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samuSaos zogadi daxasiaTeba

samuSaos aqtuall oba. mecnierebisa da tegnikis farTod ganviTa-
rebam ganapiroba axall 1 mecnierebatevadi tegno B ogiebis damuSaveba
da danergva eleqtrotegnikur mrewve B obaSi, manganaTmSeneb B obaSi,
aviaciaSi, kosmosur tegnikasa da sxva dargebSi. moxda manganamowyo-
bi BobaTa muSaobis reJimebis intensifikacia, gaizarda siCgareebi
da aCgarebebi, Sedegad dinamikuri datvirTvebi manganamowyobi B oba-
Ta callkeull detallebsa da kvanZebze. zogjer dinamikur datvirTv-
ebs aqvs impu B suri, dartymiTi xasiaTi, rac amcirebs manganamowyo-
bi BobaTa resurss, SeiZleba 1yos maTi dazianebis, droze adre mwy-
obridan gamosvlisa da seriozulli avariis mizezi. amis gamo, saWi-
ro xdeba axalli progresulli masallebi winaswar gansazRvrulli Tvi-
sebebiT, teqgno B ogiebi, romBebic saSuallebas 1ZBeva damnzaddes man-
ganamowyobi BobaTa callkeuli detallebi da kvanZebi, romel Ta war-
moeba tradiciulli teqno B ogiebiT garTullebullia an SeuZBebel 1.

cnobiBia, rom safreni saSuallebebis katastrofis dros
bortze arsebulli marTvisa da sainformacio-sazomi sistemebis elle-
mentebi - elBeqtronuli, naxevradgamtariani, mikrosgemebi, gamzomi
gardamsaxebi ganagrZobs fungcionirebas da maTgan miRebuli infor-
macia registrirdeba Savi yuTis meSveobiT. e.i. aRniSnulli elenmen-
tebi unda iyos gamocdili katastrofulli situaciis Sesabamis im-
pu B sur datvirTvebze.

intensiuri datvirTvebisTvis gankuTvni Bi tegno B ogiuri, diag-
nostikuri Tu energetikull1 daniSnullebis danadgarebis gamocdis
dros, imis gamo, rom meganikur Zabvebs, deformaciebs, aCgarebebs
xSirad agvT talBlRuri xasiaTi, gamoiyeneba mintaturulli gamzomi
gardamsaxebi, raTa Tavidan aviciBoT gamzomi gardamsaxis bazis
gaswvriv gasazomi signallis integrirebiT gamowveu B1 cdomi Bebebi.
amave dros, danadgarebis dinamkiuri gamocdebisas miRebu 1 infor-
maciis srull fasovani damuSavebisaTvis auci Bebelia gamoviyenoT

gamzomi gardamsaxebis dinamikuri maxasiaTebBebis srulli paketi.



rogorc wesi, miniaturulli gamzomi gardamsaxebi warmoadgens maRa-
BsixSirull rxeviT sistemebs da maTi dinanikuri maxasiaTeblebis
gansazRvra warmoadgens rTull tegnikur probBemas. misi gadawyveta
standartulli dartymiTi meganikuri stendebiT (urnalebi) Seuzll ebe-
Bia, vinaidan am dros ganviTarebu i1 impuBsuri datvirTvis xangr-
ZNBivoba mi B iwamebis diapazonSia da gamzomi gardamsaxis xanmok e,
mikrowamebis xangrZBivobis impulsebiT datvirTva SesaZlebelia
mxo Bod uinercio (masis armgone) damrtyme B i instrumentis gamoye-
nebiT.

mi B idan mikrotegno B ogiebze gadasvla SesaZlBebel i1 gaxda afe-
Tgebis tallRis an impuBsuri magnituri velis gamoyenebiT. maT So-
ris didi upiratesoba agvs magnitur-impu Bsur tegno B ogias, rom-
Bis danergvas xelli Seuwyo ZRieri impulsuri magnituri velis ge-
neratorebis, didi sididis impu Bsuri denebisa da Zabvebis tegnikis
ganviTarebam, mrewve Bobis mier maRal1 Zabvis impu Bsuri kondensa-
torebisa da ganmmuxtve Bebis aTviseban.

dinamikuri, gamosacdell'i, tegqno B ogiuri Tu diagnostikuri da-
niSnu Bebis nebismieri magnitur-impu B suri sistemis mogmedeba damya-
rebu lia eleqtromagnituri velis elleqtrogantar garemoSi gavrce-
Bebisa da masze ZaBuri zemogmedebis mov Benebze. impu B suri magni-
turi veli1 saSuallebas 1ZBeva ganviTardes Zall ze xanmok Be mikrowa-
mebis diapazonis ZaBluri zemogmedeba gamosacde B obieqgtze.

tegno Bogiuri an diagnostikuri daniSnu Bebis magnitur-impull -
suri sistemebis Teoriulli da eqgsperimentulli kvUBevebi, ZiriTadi
parametrebis angariSis safuZvBebis Segmna da impu B sur sidideTa
gazomvis meTodebis damuSaveba, magnitur-impu Bsuri sistemis call-
keuB1 Semadgene B1 e Bementebis konstruqciebis damuSaveba warmoad-
gens agtualur samecniero-tegnikur prob Bemas da Seesabameba tegni-

kuri diagnostikis ganviTarebis Tanamedrove tendenciebs.



aseve aqtualuria magnitur-impu Bsuri sistemebis Teoriullil da
egsperimentulli kv Bevebi, maTi Semdgomi konstrugciulli damuSaveba
da srullyofa

samuSaos mizania
1. damuSavdes sxvadasxva diagnostikuri daniSnullebis mZBavri

magnitur-impu Bsuri sistemebi. SemuSavebu B ignas ZiriTadi paramet-
rebis gaangariSebis meTodebi, romBebic arsebull isgan gansxvavebiT,
xasiaTdeba nakBebi sirTulliT, Sedegebis TvalsawierobiT da sa-
Suallebas i1ZBeva davadginoT sistemis zogadi kanonzomierebani. es
meTodebi nak Bebad Sromatevadia da misaRebi kompiuterulli teqgni-
kis gamosayeneb Bad, saSuallebas iZBeva ganisazRvros momavall 1 sis-
temis Tvisebebi da, saWiroebis SemTxvevaSi, daisvas da gadawydes
sistemis optimizaciis amocanebi.

2. magnitur-impu Bsuri sistemebis muSaobis relJimis Teoriuli
da egsperimentu Bi gamokv Bevebis Sedegebis Bogikuri analizis sa-
TuZvel ze damuSavdes axalli, ufro efeqturi, mZBavri magnitur-
impu Bsuri sistemebi, indugtorebisa da sistemis muSa organoebis
originaluri, efeqturi konstruqciebi.

3. Seigmnas piezoeleqtrulli dartmiTi aCgarebis gamzomi gar-
damsaxis dinamikuri maxasiaTeb Bebis gamosakvBevi mZBavri magni-
tur-impu Bsuri sistema, romelic SeiZlBleba gamoyenebulli 1ignes
agreTve sxvadasxva saxis namzadis dartymamedegobisa da dartymaze
mdgradobis gamosakv B evad.

