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maRa B siCqgaru B i, intensiuri reJimebisTvis gankuTvni Bi teg-
noBogiuri Tu diagnostikuri daniSnulebis danadgarebis gamok-
v Bevisas masiurad gamoiyeneba sxvadasxva saxis maRaB sixSirulli
miniaturu i gamzomi gardamsaxebi, maT Soris piezoeleqtrulli
gamzomi gardamsaxebi, raTa Tavidan aviciBoT gamzomi gardamsa-
Xis bazis gaswvriv gasazomi signallis integrirebiT gamowveu i
cdonmi Bebebi. amave dros danadgarebis dinankiuri gamocdebisas
miRebu Bi1 informaciis srull fasovani damuSavebisaTvis auci Il ebe-
Bia gamoviyenoT gamzomi gardamsaxebis dinamikuri maxasiaTeb-
Bebis srulli paketi. rogorc wesi, minitaturull1 gamzomi gardan-
saxebi warmoadgens maRaBsixSirull rxeviT sistemebs da maTi di-
namikuri maxasiaTeb Bebis gansazRvra warmoadgens rTull teqgni-
kur prob Bemas. misi gadawyveta standartulli dartymiTi meganiku-
ri stendebiT (urnallebi) SeuzBebelia, vinaidan am dros ganviTa-
rebulli impullsuri datvirTvis xangrZB ivoba mi liwamebis diapa-
zonSia da gamzomi gardamsaxis xanmok Be, mikrowamebis xangrZll i-
vobis impu BsebiT datvirTva SesaZlebeliamxoBod uinercio (ma-
sis armgone) damrtyme B i instrumentis gamoyenebiT.

mi Bidan mikrotegno B ogiebze gadasvBa SesaZlebeli gaxda
afeTgebis talRis an impullsuri magnituri velis gamoyenebiT.
maT Soris didi upiratesoba aqvs magnitur-impu Bsur tegnoll ogi-
as, rombis danergvas xeli1 Seuwyo ZHBieri impulBsuri magnituri
ve B is generatorebis, didi sididis impulsuri denebisa da Zabve-
bis teqgnikis ganviTarebam mrewve B obis mier maRall i1 Zabvis impull -
suri kondensatorebisa da ganmmuxtve Bebis aTviseban.

diagnostikuri da tegnoBogiuri daniSnullebis nebismieri
magnitur_impu Bsuri sistemis mogmedeba damyarebullia elegqtro-
magnituri velis eleqtrogantar garemoSi gavrce Bebisa da masze
ZalBluri zemogmedebis mov Benebze. impu Bsuri magnituri veli saS-
uallebas 1ZBeva ganaviTaros Zall ze xanmok Be mikrowamebis diapa-
zonis Zaluri zemogmedeba gamosacdell obieqtze. stu-Si aris
sankt-peterburgis metro B ogiis institutis mier aRniSnull1 masa-
B ebis gamoyenebiT Segmni Bia dartymiTi aCgarebis sazomi I 93
seriis aCgarebis gardamsaxebis gamokvBevebis mdidari gamocdi-
I eba. disertaciaSi naCvenebia misi konstrugciulli sgema romelic
Sedgeba korpusisagan 1, mgrZnobiare elementis 3 da wriulli an
OoTxkuTxa T¥Tormis tvirTisagan 4 masiT m, gardamsaxi damag-
rebu lia sakvBev obieqtze 2 weboTi an xraxniT. aseve naCvenebia
obieqtis aCgarebis a(t) [gardamsaxisTvis aRgznebis] da gardamsa-
xis reaqciis v(t) osciBlogramebi sxvadasxva SemTxvevisas. obieg-
tis moZraobis parametrebis dadgena xdeba Sesabamisi osci l ogra-
mis damuSuSavebiT.

dinamikuri gamocdebis dros miRebuli informaciis srull fa-
sovani damuSavebisTvis auci Bebe Bia gamoyenebu Bi gamzomi gar-
damsaxebis, maT Soris piezoeleqtrulli gardamsaxis dinamnikur



maxasiaTebe B Ta srulli speqtri, rac SeiZBeba mopovebuBi ignes
TviT gamzomi gardamsaxebis yove Bmxrivi gamokvBevebiT maTze
xanmok Be dartymiTi zemogmedebis saSualebiT, msgavsad e Beqtru-
Bi wredebis sixSirulli maxasiaTebBebis kvBevisa impullsuri
meTodiT.

dartymiTi piezoeleqtrulli aCgarebis gamzomi gardamsaxebi
warmoadgenen rxeviT sistemebs maRalBli sakuTari rxeviTi sixSi-
reebiT. mowyobi Boba SeiZlBleba modeBirebulli ignes erTi, ori an
mrava B masian ganawi Bebull parametrebiani rxeviTi sistemebiT.
maTi pragtikuli gamoyenebis dros gazomvis Sedegebis damuSa-
vebisas, gazomvis maRalli sizustis uzrunve ByofisaTvis saliroa
gvgondes informacia gamzomi gardamsaxebis amp B itudur-sixSi-
rulli maxasiaTebBebis Sesaxeb. es informacia SeiZleba mopove-
bull ignes gardamsaxze aCgarebis xanmokBe impuBsis zemogmede-
biT, misi mgrZnobiarobis mimarTulebiT, gardamsaxis aRmgznebi
impu B sisa da Sesabamisi reaqciis registraciis da maTi Semdgomi
damuSavebiT. cxadia, rom maRalBsixSirulli gardamsaxis efeqturi
aRgznebisaTvis saWiroa aRmgznebi impu Bsis xangrZl ivoba nak B e-
bi an Tanazomadi 1yos gardamsaxis sakuTari rxevebis periodTan
SedarebiT.

dartymiTi aCgarebis gamzomi gardamsaxebis dinamikuri maxa-
siaTeb B ebis kvBevisas, gansakuTrebiT maTi arawrfivobis Ses-
wav B isas saWiroa maTi aRgzneba impulBsuri aCgarebiT, rombis
pikuri nniSvne Boba aris 10° -10° mwn? xangrZ B ivobiT 10mkwn-i.

an TvalsazrisiT agtualluria Seigmnas gamzomi gardamsaxis
dinamikuri maxasiaTeb Bebis gamosakvBevi mowyobi Boba, romelic
saSua B ebas mogvcems movaxdinoT sakvBevi obieqtis srullyofili
diagnostika

SemoTavazebu Bi magnitur-impu Bsuri diagnostikuri daniS-
nulebis danadgari Seicavs dammuxtav mowyobi Bobas, mcire in-
dugciurobis mgone impu B suri kondensatorebis batareas, indug-
tors, rome B Sic moTavsebulia BiTonis tall Ragantari zed dama-
grebuli aCgarebis piezoeleqtrulli gardamsaxi, komutators re-
versiulad CarTvadi dinistoris sgemiT. danadgari muSaobs Sem-
degnairad: komutatorze impu Bsis miwodebisas gaiReba dinistori
da xdeba kondensatorebis batareis gadac Ba indugtorze. denis
pirveli naxevartalRis gavlis Semdeg dinistori iketeba da
aRar atarebs denis ukutalRas. induqtorSi moTavsebulli tal-
Ragantari ganicdis impu Bsur meganikur zemogmedebas da masze
damagrebu Bi sakvBevi obieqti aRigzneba erTjeradi unipola-
rulli impulsiT. impullsis xangrZBivoba stabi Buria da ar aris
damokidebu Bi gare Tagtorebze impulsuri zemogmedebis sidide
da xangrZll ivoba damokidebu Bia mxo B od damuxtvis Zabvis sidi-
deze da ganmuxtvis wredis parametrebze.

naxevargamtaru Bi xe B sawyoebiT didi simZBavreebis komuta-
ciis dadebiTi gamocdi Beba arsebobs stu-Si. Cvens mier stu-Si
damzadda magnitur-impu Bsuri sadiagnostiko danadgari, romellic
Seicavs THU-3000tipis sam mimdevribiT SeerTebull impullsur ti-
ristorebs, rac 9 mgva simZBavris komutaciis saSuallebas iZleva



rogorc cnobi Bia, tiristorSi modebulli Zabvis bl okireba
xdeba ukuwanacvBebulli p-ngadasvlis mocullobiTi muxtis zo-
niT, romelic ZRieri elleqtrulli velis mogmedebiT daclBilia
muxtis matarebBebisgan da agvs ZalBian didi winaRoba am zonis
gamtarobis mkveTri gazrda da Sesabamisad tiristoris CarTva
xdeba misi kargi gamtarobis mgone elBegqtronull-xvreBuri plaz-
miT Sevsebis gziT.

tiristorebis komutirebis dros xdeba didi winaRobis mgone
zonis adgiBas mdgradi mokBe dengantari pBRazmuri arxebis
warmogmna. tiristoris gadarTva inicirdeba TxeB1 bazis Tenis
gaswvriv emiter-bazis wredSi impulsuri denis gatarebiT. am
Tenis didi winaRobis gamo n" —p gadasvlis mier elegtronebis
inJeqcia BokaBizirebulia ramodenime aseuli mikronis siganis
mgone Viwro arxSi emiter-bazis sazRvris gaswvriv. tiristorsSi
am arxis sigane izrdeba, magram am procesis siCgare Zallzed
dabalia da Seadgens 0.1+0.05mm/mkwm. am mov Benis gamo tradi-

ciulli komutaciis mgone tiristorebSi pragtikullad SeuZlebe-
Bia didi FarTis mgone dengantari arxis Segmna da didi simZlav-
reebis komutireba.

naxevargamtarulli komutatoris simZBavris mniSvne I ovani
zrda SesaZlebelia reversiullad CarTvadi dinistoris (rCd)
saSuallebiT, romelsac ara agvs marTvis elegtrodi. es ukanas-
kne Bi CanacvBebulia mmarTavi elBeqtronull-xvreBuri plazmuri
TeniT, romelic igmneba koBeqtorulli p-n gadasvlis sibrtyeSi.
es Tena gmnis pBazmur dengamtar arxs FfarTiT, romelic tolia
xe Bsawyos sibiciumis Firfitis farTis.

rCd damzadebis procesSi xdeba ramodenime aTeulli aTasi
paralleBurad CarTulli erTimeores monacvle tiristorulli da
tranzistorulli elementebis erToblioba maTi damaxasiaTebeli
zoma nak Bebia, vidre xelsawyos ganieri n-bazis sisge. centra-
Buri (koBegtorulli) gadasvla am elBementebisTvis saerToa, maT
saerTo aqvT margvena n" —p emiterulli gadasvBac. xelsawyoze
modebu Bia muSa Zabva naCvenebi po BarobiT. masze muSa Zabvis
sawinaaRmdego po Barobis ufro nakBebi mniSvne B obis Zabvis mo-
debiT (reversiT) elementebSi gadis marTvis denis impullsi da
mas Tan sdevs pBazmis inJeqcia n-zonaSi, romelBic saerToa
tranzistorulli da tiristorulli elementebisaTvis. ko Begto-
rull gadasvBasTan tranzistorebisa da tiristorebis plazmuri
svetebi erTmaneTs gadafaraven da warmogmnian sakmaod erTg-
varovan pBRazmur Tenas. marTvis denis impullsis damTavrebisas
xdeba rCd-is momWerebze nominaBuri mimarTulebis muSa Zabvis
modeba. an dros ko Beqtorulli gadasvlis pRlazmuri Fenis elleg-
tronebi da xvrelBebi wainacvBeben n da p bazebSi Sesabamisad
da xdeba xe Bsawyos CarTva mTell sibrtyeSi erTdroulad. vina-
idan, xelsawyos marTva da muSaoba xorcieldeba erTi da igive
momWerebis wyvi BiT, saWiroa ZaBlovani da marTvis wredebis gan-
cal keveba, rac SesaZlBebelia gaJRenTvadi drosellis gamnoyenebiT.
danadgari saSuallebas iZBeva movaxdinoT piezoeleqtrull1 aCga-
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rebis gamzomi gardamsaxebis testireba. disertaciaSi moyvanill
diagnostikuri daniSnullebis magnitur-impu Bsur sistemebSi
KPD -25-170 tipis dinistoris gamoyeneba saSuallebas iZBeva da-
nadgaris tegno B ogiur kvanZSi - indugtorSi 200kA denis gatare-
bas. rCd-is gamoyeneba msgavsad impuBsuri tiristorebiT awyo-
bili komutatorisa saSuallebas iZBeva induqtorSi gavataroT
pragtikuBad unipoBarulli impuBsuri deni, rac gansakuTrebiT
mniSvne B ovania piezoeBeqtrulli gamzomi gardamsaxebis diagnos-
tirebis dros, rodesac gazomvebis sizuste didad aris damo-
kidebu 1 sakvBev obieqtze Sesavalli Zal ovani zemogmedebis xan-
grZlivobaze. gamosacdeli obieqtis metroBogiuri maxasiaTeb-
Bebi _ strugtura, sakuTari rxevebis sixSire, demFirebis koefi-
cienti, mgrZnobiaroba, arawrfivoba ganisazRvreba mowyobi B obis
reagciisa da impullsuri zemogmedebis spegqtrallur simkvriveTa
TfardobiT. es Tardoba martivdeba, rodesac impulsuri zemog-
medeba Zallze xanmokBea da uaxBovdeba dellta fungcias, rac
niSnavs, rom gamosacde B1 obieqtis gadacemis fungciisa da reag-
ciis speqtraluri sinmkvriveebi pragtikuBad Tanxvdeni Bi Tung-
ciebia. am dros obieqtis reaqciis speqtraluri simkvrive prag-
tikulad igivea, rac obieqtis kompBegsuri sixSiruli maxasi-
aTebel1 da obieqtis diagnostikuri kvBeva midis mis impullsur
zemogmedebaze reaqciis analizTan.

sadiagnostiko obieqgtis, piezoeleqtrulli gamzomi gardamsa-
xis Zalzed xanmokBe impulsur aRgznebaze reagciis speqtra-
Buri sinkvrivis analiziT SesaZlBlebelia garadamsaxis strug-
turis dadgena, amp Bitudur - sixSirulli, sakuTari sixSireebis,
demFirebis, arawrfivobis da sxva metroBogiuri maxasiaTeble-
bis maRall i1 sizustiT gansazRvra.

amgvarad, SemoTavazebul danadgarSi rCd-s komutatorad ga-
moyeneba komutirebuli simZBavris zrdasTan erTad saSuallebas
gvaZlevs gavaumjobesoT danadgaris metroBogiuri maxasiaTeb-
I ebi.

Abstract
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At studying diagnostic or technological facilities intended for intensive modes,
various high frequency tiny measuring transformers, including piezoelectric measu-
ring ones, are used to avoid errors caused by integration of signals to be measured len-
gthwise to measuring transformer base. In the same time, at facilities dynamic testing,
for complete processing of received information, it is necessary to use complete pac-
kage of dynamic patterns of measuring transformers. As a rule, tiny measuring trans-
formers represent high frequency oscillatory systems. Determination of their dynamic
patterns is a heavy technical problem. It is impossible to solve this problem with
standard impact mechanical beds because the duration of impulse load developed at
that moment is in the range of milliseconds and transformer loading with short impul-
ses of msec. duration is possible only by using impact instrument (un-weighed)
without inertia.

Transition to microfabrication technologies by using impulsive magnetic field
became possible. The most preferable among them is magnetic-impulsive technology,
its implementation was supported by the development of strong impulsive field gene-
rators, techniques of high make-and-break currents and voltages, adoption of high
voltage impulsive condensers and dischargers in manufacturing industry.

Activity of any magnetic-impulsive system of diagnostic and technological
intention is based on the spreading of electromagnetic field through conductivity envi-
ronment and the events of power influence on it. Impulsive magnetic field allows to
develop power influence (of the shortest msec. range) on subject of research. In STU
there is an experience of researching impact acceleration transformers of P1-93 series
made by using mentioned materials by St. Petersburg metrologty institute. Its struc-
tural scheme is shown in the thesis work. It consists of body 1, detector 3 and round or
quadrangular load 4 with the mass m, the transformer is fixed on subject of research
with two adhesives or screws. Object acceleration a(t) [excitation for transformer] and
transformer reaction v(t) oscillograms in various cases are shown as well. Object mo-
vement parameters are determined by working out corresponding oscillograms.

For complete processing of the information received after dynamic tests full
spectrum of dynamic data of used measuring transformers, including piezoelectric
transformers, which can be received by comprehensive testing of measuring transfor-
mers by means of short impact influence similar to the study of frequency data by
impulsive method.

Transformers measuring impact piezoelectric acceleration represent oscillation
systems with high oscillation frequencies. A facility can be modeled by two or multi-
mass oscillation systems with redistributed parameters. When using them in practice,
during the processing of measurement results, for provision of high accuracy it is ne-
cessary to have information on amplitude-frequency data of transformers. This infor-
mation can be found by influence of acceleration short impulse on transformers, in its
sensitivity direction, by registration of transformers excitation impulse and correspon-
ding reactions and subsequent processing of them. It is obvious that for effective exci-
tation of high frequency transformers, duration of excitation impulse has to be less
than or uniform to natural oscillation period of transformer.

At researching dynamic data of transformers measuring impact acceleration,
especially when studying their nonlinearity, it is necessary to excite them with impul-
sive acceleration peak value of which is 103-10° m/sec® with duration of 10 msec.

In this purpose it is urgent to make facility for studying dynamic data of measu-
ring transformers which allows preparing complete diagnostic of research object.

Suggested facility of magnetic-impulsive diagnostic intention contains a char-
ging arrangement, a battery of impulsive condensers having low induction, an induc-
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tor in which there is a metal wave conductor with fixed piezoelectric transformer on it,
circuit changer with diode-thyristor scheme being switched reversibly. The facility
works as follows: when passing impulse to the circuit changer the diode-thyristor
opens and condenser battery is discharged on inductor. After passing current first half-
wave diode-thyristor is closed and it does not conduct current back wave. Wave-con-
ductor inside inductor is affected by impulsive mechanic influence and research object
fixed on it is excited by single-stage unipolar impulse. Impulse duration is stable and
does not depend on external factors. Magnitude and duration of impulsive influence
depend only on the value of charging voltage and parameters of discharging circuit.

STU has positive experience of power commutation by semiconductor facilities.
We have made magnetic-impulsive diagnostic arrangement in STU. It contains TI-
3000 type 3 impulsive series connected diode-thyristors which makes possible 9 MW
commutation.

As it is known, voltage blocking in entire diode-thyristor is done by the zone of
volumetric charge of set-back p-n transition, which is discharged of charge bearers by
the activity of strong electric field and has high resistance. Abrupt increase in conduc-
tivity of this zone and diode-thyristor corresponding switching is done by filling it
with electronic-orifice plasma of high conductivity.

During commutation of diode-thyristor, steady current conductive plasma chan-
nels are formed instead of high resistance zone. Switching diode-thyristor is initiated
alongside thin base layer in emitter-base circuit by conducting impulsive current. Due
to high resistance of this layer injection by n* -p transition is localized in the narrow
channel of several hundred microns width alongside emitter-base border. The width of
this diode-thyristor increases but the speed of this process is too low and consists
0.1+0.05 mm/msec. Due to this phenomenon in traditional commutation diode-thyris-
tors making large area current-carrying channels and commutation of high powers are
impossible.

Significant increase in the power of semiconductor current changer is possible
by means of reversibly switching diode-thyristor which does not have operating elect-
rode. The last one is replaced by operating electronic-orifice plasma layer made in the
plane of collector p-n transition. This layer makes plasma current-carrying channel
with the area equal to facility silicon plate area.

During the process of making dinistor, several thousands in-parallel alternate
thyristor and transitory parts are united. Their characterizing size is less than the thick-
ness of facility wide n-base. Central (collector) transition for these parts is common,
they have common right n*-p emitter transition. Operating voltage is spread on the
facility with shown polarity. By spreading (reversion) less voltage than polarity resis-
tant to operating voltage, operating current impulse is passing in parts and it is accom-
panied with plasma injection in n-zone common for transistor and thyristor parts. At
collector transition plasma columns of transistors and thyristors will overlap each
other and make quite homogeneous plasma layer. At finishing operating current im-
pulse, spreading of nominal direction operating voltage is done. At that moment elect-
rons and orifices of collector transition plasma layer will move to n and p bases res-
pectively and the facility is switched in entire plane simultaneously. Due to the fact
that regulation and operation of the facility is done by the same pair of binders, sepa-
ration of power and operating circuits is needed. It is possible by means of using per-
meable orifice choke. The facility makes possible testing of transformers measuring
piezoelectric acceleration. Using KPD-25-170 type dinisters in magnetic-impulsive
systems lets conduct 200 kA current through facility technological node. Using diode-
thyristor, similar to circuit changers constructed by impulsive tests, lets conduct prac-



tically unipolar impulsive current through inductor. This is especially important when
diagnosing piezoelectric measuring transformers when accuracy of measurements gre-
atly depends on research object, duration of introductory power influence. Metrologic
properties of research object — structure, demphing coefficient, frequency of natural
oscillation, sensitivity, noninearity are determined by the ratio of spectral densities of
impulsive influence and facility reaction. This ratio becomes simple when impulse inf-
luence is quite short and comes up to delta value i.e. spectral densities of research ob-
ject transition function and reaction are practically coincided functions. At this mo-
ment spectral density of object reaction is practically equal to its complex frequency
pattern and its diagnostic research to impulse influence of reaction analysis.

By spectral analysis of density of the reaction to quite short impulsive excitation
of piezoelectric measuring transformer, determination of transformer structure, ampli-
tude-frequency, natural frequencies, demphin, nonlinearity and determination of other
metrologic properties are possible.

