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3.7. I3mepBaHe HAa YECTOTU HA BbPTEHE

VYpenute, KOUTO ce H3MON3YyBaT 3a M3MEpPBaHE Ha YECTOTH Ha BBPTEHE c€ Hapuyar
TaxoMeTpu. B TexHHueckuTe H3MEpBaHHS ca HaMEpPWIM NPUIOKEHHE JBE TIpPYIHU:
MEXaHUYHH O0OpPOTOMEpPH M EJEeKTPUYECKH NMpHUOOpU 3a HM3MepBaHe Ha CKOPOCTH Ha
BBpPTEHE.

3.7.1. MexaHu4HH 000POTOMEPH.

MexannyauTe 000pOTOMEpPU C€ W3MOJIBYBAT 32 MPEIBAPUTEIIHU W3MEpBaHMs. TsxHara
TOYHOCT € CpPaBHUTEJHO Majka, IOpaJud KOETO ca HaMEepuiIM NPUJIIOKEHHE IIpU
HEOTroBOpHU M3MepBaHus. [IpuHIMIIHATA cXeMa Ha MexaHUueH 000poToMep € MOoKa3aHa
Ha ¢ur. 3.7.1. M3mepBaTenHuaT HakpaitHUK 1 ce mommpa 0 POTAIMOHHOTO TSJIO, TIPH
KOETO B TOBa JIBIKEHHE Ce yBIMYa M Bana 2. B pamkara 4, B nepudepusta Ha KOATO €
ChCPENOTOYEHO  TMO-TOJSIMO  KOJMYECTBO  MaTepuan, BBb3HHMKBA CTpEME, KbM
BB3CTAHOBSIBAHE HAa HOPMAJHO CBCTOSHHME, T.€. 3a€MaHe€ Ha  MOJOXKEHHUE,
NEPHEeHAUKYISIPHO KbM OCTa Ha BbpTeHE. Ha TO3u cTpemexk ce NpOTUBONOCTABA
IUIOCKOCTIMpaliHaTa Mpy)KHHAa 3, B pe3yaTaT Ha KOETO paMKaTa c€ YCTaHOBSiIBA B
MEXJIMHHO I0JIOKEHUE, OMpPEeNIEHO OT YecToTaTa Ha BbpTeHe Ha Baya 2. J[BH)KEHHETO
Ha pamkaTta 4, upe3 Jiocta 9 ce mpenaBa Ha BTyJIKaTa 5, MOHTHpPaHa C OIpeJesieHa
MOJIBIKHA Criio0ka BBPXY Bana 2. BTynkata ce mpemecTBa W BB3IIEHCTBYBA BBHPXY
cekTopa 8 mo mepudepuara Ha KOHTO € HapsizaH 3b0eH mpoduin. 3p0HUAT mpodun ce
3aBbpTa OKOJIO HIapHUpHaTa omopa (0 B pe3yararT Ha KOETO 3BOHOTO Koieao 6 u
M3MepBaTeIHaTa CTpejika 7 € OTKIOHSBAT Ha bI'bJ MPONOPLUOHAIEH HAa M3MEpBaHaTa
YECTOTa Ha BbPTEHE.

[IpeauMcTBa HAa MEXaHUYHUTE 00OPOTOMEPH Ca: MPOCTOTA HA KOHCTPYKIIMSTA; JICCHU 3a
oOcmyXBaHe; MaJKU Ta0apuTH; BUCOK KOC(PHUIIMEHT HAa PEMOHTOIPUTOIHOCT; 00XBAaTHT
UM MOJKE Jla C€ pa3IIupy Ype3 U3IO0JI3yBaHe HA MHOTOCTEIICHEH PEYKTOP U JIp.

3.7.2. Enextpuuecku npubopH 3a U3MepBaHE Ha YECTOTH Ha BbPTEHE

B mpakTukara ce M3MON3yBaT YETHPU TPYNH EJIEKTPHUECKU NMPUOOpU /TaxomeTpu/ 3a
U3MEpBAaHE HAa  4YECTOTM HAa  BBPTEHE:  HMHAYKLUUOHHHW;  EJIEKTPOMMIIYJICHH;
(boToeneKTpuyecku U CTPOOOCKOITUYHH.