ZiriTadil amocanebi:

1. Sesabamisad, intensiuri datvirTvebisTvis gankuTvni Bi diag-
nostikuri daniSnulebis danadgarebi eqsp BuataciaSi Seyvanamde sa-
Wiroa gamoicados dinamikur datvirTvebze, romeBTa ZiriTad na-
wi B's Seadgens didi sididis impu Bsuri denis generatorebi.

2. aRsaniSnavia, rom magnitur-impu Bsuri diagnostikuri danad-

garebis mogmedeba emyareba impu Bsuri magnituri velis ellegtrogan-



tar sxeullze ZalBlovan zemogmedebas, rodesac vHlindeba zedapirisa
da siaxBovis efeqtebi.

3. damuSavebu B ia aCgarebis gamzomi gardamsaxebis Tavisufali
rxevebis osci Bogramirebis meTodika da gardamsaxis amp B itudur-
sixSirullt nmaxasiaTebBis speqtrulli meTodiT gansazRvra, rac
iZBeva srull informacias gardamsaxis strugturis da sakuTari
SixSireebis Sesaxeb.

kv Bevis meTodebi. aRniSnu 1 miznebis misaRwevad sadisertacio
naSromSi gamoyenebu Bia e Beqtromagnituri velis Teoria, elleqtru-
Bi wredebis analizis meTodebi, speqgtraluri meTodi, impulsuri
magnituri ve Bebis, denebisa da deformaciebis gazomvis specialuri
meTodebi da saSua ll ebebi.

samecniero siaxBe. didi simZBavris magnitur-impu B suri mowyo-
bi B obebi zemogmedebis obieqtTan erTad ganxi Bullia, rogorc erTi-
ani e Begtromeganikuri sistema, ris safuZve l zec damuSavebu B i1a im-
pull suri magnituri velis eleqtrogantar garemoze zemogmedebis ma-
Tematikuri model 1.

1. damuSavebuBia BiTonis (aBuminis Senadnobi) cilindrulli
Reros gverdidan aRgzneba impu Bsuri magnituri velis saSuallebiT,
Sedegad, impuBsuri deformaciis aRgznebis adgi Bi ReroSi magsima-
Burad igna miaxBovebuli talRagantaris muSa torecTan, ris ga-
moc minimumamde daiyvaneba dispersiulli movBeniT gamowveu B 1 dama-
xingebebi. am i1deis realizeba SesaZBebelia magnitur-impulsuri
diagnostikuri daniSnullebis danadgarSi, romBis pirdapiri daniS-
nu Bebaa piezoeleqtrullil dartymiTi aCgarebis gamzomi gardamsaxis
sakuTari sixSireebis gansazRvra.

2. damuSavda aCgarebis gamzomi gardamsaxebis Tavisufall1 rxeve-
bis osci B ogramirebis damuSavebis meTodika da gardamsaxis ampli-
tudur-sixSirull1 maxasiaTebBis ageba, rac i1Zleva srull infornma-

clas gardamsaxis struqturis da sakuTari sixSireebis Sesaxeb.



3. diagnostikuri daniSnullebis magnitur-impu Bsuri danadgari,
sadac komutatoris rolls asrullebs reversiullad CarTvadi dinis-
tori, romelic gamoirCeva xanmedegobiT, muSaobis stabi BurobiT
da 1ZBeva unipoBlarulli impu B suri denis miRebis saSual ebas.

pragtikuli Rirebu Beba teqgno B ogiuri daniSnu Bebis magnitur-
impu Bsuri danadgaris modernizaciis safuZvel ze damuSavda diag-
nostikuri magnitur-impu Bsuri danadgari, sadac komutatoris
rolls asrullebs reversiullad CarTvadi dinistori, romelic gamo-
1rCeva xanmedegobiT, muSaobis stabi BurobiT da iZBeva unipolaru-
Bi impulsuri denis miRebis saSuallebas, rac gansakuTrebiT mniSv-
ne Bovania piezoelleqtrulli gamzomi gardamsaxebis diagnostirebis
dros, rodesac gazomvebis sizuste didad aris damokidebuli
sakvBev obieqtSi Semavalli ZaBovani zemogmedebis xangrZll ivobaze.
danadgarSi rCd-s kondensatoris ganmmuxtavad gamoyeneba komutire-
bulli simZBavris zrdasTan erTad saSuallebas i1ZBeva gaumjobesdes
sadiagnostiko danadgaris metro B ogiuri maxasiaTeb Bebi.

agreTve damuSavebullia ZBieri impullsuri denebis gazomvis
meTodika.
samuSaos aprobacia sadisertacio samuSaoebis Sedegebi gamoqveyne-
bullia oTx samecniero statiaSi. ZiriTadi Sedegebi moxsenebu ll ia
stu-s studentTa Ria saerTaSoriso samecniero konferenciebze
(2010-2011 we Hebi).
disertaciis struqtura da mocul obaDdisertacia Sedgeba Sesava-
Bisa da sami Tavisagan, romBebic gadmocemu B ia 101 gverdze. Sei-

cavs 35 naxazs, 3 cxri lss da 73Adasaxe Bebis Biteraturas.



samuSaos ZiriTadi Sinaarsi

Sesava I S1 dasabuTebu B ia probBemis agtuall oba, Camoyall ibebu-
Bi da gansazRvrulia gamosakvBevi sakiTxebis wre, aseve kvHlevis
mizani da amocanebi. Formu B irebull ia naSromis mecnierull siaxle-
Ta da pragtiku B i mniSvne Bobis ZiriTadi aspeqtebi.

xazgasmu B ia, rom mecnierebisa da tegnikis ganviTarebis Taname-
drove etapzeFfarTod inergeba mecnierebatevadi progresulli tegno-
0 ogiebi, maT Soris, magnitur-impu Bsuri teqgno B ogia, rac ganapiro-
ba didma miRwevebma tegnikuri Fizikis dargSi, ZRieri impullsuri
denebisa da maRalli1 Zabvis teqnikis ganviTarebam, mrewve B obis mier
maRa Bl 1 Zabvis mcire indugciurobis mgone impu Bsuri kondensatore-
bisa da ganmmuxtve Bebis warmoebis aTvisebam gansakuTrebiT efeqtu-
ria iseTi impuBsuri tegno B ogiebis gamoyeneba, rogoricaa:

e LiTonebis magnitur-impu Bsuri meTodebiT damuSaveba; konst-
rugciulli masallebisa da nakeTobebis dinamikuri gamocda;

emeganikuri dartymis parametrebis gamzomi piezoelleqtrulli
gardamsaxis diagnostireba;

aRniSnull tegno B ogiebs Soris gansakuTrebiT unda aRiniSnos
B iTonebis damuSaveba ZBieri impu B suri magnituri ve 1T, rodesac
xorcielldeba tegnoBogiuri operaciebi: moWera, gaSHBa, datvifrva,
SeduReba, diagnostireba da sxva.

