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(57) Claims:
I. A method for calibrating acceleration aod force sensors by mcans of a Hopkinson bar (I), wherein a reference sensor
system (8) designed in the normal manneT is locatcd on thc Hopkinson bar and the sensor (4) to be calibrated is locatcd at
onc end ofthe lIopkinson bar. the end of the Hopkinson bar opposite the sensor is excited by mcans of an eleclromechanical
acluator in order to convert an electrical signal to a mcchanical force, the elcctromechanical aCluator can be driven via open.
loop und cJosed-loop control electronics, characterized in that the open.loop control electronics are also used as c1osed-loop
control elcctronics, and an acceleration or force pulse form is contralIed by mcasuring the respective variable by means ofthe
reference sensor system, thc measurement variable is transmitled to the open-Ioop and cJosed-loop control e!ectronics, and
the drive signals for the electromechanical actuator are deliberately predistorted.
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2. The method as c1aimed in claim I, charaeterized in that the aeecleration or force amplitude at the end of the Hopkinson bar
is maximized by superimposition ofwaves.
3. A dcvicc for carrying out a mcthod as c1aimed in claim I, \\'herein a referenee sensor system (8), which is designed in th~
normal manner. is located on a Hopkinson bar (l). and the sensor (4) to be calibrated is located at the end of the Hopkinson
bar (l), and in that an electromcchanical actuator (2) is mounted fixed to oße end of the Hopkinson bar (1), eharacterized in
that the e1ectromechanieal actuator (2) is eonneeted via a contral Iinc (7) 10 open-Ioop and c1osed-loop control clectronics
(6), in thaI
- a counterweight (3) is attached to thc Hopkinsan bar (I) oppositc thc clectromechanical actuator (2), and
• in that a controlline (5) leads from thc referenee sensor system (8) to the open-Ioop and c1osed-loop eontrol electronics (6).
4. Tbc device as c1aimed in claim 3, characterized in that the electromechanical actuator (2) is a piezoelectric actuator.
5. The device as claimed in claim 3, characterizcd in that the electromechanieal actuator (2) is a magnetostrictive acluator.
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(54) cnocoli 11YCTPOHCTBO KAJIHIiI'OBKH ):\AT4HKOB YCKOI'EHH5I H CHJIbl

(57) Pe<tJCpaT: CTCP)((IUI rOIlKHllcoHa. npoTHBononolKllo~1
J..ho6pereHHc npC,ll1l33I1a'1CIIO UJUI .naT'IHKaM, BhInOJlHRKJT R036YiK,.!ICHHC

KaJIH6pOBKH .llaTimKOB YCKopemul H 113TtUIKOB noCpenCTBoM 3J1CKTpOMcxaHwlccKoro

cunM c nOMOlllblO CTCPiKH5I ronKHllcoll3 .amI HCnOJlHHTenhlforo McxaHli3Ma LtJl51

ynpaBJIße~fOro DJIHSlHIHI Ha (impMY CHrUaJIOR, npeo6pa:JOoalllHI 3neKTpWlfeCKoro carmUIa B

aMomny.uy clifmurOß lf .n.mlTenLlIOl.'Tb lfMnynbcoB MexallwreCKYlO CIfJlY. 3neKTpOMexalU1lfeCKlu1

ClifHaJIOß ß IIlHpOKOM JllfaOaJOHe aMIlJUlTyn. J(ml HCIlOmnneJIbHhItl MeXatlHJM MOj.f(er ynpaBJHITbCJI

KaJIH6poßKH )laTlfIiKOB YCKopemUI 11 C11J1M :meJeTpolilloA CXCMoA ynpaßnelIH5I 11

HcnoJlb3yerc5I BOJ6Y:IK,neIlHe BOnH ß Crepjf(HJlX, B pcrynupoBaHHJI. 11.306pe-reJ-lHe 06eCnelJHBaer

lfaCTHOCTIf, c 601ILlllHMIf aro.mJIHrYJlaMH. B03MmKIIOCTb u.eneBoro BJIHSlHHß Ha IjJOpMY

3ra.JlOHHbH1 ,llaT'Il-IK H ,llUT'IHK ,ll)Iß Kwm6pOBKH HMOYJIbCa YCKopeHlfSl H CHJIbI H ee H3MeHewre. 2 H.

paJMelllalOT Ha CTepif<He ronKHIICOHU. lla KOHL(C ({ 3 3.n. 'iJ-JIM, 2 !in.

CTp.: 1
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11306pereHHe OTHOCHTCllK cnoc06y H YCTPOHCTBY.uJIll B036YJK,llCH11l1BOJIH B CTCPlKHllX C

~enhlO KaJIHOpOBKH .uaT'II1KOB YCKOPCHHJIH .uaT'II1KOB CHilhI, B '1aCTHOCTH, C 60JIhlIlHMH

aMnJIHTy.uaMH. ,l.l,aT'IHK, no.u06HbIH 3TOMY, npc.uCTaBJIllCT C060H 3JICKTpOMCXaHH'ICCKHH

IlpC06pa30BaTeJIb, KOTOPblH npc06pa3ycT MCXaHIl'ICCKOC ncpcMclIlIOC YCKOPCHHCHJIH CHJIY

B 3JICKTPH'ICCKH H3MCPllCMbIH CIIl'HaJI, HanpHMCp 3apJI.u HJIH HanplllKcHHC. KaJIH6pOBKa

.uOJIlKHa OCYIlICCTBJIJlTbCll .uJIll onpc.uCJICHHll (I)YHK~HHnpc06pa30BaHHll .uaT'IHKa.

