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‘2e "The :Experimental-lndustrial 20C-KY DC Transmission System,
Kashira--Moscow" (in Russian ). The booklet shows diagrams
of the inverter and converter stations in use on.this line,
gives details of the cable structure; describes the various
types of rectifiers in use, as well as methods of grid control
regulation, and discusses various malntenance and operating
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Co "The Leningrad Scientific Institute for Direct Current Research®
(in Russian), It describes the work of the Institute im connec-
tion with various pending projects,. including the design of the
industrial high-tension DC transmission line from the Stalingrad
Hydroelectric Station to the Donets Basin, described as being a
500-kilometer system with a capacity of 800 .Kv and 750 Mw,
Additional details are given about the Kashira--Moscow line,
described as the principal experimental base of the Institute,

" The booklet also discusses high-power rectifiers being developed
at the Institute. Pictures of experimental high-power transformers; of
a 4.3+million-volt impulse generator, and of other high-power
equipment complete the volume, .
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/ CONFERENCE INTERNATIONALE DE GRANDS
/' RESEAUX ELECTRIQUES A HAUTE TENSION

' 112, BOULEVARD HAUSSMAN, PARIS
| SESSION 1956, 30 MAI—9 JUIN

THE EXPERIMENTAL-INDUSTRIAL
200 KV D-C TRANSMISSION
SYSTEM KASHIRA—MOSCOW

SUMMARY

This paper gives characteristics of an experimental
200 kV d-c transmission system KASHIRA — MOoSscow
having a capacity 30,000 kW, it was commissioned in 1950,

The length of the line is 112 kilometers and its rated
voltage is 200 kV. Energy is transmitted for industrial pur-
poses. It is an additional connection between 'the Kashira
State District Power Station and the Moscow Power System.
It is the main experimental line for investigating problems
of high voltage d-c transmission.

The general scheme of power transmission, the cable ldine,
convertor stations, mercury-arc rectifiers, grid controls, regu-
lation and protection are described.

The paper gives also some data on maintenance and prin-
cipal faults interfering with normal operation of transmission
system. -

In conclusion brief results are given for 5 years of exploi-
tation of the transmission line during which 670 million k\Wh
were transmitt ed. .

REPORT

INTRODUCTION

Power development in the USSR and the necessity of utiliza-

. tion of water power resources remote from the centers of distribu-

tion put forward the problem of transmission large quantities of
power over long distances. .

- The use of high-voltage direct current for a long-distance trans-
mission is stimulated by the great possibilities offered by this
system, and its fundamental advantages as compared to alternat-
ing current transmission.
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There is no problem of stability limitations for the line loads
and for the long-distance transmission in d-¢ system.

The interconnection of several power systems by d-¢ transmis-
sion makes unnecessary their synchronization and thus resuls in
reliability of the whole interconnected system. Direct current has
also other advaniages such as the possibility of using either over-
head line or underground cables. The high-voltage d-c overhead lines
are considerably more economic than a-coverhead lines of the same
transmitting capacity. The design of d-¢ underground cables can
be realised in a simpler aid more economic way than that of
a-c cables. This offers great possibilities in development of extra-
high-voltage d-c cable lines. The d-c power transmission pos:

a number of operating advantages due to the possibility of a high-
speed grid control of mercury-arc rectifiers.

The grid control scheme isalso applied for regulation of the
amount of energy delivered and efiectsits direction. It provi f!us extra-
high-speed protection, automatic reclosing and thus incre:
transmission reliability. In case of breakdownoi one of the d-¢ c-
bles there is alwavs a possibility of using the earth for the return
circuit, i. e. to carry on the transmission operation with slight-
lv decreased load instead oi complete shut-down. D-c inter-
connection does not involve increase in the amount of short-cir-
cuit currents and thus can be used in a simpler and more ecoiiomic
way as compared to a-c system, which necessitates additional and,
in a number of cases, quite complicated requirements for equip-
ment to effect interconnection of systems. The comparatively
high costs and complications of terminal converlor stations
make it advantageous to construct d-c transmission lines
for long distance when the economy obtained in their con-
struction expenditure would prevail over the increase in costs
of terminal convertor stations. Where the transmission has to take
place over wide expanses oi water, the use of d-c submarine cable
is expedient as well as the use of cable for the short distances
such as d-c interconnection liries for transmission systems that are
not synchronized.

At present the intermediate switching stations are not employed
for d-c transmission lines due to lack of stitable design of d-c
circuit breakers. :

In connection with practical realization of new super power trans-
mission systems that began in the USSR and the interconnection
of power systems in the European part of the Soviet Union, the
calculations of separate high-voltage d-c transmission lines of large

capacity for long-distance transmission are carried out at present. .

According to 20th Congress of the Communist Party of the Soviet
Union directions, the 6th five-yvear plan of the national econciny

—92 -

development in the USSR during 1956 to 1960 provides for the
construction of d-c power transmission line to interconnect the
Stalingrad hvdro-electric plant with the Donbass and the South
Power Systems.

The construction of power {ransmission line Stalingrad —
Donbass presents real perspectives of utilization of vast Siberian
water power resources inone united electrical svsten.

In order to enable extensive experimental investigations and
the study of various converting schemes. as well as the performance
of rectifiers and other equipment under particular working con-
ditions, and also to gain the exploitation experience and provide
training for the staff, the experimental-industrial d-c transmission
was put into operation in 1950. The transmission capacity of the
line is 30,000 kKW at rated voltage of 200 kV.

High-voltage d-¢ transmission Kashira—Moscow is the main
experimental base for the Scientific Research Institute of Direct
Currents.

This experimental transmission is used as well for industrial
power supply and represents itsell as an additional interconnection
between the Kashira Power Plant and the Moscow Power System
tMosenergo) high-voltage network. The total of 600 million k\WWh
was delivered since the experimmental-industrial line Kashira—
Moscow is in operation.

TRANSMISSION SCHEMES

The experimental plant for high-voltage d-c transmission con-
sists of two stations: the sending or converting station at Kashira,
and the receiving or inverting station at Moscow. The above men-
tioned stations are interconnected with two single core underground
cables run for a distance of 112 km. The conversion of alternating
current into 200 kV direct current takes place at the convertor sta-
tion, the alternating current being supplied from the bus-bars of
Kashira Power Plant at a voltage of 110 kV. The direct current at
200 kV is conducted by the cable line through a distance of 112 km
to the invertor.station at Moscow where it undergoes the inversion
into a-c and then is conveved through the station bus-bars into
110 kV network of Moscow Power System.

The principal scheme shown in fig. | represents the transmis-
sion line on which- research work was carried out during the pe-
riod of 1951 to 1955. The convertors are realized according to three-
phase bridge scheme. Each station consists of similar basic ele-
ments such as main and auxiliary transformers, mercury-arc rec-
tifiers and line reactors. Main transformer is represented by a
group of three single-phase three-winding transformers of the total
capacity 36,000 kVa, combined as to form a single unit. The rated
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Fig. 1. Scheme of d-¢ trans
3 — line reactor; 4 — circuit breaker:
— d-c instrument current transformer: 9 — d-c in.
d-c cable

1 — rectifier; 2 — main transformer:
oscillations; 7 — reactor; &

INVERTOR STATION (MOSCOW)

"@_:%B 3

*Fig. 2. Alternative scheme of
— line reactor; 4 — circuit breaker;

1 — rectifier; -2 — main transformer; 3
lations; 7 — reactor; § —d-c instrument current transformer; 9 — d-¢ instrument
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CONVERTOR STATION {KASHIRA)

mission Kashira-—Moscow.
5 —voltage divider; 6 — damping circuit for su

i [ ppression of sonic frequency
%@Tunt potential transiormer; 10 — lightning
k.

arrester; 11 — air gap; 12 —

CONVERTOR STa TION [ KASHIRA)

invertor station with two bridges.

& — voltage divider; 6 — damping circuit for supression of sonic frequency oscil-

potential translnrmcr;lo—lightning arrester; /1 —air gap; 12—d-c cable 200 kv.
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voltage of two main windings being 110 kV for a-c system side, and
170 KV for d-c station side. There are threc mercury-arc recti-
fiers connected in series to each arm of the bri dge.

The series connection of rectifiers makes the plant reliable in
case of occasional arc-backs, since the remaining rectifiers are
able to withstand the full voltage at the disturbance occurring
in one of them. The voltage dividers are connected in parallel
to the line of series connected rectifiers to provide equal distri-
bution of voltage among the rectifiers. The suppression of voltage
pulsations of sound frequency isintroducedin the convertor scheme.
These pulsations may appear subsequent to the rectifier arc
failure or may arise between the poles due to certain transient
processes.

The reaclors of a low inductive capacity are connected in pa-
rallel to each circuit of rectifiers on the anode and cathode sides
to provide damping effect against high frequency oscillations at
the ignition of rectifier and to suppress radio frequency cscilla-
tions.

At the convertor station the reactors connected to each line
pole are used to reduce d-c ripple and to limit transient and iault
currents which take place due to discharge of cable line capacity.

The protection against internal surges is accomplished by means
of the air gaps and lightning arresters connected in parallel with
transformer and reactor windings. The connection and disconnection
of d-c transmission to a-c network is carried out at terminal sta-
tions by means of the 110 kV circuit breakers.

Facilities are provided to take the load and voltage off d-c line
as well as for regulation of power delivered by means of agrid
control.

It is possible to operate the transmission line according to
symmetrical scheme, i. e. at the potential of 200 kV between the
poles and 100 kV to ground, as well as by the scheme with one of
the poles earthed, or by the scheme where the earth is used for the
return conductor. The potential to ground in case of the two lat-
ter schemes is 200 kV. An experimental d-c overhead line was con-
structed along the cable line for the purposes of investigation and
study. This line is supplied from a-c 110 kV three-phase supply
through terminals arranged specially at the convertor station.

The d-c experimental transmission serves for investigation of
various convertor schemes, particularly for transmission perfor-
mance at the cascade connection of two bridges with one rectj-
fier on each arm of the bridge as represented in fig. 2.

The potential of each bridge is 100 kV and the pole insulation
level to ground is 200 kV. Shunting rectifiers are connected between
the poles of each bridge to provide adequate protection against
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laulllls and to enable the normal operation of the main rectifiers as
well as for quick recovery subsequent to fault clearing
The scheme provides volia ivisi |

| v ge division between the rectifiers,

t:re I{IECeSSl!y of which arises due to certain transient processes of

t 1'e ransmission operation. Besides the above mentioned principal

s¢ 1e]{11es.tlle experimental plant investigations are carried out with

appnlcz;pon ?f oll;c;‘ transmission schemes, such as series-parallel

conneclion of rectifiers to the bridge arm, or serj i
ies )
of two or four rectifiers, etc. ¢ ' connection

CABLE LINE

Transmiission is carried out by means of two sj
unden:gr_ound cables 200 kV. The cross-sectional :re:rfiledfgrf:agl:
alum‘nuum conductor is 150 mm?*. The conductor is surrounded b
the insulation which consists of 11 to 12 mm thick layer of thir)';
paper wound on the aluminium core and impregnated with heavy
?\l’ilt.l;rhse((lfee?d slrleath is plac(i;l OVT the paper and the outside is served

armouring. re ity
I km in length is abgut 0.25mgf ground capacity of the cable for
and the active resistance is about
0.18 ohms. There are four different
Lypes of “cable emploved for the
line construction.

The cross-section of a cable,
as manufactured by the Moscow
Cable Works is shown in fig. 3.

Both cables. for the line and
return circuits are laid in one
common trench at a depth of 1.2
mfor 15 m at the populated
:l]zslricti). The distance between

1€ centers of the cabl i
250 mm. s being

The communicating  paper
insulated cable is laid above the
p:)\\'el;j catb'lesfin the same trench R
al a depth of about 0.9 m. The Fig 3. Cross-section serial d-c
submarine cable is used at cro: HOKV, 1X150 mm of Moscow égg{g

sings the rivers. The construc- it orks,

lipn of this cable is abgut llilce i'ns—mi}?o’ﬂ'"n'f'é' rcnor;:dll;::’t?cr:?_puper
same with the exception that ed with oii~coluphor:l)c/ é?;ﬁ;ﬁ%'ﬁ
a more thick sheath and contin. 3— metallized paper scrten: 4 loni
uous armouring of round wires f;hfu:;ubb‘z,:,p‘:;,m"ym."mide tape;
are used. The two switching points wire armouring?ﬂ—lnl)?g'e(‘)f cui’gys;::l

—7—.
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are constructed on the cable line, by means of which cross- ) The third low capacity winding is of the order 6 to 10 kV. This wind-
connections of cables are accomplished to effect the discon- ing is arranged as a stand-by for auxiliaries. The volt.age regula-
| nection of the faulty section of a cable. The electrode instal- tion is carried out by steps within the range of + 4X2.5 per cent
lations at rectifier and invertor stations are designed for {trans- . - This is effected by means of a tap-changing on T10 kV side of the
mission d-c operating current with return through the earth to a winding. The design of windings is suitable for either star or
- distance of 67 km (i. e. between rectifving station and the switching delta connections without any interference with the coefficient
B point). Routine tests and measurements are carried out by means .
!

of a stationary kenotron installation 500 kV, 20 milliamperes
located at invertor station together with insulation punching
device and the impulse generator for localization of cable faults. |
The routine tests are carried out with d-c voltage 350 kV of i
negative polarity, the duration of lest is equal to !0 min.

) ® 3

v’ CONVERTOR STATIONS,

The main transformers, line reactors. current and potential
instrument {ransformers (d-c and a-c) as well as disconnecting
switches and cable bushings are installed at the open part of the
station.

. The general view of this station is shown in fig. 4. The main

; single-phase transformers are of a three-winding {vpe, 12,000 kVa i
per phase. The rated voltage of the two principal windings is as
follows: the a-c side 110 kV, and the d-c station side] 170 kV.

Fig. 5. lInvertor outdoor station.
Main transformer (left), current transformer (front view).
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Fig. 4. General_view of outdoor station. Fig. 6. General view of rectifier room.
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reactors are designed for d-c voltage of 200 kV relative to ground.
The general view of the reactor is shown in fig. 5.

The row of mercury-arc rectifiers is located indoors (fig. 6).
Besides rectifiers this part of station accomodates the following:
grid-control installation, auxiliary transformers (fig. 7), control
panel, switchgear for auxiliaries, oil cooling installation, work-
shops for rectifier repair and facilities for their tests after repair,
laboratory, etc. .

of transiormation setting. The natural circulation of oil (and
“fans) provides sufficient oil cooling. Tolal weight of one phase
-equipment is equal to 84.5 tons. The inductivity of line reactors
at rated transmission current of 150 amps is about 5 henries. The

MERCURY-ARC RECTIFIERS

- ——

Various modifications of single-anode .
metallic tank mercury-arc rectifiers are [
employed for conversion purposes at this
transmission line. The principal data of
these rectifiers are as follows: maximum d

|
current 150 A, inverse voltage 120 to l
130 kV (maximum),arc drop—about 35 V |
% |

“
¢

and cos $=0.996.

Cross-section of one of the recti-
fiers is shown in fig. 8.

The cathode spot once formed by |
ignition is further kept on by excitation [}
anodes. The pumping system consists ’
of two pumps, one of which is contin- I
uously in operation in order to provide '
vacuum in the rectifier tank which is set 4
to be 107* mm of mercury column. The l
other pump of preliminary rarefaction
is swiiched on periodically. Mercury-arc I
rectifiers and continuously operating
mercury vapour diffussion pumps are i |

i provided with system of forced cooling . ; B

@ i :D by circulating transiormer oil at a tem- 9

<  perature of 14 to 18°C. 5

The insulation level of mercury-arc 8
rectifiers withstands 200 kV to ground.
This consists of two stages of insulation:

the first stage withstands 100 kV to ground 4

and is provided for the intermediate ¢

Fig. 8. Schematic drawing of mercury-arc rectifier.
Fig. 7. Rectifier and auxiliary equipment. ;n:d:w‘.’;_zd_mc:r::’:liz i:g“?.— ;‘g:{i:gtayf 2
1 — rectifier; 2 — control cubicle; 3— voltage divider condenser; 4 — screens: 8—shade; 9 — cathode cap; 10 — anode
active resistance of voltage divider; 5 — high frequency damping . . insulator. 6
reactor; 6 — insulating transformer.

— 10 —
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potential platform used for installation of rectifiers. When the : formers. Each mercury-arc rectifier is equipped with individuat
transmission operation is arranged according to the scheme as . 10 kV insulating transformer, the insulation level of which being
shown in fig. 1, the platform is electrically connected {o the neu- 100 kV. The transformer is made with four groups of windings
tral point of 170 kV windings of the transformer bank. However, the which are not interconnected magnetically.

- arrangement of transmission for operation by the scheme as shown The transformer to feed the rectifier auxiliaries and the grid
in fig. 2, requires the above mentioned connection lo be arranged control is installed on the intermediate potential platform next
with the middle point of converting circuit. - to the rectifier.

3’ 2
A ]
4 w

Fig. 9. The equivalent scheme for tests.

The intermediate potential platiorm is used for installation
of mercury-arc rectifiers. Each rectifier is mounted on its indjvi-
dual stand at the insulation level of 100 kV to intermediate plat-

form.
i In order to enable normal operating performance the rectifier S e
‘ is fitted with a number of auxiliary equipment devices; such as 3/ \\D

! ignition, excitation, grid control, anode heating elements, etc.
: The supply for rectifier auxiliary equipment as well as for con-
; trol circuits is carried out through control cubicle located in front
ﬁ - of the rectifier at the cathode potential.

X The communicating, controlling and Mmeasuring apparatus,

Fig. 10. High power rectifier (left) for long-distance transmission line.
indicators and signal devices are arranged in the control cubicle.

, The rectifier auxiliaries are operated from the control plat- The voltage for rectifier auxiliaries is supplied to the insulaling

,j{ form (which is at the ground potential) by means of insulating rods, transformer through distributing pane! board (located on inter-

I the insulating capacity of which is 200 kV. The supply of 380 V mediate potential platiorm) from sectional 200 kVa insulating

l for auxiliaries as well as impulse voltage for rectifier grid control transformer installed at the ground potential, the insulation being
devicesis conveyed into control cubicle through the insulating trans- 100 kV.

] . — 12 = : « —13—
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The invertor station accommodates special workshops equipped
for repair and subsequent tests of rectifiers, such as current {est
stand, the equivalent circuit installation (fig. 9) and powerful
high tension testing stand. Since 1955 various types of mercury-
arc rectifiers designed for high-voltage, long-distance d-c trans-
mission are undergoing performance tests at this station (fig.
101 ‘ .

GRID CONTROL, REGULATION AND PROTECTION

In order to provide normal operating performances of mercury-
P! p 3

arc rectifiers at the convertor and invertor stations, their ignition 3}

is to take place in a certain sequence. .

Each rectifier is ignited once ina period at the moment when
its grid is subjected to an impulse of positive polarity. Phase dis-
placements of the grid impulses result in corresponding change of
d-c voltage output on the bus-bars of convertor station and con-
sequently effect the change in magnitude of transmission current.

The discontinuance of the grid impulse supply to all rectifiers
results in a rapid decrease of current to zero d-c output, which is
equivalent to shut down of the transmission. The above advantages
of grid control are widely used for automatic voltage regulation as
well as for high-speed protection purposes. The impulses of a suffi-
ciently great magnitude as supplied from the grid control instal-
lation, are delivered on to the rectifier grids through the insulating
transiormers. The impulses supplied to each rectifier are of the or-
der of 350 V.

