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¶F ¶µL¦§Âµ 

Á§¬¦©£ µ¬µ®¯©«º£³£¤ ¤§¢¦Â¥¬µL£F ¤§{µ¬·Â²¥§ºµ¬«F ´L£¬£¤£~ RPPWF 

 

¤§{µ¬·Â²¥§ºµ¬«ª£ ¶§º{£¬¦¬£§ Á§¬¦©£ º§{µ¥§©¶§·¯§©¦¬£ ufcfqt,t,bc rjyc -

nhemwbekb sfdbct,eht,t,b^ cftmcgkefnfwbj vf[fcbfst,kt,b lf gfhfvtnht,b^ ltybc  

ufhlfvmvytkt,bc stjhbf lf uffyufhbit,bc cfrbs[t,b&  

¤§{µ¬·Â²¥§ºµ¬« ªµ¶µº£¬£§ £¤¸£¨¬£º£¤ -CÁ§¬¦©£ µ¬µ®¯©«º£³§` ¤§¤°§¥¬« 

ghjuhfvbc vb[tldbs^ hjvtkbw trbs[t,f tktmnhjtythutnbrbc cgtwbfkj,bc cneltynt,c&  
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QF Ãfkehb tktmnhjybrBC CFUFYB 

 

1&1& itcfdfkb 

 

sfyfvtlhjdt ntmybrbc lfhut,bc evhfdktcj,bc ghjuhtcb vzblhjlff 

§³§¥ª£©µL¦¬£ Á§¬¦©£ µ¬µ®¯©«º£³£¤ ·£²°µ¥µL´§ºF Á§¬¦©£ µ¬µ®©«º£³£¤ ·º£ª¥ºµ¬«L§¤~ 

gbhdtk hbuib^ tktmnhekb t ythubbc tatmneh ufhlfvmvytkt,cf lf htuekfnjht,pt 

vpfhlb vjs[jdyf ufyfgbhj,t,c&  

µ¬µ®¯©¦¬£ µºµ©¶££¤ ¶§©§·®·ºµ¬µL£¤ Á£©£´§£ ¤§{µµL£§E 

· ¸¥¬§£ µº£¤ ¤£·Â¬§¥©£¤ ·¦·£¥£ µº£¤ ¤£·Â¬§¥©µ ¶§©§·®·ºµ¬µL£~ 

hjvtksfw ufvvfhsdtkt,b tojlt,fs*  

· ·¦·£¥£ µº£¤ ¤£·Â¬§¥©£¤ ¸¥¬§£ µº£¤ ¤£·Â¬§¥©µ ¶§©§·®·ºµ¬µL£~ 

hjvtksfw bydthnjht,b tojlt,fs*  

· µ©´£ ¤£{ª£©£¤ ¸¥¬§£ µº£¤ ¤£·Â¬§¥©£¤,  ufyc[dfdt,ekb cb[ibhbc ~pju]th 

©µ¶¦¬£©µL§£ ¤£{ª£©£¤¡ ¸¥¬§£ µº£¤ ¤£·Â¬§¥©µ ¶§©§·®·ºµ¬µL£F §· ¤§{£¤ 

ufhlfvmvytkt,c cb[ibhbc ufhlfvmvytkt,c eojl t,ty*  

· ¶§©§·®·ºµ¬µL£~ ©«·¬µL£¸ µ©´£ ¤£££¤ ·¦·£¥ §º ¸¥¬§ Á§L¥§¤ ¶§©§®·º£§º 

¶§º¤{¥§¥µL¦¬£ ¤£££¤ ¿{ª£©§ ©µ¶¦¬£©µL§£ ¤£££¤¡ ·¦·£¥ §º ¸¥¬§ Á§L¥§F ·§´ 

·¦·£¥£ § ¸¥¬§£ Á§L¥£¤ ©µ¶¦¬§¯«©µL¤ ¦°«µLµºF 

1&1& cehfspt cmtvfnehflff yfxdtyt,b ltybc ufhlfvm vytkt,bc veifj,bc ht;bvt,b^ 

[jkj w[hbkbc cf[bs vjwtvekbf wfkrtekb cf[bc ufhlfvmvytkbc vbvfhs of.tyt,ekb 

vjs[jdyt,b^ lfybiyekt,f lf ufvj.tyt,bc cathjt,b&   

 

 

ceh& 1&1& ufhlfmvytkt,bc veifj,bc ht;bvt,b% 

u-ufvvfhsdtkb* b -bydthnjhb* cu -cb[ibhbc ufhlfvmvytkb* h 1- ·¦·£¥£ Á§L¥£¤ ©µ¶¦¬§¯«©£J  

h2-¸¥¬§£ Á§L¥£¤ ©µ¶¦¬§¯«©£ 
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w[hbkb 1&1& 

ufhlfvmvytkbc 

gbhdtkflb v[fht 

~itcfdfkb`  

ufhlfvmvytkbc cf[t  

ufhlfvmvytkbc 

lf ybiyekt,f^ vjs[jdyt,b 

vtjhflb v[fhbc 

~ufvjcfdkbc` vbvfhs  

ufhlfvmvytkbc 

ufvj.tyt,bc cathj  

 

thsafpf fy cfvafp f 

¸¥¬§£ Á§L¥§ 
ufvvfhsdtkb  

cfzbhj cblblbc ~[ibhfl 

htuekbht,flb` velvbdb 

Á§L¥£¤ ·£²µL§ 

tktmnhjmbvbf^ 

tktmnhjnhfycgjhnb^ 

tktmnhjsthvbf^ 

velvb db ltybc tktm -

¯©«§·Â©§¥£ § ¤{¥& 

·¦·£¥£ Á§L¥§ 
bydthnjhb ~mctkbc 

fv.jkb`  

tythubbc uflfwtvf wdkflb 

ltybc mctkib  

velvb db ltybc 

htdthcekb 

µ¬µ®¯©«§·Â©§¥£ 

·¦·£¥£ Á§L¥§ 
fdnjyjvbehb 

bydthnjhb  

cfzbhj cb[ibhbc^ 

cblblbcf lf afpfsf 

hbw[dbc vmjyt wdkflb 

Á§L¥£¤ ·£²µL§ 

tktmnhjsthvekb lf 

eknhf,uthbsb 

lfy f lufht,b^ 

vfqfkcbxmfhbfyb 

µ¬µ®¯©«§·Â©§¥£ 

cfvafpf wdkflb 

Á§L¥§ 

 

cb[ibhbc eiefkj 

ufhlfvmvytkb  

 

cfzbhj cb[ibhbc 

~v[jkjl vrdt,fdb mctkbc 

cb[ibhtpt yfrkt,b`^ 

cblblbcf lf afpfsf 

hbw[dbc vmjyt wdkflb 

Á§L¥£¤ ·£²µL§ 

lf,fkcbxmfhbfyb 

wdkflb ltybc 

µ¬µ®¯©«§·Â©§¥£ 

 

thsafpf fy cfvafpf 

¸¥¬§£ Á§L¥§ 

 

thsafpf fy cfvafpf 

¸¥¬§£ Á§L¥£¤ 

ht uekfnjhb  

 

vrdt,fdb mctkbc cb[ibhbc 

njkb htuekbht,flb 

¸¥¬§£ Á§L¥£¤ ·£²µL§ 

¿·³¥µL§¥£ ®¤µ¬£¤ Á§L¥§±µ 

yfrkt,b cblblbc`  

 

tktmnhjqevtkt,bc 

¤£·Â¬§¥©£¤ ©µ¶¦¬£ht -

,f ^ dfhdfht,bcf lf ke -

vbytcwty e˸hb 

yf´¦©µL£¤ ¤£·Â¬§¥©£¤ 

htue kb ht ,f^ 

fcbymh«º¦¬£ Á©§¥µ,bc 

cbxmfhbc htuekbht ,f 

lf c[d & 

·¦·£¥£ Á§L¥§ 

 

·¦·£¥£ Á§L¥£¤ 

ht uekfnjhb  

 

cfzbhj cblblbc 

~htuekbht,flb` velvbdb 

Á§L¥£¤ ·£²µL§ ¿ªµ¤§¥§¬±µ 

·«®·µ Á§L¥§±µ ©«¶«©¸ 

yfrkt,b^ bct vtnb 

cblblbc`  

 

bvgekcehb cnf,b kbpf -

njht,b^ tktmnhekb 

vfymfyt,bcf lf tktm -

nhj vfuybnehb vtmfybp-

vt,bc fupyt,bc uhfuyb-

kt ,bc rdt,˦, vel vbdb 

ltybc tktmnhj fvÂ©§¥£ 
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Á§¬¦©£ µ¬µ®¯©«º£³£¤ ¤¢µ©«~ µº£¤ º§{µ¥§©¶§·¯§©¦¬£ ¶§©§·®·ºµ¬µL£¤ ¶§©§~ 

vjbwfdc% erjynfmnj cfrjvenfwbj fgfhf nehfc ~velvbdb lf wdkflb ltybc 

nhfypbcnjhekb lf n hˮbcnjhekb rjynfmnjht,b`^ tythujcbcntvbc htfmnbekb 

t ythubbc cnfnbreh cfrjvgtycfwbj vjo.j,bkj,t, ~˷ ¸¥¬§£ Á§L¥bc afpfsf hbw[dbc 

ufhlfvmvytkt,  ˷ lf c[d & fvbnjv^ tktmnhjybrbc vbfhsekt,fc^ hjvtkbw tktmnhjekb 

t yth ubbc ufhlfvmvtkt,sfy thsfl , µ¬µ®¯«µºµ©¶µ¯£³§ª£ ¶§·«NµºµL¦¬ Á§¬¦© 

yf[tdfhufvnfhekb [tkcfo.jt,pt fut,ek .dtkf c[df vjo.j,bkj,t,cfw itbcofdkbc^ 

t ythutnbrek tktmnhjybrfcfw eojlt,ty&  

 

QFRF  Á§¬¦©£ µ¬µ®¯©«º£³§ § ·£³©«µ¬µ®¯©«º£³§ 

 

ltybc ufhlfvmvytkb tkmnhjyekb ·«°N«L£¬«LµL£ ªµ¶µL§ Á§¬¦©£ º§°£¬£¤§ § 

·§©´¥£¤ º§°£¬£¤§¶§ºF Á§¬¦©£ º§°£¬£~ ¦·µ¯µ¤ ªµ·´{¥µ¥§ª£~ ªµ£¸§¥¤ ·§©´¥§ ¥µº¯£¬µL¤~ 

§º¦ ·§©´¥§ µ¬µ®¯©«º¦¬ ¶§¤§²µLµL¤ ¿Â§kehb ,bgjkfhekb lf dtkbs vfhs ˫˦˩ˮ 

nhfypbcnjht,b^ thsjgthfwbekb lf chekfl vfhsdflb nbhbcnjht,b`^ hjvtksf 

rjvenfwbf ^ lhjbc cfzbhj vjvtynib^ [lt,f vfhsdbc tktmnhjlpt ufvqt,b lf xfvrtnb 

bvgekcehb cbuyfkt,bc vbojlt,bs& fcts cbuyfkt,c ufvjbveifdt,c vfhsdbc cbcntvf^ 

hjvtkbw byajhvfwbbc lfve ifdt,bc hsek vjo.j,bkj,fc ofhvjflutyc& yt,bcvbthb cf[bc 

ltybc ufhlfvmvytkbc veifj,bc cfbvtljj,fc vfhsdbc cbcntvbc ufvfhsekb veifj,f 

ufyfgbhj,t,c&  

ltybc ufhlfvmvytkt,bc sfyfvtlhjdt vfhsdbc cbntvbc vfqfkb ntmybrehb ljyt 

ufyfgbhj,f erfyfcrytk [fyt,ib ~hfvltyb vt fsoktekib` cfbyajhvfwbj ~vfhsdbc` 

tktmnhjybrbc ufydbsfht,fib vbqotekvf ofhvfnt,t,vf& vbrhjtktmnhjybrbc cohfavf 

¶§º¥£´§©µL§· ££ ¶§¥¬µº§ ·«§{£º§ Á§¬¦© µ¬µ®¯©«º£³§±µ~ ©£¤ ªµµ¶§§¸ £¶£ §¥£§ 

ufydbsfht,bc sdbcj,hbdfl f[fk cfat[ehpt& fv;fvfl , Á§¬¦©£ µ¬µ®¯hjybrbc 

lfy f lufht,bc lfvghjtmnt,tksf ufyrfhuekt,fibf vfqfkb byntuhfwbbc vbrhjcmtvt,b^ 

hjvtksf ufvj.tyt,bsfw Á§¬¦©£ µ¬µ®¯©«º£³£¤ ¤§£º¢«©·§¸£« ¿·§©´¥£¤¡ 

vjo.j,bkj,t,bcfsdbc ªµ£Â¬µL§ ªµ£®·º§¤ ·§²§¬£ ¤§£·µ««L£¤a  lf lf,fkb qbht,ekt,bc 

vmjyt hsekb fyfkjuehb^ l bcrhtnekb lf fy fkjueh -lbcrhtnekb vjo.j,bkj,t,b & 

Tanamedrove  Á§¬¦©£ µ¬µ®¯©«º£³£¤ ¤§£º¢«©·§¸£« ¿·§©´¥£¤¡ ·«°N«L£¬«LµL£¤ 

¶§¥£´§©µL§ «©£ Á£©£´§£ ·£·§©´¦¬µL£´ ·£·£º§©µ«L¤E 

· itlfht,bs vfhnbdb ufhlfvmvytkt,bcfsdbc cgtwbfkehb lfybiyekt,bc byntuhf kehb 
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vbrhjcmtvt, bc itmvyf* 

· ©´¦¬£ ¶§©§·®·ºµ¬µL£¤§´¥£¤ ¿£·¨¦¬¤¦©£ £º¥µ©¯«©µL£ §¤£º®©«º¦¬£ Á©§¥µL£¤ 

,heydbc cbxmfhbc cfhtuekbht,kfl^ velvbdb ltybc ufhlfvmvytkt,b bvgekcehb 

ht uekbht,bs lf c[d .̀  maRali  ¤§£º¢«©·§¸£« ªµ¤§Â¬µL¬«LµL£¤ ·®«ºµ didi  

byntuhfwbbc vbrhjcmtvt,bc ï vbrhjghjwtcjht,bc ~vbrhjrjynhjktht,bc` itmvyf&  

fqcfybiyfdbf bcbw^ hjv wbahekb byntuhfkehb vbrhjcmtvt,bc lfvpflt,bc 

ntmyj k «¶¦©£ ·£²°µ¥µL£ ¤§¢¦Â¥¬§ §µ« Á§¬¦©£ º§{µ¥§©¶§·¯§©¦¬£ ¶§¤§²µLµL£¤ 

§·±§µL£¤ §{§¬ ¯µ®º«¬«¶£§¤~ ©£¤ ªµµ¶§§¸ ªµ¤§Â¬µLµ¬£ ¶§{§ ·§²§¬£ ¯µ®ybrehb 

·§¹¥µºµL¬µL£¤ ·®«ºµ ·©§¥§¬¦}©µ£§º£ ¤¯©¦®¯¦©£¤ ¤©¦¬§ ·§©´¥§£ Á§¬¦©£ 

yf[tdfhufvnfhekb ufcfqt,t,bc itmvyf&  

ufcekb cfereybc 80-§º£ °¬µL£¤ ·µ«©µ º§{µ¥§©ª£ ªµ£®·º§ Á§¬¦©£ µ¬µ®¯©«º£³£¤ 

{µ¬¤§°N«´§ §{§¬£ ³¬§¤£~ ©«·µ¬·§¸  ·££²« Á§¬¦©£ £º¯µ¬µ®¯¦§¬¦©£ ·£³©«¤mtvt,bc 

cf[tkojlt,f& fctsb vbrhjcmtvt,b ths rhbcnfkib fy ths rjhgecib fthsbfyt,ty hjujhw 

Á§¬¦© ¤©¦¬§ ·§©´¥§ ¶§¤§²µLµL¤~ ¤§³¦´§©£ ·§©´¥£¤ § §¸¥£¤ ¤®µ·µL´§º µ©´§~ £¤µ 

vstkb ufhlfvmvytkb lfyflufhbc vfhsdbc cbcntvfc^ rjynhjkbcf lf cflbfuyjcnbrj 

cbntvt,c& fvbc ufvj^ vrdtshfl vwbhlt,f ufhlfvmvytkbc ojyf lf uf,fhbnekb pjvt,b^ 

£±©µL§ ·¦ª§«L£¤ ¤§£·µ««L§ § ¢§©´«¥µL§ ·§´£ ¢¦º®¸£¦©£ ªµ¤§Â¬µL¬«LµL£F 

§·¶¥§©§~ ·£³©«µ¬µ®¯©«º£³£¤ L§±§±µ ªµ£Â¬µL§ ªµ£®·º§¤ ¦º£¥µ©¤§¬¦©£ § 

veifj,bcfsdbc v.bcbthfl vpfl.jayfib fhct,ekb  ltybc ufhlfvmvytkt,b^ hjvkt,bw fh 

¤§»£©«µLµº ¤¨µ¸£§¬¦© ¶§°N«L§¤ §·±§µL£¤§ § µ®¤¨¬¦§¯§¸££¤ ©«¤~ ªµ¦Â¬£§´ 

·¦ª§«L§ §·§¯µL£´£ ¢£¬¯©µL£¤ ¶§©µªµ¸ ·³¥µL§¥£ ®¤µ¬£¤ Á§L¥£¤ ¢«©·£¤ ·º£ª¥ºµ¬«¥§º£ 

lfvf[by]t,bc itvs[dtdfib^ evybidytkj ptufdktyfc f[ltyty vrdt,fd mc tkpt^ uffxybfs 

htuekbht,bc cbcntvf^ hjvkbc cnhemnehf lf gfhfvtnht,b fdnjvfnehfl esfy[vlt,f 

lfndbhsdbc c[dflfc[df ht;bvc&  
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RF Ãfkehb tktmnhjybrBC TKTVTYNEHB <PF  

