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Astoput
H300pCTCHHUSL

I. K. Kpyr, A. B. Cymapokos u I'. ®. duaaperos

3aspureb MOCKOBCKHI 3HEpPreTHYeCKHH HHCTHUTYT
CUHXPOHU3UPYIOILEE YCTPOUCTBO AJ1gd NOAAUYH
JNE®HUBPUIIJIUPYIOWEI0O UMINYJIbCA
1 2
M3pecTHL  CHHXPOHH3HDYIOUHE  yCTPOHCTBA nadpHelieM I1CMoJabp30BaHANE B CHHXPORH3AaTOpC.

4051 nojgaud  Ae(pUOPHIAJAHPYIOUIETO  HMIY.bCa,
cojlepiKanlie  yeuauTep-GOpMHpOBaTen, 010K
yIIpaBJeHns, y3eT OTKIIOUeHH s 3JeKTPOI0B daek-
rpokapauorpada H KOMMYTAUMOHHEIA O.I0K.

[IpesnaraeMoe yCTPOHCTBO OT/HYARTCsl OT H3-
BECTHBIX Te€M, YTO B HeM KOMMYTAaTOop BbLICOKO-
BOJBLTHOTO HANpPSIMKEHHs BHINOJHEH B Biie HM-
NYJIbCHOrO THPATPOHA, a TaKKe yCTAHOBKOMH pe-
JelHOH cxeMbl KOMMYTALNH, BKIOUaloueH B ce-
§s TaKTOBOE pede U JABa KOHTPOABHBIX — pe&Ie.
Takoe BBLIO.IHEHHE YCTpOHcTBa — 00ecneunBaetr
nojauy AeUHOPHAJIUPYIOULETO KOHIEHCATOPHOIO
paspsiia B pedpaKTepHblil TEepHOI He3aBHCHMO
OT MOMEHTa Ha)aTHsl NYCKOBOH KHOIKH, BBICO-
KYIO HAJ€XHOCTh H HCK/JIOUEHHEe CaMOnpOH3BO.Ib-
HOH moZaud JAepuOpHIIHPYIOUIEr0 HMIY.IbCa
Npd BBIXOJE H3 CTPOSl 3JEMEHTOB CXeMbl YCH.TH-
TSl WK y3da yIpap/aeHus.

Ha uepreke H300paxkeHa TNpHHUUNHAIBHAN
cxeMa nipejJaaraeMoro ycrpofcrsa.

YeTpoiicTBO COCTOMT M3 msiTH OJ0KOB: COTIA-
CYIOILETC YCHAHTEs-popMIpoBaTe.Is 1, 6aoxa 2
ynpapieHHus, ysa1a & OTKJIIOUEHHsT 3/EKTPOIOB
3JeKTpoKapauorpada, KOMMYTalHOHHOrO G.10Ka
4 u Gs0Ka 5 nMUTaHHS.

CorJiacyloimii  ycuanTeab-popmuposareds [
npeiHasHadeH s CTBIKOBKH IpudOpa C 3/eK-
TpokapanorpadoM, a Takie s npeobpasosa-
HUS MCXOJHOTO cHMTHajda B (OpMY, yAOOHYIO NpH
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Yenantens-popMuipoBaTeIb NOCTPOEH Ha NMOJY-
HPOBO,IHHKOBBIX TPHOJAX M COAEPMKNT MOAKIO-
yaeMyio K 3JeKTporapaxorpady COraacyioulyio
yacTh 6, HMEIOU(YI0 GO0.bLI0e BXOAHOE CONPOTHB-
JeHle, YCHAHTEeb 7 MePeMeHHOro ToKa u Gopmli-
pVIOIIVIO cxeMy 8, HMIYJbC Ha BBIXOJE KOTOPOIl
B OUeHb IIMPOKOM AHaMa30He H3MEHeHIst GopMbl
I aMIAUTY bl BXOJHOTO CHrHAJa HMeeT NMOCTOsIH-
Hy10 JanTeapHoCTs (100—120 stcex) 1 aMILIHTY-
ay (—30 8), npuyem Hayasdo IiMOyaeca COBIA-
1aeT ¢ HauaJaoM koMmmaexca QRS 3aexTporap-
amorpammbl. K BbINOAY OpMUpPYIOULel  CXeMbl
NOJAKJIIOUEH TeHepaToPHLIT HyIb-opran 9 Ha
ocHOBe GJOKHHT-TeHepaTopa, YPOBeHb cpaldarbi-
BaHHA KOTOPOTO BBLIGHPAETCs PaBHLINM —2D+
—97 8, 4TO MPAKTHYECKH HCKIIOYaeT < TOMHLIC
cpafaTbiBaHHA H3-3a HAJTHUMs B TPaKTe Kap-
anorpadpa. C BLIXOAA CXeMbl CHHMAIOTCs Tauki
HMIV.IBCOB  LlTeIbHOCTbIO  100—120 aicen n
yactoToil 3anoaneHns: nopsiaka 200 xey.