e Begtromowyobi B obis tegnikuri diagnostika SedarebiT axali
mecnierebaa. tegnikuri diagnostika momdinareobs terminidan diagno-
Z1 rac niSnavs Secnobas, gansazRvras. eleqtrulli mowyobi B obis
diagnostikis amocanaa obieqtis parametrebisa da struqturis dad-
gena, mowyobi Bobis gamarTva, muSaobis unarisa da swori Ffungcioni-
rebis Semowmeba, defeqtebis moZieba. diagnostika, rogorc procesi,
xorcie bl deba diagnostirebis raime saSuall ebebiT, romBebic Seigrz-
noben da analizs ukeTeben obieqtis reagcias SesaZll o zemogmedeba-

ze da diagnostirebis Sedegs _ diagnozs.



tegnikuri sistemis diagnostikuri uzrunve Byofa iwyeba siste-
mis proeqtirebisas, grZe B deba misi damzadebisas da Semdgom eqsp-
B uataciisas, masallebisa da tegno Bogiebis SerCeviT, saeqgsp luata-
cio pirobebis SemuSavebiT da maTi dacviT.

obiegtis mdgomareobis Semowmeba xdeba testuri da Fungciona-
Buri diagnostikiT. testuri diagnostika moicavs Sesavalli zemog-
medebebis erTob B iobas da Tanmimdevrobas, romBis drosac obieg-
tis reagciis analizi saSuallebas 1ZBeva dadgindes obiegtis tegni-
kuri mdgomareoba. obieqtis Ffungcionaluri diagnostika xorciel-
deba rogorc uwyvetad, aseve periodullad, an epizodurad speciall u-
ri algoriTmis mixedviT, risTvisac saWiroa obieqtis da misi gau-
marTaobebis maTematikuri mode Bebi.

saSua B ebebs, romBebiTac dadgindeba obieqtis tegnikuri mdgo-
mareoba ewodeba diagnostirebis tegnikuri saSualebebi. eseni SeiZ-
Beba 1yos aparaturulli an programull i, Sinagani an garegani, avto-
matizirebull i1, specializirebulli1 an universaluri da sxva. opera-
tori an gamwyobi aseve SeiZBeba ganxi Bull ignes, rogorc diagnos-
tirebis saSualleba

diagnostirebis dros, operatori gamoavlens ra obieqtis gau-
marTaobis niSnebs, adgens misi Fungcionirebis siswores da gansaz-
Rvravs gaumarTavi kvanZis Ziebis meTodikas.

magnitur-impu Bsuri tegqno B ogia, rig SemTxvevebSi, warmatebiT
cvlis detonaciur tegno Bl ogiebs da saSuallebas iZBeva Seigmnas
sxvadasxva saxis namzadis dartymis saSuallebiT diagnostirebis da-
nadgarebi.

diagnostikuri Tu tegno Bogiuri daniSnullebis nebismieri mag-
nitur-impu Bsuri sistemnis mogmedeba damyarebu ll ia e Begtromagnitu-
ri velis elleqtrogantar garemoSi gavrcelebisa da masze zemogme-
debis mov Benebze. an zemogmedebis xangrZ B ivoba mikrowamebis diapa-
zonisaa, gamosacde B tegnikaSi gavrcellebull1 standartulli gangari-

sebri urnallebisgan gansxvavebiT, romBebic aviTareben mi ll iwamebis



diapazonis xangrZBivobis dartymiT zemogmedebas sakvBev obieqtze.
Sedegad, magnitur-impu Bsuri sistema saSuallebas iZBeva ganisazRv-
ros sakvBlevi obieqtis, rogorc maRallsixSirulli rxeviTi sistenis,
dinamiuri maxasiaTeb Bebi.

aRniSnu B i1a, rom magnitur-impu Bsuri danadgarebi zemogmedebis
obiegtTan erTad warmoadgens rTull elegtromeganikur sistenmas,
romlis elleqgtrull nawi BSi adgi 01 aqvs gardamavall e Beqtromagni-
tur procesebs, xol o meganikur nawi BSi-dartymiTi xasiaTis Zallur
urTierTgmedebas myar sxeu BebSi.

pirvel Tavi miZRvniBlia BiTonebze impuBsuri magnituri velis
zemogmedebisa da ZBieri impuBsuri magnituri velis generirebis
Sesaxeb arsebulli Biteraturis mimoxi Bvisadmi, aseve diagnostiku-
ri Tu tegnoBogiuri daniSnullebis mZBavri magnitur-impu B suri
sistemebis gamokv Bevebisa da damuSavebisadmi. aRniSnu B ia, rom imp-
ullsuri magnituri veli1T xorcieldeba tegnoBogiuri operaciebi:
moWera, gaSHBa, datvifrva, SeduReba, diagnostireba da sxva. am
dros myari dengamtari masalebisgan damzadebul myar sxeu lebSi
aRiZvreba xanmok Be impulsuri deformaciebi da meganikuri Zabvebi
maTi datvirTvisas afeTqgebis tal RiT gamowveu B i asafeTqgebe B 1 niv-
Tierebis saTanado ganBagebiTa da inicirebiT an ,umaso” damkvre-
Bis _ impullsuri magnituri velis saSuallebiT. aseve myar sxeu ll Si-
meganikur tall RagamtarSi mikrowamebis diapazonis impu Bsuri defo-
rmaciis warmoSobisas tallRagantaris torcebi asrulleben moZrao-
bas maRall1 donis impulBsuri aCgarebebiT, rac saSuallebas i1ZBeva
torcze damagrebu i1 namzadi (gamzomi gardamsaxi, naxevargamtari-
ani diodi, tranzistori, mikrosgema da sxva) diagnostirebulli da
gamokv Beu B'i ignes dartymamedegobasa da dartymamdgradobaze.

rogorc avRniSneT, milBidan mikrotegno Bogiebze gadasvlla
SesaZ B ebe B ia uinercio damkvre B is gamoyenebiT, rombis roli1 SeiZ-
Beba SeasruBlos detonaciurma tallRam an impu Bsurma magniturma

ve Ima. dReisaTvis, impulsuri magnituri vell1 gamoiyeneba rogorc
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puansoni an matrica Txe Bked B iani kargi elBeqtrogantarobis mgone
masa l isagan damzadebul1 detallebis tvifvris, mownexvis, gaSHhis
da sxva tegno B ogiuri operaciebis Sesasrullelad. igi warmatebiT
cvlis detonaciur tegnoBlogias, rodesac afeTgebis tallRa asru-
I ebs puansonis an matricis rolls

disertaciaSi ganxi Bullia Sromebi, miZRvni B1 magnitur-impull -
suri sistemebis SemadgeneBi1 e Bementebis kvBevasa da damuSavebas-
Tan dakavSirebu Bi sakiTxebisadmi, kerZzod, ZRieri impulsuri denis
generatorebis muSaobis reldimebis, induqgtorebis, kondensatorebis
da ganmmuxtavebis ZiriTadi parametrebis gansazRvrisadnmi.

