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{8° TOA-E£¥«LEnj £.-"!' 20! ©Of {8§uf§ £m -pu°fo (8§
moxmarebuli cb A-§¥©fn . £°£. £+8 ££fo ©vg§2! §-pulL8§o £A-
vfhsdbc tktmnhjlbs nbhbcnjhekb ufcfqt,bc  xfrtndf ~ufvjhsdf dtRar

[[hwbtk It,”* t&b& vfhsdbc tktmnhjlb fchekt,c V[jkjl ths jgthfwbfc -
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nbhbcnjhekb ufcfqt,bc xfhsdbc jgthfwbfc& fvbc ufvj® vfc thsjgthfwbekb

~yfltdhflvfh sdflb’ ufcfqt,b tojlt,f& thsjgthfwbekb nbhbcnjhekb ufcfgt,bc

xfcfrinfl fewbkt,tkbf vicib ufvfdfkb Ityb gbf vlujvfhtj,bc ityfhxeyt,bc ~itrfdt,bc

ltypt yfrkt,b  sididis 18{ - ue ¢o) OFRFSjF §-£08 ¥f£uo o§»]
a -, £OpuLsg 8§° tfi®¢ ! ASL¥Eo . £pO’

! 31 ASL¥Efno - E£iO«yrfo8SEP® pL! -£8 ASL¥Eo °N
Msjlpt T AS8L¥£o °N8§O«um " -l uofj ~TE£O0fo «©! -8 7808
viujvitj,f , 8° «- ! ©f AS8L¥E£wo - § o §bkipq lhjc& ¢nBhBchjhba L 2 £
djkn -fvgthekb vf[fcbfst,kbc ereinjc fmdc yf[tdfhufvnfhekb Ibjlbc ereinjc
§°8-«T£) ©f wv8§{puF  £0fr «O©O] = 1 § oJ§ Wtynhfkeu | 3 | A
p- n uflfcfcdktkc gbhlfgbhb ofyfwdkt,  f uffxybf If bub gbff* [jkj J IfJ,
uflfcfcdktkt,c aqvT ereofyfwdkt,t,b If bv.jat,bfy xfrtnbk vlujvfhtj,fib& J;

N - p’i 18-8u8§uo¥-p-£ao ¢ 8l ©mMbc CRIBtR ywbhtff 8fvb@ ¥ u ¥ £
TE£Ofn  «©} £ f8§u§2ulLfuo -8§oga¥uLE ALOQATH¥E
18-8u8uo¥-pu-£a0 8§ ©2¥u¥E ASL¥E£o of£p Hjlcif §8° 8§~
cecnfl ktubht,ek ufybth n ,fpfc ijhbc fhct,j,c If fmtlfy ufvjvibyfht® vbcb
ufhgdtdbcfsdbc Iblb cblblo SAS§L ¥ 88 ©8§» £ O©O«F

thsjgthfwbekb nbhbcnjht,bc ufhlf L A§-! © p-p® ©O«°£382f£ ¢8O

eahj hsekb ntmyjkjubbc vb[tldbs Ifvpflt,ekb nbhbcnjht,b% nbhbcnjhb
ereufvnfht,kj,bs® ajnjnbhbcnjhb  If  vigfkb  cb[ibhbc  ~cohfavj vmvtlb®
nbhbcnjhb&

nbhbcryhb  ereufvniht, kj,bs& fctsb nbhbcnjhbc cbkbwbevbec Ibcrjpt

it chekt,ekbf nbhbcnjhekb If Ibjlehb vjyjkbsehb cnhemnehf nbhbcnjhbcf If
Ibjlbc itv[dtlh -gfhfktkehb it thst,bs ~ceh&2&5°& tc rjv,byfwbf Itybc ufhlfvmvytkbc
a®U- WLE® 98-80 E£¥uLE£o o822 8§

}<} fhbc cfzbhj ufcfqt,t,bc uflthsdt,bc Ibyfvbrehb ghjwt -
ct,bc Ihjc nbhbcnjhekb cnhemnehbc

Dg uflf vin A § LI¥RE o Ilfwdbc vbpybs Ifvfnt,bsb
tktvtynt,bc ufvj.tyt  f&

ainjnbhbcryhb  ~nbhbcnjhekb jgnhjyb & fcts
Rt penihb nbhbcnjhib  wihsdtkb  cbuyfkbc  aeymwbfch
tktmnhekb Itybc  yfwdkfl? p ,fpfpt Ifc[bdt,ekb
cbyfskbc yfrflb fchekt,c& nbhbcnjhekb jgnhjybc rjhgecbc ibuybs vjsfdct,ekbf
ajnj nbhbcnjhb If iemlbjlb& iemlbjlib Itybc ufnfht,bc itltufl , ufvjc[bdt,ekb
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cbyfskbc yfrflb f[ltyc nbhbcnjhbc xfhsdfc& fctsb nbhbcnjhbc ufvj Ayt f
ufyc§ 3 ! ~ ©uLE’ . 8§82 8-f£ ASL¥fun (80O-8-® - °p-pulLags
D8§»£ O« - 8§28-£ AS8LY¥£8u -/B8L-8-CEL£ ASQ¥-ffou § §O ¥ £
~ufkdfyehb’ ufyv[jkjt,bc vbpybs bvgekcehb nhf  ycajhvfnjht,bc ufvj.tyt,f&

vigrkb cbfibhbc ~cohfavivmvtlb™ nbhbcnjhb& vigfk cblibhtpt vjveifdt Itybc
ufhlfvmvytkt,ib ufvj.tyt,ek nbhbcnjht,c eylf uffxyltc cohfab xfhsdb c ~ufgt,bc’
eyfhb& ufqgt,bc htutythfwbekb ghjwtcbc Ifxmfht,bc vbpybs , fctsb nbhbcnjhbc vfhsdbc
tktmnhjlc fmdc ufyinjt,ekb ptlfgbhb” hbsfw vybidytkjdyfl bphlt,f wtynhfkeh
uflfcfcdktkpt Ityufvnfhb yfobkbc ufafhsijt,bc chxmfht& fcts nbhbcnjhc yjhvtkehb
aeymwbj)f ©u L § 2 p! Akdb[phtpeP 3 O,

2&6 cehfspt yfxdtyt,bf cbvtnhbekb nbhbcnjhbc ~cbvbcnjhbc® fye nhbfrbc’
cnhemnehf& cbvbcnjhbc cnhemnehf fthsbfyt,c itv[dtlh i gfhfktkehfl itthst,ek
jh nbhbcnjhek cnhemnehfc ~ p-n-p A lf n- p -n £& vfhsdbc tktmnhjlb

rjynfmnibf p- fpfcsfy If  n"-ihtcsfy& fvbnjv , cbvbcnjhbc gbf vlujvfhtj,fib
18-80" ¥8 {-puLS8 - 80  ¥£Oo YU PU® O«- ity O«TT«O, /

tktmnhjlib fv Ihjc ufvfdfkb -uHMoE ©°81t¥popuLES -7 -£8° °E£OMNLE

bvgekcbc ~vfhsdbc tktmnhjlib ufvfdfkb Ityb fv lIhjc  yfxdtyt,bf o.dtnbkb obht,bs’

- £°«-ULE ~ AEOE §- H-U® O©O«-pLztp of{¥8§-8ua{¥§
liTonis Sre liTonis Sre

(mar Tvis el eqtrodis kont aqgt i)

(driTadi el eqtrodis kont agt i)
p- ngadasasvl el ebi

damcavi X - emt eri \e i\
Sre ,/ p-emiteri” | Pp-baza \\ J
i N\ 2

<< n- baza © n-baza })

A J3
\\\ p- baza . p-emiteri 4
\1- emteri : A

liTonis Sre .
(ZriTadi e eqgirodis kont agti?2) la

ceh&2&6& cbvtnhbekb nbhbcnjhbe ~cbvbenjhbe™ cnhemnehf

cbvbcnjhbe djkn -fvgthekb vi[fcbfst,tkb ~ceh&2&7° cbvtnhbekbf rjhlbyfnsf
cfsfdbc vbvfhs If vjsfdct,ekbf gbhdtk If vtcfvt vijs[tlt,ib&
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e
_—

ceh&2&7& chvbenjhbe dikfvgthekb viffcbfst,tkb

A§-!©f -£«-uLEf£o§ -§ ~£O0fn «©OuULEnm 3«O© ! oo
gjntywbfkb  uffxybf&  rjycnhemwbekb  sdfkcfphbcbs eahj  vj[th[t,ekbf
£+ «-£0OuL! =3 «©" | a£8° £ ; Foufv,Adk Qiciyts b wiv).gt!f8A £ a £’
fv;tvfl fvpflt,ty fctsb riycnhemwbbc hjujhw wfkrtek ufcfgt,t,c® bct ufcfqt,sf
vjlekt,c& vijlekb itbwfdc Ibjleh fy nbhbcnjhek jh dtynbkeh v[fhc ,juehb
cmtvbs fo.j,bk ufhlfvmvytkt,ib ufvjcf.tyt,kfl* fylf chek ,jueh cmtvfc & vijlekib
fuhtsdt itlbc dtynbkt,bc ~ufcfqt,t,bc™ byntuhfkehb ntmyjkjubbs itchekt,ekb
vfhsdbc cbentvi&

RFR A§-) ©f -£f£«-uLfu~ ~“TE£0O0fo «OULEDE -
tktmnhekb sdbct,t,b

Ag-| OFf °8{pu¥80T8:- 80| -£ T8a82 puyLpuLEn ¥ U
it cfafct,k fl  ufvib.tyt,f cftmcgkefnfwbj  vf[fcbfst,kt,o If gfhfvtnht,b&
yf[tdfhufvnfhekb ufcfqt,t,oc tmcgkefnfwbbc |hjc ufycfresht,ekb vybidytkj,f
+2¥©! = " 8§08 - p OuLo PO E»PULSEF +£2¥0O! -£ p°«-puLS§
fy evwbhtc vybidytkj,fc” hjvkbc Ihjcf w ufcfqt,b ~dtynbkb™ fh pbfylt,f If fh ufvjlbc
- °N«LOE-8°F A8§-]| ©Of 9f8u8§2puLuLEo pP-u® ©) -£
a £EA-pLE -8E£N«o o 8§ £3! ©Of - -T«-8Ou«LECE - 8§
vi[fcbfst,tk gfhfvtnht,fl&

Ag-! Of 1 8 & § 2 péhp Lvupthtj,be ffcbisttk gfhvtnht,fl
78 «xENUO° HMLEE 183y £-£ - -9«:-80OCu«LEn +2¥0| -£
vimvtlt,bc Ihjc™ gbf viujvfhtj,bc pqdhekb gfhfvtnht,b If vfhsdbc ohtlbc pgdhekb
gfhfvtnht,b&

18§35y " £-£ -« §Ou«lL§ pBvabSIHjck O viuviitibt 7/ A L ¥
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+2 ©l ~£ " 8§08 - u ©OulL £ 8E, T bcOl MopbénthtbdksBoc ¥§ ¢
18- 80 ¥ £y, ABhbcHjstbctIf cbvbenjht,bcfsdbe ~b[& ceh&2&3& &

18 ©O2 ¥u¥Ef ALQEHF S ASHY¥E o - 8§uog§a¥ulL - §®:
hjvkbc Ihjcfw ufcfqt,b ~dtynbkb™ byfhxeyt,c xfrtnbk ~Itybc fhfufvnfh®
- -f«- 80Ou«L8BF 1T8-80©  ¥E£no ASLY¥S 3 £ 1T8° 1§ +2)
vyb dytkj,fc® hjvkbc |hjcfw ufcfqt,b Jth bctd hxt,f xfrtnbk viu jvfhtj,fib&
viifcflfvt™  ptvijlfct tkt L) = £ " 8§0©0©8-u OpLE’ 1T8°£0n8+2 ¥0OpulL
hjvkbc a fhukt,ibw yf[t  dfhufvnf hekb ufcfqt,b yjhvfkehfl aeymwbjybht,c&

H®o " - § § ££n - ©«no 18282 pL ftybe wthifvmvwytRbe p- £ A

a o 8§¥8§-£ IAGIEfB® £F18@! - £8§ 3 «-! § £! OFf " O«, pan
cmtveh uflf inA S L ¥ p L ¥p KE LIS IEE 0 § T 8° - 8§u§ §¥8§- ©8§»£0
-8, ¥fno - «°N«LE-«LE ™ ~ O« - p= £, - «8{-pn°n 18n§

pgdhekb vybidytkj,bc itcf,fvbc ljytpt&

ufvnihb viujvihy, 1& gbf yf[tdfhufvnf hek ufcfqt,t,ib ufvfdfkb Itybc cblblt
ufyfgbhj,t,c cnhemnehbc  ~uflfcfcdktkt,bc™ ntvgthfnehfc& fvbnjv ufuhbkt,bc
gbhj,t,blify ufvjvibytht® yfltdfhufvnfhekb ufcfgt,t,bc tktmnhekb sdbct,bc
itafct,fc f[ltyty itvitub gfhfvt nht,bc vb[tldbs%

gbhlfgbhb Itybc cfiefkj If vimvtlb vybidytkj,t,bc pgdhekfl Ifcfidt,b cblblt*
gbhlfgbhb Itybc fvgkbnelbc pgdhekfl Ifcfidt,b cbiblt bvgekcehb ht;bvbc Ihjc*

Ifhn.vbsb Itybcf If Ifwdbsb vfxdtyt,kbc ~ iyt~ vimvbctkehfl | fcfidt,b
vyb dytkj,t,b uflfndbhsdbc fdfhbekb ht;bvbc Ihjc&

vthsdbc ohtlbc grfhfvinht,b&  nbhbcnjht,bc xfhsdf [jhwbtklt,f vfhsdbc

HL-HU® ©«- +1 ASLY¥Efuo -8§-uLE" £ £. 7! aavhsdbe  { « -
H-U® ©«-z2pu ASL¥Efo O©O«f«©, - §- puHojEbs&jhbdiffogr ! § ON
ufcfqt,bc cfbvtlj xthsdbc vbpybs fewbkt,tkbf vfhsdbc tktmnhjlib bctsb cbiblbc

-U° E£o 8 8OULE~ O©O«:-pu-E£, | £© °¥u-N«¢o .8 o
whidytkj,t,bc ~5&&&&10 itvs[dtdfibw& fmtlfy ufvjvibyftht , fqybiyekb ufcfgt,t ,bc
H-U® ©! - £ ~"¥EfouLpuLE£o 2 po8§¢8opulL-8§- 18 - «ENp©°

¢-8L8&8-£ p-"poO8 | ©8fj 2 un8L8-£0f - 8§O ¥E£wo - po
cfzbhijf itvlitub gbhj,t,bc ufsdfkbcobyt,f%

. 80 ¥fo °Op-2£ (8- «N«t £ -ekjvybidytkiAxfB 8yE£a - NE£ o
fqtvint,jltc pqdhekfl Ifcfidt,c*

. 8§80 ¥fo P pPU® ©O«-zu - E£°«-puL!' af£ ASLY¥Ean £. 7!
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fvgkbnelf th eylf fqtvint,jltc pqdhekfl lfcfidt, vybidytkj,fc*

. 8§80  ¥fuo HoH® ©O«-+n - «® p- £tkj,fi fhleyN§ L ¥ £ o
fqtvint,jltc pqdhekfl Ifcfidt, cblbltc&

urhitvidrkb ~rjivenfwbehb” ghywict,bc viffcbfs,tkb gfhvinht,b& ufhlfvidfk

ghjwtct,c flubkb fmdc yf[tdfhufvnfhekb ufcfqt,bc rjvenfwbbc ~ufqt,f -xfrtndbc”
-O«o~ ©f, ©°8{u¥80T78: §0O!| - doufif@fytdcIfur@gottf - | { £
itvwbht,bc ~ufojdbc™ bythwbek ghjwtct,sfyff Ifrfdibht,ekb&

