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1IU UHCIIfURYJf JfdepHbiX UCCAedoeaHUU ,/!y6Ha 

3neKTpOHHLIC UH<i>poBLie :QLilJIICnHTenLHLie MaWHIILI 
/UBM/ nonyqnnn n nacTO.HIUee npeM.H nonceMeCTHoe pac· 
npocTpanenne. OnnaKo lJacTo J<i><i>eKTHBHocTL npnMenenn.H 
QBM ~ CHH»<aeTC.II H3 • 3a OTCYTCTBHH B HX KOMnneKTaX 
ycTpoitcTB nnn BLinona pe3ynLTaTon paclJeTa n nnne rpa· 
<t>nKon. lloTpe6nocTL a·TaKnx ycTpoitcTnax no3HHKaeT npn 
BLinOnHCHHH Ha QBM WHpOKOro Kpyra pa3nHlJHLIX BLilJHCnH· 
TCnLHLIX pa60T. . 

B 0Tnene IIOBLIX YCKOpHTeneH Jla6opaTOpHH nnepHbiX 
npo6neM 6Lma nocTannena 3analJa - co3naTL npocTOH 
H Hane»<HLIH B nnHTenLHOH JKcnnyaTaUHH nOCTpOHTCnL 
rpa<i>nKoB nnanwenwro Tnna. Heo6xonnMo lJT06LI rpa<t>o· 

. fiOCTpOIITCnL pa6oTan HenocpencTBCIIHO OT QBM, T.e. HMen 
B03MO»<HOCTL nporpaMMHoro ynpannennn nceM,npoueccoM 
nocTpoeHHJI rpa<i>nKoB oT QBM /c ylJeToM HHTepnon.HUHH 
Me:mny cocennnMH TOlJKaMu/. 

Hcxonn H3 JTHX Tpe6onannit, pewnnn co3naTL rpa<i>o·· 
nocTpOHTenL nncKpenwro TH_na Ill, KOTopLIH nan6onee , 
npHeMneM npn peann3aUHH pe:>KHMOB nporpaMMHoro ynpan
neHHJI oT QBM. TolJHOCTL nnci<peTHLix nocTponTeneit rpa· 
<i>HKOB onpenen.HCTC.II B OCHOBHOM Bbi60pOM JnCMCHTapnoro 
mara H TOlJHOCTbiO MCXaHHlJCCKOH CJICTCMbl HcnonL3YCMOrO 
cTona. B JTHX rpatlJonocTpOHTen.Hx,n oTnHlJHe OT ananoroBLIX,: 
oTcyTcTnyeT npo6neMa ycTOHlJHBOCTH H TOlJHOCTh n.e 3aBii
CHT OT pa3MCpOB H oco6eHHOCTCH DbllJCplJHBaCMOH I<piiBOH. 
, B nacTo.HIUCH pa6oTe onncan nncKpeTHLIH rpa<l>onocTpo· 
HTenL, BLmonnenHLIH na 6a3e cTona nnyxi<oopnnnaTnoro 
nocTponTen.R nenpepLIBnoro Tuna .D;PIT- 3M 12 ~On npenna3-
HalJCH nn.R nocTpOCIIII.R rpa<i>HI<OB Henocpe.u;CTBCllliO OT QB~1. 
YcTpoitcTno IIMeeT nynLT ynpanneHII.R iinH ·aBTOHOMnoit 
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npoaepKH. JlornqecKne cxeMLI ycTpoH:cTBa. BLmonHeHLI Ha 
HHTerpanLHbiX MHKpOMO,IJ;YnJIX. 3TO o6ecneqnaaeT MaKCH
MaJILHYIO Ha,IJ;e)KHOCTb pa.60Tbl BCero ycTpOHCTBa, Heo6xo,nn
MYJO ,IJ;JIH CHCTeM.bl aBTOperyJIHpOBaHHH, pa6oTaJOi:QeH Ha 
npnpameHHHX 6e3 o6paTHOH CBH3H. 

CmpyKraypHaJI cxeMa zpa¢onocmpoumeAJI 

CTpyKTypHaH cxeMa rpa~onocTponTeJIH BKJIJOqaeT cne-
,nyromne OCHOBHLie 6JIOKH /pHC. 1/: . . 

1. YcTpoH:c1-ao ynpaaneHHH KOM~yTaTopoM. 
2. PeaepcnBHLIH wecTHTaKTHLIH KOMMyTaTop. 
3. YcHJIHTeJIH .nnH nnTaHHH Tpex ~a3 waroBLIX .nanra-

TeneH: III.D;- 4. 
4. JiJIOK pa3peweHHH pa60Tbl. 
5. JiJIOK ynpaBJieHHH nepoM. 
6. CTOJI .D;PII-3M c pe,nyKTopaMH .. 
7. JiJIOK aBTOHOMHOH pa60Tbl. 

