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To ensure the controllability and high noise immunity while measuring the characteristics of the accelerators of relativistic electron
beams (REB) “TEMP”, and parameters of the processes in them, triggering devices with galvanic isolation of input and output
circuits, allowing to set up the pulse delays in the range from 1 ps to tens of milliseconds, have been developed. When they are used,
the effect of loop currents, which flow in the common ground circuits and affect the operation of the measuring equipment, is
eliminated. To synchronize the operation of the REB accelerator “TEMP” a triggering device was developed and assembled. It was
assembled from blocks produced on the up-to-date elemental base and is a complete functional product. The triggering device
comprises a trigger block and delay units. The trigger block is developed on the basis of an AND - NOT chip and a multivibrator.
The delay units are built on single-shot vibrators K155AG1 and differ in the value of adjustable delays, which are determined by the
external elements R and C, connected to the multivibrator. Unfortunately, in case the millisecond delays are set up, the pulse drop on
the multivibrator is not stable. Therefore, a digital triggering device was developed. The digital triggering device is built on the basis
of digital microcircuits and consists of the following blocks: binary-decimal counters, decoders, and one oscillator with quartz
frequency stabilization, which is common to all four channels. It contains four identical channels with delay adjustment from one
microsecond to one hundred milliseconds. Such a pattern of the circuit allows, if necessary, adding channels for starting other units.
Pulse signals of the triggering device are fed to the ignitor unit of the spark-gaps. A pulse generator for igniting the spark-gaps of the
REB accelerator “TEMP” has been developed. A generator, designed to control the spark gaps ignition in the High Voltage Pulse
Generator (HVPG) and spark gaps ignition in the magnetic systems, which are used in switching systems of the capacitor banks with
the energy of 60 + 150 kJ, has been described. The generator provides voltage pulses with the amplitude of up to 20 kV, at the
current in the short circuit mode of 5 A, the pulse duration of the first half wave of 12 ps, and the pulse repetition frequency (PRF) of
not more than 10 Hz.
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The REB accelerator “TEMP” is designed to produce high-power pulses of REB and X-ray bremsstrahlung
(XRBS) with the energy of up to 150 kJ. The devices allow obtaining a REB with the current of 2 + 20 kA and particle
energy of 300 + 800 keV. In this case the maximum dose of X-ray bremsstrahlung per current pulse can be obtained
~ 9100 R without induced activity. The REB accelerator “TEMP” comprises the following major components: a high-
voltage pulse generator (HVPG) with the circuits of charging, triggering and monitoring of the charging voltage;
solenoids of magnetic systems intended to generate focusing and transporting REB of magnetic fields; a magnet;
isolated vacuum diodes with diagnostic equipment, as well as vacuum pumping facilities, capable to maintain the
working pressure in the diodes at the level of 1-10* Pa. For the successful functioning of the Radiation Beam Complex
(RBC) of "TEMP" a reliable operation of its numerous units is required. This is achieved by the stable triggering of its
systems [1]. In the process of the REB “TEMP” accelerator operation some transient current and voltage steps occur,
causing electromagnetic fields, which can produce loop currents flowing in common ground buses and in connecting
cables. The currents flowing in the wires, connecting various units of the REB accelerator “TEMP”, can reach
considerable values, what causes uncontrolled starts of its devices or failure in its operation. A radical method of
controlling the disturbances of this type is galvanic isolation of all the circuits, connecting the synchronization system
with the pulse sources and registering apparatus.

Object of the work: for better controllability of the REB accelerator “TEMP” to develop a triggering device that
would allow setting up the pulse delays in the range from 1 ps to tens of milliseconds. The digital triggering device
should stably and accurately preset the start-up time of the REB accelerator “TEMP” units under the strong
electromagnetic interference caused by its operation, and have a galvanic isolation for improving the noise immunity
and low power consumption.

