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PaboTa noceseHa co3aanuio OOPTOBOTO YCTPOUCTBA NMU(PPOBOrO THMA I TUATHOCTUPOBAHMUS CHEIICHUS TATOBO-
TPAHCIOPTHBIX MAIIMH. Y CTPOMCTBO MO3BOJIAET C BHICOKOI TOUHOCTBIO ONpeesATh OyKCOBaHHUE CLENJICHUs MPH I10-
SBJICHUHM B HEM HewcrnpaBHOcTed. [IpuHIMI paboTH yCTpoiCcTBAa OCHOBAH Ha MPUMEHEHUH IH(MPOBOI TEXHUKU IS
M3MEpPEeHHsI YaCTOTH BpalleHus (KOJIMIeCTBa UMITYJIbCOB) B IIM(POBOM KOIE MaXxOBHKa U IIEPBUYHOTO Bajla KOPOOKH
nepenay (KIT).

C OMOIIIBIO CBETOM3ITYYAIOIIHX IUOI0B BEICBEUHBAIOTCS MOJTYY€HHBIE IM(PPOBBIE KOBI, 0TOOPAKAIONIHE KOJTMTIECTBO
MMITYJIbCOB HANPsDKEHHs 32 OIHY CEKYHIY OT JIaTYMKOB YaCTOTHI BPALICHHUS MAaXOBUKA U MECTEPHHU MEPBUYHOTO Basla
KII. ITosryuennsie BopuTesieM (onepaTopoM) LUGpPOBEIe KOAbI IEPEBOIAT B ACCATUUHYIO CUCTEMY CUUCIICHHS. Y YUTHI-
Basi, 9TO KOJIMIECTBO 3yObeB MaXOBHKa OOJIbIIE, YeM KOJIMIECTBO 3yObeB IMECTEPHH, IPOM3BOIUTCS KOPPEKTUPOBAHKE
KOJINYEeCTBA MMITYJIbCOB OT JaTYMKOB ITyTeM AEJICHUS KOJIMIEeCTBA UMITYJIbCOB OT MAaXOBHUKA 33 OIWH 00OOPOT Ha OTHO-
nieHue 3yObeB MaXOBUKa K KOJIMUECTBY 3yObeB IIecTepHH. Jlasiee onpenestsioT pa3HOCThb YKciia CKOPPEKTUPOBAHHBIX
KOJIMYEeCTBA UMITYJIbCOB OT MIECTEPHN U MaXOBHKa, KOTOPYIO CPaBHUBAIOT C JOMYCTUMBIM KOJIMYECTBOM HMITYJIbCOB,
Y Ha OCHOBAHHUHM CPABHEHU JIEJIAIOT 3aK/TI0UeHNE O TEXHIIECKOM COCTOSIHUM clerienus. [Ipu pasHocTr paBHOU HYJTIO
WM MEHee J0IyCTUMOM, CLeMJIeHue OYeT CUUTAThCS HCIIPABHBIM.

YerpoiicTBO 11 AMArHOCTHPOBAHWS CIETIICHUS BKJTIOYAST 1Ba IM(MPOBBIX JATIYMKA YaCTOTHI BPAIICHHUS, KaXKIblid
13 KOTOPBIX CONEPIKUT KATYIIKy HHAYKTUBHOCTH C MATHUTHBIM CEPIACYHUKOM, KECTKO 3aKPEIJICHHBIX BOJIM3U 3yObeB
MaxoBHUKa M LIECTEPHH NIEPBUYHOrO Bajia KopoOku nepenad. I[lepsas nuddepenuupyiomas nenb, ¢ OTCEKalOMUM A1-
OIIOM Ha BBIXOJIE, BXOIOM IOJCOCIMHEHA K KaTyIIKe HHIYKTHBHOCTH M BBIITOJTHEHA HA TIEPBOM M BTOPOM PE3UCTOpax
u KoHfieHcaTope. Bropas muddepenuunpyomas 1emp, ¢ OTCEKaONM AUOIOM Ha BBIXOJIE, BEIIOJIHEHA HAa Pe3UCTOpe
1 KOHIEHCATOPE U BXOIOM COEIMHEHA C BBIXOOM aBTOKOJIE0aTEIbHOIO MyJIbTUBUOpATOpAa.