Zhieri impuBsuri denis generatorebis egsperimentu i gamokv-
Bevisas saWiroa didi sididis impu Bsuri denebis gazomva, impull-
sis xangrZBivobis gansazRvra disertaciaSi damuSavebu Bia impull-
suri denis gazomvis meTodebi da saSualebebi uindugcio Suntis
gamoyenebiT K16-05 danadgarSi denis pikuri mniSvne B obiT 5ka-mde da
sahaero transformatoris-rogovskis gamris gamoyenebiT 100-500ka
denebisTvis K16-06 da K16-07 danadgarebSi.

naSromis meore TavSi damuSavebu B ia aCgarebis sazomi gardan-
saxebis sixSirull'i maxasiaTeb Bebis gansazRvris speqtrulli meTodi,
romBis arsi imaSi mdgomareobs, rom ganisazRvreba gardamsaxis amp-
Bitudur-sixSirulli maxasiaTebel i1, rogorc modulli Semdegi komp-
Begsuri sixSirulli maxasiaTeb B isa
S;(jw)

sadac S;(jo) da S:(jo) gardamsaxis aRmgznebi dartymiTi aCqarebisa

S(jo) =

da Sesabamisi reaqgciis speqtrulli simkvriveebia

Tu cnobiBia dartymiTi aCgarebis impullsis xangrZHBivoba 1o
gardamsaxis reaqcias SeiZlBeba movaci BOT Sesabamisi sawyisi ubani
da reaqciis darCenili nawiBis speqtrulli simkvrive dagvianebis

Teoremis Tanaxmad
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S(jw), =exp(—jar,) S(jo).
rogorc am formulidan Cans, S(jo) da Si(jo) speqtrull simkv-
riveebs agqvT erTnairi modullebi, ase rom reaqciis darCenilli
nawi Bis speqtrulli simkvrivis modulli warmoadgens gamosakv levi
gardamsaxis amp B itudur-sixSirull maxasiaTebels.
meTodikis Tanaxmad reagciis darCeniBi nawi B1 gadayvani B i
unda ignes diskretull formaSi At = (t-1)/2n bijiT, sadac aris gar-
damsaxis reaqciis xangrZHlivoba da 2n - amonakrebTa ricxvi.
gardamsaxis amp B itudur-sixSiru i maxasiaTebe B 1 gamoiTv Beba
Semdegi formuliT:
S2af, )=/l +12,
sadac
I, = jg(t) cos(2xf, t)dt, I2kj5(t)sin(27szt)dt.
aq fx sixSire Rebulobs diskretull mniSvne B obebs Af bigiT fyin
— fmax SIXSIrull intervall Si, sadac fynin =1/t da fnx=1/2At.
amgvarad, S(2zfi) saWiroa ganisazRvros mocemuli Fformull idan,
sadac
f1=Frmin,
fo=Af +fnin,
f3=2 Af+fiin,
fi=(i-1) Aftfnin=fmax.
cxadia, (39) formulBaSi k icvleba 1<k<i diapazonSi da
i =1+w.
integrallebi Iy da lx ganisazRvreba simpsonis cnobili Formu-
BebiT, rac advi Bad egvemdebareba kompiuterull gamoTv Bebs.
damuSavebu 1 da gamokvBeulia dinanikuri gamocdebisaTvis

gankuTvni b1 mZBavri magnitur-impu Bsuri sistemebi. arsebull 1 stan-
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dartull1 meganikuri gangarisebri an sxva tipis urnallebi gamosac-
dell obieqtze axdens mi Biwamebis diapazonis meganikur impulsur
zemogmedebas. ufro xanmok Be-mikrowamebis xangrZHll ivobis impu lsu-
ri zemogmedebisaTvis, rac auci Bebelia magalliTad, dartymiTi aCga-
rebis gamzom gardamsaxSi maRal1 rigis sixSireebis sakuTari rxeve-
bis aRsaZzvrelad maTi dinanikuri gamocdebis dros, saliroa uiner-
cio damrtymeB1 instrumenti, romelsac warmoadgens impulsuri
magnituri veli BiTonebze zemogmedebisas. aseTi magnitur-impu ll su-

ri sistemebis b B ok-sgema naCvenebia naxazze.

4
1 ayaill 5
)

|-

o0 o
L L
AR RIR RV

nax. 1

sistema Sedgeba dammuxtve B1 mowyobi Bobisagan 1, romelic wa-
rmoadgens cvBadi denis gammarTve Bs asamaR Bebe B1 transformato-
riTa da venti BiT, impuBsuri denis generatorisagan 2 maRall1 Zab-
vis mcire induqciurobis mgone impu Bsuri kondensatorebis batare-
IT da ganmmuxtve BiT, da tegno B ogiuri kvanZisagan 3, romeic Sei-
cavs iInduqtorsa da impuBsuri magnituri vellis zemogmedebis obi-
eqts. agreTve, sgemaze naCvenebia sistemis marTvis, signallizaciis,
dacvisa da bR okirebis kvanZi 4, xolo 5 aris sainformacio-sazoni
komp Begsi, rome Bic Seicavs sazom gardamsaxebs, e Beqtronull osci-
Bl ografs, analogur-cifrull an elleqtronull-optikur gardamsaxebs

da gamoTvRiTi tegnikis saSuall ebebs.
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disertaciaSi moyvani Bia zemoT aRniSnull1 K16-05 magnitur-imp-
ullsuri sistemis damuSavebisa da gamokv Bevis Sedegebi, romelic
gamoiyeneba piezoelleqtrulli dartymiTi aCgarebis sazomi gardamsa-
xis sakuTari sixSireebis gansazRvrisaTvis. sistemaSi ganmmuxtve-
Bis rolls asrullebs impullsuri tiristorebis wyobi Bi, anitom, mi-
si venti Buri Tvisebebis gamo, indugtorSi gamavall i deni da, Sesaba-
misad, magnituri induqcia sinusoidis naxevartal Ris anu unipo la-
rulll impullsis Tormisaa. indugtorSi generirebulli impullsuri
magnituri vell 1 axdens Zal ovan zemogmedebas sistemis muSa organo-
ze — erT metramde sigrZis BiTonis cilindrull Reroze, romellic
amave dros meganikuri talRagamtaris rolls asrullebs. tall Ragamta-
ris erT-erT torcze magrdeba gamosakv Bevi gardamsaxi, eqsp luata-
ciis dros damagrebis pirobebis srulli imitaciiT. danadgarSi pir-
velBladaa ganxorciellebulli talRagantaris ara meore torcidan,
aramed gverdiTi zedapiridan impuBsuri datvirTva, risTvisac 1is
moTavsebu B ia indugtoris muSa zonaSi i1se, rom tall Ragantarze ze-
mogmedebis adgi B1 magsimaBuradaa miax Boebu Bi1 sakvBev obiegtTan.
aniT Tavidan aris acillebulli ReroSi kumSva-gaWimvis deformaciis
tal Ris gavrcelebasTan dakavSirebulli dispersiulli movBenebi da
gardamsaxis impu Bsuri agzneba xdeba impuBsuri aCgarebiT, rome-
Bic ar aris damaxingebuli1 dispersiiT gamowveu Bi maRall -sixSiru-
Bi rxevebiT. impu Bsuri denis generatoris marTvis wredSi Formir-
deba eleqtrulli Zabvis impu B si momBodine reJimSi momuSave e Beqgt-
ronulli oscilografis gasaSvebad. sistemis sainformacio-sazomi
komp Begsi Seicavs uindugcio koagsiaBlur Sunts, CarTulls ganmux-
tvis konturSi 5ka-mde sididis impu B suri denis gasazomad da naxev-
radgamtarian tenzorezistors, damagrebu s tall Ragantarze indug-
torsa da muSa torecs Soris impullsuri deformaciis gasazomad.
denis impulsis xangrZBivobis regulireba 10-50mkwm diapazonSi
xdeba indugtoris xviaTa ricxvisa da kondensatorebis tevadobis

