHCTBA HA MOCTOSIHHBIE COMHOXKHTEIH, ITOTy4YaeM:

q, (1 +4cos’ q, )— 4q12 sing, cosq; + q32 sing, cosq, +2q,q,sinq, = —?gcos q;

g, + G5 co8q, —q,q;singq, =0;
qs (1+C052 ‘]1)+ 2G4, c0sq, —2¢,q, sinq, —2¢,4; sing, cosgq; =0,
G4 =0; gs =0.

B 1aHHBIX ypaBHEHHUSX MO/ICTAaBUM BBIPaKEHUST 000OIIEHHBIX KOOPAMHAT:

6(1 +4cos? 9)— 467 sin®cos O +\r* sin Ocos O+ 2¢\sin O = —4—gcos€);
p

-+ cosO—0ysin0 =0; 4)
\'|'/<1 +cos’ 9)+ 2{pcos0—20¢sin 0 — 20\ sin Ocos 0 = 0;
X=0; y=0.

[Tomyuennsie ypaBaenus (4) u Oy yT ONMCHIBATH YpaBHEHUE ABMKEHUS TUCKA TIO TIIa-
KOW TOPHU30HTAIILHOW IIOCKOCTH.

C noMOIIBIO TTaKeTa aHATMTHYECKUX BBIYUCICHUN Maple 6 ObUTH BBITIOTHEHBI BCE ATa-
bl aBTOMATHU3UPOBAHHOTO (OPMHPOBaHUs cHcTeMbl ypaBHeHu# Jlarpamka. Kpowme storo,
BBIBEJICHHbBIE BBIPAKECHHS ObUIM 3alIpOrpaMMMpPOBaHbI CpeACcTBaMU si3bika DopTpaH, UCHOIb-
3ysl BO3MOXHOCTb ITakeTa Maple 6 reHepupoBaHus pe3ysbTaTOB aHAIUTUYECKUX MIPeodpaso-
BaHUil B BUJE ¢pparmMeHTa nporpamMmbl. UMCIEHHBIN pacuyeT NpOoU3BOIWICSA C IIOMOIIBIO CTaH-

JApTHOW TIOATPOTPAMMBI PEIICHUS] CUCTEM OOBIKHOBEHHBIX (] hepeHIMaIbHbIX ypaBHEHHI
RKGS [2].

Cnucok autepatypsbl: 1. Tapr C.M. KpaTkuii Kypc TeopeTHueckoil MeXaHuku: Yueo.
171t BTy30B. — 10-e u3n., mepepad. u gomn. — M.: Beicur. mik., 1986. — 416 c., un. 2. CoOopHUK
HayuHbIX nporpamm Ha @OPTPAHE. Ilep ¢ anrmn., Boimn. 1. — M.: Cratuctuka, 1974, 316 c.
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JTUHAMWYECKHWI KOD®®UIUEHT OJTHOMA CCOBBIX
CHUCTEM TIPH YJAPE

leBuenko @.J1., bopucos . H. (xagpeopa CM, /JonHTY, 2. Joneyx, Yrpauna)

OObI4HO B yueOHHKAX 110 COTMPOTUBIICHUIO MaTepUaioB (OpMyJia JUHAMHYECKOTO KO-
s uLMeHTa BHIBOAUTCS YHEPIETUUECKUM METOJOM W3 PaBEHCTBA KMHETUYECKOW HHEPTHU
yaapa v MOTeHIUAIBHON dHepruu aedopmaiun [1]. IIpu 3ToM oroBapuBaroTcs TOMYIIECHHS O
CIpaBeIIMBOCTH 3aKoHa ['yka mpu yaape u JImHelHOTo HapacTanus aedopmanuii. Kpome To-
ro, aKUEHTUPYETCs BHUMAHUE HAa COXPAHEHMM 3HAYEHMs] MOJYJI yHPYTOCTH IIPU BECbMa
OOJBIIMX CKOPOCTAX 3arpyeHusi; 4To Ko3(PUIMEHT KECTKOCTH OCTAETCsl TAaKUM K€, KaK B
cratuke. Bce 3Tu qomyiieHus, HECMOTPSI Ha TIOMBITKA aBTOPOB YYEOHHKOB yOEIUTh YUTATE-
Js1 B UX JOCTOBEPHOCTH, OCTAIOTCA COMHUTENIBHBIMU. Y TBEPKAAETCA, UTO CUILY yJlapa HEBO3-
MOYHO BBIYUCIIUTH B BUJIE CHJIbI MHEPIIMH, TaK KaK HEJb3sl HAWTH YCKOPEHHUS, HENb3s BBIYHUC-
JMTH TIPOJOJDKUATENHLHOCTS yaapa. [Ipu BeiBoe Gpopmyibl nuHaMudeckoro kosdduimenra e
YUHUTBIBAETCS Macca, COCPEIOTOUCHHAsI HA YIIPYTO# cucteMe. AHalu3 MOJy4YeHHOH pOopMyJIbI
gyrcTo (opManbHbIi. OH TPOU3BOAMTCS IMyTEM OTOPACHIBAHUS HEKOTOPBIX COCTABIISIOIINX
BBHUJYy WX MaJOCTU. /laHHBIA aHamM3 HE JAeT MOSCHEHUS (PU3UUECKOTO CMbICIa (POPMYJIBI.
Bcex 3THX HEZOCTAaTKOB MOKHO M30€KaTh IyTeM BBIBOJIA pPacueTHHIX (HOpMYJI IPH yape u3
o0111ero onucaHus KojedarenbHbIX NpoleccoB. IIpu 3ToM J1erko ydyecTb HallMuue CoCpenoTo-
YEHHBIX Macc, COOCTBEHHOM pacHpeleIeHHOW MacChl CUCTEMBI, CONPOTHUBIIEHUS OKpYXKaro-
1Iei cpepl U OTeph SHEPTHH OT BHYTPEHHETo TpeHus. PacueTHast popMyia JMHAMHYECKOTO
K03 HIIMeHTa, MTOJydYeHHAas: TPeylaraéMbIM IyTeM, MO3BOJISIET MOIy4aTh €€ pa3HOBHIHOCTH
B 3aBUCUMOCTH OT KOHKPETHBIX yCJIOBUM yaapa [2].