113BCCTHbI pa3JIH'IlIblC yC'rpOHCTBa,UJIll KaJII16pOBKH .uaT'IHKOB YCKOPCHHll. YnpoHCTBa H

cnoc06bl KaJIH6poBKH.uaT'IHKOB BH6pa~HH H YJlapOB onHcaHbl B CTaJI]lapTc I1CO 16063.
10 ,l.l,JIlIKaJIH6pOBKH C a~mJIHTy.uaMH YCKOpCHHll > 1000 ~1/C2HcooxonHMo HCnOJIb30BaTb

CHrHaJlbI B BH.uc y.uapoB, 1'0 CCTb CHrHaJIbI, OrpalIH'ICIIHbiC BO BpCMCHH. 061lICH3BCCTIIbIH

npHHllHn MOJIOTa H HaKOBaJIbHH, OCHOBaHHbIH Ha .uBYXTBCPJlhlX TCJIaX, y.uapllIOIlIHXCll.uPyr

o .upyra, y.uOBJICTBOPHTCJICH .uo aMnJIHTY.u YCKOpcHHll 5000 M/C2. QT06bI C03.uaTb 60JICC

15 BbICOKHCYCKOPCHHll,UJIll BbiCOKOKa'lCCTBCHHbIX KaJIH6pOBOK, Hc06xo.uHMO HCnOJIb30BaTb

npHHllHn CTCPlKlIll fonKHHCOHa. OnHCblBaCMblH cnoc06 KaJIH6pOBKH 06bllCHCII B CTaH.uapTc

I1CO 16063-13. ,l.l,JIllKaJIH6poBKH.uaT'IHKOB CHJIbi 06bl'lHO HCnOJIb3YlOTCll CTaTl1'1CCKHC

cnoc06b!. 31'0 03Ha'laeT, '11'0 naT'IHK HarpYlKaerCli CHJIOH01' CTaTH'ICCKoro rpY3a.

KaJIIl6pOBKa .uaT'IHKOB CUJIbi 1I0CpCnCTBOM CHrHaJIOB, H3MCHllIOllIUXClIBO BPCMCHH H

20 C03.uaBaCMbIX CTCPlKlICM fonKHHCOlIa, npc.uCTaBJIllCT C060H HOBH3HY.

B npHHllHnc, H3BCCTHbI TpH pa3HbIX cnoc06a KaJIu6pOBKH nocpc.uCTBOM CTCPlKlIll

fonKHHCOHa. 3TH cnoc06bI OTJIU'IaIOTCllHCnOJIb3ycMbIMH CHC'rCMaMH 3TaJIOHHhIX naT'IHKOB.

YCKOpCIIHC Ha KOHiIC CTCPlKlIlI MOlKHO 1I3MCPl1Th C nOMOllIblO OnTH'ICCKOH

H3MCPllTCJIhlIOH CHCTCMbl (HanpHMCp, C nOMOIllhlO JIa3CpHOro BH6pOMCTpa) HJIH25
3TaJIOIIHOrO .uaT'IHKa YCKOPCHHll HJIH .uaT'II1Ka CHJIh!. EIlIC O.uHH cnoc06 KaJIIl6pOBKH

3aKJIIO'IaCTCli B U3MCPCHHU .uCePopMa~HU Ha ercplKHC nocpc.uCTBOM .uaT'IHI(QB .uC(llopMallHH

(TcH30MerpoB). TIo neq)OpMa~Hu CTCP)KHll MOlKHO paCC'II1TaTb YCKOPCIIHCKOII~a CTCplKHlI.

TIpHH~Hn CTCPlKHlI fonKHHCOHa OCIIOBaH lIa pacnpOCTpaHCHHH MCXaHll'ICCKOIl BOJIlIbI B

JO .uJIHHHOMTOHKOM CTCplKHC. OTpalKcHHc 3TOH BOJIlIbI lIa CB060]lHOH KOHllC CTCPlKHlI

npHBo.uHT B pC'3YJIbTaTC K ncpcMcllICHllIO, KOTOPOC C03naCT YCKOPCHHCHJIH CIlJIY, Tpc6YCMOC

HJIHTpc6YCMYIO,UJIll KaJIH6pOBKH naT'IHKOB. B 3aBIlCHMOC'fH 01' xapaKTcpHCTHK nmlHHoro

TOHKoro CTCPlKHll 3TH YCKOPCIlHlI H CHJIhi MorYT nOCTHraTb O'lCHh BhlCOKHXaMIlJIHTY]l

(>1000000 M/C2 H >100000 H COOTBCTCTBCHHO).35
B CJlY'lac Tpa.uHllHOHHoro CTCPlKHll fonKHIlCOHa TBCpnOC TCJIO, lIanpllMCp C'raJIbHOH

wapHK, BbICTpeJIHBaJIH B onHH KOHell ercplKHll, C03naBall ynap MCXaIII1'1CCKOHCHJIbI. 3Ta

CIlJIa ynapa BbI3bIBaeT npOnOJIbHYIO BOJIHYB CTCp)KHe, KOTopalI MOlKer pacnpOCTpaHHThCll

no CTeplKHIO. TIpo(llllJIb 1l3MelleHHll nCeP0pMa~HlI BO BPCMCHH, a TaKlKe YCKopeHHllIl CHJIbl BO

40 BpeMeHH Ha KOH~e CTeplKHlI onpCnCJIlllOTCll np0ePHJIeM 1l3MeHeHHlI CHJIbi BO BpeMeHH JlJIll

ynapa CHJIbI B Ha'laJIe C'replKHll. HanpHMep, 60JIbWHC CTaJIbHbIC wapbI B036YlKnalOT O'leHb

Y3KHH '1aL'TOTHhnl cneKTp. C YMeHhweHHeM nHaMeTpa wapa '1aerOTHhie cncKTphi

pacwllplllOTCll. OJlHaKO C YBeJIH'ICIIHeM .ullaMerpa wapa MaKCHMaJIbHbie aMnJIHTy.ubI

