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Xoaur Kao 3yur, Xosaueu ¢., f!uwaK !1. 10 - 12317 

MuKponpoueccopuaSI asroHOMHaSI cucre~ra a craHI.lapro KAJI.\AK 

nnSI H3MepeHHii norepb ::>Hepl'HH n caepxnpoBOLlSIWHX Ka6e.·urx 

H I!MDynhCHbiX M8l'HHT8X 

0DHCbiB8eTCSI MIIKpODpOUeCCOpHaSI aBTOHOMHBSI CIICTeMa D CT811Ll8pTe 

KAMAK, npHMeHSieMaSI 1.1nS1 H3MepeHHSI norepb auepruu B caepxnpoBOLlSilUHX 

Ka6enSIX H HMDynbCHblll. M8l'HHT8X, 
CHcTeMa o6ecne'IHBaer uaMepeuHe ocuoaHLrx napaMerpoa csep:;npoaon

HHKOB H IIX o6pa60TKY C uenbJO onpe1.1eneHHSI 3HeprHH, BL!llenSieMOll B M8l'IIHTe 

HnH B enHHHUe OfibeMa KafienSI DpH onpeneneHIIbJX ycnOBHSIX HCDblTBHHii. 

npoaenei!Hble H3MepeHHSI llBIOT B03MO>hiiOCTb cynHTb 0 CBOHCTBBX CBepx 

npoaonSiruHx Ka6eneii H ux npHronuocTH nnSI uaroroaneHHSI HMnynhCHbiX Mar

HHTOB, a TBKlKe 003BOnSIJOT OUeHHTb Ka'!eCTBO l'OTOBblX M8l'HHTOB. 

Pa6ora BLmonueua B l1a6opaTO[JIIH Bb!COKIIX auepl'Hii OIIHii. 

npenptiHT 06'bel1HHeHHOrO HBCTHTYTB SlllepHblX HCCne!lOBBHHii. Lly6Ha 1979 

BBEJJ.EllHE 

B HaCTORli.{CC BpCMR MHKponpou.eccopbt WHpOKO npHMCHRIOl CR 

B annapaType ,!l.nR cPHJH'ICCKHX uccne,!J.oBanuiL PaJpa6oTan na6op 

MHKponpou.eccopnwx aBTOHOMHMX KOHlponnepoB B ClaH,!l.aplC 

KAMAK, na ocnoBe KoTophiX coJ,!J.aiOlCR KaK O.li.HOKpeiiTHhie, TaK u 

MHOrOKpCHTHhiC aBTOHOMHhiC CHCTCMhl ,!J.llR H3MCpCHHH,C6opa H o6· 

pa60TKH ,!1.8HHhJX.MHKponpoueccopHMC KOHTponnepbi B 60llhWHHCTBC 

CllY'I8CB no 6bJCTp0,!1.CHCTBHIO H CMKOCTH 03Y HC yCTynaiOl Mallb!M 

3BM H HMCIOl M8llh!C pa3MCphl H BCC,HH3KYIO CTOHMOCTb.Jl031 OMY 

OHH MoryT BhlllOllHRTh ciJyHKUHH 3BM B HC60nhWHX CHCTCM8X cPHJH" 

'ICCKOrO 3KCllCpHMCHT8. 

B Jla6opa1 opuu BhiCOKHX 311cpruii OlUIH coJ,!J.aHa cuc1 eMa 

aBTOMalH3aU.HH ClCH,!J.a H3MCpCHHR llOlCph 3HeprHH B CBepxnpOBO· 
. I 1 I 

.li.RIUHX Ka6cnRx u HMnynhCHhiX MarHuJax na nHHHH c 3BM TPA-70 . 

