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BBEJAEHUE

Hucuunnunaa «®usndeckre OCHOBBI TONy4YeHUsT HH(pOpManumu» SABISETCS
0a30BOM IS MOATOTOBKU OakanaBpoB HampasieHuto 200100 «IIpubGopoctpoeHue.
JlanHoe y4eOHO-METOIMYecKoe TMocoOue TMpeAHa3HaueHO MJii MPAKTUYECKOTO
O3HAKOMJICHUSI CTYIEHTOB C (Qu3nueckumMu sddexramu, nexalmMu B OCHOBE
M3MEPUTENIbHBIX MPeo0pa30oBaHUN W CPENCTB HUX peaau3aluu. Takxke B MOCOOHH
U3JI0’KEHBl IPUHIIUIBI PA0OTHI TaTYUKOB U METOJIbI aHAIN3a U CHHTE3a (PU3MUYECKUX
SABJICHUM JIJIS1 CO3aHMS PA3IMYHBIX CPEACTB U3MEPEHUS, JUATHOCTUKH U KOHTPOJIS.

YyebHo-MeToAuecKoe MocoOue COCTOUT U3 JIBYX YacTed B COOTBETCTBHUU C
KOJIMYECTBOM CEMECTPOB, OTBEICHHBIX HA U3yYEHUE TAHHOW TUCUUILINHBI.

Yacms [ paHHOTO TOCOOMS TOCBSIIECHA H3YYEHHIO (DU3MYECKUX OCHOB U
NpUHIUNA  pabdOThl  MOJYNPOBOJAHMKOBBIX,  PE3UCTUBHBIX, E€MKOCTHBIX H
MIbE30JIEKTPUUECKUX HM3MEPUTEIIbHBIX IpeoOpa3oBarenei; uacms 2 — HIEMEHTOB
HAaBUIALIMOHHBIX CUCTEM.

OcBoeHue 1a0OpaTOpHBIX pabOT, NPUBEIEHHBIX B MOCOOMM, MO3BOJIUT
CTYJIEHTaM MPUOOPECTH NPAKTUYECKHUE HABBIKK B 00JACTH MOJy4YeHUs UHPOpMaluu
C TMOMOIIBIO PA3JIMYHBIX W3MEPUTEIBHBIX CHUCTEM, a TaKX€ HaBbIKA MJIS
OCYUIECTBJIEHUSI TPAMOTHOTO WHXXEHEPHOro BBIOOpAa BUAA MpeoOpazoBaTesel Mpu
pa3paboTKe KOHKPETHOTO M3MEPUTEIBHOTO YCTPOMCTBA MJIM aBTOMAaTU3UPOBAHHOTO
KOMILJIEKCA.

Aemopul gvipadicarom O.1a200apHocmy: 3aBeyloleMy tadopaTopueit kageapsl
«IIpubopsl u OuorexHuuyeckue cucreMb» DenocoBy Alnekcero HMBaHoBHUy U
nabopanty BapnamoBy Cepreto IBaHoBHuy 3a TIOMOIIb B H3TOTOBJICHUU
7a00paTOPHBIX YCTAHOBOK, a Takxke cryaeHTam rpynnel 120261 Axpapromuny
Anrtony, lankuny Anekcannpy, ['manOypry J[lenucy, KupbsnoBy Anekcanapy,
KocromapoBy [Imutpuro, MonkepoBy Makcumy, Hazapenko JImutpuro, HecrepoBy
Anekcero, Ilpontomkuny Wnwe, CadponoBy Anekcero, CoukoBy Bamgumy,
Cy66otuny [enucy, Tumommny Ceprero, ®enpko Hartanne, IllecronanoBy
Hanuuny, Yaiike EBrenum u acnupanty JlanwioBy Makcumy 3a pa3paOoTKy u
U3TOTOBJIEHHE Ja0OPATOPHBIX YCTAHOBOK.



JIABOPATOPHAS PABOTA Nel
N3yvyenne npuHUIMNA JeliCTBUS Pe3MCTUBHOIO Npeodpa3oBaTeJisi
HA NIpUMepe IeTeKTOPAa JIKHU

Llenv nabopamopnou pabomsl — N3ydeHre MPUHINNA (PYHKIIMOHUPOBAHUS U

OCHOBHBIX XapaKTCPHUCTUK ACTCKTOPA JIZKU.

KpaTtkue TeopeTnueckue cBeaeHHs

JIeTeKTOpOM JDKU Ha3bIBaeTCs MPUOOpP, NpeTHA3HAYCHHBIA ISl W3MEpPEHUS
MCUXO(PU3UOTOTHIECKUX TTApaMETPOB YEIIOBEKA: COMPOTUBJICHHUS KOXHOTO TOKPOBA,
JaCTOTHI MyJIbCa, IaBJICHUS KPOBHU U T.II.

Hcnonp3oBanne maHHOW WHGOPMAIIMK ITO3BOJIIET TOCTABUTH JIHArHO3 O
MICUXUYECKOM U (PU3UOJIOTUYECKOM COCTOSTHUM MAIlMeHTa U OOHAPYKUTh OTKJIOHEHUS
OT  HOPMAaIbHOTO  COCTOSIHMS:  BOJHEHHE,  YCTaJOCTh,  pa3IpakeHHOCTb,
BO30Y>XJICHHOCTb U T.I. J[MarHOCTUPOBAHKME OTKJIOHEHUSI COCTOSIHUSI OT HOPMAJIBHOTO
1 JIOKAT B OCHOBE PadOTHI IETEKTOpa JDKU: €CJIM YEJIOBEK MPH OTBETAX Ha BOMPOCHI
BOJIHYETCS, HEPBHUYAET U T.Il., TO BEHUKA BEPOATHOCTH, UTO OH CTO-TO CKPBIBAET.
CaM 1o cebe eTeKTop JHKU HE MOXKET JTUAarHOCTUPOBATH JIOKb, TO MOXKET CIeNaTh
CHEIUAINCT Ha OCHOBE aHajn3a BCEW COBOKYITHOCTH WH(MOPMAIMU O COCTOSHUU
YeloBeKa.

B nmanHOlt pabGoTe wuCHONB3yeTCS W3MEPUTENb COMPOTHUBICHUS KOXKHOTO
MOKPOBa YeJIOBEKA.

Koxa dyenmoBeka MMeEET OMNMpENeNCeHHBbI YPOBEHb COMPOTHUBIICHUS, MOPSIKA
eauHUI] — AecaTkoB KOM. VICKIroueHne COCTaBIsIeT OMOJIOTHYECKH aKTUBHBIE TOYKU
— COBOKYITHOCTb KPOBEHOCHBIX, TUM(ATUYECKUX U HEPBHBIX y3710B. CONPOTUBIICHHUE
MEXIy TaKUMH YYacCTKaMH COCTaBIIsAeT enuHuIbl-AecaTku Owm. Ecmm denmoBek
BOJIHYETCS, OH HAaYMHACT TMOTETh. BIAXKHOCTHh KOXKHOTO TMOKPOBAa YBEIMYMBAETCH,
COTIPOTUBJICHUE YMEHbIIACTCA. TakuM o00pa3oM, M3Mepsis COMPOTUBJICHUE KOXH,
MOKHO TPEJIOJIONKUTh O TOM BOJHYETCS JIM YEJOBEK WiIM HeT. SICHO, 4To aJid
MTOBBIIICHUS] TOYHOCTH U3MEPEHHUIA HEOOXOIMMO CBECTH K MUHUMYMY BCE€ OCTaIbHBIC
BIUsIOMKE (PakTOphl: hu3HUecKass Harpy3Ka, eperpes M T.11.



Onucanue 1a00PATOPHOM YCTAHOBKHU
Ha puc. 1 mokazaHbl OCHOBHBIE 3JIEMEHTHI JTA0OPAaTOPHON YCTAaHOBKH.

Uanyvamens
lMnama
Bdemekmopa Snekmpodbi
lMumaHue ycmaHosKu

Mynbmumemp

Brnok numaHus

Power OOO Ooo O
1= F1-

— 000

Puc. 1. OcHoBHBIE 371€MEHTHI JJAOOPATOPHON YCTAHOBKU
Ha puc. 2 npuBeaeH BHENIHUM BU TAOOPATOPHON YCTaHOBKH.

brok numarusa

Mynemumemp

lNnama
cemekmopa mKu

3Snekmpodsbl

SnekmponumaHue
YCMaHoB8KU

Puc. 2. Buemnuii Bua 1a00paTopHOil yCTaHOBKH

briok nutanust HEOOXOIUM ISl OpraHU3AIUN dTICKTPONUTAHMS IETEKTOPA JIKH.
DOneKTpo/bl, MOJKIIOYEHHBIE K JAETEKTOpPY JIKH, pa3MEIIaloTCs Ha OTKPBITBHIX
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y4acTKax PyK 4elOBeKa: MO OJHOMY 3JEKTPOAY Ha KaKAOH JagoHu. MylbTHMETp
HY)XHO TIOJIKJTFOUMTH B IIEMb HA TuIaTe Jnerekropa. OH MO3BONSET U3MEPATH MacHHE
HAIpsDKEHHS Ha COTPOTHBIICHUU 4elloBeKa. M3mydaTens mo3BOIsSeT KOHTPOIUPOBATh
paboTOCIIOCOOHOCTh YCTAaHOBKH.

Iopsaok BeINOJTHEHHUsI JIADOPATOPHOH padoThI

1. IogkmrounTh 670K mMUTaHWs K BbIBoJgaM X1 m X2 kinemmamu, coOironas
MOJISIPHOCTB (KpacHbI — «+», CUHUN — «-»). Hanpsbkenue nutanus coctaBisieT 9 B.

2. Doaxmouute MynapTUMETp (paboTaloIUii B PEKUME H3MEPECHHUS
HaIPSDKEHUs) IByMs pa3beMaMM THIA «KPOKoAW». [loakmounTs Kk pazpseMaM X3 u
X4 4yBCTBUTEIBHBIE 3JIEMEHTHI (3JIEKTPO/IbI)

3. C moMompr OTBEPTKH, CO CTOPOHBI 3JIEKTPOJAOB, MPOBECTH HACTPOUKY
MOJICTPOEYHOTro pe3uctopa RS — mepeBecTu ero B KpaiiHee JIEBOE IOJIOKEHHE
(IpOTHUB YaCOBOU CTPEJIKH).

4. Pa3mecTuThb 3JEKTPOABI Ha M3MEPSAEMOM YYacTKe Teja (Hampumep, Ha
JIAJIOHU) U TIPOBECTU HACTPOMKY pe3ucTtopa RS — n0OUTHCS TAKOTO €ro MoJjoKeHUs,
npu kotopoM nuoa HL1 HaunmHaeT cBeTUThCS.

5. Ilepememiasi 3M€KTPO HA M3MEPAEMOM YYACTKE TeEJla, HAWUTH C MOMOIIBIO
MyJBTUMETpAa HauOoJblllee 3HAYEHHE HaNpsDKeHUs. B 3ToM Touke pacrnosaraercs
OMOJIOTMYECKH aKTUBHAs TOYKA. BTOpOIl AlEeKTpOJ, MPUIOKEHHBIA K U3MEPSIEMOMY
Y4aCTKY JOJDKEH OCTABATHCS HENOABHKHBIM.

6. IIoBTOpUTH NMYHKT 5, Uccleays Hanuuue OMOJIOTUYECKH aKTUBHBIX TOUEK Ha
JAJ0HSX YEJIOBEKa.

7. OUeHUTh pa3HUIly COMPOTUBICHUM KOXU YEJIOBEKa B OHUOJOTHUYECKHU
AKTHBHBIX TOYKAX U BHE UX.

8. 3adukcupoBaTh SJEKTPOJ B OHUOJOTHYECKH aKTUBHOM Touke. CraenaTh
ceputo mnpuceaaHuid. OUEHUTHh BIMUSIHHUE (U3MUECKOM HArpy3Kd Ha H3MEHEHUE
CONIPOTHUBJIEHUS KOKH YEIIOBEKA.

Copep:xanue oruera
Otuet 1o mabopaToOpHOM pabOTe JOIKEH COACPIKATh:
1. Ha3Banue u uenb 1abopatopHoi paboThI.
2. OCHOBHBIE CBEINEHUS W3 TEOPETUYECKOM YacTH B TOM KOJIMYECTBE, YTO
HEO0OXOAMMBI ISl 3alIUTHI 1a00PaTOPHOU pabOTHI.
3. Cxema mabopaTOpHON yCTAHOBKH.
4. Pe3ynbTaThl BBINOJIHEHUS J1a0OPATOPHOU PabOThI: pe3yibTaThl U3MEPEHUN

COIMPOTHUBJICHUSA KOKHOI'O IIOKpOBA YCJIOBCKA OT MOJI0KEHU U QJICKTPOOAOB.
7



5. BeiBoIBI 110 TIpOJI€TIaHHOM padoTe.

KoHTpoJbHBIE BOIPOCHI
1. OxapaktepusyiiTe 00JacTb MNPUMEHEHUS, JAOCTOMHCTBA M HEJAOCTATKU
JETEKTOPA JIKU U U3MEPUTEIISI COMTPOTUBIICHUS KOKHOTO IMOKPOBA YEIIOBEKA.
2. Onumwte W TOSACHUTE NPUHINN (PYHKIITMOHUPOBAHMS JIaOOPATOPHOU
YCTaHOBKHU.
3. Onummure 3aBUCUMOCTh COMPOTHUBJICHUS KOKHOTO MOKPOBA YEJIOBEKa OT

ITOJIOKCHHA 3JICKTPOIO0B.

bubauorpaduyecknii Cimcoxk
1. ®paiinen x. CoBpeMeHHbIe AaT4uKu: crnpaBodHUK. — M.: TexHocdepa,
2005. — 592 c.
2. IlemeroB A.I'. Teopus, pacdyer W MPOECKTUPOBAHUE HN3MEPUTEIBHBIX
ycrpoiicTB. Yacth 1, Teopust usmepurensHbix ycTpoicTs: B 2 4. / A.l'. llleneros. —
M.: Crannaptundopm, 2006 . — 248c.



JIABOPATOPHAS PABOTA Ne2
N3yvyenne npuHUIMNA JeliCTBUS Pe3MCTUBHOIO Npeodpa3oBareJisi
Ha IpUMepe CEHCOPHOI0 BBIKJIIOYATEJIA

Llenv nabopamopHou pabomsi — N3y4eHUE MPUHIIUIIA TEUCTBUS U OCHOBHBIX
XapaKTePUCTUK TAKTUILHOTO (CEHCOPHOTO) YIPABISAIONIErO 3JIEMEHTA B Pa3JIMUHbBIX
pexuMax paboThI.

KpaTkue TeopeTnueckue cBeaeHUs

CeHCOpHBIN BBIKJIIOUATENb TpEAHAa3HaueH g paboThl B COCTaBE CHUCTEM
CUTHAJIM3AIMU U CHCTEM YyIpaBieHus. B cocTaBe CHUCTEMBbl CUTHAIM3AlUU JaHHBINA
BBIKJTIOYATENh paboTaeT B peJIeHHOM pexXHMe, Kak TOJbKO pyKa MPHUKOCHYNACh K
TaKTHJIBHOW TUIONIA/IKE, YCTAaHOBJICHHOW, HAIpUMeEp, B pyYKe JIBEpHU, B 3aMKe celida,
Ha MOBEPXHOCTU CTOJAa W T.H., BBIKIIOYATENb cpabaThIBAaET, MepeaBas CUTHAJI Ha
CUCTEMY CBETO- U 3BYKOCHUTHanm3auuu. Cuctema (pyHKUHOHUPYET A0 TEX HOp, MOKa
He OyJeT nepe3amynieHa. B cocTtaBe ynpapiisioiel CUCTEMbI TaHHBIN BBIKIIOYATEIb
Takke padoTaeT B PEICHHOM peXHMMe, HO YIPABISIIONIMN CUTHAI C BBIKIIOYATEIS
ucye3aeT, KaK TOJbKO, yOpaTh pYyKy C TaKTWJIBHOIO JaT4yvka. BpeMmeHHble
IUKJIOTPaMMbI PaOOThI CEHCOPHOTO BBIKJIFOUATES ITOKa3aHbl Ha puc.l.

CeHcopHblii JmaTuuk (WM TaKTWUJIbHAs IUIOIIAJKA) MPEACTaBIseT COOOM
PE3UCTUBHBIA KOHTAKTHBIA JAaTYMK, U3TOTOBJICHHBINM B BHJI€ MEIHOW JOPOKKH Ha
TEKCTOJUTOBOM OCHOBE. [Ipy MPUKOCHOBEHUH K €ro MOBEPXHOCTU YEIOBEK 3aMbIKAET
PYKOM COCEIHHUE JOPOKKU TEM CaMbIM PE3KO CHMKas comportusieHue or 10° Om 1o
1...10! Om. Takoii mepenaj CONPOTUBIIEHHS BHI3HIBAET CKAYKOOOPA3HOE M3MEHEHHUE
TOKa B Ilenmu 0O0pabOTKM CUTHANIA JaT4vka. DTO M3MEHEHHE TOKAa W TO3BOJISET B
Ja’dbHEUIeM YIIPaBIATh UCIIOJHUTEIBHBIMU ABUTATEISIMU WJIA BKJIIOYATh CBETOBYIO

1 3BYKOBYIO CUT'HAJIM3aIlHNH.



CusHan Ha

Ceuzamers
8 pexume

yapasnesus

apemsa

cuaHan Ha

ceemoduod
8 pexume

cusHanulIauuy

epems

cuaHar
makmunsHoz0

camdika

-
Lot

spems

Puc. 1. BpemeHHbIH UKIOIPaMMbl padOThl CEHCOPHOTO BBIKJIIOUATEIIS

B PCKUMC CUTHAJIM3AUU U B PCIKUME YITPABIICHUA

Onucanue J1a0OPATOPHOM YCTAHOBKHU

Buemnuii Bun 1abopaTopHOil yCTaHOBKM TOKa3aH Ha puc. 2. JlabopatopHas
YCTAHOBKAa COCTOMT M3 TPEX OCHOBHBIX DJJIEMEHTOB: CEHCOPHBIM YIPaBISIONIUI
AJIEMEHT, MIEKTPUUECKUI JBUTATENb ITIOCTOSHHOTO TOKA U CBETOAUO.

VYcraHoBKa MMeeT JBa pexuma (PYyHKIMOHUPOBAHMS, KOTOPHIE MO3BOJSIOT
M3YYUTh JIB€ OCHOBHBIX O00JacTHM TPUMEHEHHS CEHCOPHBIX BBIKIIOYATEIICH:
YIPaBJIECHUE U CUTHAJIA3ALNA.

B nepBom pexxume — pexxumMe yrpaBiaeHuUs (PEKUM «KHOTIKa») — UCTIOJIb3YeTCs
NBUraTellb TOCTOSIHHOTO TOKAa. JIaHHBIA pEXHM XapakTepU3yeTCS HAIUYUEM
MIOCTOSIHHOTO CHUTHAJIa Ha JIBUraTellb, MOKA PyKa JISKUT HA TAKTUIILHOW IUJIOIIAJIKE
CEHCOPHOTO BbIKItOUarenss. Kak mpaBwiio, TakoM peXHUM IMO3BOJISIET YIIPABIATH
WCTIOJTHUTEIbHBIMUA 3JIEMEHTAMH TMPU HAXKaTUU HA TAKTUIBHYIO IUIOIIAJKY, IPUYEM
CUJa HaxaTths ponu He urpaer. Kak TOJIBKO CHATh PyKy € TaKTHJIBHOTO JaTYMKA
JBUraTellb mpekpamaet Bpamarbes. Pesuctop R1 (mo3unus 8 Ha puc. 2) perynupyer
BpeMsi cpalOaThbiBaHUSI CXEMbI, YyBEJIWYMBasE WJIM YMEHbIIAs BpeMs 3apsaa

KOHJIEHCaTOopa.
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| BbIXOA,

PEJIE

| BbIXOg
CXEMbI

Puc. 2. BHemnuii Buj 1a60paTopHOi ycTaHOBKH: | — TAKTUIIBLHBIN 1aTUUK, 2 — pene, 3,4 — KIeMMbl
HOJauu JIEKTPONUTaHUs, 6,7 — KIEeMMBI JUIs OJKIIOUEHHs ocuuiuiorpada, 5 — nepekirodareib
PEKHUMOB, 8 — MOACTPOCUHBIA PE3UCTOP

Bo BTOpOM pekuMe — pekUM «CHTHAIM3AIMS — UCTIOIB3YEeTCSI CBETOIUO U
ABUTATEb. JIaHHBIN PEKUM XapaKTEPU3YETCs MOCTOSHHBIM CUTHAJIOM Ha JIBUTATEIb,
€CJIM JIOTPOHYTHCS 10 TAKTHJIBHOHM IIIOMAAKU XOTsS Obl oauH pa3. Kak mpawmio,
TaKOH PEKHUM TO3BOJISICT CTPOUTH CUCTEMBI CUTHAIM3AMH. J[aXke eCciiu CHATh PYKY C
TaKTHJIBHOTO JIaTYMKA CBETOJMOJ HE IEPECTAacT CBETUTHCS, a ABUTATEIb MPOAOIKACT
BpaliathCs J0 TeX IOp, MOKa HEe COpOCUTh JaHHBIA pexkuM. COpoc pekuMa
MIPOU3BOUTCS MEPEKITIOYCHIEM KHOIIKH B PEXKUM YIIPaBIICHUS.

DJeKTpHUYeCcKas CXeMa M BHCIIHWN BHJ TaKTHJIBHOTO JaTYWKa IMMOKa3aHbl Ha
puc. 3.
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CeHCOprIe KOHTaKTbl

Puc. 3. Dnextpuyeckas cxeMa U BHEITHUN BUJI TAKTWJIBHOTO JATYMKA

TakTUIBHBIN AATYUK NOPEACTABIAET COOOM YCHIUTENh IMOCTOSIHHOTO TOKa,
BBITIOJTHEHHBIH Ha cocTaBHOM Tpanzuctope V11, VT2. [lepemennsiit pesucrop R1
MO3BOJIACT YCTAHOBUTH HEOOXOAMMYIO YyBCTBUTEIBHOCTD yeunuTens. Pesuctop R2 u
koHAeHcatop Cl CHMXAIOT BEPOSTHOCTH JIOKHOTO CpadaThIBaHUS U OINPEAEISAIOT
3aiep KKy cpabaTteiBaHus matuuka. Jwon VD2 szamumiaet tpansuctoper VT1, VT2
IpU NPUMEHEHUH JOMOJIHUTEIBHOTO 3JEKTPOMArHUTHOTO pejie, Ul MOAKIIOYEHUs
KOTOPOT'O MCHOJIb3YIOTCSI KOHTAaKThl 1 1 7. Pene BbIOMpaeTcst TakuM 00pa3oM, 4TOObI
ero HarmpsbkeHue cpadateiBanus paBHAIOCH: (Unn— 2) B, a MakcuMaibHBIN TOK Yepes
0oOMOTKY KOMMyTaTtopa — He Oonee 75MA. MHOuKaius BBINOJIHEHA HA CBETOAUOJIE
VD1.

TexHuYecKHe XapaKTEPUCTUKH TAKTHJILHOIO JaTYMKA.

HomunanbHoe Hanpspkenue nutanus: 6,0...15,08

Tox Harpy3ku: 75MA.

Pa3mep neuatHoi mnatel: 30x45Mm.

4. IlopsaIOK BHINOJHEHUS J1a00PATOPHOIT PpadOTHI
Heo6xoaumo cobpath 1ab0paTOpHYIO YCTAaHOBKY, JJIsI 3TOTO:
1. Bxitounts 650k nutanus (BI1) 1 ycTaHOBUTH HE3aBUCUMBII PEXUM paOOThI
KAaHAJIOB.
2. YcTaHOBUTH HAa OJHOM KaHaie HanpsbkeHue 12B, Ha apyrom 6B u
BBIKTFOUNTH BII.
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3. I[MoakIr04YuTh COOTBETCTBYIOMINE KiIeMMBI (3 U 4) (CcM. puc. 2) yCTaHOBKH K
BII, cobmonas monsspHOCTh (KPaCHO-OPAHKEBbIE KJIEMMBI «+», YEPHBIE KIEMMBI «-))
U HampspkeHue. Tak Kak ycTaHOBKA UyBCTBUTENIbHA K MOJSIPHOCTH HaNpsKEHUS, TO
M3MEHEHHUE TIOJSIPHOCTH MUTAHUE MOYKET MPUBECTH K BBIXONY €€ U3 CTPOS;

4. loaxnrounTs ocuusuiorpad: Ha OJUH KaHaJl OJIaTh CUTHAI C Mapbl KJIEMM
«BBIXOJ CXEMBI», a Ha JPYTOi — C Tapbl KJIEMM «BBIXOJI PEIIe).

5. YcTaHOBUTh MUHUMAJIbHOE 3HAYEHHE MOCTPOCYHOTO PE3UCTOPA, YCTAHOBUB
€ro JBMKOK B KpaliHee JIEBO€ MOJI0KEHHUE (TPOTUB YACOBOM CTPEIIKH).

H3yuenue pabomoel ceHCcOpHO20 BbIKIIOYAMENS 8 PedHCUMe YNPABIeHUs

1. YcTaHOBUTB NMEPEKIIOYATEND S5 B «PEKUM KHOIIKI.

2. BxitouuTts BIL.

3. YaepxuBass HaXaTbiM TaKTWJIbHbIA natyuk 1 (cM. puc. 2), yBEIUYUTH
COTIPOTHUBJICHUE 8 710 TE€X TOp, TTOKA HE CPpabOTAIOT MHANKATOP U pelie 2.

4. HaxaTp Ha TaKTWJIBHBIN MaT4uK 1, a mocie cpabaThiBaHUS Cpa3y OTKATh.
JIO’KIaThCsl YCTAaHOBJIEHUS «IOKOs». 3adUKCHUPOBATh JAaHHBIA TPOIECC Ha JKpaHE
octriorpada.

...........................................

¥
lorFll

Puc. 4. HpHMep OCHUJIJIOTPAaMMBI B «PCIKUME KHOIIKHU»

5. U3Meputs 1o 3kpany ocuuiuiorpada BpeMs cpabaTbIBaHUSI CXEMBI.
6. MI3MeHsa CONpOTHBIICHUE OINPENEIUTh 3aBUCUMOCTh BPEMEHH YCIIOKOCHUS

CXCEMbI OT 3HAYCHUA COIIPOTUBJICHUA.
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H3yuenue pabomoel ceHcopHO20 GbIKNIOUAMENS 8 PeNHCUME CUSHATUZAYUU.
1. YcTaHOBUTB CONTPOTUBIIEHHUE PE3UCTOPA 8 B MPOU3BOJIBHOE MOJI0KEHUE.
2. IlepeKIIOUUTh KHOMKY 5 B «PEKUM CUTHATU3ALUAN.
3. HaxaTp Ha TaKTUJIILHBINA JaTYHK.
4. 3aukcupoBath pabOTy Ha OCHIIJIOTPAMME.

Puc. 5. HpHMep OCHUJIJIOTPAMMBI B «PEKHUME CUTHATIHU3 AU

5. OTKII0YUTH CXCMY, IICPCBCAA IICPCKIIOYATCIIb 5 «PCKHUM KHOIIKH.

Conep:xanue oTyera

Otuet mo 1abopaTopHOM paboTe MOJKEH COIePKATh:

1. Ha3BaHue u 11e716 1aGOpaToOpHON PabOTHI.

2. OCHOBHBIE CBEIEHHUS W3 TEOPETHYECKON 4YacTh B TOM KOJMYECTBE, 4YTO
HEOOXOIMMBI JJIsl 3aIUTHI Ja00PaTOPHOUN padOTHI.

3. Cxema 1a00paTOpHON YCTaHOBKH.

4. Pe3ynbTarThl MPOBEACHHs JIADOPATOpPHOM padOThI: BpeMsi cpabaThIBaHUS
CEHCOPHOI'O BBIKJIIOYATENSI B PEXKUM YIPABICHUS, BpeMs OCTAHOBKH M BpeMs pa3roHa
ABUTATENsl, BpeMsi cpabaThblBaHUS  CEHCOPHOTO  BBIKIIOYATENST B PEXHUM
CUTHAJIM3al1u.

5. BeiBoIBI 110 TIpOJICTIAaHHOM padoTe.
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KoHTpoJbHBbIE BOPOCHI

1. [Tosicaute 007aCTh MPUMEHEHHS] CEHCOPHOTO BBIKIIIOUATEIS.

2. OxapakTepu3yruTe peKUM YIPABICHUSI CEHCOPHOTO BBIKJIFOYATENS.

3. OxapakTepu3yiTe pexuM CUTHAIIM3AIMA CEHCOPHOTO BBIKJIIOYATEIIS.

4. OnuumTe 1a00paTOPHYIO YCTAaHOBKY, €€ OCHOBHBIC JIEMEHTHI U MPUHIIHUII
(GYHKIIMOHUPOBAHMSL.

5. Tlosicaute MeTon U3MEpeHHs BpeMsi CcpaldaThbIBaHUS CEHCOPHOTO
BBIKJIFOYATENS B PEXKUM YIIPABJICHUS U B PEKUME CUTHATU3ALNU.

bubauorpadguyecknii cnucox
1. NudopmanimoHHO-U3MEPUTENIbHAST TEXHUKA U TEXHOJOTUM: YUYEOHUK IS
By30B / B.W. Kamamnukos, C.B. Hedenos, A.b. [lytunmun u np.; Ilog pen. I'.T.
Pannera. — M.: Beicir. mik., 2002 . — 454c.
2. Opaninen Jx. CoBpeMeHHbIE AaT4YMKU: cripaBouHUK. — M.: Texnocdepa,
2005. - 592 c.
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JIABOPATOPHAS PABOTA Ne3
N3yvyenne npuHIMNA JelCTBUS Pe3MCTUBHOIO Npeodpa3oBaTeJisi
Ha npumepe ¢ortope3ucropa

Llenv nabopamopnoti pabomer — uccnenoBanue poropesuctTuBHOro 3Pdhexra
Ha TpUMepe MOITYIPOBOAHUKOBOTO (HOTOPE3UCTOPA.

KpaTtkue TeopeTnueckue cBeaeHHs
Domopesucmuenvlii d¢gexm — N3MEHEHHUE SJCKTPUICCKOTO COMPOTUBIICHUS
MOJIyITPOBOJTHHKA, OOYCJIOBJIECHHOE HWCKIIOUUTEILHO JEHCTBUEM  OINTHYECKOTO
U3JIyYCHHUS] W HE CBS3aHHOE C ero HarpeBoM. MHorma (oTope3ucTHBHBIN 3(DQEKT
Ha3BIBAIOT 3hhexmom omonposooumocmi.
Mexanu3Mm ¢dortope3ucTuBHOTO 3dhdekra 00yclIOBIeH JIUO0 COOCTBEHHBIM,
700 TTPUMECHBIM TToTJomeHreM. [Ipu COOCTBEHHOM TOTJIONMICHUN YHEPTHS KBAaHTOB

cBera, pasHas hv (rze h=6,625-10*]Ix - c— nocrosunas Iliauka, V — gactora
CBETa), MepelaeTcsl AJIEKTPOHAM BaJeHTHOM 30HbI. Ecnm 3Ta sHeprust Ooblie
IIMPUHBI 3alPEIICHHOW 30HBI, TO J3JEKTPOHBI MPEOJIOJEBAIOT €€ W MEpPEeXOdiIT Ha
0o0J1ee BHICOKUI SHEPTETUYECKUI YPOBEHD B 30HY IIPOBOJAUMOCTH, OCTABJISISI HA CBOEM
MpEeXHEM MecTe (B BAJIEHTHOM 30HE) HE3alOJHEHHBI 3HEPreTUYeCKUid YpOBEHb —
IeIpKY. B pesynbraTte mosBiasieTcss N30bITOYHAST KOHIIEHTPAIUS 3JIEKTPOHOB U JIBIPOK.
DTOT TPOLECC HA3BIBACTCS COOCHMEEHHOU C6emOBoll 2eHepayuell Hocumenei
3apada. Ilpu npuUMEeCHOM TIOTJIOMICHUU OHHEpPrus (POTOHOB TMepenaeTcs aTromMam
npuMeced ¢ TMOCHEAYIOIMMM 00pa30BaHWEM HOCHUTENEeW 3apsia OJHOTO 3Haka
(37IEKTPOHOB, MPHU JOHOPHOM MPUMECH WU ABIPOK IMPHU aKUEOTOPHOW NPHUMECH).
DTOT NPOILECC HAZBIBACTCS HPUMECHOU C6EMO0B0ll 2eHepayuell Hocumeneil 3apaoa.
B pesynbrare 00ouX BUAOB T€HEpPAlUU YBEIWYUBACTCS KOHIEHTPAIMS HOCUTENEH
3apsiia, KaK CIENCTBHUE, MOBBIAETCS MPOBOAUMOCTD, T.€. YMEHBIIAETCSA YAEIbHOE
AIEKTPUYECKOE COIPOTUBIICHHUE.

[Ipu oOnyueHuH Hapsay C TeHepauuend MPOMCXOAMT OOpaTHBIA Mpolecc —
pexomMOuHanusi Hocutened 3apsga. Yepe3 HeKOoTopoe BpeMsl MOCie Hayaia
00JTy4eHHUs yCTaHABIMBAETCS JUHAMUYECKOE PABHOBECHUE MEXIY STUMU MPOLIECCAMM.
[Tpu 3TOM M30BITOUHAS KOHIICHTPAIWS, HAITPUMED AJICKTPOHOB, PaBHA!

An=(1-R)0u”|N(brrl : 1)

rie R— kosddurmment orpaxkeHus ¢GoToHOB, OL — TIOKa3aTellb IOTJIOIICHUS
(OTHOCHUTEIIBHOE U3MEHEHUE CBETOBOIO MOTOKA B CJIO€ MOJIYNPOBOJHUKA €IMHUYHOM

TOJIIIMHBI), 1| — KBaHTOBasl A((PEKTUBHOCTh TeHEpalMK (YUCIO BO3HUKAIOIIUX Tap
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HOCHUTEIIEH 3apiaaa I1pu COOCTBEHHOM INOIrJIOMICHHUN HJIN YHCJIO HOCHUTEJICH 3apAaaa
OIHOI'0 3HaKa IIpU MPHUMCCHOM IIOTJIOICHUHU, OTHCCCHHOC K YHWCIY IOIIOIMICHHBIX

¢oronor), N,— umcmo (oToHOB, mNamarMKMX HA EAMHAYHYIO IOBEPXHOCTH

IIOYNIPOBOJHNKA B €QUHUIY BpeMEHH, T ,— BpeMS JKU3HH HEPABHOBECHBIX

HOCHUTENeH 3apsina (OTHOLICHHE M30BITOYHON KOHIIEHTPALlUM HEPaBHOBECHBIX
HOCUTENEH 3apsiia K CKOPOCTM HU3MEHEHHUs OSTOM KOHILEHTpAaIMM BCJEJICTBUE
peKoMOUHAIUN ).

domope3zucmop — NBYXANEKTPOJHBIN MOIYTIPOBOIHUKOBBIN IpeoOpa3oBaTeb,
KOTOPBI HW3MEHSAET CBOIO DJJEKTPUUECKYI0 IPOBOJAUMOCTH B 3aBUCHUMOCTH OT
MHTEHCUBHOCTH U CIIEKTPAJIbHOI'O COCTABA MAJAIOIIETO HAa HETO CBETA.

N3 Beipaxkenus (1) BumHO, 4To Tpu OOMydeHUH (OTOpE3WCTOpa B €ro
(OTOUYBCTBUTEIBHOM CJIO€ BO3HUKAEeT W30BITOYHAsI KOHILIEHTpAlMsl HOCUTENEH
3apana (B JaHHOM cllydae 3JeKTpoHOB). Ecimum k (dorope3uctopy NpHIIOKEHO
AIIEKTPUYECKOE HANpsHKEHUE, TO Uepe3 HEero MpOTEeKaeT JAONOJHUTENbHAs
COCTABIISIOIIAs JICKTPUUECKOTO TOKa (00yCIOBICHHAs N30BITOYHON KOHIIEHTpAluen
HOCUTEJIEH 3aps/ia), Ha3bIBaeMasi homomoKom:

1, =abq(An)y, L% =abq(1-R JomN, 7,1, E, (2)

rae 4,0 — Tommmua w mmpuHa (QOTOUYBCTBHTENBHOTO cilosi (oTopesucTopa, |—

pPacCTOSIHUE MEXKIY 3JEKTpoJaMu (JJIMHA MOJYIIPOBOAHUKA), (— 3apsia AJIEKTpoHa (

-19 v o
1,6-107Kn), W,— moaBmKHOCTH HOCHTENEH 3apsna (paBHas CpeaHed CKOpOCTH

JBUKEHUSI HOCUTENIEH 3apsja, B JaHHOM Cily4ae 3JIEKTPOHOB), E — HampspKeHHOCTb
ANEKTPUYECKOTr0 MOJIsl, MPUII0KEHHOTO K (POTOPEZUCTOPY.

JUis  U3rOTOBIIEHUS CEPUMHBIX (OTOPE3UCTOPOB B  HACTOSIIEE BpeMs
WCIIONB3YIOT TJaBHbIM O00pa3oM TpU THUIIA MAaTEpPUATOB: CEPHUCTBHIM KaJMHA
(HanOosiee 4YYyBCTBUTENBHBI K BUAMMOMY ONTHYECKOMY H3JIYUYEHHIO), CEPHUCTHIN
cBUHEL (HanOoyiee 4yBCTBUTENIbHbI K HH(PPAKPACHOMY ONTHYECKOMY H3IYUYEHUIO),
CEepHUCTBHIA BHUCMYT (HaubOosiee YyBCTBUTENIbHBI K ONTHYECKOMY H3IYYEHHIO Ha
IPaHULIE MEXAY BHIAMMBIM M HWH(QPaAKpacHbIM u3IydeHUsMHU). [lomynpoBoaHUK
HAHOCAT B BHJI€ TOHKOTO CJIOS Ha CTEKJISHHYIO WJIM KBAapLEBYIO MOMJIOXKKY JIHMOO
BBIPE3alOT B BHJE TOHKOM IUIACTMHKM W3 MOHOKpHUcTaa. Crnod (TUIaCTHHKY)
cHaOXaroT IByMsl KOHTakTamu (3iekTpoaamu). [1oanoxky ¢ (poTouyBCTBUTEIBHBIM
cioeM (WM TJIACTUHKY) W 3JIEKTPOAbl TOMEIIAIOT B 3aIlIMTHBIN TJIACTMACCOBBIN WIIN
MeTalIM4Yeckuii  kopmyc. Tak ke ecTh OecKOpHyCHble  (OTOPE3UCTOPHI,
CBETOUYBCTBUTENIbHBIA AJIEMEHT Y HUX 3alllMIIEH OT BO3JECHUCTBUSI BHEIIHEW Cpeibl
MPO3PAYHON IUIACTMACCOBOM IUICHKOW. JlJIsi SKCIUTyaTallud IIPYU  HOBBIIEHHOU
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BJIQKHOCTM M B YCJIOBMSX TPOIMYECKOTO KJIMMATa BbINIYCKAlOT (OTOPE3UCTOPHI
TEePMETUYHON  KOHCTPYKIMHU. OTH  (POTOPE3UCTOPHl  OTIMYAIOTCS  OOJIBLION
Ha/IeKHOCTBIO U CTAOMIIBHOCTBIO ITapaMETPOB.

biarogapst BBICOKOW CBETOYYBCTBUTEIBHOCTH, NPOCTOTE KOHCTPYKLUUH H
HEBBICOKOM  CTOMMOCTH  M3TOTOBJIEHHUA  (DOTOPE3UCTOPHI  UMEIOT  IIMPOKOE
NpUMEHEHHE B U3MEpPHUTENbHON TexHuke. OCHOBHbIE O0OJIacCTH NPUMEHEHUS:
U3MEPUTEIN OCBEIEHHOCTH, ABTOMAaTUYECKHUE DPETYJSATOPBI SPKOCTH SIEKTPOHHO-
Jy4eBBIX TPYOOK, (OTORIEKTPUUECKHUE TYPHUKETHI, CUYCTUYUKH JBHKYLIUXCS
IPEeIMETOB, YCTPOIlCTBa OJOKHMPOBKH, YCTPOMCTBA TUCTAHIIMOHHOTO YIIPABIICHUS
paguoanIiapaTypou, ONTUYECKUE KAHAJIBI CBSI3H.

OCHOBHBIMU XapaKTEPUCTUKAMHU U TapaMeTpaMu (pOTOPE3NCTOPOB SIBISIFOTCS:

v memnosoii moxl_,, — Tox uyepes doropesucTop, 0OYCIOBICHHBI TEMHOBBHIM

COMPOTUBJICHUEM, T.€. CONPOTHUBJICHUEM (HOTOPE3UCTOpPa MPU TOJHOM €ro
3aTCHEHUU;

v’ sonbmamnepnas xapaxmepucmuka (BAX) — 3aBuCHMOCTH (POTOTOKA Yepes
dboTOpe3ucTOp OT MPHUIOKEHHOTO K HEMY JJIEKTPUYECKOTO HANPSLKEHHS MpU
HEHU3MEHHON OCBEILIEHHOCTH;

v’ miokcamnepnas xapaxkmepucmuxa (JIAX) — 3aBHCHMOCTb (OTOTOKA dYepes
dboTOpe3ucTOp OT €ro OCBEIICHHOCTH, NPU HEU3MEHHOM MPUIOKEHHOM
ANEKTPUYECKOM HANPSKEHUH,

v’ cnekmpanvbhas — xapakmepucmuka — —  3aBHCHMOCTh  ()OTOTOKA  depes
dboTope3ucTop OT JUIMHBI BOJIHBI TMAJAIONIET0 CBETa TMPU HEU3MEHHBIX
OCBEIIEHHOCTHU U MPUJI0KEHHOTO AJIEKTPUUECKOTO HATIPSKEHUS;

v\ nocmosimnas epemenu — BpPeMs, B TEYEHHH KOTOPOro (OTOTOK dYepes
dboTope3ucTop M3MEHSIETCA IOCe €ro OCBEIIeHHs (3aTeHeHus) Ha 63% mo
OTHOILICHUI0 K YCTAHOBHBUIEMYCSl MOCJIE OKOHYAHHUS IMEPEXOAHOT0 IMpolecca
3HAYCHUIO.

Ha puc. 1 npencrasnen Bug BAX.
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Umin Umax uB

Puc. 1. Bun BonpTaMnepHoOi XapakTepUCTUKU MOTYIIPOBOJHUKOBOTO (POTOPE3UCTOPA:

1 - BAX 06e3 o0iyuenus (B TemHOTe); 2 — BAX mipu nmoctostHHOM 00y4eHuun; U U

min ? max

rpaHullbl TuHEHHON o0mactu BAX

B pa6ouem mmamazone nampsokermii U . <U<U BAX nuneilinas, npu
p p min max p

HaIIPpSOKCHUAX MCHBIIC Umin 1 OOJIBIINX U,x — HeauHenHas. B IICPBOM CJIydac 3TO

OOBSACHSIETCS TEM, UTO MPU MAJBIX HANPSHKEHUSAX CONPOTUBIIECHUE MOJIYIPOBOJHUKA
OnpeaensieTcsl KOHTAaKTaMH MEXJy OTIENbHBIMH 3epHaMH (kpuctamiamu). I[lpu
YBEIIMYECHUU  HANPSDKCHUS  CONPOTUBIICHHWE KOHTAKTOB  yMeHbluaercsa. Ilpu
JanbHEMIIEeM  YBEIMYEHUM  HAOpPsDKEHHST  CONPOTHUBICHHE  (POTOPE3UCTOpA
onpesaensercsi OOBEMHBIM COINPOTUBICHUEM IOJIYNPOBOJHHKA, KOTOpPOE IpHU
HEM3MEHHBIX BHEUIHUX YCIOBUAX TNOCTOSAHHO. [lpyu OOdbIIMX HAOpPsHKEHHSIX
HenuHeHocTh BAX  o0ycioBieHa BbIIECIEHHMEM TEIJla Ha CONPOTUBICHUU

(dbotopesuctopa u ero HarpesoM. Ha puc. 2 npeacrasnen Bun JIAX ¢gotopesucropa.
LA

A

L,k

Puc. 2. Bun nmokcaMiepHoi XxapaKTepUCTHKH MOTYITPOBOIHUKOBOTO (hOTOpE3ucTOpa
Henuneitnocts JIAX 00ycnoBieHa 1ByMs IpUYMHAMMU:

1) npu yBenM4eHUU H30BITOUHON KOHIEHTPALMU HEPAaBHOBECHBIX HOCHUTEJEH
3apsA/la YMEHBIIAETCS WX BpeMs JKU3HHU (BCJIEICTBHE WM3MEHEHHUS MOJIOXKEHUS

KBa3nypoBHs Depmu);
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2) mpu yBETUYEHUH HU30BITOUHOM KOHIEHTPALIMM HEPAaBHOBECHBIX HOCUTENEH
3apsiia YMEHBIIAETCSA UX MOABUKHOCTD.

Ha puc. 3 npencrapiieH BUJl CTIEKTPATILHON XapaKTEPUCTHKHU.
ILA

A

»

A, MKM
Puc. 3. Buj ciekTpanbHON XapaKTePUCTUKH MOIYIPOBOAHUKOBOTO (hOTOpE3ncTopa

[Tpu GonpIMX JUIMHAX BOJH A (MaJIBIX YacToTax V, T.€. MPH MaJbIX YHEPTUSIX
KBAHTOB) X YHEPIUM OKA3bIBAECTCSI HEJIOCTATOYHO JJIsl TEHEpaliu HOCUTENEH 3apsiaa
(mepeBojia AIEKTPOHA Yepe3 3alpelieHHYI0 30HY MPU COOCTBEHHOM IOTJIOMICHUH W
JUTSI MOHHM3AIIMK aToMa MPUMECH MPU MPUMECHOM IOTJIONeHHH ). [Ipn yMeHbIeHIH
JUIMHBI BOJIHBI (MIOBBIIIEHUH JHEPrUU (OTOHA) MPOIECC TEHEpAIMh CTAHOBUTCS
Oonee WHTEHCHBHBIM. [lpu manmpHEHINIEM YMEHBIICHWH BOJIHBI, YMEHBIIACTCS
KO3 dULMEHT TorjomeHus (., B pe3ysJbTaTe WHTCHCHBHAS TEHEpalus HOCHUTEJICH
3apsiia MPOUCXOAUT TOJIBKO B MPUIOBEPXHOCTHBIX CIIOSAX MOJYNpOoBOAHMKA. OJIHAKO
B JOTHUX CJOSX 0o0Jiee MHTCHCHMBEH M IPOIECC PEKOMOMHAIMM 3a CyYeT Je(EeKTOB
KpUcTauinuecko pemietku. Ilosromy Oosblias 4yacTh HOCUTENEH BBIOBIBAE€T U3
mporiecca TepeHoca 3apsga  (PeKOMOMHHUPYIOT). OTO MPUBOIUT K  CHATy
CIIEKTPAILHOM XapaKTEPUCTUKH B 00JIACTSIX MAJIBIX JIJIMH BOJIH.

Ha puc. 4 npencrasieH BUJI IEpEeX0IHOTO MpolLecca.

LA
A

100%

63%

tn tc
Puc. 4. Bun nepexoaHoro mporiecca noaynpoBOIHUKOBOTO POTOPE3UCTOpA:
t,;— MOCTOSHHAs BpeMEHHU (HOTOpE3UCTOpa
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[TocTostHHAst CHJIBHO 3aBUCHUT OT WHTEHCHUBHOCTH TMpoOIlecca PEeKOMOWHAIMH
HOCHTEIIeH 3apsia, KoTopas 00yclIOBIEHA TEMIIEpaTypol, BIaXKHOCThIO, HaYaIbHOU
OCBEIICHHOCThIO W T.n. [l03TOMy TIOCTOAHHYIO BpPEMEHH U3MEPAIOT IIPHU
OTPENICIICHHBIX YCIOBUSX, HampuMmep, temmneparypa 20°C, ocemeHHOCTh 200 JIK,
comnpoTuBIIeHUE Harpy3kn 1kOwm, mimHa BOJHBI ocBemieHusa 0,5 mkm. IlocrosHHas
BPEMEHU MPU HapacTaHUU (POTOTOKA OTIMYAETCS OT MOCTOSIHHOW BPEMEHH IPH €ro
CIIaJie, B COOTBETCTBHUH C ITUM PA3JIUYAIOT ABE MOCTOSIHHBIE BPEMEHU.

Onucanue J1adopaTOPHOH YCTAHOBKH
B  kauectBe  (POTOpPE3UCTOPOB  HCHONB3YIOTCA  CEPHUCTO-KaJIMHEBBIC
(bOTOPE3UCTOPHI OTEUECTBEHHOTO Mpon3BoAcTBa CD2-2 (B MIaCTMacCOBOM KOPITyCE)
n CD2-16 (B METAIULIMIECKOM KOPITYyCe).

OcHOBHBIEC XapaKTEPUCTUKHU (POTOPE3UCTOPOB MPEJICTABICHBI B Ta0I. 1.

Tab6n. 1. OcHOBHBIC XapaKTEPUCTUKU (POTOPE3UCTOPOB

doTtope3nucrop
XapakTepucTuKa
CP2-2 Co2-16
HomunaneHoe HanpsokeHue nutanus, B 2 10
MakcumanbHO€E HalpsyKEHHUE NUTaHus, B 5) 10
MakcumanbHasi paccemBaeMasi MOIITHOCTh, MBT 50 10
TemuoBoe conpoTuBiieHre, MOM 1 3,3
TeMHOBOH TOK ITPH HOMUHAIBHOM HaNPSHKCHUN TTUTAHUS, MKA 2 3
JliHa BOJIHBI MAKCUMYMAa CIIEKTPAIIBHOM XapaKTEPUCTUKU, MKM 0,63 0,54
[TocTosiHHAs BpeMeHH HapacTaHus (POTOTOKA, MC 50 50
[TocTosiHHAs BpeMeHH cniazia POTOTOKA, MC 100 50
Pabounii uHTEpBaN TEMIIEpaTyp OKpyXxaroei cpeasl, °C -40...+50 | -60...+70

Ha puc. 5 mnpeacraBieH BHEMIHWA BuJ J1a0OpaTOPHOM YCTAaHOBKH IS
m3yueHuss poropesuctuBHOro dddexkra Ha OpUMEpe  MOTYIPOBOJIHHUKOBBIX
(hoTOpPE3UCTOPOB.

Jlns mpoBeneHust 1abopaToOpHOM pabOThI UCMOIB3YIOTCS 7 CBETOMUIBTPOB:
(h1ONETOBBIN, CHHUH, TOJTyOOM, 3€JICHBIH, )KEeNThIN, OPAHKEBBIA U KPACHBIN.

Kaxnapiii cBeTOQWIBTp MPOIYCKAET TOJBKO OIPESICHHYIO JJIMHY BOJIHBI
ceeta: ¢uoneroBbiii — (0,4-0,45) mxwm; cunnii — (0,45-0,48) mxm, romyooi — (0,48-
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0,5) mxm; 3enensiit — (0,5-0,56)mxMm, sxenteii — (0,56-0,59) mxm, opamxessiii — (0,59-
0,62) mxm, kpacubiit — (0,62-0,76) MKM.

Hcnons3yemsplii B J1TabopaTOpHOM padOTe JIOKCMETP HMEET CIEKTPAIbHYIO
qyYBCTBUTEIBHOCTh, T.€. 3aBHCHMOCThH TOKa3aHWH OT JJIMHBI BOJHBI IQIAFOIIETO
cBeta. [loaToMy mpH M3MEpEeHUsIX B €ro MoKa3aHUs HEOOXOIUMO BHOCHUTH IOMPABKU
B COOTBETCTBUU C (POPMYIIOM:

L = kL (3)

Rl

rae L — neiictBurensHas ocemenHocTh GoTopesuctopa, L — noxazanus

JFOKCMETpa, K— monpaBouHblil K03((GUIIMEHT, COOTBETCTBYIONIUH CIICKTPATLHON
qyBCTBUTEIBHOCTH JIFOKCMETPA.

1
/

FPFFFRFFERNINEF

Puc. 5. Buemnuii Bug 1abopatopHOil YCTaHOBKH:

1 — u3nyuarens; 2 — AIMEKTPOHHBIN ocuIorpad; 3 — M3MEPUTENTH OCBEIIEHHOCTH (JTIOKCMETP); 4 —
CBETO(UIIBTPHI; 5 — BOJIBTMETP; 6 — amriepMeTp; 7 — 1abopaTopHbIi 00K MUTaHUs; § — pabouas
iomaaka ¢ poropesucropamu CO2-2 u CD2-16; 9 — 00bEKTHB ¢ MOAYIIATOPOM OCBEIICHHOCTH

(mmadparmoii); 10 — MoayssaTOp CriekTpa (TUTOIIAIKa I Pa3MEIICHUS CBETOPUITBTPOB)
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3Ha4YeHUs MOMPABOYHOTO KO3 dUIMEeHTa TPUBEICHBI B Ta0. 2.

Tabn. 2. 3naueHus MOMPaBOYHOTO KOAPPUIIMEHTA TOKa3aHUI JTIOKCMETpa

Lser JlnvHa BOJHEL | 3HaYeHHE IMOMPAaBOYHOTO
CBETa, MKM ko3 dumuenTa k
®DuUoIIETOBBIN (0,40-0,45) (5,0-2,2)

Cununii (0,45-0,48) (2,2-1,43)
Cony0oii (0,48-0,50) (1,43-1,25)
3erneHslil (0,50-0,56) (1,25-1,0)
Kenteii (0,56-0,59) 1,0

OpaH:KeBbIit (0,59-0,62) (1,0-1,25)
KpacHbrii (0,62-0,76) (1,25-20,0)

JUist u3y4deHust MepexoJHbIX MPOLIECCOB HapacTaHuUs U cnaaa oToToKa
HCIIOJIb3YETCSI 3JIEKTPOHHBIN ociuuiorpad.