cviliBebiT. danadgarSi ganviTarebu i impu Bsuri aCgarebis magsima-
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Buri mniSvne Boba 103m/wm? Seadgens da SesaZBebe lia gamzomi gar-
damsaxebis sakuTari sixSireebis gansazRvra.

disertaciaSi moyvani lia ufro maRali impulBsuri aCgarebis
aRzZvrisTvis gankuTvni Bi stu-Si Cvens mier SemoTavazebu Bi1 K16-06
magnitur-impu Bsuri sistemis damuSavebisa da gamokv Bevis Sedegebi,
romeBic aseve gankuTvni Bia piezoeleqtrulli dartymiTi aCgarebis
sazomi gardamsaxis dinamikuri maxasiaTebBebis gansazRvrisaTvis.
damuSavda ZUBieri impulsuri denis generatori, romelic Seicavs
maRal 1 Zabvis BI'KI] tipis impuBsuri kondensatorebis batareas
18mk ¥ tevadobiT da UPT-2 ignitronull ganmmuxtve Bs 10kv ZabviT da
100ka impu Bsuri deniT. vinaidan am ganmmuxtve Bs ar aqvs ventiBuri
Tvisebebi unipoBarulli impuBsuri denis FormirebisaTvis gamoyene-
bull 1a damatebiTi ignitronuli ganmmuxtveli UPT-2, romeBic aSun-
tebs kondensatorebis batareas mas Semdeg, rodesac ZiriTadi gan-
muxtvis konturis deni miaRwevs magsimaBur mniSvne B obas. ZiriTadi
ganmuxtvis konturSi CarTullia disertaciaSi damuSavebull1 konst-
ruqciis indugtori, romellsac aqvs gaZBierebull1 meganikuri Tvise-
bebi da specialuri konstruqciis gamomyvanebi. indugtorSi Sedgmu-
Bia D14 markis diuraBuminisagan damzadebull1 erTi metri sigrZis
meganikuri tall Ragamtari 15mm diametris mgone Reros saxiT, 1se rom
tall Ragantaris induqtorqveSa nawi Bi gverdiT impu B sur zemogmede-
bas ganicdis induqtorSi generirebulli impuBsuri magnituri ve-
BiT. sistema aviTarebs impuBsur aCgarebebs 10°mwm? pikuri mniSvne-
BobiT. disertaciaSi moyvani Bia sistemis eqsperimentulli kvBevis
Sedegebi, romBebic adastureben mis efeqturobas da disertaciaSi
damuSavebu B1 gaangariSebis sainJinro meTodebis saimedoobas. ker-
Zod, ganisazRvra sakuTari sixSireebi IIM93-1, KJ-1, /I-14 da sxva
tipis piezoeleqtrulli aCgarebis sazomi gardamsaxebis dinamiuri ma-

xasiaTeb B ebi.
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naSromis mesame Tavi miZRvni Bia tradiciull komutaciur pro-
cesebs naxevargamtarull xe I sawyoebSi.

didi simZBavreebis komutacia nebismieri tipis naxevradgamta-
riani xe BsawyoTi xdeba am xe B sawyos garkveu Bi nawi Bis gamtaro-
bis mkveTri zrdiT, romelsac agvs sawyis stadiaze Zallzed didi
winaRoba da ab B okirebs naxevargamtarull xe I sawyoze modebul Zab-
vas. es nawi B'i warmoadgens ZBieri elleqgtrulli veliT muxtis mata-
reb B ebisagan mT Bianad dacBil moculobiTi muxtis ubans (ukuwa-
nacvilebulli p-n gadasasvlel is mocu B obiTi muxtis ubani). an raio-
nis gamtarobis mkveTri zrda SeiZlBeba moxdes misi eleqtronull-
xvreBuri pRazmiT Sevsebis gziT. magram, naxevradgamtarulli xell-
sawyos xvedriTi (erTeull zedapirze mosulli) komutirebulli1 simZlla-
vre SezRudullia pBazmaSi muxtis matareb Bebis dabali Zvradobisa
da koncentraciis, agreTve arc Tu maRalli muSa temperaturis gamo.
Sedegad, mniSvne B ovani simZBavreebis komutirebisaTvis saWiroa xe-
I sawyoSi Seigmnas didi muSa mocu B obis gamtari ubani. pBazmaSi
muxtis matareb Bebis difuziuri sigrZis SedarebiT mcire mniSvne-
0 obebi ar i1ZBeva saSuallebas gavzardoT mocu B oba eleqtrodebs
Soris manZi Bis zrdiT, rogorc es xdeba airganmuxtvis xe I sawyoeb-
Si. rCeba erTaderTi gza - dengamtari arxis ganivkveTis gazrda
amgvarad, naxevargamtarulli xe Bl sawyos zRvrull1 komutaciuri maxa-
siaTeb Bebi damokidebu B i1a imaze, Tu ramdenad swrafad Formirdeba
didi winaRobis mgone ubnis adgiBas didi diametris mgone mokle
mdgradi pBlazmuri arxebi.

Tanamedrove mZBavr naxevargantarull xellsawyoebSi (bipolla-
rull tranzistorebsa da tiristorebSi) dengamtari arxebi Formir-
deba emiterulli fenebidan inJeqcirebu B i1 muxtis matareb BebiT. ti-
ristoris SemTxvevaSi, sadac oTxi TFenaa sami p-n gadasasvBvEiIT

ori kiduri (emiterulli1) gadasasvlvlebi CarTullia gamtari mimar-
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TullebiT, xoblo centralluri (koleqtorulli) axdens xellsawyoze
modebu 01 Zabvis b B okirebas.