Ag§-!1© -E£«-=y T£0- 8" £OE ASL¥£fuo - £°«- uLEQ®

uflfvnfyt,bc rjywtynhfwbbc phlbc ghjwtcb If cfyfv bub ufenjklt,f gbf vlujvfhtj,bc
itcf,fvbc rjlywty nhfwbfc? lhjbc ufhrdtekb bynthdfkbf cfzbhj& Ihjbc fv bynthdfkc
Ibjlbc xfhsdbc Ihj tojlt,f& xfhsdbc ghjwtcbc Ifchekt,fvit Ibjlbc ibuf obyfqj,f
-£-£ ©ofE-£-£088 -8 8§.£ «- - £- gof[tlifidfl Bve Bcfy ro® © o p L |
Ibjlt,bc xfhsdbc Ihj vbrhjofvt, bs ufbpjvt,f* vfc fhct,bsb vybidytkj,f tybzt,f
vigfkb cb[ibhbc wredebSi muSaobis dros.
Ag§8-1© -E£«-+u '3 ASL¥En . £pO pLE ap. - puf
- «AO8S¥E ! { " uLEm 3 «° pu° ©fF,E££n 3 apulLE£eiyfV O«,
bub ufenjkit,f xf  rtnbkb vlujvfhtj,bc itcf,fvbc rjywtynhfwbfc” Ihjbc ufhrdtekb
bynthdfkbf cfzbhj& Ihjbc fv bynthdfkc Ibjloc ufvjhsdbc® fye xfrtnbkb
vlujvfhtj,bc fglutybc Ihj tojlt,f& ufvihsdbc ghjwtcbce Ifchekt,fvit Ibjlbc ibuf
obyfqj,f vwbht cblblbcff If Ibjlib uflbc ere | tyb” hjvtkviw ufvjhsdbc cfo.bc tnfgpt
2 1 £ A -gbHlfgbhb Itybc cblbltcfw rb uflffzfh,jc& fvbnjv” Ibjit,c hjvkt,bw
. 828-£f£ wf£{2L£O0fu ASL¥Efo °Ou-2£8 T8 - «Np°opuL! =
vwbht Ihj ~1 vrov -pt yfrkt,b’&
fyfkjubehb gfhfvtnht,bf  ufvj.tyt, ekb nbhbcnjht,bcf If cbvbcnjht,bc
cohfavjmvitlt,bc itcfafct kfl& 2&8 cehfspt yfxdtyt,bf nbhbcnjhcf If cbvbcnjhib
ufvfdfkb Itybc wdkbkt,bc [fcbfsb  vfhsdbc tktmnhjlbs xfhsdbc Ihjc ~cehfsb 2&8" f °
-8 ASLY¥fn ¥8§O©-°fm .0O©!-£ (o! ©8 £ RFX~LjF
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a! OFRFXF " £0-8 £0Of -u°£o§ ¢(8i -8 ASL¥En ¥8§0O-°
nbhbcnjhbcf If cbvbenjhbe xfhsdbc lhjc

nbhbcnjhekb ufcfqt,t,bc xfhsdbc ghjwtcbc bythwbek|,f ufybcfpqdht,f xfhsdbc
(t,) lhjbc bynthdfkbs& t c erfyfcrytkb Ifvjrblt,ekbf xfhsdbc If.jdyt,bc f If
MT8o82puLuL+tpy ASL¥EL£o ¥8§0O-°fuo 3 suLE£n - ©Q«fan £

t =t &

If.jdyt,oc  t, Ihjbc bynthdfkb cfzbhjf nbhbcnjhekb cnhemnehbc ,fpt,ib
.« AOS¥E - | dfyt doctslf ywt§nhfwbbe itcfmvytkfl® hjvtkbw ufgt,bc
ht utythfwbekb ghjwtcbc Ifo.t,bcfsdbcff fewbkt,tkb [jKj t, lhjbc bynthdfkbc
- 8°Af-+xp ! { " puLEB 3«° pn° ©8,£8 T8£+0O-puL§ i
vlujvfthtj,bc itcf,fvbc v ybidytkj,fvit&

nbhbcnjhekb ufcfgt,bc xfhsdbe ghjwtcib gbhlfgbhb Itybc phlbc chxmfht ~ %)

Ifndbhsdbc ohtlbc gfhfvinht,ptf [fvjrblt,ekb& se I|fndbhsdbc ohtlb Iblb
bylemwbehj,bc itvwdtkbf® vfioy gbhlfgbhb Itybc phlbc cbhxmfht If,fkbf If
nbhbcnjhekb ufcfqt,b fqvjxylt,f gbf viujvfhtj,fib® bv SemTxvevasSi, se vfhsdbc
tktmnhijlib Itybc ito.dtnbc vjvtynbc fsdbc gbhlfgbhb Ityb uflfzfh,t,c I, ltyc
~ceh&2&3","& fmnbehb fy ntdfiTi  [fcbfsbe Ifndbhsdbc itvs[dtdfib gbhlfgbhb ltybc
phibc cbxmfht vigfkbf& se Itybc phlbc cbxmfht fqtvint,f vjwtvek nbhbcnjhib Itybc

phibc chbxmfhbe rhbnbrek pgdfhc gé%)kr 8, viiby nbhbenjhekb ufcfqt,be Ifpbfyt,be
(;, -

sfdblfy fcfwbkt,kfl* Ifndbhsdbc ohtlib eylf xfbhsjc bylemwbehj,bc rjzf&
nbhbcnjhekb ufcfqt,bc gbf vlujvfhtj,bify xfrtnbkib uflfhsdbc ghjwtcbc
bythwbekj,bc itafct,fc f[ltyty ufvjhsdbc lhjbc (t,+ ) bynthdfkbc cblblbc vb[tldbs&

16



TfOfo T «©p '3 ASL¥Efm - E£uO© pLEfo apu--pfT-~ - £«-
Ifu hjdbkb ve[nt,bc rjywtynhfwbbc itvwbht,bc ghjwicb ~ve[nt,bc ufht ohtlib

18°«¥fn " O«,usf£jF pom " ©O©«,6  pof 9TJOAp--puLE - O«
hjvtkctw ufojdbc |hj (t,) tojlt,f ~ceh& 2&97 & t, Ihjbc uf yvfdkj,fib nbhbcnjhib

uftlbyt,f Iblb cblblbc ereltyb ~ i_ & ufvijhsdbc lhjpbc (t,) - §8° A£ -+ I o

Ie max

Ifvsfdhltc zfh,b ve[nt,bc ufojdbc ghjwtcb If vj[ltc ve[nt,bc rjywtynhfwbbc

itvwbht,f nbhbcnjhekb ufcfgt,bc cf,jk jj xfrtnbkb vlujvfhtj,bc itcf,fvbc
-«%pu--puF 78 - «© ¥£o -0O«En £° pO¥8§-2f£  E£OL£8o
18- «© ¥£o " ©«, pofo -8. 8§¥OuLS8§ --u E£0CL£8o «Oxy
sdbsyt,ehfl uflfbhsdt,f gbf vlujvfhj,fib ~vfhsdbc tktmnhjlib Itybc bvgekcbc

ufnfht,bc ufhtit' hfw nbhbcnjhek ufhlfvmvytkt,ib cthbjpekb fdfhbekb ht;bvt,bc

§2 A¥OEf£wo - £+puz+xf£ {-uUL8F 8§ £ (¢) thsEtislybidykjafg o 718§ -
cftmcgkefnfwbj gfhfvtnhc ofhvjflutyc& If,fkcb[ibhekb nbh bcnjhekb ufcfqt,be

ufvihsdbc |hj itflutyc 100&&&500 vrov -c cohfavjivmvtlb  ~vfgfkcb[ibhekb
nbhbcnjht,bc ufvihsdbc Ihj -10&&&100 wov

- di,
a) “ dt i
0

|
a | lea
b) Tt
0] -1
uaud___ ‘tgamL
o)l OFRFYF -u°£o8 (8j -8 ASL¥Efwom (Li -£8708-pL
ptvjufy[okekb gfh § - u~ ©uL £ o T80- 8~ Ag§-! ©f T E£Ofa’
a8 u®n” - 8§ 8§, £« 8§08 - u O©On °80: «8- fulam " E£0O- §°

~nbhbcnjhbc sdbsyt,ehb xfhsdbc ufvjcfhbw[fl' & If,fkcb[ibhekb

nbhbcnjht,bcfsdbc ~ d(;th 'rth =20&&&100d$vrojk] vigfkeb[ibhekb ~cohfavjvmvtlb®

nbhbcnjht,bcfsdbe ~ ddutf rh =200&&&500d$vrov&
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2.3.srul  ad marTvadin axevargamtaruli g asaRebebi

2.3.1.Sesavali

Zaluri (energetikuli) eleqgtronikis progresi pirvel rigSi dakavSireb ulia
im warmatéebTan, romelic srulad marTvadi Zaluri naxevargamtaruli xel -
sawyoebis tegnikuri maxasiaTeblebis da parametrebis srulyofis gzazea miRweuli.
Edeqtruli energi is iseT momxmareblebSi, rogoricaa: mudmivi da cvladi denis
amZravi, eleqgtroTermia, eleqtrolizis tegn ologiuri danadgarebi, eleqgtruli
energii's mudmiv deniT gadamcemi xazebi da sxv. gamoyenebul naxevargamtarul
xd sawyoebs akisriaT eleqtruli wredebis komutacia (perioduli gadarTvebi), e.i.
muSaoben  gasaRebisebur reJimSi. dé&qgtruli  energi is  zemoaRniSnuli
monxmareldbis simZlavre, rig SemTxvevaSi, megavatebiT ganisazRvreba da
amakoulad  sul ufro izrdeba maTi gamoyenebis masStabebi. Aamitom) msoflios
mowinave qveynebis firmebma da kompaniebma gasuli saukunisaBOwlebidan didi
mecnieruli da sxva resursebi w armarTes tegnikurad srulyofili Zaluri
naxevargamtaruli gasaRelgbis Sesagmetad. damuSavda axali midgomebi da
teqnologiebi am saxis xelsawyoebis dasamz adeblad.

srulad marTvadi  Zaluri naxevargamtaruli gasaRebebis funqciuri
SesaZldobebis Sesafaseblad Semotanili igna vargisobis koeficienti. Zaluri
bipolar uli tranzistorebis vargisobis koeficients gansazRvraven gaZlierebis
koeficie nisa da sixSireTa gatarebis zolis magsimaulri sixSiris namravliT.

Zaluri v diT marT vadi tranzistorebis vargisobis koeficienti gadac emis
maxasiaTeblis daxrilobis proporcliuli da marTvis Se savali wredis tevadobis
ukuproporc iulia. O orive gasaRebis vargisobis koeficientze ZiriTad gavlenas
dengamtari arxis sigrZe axdens. kerZod, dengamtari arxis sigrZis SemcirebiT
gasaRebis vargisobis koeficienti izrdeba.

srulad marTv ad Zalur naxevargamtarul gasaRebebSi dengamtari arxis
daméleba SesaZlebeli gaxda ZiriTadi elegtrodebis (anodi da kaTodi, emiteri da
koleqtori, saTave da  Casadinar) fuZe naxevargamtaruli kristalis erT zedapirze
horizontaluri ~ ( planaruli) ganlagebis nacvlad , urTierT mopirdapire
zedaprebze ganlagebiT (ZiriTad eleqtrodTa vertikaluri ganlagebiT).

ZiriTad elegtrodTa vertikaluri ganlagebis Sedegad Zaluri gasaRebebis
vargisobis koeficienti erTi rigiT da metad gaizarda. Mmagram Zaluri gasaRebebis
erTarxian vertikalur strugturas, planarul strugturasTan SedarebiT, uaresi
siTburi Tvisebebi aRmoaCnda. vertikalur strugturiani Zaluri gasaRebebis
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siTburi Tvisebebis gasaumjobeseblad saWiro gaxda dengamtari arxis danawevreba
erTnari parametrebi s mgone didi raodenobis , paralelurad momuSave, dengamtar
arxebad. Zaluri naxevargamtaruli gasaRebebis damzadebis am axal tegnologias
safuzvlad daedo cifruli integraluri mikrosgemebis damzadebis teqnologiuri
miRwevebi. aRniSnuli teqgnologiuri miRwevebis gamoyenebiT SesaZlebeli gaxda
mravalujredi ani strugturis mgone srulad marTvadi Zaluri naxevargamtaruli
gasaRebebis Samp.

mravalujrediani struqturis mgone naxevargamtaruli gasaRebebis mogmedebis
principi da fizikuri maxasiaTeblebi ganisazRvreba strugturaSi Se mavali
ident uri Tvisebis mqone calkeuli elementaruli ujredis (sabaz iso ujredi)
mogmedebis principiT da fizikuri TvisebebiT.  rac ufro rTulia am elementaruli
ujredis struqtura, miT ufro axlosaa Zaluri gasaRebi idealurTan. idealuri ki
isTi g asaRebia, romelsac unari Seswevs myisierad gadarTos usasrulod didi
sididis d eni (marTvis wredis mier moTxovnili nulis tol i simZlavris pirobebSi)
da moadinos usasrulod didi sididis ukuZabvis blokireba (Sekaveba), gaaCnia
gaxsnili mdgomareobis dros nulis tol i narCeni Zabva @ Caketili mdgomareobis
dros n ulis tol I gaJonvis deni (ukudeni). cxadia, idealuri gasaRebi s damzadeba
SeuZlebelia . r ealuri gasaRebebi met-naklebi xari sxiT uaxlovdebian idealurs.

mravalujrediani  strugturis mqone srulad marTvadi Zaluri naxe -
vargamtaruli gasa Rebebis samrewvelo warmoeba daiwyo gasuli saukunis 80-iani
wlebidan. aseT gasaRebebs miekuTvnebian:

9 Zaluri bipolaruli tranzistorebi (BJM);

9 Zaluri veliT mar  Tvadi tranzistorebi izolirebuli mar Tvis eleqtrodiT
(MOS FET);

1 bipolaruli tranzistorebi izolir ebuliba ziT (IGBT);

1 oroperaciuli (gamorTvadi) tiri storebi ( GTO);

9 t ranzistorebi da tiristorebi stat i kuri induqciiT ( SIT,, SIT);

1 veliT gamorTvadi tiristorebi ( FCT, MCT);

zemodasaxelebuli Zaluri gasaRebebis bazaze sazRvargareTis wamyvani fir mebi
(Motorola, GeneralElectric, Mitsubishj da sxv.) amzadeben erT, or, oTx da eqvs
gasRebian modulebs naevradboguri da boguri (erTfaza, samfaza) sgemebis saxiT.
80-ani wlebis meore naxevarSi Seigmna Zaluri (energetikuli) eleqtronikis
xelsawyoTa axali klasi, romelmac miiRo Z  aluri inteleqtualuri integraluri
sgemebis saxelwodeba. aseTi sgemebi erT kristalSi an erT korpusSi aerTianeben
rogorc Zalur srulad marTvad gasaRebebs , sakuTari marTvisa da dacvis sgemebTan
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erTad, ise mTeli gardamgmneli danadgaris marTvis sistemas, kontroli sa da
sadiagnostiko sistemebs. A amis gamo mkveTrad mcirdeba gardagmenlis wona da
zomebi, izrdeba muSaobis saimedooba da farTovdeba maTi funqgciuri
SesaZleblobebi.

