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B cratbe paccMaTpuBaeTCsd BO3MOKHOCTD MOBBIIICHUS TPOU3BOAUTEILHOCTH
yCTpOMCTBa 1Jii MOAM(UKAIMU JIbHSHOTO BOJIOKHA 3a CYET HCIOJIb30BaHUs
MOABMKHBIX OMJIBHBIX TUIAHOK, IIAPHUPHO 3aKPEIUICHHBIX Ha JUCKE TPEHaabHOTO
Oapabana; IpoBEJICH aHAJIN3 U3MEHEHHMS TTOJIOKEHHS OMJIBHBIX MJIAHOK ¢ TCUCHUEM
BPEMEHH.

KiroueBble cioBa: JBHSHOE BOJIOKHO, MEXaHMUYeCKas Moaudukaims,

TpenanbHbli OapabaH, TOABWXKHAsg OwWiIbHAs TIUIAHKA, IIEHTP MAacC CHUCTEMBI,

LHEHTPOOEeKHAs CUJIa HHEPLUU

VYerpoiictBo st Monudukanuu  (IITaneJIMPOBAHUS) JIBHSHOTO BOJIOKHA,
paboTaromiee MO MPUHIMITY JABYXCTOPOHHETO BBICOKOCKOPOCTHOTO TpEMaHUs
neHTsl [1], npeaHasHaueHo A1 MOJYYCHHS MTANEIMPOBAHHBIX JILHSIHBIX BOJOKOH,
MaKCHUMAaJIbHO CXOAHBIX IO JYTMHE W TOJIIIWHE C TEMU BOJIOKHAMH, KOTOPHIE MOTYT
OBITh MCIIOJIH30BAHBI MPH MMOJYYCHHUH CMECOBOM MPSDKU MITK IPYTHX M3aeuid [2-4].

B nHacTosmee BpeMsi BeIyTCs MCCIIEIOBAHUS, HAPABICHHBIC Ha TOBBIIICHUE
MIPOU3BOIUTEIILHOCTH JTAHHOTO yCTpoicTBa. [Ipu 3TOM Hapsmy ¢ MOBBIIIICHUEM
MPOU3BOJAUTEIILHOCTH  CTaBUTCA  Iedb  —  O0OECNeYuTh  HEU3MEHHOCTH
TCOMETPUUICCKUX XapaKTEPUCTHK (nmuHa, JTUHEHHas TJIOTHOCT )
MOAU(UITUPOBAHHOTO JIBHSIHOTO BOJIOKHA. J[7s1 coxXpaHeHus cpeaHeil IJIMHBI
BOJIOKHA Ha OMPEICICHHOM YpOBHE HEOOXOAMMO OOECIeUUTh HEU3MEHHOCTh
CKOPOCTH HaHECEHUS yAapoB TI0 JICHTE.

[lepBoHavanbHO ObLIA MPEIIOKEHA KOHCTPYKIMS TpemaJbHOro OapabaHa ¢

HETOIBMYKHBIMU OMJIbHBIMHM I1aHKamu (puc. 1) [2, 5, 6].
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JVICK TPENaTbHOTO
Oapabana

OWIbHAA IUTAHKA

Puc. 1. TpenanbHblii 6apadaH ¢ HeMOABHKHBIMU OWJIbHBIMU IJIAHKAMHA

JIJ1st Tako KOHCTPYKITUW YBEIMUCHUS MMPOU3BOAUTEIBHOCTH MOYKHO JOCTHYH
32 CUET TMOBBIIIEHUS YIJIOBOM CKOPOCTH BpaIlleHUs TpenajbHbIX OapabaHOB U
CKOPOCTH TNHUTAHUS BOJIOKHHCTOM JIEHTbl. OZHAKO C POCTOM YTJIOBOM CKOPOCTH
BpareHus: 0apaOaHOB MPOWCXOAWT W HApacTaHWE CKOPOCTH HAHECEHHUS YIapoB
OWJIbHOM TUIAHKU 110 BOJIOKHHCTOM JIGHTE€. OTO TMPUBOJUT K HU3MEHEHHIO
TCOMETPUUYECKUX XapAaKTEPUCTUK BOJIOKHA, B YaCTHOCTH YMEHBIIACTCS CPETHSS
JUIMHA BOJIOKOH, YBEJIMYUBAETCA JOJI1 BOJIOKOH «ITyXOBOW» rpymmbl. Takum
o0paszom, JiT pacCMOTPEHHOM KOHCTPYKIIMH TpenaabHOTO OapabaHa yBEeIUYUBATh
VIJOBYKO CKOPOCTh HEIEJIecO00pa3HO, TOCKONBKY TPOUCXOIUT YXYAIICHHE
KauecTBa MOAU(GUIIUPOBAHHOTO BOJIOKHA.