ABTOKOJICOATETbHBI MYJIFTHBHOPATOP BBHIIIOJHEH Ha NBYX Jormdeckux asneMeHtax V-HE, nmByx koHmeHcatopax,
IBYX IMOMaX U ABYX pe3rcTopax. Bexon BTopoit nuddepennmpyroniei nemn coefuHeH co BXOAaMH YCTaHOBKU HYJIS
HIECTHALATUPASPAIHBIX CYMMUPYIOLIMX 3JIEKTPOHHBIX CUCTUMKOB. BBIXOMIBI JTormyeckux 3s1eMeHToB W coequHeHsl
MOCPE/ICTBOM PE3UCTOPOB CO CYCTHBIMU BXOJIAMHU JIBYX SJICKTPOHHBIX CUCTYMKOB, HA BBIXO/IE KOTOPBIX GOPMHUPYIOTCS
dpoBbIe KOIbl, OTOOPAKAIOIINE YACTOTHl BPALIeHHsI MAXOBUKA M IIECTEPHU MEPBUYHOTO Bajla KOPOOKH Mepead.
[IpuBenen mpumep pacueTa MmapamMeTpoB 3JIEMEHTOB aAuddepeHuupyomeil Henu aBTOKO0Je0aTeJIbHOrO MYJIbTHU-
BuOpaTopa.

Karoueswie caoga: OyxcoBaHue, HUPPOBOI U3MEPUTEIIb, TUPPOBOIl KOJI, TOIUIUBHAS SKOHOMUYHOCTb, MU HEepeH-
UpYyIoIas 1elb, AHTErPUPYIOMast Ielb, CyMMHUPYIOIINIA 3JICKTPOHHBII CYSTIYNK, JIOTUUSCKUI SJIEMEHT, CIICIUICHHE,
KaTyIllKa MHIYKTHBHOCTHU, MyJIbTUBUOPATOP.

Jaa yumuposanusa: I'epamienko B.B., Jlobax B.I1., KoBanenko H.A., Poroxun B.JI. IludpoBoe ycrpoiictBo 60p-
TOBOTO TUArHOCTHpOBaHus creruienns // TpakTopsl u cembxo3mammabl. 2021. Ne 1. C. 23-28. DOI: 10.31992/0321-
4443-2021-1-23-28.

The work is devoted to the creation of a digital type on-board device for diagnosing the clutch of traction vehicles and
allows to determine with high accuracy the slipping of the clutch when faults appear in it. The principle of operation
of the device is based on the use of digital technology for measuring the rotational speed (number of pulses) in the
digital code of the flywheel and the input shaft of the gearbox (GB).

With the help of light-emitting diodes, the received digital codes are displayed, displaying the number of voltage
pulses per second from the flywheel speed sensors and the gearbox primary shaft gear. The received digital codes
are converted by the driver (operator) into the decimal number system. Given that the number of flywheel teeth is
greater than the number of gear teeth, the number of pulses from the sensors is adjusted by dividing the number
of pulses from the flywheel per revolution by the ratio of the number of flywheel teeth to the number of gear teeth.
Next, the difference between the corrected number of pulses from the gear and the flywheel is determined, which
is compared with the permissible number of pulses and, based on the comparison, a conclusion is made about the
technical condition of the clutch. If the difference is equal to zero or less, the clutch will be considered good.

The device for diagnosing the clutch includes two digital speed sensors, each of which contains an inductance coil
with a magnetic core, rigidly fixed near the flywheel teeth and gears of the input shaft of the gearbox. The first differ-
entiating circuit, with a cut-off diode at the output, the input is connected to the inductor and is made on the first and
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second resistors and capacitor. The second differentiating circuit with a cut-off diode at the output is made on a resis-
tor and a capacitor, and the input is connected to the output of the self-oscillating multivibrator.

The self-oscillating multivibrator is made on two logical elements NAND, two capacitors, two diodes and two resis-
tors. The output of the second differentiating circuit is connected to the zero-setting inputs of sixteen-bit summing
electronic counters. The outputs of the logical elements AND are connected by means of resistors with the counting
inputs of two electronic counters, at the output of which digital codes are formed, which reflect the rotational speed
of the flywheel and gears of the input shaft of the gearbox.

An example of calculating the parameters of the elements of the differentiating circuit of an auto-oscillating multiv-
ibrator is given.

Keywords: slipping, digital meter, digital code, fuel efficiency, differentiating circuit, integrating circuit, summing
electronic counter, logic element, clutch, inductor, multivibrator.