q(x,t) M PaccMOTpUM 3TOT BBIBOJ. YPaBHEHHE JIBU-
> ﬂ(ﬂ\ﬁ—ﬁ KEeHUSI Macchl M TIpU BBIHY)KIACHHBIX KOJICOaHHIX
_________________ OT JIMHAMMYECKOM HAarpy3Ku ¢(X,#) C y4ETOM CH-
~~~~~~~~ nbl uHEpUMU P = — My wu 6e3 yuera cui compo-
l< ! >| TUBJICHUS ky nmeeT Bun (puc.l):
Puc.1. y(t) = =8, Mj(t) +[8,,4(x,0)dx .
1
Orcrona nmony4yaem nuddepeHnmani-Hoe ypaBHEHUE BUKCHHUS
1
PO+’ y(t) =’ [, q(x,0)dx = f(x,0), © = . (1)
! 8llj\l

B cnyuae cobcTBeHHBIX KoneOanuid, koraa ¢(x,¢)=0, ypaBaerue (1) Oyaer omHOpOI-
HBIM U IPUMCET BU

30+ o7 y(1) = 0. @)
Pemenue ypaBHeHus (2) MOKHO NMPEACTaBUThH B BUE
y(t) = Acoswt + Bsin ot 3)
Wi
y(t) = Csin(wz + ). 4)

AMimryaa xonebanuit C v HadanmbHas (aza L ONpPENeNsIloTCS U3 HadyallbHBIX YCJIO-

Buii (0) =y, 1 $(0) =,
W3 3THX yciioBuii Ha OCHOBaHWH (4) TIOJydaeMm:

2
V,
C=\0i+-5). tgn=""0. (5),(6)

Vo
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YacToTa COOCTBEHHBIX KOJI€OaHMI cOTJIaCHO 0003HaYeHHUIO, TpUHATOMY B (1), paBHa

o= /SHIM . (7)

Jns mpuMepa paccMOTpUM KOHCOJIb, HA KOTOPYIO CO CKOPOCTBIO v HAJIETaeT macca M,
KOTOpasi, OCTaBasiCh Ha OaJike, BBI3BIBAET COOCTBEHHBIE Kojebanus (puc. 2,a,0). B aTom ciy-
gae )o=0, a vo=v. Torma, cormacHo (5), (6), MOJydyuM YypaBHEHHE JBHUXKCHHUS MAaCChHI

V.
y(¢t) =—sin®t , a 3aTeM - CHIIy UHEpLUHU
®

P.(t) = —~M5(t) = %sin ot, (8)
11
Ha KOTOPYIO HYKHO PAaCCUHMTHIBATH OAJIKY.

v
v
C o> ‘
M M, M
~
b MO
8
7 7))
a o
2
Puc. 2

B ciiydae BBIHYXE€HHBIX KOJIEOaHUI 4acTHOE pEIIeHHE HEOJHOPOJHOIO ypaBHEHMS
(1) MeTo10M BapHalUK MPOU3BOJIBHBIX MOCTOSHHBIX HIEM B )OpME COOCTBEHHBIX (DyHKIIUH,
TO €CTh aHAJIOTUYHO (3):

w(t) = w,(t)cos ot + w, (t)sin ot . 9)
Huddepennupys, momyaaem
Ww(t) = w,(¢)cos of —w,(t)msin of + w, (£)sin ®f + w, (£)wcos ot . (10)
[ToBTOpHBIM MU GEpEeHINPOBAHUEM, TIPH YCIOBUU
W, (t)coswt +w,(¢)sinwt =0, (11)
MOJTY YUM
1(t) = —Ww, (£)sin of — W, (£) cos ot + ww, (t) cos ot — °w, (t)sin ot .
[Hoacrasus w(?) B (1), nomyunm

) . . x,t
— W, (t)sinot + w,(t)cos ot = EACCD) .
®
Pemas aTo ypaBHenue coBMecTHO ¢ (11), Haxoqum
. x,t) . . X,
W, () =—Msmmt, W, (1) =Mcosmt.
® )

WHTrerpupys 3Ty BEIpaXXeHMsI 110 BPEMEHHOW IEPEMEHHOM T, TIOJIy4aeM:
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1 . L
w () =——1] f(x,7)sinotwdrt , w,(t) = ljf(x, T)cos®Tdr.
®o ®o
Teneps pemienne (9) 11 BEIHYKIEHHBIX KOJICOAHUH TPUMET BH]L

t
w(t) = lJ'f(x, T)sinw(f — 1)dr.
®o
1
C yuderom BBeieHHOTO B (1) 0603Hadenus [ (x,t) = o [ g(x,t)5, dx moayuum
0

Ww(t) = ] 5, dx[ g(x, T)sin ot - T)dx (12)
0 0
B cnyuae, xorna Harpyska ¢(x,?) BO BpeMEHH HE U3MEHsIeTCs, Ha ocHOBaHMH (12) mo-
ayuum w(t) = (1—cos mt)}q(x)é‘)lxdx . Ho Tak xax §, mnpencraBiser coboil mepeMeleHue
0
TOYKH TPHUIIOKEHHUS MACChl OT €AMHIYHOM CWIIBI, TIPUIOKEHHOU B CEUCHHUU X , TO TIEpeMeIle-
HHME B MECTE NPUIIOKEHUS MACChI OT KBA3UCTATUIECKOW HATPY3kH ¢(x) A, = jSlxq(x)dx.
0

CrenoBarteiabHO
w(t)=A,,(1-coswt) . (13)
Ha ocHoBanuu 3T10# (hOpMYJIBI JIETKO PEIIUTH 3a/1a4y O BHE3AITHOM MPWIOKEHHUU TPY-
32 Q: w(t)=09,,(1-cosmt).
Otcrona TMHAMUYECKast Harpy3Ka paBHa

P0:$=Q(l—cosmt). (14)

C yuerom dopmyn (8) u (14) nerko pemraercs 3amada o0 yaape rpysa Q, magaroero
Ha Oanky Maccoil M ,co CKOPOCTBIO V, pUC. 2,6. 3/1€Ch Hy KHO B3STh pelieHue (8) ¢ yueToM

HavaJbHOM CKOpPOCTHU COBMECTHOTO JBIXCHHUA MacC V, =V———— =V1], a TAK)KC YaCTOThI

M+M,
. 1
COOCTBEHHBIX KOJI€OaHMI MacC ® = | ——— .