JlpH C03,!J.BIIHH YCKOpHlCllR 3apH~CHHWX 'laCTHU. C HCllOllh30BaHHCM 

CBepxnpoBO,!l.Hli.{HX MaJ'HHl OB uenccoo6pa 3HO JaMCHHTh MHHH • 3 B M 

Ha 6oncc ,!J.CWCBYIO H KOMllaKTHYIO MHKpo· 3BM, ciJYHKU.HH KOlOpoii 

BwnonHRCl MHKponpoucccopnwii KOHlponncp KpeiiTa, pa3pa6oTaH· 
'•)I 

Hh!H B JIB3 ~ 

nwno OCYIUCCl BnCHO HCCllC,!J.OBaHHC B03MO)I(HOCTCH HCllOllb30Ba· 

HHR MHKponpoueccOpHoro KOHlponnepa B CHCTCMC aBTOMaTHJaU.HH 

H3MCpCHHR napaMCTpOB CBepxnpOBO,!J.HHKOB. 

OllHCAHHE CHCTEMbl 

linoK· cxeMa cucTeMhi HJMepenuii noTe ph 3HeprHB npe,!l.CTaBnena 

Ha puc. J. 8 ee 3llCKTpOHHOH tJaCTH, BWllOllHCHHOB B CTaH,!l.apTe 

KAMAK, ynpaBnRIOIUHM MO,!J.yneM RBnReTcR aBTOHOMHhiB "BHTen-
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a) Puc.l. EAoK- cxeMa cucmeMbl. 

d) 

neKTyan&Hblit" KOHTponnep xpeii:Ta KKH -661, KOTOpblii: BblnonHeH 

Ha oeHooe MHKponpo:ueeeopa Intel-8080.8MeeTe e Mo.n;yneMnaMRTH 

H HHTeP<!leii:eaMH nepu<!lepBHHbiX yeTpoii:eTB OH o6pa3yeT Bbi'IBeJIH

TeJibHYIO qaeTb eHeTeMbl /MBKponpo:ueeeopHaJI aBTOHOMHaJI eHeTe

Ma MAC/ .MHHBMaJibHblii KOMnneKT Mo.n;yneii: Bbi'IHenuTeJibHoii qaeTB, 

Heo6XO.D;HMbiH .D;JIJI npooe.n;eHHR H3MepeHHH, eOCTOHT H3 MO.D;YJIJI 4K 

llll3Y, .n;oyx Mo.n;yneii: no 4K 03Y H Mo.n;ynJI HHTep<!leii:ea Hct>ll 
131 

K KOTOpOMy nO.D;KJIIO'IaiOTeR cPOTOe'IBTbiBaiOIUee yeTpoii:eTBO H nepclJo

paTOp. llyJibT ynpaBJieHHR - an<!laBHTHO-:UHcPPOBOH .n;Henneii: HJIH 

TeneTaii:n - no.n;xnroqaroTeR Henoepe.n;eTseHHO K KKH no noene.n;ooa

TenbHOMY KaHaJiy. 

0eTaJibHble MO.D;YJIH o6pa3yiOT H3MepHTeJibHYIO qaeTb eHeTeMbl. 

CtJeT'IHKH Cl a C2 npaMeHJIIOTeR .n;n11 npeo6pa3osaHHJI HHTepsanoo 

BpeMeHH B UHcPPOBOH KO.D; nepeetJeTOM HMnynbeOB onopHOH tJaeTOTbl, 

nocTynaJOIUHX H3 reHepaTopa TaKTOBbiX HMnyn&eOB rTH. AHanoro-
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UH<!lpoooii npeo6paJoBaTeJib AU.ll onpe.n;enJieT MaKeHMaJibHoe HanpJI

>KeHHe Ha WYHTe B TOKOBOH uenH MarHHTa. 