45 B03paC'ralOT BCCbMa 3IIa'lIlTCJIhHO.

OCHOBlIbiC He]lOCTaTKH Tpa.uHllHOHHoro CTeplKHll fonKHHCOlIa:

- HeB03MOlKHO nOBJIHlITb Ha eP0PMY CHrHaJIOB YCKopeHHll;

- nJIlITCJIblIOCTb HMnYJIbCa YCKopeHHll npc.uonpc.uCJIllCTCllnapTHepOM no y.uapy, 11

n03TOMY nOBJIHllTh Ha IICCMOlKHOmnlIh C TpynOM;

- BocnpOH3Bo.uHMOCTh CHrHaJIOß YCKopeHllli H, CJIe.uOBaTCJIhHO, PC3YJIbTaT KaJIH6pOBKH

orpaHH41lBalOTCll H31I0COM napTHepOB no ynapy;

- OrpaHH'ICHHbIH .uHana301I oOJlce HH3KHX aMnJIHTY.u npHMcpHO 01' >5000 M/C2.

B naTCHTe CWA 5000030 A onHCbIBalOTCll cnoc06 H YCTPOHCTBOnJlll H3MCPCHHll

CTp.: 3
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):(I1IIaMI14CCKIiX xapaKTcpllCTIiK y.napHoro aKCCJICpOMcTpa. CIlCTCMa 3TaJIOHHoro .naT'Il1Ka

paCTIOJIOJKcHa lIa crcplKlIc fOnKI1HCOlIa, a KaJIIl6pYCMbIH.naT4IlK paCIIOJIOlKCH Ha cro

KOHljC. McxaHIl4CCKI111 y.nap TaKlKC MOlKeT ß036YlK.naTbClI intcr alia (cpcllll npo4cro - JIaT.)

nocpc.ncTBOM TIbC303JICKTPH4ccKoro 3JICMCHTa. HaMcpcHIIOC ßJIHlIHHC lIa qJOPMY CHrHaJIOß,

aMIIJIIlTY.ny CllrHaJIOB HJIIl WIl1TCJIbllOcrb IlMnYJIbCa CllrllaJIOß OTCYTcrßYCT.

HCllblTaTCJIbHall CIl~,CMa WIll KaJIIl6pOllKli .naT4HKOB YCKOPClIlIlI onllcaHa B

,l\OKYl'ICHTC US 3830091 A. B nOH CllcrCMC 3JICKTpOMcxaHIl4ccKliC IlCnOJIHHTCJIblIblC

McxaHll3Mbl, ycraHOBJICHHblC Ha aJllOMIlHHCBOM CTCPlKHCC60KY, C03.naIOT pC30HaHcIIblc

KOJIc6aHI111 B crcplKHc TIOCPC.ncrBOM pa30MKHYTblX H 3aMKlIYTblX 3JICKTPOHHblX CXCM, a

.naT4HK YCKOPCHlIlI, no.nnclKauUlll HCnblTalllllO, a TaKlKC 3TaJIOllllbIH.naT4IlK YCKOPCIHlll

YCTalloßJIClIbl lIa O.nllOM KOllljC crCPlKlIlI. B :lTOHIlCnbITaTCJIbHOH CHCTCMC~lOrYT

C03.naßaTbCll rapMOI1Il4cCKliC YCKOPClIHlI. O.nlIaKO 4aCTOTbi YCKOPCHHlI)wryr 3a.naBaTbclI

JIlllllb C ljCJIO'lIlCJIClIlIbIMH KpaTlIbiMII C06CTBCIII10H 4acroTbi (lIanpIlMCp, I Kflj, 2 Kflj, 3 KfIt

... ). ,nOcTlIlKliMall a~mJIIITy.na YCKOPCIHIlI cocraBJIlICT JIHlllb llpHMCpHO 3000 ~1/C2

UCJIblO HaCTOllIucro 1l306pCTCHHlIllBJIlICTCll pa3pa6oTKa clloc06a 11ycrpoHCTlla

KaJIIl6pOllKII .naT4I1KOB YCKOPClIHlIli CIlJIbl C llOMOlilblO crCPlKHlI fOllKIlHcoHa, KOTOPblC

n031l0JIlIIOT lIaMCpCHHO BJIllllTb Ha qJOPMY CllrHaJIOB, aMllJIIITY.ny CllrHaJIOB 11.nJII1TCJIbllOCTb

IIMnYJIbCa Cl1rllaJIOB B 1lI11pOKOM.nHalIa30HC aMllJIIlTY.n. Y CTPOHCTBO.nOJIlKHO IlMCTb

llP0L'TYIO KOHCTPYKljl110 11.nOJIlKlIO .ncl%L'TBOBaThHa.nClKlIO, 6C30naClIO 11C l'taJIblM

06CJIYlKlilla HIlCM.