JipUHijUn OeUC1!16UJI U meXHU'IeCKUe xapaKmepUCT!IUKU 
zpa¢onocmpoumeAJI 

)J;ByXKOOp,D;HHaTHbiH rpa~OITOCTpOHTeJib ,IJ;JIH [(BM C03;:taH 
Ha 6a3e pe'rHCTpnpyrorQero npn6opa )J;PII-3M. rpa~ono., 
CTpOHTeJib npe,nHa3HaqeH ,IJ;JIH nocTpOeHHH rpa~HKa ~YHKUHH 
F (x,y) aO: HJIH npH HaJIHqHH napaMinpa X=~ (t), y=~ (t) 
Ha nJIOCKOCTH B npHMOyrOJibHOH CHCTe).{e KOop.zinHaT C pa3 ~ 
MepoM pa6oqero.noJIH 800x800 MM~ 

rpa~onocTpOHTeJIL BbiiTOJIHHeT CJie,nyromne KOMaH,D;bl: 
"pa3peweHHe pa6oTw", "3anpemeHne pa6oTw", "no,nHHTL 
nepo", "onycTHTL\ nepo", "c.nenaTL o,nHH war no Koop.nn
HaTHLIM OCHM+~X,-~ X, +~y,-~y". 

IIepeMemeHne nHwymero opraHa ocyme~TBJIHeTCH waro
BLIMH ,IJ;BHraTeJIHMH He3aBHCHMO no ,IJ;BYM KOOp,D;HHaTaM. 

3anHCb rpa~HKa Ha 6yMare /nHcqeH:, MIIJIJIHMeTpOBOH, 
qepTe)KHOH/ ocymeCTBJIHeTCH. B BU,IJ;e HenpepLIBHOH JIHHHH . 
HJIH . OT,IJ;eJILHbiX ToqeK CTep)f(HeM OT wapH:i<OBOH pyqKH HJIH 
.~JiaMacTepoM, yKpenneHHLIM Ha KapeTKe, KOTopaH nepeMe-
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JI.taeTCH no .D:BYM B3aHMHO nepneH.D:HKYJUipHLIM HanpaBJieHHBM. 
IlepeMemeHHe Ka:m.n:oH: HanpaBmi::wmeH: BhmomiHeTCH waroBbiM 
. .IJ:BHraTeJieM qepe3 pe.n;yKTOp C ·nepe.n;aTO"tJHbiM OTHOWeHHeM 
n =36/ 198 npH nOMOii.tH .. TpOCHJ(oa, mi.MaTbiBaloii.tHXCB 
Ha ·MHoropyqheBOH WKHB. ,!J;JIH orpaHH"tJeHHB .D:BH)KeHHH Ha· 
npaBJIH:WmeH: pe.n;yKTOP HMeeT cr·orrop. Kor.n:a Bail" WKHBa 
c.nenaeT 3,64 o6opoTa, CTonop Ha~IIMa{n Ha KOHI.teBIIK. 
IKu. I, KH. 21 H npeKpamaeTcB no.n;aqa HMHYJihCOB ua KOM~ 
MyTaTOp IPHC. 21 . . ·' . . . 

. Ocn:oan:aH norpewuocTh 3anHCH rpa«l>n:Ka no aceii ruKane 
±0,175 MM .. 

llHTaHHe rpa<P.onocTpOHTenB ocy~ecTBJIHeTCB. OT ceTH 
· 220 B, so fu. . 

,!l;nB nepeMemeHHB nn:wymero opraHa B .n:an:HOM rpa$o.,; 
UOCTpOHTeJie HCHOJih3YeTCB peaKTHBHhiH Tpexif!a:mhiH ruaro-. 
Bhlii .D:BHraTenh THna IU,D;-4, . HMeiOII.tHii cne,nyromJ!e xapaK-
TepHCTHKH: . 

