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npo~ecc HaCTpO~KH KaHanoe, $OpMHpy~HX ny4KH 4aCTH~ AnR 
npoBeAeHHR $H~H4eCKHX MCCneAOBaHH~, npeAYCMaTpMeaeT ycTa
HOBKY pa3nH4H~X no BenM4MHe TOKOB B MarHMTH~X 3neMeHTaX 
KaHana, a TaKme KOHTpOnb 3TMX TOKOB B pemMMe HaCTpO~KM 
M 3KcnnyaTa~HM. 

YcTaHO.BKa 3aAaHHbiX 3Ha4eHM~ TOKOB MOmeT 6~Tb OCyl!leCTBne
Ha onepaTOpOM BPY4Hyl0, C, no.cneAY~MM KOHTpOneM, HanpMMep, 
Ha ~M$pOBOM BOnbTMeTpe. B HeKOTOp~X CHCTeMaX B ~enRX COKpa
l!leHMR ' BpeMeHM M YA06CTBa pa60T~ KOHTpOnb 3Ha4eHM~ TOKOB 
OCYI!IeCTBnReTCR C nOMOI!IbiO 3BM. npH HeCOOTBeTCTBMH TOKa B Mar
HMTHOM 3neMeHTe C 3aAaHH~M, OnepaTop Bpy4HYIO yCTaHaBnHBaeT 
He06XOAMMOe 3Ha4eHHe, .QnR pa3BMTO~ CMCTeMbl .KaHanoe Ha yCKO
PMTene M HaC~I!IeHHOCTM HX 6onbWMM 4MCnOM MarHMTH~X 3neMeHTOB 
py4HaR ycTaHOBKa TOKOB - AnMTenbH~~ npo~ecc. B 3TOM cny4ae 
HaH6onee ~enecoo6pa3H~M RBnReTCR nepeXOA Ha CMCTeMy KOHTpO
nR M yCTaHOBKH TOKOB MarHMTHbiX 3neMeHTOB KaHanOB C nOMOI!IbiO 
3BM. C 3TO~ ~enbiO 6~na pa3pa6oTaHa H c03AaHa CHCTeMa, no-
3BonRIOI!IaR OCyl!leCTBnRTb onepaTMBHbl~ KOHTpOnb M yCTaHOBKY 
3aAaHHbiX 3Ha4eHH~ TOKOB B 3neMeHTaX KaHana C nOMOI!IbiO 3BM 
EC-1010. CHcTeMa, onHcaHHaR e pa6oTax1 1,21 , npeAycMaTpMeana 
KOHTpOnb H M3MepeHHe 3aAaHHbiX TOKOB C nOMOI!IbiO 3BM. 0nMC~Bae

MaR CMCTeMa RBnReTCR AanbHe~WMM pa3BHTMeM 3TMX pa60T. 

OPrAHH3AUHR CHCTEMW 

CMCTeMa COCTOMT H3 H3MepMTenbHO~ H ynpaBnRIOI!Ie~ ~ene~ 
H nporpaMMHoro o6ecne4eHHR. 

I. H3MepHTenbHaR ~enb BKnl04aeT e ce6R: 1.WyHTHPYIOIIIMe co
npoTMBneHHR. 2. Ka6enH CBR3M. 3. AHanoroe~~ KOMMyTaTop Ha 
15 KaHanoe . 4. HHTep$e~c eonbTMeTpa. 5. 6noK npeo6pa3oBaHMR 
ypoeHe~. 6. UM$poeo~ eonbTMeTp TMna TR-1652. 

II. YnpaenRIOOiaR ~enb BKnl04aeT e ce6R: 1 . ,QecRTM KaHan bH~~ 
~H$po-epeMeHHO~ npeo6pa3oeaTenb. 2. Ka6enM cBR3H. 3. 6noK 
TMPMCTOpHOrO perynRTOpa. 