IHopsiaok BbINOIHEHHS JIA00OPATOPHOH PadOTHI
1. O3HaKOMUTBCS C TEOPETUYECKOM YacThi0 pabOThl M  ONHUCAHUEM
1a00paTOPHOIN YCTAHOBKH.

2. [IpuBecTu 1a00OpaTOPHYIO YCTAHOBKY B pabodee COCTOSIHUE U MPOBEPUTH €€
(YHKIIMOHUPOBAHUE: BO3MOYKHOCTh U3MEHEHHS OCBEIICHHOCTH padoueii IIOMIAIKH,
BO3MOXXHOCTh ~ M3MEHEHMS  CIIEKTpa  OCBEHIEHHOCTH  pabodeil  IJIOIIaJIKH|,
PaboTOCIIOCOOHOCTD JIFOKCMETpa, pabOTOCIIOCOOHOCTh OJIOKa MHUTAHUS, aMIepMeTpa
¥ BOJIBTMETPA.

3. C moMomipl0 ONTHUYECKOW CHUCTEMbl OOBEKTHBA U MATOBOTO (UIBTPA
TOOUTHCS MaKCHMAaJbHOTO PaBHOMEPHOTO OCBEIICHUS padodyell TUIOMAIKA ¢
(dhoTope3rucTopaMu.

H3yuenue gonomamnepHou xapakmepucmuxu gomopesucmopa.

4. BxiounTh u3Nydarenhb JIa0OpaTOpHOUW yCTaHOBKHU. Mcmonb3ys MOIymsiTOp
OCBEILEHHOCTU U JIIOKCMETP M00UThCA ocBelleHHOCTH paBHOU 4001k, C MOMOIIBIO
MYJIBTUMETPAa M3MEPUTh AKTHBHOE JJICKTPUUYECKOE COMPOTHBIICHUE (POTOPE3UCTOpA

Ry MpH 1aHHON OCBEMEHHOCTH. BBIKIIIOYUTH U3ITy4aTeb.
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5. B coOTBETCTBUU C pUCYHKOM 6 COOpaTh JIEKTPUUYECKYIO CXEMY.

L W

Puc. 6. DnexTpuueckas cxema Juisi U3MEPEHUs

BOJIbTAMIIEPHON XapaKTEPUCTUKHU (POTOPE3UCTOPA

Buumanmue! I[JBI IMOJIYUYCHUA JOCTOBCPHBIX HAHHBIX BXOAHOC COIIPOTHBIICHUC

BOJILTMETPA JIOJKHO OBbITH MHOTO GoJiblie Ry™ .

6. BxirouuTe wu3nydarenb J1a0OpaTOpPHOM YCTaHOBKH. M3MEHsS BBIXOAHOE
HanpspkeHue Ha Os1oke nuTtanus (s potopesuctopa CO2-2 ¢ auckperHocTsio 0,5B
st poropesuctopa CD2-16 ¢ auckperHocthio 1B), mo mikamam ammepmerpa u
BOJIbTMETpa MPOU3BOAUTH U3MEPEHUs NaJCHUs HampspKeHUs Ha (oTope3ucrope u
BEJIMYMHBI TOKa 4epe3 Hero. [lociae wW3MepeHWil BBIKIIOYUTH H3Iy4aTellb
71a00paTOpPHOM YCTaHOBKHU.

Buumanue! MakcumansHoe najeHue HanpsbkeHus Ha goropesuctope CD2-2
HE JIOJDKHO TpeBbIMAaTh BenuuuHbl 15 B, a Ha dotopesucrope CD2-16 BenUUUHBI
30B. OcBetieHHOCTH (HOTOPE3UCTOPA TPU UBZMEPECHUSX TOKHA OBITH TOCTOSTHHOM.

7. I1o pe3yapTaTam W3MEpPEHHI 3aI0IHUTD Ta0. 3.

Tabu. 3. Pe3ynbTaThl U3MepeHus: BOIbTAMIIEPHOU XapaKTEPUCTUKU

[Tanenue HanpspkeHust Ha poropesucrope, B

Tox uepes poropesuctop, MA

8. 1o pe3ynpTraramM M3MEpPEHHI MOCTPOUTH BOJIBTAMIIEPHYIO XapaKTEPUCTHUKY
dhoTopesncropa.

U3yuenue noxcamnepHot xapaxmepucmuku gpomopezucmopa.

9. B cooTBeTcTBUU C pHC. 7 cCOOpaTh JIEKTPUUYECKYIO CXEMY.
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I

Puc. 7. DnexTpuueckas cxema Jisi U3y4eHHs JIFOKCAMIIEPHOM
U CIEKTPAJILHOM XapaKTepUCTHK (HOTOPE3UCTOpa

Buumanue! J[ns momydeHus JOCTOBEPHBIX JaHHBIX MPH  HM3MEPEHHUU
JIOKCAMIIEPHOU XapaKTEPUCTUKU HEOOXOIMMO, YTO Obl OCBELIEHUE (POTOpPE3UCTOpa
OPOUCXOAMWIO TOJIBKO OT U3IyyaTenss Ja00opaTOpHON yCTaHOBKH, IO3TOMY
HEO00X0JMMO MaKCUMAaJIbHO YMEHBIIUTH OCBEIIEHHOCTh OT APYTUX UCTOYHHUKOB CBETA
(CBETUJILHUKOB, OKOH H T.II.).

10. B coorBerctBUM ¢ Tabnuued 1 ycraHOoBUTH Ha OJIOKE MUTaHUA
HOMMHAJILHOE HalpsDKEHUE NUTaHus (poTopesucropa.

11. BxirouuTh OJIOK TUTAHUS U OCBETUTENb JIaOOPATOPHOW YCTAHOBKH.
[11aBHO M3MEHSISI C MOMOIIBIO quadparmbl 00bEKTHBA OCBEIICHHOCTh (POTOPE3UCTOPA
OT MHUHHMMAJBbHOW JI0 MAaKCHMaJlbHO JOCTHMKMMOM, MO IIKajaM JIIOKCMETpa |
aMIiepMeTpa MPOU3BOUTh U3MEPEHHS OCBEIICHHOCTH (POTOPE3UCTOpa U TOKA uepes
Hero. J[nsi mocTpoeHusi XapaKTepUCTHKHA HEoO0XoauMo He MeHee 10 u3MepeHwuil.
[locne wu3MepeHuil BBIKIIOYUTH OJOK MUTAHUS U U3Iy4aTesb J1abopaTOpHOM
YCTaHOBKH.

12. ITo pe3ynbpTaTaM U3MEpEeHUM 3aMOTHUTE Ta01. 4.

Tabm. 4. Pe3ynpTaThl U3MepeHUs JTOKCAMIIEPHON XapaKTEPUCTUKU

OcCBelIeHHOCTh (POTOPE3UCTOPA, JIK

Tox uepes poropesuctop, MA

13. Tlo pe3ynpTaTaM U3MEPEHHUI MOCTPOUTH JTFOKCAMIIEPHYIO XapaKTEPUCTUKY
dboTopesucropa.
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U3zyuenue cnekmpanbHoU Xapaxmepucmuku gpomopeucmopa

DnekTpuyeckas cxema g M3MEPEHUs CHEKTPAIbHOW XapaKTepUCTUKH
(dboTope3ucTopa UMEET BUJ, MPEJCTABICHHBIN Ha puUC. 7.

14. B coorBerctBUM ¢ Tabnuuedl 1 ycraHOBUTh Ha OJIOKE NUTaHUA
HOMMHAJIbHOE HaIPsUKEHUE MUTAHUA (DOTOpPE3UCTOpA.

15. Bxitouuth OJIOK NMUTaHHUS U OCBETUTENh Ja0OpaTopHOM ycTaHOBKU. C
UCTIONB30BaHUEM nuadparMbl JOOUTHCS MaKCHMAalbHO BO3MOXKHOH OCBEIICHHOCTH
dboTopesucropa.

16. C ucnosnb3oBaHueM CBETOGUIBTPOB U3MEHSATH JJIMHY BOJHBI OCBEIICHUSA
dboTope3ncTopa M MO IIKajle amMIliepMeTpa MPOU3BOAUThL W3MEPEHUS TOKAa dYepe3
dboropesuctop. [Ipu 3ToM HE0OX0IMMO, YTO OBl OCBEIIEHHOCTH (poTOpe3ucTOpa OblIa
noctosiHHOM. [locnenHsisi KOHTpOJUpPYETCS MO IIKajle JIIOKCMETpa, a H3MEHSETCS
nuadparMoii 00beKTHUBA TaO0OPAaTOPHON yCTaHOBKU. [Ipn n3MepeHusax OCBEIIEHHOCTU
HEOOXOJIUMO  YYUTHIBATh CIEKTPAIbHYI0 UYYBCTBUTEIBHOCTH JIIOKCMETpa, U
OTpEENATh OCBEIIEHHOCTh MO ¢opmyie (3) ¢ HCHOIB30BAHHEM IOMPABOYHBIX
ko3 dunreHToB u3 Tabmuipl 2. Ilocie mM3MepeHuil BBHIKIIOYUTH OJIOK MUTAHUS U
U3IIydarTesnb 1abopaTOpHON YCTaHOBKH.

17. I1o pe3ynbTaTaM U3MEpPEHUM 3aMOTHUTE Ta0I. .

Tabun. 5. Pe3ynbrarhl n3MepeHus CIeKTPaTbHON XapaKTepUCTUKU

JInHa BOJHBI Tox uepes
CBETa, MKM dboTopesuctop, MA

(0,40-0,45)
(0,45-0,48)
(0,48-0,50)
(0,50-0,56)
(0,56-0,59)
(0,59-0,62)
(0,62-0,76)

18. IIo pe3ynapTaraM U3MEPEHHN MOCTPOUTH CHEKTPAJIBHYIO XAPAKTEPUCTUKY
dboTopesucropa.
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Hszmepenue nocmosanHoti pemenu pomopesucmopa.

19. B cooTBETCTBUM C PUCYHKOM 8 COOPATH IIEKTPUIECKYIO CXEMY.

UBbIX

Lo ]

| S

|
~

Puc. 8. DnexTpuueckas cxema JyUIsi U3MEPEHUs TIOCTOSIHHON BpeMeHH (poTope3ncropa

20. B coorBerctBMM ¢ Tabmumeidl | ycTaHOBUTH Ha OJIOKE MHTaHUS
HOMMHAJIbHOE€  HamnpsbkeHue nurtaHus  Qoropesucropa. C  UCHOIb30BaHUEM
UIEKTPOHHOIO  ociuuiorpadga MOMy4uTh TIpadUKH MEPEXOJHOro  Ipolecca

HapaCTaHusg H Cllaaa U 8bLX * HepBBIﬁ [IOJIy4acTCsa IIpU BKIIOYCHHHN OCBCTHUTCILA

1abopaTOpHON YCTAaHOBKM, BTOPOM TMpH BhIKIIOYeHHH. [lo 1kame mrokcMeTrpa
HEOOXOAMMO W3MEPHUTh OCBEIICHHOCTh (POTOPE3UCTOpA, MPH BKIIOYCHHOM H
BBIKJIFOUEHHOM ocBeTutene. [locne wu3MepeHud BBIKIIOYWTH OJIOK TMHTAHHUS M
ocriuiorpad.

21. Tlo rpadgukam mepexoJHOrO Mporecca B COOTBETCTBUU C PUCYHKOM 4
ONPENIECNIUTh MOCTOSSHHYIO BPEMEHU HapacTaHus (DOTOTOKA U TMOCTOSIHHYHO BPEMEHU
criaga (hoToTOoKA.

22. 1o pe3ynbTaTaM BBITIOJHEHUS JIA0OPAaTOPHOW PadOTHI CACNATh BHIBOABI U
0(pOPMUTE.

Conep:xanue oTyera
Otuert 1o 1abopaTopHO pabOTe AOTKEH COACPIKATh:
1. Ha3zpanue u 1ienb 1a00paTopHOit pabOTHI.
2. OCHOBHBIC CBEJCHUS W3 TECOPETUYCCKONW YacCTH B TOM KOJIMYECTBE, YTO
HEOOXOMMBI JUTsI 3aIUTHI Ja00paTOPHOU pabOoTHI.
3. Cxema 1abopaTOpHOM YCTAaHOBKH.

4. Pe3ynbTarhl BBINOJHEHUS JaOOpPaTOPHOM paboTHI: TaOMUIBI, TpaduKH,
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M3MEPEHHBIC U BEIYMCIICHHBIE TapaMeTpbl hoTopesncTopa.
5. BeIBo1bI 110 TipOi€TIaHHON padoTe.

KouTtposibHbIe BONPOCHI

1. TosicauTe huznyeckue 0CHOBBI (OTOPE3UCTUBHOTO A (PeKTa.

2. llosicHuTE BOJIBTAMIIEPHYIO XapaKTEPUCTUKY (OTOpPE3UCTOPA.

3. [losicHuTE MFOKCAMITEPHYIO XapaKTePUCTHKY (HOTOpE3nucTOpa.

4. TlosicHUTE CTIEKTPATBLHYIO XapaKTEPUCTUKY (POTOpe3ucTopa.

5. IlosicHUTe IPUYNHBI HATWYUS TIOCTOSTHHOW BpeMeHH (poTopesncropa

6. OmumuTe W TOSCHUTE MPUHIUN (DYHKIIMOHUPOBAHUSA JAaOOpPATOPHOMN
YCTaHOBKH.

bubanorpadguyeckuii cnucox

1. Kozenkun B.B., VYcombueB WN.®. OcHoBbl HH(QpaKpacHOW TEXHHUKHU:
Y4eOHUK 11 TEeXHUKYMOB. — 3-€ U31., mepepad. u jom. — M.: MammHocTpoeHue,
1985. — 264c.

2. ITaceiakoB B.B., Yupkun JI.K. [lomynpoBogHUKOBBIE TTPUOOPHL: YUEOHUK
JUISL BY30B. — 9-€ u3/l., ucnpasiennoe. — CII10.: M3a-Bo «Jlanby, 2001. — 480c.

3. TexHuueckoe  ONHCAaHWE W  HMHCTPYKUHMS 1O  BKCIUTyaTaluu
MHOTO(YHKIITMOHAIBHOM TJIaThl aHAJIOTOBOTO U LIU(POBOTO BBOAA/BbIBOAA JIA-70M4.
— M: 3AO «Pynues-Ilunsgeny, 1998. — 57c.

4. PykoBO/CTBO MO dKCIUTyaTauu K mudpoBomy mokcmerpy LX1010B.

28



JIABOPATOPHAS PABOTA Ne4
H3ydyenne npuHIUIA 1eiicCTBUA Pe3UCTHBHOIO Npeodpa3oBareJisi
Ha IpUMepe MeTAJUINYeCKOr0 TepMOpe3ucTopa

Llenv  nabopamopuoti  pabomer —  HU3y4eHUE  (PUBMUECKUX  OCHOB
METATTUYECKOT0 TEPMOPE3UCTOPA U OTPEICIICHNE €T0 OCHOBHBIX XapaKTEPUCTHUK.

KpaTkue Teopernueckue cBeAeHUs
Tepmopesuctop — PpE3UCTUBHBIA MpeoOpa3zoBaTelb, HU3MEHSIOUUNA CBOE
ANEKTPUYECKOE AaKTHUBHOE CONPOTHUBICHHE B 3aBUCUMOCTH OT TEMIEPATyphbl
OKPY’KAIOLIEH CPELBI.
PaccMoTpuM TEpMOPE3NUCTOP ¢ METATUNIMYECKUM YYyBCTBUTEIBHBIM 3JIEMEHTOM.
Kak wu3BecTHO u3 Kypca (U3MKM AaKTHUBHOE JJIEKTPUYECKOE CONPOTUBJICHHE

L
METAJTUIECKOTO CTEPKHA paBHO: R = p - S [OM], roe p — yaenpHOE COIPOTUBIICHUE

MeTalljla, U3 KOTOPOTO M3TOTOBIICH cTepkeHb [Om/M], L — niuHa crepxkHs [M], S —
IIOIIAb TIONIEPEYHOTO CEYEHHUS CTEPKHS [M2].

B cooTBercTBUM C JaHHBIM BBIPAKEHHUEM BHJIHO, YTO W3MEHUTh AKTUBHOE
AIEKTPUIECKOE COMMPOTHUBIICHUE MOXKHO JIBYMS My TSAMHU:

- uaMeHeHneM L w/vim S (otHomenue L/S), T.e. nehopMupys crepixeHb;

- U3MEHEHUEM YICIbHOTO COMIPOTUBJICHUS p.

[To mepBOoMy NPHHIMIY CTPOSITCS TEH30PE3UCTOPHI, T.€. MpPeoOpazoBaTesn
nedopManu, a Mo BTOPOMY — TepMOpe3ucTopbl. Duzmyeckass OCHOBa pPabOTHI
TEPMOPE3UCTOPAa B 3aBUCUMOCTH YJIETLHOTO COMPOTHBICHUS METAUIOB P OT
temnepaTypbl. @usznueckas OCHOBA pabOThl TEPMOPE3UCTOpA 3aKIIOUaeTCs B
M3MEHEHUU YJIEJILHOTO COMPOTHUBJICHUS METAIOB p OT Temmeparypbl. B mepBom
MPUOJIMKEHNN JTaHHAS 3aBUCUMOCTh MOXET OBITh MPEJCTaBICHA B BUAC JTHHCHHOTO

3aKOHA o = Py, - (1+a - (T -20)),r1e Py — YAETbHOE CONPOTHBIEHHE MaTepHaia

TEPMOPE3UCTOpa NpHU Temreparype okpyxaromen cpensl 20°C, p; — yxaeinbpHOE

COINPOTHUBIICHUE MaTepualia MpH U3MEpseMon Temneparype, T — wuzMepsemas
Temmeparypa, O — TeMmepaTypHblii kodd¢uuuent comporusiaenus [K71] —
CIIPaBOYHBIN KOY(P(UIMEHT, MNpucylnuid BceM MeTauiaM. [[ns OosbIIMHCTBA

meramwios o = (0,0001...0,01)K™, T.e. mpu u3MeHeHHH TeMIiepaTypbl Ha 1° yaenpHoe
conpotuiieHue Mmensetcs Ha (0,01...1)%.

TepMOpe3ucTOpbl 4acTO NMPHUMEHSIIOTCS B CUCTEMAX H3MEPEHUSI U KOHTPOJIS

temriepatypbl. KoadduimeHT nepenaun paBeH OTHOIIEHUIO BHIXOHOTO CUTHANIA «Y»
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K BXoJHOMY «x» (puc. 1). Onpenenenue kodpdunreHTa nepeaaun TepMOpe3UCTopa
HEO0OXOAMMO JIsl TIEpecUeTa €ro BBIXOJHOTO CUTHANIA ((haKTUUECKU AICKTPUIECKOTO
COTPOTUBIICHUSI) B Temmeparypy (u3mepsemyto, Hampumep B °C). JlaHHBIN
K02 PUITMEHT UCTIONB3YETCS B CUCTeMax 00paOOTKHM CUTHAJIA TEPMOPE3UCTOPA.

TepmopesncTop
Y  AxiusHoe
—p  KodadhpuuneHT nepepaun |——jge INEKTPUHECKOE
K=y/x CONpPOTVBNEHNE

Prtttresd

TemnepaTypa okpyxatoLwen cpeabl

Puc.1. K nosicnenuto noHstust Ko3ppuirenTa nepeauu TepMope3sucTopa

Pemenne 3amaum onpeneseHus ITMHAMHYECKUX XapaKTEPUCTHK PAa3IMYHBIX
AJIEMEHTOB 0 3KCIEPUMEHTANBHBIM JaHHBIM MOXHO HAaWTH B CHEMAIU3UPOBAHHON
JUTEPATYpPE, TOCBAIICHHOW TEOPUM aBTOMATHYECKOTO YIPABICHHUA (TEOPHUH
ABTOMATUYECKOTO pEeryaupoBaHus). B gaHHOW Teopuu mpeiararoTcs CIeayroliue
METOJBI: METOJl YACTOTHBIX XAaPAaKTEPUCTHUK, METOJ HWMITYJIbCHBIX I€PEXOIHBIX
(yHKLHIA, METO/I pErPECCUBHOTO aHanu3a U Jp. bonee noapoOHO paccMOTpeHO B [2].

Huxe paccmarpuBaercss MeETOH, SBISIOIIMMCS YOPOIICHHOW BapUalUen
METO/Ia UMITYJbCHBIX MEPEXOIHBIX (DYHKIIUN U UCTIONB3YIOIINHN rpaduuecKkuii crnocoo
OIPEAEIICHUS TOCTOSHHON BPEMEHMU.

Hcnons3ys npocteilimii rpaguueckuii Metoy (puc. 2) MOCTOSHHAS BPEMEHH
ONPENENAETCS, KaK IPOMEKYTOK BPEMEHH MEKly HA4aJIOM IIEPEXOJHOr0 Ipouecca u
MOMEHTOM, KOIJa BBIXOJHAs BEJIMYMHA JOCTUraer 3HaueHus 63% ot

YCTAaHOBHUBIICTOCA B KOHIIC IICPCXOAHOIO IIpOoIcCCa 3HAYCHUA.
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| ] | | | I ]

nepexoHbIn

npouecc
) M -100% -
63% \L
i |
\ NOCTOSIHHES

BpemeHu (T)

Puc. 2. Bug nepexoaHoro npoiiecca
1 rpaduveckuii crocod onpeaeacHus: IOCTOSHHOW BpEMEHU

Onucanne J1a00PATOPHOH YCTAHOBKHU
OCHOBHBIE 2JIEMEHTHI JJA0OPATOPHOU YCTAHOBKH MTOKA3aHbI HA PHC.3.
B cocraB naGopaTopHOI yCTaHOBKM BXOJAT: JAOOpPATOPHBIA OJOK MUTaHUS
HY3003D-2, usmeputens temmnepatypsl TPM 200 unTepdeiic cBsA3U, MyITbTHUMETD,
HarpeBaTeb.

Enok numaxus

Mynemumemp
+ L - + L -
000 000 []
- (N

Q00

Haezpes.
TPM 200 anemeHm t_¢

Puc. 3. Cxema nabopaTopHOil yCTaHOBKH

OcHOBHBIE XapaKTEPUCTUKU ITOM CHCTEMbI IPUBEJCHBI B TAOJHIIE.
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Tab6n. 1. XapakTepuCTUKH J1a0OpaTOPHON yCTaHOBKHU

[TapameTpsl 3HayeHue
Iumanue
Hanpsokenne nutanust 90...245 B
[TorpebisiemMast MOLIHOCTD 6 BA
Yacrora 47...63 1Ty
Bxoow
Bpewms onpoca narunka lc

Bxoanoe conpoTuBieHUe MpU MOAKIIOUYECHUN
HMCTOYHHMKA YHH(PUIIMPOBAHHOTO CUTHAJIA:

- ToKa (IIPY MOAKJIFOYCHUH BHEIITHETO 1000m £+ 0,1 %
MPEIU3UOHHOTO PE3UCTOPA)
- HaIpsiKEHUE , HE MEHEee 100 xOm
[Ipenen 0CHOBHOM 1ONyCTUMOM MPUBEICHHON

MOrpCIIHOCTHU IIPpU U3MCPCHUM:

- TEpMOIIPe0Opa3oBaTeIeM CONPOTUBICHUS 0,25%
- TepMOnIapoi 0,50%
- YHU(UIIUPOBAHHBIX CUTHAIOB TOKA M HAIIPSKCHUS 0,50%

[Tponomxenne Tadm. 1

Humepdpeiic ceazu

Tun uaTepdeiica RS-485

CxopocTh nepeayn JaHHBIX, KOUT/C 2,4:4,8:9,6; 14,4; 19,6; 28,8;
38,4; 57,6; 115,2

Tun kabens DKpaHUpOBaHHAs BUTas Mapa

Kopnyc

["abGapuTHble pa3mMepsl, MM 130x105x65

CreneHnsp 3a11UTHI KOpITyCca P44

B kauectBe mcciaegyemoro tepmopesncropa ucrnoiabzyercs npuodop aTC014-
50M.B3.20/0.5 npousBoacTtBa pupmsl «OBeH» (. Mocksa) (puc. 4).

Puc.4. Bueurnuii Bua trepmoconportusienus A1C014-50M.B3.20/0.5
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DKCIEPUMEHT MPOBOJIUTCS MO CIEIYIONICH CXeMe.

Hccnenyemblii  TepMOpPE3UCTOp MOMEIIAETCS B HarpeBaTelbHBIN MHpUOOp.
TemnepaTypy HarpeBaTelIbHOTO MPUOOPA PErYIUPYETCS C MOMOLIBIO JAOOPATOPHOTO
omoka nutanus HY3003D-2. Jlns u3MepeHHs] TeKylledl TemmepaTypsl BHYTpU
HarpeBaTEJIbHOTO 3JIEMEHTA MCIOJb3yeM JBYXKaHalbHbIM wu3Mmeputens TPM200.
CornacHO MacmOpPTHBIM JAHHBIM MOTPEIIHOCTh H3MEPEHUS TEeMIIepaTypbl JaHHON
cuctembl coctasisier MeHee +0,05°C. IlosTomy mokas3aHusi CUCTEMBI HEOOXOIUMO
okpyrisith 10 BenuuuHbl (,1°C. M3MepeHHe CONPOTUBIICHUS TEPMOPE3UCTOPA
Npou3BOAUTH ¢ nomolbio MyiabTuMerpa M890G. CornacHo macnopTHBIM JaHHBIM
MOTPEUIHOCTh M3MEpPEHUs1 conpoTHuBieHHs cocTaBiseT MeHee +0,05 Om. IlosTtomy
[OKa3aHUsl MyJbTUMETPA OKpYTauM 10 BenuuuHsl 0,1 Om.

Jlnsg  ompeneneHus: TOCTOSIHHOW BPEMEHH TEPMOpPE3UCTOpa HE0OXO0IUuMO
MOCTPOUTH €TI0 MEPEXOJHBIA TPOIECC, T.€. 3aBUCUMOCTh 10 BPEMEHU BBIXOJHOTO
CUTHaJIa (COMTPOTHRIICHHSI) TEPMOPE3UCTOPA TIPH CTYNIEHIATOM U3MEHEHHH BXOJIHOTO
CUTHaJIa (TeMIepaTyphl).

dukcUpoBaTh U3MEHEHHUE BO BPEMEHHU COMPOTUBIIEHUS HEYI00HO, MPOIIE
(UKCUPOBATH MaJICHNE HAIPSKEHUE HA 3TOM COMPOTUBIICHUU:

rie AU — najieHMe HanmpshKeHHs Ha CONpPOTHBIEHHMH TepMmopesuctopa R., | — Tok

yepe3 TePMOPE3UCTOP.

IHopsigok BbINOJIHEHHS JIA00OPATOPHOM PAadOTHI

Ilocmpoenue cmamuueckoi XapakmepucmuKy mepmopesucmopa.

1. YcTaHOBUTE TEPMOPEZUCTOP B HATPEBATENBHBIN DJIEMEHT.

2. YCTaHOBUTH B HarpeBaTENIbHBIA 3JIEMEHT JAaTUYUMK TEMIIEPATypbl CUCTEMBI
TPM200.

3. K tepMope3ucTopy NOAKIHOYUTH MYJIBTUMETP. BKIIOUNTH MYJIbTUMETD B
PEXKUM U3MEPEHUST CONIPOTUBIICHUS.

4. Bxmountps cucreMy TPM200. BriounTh NHTaHWE HArpeBaTEIbHOIO
AJIEMEHTA.

5. Usmensss ¢ momompio OJ0OKa THUTAaHUS DJIEKTPUYECKYIO MOIIHOCTb,
MOJaBaeMyI0 K HarpeBaTresto (M3MEHssl TOK W/WIM HalpsDKEHUs), MOKHO HU3MEHATh
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TeMIlepaTypy HarpeBa HccleAyeMoro tepmopesucrtopa. s Kaxaod TemmepaTypsl

MOJXHO U3MCPHUTH €0 COIIPOTUBJICHHUC.

[To pe3ynpTaTaM UCIIBITAaHUI 3aMIOJHUTH Ta0M. 2.

Tabm. 2

3agaHHas TeMmneparypa
BHYTpH HarpeBares, °C

AKTHBHOE COIPOTHUBIICHUE
TepmopesucTopa, Om

[IprueM KOHTPOJIBHBIX TOUEK «TeMIIepaTypa — COMPOTUBIICHUEY JOIKHO OBITh

He MEHee 5.

6. Ilepenectn Tabmuiyy B ¢aitm Microsoft Excel. ®opmar siueek mgaHHBIX
HEO0OXOUMO CJeNIaTh YUCJIOBBIM, C OJIHUM 3HAKOM Mocie 3amiaroi. C MoMOIIbIo

CTaHAAPTHBIX (QYHKUUNA MOCTPOUM JuarpaMmy (TOYEUHYIO JAHAarpamMmy, Ha KOTOPOU

3HAYCHUS COEJMHEHBI OTpe3kaMu) (puc. 5).

darin  Mpaexa Bua  Becraska  dopmat  Cepekc daddble  Okno Cnpaska  Adobe PDF
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Puc. 5. Iloctpoenune nuarpammsel

B  pesyaprare = monydum

rpadux

3aBUCHUMOCTH

COIIPOTUBJICHUA

TEpPMOPE3UCTOPA OT TEMIIEPATYPhI OKpykatoiieit cpenbl. [Ipumep nokaszan Ha puc. 6.
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3aBuUCUMOCTb CONpOTUBNEHNA TepoMpesncTopa oT Temnepartypbl

ConpoTueneHune, OM

61,0

60,0 >

59,0 P

58,0

57,0

56,0 L4

55,0

54,0

20,0 250 30,0 35,0 40,0 450 50,0 55,0 Temnepartypa,
rpagyc C

Puc. 6. ITpumep 3KcriepuMeHTaIbHON 3aBUCUMOCTH
COIPOTUBJIEHUS TEPMOPE3UCTOPA OT TEMIIEPATYPbI
7. C ucnonb3oBanueM GyHKIUH «/[00aBUTH JIMHHUIO TPEHIa» U BO3MOKHOCTBIO
IIOKa3aTb HaA AHaIrpaMMC YPaBHCHHUC aHHpOKCI/IMI/Ip}IIOHIef;I (I)YHKHI/II/I MOXXHO
ABTOMAaTHYECKH IIOJIYYUTH AHAJIUTUYECKOE BBIPAXKECHUE, CBI3BIBAIOIICE ITOKa3aHUS
TCPMOPC3UCTOpPa C TCMHepaTypOﬁ, T.C. (I)aKTH‘{eCKI/I IMOJIYYUTb MATCMATHYCCKYIO
MOJIeb TepMope3ucTopa (puc. 7).

3aBucumocTb CoNpoTUBNEHNA TEPOMpE3NCTopa OT TeMmnepaTypbl

Conpotusnexue, OM I I
N R Y1 N I

ECNONOraTENSHEIE MHIN CETKN 0ch ¥ |

U)2
AR A A

X
I
)

61,0 v =01

\[@a
¢

60,0 ~
MamemamuyecKasi

modenb N
59,0 - C

-~ JluHusi mpeHda

58,0

57,0

56,0 T

55,0

54,0
20,0 25,0 30,0 35,0 40,0 45,0 50,0

55.0 TemnepaTypa,
rpagyc C

Puc. 7. JlobGaBnenue TMHUN TPEH]IA U TTOTy4YeHHEe KodddUIIMEeHTa TIepeadn TEPMOpPE3UCTopa
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B mnosiyueHHON Mozenu «y» — 3TO CONPOTUBJIECHHE (BBIXOJIHAs BEIMYMHA
TEPMOPE3UCTOPA), & «X» — 3TO TEMIEpATypa (BXOAHAS BEITUUHHA TEPMOPEIUCTOPA).

Takum o0pa3zoM, yJ1aa0Ch aBTOMAaTHYECKH MOJYUYUTh MOJIETh TEPMOPE3UCTOPA.
Tak Kak UCXOJIHbIC JJAHHBIC MOJTYUYEHBbI C MOrpemHocTsIMU Ha ypoBHE +(0,1...0,2)%,
TO U KO3 PUIIMEHTHl MOJIENH MOJy4eHbl ¢ morpemHoctbio +£0,2%. CnemoBarenbHO,
KOJTMYECTBO 3HAKOB IIOCJE 3aIiATON HEOOXOOWMO OTrpaHu4yuTh. B pesynbrare
noayynM: y =0,186- x +51.

Onpedenenue ko3gduyuenma nepedayvu mepmopesucmopa

1. Kak Obuto ckazaHo Beime KOIPGUIMEHT Tepenadyd 3TO OTHOIICHHE
BBIXO/IHOM BEIMYWHBI K BXOJHOM, T.€. TOJCIIMB B MOJIEH 00€¢ YacTH ypaBHEHHUS Ha
«X» MOJy4UM KO3 (DULIMEHT mepeaayu:

K =0186+51/x,

I'ac X — 3HAYCHHUC TCMIICPATYPhI Oprmammeﬁ CpCIbI.

OnpedeneHue NOCMOSHHOU 8peMeHU MEPMOPEIUCTOPA

1. Jlns mpoBeneHUs: SKCIEPUMEHTa HEOOXOIUMO cOoOpaTh 3IEKTPUUYECKYIO
CXeMy, IIPE/ICTaBJICHHYIO Ha puC. 8.

| %)

— AU
108 ~ T i
&

Puc. 8. Cxema 151 3anucH MepexoIHOro Mporecca TePMOPE3UCTopa

CornacHo macmopTHBIM JaHHBIM Ha Tepmopesuctop A1C014-50M.B3.20/0.5
MaKCUMAQJIbHBIM TOK 4YE€pe3 HEro He JOJDKEH IMpeBbIIaTh BelIWYMHbl 5 MA. B
MPOTUBHOM CJIy4ae SJIEKTPUUYECKAass MOIIHOCTh HAYHET BBIACIATHCA B BHUJIEC TEIIA,
TEPMOPE3UCTOP HAYHET HArpeBaThCs W €ro MoKa3aHus He OyIyT COOTBETCTBOBATH
TeMmIreparype okpyxaromied cpenbl. [loatomy B 1ienb OUTaHUST TEPMOPE3UCTOPA
HEO0OXOMMO BKJIIOYUTH OTPAHUYUTENBHOE COMPOTUBIICHUE, Harpumep, IxOm. Ecnu
HampspDkKeHWEe nuTaHus 3agath 10B, To depe3 TepMOpE3UCTOp MPOTEKAET TOK

ZU"Ale mA. C yd4eToM TOro, 4To COIJIaCHO PHUCYHKY 4 B JMara3oHe
9000 + y
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temneparyp ot 20°C no 60°C Yy =(50...65) Om. Takas BenWMYMHA TOKa BIIOJHE

JOMYyCTUMA.

HaI[CHI/IC HaIIPsSOKCHUA AU Ha COIIPOTHUBJICHUHN TCPMOPC3UCTOPA COCTABHUT

AU =1y :1,1(50...65) = (55...72) MB. Takyio BeIMYMHY TaJCHUs HaMpPsDKEHUS

BIIOJIHE MOYKHO U3MEPUTH C IOTPEUIHOCTHIO HE Xyxke 5%.

2. K Beixomy menu (puc. 5) MOIKIIOYUTE 3JIEKTPOHHBIA OCHHILIOrpad
PDS6062S. C ucnonb3oBaHHEM M3MEPUTENBHON (QYHKIMU ocumiuiorpada Bo BpeMs
DKCIIEPHUMEHTa OYyZeM OIpeNeNsiTh CpelHee 3HAueHHWe CHUrHaina Imend (QyHKIms
«Measurey), T.e. cpeHEe 3HAUCHHE TTaJICHUS HAIIPSHKEHUST Ha TEPMOPE3UCTOPE.

3. nsa oOecriedeHust CTyNIEHYaTOr0 U3MEHEHUs TEMIIEPATYPhI BOCIIONb3yEMCS
AJIEKTPOHArpeBaTesieM, OJIOKOM NUTaHUS U TEPMOMETPOM Ha 0a3e MyJIbTUMETpa
M890G.

4. Ha Bxox cxemsbl noaate Hanpsixenue 10 B.

5. C ucnoap30BaHueM IOYIIOB IIOAKIIIOUHUTHL BXOJ OCI_[I/IJ]J]OI’pa(l)a K BBIXOAY
CXEMBI.

6. IloMecuTp TEPMOPE3UCTOP M TEPMOMETP MYJIbTUMETpPAa B HarpeBaTelb.
[Tomate nuTaHue Ha HArpEBATENb.

7. Ilpu noctuxkenuun temreparypsl nopsaka 60°C CHU3WTh HAaNpsHKEHUE Ha,
IIOZIaBaeMoON Ha HarpeBaTenb 10 SB. Bepknate HE MeHee 15 MHHYT. DTO MO3BOIUT
o0ecnedynTh MOCTOSHCTBO TEMIEpaTypbl BHYTpU HarpeBaTels W CTaOWIM3ALUI0

MaJICHUS HANIPSDKEHUST HA TEPMOPEZUCTOPE.

8. BBIHYTH TEpMOpPE3UCTOpP M3 HarpemaTess, a MO JKpaHy ocHuwuiorpada
CIEAUTH 32 U3BMEHEHUEM BO BPEMEHH CPEAHEro 3HAYCHUEM MaJCHUsl HAINPSKEHUS Ha
TepMope3ucTope. B pe3ynbrare n3MepeHuit 3amoIHATh Ta0l. 3

Tabum. 3
ConpoTtusiieHrE
Cpennee 3HaueHUE TepMOpesHcTOpa
Bpewms, ¢ MaJICHUs] HAPSHKEHUS
Ha Tepmopesuctope AU, MB y:% , Om
0
15
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9. Ilepenectn Ttabmuity B daitn Microsoft Excel. dopmar syeek maHHBIX
HEOOXOAMMO cleiaTh YucioBbIM. C MOMOIIBIO CTaHAAPTHBIX (PYHKIHMHA TOCTPOUM
auarpaMmy (TOYSYHYIO JHUarpaMMy, Ha KOTOPOW 3HAYEHHUS COCIUHEHBI OTPE3KaMH).
B pesynbrate momyuum rpaduk MepexoJHOTO Mpolecca, HallpuMep Kak MOKa3aH Ha
puc. 9.

10. ITo rpaduky nepexogHoOro mpoiecca u 100aBICHHON JUHUU TpeHa (puc.
10) BugHO, 4TO TEPMOPE3UCTOP MOKHO OMHUCATH AMEPUOJAMUYECKUM 3BEHOM IEPBOIO
nopsiaka. [locrosanas BpeMenu paBHa 100 cexyHI.

nageHne HanpskeHus, mB

74,0 l\\
72,0 \\
70,0

68,0
66,0 ~<
64,0
It S P
62,0
60,0 .
0 50 100 150 200 250 Bpem4, C

Puc. 9. Bun nepexonHoro nporecca TepMOpe3ncTopa
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najieHne HanpskeHns, MB
74,0 \ il il
o -
72,0 \ s foa)
& s
™~ 0
70,0 \ e T
@ e
68,0 e
66,0 \‘
NMHUS TPeHAa — | B¢
64,0
_L"*F-——I-:l
62,0
60,0
) 50 100 150 200 250  Bpems, ¢
NOCTOSHHAsA BpPeMeHU

Puc. 10. Annpokcumaruisi IepexoaHOro MpoIecca TePMOPE3UCTOpa
Y OIPEIEIIEHUE €r0 OCTOSIHHON BPEMEHU

Copep:xanue oryera

OTuet no n1abopaTopHOil paboTe AOIKEH COAECPIKATh:

1. Ha3zpanue u 1ienp 1a00patopHOil pabOTHI.

2. OCHOBHBIE CBEIEHHUS W3 TEOPETHYECKON 4YacTh B TOM KOJMYECTBE, 4YTO
HE0OXOAMMBI JUIsl 3aUTHI 1a00paTOPHOU paboOTHI.

3. Onucanne OCHOBHBIX AJIEMEHTOB JJAOOPATOPHON YCTaHOBKH.

4. Pe3ynbTaTbl BBINOJHEHUS JaOOpPATOPHOM paboOTh: TaOIULBI, TpaduKH,
paccurMTaHHbIE TApPaMETPbl U XapaKTEPUCTUKU TEPMOPE3UCTOPA.

6. BeiBoIbI 110 TIpOJIETIaHHOM padoTe.

KoHTpoJsbHBIE BONIPOCHI
1. Tlosicuure ¢u3znyeckue OCHOBBI (DYHKIMOHMPOBAHUS METaUINYECKOTO

TEPMOPE3UCTOPA.
2. Tloscaure o00OnacTe TPUMEHEHUS, JIOCTOMHCTBA W  HEHAOCTATKH

METATHYECKUX TEPMOPE3UCTOPOB.
3. IlosicHUTE M OUIIUTE OCHOBHBIE XapAKTEPUCTUKU TEPMOPE3UCTOPA.
4. Tlosicaute METOJT onpeiesieHus Ko PUIMeHTa nepeaadu TepMOPE3UCTopa.
5. IlogcHuTe MeTOA ONpENEIICHUS TOCTOSIHHOW BPEMEHHU TEPMOPE3UCTOPA.
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6. OxapakTepusyiiTe NpUMEHSIEMYI0 B JIa0OpaTOpHOM paboTe CcucTemy
u3mepenus remmepatypst TPM 200.

bubauorpadguyecknii cnucox
1. Jlesmuna E.C., HoBuukuii A.B. Dnekrpuyeckue uamMepeHus: (Hu3n4ecKux
BennuuH: M3mepurenbHble TpeoOpazoBatenu. YdyeOHoe mocobue st By30B. — JL.:
Oneproaromusaart, 1983. — 320 c.
2. TommueeB 10.U., IpmmuaxkoB A.Il. 3agayHuK MO TEOpPUH aBTOMATHYECKOTO
peryinupoBanus. YueOHoe mocodue it By30B. — M.: MammHoctpoenue, 1977. — 592
C.

3. ®paiinen Ix. CoBpeMeHHble AaT4yuKu: crpaBoYHUK. — M.: TexHocdepa,
2005. - 592 c.

40



JIABOPATOPHAS PABOTA Ned
N3yyenue npuHOUINA AedCTBUA NOTEHIMOMETPHYECKOr0 Npeodpa3oBaTeis

Lenv  nabopamopnoii  pabomsi — W3y4eHHE NpPUHIMNA  JeHcTBuS,
KOHCTPYKTUBHBIX OCOOEHHOCTEN M OCHOBHBIX MOIPEUIHOCTEN OTEHIMOMETPUUECKHUX
npeoOpa3oBaTeseil YIJIOBbIX U JINHEWHBIX EPEMELIECHUH.

KpaTKI/Ie TCOPETHYECCKUE CBCACHUSA

[TorennmomeTpudeckuii mpeodpazoBareib (MIOTCHIIMOMETP) MpeaHa3HAuUCH IS
MOJIyYEHUS JIEKTPUIECKOTO CUTHAINA, (PYHKIIMOHATIBFHO 3aBUCSILETO OT MEePEMEIICHHUS
TOKOCBEMHOTO JJIEMEHTa (IBM)KKA C KOHTakTaMu). [loTeHIMOMETp NpeacTaBisieT
cO00M perymupyeMblii JenuTedb HalpsDKEHHs, BBIMOJTHEHHBII Ha OCHOBE
PE3UCTUBHOTO 3JIEMEHTAa. PE3UCTUBHBIM 53JIEMEHTOM MOTYT OBITh: IPOBOJIOKA,
HAMOTaHHAasl Ha Kapkac (MPOBOJOYHBIA MOTEHIIMOMETP), MJICHKA M3 BHICOKOOMHOTO
MeTajjia, HalbUIEHHas Ha TOJUIOKKY (IJICHOYHBIM MMOTEHLUOMETP), Trpadur
(rpaduTOBBII NOTEHLIUOMETD).

—1

! ’

$| 3 5§:
e

Y

| Al y

Puc. 1. 3J'IeKTpI/IquKa}I CXEMa NOAKIIIOYCHUS ITOTCHIUOMETPA

[Ipy COOTBETCTBYIOIIEM BKJIIOUEHUU OH MOXKET OBbITh HCIIOJb30BaH M Kak
MEPEMEHHOE CONMPOTHUBIICHUE. [Ipr 3TOM BBIXOIHOW BEIMYMHOM SABJISIETCS HE CaAMO
CONPOTUBJICHHE, a TIQJICHUE HANpsOKEHUST Ha HEM. OJIeKTpUYecKas cXxema
MOJKJIIOUCHUS TIOTECHIIMOMETpAa TOKa3aHa Ha puc. | BxoagHoe HampskeHue
UononBoutest kK ToukaM A u B morennmoMerpa, a BbIXoJHOE Ugyux CHUMAaETCS C
ToueKk A u C (CKONB3AIIUNA KOHTAKT).

Tekymiee comnportuBiieHHe Ry mNOTEeHIMOMETpa CBS3aHO C MEpPEMEIICHUEM

IBWKKa 1y 3aBUCUMOCTBIO



rie Ry uly — coorBercTBeHHO OOIIEe CONMpPOTHBICHHE M MONHAS padouas AIMHA

noreHuuomerpa. Toraa
U, =u,-=x. (1)

BaxHoli  XapakTe€pUCTHUKOM MOTEHUHOMETPA SBIKETCA  paspemarouian
CHOCOOHOCHD.

[TosicHuM 3TO mMOHATHE. B NPOBOJIOYHBIX MOTEHIHMOMETPaX pPAaBHOMEPHOE
nepeMenIeHne JIBIKKA MPUBOAUT K AUCKpeTHOMY m3menenuro U, . (puc. 2). 910
OOBSACHSETCSI TE€M, YTO JBHXKOK IOTEHUUOMETPA MEPEXOJUT C OJHOrO BHTKA HA
npyroii. BenmumHa ckaukoB HampsikeHus AU, xapakTepus3yromas pa3pellarollyro

CIIOCOOHOCTB, 0OPATHO MPOMOPLIMOHATIBHA YHCITYy BUTKOB 00MOTKM W @ AU = % :
U L/
)
)
/] <
/
/] :
/ .
{

Puc. 2. K nosicuenuto paspemaromieii CrtocOOHOCTH IMOTEHIIMOMETPa

JIsisi TIPOBOJIOYHOTO TIOTEHIIMOMETpA pas3peliaroias CIoCOOHOCTh CBsi3aHa C

6UMKOBOU NOPEUWIHOCbIOO,, OTpeaeisieMOoll Kak HauOoJblliee OTKIOHCHHE,
BBI3BAHHOE JIMCKPETHOCThIO m3MeHeHus U, . OT TeopeTHueckol XapaKTepUCTHUKH.

Benuuuna storo otkinonenus paBaa nojosuHe AU (puc. 2). ButkoBasi morpeniHocTsb
B MPOIIEHTAX MOXKET OBITh ONpe/IeeHa MO BEIPAXKEHUIO:

2W

Beipaxkenue (2) mody4eHO B MPEANOJOKEHHMH TOTO, YTO JIBHIKOK

5, = [ij 100% . 2)

OJHOBPCMCHHO KacCacTCiA TOJIBKO OAHOI'O BHTKA. Ha camom ACJIC, IIPH IICPEXonAc C
OJHOI'O BUTKA Ha leerﬁ IMPOUCXOJUT 3aMbIKAaHHUEC ABYX COCCIHUX BUTKOB.

DOTO TMPUBOAUT K TOSBICHUIO IPOMEKYTOUYHOIO CKayka HampsHKEHUs,
BEJIMYMHA KOTOPOTO 3aBUCHUT OT IMOJIOKEHUS JBUXKKA HAa MOTEHIIMOMETpe. B cepenrine
OOMOTKH BEJMYMHA MPOMEXYTOYHOTO CKaYKa OKa3bIBaeTCs paBHOW mojioBuHe AU a

3TO, B CBOIO O4epenp, (OpMajbHO MPUBOAUT K JABYKPATHOMY YMEHBILIECHUIO &, .
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Takum o00pa3oM, BUTKOBas MOTPEUIHOCTh, oOmnpeneneHHas 1o Gopmyne (2)
IpPECTaBIsIET COOON MaKCUMaJIbHOE 3HAY€HHE, U OHA JIMILIb YCIOBHO IPUHHUMAETCS
32 ITOCTOSIHHYIO BEJINYUHY.

JIJ1st IEHOYHBIX U TPaUTOBBIX MOTEHIIMOMETPOB pa3peliaromnas CliocCOOHOCTh
CBSI3aHA C 3€PHUCTOCTHIO HAMBUICHUS (MeTallla WK rpaduTa), U CyIIeCTBEHHO BBIIIE
10 CPABHEHMIO C IIPOBOJIOYHBIMH.

Oobuiee conpomuenenue mNOTeHUUOMETpAa Rop 3aBUCUT OT T€OMETPUYECKUX
pa3MepoB NOTEHLUMOMETpAa U MapaMeTpOB OOMOTKM WM HOKPBHITHS (YIEIbHOIO
ANEKTPUYECKOr0 COMPOTUBIIEHUSI PE3UCTUBHOIO MaTepHalia, pa3MepOB MOMEPEYHOrO
CEeYeHMsl Kapkaca M T. 1.). Bemnmumna Ry orpanmumBaeTcsi CHU3Y JTOMYCTHUMbBIM
HarpeBOM IIOTEHLIMOMETpAa — YEM MEHbIIE CONPOTHBIEHHWE, TEM BBIIIE IpPU
MOCTOSSHHOM HampsbkeHuW nutanus Uy mnpoTekaroumii dyepe3 Hero Tok (a y
IIPOBOJIOYHBIX TMOTEHIIMOMETPOB TAK)KE€ M TOYHOCTBKD — YEM MEHBIIE BUTKOB, TEM
OoJblIIE BHUTKOBAsl IOIPEIIHOCTh), @ CBEPXY — TEXHOJOTMYECKON CIO0KHOCTBIO
M3rOTOBJICHHS IPOBOAHUKA C MAJIBIMU pa3MepaMu MONEPEYHOTO CeYEHUs U OOJIbIIUM
CPOKOM CITy>KObI (TOHKHI MPOBOJHUK OBICTPEE N3HALINBACTCS).

Ha xapakrepucTHKy MOTEHIMOMETpAa OKa3blBa€T BIUSHUE BEJIMYMHA
conpomuenenus nacpy3kuR . JIns nmoreHnmomerpa BbipakeHue (1) crpaBemmBo

TOJBKO B Clydae OECKOHEYHO OOJBIIOro COMpOTHBICHWS Harpysku. Ilpm R, #oo
(puc. 3):

R
R 2
UBBIX: 1-a .UO’ rae k=250
1+a7k 0 0

OoOyCIIOBJIEHHass  HArpy3Koil, = paBHas  pPa3HOCTH

[MorpemwHocts 0,

JNEUCTBUTENBHOTO KO3 @UIIMEeHTa nepenayd MNOTEHUUOMETpa M Kod((UlMeHTa

nepenaun npu R, =oo:

az(l—a)

“kral-a) %% ®)

5H
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Ha puc. 3 moka3aHbl 3aBUCHMOCTH O, =f(a) IpH Pa3IMyYHbIX 3HAYEHHsAX K.

U3 pucyHKa BHIHO, 4TO 5, TeM GolbIie, 4eM MeHbie K.
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Puc. 3. K pacuery nmorpemHocTy NOTeHIMOMETPA,
00yCIJIOBIIEHHOM COIPOTUBJIEHUEM Harpy3KH

[lpy TpOEKTUPOBAHWMU BEIMYMHA COMPOTHBICHHUS HArpy3ku R, 00brdHO
ObiBaeT 3amanHoi. ClienoBaTeNbHoO, 11 yBEIUYeHHsT K HeoOXoauMo BLIOMpATh Kak
MoxHO MeHbIle Rg. OmHako upesmepHoe ymeHbIIeHHE R, Kak ObUIO yka3zaHO
BBIIIE, HEXENATEIbHO. [109TOMY yMEHBILICHHE BEIWYUHBI O, NPHUMEHSIOT JPYyrHe

METO/BI, CB3aHHBIC C BKIIOYEHUEM JT00aBOYHBIX M IIYHTHPYIOIUX CONPOTUBIICHUN.
Makcumanvnaa mownocms pacceanuaP,,, npencrapiaser coOON BETHUUHY

MOIIHOCTH, KOTOpas MOKET pPacCeMBATbCA MOTEHUUOMETPOM 0€3 yXYIIIEHUs €ro

XapakTepucTuk (m3MeHeHue Ry u T. n.). Benmnuuna P, mpuBoanTcs B TeXHUUECKHX

XapaKTEpPUCTHKAX MOTEHIMOMETPAa M 3aBUCUT OT TEMIEPATypbl CPElbl, B KOTOPOM
pabotaetr noreHuuometTp. [Ipu BeICOKOI TeMieparype cpelbl MOLIHOCTb PaCCEsTHUS

JOJDKHA OBITH COOTBETCTBYIOIIMM 00Opa3oM CHWkeHa. Bemmumna P, mo3Bomser
ONpPEIENUTh 3HAYCHHE MAKCUMAIIBHO JIONYCTUMOT0 HanpspkeHust mutanus Ug

UOmax :\/ ROI:)max '

[ToMuMO MaKCUMaJIbHOM MOIIHOCTH PACCESIHUS WCIOIB3YIOT BEIWYHAHBI
HOMUHAIbHOU U OelicmeumenbHou mowiHocmu. 1101 HOMHHAJILHONM MOITHOCTBHIO

paccesaust P, TOApa3syMeBalOT MOIMHOCTh pPACCESHHUsS IOTEHIMOMETpa IpU

CONPOTHUBJIEHUEM Harpy3ku R, =, 1. e.