8,,(M +M,)

Torna pacuetHast popmyia (8) nmpuMeT BUJ

2 2
P =m,/8”(M +M,)sinwt=Q| il sinwt = Q ’ﬂsinwt, = QEsinwt, (15)
O, 0,,0g Jg

IJIe C y9eTOM KBa3HCTaTHYECKOTo nepemenienus / = 00, 0003HaueHO

2
v
E= [—. (16)
/g
OO0myr0 TUHAMUYECKYI0 HAarpy3Ky Ha OajKy OT yAapa MaJaloliero rpy3a MoIydyuM
cymmupoBaHueM penienuii (14) u (16)

P =0 -cosot+Esinwt) = Ok, . (17)
Jlis BbIUMCIIEHUS MaKCHMaJbHOTO JUHAMUYECKOTO Kod(duiumeHTa ky Npou3BOIHYIO
dk, y : _ & 1
—< npupasHsieM K 0, OTKyaa Haifnem fgof = —&, sinwf =+ , CoOs®f ==

dt NESS J1+e

[loacraBuB 311 TpUroHomeTpuyeckue pyHkimu B (17), Haxoagum
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2
ky=1+1+8 =1+ 1+% (18)

W3 nony4deHHo# popMyIIbl JIErKO MOXyYHTh (GOPMYIIBI THHAMUYECKOTO K03 QUIeH-
Ta J1JI1 HEKOTOPBIX YaCTHBIX CIIy4aeB yzapa.
B cirydae BHE3anHOTO 3arpy>KeHus HEBECOMOM BEPTUKAIBLHOW KOHCOIU Maccoil M
(puc. 2,a) BO3HUKAIOT TOJBLKO COOCTBEHHBIE KOJIeOaHus Oanku. B aToMm cirydae

2 2
P, = Mvosinot = Q /V—z sinwt = Q {V—sinoat,
5,8 M Jg

T.€. MAKCUMaJbHBIH NUHAMUYECKU Kod(duumeHT mmeer Bua obmeir dopmynsr (18) 6e3
€ IMHUI]

k, = 19
% (19)

B ciyuyae BHe3amHOro 3arpy’kKe€Husi KOHCOJIA C COCPENOTOYEHHOM Maccou M, Haie-
TAIONIEH CO CKOPOCTHIO v Maccoit M (puc. 2,6), ciieayeT y4ecTh Ha4aJIbHYI0 CKOPOCTb COBMeE-

M
CTHOTI'O ABIKEeHHS Macc M u M, Vo =V———, . B atom ciyuae
M,+M

2
P, = Mvnosinot =Q Y Nsinor .
\ f2

MaxkcuManbHbIH TUHAMUYECKHNA K03(pPHUIMEHT B 3TOM Cllydae MpUMET BU]L

k= |21 20
% (20)

B ciyuae, ykazaHHOM Ha puc. 2,2, Korja Macca Ha Oainke M, oTKJIOHeHa cuioi P=Mg
U YJ€p>KUBAETCsl B 3TOM I10JIOKEHUH JI0 yJapa, YaCTHOE pELIeHnEe HEOJHOPOAHOIO YPaBHEHUS
(1) maxonurcs B Bune w(t) =y, cosmt = Mgd,, coswt . JlunaMuyeckas Harpy3ka paBHa

P, = Mgd,, Mo’ cosot = Qcos ot . ObIIas TMHAMUYECKas HATPY3Ka IPUHAMAET BU/I

P, = QO(cosot + Esin®f) a MaKCUMaJIbHBIH TUHAMMYECKUHA KO PUIMEHT

K= 120 21
+fg -

Ecmu B popmyne (17) npunare P, = Q(1+&),. 4TO BO3MOKHO IpH ! = 21 , TO INHA-
)

mudeckuii koap¢unmeHT (18) Oyner 0e3 eAUHUIIBI IO KOPHEM, T.€.

2
K,=l+e=1+ |21 (22)
Jg

Cnucok aurtepartypsl: 1. bensies H.M. ConpoTtusnenue marepuanon. —M.: I'ocuznar
¢wu3.-mart. nutep, 1962. —856 c. 2. llleuenko @.JI. /[uHaMuKa ynpyrux CTEp>KHEBBIX CHCTEM.
— Honenk: OO0 “Jlebens”, 1999. — 268 c.
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3ABUCUMOCTb JMHAMHUYE CKOI'O KOO®PUIIUEHTA OT
NPOJOJIKUTEJNBHOCTHU 3ATPYXXEHUA YIIPYI'OU CUCTEMbI

leBuenko @.J1., Jememkun A.A (xagp. Conpomam, [Jonl TV, . Jloneyx, Yxpauna)

W3BecTHO, 4TO TMpU BHE3AIHOM 3arpyKEHHUH YNPYTOM CUCTEMBbI TUHAMUYECKUH 3(-
(eKT 3arpy’keHusi paBeH yJBOCHHOMY CTaTUYE€CKOMY, T.€. TMHAMUYECKUH Ko3(]duiment pa-
BEH JIByM. PeKoMeH/yeTcs Harpy3Ky MPUKIAAbIBATh MEAJICHHO TaK, YTOOBI 3arpyKEHUE OKa-
3aJI0Ch CTaTUYECKuM, T.€. ky=1. Ho, kakoe BpeMs 3arpyKeHusi MpUBEJET K OTCYTCTBHUIO JHHA-
MHU4YecKOTO0 3(dexra, 0OBIYHO HE OTOBAPUBAETCSI.