11 War lyron noaopoTa aana.n:a o.n;Hn: HMnyn&cl npu 
pa6oTe OT iueCTHTaKTJioro KO.MMyTa TOpa, rpa.n; ••• 1,5° :. 

21 War npH pa6oTe OT TpexTaKTuoro KOMMyTaTopa, 
rpa.n: ; •• 3 ° ~ 

31 ~aCTOTa npHeMHCTPCTH npH MOMen:Te HHepUHH ua-
.. '2. . ' 

rpy3tm 0,0175 r.cM.ceK ..• 800 ru,. 
41 Kom{qecTBo $a3: · 3; · 
5/ CTaTH11eCKHH MoMen:T 5 Kr.CM 
61 HanpB)KeHHe nHTaHHJI MHHYC 24·B; 
71 IIoTpe6nJieMaB MomuocT~> 140 BT ,. 
a/ ToK B O.IJ:HOH <P.a3e . ' He 6onee 2,8 A. 
,!l;nB ynpaanemiB Tpex«!Jai3Hhl¥ waroBhiM .n;aHra TeneM 

w.n;- 4 npHMeHBIOTCB T}JeXTaKTHble HJIH weCTHTaKTHbie KOM
MYTaTophl. ,!J;nB ilan:uoro rpa«l>onocTponTenB pa3pa6oTaa 
WeCTHTaKTHhiH KOMMyTaTop, K(>TopbiH o6ecne"tJHBaeT ·nepe
KJIIO"tJeHHe BXO.IJ:HhiX cHruanoB(+ x , -x , + y , - y),nocTynaro-: 
mn:x H3 UBM nooqepe.n;Ho ua TPH o6MoTKH W,!J;-4. , 

KoHcTpyTHBHO BCH cucTeMa ynpannenHB rpa<P.onocTpon:
TeneM BbiUOJIHeHa B BH.D:e OT.D:eJibHO:r'O 6JIOKa lpHC. 31. 
C 3a.n;ueii CTopoiiLI 6noKa ynpaBJieHHB pacnoJI~)KeHhl pa3'beMhl 
.IJ:JIJI HOAKJIW"tJeHHB .n;imraTeneii w.n; .:4, .HYJihTa ynpaBJieHHB 
H .n:n.11 CBB3H c UBM. IIynhT ynpaaneHHB IIIY I pac'nono:m.eu 
Ha KO)KYXe ,!J;PII-3M c npaaoii CTOPOIIbi. 
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B Ta6nHue 1 npHBe~eHhi TeXHHqecKHe xapaKTepHCTHKH 
HeKOTOphiX ' rpa<IJonoCTpOHTen-eii C - marOBhiMH np~BO~aMH. 
B nepBhix Tpex cTo.l16uax Ta6nHUhi npe~cTaBneHhi ycTpoii
CTBa, H3rOTOBneHHhie B- e~HHHqHhiX 3.K3e:Mnn1lpax. OcTanh
Hhie THTihl ycTpOHCTB BhiTIYCKaiOTCH cepHHHO, HllH no~rOTOB
neHhl K Bhlnyc:Ky. KaK BH~HO H3 Ta6nHUhi, ~aHHOe·ycTpOHCTBO 
no TeXHHqeCKHM xapaKTepHCTHKaM HaXO~HTCH Ha ·ypOBIIe 
cymecTBYIOIUll,X o6pa3UOB, 

Ycmpoiicmeo.ynpae/leNUJl 

Ha pHc. 2 npe~cTaBneHa cxeMa ynpaBneHHH rpa<iJonocT
poHTeneM. 

TpHrrep T2 cny:>KHT ~nH xpaHeHHH KOMaH~hi "pa3-
pemeHHe pa60Thl". 0H ynpaBnHeTCH KaK OT [(BM, TaK H OT 
KnaBHmH c TIY B pemHMe aBTOHOMHOii pa6oThi. , . 

TpHrrep T1 ynpaBJIHeT nepoM. YnpaBJieHne nepoM 
npoH3BO~HTCH .oT [(BM no nporpaMMe u o-T .KJiaBHmH c TIY 
rpa<IJonocTponTeJIH. OnycKaHHe nepa npoii:cxq~HT TOJihKO npH 
HaJIHqHH cHrHana "pa3pemeHHe pa6oThi".. · 

CHrHa.ribi ±X , ±y H3 [(BM nocTynaiOT Ha KOMMyTaTOp, 
. ecnH KJiaBHma "pa6oTa/aBTOHOM " Ha TIY Haxo~H.TCH B no

nomeHHH "pa6oTa". 
· lfMnyJihChi OT OT~eJihHO.ro reHepaTopa npoxo~HT Ha 

KOMMyTaTop B pe:>KHMe aBTOHOMHoii pa6oThi, ecnH BI<JiroqeHhi 
KJiaBHillH Kn; 1· HJIH KJI. 2. 

llpoXO:>KJ:\eHHe. HMTIYJihCOB OT · QBM HllH reHepaTopa 
6y~eT 3anpemeHo, ecnH: nepo yxo~HT 3a pa6oqee n;one. 
3anpeT. npOXO:>K~eHHIO CHrHallOB OCyiUeCTBJIHIOT KHOnKH
KOHUeBHKH- /KH. 1, KH. 2/, yKpenneHHhie Ha pe~yKTOpe~. 