—IR=2C. @)
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MOIHHOCTB pacCesIHuA IIPU RH # 00 —JICMCTBUTECIIbHAA MOIIHOCTDb paCCesIHUA:

k2
P=p = _
HOM (1+ k)2 . (5)

HoMunanbHasi MOIIHOCTh paccesHUsi MOTEHIMOMETPOB, KaK MPaBuUIIo,
Haxoautcs B nipenenax 0,1... 10 Br.

Pe3ucTUBHBIN 3JIEMEHT MPOBOJIOYHOIO MOTEHIIMOMETpPA MPEACTaBIsieT cCOOOM
IPOBOJIOKY, HAMOTaHHYIO Ha KapKac.

Kapxkacsl, UCIIOJIb3YEMbIC TUISt M3TOTOBJICHUS MOTEHIIMOMETPOB,
MOAPAa3CIAI0TCS Ha KOJbleBbie (puc. 4, a), macTuH4yatbie (puc. 4, 0), CTEP)KHEBBIC
(puc. 4, e), nyrossie (puc. 4, T) © MHOTOOOOPOTHEIC (pHC. 4, ).

[ToTeHIIMOMETPBI € KOJBIEBBIMU KapKacaMd HCHONB3YIOTCA JMOO0 s
orpaHu4eHHoro mnosoporta nBmxkka Ha 300...358° (mepemeleHne IBHKKA B 3TOM
cllyyae OrpaHHYUBaeTcsd yrnopamu), JuOO [JIi KPYroBOro JBHKEHHUS C
MIePUOINYECKUM TIOBTOPEHUEM OJTHON U TOH ke QyHKIHH. [[yroBbIe TOTCHIIMOMETPHI
MIPUMEHSIIOTCS U1 yIVIOB moBopoTa ABWKKa Ha 40...90°, a nnacTtuH4atele — s
yrioB moBopoTta 15..40° (c OonblION JIMHOW IIETKOACPKATENS) WA JJIs
MOCTYMATEeNLHOTO  TepeMenieHus  JBmwkKa.  CTepKHEBble  MOTEHIIMOMETPHI
HCTIOJB3YIOTCS TOJBKO JJIsl TOCTYNAaTEIbHOTO MEPEMEIIICHUS JBUKKA.
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Puc. 4. Bungsr KapKaCoB NPOBOJIOYHBIX ITOTCHIIUMOMCTPOB

Hemeranmnuueckue MaTCpuaJibl HCIOJB3YIOT MJId H3IOTOBJIICHUA KapKaCOB
MOTCHIIMOMCTPOB HEBBICOKOU TOYHOCTH, TaK KaK TOYHOCTL pPasMCpOB KapKaCoOB
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nojxyyaerca He Bbime 3..4-ro kimaccoB. Vcmosib30BaHHME HEMETANIMUECKUX
MaTepUaJiOB IMO3BOJISIET BBUAY MX BBICOKHMX H3OJSIMOHHBIX Kau€CTB OTKA3aThCs OT
CO3MIaHHS CHEUUAJbHBIX M30JISIIMOHHBIX IUICHOK Ha TMOBEPXHOCTH KapKacoB. Y
METaJUIMYECKUX KApKACOB TaKas IUIEHKAa MOKET ObITh MOJIy4€HAa JTUOO HAHECEHUEM
CJIOA JIaka, MO0 MpU MOMOIIM aHOJUPOBAHMS, B PE3yJbTaTe YEro Ha MOBEPXHOCTU
Kapkaca o0pa3yeTrcsl aHOAHasi M30JIALMOHHASA TJIEHKA, KOTOPYIO 3aT€M IPOIUTHIBAIOT
nakoM. [lepBbIii cmocod MMeeT HEeIOCTAaTOK, 3aKJIIOYAIOIIMICS B TOM, YTO JIAKOBAs
TUICHKA MPEJICTaBIsIeT cO00M HEe TONBKO AJIEKTPO-, HO M TEIUIOM3OJIALUOHHBINA CIION
MeXAy OOMOTKOW M KapKacoM. DTO CBOAMT HAa HET OJHO U3 IIABHBIX JOCTOMHCTB
WCIIOJIb30BAaHUSI METAJUIOB JJISI M3TOTOBJEHUS KapKacoB — YJyYIIEHUE TEIJIOBOrO
pexuma mnoteHuuoMerpa. Kpome TOro, moiaydyeHHE TOHKHX JIAKOBBIX IUIEHOK
IIOCTOSIHHOM TOJIIIUHBI SIBJISIETCSA CJIIOKHOM TEXHOJOTMYECKOM 3amaudent. 1Ipu BTOpom
croco0e OCYIECTBISETCA MPOMUTKA aHOJHOW TUICHKU JIAKOM, & HE HaHECEHHE JiaKa
Ha TOBEPXHOCTh Kapkaca. [locie mponuTku pa3Mepbl Kapkaca MPaKTUYECKH He
u3Mmensitores. [IpobuBHOE HanpsKeHWE aHOAHOW IJICHKH TMOCJE MPOMUTKU €€ JIAKOM
koJieoercsa ot 400 no 2400B B 3aBucumoctu ot BpeMenu anogupoBanus (0,5...2,5
y). llomydaromasicss  SJEKTPOM3OJISIIIMOHHAST  IUIEHKAa  o0Jajaer  JIydiien
TEIJIONPOBOAHOCTBIO, YeM JaKoBas. AHOJHBIE W JIAKOBBIE IUIEHKH, OOJaJaroliue
BBICOKMMHU H30JISIIUOHHBIMU Ka4€CTBAMU, MOTYT OBITh MOJTYYEHBI TOJIHKO Ha BEChMa
INIaJKUX MOBEpPXHOCTAX. [[03TOMYy HmIEpOXOBaTOCTh Kapkaca 0 IpolLecca CO3JaHus
TJICHKU JIOJKHA ObITh HE HUXKE 9... 10-T0 Kaccos.

Meraminueckre KapkKachbl MOMHUMO BBICOKOW TEIMJIONPOBOJHOCTH BBITOAHO
OTJIMYAIOTCA  OT HEMETAUIMYECKUX  BO3MOXHOCTBIO  IOJYYEHHUS  CIIOKHOM
KOH(Urypanuu Kapkaca € BBICOKOM TOYHOCThIO pa3zMepoB. [lostomy mis
BBICOKOTOYHBIX OTEHIIMOMETPOB U MCHOJIb3YIOT METAJUNINYECKUE KaPKAChl, HECMOTPSI
Ha TPYIHOCTU CO3JIaHUSA DJIEKTPOU3OJSIUU MEXKIYy KapKacoM M OOMOTKOM.
MeTtamyeckue Kapkachl BRIMOJHSAIOT ¢ gomyckamu 0,01...0,05 MM Ha HOMHHAJIBLHbBIC
3HaueHus B 0,3...3,0 MM TOJIIMUHBI U MIAPUHBI TIACTUHYATHIX MOTCHIMOMETPOB U
0,01...0,03 MM Ha [uUaMeTpbl CTEpPKHEW CTEPKHEBBIX MMOTEHIIMOMETPOB MpH
HOMUHAIBHOM MX 3Ha4eHHH 2...10 MM. M3 TEXHOJOTHYECKUX COOOPaKEHHUI TOIIIUHY
Kapkaca pekoMmeHayercss Oparb b>4d,(rme b — rtommmua kapkaca, d— auaMeTp
MIPOBOJIOKH OOMOTKH), a paJInyChl 3aKPYTJICHUS Ha yIiiaX He MeHee 2d .

K wmarepuany mpoBOJIOKM IS OOMOTKH TPEIBSBISIOT  CIEAYIOIIHE
TpeOOBaHMs: BBICOKOE YIEIbHOE COMPOTUBJICHUE, Majblii TeMIepaTypHBIi
KOA(DPUITUEHT IEKTPUIECKOTO COMPOTUBIICHUS, BRICOKAsI KOPPO3UOHHASI CTOUKOCTb,
BBICOKHE MPOYHOCTh M HM3HOCOCTOMKOCTh. B Tabn. 1 mnpuBeneHbl cBeAEHHUS O

HanboJiee pacpOCTPAHCHHBIX MaTepHUaiax 1jisi 0OMOTOYHOU MPOBOJIOKH.
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Koncrantan otriauyaeTcs OOJBIIMM TIOCTOSIHCTBOM COMNPOTHBIICHUS TPHU
M3MEHEHUU Temmeparypbl. [Ipu HarpeBe Ha TMOBEPXHOCTH KOHCTAaHTaHA 0Opaszyercs
OKHCHas TUICHKa, oO0jajaromas >JIeKTPOU30JSIITMOHHBIMU CBOWCTBaMU. B  psije
KOHCTPYKIIUH 3TO MO3BOJISIET MPOU3BOAUTH MJIOTHYIO HAMOTKY (BUTOK K BHUTKY 0€3
W30JIALIMM), €CIM HampsDKeHHE MEXAy BUTKaMu He mnpeBwimaer 1B. C apyroi
CTOPOHBI, OKHCHAsI TUICHKA TpeOyeT MpUMEHEHHUS OOJIBIINX KOHTAKTHBIX YCHIIWU.
OOBIYHO KOHCTaHTAH MCIIOJIB3YETCS JIJII TOTEHIIMOMETPOB CpeAHEH TOYHOCTH.
ManraHvH UMEET CBOMCTBA MPUMEPHO TAKHUE K€, KAK U KOHCTaHTaH. Huxpom nmeer
OoJIbIIIOe YJIEIBHOE COIPOTUBJIEHHWE, HO OTJIMYACTCS HEMOCTOSHCTBOM €ro TMpH
M3MEHEHUM TEMIIEpaTyphl, YCTOMUYMB K OKHCICHUIO HAa BO3JyXE IPU BBICOKUX
TemIieparypax. ¥ HUXpoma €CTh €I1I€ OJIMH HeI0CTaTOK — OH IJ10X0 naseTcs. CIiiaBsbl
Ha OCHOBE IUIATHHBI, 30J10Ta U MAJUIA/IUS UCTIONB3YIOTCS JJIsl U3TOTOBJICHUSI OOMOTKH
BBICOKOTOYHBIX TMOTEHIIMOMETpOB. OHM aHTUKOpPpO3uWOHHBI. Hamboiee mmupoko
ucnone3yercss cmaB I1/IC-40. Ero yznenbHOE CONPOTHBIEHHE TAaKOE ke, KAK Yy
KOHCTaHTaHa, U B TO € BPEMsS OH ITO3BOJIAECT IOJYYHUTHh HEOOJBIIIOE KOHTAKTHOE
CONPOTUBJICHUE TIPU MAJIbIX KOHTAKTHBIX YCUIIUSIX.

Tabs. 1. XapakTepucTUKH MaTepruaIoB OOMOTKH MOTEHIIMOMETPOB

VY nensHOE TemnepaTypHbIit
Honyctumas
HaunmenoBanue COIIPOTHBIIEHUE | KOIPPHUIIUEHT
R TeMIeparypa
Y MapKa Marepuaia npu t=20 °C, | COIpOTUBIICHUS, .
. dand Harpena, °C
p*10°Om'M rpag 10
Koucranran HMn 40-1,5 0,48.. .0,52 - 0,05 400
Huxpom X20H80 1,05 -15 1100
Huxpom X15H60 1,09 -14 1100
Manraaua MHM1 3-12 0,43 +0,1 100
[Tnaruaa — upwmamii [TN-25 0,315 -95 —
ITnatnaa — aukens [TH-5 0,11..0,50 +2,2..1,1 —
+
[MTannanuit — cepedpo I1J1C-40 0.42 3 —
. 0,14...0,16 +3,2..4,1
[Mammaawii — cepedpo ITJIC-70 0,084..05 +23.04 _
305010 — HuKeab 3JIH10 —

JI71s1 HAMOTKY MOTEHIIMOMETPOB UCIOIB3YIOT MPOBOIOKY auamerpom 0,03...0,3
MM. M3 MaHranwHa, 00JaJaroIIero XOPOIIel MIAaCTUYHOCTHIO, BBITYCKACTCS TAKXKE
npoBoJioka auametpom 0,02 u 0,025 mm.
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B cnydae, eciu OoOMOTKa BBIIOJHSETCS W3 HEU30JIMPOBAHHOM IPOBOJIOKH,
HAMOTKa JOJDKHA OCYIIECTBIISITHCS C 3a30pOM MEXIy BUTKAaMHU, YTOOBI YCTPAHUTH
BO3MOKHOCTh 3aMBIKaHUSl COCEOHMX BHUTKOB. [Ipy npUMEHEHHH TPOBOJIOKH C
M30JSIIMEH  HaMOTKAa MOXKET OCYHIECTBIIATBCA 0e3 3a30opa. OTO IMOBBIIIAET
paspelaroiryo crnocodHocTs. KpemieHne OOMOTKM Ha KapKace MOXET ObITh
OCYILECTBIIEHO ABYMs crocoOamu. [Ipu mepBom Kapkac 1O HAMOTKU HOKPBIBAETCS
KJIEHKUM COCTaBOM M HaMOTKa IPOM3BOJUTCS Ha HE 3aCOXIIMN ciloil coctaBa. [Ipu
HAMOTKE COCTaB BBITECHSAETCS MEXIy BUTKaMH, CBSI3bIBasi UX Mexay coboit. Ilpu
APYroM crnocode KIEHKHM COCTaB HAHOCUTCS Ha MPEABApPUTEIBHO HAMOTAHHYIO
obMoTtky. [locie 3arBepaeBaHMsI COCTaBa OCYIIECTBIISETCS 3a4MCTKA KOHTAKTHOM
JOPOKKH. 3aYUCTKAa MOXET OCYILIECTBIATHCS KaK MEXaHMYECKMMH CIIOCOOaMHu ¢
UCIIONIb30BaHMEM  aOpa3WBHBIX  MaTepUaloOB, TakK W  XUMHYECKUMH U
YJIBTPa3ByKOBBIMU CIIOCOOaMH.

Hambonee wacTo a1 NOICOEIMHEHUS BBIBOJHOIO IIPOBOJAa K OOMOTKE
UCIIONIB3YIOTCS Maiika U cBapka. B Tex ciywasx, xorga TpeOyeTcst BBIBOA OT
MIPOMEKYTOUHBIX TOYEK MOTEHIIMOMETPA, PEKOMEHAYETCS TaKasi IOCIEJ0BATENbHOCTD
ero nonyuyeHus. B TpeOyemMoM MecTe OTTATMBAIOT BUTOK OOMOTKM W TOJ Hee
IIPOITYCKAIOT KOHAEHCATOPHYI Oymary. OTOT BHTOK 3ayMINAIOT, IOCIE YEro IMOJ
BUTKOM IIPOMYCKAIOT 3aYMIICHHBIA PACIUIIOIIECHHBIN KOHEL BBIBOJHOTO npoBoaa. OH
orubaeTcsi BOKpYT OTTSAHYTOIO BUTKa W MpUNauBaerca K Hemy (puc. 5). Mecro naiiku
MOKPBIBAETCS JIAKOM U 3aKpbIBaeTcst Oymaroii Ha kiee bD-4.

Puc. 5. K mosgcuenuro IMpUHIUIIA U3TOTOBJICHUA TIOTCHIHOMETPA

Onucanne J1a00PATOPHOH YCTAHOBKHU
OcCHOBHBIE DJIEMEHTHl JAOOPATOPHOM YCTAaHOBKM IOKa3aHbl Ha puc. 6.
JlabopaTtopHasi ~ ycTaHOBKAa  BKJIOYaeT B ce0s:  MOTEHIMOMETPUYECKU
npeoOpa3zoBaTeib JIMHENHBIX IIEpEMELIECHN, IIOTEHLIUOMETPUIECKUI
npeoOpa3oBaTenb  YIJIOBBIX TIEPEMEIICHUM, JIa0OpaTOpHBIA OJIOK  MHUTaHUS,
MYJIBTUMETP U 3JIEKTPOHHBIN ocluiiorpad.
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Puc. 6. OcHOBHEBIE IEMEHTHI JTA0OPATOPHON YCTAHOBKU

B kauectBe wucciemyeMbIX —TpeoOpa3oBaTeNedl  MCIOJIb30BaHbI:  OAMH
rpadUTOBBIA MOTEHUMOMETP — MpeoOpa3oBaTeilb JUHEHHBIX MEPEMEIEHUN U OJUH
MIPOBOJIOYHBIN OTEHIIMOMETP — MPe00pa30BATEIb YIIOBBIX NEPEMEIICHHIM.

biiok mnuTaHWsA O3BOJSAET IOJATh IOCTOSIHHOE JJIEKTPONUTAaHUE HA
uccienyemble mnpeoOpa3zoBarenu. C TOMOIIBIO MYJbTUMETPA MOXKHO HU3MEPATH
COTIPOTHUBIIEHUE MpeoOpa3oBaresneil. DIEeKTPOHHBIN ocuusuiorpad npeaHazHauyeH AJis
OTOOpaKEHUS MMAJICHUS HANIPSKEHUS Ha ITpeoOpa3oBaTesiX.

IHopsinok BbINOJIHEHNS JIa00OPATOPHOM PadoOTHI

U3zyuenue npunyuna oeticmeusi u OCHOBHbIX HOCPEUHOCmell
NOMEHYUOMEMPUYECKO20 NPeodpa308amelis TUHEUHbIX nepemeujeHul

1. IMoakyr0YuTh BBIXOJIHBIE KJIEMMBI MPeoOpa3oBaTelisi K BXOJHBIM KJIEeMMaM
MYJIbTUMETPA.

2. YCTaHOBUTH PEXHUM PaObOThl MYJbTUMETPA — HU3MEPEHUE COMPOTUBIICHUS.
Bxiirounts MynbTUMETD.

3. VYcraHOBUTH JABMXKOK IIpeoOpa3oBatelii B KpailHee JIeBO€ IOJIOKEHHUE.
N3meputh conpoTuBiieHrEe MpeoOpa3oBaTesis MPU 3TOM MOJIOKEHUU ABUKKA.
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4. CMmemmasi IBM)KOK BIPABO HA OJHMH CAHTUMETpP, U3MEPSTh COMPOTHBIICHHE
npeobpazoBares.
5. 3anoaHUTh TalIHILy:

ITonoxxenune aBmxkka, Mmm | O | 10 | 20 | 30 | 40

Conpotusnenne, Om

6. [lo maHHBIM TaOMUIBI TOCTPOUTH TpaUK 3aBUCHMOCTH COMPOTUBIICHUS
npeoOpazoBaTes OT MOJIOKEHUS ABUKKA.

7. [ToaxIr0YUTH TIPeoOpa3oBaTENh K OJIOKY MUTAHUS.

8. BricraBuTh Ha OJOKe TMNHUTAHMUS HANpsHDKEHHE, HE MPEBBIIIAIOIIee
MaKCUMaJbHO JIONYCTHUMOE JJIsl JAHHOro mpeoOpa3oBarens. JlaHHOE HampsyKeHHE
MOYHO PacCYUTATh UCXOS U3 MAKCUMAJIBHO JOMYCTUMON MOIIHOCTH PACCEUBAEMOM
npeoOpa3oBareieM M ero conpotuBieHueM. [laHHas uHdopmanus pasMmenieHa Ha
KopIryce npeodpa3zoBaTels.

9. K BBIXOJIHBIM KJIEMMaM MpeoOpa3zoBaTelis MOJKIIOYUTE ociusuiorpad.

10. BxirounTs 070K TUTaHUS U ocuiiuiorpad.

11. Ilepememas aABUXKOK TmpeoOpazoBaTeiss HaOMIOAATh 3a HU3MEHEHUEM
aJICHUS] HAIIPSKEHUS Ha HEM.

12. C noMouipo BCTPOCHHBIX (PYHKIMI ocruiuiorpada onpeaeinuTb IIyMOBbIE
XapaKTEepPUCTUKU CUTHaNIA TpeoOpazoBaTesnsd. JlaHHbIE XapaKTEPUCTHKU 3aHECTH B

OTYCT.

H3yuenue npunyuna oeticmeusi u 0CHOBHbIX NO2PEUHOCmel NOMEeHYUOMEMPUYECKO20
npeobpazosamerisi Y2108biX nepemeueHul

1. [MoaKIIOYUTH BBIXOJHBIE KJIEMMBI MpeoOpa3oBaresiss K BXOJHBIM KiIeMMaM
MYJBTUMETPA.

2. YCTaHOBHUTH PEKUM pabOTHl MYJIBTHUMETPA — U3MEPEHHE COMPOTUBIICHUSI.
Bxitounts MynbTUMETD.

3. YcraHOBUTH NBIXKOK IpeoOpaszoBarelisi B KpallHEe JIEBOE IOJIOKEHUE.
N3mepuTh conpoTUBIEHUE MPeoOpa3oBaTelisi MPU 3TOM MOJ0KEHUHU JBUXKKA.

4. Bpamas [IBMXKOK MO YacOBOM CTpEJKE, H3MEPATh COMPOTHUBIICHUE
npeodpazoBarens kaxjabie 10°.

5. 3anoaHUTH TAbNIHUILY.

Y
IJIOBOE ITOJIOKEHHUE 0 10 20 30 . 11330
JIBUKKA, Tpagyc

Conpotusnenue, Om
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6. [lo naHHbIM TaOMMIBI TOCTPOUTH TpaHUK 3aBUCUMOCTH COIMPOTUBICHHUS
mpeoOpa3oBaTest OT MOJIOKEHUS JTBUKKA.

7. [loaxmouuTk IpeodpazoBaTeb K OJIOKY TUTAHUSI.

8. BroicTaBuTh Ha ONOKe TUTaHUS HamNpsOKEHUE, HE IMPEBBIIIAOINICEe
MaKCHUMaJIbHO JIOMYCTUMOE JIJIsi JaHHOro mpeoOpa3oBarens. JlaHHOE HampspKeHHe
MOKHO paccuuTaTh UCXOS U3 MAKCUMAJIbHO JOMYCTUMOW MOIIHOCTH pacCEeUBacMON
npeoOpa3oBaTeieM M €ro comportuBiieHHeM. JlaHHas wHGoOpMalMs pa3MelleHa Ha
KopIryce npeodpa3zoBaTels.

9. K BBIXOIHBIM KJIEMMaM MpeoOpa3oBaTelis MOAKIIOYUTE ocuiiorpad.

10. BkirounTh 670K TUTAaHUS U ocpuIIorpad.

11. Ilepememass nBMXKOK mpeoOpazoBaTenis HaAOMIOAATh 3a HM3MEHEHHUEM
NaJCHUS HAMPSDKEHUS HA HEM.

12. C moMouIp0 BCTPOEHHBIX (PYHKIUH ocImuiorpada onpeaeauTh LyMOBbIE
XapaKTepUCTHKN CHUTHaja mpeoOpaszoBatens. [laHHBIE XapaKTEPUCTHKU 3aHECTH B
OTYeT.

13. AxkyparHo mnepememias JABMKOK Ha MaJbId yrojl C IOMOIIBIO
ocuusuiorpaga onpeaeauTh BATKOBYIO IOTPEIIHOCTh peoOpa3oBaTelis.

Conep:xanue oTyera

Otuet 1o 1abopaTopHON pabOTE AOTKEH COACPIKATh!

1. Ha3Banue u 1iemp 1abopaTopHOH paboTHI.

2. OCHOBHBIE CBEAECHUS W3 TEOPETUYECKOM YacTH B TOM KOJUYECTBE, YTO
HEO0OXOMMBI JUIsI 3aIIUTHI Ja00paTOPHOUN paboTHI.

3. Cxema 1abopaTOpHOM YCTaHOBKH.

4. Pesynbrarel W3MEpeHHM: TaOMUIBI, TpadUKH, 3HAYCHHUS IIYMOBBIX
COCTABJISIOIIUX, BUTKOBAs! OTPEIIHOCTb.

5. BbIBOJIBI 110 TIpOJIEITaHHON paboTe.

KoHTpoJibHBIE BONIPOCHI

1. TlosicHuTe TpPUHUMN JEUCTBUS MOTEHIIMOMETPUUECKOTO Mpeodpa3zoBatTes
JINHENHBIX NIEPEMEIICHUN.

2. TlosicHuTe TIpUHUMN JIEUCTBUS MOTEHIIMOMETPUUECKOTO IMpeoOpa3oBatelis
YIJIOBBIX NIEPEMEILEHUN.

3. IlpuBenute W MOSICHUTE CXEMY BKJIIOUYECHUS [MOTCHIMOMETPUYECKOTO
npeoOpa3oBares.

4.  TlosicHuTe  OCHOBHBIE  XapPaKTEPUCTUKH  MOTEHIHUOMETPHUUYECKOTO

npeoOpa3oBares.
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5. Omnummte OCHOBHBIE KOHCTPYKIIHU MOTCHIIMOMETPHUYECKIX
npeoOpazoBaTeei.

6. IlosicHUTE TPUYMHBI ITYMOBOW COCTaBJIAIONICH B BBIXOJHOM CHTHAJC
MOTEHIIMOMETPUIECKOTO MPeoOpa3oBaTesl JIMHEHHBIX TIEPEMEIICHUH.

7. PaccumraiiTe = MaKCHMMalbHO  JONMYCTHMOE  HANpPSDKCHUE  MUTAHUS
HNOTEHIIMOMETPUIECKOTO TPeoOpa3oBaTes.

8. IloscHuTe  NPUYUHBI  BUTKOBOH  MOTPEIIHOCTH  MPOBOJIOYHOTO
npeoOpa3zoBaTes yriIoBbIX epeMEICHHUH.

bubauorpadguyecknii cnucox
1. Dnementsl MpuOOpPHBIX ycTpoicTB. KypcoBoe mnpoextupoBanue. B 2-x
gacTax. Y. 1. Pacuetsr. [lox pexn. a.1.1., mpod. O.®. Tumenko. -M.: Bricmas mkona,
1978r. 328.
2. Jlesmuna E.C., HoBuukuit A.B. Dnekrpuueckue uaMepeHust GU3NIECKUX
BennuuH: M3mepurenbHble IpeoOpazoBarenu. YdyeOHoe mocobue st By30B. — JL.:
Oueproaromuznat, 1983. — 320 c.
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JIABOPATOPHAS PABOTA Ne6
N3yyeHue npuHOMIIA 1eliCTBUSL CYMEPEYHOI0 MepeKIIYaTest

Llenv nabopamopmnoii pabomsl — U3y4yeHUe MPHUHIIMIA JACUCTBUA U OCHOBHBIX
XapaKTEPUCTUK CYMEPEYHOr0 MEePEeKII0YaTEeIs.

Kparkue Teoperudeckue cBeieHUs

CyMepeuHblil MEepeKoYaTesib UCMOIb3YETCSI B CHUCTEMaX aBTOMAaTUYECKOTO
yIPaBJIEHUS JaMIIaMH OCBEILICHHS B KUJIBIX MOMEUICHUSX, TPOMBIIIJIEHHBIX LE€XaX,
CKJIQJICKUX IMOMEIICHUAX, aHrapax # T.I. /JJaHHOe yCTpOWCTBO MO3BOJISIET BKIIKOYATH
OCBEILECHHUE B TOMEUIEHUH, €CIIU CBETOBOM MOTOK CTAHOBUTHCSI MEHBIIIE IOITYCTUMOIO
W, COOTBETCTBEHHO, BBIKIIFOYATh OCBECIICHUE, €CJIM CBETOBOM MOTOK MPEBBIIIACT
3aJJaHHBIN IOPOT.

Hcnonbs30BaHWEe JAHHOTO YCTPOWCTBA MO3BOJISIET 3HAYUTEIBHO 3KOHOMUTH
AJIEKTPOIHEPTUIO, T.K. BKIIOUEHUE U BBIKIIFOYCHUE OCBEIICHUS MPOU3BOAUTCA HE B
(bUKCHpPOBAaHHBIE MOMEHTBHI BPEMEHH, a 3aBUCUT OT CBETOBOIO MOTOKAa B MECTE
YCTaHOBKHU 4yBCTBUTEJIBHOI'O JIEMEHTA.

UyBCTBUTENIBHBIM ~ 3JIEMEHTOM  siBIsieTcss  oronpueMHUK. B kayecTBe
dboTonpueMHUKa ~ MOTYT  TOpUMEHSAThCA  (oropesuctop,  doTomuoa WU
dbortorpansuctop. CreayeT TOMHUTb, 4YTO XapaKTEPUCTUKU TEPEUUCICHHBIX
MOJIYITPOBOJHUKOBBIX ~ MPUOOPOB  3aBUCSAT HE TOJIBKO OT  OCBEHICHHOCTU
(JTrokcamIiepHasi  XapakTEepUCTHUKAa), HO U OT JJIMHBI BOJHBI (CHEKTpabHas
XapaKTEPUCTHUKA), OT TEMIIEpaTypbl OKPY>KAIOIIEH Cpeabl U psAna Apyrux (akTopos.
[TosToMy mpu TpOBEACHUS OSKCIIEPUMEHTOB HEOOXOAUMO TOAACPKUBATh BCE
(akTOpBI KPOME CBETOBOTO MTOTOKA MMOCTOSTHHBIMH.

Onucanne J1a00PATOPHOH YCTAHOBKHU

JlabopaTopHasi yCTaHOBKa MO3BOJISIET MCCIEAOBaTh MPHUHLMI JEHCTBUS H
OCHOBHBIE XapaKTEPUCTUKH CYMEpPEYHOro mnepekitodarens. Cxema jabopaToOpHON
YCTaHOBKH ITOKa3aHa Ha puc. 1.

Beikirouarens Ha IepeAHEl NaHeNW TMpeJHa3HAadeH JUIsl BKIIOYEHHS H
OTKJIIOYEHHS] AJIEKTpONUTaHus ycTaHOBKH. Camo anektponutanue (220B 50I'n
OBITOBOM 3JIEKTPOCETH) MOJBOAUTCS Ha KIEMMbl B HIDKHEH YacTH YCTaHOBKH.
JIrokcMeTp TpegHa3HadyeH I W3MEPEHHs CBETOBOTO ITOTOKA, IMONMAJAOIIEr0 Ha
YYBCTBUTEJIbHBIA 3JIEMEHT YCTAaHOBKUA. YyBCTBUTENIBHBIM 3JEMEHTOM SIBIISIETCA
(OTONPUEMHHUK, OKHO MO/ KOTOPBI HAXOJUTCS B BEPXHEH YaCTU YCTAaHOBKHU.
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qyscmsumeanb/L“J anemMeHm

(cbomonpuemHuk)
8Knro4amerib NlaMra oceeweHus

= = e

OFF /‘\

2X%, >

anekmponumaHue
ycmaHO8KU

JIOKCMemp

Puc. 1. Cxema nabopaTopHOil yCTaHOBKU

Jlamria oOcBeICHUST SBISETCA WHAMKATOPOM CpabaThIBaHUS CYMEpPEYHOIO
MEePEKITIoYaTeNs] W BKIIOYACTCS KaXAbId pa3, KaK CBETOBOW IOTOK CTAHOBHUTCS
MEHBIIIE 3aJaHHOI0 M, COOTBETCTBEHHO BBIKIIIOYAETCSA, KOIJa CBETOBOHl IIOTOK
CTAaHOBUTCA OOJIBIIIE 3aJaHHOTO.

IHopsigok BbINOJIHEHHS JIA00OPATOPHOM PAadOTHI

1. Hcnonws3ys pe3ucTop NOACTPOWKM MOYKHO HM3MEHHTh XapaKTEPUCTHUKHU
NEepeKIIoYaTeNsl B YacTU BEJIMYMHBI CpabaThIBAHUS CBETOBOTO MOTOKA. YCTaHOBUB
PE3HUCTOP B KpaiiHE JIEBOE MOJIOKEHUE ONPEIEINTh BEIUUYUHY CBETOBOIO ITOTOKA, IIPU
KOTOPOM BKJIFOYAETCS] MHIUKATOpHAS JamIa.

2. Bpamas pe3ucTtop Mo 4acoBOM CTPENKH, U3MEPATH JIFOKCMETPOM MOTOK
cpabaThIBaHUS CYMEPEUYHOIO MEPEKITI0YATENS.

3. Hcnonb3yst CEeKyHIOMEpP HEOOXOOUMO OMNpPEAeUTh MaKCHMalbHOE BpeMs

cpabaThIBaHWs WHIUKATOPHOM JIAMIIBI OT TIOJIOKEHUST PE3UCTOPA TTOACTPOIMKH.
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4. 3anogHUTh TaOIUILY.

Howmep nzmepenus 1(2 3|4 |56 7|89

[Tonoxenue pezucropa
MOJCTPOMKHU

CBeToBOM MOTOK cpabaThIBaHUS

Bpewms cpabaTteiBaHus
WHINKATOPHOU JIAMITBI

5. Ilo nomyyeHHOW TabyMLEe MOCTPOUTH TIpaUK 3aBUCUMOCTU CBETOBOTO
MIOTOKa CpalaThIBaHUS CYMEPEYHOTO BBIKIIOUYATENSl OT IMOJIOKEHUS PE3UCTOpa
IIOJICTPOMKH.

6. Ilo momyyeHHO#l TabiMlle MNOCTPOUTH TpadUK 3aBUCUMOCTH BPEMEHU
cpabaTbIBaHUS MHANKATOPHOW JaMIIbl OT MOJIOKEHUS PE3UCTOPA MOACTPOUKH.

Conep:xanue oTyera

Otuet 1o 1abopaTopHON pabOTE AOTKEH COACPIKATh:

1. Ha3Banue u 1iemb 1abopaTopHOi paboTHI.

2. OCHOBHBIE CBEIECHUS W3 TEOPETUUYECKOM YacTH B TOM KOJHWYECTBE, 4YTO
HEO0OXOMMBI JUTsI 3aIIUTHI Ja00paTOPHOU paboTHI.

3. Cxema 1abopaTOpHOM YCTaHOBKHU.

4. Pe3ynbTathl IpoBeIeHUs TaOopaTOpHOM pabOThI (Tabyuila u 1Ba rpaduka).

5. BeiBo/IbI 110 TIpOJIETIaHHOM padoTe.

KoHTpoJsibHBIE BONIPOCHI

1. I[losicaute 00aCTh MPUMEHEHHSI CYMEPEYHOTO MEPEKI0YaTeIs.

2. Ilosgcaute npuHUUI PabOThl CYMEPEUYHOIO MEePEKITIoYaTEsl.

3. Ioscuute (akTOphl, BAUSIIOLIME HA padOTYy CYMEPEYHOTr0 MepEeKIoYaTes u
IIPUYUHBI 3TOT'O BIIUSHMUS.

4. OnumuTe 7a00paTOPHYI YCTAHOBKY, €€ OCHOBHBIC DJIEMEHTHI U TPUHITUII
(GYHKIIMOHUPOBAHMUSL.

5. Tlosicuute BHJ 3aBUCUMOCTH CBETOBOTO IIOTOKAa CpalaThIBaHUS
CyMEPEYHOT'0 BBIKJIFOYATEINS OT IOJI0KEHUS PE3UCTOPA ITOIACTPOUKH.

6. [losicHuTe BUJI 3aBUCMMOCTH BpEMEHU CpabaThIBAHUSI MHAMKATOPHOM JaMIIbl

OT MOJIOKEHUS PE3UCTOPA MOJCTPONKH.
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bubauorpaduuecknii Ciucoxk
1. ®paiinen k. CoBpemeHnHble AaTduku: cripaBoyHuK. — M.: Texnocdepa,
2005. - 592 c.
2. PanneB I'.I'. Mertoapl u cpenctBa u3MepeHuii : yueOHuk s By3oB / I'.T.
Pannes, A.Il. Tapacenko .— 4-¢ u3m., ctep. — M. : Akagemus, 2008 .— 336¢.
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JIABOPATOPHAS PABOTA Ne7
HN3y4yeHnue npuHIUNA JefiCTBUS OIITOpPeEJIE

Lenv nabopamopmoti pabomer — N3ydeHue NpUHLUNA (QYHKIMOHHUPOBAHUS U
OCHOBHBIX XapaKTEPUCTUK ONTOpPEIIE.

Kparkue Teopernueckue cBeeHUs

OnTopenie  —  MOMXYIPOBOAHUKOBBIA  ONTHKODJEKTPUUECKUNA  MPUOOD,
IPEIHA3HAYCHHBIA /Ul TAJbBAHUYECKOW Pa3BsI3KU JJICKTPUYECKUX LENEH MEXIy
co06oii. Hampumep, ecnu He0OXOAMMO BBECTH dNIEKTpUUECKuil curHan Ha tuiaty AL,
CTOMMOCTh KOTOpPOM KAakK IIPaBWJIO BBICOKA, IPUMEHEHHE OITOpEE I103BOJISAET
3amuTuTh Bxoabl ALIIl ot Bo3moxHBIX MpoOoeB. bonee Toro, maHHbIe MPUOOPHI
o0ecneuynBalOT OAHOCTOPOHHIOK MepeAavy YOpaBiIsAOIUX U HHPOPMAIMOHHBIX
CUTHAJIOB, T.€. M30JHUPYIOT HU3MEpUTEIbHbIE MpeoOpa3oBaTend OT BIUSHUS
WU3MEPUTEIIBHBIX LIEEH.

Onropene mnpeacTaBisieT cO00M MHKPOCXEMY, B COCTaB KOTOPOM BXOIUT
U3JIydaTeslb U NPUEMHUK ONTHYECKOr0 M3IydeHHs. B kauecTBe M3iayyaTesns MOXKHO
MCIIOJIb30BaTh CBETOAMO/I, B KAYECTBE MPUEMHUKA: (POTOPE3UCTOP, (POTOTPAHZUCTOP
Y T.11. JUJIA IOJIy4eHUs] XOPOIIUX XapaKTEPUCTUK CHEKTPAJIIbHBIE KPUBBIE U3ITydaTelIs
Y IPUEMHUKA JOJKHBI OBITh COIIACOBAHBI.

Onucanue 1a0OPATOPHOM YCTAHOBKHU

Cxema nabopaTopHOI yCTaHOBKH MOKa3aHa Ha puc. 1.

B cocrtaB mabopaTopHOil yCTaHOBKM BXOAMUT ONTOpEJIC, YCTAaHOBJICHHOE Ha
rate, 0ok nutanus, [I9BM, namma u komruiekT kadenei. st GyHKIIMOHUPOBAHUS
yctaHoBk# B [I9BM HeoOxomumMo BBecTH mporpammy « COmmm.pasy, HanmucaHHYO
Ha s3bIKe nporpammupoBanus Pascal. JlanHHas mporpamMMa MO3BOJISCT YIPABJISTH
pese, 3a/iaBasi 4aCTOTy BKIJIFOUEHUW U JJIUTEIBHOCTH paOOThl BO BKJIIOUEHHOM U B
BBIKJIFOYEHHOM COCTOSIHUHU PEJIE.

[TpuHnmn paboThl TBEPAOTEIBHOTO pejie COCTOUT B cleayronieM (1o cxeme,
M300paKEHHON Ha JTa0OPAaTOPHOM YCTAaHOBKE): BXOJIHOM CUTHAN (YIIPaBISIOMIUNA TOK)
yepes auon D1 nmogaercst Ha cBeToanoa. M3inyuenue, nponisi HEKOTOPOE PacCTOSIHUE
B kopnyce pene (MOC3041), mnomamaer Ha (POTOAUOIHYIO  MATPHILY
(boTornexTpuueckuit rereparop). Ilagaromee uzinydeHue coszmaeT B (POTOaUOTHOM
matpuiie ¢oto-OJIC. HaBenenHoe HampspkeHHE TOJAETCS HAa CXEMY YIpPaBIICHUS,
KOTOpasi B CBOIO odepenb (popMupyeT HEOOXOAUMBIN CUTHAI IS yHpaBiICHUS

BBIXOJOHBIM KIKOYCBBIM KaCKaJIOM, obecrneunBaeT 3alIUTY 3aTBOPA BBIXOAHOI'O MOII-
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KJIH04a, o0ecreunBaeT ObICTpOe BbIKIIOUEHHE Kiatoda. CUII0OBOH KIIIOY pean30BaH Ha
anementax Cl, C2, R2, R3, u cumucrope TR1. Pe3suctop R1 orpanmumBaer Tok
4yepe3 CBETOAMO/ ONITOPEIIE.

namna
nnama
onmoperne

00

00

00

numaHue 0o
@ @ nooknroyeHue N3BM

Puc. 1. Cxema nabopaTopHOi yCTaHOBKU

TexHuyeckue XapakTepuCTUKU
VYnpasistoiee HanpspkeHue: S - 15 B.
Yupasnsromuid Tok: 10 MA.
Tok Harpy3ku, e 6onee: 10 A.
Hanpspokenne kommyrtamuu: 220 B.

Pa3Mepsb! neyaTHOi muiaThl: 52%38 MM.

IlepeueHb 31€MEHTOB

Mo3uuus Homunan
C1, C2 0,01 Mmx®x500 B
R1 500 Om
R2, R3 470 Om
DAl MOS3041
D1 1N4001
TR1 BTA12-600B, cumuctop
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TexcT nporpammbl «Comm.pas)

Program Com;
usescrt,dos;
var ch,min, sec,secl00,secl,secl0l,minl:word;
begin
port [S3FB] :=128;
port [S3F8]:=1
port [S$S3F9] :=0;

[S3FB] :=3;
secl:=0;

port

gettime (ch,min, sec, secl100);
secl:=sec;minl:=min;

while not keypressed do

begin

gettime (ch,min, sec,secl00) ;

if minl<min

then begin secl:=sec; minl:=min;end;
if (sec-secl)<=2 {vremiagorenia}
then port[$3F8]:=0

else

if (sec-secl)>4 {summarnoevremiagoreniatnegorenia}
then secl:=sec;

end;

end.

IHopsigok BbINOJIHEHHS JIa00OPATOPHOM PadOTHI

1. CoOpaTthb J1ab0paTOpHYIO YCTAaHOBKY.

2. IloakmounTh 1a00paTOPHYIO YCTAHOBKY K MICTOUYHUKY MTUTAHUS.

3. C wucnonb3oBanueM nporpamm «Commm.pas» 3agaTh BpeMs TOPEHUS
namnbel 1c U BpeMsl LMKJIA «BKJIIOYEHO - HE BKIIOUEHO» 2c¢. Takum oOpazom,
3a/aerc: JJaMIla BKJIFoYeHa — 1 ¢; Jlammna BeIKiIFoueHa — lc.

4. 3anmyCTUTH BBIIOJIHEHUE TPOTPAMMBI.

5. C ucnonp30BaHUEM CEKYHJIOMEPA OLEHUTh YAaCTOTY BKIJIFOUECHHMS JIAMITBI.

6. M3MeHsass 4vactoTy cpalaTbiBaHUs OLEHUTH paboty pene. I[lpu onenke

IIOMHHUTE 00 HMHCPIHHUOHHOCTH JIaMIIBI.
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Conep:xanue oryera

Otyet mo 1abopaTopHOM paboTe MOJKEH COMIePKATh:

1. Ha3BaHue u 11€716 J1aOOpaTOpPHON PabOTHI.

2. OCHOBHBIC CBEICHUS W3 TEOPETUYECKOHW YacCTH B TOM KOJHUYECTBE, UYTO
HEO0OXOIUMBI TSI 3alUTHI Ta0OpaTOPHOM pabOTHI.

3. Cxema mabopaTOpPHON YCTAaHOBKH.

4. Pe3yibTaThl BHITIOJHEHUS JIAOOPATOPHOW pabOTHI: pe3yIbTaThl HAOIIIOICHHMA
(GYHKIIMOHUPOBAHMSI ONITOPEIIE.

5. BeiBoIBI 110 TIpOJIeTIaHHOM padoTe.

KoHTpoJbHBbIE BOIPOCHI

1. OxapaktepusyiiTe 00JacTb MNPUMEHEHUS, JAOCTOUHCTBA M HEJOCTATKU
ONTOpEIE.

2. OnumMre W TNOACHUTE MNPUHLHI (PYHKIMOHUPOBAHMS JIabDOPATOPHOU
YCTaHOBKH.

3. [losicHuTe, KaKuM 00pa30M C MCIOJIB30BAHUEM MIPOIPAMMHOI0 00eCIeYeHUS
«Comm.pas» MOXHO MEHSTh YaCTOTY CpabaThIBAHUS ONTOPEIIE.

4. 3. TlosicHute, KakuM o0Opa3oM C HCIOJb30BAHUEM IPOrPAMMHOIO
obecnedueHus «CoOmMmM.pas» MOKHO MEHATh JJIUTEIbHOCTh TOPEHHUS JaMIIbI.

bubanorpadguyeckuii cnucox
1. ®paitnen [Ix. CoBpeMeHHbIe NaT4yuKU: crpaBOYHUK. — M.: TexHocdepa,
2005. - 592 c.
2. IllemeroB A.I'. Teopus, pacdeT M NPOECKTUPOBAHHWE H3MEPUTEIBHBIX
ycTporictB. YHacte 1, Teopust usmepurenbHbiX ycTpoiicTs : B 2 u. / A.T'. lllenetos . —
M. : Crangaptundopm, 2006 . — 248c.
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JIABOPATOPHASA PABOTA Ne8
HN3yuyeHre npMHUMNA JeHCTBUA JaTYUKA X0J1/1a

Lenv nabopamoproti pabomul — nzydenue 3¢gpdexra Xoma myTeM u3MepeHus
OCHOBHBIX XapaKTEPUCTHK MpeodpazoBaTelis XoJuia.

KpaTkue TeopeTnueckue cBeaeHUs

O¢pdexr Xomma OTHOCUTCS K TaK HAa3bIBAEMBIM 2a1b8AHOMACHUMHbBIM
a¢hghexmam, BOSHUKAIONIUM B BEILIECTBE MPHU OJHOBPEMEHHOM BO3JIEUCTBUH Ha HETO
AMEKTPUYECKOTO ¥ MarHUTHOTO mojied. Dddext Xoina cBA3aH ¢ BOSHUKHOBEHHEM
nonepeyHou anekTpoaBukyiend cuibl (nanee DJ1C) B MpOBOJHUKE, MO KOTOPOMY
MPOTEKAET DJJEKTPUUECKUNM TOK, €CJIM €ro IOMECTUTh B MAarHUTHOE TIOJeE.
BosnuknoBenue nomnepeynoir 3IC o0yclioBiaeHO AEMCTBHEM HAa HOCHUTENH 3apsiia
cunel  JlopeHnia, OTKIOHSIONICH  3apsKEHHbIE YacTUIBI B  HaMpaBJICHUH,
MEPIICHIUKYJISIPHOM HAMNpPABJICHUIO TOKA U BEKTOPY WMHIYKIIMM MArHUTHOTO IIOJIS.
3HaueHue cuiibl JIopeHa onpenenseTcs no Cleayrnen 3aBUCUMOCTH:

F, =q[VvB], (1)
rae(— 3apsan (9JEKTpoHa WK ABIPKH); V — CKOPOCTh JBUKEHUSI HOCUTENEH 3apsia

(BHCKTPOHa NN I[I)IpKI/I); B- WHAYKIOHUA MAarHUTHOI'O I1OJIA.

Hanpasnenue nencteus cuisl JIopenna nosicusercs puc. 1 u puc. 2.

Ly
s>

e T

B

O/+ B

Q

Puc. 1. Hanpasnenwne nevictBus cwibl JIopeHia, IeMCTBYIOMIEH HA MOJT0KHUTEIbHBIC
Y OTpULIATENIbHBIC 3aPs/Ibl, IPU HEKOTOPBIX 3aJaHHBIX HAIIPABJICHUSIX CKOPOCTH 3apsia

N MHAYKIUHA MarHuTHOI'O I10JIA B IMOJIYIIPOBOJHUKE N-Tumna
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Puc. 2. Hanpasnenue neiictBust cuibl JIopeHia, 1eiHCTBYIONIEH Ha MOJIOKUTEIbHBIC
Y OTPULIATEIIBHBIE 3aps/bl, IPH HEKOTOPBIX 3aJaHHBIX HAIIPABJICHUAX CKOPOCTH 3apsiia

U MHAYKIOWHA MaroHuTHOI'O I10JIA B IMOJIYIIPOBOJHUKE p-TI/IHa

[Ipenmmonoxum, 4T0 OCHOBHBIMH HOCHUTEISIMM 3apsiia SBIIIIOTCA JJIEKTPOHBIL,
TOIZA, CUUTAsl, YTO CKOPOCTHU IBWKECHUS JJIEKTPOHOB PaBHBI, JEHUCTBYIOIIAs CuUja
Jlopenua Oyner cmemarb 3JEKTPOHBI K OJHOW W3 TpaHel, MepneHIUKYISIPHON K
HAIPaBJICHUIO 3JIEKTPUYECKOT0 Tojs. B pe3ynpraTe 53Ta rpaHb NpuoOpeTaer
OTPULIATENBHBIM 3apsAN, T.€. BO3HUKAET NONEPEYHOE IIIEKTPUYECKOE TMOJE —
XO0JUIOBCKOE TI0JIE.

VY nonynpoBOJHMKA P-TUMA HOCUTEISIMHU 3apsifia SBISIOTCS JbIpKU. T.K.
CKOpPOCTh JIBMKEHHUSI HAmpaBjieHa BAOJb JJIEKTPUYECKOrO TOKa, a 3apsj
TIOJIOKUTEIICH, TO ABIPKMA CMEIIAIOTCS B Ty K€ CTOPOHY, YTO U DJIEKTPOHBI, CO3/aBast
XOJIJIOBCKOE TMOJIe APYrod MOJIIPHOCTH. HakoruieHwe HocuTenen mnpekpaaercs,
korga cuia JlopeHna ypaBHOBemmBaeTcs cuio XoyuioBckoro moss. I[lpu B LV
qVB=GE,,

rae E,=VB nanpspkeHHOCTH XOIIIOBCKOTO OIS

Takum o6pazom, 3/1C Xoiia B MOIYyNMPOBOIHUKE P-THIIA!

| IB
= E,a=VBa = ——Ba = y—, 2
Ex X qpac Z5 ()

62



oo 1
['ne a — nuHelHbIil pa3mep, y = — — Koapduuuent Xoa A NoIyIpoBOIHUKA -

-1
Tana, y = — — kod@dunuent Xosuia A MOJIYNPOBOJHMKA N-Tuma, N, P —

M30BITOYHASI KOHIIEHTPAIUsl OCHOBHBIX HOCUTENEH 3apsia.

OI[HaKO IKCIICPUMCHTAJIBHO YCTAHOBJICHO, YTO

A
X=—, (3)

ap
rie A=1+2 — xo3hdUIHMEHT, 3aBHCAIIMA OT TEMIIEpaTyphbl IOJYIPOBOIHUKA,

CBOWCTB KPUCTAJTMYECKOM PEIIETKU U APYTUX MapaMeTpOB.

[IpeoOpazoBarenu Xosuia mpeaHa3HAYEHbl JJIsI MpeoOpa3oBaHUsT MAarHUTHOMU
WHAYKIIMA B BBIXOJHOE HAMPSHKCHHE W SIBIISIOTCS 3HAKOYYBCTBUTEIBHBIMU Kak IO
OTHOIICHUIO K HAIMpPaBJICHHWI0O MAarHUTHOW HHIYKIMH, TaK W IO OTHOIICHHUIO K
NOJIIPHOCTH ympasisitomero toka. HomeHkiatrypa naTtunkoB Ha 3¢ddexre Xosuta
HAaCUMTHIBAET MHOXECTBO BHAOB. JlaTumku Kiaccupuuupyrorcs 1o o0jacTu
NPUMEHEHHS Ha aBTOMOOWIIbHBIC, NMPOMBIIUICHHBIE W OOIIEro MpUMEHEHHUS W, B
3aBHCHMOCTH OT Ha3HAYCHUsI, PA3TUYAIOTCS MO0 KOHCTPYKTUBHBIM H 3JCKTPHUECKUM
XapakTepUCTHKaM, a Takke Mo pabodeMy nuamnazoHy Ttemmepatyp. OmgHaxo,
HECMOTPS Ha pa3ianyus, Bce IPUOOPBI UMEIOT CXOXKEE YCTPOIMCTBO.

B nanHoif paboTe B KauecTBe HCCIEIyeMOro oOpaslia MpUMEHseTCs NaTYUK
Xomna tuna JIXK-0.5A (puc. 3). UyBCTBUTEIHHOCTh AHHOTO JaTYMKa COCTaBISET

k =280 MB/Tn. Takum o6pazom, DJIC Xosura MOKHO BEIYUCIIUTH 110 3aBUCIMOCTH:

E, = Bk. (4)
[Ipn Bo3meWcTBUM Ha JaTYUK MAarHUTHBIM TIOJIeM WHAyKIued B, B

cootBercTBHU C 3ddexTom Xomma mexny konrakramu +U, u-U, obpasyercs

XommoBcKas pa3HOCTh MOTeHIHanoB U,
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HanpaeBneHne MmarHMTHOW
UHAYKUMK B Npu yKaszaHHbIX
Ha YepTexe NONAPHOCTAX
curHanos Ux wu Ix

2 '.
4
+Ux +|x
LI B_l_li ]
o 4 (+) wl 25 ||
20

Puc. 3. BHennuii Buj, rabapuTHbIC pa3Mepbl U Ha3HAYCHUE
KOHTaKTOB maTunka Xoiia JJXK-0,5A

Onucanne J1a00PATOPHOH YCTAHOBKHU
JlaGopaTtopHasi yCTaHOBKa BBHITIOJIHEHA B BUJI€ KOHCTPYKTHUBHO 3aKOHUYEHHOTO
uznenusi. OHa BKJIIOYAeT B ceOsi 00BEKT uccieaoBaHus (qaTuuk XoJjuia), HCTOYHUK
MarHuTHOTO 1O  (3JIEKTPOMAarHUTHOE pelie), M3MEPUTEIBHOrO0 yCTPOUCTBA
(BCTpOGHHBIN MUJUIMBOJIBTMETP). (CxeMa YCTaHOBKHM TIpejcCTaBieHa Ha puc. 4,
BHEIIHUH BUJI IPUBEJICH Ha pUC. 5.