Cite as: Gerashchenko V.V., Lobakh V.P., Kovalenko N.A., Rogozhin V.D. Digital on-board clutch tester. Traktory
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Baenenne

Mexanndeckass TpaHCMHUCCHS WMeEET MINpO-
KOe TPUMEHEHHE Ha TATOBO-TPAHCIOPTHBIX Ma-
muHax (TTM) m3-3a MPOCTOTH W HAMECKHOCTH.
HawnbGosiee wacToii HEMCIPaBHOCTHIO CIICTLICHUS
ABJIACTCA ero MpoOyKCOBKa, OOYCJIOBJICHHAS W3-
HOCOM TIOBEPXHOCTEH TpPEHUs BEIyIINX U BEIO-
MBIX JeTajel, NOTEPEed yNpPyrux CBOWCTB Ha-
JKAMHBIX TpyXuH u Ap. C [esplo yBeTUIeHUS
pecypca paboTHl M HCKJTIOUEHUS ero MPoOyKCOBKU
CIIENIJICHUE PACCUYMTHIBAIOT C 3alacoM I0 Iiepe-
JlaBaCMOMY KpYTsIIEMY MOMEHTY M, KOTOpBIA
B 1,2-2,5 pa3a Gospire [1] HanOoJbIIeTO KPyTH-

miero MomMeHrTa A -, CO34aBacMOro ABUIATEJIEM

BHyTpeHHero cropanus (JIBC):

Mcu:Mmax'Bcuﬁ (1)

rae B, — KoahduuueHT 3amaca CLCIUICHHS,
paBHBI 1,2-2.5.

[IpoOykcoBKa CIrieTyIeHusI TIPUBOAUT K CHUKE-
HUIO TaKUX IMOKa3areseil 3pGpeKTHBHOCTA pabOTHI
TTM, KaK TpoU3BOAUTEIIBHOCTD, TOIJIMBHAS KO-
HOMHWYHOCTb, TpoxoguMocTh [2—-4]. IloaTomy
Ba)KHBIM BOITPOCOM CHIDKEHUS 3aTpaT B IKCILTY-
aTaliy SBJIACTCS CBOCBPEMEHHOE IpEKpallcHIe
pabotret TTM mpum ykasaHHOU HEHCIIPABHOCTH,
KOTOpasi  OIpPENeJIACTCA  JIUArHOCTUPOBAHHUEM.
Haubosee mpocThiIM METOAOM OLICHKU TEXHHUYE-
CKOT'O COCTOSTHUS CIEIIJICHUS ABJISETCA CUIIOBOM —
C TpPUMEHEHHEM CTPOOOCKONMa W Harpy304HOro
creHna. OMHAKO OH fIBJIACTCSA TPYIOSMKHM, Tpe-
OyeT rpOMO3IKOTO U JIOPOTOCTOSAIIEro 000pyI0Ba-
Hud [5)].

BopToBBIX CpeAcTB MUArHOCTUPOBAHUSA CIIe-
TUICHHS, TTO3BOJIAIOMNX BECTH IOCTOSHHBIA KOH-
TPOJIb 32 €r0 TEXHUYECKUM COCTOSTHUEM, B HACTO-
smee BpeMs HeT. [loaTtomy paspaboTka MPOCTHIX
1 JIEIIEBHIX OOPTOBBIX AUATHOCTHIECKHUX CPEICTB
T OUATHOCTUPOBAHUSA CIEIJICHUS SBJIACTCS
BaYXHOM 3a/1aueii.

Llean nccnenoBanmii

Pa3paboTka 3¢ ¢hekTuBHOrO MUPPOBOrO YCT-
poiicTBa OOPTOBOrO JUATHOCTHUPOBAHMS CIICTLIIC-
musi TTM, npumeHeHHe KOTOPOro oOecCTeunuT
BBICOKYIO TOYHOCTh €ro OyKCOBaHMS, 9TO, B CBOIO
oyepesib, TO3BOJUT CBOEGBPEMEHHO MpenyIpe-
IUTh JKCIUTyaTaluIo CIENJICHUs B HEHCIIPABHOM
COCTOSIHMM M TIOBBICHT 3()()EKTHBHOCTH PadbOTHI
MaIIHHBL

MaTepuanbl H METOAbI

MeTton cosmaHusi GOPTOBOro IU(POBOro aua-
THOCTHYECKOTO YCTPOMCTBA 3aK/II0YACTCI B TOM,
YTO H3MEPEHUE TMapaMeTpoB (KOJMYECTBO HM-
IyJIbCOB) oOcymiecTBiseTcs B muppoBom 16-pas-
PATHOM Kofe, O0eCHEeYMBAIOIIIM BBICOKYIO TOY-
HOCTB. IIpy 9TOM HM3MEpPSIIOT YaCTOTY MMITYJIbCOB
OT 3yObeB MaXOBHMKa MPH MOMOINU AaTYNKA 4acTO-
THl BpameHus B 16-pas3psmHOM ITU(GPOBOM Kome
M 9aCTOTY HMMITYJIbCOB OT 3yObEeB IIECTECPHHU MEp-
BHYHOI'O Bajla KOpOOKHW mepenad B 16-pa3psgHOM
nuppoBOoM Koze. 3aTeM TMepeBOAAT TOIyYeHHBIC
IU(pPOBBIC KOIBI B JCCATHYHYIO CUCTEMY CYUHCIIC-
HUS U ONPEACJIAIOT PasHOCTh MOJYYCHHBIX HMM-
MyJIbCOB C YYETOM KOPPEKTHPOBKU KOJMYECTBA
HMMITYJIbCOB OT MAaxOBHKa MYyTEM JCJICHHSI 3TOrO
KOJIMYECTBA HMMITYJIbCOB HA OTHOIICHHE KOJINYe-
cTBa 3yObCB MaxXOBHKa K KOJIMYECTBY 3yObCB IIc-
CTEPHU MIEPBUYHOIO BaJia KOpoOKu nepenay. Jlanee
CPaBHUBAIOT PA3HOCTb HMITYJILCOB C HOPMATHUB-
HBIM 3HaYEHUEM W Ha OCHOBAHUH 3TOrO JEJIAloT 3a-
KJTIOYCHHE O TEXHUYECKOM COCTOSTHMHM CICTIICHHS.
[Ipu ucnpaBHOM COCTOSTHMM 3Ta Pa3HOCTh JOJKHA
OBITh PaBHA HYJTIO UJIM MEHBIIIE TOMYCTHMOI.

