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MEXTITOCYJIAPCTBEHHEB U CTAHIAPT

Bubpauus
METO/1bl KATUBPOBKU JATYUKOB BUBPALIUU U VIIAPA
Yacrs 0. Odmme mosoxKeHus

Vibration. Methods for the calibration of vibration and shock pick-ups.
Part 0. Basic concepts

Hara sBeaenna 1997—07—01

1 OBJIACTb IIPUMEHEHHA

Hacroaumii ctannapr pacnpoctpaHseTcs: Ha JaT4HKH (npeobpasosaTte-
JTH) YCKOPEHUSI, CKOPOCTH U TiepeMelLeH s] TMHEHHOI BUOPALIMI M yoapa 1
YCTaHAB/IHBACT OCHOBHBIE NMOJOXECHHSI METOIOB MX KATUOPOBKHM.

CraHzapT He pacnmpocTpaHsieTcs] Ha JATYUKH YIJIOBOil BUGpaLuy, a
TaKXe NAaTYMKKM CHJIBI, JaBlIeHMs U AchopMallH, JaXe B TOM ciydae,
€CJIM OHHM MOTYT OBITH KaJIMOPOBaHBI NMOAOOHBIMH METOLAMM.

2 HOPMATUBHBIE CCBLIKU

B Hacrosmem craHaapre Henonb3oaHa cebuika Ha [OCT 24346—80
Bubpauus. TepMUHBI U OnpeacacHus.

3 OIIPEOEJEHUA

TepMunel, npruMeHsieMble B HACTOSIIIEM CTaHAApTe, U MX OTIpeaesic-
HHs1 — 1o ['OCT 24346 u npuBefcHHbIE HIXKE.

3.1 laTyHK — ycTPOMCTBO, MPEeAHA3HAYEHHOE VISl IPeobpasoBaHUs
U3MEPSIEMOro MapaMETPa MEXaHUYECKOTO ABUXCHMSI, HAIIPUMED, YCKO-

PCHUSI, B BEJIMYKHY, YAOOHYIO AJisi H3MEPECHMsI WIH 3aMNCH.

IMpuMeuaHue — [JaTyuK MOXeT BKIIOUATh B cebs JONMOTHUTEIbHbIE yCTpoicTBa,
ofecreynBaomre HeoGXoaHMMoe pabodee HanpsoKeHHe, MHAMKALMIO WIN 3aIMCh €r0 Bbl-
XOIHOIo CUTH&NA M Jp.

H3nanue opunnaisnoe
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3.1.1 B3aumnblii (06paTHMBIA) JATYMK — NBYCTOPOHH Uil 3JIEKTpOME -
XAHUYECKUII JATYUK, IUISI KOTOPOTO OTHOLIEHHUE NPHIOXEHHOTO TOKA K
BO3HHUKAIOIIEH CUIe (KOTAa CKOPOCTh ABHXKEHHUS JAaTYHKA paBHA HYIIO)
PABHO OTHOLICHUIO MPHIOXKEHHONH CKOPOCTH K BO3HUKAKIOLIEMY Hampsi-
XCHUIO (KOTAa TOK B IATYMKE paBeH Hy/0). TaKMMH IaTYNKAMM SIBJIsI-
FOTCA 3JIEKTPONMHAMHUYCCKUIM U NMBbE303JIEKTPUYCCKUNA TATYUKH.

3.1.2 OaHOCTOPOHNHMIT JATYNK — JATYMK, HCTONB3YIOMI TEH30-
HYBCTBUTCIBHBIC 3JICMEHTEI, JJIs1 KOTOPBIX 3JIEKTPUYECKOE BO3OYKICHHUE
HC BBI3LIBAET OLUYTUMBII MeXaHUYecKui 3(pdeKT B NaTUuKe.

3.2 Paboynii AManason — QMAMa3oH YacTOT WIH AMIUIATY, B KOTO-
POM NaTYMK SIBJIACTCA JMHCHHBIM B NpeaeNaX HOPMHUPOBAHHBIX JOMYyC-
KOB.

3.3 BxXOmHO# CHrHAN — CUTHAJ, MPWIOXEHHBIH K BXONy OaT4uKa,
HaTpuMep, 3aTyXalolUi CUTHAM, TIPHJIOXEHHbIH K €ro 1Mocafo9Hoii Mo-
BEPXHOCTH.

3.4 BbIXOAHOH CHIHAA — CHUTHAJ, TEHEPUPYEMBIii JAaTYUKOM, KaK OT-
KJIMK Ha BXOOHOM CHUTHAJ.

3.5 Yyscreurensuocts (k03¢ pumuenr npeoOpa3oBanua) — ISl THHEII-
HOTO IAaTYMKA 3TO OTHOLICHHE BBIXOJHOTO CUTHAJA K BXOAHOMY IIPH CH-
HYCOMIANBPHOM BO3IEHCTBHM, MPUIOKEHHOM K TNOCATOYHOI MoBep-
XHOCTH BOJIb OCH YYBCTBUTCJIBHOCTH AaT4yMKa. B obiiem ciyudae, uys-
CTBHTCJIPHOCTDL BKITIOUACT B ccOs1 mHGopMaLnio Kak 06 aMIIUTyae, Tak u
O "acTOTE U CJICOBATENILHO, SABJSICTCSI KOMIUIEKCHOI BETMYUHOM, 3aBU-
CSILIEH OT YacTOThI.

CHHYCOMAATBHOC BXOJHOE JBUXKEHHE MOXET ObITh BRIPAXXEHO Cleay-
IOIIMMHM YpaBHEHUSIMHU:

s=Sexp[j(of +¢)]= S[cos(ot +¢,) +/sin(wt +o,)l; (1)
v=jos = Vexplj(of +¢ +n/2)]=

=V[cos(ot+ ¢, +1/2)+ sin(of + ¢, +1/2)]; (2)
a=jov=Aexp| (ot +¢,+n)]=

=Alcos(at +¢,+n)+/sin(of + ¢, +n)]; (3)
x = Xexplj(ot+ p,)] = X[cos(o 1+, +sin(at+p,)], @)

FAC § — KOMIVIEKCHAS BeJHYHHA NepeMEILICHHUSI;
V — KOMIUJICKCHAas BEIHYHHA CKOPOCTH;
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a — KOMIUIEKCHAas BCJIMYMHA YCKOPCHHS;
X — KOMIUIEKCHAsI BEIMYMHA BBIXOJHOTO CUTHAJIA,
§ — aMIIUTya CUMHYCOMOAIBHOTO NMEPEMEILICHUS;
V — aMIuiMTyna cuHyCcOUAANbHOM CKOPOCTH;
A — aMIUINTyJa CUHYCOMIALHOTO YCKOPCHUSI;
X — aMIUTHTYa BLIXOJHOIO CUTHAMA;
@ — KpPYToBasl 4acTOTa,;
®,, ¢, — ¢asoBbIC YIIIHI,
J — MHUMasi eqUHULIA;
t — BpeMsl.
3.5.1 YyBcTBMTEILHOCTL MO MEPEMELIEHHIO K B eAMHHULAX BEIXOQHOTO
CHUTHaJIa Ha METP PAacCUYMTHIBAIOT TIO (hopmyrie

ki =%=K,exp[—] (o, —®)], &)

rae K — aMIuIMTyaa YyBCTBMTEIBHOCTH MO TIepeMelLeHHIO;

(¢, — ¢,) — caBur das.

3.5.2 YyBcTBUTENBLHOCTD MO CKOPOCTY K B €AMHHMLIAX BLIXOAHOTO CUT-
HaJIa Ha M/C paccYMTHIBAIOT 1o opMmyJie

k,=3=K, expl-j (o, =9, +n/ D], (6)

rae K, — aMIUIMTya 9yBCTBUTEIBHOCTH TIO CKOPOCTH;

(¢, — ¢, t n/2)— casur ¢as.

3.5.3 YyBCTBHTENILHOCTb MO YCKOPEHMIO k, B CIMHHMLAX BLIXOAHOTO
CUTHaJIa Ha M/C? paccYUTHIBAKOT 110 hopMysie

ka =%=Ka exp [_J (‘Pl ) + Tl.')], (7)

rae K — aMIumMTyaa YyBCTBHTENBHOCTH TI0 YCKOPEHHUIO;
(¢, — @, T ®) — casur das.

IMMpuMevyanus

1 OOBIMHO YYBCTBHTEJIBHOCTD 110 IepeMelleHHI0 ONpelesiSioT A JaTYMKOB TepeMe-
I{EeHUA, YYBCTBUTE/IBHOCTD 10 CKOPOCTH — JUTA JATUHKOB CKOPOCTH; YYBCTBHTEIBHOCTD 10
YCKOPEHHIO — [UTd JATYHKOB YCKOpeHHs. B o0leM ciayuae aMIuIMTViIbl M (bazoBbic YIJIbI
UYBCTBUTENILHOCTH SABIAI0TCA (GYHKUHUAMH vacToTel [ = o/2m.

L¥E )
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2 laTHKM TiepeMellleHHs, CKOPOCTH M VCKOPCHHs, YYBCTBUTE/ILHOCTh KOTOPBIX MpH
JOCTHXCHHH HYNEBOro 3HAUCHHUS YaCTOTHI He CTAHOBHMTCA PaBHOI HYITIO, Ha3pIBAIOT JATYU-
KaMH ¢ HYJIEBOH YaCTOTHOM XapaKTepUCTHKOH (XapaKTepUCTHKOMN [TOCTOSHHOTO Toka). ITpu
TIOCTOAHHOM YCKOPEHHMH YACTOTA M CABMT (a3 PaBHBl HYITIO. IpuMepamu 1aTumkos ¢ ny-
JIEBOH YACTOTHOM XapaKTepHCTHKON ABIAIOTCS MaTiMKH YCKOPEeHMd, HCNOIL3YIONU[He B
KQeCTBE YBCTBMTEJILHBIX /1EMEHTOB TeH30PE3HCTOPBI, NOTEHIMOMETDBI, AuddepeHIH-
AIbHBIC TPAHCHOPMATOPHI, YCTPOHCTBA GATAHCUPOBKH CHJIBL (cepro) WM apyrue amamo-
TU'HBIe oeMeHTBI. CellcMHYeCKHe TeHePATOPHBIe TaTINKH, TAKME KaK N1be303JIeKTpHYec-
KHE M OJIeKTPOAUHAMUYECKHEe JATYNKH, SBIAIOTCA NPHMEPOM JaTYHKOB, He MMEIoLIMX
HYJICBOH Y4CTOTHOM XapaKTepUCTUKH.

3.6 OTHocHTeNbHAA MOMEpeyHas YYBCTBUTEJBHOCTh (OTHOCHTEJbHBII
K03 punmenT nonepeyHoro npeobpazosanus) — oTHOIICHUE BBLIXOIHOTO
CHUTHAana JAaTYUKa, OPHCHTHPOBAHHOIO OCHOBHOI OCBIO YYBCTBUTENBHOC-
TH HC]JHGH,I[HKYJIHPHO HaIlpaBJICHUIO BXOIHOTO CUT Hajia, K BLEIXOOHOMY
CHTHaJ Yy 2TOro AJaTYUMKa, OCHOBHAS OCh YYBCTBUTEILHOCTU KOTOpOTo Ha-
npaBJaeHAa BOOJE TOTO Xe BXOJHOTO CUrHajia.

3.7 I'enepaTop BuGpauun — moboe YCTPOMHCTBO [UIsl CO3AAHUA U Nepe-

A2 M KOHTPOJTHPYEMOro ABHXKCHHUA NMOCALOTHOI NOBEPXHOCTH NATYMKA.

IITpuMeyanne— enepatropsr BHOpALMM TaKKe HA3BLIBAIOT BHOPOBO3OYIHTEIAMHY,
BUOpaTopaMyu M BUOPOCTEHAAMH.

4 USMEPAEMBIE XAPAKTEPUCTUKH

41 OOmHUe NONOXEHUS

OCHORBHOII LeNbI0 KAMMGPOBKH AaTYHKA SIBJIsIeTCH OMPEIEIICHUE ETO
IYBCTBUTEIBHOCTH B pabodeM AMana3zoHE YacTOT U AMIVTMTYA IJIST TOM
CTETICHH CBOOOADI, B KOTOPOIi JATYHK NPECAHA3HAYCH HUCIOJNIB30BATLCS.
KpoMme Toro, MoxeT 6bITh BaxHa MHGbOPMALHsA O YYBCTBUTENBHOCTH AT~
HHKa K IBIXKCHHIO B HATIPABICHWH APYTUX MATH CTECHEl cBo6oab. Ha-
TNPUMCEP, ISl TMHEHHBIX IATYMKOB YCKOPCHUSI HEOBXOAHMO 3HAT HUX YyB-
CTBUTEILHOCTE K ABMXEHHIO, NEPICHAHKY/SIPHOMY HATPARICHMIO OCHU YyB-
CTBUTEJILHOCTH M BPALICHUIO. JIpyrHMM BAKHBIMH (DaKTOPAMMU SRISIOTCS
nemndbupoBaHye, cIBUT ha3, HeIMHeHHOCTL Wi BApHALiisi BBIXOAHOIO CHUT-
HAJIA TIpH H3MEHCH I AMIVTHTY 151 BXOJHOTO CUTHANA, YYBCTBHTEILHOCT) K
BO3/ICHCTBUIO TEMTIEPATYPBI, AABACHHS U APYTUX BHCIIHUX YCIOBHIi, Ta-
KHX, HalIpUMEP, KaK IBIXKEHHE COEAUHUTENBHOTO Ka6eTst.