Baok 2 ynpaBaeHHs COAEPIKHUT pese BPeMCHI
10, TaktoBoe pele /I, cpadarbiBaioliee Ha KaXK-
b BXOAHOI HMIV.IBC, IIVCKOBYIO CXeMY C KHOIl-
Kol mycka /2 1 AByMs KOHTPOJIbHLIMII Dele 13
n 4.

Vaea1 8 OTKIIOUEHMHsT 3.JeKTPOAOB 3JeKTPOKap-
auorpadpa OT maueHTa Bo Bpems paspsila BO
n3felKaHie BLIXOJAA 3JeKTpoxkapiuorpaga 13
CTPOst COAEPIKUT pene 15, HOPMATbHO 3aMKHYTLIC
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KOHTAKThl KOTODOTO BKJIOUEHLI B PACCEYKY TPO-
BOJIOB, MAYLIHX OT YKa3aHHLIX 3JEKTPOJOB KO
BXOJAY Kapauorpada.

KoMmmyraunonuntit 610k 4 Braouaer B ceds
HMITyJIbCHbIH ~ Ta30HANOJHEHHLIH TtHpaTpon 16,
4HOAHOE, KaTOJAHOe H ceTouHoe peqe [7, I8 u 19.

OCHOBHLIM KOMMYTHPYIOULHM 3JIEMEHTOM, He-
MOCPEACTBEHHO OCYLIECTBAMIOUMM I10Ja4y KOH-
JCHCATOPHOTO paspsiia, sIBJASETCS HMIOYAbCHDLI
tHpatpoH /6. H. 0. KOHTaKTH aHOJHOIO H KaTO/I-
Horo peqe I7 W I8, pasMelleHHLle B CXeMme
BKJIFOUEHHS TPYAHOrO I CIMHHOTO 3JeKTpojos 20
AepuOpUANATOpPA, HTPAIOT  BCAOMOTATEJNBHYIO
pOJIb MPH KOMMYTallHH BBICOKOBOJIBTHOTO HaTpsi-
eHHs. OHH NpeJOXPaHSIOT OT CaMOIPOH3BOJb-
HOTO 3aMycKa THPaTpoHa (UYTO B MPHHIHIIE BO3-
MOXHO, OCOO€HHO HpPH OTHOCHTENbHO MAaJioM CO-
NPOTHBJIEHHH HATPY3KH), 4 TakxkKe NpenaTCcTBYoT
NPOHHKHOBEHHIO [IOMEX Ha BXOJ 3JeKTpPORapaHO-
rpaga ot AepuOPHAIATOPE M CHHXPOHH3ATOPA.
KoHTaxThl  aHOAHOrO W KATOJHOTO pefe 3aMbl-
KaloTCsl 10 Hayada paspajga H DPa3MblKaKTCH
yepe3 20—30 mcex, KOrga paspsij yxe 3aBeJ0OMO
3aKOHYHJICA. TIO3TOMY HHKaKHX CHElUHaJdbHBIX
TpeGOBaHHil K JAHHLIM DeJe He NpPeLbsBJAEeTCs.