2.3.2 Zaluri tranzistoruli gasaRebebi

2.3.21 Zaluri bipolaruli tranzistoruli gasaRebi

n-p-n  tipis Zaluri bipolaruli tranzistoris sabazis o ujredis
strugt ura 2.0 suraTzea naCvenebsabaziso ujredis dasamzadeblad gamoiyeneba
minarevis gazrdili  koncentraciis  (Zlierlegirebuli) Semcveli n-tipis
siliciumis safeni (  n*-Sre), romlis qveda zedapirze g akeTebulia koleqtoris
omuri kontaqti (IT onis Sre). n'-safenis zeda zedapirze epitagsialuri amozrdis
meTodis gamoyenebiT nddulia minareviT sustad legirebuli (maRali omuri
winaRobis) n-Sre. am Sris z edapirze difuziuri meTodis gamoyenebiT Segmnilia p-
bazis Sre. amis Semdeg,p-bazis zedapirze planaruli tegnologiis mixedviT
xorcieldeba zedapiris dafarva sil iciumis orJangis ( SiO,) Txeli SriT,
siliciumis orJangis Sris garkveuli ubnebis specialuri xsnariT amoWmis Sedegad
warmogmnil fanjrebSi donoruli minarevis inplantacia da emiteris n*- ubnebis
miReba, emiterisa da bazis ubnebis zedapiris moliToneba da sakontagto
eleqtrodebis gakeTeba. amrigad, emterisa da bazis sako ntaqto gamomyvanebi
Sesrulebulia na xevargamtaruli kristalis erT zedapirze, xo lo koleqtoris
sakmtagto gamomyvani-sawinaaRmdego mxares mdebare zedapirze. ased Segmnil
struqgturas vertikaluri strugtura ew odeba.

@ommbol ey (9d0dgeol 3obBsddo)

mommbols ey
(30l 3mbsdio)

Si02

mommbols 36y / l 3

(3megdEme0l 3mbdsdido)
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sur. 2.10 Zaluri bipolaruli tranzistoris sabazo ujredis struqtura
kolegtoruli gadasasvilel sabais o ujredSi  p- da n-ubnebs Soris arsebobs.

koleq toruli u bnis (' n) susti legirebis gamo , gazrdilia koleqtoruli p-n gada
sasvlelis sisqe, rac dasaSvebi ukuZabvis mniSvnelovani gazrdis saSualebas iZleva.
emiteruli gadasasvleli sabaz iso ujredSi danawevrebuli xasiaTisaa, rs
Sedegadac Semcirbulia winaRoba p-bazisa da emiteris kontgats Soris,
gaumjobesbulia denis ganawileba da aRmofxvrilia e.w. Termulad arastabiluri
cxeli we r tilebi, romlebic denis araTanabari ganawilebis gamo warmoigmneba
sustad legirebuli kolegtoruli ubnis arseboba Zalur bi polarul
tra rzistorSi  iwvevs denis gadacemis koeficientis mniSvnelovan Semcirebas. amitom
tranzistoris gajerebis redJimis uzrunvelsayofad saWiro xdeba bazis denis
mni8nelovani gazrda. amis gamo ki mniSvnelovnad izrdeba xelsawyos marTvis alvis
saWo simZlav re, rac arasasurvelia. d enis gadacemis koeficientis gazrdis
saWiroeba moiTxovs sabdzo ujredis struqturis garTulebas ( 2.10-suraTze
naCvenebi ar aris). kerZod, sabazs o ujredSi keTdeba damatebiTi tranzistoruli
strugtura ( n-p-n) da am gziT ujredSi formirebu li  oritranzistori SeerTdeba
e.w. dalingtonis sgemis mixedviT  (Sedgenili tranzistoris sgema).
tranzistorebis See r Tebis sgem&.11 suraTzea naCvenebi.
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sur. 2.11 Sedgenili tranzistoris sqema

aseTi strugturis mgone tranzistoris bazis denis gadacemis ko eficienti
b =,
sadac by, b, VT1,VT2tranzistorebis denis gadacemis koeficientebia.
VT1lda VT2 tranzistorebis emiteruli gadasasvlelebi daSuntebulia R, da
R, rezistorebiT. es rezistorebi zrdian koleqtor -emiteris wredis muSa Zabvis
sidides da aumjobeseben tranzistoris siTbur stabil ur obas. garda amisa, es
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r ezistorebi aumjobeseben tranzistoris Caketii mdgomareobaSi gadasvlis
(gamoilvis) dinamikur maxasiaTebels.

2.3.2.2. Zaluri  bipolaruli tranzistorebis
sagesploatacio parametrebi

Zaluri bipolaruli tranz istorebis sacnobaro katalogebSi , Cveulebriv,
zRvruli sae osploatacio parametrebia miTiTebuli. Zaluri  bipolaruli
tranzi storis muSaobis zRvrulad dasaSvebi reJimi ganisazRvreba Zabvisa da denis
dasaSebi mniSvnelobebiT, agreTve xelsawyoSi gamoyofili magsimalur ad dasaSvebi
simZlavriT da korpusis temperaturiT. Zaluri bipolaruli tranzistoris
mwyobridan gamosvias ZiriTadad iwvevs erT-erT elegtrul gadasasvlelze
dasaSvebze meti sdidis ukuZabvis mogmedeba da xelsawyos gadaxureba didi sididis
denis gavlis dros.

Zaluri  bipolaruli tranzistoruli gasaRebis SerCevis a da muSaobis red mis
gasaangariSeblad gamoyenebuli sacnobaro parametrels CamonaTvali mocemulia

cxrilis saxiT.
cxrili 2.1.
Zaluri bipolaruli tranzistorebis parametrebi
parametrTa ) aRiSvna ) o
. parametris dasaxeleba : gazomvis reJimi
joufi rus. ingl.

1 2 3 4 5
koleqtoruli gadasasve Mis V¢ amax Vceo roca emiretis deni
magsimalurad desaSvebi Zabva nulis tolia
magsimalurad dasaSvebi baa roca bazis deni n ulis

koleqtoris koleqgtor -emiters Soris Ve max Veeo tolia

Zabvis mixeviT

kolegtor -emiteris gajer ebis koleqtoris denis

VQ dz0 fiy VCE(sat) . . .
Zabva mo&muli mniSvnel obisa
da bazis pirdapiri de n-

is mocemuli

mniSvnelobis dros
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koleqtorisD
denis mixeviT

koleqtoris deni mokve -Tis
reJimSi

kolegto ris magsimalurad
dasaSvebi deni

I Kmax

ICEX

lem

bazis wredis uaryo -
fiTi wanacvlebis dros
korpusis mocemul

te nperaturaze

impulsis xangrZli  vobis

kolegtoris magsimalurad lka mocemuli sididis dros
dasaSvebi inpulsuri deni
bazaemiteris magsimalurad Vi max Vego roca koleqtorisd ~ eni
dasaSvebi ukZabva nulis tolia
marTvis wredis | bazis deni mokveTis r eJimSi i leso bazis wredis uaryo -
mixedviT fiTi wanacvlebisa da
koleqgtori s nulis
toli denis dros
bazaemiteris gajerebis Zabva
V, e Vaeay koleqtoris denis
mo@muli mniSvnel obisa
da bazis pirdapiri de n-
is dros
denis statikuri gaZlier ebis | hye hee koleqtoris denis
koeficienti mo&li mniSvnel obisa
da kolegtor -emiteris
gaZlierebis mcire Zabvis dros
koeficientis
mixedviT koleqtoris denis
gaZlierebis sasazRvro fre fr moe@muli mniSvnelobis
sixSire dros
dinamikuri kolegtoris denis zrdis thap tr Sesavali da gamosavali
parametrebi xangrZli voba wredebis mocemuli
r eJimis dros
CarTvis dro teyg fon
koleqtoris denis klebis
ta tF

xangrZli voba
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dinamikuri gawais dro thaco ts

par ametrebi gamosavali Zabvis
koleqtoruli gadasasvl dis mo&@muli mniSvnelobis
barierulitev  adoba Cu Ces dros
gadasasvleli -korpusis Rra «) Rrhc gamagrilebelis
si Tburi win aRoba gamaynebis SemTevaSi

gamagrilebeli ar aris
gadasasvleli -garemos Rro ) Rrhya gamoyensdb

gardaravali w inaRoba
impulsis xangrZli vobis

. . ZT ZThJ-C . . .
gadasasvleli -korpusis mocemuli mniSnelobis
siTburi gardamavali wi naRoba dros
paramrebi
gadasasvlelis magsi malurad Toamax | Tomao
dasaSvebi tempetura
korpusis tem peraura Ty Te
garemos temperatura Tep Ta
korpussa da
gamagril ebels Soris
kontagtis mocemuli
parametrebis p robebSi
korpusi -gamagrilebeli s
. L RT(K-O) Rrhcs
si Tburi winaRoba
simZlavre kolegtorze gabneuli Pk Pc korpusis mocemuli
madsnaluri simZl avre te nperaturis dros
Zaluri bipolaruli tranzistoruli gasaRebis warmatebuli

funqcionirebis Tvis aucilebelia, rom ar moxdes cxrilSi mocemuli nebismieri
jgufis p arametris zRvrulad dasaSvebi sididis gadameteba.

Tanamedrove Zaluri bipolaruli tranzistoruli gasaRebebi normalurad
funqcionireben 500 a -mde denze da 1500 vmde Zabvazd 0 khc muSa sixSiris dros.
aseTi gasaRebebis umniSvnelovanes dadebiT Tvisebas warmegsdg Ria gasaRebze
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Z&vis vardnisa (narCeni Zabvis) da simZlavris danakargis mcire sidide. Ria
gasaRebze narCenZabva ar aRemateba 125v. amavdroulad, am saxis gasaRebebs
gaaCniaBeriozuli uaryofiTi Tvisebebi C:
1 bipolaruli tranzistoruli gasaRebis marTvi s wredi moiTxovs sakmaod
did simZlavres;
1 maRalia gadarTvebTan dakavSirebulia gardamavali procesebis
inerciul  oba;
1 gasaRebebis paraleluri SeerTebis dros adgili agvs calkeul StoSi
denis araTanabar gadanawilebas. paralelur  StoebSi  denebis
gaTanabrebiSavis saWroa damatebiTi sgemuri elementebis gamoyeneba;
1 maRalia aseTi gasaRebebis siTburi da meoreuli garRvevis albaToba.
zemoaRniSnuli  uaryofiTi ~ Tvisebebis  gamo , Zaluri  bipolaruli
tranzist oruli gasaRebebis gamoyenebis sfero sakmaod SezRudulia.

23.23 Zalurive |iT marT vadi tranzistorebi izolirebuli marTvis eleqtrodiT

liToni -dieleqtriki  -naxevargamtari (ldn) struqturis Tanamedrove Zaluri
tranzistorebi SeiZleba daiyos or ZiriTad jgufad: maRali sixSiris dabalZabviani
tranzistorebi da tranzistorebi maRali muSa Zabvi T. orive jgufis
tranzistoruli gasaRebi mravalujrediani srtuqturisaa. sabaz iso ujredebis
damzadeba xdeba ori variantis mixedviT: V-tegnologiiT ( V-MOS FET) da D-
teqnologiiT ( D-MOS FET).

I/-teqnologiis mixedviT damzadebul sabaz iso ujreds mxolod vertikaluri
str uqgtura gaaCnia (sur. 2.12. sawyis masalad gamoiyeneba-naxevargamtaruli
kr istalis firfita (safeni) , romelzec amozrdilia  n-epitagsialuri Sre. am Sreze
minarevebisTanamimdevruli difuziiT formirdeba p-ubani da Zlierlegirebuli n'-
saTavis ubani. am etapamel warmoebuli teqnologiuri operaciebi bipolaruli
sabars 0 ujreds Sesrulebisas gamoyenebuli teqno  logiuri operaciebis identuria.
amis SemdegSerCeviTi qgimiuri damuSavebiT miiReba V-s msgavsi arxi, romelic
dafarulia siliciumis orJangis saizolacio SriT. am uk anasknelis zedapirze
moliTonebis meTodis gamoyenebiT datanilia liTonis Sre, romelzec gakeTebulia
Camketis (marTvis elegtrodis) sakontagto gamomyvani. analogiurad ukeTdeba
sakontagto gamomyvaneli® -ubnebs. rac Seexeba Casidris sakontagto gamomyvans,
igi Sesrulebulia n’- naxevargamtaruli kristalis safenis ukana moliTonebuli
zedapiridan.
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sur. 2.12 Idn tranzistoruli gasaRebis sabaz is 0 ujredis struqgturebi: a) V teqgnologia;
b) D teqnologia; g) ekvivalenturi sgema; 1. - dieleqtriki; 2. n-arxi; 3. n’ -tipi s
eptagsialuri Sre 4. n* - tipis safeni

D-tegnologiis mixedviT damzadebul sabaz iso ujreds SeiZleba hgondes
r ogorc vertikaluri, ise horizontaluri (planaruli) sturgtura. amJamad , aseTi
sabams 0 ujredebis damzadeba ZiriTadad xdeba vertikaluri st r uqturis mix edviT
(sur. 212 b). am saxis sabaiso ujredis Sesrulebis drosac gamoyenebulia
Zlierlegirebuli n'-safeni, romlis ukana zedapiri dafarulia liTonis Txeli
SriT da igi Casadi naris funqcias asrulebs. safenis wina zedapirze epitagsialuri
amozrdis meTodis gamoyeebiT Segmnilia sustad legirebuli n-Sre. am Sreze
mirrevebis Setanis difuziuri tegnologiis gamoyenebiT Segmnilia p-ubani da
saTavis Zlierlegirebuli n*-ubnebi. moliTonebis operaciis Catarebis Sedegad
miRebulia Camketisa da saTavis sakontaqto gamomyvanebi.

V-ldn da D-ldn sabaziso ujredebis Sesrulebis TiTgmis erTnairi
tegnol ogiis miuxedavad, V-ldn sabaz iso ujredebs aqvT Zalze mcire sigrZis
dengamtari arxi (0,1 mkmde). amitom mcirea gasaRebis winaRoba da narCeni Zabvis
sidide Ria mdgomareobis dros. amasTan erTad, mcir ea gamrRvevi Zabvis sidide
Caketili mdg omareobis dros. D-ldn sabaz iso ujredebSi dengamtari arxis sigrZe
mniSvnelovnad meti sididisaa. aseTi gasaRebis gamrRvevi Zabva sakmaod maRalia,
magranmamave dros sakmaod didia Ria gasaRebz@aarCeni Zabva.

ldn sabaziso ujr edis muSaobis principi planaruli tegnologiiT
Sesrul ebuli dainduqciebularxiani veliT marT vadi tranzistoris muSaobis
principis an dogiuria. sabaz iso ujredis Ria mdgomareobaSi gadarTvis arlvis
aucilebelia arxis im ubnis gamtarobis inversia, ro melic uSualod mmarTveli
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elegtrodis (Camketis) gvemoTaa moTavsebuli. Zaluri ldn gasaRebis sabaz iso
ujredi, rogorc wesi, n-arxiania. sabads o ujredis Camketze dadebiTi wanacvlebis
Zabvis miwodebisas, eleqtruli velis Zalxazebi gaaRweven ra Camketsa da arxs
Soris ganTavsebul d ieleqtrikis SreSi, moxdeba  p-ubnis zedapiruli Sreebidan
xvrelebis ganzidva, x olo p-ubnis siRrmiseuli Sreebidan zedapiruli Sre ebisaken
elegtronebis mizidva. amis gamo, p-ubnis zedapirgveSa Sreebi (Camketis qvemoT)
gamdidrdeba eleqtronebiT da Seicvleba am Sreebis gamtarobis tipi, e.i. n*-saTvisa
da n" Casaitharis ubnebi erTmaneTs daukavSirdebian-tipis arxiT.

