YIAK 677.021.151.2
Hccnenoanue BIUsHAS AOMOJHUTEIBHON MTOABUKHOW OITIOPHOW KPOMKH HA
HATSKEHUE B 3AKUME CBOOOIHO CBUCAIOIIEH MPSIU IPU KPATKOBPEMEHHOM
CUJIOBOM BO3JICUCTBUU
Boakos /I. A.
KocTtpoMckoil rocyapCTBEHHBI TEXHOJIOTUYECKUN YHUBEPCUTET

Jlnst obecrieueHnss MHTCHCH(UKAMKM TIPOIecca YAAICHHUS KOCTPHI TPHU
OJTHOBPEMEHHON COXPAaHHOCTH BOJIOKHA, MPEAJIAraeTcsi BapUaHT YIIYyYIICHUS
KOHCTPYKIIMU TPENaJbHOM MAaIIMHBI MYTEM YCTAaHOBKH BOJM3M 30HBI 3a)KHMa
JOTIOJTHUTENBHOW ONMOPHOW MOANPYXKMHEHHON Hampasisitomed. Pa3pabortana
MOJENb Ui MPEABAPUTEIIBHON OLEHKU BIUSHHS JOMOJHUTEIBHON KPOMKH Ha
CHIYKEHHE BEJIMYUHBI MMKOBOTO HATSKEHUS MPSIN.

(TpenanbHbIE MAIIMHBI, 00ECKOCTPUBAHUE, MOJIENH)

[Ipeamonaraem, 4to BaKHBIM 3((PEKTOM YCTAHOBKU MOANPYKUHEHHOM
HarnpabJisifoleld OyJeT CHIDKEHHE MUKOBOTO HATSKEHUS TPSAud B 3aXUME B
MOMEHT yjapa 1Mo Hed OWJIOM 3a cyeT amMOopTH3auuu Hanpasistorien [1]. [ns
MOATBEPKIAEHUSI ATOTO TPENOJIIOKEHUST ObLI MPOBEJAEH JIKCIEPUMEHT, CXeMa
YCTaHOBKH JJIs1 KOTOPOTO MpeicTaBieHa Ha puc. 1

Cuny HaTsKEHUS HUTA 1, 3aKpEIUICHHOM OJHUM KOHIIOM Ha
TEH300aJI0YKe 2 U C TOJBEHIEHHBIM K CBOOOJHOMY KOHILy TPy30M 6, B MOMEHT
yaapa 1Mo HeW OujaoM 5. PerucTpUupoBaAIM TEH30METPUYECCKUM JTATYHKOM.
UccnenoBanu nBa BaphaHTa: ¢ HEMOJABWXHOW HOMOJHHUTEIBHOM OIOPOM M C
MOATNPYKUHEHHON 3: OMNpEeNeNsiii BEPTUKAIBHYIO  COCTaBJISIIOIIYIO CHJIbI
HATSKEHUS HUTH.

Jnss  Kaxmoro W3 JIBYX BApUAHTOB TNPOBOAWUIM CBOK  CEPHUIO
sKcriepuMeHTOB. Kaxkmas cepusi BKJIOUasia JI€CATh MOBTOPHOCTEM — OMBITOB.
[{eapto KaXmoro ombITa ObLIA PETUCTPANMS TMOKAa3aHUN TEH30METPUUYECKOTO

JaTdyvKa 3a BpEMsA yAapHOro BO3HCﬁCTBHH Ouia Ha HUTb, IICPCBOJ CUTHAJIA B



nudpoBOl BUA U TONydeHUE TrpadUyecKod 3aBUCUMOCTH HW3MEHEHUS CHII

HaTAKCHUSA 110 BPpCMCHU

Puc.1. Cxema skcniepuMeHTaIbHON YCTAHOBKH JUIsI CPABHEHUSI CHJT HATSKEHUS
HUTH C TIOJNPYKUHEHHON M HETOIBM)KHOW OMIOPHBIMU KPOMKaMU
1—- HUTH, 2 — TeH300aJI04YKa, 3 — TOMOJHUTEILHAS OIOPa,
4 — HenmOABWXHBIN OJIOK, 5 — Ouy0, 6 — Tpy3

s ompeneneHus CUJ HATSDKEHUS HWCIOJB30BajM TEH30aIaparypy,
COCTOSIIIYI0 U3 MEPBUYHOTO JaTyuKa (TEH300aJI0UKH), IEPBUYHOTO YCHIIMTEIS
CUTHAJIOB U CUCTEMBI aHAJIOTroBO-1IM(poBoro npeodpazoanus (ALII), a Takxke
OBM.