42 OCHOBHUEBE XApPAKTECpPHCTHKH OJATYHKAa

4.2.1 Amnaumyono-uacmomnas (A 1X) u gaso-uacmomnas (PYX) xa-
PAKMeEPpUCIMUKL .

YyBCTBUTEIBHOCTD AATYHKA ONPENEISIOT H3MEpPEHHEM MapaMeTPOB ABU-
KCHHST WIH BXOAHOTO CUTHAMIA, MPHUKIAABIBAEMOTO K JATYHMKY FeHepaTo-
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POM BUOpalUHM, U BLIXOLHOTO CUTHAJA AaTdHKa. [Ipu 3ToM JaTumK ycTa-
HABJTUBAIOT TAKUM 00pPa30M, 4TOOHI €ro OCh YYBCTBUTENBHOCTH COBIIALA-
71a ¢ HANpaBJIeHHEM ABIKCHMUsI, BO3OYXIaeMOTo IeHepaTOpOM BHOPAlUH.
C nomouibio KOHTPOIMPYEMOTO PETYIUPYSMOTO BO3/ICHCTBHSI, aMIUTUTY-
Ja M 4acToTa KOTOPOTO JIEXKAT B NpefieJiaX COOTBETCTBYIOLLMX AUANIA30HOB
NaTYMKA, MOIYT OBITh OTKATMOPOBAHLI KAK AATYNKU HETIPEPLIBHOIO Jeii-
CTBUS, TaK U JATYHKUA MaKCHMAJILHLIX 3HAYCHUIA.

Jlnst BHIMONHEHHs] Pe30HAHCOB JATYMKAa HEoOXOAMMO HAGMIONaTh 3a
€TI0 BLIXOAHBIM CHIHANIOM BO BPEMsI MEJIECHHOTO HEMPEPHIBHOTO H3MEHe-
HHA 4aCTOTbl TEHEPATOPA BUOPAllMM BO BCEM YACTOTHOM AUANA30HE JaT-
4yuKa.

B dyHKuUM 9acTOTHI onpenensieTcst B OCHOBHOM aMIUTHTYAA YYBCTBH-
TeIbHOCTH. OIHAKO 1151 HCIIONB3OBAHMs AATYMKOB Ha YACTOTAX, OJIM3KUX
K HX HHXHUM WIM BEpXHUM TNpeacsiaM, WIN ISl CITIEUUATBHBIX Leei
MOXeT NoTpeGoBaTLC 3HaHUe UX (has30-4acTOTHOI XapakTepucTuky. OHa
OTIPEACIISIETCS] TIYTEM M3MEPEHHUA cABUTA (a3 MeXIYy BLIXOAHBIM CHTHA-
7IOM IaTYMKA U BXOJHBIM MEXaHHYECKUM BO3NACHCTBUEM BO BCeM HMHTEpe-
CYIOIIEM JHAAra30He YacToT.

4.2.2 Heauneiinocms amnaumyonoii xapaxmepucmuru (AX)

HenmneitHocts AX naTumka (McKaxXeHUe AMIUIUTYAbI) OTNIPEACIsIIoT,
M3MCPsIst aMIUIMTYy €TO BBIXOAHOTO CHTHAJIA IPH U3MEHEHHMH BXOJHOTIO
CHTHaJIa B paboYeM Auamna3oHe aMIUTUTYA OT MUHHMAJIBHOTO 0 MaKCH-
MaspHOro 3HayeHUi. [1py Henonb3oBaHUK reHepaTOpa CHHYCOMIATbHOM
BUOpALIMM U3MEPECHUSI MPOBOAST HA HECKOJBKHX YACTOTAX.

Hemnueiitnocts AX MOXET HMETh HECKOJIBKO ¢hopm. YyBCcTBHTENBHOCTD
MOKCT MU3MEHSITHCST IOCTETICHHO C YBEJIMUEHUEM AMIUVIUTYALI, MOXET HMETh
NOCTOSIHHOE U3MCHEHHE, Beyllee K CMELICHUIO HYJISI NocJie BO3ACHCTBHSI
HA JAaTYUK BHOPALMH WIN yaapa, MOTYT ObITb 3aepXKM, KOTOpbIE BHE-
3aTTHO OTPAHUYUBAIOT NHATIA30H ABHXKEHHUSI.

Tun u 3HaueHUs HeanHelHocTH AX JaTYNKA MOTYT 6bITh OTNpeLEIICHEI
MO €ro AMTMTUTYAHBIM UCKAKESHHAM U CPABHEHHEM €10 PE30HAHCHOMH KPHU-
BOH, (ha30BOro cABUIA M 3aTyXaHUs! C COOTBETCTBYIOLLNMH XapaKTepUCTU-
KaAMHU UeabHOTO JIMHEHHOTO JaTYUKA. YUHTBIBASI, YTO HEJIMHEHHOCTD 3a-
BUCHT OT 3HAYCHH I H3MEPACMBIX BEIMYHH, €€ HEOOXOMMMO ONpPENesTh HA
BEPXHMX MpeAetax IMHAMHUECKOTO JUATIA30HA JATIYHK.

43 XapaKTEepHCTHUKHU BIUSHHS

4.3.1 Temnepamypnas xapakmepucmuka

HyBCTBHTC/IPHOCTD, OTHOCHTENbHOE AehOPMHPOBAHHE pPE30HaHCHAas
4aCTOTA MHOTHX JATYHKOB HAXOAMUTCS B (DYHKLHOHUTLHON 32BUCHMOCTH
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ot TemmepaTypbl. [Ipu ompeaeneHUn TeMIIepaTypHOH XapaKTepUCTHKHU
qalllc BCETO HCTOJb3YIOT METOM CAUYECHHS.

UcnertyeMplii JaTYHK pasMelIalOT BHYTPU TEPMOKAaMEpPhl COOCHO C
3TAJIOHHbIM, KOTOPBIH 3alMIIAIOT OT U3MEHEHUI TEMIIEpATyphbl, pacIo-
narasl ero0 CHapyXu TepMOKaMephl WIM ApYruM criocoboM. MameHeHune
4YBCTBUTEIBHOCTH 3TAJOHHOIO JaTYMKa He JOKHO NMpeBbIWaTh 2 % B
TEYEHHUE BCEro BpeMeHH KanuOpoBKHU. McnbITaHUsI IPOBOAAT HA YacToO-
Tax, e IoIepeyHoe ABIKCHUEC rcHepaTopa BUOpaLMH HE NPEBLILLIACT
25 % oceBoro aBuxeHus. ['eHepaTop BUOpalWy, KpericHUE AAaTYMKOB Ha
4acTOTaX KAJMOPOBKM NOJDXHBI 00ecTieYnBaTh HE3HAYUTEIILHOE OTHOCH-
TeJILHOE ABIXEHHE MEX/Y 3TAIOHHLIM M MCTILITYEMBIM AATYHKAMU.

ANLTEpHATUBHBIM SIBJISICTCSI METOJI, TP KOTOPOM 3TaJIOHHBIM M HC-
IBITYEMBIN AATYMKH KPEMAT Ha IUIOLIAAKE BHYTPH T€pMOKaMepbl. OTOT
METOJI OrpaHNYeH AMANa30HOM TEMIIEPATYP, B KOTOPOM M3BECTHBI TEMIIC-
paTypHbBIC CBOMCTBA 3TAJIOHHOTO JaTYUKA.

JU1si JATYMKOB, YYBCTBUTEIBHBIX K CTATUYECKOMY YCKOPEHHIO, U3ME~
PSTIOT pazbasiaHCc HyJs MTPU MAKCHMaJIbHOM H MHHUMAJIBHON TeMIIepaTy-
pax.

JlaT9yuKy ¢ BHYTPeHHUM JeMrdupoBanueM 6onbiue 10 % kpurnyec-
KOTO AeMIpHpOBaHMs CICAYCT KATMOPOBATh KAK MUHUMYM Ha YE€TBIpEX
YacTOTaxX NpPH OAHOM 3HAYEHUH aMIUIMTYABI BUOpauMyU M MpU MSITH 3HA-
YeHHNAX TeMIIepaTypbl, BKIKOUASI KOMHATHYI0. OTOT METOM AOJDKEH IIPH-
MEHSTHCS MPU UCTTBITAHUSIX, HATIPUMEP, JTATYMKOB 3JIEKTPOAHHAMHUYCC-
KOro THIMA, B KOTOPBIX UCIOIB3YIOTCS KATYyUIKH ¢ mpoBoaoM. YacToThl
BLIOMPAIOT M3 YACTOTHOTO AWANA30HA B 3aBUCUMOCTH OT IPEATOIAracMo-
ro UCMOJIb30BAHUSI.

Y nbe303MeKTPUYCCKUX AAaTYMKOB MOC/E UX CTAOMIU3aUUH ITPH MaK-
CHMMAJIBHOM TeMTepaType U3MepsIIOT BHYTPEHHIOK EMKOCTh M CONIPOTHB-
nenue. [1pyn 3TOM, €CTH €ro CONPOTUBIEHHUE HACTOILKO HU3KOE, YTO BIU-
sieT Ha HU3KOYACTOTHYIO OOJIACTh XapaKTepUCTUKHU TTPUMEHSIEMOTO YCH-
JTUTEJIsI, HCOOXOAUMO OTKAINOPOBATD JATYMK B HU3KOYACTOTHOI 061acTH
ipH 3ToH Temmepatype. JJIa ancKBaTHOTO ONHCAHMA YACTOTHOI XapaKTe-
PHMCTHKM UCTIBITAHMS TIPOBOAAT HA HECKOMBKUX yacToTax. [Ipyu aTOM Ka-
IUOPYEeTCs MOJIHAsA CUCTEMA € MCMOJIb30BAHHEM TOIO YCHIIHTES, KOTO-
PbIii 6YIeT 3KCITYaTHPOBATHCSI € JATYHKOM.

TeMmnepaTypHyIO YYBCTBUTEIBHOCTD BBIMHCIISIIOT KaK PA3HOCTL MEXIY
4yBCTBHTEILHOCTBIO AATYHKA, H3MEPEHHOI NMPY HOPMAIBHOH TeMIIEpa-
Type (20 °C) Ha 9acTOoTe M3 AHANA30HA YAacTOT, B KOTOPOM YaCTOTHAas
XapaKTEepPUCTHKA JATYUKA JUHCHHA, U YYBCTBUTEIbHOCTDIO JATIHKA NPU
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HCTILITATEIBHON TeMTepaType. DTa pasHOCTh BBIPWKACTCS B MPOLIEHTAX
OT Y9YBCTBUTCJIBHOCTH NPM HOPMWIbHOH TeMriepaType. 2KenaTeabHo uc-
[I0JIB30BAaTh MATYHKH, TCMIEpPATypHasi YyBCTBUTEIbHOCTH KOTOPLIX HE
MpeBbILIAcT 15 % Bo BceM paGoyeM AMANA30OHE TeMIepaTyp.

IIpu™Meuanne— Bricokas TeMmepaTypa MOXeT RIMATh KaK Ha YacTOTHY1O
XapaKTepUCTHKY B HU3KOYACTOTHOM OOIACTH, TaK M HA MMOMEXOYCTOHUYMBOCT M CTAOWIb-
HOCTB CHCTEMBI JATYHK — VCHIIUTE/Ib.