To develop a pulse generator for igniting spark-gaps of High-Voltage Pulse Generator (HVPG), which allows
obtaining an ignitor pulse several times higher than that of similar devices. To develop a scheme of the ignitor pulse
generator, which would reliably and stably control the accelerator spark gaps operation.

TRIGGERING DEVICES
To synchronize the operation of the REB accelerator “TEMP” a triggering device was developed and assembled.
A simple circuit, providing a galvanic isolation of the input and output circuits of the synchronization system, is
proposed, what allows eliminating the occurrence of pulsed currents caused by operation of various accelerator units.
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The triggering device was assembled from blocks, produced on the up-to-date elemental base, and is a complete
functional product. The triggering device comprises a trigger block and delay units. The schemes of the input part and
the delay channel of the triggering device are presented in Fig. 1 and Fig. 2, respectively.
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Fig. 1. Schematic diagram of the input part Fig. 2. Schematic diagram of the delay channel
of the triggering device of the triggering device.

The trigger block is built on the basis of an AND NOT chip and a multivibrator. It allows triggering both manually
and by an external positive pulse with the amplitude of up to 50 V. The delay units are built on single-shot
multivibrators K155AG1 and differ in the number of adjustable delays, which are determined by the external elements
R and C, connected to the multivibrator. The output pulse shaper is based on a multivibrator and three transistors. The
output positive pulse amplitude makes 500 V. Channel # 1 provides triggering of the cone-shaped solenoid of the first
magnetic field without delay. Channel # 2 provides triggering of a cylindrical solenoid of the second magnetic field
with the delay of 20 ms, which is adjustable with the time step-interval of 0.2 ms + 20 ms. Channel # 3 is triggered from
channel # 2 and provides the oscilloscope start with the delay of 5 ms and adjustment of 0.1 ms + 10 ms. Channel # 4 is
triggered from channel # 3 and provides the start of the high-voltage pulse generator (HVPG) with the delay of 100 ps
and adjustment of 10 us + 100 pus. The delay setting accuracy is not worse than one percent at each range; time
resolution is 0.001 of the range duration. All the channels of the delayed pulses of synchronization system have one
common power source; the output cascades are galvanically isolated by optical couplers with the common
synchronization system. The oscillogram of the control pulses and the total magnetic field distribution along the axis of
the accelerating column, when two solenoids are triggered, is shown in Fig. 3.
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Fig. 3. Oscillogram of the control pulses and of the total magnetic field strength distribution along the axis of the accelerator column

In Fig. 3 beam 1 is the total magnetic field distribution along the axis of the accelerating column, beam 2 is the
trigger pulse of the first solenoid, beam 3 is the trigger pulse of the second solenoid, beam 4 is the HVPG trigger pulse.
Unfortunately, when the millisecond delays are set up, the pulse drop on the multivibrator is not stable. The errors at
triggering of the first channel cause the failure of the entire device. Therefore, a new digital device of trigger pulses was
developed and manufactured. To improve the noise immunity, the digital triggering device has a galvanic isolation of
all the circuits, connecting the device to various units of the facilities. The galvanic isolation eliminates the flow of the
pulsed currents caused by the operation of various units of the accelerators. The triggering device is based on digital
chips [2] and consists of the following units: binary-decimal counters, decoders, and one generator with quartz
frequency stabilization, which is common to all four channels. The triggering device contains four identical channels
with adjustable delay, ranging from one microsecond to one hundred milliseconds. Such a construction of the scheme
allows, if necessary, adding channels to trigger some other units. The delay adjustment is performed using decoders.
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The triggering device works as follows: the input trigger (T) is started both manually and by an external positive pulse
with the amplitude of up to 50 V, and allows pulses propagation from the crystal oscillator (G) to 5 binary-decimal
counters (CT1-CT5) with decoders (DC1-DCS5). The crystal oscillator frequency is 1 MHz. Each channel has its own
decoder (DCx;-DCys), which allows setting up the necessary delay of the trigger pulse. The delay is adjustable from 1 ps
to 100 ms. After the counters are filled up the last pulse resets the input trigger and sets the counters to zero initial state.
The device is ready for the next external start. The block diagram of the triggering device is presented in Fig. 4.
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Fig. 4. Block diagram of the digital triggering device