Pe3yabraTel u 00cyKaeHune

PaszpaboTtannoe ycrpoiicTBo (puc. 1) coneput
MEPBBIA TaTYNK / YacCTOTHI BpAIlCHUsI MaXOBUKa,
KOTOPBIIl YCTAaHOBJICH Ha KapTepe 2 CIelJIeHHUs,
KEeCTKO mpukpersieHHoro k 6sioky JIBC 3, u BbI-
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Puc. 1. Cxema ycTaHOBKH AaTYHKOB YaCTOTbI BpalleHUst
MaXOBHKA U MEPBUYHOIO BaJIa KOPOOKH mepenay
HA KapTepe CleIIeHHs U KPbIIIKe KOPOOKH mepenay

Fig. 1. Installation diagram of the flywheel
and input shaft speed sensors on the clutch housing
and gearbox cover

TTOJTHEHHBIN B BHIE MaXOBUKa 4, MePBOH KaTyIIKA
WHIYKTUBHOCTH 5 C MAarHUTHBIM CEPICUYHUKOM 0,
YCTAHOBJICHHBIX BOJIM3UW 3yObeB MaxoBHKa 4
Ha paccrosHuu 1-3 mM. Bropoil natuuk 7 dacro-
THI BpaIlleHUs IMePBUYHOIO BaJia 8 KOPOOKH Imepe-
na4 (KIT) 9 ycranoBsieH Ha ee KPBIIIKE Ha PacCTo-
saHun 1-3 MM OT 3yObeB mecTepHu /() IEPBUYIHOTO
Basia 8§ W BBHINOJIHEH B BHUJE BTOPOH KaTYIIKU WUH-
TYKTUBHOCTH I/ ¢ MarHUTHBIM CEPIOCYHHKOM /2.
B kaudectBe hopmupoBaTesieli CUTHAJIOB, IMOJTyYa-
eMBIX Ha BBIXOMAaX HaTYUKOB, IPUMEHEHHI IepBas
mupdepennupytomas nensb /3 (puc. 2) ¢ IEPBEIM
OTCEKAIOIUM AUOIOM [4, BXOIOM IHOACOEIMHEH-
Had K [epBOii KaTyIlIKe WHAYKTUBHOCTH J TIEPBO-
ro maTyvka 1 9acToThl BpaieHus, Bropas nudde-
peHIupymoIas 1nernb /5 co BTOPEIM OTCEKAIOITIM
auonoM 16, BXOIOM IOACOCHMHEHHAs KO BTOPOM
KaTyIllke UHAYKTUBHOCTH /] BTOpOro matdvka 7
YaCTOTHI BpaIICHUS, TPEThs AuddepeHnupyomias
nenb /7 ¢ TpeTbUM OTCEKaIoMMUM AuoIoM 18, aB-
TOKOJIeOaTeIbHBIN MyIbTUBHOpaTOp 79.

Bce mapameTtpsl 3j1eMEHTOB YCTPOWCTBa pac-
CUMTHIBaIOTCA. B KadecTBe mpuMepa paccuuTaeM
npubopsl auddepenunpyomeii nenu 17 MyJib-
TuBHOpaTtopa /9 TWpH YCJIOBUHU, YTO MYJIBTHBHU-
Opatop ¢GopMHPYET Ha BBIXOAE IPSIMOYTOJIbHBIC
VMMITYJIbCHl HAIPSAKEHUS AIUTEJIbHOCTHIO, PAaBHOM
omHou cekyHpe. Torma mpuHUMaeM, YTO TOCTOSAH-
Has BpeMeHHU auddepeHInpyomei ey J0IKHa
OBITh paBHOW, mJId oOecleueHus HaIeKHON
pabotsl cucteMbl, 20 % IJIUTEIBHOCTU MPAMO-
YTOJIBHOT'O UMITYJIbCa Ha BBIXOJIE aBTOKOJIe0aTeb-
HOTO MYJIBTHBHOpaTOpa C MOCTOAHHON BpeMEHH
T=0,2-1=0,2 c. [lppaumaem, uto pesuctop 101