B COOTBCTCTBI1IlC In06pCTClIIlCM 3Ta ljCJlb .nocrl1raCTClI cnoc060M C OTJII1411TCJIhllhIMII

npll3HaKaMI1 110 n.l IPOPMYJIbi 1l306pCTCHHlI H YCTPOHCTIlO1'1C OTJIl141lTCJIbllblMli

npIl3HaKaMIlllO n.3 qlOPMYJIbl 1l306pCTCH1i1l. YT041111I011tIlC OTJIlI41lTCJlblIblC npll311aKIl

onllcallbl B 3aBHCIIMblX nYIlKTax 2, 4 115 l!IOPMYJIbl 1l306PCTClI1i1l.
B npc,nnaracMoM YCTPOl%crBC,nnll KaJIIl6pOilKIl .naT4HKOB YCKOPCHIIlI 11CIlJIbl

IlCnOJlb3YeTClI CIlCTCMa 3TaJIOHIIOrO .naT4IlKa, KOTopalI 06bI41l0 cjJ0PMllpYCTClI lIa CTCPlKHC

f OllKHlICOlla. CllcrcMa 3TaJIOllHOrO .naT'IIlKa MOlKCT 6blTb OllTIl'ICCKOH 1l3MCPHTCJIbllOH

CIICTCMOH(lIanpIlMCp, JIa3CpHblM BIl6pOMCTpOM) IlJIII 3TaJIOHHblM naT4IlKOM. Entc OnllllM

CIIoco60M KaJIIl6pOBKIl lIBJIlICTClIIl3MCPCHIlC nClpOpMaljll1l Ha L'TCPlKHCnocpCllCTBOM

naT'IIlKOB ncqlOpMaljHI1. 00 ncqlOpMaljl1ll CTCPlKHlI MOlKHO paCC'lIlTaTb YCKopcnllC IlJllI CIlJIY

Ha KOHljC crcplKlIlI.

O,l\H1IM 06bl'IHO IlCnOJIb3YCMbiM CTCPlKlICM fonKIlIICOHa lIBJIlICTClIMCTaJIJIIl'ICcKIll%

crcplKCHb .nJIllllOH llpllMCpHO 2-4 M 11TOJIlllllHOH IIpllMCplIO 18-30 MM.

KaJI1I6PycMbll% .naT4IlK nplIKpcwHllOT K KOllltY CTCPlKHlI fonKllllcoHa. ,nJIlI B036YlK.nClIIi1l

IlMnYJIbCa YCKOPClIllll IlJIIl CIlJIbl IlCllOJIb3YIOT 3JICKTpOMcxallIl4ccKIlHIlCllOJIHIlTCJIblIhIl%

Mcxall1l3M, npllKpcmIcllllblll K npoTIlßollOJIOJKlIOMY KOHljY CTCPlKHlI f OllKIlIICOlla.

K 3JICKTpOMCXaHIl'ICCKOMY IlCllOJIlIllTCJIblIOMY 1'lCXallIl3MY, IIPIlKPCllJICHHOMY K

npoTHBOllOJIOJKHOMY KOHljY CTCPlKHll fOIIKllllcolla, KpCllllT llPOTIlBOBCC, KOTOPblll nOJIlKCH

6blTb HaMlIoro KOPO'IC l\!Illll!>l CTCPlKHII 11,l\OJI)I(ClI IlMCTb Maccy 60JICC 1/100 MaCCbl

CTCP)l(llll. 31'01' npoTIlBollCC BbIllOJIHlICT IjlYlIKljlliO BBC.nClIlill YCIlJlllll IlCnOnHIlTCJIbllOrO
45

Mcxallll3Ma B CTCplKCHb.

3JICKTpOMcxalIH4CCKIlH IlCnOJIHIlTCJIbHbIH MCXallll3M llOnCOC.nIlHCH no JIll1llll1 ynpaßJICHlIlI

K pa30MKHYTbiM 113aMKHYTbiM 3JlCKTPOllllbiM CXCMaMynpaBJIClIllll.

3JICKTpOMcxall1l4CCKIlHIlCllOJIHIlTCJIbllbill McxaHII3M llPC.nl104T1ITCJIbHO 6Y,lWT

50 npCllCraBJIlITb C060H nbC303JICKTPIl4CCKliH IlCnOJIHIITCJIbllblH 1'ICXaHIl3M IlJIII ClllC

Ma rHIITOCTPIlKljllOJIl IblH Ilcn OJIlIl1TCJIbHb111Mcxa H113M.M arHllTOCTplI KljllOHH blH

IICnOJIlllITCJIbHblH McxaHII3M MOlKHOO'ICHh JICI'KO no.nCOC,lUlHlITb K CTCP)l(1l10, HO Oll

3IIa411TCJIblI0 MCHCC3lpljJCKTHßHblll, 4CM llbC303JICKTPIl'ICCKIII1IlCIlOmnnCJIbllhll1 Mcxall1l3M.

CTp.: 4
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JIUHUll ynpaRJICHHll MO)!(eT npOxo,nuTb 0'1' CUCTCMbI3TaJIOlIHOrO ,naT'IUKa K

pa30MKHYTbIM U 3aMKHYTbl~1 3JIeKTPOHHblM CXCMaM ynpaBJICIIUll.

3'1'0 YCTpoficTBO MO)!(HO UCnOJIb30BaTb ,UJIllKaJIu6pOBKU ,naT'IUKOB CUJIbl UIIU YCKOPCHUll,

L(JIll '1'01'0 '1T06bI OTKaJIu6pOBaTb ,naT'IUKU YCKOPCIIUll, ,naT'IUK ,nOJI)!(CII 6bITb YCTaHOBJICH Ha

CB060,nHOM KOIIQC CTCP)!(Hll. L(JIll '1'01'0 '1T06bI OTKaJIu6pOBaTb ,naT'IUKU CUJIbl, ,naT'IUK

1l0JI)!(CH 6bITb YCTaHOBJICII BMcC'rc C COC,[IUHlIIOlucfi Maccofi Ha cB06011HOM KOHQCCTCP)!(Hll,

flpc,[IJIarac~lOc YCTpofiCTBO ncfiCTBycT CJICnYlOlUuM 06pa30M.