The digital triggering device generates pulses for starting the dischargers of the conical and cylindrical
solenoids [3]. They allow creating conditions for magnetic isolation and beam transport. The delay in start of the
discharger of the cylindrical solenoid is about 15 ms. The magnetic field strength of the conical solenoid makes 4 kOe,
and that of the cylindrical solenoid is 11.7 kOe. In case a digital triggering device is used, the high-voltage pulse
generator is started at the moment of the highest intensity of the magnetic fields in the solenoids. A typical oscillogram
of the REB current and voltage in the REB accelerator “TEMP”, obtained using the developed digital triggering device,
is shown in Fig. 5.
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Fig. 5. Oscillogram of the REB current and voltage in the accelerator “TEMP-B”

In Fig. 5 the upper beam corresponds to the HVPG voltage of 750 kV, and the lower beam corresponds to the REB
current of about 20 kA. The duration of the REB current pulse is about 1.5 ps. The developed digital triggering device
allows the accelerator to work stably in the normal mode.

GENERATOR OF STARTING PULSES FOR IGNITION OF SPARK GAPS

For galvanic isolation of the triggering device from the REB accelerator “TEMP” some pulse transformers and
starting pulse receivers with low input resistance are used, what significantly reduces the interference influence in the
connecting cables. Pulse signals of the triggering device are supplied to the spark gap ignition unit. A circuit based on a
transistor high-voltage pulse shaper was developed. The generator provides voltage pulses with the amplitude of up to
20 kV, current in the short circuit mode of 5 A, pulse duration of the first half wave of 12 ps, and pulse repetition
frequency of not more than 10 Hz.

Schematic diagram of the generator for spark gaps ignition in HVPG and for the ignition of the spark gaps in the
magnetic systems is presented in Fig. 6.

The circuit comprises: an isolation transformer T1, a voltage doubler made on VD1, VD2, Cl1, C2, storage
capacitors C3, C4, a switch based on a triac VD6, a step-up pulse transformer T3, from the secondary winding of which
the signal is fed to the control electrode of the spark gap. As the switch, a BTA41-800B triac is used, which provides a
discharge of the storage capacitors to the high-voltage transformer. The transformation coefficient of T3 transformer
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is 35. The secondary high-voltage winding of the transformer consists of 4 sections and allows obtaining the ignitor
pulse of about 20 kV. The developed pulse generator for ignition of spark gaps allows obtaining an ignition pulse
several times higher than that in similar devices [4]. The oscillogram of the voltage pulse is shown in Fig. 7. Fig. 8
presents the current oscillogram, obtained in the short circuit mode.
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Fig. 6. Schematic diagram of spark gaps ignition circuit
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Fig. 7. Oscillogram) of the output voltage pulse Fig. 8. Oscillogram of the ignition current pulse in the
in the idling mode short circuit mode on the resistive load of 0.13 Ohms

The maximum value of the current that flows in the discharge circuit is determined by the inductance of the
transformer primary winding and makes about 40 A.

The triac VD6 control pulse comes from the triggering device via the pulse isolating transformer T2 and the
current-limiting resistor R3. The control pulse for starting the VD6 triac has a positive polarity with the amplitude of
15V and the duration of 4 ps. Resistors R1, R2 are used to limit the charge current of storage capacitors C3, C4.
Resistor RS limits the discharge current of capacitors C3, C4 to 400 A. The indication of the ignition generator
operation is performed using the light-emitting diode VD4.