Puc. 2. dnekrpuyeckas cxema ycrpoiicTsa
JJIA 60pTonoro JHArHOCTHPOBAHUA CHEILUICHUS

Fig. 2. Electrical diagram of the device
for on-board clutch diagnostics

BbIOpaH c comportuBieHueM R = 10* Om.
Torma mocTosiHHAast BpeMeHH auddepeHIupyIo-
niei nenu /7 BRIYHUCIACTCA 0 hopMyie:

T:le 'C|00~ (2)

OTcrofa HaxoguM BTOpOH MapameTp audde-
peHIupyoIiei mernu /7, a ™MEHHO €MKOCTb KOH-
nencaropa C, .

Coo=T /R, =0,2/10" =20 MK®D. 3)

Peructpatopamu u ¢QopmmpoBaresaMu CHT-
HAJIOB B YCTPOWCTBE CJIYXKaT: MEPBbIA IIECTHA[-
LATUPA3PANHBIA  CYMMUPYIOIIMA  3JIEKTPOHHBIA
cueTynk 20 c¢ BeIXOmamm 2/—36, COCTMHEHHBIMHU
CO CBETOM3JIyYaIOIMMH JuonamMu 37-32; BTOpOM
ECTHAAUATUPAZPAIHBIA  CYMMUPYIOIIMN  JIEK-
TPOHHBII cueTuyuk 53 ¢ BeIXOOaMH I4—69, co-
€MMHEHHBIMI CO CBETOM3/IYYAIONIUMHU IUOJaMHU
70—85; nepseiit jornyeckuii anemeHT U 86 ¢ Bxo-
gamu 87 u 88, mepBeIM BXOmoM 87 COeNMHEHHBIN
¢ niepBoii nuddepeHnupyomeii renpo 13; BTOpoii
Jormdecknii amemeHT M 90 ¢ Bxomamu 91 u 92.
[Ipy 3TOM BBIXON MEPBOTO JIOTHYECKOTO 3JIEMEH-
ta U 86 mocpencTBoMm mepBoro pesucropa 89 co-
€IMHEH CO CYETHHIM BXOJIOM IEPBOIO CYETYMKA
20, a BTopoii jormueckuii asemedT M 90 niepBbiM
BXOJIOM COEJIMHEH CO BTOPOi nuddepeHumpyomei
nenbio /5. BeIXom BTOPOro JIOTMYecKoro jieMeHTa
M 90 nocpenctBom BTOpOro pesucropa 93 coenu-
HEH CO CYETHBIM BXOJIOM BTOPOT'O CUETUYHMKA 3.
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Bxon Tpetbeit nuddepeHnupyiomei nenu 17
U BTOpPBIC BXOAH 88, 92, COOTBETCTBEHHO, TIEPBO-
ro W BTOPOTO JIOrM4eckux sjemeHTOB M 86, 90
MapaJijieIbHO COCMUHCHBI C BBIXOIOM aBTOKOJIC-
OatepHOrO MyJsIbTHBHOpaTopa 19, a BXOIbl ycTa-
HOBKH HYJIS IEPBOIO U BTOPOTo c4eTuukoB 20, 53
napasijiecJIbHO COCIMHEHBI C BBIXOIOM TPEThEH
muddepeHIupyoieii renu 17.

IlepBas muddepennupyromas 1enb /3 uMeet
aBa pesrcTopa 94, 95 n konaeHcarop 96, BTopas —
nBa pesuctopa 97, 98 n xouneHcarop 99. Tpetbs
muddepeHIupyonas 1enb /7 uMeeT KOHJICHCa-
Top 100 m pesuctop 10I. ABTOKOJIEOATETHLHBIMA
MyJIBTUBHOpaTOp 19 MMeeT MEPBBI JIOTUYECKUA
anemeHT U-HE 102, BTOpOIi TOTHYECKUI 3JIEMEHT
W-HE 103, nepsuiii xonnaeHcarop 104, BTOpoii
koupeHcarop /05, mepsbiii guon 106, BTOpPOI
muon 107, nepBbiii pesuctop 108, BTOpOii pes3u-
crop 109.