4.3.2 Yyecmeumenvhocmos nbe3091eKmMpuveckux 0amuukos K nepenady
memnepamyp

[Tbe303neKTpUYECKIe QATYMKY NIOA AeHiCTBUEM TIepenaia TeMIepaTyp
TEHEPUPYIOT MUPOIJICKTPUIECKUU CUTHAT. DTO 0COOEHHO OYEBUIHO IS
(beppo3IeKTPHIECKUX MATePHANIOB. 3HAUCHHE TIHPOSNCKTPHIECKOTO BbI-
XOQHOTO CHUTHAJIA 3aBUCHT OT XMMHUYECKOTO COCTaBa KPUCTANINIa U KOHCT-
PyKLMH AaTyHKa. OBBIYHO YacTOTa MHPO3JIEKTPUYECKOTO BBIXOIHOTO CHT-
Hala 3HaIUTEIbHO MeHble 1 I'l. BonpIMHCTBO NMHpoOsneKTpUYecKUX
CUTHAJIOB IaTYMKa GUALTPYIOTCS O1aroaapsi YaCTOTHBIM XapaKTepUCTH-
KaM YCHIIMTCNIeH B HU3KOYACTOTHOM ob6nacTtu. Takum obpasoM, mupo-
3JICKTPUYECKH I BBIXOAHOH CUTHA 3aBUCHT OT CKOPOCTH H3MEHEHHS TEM-
NepaTypul U OT XapaKTCPUCTHK YCHJIMTENSI U AATYHKA, UCIIOb3YeMBIX
COBMECTHO.

[T1po3anekTprvecKe HCTIBITAHUSI IPOBOAAT, UCTIONB3YS TOT THIT YCH-
JIUTEJNIA, ¢ KOTOPBIM OOBIYHO HCHOJb3yeTcsl HaT4MK. JaTINK Kpemsit K
aNMOMHMHHCBOMY OpycKy OOBIYHBIM criocoGoM KperuieHusi. MIX 6bicTpo
NOTPYXKAIOT B BAHHY C JICASIHOM BOAOW WM APYTOH MOAXOAALICH KUIKO-
CTBIO, TEMIIEPATYPAa KOTOPOH OTJIMYAETCS OT HOPMAJIbHOM NPUONIU3UTEb-
Ho Ha 20 °C. ZKMOKocTh B BAHHE JOJDKHA OBITD orosopeHa. Macca 6pycka
IO/DKHA OBITE MPpUOIM3UTENLHO B 10 pas Gosblue Macehl naTyuka. Joax-
HbI OLITL IPUHSITBI MCPBI NIPEAOCTOPOKHOCTH, YTOOB! KUAKOCTb HE MPO-
HHUKJIA B AATYUK HJIH YTOObI COMPOTUBRJICHUE 3JEKTPUYECKON H3OMSILUN
HE CHU3MJIOCH NPH CONMPHKOCHOBEHHH € XXHIKOCTHIO U T. 1. MaKcHMaJib-
HOC 3HaYEHHC BBIXOJAHOTO CHIHAJIA YCUJIMTEs] U BpeMsl OT Havyasia Torpy-
XKECHHA 10 MOMEHTA OCTHXEHHS] 3TOT0 MAKCUMYMa U3MEPSIIOT HA OCLIWI-
norpage MOCTOSIHHOTO TOKA WM Ha camonuciie. Eciv BoIXonHOMH cUTHAN
B TEYUCHUE NCPBBIX ABYX CEKYHA MU3MEHMT TOJISIPHOCTL U JOCTUTHET MaK-
CHMYMa TIPOTHBOMONOXHON MOJISIPHOCTH, TO ‘3HAYEHHE H BpeMsl 3TOTO
MaKCHMyMa TOXXe OOJKHBI OBITh 30PCTHCTPHPOBAHDI.
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JI1s1 IaTYMKOB yCKOPEHYSI YYBCTBUTCABHOCTD K TEpenaay TeMIepaTyp
BBIpAXalorT B M - ¢2/°C M onpeaessiioT KaK YACTOTHOE OT JeJIEH WSl MaKCH-
M®ILHOTO BBIXOJHOTO CHMTHAJIA JATYMKA HA MPOU3BENEHME PA3ZHUIIBI MEX-
Iy TEMIICPATYPOil XMIKOCTU B BAHHE U HOPMAJILHOI TEMIepaTypoii Ha
YYBCTBUTEIbHOCTD JATYHKA.

B 0co6bix cayyasix HCTIONB3YIOT YCUAUTEH, UMEIOLHE HU3KOYACTOT-
HYIO 00/1aCTh 3HAUUTEAbHO LIupe. [TnposneKTpuyecKue UCTILITAHUS Clle-
IyeT MPOBOAUTL C MCTIOIL30BAHUEM UMEHHO TAKMX CieIU(DUUECKHX YCHU-
nuTenei. [Ing cnyyaeB, Korga CKOpocTh M3MEHEHHS TEMIIEPATYP CHIBHO
OTJIMYAeTCs OT NMOTYYae MO NIPU YCIOBUSIX, ONTMCAHHLIX BBILLIE, MOTYT ObITh
MPOBCACHBI HCIIBITAHUS, HMUTUPYIOLIUC ONPEACICHHOE H3MEHEHUE TEM-
nepaTyphl.

4.3.3 Omnocumenvras nonepeunds 4yecmeumensHocms 0amuuKa

OTHOCUTENTBHYIO NOTIEPEUHYIO YYBCTBUTEILHOCTE OOBIMHO OTIPEACISTIOT
Ha onHoi yactote Hxke 500 I'u. Mcnonb3yeMast yacToTa OMKHA GbLITh

OTOBOPEHA.

CuHyconaanbHoe ABMKEHHE BOCIIPON3BOAST HA YacTOTe, HA KOTOPOii
OIBUKEHHE B MJIOCKOCTH, NEPNEHIUKYISIPHON OCH YyBCTBUTEILHOCTH, KaK
MUHUMYM B 100 pa3 Gosblne ABIDKECHNUST B HATIPABICHHH OCH YYBCTBUTEh-
HOCTH. /151 3HaYe HUI OTHOCHUTETLHOK NOTEPEUHON YYBCTBUTC/IbHOCTH MEHE-
we | % 310 TpeGOBaHUE SIBIISIETCS TPYTHOBBITIONHUMBIM, TIO3TOMY [UTS T10-
Jy4E€HUSI JOCTOBCPHBIX 3HAYEHHIT OTHOCHTE/ILHOIM MOTEepeYHOil YyBCTBUTEI b~
HOCTH HeoOXoanMa GoJIbIIAsT OCTOPOXKHOCTh H BBICOK:ST KBAUTH(HKALHSI.

JIaTYNK KpersiT neprieHaInKyIsipHO HATIPABIECHUIO BXOJHOTO JBUKEH UsI
C MOMOILBIO CMEUUATLHOTO NMPUCTIOCOO/ICHUS, NIO3BOJISIIOLIECTO MOBOPAYH -
BaTh €TI0 BOKPYT OCH YYBCTBUTCIbHOCTH Ha 360 ° ¢ maroM He 6onee 45°.
[ToBopauuBast IaTYMK ONPEAESIOT €ro MAKCUMATBLHBIN BBIXOXHOM CUTHAMT B
TIOTIEpEYHOM HANPABICHHH.

[TpuMeuaHnue— BKCepUMeHTUIbHbIC HCCIICIOBAHUA TIONIEPEYHOH YYBCTBHTE b~
HOCTH [ATUMKOB CBHAETEJILCTBYIOT O ee He3aBHCHMOCTH oT uactotel go 2000 T'u. B
HacTosllee BpeMAd MMeEKTCS OrpaHHUYeHHBIe JaHHBIE O TMOIepevyHOH UYYBCTBUTEIbHOCTH
JATUMKOB B YacTOTHOM AMaliasone oT 2000 o 10000 I'l. OHM OGBMHO MOKA3BIBAKOT, YTO
MonepeyHas YVBCTBHTEIBHOCTE B 3TOM JIMana3oHe YacTOT TAKOTO XKe TOopsjiKa, KaK M Ha
HU3KMX yacToTax (Menee 500 I'f). OOBMHO cuMTaeTCA, UTO Y JATUMKOB ¢ OCEBOM PE3OHaH-
CHOM vacToTO¥ Oojiee 30 xI'll yacToTa pe3oHaHca B TOMEpeYHOM HampapieHuu Gonee 10
KI'Il M, CIIENI0BATe/IbHO, HAXOAUTCA 32 PaGOUNM JMAMa30HOM YacToT Jarunka. JUTS apyrux
TUIIOB BUOPALMOHHBIX AATYMKOB HHGOPMALMHU ellle MeHblre. 1o BO3ZMOKHOCTH MOJDKHA
OBITh OMpedesieHa HU3NIAG YACTOTA Pe30oHaHca AATUMKA B TMOTMEepetaHOM HallpaBIeHUH.

2* 8

GOST
I

FOCT NCO 5347-0-95, Bubpaums. Metoabl kanubposku AaTunkos Bubpauuu 1 yaapa. Yactb 0. O6Lme nonoxeHus
Vibration. Methods for the calibration of vibration and shock pick-ups. Part 0. Basic concepts


http://www.gostexpert.ru
http://gostexpert.ru/gost/gost-5347-0-95
http://gostexpert.ru/gost/gost-5347-0-95

FOCT HUCO 5347—0—95

4.3.4 Pomauyuonnas uyecmeumensnocms damuuxa

HexoToprle nuHeliHble aT4UKM BUGPALMM BOCIPMHMYMBBI K pora-
OUOHHOMY Bo3aeHcTBUIO. [IpuMepaMu TaKUX JATIMKOB SIBJISIIOTCS H3THO-
HBIC ITE30JJICKTPUYECKHUE U NbC30PE3UCTUBHBIE NATYMKM YCKOPEHUSI U
MasATHUKOBBIC COANIAHCUPOBaHHBIC (CepBO) NaTYuKH. B HacTosmee BpeMs
13-32 HETOCTATOYHOM M3yYEHHOCTH U OTCYTCTBHSI COOTBETCTBYIOLLIIX CPEICTB
UCTILITAHUI HE MOTYT ObITh CTAHAAPTH3OBAHBI MCTOAbI ONIPEACICHMUS POTA-
IHOHHOH YBCTBHTEIbHOCTH AaT4HKOB. OlHAKO BHUMAHHE K CYLIECTBOBA-
HUIO POTAlIMOHHOM YYBCTBUTENbHOCTH MPHBIECYEHO U HYXXHO TIPHHUMATb
MEpbI MPEAOCTOPOXHOCTH MPU APYIHX UCHLITAHUAX IJISl TOTO, YTOOHI IIpe-
OOTBPATHTE NOTPEIHOCTL U3MEPEHHUS! OT 3TOTO 3¢deKTa.

4.3.5 Heopmayuonnas wyecmeumenvnocms damuuxa

[IpeanoYTHTENLHBIM IpH ONpeie/ICHUN N3MEHEHMsI 4YBCTBHTEIbHOC
TH IaTYHKA U3-3a Nporuba ero OCHOBAHUSI SBISIETCS CIIENYIOUIMI METOI.

JaTyuk KpensT Ha NPOCTON KOHCOJBHOI basike, KOTOpasi BOCIIpO-
HM3BOOUT paaMyC KPHUBM3HBI 25 M UM OTHOCHUTEIBHYKW Ae(opMalHIO
g =25010-5.

Cranbhas KoHconpHas 6GanKa KpeNHTCs K XecTKoii orope. Banka
HMECT CJICAYIOLIME pasMephl: LIMPHHA 76 MM, ToJwmMHa 12,5 MM, I1HHA
1450 Mm. Cob¢TBenHas yacToTa 06bIYHO 6mu3Ka K 5 Tt JedopManmio
M3MEPAIOT TCH30METPAMHU, 3aKPETIEHHBIMU HA 6aJIKe OKOJIO MecTa Kper-
JICHHS] aTYUKA, PACTIONIOKEHHOTO Ha paccTosiHuH 40 MM OT MecTa Kperuie-
HHUS1 KOHIA 6anKH. [IBIXEHHE B MECTe KPETUIEHHSA OJDKHO KOHTPOINPO-
BaThCs € MOMOIIBIO TATYHMKA, 3AKPETJICHHOTO ¢ HCIONB30BAHUEM U30JISILIMA
AJI MPEOTBPALICHUSI TPOrHOa ero ocHoBaHMs. [1pH 3TOM NPUMEHSIIOT AaT-
UK, 1yBCTBHTCIIbHOCTb KOTOPOTO HE MeHee YeM B 10 pa3 6oJibliie 4yBCTBU-
TEJIbHOCTH HCTIBITYEMOTO AaTYnKa. BLIXOAHbIE CUTHAJIBI OT TEH30METPOB U
UCTIBITYeMOTO JaTYUKA PETHCTPUPYIOT.

CucrteMy Bo36yXIal0T OTKIOHEHHEM CBOBOIHOTO KOHLA GATKH Bpyy-
HYI0. BpIXonHOM cCHrHam MCMBITYeMOTO AaTYMKa CHHMAKOT B TOYKE, e
AehopMaLusl OBCPXHOCTH Oanku cocTasaseT 250 - 10-5. DTo cooTBeT-
CTBYET paiinycy KPMBM3HBI OANKM 25 M. ITorpewiHocTs, 00yCIOBIEHHAS
nebopMalvieii, paBHa pa3HHLIE MEXIY JBUKECHHEM GAIKU B MecTe Kpen-
JICHUS MCIIBITYCMOTO JATYHMKA M JBHXKEHHEM, H3MEPEHHBIM C [MOMOLIbIO
3TOTO AaT4yHKa. JedopMaLHOHHYIO 1yBCTBUTE/bHOCTD, BHIPAKCHHYIO B
CAVHHLaX BBIXOAHOIO CMTHAIA Ha OTHOCUTEJbHYIO Je(hOopMALUI €, OI-
PCACISAIOT A€JICHHEM 3HAYCHUS 3TOH TorpetHocT! Ha 250.