The presented scheme of the ignition pulse generator allowed obtaining a stable triggering of the high-voltage
spark gaps and can be utilized in the power systems of HVPGs and HCPGs (high-current pulse generators), used to
solve various technological tasks, which are applied for changing the properties of the condensed matters and
modification of the surfaces of polycomposite materials, [5].

CONCLUSION
The digital triggering device allows to preset stably and accurately the start-up time of the REB accelerator
“TEMP” units under the strong electromagnetic interference, resulting from its operation, it has a galvanic isolation for
improving the noise immunity and low power consumption.
The developed pulse generator for ignition of spark gaps allows obtaining an ignitor pulse several times higher
than that in similar devices. The developed circuit of the ignition pulse generator allows controlling reliably and stably
the operation of the accelerator spark gaps.
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MUO®POBUI MTPUCTPIN 3AITY CKAIOUMX IMITYJIBCIB TA TEHEPATOP 3AITY CKAIOUHUX
IMITYJbCIB JJIs1 HIATTAJTY PO3PAAHUKIB MIPUCKOPIOBAYA PEII « TEMID»
0.B. Batpakos, E.I'. I'nymko, A.O. 3inuenko, F0.®. Jlonin, A.I'. [lonomapes, C.1. ®egoTon
Hayionanvnuii nayxosuii yenmp «Xapxiecokutl (isuxo-mexHiunuil iHcmumymy
8yn. Axaoemiuna 1, Xapxis, Yxpaina, 61108

Hns 3a0e3neueHHs KEPOBAaHOCTI Ta BHCOKOI 3aBaJOCTIMKOCTI BUMIPIOBaHb XapakTEPHCTHK 1 MapaMeTpiB MpPOIEciB s
IIpUCKOpIOBaviB pensriBicTckix enekrpoHHux mydkiB (PEIT) «TEMII» Oymmu po3pobieHi 3amyckarodi IPHUCTPOI 3 rajabBaHIYHOIO
PO3B’S3KOI0 BXIJJHUX 1 BUXIJHUX JIAHIIIOTIB, SIKi IO3BOJISIOTH BCTAHOBJIFOBATH 3aTPUMKH IMITyJIBCIB B Jiana3oHi Bif 1 MKC 10 IECSTKIB
MinicekyHn. [Ipu iX BHKOPHCTaHHI YyCyBAa€ThCSl BILIMB KOHTYPHHUX CTPYMIB, SIKI HPOTIKalOTh B 3araJlbHUX KOJIaX 3a3eMJICHHS 1