Cxe:Ma ynpaB~eiiHH Bhim)nHeHa Ha HHTerpanhHhiX MHKpo
Mo~ynHx. cepHH. 217~. CnrHallhi OT [(BM nocTynaiOT Ha 
MHKPOMO~ynn cepnn 215 /2TIH-151 - ·cornacoBaTenh Ha~ 
np.H)KeHHH/ •. 
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. 0/ecmumaKmHbiU peeepcueHbiU KOMMymamop 

TpexntKTHan cxeMa· mnaHn~ o6MoToK iu:,n; HBJIHeTCH 
Han6onee npocToii. IIocne.noaaT.~nbHOCTb KOMMyTa~nn o6-
MOTOK ill)J; npn. TpexTaKTHOH CXeMe 6y~eT 1-2-3:-1 •• ,ItJIH 
neaoro apauteinin n 1-3-2-1 ; , • • .nnn npaaoro apaiLteHHH. 
Ilpn ynpaaneH:nn no TpexTaKT,noii cxeMe Ha .nnnra TeJib 
no,ItaiOTCH HMnyJibCbl CKBa:>I<HOCTbiO 3, C,IlBHHYTbie OTHOCH
TeJibHO .npyr .npyra na 1200 ~ 

• 1 ! - • 

:Sonbmeii Ha,Ite:lKHOCTbiO n noBbiiUeHHoii. npneMHCTOCTbiO 
o6ila.naeT ffi)J; C IUeCTHTaKTHOH CXeMOH KOMMyTaUHH o6Mo
TOK. Ilpn mecTnTaKTHoii cxeM:e o6MOTKH III,D; nepeKJIIO'IaiOT
cn B nocJie,ItOB~TeJibHOCTH J-13•3-32-2-21~1-13 ••. ,IlJIH 
npaaoro apameHHH H B nocne.nonan!JibHOCTH 1-12-2-23-3-
31-1-12 .•• ,ItJIH JieBoro Bpame'HHH. illeCTHTaKTHbiH KOMMy
TaTOp n03BOJIHeT yMeHbiUHTb UeHy' HMnyJibCa ffi)J; B,IlBOe 
no cpaBHeHHID c TpexTaKTHOH cxeMOH. llo3TOMY B .naHHOH 
pa3pa60TKe npHMeHHeM IUeCTHTaKTHbiH KOMMYTaTop. 

«<lyHKUHOHaJibHaH CXeMa IUeCTHTaKTHOrO peaepCHBHOro 
KOMMyTaTopa npe,ItCTaBJieHa Ha puc .. 5. . . 

CnrHaJibi ± x, ± y · · H3 cxeMbi ynpaaneHHH. npnxo.nnT 
Ha KOMMYTaTOpbl. KOMMyTaTOp COCTOHT H3 CXeMbi nepe
C'IeTa Ha 3 IT3, T41 H KOMMYTHPYIOIUero Tp:Hrrepa T2 • 
KoMMYTHpyroiunii Tpnrrep ynpaBJIHeT cxeMaMn coananeHnii 
Ha Bbixonax Tpurrepoa T3 n T-4. OH 3anycKaeTCH. OT cxeMbi 
"H·HJUI" , B 3aBHCHMOCTH OT Toro, no kaKOMY H3 BXO)l;OB 
nqcTynaroT ynpaannromne HMnyJibCbi. Ha cqeTHOM axone T2 
cnrH~JI no.imnneTcH · qepe 3 . Tpn HMrryn:bca. KoMMyTnpyromnii 
Tpnrrep BKJIIoqaeT O.IlHY H3. $a3 ,l(BHraTeJIH. . . 

,lJ;Be ,npyrne $a3bl OCTaiOTCH BKJIIO'IeHHbiMH TaK:lKe B Te
'IeHne · Tpex HMnyJihCOB ynpaBJieHHH," HO c,n:i:SHHYTbi ,npyr 
oTHocnTeJibHo ,npyra Ha .naa nMnynbca. TaKHM -o6pa3oM, 
CKBa:lKHOCTb HMDYJibCOB Ha Bbixo.ne KOMMyTa Topa paaHa 

· .nnyM, a ·nepno.n· - mecTH nepno.naM ynpa:B.iulmueii qacTOTbi. 
Tpnrrep· ·Tl Heo6xoJJ:HM .nnn no,nKJIIO'IeHHH ~eno'IKH 

o6paTHoii CBH3H IF 1 HJIH F 2 I c Tpnrrepoa T3, T4. 
CnrHaJI +x nocTynaeT Ha c'leTHbiH axo.n T4 H BKJiro

. 'laeT TpHrrep T 1 TaKHM o6pa30M, 'IT06bi Ha C'le~HbiH BXO,l( 
T3 nocTynaJIH cnrHaJibi c F 1 
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CxeMa KOMMyTaTopa BLmonHeHa Ha HHTerpanhHLix MH· 
KPOMO,nyn.HX cepHH 217. 