Tanamedrove mZBavri magnitur-impu Bsuri sistemebi saWiroeben
naxevargamtaru l komutatorebs, romBebic SesZBeben aRniSnull dia-
pazonSi TFTungcionirebas da amave dros egnebaT naxevargamtarulli
xe B sawyoebis tradiciull 1 upiratesobebi: didi sagarantio vada, ma-
Ralli saimedoba, mdgradoba gareSe zemogmedebebisadmi da myisieri
mzaoba muSa reJimSi SesasviBlellad.

reversiullad CarTvadi dinistorulli komutatori msgavsad Cveu-
Bebrivi dinistorulli komutatorisa konstrugciulli zomebis gar-
da, xasiaTdeba mTel1 rigi parametrebiT: nominaBuri Zabva, mimdev-
robiT SeerTebull1 dinistorebis raodenoba, denis magsimaBuri mni-
Svne B oba, denis cvlilebis magsimaBuri dasaSvebi siCgare, Zabvis
cvhlilebis siCgare, ganSvi denis impu Bsis pikuri mniSvne B oba, 1mpu-
I sis forma da xangrZHl ivoba, komutatoris induqciuroba, tevadoba
da tal Ruri winaRoba

naxevargamtaru i1 komutatoris simZBavris mniSvne lovani zrda
SesaZlBebelia reversiullad CarTvadi dinistoris (rCd) saSuallebiT,
romeBsac ara aqvs marTvis elegtrodi. es ukanaskneB1 Canacvlle-
bullia mmarTavi eleqtronull-xvreBuri pRlazmuri FfeniT, romelic
ignneba koBeqtorulli p-ngadasvlis sibrtyeSi. es fena gnnis plaz-
mur dengamtar arxs FfarTiT, romelic tolia xelsawyos siliciu-
mis Firfitis farTis.

rCd damzadebis procesSi xdeba ramodenime aTeuli1 aTasi para-
BelBlurad CarTullil erTimeores monacvle tiristorulli da tranzi-
storulli el ementebis Camoyal ibeba. maTi damaxasiaTebe B1 zoma nak-
Bebia, vidre xe B sawyos ganieri n-bazis sisge. centralluri (kolle-

qtorulli) gadasvla am eBementebisTvis saerToa, maT saerTo aqvT

mar jvena n* —p emiterulli gadasv il ac.
|
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j1 j2 \J3
ganieri ko Beqtorulli p baza
n baza gadasv B ebi
nax. 2

xe BsawyoSi n da p zonebis, yvela p da n struqtura ZRBier (zRv-
rullad) aris Begirebulli da aRiniSneba p" da n” -iT.

xe 1 sawyoze modebu Bl ia muSa Zabva naCvenebi po BarobiT. masze
muSa Zabvis sawinaaRmdego po Barobis ufro nakBebi mniSvne B obis
Zabvis modebiT (reversiT) eBementebSi gadis marTvis denis impu B si
da mas Tan sdevs pBazmis inJeqcia n—zonaSi, romelBic saerToa
tranzistorulli da tiristorulli elementebisaTvis. koleqtorul
gadasv Bl asTan tranzistorebisa da tiristorebis plazmuri svetebi
erTmaneTs gadafaraven da warmogmnian sakmaod erTgvarovan pHlaz-
mur fFenas. marTvis denis impu B sis danTavrebisas xdeba rCd-is mom-
Werebze nominaBuri mimarTu Bebis muSa Zabvis modeba. am dros kol -
eqtorulli1 gadasvlis pRlazmuri Fenis elleqtronebi da xvrelebi wa-
inacvleben n da pbazebSi Sesabamisad da xdeba xe B sawyos CarTva
mTel sibrtyeSi erTdroulad. vinaidan xe Bsawyos marTva da muSa-
oba xorcielldeba erTi da igive momWerebis wyvi BiIT, saWiroa Zall o-
vani da marTvis wredebis gancall keveba, rac SesaZlBebelia gaJRenT-
vadi droselis gamoyenebiT. danadgari saSuallebas iZBeva movaxdi-
noT piezoeleqtrulli aCgarebis gamzomi gardamsaxebis testireba

disertaciaSi moyvani I diagnostikuri daniSnu B ebis magnitur-impu-
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I sur sistemebSi KPD-25-170 tipis dinistoris gamoyeneba saSuall e-
bas 1ZBeva danadgaris tegno Bogiur kvanZSi - indugqtorSi 200kA

denis gatarebas.
i, ka‘a

200

100 |

[

- 1,00- - 30 mkivm

nax. 3

nax. 3-ze naCvenebia dinistorSi gamavall1 impu Bsuri denis oscillog-
rama, romellic saSuallebas iZBeva dadgindes dinistoris datvirT-
vis denis parametrebi.

rogorc zemoT avRniSne, reversiullad CarTvadi dinistorulli
komutatori msgavsad Cveullebrivi dinistorulli komutatorisa,
konstruqciulli zomebis garda, xasiaTdeba mTel1 rigi parametre-
biT: nominaBuri Zabva, mimdevrobiT SeerTebulli1 dinistorebis rao-
denoba, denis magsimaBuri mniSvne B oba, denis cvliBebis magsimall u-
ri dasaSvebi siCgare, Zabvis cvliBebis siCgare, gamSvi denis impull -
sis pikuri mniSvne Boba, impu B sis Forma da xangrZHll ivoba, komuta-
toris indugciuroba, tevadoba da talRuri winaRoba

ganovTv il i Bia aRniSnull1 parametrebi, komutatorisTvis, sadac
n=5, d,=50mm, d,=60mm, b=15mm.

gaangariSebu B 1 sidideebi:

-7 -3
L=Hogg Oz pp_ 47107, 60007 5 15 195 _30.10 %,
27 d, 2r 50-10
-12
c, = 5o2M 8810 ) 1510° 416810 F
d, 60-10
In—-= |n—/——_
d,  50.10°
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=83.4-10 F.

d,
oMy 1 30-107%
Z:\/ngl 8_0: W=o.4-102=400m|.
0 :

rCd-is gamoyeneba msgavsad impu Bsuri tiristorebiT awyobili
komutatorisa saSuallebas iZBeva induqtorSi gavataroT pragtiku-
Bad unipoBarulli impulsuri deni, rac gansakuTrebiT mniSvnel O-
vania piezoe leqtrulli gamzomi gardamsaxebis diagnostirebis dros,
rodesac gazomvebis sizuste didad aris damokidebulli sakvilev
obiegqtze Sesavalli Zal ovani zemogmedebis xangrZHll ivobaze. gamosac-
deli1 obieqgtis metro B ogiuri maxasiaTebBebi _ strugtura, sakuTa-
ri rxevebis sixSire, demFirebis koeficienti, ngrZnobiaroba, arawr-
Tfivoba ganisazRvreba mowyobi Bobis reaqciisa da impu Bsuri zemog-
medebis speqtrallur simkvriveTa FfardobiT. es fardoba martivdeba,
rodesac impulsuri zemogmedeba Zallze xanmokBea da uax B ovdeba
de l ta funqcias, rac niSnavs, rom gamosacde B1 obieqtis gadacenmis
Tfungciisa da reaqciis speqtralluri simkvriveebi pragtikullad Tan-
xvdeni B1 Fungciebia. an dros obieqtis reaqciis speqtraluri simkv-
rive pragtikulad igivea, rac obieqtis kompBegsuri sixSirulli ma-
xasiaTebeBi da obieqtis diagnostikuri kvBeva midis mis impulsur
zemogmedebaze reaqciis analizTan.

sadiagnostiko obieqtis, piezoeleqtrulli gamzomi gardamsaxis
Zall zed xanmok Be impu Bsur aRgznebaze reaqciis speqtraluri simkv-
rivis analliziT SesaZlebell ia garadamsaxis strugqturis dadgena, am-
pRlitudur - sixSirulli, sakuTari sixSireebis, demFirebis, arawr-
Tivobis da sxva metroBlogiuri maxasiaTeb Bebis maRall1 sizustiT
gansazRvra.