BIUIMBAIOTh HA POOOTY BUMIipIoBanbHOI anaparypu. st cuHXpoHi3yBaHHs poboTtn npuckopioBaya PEIT « TEMIID» Gyno po3poGieHo
Ta 3i6paHo 3amyckarounii npuctpiit. Moro Gyio 3i6pano 3 6110KiB Ha cydacHiil eneMenTHiit 6a3i i BiH € 3aKiHueHHM (yHKI[IOHAIBHIM
BUpOOOM. 3amyckarouuii HpHCTPiii CKIagaeTbest 3 OMOKy 3amycKy i OJokiB 3aTpuMok. Biiok 3amycky moOyaoBaHHiT Ha OCHOBI
mikpocxemu I HE i mynbruBiOpatopa. broku 3atpumok noOymosani Ha ogueBiOpatopax KI1S55AI'l i BiApi3HSIOTBCS piBHEM
PeTyIBOBaHMUX 3aTPUMOK, SIKi BH3HAYAIOTHCS 30BHIIIHIME eneMeHTamu R i C, migkiaroueHMMH 10 MynsTHBiIOpaTopa. Ha kanp mpu
YCTaHOBLI MIiTiICEKyHIHHX 3aTPUMOK CIIaJ IMIyJIbCy Ha MyJlbTUBIOparopi He crabinpHuil. Tomy Oyno po3poOieHo uudposuit
3amyckaounii npucTpid. Iudposuii 3amyckaroumii NpUCTpili BHKOHAHO HAa IHU(POBUX MIKpOCXeMaxX 1 CKJIAJA€Thesi 3 OJOKIB:
JIBIMKOBIX-IECATKOBUX JIYWIBHUKIB, JEMH(PATOpiB 1 OAHOrO 3arajJlbHOTO HA BCi YOTHUPH KaHAIM TeHepaTropa 3 KBapIOBOIO
cTabinizaliclo 4acToTd. BOoHO MICTHTh YOTHPH iIEHTUYHHMX KaHAJIM 3 PEryJIOBaHHSAM 3aTPUMKH BiJ| OfHI€] MIKPOCEKYHIH O CTa
Mminicekyna. Taka moOymoBa cXeMH J03BOJISIE B pa3i HEOOXiTHOCTI JOMATH KaHAIM JJIs 3aMyCKy 1HIIMX BY3JIiB. IMIyJIbCHI CHTHAITH
3aIyCKal04ero MpUCTPOIO MOJAIOTHCS Ha OJIOK MiAnany po3psaHuKiB. Po3pobieHo reHepaTop iMITyJIbCiB 3amaifoBaHHs PO3PSIHHUKIB
npuckopioBada PEIT «TEMII». HaBeneno omuc reHepartopa, po3poOieHOro uisi ympaBiiHHS pospsanukamu miamamy ['THa i
PO3pAIHUKAMH TIANANTy MAarHiTHHX CHCTEM, IO BHUKOPHCTOBYIOTBCA B CHCTEMax KOMYTallil KOHISHCATOPHHX OaTapeil 3
eneprosamacu Big 60 xo 150 k/[x. ['enepatop 3abe3mnedye OTpuMaHHS IMITyJIECIB HAPYTH 3 amInIiTyaor 10 20 kB, npu ctpymi B
PEeKHUMi KOPOTKOTO 3aMHKaHHS 5 A, TPUBAJIOCTI IMIyJIbCY IIEpIIOi HamiBXBWIL 12 MKC, 4acTOTi HOBTOPEHHS IMITyJIbCIB He Oijblre
10 I'o.