ITockosBKY PpasHOCTb [OTEHLHAJOB MEXKAY
OTJeJBHBIMH TOKOBEAYLIHMH 4YacTsiMH CepUitHO
BLIIYCKAaeMbIX peJie . He JOJIXKHA TpPeBLIUIaTh

500 6, kaToxHOE pesie ¢ OJHOH CTOPOHBI, AaHOAHOE
H CeToyHOe peJde ¢ APYro¥ AOJKHBI OLITH H30JH-
POBaHbl ADYT OT ApPyra IO NOCTOSIHHOMY  TOKY,
NpUYeM H30JA8LHs [J0JXKHA PacCYUTbIBATBCS Ha
HanpsiKeHHe He meHee b5 K6. DTo JIOCTHraeTrcs
IpUMEHEHHEM H30JIHDOBAHHDLIX MCTOUHHKOB IHTA-
HUsl cXeM, OOCJy KHBAIOIIHX yKa3aHHble pede, H
HCHOJB30BAHKEM  CHEIHaJBHBIX  Npeobpasosa-
TENbHbIX CXeM 2/—24 NJsi BKJIIOUEHHMS H BLIKJIO-
yeHHst pede. [IpeoGpasoBaTebHble CXeMbl COLEP-
AT BXOJHOH HMIYJbLCHLIA TpaHchopMaTop, u3o-
JSILMA MEXAY NEPBHYHLIMH W BTOPHYHBIMH 06-
MOTKaMH KOTOPOTO pacCYHTaHa Ha [poOHBHOE
HalnpsikKeHHe He MeHee 5 K&, BBINPSIMHTENLHYIO
cxeMy W ycwamutean. Harpyskoit ycuanress cay-
KHT 00MOTKA pede,

Pa6ota ycrpoficrBa npoHCXOMHT claeyiONHM
o6pasom. [Ipy BKJIIOUEHHH CETEBOrO HATIPIIKEHHS
640K & nuranna ofecrneynBaer nojauy COOTBET-
CTBYIOIIHX HAMPsKeHHWH Ha Bce y3awl npubopa,
KpoMe nycKoBo# cxembl. Ha wee nuranne nojaer-
Csl Uepe3 MOJATOPLI-ABe MHHYTLL. ITa 3a/epKKa,
HeoOXoAuMas JLIs MpPOTpeBa THPATPOHa, 3a/1aeT-
Csl pedie BpeMeHHU.

Ycnaurenp-popMUPOBATEIb HA KayALH BXOJ-
HOH HMNyJbe BolpalaTLiBAET NAUKH  BLICOKOUAC-
TOTHDLIX HMIYJABCOB, MPOA0/MKHTeNbHOCTRIO 100—
120 mcex. OHE mocTynaioT Ha Bxoi npeoGpaso-
BaTeJILHOH cxeMmul 2/, B pesysabraTe uero CiH-
XPOHHO CO BXOJHLIMH HMMY.bcaMmu cpabaThiBaer
TaxkToBoe pese f/.

[Tpu HaxkaTuu KHOmMKH nycka /2, Kora Tak-
TOBOE peJleé OKaXeTCl BO BKJIOUECHHOM COCTOS-
HHH, uepe3 ero KOHTaKkT 25 cpadaTuiBaer nepBoe
KOHTPOJILHOE pede [3 H CaMOGJOKHPYETCs ¢ 10-
MGIIbI0 KOHTaKTa 20. OJHOBpPEeMEHHO 3aMblKaeT-
¢ 1 ROHTAKT 27. Torpa npu OTHyCKaHHU TAKTO-

10

15

20

25

30

35

40

45

50

55

60

65

4

BOro pesie /] BRJIIOYAETCS BTOPOe KOHTPOJbHOE
peqne /4, a 3aTeM Ha CJeyIOLIEM BXOJIHOM HM-
nyabce u peste /5, paspemaloniee nogayy BLICO-
KOBOJIhTHOTO UMNY./bCA.