PaccmoTpuM nMHAMMKY 3arpy:KeHHs YOpPyrou
l (Q  CHCTEMbl HA IPUMEPE HEBECOMOI KOHCONH, MPHKIA/bI-
2 Basl K HeMl rpy3  3a HEKOTOpoe Bpems £, puc. 1.
% VYpaBHeHHUE BBIHYXKJICHHBIX KOJIeOaHHI Ipy3a U3-
BECTHO B Bujie [1]

Puc. Pacuetrnas cxema 1 ¢
w(t) = mjélxdqu(x,t) sin w(? —1)drt, (1)
0 0

rne ¢(x,7) — MHTEHCUBHOCTh BO3MYIIAIOIIEH HArpy3KH, 01y — MEPEMEIICHHE B TOYKE MPIIIO-
JKEHHUS TPpy3a OT EJUHUYHON CHIIBI, IPHIOKEHHOHN B MPOM3BOJIILHOM CEYSHUH Oallku, ® - Jac-
TOTa COOCTBEHHBIX KOJeOaHUi HEBECOMOH OalIKU ¢ OHOI MacCOH.

CocpenoTOYeHHYI0 CUITY, JMHEHHO W3MEHSIONIYIOCS BO BPEMEHH, HY>KHO 3aMEHUTHh
YCIIOBHO pacIpeieIEHHON

ﬂLO=Q§&ﬂ,
1

rie d(x) — nenmpra-pynknus upaka.
Torna ypaBHenue (1) mpumer cienyromuii BUj

w(t) = thS(x)Slxdxj oTsino(t — 1)dt.
0h 0

I
bnaromaps Hanmmauro aenbra-QpyHKIHI J O (¥)d1xdx=011 ¥ ypaBHEHUE MIEPEMEIICHHUS
0

TOYKH 3arpy>KeHHsI IPUMET BH]T

t
w(t) =90y, tgwj'rsin o(t —1)dr.

10
OTOT HHTErpai 6epercs Mo yacTsIM:

L 1
(nf Tsin(t — t)dt =tcoso(t — ’C)|; + —sino(f — ’E)K).
0 ®
Tak nipu ¢ < ¢; MoydaeM pabodyro GopMyITy IepeMenIeHrni TOUKH 3arpysKeHust Oallku

w(t) =9, 1Qti(1 - ) =5,,0k, . )
1

3nech ky —muHAMUYECKUN KOA((MUITMEHT MO OTHOIICHHUIO K CTATUYECKOMY TIepeMeInie-
Huto 011Q [2], a

sin ot

sin ot
k=1~ (3)
ot
JUHAMHYECKUH KO3 (UIIMEHT 110 OTHOIICHHUIO K KBa3UCTAaTHYECKOMY TepeMelieHuto o11Q¢/t.

Uccnenyst nunamuueckuil Ko3huiueHT ki Ha SKCTPEMYM, HalIeM TPAHCLEHIEHTHOE
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ypaBHeHHE tan ®f = ®f , oTKy1a ®tp=4,4934, 1.e npu 10=4,4934/® u3 (3) Haiinem k=1,217. B
9TO BpeMsi BOSHHUKAET TIepEeMEIICHIE

Wity) :1,217Z—°Q.
1

OTcrona ciemyer, 4To AMHAMHYECKUA KOA(OUIHEHT k=1,217 BO3HUKAET TOJIBKO MPH
t1 =to. Ecim Bpems t # t¢, TO, HSCMOTpPS Ha IMOCTOSIHHOE 3HAYCHHE KBAa3UCTATHUECKOTO KOA (-
¢unmenra k=1,217, nunamudeckuit ko3pduumeHt ky ycrpemisiercs K Hyo npu t; < fp 4
npuOIIKaeTCs K eIMHULIE TIPU BO3pACTaHUU BPEMEHH 3arpyKeHus ¢ >fo, cM. Tadmuiy 1 ( mpu
=2 m, EJ=5,1 MHM*, ©=30,6 ¢’").

Tabmuna 1. lunamMuueckue K03QGUIMEHT B NIpeaesiaX BPEMEHH 3arpyKeHus

te| 0,1 0,1 | 0,1467=4,49/® 0,2 0,5 0,5
t, ¢ | 0,05 0,1 0,1467 0,1467 | 0,40 | 0,50
ke | 0341 | 0424 1,217 1,217 | 1,025 | 0,97
ky, | 0,124 | 0424 1,217 0,89 | 0,820 | 0,97

W3 BeIIENpUBEIEHHOTO aHAJIN3a HE CIIEAYET, YTO JUHAMHYECKUH KOdPPHUIMEHT HEe
npeBbIIAeT 3HaueHus ko= 1,217, Tak Kak paccMaTpuBajIoCh BpeMs ¢ MEHbILIE MPOA0JHKUTEINb-
HOCTH 3arpy>KeHus 1.

3a rpeienamMu BpEMEHH 3arpyskeHus ¢ >t uarerpai (1) Hy>kHo OpaTh 110 IByM y4acT-
KaM:

w(t) =0, 1Qﬁlmsin ot —t)dt+ jmsin o(t - r)dr} .

01 4

C ydeToMm yrke HaliIeHHOTO IEPBOT0 UHTErpasia MojiyuuM [2]:

w(t) = 811QL1005 o(t—-1)+ Ltsin o(t - r)} +9,,0cosm(t - r)‘ ; =

1 Y 1 0

=9, 1Q{l +Lt(sin o(t—1,)—sin cot)} =y.k,.
O

1
JuaaMudaeckuiit K03PpPUIUSHT

k,=1 +%[sin ot(cosot, —1)—cosw -sin wt, . 3)
i,

27 "
Orcrona BUAHO, 9TO 1pH ¢, =nT = n— QUHaMHYECKUI KO DHUIEHT PaBEH eIHHUIIC
®

npu 1000M BpeMenu 3arpyskenus. [Ipu 11—0 u3 (3) nonyuaem ky—2.
W3 tabmunpl, noctpoeHHol no ¢popmye (3), ciaenyeT, YTo MPU BpEMEHU 3arpy KeHus
1t1>6,5T ky=1,05, xorna 3arpy>keHrue MOKHO CYUTATh CTATUYECKUM.

