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MEXTOCYITAPCTBEHHIB U CTAHJADAPT

Bubpanus
METOJAbI KAJIJUBPOBKHN JATYNKOB BUBPAIININ U YIAPA
Yacre 0. O0nMe nojoxeHns

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

- L il

Harta seegenna 1997—07—01
1 OBJIACTS IIPUMEHEHNA

Hacrosimui crangapT pacnpocTpaHseTcs] Ha JATIHKHM (ITpeoOpa3oBaTe-
JH) YCKOpeHHsl, CKOpPOCTH M IIepeMeLCHHSI THHENHOI BUOpaUMH U yaapa U
YCTAHABJIMBACT OCHOBHBIC IOJIOXKEH U METOIOB X KaTMOPOBKH.

CraHgapT HE pacIpoCTpaHsieTCs] Ha NaTYUKM YIVIOBOM BUOpaluu, a
TaKKe AATYMKHU CUMBI, AaBJIeHUs U acdopMalldy, gaxe B TOM Ciydae,
€CJIM OHHM MOTYT OLITH KaTHOpOoBaHbI NOACOHBIMH METONAMH.

2 HOPMATHUBHbBIE CCBLIKH

B HacTossmieM cranmapTe ucrnojb3oBaHa cchika Ha [OCT 24346—80
Bubpauus. TepMuHbl 1 onpenesieHUs.

3 OIIPEJIEJIEHUA

TepMuHBI, TpUMEHSAEMBIC B HACTOSIILEM CTaHJapTe, M UX onpeacic-
Hugd — 1o 'OCT 24346 u npuBeaeHHBIE HUXKE.

3.1 Jatyuk — ycTpoliicTBo, NpedHazHauYeHHOE OJIs NpeoOpa3oBaHUS
U3MEPSAEMOro napaMeTpa MEXaHUYECKOTO ABUXKECHUSI, HAIIPHMEP, YCKO-

pEeHUs, B BEJINYUHY, YIOOHYIO AJI1 U3MEPEHUs] WIHM 3aIllHCH.

IlpuMedaH Ue — JardMK MoXeT BKIKOUYATh B ceOs1 JOMOJIHUTENBHEIE YCTPOUCTRA,
obecneyrBaple HeoOxoauMoe padodee HalpAXeHHe, HHAMKAIMIO WIH 3allUCh €r0 BEI-
XOJTHOTO CHUTHAJIA M JP.

g e ikl N nlonlenheoe il T e—
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3.1.1 B3aumuslii (0OpaTHMBIT) JATYUK — IBYCTOPOHHHI 3JIEKTPOME-
XaHUIECKUH JaTUUK, OJII KOTOPOro OTHOILIUEHHE MPUIOXKEHHOIO TOKA K
BO3HUKaIOIIeH cwie (KOTjJa CKOPOCTb ABUXKCHMS JaTYUKA paBHA HYIIIO)
PAaBHO OTHOILEHUIO NPWIOXKECHHON CKOPOCTH K BO3HUKAIOLICMY Harnpsi-
KeHHUIO (KOTda TOK B JaTUYMKE paBeH HYNI0). TakuMH JaTYMKAMM SIBJIS-
IOTCS 2JIEKTPOAMHAMHYECKNHN M ITbE303JICKTPUUCCKUMN NAaTIYUKU.

3.1.2 OnHOCTOPOHHMI NATYHMK — JATYMK, HCIOJIB3YIOIIUHA TECH30-
YyYBCTBUTEJIbHEIE 3JIEMEHTHI, IJIsE KOTOPBIX 3JICKTPpHICCKOEC BO30OYKACHUE
HEe BBIZBIBACT OUIYTUMBIA MeXaHH4YeCKUHN 3Q(PeKT B JaTYHKE.

3.2 Paboumii aManma3zoH — AHAra3oH 4acTOoT WIM aMIUIMTYH, B KOTO-
POM JaTYUK SBJISICTCS JJMHCHHLIM B IIpeacjaxX HOpMHUPOBAHHEIX NONYC-
KOB.
3.3 Bxoamoii cursag — CUTHaJ, NPUJIOXKEHHBLIM K BXOAYy HAaTYyMKa,
HaImpuMep, 3aTyXaloUmui CUTHaJ, IIPMUJIOXEHHBIN K €ro NocagoyHou Mno-
BEPXHOCTH.

3.4 BpiXO0AHOH CHMrHAJA — CUIHAJI, TCHEPUPYSCMbBIM AATYHUKOM, KaK OT-
KJIMK Ha BXOOHOM CHIHAaJ.

3.5 YyscTBureabHocTh (Ko3¢gduument npeodpazoBanna) — 1151 JIMHCH -
HOIO JaTYMKA 3TO OTHOIIEHHE BbIXOAHOIO CUTHANa K BXOAHOMY IIpH CH-
HYCOMUAAJIbHOM BO3OEUCTBHH, IPUJIOXKECHHOM K IOCAgOYHOM IOBEP-
XHOCTH BAOJIbL OCH YYBCTBHUTCJILHOCTH JaTyuka. B o0iueM ciyyae, yyB-
CTBUTEJbHOCTD BKIIIOYAET B Cc0s1 HH(pOpMALIMIO KaK 00 aMIUTUTYE, TaK U
O 4YacTOTE M CJACHOBATENBHO, ABISCTCSI KOMIUVIEKCHON BEJIUYHUHOM, 3aBU-
CSILLCH OT YaCTOTHI.

CHHYCOMIATILHOE BXOOHOE IBMXXCHHUE MOXKET ObITh BBIPAXKECHO CJICAY-
IOIIUMH YPABHEHUSIMU:

s= Sexp| (ot +¢,)]=S[cos(of +¢,) +/sin(of t¢ )]; (1)
v=jos = Vexp[j(at+ ¢, +tn/2)]=

=V[cos(ot+q, +7n/2)+ fsin(of + ¢, +n/2)]; (2)
a=jav = Aexp|j(ot +¢ +m)]=

=A[cos(af+¢,+n)+/sin(af + @, +m)]; (3)
x = Xexpli{ot+@,)] = X[cos(aft+q,)t/sin(af+¢,)], 4)

rie s — KOMIUIEKCHASI BeIHYHHA TIepeMelICHUSI;
¥ — KOMIUIEKCHAST BEeJIMUYHHA CKOPOCTH;
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a — KOMILTCKCHAasl BEeIUUYMHA YCKOPSHHUSI;
X — KOMIUICKCHAas BEJIUYUHA BLIXOJHOTO CUTHAJA,
S — aMIIIMTyIa CUHYCOUIAJILHOTO IIepeMEeICHUS,
/ — aMIIuTy1a CHHYCOUNAJbHOH CKOPOCTH;
A — aMIIuTyaa CHHYCOHAAIbHOTO YCKOPEHHS,
X — aMILTUTY1a BEIXOJHOI'O CUTHANA;
» — KpyroBasl 4acToTa;
®,, ¢, — ($a30BbIC YIIIbI;
Jj — MHHMas1 eJUHHLA;
t — BpeMsl.
3.5.1 YyBCTBUTEILHOCTD TI0 MEPEMELIEHHUIO K B €IMHULAX BBIXONHOTO
CHUTHAaJIa Ha MeTP PAcCUYUTLIBAIOT o hopMyne

ks — J; — K:; exp [“j ((pl _(PZ)L (5)

rae K — aMIDIMTyNa YyBCTBUTEILHOCTH IO NEPEMELICHUIO,

(¢, — ¢,) — caBur das.

3.3.2 HyBCTBUTEIBHOCTS IO CKOPOCTHU K B €IUMHHULAX BHIXOAHOI'O CHI-
Haja Ha M/C pacCYUTHIBAIOT 1O PopMyJie

kv=%:Kvexp[_j((Pl—(P2+TC/2)]! (6)

rae K — aMIIMTyAa YyBCTBUTEJIBHOCTH 110 CKOPOCTH,;

(¢, — @, n/2)— casur ¢as.

3.5.3 YyBCTBUTECABHOCTb MO YCKOPEHHIO &k B €OMHULAX BBIXONHOTO
CHUTHaAJIa Ha M/C* pacCYMUTBIBAIOT IO (popMyJie

Ky = Jac =K, exp |-j (9, - ¢, +7)], (7)

rae K — aMIUIMTYAa YyBCTBUTEABHOCTH M0 YCKOPCHHUIO;
(¢, — @, + m) — caBUT ¢a3s.

IIlpuMedaH nus4

1 O6bMHO YYBCTBUTEIIBHOCTH 110 IEepeMEllleHUIO OIPeAelIqIoT JIJId NaTUMKOB IepeMe-
IIeHUs; YYBCTBUTEILHOCTD MO CKOPOCTH — AT HATYHKOB CKOPOCTH, HYBCTBUTEABHOCTD 1O
VCKOpPEeHUI0 — VI JAaTUMKOB yCKOpeHuda. B ol0lleM ciyude aMIUTUTYARI U ($a3oBbie YIVIDBI
UYBCTBUTEJIBHOCTH SRIAIOTCH GYHKUMAMHU 4HacToThl [ = /2.

)
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2 JaTuMKM TepeMelleHust, CKOPOCTH U YCKOpPEHMU, YYBCTBUTEIIBHOCTh KOTOPBIX MpPH
HOCTHXECHUH HYJIEBOIO 3HaAYEHUS 4acTOTbl He CTAHOBUTCA PaBHOH HYJIIO, HA3bIBAIOT JAaTYH-
KAMH C HYJIEBOH YACTOTHOM XapaKTepUCTUKOHN (XapaKTepUCTHKOH [TOCTOSHHOTO ToKa). Ilpu
MIOCTOAHHOM YCKOPEeHHMM YacToTa M CIBUT (a3 paBHbl HYIO. [IpuMepaMu JaTUMKOB € HY-
NIeBOM YAaCTOTHOM XapaKTepHMCTHKOUN SBTAIOTCH AATYMKU YCKOPEHUS, MCIIOJIb3YIOLIHE B
KagyecTBe UYBCTBHUTE/IBHBIX 2JIEMEHTOB TeH3OPE3HUCTOPHI, MOTEHIHMOMETPHI, AU depeHIH-
aTbHBIe TpaHchopMaTophl, ycTpolcTrBa OaTaHCHMPOBKM CHJIbI {CepBO) WIM APYIHUE aHATO-
TM4YHBIe 37eMeHThl. CeHcMUuYecKUe reHepaTopHble JaTUUKM, TAKHE KaK ITBE303JIeKTpUYEC-
KHe N 3JIEKTpOoJiUHaAMUYecKe AaTUUKH, SARBIIOTCA MPUMEpPOM JAaTUWKOB, HE HMEIONMX
HYJI€BOM YAaCTOTHOU XapaKTepUCTHKMU.

3.6 OTHOCHTEAbHAA NOonepevYHas YYBCTBHTECJILHOCTh (OTHOCHUTEIbHBINH
K03 DHuMeHT NonepevHoro npeodpasoBaHks) — OTHOILICHUE BBIXOAHOTO
CUTHa/a AaTYHKA, OPUCHTHPOBAHHOTO OCHOBHOH OCBHIO YYBCTBUTEIBHOC-
TH TEPHEeHAUKYASIPHO HaIpaBjicHUIO BXOOHOIO CUTHania, K BbIXOAHOMY
CUTHANy 3TOro AJaT4uKa, OCHOBHAA OCb YYBCTBUTCILHOCTH KOTOPOIO Ha-
[ipaBJI€HAa BAOJb TOTO X€ BXOAHOTO CUIHaNA.

3.7 'eneparop BHOpauuu — J1r00oe yCTPOHCTBO AJ151 CO3AAHUS U TIepe-
Oauyy KOHTPOJHUPYEMOTO ABHXKEHUS ITOCAAOYHON NMOBEPXHOCTH AaTYHKA.

IIpuMeyan e — ['eHepaTophl BUOpALMHU TAKKE HA3bIBAIOT BUOPOBO3OYIUTE/IAMM,
BHOpaTopaMy H BHOPOCTEHIAMH,

4 NIMEPSAEMBIE XAPAKTEPUCTHUKN

41 OOmue NMONOXKECHMUSI

OCHOBHOHN LENBIO KATUOPOBKM JATYMKA SIBASICTCSl OMPEHETICHUE €I0
YYBCTBUTEIABHOCTH B padoyeM AMATIA30HE YACTOT U aAMIUIUTYO IJI TOH
CTCIICHU CBOOONBI, B KOTOPOM HATYMK NPEeAHA3ZHAYEH MCHOJIB30BATLCS.
KpoMme Toro, MoOXKeT ObITh BaxkHa UHGOPMALIMS O YyBCTBUTECILHOCTH AaT-
yUKa K IBIDKCHUIO B HATIpaBACHUH JAPYTUX IISITU cTenieHe cBobonasl. Ha-
NpuUMeEp, A1 TMHEHHBIX JATYMKOB YCKOPEHHUSI He0OX0OUMO 3HATh UX YYB-
CTBUTECNBHOCTS K ABIDKCHUIO, MEPIICHANKYISIPHOMY HATIPABICHUIO OCH YYB-
CTBUTEJBHOCTH U BPAaLIcHUIO. ApyruMu BAoKHBIMH (paAKTOpaMU SABISIIOTCS
neMIpUpOBAHUE, CABUT (ha3, HEMUHECHHOCTh WINM BapHALIUS BLIXOJAHOTO CHUT-
HaJia IpHU U3MECHCHHUH aMIUVIMTYAbl BXOJJHOIO CUTHUIA, YYBCTBUTELHOCTD K
BO3IOCHUCTBUIO TEMIIEPATYpPbl, JABJCHUSI U APYTUX BHEIIHUX YCIOBUM, Ta-
KHX, HAarlpuMep, KaK NBHXKEHHUE COCAUHUTEIbHOTO Kabes.