III. nporpaMMHOe o6ecne4eHMe CMCTeM~ BKnl04aeT B ce6R PRA 
nporpaMM, o6ecne4MBaiOIIIMX: 

- BBOA MCXOAHbiX napaMeTpOB B Ta6nM~y TOKOB MarHMTH~X 
3neMeHTOB, 

- TeCTMPOBaHMe 6noKa UBn-10, 



- BblllHC11eHHe K03<)><)>H1..1HeHTa nepeAallH 1..1en1-1 1-13MepHTe11bHOrO 
1-1 ynpaB11H~ero TpaKTOB, 

- yCTaHOBKy 3aAaHH~X 3HalleHH~ TOKa B B~6paHHOM MarHHTHOM 
311eMeHTe, 

- npOBeAeHHe nepHOAHlleCKOro KOHTP011H 1-1 nOAAep>t<aH He 3a

AaHH~X TOKOB~X pe>KHMOB B MarHHTH~X 311eMeHTaX KaHa11a. 

Ha p1-1c. 1 npHBeAeHa CTPYKTypHaH cxeMa 311eKTPOHHO~ llaCT~ 
CHCTeMbl. AHa110rOBble CHrHa11bl OT AaT4HKOB /H3MepHTeJl"bH~X 

WYHTOB/ no 111-lHI-11-1 CBH31-1 nOCTynaiOT Ha BXOA aHa110rosoro KOMMy

TaTOpa, C B~XOAa KOTOporo CHrHa11 nOCTynaeT Ha BXOA 1..11-l<!>pOBO

ro BOJlbTMeTpa /1..\6/. CHrHa11 B ABOI-14HO-AeCHTI-14HOM KOAe C Bbi

XOAa 1..\B noc11e npeo6pa30BaHHH YPOBHe~ nocTynaeT Ha BXOA HH 

Tep<)>e~ca B011bTMeTpa /1-16/, C nOMOll.lbiO KOTOpOrO OCyll.leCTB11HeTCH 
npeo6pa3osaHHe 3Toro c1-1rHa11a s ABOH4H~~ KOA 1-1 ero nepeAa4a 

Ha MarHCTpaJlb KAMAK. Aa11ee Ha MarHcTpa11b KAMAK 4epe3 KOHT

P01111ep Kpe~Ta HH<)>OpMai..IHR B 1..11-l<I>POBOM BHAe nOCTynaeT B 38M. 

~T~UKob 

PHC. 1. CTpyKTypHaH cxeMa 311eKTPOHHO~ 4aCTH CHCTeMbl. usn-10-

LIH<I>Po-s?eMeHHO~ npeo6pa3osaTe11b, HB-532 - HHTep<)>e~c B011bT
MeTpa13, 1..\B- LIH<I>poso~ B011bTMeTp , AK-281 - aHa11oroe~~ KOMMy

TaTop 141, Y6n-305 - 611oK npeo6pa3oBaHHR yposHe~ 1 5 1 . KKHP-604 -

KOHTP01111ep Kpe~Ta 16 1 , 6T- THpHCTOPH~~ pery11HTOp ' ? ! 

no I-13MepeHHOMy 3Ha4eHHIO naAeHHH HanpH>KeHH~ Ha WyHTe 36M 

B~41-1C11HeT TOK B AaHHOM MarHHTHOM 311eMeHTe If cpaBHHBaeT ero 

c 3aAaHHbiM. B c11y4ae HeAonycTHMO ro OT K110HeHHH 3 BM Bblpa6aTbl

saeT ynpaB11H~H~ KOA, KOTOPbl~ 4epe3 MarHCTPa11b KAMAK nocTy
naeT s 611oK LIH<I>po-speMeHHoro npeo6pa3osaTe11H 1..\Bn-10 A11H oT