HedopMallMOHHAS YYBCTBHTENBHOCTD JOJDKHA GBITH ONpeAelieHa MpH
PA3NMYHBIX aMIUVIMTYAaX AedOpMALUH U B Pas/MUHbIX HATIPABICHHSIX.
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MakcumaneHast nehopMaIioHHast YyBCTBUTENBHOCTE JATYHKOB MOXKET TIpH-
BECTH K CYIIECTBEHHOI NOTPEITHOCTH M3MEPEH I TIPH ONpeeNeHHBIX yc-
JIOBUSIX IPUMEHCHMS U crIoco0ax KperJIeHUsl.

4.3.6 Maenumnas wyecmeumenvitocmo damuuka

[1st onipenenieHUss MAarHUTHOM 9yBCTBUTEILHOCTH AATYMK MOMEIIAIOT
B M3BECTHOC OAHOPOJAHOE MATHUTHOE T0JIe ¥ TIOBOPAYUBAIOT B HeM. Max-
CUMATLHBIN BBIXOMHOM 3MEKTPUYECKUI CUTHA AaTYHKa XapakKrepusyeTt
CIro MUrHUTHYIO YYBCTBUTEABHOCTD. [I7151 IaTYUKOB YCKOPEHHS] MATHUTHAS
HYBCTBUTCIILHOCTE BhIpaxaeTcs B M - ¢~2/Tn; ans naTumkos ckopoctu — B
M+ ¢!/ Tn. [Tpu 3TOM BUGpaumsi U 3NEKTPHYECKUE IYMbI AOKHBI 6bITH
VICKJTIOYCHDI.

4.3.7 Yyscmeumenvocms damuuka k Kpymsuemy momenmy

V3MeHeHHe YyBCTBUTEILHOCTH JATYMKA OT KPYTSILIEr0 MOMEHTA Ofl-
PCACILIIOT, MPUKIAAbIBAs K AATYMKY MOMEHT, PABHBII MOIOBUHE HOPMHU-
POBaHHOTO, HOPMUPOBAHHOMY M YABOEHHOMY HOPMHUPOBAHHOMY. DTOMY
HCTBITAHUIO MOABEPTraloT TOAbKO AATYMKH, YCTAHABJIMBAEMbIE C ITOMO-
LIbIO BUHTOB, OOJTOB WM APYTHX Pe3bOOBLIX cOeaMHeHMi. Ecau Kpernie-
HHE MpeaycMaTpUBaeT Gosee OJHOTO COeTUHEHHS, TO COOTBETCTBYIOLIHE
MOMEHTEI JOJDKHEBI OLITH IPHIOKEHBI K KAXIOMY KPEMEXHOMY 3J1e MCHTY.
[TIpu sToM HeoGXOAMMO yBeAUTHCS B TOM, YTO TIOCATOYHAS TIOBEPXHOCTH
JaTYMKa HE MMCCT 3QyCCHUEB WIHN IPYruX Ae(peKTOB, KOTOPBIC MOTYT Npe-
TIITCTBOBATL JIOCKOH yCTaHOBKE NaTyMKa. IToBEpXHOCTb, Ha KOTOPYIO
YCTAaHABJIMBAIOT AaTYMK, TAKXKE JOIKHA ObITh IUTOCKOM M Iankoii. Pexo-
MCHIyeMbI€ 3HAYCHMS] HETUIOCKOCTHOCTH H LIEPOXOBATOCTH NMOBEPXHOCTH
CNCAYIOLIHE: HETIIOCKOCTHOCTh — He 0oJiee 5 MKM; CpeHee KBapaTh-
“1€CKOC 3HAYCHHE LIEPOXOBATOCTH — HC 6oniee 2 MKM. JIJg YCTaHOBNICH Us
NaTYMKa MOHTAXHas TIOBEPXHOCTb JOJIXKHA UMETh OTBEPCTHS ¢ pe3bboit,
NCPNCHANKYISPHBIC TIOBEPXHOCTH C HENEPTICHIUKYISIPHOCTBIO He 6oJTee
0,05 MM. OGBIYHO PEKOMEHAYETCS CMA3BIBATH MOCATOYHBIC MMOBEPXHOCTHU.
KpyTsinii MOMEHT JOKEH NMPHKIAAbIBATLCS K HE3aKpEIVIEHHOMY JaT-
YHKY, T. €. KPYTSALUMIA MOMEHT YBEJIMYUBAETCS OT HYJIEBOTO O KAXKAOTO
U3 TPEX UCTIBITATEIbHBIX 3HAYEHUIA.

HyBCTBUTESILHOCTD K KPYTSIILIEMY MOMCHTY ONIPEACIISTIOT KAK H3MCHEHMUE
TYBCTBUTEJIbHOCTH AATYHKA ITPH MOJIOBUHE WJIH NPH YABOEHHOM 3HAYEHUH
HOPMHPOBAHHOTO KPYTSILLIETO MOMEHT:A OTHOCHTETHHO €r0 HOPMHPOBAHHOTO
3HaYCHMs1. [TorpelIHOCTb 3a1aHUSI MPUKIIAABIBAEMOTO KPYTSILIETO MOMEHTA
HE JOJIKHA NPeBbILIATE 15 %.
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4.3.8 Cneyuansisie yeaogus oxkpyxcaroujell cpedbt

Ha pa6oTy HEKOTOPBIX THIIOB IATYMKOB MOTYT BIIMSITE PA3/IMIHEIC CTIC-
LAJTbHBIE YCJIOBHsI OKPYKaIOLIeH cpelibl, TAKHE KAaK 3JIEKTPOCTATUYICCKUE,
niepeMEHHbIE MATHUTHBIC Y PafHOYaCTOTHBIC 101, AKYCTHYCCKHE MO,
KabesibHbIe 3D (PEeKTHI U paguanusl.

B HacTtosiiee BpeMsl HeT OOLIENPUHSITBIX METOAHK [UTSl OUEHKH BT -
HHSI TAKMX cleluduIecKuX yCIOBUH Ha JATYHK, XOTs B TeX Ciy4vasXx,
KOTIIa OXKMAAETCS MX CYLICCTBEHHOE BJIIMSIHUC, TAKME HCITBITAHUA TIPOBO-
oAT.

5 METO/JbI KAJIMBPOBKH

51 O6umue MOAOXKCHHSI

J17151 BBITIOMHEHMS] TIPSIMOI KATMOPOBKM JATHMKA MPUMEHSIOT reHepa-
TOp BUOPALHU, CO3MAIONIMIT HA BXOJE JATYMKA PETYTHPYEMBIi 1 H3Meps-
eMBIil CUTHAJ, ¥ CPEACTBA 7151 PETUCTPALIMU WIH N3MEPEHHUSA BBIXOAHOTO .
CHMTHAJIa 1aTYHuKa.

JIaTuyK AOIKEH 6BITh MPUKPEIUICH K FeHepaTopy BUOpaLlMK UM pa3-
MeILEeH OKOJIO HEro, €C/IM JaTYUK TIpEeAHA3HAYEH ISl UBMEPEeHHUsI OTHO-
CHTETbHOTO TBUKEHHST MEXKIY AATIHKOM M BHOPHpYIOLMM oObekToM. Kper-
7IeHUE NODKHO OBITh JOCTATOYHO XKECTKUM, 4TOOb! NepeaBaTh ABMXKEHHE
OT TeHepaTopa BUOPALIUU AATYMKY BO BCEM YACTOTHOM JHATIA30HE TaTYMKA.
CobcTBCHHAS YACTOTA CUCTEMBI, COCTOSIIICH U3 JaTYUKA, PACCMATPUBAEMOTO
KaK Macca, ¥ KpeTUICHUS B BUC TPY>KMHBI C ONHOI CTeNeHbI0 cBODOMBI,
[OJDKHA OBITh BbILIE BEPXHEH YacTOTHI YACTOTHOIO AMATA30HA TEHEpaTopa
BHOpaLIUH.

T'eHepaTopaMy BUOpALMH SIBISIOTCS: yCTPOMCTBO AIsl [MOBOPOTA AAT-
YMKa 10 OTHOLICHUIO K CHJE IPaBUTALIMH, UEHTpU(YTa, 3/IEKTPOAHHA-
MHWYECKHIA TeHEePATOp BHOPALIMM, HAKOBUIBbHS OAIMCTUICCKOTO MAsITHH-
Ka M Op.

YCTpOiicTBO Wi MIOBOPOTA AATIHKA N UCHTPH(YTY HCTIOIb3YIOT /151
KaJTHOPOBKH HA HYJIEBO# yacToTe. POTalMOHHYIO KATMOPOBKY B rpaBUTa-
IIMOHHOM I0JIc 3¢ MJTH TIPUMEHSTIOT 1151 HU3KOYACTOTHBIX A4TYHKOB. Dnek-
TPOAUHAMUYECKHII TEeHEPaTop BUOPaLMK OOBIMHO HCTIONB3YIOT Wi Ka-
JNOPOBKH AATYMKOB B YCTAHOBUBILEMCSI CHHYCONIAIBHOM PEXHUME. ban-
ANCTHYECKHE MASTHHKH, CO3MAOLINEe KPATKOBPEMEHHOE BO3IACHCTBHUE,
HCTIONB3YIOT [UTsl OTpPEACICHUs COOCTBEHHON YacTOThl AATYHKA B yaap-
HOM pEeXHME.
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HexoTtoppie MeTOAbI KATTHOPOBKY, ONTMCAHHBIC B 3TOM CTAHIAPTE, UMEIOT
crieqHaIbHOE Ha3HaYeHe, TeM He MeHeE UCTIOIb30BAH ME 1a3epHOIo HH-
TepdepoMeTpa peKoOMeHAYeTCs AJ1s1 A0COMIOTHOM KAJIMOPOBKH 1, ITTAaBHBIM
o6pasoM, A KATHOpPOBKH 3TAJIOHHBIX JATYHKOB TMPEANOYTHTEIBHO Ha
onHoil u3 vacror 160; 80 uan 16 't B 3aBUCUMOCTH OT MPUMEHCHMUSI
OATYMKA. DTUM METOIOM MOXKET ONpenensaTsCsl U YACTOTHASI XapaKTEpUC-
THKa JaTunka. Ee CHUMAlOT Ha JUCKPETHBIX YACTOTAX BO BCEM MHTEPECY-
©MOM [HAINa3oHe YacToT. BoBIINHCTBO APYrUX KATHOPOBOUHBIX MOTPe6-
HOCTEM MOXET OBbITh OOECITEUeHO CAMUYCHHUEM C 3TAJIOHHBIM JATYHKOM,
OTKAJIMOPOBaHHBIM a0CcOMIOTHBIM MeTonoM. KasnbpoBka 0ObIYHO OTHO-
CHUTCS K ABIDKYILIEMYCSI OCHOBAHUIO JATUMKA, 4 KATUOPOBKA METONOM «CITH-
HA K CIIUHE» — K 3aKpeIUIeHHOMY OCHOBAHHWIO UCIBITYEMOTO JATYHKA.

52 Kanub6poBKa a0OCOJNWTHBMHU MeTOXAaMHU

5.2.1 Kaaubposxa memodom usmepenua amnaumyodo: nepemeuenus i 4ac-
mombt

5211 Obwyue noaodxceHnus

MHorue JUuHAMHYCCKHME METOAbI KATUOPOBKM 32aBHUCST OT TOYHOCTU
U3MEepEHHs AMIUIUTYIBI TIepeMellieHUs1 BUOpaluy, KOTopoil MoaABepraeT-
cs1 JaTYUK.

KanubpoBKy METOLOM HM3MEPCHHsSI AMIUTUTYAbl NCPEMEILUECHNUST U Yac-
TOTBI OOBIYHO MCIIONBL3YIOT ISl IATYMKOB HeTipepbIBHOTO oTcyeTa. CHHY-
COUNANBHOE NBWXEHUE, CO3AaBaeMOoe TEHEPATOPOM BHOpALMH, JOJDKHO
OBITH IMHEITHBIM, MOMEPEUHBIE IBUXEHUS NOKHbI ObITh IPEHEOPEKUMO
MATB].