42 OCHOBHDBIE XAaPAaKTECEPUCTHUKHU JaTYHUKa

4.2.1 Amnaumydno-vacmomuas (A4X) u gazo-vacmomuas (P4X) xa-
DAKMePUCMUK

YyBCcTBUTEABHOCTD AATYHKA ONIPEACISIIOT H3AMEPECHUEM MTapaMeTPOB ABH-
XeHUsI AU BXOAHOTO CUTHAIA, IPUKIAIBIBAEMOTO K AATYHKY ICHEPATO-

4
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pOM BHOpaluMH, ¥ BbIXOOHOTO CHTHasna gatiuka. [lpu aroM gaTyux ycra-
HABJIUBAKOT TAKUM 00pa3oM, YTOObI €I0 OCh YYBCTBUTE/ILHOCTH COBNAA-
j1a ¢ HarIpaBJICHUEM NBUXKEHUS, BO30yX1aeMOIro reHepaTopoM BHOpaLUM.
C noMo1bio KOHTPOJIUPYEMOTO PEFYIHPYEMOTIO BO3/1€HICTBHS, aMILIUTY-
Ja M 4acToTa KOTOPOTo NeXaT B IMpeaeaax COOTBETCTBYIOUIUX AMAIIa30HOB
0ATYHUKA, MOTYT OBITh OTKAJIMOPOBAHLI KaK JATYMKH HETIPEPHIBHOIO ICH-
CTBHS, TaK U JaTYUKM MAKCUMAJIBHEIX 3HAYEHUH.

I1ns1 BBITIOJTHEHUSI PE€30HAHCOB JaTyuKa HeoOXoamMo Habmionarb 3a
€I0 BBIXOOHBIM CUTHAJIOM BO BpeMs MEQJIEHHOIO HENPEPLIBHOIO N3MEHE-
HHS 4acTOTHI reHepaTopa BUOpaly BO BCEM YACTOTHOM AMaNa30HeE JaT-
YHKaA.

B ¢dyHKIIHHA YacToThl ofipeiesidieTCs B OCHOBHOM aMIT/IUTYAa YYBCTBHU-
TeNIbHOCTH. OOHAKO AJI51 UCTIOJIB30BAHUSI JaTYUKOB HA YaCTOTAX, OJTU3KUX
K MX HIDKHUM WM BEPXHMUM IIpeaesiaM, WIN IJs CIICUUAJbHBIX LEIeH
MOXET NIOTpeOOBATECSA 3HAHHE X (ha30-9acTOTHOM XapaKrepucTuku. OHa
onpenesnsacTCa NMyreM U3MEpPeHU cABUra ¢pas Mexay BLIXOAHBIM CHUTHA-
JIOM JATYMKA ¥ BXOQHBIM MEXaHHUYECKHUM BO3I€MCTBHEM BO BCEM HHTEpE-
CyIollleM Auana3oHe 4acToT.

4.2.2 Heauneinocmo amnaumyonou xapakmepucmuku (AX)

HenunerHocth AX gaTyukKa (MCKaXEHHUE aMIUTUMTYIbI) ONpEeacIsioT,
U3MepPAd aMIUINTYAY €ro BLIXOAHOTO CUTHAJIa NTPU U3MEHeHUIl BXOJHOIO
CUTHaJIa B paboyeM Auana3oHe aMIUVTUTYA OT MUHUMAaAJIBLHOTO 10 MaKCH-
MaJIbHOTO 3HaYeHHH. I1pM Hcrionb30BaHHHY IeHEpATOPa CHHYCOHAAIbHOH
BHOpallMi U3MEpeH U MMPOBOASIT HA HECKOJIBKHMX YacTOTaX.

Henmsennocts AX MOXET UMeTb HeCKOJIBKO (hopM. UyBCTBUTENTBHOCTD
MOXET M3MEHATHCH IMTOCTEINICHHO € YBEJIMUYEHUEM aMIUVIMTYIbI, MOXET UMETh
MMOCTOSIHHOE M3MEHEHUE, BEeAYIIIEES K CMEILICHHUIO HYJISI IIOCIIC BO3AEUCTBHUS
Ha JaTYUK BUOpalliy UM yoapa, MOTYT OBITh 3alepXKU, KOTOpble BHE-
3alTHO OTPAHUYUBAIOT AUATNIA30H ABUKCHUSI.

Tyn 1 3HaYeHUS HEMUHEHHOCTH AX TaTYNKA MOTYT OBITH OTIpEE/ICHBI
10 €10 aMIUTUTYAHBIM HCKAXXECHUSM U CPABHEHHUEM €TI0 pe30HAHCHOH KpH-
BOM, (pa30BOro CABMUIA Y 3aTYXaHUsI C COOTBETCTBYIOLLIMMHU XapaKTepUCTH-
KaMH UICaJIbHOrO JIMHEMHOTO JAaTYMKA. YYUTHIBAS, YTO HEJIMHEIHOCTD 3a-
BHUCHUT OT 3HAUCHU U U3MEPSIEMEBIX BEJIUUYUH, €€ HECOOXOAMMO OTIPEACISITh HA
BEPXHUX Mpeaeaax IMHAMHUYECKOro AUara3oHa JaT4uKa.

43 XapaKTEpPHUHCTHKHU BIAUSAHHUSI

4.3.1 Temnepamypnaa xapaxmepucmuxa

YyBCTBHUTECILHOCTL, OTHOCHUTENbHOE AehOPMHPOBAHME U PE30OHAHCHAS
4acTOTa MHOTHX JATYUKOB HAXOAUTCS B GYHKUHOHATBbHOM 32BUCHMOCTH

3
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OT TeMrnepatypsl. lIpu onpeneneHun TeMnepaTypHOU XapaKTepUCTUKH
qale BCeTro HCIIONb3YVIOT METO/ CIMICHUS.

HcnsityeMplil aTYUK pa3MelIalOoT BHYTPH TEPMOKAMEPHBI COOCHO C
ATAIOHHBIM, KOTOPHIH 3AlUIIAIOT OT U3MEHEHUH TEMIIEPATYPHI, PACIIO-
jarasi ero CHapyXxu TepMoKaMepbl WIH APYTMM crniocoboM. KHsMeHeHue
YYBCTBUTEJIbHOCTU 3TAJIOHHOTO JATYNKA HE JOJKHO NpeBbIIATh 2 % B
TeYEeHME BCero BpeMeHM Kanubporxy. McnpiTaHUA NpOBOAAT Ha YACTO-
TaX, IA¢ TOoNepeyHoe ABMXKEHHE reHepaTopa BUOPALIMH HE MNPEBLIILIAET
25 % oceBoro gBMXeHMs. [ eHepaTop BUOpanuy, KpenjaeHUe AATYMKOB Ha
qaCTOTAX KaJHOPOBKHU JOKHBI 00ecIeYMBATh HE3HAYUTEIBHOE OTHOCH-
TENHHOC IBUXKCHHUEC MeXy 3TAJIOHHBIM U MCIIBITYEMBIM AATYUKAMMU.

AJILTEPHATHBHBIM SIBISIETCS] METOM, TIPHU KOTOPOM STAJIOHHEIM U HC-
MIBITYEMBIM JATUMKM KPEMAT HA MJIOIUAAKE BHYTPH TEpMOKaAMEPBI. OTOT
METO OTpaHHYEH AUANTA30HOM TeMIIepaTyp, B KOTOPOM HU3BECTHBI TEMIIC-
paTypHLIE CBOUCTBA ITAJTOHHOTO AaTYHUKA.

17151 1ATYINKOB, YYBCTBUTENBHBIX K CTATUUYECKOMY YCKOPEHUIO, H3ME-
psIIOT pazfanaHc HYAS IPH MAaKCUMATIbBHOM M MUHUMAJILHON TeMIIepaTy-
pax.
JlaTduKu ¢ BHYTpeHHUM jaeMIipupoBaHueM o6onsiie 10 % kKputuyec-
KOTO AeMIIpUPOBAHMS CICAYET KAIHOPOBATH KAK MUHUMYM Ha 4YETBIPEX
4JACTOTaX MpPH OAHOM 3HAYCHHH aMIUTUTYAbl BUOPALIMH U IIPU IISITH 3HA-
YeHUAX TEMIMEPATYPhI, BKIIOYasi KOMHATHYIO. DTOT METOM JOJIKECH MNpH-
MEHSATLCA MMPU UCIIBITAHUAX, HATIPUMEP, JATUYHKOB 3JIEKTPOIUHAMUYECC-
KOTo TMIIA, B KOTOPBIX MCIOJB3YIOTCSA KATYLIKM C NpoBoaoM. YacToThbl
BBIOMPAIOT M3 YACTOTHOTO AMAA30HA B 3ABUCHUMOCTH OT NPEAIIONAracMo-
ro MCIIOJIL30BAHUSI.

Y Nbe303JeKTpUYECKUX JATYUKOB Mocye UX CTAOMINU3ALMY NIPU MAK-
CUMAJILHOU TEMIICPATYPE UBMCEPSIIOT BHYTPEHHIOIO €EMKOCTh U CONIPOTHB-
neHue. [Ipu 3toM, ecny ero conpoTuBIeHUE HACTOIBKO HU3KOE, YTO BJIU -~
ST Ha HU3KOYACTOTHYIO 00JIACTh XapaKTEPUCTUKU TTPHUMEHSIEMOIO YCHU-
JIATEIIA, HeOOXOAMMO OTKAIMOPOBATh NATYMK B HU3KOYACTOTHOM 00/1acTH
[pH 3ToH TeMneparype. /L1 aneKkBaTHOTO OITHCAHH YaCTOTHOM XapaKre-
PHUCTHUKU MCILITAHHUS TIPOBOASIT HA HeCcKOoAbKMX YacToTaX. IIpu 3ToM Ka-
TUOpyeTcA MoJHasg CUCTeMa C MCIOJIb30BAHUEM TOTO YCUIINTEJISI, KOTO-
pbIi OyAET 3KCIUTYaTHPOBATLCS C NJATUHMKOM.

TeMnepaTypHYIO YYBCTBUTEILHOCTE BLIYUCISIIOT KaK PAa3HOCTL MEXIY
YYBCTBUTEJIBHOCTBHIO JATYMKA, U3BMEPEHHOU NPpH HOPMAaNLHOU TeMIlepa-
Type (20 °C) Ha yacroTe M3 NUANA30HA YACTOT, B KOTOPOM YACTOTHAS
XAPAKTEPUCTHUKA JATUYHKA TUHCHHA, U YYBCTBUTCIBHOCTRIO JATYUKL ITPH
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UCTILITATENILHOM TeEMIIEpaType. OTa pa3HOCTh BLIPAXKACTCH B NPOLICHTAX
OT YYBCTBUTEJLHOCTH NPHU HOPMWILHOU TeMImeparype. KegaTeJbHo Uc-
[1OJIB30BaTh JATYUKM, TeMIIepaTypHas YYBCTBHUTEJIBHOCTL KOTOPBIX HeE
npeBbiiaeT 15 % Bo BceM pabodeM AHANA30He TeMIICpaTyp.

IJIpmMeuanue — Boicokad TeMIlepaTypa MOXeT BIMATh KaK HA YacTOTHYIO
XapaKTePpUCTHKY B HU3KOUACTOTHOM OOJIACTH, TAK U HA TMTOMEXOYCTOMYUBOCTL U CTaOWIIb-
HOCTh CUCTEMBI HATYUK ~— VCWIHUTEID.