AHamu3  KOHCTPYKTHBHO-TEXHOJOTHYECKMX  TapaMeTpoOB  yYCTPOMCTBA
MO3BOJIMJI  BBIIBUTH ~ HECKOJIBKO  HANpaBlIEHUW  COBEPIICHCTBOBAHUSA  €T0
KOHCTPYKIIMH, 00CCIEUNBAIOIINX JOCTI)KEHUE IIOCTaBICHHBIX 1ieei [7, 8].

Hawnbonee mepcnekTUBHBIM, IO HAIIEMy MHEHUIO, SBIACTCS MPUMEHEHWE
TpenajibHBIX 0OapabaHOB C TOJABIKHBIMA OWJIBHBIMHU IUJIAaHKAMH, IIIAPHUPHO
3aKperIEHHBIMU Ha JIUCKE TpenajabHOTO OapabaHa.

B pa6orax [7, 8] npennaraercs ycTaHaBiIMBaTh IIAPHUDP Ha KOHIC OMIIBHOM
IJIaHKU (pUC. 2), YTO J1a€T BO3MOKHOCTh MOBBICUTH YacCTOTY BpaIllCHHsS IHCKa

Oapabana 0e3 U3BMEHEHHS] CKOPOCTU HAaHECEHUs yapa MJIaHKOM 10 JIEHTE.



Puc. 2. TpenajbHblii 6apadaH ¢ NOABMKHBIMH OWJIBHBIMH IIJIAHKAMM

B sTom ciydae, eciiv OWiibHAS IJIaHKA MIPH IMOAXO0/IE K JIGHTE OyACT IBUTATHCS
B HAaMpaBJI€HUHU, NPOTUBOMOJIOKHOM BpallleHUIO0 Jucka OapabaHa, CKOpPOCTb
HaHECEHU yaapa cHU3UTCs. [ coXxpaHeHUs €€ Ha MPEKHEM YPOBHE HE0OX0TMMO
OyZeT yBeIMYUTh YacCTOTY BpallleHUs JUCKa TpenajabHOro 6apadaHa, a 3TO B CBOIO
ouepenb TO3BOJIUT YBEIUYUTh CKOPOCTh IIOJAa4¥ BOJIOKHHCTOW JICHTHI 0e€3
U3MEHEHHS YCIIOBUM ee 00pabOoTKH.

[Ipeanonoxkum, 9TO0 B MOMEHT HAHECEHHUs yJapa IO BOJOKHHCTOW JICHTE
7 =00wieHas IUIAHKA 3aHAMAET paauajbHOe mojJoxeHune (puc. 3a). B
pe3yabTare B3aUMOJEHCTBUSI C JICHTOM OWJbHAsl TJIaHKa HAYHET BpallaThCsl B
HaIpaBJICHUHU, MPOTUBOIIOJIOKHOM BpallleHHUIO Tucka Oapabana. J[ns pemnreHus
MOCTABJICHHONW 3aJjady HEOO0XOJUMO, YTOObI YacTOTa BO3MYIIAIOMIEH CHIIBI
(dactota BpalieHus JAUCKa TpenajabHOro OapabaHa) coBmajga ¢ YacTOTOU
COOCTBEHHBIX KoJieOaHUN OWJIbHOM IUIaHKH, T.€. B CUCTEME BO3HUK pe3oHaHC. B
pabote [9] mokazaHo 4YTO, pe30HAHCA MOXKHO JOCTHYb, €CJIU MPHUHATH IapamMeTp
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a=—I.B srom cllydae aMmIUIUTyJa KojeOaHui OMIbHOM IJIAHKU C TEYCHHEM

3
BpeMEHU OyJeT pacTh, a 3HAuUT, YIJIOBas CKOPOCTh JBWXKEHUS TUIAHKU
OTHOCHTEJIPHO JHCKa OapabaHa B MOMEHT €€ B3aUMOJICHCTBHS C BOJOKHHCTOM

JIEHTOM Oy/AeT MOCTENEHHO YBEINUNBATHCA.