The scheme of impulse control is shown in fig. 11. Current
adjusting and compounding installations located correspondingly
at rectifier and invertor stations are emploved for automatic con-
irol of transmission.

The current controlling device maintains a steady value of cur-
rent set for the transmission line against variations of a-c voltage
at the receiving and transmitting stations.

The compounding device is arranged as to keep the value of grid
delay angle set for rectifiers constant, in order to prevent faj-
lure of rectifying action and to obtain slability in operation of the
invertor at a minimum loss of reactive power. With the phase
angle of 15 electrical degrees the invertor will use about 0.5 kVa
of reactive power per each kilowatt of active power output.

The combined action of current adjusting and the compounding
devices has proved itsell to be of considerable value due to its
ability for quick automatic voltage recovery subsequent to clear-
ing the fault at the disturbances and transient processes of short

— 14—
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duration which are interfering with normal operation of rectifiers
at the invertor station.

The protection against back-fires in the rectifier, differential
protection of invertor unit and the protection against short-circuit
Ejau[ls on d-c linemay as well bereferred to the principal protective

evices.

bha

Fig. 11. Grid control circuit.
F — phase shiiter; S —source of primary impulses;
A — primary impulse amplifier; SA — supply to
amplifier; IT — intermediate insulating transtormer;
T — insulating transiormer; GC — grid control
circuit; 1to 6 groups of rectifiers.

All the above mentioned protective devices injtiate the cor-
responding action through the rectifier grid control, for instance:
discontinuance of impulse supply.i.e. equivalent to switching off
the rectifier for 0.06 to 0.5 sec. and reclosing it after clearing the
fault, which implies reclosing the transmission line,

Besides the above mentioned special grid protective devices
there are ordinary protective relay settings provided to initiate
the action of circuit breakers on a-c side.

A special automatic device acting on the grid control of inver-
tor is of so-called «catching-up» device type, as it locates the faulty

— 15 —
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group of rectifiers failing to ignite and brings into operation
another group in order to prevent upsetting of the convertor.

The skeleton 'scheme of grid control, regulation and grid protec-
tion is shown in fig. 12.

The investigations and tests that were carried out on experi-
mental-industrial d-c transmission line Kashira—Moscow success-
fully demonstrated the practical possibilities offered by this system
and indicated data - and schemes for calculations of industrial
high-voltage long-distance d-c transmission lines.

10 — current  transformer;
ulator; KD — compound-

high frequency oscillations
potential transformer; ABP — arc-back

MAINTENANCE AND PRINCIPAL FAULTS INTERFERING
WITH NORMAL OPERATION OF TRANSMISSION SYSTEM

g

divider; 6 — active resistance

g
of

Before being put .into operation mercury-arc rectifiers were
subjected to high voltage arc training tests at a special stand
installed at the station in Moscow. The operation of transmission
at the beginning was carried out at a reduced voltage. namely 100 kV.
The stability of the transmission was very poor even at this volt-
age. The continuance of line operation without interruptions was
counted by few hours only. The transmission start for operation
was very troublesome. The occurrence of arc-drops, ignition fai-
lures, arc-flashes over the anode insulators and over the insulation
of rectifier auxiliary equipment, breakdowns in the secondary
commutation circuits of auxiliary control cubicles installed at
the rectifier potential and the appearance of strong radio-inter-
ference, were the common faults at this early stage of operation.

Aiter certain measures were undertaken for improvement of the
above mentioned defects and particularly with regard to circuit
insulation of auxiliary control cubicle and its protection, the
transmission was set for operating voltage of 200 kV in the middle
of 1951.

The transfer of transmission from 100 kV to full operating voit-
age of 200 kV gave rise to a number of additional irregularities
which were previously not noticeable. To such defects may be refer-
red: rectifier back-firings, grid faulls of the invertor, voltage
surges involving arc-flashes across air gaps, as well as over
the rectifier insulators and other equipment. The effect of radio-
interference increased considerably.

The current and voltage oscillographic registrations taken at va-
rious points of the circuit during transient processes and the distur-
bances interfering with the normal transmission line performance
and at its starting, have shown the presence of oscillations of sonic
frequency. These oscillations and voltage surges were causing
high magnitude overvoltages upon the individual transmission
elements including rectifiers.

2—3ax. 1294. 17—

IDP— invertor differential protection.

Invertor statwn

g transformer;
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The overvoltages have reached the value above 400 kV, as re-
gistered on three series-connected rectifiers, and 500 kV between
the poles.

The cscillogram (fig. 13) shows overvoltages originated by the
oscillations of sonic frequency as registered on the convertor ter-
minals and on the bank of rectifiers when transmission is switched
on to charged cable line. This oscillogram was taken prior to instal-
lation of damping devices for the line reactors.

$30kv e —

v Flig[ 13. Oscillogram of surges

. at transmission switching on
AW s T overcharged cable Iixi‘c.

U—converlor terminal voltage

(between poles): U, —anode—

cathode voltage, on a group

of rectifiers.

The principal and most important faults interfering with the
normal pgrfoxjmance of transmission were the followi ng: arc-backs in
the rectifier, ignition faults on rectifiers a¢ both stations, grid faults
and arc flashes across protective gaps as well as over anode insu.
lators of the rectifier.
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Fig. 14. Oscillogram of a simul-
taneous arc-back on a group of 2
rectifiers with a grid blocking
device employed.
1 — control impulses; 2 — phase
currents in transformer windings;
3—same as in 2, but at the
arc-back occurrence.

) .Arc-bagks on three series connected rectifier units of the rec-
tifier station lead to consequent short-circuitting of two main
transformer windings and the rectifier groups.

The introduction of grid protection system of instant action
resiricted the path for the arc-back occurences with the result that
the current flow was limited for a_half period duration of system’s
frequency.

b Ihe transformer which was subjected to a great number of arc-
acks during the period of 3,5 years of operation was found at the
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inspection in good working condition, this is mainly due to the
grid protection system of instantaneous action.

Fig. 14 shows the typical oscitlogram of current in the wind-
ings of transformer during arc-back process when rectifier grid
protection is in use.

The amplitude of current surges depends on the phase of the
arc-back appearance and in case the instantaneous action of grid
protection employed, the currents are not capable to exceed the
value beyond the limits of an ordinary short-circuit current for the
transformer.

In our case the maximum value of current was about 10 times
the rated current of the transformer. .

Back-firing, as a rule, results in disconnection of the transmis-
sion, yet it was established by experience that quick reopening of
rectifier grids (within the fraction of a second) following the inter-
ruption, ensures automatic reclosing of transmission for operation.

Ignition faults and excitation extinguishing on separate recti-
fiers cause simullaneous voltage decrease at the invertor terminals
and the intermittent decrease of current in the transmission,
within the time depending on the duration of the disturbance.

The ignition faults of long duration or excitation extinguish-
ing result in the decrease of transmission current to zero value and
cause the appearance of intermittent pulsating currents. The above
involved considerable voltage surges upon the elements of conver-
tor scheme and particularly upon rectifiers until some measures.
had been undertaken to improve damping.

The effects of ignition faults and excitation arc-drop were
considerably worse in case of invertor rectifiers and resulted as a
rule in invertor «upsetting» due to disturbances set to the normal
commutation of currents.

Depending on the tyvpe and origin of disturbance the invertor
upsetting may be single-phase or double-phase.

In the former case it is caused by a short-circuit through
series-connected rectifiers between both arms of the bridge in one
phase. In the latter case—due to short-circuit through the rectifiers.
of different phases and the transformer windings of these two
phases.

Fig. 15 shows the oscillogram of current surges at one-phase
invertor upsetting.

It may be seen from the above oscillogram that the amplitude of
current surges through the line and the rectifiers exceed 3 times the
value of nominal current. The form of oscillations is determined
by the line capacity as well as by the inductivity of line reactors.

At the invertor arc-through involving the three series connected
rectifiers, the disturbance process is carried out in the similar way
as in case of ignit i fault, etc. .
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The special protective equipment enables to prevent the inver-
tor upsetting and to restore it to normal operation after distur-
bances of a short duration.

Fig. 16 shows the oscillogram of the processes occurring during
the one-phase invertor upsetting caused by ignilion fault on one
group of rectifiers with the consequent clearing of fault to restore
the normal commutation of invertor.

- » - P T S
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Fig. 15. Oscillogram of invertor
single-phase  upsetting at ignition
fault of long duration in a
group of rectifiers.
I—invertor terminal voltage; 2—
grid impulses; 3 — phase cur-
rents in  transformer windings;
4 —inverted current (surges are
caused by operating characteris-
tics of instrument C/T); S—cable
line voltage.

Fig. 16. Oscillogram oi the
process during invertor single.
phase upsetting with the con-
sequent fault clearing and re-
storation to normal communi-
cation.
1—grid impulses: 2 —invertor
terminal voltage; 3—currents
in main transformer windings;
4 —inverted current (surges
are caused by operating cha-
racteristics of instrumentC/T);
§ —cable line voltage.

When the protective device fails to restore normal commu-
:jation, the transmission is switched off by means of a grid control

evice.

The arc-flash over the anode insulators or sparking across the
protective gaps in case of invertor series connected rectifiers, are
similar to the effect of the arc-through in the rectifiers connected
inone arm of a bridge, while the arc-through in case of the convertor
rectifiers is similar to the arc-back effect.

The analysis of the cases interfering with the normal perfor-
mance was carried out on the base of exploitation experience with
the assistance of automatic oscillogram registration, as well as by
means of laboratory investigations and the study of artificially
created disturbances in the transmission operation.

— 20 —
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The analysis proved that the main source of the above men-
tioned disturbances are the defects in certain mercury-arc recti-
fiers performance.

At the early stages of transmission operation, i. e. before the
improvement of damping devices the above mentioned rectifier
faults were intensilied by overvoltages due to circuit instability and,
resulted in frequent breakdowns and sparking over disturbances.

EXPLOITATION BRIEFS OF EXPERIMENTAI-INDUSTRIAL
‘ TRANSMISSION SYSTEM
Over 600 million kWh of power were delivered by the expe-
rimental-industrial d-c transmission line during 5 years of its
operation. The maintenance and reconstruction (work have

greatly improved the reliability of the line.

\

N

853 854 1955

1951 952
years .
Fig. 17. Schedule of automatic and forced trans-
mission disconnections during the years of line
operation (1951 —1955). The number of disconnec-
tions in 1951 is taken for 100 per cent.
1 — total number of disconnections; 2 — discon-
nections due to faults on rectifiers and auxiliary
equipment.

In spite of the absence of spare mercury arc-rectifier groups
employed at each station, and the conditions prevailing for fre.
quent interruptions due to heavy artificial disturbances frequently
set for investigations and tests, sufficiently stable performance
of line has been achieved.

The duration of the line continuous operation without inter-
ruption was over 1,000 hours in 1955. .
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Only three faults of short duration occured in 1935; on one
occasion at the test of a new protective device and the other two
faults were caused by improper rectifiers

The fault schedule during 1951—1955 is shown in fig.17.

Most of the disturbances, such as ignition faulls, arc-
back and excitation extinction, interfering with the normal per-
iormance of separate rectifiers last for a short period of time
and are quickly neutralized with the protective devices, either

’ /
6 953
£ &
s . /
§f B
iz
< 1956
! T\
=
g wa
Morths

Fig. 18. Diagramof the number of
rectifier arc-backs in 1953 to 1954.

by means of grid control or by «catching up» device at the inver-
tor. Automatic grid reopening preserves the line operation.

The improvements in the rectifier operating characteristics
ofiered the possibility to extend the temperature timits for cool-
ing oil and not to limit at all the.rate of change of current
after the interruption or during normal operation.

The relative quantity of arc-backs is decreasing steadily as
shown in iig. 18.

An automatic recording of all distrubance processes and inter-
jérences enables to perform systematic analyses of the transmission
operation and develop further improvéments of schemes and
equipment.

_ The exploitation experience proved the reliability of principal
power equipment such as convertor transformers, line reactors and
the station insulation as these were subjected to several thousand
disturbance processes during the experiments carried out on the
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n line. The exception was represented by the insulating
ation of which was insufficient to withstand
Part of insulating transformers

{ransmissio
transformers, the insul
the stresses set up in operation.
was, therefore, replaced later on.
In spite of the difficulties experienced with specific d-c trans-
mission equipment, the operating personnel got familiar with the

operating peculiarities.
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Fig. 19. Efiiciency cocificient of d-c trans-
mission line and its power losses.
jon operation there were on duty
engineers and operatorsin the rectifier room, but since the last 2
veuars engineers were released. and only one operalor is
now employed in the rectifier room. His duties are mainly to
register the observations during experiments and under normal
working conditions.
" “The data regarding cos 3 and losses of the experimental-indus-
trial d-c transmission are shown in fig. 19.

[ the early stages of transiiss
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' HAYYHO-UCCJIENOBATE/LCKAA HHCTUTYT
NOCTOSAHHOI'O TOKA

Hayuno-ncee1oBaTebcKiii HHCTHTYT MOCTORHHOTO TOKa Mp-
. x uucrepcrsa saektpoctanuiii CCCP npoBoauT HaywHO-HCC/1€A0BA~
Te/lbckHe PaGoThl M0 WIHPOKOMY KPYTy BOMPOCOB TeXHHKH nepe-

Jla4n 3HEPril NOCTORHHBLIM TOKOM BLICOKOTO HAMpsXKEHHsa o no
pAily BONPOCOB, CBA3AHHLIX C OGBEAMHEHHEM 3JIEKTPHYECKHX CH-
CTeM M OCYLICCTBJIEHHEM JaJIbHHX Repeaay Tpexdpasnoro TOKa
nanpsikenuem 400 K6 n Bhile,

Huctutyr pacnoaaraer KsBa.IuQHUMPOBAHHBIMH HAYYHHIMH W
IIII)KCIIQPIINMH Kanpa.\m.

chncpu.\xcmanbuax Gasa HHCTHTYTA, pa3MelleHHas B Jlenusn-
rpaae H Mockse, BKalouaer VHUKAIbHbie HCMbITaTeJIbHbIE YCTa-
HOBKH, CPeait HHX:

OIbITHO-NPOMBIULICHNAA 3JCKTpOnepenaya fIOCTOAHHOrO TOK3
Kaunpa — Mockea 200 ke, 30 mceT, 112 Ku;

CTeHJ MOMHOCTbIO 120 Mcoa 23 HCNBITAHHA BHICOKOBOVIBTHBIX
nelmmeﬁ, a TakXe psaj 3KBHBAJEHTHBIX CXeM H CTEHA0B AA8 HC-

CAeN0BaHKIl, HCNHITAHHI M TIOATOTOBKH BenTHJedl;
3/IeKTPOANHAMHYECKAN MOAEIb KPYNMHHX OGBEAHHEHHBIX 3HEp-
rocHCTeM;

BBICOKOBOJIbTHBIE HCMBITATe/bHLE YCTAHOBKH, TM03BOVAIOIIME
. MPOBOAHTL BCECTOPOHHHE HCABITaHWA OGOPYAOBaWHs JAA nepeaay
! NOCTORHHOTO TOKa Ha pabouee Hanpsxenue a0 1200 ke W nepe-
‘ 3 MeIHOro ToKa Ha paGodee HanpsxeHue ao 600 xse;
R OMLITHBIT mpoJieT nepelaun Tpex¢asHoro Toka Ha paGouee
| nanpsixenne 600 «e;
PAA CHEHANbHBIX YCTAHOBOK H Moaedeii.
HMHCTHTYT COBMECTHO € MPOEKTHRIMH OPFaHH3ALHAMH NPOBOAHT
+ ) MPOEKTHPOBAHHe NEPBOil NPOMLIILIEHHOA NepefayH NOCTORHHOrO
! toka Craannrpaackas '9C — Hdonbacc wa 800 xe, 750 me2srT,
550 KM, a TaxKe BeAeT NEPCMEeKTHBHWE Pa3paGoTKH MO BHEApE-
110 nepeaay nocrosnoro Toka B auepreruky Coserckoro Coro3a.

: i ) PaGott HHcTHTYyTa B OGnacTn paspaGorku ainHefiHoi H3ons- .
; | LHH, H3YYeHHA BHYTPEHHHX MepeHanpsKenui, HCCACNOBAHHA KO-
3
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porbl, pa3paboTKil YCTAHOBOK NPOAOTBHOI KOMMEHCAUHH, Hccae-
JOBAHHSA BONPOCOB YCTONUHBOCTH M JIP. WHPOKO HCMOAL3YIOTCS NPH
NPOEKTHPOBAHNK 3/1EKTPONCpenay repeMelHoro TOKa Ha Hamps-
wenne 400 k8 1 BhlUE.

Bo Bcex 3Tnx pa6oTax HHCTHTYT KOONCPHPYETCs C 3aBOAAMH
I OTPACIeBHIMH  HAVUNO-HCC/AE10BATEABCKHMHE  OPraHH3auHaAMH,
paboralouyitM B 057acTit pa3paboTKH M H3TOTOBAEHHS NEKTPO-
TEXHHUYECKOro oﬁnpynonamm, C AK4AAeMHUYCCKHMH lll|CTI|T)’l'£L\|H

H APYTHMH OPraHH3aunsiMH,
* *
*

B uucTiTyTe pa3pabathiBalOTCs cXeMBl 3JACKTponepejnau no-

CTOSIHHOTO TOKA, H3YYalOTCA HX TEeXHHKO-3KOHOMHYECKHe Xapak-
TEPHCTHKH, BCECTOPOHHE HCCIEANIOTCA CTalHMOHApHBE H Nepexo-
Hble PeXHMbl, H3BICKHBAIOTCA Haubolee coseplienHbie npeobpa-
30BaTe1bHB!e CXeMBl. ONpEICAAOTCS NapaMerpul 3JeKTpolepeaan
1 BHOHpaeTcs 1a8 HHX OCHOBHOe oGopyiaoBaHse.
- HMccaeayercs KOMMAGKC BONPOCOB CETOYHONO YNIPaB/ICHHS, Pery-
JAMPOBaHHA M 3aLHTH 3JIeKTpofiepelay NOCTOSAHIOrO TOKAa; paspa-
6aThIBalOTCR M M3rOTOBAAIOTCA  ONBITHble OGpasubl  yCTpoiicTs
CEeTOYHOTO YNpasJeHHs, PErYHPOBAHHA H 3aULHTH, KOTOPLIE nocae
HCCAeA0BaHR B 1a60PaTOpPHH YCTAHABAHBAIOTCA ATS NPOBEPKH
H HaKoOILICHHS ONbITa R ONMBITHYIO 3KCIAYaTaLHIO.

Pa3pa6athiBaiotcst HanGo1ee pauHoHadbHble CNOCOOH KOMIleH-
CalHH PEaKTHBHON MOLULHOCTH.

OnpeaedsioTcst YPOBHH H3OIAUHH OGOPYAOBAHMA M H3bICKH-
BZIOTCA PallHOHAIbHBE CXeMHl 3aLIHTHI 3IEKTPONCpeladn OT BHY-
TPEHHHX TepeHanpsKeHui.

Onpezeasiotca Hau6olee 3PeKTHBHBE CXeMBl N YCTPOiicTBa
218 AeMNHPOBAHKHA Kode6aTe bHbIX NPOLECCOB.