4.3.2 YyscmeumeabHocmb Nbe3031€KMPUMECKUX 0amUUKO8 K nepenady
memnepamyp

IIpe303nexTpudeckye aTYMKK NOA ACUCTBHEM NEPETIaa TEMIIEPATYD
TCHCPUPYIOT MUPOINIEKTPUICCKHU CUTHAI. ITO OCOOCHHO OUEBUIHO [JIs
hepposIeKTPHUIECKUX MATEPHAIOB. 3HAYCHUE ITUPOINCKTPUICCKOTO BbI-
XOJHOTO CUTHAJIA 3ABUCUT OT XUMHUYECKOTO COCTAaBa KPUCTaIa U KOHCT-
PYKIHU naTdyuka. OOBIYHO YacTOTa MTUPOIJIEKTPUUECKOTO BEIXOMHOTO CHUTI-
Haja 3HaYuTeabHo MeHblue 1 ', boabIUMHCTBO NMUPO3NECKTPUUECKHUX
CHTHAJIOB JAaTYHKA PHUALTPYIOTCS Oarojaps 4acTOTHBIM XapaKTEepUCTH-
KaM YCHUIUTENEeH B HU3KOYAacTOTHOM obOnactu. TaxkuMm oOpa3zoM, NHUpO-
ANEKTPUYECKHUHN BLIXOMHOU CUTHAJ 3aBUCHUT OT CKOPOCTH U3MECHEHUS TEM -
neparypsl M OT XapaKTepUCTHK YCHIMUTENS U JAaTYMKA, UCNOJIbB3YEMBIX
COBMECTHO.

[TupossexrpuuecKye UCTILITAHUS NPOBOMSIT, UCIIOJB3YyA TOT THIT YCHU-
JTUTENISA, ¢ KOTOPBIM OOBIYHO HCHOJIbL3YeTCH OaTdyuK. JlaTyuk KXpensit K
aJJIOMUHHEBOMVY OpycKy OOBIYHBIM criocoboMm KpereHusa. MIx OpicTpo
TIOTPYKAKOT B BAHHY C JIeASHON BOLOU WIN JAPYTIOH MOAXOASIIUIECH KUAKO-
CThIO, TEMIIEpATYpPa KOTOPOH OTJIMYAETCSI OT HOPMAJILHOH NPHONU3UTCIb-
Ho Ha 20 °C. XKuakocTs B BaHHE JOJIXHA ObITE oroBopeHa. Macca Opycka
JOJDKHA OBITh MpUMOAM3uUTEAbHO B 10 pa3 6onbliue Macchl garyuka. Jomxk-
HbI OBITh IPHUHATHI MEPBI NPEAOCTOPOKHOCTU, YTOOBI XHUAKOCTb HE ITPO-
HUKIA B JAaTYUK MY YTOoOLl CONPOTHURICHHUE BJEKTPUYCCKON H3OJISILIUH
HE CHU3UIOCH IIPH COMMPUKOCHOBEHHU ¢ XHUAKOCTBIO U T. &. MaKcUMaIh-
HO€ 3HAYCHHUE BBIXOJHOTO CUTHANIA YCUIIMTES M BpeMsi OT Havania rorpy-
KEHUS 10 MOMEHTA JOCTUXEHMSI 3TOTO MAKCUMYMa N3MEPSIOT Hit OCLIWI-
norpade MMOCTOSTHHOIO TOKA WX Ha caMonikicle. Ec/n BRIXOAHOM CUTHAL
B Te4eHHE NEePBLIX ABYX CEKYHI U3MCHUT TIOJISIPHOCTD U JOCTUTHET MAaK-
CUMyMa NPOTHUBOIIONOXHOHN NOJSAPHOCTH, TO 3HAUYECHUE U BpeMsl 3TOTO
MaKCHUMyMAa TOXe JOIKHDBI ObITh 3apETHCTPHUPOBAHEI.
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J17151 1aTYMKOB YCKOPEHUS YYBCTBUTCILHOCTD K TIEPENaay TeEMIIEPaTyp
BBIPAXKAKOT B M * ¢~2/°C M onpeaesisiioT Kak YaCTOTHOE OT AeJIeHHS MAKCH-
MaJIbHOTO BBIXOAHOTO CUTHAIA JATYMKA HA ITPOU3BCACHUE PA3HULIBI MEX-
0y TEMIIEPATYPOH XKHUIAKOCTU B BAHHE M HOPMAJILHOM TeMIIepaTypoH Ha
YYBCTBUTCJILHOCTh JATYMKA,

B 0co0BIX caydasix UCNONAB3YIOT YCUINUTEIHU, HMCIOIINE HU3KOYACTOT-
HYIO 0071acTb 3HAYUTEIbHO 1IHpe. [Iupoanekrpuueckyie ucnbiTaHus cie-
OyeT TPOBOAUTH C MCNIOJIB30BAHUEM UMEHHO TAKUX CIICUPHUICCKHX VCH-
nurtesei. s ciydaeB, KOroa CKOPpOCTb U3MEHCHHS TEMIIEPATyp CHJILHO
OT/IMYACTCA OT MOJIYYAC MO IIPH YCIIOBHSAX, ONTMCAHHBIX BBILLIC, MOTYT OBITH
[TPOBEACHDbI UCITBITAHHSI, HMUTHUPYIOLINUEC OITpEeAC/IEHHOE U3MCHCHUE TCM-
epaTyphl.

4.3.3 Omruocumenornas nonepeutHas 4yeCcmeumenavHocms damuuKa

OTHOCHTEAbHYIO NTONEPCYHYIO YYBCTBUTELHOCTL OOLIYHO OTIPEAEIsIIOT
Ha ogHoM YacToTre Hke 500 ['u. Mcnonb3yeMast 4acToTa 4OMXKHA OBITH
OTOBOpEHA.

CHHYCOMAATBHOC ABIDKCHHUE BOCIIPOU3BOASIT HA YACTOTE, HA KOTOPOH
IBUXXEHHE B IJIOCKOCTH, NEPICHANKYAIPHOH OCH YYBCTBUTCJILHOCTH, KaK
MUHUMYM B 100 pa3 Oospliie ABIDKEHUS B HANIPABJACHHUY OCH YYBCTBUTED-
HocTHU. /1151 3HAYEHMI OTHOCHUTENIBHOH TTONEPEYHON YyBCTBUTEILHOCTH MEHb~
uie 1 % 310 TpedoBaHNE SIBISICTCS TPYAHOBBITOTHHUMBIM, TTO3TOMY 15 T1O-
JYYEHUS JOCTOBEPHBIX 3HAYEHUH OTHOCHTEILHOH TIOIEpECYHON YYBCTBUTC b~
HOCTH HeOOXoauMa O0JIBIIAA OCTOPOXKHOCTD U BhICOKASI KBATHU(PUKALIUS.

JaTyuK Kpenart nepneHINKyASpHO HANPABJISHNIO BXOIHOTO ABMKECHUSI
C IIOMOMIBIO CICUHUATIBHOTIO TPHUCTIOCOOICHHSI, TIO3BOJISIIOLIETO TTIOBOPAYH-
BAaTb €ro BOKPYT OCH YYBCTBUTCILHOCTU Ha 360 ° ¢ wuaroMm He bonee 45°.
[ToBopaunBast JATYMK ONPEACSIIOT €r0 MAKCUMAIBHbLII BLIXOOHON CUTHA B
TIOTICPEYHOM HAIIPABJICHHH.

[IpuymMeuyad ye — IDKCHEPUMECHTAIEHBIE HCCIIEAOBAHUA MOTNepedYHOH YYBCTBUTED-
HOCTU JAaTUMKOB CBUAETEILCTBYIOT O ee He3aBUCHUMOCTH oT uvactoThl go 2000 Iu. B
HacTodillee BpeMs HMMEIOTCHS OTrpaHMUYCHHbIE HaHHLIE O TONepeyHOM UYVBCTBUTEILHOCTHU
JaTIYMKOB B 4acTOTHOM juarrazoHe ot 2000 mo 10000 I't, OHY oO6biMHO MOKA3BIBAIOT, UTO
MonepeYHas YYBCTBUTEIBHOCTE B 3TOM IHAIIA30HE YACTOT TAKOTO Xe IopAlKa, KaK U Ha
HU3KUX yacroTax (MeHee 500 I'n). OOBIMHO cUMTAETCd, UTO V JaTUNKOB C OCEBOH pe30HAH-
CHOM 4dacTtoTol Ooiee 30 kI'I[ YacToTa pe3oHaHca B IOIEepeYHOM HalpabBieHUHU 6Goiee 10
kIl U, ciienoBare/IbHO, HAXOAUTCH 34 paboyuM JUATIA30HOM 4JacToT gartdyvka. g apyrux
TUIIOB BHOpALUONHBIX JATYHKOB HHPOpMAUMH ellle MeHbue. 110 BO3MOXHOCTH JO/DKHA
OBITH Ollpe/ieeHa HU3NMIAA 4YacTOTa pe30HAHCA JAT'IMKA B MONepeyHOM HaIlpaBlIeHUH.
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4.3.4 Pomayuonnas wyecmaumenvHocms 0amuuka

HexoTopbie nuHEHHBIC JAaTYUKNA BHOpAallMU BOCIIPMHMYHMBEI K pOTa-
UHMOHHOMY Bo3acucTBUIO. [IpMepaMH TaKuX JATYUKOB SIBJISIIOTCS] H3rHO-
HBIE IIBE303JICKTPHYCCKHE U MbE30PE3UCTUBHEBIE OATYMKU YCKOPEHHUS U
MAasiITHUKOBBIC COQJIAHCHPOBaHHEIE (CEpBO) JaTYMKU. B HacTosiluee BpeMs
H3-3a HEAOCTATOYHOU U3YYeHHOCTH M OTCYTCTBUSI COOTBETCTBYIOLIMX CPEACTB
UCIILITAHUMN HE MOTYT ObITh CTAHAAPTU30BAHBI METOALI ONpeACICHUA pOTA-
LIMOHHOU YYBCTBHUTCIBHOCTH OJAaTYUKOB. OIHAKO BHUMaHME K CYLIECTBOBA-
HHIO pOTALIMOHHOM YYBCTBMTEIbHOCTH MPHUBJICYCHO M HYXKHO NPUHHUMATL
MEPHI IPENOCTOPOXHOCTH IPU APYTHX HCTILITAHUSAX 011 TOTO, YTOORI Ipe-
OOTBPAaTUTb NOTPEIIHOCTE U3MEPEHHUS OT 3TOTO 3P PEKTA.

4.3.5 Hdedhopmayuonnas uyscmeumenbnocms 0amuuxa

[1peanoYTUTEILHBIM NIPU ONIpeAeICHUY U3MEHEHHA YYBCTBUTEIIBHOC-
TH JATYHKA U3-3a NPOTruda ero OCHOBAHHS SABISCTCA CICAYIOLIUN METOA.

JaTquK KpensiT Ha IMPOCTOM KOHCOJBHOM OaKe, KOTOpasl BOCIIPO-
U3BOAUT pagulyC KPUBM3HLI 25 M W OTHOCHUTEIBHYIO  Ac(POpMALHIO
e = 250-10-°S.

CranpHasi KOHCOJbHas OaJKa KpenHTcsl K XXKecTKoM onope. banka
UMeEeT CICAYIOLIME pasMephl: IUPUHA 76 MM, TojaluHa 12,5 MM, OJIMHA
1450 mM. CoOcTBeHHas yacToTa 06bIYHO O1m3Ka K 5 T'u. Jdedopmanuio
U3MEPAIOT TCH30METPAMH, 3aKpeIJIEHHLIMH Ha 0AJIKE OKOJIO MECTA KPeET-
JICHUA JaT4UKa, PACTIONIOXKEHHOIo Ha paccTossHUH 40 MM OT MecTa KpeIvie-
HUSI KOHLIA Oanku. /IBHXKeHHe B MecTe KpeTJIeHHUs JOJKHO KOHTPOJIHPO-
BaTLCSI C TTIOMOILLBIO IATYUKA, 3aKPETVICHHOIO C MCTIOAb30BAHUEM H30JISILIUN
IV11 IpeOOTBpalIcHUS Iporuda ero ocHoBaHMS. [IpH 3ToOM NpUMEHSIIOT OaT-
YUK, YYBCTBUTCIBHOCTb KOTOPOro He MeHee UeM B 10 pa3 Gonblle YyBCTBU-
TEJIBHOCTH MCIIBITYEMOTO AaT4yUKa. BbIXOMHbIC CUTHAJIBI OT TEH30METPOB U
HUCIBLITYEMOTO JaTIUKA PSTUHCTPUPYIOT.

CHucreMy Bo30yXIal0T OTKJIOCHEHHEM CBOOOIHOIO KOHLA OaJIKH Bpyy-
HYI0. BBIXOAHOM cuUTHa/n HMCIBITYEMOTO JAaTYMKa CHUMAIOT B TOYKE, TOE
nedpopMalvsl NOBEPXHOCTH Oanku cocTtapasieT 250+ 10~°. 310 cooTBET-
CTBYET paduycy KpHUBH3HBI Oasku 25 M. IlorpelmrtHocTh, 0OYCJIOBJICHHAS]
nedopMallMe, paBHa pa3sHULIC MeXAYy ABUKEHHUEM OaJIKM B MECTE KpeETl-
JICHUSI UCIIBITYEMOTO AATYWKA U NBUXKCHUEM, U3MEPEHHBIM C MOMOLILIO
3TOro Aatyuka. /ledpopMallMOHHYIO YyBCTBUTEJIBHOCTD, BBIPAXEHHYIO B
€IUHMLAX BLIXOOHOIO CUTHAJIA HA OTHOCHUTEJBHYIO AcdopMALIHIO €, OIl-
peoCensIOT AeJeHUeM 3HAUCHUSI TOM MOTpCHIHOCTU Ha 250.