pa6oTKH cHrHa11a paccor11acosaHHH. YnpaB11HIOli.IH~ c1-1rHa11 s BHAe 

HMny11bCa C B~XOAa 1..\Bn-10 no 111-lHI-11-1 CBH31-1 nOCTynaeT B HCn011HH

Te11bHOe ycTpO~CTBO. AJ1HTe11bHOCTb ynpaB11HIOll.lero CHrHa11a onpe

Ae11HeTCH Be11H4HHO~ paCCOr11aCOBaHHH H3MepeHHOrO 3Ha4eHHH TOKa 
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OT 3aAaHHOrO. B Ka4eCTBe HCn011HHTe11bHOrO YCTpO~CTBa HCn011b-
3yeTCfl THpHCTOPHbl~ pe ry11HTOp AJlH CI-1110Bb1X 6110KOB. 8 3aBifCHMO
CTH OT Be11H41-1Hbl paCCOr11aCOBaHHH B~6HpaeTCH OAHH 1-13 ABYX pe
>KHMOB ycTaHOBKI-1 3aAaHHOrO 3Ha4eHHH TOKa - 11 rpy6~~ 11 1-1111-t 11 T04-
Hbl~11 . 

Pa6o4He 3Ha4eHHH TOKOB MarHHTHbiX 311eMeHTOB 11e>t<aT B AHana-

30He OT HeCK011bKHX AeCHTKOB AO ABYX TbiCH4 aMnep, 4TO COOTBeT
CTByeT 3Ha4eHHRM aHa110rOBbiX Cl-1 rHa110B B AHana30He OT HeCK011 b
KHX COT MHKpOB011bT AO CTa MI-11111HB011bT. TaKO~ OTHOCHTe11bHO 

HH3KH~ yposeHb aHa11orosoro c1-1rHa11a, nepeAasaeMbl~ no 11HHHH 

CBR3H A11HHO~ CBbiWe 100 M, nOABep>KeH B11HHHHIO HaBOAOK, KOTOp~e 
oco6eHHO 3Ha4HTe11bHbl B nepHOA ~HKJla YCKOpeHHH. AJlH CBeAeHHH 

K MHHHMYMY B11HHHHH 3THX nOMeX Ha 1-13MepeHHH 3KCnepHMeHTa11bHO 
6~11 nOA06paH HHTepsa11 BpeMeHH /pHC. 2/, rAe npaKTH4eCKH He 
CKa3biBaiOTCH HaBOAKH, CBH3aHH~e C pa60TO~ yCKOpHTe11.R. 

" .. ec -i CutHan Hal4ana 
U,UMSlQ )1CKOpeHUA t 

PaJpeweHUe ~TeHu~ 
TOKOblooc napcJHeTpob V««Ht«Ufl((A ~ t 

P1-1c. 2. BpeMeHHaH AHarpaMMa H3MepeHHH TOKOB. 

BpeMH YCTaHOBKI-1 3aAaHHOro TOKa B MarHHTHOM 311eMeHTe 3aBH

CHT OT Be11H41-1Hbl paCCOr11aCOBaHHH 1-1 6biCTPOAe~CTBHH HCn011HH
Te11bHOrO YCTpO~CTBa. 3TO speMH ycTaHOBKI-1 B OAHOM MarHHTHOM 

311eMeHTe /OAHH KaHa11/ OnpeAe11HeTCH 1-13 COOTHOWeHHH: 

ty= ntH + tot + to2+ ... + ton-l+ ton• 

rAe tH - speMH I-13MepeHHH Be11H4HH~ TOKa B OAHOM MarHHTHOM 

311eMeHTe; t 0 - BpeMH OTpa60TKH Be11H41-1Hbl ynpaB11RIOlllero KOAa; 
n - K011H4eCTBO nOBTOpeHH~ I..IHKJla H3MepeHHe - OTpa60TKa 

Be11H41-1Hbl ynpaB11H~ero KOAa AJlH ycTaHOBKI-1 3aAaHHOrO 3Ha4eHHH 
TOKa. BpeMH t H He npe BbiWaeT 70 Me. BpeMH t 0 onpeAe11HeTCH 

a6C01110THbiM 3Ha4eHHeM Be11H4HHbl paccOr11aCOBaHHH 1-1 6biCTPOAe~
CTBHeM HCn011HHTe11bHOrO yCTpO~CTBa 1-1 11e>KHT B AHana30He OT 
64 MC AO 5 MHH. 