IHopsigok BbINOJIHEHHS JIA00OPATOPHOM PAadOTHI
4.1 Onpeoenenue 3asucumocmu I/[C Xonna om macHumHou uHOyKyuu

I. O3HaKOMUTBCA C TEOPETHYECKOM YacTbl0 pabOThl U  ONHUCAHHUEM
71a00paTOPHON YCTAaHOBKH.

2. Bxmounts pabopatopHyto yctaHoBky. Tymonep «BOJIBTMETP»
TIEPEBECTHU B TMOJIOKEHUE «BHYTPEHHMUI».

3. IlocnenoBarenbHo HaxkuMmas kHonku «MAI'HUTHASA HWHIAYKIOWA»,
3adukcupoBath 3HaueHust D/]C Xoina, COOTBETCTBYIOIIYIO Ka)XJI0My KOHKPETHOMY
3HAYCHUIO MAarHUTHON UHAYKIIUU B pab0YeM 3a30pe DJIEKTPOMArHUTHOTO pelie.

4. Wcnonw3ys 3aBUCUMOCTb (4), BbluuciauTh 3HadeHus OJIC Xomna, npu
3HaYeHusix MaruutHor uuaykuuu 0.05, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4 Tx.
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dAcKTEPOMAOrHKMTHOE PoaZ

BHewHKR
AaTur XoAanao i
> \\ T T
e \
+Ix |—Ix \x | +l
- E— - Koy
Z20E I
{ Enok LLL LL —U}{
MATaHKMA L ¢
BHeTEREHHKA
BOARTHETE
ATTEHROTOR
+U -
i
e

Puc. 4. Cxema n1abopaTOpHOM YCTaHOBKU

2

Puc. 5. BHemnHwmii Bu1 1a00paTOpHON YCTAaHOBKH:

1-tymOnep BKIIOUEHUS YCTAHOBKHU; 2-TyMOJIEp MEPEKITIOYESHUSI MEKIY BCTPOCHHBIM U BHELITHUM
BOJITMETPaMHU; 3-pa3beM Ul TOAKIIOUEHUS BHEIIHETO BOJIBTMETPA; 4-BHYTPEHHUIN BOJIBTMETD;

5-KIaBHIIH YCTAaHOBKHU OMPCACIICHHOI'O0 3HAYCHUA MarHUTHOM HHAYKIIUU B pa60qu 3a30pcC
QJICKTPOMArHUTHOT'O PEJIC
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5. Pe3ynbTaThl u3MepeHuit U pacyeToB 1.3 U 1.4 3aHECTH B TAOIUILY:

MaruutHas uaaykuus, [Ti]

005 010150202503 |03 |04

PacueTHOE 3HAaueHUE

OJ1C Xomna, Ex’ [MB]

DKCIEPUMEHTAIBHOE 3HAYEHUE
DAC Xonna, Uy, [MB]

5. Tlo nmaHHBIM TAOMMIBI TOCTPOMTH Tpaduku 3aBucumoctu E, =f(B)u
U, =f(B).

6. Ilo Buny rpadukoB crenarb BbIBO/BI (OLEHUTh 3HAUEHHUE HYJIEBOI'O CUTHAJIA,
ko3 dulrieHTa nepeaaur 1 HETMHEHHOCTU CTaTUYECKON XapaKTEPUCTUKH ).

4.2 Onpeoenenue 8pemeHu nepexooH020 npoyecca U NOCMOSIHHOU 8peMeHU 0am4uKka
Xoana

1. Tymonep «BOJIBTMETP» mnepeBecTu B MOJI0KEHUE «BHEITHU». K
pasbeMy Ui MOJKJIKOYEHHUS BHEUIHETO BOJIBTMETPA IMOJKIKOYUATH JJIEKTPOHHBIN
ocriuiorpad.

2. PykoBOJACTBYACh MHCTPYKIIMEH K 3JIEKTPOHHOMY ocHmiiorpady, moaydnuTh
Ha €ro DJKpaHe OCUWUIONpaMMy [EpeXOJHOro Ipolecca, T.e. TpaduyuecKu
3a(UKCUpPOBATh PEAKIMI0 CcHCTeMbl Ha Haxatue KHomku «0.4 Tm». Ilpumep
OCLIMJUIOTPaMMBI TIEPEXOTHOTO TpoIiecca MPeICcTaBlIeH Ha puc. 6.

bbb Ao b
T

|
i

S

Ll el 2

f

Fbobeb-bobobobobobebobbobebebebobebebbebebgbebobebobebebobbehebefebebebobeb -kt

P T S N T T ST ST S S A A

Puc. 6. [IpumepHslii rpaduk nepexoaHOro nporecca
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3. Tlo mnogy4eHHON OCHWIIIOrpaMME ONpPEICIUTh BpEMs MEPEXOIHOTO
Iporiecca M MOCTOSIHHYIO BPEMEHHU CHCTEMBI 3JIEKTPOMAarHUTHOE pejie-TaTuyiK XoJria.
YuuTeIBas, 9TO BpeMs CpadaThIBaHWs JAHHOTO THIMA 3JIEKTPOMAarHUTHOTO peJe
cocranisieT 60 Mc, ONPEIeNUTh MOCTOSTHHYIO BPEMEHH JIaTYnKa XOJuIa.

4. Tlo pe3ysibTaTaM BBITIOJHCHHS J1a0OpPaTOPHOM pabOTHI CleNiaTh BBHIBOJABI U
0(OPMHUTH OTUET.

Conep:kanue oT4yera

Otyet no 1abopaTopHOM paboTe MOJIKEH CONEePKATh:

1. Ha3Banue u 11e716 1a00paTopHON pabOTHI.

2. OCHOBHBIE CBEICHUS W3 TEOPETUYECKONM YacCTH B TOM KOJHUYECTBE, YTO
HEOOXOMMBI JUTsI 3aIUTHI Ja00paTOPHOU pabOTHI.

3. Cxema nabopaTOpHON YCTaHOBKH.

4. Pe3ynbTarhl BBINOJHEHUs JaOOPATOPHOM padoOTHI: TaOJIULBI, TpaduKH,
BBIUHCJICHHBIE U U3MEPEHHBIE ITapaMeTphl JaTuhKa XOoJia.

5. BbIBOJIBI 110 TIPOJIEIAHHOM padoTe.

KoHTpoJibHbIE BOPOCHI

1. [Mosicaute uznveckue ocHOBHI AhdekTa Xoia.

2. Jlns TpeacTaBIEHHOM CXEMBl TIONYNMPOBOAHUKA, €ro BKIIOYCHHUS W
HaIpaBJCHUS MArHUTHOTO TIOJISl OMNPENEIUTh HampaBieHue cuiibl JlopeHna u
nonsipHocTh D/IC Xoia.

3. Onumwure ¥ TMOACHUTE TPUHLIUN (PYHKIIMOHUPOBAHUS J1aOOpATOPHOU
YCTaHOBKH.

4. TlosicHuTe METO/A OmMpeNeNIeHUsI BPEMEHU TMEPEXOAHOro IMpoiiecca JaTdruKa
Xomna.

5. TlosicHute OCHOBHBIE O00JIACTH NMPUMEHEHUS] M XapAKTEPUCTUKU JaTUHKA
Xodmna.

bubianorpadguyeckuii cnucox
1. AponoB B.JI. — McneiTanue u uccieaoBanue 1/m mpuOopoB. — M. — U3,
«ueprus», 1978.

2. OWON. Iludposie 3amomuHamue ocuuuiorpadgsl. PykoBomcTBo 1m0
IKCILTyaTaI|H.
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JIABOPATOPHAS PABOTA Ne 9
EmxkocTHOM npeodpa3oBaTenb

Lleny pabomer — wu3zydeHHe (QPUINYECKUX OCHOB pabOTBI EMKOCTHOTO
npeoOpazoBaTesl pa3InyHbIX GU3NUECKUX BEITUUUH.

KpaTkue TeopeTuyeckue cBeIeHUsI

Emkocmnule npeobpasosamenu (EII) — ANEKTPOCTATUYECKHUE
npeoOpazoBaTe, y KOTOPBIX BXOAHAs W3MepseMas BEIWYMHA CBSI3aHA C
W3MEHEHHUEM €MKOCTH CHCTEMBI WJIM ¢ BEJTMIHHOMN 3JIEKTPHUSCKOTO 3apsiaa [4].

JleiicTBHie eMKOCTHBIX MpeoOpa3oBaTelicli OCHOBaHO Ha MPeoOpa3oBaHUU
BXOJ/IHOW BEJTMYMHBI B U3MEHEHNE EMKOCTH KOHJIEHCATOPA.

EMKOCTHBIE JaTUYUKKU UCTIOJIB3YIOTCS JUIsl J€TEKTUPOBAHUS JTIOOBIX MapaMeTpOB
JNBIDKCHUST (TIEpEeMEIlleHHe, TI0JIOKEHUE), XHMHUYECKOTO COCTaBa, IapaMeTpOB
AIEKTPUUECKOTO TOJISI M, KOCBEHHO, OIpPEACNATh MHOTHUE JApyrue mnapameTpbl —
JaBJICHUE, YCKOPECHHWE, YPOBEHBb IKHJAKOCTH, COCTAaB JKHJAKOCTH, BJIQKHOCTH,
YCKOPEHMsI, HAKJIOHA, JaBJICHUS, YPOBHS U T.I.

[Tpon3BOACTBOM €MKOCTHBIX ITATYMKOB HA3HAUCHUS 3aHUMAIOTCS M3BECTHBIC
kommanuu: AnalogDevices, Capacitec, Trans-Tek (maTuumkd mOJIOKEHUS),
TexasInstruments (akcenepoMeTpsl, natuuku nepemeinenuii), Honeywell u Vaisala
(maTyuKK BIKHOCTH). EMKOCTHBIEC TATYMKU UCTIOIB3YIOT B COCTaBe aBTOMOOMIILHBIX
cuctem kommnanuu Bosch, GeneralMotors, Delphi, ContinentalTeves u Visteon.

UToO0BI CO3/1aTh EMKOCTHON JaTYMK, HEOOXOIUMO MOCPEACTBOM BaphbUPOBAHUS
JIETEKTUPYEMOT0 TapaMeTpa IPOM3BECTH W3MEHEHHWE EeMKOCTH KOHJCHCATopa,
KOTOPOE€ MOKHO U3MEPUTb.

CymecTBYIOT pa3IMUHbIC TPOCTPAHCTBEHHBIC KOHPUTYpAIIUU KOHICHCATOPOB,
KOTOPbIE€ MOKHO UCIIOJIb30BaTh I JAHHOU 11eJIH:

. 7aBe ONMU3KO pACIIOJIOKEHHBIE MapajiebHBIE TUIACTHHBI — TIIOCKHNA
KOHJIEHCATOP;

. TUCK WK cdepa;

. UATHHJIP.

HpOI/IJ'IJ'HOCTpI/IpOBaTB, KaK UMCHHO MOT'YT OBITH CO3JaHbl ECMKOCTHBIC JAaTYUKU,
IIOMOJKET M3BECTHOE BBIPAKEHHE ISl EMKOCTH IUIOCKOTO KOHIEHCATOpa:
EEYS

d

C = (1)
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rae g, =8,854 107" ®/m — pudneKTpUYUEcKas MocTosHHas (abCoaroTHas

AURJIEKTPUUECKast MPOHULIAEMOCTh BaKyyMa); € — 3Hau€HHE OTHOCUTEIbHON
JTURJIEKTPUYECKON MMPOHUIIAEMOCTH MaTepuaia IU3JIEKTPUKa; S — MII0Ialb
NEPEKPBITUS OOKIIAO0K; O— paccTosiHEE MEKIAY OOKIaIKaMHu.

BaxxHbIM B onpeiesIeHUH TIIOCKOTO KOHIEHCATOPA SBJISETCS 3HAUUTEIIbHbBIN
pa3Mep CEHCOPHBIX AIEKTPOJIOB (110 CPaBHEHHUIO ¢ paccTosiHueM d).

UT0O0BI TOCTUYH U3MEHEHHUS B EMKOCTH, HEOOXOAMMO TOOUTHCS M3MEHEHUS 110
ONpENEICHHOMY, IPEAOYTUTENBHO JIMTHEUHOMY, 3aKOHY CBOMCTB IH3JIEKTPUUECKOTO
MaTepHalia, FTeOMETPUHU B3aMOPACIIONIOKEHUST 0OKIIAI0K UITU PACCTOSIHUS MEXKTY
HUMU.

Boinensitoress mpu muna eMKoCmHbIX 0am4uKos:.

1. JlatTunku ¢ puUKCUpOBAaHHBIMH OOKJIAJKaMHU KOHJIEHCATOPA: OTHOCUTEIBHOE
MOJIO’KEHUE OOKJIAJI0K OCTaeTCd HEM3MEHHBIM, HO €M KOCTh KOHJIEHCAaTopa
M3MEHSETCS B pe3yJIbTaTe MOMEIIECHUS 0113 0OKIaJ0K Pa3InyHbIX MaTepHayioB (puc.
1) [4].

Ha puc. 1: a — aT4uk B UCXOHOM COCTOSIHMM TPH X1= X U Xp= 0; 6 — maT4uK ¢ X3 <
X W HEHYJIEBBIM Xo».

1,2 — HWKHAT W BepxHAI OOKIAIKM KOHACHCATOpa, 3a(UKCUPOBAHHBIC Ha
MOCTOSIHHOM PacCTOSIHMM d, ¢ MaKCUMaJbHOM IJIOUIa/IbI0 MEPEKPBITUS S U MOJHOU
JUIMHOM  TepeKpblTud X; 3 — CIOM JUDJIEKTPUKA C  JHADJIEKTPUYECKON
IPOHUIAEMOCTBIO €1; 4, 5 — 3apUKCHpPOBAHHbIE N€YaTHbIE IUIAThL; 6 — maiika
OoOKJIaIKM Ha TIulate; S; — TEpeMEHHas IUIOIAlb TEpPEeKPhITUS OOKIAI0K
IVDIEKTpUKOM 3 (C  AMAIEKTPUYECKOM MPOHMLAEMOCTBIO €1) B Ipejaenax
JICTEKTUPYEMOro paccTosHust Xi1; (S—S1) — mepeMeHHasl IUIOMIATL TEPEKPBITHS
OOKJIaZI0K BO3AYLIHBIM JU3IEKTPUKOM (C TUANEKTPUUECKON MPOHUIIAEMOCTBIO € = 1)
B [Ipe/iesiax NEPEMEHHOTO PACCTOSHUS X2 = X—X4;

8 — eMKOCMHOU 0amyux 3y0uamoz2o pomopa muna «OmKpulmblli KOHOEHCAMop»: O,
®, F — aOCoNOTHBII M YaCTOTHBIE CUTHAJIBl JATYMKA: () — CUTHAJI a0COJIOTHOIO
yriaoBoro mnosioxkeHus poropa; F, o (wm f) — vacrora poropa u cienoBaHMs
JNETEKTUPYEMBIX 3JIEMEHTOB, COOTBETCTBEHHO; | — poTop (M3 MeTamuia WiH
TURJIEKTPUKA); 2 — KOPIyC Aarduka; 3, 4 — BBICTyMNAOIIUE OOKJIAAKU TJIOCKOTO
KOHJIEHCATOpa; 5 — cXeMa MUTaHus KOHIEHCAaTopa MEPEeMEHHBIM HaIPSKEHUEM U

00paboTKM curHasna; 6 — MPOBOHBIC TEPMUHAIIBI TATYMKA (B TPEXIIPOBOTHOM
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Puc. 1. JIunelHbIii €eMKOCTHON aTYUK PACCTOSHUHN X1 M X2



YaCTOTHOM CXeMe MOKIII0UeHus, paboTarolel Ha TOCTOSSHHOM HaIpsiKeHUH ),

2 — Y2l080U eMKOCMHOU damuyux-npepovlieamens: 1 — poTop-KpbUib4yaTKa (M3 MeTailia
WIM TURJIEKTPUKA); 2 — KOPITYC JaT4uKa; 3, 4 — 00KJIaIKU TUIOCKOT0 KOHIEHCATopa; 5
— cXeMa TUTaHus U 00pabOTKM CHUTHaNA, 6 — MPOBOJHBIE TEPMHUHAIBI JAaTdnWKa (B
TPEXMPOBOJAHONM YACTOTHOW CXeMe MOAKIIOYEHUs, paboTarolieid Ha MOCTOSTHHOM
HampsDKeHun); 7 — Bpamaronuiics Bai;, F, f — 9acToTHBIE CHUTHAIBI AaTdWKa; 1 —
YIJI0BOM €MKOCTHOM AaT4YUK a0CONIOTHOTO MOJIOKEHUSI — IpephIBaTelb: 1 — poTop C
MaTepualioM, U3MEHSIOIUM €MKOCTHYIO CBSI3b (M3 MeTajla WU JUAJIEKTPUKA); 2 —
KOpIyc jaaryuka; 3, 4 — 0OKJIaJKU IUIOCKOTO KOHAEHcAaTopa; 5 — cXema MUTaHUus U
00pa0oTKM curHama; 6 — MPOBOAHBIE TEPMHUHAIBI JaTuyuka (B TPEXIPOBOIHOU
aHAJIOrOBOM WJIM YaCTOTHOM CXeMe MOJKIIOUEHHUs, paboTarolieil Ha MOCTOSHHOM
HalMpsOKeHUM); 7 — Bpallaloliuiicss Bajd; 8 — Marepuall, U3MEHSIONUA €MKOCTHYIO
CBs3b; @, F, f — aGCoMOTHBIN U YaCTOTHBIE CUTHAJIBI IATYMKA

Hanpumep, 3a3eMiIEHHBIM NPOBOMSIIMN MaTe€puall YMEHBIIUT E€MKOCTHYIO
CBSI3b, MaTEPHUA C BBICOKOM JUAJIEKTPUUYECKON TPOHUIIAEMOCTHIO YBEIUYUT EMKOCTb.
OTH  [aT4YUKU  UCHOJIB3YIOTCS  JUJIl  ONpEAENIeHHWs  COocTaBa  MaTepHalioB,
JETEKTUPOBaHUS a0COTIOTHOTO JIMHEHHOTO MoJiokeHus (puc. 1, a u 6), IPUCYTCTBUS
JNETEKTUPYEMBbIX OOBEKTOB (IaTUYUKU OIM30CTU — puC. 1, B-1). YCTpoiicTBa JaHHOTO
THUIIA JIETKO MOTYT OBITh MpeoOpa3oBaHbl B MACCUB (PUKCUPOBAHHBIX OOKJIAJOK JIS
JNETEKTUPOBaHUS JABYMEpHOTO mojiokeHus (X-Y), eciu ynaaercs MNOJyYUTh
onpeeneHHbId (JIMHEWHBIN) 3aKOH M3MEHEHUs &(x) U g(y), unm obOpa3za o0ObeKTa, a
TaKXe yriI0BOTO MOJO0XKEHUS — 10 3aKOHY &(¢) (puc. 1, m).

2. JlaTuuku, TpUHIMI PaObOThl KOTOPHIX OCHOBAaH HAa U3MEHEHHH PACCTOSHHUSI
MEXIy ABYMSl NapaJUieJbHbIMH OOKJIaAKaMu KoHAeHcaTopa (puc. 2, a—B). MimeHHO
ATOT THUIN JATYMKOB TMO3BOJSET C BBICOKOM TOYHOCTHIO AETEKTHPOBATH MaJble
nepemeniennss 10 10-14 M, Tak Kak U3MEHEHHE B €MKOCTH 3HAYUTEJIBHO, XOTS H
HenMHeHO (cM. BeipakeHue (1) u puc. 2, r-1). JlanHas crnocoOHOCTh MOIXOIUT IS
JNETEKTUPOBAHUS TMEPEMEIICHUH U YCKOPEHHS W TMPaKTUYECKU HCIOJIb3YETCS B
MHUKPOMETpaX, aKCEIEPOMETpaX, HWHKIMHOMETpax. JIMHEMHOCTh NpU pEIICHUU
MHOTHX U3MEPUTEIBHBIX 3aJlay JOCTUTAETCs 3a CUET M3MEPEHHUs] MMIIeJaHca, a He
emkoctH (puc. 2, r-1) [4].

Ha puc. 2: a — quneiinwiii emkocmuot oamuuk paccmosinus d (B HallpaBJIE€HUU
ocu Z) ¢ BO3AYIIHBIM JAUAJICKTPUKOM U MOCTOSIHHOW IUIOMIAAbIO MepekpbiTus S: 1 —
3aUKCUpOBaHHAsT HWXKHSS OOKJIaJKa KOHJEHcATopa; 2 — TOABMIKHAS BEPXHSs
oOKkytamika KoHAeHcaTopa; 3 — 3adUKCUpOBAaHHAS TIeYaTHAs Tuiata; 4 — TOJIBYDKHAS

IneyaTHasi 1jara,
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& =8,85107"* ®/m

= 1,00086
S =100 mm
w=50kly

(bu3HYecKre TPUHITUITBI KOTOPBIX OCHOBAHBI HA U3MEHEHUH €MKOCTH TIPU M3MEHEHHUH PacCTOSTHUS MexX 1y oOkmaakamu C(d)

1

EEgS X {d) =
Cle) =2 5 ) = @
41079 T T 1,5-10 T T
1-10°
& 2107 41 2
5.10¢

IzE| 4 E“

Puc. 2. nmoctpanuu KOHCTPYKITUHA €MKOCTHBIX TATYUKOB,




5 — maiika oOkJangku; 6, 7 — TepMUHAIIBI KOHACHCATOPA; O — JUHEUHbIU eMKOCMHOU
oamuuk paccmosanusi d (B HampaBlI€HUW OCU Z) C TMOCTOSHHOW IUIOMIAbIO
NEPEKPBITUS S U JIOMOJHUTEIBHBIM TOJABMKHBIM 3allIUTHBIM JUAJICKTPUYCCKUM
cnoem: 1 — 3adukcUpoBaHHAsT HIDKHSS OOKJIaJKa KOHJEHCATOpa; 2 — IMOJBHXKHAs
BEepXHsAS OOKIaJKa KOHACHCATOpa;, 3 — 3alllUTHBIM CJIOM AUAJIEKTpUKa; 4 —
3auKCHUpOBaHHAs TIeYaTHas Iulata, 5 — Takka oOkmamkw, 6, 7 — TEPMHHAIBI
KOHJICHCATOPA;

8 — JIUHEUHbI eMKOCMHOU O0amuuk paccmosnus d (6 unanpasenrenuu ocu Z) c
NOCMOAHHOU NIOWaobio nepekpvimus S U QUKCUPOBAHHBIM OUINEKMPULECKUM
croem: 1 — 3admMKCUpOBaHHAS HIDKHSAS OOKJIaJKa KOHACHCATOpa; 2 — TOJBYDKHAS
BEpXHssl OOKJIaaKa KOHJEHcaTtopa, 3 — (UKCUPOBAHHBIM 3alllMTHBIA  CJOU
TUAJICKTpUKa; 4 — 3aUKCUpOBAaHHAS T€UaTHAs IUlaTa; 5 — TOABMKHAS TICYaTHAS
maTa Wid U30JUPYIOIIMM MaTepual; 6 — maiika oOKJIaJKu M TEpMUHAJIOB; 7, 8 —
TepMUHAJIBI KOHJIEHCAaTopa; 9 — naiika 0OKJIaIKu;

2, 0 — YHKYUOHAIbHbIE XAPAKMEPUCMUKU 0amyYUKa paccmosnus d: T — U3MEHEHUe
E€MKOCTH; JT — U3MEHEHNE UMITeJIaHCa; €, )X — TudGepeHIInaIbHbII eMKOCTHOM TaTINK
pacctostHuii d; u dp (B HampaBieHuM ocu Z) 1 — 3adukcupoBaHHAs HIDKHSISA
oOkmanka; 2 — 3aduKcupoBaHHAsS HIDKHSS TevaTHas miata; 3 — 3adUKCHpOBaHHAS
BEpXHss 00KIaaKa; 4 — 3aUKCUpOBAaHHAsI BEPXHSS MeYaTHAs IJiaTa; 5 — MOJIBIKHAS
cpeaHsii OOKJIaaKa, CcoOeauHseMas C JACTEKTHpyeMbIM oOObekTOM; 6 u 7 —
(UMKCUpPOBAHHBIC CJIOU NUAPJIEKTPUKA; S — (DUKCUPOBAHHAS IUIOMIAIL MEPEKPBITUS
0oOKIaJ0K; € — JaT4uK B MCXOJHOM (HYJIEBOM) IIOJIOXKEHUHU; X — JaTYUK B
CMEIIEHHOM COCTOSTHUU

HexenatenbHBIMU SIBISIFOTCS Tapa3WTHAs IOTEpEeYHas YyBCTBHTEIBHOCTh K
CMEIICHUSIM B HalpaBJIeHUU ocu X WM Y, UYYyBCTBUTEIHHOCTh K HaKIIOHY,
Mapa3uTHON €MKOCTHOM CBSI3U THUIBHBIX CTOPOH OOKJIAJIOK.

[Ipn nobGaBneHnH MeXAy ABYMS (PUKCHPOBAHHBIMU OOKJIAJKaMH TpPEThei
MOJBW)XHOM OOKJIAAKU, Hampumep, nuadparmel, nocturaercs auddepeHmaibHoe
COCIMHECHHUE JIBYX KOHJICHCATOPOB, YTO IO3BOJISET YBEIMYUTH YYBCTBUTEIHHOCTD,
aMIUTUTYy, YJIYYIIUTh TUHEHHOCTh CHUTHANA U 00ECIIEYUTh dKpaHUpOBaHue (puc. 2,
€ — ). 3aBUCUMOCTh aMIUTUTYABI OT PacCTOSTHHS d CHIKACTCS MPU HATHYUUA CXEMBI
00pabOTKM COOTHOIIIEHUSI CUTHANIOB. [losyueHHast CTpyKTypa JAaTurKa ¢ TMOJABMYKHOU
0OKJIaJKON, HArpy>KEHHOW WHEPLIMOHHOM MAacCOM, JIGKUT B OCHOBE OOJIBIIMHCTBA
COBPEMEHHBIX aKCEIEPOMETPOB.

U3 puc. 2, 6 — B CTAaHOBUTCS TIOHATHBIM, 4YTO ()MKCUPOBAHHUE HA TTOBEPXHOCTHU

oOknaaku (puc. 2, B) JAUAICKTPUUYCCKOTO CIIOS, IPEAOTBPAIIAOIIETO MPUIIUIIAHHIE
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OOKJIaIOK JApYyr K JApPYyry MpU Harpy3kax akceJlepoMeTpa BbIIIE JOMYyCTUMBIX
MpelesioB — pEeIlIeHUe, KOTOPOe CIIOCOOCTBYET TAaKK€ YCTPAHEHUIO HEIMHEWHOCTH,
HAaBOAMMOW  BCIEACTBHE  HEOJUHAKOBOIO  M3MEHEHMS  JUAJIEKTPUUECKOU
MPOHHUIIAEMOCTH B Ju(depeHIMaIbHBIX  KOHIAEHCATOpaX C  IMOJBMXKHBIM
TURJIEKTPUUECKUM clloeM (puc. 2, 6). B oTiinuue ot akcelnepoMeTpoB, B JAaTUMKAX
MOJIOKEHUSI  MEXaHWYeCKas Harpy3ka Ha TOJBIKHYIO  OOKIAIKy  MOXKET
KOHTPOJUPOBATHCS M3BHE, MOSTOMY PHUCK BBIXOAA 3a pabouume Mpenesbl JaTyuka
MeHee BepositTeH. CreoBaTeiabHO, MOXKET HCIOIb30BaThCSI TOJBKO BO3MYITHBIN
JTURJIEKTPUK (pHUC. 2, a), HO B YCJIOBUSIX MOBBIIICHHONW BHOpAlMU WIH YAapOB TAKXKe
OyIeT MoJe3eH IOMOTHUTENbHBIA AUAIEKTPUUCCKAN CIIOW, KaK MOJBIKHBIN (TOTIa
3aBUCUMOCTh &(d) MOJDKHA YUUTHIBAThCS), TaK U HEMOJBMXXKHBIN (C &(d)=0 npu Bcex
3HayeHusx d).

Bricokas 4yBCTBUTENBHOCTh IMO3BOJSIET HCIOJIB30BATh U CTAHIAPTHBIC, U
muddepeHnranbHbIe Tl TaTYMKOB BapUAIIMA PACCTOSHUS ISl U3MEPEHUS MaJTbIX
MepeMeNIeHH, HO He MO3BOJIAET JETEKTUPOBATH OOJIBIIINE TTEPEMEIICHUS, TTOCKOJIbKY
€MKOCTh KOHJEHCATOpa C OOJBIIMM PACCTOSHUEM MEXIy OOKIaJKaMH MajaeT a0
3HAUEHUS, KOTOPOE CIOXXHO W3MEPUTh, MU YPOBEHb BBIXOJHOTO HMIIEAaHCa
3HAYUTEIHLHO YBEIMYHMBACTCS. J[aHHBIM THUI €MKOCTHBIX YCTPOWCTB TMOJXOMHT IS
JETEKTUPOBAHUSL JIMHEHHOrO0 a0COJNIOTHOTO TIOJIOKEHHUS, HO HE aKTyalleH s
VTIIOBBIX CHCTEM.

3. JlaTuyuku, B KOTOPBIX MPOMCXOAMUT NEPEMEIIECHHUE ABYX MapaliebHbIX OOKIIaOK
JIpYT OTHOCHUTEILHO Jpyra, OJHOW TOJBMYKHOM OOKIAJKU OTHOCHTEIBHO BTOPOM
HETMOABWKHOW HWJIM TIEPEMEIICHHE IUIACTUHBI JAMAJIEKTPUKA TaKuM 00pa3oM,yTo
u3MeHseTcs paboyast 00acTh MepeKpoITUsA KoHaeHcaTopa S (puc. 3)[4].
Ha puc. 3:

a — JINHEWHBIA €MKOCTHOW JATYMK MEPEKPBHITHS 00KIAIOK S — PACCTOSHUM X1 U
X2 B HarpaBJjieHuU ocu X (Ha puc. 3, a MoKa3aH JaT4uK ¢ X < X; JaT4YUK B UCXOJHOM
COCTOSIHUM TpU X1=X TMOKa3zaH Ha puc. 1, a): 1 — 3adukcupoBaHHAS HUIKHAIS
oOknaaka, 2 — TOABWIKHAS BEpXHsSs OOKJIagKa KOHJEHCATOpa, OTHECEHHas Ha
MOCTOSIHHOE paccTosiHue d, ¢ MaKCUMaJIbHOM IJIOLIAAbI0 MEPEKPHITUS C HIDKHEN S U
MOJIHOM JIIMHOW mepekpblTus X; 3 — 3aUKCUPOBAHHBIN CHOW OHUAJIEKTPUKA C
TUDJIEKTPUUECKON TTPOHUIIAEMOCTHIO €1; 4 — 3adMKCUpOBaHHAS TeUaTHas TiaTa; 5 —
MOJBW)XHAS TeyaTHas Iuiata;, 6 — maiika oOkiagku Ha Tuiare; d — MOCTOSHHOE
pPacCTOsTHUE MEXIY OOKIaaKaMu; S1 — MepeMeHHas TUIOIIalb MEePEKPHITH 0O0KIAT0K
B Tpejaenax JeTeKTHpyeMoro paccrosHus x1; (S-S;) — mepeMeHHas IUIOMIAIb

OTCYTCTBUS TIEPEKPHITUS OOKIIATO0K B MPEJEIax MePEMEHHOTO PACCTOSIHUS X = X—Xi;
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0, B — (DyHKUIMOHAJIbHBIE XapaKTEPUCTUKU JaTUMKA MEPEKPBITUS OOKIAZAOK S: 0 —
U3MEHEHUE €MKOCTH; B — HW3MEHEHUE HMIeAaHca; I, J — JIMHEWHBIA JaT4uK
paccTosiHUM XM X; — auddepeHnmanpHas cxeMa MepekphITus oOKIagoK S1 U Sy C
MOJMHBIM  pabounm xoaoM X (peduektuBHOro tuma): 1, 2 — HUXKHUE
3aUKCUpOBaHHBIE OOKJIAJKU KOHAEHCATOpa; 3 — BEpXHsAsA INOJBHUXKHAS OOKJIaJKa,
OTHECEHHAas Ha MOCTOSTHHOE paccTosiHKE d, C MIIOMAAIMHU MEPEKPBITUS C HUKHUMH Sq
U S; COOTBETCTBEHHO; 4 — 3aUKCUPOBAHHBIM CIOM  JUAJIEKTpUKa (C
IMAJICKTPUIECKON MPOHHUIIAEMOCTRIO €1); 5 — 3aUKCHpOBaHHAs MeYaTHAs I1aTa; 6 —
HOJBWKHAsS IMeyaTHas IUlaTa; T — JAaTYUK B UCXOJHOM (HYJIEBOM) MOJOXKEHHUH; 1| —
JaTYUK B CMEIICHHOM COCTOSIHHHM; €, )X — AU(QepeHIInanbHbIN JIMHEHHBIA JaTUYuK
paccTOsHUSA X1 — IUIOIIAIU NEPEKPHITHSI 00KIAI0K S1 C TOJHBIM padoYnM X010M X, C
BO3JIYIIHBIM JTUAJEKTPUKOM (IIpepbIBa€MOro Tuma): 1, 2 — HWKHSAA U BEPXHSAA
OoOKJaAKyu, 3a(UKCUpPOBaHHbIE HAa IMOCTOSIHHOM paccTOSHUM d, ¢ MakcUMalabHON
IUIOIIA/bI0 TEPEKPBITUS S M MOJHOW UIMHOM NEPEKPHITHSA X; 3 — MNOABUKHAs
oOKJIaZKa KOHJIEHCATOpa, OTHECEHHAasl OT HEMOABMKHBIX OOKIAJ0K Ha MOCTOSIHHOE
paccrosinue d/2; 4, 5 — 3apukcupoBaHHBIC TIEYATHBIE IJIATHI; 6 — Malika OOKJIa KU Ha
IiaTe; € — AaT4UK B UCXOJHOM COCTOSIHMM IPU X1=X; XK — JaT4MK C¢ X1 < X; S; —
MepeMeHHasl IUION[aJb MEPEKPhITUS OOKIAAOK B Mpeaenax AETEeKTUPYEMOIo
paccrosiHus X1; (S—S1) — mepeMeHHas TUIOMAlb MEPEKPBITHS OOKIAJIOK B Mpeaenax
MIEPEMEHHOT0 PACCTOSHUA X = X—X1; 3 — YIJIOBOM €MKOCTHOM TpaHcuBep: | — kopmyc
(ocHOBaHME) 1aTuMKa; 2 — HEMOJABUKHAS MeYaTHAsl IUlaTa — TPAHCMUTTEDP; 3 — POTOP
— TeYaTHas IJaTa ¢ EMKOCTHBIM aTTEHI0ATOPOM (MpepbiBaTesieM); 4 — HeMOoABUKHAs
neyaTHas IjiaTta — pecuBep; 5 — cxeMa o0paboTku curHana; 6 — KpbIika (BEPXHSS
4acTh) JaT4MKa; 7 — Bpallaloluics Bayl; 8 — IPOBOJHBIE TEPMUHAIBI TaTYUKA; O —
aOCOJIFOTHBIM CHUTHAJI JaTYMKa, U — KOaKCHaIbHBIM «eMKocTHOM LVDT»: 1, 2 —
HenoJBIXKHbIE auddepeHinaibuble 00KIaaKku; 3 — TMOJBIMXKHAs oOOkianka; 4
Kpene)XHas 4YacThb MOABM)KHOM OOKIAIKM MJIi COEAUHEHUS C JETEKTHUPYEMbIM
00BbEKTOM (pe3b00BBIN HAKOHEUHUK).

[TponopuimoHanbHOE CUMUTHIBAHUE IIOJIOKEHUSI MpEACTaBiIsieT co00il MeTon
M3MEPEHHsI MPOMOPLMOHATLHOTO M3MeHeHus nuddepeHimanbabix eMkocteil Cl u
C2, manpumep (C1-C2), C1/C2 umu (C1-C2)/(C1+C2), u BBIpaOOTKH B CXeMe
YCUJIUTENSL aHAJIOTOBOTO BBIXOJA HANPSIKEHUS — JTO MO3BOJISIET TAK)KE BBITOIHATH
pPagOMETPUYHBIE H3MEPEHUs, KOI'ZLa E€MKOCTb OJHOIO KOHAEHCATOpa SBIIAECTCS
MEpEMEHHON B  MpOIECCe  JBMXKEHMS, a BTOPOro —  (PUKCHUPOBAHHOM
(monmynuddepeHIMaIbHBINA PEKUM).
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Ananu3 cootnourenus C1/C2 umu (C1-C2)/(C1+C2) B u3BMepHUTEIBHOMN cXeMe
MO3BOJISIET yMEHbIMATh dA(PGEKThl BIMSHUS TEMIEpaTypbl W U3MCHEHHWH B
JTURJIEKTPUYECKON MMPOHUIIAEMOCTH BCJIEJICTBUE BJIAXKHOCTH U (MJIHM) TABJICHUS.

Kpome Toro, mnpu aHamusze cooTHomieHus emkocted tumma C1/C2
U3MEpUTEIbHASL CXEMa C OJTHOM MEePEeMEHHOM €MKOCThIO MOKET ObITh JIMHEAPU30BaHa
TUTIOM JBW)KCHHS NaTYWKa: IS MOJy4YeHHUs JIMHEWHOro Bbixoga Cl MOXET OBIThH
NEPEeMEHHOM €MKOCThIO KOHJIEHCAaTopa ¢ mnepekpbiTueM o0kianok (C2 — omopHas
€MKOCTb), In60 C2 — mepeMeHHasi eMKOCTh KOHACHCATOpa C Bapuallueil pacCTOSHUS
d (C1 — omopHast eMKOCTB ).

JI1st yBeTMUEHUS €eMKOCTH JaTYUKOB (C IEJTbIO TTOBBIMICHUS YYBCTBUTEILHOCTH
U pa3pelieHus — JETEKTUPOBAHMS €Ill€ MEHBIIUX IEepEeMEIIEHUN) U YMEHbIICHUS
UMIIEaHCa TTOIXOAST METO/IbI MapallJIeIbHOTO BKIIOYEHUS HECKOJIBKUX HIJIM MHOTHX
KOHJIEHCATOPOB (COeAMHEHHE OOKJIAJ0K C OJMHAKOBOM MOJSPHOCTHIO). Bo MHOrMX
g depeHnranbHbIX CXeMax JIBa KOHJIEHCATOPa COEIUHAIOTCS MOCIEA0BATENBHO — C
YyepeloBaHUEM TOJISIPHOCTEN OOKIJIAJOK — YTO YMEHBIIAET €MKOCTb, YBEJIMYHBACT
UMIIEAHC, HO MOBBIIIACT U3MEPUTENBHYIO TOUHOCTD YCTPOMCTB.

Jlnst  yiydiieHus: TOYHOCTH TNPUMEHSIETCST MacCHB OOKJIAJOK CO CXeMOM
00pabOTKH, MOJOOHOM ONTHYECKUM HHKOAEpaM (C JEMOAYISTOPOM — CYETUUKOM
OOKJIaIOK [IJIsi TPyOOro OMpeAesieHUs TMOJOXKEHUS U HHTEPIOJSIIUU  MEXIY
oOKIagKaMu 1Jig 00Jiee TOUHOTO U3MEPEHUS ).

3a cyer Wu3MEHEHHs] OOJACTH TMEPEKPBITHS MOXKET JICTEKTUPOBATHCS
3HAUUTEIPHOE JIMHEMHOE TMepeMEelIeHue C COONIIOACHUEM JIMHEMHOro 3aKoHa
MpUpaIieHus eMKOCTH (puc. 3, a—0), a TaKXkKe yIJIOBOE MOJIOkKEHHE B mpeaenax <360°
(puc. 3, 3 u 1, r—x). OgHAKO STOT TUM AATYUKOB UYBCTBUTEJICH K 3a30py MEXIY
obOxiankamu d (oH AOMKEH OBITh MabIM (1 MM) M HE JIOJDKEH UMETh CYIIECTBEHHBIX
MOTPEIIHOCTEN 3HAUEHMS), K HAKJIOHY B HAIpaBJICHUU JIIOOOM OCH M K Mapa3uTHOU
€MKOCTHOM CBSI3H ThUIBHBIX CTOPOH OOKJIAJIOK.

B muddepenunansiom nnu nonyauddepeHuuanbHoM pexxkume (puc. 3, r—x)
XapaKTEPUCTUKU JATUYUKOB C TEPEKPHITUEM yiydinarTcs. Eciu 106aBUTh BTOPYIO
(bUKCUPOBAaHHYIO OOKJIAJKy BBIIIE MOJBWXKHOU (puc. 3, €—X), 3aBUCHUMOCTh OT
paccrostaus 0 mpu 3ToM OOHYyJsieTcs. B 9Toil ke KOHQUIypalluud WA TpH
pa3MeIICHUH JBYX HEMOJBIDKHBIX OOKIAIOK C OJHOW CTOPOHBI TOJBHYKHOM
oOKyamku (pucC. T—1) YMEHBIIACTCA YYBCTBUTEIBHOCTH JAaTYMKa K HAKIOHY U
o0ecreynBaeTcsi SKpaHUPOBAHUE, KOTOPOE YMEHBIIAeT Mapa3uTHYI0 EMKOCTHYIO

CBA3b.
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Toepewnocmu emxocmubix npeobpazosamerieti

K norpemmnoctsam EUII otHOCATCS:
® TIOTPENTHOCTH, OOYCIIOBJICHHBIC 3aBHCHMOCTBIO €MKOCTH TIpeoOpa3oBaTeis OT
BHEIIIHUX YCJIOBUM, HAIIpUMEP TEMIEPATYPhI OKPYKAOLIEH CPELBI;
® [IOIPEUIHOCTh, 00YCIOBICHHAS Mapa3sUTHBIMU TOKAMH YTEUKH;
® [IOTPENTHOCTh, 00YCIOBICHHAS BIMSHUEM TTApPa3UTHBIX EMKOCTEH.

Homunansnass emkocte EWII 0ObIYHO cOCTaBisieT €IMHULBI — COTHHU
nukodapan. Ha HM3KMX dYacToTaX CONMPOTHBICHHWE MPeoOpa3oBaTess IOCTHUTACT
OONBIIMX  3HAYEHHWM, YTO TNPUBOJUT K  BO3HUKHOBEHHIO  IOTPEHIHOCTH,
O0OYyCIIOBJICHHON  napasumuviMu  moxkamu ymeuku. Jas yMEHBIIEHUS OTOM
MOTPENIHOCTH  YBEJIIMYMBAKOT YaCTOTY HAINPSDKEHUS IATAaHUS 10 HECKOJIBbKHX
KUJIOTEPI] U Ja)Ke Merarepil.

B EWII, kpome cOOCTBEHHON €MKOCTH mpeoOpazoBaTeisi, MPUCYTCTBYIOT
€MKOCTH MEXIY JJIEKTPOJaMH M 3a3€MJICHHBIMHU JCTAAIMU KOHCTPYKLIMHU, MEXKIY
KHUJION COCTMHUTEIBLHOTO KabeJIsl U €ro 3a3€MJICHHBIM 3KPaHOM, KOTOPbIE MMPUBOJIAT K
MOSIBJICHUIO NOZPeUHOCMU, 00YCI08NeHHOU GIUAHUEM NAPASUMHBIX eMKOCmel.
[Ipyuem mapamerpsl KabOenss MOTYT M3MEHATbCS. [[ns yMeHbLIEHHS 3TOH
MOTPENTHOCTH W3MEPUTENbHYIO 1IeNb M BTOPUYHBIA MPHUOOp pacrmosiaraioT BOJIU3U
npeodpazoBarensa. Kak ciemyer u3 BBIIEU3I0KEHHOTO, 00JIaCTh MPUMEHEHUS
E€MKOCTHBIX MpeoOpa3zoBarenieil BecbMa pa3HOOOpa3Ha, OJIHAKO HauboJiee MIUPOKO
OHU HCIIOJB3YIOTCS 11 M3MEPEHHS MaJlblX NEPEMEIICHU W BEIWYWH, JIETKO
npeo0pa3yeMbIX B MepeMeEIIeHUE, HAPUMEp, TaBICHUM.

Jlocmouncmeamu EUII sBISIIOTCA:

® [PUHLMUIUAIBHOE OTCYTCTBHUE IITyMOB;

® OTCYTCTBHECAMOHArpeBa;

® [IPOCTOTa KOHCTPYKIMH, MaJiasi Macca U rabapuThl;

® BO3MOXHOCTb COOTBETCTBYIOIIUM BBIOOPOM  (OpPMBI  MOJBMXXHOTO U
HEMOJBI)KHOTO  DJIGKTPOAOB  TOJYYHUTh  3aJaHHYI0  (DYHKIIMOHAIIBHYIO
3aBUCUMOCTh MEXKIY HM3MEHCHHEM €MKOCTH W BXOJHBIM JIMHEWHBIM WJIH
YIJIOBBIM IIEPEMELICHUEM;

e Majas CUja IMPUTSLKEHUS DIEKTPOJIOB;

® BO3MOXHOCTh MPUMEHEHHUS KaK JJIsi CTATUYECKHUX, TaK W JJIs1 JUHAMUYECKUX
U3MEpPECHUM.

K nedocmamxam eMKOCTHBIX TIPe0Opa30BATEICUMOKHO OTHECTH:
® MaJyl0 EMKOCTh U BHICOKOE BBIXO/IHOE COTMIPOTUBIICHUE TPE0Opa3oBaTes;
® 3aBHUCHUMOCTH Pe3yJIbTaTa U3MEPECHUS OT U3MEHEHHS EMKOCTH Kales.
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Onucanue Ja00paTOPHOM YCTAHOBKU
JlaGopaTtopHasi yCTaHOBKAa COCTOUT M3 €MKOCTH C JAMDJICKTPUUECKOMN
KHUJIKOCTBIO; MITATUBA; MOJBUKHON IUIAHKHU, MO3BOJISIIOLIEN PEryIupoBaTh MIIyOUHY
MOTPYXKEHUS JEKTPOJOB B KUAKOCTH; JBYX KPEMEKHBIX YCTPOMCTB, MOCPEACTBOM
KOTOPOW MOKHO MEHSATh PAacCTOSHUE MEXIY 3aKPEIUIEHHbIMU Ha HHUX 3JIEKTPOJIaMU;
npubopa AJis U3MEPEHHs] eMKOCTH, Ha0opa TIaCTHH.
Cxema 1abOpaTOpHOM YCTaHOBKH IPECTaBIE€HA Ha pUC. 2.

5

Puc. 2. Cxema nabopaTopHO#l yCTaHOBKH: | — IITaTUB; 2 — MOJBMIKHAS TUIAHKA; 3 — KPETIEKHBIC
YCTPOICTBA; 4 — eMKOCTb C AMIIEKTPUUECKOM KHUIAKOCThIO; 5 — INIACTUHBI KOHAECHCATOPA

B kadecTBe )XKHIAKOCTH B YCTAaHOBKH HCIIOJIB3YETCS TpaHC(POPMATOPHOE MAcCIo,
o0JiafiaroIee XOpoIuMHu JUIICKTPUUECKUMU CBOMCTBAMU.
B coctaB yCTaHOBKM TakXke BXOAUT MYJIbTUMETP, HCHOJB3YEMBbIN JIs

HU3MCPCHHUA CMKOCTH.

IHopsigok BbINOJIHEHHS JIA00OPATOPHOM PAadOTHI
Emrxocmmuou npeobpazoseamens aunetiHblx nepemeuyeHull.
1. 3akpenuTh Ha YCTaHOBKE IJIACTUHBI TaKUM 0Opa3oM, YTOOBI MEX]Y HHUMHU
OBLIIO PACCTOSIHUE 3 MM.
2. I3MepuTh €MKOCTb MOJIYYMBIIETOCS BO3IYIIIHOIO KOHJIEHCATOPA.
3. V3MeHsist pacCTOsIHUE MEXKIY IJIaCTUHAMH, U3MEPUTh EMKOCTh U 3aIIOJTHUTh

Tabmn. 1.
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Taomn. 1

Paccrostnue Mmexy miactunamu, MM |3 (6 | 9

Emkocth, n®

4. Tlo paHHBIM TaONMIBI TOCTPOUTH TpadUK 3aBUCUMOCTH EMKOCTHU
KOHJIEHCATOpa OT PACCTOSIHUS MEXKIY IIJJACTUHAMM.

5. Cpaenatb BBIBOJ] O 3aBUCMMOCTH €MKOCTH KOHJIEHCAaTOpa OT PaCCTOSHUS
MEXAY IUIACTUHAMMU.

6. Ilo dopmyne (1) paccuutarb €MKOCTh KOHAEHcCaTopa JJis PacCTOSHUS
MEXK]ly TUIaCTUHAMU 6 MM.

7. CpaBHUTB pACUETHOE 3HAYEHNE EMKOCTH C DKCIIEPUMEHTAIIbHBIM.

8. PaccumTaTh OTHOCUTENHHYIO TIOTPENTHOCTH U3MEPEHHUS 110 (hOpMyJIE:

y = —| -~ 1.100%
pacu
Emxocmuot npeobpasoeamens yeno6vix nepemeujeHui.
1. 3akpenuTh Ha YCTaHOBKE IUIACTHHBI, TAKUM O0pa3oM, YTOOBI MEXIYy HUMU
OBLIO PACCTOSIHUE 3 MM U OHM MOJIHOCTBIO IIEPEKPBHIBAIN APYT APYyTa.
2. I3MepuTh EMKOCTh MOJYYUBIIErOCS BO3AYIIHOTO KOHIEHCATOPA.
3. V3meHssa yroa HakjJIOHAa OAHOW M3 IUIACTUH ¢ maroM 20° u u3mepss s

JTHX IOJIOKECHHUH 3HAUCHNE €MKOCTH, 3aII0JIHUTH Ta0II. 2.

Tabu. 2.
VYron Mexay MmiIacTUHAMM, TPaj 20 40 60

Emxkocth, n®

4. Tlo paHHBIM TaOMWIBl TIOCTPOUTH TpaduWK 3aBHCUMOCTH EMKOCTH
KOHJIEHCATOpa OT IUIONIAIA MEPEKPBITUS TIACTUH (YIJia MOBOPOTA OJHOW TIJIACTHHBI
OTHOCHUTEJILHO APYTOM).

5. Caenatb BBIBOJ O 3aBHUCHMMOCTH €MKOCTH KOHJIEHCATOpa OT IUIOIIAIN
MEPEKPBITHS TUTACTHH (YTJIa TOBOPOTA OJHON TJIIACTHHBI OTHOCUTEIHLHO JAPYTOH).

Emxocmuou npeobpasoeament ypo6Hs OUNIeKMpUudecKkol H#CUOKOCmu.

1. B3siTh €MKOCTB C AURIEKTPUUYECKON KUKOCTBIO.

2. OnycTuTth IAaCTUHBI KOHAEHcaTopa Ha rinyouny 10 mm. U3meputb eMKOCTh
KOHJIEHCATOPA.

3. U3MeHsisi riiyOuMHY TOTPYKEHMs IJIACTUH KOHJIEHCATOpa B >KUIKOCTh U

U3MEPSIsl EMKOCTb, 3aMIOJIHATH TaOnuIry 3.
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Ta0mn 3.

['my6Guna norpy»xenus miactud, Mm | 10 20 30

Emkocth, n®

4. Tlo paHHBIM TaONMIBI TOCTPOUTH TpadUK 3aBUCUMOCTH EMKOCTHU
KOHJICHCATOpa OT TJIyOMHBI HOTPYKEHUS IUIACTUH B IUDJICKTPUUECKYIO KUJIKOCTh.

5. OnpenenuTh 3HaYEHUE OTHOCHUTEIBHON JTUAJIEKTPUYECKON MPOHUIIAEMOCTH
TUAJIEKTPUYECKOM KUIKOCTH.

6. Cnenarb BBIBOJ O 3aBUCMMOCTHM  €MKOCTH  KOHJEHcCaTopa OT
TUAJIEKTPUYECKON MTPOHUIIAEMOCTH AUAICKTPUKA HAXOISIIETOCS MEXIY OOKIaIKaMu
KOHJIEHCATOpA.

Conep:xanue oryera

Otuert 1o 1abopaTopHON pabOTe AOJIKEH COACPIKATH:

1. Ha3Banue u 1iem1b 1abopaTopHOU paboTHI.

2. OCHOBHBIE CBEIECHUS W3 TEOPETUYECKOM YacTH B TOM KOJHWYECTBE, 4YTO
HEO0OXOMMBI JUIsI 3aIIUTHI Ja00paTOPHOUM paboTHI.

3. Cxema 1abopaTOpHOM YCTaHOBKH.

4. Pe3ynbTaThl BBINOJHEHUS JA0OpAaTOpPHOM paboThl: Tabiuia, rpaduxkud u
pacyeTHOE 3HAYCHUE OTHOCUTEIHHOW MOTPEITHOCTH OMPEICIICHUS] EMKOCTH.