 

RFQF Á§¬¦©£ £«µL£¤~ ¯£©£¤¯«©µL£¤§ §  ¤£·£¤¯«©µL£¤ ³«º¤¯©¦®¸£¦¬£ 

sfdbct,eht,t,b&vjmvtlt,bc ghb ywbgb 

 

Á§¬¦©£ µ¬µ®¯©«º£³£¤ Á£©£´§ µ¬µ·µº¯¦© L§±§¤ °§©·«§¶µº¤ Á§¬¦©£ 

yf[tdfhufvnfhekb [tkcfo.jt,b% lbjlt,b^ ,bgjkfhekb lf dtkbs vfhs vadi  

nhfypbcnjht,b^ bpjkbht,ek,fpbfyb ,bgjkfhekb nhfypbcnjht,b^ yf[tdhfl vfhsdflb 

lf chekfl vfhsdflb nbhbcnjht,b^ cbvtnhbek b nbhbcnjht,b& tc [tkcfo.jt,b^ 

·¦ª§«Lµº ©§ ¶§¤§²µL£¤µL¦© ¿¥µº¯£¬¦©¡ ©µ[£·ª£~ §º{«©¸£µ¬µLµº Á§¬¦©£ °©µµL£¤ 

gthbjlek uflfhsdt,c ~rjvenfwbfc`&  

Á§¬¦©£ µ¬µ®¯©«º¦¬£ ·«°N«L£¬«LµL£¤ ¤£·Â¬§¥©µ ªµ£Â¬µL§ §²°µ¥µ¤ ©§·µº£·µ 

vtufdfnc& fmtlfy ufvjvlbyfht^ fcts vjo.j,bk j,t,ib ufvj.tyt,ek ufcfqt,t,c eylf 

ªµµÂ¬«´ ££ ¤£££¤ µº£¤ ¿©§·µº£·µ ³£¬«§·¨µ©§·µ¡ ¶§¯§©µL§ § ££ ¤£££¤ 

Á§L¥£¤ ¿©§·µº£·µ ³£¬«¥«¬¯§·µ¡ L¬«³£©µL§~ ©§¸ ¶§º§¨£©«LµL¤ ·§´£ ¤¯©¦®¯¦©¦¬£ § 

rjycnhemwbekb itchekt,bc sfdbct,eht,fc&  

SreliTonis

kontaqti)(kaTodis

Sredacvis

SreliTonis
(ano d i s ko nt aqt i )

np- gad asasvl el i

+n

n

+p

k

a

 
                    ¤¦©F RFQF ¤£¬£¸£¦·£¤ Á§¬¦©£ £«£¤ ¤¯©¦®¯¦©§ 

 

Á§¬¦©£ £«µL£¤ ·¦ª§ º§°£¬¤~ amavdroulad , m̧ £©µ ¤£·Â¬§¥©£¤ £«µL£¤ 

fyf k jubehfl^  p n-  ¶§§¤§¤¥¬µ¬£ °§©·«§¶µº¤F ·¸£©µ ¤£·Â¬§¥©£¤ £«µL£¤§¶§º 

¶§º¤{¥§¥µL£´~ Á§¬ehb lbjlt,bc p n-  ¶§¤§¤¥¬µ¬·§ ¦º§ ªµÂ¬«¤ ££ ¤£££¤ ¦³¦Â§L¥£¤ 

L¬«³£©µL§~ ©§¸ ·££²°µ¥§ ·£¤£ ¤§´§º§« ¤¯©¦®¯¦©¦¬£ ªµ¤©¦¬µL£´ ¿¤¦©FRFQF¡F Á§¬¦©£ 

lbjlb itbwfdc cbkbwbevbc lbcrjc^ hjvtkibw ljyjhekb vbyfhtdbc vwbht 

rjy wtynhfwbbc itvwdtk b ~cecnfl ktubht,ekb` n -iht vjsfdct,ekbf ufphlbkb 

rjy wtynhfwbbc ljyj hek  § §®¸µ¨¯«©¦¬·£º§©µ¥£§º ¿Â¬£µ© ¬µ¶£©µL¦¬¡ n+- lf p+- 

ihtt,c ijhbc& rfhub rjynfmnbc vbqt,bcf lf lbjlib ufvj.jab kb cbs,jc erts ufwtvbc  

~fhbyt,bc ` vbpybs lbcrjc ptlfgbhb vjkbsjyt,ekbf&  

lbjlbc cnhemnehfib cecnfl ktubht,ekb nïihbc fhct,j,bc ufvj , np -+   
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uflfcfdktkbc cfpqdht,b afhsjdlt,f ~ n -ihbc [fh ]pt` lf^ itcf,fvbcfl^ ufbphlt,f 

¶§·©²¥µ¥£ Á§L¥£¤ ·º£ª¥ºµ¬«L§~ ©§¸ £«±µ ·«®·µ£ ¦³¦Â§L¥£¤ §¤§ª¥µL£ ·º£ª¥ºµ¬«L£¤  

¶§±©£¤ ¤§ª¦§¬µL§¤ £Â¬µ¥§F ¤¯©¦®¯¦©§ª£ §©¤µL¦¬£ Á¬£µ© ¬µ¶£©µL¦¬£ n+- lf p+- 

ihtt,bc ufphlbkb eleqtro ufvnfhj,bc ufvj rb vwbhlt,f  ¨£©§¨£©£ Á§L¥£¤ ¥§©º§ 

µº¶§·¯§©£ ·¶«·§©µ«L£¤ ©«¤ § ¤£·Â¬§¥©£¤ §º§³§©¶£ £«ª£F 

RFRF ¤¦©§´±µ °§©·«¶µº£¬£§ Á§¬¦©£ ¯£©£¤¯«©¦¬£ ¶§¤§²µL£¤ ¤¯©¦®¯¦©¦¬£ 

fqyfuj,f&  lbjlbcfufy  ufyc[dfdt,bs^ nbhbcnjhbc  cnhemnehfib  itlbc cfvb p n-  uflf - 

l i T o ni s Sr e

(kaT o d i s ko nt aqt i )
l i T o ni s Sr e

(mar T vi s el eqt r o d i )

d amc avi

Sr e

l i T o ni s Sr e

(ano d i s ko nt aqt i )

-n

-p

-n

-p

emi t er i

baz a

baz a

emi t er i

1j

2j

3j

A

+n
+p

n

+p

np- gad asasvl el ebi

1j k

a

me

 
   ¤¦©F RFRF Á§¬¦©£ ¯£©£¤¯«©£¤ ¤¯©¦®¯¦©§ 

 

cfcdktkb  ~ , ,J J J1 2 3¡F ©«µ¤§¸ ¯£©£¤¯«©¦¬ ¶§¤§²µL±µ ¨£©§¨£©£ Á§L¥§ ·«®·µµL¤ ¿µF£F  

p  fyjlpt vbthst,ek £§ Á§L¥£¤ °N§©«¤ ¨¬¦¤£~ {«¬« n  rfsjlpt  _ vbyecb  (ceh^2&3^f`^ 

vfiby J1  lf J3  uflfcfdktkt,c fqvjfxylt,f gbhlfgbhb ofyfwdkt,t,b lf bv.jat,bfy qbf 

vlujvfhtj,fib^ [jkj J2  wtynhfkeh uflfcfcdktkc tmyt,f ereofyfwdkt,f lf bc 

xfrtnbkbf& nbhbcnjhib ufvfdfk ltyc ufyfgbhj,t,c xfrtnbkb J2  uflfcfcdktkbc vwbht 

cblblbc ereltyb& nbhbcnjhbc xfrtnbkb vlujvfhtj,f fbcf[t,f djkn_fvgthekb 

vf[fcbfst,kbc gb hlfgbhb injc + e,ybs ~ceh& 2&3^,`& 

dR
aI

+

-
au

aI

a)

aI

d

a

R

u

garu

auD

0=mI

gadau au
0

SI
CI

II

III
IV

b)
                               

            ceh& 2&3& nbhbcnjhbc xfhsdbc cmtvf ~f`^ djkn-fvgthekb vf[fcbfst,tkb ~,`  
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fv ht;bvib J2  ¶§§¤§¤¥¬µ¬±µ  ¢§®¯£¦©§ §º«¦©£ Á§L¥£¤ ¯«¬£ ¦³¦Â§L§¥§  

vjmvtlt,c  ~qbf J1  lf J3  ¶§§¤§¥¬µ¬µL±µ ¦·º£ª¥ºµ¬« ¤£££¤ Á§L¥£¤ ¥§©ºµL¤ 

¦¶¦¬¥µLµ¬¥N«¢´¡F ©«µ¤§¸ µ¤ Á§L¥§ ¶§§§»§©LµL¤ J2  uflfcfdktkbc tktmnhekb 

¶§©²¥µ¥£¤ Á§L¥§c^ cnhemnehbc ibuf obyfqj,f vrdtshfl itvwbhlt,f lf nbhbcnjhib 

ufvfdfkb ltyb yf[njvbct,ehfl ufbphlt,f =
I

I
R

f
f

l

 ¤££µ·µF §º«¦©£ Á§L¥£¤ §· 

vybi ¥ºµ¬«L§¤ ¯£©£¤¯«©£¤ ²£§ ·¶«·§©µ«L§ª£ ¶§§©´¥£¤ ¿¹§©´¥£¤¡ Á§L¥§ µ°«µL§F 

nbhbcnjhbc qbf vlujvf ©µ«L§ª£ ¶§§©´¥£¤ Á§L¥£¤  ¿Uufl ` cblblt vybidytkjdyflff 

§·«³£µL¦¬£ ¤¯©¦®¯¦©£¤ ¯µ·¨µ©§¯¦©§±µ § §º«¦©£ Á§L¥£¤ ±©£¤ ¤£¹®§©µ±µ 

ö
÷

õ
æ
ç

å

dt

dUa &  ©§¸ ¦¢©« ·§²§¬£§ ¤¯©¦®¯¦©£¤ ¯µ·¨µ©§¯¦©§ § ££§ §º«¦©£ Á§L¥£¤ ±©£¤ 

cbxmfht^ ·£´ ¦¢©« º§³¬µL£ ¤£££¤ §º«¦©£ Á§L¥£¤ ©«¤ ¶§§£©´¥µL§ ¯£©£¤¯«©£ ²£§ 

·¶«·§©µ«L§ª£F §·£¯«· ¤¯©¦®¯¦©£¤ §¤§ª¥µL£ ¯µ·¨µ©§¯¦©§ § §º«¦©£ Á§L¥£¤ ±©£¤ 

¤£¹®§©£¤ ¿µF£F Á§L¥£¤ ¸¥¬£¬µL£¤ ciCqaris ` rhbnbrekb vybidytkj,f ö
÷

õ
æ
ç

å

dt

dUa rh& vbxytekbf 

Á§¬¦©b nbhbcnjht,bc vybidytkjdfy cftmcgkefnfwbj gfhfvtnhfl&  

nbhbcnjhekb ufcfqt,bc qbf ~xfhsek` vlujvfhtj,fc ittcf,fvt,f djkn -fvgthekb 

vf[fcbfst,kbc gbhlfgbhb injc  ++ e,fyb& nbhbcnjhekb ufcfqt,bc ibuf obyfqj,f lf 

·§¤±µ Á§L¥£¤ ¥§©º§ qbf vlujvfhtj,bc lhjc vwbht cblblbcff ~1&&&23`^ hbc ufvjw ufhtit 

°N§©«¤ Á§L¥§ ¨©§®¯£³¦¬§ ·´¬£§º§ Rl  lfndbhsdfpt fqvjxylt,f vbthst,ekb&   

¯£©£¤¯«©£¤ ²£§ ·¶«·§©µ«L§ª£ §º«¦©£ Á§L¥£´ ¶§§©´¥§ §© §©£¤ ©µ³«·µºµL¦¬£ 

¤¯©¦®¯¦©£¤ ªµ¤§Â¬« §±£§ºµL£¤ ¶§·«F §·£¯«·~ ©«¶«©¸ °µ¤£~ §º«¦©£ ¨£©§¨£©£ Á§L¥£¤ 

lfcfidt,b vybidytkj,f fh eylf fqtvfnt,jltc J2  ¶§§¤§¤¥¬µ¬£¤ ¶§·©²¥µ¥£ Á§L¥£¤ XPI-c, 

¤¯©¦®¯¦©£¤ ·§®¤£·§¬¦©§ §¤§ª¥µL£ ¯µ·¨µ©§¯¦©£¤§ § §º«¦©£ Á§L¥£¤ ¸¥¬£¬µL£¤ 

cbxmfhbc rhbnbrekpt yfrkt,b vybidyt kj,bc lhjc&   

nbhbcnjhekb ufcfqt,b qbf vlujvfhtj,fib uflfbhsdt,f vfhsdbc tktmnhjlbc 

¤§ª¦§¬µL£´F §·£¤´¥£¤ ·§¤ ¦º§ ·£µ°««¤ §µL£´£ º£ªº£¤ Á§L¥£¤ £·¨¦¬¤£F ·§©´¥£¤ 

µ¬µ®¯©«±µ Á§L¥£¤ ·£°«µL£¤  ªµµ¶§, cnhemnehbc A e,ybc J2  ufcfdktki b ufbdkbc 

ltyb^ hjvtkbw 2&2 cehfspt o.dtnbkb obht,bsff yfxdtyt,b& fmdt vskbfyb obht,bs 

yfxdtyt,bf fyjlehb ltyb nbhbcnjhbc ufqt,bc ~xfhsdbc ` cfo.bc tnfgpt& vfhsdbc ohtlbs 

nbhbcnjhbc ufqt,bc ghjwtcc ufyfgbhj,t,c cnhemnehfib fhct,ekb ibuf lflt,bsb 

ererfdibhb c fhct,j,f lf vfcsfy lfrfdibht,ekb fyjlehb ltybc pdfdbct,ehb phlbc 

ghjwtcb ~htutythfwbekb ghjwtcb`^ hjvkbc lhjcfw J2  uflfcfcdktkbc ltyufvnfhb 
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yfobkb afhsjdlt,f lff[kjdt,bs  0^1 vv$ov   cbxmfhbs& ptvjfqybiyekbc ufvj^ 

nbhbcnjhbc qbf ·¶«·§©µ«L§ª£ ¶§§©´¥§ ·«{µL§ ·£´ º§³¬µL£ ¤£££¤ §º«¦©£ Á§L¥£¤ 

lhjc^ hfw eahj vtnb cblblbc ltyb ufbdkbc vfhsdbc tktmnhjlib ~ceh& 2&4`&  

aI

0

12 mm II > 01>mI 0=mI

gadau¡¡ gadau¡ gadau au

 
             ceh&2&4& nbhbcnjhbc djkn-fvgthekb vf[fcbfst,kt,b c[dflfc[df  

cblblc vfhsdbc  ltybc lhjc  

 

se nbhbcnjhbc ufqt,bc ghjwtcib fyjlehb ltybc phlbc cbxmfht didi sididisaa ^ 

vfiby uflfhsdbc cfo.bc tnfgpt qbf vlujvfhtj,fib uflfcekb J2  uflfcfcdktkbc vwbht 

pjvbc lokalur  e,fypt ufbdkbc lblb cblblbc fyjlehb ltyb& tc e,fy b uflfvtn[ehlt,f 

§ ·«¤§¬«ºµ¬£§ ¤¯©¦®¯¦©£¤ §· ¦Lº£¤ §±£§ºµL§F §·£¯«·~ Á§¬¦©£ ¯£©£¤¯«©µL£¤§´¥£¤ 

itvjnfybkbf fyjlehb ltybc phlbc lfcfidt,b cbxmfhbc wyt,f^ hjvtkcfw fyjlehb ltybc 

phlbc rhbnbrek cbxmfhtc ö
÷

õ
æ
ç

å

dt

dia rh  eojlt,ty lf bub ofhvjflutyc Á§¬¦©£ 

nbhbcnjhekb ufcfqt,t,bc vybidytkjdfy cftmcgkefnfwbj gfhfvtnhc& [ibhfl^ ö
÷

õ
æ
ç

å

dt

dia -c 

[tkjdyeh i  ªµ·¸£©µL£¤ ·£±º£´ Á§¬¦©£ ¯£©£¤¯«©£¤ ·£·µ¥©«L£´ ©´§¥µº 

bylemwbehj,bc rjzfc&  

nbhbcnjhbc evybidytkjdfytcb sdbct,ff bc^ hjv xfhsdbc itvltu hxt,f  qbf 

vlujvfhtj,fib vfhsdbc tktmnhjlib ltybc ito.dtnbc itvltufw^ fvbnjv nbhbcnjhbc 

xfhsdbcfsdbc cfrvfhbcbf vfhsdbc tktmnhjlib [fyvjrkt ~hfvltybvt fstekb vbrhjofvbc 

{§º¶©Â¬£¥«L£¤¡ £·¨¦¬¤¦©£ {§¤£§´£¤ µº£¤ ¶§¯§©µL§~ ©§¸ ·§©´¥£¤ ·«°N«L£¬«L£¤§¶§º 

moxmarebuli  cb·Â¬§¥©£¤ ·£º£·£±§¸££¤ ¤§ª¦§¬µL§¤ £Â¬µ¥§F 

vfhsdbc tktmnhjlbs nbhbcnjhekb ufcfqt,bc xfrtndf ~ufvjhsdf` dtRar  

[jhwbtk lt,f^ t&b& vfhsdbc tktmnhjlb fchekt,c v[jkjl ths jgthfwbfc -
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nbhbcnjhekb ufcfqt,bc xfhsdbc jgthfwbfc& fvbc ufvj^ vfc thsjgthfwbekb 