Tabmuua 2. Ilunamuueckue ko3(pPUIMEHTH B 3aBUCUMOCTH
OT BPEMEHHU 3arpy KEeHUs
t,c | 1/1000 | 1/100 | 1/10 | 0,718=3,5T | 4,387'=0,899 | 6,57=1,335
t,c 0,1 0,11 0,155 0,78 0,97 1,395
k 1,995 1,994 | 1,651 1,087 1,072 1,041

Cnucok aurtepartypsl: 1.11lesuenko @.JI. byaisenbHa mexanika.-Jloneupk, PIA Jlo-
vJ(TY, 2000. — 292 c. 2. KuceneB B.A. CtpoutensHast Mmexanuka. CrieunaibHbli Kypce. u-
HaMHKa ¥ yCTOMYUBOCTh.- M.: U3a. nut. o crpowurt., 1964. — 332 c.
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COBEPHIEHCTBOBAHUME CUCTEMBI IOAI'OTOBKH CIIELHUAJIUCTOB
IO JIEKTPOMEXAHUKE C YI'JTYBJIEHHBIM U3YYEHUEM
OPAHIY3CKOI'O A3bIKA

Bbopucenko B.®., Meabuuk A.A. ([JonHTY, [loneyx, Ykpauna)

In this article are considered the questions to perfection of system the preparation of the spe-
cialists in the electromechanics with deepended study of foreign language.

PasBurne MexayHApOIHBIX CBA3EH MEXKIy By3aMH Y KpauHbl, U B 4aCTHOCTH, JloHew-
kuM ['ocynapcrBeHHbIM TexHHYEeCKHM Y HUBEPCUTETOM, U 3alaJHbIMU BBICIIMMH LIKOJAMHU,
YHHUBEpPCHUTETaMH, (pUpMaMH MOTPeOOBaJO MEPECMOTPETh MOATOTOBKY CIELHAIUCTOB B 00-
JACTH 3JIEKTPOMEXAaHUYECKOTO MpeoOpa3oBaHus SHEPTUM B IUIAHE BJIAJCHUS MHOCTPAHHBIM
S3BIKOM, HAalIpuMep, (PpaHILy3CKUM.

Il 6onee Tiryb6okoro m3ydeHus GppaHIry3ckoro TexHudeckoro sibika B JJoHI TY co3-
JIaHbl BCE HEOOXOIMMBIE YCJIOBHS; co3laH (paHiy3ckuil Texanueckuil ¢akynprer (OTO),
ycuieHa kadenpa (paHIly3cKOro si3bIKa, 3aKIIF0YEHBI JJOTOBOPHI O COAPYKECTBE, MAapTHEPCTBE
C psAIOM BeAyHIMX (PUPM U HHCTUTYTaMHU (PPAaHKOSI3BIYHBIX CTPAH.

Nzydenne (paHIly3CKOTO sI3bIKa HAYMHACTCSA C MEPBOTO CEMECTpa M MpeaycMaTpuBa-
€T, Ilepe]] HayaJloM 3aHITHH, TECTUPOBAHUE C ILIETIbIO BBISABICHUS YPOBHS S3bIKOBOM IMOATrO-
TOBKH; C1a00 BJIAJCIONINE SA3BIKOM U HE M3ydYaBIIHe paHee (PpaHIy3CKUi S3BIK BKIFOYAIOTCS
B TaK Ha3blBaeMylo "HyJIeBYI0" Ipymiy, B KOTOPOH CTyJIEHThI MPOXOJAT MHTEHCUBHBIA Kypc
00yueHusl.

s crynentoB nepBoro kypca @T® yuyeOHBIM IJITaHOM HpelyCMaTPHUBAIOTCS 7 4acoB
€XKCHEICIIBHBIX 3aHITHI (DPaHITy3CKUM SI3BIKOM T0JT STHJION OJHOMMEHHOU Kadenpbl. Komm-
YECTBO CTY/ICHTOB, padOTAIOIIMX C OJIHUM NIpenojaBaTesieM, HE MPEBbIIIAET 6-7 YelI0BEK, YTO
MOBBIMIACT "KOHTAKTHOCTH" C KaXKIBIM U CIIOCOOCTBYET OoJiee IryOOKOUW popaboTKe JIEKCH-
KO- TpaMMaTH4Y€CKOIr0 MaTepuaa.

Jns arenust nexupii crynentram OTO npusnekaroTcs npodeccopa, TOUEHTHI, HMEHO-
IFe OMBIT Pa0OTHI BO (PPAHKOSA3BIYHBIX cTpaHax. YHCIIO mpernoaBaTeieil J0CTaTOuYHO, YTOOBI
obecnieunTh Bce 001e00pa3oBaTeNbHbIC TUCIUILTMHBI Ha TIEPBOM M BTOPOM Kypcax Ha (paH-
I[y3CKOM $I3bIKE. YUUTBIBAs TO OOCTOSITENICTBO, UTO HE BCE MOCTYNHUBLINE HAa MEPBBIA Kypc
BJIQ/ICIOT (DPAHILY3CKUM SI3BIKOM, MPENOaBaTEIN MPEAIaraloT CTyJAeHTaM KIIIOYEBbIE TEPMHU-
HbI U CJIOBOCOUYETAHUSI, a TAKXKE KPATKOE COJIEpKaHUE JIEKIUHU Ha SI3bIKE.

[Tocne nepBoro kKypca y CTyA€HTOB 3allJlaHUPOBaHA O3HAKOMMTEJbHAS NMPAKTHKA, BO
BpeMsi KOTOPOU IMOCEIIaeTCsi HECKOJIbKO MPENpHUsITHIA (MeTayuTyprudeckuii, MammHo-
CTPOUTENBHBIA 3aBOJIbI) U HAYYHO-UCCIIEA0BATEIbCKUX MHCTUTYTOB. CTYyJIEHTHI MOJIy4aroT
3aJlaHue — COCTaBHUTh KPATKUi pyccKo-(ppaHiry3ckuii cioBapuk Ha 150-200 ci10B (OCHOBHBIE
MEXaHU3Mbl 1I€XOB, TEXHOJIOTMYECKUM MpoIecc) W JaThb OMHUCAHUE AIIEKTPOTEXHHUYECKOIO
obopynoBanud. [lpu 3amure oryeTa Mo NMpPaKTUKE KaXAbIH CTYJEHT B TE€UEHUU 3-5 MUHYT
npeacTaBisieT cBoE "expose " .