NuayknoHHUTE TaxoMeTpu ca pa3paboTeHH BBH3 OCHOBA HAa HHAYKIIMOHHHUTE
npeobOpa3yBarenu. Te ca HaMepUIM OCOOCHO HIMPOKO MPHIIOKEHHUE B TPAHCIOPTHUTE
cpencta. OcoOeHO BaXKHO 3HAYEHUE MTPHU KOHCTPYKIMSTA HA UHIYKIIMOHHUTE TaXOMETPH
urpae TeMIepaTypHaTa Tpelika, Thi KaTo pabdoTHaTa WM TeMIleparypa BapHpa B
untepBana ot -20°C no + 90°C. B mpakTukara ce U3MoJ3yBaT TPU I'PYNU TaXOMETPH: C
npeoOpa3yBalll TeHepaTop 3a IMOCTOSHEH TOK, C Ipeodpa3yBall] reHepaTop 3a MPOMEHIIUB



TOK M MHAYKOUOHCH TaXOMCTHbp C BBHPTANIO CE€ MArHUTHO IIOJIC. OT Te3mn rpynu Hal-
TOJIIMO MMPUJIOKCHUEC € HAMCPUJI TPETUS THII - C BbPTAIIO C€ MArHUTHO ITOJIC.
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@ur. 5.7.1. Mexanu4eH 000poTomMep

[TpuHnMnIHATa cXeMa Ha TaXxOMEThp C BBPTAIIO CE€ MAarHUTHO MOJIE € MOKa3aHa Ha (uT.
3.7.2. TloctosuausaT MarHUT N-S ce cBBbp3Ba upe3 MOMOIIHA BPb3Ka /TbBKaB Bajl/ C
U3CJEBAaHUs POTALMOHEH O00eKT. B cuiIoBOTO mone Ha BBPTALIMS CE MarHuT e
pa3nooxeH (epoMarHuTHUAT AUCK 1, 3akperneH Bbpxy ocTta 4. Ha npyrus kpait Ha octa
€ 3aKpeneH eIMHUAT Kpall Ha IJIOCKOCHUpalHaTa MpykuHa 2 u crpenkarta 3. Bropust
Kpall Ha MpYy’KUHATa € 3aKpereH HeMOABUKHO BbpXY KOpIlyca Ha ypeaa.

®ur.3.7.2. TaxoMeThp € BbPTAILO CE MArHUTHO TI0JIE.



[Ipu BBpTEHE Ha MarHUTa B JWUCKAa C€ WHAYKTHpa €.1.H., KATO TOPOJCHHUTE CHJIU Ha
B3aMMO/JICHCTBUE, 3a€HO C BBPTAIIOTO C€ MAarHUTHO MOJI€ YBJIMYAT JMCKA MO MOCOKa Ha
BbpTEHETO Ha Maruurta. Ha ch3gaaeHust B JUCKa BBPTAIL] MOMEHT C€ NMPOTHBOIOCTAaBS
CBHIIPOTUBUTEIHUAT MOMEHT Ha npyxkuHara 2. OTKIOHEHHETO Ha JUCKa U
u3MepBareHaTa cKajga 3, MOHTHpAaHM Ha o0mia oc 4, CbOTBETCTBYBAa Ha PAaBEHCTBOTO
MEX]y BbPTSIINS U MPOTUBOAECUCTBYBAIIMS MOMEHT. T'bil KaTO MHAYKTHPAHOTO B JMCKA
€.JI.H. ¥ NOAAJICHUAT BBPTALL MOMEHT ca MPOMOPIIMOHAIHU Ha CKOPOCTTa Ha BHPTEHE Ha
MarHuTa, a MPOTUBOJACHCTBYBAIIMAT MOMEHT Ha MpPY)XHWHATa € IMPOMOPLHHOHAICH Ha
BI'bJIa HAa OTKJIIOHEHHE /3aBbpTaHe/ TO OTKIOHEHHETO Ha CTpeJKaTa Ie Objae B JHHEHHA
3aBUCUMOCT C YECTOTaTa Ha BbPTEHE HA MarHMTa.