HsMepeHHOE MepeMeIlieHHEe MOXeT ObITh MCTIOIb30BAHO /Il pacueTa
CKOpOCTH ¥, M/C, M YCKOpPeHUs a, M/c*, no ¢opMynam:

v = 2nfs (8); a=(2af)*-s, 9

rac = 3,14 paguaH, KOTOpbIC MOAYYAKOTCS MTPOCTLIM M ABOIHBIM HHpde-
PCHLIMPOBAHHCM MCPCMCUICHHS § TIO YacToTe f. OTH PopMyJIbl Ipearonara-
10T, YTO FAPMOHMKH 1 LIYMOBBIE COCTABRIIBSIIOLNE ABHXKEHHSI OCTAHYTCSI HE-
3HAYHTEALHLIMY 1 nocae auddepenipoBannst. CacaoBaTcIbHO, HEO0-
XOMMMO MIHHIMH3HPORITE HCKAXKEHHSI OT 3IeKTPHIECKHX HCTOUHHKOB 3HEp-
MU UAU APYTHX MPUYHH, TAKHX, HAITpHMEP, KAK MEXAHHYCCKUH PE30HAHC.
[apMOHHKH TaKKe HEeXENIATebHbI, TAK KAK OHH MOTYT BO30yXIATh pe30-
HAHC JATYMKA. '
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Ecnu aMmmiryna nepemeinenust ussectha, 9YBCTBUTENILHOCTD JaTYHUKA
MOXET GBITh BBIMHCICHA KAK OTHOLICHHE H3MEPEHHOTO BBIXOLHOTO CHIHAMA
IaTYHKA K aMIUTUTY/IE CKOPOCTH WIH YCKOPEHHUSI.

AMILTHTY /12 TlepeMEICHHSI MOXET 6BITh M3BMEPEHA ¢ TOMOLLBIO Jasep-
Horo uHTepdepomeTpa.

Metonr paciera, McnopsyeMble B JIa3€pPHOI HHTEP(hEePOMETPHH, OOBIY-
HO NaloT BLICOKYIO TOYHOCTD B IHATIA30He YacToT A0 600 'y npu ycKope-
Hun 1000 m/c?, 4TO cooTBeTCTBYeT aMITINTYAEe nepeMenieHusa 70 MxM:
1 % neomnpenenennocTn nonayyaetcs Ha yactorte 600 I u, 0,5 % — B qua-
nasone or 80 mo 160 I'u. 3HaunTeIbHBIE HOTPEIIHOCTH B H3MEPEHUSIX
TICPEMCILICHHS HMCIOT MECTO B TOM Cly4a€, KOIa pedepeHTHOE 3epKao
UHTEpdepoMeTpa Koseberes ¢ YacToToi (Wim rapMOHHUKOI) Bo30OyXae-
HUS naT4iKa. [lorpemHocTs MOXeT 6BITH TAKKE Pe3yBTATOM KOJIeOa il
pasfenuTens ayd4a. PekoMeHAyeTca HaOMIOmATh 32 3THMH KOoJIeOAaHUSAMMU,
HCTIOJIL3YST OYEHD YyBCTBUTEIbHBIN AATYHK YCKOPEHUSI.

5212 Teopus udeaavnozo unmepghepomempa

[TpuHuMn geiicTBusa uaTEpbEpOMETpa NMOKA3aH Ha pucyske 1, rue E,,
E, u E, — BeKTOpbI 3/ICKTPHYECKOTO MOJIS; [, v I, — paccTostHMs, KOTOpEIe
TMPOXONAT JIyH TOCJIe Pa3feNIUTENS; § — U3MepsieMOoe NepeMeLICHHE.

Jepkano 1
Ei
N2
h ~
o
RN B2 , )
7/ L N ¥
Paapenu- 2 B
Tenk nyya
N
Ei + E2
-l s(t)
PoToaerexrop

Pucynok 1 — IMpuuuMnmuatbias cxeMa MieaTbHOTO
HHTepdepoMeTpa
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BekTopsl a11eKTpHIecKOTO MOJIsSi MOTYT OBITh NMpeACcTaBIeHb! (hopMyJia-
MU:

E = B, exp [.f(m T+4—:'11)] ) (10)

E,= B, exp {f [((DH%([:*S)]} , (11)

rie B, B, — NoCTOSAHHEIE JIA3EPHOTO U3NYYEHMUS,
). — IUINHA BOJIHBI JIA3€ PHOTO U3JYYEHHS;
® — YIVIOBas 9acTOTa JIA3€ PHOIo MU3JIyYEHHS.
HWuTeHcuBHOCTb hoToneTekTopa / (f) BhpaxaeTcst hopMynoi

IO=|E +E|=B+C-cos [4—{‘(L+s)], (12)

rnc B u C — nmoCcTOsTHHBIE CUCTEMBI,;
L=1—1. (13)

U3 BBIPAKCHHA HHTCHCHBHOCTHU (I)OTO,[[CTCKTOP& BHAHO, YTO MaKCH-
MYM OOCTHIacTCs MNpH

A% (L~ +5)=2mn, (14)

rae # — 9uca0 HHTepGhEPEHUHOHHBIX MOJIOC (YacTOTa MOJIOC) |, CACIoBA-
TENbHO, NMepeMelIcHUE, COOTBETCTBYIOLIEE PACCTOSIHUIO MEXIY ABYMs MaK-
CUMYMAMU UHTEHCUBHOCTH, PABHO

s=n/2. (15)

Torna 4ncio MakcuMyMOB R, 3a O1MH NEPHOA PABHO

R=4¢8/0/2) =8 L/, (16)
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re £ — aMILTMTY/Ia H3MCPSIeMOTO NepeMelleHus], YTO OOBIYHO MPUHHUMAIOT
KAK «OTHONIIEHUE YACTOT», TAK KiK OHO MOXET ObITh ONPEACIICHO ICTICHUCM
qicia TIOJIoC, TIOACYMTAHHEIX 3a | ¢, Ha 9acToTy BUOpALMH,

AMIUTUTYQY NepeMEelICHUs & PACCYUTHIBAIOT 1o opMmyne

£=R,1/8. (17)

Ecnu npH 3TOM M3MEPSIOT H YacTOTy BUOpALliH, TO MOXHO pacCiUTaTh
CKOpOCTh U YCKOpPCHHUE.

T2 Ke cUcTeMa MOXCET ObITh HCTIOMB30BAHA A1 H3MECPCHHS aMIVTUTYbL
riepeMelleH IS Ha YacToTax 3a NpeeaMi peKOMCHIOBAHHOIO paHee auarna-
30HA JIs1 METOAA cUeTa ITOJIoC.

MoryT 6BITh HCTIONB30BAHBI M APYTHE METOABI, YIMTBIBAIOIINC YACTOT-
HEI criekTp nHTeHcuBHOCTH [(f). Pasnoxenue /(1) pact

I(f)= B+ C-cos {4“[10[4"3-] 212[4“) cos (20,7 +
A A

+21[ 3 )005(4031) } }—

. (4nL dant
_C.sm{ 1 [2]1{ :CJ cos (o, 7)-

_213[4;%] cos (30, 1) +... ] } (18)

tae I, 1, ..., 1, — GyHkumu Beccenst n-ro nopsiaka.

[Tpy 5TOM MOXHO BbIASAUTH ABA criocoba 00paboTKH JAHHOTO CHUIHA~
na s U3MEpPEeHUA aMIUITUTYAB] TIepeMeLIeHUS &.

a) YcTaHaBAMBasl aMILVIMTYAy BHOpawliiy Ha YpOBHE, TpH KOTOPOM
n-s1 TAPMOHUKA PABHA HYMIO, 1 peast ypasHenne [ (4nZ /1) = 0, nonyia-

eM &.

—
Ln
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6) B cnyyae HEBO3MOXHOCTH TTPOBEACHUSI U3MEPEHHIT HA YPOBHSX aMIT-
JUTYABI, MPU KOTOPbIX

L) -0 19

3HAYEHHE TIepPEeMCLICHHS MOXHO TOJIyYHTh M3 OTHOLICHHS JBYX TapMO-
HUK, HATIPHMEp, pelieHreM OTHOCHTENBHO & yPaBHEHUA

AED IS (20)

rae [, I, — dynkuun beccerns 1-ro # 3-r0 NOPSAKOB;
U, n U; — u3MEpeHHBIC aMIUTHTYAbI nepBOil M TPEThEll TAPMOHHK.

5213 H3mepumeanbnaa cucmema

[IpuMep H3MepHTENBbHON CHCTEMBI IOKA3aH HAa PUCYHKE 2. Kanubpy-
eMblii IaTYMK (TTIbe30JaTYHK) 51BIACTCS STAJIOHHBIM AATYHKOM M HyBCTBU-
TeNBHOCTb HOJDKHA ObITH ONpee/icHa /151 BEPXHEI MOBEPXHOCTH (rmoca-
OTHOI MOBEPXHOCTH 3TANOHHOTO JaT4ukKa). Jlasep MMcET MOLIHOCTDH
curtana 1 MBT, ICTEKTOPOM SIR/IsIETCS OOBIYHBINH KpeMHUEBbIH (POTOTPAH-
aucTop. BMECTO BCTPOGHHOTO KPHCTALTHYCCKOTO OCHHIIITOPA HCITOIb3YIOT
MMIY/LCHBIN TCHEPATOP € NEbIO MOTYICHHSA TpebyecMoro CMrHaJIa O71s1 MU-
HIMM3ALHA TIOTPELIHOCTH CYETA MOJI0C. AHATH3ATOP MPUMEHSIIOT 1A Bbl-
[eJICHHs HEOOXOMMMOIi YACTOTDbI MPH HUCTIONL30BAHHH HYJICBOTO METOAA.
Jlazep, uHTEpdepOMETPUICCK CHCTEMA H BHOPOCTEH/T JODKHBI OBITD YCTa-
HORTEH B Ha HE3aBHCHMBIX TSDKE/IBIX BUOPOI30IMPYIOLINX 610Kax (HanpH-
Mep, Macca Kaxaoro u3 61okos bonee 400 KT) A7151 HCKITIOUe HUs1 KOJICOaH M
pedbepeHTHOTO 3¢ PKAJIA WIH PA3ACIHTES Iy nHTepdecpoMeTpa, BLI3BAH-
HBLIX peaKLyeli OCHOBAHMS BUOPOCTCHAA.

5.2.2 Kaaubposxa memooom @3aumnocmiu

[TepBuyHast KaTHOPOBKaA AATYMKOB TAKKE MOXET OBITL OCYIIECTBIEHA
MeTONOM B3aMMHOCTH. OHa MPOBOAHUTCS PEXKE, “ICM Ka1ubpoBKa abco-
JIOTHBIM METOAOM, BBHY CJIOKHOCTH NPOBEACHISI SKCICPIMEHTA 1 pacye-
ta. TeopHs B3AMMHOCTH MPITMEHIMA IS KUTHOPOBKI BHOPALIHOHHBIX AaT-
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YMKOB B aMJIMTY[IHOM JUANIa30HE, TAe HX BLIXOLHOH CHIHAJ NPSIMO TpO-
MOPUHNOHATICH ABIXXCHHIO, CO31aBAEMOMY F€HEPATOPOM BUOpaLIUH.

Teopust nokasbIBaeT B3aMMO3aBUCUMOCTD 3JICKTPUYECKOI M MeXaHIdec-
KOl CTOPOH 3/IEKTPOMEXaHUYECKOTO Npeobpaszopatens. [Iyis1 KaTyluKi BO3-
OyXA€HUS AEKTPOAMHAMMYECKOTO BUGPOCTEHOA HMEET MECTO PaBEHCTBO
OTHOLLCHMIA

F/I=U)v, (21)

rae F' — cuna, MpuKiIaasBaeMast K MeXaHHIecKoi CTOpoHe pH Pa3oMK-
HYTOM LIETIH JIEKTPUYECKOH CTOPOHBI;
U — HanpsoxeHHe Ha BBIXOZE 3JIEKTPHYECKOH CTOPOHBI TIpU NIPpWIO-
KEHUH CuJIbl F K MEXaHUYECKOIl CTOPOHE;

I — TOK B 3NEKTPHYECKON LIETH NPU NOAKITIOYEHUH HANPSKEHUS K

3JIEKTPHYECKOW CTOPOHE; _

V — CKOpPOCTb Ha MEXaHHYeCKOH CTOpOHE TNpH MOAKIIOYEHUU Ha-

NPSDKeHUS K 3/IEKTPUYECKOI CTOpOHE.