PaspabarniBailorcs BONpocH CRIaXHBaHHA TOKa W Hanpske-
HHA B JIMHHH 3JEKTpofiepedaul H yMeHbLWCHHA COMepPMaHHs Bbic-
IIKX TapMOHHK B MepeMeHHOM TOKe.

Hccaeayerca o6aacTs npHMeHeHys BO3AYIIHOIO MAH Kabein-
HOro  THMNA JIHHMiA, Pa3paGaThiBalOTCS METOAB OrPaHHYCHHA Mnepe-
HanpsixKeHHid Ha JMHHH, ONpeje/ifieTcsl PauUHOHANbHHWI YPOBEHb
H3OVIALLHH JHHHH.

Jlas pewlennn 3THX 3a/1ay B HHCTHTYTe MpPOBOASATCH TEOPETH-
YecKHe H 3IKCTIEDHMEHTAJbHble HCCACNOBAHHA DA3THYHBIX CXeM H
PeXHMOB paGoTes Mepelady TOCTOSHHOTO TOKAa B HOPMasbHBIX
YCIOBHAX H B YCTOBHAX BO3HHKHOBEHHS! MEPEXOAHBIX H aBapHi-
HBIX [1POLECCOB.

B MHCTHTYTe pa3paGaTHiBAalOTCA HHXKEHEPHHE MeTOAL: pacyera
CTAUHOHAPHBIX H OCHOBHLIX MEPeXOAHBIX PEeXHMOB PaboThl 3/ekK-
TponepeAayH, KOTopbie HCHOAb3YIOTCA MPH NPOEKTHPOBAHHH 3IMeK-
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TRonepenay As onpelcieHds yCOBHI KX paboThi H MapameTpoB
060pyn0oBaHia W s BHGOPa HaHBLIFOAHEHLIHX PCKHMOB.

Huctutyr paspaGarniBact MeTOdliKy H3MCPCHHI M CReUHahb-
HYIO H3MEPHTCJIbHYIO annapatypy Ans npeo6pa3oBaTIbHLIX MOA-
craiimi nepeaay noctosnioro Toka. [TpoBoasiTcs HccaeaoBaHKS
10Be/ICHis TPAHCHOPMATOPOB nepeMclioro ToKa NpH paboTe B
UCAAN € HCKAXCHHOW (opMOil KPHBOM TOKAa M MPH MEPEXOANBIX
npoleccax B Mepefavax nocrosHnoro Toka. Mccaeayercs nose-
JICHIC 3ICKTPOH3MEPHTEAbHLX TIPHGOPOB NPH H3MEpPeHHAX B 1eC-
nsiX, COMCPMKAUNIX BHICUIHC rapMOIHYCCKHE.

Paspa6arbiBaiotcs MCTOHKA W annaparypa AJst TOYHOrO onpe-
JCCHHS MCCTa TNOBPEXACHHS H3OASLHH BBLICOKOBOJILTHBIX OAHO-
AHABHLIX KaGedell GOABIION NPOTAKCHHOCTH,

Basueiinieii sKkcriepuMentasibioil 6230/l HHCTHTYTa ABASETCS
ONBITHONIPOMBIIJEHHAS NEPEAayYa NOCTOAUNHOFO
roka Kamnupa—Mocksa. .

[Mepeaaya coctont H3 ABYX Npeo6pa3oBaTe/IbHbIX MOACTAHUMII:
BBIIPSIMHTCABHOIN, 118 KOTOPO 1POH3BOANTCH BLUIPAMJEHHC nepe-
Meiioro Toka, nocrynasotero ot wnn 110 ke Kawnpcekoii anek-
TPOCTAaHUHK, W HuBEPTOpHOI B MoCKBe, HA KOTOPOI NMPOH3BOANTCS
npeoGpa3oBalie [OCTOAHHOrO TOKAa B NCPEMEHHBIT TOK, MOCTY-
natonytii B cets 110 k8 Mocanepro. INoacranumm cassansl Mexay
cofoit ABYXHPOBOANOIT KabebHoit auniteit Lannoi 112 K,

MotusiocTs nepenaun — 30 wesr. .

Hanpsxetne nocrosmsoro toka 200 se.

Ilns npeoGpa3oBaius TOKa NPHMEHEHH MCTALTHYCCKHE OAHO-
anoinue pa3bopunie PTYTHBE BEHTHAH Pa3HBX  MOAHGBHKAUHIL.
OcHoBHbE 37CKTPHYECKHE HapaMeTPl BEHTHJEN: MaKCHMaabHBIIL
Tok 150 a, obpatioe nanpsmxenne 120—130 xe. Ha nepeaauc
MCMBITLIBAIOTCA TAKKC B YCJIOBHAX ONBITHON 3KCMAyaTauuu o6pas-
Wbl MOHUIHIX BCHTHJER, padpaGoTannbix A1s nepedaun Craamu-
rpaa — HouGacc.

Bentitait n senosoratebnoe 060pyaoBaiiie K HIM Pa3MelleHh:
B 3aKpPBITOIl HaCTH MoACTaUWNH B 3aic A8 Bentuaei (¢ur. 1).

Tpaucdopymaroptioe 06OPYIAOBAHHC, CRIANKHBAKOWHE ANICHT-
b€ PCARTOPH, TPaHCcOPMATOPL! TOKA H Hanpsikenna (norTosii-
HOTO U NEePeMEHHOro TOKa), Pa3beAMHHTEIN H BBOAb KaGeabHOi!
AKRHIN HAXOAATCH HA OTKPHTOIl yacTH noactanuun (¢Qur. 2).

Ha nepeaaye nceaeayercs pa6ota npeo6pasoBaTebHbiX NoA-
CTaHUMIt NPH PasHBbIX CXEMAX COeANHEeHNs,

[MoAcTanwii  NPHMENHTEABHO K HCCJEAYeMbIM CXeMaM npe-
obpasoBalinss  obopyayiorcs ycTpoficrBaMi Aas AeMndiupoBanns
KoJieGaiuil 3BYKOBaIX I Pa;HOuacTOT, YCTPONCTBAMH AAR NpHItY-
JMTEIbHOTO BBLIPABHHBAHHA HANPAMXEHHA B NEPEXOANBIN PeXil-
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Dus. 3. Ongmuo-nposswienkai nepedata Kowupa - Mockoa,

: - [lum ynpas.renus.
Quz. 1. Onimuo-npossuennan nepedaa_ Kawupa—Mockea, {um ynp

304 pmymusx sermu.icii.
Max, anuapatypoil LIS 3alMTLl OT BHYTPCHLHN MCPCHANPAKC-
niil, PEAKTOPAMI A8t CIIAKHBANIA NYVIBCAWIN BHTIPAMICHIONO
TeRa N ,'i]).

Mepeaaua ocnauiena yeTPOICTBAMH  CCTOYNOIO  VTIPABICHIA
GBTOMATHUCCKOrO PCFVIHPOBANIR 1 CCTOMHOI 3aNINTLL

MoMuMo  HOPMAJIbHON  IKCTLIVATAUHOHHNOI H3MEPHTEILHOI
anuapaTypul, NEpelaya OcHaICHa TAKKe I CRCIIATLULIMN H3ME-
PHTCIBHBIMH YCTPONCTBAMN, B TOM WHCIE aBTOMATHUCCKIMIE 57CK-
1POBHGPALMONIBIMI OCINLLTOrPadarii, 3anHCHBAIONGINI aBapii-
HBE 1 NPCIABAPHINLIC PEAIMBI, 1CKTPOUHLIMIL OCUILTIOrPadaMit ’
€ MCXGHHUCCKOI Pa3BePTKONl /115 3aMHCH HaNpsRCHUi npy nepe-
XOHBIX TIPOLECCaN, ICKTPONUBIMIL OCWwIorpadasi A1s aBTo-

?,\un’uuccxoii 3aMHCH O;UIOKPATHLIX NPOIECCOB, YCTPOICTBAMI AAR
Hepe1aui na MOTCHINLA 3CMAN H3Mepetntil (opyut ToKa 1 Hanps-
JKCHNUSL HAa BLICOKOM NOTCHUNHAIC H AP.

Ha nepeaauc nMelotest BeOcHbC pabodilc 3a3CMIACHNHA, TIpH
HOMOIL{ KOTOPLIX OCYLIECSTBASCTCA ATsl HCCACORATEIbCKIIN LEACH
aanTeasnas pabota Nepelani B PEKHME C HCHOAL3OBAHNUCM 3eM-
S B KauecTBe ofipaTHoro npoBoia.

[posoasiTcst TAKkKe ONLITHL npu paboTe nepeaui Ha Hanps-

Quz. 2. Onsimuo-npossmacknas nepedu: Kamupa—Mocxsa. wemn 200 K@ no BO3AVINNOIT AHHHH, AJA Uero BpeMEUHO HC-

Omkpumas 4acms nodcmar yuu. NO/b3YETCS JHHHA NCPEMCHHOTO TOKA 110 xe6.
B cooux paBorax HHCTHTYT UINPOKO MPHMCHAET METOA MO]C-
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INPOBaHIA, Pa3pabaTHIBAN MOACH NPHMCHNTEALRO K THIY HCCJC-
aveMbix  npoueccoB. MHOTOKPAaTHO NOATBCPKACHHAA  XOpouiast
CXOANMOCTb XapaKTepa Pa3HOO6pPA3HLIX NCPCXOAHBIX IIPOUCCCOB Hil
MOAEMH ¢ .AHAJMOTHUHBIMI TIPOUCCCAMH, 3A(DHKCHPOBANHBIMKH N4
nepenave Kawnpa—Mocksa, OTKPHIBACT BO3MOXKHOCTb PeIUCHHS
pAaa BONpOcOB no NpoekTHpyeMoil nepelave  CradnHrpaackas
'3C — Nou6acc na OcHOBaHHH NCCACAOBAHIT Ha COOTBETCTRYI0-
WX MOAGARAX.

‘Moaeab ARaa HCCAcAOBAHHA CTAUMOHAPHHX
N HepexoAHHX PeXiMoB ofopyiosana npcobpasoBaTein-
HHMI CTOHAAMI HA THPATPOHAX, [IABHBLIMH TpPauchopmatopamu,
CrIAKHBAIOIHMI  YCTPONCTBAMN, AUCIHKAMI  HCKYCCTBCHHBIX it~
Hitll, KOHJGHCATOPHSIMI 6aTapesiMil, CHUXPOHILIMIL KOMIICHCATO-
pasi M PasaHUNBIMH 3JeKTpitdeckiMi Maunmasit, Hyieoueeen
06OpVAOBAaHIE M VHHBCPCAABHOCTh €rO BHIHOJIHCHHS (03BOISIOT
COOGHPATh PAXTHYHLIC CXCMbL JJACKTPOICPCAAU NOCTORIHHOTO TOKA
W npocTeiilue CXeMbl IHEPreTHYOCKHX CHCTEM NCPEMCHNOIo TOKA.

[Tpu nccaea0Bany MEPEXOAHBIN POIKIMOB HPIMCHSIOTCS Clie-
UHAIbHbIE aABTOMATHYECKIHE }'kap(liiCTBﬂ, HO3BOJIKIONHE CO3aBATH
3a1aHHBIC HApYLICHNS PEXIMa I NPON3BOIUTEL Ha oclwatorpadax
Zafichb BO3HHKAIOWUIX NPH 3TOM NPOIECCOB.

Ipeo6pa3oBaTteabHbie CTEHAN CHAGKCHBI OCHOBHBIMIL Peryvii-
PYIOUUIMH H 3aHTHBIMH  VCTPOIiCTBAMH, BO3ICHCTBYVIOWMMI 1A
CeTKH BeHTH.Iell. ITo MO3BOASeT BECTH H3VuCHHC MCPCXOANBIX
PeKHMOB C YYETOM BJHSHHS AaBTOMATHYCCKHX YCTPOIICTB, ycTa-
HaBIHBAEMBIX Ha peajbHbIX 3JeKTpoliepelayax NoCTORHHOrO
TOKA. )

Moaeab aas HecaeiloBanunsa KodcebaTedbHbX
npoueccoB H BHYTPEHHHX 1llepcHAnNpsxeHuii
B nepejaye NocCTossHHOro Toka (¢ur. 4) coctour u3
HECKOJIbKHX CTEHAOB, HA KOTOPLIX BOCIIPON3BC/CHB npeolpasopa-

. TedbHBIE MOACTAHLUHH M JAHHNA fepeiadn (B KaGeablios i Bo3-
JVIWHOM HCTIOJHEHHH).

BeHTHAN  HMHTHPYIOTCS  BBICOKGBO/BLTHBIMH  THPATpOHAMH.
Annapatel 3alHTHE OT NepeHanpaAcHiil (BCHTHAbHHE pa3psii-
HHKH, 3aLIHTHBIE MPOMEXYTKH) BOCIPON3BOAATCS JaMIOBLIMI CXe-
MaMi.

Ha wmoae1n Bo3MOXHO LIIPOKOE BapbiipoBaiiie cxeM npeo6pa-
30BaTe1bHLIX NOACTAHLHA, COGCTBEHHBIX €MKOCTEH TXeMbl 1 000-
PYAOBAaHHA, MHAYKTHBHOCTEN M APYIHX NapaMeTpop CXeMu npe-
obpasoBakus.

Monesb cHabxena ynpapasiolleil peseiiHO-THPaTPOHHOIT cXe-
MOfi, RPH TIOMOU KOTOPOil BBI3LIBAIOTCH 3aJaHHLIC Nepexoausie
M aBapHiiHble MpolecCH H MPOH3BOAHTCH YMpasJieliHe OCHHJLIO-
rpacdamu.

8

Duz. 4. Cmend (mode.1p) 0.8 ncc.1e008aHus Kodebame 1bRux
NPORCECCOs U BHYMPCHHUX nepeHanpixcenuil 6 nepedave
RNOCIMOAHHOI0 MOKA.

Moaeabs uneperayd nNOCTOANHOrO TOKa A3a
HCCARAOBAHHS YCTPONCTB YNPABICHHSA, PEryJHPOBAHHA M 3aLHTH
NC3BOASICT BOCHPOH3BONTD OCHOBHbIE YCTAHOBIALLINECH It nepexoa-
HbE NpoleCChl, BO3HHKaIOUHe B cxeMax npeoGpasopaTteeil W Ha
JIMHUK fepeaadn NOCTOSIHHOTO TOKa.

Buinpsisuredn u HHBEPTOP MOAETH HMMEWT BCe YCTpoficTsa
CETOYHOro YNpasaeHHs, PeryJHPOBAHHS i CETONHOM 3alMTH, KOTO-
PHIMH OCHALLAIOTCA Peadblible Mepeaaul NOCTOAHHOTO TOKA.

K snm otHocsitest pazpa6Gotatinbie B J1a60paTopHit HCTOUHHKH
NEPBHYHBLIX M VNPARJAONGX HMIYAbCOB, PEry/ATOp NOCTOAKCTBA
TOKa Ha BBINPAMHTENe, KOMNAYHINpYylollee YCTPOIiCTBO AAf MOA-
JIepIKaHis MOCTOSHCTBA yIJla noracauis nuseprtopa, aunddepen-
LHAbHAS 3ALHTA BCHTHALHOTO MOCTa (OT O6paTHBIX 3axiratinii
It ONPOKIALIBAHIIT), NOAXBaTHIBalOUIee YCTPOICTBO M AP.

Mogaess pacculitana Ha BO3MOXHOCThL BK/IOUEHHS B ee CXemy
PEryJHPYIOUUIX N 3ALHTHBIX  YCTPOIlCTB, H3TOTOBJCHHBIX  AIA
peaJibHbIX nepeiay, Ge3 H3MEHEeHHs HX napaMerpoB. dTo Nno3so-
AsieT NPOH3BOANTL HX HCMBITAHHA B YCAOBHAX, GJH3KHX K peads-
HBIM, elle [0 VCTAHOBKM HAa MOACTAHUMAX feperaun.

* *
*
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B HHCTHT)TC NPOBOAATCR WCCACI0BANNMA NO IWHPOKOMY Kpyry
BONPOCOB, CBA3AHHBIX C KOHCTPYKUHCil, TCXHOJOrMHEl H3roTomJ/ie-
HHS M 3KCMAYaTaluell BHCOKOBOJILTHLIX PTYTHBIX BEHTRJAEN.

B cooTBetcTBYIOUUIX 1a60PATOPHAX NPOBOJAATCA:

HCCAE10BAHHA NPHYMH H MEXAnH3Ma ABAeHHI, BBI3LIBAIONLIX
HenQIaaki B paboTe BHICOKOBOLTHONO BENTHAA (o6paTHbIC 3aXit-
raHiA, npoGol, NOracannst ACKYPHOIl AVLH, NPONYCKI 3AKRUIAHIA
HT W)

HCCAENO0BAHHA NO PTYTHO-NAPOBOMY, TCIVIOBOMY H BAKVVMHOMY
PEXRHMY BCHTHARA M CrO OTACJBHHX Y3108 (dur. 5);

Pa3paGOTKK HOBBIX PCLICHHI MO OTACIbHBIM 3ICMCHTAM KOH-
CTPVRUHH BEHTILIf;

HCCAC10BaNiA MO BONPOCAM TEXHOAOFHH FPERIKCILIYATAUHON-
HOIl MOArOTOBKH BeHTILACIT; Pa3paboTKil 10 CHeiHaaAbioMy 060py -
ZOBAHMIO H CXEMAM st MOATOTOBKH M MCHBITANNA BEHTHICH:

pa3paSoTka METOANKH KOHTPOAS 32 XOAOM TeXHOJIOTHYCCKOro
rpouecca NMoOArOTOBKH BEHTILICH K paboTe M 3a BCHTIIAMIL B NPO-
uecce HX 3KCNnayaTtauuit,

HCC1eA0BAHHA M Pa3paGoTKi B HanpasAeHHH YCOBEPUICHCTRO-
BaHHA TeXHOJOTHH PEMOHTA BeHTH.Ie.

fas npoBeaCHHA .YKa3aHHLIX PaGOT HHCTHTYT pachioiaract
cneuradbHbiM 060pVIOBAHHCM M YCTAHOBKaMH.

Jlas M3roToBTeHHA 1 COOPKH 3IKCICPHMEHTAIbHLIX 06pPAsIOn
BeHTH.IE HHCTHTYT pacnoaaraeT A0CTaTOYHO 100  060pyilo-
BaHHBIMH M OCHAIEHHHWMH Haillesauiell annapartypoii TexHoJo-
FHYECKHMH NMOMEIWEHHAMH, B KOTOPLIX NPOH3BOASITCA CBAPKA, OUIt-
CTKa, MOIKAa H OTXKHr AecTaeii, COOPKA OTACTbIBIX Y3A0B M BCCTO
BEHTHAR B UC.10M, ero npopepka H (opymoBKa. CooTBCTCTBYICNULIE
HnoMeLueliHs *060PYA0BAHbl NPHTOUHO-BLITSIKHON BEHTHAALMCH N
VCTAHOBKOM 118 KOHAMUMOHHPOBAHHSA BO31yNa.