Zaluri ldn  -tranzistoris orive saxis sabaz iso ujredi Seicavs Siga
Apan t ul op-n bipolarul tranzistors ( VT, sur. 2.12), romlic
warmogmnilia: n*-saTavis ubniT (emiteri), inversuli arxis p-ubniT (baza) da n-
epitagsialuri SriT (koleqtori). es tranzistori CarTulia Idn -struqturis m  u-

Sa arxis paralel urad. imisaTvis, rom xelsawyom SeinarCunos veli T marTvadi
tranzistorebisaTvis damaxasiaTebeli dadebiTi Tvisebebi , aucilebelia gamoiricxos
muxtis gadamtanebis bipolaruli meganizmis amogmedeba. am miznip-ubnis nawili

Zaluri ldn - tranzi storis sabazo ujredSi kontgatSi imyofeba saTavis gamomyvanis
liTonis SresTan. sqgemotegnikuri TvalsazrisiT aseTi tegnologiuri RonisZiebis
gatareba parazit uli n-p-n tranzistoris emiteruli gadasasvlelis mokled

SerTvis eqvivalenturia. Tumca, imis gamo, rom p-ubans gansazRvruli sasruli
sididis grZivi R, winaRoba gdaia, aRniSnuli problema bolomde gadaWrili ar
aris. Caadinaris wredSi Zabvis didi siCgariT cvlilebis dros Tavs iCens dwdt-s
efeqti. kerZod, tevad obiTi xasiaTis ukukavSiris denma grZiv R, winaRobaze
SeiZleba Segmnas-p-n tranzistoris gaRebisTvis sakmarisi wanacvlebis Zabva.
zemoaRniSnulis gaTvaliswineba ganakuTrebiT saWiroa maRali Zabvis Idn -
tranzistorebis struqturaSi, sadac gam oyenebuli unda ignes dacvis damatebiTi

saSialebebi.
sakontaqgto liTonis SresTan p-ubnis mierTebis gamp Zaluri ldn -
tranzi storis struqturis SigniT kidev erTi damatebiTi elementi -ukuwancvlebis

mgonep-n" gadasasvleli Cndeba. es ukanaskneli SeiZleba ganxiluli ignes, rogorc
Siga diodi, romelic saTave -Casanharis wredis Semxvedrparaleluradaa CarTuli
(sur. 2.12 g). sabaziso ujredis daproeqteba xdeba ise, rom am diodis zRvruli
paramrebi SesabamisobaSia Iditranzistoris analogiur maCveneblebTan da amave
dros gaaCnia Caketili mdgomareobis aRdgenis sakmaod mcire dro.

V-ldn da D-ldn sabaziso ujredebis struqturaTa Soris garkveuli
gansxvabis miuxedavad maT muSaobas safuZvlad udevs erTi saerTo principi.
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kerZod, Caktili mdgomareobis dros Casad dinarsa da saTaves Soris mierTebuli
gareSe Zabvis wyaros eleqtruli veli koncentrirebulia Casadi naris n-
epitagsialur ubanSi, ris gamoc gamrRvevi Zabvis (maSasadame dasaSvebi Zabvis)
sidide maRalia. bipola r uli sabaz iso ujredis msgavsad , ZabviT garRvevis SesaZlo
meganizmebia:

1 zvavuri garRveva eleqtruli velis daZabulobis didi sididis dros;

9 siTburi garRveva denuri gadatvirTvebis dros;

1 gamWoli garRveva, romelic sivrculi muxtis velebis gadaadgilebisa da

moZravi muxtebiT gaRaribebuli ubnebis mi j ris efeqtiTaa ganpirobebuli.

2.3.2.4 Zaluri Idn gasaRebebis saeqsploatacio parametrebi

Zaluri ldn gasa Rebebis SerCevis da muSaobis reJimis gaangariSebis dros
gamoyenebuli sacnobaro parametrebis CamonaTvalimocemulia cxri lis saxiT.

cxrili 2.2
Zaluri ldn tranzistoris parametrebi

parametrTa ) aRniSvna ) o
o parametris dasaxeleba : gazomvis reJimi

joufi rus. ingl.

1 2 3 4 5
Zabvis magsimalurad dasaSvebi vcu max Vbs
Zabva sidide Casadinarsa da saTaves

Casaicharze | Soris

CamkesaTavis mokled

mokveTis deni CasaicharSi lotc Ipss CarTvisa da Vps Zabvis
dros
Cagdinaris Casadinaris magsimalurad lc max lo korpusis mocemuli
deni dasaSvebi deni te nperaturisdro s
Casadinaris magsimalurad leq low impulsis xangrZli vobis
dasaSvebi impulsuri deni mocemuli mniSvnelobis
dros
mesimalurad dasaSvebi V, rmax Vess Casadinar-saTavis
pird apiri (uku) Zabva Camket wr edis mokeld CarTvis
marTvis saTaves Soris dros
wredis
parargrebi ZRur bluri Zabva Camket V) wop Vasih) Vs Zabvis dros

saTaves Soris
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Camketis gaJonvis deni

V] ROTC

I GSS

Vass Zabvis da
Casadiar i -saTavis
wredis mokled CarTvis
dros

pirdapiri gadacemis S OFs Vps dalp mocemuli
maxasgil eblis daxriloba mniSvnelobis dros
maZlier ebel
paramrebi CasadinarisaTaves Soris Rey Ros () Ip da CamkesaTave
wi naRoba Ria mdga@me obis Zdwvis mocemuli
dros mniSwahobis dros
CarTvis dayovnebis dro t, Bk toon) Seswvali da gamosavali
wredis mocemuli
gamorTvis dayovnebis dro t B3k tp(of) reJi mis dros
Casadinaris denis zrdis dro Leap tr
Casadinas denis klebis dro tys tr
Vpsis mocemuli
Sesvali wredis tev  adoba 1y Ciss Sid | .d.isa dal mghc
gamaoasvali wredist  evadoba SixSiris dros
dinamikuri Coou Coss Ciss=CsstCop
pararrebi gamomavali wredis t evadoba Coss=ContCos
C:12,u Crss Crss=Cop
Carr?ketis wredis saerTo datvirTvis a da maiTvis
mort - Qs mocemuli reJimis dros
gamosavali Zakg
Zabvis zrdis kritikuli moemuli amplitudis,
si @are Caketl Cakltet -saTavis wredis
mdgomareobis dros du/dt du/dt moled  SerTvis da
gadaasvlelis
mgasimaluri
temperaturis dros
gadasasvleli -korpusi s Rn « Rrhic gamagrileblis
si Tburi winaR oba gamoyebis dros
siTburi o
cerametrebi gadasasvleli -garems siTburi | R, . Ry, | 9@magrileblis gareSe
winaRoba
korpussa da g ama
korpusi -gamagtebeli s Rrko Rrcs | 9rilebels Soris
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si Thuri winaRoba kontaqtis mocemuli
parametrebis dros

gadasasvleli -korpusi s rr Zensc impulsis mocemuli

gardamavali wi naRoba xangrZli vobis dros

F;;'::;trrlebi gadasasvl.elis magsimalurad T) max Timag | temperaturis dade biTi
dasaSvebi tematura da uaryofiTi
diapazonisarlvis
korpusis temper aura Tk Tc
garemos temperatura Tokp Ta
gabneuli simZlavris Prmax Po korpusis temper auris
madsduri mniSvneloba mocemuli mniSvnelobis
simZlavre dros
energiis danakargi CarTvis } Eon
dros datvirTvis da mar Tvis

mocemuli reJimis dros
energiis danakargi gamorTvis
dros

Zalur i Idn gasaRebebis dadebiTi Tvisebeha:

1 ldn gasaRebSi adgili ar agvs muxtis dagrovebis da gawovis inerciul
procesebs, amitom gasaRebis erTi mdgomareobidan meoreSi gadarTvis §tjare
maRalia. agedan gamomdinareldn gasaRebebs SeuZliaT normaluri
funqci onireba gacilebiT ufro maRali sixSiris denis  gardamgmnelebSi,
vidre b ipolarul tranzistorul gasaRebebs;

1 Idn gasa Rebebis marTvis simZlavre gacilebiT naklebia, vidre bipol auli
traznistoruli gasaRebebis marTvis simZlavre;

1 ldn gasaRebis dengamtari arxis erTgvarovnebis gamo, misi winaRobis
tempraturuli koeficienti dadebiTi niSnisaa. amis gamo, gasaRebis
Termomededpa maRalia da gaaCnia arxSi gamavali denebis simkvrivis
TviTgaTanabrebis unari. am Tvisebebidan gamomdinagasaRebebis paraleluri
SeerTebis dros aRar aris sa Wiro paralelur StoebSi denebis
maanabrebeli damatebiTi elementebis gamogneba;

Zaluri ldn gasaRebebis seriozuli naklovani mxarea is, rom Ria mdgo -

mareobis dros dengamtari arxis win aRoba da narCeni Zabva sakmaod didi sididisaa.
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amis gamogasaRebSi simZlavris mniSvnelovan danakargs agvgagili. am maCveneblis
mixedviT igi mniSvnelovnad CamorCeba Zalur bipolarul tranzistorul gasaRebs.

2.32.5. Zaluri bipolaruli tranzistoruli gasaRebi
izolirebuli baziT

am saxis xelsawyo warmoadgens Idn da bipolaruli tranzistorebis str ucr
tu raTa monoliT ur kombiancias. xelsawyos sabazs o ujredi miiReba Sesavali Idn
da gamosavali bipolaruli tranzistor ebis strugturaTa Serwy ns Sedegad. aseTi
teqnikuri gadawyvetis Sedegad miRebul xelsawyoSi gaerTianebulia rogorc
bipolaruli, ise Idn tranzistoris dadebiTi Tvi sebebi. sabazo elementis
strugt uraSi Semavali bipolaruli tranzistoris bazas mmarTveli signali miewo -
deba izolirebulCamketiani veliT marT  vadi tranzistoris saSualebiT. amis gamo , am
saxis xelsawyom miiRo izolirebulbaziani  bipolaruli  tranzistoris

saxelwodeba. misi Semoklebuli inglisuri dasaxelebaa  -IGBT (Insulated Gate Bipolar
Transistor).
IGBT gasaRebis sab&zo ujredis strugtura warmodgenilia 2.13 a suraTze,

xolo 213 b suraTze naCvenebia sab&zo ujredis e kvivalenturi sgema. IGBT
gasRebis sabars 0 ujred s aqvs ldn -gasaRebis sabazo ujredis analogiuri struq -
tura. gansxvaveba mxolod imaSia, rom IGBT gasaRebis sabazo ujredis Sesrulebis
dros n'-tipis safenis nacvlad gamoyenebulia p’- tipis safeni, ris Sedegadac
strugt uraSi gaCndeba erTi damatebiTi p-n gadassvleli. safenis ukana zedapiris
moliTon ebis Sedegad miRebuli kontaqgti asrulebs koleqgtoris funqcias,
romelsac gasaRebis Ria mdgomareobaSi gadarTvis dros miuerTdeba gareSe Zabvis
wyaros plusi (Za bvis wyaros minusi miuerTdeba emiters). ldn -sabamso ujredis
mgavsad gareSe wyas Zabvis Ziri Tad nawili  sustad legirebul n’-epitagsialur
Sreze moedeba.

izolirebul Camketze dadebiTi wanacvlebis Zabvis miwodebis dros , p-ubnis
zedapirgveSa Sreebis gamtarobis inversiis gamo, warmoigmnebatipis dengamtari
a xi_2 da emiter-koleqtoris wredSi gaivlis deni. denis ZiriTadi gza naCvenebia
2.13 suraTze.

32



im procesTan erTad, romelic Idn  -strugturisTvisacaa damaxasiaTebeli,
gasaxilveli struqturis sabaz iso ujredSi aRiZvreba muxtebis gadanawilebis
dardaebiTi procesi. imis gamo, rom kolegtoris Zlierlegirebul p’-ubanze
dadebiTi Zabva mogmedebs, adgili aqve’-ubnidan muxtis arazZiriTadi gadamtanebis
intensiur inieqcias n _ ubanSi. am ubanSi warmogmnili muxtis araZiriTadi
gadamtanebis kiacentraciis gradientis arsebobis gamo, xvreleb I gadainacvlebenn’ -
ubnis siRrmeSi, arxis maxloblad warmogmnian dadebiT moculobiT muxts da axdenen
arxis winaRobis sididis Secvlas (modulacias). agedan gamomdinare, aseTi
strugturis mgone s aads o ujredma miiRo modulirebulgamtarobiani struqturis
saxelwod eba. arxis modulaciis gamo , misi winaRoba gamtari mdgomareobis dros
mniSvnelovnad mcirdba.

) Q gg;]ﬂ()l\ doo- Q)
('8()(). 4 Mmoo a'bs Od(
LT 13 3(©)
Be— V
VT h(C)
— ‘
b <
— \w;]fmh doGomswo gbs Je— (](l‘,)
n *4 4 5G5d0M0MSEO o= [ —e Rp
g h©) a)
P+ I I I oRobgdols 0bgdios 6)
liog3gbo
o dE)
’ 1
S) 3020, )

sur. 2.13 IGBT sabais o ujredis struqtura (a); ekvivalenturi sgema (b);
pirobiTi aRniSvna (g); 1 - liTonis Sre; 2 - arxi; 3 - dieleqgtriki; 4 - Camketi

Ria IGBT gasaRebze Zabvisruli vardna (VTI parazituli tranzistoris
gavlenas mxedvelobaSi ar vRebulobT) etoleba

Veesay =V e HeRon (2.1)

p-np
sadac Vge- p-n-p tranzistoris pirdapiri wanacvlebis mgone emiterul

gadasasvlelze arsebuli Zabvis vardnaa;

Ronildn tranzistoris dengamtari arxis omuri winaRobaa;

lg- p-n-p tranzistoris bazis denia.

maSasadame, Ria tranzistorul gasaRebze arsebuli Zabvis sruli vardna or
kompnents Seicavs:

1 Zabvis vardna p-n-p tranzistoris emiterul gadasasvlelze, romelsac

SewlegSi sruli  Zabvis vadnis dioduri  SemdgenvuwodoT;
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1 Zabvis vardna Idn tranzistoris arxis winaRobaze, romelsac SemdegSi
wuwodoT sruli Zabvis vardnis omuri Semdgeni
erTis mxriv, Ria IGBT gasaRebzearsebuli sruli Zabvis vardna ar SeiZleba
iyos Zabvis vardnis dioduri SemdgerzRvrul mniSvnelobaze naklebi. meores mxriv,

igi gamosavali denis (koleqtoris deni) da ldn tranzistoris arxis omuri
winaRobis namravlis proporciulia. Zabvis vardnis omuri Semdgeni p-n-p
tranzistoris bais wredSi arsebobs , xolo gamosavali deni , ama&vdros , p-n-p

tranzistoris emiteris dens warmoadgens.imis gamo, rom emiteris deni bazis dens
(b +)yer aR emateba, dengamtari arxis modulaciis dros miiReba gamosavali denis
mimarT arxis winaRobis (b +)jjer Semcirebis efeqti. amitom ( 2.1) gamosaxuleba
Semdeg saxes nitebs

ROn .
VCE(sat) _V%-En- i +m0C .