OnucamlblC HClloCTaTKu U3BCCTHbIX cnoc060B KaJIIf6pOBKU C nOMolUblO CTCPlKHCfi

fOIlKuHcoHa 06YCJIOBJICIIbl TCM <jJaKToM, '1'1'0 BOJIHa B CTCP)!(HCUIIUQI1HpYCTClIynapoM

MCXaHU'ICCKOfi CUJIbr. HaCTOlllUcc u306pCTCHUC OCIIOBalIO Ha 3aMCHC y,napa MCXaIlU'ICCKOfi

CUJIbI aIlbTcpHaTUBHbIM cnoc060M B036Y)l(,UCHUll BOJIH B CTCP)!(HC. UCJIb 3'1'01'0 cnoc06a

3aKJlIO'IaCTCll B TOM, '1T06bl npc06pa30BaTb 3JICKTpU'IeCKUfi CurlIaJI B036YlKnCIIUll B

onpCnCJICHHblfi CUJIOBofi ynap. flpc06pa30BaTCJIU 3'1'01'0 Tuna MorYT 06bl'lIIO IIa3bIBaTbCll
15

UCnOJIHUTCJIbHbIMU McxaIlU3Ma~lH. B '1aCTHOCTU, 3JICKTpO~ICXaHU'ICCKUC UCnOJIIIUTCJIblIbIC

McxaHU3Mbl MOlKHO UCnOJIb30BaTb nJIll KaJIu6pOBKlI llaT'IUKOB YCKOPCHUlI U CUJIbI

nocpCnCTBOM npC,UJIaraCMoro YCTpoficTBa, npU'ICM 3TU 3JICKTpmfCXaHH'ICCKUC

UCnOJIHUTCJIbllbIC McxaHU3MbI U~fCIOT IIlllpOKufi ,nUIIaMU'ICCKUfi llllaIIa30H (I MH-5 KH) U

20 wupoKufi UCnOJIb3YCMblfi '1aCTOTHblfi nUaMeTp (>10 KfQ),

<PopMofi UMIIYJIbCOB YCKOPCHllll Il CUJIbI MOlKHO ynpaBJllITb nYTCM U3MCPCIIUll

COOTBCTCTBYlOlUCfi ncpCMCIIIIOfi B CIlC'fCMC3TaJIOHHoro naT'IUKa. 113McpcHIIall ncpCMCHIIall

ncpCnaCTClI B 3aMKHYTbIC 3JICKTPOlIHbIC CXCMbIYllpaBJICIIUll, U CUrlIaJIbI B036y)!(nCIIUlI

3J1CK'rpOMCXaIlU'ICCKOrO IlCIIOJIHUTCJIblIOrO McxaHIl3Ma MOlKIIO lIaMcpCHlIO npCnBapUTCJIbHO
25 UCKalKaTb.

ECJIIl CTCPlKCHb fonKIlHCOHa npUBOnUTCll B pC30IIaHCHOC COCTOlllIUC Ha cro npOnOJIblIblX

C06CTBCHHbIX '1aC'fOTaX Il CCJIUMOIUHOCTb B036YlKnCHUC 1I0C'fOllIIlla, lIa KOIIQC C'ICPlKlIll

B03HUKaCT MaKCUMaJIbHall aMIIJIUTyna YCKOPCIIUll Will CIlJlbI. 3'1'0 1I03BOJIlleT ,nOC'lUrHYTb

JO 60JIbIlIUX aMIIJIUTY,n YCKOPCHUlI U CUIIbl OC06CHHO 3<jJrpcKTuBHb1M B 'laCTU 3HcprllU nYTCM.

AMnJIUTy,na YCKOPCHUlI UIlU CUIlbI Ha KOHQCC'ICPlKHll MaKCUMU3UPYCTClI npu lIaIlOlKCHUU

BOJIH, AMnIluTyna YCKOPCIIUll UIlU CUJIbI YBCIlU'IHBaCTCll cTyncHlIMu npu nOBTopHOfi 1I0na'lC

3HCPI'UIl B BU,nCB0306HOBJIlIeMOrO B036Y)l(,UCIIUll CTCPlKHlI fonKUHCOHa IIOCPCLICTIlOM

3JICKTpOMCXaHU'ICCKOrO UCnOJIIIUTCJIbHOrO McxalIU3Ma.

11306pCTCHUC n03BOJIlICT YCTpaHIlTb HCllOCTaTKU Tpa,nUQIlOIIIIOro cnoc06a KaJIu6pOBKU C

nOMOlUblO CTCPlKlIlI fOIlKUHCOHa.

flpCIlMYIUCCTBa 1l306pCTCHUlI 3aKIIIO'faIOTCll B TOM, '1'1'0 Ha cPOP~fY CUrllaJIOB YCKOPCIIUll

MOlKHO BJIllllTb 3JICKTPU'ICCKU. Ha nJIUTCJIbHOCTb UMnYJIbCa CllrHaJIOB YCKOPCHllll TOlKC

40 MOlKHO ßJIUllTb 3JICKTPU'ICCKIl. 11306pcrCIIIlC 1I03BOJIlICf BJIUllTb Ha cP0PMY CUrHaJIOB

(rapMOIIIl'lCCKIlC CUfllaJIbl, UMnYIlbCHbrc CllfHaJIbI), aMnJIUTY,ny CUfllaJIOß (06bl'lIIO 20-

100000 M/cz) Il ,UJIUTCJIbIlOCTb IlMIIYJIbca (06bl'l1l0 50-500 MKC) CHfHaJIOB.

113110C npaKTll'lCCKIl OTCYTCTßYCT, '1'1'0 YIIY'IwacT BOCllPOU3BO,nHMOCTb CHrtIaJIOB

YCKOPCHllll H PC3YJIbTaTa KaJIIl6poBKIl.