HedopMallMoHHAas YYBCTBUTCJILHOCTD JOJ/KHA OBITh OTIpee/IcHA TIpU
PANIUYHBIX AMITTIUTYAAX AedopMaLMH U B PAa3TWYHBIX HAITPABICHHUSIX.
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MaxkcumasbHasi fgepopMalMOHHASI YYBCTBUTEILHOCTE JATYMKOB MOXET TTPU-
BECTH K CYILLUIECTBCHHOM MNOTPELITHOCTH U3MEPEHHUH IIPU ONpeAcIeHHBIX yC-
JJOBMSIX MPUMEHEHMUS M cIIoco0axX KperJIeHUs.

4.3.6 Mazuumnasa wyecmaumenvHocms 0amyuxa

151 onipeeneHUs1 MATHUTHOM YYBCTBUTEIBHOCTH JATYUK ITOMEINAIOT
B U3BECTHOE OJHOPOOHOEC MarHUTHOE MOJIE M TIOBOPAYYBAIOT B HEM. Mak-
CUMA.TLHBIM BBIXOIHOM 2JCKTPHUUYECKUMM CUTHAJ JaTUHMKaA XapaKTepU3VeT
€ro Mil HUTHYIO YYBCTBUTEIBLHOCTD. J1J1s1 JaTYMKOB YCKOPEHHUST MAarHUTHAS
YYBCTBUTEJILHOCTD BhIpaxaeTcs B M * ¢ 2/ 1U1; Ansl aTYUKOB CKOPOCTH — B
M* ¢!/ Ta. [1pu 3ToM BUOpaLusl U 3NEKTPUUECKUE HIYMb] JOJDKHBI OBLITh
UCKIKOYEHHBI.

4.3.7 Yyscmeumenbvrocms 0amuuka Kk Kpymsuemy MomeHmy

HM3MeHeHe YyBCTBUTCJILHOCTU JATYUKA OT KPYTSIUICIO MOMEHTA OI1-
peHOeasIIOT, IPpUKIAABIBAA K IaTYUKY MOMEHT, PABHBIN NTOJIOBUHE HOPMHU-
POBAaHHOI'0, HOPMUPOBAHHOMY U YIBOCHHOMY HOPMHUPOBAHHOMY. OTOMY
HCTIBITAHUIO NOABCPraloT TOJBLKO AATYUKH, YCTAHABJIUBACMblE C IOMO-
1I{bI0O BUHTOB, 00JITOB WIH APYTUX pe3LOOBLIX coeAMHeHUH. Eciu Kpenne-
HUE MpeaycMaTpUBacT 00Jice OJJHOTO COCAUHEHHUS, TO COOTBETCTBYIOLLUE
MOMEHTHI JOJIKHEI OBITE MPUIOXKEHDBI K KAXKIOMY KPETIEXKHOMY 3JIEMEHTY.
Ilput 3TOM HEOOXOAHMO YOSAUTECS B TOM, YTO ITOCaACYHAs MOBEPXHOCTD
naTYuKa HE UMEET 3ayCCHLEB WIH APYrux Ae(peKToB, KOTOPbIE MOIYT Ipe-
MSITCTBOBATH TUIOCKOM YCTAHOBKe OaTyMKa. [ToBepXHOCTH, Ha KOTOPYIO
YCTAHABJIMBAIOT JATYUK, TAKXKE JOJIKHA OBITH MJIOCKOM H Imaakoi. Pexo-
MEHAYyeMble 3HAYE€HUSI HETVIOCKOCTHOCTH U LI€POXOBATOCTH NOBEPXHOCTH
CICAYIOIIUE: HETIOCKOCTHOCTE — HE 00JIEC D MKM,; CpeJHee KBaapaTH-
yecKoOe 3HAUCHUE HIEPOXOBATOCTH — He bonee 2 MKM. /Lis1 ycTaHOBIICH U
JAaTYMKA MOHTAXHasl TOBEPXHOCTb JOXKHA UMETh OTBEPCTHUS C pe3L0OH,
NnepreHAUKYASIPHBIE IOBEPXHOCTHU C HCIICPHCHAUKYIAPHOCTLIO HE DoJlee
0,05 MM. OOBIYHO PEKOMEHAYETCSI CMA3bLIBATL NOCAAOYHDBIC NTOBEPXHOCTH.
KpyTsiiMid MOMEHT JOJIKCH MPUKIAABIBATLCS K HE3aKpPEIUVICHHOMY OaT-
qUKY, T. €. KpyTSIIIHH MOMCHT YBEJIHYUBAETCS OT HYJICBOIO A0 KaXKIOro

U3 TPEX UCTILITATCILHBIX 3HAUCHU .

YyBCTBUTENIBHOCTD K KPYTSIIEMY MOMEHTY ONPEACISIIOT KAK U3MCHEHUC
qYBCTBUTCIILHOCTH JATYHUKA IIPH TIOJIOBUHE WIH IIPHA YABOSCHHOM 3HAYEHUH
HOPMHPOBAHHOTO KPYTSILLIETO MOMEHTA OTHOCHUTEIBHO €10 HOPMHPOBAHHOTO
sHauyeHusl. IlorpelltHOC T 3aJaHUsI MPUKIAABIBAEMOTO KPYTSILLIETO MOMEHTA
HE JOJDKHA npeBblaTh 15 %.
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4.3.8 Cneuuanvtbie yca06Us OKPYIHCAIOUEU Cpeabi

Ha paboTy HEKOTOPHIX TUIOB JATYUKOB MOTYT BJIUSITH PA3JIMYHbBIE CIIE-
IMAJbHBIE YCIOBUSI OKPYXAKOLICH cpebl, TAKHE KaK 3JCKTPOCTATHYECKHE,
NepeMEeHHbIe MATHUTHLIC U PafHOYACTOTHBIC M10J151, AaKyCTHUYECKHUE OIS,
KaOeabHbIe 3D(PEeKThl M paaralys.

B Hacroslee BpeMst HeT OOIICNIPUHSITHIX METOAUK AT OLECHKHU BIIHSI -
HUS TaKuxX crictududecKuX YCIOBUII HA HATYMK, XOTSA B TeX CIIyYasiXx,
KOTZa OXHAaeTCqd HX CYLIECTBCHHOC BIMSHUE, TaKHEe HCNLITAHUS IIPOBO-
ISIT.

S METO/1bl KAJIMUBPOBKH

51 O0mue MONOXEeHMUNH

/17151 BLINNOJTHEH U NPSIMON KAJITMOPOBKM OaTUMKa NPUMEHSIIOT T'eHepa-
TOp BUOpaLMM, CO3JAIOIIMN HA BXOAC JaTUMKa pelryIUpyeMbId U H3MEpPsI-
eMbIH CUTHA/, U CPEACTBa A% pETHCTPAUNHH WU U3MEPEHUS BBIXOAHOTO
CUTHAaJIa JaTYHKA.

JlaTYMK JOJDKEH OBITE NPUKPCIJICH K I'eHepaTopy BHOpalluy MM pa3-
MeIlleH OKOJIO Hero, ecjJy JaTYMK MpeaHa3HayeH A5 M3MepEeHUsl OTHO-
CUTEJILHOTO ABIDKCHUS MEXAY AAaTYHKOM U BUOPUPYIONIMM 00beKToM. Kper-
JIEHYE JOJDKHO OBITh JOCTATOYHO XXECTKUM, 4TOObI NepeaaBaTh ABIDKEHHE
OT I'eHepaTopa BUOpallMU JATYMKY BO BCEM YACTOTHOM AUANA30HE JaTYMKA.
ColOcTBeHHAsI YacToTa CUCTEMBI, COCTOSIIIEN U3 JaTUYMKA, pACCMATPUBAEMOTO
KaK Macca, 1 KpeIJICHHUsI B BUAC MPYXUHBI ¢ OJHOM CTETNIEHBIO CBOOO L,
NOJDKHA OBITH BhIIE BEPXHECH YaCTOThl YACTOTHOTO AMAIIa30HA FreHepaTopa
BUOpaliiu.

['esepaTopaMu BUOpALIMM SIBJISIKOTCSI. YCTPOMCTRO OJIsI IOBOPOTA JAT-
YHKa MO OTHOWLIEHHUIO K CUJIe TpaBUTALMM, NeHTpUE YT, 3NCKTPOJAUHA-
MUYCCKUH TreHepaTop BUOpALIMY, HAKOBUJILHS OA/INTUCTHUECKOI'O MASITHH -
Ka U Jp.

YcTpolcTBO 151 MOBOPOTA AATYMKA M LUCHTPHU(DYTY HCNOJAb3YIOT AJIst
KATMOpOBKHY HA HyJIeBOM 4yacToTe. POTAllMOHHYIO KAJTMOPOBKY B IpaBUTa-
L{IHOHHOM IoJie 3eMJIU IPUMEHSIOT AJISI HU3KOYACTOTHBIX JATYUKOB. SJ1eK-
TPOAMHAMUUYECKHUHN TeHepaTop BUOpallMM OOBIYHO HCIIOAB3YIOT M1 Ka-
JTUOPOBKY JAaTYMKOB B YCTAHOBUBLIEMCS CUHYCOUAUTBHOM peXXUMeE. ban-
JTUCTHYCCKHUE MAYTHUKH, CO30AIOIUE KPATKOBPEMECHHOEC BO3NEWUCTBUEC,
MCIIONBL3YIOT VISl onpeaescHus COOCTBEHHOW 4acTOThI JATUMKA B yAap-
HOM pEXUME.

11
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HexkoToprie MeTOOBI KATMOPOBKH, OMMUCAHHLIC B 3TOM CTAHIAPTE, UMEIOT
CrieIUAJIbHOEe Ha3HAYeHHe. [eM He MeHee UCIOJIb30BAHME JA3CPHOTO UH-
TepdepoMeTpa PEKOMEHAYETCS AJ1s1 A0COMIOTHOM KAJIMOPOBKH M, IMTABHBIM
0Opa3oM, AJISI KUTMOPOBKU 3TAJIOHHBIX AATYUKOB IPECANOUYTUTCIILHO Ha
onHold M3 yactoT 160; 80 wim 16 ' B 3aBUCMMOCTH OT TIPUMEHEHHS
IATYHMKA. DTUM METOIOM MOXET ONpPEeacsITLCS Y YACTOTHAS XapaKTepUC-
THKA JaTyuKa. Ee CHUMaKT Ha JUCKPETHBIX YaCTOTAX BO BCEM MHTEPECY-
€MOM JMara3oHe YacTOoT. bONBIIMHCTBO APYTHX KATHOPOBOUYHLIX MOTPEO-
HOCTEH MOXeT ObITh 0beClIeYeHO CAHYCHUCM C 3TAJIOHHBIM OAaTYHKOM,
OTKAJIUOpOBAaHHBIM a0COJIOTHBIM MeToaoM. KamnopoBKa oOBIYHO OTHO-
CHUTCSI K IBHXYLIEMYCS OCHOBAHHIO JATYUKA, 4 KAJTUOPOBKA METOAOM «CIU-
Ha K CiMHEe» -—— K 3aKpeIyIECHHOMY OCHOBAHUIO HCITBITYEMOTO JAaTYMKA.

527 KanunodopoBkKa a06CONJIOTHBMHU METOAAMHU

5.2.1 Kaaubposxa memodom uzmepenus amnaumyobt nepemeujeHuss U 4ac-
mMombt

5211 Obwmue noaoxwenus

MHorue fMHaMU4YeCcKMe METOAbl KaJMOPOBKHM 3aBHUCSIT OT TOYHOCTH
U3MEPEHUS aMIUIMTYAbI IEPEMEIICHUS] BUOpalluy, KOTOPOH NMoABEpraeT-
cs1 JAaT4YMK.

KannbpoBKy MeTonoM HU3MepeHHUsI AMITUTUTYAbI NEepEMEIIEHHUS U dac-
TOTBHI OOBIYHO KUCIIONb3YIOT /151 AATYMKOB HenpepbiBHOIo orcdeTa. CUHY-
COMIAJIbHOC ABUXKEHUC, CO3]aBA€MOC reHEPATOPOM BHOpALIUM, NOJIKHO
OBITL AMHCHHBIM, IONICPESUYHBIC ABHXCHUS AOKHBI OLITh IPEHEOPEXNMO
MaJTbl.