Ha popMoOBOUNHOM cCTeH e NPOH3BOAATCA HHIKOROBT-
ras Toxosasi (JOPMOBKA BelTHIEH M CHEUHATIbHbIE HCCIe/10BAHHS
(30H10BHE H2MEPEHHS, BAKYyMHbIC, TEILIOBbE H TOKOBbIE HCIILE-
TaHHA W T. 1.) BeHTWJC(i OOBLINHOrO THNA H PasAUuNLIX ONLITHLIX
KOHCTPYKUHI1. :

DKRUBANEHTHME CXeMbl HCNOAb3YIOTCA sl BLICOKO-
BO-1bTHOfi (OPMOBKH, THNOBLIX HCIBITAHHIT M CHCHHAABHBIX BbHICO-
KOBO/IbTHbIX HCCAEA0BAHHIT BEHTIACH. DTH CXeMBl NO3BOAAIOT CO-
31aBaTb HCMBbITaTeIbHble YCJOBHS MO AHOAHOMY HAMPSIKCHHIO 10
150 xs8 mio6oro 3Haka, no anoaHomy Toky — o 200 a. Cxemm
AONYCKAIOT HE3aBHCHMOE H3MeHelHe B BechbMa NLIPOKHX npefe-
713X He TOJNbKO CPEAHHX MW MaKCHMaJlbHbIX 3HAYCHHII TOKa W Ha-
fpAKEeHHs, HO H 6O/IBLIOTO YHCJIA BECbMA BAXKHBIX C TOUKH 3PCHHS
paGoTul BeHTHAA napaMeTpoB. TakHM 06pas’oM, 3TH CXeMbt N03BO-
JRI0T NPOBOAHTE PaboTy ¢ OAHHOUHBIMH BEHTIVIEM B YCJAOBHAX,

10

)

Quz. 5. Hcnwmanun senmuaeil 8 aab6opamopuu.

KOTOpbIE C 3JEKTPHUECKON TOYKH 3PCHHS NPAKTHYCCKH MAJ0 OTAM-
4AIOTCA OT VCJ0BHil ero paGorl B PeadbiblX MOUHBIX CXeMmax, M,
KpOMe TOrO, €O31aBaTb HCKYCCTBEHHO Da3fiHuHble Creuxanbuble,
B TOM uHcJC i 6oee TAXeAHe, PeXHMB ero paGoThH.

CTeHA FPYNMoOBHYX HCNHTAHKIl NMO3BOJACT MPOBO-
AT MPOBCPKY B CIJIOBOII CcXeMe TPEX /M INECTH BEHTHJEil OLHO-
BpeMeHlo Npi ToKax Ao 150 @ (makcimaasHoe 3Hauenie) 0
AMIINTYE AHOANOTO nanpskenns 10 240 x¢ (dur. 6).
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QDuz. 6. Cmend zpynncesx ucnwmanuii eenmu.acii.
v A

B cocras crenia BXoanT QTKpuITas Noictauums c tpancdop-
MaTopHoii rpynmoit 3 X 12 mcea n3 Tpexo6MOTOuHBIX TpaHCOp-
Maropos 6/35/98 Ke, Peaktops NOCTOMMHOTO TOKa W pacmpeie-
AHTeAbHbE yeTpoiicTsa 35 1 220 K6, CBM3aHHBIC YCPe3 NPONOMIbIC
BTYJIKH C CHCTEMOit WIHH,33a7a BEHTHJIeN.

Pexcuv paboThi BeHTILieR NpH HCUBITAMMAX B 3TON CXeMe
fPAKTHYECKH He OTIHYAETCA OT YCIOBHE WX PaGoTw B peainbHoil
cXeme nepejayil, 4TO MO3BOASAET NPOBOAHTL IKCMJYATaLHOHHYIO
TPOBEPKY HOBHIY 056pasuoB [0 YCTAHOBKH HX B CXeMy Mepedau.

a8 HCCe0BaHHA M MCIIWTaHMiT BEHTHJCH, H3FOTOBJSEMBIX
114 nepelayd nocrosHHoro toka Craauurpaickas '3C — [lou-
Gacc, coopyxeH MOWHBIA HCNHTATEAbHHACTEHA, 10
3BO.TAIOUIHIT HCNKTLBATL BEHTHIH NPH HOMHHAABHLIX NapaMerpax
10 TOKy i HanpsexHio. CTEHA MO3BOASICT TaKKe TPOBOAHTH HC
C1e10BaHHA BEHTH.IEH, WHDPOKO BapbHpys YC/OBHs PaGoOTHl Beli-
THAEH, B 4aCTHOCTH, NpH Neperpyskax M NpH MNOBBILEHHHIX Ha-
TIPSIKEHHAX.

Benrian Moryr mccaenosathea B pexkume TpexdasHoro Ha-
NpAMEHHA C TJIYGOKHM pPery/HpoBaHHEM H MO KPYFOBOA cxeme.

Tpancopmatopuan MowmocTs ctenfa 37X 40 mesa.

* %
*
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B o6nacti TeXuuKi BBLICOKHX NANpAMEHHi HICTHTYTOM pa3-
pabaThBacTCA KOMIIEKC BONPOCOB, CBA3AHHBIX C CO3/laHHEM CBCPX-
AaJblinX  JICKTPONEPE/lay MEPEMEHHOTO W NOCTOAHHOTO TOKA,
13 OCHOBHOM B CAGAYIOLUHX HANPaBJCHHAX:

pa3paGoTka AnHeiiNON H3OASIGI M 3aWHTHON  apMaTypHl,
OIPEACACHHC ONTHMAIBHLIX TaGapHTOB A5 JIHHMIT NEpeMenHoro
ToKa na Hanpsikenuwe 400 k8 M Bbilie M AAs JHHHI TOCTOANHOTD:
ToKa na nanpsixkenns 800—1 200 ks (Mexay noawocasu);

HCCJIC0OBAINC XaPAKTEPHCTHK It THIOBBIC HCNbITallns 06pa3uon.
annapartypel it 06opy.10Balisa A8 PAaclpeACAHTEAHBIX YCTPOACTR
AQJbHHX JICKTPONEPEat NEPeMCHHOTO TOKa H NMPeoSpa3oBaTeih--
HBIX 1IOACTAHUNIT MOCTOAHHOTO TOKA;

HCCACAOBAHKC BHYTPCHINX NEPCHANPSKEHHI B AaJbHHNX nepe-

“; -1a4ax NCPeMCHHOro TOKA. pa3paGoTKa MEPONPHATHA Nno Mx orpa-

HHYEHHIO, Onpeaeelie PAUHOHAILHOrO yPORKs H30AAUHN;

HCCACAOBaNHE ABACHNUIT KOPOHHOrO pa3psiia Wa npoBoaax Ji-
HHIT 3JCKTPONCPC1aU NCPEMCHHOTO M NOCTOAHIOIO TOKA H BHGOP:
ONTHMAALHOI KON(HIYPALHH NPOBOIOB C TOUKH 3PEHAR NMOTEPDb Ha.
KOpOHY;

BOMPOCH MPOTHBOIPO30BOI  3AUHTHI, HMMYABCHHIX XapakTe-
PHCTHK 3a3eMJuTesneil, npoguiakTHUCCKHX HCNWTAHHA AHHEeHOI
H MOACTANUMOHNOI HIOASUMH H Ap.

HHCTHTYT ocnalien cneumaibHBIMH yYCTAHOBKAMH, Pacnofo-
AKEHHHMI B 6OTBUIOM H MAJA0M BHICOKOBOJBTHHIX 337aX. W HCMbi-
TATCABHBIM CTCHAOM, COBMCIICHHBIM C ONBITHBIM YYACTKOM JHHHN,
H30JIALHS KOTOPOIT COOTBETCTBYET NPOMBILLIEHHON JHHHK MepeMeH-
HOTO TOKa MOMHHAJIBLHOTO Hanpsikenus 1o 600 xe.

B 607buioM BHICOKOBOILTHOM 3aC YCTAaHOBJCHB. OCHOBHbIC:
HCMBITATEblIbIE YCTAHOBKH:

FenepaTop HMNyAbCHBIX HANDPAKCHU T — HOMN~
lanbioe Hanpaxenne 4.3 Mau. 6, eMKoctb B yaape 16700 ag..
3anaceHnas 3Heprus 155 KerT-cex, KOI(pdHUHEHT HCNOIL3OBA-
uust 08 nmpi cranaaprioii Boame 1,5/40 mxcex. Bbicokoe Ha-
psKenHe reHepatopa M GoMblIAA eMKOCTb B yiaape MO3BOASIOT
IPOM3BOAMTL 1Ha HCM 6C3 CYWECTBEHHbIX HCKAMEHHTT Mccaeno-
BAaHHA H HCNIHITAHHA aNNapaTOB, H3rOTOBACHHHIX AAA AaJAbHHX.
flepenay HOMHHaAbLHOTO Hanpsikewns Ao 600 k6, obnanawoumx,
KaK NpaBHao, GOJbWIHMI BXOAHNMH emKocTami (dur. 7).

FenepaTop HMNYJAbCHHX TOKOB — 3apaaHoe Ha-
npsixenne 100 u 200 x6, emkocts B ynape 80 MK npm wanps-
wewnn 100 k6 w 2 mxg npn Hanpskennn 200 K6, 3anaceHHas:
sHeprus 400 k67 - cex, aMnanTyna paspsaxoro Toka ae 500 000 a.
lenepatop cMOHTHPOBaI B CIEUNA/ILHOM KOT/OBAHE HIDKE YPOBHI
noaa.
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Oanodasnuii HenbtateabHbit Tpanchopma-
TOp mpoMbwaennon vactorn (50 2y) (¢pur. 8)— no-
MuHanbHoC Hanpsikeude | man. 8, momuocts |1 000 xea. Tpatc-
(ropMaTop BO3GYMAaeTCH OT CMCUHANLHOTO arperata, COCTORILETO
13 0AHOG}A3HOr0 CHHXPOHHOTO reHepaTopa MouuocTbio 600 x6r i
4CHHXpOHHOrO MoTopa MouwocTbio 350 xeT. BosGyxacuue rene-
paTopa — HE3aBHCHMOC OT akKymyaaTopuoft Gatapeu. Hcnwita-
TeAbHHI TpancdopMaTop HMECT cnenHanbibifi OTBOA OT BHICOKO-
BOJILTHON OOMOTKH /51 H3MEPEHHsi BBICOKOTO HaNpAXeHHA.

YcTanoBKanoCTOAHHOroO TOKA — HOMHHAALHOE Na-
npsxenne 1,2 MaH. 8, cpeaHee 3HauenHe JJIHTEJALHO AONMYCTHMOrO
BHINPAMACHHOTO TOKA OK0J10 70 Ma, KPaTKOBPEMEHHO AONYCTHMOC
cpestee 3naucHue Toka (20 10 cek.) 200 ma. YcraHOBKA Buino-
HeHd 110 CXeMe V/BOeHHs HanpskeHis. B kavecTse punpamiTeneii
BPEMEHHO HCTIONL3YIOTCA BLICOKOBOAbLTHBIE KEHOTPOUH, NHTaHHe
HaKa1a KOTOPbLIX OCYULCCTB.IACTCH INPH NOMOLUH CMeHaTbHhiX Ha-
KaqabHBIX Tpatcopmaropos. Tyabcauns HanpsKenus NpH MaKcH-
MaJdbHOIl Harpyske okodo 5—7%. YcranoBka npeaycmaTpusaet
BO3MOMHOCTH 33MCHH YCTAaHOBJICHHBIX B HacTofllee BpeMs BLICU-
KOBOVILTHBIX KCHOTPOHOB Ta3oTpoHaMH, I0C1e 4ero AAMTENbHO
AONVCTIMBLT TOK nosbicnTes o 1 a (dur. 9).

BucokouacToTHas vcTaHoBKa — HOMHHAJIbHOE HA-
npsixenne 1.5 man. 8, uacrora or 30 a0 150 xey.

B 60.1b110M BhICOKOBOIBTHOM 32¢ YCTAHOBIEHH TaKkKe HaMme-
pHTebHBC wape anaserpom 2,5; 1.5 u | M, eMKOCTHBIT Aeju-
TCIb HAnNpsiakeHig ¢ 3JeKTpoaamu, no POI‘DBCKOM)', AIIHMCTPO.\I
3,5 M M BO3AVWHBIT WITHHIPHYCCKHIL KOHICHCATOP AHAMETPOM
3,5 m na pabouce HanpsikeHue nopsika 600 xe npi emKocT
okoao 100 ng. Mserorea VCTaHORKH sl NPOBEAEH!HA BCeCTOPOH-
HHX MEXAHHYCCKHX HCNBITAHN{ JnHellHbX H30JIATOPOB W apMma-
TYPH.

Jas necaeaoBantii METOAHYECKOTO XapaKkTepa, a Takie Aas
HenLITannil annapatos 1 oOopynoBaniA Ha 6o.ce HN3IKHE HOME-
HaJIbHbIC HaNpRXKeHHs oGopyaoBail Madblii BHCOKOBONbT-
MBI 32J, B KOTOPOM YCTaHOBAEHbl HCTBITATEALHHH TpaHcdop-
MATOP NPOMBILWLICHHOI YacTOThl Hanpskenuem 330 K6, YCTaHOBKA
noctostnioro Toka 400 K8 H reHCpPaTop HMOVILCHBIX HANPAXKeHnii
1 000 0.

Has necaeaosaunii ABJICHN KOPOHHOrO paspsia u chneuHadb-
HBIX HCMIHITAHHI M HCCJACAOBAHNIT MOBEACHHR H3OIALUMH 11 BO3AYLI-
HBIX NPOMEKYTKOB MPH CBEPXBBICOKIX HATIPSKENUAX OGOPYAOBAHb!
ONBITHBIl YYaCTOK BO3AVIWHOIN JUHHHH H KAacKajl
@uz. 7. [enepamop umnyabchozo Hanpuacenust 4,3 MaH. 8. ) dcnbTaTEALHBX TpaHucpopMaTOpPOB Ha HWanps-

wenune 2,25 man. ¢ (¢ur. 10). '
Kackax coctodt i3 Tpex TpancQopMatopon HanpsikeHiiem Ho

Tam !

3
=
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Que, Y. Henemame.asnas  yoma
HOBKQ NOCNOHKHOTO MOKG
1,2 man. 8, 70 ma,

@uz. 8. Hcnwmameasnuil

mpancopuamop I xau. 6. '

1000 xsa. 750 k8 n mowmoctbio 750 Kot

KaXiblil, YCTAHOBACHHBIX HA OT-

KppiToM  BO3ayxe. Tpanchopma-

TOpH AOMYCKAIOT COEAHHEHHE B 3B€31V MPH KOTOPOM NOJAyyaeTss

cHcTeMa Tpexha3HOrO HanpsKeHHs ¢ JIHHERHHM HanpsKeHHeM

okoi10 1300 k@ u nocaeaoBaTteasiioe COEAHHEHHe ¢ HaMpPsKEHHEM
2250 X8 OTHOCHTEJNbLHO 3eM.IH.

IMuranne TpaHcOPMATOPOB OCYWECTBISETCS OT CAEUHANBIOTO
arperaTa, COCTOSILLErO H3 CHHXPOHHOrO TeHEpPaTopa MOIIHOCTBIO
3000 xer, paccuHTaHHOrO Ha oAHodasHyl0 W Tpexda3zHyio Ha-
rpy3Ky, H CHHXPOHHOTO ABHraTeas MowHocTsio 1800 xsr.

OnurtHpfi yuacTok AunuM obiuedt Anmioii nopsaka 1 km co-
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Quz. 10. Kackad ucnxmameabHeX MpURCGHopsaniopes
Ha Hanpaxcenue 2,25 MAK. 6.

CTONT M3 TPeX NPOJICTOB € 4ETHIPbMs ONopasit (TpeMst aHKePHBIMH
W OAHOI NPOMEKNTOUHOITY, PACCHUTANLIMIL HA NOABLCKY paciue-

‘pIeHHBIX Ha 2, 3 i 4 vacTe OpoBOIOB NPH PA3IHUYHLIX CEUCHHAX

coctagasounx. M30as1ia JAHHIND PACCYUNTaNa HA HaNpRKEHHe A0
1000 xa.

Mamepene noTeph Ha  KOPOHY OCVULSCTBAACTCA HEnocpel-
CTBEHHO Ha fOTeHlutade npoBoaa. MavepinrenbHbie 3AeMEHTHI CXC-
Mbl pacilCloMens B Tpex CreunaabHbix Kabinax (na scex Tpex
asax), H3OAHPOBAHHBIX OT 3CMAI HA HaNpAKEHHE 600 xa. B ka-
GiHe BO BLeMs H3MCPCHIIl HANOLHTCA YeOBEK, TPON3BOAALLKIL
HACTPOITKY CXEMBI H3MEPEHHA M OTCUeT noKasauuii Npu6opos.

Tlan iccaenoBanis BHYTPEHNUX nepenanpakenni
B NaJbHNX Nepelauax NepeMenioro TOKa B HHCTHTYTE Cu3laHa
CcrelHanabias MoICAb, 1a KOTOPOil MOXKET ObiTb BOCMPOH3BEREHA
s:1ekTponepeaada aanuoii 1o 2 000 k.u. Moaeas ocnawena yCTpoOii-
CTBaMil, BOCNPONH3BOMAAIUIMI HACTOTHbIC XAPAKTEPHCTHKH 3eMJIS.
YcTaHoBKa OGOpY70BaHa 31EMENHTaMI KOPOHHOro “paspsada, uTto
N03BQIACT NPOBOANThL HCCAGAOBAHNA BHYTPEHHHX nepenanpske-
HWil ¢ YUeTOM BAHAHHA KOPOHbl Kak B NMEPEXOAHOM, TaKk W B CTa-
unonapHoM pexuyax. XapaKTepHCTHKI BhlKJloateneft u paspsi
HHKOB BOCIPOM3BOASTCA HA MO/EJM CrEUHATBHBMI JaMNOBbLIMH

CXEMAMH. .
* x

*

21214 17

Sanitized Copy Approved for Release 2010/04/30 : CIA-RDP80T00246A039800220001-6



Sanitized Copy Approved for Release 2010/04/30 : CIA-RDP80T00246A039800220001-6

B 061acTi  CXEMHO-PEXHMHLIX BONPOCOB AAJBHIX 3IACKTPO-
nepeaay GOIBbLION MOIHOCTH 41 CJOKHBIX OGbEANHEHHBIX IHEPro-
CHCTCM HHCTHTYTOM Pa3paGaThBAIOTCH CJCAYIOUNE BOMPOCH:

CTaTHYECKAA M ANHAMHYCCKAR VCTO{IMNBOCTL OO LCUIHCHILIX
IHCPrOCHCTEM i pa3paboTKa MCPONUPHATHII N0 e¢ HOBHLIICHNIO;

€aMOBO36YHICHHE W CAMOPACKAYHBAHHE CHHNPOHEBIX MatmHu
it pa3paboTKa MeponpuATHii NO NPCIOTBPAUICHHIO ITHX ABJCHHII;

BAHSAHIC PAa3aHUBBIX CROCOGOR KOMRCHCAILM 3ACKTpoOnCpeaau
H MEMCHCTCMHBIX CBA3CH Ha X NPONYCKHYIO CNOCOGHOCTD;

HCCACA0BAKNE COBMECTHOI PaboThl CHCTEM NOCTOSIHNOIO 1 Nepe-
MCHHOTO TOKA VCTORMHBOCTH 3HSProclcTeM, OOLCAHHCHHBIX nepe-
2A4aMH TIOCTORINOTO TOKa, W Ap.