Thus, use of diode-thyristor in the suggested facility as a current changer toge-
ther with increasing commutated power lets develop metrologic properties of the
facility.
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samuSaos aqtualloba. mecnierebisa da tegnikis ganviTarebis
Tanamedrove etapze mniSvneBovani Sedegebia miRweuli mZBavr
impu Bsur energetikaSi, impulsuri energetikulli tegno Bl ogiebis
gamoyenebis sferoSi, rogorc samxedro, aseve mSvidobiani mizne-
bisaTvis. gansakuTrebiT efeqturia iseTi impullsuri tegnollo-
giebis gamoyeneba, rogoricaa:
e HBiTonebis magnitur-impu Bsuri meTodebiT damuSaveba; kons-
trugciuli masallebisa da nakeTobebis dinamikuri gamocda;
e nmeganikuri dartymis parametrebis sazomi piezoeleqtrulli
gardamsaxis diagnostireba;
aRniSnull tegnoB ogiebs Soris gansakuTrebiT unda aRiniS-
nos BiTonebis danuSaveba ZBieri impulsuri magnituri veliT,
rodesac xorcielldeba tegno Bogiuri operaciebi: moWera, gaSHa,
datvifrva, SeduReba, diagnostireba da sxva [2]
maRa @ siCqgaru i, intensiuri datvirTvebisTvis gankuTvnili
teqnol ogiuri Tu diagnostikuri daniSnullebis danadgarebis
gamokv Bevisas, imis gamo rom meganikur Zabvebs, deformaciebs,
aCgarebebs xSirad agvT taBRuri xasiaTi, masiurad gamoiyeneba
sxvadasxva saxis maRaBsixSirulli miniaturulli gamzomi gardanm-
saxebi, maT Soris piezoeleqtrulli gamzomi gardamsaxebi, raTa
Tavidan avici BOT gamzomi gardamsaxis bazis gaswvriv gasazonmi
signallis integrirebiT gamowveuli cdonmi Bebebi. amave dros
danadgarebis dinankiuri gamocdebisas miRebulli1 informaciis
srull Fasovani damuSavebisaTvis aucilebelia gamoviyenoT gam-
zomi gardamsaxebis dinamikuri maxasiaTebBebis srulli paketi.
rogorc wesi, miniaturulli ganzomi gardamsaxebi warmoadgens ma-
RalsixSirull rxeviT sistemebs da maTi dinamikuri maxasiaTeb-
B ebis gansazRvra warmoadgens rTull tegnikur probBemas. misi
gadawyveta standartulli dartymiTi meganikuri stendebiT (urna-
BebiT) SeuzlBebelia, vinaidan am dros ganviTarebulli impu Bsuri

datvirTvis xangrZBivoba miliwamebis diapazonSia da gamzomi
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gardamsaxis xanmok Be, mikrowamebis xangrZWivobis impullsebiT
datvirTva SesaZlebelia mxoBlod uinercio (masis armqgone) damr-
tyme B 1 instrumentis gamoyenebiT [1,3].

mi Bidan mikrotegno B ogiebze gadasvBa SesaZlebeli gaxda
afeTgebis talRis an impullsuri magnituri velis gamoyenebiT.
maT Soris didi upiratesoba aqvs magnitur-impul sur tegnollo-
gias, rombBis danergvas xeli Seuwyo ZBieri impuBsuri magnitu-
ri velis generatorebis, didi sididis impulsuri denebisa da
Zabvebis teqnikis ganviTarebam, mrewve B obis mier maRali Zabvis
impu Bsuri kondensatorebisa da ganmmuxtve Bebis aTviseban.

diagnostikuri da tegnoBogiuri daniSnullebis nebismieri
magnitur-impu Bsuri sistemis mogmedeba damyarebulia elegtro-
magnituri velis eleqtrogantar garemoSi gavrce Bebisa da masze
ZalBluri zemogmedebis mov Benebze. impuBsuri magnituri veli sa-
Suallebas i1ZBeva ganaviTaros Zall ze xanmok Be mikrowamebis diapa-
zonis Zaluri zemogmedeba gamosacde I obieqtze [4].

sxvadasxva saxis masallebis an namzadebis dinamikuri maxasi-
aTebBebis gansazRvrisaTvis saliroa, rom cilindrulli formis
BiTonis ReroSi, romeBic meganikuri talRagantaris rolls
asru llebs, aRiZvras mikrowamebis diapazonis xangrZl ivobis mega-
nikuri Zabvebi, deformaciebi da aCgarebebi. amave dros standar-
tulli, meganikur dartymaze gamosacdeli stendebi (meganikuri
gangariani an sxva tipis urnallebi) saSuallebas iZBeva ganaviTa-
ron miBiwamebis diapazonis impullsuri datvirTebi. arsebul
meganikur dartymaze gamosacdel stendebSi gamoyenebulia ori
myari sxeulis garkveuli siCgariT dajaxebis efeqti, romlis
drosac dartymaSi monawi Be sxeulebis kinetikuri energia nawi-
B obriv gadadis am sxeu Bebis impulsuri deformaciis energiaSi.
sxeu BebSi warmoSobi B impu Bsuri deformaciebis xangrZll ivoba
da intensiuroba damokidebu @ ia dartymis siCgareze, dartymaSi
monawi Be sxeu Bebis masaze, masallaze, sixisteze, geometriull zo-
mebsa da konfiguraciaze. amis gamo, meganikur dartymiT sten-

debSi (urnalebi) xanmokBe impu Bsebis miReba SezRudulia da

XVi



SemoifargBeba mi Biwamebis diapazoniT, mikrowamebis diapazonze
gadasvla maTi saSuallebiT principullad SeuZlebellia [6]

samuSaos mizania ufro xanmokBe impuBsuri deformaciebi
da meganikuri Zabvebi aRiZvras myar sxeuBebSi maTi datvirTviT
,umaso” damkvre Bis _ impuBsuri magnituri velis saSuallebiT. am
dros impuBsuri zemogmedebis xangrZ N ivoba mikrowamebis diapa-
zonisaa da miiRweva deformaciis didi siCgareebi, rac saSuale-
bas iZBeva davadginoT gamosakvBevi masallebis dinamiuri maxasi-
aTebBebi (dinamiuri denadobisa da simtkicis ZzRvrebi). aseve
myar sxeu B Si_meganikur tallRagamtarSi mikrowamebis diapazonis
impu Bsuri deformaciis warmoSobisas tallRagantaris torcebi
asru B eben moZraobas maRali donis impuBsuri aCgarebebiT, rac
saSuallebas i1ZBeva torcze damagrebuli namzadi (gamzomi gar-
damsaxi, naxevargamtariani diodi, tranzistori, mikrosgema da
sxva) gamokvBeull ignes dartymamedegobasa da dartymandgra-
dobaze.

rogorc avRniSneT, miBidan mikrotegno B ogiebze gadasvla
SesaZlebe B ia uinercio damkvreBlis gamoyenebiT, romBis roli
SeiZl eba Seasru Bl os detonaciurma talRam an impu Bsurma magni-
turma ve Ima. dReisaTvis impuBsuri magnituri veli gamoiyeneba
rogorc puansoni an matrica TxelkedBiani kargi eleqtro-
gamtarobis mgone masall isagan damzadebu Bi detallebis tvifvris,
mownexvis, gaSHis, kalibrebis da sxva tegnoB ogiuri operacie-
bis SesasrulleBlad. igi warmatebiT cvlBis detonaciur tegno-
B ogias, rodesac afeTqgebis talRa asrullebs puansonis an mat-
ricis rolls. amn ukanaskne Bs agvs didi upiratesoba praqtikulli
gamoyenebis TvalsazrisiT [7,5].
ZiriTadi amocanebi:

1. Sesabamisad, intensiuri datvirTvebisTvis gankuTvnili
diagnostikuri, tegnoBogiuri, satransporto Tu energetikulli
daniSnu Bebis danadgarebi egspBuataciaSi Seyvanande saWiroa

gamoicados dinamnikur dartymiT datvirTvebze, rac SesaZlebelia
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gamosacde B'1 mowyobi B obebiT, rome B Ta ZiriTad nawi Bs Seadgens
didi sididis impu B suri denis generatorebi [10]

2. magnitur-impu Bsuri diagnostikuri danadgarebis mogmedeba
emyareba impu Bsuri magnituri velis elegtrogantar sxeull ze Za-
I ovan zemogmedebas, rodesac vl indeba zedapirisa da siax Bovis
efeqtebi.

3. damuSavebu B ia aCgarebis gamzomi gardamsaxebis Tavisufali
rxevebis oscilogramnirebis meTodika da gardamsaxis ampli-
tudur-sixSirulli maxasiaTebBis ageba, rac iZBeva srull in-
Tormacias gardamsaxis struqturis da sakuTari sixSireebis
Sesaxeb [23].

kv Bevis meTodebi.

sadisertacio samuSaos Sesrullebisas Cvens mier stu-Si
damuSavebu B ia magnitur-impu Bsuri sistema, romBis impullsuri
denis generatorSi gamoyenebu ll 1a UPT-2 tipis ignitronuli ganm-
muxtve B 1. misi nominaBuri Zabva da deni Sesabamisad aris 10kv da
100ka, magram mas ara aqvs ventiBuri Tviseba, ris gamoc denis
generatori Sesrullda denis watacebis sgemiT damatebiTi ganm-
muxtavis gamoyenebiT. sistemaSi gadawyvetilia ZiriTadi da
damatebiTi ganmmuxtve Bebis anTebis da eleqtronulli oscillo-
grafebis gaSvebis procesebis singronizaciis amocana agac, Sis-
temis sainformacio-sazomi komp Begsi Seicavs impu Bsuri denebis,
deformaciebisa da aCgarebebis gamzom gardamsaxebs, optikur-
eleqgtronull gardamgmneBs an anaBogur-cifrull gardamgmnells
informaciis damuSavebis Sesabamisi sistemiT [19,56]

samecniero siaxle.

1. damuSavebulia cilindrulli Reros gverdidan aRgzneba
impu Bsuri magnituri velis saSuallebiT, Sedegad, impullsuri
deformaciis aRgznebis adgiBi ReroSi magsimaBurad igna miax-
Bovebulli tallRagantaris muSa torecTan, ris gamoc minimumamde
dayvaneba dispersiulli movBeniT gamowveu Bi damaxingebebi. am
ideis reallizeba SesaZBlebelia magnitur-impuBsuri diagnosti-

kuri daniSnu Bebis danadgarSi, romBis pirdapiri daniSnull ebaa
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piezoeleqtrulli dartymiTi aCgarebis gamzomi gardamsaxis saku-
Tari sixSireebis gansazRvra [57]

2. aCgarebis gamzomi gardamsaxebis Tavisufal 1 rxevebis os-
ciblogranirebis damuSavebis meTodika da gardamsaxis amplitu-
dur-sixSirulli maxasiaTebBis speqgtrulli meTodiT gansazRvra,
rac iZleva srull informacias gardamsaxis struqturis da saku-
Tari sixSireebis Sesaxeb [58,59]

3. diagnostikuri daniSnulebis magnitur-impu Bsuri danad-
gari, sadac komutatoris rolls asrullebs reversiullad CarTvadi
dinistori, romelic gamoirCeva xanmedegobiT, muSaobis sta-
bi BurobiT da iZBeva unipoBarulli impulsuri denis miRebis
saSua B ebas.

pragtiku 1 Rirebu leba

warmodgni Bi meTodika saSuallebas iZBeva magnitur-impull-
suri diagnostikuri danadgaris teqno Bogiur kvanZSi _ indug-
torSi miviRoT Zallzed xanmok Be da mZBavri impullsi, Tu danad-
garSi komutatorad gamoviyenebT reversiullad CarTvad dinis-
tors. rCd ramodenime aseulli kiBoamperi denis komutirebis
saSuallebas iZBeva erTeull mikrowamebSi.

naxevargamtaru Bi xe B sawyoebiT komutaciis dadebiTi gamoc-
di Beba arsebobs stu-Si. Cvens mier damzadda magnitur-impu Bsuri
sadiagnostiko danadgari, romelBic Seicavs TH-3000tipis OTX
mimdevrobiT SeerTebull impullsur tiristorebs, rac 9mgva
simZBavris komutaciis saSuallebas iZBeva tradiciulli komu-
taciis mgone tiristorebSi pragtikulad SeuZBebelia didi
TarTis mgone dengamtari arxis Segmna da didi simZBavreebis
komutireba [20,19].

naxevargamtarulli komutatoris simZBavris mniSvne I ovani
zrda SesaZBlebelia reversiullad CarTvadi dinistoris (rCd) sa-
SuallebiT, romell sac ara aqvs marTvis e Begtrodi. es ukanasknel i
Canacv il ebulia mmarTavi elBeqtronull-xvre Buri pRlazmuri FeniT,

romelic igneba koleqtorulli p-ngadasvlis sibrtyeSi. es fena
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gnnis pBazmur dengamtar arxs TarTiT, romelic tolia xel-
sawyos siBiciumis Firfitis farTis.

reversiullad CarTvadi dinistorebis gamoyeneba msgavsad
impuBsuri tiristorebiT awyobili komutatorisa saSuallebas
iZBeva induqtorSi gavataroT praqtiku Bad unipoBarulli impull-
suri deni, rac gansakuTrebiT mniSvne B ovania piezoeleqtrulli
gamzomi gardamsaxebis diagnostirebis dros, rodesac gazomvebis
sizuste didad aris damokidebulli sakvBev obieqtSi Semavalli
ZalBl ovani zemogmedebis xangrZl ivobaze. danadgarSi reversiullad
CarTvadi dinistoris kondensatoris ganmmuxtavad gamoyeneba
komutirebulli simZBavris zrdasTan erTad saSuallebas iZBeva
gaumj obesdes sadiagnostiko danadgaris metro B ogiuri maxasia-
Teb Bebi [17,32].

sadisertacio samuSaos ZiriTadi Sedegebi moxsenebulia
stu-s studentTa Ria saerTaSoriso samecniero konferenciebze.
pub B ikaciebi. sadisertacio samuSaoebis Sedegebi gamoqveynebu Nl i
igna OoTx samecniero statiaSi. miRebuli magvs sagarTveB os ori
patenti (PP 5374 da PP4350).

Ddisertaciis strugtura da moculoba. Ddisertacia Sedgeba
Sesavalisa da sami Tavisagan, romBebic gadmocemuBia 101
gverdze. Seicavs 35 naxazs, 3 cxrills da 73 dasaxelebis

I iteraturas.
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1. ao@ghsdmmol dodmbogngs

Tavi I. tegnikuri mowyobi B obebis diagnostika

11 eleqtrulli mowyobi Bobebis diagnostikis zogadi sakiTxebi.

mecnierebisa da tegnikis ganviTarebis Tanamedrove etapze
mniSvne B ovani Sedegebia miRweuli mZBavr impullsur energeti-
kaSi, impulsuri energetikuli tegnoBogiebis gamoyenebis
sTeroSi, rogorc samxedro, aseve mSvidobiani miznebisaTvis.
gansakuTrebiT efeqturia iseTi impulsuri teqgnoBogiebis ga-
moyeneba, rogoricaa:

e L iTonebis magnitur-impu Bsuri meTodebiT damuSaveba; kons-

truqciulli masalebisa da nakeTobebis dinamikuri gamocda;
emeganikuri dartymis parametrebis gamzomi piezoeleqtrulli
gardamsaxis diagnostireba;

aRniSnull tegnoB ogiebs Soris gansakuTrebiT unda aRiniS-
nos BiTonebis danuSaveba ZBieri impulsuri magnituri veliT,
rodesac xorcielldeba tegno Bogiuri operaciebi: moWera, gaSHa,
datvifrva, SeduReba, diagnostireba da sxva.

e Begtromowyobi Bobis tegnikuri diagnostika SedarebiT
axal1 mecnierebaa. tegnikuri diagnostika momdinareobs termi-
nidan diagnozi rac niSnavs Secnobas, gansazRvras. eleqtrulli
mowyobi B obis diagnostikis amocanaa obiegtis parametrebisa da
struqturis dadgena, mowyobi B obis gamarTva, muSaobis unarisa
da swori Tungcionirebis Semowmeba, defeqtebis moZieba. diag-
nostika, rogorc procesi, xorcielldeba diagnostirebis raime
saSua B ebebiT, romBebic SeigrZnoben da analizs ukeTeben obieg-
tis reaqcias SesaZl o zemogmedebaze da diagnostirebis Sedegs _
diagnozs.

eleqgtrulli mowyobi Bobebis gaumarTaobas da mtyunebas,
agreTve mowyobi BobaTa mdgomareobis damaxasiaTebeB 1 paramet-
rebis gauaresebas, iwvevs ZiriTadad gare Fizikuri fagtorebi:

e oObiegtis Siga da garemos temperaturis cvilileba;

e sinestis arseboba;
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e agresiulli garemo (gazebi, siTxeebi, orTgli, mtveri,
mwerebi);

e dartymisa da vibraciis gav Bena

rogorc cnobilia temperaturis cvililebis Sedegad icv-
Beba obieqtis callkeuli detallebis geometriulli zomebi, vinai-
dan HBiTonebisTvis wrfivi gafarToebis koefFicienti sakmaod
mniSvne B ovania, amis gamo impu Bsuri denis generatorSi adgili
agvs kondensatorebis, komutatorsa da induqtoris SemaerTebel
sadenebis meganikur deformaciebs, elegqtrulli kontagtebis xaris-
xis cvihilebas, damiwebis winaRobis gazrdas da sxva. garda
eleqgtrull1 winaRobisa, temperaturis cvilillebas iwvevs eleqt-
rull mowyobi B obebSi gamoyenebuB i1 masalebis sxva Tvisebebis
cvilillebac, kerZod, dieleqtrikuli da magnituri SeRwevado-
bebis Secvla temperaturis zrdasTan erTad, nawi Bobriv iSHBeba
zogierTi elegtro saizolBacio masalla, xdeba misi dabereba,
rome Bsac xels uwyobs maionizirebelBi gamosxiveba, eleqtrulli
da magnituri ve Bebis zemogmedeba, vibracia, dartymiTi zemoqgme-
deba da sxva [16].

aRniSnuli Fagtorebi eleqtrull mowyobi B obebSi amcirebs
sakomutacio kvanZebis (eBegtrull kontaqtebis) saimedoobas, ko-
roziulli procesebi, romel Ta identificireba xdeba agresiulli
garemos zemogmedebiT. sinestis gamo uaresdeba eleqtrull kon-
tagtebSi eleqtrogamtaroba. elegtrulli kontaqtebi ifareba
Jangis TfeniT, izrdeba koroziis BiTonis siRrmeSi gavrce lebis
siCgare. aseve eleqtrosaizolacio detallebis =zedapirSi arse-
buli mikrobzarebi sinestis arsebobis pirobebSi ivseba siTxiT.
gayinvis dros, daballi temperaturis pirobebSi, es bzarebi far-
Tovdeba da ZBierdeba arsebull i defeqti.

dabereba da cveTa aris TandaTanobiTi Seugcevadi proce-
sebi, romBebic mkveTrad auareseben elBeqtrull mowyobi B obebis
e Bementebis parametrebs. daberebis procesi mimdinareobs
uwyvetad, imisdamiuxedavad, obieqti imyofeba muSa mdgomareobaSi

Tu ara, maSin, cveTis procesi dakavSirebullia mowyobi B obis
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TungcionirebasTan. impu Bsur generatorSi masallebis cveTa da
dabereba aris bunebrivi procesebi, romelTa Tavidan acileba
SeuZlBebelia, da SeiZleba mxoBod nawi Bobriv SevasustoT maTi
mogmedebis Sedegi.

eleqtrulli mowyobi B oba warmoadgens rTull tegnikur siste-
mas, romB is muSaobis saimedooba SeiZBeba uzrunve Byofill ignas
aparaturulli da informaciulli RonisZiebebiT, mimarTulli defeq-
tebis gamov B enisa da gamosworebisken.

tegnikuri sistemis diagnostikuri uzrunve Blyofa iwyeba
sistemis proeqgtirebisas, grZe Bdeba misi damzadebisas da Semd-
gom egsp Buataciisas, masallebisa da tegno Bogiebis SerCeviT, sa-
eqsp Buatacio pirobebis SemuSavebiT da maTi dacviT.

obieqtis mdgomareobis Semowmeba xdeba testuri da +¥ung-
cionalluri diagnostikiT. testuri diagnostika moicavs Sesavali
zemogmedebebis erTob B iobas da Tanmimdevrobas, romlis drosac
obieqtis reaqciis analizi saSuallebas i1ZBeva dadgindes obieg-
tis tegnikuri mdgomareoba. obieqtis funqcionaluri diagnostika
xorcielldeba rogorc uwyvetad, aseve periodullad, an epizodu-
rad specialluri algoriTmis mixedviT, risTvisac salWiroa obieg-
tis da misi gaumarTaobebis maTematikuri modellebi. rogorc
wesi, maTematikuri modelBi aris diferencialluri da allgoriT-
muBi ganto Bebebi, empiriuli Formulebi, cxrilebi, grafikebi,
romBebic aRweren obieqtis an mis callkeull elementebSi mimdi-
nare procesebs.

saSua Bl ebebs, romBebiTac dadgindeba obieqtis teqnikuri
mdgomareoba ewodeba diagnostirebis tegnikuri saSualebebi.
eseni SeiZlBeba iyos aparaturulli an programulli, Sinagani an
garegani, avtomatizirebulli, specializirebulli an universalluri
da sxva. operatori an gamwyobi aseve SeiZBeba ganxi Bull ignes,
rogorc diagnostirebis saSualleba.

diagnostirebis dros, operatori gamoavlens ra obieqtis
gaumarTaobis niSnebs, adgens misi Ffungcionirebis siswores da

gansazRvravs gaumarTavi kvanZis Ziebis meTodikas. amisaTvis,
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obieqtis sadiagnostiko signalli SeiZBeba mimarTull ignes mimdev-
robiT, ganStoebu l an gadarTvad wredebSi [15].

mimdevrobiTi wredi Seicavs obieqtis Semadgene l e lementebs
ise, rom erTi elementidan gamosavali warmoadgens Semdegi ele-
mentis Sesavalls. amis Sedegad sadiagnostiko signalli gadis

e BementebSi mimdevrobiT ukukavSirisa da ganStoebebis gareSe.

nax. 1.1

ganStoebu b1 wredi SeiZleba i1yos orgvari: ganSBadi (nax.12)

o

nax. 1.2

an krebadi (nax. 1.3)

>
.- P

nax. 1.3
gadarTvadi wredi (nax. 14) Seicavs komutators, rombis sa-

SuallebiT mocemul situaciaSi warmoiSveba signallis Sesabamisi

-+
J i

nax. 1.4

wredis konfiguracia.
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mimdevrobiT wredSi diagnostirebis procesi SeiZBeba mniS-

vne Bovnad daCgardes Suaze gayofis meTodis gamoyenebiT (nax. 1.5)

nax. 1.5
amisaTvis, mimdevrobiT SeerTebulli eBementebis gamosavall Si
araswori signallis arsebobisas mimdevrobiTi wredi iyofa Suaze.
wredis pirveli naxevris gamosavallSi swori signalis arse-
bobisas dazianebu Bi eBementi iZebneba wredis meore naxevarSi.
arsebobs gaumarTvi e Bementebis aRmoCenis sxva meTodebic:
mkvebavi Zabvis Semowmeba, meTodi “bo Bodan sawyisisken~, bl o-

kebis Secvl is meTodi, gamoricxvis meTodi da sxva

12. Zhieri impulsuri denis generatoris diagnostika

ZBlieri impulsuri denis generatori warmoadgens eleg-
tronull mowyobi Bobas, romeBic Seicavs rezistorebs, kondensa-
torebs, indugtorebs da naxevargamtarull xe B sawyoebs.

rezistorebSi yvelaze farTod gavrcelebulli gaumarTaobaa
dengantari rezistorulli Tenis dazianeba (dawva), rezistorsSi
gamavali dauSvebeBi denis gamo. am dros rezistorSi C(ndeba
wyveta an mokBed CarTva gamdnari masallis mier warmogmnili
zRudariT. Sesabamisad, rezistoris parametri _ winaRoba Secv-
Bilia generatoris maRali Zabvis wredSi SesaZlBlebelia rezis-
torulli fTenis dazianeba TvaBi1T SeumCneveBi garegnuli niSne-
biT, rac aris mizezi rezistoris winaRobis mniSvne Bl ovani cvli-
B ebisa misi gadidebis an Semcirebis mimarTuBebiT.

kondensatorebSi yve Baze farTod gavrcelebulli dazianebaa
mokBed CarTva, rac SeiZlBleba aRmovaCinoT maRaBwinaRobiani
ommetriT. amisaTvis ommetri yve Baze maRali winaRobis gazomvis

diapazoniT unda mivuerTod kondensatoris momWerebs.
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®)

+

nax. 1.6
Tu kondensatori elegtroBlituria unda davicvaT CarTvis
poBlaroba. kondensatoris gasazomi winaRoba TandaTan unda
gaizardos Zallze did mniSvne Bobamnde da Semdeg darCes mudmivi.

kondesatoris tevadoba mowmdeba specialuri LC xeBawyoTi.

13. tiristorebisa da dinistorebis diagnostireba damzadebisa
da egsp Buataciis stadiaze.
am xe BsawyoTa pragtikuli gamoyenebisas xSirad maTi kHBasi
(muSa Zabva V) gansxvavebu Bia (nak Bebia) im mowyobi Bobis nomi-

naBlur ZabvasTan V_ SedarebiT, sadac unda iyvnen gamoyenebu ll 1.

anitom saWiroa maTi wyobi Bis damuSaveba, sadac n raodenobis
xe Bsawyo mimdevrobiT aris SeerTebulli.