~yf[tdhflvfh sdflb`  ufcfqt,b tojlt,f& thsjgthfwbekb nbhbcnjhekb ufcfqt,bc 

xfcfrtnfl fewbkt,tkbf vfcib ufvfdfkb ltyb qbf vlujvfhtj,bc ityfhxeyt,bc ~itrfdt,bc` 

ltypt yfrkt,b  sididis   ¶§{µ¤ ¿¤¦©FRFS¡F §·£¤§´¥£¤ ¤§»£©«§ §º«¦©£ Á§L¥£¤ º¦¬§·µ 

ªµ·¸£©µL§ §º ¦³¦Â§L¥£¤ ·£µ©´t,f& 

¦³¦Â§L¥£¤ ·£µ©´µL£¤§¤ ¿p  §º«±µ ·£µ©´µL¦¬£§ Á§L¥£¤ °N§©«¤ ·£º¦¤£~ {«¬« n  

rfsjlpt ï Á§L¥£¤ °N§©«¤ ¨¬¦¤£¡ ¯£©£¤¯«©¦¬·§ ¶§¤§²µL·§ ¦º§ ªµ£º§©¹¦º«¤ ¹§³µ¯£¬£ 

vlujvfhtj,f , §º«¦©£ Á§L¥£¤ §¤§ª¥µL ¢§©¶¬µLª£ ¸¥¬bkt,bc lhjc& nbhbcnjhbc 

djkn -fvgthekb vf[fcbfst,kbc ereinjc fmdc yf[tdfhufvnfhekb lbjlbc ereinjc 

§º§¬«¶£¦©£ ¤§{µF ¯£©£¤¯«©¦¬  ¶§¤§²µL±µ ¦³¦Â§L¥£¤ ·«®·µµL£¤ ©«¤ J2  wtynhfkeh 

np-  uflfcfcdktkc gbhlfgbhb ofyfwdkt, f uffxybf lf bub qbff^ [jkj J1  lf J3  

uflfcfcdktkt,c aqvT ereofyfwdkt,t,b lf bv.jat,bfy xfrtnbk vlujvfhtj,fib& J1  

~n p+ +- ¡ ¶§§¤§¤¥¬µ¬£¤ ¿¤¦©F RFR¡ ¶§·©²¥µ¥£ Á§L¥bc cblblt vwbhtf^ fvbnjv 

¯£©£¤¯«©¦¬£ ¶§¤§²µL£¤ §¤§ª¥µL£ ¦³¦Â§L¥£¤ ·§®¤£·§¬¦© ·º£ª¥ºµ¬«L§¤, Á£©£´§§, J3  

¶§§¤§¤¥¬µ¬£¤ ¶§·©²¥µ¥£ Á§L¥£¤ ¤££µ ¶§º§¨£©«LµL¤F µ¤ ¶§§¤§¤¥¬µ¬£ ³£ p+ fyjlcf lf 

cecnfl ktubht,ek ufybth n  ,fpfc ijhbc fhct,j,c lf fmtlfy ufvjvlbyfht^ vbcb 

ufhqdtdbcfsdbc lblb cblblb s Á§L¥§§ ¤§»£©«F 

thsjgthfwbekb nbhbcnjht,bc ufhlf , Á§¬¦© µ¬µ®¯©«º£³§ª£ ¢§©´« ¶§·«£NµºµL§ 

eahj hsekb ntmyjkjubbc vb[tldbs lfvpflt,ekb nbhbcnjht,b%  nbhbcnjhb 

ereufvnfht,kj,bs^ ajnjnbhbcnjhb lf vfqfkb cb[ibhbc ~cohfavj vmvtlb` 

nbhbcnjhb& 

nbhbcnjhb ereufvnfht,kj,bs&  fctsb nbhbcnjhbc cbkbwbevbc lbcrjpt 

it chekt,ekbf nbhbcnjhekb lf lbjlehb vjyjkbsehb cnhemnehf nbhbcnjhbcf lf 

lbjlbc itv[dtlh -gfhfktkehb it thst,bs ~ceh&2&5`& tc rjv,byfwbf ltybc ufhlfvmvytkbc 

¤®µ·µL£¤ ¶§·§©¯£¥µL£¤ ¤§ª¦§¬µL§¤ £Â¬µ¥§~ ©§¶§º §²§© 

fhbc cfzbhj ufcfqt,t,bc uflfhsdt,bc lbyfvbrehb ghjwt -

ct,bc lhjc nbhbcnjhekb cnhemnehbc 

uflf vtnÂ§L¥£¤f ufy lfwdbc vbpybs lfvfnt,bsb 

tktvtynt,bc ufvj.tyt ,f&  

    ajnjnbhbcnjhb ~nbhbcnjhekb jgnhjyb`& fcts       

     nbhbcnjhib vvfhsdtkb cbuyfkbc aeymwbfc^      

tktmnhekb ltybc yfwdkfl^ p  ,fpfpt lfc[bdt,ekb 

cbyfskbc yfrflb fchekt,c& nbhbcnjhekb jgnhjybc rjhgecbc ibuybs vjsfdct,ekbf 

ajnj nbhbcnjhb lf iemlbjlb& iemlbjlib ltybc ufnfht,bc itltufl , ufvjc[bdt,ekb 

ceh&2&5& nbhbcnjhb  
ereufvnfht,kj,bs  
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cbyfskbc yfrflb f[ltyc nbhbcnjhbc xfhsdfc& fctsb nbhbcnjhbc ufvj .tyt,f 

ufyc§³¦´©µL£´ ·§²§¬£ Á§L¥£¤ ¶§©§·®·ºµ¬µLª£§ ·£±§ºªµ°«º£¬£~ ©§¶§º §²§© §©£¤ 

¤§»£©« ·§²§¬£ Á§L¥£¤ Á§¬¦©£ °©µ£¤§ § §L§¬£ Á§L¥£¤ ·§©´¥£¤ °©µ£¤ µ¬µ®¯©¦¬£ 

~ufkdfyehb` ufyv[jkjt,bc vbpybs bvgekcehb nhf ycajhvfnjht,bc ufvj.tyt,f&  

vfqfkb cb[ibhbc  ~cohfavjvmvtlb` nbhbcnjhb& vfqfk cb[ibhtpt vjveifdt ltybc 

ufhlfvmvytkt,ib ufvj.tyt,ek nbhbcnjht,c eylf uffxyltc cohfab xfhsdb c ~ufqt,bc` 

eyfhb& ufqt,bc htutythfwbekb ghjwtcbc lfxmfht,bc vbpybs , fctsb nbhbcnjhbc vfhsdbc 

tktmnhjlc fmdc ufyinjt,ekb ptlfgbhb^ hbsfw vybidytkjdyfl bphlt,f wtynhfkeh 

uflfcfcdktkpt ltyufvnfhb yfobkbc ufafhsjt,bc cbxmfht& fcts nbhbcnjhc yjhvfkehb 

aeymwbjy£©µL§ ªµ¦Â¬£§ QP³O¸-vlt cb[ibhtpt&  

2&6 cehfspt yfxdtyt,bf cbvtnhbekb nbhbcnjhbc ~cbvbcnjhbc^ fye nhbfrbc` 

cnhemnehf& cbvbcnjhbc cnhemnehf fthsbfyt,c itv[dtlh ï gfhfktkehfl itthst,ek 

jh nbhbcnjhek cnhemnehfc ~ p n p n- - - lf n p n p- - -̀& vfhsdbc tktmnhjlb 

rjynfmnibf  p - ,fpfcsfy lf n+-ihtcsfy& fvbnjv , cbvbcnjhbc qbf vlujvfhtj,fib 

¶§§©´¥§ {µL§ ·§©´¥£¤ µ¬µ®¯©«±µ ©«¶«©¸ Á§L¥£¤ §µL£´£ £·¨¦¬¤£¤ ¿·§©´¥£¤ 

tktmnhjlib fv lhjc ufvfdfkb  µº£ º§¹¥µºµL£§ ·´¬£§º °£©µL£´¡~ £¤µ Á§L¥£¤ ¦§©N«¢£´£ 

bvgekcbc ~vfhsdbc tktmnhjlib ufvfdfkb ltyb  fv lhjc  yfxdtyt,bf o.dtnbkb obht,bs` 

·£°«µL£´~ Á£©£´§ µ¬µ®¯©«µL±µ ¤{¥§§¤{¥§ º£ªº£¤ Á§L¥£¤ ·«®·µµL£¤ ©«¤F  

 

SreliTonis SreliTonis
(mar T vi s el eqt r o d i s ko nt aqt i ) (Zi r i T ad i  el eqt r o d i s ko nt aqt i 1)

np- gad asasvl el ebi

1j

2j

3j

4j

-n emi t er i

baza-p

baza-n

emiteri-p

+n

emiteri-p

baza-n

baza-p
emi t er i-n

SreliTonis
(Zi r i T ad i  el eqt r o d i s ko nt aqt i 2)

damcavi

Sre

                                

                                ceh&2&6& cbvtnhbekb nbhbcnjhbc ~cbvbcnjhbc` cnhemnehf 

 

cbvbcnjhbc djkn -fvgthekb vf[fcbfst,tkb ~ceh&2&7` cbvtnhbekbf rjhlbyfnsf 

cfsfdbc vbvfhs lf vjsfdct,ekbf gbhdtk lf vtcfvt vtjs[tlt,ib&  
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I

u0

 
                ceh&2&7&  cbvbcnjhbc djkn-fvgthekb vf[fcbfst,tkb  

 

Á§¬¦©£ £«µL£¤§ § ¯£©£¤¯«©µL£¤ ³«©¨¦¤¤§ § ³§´«¤ ¿§º §º«¤¡ µ©´º§£©£ 

gjntywbfkb uffxybf& rjycnhemwbekb sdfkcfphbcbs eahj vj[th[t,ekbf 

£±«¬£©µL¦¬³«©¨¦¤£§º£ ¿§º ³«©¨¦¤£¤ ¢¦Â£´ ¤£´,jc ufv,ytdb` ufcfqt,t,bc ufvj.tyt,f& 

fv;fvfl fvpflt,ty fctsb rjycnhemwbbc hjujhw wfkrtek ufcfqt,t,c^ bct ufcfqt,sf 

vjlekt,c& vjlekb itbwfdc lbjleh fy nbhbcnjhek jh dtynbkeh v[fhc ,juehb 

cmtvbs fo.j,bk ufhlfvmvytkt,ib ufvjcf.tyt,kfl^ fylf chek ,jueh cmtvfc & vjlekib 

fuhtsdt itlbc dtynbkt,bc ~ufcfqt,t,bc` byntuhfkehb ntmyjkjubbs itchekt,ekb 

vfhsdbc cbcntvf& 

 

RFR Á§¬¦©£ £«µL£¤~ ¯£©£¤¯«©µL£¤§ § ¤£·£¤¯«©µL£¤  

tktmnhekb sdbct,t,b  

 

Á§¬¦©£ º§{µ¥§©¶§·¯§©¦¬£ ¶§¤§²µLµL£¤ ¿¥µº¯£¬µL£¤¡ µ¬µ®¯©¦¬£ ´¥£¤µLµL£¤ 

it cfafct,k fl ufvjb.tyt,f cftmcgkefnfwbj vf[fcbfst,kt,b lf gfhfvtnht,b& 

yf[tdfhufvnfhekb ufcfqt,t,bc tmcgkefnfwbbc lhjc ufycfresht,ekb vybidytkj,f 

±²¥©¦¬ ¨§©§·µ¯©µL¤ µº£»µL§F ±²¥©¦¬£ µ°«µL§ ¨§©§·µ¯©£¤ ¿Â§L¥§~ µº£ § ¤{F¡ ¦£µ¤ 

fy evwbhtc vybidytkj,fc^ hjvkbc lhjcf w ufcfqt,b ~dtynbkb` fh pbfylt,f lf fh ufvjlbc 

·°N«L©£§ºF Á§¬¦©£ ¶§¤§²µLµL£¤ µ¬µ®¯©¦¬£ ´¥£¤µLµL£¤ ·§{§¤£§´µLµ¬£ ¨§©§·µ¯©µL£ 

ªµ£Â¬µL§ §£N«¤ ¤¯§¯£³¦©£ ·¶«·§©µ«L£¤§ § ³«·¦¯§¸£¦©£ ¿¶§©·§¥§¬£¡ ¨©«¸µ¤µL£¤ 

vf[fcbfst,tk gfhfvtnht,fl&  

Á§¬¦©£ ¶§¤§²µLµL£¤ ¤¯§¯£³ehb vlujvfhtj,bc vf[fcbfst,tk gfhvtnht,fl 

¶§·«£NµºµL§E ¹§³µ¯£¬£ ·¶«·§©µ«L£¤ ±²¥©¦¬£ ¨§©§·µ¯©µL£ ¨£©§¨£©£ § ¦³¦Á§L¥£¤ 

vjmvtlt,bc lhjc^ qbf vlujvfhtj,bc pqdhekb gfhfvtnht,b lf vfhsdbc ohtlbc pqdhekb 

gfhfvtnht,b&  

¹§³µ¯£¬£ ·¶«·§©µ«L§ ¨£©§¨£©£ § ¦³¦Â§L¥£¤ vjmvtlt,bc lhjc& fv vlujvfhtj,bc 
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±²©¦¬£ ¨§©§·µ¯©µL£§E ¶§·©²¥µ¥£ Á§L¥§ ¿U ufh ` lbjlt,bcf lf nbhbcnjht,bcfsdbc lf 

¶§§©´¥£¤ Á§L¥§ ¿U f ufl ` nbhbcnjht,bcf lf cbvbcnjht,bcfsdbc ~b[& ceh&2&3&`& 

¶§·©²¥µ¥£ Á§L¥§ ¶§º¤§±²¥©§¥¤ ¦³¦Â§L¥£¤ §¤§ª¥µL ·§®¤£·§¬¦© ·º£ª¥ºµ¬«L§¤~ 

hjvkbc lhjcfw ufcfqt,b ~dtynbkb` byfhxeyt,c xfrtnbk ~ltybc fhfufvnfh` 

·¶«·§©µ«L§¤F ¶§§©´¥£¤ Á§L¥§ ³£ ¶§º¤§±²¥©§¥¤ ¨£©§¨£©£ Á§L¥£¤ ·§®¤£·§¬¦© 

vybi dytkj,fc^ hjvkbc lhjcfw ufcfqt,b ]th bctd hxt,f xfrtnbk vlu jvfhtj,fib& 

vfifcflfvt^ ptvjlfcf [tkt L¦¬£ ¨§©§·µ¯©µL£´ ¶§º£¤§±²¥©µL§ Á§L¥µL£¤ £§¨§±«º£~ 

hjvkbc a fhukt,ibw yf[t dfhufvnf hekb ufcfqt,b yjhvfkehfl aeymwbjybht,c&  

µ®¤¨¬¦§¯§¸££¤ ©«¤ ¶§¤§²µLµL±µ ·«®·µ£ Á§L¥£¤ ¤££µ, ltybc ufhlfvmvytkbc 

ªµ¤§¥§¬£ Á§L¥£¤ ¶§©lf , §·«³£µL¦¬£§ ³«·¦¯§¸£¦©£ ¨©«¸µ¤µL£¤ ©«¤ §²Â©¦¬ ª£¶§ 

cmtveh uflf vtnÂ§L¥µL±µF ¶§§vtnÂ§L¥µL£¤§¶§º §¤§¸§¥§ ¤§»£©«§ ¶§¤§²µLµL£¤ §²»¦©¥§ 

§¸¥£¤ ·«°N«L£¬«L£´~ ©«·µ¬£¸ ·«§{µº¤ ¶§¤§²µLµL±µ ·«®·µ£ Á§L¥µL£¤ ªµ±²¦¥§¤ 

pqdhekb vybidytkj,bc itcf,fvbc ljytpt&  

ufvnfhb vlujvfhtj,f& qbf  yf[tdfhufvnf hek ufcfqt,t,ib  ufvfdfkb ltybc cblblt 

ufyfgbhj,t,c cnhemnehbc  ~uflfcfcdktkt,bc` ntvgthfnehfc& fvbnjv ufuhbkt,bc 

gbhj,t,blfy ufvjvlbyfht^ yf[tdfhufvnfhekb ufcfqt,t,bc tktmnhekb sdbct,bc 

itafct,fc f[ltyty itvltub gfhfvt nht,bc vb[tldbs%   

· gbhlfgbhb ltybc cfiefkj lf vjmvtlb vybidytkj,t,bc pqdhekfl lfcfidt,b cblblt*  

· gbhlfgbhb ltybc fvgkbnelbc pqdhekfl lfcfidt,b cblblt bvgekcehb ht;bvbc lhjc*  

· lfhn.vbsb ltybcf lf lfwdbsb vfxdtyt,kbc ~ I tñ
2 ` vfmvbcfkehfl l fcfidt,b 

vybi dytkj,t,b uflfndbhsdbc fdfhbekb ht;bvbc lhjc&  

vfhsdbc ohtlbc gfhfvtnht,b& nbhbcnjht,bc xfhsdf [jhwbtklt,f vfhsdbc 

µ¬µ®¯©«±µ Á§L¥£¤ §µL£´£ £·¨¦¬¤£¤~ {«¬« ¤£·£¤¯«©µL£¤ ¹§©´¥§-vfhsdbc 

µ¬µ®¯©«±µ Á§L¥£¤ ©«¶«©¸ §µL£´£~ £¤µ ¦§©N«¢£´£ £·¨¦¬¤£¤ ·bojlt,bs& jhbdt cf[bc 

ufcfqt,bc cfbvtlj xfhsdbc vbpybs fewbkt,tkbf vfhsdbc tktmnhjlib bctsb cblblbc 

µº£¤ ¶§¯§©µL§~ ©«·µ¬£¸ ¦±©¦º¥µ¬N«¢¤ ·§´ ¤§£·µ« ¶§²µL§¤ §º«¦©£ Á§L¥£¤ ·¸£©µ 

vybidytkj,t,bc ~5&&&&103` itvs[dtdfibw& fmtlfy ufvjvlbyfht , fqybiyekb ufcfqt,t ,bc 