IDKCNEPHMEHTAABHAS YaCTh HCCICAOBAHHIT TPOBOANTCA HA Pas-
;|a601*am_wﬂ H COOPVXKEHHON B HHCTHTVTE 3 J1CKTPOAHHAMI-
YeCKOIl Moae.aH, cocTosulell H3 Mani — ruaporeiepaTopos,
Typ6orenepatopos, arperatos Harpyskn u p. 2 TaKkxe Tpanc-
$OpMaTOpOE, JIHHHI, PCAKTOPOB M APYTHN VCTPOIiCTB, KOTOpbic
KAK B HODMAIBLHOM. TaK M B NCPCXOIHOM POKHMAX ABASIOTCS
3.EKTPOMEXAHHUECKHM MOJ0GHeM Maulin H VCTPOCTE Peabhofl
ciictems (pur. 11 n 12),

Haaituite cMERHBIX POTOPOB MO3BOISIET H3MCHTL NAPaMCTPbI
riapo- n Tvpéoreneparopos moledn. [lyienm Komuexcalm akvis-
HOTO  CONPOTHB.ICHIA OOMOTKH BO30OVAICHHA  MOKNO B J10CTa-
TOYHO WHPOKHX Mpelesax H3MeHATh NOTTOSHHVIO BPCMEHI KOH-
TVpa BO36VAKICHHA Matliiibi.

1. 3aekmpe Junanunecwas smoless, 3aa udpurenepamopuos,
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Quz. 12. Jaekmpodunanuseckas -sode.ts. 3a.t mypbozenepamopos.

Potopul relepaTopos HMEIOT CMEHHYI0 aeMnpepuyio CHCTEMY.

Cxeda CTaTopHoil OGMOTKH TCHEPATOPOR  TI03BOIRET  HMCTH
GOILILON NaNA30H HOMHNAABNBIX HATIPSIKENII.

Hainuie CHCMHBIX HCKOB Ha arperare  1act BO3MOXHOCTH
HOIVUITh HCOOXOAMMYIO HICPIIOHHYIO NOCTOSMHYIO arperara.

"cucpatopnt ocHalEHBl BCTOMOTATCAbHBIMH MAUIMHAME 115
3MEpCHHA  YEAZ MCKIY POTOPaMit Napalieibio paGoTaowmwux
Ml | 3JICKTPONHO-HOHHBIMI PETY.IATOPaMH BO3OYMIcHHs cle-
JHAJILHOMO  H3FOTOBACHIS, PearHpyYIOUHMi KaKk Ha OTKJIOHEHHE
peryalpyeMoll BeAHUNNBL TAK 4 HA €e NepBhic 18e NpOH3BOAHbIC.

TIpoMbilAcHNAs  HATPY3KA  3HEProCiCTeMb  MoOIenlipyeres
acuuxpounpiMi Asirareasyy. Tpebyemas MOMCHTHO-CKOPOCTHAS
XAPAKTCPUCTHKA NArPY3KN  OCYIIECTBASCTCH 30 CHeT COOTBET~
CTBYIONICTO BLIGOPA CX@Mbl BO3GYKIACHHA  MAINIGL TIOCTOAHHOTO
TOKA. ATperaThl HATPY3KI OCHAILCHB! HHEPWHOHILIMI UCKAMIL A5
{3MCHEH ST HICPIIONHOI NOCTOAHNOM W YCTPOICTBAMIL A5 H3Me-
PeHist CKOJIBMKCHHS  aCHHXPOHHBIN ABHraTeICct B CTAlHONAPHOM
11 [IEPEXO/IHONM PexItMaN.

JlAst HMETAlnt 1eYHOfl 1 OCBETHTE/bHOM HATPY3OK CHCTEMbY
HPCAYCMOTPENDB! AAMIOBBIC PCOCTATH 1 HArPY3OUHbIC CONpOTIA-
RIUIREN .

Mosesan TpancdopmatopoB HMEOT HHIPOKHIT ANANA30H HIMC-
wemist Koapguuienta TpancdopMaui 1 6.1H3KH N0 CBOHM Tnapa-
MeTpaM B OTHOCHTCbHBIN CAIHHUAN K TapamMeTpam peaibHbiX
TpaHcopMaToOPoB CHCTEM.

Jlas HccaeAoRanst 3acKTponepeiay ¢ NPOAOILHOIL KoMTIeH A~
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@uz. 15. Yemannswa npodoasnoii Nosnencatuu 110 xe.

wHeil CMOHTHPOBAHB MOAEAH ITHX yYCTAHOBOK C MOAGIAMH 3alUHT-
HBIX ychOﬁCTB &l 3JE@MEHTOB aBTOMATHKH AAf BOCMPOH3BOACTBA
¢OpCHPOBKH KOMMESHCALHH.

DneKTPOAHHAMHYECKAR MOje1b 060pY10BaHA MOJEIAMH KOH-
UCBHIX YCTPORCTB M ANHHAMH 3JEKTPONEpeAayi NOCTOAHHOrO TOKA
(¢ur. 14). TpeoGpa3oBaTe bHBIC CXEMbI OCHALICHH ycTpoitcTeami
CETOYHOro ynpamemm. aBTOMATHYECKOro le‘y.’lllpOBallllﬂ i ce-
Tounofi 3autuToil. KabeabHble W BO3AyWHBIE AHHIH NOCTOAHHOrO
TOKa M BO3AYLIHBIE JHHHH Tpex)a3HOro TOKa B Pa3THUHBIX Mac-
wTabax  MOLEAWPYIOTCH CXeMaMit 3amellenus. B KOMMJCKT Kax-
nOit MoAeAH TpexasHofl JHHHH BXOANT sueiika A4 MOAeAHPOBa-
BN cHYJAEBOTO MPOBOAA», C BOCMPOH3BEACHHEM 3aBHCHMOCTH CO-

’;ﬁ) MIPOTHBCHHS €3eMIIt> OT YaCTOTHI.

- Conocrasienne Pe3yabTaToB KOHTPOJIbHBIX ONKTOB, NpoBe-
JICHHWX B PeaJbHOil SHEPreTHHecKoil CHCTeMe, C pe3yabraraMu
3KCMEPHMEHTANBHEIX HCCJICAOBAHHI HA 3JIEKTPOAHHAMHYECKOR MO-
e NOKa3ano AOCTATOMHO XOPOWIYIO HX CXOAMMOCTb U J0GpoT-
HOCTb MOJEJH. . . .

H SxcnepHMenTa/ibibie HCCAA0BAHHA B HacTH MPOAOJILHOI KOM-
* MeHCalltH NPOBOAATCA KAK Ha ONHCAHHOI 371eKTPOXHHAMHYECKOI
MO/, TAK ¥ B PEANbHON IHEPrOCHCTEME C HCTIOVIb3OBAHHEM
ONbITHON M ONBITHO-MPOMBILLIEHHBIX YCTAHOBOR NPOAOAbHOR KOM-
NeHCaLHH.
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Quz. 16. Onumuan ycmanosxa npodoaswoii Koxnencaguu 220 xa.

OnHTHAaA YyCTAaHOBKA NPOAOIbHOMN KOMMNEHCa-
witn (¢ur. 15) coopymena Ha noactauwny 110 k¢ u Bpesana u
JHHHIO 3JeKTponepenaun 110 ke aanHoil 157 xam B6AM3N TOUKH
NPHMBHKAHHA ee K CHCTeMme. OnbiTHO- NMPOMBUWIJJMEHHDB €
YCTAHOBKH NPOROABHON KOoMNeHncauuu 220 k8 co-
OPYXKEHH Ha MNOACTAHUHH, NPHMBIKAIOUIE K CHCTEME, H BK.IIOYCH b
B napaaJeibHble JauHun 220 k8 (dur. 16).

Ha ycranoBkax nponoabhoii xomnencawny 110 u 220 xe npo-
BOIATCSH HCCJICNOBaHHA BHYTPEHHHX MepeHanpsKeHHT B Kos:nen-
CHDOBAHHO/l JIHHHH, HCNHTaHHe AEACTBHA PeJEAHBIX 3aWMT |
YCT1POACTB 3alUHTH KOHAEHCAaTOPOB OT IePEHANpPSKEHHH, "TuRO-
ARTCHA ONMBITH, CBA3AaHHbIE C OLCHKOA AHHAMHYECKOIl YCTONYHBOCTH
annapartypel, NOABEpriueicss BO3NGACTBHIO pPaspPAAHLIX TOKOB
MOBLILIEHHOR YaCTOTHI.

Hapsany ¢ 3THM yCTaHOBKH HCNIONB3YIOTCA IS HCOWTAaHHS
ONBITHHX O6pPa3loB KOHAEHC2TOPOB, Pa3paGaThiBAaeMbX 3MEKTPO-
NPOMBILVIEHHOCTbIO /ISl YCTAHOBOK MPOAOVILHON KOMMNEHCALMH,

» -
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BBEREHHE

Passutie sncprernkn CCOP 1 1e06X0aHMOCTL HCNOAB3OBAHA
H/IPOPECYpCoB, yAAICHHLIX OT LEHTPOB NOTPEGICHHR, BLABHIaOT
3a1auy nepepaynt GoAbUIHY, KOAHYCCTS 3ICKTPOIHEPIHH Ha AaIbHHE
paccTosus.

Tpumenenne aas nepeaun »IeKTPOINCPriN Na AaTbHHE pac-
TOAHHA NOCTOSHHOIO TOK# BLICOKOTO HANPSMKCHHA OTKPHIBACT HO-
HBIC BO3MOMKHOCTH W HMEET PA.l HPCHMYULECTS {10 CPABHENHIO C lle-
pellaveit nepemeniioro Toka.

TMpu nepesaue »1eKTPOSNEPTHU NOCTOSUIBIM TOKOM OTHAACT
Npub.1eMa 3JIEKTPHYCCKOI YCTOMUHBOCTH, 4TO YCTPaNseT orpaHiyc-
1A KAK N0 AQJbHOCTIE 2ICKTPONEPEAAUR, TAK 1 110 BETHYHHE nepe-
JKIBACMOIT MOULHOCTH.

Tpu ocyisecTnacninn cosan MEKAY 31€procHCTEeMamMn nocpe-
CTBOM MNEpeaaul NOCTOANHOIO TOKA JONYCTHMA HX HCCHHXPOHHAH
paGota No OTHOWICHWIO JAPVT K APYTY, YTO NOBLILIAET HAEARHOCTH
PaGOThl OOBCAHHCHIBIX CHETCM.

DACKTPONEPEIAYH  NOCTOSHHOIO TOKA  BO3MOMKHO BBINOANATH
KK BO3AYVUIBIMH, TAK H KaOCIbHBIMH.

Ipn pasuoii nponycKHOii cHOCOGHOCTH BOZAVIIHBIC JUHHN 110+
CTOSHHOTO TOKA BBICOKOIo HANPRAEHNA 3HAYNTEILHO IKOHOMHUNEC
BO3AVUIHBIX AHHHIT NEPEMCHHOTO TOKA.

Konctpykuus ka6eacit na noCcTOSHNOE HANPAKEHIE MIOFO MPO-
U B Jeluesde, u4eM Ha nepeMeninoe HanpsikenHe, YTo OTKpbiBaer
BO3MOKHOCTH NOCTPOIIKN KAGEILHBIX JHHILT OCTORHUOMO TOKA Ha
BCCbMA BLICOKHE HAMPAMXCHHA.

Tepeaaua 3uCPrith NOCTOSHILLIM TOKOM HMEET PRA IKCILAyaTa-

'IlllOHHblx NPEHMYIIECTB, CBA3AHUBIX ¢ GOIbILNMH BO3MOMXKHOCTAMM
GBICTPOAEIICTBYIOICIO CCTORHOTO YTIPABICHHS BEHTHASMH npeob-
pasoBaTeAbHbIX noactanunii. Bosaeiictsya ua cetkn  BenTnaei,
MOXKHO peryjaHpoBaTbh BEIHUHHY NEPEILABACMOIT MOIMOCTH H Me-
HATH €e HanpasieHHe, OCYIMECTBHTL CBEPXGLICTPOICHCTBYIOWLYIO
3AUWHTY M ABTOMATHYCCKOE NOBTOPHOE BK/IOYEHNE, uTO €noco6-
CTBVET MOBbILIEHHIO HAICKIOCTH NEpeaaun.

Bo3MOXKHOCTL  HCMIOAB3OBAUMA 3eMA B KadecTse o6paTHOro
1IIPOBOAA NO3BOJSACT IIPH MOBDCKACHHH OHONO H3 MPOBOAOB JANHIH
HC NPEeRpalllaTh Nepeaauy 3HCPrui, & AL CHINDKATL nepeaasae-
MYIO MOUHOCTb.
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MeXCHCTCMBAs CBH3b HA NOCTGHHHOM TOKS NHe VBCAHuHBACT
TOKOB KOPOTKOIO 3aMBIKAHHA M, CACAOBATEIBHO, He HPCABLSBASICT
IONOIHHTEILHBIN, B PAIC CIYYACH BOChMA CAOKHBIX TPeGOBAHMIi
K annapatype. KOTOpsle BOMUKAOT NPH  0GLCAMNCNMN  Inepro-
CHCTEM.

Yeaokuenne it y10poRaHHE KOHICHHX 1PEOGPAIORATCABILIX
MOICTAHUNIT NOCTORHHOTO TOKA ACAAOT IKOHOMHUCCKH BHLITOAUBLIM
TTPHMEHCHIE MCPEIAYR IUEPIHI NOCTOFHIULIM TOKOM IFABHLIM 06-
Pa30M Ha 60abllke PACCTOSHUS, KOTAA IKOHOMUS B 3ATPATAX HEHO-
CPEeICTBEHHO HA JHHHIO IPeBATHPYET HA VAOPOKANNCM KOHICBHIX
npeo6pasosateabHbiX noxctanwnit. Flpi weodxoumocTi HPOKIta 1
KH THHUR Yepe3 60ablite BOANBIC NPOCTPAHCTBA MPUMEHCHHE Ka-
6eIbHOIl Nepelayn MOCTORHHBIM TOKOM  HEICCO0OPA3NO 1t 1pu
MEHBUWHX  PACCTORHUAN  BC.ICIACTBHE  BO3IMOMNOCTH  NpHMEHCHIs
B 3THX CIVHaAX KaGeabHulX nniii. Boasmomunocts cwsizi mecnin
XPOHHO PAGOTAOUIMN SHEPrOCHCTEM TAKHKC ACTACT 1e1CCO0GP-
HBIM  NPHMEHEHIE CPABHHTCILHO KOPOTKHX .THHHIT HOCTOSIMHONO
TOKa.

OrcyTeTite B HACTORWLER BPEMS BBIKTIOUATCIA OCTOSHIOIO TO-
Ka He MO3BOIAET BHMOJHATHL JTHHIK HOCTORNNOLO TOKA C APOMe-
AYTOUHBIM OTGOPOM MOULHOCTH.

3a pyGekoM B HACTORUIEE BPOMS HMCCTCH THIb O.ila 3CKTPpO-
ficpelaya noctosuuoro Toka s Hlsewm (¢ matepuka na o, lor-
TaH1) MowlHOCTbIO 20 THIC. BT, NEPEAIONLAs SHCPIMIO NPH Mt
npaxenny 100 K8 na paccrosune 100 xu.

B cass ¢ HavaBWHMCA MPAKTHYCCKMM  OCVINCCTBICHICM
8 Coserckom Coioze 31eKTpomepeaas GOJbUINX MOUMOCTOR 114
Gobule pacCTOSHHA W OGBEINHCHHEM 3HEProcHTTeM Esponeii-
ckoit wacti Coioza CCP B nactosimiee BpCMsi NPOBOIATCH Npu-
CKTHbie Pa3pabOTKH OTICIbHBIX Nepelay GOAbILOI MOUUIOCTH Ha
601bluie PACCTOSHHS [OCTORHHBIM TOKOM BLICOKOTO HATIPSKCHI .

Hupexrusavn XX cpesia KICC no mecromy NATILICTHEMY
N1aHy pa3sBHTHA Hapoaworo xossiictea CCCP ua 1956—1960 rr.
MIPEAVCMOTPEHO COOpPVKEHHE Tepelayn NoCTOSHHOTO TOKA s CBSI-
31 Craannrpaackoil T3C ¢ sreprocictenoii JlonGacea 1 10710ii
CHCTeMoil.

Coopyenne nepelaun Craaunrpaa — HMonGacc — nepsoii 5
MHpe nepelauit MOCTORHHOIO TOKa GO.1bIION MOIHOCTH — OTKpoeT
pea’ibHbie MepCneKTHBY HCMO1b30BANHA OTPOMHBIX THAPOPECYPCon
Cubupit 1 ux BRUOYCHIA B OGIULYI0 S1CKTPHYCCKYIO cHCTeMy.

Ilas npoBelenns nccaea0BanHii, KOTOpble CBA3ANM C nposep-
KOil Pa3THYHBIX cxeM mpeoGpa3zoBanius, ¢ NPOBEPKOIT paGoThl pTyT-
HBIX BHIMPAMHTEJell W APYroro OGOPYAOBalHs B HOPMAJbHBIX H
ABAPHIHBIX PEAHMAX, 3 TaKKe A HAKOMJICHASA 3KCNJyaTalHON-
HOTO onulTa 1 MOAroTOBKH nepconana s 1950 r. Gbtia BKJOYeHa
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B pabLTY ONBITHO-NPOMBIACHHAR nepegada nocrosuioro Toka Ka-
npa — Mocksa.

Mepenava Buinoanena na mouwocts 30. Thic. K6T npH HOMH-
ltaibliom nanpskeiun 200 Ke; paccrosiise mex/ly npeoGpasosa-
TCALHBLIMA ToACTanunaMu 112 xu.

NMepenaua Kamnpa — Mocksa sisasetcss ocHOBHOI IKCNepH-
MenTadblioii 6asoii Hayuno-nccaenonareasckoro HHCTHTYTa nocro-
ANHOTO TOKa.

ta nepenava HCNOIL3YETC M B NPOMBILACHHLIX UEASX, AB-
I9Ch 0N0AHNTEAbHOIT cBA3blo Kawupckoit TPIC ¢ BbICOKOBOABT-
HOii_3/1CKTPHYCCKOil cetbio Mocsuepro.

IMo onviTHo-npossimaeioii nepeaaue Kammpa—Mocksa 6ui.10
lepeiano 600 ML KBTY 3.1eKTPOIHEPrHH. :

@ CXEMbI JJTEKTPONEPENAYH

Di1ekTponepeaaua cocronT K3 ABYX NpeoGpasoBATEIbHBIX MO
cTakumii: BupsiMiTeboil 1 Kaupe u niseprophoii B Mockse.
CBASAHILIX MEXAY COGOIl 1BYXNPOBOHOI KabeabHoil auukeil npo-
TaKentocToio 112 A,

Ha BuinpaMuTebHoil No1cTanWH NPOH3BOTHTC BHINPAMACHHE
HCPEMEHIIOro  TOKa, noctyitaomero ¢ umu 110 ke Kawnpcekoit
3TICKTPOCTAHLUHH, B NOCTORKNLIT TOK Hanpaxcniem 200 K6, KoTo-
poiit nepeaaeTcs no KaGe.1bHO THHHIE HA HIBCPTOPHYIO NMOACTAH-
umio 8 Mockse. Ha unpeproproii noacranuin npoussoantcs npe-
0BpasoBatie NOCTORMIOTO TOKA B NEpeMeHHbIi TOK, KOTOpil yepes
HHHBL TIOACTaRIMH ntocTynaet B ceTb 110 ko Mocanepro.