Be11H4HHa n 3aBHCHT oT T04HOCTH Ko3<I><I>H4HeHTa nepeAa4H 
1..1en1-1 ynpas11HIOll.lero TpaKTa 1-1 a6c01110THoro 3Ha4eHHH se11H4HHbl 

paccOr11aCOBaHHH. 3KcnepHMeHTa11bHO 6bl110 YCTaHOB11eHO, 4TO n 
11e>KHT B npeAe11aX OT 1 AO 4./B 3KcnepHMeHTe 6~11a AOCTHrHyTa 
n~ 2 /. 3KcnepHMeHTa11bHaH T04HOCTb yCTaHOBKH 3aAaHHOrO 

3Ha4eHHH TOKa He Xy>Ke +1A, 4TO CBH3aHO C Be11H4HHO~ CHrHa11a 

C WYHTa 1-1 4yBCTBHTe11bHOCTbiO HCn011HHTe11bHOrO YCTpO~CTBa. 
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nPOrPAMMHOE 05ECnE4EHI-1E CI-ICTEMbl 

Ha p11c. 3 npeACTasneHa 6noK-cxeMa nporpaMMbl KOHTponH 
11 ynpasneHI1H. Pa6oTa nporpaMM~ Ha411HaeTCH c san11c11 11 CXOAH~x 
napaMeTpOS S Ta6n11~y xapaKTepi1CTI1K MarH11TH~X 3neMeHTOS. J.1c
XOAH~MI1 napaMeTpaMI1 HsnH~TcH: IM aKc - MaKC11ManbHO AOnycTI1-
Moe 3Ha4eHI1e TOKa MarHI1THOrO 3neMeHTa, Ku - K03$$11~11eHT 

nepeAa411 113Mepi1TenbHoro TPaKTa, K y - K03$$11~11eHT nepeAa411 
ynpasnH~~ero TpaKTa, I Ta6A . - 3Ha4eHI1e TOKa, KOTOpoe nOAne
~11T ycTaHOSI1Tb s MarH11THOM 3neMeHTe. B~6op MarH11THoro 3ne
MeHTa OCy~eCTSnHeTCR no 11AeHT11$11KaTOpy, KOTOpOMy CTaSHTCI'l 
S COOTSeTCTSI1e HOMep KaHana S aHanorOSOM KOMMyTaTOpe W/AK/ 
11 HOMep KaHana s ~11$po-speMeHHOM npeo6pasosaTene W /UBn/, 
W/AK/ 11 W/UBn/ TaK~e saHOCHTCH s Ta6n11~y 11CXOAHbiX napaMeT
pos. 

Bll6op 1'111&KJT-O 
MII'IIHTQ U 3QHICIHUI 
ucxog._.x napa111Tpob 
I 11a1U:, Ku , Ky, 
ITa&., N(AI<) 1 N(LJ.Bn) 

P11c. 3. onoK-cxeMa nporpaMM~ KOHTponR 11 ynpasneHI1R. 

nocne ssoAa onepaTopoM 11CXOAH~x AaHH~x nporpaMMa ocy~ecT
snReT nepeXOA K 113MepeHI1~ TOKa S~6paHHOrO MarHI1THOrO 3ne
MeHTa. 3Ha4eHI1e 113MepeHHOrO TOKa ( IH 3M ) onpeAenHeTCI'l CO-
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OTHOWeHI1eM : I H3M ~ K H • U , rAe U - seni1411Ha naAeHI11'l HanpR~eHI1R 

Ha WYHTe, 11 3MepeHHaR SOnbTMeTpOM. no AaHH~M I Ta6n . 11 I H3M. 
onpeAenReTcR seni1411Ha 11 3HaK paccornacosaHI1R ~I=ITa6~ -IH3M. 
11 npoi13SOA11TCR cpasHeH11e ~I c AOnyCTI1MbiM 3Ha4eHI1eM paccorna
cosaHI1R I /.lOll , COOT SeTCT sy~~I1M seni1411He T04HOCTI1 113MepeHI1R 
Cl1cTeMbl. Ecn11 I~ I I" It:\ I tlOII. I . npoi1CXOAI1T o~eH Ka HepaseHCT sa 