flpH HeeJie.D;OBaHHH KOpOTKHX o6paJUOB Ka6eneii /eM. puc. 1aj 
HeTO'IHHK TOKa 2, ynpaBJilleMbiH nporpaMMaTOpOM 1, JaTIHTbiBaeT 

eoepxnpoBO.D;JIIUHH .D;HTIOJlb 3, BHyTpH KOTOporo HaXO.D;HTeJI KaJIOpHMeTp 

e o6paJUOM. 06'beM raJa o raJronb.n;epe Sa onpe.n;enJieTeJI 6noxoM 6, 

KOTOpblii Bblpa6aTbiBaeT eHrHaJibl CT APT H CTOll npH npoxo>K.n;eHHH 

KOJIOKOJia raJrOJib.D;epa qepeJ MeTKH, onpe.n;eJIJIIOIUHe 06'beM B O.D;HH 

JIHTp. ~aT'IHK 7 perHeTpHpyeT TeMnepaTypy BXO.D;lliUero B raJrOJib.D;ep 

raJa reJIHJI. HanpJI>KeHHe e .n;aT'IHKa, nponopuHoHaJibHoe JHa'leHHIO 

TeMnepaTypbl, no.n;aeTell Ha oxo.n ua<!lpoooro BOJibTMeTpa 8 H npeo6pa

JyeTell B UHcPPOBOH KO.D;. 

flpH HeUbiTaHHH MarHHTOB /eM. puc. 16/ HeTO'IHHK TOKa 2 
JaUHTbiBaeT Heene.n;yeMbiH MarHHT 3. floTepH JHeprHH B MarHHTe 

onpe.n;eJilliOTell .D;>KOYJibMeTpOM 56. 

BpeMeHHaJI .n;HarpaMMa pa6oTbl eaeTeMbl npe.n;eTasneHa Ha puc.2. 

flpH HeTibiTaHHH MarHHTa BeJIH'IHHa TIOTepb JHeprHH B HeM H napaMeT

pbl MarHHTHOrO TIOJIR onpe.n;eJilliOTeR B Te'leHHe O.D;HOro UHKJia H3Me

peHHH, .D;JIHTeJibHOeTb KOToporo eoOTBeTeTByeT O.D;HOMY nepHO.D;y 

ene.n;ooaHHR HMTIYJibeOB TOKa B MarHHTe /eM. puc. 2aj. flpH Henbi

TaHHH KOpOTKHX o6paJUOB Ka6eneii UHKJibl H3MepeHHH fiOBTOpRIOTeR 

.no Tex nop, noxa o6'beM raJas ra3ronb.n;epe He .n;oeTHrHeT o.n;Horo 

JIHTpa. 

llepe.n; HatJaJIOM HJMepeHHR see 6JIOKH npHBO.D;RTeR B eoeTOJIHHe 

rOTOBHOeTH. llpH Ka>K.D;OM HMTIYJibee TOKa B MarHHTe MO.D;YJib 4 /eM. 

puc. 1/ sblpa6aTblsaeT eHrHanbl HAqAJIO, CEPE~HHA H KOHEU., 

KOTOpble eGOTBeTeTBYIOT MOMeHTaM TIORBJieHHR, .D;OeTH>KeHHR MaKeH

MaJibHOrO 3Ha'leHHJI H He'leJHOBeHHR TOKa /eM. puc. 2aj. flo 3THM 

eHrHaJiaM B eOOTBeTeTBYIOIUHe MOMeHTbl opeMeHH eHeTeMa nposo

.n;HT H3MepeHHe speMeHH HapaeTaHHR t 1 H ena.n;a t 2 ToKa, nay3bl 

t 3 Me>K.n;y HMTIYJibeaMH TOKa, a TaK>Ke MaKeHMaJibfJOrO 3HatJeHHJI 

HanpR>KeHHR Urn Ha wyHTe s Toxosoii uena MarHHTa. KpoMe Toro, 

no earHany KOHEH. H3MepReTeR HanpR>KeHHe U Ha sxo.n;e ua<!lposo

ro sonbTMeTpa, KOTopoe nponopuHoHaJibHO JHatJeHHIO noTepH 3HeprHH 

npH HeTibiTaHHH MarHHTa HJIH JHatJeHHIO TeMnepaTypbl raJa DpH 

HefibiTaHHH KOpOTKHX o6pa3UOB Ka6eJIR. 