HN3MepeHHoe nepeMelllcHUEe MOXET ObITh HCIIONB30BAHO A1l pacyeTa
CKOPOCTH ¥, M/C, U YCKOPEHHUSI a, M/c*, 110 (pOpMYJIaM:

p = 2nfs 8); a= (2nf)t-s, (9)

rae n= 3,14 paguaH, KOTOpbIe NOJVYAKOTCSI TPOCTLIM M ABOHHBIM AU e -
PEHLMPOBAHUEM MEPEMELLICHUS § TI0 YACTOTE [f. DTU (POPMYNbI NPEATIONATA-
10T, UTO MAPMOHMKH U LLIYMOBbIE COCTABISIIOLINE JBUXKECHUS OCTAHYTCSI HE -
3HAYMTECILHBIMHU 1 1ocne auddpepeHumpoBaHusl. CledoBATE/IbHO, HEO0-
XOOVMO MUHUMH3HPOBITL HCKAXKECHHUS OT JICKTPUICCKMX UCTOYHHKOB 3HEP -
My WIN Apyrux NpUuMuH, TAKHUX, HalpUMep, KaK MEXaHWYECKHUH PE30HAHC.
[[apMOHUKHM TAKKE HEXEJATCIAbHBI, TAK KAK OHH MOTYT BO30YVXXIATh pe30-
HAHC OATYUKAL.

12



Iroct UCO 5347-0-95

Ecam amMrimnuryna nepeMellieHUs U3BeCTHA, YYBCTBUTEIBHOCTD JATYHKA
MOXET ObITh BEIMHC/ICHA KAK OTHOLUICHHUE U3MECPEHHOTO BBIXOJHOTO CUTHANIA
JAaTYUKA K aMIVIUTYIE CKOPOCTH WIH YCKOPEHMUSI.

AMIUIUTYA NEpEMCIICHHUS MOXET OBITh U3MEPEHA C ITOMOIIBIO JIa3ep-
HOTO UHTEep(depoMeTpa.

MeToabl pacyera, UCIONL3YEMEIE B Ta3¢pHON HHTEpGdEepOMETPHH, OObIY-
HO JalOT BBICOKYIO TOYHOCTD B AuanazoHe yactoT g0 600 ' nmpu yckope-
Huu 1000 M/c?, 94TO COOTBETCTBYEeT aMIUIUTyAE nepeMelleHusi 70 MKM:
1 % HeomnpeneleHHOCTH noayyaeTcs Ha yactore 600 I'u, 0,5 % — B nua-
nazoHe ot 380 mo 160 1. 3HayuTe/bHBIC TIOrPEIIHOCTU B M3MEPEHUAX
riepeMelIeH1s1 MMEIOT MECTO B TOM cllyyae, Koraa pedpepeHTHOE 3¢pKalio
HHTepdepoMeTpa KoJebercs ¢ YacToTOH (MJIM TapMOHUKOM) Bo30yXKae-
HUA naTyrka. llorpenrHocTs MoXeT ObITh TAKXKE pe3yIbTATOM KONeOaHH
pasaeauTesist aydya. PekoMeHayeTcss HaOMoaaTh 3a 3TUMU KOJICOAHUSIMU,
HUCTIOJIB3YSl OUYEHDb YYBCTBUTEILHBIN JATUYHK YCKOPEHUA.

5212 Teopus udeaavnoeo unmeppepomempa

[IpuHiAn AeHCTBUA HHTEPQEPOMETPA NTOKA3aH HA pUCYHKe 1, rae £,
E, u E, — BeKTOPBI 37ICKTPUYICCKOrO 104, [, ¥ [, — pacCTOsAHUSA, KOTOPLIC
MPOXOIT JIyUU TI0CHe Pa3eIUTENsT; § — U3MEPSICMOe fiepeMeELLICHUE,

Jepkano 1
E1
l1 ~
Eo E2 %
' "4
B 12 o
aypemm- ™
TENL Nyva
E{1 + E2

L - 3

s(t)
- PoToaerexkTop

PucyHok 1 — TIpMHUMNUATBEHAA CXeMa WOAeanbHOro
HHTepPEPOMETPA

13
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BekTopsl 371€eKTpHYECKOTO 1107151 MOTYT OBITh MpeACTaBIE€HBI (POPMYIa-
MU

E = B, exp J(mt+ 11) : (10)

E,= B e {J[@t+3 9]} (1)

rie B, B, — nocTossHHBIE JIA3¢PHOTO M3JTyYeHHUs;
A — IJIMHA BOJIHBI JIA3€pHOTO U3JTYUYEHUS,
® — YTJIOBasl 4YaCcTOTA JIA3€PHOIO M3TYyYCHHMH.
HMuTeHcusnocTh poToaeTekTopa [ (f) BeipaxaeTcsa GpopMyIon

= B+ C-cos | 5= (L+9)|, (12)

o

[(H) =

ric B 1 C — MoCTOSIHHBIE CUCTEMDI;

L=1—1 (13)

N3 BrIpaxxeHUsT HHTCHCHUBHOCTH (OTOAETEKTOPA BUAHO, YTO MaKCH-
MYM JOCTHIAeTCH MpPHU

A2 (L1 +5)=2mn, (14)

rne # — 4YUCJIo HHTepdpepeHUMOHHBIX MOJI0C (YacTOTa MOJIOC) H, CIACA0BA-
TEJIbHO, INepeMellleHNEe, COOTBETCTBYIOUICE PACCTOSIHUIO MEXKAY ABYMST MaK-

CUMyMaM¥ UHTCHCUBHOCTH, PaBHO

s=MN72. (15)

Torna yncio MAaKCMMYMOB R, 332 OTMH NEpUO[ PABHO

R =48/ (/2) =8¢/, (16)

14
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rIe & — aMIUTUTYAa U3MEPSIEMOTO TIEpEMELICHUSI, 9TO OOLIYHO IPUHUMAIOT
KaK «OTHOLICHHEC YacTOT», TAK KAK OHO MOXET ObITh ONIPEAETICHO JCJICHUEM
4YHCJIA HOJIOC, MOACYMTAHHBIX 34 | €, HAa 9aCTOTY BUOpaLIMH.

AMIUTUTYRY NepeMEIUECHUS £ PACCYUTBIBAIOT 10 QOPMYJIE

E= R 7/8. (17)

Ecnu nipu 3TOM M3MEPSIIOT U YacTOTY BUOpAllY, TO MOXHO pPacCUMTATh
CKOPOCTb H YCKOpeHHC.

3Ta Ke cUcTeMa MOXKET ObITh MCITOJIB30BAHA U1 UBMEPCHUS AMIUTUTYLI
repeMelIeHUS Ha YacTOTAaX 3a MpeaciiaMi peKOMEHIOBAHHOIO paHee Auara-
30Ha U151 MeTo1a cueTa I10J10C.

MoryT ObITh HCITOIB30BAHBI M APYTHE METObI, YUYUTHIBAIOLLUE YaCTOT-
HLIM CNIEXTp MHTeHCUBHOCTH [ (f). PaznoxeHnue I(f) naer

I(fy= B+ C-cos . 4’;L ]0(4:5]_2]2 (4:&-) cos (2o.f) +

.

+21, [4:5') cos (4o, f)-... _ }-——-

—

. 4w L 4nE
—C’-sm{ - [2[1( ;) COos (@, 1)~

—-213(4:&') COS (3a)lr)+... }, (18)

rae 1, 1, ..., I — pyHKunmn beccenst n-ro nopsaka.

[1pu 3TOM MOXHO BBIACIUTD ABd croco0a 0OpaboTKN AAHHOIO CUTHA-
Ja U1 U3MEPECHUS AMIUIMTYAbI [TepeMeicHUs £.

a) YcraHapauBasd aMIUTUTYAY BUOpaillMd Ha YpOBHE, NPH KOTOPOM
n-s1 FApMOHUKA PAaBHA HYJIO, U peutast ypaBHeHue [ (4ng /) = 0, mony'ia-
EM E.

L3
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0) B cayyae HEBO3MOXHOCTU TIPOBSACHUS U3MECPECHUN HA YPOBHSIX AMII-
AUTYAI, TPHU KOTOPBIX

dn&Y)
In( 2 )“'0: (19)

3JHAUCHHUC NEepeMellcHUsS MOXHO MOJYUYUTE U3 OTHOIIEHUSA OABYX TapMO-
HUK, HATIpUMEP, PELICHUEM OTHOCUTEJILHO & YPABHEHUS

&] Uz’ (20)

rne [, I, — dyHkuun beccens 1-ro u 3-ro nopsakos,
U n U, — n3MepeHHbIe aMIUVINTYAbl IEPBOH M TPEThEH MPMOHHK.

3213 Ha3mepumeavnas cucmemd

ITpuMep naMepuTeNbHOM CHCTEMBI ITOKA3aH Ha pucyHKe 2. Kanuopy-
eMBIN JaT4HK (ITb€300aTYUK) SABJSACTCA 3TAJOHHBIM JATYUKOM H YyBCTBH-
T€JILHOCTDb JOLKHA OBITH oNpeaeaeHa AJIsI BepXHeH NoBEepXHOCTH (Ioca-
NOYHOM TOBESPXHOCTH STAJIOHHOIO Jaryuka). Jlazep mMeeT MOLIHOCTD
curtaja 1 MBt, nerexropoM sIBISICTCA OOBIYHBIA KPpEeMHUEBLIN POTOTpaAH -
3UcTOp. BMECcTo BCTpOoEHHOIo KpUCTALIMUECKOTO OCHUISTOPA HCTIONL3YIOT
UMIYJABCHBIN NEHEPATOP C HEJLIO NOJAYYSHHS TPeOYyeMOTro CUrHana ajist MH-
HAMM3ALIAA ITOIPEITHOCTH CYETA MOJIOC. AHUIU3ATOP NMPUMEHSIIOT IJ151 BbI-
NEJNCHUS HEOOXOOMMOM YacTOThl NMPU UCTIONAB30BAHHY HYJICBOIO METOA.
Jlazep, unrepdpepoMeTprdecKasi CUCTEMA U BUOPOCTCH AO/DKHBI ObITh YCTA-
HOBJICHB! HA HE3aBUCHUMBIX TSDKEJIbIX BUOPOU30NMUPYIOLIMX OlI0KAX (HANPU-
Mep, Macca Kaxaoro u3 010xoB 0osiee 400 Kr) 47151 MICKTIOUCHMS XKOJIc0aHM
pedepCcHTHOIO 3epKAJIA HIH pasaeJauTe/Is Ayda HHTepgepoMeTpa, BbI3BaH-
HBIX peakiuyicld OCHOBAHUS BUOPOCTEHAA.

).2.2 Kaaubposka memodom 63aumMHOCMU

[lepBUUHaAsA KaauOpoBKA JAaTYUKOB TAKXKE MOXET OBITh OCYILIECTBICHA
MeTOJ0M B3auMHOCTU. OHA NpoBOAUTCSl pexXe, YeM KAUTHOpOBKa abco-
JIYOTHBIM METOJOM, BBUAY CJIOKHOCTH NPOBEACHMS SKCIICPUMEHTA H pacye-
Ta. TeopHsl B3aHMHOCTH NPHMEHHMMA U1 KAJTMOPOBKHM BUOPALIMOHHBIX AaT-

16
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YUKOB B aMJIMTYAHOM JHMANA30HE, II¢ UX BLIXOOHOW CUTHAJ MPSIMO IPO-
[MOPLIMOHAJICH ABDKCHUIO, CO30aBACMOMY I'CHEpATOpPOM BUOpaLIH.

Teopus nokazpiBaeT B3aMMO3aBUCHMOCTD 3JIEKTPHYECKON M MEXaHHYEC-
KOHW CTOPOH 3JIEKTPOMEXaHUUYECKOTO NMpeobpazoBareis. g KaTylIKH BO3-
OYKIOEHUS 3JICKTPOAUHAMHUICCKOTO BUOPOCTEHAA UMEET MECTO PaBEHCTBO
OTHOLLICHUN

F/I=Ulv, (21)

rac £ — cwia, NpyuKIaabiBacMaslt K MeXaHU4YeCcKOM CTOPOHE MPH Pa30MK-

HYTOH LECIH SJCKTPHUYCCKOHN CTOPOHBI;

U — HampsCKeHHe Ha BbIXOAE 2JIEKTPHYECKOM CTOPOHBI IIPH IPHJIO-
KEeHUH cuiabl F K MeXaHHUYECKOU CTOpPOHE;

I — TOK B 3JIEKTpHYEeCKOH 1ieNU NPM NOAKITIOYECHHUH HaINpsKeHMUs K
JIEKTPHUUYCCKOU CTOPOHE;

¥ — CKOpPOCTb HA MEXAaHHWUYECKOM CTOpPOHE IIpH IOAKIKYCHHH Ha-
[IPSEKEHHS K 3JICKTPHUYECKOU CTOpPOHE.

IIpu BOo30yXneHUHM KatuOpaTopa nepeMeHHBIM TOKOM onpeaeJcHHON
4aCTOTHI, MPOXOASIIUM B €I0 KATYILIKE BO30YXICHUA, YYBCTBUTEJIbHOCTD
K oTipefensioT KaK OTHOLUEHHEe HampseKeHMss U Ha BbIXOJe KaTyLIKH,
YYBCTBUTEJIBLHOMN K CKOPOCTH, K YCKOPECHHIO d Ha NOBEPXHOCTH MOHTAXK-

HOTO CTOJNA
K= U /a. (22)

Ilens MeTOoa B3AaUMHOCTH — ONpeAc/ICHUEC YYBCTBUTCABHOCTH K € TEM,
YTOOBI I10 PE3YNbTATAM U3MEPEHUA HAanpsoKeHUs1 U, MOXHO ObUIO paccyu-
TaTh YCKOpeHHe no popmye (22).