Ha BTOopom romy oOydeHust CTyI€HThI YOBIETBOPUTEIbHO BOCIPUHUMAIOT MaTepHual
JIEKIM Ha s3bIKE, @ HAUMHAS C TPEThEro Kypca, OOBIYHO HE BO3HUKAET "A3BIKOBBIX'" MIPOOJIEM.

Co BTOpOTO Kypca 00yueHus BBOAUTCS aucuuiuinHa "TexHudeckuii nmepeBos, KOTO-
pPYI0 BEAyT MpenojaBaTelli CelMalbHbIX U BeIMycKaomux kadeap. [lo Texunueckomy nepe-
BOJIy C IATOTO IO JEBATHIM CEMECTPbI BKIIIOUNUTEIBLHO BBINOIHAETCA KypcoBasi paboTa, OKa3bl-
BaloIllasi CTYJEHTaM CYIECTBEHHYIO MOMOIIb B HAKOIUIEHMU TEXHUYECKOTO JIEKCHUYECKOTO
MaTepuaia. 3HaHHE HTOro MaTepuaja yHpoulaeT MOHUMAaHHE YUTAEMBbIX CHELUAIbHBIX Kyp-
COB.
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Ha tpersem cemectpe ucnomnnsyercs "l[locoOue mo TexHUYecKOMy nepeBoay ¢ (paH-
ysckoro s3bika" Kopskasuna A.B.(M31.2°, nepepa6. u jpom., M., "Beicmas mkona", 1977. —
232 c.). CtyneHTaM U3 3TOr0 MOCOOUS MpeajaraeTcs MaTepuall, HCIOJb3yeMblid B TMOCTe-
QYIOUMX OOIIETEXHUYECKUX U CIEUMaIbHbIX JUCLUILIMHAX, TAKUX KAK 3JIEKTPOTEXHUYECKUE
MaTepHalbl, JEKTPUUECKUE MAIIMHBI, TPUKJIaHAs MEXaHHKA. . .

Martepuan ajisi TEXHHYECKOTO TIepeBo/ia Ha 4yeTBEepTOoM cemectpe Oepércs u3 "Iloco-
Oust o (paHIly3CKOMY SI3BIKY JUJIsl SHEPTETHYECKUX BY30B U (axyibreToB" Yepennésoii .M.
(M., "Beiciras mkomna", 1976 — 144 c.). O6béM HeneapbHOTO 3aJaHus TI0 TEXHUYECKOMY Tepe-
BOJy JIO3UPYETCS B 3aBUCUMOCTH OT YPOBHsI IIOATOTOBKH CTy1eHTOB. Ha nepBbie HECKOIBKO
3aHATUH IUTAHUPYETCSI pacCMOTpEeHHE OAHOTO ypoka u3 "[locoOus mo ¢paHIy3cKOMy SI3BIKY
JUISL SHEPTeTUYEeCKUX By30B U (akynbreToB" YepennéBoii I.M., kK kKoHIy cemecTpa 00BEM 3a-
JIaHUsI BO3PACTaET /10 ABYX YPOKOB ( 10 3-4 CTpaHHUIl TEKCTA).

Ha BTOpOoM 1 TpeTheM Kypcax IJIaHUPYETCs ABa yaca B HEACIIO JJIs "Tex-
HUYECKOTO TepeBoaa" M Tpu yaca GpaHIly3CKOro s3bIka. B kauecTBe mMaTtepuana AJisi epeBo-
Jla TIperoAaBaTelb MOXKET BBHIOpATh OT/ENbHBIC TJIaBbl (pa3lieibl KHAT OTEYECTBEHHOW WM
3apyOe)HON TEXHUYECKOW JIUTEepaTyphbl, CTATbU MO MPOWIIO CIEHHATH3AIUNA U3 DIEKTPO-
TEXHUYECKUX KypHanoB). [Ipennonaraercs nmpsiMmoit 1 0OpaTHBIN mepeBobI (C PpaHIly3CKOTO
Ha pycckuil u Hao0opoT). Ha mepBbIX Kypcax OCHOBHOE BHUMAaHME YJEJSIETCS NMEPEBONY C
(paHIy3cKoro si3bIka Ha pycckuil. [1o Mepe HaKOIJIEHHsI CIIOBApHOTO 3araca M JIEKCHUIEeCKHX
¢dopM (paHIy3CKOTO sI3bIKa JIETaeTCs aKIEHT Ha MX 3aKpeIUieHWe W MpHMEHEeHHe NpHU nepe-
BOJIC TEXHUUECKUX TEKCTOB CHEUATU3AIUH C PYCCKOTO SA3bIKa Ha (hpaHILy3CKHA.

[lo obecneueHHOCTH TpenoaaBaTeNsIMHU, BIAJCIOUIUMH (PPAHITy3CKUM SI3bIKOM M Be-
nymumMu 3ausaTis Ha OTO, Jlonl' TY 3aHumaer Benyiiee MECTO B YKpPAWHE U CPEaU APYTHX
ctpan CHI'.

NHTepecHo nepeyucnuTh Kypehl (AMCUUIUIMHBI), KoTopble ynTatorcss B Joul' TY nng
HanpaBleHus "DiekTpoMexanuka' Ha (PaHIy3CKOM SI3BIKE:

1. Beicmias maTemaTuka.
dusuka.

Xumus.

BbruncnurenpHas TEXHUKA U IPOrPaMMHUPOBAHUE.
TeopeTnueckass MEXaHHUKa.

WNmxenepHas rpaduka.
DJIeKTpoMaTepuaIoBeCHHE.

OCHCBBI METPOJIOTHH U 3JIEKTPUIECKUX U3MEPEHUH.