V

o

Vck

n=

magal iTad, piezoeleqtrulli aCgarebis gamzomi gardamsaxis
dinamiuri maxasiaTeb Bebis ganmsazRvrel magnitur _ impuBsur
danadgarSi K16-05, impu Bsuri denis generatorSi gamoyenebu l ia
tiristorulli komutatori, romelic awyobi Bia sami mimdevrobiT
SeerTebulli me-9 kBasis impullsuri tiristorebisagan TU-3000,
romBlis muSa Zabvaa 900v, denis magsimaBuri mniSvne B oba
(dartymis deni) _ 10ka. am xe B sawyoTa winaRoba (gaJonvis denis
mimarT) xasiaTdeba didi ganbneviT. anitom xe BsawyoTa SerCevisas
winaRobis mixedviT sakmaod didi partiidanac ki ver uz-
runve Byofs statikuri Zabvis Tanabar ganawi Bebas xelsawyoTa
Soris da maT Soris sxvaoba SeiZleba aRwevdes xe I sawyos nomi-

naBluri Zabvis 50%-s. diodebis magaliTze saWiroa Zabvis
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gamaTanabrebeli Stos Segmna maRalvol tiani rezistorebis
gamoyenebiT, romBis parametrebi irCeva pirobidan (11), (nax. 17).

N NN
L1 1 U

— NN
R/ R; R; R,
nax. 1.7
Rll'Rl_Rz'Ré _Rs‘Ré L Rn'Rr'1 (11)
Ri+R, R,+R, R,+R, R, +R '

sadac R,,R,,R,...R, diodebis ukuwinaRobebia, R,,R,,R,...R, _
rezistoris winaRobebia [15]

(1.1) pirobis dakmayofi Beba saWiroa, rogorc mowyobi B obis
damzadebis stadiaze, aseve misi egspBuataciis periodSi,
rodesac mimdinareobs izolaciis cveTisa da daberebis in-

tensiuri procesi da xelsawyos rigis periodulli diagnostireba

damatebiTi rezistoris SerCevisas praqtiku llad FF:,=5+1O.

1.4. ganmmuxtavebis zogadi mimoxi Bva

141, ganmmuxtavebis saxeebi da maT mimarT wayenebu B i moTxovnebi

cnobi Bia, Semdegi saxis ganmmuxtavebi: vakuumuri, ionuri,
Bazerulli da myar dielleqtrikiani. ganmmuxtavebis Tvisebebi
arsebiTad aris damokidebuli, ara marto maT tipebze, aramed ge-
neratoris impulsuri denebis muSa parametrebze, aseve gene-
ratoris konstrugciaze, izoBaciisa da eleqtrodebis masall aze,
inicirebis xerxebze da aS. ganmmuxtavebi unda akmayo¥i N ebdnen
Semdeg ZiriTad moTxovnebs:

1) unda ayovnebdnen garRvevebs da gadafarvis muSa Zabvas.

ganmmuxtavi SeiZBeba gamoyenebulli iyos, rogorc komuta-

tori, romelic garkveuli droiT ayovnebs Zabvas izo-

Baciis garRvevis gareSe, aseve gamoyenebulli SeiZleba iyos,
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rogorc CamrTveli, romelic aRmoCndeba sxvadasxva ampli-
tudis mgone impu Bsuri Zabvis zegav Benis qveS.
2) unda gaaCndeT mcire indugciuroba
3) hgondeT amuSavebis (amogmedebis) Sesabamisi sizuste, rome-
lic aseve damokidebulia paraleBurad CarTull ganmmux-
tavebis raodenobaze.
4) gaaCniaT SedarebiT mcire winaRoba da garkveulli xan-
mdegoba.
ganvixi BOoT zogierTi ganmmuxtavis mogmedeba da mowyobi-
1 oba.
umartivesi vakuumuri ganmmuxtavi warmoadgens cilindrul
kameras saizolBacio masaliT da BiTonis eleqtrodebiT. saizo-
Bacio masallad gamoyenebu Bia Taifuri, mina, organulli mina,
polieTileni, Ftoroplasti da a S. eleqtrodebis masallad gamo-
yenebu Bia BiTonebi, romBebic maRal temperaturaze orTqlde-
bian.
vakuumuri ganmmuxtavi gamoirCeva Semdegi upiratesobebiT:
mcire sakuTari indugciurobiT, denis kargi gatarebiT, mZBavri
dartymiTi talRebis ar arsebobiT, uxmauro muSaobiT. muSa
Zabvis Secvlisas ganmmuxtavebi ar saWiroeben meganikur regulli-

rebas. ganmmuxtavis muSa Zabva icvBeba 100-300v-dan 150kv-mde,

komutaciis deni ki aRwevs 3-10°a.

didi denebis komutaciisas, rodesac energiis mniSvne I ovani
nawi B 1 gamoiyofa kameris elegtrodebsa da kedWBebze, xdeba
masalis aorTqgleba da gazis wnevis zrda moculobaSi im do-
nemde, rodesac ganmmuxtavebi veRar akaveben muSa Zabvas, amitom
auci Bebe lia vakuumuri mocu B obis amotumbva

ganmmuxtavis amuSaveba gamowveu I ia

1) neitraluri gazis gaSvebiT ganmuxtvis kameraSi.

2) naperwk Biani anTebiT, romBis drosac warmoigmneba mok-

BetalRuri radiacia da ionizirebulli garemo.
3) plazmuri nakadiT, romeBic miedineba kameraSi sxvadasxva

tipis inJeqtorebidan.
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4) Bazeruli afeTgeba, romeBic iwvevs myari sxeulebis
aorTqlebas vakuumur mocu B obaSi da warmoigmneba orTg-
I is i1onizacia

ganmuxtvis elleqtrulli simtkice ganisazRvreba Sida da gare
izolBaciis zedapirze ganmuxtvis ZabviT. rac Seexeba Sida vaku-
unur izoBacias masSi ZiriTad rolls TamaSobs ara marto izo-
Baciis zedapirulli gadafarvis Zabva vakuumSi, aramed izo Baciis
unari SeinarCunos an swrafad aRidginos Tavisi saizolacio
Tvisebebi didi denis gavlis Semdeg, rasac Tan axBavs ZHBieri
gazis gamoyofa, eleqtrodebis da kameris kedBebis masalis
aorTqleba

vakuumuri ganmuxtvis egsBuataciis procesma aCvena, rom
Sida vakuumuri izolaciis maxasiaTeb Bebi damokidebu lia komu-
tirebadi batareis energiaze. didi denis gavlis Semdeg mkveT rad
mcirdeba eleqtrulli simtkice, romBis aRdgena yovelTvis ar
xerxdeba

gamoTgmu Bia varaudi imis Sesaxeb, rom ganmmuxtavma izoO-
Baciuri Tvisebebi SeiZBeba dakargos maSin, rodesac BiTonis
orTqli ilegeba 1zoBaciis zedapirze. ganmmuxtavis elBeqtrulli
simtkicis Semcireba didi denebis komutaciisas gamowveu lia ara
BiTonis orTqlis dalleqviT kedBebze, aramed HBiTonis zeda-
piris mier airebis absorbciiT. an daskvnis sasargeb Bl od metyve-
Bebs kerZod, BiTonis kvalis ar arseboba izoBaciis zedapirze
ganmmuxtavis xangrZ B ivi eqsp Buataciis Semdeg [12].

ganmmuxtavebis Cveu Bebrivi muSaobis reJimi damokidebullia
batareis da datvirTvis parametrebze.

ganmmuxtavebze eqsperimentebi Catarebulia, roca kondensa-
torulli batareis tevadoba aris 9mk¥, xo 1 o Zabva 40kv-mdea.

sankt-peterburgis po Ritegnikur institutSi vakuumur ganm-
muxtavSi gazomi Bia denis ganawi Beba organu i minis kedlebze
150kv Zabvis dros. denis ganawi Beba ganmuxtvis kameraSi gazomi-
I ia rogovskis ori ganris daxmarebiT. pirveli gamari 150mm dia-

metriT moicavs centrallur ares, elegtrodis fTarTobis 20%-s.
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rogovskis meore gqamari 250mm diametriT moicavs eleqtrodis
TarTobis 50%-s. gamrebi izoBirebulia polieTilenis FirfitiT.
ganmuxtvis muSa konturSi gazomi Bia denis ganawi Beba 150khc
sixSireze, roca batareis ganmuxtvis Zabva 70kv-ia, xo B o denis
amp B ituduri mniSvne B oba 900ka.

ganmmuxtavis xanmedegoba _ warmoadgens maxasiaTebell's, rome-
B ic gansazRvravs vakuumuri ganmmuxtavis eqspBuataciis xangr-
Zhivobas, rome lic ar aRemateba 4500 ganmuxtvas.

zemoT moyvani Bi ganmmuxtavebis tipebi gaTvBilia minimum

10°CarTvaze. didi yuradReba eqceva iseT ganmmuxtavebs, romel -
Tac SeuzBiaT didi denis gatareba, maT mogmedebas Semcirebull
droSi, elegtrodebis cveTas, romelic dakavSirebullia energiis
batareasTan, sixSiresTan da denis amp B itudasTan, e leqgtrodebis
siThotevadobas da siTbogamnZ Beobas muSa da impu Bsur reJimebSi
specialuri gacivebis gareSe.

ionur ganmmuxtavebSi gamoyenebu Bia rkaBuri, naperwk Buri
an mRvivara ganmuxtvis mov Benebi. ufro TarTod gamoiyeneba
rkaBuri ganmuxtva, romBisTvisac ganmuxtvis SualedSi damaxa-
siaTebeBia Zabvis vardna da didi denebi. ganmmuxtavebi _ esaa
orelegtrdiani an same Beqtrodiani xe Bl sawyo, romBis korpusi
damzadebu Bia minis an metal okeramikisagan. ionuri ganmmuxtavis
saWiro parametrebia garRvevis Zabva 75-20000v, ganmuxtvis deni
100-1000a, ganmuxtvis energia, izoBacia, ganmuxtvebis dasaSvebi
ricxvi 107-mde, muSaobis dro [23].

ignitronu i ganmmuxtavi Sedgeba anodisa da kaTodis el eg-
trodebisagan, aseve anmTebi elBegtrodisagan. anodis minis izo-
Batoris dazianebis Tavidan aciBebisTvis xelsawyo aparatu-
raSi damagrebulia Semdegi TanmimdevrobiT: xelsawyo moTav-
sebullia gankuTvni B budeSi. FfHRancis xvrelBebSi Camagrebulia
WanWikebi ise, rom ganCiT ar aris daWerili. xell sawyos samagri
sallte anodTan damzadebuBia ori gasaRebiT, romeBlic dakav-
Sirebulia egvswaxnagas gamomyvanTan. Semdeg T¥HBancis simagri-

sTvis WanWikebs ganCiT uWeren, romelBic uzrunveBlyofs saimedo
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eleqtrull kontagts. xelsawyo pirveBlad CarTvisas 15wT-is gan-

mav B obaSi mudmivad muSaobs. Zabva anodze icvBeba 2kv-dan muSa
mniSvne B obamde. wy Bis temperaturaa 10°C, xoBo gamacivebeli

wy Bis temperatura icvBleba 25°C-dan 35°C -mde.

eqsp Buataciisas xe Bsawyo tegnikurad dacu Bl ia, radgan misi
samuSao korpusi Zabvis qveSaa. egspBuataciis relJimis dros
xe Bsawyos zRvru i mniSvne B obebia: Zabva anodze 0.1_20kv, xoll o
anodis impu Bsuri deni 100ka.

transportirebisas da eqspBuataciisas xellsawyo daculia
mkveTri dartymebis, ryevebisa da rRvevebisagan. hermetu ll obis
darRvevisas vercxBiswyali, romeBic moTavsebulia xell sawyos
SigniT SeiZleba daiRvaros.

didi simZBavreebis komutacia, rogorc wesi, xorcielldeba
airganmmuxtavi xe BsawyoebiT. mniSvne B ovanwi Bad maT ganviTare-
baSi miRweu li1 warmatebis Sedegad warmoigmna unikaBuri mowyo-
bi B obebis Segmnis tegnikuri SesaZzBebBoba, Tumca am mowyobi-
I obebs (xe B sawyoebs) gaaCniaT principulli nak B ovanebebi, rac
ganpirobebulia TviT airebSi ganmuxtvis procesebis xasiaTiT.
pirvel rigSi, es aris anuSavebis arastabi Buroba, rac arTullebs
rTulli sistemebis singronizacias da eqspBuataciis mcire vada,
rac dakavSirebullia e Begqtrodebis swraf daSHBasTan.

garda amisa, airganmmuxtavi mowyobi Bobebi rTullia egsp B ua-
taciaSi, arasakmarisad saimedoa da metismetad mgrZnobiare gare
zemogmedebisas. daaxBoebiT 10-15wBis ganmav B obaSi Zall ovani
gardamgmne Bi  tegnikidan, isini mT Bianad Seicvallnen mZBavri
naxevargamtaru Bi mowyobi BobebiT _ tiristorebiT da tranzis-
torebiT. varaudoben, rom naxevargamtaruli tegnikis ganviTareba
agreTve daipyrobda didi simZBavris impulsur da maRall sixSi-
rull tegnikasac. miuxedavad TvallsaCino miRwevebisa, tiristore-
bisa da tranzistorebis ganviTarebaSi es mainc ar moxda princi-
pulli xasiaTis mizezebis gamo. naxevargantarulli xe B sawyoebiT
didi simZBavreebis komutacia xdeba garemos gamtarobis mkveTri

gazrdis gziT, romelsac sawyis mdgomareobaSi gaaCnia maRal i

31



winaRoba da bBokavs xelsawyoze modebull gare Zabvas. aseT
garemos (ares) Cveu Bebriv warmoadgens p-n gadasvlis ukuSeqce-
ulli, Zhieri velbliT dasustebulli mocullobiTi muxti. am areSi
gamtarobis mkveTri zrda xdeba maSin, roca mas avseben kargi
gamtarobis mgone eleqtrull _ xvreBuri pRlazmiT.

komutirebadi simZBavris kuTri sididis Tundamentaluri
Tizikuri SezRudvebi naxevargamtarulli xel sawyoebisaTvis Ziri-
Tadad dakavSirebu Bia pBazmaSi muxtis matareb Bebis SedarebiT
daball i moZraobis unarTan da koncentraciasTan, agreTve Sedare-
biT daball muSa temperaturasTan, ris gamoc, gamoikveTa sakiTxi,
rasac mivyavarT gamtari garemos muSa mocu B obis Segmnis auci-
BebBobasTan. pBazmaSi SedarebiT mcire difuziuri sigrZis
mniSvne B obebi ar iZBeva mocull obis gazrdis saSuallebas eleg-
trodebs Soris manZi Bis gazrdis xarjze, rogorc es Xxdeba
airganmmuxtav xe BawyoebSi da, amitom komutirebadi simZBavris
gazrda SeiZleba moxdes ZiriTadad dengamtari arxis TarTobis
gazrdis xarjze. Sasabamisad, komutaciis 2zRvrulli maxasia-
Teb Bebi ganisazRvreba mdgradi mokBe pBlazmuri arxebis swrafi
Segmnis SesaZBlebBobiT didi TarTobis mgone diskis saxiT
garemos maRall 1 winaRobiT. yve laze mZBavr Tanamedrove naxevar-
gantarull gadamrTve BebSi (bipoBarull tranzistorSi da tiris-
torSi) plazmuri arxebi Formirdeba ZBier Begirebulli emiteru-
Bi1 fenebis (Sreebis) matareb Bebis inJeqciiT [25]

nax. 3.1-ze naCvenebia mZBavri tiristorebis naxevargantarul i
strugtura, romelic Sedgeba sxvadasxva gamtarobis tipis oTxi
Srisagan. es Sreebi warmoSobs sam p-n tipis gadasvlas. ori ga-
re emiteri CarTullia gamtarobis mimarTullebiT, xoBlo centra-
Buri (koleqtorulli) bl okavs xe l sawyoze modebu l Zabvas. gada-
rTvisas mocuBobiTi muxtis garemo Sevsebulia pBazmiT. gadar-

Tva inicirdeba impulsuri denis gavliT wredSi emiteri-baza,
Txeli bazis Sreebis gaswvriv. emiterulli n"—p gadasvliT elleg-

tronebis inJeqcia Bokalizdeba viwro arxSi (aseuli mikronis

rigis) emiter-bazis sazRvris gaswvriv.
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tiristorSi am arxis sigane drois ganmavBobaSi i1zrdeba
CarTull1 mdgomareobis gavrcelebis gamo, magram am procesis
siCgare Zalian mcirea (0.1 _ 0.005 mm/mkwm).

tranzistorSi ki arxis sigane ar aris damokidebulli droze
da mcirdeba denis sididis gazrdisas. aseTi Bokalizacia prag-
tikulad SeuZBebels xdis didi TarTobis mgone dengantari
arxis Segmnas da amitom naxevargamtarulli xell sawyoebi, romle-
bic emyarebian komutaciis ZiriTad principebs, ver uweven kon-
kurencias magall iTad, airganmuxtavebs, rome B Tac SeuZBiaT simZ-
Bavris swrafi komutacia mega da giga vatis diapazonis areSi.
amave dros Bazeruli, amaCgarebBebis, TermobirTvulli energe-
tikis, radiotegnikis da Bokaciuri tegnikis Tanamedrove done
moiTxovs swored naxevargamtarulli xell sawyoebiT amave diapa-
zonis simZBavreebis komutirebas, romBebsac gaaCniaT upirate-
sobebi: egsp Buataciis didi xangrZl ivoba, saimedooba, maRall 1 mgk
da xanmedegoba, rac ZBier mniSvne B ovania gare zemogmedebisas.

pikowamis diapazonSi arsebuli naxevargamtaruli xell sawyo-
ebi axdenen mxoBod 1lvt simZBavris komutacias. am diapazonis
mZBavri komutatorebis ararseboba seriozull sirTulles ugmnis
salokacio da saregistracio sistemebis axall i saxeobebis ganvi-
Tarebas.

naxevargamtaru Bi xe B sawyoebiT didi simZBavreebis komuta-
cia mikro, nano da piko wamis diapazonSi radikaBurad Seicvalla
ukanasknel bo B o ramdenime well iwadSi, mas Semdeg rac iofes
saxe Bobis Fizika-tegnikis institutSi damuSavebu i1 igna komuta-
ciis ori axalli principi _ mmarTveli1 pRlazmuri fenisa da Seyov-
nebu B i dartymiTi _ saionizacio talRis daxmarebiT, rac saSua-
Bebas iZBeva gaizardos xe Bsawyos komutirebadi simZBavre mik-
rowamis diapazonSi erTi rigiT, xoBo nanowamis diapazonSi
ori-sani rigiT da pikowamis diapazonSi TiTgmis oTxi rigiT.

komutaciis maxasieTeb B is aseTma mkveTrma gaumjobesebam bu-
nebrivad SesaZBebeli gaxada axalli sistemebis da mowyobi l obe-

bis Segmna aseT xe B sawyoebze dayrdnobiT.
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bolo ramdenime wBis manZi B ze, 1iofes saxel obis Tizika-
tegnikis InstitutSi Catarda intensiuri gamokv Bevebi, sadac Sei-
gmna ramdenime axalli tipis mZBavri naxevargamtarulli xe l saw-
yoebi unikaBuri maxasiaTebBebiT. kerZod, pRazmuri _ marTvis
tiristori da tranzistori (mikrowamis diapazonis), dioduri,
tranzistorulli da tiristorulli tipis impulsuri amaCgareblle-
bi (nanowamis diapazonis). agreTve komutaciis principebze dayrd-
nobiT Seyovnebu Bi darTymiTi _ saionizacio talRis daxmarebiT
Seigmna dioduri, tranzistorulli da tiristorulli tipis impull-
suri amaCqareb Bebi (nano da pikowamis diapazonis) [40].

mTeli es kompBegsi ZiriTadad Seigmna axaBi mimarTu Bebisa-
Tvis, rome Bsac uwodeben Zall ovan naxevargamtarull impulsur da

maRa B sixSirull el egtronikas [31].

15. tiristorulli ganmmuxtavebi
tiristori _ es aris naxevargantarulli xel sawyo, romelic
Sesru lebu B i1a naxevargamtaris oTxfeniani struqturis p-n-p-n
tipis monokristalis safuZvel ze, romelsac gaaCnia elBeqtrulli
venti Bis Tvisebebi da arawrfivi wyvetili vol t-amperulli maxa-
siaTebe Bi. naxevargantarulli xeBsawyo mmarTveB i1 sami elBeqtro-
diT, romelic Sedgeba Tanmimdevrullad ganBagebulli OTxi

p da n tipis sibiciunis Sreebisgan, uwodeben tiristors. naxe-

vargantaru i xeBsawyo oTxfeniani struqturiT warmodgeni lia

naxazze 1.8.