HpoaHaHI/ISI/IpyeM JABHXKCHHC OMJIBHBIX IIIAHOK IIpU  YCTAHOBUBIICMCS

pexume. [Ipu pe3oHaHCce B MOMEHT BpeMeHH 7 = 2 (7" — mepuon BparieHus

JMCKa TpemnajapbHOro OapabaHa) OWibHAS IUIAHKA OTKJIOHUTCS HAa MaKCHUMAaJTbHBIN
VIO Py (puc. 30) U ee yrioBas CKOpPOCTh OyaeT paBHa HyJI0. B MomeHT

T
BpeMeHU 7 = 5 IJIaHKa 3ailMeT pajguanbHoe MosioxkeHue (puc. 3B) U Oyner
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BpallaTbCsl B IIONMYTHOM C JUCKOM HamnpasieHuu. llpum 7 = ZT — BHOBb

OTKJIOHUTCA Ha YTON Ppay » HO YK€ B IPOTUBOIOJIOKHOM HaIpaBiieHUuu (puc. 3r).




Puc. 3. U3MeHeHHeE M0JI02KEeHNSI OMJIBLHBIX IUIAHOK ¢ T€YeHHEM BpPEMECHU:

T
a — MoMeHT yaapa no jenre 7 = O ; 6 — MOMEHT BpeMeHu T = E ; B—MOMEHT

BpeMeHu T = ZT ; T — MOMEHT Bpemenn 7 = 7.

B MomeHT Hawanma ciexyromero B3aumojeiicTBus 7 = 7 OuibHas TUTaHKA
3aiiMeT paJMalIbHOE TMOJOKEHHUE U MPU 3TOM HAYHET JABUTAaThCS B HAIPABICHUH,
MPOTUBOIIOJIOKHOM BpAIlICHUIO JHWCKAa TpenalibHoro Oapabana (puc. 3m). s
BTOPO OMJIBHOM IJIAHKU PACCYKIEHUS aHATOTUYHBI.

B mponecce skcruryatanuy yCTpoOMCTBAa € TaKOM KOHCTPYKIIMEN TPEMAIBHBIX
0apabaHOB NpHU OTKJIOHEHUH OWJIBHOM IUIAHKH OT pagUalIbHOTO IOJO0XKEHHUS
MPOUCXOIUT CMEUIEHUE IIEHTPa MAcC CUCTEMBI «TpeNalibHbI OapabaH — OMJIbHbBIE
wianku» (T. C) U BO3HMKAET CUJla MHEPLUHU, KOTOpas HEraTUBHO JEHCTBYET Ha
NOJIIMITHAKY, MPUBOAS K COKPAIIEHUIO CPOKA MX IKCIUTyaTallMd U IOBBILIEHUIO
BUOpAIMU MEXaHU3Ma B LIEJIOM.

MakcuMaabHyl0 LEHTPOOEKHYI0 CHJIy HMHEPIUH MOXXHO OIpPENeIUTh [0
cienyrolieit hpopmyie:

Fu = (2m1 + mZ)wZZYc J (1)
rae m,— macca OWJIBHOM TJIaHKM; M, — Macca AMCKa, HA KOTOPOM YCTaHOBJICHBI
OWNbHBIE IUIAHKW; @, — YIJOBas CKOPOCTh BpalllEHUs [UCKa TPENalbHOIO

OapabaHa; Y, — MaKCUMaJbHOE OTKJIOHEHHE IIEHTPA MacC CHCTeMBbI «OapabaH-

ownbHbIe TUTaHKWY (T. C) oT ocu BparieHus 6apadana (1. O).
MakcumanbHOE OTKJIIOHEHHE IIEHTPa MacC CUCTEMbI OT OCH BPAIICHUS MOYKHO

HaiTu 1o popmyre:
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C yuerom (2) ¢popmyna (1) npumeT BH:
u 2 H
F“=o"mlsing. (3)
Hampumep, ecnu MakcUMandbHOE OTKIOHCHHWE OWIBHOH IUIAHKA — OT

0
PadIruaJIbHOTO IIOJIOKCHHA COCTABUT (0:30 , TO TIIpH 4YaCTOTC BpalICHHUA

TpenanbHoro Gapabana N=2000mun™ (@=200C™"), numuHe GUIBHON IUIAHKH
| =0,2m, macce xaxnmoir mmamku M, =0,2ke, macce aMCKa TPEMAILHOIO
Gapabana M, =3K2 MaKcHUMalbHOE OTKIOHEHHE LIEHTPA MAcC CHCTEMBI OT OCH
Bpamienns Oyner paBHo Y, =0,0059m, a nenrpoGexnas cuma wHepmum —