SemoTavazebu B'1 diagnostikuri magnitur-impu Bsuri danadgaris

tegnikuri Sedegia gamomavali darTymiTi impulsis stabi Burobis
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amaR B eba, misi xangrZl ivobis Semcireba da amp B itudis gazrda, ra-
zedac miRebu 1 gvaqvs sagarTve B os patenti GE P 2012 5374 B. AP 2009
11420.

tegnikuri Sedegi miitRweva ImiT, rom warmodgeni Bi1 magnitur-
impu B suri danadgari Seicavs dammuxtav mowyobi B obas, mierTebulls
kondensatorebis batareasTan, indugtors, komutators da marTvis
mowyobi B obas; kondensatoris batarea komutatoris gavBiT mierTe-
bullia marTvis bBokTan da indugtorTan; indugtori aRWurvilia
tal RasatariT, romelic Sesrullebullia BiTonis Reros saxiT,; ko-
mutatoris sakomutacio e lementad gamoyenebu Bia reversiullad Car-

Tvadi dinistori.

_______________________________ : 14
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nax. 4. magnitur-impu B suri danadgaris principulli eleqtrulli sgema
magnitur-impu B suri danadgari muSaobs Semdegnairad:
avtotransformatori 8 irTveba cvBadi denis gselSi, xollo
komutatoris marTvis mowyobi Boba 7-mudmivi denis wredSi. avtot-
ransformatoris 8 da amwevi transformatoris 9 meSveobiT gammarT-
veli diodis 10 da balasturi rezistoris 11 gavliT xdeba konden-

satorebis batareis 2 damuxtva sasurvell Zabvamde. gamSveb Ri Bakze
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19 daWerisas impuBsuri transformatoris 17 pirvelad gragniBSi
gaivlis RC-wredis 18 kondensatoris damuxtvis deni. an transfor-
matoris meoreull gragni BSi aRiZvreba impuBsuri deni, romellsac
diodis 16 meSveobiT eZBeva unipoBlarulli forma. es deni aRebs
marTvad tiristors 15 xdeba kondensatoris 14 ganmuxtva reversiu-
B ad CarTvad dinistorze 12 da am ukanaskne B 1s gaReba.

komutatoris 3 gaRebis Semdeg xdeba kondensatorebis batareis
2 ganmuxtva indugqtorze 4, romelSic gaivlis mZBavri erTjeradi
unipoBlarulli xanmokBe denis impu Bsi. es impu B si Sesabamisi impu-
Bsuri magnituri velis saSuallebiT BiTonis talRasatarSi 5 aRZ-
ravs dartymiT aCgarebas, romelic vrceldeba ra tallRasatarSi 5,
aRagznebs masze damagrebu l sakvBev obieqts 6 (aCgarebis piezoe le-
qtrull gardamgmnels). droselli1 13 zRudavs kondensatorebis bata-
reidan 2 kondensatorisaken 14 gamavall dens reversiulad CarTvadi
dinistoris 12 gaRebamde [19].

SemoTavazebu 1 magnitur-impu Bsuri danadgari iZBeva indug-
torSi xanmokBe, mZBavri erTjgeradi unipoBlarulli impullsuri de-
nis miRebis saSuallebas, romBis xangrZBivoba da amp B ituda stabi-
Buria da ar aris damokidebu Bi1 gare Faqtorebze.

angvarad, SemoTavazebull danadgarSi rCd-s komutatorad gamo-
yeneba komutirebuli simZBavris zrdasTan erTad saSuallebas gvaz-

B evs gavaumjobesoT danadgaris metro B ogiuri maxasiaTeb Bebi.

daskvnebi
Catarebu Bi gamokv Bevebis safuZve I ze miRebu B 1a Semdegi Sedegebi:
1. ZBieri impulBsuri magnituri veli1 warmoadgens tegnikuri
diagnostikis Zall zed efeqtur saSual ebas.
2. magnitur-impu Bsuri danadgaris, rogorc impullsuri energeti-
kuli1 mowyobi Bobis umniSvne B ovanes kvanZs warmoadgens komuta-

tori, rome B sac waeyeneba sakmaod mkacri da winaaRmdegobrivi
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moTxovnebi. erTis mxriv, 1s unda 1yos saimedo, xanmedegi da eko-
nomiurad efeqturi, anu arc ise Zviri da meores mxriv, saliroa
rom man uzrunve Byos didi impu Bsuri simZBavreebis komutireba
didi denebisa da maRall i1 Zabvebis dros.

3. alrganmuxtvis xe B sawyoebs aqvT principulli nak B ovanebebi, rom-
B ebic ganpirobebu Bia airSi ganmuxtvis procesis mimdinareobis
TaviseburebebiT da zRudaven xe @ sawyos gamoyenebas zemaRali
impuBuri simZBavreebis komutirebisas. es upirvelles yovlisa,
aris amuSavebis arastabiBuroba, rac aZnellebs rTulli sis-
temebis singronizacias da daballi xanmedegoba, rac ganpiro-
bebu B 1a ganmuxtvis procesis rkaluri stadiiT gamowveull'i
eleqtrodebis eriziiT, romelic zRudavs simZBavris Semdgom
zrdas.

4. naxevargamtaru i komutatorebi warmatebiT cvlian airganmmuxtav
komutatorebs, vinaidan maT aWarbeben xanmedegobiT da muSaobis
stabi BurobiT. is, rom SesaZlebelia maTi mimdevrobiT da para-
BeBurad SeerTeba 1ZBeva maTi gamoyenebis saSuall ebas denebisa
da Zabvebis farTo diapazonSi, raTa warmatebiT gadavwyvitoT
impu Bsuri energetikis aqgtualluri prob Bemebi.

5 rigma Catarebulma gamokv Bevebma (iseTi rogoricaa optimaluri
masa Bebis SerCeva rCd-s kargi kontagtebis uzrunve Bsayofad),
saSua Beba mogvca uzrunve Bgvyo daball1 da stabi Buri gardama-
vali elleqgtrulli da siThuri winaRobebi rCd-s Soris, rac
iZleva xangrZBiv garantias da komutatoris muSaobis sal-
medoobas.