B cuny ocobeHHOCTEN KOHCTPYKIIMHU T€H300a7T0YKH M CXEMBbl YCTaHOBKHU
TEH30/IaTYMKa B OMBITAX OIPEIEISUIN TOJBKO YCPEAHEHHYIO OTHOCHTEIBHYIO
COCTaBJISIIONIYI0 CHJIBl HATSDKEHUS HHUTH B TOYKE 3aKUMa. IJTOTO OBLIO
JIOCTaTOYHO JJIsi TIPOBEJCHUS CPABHUTEIBHBIX WCCIICOBAHUMA PA3TUIHOTO
3aKpeIICHUS TIOMOJHUTEILHON OMOPHI: HEMTOABMKHON U MOANPY>KUHEHHOM.

[lo pe3ynapTaTaM ONBITHBIX JAHHBIX OBLUIM TIOMYYEHBI YCPETHEHHBIC

3aBUCMMOCTH M3MCHCHHUSA CHJI HATSXKCHUA HHUTH II0 BPCEMCHHU. Ha pHuc. 2



npesncTaBieHbl TpaduKd CUJI HATSOHKEHHMsST HUTH IS BBIINICYKa3aHHBIX JBYX
BAPUAHTOB JIOTIOJHUTEILHON OMOPHL.

W3 ananuza pe3ynbTaToB 3KCIEPUMEHTA CIIEAYET, YTO B CpPaBHEHUH C
HEMOJBW)XHBIM BapUAHTOM JIOTIOJHUTENBHOM OMOPHOM KpOMKHM 2] mpu
WCIIOJB30BAaHUN TOJIPYKUHEHHOM KPOMKH HAOJIIOAAETCs CTAaTUCTUYECKU

A0Ka3yCMOC CHUIKCHUC MAKCHUMAJIbHBIX 3HAYCHUM CUJI HATSHKCHUSL.
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Puc. 2. Ycpennénnblie 3aBUCUMOCTY U3MEHEHHUS BEPTUKAIBHON MPOEKIIUN
CWJIbI HATSKEHHUS 110 BPEMEHH U1 KOMIIOHOBKH:

1) ¢ HEmOABMKHOM OIOPOH;
2) ¢ Moanpy>KUHEHHOU OMOPOi

CraTucTrueckue rnapaMmeTpsl 3aMepOB MPEACTABICHBI B TA0JIUIIE

BapuanTt

KOMIIOHOBKH C HETIOIBM)KHBIM C TIOJIBVDKHBIM
XapakTepuCTUKH POJIHKOM POJIMKOM
Bennuuna Be1OOpKH 150 150
Cpennee 3HaueHue T yaxc, H 37,1 27,8
Koaddunment Bapuanuu 0,13 0,21
OtHocutenpHas omuodka, % 4,03 4,12

Takum  00pa3oM, TIPOBEACHHBIC OMBITHI  OOCCICYHMIIA  TIOJIyYCHHE

SKCIICPUMCHTAJIbHOT'O INOATBCPIKACHUA IMPCAIIOIOKCHNA O CHHXKCHHUH ITHMKOBBIX

3HAQUCHUN CHJI HATSHKEHUS B 30HE 3a)KHMMa IIpn YCTAHOBKC BOJIM3H HETO



NOANPYKUHEHHOW JIOTIOJHUTENBHOW KPOMKHM II0 CPaBHEHHIO C BapUaHTOM
YCTAHOBKH HEIIOJBHKHOU OIOPBI.