Ha BbiXO,ne meCTHTaKTHOrO KOMMyTaTopa CTO.HT yrrpaB· 
n.HIOIUHe BeHTHnH, KOTOpbie IIpOIIYCKaiOT CHrHanbi C KOMMy· 
TaTopa Ha ycunuTenH rrpH HanHt.IHH cHrHana "paJpemeHHe 
pa60TLI". 

YcHnHTenb /Y/·cny~HT .nn11 rrHTaHH.H o6MoToK .nsura
Ten.H IUA :4. 0H COCTOHT H3 Tpex KaCKa,noB ycHneHH.Jl. 
tlepe3 Bbtxo.nHoii KacKa.n rrpoTeKaeT TOK 2,8 A. ,nnuTenbHOCTL 
rrepe,nHero liJpoHTa BLrxo.nHoro HMrrynbca - , 30 · ·MKCeK, 
a ,nnHTenhHOCTb 3a,nHero liJpOHTa -60 MKCeK. 

3a 1Ulto'leHue 

YcTpOHCTBO IIOCTpoeHH.H rpaliJHKOB Ha 6a3e CTOna 
API1·3M 'pa3pa6oTaHO H H3rOTOBn~HO B OT,nene HOBbiX 
yCKOpHTeneii JIJIII. 06'beM HHTerpanbHbiX CXeM COCTaBn.HeT 
50 MHKpOMO,nyneii cepHH 217 H 4 MHKpOMO,nyn.H cepHH 215.. 
Y CTpOHCTBO IIOCTpOeHH.H rpaliJHKOB nerKO MO~eT 6biTb H3 • 
roTOBneHO .B na6opaTOpHbiX ycnOBH.HX, TaK KaK HCIIOnb· 
3YIOTC.H cepHHHO BbmycKaeMbie y3nbi. 

B .nucKpeTHOM rpaliJorrocTpOHTene rrono~eHHe Hat.Iana 
KOOp,nHHaT 6e3pa3nHt.IHO. 3TO ,naeT B03M6~HOCTb ~3o6pa· 
~eHH.H Ha O,nHOM nHCTe HeCKOnbKHX KpHBbiX B pa3HbiX Macm· 
Ta6ax, OIIpe,nenneMbiX COOTBeTCTBYIOIUHM K03~HUHeHTOM 
B rrporpaMMe rroci'poeHH.II rpaliJHKa. 

BLrt.Iept.IHBaHHe rpaliJHKOB rrpoHJBo,nHTC.JI cTep~HeM oT 
mapHKOBOH py•nm HnH liJnaMaCTepoM. 3TO. II03BOn.JieT Bbi• 
qept.IHBaTb rpa$HKH nro6biM UBeTOM B BH,ne crrnomHOH nHHHH 
nnH oT.nenLHLIX Tot.IeK. CTep~eHL MeH.JieTc.JI apyt.IHyro. 

OrrucaHHbiii rpaliJonocTpOHTe.riL rro,nKnrot.IeH I< 3BM "Hau
p:H-2" B 1972 r. 3a BpeM.JI 3KCIInyaTaUHH OH IIOKa3an 
BbiC_OKYIO Ha,ne~HOCTb pa60Tbl H o6ecnet.IHBaeT TOt.fliOCT~ 
BIIOnHe ,nO.CTaTOt.fHYIO ,nn.JI rrpe,ncTaBneHH.II pe3ynLTaTOB pac· 
t.IeTOB. B rpaliJHt.IeCKOM BH,ne. 

ABTOpLr Bbrpa~aroT 6naro.napHOCTb rrpoliJeccopy 
B.U.,nMnTpHeacKoMy Ja rrocTaHoBKY Ja,nat.IH H rroneJHLie 
o6cy~,neHn.H. AaTopLr rrpH3HaTenLHLI. M.r.J\KHMOBY Ja rro
MOlUb IIpH MO,nepHH3aUHH CTona API1·3M". 
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