F*“=799,7H .
[Ipu >TOM C yBeJIMYEHUEM MAKCUMAJIBHOTO yTIila MOBOPOTA OMJIBHOW IUIAHKH

0 0 u
qpmax = O a0 (Dmax :30 MaKCHUMaJIbHasA HeHTp06€)KHaH Cujla HWHCPUHUHU F

BO3PACTACT IIPAKTHYCCKH IIPOIIOPHHUOHAJIBHO VYIIY ¢, T.K. II1 MaJbIX YIJIOB

sinp~g.

Ananu3 Gopmyisl (3) MO3BOMISAET cleNaTh 3aKIIOYEHUE O TOM, YTO, €CJIU JIUCK
XOpOIIO OTOAJTAaHCHPOBaH, T.€. IIEHTP MacC JUCKa HaXOJUTCS Ha OCH €ro
BpaleHusi, TO MaKCUMaJIbHOE 3HAUYCHHE CHUJIbl WHEPIIMM HE 3aBUCUT OT MacChl
JTMCKa, Ha KOTOPOM YCTaHOBJICHBI OMIbHBIC TIaHKA. OJHAKO HA MPAKTHKE ATOT
cilly4ail HE BO3MOXXEH — OTKJIOHEHHME IIEHTpa MacC JWCKa OT OCH BpaIlleHUs
uMeeTcs Beeraa. Mcxoas u3 3Toro, Maccy JUCKa CeIyeT BRIOMpAaTh HAUMEHBIIEH.
N3 dopmynsr (3) cremyeT Takke, YTO JIS CHMDKCHHS IIEHTPOOEKHOM CHITBI
WHEPIIMM Macca OWJIbHBIX TJIAHOK JIOJDKHA OBITh MHUHMMAIBHO BO3MOXKHOU. [lpm
’TOM Macca H pa3Mepbl ITUIAHKW JOJDKHBI OOeclieurBaTh HEOOXOAUMYKO €e
KECTKOCTh. B MPOTHBHOM clTydae MOTYT BO3HUKHYThH OOJIBIIINE OTKJIOHEHUS! KOHIIA
MJIAHKK OT TUJIOCKOCTH, TEPIEHIUKYJIIpHOW ocu BpamieHus Oapabana. Eciu

BEJIMYMHA TaKMX OTKJIOHCHUM IMPEBBICUT BCIWMYMHY TCEXHOJIOIHMYECKOr'o 3a3opa



MEXKIy KOKYXOM H IUIAaHKOW, TO NPOU3OMAECT KAacCaHWE IUIAHKOW KOXyXa, 4YTO
CTaHET NPUYMHOM MOJIOMKHU YCTPOMCTBA.
JlpyrTuM TyT€M CHIKEHHUS LEHTPOOEKHOW CHIJIbI WHEPUHMH MOXKET OBITh

CMeIlIeHNe IapHupa OMIIbHOM IIaHKU OJIMKeE K e€ LIEHTPY Macc.

BbIBO/IbI

AHanmM3 KOHCTPYKTHBHOTO HWCIIOJHEHUS MOAu(pUKATOpa C TIOJBIKHBIMHU
OWJIEHBIMHU TIJTAHKAMU TTO3BOJISIET YCTAHOBHTH CIICIYIOIICE:

1. Vcnonb3oBaHWE TOABWKHBIX OWIJIBHBIX IUIAHOK ITO3BOJISIET YBEIMYHTH
MPOM3BOAUTENLHOCTh yCTPOMCTBA 0€3 YXYAIICHHS KayecTBa IOJy4aeMOro
BOJIOKHA.

2. YcraHoBKa OWJILHOW TIJIAHKW Ha AUCKE OapabaHa ¢ MOMOIIBIO IIApHUPA,
PacCIoJIOKEHHOTO Ha €€ KOHIIE, MPUBOJUT K MOSBICHUIO OOJIBIINX JTUHAMHYECKHX
HArpy30K Ha MOAIIUITHUKY U TOSIBJICHUIO BUOPAIIHH.

3. YMeHbIIeHUsT ITHUX HArpy30K BO3MOYKHO JIOCTHYh 32 CUET MPUMCHCHHS

OapabaHa ¥ TUTAHOK MEHBIIINX Macc.
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