~aHHble, noJiy'leHHble npH H3MepeHHJIX, o6pa6aTbiBaiOTCR B 

KKH-661. Pe3yJibTaTbl Bbl.n;aJOTeJI na6o Ha TeneTaii:n, nH6o Ha 

.n;Henneii:. lloene 3TOrO eHeTeMa eHOBa npHBO.D;HTeR B eoeTORHHe 
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a) 
Puc.2. BpeMeHHaJI 

oua2paMMa pa6ombl 

HA1AJ10 
cucmeMbl. 

d) ---f\-1\-... -f\-1\-... -f\--1\-
~-·- ~-~-I 1-,_!_!__Jl.. ... :JI!:.~ ... ; I y_ 

CTAPT 

cron 
I I ---u I 

I •• -~1-·------1 ,.. l! 
I ,.. I 

roToBHOCTH H O)I(H)laeT npHxo.ua cHrHana HA4AJ10 .uns JanycKa 

oqepe.nHoro UHKna HJMepeHHiL 

llpH HCnhJTaHHH KOpOTKHX o6paJUOB Kafiens /eM. puc. 26/ 

CHCTCMa O.llHOBpeMCHHO ofiecne'I.HBaeT HJMepeHHC npoMe)l(yTKa Bpe • 

MeHH7. Ja KOTOphlH o6heM raJa B raJronh)lepe .llOCTHraeT O.llHOrO 

nHTpa. llocne npHxo.ua cHrHana CTOil cHcTeMa JaKaH'I.HBaeT 

TeKyluHH UHKn HJMepeHHH H onpe.uenseT BpCMS r · flo OKOH'I.aHHH 

HJMepeHHH Bhl'I.HCnlleTCll BW.nenlleMall MOIUHOCTh B ofipaJUe. 

6 

llapaMeTpw, nonyqeHHWe B peJynhTaTe HJMepeHHH, cne.uyiOIUHe: 

a/ npH HJMepeHHH MarHHTa 

um 
Bm= k1-R 

. Bm 
B+=-~1-

B 
Btll 

t 2 

• B++~ 
!3: --r 

- MaKCHManhHOe MarHHTHoe none, r.ue 

k1- nocTOliHHall MarHHTa, R- conpo

THBneHHe lllYHTa; 

- cpe)lHllll CKOpOCTh HapaCTaHHll Mar· 

HHTHoro nonll; 

- cpe)lHliS CKOpOCTh cna.ua MarHHTHOrO 

nons; 

• cpe)lHllll CKOpOCTb HJMeHeHHS Mar-

HHTHOrO nonll; 

~ 

1 
J 

w1 k
2
U • noTepH 3HeprHH B MarHHTC Ja O.llHH 

UHKn, r)le k2 • KOJ<l>cPHUHeHT npeo6pa

JOBaHHll Hanpll)l(eHHS B noTe pH 3Hep • 

rHH /10 MB/,4JK/; 

6/ npH I!JMepeHHif; KOpOTKHX o6paJUOB KafieneH 
- napaMeTpbi MarHHTHoro nons; Bm; B+; B_ ; B 

t = t + t 
c 1 2 

t p .:t 3 

T = k 3 U 

p k4 
= T.;- ~ 

t c + l p 

t,. 

w ~· p. t 1 c 

- )lnHTCnhHOCTh HMnynhCa TOKa B Mar· 

HHTe; 

• )lnHTenbHOCTb nayJbl Me)l()ly HMnynh-

caMH TOKa; 

- TeMnepaTypa raJa Ha axo.ue raJronh· 

.uepa, r .ue k3-. KoJ<l>cPHuHeHT npeo6pa

JOBaHHll Hanpll)l(eHHll B TeMnepa TYPY 

/10 MB/2pao.j; 

- BpeMS JanonHeHHll raJrOJlh)lepa 

O)lHHM nHTpOM raJa; 