Jlst IIpeIBapUTEIBHOU OLICHKH BIIUSIHUS HOIPYKUHEHHOU
HaIpaBISIONIEH HAa CHI)KEHHWE BEIMUYMHBI NUKOBOTO HATSKEHUS MNpsau Oblia
INPUHATA CHEAYHoIas MOJENb B3aWMOJCUCTBUSA CJIOSI W IOANPYKWHEHHOU

KpoMmku. CxeMa ee Tpe/cTaBieHa Ha puc 3.
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Puc. 3. Moaenb B3auMOACICTBUS CJIOS U MIOANPYKUHEHHON HAITPaBIIIONIEH.
O — 3axuM, A — NOJI0KEHNE HEHATPYKEHHOW Hamnpasiisitonien, Al — nonoxenue
HaIrpasJstoe npu nevicteun cuwisl F, h u b — cipur nampasmstomei
OTHOCHUTEJIBHO 3aKUMa 10 BEPTUKAIU U TOPU30HTAIH COOTBETCTBEHHO

[IpencraBuB oOpabaThiBaeMbIil CJIOM IMUPUHON 1 CM B BUIE YHPYroro
AJIEMEHTA C KECTKOCThIO Ha PacTsHKEHUE ¢ pUieM K Mojienu 3 0, a 3aTeM K 3 B,
IJIe KECTKOCTh OSKBHUBAJICHTHOTO YIPYTOro 3JE€MEHTa — C, ONpeAeiuM U3
paBEHCTBA NEpeMelleHnid rpy3a m noxa aevcrBuem cuibl F. Ilepememienue
rpy3a A= F/c Ha cxeme 3 B MOXHO ONpeenuTh 1o GopMmyiie:

A=A+ Ay, (1)
rae:  A; = F/c; — mepemeriienue rpysa BeieACTBHE Ae(opMaliuu ¢ios,

Az — BCPTHUKAJIBHOC ICPEMCIICHUC I'py3a BCICACTBHUEC TIOPU30HTAJIBHOI'O

CMelIeHus O MOANPYKMHEHHOM HaNpaBIIsoIIe KpoMKH (puc.3 a):



A, =OA—OA =-/b?>+h? — [(b—5)? +h? @)
[lepemernienre 6 HaXOAWMM W3 PAaBEHCTBA MPOCKIIMNA CHJI Ha TOPU3OHTAIBHYIO

OChb:

Fsina-F, =0, F, =C,0,

ynp
F_ 29  _cs-0 ®)
J(b=6)*+h?

VYpaBHenue (3) pemiagoch Mpu CIEAYIONINX JaHHBIX:

h =5 mm, ¢; = 100 000 H/m, ¢, = 1000, 10 000, 50 000 H/m.

[Ipu sTOM 3HaueHUS NEpPEMENICHHUs] O ONPEACIUIUCh TPU PA3THUUHBIX
3HaueHusax cuwibl F (ot 2 H no 8 H) u casura npensarcteus b (ot 1 mm 10 7 Mm)

[ToncraBnsst pemenue ypaBHenus (3) B (2), a 3arem B (1) Haxomunu
3aBUCUMOCTH Tiepemernienuss A oT BenuuuHbl cuibl F. Hampumep Ha puc. 4
npecTaBieH rpaduk ams 3HadeHuii b=7 mm, c,=1000 H/m.
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Puc. 4. 3aBucUMOCTb YIJIMHEHUS TPsiAU A OT NPUIIOKEHHOMN cuibl F

[ToydyeHHass 3aBUCUMOCTH JTUHEHHO aIrlMpPOKCHMUPOBAIACh (Ha pUCYHKE —
NyHKTUPHAsT JUHUSA), KOAIDPUIIMEHT TEepBOM CTENEHU OMPENeNsul CPEIHION
’KECTKOCTh 3KBUBAJICHTHOTO YNPYroro sjeMeHTta c. [lo yka3zaHHOW MeTOAHKe

IMPOBCACHBLI PACUCThI JJI Pa3JIMYHBIX 3HAYCHUH KECTKOCTHU YHOPyroro 3JCeMCHTa



Co W BCIIMYMHBI CMCIICHHA IIPCIIATCTBUA b. HOquCHHa}I 3aBUCUMOCTDB

IIpEICTaBIIEHA HA PUC. .
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Puc. 5. 3aBUcUMOCTh CpeIHEH )KECTKOCTU SKBUBAJICHTHOTO YIIPYTOTO AJIEMEHTa
C OT CMEILCHUS HaMpaBJIIONIEH D; ®KECTKOCTh Py KUHBI:
1) c.=1000 H/m, 2) c,=10 000 H/™m, 3) c,=50 000 H/m

B nHauvane B3aumonelcTBUs OWJIBHOW IJIAHKU C 00pabaThIBa€MbIM CJIOEM
CBIPbSl CHJIa HATSOKEHHS CJIOSl B CEYCHHM COEraHus ¢ KpOMKHU OMJIBHOM IUIaHKH
ObICTpO BO3pacTaeT. [Ipu 3ToM 351eMEeHTHI 105 (TIPSIM) HAYMHAIOT ABUTATHCS OT
CEYEHMS 3aKHMMa, YTO COOTBETCTBYET 3a/IaHMI0 HAayaJlbHOW CKOPOCTH Ipy3a Ha
puc. 3 B.