0 < I ~nM. + L\ I < I MaKe . · 
nossonR~~aR SbiRSI1Tb ow116K11 s 3aAaHI111 I Ta6A . · 0 Ta6A . > I MaKe )· 
n116o s onpeAeneHI111 I u3 M . 11 ~ I . Ecn11 s~nonHReTCR HepaseH
cTso, TO OCy~eCTSnReTCR nepeXOA K pac4eTy 3Ha4eH11R ynpaSnR~-

~ero KOAa M 113 COOTHOWeHI1R: 
M=AI·K y _ 

no seni1411He KOAa M nporpaMMa s~611paeT pe~I1M 0Tpa60TKI1 seni1-
411Hbl paccornacosaHI1R cornacHo ycnosi1RM: 

I M I > 255 - "rpy6bli1" pe~I1M, 
I M I :s; 255 - 11 T04Hbli1 11 pe~11M. 

3Ha4eHI1e ynpasnR~~ero KOAa sani1CbiSaeTCR s 6noK usn-1 0. Ha 
speMR oTpa6oTKI1 ynpasnR~ero KOAa M nporpaMMa nepeXOA11T 
S pe~I1M 0~11AaHI1R Cl1 rHana KOH~a 0Tpa60TKI1. noRsneHI1e Q 03-
Ha4aeT, 4TO OTpa6oTKa seni1411H~ ynpasnR~ero KOAa M 3aKOH4e
Ha. nocne 3Toro nporpaMMa SHOSb nepeXOA11T K 113MepeHI1~ TOKa, 
11 TaK AO TeX nop, noKa He 6yAeT SblnOnHeHo ycnos11ei~I I ~ IMAon . l· 
AnR AaHHoi1 CI1CTeMbl ~ I non':'+ 1 A . 

nepeA Ha4anOM pa60T~ nporpaM~I ycTaHOSK11 3aAaHH~X 3Ha4e
HI1i1 TOKOS np011CXOA11T onpeAeneHI1e K03$$11~11eHTa nepeAa411 yn
pasnR~~ero TpaKTa Ky . OH Sbi411CnReTcR c noMO~b~ cne~11anbHO 
Hani1CaHHOi1 nOAnporpaMMbl AnR Ka~AOrO MarHI1THOro 3neMeHTa. 
B npeAnono~eHI111, 4TO nepeAaT04HaR $yHK~I1R ~en11 ynpasnR~ero 

TpaKTa S pa6o4eM A11ana30He Oni1C~saeTCR ni1Hei1HOi1 $yHK~11ei1 

c K03$$11~11eHTOM nepeAa411 ynpasnH~~ero TpaKTa Ky , oH onpeAe-
0 95·M3aA nReTCR no $opMyne: K y= I' _I . rAe M 33,[1 . - 3Ha4eHI1e yn-
H3M2 H3 Ml 

pasnR~~ero KOAa, 3aAasaeMoe onepaTopoM. IH3M. 1 - 3Ha4eHI1e 
TOKa AO 0Tpa60TKI1 ynpasnR~ero KOAa. IH3M. 2 - 3Ha4eHI1e TOKa 
nocne OTpa6oTKI1. 

K03$$11~11eHT 0,95 SSOA11TCR S cneAY~~I1X ~enRX: npeAnOnO~I1M, 
4TO np11 nepSOM 113MepeHI111 ycTaHosneHHbli1 TOK MeHbWe /6onbWe/ 
He06XOAI1MOrO Ta6ni14HOrO. nocne 0Tpa60TK11 nporpaMM ycTaHaSnl1-
saeTCR TOK TaK~e MeHbWe /60nbWe/ Ta6ni14HOrO 3Ha4eHI1R, HO 
ropa3AO 6n11~e K Ta6ni14HOMy, T.e. see np116n11~eH11R K 3aAaHHO
MY 3Ha4eHI1~ TOKa S Ma rHI1THOM 3neMeHTe np011CXOART CO CTOpOHbl 
MeHbW11X /60nbWI1X/ 3Ha4eHI1i1 TOKOS. Pa60Ta S yKa3aHHOM pe~I1Me 
/c K03$$11~11eHTOM 0,95/ COKpa~aeT 411CnO ~11KI10S 113MepeHI1e -
OTpa60TKa SbiCTasneHI1R TOKa. 