ABTOKOJICOATEJIbHBIA  MYJIBTUBUOpPATOP  BBI-
MOJTHACTCA CHMMCTPHYHBIM, a €ro COMPOTHB-
JICHAE PE3UCTOPOB M EMKOCTH KOHJICHCATOPOB
BBIOpaHbl TaKUM OOpa3oM, 4TO oOecreyruBacTCs
(opMHUpOBaHUE Ha €ro BHIXOAE MPSAMOYTOIBHBIX
HUMITYJIbCOB HAMPSKEHUS U Tay3 IJIUTCIBHOCTHIO
1 ¢. Haimume mepBOro u BTOPOIro MIECTHAAIATH-
PaspAIHBIX CYMMHPYIOIIMX 3JICKTPOHHBIX CUYCT-
YUKOB, KaXKIBIA U3 KOTOPHIX MMeeT 16 BBIXOMIOB,
32 cBeTOM3IYYalOIIMX JHOAa, B CBOK OYepE/lb
Ka)KIblil U3 KOTOPBIX COCIAMHEH C OMHHMM U3 BBI-
X0moB 1epBoro 20 W BTOPOro 53 CYCTYUKOB, I1O-
3BOJISICT TMPH BKJIIOYCHUHM YCTPOMCTBA IMOJIyYaTh
Ha UX BBIXOJC 3a OMHY CEKYHAY IU(POBBIC KOMIBI,
oToOpakaromue, COOTBETCTBEHHO, YaCTOTHI Bpa-
menus MaxoBuka 4 JIBC 3 m mepBuuHOro Bana §
KII 9 (puc. 1). IlepeBon koa B 1ecATUYHOE UCUHUC-
JICHUWC W OIpENCJICHUE Pa3sHOCTH YHCEST UMITYJIb-
COB Ha BbIXoji¢ TiepBoro 20 ¥ BTOpOro 53 c4eTdu-
KOB fIBJIICTCS MEPOi OYKCOBaHUS CIECIIJICHHUS.

Hamname neporo jiormdeckoro asementa M 86
C IByMsI BXOJaMH, COCTUHEHHOTO MEPBBHIM BXOIOM
87 ¢ mepBoit guddepeHIUpyomel nenso 13,
COCIIMHEHUE BBIXOMA IIEPBOTO JIOTMYECKOT'O 3Jie-
MeHTa W 86 mocpencTBoM mepBoro pesucropa 89
CO CYCTHBIM BXOJIOM IEpBOro cueruymka 20, Ha-
JIMYWe BTOPOrO JIOTWYECKoro asjeMeHTa M 90
C IByMs BXOJaMH, COCTUHEHHOTO MEPBBHIM BXOIOM
co BTOpoU auddepeHIupyIoIiei nemnpo 15, coe-
IMHEHUC BBIXOA BTOPOrO JIOTMYCCKOTO 2JICMEHTA
M 90 mocpemcTBOM BTOpOro pe3uctopa 93 co cuer-
HBIM BXOJIOM BTOPOrO CYETUYUKA 53, COCTUHEHHE
BXoma TpeTbel nupdepeHnmpytomeit e 17
U BTOPBIX BXOmOB 88, 92 mepBoro 86 m BTOPOro

90 normveckux 31eMeHToB M mapassiesabHo ¢ BbI-
XOIOM aBTOKOJIeOATEIbHOTO MYJIBTUBHOpaTOpa
19, coenrHEHNE BXOMOB YCTAHOBKH HYJIS TICPBOTO
20 u BTOpPOro 53 CYETYMKOB IMapaijICIbHO C BbI-
XOlIoM TpeThell nuddepennupyiomeit nenu /7 mno-
3BOJISIET OOHYJIATh cueTunku 20, 53 W mosaydaThb
Ha BBIXOHmaxX Jiormyeckux osjiemeHToB U 86, 90
MOCJICIOBATEILHOCTh UMITYJIbCOB, JJIMTEIBHOCTD
KOTOPBIX paBHA IJIMTEJIBHOCTH MPSIMOYTOJBHOTO
AMITyJIbca, GOPMHUPYEMOro Ha BBIXOJIE aBTOKOJIE-
OaTesibHOrO MYyJIbTUBHOpaTopa /9, a 4HUCIIO UM-
IyJIbCOB Ha BBIXOfAX MIEPBOr0 M BTOPOrO JIOTHYe-
CKHX 2JIeMeHTOB W MpomopryoHasbHO YacToTe
BpAICHUS U KOJIMYECTBY 3yObEB COOTBETCTBEHHO
maxoBuka 4 JIBC 3 u mepBuuHoro Baja 8 c iie-
crepueit 10 KIT 9. YacToTta BpamieHus 1 KoJIm4de-
CTBO 3yObeB MaxoBuka 4 H 1mecTepHud /() 1Mo3Bo-
JIAIOT TMPUMEHHUTHh B YyCTpoiicTBe 16-pa3psmaHblii
CYCTUMK, TaK KaK, HaPIMep, IIPH YaCTOTE BpaIle-
uusa Baya 6000 mua! 3a 1 cekyHay dopmupyert-
csl Ha BbIXOJie TIepBoi AuddepeHImpyomieii nemnu
¢ oTcekaouuM auonoM He 6osiee 10000 nosoxu-
TEJIbHBIX WUMITYJIbCOB, a 16-paspsmHblil CYCTUUK
MOXeET (popMHupoBaTh UPPoBOiIt kom 10 60 THICTY
HMITYJIbCOB B CEKYH/TY, TTOIaBaEMbIX Ha €0 BXO]I.