µ¬µ®¯©¦¬£ ´¥£¤µLµL£¤ ªµ¤§¢§¤µL¬§ ¶§·«£NµºµL§ ¶§²µL£¤ N¥µ¬§±µ ·Â£·µ ©µ[£·£¤ 

¿§L§¬£ ¯µ·¨µ©§¯¦©§¡ ªµ¤§L§·£¤£ ·§©´¥£¤ µº£¤§ § Á§L¥£¤ ·º£ª¥ºµ¬«LµL£F ¶§©§ §·£¤§~ 

cfzbhjf itvltub gbhj,t,bc ufsdfkbcobyt,f%  

· ·§©´¥£¤ °©µª£ ¶§·«N«¢£¬£ ¤£·Â¬§¥©£¤ ·N£¤£ § ¤§ªefkj vybidytkj,t,b fh eylf 

fqtvfnt,jltc pqdhekfl lfcfidt,c*  

· ·§©´¥£¤ µ¬µ®¯©«±µ ·£°«µL¦¬£ Á§L¥£¤ £·¨¦¬¤£¤§ § ¶§·§¥§¬£ µº£¤ £·¨¦¬¤£¤ 
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fvgkbnelf fh eylf fqtvfnt,jltc pqdhekfl lfcfidt, vybidytkj,fc*  

· ·§©´¥£¤   µ¬µ®¯©«±µ ·«®·µ£ ¦³¦Â§L¥£¤ ·§®¤£·§¬¦©£ ·º£ª¥ºtkj,f fh eylf 

fqtvfnt,jltc pqdhekfl lfcfidt, cblbltc&  

ufhlfvfdfkb  ~rjvenfwbehb` ghjwtct,bc vf[fcbfs,tkb gfhvtnht,b&  ufhlfvfdfk 

ghjwtct,c flubkb fmdc yf[tdfhufvnfhekb ufcfqt,bc rjvenfwbbc ~ufqt,f -xfrtndbc` 

©«¤~ ©§¸ º§{µ¥§©¶§·¯§©¦¬ ¤¯©¦®¯¦©§ª£ ·¦{¯£¤ ·«Â©§db uflfvnfyt,bc lfuhjdt,bc lf 

itvwbht,bc ~ufojdbc` bythwbek ghjwtct,sfyff lfrfdibht,ekb&  

Á§¬¦© £«±µ ¨£©§¨£©£ Á§L¥£¤ ·£°«µL£¤ ªµ·µ¶ £°NµL§ ·¦{¯£¤ ·«Â©§¥£ 

uflfvnfyt,bc rjywtynhfwbbc phlbc ghjwtcb lf cfyfv bub ufenjklt,f qbf vlujvfhtj,bc 

itcf,fvbc rjywty nhfwbfc^ lhjbc ufhrdtekb bynthdfkbf cfzbhj& lhjbc fv bynthdfkc 

lbjlbc xfhsdbc lhj tojlt,f& xfhsdbc ghjwtcbc lfchekt,fvlt lbjlbc ibuf obyfqj,f 

££ ¤£££¤§§ § §·£¯«· ££§ ·§¤±µ §©¤µL¦¬£ Á§L¥£¤ ¥§©º§F vbe[tlfdfl bv bcf, rom  

lbjlt,bc xfhsdbc lhj vbrhjofvt, bs ufbpjvt,f^ vfc fhct,bsb vybidytkj,f tybzt,f 

vfqfkb cb[ibhbc wredebSi muSaobis dros.  

Á§¬¦© £«±µ ¦³¦Â§L¥£¤ ·£µ©´µL£¤ ªµ·µ¶ £°NµL§ ¤¯©¦®¯¦©§ª£ §¶©«¥£¬£ 

·«Â©§¥£ ·¦{¯µL£¤ ³«º¸µº¯©§¸££¤ ³¬µL£¤ ¨©«¸µ¤£ ¿·¦{¯µL£¤ ¶§°«¥£¤ ¨©«¸µ¤£¡ § cfyfv 

bub ufenjklt,f xf rtnbkb vlujvfhtj,bc itcf,fvbc rjywtynhfwbfc^ lhjbc ufhrdtekb 

bynthdfkbf cfzbhj& lhjbc fv bynthdfkc lbjlbc ufvjhsdbc^ fye xfrtnbkb 

vlujvfhtj,bc fqlutybc lhj tojlt,f& ufvjhsdbc ghjwtcbc lfchekt,fvlt lbjlbc ibuf 

obyfqj,f vwbht cblblbcff lf lbjlib uflbc ere l tyb^ hjvtkvfw ufvjhsdbc cfo.bc tnfgpt 

ªµ£Â¬µL§ gbhlfgbhb ltybc cblbltcfw rb uflffzfh,jc& fvbnjv^ lbjlt,c^ hjvkt,bw 

·§²§¬£ ¤£{ª£©£¤ Á§L¥£¤ °©µª£§ ¶§·«NµºµL¦¬£ ¦º§ O®«ºµ´ ¶§·«©´¥£¤ ¿§²¶µº£¤¡ 

vwbht lhj ~1 vrov -pt yfrkt,b`&  

fyfkjubehb gfhfvtnht,bf ufvj.tyt, ekb nbhbcnjht,bcf lf cbvbcnjht,bc 

cohfavjmvtlt,bc itcfafct,kfl& 2&8 cehfspt yfxdtyt,bf nbhbcnjhcf lf cbvbcnjhib 

ufvfdfkb ltybc wdkbkt,bc [fcbfsb  vfhsdbc tktmnhjlbs xfhsdbc lhjc ~cehfsb 2&8^ f ` 

§ Á§L¥£¤ ¥§©º£¤ ·©¦£ ¿¤¦©§´£ RFX~L¡F   
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ai

au

dt

dia

0

0

t

t

a)

b)

1t 2t

Ct

 
¤¦©FRFXF ¨£©§¨£©£ µº£¤§ ¿§¡ § Á§L¥£¤ ¥§©º£¤ ¿L¡ ·©¦µµL£ ·§©´¥£¤ µ¬µ®¯©«£´  

nbhbcnjhbcf lf cbvbcnjhbc xfhsdbc lhjc  

 

nbhbcnjhekb ufcfqt,t,bc xfhsdbc ghjwtcbc  bythwbekj,f ufybcfpqdht,f xfhsdbc 

( tx ) lhjbc bynthdfkbs& t c erfyfcrytkb lfvjrblt,ekbf xfhsdbc  lf.jdyt,bc f   lf  

¶§¤§²µLµL±µ Á§L¥£¤ ¥§©º£¤  ³¬µL£¤  ©«£¤ £º¯µ©¥§¬µL±µ  

   t t t= +x 1 2 & 

lf.jdyt,bc t1 lhjbc bynthdfkb cfzbhjf nbhbcnjhekb cnhemnehbc ,fpt,ib 

·«Â©§¥£ ·¦{¯£¤ ¶§§·nfyt,bc bctsb rjywtynhfwbbc itcfmvytkfl^ hjvtkbw ufqt,bc 

ht utythfwbekb ghjwtcbc lfo.t,bcfsdbcff fewbkt,tkb^ [jkj t2  lhjbc bynthdfkbc 

·§ºÂ£¬±µ ·¦{¯µL£¤ ³«º¸µº¯©§¸£§ ¶§£±©µL§ ¯£©£¤¯«©¦¬£ ¤¯©¦®¯¦©£¤ ¤©¦¬£ ²£§ 

vlujvfhtj,bc itcf,fvbc v ybidytkj,fvlt&  

nbhbcnjhekb ufcfqt,bc xfhsdbc ghjwtcib gbhlfgbhb ltybc phlbc cbxmfht ~
di

dt

f ) 

lfndbhsdbc ohtlbc gfhfvtnht,ptf lfvjrblt,ekb& se lfndbhsdbc ohtlb lblb 

bylemwbehj,bc itvwdtkbf^ vfiby gbhlfgbhb ltybc phlbc cbxmfht lf,fkbf lf  

nbhbcnjhekb ufcfqt,b fqvjxylt,f qbf vlujvfhtj,fib^ bv SemTxvevaSi, se vfhsdbc 

tktmnhjlib ltybc ito.dtnbc vjvtynbc f sdbc gbhlfgbhb ltyb uflfzfh,t,c I i  ltyc 

~ceh&2&3^,`& fmnbehb fy ntdflobiTi  [fcbfsbc lfndbhsdbc itvs[dtdfib gbhlfgbhb  ltybc 

phlbc cbxmfht vfqfkbf& se ltybc phlbc cbxmfht fqtvfnt,f vjwtvek nbhbcnjhib ltybc 

phlbc cbxmfhbc rhbnbrek pqdfhc ö
÷

õ
æ
ç

å
kra )(

dt

di
, vfiby nbhbcnjhekb ufcfqt,bc lfpbfyt,bc 

sfdblfy fcfwbkt,kfl^ lfndbhsdbc ohtlib eylf xfbhsjc bylemwbehj,bc rjzf&  

n bhbcnjhekb ufcfqt,bc qbf vlujvfhtj,blfy xfrtnbkib uflfhsdbc ghjwtcbc 

bythwbekj,bc itafct,fc f[ltyty ufvjhsdbc lhjbc ( tufv ) bynthdfkbc cblblbc vb[tldbs& 
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¯£©£¤¯«©±µ ¦³¦Â§L¥£¤ ·£µ©´µL£¤ ªµ·µ¶~ £«£¤ §º§¬«¶£¦©§~ £°NµL§ ¤¯©¦®¯¦©§ª£ 

lfu hjdbkb ve[nt,bc rjywtynhfwbbc itvwbht,bc ghjwtcb ~ve[nt,bc ufht ohtlib 

¶§°«¥£¤ ¨©«¸µ¤£¡F µ¤ ¨©«¸µ¤£ ¶©Âµ¬µL§ ©«£¤ ¶§©³¥µ¦¬£ £º¯µ©¥§¬£¤ ·§ºÂ£¬±µ~ 

hjvtkcfw ufojdbc lhj ( tu ) tojlt,f ~ceh& 2&9^f`& tu  lhjbc uf yvfdkj,fib nbhbcnjhib 

uftlbyt,f lblb cblblbc ereltyb ~
maxie `& ufvjhsdbc lhjbc ( tufv ) ·§ºÂ£¬±µ ¦º§ 

lfvsfdhltc zfh,b ve[nt,bc ufojdbc ghjwtcb lf vj[ltc ve[nt,bc rjywtynhfwbbc 

itvwbht,f nbhbcnjhekb ufcfqt,bc cf,jk jj  xfrtnbkb vlujvfhtj,bc itcf,fvbc 

«ºµ·µF ¶§·«©´¥£¤ ©«£¤ £º¯µ©¥§¬ª£ ¯£©£¤¯«©±µ ¦º§ ªµº§©¹¦ºµ¤ ¦³¦Á§L¥§F ´¦ 

¶§·«©´¥£¤ ¨©«¸µ¤£¤ §·´§¥©µL§·µ ¯£©£¤¯«©±µ §²·«¹ºµL§ ¨£©§¨£©£ Á§L¥§~ ·§ª£º £¶£ 

sdbsyt,ehfl uflfbhsdt,f qbf vlujvfhj,fib ~vfhsdbc tktmnhjlib ltybc bvgekcbc 

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

§²Â¥©£¤ ·£±µ±£ {µL§F §·£¯«· ¯£©£¤¯«©£¤ ¶§·«©´¥£¤ ©« ( tufv )  ths -ths vybidytkjdfy 

cftmcgkefnfwbj gfhfvtnhc ofhvjflutyc& lf,fkcb[ibhekb nbh bcnjhekb ufcfqt,bc 

ufvjhsdbc lhj itflutyc 100&&&500 vrov -c^ cohfavjvmvtlb ~vfqfkcb[ibhekb` 

nbhbcnjht,bc ufvjhsdbc lhj -10&&&100 vrov-c  

ai

dt

dia

dt

dua

gt
au

auu

maxui

0

0

gamt

t

t

a)

b)

 
¤¦©FRFYF µº£¤§ ¿§¡ § Á§L¥£¤ ¿L¡ £§¶©§·µL£ ¯£©£¤¯«©µL£¤ ¶§·«©´¥£¤ ©«¤ 

 

ptvjufy[bkekb gfh §·µ¯©µL£¤ ¶§©§~ Á§¬¦©£ ¯£©£¤¯«©µL£¤ ·º£ª¥ºµ¬«¥§º 

¤§µ®¤¨¬¦§¯§¸£« ¨§©§·µ¯©¤ °§©·«§¶µº¤ ¨£©§¨£©£ Á§L¥£¤ ±©£¤ §¤§ª¥µL£ ¤£¹®§©µ 

~nbhbcnjhbc sdbsyt,ehb xfhsdbc ufvjcfhbw[fl`& lf,fkcb[ibhekb 

nbhbcnjht,bcfsdbc ~
dU

dt

f `rh =20&&&100d$vrov^  [jkj vfqfkcb[ibhekb  ~cohfavjvmvtlb` 

nbhbcnjht,bcfsdbc ~
dU

dt

f `rh =200&&&500d$vrov& 
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2.3. srul ad marTvadi n axevargamtaruli g asaRebebi  

 

2.3.1. Sesavali 

 

Zaluri (energetikuli) eleqtronikis progresi pirvel rigSi dakavSireb ulia 

im warmatebebTan, romelic srulad marTvadi Zaluri naxevargamtaruli xel -

sawyoebis teqnikuri maxasiaTeblebis da parametrebis srulyofis gzazea miRweuli. 

Eeleqtruli energi i s iseT momxmareblebSi, rogoricaa: mudmivi da cvladi denis 

amZravi, eleqtroTermia, eleqtrolizis teqn ologiuri danadgarebi, eleqtruli 

energii s mudmivi deniT gadamcemi xazebi da sxv. gamoyenebul naxevargamtarul 

xel sawyoebs akisriaT eleqtruli wredebis komutacia (perioduli gadarTvebi), e.i.  

muSaoben gasaRebisebur reJimSi. Eeleqtruli energi i s zemoaRniSnuli 

momxmareblebis simZlavre, rig SemTxvevaSi, megavatebiT ganisazRvreba da 

amavdroulad sul ufro izrdeba maTi gamoyenebis masStabebi . Aamitom, msoflios 

mowinave qveynebis firmebma da kompaniebma gasuli saukunis 80-ani wlebidan didi 

mecnieruli da sxva resursebi w armarTes teqnikurad srulyofili Zaluri 

naxevargamtaruli gasaRebebis Sesaqmnelad. damuSavda axali midgomebi da 

teqnologiebi am saxis xelsawyoebis dasamz adeblad.  

srulad marTvadi Zaluri naxevargamtaruli gasaRebebis funqciuri 

SesaZleblobebis Sesafaseblad Semota nili iqna vargisobis koeficienti.  Zaluri 

bipolar uli tranzistorebis vargisobis koeficients gansazRvraven gaZlierebis 

koeficie ntisa da sixSireTa gatarebis zolis maqsimaulri sixSiris namravliT. 

Zaluri v eliT marT vadi tranzistorebis vargisobis koeficienti gadac emis 

maxasiaTeblis daxrilobis proporcliuli da marTvis Se savali wredis tevadobis 

ukuproporc i ulia. O orive gasaRebis vargisobis koeficientze ZiriTad gavlenas 

dengamtari arxis sigrZe axdens. kerZod, dengamtari arxis sigrZis SemcirebiT 

gasaRebis vargisobis koef icienti izrdeba.  

srulad marTv ad Zalur naxevargamtarul gasaRebebSi dengamtari arxis 

damokleba SesaZlebeli gaxda ZiriTadi eleqtrodebis (anodi da kaTodi, emiteri da  

koleqtori, saTave da Casadinari) fuZe naxevargamtaruli kristalis erT zedapirze 

horizontaluri ( planaruli) ganlagebis nacvlad , urTierT mopirdapire 

zedapi rebze ganlagebiT (ZiriTad eleqtrodTa vertikaluri ganlagebiT).  