YyBcTBUTEIBHOCTDL K onpeaesisiioT U3 CIACAVIOLIECTO BRIPAKEH NS

K=K +k Z, (23)

rae Z — MeXaHWYeCKHM MMIIeAAHC JaTYMKa, KIM/C.

BemiuuHbl K ¥ k, OTIpeAesSTIOT U3 CASAYIOLIUX ABYX 9KCMIEPUMEHTORB U
BBIYMCJIMTSIIBHBIX POLICAYP.

QKcnepumMeHntT |1

HecKoabKo Harpy3oK NocjaeJ0BATEIbHO YCTAHARIMBAKOT HA MOHTAXKHOM
crojie Kanubpartopa. /Iy KaxkaoH M3 HArpy3ok M 0€3 HUX OIpenessiior

18
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KO3GGUUHMCHT Nepenavn y, MEXIY KaTYUIKOH BO30YXACHHUs U NATYHKOM

110 (popMyJie
Y, = 1/U,, (24)

rne / — TOK B KaTyllIKe BO30yXIeHUs, A;
U — HanpsXeHMs Ha BBIXOXE JaTyuka, B.

BKcnepnMeHT 2

MOHTaXHBIH CTOJ Kan1uoOpaTopa YCTAHABIUBAIOT (NPUCOEOHHSIIOT) Ha
reHepaTtop BUOpalMM U NOJBEPTraloT CHHYCOMAAIbHON BUOpauuu. (Heko-
TOpble 3JIEKTPOAUHAMUYECCKHUE BHOPALIMOHHBIC T€HEPATOPHEl UMEIOT JIBE
KaTylIKHA BO30YXKISCHUS, MCXaHHUYECKH COCIHHEHHBIC C ApMATYPOH FeHe-
paTopa U MOHTAXHBLIM CTOJIOM. B 3TOM ciyyae HeT HEOOXOOUMOCTU B
MCIIOJBb30BAHNHU OTAEJILHOTO reHeparopa BMOpauuu). MaMepsitor oTHO-
IIeHHE HAMpsDKEeHUs Ha BeIXole AaTyuka U K HanpsKEHHIO OTKPBITOH
nenu U_KaTylIKU BO30yXACHHS KaaHOpaTopa.

IIpounueanypa BoYHCIAECHMUSH

Onpenensixor 3HaueHUs opaAuHathl [ W HakKIoH ( (QyHKUUMH
W/(y., — y. ), TOCTPOEHHOI OTHOCHUTENILHO Macc W Harpy3ok, 3aKperuicH-
HEIX HA MOHTAXHOM CTOJIE B 3KCIICPHUMEHTE 1.

y,,— 3HAYECHHE y, C 3aKpEIUVICHHOMN HArpy3komn Macco W

y,, — 3Ha4deHue y npu W = 0.

BTy (PYHKIIHIO W/(y — Y, ) pasaessIIoT Ha NeHUCTBUTEIBHYIO U MHH-
MYIO 4aCTH, U3 KOTOPBIX OTNIPEIACASIIOT ASHCTBUTEIbHYIO 1 MHUMYIO YaCTH
ee OpAMHATH / M HakJoOHA a. Toroa 3HaycHUs K 1 Kk, B BHIpOKEHUH (23)
PACCUYHMTBIBAIOT 110 (bOpMYJIaM:

Ko=\jo1U, /U, ; (25)

=JU, /U /jol, (26)

roe o — YIJIoBasi YacToTa, paa/c;

] — MHHUMas CAUHULA.

5.2.3 KanubpoBka Ha ueHTpudyre

3231 OpnumHapHasda uUueHTpUdPyTra

LHenTpudyra coctour U3 cOUTAHCHPOBAHHOIO CTOJIA WIH pblyara, KOTo-
PBIM MOXET BpAallIAThCSI BOKPYT BEPTHKAJILHOH OCH ¢ NMOCTOSIHHOM YIJIOBOU
CKOopocThIO. C MOMOILBIO USHTPU(RpYIH HA AATUHK YCKOPEHUSI MOXKHO TOOA-

19
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BaTh MMOCTOSTHHOE YCKOpPEeHHE C BLICOKOM TOYHOCTLIO B TeYCHUE HEOOXOAU-
MOTI'O BpEMEHH.

Ha oauHapHo# ueHTpudyre MOryT ObITh OTKATMOPOBAHbI TONBKO JIN-
HEHHBIE JATYNKHY YCKOPEHHUSI € HYJICBOM YACTOTHOM XapaKTEPUCTUKOM.

17151 TOorO, YTOOB! OTKANMOPOBATh AaTYUK YCKOPEHMSI, OH JOJIKCH OLIThH
IIOMEIIECH Ha CTOJIe WM phiuare HEHTPUPYIY TAKUM OOpA30M, UTOOBI €TI0
OCh YYBCTBUTEJIBHOCTH COBIIAAANA ¢ PAJHWYCOM OKPYKHOCTU BpallieHHsI.
[1pn 3TOM yckopeHue a, M/c?, 1eHCTBYIOLEE HA JaTYMK, PACCYUTBIBAKOT
1o popmyne

a=aor (27)

rae o — yriosast yactora ueHTpudyru, pan/c;
¥ — PACCTOSIHHE OT OCHM BPALICHUS JO LUEHTPA TSDKECTU MHEPLIMOH-
HOR MAaccChl JaTYMKa, M.

JlaTYuKK KpersiT Ha TAKOM PACCTOSIHUM OT OCHU BPAILCHUS, YTOOBI OT-
KJIOHEHHME MHEPLIMOHHOM MAacch! JaTYHKAL OBUIO NPEHEOPEXKUTEIBHO MAJIO
10 CPABHEHMIO CO 3HAYCHHMEM BECJIHYMHEI 7. bOJLIIMHCTBO JATYMKOB UMEET
TAKYI0 KOHCTPYKUHIO, YTO JOBOJBHO TPYAHO U3MEPHUTE BEJUYUHY r TOY-
HO. 3HAQYEHME r MOXET OBITh ONPEeNCICHO MO NMOKA3AHUSIM JaTYHKA, YCTA-
HOBJICHHOTIO B ABYX IMOJOXEHUSIX C U3BECTHBLIM PaccTosiHUEeM Ar. Kena-
TENBHO YCTAHABJINBATL TAKYI0 CKOPOCTb BpAlLICHUS, YTOObLI B OOOHUX I10-
NOXKEHUAX K JATYHKY OBIIIO NPUIIOXKCHO NPUOIUIUTEIFHO OAMHAKOBOC
YCKOpECHHE. 3HAYEeHHUE BEANYHUHBI ¥ BO BTOPOM MNOJOXEHHUH, O003HAYCH-
HOH r,, PACCYUTBIBAIOT MO (popMyJie

Py =, (28)

1-‘{50%%1/({1%352

Iie o, — yIIoBag 4YacToTa B TIEPBOM TMOJIOXKEHHWH, i1 KOTOPOTO
r=r =r, — Ar, paag/c,
rie o, — yriiopas 4acToTa BO BTOPOM TIOJIOXEHUM, HJISI KOTOPOTO
r=r,, pai/c;
X, — BBIXOAHOW CUTHAJI JATYHUKA NIPH YIVIOBOH YaCTOTE o ;
x — BBIXOZHOM CHUTHAJ JATYHKA IIPU YIVIOBOU YACTOTE cn,.,,
Co 3HaYeHHEM r, 1 YITIOBOH YACTOTOH ©, YCKOPEHHE MOXET OBIThL pac-
CUUTAHO IO (popMyne (27).
OnpeaeneHue BEINYUHBI ¥ MOXET OBITh UCKJIIOYCHO, €CIM AATUHK JIN -
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HEMHBIN B JUAITA30HE YCKOPEHHH, pacIIpOCTPAHSIIOLIEeMCsT BHU3 10 YCKOpe-
HWSI CBOOOMHOIO nNaneHus g. B 3ToM cilyyae gaT4nK cHavasIa KUTHOPYIOT HA
YCKOPEHHH ¢ C IIOMOILBIO IOBOPOTHOH OMNOPHI. 3ATEM AATYHUK ITOMELIAIOT
Ha HEHTPUPYTY U OTIPEAEIISIOT YaCTOTY ®., Ha KOTOPOH BBIXOAHOH CHTHAJ
COOTBETCTBYET YCKOPSHHIO, pAaBHOMY g. Torma npuioXeHHOe YCKOPEHHE d,
M/c*, Ha OPYrod yIioBOH 4acTOTe @, PACCYMTBIBAIOT IO hopMyJIe

a=g-o; /0. (29)

YrnoBag yactora @ HOJIXHa ObITh oIlpelesieHa 0oJiee TOYHO, YeM pac-
CTOSIHUE r, TaK KaK MPWIOXKECHHOEC YCKOPCHHE 3aBUCHUT OT KBAAPATA YIJIO-
BOM 4acTOTHI. boNbUIMHCTBO HEHTPUPYT, pa3pabOTaHHBIX OISl KAJTIHOpO-
BOYHBIX LISJICH, OCHAILIEHbI TAXOMETPOM, KOTOPBIH HEMOCPEACTBEHHO N3~
MepsIeT CKOPOCTD BpallleHHs ¢ TIOTPelTHOCTBIO He Goneee 2 %. Eie 60b-
el TOYHOCTHM MOXHO JOCTHYb HCIIONB3YS CTPOOOCKON WJIMU OOHO U3
YCTPOMCTB (HAIIpUMeEp, YCTPOMCTBO, HCNOJbL3YIoLiee (GoTO3/IeKTpHUIECKHUM
3JIEMEHT WM MarHuT), KOTOPOE CO3AAET HMITYJIbCHI CO CKOPOCTBIO, ITpONop-
IIMOHAJIBHOU CKOPOCTH BpallleHUs1. CKOpPOCTh UMITYJILCOB MOXET OBITDH OI-
peleseHa 3JIEKTPOHHDLIM CUCTUHUKOM.

[Ipyn KanmmOpoBKe 3JCKTpOMEXaHMYECKUX NATYHMKOB Ha LEHTpUPYTE

IMPpOBOd4 BbIBOAAT HCPC3 CKOJIL3AILINC KOJIblla U LLICTKH. Tak Kak jaTYuKu

YCKOPEHHUS C HYJI€BON YACTOTHOM XapaKTePHUCTHKON OTHOCUTEIBLHO HU3-
KOUMIIEIAHCHBIC YCTPOUCTBA, 3alUTA OT BHEIIHHUX IMOJeH U KaOEJILHOIO

1IIYyMa He co3aaeT OcOOBIX MPo0JieM. DJICKTPUICCKUN LIIYM OT U3HOILIEH-
HbIX KOJIEL] XOPOIIEH KOHCTPYKLIUH ITPEeHEOpEXXUM NPH HOPMUIBHBIX YCIIO-
BUAX. OTHAKO HEKOTOPHIC JATYUKH YCKOPEHHsI, UCTIOJB3YIOLIHUE B KAUECTBE
YYBCTBUTEJILHOTO 3JIEMEHTA TEH303JIEMEHTDI, COOEPXKAT TOJIBKO OIUH WIH
IBAa aKTUBHBIX 3JIEMEHTA. B 3TOM cilydyae Apyrue cOnpoOTHBICHHUSI MOCTa
YUTCTORA NOAKIIIOYAIOT CHAPYKH. /U151 TAKHMX JAaTYUKOB JOJDKEH OBITH CMOH-
THMPOBAH IOJHbIM MOCT Ha BpalllaloLIeMcs CTOJIE BO U30€XKaHHUE JIOXHBIX
CUIHAJIOB, KOTOPLIE OYIYyT BOBHUKATD B pe3yJbTATE HEOOIbLIUX U3MEHEHH
COIPOTURBJICHUS] YCTPOMCTBA CKOMB3SIINX KojeU. [axKe MOXeET OBITh HUC-
110J1b30BaH ¥ MocT KenbBuHa.

I1pu KamubpoBKe JATYUKOB Ha MAJIESHLKHMX YCKOPSHHUSX CHIa TSDKECTH
MOXET 0Ka3aThk 3HAUMTEJbHOE BIUSIHUE, €CJIM JAaTYUK YYBCTBUTECJICH K
IIOTIEPESYHBIM YCKOPEHUSIM. [103TOMY AATUYUK AOJIKEH OBITh pa3MEIIcH Ha
LeHTpUdYyTe TAKMM 00pa3oM, YTOOBI €ro 0Ch MAKCHUMUJIBHOM MONCPSYHOM
qYBCTBUTEIBHOCTH HAaXOAWIACh B TOPU3OHTUUTBHOM IUIOCKOCTH.
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YyBCTBUTENBHOCTD JATYMKOB YCKOPEHMS] Ha HYJICBOU YacTOTE MOXET
OBITH ONIpPEeAEsICHA C OTPeIHOCTLIO He bonee 1 %. KanubpoBka Ha LeHTpH-
dyre He gaeT HHpOPMAIIHH O pabodeM YacTOTHOM QUANIA30HE JATIHKA.