(2.2)

(2.2) gamosaxulebidan gamomdinareobs, romMGBT gasaRebSi pirdapiri Zabvis
vardnis Sesamcireblad SeiZleba ori meTodis gamoyeneba: epitagsialuri Sris omuri
winaRobis Semcireba dap-n-p tranzistoris bazis denis gadacemis koef  icientis (b)
gazrda.

pirveli meTodis gamoyenebis dros SemzRudvel fagtors warmoadg ens n-Sris
geometriul zomebTan dakavSirebuli faqgtori, romelic Caketil gasaRebze
zRvrulad dasaSvebi Zabvis sididis SemcirebiTaa ganpirobebuli. b gadacemis
koeficientis mniSvnelovani gazrdis damabrkolebel faqgtors ki warmoadgens IGBT
gasaRebis strugturaSi e. w. trigeruli efeqtis aRZvris albaToba. sagme imaSia, rom
IGBT gasaRebis sabais o ujredis strugturaSi Semavali VT1lda VT2tranzistorebs
Soris (sur. 213 b) arsebobs Sinagani dadebiTi ukukavSiri (tiristoruli
struqturis analogiurad). es ukukavSiri ganpirobeb ulia imiT, rom VT2
traznistoris kole gtoris deni gavlenas axdens  VT1 tranzistoris bazis denze,
xolo VT1 tranzist oris koleqgtoris deni -VT2 tranzistoris bazis denze.
garkveuli pirobis Sesrul ebis SemTxvevaSbeiZleba aRiZvras gasaRebis CarTvis
regeneraciuli pro  cesi, r omelsac trigerul efeqts uwodeben. trigeruli efeqtis
amogmedebisd&BT gasal&bian ga damgmnel mowyobilobebSi adgili agvs seriozul
avariul reJims.

yuradReba unda gamaxvildesIGBT gasaRebis sab@zo ujredis muSaobis kidev
erT Taviseburebaze, rac imaS gamoixateba, rom pirdapiri denis gavlis procesSi
struqgturis bazebSi grovdeba muxtis War  bi araZiriTadi gadamtanebi (Idn  sabars o
ujredis struqturaSi aseT process adgili ar agvs). amis gamo , IGBT sabamso
ujredis struqturis Idn nawilis eleqtruli veliT swra fi gamorTvis dros , n-
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bazis ubani moikveTeba ra gamosavali wredisgan dengamtari arxis (2) ararsebobis
gamo (sur. 2.13), am ukanasknelSi dagrovili muxtis araZiriTadi gadamtanebis
korcentraciis Semcireba wonasworul mdgomareobaSi dasabruneblad, unda moxdes
molod muxtebis rekombinaciis xarjze. rekombinaciis procesis inerciulobis
gamp koleqtorSi denis Sewyvetis momenti faziT CamorCeba struqturis Idn
nawilis gamorTvis moments, e.i. gasaRebis marTvis wredidan gamorTvis Semdeg
drois gar kveuli intervalis manZilz e gamosaval wredSi (kole qorSi) iarsebebs
narCeni deni (tail currenf), romelic auaresebs IGBT gasaRebis sixSirul Tvisebebs
(Idn gasaRebTan SedarebiT).

iz olirebulbaziani Zaluri bipolaruli gasaRebebis dasaxasiaTeblad
parametrTa igive sistema gamoiyeneba, ronelic Zaluri Idn gasaRebebisTvis aris
dameasiaTebeli (cxrili 2.2.). gansxvaveba mxolod imaSia, rom Ria arxis winaRobis
navlad cnobarebSi mocemulia koleqtor  -emiteris gajerebis Zabva V. gzofVce(sat),
romelic ganisazRvreba koleqtoris denisa da Camketis Zabvis mocemuli
mniSvnelobis dros. zogi damamzadebeli firm a agreTve iZleva monacemel&BT
gasaRebis gajerbis Zabvis calkeuli SemdgenebiSesaxeb (strugturis veliT
marTvadida bipol aul inawilebisaTvis)

Vee(sat) = VeerntRee(on)lc. (2.3)

Tanemedrove Zalur IGBT gasaRebebs SeuZliaT normaluri funqcionireba 1ka -
mde denze da ramdenime kilovoltamde Zabvaze. muSa sixSire 50khandea.

Zaluri  IGBT gasaRebebis dadebiTi Tvisebebia:

I mcirea mafvisalvis moTxovnili simZlavre;

1 gaaCniaT denuri gadatvirTvebis mimarT gazrdili mdgr adoba;

1 mcirea Ria gasaRebze simZlavris darekargi;

1 gaaCniaT gazrdili swraf mamedeba gadarTvebis dros (Zalur bipolarul

tranzistorul g asaRebTan SedaniT).

2.3.26. statikuri induqciuri tranzistoruli gasaRebi §IT),)
statikuri indugciuri tranzistori faqtiurad warmoadgens p-n gadaas/le lian
veliT marTvadi tranzistors. arsebobs aseTi tranzistoris sabaz iso uj redis

Sesrulebis sami  varianti, romlebic erTmaneTisgan gansxvavdebia n  mmarTveli
elegtrodis (Camketis) konstruqciuli SesrulebiT. 214a suraTze naCvelga
CamalulCamketiani sbazaso ujredis strugtura. Camketi ganTavsebulia dengam tari
arxis siRrmeSi da aqvs badis forma. amitom mas mmarTvel badesac uwodben.
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sabais o ujredi s damzadeba xdeba siliciumis n*-tipis safenze. am safenis
Wi na zedapirze epitagsialuri amozrdis meTodis gamoyenebiT Segmnilia n’-sustad
| egirebuli Sre. ujreds agvs vertikaluri strugtura. Casadinaris kontaqti
Segmim safenis ukana zedapiris moliTonebis gz iT. Semdjomi tegnologiuri
operaci ebis CatarebiT miiReba saWiro geometriis mgone p*-ubnebi (mmarTveli bade)
da saTavis n'-ubani. tegnologiuri procesis bolo etapze moliTonebis gziT
miiReba Ghetis da saTavis sakontagto gamomyvanebi

sur. 2.14 statikuri induqciuri sabaz is o ujredis struqtura (a);
pirobiTi aRniSvna (b)

sabars 0 ujredis strugturis gamrRvevi Zabvis sidide damokidebulia n-
epitagsialuri Sris sisgeze.

Camketze uaryofiTi niSnis Zabvis miwodebisas mmarTvel p’-n" gadasasvlelebis
garSemo warmgmneba minarevis ionebis sivrculi muxtis ubani, romlis ZiriTadi
nawili gan Tavsdeba sustad legirebul ~ n’-SreSi. sivrculi muxtis ubnebis urTierT
gadakveTisas arxSi denis gavla Sewydeba (arxi Caiketebp rodesac Camketze
uaryofiTi wanacvlebis Zabva miwodebuli ar aris (Camketis potenciali nulis
to lia), maSin arxSi gaedineba nwsimaluri deni, e.i. statiku ri induqciuri
tranzistoruli gasaRebi normalurad Ria gasa Rebs wa moadgens.

Ria gasaRebze narCeni Zabvsdide damokidebulia sustad legirebuli n’-Sris
winaRobazeromelic didi sididisaa. amitom Ria gasaRebze narCeni Zabva sakmaod
naRalia. Ria gasaRebze narCeni Zabvis sididis Semcireba SesaZlebelia Camketze
dadebiTi wanacvlebis Zabvis miwodebiT. am SemTxvevaStamketisp*-Sridan adgili
agvs muxtis araZiriTadi gada mtanebis inieqcias n-ubanSi, ris Sedegadac IGBT
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gasaRebis analogiurad, moxdeba arxis winaRobis modulacia (Semcireba). gasaRebis
muSaobis aseT redims bipolaruli reJimi ewodeba. bipolaruli re Jimi gamoiyeneba
did d enebze da maRal Zabvebze momuSave statikumiducciur gasaRebebSi.

statikuri  induqciuri  tranzistorebis  saeqsploatacio  parametrebs
axasalebT mniSvnelovani gabnevadoba. yvelaze srulyofilad aseTi gasaRebebis
Sefaseba SesaZlebelia Zaluri Idn da IGBT gasaRebebis parametrTa sistemiT,
romelsac d amatebuli a qvs specialuri parametrebi, romlebic asaxaven aseTi
gasaRebebis bglarul reJimSi muSaobas. damatebiTi parametrebis sistema
mocemulia 2.3. cxrilSi.

cxrili 2.3
statikuri induqciuri tranzistoruli gasaRebebis
damatebiTi parametrebi
parametrTa jgufi parametris dasaxeleba aRniSvna gazomvis reJ mi
Camketis pirdapiri
marTvis wredis impu suri denis
perameterbi magsimalurad dasaSvebi e
mni8neloba impulsebis
xangrZl i vobis da
simeCxris mocemuli
mniSvnebbis dros
B
blokirebis ko efi cienti Casadinar-saTave
Soris magsimaluri
Zabvis dros
efeqturoba saerTo saTaviani sqgemis Casadinaris denis,
denis gadacemis statikuri b Camketis denis da
koeficie i CasadinarisaTave
Z&wvis mocemuli
Ria mdgomareobis winaRobg mni8nelobis dros
RDS(on)BP
bipolarul reJdi nSi
Casadinaris da
dinamikuri gawovis dro bip olarul ts Carglis denis
pararmgrebi reJimSi moa@amuli
mniSvnelobis dros
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statikuri induqciuri tranzistoruli gasaRebebi simZlavriseuli da
dinamkuri parametrebis mixedviT axlosaa bipo larul tranzistorul gasaRebe bTan
garda amisa isini normalurad Ria  gasaRebebs warmoadgenen, ris gamoc maTi marTvis
sainedooba dabalia. yovelive amis gamo, statikuri induqciuri tranzistoruli
gasalébebis gamoyenebis sfero sakmaod SezRudulia.

2.3.3. srulad m arTvadi tiristoruli gasaRebebi

srulad marTvadi ewodeba tiristorul gasaRebs, romelic rogorc gaxsnil,
ise Caketil mdgomareobaSi gadadis marTvis eleqgtrodis saSualebiT. srulad
mafvad tiristorebs gamorTvad (Caketvad) tiristorebsac uwodeben, riTac
xazgasaolia  is faqti, rom Cveulebrivi, anu erToperaciuli tiristorisgan
gansxvavebiT, marTvis elegtrodiT SesaZlebelia maTi ara marto gaxsna, aramed
Caketvac (gamarvac).

srulad marTvadi tiristoruli gasaRebebi miekuTvnebian yvelaze mZlavr
gasRebTa jgufs. am jgufSi Sedi s: oroperaciuli (gamorTvadi) tiristori,
induqciuri  tiristori  da velT marT vadi  tiristori.  ganvixiloT
zemoCamoTvlili t iristoruli gasaRebebis konstruqciuli Taviseburebebi da
eleqtruli Tvisebebi

2.3.3.1. Zaluri oroperaciuli (gamorTvadi) tiristori ( GTO)

Zduri oroperaciuli tiristorebis damzadeba warmoebs mravalarxiani
struqturis mixedviT. igi Seicavs erTnairi Tvisebis mgone elementarul (sabaz IS 0)
ujredTa did raodenobas. ase , magaliTad, oroperaciuli tiristori, romelic
gdl'valiswinebulia 4 kiloamperi denis gat arebaze, Seicavs 2000 sabais 0 ujreds.
TiToeuli ujredis marTvis eleqgtrods SeuZlia Caketos 2 a deni.

Zaluri oroperaciuli tiristoruli gasaRebis sabaz Iso ujredis damzadeba
xdeba ori ZiriTadi saxis struqturis mixedviT, romlebic 2.1 5. suraTzea naCenebi.
suraTz e warmodgenil orive saxis sabaz iso ujreds aqvs vertikaluri strugtura.
kaTodisa da marTvis elegtrodebis sakontagto liTonis Sreebi Segmnilia
krist dis erT zedapirze, xolo anodis sakontagto liTonis Sre -kristalis
sawinaaRregb mxaris zedapirze.

safenad gamoyehilia sustad legirebuli (maRalomuri) n-siliciumis
firf ita, romlis urTierTmopirdapire mxares mdebare zedapirebze aqceptoruli
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minarevis difuziuri meTodiT Setanis Sedegad miRebulia anodis p-ubani da p-bazis
Sre. p-Sris lokalur ubnebSi donoruli minarevis di fuziiT miiReba kaTodis n'-
ubnebi. amis SemdegaTodis n*-ubnebis zedapirebis moliTonebiT Seqmnilia kaTodis
sakataqto gamomyvanebi, xolo p-bazis zedapiruli ubnebis moliTonebiT -bazis
sakontaggo gamomyvanebi.

?‘:JT 39 ”:JT 39

i nt

I ==

Jo

sur. 2.15 Zaluri oroperaciuli ti ris toris saba zis o ujredis struqturebi (a,b);
oroper aciuli  tiris toris pirobiTi aRniSvnebi (g)

2.5, a suraTze warmodgenil sabazis o ujredis strugturaSi anodis p*-ubani
erTgvarovania. tiristorul gasaRebze ukuZabvis mogmedebis dros gareSe Zabva
pragtikulad mTlianad  J; gadasasvlelze moedeba, radgan J, gadasasvilels am dros
pirdapiri wanacvleba gaaCnia, xolo J; gadasasvlelis gamrRvevi ukuZabva mcire
sididisaa (J; gadasasvlelis mcire sisgis gamo). J; gadasasvleli ZiriTadad
koncetrirebulia n - sustad legirebul ubanSi. am gad asasvlelis garRvevisTvis
didi Zabvaa saWiro (gadasasvlelis didi siganis gamo) . amave dros se&kmaod maRalia
Ria gasaRebze narCeni Zabvisa da simZlavris danakargis sidide. aseTi strugturis
maone oroperaciuli tiristoruli gasaRebebi gamoiyeneba maRali Zabvis d enis
ga damgmnel mowyobilobebSi, romlebic ar saWiroeben sgemuri komponentis saxiT
ukumaSuntebel diodebs.

2.5, b suraTze warmodgenil sabaziso ujredis struqturaSi anodis p’-Sre
araerTgavrovania. ag Seqgmnilia n'-Zlierlegirebuli lokaluri ubnebi, ris
Sedegdac warmogmnili damatebiTi eleqgtruli gadasasvlelebi axdenen J3
gadasasvlelis ganawilebul daSuntebas ukuZabvis mogmedebis dros, e.i. asruleben
ukumaSuntebeli diodebis funqcias. aseTi struqturis mgone sabaz iso ujredis
dasaSvebi ukuZabva SedarebiT dabalia, Tumcajaumjobesebulia sxva eleqtruli
Tvisebebi. aseTi struqturis mgone  gasaRebis Ria mdgomareobis narCeni Zabva da
simZlavris danakargi SedarebiT naklebi sididisaa, gaaCnia ukeTesi dinamikuri
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Tvisebebi da mcirea gaJawis ukudeni.

oroperaciuli

farTod gamoiyeneba Zabvisdonomiur invertorebSi.

tiristoruli gasaRe

bebi

Zaluri oroperaciuli tiristoruli gasaRebis SerCevisa da muSaobis reJimis

gaangariSebis dros gamoyenebuli sacnobaro parametrebi mocemulia 2.4. cxrilSi.

cxrili 2.4.
Zaluri oroperaciuli tiristorebis par ametrebi
parametrTa ) aRniSvna ) o
o parametris dasaxeleba : gazomvis reJimi
jgufi rus. ingl.
1 2 3 4 5
mudmivi pirdapiri Zabva Vi syl Vb
Ca#til mdgomare obaSi
anoduri wr edis | mudmivi ukuZabva Caketil Visns | VR
Zabva mdgomareobasSi
anoduri denis mocemui
Ria mdgomareobis Zabva Vi Vi mniSvnelobis dros
ganmeorebadi (araghmeabadi)
. o Viva) | Voru
impulsuri pirdapiri Zabva
. . (Voswm)
Gketil mdgomare obaSi
ganmeorebadi (araganmebadi)
impulsuri ukuZabva Caketil
mdgomaodaSi
ganmeorebadi impulsuri I & [TorM anoduri Zabvis da
Casketi deni dacvis wredis
parametrebis mocemuli
mniSvnelobis dros
saSualo deni Ria lep T @) sinusoiduri formis
mdgomaodis dros (60 hc si xSire)
anoduri wredis denis mogmedi mniBeloba Ria | |, ians | lrems)
deni mdgomareobis dros
eni
araganmeorebadi dartymis deni | Iy v ot Irsm sinusoiduri formis
Ria mdgomareobis dros naxevarpeirodi (60 hc
sixSire)
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Sekavebis anoduri deni

IIZH

dacvs maCvenebeli 1% 1%t sinusoiduri formis
erTi periodi (60 hc
narCeni denis sawyisi sixSire)
mniSwaioba gamorTvis dros - ltor gamorTvis mocemuli re -
Jimisa da gadasasvlelis
anoduri wr edis mo@muli temperaturis
deni pirdapiri (uku) deni dros
Caketli mdgomareobis dros anoduri Zabvis mocemu
oy lo(Ir) li mniSvnelobis dros
impulsuri pirdapiri (uku) Viiamax | Vrem
ZabvanarTvis eleqtrodze Ve ma) | (Vrom
marTvis wredis | MarTvis gaiRebi Zabva Vy Vst
paramrebi
marTvis eleqtrodis
. - .. - IFGM
impu suri pirdapiri (uku)
deni (Irew) anoduri wredis
mo@muli reJimis dros
mmarTveli gadasaslelis les ot
gamRebi deni
mmarTveli elegtrodis ) digo/dt
Cardli denis zrdis si Q@are
CarTvis dayovnebis dro t, Bk tep
gamorTvis dro tey ter
marTvis eleqtrodis mixe dviT
dinamikuri CarTvis dayovnebis dro i tot
perametrebi
anoduri denis klebis dro o s Sesvali da gamosavali
marTvis eleqtrodiT wredebis mocemuli
Caketvsas r eJimis dros
s fco

marTvis eleqtrodiT Cake t vis
dayovnebisdro
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Tanamedrove Zaluri oroperaciuli tiristoruli ga saRebebis simZlavrseuli
parametrebi TandaTan uaxlovdeba erToperaciuli tiristorebis analogiur
paramrebs. ase, magal i Tad, i ap on mitsubzhi HKeatriop a mi & mi sha
oroperac i uli tiristorebi 6000 a denze da 6000 v muSa Zabvaze. es tiristo rebi
normd urad fungcionireben 20 khc muSa sixSiris dros. Ria tiristorze narCeni
Zabva ar aRemateba 6-8. Caketvis koeficienti 5 6-is fargle bSia.