Nunyktupanoto B aucka e.1.H. E Moxe 1a ce u3pasu Taka:
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K’BI[CTO ® ¢ MarHuTeH MOTOK Ha MOCTOSHHUS MartHur, TIZ)E JIMHCUHA CKOPOCT, C KOATO

JUCKBT IpecHYa MAarHUTHHUTE CUJIOBHM JIMHUU; D - pa3cTOSHMETO MEXIy IOJIIOCHTE Ha
MAarHuTa; p - Opoil Ha BBPTAIIUTE CE MATHUTH.

Boprsamusat momenT M Moxke 1a ce onpeaesd OT 3aBUCUMOCTTa
M, =FD ,3.7.2.
kbjieTo F e cunata Ha B3auMojeiicTBUE MEXIy MOCTOSIHHUSI MarHUT U jucka, F=®I ; I

E
IMOpoaAcCH B JHMCKaA TOK, 1= E , R akTuBHO CBIIPOTHUBJICHUC HA JIUCKA.

P’ , N
M, =— = ,3.7.3.
TR P 60
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Kpaero B u h ca mmpounna u nebenrHa Ha MPYKUHATA; € - MOAYJ Ha €IaCTUYHOCT Ha
npyxuHata, L - AbDKMHA Ha TPYKWHATa; (¢ - BB HA OTKIOHEHWE /3aBbpTaHe/ Ha
IpYyXKUHATA.

OTKIIOHEHHETO Ha CTpEJKaTa CHOTBETCTBYBA Ha PAaBEHCTBOTO MEXIY BBPTALIUTE H
IIPOTUBOJEHCTBYBALIUTE MOMEHTH, T.€.
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HpI/I HN3MCHCHUC Ha TCMIICpaTypara C 1°C BreabT HAa OTKIOHEHHWE HA CTpeJIKaTa me 6’])[[6
PaBCH Ha:
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R(1+a )i 1+ B Je (1 - )
KBJIETO O € TMOJOXKHUTEIEH TeMIepaTypeH Koe(UIIMeHT Ha U3MEHEHNE Ha €JIeKTPUUECKOTO
CBHIIPOTUBJICHUE HA JTUCKA; 3 - MOJIOKUTENIEH TEMIIEPaTypeH KOeQHUIIMEHT Ha yIb/DKEHUE
Ha MpYXHUHATA; § - OTPHUILIATENIEH TeMIIEpaTypeH KOe(UIIMeHT Ha MarHUTHATa WHIYKIHS;
Y - OTpUIIATEJICH TEMIIEpaTypeH KOe(PUIIMEeHT Ha MOTyJIa Ha €IACTHYHOCT.

KOF&TO Cce npeHe6perHaT BCIIMYUHUTE OT BTOPU MOPAABK W YJICHOBCTC, CbAbPIKAIIU
MMPOU3BCACHUA HA TCMIICPATYPHUTC KOC(l)I/II_II/IeHTI/I, MOXKE Aa CC 3allUllIc
¢, =0(1l-& -3Bt+y—ar) ,3.78.

TeMmneparypHarta rpelika Ha TaXOMeTbpa € paBHa Ha:
An=¥=(y—a—3ﬁ—25)t=Gt ,3.7.9.

KpeTo Y —a =3 —20 =G e TemneparypeH Koe(UIIEeHT Ha TAXOMEThpa.

HenocraTbk HAa MHAYKIMOHHHUTE TAaXOMETPU C BBPTALIO CE€ MArHUTHO IIOJIE €
pa3celiBaHETO HA MarHUTHUTE CHJIOBU JIMHHUH, KOETO 3a€IHO C TEMIEpATypHaTa Ipenika
CBILECTBEHO BIIMsIE BbPXY TOYHOCTTA HA MOKA3aHUATA HA TAXOMETHPA.