I[Tpy Bo36yXneH1H KamubpaTopa nepeMeHHbIM TOKOM onpeneneHHOM
YaCTOThbl, NPOXOASIINM B €T0 KATYIIKE BO30YXIEHUSI, YYBCTBUTEIbHOCTD
K onpenensior Kak OTHOLUEHHE HaNpsKEHHs U_ Ha BbIXOAe KaTylUKH,
YYBCTBUTCJIBHOM K CKOPOCTH, K YCKOPEHMIO d Ha TTOBEPXHOCTH MOHTAX-
HOTO CTOJIa

K=U/a. (22)

Llens MeToma B3auMHOCTH — OnpeneneH e YyBCTBHTENbHOCTH K ¢ TEM,
4TOOBI IO PE3Y/ILTATAM U3MEPEHMSI HATIPSDKEHUSI U_MOXHO ObUIO paccyu-
TaThb yCKOpeHHUe 1o ¢opmyne (22).

YyBCTBUTENBEHOCTD K OTIPENEISIIOT H3 CACAYIOLICTO BBIPAXXCHHsI

K=K +k Z, 23)

TAC Z, — MeXaHNYeCKHii UMIICAAHC AaTYNKa, KTM/C.

Benmauns K 1 k, ompesesior 3 CAeAYIOILHX ABYX SKCICPUMEHTOB H
BBIYHCIIMTE/IbHBIX TIPOLCAY].

Okcnepumednrt |

Heckonbko Harpy3ok Noc/ie10BATEIbHO YCTAHARTHBAIOT HA MOHTAXHOM
ctosie KaimOpartopa. JIng KaxXnoi M3 Harpy3ok M 6e3 HHUX OTIpeaeIsIIoT
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Ko3(ppULHCHT nepenayu Y, MCXIY KATYIIKOH BO30YXIESHUSI U JAaTYUKOM

no hopmyiie
Y, = 1/U,, (24)

rie / — TOK B KaTyLIKe BO3OYXICHUS, A;
U, — HanpsKeHUsT Ha BbIXOJ€E JaTyhKa, B.

OKecnepuMeHnT 2

MoHnTaxHBIiT cTON KanuGpaTopa YCTAHABTUBAKOT (TpHcoeMHSIOT) Ha
TEHEPATOP BUOPALMH H NOABEPTalOT CHHYCOMAATbHOI BuOpaunu. (Heko-
TOpBIC 3JIEKTPOAUHAMHYECKUE BUOPALIMOHHEIC TeHEpPATOPhl UMEIOT ABE
KATYILIKN BO30YKAeHHSA, MEXAaHUYECKH COCIHHCHHBIE ¢ ApMaTYpoil reHe-
pPaTopa U MOHTaXHBIM cTOJIOM. B 3TOM cnyyae HeT HEOOXOOMMOCTH B
HCIIONb30BAHUM OTAEIBHOTO reHepaTopa BUOpaumu). M3MepsiorT oTHO-
HICHUC HATIPSDKEHUs Ha BbIXONe NAaTyuKa U K HanpsDKEHUIO OTKPBLITOH
uenu U_KaTyuiku Bo3GyXaeHHs KanuopaTtopa.

[Tpouenypa BeYUCHAEHUS

Onpenensior 3HaueHWs opauHaThl /| W HakioH Q byHKuIMHU
W/(y,, — ¥.,), TOCTpOEHHOI oTHOCHTEIbHO Macc W Harpysok, 3aKperJieH-
HBIX HA MOHTAXHOM CTOJIe B 9KCIIEPUMEHTE 1.

Yo, — 3HAYEHHE y, C 3aKpeIUICHHOH Harpy3Koii Maccoii W,

Y., — 3HadeHue y, npu W = 0.

Oty dynkumo W/(y, —vy, ) PasAeNIoT Ha JACHCTBUTENBHYIO U MHU-
MYIO YaCTH, M3 KOTOPLIX OTIPEACIIAIOT ACHCTBUTENbHYIO U MHHMYIO YaCTH
ee opanHaThl / u HakiIoHa q. Toraa 3HAUCHMS K, u k. B BbIpaxenun (23)
PACcCYHTBIBAIOT 110 (hOopMyJIaM:

Ko=\jo1U, /Uy; (25)

K.=JU, /U /jol, (26)

[Ae & — YIJIOBAasl 4acToTa, pan/c;

| — MHUMasi eJUHULA.

5.2.3 KasinbpoBka Ha ueHTpudyre

5231 OanunHapHas uenrpudyra

LlenTpudyra cocrout ns c6aTAHCHPOBAHHOTO CTOJIA WIH PBIYAra, KOTO-
PbI MOXET BpalllaThest BOKPYT BEPTHKAILHOI OCH ¢ NOCTOSIHHOI YTJIOBOM
CKOpocThIO. C MOMOLIBIO LEHTPH(YTH Ha AATIUK YCKOPEHHST MOXHO 110/4-
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BATD MMOCTOSIHHOC YCKOPEHHUE € BbICOKOM TOYHOCTBIO B TEUEHUE HEOOXOM -
MOTO BPEMEHH.

Ha onunapHoiit uentpugyre Moryr 6b11s OTKATUOPOBaHbI TOJIBLKO JIH-
HEITHbIC NaTYMKH YCKOPEHUS C HYJEBOI YACTOTHOI XapaKTEpPUCTUKOI.

Il7151 TorO, 4TOOBI OTKAMHOPOBATH AATINK YCKOPCHMHS, OH JIOJIKEH OBITh
ITOMEUICH Ha CTOJIE WM phlyare UCHTPU(YIU TaKUM 06pa3oM, 4ToObI ero
OCb 1yBCTBUTCIBHOCTH COBNAAIA C PAIUYCOM OKPYXHOCTH BpallleHMUsI.
TIpn aToM yckopeHue a, M/c?, fAeiicTByiolIee Ha JATYUK, pACCUHTLIBAIOT
no hopmyne

a= o, | (27)

TIC ® — yIIoBast yacToTa LueHTpudyru, paa/c;
7' — PACCTOSIHME OT OCH BpPAILEHHUS JO UEHTPA TSKECTH MHCPLIMOH-
HOM Macchl JaTYHKa, M.

JaT4HKH KpensT Ha TAKOM PacCTOSIHMM OT OCH BpAILECHUs1, YTOOBI OT-
KJIOHEHHE HHEPLUMOHHOM MacChl 1aTYMKa OBLIO I1PpeHeOPEXUTELHO MATIO
10 CPABHEHMIO CO 3HAYCHUEM BEJIMYKMHBI r. BONBIIMHCTBO NATYHKOB MMeeT
TaKyl0 KOHCTPYKIUIO, YTO IOBOJILHO TPYAHO H3MEPHUTh BEJIMUMHY F TOY-
HO. 3HaYeHHe ¥ MOXeT ObITh ONIPEAEICHO MO MOKA3AHUIM JaTyMkKa, ycra-
HOBJICHHOTO B IBYX MOMIOXCHHUAX C U3BECTHLIM paccTosiHUueM Ar. JKena-
TEJILHO YCTAHABJIMBATD TAKYK) CKOPOCTD Bpall€HUsI, 4TOObI B 06OUX MO-
JIOXKEHHUAX K OATYMKY OBIZIO MNPWIOKEHO NPUOIUZUTEIBHO OXNHAKOBOE
yCKopeHue. 3HaYeHHME BEJIUIUHBI I BO BTOPOM MOJIOXKEHUHN, 0003HAYEH-
HOM r,, PACCYMTBIBAIOT MO (hopMye

r=——l - ©8)

-0l x/olx,’

[AC O, — yIIOBasg 4YaCcTOTa B MEPBOM INOJOKEHMH, ST KOTOPOTO
r=r =r, — Ar, pan/c;
Fi€ 0, — yIIoBas 4acTOTa BO BTOPOM [IOJIOXEHUH, A1 KOTOPOTO
r=r, pan/c; )
X} — BBIXOAHOM CHIHAJ JATYHKA PH YITIOBOH YacToTe a,;
X, — BBIXOLHOU CHTHAT JATYHKA TIPU YIJIOBOH YacToTe w,;
Co 3HaueHNEM 7, M YTJIOBOI YaCTOTOM o, YCKOpPEHHE MOXET OBITh pac-
CYUTAHO 1o popmyne (27). ) '
OnpeseicHHe BETHYHHBI I MOXKET GbITh HCKTIOYCHO, €CIIN JATHHK JIH -
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HEHLIN B IHAIIa30HE YCKOPEHMH, PacnpOCTPaHSIIOLIEMCS BHU3 A0 YCKope-
HUA cBOboAHOIO naneHus g. B 31oM cryyae gaTuMK cHayasa KaIMOpyIoT Ha
YCKOPEHHH g C TIOMOUIBIO IOBOPOTHOH ONMOpbI. 3aTeM JATYHK NOMEIIAIOT
Ha LUEHTPUQYTY U OTIPEACTISIOT YacTOTY ®,, Ha KOTOPOl BBIXOMHOMN CUIHAI
COOTBETCTBYET YCKOPEHUIO, PAaBHOMY ¢. Toraa npuioXeHHoe YCKOpEeHHeE d,
M/c?, Ha JpYroi yrioBoi 4acToTe ®, pacCCYUTHIBAIOT N0 GopMyre

a=g- ol /o}l. | (29)

YrioBasg 4acToTa @ NOMXHAa OBITH omNpenesieHa 6osiee TOYHO, YEM pac-
CTOSIHHE r, TaK KaK NPWIOXEHHOE yCKOPEHUE 3aBUCHT OT KBAJpaTa yIiio-
BO# yacToTbl. boibIMHCTBO LeHTPpUDYT, paspaboTaHHBIX A1 KaJIHOpO-
BOYHBIX LEJICH, OCHAILCHBI TAXOMETPOM, KOTOPBIN HENOCPENCTBEHHO U3-
MepSET CKOPOCTh BPAILLIEHUS C TTOTPEITHOCTRIO He Ooneee 2 %. Eule 60b-
el TOYHOCTH MOXHO [OCTHYb HCIOJb3Ysl CTPOBOCKON WIM ONHO M3
YCTPOJCTB (HanpuMmep, ycTpoHcTBO, UCTIONB3YIOLIEe POTORIEKTPHUIECKHIA
3JIEMEHT WIM MarHUT), KOTOPOE CO3aeT MMITYJILCHI CO CKOPOCTBIO, IIPOIIOp-
LUOHATBHOMN cKOpOCTH BpalleHHs1. CKOpOCTh MMIY/ILCOB MOXET OBITh OI-
pelcyicHA 3ICKTPOHHBIM CYETYHKOM.

ITpu xanubpoBKe 3NEKTPOMEXaHUYECKHX NATYUKOB HA LIEHTpU(YTe
IIPOBOJA BBIBOAST Yepe3 CKONb3s1IMe KONbla U eTKU. Tak KaK JaTYUKU
YCKOPEHHUS C HYJIEBO# YACTOTHOMN XapaKTEpUCTHKON OTHOCUTEILHO HU3-
KOUMIIEJAHCHbIE YCTPOMUCTRBA, 3A1MTA OT BHELUIHUX T0Jel U KabeIbHOro
1IyMa He CO3JaeT OCOOLIX IpobaeM. DIeKTPUYECKHH 1IyM OT H3HOLIEH -
HBIX KOJIEL] XOpOoIlel KOHCTPYKLIMH NpeHeOpeKUM NMpH HOPMAJILHBIX YCJI0-
BuAX. OMHAKO HEKOTOPBIE AATYMKH YCKOPEHHS, HCIOIb3YIOIINE B KAYCCTBE
YYBCTBUTEJILHOTO 3JIEMEHTA TCH303JIEMCHTDI, COICPXKAT TOJIbLKO OOUH WIN
IBa aKTHBHBIX 37€MEeHTA. B aTOM caydae Apyrue conpoTHBICHHSI MOCTA
Yurcrona nogkmovaior cHapyxu. [ TaKMX JaTIMKOB AODKEH ObITh CMOH-
THPOBAH MMOJIHBIM MOCT Ha BpalQIOLIEMCs CTOJIE BO H30EXKaHUE JIOXKHBIX
CHTHAJIOB, KOTOPBIE OVAVT BOZHWKATE B PE3VALTATE HEOOMbIIUX W3MEHEHU
CONPOTHUBJICHUSA YCTPOUCTBA CKONB3SIIIUX KoJell. Taxke MOXeT ObITh UC-
MoJIb30BaH U MocT KenpBrHa.

ITpy xanuGpoBKe AATYHKOB HA MAJICHBKHX YCKOPCHISIX CHUJIA TAKECTH
MOXKET OKa3aTh 3HAYUTECABHOC BIMAHHUC, €CIM OATYUK YYBCTBHTENEH K
MOMNEPEeYHBIM YCKOpeHUsIM. [103ToOMy HaTunk 10omKeH ObITh pa3MelleH Ha
UeHTpU(DYTEe TAKMM 0Opa3oM, YTOOBI €r0 OCh MAKCUMAJIbHOM NOoMepeYHoi
IYBCTBUTEIBHOCTH HAXOJMUIACH B TOPU3OHTAJIBHOIM IUIOCKOCTH.
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YyBCTBUTENBHOCTD IATYUKOB YCKOPEHUST HAa HYJICBOM YacTOTe MOXeET
OBITH OIpeAeeHa ¢ MTOTPEIIHOCTLIO He 6onee | %. Kanubposka Ha LICHTpH-
¢dyre He naeT MHGOPMALIMH O paboyeM YACTOTHOM AHAIA30HE NaTIYHKA.