PaboTy partumka 4acTOTHl BpalleHUs TOsC-
nset puc. 3. IIpu Bpamenuu maxoBuka 4 JIBC 3
u nepsuuHoro Baja 8 KII 9 (puc. 1) Ha BbIXOmE
KaTylleK UHAYKTUBHOCTU 5 U /2 ¢ MarHUTHBIMU
cepleyHUKaM#u 5 U 6 3a ofuH 000pOT (GopMUpY-
I0TCSl PAa3HOMOJISPHBIC UMITYJIbChL. DTH UMITYJIbCHI
(puc. 3, a) nubdepeHIUPYIOTCSA MEPBOH U BTOPOI
nubdepeHupyomumu nensamu 13, 15 (puc. 3, 6),
BBINPSAMJISIOTCA TICPBBIM M BTOPBIM THOmamMu 14,
16 (puc. 3, 6) 1 momalOTCs Ha MepBbic BXOMH 87, 91
JIOTHYECKHUX 2JIeMeHTOB 86, 90 (puc. 2).

Ha Bropeie Bxomel 86, 92 jorudeckux 3Jie-
MeHTOB 86, 90 1 OMTHOBPEMEHHO Ha BXOI TPEThEi
muddepenupyiomeit nenu /7 nogaroTcs UMITYJIb-
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Fig. 3. Voltage pulses in the speed sensor circuits
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Puc. 4. Imnynbepl HanpsikeHus Ha Bxoge (a, 0)
1 BbIXoJe (B) mpu paboTe JOrM4eCcKOro 1eMeHTa
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Fig. 4. Voltage pulses at the input (a, b) and output
(c) during the operation of the logic element

CBHI OT aBTOKOJIeOaTeJIbHOTO MyJIbTHBHOpaTopa /9
IJTUTEJIBHOCTRIO 1 ¢ (puc. 4, 0).

[Ipyu HaTMYUK HAPSYKEHHUS HA BTOPBIX BXOAAX
JIOTHYECKHUX 3JIeMEHTOB 86, 90 IIMTEITBHOCTHIO
1 ¢ Ha uX BBIXOAAX (OPMUPYIOTCS TMEPUOAMYC-
CKHE TMOCJIEI0BATEIIBHOCTA KOPOTKUX UMITYJIbCOB
(puc. 4, 6), KOTOpPBIC TIOAIOTCS HAa CYCTHBIC BXOIBI
S cuetunkoB 20 u 53, MpeoOpasyTCsd CUYCTINKA-
MH B 16-paspsmHbie TA(POBbIe KOIbI HA BHIXOMAX
21-36 mepBoro cuetunka 20 W BbIXomax J4—69
BTOporo cuetuynka J3. C TIOMOIIBIO CBETOM3ITY-
YaIOIMUX AUONOB J4—09 u 70—85 BHICBEUMBAIOTCS
MOJTyYCHHBIC IU(PPOBBIC KOIBI, OTOOpaXKAIIKe
KOJIMYECTBO MMITYJIbCOB HAIPSUKCHUS 33 OIHY Ce-
KYHIY OT JaTYUKOB /, 7 9aCTOTHI BPAIICHHUs COOT-
BeTcTBeHHO MaxoBuka 4 J[BC 3 u mecrepun 10
nepsuyHoro Bajia 8 KII 9 (puc. 1). [lony4yennsie
nupoBbie KOl BOTUTEJIEM (OIepaTopoM) Iepe-
BOJAT B ICCATUYHYIO CUCTEMY CUMCJICHHUS U OTpe-
JCJISIOT KOJIMYECTBO HMMITYJIbCOB. YUYHUTHIBas,
YTO KOJIMYECTBO 3yObeB MaxOBHKa 4 U IIECTCPHH
10 MOXeT OBITH pa3HBIM, HEOOXOIMMO CKOpPpEK-
THPOBaTh KOJIMYECTBO HMITYJIbCOB OT JaT4MKa
4acTOTHl BpalllcHUS MaXOBUKa MyTeM JCJICHUs
9TOr0 KOJIMYECTBA HMITYJIbCOB HAa OTHOIICHHE
KOJIMYECTBA 3yObeB MaxoBUKa (Z,,) K KOJIMIECTBY
3yObeB mectepHu (Z, ). Hanee onpenessoT pas-
HOCTh KOJIMYECTBA MMIYJIbCOB OT IectepHu 10
U CKOPPEKTHPOBAHHOI'O KOJMYECTBA HMMITYJIbCOB
OT MaxOBHKa 4, KOTOPYIO CPABHHUBAIOT C HOMYCTH-
MBIM KOJIMYE€CTBOM HMITYJIbCOB, M Ha OCHOBaHHH
CpPaBHCHUS JICJIAIOT 3aKJIIOYCHUE O TEXHUYCCKOM
COCTOSTHUY CIICTIJICHUS.