TMpiwnnaabias cxema 3.3eKTPONCpe1aus, npy KOTOPoil npo-
BOJULTHCH OCHOBHBIE liccaeloBania B 1951—1935 rr., npuseaena
na ur. 1. .

ITpeoGpasosaTean BunoAHeHbl No TPexdas3noil MOCTOBOI cxeMe.

Kaxaas noacTaHums cocTOHT i3 OAHHAKOBBLIX OCHOBHEIX 3.e-
MCHTOB: ITaBHBIX H BCNOMOTATEAbHBIX TPAHCHOPMATOPOB, PTYTHHIN
BCHTHACH M JHHCITHBIX PEaKTOpOoB. .

’ @ Caasuutii Tpancdopmarop npeacrasaser coboii rpynny oaHo-
{

hasubix TPexoGMOTOUHBIX TPAHCGHOPMATOPOB OOLIEil MOLLHOCTBIO
36 ThIC. K8a W C HOMMHAILHBIM HAMPSKEHHEM ABYX OCHOBHHIX 06-
MoToK: cetesoii 110 k8 u cxemuoii 170 «s.

B Kaxzao0e nje4o MOCTOBOii CXCMbl BKIIOYCHH! MOCI€10BaTEeAb-
HO TPH BEHTHSA, YTO HMCCT LEAbI0 H30EKATL HApYlIeHHs PaboTul
npeoGpazopareas B Cayuac o6paTHOro 3a)<Hrauus (Ha BBIIpAMM-
TeAe) HAH npsmoro npoGos (Ha HHBEPTOPE) OAHOrO BEHTHAR.

Has pasuoMepHOFO pacnpeieseHist HANpsKeHHs MeXay mo-
C1e0BATE/IbHO COENMHEHHBIMH BEHTHAAMH MApPaJACIbHO IENOYKE
BEHTHAEH BK/IOYCHBE CMKOCTHO-OMHHECKHE ACAHTETH HANPSKEHHA.
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@ur. 1. Cxema saekTponepens

J —medinae; 2 — raasuui Tpanchopyatop; 3 — annefunfi PeaRTOp: 4 — BRKAKNATEdL
3BYKOBUN wacTOTH; 7 — peakrop, ACMBGUPYIOUHE  HRCOROHICTOTHRE KOACK2 U I v
10 — BeMTHABMMI PAAPUAMNRE J1 — WYNTHPYEAL nit 1pe

HEL

O
“

2 Lg

B cxeme npeobpazosanns oGecneunsacres nolaBacHe  Koe-
6aHHil 3BYKOBOIl 4acToThl B HANPSAKEHHH, BOCCTAHABANBAIONLIEM -
€A Ha BEHTIIE MOC.IE ero NOracaMus, a Takme KoaeGaintii 3BYKO-
BOH 4aCTOThI, BO3HHKAIOLLNX MEKY NOTIOCANH TIPH HEKOTOPHIX
nepexoaHbIX npoueccax. .

UEIbI0 AeMII(HPOBANNS BLICOKOYACTOTIHX KOACGaNHI} npu
3aKHT2HHI BEHTHAH H VCTPAHEHHA PATHONOMEN MOCACAOBATEAbIN
€ Kam1o0il UenoyKoil BeHTHIel] BKIIOYEHB CO CTOPOHBI anoiaa n co
CTOPOHB! KaT01a BBLICOKOYACTOTHBIE PEAKTOPHI C MAJOi} HHAYKTIEB-
HOCTbBIO.

Ha npeoGpasosateasnoii nocranums s kamasit nodoc munm‘ Q

BRTIOYEHB! JIHHEIIHbIe PeaKTOPLI AA5 CraaKuBanus yJIbCalMii Bbl-
MIPAMICHHOIO TOKZ H OTPANHUYEHHS TOKOB 1IPH NCPEXOAHBIX If aBa-
PHITHBIX nNpoueccax, cBA3aHHbIX ¢ Pa3psi0M eMKocTH Kabeapbloii
BECUTN

3awnTa ot BHYTpeHHHX nepeHanpsKeHuii ocyulecTpasercs peli-
THIbHHMH Pa3PAIHHKAMH, BKIIOYEHHBIMH NAPaAAeablio 06MOTKAM
PeaKTopoB u TPaHcHOPMaATOPOB, H 3ALUHTHBIMH NPOMEKYTKAMH.

Braioyenne snektponepenaun B cets nepeMentoro Toka H or-
KTIOHEHHE OT Hee OCYUIeCTBASIOTCH Ha KaXKAOi NOACTAHLHH npu
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A% 00oXaBaEHMR  KoJeGauuR
A TpanedopMatop nocTowHuro Manpsmelnun
AUFYN

HOMOUIH BhiKTiouaTe el 110 k6. Cusitie narpyssn u HanpaKeHus
C -THIBIL TIOCTOSNIONO TOKA, a TaKkKe PErv.AipoBaHHe nepeaasae-
MOi MOULIHOCTH IIPOH3BOIATCS BO3ICHCTBIEM HA CETOYHOE ynpas-
JICHHE BCHTHIEI.

Bosmosxkna padora aaextponepeiaun o CHMMETPHUHOII cXxeme
IpH HAupsRCHHH  MexkAY nomocami 200 ke # no OTHOILEHHI
K 3emie 100 &g, 10 cxeMe ¢ 3a3eMIeHHEM OAHOMO H3 NOIIOCOB It
10 CXeMe, NpH KOTOPOil O6pPATHBIM ' NPOBOAOM SABJIAETCH 3eMJIA.
B ABYX NocaeaHNX CIyYamX HATPSAKCHNE HE3A3EMACHHOTO {10.110Ca
liepeaaylt no oTHOMWICHINO K 3em1e cocraBaser 200 xa.

Jlast 3KCICPHMENTAIBHBIX HeAeil NPeAYCMOTPEHA BO3MOMHOCTS
paGoTbl nepeaun He no KaGeAsbloii, a M0 BOZAVIMHOM A, npo-
Noflell B TOM JKe HanNpaBAcHiit, A48 Yero Ha npeoGpasoBaTeas-
HYIO TIOACTANUNIO 3ABCACHLL OTNANKH OT BOJAYIUHOMN JIMIHK Tpex-
taanoro toka 110 xe.

Ha ajckTponepenaue npoBOANTCS HCCAEROBANME PABTHYHBIX
€XeM mpeoGpa3oBaiis M, B YACTHOCTI, paGoTH npeo6pa3oBarTeb-
HOil MOACTAHIUIN B PCKHMC KACKAANOrO COCAHIEHNA ABYX MOCTOB
C OZHHM BEHTIJIEM B IL1€YC, KOTOPAs Npeacrabiena Ha ¢ur, 2.
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Hnbepmopran nadcmaryus (Macna)

JxRmuc kg

i

Qmvickba

@ur. 2. Bapuant cXesMw ¢ ABYMA MOCTaMH

I — senTHAL: 2— raaenuf TPancopuatop: 3 — AuHehibfA PEARTOP; 4 — HWKAIONATeIn: 3

K0BOR YacTOTH; 7 — peaxTop. ACUNGUPYIOIMHA  BHCONOUACTOTHHE KOASGAUNR 0pH 32KK
TeabHN Tpancdopmarop noctomuHorn HAUPHACHIR, [0 — BeHTHILENA  Pa3pa.y

Hanpsamenue kaaoro mocra 100 xe. Hanpssenne nsoanpo-
BAHHOrO NOTI0Ca OTHOCHTETBHO 3eman 200 xa. :

Mexay noealocami Kamioro mocTa BKAouCHbI UIYHTHDYIONHE
BEHTH.1H, KOTOpble NpH HEKOTOPBIX 11EN0JaAKax B pabote MocTa
OTIHPAIOTCH H WIYHTHPYIOT €ro, 4TO NPHBOANT K 00.Jeryeniio pa-
GOTH OCHOBHLIX BEHTHAEH i K 6ovlee 6BICTPOIT 1 YeTKOIl AHKBHAA-
UHH HapyWeHHil pexuma. -

B cxeme oGecneunsaercs npunymiteabioe BbIpaBHHBAHHE ha-
NPAMEHHA MEKAY BEHTHIAMH, HEOGXOAHMOCTb KOTOPOrO BO3HHKACT
B HEKOTODbIX MEPexXOAHbIX pekHMax paboThl nepeiayn.

TToMHMO OnHCaHHBIX OCHOBHBIX cxeM, Ha nepeaaye nccaeayior-
Cfl H Apyrie CXeMbl MpecGpa3oBaHHA, HANPHMCP MAPALIENLHO-NIO-
C1€10BaTeABHOE COBAHHEHHE BEHTHJIEIl B NicYe MOCTA, NOCAEA0BA-
TeIbHOE COEAMHEHHE ABYX M YeTHIPEX BEHTHIEH W ap.

KABEJIbHASl IHHHA

JIuHHA BRINOJHEHA OAHOXHBLHLIM KaGedem MOCTOARHOrO TOKA
200 x8. Kabeab umeer ATIOMHHHEBYI0 TOKOBEAYULYI0 KMy ceye-
HueM 150 mu?, GyMaKHYI0O H30AALHIO TOALIHNOG 11—12 um ¢ pas-
KO MpONuTKOii, CBHHLOBYIO 060104KY 1 CTaAbHyl0 6ponto. Em-
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. JXZmockba

HA HHREPTOPHON NoACTaKILIN,

ACATCAL  HANPAKCHHR: 6 — devndHPYIOILIA. Uenoska 219 703aBICHIA KoaeSannft 3ny
FaMI BenTHACl: 8 — navepnreannnn Tpauchopuarop nocroRHKOrO TOKA: 9 — navepn

HUKD 1 — miynTHpYowmni HPOMERYTOR; 12 = KaG2ab NUCTORNNOLO TORS 20 xe.

KOCTb Kaleas Mem1y ®mioil u 3emieil cocrasiser 0.25 smxgp na
| ka1 akTusnoe conporisacie 0,18 o4t na I &u. Taaenne na-
NpAXenita B AuHi npu Toke 130 a cocrasaser 0K010-3%.

Ha anmmn npoaoxken kaGeas HETHIPEN THNOB ¢ He6GOIbWIHAMI
KOHCTDYKTHBHBIMH OTAMunaAMH. Ha ¢ur. 3 nokazan nonepeynbiiy
Pa3spes KaGean NpoM3BOACTBa 3aBola «<MockaGebs.

KaGenn o6onx noatocos aminn NpouKelbt B oOueil 3eMAAHOI
TPanuee na rayGuue 1,2 u (B Haceenubix nywkrax 1.5 M). Pac-
CTodiie MeXAy KaGeasmn B csety 250 am. B Toii xe TpaHwee
Hal ciioBbIM KaGedem na rayGuue 0.9 u yaoxen KOPAEAbHbIIY
Kabedb cBA3M ¢ 6yMaxuoii u3oasumeii.

B mecrax nepexoza ka6easnoii TPAacChl Yepe3 pekn Npodaoken
NoABOANLIT KAaGeIb B OCHOBHOM TOIl e KOHCTPYKIMH, HO ¢ yToa-
lennoii CBHHLOBOI 060104KOM 1 CR.IOWHOI Gponeii u3 Kpyranx
NPOBOJIOK.

Mo nnuue Tpaccw umciores asa nepexiiovateabhelx, (pasae-
AHTEJIbLUBIN) MYHKTA, NO3BOASIOUNX NP NMOMOULE CHEMHBIX HAKAZ-
AOK OCYLLECTBIATL NepeKpetuBaniie Ka6es i oTKIoNeHite M1060-
PO yyacTka KaGenn B cyuae, eCaAM HA 3TOM Y4acTke npousoiiger
noBpexietie.
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(bITalHil 1t H3MCPCHHIL  1pH Hi-
@ur. 3. Monepeunoe cevenne cepnii-  BEPTOPHOIl MOICTANUMI CMOHTH-
noro 220 we KaGeas noctosmuoro  POBAHBL CTAUHOHADHAS KCHOTPOH-
ToKa 1X150 wa 3380xa .Mocka- pag ycrauoska na 500 K6 u

Ha sunpamureantoii  noa- ! - - . p i T3
craHuin W na 6amkaiimeM K wh- ‘.«,‘:";% 17
BCPTOPHOI NMOACTAHUNH PA3JICIH- . T4A - \ /Q
TEJABHOM NYHKTC BBINOANCHB BW- : Y ',7",;' ’ A/‘,
HOCHBIC 323€MJCHHH, PACCUHTAl- i s /L?"""f | § - /\ 7
Hble 1a NpoTeKanie pabouero To- . Pty ‘g, 4K l ~ T
Ka At TTpn nomotut 3THX 3a- . . P !“x..' [ (s '_,, . ﬁ?»_i:?’i';‘__
3eMJACHHI  OCYHILCCTBAACTCH  pe- i "/ :‘f b b “I;‘-ﬂ""‘
B KHUM  paGoTHl  NEpeladit  yepes i A g} o !‘f
3CMAI0, HIPH KOTOPOM 1A VUYACTKE ) “ H i T ) ‘\'gl.'; _
i (IPOTSKEHNOCTBIO 67 Ku (0T Bu- i Mg, Iy 1 “ .
UPAMNHTEABHOIL  HOJACTAHUHI A0 I i %
PA3ACTUTCILHOTO II)'IlKTﬂ) B Ki- g )‘u'.
yecTBe OOPATHOrO  1POBOIA  MC- i i:i .;li.
[0Ib3YCTCH 3CMIS. . ‘ iﬁ .g c
s npodHIAKTHYCCKHX  HC- )
Hld

, Geab. 20 M, YCTAHOBKA [L18 NPOKHIa-
_ roKopeay ) . s veT: 0
2~ naoamunn Toamimon 113 wu, mpo. IS 112 5 K@ M 1 @ 11 HMNYIbCHAR

nHTAHHER MACIOKANHGOTHEBNM  KCM- 2 N - ' Th-
nayu1oN: 3 — sKpan w3 weraninguponan.  YCTAMOBKA LT NOAAUI HMAY.Th

ol Gywaru: 4—cenwiosan oGuiowsa:  COB MPH ONPCICICHHN MECTa 10-

. 5 — XJOPBHNRIORAR TeRTA: 6 — Npopean- . . ..
: Hewnan TNSHesam qenTa: 7— Gpomm n3  BPEACIEHNs KaGeas. Mpodu.tax
. . €TaTbHOR nponotgu: & 70N RAGLAL TiUECKNE HCMUITANIS kabest npo-
) ' H3BOIATCH  BLINPAMICHHBLIM  Ha-
npsaxeniem 350 K8 orpuilaTeIbHONl NOIAPHOCTH B TCYCHHY

10 MuH.
NPEOBPA3OBATEJIBHBIE NOACTAHUHH -

Iaasubie TpanchopMaTopsl, JAHHENNbIE PCAKTOPBI, H3IMCPHTLIb-
libie TPaHC(OPMATOPLI TOKA H HANpsiAKeHHst (NOCTOSHIOIO 1i nepe-
MEHHOIO TOK3), Pa3beaHHHTEH M BBOAbI KaOCIbHOIT JHHIN pas- .
MellleHH Ha OTKPBITOi Yacti noicTanunn. O6uMil B OTRPLITOI (’ -
noicTaHuiK NoKasan Ha ¢ur. 4. a
Taasusie TpaHchopMaTOphl — OaHOpaA3NbLIE  TPEXOGMOTOYHbIC.
| Moutocts Ga3pt 12 Thic. k8a. Homunaablioe Hanpsikenne AByX
OCHOBHBLIX 06MOTOK: certeBoil — 110 k8 u cxemnoit — 170 s.
) Tperbst o6motka 6—10 k6 Madomowmas H npeilaspayena AJs
' pe3epBHPOBaHHA MHTAHHA cobeTBenHbIX Hy#Ul. Peryanposanie na-
MpsiKeHHst OCYUIeCTBAAETCA CTyneHsMH B npeiedax -+4 X 2,59,
nyTeM nepekiodeHHs oTBeTBJenHii (Ge3 Harpy3kH) ua cropotie
cereBoil o6MoTKH 110 k8. KoucTpyKuns 06MOTOK jlonyckaer co-

eaMHeHHe ceTeBOil OOMOTKH B 3B23ily HAM B TPEYTOJbHHK NPH CO- Pur. 5. OTKpUTIN waCTh WHBEPTOPHOR nOACTAHILINL BUA na dady raansoro
Tpancopmaropa {cacna). !‘hlL‘[!L‘;’lII TpanchopmaTop Toka,
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OOGwnit BnA 3213 PTYTHHX BeHTILICH.

XPaHEHHH 3alaHHOro Koxpduumuenta Tpancdopmaunn. Oxaaxic-
HHE MaCIsHOE C eCTeCTBEHHON UHPKYJALHE i NPHHYAHTEIbHbIM
06aysom. Bec oauoil dasmw 84,5 1. )

Jluneiinbie PeaKTOPH NP HOMHHAIBHOM TOKe nepeaaun 150 a

HMEIOT HHAYKTHBHOCTb MOpAiKa 5 cH. Peamopu pacCcyHTalbt Ha -

nocTosiHHoe Hanpsixkeniie 200 k8 Mo oTHOWeEHHIO K 3eMae. Brueur-
HHil BHA peakTopa nokasan Ha ¢ur. 5.

B 3akpuitoii yactH noictanumn paswemen 3aa PTYTHBIX BeH-
Tuaeit (¢ur. 6), B KOTOPOM, NOMHMO BeHTHAEH, HAXOAATCH yCTpOIit-
CTBA CETOYHOTO VNPaBIEHHA H BCMOMOraTedbHble TpancopMa-
Topht (ur. 7), WHT ynpasienns, pacnpeaycTpoiicTeo 4419 nuTauus
COGCTBEHHBIX HYMd, YCTAaHOBKA A4S OXJamAEHHS Macaa, macrep-
CKHE A1 peMOHTa BEHTH.IRil, YCTAHOBKH A.18 HCNBITAHHA BeHTHJEH
flocre peMoHT2, .1a60paTopHit H Ap.

PTYTHLIE BEHTHJIH

Ias npeoGpasosanus Toka npumeHenw METa/iIHYECKHEe OHO-
anoaHule pryThHe sentnan. Ha snextponepeaave menoabayiorces

BEHTHAH PAaIHUHLIX MOHGHKauuii. OcHOBIIbE 31CKTPHYECKHE Na-

PaMeTphl BeHTHJIeii: MaKcHMasIbHBIT TOK 150 a, o6pathoe uanps-
menne 120—130 xe (makcumaabhbix), nagenue HanpsKenus
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®ur. 7. BenTnab 1t scnoMorateabnue ycrtpoficrsa,
1 — PEHTHAR: 2 — whKad NNTIAHUR; 3 — KOHAEHCATOP AEANTEAR HANPRKCHHR; 4 — AXTHBHOE
CONPOTHBAEHHE ACANTEN HAUPHKEHNR: S— PEAKTOP AR ACMNGUPOBANHN BNCOKOUICTOTHNX
xoaebaunfl; 6 — nuansiayaasnuit moanpywnl rpanchpopuarop.