KpoMc '1'01'0, KaK npCIlMYIUCCTBCHHbIe xapaKTcpUCTlIKU YCTpoficTBa ,nJIlI KaJIu6pOBKH

MOlKHOOTMCTIlTb B03MOlKHOCTb npoCTofi aBTOMaTU3aQUU oncpaQufi KaJIu6pOBKIl Il 60Ilcc

3cPcPCKTIlBllblfi ß '1aCTlI :mcprHIl npUHQun ,nCfiCTßUll no cpaBIICHUIO C 06bl'IHblM

YCTpoficTIlOM ,nJIll KaJIH6pOBKH.

B nOCJICllYIOIUCM TCKCTCH306pcrCIIIlC 6y,nCT OllllcaHO 1I0,np0611CC CO CCbIJIKaMU lIa ,nBa

npllMcpHblX BapHaHTa OCYUjCCTRJICHllll. Ha '1CpTClKax:

cPllf.1 HJIJIIOCTPUpYeT YC'fPOfiCTßO ,UJIll ImJIu6poßKU C JIa3CpHblM BIl6pOMCTPOM B

Ka'lcC'mc CHCTCMbl3TaJIOHHOrO ,naT'fIlKa,

45
•
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(j1l1r.2 HJUlIOCTPHPYCT YCTpOr1CTRO).UIli KaJIH6pORKH C .[{aT"HlKOMCIIJIbl R Ka'lCCTRC

CHCTCMbl :naJIOIiHOrO .[{aT'IHKa.

cDHr.1 HJIJIIOCTPHPYCT YCTPOi:lCTRO.wIll KaJIH6pOBI<H .[{aT'IHKOR YCKOPCIlHll. YCTPOI1CTBO

CO.!lCP)I(HT CTep)I(CHb ronKHHcoHa I B BH.!\CMeTaJlJIH'leCKoro l.\HJIHIl.[{plI'IeCKOrO CTep)I(Hll

lIJIHHoi:l 2 1'1H .!IHaMeTpoM 20 1'11'1.K CTep)I(HIO rOllKHHcoHa I lIa JICBOM lIa'laJIe CTCP)I(Hll

IIO.!lCOC.!IHIICHllbC"J03JIeKTpWlcCKHi:l HCnOJIHIITeJIbllblrJ McxallH3M 2 C IIPCCCOBOi:lnoca.uKorJ. K

HCnOJIHHTeJIblloMY MexallH3MY 2 llPIlKJICCH l.\HJIIlII.[{pll'leCKllrJ ~1eTaJIJIIl'ICcKHrJ npoTIlRoRCC 3

.[{llaMcTpoM 50 MM 1l.!lJIIlIIOi:l 30 MM. KaJlH6pYCMblrJ .[{aT'IHK 4 YCTaHOBJICII Ha npaBOM KOIll.\C

CTCP)I(llll. CIlCTCMa 3TaJIOIlIIOrO .[{aT'IIlKa 8 BbInOJIIlClla B Bll.[{eJI<13epa. Pa30MKlIYThlC Il

3aMKlIYTbIC 3JICKTPOllHbiC CXCMbl ynpaBJIellllll (6) YllpaBJIlIIOT nbC303JICKTPIl'lCCKIlM

HCIIOJIHHTeJIbHbIM Mexa1l1l3)'IOM 2 llO JIHHIlIl ynpaBJIeHllli 7.
cDllr.2 IlJIJlIOL'PlIPYCT YCTPOi:lCTBO.wIll KaJIu6pOBKH .!IaT'IHKOB ClIJlbl. YCTPOrJCTBO

cO.uCP)I(UT CTCP)I(CHb ronKIlHcoHa I 06bl'1II0 n RU.[{CMCTaJIJIIl'lCCKOrO l.\HJIlIII.[{PlI'fCCI(OrO
15

CTCP)I(llli .[{JIHHOi:l2 M 11.[{llaMCTpOM 20 ),11'1.K CTCP)I(HIO rOllKlllICOHa I Ha JICBOM lIa'IaJIC

CTCP)I(Hli nO.[{COC.[{lIHCHnbC303JICKTPIl'lCCKllrJ IlCnOJIHIlTeJIbllblrJ Mcxallll3M 2 C npcccoBOrJ

noca.[{Koi:l. 1(IlJIlIlIIlPlI'ICCKIli:l ~1CTaJlJIIl'ICCKIli:l npoTIlBoBCC 3 IlMCCT .ullaMcTp 50 MM Il

IlJIIlIIY 30 MM 11npllKJICCH, TO CCTb npIlCOC.!IIlHCH KaK OJIHO l.\CJIOC,K nbC30:mCKTpll'leCKOMY

20 UCIIOJIHIlTCJIbIlOMY Mcxallll3MY 2. KaJIIl6pycMblrJ llaT'fIlK 4, 3TaJIOillILlrJ llaT'fIlK 8 H
COC.[{HHlllOwali ~Iacca 9 YCTallOBJIeHbl Ha npaBOM KOHl.\e CTep)I(HlI. Pa30MKHYTbiC H

3aMKHYTbiC 3JICKTpOHHble CXCMbl YIIpaBJICHHlI 6 ynpaBJIlllOT IIbC303JICKTPIl'ICCKHM

IlCnOJIHIlTCJIbllbIM Mcxall1l3MOM 2 IIO JIIlIllIH YllpanJIClIllll 7.
CllrH,lnbI 113KaJIH6pyeMoro .[{aT'IHKa 4 11CIlCTCMbl 3TaJIOHllOrO .[{aT'fIlKa 8 no.[{aIOTCJI B

pa30MKHYTblC 113aMKHYTble 3JICKTpOillILIC CXCMLIynpanJICHllli 6. OYTCM B036YiK.[{CIlHll

llbe303JICKTPIl'ICCKOro IlCnOJIHHTCJIbllOrO Mcxall1l3Ma 2 onpCIlCJICHHblMIl 3JICKTPIl'fCCKIlMIl

CllrIIaJIaMIl B CTCP)I(HC C031laIOTCli onpc.[{CJICHHbIC nOJIl1LI. TaKIlM 06pa30M, 3a C'ICT

OTpa)l(eIIIlJI BOJIH Ha npanOM KOIII\C CTCP)l(lI11MO)l(HO nOJIY'fIlTb onpCIlCJIClIlILIC CllrIIam,1

YCKOPCHIlC-BPCMlI 11CIlJIa-BpCMJI.