5. BbIBOJIBI 110 TIpOJICIIaHHOM pabdoTe.

KoHTpoJibHBIE BONIPOCHI

1. ITosicHuTe Ha3HAUYEHUE KOHAEHCATOPOB.

2. IlosicauTte yCTPONUCTBO M MPUHIIHN (PYHKITMOHUPOBAHUS KOHIEHCATOPA.

3. IlosicHuTE TEPMUH INEKTPOEMKOCTH KOHJIEHCATOPA.

4. ITosicHuTe, OT YEro 3aBUCHUT BJIEKTPOEMKOCTh KOHJIEHCATOpa.

5. TlosicHuTe mpUHIMI JEWCTBUS €MKOCTHOIO MpeoOpazoBaTessl JUHEHHBIX
[IEPEMELICHHM.

6. IlosicHuTe mNpUHUMI JEUCTBUS EMKOCTHOTO MpeoOpa3oBaTelisi YIIIOBBIX
[IEPEMELICHHM.

7. lloscHuTe NOpPUHIUI ACHCTBUS E€MKOCTHOTO MpeoOpa3oBarTelis YpOBHS
TASJIEKTPUYECKOU KUJKOCTH.

bubanorpadguyeckuii cnmucox
1. Jleemmnua E.C., HoBunkuii A.B. Dnektpudeckue uaMepeHus: (PU3NIeCKuX
BenuuuH : M3mepurensHble npeobpazoBarenu. YueOHoe mocobue myis By30B. — JI.:

Oneproaromusaart, 1983. — 320 c.
81



2. Opanigen Jx. CoBpeMeHHbIE AaT4YMKU: cripaBouyHUK. — M.: TexHocdepa,

2005. — 592 c.
3. ABTOMOOWJIbHBIE AATYMKHU MOJI0KEHHUSL. COBPEMEHHBIE TEXHOJIOTUH U HOBBIE

nepcnektuBbl. YacTs 11. EMKOCTHBIC MaT4yuku — HOBBIE MTPOKHA aBTOMOOHIBLHOTO
pbika [DnektpoHHbid pecypce] // Kommonentsr u TexHosnoruu. 2006. Ne4. http:/Kit-
e.ru/articles/sensor/2006 4 14.php
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JIABOPATOPHAS PABOTA Nel0
IIbe3031eKTpHYECKU H3MEePHUTEIbHBIN Mpeodpa3oBare/ib

Llenv nabopamopmoii pabomvl — U3y4eHHE NPUHLUI (DPYHKIMOHUPOBAHUS U
OCHOBHBIX XapaKTePUCTUK MbE303JIEKTPUIECKOTO U3MEPUTETHEHOTO
npeoOpa3oBares.

KpaTkue TeopeTnueckue cBeaeHUs

JlelicTBUE  MBE30RJEKTPUUECKUX  MpeoOpa3zoBaTeneit OCHOBAHO Ha
UCIIOJIb30BAaHUU IbE302JIEKTPUUYECKOTO d(dekra, HAOIOJaEMOTO B HEKOTOPBIX
Kpuctaiuiax (KBaplil, TYpMaJIiH, CETHETOBAs COJIb U JIp.) U TEKCTypax (Mb30KEPaMUKH:
TUTaHAT Oapusi, IUPKOHAT-TUTAHAT CBUHIIA, TUTAHAT Oapusi CBUHIIA U Ap.).

CyIlHOCTb npsAmMO020 THE303JEKTPUUECKOro 3¢ (dexTa COCTOUT B TOSBICHUU
ANEKTPUYECKUX 3apsioB Ha TIPAHSAX IUIACTUH, W3TOTOBICHHBIX W3 HAa3BaHHBIX
MaTepuaioB, MpuU UX MexaHuueckod nedopmanuu. Ilbezosddext sBigercs
oOpaTUMbIM — IPU NPUJIOKEHUU K TPaHAM YHNOMSHYTBHIX IUIACTUH 3JEKTPUUECKOIO
OJIS TTOCEAHNE 1e(DOPMUPYIOTCS, U3MEHSS CBOIO TOJIIHHY.

JUis TOsICHEHMsI TbE303JEKTPUUECKOro 3¢¢dekra B KpuUCTAIaX OOBIYHO
UCIIONIb3YIOT NPHUOIMKEHHBIE MPEACTABICHUS O TOM, UYTO KpHUCTAJLLIMYECKas
CTPYKTypa 3JIeMeHTapHO siueiiku kBapia (Si0;) B miiockoM cpese (B JaHHOM cliydae
B IUIOCKOCTH YepTEeX,a) MOKHO IMPEACTaBUTh B BHUJIE LIECTUYTOIbHUKA (puc. 1, a), B
BEpUIMHAX KOTOPOIO  PACHOJIOKEHBI  ITOJIOKUTEIBHBIE HOHBI KPEMHUS U
OTpULIATEIbHBIE MOHBI KHcIopoaa. [Ipu cxxkatum KpucTajjia B HANpPAaBICHUH OCU X
(puc. 1, 6) ¢ cunori F kpucramn gehopMHupyeTcsi, pacCCTOSIHUE MEXKIYy HOHAMH U
anekTpogaMu A u B u3MeHsieTcsa, a MOHBI, pacloiOXKEHHbIE B HEMOCPEACTBEHHOM
OJIM30CTH OT BIJIEKTPOJOB, MEepeMellatoTcss B TIyOb s4Yelku. DTO BBI3BIBAET HA
ANEKTPOJAX HHAYLUMPOBAHHBIE 3apsiibl, 3HAK KOTOPBIX COBIAJAET CO 3HAKOM
OMMKaMImMX K JJIGKTPOJaM HOHOB. Takue K€ 10 3HakaM 3apsabl MOTYT
WHIYIIMPOBATHCS HA JIEKTPOAAX @ U D ¥ TIPU PaCTIKEHUN PacCMaTPUBAEMON STYCHKH
B HaIlpaBJICHUH, IEPIICHIUKYJIIPHOM OCH X.

[Ipu pacTspkeHUM SYEKd KpHCTallla KBapla BAOJb ocu X (puc. 1, B) Ha
ANEKTPOJAX BO3HUKAIOT 3apsiibl NPOTHUBOIIOJIOXKHOTO 3Haka. (Cxarhe s4Yelku B
HaIpaBJICHUH, MEPIEHIUKYISIPHOM OCH X, MPUBOJUT K MOSIBJICHUIO Ha 3JIEKTPOJAX
TaKHUX e 3apsAJ0B, KaK U IIPU PACTKEHUH I10 OCH X.

CywHocms OOpPaTHOTO MbE30AJIEKTpUUYEcKoro 3¢ (deKra COCTOUT B TOM, UTO
MPWIOKEHUE DJIEKTPUUECKOrO MOJs K IUIACTMHE M3 MHE303JEKTPUKA CIIOCOOHO
BBI3BIBATh €€ MeXaHW4yecKyr jaedopmanuio. JledcTBUTENbHO, MNpU TMoJaye K

QJICKTpOAdaM Pa3sHOCTHU IIOTCHLHUAJIOB BCICACTBHC I[GIZCTBPI?I QJICKTPOCTATHUCCKHUX CHUJI
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MOHBI MPUTATUBAIOTCS K JIEKTPOJaM C MPOTHUBOMOJOKHBIMUA 3HAKAMH, YTO CO3/IA€T
MEXaHMUYECKOE CMEIIEHUE MPUIIETAIOIIEH K TIIIaCTUHE CPEIBI.

Tak, npunoxenue K 3nekTpojgaM A U B cOOTBETCTBEHHO MOJIOKHUTEIBHOTO U
OTPUIIATEILHOTO TMOTEHIMAJIOB BBI3BIBAET CXKATHE siueiiku kBapua (puc. 1, 0) u

gy L

Hao0opoT (puc. 1, B).

Frr++r++

S

o

Puc. 1. K nosicHeHHI0O Tbe303EKTPUUECKOTO P deKTa

OOpatHbIN THE30AIEKTPUUECKU d(PPEKT MMUPOKO HCIOJIB3YeTCS B TEXHHUKE
JUISl CO3JJaHUs 3BYKOBBIX U YJBTPAa3BYKOBBIX KOJIEOAHUM B ra3000pa3HbIX, XKUAKUX U
TBEPIBIX Cpeaax.

N3noxkeHHble MpEACTaBICHHS O CYIIHOCTH TPSIMOTO W OOpaTHOro
nbe30dJeKTpudeckux 3 dexToB ymporieHsl. Ha camom jaene mbe303JIeKTPUYECKHi
3 PeKT 3aBUCUT KaK OT MbE303JEKTPUUECKUX, TaK M OT JIUDJIEKTPUUECKUX U
MEXaHMUYECKUX CBOMCTB MbE30MATEPHUAIIOB.

VY 1be303JEKTPUKOB pa3IM4aloT TPU B3aUMHO TMEPHEHIUKYJISIPHBIC OCH:
ANEKTPUUYECKYIO, MEXAHWYECKYI0 U onTuYecKyro. llosBneHue »IeKTpUuecKux
3apsiIOB B MBE30DJIEKTpUKAX HaOmogaeTcs Tmpu  uxX  Jaeopmariuu  BIOJb
ANEKTPUUECKOM M MexaHuueckoil ocel. Ilbe3oaddext, BbI3bIBaCMBINA J1EHCTBUEM
CUJIBl BJOJb DJJIEKTPUUECKOM OCH, HA3bIBAIOT MPOJOJBHBIM, a Mbe30d(PQeKT,
BO3HUKAIOIIMN 0] JCUCTBUEM CHJIbI, HAIPABICHHOM MO MEXaHUYECKOW OCH
MONEPEYHBIM.

[Tbe309nexkTpryeckne mpeoOpa3oBaTeu CHUIIbI KOHCTPYKTHUBHO BBITIOJTHSIOTCS
B BHJEC OJHON TIUIACTUHBI M3 THE302JIEKTPUKA, CHAOKEHHON MeEeTaUTMYeCKUMHU
oOkiankamu (puc. 2, a), 100 (15 yBeIUUEHUs YyBCTBUTEIHLHOCTH) B BUJIE HaOOpa
(1Byx U 0oJiee) MbE30ICKTPUUYECKUX IIJIACTHUH, pPa3/IeIEHHBIX METaUIMYeCKUMHU
obxmankamu (puc. 2, 0). Haxonar npumenenne Oumop(dHBIE MbE303JIEKTPUUECKUC
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npeoOpazoBatTenu (puc.2, B), KOTOpbIE MPEACTABISAIOT COOOM IBE CKIIEEHHBIE MO BCel
MMOBEPXHOCTU MbE303JEKTPUUECKUE IUIACTUHBI, OPUEHTUPOBAHHbIC TaK, 4TO IPHU

BOBI[CI\/'ICTBI/H/I CHJIbI BCPXHSA UCIBITBIBACT PACTSIDKCHUC, 4 HUKHAA — CKATHC.
F b, Ad lF

/ ‘ [++++++ 3 + ; 3
3| AZITTE | | 3|  Needesscaeos |
: < P72, I P

+++++++++4+ 4+ 4

X
O\ ++++++ 02

~ ]
N

F 1F
a 0 B
Puc. 2. CxembI be303JICKTPUUECKHUX MpeoOpazoBaTesei:

1— mpe3oanekTpudecKas IIacTuHa; 2— OOKIAIKHU (3JIEKTPOIbI);

3— YCUIIUTECIIb C OOJIBIINM BXOJIHBIM COIIPOTUBJIICHUEM

Tak kaKk NbE303JIEKTPHUCCKHUI IMpeoOpazoBarelib (puc.2, T) OJHOBPEMEHHO
SBIISICTCSI  KOHJCHCATOPOM, OJJICKTPOJBIDKYIIasi cwia E, BO3HWKamOmas Ha €ro
oOKJIaJIKaX, MOYKET OBbITh OIMCaHAa BEIPAXKCHHEM

E=kiF,
lb
raek — koa(hGUIMEHT, 3aBUCSIIHNNA OT MaTepraa Mbe303JCKTPUKA, UCIOJIb3YEMOro B
ocu, naehopMald U €ro AudIeKTpuueckor mpouunaemoctd; |, b m d — nmuna,
IITUPUHA U TOJIIWHA MTEE303JIEKTPUICCKOM m1acTuHbl; F — mpeoOpazyemast cua.

BbIXo/HAass MOIIHOCTh IHhE30AJICKTPHUECKUX IpeoOpa3oBarelield Maja, a
cobcTBeHHOE compoTtuBienue 3HaunTensHo (108 — 10%° Om), mosTomy HEOGXOAUMO
MPCABAPHUTEIILHOS YCHIICHUE WX CHTHAJIOB. /[ 3TOro MCHOJB3YIOT 3JCKTPOHHBIC
YCHIIUTENH ¢ OOJIBIIIMM BXOIHBIM COTIPOTHBIICHUEM.

3apsiibl, BOSHHKAIOIINE Ha TPAHIX MMbE303JICKTPUYSCKHUX IUIACTHH, TOCTATOYHO
OBICTPO (3a AecAThIE TOJM CEKYHJIbl) CTEKAIOT KaK uepe3 MaTrepuall cCaMoOu IMIaCTUHBI,

TaK u yepe3 conporusieHue Harpy3ku. [Ipu atom DJIC n3MeHseTcs 110 3aKOHY:
t

E = Eoe_?,
rae Eo— nauaneHoe 3Hauenue DJIC, nmeroniee MeCTo B MOMEHT MPUIIOKEHUS CUIIBL;, T
— TIOCTOSIHHasi BPEMEHH, OIpejeseMas IapaMeTpaMHM  IbE303JeKTPUUYECKOM
MJIACTUHBI U BXOJAHOM IEMHU AJIEKTPOHHOTO YCUIIUTES.
OtUM ompeenseTrcs TOT (akT, YTO MbE303JSKTPHUESCKHE ITpeodpa3oBaTein HEe
MIPEICTABIISCTCS BO3MOXXHBIM HCIIOJIb30BaTh ISl U3MEPEHUsl cTaTudeckux cuil. Mx
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OPUMEHSIOT U1 M3MEpPEHUM OBICTPOM3MEHSIOIIUXCS BO BPEMEHH Harpy3oK.
[TorpenHoCTh Mbe303MeKTPUISCKUX Mpeodpaszopareneii cocraniser +(0,5-1,0) %.
[Ibe30anekTpuyeckuii dhdexT sBiaseTcs OoO0paTUMbIM sBlieHHEeM. T.e. mpH
MPWIOKEHUN K  KPUCTAUTYy  OJCKTPUYCCKOTO  HAMNPSHKEHUS OH  HAYMHACT
nehopMHUPOBATHCS.
[Tee30ammexTprudecKuii 3 (HEKT MOKHO OLEHUTH Yepe3 BEKTOP MOISApU3aliu P :
P=P,+P, +P,, (1)
reX,y,Z KOOpAUHATHBIE OCH, CBSI3aHHBIE C KPUCTAIIIIOM.
CrnaraembIe 3TOTO BBIPKECHHUS OMPEACIISIOTCS IO (popMyiaMm:
Pxx = d115xx + d125yy + d13azz
Pyy = d215xx + d225yy + d23522 ! (2)
P, = d315xx + d325yy + d33522
rme O - OCeBOE MeEXaHMYecKoe HampspkeHue, O - COOTBETCTBYIOIIHE
MbE302JIEKTPUUYECKUE KOIDPUITMSHTHI.
Benmnuuna 3apsiga, reHepUpPYEeMOTO Ha TIOBEPXHOCTH IThE303JIEKTPUUIECKOTO
KpHUCTaJuia, MPOMOPIMOHANIbHA CUJIE, PUJIOKEHHON HapuMep, BJ0JIb OCH X:
Qx =du1F 3)
Kpucrami, ¢ HaHeCeHHBIM Ha HETO AJIEKTpoJaMu (pHcC. 2) MpeacTaBiseT coOoi
KOHJIeHcaTop, obyanaromniuii eMkocThio C. HampsikeHne Ha 3TOM KOHAEHCATOPE:
U= & = % F.. 4)
cC C
B peanpHOCTH HEOOXOIUMO YUUTHIBATH EMKOCTH KaOemsi U BXOJIHYIO €MKOCTh
W3MEPUTEITBHOIO YCTPOUCTBA.
Takum oOpa3zom, u3Mepsisi HAMPsHKEHUE Ha BBIXOJIE IMHE303JIEKTPUYECKOTO
npeoOpa3oBaTessi MOXHO CYIUTh O MPHJIOKCHHOW CHIIE (IaBJICHUH, MEXaHHUYECKOM
HarpsHKeHUH, neopmarun).

Onucanne J1a00PATOPHOH YCTAHOBKHU

B cocraB nabopaTopHOW YCTaHOBKM BXOZST: AJIEKTPOHHBIN ocuuiorpad,
BUOpocTeH 1, BuOpomnpeodbpazoparens JIH-3.

B nabopaTopHOi YCTaHOBKE MIPUMEHSIETCS MbE30JIEKTPUUECKUIN
BHOponpeodpazoBarens JIH-3, oOuuii B KOTOPOTO MPUBEACH Ha PHC.3.

Bubpormnpeobpa3oBarenb COCTOMT W3 OCHOBaHUS 1, TMbE302JEMEHTOB 2
MHEPUUOHHOW Macchl S5, BTYJKHM 6, KOHTaKTa 7 ISl CHSTUS DJIEKTPUYECKOTO
noteHuana. CtaTuyeckasi Harpy3ka Ha Ibe303JIEMEHThI OCYIIECTBIIICTCS Tallkon 3.
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Ceepxy BHOponpeoOpa3oBarenb 3akpbiBaeTcsi Kpbimkod 4. I[lpuHnmn paboTs
BUOpOnpeoOpazoBaTenst OCHOBAH Ha MPSIMOM be303PdeKTe.

J 4 5
— —
X ? ]

STy -
Al

AR {

A

M-7H

Puc. 3.Yeptex obmiero Buma nmpeodpaszosarens JJH-3:
1 — ocHOBaHUe; 2 — MBE303JIEMEHTHI; 3-Tallka NPYKUHHAs; 4 — KPBIIIKA;

5 — Macca UHEpIUOHHAas; 6 — BTYyJIKa; 7 — KOHTAKT

[Ipu BO31eCTBIMM MEXaHUUECKUX KOJIeOaHWI Ha OCHOBaHKE BUOpONpeoOpa3oBarTesis

C YCKOPEHUEM a MHEPIIMOHHAS Macca M UCHBITHIBAET IEUCTBUE CHIIBI P:
P=m-a

[Tse309meMenTH BHOpOIPeoOpa3oBaTelis moaBepraroTcs AehopMaIiu CKATHS,
B pE3YyJIbTATE YEro Ha IPaHsAX MbE303JIEMEHTOB BO3HHUKAIOT DJIEKTPUUECKUE 3apsbl,
MPOMOPUHAOHAIBHBIE JEUCTBYIOLIEMY YCKOPECHUIO.

Ha puc. 4 npuBenen BHemHuM Buja BuOpomnpeoOpaszoBatens JIH-3, ero
YCWJIMTEIA 3apsiia, 0JIOKa MUTAHUS U SJIEKTPOHHOTO ociiuiorpada.
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Yeunumerns

CrIeKmMpPOHHbLIl y
3apsada

ocuyurifioepag

briok
numaHus

Bubponpeobpaszosameris
OH-3

Puc. 4. Bueunuii Buj 311€MEHTOB JIaOOpaTOPHON YCTaHOBKH

Iopsaok BeINOJTHEHUsI JIA0OPATOPHOH PadoThI
1. CoOpathb J1a00paTOpHYIO YCTaHOBKY.
2. IIpoBeputh pabOTOCIIOCOOHOCTD MBE30MPE0OPa30BATEIIS.
3. YcTaHOBUTH NIbE30IPE0Opa30BaTENb HAa CTOJ BUOPALITMOHHOTO CTEH/IA.
4. 3anmaBas pa3UYHBIC AMIUIMTYJBI M YacTOThl BUOpalUid HEOO0XOIUMO
U3MEpPATH BBIXOJHOM cHUTrHaN mbe3omnpeoOpazoBatesnd. [IpuMep BBIXOIHOTO CUrHaia
MOKa3aH Ha puc. 5.

Puc. 5. Ilpumep ocrumiorpaMMbl BEIXOTHOTO CUTHAJIA

5. PaccunrtaTrh aMIUIUTyly BUOPOYCKOPEHHsI, BHUOPOCKOPOCTh U MEepEMEIICHHUS
JUI KQKIOW CTPOUKH TaOIMIIBI.
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Ammuryna

curHana Bubpo- Bubpockopoctb
) [Iepemenienune, M
npeobpaszoBatens, | YCKOpEeHue, M/c Mm/c
MB

6. Jlnsg paBHBIX YCKOPEHHMH MOCTPOHUTH TIpauK 3aBUCUMOCTH aMILIUTYIbI
BBIXOJTHOT'O CHTHAJIa OT YaCTOTHI BUOPAITUH.
7. Paccuntath KOOQPUIIMEHT Mepeadn sl KaX10i 4aCTOTHI.

Conepskanue oT4yera

Otuet no 1abopaTopHOM paboTe JOJIKEH COJIePKaTh:

1. Ha3zpanue u 1ienp 1a00patopHOil pabOTHI.

2. OCHOBHBIE CBEIEHHUS W3 TEOPETHUYECKON 4YacTH B TOM KOJMYECTBE, 4YTO
HEOOXOIUMBI VISl 3alIUTHI TA00PaTOPHOI pabOTHI.

3. Cxema n1abopaTOpHON YCTAaHOBKH.

4. Pe3ynbTarhl BBINOJHEHUs JaOOPATOPHOM paboOTHI: TaOIULBI, TpaduKH,
U3MEPEHHbBIC U BBIYUCIIEHHBIE [TapaMeTPhI MTbE30IPe0Opa3oBaTesl.

5. BbIBOJIBI 110 TIPOJIEIAHHON padoTe.

KoHTpoJibHbIe BOPOCHI
1. [Mosicaute husmveckre OCHOBBI (DYHKIIMOHUPOBAHUS MTbE30MPe0oOpa3oBaTeIIs.
2.  lTlosicamte  oOnacTb  TPUMEHEHWs  JOCTOMHCTBA M HEJOCTaTKU
Mbe30IMpeodpa3oBaTels.
3. [losicauTe METOT OTIpeIeTICHHS TIOIOCKHI MTPOITYCKAHUS MThe30mpeoOpa3oBaTels.
4. Tloscaute MeTo orpeesieHns KodppuimenTa nepeadu nbe30npeodpa3oBarters.
5. OnumuTe ¥ NOICHUTE NMPUHIUI (DYHKIIMOHUPOBAHUS 1a00PaTOPHOM YCTaHOBKH.

bubimnorpadguyeckuii cnucox

1. Jleemmua E.C., HoBunikuii A.B. Dnektpudeckue u3MepeHHs (HU3NISCKUX
BenuuuH: M3mepurenbHble mpeoOpa3zoBarenu. YueOHoe mocoOue s By30oB. — JL.:
Oueproaromusaar, 1983. — 320 c.

2. Opaiinen Jx. CoBpeMeHHbIe NaTuuku: cnpaBoyHuK. — M.: TexHocdepa,
2005. - 592 c.

3. Unscor JI.B.buomenuiinHckas u3MepuTesibHas TEeXHUKa: Y4eb. mocobue
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Vuebnoe uzoanue

AHTOHEHKO Cgetnana BajesTuHoBHa
BOI'TAHOB Maxkcum bopucosuu

OUSNYECKHNE OCHOBbDI
[HOJIYUHEHUSA NTHOOPMALIMN

Y4yeOHO-MeTOAMYECKOE TOCOOUE
Yacrtp 1
IHoaynpoBoAHUKOBBIE, PE3UCTHBHbIE, EMKOCTHBIE U MbEe303JIEKTPUYECKHUE
H3MepHUTeIbHbIe Tpeodpa3oBaTen
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MuHucTepcTBO 00pa3oBaHusi U HAYKU P®
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BBEJAEHUE

Hucuunnunaa «®usndeckre OCHOBBI TONy4YeHUsT HH(pOpManumu» SABISETCS
0a30BOM I MOATOTOBKU OakanaBpoB HampasieHuto 200100 «IIpubGopoctpoeHue.
JlanHoe y4eOHO-MeToIuYecKoe TMocoOue TMpeAHa3HaueHO MJii MPAKTUYECKOTO
O3HAKOMJICHUSI CTYIEHTOB C (Qu3nueckumMu sddexramu, nexalmMu B OCHOBE
M3MEPUTENIbHBIX MpeoOpa3oBaHUl U CPEACTB MX peanu3aluu. Takke B MOCOOHH
U3JI0’KEHBl IPUHIIUIBI PAOOTHI TaTYMKOB U METOJIbI aHAIM3a U CHHTe3a (PU3MUYECKUX
SABJICHUM JIJIS1 CO3/IaHMSI PA3JIMYHBIX CPEACTB U3MEPEHUS, JUAaTHOCTUKH U KOHTPOJIS.

YyebHo-MeToAuecKoe MocoOue COCTOUT U3 JIBYX YacTed B COOTBETCTBHUU C
KOJIMYECTBOM CEMECTPOB, OTBEICHHBIX HA U3yUYE€HHUE JAHHOU IMCUUILINHBI.

Yacms [ paHHOTO TOCOOMS TOCBSIIECHA H3YYEHHIO (DU3MYECKUX OCHOB U
NpUHIUOA  pabdoOThl  MOJYNPOBOJAHMKOBBIX,  PE3UCTUBHBIX, E€MKOCTHBIX H
MIbE30JIEKTPUUECKUX HM3MEPUTEIIbHBIX IpeoOpa3oBarenei; uacms 2 — HIEMEHTOB
HAaBUIALIMOHHBIX CUCTEM.

OcBoeHue 1a0OpaTOpHBIX pabOT, NPUBEIEHHBIX B MOCOOMM, MO3BOJIUT
CTYJIEHTaM MPUOOPECTH NPAKTUYECKHUE HABBIKK B 00JACTH MOJy4YeHUs UHPOpMaluu
C TMOMOIIBIO PA3JIMYHBIX W3MEPUTEIBHBIX CHUCTEM, a TaKX€ HaBbIKA MJIS
OCYUIECTBJIEHUSI TPAMOTHOTO WHXXEHEPHOro BBIOOpAa BUAA MpeoOpazoBaTesel Mpu
pa3paboTKe KOHKPETHOTO M3MEPUTEIBHOIO YyCTPOWCTBA WJIM aBTOMAaTU3MPOBAHHOTO
KOMILJIEKCA.

Aemopul gvipadicarom O1a2o0aprocmy: 3aBeyloleMy JadbopaTopueit kapeapbl
«IIpubopsl u OuorexHuuyeckue cucreMb» DenocoBy Alnekcero HMBaHoBHUy U
nabopanty BapnamoBy Cepreto IBaHoBHuy 3a TIOMOIIb B H3TOTOBJICHUU
7a00paTOPHBIX YCTAHOBOK, a Takxke cryaeHTam rpynnbsl 120261 Axjapromuny
Antony, lankuny Anekcannpy, ['manOypry [enucy, KupbsnoBy Amnekcanapy,
KocromapoBy [Imutpuro, MonkepoBy Makcumy, Hazapenko JImutpuro, HecrepoBy
Anekcero, Ilpontomkuny Wnwe, CadponoBy Anekcero, CoukoBy Bamgumy,
Cy66otuny [enucy, Tumommny Ceprero, ®enpko Hatanne, IllecronanoBy
Hanuuny, Yaiike EBrenum u acnupanty JlanunoBy Makcumy 3a pa3paOoTKy H
U3TOTOBJIEHHE Ja0OPATOPHBIX YCTAHOBOK.



JIABOPATOPHAS PABOTA Nel
HN3mepenue oceBOro MOMEHTAa HHEPLUUH TBEPABIX TeJl

Llenv nabopamopHou pabomvl — OCBOEHUE SKCIEPUMEHTAIBHOTO METO/a
OTNpeeIeHUs] MOMEHTa WHEPIMH TeJl, UMEIOIINX CIO0XKHYIO0 T€OMETPUUYECKYIO (hopmy
Y MOJTyYEHHE MPAKTUYECKUX HABBIKOB MPUMEHEHUS JAaHHOTO METO/IA.

Kparkue Teoperudyeckue cBeleHUs
MoOMEHTOM HHEpLMM MaTEpUAJIbHOM TOYKU OTHOCHUTEIIBHO HEKOTOPOH OCH
Ha3bIBACTCS MMPOU3BEIICHHE MAcChl M 3TOW TOYKM HA KBajpaT e€ paccTosHus h 1o

9TOM OCH, T.€. BeIUYHUHA mh? .

MoMeHTOM WHEpLUHH MaTEepPHATILHOM CHUCTEMBI (Tejla) OTHOCHTEIBbHO OCH
HA3bIBAETCSI CyMMa MOMEHTOB MHEPIMM BCEX TOYEK CHUCTEMBI (T€Ja) OTHOCUTEIBHO
TOM K€ OCH.

Tak, HanpuMep, MOMEHT HMHEPLUHU TeJla OTHOCUTEIBHO HEKOTOpod ocu AB
paBeH:

‘]AB :kathAB, (1)
k=1

riie Jag — MOMEHT HHEpIUHU Tejla OTHOCHTENBHO ocu AB (0ceBoii MOMEHT MHEpIHH),
K — HoMep Todku Tenma, N — KOJIMYECTBO TOYEK Tela, m, - Macca K-oif Touku Tena,
hag — PACCTOSTHHE k-oi1 Touku Tena 1o ocu AB.

[Ipn HempepbhIBHOM pacmpeneiieHuu Mmacchl B Tene cymma (1) mepexon B

HWHTETpa:
JAB :J‘hisdm- 2)

Pa3zmepHocTh MOMeHTa nHepiuu B cucteme CU paBHa KrM2 .

[lo ompeneneHn0o MOMEHT WHEPIMH TMPEICTABIAECT COOOW MOJOKUTEIHHYIO
BEJIMUMHY. B HyJIb MOMEHT MHEPLUHUU MOXKET OOPATUTHCSA TOJBKO B OJJHOM YaCTHOM
Cly4dae, KOrja BCE TOYKH CUCTEMBbI PACIOJIOKEHBI HA OCH, OTHOCHUTEIBHO KOTOPOMU
BBIUHCIISIETCSI MOMEHT MHEPLIHH.

MoOMEHTBl MHEpPIUHU Tela OTHOCUTEIBbHO TPEX B3aUMHO MNEPHEHIUKYJISIPHBIX
oceil 00J1aJal0T Ba)KHBIM CBOMCTBOM: MOMEHT WHEPIIMH OTHOCUTEILHO JIFOOON u3
OCEH BCErjJa MEHbIIE CyMMbl MOMEHTOB MHEPLIMA OTHOCHUTENBHO JABYX JPYTHMX OCEH,
HO OO0JIbIIIE UX PA3HOCTH.



B Ta6n. 1 mpuBeneHsl Gopmyibl Jisi pacyeTa MOMEHTAa WHEPIMHU MPOCTHIX

OIHOPOJHBIX TCJI. B tab6xa. 2 MPUBCACHBI 3HAUYCHHUA IIJIOTHOCTU HCKOTOPBIX MCTAJIJIOB
H CIIJIaBOB.

Tabun.1. ®opmynsl 715 pacueTa MOMEHTa UHEPIIMU MPOCTHIX OJJTHOPOAHBIX Tell

Teno OTHOCUTENBHO OCH MoMeHT uHEpLIHU
ToHKkHI CTEPKEHD MIEPIICHIUKYJISIPHON K CTEPKHIO U mi?
JUTAHBI | MPOXOISLIEN YEPES €r0 CEPEIUHY 12
. MEPIEHANKYIIIPHOHN K MIIOCKOCTH
Kpyrasliil nuck wim P yp . mr2
JIMCKa Y TPOXOISLIEN YEPES €T —
UUJIMHIP paaunyca I 2
LEHTP
[Tap paguyca r COBIIAJIAIONIEH C TUAMETPOM 0,4mr?
Tonkas TpyOa uiu .
COBIIAJIAIOIIEH C OCBHIO TPYObI mr?2
KOJIBLIO paguyca I
. NEPIEHANKYJIIPHON K OCH
Kpyrasiil nuasap P YHp . 12 r?
LUJINHAPA U IIPOXOISIIEN YEPES m —+—
aiHbl | v paguyca r 12 4
€ro CEepeluHy

Tabu1. 2. 3HaueHus TNIOTHOCTH HEKOTOPBIX METAJIOB U CILUIABOB

[InoTHOCTH [InoTHOCTH
BemectBo p.log K_23 BemectBo Y 10° K_23
M M
AroMuHUN 2,7 Mens 8,93
bpon3za 8,7-8,9 Hukenb 8,9
Boasdpam 19,34 Omnoso 7,29
JropantoMuHuit 2,79 CBuHeI 11,35
Keneso 7,88 Cepebpo 10,5
30J10TO 19,31 Cranb 7,7-7,9
JlaTtyHb 8,4-8,7 Uyryn 7,0

OmnpeneneHre MOMEHTa WHEPIMH TeJa CJI0XKHON (OpMbI — 3a/1a4ya CIIOKHAs U
Tpynoemkas. Kak mpaBuio AaHHYIO 3a/ladyy pellaloT NyTeM pa30ueHus Tena Ha
AJIEMEHTapHbIE TPOCThIE O00BEMbI (AUCK, CTEPXKEHb, KOJBIO, MIap U T.IL.),
PACCUUTHIBAIOT UX MOMEHTBI MHEPIIMH [0 COOTBETCTBYIOIIMM (popmyiam (Tadi. 1), a
3aTeM CyMMHpYIOT 1o (opmyne (1) momydeHHbIE MOMEHTHI HHEPIHMH. TOYHOCTH
OMpeNeNeHnus] MOMEHTa UHEPIUMU B OSTOM Cllydae 3aBUCUT OT KOJMYECTBA
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AJIEMEHTAapHbIX O0BEMOB, Ha KOTOpbIE pa30MBAaeTCA TENO, TOYHOCTH H3MEPEHUN
napaMeTpoB ITUX 00bEMOB (IJIMHA, HIIMPUHA, paanycC U T.1.). [lorpenrHocTs JaHHOTO
METO/a ISl CJIOKHBIX B T€OMETPUYECKOM IUIAHE TEJI, KaK IPAaBWIO, 3HAYUTEIbHA U
MOkeT  mpeBblmiaTh  BenuuuHbl  20%.  Ilostomy  9acto — mpuMeHseTcs
DKCIIEPUMEHTAJIBHBIN METO/] ONPEAEICHUS] MOMEHTA HHEPLIUU.

PaccmoTpu KpyTuibHble KojeOaHus BOKpyr ocu OC AMCKa NOCAKEHHOIO Ha
TOPCUOH (YNPYTUui CTEPKEHb, paOOTAIOLINI Ha KPYyUEHHUE), BTOPOIl KOHEL KOTOPOTO
KECTKO 3akpermieH B kopmyce (puc. 1). Ilpu moBopore nucka Ha Maiblil yroia ¢
BO3HMKAa€T MOMEHT BOCCTAaHABJIMBAIOIIEH CHJIbI, KOTOpPBIM B 00JaCTH yHOpyroi
nedopmaluy TOpCUOHA MPONOPLUOHAJIEH YTy IOBOPOTA @

MB = _k(p’ 3)
rne K — xodhduimerT yrioBod KECTKOCTH YIPYTOro JJIEMEHTa, T.€. MOMEHT

KOTOPBIN co3gan Obl YIPYTruil 2JIEMEHT ¢ TMHEHHON XapaKTepUCTUKON Ipu @ =1 paj.

g
a

®¢
Puc. 1. K BbIBOly ypaBHEHUS KPYTHIIbHBIX KOJI€OaHMI

Ecnu npene6pedb MOMEHTOM MHEPIIMA TOPCHOHA, TO MOMEHT CHJI MHEPLIUU
KPYTWJIBHOTO MassiTHUKA!

M, =-Jp, (4)
rae J — MOMEHT MHepIHH ucka BOKpyT ocu OC ATMHAMUYECKON CUMMETPHH.
[IpeneOperasi MOMEHTOM COMPOTHUBIICHUS KoJieOaHUSIM (IeMII(UPOBAHMUS)
ypaBHEHUSI KOJeOaHUIA TUCKA MOXKHO 3aIUCcaTh B BUJIE:

Jo=—ko. Q)
[ToxenuB Ha KO3(PPUIMEHT pU CTAPIICH MPOU3BOJHOMN MOTYUHM:
o+59=0. (6)



[lepenumiem nocneaHee ypaBHEHNE B BUJE:

p+a5p=0, Y
rae @) —4acTora COOCTBEHHBIX HE3aTyXalOUIMX KoneOaHuil:
o= (8)
0 =47
J
[lepuos coOCTBEHHBIX KOJIEOaHUI PaBEH:
J
T=2x E _ (9)

[Tpu onpeneneHn MOMEHTa UHEPLIUU Tela CIIOCOOOM KPYTHIIBHBIX KOJIEOaHUN
TE€JI0 TIOJIBEIINBAIOT Ha TOPCUOHE (YIIPYTOM CTEPIKHE WM CTPYHE), TAK YTOOBI LIEHTP
Macc Teja Jieall Ha MPOJOJDKEHMHM OCH CTEpKHS (puC. 2). 3aKpyTHB CTEP)KEHb,
KECTKO CBSA3aHHBIA C TEJIOM, Ha MaJlblii yroin ¢, U3MEpPSAIOT MEpPHOoJ KoJieOaHUs
cuctemsl T .

Ll Wi
g /]

) =

Puc. 2. K MOsICHEHHIO 9KCIIEPUMEHTAITLHOTO METO/1a OTIPE/ICIICHNSI MOMEHTA HHEPIIUU TeJIa

3aTeM Ha TOT K€ CTEP>KEHb IOJ BEHIMBAIOT TeJIO (HANpUMEp, TUCK), MOMEHT
MHEPLUU KOTOPOro OTHOCU TelbHO ocu OC u3BECTEH M paBeH J',M U3MEPSIOT
nepuo koiedbanuit T'. DTOT nmepuoa kojieOanuil onpenensercs Gopmyio:

J/
T =2x.]—. 10
”‘/k (10)

WcknrounB u3 ypaBaenudt (9) m (10) HemsBecTHbI mapamerp K momyuum
bopMyIy 117151 ONIpeieTICHUS] MOMEHTA HHEPLIUU
2
T
J=J|=1|. 11
= (11



Takum 06pa30M, MMOJYYCHHBIC MATCMATHUYCCKHUEC BLIPAXKCHHA ITIO3BOJIAIOT
OKCIICPUMCHTAJIbHBIM MCTOJAOM OIIPCACINTL MOMCHT HWHCPIIMHN JIF000T0 TBCPAOTro

TCJa.

Onucanne 1a00PATOPHON YCTAHOBKHU
JlabopaTopHasi ycTaHOBKAa TPEICTaBIsACT COOOM KPYTHIBLHBIH MasTHUK (pHC.
3). B kauecTBe TOpCHOHA UCTIOIB3YETCS CTaIbHAs CTPyHA.

TopcuoH (cmpyHa)

[Modsec

i Vccnedyemoe meno
-~

OcHosaHue

Vv V

Puc. 3. Cxema nabopaTopHOi yCTaHOBKHU

K ycranoBke npunaraercs: 1 altoMMHUEBBIN TUCK, | TATYHHBIN TUCK U
UCCIIEyEMOE TeJI0, KOTOPBIM SBJIIETCS paMKa ruporaxoMerpa (puc. 4).

Puc. 4. Cxema paMKH TUPOTaxOMeTpa, MOMEHT UHEPIIUH
KOTOPOI HE0OXOMMO ONPEAETUTh IKCIIEPUMEHTAIBHO

IHopsinok BbINOJIHEHNS JIa00OPATOPHO PadoOTHI
Onpedenenue nocpeuwtHocmel 9KCHePUMEHMANbHOZO0 Memooa U3MepPeHUs MOMeHmA

uHepyuu.



2
1. ITo dbopmyne % (rme M.l Macca u paauyc IuMcKa) pacCUUTaTh

MOMEHT MHepuuu J,, naTyHHoro jgucka. JlIs ompeneleHHs Macchl HaiiTH 00beM

mucka V,,, =7 D (U200 hnaT — BoIcoTa jucka). Torna My = Vg Py (0118 Py

Jam - aam

- INIOTHOCTH JIATYHU (CM. TaOJIMYHBIC TAHHBIC)).
2. IlogBecuTh JIATYHHBIA JIUCK HAa CTPYHE U M3MEPUTHh NMEPHOJ KPYTHIHHBIX

o 0
xonebanmii 1 ;. [Ipy 3aKkpy4nBaHUM OTKJIOHATH AUCK Ha yroa ¢ <15,
3. TlomBecuTh Ha CTpyHE AQNIOMHHUEBBIA JUCK W H3MEPUTH IEPUOT

KPYTHIIBHBIX KoneOanuii 1, .
T 2
4. Ilo dopmyne J*" =] —4_ | pacCUMTaTh JAKCIEPUMEHTAIBHOE

Jgam
Jgam

3HAYE€HHE MOMEHTA UHEPIIMHU ATFOMUHUEBOTO JUCKA.
m,r. Ny y
5. Ilo dopmyne R paccuMTaTh JCWCTBUTEIIBHBIA MOMEHT HWHEPIUU
AIFOMUHMEBOTO JUCKa Jy; .

6.  Paccuutatp  aOCONIOTHYIO ( J = Je ) U OTHOCUTEIbHYIO

Kcn
( J an - J an

an

)100% IMOTPCIIHOCTU ISKCIICPUMCHTAJIBHOT'O OIIPCACIICHUA MOMCHTA

HHCPUOHH AJIFOMUHHUCBOIO JJUCKA.
2

e T
7. I1o popmyne J" =J | —4 | pacCUATATh DKCIIEPUMEHTAIBHOE 3HAUYEHUE

ain
an

MOMCHTA MHCPIUHU JIATYHHOT'O AUCKA.

8.  Paccumrate  abcomotHyro  (J,,, —J’") M OTHOCHTENbHYIO

Jaam
oKcn
( J aam - J Jqam )

Jaam

100% mOTrpemHOCTH HKCIEPUMEHTAIIBHOTO OMNPEICICHUS MOMEHTA

VMHEPLHHN JIATYHHOTO JUCKa.

H3mepenue momenmos unepyuu pamku 2Uupomaxomempa.
1. IlogBecuTh paMKu TMpOTaXOMETpa Ha CTPyHE, MPU TOM IPOJOJIbHAS OCh
CTPYHBI JOJDKHA COBIAAATh C MTPOJOJIBHOM OChIO paMKu OX.

b X
2. Miameputh mepuoj KpyTHIBHBIX KoseOanuit T .

10



2

X

3. Tlo dopmyne J,=J, T_p paccuuTaTh MOMEHT HWHEPIUH pPaMK{

an
OTHOCUTENBHO ocu OX.
4. TloBTOpPUTH Ollepaluy, NPU 3TOM MOJBECUTh PAMKY Ha CTPyHE TakK, 4TO ObI

MPOJOJIbHAS OCh CTPYHBI COBIAJaNa ¢ 0Cb0 OZ paMKu, U3MEPUTh T, U PaCCUUTATh
J;, - MOMCHT HHEPLUH PaMKH THPOTAXOMETPa OTHOCHTENBHO ocu OZ.

5. [loaBecUTh paMKy TUPOTaXOMETpa Ha CTPYHE TakK, 4TO Obl MPOJOJIbHAS OCh
CTpyHbI coBmazana Obl ¢ ocbto Oy. [Insg 3TOro B MecTax MOCaAKUM OCEl poTopa
3aKpEINUTh CTAIIBHOW CTEPKEHb.

6. I3MepuTh nmepuoj; KojeOaHui CUCTEMBI Toier

2 2
cm 4 _cm

12 4

paanyc CTCpKHA, paCCUNTATh MOMCHT MHCPIHUU CTAJIbHOTO CTCPIKHA OTHOCHUTCIIBHO

7. Tlo ¢opmyse J. =m_ (rne |, - wmma, M, - maccam I, -

ocu Oy.

2
Y

y —] p+em
ptem — Nan

8. ITo ¢popmyne J paccurTaTh MOMEHT MHEPIIMU PAMKH CO

an
CTCPKHCM OTHOCHUTCIIBHO OCH Oy

y _—_ 1V y
9. Ilo dopmyne JJ =] —J”  paccuuTaTh MOMEHT HHEPLUHU DPAMKHU

p+cm

oTHOCUTENBHO ocH Oy.

Copep:xanue oruera

Otyet mo 1abopaTopHOM paboTe JOJIKEH COJIePKATh:

1. HazBanue u 11e16 J1abopaTOpHON PadOTHI.

2. OCHOBHBIE CBEICHUS W3 TEOPETUYECKONW YacCTH B TOM KOJHUYECTBE, YTO
HE0OXOAMMBI JUIsl 3aIIUTHI 1a00PaTOPHOU pabOTHI.

3. Cxema nmabopaTOpHON YCTaHOBKH.

4. Pe3ynbTaThl ONPEACICHUS TOTPENTHOCTEN METOA.

5. Pe3ynbTaThl W3MEpEHHS] MOMEHTOB WHEPIIMM paMKH THPOTaXOMETpa
OTHOCHUTEIFHO PA3IMYHBIX OCEH.

6. BoIiBoIBI 110 TIpOIEITaHHON paboTe.

11



KoHTpoJbHBbIE BOPOCHI

1. TlosicHuTE MOHSATHE MOMEHTA UHEPIUU.

2. 3anuiute GopMyIibl A pacyeTa MOMEHTa MHEPIIMH MPOCTHIX OJHOPOIHBIX
Te.

3. BeiBeauTe ypaBHEHUE JUIsl ONPEEICHUS] MOMEHTa MHEPLUU TBEPJOrO Tela
AKCIIEPUMEHTAJILHBIM ITyTEM.

4. TloscHure, KakuM TIyT€M MOXHO  OMNpPEACIUTh  MOTPEHIHOCTh
AKCIIEPUMEHTAIBHOTO METO/Ia ONIPEIEIECHUS MOMEHTA MHEPLIMK TBEPIOTO TENA.

5. Onumure ¥ TMOSCHUTE MNPUHIUIN (DYHKIIMOHUPOBAHUS JAaOOpaTOPHOM
YCTaHOBKH.

6. [losicHuTe 1 MOKaXuTe Ha J1a0OPATOPHOM YCTAaHOBKE KAaKUM 00pPa3oM MOKHO
ONpEeIeIUTh MOMEHT UHEPIIMU PAMKHU THPOTAXOMETpa OTHOCUTENIBHO ocu OX.

7. IlosicHUTE U MTOKAKUTE HA JaOOPATOPHOM YCTaHOBKE KaKMM 00pa3oM MOKHO
OMPECIUTh MOMEHT UHEPIIMU PAMKHU THPOTaxoMeTpa OTHOCUTENbHO ocu OY.

8. [losicHuTe M MOKaXUTe Ha JIAOOPAaTOPHON YCTAHOBKE KAKUM 00pa30M MOMKHO
OMPEICIUTh MOMEHT UHEPIIMU PAMKHU TUPOTaXOMeTpa OTHOCUTENIbHO ocu OZ.

bubianorpaguyeckuii ciucox
1. byrenun H.B., JIynn f.JI., Mepkun [.P. Kypc Teopetnueckoil MEXaHUKHU.
Tom 2. lunamuka. — M: Hayka. 1977. — 464 c.
2. CaBenbeB B.B. Teopusi konebanHuii: KojiebaHUSI OCIMIJUIATOPOB C OJHOM
CTEINeHbI0 cBOOOABI. YueOHoe nocodue. — Tyma: Tynl'Y. 1998. — 159 c.
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JJABOPATOPHAS PABOTA Ne?2
HccnenoBanue NpUHIHUIA JECTBUS M CBOMCTB 3JIEKTPOMATHHUTA

Llenv nabopamopmuoii pabomel — WCCAEAOBaTh MNPUHIIMI JIEUCTBUS M OCHOBHBIE

CBOMCTBA JICKTPOMArHuTa.

Kparkue Teopernueckue cBeieHUs

B npubopax  pa3nmuyHOr0o  HA3HAYEHUS  IIUPOKO  MPUMEHSIOTCS
AIIEKTPOMArHUTHBIE MEXaHM3MBbl — YCTPOWCTBA, paboTa KOTOPBIX OCHOBaHA Ha
B3aMMOJIEUCTBUM (DEPPOMATHUTHOTO MOABUKHOTO 3JIEMEHTa C MAarHUTHBIM TOJIEM,
CO3/1aBa€MbIM HaMarHMYMBAIOIIEH OOMOTKOW. DIJIEKTPOMATHUTHBIA MEXaHU3M
COCTOUT M3 JIByX OCHOBHBIX Y3JIOB: 3JIeKTpoMarHuTa (OM) M HCIOJHHUTEIHLHOTO
MexaHu3Ma (MexaHuyeckas 4acTh). lIpuHnum  paboThl  3aKiro4aeTcss B
npeoOpa3oBaHUM JJIEKTPOMAarHUTHOW »HHeprud OM B MEXaHUYECKYIO JHEPTHUIO
WCIIOJTHUTEIIBHOTO MEXAHU3MA.

Ha puc. 1 uzobpaxken npoctedmmii 9M, cocToAmuid U3 JBYX OCHOBHBIX
AJIEMEHTOB: JBYX OOMOTOK M MarHUTHOW Inienu. OOMOTKM (OJIHA, ABE WJIM TpPH)
CIYXKWAT [iJIi CO3/IaHUS MAarHUTHOIO TMOTOKA, a MAarHuTHas Lenb — IS €ro
IpOBEAEHUs. MarHuTHas 1Eenb — 3TO COBOKYITHOCTh BCEX JIEMEHTOB, YEPE3 KOTOPHIE
3aMbIKA€TCSl MArHUTHBIM TOTOK. OHa COAEPKHUT BO3AYLIHBIE 3a30pbl U
MarautornpoBo. [locneaHuii COCTOUT U3 CEPACUHUKOB | (OAHOTO WIJIM HECKOJIBKUX),
Ha KOTOpPbIE HACAKUBAIOTCSI OOMOTKH 2, TOJBMKHOTO 3JIEMEHTa — sIKops 3 u sipma 4 —
y4aCTKa MAarHUTOIIPOBOJAA, COEAMHSIONIETO SKOPb M CEPACYHUK WIIM CEPIACYHUKH
MEXK]Ty COOOH.

1

2/ N4

Puc. 1. Cxema snekrpoMaruura: 1 — cepaeyHuKy, 2 — 0OMOTKH, 3 — IKOPb, 4 — IpMO

MarsHuTHbIE I10JI IMPCACTABAIOT C IIOMOIIBIO KapTHUH II0JIA, ITOJYYCHHBIX,
HallpuMcEp, OPHUCHTHUPOBAHHLIM PACIIOJOKCHHUEM B HCM JKCJIC3HLIX OITHMJIOK. BI/IJI
KapTHH 1II0JII IO3BOJIACT ACCOOHMHPOBATHL MAIHHUTHOC IIOJIC C  HCKOTOPBIM

«3aCThIBIIIUM)» IIOTOKOM KHUJIKOCTH. FOBOpSI O ABMKCHUH KUIKOCTHU, BBOIAAT ITIOHATHUEC
13



MOTOKA, KOTOPBIM OmpeAesseTcs KOJIUYECTBOM >KHMJIKOCTH, IMPOTEKAIOIIUM uepes
MMOBEPXHOCTh, HOPMAJIBHYIO K HAIPABICHUIO JABWXKECHUS JKUJIKOCTH, B €IAUHUILY
BPEMEHH, a TaK K€ IJIOTHOCTH 3TOT'0 MOTOKA, KOTOpasi paBHA MOTOKY, MPOXOIAIIEMY
yepe3 E€AUHUYHYIO IUIomaAKy. [{ns XapakTepuCTUKU MarHUTHOTO TIOJISI BBOAST
aHaJornyHbIe MoHATHS oToka d [BO] u ero nHTeHCMBHOCTH WM TwioTHOCTU B [Ti].
B cooTBeTCTBUM C ONIpEEICHUEM:

D
B:§’ (1)

rae S — miomaas MOBEPXHOCTH, YEPE3 KOTOPYIO NPOXOAUT NOTOK D.

B kayecTBe OCHOBHBIX BEJIMYUH MATHUTHOTO MOJIS UCIOIB3YIOT UHAYKIUIO B
1 aOCONIOTHYI0 MarHUTHYIO TpoHHIaemMocts W [I/M]. [[ns ymoOcTBa BBITIOHEHUS
pacyeToB B JIOTNOJHEHHWE K OCHOBHBIM BeIUYMHAM BBOAST BCIOMOIaTEIbHYIO

BEJIMUMHY — HAMPSKEHHOCTH 1oJist H [A/M], He naBas el pu3nuecKkoro TOJIKOBAHUS:

B
H=2
n )

rie UW=HUrHUp, MHr — OTHOCUTCIbHAs MAarHUTHAsA IPOHHUIAEMOCTb CpPECIbI,
Hy= 471077 [["/M] — MarHuTHAs! TIOCTOSTHHAS.

[Topsanok BenuumH Ayt OM ¢ MarHMTHOM LENBIO W3 MAarHUTOMSTKHX
Marepuasio: 1t H — cotuu [A/M], 111 B oT coteix goneii 1o 2 [Ti].
OnHoi U3 OCHOBHBIX XapakTepucTuk DM sBisieTcs cuia nputskenus sikops F [H].
st DM, y KOTOpPBIX MarHUTHOE MOJie B pabodyeM 3a30pe HOPMaIbHO K TTOBEPXHOCTH
SKOPSI, PAaBHOMEPHO pACHPENCSICHO IO JTOM MOBEPXHOCTH, MArHUTOINPOBOJ HE
HACBIIIEH, TIOTOK PACCEHBAHUS HE3HAYUTEJICH BbIpAXKEHHE isi F MOXeT OBITh
npejacTaBiieHo B Buje (popmyna Makcsena):

2
_B5Sp
Zuo

— WUHAYKIHS B 3a30p€ MEXKY IMOJIOCOM U

F : )

rjae Sp — IUIOIIAIb OJIHOTO ITOJIIOCA, BS

SIKOPEM.