Takum o6pasom, 175 BKIOUenHs paspsijia He-
00XOAHMO NepPHOAHUECKOe BKJAIOUEHHE H BLIKJIO-
YeHHe TaKTOBOTO peJie, UTO MPHBOAMT K 34LIHT-
HOMY OTKasy B DaGoTe cxXeMmbl NpH HeHCnpapHo-
CTAX B ycuaurtesae-hopMmuposatede / u 6J0ke 2
ynpasJenusi. Tak xaxk BK.JII0ueHHe paspsia npo-
VICXO[IHT BO BTOPOM BXOAHOM HMIYJbCE, CUHTAS
OT MOMEHTa Ha)aTHs KHOMKH /2, a NMOATOTORKA
K 3TOMY BKJIIOYEHHIO OCYLLECTBJSICTCS BO BPEMSs
naysni (B MOMEHT cpabarbiBaHusi peae /4), To
Paspsn TPOHCXOAMT JHIIb C OuYeHb MaJaol H
OPAaKTHYECKH TOCTOSTHHON  3alepxkofi (20—
25 mcek) ot Hauana uHKJIa QRS anexTpokap-
JIHOTpaMMbl  HE3aBHCHMO OT TOTQ, Korja Oblaa
HaykaTa KHONKa nycka. Bce 310  3HauuTeqbHO
YBEJMUHBAET HAJEXKHOCTL paGoThl npubopa.

Pese 15 npu cpaGarniBanum OoTK/IO4AET ¢ MO-
MOIIBIO KOHTAKTOB 28 3/EKTPOAbl  3JeKTpoKap-
jauorpacda oT ero Bxoma BO u3beKaHHe GOJBLIHX
HaBOJOK BO BpeMs Paspsaia, YTo MOXKET NpHBe-
CTH X BBIXOJY 3JIeKTpOKapauorpacga H3 CcTpos.
Konrakr 29 nonpaer nauyk# MMIyJibCoB Ha npeod-
pasoBaTte/bHble cxeMbl 22 H 23, BCAeACTBHE YEro
cpaGaTtblBalOT aHOAHOE M KaToAHOe pede [7 W
18. Mx xoHTaxTsl 30 u 31 NOArOTABIMBAIOT LENb
paspsiia, KOHTakTel 32 u 33 obecneuyuBamOT C
HEKOTOPBIM 3alasibiBaHueM (5—7 Mmcex) BKJIO-
YyeHHe ceTouHoro peqe /9. C mOMOUILIO KOHTAKTa
94 Ha ceTky TupaTpoHa 16 uepes muddepeHuu-
PYIOLULYIO UENOYKy MOAAETCH MNOJOKUTETbHbBIN
3aNyCKAIOUWIMH HMIYJbC, [OMKHTAIOWMA THpa-
TPOH, B pe3y.JbTaTe Yero H MNPHCXOIHT paspsi
KOHJEHCATOPOB Jepudpuansitopa. OpHOBpPeMeH-
HO KOHTAKTOM 45 OCYUIECTBJSIETCs cOpoc pede
BPEMEHH, BCJAEJCTBHE Yero O0eCTOYHBAETCS MYyC-
KOBas cxeMa, a 3arem u peae 17, 18, 19 u 15,
CXeMa CHHXPOHH3HPYIOLIETO YCTPOHCTBA nepexo-
JAUT B HCXO/JHOE COCTOfAHHUe. HapaMeprI HenH
cGpoca pese BpeMeHH BLIGPAHLI TAKHM 00pa3oM,
UTO BO3BPAT CXeMLI B HCXOJHOE COCTOsSHHE MpO-
nexoant uepes 30—40 mcex ¢ Momenra cpaba-
THIBaHMST pede /5. DTO rapaHTHPyeT NOJHOe 3a-
BepuIeHHe paspaaHbix npoueccoB. Cnycrs 30—
40 cex (Bpems, HeoOXO/IMOe ISl 3apsnja KOH-
AeHcaTopoB JedHOpHIAATOPA), pede BpeMeHH
BHOBbL BKJIOUAETCA H [0ZAeT HaNpsyKeHHe [HTa-
HHA Ha NYCKOBYIO CXEMY: YCTPOHCTBO MOJArOTOB-
JEHO K OCYLI1EeCTBJIEHHIO HOBOTO paspsjia.