5232 Hakaonnasas yenmpugyea

Koraa ock BpalieHust IeHTpU(YTH He TIapaJule/ibHa BEKTOPY CHJIbI T -
KecTH 3eMIIH, YCKOpEeHHe, IPWIOXEHHOE K NaTYUKY, 3aKPEIUIEHHOMY Ha

1eHTpHdYyTe, KpOMe LIEHTPOCTPEMHUTENFHOTO YCKOPEHHUS » 2, OyaeT HMeTh
MIEPEMECHHYIO rPaBUTALIMOHHYIO COCTABIISIIOLIYIO,

gsin @sin (of), (30)

g — YCKOPECHHE CHITBI TSKECTH 3€MIIH;
e ¢ — yroj MexXay OCbi0 BPalleHHUs U BEPTHKAJIbHOH OCBIO;

! — nepeMeHHBIN yroi, o6pa3oBaHHbII paboveii OChI0 JaTYMKA U IO-
PH30OHTAJILHOM IJIOCKOCTBIO.

BiusHue rpaBUTALIMOHHON COCTaBISIIOLIEH YCKOPEHHs Ha JATYHK,
NpeAcTABICHHLINA B BUIE CHCTEMBI MPYXXHHa—Macca, onucaHo. CuHyco-
HIATbHOE YCKOPEHHE MOXET ObITh NPHJIOXKEHO K JaTiMKy, Koraa r= 0 u
¢ = 90°. B 3TOM ciyyac rpaBUTALIMOHHYIO COCTABIIIIOUIYIO YCKOPCHUs
onpenensioT ¢ MUHUMANbHOI HeonpeaeneHHOCTLIO. Ee npenenomM aBd-
eTcsl yCKOpeHue T g Ha Jio00oii yacToTe BpalueHHsi. MakcuManbHas 4acTo-
Ta 0OBIYHO MEHbIIE HECKOJBKHX COTEH repl, OHa OrpaHH4YeHa KOHCTPYK-
LMEH HEHTPUPYTH ¥ BOZMOXHOCTBIO €€ OaJJaHCUPOBAHHUSL.

5233 Hdeoinasa yenmpugyea

JIBoitHast LeHTpUdyTa COCTOUT U3 MAIICHbKON LEHTPUDYTH, IKCLEHT-
PUYHO YCTAHOBJICHHOI Ha 00IBIIOH, MPOYHO 3aKPETJIEHHO Ha CTEHE.
BubpalMOHHbBII JaTYHK, CMOHTHPOBAHHbII Ha MAJICHBKOHN LCHTpUbYTE,
MOXKET ObIThL PUBEAEH B IBHXKEeHHE HE3aBUCHUMO MAJIEHBKOW LIEHTPUDY-
roil Wiv NMpHBOJHBIM PEMHEM CO LIKMBOM, 3aKPEIUIEHHBIM B POCTPaH-
CTBE KOHLEHTPUYHO ¢ Oosbloii ueHTpudyroil. Ilpn aBixeHun obeux
UEHTPU(PYT C TOCTOSHHBIMHU YITOBLIMH CKOPOCTSIMH OCh YBCTBUTEJIBHO-
CTU AATYMKA NNEPeMEHHO MEHSET CBOe HATIPABJIEHHE OTHOCUTENLHO 1IEH -
Tpa 6onbiuoii neHTpHdpyru. CocTapasoLLYIO YCKOPEHUS a, M/c?, IpHIo-
KEHHYIO BIAOJb OCH YyYBCTBUTCIBHOCTH AATYHKA B JII0O0I MOMCHT BpCMC-
HH f, paccYUTHIBAIOT No dopMyJie

a=r,o>cos (0,H+r(®to,)’, (1)
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TAC I, — PACCTOSTHUE MEXAY LUEHTPAMHU IBYX LUCHTPUDYT, M;
® — YDJIOBas 9acTOTa 60110 LeHTprbYyTH, pan/c;
icop — YII0Bafl HaCTOTa MAJICHbKOM LHEHTPH(DYTH OTHOCUTEILHO GOJIh-
IIOH ueHTpudyru, paj/c; 3HaK IIOC CTaBAIT, KOTa HamnpapJe-
HUSl BPAIICHUH LEHTPUODYT COBMANAIOT, ¥ MHHYC — KOTHA
OHH MPOTHBOTIOJIOXKHABI.
! — Bpewmsd, c;
' — PACCTOSIHHE MEXKOY LICHTPOM TSIXKECTH CEHCMHYECKOIl MacCh
AaT9MKa ¥ HCHTPOM MaJIeHbKOU HeHTpudyTU, M.
Koraa unexowm r (o + @, )’ MOXHO TIpeHe6peys, yeKope e, NMPWIOXKCH-
HOC BIOJIb OCH YYBCTBUTE/ILHOCTH JATYHKA, CTAHOBHTCS CHHYCOMIATBH BIM
1 pacCYUTEIBaETCA TI0 (hopMyJie

=r o cos (@, 9). (32)

Ynen r(n + ®,)* PaBEeH HYMO, KOTAA & U ®, PABHBI, HO IPOTHBOTIO-
JIOXHO HalpaBIeHbI.

CyuiecTByeT Takke cocTamrisowias YCKOPCHHUsI, HalpaBJIeHHas Iep-
MCHAMKYJISIPHO OCH YyBCTBHTEIbHOCTH, KOTOPasl IGIA€T 3TOT METON He-
TIPHEMJICMBIM VIS TATYHKOB  C BBICOKOI IONEPEYHOli UyBCTBUTE -
HOCTBIO.

Bripaxkenue (32) BepHo u COCTABJISAIOLIAST YCKOPEHMSI BAOJIb OCH YYB-
CTBUTCLHOCTH AAaTYHKa OyACT CTPOTO CHHYCOMAANBLHOM NpH MpUBEIEH-
HBIX HIKE yenoBusix. LIeHTp mxuBa coBnapaet ¢ uenTpom 60mb110ii LICH-
Tpucyrn. IIkus Takoro xe pazMepa 3aKpPCIVICH KOHLUEHTPHUTHO C MAJICH b-
KoIi LeHTPHMYTOIi H COSAMHEH ¢ APYTHM LIKMBOM peMHeM. bonbuiag uen-
TpHdyra NPUBOAUTCA B ABIKCHHE MOTOpOM. [Ipu 3TOM yIyIOBBIEC YACTOTBI
06eux LEeHTPUDYT BOKPYT HX COOTBETCTBYIOLUHX LEHTPOB OYyAyT Bcerna
PaBHEI U IPOTHBONOJIOKHO HANPAB/ICHBI.

[ Boitnyo ueHTpUdyTY HUCTIONB3YIOT AJ1s CO30AHMSI CUHYCOUAAIBHOTO
yckopeHHua Ao 500 m/c® B amanasone yacTor npubausurensto or 0,7 oo
10 T

5.2.4 Ipasumayuonnas kasubposka (kaaubpamop ¢ nosopomroii onopoii)

[Ins KanubpoBKH NUHEHHBIX TATYHKOB YCKOPEHUS C HYIEBOI "JACTOT-
HOM XapaKTepUCTUKOI U ¢ He3HAYUTENbHOI NOoNepeyYHoil YyBCTBUTE/Ib-
HOCTBIO HCTIONIB3YIOT KAJTHOPATOP € MOBOPOTHOIH OMOpPOH, NPHUHLINT AeH-
CTBHS1 KOTOPOTO OCHOBAH Ha rpaButauiy 3easiu. OH NpHUMEHsieTcs B 11~
AIIA30HE YCKOPEHMH OT MHHYC g [0 TUTIOC g. Kanu6pyemprii aatunk
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NPUKPETUBIOT K MUIaT(dhopMe Ha KOHIC pblYara Ui U3MEPCHHS COCTABIS -
JOLIEH YCKOPEHUS BOOJb phlyara. Polyar MOXET ObITh OTKJIOHEH Ha YIOJ ¢
OTHOCHTEJIBHO BepTHKaIbHOIT ocH Mexay 0° u 180°. OH cHabGXeH cTpe-
KOH U151 CYUTBEIBAHUSI 3HAYEHHUH YIVIa ¢ C IpagyupOBAHHOIO KpyTa. Ypo-
BEHb OCHOBAHMSI, K KOTOPOMY TPUKPEIUVICH JAT4YMK, JOKEH OBITH TLIA-
TEJILHO BBICTABJIECH B nojioxeHue ¢ = 0°. YcraHoBKa ppryara ¢ NorpelHo-
cTBIO He Oonee 0,1° ocyllecTB/ISIETCS € ITOMOLILIO OTTPadyHpPOBAHHOTO
Kpyra.

CocCTaBIMIOLYI0 YCKOPEHUS] BOOJb PHIYATA PACCYUTHIBAIOT Mo ¢op-

MyTIe
a = gcos . (33)

Torga U3MEHEHUE YCKOPEHUSI Ad B 3aBUCHMOCTH OT YIJIOBOTO IlepeMe-
LIEHUs] AQ PAaCCUMTHIBAIOT 1O (popMyIe

Aa = gsin Aep. (34)

JIaTYUK yCKOPEHUS! MOABEPraroT BO3ACHCTBUIO COCTABIAIOIICH YCKO-
peHUA a, O MPAMBLIM YIJIOM K HANpPaBJIEHUIO OCH YYBCTBUTCIbHOCTH
OATYHKA, paBHOH paccYUTaHHOM no dhopmyrne

a, = gsin @. (35)

OO6BIYHO 3TO HE BIUAET HA Pe3yabTaThl KAJTHOPOBKM JAaTYMKOB C HeE-
3HAYUUTEJILHOH MONEPeyHO TYYBCTBUTEIIBHOCTBIO.

MpuMeyanue — [Ind TOCTHXEHHA VIOBRICTBOPUTEIBHLIX Pe3Y/IbTATOB MOXET
noTpe0OoBaThC BUOPOMIOJIALIMA CPEJICTE UCHbITAHMNA. CHHU3NTL BO3AeicTBHME BUOGpalMu
MO3BOJIAET TAKKE TEKTPOHHOE GWIBTPOBAHHE M YCpeJHEHHEe B H3MEPHTE/LIX HAIIPAKeHUA
[IOCTOSIHHOTO TOKa.

5.2.5 Kaaubposka memodom ydapa

BoJILIIMHCTBO A6COMIOTHBIX METONOB YAAPHOIT KATMOPOBKH OCHOBAHbI
HAQ NPHHLMIE H3MEPEHUsI CKOPOCTH. DTO CBA3aHO C TEM, YTO CKOPOCTh
MOXKET ObITb H3MEpcHa mpakTHuyccKi. OObIMHO KainOpyeMblil JaT4yHK
KPEISIT Ha HAKOBATbHE, TOABELICHHOI KaKUM-HUOYAb CITOCOOOM B MOJIO-
XEHWH MOoKosA. 3aTeM MOJOTKOM OTPEACJCHHOTO BHAL YAAPSIIOT 110 HAKO-
BAILHE TAKIIM 00pa3oM, UTOOBI BLI3BATH €€ KPATKOBPEMEHHOE IBHXKEHHE.
Yaap Ao/DKeH KOHTPOJIHPOBATLCS, YTOOB! H3MEHEHHUE CKOPOCTH He ObLIO
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CJIMIIKOM GLICTPBIM WJIM CIHIIKOM MEUIEHHBIM U He BO36yAMIO YacTOT-
HBIX COCTAB/LLIOIINX 32 NpefielaMi pabo4mX AMana3oHoB npHGopos. Ka-
TUOpyeMble IaTYMKH CKOPOCTH HJIM YCKOPEHMS NOJKHBl HMETh Maccy
HAMHOTO MEHBIE, YeM Macca HAKOBAJIBHU, HAa KOTOPOIi OHHM KpemsiTes.
Hanpapnenue ocu 4yBcTBUTEIBHOCTH AATYHKA HOJDKHO TOYHO COBMANATH
C HaITpaB/ICHUEM CWITBI yiapa BO BPEMs CTONKHOBEHHS. B npouecce yoapa
3aIHCBIBAIOT BbIXOHOM CUTHAN IaTYMKA BO BpeMeHH. Cpa3y mocie yoapa
H3MEPAIOT TIPUpAllieHUe CKOPOCTU HAKOBAJIILHYU AV,

IIpupaiiieHne ckopocTH MOXET GBLIT OITPEACICHO U3MEPEHHEM BPEMEHU
ABICKCHHA HAKOBWILHH B NpeJeNiaX U3BECTHOIO PACCTOSIHUA. [Uist BKIIOYe-
HHSI 3JIEKTPOHHOTO TaiiMepa MOTYT UCIIONTB30BATHCS doToanekTpuyeckue u
MAarduTHbIC JaTIUKu. Ilpupamenue ckopoctu Av, M/c, sIRIsOLIEECS npsi-
MBIM PE€3yJIbTaTOM BO3NECHCTBUS YCKOPEHMS, NPUIOXKEHHOTO BO BpCMST
ynapa, pacCYUTHIBAIOT 1o opMysie

Av=?a(t) dt, (36)

n

Inc £, f, — BpeMs Hayaja U KOHIla yaapa,;
a (f) — yckopeHue, M/c?.
Torna BeIxomHOI cHTHAN HaTYHKA u, (f) paccHUTHIBAIOT TIO hopMmysie

u, (=K, a(), (37)
| pi (] Ka — YYBCTBHUTEJILHOCTb JATYHKA B COUHHLAX BBIXOOHOTO CUTHAJIA HA

M/c?.
O6venunus Bripaxenus (36) u (37), pelieHue OTHOCHTEILHO K nacr

K, = {?u (r)d:},f AV, (38)
n

Qopmyna (38) nozsonser KanuObpoBaTh THHCIHHbIE DATINKH yCKOpe-
HUSI TTO 3aITHCH BLIXOJTHOTO CHTHAJIA BO BpeMs Ga/TMCTHYECKOTO yaapa.