ZiriTad eleqtrodTa vertikaluri ganlagebis Sedegad Zaluri gasaRebebis 

vargisobis koeficienti erTi rigiT da metad gaizarda. Mmagram Zaluri gasaRebebis 

erTarxian vertikalur struqturas, planarul struqturasTan SedarebiT, uaresi 

siTburi Tvisebebi aRmoaCnda. vertikalur struqturiani Zaluri gasaRebebis 
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siTburi Tvisebebis gasaumjobeseblad saWiro gaxda dengamtari arxis danawevreba 

erTnai ri parametrebi s mqone didi raodenobis , paralelurad momuSave, dengamtar 

arxebad. Zaluri naxevargamtaruli gasaRebebis damzadebis am axal teqnologias 

safuZvlad daedo cifruli integraluri mikrosqemebis damzadebis teqnologiuri 

miRwevebi. aRniSnuli teqnologiuri miRwevebis gamoyenebiT SesaZlebeli gaxda 

mravalujredi ani struqturis mqone srulad marTvadi Zaluri naxevargamtaruli 

gasaRebebis Seqmna. 

mravalujrediani struqturis mqone naxevargamtaruli gasaRebebis moqmedebis 

principi da fizikuri maxasiaTeblebi ganisazRvreba struqturaSi Se mavali 

ident uri Tvisebis mqone calkeuli elementaruli ujredis (sabaz iso  ujredi) 

moqmedebis principiT da fizikuri TvisebebiT. r ac ufro rTulia am elementaruli 

ujredis struqtura, miT ufro axlosaa Zaluri gasaRebi idealurTan. idealuri ki 

i sTi g asaRebia, romelsac unari Seswevs myisierad gadarTos usasrulod didi 

sididis d eni (marTvis wredis mier moTxovnili nulis tol i  simZlavris pirobebSi) 

da moaxdinos  usasrulod didi sididis ukuZabvis blokireba (Sekaveba), gaaCnia 

gaxsnili mdgomareobis dros nulis tol i  narCeni Zabva da 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 struqturis mqone srulad marTvadi Zaluri naxe -

vargamtaruli gasa Rebebis samrewvelo warmoeba daiwyo gasuli saukunis 80-iani 

wlebidan. aseT gasaRebebs miekuTvnebian: 

¶ Zaluri bipolaruli tranzistorebi  (BJT); 

¶ Zaluri veliT mar Tvadi tranzistorebi izolirebuli mar Tvis eleqtrodiT  

(MOS FET); 

¶ bipolaruli tranzistorebi izolir ebuli ba ziT  (IGBT); 

¶ oroperaciuli (gamorTvadi) tiri storebi ( GTO); 

¶ t ranzistorebi da tiristorebi stat i kuri induqciiT ( SITr, SITh) ; 

¶ veliT gamorTvadi tiristorebi ( FCT, MCT); 

 zemodasaxelebuli Zaluri gasaRebebis bazaze sazRvargareTis wamyvani fi r mebi 

(Motorola, General Electric, Mitsubishi, da sxv.) amzadeben erT, or, oTx da eqvs 

gasaRebian modulebs, naxevradboguri da boguri (erTfaza,  samfaza) sqemebis saxiT. 

80-ani wlebis meore naxevarSi Seiqmna Zaluri (energetikuli) eleqtronikis 

xelsawyoTa axali klasi, romelmac miiRo Z aluri inteleqtualuri integraluri 

sqemebis saxelwodeba. aseTi sqemebi erT kristalSi an erT korpusSi aerTianeben 

rogorc Zalur srulad marTvad gasaRebebs , sakuTari marTvisa da dacvis sqemebTan 



 21 

erTad, ise mTeli gardamqmneli danadgaris marTvis sistemas, kontroli sa da 

sadiagnostiko sistemebs. A amis gamo, mkveTrad mcirdeba gardamqmenlis wona da 

zomebi, izrdeba muSaobis saimedooba da farTovdeba maTi funqciuri 

SesaZleblobebi. 

 

2.3.2 Zaluri tranzistoruli gasaRebebi  

 

2.3.2.1 Zaluri bipolaruli tranzistoruli gasaRebi  

 

n-p-n tipis Zaluri bipolaruli tranzistoris sabazis o  ujredis 

struqt ura 2.10 suraTzea naCvenebi. sabaziso  ujredis dasamzadeblad gamoiyeneba 

minarevis gazrdili koncentraciis (Zlierlegirebuli) Semcveli n-tipis 

siliciumis safeni ( n+-Sre), romlis qveda zedapirze g akeTebulia koleqtoris 

omuri kontaqti (liT onis Sre). n+-safenis zeda zedapirze epitaqsialuri amozrdis 

meTodis gamoyenebiT miRebulia minareviT sustad legirebuli (maRali omuri 

winaRobis) n--Sre. am Sris z edapirze difuziuri meTodis gamoyenebiT Seqmnilia  p-

bazis Sre. amis Semdeg, p-bazis zedapirze planaruli teqnologiis mixedviT  

xorcieldeba zedapiris  dafarva sil i ciumis orJangis ( SiO2) Txeli SriT, 

siliciumis orJangis Sris garkveuli ubnebis specialuri xsnariT amoWmis Sedegad 

warmoqmnil fanjrebSi donoruli minarevis i mplantacia da emiteris n+- ubnebis 

miReba, emiterisa da bazis ubnebis zedapiris moliToneba da sakontaqto 

eleqtrodebis gakeTeba. amrigad, emterisa da bazis sako ntaqto gamomyvanebi 

Sesrulebulia na xevargamtaruli kristalis erT zedapirze, xo lo koleqtoris 

sakontaqto gamomyva ni-sawinaaRmdego mxares mdebare zedapirze. aseTnairad Seqmnil 

struqturas vertikaluri struqtura ew odeba. 
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sur. 2.10 Zaluri bipolaruli tranzistoris sabazo ujredis struqtura  

koleqtoruli gadasasvleli sabazis 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 is o ujredSi danawevrebuli xasiaTisaa,  ris 

Sedegadac Semcirebulia winaRoba p-bazisa da emiteris kontqats Soris, 

gaumjobesebulia denis ganawileba da aRmofxvrilia e.w. Termulad arastabiluri 

cxeli we r tilebi, romlebic denis araTanabari  ganawilebis gamo warmoiqmneba. 

sustad legirebuli koleqtoruli ubnis arseboba Zalur bi polarul 

tra nzistorSi iwvevs denis gadacemis koeficientis mniSvnelovan Semcirebas. amitom, 

tranzistoris gajerebis reJimis uzrunvelsayofad saWiro xdeba bazis denis 

mniSvnelovani gazrda. amis gamo ki mniSvnelovnad izrdeba xelsawyos marTvis aTvis 

saWi ro simZlav re, rac arasasurvelia. d enis gadacemis koeficientis gazrdis 

saWiroeba moiTxovs sabazis o ujredis struqturis garTulebas ( 2.10-suraTze 

naCvenebi ar aris). kerZod, sabazis o ujredSi keTdeba damatebiTi tranzistoruli 

struqtura ( n-p-n) da am gziT ujredSi formirebu li ori tranzistori SeerTdeba 

e.w. dar lingtonis sqemis mixedviT (Sedgenili tranzistoris sqema). 

tranzistorebis See r Tebis sqema 2.11. suraTzea naCvenebi.  

 

 
sur. 2.11 Sedgenili tranzistoris sqema  

 

aseTi struqturis mqone tranzistoris bazis denis gadacemis ko eficienti  

ɓ=ɓ1Āɓ2 , 

sadac ɓ1, ɓ2 ïVT1,VT2 tranzistorebis denis gadacemis koeficientebia.  

 VT1 da VT2 tranzistorebis emiteruli gadasasvlelebi daSuntebulia R1 da 

R2 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 Caketil mdgomareobaSi gadasvlis 

(gamorTvis) dinamikur maxasiaTebels. 

 

2.3.2.2. Zaluri bipolaruli tranzistorebis  

saqesploatacio parametrebi  

 

Zaluri bipolaruli tranz istorebis sacnobaro katalogebSi , Cveulebriv , 

zRvruli sae qsploatacio parametrebia miTiTebuli. Zaluri bipolaruli 

tranzi storis muSaobis zRvrulad dasaSvebi reJimi ganisazRvreba Zabvisa da denis 

dasaSvebi mniSvnelobebiT, agreTve xelsawyoSi gamoyofili maqsimalur ad dasaSvebi 

simZlavriT da korpusis temperaturiT. Zaluri bipolaruli tranzistoris 

mwyobridan gamosvlas ZiriTadad iwvevs erT-erT eleqtrul gadasasvlelze 

dasaSvebze meti si didis ukuZabvis moqmedeba da xelsawyos gadaxureba didi sididis 

denis gavlis dros.  

Zaluri  bipolaruli tranzistoruli gasaRebis SerCevis a da muSaobis reJi mis 

gasaangariSeblad gamoyenebuli sacnobaro parametrebis CamonaTvali mocemulia 

cxrilis saxiT.  

 

cxrili 2.1.  

Zaluri bipolaruli tranzistorebis parametrebi  

 

parametrTa 

jgufi  
parametris dasaxeleba 

aRniSvna 
gazomvis reJimi 

rus.  ingl.  

1 2 3 4 5 

 

 

 

koleqtoris  

Zabvis mixedviT 

 

 

 

 

koleqtoruli gadasasve vlis 

maqsimalurad dasaSvebi Zabva 

 

 

maqsimalurad dasaSvebi Zabva 

koleqtor -emiters Soris  

 

 

koleqtor -emiteris gajer ebis 

Zabva 

Vʢʙ max 

 

 

 

 

Vʢ ɻmax 

 

 

 

Vʢ ɻʥʘʩ 

VCBO 

 

 

 

 

VCEO 

 

 

 

VCE(sat) 

roca emiretis deni 

nulis tolia  

 

 

roca bazis deni n ulis 

tolia  

 

 

koleqtoris denis 

mocemuli mniSvnel obisa 

da bazis pirdapiri de n-

is mocemuli 

mniSvnelobis dros  
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koleqtorisD  

denis mixedviT 

koleqtoris deni mokve -Tis 

reJimSi 

 

koleqto ris maqsimalurad 

dasaSvebi deni 

 

koleqtoris maqsimalurad 

dasaSvebi impulsuri deni  

 

 

 

IKmax 

 

 

IKĀʠ 

ICEX 

 

 

IC 

 

 

ICM 

bazis wredis uaryo -

fiTi wanacvlebis dros  

korpusis mocemul 

te mperaturaze  

 

impulsis xangrZli vobis 

mocemuli sididis dros  

 

 

 

 

 

marTvis wredis 

mixedviT 

 

baza-emiteris maqsimalurad 

dasaSvebi ukuZabva 

 

 

bazis deni mokveTis r eJimSi 

 

 

 

baza-emiteris gajerebis Zabva  

 

Vɹmɻax 

 

 

 

- 

 

 

 

 

 

VɹʕĀHAC 

 

VEBO 

 

 

 

IEBO 

 

 

 

 

 

VBE(sat) 

 

roca koleqtoris d eni 

nulis tolia  

 

 

bazis wredis uaryo -

fiTi wanacvlebisa da 

koleqtori s nulis 

toli denis dros  

 

koleqtoris denis 

mocemuli mniSvnel obisa 

da bazis pirdapiri de n-

is dros  

 

 

 

gaZlierebis 

koeficientis 

mixedviT 

denis statikuri gaZlier ebis 

koeficienti  

 

 

 

 

gaZlierebis sasazRvro 

si xSire  

 

h21ʕ 

 

 

 

 

 

frP 

hFE 

 

 

 

 

 

fT 

koleqtoris denis 

mocemuli mniSvnel obisa 

da koleqtor -emiteris 

mcire Zabvis dros  

 

koleqtoris denis 

mocemuli mniSvnelobis 

dros  

 

dinamikuri  

parametrebi 

 

 

 

 

 

 

 

koleqtoris denis zrdis 

xangrZli voba 

 

 

CarTvis dro  

 

koleqtoris denis klebis 

xangrZli voba 

 

tHAP 

 

 

 

tBKʃ 

 

 

tCʇ 

 

 

tR 

 

 

 

tON 

 

 

tF 

 

 

Sesavali da gamosavali 

wredebis mocemuli  

r eJimis dros  
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dinamikuri  

parametrebi 

 

 

 

 

gawovis dro  

 

koleqtoruli gadasasvl elis 

barieruli tev adoba 

 

tpacc. 

 

 

CKɹ 

tS 

 

 

CCB 

 

gamosavali Zabvis 

mocemuli mniSvnelobis 

dros  

 

 

 

 

 

 

 

 

siTburi 

parametrebi  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

gadasasvleli -korpusis 

si Tburi win aRoba 

 

gadasasvleli -garemos 

gardamavali w i naRoba 

 

gadasasvleli -korpusis 

gardamavali wi naRoba 

 

gadasasvlelis maqsi malurad 

dasaSvebi temperatura  

 

korpusis tem peratura  

 

garemos temperatura 

 

 

 

 

 

 

korpusi -gamagrilebeli s 

si Tburi winaRoba 

 

RT(ʇ-K) 

 

 

RT(ʇ-ʉ) 

 

 

ZT 

 

 

 

TʇĀmax 

 

 

TK 

 

TCP 

 

 

 

 

 

 

 

RT(K-O) 

 

RTh-C 

 

 

RThJ-A 

 

 

ZThJ-C 

 

 

 

TJ(max) 

 

 

TC 

 

TA 

 

 

 

 

 

 

 

RThC-S 

 

gamagrilebelis 

gamoyenebis SemTxvevaSi 

gamagrilebeli ar aris 

gamoyenebuli  

 

impulsis xangrZli vobis 

mocemuli mniSvnelobis 

dros  

 

 

 

 

 

 

 

 

korpussa da 

gamagrilebels Soris 

kontaqtis mocemuli 

parametrebis pi robebSi 

simZlavre koleqtorze gabneuli 

maqsi maluri simZl avre 

PK PC korpusis mocemuli 

te mperaturis 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 v-mde Zabvaze, 10 khc muSa sixSiris dros. 

aseTi gasaRebebis umniSvnelovanes dadebiT Tvisebas warmoadgens Ria gasaRebze 
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Zabvis vardnisa (narCeni Zabvis) da simZlavris danakargis mcire sidide. Ria 

gasaRebze narCeni Zabva ar aRemateba 1,5-2 v. amavdroulad, am saxis gasaRebebs 

gaaCniaT ser i ozuli uaryofiTi Tvisebebi c:  

¶ bipolaruli tranzistoruli gasaRebis marTvi s wredi moiTxovs sakmaod 

did simZlavres;  

¶ maRalia gadarTvebTan dakavSirebulia gardamavali procesebis 

inerciul oba; 

¶ gasaRebebis paraleluri SeerTebis dros adgili aqvs calkeul StoSi 

denis araTanabar gadanawilebas. paralelur StoebSi denebis 

gaTanabrebisaTvis saWiroa damatebiTi sqemuri elementebis gamoyeneba;  

¶ maRalia aseTi gasaRebebis siTburi da meoreuli garRvevis albaToba.  

zemoaRniSnuli uaryofiTi Tvisebebis gamo , Zaluri bipolaruli 

tranzist oruli gasaRebebis gamoyenebis sfero sakmaod SezRudulia.  

 

2.3.2.3 Zaluri ve liT 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 is o ujredebis 

damzadeba xdeba ori variantis mixedviT: V-teqnologiiT ( V-MOS FET) da D-

teqnologiiT ( D-MOS FET). 

V-teqnologiis mixedviT damzadebul sabaz is o ujreds mxolod vertikaluri 

str uqtura gaaCnia (sur. 2.12). sawyis masalad gamoiyeneba n+-naxevargamtaruli  

kr istalis firfita (safeni) , romelzec amozrdilia n--epitaqsialuri Sre. am Sreze 

minarevebis Tanamimdevruli difuziiT formirdeba p-ubani da Zlierlegirebuli n+-

saTavis ubani. am etapamde warmoebuli teqnologiuri operaciebi bipolaruli 

sabazis o ujreds Sesrulebisas gamoyenebuli teqno logiuri operaciebis identuria. 

amis Semdeg, SerCeviTi qimiuri 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 eleqtrodis) sakontaqto gamomyvani. analogiurad ukeTdeba 

sakontaqto gamomyvanebi n+ -ubnebs. rac Seexeba Casadinaris  sakontaqto gamomyvans, 

i gi Sesrulebulia n+- naxevargamtaruli kristalis safenis ukana moliTonebuli 

zedapiridan. 
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sur. 2.12 ldn tranzistoruli gasaRebis sabaz is o ujredis struqturebi: a) V teqnologia;  

b) D teqnologia; g)  ekvivalenturi sqema; 1. - dieleqtriki; 2. n-arxi; 3. n
- -tipi s 

epi taqsialuri Sre 4. n
+ - tipis safeni  

 

D-teqnologiis mixedviT damzadebul sabaz is o ujreds SeiZleba hqondes 

r ogorc vertikaluri, ise horizontaluri (planaruli) sturqtura. amJamad , aseTi 

sabazis o ujredebis damzadeba ZiriTadad  xdeba vertikaluri st r uqturis mix edviT 

(sur. 2.12, b). am saxis sabazis o ujredis Sesrulebis drosac gamoyenebulia 

Zlierlegirebuli n+-safeni, romlis ukana zedapiri dafarulia liTonis Txeli 

SriT da igi Casadi naris  funqcias asrulebs. safenis wina zedapirze epitaqsialuri 

amozrdis meTodis gamoyenebiT Seqmnilia sustad legirebuli n--Sre. am Sreze 

minarevebis Setanis difuziuri teqnologiis gamoyenebiT Seqmnilia  p-ubani da 

saTavis Zlierlegirebuli n+-ubnebi. moliTonebis operaciis Catarebis Sedegad 

miRebulia Camketisa da saTavis sakontaqto gamomyvanebi.  