Kourakr 36 raxroBoro pese /! ucnods3yercs
JIJIsI MOJlayH Ha JAHarpaMMHyIo JEHTY 3JEKTPO-
Kapanorpada MeTOK, YKAa3bIBAlOUHX MOMEHT
noAauu paspsiia.  3JTO 1103BOJSET KOHTPOJHPO-
BaTh NPABHABHOCTL padorul npudopa. Ilpn pa-
fore ¢ JIByXKaHAJBLHLIM 3JEKTPOKADPAMOTPA(HOM
C YCPHILIBLHOH 3aMHCBIO U1 3TOTO HCIOAb3YeTes
BTOpPOH KaHaJ.

I[Tpeamer nzobperenunsg

1. Cunxpornznpyiomee yeTpoiictso ads noja-
4 AepHOPHINMPYIOWEr0  HMNYJALCA, COAepIKa-
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llee COTJACYIOILMIT  VCHANTEIh-(POPMHPOBATEND,
OJI0K YIpaBJEHHS, Y3eJ OTKIIOYEHHS 3JeKTPOOB
gJeKTpokapiorpada i KOMMYTAIHOHHBIA 6J0K,
OTAUHQIOW,CECS, TEM, 4TO, C LeJbl0 MOBbILEHHS
HAJEXHOCTH H HCK/IOUEHHs CaMONPOH3BOJbLHOI
nojgaun negpHOPHIJHPYIOILETO HMITYJIbCA, KOMMY-
raTop BbICOKOBOJIBTHOTO HaNPsKeHHs BLIMOJIHEH
B BHJE HMIIY.IbCHOTO THPATPOHA, BKJ/IOUEHHOTO
MOCJae10BaTeIbHO C  OJAHOA 1apoil KOHTAKTOB
AQHOAHOrO M KaTOJAHOTO peJie B Lenb 3JeKTPOJOB
AepUOPHIIATOPA U YNPaBASEMOro MO CeTOYHOH
uenu uepes AMQOEPeHUHPYIOIYIO LENouKy OT
HCTOUHHKA 3aMYyCKAIOLer0 HanpsiKeHHs uepes
KOHTAKTbl CEeTOYHOTO peJie, BKJII04aeMOTO TOoc.TIe-
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JOBATENBLHO  COEITHEHHDIMI BTOPBLIMII Napami
KOHTaKTOB AHOJHOTO H KaTO/\HOTO pelde, ynpas-
JdeHue paGoTOll KOTOPBLIX MPOH3BOJINTCH pete y3na
OTKJIIOUEHHST 3JeKTPO10B 3JeKTpokapanorpada.
2. YcTpolicTBo no M. 1, orauuaoweecs Tel,
UTO, ¢ 1eJdbl0 mogaun 1eHuOpHIIHPVIOWEro HA-
Ny.1bca B pedpaKTepHBIH MEPHOI HE3aBICHMO OT
MOMEHTA HamaTHs MYyCKOBOIT KHOMKI, B HEM YC-
TaHoBAEHEA peaeliHans CxeMa, coleprallast Tak-
TOBOE pe.le, BKIIOUAIOWEC B TaKT C KOMILIEKCOM
QRS »3aekTpokapaHOrpaMibl H JABa KOHTPO.Ib-
HLIX pede, BKJIIOUCHHE KC10pbIX TMPOH3BOINTCA

KOHTaKTaMH ﬂyCKOBOlﬁi KHOHKH W TakKTOBOro pe-
Je.
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