2.3.3.2 indugciuri tiristoruli gasaRebi ( FCT)

statikuri induqciuri tranzistorebis msgavsad, arsebobs induqciuri

tiri  storis sabaz iso ujredis Sesrulebis ramdenime varianti. 2. 16 suraTze
naCvenebia induqciuri tiristoris sabaz iso ujredis Sesrulebis erT -erTi
struqturuli  varianti -sabarso ujredi marTvis eleqtrodis zedapiruli
SesrulebiT.

oo S0

VTi
dy [
VTe ‘(](‘]
j&«<——0 3°©
d)
%3
S) S d)
sur. 2.16 induqciuri tiris toris saba zis o ujredis struqtura (a); sabaz is 0 ujredis
eqvidenturi sgema (b); induqciuri ti ris toris pirobiTi aRniSvna(g)

safeni warmoadgensp'-tipis siliciumis firfitas (induqciur tranzistorSi
safenad n'-tipis siliciumi iyo gamoyenebuli). safenis ukana zedapiri
moliTon ebulia da gakeTebuli agvs anodis sakontaqto gamomyvani. safenis wina

zedapirze  formirebuli  Sreebis  ganlageba  praqgtikulad induqciuri
tranzistoruli varia nis gameorebas warmoadgens. aq ganTavsebulia: sustad
legirebuli n-epitagsialuri Sre, marTvis ele gtrodis zedapiruli p"-ubnebi da

kaTodis n'-ubnebi. strugturaSi Semavali da morigeobiT ganlagebuli oTxi
sxvadasxva tipis gamtarobis mqone ubrebis arsebobam ganapiroba xelsawyos
dasaxelebatiristori. aseTi tiristoruli g asaRebis sabais o ujredi warmoadgens
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p-n-p tipis tranzistorisa ( VT]) da p-ngadsasvileliani n-arxiani veliT  marTvadi
tranzistoris (VT2 kombiancias (sur. 2. 16, b). induqciuri tiristoris pir obiTi
aRniSvna A6 b suraTzea naCvenebi.

induqciur tiristorSi, erT da oroperaciuli tiristorisgan gansxva vebiT,
ar arsebobs Sinagani dadebiTi ukukavSiri da gaRebis regeneraciuli inerciuli
procesi. amis gamo, induqciur tiristorul gasaRebs SeuZlia didi sididis denebis
maRali siCqariT gadarTva, e.i. igi swrafmo ngmedi gasaRebia.

induqciuri tiristoruli gasaRebi no rmalurad Ria gasaRebs warmoadgens.
rodesac marTvis eleqgtrods nulis toli potenciali aqvs, xolo anods -dadebiTi
potenciali, maSin  p'-anoduri ubnidan n-epitagsialur SreSi inieqcirebuli
xvr eebis moculobiTi muxti axdens n-sustad legirebuli Sris gamtarobis
modil ecias (gamtarobis gazrdas). struqturaSi (sur. 2. 16 a) Semavali VT2 veliT
mafvadi tranzistoris dengamtari arxis winaRoba mcirdeba, xolo VT1
bipolaruli tranzistori gadadis gajerebis reJimSi. tiristorSi gaivlis Ria
mdgomareobis &abamisi deni, romlis gza ze mxolod erTi p'-n" galasasvlelia.
amitom} Ria inducciur tiristorul gasaRebze arsebuli narCeni Zabva
mniSvnelovnad naklebia, vidre erT da oroperaciul tiristorul gasaRebebze
narCeni Zabvis sidide, rac aseTi gasaRebis mniSvnelovan dadebiT Tvisebas
warmoadgns induqciuri tiristoruli gasaRebis mniSvnelovani dadebiT Tvisebas
warmoadgens isic, rom Ria gasaRebis wi@Robis temperaturuli koeficienti
dadebiTi niSnisaa. amis gamo, adgili agvs gasaRebis struqturaSi Semavali
elementaruli ujredebis denebis TviTgaTanab rebis efeqts. indugciur tiristorul
gasaRebs gaaCnia gazrdili Termomedegoba pikuri denuri gadatvirTvebis mimarT.

induqciuri tiristoruli gasaRebis Semdegi dadebiTi Tvisebaa is, rom de ngam
tari arxis gamtarobis gasazrdelad da Ria mdgomareobis narCeni Zabvis Sesam
cireblad ar aris saWiro marTvis eleqtrodSi denis gatareba (rac induqci uri
tranzistoruli gasa RebisTvisaa saWiro). amitom induqciuri tiristoru I
gas&ebebis marTvis wredi, Zaluri Idn gasaRebebis msgavsa d, moiTxovs mcire
simZlavres.

zemoaRniSnuli dadebiTi Tvisebebis miuxedavad indugciurma tiristorulma
gasaRebebma jgerobiT ver hpoves farTo pragtikuli gamoyeneba. amis mizezi,
e Tis mxriv, isaa, rom rTulia maTi damzadebis tegnologia. meores mxriv, i s
gamo, rom igi normalurad Ria gasaRebia, gaaCnia marTvis dabali saimedooba.
i dugciuri tiristoruli gasaRebis Caketili mdgomareobis uzrunvelsayofad
aucilebelia marTvis eleqtrodze uaryofiTi wanacvlebis Zabvis (10 -20v) uwyveti
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SenarCuneba. uaryofiTi wanacvlebis Zabvis xanmokle gamorTvas SeuZlia gamoiwvios
aseT gasakbebze momuSave gardamgmnel mowyobilobebSi katastrofuli avariuli
proc esebi.

wamyvani firmebis Zalisxmeva mimarTulia induqciuri tiristoruli gasaRebis
aRniSnuli naklovani mxaris gamosasworeblad. ukve Segmnilia normalurad Caketil
indugciur tiristorul gasaRebTa ramdenime varianti, TumcanaTi damzadeba did
tegnologiur sirTuleebTan aRmoCnda dakavSirebuli.

2.33.3. veliT marT vadi tiristoruli gasaRebi MCT)

veliT marT vadi tiristorebi warmoadgenen Zaluri naxevargamtaruli
gasaReabis axal klass. am saxis gasaRebis strugturaSi integrebulia induqciuri
tiri  stori da izolirebulCamketiani veliT marT vadi tranzistori. gasaRebis
marTva xorcieldeba veliT marT vadi tranzistoris saSualebiT , ris gamo igi
normalurad Caketil gasaRebs warmoadgensamave dros, mas gaaCniaduqciuri
tiristor I salvis damaasiaTebeli dadebiTi Tvisebebi.

monoliTurma naxevargamtarulma  strugturam, romelSic integrebulia
mmdiveli ldn tranzistorisa da induqciuri tiristoris struqturebi, miiRo
komimirebuli tranzistorul -tiristoruli struqturis saxelwo debaMCT (MOS
Composite SIT). aseTi gasaRebis sabais 0 ujred is strugtura warmoadgenilia 2. 17,
a suraTze. 2.17, b suraTze ki naCvenebia sabazo ujredis e kvivalenturi sgema da
MCT gasaRebis pirobiTi aRniSvna.

B 3
2 1 S
o ?
SITh
- ¥ n', P n n'
%) L3 v o5
P
' [
b - /
B3 _‘ I anﬁ‘ —
l)"' g_ = oa_/_
MOSFET 8
l ”' $"
3) S %) 3 3)
sur. 2.17 veliT marT vadi ti ristoruli gasaRed ( MCT) sabazs o ujredis struqtura (a);

eqvivalenturi sqema (b); veliT marT vadi ti ristoris pirobiTi aRniSvna (g). 1 -liTonis Sre; 2 -
dieleqgtrikis Sre; 3 - ldn tranzistoris Casadinari; 4 - ldn tranzistoris saTave
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mmarTvel Idn tranzistorul struqturaSi Sedis Zlierlegirebuli n-
saTavisa (4) da Casadinaris (3) ubnebi. saTave dakavSirebulia sabazso ujredis
kalodis sakontaqgto gamomyvanTan. Idn tranzistorSi im SemTxvevaSi gaivlis deni,
Tu Camketze miwodebuli dadebiTi Zabva aRematebpSris gamtarobis inversiisTvi s
saWiro zRurblur mniSvnelobas. am dros , Idn tranzistoris Casadinari, romelic
uSualo kavSirSia n-epitagsialur SresTan, sabaz iso ujredis kaTodTan aRmoCndeba
mierTebuli. maSasadame, salsa ujredis anodsa da kaTods Soris deni gaivlis
mxolod im SemTxvevaSi,rodesac ldn tranzistoris Camketze zRurblurze meti
sididis Zabva mogmedebs, e.i. aseTi struqturis mqone ujredi normalurad Caketili
gasaleia.

sabams 0 ujredis centralur nawilSi moTavsebulia induqciuri tiristoris
marTvis eleqgtrodis (Camketis) p’-ubani. es ukanaskneli kaTodis liTonur Sres
ukavSirdeba CaSenebuli p'-n" gadasasvleliT. sgemoteqnikuri TvalsazrisiT , es
gadasasvleli warmoadgens (1,56 5H)vn muSa Zabvis mgone stabilitrons. aseTi
stru curuli erTeulis damateba aumjobesebs sabaz iso ujredis dinamikur
maxasaTebebs gaRebis procesSi da xels uwyobs gasaRebis Ria mdgomareobis
SenarCunebas anoduri denis didi simkvrivis dros. MCT gasaRebis dadebiTi Tvisebaa
is, rom ar arsebobs uSualo kavSiri anodur da marTvis (ldn tranzi storis
Camketi) wredebs Soris.

damuSavebid MCT gasaRebis sab@zo ujredis sxvadasxva varianti: n-dapt
arxiani ldn tranzistoriT, Zabvis Sekavebis (blokirebis) simetriuli da
arasingriuli TvisebiT, gaRebis optikuri meTodiT da sxv . Tumca, yvela maTgans
gaaCnia erTi saerTo Tviseba: gasaRebis erTi mgomareobidan meoreSi gadarTva
xor cieldeba strugturaSi integrebuli Idn tranzistoriT.

Zalur i  MCT gasaRebis sagesploatacio parametrebi oroperaciuli
tiristor  ebis parametrebis analogiuria. garkveuli gansxvavebaa mxolod marTvis
wredis par ametrTa jgufSi.

MCT gasRebebis simZlavriseuli parametrebi (muSa Zabva da deni)
SesabanubaSia erT da oroperaciuli tiristoruli analogiebis simZlavriseul
parametredTan.
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24 naxevargamtaruli gasa R ebebis zRvruli
parametrebi

Zaluri gasaRebis muSaobis zRvrulad dasaSvebi redimi ga nisazRvreba
magqseturad dasaSvebi ZabviT da deniT, gabneuli simZlavris magsimaluri
mniSvnebbiT, gadasasvlelebis da korpusis maqgsimalurad dasaSvebi temperaturiT.

Zabvis zRvruli mniSvneloba SezRudulia gasaRebis struqturaSi ama Tu im
saxis garRvevis ganviTaebis SesaZleblobis gamo: moculobiTi muxtis zonebis
mirTva, zvavuri da zedapiruli garRveva. Tanamedrove Zaluri gasaRebebis
stru quraSi ganmsazRvreli roli zvavur garRvevas gaaCnia, radgan masTan
dakavSirelilia muxtis gadamtanebis ukontrolo gamravlebis proce Si.

gasaRebis magsimalurad dasaSvebi denisidide damokidebulia gadasasvlelebis
magsimalurad dasaSveb muSa temperaturaze, konstruqciul Sesrulebaze
(gamomydais da kontaqtebis saimedoobaze), agreTve gasd&ebis maZlierebeli Tv i-
sebis cvl ilebis diapazonze , necemuli denuri datvirTvis p i robebSi.

naxevargamtaruli gasaRebis gadasasvlelebisa da korpusis magsimalurad
das@®vebi temperatura ganisazRvreba fuZe masalis fizikuri TvisebebiT. igi
damokideblia agreTve gadasasvlelebis struqgturaze da konstruqciaze.

bipolaru li tranzistorebis da statikuri induqciis principze momuSave
tranzistorebis magsimalurad dasaSvebi temperatura ramdenadme maRaliaZaluri
ldn da IGBT tranzistorebis dasaSveb temperaturasTan SedarebiT

regeneraciul efeqtze momuSave tiristorul gasaRebebs SeuZ| iaT nor maluri
funqcionireba (125 6140)°C magsimaluri  temperaturaze, xolo indugqciuri
tiri  storuli struqturis maqgsimalurad dasaSvebi temperatura 200 °%C aRweuvs.

naxevargamtaruli gasaRebis muSaobis minimaluri temperaturis zRvaris
dadgena xdeba imis mixedviT, rom ar moxdes xelsawyos konstrugciis daSla da
ele gruli maxasiaTeblebis mniSvnelovani gauareseba. minimaluri temperaturis
zRvari ZiriTadad Semoifargleba (-4 0-80)9C-iT.

naxevargamtaruli gasaRebis mier gabneuli maqgsimaluri  simZlavre
damokideblia misi strugturi s siTbur winaRobaze, romelic am simZlavres
akavSirebs gadsasvleleb is temperaturasTan. temperaturis kavSirs gasaRebis
strugturaSi g amoyofil simZlavresTan gansazRvravs siTbos warT mevismeTodi da
gamagrileblis konstruqcia.

Zaluri naxevargamtaruli gasaRebebis zRvruli SesaZleblobebis TvalsaC inod
warmodgenis mizniT gamoiyeneba usafrTxo reJimebis ares (ura) amsaxveli diag rama,
romelsac maqgsimaluri reJimebis aresac uwodeben SOASafe Operation Areg,
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2A4.1. usafrTxo reJimebis are (ura)

usafrTxo redimebis are (ura) ewodeba elegtrul maxasiaTebelTa
erTobl iobas, romelTa SenarCunebis SemTxvevaSi uzrunvelyofilia
naxevargamtaruli gasaRebis saimedo muSaobhamisi parametrebisa da maxasiaTeblebis
mniSvnelovani gauareebis gareSe. ura-s sazRvrebi ganisazRvreba gamosavalideniT,
ZabviT, magsimaluri gabneuli simZlavriT da gadasasvlelebis dasaSvebi
t erperaturiT.

naxevargamtaruli gasaRebebis normaluri funqcionireba damokidebulia

egsploataciis reJ imze. amis gamomizanSewonilia cal -calke ignes ganxiluli:

1 ura pirdapiri wanacvlebi s dros ( pura) ( FBSOAForward Bias SOM
egsploataciis reJimi gasaRebis Sesavali wredis dadebiTi ZabviT
wanavlebis dros;

1 ura ukuwanacvlebis dros (uura) (RBSOAReverse Bias SQAegplo ataciis
reJimi gasaRebis Seavali wredis uaryofiTi ZabviT wanac Jebis dr o0s;

1 ura denuri gadatvirTvis reJimSi (  SCS OAShort Circuit SOA

pura-s diagramis tip uri saxe 2.18. suraTzea naCvenebi. diagramis

horizont duri ubani BC Seesabameba gamosavali denig, megsimalur dasaSveb
mni8nelobas, xolo vertikaluri ubani (EF) -gas&ebis gaTiSuli Ses avali wredis
SemTxvevaSi (yvelaze mZime redimi) gamosavali Zabvis zRvrul (dasaSveb)
mniSvnelobas V... aRniSnul sidideebze xanmokle da mciredi gadametebac ki
iwvevs gasaRebis strugt uris Seuqcevad dazianebas.