V-ldn da D-ldn sabaz is o ujredebis Sesrulebis TiTqmis erTnairi 

teqnol ogiis miuxedavad, V-ldn sabaz is o ujredebs aqvT Zalze mcire sigrZis 

dengamtari arxi (0,1 mkm-de). 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 is o ujredebSi dengamtari arxis sigrZe 

mniSvnelovnad meti sidi disaa. aseTi gasaRebis gamrRvevi Zabva sakmaod maRalia, 

magram, amave dros, sakmaod didia Ria gasaRebze narCeni Zabva.  

ldn sabaz is o ujr edis muSaobis principi planaruli teqnologiiT 

Sesrul ebuli dainduqciebularxiani veliT marT vadi tranzistoris muSaobis 

principis an alogiuria. sabaz is o ujredis Ria mdgomareobaSi gadarTvis aTvis 

aucilebelia arxis im ubnis gamtarobis inversia, ro melic uSualod mmarTveli 
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eleqtrodis (Camketis) qvemoTaa moTavsebuli. Zaluri ldn gasaRebis sabaz is o 

ujredi, rogorc wesi,  n-arxiania. sabazis o ujredis Camketze dadebiTi wanacvlebis 

Zabvis miwodebisas, eleqtruli velis Zalxazebi gaaRweven ra Camketsa da arxs 

Soris ganTavsebul d i eleqtrikis SreSi, moxdeba p-ubnis zedapiruli Sreebidan 

xvrelebis ganzidva, x olo  p-ubnis siRrmiseuli Sreebidan zedapiruli Sre ebisaken-

eleqtronebis mizidva. amis gamo, p-ubnis zedapirqveSa Sreebi (Camketis qvemoT) 

gamdidrdeba eleqtronebiT da Seicvleba am Sreebis gamtarobis tipi, e.i. n+-saTvisa 

da n- Casadinaris  ubnebi erTmaneTs daukavSirdebian n-tipis arxiT.  

Zaluri ldn -tranzistoris orive saxis sabaz is o ujredi Seicavs Siga 

ñparazitulò n-p-n bipolarul tranzistors ( VT, sur. 2.12.), romlic 

warmoqmnilia: n+-saTavis ubniT  (emiteri), inversuli arxis p-ubniT (baza) da n--

epitaqsialuri SriT (koleqtori). es tranzistori CarTulia ldn -struqturis m u-

Sa arxis paralel urad. imisaTvis, rom xelsawyom SeinarCunos veli T marTvadi 

tranzistorebisaTvis damaxasiaTebeli dadebiTi Tvisebebi , aucilebelia gamoiricxos 

muxtis gadamtanebis bipolaruli meqanizmis amoqmedeba. am mizniT p-ubnis nawili 

Zaluri ldn - tranzi storis sabazo  ujredSi  kontqatSi imyofeba saTavis gamomyvanis 

liTonis SresTan. sqemoteqnikuri TvalsazrisiT aseTi teqnologiuri RonisZiebis 

gatareba parazit uli n-p-n tranzistoris emiteruli gadasasvlelis mokled 

SerTvis eqvivalenturia. Tumca, imis gamo, rom p-ubans gansazRvruli sasruli 

sididis grZivi Rp winaRoba gaaCnia, aRniSnuli problema bolomde gadaWrili ar 

aris. Casadinaris  wredSi Zabvis didi siCqariT cvlilebis dros Tavs iCens du/dt-s 

efeqti. kerZod, tevad obiTi  xasiaTis ukukavSiris denma grZiv Rp winaRobaze 

SeiZleba Seqmnas n-p-n tranzistoris gaRebisTvis sakmarisi wanacvlebis Zabva. 

zemoaRniSnulis gaTvaliswineba gansakuTrebiT saWiroa maRali Zabvis ldn -

tranzistorebis struqturaSi, sadac gam oyenebuli unda iqnes dacvis damatebiTi 

saSualebebi. 

sakontaqto liTonis SresTan p-ubnis mierTebis gamo, Zaluri ldn - 

tranzi storis struqturis SigniT kidev erTi damatebiTi elementi -ukuwanacvlebis 

mqone p-n- gadasasvleli Cndeba. es ukanaskneli SeiZleba ganxiluli iqnes, rogorc 

Siga di odi, romelic saTave -Casadinaris  wredis Semxvedr-paraleluradaa CarTuli 

(sur.  2.12, g). sabazis o ujredis daproeqteba xdeba ise, rom am diodis zRvruli 

parametrebi SesabamisobaSia ldn-tranzistoris analogiur maCveneblebTan da amave 

dros gaaCnia Caketili mdgomareobis aRdgenis sakmaod mcire dro.  

V-ldn da  D-ldn sabaz is o ujredebis struqturaTa Soris garkveuli 

gansxvavebis miuxedavad, maT muSaobas safuZvlad udevs erTi saerTo principi. 
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kerZod, Caketili mdgomareobis dros Casad dinarsa da saTaves Soris mierTebuli 

gareSe Zabvis wyaros eleqtruli veli koncentrirebulia Casadi naris  n--

epitaqsialur ubanSi, ris gamoc gamrRvevi Zabvis (maSasadame dasaSvebi Zabvis) 

sidide maRalia. bipola r uli sabaz is o ujredis msgavsad , ZabviT garRvevis SesaZlo 

meqanizmebia:  

¶ zvavuri garRveva eleqtruli velis daZabulobis didi sididis dros;  

¶ siTburi garRveva denuri gadatvirTvebis dros;  

¶ gamWoli garRveva, romelic sivrculi muxtis velebis gadaadgilebisa da 

moZravi muxtebiT gaRaribebuli ubnebis mi j ris efeqtiTaa ganpirobebuli.  

 

2.3.2.4 Zaluri ldn gasaRebebis saeqsploatacio  parametrebi 

 

Zaluri ldn gasa Rebebis SerCevis da muSaobis reJimis gaangariSebis dros 

gamoyenebuli sacnobaro parametrebis CamonaTvali mocemulia cxri lis saxiT.  

cxrili 2.2  

Zaluri ldn tranzistoris parametrebi  

parametrTa 

jgufi  
parametris dasaxeleba 

aRniSvna 
gazomvis reJimi 

rus.  ingl.  

1 2 3 4 5 

 

Zabva 

Casadi narze 

Zabvis maqsimalurad dasaSvebi 

sidide  Casadinarsa da saTaves 

Soris  

Vcu max VDS  

 

 

 

 

Casadinaris  

deni 

 

mokveTis deni Casadi narSi 

 

 

Casadinaris maqsimalurad 

dasaSvebi deni 

 

Casadinaris maqsimalurad 

dasaSvebi impulsuri deni  

 

IOTC 

 

 

IC max 

 

 

ICʠ 

 

IDSS 

 

 

ID 

 

 

IDM 

Camket-saTavis mokled 

CarTvisa da VDS Zabvis 

dros  

 

korpusis mocemuli 

te mperaturis dro s 

 

impulsis xangrZli vobis 

mocemuli mniSvnelobis 

dros  

 

 

marTvis 

wredis 

parametrebi  

 

maqsimalurad dasaSvebi 

pird apiri (uku) Zabva  Camket-

saTaves Soris  

 

zRur bluri Zabva  Camket-

saTaves Soris 

Vɿʀ max 

 

 

 

Vɿʀ ʇOP 

 

 

VGSS 

 

 

 

VGS(th) 

 

 

Casadinari -saTavis 

wredis mokeld CarTvis 

dros  

 

VDS Zabvis dros  
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Camketis gaJonvis deni 

Vɿʀ OTC IGSS VGSS Zabvis da 

Casadinar i -saTavis 

wredis mokled CarTvis 

dros  

 

 

 

maZlierebeli 

parametrebi  

pirdapiri gadacemis 

maxasiaTeblis daxriloba  

 

Casadinari-saTaves Soris 

wi naRoba Ria mdgomareobis 

dros  

S 

 

 

RCU 

gFS 

 

 

RDS (On) 

VDS da ID mocemuli 

mniSvnelobis dros  

 

ID da Camket-saTave 

Zabvis mocemuli 

mniSvnelobis dros  

 

 

 

 

 

 

 

 

 

dinamikuri  

parametrebi  

 

 

 

 

 

 

 

 

 

 

CarTvis dayovnebis dro  

 

gamorTvis dayovnebis dro 

 

Casadinaris denis zrdis dro  

 

Casadinaris  denis klebis dro  

 

Sesavali wredis tev adoba 

gamosavali wredis t evadoba 

 

gamomavali wredis t evadoba 

 

Camketis wredis saerTo 

muxti  

 

 

Zabvis zrdis kritikuli 

si Cqare Caketili 

mdgomareobis dros 

 

 

tɿ BKʃ 

 

tɿ BʓK 

 

tʥap 

 

tʉʇ 

 

ʉ11,U 

 

C22,U 

 

C12,U 

 

 

- 

 

 

 

 

du/dt 

tD(on) 

 

tD(off) 

 

tR 

 

tF 

 

CiSS 

 

COSS 

 

CRSS 

 

 

QG 

 

 

 

 

du/dt 

Sesavali da gamosavali 

wredis mocemuli 

reJ i mis dros  

 

 

 

VDS-is mocemuli 

sid i dis a da 1 mghc 

sixSiris dros  

CiSS=CGS+CGD 

COSS=CGD+CDS 

CRSS=CGD 

 

datvirTvis a da marTvis 

mocemuli reJimis dros  

 

gamosavali Zabvis 

mocemuli amplitudis, 

Camket -saTavis wredis 

mokled SerTvis da 

gadasasvlelis 

mqasimaluri 

temperaturis dros  

 

 

siTburi  

parametrebi  

 

 

gadasasvleli -korpusi s 

si Tburi winaR oba 

 

gadasasvleli -garemos si Tburi 

winaRoba 

 

korpusi -gamagrilebeli s 

RTʇ-K 

 

 

RTʇ-C 

 

 

RTK-O 

RThJC 

 

 

RThJA 

 

 

RThCS 

gamagrileblis 

gamoyenebis dros  
 

gamagrileblis gareSe  

 

korpussa da g ama-

grilebels Soris 
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siTburi  

parametrebi  

si Tburi winaRoba 

 
 

gadasasvleli -korpusi s 

gardamavali wi naRoba 

 

gadasasvlelis maqsimalurad 

dasaSvebi temperatura  

 

korpusis temper atura  

 

garemos temperatura 

 

 

 

rT 

 

 

Tʇ max 

 

 

TK 

 

TOKP 

 

 

 

ZThJC 

 

 

TJ(max) 

 

 

TC 

 

TA 

kontaqtis mocemuli 

parametrebis dros  

 

impulsis mocemuli 

xangrZli vobis dros  

 

temperaturis dade biTi 

da uaryofiTi 

diapazonisaTvis 

 

 

simZlavre 

gabneuli simZlavris 

maqsimaluri mniSvneloba  

 

energiis danakargi CarTvis 

dros  

 

energiis danakargi gamorTvis 

dros  

Pmax 

 

 

- 

 

 

- 

PD 

 

 

EON 

 

 

Eoff 

korpusis temper aturis 

mocemuli mniSvnelobis 

dros  

 

datvirTvis da mar Tvis 

mocemuli reJimis dros  

 

Zalur i  ldn gasaRebebis dadebiTi Tvisebebia:  

¶ ldn gasaRebSi adgili ar aqvs muxtis dagrovebis da gawovis inerciul 

procesebs, amitom gasaRebis erTi mdgomareobidan meoreSi gadarTvis siCqare 

maRalia. aqedan gamomdinare, ldn gasaRebebs SeuZliaT normaluri 

funqci onireba gacilebiT ufro maRali sixSiris denis  gardamqmnelebSi, 

vidre b i polarul tranzistorul gasaRebebs;  

¶ ldn gasa Rebebis marTvis simZlavre gacilebiT naklebia, vidre bipol aruli 

traznistoruli gasaRebebis marTvis simZlavre;  

¶ ldn gasaRebis dengamtari arxis erTgvarovnebis gamo, misi winaRobis 

temperaturuli koeficienti dadebiTi niSnisaa. amis gamo , gasaRebis 

Termomedegoba maRalia da gaaCnia arxSi gamavali denebis simkvrivis 

TviTgaTanabrebis unari. am Tvisebebidan gamomdinare, gasaRebebis paraleluri 

SeerTebis dros aRar aris sa Wiro paralelur StoebSi denebis 

maTanabrebeli damatebiTi elementebis gamoyeneba; 

 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 gamo, gasaRebSi simZlavris mniSvnelovan danakargs aqvs adgili. am maCveneblis 

mixedviT igi mniSvnelovnad CamorCeba Zalur bipolarul tranzistorul gasaRebs.  

 

 

 

 

2.3.2.5. Zaluri bipolaruli tranzistoruli gasaRebi  

izolirebuli baziT  

 

am saxis xelsawyo warmoadgens ldn da bipolaruli tranzistorebis str uq-

tu raTa monoliT ur kombiancias. xelsawyos sabazis o ujredi miiReba Sesavali ldn 

da gamosavali bipolaruli tranzistor ebis struqturaTa Serwy mis Sedegad. aseTi 

teqnikuri gadawyvetis Sedegad miRebul xelsawyoSi gaerTianebulia rogorc 

bipolaruli, ise ldn tranzistoris dadebiTi Tvi sebebi. sabazis o elementis 

struqt 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 sabazis o ujredis struqtura warmodgenilia 2.13. a suraTze, 

xolo 2.13. b suraTze naCvenebia sabazis o ujredis e kvivalenturi sqema. IGBT 

gasaRebis sabazis o ujred s aqvs ldn -gasaRebis sabazo ujredis analogiuri struq -

tura. gansxvaveba mxolod imaSia, rom IGBT gasaRebis sabazis o ujredis Sesrulebis 

dros n+-tipis safenis nacvlad gamoyenebulia p+- tipis safeni, ris Sedegadac 

struqt uraSi gaCndeba erTi damatebiTi p-n gadasasvleli. safenis ukana zedapiris 

moliTon ebis Sedegad miRebuli kontaqti asrulebs koleqtoris funqcias, 

romelsac gasaRebis Ria mdgomareobaSi gadarTvis dros miuerTdeba gareSe Zabvis 

wyaros plusi (Za bvis wyaros minusi miuerTdeba emiters). ldn -sabazis o ujredis 

msgavsad, gareSe wyaros Zabvis  Ziri Tadi nawili  sustad legirebul n--epitaqsialur 

Sreze moedeba.  

izolirebul Camketze dadebiTi wanacvlebis Zabvis miwodebis dros , p-ubnis 

zedapirqveSa Sreebis gamtarobis inversiis gamo, warmoiqmneba n-tipis dengamtari 

ar xi _2 da emiter -koleqtoris wredSi gaivlis deni. denis ZiriTadi gza naCvenebia 

2.13 suraTze. 
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im procesTan erTad, romelic ldn -struqturisTvisacaa damaxasiaTebeli, 

gansaxilveli struqturis sabaz is o ujredSi aRiZvreba muxtebis gadanawilebis 

damatebiTi procesi. imis gamo, rom koleqtoris Zlierlegirebul p+-ubanze 

dadebiTi Zabva moqmedebs, adgili aqvs p+-ubnidan muxtis araZiriTadi gadamtanebis 

intensiur inieqcias  n- _ ubanSi. am ubanSi warmoqmnili muxtis araZiriTadi 

gadamtanebis koncentraciis gradientis arsebobis gamo, xvreleb i gadainacvleben n- - 

ubnis siRrmeSi, arxis maxloblad warmoqmnian dadebiT moculobiT muxts da axdenen 

arxis winaRobis sididis Secvlas (modulacias). aqedan gamomdinare, aseTi 

struqturis mqone s abazis o ujredma miiRo modulirebulgamtarobiani struqturis 

saxelwod eba. arxis modulaciis gamo , misi winaRoba gamtari mdgomareobis dros 

mniSvnelovnad mcirdeba.  