9. Teoperndyeckue OCHOBBI ANEKTPOTEXHUKH.

10. DyekTpuyecKre MalluHAbI.

11. Teopus 37€KTPONPUBOIA.

12. IlpuknaagHas MexaHHKa.

13. CnenuanbHbIe 3JIEKTPONPUBOJIa U ABTOMATU3AINS TEXHOJIOTHUECKUX KOMIUIEKCOB.

14. MaTemMaTu4yeckre METObI B JIEKTPOTEX HUKE.

15. TexHONOTHSI ¥ MAITUHBI POMBIIIUIEHHOTO TPaHCTIOPTA.

16. TexHUUYECKHI TIEPEBO/I.

17. DnexTpocHabKeHUe MPOMBIIUIEHHBIX TPEITPHUITHI.

AHanu3 y4eOHOro IJIaHa U ayJIUTOPHBIX 3aHATHH 110 OTMEUYEHHBIM BBIIIE AUCLUILIN-
HaM TI03BOJIWJ COCTaBUTh CIEAYIONLYIO AuarpaMMmy (puc.l), u3 KOTopoil BUAHO, YTO MEPBBIE
JIBa rojia y4eObl SIBISIOTCS ONPEACNSIOIMMHU B IUIaHE W3y4deHHs (PPaHIly3CKOTO sI3bIKa U
JIOJDKHBI J]aTh CTYJI€HTaM MaKCUMYM I'PaMMaTHKO-JIEKCHYECKOr0 Marepualia Kak o00IIero, Tak
u obmerexHuyeckoro miana. Ilocne nByx ner oOyuenust Ha @TO "cpennuil" cryaeHT ymeer
KOHCIIEKTHPOBATH JIEKITMH Ha s3bIKE U ycBanBaeT e€ coxepkumoe Ha (80-90)%. B cinydae He-
MOHUMAaHUsI MaTepuaia JIEKIHH, MPUXOIUTCS KPATKO IMOSICHATH OCHOBHBIC IOJIOKEHUS Ha

PN W



156 MO}ICJIHpOBaHl/Ie, pac4yeTbl 1 MPOCKTUPOBAHUE CJ0KHBIX TEXHUYECKUX CUCTEM

pYCCKOM si3bIKe. B psifie ciaydaeB HEMOHMMaHUE CBA3aHO C HE3HAHMEM KOHKPETHBIX TEPMHHOB
w cioB. [IpenogaBaTens, NpeABUAS TaKylO CUTYaIMIO, JOJDKEH B HavaJle JIGKIMHU AaTh CIIO-
BapHK HanboJiee CIOXKHBIX TEPMUHOB U OTIPEIEICHUIN MU UX HaTOMHUTE. OOpaTHas CBsI3b CO
CTYJEHTaMH B XOJI€ JIEKIIMHU MOJACPKHUBACTCS C TOMOIIBIO MOOYIUTEIBHBIX BOIIPOCOB, OTBE-
TBI HA KOTOPBIE TOMOTAIOT NPENOJaBaTeI0 KOHTPOJIUPOBAThH CTETIEHh YCBOCHUS MaTepHUala H,
B 3aBUCHMOCTH OT 3TOTO, IEPECTPANBATH TEMII JICKIHH.

Kaxxnpliil onbITHBINA MTPENOAaBaTENb UMEET B CBOEM apCeHAJIE IECATOK-IPYror BOIPO-
COB, HAIIPABJICHHBIX HAa CTUMYJHPOBAHHE BHUMAHUS U €T0 KOHLEHTPAIMIO; a TaK K€ Psij BO-
IIPOCOB, UIMEIOUIUX LEJb NIEPEKIOYUTh BHUMAHUE C OJJHOM T€MbI Ha JIpYyTryro. TeKyluii KOH-
TPOJIb 3HAHUH CTYJIEHTOB PEKOMEHIYETCS MPOBOIHUTH C MCIIOJIB30BAHUEM BOIIPOCOB U3 COOp-
HHUKOB I TIPOTPAMMHUPYEMOTO KOHTPOJIS 3HAHUN MO KOHKPETHOW AMCUUIUIMHE (HAIpUMep,
no "Teopuu snexkrponpuBoaa”, no "CrneunaibHbIM 3JIEKTPONPHUBOAAM U aBTOMATHU3AIUH TEX-
HOJIOTUYECKUX KOMILUIEKCOB" M T.J1.).

Ha Tperpem 1 yeTBepTOM Kypcax JAjisi HauboJiee MoArOTOBICHHBIX CTY/ICHTOB B IJIAHE
TEXHUYECKOTO MEPEeBOJIa JaeTcs 3aJaHue, HapUMep 10 aHaJIKU3y TJarojioB, MPUMEHSIEMBIX B
y4eOHHMKaX M Y4eOHBIX MOCOOMSX, M3/IaHHBIX HAa PYCCKOM fA3BbIKE. B 3TOM IiaHe MOKHO TpH-
BECTU aHaJIu3 ynoTpeOssieMbIX IarosioB B kHure B.B.Mockanenko "Dnexktpuueckuil npu-
Boa"; M.:Boicias mikona,1991.— 430 c. IIpoanamusupoBansl cBbiie 300 rmaronoB. Kak u
0’KH/IaJIOCh, BCTIOMOTATEJbHBIE TJIATOJIbI JIMIUPYIOT 10 YUCTy noBTopenuit (h). 1o rnarosst :
"o6ITB" (étre) — h=430 u "umers" (avoir) — h=190. Cpeau riarosoB ynorpeOIeHHBIX CBBIIIE
100 pa3, takue kak "Moup" (pouvoir) — h=160, "obecneunBarp" (assurer) — h=163, "ocymecT-
BIATE" (réaliser) — h=138, "ompenmensats" (définir) — h=130, "ucnomw3oBats" (utiliser) —
h=130. K gucny rmarosios, miis kotopsix 50<h<100, oTHOCsATCS: "paccmarpuBaTh” (examiner)
— h=75, "mpumensarts" (appliquer) — h=74, "mwmensats" (changer) — h=71, "npencraBnars"
(présenter) — h=67, "BemonusaTh" (exécuter) — h=64, "no3BossaTe" (permettre) — h=64, "Haxo-
muth" (trouver) — h=62, "ormeuars" (rémarquer) — h=60, "Ha3siBaTh" (appeler) — h=60, "mpu-
BouTh" (amener) — h=57, "cooTBercTBOBaTh" (correspondre) — h=55, "momydare" (recevoir) —
h=53, "paboTarp" (fonctionner) — h=52, "Haunnars" (commencer) — h=>51.