EnexkrpouMmnysicHUTE TaxOMETpH C€ CBCTOST OT MpeoOpasyBareld, IMO3BOJISBAILL
M3MpalIaHeTO Ha TOKOBH MMITYJICM BbB BepUraTa Ha U3MEpPUTEINs, YECTOTaTa Ha KOUTO ce
sBsiBa (DYHKIMSI HA YECTOTaTa Ha BbPTEHE HA M3NMHUTBaHUS Bal. [IpuHIMIIHATA cxema Ha
TaKoBa YCTPOWCTBO € Toka3zaHa Ha ¢ur. 3.7.5. ['bpOMUHUAT MEXaHU3BM 2 € MOHTHUPAH
BBpPXY Bajia 1 U ydyacTByBa B POTAIl[MOHHOTO My JBIKeHHE. Cxemara ce ChCTOU OT JIsiBa U
JISICHA TTOJIOBMHA, BKJIIOUBAHU IOCJIEIOBATEIHO OT Bb3BpaTHATA MpPY>KUHA 3 B 3aBUCUMOCT
OT TOJIOKEHHETO Ha rbpOunara. Korato repOuinata € B mepureil ce BKIOYBA JsBaTa
MOJIOBMHA, MPHU KOATO KOHJEH3aTopbT C ce 3apexaa OT eJIeKTpHYecKHus M3TOYHUK E.
Koraro repOumata € B amoreii ce BKJIIOYBA JASCHATa IMOJIOBHHA W KOHJCH3aTOPBHT Ce
paspexnaa npe3 nokaspamus ypen I'. [loka3BamusT ypen, 4uuTo AeneHus ca pasrpadenu
Taka, Y€ Ja ce OTYMUTAT YECTOTH Ha BBPTEHE, OTYUTA Oposl Ha pa3pexJaHusTa, T.e.
YyecToTaTa Ha BbpTEHE.

B mpakTtukara ce u3mnon3yBa u BTopa cxema, mokazana Ha ¢ur. 3.7.4. Ts uma momo6HO ¢
MpeaHara cxema YCTPOMCTBO, HO MOCJIEAOBATETHOTO BKIIIOYBAHE HA JBETE MOJOBHHH CE
OCBIIECTBsABA upe3 KomyTaropa K, BbpTALl ce 3ae1HO U U3MUTBAHUS BaJl, KOMYTaTOPBHT
npeacTapisiBa 0apadaH, ChCTOSII Ce OT JBa U30JIMPAHU €IUH OT IPYT METATHH LWIHHIPU
cbe 3p0u. Ilo Oapabana ce TpUAT TPU YETKH, KAaTO IBETC KPailHW HEMPEKBCHATO Ce
IUTB3raT 1O JIEBUS M JECHUS IIMHIBP. J[scHaTa ueTka € cBbp3aHa C IOKa3BalUsd
npubop [, nsgBata c enekTpuyeckus u3TOYHU, E, a cpegHara ¢ konmensaropa C.
CpenHaTa yeTKa ce IUIb3ra Mo 3p0MTe, KaTo BKIIIOYBA JIsiBaTa WM JsICHATA MOJIOBHHA Ha
cxemara. [IpyHUUMIBT Ha JEWCTBHE HAa TOBAa YCTPOMCTBO € AHAJOTMYHO C IpeaHara
KOHCTPYKLIHS.
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®wur. 3.7.4. EneKTpouMITYJICEH TaXOMETH).

EnexrpoummysicHuTe TAXOMETPHU C€ U3IOJI3YBAT 32 U3MEPBaHMs Ha YECTOTH Ha BbPTEHE B
-
unrepsana ot 1000 g0 10 000 min™.

DOTOETEKTPUIECKUTE TaXOMETPU ca pa3pabOTEHH Bb3 OCHOBAa HAa (POTOETCKTPUUECCKUTE
npeobpa3yBarenu. CxemaTa Ha POTOETEKTPUIECKH TaXOMETHp € Moka3aHa Ha ¢wur. 3.7.5.
Bbpxy uscnenanus Ban 1, 4usTO 4ecTOTa Ha BbPTEHE C€ MEpPHU, € MOHTUPAH JAMCKBT 3.
[To nepudepusita Ha AUCKAa € TPOOUT OTBOP, MPE3 KOWTO OT M3TOYHUK Ha CBETIWHA 2,
BBpXY (QoToeneMeHTa 4 T1omaja CHON CBETIMHHU Jbud. BBB (QoroenemeHnta ce
UHAYKTHpaA (POTOTOK, rojieMHUHATa HAa KOWTO € MPOMOPIHMOHAIHA HA YecTOTara, C KOSTO
IIpeMHHaBa OTBOPA HA JUCKA, T.€. HA YeCTOTAaTa Ha BbPTEHE Ha BaJla.



DOTOENEKTPUYECKUTE TAaXOMETPH MPUTEkKABaT MPEAUMCTBATa U HENOCTAThIUTE Ha
doToeneKkTpuuHUTE TPeodpa3yBaTeIu.