(Tout) A

Tout(max)[~
A9

(0] b >
Vout(0) (Vout)

sur. 2.18 pirdapirwanacv lebiani gasaRebis usafrTxo reJimebis ares
diagramis tipuri saxe mudmivi denis reJimSi
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(Tout) A

lout.p(max)

Tout(max)
L

(0 —>
Vout(0)  (Vout)

sur. 2.19 pirdapirwanacviebiani gasaRebis usafrTxo reJimebis ares
diagrama Zaluri denis sxvadasxva xangrZlivobis dros

diagramis AB monakveTi gansazRvravs gajerebi Zabvis minimalurad SesaZlo
mniSvnelobas datvirTvis denis mocemul i mniSvnelols dros . aseTi SezRudva
pragikulad ar arsebobs bipolarulgamtarobian gasaRebebSi, dengamtari bazuri
Sreebis winaRobis maRali donis modulaciis pirobebSi.

diagramis  daxrili CD moneaveTis sazRvrebi ganisazRvreba gasaRebis
stru cguraSi gamoyofili im zRvruli simZlavriT, romlis drosac gadasasvlelis
te nperatura miaRwevs magsimalurad dasaSvelT;may mMniSvnelobas. imis gamo, rom
denis gavlis xangrZlivobis Semcirebisas gasaRebis denuri ga datvirTvis unari izr -
deba, amiT izrdeba pura-s sazRvrebi, zRvruli Zabvis ucv leli sididis dros.
rodesac gamosvali denis xangrZlioba 10 mk wm -ze naklebia ura -is diagra ma
Rebulobs sworkuTxa formas da Semofarglulia gasaRebis magsimalurad da saSvebi
impulsuri deniT loyrpmay da zRvruli gamosavali ZabviT ~ Voyro (sur. 2.19).

muSa wertilis gamosvla pura -s farglebs gareT bipolaruli gasaRebebSi muSa
denis SedarebiT mcire da gamosavali Zabvis didi  mniSvnelobis dros ufro
saxif aloa, vidre didi denisa da SedarebiT m cire Zabvis dros. gamosavali denis

garkveul kritikul mniSvnelobaze ufro metad Semcirebisas , bipolaruli gasaRebis

strugturaSi aRiZvreba eleqtrosiTburi ukukavSiri, rac meoreuli gar Rvevis

mzezi xdeba. aseTi garRvevis fizikur mizezs gamosavali denis lokal | zaciis
efeqti war moadgens, ris Sedegadac gasaRebi
wet i |l ebi O da adgi | i aqgvs struqturis Si Tbu
teqnologiuri procesis araidealurobis gamo gasaRebis elementarul sabaz iSO

ujredebSi deni araTanabrad ganawil da, maSin zogierTi ujredi (romelSic meti
deni gaivlis) did temperaturamde cxeldeba. Imis gamo, rom bipolaruli
strugturebis Ria mdgom aeobis winaRobas uaryofiTi temperaturuli koeficienti
gaaCnia, met temperatramde gacxelebul ujredebSi kidev ufro meti sidid is deni
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gaivlis, rac, Tavis mxriv, kidev ufro gazrdis strugturis lokalur gadaxurebas
da a.S. zemoaR8nulidan gamomdinare pura damatebiT izRu deba diagramaze naCvenebi
DE monakveTiT (sur. 2.18.). gamosavali denis zRvruli mniSvneloba, romlis drosac
gas&ebs struqturaSi Termuli arastabiloba iwyebs ganviTarebas , denis
xangrZliobaze praqgtikulad  ar aris damokid ebuli.

meoreuli garRvevis denis zRvruli mniSvneloba (garRvevis sazRvari)

lour= a (Voun)™, (24)

sadac a, n gasaRebis struqturasa da teqgnologiaze da  mokidebuli parametrebia.

veliT marT vad da kombinirebul gasaRebebs gaaCniaT Ria mdgomareobis
winaRbis dadebiTi temperaturuli koeficienti. Aanitom aseT gasaRebebSi ar
arsebobs eleqtrosiTburi ukukavSiri da masTan dakavSirebuli meoreuli garRvevis
uaryofiTi mo vlena. aseTi gasaRebebis calkeuli ujredis denuri gadatvirTviT
gamaveuli temperaturis gazrda gamoiwvevs maTi winaRobis gazrdas da denis
avtomatur Semcirebas, e.i. aseTi gasaRebebis strugturaSi mogmedebs denebis
TviTgaTanabrebis meganizmi. agedan gamonedinaseTi gasaRebebi xasiaTdebian
gazrdili Termomedeg obiT. Tumcg arc aseTi gasaRebebia srulad dazRveuli
Termomedegobis darRvevisgan. sagme imaSia, rom uwyveti gamosavali denis gazrdisas
temperaturis momatebiT g amowveuli winaRobis swrafi zrda iwvevs xelsaw yoSi
simZlavris mniSvnelovan darekargs

P=120ur For(T), (25)

sadac r,-temperaturaze damokidebuli Ria gasa Rebis Siga winaRobaa.

simZlavris es danakargi iwvevs kristalis temperaturis mkveTr gazrdas da
meoreuli garRvevis analogiuri movlenis ganviTarebas. misi aRmofxvris erT -erTi
gzaa siTbos wamrTmevis (radiatoris) gamoyeneba. Termuli mdgradobis darRveva am
saxis gasaRebebSi SeiZleba gamoiwvios agreTve arasworma eqsploataciam (denuri
gadatvir Tvebi, maRali temperatura, gamosavali Zabvis naxtomiseburi cvlile  ba da
sxv), romlis drosac SesaZlebelia gasaRebis strugturaSi Semavali parazituli
n-p-n tranzistoris CarTva da meoreuli garRvevis analogiuri efeqtis warmogmna.

naxevargamtaruli gasaRebis Caketvis dros , usafrTxo muSaobis Sesafaseblad
gamoiyeneba ukuwanachldi gasaRebis usafrTxo reJimebis ares (uura) amsaxveli
diagrama. Tu gasRebis Casaketad uaryofiTi wanacvlebis Zabvis miwodeba saWiro ar
aris (magaliTad, Zaluri Idn tranzistorebi an IGBT gasaRebi), maSin aseTrwas
uwodeben gamorTvis usafrTxo redimis ares (uura) ( Turn-off switching SOA
tra rzistoruligasa  Rebebis uura-s diagramebi 2.20. suraTzea naCvesi.
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sur. 2.20 uura: bipolaruli tranzistorisTvis b azis wredis uaryofiTi
ZabviT wanatebis dros (a); Zaluri Idn tranzistoris arvis (b);
IGBT gasaReb&lvis (g)

Zaluri bipolaruli tranzistorebisa da bipolarul reJimSi momuSave
indu ceciuri tranzistorebisTvis m Tavar SemzRudvel fagtors waroadgens emiteris
certralur nawilSi energiis lokalizeba , uaryofiTi bazuri deniT Caketvis dro S.
am efeqts uwodebenmeoreul garRve vas bazaemiteris gadasasvlelis ukuwanacvlebis
dros. siTburi arastabilobis ubnis sazRvari damokidebulia bazis Camketi denis
amplit udaze da uaryofiTi wanacvlebis Zabvaze.

Zalur ldn tranzistorebSi, agreTve veliT marTvad statikur induqciur
tranzistorebSi, meo reuli garRvevis efeqtis ararsebobis SemTxvevaSi , uura-s
di agrama marTkuTxedis formisaa. garkveuli SezRudva SeiZleba dakavSirebuli iyos
naRalZabviani tranzistorebis struqgturaze du/dt efeqtis gavlenasTan. amitom am
parametrma ar unda gadaaWarbos cnobarSi miiTebul sidides.

IGBT gasaRebis Caketvis dros ZiriTadi yuradReba unda daeTmos tranzi storis
struqturaSi trigeruli efeqtis aRZvris SesaZleblobas.

IGBT gasaRebis gamorTvis gardamavali procesis damamTavrebel stadiaze
nar@ni deni s sidide ganisazRvrebg-n-p tr anzistoris bazaSi dagrovili xvrelebis
r ekombinais intensivobiT . gamosaval wredSi Zabvis gazrdis dros xvrelebis
nawili gadadis IGBT struqturis parazituli n-p-n tranzistoris bazaSi. Tu am
tranzi storis  p-bazis Sris grZiv winaRobaze (Rs) warmoigmna kritikuli  sididis
wanacviebis Zabva maSin aRiZvreba trigeruli efeqti, romelic Tavisi arsiT
meoreuli garRvevis efeqtis analoguria. es problema 1200 v -mde muSa Zabvis mqgone
IGBT gasRebebSi gadaWrilia teqgnologiur doneze -sabarso ujredis struqturis
geomdriis optimiz  aciis gziT, xolo ufro maRali Zabvis IGBT gasaRebebis uuresi
unda ganxa cieldes saTanado SezRudva (sur. 2.21).
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sur. 2.21 maRali Zabvis IGBT gasaRebisuur a-s diagrama.
| v -tranzistoris nominaluri deni

vinaidan gamorTvis gardamavali procesi Sedarebi T swrafad mimdinareobs,
uura-s denis zRvruli mniSvnelobis dadgena xdeba maqgsimaluri impulsuri denis
(Icp) mixedviT, zRvruli Zabvis dadgena ki ise, rogorc pura -sTvis.
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2.5 naxevargamtaruli gasaRebebis si T buri
maxasiaT eblebi

Zalur naxevargamtarul gasa RebebSi danakargebis jamur simZlavres (an
ene gias) gansazRvravs Semdegi Zifiadi Semdgenebi

1 gasaRebis gadarTvisalvis saWiro marTvis wredis denebTan da ZabvebTan

dakavSirebuli dan &kargebi;

1 gamosavali wredis ZabviT da gaJonvis deniT ganpirobebuli danakargi

gassRebis Caketili mdgomareobis dros;

9 datvirTvis deniT da narCeni ZabviT ganpirobebuli statikuri danakargi

gasaRebis Ria mdgomareobis dros;

1 dinamikuri, anu gadarTvebis dros ars ebuli danakargebi.

Tanamedrove Zaluri naxevargamtaruli gasa Rebebis gaJonvis denabmetad mcire
sididisaa. amis gamo, masTan dakavSirebuli danakargis ugulvelyofa savsebiT
Sesdebelia. analogiurad SeiZleba Zaluri veliT mar Tvadi gasaRebebis (Ildn da
mmdiveli p-n gadasasvleliT) marTvis wredSi arsebuli danakargebis
ugulvebelyofa. datvirTvi s didi denebis dros , gajerebis reJimSi momuSave Zaluri
bipolaruli tranzistoruli gasa RebisTvis, aseTi daSvebis gakTeba aRar SeiZleba,
radgan denis gadacemis koeficientis mniSvnelovani Semcirebis gamo, marTvis wredSi
arsebuli simZlavris danakargi TiTgmis uTa nabrdeba kolegtorul gadasasvlelze
arsebul simZlavris danakargs.

Zalur naxevargamtarul gasaRebebSi arsebuli simZlavris da nakargi
gardaigmeba siTbod da gasaRebis struqtura cxeldeba. gasa Rebis struqgturis im
ubnebis agilmdebareoba, sadac siTbos gamoyofas ags adgili, did farglebSi
icvleba. g adarTvebis gardamavali procesis dros , siTbos gamoyofa xdeba
gadasasvlelebis sivrculi muxtis areSi , didi siCqariT moZravi muxtebis
kristaluri meseris at omebTan dajaxeb&és Zabvis kritikuli sididis SemTxvevaSi
am dajaxebab Sedegad adgili aqvs damatebiTi (meoreuli) muxtis gadamtanebis
warmogmnas, romlebic eleqtrul velSi aCqarebis Semdeg zvavuri garRvevis mizezi
xdebian. gasaRebis struqturis araerTgvarovnebis gamo, zvavuri mikroplazmebi
Semdiargleba lok duri ubnebis saxiT,  romlebSic adgili agvs siTbos g  amoyofas.

naxevargamtaruli gasaRebis Ria mdgomareobis dros yvela p-n gadasasvlels
pirdapiri wanacvleba gaaCnia. pirdapiri denis gavlisas eleqtronebi da xvrelebi :
daZleven ra p-n gadasasvielebis potencialur bariers, moZraoben difuz iurad an
dreifulad, vidre ar moxdeba maTi rekombinacia, anda dagroveba strugturis
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zedgpirul SreebSi. siTbos gamoyofa am SemTxvevaSimuxtis araZiriTadi
gadamtanebis rekombinaciis adgilebSi xdeba. garda amisa, naxevargamtarul
struqturaSi g amoiyofa e.w. joulis siTbo. es ukanaskneli ganpirobebulia Zabvis
vardniT, romelic muxtis ZiriTadi gadamtanebis deniTaa gamowveuli. siTbo agreTve
gamoiyofa kontaqtebze da dengamtar sadenebSi, romelic maT omur winaRobebze
arsebuli simZl avris danakargel Taa ganpirobebuli.
imisaTvis, rom ar moxdes gadaxureba, struqgturaSi gamoyofili siTbo unda
gamovides struqgturis gareT. naxevargamtaruli strugturisadmi siTbos war Trevs
meTodi gansazRvravs magsimalurad dasaSvebi temperaturis damoki@bulebis xasiaTs
struqturaSi arsebul simZlavr is srul danakargebTan.
uwyveti denebis reJimSi muSaobis dros, naxevargamtaruli gasaRebebis mier
siThos gacemis dasaxasiaTeblad gamoiyeneba parametri, romelsac siThuri wina Roba
ewodebd&y,. es ukanaskneli ganisazRvreba xelsawyos korpusis farglebSi
tempemrturaTa sxvaobis ( a7 SefardebiT gadasacem simZlavresTan Py)
Ri=aT§ P (2.6)
impulsur reJimSi muSaobis dros , gamoyofili siTbo grovdeba gasaRebis
strugturis masalis siTbur tevadobaSi. am SemTxvevaSi gamoiyeneba gardamavali
siTburi winaRobis  (Zm(t)) cneba. igi ganisazRvreba xelsawyos temperaturuli
reacciiT danakargebis myisieri simZlavrisadmi
Zi(t) ==ReT(t)/ e (2.7)
sadac e Pdanakargebis simZlavris nazrdia; aT){ tmomentSi gasaRebis struqturis
temperaturis nazrdi.
naxevargamtaruli gasaRebis struq turaSi gamoyofi li  siTbos rTuli bunebis
gamo, aucilebelia zogierTi gamartivebis Semotana, ris safuZvelzec SesaZlebeli
gxdeba dasaSvebi reJimebis raodenobrivi Sefaseba. kerZod, miiCneven, rom gasaRebSi
arsebuli  simZlavris mTeli danakargi mxolod siTbod garda imgneba da igi
gamoigfa naxevargamtaruli kristalis ZiriTadi gadasasvielis paralelur
sibrtyeSi. aseTi daSveba samarTliania, Tu mxedvelobaSi ar miviRebT struqturis
e.w. cxel wertilebSi lokalur danakargebs. miRebuli daSvebis dros , muSaobis
dasaSvebi rlJimebs gansazRvra dafuZnebulia gadasasvlelis temperaturis T,
Sefasebaze. igi ar unda aRematbodes sacnobaro parametris saxiT mocemul T may)-
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2.6. danakargebi Zalur naxevargamtarul gasaRebebSi

Zalur naxevargamtarul gasaRebSi jamuri danakargebis gaangariSebis dros
mxedvelobaSi miiReba dinamikuri, anu gadaTvebis dros arsebul danakargebi da
stati kur danakargi gas&ebis Ria mdgomareobis dros. viTvaliswinebT agreTve im
damatebiT danakargebs, romelsac adgili aqvs zogierTi Zaluri naxevargamtaruli
gasaRebis marTvisnvredSi.