A

} A
P
N

G o

P K
N

b

nax. 1.8

nax. 1.8. A_ anodi, K_ kaTodi, G _ mmarTveli elegtrodi.
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p _ strugturis kidura ares, romelic CarTullia wyaros
dadebiT poBusze uwodeben anods, xolo n _ struqturis kidu-
ra ares, romelic CarTull ia wyaros uaryofiT po Busze uwodeben
kaTods. oTxpoBusian p—n-p-n tipis xelsawyos SeiZleba hgon-
des ori mmarTveli eleqtrodi (baza) mierTebulli Sida SreebTan.
xe Bsawyos, mmarTveli elegtrodebis gareSe, uwodeben diodur
tiristors (an dinistors), xolo xelBlsawyos erTi mmarTveli
elleqtrodiT uwodeben triodull tiristors (an tiristors) [32].

tradiciulli tiristori, romelic warmoadgens naxevarganm-
tarull ventills, farTod gamoiyeneba impu Bsuri tegnikis mowyo-
bi B obebisTvis. CarTull mdgomareobaSi maT axasiaTebT Zabvis
mcire vardna, gaaCniaT denis gadatvirTvis maRalli unari da mar-
tivi bipoBlarulli tegnoBogiis gamo aqvT Sesabamisad daballi
TviTRirebuleba misi nakBi1 vBindeba mokBe komutaciisas da
impu Bsuri denis Zalian didi ampBitudisas. es dakavSirebullia
CarTulli mdgomareobis sakmarisad nell procesebTan, romelic
vrce Bdeba mmarTveli elegtrodidan p-n gadasvlis gare sazRv-
rande. tradiciulli tiristoris aseTi Tavisebureba ganisazRvre-
ba misi gamoyenebiT denis komutaciisas miBiwamis diapazonSi.
tiristoris impullsuri Tvisebis gaumjobeseba miiRweva mmarTve-
11 elegtrodis konstruqciis gamoyenebis xar jze, romelic Tana-
bradaa ganBagebull1 siliciumis strugturis mTel farTobze. es
drois Semcirebis saSuallebas iZBeva srulli CarTvisas da tiris-
toris sakomutacio Tvisebebis gaumjobesebisas.

si Biciumiani marTvadi venti Bi warmoadgens kargad cnobil
tiristorull tips. mas agvs sami gamomyvani (anodi, kaTodi da
mmarTveli elegtrodi) da gamoiyeneba rogorc gadamrTvellebi.
marTvadi venti b1 arsebiTad warmoadgens gammarTve s, rome I sac
SeuZzbBia denis marTva mxoBod erTi mimarTulebiT. misi upira-
tesoba mZBavr (ZaBovan) tranzistorebTan SedarebiT aixsneba
imiT, rom maT SeuZBiaT didi denebis marTva gare wredSi mokle
mmarTve i1 signalis daxmarebiT. igi atarebs dens mmarTvel i sig-

nalis mogmedebis Sewyvetis Semdegac. Tu denis sidide nullamde
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ecema, maSin is iketeba da awvdis axall mmarTvel signalls gaxs-
ni I mdgomareobaSi dasabruneb Bad [35].

sibliciumiani marTvadi ventili _ es aris myarsxeul ovani
mowyobi Boba, romeBic danzadebulia siliciumnis difuziuri
meTodiT. igi Sedgeba OoTxi p da n tipis naxevargamtaris Sree-
bisgan, romBebic ganBagebulia TanmimdevrobiT. sgema naCvenebia

naxazze 1.9.

marTvadi e Beqtrodi

o—1 P N P N —o
anodi kaTodi

misi eqvivalenturi sgemaa

N N
P P o
N
l marTvadi
eleqtrodi
kaTodi
nax. 1.10

siliciumiani marTvadi ventillis CarTva xdeba dadebiTi
mmarTve i ZabviT, xoB o misi gamorTva xdeba anod-kaTods Soris
Zabvis SemcirebiT nulande. rodesac igi CarTullia da atarebs
dens kaTodidan anodisken, misi gamtaroba pirdapiri mimarTule-
biT sakmarisad didia Tu SeicvBeba anod-kaTods Soris Zabvis
po Baroba wredSi, romlis gamtarobac mkveTrad mcirdeba, maSin
masSi gava mxo B od gaJonvis mcire deni [34].

rodesac siBiciumiani marTvadi ventilli gamoiyeneba mudmivi

denis wredSi, datvirTvidan misi gamorTvis martivi meTodi
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Zabvis moxsnis gareSe ar arsebobs. es prob B ema gadaiWreba maSin,
Tu mas paralelurad miuerTdeba CamrTve R i.

mmarTveli pBRazmuri Sris daxmarebiT komutacia sakmaod
martivia magaliTad, Tu tiristorulli tipis xeBsawyoSi raime
meTodiT koWBegtorulli p-n gadasvBlis sibrtyeSi Seigmneba
eleqgtronull _ xvrelBuri pBazmis erTgvarovani Sre, maSin gare
Zabva am Sridan mTell TfarTobze erTgvarovnad gadaanacv lebs
xvrellebs p areSi, xolo eleqtronebs n areSi. es gadamtanebi,
romBebic ZiriTadia bazuri p da n areebisTvis, adabBebs ra
gare emiterull p-n gadasvilebis potenciur barierebs, iwvevs
araZiriTadi gadamtanebis inJeqcias Sesabamis bazur areSi da
xe B sawyos gadarTavs Cveu Bebrivi tiristorulli meganizmiT. Cveu-
Bebrivi sameleqtrodiani tiristorisgan gansxvavebiT gadarTva
warmoebs erTgvarovnad da erTdroullad xel@sawyos mTel Tar-
Tobze. amrigad, mmarTveli eleqtrodis SecvBa erTgvarovani
pRlazmuri SriT saSuallebas iZBeva moxdes pBlazmuri dengamtari
arxis Formireba FarTobiT, romelic tolia silbiciumis Firfi-
tis farTobisa radgan, aseTi Sris Segmna sakmaod rTulia, ami-
tom SeswavBibBi igna sxvadasxva meTodebi: ko Beqtorulli gadasv-
Bis impuBsur-zvaviseburi garRveva, dartymiTi ionizacia zema-
Ral sixSirull velSi, ionizacia sinaT his mZBavri koherentulli
da arakoherentulli impullsiT. yveBa amn meTodiT miiRes sakmaod
kargi Sedegebi, magram isini metismetad rTulli aRmoCnda tegniku-
ri TvallsazrisiT. yveBlaze xelsayreli aRmoCnda ew reversiul-
inJeqciuri marTva, romBis drosac mmarTveli pBazmuri Sre wa-
rmoigmneba xe B sawyoze modebu 01 Zabvis po Barobis uecari cvli-
BebiT. an meTodis gamoyenebiT Seigmna xe B sawyoebis sami axalli
k Basi. gadanrTveB'i xe B sawyoebis or kBass (tiristoris da tra-
nzistoris plazmurad marTvadi anal ogebi) uwodes Sesabamisad
reversiulad CarTvadi dinistori (rCd) da reversiullad marTva-
di tranzistori (rmt). es xel sawyoebi muSaoben mikro da submik-

rowamis diapazonebSi. nanowamebis diapazonisTvis damuSavebu i
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igna impu B sebis ZBieri dioduri amaCgarebeBi-dreifulli diodi
mkveTri aRdgeniT [53].

nebismieri daniSnulebis magnitur-impu Bsuri mowyobi B obis
erT-erT ZiriTad nawi Bs warmoadgens komutatori, romBis saS-
uallebiT maRalBli1 Zabvis impulBsuri kondensatorebis batareaSi
dagroviBi energia ganimuxteba indugtorze da generirdeba
Zhlieri impullsuri magnituri veli. es ukanasknelBi axdens ra
Zalovan zemogmedebas eleqtrogantar garemoze, impullsurad
aRagznebs sadiagnostiko obieqts da xdeba misi reaqciis regist-
rireba magnitur-impu B suri mowyobi Bobis reaqciis analiziT ni-
Rebu 01 diagnostikis Sedegebi mniSvne Bovnad aris damokidebu i
impu B suri aRgznebis intensivobaze, impu Bsis formasa da xangrZ-
I ivobaze, speqtraBur simkvrivesa da sxva parametrebze.

komutatorebi efeqturi muSaobisTvis unda akmayo¥i Bebdnen
rig moTxovnebs, romBebic xSirad winaaRmdegobrivia upirvelles
yov B isa, maT unda uzrunve Byon damuxtvis procesSi kondensato-
rebis batareis saimedo ganmxo B oeba indugtorisagan usafrTxoe-
bis mizniT da Semdgom, maTi saimedo SeerTeba datvirTvasTan mi-
nimaBuri sigrZis sall teebiT, raTa uzrunve lyofiB1i1 iyos ganmux-
tvis konturis minimaBuri "parazitulli" indugciuroba sasurve-
Bia, rom komutatorSi ganmuxtvis pirdapiri deniani sadeni mo-
cullil 1yos ukusadeniT, e.l. komutatoris konstruqcia Sesrull ebu-
Bi i1yos koagsialuri kabe B is principiT.

sadiagnostiko obieqtze magnitur-impu Bsuri mowyobi B obis
SesamCnevi zemogmedeba SeigrZnoba, rodesac impu Bsuri magnituri
velis indugciis pikuri mniSvne I oba Seadgens 8-10 tes B as. indug-
ciis 30-50 tesBas mniSvne Bobisas adgiBi aqvs BiTonis zedapi-
ris mniSvne B ovan deformaciebs; 50 70 tesBas dros xdeba BiTo-
nis zedapiris mo B Roba, xoBlo 90 100 tesBas dros xdeba BiTo-
nis aorTqleba aseTi velebis generirebisaTvis salWiroa aseull o-
biT ki B oamperi denebis komutireba

tegnikuri Tizikis dargisTvis gankuTvnill, tegno B ogiuri

Tu gamosacdeli daniSnullebis mZBavr magnitur-impu lsur
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danadgarebSi gamoyenebu B ia sankt-peterburgis da xarkovis po-
I itegnikur institutebSi danuSavebuli sahaero ganmmuxtavebi,
riazanis radiotegnikuri garxnis ignitronebi UPT-1, UPT-2, UPT-3,
WPT-4, Firma ,General Electric’’-s ganmmuxtavebi GL-7171, GL-7703,
rome B Tac agqvT marTvis elBeqtrodi, Sesrullebulli koagsialuri
kabe B is pricipiT, SeuZBiaT aseuBobiT ki Boamperi denis komu-
tireba. komutirebis Semdeg dens atareben orive mimarTullebiT
da aqvT SezRudulli resursi (103-10* amuSaveba). agreTve cnobi Ria,
ionuri (tiratronebis) da naxevradgamtariani (tiristoruli)
komutatorebi [57].

xSirad, gansakuTrebuli moTxovnebi waeyeneba indugqtorSi
gamaval i ganmuxtvis denis formas _ iyos is aperiodulli, mi Beva-
di sinusoiduri, Tu ZBier milBevadi (sinusoidis pirveli naxe-
vartall Ris fornmis), es ukanaskneB'i an aperiodulli reJimi miiRwe-
va ganmuxtvis konturSi damatebiTi an arawrfivi winaRobis Seyva-
niT. magall iTad, tiritis an villitis korborundulli winaRobebiT.
an elementebs aqvT rbilli volt-anperulli maxasiaTebeli, e.l.
denis Semcirebisas maTi winaRoba izrdeba, rac adidebs denis mi-
Bevis siCgares. an dros denis impu Bsi aris unipoBlaruli.

BiteraturaSi cnobilia, unipolarulli Tormis impullsis
Tormirebis sgemuri gadawyveta (kroubaris sgema), rodesac indug-
tori Suntirdeba damatebiTi komutatoriT (sahaero an ignitro-
nulll ganmmuxtaviT) drois im momentisTvis, rodesac deni aRwevs
magsima Bur mniSvne Bobas da imis magier, rom indugtoris magni-
tur vel Si dagrovilli energia dabrundes kondensatorebSi, xdeba
misi gamoyofa siTbos saxiT Suntisa da induqtoris winaRobebSi,
ris gamoc, mkveTrad izrdeba denis Semcirebis siCgare. ganmux-
tvis konturis parametrebis SerCeviT miiRweva ganmuxtvis denis-
Tvis erTeu B ovani impu lsis Forma

cnobi Bia, agreTve magnitur-impu B suri mowyobiBoba tiris-
torulli komutatoriT, sadac naxevarsinusoiduri formis 10mkwm
xangrZ bl ivobis erTeuBovani impu Bsuri denis magsimaBuri mniSv-

neloba Seadgens 3ka. komutatori Seicavs oOTx mimdevrobiT
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SeerTebull IX kWBasis TU 3000 tipis impullsur tiristors da
konstrugqciullad Sesrullebullia koagsialuri kabelBis principiT.
aRniSnul'i1 tiristorebisaTvis denis cvlilebis siCgare ar aRema-

teba 800a/mkwm, amitom magnitur-impu Bsuri mowyobi Bobis SesaZ-

BebBobebi SezRudulia da generirebulli1 impu Bsuri magnituri
veBis induqciis pikuri mniSvne B oba Seadgens 6-8 teslBas. ufro
Zhieri impulsuri magnituri velebis generirebisaTvis naxevar-
gamtariani komutatorebiT salWiroa gamoyenebuBi ignes naxevar-
gamtaru Bi1 xe B sawyoebi, rome I Ta gaReba xdeba impu Bsuri tiris-
torebisgan gansxvavebu i1 meTodiT [68]

magnitur-impu Bsuri danadgaris saimedo eqgspBuataciisTvis
Zalzed mniSvne Bovania misi, rogorc elleqgtrulli mowyobi B obis
diagnostikis meTodebisa da saSuallebebis SemuSaveba. saimedoo-
bis TvalsazrisiT misi SedarebiT susti rgolebia _ indugtori
da komutatori. naxevargantarulli komutatoris gamoyeneba mniSv-
ne Bovnad aumjobesebs danadgaris saimedoobas, magram kvBav ag-
tiuria impuBsuri denis xangrZl ivobisa da pikuri mniSvne B obis
gansazRvra, denisa da Zabvis cvBilebaTa siCgaris dadgena. am
mizniT magnitur-impu Bsuri sistemebi aRWurvilia impulsuri
denisa da Zabvis parametrebis gasazomi saSuallebebiT. garda
amisa, metad mniSvne B ovania komutatoris reversiullad CarTvadi
dinistoris winaswari diagnostika, rac SesaZlebelia nax. ll1l-ze

naCvenebi eBeqtrulli sgemis saSuallebiT.
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sgemaSi1 gaTvaliswinebuBia C, kondensatori, rogorc kvebis
wyaro regullirebadi ZabviT 0_2kv. kondensatori ganimuxteba L,
droselisa da UP ignitronulli ganmmuxtaviT reversiullad Car-
Tvad dinistorze da aformirebs am ukanaskneBis datvirTvas
impu Bsuri deniT. ignitronu i ganmmuxtavis daniSnu B ebaa dinis-
toris muSaobis pirdapiri da reversiulli reJimebis gancall keveba
imavdrou Bad impulsuri reversiulli denis amplitudisa da xan-
grZzhivobis SenarCunebiT C, kondensatorze Zabvis sxvadasxva
mniSvne B obisaTvis. dinistori eSveba VT tiristoris CarTviT. VD
diodi gamoricxavs UP ignitronis uku anTebis C, kondensato-

ris gadamuxtvisas.
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sadisertacio naSromSi moyvani Bia agreTve pBRazmuri Wavlis
aCgarebis meTodis damuSavebis Sedegebi, razedac miRebullia
sagarTve B os patenti GE P 2008 4350 B. AP 2006 009213.

es meTodi gamoyenebuli SeiZBeba iqgnes eleqtrorkallur
p BazmatronebSi, sadac reversiullad CarTvadi dinistoriT xdeba
p Bazmaze damuxtu i kondensatorebis batareis gadamuxtva, pla-
zmaSi denis sinmkvrivis mkveTri gazrda da misi Semdgomi aCgareba
msrbo B i magnituri velis saSuallebiT. Sesabamisi magnitur-impu-

Bsur-plazmuri sistenis principulli sgema naCvenebia naxazze 1.13.
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haeri Fxvnili | |

nax.1.13

es sistema uzrunve lyofs pBlazmatronis sagSenidan pBazmis
gamodinebis siCgaris mkveTr zrdas da detonaciuri tegno B ogie-
bis magnitur-impu Bsur-pBlazmuri tegno B ogiiT CanacvBlebis HBi-
Tonis detallebis dafarvisas maTi cveTamedegobis da sxva megani-
kuri Tvisebebis gasaumjobesebBad. rogorc cnobi Bia, daball tem-
peraturulli pBlazma warmoadgens karg e Beqtrogamtars da amitom
SesaZ B ebe B 1a masze kondensatoris batareis gadamuxtvisas plaz-
maSi energiis sinkvrivis gazrda da Sesabamisad, masSi arsebulli
ingredientebis (naxSiris fxvnili) BiTonis zedapirze dajaxebis
siCgarisa da temperaturis mkveTri gazrda, rac xels uwyobs
BiTonis zedapirze abraziulli cveTisadmi medegi Txeli Tenis

warmogmnas [18].
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2. 890093990 ©5 3500 gsblxs

Tavi Il. piezoeleqtrulli aCgarebis gamzomi gardamsaxebi.

2.1 piezoelegqtrull 1 gamzomi gardamsaxebis gamoyenebis are,
gamzomi gzrdamsaxebis ZiriTadi maxasiaTeb B ebi.

maRa @ siCqgaru i, intensiuri datvirTvebisTvis gankuTvnili
tegqno B ogiuri Tu diagnostikuri daniSnu Bebis danadgarebis ga-
mokv Bevisas, imis gamo rom meganikur Zabvebs, deformaciebs, aCga-
rebebs xSirad agvT taBRuri xasiaTli, masiurad gamoiyeneba sxva-
dasxva saxis maRal sixSirull'i miniaturulli gamzomi gardamsaxebi,
maT Soris piezoeleqtrulli gamzomi gardamsaxebi, raTa Tavidan
avici BoT gamzomi gardamsaxis bazis gaswvriv gasazomi signallis
integrirebiT gamowveu Bi cdomi Bebebi. amave dros danadgarebis
dinamkiuri gamocdebisas miRebuli1 informaciis srull Fasovani
damuSavebisaTvis auci Bebe Bia ganoviyenoT gamzomi gardamsaxebis
dinamikuri maxasiaTeb Bebis srulli paketi. rogorc wesi, miniatu-
rulli gamzomi gardamsaxebi warmoadgens maRaBsixSirull rxeviT
sistemebs da maTi dinamikuri maxasiaTeb Bebis gansazRvra warmoa-
dgens rTull tegnikur probBemas. misi gadawyveta standartulli
dartymiTi meganikuri stendebiT (urnallebi) SeuZBebelia, vina-
idan am dros ganviTarebuli impuBsuri datvirTvis xangrZ-
Bivoba miliwamebis diapazonSia da gamzomi gardamsaxis Xxan-
mok Be, mikrowamebis xangrZB ivobis impu B sebiT datvirTva SesaZ-
B ebe Biamxo B od uinercio (masis armgone) damrtyme B i instrumen-
tis gamoyenebiT [60].

mi Bidan mikrotegno B ogiebze gadasvBla SesaZlBlebeli gaxda
afeTgebis talRis an impulsuri magnituri velis gamoyenebiT.
maT Soris didi upiratesoba aqvs magnitur-impul sur tegnollo-
gias, rombBis danergvas xeli Seuwyo ZBieri impulsuri magni-
turi velis generatorebis, didi sididis impullsuri denebisa da
Zabvebis teqnikis ganviTarebam, mrewve B obis mier maRali Zabvis

impu Bsuri kondensatorebisa da ganmmuxtve Bebis aTviseban.
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diagnostikuri da tegno B ogiuri daniSnullebis nebismieri
magnitur-impu Bsuri sistemis mogmedeba damyarebulia eleqtro-
magnituri velis eleqtrogantar garemoSi gavrce Bebisa da masze
ZalBluri zemogmedebis mov Benebze. impuBsuri magnituri veli sa-
Suallebas i1ZBeva ganaviTaros Zall ze xanmok Be mikrowamebis diapa-
zonis Zaluri zemogmedeba gamosacde I obieqtze [58].

sxvadasxva saxis masallebis an namzadebis dinamikuri maxasia-
Teb Bebis gansazRvrisaTvis saliroa, rom cilindrulli fornmis
BiTonis ReroSi, romelic nmeganikuri talRagantaris rols
asrullebs, aRiZvras mikrowamebis diapazonis xangrZHl ivobis me-
ganikuri Zabvebi, deformaciebi da aCgarebebi. amave dros, stan-
dartulli meganikur dartymaze gamosacdel i stendebi (meganikuri
gangariani an sxva tipis urnallebi) saSuallebas iZBeva ganviTar-
des mi Biwamebis diapazonis impulsuri datvirTebi. arsebul
meganikur dartymaze gamosacdel stendebSi gamoyenebulia oOri
myari sxeulis garkveuli1 siCgariT dajaxebis efeqti, romlis
drosac dartymaSi monawi Be sxeulebis kinetikuri energia nawi-
B obriv gadadis am sxeu Bebis impulsuri deformaciis energiaSi.
sxeu BebSi warmoSobi B impu B suri deformaciebis xangrZll ivoba
da intensiuroba damokidebu @ ia dartymis siCgareze, dartymaSi
monawi Be sxeu Bebis masaze, masalaze, sixisteze, geometriul
zomebsa da konfiguraciaze. amis gamo, meganikur dartymiT sten-
debSi (urnallebi) xanmokBe impu B sebis miReba SezRudulia da
SemoifargBeba mi B iwamebis diapazoniT, mikrowamebis diapazonze
gadasvla maTi saSuallebiT principullad SeuZlebel ia.

ufro xanmokBe impuBsuri deformaciebi da meganikuri Zab-
vebi aRiZvreba myar sxeuBebSi maTi datvirTviT afeTqgebis tall-
RiT, ganmowveu B 1 asafeTqgebe B i nivTierebis saTanado ganBagebiTa
da inicirebiT an ,umaso” damkvreBis _ impulsuri magnituri
velis saSuallebiT. an dros impulBsuri zemogmedebis xangrZli-
voba mikrowamebis diapazonisaa da miiRweva deformaciis didi
siCgareebi, rac saSuallebas iZBeva davadginoT masall ebis dinami-

uri maxasiaTebBebi (dinamiuri denadobisa da simtkicis zRvrebi).
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aseve, myar sxeulSi _ meganikur tall RagantarSi mikrowamebis dia-
pazonis impuBsuri deformaciis warmoSobisas tall Ragantaris
torcebi asrulleben moZraobas maRalli donis impu Bsuri aCgarebe-
biT, rac saSuallebas iZBeva torcze damagrebuli namzadi (gam-
zomi gardamsaxi, naxevargamtariani diodi, tranzistori, mikro-
sgema da sxva) gamokvBeull 1ignes dartymamedegobasa da dartyma-
mdgradobaze.

rogorc avRniSneT, miBidan mikrotegno Bl ogiebze gadasvla
SesaZlBebelia uinercio damkvreBlis gamoyenebiT, romBis roli
SeiZl eba Seasru Bl os detonaciurma talRam an impu Bsurma magni-
turma velma. dReisaTvis, impulsuri magnituri veli gamoiyeneba
rogorc puansoni an matrica TxelBkedBiani kargi elegtrogan-
tarobis mgone masalisagan damzadebuli detallebis tvifvris,
mownexvis, gaSHis, kalibrebis da sxva tegnoBogiuri operaci-
ebis SesasrullebBad. igi warmatebiT cvBis detonaciur tegno-
B ogias, rodesac afeTgebis tallRa asrullebs puansonis an
matricis rolls. an ukanasknels agvs didi upiratesoba pragtiku-
11 gamoyenebis TvalsazrisiT.