Ecnu ynap npesonurcs no HaKOBAJIbHC, PACTIONIOXKEHHOI Ha NpyXKIHE
C TMHEHHOM XapaKTePHCTUKOII, TO OH MMeeT (bopMy MOAYCHHYCOHTANL-
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HOTO MMNYJbca ¢ Iwiowmanbio, pasHoit 0,637« h b, rne h u b — BricoTa U
IIMPHHA UMITYJIBCA COOTBETCTBCHHO. POpMa M JJIMTCIBHOCTD UMITYJILCOB
OOBIYHO PETYIHPYIOTCS H3MEHCHHEM MAaCChl, YIIPYTOCTH M APYTrHX Ha4allb-
HBIX YCIIOBHIA, TAKUX KaK BBICOTA MANCHHS, JaBIE€HUE BO3AyXa WIH IAPYTUX
(bU3NYECKHX IIAPAMETPOB B 3aBUCUMOCTH OT TUNA FeHepaTopa yaapa.

O6e MeTonukH (yaap no cBoOoaHOI HAKOBAILHE M yAap Mo NoAnpy-
KMHEHHOH HAKOBAIbHE) MPUMCHUMBI U1s1 NONTyYEHHUA 3HAYEHHUsI AV, Tpe-
oyemoro mis opMynbl (38). BeIxoaHO# cMrHan AaTyvKa MOXET OBITH
3apeTUCTPUPOBAH B TIpolecce yaapa B Buae GyHKUMHU BpeMEHHU ObICTPO-
IeHCTBYIOIMM ocLwtorpadoM WM ¢ MOMOLIBIO 3a[IOMUHAIOUIETO OC-
mwtorpada c ororpadupoaHmeM. 3HaUYCHUS HATIPSDKEHUSA Y, M BpeMe-
HM X, MOTYT OBITb OLICHEHbI HAJIOXXKEHUEM CHTHAJIA C M3BECTHBIMH Hanps-
XeHMeM u, u BpeMeHeM f. KoadduuuenTt Hanpsokenusa K, u Koapdu-
LMEHT BPEMEHHOI WKaabl K, paccyuThIBaIOT 110 opMysam

Ki=J8 Ky == (39)

X

ITnomantk D 3anMMCaHHOIO BBIXOOHOTO CUTHAJIA JAaTYUKA PACCUYUTHIBA-
10T 110 popmyne

X2
D= fydx, (40)
X

1

e X, M X, — Ha4ajo U KOHEel yaapa, AeJ€HHS 1IKaJIbl BPEMEHHU;
y — HamNpsDKEHHE BBIXOJHOIO CHMTHAJA, ACJCHUS LKAl HAMpsi-
KEHUM.
[ToacTaHOBKA 3THUX BhIpaXeHMIi B ¢hopmyay (38) gaet

Ky KD
K, = =5 (41)

ITrow@aap D MoXKeT ObITh MoAyyYcHa rpadpHYCCKUM HHTCTPHPOBAHHCM
3alMCH YCKOpeHUsi BO BpeMeHU. [1py u3MepeHnH MIo1aau o 3arnmchbio
YCKOPEHUS BO BpEMEH U 0OLIMHO HCTONB3YIOT aHuMerpuio. [1pu onpe-
OEJIEHUN TUIOAAM HeoOXOoauMOo coOMI0naTh OCTOPOXHOCTb, OOpaluas
BHHMaHHUE HA yXOJ HYJs, 3alUKATMBaHUEe U Apebesr.
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HHTerpan B ypaBHeHUH (38) MOXeT OBITH TAKKE OTIPEesIeH € MOMOIIBIO
3NEKTPOHHOTO MHTETPATOPa Wi UU(PPOBLIX HHTETPHPYIOIHX U CYMMHpY-
IOLIMX NPUOOPOB. BTO ycKOpsieT Mpolece KaJUOPOBKHM H YMEHBLIACT
CYOLEKTHBHBIE OLIMOKH OTepaTopa.

AGCOMIOTHBIC METOMBI YIAPHON KAIMOPOBKM MOTYT OBITh NPOBEAEHDI C
TIOTPEITHOCTBIO MEHee 5 % MPaKTHYECKH BO BCEM PAa3yMHOM AMAMA30HE
aMIUTUTYA ¥ AnurenbHocTel yaapa. Ilpu sToMm npeanonaraercs, 4To Ka-
JMOPyeMBbIi JATYHK HMEET TNHEHHYIO 1aCTOTHYIO XaPAKTEPUCTHKY B HH-
TEpPECYIOLIeM Auana3oHe 4acToT. Ecay 3To ycnoBue He BBIMOMHSIETCS, TO
3HAYCHHE PE3YIBTUPYIOIIEH MOTPEIIHOCTH OYSHb TPYIHO OlleHUTh. Kpo-
M€ TOro, ONpencICHHOE 3HAYCHUE YYBCTBUTENBHOCTH HE JAeT HUKAKOMH
NpakTHYecKoi HHGOpMauy 06 aMIUTUTYAHO-YaCTOTHOI U (Ha30-4acToT-
HOU XapakTepucTuKaX. OHAKO 3TO HE OTpaHMYHMBACT HCIONb30BAaHHE NaH-
Horo MeTozia. boree cyliecTBeHHOI TpoGieMoii ARIAeTCA ObecTIcYeHNE Tpe-
OyeMoii TOYHOCTH.

533 KanubpoBKa MeTOOZOM CIAHMUYEHUS

BubpaumoHHble aTYHKH, OTKATHOPOBAHHbIE ONHHUM M3 BBILICH3JIO-
XEHHBIX METOJIOB, MOIYT OBITL UCMIOJIL3OBAHEI B KAYECTBE STAJIOHHBIX TS
KaJIMOpOBKH Opyrux AaT4uKoB. Merox, omucaHHbli B 5.2.1, siBnseTcs
MPEANIOYTUTEILHBIM.

[Ipn xannbpoBKe MeTONOM CIMYEHUS ATATOHHBIH U KaJIMOpyeMbIi
IAaTYHK, YCTAHORICHHDIC COOTBETCTBYIOLUM 0OPAa30M, NOABEPTalOT ONHO-
My M TOMY K€ IBHKEHHIO HA BXOIe M H3MEPSIIOT MX BLIXOAHBIC CHTHANBI X,
H X, WM OTHOLICHME IBYX BLIXOAHBIX CUTHANOB. Ecin 06a maTumka yys-
CTBUTC/ILHBI K OLHOMY M TOMY K€ TapaMeTpy BUOpaluuu, T. €. 0b6a 4yB-
CTBUTEILHBI K CKOPOCTH MJIH K YCKOPEHHIO, M €CJIH XapaKTePUCTUKU 000MX
O0aTYUKOB JIMHEHMHBI, TO AMILUTUTYOd YYBCTBUTEJIbHOCTH JATUHMKA 2 — K,
CBsI3aHA C COOTBETCTBYIOLICH AMNIMTYO#H YYBCTBUTENBHOCTH K| 3TaJIOH-
HOIo JaT4yuKa 1 cneayrolluM COOTHOLLIEHHEM

K, = 2K, 42)

Kannbpopka MeTomoM cinyeHHsi orpaHHYeHA AHAMA30HOM YacToT,
AJIMTEIbHOCTBIO HMITYJIbCA M aMIUIMTYAAMH, ISl KOTOPBIX JATYUK 1 ObLI
OTKayHOpoBaH. Takke MOXeT ObITh ONpeneseHa U KOMILICKCHAS! 9YBCTBH-
TENBPHOCTD K, JATYMKA 2, €CTH H3BECTHA (Ha30-YaCTOTHAS XaPAKTEPHCTHKA
nat4yuka 1 u uamMepeHo oTHouleHHUe (a3 MeXay X,  X,.
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Ecau n1Ba 7aTyHKa 4yBCTBUTEBHBI K Pa3IMYHbIM NapaMeTpaM BUOpa-
UUH, HANpUMEpP, CCJIM [OAaTYUK CKOPOCTU CPABHMBAIOT C JATUHKOM
YCKOPEHHSI, TO UyBCTBUTEJIbHOCTh K, OyJeT TakXe CBA3aHA C KAKOH-TO
CTETEHLIO jo. B paccMaTpuBaeMoM ciy4dae K,, paccuntannoe no gpopmy-
ne (42), creayeT yMHOXHTb Ha jo.

Hawunyumue pe3ynbTaTel 06bIYHO JOCTHTAIOTCS, KOTAA JATYHKH KeCT-
KO YCTAaHOB/ICHBI B MIOJIOXEHHE «CTIMHA K CITMHE» H MX OCHU YYBCTBHUTE/Ib-
HOCTH NapasuieJIbHBI HaNpaBicH Mo ABUXeHUsi. Heobxonumo ybeanrnes
B TOM, YTO JATYUKH 1 ¥ 2 UCTIBITBIBAIOT OTHO ¥ TO Xe ABUXeHue. Ecau
00a JaTyuKa JTHHEHHB! H pa3MellleHbl Ha CToJle TeHepaTopa BUOPAlH,
Kauarolirecs ABHXKCHHS CTOJIA JOJDKHBI ObITh PEeHEOPEKHUTENLHO MAJIDI.
Hcxaxenust popMbl curHATA 06bIYHO HE SIBISIOTCS KPUTUYHBIMU LIS Ka-
AHOPOBKN METOIOM CAMYEHHSI, OCOOEHHO €CJIU AATYUKH YYBCTBUTEbHBI K
OIHOMY M TOMY Xe napaMeTpy BUOpauu. OOHaKO HATUYHE TAPMOHHK B
IBIDKEHUH MOXET YBEIMYUTh BHIXOAHBIC CUTHAIBI 000MX JATYMKOB HA pas-
HbIC 3HAYEHHMSI B 30BUCHMOCTH OT OTHOLLUEHHUs YYBCTBUTEABHOCTCH AaTYU-~
KOB Ha YACTOTaX rapMOHHMK. _

[TpaxTHyecku KaTMOPOBKa MOXET GbITh BHITONHEHA C NCIIOIb30BAH M-
€M 3JICKTPOAMHAMHYECKOIO reHeparopa Bubpanuu (Bubpocrenma). Dra-
JIOHHBIM IaTYMK («CMHUHA K CIIMHE») KPCTISIT HA CTOJIe BUOPOCTEH A HEKA-
JTIMOPOBAHHOM MOBEPXHOCTLIO K cToy. KanubpyeMmelii AaTYHK pazMelra-
IOT HQ «CTIUHE» 3TAJIOHHOTO.

Jlns1 Hcnonb3oBaHUs METOAA CTMYCHHS Ha BHICOKMX 9ACTOTAX 3TAIOH-
HBIH DATYMK JOJDKCH OBITh OTKATHOPOBAH C HATPY>KEHHEM MACCOM, paB-
HOH Macce KaTHOpyeMOro no HeMy JaTYMKa.

DNEeKTPpUYECKUI BbIXOAHOM CUTHAN MpeaycUINTeNsl 3TAJIOHHOTO NaT-
YHKa MOXeT OBITh YAOOHO U TOYHO CPABHEH C BBIXOAHBIM CUTHAJIOM Ka-
TUOpyeMOro JAT4YHKa, B CYHAC UCTIONB30BAHNSA NPCUH3HOHHOIO YCHIIU-
TCHA C ATTCHIOATOPOM M KOMTIAPATOPOM.
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