2.22. suraTze naCvenebia naxevargamtaruli gasaRebpirdapiri denis i npulsis
tip uri forma. gaangariSebis dros gamoviyenebT Semdeg droiT paranarebs:

tp=ts-t,-pirdapiri denis xangrZlivoba s;

tr=t,-t;-pirdapiri denis zrdis xangrZlivobas;

t-=t4-ts-pird apiri denis klebis  xangrZlivobas.

sur. 2.22 pirdapiri denis impulsis tipuri forma

pirdapiri denis mocemuli amplitudis (Iv) dros, gasaRebis gaRebis proesSi
denis myisi mniSvneloba aRiwereba gantolebiT
i(t) on=t/t Rl m- (2.8)
Ria mdgomareobis d os gasaRebSi gadis deni
i(t) cono=Im - (2.9)
gamorTvis procesSi denis myisi mniSvneloba gamoisaxeba gantolebiT
i() ore=l m(1-t/te) . (210

pirvel rigSi ganvsazRvroT danakargebi naxevargamtaruli gasa Rebis gaRebis
(CarTvis) gardamavali procesis dros. 2.23. suraT ze naCvenebia denisa da Zabvis
t ipuri diagramebi gasaRebis CarTvis gardamavali procesis dros , sxvadasxva
xasiaTis datvirTvis SemTxvevaSi.
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sur. 2.23 naxevargamtaruli gasaRebis CarTvis gardamavali procesis tipuri di agramebi:

a) gasaRebi muSaobs aqtiur davirTvaze; b) gasaRebi muSaobs induqciur datvir Tvaze
impd suri denis reJimSi; g) gasaRebi muSaobs induqciur datvirTvaze
uwyveti denis reJimSi

gasaRebis CarTvis procesSi danakargis energia (Eon) zogadad warmosdegba
Seavlegi saxiT

t;

Eon = fj(Hu(t)dt. (2.1}

4
(2.1) gamosaxulebidan SeiZleba ganisazRvros danakargebis energia sxvadasxva
xasiaTis datvirTvis dros. rodesac datvirTva aqti uri xasiaTisaa

Eoy =" Q. (212

Tu datvirTva induqciuri X asiaTisaa maSin impulsuri denebis reJimSi
darekargebis energia
IV,

Eon :%CBR. (213
rodesac datvirTva induqciuri xasiaTisaa , maSin uwyveti denebis reJimSi
darekargebis energia
I, E
Eon = “; ts. (2.149

sadacE-Caketil gasa Rebze arsehuli Zabvaa;

Vcono-Ria gasaRebze Zabvis vardnaa (narCeni Zabva).

naxevargamtaruli gasaRebis Caketvis gardamavali procesis dros , danakargbis
gansazRvris mizniT, gamoviyenoT denisa da Zabvis cvlilebis gamartiveuli suraTi,
romelic sxvadasxva xasiaTis datvirTv is dros 2.24. suraTzea naCvenebgasaRebis
gamorTvis procesSi danakargis energia Eqrr ganisazRvreba foruml i dan

Eone =t|4?’1(t)u(t)dt. (2.5)

t3

(2.15-is miaxloebiT amonaxsns agvs Semdegi saxe
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EOFF =t (2]6)

sadac Kogr= 6-aqti uri datvirTvis dros;

Korr=2E/Vconorindugciuri datvirTvis dros impulsuri denebis reJimSi;
Korr=2-indugciuri datvirTvis dros uwyveti denebis reJimSi.
A : A y A
Im L L £
: Ly Im
1
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sur. 2.24 naxevargamtaruli gasaRebis Caketvis gardamavali procesis tipuri di agramebi:

a) gasaRebi muSaobs aqtiur datvir Tvaze; b) gasaRebi muSaobs induqciur datvirTvaze
impd suri denis reJimSi; g) gasaRebi muSaobs indugciur datvirTvaze uwyveti denis reJimSi

gasaRebis Ria mdgomareobis dros statikuri danakargebis energia Econp
gamsazRvreba gamosaxulebidan

ts
Econo = ﬁt)u(t)dt =IuVeono @, - (2.77)

t
danakargebis sruli energia naxevargamtarul gasaRebebSi, romelTa marTvis
wredSi umniSvnelo sididis danakargebia, etoleba dinamikuri da statikuri
darekargebis energiaTa jams
Eo=EontEorrtEconn, (2.18)
Zaluri bipolaruli tranzistoruli gasaRebeb isa da bipolarul reJimSi
nomuSave statikuri idnuqciuri tranzistoruli gasaRebebis marTvis wredSi
arseluli damatebiTi danakargebis energia SeiZleba Sefasdes Semdegi gamosaxulebis
mixelviT
En=Vin(sat) Intp, (2.9)
sadac V;y(sat)}gajerebis reJimis dros mm arTvel gadasasvlelze mogmedi Zdwaa;
Iin-Sesavali denis amplitudaa.
Zaluri ldn da IGBT gasaRebebis marTvis wredSi arsebuli da meebiTi
darekargebis energia ganisazRvreba Semdegi gamosaxulebiT
En=QcA N, (2.20)
sadac Qgs-Camketis tevadobaSi dagrovili muxtia;
Vin-gasaRebis Sesaval wredze mogmedi Zabvaa.
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gasaRebSi arsebuli danakargebis sruli energia marTvis wredSi arsebuli
damatebiTi danakargebis gaTvaliswinebiT

Eo=Eint*EontEorrtEconn (221

gadarTvis mocemuli f sixSiris dros gasaRebSi arsebuli danakargebis
saSwo simZlavre P,y ganisazRvreba formuliT

Pa~=f Eq. (2.22)

denis gavlis mocemuli to xangiZlivobis dros gasaR ebSi arsebuli

danakargbis magqgsimaluri simZlavre Se ilZeba napovni ignes Semdegi formulis

gamoyeniT
Pu=Ed/tp. (2.23)
2.7. siTburi winaRobebi
naxevargamtaruli gasaRebis struqturis temperatura (T;), rodesac cn obilia

danakargebis sruli simZlavre, SeiZleba ganisazRvros s iTburi winaRobis
daxmagbiT. gasaRebisa da siTbos wamrTmevisgan (gamagrilebeli) Sedgenili si stema
mudmivi denis reJimSi SeiZleba warmodgenili ignes Canacvlebis sgemiT, romelic
Sedgeba siTbhogadacemis maxasiaTebeli siTburi winaRobebisagan (su2.25, b). siTbos
warTmevis imitaciis mizniT gamoiyeneba eleqtrosiTburi modeli, romelic
saSualebas iZleva erTmaneTTan dakavSirdes sistemis temperaturis cvlileba da
danakargebis simZlavreP,.

gadasasvlelis temperatura (Ty) Canacvlebis sgemis mixedviT SeiZleba
gamicsaxos Semdegi gantolebiT

T=Po(RrhictRrncstRsd* Ta, (2.24)

sadac T,-garemos temperaturaa;

Rricgadasasvleli -korpusi ubnis siTburi winaRoba ;

Rrcskorpusi -gamaidebeli ubnis siTburi winaRoba ;

Rrhsxgamagrilebel i -garemo ubnis siTburi winaRoba.
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sur. 2.25 gasaRebi gamagrilebeli sistemis siTburi Canacvlebis sgema mudmivi
denis reJimSi

gadasasvleli -korpusi ubnis siTburi winaRoba ganisazRvreba gasaRebis Sinagani
konstruqciiT da siTburi parametrebiT. kerZod . Xelsawyos fuZisa da kristalis
geometriuli zomebi T da formiT, xelsawyos fuZis masalis siTburi winaRobiT,
kristalis xelsawyos fuzZ esTan kontaqtis xarisxiT da sxv . aRniSnuli siTburi
wi naRoba ganapirobebs naxevargamtaruli gasaRebis datvirTvis unarianobis zRvars,
romelic SieZleba ganisazRvros ( 2.24.) gamosaxlebidan, idealuri siTbowarTmevisa
da gagrilebis meTodis SemTxvevaSi (RincsRrhsae 0)

Pma= (To-Ta)/Rrnic (2.25)

korpusi -gamagrilebeli ubnis siTburi winaRoba (Rrnc9  damokidebulia
gasakis korpusis tipze, sakontaqto zedapiris farTze, gasaRebis korpusis a da
gaigrileblis urTierT miWeris Zalaze. Rrhcs siTburi winaRobis Sesamcireblad da
gasaRebis korpussa da gamagrilebels Soris kontaqtis gasaumjobeseblad iyeneben
siTbogamtari SezeTvis meTods. rig SemTxvevaSi gasaRebis korpusi eleqtrulad
izolirebuli unda iyos g amagrileblisgan. am mizniT, diskretuli Sesrulebis
xelsawyoebisTvis mzaddeba specialuri eleqtromaizolirebeli safenebi. am
saferebis forma iseTia, rom korpusisa da gamagrileblis zedapirebis
eleqtroizolacia xels ar uSlis maT Soris siTbogadacemis process. Si Thuri
winaRobis Semcirebis mizniT iyeneben siTbogamtari Sez&vis meTodsac.

siTburi winaRobebi Rpy;c da Rmcs (@an maTi jami) yoveli Zaluri gasaR  ebisTvis
mocemulia sacnobaro parametris saxiT. maSin gadasasvlelsa da garemos Soris
temperaturis dasaSvebi sxvaobis a&T,=T;-Tn mixedviT, (2.24) gamosaxulebidan
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Seideba gaangariSebuli ignes gamagrilebeli -garemo ubnis siTburi winaRoba Rysa
da SeirCes saTanado monacemebis mgone gamagrilebeli (radiatori)
Rrhsa= 28 T//Po-(Rrhact Rrhes)- (2.26)

siTbur winaRobaTa ZiriTadi SevlgenebisaTvis miRebuli gamosaxulebebi
samaTliania moduluri konstruqciis Zaluri gasaRebebisTvisac.

gagrilebis pirobebidan gamomdinare, siTburi winaRoba SieZleba icvlebodes
did farglebSi. 10 kvt -mde simZlavris gardamgmnel mowyobilobebSi gamoyenebul
naxevagamtaruli gasaRebebisTvis gamoiyeneba bunebrivi gagrileba. meti simZ| avris
gardamgmneli mowyobilobebis gasaRebebisTviki gamoiyenebdnaeriT an siTxiT
iZulebiTi gagrilebis sistema. ukanasknel wlebSi farTo gamoyeneba hpova e.w.
aorTqlebiT gagrilebam, romeli ¢ gamoiyenebam SemTxvevaSTu siTburi nakadis
simkvrive 20 vt/smZ2-s aRematebaama Tu im saxis gagrilebis SerCevas Zaluri
naevargamtaruli gasaRebebisTvis axdenen specialuri diagramebis gamoyenebiT,
romle bic erTmaneTTan akavSireben gamoyofili siTburi na kadis simkvrives da
gasaRebis strugturis dasaSveb temper auras -T,.

rodesac Zaluri naxevargamtaruli gasaRebi impulsuri denebis reJimSi
niSaobs maSin siTburi gaangariSebis dros gaTvaliswinebuli unda ignes struq -
turis siTburi w  inaRobis gavliT siTburi nakad is ara marto gadacema, aramed
struqturis calkeuli Sreebis siTbotevadobaSi siTbos nawilobrivi dagrovebac.
aseTi Sreebi warmoadgenen temperaturuli velis diskretul doneebs.

gadasasvleli -garemo ubnis temperaturuli velis diskretul doneebs Soris
moTavsebuli yovdi elementaruli ubani SeiZleba warmodgenili ignes sakuTari
siTburi winaRobiT da siTbotevadobiT (sur. 2.26). 226. suraTze R;C;-
gadasasvleli -korpusi ubnis siTburi winaRoba da Tbotevadobaa, R,,C,-kor pusi-
gamagrilebeli ubnis analogiuri Tburi parametrebia, Rs;,Cs-gamagrilebeli -garemo
ubnis Tburi parametrebia.

$993905H A go ggeol ©olig@gdgmo mbygdo
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sur. 2.26 gasaRebi - gamagrilebeli sistemis siTburi modeli
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mocemuli siTburi modeli agebulia gadasasvlel -garemo sistemis realuri
Sreebis temperaturuli diskretizaciis safuZvelze, magram aseTi siTburi malelis
pragtikuli gamoyeneba gaZnelebulia R, Gparametrebis eqgsperimentuli ga nsazRvris
sirTulis gamo. A amitom praqtikuli gamoyeneba hpova meore siTburma modelma,
sadac gamoyenebulia dayvanili R*, C* parametrebi (sur. 2.27).

Rm"

%
Tm

®

sur. 2.27 gasaRebi - gamagril ebeli sistemis siTburi modeli
dayvanili parametrebiT
aseTi siTburi modelis Sesaadis winaRoba da, maSasadame, gadasasvlelis
te nperatura, namdvili parametrebis mixedviT Sedgenili modelis Sesavali
winaRobisa da gadasasvlelis temperaturis tolia. siTburi mode lis parametrebis
gansazRvra ki xdeba yoveli konkretuli tipis xelsawyos arvis gagrilebis mrudis
mixedviT, xolo struqturis temperaturis ( T; droSi cvlileba gan  isazRvreba
formuliT
T(O=Tx#Pod R(- 679, (2.27)
i=1
sadac T, -garemos temperaturag
Po-simZlavris naxtomia impulsur reJimSi;
R,Ci-siTburi modelis dayvanili parametrebia;
n-siTburi modelis rgolebis ricxvia.
sacnobaro informaciis saxiT, rogorc wesi, mocemulia mravalrgoliani
malelis R da C; parametrebi (an R da J=R/A G da gardamavali siTburi winaR obis
(Zmny9 cvlilebis diagrama, romelic warmosdgeba Semdegi analizuri  gamosaxulebiT
Znsd)= & R@- €"7%). (2.28)
i=1
2.28. suraTze siTburi winaRoba (Z;9 mocemulia rogorc impulsuri
simZlavris fungcia logariTmul masStabSi.
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sur. 2.28 gadasasvleli - korpusis ubnis gardamavali siTburi winaRoba

simZlavris Pg-naxtomis dros , gadasasvlelis temperaturis droSi cvlileba
SeiZleba ganisazRvros formuliT
Ty()=Ta+PoZrnic (2.29)
(2.27) da (2.29) formulebis gamoyenebiT T, (t) temperaturis gansazRuvrisas,
gaangariSebaxdeba simZlavris Py impulsis tp xangrZliobis Sesamabis drois
inte rvalSi  (i<tp). cxadia, gadasasvlelis temperatura udides mniSvnelobas
miaRweust, momentSi
Twa=T a+PoZrnadtp)- (2.30)

t>tp drois intervalSi temperaturis ¢ ansazRvrisas gamoiyeneba zeddebis
neTodi. kerZod, nulovani simZlavris redimi ganixileba rogorc erTnairi
amplit udis, magram sxvadasxvapolarulobis ori Po-impulsis  mogmedebaa
SemTxvevaSi agasasvlelis temperatura SeiZleba ganisazRvros Semdegi
gamosaxulebdan

TiO=T a+PoZrnidt)- PoZmnidt-tp). (23

Tu simZlavris impulsis forma gansxvavebulia marTkuTxa formisgan (gaaCnia
nebismieri forma), maSin temperaturis analizuri gaangariSeba Zalze rTul
amoenas warmoadgenstA SemTxvevaSimizanSewonilia mravalrgol iani siTburi
modelis ricxviTi gaangariSeba egm-ze an simZlavris impulsis (P(t) gardagmna
marTkuTxa formis simZlavris eqvivalentur impulsad. an ukanasknel SemTxvevasSi
temperaturis saangariSo formulebi simZlavris ganmeorebadi impulsebis tipuri
kombinaciebi$vis mocemulia specialur literaturaSi cxrilebis saxiT.
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