ZBieri impulBsuri magnituri veBiT meganikur zemogmedebas
adgiB1 aqvs nebismier magnitur-impu Bsur sistemaSi, rombis

b B ok-sgema naCvenebia naxazze.
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nax. 2.1
nax. 2.1-ze naCvenebia magnitur-impu B suri sistema, romelic
Sedgeba:

45



1. dammuxtveBi mowyobi Bobisagan, romelBic waroadgens
cvBladi denis gammarTve Bis asamaR Bebe i transformato-
riT da venti hiT;

2. impu B suri denis generatorisagan, maRall i Zabvis impull su-
ri kondensatorebis batareiT, ganmmuxtaviT da 3 tegnoll o-
giuri kvanZisagan, romelBic Seicavs indugtorsa da impull-
suri magnituri velis zemogmedebis obieqts;

4. sistemis marTvis, signalizaciis, dacvisa da bBokirebis
kvanZi;

5. sainformacio-sazomi sistema, romelic Seicavs mzom gar-
damsaxebs, anaBlogiur-cifrull gardamsaxebs da gamoTvli-
Ti1 teqgnikis saSuall ebebs.

magnitur-impu Bsuri sistema Sedgeba dammuxtavi mowyobi l o-

bisgan, rome B ic warmoadgens cvBadi denis gammarTve Bs asamaR-
Bebeli transformatoriT da venti BiT, impuBsuri denis genera-
torisgan maRali Zabvis mcire indugciurobis mgone impullsuri
kondensatorebis batareiT, maRalli Zabvis ganmmuxtveBiT da
sistemis tegnoBogiuri kvanZiT. es ukanaskneli moicavs indug-
tors da muSa Reros — sistemis meganikur tall Ragamtars. sistema
Seicavs agreTve marTvis, signalizaciis, dacvisa da bBokirebis
kvanZs, sainformacio sazom kompBegss. masSi SeiZBeba Sediodes
eleqtronull-optikuri gardamgmne Bi, analogur-cifrulli gardan-
gnn Bi, sabeWdi mowyobi Boba da gamomTvBeli mangana. gamosak-
viBevi obiegti, vTqvaT aCgarebis gamzomi gardamsaxi, Tavsdeba
tall Ragantaris erT-erT torcze, romelic asrullebs dartymiT
aCgarebul moZraobas, gamowveu s tall Ragamtaris meore torcze
impu Bsuri magnituri velis zemogmedebiT. tall RagantarSi warmo-
Sobili impulsuri deformaciebi kontroBdeba tenzometrulli
gardamgmne BiT. impuBsuri denis, deformaciisa da aCgaarebis
gamzomi gardamsaxis reaqciis oscil ogramebi sxvadasxa SemTxve-

visaTvis naCvenebia naxazze [29].
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nax. 2.2

nax. 2.2-ze naCvenebia obieqtis aCgarebis a(t) da gardamsaxis
reaqciis v(t) osci Bogramebi sxvadasxva SemTxvevisas.

tal Ragantaris datvirTvis aseTi sgema, rodesac impullsis
xangrZBivoba aTeuli1 mikrowamis rigisaa miuRebelBia deforma-
ciis tallRis geometriull i dispersiis gamo. Tu movaxdenT cilin-
drulli Reros gverdidan agznebas impulsuri magnituri velis
saSuallebiT, am SemTxvevaSi impuBsuri deformaciis aRgznebis
adgi BI'1 ReroSi magsimaBurad igneba miax Bovebu li tall Raganta-
ris muSa torsTan, ris gamoc minimumande dayvaneba dispersiulli
mov BeniT gamowveu Bi1 damaxinjgebebi. an ideis reallizeba SesaZlle-
belia magnitur-impuBsuri teqnoBogiuri an diagnostikuri da-
niSnu Bebis danadgarSi, rombis pirdapiri daniSnullebaa piezoe-
Beqgtrulli dartymiTi aCgarebis gamzomi gardamsaxis sakuTari
sixSireebis gansazRvra [19].

damuSavebu Bia mZBavri magnitur _ impulsuri sistema rom-

Bis impulBsuri denis generatorSi gamoyenebulia UPT-2 tipis
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ignitronuli ganmmuxtve Bi. misi nominaBuri Zabva da deni Sesa-
bamisad aris 10kv da 100ka, magram mas ar aqvs venti Buri Tviseba,
ris gamoc, denis generatori Sesrullda denis watacebis sgemiT
damatebiTi ganmmuxtavis gamoyenebiT. sistemaSi gadawyveti lia
ZiriTadi da damatebiTi ganmmuxtve Bebis anTebis da el eqtronu-
11 oasci Bografebis gaSvebis procesebis singronizaciis amoca-
na agac, sistemis sainformacio-sazomi kompBegsi Seicavs impull-
suri denebis, deformaciebisa da aCgarebebis gamzom gardamsaxebs,
optikur-e Bleqgtronull gardamgmne Bs an anall ogur-cifrull gardan-
gmne Bs infFormaciis damuSavebis Sesabamisi sistemiT. konstrug-
ciulli masallebis dinaniuri maxasiaTebBebis gansazRvris dros
tal Ragantari mzaddeba gamosakv Bevi masall isagan, xdeba signalle-
bis erTdroulli registracia oscilografebis saSuallebiT. miRe-
bulli Zabvisa da deformaciis, rogorc drois fungciebis osci-
B ogramebis damuSavebiT ganisazRvreba masallis dinaniuri maxa-
siaTeb B ebi deformaciis siCgaris mocemu Bi1 mniSvne B obis dros.

piezoeleqtrulli aCgarebis gamzomi gardamsaxebis Tavisufa-
Bi rxevebis oscilogranirebis damuSavebis meTodika da gardanm-
saxis amp B itudur-sixSirulli maxasiaTebBis speqtrulli meTodiT
gansazRvra iZBeva srull informacias gardamsaxis struqturis
da sakuTari sixSireebis Sesaxeb.

cnobi Bia, rom magnitur-impu Bsur diagnostikur danadgarSi
energiis dagroveba xdeba kondensatorSi da am energiis ganmux-
tva ignitronnulli an vakuumuri ganmmuxtavis saSuallebiT indug-
torze (tegno Bogour kvanZze). miuxedavad imisa, rom es ganmmux-
tavebi saSuallebas iZBeva ZBieri denebis komutirebisa da Sesa-
bamisad, tegno Bogiur kvanZSi ZBieri impulsuri magnituri ve-
Bebis generirebisa maTi saSualebiT SeuZBebelia Zall ze xanmok-
Be sakvBevi obieqtis aRmgznebi impulsuri zemogmedebis Fformi-
reba, vinaidan amuSavebis Semdeg es komutatorebi rCebian CarTul
mdgomareobaSi da atareben dens vidre ar moxdeba kondensatorsSi
dagrovilli energiis srulll disipacia, indugtorSi gamavali

denis impullss aqvs miBevadi sinusoidis forma. am dros Ki
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Zallzed mniSvneB ovania, rom sadiagnostiko obieqgtis, aCgarebis
piezoeleqtrulli gardamsaxis aRmgznebi impullsi 1iyos Zalian
mok Be, miaxBovebulli delta impullsTan, rombBis spegtraluri
simkvrive erTis tolia mcdell oba aRmgznebi impullsis damokle-
bisa (denis unipoBarulli impullsis generireba) damatebiTi komu-
tatoris gamoyenebiT, arc Tu ise efeqturia Sedegebis daballi
ganmeorebadobis an saimedoobis gamo, vinaidan orive ganmmuxtve-
Bis singronizacia sakmaod rTulli tegnikuri problemaa da
obieqtis aRmgznebi impullsis xangrZBivoba da sidide ar aris
stabi Buri. yovelive amis gamo, ignitronulli an vakuumuri ganm-
muxtve Bebi nakBebad efegqturia rogorc komutatori magnitur-
impu Bsuri diagnostikuri danadgarebisTvis.

arsebobs agreTve magnitur-impu Bsuri danadgari, sadac komu-
tatoris rolls asrullebs tiristori, romelic gamoirCeva xanme-
degobiT, muSaobis stabi BurobiT da iZBeva unipoBarulli im-
pullsuri denis miRebis saSualebas. magram, vinaidan impullsuri
tiristorebic ki SezRudulia dasaSvebi denis cvlilebis siCga-
riT, maTi saSuallebiT didi simZBavris komutireba da Sesa-
bamisad, indugtorSi mZBavri unipoBarulli impulsis miReba Se-
uZ B ebe B ia [66]

magnitur-impu Bsuri diagnostikuri danadgaris teqno logiur
kvanZSi _ indugtorSi SesaZBebe lia miviROT Zall zed xanmok Be da
mZBavri impu B si, Tu danadgarSi komutatorad gamoviyenebT re-
versiulad CarTvad dinistors. rC dinistori ramdenime aseulli
ki B oamperi denis komutirebis saSuallebas iZBeva erTeull mikro-
wamebSi.

stu-Si aris sankt-peterburgis metroBogiis institutis
mier aRniSnulli masalebis gamoyenebiT Seqgmni Bi dartymiTi aCga-
rebis TIM 93 seriis gamzomi gardamsaxebis gamokv Bevebis mdidari

gamocdi Beba [73].
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nax. 2.3

1. korpusisagan; 2. gardamsaxi damagrebu B ia sakvBev obieqtze
weboTi an xraxniT; 3. mgrZnobiare elementi; 4 BiTonis wriulli
an oTxkuTxa Formis tvirTi.

nax. 23-ze naCvenebia misi konstruqciulli sgema, romelic
Sedgeba korpusisagan 1, mgrZnobiare eBementis 3 da wriulli an
OoTxkuTxa Formis tvirTisagan 4 masiT m, gardamsaxi damagrebu-
Bia sakvBev obieqtze 2 weboTi an xraxniT. Nnax. 24-ze naCvenebia
obieqtis aCgarebis a(t) (gardamsaxisTvis aRgznebis) da gardamsaxis
reaqciis v(t) osci Bogramebi sxvadasxva SemTxvevisTvis. sakvlevi
obieqtis moZraobis parametrebis dadgena xdeba Sesabamisi oOsci-

§ ogramis damuSavebiT.
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nax. 2.4
nax. 24-ze naCvenebia obieqtis aCgarebis a(t) da gardamsaxis
reagciis v(t) osci Bogramebi sxvadasxva SemTxvevisTvis.

dinamikuri gamocdebis dros miRebulli informaciis srull-
Tasovani damuSavebisTvis aucillebelia gamoyenebulli gamzomi
gardamsaxebis, maT Soris piezoeBeqtrulli aCgarebis gamzomi gar-
damsaxis dinamikur maxasiaTebeB Ta srulli speqtri, rac SeiZlleba
mopovebu Bi1 ignes TviT gamzomi gardamsaxebis yove Imxrivi ga-
mokv BevebiT maTze xanmok Be dartymiTi zemogmedebis saSuallebiT,
msgavsad elBeqtrulli wredebis sixSirulli maxasiaTebBebis kvile-
visa impu Bsuri meTodiT [71].
dartymiTi piezoeleqtrulli aCgarebis gamzomi gardamsaxebi
warmoadgenen rxeviT sistemebs maRalli sakuTari rxeviTi

sixSireebiT. mowyobi Boba SeiZBleba modeBirebuli ignes erTi,
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ori an mravallmasian ganawi Bebull parametrebiani rxeviTi

sistemebiT.
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nax. 2.5

maTi pragtikuli gamoyenebis dros gazomvis Sedegebis
damuSavebisas gazomvis maRalli sizustis uzrunvelyoFfisaTvis
saWiroa gvgondes informacia gamzomi gardamsaxebis amp B itudur-
sixSirulli maxasiaTeb Bebis Sesaxeb. es informacia, msgavsad
eleqgtrulli wredebisa, SeiZBeba mopovebull 1ignes gardamsaxze
aCgarebis xanmok Be 1impu Bsis zemogmedebiT misi mgrZnobiarobis
mimarTu BebiT. gardamsaxis aRmgznebi impu B sisa da Sesabamisi re-
aqgciis registraciis da maTi Semdgomi damuSavebiT. cxadia, rom
maRa B sixSirul1 gardamsaxis efeqturi aRgznebisaTvis saWiroa
aRmgznebi impullsis xangrZBivoba nakBebi an Tanazomadi 1iyos
gardamsaxis sakuTari rxevebis periodTan SedarebiT.

piezoelegqtrulli aCgarebis gamzomi gardamsaxebis dinamiuri
maxasiaTeb Bebis kv Bevisas, gansakuTrebiT maTi arawrfivobis gan-
sazRvrisas saWiroa maTi agzneba impuBsuri aCgarebiT, rombis
pikuri mniSvne I oba aRwevs 106 m/wm? xangrZ N ivobiT 10mkwm.

an TvallsazrisiT aqtuaBuria, Seigmnas piezoelleqtrulli aC-
garebis gamzomi gardamsaxis dinamikuri maxasiaTeb Bebis gamosak-
vilevi mowyobi Boba, romelBic saSuallebas mogvcems movaxdinoT

sakv Bevi obieqtis srullyofili diagnostika [70,64].
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22. piezoelegtrull i gamzomi gardamsaxebis parametrebis
gansazRvris meTodebi da saSuall ebebi

SemoTavazebu B'i1 magnitur-impu Bsuri diagnostikuri daniSnu-
B ebis danadgari Seicavs dammuxtav mowyobi B obas, mcire indug-
ciurobis mgone impu Bsuri kondensatorebis batareas, indugtors,
rome 8Sic moTavsebullia BiTonis talRagantari zed damagrebu-
Bi1 aCgarebis piezoeleqtrulli gardamsaxi, komutators reversiu-
Bad CarTvadi dinistoris sgemiT. danadgari muSaobs Semdegna-
irad: komutatorze impulsis miwodebisas gaiReba dinistori da
xdeba kondensatorebis batareis gadac Ba indugtorze. denis pir-
veli naxevartal Ris gavlis Semdeg dinistori iketeba da aRar
atarebs denis ukutalBlRas. induqtorSi moTavsebuli tall Raganm-
tari ganicdis impu Bsur meganikur zemogmedebas da masze damag-
rebuli sakvBevi obieqti aRigzneba erTjeradi unipoBarulli im-
pullsiT. impulsis xangrZl ivoba stabiBuria da ar aris damoki-
debu l'i gare fagtorebze impuBsuri zemogmedebis sidide da xan-
grZhlivoba damokidebu Bia mxo B od damuxtvis Zabvis sidideze da
ganmuxtvis wredis parametrebze.

reversiullad CarTvadi dinistoris gamoyeneba, msgavsad im-
pullsuri tiristorebiT awyobili komutatorisa saSuallebas iZ-
Beva indugtorSi gavataroT pragtikuBad unipoBarulli impull-
suri deni, rac gansakuTrebiT mniSvne B ovania piezoeleqtrulli
aCgarebis gamzomi gardamsaxebis diagnostirebis dros, rodesac
gazonmvebis sizuste didad aris damokidebu i sakvBev obieqtze
Sesavalli ZalBovani zemogmedebis xangrZllivobaze. gamosacdel i
obieqtis metroBogiuri maxasiaTebBebi _ struqtura, sakuTari
rxevebis sixSire, demFirebis koeFicienti, mgrZnobiaroba, arawr-
Tivoba ganisazRvreba mowyobi Bobis reaqciisa da impullsuri ze-
mogmedebis speqtralur sinmkvriveTa FfardobiT. es fardoba mar-
tivdeba, rodesac impulsuri zemogmedeba Zallze xanmokBea da
uax Bovdeba dell ta fungcias, rac niSnavs, rom gamosacdeli obi-
eqtis gadacemis Fungciisa da reaqciis speqtraluri simkvriveebi

pragtiku Bad Tanxvdeni Bi Fungciebia. an dros, obieqtis reaqciis
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speqtraluri simkvrive pragtikullad igivea, rac obiegqtis kom-
plegsuri sixSiruli maxasiaTebel i da obieqtis diagnostikuri
kv Beva midis mis impu Bsur zemogmedebaze reaqciis analizTan.

sadiagnostiko obieqtis, piezoelleqtrull1 aCgarebis gamzomi
gardamsaxis Zallzed xanmokBe impulsur aRgznebaze reaqciis
speqtraBluri simkvrivis analiziT SesaZlBlebelia garadamsaxis
struqgturis dadgena, ampBitudur - sixSiruli, sakuTari sixSi-
reebis, demfFirebis, arawrfivobis da sxva metro B ogiuri maxasia-
TebBebis maRall i sizustiT gansazRvra

sadiagnostiko gamzomi gardamsaxi warmoadgens e legqtromega-
nikur rxeviT sistemas, rome B ic aRigzneba impuBsuri aCgarebiT.
diferencialluri gantoleba, romelzec daiyvaneba aCgarebis

gamzomi gardamsaxis ganto BebaTa sistema, igneba

d"e d"te de
b +b +--b,—+b,e = T (1),
n dtn n-1 dtn_]_ 1 dt 08 ()

sadac b,,b,,,..b, koeFicientebi ganisazRvreba rxeviTi siste-

n:~n-11"

mis parametrebiT; f(t)_aRgznebis Fungcia ganisazRvreba impu ll su-
ri aCgarebiT da rxeviTi sistemis parametrebiT; &_gamzomi gar-
damsaxis reaqcia impu Bsur zemogmedebaze.

Ggamzomi gardamsaxis sakuTari rxevebis sixSireebi ganisaz-
Rvreba amp B itudur-sixSirul'i maxasiaTeb BiT, romel ic warmoad-
gens gardamsaxis gadacemis Fungciis speqtraluri sinkvrivis mo-
du B's. gardamsaxis gadacemis Fungciis speqtraluri simkvrive

S.(Jjo) _ 1

U975 () b, +b, (@) + o,

sadac S;(jw) da S, (jo) _ gardamsaxis aRgznebisa da reag-

ciis speqtralluri simkvriveebi Sesabamisad.

aCgarebis gamzomi gardamsaxis, rogorc meqanikuri rxeviTi
sistenis, kompBegsuri sixSirulli maxasiaTebeB1 SeiZBeba gansaz-
Rvrull ignes, rogorc

S, (1)
S.(jo)’

S(jo) =
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sadac S,(jw) aris gardamsaxis aRmgznebi dartymiTi aCqarebis
speqtraluri simkvrive. gamzomi gardamsaxis aRgznebisas del ta
an masTan miaxBoebull impulBsuri TFTunqciiT, romBis speqgtra-
Buri simkvrive erTis tolia gardamsaxis kompBegsuri
sixSirull1 maxasiaTebe b1 ganisazRvreba, rogorc reagciis speg-
tralluri sinkvrive
S(jo) =S, (jo).

am SemTxvevaSi gardamsaxis reaqciaSi Tagtiurad ar aris
iZulebiTi mdgeneli. gardamsaxi asrullebs Tavisufall rxevebs
nu B ovani sawyisi gadaadgi BebiT da sawyisi siCgariT. rxeviTi
sistemis kompBegsuri sixSirulli maxasiaTebeB i aris sistenmis
Tavisufali rxevebis kompBegsuri simkvrive. rodesac gamzonmi
gardamsaxis reaqcia Seicavs iZuBebiT mdgenell's, sakmarisia vico-
deT dartymiTi aCqarebis impu Bsis xangrZBivoba r, da gardamsa-
xXis reagcias movaci BOT Sesabamisi sawyisi ubani, maSin

S,(jw) =exp(- jor,)-S(jo).

am toBobidan Cans, rom speqtraBur simkvriveebs S da S,
agvT erTnairi modullebi, ase rom gardamsaxis reaqciis darCe-
nili nawiBis spegtri warmoadgens gardamsaxis ampBlitudur-
sixSirull maxasiaTebe B's [59,61].

meTodikis Tanaxmad reaqciis darCeni Bi nawi Bi gadayvanili
unda ignes diskretull FformaSi At = (t-10)/2n bijiT, sadac aris
gardamsaxis reaqciis xangrZBivoba da 2n - amonakrebTa ricxvi.

gardamsaxis amp B itudur-sixSiruli maxasiaTebeBi gamoiTv-

B eba Semdegi formuliT:

Saf,) =12 + 125,

sadac

l, = jg(t)cos(znfkt)dt, Iij.ﬁ(t)sin(Zfrfkt)dt.

aq fc sixSire RebuBobs diskretull mniSvne B obebs Af bijgiT

fmin— fmax SIXSirull intervall Si, sadac funin =1/t da . =1/2At.
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amgvarad, S(2=nfy) saWiroa ganisazRvros mocemulli

I idan, sadac

fi=(i-1) Aftfmin=Tmax-

cxadia, (39) formulaSi k icvleba 1<k<i

f1=Fumin,
1:ZZAf"'fmin,
1:3:2Af"‘fmin,

. f f
|:1+ max mln.

Af

Fformu-

diapazonSi da

integrallebi I da lx ganisazRvreba simpsonis cnobilli for-

mu BebiT, rac advi Bad eqvemdebareba kompiuterull gamoTv Bebs.

Zall zed mniSvne Bovania, rom sadiagnostiko obieqtis piezo-

eleqgtrulli dartymiTi aCgarebis gamzomi gardamsaxis impullsuri

aRgzneba 1yos Zalian xanmok Be, miaxBoebulli dellta impullsTan,

romlis speqtralluri sinkvrive erTis tolia am dros obieqtis

reagciis speqtraluri simkvrive pragtikuBad igivea, rac obieg-

tis kompBeqgsuri sixSirulli maxasiaTebeBi da obiegtis diagnos-

tikuri kvBeva midis mis impulsur zemogmedebaze reagciis ana-

BizTan

sadiagnostiko obieqgtis, piezoeleqtrulli gamzomi gardamsa-

xis Zalzed xanmok Be impu Bsur aRgznebaze reaqciis spegqtrallu-

ri simkvrivis analiziT SesaZlBebell ia garadamsaxis struqturis

dadgena, amp B itudur-sixSirulli, sakuTari sixSireebis, demFire-

bis, arawrfivobis da sxva metroBlogiuri maxasiaTeb Bebis maRa-

i sizustiT gansazRvra [62].
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Tavi Ill. naxevargamtarull i komutatorebi

3.1. tradiciuli komutaciuri procesi naxevargantarul

xe I sawyoebSi

rogorc zemoT iyo aRniSnulli, didi simZBavreebis komuta-
cia dRemde xorciell deboda airganmuxtvis xe BsawyoebiT da maT
ganviTarebaSi miRweuli warmatebebis Sedegad Seigmna mravalli
unikaBuri danadgari, romBebic gamoyenebu B ia tegnikuri Fiziki-
sa da tegno B ogiebis sfTeroebSi. magram, airganmuxtvis xe l sawyo-
ebs aqvT maTSi mimdinare procesebidan gamomdinare, mTelBi rigi
uaryofiTi mxareebi: amuSavebis arastabi Buroba, romelic arTu-
Bebs singronizacias rTull sistemebSi; gamoyenebis mok Be vada,
ganpirobebu i eleqtrodebis swrafi daSBiT. garda amisa, air-
ganmuxtvis xe B sawyoebi nak Bebad saimedonia, rTulli egspluata-
ciaSi da mgrZnobiareni gare zemogmedebaze.

airganmuxtvis xe Bsawyoebis aRniSnulli uaryofiTi mxareebis
gamo xdeba maTi CanacvBeba mZBavri naxevargamtariani xe N sawyoe-
biT _ tiristorebiTa da tranzistorebiT. savaraudod, am xe I sa-
wyoebs unda moecvaT mZBavri impuBsuri maRalsixSirulli teg-
nika, magram es ar moxda mizeziT, romelsac aqvs principulli
xasiaTi.

didi simZBavreebis komutacia nebismieri tipis naxevargamta-
riani xe BsawyoTi xdeba am xe B sawyos garkveu Bi nawi Bis gamta-
robis mkveTri zrdiT, romelsac agvs sawyis stadiaze Zall zed
didi winaRoba da ab B okirebs naxevargantarull xe I sawyoze mode-
bull Zabvas. es nawiBi1 warmoadgens ZBieri eleqgtrulli veliT
muxtis matareb Bebisagan mT Bianad dacBil moculobiTi muxtis
ubans (ukuwanacvBebulli p-n gadasasvlelis mocullobiTi muxtis
ubani). an raionis gamtarobis mkveTri zrda SeiZll eba moxdes misi
eleqtronull-xvreBuri pRlazmiT Sevsebis gziT. magram, naxevarga-
mtaruli xe Bsawyos xvedriTi (erTeull zedapirze mosulli) komu-
tirebulli simZBavre SezRudu lia pBlazmaSi muxtis matareblebis
daballi Zvradobisa da koncentraciis, agreTve, arc Tu maRali

muSa temperaturis gamo. Sedegad, mniSvne Bovani simZBavreebis
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komutirebisTvis saWiroa xe BsawyoSi Seigmnas didi muSa mocu-
B obis gantari ubani. pBlazmaSi muxtis matarebBebis difuziuri
sigrZis SedarebiT mcire mniSvne Bobebi ar iZBeva saSualebas
gavzardoT mocu B oba elegtrodebs Soris manZilis zrdiT, ro-
gorc es xdeba airganmuxtvis xe I sawyoebSi. rCeba erTaderTi gza
_ dengantari arxis ganivkveTis gazrda amgvarad, naxevargamtaru-
11 xelBsawyos zRvrulli komutaciuri maxasiaTeb B ebi damokidebu-
Bia imaze, Tu ramdenad swrafad FTormirdeba didi winaRobis
mgone ubnis adgi Bas didi diametris mgone mokBe mdgradi plaz-
muri arxebi.

Tananedrove mZBavr naxevargamtarull xe I sawyoebSi (bipola-
rull tranzistorebsa da tiristorebSi) dengamtari arxebi Fform-
irdeba emiterulli fenebidan inJeqcirebu 1 muxtis matareb BebiT.
tiristoris SemTxvevaSi, sadac oTxi Tenaa sami p-n gadasasv il v-
BiT ori kiduri (emiterulli) gadasasvlvilebi CarTullia gantari
mimarTulebiT, xoBo centraluri (koleqtorulli) axdens xel-

sawyoze modebu B i Zabvis b B okirebas.