Crnenyromasi JBaalaTKa IJaroJioB MO YacTOCTH YMOTPEOJICHHS MOTAgaeT B TUara3oH
30<h<50. B aTom amnamna3zoHe HaXoAATCs Takue "XOAOBbIE" TIarojsl Kak "peanusoBatp” (réal-
iser), "co3maBatp” (créer), "mokaspiBaTh" (montrer), "perympoBats” (régler), "pacnonaraTs"
(disposer), "xapakTepusoBars'" (caractériser) u Apyrue.

Takol MOAX0/ K aHAIM3y YMOTPEOUTENHPHOCTH M YaCTOCTH HMCIOJIB30BAHMS TJIAr0JIOB
JTaeT BO3MOXKHOCTbH CIENIaTh aKIIEHT B S3BIKOBOM MOATOTOBKE 3JICKTPOMEXAHUKOB Ha (paseo-
JOTHYECKUX KOHCTPYKIHSIX OOIIEro THMa ¢ Haubojee 4acTO HCIOJb3YEMBIMU TJIATOJIAMU W
OTTJIArOJIGHBIMHU (pOpMaMu. DTOT NPUHIUI TOJDKEH OBITh MIEPEHECEH U Ha COCTABIICHUE TIOCO-
Ouii o ynpasneHuto riarosiamu (‘a' ou 'de'), Ha cocTaBieHHE TEPMUHOJIOTUYECKUX CIOBapei
10 HAIMPABJICHUIO H T.JI.

[onpoGHbIil aHamm3 QpaHIly3CKUX HCTOYHHUKOB IO HATPABJICHUIO AJIEKTPOMEXaHUKA,
CpaBHEHHE Pe3yJIbTaTOB YaCTOCTH HMCIOJIb30BaHUS TJIATOJIOB W CYIIECTBUTEIBHBIX B PYCCKOM
U (paHIy3CKOM $sI3bIKaxX M0 M30paHHOMY HANPABJICHUIO TIO3BOJHUT HAYYHO OOOCHOBAaHHO TO-
JIOWTH K COCTaBIICHHUIO PYCCKO-(PpaHIy3cKOTO M (DpaHIly3CKO-PYCCKOTO CIOBapel MO JIIeK-
TpOMEXaHHUKe. DTO HaNpaBJICHUE SBISETCS MEPCIIEKTUBHBIM, JUIS YCIEITHOW paboThI 10 HEMY
HEOOXOIMMBI COBMECTHBIE YCUJIMA TperoaaBaTesneil cnenuanbHbiX Kadeap u kadenps! ppan-
ITy3CKOTO SI3BIKA.

AHamM3upys Tpolecc MOJATOTOBKU CIICIHATNCTA-JICKTPOMEXaHUKa, CIIEIyeT OTME-
TUTh CHIDKEHHE 00BhEMa SI3bIKOBOM MOATOTOBKM HA CTApIIUX KypcaxX. ITO MPUBOAMT K TOMY,
YTO BO3ZHHUKAIOT MPOOJIEMBI MIPH MEPEBOJIE TEKCTa MOSCHUTEIFHON 3alMCKU Ha (hPAHITY3CKHIA
s3bIK. Bo-miepBbIX, 310 006EM 60-80 cTpanmil, BO-BTOPHIX, HE MPEAYCMATPUBAIOTCS KOHCYJIb-
TaIMW CTICIUAAINCTA TT0 TEXHUIECKOMY (PpaHITy3CKOMY SI3BIKY Ha IMIEPHOJ TUTTIOMUPOBAHUS.
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BocnomHuTs 3TOT pode MOXKHO 3a CUeT MpHIJalieHus (paHKOS3bIYHOTO Tpodecco-
pa Ui YTeHHUs JISKIMH 10 CIeIMabHBIM KypcaM Ha BOCBMOM H JIeBSITOM cemecTpax. [lo Ha-
CTOSIIIETO BpeMeHH (hpaHIy3cKue, Oenbruiickue npodeccopa 4uTamy JeKIUu OOIIEero riaHa
1O MyTSM Pa3BUTUS MHUPOBOW SKOHOMHKE M riiobanmm3anuu. Ilpurnamenue cnenuanucta mo
BOIIPOCAM 3JIEKTPOMEXaHMYECKOT0 MpeoOpa30BaHMs SHEPTUM 33]a4a HE U3 JIETKHUX, HO HaJl e&
pEeIIeHHEM HY>KHO TOCTOSIHHO paboTaTh.

Bonpocsl MoAroTOBKM CHENMATUCTA-3JIEKTPOMEXaHUKa C YIIyOJEHHBIM H3y4YCHUEM
(bpaHIy3CcKOro sI3bIKa JIOJDKHBI PEIIaThbCs COBMECTHBIMHU YCHIMAMH Kadeap (paHIly3CKOro
A3BbIKA M CHEeUUAIN3AUH; 00BEM S3BIKOBOM HAarpy3KH Ha CTYAEHTA JOJDKEH MOJICPKUBATHCS
B TEUYEHHE BCEro Cpoka oOydeHus Ha ypoBHEe He HIKe 150-200 ydyeGHBIX 4acoB B CeMeCTp;
NpUrianieHue crenranicTa u3 (ppaHKOSA3bIYHOW CTpaHbl JUIA YTCHUS JIEKIMH Ha CTapIIuX
Kypcax clelyeT CuuTaTh 00s3aTelbHbIM; OOMEH CTYIEHTaMHU JAJisl BKIIOUEHHOTO OOyuYeHHS
JOJDKEH TPUHATH 00Jiee MacCOBBIN XapakKTep, 3TO KacaeTcst 1 0OMEeHa CTaKepaMu U Mpernoa-
BaTEISIMU.
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Puc. 1. Opranurpamma yueGHOTO TpoI1iecca ¢ yKa3aHHeM JTUCIUILINH, YUTAeMbIX Ha
(G paHIly3CKOM sI3BIKE M 00BEMa Ay TUTOPHOU HATPY3KH 10 CeMeCTpaM (- - - aJIbTepHATHBA
CIIEIAIbHOM MOJATOTOBKE).