AHAJIIUTUYECKUN pacyeT MarHUTHBIN LENel — CI0XKHasl U TPyJIOEMKas 3aJaya.
[TosToMy 1y1st yOpOILeHUsI BBIYUCICHUN UCIIOJB3YIOT CXEMbI 3aMEIICHUS] MAarHUTHBII
[Eenel 3JIEKTPUUYECKUMH, KOTOPBIE PACCUMTHIBAIOT C MCIOJb30BAHUEM OCHOBHBIX
3aKOHOB DJICKTpUYeCKUX 1ened. Vcmonb3yroT clienyromue 3aMeHbl: cuiy Toka |
3aMEHSAI0T MarHUTHBIM NoToKoM @, Hanpsikenne U — marHuTonBukyien cuioit D

[A], a anekTpuyeckoe conpoTuBieHre R — MaruutHbIM conpotusienuem Ry [1/T7].

MarHuToIBIKYIIYIO CUITY BBIUUCISIOT 110 (hOpMyJIe:
14



D=Iw, 4)
rae | — cuita Toka B 00OMOTKE, W— KOJIMYECTBO BUTKOB OOMOTKH.
MarHuTHbIC CONPOTHUBJICHUS AJIEMECHTA IEMH W BO3IYIIHOTO 3a30pa MEXIY
TTOJTFOCOM H SIKOPEM BBIYUCIISIIOT COOTBETCTBEHHO 110 (hopMyIiam:

IUTSL DJIEMEHTA [ENU Rm= L , (5)
uS
R 0
JUTS. BO3TYIITHOTO 3a30pa m= S_MO , (6)
P

raeS,L, 1 — COOTBETCTBEHHO AJIMHA, CEYCHUE M MarHWTHAs! IPOHUIIAEMOCTh y4acTKa
uenu; JS, SP, L) — COOTBETCTBEHHO NPOTSKEHHOCTh BO3AYLIHOIO 3a30pa,

ILIONIA b ITOJIF0CAa U MArHUTHAS IIOCTOSHHAS.

VYnpomiennas cxema 3amenenust g OM (0e3 ydera BpeIHBIX MOTOKOB U B
MIPETOIOKEHUH UJICHTUYHOCTH TIJIed MarHUTOIPOBO/IA), H300paKeHHOTo Ha puc. 1,
UMeeT BHI, M300paKEHHBIN Ha pHC. 2.

Rin

[ ]

L
R R
+
-+
R R
e

Ra

1
Puc. 2. prOH_IeHHa}I cXEMa 3aMCIICHUA OM KJ1anaHHOT'O THIIA: R m — MAarHuTHOC COIIPOTHUBJICHUC

2 3
SAKOpA, R m — MAarHuTHOC CONPOTHUBJICHUC CCPACTHUKA, R m — MAarHMuTHOC COIIPOTHUBJICHUE ApMa,

4
R m — MAaramMTHOC COIMPOTUBJIICHUE BO3AYITHOI'O 3a30pa

3axon OMa 11 TaKOU e UMEET BUI:

o 2D -
RE +2RZ +R3 1R

Onucanne Ja00PATOPHOH YCTAHOBKHU
Cxema nabopaToOpHON YCTAaHOBKM IMpeJCTaBlieHa Ha puc. 3. YmpaBieHue
paboToil dBJEKTPOMArHWTa OCYIIECTBISETCA W3MEHEHHEM  MPOTEKAIOIMIETo II0

15



00MOTKaM TOKa, KOTOPBIH U3MEPSETCS C MOMOIIBIO aMIIepMeTpa.

B xozne mpoBeneHHs] SKCIEPUMEHTOB B KadecTBE SIKOpA DM HCMONB3YHOTCS
IJIACTUHBI, U3TOTOBJICHHBIE W3 pa3iuuHbIX MeTauioB: Nel — cramp DI 562, Ne2 —
ctaib 30, Ne3 — Hukens, Ned — peppur.

XapakTEepUCTUKH  DJIGKTPOMArHuTa, HMCIOJB3YyeMOIo B  JlabopaTOpHOMU
YCTaHOBKE: KOJIMYECTBO BUTKOB OJHOM 0OMOTKM W=250; 1uiomaap OAHOTO IMOJI0ca
S,=2,8 .107°m?.

Ha puc. 4 nokazana cxeMa cCoOeIMHEHHI TaOOpaTOPHON YCTaHOBKH.

4 5
SN 2
3

N

2
AN I
P8 B B |

g/l/7/l°“

Puc. 3. Cxema nabopaTopHOii yCTaHOBKH: | — OCHOBaHHE, 2 — JJIIEKTPOMArHUT, 3 — HAIIPABIISIOIIAs,

4 — mkana, 5 — npyxuHa, 6, 7 — KJIEMMBI JJIs OJKITIOYEHNS UCTOYHUKA MTUTAaHUS U aMIlepMeTpa, 8 —

HMCTOYHHK MTUTAHUA, 9 — aMIiepMeTp

®
@

Puc. 4. Cxema coenvHeHuit 1a00paTOPHON YCTAHOBKH

IMopsinok nmpoBeaeHust JIA0OPATOPHOI PadOTHI
1. O3HakOMHTCS C TEOPETHYECKOW YacTbio paboOThl W  ONMUCAaHUEM
1a60paTOPHOI YCTAaHOBKH.



2. B cOoOTBETCTBUU C PUCYHKOM 4 MOAKIIOYUTH UCTOYHUK DIEKTPOIUTAHUS
(670K TTUTAaHUS CO BCTPOSHHBIM cTabmimzaropoM Toka b5-45) u ammepmerp.

H3yuenue ceoucme sneKmpomMasHuma npu omcymcmeuu 030YuHo20 3a30pa MeHcoy
noocamu u AKopem

3. YcTaHOBUTH HA MOJIIOCHI MaruuTa ractuay Nel.

4. YcTaHoBUTh Ha OJloKe nMUTaHus HanpspkeHue 3,5 B u Tok 10 MA.

5. MennenHo nepemenas MIKaJIy AMHAMOMETpPA IO HAIMpPaBJSIOIUM BBEPX
3aMEpPUTh CUITy OTPBIBA:

Forp = (F-P),

rae F- cuia npuTsHKeHUs IUIACTUHBI K MTOJIF0CaM MarHuTa, P- BEC MIIaCTHUHBI.

6. VI3MeHss1 TUCKPETHO ¢ MOMOILBIO OJIOKA 3JIEKTPONUTaHUs TOK B 1ienu Ha 10
MA TOBTOPUTH NYyHKTBI 4 W 5. BemnuumHy TOKAa KOHTPOJIMPOBATH C ITOMOUIBIO
aMIIepMeTpa.

Buumanmue! Bennunaa Toka B ey HE JOJDKHA TTPEeBBIMATh 250 MA.

Pe3ynbpTaThl ©3MepeHUi 3aHECTU B TAOJHILY:

[Tnactuna | Tox B memm, |, MA 10 MA |20 MA | ... 250 MA
Nel Cuna nputsikenus, F, H Fq F, Fos

7. TloouepenHo ycTaHaB/IMBasi Ha MOJIIOCHI MarHuTa miacTUHbl No2, Ne3 u Nod
MOBTOPUTD MTyHKTHI 4-6.

8. OTKIIOUUTD OJIOK 3JEKTPOTUTAHUS.

9. Hcnonp3ys 3KCHEpUMEHTAlbHBIE JaHHBIE MOCTPOUTH 4YeThipe TIpaduka
(GyHKUMH CUJIBI IPUTSDKEHUS SIKOPSI OT TOKa B oOMoTke F :fl(l) st OM ¢ kaxaou

U3 YETHIPEX TUIACTHUH.
10. Vcnonb3yst 3aBUCUMOCTh (3) M IKCIEPUMEHTAIbHbBIE JAHHbBIE MOCTPOUTH
yeThipe Tpaduka (yHKIHMA WHAYKIIMK OT TOKa B OOMOTKE B8 :fz(l) s OM ¢

K&)K,Z[Oﬁ N3 YCTBIPCX IJIACTHUH.

11. Hcnonwszys 3aBucumocth (1) (mpuHATH B:B8 151 S:Sp) u

AKCIIEPUMEHTAJIbHbIE JaHHbIE MOCTPOUTHh YeThipe Tpaduka (PYHKIMH MArHUTHOTO

MIOTOKA B [IENIH OT TOKa B 0OMOTKe ® = f3(l) w1t OM ¢ KaXa0i U3 YeThIpeX IUIACTHH.

12. Wcnone3ysa 3aBucumoctd (4), (7) W DKCIEpUMEHTalIbHBIE JaHHBIC

IIOCTPOUTDH YCTHIPC l"pa(I)I/IKa (bYHI(I_[I/II/I MAarovuTHOro COIIPOTHUBJICHHA LCIIM OT TOKA B
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00MOTKe (R%n +2R> +R3 + ZR?L) =T, (I) st OM ¢ Kax10i U3 YeThIpex IIaCTUH.

H3yuenue ceoucme s31eKMpoMazHUmMa Npu HAIUYUU BO30YUIHO2O 3A30PA MENHCOY
noaocamu u AKopem

13. IloBTopuTh MyHKTH 3-12 Npu HAIWYUU JdUCTa OyMaru (Ui opraHu3aluu
MaJIOro BO3AYLIHOIO 3a30pa) MEXKIY NojitocaMu DM U IKOpeM.

14. Tlo pe3ynbpTaTam BBITIOJHEHUS CIElaTh BBIBOJIBI MO J1ab0OpaTOpHOM padboTe
1 0(pOPMUTH OTUET.

Conep:xanue oryera
OTtuyeT 1o J1abopaTOpHON PadOTE NOKEH COACPIKATH!
1. Ha3Banue u 11em1b 1abopaTopHOH paboTHI.
2. OCHOBHBIE CBEAECHUS W3 TEOPETUYECKOM YacTH B TOM KOJHWYECTBE, 4YTO
HEO0OXOMMBI JUIsI 3aIIUTHI Ja00paTOPHOU paboTHI.
3. Cxema 1abopaTOpHOM YCTaHOBKHU.
4. PesynbTaThl BBINOJTHEHUS Ja0OpaTOpHOM paboOTHI: uYeThipe Trpaduka

(YHKIMY CHITBI TIPUTSDKEHUS SIKOPSI OT TOKa B 00MOTKe F = fl(l) s OM ¢ kaxaou
U3 YEeThIpeX IUIACTHUH, YeTbipe rpaduka (yHKIUMU MHAYKIUU OT TOKa B OOMOTKE

B; :fz(I) st OM ¢ KaxIol M3 4eThlpex IUIACTUH, YeThipe Tpaduka (QyHKIUH

MarHWTHOTO IOTOKA B IENM OT TOKa B OOMOTKE (I)=f3(l) st OM ¢ kaxkmon u3

YeThIpeX IUIACTHH, YeThIpe rpaduka (GYHKIIMA MArHUTHOTO CONPOTUBIICHHS LIEIH OT
1 2 3 4 .

TOKa B 0OMOTKE (Rm +2R7 +R}, +2Rm):f4(l) st OM ¢ KaxIol u3 4eThlpex

IUTACTHH, a TAK)KE aHAJOTWYHBIC TpapUKU IS SKCIICPUMEHTOB, IMPOBEACHHBIX TPH
HAJIMYMHA MAJIOTO BO3YIITHOTO 3a30pa.
5. BbIBOJIBI 110 TIpOJIETaHHON paboTe.

KoHTpoJibHBIE BONIPOCHI

1. HazoBuTe OCHOBHBIE YACTH M OMUIIUTE MPUHLMN (PYHKIMOHUPOBaHUS DM
MEXaHMU3MaA.

2. HauepTuTe U MOSCHUTE YHPOILICHHYIO CXEMy 3aMelleHuss DM KianaHHOro
THIIA.

3. 3anumuTe ¥ MOSACHUTE OCHOBHBIE 3aKOHBI MAarHUTHOW wenu: (opmyna
MaxkcBesnia, popmyIbl JUis MATHUTOABUKYIIEH CHIIbI 1 MAaTHUTHOTO COITPOTUBIICHMUS,
3akoH OMa 1191 MarHuTHOM LICIH.

4. Ha3zoBUTE OCHOBHBIE DJIEMEHTHI 1a00OPATOPHON YCTAHOBKH.
18



5. [losicHuTe BUJ SKCIIEPUMEHTAIBHO MOTYYEHHBIX IPaPUKOB.

bubauorpadguyecknii Ciucoxk
1. DnemenTsl nmpuboOpHBIX ycTpoiicTB: KypcoBoe mpoektupoBanue. YdeOHOE
noco6ue ais By30B. B 2-x 4. U.1. Pacuetst / H.I1. Hectepona, A.I1. KoBanenko, O.D.
Tumenxo u np.; [lox pen. O.®@. Tumenko. — M.: Beiciias mkona, 1978. —328c.
2. DnemMeHThl MPUOOPHBIX YCTPOUCTB: YueOHoe mocobue aisi By30B. B 2-x u.
Y.2. IIpuBonsl, npeoOpa3oBatenu, UCIONHUTENbHBIE ycTpoicTBa / O.D. Tumenko,
JL.T. Kucenes u ap.; [lox pea. O.®. Tumenko. — M.: Beiciias mkona, 1982. — 263c.
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JIABOPATOPHAS PABOTA Ne3
TpexcreneHHoi rupockon

Llenv  nabopamopnoii  pabomei — uU3ydeHHE  (UBNYECKUX  OCHOB
(YHKIMOHUPOBAHUS TPEXCTENEHHOTO THPOCKOIIA B KapJaHOBOM TOJIBECE.

KpaTkue TeopeTnueckue cBeaeHUs
[lycTh cuMMETpUYHBII MaxOBUK (OJHOPOJHOE TENO BpalleHUs), WUMEIOLIUN
HenoJABIXHYI0 To4uky O (puc. 1), coBmajaroilyro ¢ IIEHTPOM Macc, BpalllaeTcs ¢
aOCOIOTHOM YTIIOBOM CKOPOCTHI0O @ . C OChIO TUHAMUYECKOW CUMMETPHH MaxOBHKA
KeCTKO cBskeM och 0Z; opToroHambHol cuctemsl koopamnat 0X;YiZ;, nHagamno

KOTOPOW COBMECTUM C HEMOABHKHOM TOUKOM 0.

Puc. 1. MaxoBuK, Bpalaromuicss BOKPYT HEMOIBMKHOM TOUKH

Koopaunarasie ocu 0X; u 0Y; pacrmonoskeHs! B 3KBaTOpHANbHON MIOCKOCTH

MaxOBHKa U HC YH4ACTBYIOT BO BpallICHUHU ITOCJICAHCTO BOKPYI' OCM CUMMCTPHH.

[Ipoekiuu yrmooii ckopocth ® Maxoeuka Ha ocu 0x[, Oy, 0Ozp,
ABJIIOIIMECS ~ IVIABHBIMM  LIEHTPAJIbHBIMH  OCSIMM  HMHEpLUUH,  O0O3HA4YUM
coorBercTBeHHO P, (, I'. Ecam A — MOMEHT MHEpPLMH MaXOBHKa OTHOCHUTEIHHO

AKBATOPUAIBHOM OCH, a C — MOMEHT MHEPUUH OTHOCUTEIBHO OCH JTMHAMHUYECKOU

CHUMMCTPHH, TO NPOCKIIMHA BEKTOpa I'ITaBHOI'O MOMEHTA KOJMYECTBA ABMKCHMSI H Ha

ocu 0xp, Oyy, 0z
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OO0bryHO C> A

Bektop H riaBHOro MOMEHTa KOJWYECTBA JABMIKCHHUSI MOXKHO IPEACTAaBUTH B
BHUJIIC

H=H, +Hy +H,.

MOI[YJ'IB BCKTOpPa I'NtTaBHOT'O MOMCHTA KOJIMUCCTBA ABUKCHU S

H:\/H)% +Hy +Hj ,

rae HX, Hy, HZ — MOZYJIM MPOEKIHUN TITaBHOTO MOMEHTA KOJIMYECTBA JIBUKCHUS
MaxOBHKa.

Takum o00pa3om, MOXXHO Ha3BaTh TPHU HeEMapaUICIbHBIX HAMPABICHUS:
HalpaBJICHUE OCH CHUMMETPHUM MaxOBHKa, IO KOTOPOM HampaBj€Ha IPOCKIHUS
VIJIOBOM CKOPOCTH I, HalpaBlieHHE aOCOJIIOTHOM YIJIOBOM CKOPOCTH ® U

HaIlpaBJICHHUC BEKTOpPAa MOMCHTA KOJMYCCTBA ABHKCHHUA H MaXOBHKa.

Ecnu yrinoBasi CKOpOCTh I BOKPYT OCH JUHAMUYECKOM CUMMETPHHM MaxOBHUKa
BEJIMKA M 3HAYMUTEJIbHO IPEBBIMIACT YIJIOBBIE CKOPOCTH P U (| OTHOCHUTEIBHO
HKBATOPHUAIBHBIX OCEH, TO pacCMaTPUBAEMbIA MAXOBUK SBJISIETCSI TUPOCKOIIOM.

JI1s1 COBPEMEHHBIX TMPOCKOIIOB YIJI0Bas CKOPOCTb MAaXOBHKAa OTHOCHUTEJIBHO
OCH JUHAMHYECKON CHMMETPUU COCTABIISIET THICSYM PAJUAHOB B CEKYH]Y, 4 YIJIOBBIE
CKOPOCTH OTHOCHTEIIbHO 3KBAaTOPHAIBbHBIX OCEW OOBIYHO HE NPEBBIIIAIOT J10JIeH
paguaHa B CEKyHAY. YYUTBIBas 3TO, B DJIEMEHTApHOW TEOPUM THPOCKONA BEKTOP
[JIABHOI'O MOMEHTA KOJIMYECTBA JBUKECHUS TeJla OTHOCUTEIBHO HETOIABUKHON TOYKU
MIPUHAMAIOT PABHBIM

H=H,=C-T, (1)

T.e. TMOJIaral0T, YTO TJIABHBII MOMEHT KOJIMYECTBa JBHKECHHUS, KOTOpPBIA B
nanpHeiimeM OyaeM Has3hlBaTh KMHETUYECKMM MOMEHTOM, HampasieH mo ocu 07
JUHAMUYEeCKOM cuMmmeTpuu rupockona. CootHomienue (1) Oyner Tem 6oJiee TOUYHBIM,

geMm I ostbiiie p u (.

JIist u3ydeHusi ABMKEHUSI THPOCKOIA BOCIIOJIb3yEeMCsl TEOpEMO 00 M3MEHEHUU

MOMCHTA KOJIMYCCTBA IBHKCHUA, COI'JIACHO KOTOpOfI CIIpaBCaAJINBO PaBCHCTBO
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rac MBH — MOMCHT BCCX BHCIIHHUX CHJI OTHOCHUTCJIBHO HGHOI[BH)KHOﬁ Touku 0

(TTIaBHBIM MOMEHT).
Bcnomuum, uTo npousBoHas OT BEKTOpa H MO BpEMEHHU MpPEeCTaBIsIeT cOO0i

«cxopoctb» U komma sroro Bexropa, dH/dt =U wu, cienoBarensro, paBeHCTBO (2)

MOZKHO 3aIliCaTh B BUJIC
U=M,,. 3)

[TomyyeHHOE paBEHCTBO MpEACTaBIseT co0oil Teopemy Pezans: ckopocTb
KOHIIa BEKTOpa KHHETUYECKOTO MOMEHTA paBHA TJIABHOMY MOMEHTY BHEIITHUX CHJI.

CornacHo paBeHCTBY (1) BekTop H KHHETUYECKOTO MOMEHTa HaIpaBJieH IO
OCH Z| — OCH THpOCKONa. JTO O3HAYAET, YTO C MO MOIbI0 3aBucumocTten (2) u (3)

MOJHO UCCIICA0BATh ABHKCHHUEC OCHU IT'MPOCKOIIA.
PaCCMOTpI/IM OCHOBHBIE CBOMCTBA THPOCKOIIa.

1. ITycTh MOMEHT BHEIIHUX CHJI OTHOCHTEIBHO HEMOJABUAKHOM TOY K1 () paBeH

Hym0, My, =0. Torma cornacHo TeopemMe 00 H3MCHEHHH MOMEHTAa KOJMYECTBA

newkenns (2) H=const. CnenoBaTenbHO, €cam Ha THUPOCKON HE JAEHCTBYIOT
MOMEHTBl BHEIIHUX CHJ, TO OCb THPOCKOIA COXPaHSET HEU3MEHHBIM CBOE
HaIpaBJICHUE B IPOCTPAHCTRBE.

2. Eciu Ha THpPOCKON TMOACHCTBOBATH KPAaTKOBpEMEHHOW cuiioi (ynap),

co3maromuii MOMEHT My, OTHOCHTENIbHO HEMOBIDKHOH TOUKH, TO CKOpocTh U

KOHIIa BeKTOpa H He OyAeT paBHa HYNIO JUIIb B TEYEHHE BEChbMa KOPOTKOIO
IIPOMEKYTKA BPEMEHM JIEUCTBUS CUJIBI U OChb TMPOCKOIIA NMPAKTHYECKA HE U3MEHUT
cBoero mnojoxeHus. Takum o0pa3oM, OCh THPOCKONA COXpaHSET IOJOKEHUE B
IIPOCTPAHCTBE YCTOMYMBO. B JIEHCTBUTEIBHOCTH, NOCIE JEUCTBUA yHapa OCh
TUPOCKOIIa COBEpIIACT KoJieOaHUsi ¢ OOJBIION YacTo TOM MW BechMa MaJion
aMIUTMTYJI0M (HyTallMOHHbIE KOJE€OaHMs), HO B 3JEMEHTAapHOW TEOpUU THPOCKOMa

STUMH KOJICOAHUSIMH ITpEeHEeOperaror.

3. MoMEHT BHENIHHUX CHJI OTHOCHUTEIILHO HCHOJIBPDKHOﬁ TOYKH IIOCTOSAHCH:

Mg, =const. TIpunokuM K THPOCKOMy Cuiy [P Ha pacCTOSIHUH  OT TOYKH

MojiBeca, Kak mokazaHo Ha puc. 2. CorimacHo Teopeme Pesans koHelr, BekTopa H
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npuobpetaer ckopoctb U = My, . B pe3ynbTare och rupockora Ha4YHET JIBHKCHUE B

HampaBlieHMd MOMeHTa My, T.e. NEpHeHAUKYISIPHO K JIMHUM JCHCTBUS

HpHJIO)KGHHOﬁ cunbl. [lo IMPCKpaAICHUHU I[CﬁCTBI’I?I MOMCHTaA BHCIIHHUX CHII OCb
IHpOCKOIIa MIHOBCHHO OCTAaHaBJIMBACTCA. Takoe ABUKCHUC OCHU THUPOCKOIIA
Ha3bIBAIOT HpGHGCCHCﬁ, a YITIOBYIKO CKOPOCTb OCH — yrHOBOﬁ CKOPOCTBIO IIPCUCCCUMH.
HpeHCCCHOHHOe ABUKCHUC TUPOCKOIIA ABJACTCA ABUKCHUCM 0e3 HHCPIH.

Haitnem Monynb yrioBoM CKOPOCTH NPELECCHUU (D Cormacao (opmyie

mp -
V= [c_o-f], IPUMEHAEMON NI BBIUYMCIEHHS CKOPOCTU TOYKM TBEpAOro Tena (o —

YIJI0Basi CKOPOCTh TBEPAOIO TeENd; I — PACCTOSIHUE OT PaccMaTpUBAEMOMl TOYKH

TBEPIOTO Tela [0 HEMOJBIKHON Touku), ckopocth U KoHma Bektopa H
omnpenenseM no Gopmyre

U =|a,, -H]
WJIY, YUYUTBIBasi paBEHCTBO (3), mo Gopmye
1\_/IBH = la)np ﬁJ (4)
Orcrona
MBH
Oy =——, 5
P H.sin@ ®)

rie © — yroja Mexay OChbI0 THPOCKOoNa Z| (BEKTOpOM H) M yIioBOM CKOPOCTBHIO

Npeleccuy O, . Ha puc. 2 yrom 6 = 90°, Ho B 00111eM cllydae OH MOXKET OBITh

OTJIMYCH OT IIPAMOIO.

2,

H
P

Puc. 2. K onpenenenuto mpereccuu TUpocKoria
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CrietoBaTenpHO, IPU ACHCTBUH HA TUPOCKOII MOMEHTA BHEITHUX ciil My, OCh

0z; rupockoma Bpamaercs (IIpelleCCHPYET) C YIJIOBOM CKOPOCTHIO, OIpPEAeIIeMOi
paBeHCTBOM (5) Ta KUM 00pa3oM, Kak eciii Obl BEKTOp H CTPEMUIICS COBMECTUTHCS C
BEKTOPOM MOMEHTA MBH, MepeMeIasch MO KpaTdaliemMy MyTH. IJTO CBONCTBO
TUPOCKONA HA3bIBAIOT 3aKOHOM IPELECCUN OCH THPOCKOIIA .

[IprMeHuM 3aKOH MPENECCUM K aHaIu3y JABUKEHUSI TUPOCKOMa (BOJIYKA) MOJ

JCHCTBUEM CUJIBI TShKECTU. Ha BOTYIOK NEHCTBYIOT JIBE BHEITHUE CHITBI: CHJIA TSKECTH
P u peaknus onopst O (puc. 3).

MOMEHT peakuuu OTHOCHTEIBHO TOYKM () paBeH HYJIIO, & MOAYJIb MOMEHTa
CHUJIBI TSDKECTU OTHOCHUTENBHO TOUKH () OIIPEAEIISIETCS 110 PABEHCTBY

M, =P-a-sm0, (6)
1€ a— pacCTOsIHUE OT TOYKH 0 A0 OCHTpAa MACC BOJIYKA, 0 — yYroia MCExKIy OChIO

BOJIYKAa U BEPTUKAJIBIO.

Tax kak BekTop MOMeHTa M, Bcerna HEepHeHAUKYISIPEH K BEPTUKAIBHOI

IINTIOCKOCTH, npoxozmmeﬁ qcpe3 OCb OZ] BOJIYKa, TO BCKTOP CKOPOCTH U KOHIIa

BekTopa H Tropu3oHTaneH. (CremoBaTenbHO, OCh BOJNYKA OMHCHIBAET BOKPYT
BEPTUKAJIA TTOBEPXHOCThH KPYTJIOTr0 KOHYCa. YTIOBas CKOPOCTh MPEIECCUU COTIacHO
dhopmyiie (5) c yueToM paBeHCTBA (6)

(6.1)

Puc. 3. K ananm3y nBukeHus BOTIKA
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BoisicHuM mipupoay CuJ, KOTOpbIE€ NPEMSITCTBYIOT BpAIIEHUIO THUPOCKOIA

BOKpYT ocu MoMmeHTa Mgy . TIpen momoxum, 4to rupockon (puc. 4) mpeueccupyer

IO/ JISHCTBHEM MOMEHTA BHEIIHUX CHII My, . DTOT MOMEHT CO3/aeTCs CHIIaMH Qu

Q' , HPUWIOKCHHBIMHA CO CTOPOHBI OIIOP K BAaJly MaXOBUKaA.

Puc. 4. K onpenenenunto rupoCKONMYEcKOro MOMEHTa

Ha ocHoBanum Ttperhero 3akoHa HpOTOHa MOXKHO yTBEpPkKIATh, YTO CO
CTOPOHBI TUPOCKOIIA Ha MOIIUIIHUKY OyayT nefictBoBath cuiibl F u F ', paBHbIE 1O
MOJYJIFO W HAIpPABJIEHHBIE MTPOTUBOIIOJIOKHO CHIIAM Qu Q’ . MomeHT 31X cui
OTHOCUTENBHO TOYKM O paBeH MO BEJIMYHMHE W MPOTHUBOIOJIOKEH IO HANPABICHUIO
MOMEHTY MBH. Takoli MOMEHT Ha3bIBA€TCSI MOMEHTOM TMPOCKOIIMYECKOM peaKuuu

WJIA MIPOCTO TUPOCKOMUYECKUM MO MEHTOM. [ ' MPOCKONIMYECKUI MOMEHT

M; =-Mgy :[H'(’an]- (7)
HampaBjeHre TMPOCKOIMYECKOTO MOMEHTa TAaKOBO, YTO OH CTPEMHTCH
COBMECTHTh BEKTOp KHHETHYECKOIO MOMEHTa THPOCKOIA C BEKTOPOM YIJIOBOM

ckopocty npeneccun. [lo mogynroM =H- @y, -sin@.

B paccmotpennom ciydae 6 = 90°.

Onucanue J1a0OPATOPHOH YCTAHOBKH
Ha puc. 5 mnoka3zaHa cxema TpPEXCTEIEHHOIO T'MPOCKONa B KapJaHOBOM
nojasece. PoTop nMeer oJlHy cTeneHb CBOOOABI U MOMKET BPAIlAThCS OTHOCUTEIBHO
CBOEH ocu BpaileHusi. BHyTpeHHssI paMka BMECTE€ C POTOPOM 00pa3yrOT TUpOY3ell.
['upoy3en MOXeT BpalaTbCs OTHOCUTEIBHO OCH BpallleHHs] BHYTPEHHEH paMKH.
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I'upoysen 3akperuieH B HapyKHOW paMKe, KOTOpasi MOXKET BPalaTbCsl OTHOCUTEIBHO
cBOeH ocu BpamieHHs. Tem cambplM KapJaHOB IOABEC OOECHEYMBAET JIBE CTEIEHU
cBOOO/IbI BPALLAIOLIETOCS pOTOPA, T.€. POTOP UMEET TPH YIJIOBBIE CTENIEHH CBOOO/IBI.

Ilo ocam BpaimieHus BHYTPEHHEHM M HApyKHOW PaMOK YCTaHOBJICHBI IIKAJIbI
YIJIOBBIX OTCYETOB, MO3BOJISAIOIINAE ONPEACIUTh YrOJl IIOBOPOTa BHYTPEHHEW paMKH
OTHOCUTEJIBHO HAPY>KHOW U HAPYKHON paMKU OTHOCUTEIBHO OCHOBAHUSI.

JUis nuTaHus 3JIEKTPOMOTOpa HUCIOJB3YETCsSl CHEIUAbHBIM OJIOK MUTaHUA,
obecrieunBaromuii Tpexdasznoe nekrpornuranue 368 4001 .

K nmaGopaTopHOll yCTaHOBKE NPUKIAABIBAIOTCA TAKXKE JBa KaJIMOPOBAaHHBIX

rpys3a.

Ocb spaweHusi

= HapyxHasi pamka
Hapy>XHol pamKu

Pomop

BHympeHHsisi pamka

Ocb spaweHusi
8HympeHHel paMKu

—

Puc. 5. Cxema TPEXCTCIICHHOI'O THPOCKOIIa B KapJaHOBOM ITIOJIBCCEC

IHopsinok BbINOJIHEHNS JIa00OPATOPHOM PadoOTHI
1. 3anurate TMpOMOTOp HanpsikeHueM 368, 4001 .
2. [lopoxnate 3 MUHYTSI, ISl TOTO YTOOBI THPOMOTOP PACKPYTHJICS.
3. OTKIIFOYNUTH TUTAHUE TUPOMOTOPA.

Hs’ytteHue OCHOBHbIX CBOUCME cupockona.

1. Y6CI[I/ITC$I, 4TO OChb I'MpPOCKOIIa COXpPaHACT HCU3MCHHBIM CBOC ITOJIOKCHUC B
IMPOCTPAHCTBE, B OTCYTCTBMHX MOMCHTOB BHCIIHNX CHJIL.
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2. Vobenutech, 4YTO OCh THPOCKONA TMPAKTHUYECKU HE H3MEHSIET CBOEro
MOJIOKEHHUS B POCTPAHCTBE MO/ IEMCTBUEM yAapa.

3. Y6eautech, 4TO MOJ JCHMCTBUEM MOMEHTAa BHEIIHUX CHJI OCh THPOCKOTMA
HAYMHAET MPELECCUPOBATB.

4. Yoenautech, 4TO TMPELECCUOHHOE JBHKEHUE SBJSCTCS JBUKEHUEM TIO
WHEPIIUU.

H3yuenue npeyeccuu mpexcmenenHo2o 2upoCcKonda.

1. Ha BHYTpeHHIOIO paMKy THPOCKONa C JIE€BOM CTOPOHBI TOBECUTH TPY3
Maccou m.

2. OnpenenuTh CKOPOCTh TMPELECCUU THUPOCKOMaA, CIEIYIOUUM 00pa3oM.
3amepuTh BpeMs t, Korja rupocKoIl noBepHeTcs Ha 45°. Beruucnute m,,=45°/.

3. Ompezenuth ¢ MOMOIIBIO (4) HANpaBICHUE My, . B Terpans 3apucoBath

CXEeMy THpPOCKoMa ¢ yKasaHueM MBH, @y, , P.

4. OnpenenuTs NOTPEIIHOCTD BBIYUCIICHUS Myp, €CIIH IOTPEIIHOCTD U3MEPEHHUS
yrna =+ 2,5° a norpemnocts usMepenns spemenn + 0,5 c.

5. Ha BHYTpEHHIOIO paMKy TMPOCKOINA C MNpPaBOM CTOPOHBI MOBECUTH TPYy3
Maccoil M. [IoBTOpUTh MyHKTHI 2, 3 U 4.

6. Ilo IIPOBEACHHBIM NU3MCPCHUSIM OIIPEACIUTD CPCAHCE 3HAYCHUEC WOyp.

Onpeodenenue cpedHeti ckopocmu 8paujerus pomopa.

1. U3meputh miieuo OEWCTBHSI CHIIBI M(, T.€. PACCTOSIHUE OT OCH BpAIICHUS
poTOpa 70 TOYKHU TMOJIBECA TPy3HUKa.

2. C yuetoMm (6.1) BBIYHCIUTD KHHETHYECKUI MOMEHT poTtopa (H).

3. Ilo dopmyne (1) ompenenutrh CKOpocTh BpaiieHus potopa (). MomeHT

mr2

MHEPLUHUH POTOpPA OMNpPENENsATh KaKk MOMEHT MHEPLUU JUCKa JZT. [ImoTHOCTB

MaTepHana poTopa puHaTh p=7,8 rp/cm®. (Bce pacuers! nposoauth B cucteme CH).

Copep:xanue oruera
Otuet 1o mabopaTopHOM pabOTe JOIKEH CONCPIKATh:
1. Ha3Banue u uenb 1abopatopHoi paboThI.
2. OCHOBHBIE CBEIEHHUS W3 TEOPETHYECKON 4YacTH B TOM KOJMYECTBE, UTO
HEO0OXOAMMBI JUIsl 3aIUTHI 1a00paTOPHOU pabOTHI.
3. Cxema nmabopaTOpHON YCTAaHOBKH.
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4. PesynabTaThl BBINOJHEHUS JabopaTopHOM pabOThl: HM3MEpPEHHBIE U
BBIUHCJICHHBIE MTAPAMETPBI TPEXCTEIIEHHOTO TMPOCKOIIA B KAPJIAHOBOM IOJBECE.
5. BeiBoIBI 110 TIpOJIeTIaHHOM padoTe.

KoHTpoJbHBIE BOIPOCHI

1. ITosicHuTE TOHATHE TUPOCKOIIA.

2. HazoBuTe Tpu OCHOBHBIX CBOMCTBA TPEXCTEIEHHOIO THUPOCKONA B
KapIaHOBOM IIOJIBECE.

3. Ilosicautre (uU3MUECKHE OCHOBBI OCHOBHBIX CBOMCTB TpPEXCTENEHHOTO
TUPOCKOIIA.

4. TlossicHUTE SBJICHHE NTPELECCUM.

5. IlossicHuTE NOBEEHNE BOJIUKA MO JEUCTBUE CUJIIBI TSKECTH.

6. [losicHuTE IPUPOAY THPOCKOIIMYECKOTO MOMEHTA.

7. OnuimuuTe M TMOACHUTE MPUHLUUN (PYHKIMOHUPOBAHMS J1abDOPATOPHOU
YCTaHOBKHU.

bubianorpaguyeckuii cnucox
1. CasenbeB B.B. T'mpockombl, rmpockonuyeckue HpUOOpPbl U CUCTEMBI.

VYyednoe nocodue. — Tyna: TyJlbCKUI TOCY1apCTBEHHBI TEXHUUECKUN YHUBEPCUTET,
1994. — 165 c.
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JIABOPATOPHAS PABOTA Ne4
MuxpoMexaHuYeCKUil JaTYUK YIJI0BOM CKOPOCTH

Llenv nabopamopnou pabomvl — N3y4€HUE TPUHLIUI JEHCTBUA U ONPEIEICHUE
OCHOBHBIX XapaKTEPUCTUK MUKPOMEXAHUYECKOTIO TUPOCKOIIA.

Kparkue Teoperudeckue cBeieHUs

MUKpPOMEXAHUYECKUM JNATYUK YIJIOBOM CKOPOCTH, TaKK€ Ha3bIBA€MbIU
MUKPOMEXaHUYECKUM THPOCKOMOM — MajoradapuTHbIA NpuOOp, MpeaHa3HaYCHHBIN
IUISL U3MEPEHUST YIJIOBOM CKOPOCTH BpalleHus. JlaHHple mpuOOpbl N3roTaBIMBAIOTCS
10 MUKPOMEXAHUYECKON TEXHOJIOTUU — TEXHOJIOTUH N0 KOTOPOW M3rOTaBIMBAOTCA U
MUKPOCXEMBI.

I[To cymiecTBy, TEXHOJIOTUSI U3TOTOBJIEHUSI OCHOBaHA Ha MOAU(UKALIMKU METOa
dboronuTorpauueckoro CO3JaHusl TUIOCKUX U MPOCTPAHCTBEHHBIX CTPYKTYP.
®doronutorpadgus - 3TO Lenas rpynmna MpoLeccoB, CPeAu KOTOPBIX €CTh MPOCThIE
Tuna (poTokomupoBaHUsT W 0Oojiee CIOXKHBIE, HANpPUMEp Jia3epHas 3aIlucCh.
®oTOKONMPOBaHUE IMO3BOJISIET CO34aTh Ha 00pabaThIBAEMOM M3JEIUU HEKOTOPYIO
CTpyKTypy. OHa MOXKET OBITh KaK JIBYMEpPHOH, T.€. MPEJACTABIATh COOOK HEKOTOPOE
M300paxeHue, Tak U TPEXMEPHON. DTU CTPYKTYpbl OOBIYHO MOJTYYAIOT XMMHUECKUM
TpaBJIEHUEM, OJIHAKO MHOI/IA MCHOJB3YIOT M JIONMOJHUTENbHbBIE pueMbl. Hampumep,
JIa3€pHBIM, JICKTPOHHBIA WM MOHHBIM ITYyYOK, YCKOPSIOIINUN CKOPOCTh XUMHUYECKOU
peakuuu. Ha mpakTuke mnoslydaemble TPaBIECHUEM CTPYKTYpPbl OOBIYHO SIBISIOTCA
ABYMEPHBIMM M MMEIOT OOJbIIyI0 IUIOHIa[b B IUIOCKOCTH TOJIOXKKH TpU
OTHOCUTEIBHO HEOOJIBIION TOJIIINHE.

OcHOBOI OOJIBITUHCTBA MHUKPOMEXAHMUECKUX W3EINN SBISAETCS KPEMHUH.
Kpemuuii nmeeT npekpacHble MexaHHYeCKue cBorMcTBa. OH IMPOYHEE CTaNM U UMEET
OUYEHb BBICOKYIO TEMIIEpATypy IUIaBieHus. B HacTos1ee Bpemst yaanoch 00beIUHUTh
B OJHOM MHKPOYHUIIE MUHHUATIOPHYIO MEXAHUYECKYI0 KOHCTPYKIMIO THPOCKONA U
AIIEKTPOCXEMBI, 00ECIICUNBAIOIINE €T0 PaboTy.

B kax10M MHKpOMEXaHHYECKOM IMPOCKOIIe ecTh padouee Teno [3], koTopoe, B
IIPOCTEUILIEM CIIy4yae, COBEPIIAET BO3BPATHO-NIOCTYNATEIBHOE JIBHJKEHHE B OJHOU
MJIOCKOCTH. Eciu MOCTaBUTh 3TO TEJIO HA BpallaloUIylocs MiIaTgopMy, MIOCKOCTb
KOTOPOM COBMAJAET C INIOCKOCThIO KOJIEOaHUM, TO Ha KOJIEOMIOIIYIOCS MacCy HauHET
nericrBoBaTh cuna Kopuonuca Fe= 2m[QXxV], rne {2 — BEKTOp yIJIOBOW CKOPOCTH
(meprneHInKYISpEH IJIOCKOCTH BpALIEHUs), V —BEKTOP JMHEHHOW CKOPOCTH Tela
OTHOCHTEJILHO Bpallarolieics miargopmbl, m — macca tena. Moayib Fc= 2mQv-sin

¢, TOAE @+ — YroJa MEXAy BEKTOPaMHU JIMHEWHOU U YIJIOBOW CKOPOCTH.
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CnenoBatenbHo, cwia  Kopuonuca — HampaBieHa — MNEpPIEHIUKYJISPHO
HaIpaBJIeHUIO Kojebanuii (puc. 1) 1 ocu BpaieHusl.

Puc. 1. K nosicnenuto npuHIumna JedCTBUSI MUKPOMEXaHUUYECKOTO THPOCKONa

[Ipy NpOTMBOMNOJIOKHBIX HANpaBICHUSIX ABWXKEeHUs cuwia Kopuonmca Taxxe
JEeMCTBYET B MPOTUBOIIOIOKHBIX HarpaBieHusx. Onpenenus cuiny Kopuonuca u 3Has
JUHEHHYI0 CKOPOCTh TeJla, HECI0XXHO BBIYHUCIUTH YIJIOBYIO CKOpPOCTb U €€
M3MEHEHHE (YTJIOBOE YCKOPEHHE).

Bce KOHCTpyKIIMM BHOpPAllMOHHBIX THUPOCKOMOB, TMPH LIUPOKOM  HX
pa3HoO0pa3nK, MOXKHO CBECTH K HECKOJIbKMM TuUnam. OJHHMHU W3 caMblX MEpPBbIX
ObLTM OaJIOUHBbIE TUPOCKOMNBI. WX NMpUHOMN IEHCTBHS TAKOB: KOHCOJIBHYIO OalKy
(myIacTUHY) 3aCTaBISIIOT KOJIEOAThCSl C MOMOILBIO MbE303JIEMEHTOB B HAIPABICHUU
ocu X (puc.2) [3]. ITox neiictBueM cuiibl Kopuomuca npu BpamieHUH OTHOCHUTEIBHO
ocH Z, napajuleJIbHON MPOJI0JIbHOM ocu 6anku, Bo30y:K1at0Tcs KoJeOaHus BA0Ib OCH
Y. OHHu perucTpupyrorcs IpyruMHu IbE303JIEMEHTAMU.

[Nbeszosnementol | Z

Mamepsemoe
BpALLEHUE
[eHepupyemble
(nepeuuHbie)
konebanms

N3ameputensHbie
(sTOpPHUHbIE) KONEGAHMS
nog aeicreuem cunsl Koprnonuca

Puc. 2. IlpuHIMD 1eicTBUS BUOPAITMOHHOTO THPOCKOTIA

KoHctpykuu 6anok MOryT ObITh camMbiMHM pa3HbiMH. Hampumep, cranbHas Oajnka c

MONEPEYHBIM CEYEHHEM B BHJIE PABHOCTOPOHHErO TPeyrojbHUKA. K Kakmou rpaHu
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OaJIKM MPUKIEEHO MO MbE303JEMEHTY: Ha HIKHEW CTOPOHE — BO30YKIAIOIIMA
BUOpalnio, Ha OOKOBBIX T'PaHAX — M3MepuTenbHble. OCHOBHON HEIOCTAaTOK TaKUX
TUPOCKONIOB — HMX HU3Kas TEXHOJOTHYHOCTH (CJIOKHO OOECHeuuTh CTaOUIIbHBIC
napameTpbl KJIEEBOIO COEAMHEHUS MEeTaula U MbE30KEPMUKH U T.11.). [loatomy BO
BCEM MHpE pacCHpoCTpaHEHUE TMOJYYWIM TaK Ha3blBaeMble OUMOp(QHBIC
BUOPALIMOHHBIE TUPOCKOIIBI.

B OuMopdHBIX TMpOCKOIax pe30HATOp MPENCTaBIsAeT COOOW JBE CKIIECHHbIE
MIbE€303JIEKTPUUECKNE  IUIACTHUHBI,  MOJIAPU30BaHHBIE B MPOTHUBONOJIOKHBIX
HanpaBieHusx. K miactuHam (Miau K OJHOM M3 HUX) MPUKIAIBIBAIOT HANPSKEHUE,
O/lHa IUIACTMHA HA4YMHAET CXXUMAThCA, Jpyras pacTIruBaTbCs, B PE3yJIbTATE
BO3HUKAIOT KosieOanus. I[lpu Bpamenun mox aAeiictBueM cuibl  Kopuosnuca
BO30Y>KIAIOTCS BTOPUYHBIE KOJIeOaHHs, KOTOPhIE MOXHO JIE€TEKTHPOBATH TEMH K€
AIEKTPOJAMHU.

[Inactunel 160 OuMoOp(dHBIE, MO0 HAKJIEEHHbIE HAa METALTUNYECKOE
OCHOBaHuEe yHUMOp(dHble. Kaxmas M3 IUIACTUH COCTOMT M3 TpeX dYacTed ¢
MIPOTHUBOIIOJIOKHBIMU HaNPABJICHUSAMU ToJisipu3aiuu. [Ipyu BpalmeHun OTHOCUTEIBHO
OCH Z BO3HUKAIOT BTOPUYHbIE KOJIeOaHUs (BAOJb IJIMHBI IJIACTUH). XOTS TEPBUYHbBIE
KOJIeOaHMs TUTACTHH MPOUCXOAT B MPOTUBO(A3€e, CUTHANIBI UX T€HEpallui CUH(]A3HBI.
Bropuunsie ke konebaHus, oOycioBieHHble cuio Kopuonuca, BbI3BIBAIOT
JOTIOJTHUTENbHBIE MPOTUBO(A3HBIE CHTHAJIBl Ha 3JIEKTPOJAX, PA3HOCTb KOTOPBIX
IIPONOPLMOHAIIBHA YTIIOBOM CKOPOCTHU BpAILCHMUS.

[Ipu Bpamenun noj nevicteuem cuiibl Kopronuca Bo30yK1al0TCsi BTOPUUYHbBIE
Kosie0aHus, KOTOpble MOKHO JE€TEKTUPOBATh TEMHU K€ 3JIEKTpoJaMu. Tak, OJUH U3
auaepoB (M 3ayMHATENiel)  MPOMBIIUIEHHOTO  OCBOEHUS  BUOpPAIIMOHHBIX
IIbE302JIEKTPUYECKAX THPOCKOIIOB — KOMIIaHMd Murata — 3amareHToBajia
CTPYKTYpPY, B KOTOpPOW pe30HaTOp MpEACTaBIseT CO0O0M mapy KOJEOIIOMMXCS B
npoTuBo(ase miactuH (puc.3).

OgHuM W3 JOCTOMHCTB  TAaKUX THUPOCKONOB  SABISETCS  OTCYTCTBHUE
Bpalamuxcss nogmunaukoB. MOMC ¢ konebaTenbHBIM 3J€MEHTOM B (opme
Ookasa pa3pabaTbiBaJIM 10 KpaliHel Mepe 25 JeT, HO HECMOTPSI Ha 3TO OH HE HaIlen
IIMPOKOTO MPUMEHEHHUsI O CUX MOop. DTO OOYCIOBJIEHO TEM, YTO JAJIS IMOJIyYEHUs
BBICOKOM 4yBCTBHUTEJIbHOCTH HEOOXOJIMMa 4Ype3BbIYalHO BBICOKAasi TOYHOCTD
IIPOU3BOACTBA JeTanei. [Ipon3BOACTBO OCYIIECTBIISIETCS € NOIMYCKAMHU J0 COTEH WA
Jake ThICAY CJIOEB KPEMHHS, HO YYBCTBUTEIBHOCTb JIaTYMKA OrpaHUYEHA MaJou
Maccou. TeM He MeHee, MHUKPOMEXaHWUYECKUN KPEMHHUEBBIM THPOCKOIl €lIe He

PACKpBLUI BECh CBOM MTOTEHUIHAAI.
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Honpasnewwe ——

nonspusauuu
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Puc. 3. Konctpykuus Bubparopa rupockorna komnanuu Murata

Ha puc.4 mokazanbl paziuyHble MPUMEPbl MUKPOMEXAHUYECKUX CTPYKTYP
TUPOCKOIIOB.

6 microns

Puc. 4. [Ipumepsl CTPYKTYpbl MUKPOMEXaHHYECKOTI0 THPOCKOTIA
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Onucanue JJadOpaTOPHOH YCTAHOBKHU

B kauectBe npumMepa MHUKPOMCXAHHUYCCKOIO THPOCKOIIa B ,HaHHOﬁ

nabopaTopHoit pabore wucnonb3dyercs mpudbop ENV-05 mpousBomcTBa STOHCKOM
dbupmbl «Muratay.Baemnuii Bug mpubopa rmokasaH Ha puc. 5.

Puc. 5. Buennuii Bus MukpoMexanudeckoro rupockorna Murata ENV-05V

JlanHblil mpubop SIBISETCS JAJIEKO HE CaMbIM MUHUATIOPHBIM U UMEET Maccy
nopsiaka 20 rpamm. Ilutanne maHHOro mMpuOOpa MPOU3ZBOAUTCS OT JIAOOPATOPHOTO
0JIOKa TTUTaHUS.

B T1abn. 1 npuBeneHbl OCHOBHBIE TEXHUUYECKHUE XAPAKTEPUCTUKU THPOCKOIIA

ENV-05F.
Tabn. 1. Texanueckue xapakrepucTuku rupockona ENV-05F.

XapakTepucTuka 3HaueHue
Hanpsikenue nuranus, B 5+0,5
MakcumanbHO OTPEOIIEMBIN TOK, MA 15
JlnanazoH u3MepeHui, °/c +80
HyneBoii curnan, mB 2,5£0,35
Koaddumuent nepenauun, mB/°/c 25433
Pa3pemaroniast crroco6HOCTB, °/c 0,3
TemneparypHas 3aBUcUMOCTh K03 duiinenta nepenayuu, % 10
HennHeHOCTh CTaTUYECKON XapaKTEPUCTUKH, %o 0,5
Crnyuaiinbiii aperid nyns, °/c MeHee 9
CxopocTb oTKIMKa, 111 10
CpenHekBaipaTH4eCKUil ypOBEHb Iiyma, MB MeHee 20
JHnanazon pabounx temmeparyp, °C -30...+80
Macca, rpamm 20
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BoixoiHOM curHan HeoOX0AMMO MOAATh HA JIEKTPOHHBIN ocIIiorpad.

J1y1st mpoBeieHUsT MCCIIEIOBAHMM TAHHOTO TTPUOOpa B 1a00PaTOPHOM YCTAaHOBKE
UCIIOJIb3YeTCS JIa0OPATOPHBIA CTEH]I BPAILEHHUS, IO3BOJIIONIMK BOCIPOU3BOJUTH
Pa3IMYHBIE YTIIOBBIE CKOPOCTH BPAICHHS.

Ha puc. 6 nokazana cxema j1a00paTOpHOM YCTaHOBKH.

; e OO0 00O
MukpomexaHu4eckull 1 ~ it
eUpocKon —!— 1 [ + | briok numaHusi
_ =
V \VJ
| o
| | -
iii%'tii%i!'ii'iii DD
0O
SneKkmpoHHbIl ocyunozpagh
Y V

CmeHOd spaujeHuli

Puc. 6. Cxema nabopaTopHOil yCTaHOBKH

IHopsinok BbINOJIHEHNS JIa00OPATOPHOH PadOTHI

1. Cobpath 1a00paTOPHYIO YCTAHOBKY.

2. BKITIOUNTD AIEKTPONUTAHUE MUKPOMEXaHUYECKOTO THPOCKOTA.

3. C ucmosib30BaHUEM BCTPOEHHBIX (DYHKIMH DJIEKTPOHHOTO OcHuIIorpada
OTPENEINTh HYJIEBOW CHUTHA MHUKPOMEXaHMYECKOTO0 THPOCKONA U €ro IIyMOBBIC
XapaKTEPUCTHKHU (MaTEeMaTHIECKOE OKHUIAHNE U TUCIISPCHIO).

4. C ucrnosib30BaHUEM BpaIATEIBHOTO CTEHJA, 3a/aBasi pa3Iu4YHbIe CKOPOCTH
BpaIllCHUSI W Pa3IMYHbIC HAMPABIICHUS BPAIICHUS, TOJYYUTh 3HAYCHHS BBIXOJIHOTO
CUTHaJIa puodopa.

5. 3anoaHUTh TaOIuUILy.

CxopocTh BpalieHus CTeH/1a, Tpaayc/c | BeixomHolt curnan rupockorna, B
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6. ITo naHHBIM TaOJIUIBI HOCTPOUTH CTATUUECKYIO XapaKTEPUCTUKY THPOCKOIIA.

7. llo cratM4ecKkoM XapaKTEPUCTUKE ONPEACIUTh CpEIHEE 3HAYCHUE
KodppuueHTa nepesaud Npudopa, HEIMHEHMHOCTh XapaKTEPUCTHKH, IUara3oH
MU3MEPEHUN TUPOCKOIIA.