Ao-—- C

P+

;60

&

Bo+
Nnax. 3.1

nax. 3.1-ze naCvenebia oTxSriani p'Npn® tiristoris strugtura
AB _ ZalBovani wredi; AC_ marTvis wredi; 1, 3 _emiterulli p-n
gadasvlebi; 2 _ koleqgtorulli p-n gadasvla 4 _ koleqtoris

mocu B obiTi muxtis are; 5 _ pBlazmuri arxi.
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tiristoris oTxfenian p-n-p-n struqturaSi p da n ub-
nebSi muxtis ZiriTadi matareb Bebis gansxvavebulli koncentra-
ciis gamo, TiToeull p-n gadasvBaSi gadis difuziis deni. am
dros warmogmni Bi mocu BobiTi muxtebi gmnian veBebs, romBebic
xe s uSHian muxtebis ZiriTadi matarebBebis Tavisufal difu-
zias da 1iwveven araZiriTadi matarebBebis denebs (dreifis
denebs). Sedegad xe B sawyoSi myardeba wonasworoba da masSi deni
aRar gadis [65]

anodsa da kaTods Soris gareSe pirdapiri Zabvis modebiT
ganapira emiterulli gadasvlebi j, da j, wainacvBebs pirdapiri
mimarTu BebiT (marcxnidan mar gvniv) da centralluri ko Beqtoru-

B gadasvla j, sawinaaRmdego mimarTulebiT

p-n—p nawi K1 p baza
A=
a I
A K
L P n, P, n, =
b b
YT
n baza n—p-n nawi Bi

nax. 3.2 ukuwanacvBlebuli p-ngadasvlis moculobiTi muxtis
zona aRmoCndeba mT Bianad dac Bili muxtis matareb Bebisagan da
b I okavs xe B sawyoze modebu I Zabvas.
aRniSnuli zonis gamtarobis mkveTri zrda da, Sesabamisad,
xe Bsawyos gadarTva SesaZlBlebeBia zonis SevsebiT kargi eleg-
trulli gantarobis mgone eBeqtronu B -xvreBuri pRlazmiT.
xe Bsawyos gadarTvisas am gadasasvBvlis moculobiTi
muxtis ubani unda Seivsos pBazmiT, romBis inicireba xdeba im-
pullsuri denis gatarebiT emiter-bazis wredSi sabazo Txeli
Tenis gaswvriv. an Fenis didi winaRobis gamo e Begtronebis inJeg-
cia emiterulli p-ngadasvliT Bokalizdeba viwro arxSi emiteri-
bazis sazRvris gaswvriv. tiristorebSi CarTvis mdgomareoba

vrce B deba Zall zed daballi siCgariT (0.1-0.005 mm/mkwm), tranzisto-

rebSi ki arxis sigane ar aris damokidebuli droze. amis gamo,
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aRniSnull  xe B sawyoebSi SeuZBebelia didi TarTis dengantari
arxebis miReba da Sesabamisad komutaciis Cveu Bebrivi principis
gamoyenebiT maT ar SeuZBiaT konkurencia gauwion airganmuxtvis
xe B sawyoebs swrafi komutaciis pirobebSi simZBavreTa mega da
gigavatian diapazonSi. Tanamedrove mZBavri magnitur-impu B suri
sistemebi saWiroeben naxevargamtarull komutatorebs, romBebic
SesZ B eben aRniSnull diapazonSi Tfungcionirebas da amave dros
egnebaT naxevargamtaru i xe I sawyoebis tradiciulli upirateso-
bebi: didi sagarantio vada, maRalli saimedoba, mdgradoba gareSe

zemogmedebebisadmi da myisieri mzaoba muSa reJimSi SesasvBellad.

32 komutatori impulsur tiristorebze
stu-Si Cvens mier damuSavda dartymiTi aCgarebis sazomi IIHU-
93 tipis maRa B sixSirulli piezoelegtrull1 gamzomi gardamsaxebis
sadiagnostiko danadgari K16-05, romell ic warmoadgens magnitur-
impu Bsur mowyobi Bobas, romeBic muSa organoSi (meganikur

tal Ragantarze) anviTarebs aCgarebis impulss xangrZHBivobiT 10-
50mkwm da pikuri mniSvne BobiT 10°m/wm’-mde. am mizniT mowyobi ll o-

ba Seicavs impuBsuri denis generators, romel Sic naxevradganm-
tariani komutatoris saSuallebiT igmneba naxevarsinusoidis for-
mis impu Bsuri deni 3ka pikuri mniSvne BobiT 3kv Zabvamde damux-
tulli kondensatorebis batareis indugtorze ganmuxtviT [50,51].
komutatori Sesrullebullia koagsialluri kabelis principiT
da call mxares aRWurvi Bia indugciuri SuntiT impuBsuri denis
registraciisaTvis. komutatoris WigaSi CasmuBia mimdevrobiT
SeerTebuli oOTxi TU-3000 tipis mecxre kBlasis tiristori.
komutatoris magsimaBuri Zabva SeiZBeba iyos 3600v da amgvarad,

misi gamoyenebis koeficienti Seadgens

_ Yy 3000463
V, 3600

rac gmnis garkveull rezervs muSa Zabvis TvalsazrisiT. tiris-

torebi SerCeuli iyo aTi xelsawyoiani partiidan. am mizniT
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tiristorebi SeerTebuli1 iyo mimdevrobiT nax. 33-ze naCvenebi

sgemis mixedviT.

Ttwy.
L r=--- - 1

O
L - - - - - J

nax. 3.3
cxri BSi naCvenebia wyobi B ze modebu Bi 4500 v Zabvis ganawi Beba
tiristorebze

cxrili #31 4500v Zabvis ganawi Beba tiristorebze

egsperimenti Zabva tiristorebze, V
T1 T2 T3 T4 T5 T6 T7 T8 T9 T10
#1 700 200 500 350 900 250 200 600 700 100
H2 850 900 850 900

cxrilis monacemebis mixedviT partiidan SeirCa T1, T5 T8 da T9
tiristorebi, romBebzec dayenebu i igna gamaTanabrebeli rezis-

torebi da kondensatorebi naCvenebi sgemis mixedviT.

N N N
L1 L

— NN
R, R; R; R
nax. 3.4
RiRy _RyRy RyRy  RyR, o
R,+R, R,+R, R,+R, R, +R, = 7

sadac R,,R,,R,...R, diodebis ukuwinaRobebia, R,,R,,R;...R

rezistoris winaRobebia.
(31) pirobis dakmayofi Beba saWiroa, rogorc mowyobi B obis
damzadebis stadiaze, aseve misi egspBuataciis periodSi, rode-

sac mimdinareobs i1zoBaciis cveTisa da daberebis intensiuri
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procesi da xe Bl sawyos rigis periodulli diagnostireba damatebi-
Ti rezistoris SerCevisas praqtiku Bad aris FF:,=5+1O.

tiristorebze 3500v Zabvis ganawi Bebis suraTi mocemullia
cxri B St

CarTvis mdgomareobis gavrceBebis daballi siCgaris gamo,
saukeTeso ZalBovan impu Bsur TU-3000 tiristorebSic ki sakomuta-

cio denis cvhilebis siCgare ar unda aRematebodes 800a/mkwm-s

da Sedegad SeuZBebelBia aseTi tiristorebiT aRWurvilli mikro
an nanowamebis diapazonSi muSaobisTvis gankuTvnili mZBavri

magnitur-impu Bsuri sistemebis Segmna [48,49].

3.3. komutacia samarTavi pBazmuri feniT
samarTavi pRazmuri feniT naxevradgamtariani Xxell sawyoebis
komutaciis principi damuSavda aFf. 10fes sax. Fizika-teegnikis
institutSi. amn meTodis gamoyenebis dros magaliTad, tiristorsSi
raime xerxiT xdeba e Beqtronull-xvreBluri plazmnis erTgvarovani

Tenis Formireba koBeqtorulli p-n gadasasvilel is sibrtyeSi.

emiterull i
gadasv B ebi
n+
A p n P | n K > .
o— @ -
+ n
o' o \ +L
'’ B \js
ganteri koleqtorull i p baza
n baza gadasv Il ebi
nax. 3.5

xeBsawyoSi n da p zonebis, yvela p da n struqtura ZRier

(zRvrullad) aris Begirebulli da aRiniSneba p* dan® _ iT.
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xe I sawyoze modebu B 1 Zabva mocemuli poBarobiT aRniSnulli
sibrtyidan erTgvarovnad gadaadgi Beben xvrellebs p ubanSi da
eleqtronebs _ n ubanSi. muxtis es matarebBebi, romBebic Ziri-
Tadebia pda nubnebisaTvis, ancireben ra ganapira (emiterulli) p-n
gadasv Bebis potencialur bariers, axdenen muxtebis araZiriTadi
matareb Bebis inJeqcias Sesabamis bazisur ubnebSi. tiristoris
samarTavi elBeqtrodi CaenacvBeba erTgvarovani (nTeli sibrtyis
gaswvriv) pRazmuri TeniT. Sedegad fTormirdeba pBazmuri den-
gantari arxi, rombBis ganivkveTis TfarTi tolia siliciumis
Tirfitis farTis cnobilia plazmuri dengantari arxis formi-
rebis sxvadasxva meTodi: a) koBegqtorulli p-ngadasasvlelis inm-
pullsuri zvaviseburi garRveva. b) dartymiTi ionizacia mZBavr
zemaRall sixSirull (mzs) veBSi. g) mZBavri impuBsuri kogeren-
tulli da arakogerentulli sinaT BiT 1ionizacia gansakuTrebiT
moxerxebuli da efeqturi aRmoCnda ew. reversiul-inJeqciuri
marTva, romBis drosac marTavi pBazmuri Tfena igmneba
xe B sawyoze modebu l'i1 Zabvis poBarobis xanmokBe cvlilebiT. am
meTodis safuZvelze Seigmna ori tipis xelsawyo: reversiullad-
CarTvadi dinistori da reversiulad-marTvadi tranzistori [1]

xe I sawyoze xanmok Be ukuZabvis modebisas (reversirebisas),
tranzistorulli ellementis n" —p emiterulli gadasvla inacvlebs
ukumimarTu BebiT da gairRveva, xoBlo p-n dioduri Semadgenel i
inacvlebs pirdapiri mimarTulebiT da eBementSi gadis impull-
suri deni. xdeba pBazmis inJeqcia n sivrceSi.

impu Bsuri denis damTavrebisas xdeba xe l sawyoze modebu li
Zabvis xelBaxalli cvlilleba _ pirdapiri mimarTuBebis Zabvis mo-
deba. am dros pBlazmidan e Begtronebi da xvreBebi inacvBeben n
da p bazebSi, xdeba muxtis araZiriTadi matarebBebis inJeqcia
emiterulli fenidan da xel@sawyos CarTva erTdroullad mTel
TarTze amis Sedegia xeBsawyoTi didi simZBavris komutirebis
SesaZz B eb 1 oba [47].
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34. rversiullad CarTvadi dinistori

rogorc avRniSneT, stu-Si Cvens mier damuSavebullia darty-
miTi aCgarebis sazomi T1M1-93 tipis maRalBsixSirulli piezoeleqt-
rulli gamzomi gardamsaxebis sadiagnostiko danadgari K16-05,
romelic miekuTvneba magnitur-impuBsur mowyobi B obebs, da
SeiZ B eba gamoyenebu B 1iqgnes aCqarebis piezoeleqtrull i gardamgn-
ne Bebis kontro B isa da diagnostikisaTvis, maTi sakuTari rxeve-
bis sixSiris dasadgenad ZBieri impulsuri magnituri velis ze-
mogmedebiT sakvBev obieqtze dartymiTi aCgarebis aRgznebis
gziT. SemoTavazebu Bi diagnostikuri magnitur-impu Bsuri danad-
garis tegnikuri Sedegia gamomavalli darTymiTi impullsis stabi-
Burobis amaR Beba, misi xangrZl ivobis Semcireba da amp B itudis
gazrda, razedac miRebu li gvagvs sagarTve B os patenti P 5374.

tegnikuri Sedegi miiRweva ImiT, rom warmodgeni i magnitur-
impu Bsuri danadgari Seicavs dammuxtav mowyobi B obas, mierTe-
bulls kondensatorebis batareasTan, indugtors, komutators da
marTvis mowyobi B obas; kondensatoris batarea komutatoris gav-
BiT mierTebulia marTvis bBokTan da indugtorTan; indugtori
aRWurvi lia tal RasatariT, romelic Sesrullebullia BiTonis Re-
ros saxiT; komutatoris sakomutacio elementad gamoyenebu llia
reversiulad CarTvadi dinistori.

SemoTavazebu Bi1 magnitur-impu Bsuri danadgari Seicavs danm-
muxtav mowyobi B obas 1, kondensatorebis batareas 2, komutators
3, indugtors 4 masSi moTavsebuli HBiTonis talRasatariT 5,
rome Bl zec amagreben sakvBev obiqts 6 (aCgarebis piezoelegtrul
gardamgmne B's), marTvis mowyobi Bobas 7; dammuxtavi mowyobi B oba
1 Seicavs avtotransformators 8, amwev transformators 9, gam-
marTvel diods 10 da balastur rezistors 11, komutatori 3 Sei-
cavs reversiullad-CarTvad dinistors 12 da drosells 13; marTvis
mowyobi Boba 7 Seicavs kondensators 14, marTvad tiristors 15,
diods 16, impulsur transformators 17, RC-wreds 18, gamSveb
Rilaks 19. marTvis bBokis kveba xorcieldeba mudmivi denis

wyarodan 20.
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nax. 3.6. magnitur-impu Bsuri danadgaris principulli eleqtrulli
sgema

magnitur-impu Bsuri danadgari muSaobs Semdegnairad:

avtotransformatori 8 irTveba cvBladi denis gselSi, xollo
komutatoris marTvis mowyobi Boba 7 - mudmivi denis wredSi. av-
totransformatoris 8 da amwevi transformatoris 9 meSveobiT
ganmmarTvel1 diodis 10 da baBlasturi rezistoris 11 gavliT xde-
ba kondensatorebis batareis 2 damuxtva sasurvell Zabvamde. gam-
Sveb RiBakze 19 daWerisas impuBsuri transformatoris 17 pirve-
Bad gragniBSi gaivlis RC-wredis 18 kondensatoris damuxtvis
deni. am transformatoris meoreull gragni BSi aRiZvreba im-
pullsuri deni, romellsac diodis 16 meSveobiT eZBeva unipo la-
rulli forma es deni aRebs marTvad tiristors 15 xdeba konden-
satoris 14 ganmuxtva reversiullad CarTvad dinistorze 12 da am
ukanaskne B is gaReba.

komutatoris 3 gaRebis Semdeg xdeba kondensatorebis bata-
reis 2 ganmuxtva indugtorze 4, romeBSic gaivlis mZBavri erT-
jJeradi unipoBarulli xanmokBe denis impu B si. es impulsi Sesa-
bamisi impu Bsuri magnituri velis saSuallebiT HBiTonis tallRa-

satarSi 5 aRZravs dartymiT aCgarebas, romelic vrceldeba ra
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tall RasatarSi 5, aRagznebs masze damagrebull sakvBev obieqts 6
(aCgarebis piezoeleqtrull gardamgmnells). droseli 13 zRudavs
kondensatorebis batareidan 2 kondensatorisaken 14 gamavall dens
reversiulad CarTvadi dinistoris 12 gaRebamde [19]

amrigad, SemoTavazebuBi magnitur-impu Bsuri danadgari iz-
Beva indugtorSi xanmok Be, mZBavri erTjeradi unipoBarulli im-
pullsuri denis miRebis saSuallebas, romBis xangrZHl ivoba da am-
pBituda stabi Buria da ar aris damokidebu i gare fagtorebze.

konstruqciullad reversiullad CarTvadi dinistori Sedgeba
urTierTmonacvle ramodenime aTeulli aTasi tiristorulli da
tranzistorulli elementebisagan damaxasiaTebeBi zomiT, rome-
Bic nakBebia, vidre xe BIsawyos ganieri n bazis sisge. an e Bemen-
tebs agvT saerTo centralluri (koleqtorulli) gadasasvleli,

rome lic abBokirebs xell sawyoze modebull Zabvas mocemuli po-
BarobiT. an elementebs saerTo aqvT agreTve zeda n"—p emite-
rulli gadasasvleli, romeBic warmogmni Bia zRvrullad ZHRier
Begirebuli n* FfeniT da sakmaod ZHBier Begirebuli (10%sm?®)
p FeniT. xe B sawyoze modebu Bi Zabvis po Barobis xanmokBe Sec-
vilisas (reversirebisas) tranzistorulli elementebis daball Zabvi-
ani n" —pemiteri waenacv Beba Caketvis mimarTuBebiT da gairRve-
va, xolo p-n" dioduri mdgeneBi — pirdapiri mimarTullebiT.
e BementSi miedineba impuBsuri gamSvi deni, romelsac Tan sdevs

pBazmis Sefrqgveva n sferoSi, romelic saerToa tranzistorulli

da maT gverdiT ganBagebulli tiristorulli elementebisTvis.
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nax. 3.7. rCd-s naxevargamtarulli struqtura (a) da pBRazmis
SemosazRvris gaJRenTvisas (b).

pBazmis svetis Forma nax. 3.7-is sibrtyeSi axBosaa trape-
ciasTan, romBis gveda fuZe tolia tranzistorulli elementis
zonmis, xoblo zeda fuZe - daaxBoebiT n bazis sisqis. vinaidan
tiristorulli ellementis sigane nakBebia am sisgeze, ko Beqtor-
Tan pBRazmuri svetebi erTmaneTs gadafaraven da warmoigmneba
sakmaod erTgvarovani pBazmuri Tena impulBsuri gamSvi denis
Sewyvetis Semdeg xdeba xe Bsawyoze modebu @i Zabvis poBarobis
ganmeorebiTi SecvBa am dros eleqtronebi da xvrelebi koleg-
toris mimdebare pBazmuri fenidan wainacvleben n da p bazebSi
Sesabamisad, iwveven muxtis araZiriTadi matarebBebis Sefrqvevas
(inJeqcias) emiterull i Fenebidan da xel sawyos CarTvas erTdrou-
Bad mTelBi zedapiris gaswvriv. igulisxmeba, rom gadairTveba
mxo Bod tiristorulli elementebi. vinaidan tranzistorulli el-
ementebis sigane gaci BebiT nakBebia n bazis sisgeze da masSi ma-
tareblebis difuziur sigrZeze, am elBementebis n bazebic Seiv-
seba pBazmiT da monawi Beoben denis gatarebaSi, e.i. xdeba muSa
TarTis srullad gamoyeneba [4]

gamSvi da ZiriTadi denebis gzis TanxvdenB obis gamo,

aucilebelli xdeba ZaBlovani da marTvis denebis wredebis
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ganmxo B oeba gamSvi denis gavlis dros, rac xorcielldeba gaje-
rebadi gularis mgone drose B iT nax. 3.16-1s mixedviT.

mZBavri reversiullad CarTvadi dinistoris SemTxvevaSi, ro-
desac dinistori bBlokavs ranodenime ki Bovollt Zabvas da komu-
tacias ukeTebs aseuBobiT ki Boamper dens erTeull mikrowamebis
ganmav B obaSi, gamSvi denis impullsis xangrZBivoba Seadgens

randenime mikrowams. xe BsawyoSi denis simkvrive Seadgens
0.5-2*10* a/sm’, eBeqtrulli velis dazabull oba n bazaSi Seadgens

E ~10% -10° v/sm, xoB o matarebBebis saSualo koncentracia ar

aRemateba 10" sm®. amave dros, Zalovani denis gatarebisas 20-30
mikrowamis ganmav B obaSi pBazmis koncentracia ar aWarbebs
10% sm®.

gaSvebis procesis bolos tiristorull da tranzistorul
e BementebSi Tormirebulia pBazmuri TFenebi. Semdgom, ganmamxo-
Boebeli droselis gullara iJRinTeba da droseli kargavs
ZalBlovani da marTvis wredebis ganmamxo B oeb B is Ffungcias. wana-
cv leba xe B sawyoze kvBav icvlis niSans da iwyeba tiristoruli
e Bementebis CarTva [44]

35. dinistorulli komutatoris parametrebi

reversiullad CarTvadi dinistorulli komutatori msgavsad
Cveu Bebrivi dinistorulli komutatorisa, konstruqciulli zome-
bis garda, xasiaTdeba mTelB 1 rigi parametrebiT: nominaBuri Zab-
va, mimdevrobiT SeerTebuli dinistorebis raodenoba, denis mag-
simaBuri mniSvne Boba, denis cvlilebis magsimaBuri dasaSvebi
siCgare, Zabvis cvlilebis siCgare, ganSvi denis impullsis pikuri
mniSvne B oba, impu Bsis Forma da xangrZll ivoba, komutatoris in-
dugciuroba, tevadoba da tal Ruri winaRoba.

komutatoris magsimaBuri Zabva ganisazRvreba V, gamoyenebis

obieqtis tegnoBogiuri daniSnullebidan, romelic gansazRvravs
gansanuxti kondensatorebis batareaSi dagrovill energias W.

agedan

68



sadac C kondensatorebis batareis tevadobaa.

v - [
C

meores mxriv, komutatoris nominaBuri Zabva unda akmayofi-

I ebdes pirobas

V,, =knVy,

sadac n - mimdevrobiT SeerTebulli dinistorebis raodenoba, k=

0.8-0.95 maragis koeFficienti, V, _ dinistoris nominaluri Zabva.

pragtiku Bi mosazrebebidan gamomdinare dinistorulli komut-

atorisTvis miviROT, rom maragis koeficienti k=0.9.

komutatoris

indugciurobis, tevadobisa da taBlRuri wina-

Robis dasadgenaT ganvixi BoT naxazz 38-ze

naCvenebi konst-

ruqcia, romeBSic realizebullia koagsiaBluri kabell is mowyobis

principi [5]
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nax. 3.8. mZBavri rC dinistoriani komutatoris konstruqcia
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1. drosellis gullara; 2. spillenZis mili; 3. koagsiaBluri denganm-
tari; 4, 7 _denmomxsneli; 8 9 _koagsiaBuri kabeBebi. droselis
gulara 1 Segmni Bia permaBoisgan, romelic Camocmu B ia spilen-
Zis milze 2, da garemocull ia uku koagsaBluri sadeniT 4 maRali
Zabvis bl oki, masTan mimdevrobiT CarTulli rCd da diodi D,
aseve maTac aqvT ukusadeni 4, romeBic Sesrullebullia koagsia-
Burad ganBagebulli Batunis detalebisgan. marTvis sistema gan-
Bagebullia 2 milis SigniT, R, datvirTvasa da @,maformireb-
Bis mierTeba xdeba koagsiaBluri kabeBebiT 8, 9, romBebic mag-
rdebian dengamtarebis perimetrze. periodull reJimSi aseT komu-
tators SeuZlBia 300ka denis gadarTva 100mkwm marTkuTxa impull-
sis xangrZHBivobisas da 7,5kv Zabvisas, xo o xe I sawyos ormxrivi
wy B 1T gacivebisas 100hc sixSireze akomutirebs 50ka dens 30mkwm

marTkuTxa impu B sis xangrZ B ivobisas.

b
La V kv
600}
. 400 9
2001 6
T L 0 3
BF N 123
f =8&hc =200~ ¢ kwm 0
01 03
P=3%vt % R t, mkw
C
P—l I—ﬂ
L, T gdr gdr gdr gdr
0 - Y Y Y
— P ALy Dy
rcd

c,=— 1L 1
380 |+ ’ % A %‘ TGTS T° R %
H

N O

nax. 3.9
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nax. 3.9-ze naCvenebia maRal sixSirull1 rC dinistoriani generato-

ris sgema (a); gamomava i da Semavall 1 impu Bsis Fforma (b).

n raodenobis, bsisgis dinistorol abebis wyoba gansazRvravs
komutatorSi gamavalli denis pirdapiri sadenis sigrZes |=nb,
rombBis ganivkveTi aris dinistoris BiTonis sakontagto FTirfi-
tis farTi diametriT d,. rogorc naxazidan Cans komutatori Cas-
mu Bia spi BenZis mi BSi Siga diametriT d,. es ukanaskne i1 warmo-
adgens komutatoris denisaTvis ukusadens. angvarad, komutatoris

indugciuroba igneba

Lzﬂlnd—znb.
T od;

dinistoris erTi abis tevadoba igneba

C, - &, 270

X0 B o mimdevrobiT SeerTebulli n dinistoris tevadoba

c - Ci_ &2

n d
nin—2

1

komutatoris taBlRuri winaRoba

d
nin—%
Z- \/E G K
C 2 &
gamovTvaBl oT aRniSnull'i parametrebi, komutatorisaTvis, sadac

n=5, d,=50mm, d,=60mm, b=15mm.

gaangariSebu i1 sidideebi:

-7 -3
L= Hoyp ey 47107, 60107 5 15 10 —30.10%n.
27 d, 2t 50-10°
-12
c, = fo2™ 88510, 15.10°-4168.10MF
d, 60-10°
In—=  |n——r
d,  50.10°
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C, &2 4168.10™

== .
nin—2
1

dZ
"y 30.10%°
Z:\/::—l B |2 ~04-10° = 400ni.
C 27 \e V834-10

rogorc zemoT avRniSneT, magnitur-impu Bsuri diagnostiku-

=83.4-10 F.

ri danadgaris tegno B ogiur kvanZSi _ induqtorSi SesaZlBebelia
miviRoT Zallzed xanmokBe da mZBavri impullsi, Tu danadgarSi
komutatorad gamoviyenebT reversiullad CarTvad dinistors. rC
dinistori iZBleva randenime aseuli ki Boamperi denis komutire-
bis saSuallebas erTeull mikrowamebSi [6].