KJIFOUYOBI CJIOBA: npuckoproBad, pelsITUBICTCHKUI €IEKTPOHHUHN ITy4OK, PO3PSAHUK, IM(PPOBUIT 3aITyCKAIOUMi TPHCTPIil.

IMU®POBOE 3AITYCKAIOIIEE YCTPOMCTBO U TEHEPATOP
SAIIYCKAKOIIUX UMITYJbCOB 1JIS1 TOJKUT A PA3PSITHUKOB YCKOPUTEJIA POIT1 «TEMII»
A.B. Batpakos, E.I'. I'tymko, A.A. 3unyenko, 10.®. Jlonun, A.I'. Ilonomapes, C.U. ®exoros
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Jnst obGecriedeHus yIpaBIIieMOCTH M BBICOKOHW ITOMEXOYCTOHYMBOCTH HM3MEPEHHH XapaKTepHCTHK U IapaMeTPOB IIPOIECCOB IS
YCKOpHTENIeH pPEISTUBUCTCKUX AIeKTPoHHBIX IydkoB (POII) «TEMII» Obuin pa3paboTaHbl 3allyCKaroliye yCTPOWCTBA C
raJbBaHMYECKOI Pa3BsI3KOM BXOJHBIX M BBIXOAHBIX LieIeil, KOTOPHIEC MTO3BOJIIOT YCTAHABIMBATH 3aJICPXKKH HMITYJIECOB B JMAlla30HE
oT 1 MKC 10 necsaTkoB MmutHceKyHA. IIpy mX MCronb30BaHUM YCTpaHsSETCs BIHSAHHE KOHTYPHBIX TOKOB, KOTOpbIE NMPOTEKAIOT B
OOIIMX IIEMsIX 3a3eMIICHUS] M BIMSAIOT Ha pabOTy H3MepUTENbHOH ammaparypbl. st cuHXpoHM3amuu paboTsl yckoputens POII
«TEMII» 6pu10 paspaboraHo u coOpaHO 3amyckaromee ycTpoiictBo. OHO ObUIO coOpaHO M3 OJIOKOB Ha COBPEMEHHOH 3IEeMEHTHON
0a3e W mpeacTaBisieT co0ol 3aKOHYCHHOE (YHKIMOHAIBHOE H3JIENHe. 3allyCKalollee YCTPOWCTBO COCTOMT M3 OJIOKa 3amycka U
0110K0B 3azmepkeK. biok 3amycka moctpoeH Ha ocHoBe Mukpocxemsl M HE m mynbTuBuOparopa. brokn 3amepkek MOCTPOEHBI Ha
oxuoBuOparopax K155AI'] 1 oTnM4aoTCS BEIMYNHON PETYINPYEMBIX 3aJepiKeK, KOTOPHIE ONPEeISIOTCS BHEITHUMHE 3JIEMEHTaMHU
R u C, moxxmouéHHpIME K MyIbTUBHOpaTopy. K coxalieHuro, IpH yCTaHOBKE MMUIMCEKYHIHBIX 3aJIepiKeK CIaJ| UMITyJbca Ha
MysbTUBHOpaTOpe He crabuieH. ITosromy Oblio paspaborano LuppoBoe 3amyckaromiee ycrpoicrBo. Ludposoe 3amyckaromee
YCTPOHCTBO BBINOJTHEHO HA IU(POBBIX MHUKPOCXEMaX M COCTOUT M3 OJIOKOB: JBOMYHO-JECATUYHBIX CUETYMKOB, NEMN(PATOPOB U
OJHOTo 00IIero Ha BCE YEThIpEe KaHaja TeHepaTopa C KBapleBoil crabmmusaiedl 4acToTel. OHO COJAEPIKHT YEThIPE MASHTHUHBIX
KaHaja ¢ perylIupOBKON 3aJepKKH OT OTHON MHKPOCEKYHHIBI 0 CTa MUJUIHCEKYH/. Takoe MOCTpOEeHHE CXEMBI MO3BONISET B ClIydae
HEOOXOIUMOCTH JTOOAaBUTh KaHANBI JUIS 3alyCKa IPYTHX y3/10B. VIMITyIbCHBIE CHTHAJBI 3aIlyCKAIONIEro yCTPOICTBA MOJAIOTCA Ha
OJIOK TOMKHTra pa3psgHUKOB. Pa3paboTaH reHepaTop MMITYJIBCOB IMOMKHTa pa3pagHukoB yckoputens POIl « TEMIDy». Ilpuseneno
OIIICaHHE TeHepaTopa, pa3paboTaHHOTO JUIsl YIPaBICHUS pa3psaHUKaMu nomkura I'eneparopa nMiynscHoro Hanpsbkenust (I'MHa) u
pa3psIHUKaMH TIO/DKHTa MAarHHTHBIX CHCTEM, HCHONB3yeMBIMH B CHCTEMax KOMMYTAallMM KOHJECHCATOPHBIX Oarapeil ¢
sHeproszamnacom ot 60 1o 150 x/lx. ['enepaTop obecreunBaeT MOJIy4YeHHE MMITYJIbCOB HANPSDKEHMS C aMIUIUTyaod xo 20 kB, mpu
TOKE B PEKHME KOPOTKOT'O 3aMbIKaHHS 5 A, JUIMTEIFHOCTH MMILYJIbCa MIEPBOil MOIyBOIHBI 12 MKC, 4aCTOTE IOBTOPEHHSI UMITYJIHCOB
He 6onee 10 I'm.

KJIIOUEBBIE CJIOBA: yckopuTeb, pelSITUBUCTCKUI JICKTPOHHBIH ITy40K, pa3psIHUK, HU(POBOE 3amycKaloliee yCTPOHCTBO