Ha pHc. 4 npHBeAeHa 6noK-cxeMa noAnporpaMMbt Ailfl Bbi4Hcne
HH"R K y . 

Ha14aJIO 

I 

Bt.l&op HQUIUTHOIO 

JJ1e111HT a 

I 

LIJMepiHUe TOKO 

!U3MI 

I 
3agaHJe 3H0'4eHUII 

Yf"41Clbll~eto KO!IO 
M.qu•OT..-fmca 

I 
UlMepeHUe TOKQ 

I UlM 2 

I 
OnpegueHUe 

K - I).Z . ~ .lQII 
y !~.PM2-!WMI 

' 3aru:~o Ky b 
Ta&..iuy ucx:g...x 

napaMeTpO 
~ - ----

PHc. 4. 5noK-cxeMa nporpaMMbl Bb14HcneHHR 
K03~H~HeHTa nepeAa4H ynpaanR~ero TpaKTa Ky. 

C nOMO~b~ cneAY~~e~ nOAnporpaMMbl MOmHO npOBOAHTb TeCTHpO
BaHHe 6noKa UBn-10, KOTopoe 3aKn~4aeTcR a npoaepKe 3aaHcH
MOCTH apeMeHH 0Tpa60TKH ynpaanR~ero KOAa to OT aenH4HHbl 
ynpaanR~ero KOAa M no seeM AecRTH KaHanaM 6noKa UBn-10. 
npH 3TOM no KamAOMy KaHany 6noKa UBn-10 W/UBn/ 3anHCbtaaeTCR 
3Ha4eHHe ynpaanR~ero KOAa M. BenH4HHa KOAaM a 3aBHCHMOCTH 
OT HOMepa KaHana onpeAenReTCfl cneAY~HM o6pa30M: 

~·;usn; = 1, M =OF 
16 

~~;uns; = 2 . M =1 F 
16 

W/UBn/ =10 , M = 9F
16 
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nocne noRaneHHR CHrHana KOH~a OTpa6oTKH ynpaanR~ero KOAa 
nepaoro KaHana Q(1) C4HTaeTCfl 4HCnO ~HKJlOB OmHAaHHfl CHr
Hana Q(2) BTOpOrO KaHana. AHanorH4HO C4HTaeTCfl 4HCnO ~HKnOB 
omHAaHHR cHrHana Q AnR acex ocTanbHbiX KaHanoa 6noKa UBn-10. 
npH onHcaHHOM cnoco6e 3aAaHHR aenH4HHbl ynpaanR~~ero KOAa M 
H npaaHnbHO~ pa6oTe 6noKa UBn-10, 4Hcno ~HKilOa omHAaHHR 
CHrHana KOH~a 0Tpa60TKH KOAa KamAOrO KaHana AOnmHO COBnaAaTb 
MemAy C060~ C 3aAaHHO~ T04HOCTb~. 

noMHMO OnHCaHHbiX B03MOmHOCTe~ nporpaMMHOe 06ecne4eHHe 
n03BOnReT npOBOAHTb nepHOAH4eCKH~ KOHTpOnb H nOAAepmaHHe 
3aAaHHbiX TOKOBbiX pemHMOB B MarHHTHbiX 3neMeHTaX KaHana. Bbl-
308 KamAO~ noAnporpaMMbt ocy~ecTanReTcR no npHKa3y onepaTopa. 

nporpaMMbl HanHCaHbl Ha R3b1Ke acceM6nep Anfl 3BM EC-1 010. 
06~H~ 06beM nporpaMMbl COCTaBnReT 1800 enos. 

B 3aKJ1~4eHHe aaTOpbl XOTenH 6bl Bblpa3HT b 5na rOAaPHOCT b 
A.A.KHpHnnoay, B.n.illHpHKoay, r.A.6opHcoao~. P.H.KyKyWKHHo~ 
3a OKa3aHHOe BHHMaHHe H nOMO~b B pa60Te. 
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