B ayre okoo 35 6, K. n. A. 0.996. B oTHOwWEHHI KOHCTPYKTHBHOTO
HCTOAHEHHS BEHTHAH Pa3/inuubl, CXxeMaTHueCKHii paspe3 0aHOro H3
penTHaciH npusenacn ua ¢ur. 8, a dororpadma ero — ua ¢ur. 9
cnpasa.
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! @ur. Y. Mownui sentHIb  (caesa) aam  aaan-
: HNX NEpeAay NOCTORKHHOTO TOKA BLICOKOrO Hanps.
2 2 weuns,

Katoanoe narno cosnaercs uietesbis
3aKHraTeaeM ¥ B AaabHeiilleM noaep-
KHBAETC TPEMS aHOAaMM BO3GYKIAEHHS.

OtkauHasi CHCTCMa COCTOMT M3 ABYX
HacoCoB: NOCTOSANHO ACHCTBYIOUIErO PTYT-
HOro Hacoca, CO31al0UIero BaKyyM BHYTPH
BeHTHAA 40 1075 mm pr. cT., M- nepuoau-
YECKH BKJIIOYZEMOro Hacoca [MpefBapH-
TeIbHOro paspexeunn. Beutwin u no-
CTOSIHHO JIeRCTBYIOUHI PTYTHHII Hacoc NPHHYAHTENBHO OXAaX-
AAIOTCH UHDKYAHPYIOWMM TPaHCHOPMATOPHEIM MACAOM npH Tem-
nepatype 14—18°C.

@ur. 8. Cxemartnueckmii
4epTeX PIVTHOTO
BeHTHIA,

1 —2anoa; 2 — xavoa; 3 —cer-
KH: 4 —awoaw aexypuof

12

Prytuste senrman H30/1HpoBalibl OT 3emiH Ha 200 xe. Hsonn-
witst pasGura wa ase cryneny. Ha nepsoii crynenn, H30/1HPOBAHHON
oT 3eman Ha 100 ke, ycranosicna obutas Aas BceX seiTuaed naar-
(opma npoMekyTOUNOrO NOTEHUNAAA, KOTOpas NpH paboTe nepe-
Aaun mo cxemce Qur. 1 coeiMiicHa IJCKTPHYCCKH C HeilTpasbio
CXEMHLIX 0OMOTOK TpancopmaTopHoii rpynnsl, a npu paGore no
cxeMme QHr. 2 —co cpeaneii TOYKo npeoGpa3oBaTEAbHOR} CXeMbl.
Ha naardopme nposexyrounoro norenunaia yeranosaens pTyT-
HBIC BCHTIVIH, KAAKALIT Ha HHAHBHAYAALHOIN niardopme, H3OMHPO-
Bamnoii or ThOPMBI MPOMEXYTOUHOrO HOTenunaia na 100 ka.

Ilas obecneucitst HOPMaJIBHOTO pexHMa pa6othl pTyTHOrO BEH-
THASE OB 0GOPYA0BAIL PAAOM BCNOMOTaTCABHLIX YCTPOIICTB, ofecne-
WHBRIOUIMN 3aAKITAIHE, BO36YXKIeHHE, CETOUHOE CMEIIeHHE, MOA0-
rpes uoAp. [Turanine coBCTBEINBIX HYKA BENTHAN OCYLIECTBAAETCS
ucpes wKady BO3GYHACHHS, DPACNOAOKEHHBIT [Epea BEHTHJAeM Ha
loteHiaae Karo1a. B wkady Bo36yKaeHins cMOHTHPOBAaHM KOM-
MYTAIHOHHAS ANIAPATYPA, KONTPOIbHO-HIMEPHTEblibie NpHEOpPHI,
HIVIHKATOPBE 1 CHIHAAbIIBIE YCTpoiicTBa. YnpaBaenne co6CTBeHHbI-
MHLHYALAMIE TIPOH3BOAHTSH € MAOUIAAKH yNpasiieHis (Ha noveu-
1HAC 3CMIH) 1IPH HOMOUUS ONCPATHBHBIX IITANT, H3THPOBAHHBIX
na 200 ka.

Hanpsisenne 380 8 1as nutauns co6CTBEHHBIX HYXA M HM-
1YJIbCHOC HANPSUAKCHHE AR UeACi VIPasJIeHHs BEHTHIAMH no-
jatotest B IMKad Bo30YKACHHA uepes H30AUPYIOWHe TpaHchop-
Martopbl

K

bl PTYTHBI BCHTILTL HMEET HHANBHAYAIbNbIT H30AHPYIO-
uwii tpaucdopmatop mownoctbio 10 k6¢ ¢ nzoasuneit 100 ks,
VCTAUOBICHHBIT HA 11aT(OpPME NPOMEKYTOYHOrO NOTeHuNHa a ps-
A0M C BCNTHICM I HMOOWMIT YeTslpe rpynnbl 06MOTOK, MATHHTHO
HC CBA3AHHBIX APYT C APYFOM, AJA NHTaHHR COGCTBEHHBIN HYXKA H
ARl CETOUHOTO YIPABICHHS.

Hanpsokenne Aas MUTaHNs COGCTBEHHBIX HYXK: BEHTHAH noa-
BOAMTCA K HIAHUBHAYAALHBIM H30aHpPYlOULIM TpaHcdopmaTopam
yepes pasieanTedshslii wkad (veranoraen a naatdopme npo-
MCIKYTOUHOIO II0TCHUHAAa) OT OIAHOTO FPYNMOBOro H30JHPYIOINEro
Tpancgopvaropa momHocTeio 200 x6a, ¢ usoasauueii na 100 xs,
PaciloA0KEHIOro HA MOTEHUNAE 3eMH.

Has pesoura BenTHARH W MOCACAYIOUMX X HCMBITAWH{ NpH
HHUBEPTOPHOIi MOACTaKUHN OGOPYAOBAHB! CEUHAAbHLIE PEMONTHBIE
MAaCTCPCKHE H HCMBLITATEAbHbIE YCTAHOBKH: CTCHA A5t TOKOBOIi (hop-
MOBKH, 3KBHBaIcHTHAA cxema (¢ur. 10), Mouutbtii BHICOKOBOLT-
HbliT CTeHA.

C 1955 r. na nepeaaue HCMbITHIBAKOTCH B YCAOBHAX ONBITHOM
IKCMAyaTaun oGpasibl MOIIHBIX BenTHAel, pa3paboTaHHbX ANs
NPOCKTHPYEMBIX JAAJbUHX MEpeAay NocToanHoro Toka (¢ur. 9)
BBICOKOrO HanpseHHs.
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Qur. 10. IKBUBATCHTHAR CXeMA AR HeNWTaHuA,

; CETOMHOE YNPABJEHHE, PETYIHPOBAHHE
’ H 3AWLHTA

Ilas ocyuiectsleHns npeoGpasoBaHHs TOKA BENTH.IH, VCTaloB-
JIeHHble Ha BHINPAMHTEIBHON H HHBEPTOPHOII MOACTAHUMSN, A00K-
Hbl BCTYNaTh B paboTy (3aXKHraTbCf) B onpeaeaeHuoii nocaeaona-
TeabHocTH. Kaaeii BEeHTHAb 3aXHraeTcss pa3 B NCpHOA B TOT
MOMEHT, KOr1a Ha ero CeTKY MOAAEeTCsi HMMY.bC MOJOKHTEILHOTO
Hanpsxkenus. M3venenne §a3HOro NOIOKEHHA CETOMHBIX HMMY.b-
€OB NpPHBOIHT K COOTBETCTBYIOUIEMY H3MCHCHHIO HANPAKEHHS
MOCTOSIHHOTO TOKA Ha LIHHAX Mpeo6pa30BaTEAbHON NOACTAHIUNH,
a c1e10BaTeIbHO, i TOKa 3aekTponepeaauu. [pekpaucnne noaaun
CETOUHBIX MMNYAbCOB HAa BCE BEHTHAH BHNPAMHTETBHOIT MoacTai-
WHH BbI3bIBAET GLICTPOE CHHMKEHHE TOKa A0 HY.s, HTO PABHOCHIBHO
OTKAIOUEHHIO 3aeKTponiepedadyn. DTH BO3MOKHOCTH CETOMHOrO
yNpaBieHHA WHPOKO HCMOAb3YIOTCS IS aBTOMATHYCCKOTO pery-
“1HpoBaHuA i GBICTpOAeNCTBYIOUIEi 3aLUHTH.

Ot ycrpoiicTBa CETOYHOrO YMPaBAGHHA MMNYJIbCHI AOCTATOMHO
60160/ MOULHOCTH MepeaaloTcs uepes H30AHPYIOWHe Tpancdop-
MaTopel K cetkaMm BenTHJel. Ha Kaamil BeHTHIb noctynaer um-
nyasc ¢ amnautyaoit 350 6. Cxema nepeaaud MMNy.J1bCOB CETOY-
HOTO ynpasjeHHs npusedeHa Ha ¢ur. 1.

ABTOMaTHYECKO® PeryJHpOBaHHe 3IEKTPONepeladyn OCyllecT-
BAAETCA PEryasTOpOM TOKa M KOMNAyHIHPYIOWHM yCTPORCTBOM,
KOTOpble yCTalOB/ICHb COOTRETCTBEHHO HA BHWMPAMHTEILHON H HH-
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sepTopHoil noacranuuax. Peryastop Toka noanepusaer sananioe
3JHANENHE TOKa B JHUHK 3JIeKTPonepesauH npH KoneGauuax nanps-
KCHHA NMEpeMEHHOro TOKa Ha MPHeMHOIl i mepeaaroutéii noacrau-
unsix. Komnaynaupytowee ycrpoiicteo noasepxusaer sapanHoe
3HayeHHe yraa noracanus BeHTHJeil M 3THM obecneynBaer ycToii-
wHBYI0 paGoTy HIBEPTOPA NPH MHHHMANBLHOM MOTPEGAEHHH peak-
THBHOIT MoutocT M3 npuemuoii cetu. [Tpu yrac noracanus, pas-
nou 15 4. rpaa., uuseptop notpebaser 0,5 Kk6a peakTHBHOI MOLL-
HOCTH HA Kax/Iblii KMA0BATT BbI1aBAEMOil B CEThb aKTHBHON Moll-
HOCTH.

CoswecTioe neficTBie perysTopa ToKa H KOMNayHAHpYIOUEro
VCTPOIiCTBA 3HAYHTEILHO OGJEryaeT NpPoTeKalHe NepexoaHkX npo-
11€CCOB NMPH KPATKOBPEMCHHBIX HAPYLICHHAX PabOTH BEHTHAEH HH-
BEPTOPHOIT MoACTanuMK (NPONYCKH 3aXKNranis W npo6oM) u cno-
coGCTBYET GhICTPOMY BOCCTRHOBJAGHHIO HOPMAABHONG PEXHMA.

K OCHOBHBIM CETOMHBIM 33UIMTHBLIM YCTPONICTBAM OTHOCATCS:
3aUHTa OT 0GPATHOTO 3a)Hrauis Ha BHNPAMHTEAe, AHDEpeHLH-
AbIAA 3ALMTA HHBCPTOPA I 3aUIHTA OT KOPOTKHX 3aMBIKanHit

6a
@ur. 11. CxeMa nepesayn HMIYILCOB CETOYHOTO yuapasacuus.
@ — Ba3operyaaTop: Hf — HCTONMIK MEPBIMKHX HMAYALCOB: ¥ — YCRAUTEAN NEPOHSHMA
Hunyascon: /1 — nutanne ycuanreas; [T — npomemyToutnn uloaupyowuit Tpancdop-
Matop; HHT — unausuayaasusfl nioanpyownh Tpancdopmatop; CL ~— cetounan uens,;
1—6 — rpynnu senvuacfl.
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B JTHHHH 110CTOAHHOTO ToKa. Bee 31 3auThl AeiicTByIOT Ha ycTpoii-
CTBO CETOYHOrOo yNpasieHus BHINPAMHTENbHON MOACTAHUKH; OHH
1IPEKPAULAIOT T104a4y CCTOUHBIX MMMYAbCOB H 3ITHM 3anHparT Bbi-
npaMuteanb. flocie oTkAouenns sackTponepeaayn OT KaKoii-AH60
3aintel yepes 0,06—0,5 cex. BRINPAMHTEb aBTOMATHYECKH OTMH-
pacTcs, T. €. MNPOHCXOAHT aBTOMATHHECKOE MMOBTOPHOE BKJIOYEHHE
3acKTponiepeaayn. Kpose creunduyecknx CeTouHbiX 3auiHT, HMe-
10TCSl OGBIMHbBIE 3alUTHBIC YCTPOHCTBA, ACICTBYMLIME Ha OTKIO-
qeHHe BbIKII04aTed el Ha CTOPOHE [E€PeMEHHOro TOKa.

Oco6biM aBTOMATHYCCKHM YCTPOACTBOM, ACHCTBYIOWHM Ha Ce-
TOUHOC ynpanJciuitle HHBEPTOpa, ABIACTCA TaK Ha3blBaemoe 1noa-*
xpaTbisatonlee yerpoiictso. Ono onpeaeaser, B Kakoii rpynne Ben-
THJAECH HPOH3O0UICLT [MPONYyCK 3aXKHraHHsa, # Cpa3y xe oTmnHpaer
JIPYTYIO FPYNNyY BEHTHJel, NPeAOTBPAlIAR ITHM ONPOKHALIBAHHE
HHBEPTOPA. CKederiiasg cxeMa CeTouHOro yNpasJCHHA, peryJaupo-
BAHHH | CETOYNOI! 3alUNTRI NpHBedeHa Ha Qur. 12.

Tlposestennbic HCCACI0BAHNA HA ONBLITHO-NPOMBIILICHHOI nepe-
Aaue Kamupa — Mocksa noaTBepaAnH NPAKTHYCCKYIO BO3MOMN-
HOCTbL TIepelaull 3HEPrHH MOCTOANHBIM TOKOM M MO3BOJIHAN BbI-
6paTh MAPAMCTPBl M CXCMBI A5 NPOCKTHPOBANHA MPOMBILLICHHOI
NCPEAYH IHEPrHi NOCTOAUHBIM TOKOM BBICOKOrO HANpSKEHHA Ha
Ho.abiie paccroauns.

10—
PT — pery-

TIIH — namepurean-

POTKOTO 32

Top;
depenunaaLnas 3sunta nupepTOpa,

CETOYHOTO YNPaBICHHA;

soanpyount

OBANHA W ceTounoft JautnIm,
NGCTORIHOIO ToKa;

HUnbeponpwan  Aodcmoryus

CY — ycrpoficTno

HAJMALKA H OCHOBHbBIE BHAbI HAPYWEHHRA
HOPMAJIbHOA PABOTbHl NEPEAAYH

Tepex nyckom nepelaust pTYTHble BEHTHTH 1POULTH ROArOTOB-
KY [VTEM BbICOKOBOABTHOIT (OPMOBKII HA CTEHAe MPH MOACTAHUMN
s Mockse. Bnauade nepelaya 6bi1a BKIIOYENA HA MOHIKEHHOC
nanpsaxeune 100 xa 1 nepsoe ppema paGoTana ouelb HeyCTOIYHBO
AAMKCE NPH NMOHHMKCHHOM HANPSAMEHHH. Henpepummﬂ ee paﬁom
HCHHCASAIACh HECKOABKIMIL yacami. BKaloueHue nepeaaun 8 paGo-
TY 4acCTO COMPOBOXKAA10Ch MOBTOPHBIMI OTKAIOYCHHAMH.

Ha6aro1aa1ch YacTeie moracauiist AeXypHOI AVCH, MPOMyCKH
3a)KUraHus, NepeKpbITHS AHOAHLIX H30JAATOPOB BEHTHIEN, a TaKKe
H30JALIH ARIIAPATYPHl M Ueneii BTOPHYHOI KOMMYTAUIN BCROMO-
rateabiibix WKagoB, HMEIOUIX NoTeHuHa b sentiaeit. [Tpn paGore
fiepeaaylt NOABASICH CHAbHbIE PAAHONOMENH,

Moce npoBeieHis HEXOTOPHIX MCPONPHATIT i, B YACTHOCTH.
yJIyuLIenHs COCTOSHIS H3OAAINN Lerneil BCNOMOraTeabHuX wKadon
H HX 3aUlMTHl Nepeaaua, npopaGoTas HEKOTOPOe BpeMs Ha Hanps-
skennn 100 k6, 6bl1a nepeseiena B cepednne 1951 r. na nanpske-
nie 200 xe.

C nepexoaom Ha noJauoe paGouee Hanpsisenie 200 ke nossA1-
csi PSAA JAONOAHHTEIBHBEX SIBACHHI, Ma0 WM MOYTH HE3aMeTHLIX
npu pa6ore na nanpsixkennn 100 xe.
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Tossiance obpathrie 3axurannn na BLINPAMHTEE, NPO6OKs
BEHTHAENl B NPAMOM HanpaBiIeHHn Ha HRBepTOpe, Goabluite nepe-
HANPRKEHHS, BHIILBAIOULIE NEPEKPHTHA 3AUMTHBIN IPOMENKYTKOB,
H30IATOPOB BeHTHeRk 1 Apyroro oGopyoBaHus YCHAKJIHCH pa-
aAHonomexu.

Ocunanorpaduueckas 3anics nepexoamsix npoueccos npu Ha-
PYUIRHHAX HODMAIBHOTO PeXMMAa W NPH BKTIONCHHAX Nepeiaun,

@ur. 13. Ocunaorpamua praloYesns 3JERTponepeIadl HA NepelapaKenny K
Ka6eabHYIo JanKmio, l
U — nanpsxenne ma 3amnwax NPeo6PaIOBATEIN (MeMIY oI N % U, — nanpamenne
BHOI—KATOR HA rpynne BenTHACNR B 0xnOM naCYe.

(pm\'cupoaasmau TOKH i HANpsXeHns 8 PA3.1HUYHBIX TOYKAN CXCMbI
MOICTaHUHH, I’lOﬂ3BO.’lll.'la BbIfIBHTE HaaHyHe KoaebatebHbix npo-
L1€CCOB 3BVKOBOIT 4acTOTHI.

St Koae6aHHA H HanNpsikenus NpH yKasanubix peAnMax cos-
Aasaau 60.IbliIHe NEPEHANDPAKEHNHA HA OTAe1bHbIX 3JEeMEHTaxX ne-
Peaaun, B TOM yHCIe H Ha BEHTH.1fX. 3a¢m\'cuponnno nepewanps-

AHeHHe Ha Tpex nocaeaoBare.1bHO BETIOYEHHDBIN BEHTILIAN B -

400 xs, a Mexay noalocamn sbime 500 «xs.