76mm diametris reversiullad CarTvadi KPD-25-170 tipis di-

nistori saSuallebas iZBeva 200ka pikuri mniSvne B obis 30mkwm xan-
grZbivobis monoimpu Bsuri denis komutirebis %zSO ka/mkwm de-

nis cvililebis siCgariT. amisaTvis, saWiroa dinistorSi ukumi-
marTuBebiT 2 mkwm xangrZ B ivobis 1 ka magsimaBuri mniSvne B obis

impu Bsuri denis gatareba.

L, K
+ +
H. Y PBJ H,
Ry
_ ] —
a)
I‘H
+ +
H, H,
RH
- L —_
6)
nax. 3.10
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nax. 3.10-ze naCvenebia ZWBieri impulsuri denis generatoris
ori varianti, sadac komutatorad gamoyenebuBia reversiullad-
CarTvadi dinistori. dinistoris datvirTvas SeiZlleba warmo-
adgendes indugtori, romeBic SeiZleba iyos magnitur-impu l suri
sistemis tegnoBogiuri kvanZi. maT Soris gansxvaveba mdgoma-
reobs dinistorisa da misi marTvis ganmxo Boebis xerxebSi. am
miznisaTvis a) variantSi gamoyenebu Bia arawrfivi droseli, xo-
Bo b) variantSi impullsuri transformatori gaJRenTvadi gulla-
riT (piktransformatoriT) orive variantSi gamoyenebu B ia impu-
Bsuri denis generatoris dangrovebeBi H, kondensatorebis ba-
tareis saxiT, kondensatori H, da KCamrTveli dinistorSi uku-

denis gasatareb lad.

i, kasa

2007~~~

100

_LOC-)-- 30mkiwm

nax. 3.11
nax. 3.11-ze naCvenebia dinistorSi gamavall i impu B suri denis
osci lograma, romelic saSuallebas iZBeva dadgindes dinistoris

datvirTvis denis parametrebi.
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cxrilli #32 reversiulad CarTvadi-dinistorebis ZiriTadi

parametrebi
ukuZabva ukudeni pirdapiri deni
tipebi
VDRM I DRM ITM
v ma ka
PBD123-16 3000 15 16
PBD123-22 2000 15 29
PBD143-40 3000 50 40
PBD143-55 3000 50 55
PBD153-50 3000 70 50
PBD153-80 3000 70 80
PBD163-120 3000 100 120
PBD163 — 200 2000 100 200
PBD173 — 200 3000 150 200
PBD193 — 500 500 300 500
cxrilSi mocemuBia reversiullad CarTvadi dinistorebis

ZiriTadi parametrebi. aseve moyvani Bia rCd axali Taobis gamoc-

dis Sedegebi silBiciumis Firfitis sxvadasxva diametriT.

cxrilli #33. rCd axalli Taobis ganocdis Sedegebi siBiciumis

Firfitis sxvadasxva diametriT

diametri zRvrulli deni muSa deni
rCd, mm ., Ka I Ka
63 250 200

63 150 120

76 380 305

76 240 180

100 540* 500
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cxriBSi SedarebisTvis naCvenebia reversiullad CarTvadi
dinistorebis pirveli Taobis elementebis (76mm diametriT) ga-
mocdebis Sedegebi, romelic gamoyenebu lia komutatorebSi. naT-
Bad Cans, rom sakomutacio unari reversiullad CarTvadi di-
nistorebis axalli TaobisTvis mniSvne Bovnad aRemateba rC di-
nistorebis pirveli Taobis SesaZzleb B obebs da metia imave diame-
tris tiristoris sakomutacio SesaZleb B obebze [7].

axall1 reversiullad CarTvadi dinistorebi damzadebulia
ori variantiT: standartulli HRiTon-keramikuli korpusiT da
ukorpusod, rome l sac gaaCnia zemogmedebisgan damcavi periferiis

are (nax. 3.12).

nax. 312 komutaciis axall principebze dayrdnobiT Segmni Bi

xe B sawyoebi.

dinistori korpusiT gamoiyeneba monoimpu B sur reJimSi, ro-
meBic gullisxmobs naxevargamtari xell sawyoebis iZullebiT gaci-
vebas da gamagri BebBebis gamoyenebas dinistoris oOrive mxares.
ukorpuso dinistorebi SeerTebullia mimdevrobiT maRallvo I tiani
wyobiT, romelic ganTavsebuBia erT kompagtur korpusSi. aseTi
wyobis eqsp Buatacia SeiZ 0 eba mxo Bl od monoimpu Bsur reJimSi.

komutatoris muSa Zabva Cveu Bebriv aRemateba reversiullad

CarTvadi dinistoris mabBokirebel erTeullovan Zabvas (Ug <

2400v), amitom komutatorSi gamoyenebu B ia reversiullad CarTvadi
dinistoris ramdenime elementi, romBebic erTmaneTTan Seer-

Tebu B ia mimdevrobiT. e Bementebis ricxvi wyobaSi damokidebu ll ia
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komutatoris muSa Zabvaze, amitom naxevargamtarulli komutato-
rebis damuSavebis tegnikuri probBlema, upirvelles yovlisa mdgo-
mareobs rC dinistorebis ramdenime mimdevrobiTi optimaluri
wyobis konstruirebaSi. Catarebulia mTeli1 rigi specialuri ga-
mokv Bevebi (iseTi, rogoricaa optimaBuri masallebis SerCeva rC
dinistoris kargi kontaqtebis uzrunve Isayofad), romBebic sa-
Suallebas i1ZBeva uzrunvelyos daballi da stabilBuri garda-
mavali elegtrulli da siThuri winaRobebi rC dinistorebs
Soris, rac iZleva xangrZliv garantias da komutatoris muSao-
bis saimedoobas. damuSavebu Bia, specialuri kompiuterulli Ser-
Cevis meTodika reversiullad CarTvadi dinistorebis mimdevro-
biTi gawyobisTvis. amasTan eBementebSi specialurad kontrol-
deba gaJonvis denebi da mab Bokirebeli voll t-amperulli maxasia-
Teb Bis stabi Buroba am meTodikam saSualleba misca gamoericxaT
Zavbis gamyofebi, romBebic aTanabreben statikur Zabvas wyobis
TiToeull elementze da maSasadame, gaamartiva komutatoris kons-
truqcia, daaxBoebiT 15-Jer Seamcira misi gabaritebi da Rire-
bulleba. nax. 312-ze naCvenebia komutatoris tipebi, romlis
daniSnu B ebaa xangrZ Ul ivi muSaoba monoimpu B sur reJimSi. es myar-
sxeu Bovani ventiBi akomutirebs 300ka impuBsur dens, romelic
grZe B deba 05mkwm da gamoiyeneba Bazerull mowyobi B obaSi. misi
korpusi Seicavs rCd-s 76mm diametris eBements da mab B okirebel
24kv Zabvis mowyobi Bobas. aseTi konstruqciisas miiRweva Zall ian
maRal 1 kuTri komutirebadi simZBavris maCvenebel i komutatoris
erTeu lovan farTobze. igi tolia 25x106 vt/sm? .

maT safuZve B ze damuSavda axali Taobis reversiullad CarT-
vadi dinistorebi da komutatorebi, romelBTa saSuallebiTac
mitRweva kuTri komutirebadi simZBavris rekordu i maCvenebe B i
komutatoris erTeullovan TarTobze. komutatorebi muSaoben
rogorc monoimpu Bsur, aseve sixSirull reJimSi da gamoiyenebian

TarTo diapazonis impu Bsur energetikaSi [10].
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3.6. rCd-s CarTvis procesis ganxi Bva
aRweri i Fizikuri procesebis Sesabamisad, gaJRenTvis procesi
xasiaTdeba pBazmis ormagi inJeqciis xar_jze, maRall omian bazur
n SreSi. ganvixi BOT es procesi dawvrilebiT.

Sesasvil el ze ganSvi denis eleqtrodebis geometriulli SeTa-
vsebiT da rCd muSaobisTvis principialurad auci lebelia Zall o-
van marTvis wredSi aRiZras gamSvi impu Bsuri deni. ZiriTadad, es
procesi xorcieldeba gajerebulli droselis gullaras dros.
mZBavri rC dinistorisTvis, romlebic bNokaven maRall Zabvas
atareben aseu BobiT kil oamper komutaciis dens (denis simkvrive
0.5-2*10%a/sm? mikrowamis diapazonSi, gaSvebis procesis xangrZli-
voba aris 1-2nkwm. am dros n- bazis are SedarebiT ar aris didi
(E ~ 10%-10%/sm), xoBo saSuallo koncentracia ar aWarbebs 10%sm.
ZiriTadi ganmuxtvis denis gasvlis dros oscilogramebidan ga-
momdinare pBazmis saSuallo koncentracia 23-30mkwm ganmav B obaSi
ver aswrebs gazrdas 10%sm3-nde. amasTan erTad, xell sawyoSi
Seyvani B1 muxtebis raodenoba maRall 1a. gaSvebis dros muxtebi
aRwevs 10“ku B/sm?, xoBl o Semdeg etapze komutirebuli denis si-
dide izrdeba 1-2 rigiT. es metyve Bebs plazmnis arastacionalluri
ganawi Bebis mkveTr araerTgvarovnebaze, romelBic mimarTullia
kaTodidan anodisken. naT Bad Cans, rom koncentrirebulli muxtis
ZiriTadi nawili mimarTullia koBegtorulli gadasvlis Txeli
Tenebisa da anoduri emiterisken. am Sefasebebidan gamomdina-
reobs, rom mikrowamis diapazonisTvis n bazis sisqis ganv Badoba
modu Baciis ZiriTad meganizmSi warmoadgens bipoBarull dreifs,
romelic ar arRvevs mocull obis neitralurobas. amasTan erTad,
dreifis elleqtronebis da n- bazaSi xvrelebis siCgarem SeiZll eba
miaRwios 10%sm/wm, anu gamosv B is dro moTavsebu Bia aTeuBobiT
nanowamis diapazonSi. anitom n- bazis dreifull SualedSi rekonm-
binacia TvalBaCinoa, romelBic SegviZBia ise mniviROT mxedve-
B obaSi, rogorc gadamtanebis sicocxBis dro, romelic

Seadgens aTeuBobiT mikrowams. aseTi daSvebebiT ganto Beba,
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romelic gansazRvravs pBazmis bipoBlarull dreifs, SeiZleba

gamoisaxos Semdegnairad:

oP bN,J P

ot g[(b+D)P+bN,F ox

sadac PR,,- aris gadaWarbebuli pBazmis koncentracia; N,- aris

Begirebulli n-bazis koncentracia; b= ”/ -aris damokidebu 0 eba

P

eleqtronebsa da xvrelebs Soris sust velebSi; J,- aris denis

simkvrive, rome B ic gaedineba p BazmaSi.

pBazmur SreebSi, sadac denis gadamtanebis koncetracia
maRall ia, emiteris areSi denis gadatanis process agvs difuziuri
xasiaTi. ZiriTad zemogmedebas rCd-s procesis gadarTvisas, p-
bazaSi asrullebs arastacionalluri difuzia, radganac zustad is
gansazRvravs kaToduri Semdgenis n’-p-n tranzistorulli gadasas-
vilelis, Sesabamisad, tiristorulli strugturis regenirebulli
ukukavSiris intensivobasac. p - bazaSi inJeqciuri procesi, SeiZ-
Beba aRweril iyos tranzistoris difuziur TeoriaSi.

difuziuri procesebi n- bazaSi mogmedenen maTi gamtarobis
modu BaciebSi da ama Tu im xarisxSi zegav Benas axdenen Zabvaze.
Tumca, mikrowamis xangrZBivobis impu BsebisTvis am difuziuri
Sreebis sisge mcirea dreifulli intervalis sigrZesTan Sedare-
biT. miax BoebiT dinamikaSi isini SeiZBeba aRwerill ignas srulli
danuxtvis terminebiT, xoBo difuziis modulaciis procesSi
mcire sacavebi ganvBadobis dros maRaBlomur TenebSi SeiZleba
Sefasebuli 1i1yos dreifulli sigrZis efeqturi intervalis
Semoyvanis gziT:

O = O, —25L(t),

rome lic mcirdeba drois gavBlasTan erTad:

oL, = ./Dty,

®)
sadac t, =(t"+7,')" _ aris difuziuri pBazmuri fenis gafarTo-

ebis efeqturi dro; t _aris mimdinare dro. 7, _aris denis Warbi
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gadamtanebis sicocxlbis dro; D _aris ambipoBarulli difuziis
koeFicienti.

Sefasebebi gviCvenebs, rom rC dinistoris impedansi (srulli
winaRoba), ZBieri gaSvebis dros SesamCnevad mcirea Sida wrede-
bis impendansTan SedarebiT, da gardamavalli reJimebis gamoTvla
SeiZleba Catardes denis generatoris vrelJimisaTvis, romelic
moewodeba Sida wredidan.

sawyis mdgomareobaSi diodi CarTulia uku mimarTullebiT da
bl okavs U, sawyis Zabvas centralluri p-n gadasvlis strug-
turis mocullobiTi muxtis SriT. am Sris muxti Q damokidebu-
Bia U, sawyis Zabvaze da Seadgens donorebis srulli muxtis
nawi Bebs Q, =qN,w,, romBis sidide aris 0,1 mkku B/sm2

gaJRenTvis procesSi wanacv Bebis Zabvis modebis Semdeg t=0
momentSi n- bazis sakuTari elBeqtronebis gadanacvBebisas p-
Sris mimarTullebiT, xdeba moculBobiTi muxtis Sris ganmuxtva

gaJRenTvis srulli muxti Q; >> Q,, da ganmuxtvis dro t <<t;.
xvrelebis inJeqcia iwyeba t>>t. ~ 0 dros diodis p- emiteris

areSi, sadac Tavidan warmoigmneba p Bazmis P, TxelBi Sre denis
gadantanebis maRall 1 koncentraciiT. p-emiteris sazRvarze elleg-
tronulli deni ar arsebobs, xoBo parcialluri velis elleqtro-
nulli komponenti gawonasworebu Bia Semxvedri difuziiT. velis

arseboba n-bazaSi iwvevs xvrelBebis dayovnebas difuziuri plaz-
muri Sridan n -emiteris (P. Sris) mimarTullebiT. garkveulli

drois Semdeg n'-emiteris midamoSi warmoigmneba meore difuzi-
uri Sre P,.

gaJRenTvis procesis dasrullebisas tranzistorull el-
ementSi TFormirdeba pBazmuri Sreebis ganawi Beba Sreebis ase-
Tive ganawi Beba warmoiSveba axBos ganBagebull tiristorul
e Bementebzec, naxazi 313, amitom ganmamxo Boebeli1 droselis
gullara gajerdeba da droseli Sewyvets dayofas ZaBlovan da

mmarTvel wredSi. wanacv Bebis Zabva xe B sawyoze kvBav icvlis
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mimarTu Bebas da iwyeba tiristorulli elementebis CarTvis pro-
cesi. polarobis wanacvBlebis Zabvis U. >0 modebis momentSi
CamrTavi tiristorulli elementebis n-bazaSi arsebobs gaJRen-
Tvis Qp muxti. es muxti ganawiBebullia P, da P, difuziuri
Sreebis da P. dreifulli bipoRarulli talRis gaswvriv ZRieri
|- denis impu Bsis gatarebisas, P, Sre ivseba pRlazmiT P, da P,
SreebSi gadanawi Bebulli savele eleqtronebis maragis da
tiristoris p'-emiteris xvrelebis inJeqciis Xxarjze. P-Sre

xvreBebs gascems reversiullad CarTvadi dinistoris p-bazaSi,

rac iwvevs n'-emiteris eleqtronebis Semxvedr inJeqcias. gaSvebis
sawyis periodSi P, kolBeqtorull pRazmur SreSi nmuxtebis ba-
Bansi yovel Tvis uaryofiTia da mxoBlod mas Semdeg xdeba
dadebiTi, ramdenadac ganviTardeba inJeqcia tranzistorSi kaTo-
dze. es warmoadgens principull sakiTxs reversiullad CarTvadi
dinistoris CarTvis procesis mdgradobisTvis, randenadac gaRa-
ribebull P, Sres Tan axBavs koBegtorulli gadasvlis wanac-
v B eba Camketi mimarTulBebiT da xe B sawyoze Zabvis mkveTri zrda
CarTvis Semdegi procesi kontroBldeba Cveullebrivi tiris-
torulli meganizmiT. amitom didi denebis erTgvari komutaci-
isTvis saWiroa gaJRenTvis sakmarisad maRalli done, raTa PR
mmarTveli pBazmuri Sre da p-baza warmogmnas erTad. aseve,
gandidrebu i pBazmuri rezervuari warmoadgens e Beqtronebis
efeqtur wyaros. aseTi rezervuaris rolls diodSi asrullebs
kaToduri emiteri. amitom CarTvis am reJims ganixi Baven rogorc
kvazidiodur reJdims [11]

bipoRarulli dreifulli talRis yofagceva Seqcevadia |, de-
nis mimarTu Bebis mimarT. roca t>t; anoduri denis cvlillebisas
ukumimarTu Bebidan (1; <0) pirdapiri mimarTu Bebisken (I, >0) sa-
wyisi reversiulli tallRis (P) profilis yveBa wertilis CaTv-

BiT iwyebs moZraobas sapirispiro mimarTu BebiT.
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pr| N p n*

nax. 313. rCd-is tiristorulli elementebis CarTvis procesi.
a_ Zalovani konturis eqgvivallenturi sgema t>t,; b_ pRlazmuri

Sreebis procesebis dinanika sxvadasxva etapebze.

reversiulad CarTvadi dinistoris gaJRenTvis xangrZll ivoba

Cveulebriv ar aRemateba 2-10°wm, ganmamxo B oebeBi droselis
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procesis xangrZBivobisas miiReba Zalian didi gabaritebi, roca

I, gaJRenTvis denis simkvrive aris 100a/sm? , Q,=2-10"kull. Tu

CavTvliT diodis emiters idealurad, maSin (dcli_'fj =5,7-10%a/smwm.
kp

Tu xe B sawyos muSa FarTobia 20sm? , maSin (dcli_'fj ~1-10° a/mkwm.
kp

U,,B 1,kA
300+ 157 f\
', \\ 1 /
1 2 NZ
2001 101 . .
| \ N
P N
AN
1001 57 ! T~
s T
1 -
1 2 \/ 12
0T 0 \\ \\ 7 I I/II/ | I
\er 227 50 75 175 200
‘/1/ t,mke
~1001 -5¢

nax. 3.14. denis (l, 2) da Zabvis (1,2') osci B ogramebi rcd-s
komutaciisas.
1,1 —Q, =120 mkku B /sn?; 2, 2'—Qg =60 mkku B /sm?
nax. 3.12-ze naCvenebia rC dinistoris muSa farTobis 4smZis
gadarTvis oscilogramebi. tranzistorulli elementis n"-tipis
emiteri warmodgeni Bia gadafarvis badis saxiT, romBis zolis
sigane 50mkm-ia, manZi Bi zolBebs Soris (tranzistorulli elenmen-
tebis sigane) Seadgens 200mkm-s. siBiciumis kuTri winaRoba
p, =100omism, n-bazis sisge ki tolia 200mkm. saerTo p-bazis

sisge, romelic miRebulia borisa da aluminis erTobRivi

difuziiT, maTi koncentraciebi ki Sesabamisad aris
2-10® da 1-10" sm?, Seadgens 60mkwn-s. sawyis ubanze
dl

T=2~103 a/mkwm-sm®, xoBo | mrudisTvis Q=120 mkkull/sm’* da
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(dclj—:j =35.10° a/mkwm-sm?, es monacemebi sakmaod didia, vidre
kp

egsperimentSi da rCd-s CarTva kvazidiodur reJimSi. Q.-1s Semci-
rebisas 60 mkku B/sm* —mde (mrudi 2) (dc:—:jzlﬁ-lo?’ a/mkwm-sm?, kva-

zidioduri reJdimi irRveva

rodesac Seyovnebis xangrZl ivoba izrdeba 1.5-2mkwm-mde, prag-
tikullad yvela xell sawyo mwyobridan gamodis 2-3ka denis komuta-
ciisas, anis gamo iwyeba ZBieri Bokalizaciis procesi. nax. 3.13-
ze naCvenebia xe BsawyoSi mimdinare komutaciis procesis oOsci-

I ograma naxevargamtarulli strugturis konstruqciaze dayrdno-

biT, romBis FarTobi aris 20 sm’, xoB o muSa Zabva ki 1.5kv. xell -
sawyo muSaobs kvazidiodur reJimSi (Q,~8-10° kull) da axdens

Zalian didi denis (~270ka) komutacias frontis zrdis siCgariT

d—l > 75 ka/mkwm .
dt

P.10°BT U, B l.kA

20T 507 250

16+ 401 2001

12+ 30+ 1507

g+ 201 1007

4+ 10T 50t

0T 0T 0 :
44

nax. 3.15. denis komutaciis oscilograma mZBavri rCd-Ti.