 

 
sur. 2.13 IGBT  sabazis o ujredis struqtura (a); ekvivalenturi sqema (b);  

pirobiTi aRniSvna (g); 1 - liTonis Sre; 2 - arxi; 3 - dieleqtriki; 4 - Camketi 

 

Ria IGBT gasaRebze Zabvis sruli vardna (VTI  parazituli tranzistoris 

gavlenas mxedvelobaSi ar vRebulobT) etoleba   

 ( ) ,
- -

= +
p n p

CE sat BE B onV V I R  (2.1) 

sadac VBE - p-n-p tranzistoris pirdapiri wanacvlebis mqone emiterul   

gadasasvlelze arsebuli Zabvis vardnaa;  

Ron ïldn tranzistoris dengamtari arxis omuri winaRobaa;  

IB- p-n-p tranzistoris bazis denia.  

maSasadame, Ria tranzistorul gasaRebze arsebuli Zabvis sruli vardna or 

komponents Seicavs:  

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

SemdegSi sruli  Zabvis vardnis dioduri Semdgeni vuwodoT;  
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¶ Zabvis vardna ldn tranzistoris arxis winaRobaze, romelsac SemdegSi 

vuwodoT sruli Zabvis vardnis omuri Semdgeni. 

erTis mxriv, Ria IGBT gasaRebze arsebuli sruli Zabvis vardna ar SeiZleba 

iyos Zabvis vardnis dioduri Semdgeni zRvrul 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 bazis wredSi arsebobs , xolo gamosavali deni , amave dros , p-n-p 

tranzistoris emiteris dens warmoadgens. imis gamo, rom emiteris deni bazis dens 

(ɓ+1)-jer aR emateba, dengamtari arxis modulaciis dros miiReba gamosavali denis 

mimarT arxis winaRobis (ɓ+1)-jer Semcirebis efeqti. amitom ( 2.1) gamosaxuleba 

Semdeg saxes mii Rebs 

 .
1

)( C

on

pnp
BEsatCE I

R
VV Ö

+
+=

-- b
 (2.2) 

(2.2) gamosaxulebidan gamomdinareobs, rom IGBT gasaRebSi pirdapiri Zabvis 

vardnis Sesamcireblad SeiZleba ori meTodis gamoyeneba: epitaqsialuri Sris omuri 

winaRobis Semcireba da p-n-p tranzistoris bazis denis gadacemis koef i cientis (ɓ) 

gazrda. 

pirveli meTodis gamoyenebis dros SemzRudvel faqtors warmoadg ens n--Sris 

geometriul zomebTan dakavSirebuli faqtori, romelic Caketil gasaRebze 

zRvr ulad dasaSvebi Zabvis sididis SemcirebiTaa ganpirobebuli. ɓ gadacemis 

koeficientis mniSvnelovani gazrdis damabrkolebel faqtors ki warmoadgens IGBT 

gasaRebis struqturaSi e. w. trigeruli efeqtis aRZvris albaToba. saqme imaSia, rom 

IGBT gasaRebis sabazis o ujredis struqturaSi Semavali VT1 da VT2 tranzistorebs 

Soris (sur. 2.13, b) arsebobs Sinagani dadebiTi ukukavSiri (tiristoruli 

struqturis analogiurad). es ukukavSiri ganpirobeb ulia imiT, rom VT2 

traznistoris kole qtoris deni gavlenas axdens VT1 tranzistoris bazis denze, 

xolo VT1 tranzist oris koleqtoris deni -VT2 tranzistoris bazis denze. 

garkveuli pirobis Sesrul ebis SemTxvevaSi SeiZleba aRiZvras gasaRebis CarTvis 

regeneraciuli pro cesi, r omelsac trigerul efeqts uwodeben. trigeruli efeqtis 

amoqmedebisas, IGBT gasaRebian gar damqmnel mowyobilobebSi adgili aqvs seriozul 

avariul reJims.  

yuradReba unda gamaxvildes IGBT gasaRebis sabazis o ujredis muSaobis kidev 

erT Taviseburebaze, rac imaSi gamoixateba, rom pirdapiri denis gavlis procesSi 

struqturis bazebSi grovdeba muxtis War bi araZiriTadi gadamtanebi (ldn sabazis o 

ujredis struqturaSi aseT process adgili ar aqvs). amis gamo , IGBT sabazis o 

ujredis struqturis ldn 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 

koncentraciis Semcireba wonasworul mdgomareobaSi dasabruneblad, unda moxdes 

mxolod muxtebis rekombinaciis xarjze. rekombinaciis procesis inerciulobis 

gamo, koleqtorSi denis Sewyvetis momenti faziT CamorCeba struqturis ldn 

nawilis gamorTvis moments, e.i. gasaRebis marTvis wredidan gamorTvis Semdeg, 

drois gar kveuli intervalis manZilz e gamosaval wredSi (kole qtorSi) iarsebebs 

narCeni deni (tail current), romelic auaresebs IGBT gasaRebis sixSirul Tvisebebs 

(ldn gasaRebTan SedarebiT).  

iz olirebulbaziani Zaluri bipolaruli gasaRebebis dasaxasiaTeblad  

parametrTa igive sistema gamoiyeneba, romelic Zaluri ldn gasaRebebisTvis aris 

damaxasiaTebeli (cxrili 2.2.). gansxvaveba mxolod imaSia, rom Ria arxis winaRobis 

nacvlad cnobarebSi mocemulia koleqtor -emiteris gajerebis Zabva Vʵʢ ʥʘʩ [VCE(sat)], 

r omelic gani sazRvreba koleqtoris denisa da Camketis Zabvis mocemuli 

mniSvnelobis dros. zogi damamzadebeli firm a agreTve iZleva  monacemebs IGBT 

gasaRebis gajerebis Zabvis calkeuli Semdgenebi Sesaxeb (struqturis veliT 

marTvadi da bipol arul i nawilebisaTvis)  

 VCE (sat) = VCEP-n+RCE(on)IC.  (2.3) 

 Tanamedrove Zalur IGBT gasaRebebs SeuZliaT normaluri funqcionireba 1ka -

mde denze da ramdenime kilovoltamde Zabvaze. muSa sixSire 50khc-mdea. 

 Zaluri IGBT gasaRebebis dadebiTi Tvisebebia: 

¶ mcirea marTvisaTvis moTxovnili simZlavre;  

¶ gaaCniaT denuri gadatvirTvebis mimarT gazrdili mdgr adoba; 

¶ mcirea Ria gasaRebze simZlavris danakargi;  

¶ gaaCniaT gazrdili swraf moqmedeba gadarTvebis dros (Zalur bipolarul 

tranzistorul g asaRebTan SedarebiT). 

 

2.3.2.6. statikuri induqciuri tranzistoruli  gasaRebi (SITr)  

 

statikuri induqciuri tranzistori faqtiurad warmoadgens p-n gadasasvle lian 

veliT marTvadi tranzistors. arsebobs aseTi tranzistoris sabaz is o uj redis 

Sesrulebis sami varianti, romlebic erTmaneTisgan gansxvavdebia n mmarTveli 

eleqtrodis (Camketis) konstruqciuli SesrulebiT. 2.14.a suraTze naCvenebia 

CamalulCamketiani sabazis o ujredis struqtura. Camketi ganTavsebulia dengam tari 

arxis siRrmeSi da aqvs badis forma. amitom mas mmarTvel badesac uwodeben. 
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sabazis o ujredi s damzadeba xdeba siliciumis n+-tipis safenze. am safen i s 

wi na zedapirze epitaqsialuri amozrdis meTodis gamoyenebiT Seqmnilia n--sustad 

l egirebuli Sre. ujreds aqvs vertikaluri struqtura. Casadinaris kontaqti 

Seqmni lia safenis ukana zedapiris moliTonebis gz iT. Semdgomi teqnologiuri 

operaci ebis CatarebiT miiReba saWiro geometriis mqone p+-ubnebi (mmarTveli bade) 

da saTavis n+-ubani. teqnologiuri procesis bolo etapze moliTonebis gziT 

miiReba Camketis da saTavis sakontaqto gamomyvanebi. 

 

 

 

 

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

pirobiTi aRniSvna (b)  

 

sabazis o ujredis struqturis gamrRvevi Zabvis sidide damokidebulia n--

epitaqsialuri Sris sisqeze.  

Camketze uaryofiTi niSnis Zabvis miwodebisas, mmarTveli  p+-n- gadasasvlelebis 

garSemo warmoiqmneba minarevis ionebis sivrculi muxtis ubani, romlis ZiriTadi 

nawili gan Tavsdeba sustad legirebul n--SreSi. sivrculi muxtis ubnebis urTierT 

gadakveTisas arxSi denis gavla Sewydeba (arxi Caiketeba). rodesac Camketze 

uaryofiTi wanacvlebis Zabva miwodebuli  ar aris  (Camketis potenciali nulis 

to lia), maSin  arxSi gaedineba maqsimaluri deni, e.i. statiku ri induqciuri 

tranzistoruli gasaRebi normalurad Ria gasa Rebs war moadgens. 

Ria gasaRebze narCeni Zabvis sidide damokidebulia sustad legirebuli n--Sris 

winaRobaze, romelic didi sididisaa. amitom Ria gasaRebze narCeni Zabva sakmaod 

maRalia. Ria gasaRebze narCeni Zabvis sididis  Semcireba SesaZlebelia Camketze 

dadebiTi wanacvlebis Zabvis miwodebiT. am SemTxvevaSi, Camketis p+-Sridan adgili 

aqvs muxtis araZiriTadi gada mtanebis inieqcias n--ubanSi, ris Sedegadac IGBT 
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gasaRebis analogiurad, moxdeba arxis winaRobis modulacia (Semcireba). gasaRebis 

muSaobis aseT reJims bipolaruli reJimi ewodeba. bipolaruli re Jimi gamoiyeneba 

did d enebze da maRal Zabvebze momuSave statikur induqciur gasaRebebSi. 

statikuri induqciuri tranzistorebis saeqsploatacio parametrebs 

axasiaTebT mniSvnelovani gabnevadoba. yvelaze srulyofilad aseTi gasaRebebis 

Sefaseba SesaZlebelia Zaluri ldn da IGBT gasaRebebis parametrTa sistemiT, 

romelsac d amatebuli a qvs specialuri parametrebi, romlebic asaxaven aseTi 

gasaRebebis bipolarul reJimSi muSaobas. damatebiTi parametrebis sistema 

mocemulia 2.3. cxrilSi.  

cxrili 2.3  

statikuri induqciuri tranzistoruli gasaRebebis  

damatebiTi parametrebi 

parametrTa jgufi  parametris dasaxeleba aRniSvna  gazomvis reJi mi 

 

 

 

marTvis wredis  

parameterbi  

 

 

 

 

 

Camketis pirdapiri 

impul suri denis 

maqsimalurad dasaSvebi 

mniSvneloba 

 

 

 

 

IG 

 

 

 

 

 

 

 

impulsebis 

xangrZl i vobis da 

simeCxris mocemuli 

mniSvnelobis dros  

 

 

 

 

 

efeqturoba  

 

blokirebis ko ef i cienti  

 

 

 

saerTo saTaviani sqemis 

denis gadacemis statikuri 

koeficie nti  

 

Ria mdgomareobis winaRoba 

bipolarul reJi mSi 

B 

 

 

 

 

 

ɓ 

 

 

 

RDS(on)BP 

 

Casadinari -saTaves 

Soris  maqsimaluri 

Zabvis dros  

 

Casadinaris denis, 

Camketis denisa da 

Casadinari-saTave 

Zabvis mocemuli 

mniSvnelobis dros  

 

dinamikuri 

parametrebi  

 

gawovis dro bip olarul 

reJimSi 

 

tS 

Casadinaris da 

Camketis denis 

mocemuli 

mniSvnelobis dros  
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statikuri induqciuri tranzistoruli gasaRebebi simZlavriseuli da 

dinami kuri parametrebis mixedviT axlosaa bipo larul tranzistorul gasaRebe bTan. 

garda amisa, isini normalurad Ria gasaRebebs warmoadgenen, ris gamoc maTi marTvis 

saimedooba dabalia. yovelive amis gamo, statikuri induqciuri tranzistoruli 

gasaRebebis 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 eleqtrodis saSualebiT. srulad 

marTvad tiristorebs gamorTvad (Caketvad) tiristorebsac uwodeben, riTac 

xazgasmulia is faqti, rom Cveulebrivi, anu erToperaciuli tiristorisgan 

gansxvavebiT, marTvis eleqtrodiT SesaZlebelia maTi ara  marto gaxsna, aramed 

Caketvac (gamorTvac). 

srulad marTvadi tiristoruli gasaRebebi miekuTvnebian yvelaze mZlavr 

gasaRebTa jgufs. am jgufSi Sedi s: oroperaciuli (gamorTvadi) tiristori, 

induqci uri tiristori da veliT marT vadi tiristori. ganvixiloT 

zemoCamoTvlili t i ristoruli gasaRebebis konstruqciuli Taviseburebebi da 

eleqtruli Tvisebebi . 

 

2.3.3.1. Zaluri oroperaciuli (gamorTvadi) tiristori ( GTO)  

 

 Zaluri oroperaciuli tiristorebis damzadeba warmoebs mravalarxiani 

struqturis mixedviT. igi Seicavs erTnairi Tvisebis mqone elementarul (sabaz is o) 

ujredTa did raodenobas. ase , magaliTad, oroperaciuli tiristori, romelic 

gaTvaliswinebulia 4 kiloamperi denis gat arebaze, Seicavs 2000 sabazis o ujreds. 

TiToeuli ujredis marTvis eleqtrods SeuZlia Caketos 2 a deni.  

Zaluri oroperaciuli tiristoruli gasaRebis sabaz is o ujredis damzadeba 

xdeba ori ZiriTadi saxis struqturis mixedviT, romlebic 2.1 5. suraTzea naCvenebi. 

suraTz e warmodgenil orive saxis sabaz is o ujreds aqvs vertikaluri struqtura. 

kaTodisa da marTvis eleqtrodebis sakontaqto liTonis Sreebi Seqmnilia 

krist alis erT zedapirze, xolo anodis sakontaqto liTonis Sre -kristalis 

sawinaaRmdego mxaris zedapirze.  

safenad gamoyenebulia  sustad legirebuli (maRalomuri)  n--siliciumis 

firf i ta, 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 Semdeg, kaTodis n+-ubnebis zedapirebis moliTonebiT Seqmnilia kaTodis 

sakontaqto gamomyvanebi, xolo p-bazis zedapiruli ubnebis moliTonebiT -bazis 

sakontaqto gamomyvanebi. 

 

 

sur. 2.15 Zaluri oroperaciuli ti ris toris saba zis o ujredis struqturebi (a,b);  

oroper aciuli tiris toris pirobiTi aRniSvnebi (g)  

 

2.15, a suraTze warmodgenil sabaz is o ujredis struqturaSi anodis p+-ubani 

erTgvarovania. tiristorul gasaRebze ukuZabvis moqmedebis dros gareSe Zabva 

praqtikulad mTlianad J3 gadasasvlelze moedeba, radgan J2 gadasasvlels am dros 

pirdapiri wanacvleba gaaCnia, xolo  J1 gadasasvlelis gamrRvevi ukuZabva mcire 

si didisaa ( J1 gadasasvlelis mcire sisqis gamo).  J3 gadasasvleli ZiriTadad 

koncentrirebulia n- - sustad legirebul ubanSi. am gad asasvlelis garRvevisTvis 

didi Zabvaa saWiro (gadasasvlelis didi siganis gamo) . amave dros, sakmaod maRalia 

Ria gasaRebze narCeni Zabvisa da simZlavris danakargis sidide. aseTi struqturis 

mqone oroperaciuli tiristoruli gasaRebebi gamoiyeneba maRali Zabvis d enis 

gar damqmnel mowyobilobebSi, romlebic ar saWiroeben sqemuri komponentis saxiT 

ukumaSuntebel diodebs. 

2.15, b suraTze warmodgenil sabaz is o ujredis struqturaSi anodis p+-Sre 

araerTgavrovania. aq Seqmnilia n+-Zlierlegirebuli lokaluri ubnebi, ris 

Sedegadac warmoqmnili damatebiTi eleqtruli gadasasvlelebi axdenen J3 

gadasasvlelis ganawilebul daSuntebas ukuZabvis moqmedebis dros, e.i. asruleben 

ukumaSuntebeli diodebis funqcias. aseTi struqturis mqone sabaz is o ujredis 

dasaSvebi ukuZabva SedarebiT dabalia, Tumca gaumjobesebulia sxva eleqtruli 

Tvisebebi. aseTi struqturis mqone  gasaRebis Ria mdgomareobis narCeni Zabva da 

simZlavris danakargi SedarebiT naklebi  sididisaa, gaaCnia ukeTesi dinamikuri 
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Tvisebebi da mcirea gaJonvis ukudeni. oroperaciuli  tiristoruli gasaRe bebi 

farTod gamoiyeneba Zabvis avtonomiur invertorebSi.  

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 

jgufi  
parametris dasaxeleba 

aRniSvna 
gazomvis reJimi 

rus.  ingl.  

1 2 3 4 5 

 

 

 

anoduri wr edis 

Zabva 

 

 

 

 

mudmivi pirdapiri Zabva 

Caketil mdgomare obaSi 

 

mudmivi ukuZabva Caketil 

mdgomareobaSi 

 

Ria mdgomareobis Zabva 

ganmeorebadi (araganmeorebadi) 

impulsuri pirdapiri Zabva 

Caketil mdgomare obaSi 

 

ganmeorebadi (araganmeorebadi) 

impulsuri ukuZabva Caketil 

mdgomareobaSi 

Vʧʦʩʪ 

 

 

Vʧʦʩʪ 

 

 

Vʦ.ʩ 

 

Vʧ (Vʥ.ʧ) 

VD 

 

 

VR 

 

 

VT 

 

VDRM 

(VDSM) 

 

 

 

 

 

anoduri denis mocemuli 

mniSvnelobis dros  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

anoduri wr edis 

deni 

 

 

 

 

ganmeorebadi impulsuri 

Casaketi deni  

 

 

saSualo deni Ria 

mdgomareobis dros  

 

denis moqmedi mniSvneloba Ria 

mdgomareobis dros 

 

araganmeorebadi dartymis deni 

Ria mdgomareobis dros 

 

IʇĀʀ 

 

 

 

ICP 

 

 

 

Iʜʝʡʩʪ 

 

 

Iʫʜʘʨ 

 

 

ITQRM 

 

 

 

IT (av) 

 

 

 

IT (rms) 

 

 

ITSM 

 

 

anoduri Zabvis da 

dacvis wredis 

parametrebis mocemuli 

mniSvnelobis dros  

sinusoiduri formis 

(60 hc si xSire)  

 

 

 

 

sinusoiduri formis 

naxevarperi odi (60 hc 

sixSire)  



 41 

 

 

 

 

 

 

 

anoduri wr edis 

deni 

Sekavebis anoduri deni 

 

dacvis maCvenebeli 

 

narCeni denis sawyisi 

mniSvneloba gamorTvis dros  

 

 

pirdapiri (uku) deni 

Caketi li mdgomareobis dros  

Iʫʜ 

 

I
2
t 

 

 

- 

 

 

 

 

Iʋʊ 

IH 

 

I
2
t 

 

 

ITQT 

 

 

 

 

ID(IR) 

 

 

sinusoiduri formis 

erTi periodi (60 hc 

sixSire)  

gamorTvis mocemuli re -

Jimisa da gadasasvlelis 

mocemuli temperaturis 

dros  

anoduri Zabvis mocemu-

li mniSvnelobis dros  

 

 

 

marTvis wredis 

parametrebi  

 

 

 

 

 

 

impulsuri pirdapiri (uku) 

Zabva marTvis eleqtrodze  

 

marTvis gamRebi Zabva 

 

 

marTvis eleqtrodis 

impul suri pirdapiri (uku) 

deni 

 

mmarTveli gadasaslelis 

gamRebi deni 

 

mmarTveli eleqtrodis 

Camketi denis zrdis si Cqare 

VʋʇĀmax 

(Vʫʦ max) 

 

Vʫʦ 

 

 

- 

 

 

Iʫʦ 

 

 

- 

VFGM 

(VRGM) 

 

VGT 

 

 

IFGM 

(IRGM) 

 

IGT 

 

 

diGQ/dt 

 

 

 

 

 

 

 

anoduri wredis 

mocemuli reJimis dros  

 

 

 

 

 

 

dinamikuri  

parametrebi  

CarTvis dayovnebis dro  

 

gamorTvis dro  

 

marTvis eleqtrodis mixe dviT 

CarTvis dayovnebis dro 

 

anoduri denis klebis dro 

marTvis eleqtrodiT 

Caketvi sas 

 

marTvis eleqtrodiT Cake t vis 

dayovnebis dro  

tɿ BKʃ 

 

tBKʃ 

 

 

- 

 

 

tCʇ 

 

 

tB 

tGD 

 

tGT 

 

 

tGL 

 

 

tGF 

 

 

tGQ 

 

 

 

 

 

 

 

Sesavali da gamosavali 

wredebis mocemuli 

r eJimis dros  
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Tanamedrove Zaluri oroperaciuli tiristoruli ga saRebebis simZlavri seuli 

parametrebi TandaTan uaxlovdeba erToperaciuli tiristorebis analogiur 

parametrebs. ase , magaliTad, iaponurma kompaniam ñmitsubishi Electricò aiTvisa 

oroperac i uli tiristorebi 6000 a denze da 6000 v muSa Zabvaze. es tiristo rebi 

normal urad funqcionireben 20 khc muSa sixSiris dros. Ria tiristorze narCeni 

Zabva ar aRemateba 6 v-s. Caketvis koeficienti 5õ6-is fargle bSia. 