Ha CllrHaJIbl Ila llpaBoM KOHl.\CCTCP)l(Ill1 MO)l(II0 Ha)'lcpcHHO nJIHllTb IlYTCM 1l3MCHCHIl1i

3JICKTpll'leCKIlX CllrHaJIOn B036Y)I(.[{CIlllJI R nbC303JICKTPll'ICCKOM IlCnOJIHIlTCJIbIIOM

McxaHIl3MC 2. TaKHM 06Pa.:JOM, H306pCTellllc n03BOJIlICT nJIllllTb Ila rjJOPMY CHrHaJIOB

(rapMOHlI'fCCKIlC cm'IIaJIbl, HMnYJlbCHblC CllrHaJIbl), aMnJIIlTY.!IY CHrIlaJIOIJ (06bl'fHO 20-

100000 M/c2) 11.[{JIIlTCJIbHOCTb IlMlIYJlhCa (06bl'lIIo 50-500 )'IKC) CllrHaJIOIl.

,ll,JIlI Toro 'fT06bl nOJIY'fIlTb onpc.[{CJICHHblrJ 1l0MIlHaJIbllblrJ CllrHaJI Ha KOHI[C CTCP)l(Il11,

MO)l(HO IlCnOJIb30IlaTb I\JaKTIl'ICCKHC CllrHaJlbl CHCTCMbl3TaJIOIlIIOrO .!IaT'IHKa, 'fT06bl

cpaBHIlTb IlX C HOMIlIIaJILHblM CHrHaJlOM. 0PC.[{LICKa)l(CHHC CHrHaJIOIl B036Y)I(.!ICIlHlI .[{JIlI

IlCnOJIIIHTCJIbHOrO McxaHH3Ma MO)l(HO paCC'fHTaTh COOTBCTCTnYIOll.[IlMH~mTCMaTlI'ICCKIlMIl

MCTo.[{aMIl, 'IT06bl Ha KOIII\C CTCP)l(Hll nOJIY'fHTb 1l0MHHaJIbHblrJ CllrllaJI. 3TO n03BOJIlleT

C03JlanaTb KaJIH6poIJ0'fHbIC CllrHaJlbl, COrJIaCYIOll.[HCCll C cooTBeTCTBYIOll.[HM KaJIH6PycMLIM

.!IaT'IHKoM.

,ll,ml .[{OCTH)I(CIIllli CHrHaJIOB C OC06CHHO 60JIbWOi:l aMnJIlITYJloll IIa IIpaBoM KOIIl.\C

CTep)l(Hll MO)l(IIO IlCnOJIL30BaTL KOIITIlHyaJIbllLIC xapaKTcpHCTHKIl CTCP)l(Il11.

C O.[{1l0H CTOPOHbI, CTCP)l(CHb MO)l(HO B036Y)I(.[{aTL rapMOHH'ICCKIlMIl CllrHaJIaMH Ila

np0.[{OJIbHOrJ c06CTBeHIlorJ 'faCTOTC. 3TO n03BOJIlICT .[{06HTbClI CHrHaJIOB C OC06CHIlO

60JIbwoll aMnJIHTY.!IorJ lIa IIpaRoM KOHl.\CCTep)l(lIl1 npH MHIII1ManbHOM KOJIIl'fCCTBC

50 BRC.!ICHHOi:l3JICKTpH'IeCKorJ :mcprIlH.

C .!IPyroll CTOPOHLl, HCnOJIlIHTCJIbllblil McxaIlll3M ~1O)I(JIOB036YiJ(.!\aTb ncplloJjH'leCKll

O.!lHIlM 11TeM )l(C CllrHaJIOM. ECJIH ncplloJ] B036Y)I(.!ICHHll cornaCOBaTb co npcMcIIcM

pacnpoCTpaHclIllll 1l0JIHbi no CTCP)I(HIO, nCpllOHa'faJIbIlali ßOJIHa H COOTBCTCTBeHIIO IlHOBb

35
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C03):laHHaJl ßOJlHa HaKJla):lblßaIOTCJI. 31'0 lIaKJla):lbIBaIIHC TaKlKC n03ßOJlJlCT ):l06HTbClI

CHrHaJlOß C OC06CHHO 60JIblllOll aMnJIHTY):loll Ha npaBOM KOHl.\CCTCPlKHJI npH MaJIoll

ßßC):lCHHOll :mCKTpI1'ICCKOll :mcprml.

OCPC'ICHb n0311I\HH

I CTCPlKCHb

2 3J1CKTpoMcxaHH'IccKHllHcnoJlIIHTcJlbHblll McxaHH3M

30poTl1ßoßcc

4 KaJlH6pycMblll ):laT'IHK

5 JIHIIHlI y"paBJlCHHJI
6 Pa30MKHYTbiC H 3aMKHYTbIC 3J1CKTPOIIHbIC CXCMbl ynpaßJlCHHlI

7 JIIlHIlJl ynpaBJlCHIlli

8 CIlCTcMa 3TaJlOIIHOrO ):laT'IHKa

9 COC):lIlHlIlOll.\aJl Macca

<DopMYJla Il306PeTCIlIIJl

I. Cnoc06 KaJHl6pOBKH ):laT'IIlKOB YCKOPCHIIll Il CIlJlbl C nOMOII\bIO CTCPlKHlI

fonKIlHcoHa (I), B KOTOPOM CIlCTCMY:lTaJlOllllOro ):laT'IHKa (8), pa3pa6oTaHHYlO 06bl'-IIIblM