I,, I, - Sesabamisad aris deni Zalovan wredSi da gaJRenTvis
wredSi; U, U, - Sesabamisad aris narCeni Zabva da gaJRenTvis

Zabva; P - aris xe Bl sawyoSi danakargebis simZBavre.
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narCen Zabvas gaaCnia umniSvneBlo rxeva wina Ffrontze da
kvazistacionaru i mdgomareoba myardeba daax B oebiT 4mkwm, rac
metyve Bebs dinistoris erTganzonmi Bebian CarTvis xasiaTze, ro-
desac Cveu lebriv tiristorebSi es procesi daikavebda 100-150mkwm.
anitom SeiZBeba wina Frontis komutaciuri danakargebis ugulle-
be Byofa kvazistacionarull reJimTan SedarebiT. am danakargebis
simcire da maTi Tanabari ganawi Beba mTel i1 FarTobis gaswvriv
ganapirobebs reversiulad CarTvadi dinistoris unikalur sako-
mutacio maxasiaTebels. aRsaniSnavia, kidev erTi mniSvne B ovani
Tavisebureba _ dinistoris muSaobisas kvazidiodur reJimSi galJ-
RenTvis denis Sewyvetisas CarTvis procesis xangrZlivoba nullis
tolia es uzrunvellyofs mimdevrobiT da paralelBeurad SeerTe-
buli nebismieri raodenobis xellsawyoebis mkacr singqronul
CarTvas erTi generatoris muSaobis dros, anu saSuallebas i1ZHBeva
Seigmnas praqtiku Bad SeuzRudavi simZBavris impu B sebis gene-
ratorebi.

reversiulad CarTvadi dinistoris danarCeni maxasiaTeb lebi-

Tanafardoba muSa Zabvas, gamorTvis drosa da narCen Zabvas So-
ris stacionarull CarTull mdgomareobaSi, ddL: _ medegoba, parame-

trebis temperatorulli damokidebu Bebebi, daax B oebiT anall ogiu-
ria Cveulebrivi mZBavri tiristorebis maxasiaTeb Bebisa [24,33].
danakargebis mcire absoButuri da kuTri sidideebi rC di-
nistoris CarTvisas saSuallebas iZBeva mniSvne Bovnad aamaR B os
sixSirull1 zRvari uwyveti rxevebis generaciis reJimSi muSaobi-
sas. tiristorulli tipis xelsawyoebis zRvrulli muSa simZBavre
SezRudu lia yve Baze neli gardamavalli procesis xangrZBivobiT
da kargvebis sididiT naxevargamtarull strugturaSi. t; gamorT-
vis dro principSi SeiZlleba 1iyos mcire (mikrowamis rigis),
amitom xe Baswyoze muSa Zabva SedarebiT mcirea (300_600v), xolo
zRvrulli sixSire moTavsebuBia megahercis diapazonSi. dana-
kargebi naxevargamtarull struqturaSi Sedgeba ori komponen-

tisagan: CarTvisas da gamorTvisas sakomutacio danakargebis da
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kvazistatikuri danakargebisgan, romell ic warmoigmneba denis pir-
dapiri mimarTullebis gavBlisas. Cveullebriv tiristorSi aTeul
ki Boherc sixSireze Warbobs sakomutacio danakargebi da swored
isini zRudaven sixSirull zRvars 10-15khc doneze. reversiullad
CarTvad dinistoris CarTvisas sakomutacio danakargebi Zallian
mcirea, xoBlo gamorTvisas danakargebi pragtikuBad ar arsebobs
ukumimarTu Bebis denis Sewyvetis gamo, romelic warmoigmneba
swrafmogmedi diodis mimdevrobiTi CarTvisas.

naxevargamtaru Bi diodis aRdgenis process misi gadrTvisas
pirdapiri wanacv B ebidan arapirdapirze, garkveull pirobebSi Tan
axBavs masze Zabvis mkveTi zrda es procesi Sedgeba ori etapi-
sagan. pirvell etapze diodis bazaSi inJeqcirebull1 gadamtanebis
koncentracia pirdapiri denis gavBlisas mniSvne B ovnad aRemateba
wonasworu s, an etapze (maRalli ukugamtarobis faza) Zabva diod-
ze mcirea, xolo deni SezRudulia datvirTvis winaRobiT. meore
etapze ki xdeba moculBobiTi muxtis areebis warmogmna gadasv-
BebTan, da am etapis dasasrulls, yvela gare Zabva daibl okeba
diodis mier. Zabvis aRdgenis procesi SeiZleba iyos Zalian
swrafi, Tu bazaSi arsebobs ZBieri damamuxruWebeBli veli,
rome lic warmogmni Bia minarevebis koncentraciis gradientiT.
aseTi diodebi _ diodebi dagrovili muxtiT gmnian nanowamis Zab-
vis naxtomebis impu Bsebs. an diodebis muSa Zabva SedarebiT mci-
rea (aTeulli1 voll ti), radgan minarevebis koncentraciis didi gra-
dientis misaRebad aucilebelia Begirebis maRali done. maRal-
voll tian diodebSi erTgvarovani HBegirebulli baziT Zabvis
aRdgenis procesi Cveullebriv pirobebSi principullad ver uzrun-
ve Byofs maRall swrafmogmedebas, radganac p-n gadasvlis mocu-
BobiTi gafarToeba aRdgenisas muxruWdeba eBegtronull-xvre-
Buri pRazmiT, romeBic avsebs bazis kvazineitralur nawils.
aseTi procesebis xangrZBivobis dro moTavsebulia mikro da
submikrowamis diapazonSi.

maRallvo I tian diodebSi aRdgenis procesi mnimdinareobs

Zalian swrafad. aseTi diodebs uwodes dreifulli diodi swrafi
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aRdgeniT (ddsa). aRmoCnda, rom nanowamis diapazonis maRalvol-
tiani diodis aRdgenisaTvis auci Bebelia mab BokirebeBi p-n
gadasvlis plazmuri Sre i1yos sakmaod Txeli. aseTi Sris Sesaqgnm-
nellad auci Bebe B ia gaJRenTvis denis impullsi iyos Zalian mcire,
anitom TandaTanobiT xdeba mocu B obiTi muxtis gafarToeba, ro-
melB ic warmoigmneba denis gaJonvis adgilas, da masze vardeba
muSa ZabvasTan SedarebiT nak Bebi Zabva aseTi fenis warmosagmne-
Bad aucilebelia rom gaJRenTvis | pirdapiri denis impulsi
iyos Zalian viwro.

dreifulll diodis swrafi aRdgenis gajerebis procesi
pirdapiri mimarTulebis denis impulsiT arafriT gansxvavdeba
reversiulad CarTvad dinistorSi mmarTveli pBazmuri Sris Seg-
mnis procesisagan. uku mimarTuBebis ZabviT swrafi aRdgeniTi
procesi diodze iwyeba mxoBod mas Semdeg, rodesac bazidan
xdeba yvelBa araZiriTadi matarebBebis srulli gagroba. am mo-
mentamde xe B sawyoze mimdinareobs Zabvis TandaTanobiTi zrda.

denis cvlilebisas dreifulli diodis swrafi aRdgenisa da
gaJRenTvis FTizikuri procesebis analizi mimdinareobs etapobri-
vad. dreifulli diodi swrafi aRdgeniT gamoiyeneba, rogorc
gamosavall 1 impu B sis amaCgarebe B i1, romeBic Cveullebriv izrdeba
sakmaod nelBa, wrFfivi an sinusoiduri kanoniT. procesebi drei-
Tull diodSi swrafi aRdgeniT xasiaTdeba swrafi aRdgenis momen-
tande integralluri parametrebiT: gaJRenTvisas dagrovilli sru-

Bi muxtiT, am muxtis nawi BiT, romeBic Tavmoyrilia difuziur
pBazmur SreSi da am Fenis sisge aris Lz . Dt. . es parametrebi
ar aris damokidebuBi denis impullsis konkretull formaze. swra-

Tad aRdgenis procesi ganisazRvreba am procesis dasawyisSi

denis myisieri mniSvne BobiT.

3.7. komutatoris marTva
ganvixi BoT rC dinistorebiani komutatoris marTvis sakiTxe-
bi stu-Si damuSavebu Bi K16-08 tipis magnitur-impu Bsuri danad-

garis magaBliTze, romelBic garkveulli modernizaciis Semdeg
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SeiZBeba gamoyenebuli 1ignes maRalBsixSirulli piezoelleqtrulli
aCgarebis gamzomi gardamsaxis diagnostirebisTvis. kerZod, masSi
ignitronull i ganmmuxtavi UPT-2 marTvis sistemiT unda Canacv i des
rC dinistorebis wyobi BiT Sesabamisi marTvis sistemiT. moder-
nizebu b1 K16-08 danadgari Seicavs impu Bsuri mcire indugciuro-
bis mqone kondensatorebis batareas (ori UK-25-12y4 tipis konden-
satori saerTo tevadobiT 24 mkF), dammuxtav mowyobi B obas, muSa
organos _ indugtors da marTvis sistemas. danadgaris muSa Zabva
aris 10kv, impuBsuri denis pikuri mniSvneBoba aris 100ka
impu Bsis xangrZ B ivobiT 10mkwm 2kv-iani rC dinistorebis gamoye-
nebisas, maTi raodenoba komutatoris wyobi BSi igneba 5 komu-
tatorSi gaTvaliswinebu Bia momkveTi diodi /4-2000-226, romBis
muSa FarTobi aris 20sm2 impuBsur relimSi aseTma komutatorma
SeiZBleba gadarTos L100ka deni 10kv Zabvisas, roca impullsis
xangrZll ivoba aris 10mkwm. [19].

nax. 3.16-ze naCvenebia modernizebu Bi magnitur-impu B suri da-

nadgaris sgema rC dinistorebiani komutatoriT.

gdr

4/% K
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dnl — G ESZ ' rcd —, |9m
_ | . i
-
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I i N
___I:d___ d\l
nax. 3.16

ag C;kondensatorebis batareaa, Lgq indugtori _ muSa organo.
modernizaciis Sedegad danadgars daemata D mokveTis diodi,

reversiulad CarTvadi dinistorebis wyobili, gaJRenTvadi
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droseli (gdr) da damatebiTi kondensatorebis batarea C,. dml da
dm2 _ kondensatorebis dasanuxti mowyobi Bobebi. rodesac K
gasaRebi gaxsnilia damuxtulli damatebiTi kondensatorebis
batarea C gaTiSulia ZiriTadi kondensatorebis batarea agreTve
gaTiSullia Ly indugtorisgan komutatoriT rCd da droseliT
gdr. K gasaRebis CaketviT damatebiTi kondensatorebis batarea
aRmoCndeba mierTebulli komutatoris momWerebTan, ganimuxteba
maszed sawinaaRmdego mimarTuBebiT da gaCndeba dinistorebis
gamSvi deni, romeBic maTSi Camoayall ibebs mmarTvel pBRazmur
Tenas. an dros droseli aris gauJRenTav mdgomareobaSi da aCe-
rebs denis zrdas C; batareidan C, batareisken. drosell ze
modebu B ia C;-is Zabva mT Bianad. es droselli isea gaTvlilli, rom
misi gaJRenTva 1iwyeba dinistoris gamSvi denis TFTormirebis
Semdeg, e.l. K gasaRebis amogmedebidan 1-2mkwm Semdeg. droselis
gaJRenTvis Semdeg rC dinistorebze, romfll ebSic ukve
Camoya B ibebu B ia mmarTveli pRazmuri Tena, kvBav miewodeba C;
batareis srulli Zabva komutatori gadairTveba da masSi
indugtoriT gaivlis kondensatorebis ganmuxtvis mnZBavri
impu Bsuri deni. [20,21].

unda aRiniSnos, rom KgasaRebi gaTvlili unda iyos C;da C;
kondensatorebis jamur Zabvaze, Tumca misi komutirebu Bl i deni
SeiZleba ramdenime rigiT nakBebi iyos komutatoris denTan Se-
darebiT. K gasaRebi gamodis komutatorze ufro maRali Zabvis
mowyobi Boba, rac garkveull sirTuleebs gmnis komutatoris da-
muSavebisa da egspBuataciis procesSi. danadgaris muSaobis
saimedobaze mniSvne Bovan gavBenas axdens agreTve gajerebadi
drosel is magnituri mdgomareobis stabi Bizacia amitom ganvixi-

BOT sgema, romeBic Seicavs 1 rCd-s bR oks, 2 arawrfiv e Bements
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gaJRenTvadi gulariT _ droselis saxiT, 3 meore kondensators,
4 amamaR Bebel transformators gaJRenTvadi gulariT, 5 rC
dinistoris meore bBoks, 6 gaSvebis bBoks, 7 rezistors, 8 Se-
sasvlel momWers, 9 gamosasvBel momWers, 10 ganmamagnitebeli
droselis gragnills, 11 indugciur elements, 12 meore diods, 13
pirvel diods, 14 pirvel kondensators, 15 amamaR BebelB i trans-
Tormatoris ganmagnitebis gragni B's, ganSvebi b B okis: 16 induqci-
ur ellements, 17 tiristors, 18 diods, 19 kondensators, 20 dam-
muxtve I mowyobi N obas.

ganvixi BoT mocemuBi sgemis muSaobis principi: gamSveb
bl ok 6-Si dasamuxti mowyobi B oba 20-dan mcire Zabvaze damuxtu-
Bi1 kondensatori 19 ganimuxteba 17 tiristoris CarTvisas. gan-
muxtvis deni induqciuri elementis 16 gavBiT miaRwevs amamaR-
Bebeli transformatoris 4 pirvelad gragnills, anitom 4 tran-
sformatoris meorad gragnilze warmoiSoba Zabvis mokBe im-

pullsi, romBis ampBituda sididiT aRemateba Zabvas meore
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kondensatorze 3, romelic sididiT tolia Zabvisa Sesasviel ze.
xdeba kondesatoris 3 damatebiTi damuxtva meore diodiT 12,
transformatoris meoradi gragniliT 4 da rCd 1 pirveli blo-
kiT. damuxtu l kondensator 3-ze arsebulli deni warmoadgens rCd
1-is marTvis dens. transformatori 4-is gularas gaJRenTvisas
rCd 1 akomutirebs swrafad mzard denis impu Bss kondensatorze
3, rombBis gadamuxtva xdeba transformatori 4-is meoradi grag-
niliT, pirveli diodiT 13 da pirve i kondensatori 14-iT. gark-
veuli drois Semdeg kondensatorze 3 xdeba Zabvis poBarobis
Secvla, i1JRinTeba droseli 2-is gulara da misi indugciuroba
mkveTrad mcirdeba da kondensatori 3 ganmeorebiT gadaimuxteba
da gaiReba rCd 5. deni kondensatorze, romelic gaivlis rCd 5-Si
da gaaRebs mas, warmoadgens mmarTvis dens. bBoki rCd 5 akomuti-
rebs mZBavr gamosasvBel i1 denis impullss, romelic aformirebs
gare wreds. komutaciis procesis Semdeg rezistori 7-1T, indug-
ciuri ellementi 11-iT da ganmagnitebis gragni BebiT 10 da 15-iT
xdeba kondensatori 14-is ganmuxtva, aseve droseli 2-is gulara
da transformatori 4 iwyeben ganmagnitebas magnituri mdgomare-
obis stabi BizaciisTvis da Semdgomi komutaciis procesisaTvis.

mocemu i sgemis mixedviT meore kondensatori 3, meore
diodi 12, rCd meore bHoki 5 da amamaR Bebel i transformatori
gaJRenTvadi gulariT 4 arsebiTad amcirebs denis amplitudas
maformirebel gamSveb b B okSi, rogorc rCd gamSvebi bBoki 1
Sedgeba mciresimZBavriani dinistorebisagan, rome Bebsac gaaC-
niaT mcire muSa FfarTobi da mcire marTvis deni. garda amisa,
rezistori, induqciuri elementi, droselis da amamaR Bebeli
transformatoris ganmagnitebis gragni Bebi astabi Bureben dro-
selis magnitur da amamaR BebelB i1 transformatoris gularebis
mdgomareobas komutaciis procesis dasrullebis Semdeg uku gan-
magnitebis xarjze. gamSvebi b B okis elementebis gavBiT denis
amp B itudis Semcireba da droselis magnituri mdgomareobis da
amamaR Bebeli transformatoris stabilizacia iZBeva mowyobi-

I obis saimedoobas (xanmedegobas).
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mocemu B sgemaze SemoTavazebu Bi1 mowyobi B obis muSa Zabva
aris 10kv, kondensatorebis 3 da 14 tevadobebi Sesabamisad tolia
0.2mk¥. da 20mk¥. 1 da 5 bWBokebSi gamoyenebuli rCd muSa Zabva
aris 2kv. mciresimZBavris bBoki rCd 1 Sedgeba xuTi mimdevrobiT
SeerTebuli mowyobi Bobisgan, romeBTa muSa +¥farTobia 4sn?
xolo mZBavri bBoki rCd 5 Sedgeba xuTi mimdevrobiT SeerTebu-
1i mowyobi B obisgan muSa FarTobiT 20sm2 droselis 2 da trans-
Tormatoris 4 gularebi damzadebulia wriull-Benturi magnitu-
ri wredisgan zomiT 90*40*20mm. transformatoris 4 transfornma-
ciis koeficientia 15 (pirvelBad gragnillze erTi xvia xoBo me-
orad gragni Bze 15). rezistoris winaRoba 7-30omi, indugciuri
e Bementebis 11 da 16 indugciurobebi Sesabamisad aris 100mkhn da
0.5mkhn. kondensatoris 19 tevadoba aris 5mkF. diodebis 12, 13 da 18
tipebi _ JIJ1132-50-12, rezistoris tipi 17-Tb 151-50-12. dammuxtve B i
mowyobi Boba 20 Seicavs amamaR Bebel gseBur transformators,
diodur gammarTvels, denis SemzRudvel rezistors da gamosas-
vilell Zabvas lkv. [49,50]
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3. 33365

Catarebu B'i1 gamokv Bevebis safuZve l ze miRebu l ia Semdegi
Sedegebi:

1. ZRhieri impullsuri magnituri velli warmoadgens tegnikuri
diagnostikis Zall zed efeqtur saSuallebas.

2. magnitur-impu Bsuri danadgaris, rogorc impullsuri energe-
tiku 1 mowyobi Bobis umniSvne B ovanes kvanZs warmoadgens ko-
mutatori, romellsac waeyeneba sakmaod mkacri da winaaRm-
degobrivi moTxovnebi. erTis mxriv, is unda iyos saimedo, xan-
medegi da ekonomiurad efeqturi, anu arc ise Zviri da meores
mxriv, saWiroa rom man uzrunve Byos didi impulsuri simnZlav-
reebis komutireba didi denebisa da maRali Zabvebis dros.

3. airganmuxtvis xe Bsawyoebs agvT principulli nakl ovanebebi,
romBebic ganpirobebu Bia airSi ganmuxtvis procesis mimdina-
reobis TaviseburebebiT da zRudaven xe lsawyos gamoyenebas
zemaRali1 impuBuri simZBavreebis komutirebisas. es upirve-
Bes yovlisa, aris amuSavebis arastabi Buroba, rac aZnellebs
rTulli sistemebis singronizacias da daballi xanmedegoba, rac
ganpirobebu B ia ganmuxtvis procesis rkaluri stadiiT gamo-
wveu i elleqtrodebis eriziiT, romelic zRudavs simZBavris
Semdgom zrdas.

4. naxevargantarulli komutatorebi warmatebiT cvUBian airganm-
muxtav komutatorebs, vinaidan maT aWarbeben xanmedegobiT da
muSaobis stabi BurobiT. is, rom SesaZBebelia maTi mimdev-
robiT da paraleBurad SeerTeba, iZBeva maTi gamoyenebis sa-
Suall ebas denebisa da Zabvebis farTo diapazonSi, raTa warma-
tebiT gadavwyvitoT impuBsuri energetikis agtualuri prob-
I emebi.

5. rigma Catarebu Bma gamokv Bevebma (iseTi rogoricaa optimallu-
ri masallebis SerCeva rCd-s kargi kontaqtebis uzrunve ll sayo-
Tad), saSualleba mogvca uzrunve Bgvyo daballi da stabi Buri

gardamavalli elleqtrulli da siTburi winaRobebi rCd-s Soris,
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rac iZBeva xangrZBliv garantias da komutatoris muSaobis
saimedoobas.

6. axal1 Taobis reversiullad CarTvadi dinistorebis saSuallebiT
miiRweva kuTri komutirebadi simZBavris rekordulli maCvene-
beli komutatoris erTeullovan FfarTobze. komutatorebi mu-
Saoben rogorc monoimpu Bsur, aseve sixSirull reldinSi da
gamoiyenebian farTo diapazonis impu Bsur energetikaSi.

7. rCd-is gamoyeneba msgavsad impuBsuri tiristorebiT awyobili
komutatorisa saSuallebas iZBeva indugtorSi gavataroT prag-
tikulad unipoBarulli impuBsuri deni, rac gansakuTrebiT
mniSvne B ovania piezoeleqtrulli aCgarebis gamzomi gardamsa-
xebis diagnostirebis dros, rodesac gazomvebis sizuste di-
dad aris damokidebulli sakvBev obieqtze Semavalli Zall ovani
zemogmedebis xangrZll ivobaze.

8. danadgarSi rCd-s komutatorad gamoyeneba komutirebuli simZ-
Bavris zrdasTan erTad saSuallebas iZBeva gaumjobesdes
sadiagnostiko danadgaris metro Bogiuri maxasiaTebBebi. ga-
mosacde b1 obieqtis metroBlogiuri maxasiaTebBebi _ strug-
tura, sakuTari rxevebis sixSire, demFirebis koeficienti,
mgrZnobiaroba, arawrfivoba, ganisazRvreba mowyobi B obis re-
agciisa da impuBsuri zemogmedebis speqtraBlur simkvriveTa
TfardobiT. es fardoba martivdeba, rodesac impulsuri zemog-
medeba Zall ze xanmok Bea da uax B ovdeba dell ta fungcias, rac
niSnavs, rom gamosacdeli obieqtis gadacemis Fungciisa da
reagciis speqtralluri simkvriveebi pragtikuBad Tanxvdeni i
Tungciebia

9. reversiullad CarTvadi dinistori impullsur energetikaSi war-
moadgens maRa B efeqtur komutators, romelic xasiaTdeba di-
di saimedoobiT da xanmedegobiT, rac saSuallebas iZBeva pra-
gtikulBlad unipoBarulli ZRieri impulsuri denebis generire-
bis, rodesac xe BIsawyos muSa FarTi magsimaBuradaa gamoyene-
bulli.
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10. reversiullad CarTvadi dinistorebis gamoyeneba magnitur-im-

11.

pulsur diagnostikur an tegno B ogiur danadgarebSi saSua-
Bebas i1ZBeva didi sididis denebis komutaciiT moxdes ZHBi-
eri da xanmok Be impu B suri magnituri velebis generireba da
Sesabamisad maRa B efeqturi tegno Bogiuri procesebis ganxor-
cie leba

reversiulad CarTvadi dinistorebis komutatorad gamoyeneba
magnitur-impu Bsur diagnostikur danadgarebSi saSuallebas
iZBeva Seigmnas ZBieri unipoBarulli impulsuri denis gene-
ratori, romelic warmoadgens magnitur-impu Bsuri sadiagnos-

tiko danadgaris ZiriTad nawills.

12. kabe B is bunikis mosawnexi magnitur-impu B suri danadgaris mo-

dernizacia, masSi ignitronulli ganmmuxtavis reversiullad Ca-
rTvadi dinistorulli komutatoriT CanacvBleba iZlBeva piezo-
eleqtrulli aCgarebis gamzomi gardamsaxis diagnostirebis ef-

eqtur saSualebas.
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