- aw.uenseMall MOIUHOCTh B o6paJue, 

r.ue k 4 ~A(I0 rT 1 * ,110 - nnOTHOCTh 

raJoo6paJHoro reJJHll npH HopManh· 

HhlX ycnOBHSX, I' • CKpWTaS TennoTa 

HCnapeHHll npH pa60'I.HX ycnOBHliX 

B KanopHMeTpe, p 1 H T 1 - HopManhHoe 

.uaaneHHe H TeMnepaTypa, p2- .uaane

HHe raJa B raJronh.uepe; A- nonpaa

Ka xono.nHoro raJa, ocTaiOIUerocll 

B KanopHMeTpe H He nona.naiOIUero 

B raJronh.neg: 

- noTepH 3HeprHH B ofipaJUC Ja O)lHH 

UHKn. 

Ha OCHOBaHHH peJynhTaTOB HJMepeHHH MO)I(HO nocTpOHTh rpa<lJH· 

KH JaBHCHMOCTH noTeph 3HeprHH B CBepxnpOBO)lHHKaX OT cpe)lHCH 

CKOpOCTH HJMCHCHHll MarHHTHOrO nonll )lnll paJHhlX JHa'ieHHH ero 

aMnnHTY.llhl. Ha pUC. 3 H 4 noKaJaHhl JaBHCHMOCTH COOTBCTCTBeHHO 

.uns MarHHTa H n;;ocKoro Ka6enll ce'ieHHeM 9,9x 1,7 CM2 Ka6enh 

COCTOHT HJ 23 npOBOnOK .llHaMeTpOM 0,85 MM. 

llPOTPAMMHOE OEECllEqEHHE 

llporpaMMHOe ofiecne'ieHHC CHCTeMhl HanHCaHO Ha liJhlKC 
; 4' 

ACCEMiiJIEP H JaHHMaeT B 03Y oKono 6K 6aHTOB, HJ KOTopwx 

7 



::1 
......... 
;:E 

c:( 

~ 400 

200 

3,7 T 

/ 

0,8T 

Puc.3. 3aeucuMocmb 
eeAu~UHbl nomepb :JHepzuu 

Ia MazHume om cpeoHeil 

CKOpOCIIfU U3MeHeHUJI MQ2 -

HUIIIH020 nOAJI. 

~ 
0 

0 0,2 

200 

~ I ~ ... ~ 
~ 
~ ·++ 

:i I 
+ 

100 ~ ; 

50 L! 

0 1 

8 

0,4 0,6 0,8 

B I TIC 

f B.l 
~~ 

+ Bl- 0,9T} KOOtJib 
• Bn~O.OT 

o B = 0,911 npo~QJio~l1 
t:.B=1T j 

2 

B.T/c 
3 

Puc.4. 3aeucu.wocllfb 
eeAU~UHbl nomepb :mep-
2UU 6 KOPOIIfKUX o6pa3J4QX 

0111 cpeOHeU CKOpOCIIfU 
U3MeHeHUJI MQ2HUIIfH020 
nOAJi. 

4K BbJ~eJil!eTcll ~Jill no~nporpaMM 6H6JIHOTeKH ~,,'a ocTaJibHbie 

2K - ~Jill KOHTpOJill H ynpaBJieHH.II 3JieKTpOHHOH 1.faCTH CHCTeMbl. 

B JaKJIJO'IeHHe aBTOpbi BbJpa)KaJOT rny6oKyJO npH3HaTeJibHOCTb 

H.<I>.KonnaKoBy H B.A.CMHpHoBy Ja nocTaHOBKY Ja~a'IH H nocTOliH

Hoe BHHMaHHe K pa6oTe, a TaK)Ke B.M.CnenHeBy H X.Panny Ja 

ilOMOUlb H ilOJie3Hble 06Cy)K~eHHll npH HaJia~Ke CHCTeMbl. 
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