6. axall1 Taobis reversiullad CarTvadi dinistorebis saSuallebiT
mitRweva kuTri komutirebadi simZBavris rekordulli maCvenebe B i
komutatoris erTeull ovan FarTobze. komutatorebi muSaoben ro-
gorc monoimpu Bsur, aseve sixSirull reJinmSi da gamoiyenebian

TfarTo diapazonis impu Bsur energetikaSi.

23



7. rCd-is gamoyeneba msgavsad impulsuri tiristorebiT awyobili

komutatorisa saSuallebas i1ZBeva indugtorSi gavataroT prag-
tikuBlad wunipoBlarulli impullsuri deni, rac gansakuTrebiT
mniSvne B ovania piezoe Beqtrulli aCgarebis gamzomi gardamsaxebis
diagnostirebis dros, rodesac gazomvebis sizuste didad aris
damokidebu B'i1 sakvBev obieqtze Semavall 1 Zal ovani zemogmedebis
xangrZll ivobaze.

danadgarSi rCd-s komutatorad gamoyeneba komutirebuli simZlla-
vris zrdasTan erTad saSuallebas gvaZBevs gavaumjobesoT dana-
dgaris metroBogiuri maxasiaTebBebi. gamosacdeli1 obieqtis
metro Bogiuri maxasiaTebBebi _ strugtura, sakuTari rxevebis
sixSire, demFirebis koeficienti, mgrZnobiaroba, arawrFfivoba,
ganisazRvreba mowyobi B obis reaqciisa da impu Bsuri zemogmede-
bis speqtralur simkvriveTa FardobiT. es Fardoba martivdeba,
rodesac impulsuri zemogmedeba Zallze xanmokBea da uaxWl ov-
deba dell ta funqcias, rac niSnavs, rom gamosacdel i obieqtis
gadacemis Funqgciisa da reaqciis speqtralluri simkvriveebi prag-

tikuBlad Tanxvdeni Bi1 Funqgciebia

9. reversiullad CarTvadi dinistori impulsur energetikaSi warmoa-

10.

11.

dgens maRalefeqtur komutators, romelBic xasiaTdeba didi
saimedoobiT da xanmedegobiT, saSuallebas iZBeva pragtikullad
unipoBlarulli ZRieri impulsuri denebis generirebisa rodesac
xe B sawyos muSa FarTi magsima B uradaa gamoyenebu 1.
reversiullad CarTvadi dinistorebis gamoyeneba magnitur-impull -
sur diagnostikur an tegno B ogiur danadgarebSi saSuall ebas 1iZ-
Beva didi sididis denebis komutaciiT moxdes ZBieri da xan-
mok Be impu Bsuri magnituri velebis generireba da Sesabamisad
maRa B efeqturi tegno B ogiuri procesebis ganxorcielleba
reversiullad CarTvadi dinistorebis komutatorad gamoyeneba

saSuallebas iZBeva Seigmnas ZBieri unipoBarulli impullsuri
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denis generatori, romell ic warmoadgens magnitur-impu Bsuri sa-
diagnostiko danadgaris ZiriTad nawi s,

12. kabe B i1s bunikis mosawnexi magnitur-impu Bsuri danadgaris mode-
rnizacia, masSi ignitronulli ganmmuxtavis reversiullad CarTva-
di dinistorulli komutatoriT CanacvBeba i1ZBeva piezoeleqt-
rull 1 aCgarebis gamzomi gardamsaxis diagnostirebis efeqtur sa-

Sua l ebas.
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Abstract

At studying diagnostic or technological facilities intended for intensive modes,
various high frequency tiny measuring transformers, including piezoelectric measuring
ones, are used to avoid errors caused by integration of signals to be measured lengthwise
to measuring transformer base. In the same time, at facilities dynamic testing, for com-
plete processing of received information, it is necessary to use complete package of dyna-
mic patterns of measuring transformers. As a rule, tiny measuring transformers 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 impulses of msec. duration is possible
only by using impact instrument (un-weighed) without inertia.

Transition to microfabrication technologies by using impulsive magnetic field beca-
me possible. The most preferable among them is magnetic-impulsive technology, its
implementation was supported by the development of strong impulsive field generators,
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 inten-
tion is based on the spreading of electromagnetic field through conductivity environment
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 PI1-93 series made by using
mentioned materials by St. Petersburg metrologty institute. Its structural 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) oscillog-
rams in various cases are shown as well. Object movement parameters are determined by
working out corresponding oscillograms.

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

Transformers measuring impact piezoelectric acceleration represent oscillation sys-
tems 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 necessary to
have information on amplitude-frequency data of transformers. This information can be
found by influence of acceleration short impulse on transformers, in its sensitivity
direction, by registration of transformers excitation impulse and corresponding reactions
and subsequent processing of them. It is obvious that for effective excitation of high freg-
uency transformers, duration of excitation impulse has to be less than or uniform to natu-
ral oscillation period of transformer.

At researching dynamic data of transformers measuring impact acceleration, especi-
ally when studying their nonlinearity, it is necessary to excite them with impulsive acce-
leration peak value of which is 103-10° m/sec? with duration of 10 msec.
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In this purpose it is urgent to make facility for studying dynamic data of measuring
transformers which allows preparing complete diagnostic of research object.

Suggested facility of magnetic-impulsive diagnostic intention contains a charging
arrangement, a battery of impulsive condensers having low induction, an inductor 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 con-
denser battery is discharged on inductor. After passing current first half-wave diode-
thyristor is closed and it does not conduct current back wave. Wave-conductor 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 T1-3000
type 3 impulsive series connected diode-thyristors which makes possible 9 MW commu-
tation.

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 conductivity 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 channels
are formed instead of high resistance zone. Switching diode-thyristor is initiated along-
side 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-thyristors 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 electrode.
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 thickness
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 resistant to operating
voltage, operating current impulse is passing in parts and it is accompanied 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 impulse, spreading of nominal
direction operating voltage is done. At that moment electrons and orifices of collector
transition plasma layer will move to n and p bases respectively and the facility is switched
in entire plane simultaneously. Due to the fact that regulation and operation of the facility
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is done by the same pair of binders, separation of power and operating circuits is needed.
It is possible by means of using permeable orifice choke. The facility makes possible
testing of transformers measuring piezoelectric acceleration. Using KPD-25-170 type di-
nisters 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 practically unipolar impulsive current through inductor. This
is especially important when diagnosing piezoelectric measuring transformers when
accuracy of measurements greatly depends on research object, duration of introductory
power influence. Metrologic properties of research object—structure, demphing coef-
ficient, 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 influence is quite short and comes up to delta value i.e. spectral
densities of research object transition function and reaction are practically coincided
functions. At this moment 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, amplitude-
frequency, natural frequencies, demphin, nonlinearity and determination of other metrolo-
gic properties are possible.

Thus, use of diode-thyristor in the suggested facility as a current changer together
with increasing commutated power lets develop metrologic properties of the facility.
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