5232 Haxkaownasa yenmpugegyea

Korna ocy BpamieHusi HEHTPU(DYTH HE NAPANIENBHA BEKTOPY CUJIBI TS -
XKECTHU 3eMIIH, YCKOPEHHE, IMTPUIICXKEHHOE K AaTYUKY, 3aKPCIIJIEHHOMY Ha

LHeHTpUdYTE, KpOME LUEHTPOCTPEMHUTENBHOTO YCKOPEHHS w2, OyAeT UMCTh
NepeMEHHYIO TPABHTALIHOHHYIO COCTABSIOMYIO,

gsin @sin (of), (30)

g — YCKOPEHUE CHIBI TSLDKECTH 36MIIHU;
e ¢ — YTOJi MEXIY OChIO BpAlllCHUS U BEPTUKAIILHON OChIO;
wf — MEPEeMECHHDBIN YyTroj, oOpa30BaHHLIN paboyey OChIO JaTINKA H TO-
PU3CHTANBHOH NJIOCKOCTHIO.

Brausinue rpaBUTALUMOHHON COCTABASIOLUEN YCKOPEHHUsI HQ AATYMK,
MpeACTABICHHLIY B BUAE CUCTEMBI TPy KHMHa—Macca, onucado. CHHyco-
HaalbHOe YCKOPEHHE MOXET OBITh IPWIOXKEHO K JaTUMKY, Xoraa * = 0 u
¢ = 90°. B 3TOM cny4ae rpaBUTAIIHMOHHYKO COCTABASAIOLIYIO YCKOpPEHUS
ONpencaioT ¢ MUHUMAJIBHON HEONPEACIEHHOCTRIO. Ee npeaenoM siBJisi-
eTcsl yckopeHue t g Ha 1000l yacTore BpallleHU1. MaxcuManbHas 4acTo-
Ta OOBIYHO MEHbIIE HECKOJIBKHUX COTEH repl, OHQ OrpaHHYE€HA KOHCTPYK-
e HUEHTPUDYTH U BO3ZMOXHOCTBIO €€ OATAHCUPOBAHHUSI.

3233 Jleounasa uenmpucogyea

JiBoliHasg HeHTpUdyTa COCTOMT U3 MAJICHBKOM LEHTPHUDYTH, 3KCLUEHT-
PHUYHO YCTAHOBJIEHHOH Ha OOILUION, MPOYHO 3aKPEIVICHHON Ha CTEHE.
BubpaunoHHBIN IATYUK, CMOHTHPOBAHHBIM HA MUICHBKOM LEeHTpUpyTE,
MOXET ObLITh NPUBEICH B JBMKECHUE HE3aBUCUMO MAJICHBKOM HeHTpH (Y-
O WIHM NPUBOIHBIM PEMHEM CO IHKHBOM, 3AKPEIUVICHHBIM B NPOCTPaH-
CTBe KOHUECHTPUUYHO ¢ Ooabuion HeHTpudyron. llpu aBuxeHun odeux
LeHTPUQYT ¢ TIOCTOSSHHBIMHU YIVIOBLEIMY CKOPOCTSIMH OCh YYBCTBUTEIBLHO-
CTH JAaTYUKA NICPEMEHHO MEHSET CBOE HANIPABICHUE OTHOCUTENBLHO LIEH -
Tpa Gonpion UeHTPUMYTH. CoCcTaBndoIyIo YCKOPEHUs d, M/c?, IPUIIO-
XKEHHVIO BAOJIb OCU YYBCTBUTC/IIBHOCTH AATYMKA B TIOO0H MOMEHT BpeMe-
HM f, pACCUUTHIBAIOT T10 (pOpMYIIC

a=r,o%cos (0,8)+r(®tae,)?, (31)
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II€ r — PAcCTOSTHUE MEXAY LICHTPaMU ABYX LEHTPU(DYT, M;
® — yIJIoBas 4acToTa 00JbluoM LIeHTpU YU, pan/c;
to — yroBasi 4acTOTa MJICHbKOH UEHTPHU(YTH OTHOCUTEILHO 0OJTB-
o HeHTpUdyry, pan/c; 3HaK IUTIOC CTaBSIT, KOTAa Hampagie-
HUS BpallleHUH ULeHTpUdYr COBIAJAIT, ¥ MHHYC — KOTAad
OHU IPOTHUBOIOJIOXHEI.
! — BpeMsl, C,
r — PACCTOSTHUC MEXAY LCHTPOM TSDKECTH CEMCMHUUYECKOW MACCHI
JATYNKA U LEHTPOM MaJICHbKOH LCHTPHUPYTU, M.
Korga unecHoOM r (o + al )* MOXXHO NpeHeOpeys, YCKOPeHUE, TPUIOXKECH-
HO€ BOOJIb OCH YYBCTBUTEJABHOCTH JATYUKA, CTAHOBUTCH CUHYCOMAAIBHBIM
¥ pACCUYUTHIBAETCA 110 (popMyJie

a=r, o' cos (o f). (32)

Ynaen r(o * o} )’ PaBeH HYJMIO, KOTAa ® M ©  PABHBI, HO NPOTUBOTIO-
JTOXHO HaIlpaBJICHBI.

CyIIeCTBYET TAKKE COCTARISIIONIASl YCKOPECHHUS, HanpaBJIeHHas mep-
MeHAUKYISPHO OCH YYBCTBUTEIILHOCTN, KOTOpasd AejaeT 3TOT METO He-
[IPUEMJIEMBIM i1 OAQTYUKOB C BBICOKOH TIONIEPEYHOH UYYBCTBHTCIIb-
HOCTBIO.

Bripaxenue (32) BepHO U COCTABISIONIASI YCKOPEeHUS BAOJb OCH YYB-
CTBUTEJILHOCTH AaTUYHUKA OYAST CTPOro CHHYCOUIATbHOU TIPpU NPUBCAEH -
HBIX HMKE ycJIoBMsIX. LIeHTp LIKMBA COBNAgaeT ¢ LEHTPOM OONLIUION LICH-
rpudyru. IHKuB Takoro xe pazMepa 3aKpeIvicH KOHUEHTPHYHO C MAJIeHb-
KOM HEHTPU(DYIOH H COCIUHEH C APYIrHM IIKHUBOM peMHeM. boibiias HeH-
Tpudyra npuBoAUTCS B ABIDKCHHE MOTOPOM. [IpH 3TOM yIIOBBIC YACTOTLI
00enX HEeHTPUPYT BOKPYT UX COOTBETCTBYIOLIMX LIEHTPOB OYAYT BCErla

PAaBHBI U MIPOTHUBOIIOJIOXKHO HANIPABIICHBI.

JABOMHYIO HEHTPUGDYTY UCNIONBE3YIOT A5l CO3MaHUS CUHYCOUIAJIBHOIO
yckopeHus 1o 500 M/c* B auanasoHe 4yactor npubausurensHo ot 0,7 1o
10 T’

5.2.4 Ipasumauyuonnasn kaaubposxa (Kaiubpamop ¢ N0O8OPOMHOU ONOPOU)

[1ns1 KanuOpOBKHM JUHEHHBIX JaTYUKOB YCKOPEHHUS C HYJICBOM YaCTOT-
HOU XapaKTepUCTHKOU U C HE3HAYUTCJILHON HONEPEYHON YYBCTBUTEIb-
HOCTBIO HCTIOABL3YIOT KAJIHOPATOP ¢ MOBOPOTHOMN ONIOPOM, MPUHLIMIT NeH -
CTBUSI KOTOPOTO OCHOBAH Ha rpaBuTalMy 3eMau. OH NpUMEHSIETCS B 1H-
ATIA30HC YCKOPEHHMU OT MMHYC g Jo0 mmoc g. KanuopyeMbld AaTUYUK
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NMPUKPEIUIAIOT K I1aTdopMe Ha KOHILIE phlvyara ansg U3MepeHUs1 COCTARMIS-
IOLICH YCKOPEHHUS BOOJL pblyara. Peiyar MOXET ObITh OTKJIOHEH HA YTOJ @
OTHOCHUTENBHO BepTUKWIbHOM ocu Mexay 0° 1 180°. OH cHabXeH cTpe-
KO¥ IJIS1 CYMTBHIBAHUS 3HAYEHUH YITIa ¢ ¢ TPAAYMPOBAHHOTO Kpyra. Y po-
BEHb OCHOBAHHS, K KOTOPOMY IIPHUKPEIVICH AATUYMK, JOJDKECH OBLITh TLIA-
TENbHO BLICTARICH B nojioxeHue ¢ = 0°. YcTaHOBKa pbIyara ¢ orpeiiHo-
cTbIO He Bolee 0,1° ocylulecTBNsIETCS ¢ NMOMOLIBLIO OTTPAAYUPOBAHHOIO

Kpyra.
CoCTaBASIOILYI0 YCKOPEHHUs BAOJb phluara pacCUMTHIBAIOT MO (dop-

MyJie
= gCcos @. (33)

Torna namMeHeHUe yCKOpeHUS Ad B 3aBUCMMOCTH OT YIJIOBOIO INEpeMe-
LIIEHUS AP PACCYHUTBIBAIOT 110 popMyJIe

Aa = gsin Ag. (34)

HaTyuK YCKOPEHHUS MOABEPTaiOT BO3ACHUCTBUIO COCTARASIONIECH YCKO-
PCHHUST g, MOA TPAMEBIM YITIOM K HANpPABACHHIO OCH YYyBCTBHUTECIbHOCTH
OATYUKA, PABHOH PacCYUTAHHOH 1Mo popMyJie

a, = gsin ¢. (35)

OOBIYHO 2TO HE BJMSICT HA Pe3yJbTAThl KAWIUOPOBKM JAaTUIUKOB C HE-
3HAUMTEILHON NONEpEeYHOU YYBCTBHTECIBHOCTRIO.

IIpuMedudyaH e — J[19 JoCTUXEeHUS VAORIETBOPUTEIBHLIX PE3VABTATOB MOXET
MOTpeOOBATRCA BUOPOUIOIANUA CPeJICTB MCHBITAHUN., CHU3UTL BO3OEHCTBHE BUOpALIMH
HO3BOJIIET TaKKe MeKTPOHHOoe MWILTPOBAHNE K yCpeAHeHHEe B UIMEPHUTEIIIX HANPSIKEHU
MOCTOSIHHOTIO TOKA.

5.2.5 Kaasubpoexa memodom ydapa

BonbIIMHCTBO abCOIIOTHBIX METOAOB YIApHOH KAJTMOPOBKM OCHOBAHBI
Ha NpUBUMUIIC U3MEPESHHUA CKOPOCTU. JTO CBA3AHO C TEM, YTO CKOPOCTD
MOXeET OBIThH H3MepeHa npaxkTudecKd. OObIYHO KAUIMOpYEeMBIM OaTYUK
KpensT HA HaKOBAJIbHE, TIOABEllIeHHOM KaKMM-HHOYAb CIIOCOO0OM B NOJIO-
XKCHHH TOKOsI. 3aTeM MOJIOTKOM OTIPEAC/ICHHOTO BUAA YAAPSIIOT IO HAKO-
BAJIbHE TAKUM O0OpPa30M, YTOOBI BBI3BATh €€ KPATKOBPEMEHHOE JIBMXCHHE.
Yap 10/KEeH KOHTPOJIHPOBATECS, YTOOBI N3MCHEHHE CKOPOCTH HE OBLNIO
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CJIMILUKOM OBICTPBIM WU CAMLIKOM MEAJICHHBIM U HE BO30yOMIIO 4YACTOT-
HBIX COCTABJISIIOIIMX 3a NpedcJaMHy pabouyux 1HMana3zoHoB npubopoB. Ka-
JTHUOpyeMble NATYMKH CKOPOCTH MJIHM YCKOpEeHHUS HOIKHBI UMETh Maccy
HAMHOTO MCHBIIE, YeM Macca HAaKOBaJIbLHU, HAa KOTOPOU OHU KpEIsITCS.
HanpasneHue ocu 49yBCTBUMTENLHOCTH JATYNKA NOLKHO TOYHO COBNANATD
C HATIpaBJICHHUEM CUIIBI yaapa BO BpeMs CTOJIKHOBEHHUSI. B nnpoliecce yoapa
3aIMMCHIBAIOT BLIXOAHOM CUTHAJ JaTYMKa Bo BpeMeHH. Cpa3y nocjie ygapa
U3MEPSIOT NIpHUpalllcHNE CKOPOCTH HAKOBAJIBHHU AV.