20 nYTCM, pa3MCUlaIOT Ha CTCPlKlIC fonKIlHCOlIa Il ):laT'IHK (4), KOTOPbIll npC):lCTOIlT
OTKaJlIl6pOBaTh, pa3MCll\aIOT Ha O):lIIOMKOHl.\CCTCPlKlIlI fOIIKIlIICOlla, KOHCl.\crcplKlIlI

fonKIlHCOHa, npOTIlBOnOJlOlKHblll ):laT'IHKY, ß036YlKJlaIOT nOCpCJlCTBOM

3JICKrpOMCXaHI1'ICCKOro IlCIIOJlHHTCJIbHOrO McxalIIl3Ma, '1T06bl npc06pa30BaTb

3JICKTPIl'ICCKIlIl CIlrlIaJI ß MCXaIlIl'lCCKYlO CIIJIY, npH'ICM :lJICKTpOMCXaIlH'ICCKIlH

25 IlCnOJIHHTCJlbHblH ~ICXalIl13M Mory..- B036YlK,UaTb nOCpCJlCTBOM pa30MKHYTbIX Il 3aMKHYTbIX

3JICKTPOHHbIX CXCMynpaBJlCHHlI, OTJlI1'IalOIl\HllcJI TCM, '!TO PaJOMKHYThlC 3JICKI-P0HHblC

CXCMbI YIIpaBJlCHHJlHCnOJIh3YlOT H KaK 3aMKHYTblC 3JICKTPOHllbiC CXCMbI ynpaBJlCHHlI, H

cjJ0pMOH HMnYJIbCOB YCKOPCHHlI HJIHCHJIbI ynpaBJIJllOT ny..-CM H3MCPCIIHli COOTBCTCTBYIOIl\Cfl

30 ncpCMCHHOH nocpC,UCTBOM CIlCTCMbI 3TaJIOHHOrO ):laT'IIlKa, npH'ICM H3MCPCIIIIYIO

ncpCMCHHYIO ncpc,UalOT B 3aMKHy..-bIC 11pa30MKHYTblC 3JICKTPOHllblC CXCMbl ynpaBJICIIIlll Il

CHrHaJIbI B036Y)l(,UCHHlI 3JICKTpOMCXa1Il1'1CCKOrO lICnOJIHlITCJlbHoro McxaHH3Ma lIaMcpCHHO

npc,UbIcKalKalOT.

2. Cnoc06 IIO n.I, OTJlI1'IalOIl\HHClI TCM, '11'0 aMIIJlIlTY):lY YCKOPCHIlllllJlIl CIlJIbI Ha KOIlI\C

35 CTCPlKHlI fonKHIICOHa MaKCIlMIl3IlPYIOT nYTCM HaJlOlKCHIlli BOJIH.

3. YCTpOHCfBO ):lJIlI OCYIl\CL'TBJICIIHlicnoc06a no II.I, B KOTOPOM CIlL'TCMa 3TaJlOHHorO

,UaT'IHKa (8), pa3pa60Tallllali 06hl'lllbIM UYTCM, paCnOJIOlKCHa lIa L'TCPlKHC fonKIlHcolIa (I),

Il KaJIIl6PycMbIH llaT'IHK (4) paCnOJIOlKCII ua KOHl.\CCTCPlKIlli rOIIKIlHcoHa (I), UPIl3TOM

40 3JICKTpOMCXaHIt'ICCKlIIl IlCIIOJIlIIlTCJlbHbIH McxaHIl3M (2) YCTallOBJICII npIlKpCIIJICHllblM K

O):lHOMYKOHl.\YCrCplKHJI fonKIllIcoHa (I), OTJIH'IaIOll\CCClI TCM, '11'0 3JICKTpOMCXallH'ICCKliH

IlCnOJIHIITCJIbllblH McxaHH3M (2) nO):lKJIIO'ICH no JllIlIHH ynpaBJlCIIHli (7) K pa30MKHYTbiM H

3aMKIIYTblM 3JICKTPOHHblM cxc~mM y"paBJlCHIlli (6), npI1'ICM
- K CTCP)l(1Il0 fOUKIlllcoHa (I) C npoTlIßonOJlOlKlIOll OT 3JICKTpOMcxaHH'ICCKoro

45 HCnOJlHHTCJIbHOro McxaHH3Ma (2) CTOPOHbl npHKpCIIJICII npoTlIßoßCC (3), H

- npIl'lCM 01' CHCTCMbI3TaJIOIIIIOrO ):laT'IIlKa (8) K pa30MKIIYTbIM H 3aMKHYThiM

3J1CKTPOHllbIM cxc~raM ynpaBJlCHIlli (6) UPOXO):lIlT JlIlHllll ynpaBJICHIlJl (5).
4. YcrpollL'TBo IIO n.3, OTJIIl'laIOU\CCCJI TCM, '11'0 3JICKTpOMcxaHIl'IccKllll IlCnOJIHIlTClJbllblH

50 McxaUIl3M (2) npc,UcraBJllIeT c06011llbC30JJICKTPII'ICCKlIil IlCnOJIHIlTCJlbHblH McxaHIl3M.

5. YL'TPOHL'TBO no 11.3. OTJIll'lalOlI(CCClI TCM, '11'0 JJICKTpOMCXallll'lCCKHH HCnOlJlIllTClJbllhIH

McxallH3M (2) npCnCTaBJIlIeT c060il MarIIlIT0L'TpIlKl.\1l0IlHbIHIICIIOlJIIIITCJIbHbIH McxaH1I3M.

Crp.: 7
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