Ha ¢ur. 13 npusezena OCUHIOrpaMMa Hanpsikenuit Ha 3ami-
Max npeoGpasoBaTeas W ma rpynne BenTmaeji NPH  BK.TIOYEHHMN
NEPELAUH HA 3aPFKEHHYIO .THHHIO, [1e OTYETANBO BHANL nepexa-
NpAKeHHs, co31aBaemble Ko.TeGaHUuAMy 3BYKOBOIT yacToTm. Ocuma-
-10rpaMMa OTHOCHTCA K nepHoay paoTi nepe1aun 10 vCTaHoBKH
1eMNPHPOBAHKA HA THHEITHBIX peakTopax. i

HauGoaee xapakrepumvp i BAXHLIMH 1eN0IaKkaMy, napy-
IUAIOWAMHY HOPMA.TbHYIO PAaGoTy nepeaaul, sBASANCH: oGpaTibie
32XKHTaHHA B BEHTHIAX BHNPAMHTEAs, noracais AYrH, BO36y ik
AI€HHS W TIDOMYCKH 3a/KHIaHHi BEHTHAEN Ha OGEHX noACTaHwisY,
CKBO3HEIE MPOGOH B MPAMOM HaNpaBiAeHHH BeHTHC HHBEpTOpA,
MTEPEKPHTHE 32LUHTHLIX NIPOMEKYTKOB H aHO:LHBIX H30:1TOpOB Beh-
THIeA.

MHTeIs.
18

Beeseiie cetouHoil sammTi, MrHoBeHHo aeficTByloweit npu
OGPATHLIX 33XHraluAX, NO3BOIMAO 3aNHpaTh BEINPAMHTEdL H
NPEAyNpeKAATL CAEAYIOUIHE KOMMYTaUHH TOKOB, B pe3yabTaTe
Yero MpoTeKaHHe aBapHIiHOrO TOKa OrPaHHYMBAETCR OAHOIL noJay-
BOJIHOI, ATHTENBHOCTBIO NOPAAKA noJynepHoaa npoMbILLIVIEHHOI
4acTOTHI.

Baaroaapsa 6bictponeiicTaMio ceTounof 3auHTL TpaHcdopma-
TOp, nperepnesiuuii 3a 3,5 aet-
HHIl CPOK 3KCMAyaTauuu MHO-  AYPYVYY YYYYY Yy
JKECTBO O6pPaTHLIX 3a)XKHTAHHKI, ,
NoC/IC  BCKPRITHA OKasaaca B )
XOpoteM COCTOSIHHIL. 2 /?
Ha ¢nr. 14 npuseacna tu-
nHYHasg OCUMATOrpaMMa TOKa
B 00MOTKax TpancdopmaTtopa
BRINPAMHTCAS 1pit 06GpaTHOM
3aKUTAHHH C 3aNHPAHHEM BbI-
MPAMHTEAA CETOYHOIT 3a1LHTOIN.
AMmnauryaa  asapuiinoro
Toka samicuT o wouenTa no-  Sir. |4, Ocuwiorpeus ctamsuueo
ABACHHA 06paTHOro 3axRura- aanupaies swnpAMHTEIR, 3
HH H B Cayuae Gb'CTPOiW"' ! = ynpapasowne HuAYILCM: 2 — TOKN B
CTBYIOLIETO 3aNMHpaHHs CeToK Qaau; caemiol o6paboTki TpancdopuaTopa:
— TO e, ¥To U 2 nph 06PaTHOM
BBINPAMUTEAR NpeleibHoe 3ila- 3amuronme,
YCHHE TOKa He BBINOJANT 34
NIPCACIbE TOKA OGLIMHOTO KOPOTKOTO 3aMbIKAHWA 3a TpaHcop-
MaTopoM. B nawewm cayuae npeaedbioe 3navedie 6b.10 nopsaka
10-kpaTiioro nominaIbHore ToKa Tpancdopmatopa.

OGparible 32KHTalNA, KaK NPABHO, BLI3LIBAIT OTKAIONEHIe
nepeaaul, Ho B Mpouecce 3KCHAyaTaun Gbl10 YCTaHOBAEHO, YTO
OTKPLITHE CCTOK BEHTHICH CNYCTA A0H CEKYHAB NOCAE 3anMpaHia
06ECEYHBIET YCNCIIHOE ABTOMATHYECKOE MOBTOPHOE BKIIOYCHHE
nepeaaun B paGory.

ﬂponycxu 3aMHTFAHHA HIH KPATKOBPeMEHHble noracammus ayru
BO36YXKAEHHA OTAAbHLIN BEHTHEN Ha BBLINPAMHTEIE CONPOBOKAA-
OTCA CHHXKEHHEM HAMPAXKEHHA Ha 3a)KHMax BLINIPAMKTEAS H Bbl-
3bIBAKOT TO.’I‘IKOOGpa3HbIC CHH)KEHHA TOKAa B mepeaaue, 3aBHCAlLHE
OT AJTHTEIbROCTH 3TOII HENOJAAKH.

Janteabuble NponyckH 3aKHTaHHR WM MOracaHis Ayry BO3-
GyKIeHNst B BEHTHIC CONMPOBOMAAKTCA CHHMXKEHHEM TOKA B nepe-
-aue 10 HYJR NosBAeHHEM NPEpLIBHCTHIN TOKOB. B cBoe Bpems, a0
NpoBefeHHR  MEPONPHATHIT no AeMNdHPOBANMIO, 3TO BW3BAIIG
0oJbluHe MEPeHanpPsIKEHHA HA 3eMEeHTAX CXCMbI npeo6pasoBakus,
W, B YACTHOCTH, HA BEHTILISAXN.
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3HAUNTEbHO XYHKC HOCAEA-

N ek
——— W ‘-\U \W W  crBHE nponyckos saurauus
2 ol H moracanust ayru BoaGyxe-
et TEATH

el s B BenTiisx  nmbepropa.
{‘ A 3acch 3TH HAPYIICHHS, CCIH

HE NPHHATH CHCHHABILIC M-

Pbl, KaK NPaBiio, CONPOBOX-

JAI0TCA  HApYHICHHeM  Hop-

MAABHOH  KOMMYTAILHH  TOKOB

B HHBEPTOPE, HTO BLI3LIBACT

ONPOKIALIBARNE  HHBCPTOPA.

B 3asicnmoctit or xapaktepa

@ur. 15. Ocunatorpanva oanohazuoro HapyueHits U“_p()l""‘l”’m"x_”“f
ONpOKHIWBAHUs WHBepTopa npn onpe-  MHBEPTOpA MeCT Ana Bl
AedeHHOM nponycke 3amuranus B OAHO(A3HOL M asyxdaanoe.
[Fpynne penTnaei. B neppoy cayuae nponcxoaur

! — maupmmenne na sammvax mwmscpropa:  3AKOPAUHBANHE JHunu ucpe:

2 — yOpaBasoUC  NuAYIRCH: F — TOKH . . e - 0
Gavar exeunon ooworrn  ypnchopranaps)  TTOCACAOBATEIBHO BRAIOUCHIbI

fora ooprupreunt Y.fe’;(.."\.?;’:a;;’a%"n:f“""-'! BEHTILIH 6L noJosHiE Mo-
PHTEILHOTO TPAHCPOPUATOPA ROCTON CTa O HOH ll)ill‘»hl_ B ApYrom
TOKar) S— Hanpsaenite Ha Kabeabnolt o . CAVYAE YEPE3 BCHTILTH H CXeM-

HBIE OOMOTRH ABYN (pa3 Tpatic-
¢opmatopa. Ha ¢ur. IS npuseiena ocuiiiorpavia HPOLCCCOR
B nepedaue npH 01H0(A3NOM QUPOKHABIBANIN HHECPTOP:L.

Kak Buano u3 OCUH.TIONPAMMBL, NPH ONPOKILILIBAHINT IINBEPTO-
Pa MO AHHIH M Yepe3 BEHTILTH NOIAT aBapHiitble TOKH C AMILTHTY-
Aoil  BbllE TPeXKPATHON BE.IHUHHBI  OT  HOMHNAIBHONG  TOKA.
KoaeGareabnniii xapakrep Toka HanpsKenua B JAHHHI onpee-
JIETCA €MKOCTBIO KaGeTbHOI THHHH H IHAYKTHBHOCTBIO JIHHCITIHBIX
peakTopos.

Tlpi cxBosuom npoGoe #Ha iHBepTOpe TPEX HOCICA0BATEABNO
BKAIOYEHHBIX BeHTH.Iell MIPOLECC NPOTEKAeT N0106HY OIHCANNOMY
MPH ONPOKHMABIBAHHH HHBEPTOpA.

Haanune cneunaibHeix ycTpoiicTe pery.aupoBanus u 3autis
B pAiie CAy4yaeB KPAaTKOBPeMEHHBIX HapylleHnii No3BoASCT 1peay-
MPEAHTL ONPOKHALIBAHHE MHBEPTOPA HANM BOCCTAHOBHTH HOPMAJh-
HYIO KOMMYTAUitio B HHBEPTOpE MOCAE OMPOKHALIBAHNS.

Ha ¢ur. 16 aana ocunaiorpamya npoueccos s nepenaue pH
01HO(A3HOM ONPOKHABIBAHHHM HHBEPTOPA, BHIIBAIHOM HPOIYCKOM
3aXKHFAHHA OAHON TIpynnul BCHTHAEH, C OBLICTPBIM  BOCCTANON-
JleHHeM HOPMAJbHON KOMMYTaUHH B HHBEpTOpE.

B Tex C1ydasx, Koria HopMaJbHas KOMMYTAlH# B Huseprope
Heé BOCCTaHaB/IMBAeTCH, Mepegaya OTKIIOYACTCH MocpeiiCTBOM ce-
‘TOYHOrO YNpaBJCHHSA.

20

MMepekpeiThe  anof- 2

Z
HBIX H30JATOPOB H.N 3a-
ULHTHbIX NMPOMCIKYTKOB A A]lin.w AAAAAAL

110C/ICOBATEINBLHO BRI~
YEHHbIX  BENTHJCH  KH-

BEPTOpa  NPHBOAMT K

TEM XC [IpoueccaMm, yty

11poGoit BenTHIell B nac-

4ye MOCTa, a BeHTHJeH

BBIMPAMHTCA — K 1IDO- dur, 16. Ocunaiorpanma oasoasnoro onpo
ueccaM, MoAOGHBIM G- KHAWBANHH HHREPTOPA C OLCTPHM BOCCTD
pa‘n[omy 3aXKHIanHIo. HOBJACHUECM llO[).\h’l.'lhIIOﬂ KOMMYTaUHH.

Auasws npuine i Lo vinanemune w20 sanpaxcra

pyuienrit - HOpMaabHoii  votkn T TOpa: 4 — nnbepT TOR
PACOTLL  NPCOBPAIOBATE:  hiliom navepnrersnors Tomrebonersonn. Tomn
JAeii NPOBOAKICH Ha oC- 5 — naupaxenne na Kabeannofl aninu.
HOBE PACCMOTpEHS Aali-
WBIX IKCMAYATAUHOKUBIN HAGAIOICHHIT H ABTOMATHYECKOM OCUNANO0-
rPaHYCCKOIT 3aMitCH, a TakKe NO MaTCPHAIAM NAPaLIEAbHO NPO-
BOAHMBIX HCCACA0BaNKIT B 1a0opaTopHAX i HA camoii nepeaave
HA  HCKYCCTBCHHO  BbI3bIBACMBIMH  HADYLIEHHAMH  HOPMaJbHOR
paGoTh.

ITOT aNH2AM3 I0KA3A.1, YTO OCHOBHOI NPHYHNOI MEPCUHCACHNX
BLILE HADYINCHHIT SIBIIOTCA HENOAAAKI B PaboTe PTYTHBIX BEH-
ThiEI: B AeeKTAX BAKVYMHO-TEXHOJIOTHYECKOil M 3.JeKTpHuYecKoR
1IOATOTOBRH HX 1t B HCKOTOPLIX KOHCTPYKTHBHBIX HEJOCTATKaX BeH-
THICH.

Ha nepseix stanax paGotsl nepeiaun 10 nposeienus mepo-
NPHATHIT NO ACMNPHPOBAHKIO NOAOKENHHE YCYTYyGAAIOCh TeM, YTO
Ha YKasaHHble HENOJAAKH B BEHTHIAX HAKJIAAbIBAINCH ABAEHHA
HepeHanpsKelnil, Bhi3biBaeMble  K0Ae6aTeJbHLIMH  NPOLECCAMK
B CXeMe, KOTOPbIC 4acTo CIVKHUAN MPHYHHOI NEepeKpuiTHii ¥ npo-
ooes. :

KPATKHE HTOT'H 3KCNAYATAUHH
ONbITHO-NPOMBLILIEHHORA 3JIEKTPONEPENAYH

3a 5 qer IKCNIYATAUNH [0 ONBITHO-NPOMBINLACHHON JAHHHK NO-
CTOAAHHOFO TOKa MNepeaalo cabllle 600 mau. K6ty 3JEKTPOIHEPTrHA.

B Pe3yabTare BHINOJAHCHUBIX HAAAAONHBIX H PEKONCTPYKTHBHHIX
paﬁoT HAAEKHOCTb 3TOIl JHHHH 3HAYHTEAbHO noBbicHaack, He-
CMOTpA HA HAJHYHE BCEro HWbL ORHOTO ﬂpe()6p{|3OBﬂTe.’le0l'0
arperata Ha Ka<aoif H3 MOACTAHUHH H Ha 4acTble ONbiTH C HCKYC-
CTBEHHO CO3A3BACMbIMH THAMEALIMH aaapuﬁuumu npoueccamu, no-
CTHrHyTa ycroﬁuusan paﬁom 3AeKTponepeaayt. Haureasnocrs
llCanphlBllOﬁ pZIGOTbl JHHHH PH HOMHHAJBHBLIX napameTpax Ge3

2]
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KaKkHX-AH60 oTKatoucHnii B8 1955 r. cocrasiaa cssie 1000. yac.
B 1955 r. 66110 BCero TpH KPaTKOBPEMEHHBIX OTKJIONEHHS, B TOM
WHCJIE OAHO NMPH HCNBITAHHKR HOBOIO 3AWMTHOTO YCTPOIicTBa M ABA
u3-3a HeicnpasHocTeil Bentuaelt. I'paduk apapuiiubx M BBIHY*-
AEHHBIX OTK.MoueHHil nepeaayn 3a 1951—1955 rr. npusesen na

ur. 17.
Boasummerso Hapywenitii paGoThl OTACABILIX BEHTHICH B BHAC
NPONYCKOB 3aXHTaHHA, OOPATHHLIX 3AXHraHNIT I NOracanuii Bo3-
%)
&) \
@ur. 17. I'paduk asToMa-
'] THYECKHX It By RACHHRX
50 OTK.THoNeHHR  3JekTpone-
2 peaaun no roaam IKC-
nayvavrauny, Yicro otk
dennit 8 1951 r. sasto
w0 Q 3a 100%.
Q I—o6uiee wncao oTkaONeNR:
') \ 2 — OTKJIIOMEHHA NH3-33 BEHTH-
“ el 1 BCIOMOFATEABNLX
ycTpoficra,
1951 Q52 B85 54 1955
fodwu I

2

GyHACHHSA MPOTEKaeT KPAaTKOBPEMEHHO M .IHKBHIHPYeTCs: GhiCTpo-
ACHCTBYIOUIHMH 3ALUHTHHIMH YCTPOIICTBAMH NyTeM 3anmupaHus ce-
TOK BEHTHJeil H.1H MOAXBATHIBAIOUIMM YCTPOIICTBOM Ha HHBEpTOpe.
ABTOMATHYECKHM MOBTOPHHIM OTKPHITHEM CETOK BeHTHJeN AHHIS
coxpausierca B paGore.

Yayuwenne COCTOAHHS BEHTHAE MO3BOAWIO PacLIMPHTL Mpe-

AeAbl IONYCTHMbIX KO/J1eGaHuii TemMnepaTypn 0X.1aX/1aioulero mac-
A3, @ TaKKe He OrpaHHuYMBaTh CKOPOCTb HAGOpa HArpy3KH nociec
BK/TIOYEHHS JIHHHH M u3MeHewHs narpy3ku. Takxe HenpepmsHO
CHHKAETCH yAeIbHOe KOMHYECTBO OGPATHLIX 3aXKHraHmil, 4To moKa-
3aHo Ha ¢ur. 18.

ABTOMaTHYECKAs 3aNHCb Beex aBapHillibIX NMPOLECCOB W Hapy-
ureHHil B paGoTe JHHHH 3/1EKTPONEPeSayt NO3BOTET CHCTEMATHYC-
CKH aHaJH3MPOBaTh ee paboTy M NPOBOAHTL AaibHeiilee ycosep-
UIEHCTBOBAHHE CXeM H OGOPYAOBaHHS.

OnuiT 3KCnayaTauuu nOKasal, 4To OCHOBHOE CHJIOBOE obopyo-
BaHHe, B MepBylo ovepeab npeoGpa3oBaTesbHLie TpaHchopMaToph!

22

H JHHEIHbIC PCAKTOPH, 4 TAK/KE MOACTANLONHAS H3OIAUHA pa6o-
TAIOT HAJICKHO, HECMOTPSA Ha BeCbMa 60/bUIOE KOJHYECTBO KOPOT-
KHX 3aMBIKAWHii, KOTOPBIM MOABEprajsock 370 0GOPyAOBaHHe Mph
HCCKOJIBKHX TBHICAYAX aBaPHItHBIX NPOIIECCOB BO BPEMs ONHWTOB.

Wckmouennem GuAM JAHWDL MHAHBHAYAbHbiC H3ONMPYIOUIHC
TpancopMaTophl, H30/fUH KOTOPHIX OKa3aaach HCAOCTATOWNHOI
Al ycnoBHii paGoThl B cxeme 8
npeobpasoBaTeblbiX  [OACTaH-
unii. Hacte nsoaupyoumux Tpanc-
(opmaTtopoB 6bl1a BMOCACACTBHH
cMenena.

Hecmotpsa na cneuuduunocts
H CJ0XKHOCTb 060pyA0BaHHA Npe-
0o6pas3oBaTebhbiX noACTaHLNil
HOCTOSIHHOTO TOKA, 06C/yKHBAIO-
uwii nepconan Ges ocobbix Tpy.-
HOCTEl  oCBOMJ  3KCMAyaTaLHIO
siekTponepeaaun. Ecan B nep-
ublii NepHo 3KCAyaTaluii B 3a-
Jle PTYTHBIX BCHTHAE( Aekypu.an
TCXHHKH M 3/ICKTPOMOHTEpBI, TO
3a focaeanHe 2 roia TEXHHKH
OT JACKYPCTBA OCBOGOMKAEHBI M
B 324.1C BENTILIEli HAXOAMTCA JAHILb
3JAEKTPOMONTEP, TJ1aBHBINM 06pa-
30M A4s GHKCaunn Beex Habawo-
JlCHHI BO BPEMS OMbITOB H HOP-
MTbHOIl IKCNAyaTaUHI.

Nanupie 0 K. n.'A. H noTepax B OfILITHO-NPOMBIIAEHHON Nepe-
Aave Kaumpa — Mocksa npiseaens! Ha ¢ur. 19,
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3akurannil penTaed
B 1953—1954 rr. D
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@ur. 19. Kospgunnent noiesnoro AeficTsur i noTepn B ONHTHO-NPOMBIWACH:
Hoii nepenave,
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Gy e —

CONEP¥KAHHE

Bseaenne

Cxemn 3aekTponepeaaui

KaGeabnan anuns

TTpec6pazosareablue HOACTANMMN

PTyTHHe BeHTHAN

Cerounoe VOPABACHNE, PEryInpoBaHie 1 3i-

Hazaaka u ocnoBHme Biaw napyuienuii nop-
MaabHOl paGoTw nepedaun

Kp-’lT)\'HE HTOrH 35(“.1)'(113“"" ONKTHO-IIPOMBILI-
JeHHOf 31eKTponepeaau
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