[IpupanieHue CKOpPOCTU MOXET ObITH ONPEAS/ICHO U3MECPEHUEM BpeMCHU
NBIDKEHHSI HAKOBAJIbHU B MpeaesaxX U3BECTHOIO pacCTOSSHUS. /1151 BKIioue-
HHS1 3JIEKTPOHHOIO TaMepa MOTYT UCTIONL30BaThC POTO3NIEKTPHUYECKHIE U
MarHuTHele JaTauku. [lpupamenue ckopoctu Av, M/C, ABISIIOLIEECS TIPSI-
MBIM Pe3YJILTATOM BO3IEHCTBHS YCKOPEHHUS!, NMPHUIOXKEHHOTO BO BpeM4
yaapa, paCCUUTHIBAIOT Mo (hopMyJie

Ay = ja (?)dt, (36)

rae f, A {, — BpEeMs Hayalla ¥ KOHIA yaapa,;
a (f) — yckopeHnune, M/c*.
Toraa BRIXOAHOM CUTHAT JATYUKA u_(f) paCCYHTHIBAIOT 110 (popMyrne

u (=K -al(, (37)

rae K — 4yBCTBUTEILHOCTD JATYMKA B €AMHHULIAX BBIXOJHOTO CUTHAJIA HA
M/C?.
O6beanHUB BeIpaxeHHus (36) u (37), pewieHue oTHocuTeNbHO K aacr

K, = Tua (1) dt|/ Av. (38)
n

Qopmyna (38) nmozponasieT KaandpoBaTh NJMHEHUHBIE JAaTYUKH YCKOpPE-
HUS MO 3aNUCH BLIXOQHOTO CUTHAJIA BO BpeMs DAJTUCTUYCCKOTO yaapa.

Ecan ynap npoeBoaUTCs 110 HAKOBUWJIbHE, PACTIONIOXKEHHON HA NPY>KHUHE
C IMHEVUHOM XapaKTEPUCTUKOM, TO OH UMeeT (popMy NOJIAYCHUHYCOUAAb-
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HOro MMIIyJibca ¢ Iwioliaabio, paBHou 0,637« h b, tne h 1 b — BBICOTA M
HIMPHHA UMIYJIbCa COOTBETCTBEHHO. PopMa M ANIUTEILHOCTD HMIIYALCOB
OOBIYHO PETYINPYIOTCS U3MEHEHHUEM MacCChl, YIIPYTOCTH U APYTUX HaYaJlb-
HBIX YCJIOBUM, TAKUX KaK BBICOTA TIAACHUS, HaRICcHUE BO3AyXa WIH ApYyTrUX
(bU3HMUECCKHUX TTapaMeTPOB B 3aBUCMMOCTH OT TUIIA FeHEpaTopa yaapa.

O6e MeToAMKM (yaap MO CBOOOJHOM HAKOBAJILHE M yaAap IO MOAIIPY-
XMHEeHHOH HAKOBaJIbHE) NPUMMEHMMBI AJ1 NIOJIY4EHHUS 3HAUCHUS Ay, Tpe-
oyemoro mjisi ¢popmyiabl (38). BeIXOaHOM CUTHAN AaTYMKA MOXET OBITD
3apeTUCTPHUPOBAH B Mpoliecce yaapa B BUAe OYHKIIMU BpeMeHH OBICTpPO-
OCHUCTBYIOIIUM ocuwwinorpadpoM Wi ¢ HOMOIIBIO 3allOMHMHAIOLICTIO OC-
mworpaga ¢ pororpapupoBaHeM. 3HAUCHHUA HATIPSDKEHUS Y, U BpeMe-
HH X MOTYT OBITh OLICHEHBI HAJIOKCHHUEM CHUTHAJIA C U3BECTHBIMM HATIPSI-
KEHUEM u,_ M BpeMeHeM f. KoaddpuumeHT HanpsekeHusa K, U Koabdpu-
LHECHT BPEMEHHOH LIKajIbl K, pacCYUTHIBAIOT T10 opMyiaM

Ky =35 Ky =55 (39)

Inomaap D 3anMcaHHOTO BBIXOAHOIO CUTHAJA JATYUKA pacCcYUThHIBA-
IOT TI0 popMyIe

D= [ydx, (40)

rae x, M x, — Ha4yajio ¥ KOHEll yjaapa, ACIeHUs WKkl BpEMEHH;
y — HaIpsSLKeHHE BLIXOAHOTIO CMTHAJIa, AeJeHUsl 1UKAJIBI Hanpsl-
XKEHUMN.
[loncraHoBka 3THUX BhIpicKEHMI B popMyay (38) naer

K, Ky,D
K, = 2l (41)

[Inomanpy D MoxeT 6bITh NoJIydYeHa rpapyecKM HHTETPHUPOBAHHUEM
3aTTMCH YCKOPEH s BO BpeMeHHU. [1pHu usMepeHuH owaaun 1o 3armucbio
YCKOPEHHSI BO BpEMEHU OGLIYHO MCMOJbL3YIOT ITTAaHUMeTpHIo. [IpH onpe-
OEJICHUU IUIOLIAAYM HEOOXOQUMO COOMIOAATL OCTOPOXHOCTL, OOpallas]
BHUMaHHE HA YXOI HYJISI, 3AIKWIUBAHUE U APeOesr.
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HUurerpan B ypaBHeHUHU (38) MOXET OBITh TAKXE OINpPEAEICH C MOMOIIBIO
3JICKTPOHHOIO MHTETrpaTOpa UWiH HUPPOBLIX HHTSIPUPVYIOIINX U CYMMUPY-
IOLIMX OpHOOPOB. BTO yCKOpSIET Hpoliecc KaauOpOBKH Y YMECHBILAET
CYObEKTUBHLIC OIIIMOKH orlepaTopa.

AOCOJIIOTHBIE METONB] YIAPHOM KaJJMOPOBKHM MOTYT ObITh NPOBEINEHEI C
MIOIPELTHOCTLIO MeHee 5 % TpakKTHYeCcKH BO BCEM Pa3yMHOM JUaria3oHe
aMIUIMTY U JauTeabHoOcTeN yaapa. I1py 3ToM npeanosaraeTcs, 4YTo Ka-
IUOpyeMBIN JATYUK UMEET TUHEMHYIO YACTOTHYIO XapaKTEpUCTUKY B UH-
TepecylolleM AUana3oHe YacToT. Ecau 3To ycnoBue He BbINOJHSIETCS, TO
3HAYCHHE Pe3yAbTUPYIOLIEH MOTPESIIHOCTH OYEHb TPYAHO OLICHUTL. Kpo-
M€ TOTO, OIpEACICHHOC 3HAUCHHE YYBCTBUTECJIBHOCTH HE JA€T HUKAKOM
[IpaKTHYIECKON HH(popMallHd 00 aMITUTYAHO-YaCTOTHOU U (pa30-4acToT-
HOM xapakrepucTUKax. OQHAKO 3TO He OTpaHUYMBACT UCITOIb30BAHUE JAH-
Horo Merona. bosnee cylecTBEeHHOM ITpoQrIeMOM ABISAETCS 0beCTICUCHUE TPE-
OyeMOH TOYHOCTH.

5.3 KannbpoBka MeTOOAOM CJIJHYEHWUA

BubpaunioHHble JaTYUKM, OTKAJIMOpPOBAHHBIE OJHUM W3 BHILICU3JIO-
XEHHBIX METOJOB, MOTYT OLITH UCITOIB30BAHLI B KAYECTBE 3TAJIOHHBIX 1
KaTAUOpOBKN ApPYIUX AJAaTYvKOB. MeTton, onucanHbii B J.2.1, sIBIsIeTCSI
MpeAnoOYTUTCILHBIM.

Ilpu xammOpoBxe MeTONOM CIMYCHHS S3TAJIOHHBIN M KaJIMOpyeMbll
OAaTYMK, YCTAHORICHHBIC COOTBETCTBYIOLLMM 00pa3oM, NTOABEPTaIOT OQHO-
MYy M TOMY Xe IBHXCHUIO Ha BXOAC ¥ H3MEPSIIOT UX BBIXOAHBIC CUTHAIDI X,
M X, WJIH OTHOLIEHHE IBYX BBIXOJHBIX CHTHAIOB. Eciin 06a naTtynka 4yB-
CTBUTCJILHEI K OXHOMY U TOMY XK€ IIapaMeTpy BUOpauuu, T. €. 06a YyB-
CTBUTEJILHEI K CKOPOCTH UJIM K YCKOPEHHUIO, U €CNTH XapaKTEPHUCTHKH 000MX
ODATYMKOB JIMHEHHBI, TO aMIUIMTYa YyBCTBUTENIbHOCTH JaT4yuka 2 — K,
CBA3aHa C COOTBCTCTBYIOLIEH aMIITTHTYAOH YYBCTBUTEIbHOCTH K. 3TAJIOH-
HOTO JaT4yuKa 1 cieayiolmM COOTHOLICHUEM

K, = 32K, (42)

KannbpoBka MeToa0OM CJAMYEHHUS] OTrpaHUYEHA AMAITA30HOM YACTOT,
IJIATEIPHOCTHIO UMITYJILCA U aMIIJIMTYAAMU, JJIS KOTOPLIX NaTYHK 1 ObLI
OTKAIMOpoBaH. Taxkke MOXET OBITh OnpeaciieHa U KOMIUICKCHASl YYBCTBU-
TE/IBHOCTD K, AATYHKA 2, €CJIH U3BECTHA (D30-4acTOTHASI XapaKTepUCTHKA
naTYuKa 1 ¥ u3MepeHo oTHoLIeHUE (a3 MEXIY X, U X..
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Ecan gBa paTyvKa 4yBCTBUTCABHBI K PA3IUYHBIM NapaMeTpaM BUOpa-
UMM, HAIIpUMEp, €CNM JAaTIMK CKOPOCTH CPABHUBAIOT C AATUMKOM
YCKOPEHUsI, TO YYBCTBUTEJIBHOCTE K, OyHeT TaxkKe CBA3AHA C KAKOH-TO
CTeNeHblo jo. B paccmaTpuBaeMoM ciyuyae K,, paccuntaHroe no ¢hopmy-
e (42), cneayeT YMHOXHUTL HA jo.

Haynyumiye pe3yastarsl 0ObIYHO JOCTUTAIOTCS, KOTIA JATIYMKHY XKECT-
KO YCTaHOB/ICHBI B TIOJNIOXKEHHE «CITHHA K CIIHHE» U UX OCH YYBCTBUTEJIb-
HOCTH mapasie/ibHbl HarnpaBjicHUIo ABIWKeHUSA. HeobxonnMo yoeauThes
B TOM, YTO JATYUKU | ¥ 2 UCHBITHIBAIOT OOHO H TO Xe JABUXeHHe. Ecan
oba JAaTYMKA JUHEHHBl M pa3MCILEeHbl HA CTOJIE TEHEepAaTOpQ BHOpALIMH,
KayalolIUecsi ABUXKCHUS CTOJIA JOJIKHBI OBITh NMPEHEOPEXKUTEIBLHO MAJTDI.
Hckaxennst GopMbl CUTHAMIA OOLIYHO HE SIBASIIOTCS KPUTUYHBLIMU 1151 Ka-
JTMOPOBKU METONOM CJIMUYCHUST, OCOOCHHO €CIU NJATYMKH YYBCTBUTEIbHLI K
OLHOMY U TOMY XK€ napamerpy Buopauyun. OaHako HaIHYUue TApMOHHK B
ABIDKCHHU MOXET YBEJIMUUTL BBIXOAHBIE CUTHAMBI 000X NATYHKOB HAQ pa3-
HbIC 3HAYCHHS B 3aBUCUMOCTH OT OTHOMICHHS YYBCTBUTEILHOCTEH AaTYH~
KOB HA 4aCTOTaX rapMOHHK.

[ITpakTHdecKkn KaTMOpOBKA MOXKET ObITH BBIITIOTHEHA C UCTIOJIBL3OBAHU-
eM JJICKTPOANMHAMUYECCKOTO reHepaTopa BuOpauu (BUOpOCTEHA). DTa-
JJOHHBIHM JATYUK («CMTHHA K CIIMHE» ) KPENAT Ha C¢ToJIe BUOPOCTEHIA HEKA-
JTUOPOBAHHOM MOBEPXHOCTHIO K CTONY. KanubpyeMBIM AaTYUK pazMeli-
OT HA «CITHUHC» 3TAJIOHHOTO.

J1ns1 Mcriosib30BaHMUS METOAA CJIMYEHMS] HA BBICOKMX YACTOTAX STAJIOH -
HBIN JaTYMK JOJDKEH OBITh OTKUTHOPOBAH C HArpyXXeHHUEM MACCOMH, paB-
HOH Macce KamubpyeMoro 1o HeMy JaT4yHKa.

INECKTPUYECCKHMHN BBIXOAHOM CUTHAJ APEAYCUINUTENS 3TAJIOHHOIO JaT-
YUKa MOXeT OBITh YI0OHO M TOYHO CPABHEH C BLIXOAHLIM CUTHAJIOM Ka-
NTUOpyeMoro JATUHMKA, B CNYYac UCNOJb30BAHHNS NPelIU3MOHHOTO YCUTH~
TEJIS C ATTCHI0ATOPOM B KOMITAPATOPOM.
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