CTpoOOCKONMMYHUTE TaXOMETPU CE€ OCHOBABAT Ha CIIOCOOHOCTTA HAa YOBEIIKOTO OKO Jia
3a](bp’Ka M3BECTHO BPEME 3PUTEIHOTO BIIEUATIIEHHE OT INPEAMETA, BBIIPEKH Y€ TOU €

M34Ye3HaJ OT MOJIe3peHUeTo /ToBa Bpeme € okouio 0.1s /.

C’bIJ_IeCTBYBaT JBa BHJA CTpO6OCKOHI/I‘-IHI/I HpI/I60pI/I; CTpOGOCKOHI/I C MCXaHHUYCH 3aTBOp U
CTpO6OCKOHI/I CbC CBCTIIMHHO 3aIlaJIBaHC.
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@ur. 3.7.5. ®OTOENEKTPUUECKH TAXOMETHP

B crpobockomnuTe ¢ MexaHHW4YeH 3aTBOp HAONIOJIEHHMETO Ha BBPTAIIUTE CE BaJIOBE Ce
OCBIIIECTBSIBA IIPE3 TSCHO OTBEPCTHE BHPXY HEMOJBMKEH €KpaH. Mexay ekpaHa U Baja
ceé HaMupa JHUCK C HAKOJIKO OTBepCTUsA. [IUCKBT ce MpHBEXJa B JBMKEHHE OT MalbK
JBUTATEN, CKOPOCTTa HAa KOMTO MOXXE IUIaBHO Ja ce perynmdpa. B TakeB cimydaid
HAOIOIATENAT 1€ BUAM M3NUTBAHMUS BaJl, CAMO B TO3M CiIydail, KOraTo CKOpPOCTTa Ha
OTBEPCTHUETO Ha JMCKA CHBIIJHE C YECTOTaTa Ha MPOITycHaTaTa BbpPXY €KpaHa CBETJIMHA.
Bwpxy ekpana ce npoektrupa 00pa3bT Ha HETIOABUKEH BaJl.

Ha ¢wur. 3.7.6. e mokazaHo MPUHIIUITHOTO YCTPONCTBO HA CTPOOOCKOTTMYECKH TaXOMETHP
C MexaHHWueH 3aTBop. JBuraTensaT 1, 3axpaHBaH OT aKyMyJaTopHa Oarepwsi, IPUBEKAa B
JBUKEHUE aIyMHUHHEB AMCK 2 ¢ OTBOpUTe Mo Hero 5. Yecrorara Ha BBbpPTEHE Ha
JIBUTATENISI CE€ pEeryliupa C peocTaT, BKJIIOUYEH BBB BB30yIUTEIHATa MYy HAMOTKA.
MarsuTsT 4, MEXy MOJTIOCUTE Ha KOMTO ce ABMXKH IMCKA, UTPae poJisiTa Ha CHHpAYKa.
YectoraTa Ha BBPTEHE Ha JHMCKa Ce HM3MEpBa upe3 HHAYKIHUOHHHUS TaXOMETBp 3,
MOHTUpaH B cTpoOockona. C mojo0eH TaxoMeTbp MOrar Ja ceé M3MepBaT 4ecTOTH Ha
BBpTeHe 10 120000 min™



@ur. 3.7.6. Ctpobockon ¢ MeXaHW4YeH 3aTBOP.

B CTpO6OCKOHI/ITe CbC CBCTJIMHHO 3allaJIBaAHC, BaJIbT ICPUOJHUYHO CC OCBETABA OT
6e3I/IHepL[I/IOHeH HM3TOYHHMK Ha CBCTJIMHA. HpI/I YCCTOTH Ha 3aIllaJIBaHMATa Ha CBCTJIMHATa

CHHXPOHHHU Ha 4YeCTOTaTa Ha BHPTECHE Ha BaJia, MMOCIICIHUAT CE BHIKIA KaTO HEIOABMKCH
00€KT.

OCHOBHH HM3HCKBaHUS TPEIsSBIBaHN KbM BCEKH CTPOOOCKOIHMYEH MPHUOOp, € PA3KOCT Ha
odepTaBaHE Ha HETIOJABWXHUS 00EKT U J100pa BUTUMOCT.