[IpuBenem mpumMep mepeBofa Kofa Ha CYCTYH-
KE B UMITYJIbChI. [1yCTh BHICBETHIICSA MOCPEICTBOM
CBETOIMOIOB KOJT Ha TICPBOM IIECTHAAIATHPA3PSJI-
HOoM cuetunke 20, pasasiii 0000000001100100.
Ju1s mepeBona ero B AECATUYHYIO CHCTEMY CUHC-

JICHUs, KaK W3BECTHO, IIOJIb3YIOTCA CYMMOIL:
215+ 214+ 213+ 212+ 211 + 210 + 29 _|_28 + 27 + 26 + 25 +
+24+22+224+214+2°=0+0+0+0+0+0+0+
+0+0+64+32+0+0+4+0+0=100. 2T0
03HAYaeT, UTO JIJId MOy YeHUs 3TOTO KOJa ePBEIM
cueTynkoM moacurTaHo 100 UMITyIbCOB, MOCTY-
MaloMKX OT MEePBOro JaTyuka / 4acTOTHl Bpalle-
HUA MaxoBHKa. Eciu mpu 9TOM Ha BBIXOZIE BTOPO-
ro CYeTYMKa 53 4acTOTHl BpallleHUs MEePBUYHOIO
Baja KII oOpasoBajicsi Kom, COOTBETCTBYIOITUI
ACCATUYHOMY YHCITy, HampuMmep, B 90 UMITYJIbCOB,
TOo OykcoBaHue oreHuBaeTcsd B 10 UMIIYJIbCOB.
Ecnu gonmyctumoe 3HaueHue OyKCOBaHHS PaBHO
5 uMIysbcaM, TO B JaHHOM MpPUMEpPE CLEIJICHHE
TpeOyeT TEXHUYECKOro BO3NICHCTBUS, T.€. PETyJIH-
POBKHM WJIM PEMOHTA. 3aTeM CHOBa OIpPENesAioT
OykcoBanue. Eciii OHO CHU3WJIOCH O 3HAYCHUA,
MEHBIIIE OITYCTUMOTO (HallprMep, CTajI0 PaBHBIM
3 uMmysabcaM), TO TEXHHMYECKOE BO3/ICHCTBHE
He TpebyeTcs.

IIpuMenenue mpenslaraeMoro  ycTpoOWCTBa
obecrieunBaeT SKOHOMHUYECKHI 3¢ (PEeKT 3a cyeT
yBEJINYCHUSA KOJIECHOM MOIIHOCTH, YJIyYIICHUS
TOIJIUBHOM SKOHOMHMYHOCTH U IPOXOTUMOCTH,
CHUKCHHS BEPOATHOCTH OTKa3a CLICTIICHUS U CBS-
3aHHBIX 3aTpaT C UX YCTPAHEHUEM.

BbiBoapbl

PazpaboranHoe mHQpoBOEC YCTPOUCTBO gaeT
CJICTYIOIIAIA TIOJIOKUTETbHBIN 2P PEKT:

1) onepaTtuBHO TIpH HEOOXOMMMOCTH TIO3BOJIA-
€T OIICHUTHh OYKCOBaHME CICTIJICHUS;

2) ABJIAETCA HEIOPOTMM pEIeHIEM TIpY BHEIpe-
HUW 1 00ECIIeUnBaeT TOBBIINICHAE TAKNX IKCILTyaTa-
HMOHHBIX cBOMCTB TTM, Kak KoJjiecHasi MOIIHOCTb,
TOIUTMBHAS SKOHOMUYHOCTH ¥ TTPOXOTUMOCTH;

3) cokpamaeT >KCIUTyaTallMOHHBIE PaCXOMbI
3a CYeT CHIKCHUS BEPOATHOCTH OTKAa30B CIIETIIe-
HU{ 1 3aTpaT Ha UX YCTPaHCHHE.
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