Conepskanue oT4yera

Otuer 1o 1a00OpaToOpHOIl paboTE TOKEH COAECPIKATh:

1. HazBanwue u 11en1b 1a00paTopHO pabOTHI.

2. OCHOBHBIE CBEIEHUS W3 TEOPETHUYECKOM 4YacTU B TOM KOJIMYECTBE, UTO
HEOOXOUMBI JUIS 3aIUThI Ja00PaTOPHOI pabOTHI.

3. Cxema nabopaTOpHON YCTaHOBKH.

4. Pe3ynbTaThl BBINIOJHEHUS J1aOOpATOPHOW pabOTHI: TaONMIbI, Trpadukwy,
M3MEPEHHbBIE U BBIYUCIICHHBIE TapaMeTPbl MUKPOMEXaHUYECKOTO THPOCKOIA.

5. BbIBOJIBI 110 TIPOJIEIIAHHON padoTe.

KoHTpoJibHbIE BOPOCHI

1. Tlosicaute o00macTb NPUMEHEHHs, JOCTOMHCTBA U  HEIOCTaTKU
MHUKPOMEXaHUIECKUX THPOCKOTIOB.

2. lloscuute npuHIUN GYHKIMOHUPOBAHUS MUKPOMEXAHUUECKOTO THPOCKOTIA.

3. [TosicHUTE TEXHOJIOTHIO U3TOTOBJICHUS MUKPOMEXaHHIECKIX THPOCKOIIOB.

4. Onumure W TOACHUTE MNPUHIUN (PYHKIIMOHUPOBAHMS J1abOpaTOPHOU
YCTaHOBKH.

5. TlosicuuTe  METOA  TOCTPOCHHMS  CTAaTUYECKOM  XAPAKTEPUCTUKHU
MUKPOMEXaHUYECKOTO0 TUPOCKOTIA.

6. [TosicuuTe METO OnpeIeIICHHs kodbduienTa  mepenayu
MUKPOMEXaHUYECKOTO0 TUPOCKOTIA.

bubanorpadguyeckuii cnucox

1. ®paiinen Ix. CoBpeMeHHble AaT4uku: crnpaBoyHUK. — M.: Texnocdepa,
2005. - 592 c.

2. Manos B.B. IIse30pe3oHancHbie natuuku. — M.: DHepraromusaat, 1989. —
272 c.

3. [laxnoBuu U. MOMC-rupockonsl — €IMHCTBO BbIOOpa // DIEKTpOHUKA:
HTD. 2007. — Bem. 1. [DnekTpoHHbli pecypc] . — Pexum npocryna:
http://www.electronics.ru/files/article _pdf/O/article 512 885.pdf, — cBoGogHBIH. —
3ari. ¢ ’3KpaHa.
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JIABOPATOPHAS PABOTA Ne5

MukpoMexaHMYeCKUil aKkceJiepoMeTp

eab padoTsl
Llenv  nabopamoprnoii  pabomsi — W3yYEHHE TPHUHIMIA pabOTHl U
(GYHKITMOHUPOBAHMSI MUKPOMEXaHUYECKOTO aKCEIePOMETpa.

KpaTtkue Teopernueckue cBeeHUs

AKcenepomeTp SBISETCA JATYMKOM JIMHEMHOIO YCKOPEHHs U TNpeAHa3HayeH
IS U3MEPEHUST YCKOPEHHSI IBIKYIIETOcsi O0BEKTA.

Cnenyer pasnyaTh HU3KOYaCTOTHBIE aKCeJIepOMETPBI 51
BUOpoakcenepomMeTprl. HU3K0UacTOTHBIE aKCEIEPOMETPBI UCIIOIB3YIOTCS ISl CHCTEM
OpUEHTAllUM U  aBTOMATUYECKOTO YIpPaBJICHUS JBWKYIIUMHUCA OOBEKTAMH.
BubpoakcenepomMeTpbl — AJis OLIEHKH POYHOCTHBIX XapaKTEPUCTUK KOHCTPYKIHUIL.

Knaccugpurayus axcenepomempos

1. ITo xapakTepy 3aBUCUMOCTH MEX]1y U3MEPSEMbIM YCKOPEHUEM U BBIXOAHBIM
CUTHAJOM, aKCEJIEpOMETPbl MOXHO PAa3AEIUTh HAa IPOCTbIE, OJHOKPATHO
MHTErPUPYIOUINH, IBYKPATHO UHTEIPUPYIOLIHE.

2. ITo Buy nepeMeIieHrsl MHEPLUOHHON MacChl aKCEIEPOMETPBI Pa3aeIIIIOTCS
Ha JAaTYUKU C JIMHEHHBIM — OCEBBIM IIEPEMEIIECHHEM IOJBUKHOM CHCTEMBI —
MasTHHUKOBBIE aKCEJIEPOMETPHI.

3. Ilo cnocoby moaBeca MHEPLUMOHHOM  Macchl  aKCEJIEPOMETPHI
MO/PA3IEISAIOTCS Ha YEThIPE FPYIIIbL:

L C IIPY’KUHHBIM ITOJIBCCOM HOI[BH)I(HOﬁ CHCTEMBI,
L4 C MCXaHHMYCCKHNM ITOABCCOM HOI[BH)I(HOﬁ CUCTCMBI B JKCCTKHUX OIIOpaAX;
L4 C THUAPABIMYCCKHUM, TIHAPOCTATHYCCKHM HWIN THAPOJHMHAMHNYCCKUM

MMOJBECOM ITOJIBUKHOM CHUCTEMBI;

o C KOMOMHUPOBAHHBIM MTOJABECOM CUCTEMBI.

4. Tlo Buagy mnpeoOpa3oBaHMsl H3MEPSIEMONM BEJIMYMHBI aKCEIEPOMETPHI
pa3fendoTcs Ha JaTYMKU C MpsMbIM NPeoOpa3oBaHMEM M Ha aKCEJIEPOMETPHI C
YPAaBHOBEIIMBAIOIIMM  NIpeo0pa3oBaHUEM,  KOTOpPbIE  TOJYYHJIA  Ha3BaHHE
KOMIIEHCAlHOHHBIX.

HauGonbiiee pacnpocTpaHeHWE B TEXHUKE TMOJYYWJIM HHU3KOYACTOTHBIE
aKCeJIEpOMETPBI, YCTAHABIMBAEMBIC I PEUICHU 3a7a4 YIPABICHUS HA CaMOJIETax,
KOpalJIsix, pakeTax.

Ha puc. 1 npuBegeHa cxema akcelepoMeTpa € JMHEHHBIM IOJBECOM.
UyBCTBUTENBHBINA AJIEMEHT 3 Maccoil M moABelleH B Kopmyce | Ha IByX YHpyrux
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npyxuHax 2. YcCIOKOeHHe KojeOaHUil 4YyBCTBHTEIBHOTO 3JEMEHTa MPOU3BOAMUTCS
npu oMoy Jemndepa 4, KOTOPbIM MOXET ObITh MarHUTOMHAYKIIMOHHBIM,
KUJKOCTHBIM WJIM BO3IYIIHBIM. IlepeMelieHne 4YyBCTBUTEIBHOIO 3JIEMEHTA
OTHOCHUTEJNIBHO  KOpIIyCa aKCelIepOMETpa MOXKHO HM3MEPUTh C  ITOMOUIBIO
MOTEHLMOMETPUYECKOTO IpeodpazoBarens 5.
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Puc. 1. Cxema akcenepomeTpa TMHEHHBIX YCKOPECHHI:

1 — kopnyc, 2 — npy>kKuHBI 110/1BECa, 3 — UyBCTBUTENbHBIN 351eMeHT (YD) — celicMuyeckas macca,
4 — BO3yIIHBIN iemMrdep, 5 — TOTEHIIMOMETPHUYECKUH TpeodpazoBaTeh

AKcenepoMeTp MpelcTaBisieT coboil kosedarenbHOe 3BeHo. [lpu Hamuuuu

YCKOpEHHUsI a ero paboTa OMUChIBAETCS YPaBHEHHUEM BTOPOTO MOPSIKA

mX + kx + cx = —ma + K,
rae X — IMepeMeleHHe YyBCTBUTEIBHOIO JJIEMEHTa OTHOCHTEIbHO Kopryca, K —
kodGduirenT nemndupoBanus, C — CyMMapHas JKECTKOCTb MPYKuH, Fp, -
PaBHOJICUCTBYIOIAs TPABUTAIIMOHHBIX CHJI B HAIPaBJICHUH H3MEPUTEIIbLHOU ocu X.
[lepBbIil wieH ypaBHEHHs XapaKTepu3yeT CHIIy WHEPIIUU, BTOPOUH — aemmpupoBaHue,
TPETUN — MO3ULIMOHHYIO CUITY, CO3/1aBAEMYIO YIIPYTOCThIO MPY>KUHBI.

B 3eMHBIX yCIIOBUSIX, B OOJIBITMHCTBE CIIy4aeB, MOKHO YYUTHIBATH JIUIIL CUITY
TshkecT 3emiy, Torna K, = mg - cos a, rie g — yCKopeHue CBOOOIHOTO MaJeHus, o
— Yroja MeXJy HaIlpaBJIEHHUEM H3MEPUTEIIbHONW OCH aKceJiepoMeTpa U HalpaBiICHUEM
BEKTOpa YCKOPEHUSI CBOOOHOTO TaICHUSI.

K OCHOBHBIM Odocmouncmeam OSTHX JATYMKOB CJIEAyeT OTHECTH WX
OTHOCHTEIILHYIO MPOCTOTY U yI00CTBO B 3KCIUTyaTaIIHH.
K neoocmamram:
® CPaBHUTEIHLHO OOJBINYI0 OCHOBHYIO MOTIPEHIHOCTH 10 3% W HEJIMHEHHOCTh
IpagyupOBOYHON XapaKTEPUCTHKH,

37



® HU3KYIO YaCTOTY COOCTBEHHBIX KOJeOaHUN, KOTOpas UMEET 3HAYCHUS €UHHUIIL
— JeCATKOB ['Il M KaK CIeACcTBHUE, BO3MOXKHOCTb U3MEPUTH C MajoOl TUHAMUYECKOU
HOTPELIHOCTHIO TOJIBKO MTOCTOSIHHBIE U MHPPAHU3KOUACTOTHBIE YCKOPEHMS,;

® 3HAYUTEJIBHBIE NEPEMEIIECHNS] YyBCTBUTEIBHOIO 3JIEMEHTA, YTO CKa3bIBACTCS
Ha pecypce NaTYUKOB.

Ha ceropssiiiHuii aeHb HauboJjiee 4acTO HMCHOJIb3YETCS E€MKOCTHOM JaT4MK
nepeMenieHus rpysa (puc. 2). [logBumkHas 4acTh CUCTEMBI — KJIACCUYECKUM TPY3UK
Ha noasecax. IIpy Hamuuuu yCKOpPEHMs TIpPY3MK CMEIIAETCd OTHOCUTEIBHO
HETOABIKHOM yacTu akcenepoMerpa. OOkiagka KOHJAEHCATOpa, NMPUKPENJIEHHAs K
IPY3UKYy, CMEIIAETCs OTHOCHUTEIBHO OOKJIAJAKM Ha HEMOJBHM)KHOM 4YacTH. EMKOCTB
MEHSETCS, IPU HEU3MEHHOM 3apsie MEHSACTCS HANPSKEHUE — 3TO H3MEHEHUE MOYKHO
WU3MEPUTH U PACCUUTATh CMELIEHUE IPY3UKa. 3HAsl €ro Maccy M IapaMeTpsl Io/IBeca,
JIETKO HAaWTHU U YCKOPEHHE.

TN 4 3
|
rre X
2
N

Puc. 2. Cxema akcenepoMeTrpa JTUHEHHBIX YCKOPEHUH ¢ EMKOCTHBIM AATYUKOM

CoBpeMeHHEBIC MHUKPOIJICKTPOMEXaHUIECKUE CUCTEMBI (MBMC)
MPEJCTaBIAIOT Cc000M ChHOpPMUPOBAHHBICE HA €IMHOM TMOMJIOXKKE JaTUUKU CXEMBbI
yIOpaBIEHUS C pa3MepaMy AJIEMEHTOB OT HECKOJIBKUX COTEH IO HECKOJBKUX €IMHMUIL
MUKpOH (puc. 3).
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O6knagkun
_ KOHAEHcaTopa

Puc. 3. UyBcTBUTEIBHBIN 3JIEMEHT aKkcelepoMeTpa, yBenuueHHblid B 1600 pa3

B ommume ot mukpocxem, MOMC, kak mHpaBuio, HUMEIOT TPEXMEPHYIO
CTPYKTYpy. i HuX W3rOTOBIEHHsS WCIOJIB3YIOT TEXHOJIOTHYECKUE OIEpPalNH,
MOJIHOCTBIO WJIM YAaCTHYHO I03aHMMCTBOBAHHBIE Y MUKPOIJIEKTPOHUKH: OKHCIICHHE,
dboTonuTorpaduio, TpaBICHHUE, JETUPOBAHUE, METAJUIM3AIUIO, CO3/IaHHE KOHTAKTOB,
PE3Ky U T.II.

ba3oBeiM MarepuaioM Ui MHUKPOMEXaHUYECKUX MPUOOPOB, Kak M IS
MOJIyITPOBOJTHUKOBBIX MPUOOPOB, CIYKUT KPEMHUH. DTO OOBACHICTCS HAIMYUEM Ha
PBIHKE KPEMHHMEBBIX TUIACTHH BBICOKOM CTEMEHU YUCTOTHI U KpUCTAUIOrpaduueckoro
COBEPLIEHCTBA.

Boinonnennsle Ha kpeMHUn MOMC nerko o0beIUHSAIOTCS C 3JIEKTPOHHBIMU
YCTpOWCTBAMHM  ympaBlieHUs W o0paborku  jaHHeIX. K Tomy ke
MOHOKPHUCTAITTUYECKUI KpEMHUI U3BECTEH CBOMMH MPEBOCXOIHBIMU
MEXaHHUYECKUMH XapaKTEPUCTUKAMMU.

B nacrosieit naboparopsoit pabote ucrnonbzyercst akcenepomerp LIS3LV02DL
(ST Microelectronics), ucnosb3yoIinii BHyTpeHHHE KOMOMHUPOBAHHBIC KPEMHHUEBBIC
CTPYKTYpbl U3 (PUKCUPOBAHHBIX W TOJBIXKHBIX yacTed. JlaHHBIA akcelepoMeTp
MI03BOJISIET M3MEPSITh YCKOPEHHSI OTHOCUTEIILHO TPEX H3MEPHUTENbHBIX oceil (puc. 4).

Puc. 4. Cxema akcenepomerpa LIS3LVVO2DL: X, Y, Z — ocu 9yBCTBUTEIHHOCTH
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LIS3LVO2DL obGecneunBaer

MEPECKIIOYACMbIC

JAraria30HbI HN3MEPACMBIX

yckopennit +2¢g u +6g. OcHoBHbIe mapameTpbl akcenepomerpa LIS3LV02DL

puBEJICHBI B Ta0M. 1.

Tabn. 1. OcHoBHble mapameTpsl akcenepometpa LIS3LV02DL

Yckopenue, +g 2,6
N3mepuTenbHbie OCU XYZ
UysctBuTenbHOCTh, LSB/g:

[Tpu +2 g, paspemienue 12 6ut 1024
[Tpu +6 g, paspemienue 12 6ut 340
Pa3zpemnienue, 6ut 12
Yacrora cpesa, 't 40, 160, 640, 2560
Untepdeiic 1°C, SPI
Hampsixenus nutanus Vee,B or 2,16 10 3,6
Tox morpebnenus Icc, MA 0,65
Temneparypnsiil anana3on T,°C ot -40 no 85
["aGapuTHbIE pa3mMepbl, MM 7,5%4,4x0,92

Onucanue J1a00paTOPHOM YCTAHOBKU
JlaGopaTopHasi ycTaHOBKa COCTOMT W3 TuIaThl akcermepomerpa LIS3LVO02DL,
OTJIaJIOYHOM TUTAThl HA OCHOBE MUKpoKOoHTposutiepa PIC18F4550 ¢upmbr Microchip u

MNEPCOHAIILHOI'O KOMIILIOTEPA C IIPOrpaMMHbBLIM o0ecIIeYeHHEM.

Ha nname axcenepomempa (puc. 5) yCTaHOBIEHBI CIEIYIOIINE 3JEMEHTHI:
axcenepometp LIS3LV02DL, uctounux onoproro Hanpspkenus (MOH) REF196GSZ

dupmer Analog Devices, konaencatop TantajioBbiii 1 Mk® 35B, konmeHcarop
tantanoBbiii 10 Mmx® 35 B, SMD 1206 kounencarop kepamuueckuit 0,1 mx®, SMD

1206 pesuctop 1 kOm, nBa mWITHIPEBBIX pazbeMa PLS-12 ¢ marom KOHTaKTOB 2 MM.

Omaaoounas naama (puc. 6) peJHa3HAYEHa JUIsl ONIPOCa 3HAYEHU YCKOPEHU I
c akcenepomerpa LIS3LVO2DL n nepenaun 3THX 3HaYCHUH B IEPCOHATBLHBIN KOMIIBIOTED
nocpenctBoM USB unTtepdetica. [Tutanue ocymectBisercs ot mopra USB.
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Puc. 6. Otnagounas miara
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Ha puc. 6:

1 — pa3bembl IS TUTATHl aKCcelIepoOMETpa; 2 — KHOMKa (He UCIOJIb3yeTcs); 3 —
DIP-niepexitodaren KOHTAKTOB IJIaThl aKcesiepomMeTpa; 4 — CBETOAMO0/1, MEPIAIOIIUMA
npu pabote; 5 — KBapuUeBbId pe3oHaToOp; 6 — CBETOAMOJ, MEpPUAIUIUA MNpHU
MpOrpaMMUPOBAHUU OTJIAJOYHON IIaThl (HE MCIONb3YyeTCs); 7 — CBETOAMOI,
MEpUAIOLIUNA TPU NMPOTPAMMHUPOBAHUU OTJIAJJOYHOM IUIAThl (HE UCTOIb3yeTcs); 8 —
mrekepsl PLS, myGnupyroiine KOHTaKThl MUKPOKOHTpoJUiepa; 9 — KHomka cOpoca
MHUKpOKOHTposiepa; 10 — KHOmka mepeBojla B PEXKHUM MPOrpaMMHUPOBAHUS
MUKpPOKOHTpoJuiepa (He ucnonsizyercs); 11 — muxpokontpomiep PIC18F4550; 12 —
CBETOAMO/, TOPSIIMNA TP MUTAHUW MUKPOKOHTpoJuiepa; 13 — mrekep 3emmnu; 14 —
mTekep pazbema nporpammupoBanusi ICSP (He ucnonb3yercs); 15 — nepexitoyaTenb
nojadu nutanus; 16 — nepemeruka; 17 — mrekep S BoibT; 18 — mrekep 3,3 BoJibT; 19
— Haxoautcs pazbeMm USB; 20 — mtekepsl, IyOmupyronme KOHTaKThl pa3beMa IiaThl
akcenepomeTpa; 21 — MUKpocxeMa CTaOMIn3aluy HanpsoKeHus Ha 3,3 BOJIbTa.

Ilpoepammnoe obecnevenue (LIS3LV02DL.exe), paspaboTaHHOe B
unTerpupoBannoit cpeae C++Builder 6.0, mo3Bosiser npUHUMATH JaHHBIC 3HAYCHHMA
YCKOPEHHUI € OTJIaJI0OYHOM IUIaThl U OCYIIECTBIATH (POPMATHUPOBAHHBINA BBHIBOJ B
TEKCTOBBIH (paii ¢ pacimpenuem * XIs.

[IporpammHoe obOecmedenue mo3BoJsisieT BbIOpaTh HOMep COM-mopTta
omnpenenusiierocs B OC, oTcieXuBaTh BpeMst 3aIlcy 3HAYCHUN YCKOPEHUH, Ha0It01aTh
TEKyLIEE 3HAUCHUE YCKOPEHUM.

Iopsiiok mpoBeaeHust JIAOOPATOPHOI PadOTHI

1. YcraHoBuTe miIaTy akcelepoMeTpa B THE3I0 OTJIAJOYHOW TUIATHI (BBIBOIBI
IUTaTHI aKCEJIEPOMETPa B Pa3beMOB OTJIAIOYHOM IIAThI JOKHBI COBITAIATh, T.€. «1-1,
2-2,.., 22-22»; HyMepalus BbIBOJIOB HAHECEHBI Ha I1j1aTax) (puc. 7).

 pa L S

P PR




2. Yoenurech, uro DIP-nepexmtouarenu ycraHoBieHsl B nojioxkenne «ON» u
nepeMblvka yctaHoBiieHa Ha 3,3 B (puc. 8)

Puc. 8

3. BxomtounTe T1K.

4. Toncoeauaute omianouHyto twiaty k mopry USB IIK ¢ momomipro mini-
USB kalemns

5. BxirounTe nuTaHWE OTIAJOYHOM IUIAThI C TMOMOIIBIO TEPEKII0YaTeNs
(monoxxenue «ONy)

6. Haiinmure Homep COM-niopra: Moii kommstotep — CBoiictBa — O60pynoBanue
— Jlucnetuep yctpoiicte — [lopteil(COM u LPT) (npu mepBoM MOIKIHOYESHUH
HE00X0AUMO ycTaHOBUTH apaiiBep COM-mopTa) (puc. 9).

8 Ancnetuep ycTpoMcTE

HoHCONB ,[le;ICTBl/IE! B CI'IDBBKEI
- = &S 2

\ﬂ OMCKOBOAE! THBKIAX JMCKOE
[+ OMCKOBEIE YCTROMCTES
= @- Opyride yeTpolAcTBa
EPSONSHylus CX4700
i ¥ 5M KOHTPOANED Wb
H- &), 38yKoBLI, BMAEO W MIDOBIE YCTPOFCTES
H- e KnaemaTypel
- d KomMieroTep
]--% KoHTponnepsl MHEKIX QMCKOE

>

H ROHTROMNEpE! YHABEDCANEHDH MGc e AoBaTENEHOH WiHEl USE
H- B MoHMTOpEI
]*j MEILIA 1 WHEIS YiESEBaH0WME YCTROIRCTES
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LR R B B

[T}
L

;,f MopT MpkHTepa (LFTL)
“y‘ MocneqoBaTeNbHEIR MopT (COM1)

3

Puc. 9
7. 3anyctute mporpammy s omnpoca maruumka LIS3LVO2DL.exe. Jlannas
nporpaMma 3amuChiBa€T 3HAYCHUS YCKOPEHHs BBIJaBAaeMbIe aKCEJIECPOMETPOM C
yacroroit 40 I'u. Jlnanaszon nu3amepenuii akcenepomerpa £2¢. (puc. 10)
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8. Beibepute coorBercTBytomuit Homep COM-mopra.
i Axkcenepomerp LIS3LVO2DL STMicroelectro... [:”E|g|

HACTPOWKA COM MOPTA CBOP OAHHBIX
BriGepuTe HOMER NopTa

Excel
:I |7|_|Bpe£laTb AaHHbIE B Excel

CKOPOCTE Nepenaqm

Cerkynaomep

MNopT OTKPHT YocnewHo
JakpuTe NoOpT o . 0

Crapt

Co
HACTPORKM ﬂ

AKCENEPOMETPA
[WanazoH HEMepeHMi lpoeKuUU YCKopeHUs

+/-° g

YacToTa onpoca X K

M Y Y
Z 7

Puc. 10. IIporpammuoe obecrieueHure i1 paboThI ¢ aKCeIepOMETPOM

10. Haxxmute kHONKY «Crapt». Haunercs 3anuch 3HaueHUi MPOEKIH YCKOPEHUIN
B (¢aiin ¢ pacmmpenuem * . XIS B mupexropuu, rie Haxoautcs daiin LIS3LV02DL.exe,
a Tak)Ke TeKyllee OTOOpa)K€HHE 3HAUYEHUW MPOEKUUH YCKOPEHHUs B €AMHHUIIaX
neperpy3ku g. YtoOsl pepBaTh 3aMKuCh, HEOOXOIUMO HaXXaTh KHONKY «CTOm».

11. Otkpoiite ¢aitn ¢ pacmupenuem *.XIS. YOoeauTbcss B MpaBUIBHOCTH
MoKa3aHuil akcenepoMerpa. s ynoOCTBa, 3alMChIBa€TCA BPEMs BbIJAYM MPOECKIIHIA
YCKOpEHUs akcenepomeTpoM (puc. 11).

D)~ v
'-J/"
— Fnaexas Bcraeka PasmeTka cTpaHuLbl Gopmynsl
J\& Calibri -|11 A A ==
53
Emf"”h 7 |||® &£ u @ DA E EE
Eydep obmeHa = LLpudt E] Bripae
! R1C1 - ( il
1 2 3, 4 Sy
1 _l AxcenepomeTp
2 Tec XE Y.g e
3 | 0.000000 -0.004 0.003 0.980
4 | 0.025000 -0.004 0.001 0.980
5 | 0.050000 -0.004 0.002 0.979
6 | 0.075000 -0.003 0.004 0.980
7 | 0.100000 -0.004 0.002 0.982
8§ | 0.125000 -0.004 0.002 0.980
9 | 0.150000 -0.003 0.003 0.980
10 | 0.175000 -0.004 0.002 0.979

Puc. 11

12. YcraHoBuTe OTIAA0UYHYIO IJIATY C TUIATON aKCEeIEepOMETPOM Ha HAKIIOHHOE
OCHOBAHUE.
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13. C moMomipi0 HAKJIOHHOTO OCHOBaHHUS M KBaJpaHTa IOCIIEIOBATEIHHO
HaIlpaBbTE KAXKAYIO U3 TPEX U3MEPUTENIBHBIX OCEH AKCEJIEPOMETpPA BIOJb U MPOTUB
BeKTOpa yckopeHusi cwibl Tsokectd G. Ilpw »TOoM 3amuchiBaiiTe TOKa3aHMS
akcenepoMerpa B (haiii.

14. TlocTpoliTe CTaTUYECKYI0 XapaKTEPUCTUKY HU3MEpPUTENbHON ocu X
akcenmepomerpa. /[ 3TOro ¢ NOMOIIBIO HAKJIOHHOTO OCHOBAaHUS M KBaJpaHTa
o0ecreynTh MOBOPOT OCH X OTHOCUTEIBHO BEKTOpPA YCKOPEHHUS CHIIbl TSDKECTH B
nuana3zone +90 rpamycoB ¢ auckpeTtHocThio 90 rpamycoB. PazBopoT mpousBogute
BOKPYT ocU Y, TIOJIO)KEHHE KOTOPOH MOJKHO OBITh TOPU3OHTAIBHOU. {151 KaXkmoro
yTJla 3alucaTh MOKa3aHUs aKCEIepOMETpa

15. C nomomsto popmyset U = 9,87-SIiN @ onpeaenuTe BEIUYUHY MPOCKIIMH
yckopenust G Ha och X (T1€ & — yrojia Mexay MIOCKOCThI0 TOPU30HTA U 0ChbIo X, -90<
a <+90, auckperHocTth 10 rpamycoB). 3amonauTe Ta0Md. 2.

Tabm. 2.
ITokazanus a, rpajayc Ug
aKceJepoMeTpa, g
-90
-80
+90

16. IocTpoiiTe cTaTHYECKYIO XapaKTepucTHKY [lokaszaHus akcenepomerpa =
f(U). Tlo cratuyeckol XapaKTEPUCTHKE OMNPEACIUTE OCHOBHBIC IMOTPEITHOCTH
aKcejepomerpa.

Conep:xanue oryera

OtueT 1o J1abopaTopHON PadOTE TOIKEH CONEPIKATh:

1. HazBanue u 1ienp 1ab0paTopHOM pabOTHI.

2. OCHOBHBIE CBEAECHUS U3 TEOPETUUYECKOM YAaCTU B TOM KOJIMYECTBE, YTO
HEO0OXOAMMBI JUIsl 3aIUThI Ja0OPAaTOPHOUN pabOTHI.

3. Cxema nabopaTOpHOIN YCTaHOBKH.

4. Pe3ynbTaThl BBINOJIHEHUS TA00PATOPHOH paOOTHI.

5. BeiBoibI 110 TIpOIeTaHHOM paboTe.

KounTpoJsbHbIe BONIPOCHI
1. [TosicHUTE MPUHITUTT JEHCTBUS aKceJIepoMeTpa JUHEHHBIX YCKOPEHUH.
2. KakoBbl JOCTOMHCTBA M HEJOCTATKH aKCEJIEPOMETPOB C JIMHEHHBIM
[I0JIBECOM.
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3. HazoBuTte BubI akcenepoMeTpoB U 00JaCTh MX MPUMEHEHUS.

4. TlosicHuTe Ha3HAYEHUE MPOTPAMMHOIO OOECIeYCHHs, HCIOJIb3YEMOTO B
nabopatopHoit padore.

5. [osicHUTE CTATHYECKYIO XapaKTePUCTHKY aKCceIepoOMeTpa.

bubanorpaguyeckuii CIUCOK
1. B.4. PacnionnoB Mukpomexanuyeckue npuoopsl: yueOHoe mocooue. — M.:
Mammnoctpoenue. — 2007. — 407 c.
2. [Ipoxoxkun A. MEMS: MUKPO3JIEKTpOMEXaHUYECKHE CUCTEMBI, 4acTh |
[2nexTponnsIii pecypc]. — Pexxum mocrtyma: http://www.3dnews.ru/editorial/MEMS-
microelectromechanical-systems-Part-1, CBOOOHBIN. — 3aril. C IKpaHa.

3. ABTOMOOWMIIBHEIE akcenepoMeTpsl // [InekTpoHHsIi pecypce]. — Pesxxum
nocTymna: http://www.kit-e.ru/articles/sensor/2005_8 32.php, cBOOOIHBIN. — 3ar. ¢ 3KpaHa.
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JIABOPATOPHAS PABOTA Ne6
HN3mepenue yrijioBoii CKOpOCTH BpameHus1 3eMJIn
C IOMOIIbI0 BOJIOKOHHO-ONITHYECKOI0 THPOCKONA

Llenv nabopamophoti pabomvl— OCBOUTH MNPUHIMUIN (DYHKIIMOHUPOBAHUS
BOJIOKOHHO-omTHYecKoro rupockona (BOI') u mpuoOpectn HaBBIKM 00pabOTKH €ro
CUTHAJIA.

Kparkue Teoperudeckue cBeieHUs
Bonokonno-onmuueckuii 2upoCcKon u nPpUHYUnN e2o padomeoi.
Bonokxonno-ontuueckuit rupockon (BOI') — patyuk yrioBod CKOpPOCTH,

MOCTPOCHHBII Ha ocHOBE A (dekra CaHbsKa.

Ippexm Canvaxa (BuxpeBont sddext, oTkpeiT B 1913 romy): ecnu B
3AMKHYTOM  ONTUYECKOM  KOHTYpE B  IPOTUBOMNOJOXHBIX  HAIPABJICHHIX
PacCIpOCTPaHSIOTCS JIBa CBETOBBIX JIy4a, TO MPHU HEMOJABMKHOM KOHTYpE pa3Huna ¢as
o0ouXx JIy4eil paBHa HYJIIO, IPU BpallIEHUU KOHTYpa BOKPYT OCH, MEPIEHIUKYISIPHON
IJIOCKOCTH KOHTYpa, pa3HuIla (a3 qydeit oTaIudHa OT HYJIA.

Hns  oObsicnenust >ddexra CaHbsika BOCHOJIB3YEMCS KHHEMaTHYECKOU
Mozenblo. Ha puc. 1 mokazaH 3aMKHYTHIH ONTHYECKUN KOHTYp paauycom R. Jlyd
CBETa MOJAETCS B KOHTYP U3 BHE (ONTUYECKUNA TUOJ) U C MIOMOILBIO CUCTEMBI 3epKall
31 1 37 pacuieruisieTcd Ha ABa jiyda | u 2, paclpoCTpaHsSIOIIKNECS B KOHTYPE B Pa3HbIC
CTOPOHBI (OJIMH — 10 YACOBOM CTpEJKE, APYTrOd — MPOTHUB).

Tlyy 1

3 /'
Jly4y ceema

BpaweHue koHmypa

Jlyy ceema

flyy 2

Onmuyeckuli KOHmMyp Onmuyeckull KoHmMYyp

Puc. 1. K nosicuenuto appexra Canbsika

Eciu KOHTYp HEMmoABMIKEH, TO 00a Jiyya MPOXOIAT OAMHAKOBBIN MY Th:
27rR=cr, (1)
rae C— CKOpocTh cBeTa, T— BpeMs, HEOOXOAMMOE IIydy CBETa Ha IPOXOKICHHS
OINTHYECKOT0 KOHTYpa.
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Eciii KOHTYp Bpalaercs ¢ MOCTOSHHOM YIJIOBOM CKOPOCTBIO €2 =const, TO
nyu 1 npoiiner nyts 2TR+RQt, a nyu 2 nyrs 2nR—RQty, rae 11,79 Bpems
JBYDKEHUS Jiyda | ¥ 2 COOTBETCTBEHHO.

Tak kak 2nR+RQt =c11, a 2tR-RQ1y =19, T0:

o= 2nR S 2nR @)
1"¢cra % c+RQ’
Pasuuiia BpeMeH T] U T9 paBHa:
2
4nR“Q)
AMt=7|-To=—F—F55F. (3)
c2 —R20?
C yuetoM RQ << C MOKHO 3aIlUCaTh:
2
po L AR2Q 25 "
C2 C2

rae S — mwiomaab ONTUYECKOro KOHTYpa.
®aza CaHbsika paBHa A(P =0 AT, rae - gacTtora cBera (=21 = 2“% , THE

V —yacToTta cBeTa B ['epriax, A — AJinHa BOJHBI cBeTa). Torna:
A = 8 Q. (5)
AC

Takum o6pazom, d¢a3za Canbika (pasHuna (a3 BCTPEUHBIX JIy4eil)
MPSMOTIPOITOPIIMOHATIFHA YTIIOBOW CKOPOCTH BpalleHus KOHTypa. Ha aTom mpuHInme
n nocrpoeH BOI. B kadecTBe ONTHUYECKOTO KOHTYpa HPHUMEHSIOT ONTUYECKOE
BOJIOKHO, HAMOTAaHHOE Ha KaTymKy. J[JIs MOBBIIICHHS 9yBCTBUTEIILHOCTH HA KaTYIIKY
HaMaThIBAIOT MHOXKECTBO BUTKOB, TOTJa pa3Huiia ¢a3 CaHbsika paBHa:
_ 8nSN
Y

rae N — KOJIMYECTBO BUTKOB OIITUYECKOIO BOJIOKHA.

A Q, (6)

Paznuny a3 AQ U3MEPSIOTCS  (POTOAETEKTOPOM, MOcie MpeoOpa3oBaHUs
CUTHaJa KOTOPOTro, MOJy4YaloT HaIpspKeHHE, MPOMOPIUOHATILHOE YTIIOBOM CKOPOCTH
BpauieHus (2.

BOI' no3Bossier u3mMepsTh aOCOJIOTHYIO YIJIOBYHO CKOPOCTh, T.€. CKOPOCTH
BpAIllEHUs] OTHOCUTEIBHO HMHEpPIMAIbHOTO mnpocTtpancTBa. BOI'M npumeHsitoTcs B
CHUCTEeMaxX YIMPABJICHUS M HABUTAIIMU PA3JIMYHBIX MOJBUKHBIX OOBEKTOB: CaMOJIETHI,
MajorabapuTHBIC pAKEThl, COBPEMEHHBIC TAaHKH, MOPCKHME U pEYHBIE Karepa,

YKEIJIE3HOAOPOKHBIA TPAHCTIOPT U JIP.
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B naGoparopnoii pabore wucnonb3yercs BOI' mapku VG949P (wnm B
PYCCKOSI3BIYHBIX ~ JOKyMeHTax u peknmame BI'94911) mpousBoactBa  QupMel
«Duzontukay. Buemnuit Bux VG949P npencrasnen Ha puc. 2. Ha puc. 3 nokazan
TOT e MpuoOop B pazoOpanHoM Buje. Ha puc. 4 moka3zana CTpyKTypa U B3aUMOCBS3b
sanementoB BOT'.

Puc. 2. Buemnwuii Bun VG949P B miiacTukoBOM Mpo3pavyHOM KopIyce

KDP”Y?.__ Kpbiwka

KoHTyp (KaTywka)
C HAMOTaHHbIM
ONTUYECKUM BONTOKHOM

OI'ITDSJ'IEI{TPDHHI:-IE INeEMEHTDI

Puc. 3. IIpu6opVG949P u ero snemeHTHI
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Puc. 4. Ctpykrypa u B3auMocBsi3b 31emenToB BOI': 1 — ontudeckuii KOHTYyp (KaTyIka ¢

HAMOTaHHBIM ONTUYECKHM BOJOKHOM), 2 — Mbe30KePaMUUECKHI MOAYISITOD,
3 — OJIOK 3JIEKTPOHUKH, 4 — TIEPBBII OTBETBUTEND, 5 — MOJIAPU3ATOP, 6 — BTOPOI OTBETBHUTEIIb,
7 — CJI] momynb (OXYTIPOBOAHUKOBBIN JTa3€PHBII U3TydaTeIbHbIA JUOL),
8 — onTudeckast 3aKiIyIiKa, 9 — MpocTpaHCTBEHHBIN (MOAOBBIN) (pUIBT.
KpecTtukamu nokazaHsl MeCTa CBapKH ONTHYECKOTO BOJIOKHA

OnTuyeckuii KOHTYp MpeCTaBIIsAeT COOOM, HAMOTaHHOE Ha KaTyIIKy ONTHYECKOE
BOJIOKHO. /Inamerp BonokHa — 40mMkM, niuuHa ot 100 metpoB 10 2000 meTpoB (a1
paznuuHbix Mozenei BOI).

[TomynmpOBOJHUKOBBIM Ja3€p SABISETCS HW3IYYAIOMIMM 3JIEMEHTOM, JJIMHA
BOJIHBI cBeTa nopsiaka 0,85SMKM.

Tabn. OcunoBubie xapaktepuctuku VG949P

MaxkcumainbHas u3Mepsemas yrioBas | [{ns pasHbix Mmoaenen
CKOPOCTB, °/C ot £230 no +£300
Macmrabusiii koahuiment, MmB/°/c 6
CrabuibHOCTh MacmTabHoro kodhduimeHra, 0.1

% (cTaroHapHbIe ycaoBus, 10°) ’
CTabuIbHOCTH HYJIEBOTO CUTHAJIA, °/4ac 20
(crarmoHapHbie ycioBus, 1 0)

IIlym, rpamyc/~ vac 0,05

[Tonoca npomnyckanus, ' 0...1000
Macca, rpamMmm (TprOJIU3HUTENBHO) 55
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Pa3zmep, mm 63%x63%x22

DHepronotpedienue, Barrt 1
Hanpsixkenue nuranus, B +5+0,25
Bpewms BkitoueHus, ¢ 0,02

Pabounii quamnazon Temmnepatyp, °C

Bubpauuu, g (B nuanaszone yactotr 2 I'1y ...

2
500 I'm)

VYnap, g (B Teuenue 1 mc) 90

Memoo uzmepenus yenogoti ckopocmu epaujerus 3emau ¢ nomowwvto BOI'.

Ha PHC. 5 cxeMmMaTU4YHO IIOKa3aHa 3eMilsl M HaIIPpaBJICHUC BCKTOpa yrHOBOﬁ

ckopocTu €€ BpaiieHus. JlabopatopHas pabota npoBoautTcs B Tyne (Touka Ha puc.

5) HOZ)TOMy BCKTOP yFHOBOﬁ CKOpPOCTH HAKJIOHCH OTHOCHUTCIIbHO JIMHHUH MECTHOM

BEPTHUKAJIK HA YTOJI (90 — ).

Bexkmop yanosoli ckopocmu
spauweHuss 3emnu

MecmHasi
eepmukarb

lNonoxexue Tyrnbi

lnockocme
3Kkeamopa

Puc. 5. K nmosicuenuto MeTo1a M3MEepeHust YIiIOBOM CKOPOCTU BpaleHUsT 3eMIIH

JUist u3MepeHns yriioBOM CKOPOCTH HEOOXOAMMO HAMPaBUTh U3MEPUTEIBHYIO

ocb BOI'a Bmosb BekTOpa yriioBoM ckopoctu BpameHus 3emin. [lostomy eé

HEO00XO0JIUMO PACIIONOXKUTh B INIOCKOCTH MEPUIMAHA U HAKJIOHUTH Ha YIoJl (90—¢)

OT MECTHOM BepTUKaJIu B cTopoHy CeBepa.
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Jlist Mecta mpoBeneHMs] JabOpaTOpHOM paboThl reorpaduueckas MIKMPOTA

paBHa ¢ = 54,2°. VrioBas cKopocTh Bpauienus 3emn papHa (25 =15 rpamyc/u.

Onucanue J1adopaTOPHOH YCTAHOBKH
JIns w3MepeHus YIJIOBOM CKOpPOCTHM 3eMiu Hucnojib3dyercss oauH u3 BOI,
ycraHoBieHHsli B BUHC (cm. maGoparopHyro pabory «W3yueHune npuHIMNA
GbyHKIIMOHUPOBaHMS OecTIaT(OPMEHHBIX HHEPLUATbHBIX HABUTAIMOHHBIX CUCTEM).
Cxema pacnonoxxenust BOI' B BUHC, a taxxe o003HaueHUE U3MEPUTEIBHBIX
ocell moka3aHbl Ha puc. 6.

X z
ax
% o
Q av/a z
iy S BOM G,
= 3) (% Cepiibii Homep 109455
g o
BOI Cl)z 2 2
CepHiTHLIH HoMep 109453, )
=
BOI¢

CepHiHbLT HoMep 109682,

Puc. 6. Cxema pacnionoxxenust BOI' 8 BUHC, 0003HaueHne n3MepHuTenbHbIX Ocei

JIns v3MepeHus YriaoBOM CKOPOCTH BpalleHusi 3emiid ucnoisb3yercs BOI ¢
OCbl0 4yBcTBUTENBbHOCTH QY. [lnsg opraHuzanuu HM3MEpEeHUN HCHOJb3yeTcs
YCTAaHOBOYHOE MPHUCIIOCOOIEHNE U BUOPOU30IHMpYIolas Tym0a, OKa3aHHbIE Ha PUC.
7. YCcTaHOBOYHOE MPHUCIIOCOOJEHUE pacrnojiaraeTcsi Ha BUOPOM30JIUpYIOIIe TymOe
(mns oprammzanuu  BuOpoumzoisimu  BOI'). C  moMomiplo  yCTaHOBOYHOTO
MPUCIIOCOOJICHHE M3MEHSAETCA TMOJO0XKEHHE H3MepUTeNbHOM ocu OY Tak, YTOOBI
HaIlPaBUTh YIJIOBYIO CKOPOCTH BpalleHus 3eMJM CHadajla BJAOJb, a 3aTEM IPOTUB
ocu. Yrubl oTkiIoHeHnsT bBTHC OTHOCHTENBHO IUIOCKOCTH TOPU30HTA U3MEPSIOTCA C
ITOMOILBI0 MEXAHMYECKOr0 KBAJpaHTa, a OTHOCUTENIBHO IJIOCKOCTH MEpHUJIMaHA —
KHUAKOCTHOTO KOMIIaca.
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HANpasnAuan
GePHUKANLHOZ0 NepeMeneis

MEXAHUIM UIMEHEHUSA Yalld KyPCa
(0...360) epaoycos

nAUIMG 0N YCMAaHO8KU
Groka HygcmauinelbHoiX
2NeMEeHIOE

MEXAHUIM UIMeHeHUA
V2AA Man2axca
(0...360) epadycos

OCHOBOHUE

465

600

b

H

A-A

STV UM BIC ST TS

AN HCEOR HAUCIUNG
A

A
_/;/ LRI PR

1

Aepesannoi kopoG (CH mosnunol [6uw)

HAHAR At (IeCOK)
Ve

LIprvieyanna:

1. Heneimpigaesosn aanapamvpd VIConasausaemest
T CULUOMETTUCE VI DAGURLALY.

2. Penyaupananitee Guitinel ROIROIAIGR HIMEHsh

VOO HOURIONG CAOMUNHEGOT AQCMING
HLOCKOCHTH SUPHEUR G,

3. Umaarins RAINMA ACHK U 1A RECKE, HE KUCUSICh
CHREH KOPOTG.

4. Macca nanowmeds, wpasepun, 220k
I Tyudia Goancia YORanGaisamu s ird POGHE
DeMONISTR it

Puc. 7. YcranoBounoe npucrnocobieHrne 1 BUOPOU30JIMupyroIias Tym0a
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[Ipu 06paboTke cUrHaIOB HEOOXOAMMO yuecTh, uTo curHaima BOI'a ¢ ocbio
yyBcTBUTENbHOCTH OY mnoakimoueH kK kaHamy Ne2 AIIIl (Bcero 8 kaHaios,
Hymepanus ¢ NeO mo Ne7).

Boluucienue yrioBoi CKOPOCTH B pa3MEpPHOCTH rpanyc/d mo curHary BOID
MPOU3BOAUTCS 1O (popmye:

Q,, =(N-Null)-K, (7)
rae N —mnokazanust BOI' B MammHHbIN Kogax (pe3ynbrat onudposku curHana BOI ¢
nomombio ALIIT); Null — HyneBol cUTHAT TMpOCKONA B Pa3MEPHOCTH MAILIMHHBIX
k0710B; K — ko3¢ duruent nepegaun BOT'.

s nansoro BOI™ u ALIIL:

3600-10000

Null =80; K = :
2%%.32,508125

IHopsinok BbINOJIHEHNS JIa00OPATOPHOH PadOTHI

1) VYcranoBuTh OJIOK MHEPIHUATBHBIX YYBCTBUTEJIBHBIX JJIEMEHTOB Ha
YCTAaHOBOYHOE MPHUCIIOCOOIEHNE HAa BUOPOU30IUPYIOIIEH TyMmOe.

2) C wuCHoJIb30BaHUEM NPHUCHOCOOJIEHUS M MEXaHWYECKOIO KBaJpaHTa
BBICTaBUTH OJIOK Tak, 4To Obl ocu OX u OZ mnexalud B IUIOCKOCTH Topu3oHTa. C
WCIIOJB30BAaHUEM JKUIKOCTHOIO KOMIIaca W MPUCIOCOOJEHUSI YyCTaHOBUTH OCh OX
6soka Ha CeBep. C UCIOIB30BaHUEM MPUCTIOCOOJICHHUSI U MEXAaHMUYECKOTO KBaJpaHTa
MOBEPHYTh OJIOK BOKpYyr ocu OZ (omycTuTh och OX OTHOCHUTENBHO IJIOCKOCTH
TOPU30HTA) Ha YTrOJ —(90 - ¢) .

B pesymbrate: ocu OX wm OY JjexaT B IUIOCKOCTHM MepuUauaHa, ocb OZ
HalpaBJIeHa HAa BOCTOK, ocb OY HampasieHa B cTopoHy CeBepa M NOAHATA HaL
MJIOCKOCTBIO TOPU30HTA Ha yrou . [Ipu Takol ycTraHOBKe 0j0Ka YIrjioBasi CKOPOCTh
BpateHus 3emin () HarpasiieHa 1o ocu OY .

3) DBeomonautrs  koHeunyro — ctabmimmzamuio ALl B cimemyromieit
MTOCJIEA0BATEIBHOCTH:

- yOeauTcsl B OTCYTCTBUU PACIIOJIOKEHHBIX PSZIOM HarpeBaTeIbHbIX MPUOOPOB,
OXJIKJAIOMINX TOTOKOB BO3AYyXa M NPSMBIX COJIHEUHBIX JIyded, MaJalolIux Ha
CUCTEMHBIN OJIOK HErabapuTHOTO MaKeTHOTO 00pasIia;

- BKJIIOYHUTH DJIGKTPONUTAHUE KOMIIbIOTEpa (3arpy3uTh OMNEPATUOHHYIO
CUCTEMY);

- JIIs1 IPOTpeBa CUCTEMHOT0 OJI0Ka BBDKJIaTh HE MeHee 1 Jaca;

- 3aIyCTUTh IporpamMmy Saver2.exe, ooecneynBaronyo (QyHKIIMOHUPOBAHUE
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AIII; ¢ ucnonp3oBaHWEM MPOTPaMMbl 33J1aTh CAEAYIONUNA pexxkum pabdoTel ALLIL:
KOJIMYECTBO OIpAlIMBAEMBIX KaHajloB 8§ (C HYJIEBOTO MO CEIbMOM), YacToTa
muckperuzanuu 1024kl 11, Bpems coopa nanHbIx 40 MUHYT;

- 3alyCTUTh NpeoOpa3oBaHHWE BXOAHBIX aHAJOTOBBIX CHUTHAJIOB; IOCIIE
okoH4aHus paboTel ALIIT BeIHTH U3 TpOrpaMMBbl Saver2.exe,;

- He mo3aHee yeM depes 20 cekyH nociie okoHdanus padotsl AL u3 cpenp
BorlandDelphi 7 3amyctutre mporpammy BINS COUNTER.dpr u ¢ eé momoripio
npoBectd JBa 1ukia padotrsl ALl mpomomxuTensHOCTHIO 150 CEeKyHI KaXKablid;
IPOMEKYTOK BPEMEHHU MEXy IIUKIIaMU Takke He Oosee 20 cexkyH.

Pe3ynpraT KOHEYHOM CTAOWMIM3alMM KOHTPOJIUPOBATH MO BHUAY TIpaUKOB
M3MEHEHHUS MPeoOpa30BaHHBIX aHAJIOTOBBIX CUTHAJIOB (MOJIy4aeMbIX HA JMCILUIEE MPU
BeimostHeHUH niporpammbl BINS_COUNTER.dpr). Ecmu  makcumanbHbIi  npeiid
curHasioB 3a 150 cexynn wmenee 100MkB, cuuTaTh KOHEYHYIO CTaOMIMA3AIUIO
BBIIIOJIHEHHOM. B mpoTMBHOM ciydyae NOBTOpUTH JABa wLukiaa padoter AL
MPOJOIKUTENBHOCTBIO 150 CeKyHT KaX AbIi.

4) BKJIIOYUTH 3JEKTPONUTAHUE OJI0KA YyBCTBUTEIBHBIX 3JIEMEHTOB.

5) Ipumepno uyepe3 10-20 cexyHa MOCi€ BKJIIOYEHUS AJIEKTPOINUTAHUSA C
ucnoiib3oBanneM nporpamMmmbl BINS COUNTER.dpr nHauaTh 3ammch BBIXOJIHBIX
CUTHAJIOB OJIOKa YYyBCTBUTEIBHBIX dJeMEHTOB. Jlis »TOoro B mporpamme
BINS_COUNTER.dpr ycraHOBHUT clieAyroNIie mapaMeTphl:

noTok nmpuema — AL

MOTOK 00paboTKu — 1;

UM (paiiiaa it coxpaHeHus GUIbTPOBAHHBIX JaHHBIX — «1+.rbity;

Bpems 3anucu — 150 cekyHz.

B Tteuenue 3amucu CcUTHATIOB HEOOXOAMMO, YTOOBI BHOpallud W YyAApHI,
NEeUCTBYIOIINE CO CTOPOHBI hyHIaMeHTa Ha OJIOK, ObUIM MUHUMAJIBbHBI.

6) C wucnonb3zoBanueM mporpammbl data to xls.exe mnpeoOpaszoBarh (aiin
«1+.rbity B daitn «1+ 0.txty, umeronmii ynoOHyr0 IS JajdbHE#IIerd o0padoTKu
JAHHBIX KOAUPOBKY.

7) C ucrionp3oBanueM nporpammbl MicrosoftExcel oTkpeITh (haiii ¢ JTaHHBIMH.
C ucnonb30BaHUEM CTaHJIAPTHBIX (PYHKIUI HaTH cpenHee 3HadeHue curHaia BOT,
OCb YyBCTBUTEILHOCTH KOTOPOr0 HampasieHa 1o ocu QY .

8) Paccuutarh U3MEpPEHHOE 3HAYEHUE YTIIOBOM CKOPOCTHU BpAIlleHUSI 3€MIIH T10
dbopmyne 7. IIpu 3Tom B Ghopmyiy ciaeayeT NOACTaBUTh CPEIHUE 3HAYEHUE CUTHAJIA
BOT.
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Conep:xanue oryera

Otyet mo 1abopaTopHOM paboTe MOJKEH COMIePKATh:

1. Ha3Banue u 1ienb 1abopatopHOi paboThI.

2. OCHOBHBIC CBEJCHUS W3 TECOPETUYECKOW YaCTH B TOM KOJIHMYECTBE, UYTO
HEOOXOIUMBI TSI 3alIUTHI Ja00PaTOPHOM pabOTHI.

3. PesynbraTsl BhIMONHEHUST JabopatopHoit paboThl: rpaduk curnama BOT,
cpennee 3HaueHue curHaga BOIT u u3MepeHHass BeJIMYMHA YTIJIOBOM CKOPOCTH
BpalIeHUs! 3eMIIN.