VYpaBHeHUE ABMKEHUS TPy3a M MPH YCIOBUH BIOOpA Havajga KOOpAUHAT B
MOJIOXKEHUHU CTaTHYECKOT0 PaBHOBECHSI IPy3a MO AEHCTBUEM CUIIBI TSKECTH U
cuibl F, nmeeT B

mX=-c(x+A,)+F+G ()
501051

. 2 o .
X+kx=0, rtme: K=+C/M — kpyrosas gacrora xone6Ganmii (c*)
Pemenne ypaBHeHUs CBOOOIHBIX KOJICOAHUIA:

x =asin(kt+y) (5)

rje aMInIuTyga; A= Xo + (Vo 1K), (6)



HavanpHas Qasza: )y = arctg %o :
Vo

Torna MakcUMalIbHAs CHJIA HATSKCHUS:

T=F+G+ca (7)

Omnpenenunu HauvajdbHYIO CKOpocThb rpy3a vo = 0.89 mM/c u3 ycinoBus
PAaBEHCTBA MaKCHUMaJbHOM CHJIBI HaTspkeHUs 8 H mpu OTCyTCTBHM KpPOMKH-
NPEensATCTBUA (PKBUBAJIEHTHAs JKECTKOCTb paBHA JKECTKOCTH CIIOS Ha
pactsbkenue: ¢; = 100000 H/m), npu F =4 H u macce npsau m = 0.005 kr.

[loacraBnsiss B ypaBHeHuUE (6) TIOJyYEHHBIE 3HAUYEHHSI KECTKOCTH
HKBUBAJICHTHOI'O YIPYIOTO JJEMEHTA, a MOJYYECHHYIO aMIUIUTYAYy B YPaBHEHHE
(7), ompenensi MakCHUMAJIBHOE 3HAYCHHE HATSHKEHUS MPSIIU JJIS Pa3IHIHBIX
KECTKOCTEH NPYXKUHbI M CMEIICHHs Oe3blHEpTHON omopsl A. s OLEHKH
BEJIMUMHBI CHI)KEHHUSI MHUKOBOI'O HATSKEHUS MPUMEM Oe3pa3MepHbI mapaMmerp
Z, PaBHbIM OTHOUIEHWIO MAKCUMAJIBHOTO HATSKEHUS C YYETOM CJIBHIa
NOANPYKUHEHHOW HANpaBILIIONIE K MaKCUMAJIbHOMY HATSKEHUIO IIPH
OTCYTCTBMM cJBUTa Hampapistouieif). Ha puc 6 mnoka3zaHa 3aBUCHMOCTb
napaMeTrpa Z OT CMCIICHHS HamnpaBisomed b mmd pasnmyHeIx 3HaYCHUH

YKECTKOCTH NPYKUHBI C).
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Puc. 6. 3aBucuMOCTb apameTpa Z OT CMEILEHUs HAMPAaBIISAIONIEH b; KECTKOCTh

npyxkussl: 1) c,=1000 H/m, 2) c,=10 000 H/Mm, 3) ¢,=50 000 H/m



BbIBO/IbI:

AHanu3upysl IMOJTY4YEHHbIE 3aBUCUMOCTH OIPEIEIWIM, YTO HauOoJIblIee
CHM)KCHHUE BEJIMYMHBI IMKOBBIX HATSHKEHUN JOCTUIaeTCs I paCCMaTPUBAEMBbIX
BapHAHTOB MPHU KECTKOCTU MPYKUHBI ¢; = 1000 H/M (Ha MOTOHHBINA CAaHTUMETP
HAIpPaBISONIEH), HE3aBUCHUMO OT CMEIICHMs HaIpaBIISIIOIIEH OTHOCUTENIBHO

3aKumMa.
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