4. BbIBOJIBI TIO MPOACIIAHHON padoTe.

KoHTpoJibHBIE BOIPOCHI
1. Iosicaute 3¢ dext Canbsika (BbIBO ypaBHEHUs s (a3bl CaHbsKa).
2. [IpuBeaute u pa3bACHUTE COCTaB U NpuUHUUN (yHKIIMOHUpoBaHus BOTa.
3. [TosscHuTE METOA U3MEPEHUS YTIOBOM CKOPOCTH BPAILLIEHUS 3€MIIH.
4. IlpuBenute NOPSAOOK HNEUCTBUA NPU H3MEPEHUU YIJIOBOM CKOPOCTH
BpaiieHus 3emiu ¢ nomoibo BOT'.
5. O0ObsicCHUTE MPUYMHBI Pa3HULIBI U3MEPEHHON BEJIMUYMHBI YIJIOBOM CKOpPOCTHU

BpAILICHUS 3€MJIU U JEUCTBUTEIBHOM.

bubianorpaguyeckuii cnucox
1. epemerneB A.I'. BonokoHHO-onTHYECKHM THpOCKoIl. — M.: Paguo u cBs3b,
1987. — 152.
2. http://fizoptika.com.
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JIABOPATOPHAS PABOTA Ne7
N3ydyenue npuHIUNA PYHKIUMOHMPOBAHUS
0ecmiIaT()OpMEHHBIX MHEPUHUAJIbHbIX HABUTALMOHHBIX CHCTEM

Llenv nabopamopnou pabomsl — N3ydeHre MPUHINNA (PYHKIIMOHUPOBAHUS U
OCHOBHBIX XapaKTEPUCTHK OecruiaT@OpMEHHON WHEPUHUAIbHOW HAaBUTAlMOHHOU

CHCTCMBEI.

Kparkue Teoperudeckue cBeieHUs
becrutarpopmennas wHepumaneHas HaBuranuonHas —cuctema (BHMHC)
npeaHa3HavYeHa i OINpeAeNICHUs MOJOKEHHS TOJIBMKHOTO 00BEKTa OTHOCUTEIBHO
3emin (CHCTEMOM OTCYETa, OTHOCUTEIBHO KOTOPOW OMNPEAEISeTCs IOJIOKEHHE,
3a1al0TCSl UCXOJS U3 YCIOBUM KOHKpeTHOM 3anaun). B cocraB BUHC, kak mpasuiio,
BXOJMT JBa OJIOKa: OJIOK MHEpPUUAIbHBIX UYBCTBUTENbHBIX 37eMeHTOB (BUYD) u
650k Beruuciurens (LudpoBoe BeIYMCIUTENBHOE YCTPOHCTBO, IPEIHA3HAYECHHOE IS
peanu3alnuy aaropuTMOB PEIEHUSI HABUTALIMOHHOM 3a7auH).
Tunosas cxema BMHC npuBenena Ha puc. 1:

b4
Y
Axcl
2
= =
2 ]
Axc2 Axc3 )g E
7. % 2. = B cucremy
! ) g yrpasienns 110
L NJ| > 5
q) =
_‘/ = A
Y | S
) T Curnans UD a Curnast g
o
el S [cornmacyromux| £
CED YCTPOKCTB §
@)
neyer J1YC3
Ha nucnnen
Ze X

Puc. 1. Cxema ¢pynxnuonupoanus BUHC:
Axkc — akcenepometp; Y C — gatuuk yrioBoit ckopoctu; UD — 9yBCTBUTEIBHBIC DIIEMEHTHI;
OXcYcZc — cucrema KOOpIUHAT JKECTKO CBSI3aHHAS! C 00BEKTOM

biok YYBCTBUTCIIbHBIX 3JICMCHTOB IPCAHA3HAYCH IJIsI UBMCPCHUA IMapaMCTPOB

IBUKEHUSI OOBEKTA, T.. TPEX MPOEKLUUN YIIOBOW CKOPOCTH BpallleHHs 0ObEeKTa Ha
57



OCH CBSI3aHHOM C HUM CHCTEMBI KOOPAMHAT U TPEX MPOCKLUHN JIMHEHHOTIO YCKOPEHUS
Ha T€ K€ OCH, a TaKXKe U1 U3MEPEHUSA TEMIIEpAaTypbl B MECTE DPACHOJIOKEHHUS
WHEPLUAIbHBIX YyYBCTBUTEIIBHBIX 3JIEMEHTOB.

Cornacymoomue ycTpolcTBa IpeJHa3HAa4YeHbl I IPeoOpa3oBaHUsl CUTHAJIOB
NOCTYNAKOUINX OT MHEPIHMAIBHBIX YYBCTBUTEIBHBIX JIEMEHTOB, UX (QUIbTpaLMU U
T.IL

boproBoil  BeUMCIMTENH  NpeaHa3HAadeH [  oOpabOTKM  CUTHAJIOB
IIOCTYNAKIIMX OT COMVIACYIOIIMX YCTPOMCTB M PEATU3ALUN AITOPUTMOB PEIICHUS
HAaBUTallMOHHOW 3aJa4H.

Ha puc. 2 npusenenst npumepsl BUHC, Bbimyckaembix B P® u 3apyOexHbIX
CTpaHax.

Briok uyBcTBUTEBHBIX 371eMeHTOB Crista st
BUHC KommnaHap 2 (P®) manorabaputanoit BUHC (CILIA)

Puc. 2. IIpumepst BUHC u ux snemMeHTOB

B GopToBOM  BBIUMCAHTE C  HCIOJb30BAHHUEM  CIEHUATU3UPOBAHHBIX
IrOPUTMOB MTPOUCXOIUT BBIYUCIECHUE YIIIOBOM OPUEHTAMU O0OBEKTAa OTHOCUTEIHHO
0a30BOI1 CHUCTEMBI KOOpPAMHAT (HAMpUMeEp, YIJbl Kypca, TaHTaKa U KpEeHa) U
omnpeneneHrue KOOpJAMHAT B JIOOOW cuCTEME KOOpAMHAT (Hampumep, LIUPOTHI,
JOJITOTHI U BBICOTHI).

Boluucnenue npou3BOAUTCS HA OCHOBE CUTHAJIOB TMPOCKOMUYECKHUX JTATYUKOB
yIJI0BOM  ckopocTH H  akceiaepomeTpoB. Ilo curHamam mepBeIX  (ImyTeM
MHTETPUPOBAHUS 3HAUEHHUM YTJIOBBIX CKOPOCTEMN) BBIUMCIISAETCS OpUEHTAIUs 00BbEKTa.
C y4eroMm MoJydYeHHBIX TapaMeTPOB OPUEHTALUH TPOU3BOJUTCS MEPECUET CUTHAIOB
aKceIepoMeTpoB, B 0a30BYI0 CUCTEMY KOOpJMHAT. Jlajiiee CUTHaIbI aKCeIEpOMETPOB
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JBaXK/Ibl HHTETPUPYIOTCS, B PE3yJIbTaTe MepeessieTcsl nepeMenieHne 00beKTa B ATOMH
0a30BOM CUCTEME KOOPIUHAT.

Onucanue J1adopaTOPHOH YCTAHOBKHU

B kauectBe nmabopatopHoit ycraHoBke ucnoibzyercss BUHC, co3mannas Ha
kadenpe «lIpubopel U OMOTEXHUYECKHE CHUCTEMBI» HAYYHBIM KOJUIEKTHBOM TIOJ
pykoBojctBoM B.B. CamenbeBa. JlanHas cucrema paspaboTaHa Ha OCHOBE
BOJIOKOHHO-ONITUYECKUX TUPOCKOIMOB BI'-94911 151 KOMITCHCAIlTMOHHBIX
akcenepometpoB JIA-11.

Ha puc. 3 u 4 npuBeneH BHEMIHWIA BUA OJOKAa YYBCTBUTEIBHBIX IJICMECHTOB
CUCTEMBI 0€3 KOKyXa U C OAECTHIM KOKYXOM.

Puc. 3. Biiok 4yBCTBUTENBHBIX 3JIEMEHTOB 0€3 KOXKyXa

Puc. 4. bnok 4yBCTBUTENIBHBIX 3JIEMEHTOB C HaJIETHIM KOXKYXOM
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[TomuMo O6y0Ka 4yBCTBUTENBHBIX 3eMeHTOB B coctaB BMMHC Bxomut 610K
MATAaHUS U BBIYHMCIHUTENL CO BCTPOECHHOW B Hero muatoi ALl m mporpaMMHbIM
obecrieuenreM. BHenHuiA BuT 1a00paTOPHOI YCTAaHOBKH MOKa3aH Ha PuC. S.

Mnara cbopa
AaHHbIX

laGoparopHbii /

\NIOK NUTaHNA

FIOK MHEpLUMarnbHbIX
YyBCTBUTENbHLIX Bbluucnurens
’ A\ — e 3MEeMEHTOB

Puc. 5. Buemnuii Bua 1abopaTtopHOil yCTaHOBKU

[TporpammHOe oOecreyeHre peaqTu30BaHO B CUCTEME MPOrPaMMUPOBAHHUS
Delphi u npencrasieHo B Buje MporpaMMHOro mpoaykTa «Bins_counter.

IHopsinok BbINOJIHEHNSI JIa00OPATOPHOM PadOTHI

1. CoGpaTh 1ab0paTOpPHYIO YCTAaHOBKY.

2. [Ipou3BecTy KOHEUHYIO CTAOMIIM3ALIMIO TApaMEeTPOB CUCTEMBI. [[i1s1 aToro:

- yOeauTCcsi B OTCYTCTBUU PACIIONIOAKEHHBIX PAJIOM HarpeBaTeNIbHbIX TPUOOPOB,
OXJIQXKJAKOIINX IMOTOKOB BO3[yXa M NPSMBIX COJIHEYHBIX JIy4eHd, MaJarluxX Ha
CUCTEMHBIH 0JI0K HeTabapUTHOTO MAaKETHOTO 00pasIia;

- BKJIIOYUTH DJIEKTPOIUTAHHE KOMIIbIOTEpa (3arpy3uUTh OIEPalIOHHYIO
CUCTEMY);

- JUIsI IPOTpeBa CUCTEMHOT0 0JI0Ka BBIKATh HE MeHee | yaca;

- 3aIyCTUTH MIporpaMMy Saver2.exe, obecrneunBaronyo (QpyHKIMOHUPOBAHUE
AIII; ¢ ucnonp30BaHWEM MPOTPaMMBI 337aTh CIEAYIOMMN pekum padbotsr ALIIL:
KOJIMYECTBO OMNpAIIMBAEMBbIX KAaHAJIOB &8 (C HYJEBOrO IO CEIbMOM), YacTroTa
auckperuzanuu 102,4xI'1, Bpems coopa nanHbix 40 MUHYT;
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- 3alyCTUTh NPeoOpa3OBaHME BXOJHBIX AHAJIOIOBBIX CHUTHAJIOB; IOCIE
okonyanus pabotel ALIII BeiiTH 13 porpamMmbl Saver2.exe;

- He no3aHee yeM yepe3 20 cexyH[ nocie okoHyaHus padotel ALIII u3 cpenpl
BorlandDelphi 7 3anyctuts mporpammy BINS_COUNTER.dpr u ¢ eé momomibio
npoBecTd nBa 1ukia padorel ALII mpopomxurensHOCThIO 150 CeKyHI Ka)abli;
MIPOMEXKYTOK BPEMEHH MEXIy IIUKIaMH Takke He Oosiee 20 CeKyH/I.

Pesynbprar KOHEUHOW CTaOWMIM3alUU KOHTPOJIMPOBATh IO BUIY TI'paduKOB
M3MEHEHUS NMPEe0OpPa30BAHHBIX aHAJOTOBBIX CUTHAJIOB (ITOJIy4aeMbIX HA AMCILIEE MPU
BeinosiHeHnn mnporpammbl BINS COUNTER.dpr). Ecmun makcuManbHbIA - Aperid
curHasioB 3a 150 cexkynn menee 100MKB, cuuTaTh KOHEUYHYIO CTaOMIA3ALUIO
BBITIOJTHEHHON. B  mpoTwBHOM ciiydyae TOBTOpPUTH JBa Iukia pabdoTel AL
MIPOJOJKUTEIBHOCTHIO 150 CeKyH I KaX AbIi.

3. VYcraHoBuTh OJIOK UYYyBCTBUTEIBHBIX JJIEMEHTOB Ha HEMOABUKHOE
OCHOBAaHHE.

4. C wucnomp3oBanueM mnporpammbl «BINS _COUNTER.dpr» mnpousBectu
pelIeHNe HaBUTAIMOHHOW 3a/layd, NPH 3TOM OJIOK YYBCTBUTEIBHBIX 3JEMEHTOB
JOJKEH OBITh HEMOIBUKHBIM.

5. C ucnonb30BaHUEM BCTPOCHHBIX (DYHKLIMNA NPOrpaMMbl OIEHUTh U BHECTH B
oTyeT TpauKU MOIPEUIHOCTEH CUCTEMBI B OIPEACICHUH: YTJIOBBIX CKOPOCTEM,
JMHEWHBIX YCKOPEHHU B CBSI3aHHOW CHUCTEME KOOPIMHAT, JINHEMHBIX YCKOPEHHU U
CKOpocTel B 0a30BOM CHCTEME KOOpPJIMHAT, YIJIOBOM OpHEHTAUUMU U JIMHEWHBIX
KOOpJIMHAT.

6. He Menee uwem dyepe3 2 wuyaca, Iocie OTKIIOYCHHUS TUTaHHUS OJloKa
YYBCTBUTEJBHBIX JIIEMEHTOB MOBTOPUTH ITYHKT 2.

7. YcTaHOBUTH OJIOK UYyBCTBUTEIBHBIX DSJEMEHTOB Ha TPEXKOMITOHEHTHBIH
TUHAMHWYECKUI CTEH]I.

8. C wucnonb3oBanuem mporpammbl «BINS _COUNTER.dpr» mpousBectu
pelIeHre HaBUTAIMOHHOW 3a/layd, NpPHU 3TOM OJIOK YYBCTBUTEIBHBIX 3JEMEHTOB
JOJDKEH KayaThCsl HA TPEXKOMIIOHEHTHOM JIMHAMHYECKOM CTEHJIE.

9. C ucnonb30BaHUEM BCTPOCHHBIX (DYHKLIHNA NPOrpaMMbl OLIEHUTh U BHECTH B
oTyeT TpauKU MOTPEUIHOCTEH CUCTEMbl B OINPEACICHUU: YIJIOBBIX CKOPOCTEH,
JIMHEMHBIX YCKOPEHUM B CBS3aHHOW CUCTEME KOOPJIMHAT, JIMHEMHBIX YCKOPEHUH U
CKopocTeld B 0a30BOM CHCTEME KOOPJWHAT, YIJIOBOM OPUEHTAIMU W JIMHEHHBIX
KOOpJIMHAT.

Conep:xanue oruera

Otuet mo mabopaTopHON paboTe TOHKEH COICPIKATh:
61



1. HazBanue u 1iesip 1a00paTopHOM pabOTHI.

2. OCHOBHBIE CBEIECHUS W3 TEOPETUYECKOM YacTH B TOM KOJUYECTBE, YTO
HEOOXOIUMBI IS 3alIUTHI Ja00PaTOPHOM pabOTHI.

3. CBenenus 0 1abOPaTOPHON YCTaHOBKE.

4. PesynbraThl BBINOJHEHHUS J1a00OpaTOpHOl paOOTBI: M3MEPEHHBIE U
BBIUMCJICHHBIE TMapaMeTpsl OecriaTpOpMEHHOW MHEPIHAIbHON HaBUTALMOHHOU
CUCTEMBI.

5. BbIBOJBI 110 IPOJEIIAHHON padoTe.

KoHTpoJibHBbIE BONPOCHI

1. Tlosichute o00nacTb NPUMEHEHHUS, JOCTOMHCTBA M  HEJIOCTaTKU
OecrutaTopMEHHBIX HHEPITUATHHBIX HABUTAITMOHHBIX CHCTEM.

2. [losicaute cTpykTypy OecmiaropMeHHON HHEPIMAILHON HABUTAlMOHHOM
CHUCTEMBI.

3. [IloscHutre mpuHIUI JAeHCTBUA OecriaThOPMEHHONW WHEPIUATbHON
HABUTALIMOHHON CHCTEMBI.

4. Tloscuutre BuI TpadUKOB TMOTPEHIHOCTEH B OMNpPENEICHUU YTIIOBOMU
OPUEHTALIUHY.

5. [losicauTe BUJ rpadUKOB MOTPEIIHOCTEN B ONPEICTICHUU KOOPIUHAT.

bubanorpadguyeckuii cnucox
I. Aryuynn O. H. MHTerpupoBaHHBIE CHCTEMBI IS MOPCKHX IOJBHKHBIX
oowvektoB / O. H. Anyuun, I'. Y. EMenbsannes; nox oomr. pen. B. I'. I[Temexonosa. - 2-
e uza. — CII6.: ITHUU «9nextponpudop», 2003. — 392 c.
2. 3axapun M. U. Kunemaruka wHepUMadbHBIX cucTeM Hauramuu/ M. .
3axapun, @. III. 3axapun. — M.: Mammnoctpoenue, 1968.— 236 c.
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JIABOPATOPHAS PABOTA Ne8
HN3y4dyenue pu3MyeCcKHX OCHOB CIIYTHHKOBOM PaJIMOHABUIALMOHHOM CHCTEMBI

Lenv nabopamoprotl pabomsl — W3y4CHUE TIPUHITUTIA ACHUCTBUS CITyTHUKOBOMN
paguonaBuranronHon cuctembl ' JIOHACC u/unu GPS.

Kparkue Teoperudeckue cBeieHUs
Hcmopus coz0anus cnymuuxogulx paouoHasueayuoOHHbIX CUCTIEM.

B Hacrosiee BpeMs, Kak MPaBUIIO, TOBOPUTCS U MUIIETCA O JIBYX CUCTEMAX:
amepukanckoir GPS (Global Positioning System, n3BecTHON Takke MOJi Ha3BaHUEM
NAVSTAR) wu poccuiickoit [JIOHACC (I'JIOGansHast HABuranmonsas
CnytHukoBas Cucrtema). MHorna yrnoMuHArOTCS pa3padaThiBaeMble €BpomeHIiaMu
«Galileo» n Kuraem «Baiigoy». OaHako AaHHbIE CHCTEMBbI — ITO YK€ BTOpPO€
NMOKOJICHHE CIIYTHUKOBBIX panoHaBUranuoHusix cucrem (CPHC).

B Havame ObUIO Hay4HO OOOCHOBAaHHOE TMPEJIOKEHUE TMPUMEHEHUS
paguoacTPOHOMHYECKUX  METOAOB I CaMOJIETOBOXIEHHUSA,  BBIIBHHYTOE
KOJUIEKTUBOM TMoJ; pykoBoacTBoM mpod. B.C. IllebmaeBuya (u3 JleHUHTrpaackoit
BOEHHO-BO3AYIIHON MHXeHepHOH akanemun uMm. A.D. Moxaiickoro) enie B 1957-m
rony. JlanpHeliee pa3BUTHE 3TUX PA0OOT C MPUBJICYCHUEM CIEIIUATUCTOB MHOTHUX
Hay4YHBIX MHCTUTYTOB W npeanpusatuii Bcero Coserckoro Coro3a no3oauio B 1963-
M TOJy TMEpPerTH YK€ K OMBITHO-KOHCTPYKTOPCKUM padoTaM IO CO3JaHHIO TEPBOM
oteuectBeHHo CPHC, nonyuuBiiei B qanpHeieM HauMeHoBanue «ukangay.

HecMoTpst Ha orpoMHBIA 00BeM TpeOyeMbIX HCCIIEOBAaHUN M PabOT MepBHIN
HaBUTAIMOHHBIN CIYTHUK OBL YCIEIIHO BBIBEIEH B KOCMOC yke B KoHIEe 1967-T0
roaa. OHAaKO 10 CAa4YM B SKCILIyaTallMIo Y>K€ TOTOBOM CUCTEMBI IIEPBOTO MOKOJICHUS
npouuio eme 12 ner: B 1979-m roay cmana B skcmuyaraimio CPHC nepsoro
nokosieHusa «llukama». KocMuueckuii CErMeHT 3TOW CUCTEMbI COCTOSI BCEro U3 4-
HABHUTAlIMOHHBIX CITYTHUKOB, BPAIIAIONIUXCSI BOKPYT 3eMJIM TIO KPYTrOBBIM OpOUTaM
Ha BeicoTax mopsaka 1000 kM. B Hacroginee Bpems MO HUMEIOIIUMCS JaHHBIM
cuctema «l{ukana» mocne psana MoAepHH3aUUMid U JOpaOOTOK (DYHKIIMOHHPYET B
COCTaBE E€IMHOW CIIy>)kObl TMOUCKAa W craceHus: Teprsamux OeactBue «Kocmacy
00beIMHEHHOI ¢ aMepuKaHO-(ppaHKo-KaHaackou cuctemon «Copcary.

Kax 310 wacTo ObIBacT, emie He 3aBEPIIUIUCH PAOOTHI MO CO3TAHUIO CUCTEMBI
MEPBOTO TIOKOJICHUSI, & YK€ Hadajach pa3paboTKa CHCTEMBI BTOPOTO TMOKOJICHWS,

nonyuuBiieil B nocieactsun HaumeHoBanue I'JIOHACC. B 1982-m roay 3amyuieH
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NEePBbIM HABUTAIMOHHBIA CIYTHUK HOBOM cucteMbl. B 1995-m romy 3aBepiieHo
pa3BepThIBAHUE HOBOM CHUCTEMBI 10 €€ MITATHOI'O COCTaBa, T.€. HA KPYrOBYIO OpOUTY
BOKpyr 3emui BbicoToi mopsnka 20000 kM BeiBeneHbl 24 crnyTtHuka. OQHOW W3
npo0sieM dKCIUTyaTalliy MOI0OHBIX CUCTEM SBJISIETCS HEOOXOIUMOCTh MOJACPKaAHUS
Ha opOouTe TpeOyeMOoro KoJnyecTBa CIyTHUKOB, KOTOpbIe UMEIOT pecypce 3...5 net. B
nepuon GuHaHCOBBIX TpobieM Poccus cokpatuia oO0beM HEOOXOIUMBIX padoT, U
IpyNIMpOBKa COKpaTwiach K KoHIy 1998-ro roma no 16 crnyTHukoB (IsATh U3
KOTOpPBIX HMMEJIH CpOKU CcIyXObl mopsinka 4 iner). Mudopmamuio o Tekyiem
nonoxxennn aen B cuctemMe [JIOHACC MoxHO HallTH oduUIMATBHOM IOpTaie
NudopmanmonHo-aHamuTH4YecKOro 1eHTpa denepaibHOro KOCMUYECKOT0 areHTCTBA
http://www.glonass-ianc.rsa.ru/.

Amepukanckue CPHC Takke HMMEIOT BeChbMa BHYIIMTEIBHYKO HCTOPHIO.
CucremMa IepBOro IIOKOJICHHWS, I1OJ HauWMEHOBaHHMeM «Transity, BBeacHa B
skcutyaranuto B 1964-m roay, T.e. Ha 15 (1) ner panpue cucremsl «llukana» u 3To
HECMOTpSI Ha TO, YTO TEOPETUYECKUE paOOThl HAYATHI MPAKTHUYECKH OJTHOBPEMEHHO C
Hamu B 1957-mM romy. B TO Bpems, mocne 3amycka MEpBOTO HCKYCCTBEHHOTO
cnytHuka 3emun, niepen JlaGoparopuein npukiagHoM (Qu3MkM yHuBepcutera JIK.
['onkuHca OblIa MOCTaB/IEHA 3a/1a4a CIEKEHHS 32 COBETCKMM CIYTHHUKOM. «OTHOMY
cucTeMbl «Transity cuuraercs nupekrop Jlaboparopun npod. P. Kepmnep. Cucrema
BTOporo nokosienuss GPS BBeneHa B ctpoit B 1993-m roay (TyT Halie oTcTaBaHUE IO
BPEMEHU HE CTOJb rio0anbHo). MHbopmaruio o Tekymiem mnosioxkeHud aen B GPS
Tak)k€ MOXHO HAaWTHM Ha yKa3aHHOM Bbiie mopraie MuadopMaimoHHO-

AHAJIUTHYCCKOI'O ICHTPA.

Cocmag cnymHuKo8bIX paouoHa8UeAYUOHHBIX CUCEM.

B coctaB CPHC (kak I'JIOHACC, Tak u GPS) BXoAHUT TpH MOACHCTEMBI:

1. Iloocucmema kocmuueckux annapamos — COCTOUT U3 ONPEJAEICHHOIO Yncia
HABUTAIIMOHHBIX CITyTHUKOB, PACIIOJIOKEHHBIX Ha KPYTOBBIX OpOUTaX BOKPYT 3E€MIIH.
[ItaTHOE YMCIO CHYTHUKOB paBHO 24, XOTS [UIsl TapaHTUPOBAHHOM BHUJIMMOCTHU
noTpeduTeneM He MeHee 4-X CIYTHHUKOB JIOCTaTOYHO HMETh Ha opoute 18
cnytHukoB. Bricota opoutr 20000 kM, I'JIOHACC wuyth «mnonmxke», GPS —
«moBbiey. Takas BbICOTA CUMTAETCS ONTHUMAJIBHOW JJI MEPEKPBITUS CUTHAIOM
OJIHOTO CITyTHHMKA KaK MO>XHO OOJbIlIel MOBEPXHOCTH 3eMiH (MPUMEPHO MOJIOBUHA
3emuoro mapa). B cucreme I'JIOHACC cnyTHUKM pacnojaratorcss B Tpex

OpOUTANBHBIX TJIOCKOCTSX MO BOCEMBb ammapatoB B Kaxmoil (puc. 1, a). Yucmo
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OpOUTANIbHBIX TIIOCKOCTEH y cuctembl GPS — miecTh Mo 4YeThlpe CIYTHUKOB B
Kaxj0i. BHeIIHUIA BU HAaBUTalMOHHOTO ciyTHUKA HOBOro nokosieHusa ['JIOHACC-

M (cpok cay>xObI IOpsi/iKa 5 JIeT) MoKa3aH Ha puc. 1, 0.

6)**

Puc. 1. K nosicuenuto noacuctemsl kocmuueckux anmnaparoB CPHC I'JIOHACC:
* —ucrounuk prcynka: http://glonass.npopm.ru/
** _ pcTounuk pucynka: http://www.vnske.ru/news/

Hapurannonnele cnyTHUKM MOHO Ha3Bath 0Oazoii CPHC, umeHHO oOHHM
U3JIy4aloT paJuOCUTHANBI, II0 KOTOPBIM IpPUEMHAs amnmaparypa OIpeAelsieT
MECTOMOJIOKEHHE TTOTpeOuTeNsl, HeaapoM B obmenpunsTon abopesuatype CPHC na

IICPBOM MCCTC CTOUT CJIOBO «CITYTHHKOBA.

2. HazemHulii KoManOHO-uzMepumenbHblll KOMNIEeKC — TIOJCUCTEMa KOHTPOJIS U
VIOpPABJICHUS, NpeIHa3HAYeHa /Ji1 KOHTPOJS NPaBUIBHOCTH (PYHKUIHOHUPOBAHMS,
yopaBieHuss U uHPopMauuoHHoro obecneuenuss CPHC. B cocraB ngaHHOM
MOJICUCTEMBl BXOJSAT PAaCIOJIOKEHHbIE Ha TeppuTopuu EBpomsl 1 Aszum (a mis
cucteMbl GPS mo BcemMy Mupy) pa3jiuyuHble CTAHIIMM W TYHKTBI CJICXKEHUS U
yopasienus. 1o mo3r u cepaine CPHC. Jlocrarouno ckazath, 4To 0€3 KOHTPOJIS
cnyTHuKOBOM TpynnupoBku ¢ 3emiun CPHC octanercss paboTocniocoOHOM TOJIBKO B
TEYEHUE HECKOJBbKUX JHEeW (B mepcnektuBe 10 6 MmecdueB). s npumepa Huxe
MOKa3aHa KOHTPOJbHO-U3MepHUTeNbHass ctanuus (puc. 2, a) cuctembl ['JIOHACC,
OJIHa W3 3aJlay, pellaeMbIX TaKMMM CTaHUUAMH — «3akKjagka» B OoptoBbie OBM

CIIyTHUKOB MAaCCHBOB CITY>K€OHOUM MH(MOpMAIUU U KOMaHJ YNpaBleHUs OOPTOBBIMU
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CHUCTEMaMU. I[J'ISI oOecrneyeHusT BBICOKOTOYHOTO OIpCACIICHUA MapaMCTPOB JABHUXKCHHA

HAaBUTAlIMOHHBIX CIYTHUKOB MPUMEHSIOT Ja3epHble JaanbHOMEpbl (puc. 2, 0),

YCTAaHABJIMBACMBIC Hd KBAHTO-OIITHYCCKUX CTAHIIUAX.

TR

6) kk
Puc. 2. K osICHEHHIO MTOICHCTEMBI HA36MHBIX KOMaHIHO-U3MEPUTEIIBHBIX
rkoMmruiekcoB CPHC I'JIOHACC:

* — rucToYHUK pucyHka: http://epizodsspace.testpilot.ru/bibl/vehi/04.html
** — ycrounuk pucynka: http://epizodsspace.testpilot.ru/bibl/nk/1999/2/1999-2b.html

3. Ilpuemnas annapamypa nompebumeneii — OTPOMHOE pa3HOOOpa3ue CaMbIX
pa3IMYHBIX MPUOOPOB, MpPEAHA3HAYEHHBIX NJIsl pUeMa, 00pabOTKU U OTOOpaKEeHUS
undopmaruu CPHC. OdeBuzieH nporpecc B JaHHOM CETMEHTE, JIJIsi CPAaBHEHUS HIDKE
noka3ana npuemHas annapatypa CPHC nepBoro nokonenust «[{ukana» (1976-i rom)
(puc. 3, a) u anmaparypa cuctembl Broporo nokosienus GPS (2008-ii ron) (puc. 3, 6

U B).
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MAGELLAN,

Park Row ' »
P A

Maestrio

6)* %
Puc. 3. [Ipumepsl npueMHOMN armapaTyphbl:
* — ucrounuK pucyHka: http://epizodsspace.testpilot.ru/bibl/vehi/04.html
** _ ucrounuk pucynka: http://youarehere.ru/etries/category/receivers

Ipunyun gynxkyuonuposauus.

B Hacrosiiee BpeMs pazpaboTaHO MHOKECTBO METOJIOB, C IMTOMOIIBIO KOTOPBIX
MOXHO OIIPENENATh KOOPAMHATBL M  CKOPOCTh JIBMKEHHMS II0 CUTHaJlaM
HABUTALIMOHHBIX CITYTHHUKOB. B MOCTYIHON JIMTEpaType, KaK MPaBUIIO, OMUCHIBAETCSA

HE MCHEE BOCbMHU METOJIOB (puc. 4).

MemoOsk! onpedeneHusi KoopOuHam u ckopocmeli

MemoOb! onpedeneHust MemoObl onpedeneHust
KoopOuHam cKkopocmel
— OanbHOMEPHbIU — paduarbHO-CKOPOCMHOU
— r1cee000asibHOMEPHbIU — ricesdopaduaribHO-CKOpOCMHOoU
— pa3HOCMHO-0asIbHOMEPHbIU — Pa3HOCMHO-paduasibHO-CKOPOCMHOU
— KOMOUHUPOBAHHbI L KOMOUHUPOBAHHbIU
0nsi kKoopOuHam dns ckopocmeti

Puc. 4. MeTtonb! onipeiesieHHst KOOPAUHAT U CKOPOCTEH

Jnst monmyudeHuss oOmiero mpeactaBieHuss o mnpuHnumnax padotet CPHC
JIOCTaTOYHO PACCMOTPETh MPOCTEUIIME METOABI, T.€. JaJbHOMEPHBIA (11
KOOPJIMHAT) U pPainaibHO-CKOPOCTHOM (1151 CKOPOCTEN ).

[Ipexxne yem MosiCHATh CyTh METOJ0B HEOOXOAUMO OMPEIEIUTHCS C CUCTEMOM
KOOpJMHAT, OTHOCUTEIFHO KOTOPOM OMpeeNseTcss MECTOIOJIOKEHNE MOTpeOuTes.
B kauectBe 06azoBoii B mpuemHou ammaparype CPHC  wucnonb3yercs
reoleHTPUYECKas MOABMKHAS cuctema koopauHat OXYZ : 113-90 (Ilnanera 3emis)
B 'JTOHACC n WGS-84 (WordGeodeticSystem) B GPS. O0e cuctemMbl KOOpIUHAT

(puc. 5) umeroT Hayaso (Touka O ), pacrno0KEHHOE B IIEHTpe 3eMiId, ojiHa och (OZ)
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HampapjieHa BJIOJIb OCH CYTOYHOTO BpailneHus 3emuin, Bropas (OX) — Mo JUHHH

HepeceueHus] TUIOCKOCTH dJKBaropa W [puHBHMYCKOro MepumuaHa, TpeThst (OY)

AOIIOJIHACT CI/ICTCMy KOOpI[I/IHaT a0 HpaBOﬁ.
Az
AQ

[TiockocTh
HKBaATOpa

X

I'punBHUCKHIT
MepHIHaH

Puc. 5. K nosicHeHn10 reolieHTpUYECKUX MOABUKHBIX CUCTEM KOOPIUHAT

I13-90 u WGS-84 ({2 — BeKTOp CKOPOCTH CYTOYHOTO BPAILEHHS 3EMJIN )

Cnpagouno: 6 COBPEMEHHOU NPUEMHOU annapamype umeemcs 603MONCHOCHIb

8b100pa HeobX0OUMOTU nompebumento CUcmemvbl KOOPOUHAM.

I[EU'IBHOMCDHBIIZ MCTOJ OIPCACIICHUA KOOPANHAT

JlanbHOMEpHBIN MeToa (Kak, B OOIIEM-TO, M JAPYTHE) OCHOBAH HAa M3MEPEHUU

nansHocTd Dj Mexy i-M HaBUrallMOHHBIM CITyTHHKOM U HOTpeOuteneM. JlanbHOCTh

D; MoxHO onpenenuTh, 3Has BpeMs NPOXOkKIECHUS PaJHMOCHTHANA OT CIYTHHKA JI0
MoTpeOuTENS:

Dj=c-7j, (1)
rae C — CKOpPOCTh paclpOCTpaHEHHs PalMOCUTHANA (CKOPOCTh CBeTa), Tj — BpeMms
IPOXOKICHHS PaIHOCHUTHAIA OT CITyTHUKA 10 IOTPEOMTES.

Jlns u3MepeHuss 7j HEOOXOAMMO 3HATh MOMEHT BPEMEHH, B KOTOPBIH

MPOM30IIO M3JIYYCHUE pAJAMOCUTHAJA CIYTHUKOM W MOMEHT BpPEMEHM IMpHEMa
curnaia norpedureneM. Mudopmamus o mepBoM MOMEHTE BPEMEHU COJCPKUTCS B
paauOCHUTHAJE, U3JIy4aeMOM CIIYTHUKOM. J[Jisi ’TOro Ha HABUTAlIMOHHOM CITyTHHKE
YCTaHOBJICH BBICOKOCTAOMIIBHBIN OOPTOBOM CTAaHIAPT YaCTOTHI U BpeMEHU. MOMEHT

BPEMEHU TMpHeMa OIpEACISIeTCs] CaMOil MPUEMHOM ammaparypoil TOoTpeOuTes.
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Pa3Hnna 31X MOMEHTOB BPEMEHHU U paBHa Tj.

[loBepxHOCTE OKpy>KHOCTB
paclpocTpaHEHIA HCPCCCYCHHUSA
CHUTHaNa CIyTHHKA ; IByXx chep

HaeuraumoHHbIH (ctpepa)
CITYTHHE

a) 0)
OKpyXHOCTB Okpy)HOCTb CurHan
HepecedeHus t HIEPECCUCHI CIyTHHKA 3

, Curnan Curnan
IByX chep ABYX ciep CIIyTHHKA 2 /7 CryTHHKA 1

Touka nepeceyenvist
Tpex cihep

B) r)

Puc. 6. K nosicueHuzo JAAIBHOMCPHOI'O METOAa OIPECACIICHUA KOOPAUHAT

CYTB JAJIBHOMCPHOIO MCTOAAa CHadajla IIOACHACTCA C MCIIOJb30BAHUCM

anemenTtapHoil reomerpun (puc. 6). Mndopmamus o gamsHocTH D mossosser

OIIpCACIINTE MCCTOIIOJIOKCHUC HOTpC6I/ITeJ'DI, KaK €TI0 HaXOXIACHHC B J1000H TOUKE Ha

nosepxHocTH chepsl ¢ paguycom Dy (puc. 6, a). Eciu uMeroTcs paguocHrHaibl OT

JIBYX HABUTAIMOHHBIX CITYTHUKOB, T.€. MH(OpMaAIMS O AATBHOCTSIX D1 51 D2, TO

KOOPpANHATBI HOTpe6I/ITeJI$I COOTBCTCTBYIOT €TI0 IIOJIOKCHUIO HAa JIMHUU TICPCCCUCHUA

aByx cdep, T.e. B M000i Touke Ha OKpyx)HOCTU (puc. 6, 6). [Ipu Hanuuuu eue u

MHQOPMAIIMM OT TPEThEro CIYTHHMKA, T.e. INpH Haduuuu D3, KOOpAMHATHI

MOTpeOUTENs] COOTBETCTBYIOT OJHOM M3 JABYX TOYEK, OOpa30BaHHBIX B pE3yJbTaTe
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nepeceyeHus JIBYX OKpyXHocTel (Tpex cdep) (puc. 6, B u r). JJisi 0JHO3HAYHOTO
OTIpe/ieNieHUs] KOOPAWHAT TOTpeOuTeNsl He0OX0AMMa JAOMOIHUTENbHAS WH(OpMALIN,
HampuMep, 3HaHWEe, YTO TIPUEMHas arnmaparypa He MOXKET HaXOAHUTHCS TIIyOOKO MO/
3eMHOH MOBEPXHOCTHIO HJIM BBICOKO B arMocdepe (ammapaTypa s aBTOMOOWIIEH,
MIEPCOHAJILHBIC HABUTATOPHI U T.I1.).

JlanmbHOMEpHBIN METOJT OTpEeIeTICHUSI KOOPIMHAT MOYKHO TOSICHUTH HE TOJBKO
T€OMETPUYECKH, HO M MPHU TTOMOIIN HECTIOKHBIX MATEMAaTHUYCCKIX BBIPAKCHHUI.

JlalbHOCTh 70 1-TO CIIyTHHKa COOTBETCTBYET pamuycy chepbl, YpaBHCHHE

KOTOpOfI MOKHO 3aIIMCaThb B BUJIC.

D; :\/(Xi =XP+ (Y =Y +(z -2, (2)

re X,Y,Z — KOOPJIMHATHI MOTPEOUTENS] B TE€OLIEHTPUUYECKON MOABUKHON CUCTEME

KOOpJIMHAT, Xi,Yi,Zi — KOOPJHMHAT |-r0 HAaBHTallHOHHOTO CITyTHHKAa B TOH XK¢
CHUCTEME KOOPIMHAT.
Koopaunatel cryTHHKa Xi’Yi’Zi ONPEACTSAIOTCS CTAHIMAMU HA3EMHOIO

KOMaHAHO-U3MEPUTEIILHOTO KOMIUIEKCA, MEPUOAUYECKH MEpeNaloTcs ¢ 3eMiid Ha
OOpPT KaXIOTr0 CHOyTHUKA U Jlajee TPaHCIUPYIOTCS UM B COCTaBE CBOETO
paarocurHaia BCeM MOTPEOUTEIISAM.

B ypaBHenuu (2) umeeTcss TpU HEU3BECTHBIX BEIMYMHBI — KOOPIUHATHI
notpedutens. [loaTomy aiig ux onpenesneHrne He0OOXOAUMO COCTaBUTh TPHU MOJOOHBIX
ypaBHEHHUS, T.€. HEOOXOIUMO 3HATh JAJIBHOCTH /10 TPEX HABUTAIIMOHHBIX CITyTHUKOB
M KOOPJIMHATHI 3TUX CIYTHUKOB. A gaibliie HEOOXOJUMO PEIIUTh CUCTEMY TpeX

YPAaBHEHUU C TPEMSI HEU3BECTHBIMU:

N

zy . @
Zy

*+(2, -
*+(25-

BBuay HENMMHEHHOCTH YpaBHEHHMU (HaJW4YME KBAJApPaTOB PA3HUIl KOOPJAWUHAT),
no Kaxnuou koopauHatre X,Y,Z HMMeEETCs JBa pEIICHHUsA, T.€. UMEETCs JBa Habopa
KOOpPJIMHAT, COOTBETCTBYIOIIME JIBYM BO3MOMKHBIM TOYKaM MECTOMOJIOKEHUS
noTpeduTens. s HaX0XACHUST OAHO3HAYHBIX KOOPJMHAT MOTPEOUTENsI, Kak U ObLIO
MOKa3aHO BbIlIe, HEOOXOAMMa JOMOJHUTENbHass uHpopmanus. Hampumep, ans
OOBEKTOB MEPEMEIIAIOIIUXCS [0 MOBEPXHOCTH 3eMiu (aBTOMOOWIM, MEIIEXObI,
KEJIE3HOJOPOKHBII 1 MOPCKOM TPAaHCIOPT U T.I.) YETBEPTHIM YPABHEHUEM MOXKET

CJIy?’KMTb paBEHCTBO:
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RZ. —=X?+Y?%+2Z%, (4)

Semn

rae R — paauyc 3emiu.

Zemnu

CYHIGCTBEEHHBIM HCOOCTATKOM HAJIBHOMCPHOT'O MCTOJA ABJEAICTCA 3aBUCUMOCTD

MOTPEIIHOCTE OMpeeieHUsT KOOpPAUHAT, OT OIMOOK B HU3MEPEHUH BPEMEHHU
NPOXOXKJEHUS paJUOCUTHala OT CHyTHHKAa 10 mnotpeoutens (7j), KOTOpbIe
OoOyCJIOBJIEHBI ~ HECMHXPOHHOCTBIO  BBICOKOTOUHBIX  CIYTHUKOBBIX  YacoB U
OTHOCUTEJILHO TPYOBIX YacOB MPHUEMHOHN ammaparypbl. Hampumep, ommOka B
U3MEpeHUn Tj Ha ypOBHE 107 CEKYHJIbl TIPUBOJUT K MOTPEIIHOCTH OINpPECTICHUS

MECTONOJNIOKEeHUsT  1oTpebuTens Ha (10...15) MertpoB. Jist  yMEHbBIICHHUS
MOTPEUTHOCTEN JUIsl ONPEAEIIEHNS KOOPIUHAT MIPUMEHSIOTCS METO/IbI, ITO3BOJISIOIINE
OLICHUTh HECUHXPOHHOCTh YaCOB U YYECThb €€ MpHU ONpPEACIICHUA KOOPAUHAT (CMOTpHU

puc. 4), HO IIPU 3TOM HE0OX0AMMa UH(POPMAIIHSI OT YETBEPTOTO CITyTHUKA.

Cnpasouno: npobrema 63aUMHOU CUHXPOHU3AYUU HACO8 6CeX HABUCAYUOHHBIX CHYMHUKOS,
BXO0SAUUX 8 COCMAB OPOUMATILHOU SPYRNUPOBKU, A MAKICEe CUHXPOHUZAYUU YACO8 CNYMHUKOS U
uacos NPUEMHOU annapamypuvl nompeoumeinell A611emcs 00HOU U3 KIH04esblX 8 80Npoce co30aHUs
mounvix CPHC.

Paouanvno-ckopocmnoii memoo onpedenenusi ckopocmu.
JI1st mosicHeHus1 CyTH JJaHHOTO MeToja npoauddepennnpyem Boipakenue (1)

I10 BpCMCHH, B UTOI'C IIOJIYYUM:

(X =X)-| Xi=X |+(Y; =Y)-| Y,=Y |+(Z, -2)-| Z,-Z
D; = S . (5

rae D; — cKopocTh U3MEHEHUs! JabHOCTH JI0 | -To ciyTHuKa, X;,Y;,Z; — CKOpOCTb

|-TO CIYTHHKA B TEOILECHTPHUYECCKOM IOJABMXXKHOW cucTeme koopaunar, X,Y,Z —

HMCKOMBIE TPOCKIIMU BEKTOPAa CKOPOCTH IMOTPEOUTENST HAa OCH TEOIEHTPUYECKOM
MOJBU>KHOW CUCTEMBbI KOOPJIMHAT.

N3 BolpakeHus (5) BUAHO, YTO AJI ONPENEICHUSI CKOPOCTU NOTPEOUTENS, T.€.

mpoeKIuit BekTopa ckopoctu X, Y, Z, He0OXOAMMO 3HATh:
- koopauHatbl motpedutenss X,Y,Z (MOTyT OBITh OINpPECIICHBI, HAMPUMED,
PacCCMOTPEHHBIM BHIIIIC JTaTbHOMEPHBIM METOIOM);

- MapaMCETpbl ABHXXCHHA, KaK MUHUMYM, TPCX HABHUI'alMOHHBLIX CITYTHHKOB (
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I :1,2,3): KOOPJAWHATHI Xi \ Yi \ Zi , ckopoctu X;,Y;,Z; U NadbHOCTb JO NOTPEOUTENS
Di (mepemaroTcs KaXKIpIM CITyTHHKOM B COCTaBE CBOETO PaIMOCUTHANIA);

- CKOPOCTh U3MCHCHHA NAaJIbHOCTH, KdK MHUHHUMYM, JO TPCX HABHUT'AIIMOHHBIX

CITyTHUKOB (i :1,2,3), T.C. Di :

CkopocTh M3MEHEHMS AAIBHOCTH OIPEIEISAETCS C HCMIOJIb30BAHUEM METOAA
Jlomnepa, 3aKI0YalOIMMCs B U3MEHEHUH (TIOBBIIIEHUU WJIM YMEHBIIEHUHN) YaCTOThI
PaJHOBOJIH, PETUCTPUPYEMOM IPUEMHOM anmaparypo, B 3aBUCUMOCTH OT
HaIpaBJICHUS W 3HAYCHUS CKOPOCTH OTHOCHUTEIBHOTO [BIDKCHHUS MOTPEOUTENS U

HaBUT'alMOHHOT'O CITYTHHKA.

Cnpasouno: noopobono o memooe Jloniepa modicHo y3Hamo, nanpumep, uz kypca nexyuu O.E
Axumosa: http://sceptic-ratio.narod.ru/fi/Doppler.htm

B cootBeTcTBUM C MCTOJOM I[onnepa CKOPOCTb UBMCHCHHA JaJIbHOCTH OO i -TO

HaBUT'allMOHHOTI'O CITYTHHKA paBHA:

o —f
Di:(lnpf—.l)‘c, (6)

rac fi — 4acCToTa B Fepuax paanuoCHUraaia I -TO HaBUT'allMOHHOI'O CITYTHHKA, finp —

4acToTa TOTO )K€ CUTHaja, HO U3MEPEHHAs IPUEMHOM annaparypou moTpeouTess.

Takum 00pa3oMm, H3MEPUB YacCTOTHl PAJUOCUTHAIOB, MPUHATBIX OT TpPEX
CIYTHUKOB, IO BBIPAXXEHUIO (6) MOKHO ONPENETUTh CKOPOCTH U3MEHEHUS JalbHOCTU
no Hux. [lanee ans ompeneneHHs BCeX TpeX MNPOEKUUH CKOPOCTU MOTpeOUTEINs
HEO0OXOJMMO PEIINTh CUCTEMY U3 TpeX ypaBHEHUM BUa (5).

Cy1ieCcTBEHHBIM HENOCTATKOM PAaJHAIBHO-CKOPOCTHOTO METOa SIBIIAETCS
3aBUCUMOCTh TOTPEIIHOCTEN ONpENETIeHHUs] CKOPOCTH OT OIIMOOK OIpeneseHus
KOOPAMHAT, OT IMOTPEIIHOCTEN HM3MEPEHHs NMPUEMHOW amnmapaTypod 4acTOTBl U OT

HECTAaOMJILHOCTH YaCTOTHI paarnoCHUrajia CIiifyTHUKOB.

Onucanne J1a00PATOPHOH YCTAHOBKHU
B cocraB nabopaTopHOil yCTaHOBKHM BXOAWT NpueMHas ammapatypa GPS-12.
JlaHHBIA TIPUEMHUK, SIBJISSCH TYPUCTUYCCKMM BapHaHTOM MPHEMHOW ammapaTypbl,
Ccroco0eH aBTOHOMHO paboTath OT OaTapeek WIM aKKyMyJsTopa. AHTEHHA

IIPUEMHHUKA SBIIETCA BCTPOCHHOMW. [IpMeMHHMK HMEET KUIAKOKPUCTATUINYECKUN
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9KpaH, Ha KOTOPOM OTOOpa)kaeTcsi HH(OPMALK: O KOJIUYECTBE CITyTHUKOB, CUTHAJIBI
KOTOPBIX YAAJIOCh IIOJIyYUTh MNPUEMHHUKY, O KOOpJIMHATaX OOBEKTa, O CKOPOCTH
HNEPEIBUKEHUSI 00BEKTa U PpAd Apyrod MH(GOpMaluu, HOCALIEH BCIOMOIaTeIbHBIN
XapakTtep (UCIoJIb3yeMasi CUCTEMA KOOPMHAT, HallpaBJICHNUE ABM)KECHUS U T.I1.).
[IppueMHUK MOXET COXpaHATh HH(POpPMALKIO O MEPEMEIIEHUHU OOBEKTa B
namsTu. B nanpHeiimeM ganHyo nHGOpMaIMio MOXKHO MiepeHecTH B nmaMsth [I9BM.
JIabopatopHass pa0GoTa MpPOBOAUTCS BHE IOMEILEHUs, Ha yiIule, T.K.

YCTOWYHMBBIN IPUEM CUTHaAJIa CIYTHUKOB BHYTPHU JJA00OPATOPUU HE BO3ZMOXKEH.

ITopsiiok BHINOJIHEHMS JIAOOPATOPHOI PadOTHI

1. Haxonsch Ha yulie, BKIIOUNTH MpUeMHYIo armaparypy GPS-12.

2. Tlo cmyxebHOM wuHbOpPMAIMK, OTOOpaKaeMoOW Ha SKpaHe, CIEAUTh 3a
(YHKIIMOHUPOBAHUEM NPUEMHHUKA 0 ONPEAEICHUIO0 BUJIMMBIX CITyTHUKOB, CUTHAJIbI
KOTOPBIX JIOCTYITHBI.

3. 3meputhb BpeMsl BbIXO/1a PUEMHHUKA HA IITATHBINA PEKUM PabOTHI.

4. llocne BbIXOAAQ NpPUEMHUKAa HA INTATHBIA peXUM pPabOTHI, HAXOASChH
HEMNOJIBUYKHO C HCIIOJIb30BAHUEM BCTPOCHHBIX (DYHKUIUN NPUEMHHUKA ONPEIECIUTH
IIOTPEUIHOCTH U CKOPOCTh. 3aNMCaTh JAaHHBIE B TCUEHUE 5 MUHYT.

5. Tak Kak mpu ONbITE CKOPOCTh HYJIEBAsA, TO OTIMYHUE ITOKA3aHUN CKOPOCTH OT
HYJICBOTO 3HAY€HUs SBJSIIOTCA IOrPEIIHOCTIMU MPUEMHHUKA. 3anucartbh 3TH
norpemHocTi. Pa30poc KOOpJIMHAT OT CpPEeJHEro 3a 5 MUHYT 3HAYEHUS TaK Ke
SBJISIETCS IOTPELIHOCTBIO TPUEMHUKA.

6. [ToBTOpUTH MyHKTHI 4 U 5 ABUTAsICh MPUMEPHO C MOCTOSSHHOW CKOPOCTHIO.

7. CnenuTh 3a TNOKa3aHMSAMHU IPUEMHUKA HE TOJBKO IO KOOpAMHATaM U
CKOPOCTH, HO U M0 YTy Kypca JABH)KCHHUS.

8. OmnpenenuTb BpPEMEHHYIO 3aJ€pKKy OTOOpakeHHUs HHPOpMalUuud O

ABUKCHUHU OT p€aJIbHOI'O BpEMCHHU.

Conep:xanue oTyera
Otyet mo 1abopaTopHOM paboTe JOJIKEH COJIePKATh:
1. Ha3zpanue u 1ienpb 1a00paTopHOil pabOTHI.
2. OCHOBHBIC CBEICHHUS W3 TCOPETUYCCKOH YacCTH B TOM KOJHUYECTBE, YTO
HEOOXOIUMBI JJIs 3aIIUTHI Ja00OPaTOPHOM pabOTHI.
3. PesynbTaThl BBINOJHEHUS JAaOOpPaTOpPHOM pabOTHI: HU3MEpPEHHbIE U
BBIYHCIICHHBIE TTapaMeTphl MpueMHoH anmnapaTtypsl GPS-12.

4. BwiBoIbI IO TIpOJIETIAHHOM padoTe.
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KoHTpoJbHBbIE BOPOCHI
1. ITosicaute cTpykTypy u coctaB CPHC.
2. OxapakrtepusyiiTe 00JIacTb TPUMEHEHUS, JTOCTOMHCTBA U HEAOCTATKH
CPHC.
3. IlosicHuTE NAaNTBbHOMEPHBIM METO ONPEAEIEHUS KOOPAUHAT.

4. TloscHUTE paAHAIbHO-CKOPOCTHOM METOJT ONPEIETIEHUS CKOPOCTH.

bubauorpadguyecknii cnucox
1. TJIOHACC. IlpuHuumnsl mnoctpoeHus © ¢yHKuuoHupoBanusi / P. B.
bakuteko [u ap.]; mox pen. A. U. [leposa, B. H. Xapucosa. —3-¢ uzn., nepepad. — M.:
Pannorexnuka, 2005. — 688 c.

2. ConoseeB 0.A. Cucremsl criyTHUKOBOM HaBurauuu. — M.: Dko-Tpenns,
2000. — 268 c.
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Vuebnoe uzoanue

AHTOHEHKO Cgetnana BajestuHoBHa
BOI'TAHOB Maxkcum bopucosuu

OUSNYECKHUE OCHOBbDI
[HOJIYVUHEHUA NTHOOPMALIMN

Y4yeOHO-MEeTOAHYECKOE MOCOOHe
Yacrtp 2
JJIEMEHTHI HABUTALIMOHHBIX CHCTEM
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