 

 

2.3.3.2 induqciuri tiristoruli gasaRebi ( FCT)  

 

statikuri induqciuri tranzistorebis msgavsad, arsebobs induqciuri 

tiri storis sabaz is o ujredis Sesrulebis ramdenime varianti. 2. 16. suraTze 

naCvenebia induqciuri tiristoris sabaz is o ujredis Sesrulebis erT -erTi 

struqturuli varianti -sabazis o ujredi marTvis eleqtrodis zedapiruli 

SesrulebiT.  

 

sur. 2.16 induqciuri tiris toris saba zis o ujredis struqtura (a); sabaz is o ujredis  

eqvivalenturi sqema (b); induqciuri ti ris toris pirobiTi aRniSvna(g)  

 

safeni warmoadgens p+-tipis siliciumis firfitas (induqciur tranzistorSi 

safenad n+-tipis siliciumi iyo gamoyenebuli). safenis ukana zedapiri 

moliTon ebulia da gakeTebuli aqvs anodis sakontaqto gamomyvani. safenis wina 

zedapirze formirebuli Sreebis ganlageba praqtikulad induqciuri 

tranzistoruli varia ntis gameorebas warmoadgens. aq ganTavsebulia: sustad 

legirebuli n--epitaqsialuri Sre, marTvis ele qtrodis zedapiruli p+-ubnebi da 

kaTodis n+-ubnebi. struqturaSi Semavali da morigeobiT ganlagebuli oTxi 

sxvadasxva tipis gamtarobis mqone ubnebis arsebobam ganapiroba xelsawyos 

dasaxeleba-tiristori. aseTi tiristoruli g asaRebis sabazis o ujredi warmoadgens 
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p-n-p tipis tranzistorisa ( VT1) da p-n gadasasvleliani n-arxiani veliT marTvadi 

tranzistoris ( VT2) kombiancias (sur. 2. 16, b). induqciuri tiristoris pir obiTi 

aRniSvna 2.16, 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 mqmedi gasaRebia. 

induqciuri tiristoruli gasaRebi no rmalurad Ria gasaRebs warmoadgens. 

rodesac marTvis eleqtrods nulis toli potenciali aqvs, xolo anods -dadebiTi 

potenciali, maSin p+-anoduri ubnidan n--epitaqsialur  SreSi inieqcirebuli 

xvr elebis moculobiTi muxti axdens  n--sustad  legirebuli Sris gamtarobis 

modul acias (gamtarobis gazrdas). struqturaSi (sur. 2. 16, a) Semavali VT2 veliT 

marTvadi tranzistoris dengamtari arxis winaRoba mcirdeba, xolo VT1 

bipolaruli tranzistori gadadis gajerebis reJimSi. tiristorSi gaivlis Ria 

mdgomareobis Sesabamisi deni, romlis gza ze mxolod erTi p+-n- gadasasvlelia. 

amitom, Ria induqciur tiristorul gasaRebze arsebuli  narCeni Zabva 

mniSvnelovnad naklebia, vidre erT da oroperaciul tiristorul gasaRebebze  

narCeni Zabvis sidide, rac aseTi gasaRebis mniSvnelovani dadebiT Tvisebas 

warmoadgens. induqciuri tiristoruli gasaRebis mniSvnelovani dadebiT Tvisebas 

warmoadgens isic, rom Ria gasaRebis winaRobis temperaturuli koeficienti 

dadebiTi niSnisaa. amis gamo, adgili aqvs gasaRebis struqturaSi Semavali 

elementaruli ujredebis denebis TviTgaTanab rebis efeqts. induqciur tiristorul 

gasaRebs gaaCnia gazrdili Termomedegoba pikuri denuri gadatvirTvebis m i marT.  

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 li 

gasaRebebis marTvis wredi, Zaluri ldn gasaRebebis msgavsa d, moiTxovs mcire 

simZlavres. 

zemoaRniSnuli dadebiTi Tvisebebis miuxedavad, induqciurma tiristorulma 

gasaRebebma jer-jerobiT ver hpoves farTo praqtikuli gamoyeneba. amis mizezi, 

er Tis mxriv, isaa, rom rTulia maTi  damzadebis teqnologia. meores mxriv, i mis 

gamo, rom igi normalurad Ria gasaRebia, gaaCnia marTvis dabali saimedooba. 

i nduqciuri tiristoruli gasaRebis Caketili mdgomareobis uzrunvelsayofad 

aucilebelia marTvis eleqtrodze uaryofiTi wanacvlebis Zabvis (10 -20v) uwyveti 



 44 

SenarCuneba. uaryofiTi wanacvlebis Zabvis xanmokle gamorTvas SeuZlia gamoiwvios 

aseT gasaRebebze momuSave gardamqmnel mowyobilobebSi katastrofuli avariuli 

proc esebi. 

wamyvani firmebis Zalisxmeva mimarTulia induqciuri tiristoruli gasaRebis 

aRniSnuli naklovani mxaris gamosasworeblad. ukve Seqmnilia normalurad Caketil 

induqciur tiristorul  gasaRebTa ramdenime varianti, Tumca, maTi damzadeba did 

teqnologiur sirTuleebTan aRmoCnda dakavSirebuli.  

 

2.3.3.3. veliT marT vadi tiristoruli gasaRebi (MCT)  

 

veliT marT vadi tiristorebi warmoadgenen Zaluri naxevargamtaruli 

gasaRebebis axal klass. am saxis gasaRebis struqturaSi integrebulia induqciuri 

tiri stori da izolirebulCamketiani veliT marT vadi tranzistori. gasaRebis 

marTva xorcieldeba veliT marT vadi tranzistoris saSualebiT , ris  gamoc igi 

normal urad Caketil gasaRebs  warmoadgens. amave dros, mas gaaCnia induqciuri 

tiristor i saTvis damaxasiaTebeli dadebiTi Tvisebebi.  

monoliTurma naxevargamtarulma struqturam,  romelSic integrebulia 

mmarTveli ldn tranzistorisa da induqciuri tiristoris struqturebi, miiRo 

kombi nirebuli tranzistorul -tiristoruli struqturis saxelwo deba-MCT (MOS 

Composite SITh). aseTi gasaRebis sabazis o ujred is struqtura warmoadgenilia 2. 17, 

a suraTze. 2.17, b suraTze ki naCvenebia sabazis o ujredis e kvivalenturi sqema da 

MCT gasaRebis pirobiTi aRniSvna.  

 

sur. 2.17 veliT marT vadi ti ristoruli  gasaRebis ( MCT) sabazis o ujredis struqtura (a); 

eqvivalenturi sqema (b); veliT marT vadi ti ristoris  pirobiTi aRniSvna (g). 1 -liTonis Sre; 2 - 

dieleqtrikis Sre; 3 - ldn tranzistoris Casadinari; 4 - ldn tranzistoris saTave  
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mmarTvel ldn tranzistorul struqturaSi Sedis  Zlierlegirebuli n+-

saTavisa (4) da Casadinaris (3) ubnebi. saTave dakavSirebulia sabazis o ujredis 

kaTodis sakontaqto gamomyvanTan. ldn tranzistorSi im SemTxvevaSi gaivlis deni, 

Tu Camketze miwodebuli dadebiTi Zabva aRemateba p-Sris gamtarobis inversiisTvi s 

saWiro zRurblur mniSvnelobas. am dros , ldn  tranzistoris Casadinari, romelic 

uSualo kavSirSia  n--epitaqsialur SresTan, sabaz is o ujredis kaTodTan aRmoCndeba 

mierTebuli. maSasadame, sabazis o ujredis anodsa da kaTods Soris deni gaivlis 

mxolod im SemTxvevaSi, rodesac ldn tranzistoris Camketze zRurblurze meti 

sididis Zabva moqmedebs, e.i. aseTi struqturis mqone ujredi normalurad Caketili 

gasaRebia. 

sabazis o ujredis centralur nawilSi moTavsebulia induqciuri tiristoris 

marTvis eleqtrodis (Camketis) p+-ubani. es ukanaskneli kaTodis liTonur Sres 

ukavSirdeba CaSenebuli p+-n+ gadasasvleliT. sqemoteqnikuri TvalsazrisiT , es 

gadasasvleli warmoadgens (1,5õ2,5)v muSa Zabvis mqone stabilitrons. aseTi 

stru qturuli erTeulis damateba aumjobesebs sabaz is o ujredis dinamikur 

maxasiaTeblebs 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. 

damuSavebulia MCT gasaRebis sabazis o ujredis sxvadasxva varianti: n- da p Ł

arxiani ldn tranzistoriT, Zabvis Sekavebis (blokirebis) simetriuli da 

arasimetriuli TvisebiT, gaRebis optikuri meTodiT da sxv . Tumca, yvela maTgans 

gaaCnia erTi saerTo Tviseba: gasaRebis erTi mgomareobidan meoreSi gadarTva 

xor cieldeba struqturaSi integrebuli ldn tranzistoriT.  

Zalur i  MCT gasaRebis saqesploatacio parametrebi oroperaciuli 

tiristor ebis parametrebis analogiuria. garkveuli gansxvavebaa mxolod marTvis 

wredis par ametrTa jgufSi.  

MCT gasaRebebis simZlavriseuli parametrebi (muSa Zabva da deni) 

SesabamisobaSia erT da oroperaciuli tiristoruli analogiebis simZlavriseul 

parametrebTan. 
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2.4 naxevargamtaruli gasa R ebebis zRvruli   

parametrebi  

 

Zaluri gasaRebis muSaobis zRvrulad dasaSvebi reJimi ga nisazRvreba 

maqsimalurad dasaSvebi ZabviT da deniT, gabneuli simZlavris maqsimaluri 

mniSvnelobiT, gadasasvlelebis da korpusis maqsimalurad dasaSvebi temperaturiT.  

Zabvis zRvruli mniSvneloba SezRudulia gasaRebis struqturaSi ama Tu im 

saxis garRvevis ganviTarebis SesaZleblobis gamo: moculobiTi muxtis zonebis 

mirTva, zvavuri da zedapiruli garRveva. Tanamedrove Zaluri gasaRebebis 

stru qturaSi ganmsazRvreli roli zvavur garRvevas gaaCnia, radgan masTan 

dakavSirebulia muxtis gadamtanebis ukontrolo gamravlebis proce si.  

gasaRebis maqsimalurad dasaSvebi denis sidide damokidebulia  gadasasvlelebis 

maqsimalurad dasaSveb muSa temperaturaze, konstruqciul Sesrulebaze 

(gamomyvanebis da kontaqtebis saimedoobaze), agreTve gasaRebis maZlierebeli Tv i -

sebis cvl i lebis diapazonze , mocemuli denuri datvirTvis p i robebSi. 

naxevargamtaruli gasaRebis gadasasvlelebis a da korpusis maqsimalurad 

dasaSvebi temperatura ganisazRvreba fuZe masalis fizikuri TvisebebiT. igi 

damokidebulia agreTve gadasasvlelebis struqturaze da konstruqciaze.  

bipolaru li tranzistorebis da statikuri induqciis principze momuSave 

tranzistorebis maqsimalurad dasaSvebi  temperatura ramdenadme maRalia Zaluri 

ldn da  IGBT tranzistorebis dasaSveb  temperatura sTan SedarebiT. 

regeneraciul efeqtze momuSave tiristorul gasaRebebs SeuZl iaT no r maluri 

funqcionireba (125õ140)0C maqsimaluri temperaturaze, xolo induqciuri 

tiri storuli struqturis maqsimalurad dasaSvebi temperatura 200 0C aRwevs. 

naxevargamtaruli gasaRebis muSaobis minimaluri temperaturis zRvaris 

dadgena xdeba imis mixedviT, rom ar moxdes xelsawyos konstruqciis daSla da 

ele qtruli maxasiaTeblebis mniSvnelovani gauareseba. minimaluri temperaturis 

zRvari ZiriTadad Semoifargleba ( -40õ-60)0C-iT.  

naxevargamtaruli gasaRebis mier gabneuli maqsimaluri simZlavre 

damokidebulia misi struqturi s siTbur winaRobaze, romelic am simZlavres 

akavSirebs gadasasvleleb i s temperaturasTan. temperaturis kavSirs gasaRebis 

struqturaSi g amoyofil simZlavresTan gansazRvravs siTbos warT mevis meTodi da 

gamagrileblis konstruqcia.  

Zaluri naxevargamtaruli gasaRebebis  zRvruli SesaZleblobebis TvalsaC i nod 

warmodgenis mizniT, gamoiyeneba usafrTxo reJimebis ares (ura) amsaxveli diag rama, 

romelsac maqsimaluri reJimebis aresac uwodeben (SOA-Safe Operation Area), 



 47 

2.4.1. usafrTxo reJimebis are (ura)  

 

usafrTxo reJimebis are  (ura)  ewodeba eleqtrul maxasiaTebelTa 

erTobl i obas, romelTa SenarCunebis SemTxvevaSi uzrunvelyofilia 

naxevargamtaruli gasaRebis saimedo muSaoba, misi parametrebisa da maxasiaTeblebis 

mniSvnelovani gauaresebis gareSe. ura -s sazRvrebi ganisazRvreba gamosavali deniT, 

ZabviT, maqsimaluri gabneuli simZlavriT da gadasasvlelebis dasaSvebi 

t emperaturiT.  

naxevargamtaruli gasaRebebis normaluri funqcionireba damokidebulia 

eqsploataciis reJ i mze. amis gamo, mizanSewonilia cal -calke iqnes ganxiluli:  

¶ ura pirdapiri wanacvlebi s dros ( pura) ( FBSOA-Forward Bias SOA)-

eqsploataciis reJimi gasaRebis Sesavali wredis dadebiTi ZabviT 

wanacvlebis dros;  

¶ ura ukuwanacvlebis dros (uura)  (RBSOA-Reverse Bias SOA)-eqsplo ataciis 

reJimi gasaRebis Sesavali wredis uaryofiTi ZabviT wanac vlebis dr os; 

¶ ura denuri gadatvirTvis reJimSi ( SCS OA-Short Circuit SOA). 

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

horizont aluri ubani BC Seesabameba gamosavali denis (Iout) maqsimalur dasaSveb 

mniSvnelobas, xolo vertikaluri ubani  (EF) -gasaRebis gaTiSuli Ses avali wredis 

SemTxvevaSi (yvelaze mZime reJimi) gamosavali Zabvis zRvrul (dasaSveb) 

mniSvnelobas (Vout0). aRniSnul sidideebze xanmokle da mciredi gadametebac ki 

iwvevs gasaRebis struqt uris Seuqcevad dazianebas. 

 

 
sur. 2.18 pirdapirwanacv lebiani gasaRebis usafrTxo reJimebis ares  

diagramis tipuri saxe mudmivi denis reJimSi  
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sur. 2.19 pirdapirwanacvlebiani gasaRebis usafrTxo reJimebis ares  

diagrama Zaluri denis sxvadasxva xangrZlivobis dros  

 

 

diagramis AB monakveTi gansazRvravs gajerebis Zabvis minimalurad SesaZlo 

mniSvnelobas datvirTvis denis mocemul i  mniSvnelobis dros . aseTi SezRudva 

praqtikulad ar arsebobs bipolarulgamtarobian gasaRebebSi, dengamtari bazuri 

Sreebis winaRobis maRali donis modulaciis pirobebSi.  

diagramis daxrili CD monakveTis sazRvrebi ganisazRvreba gasaRebis 

stru qturaSi gamoyofili im zRvruli simZlavriT, romlis drosac gadasasvlelis 

te mperatura miaRwevs maqsimalurad dasaSveb (TJ(max)) mniSvnelobas. 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 gamosavali denis xangrZlioba 10 mk wm -ze naklebia ura -is diagra ma 

Rebulobs sworkuTxa formas da Semofarglulia gasaRebis maqsimalurad da saSvebi 

impulsuri  deniT IOUT.P(max) da zRvruli gamosavali ZabviT VOUT.0 (sur. 2.19).  

muSa wertilis gamosvla pura -s farglebs gareT bipolaruli gasaRebebSi muSa 

denis SedarebiT mcire da gamosavali Zabvis didi mniSvnelobis dros ufro 

saxif aToa, vidre didi denisa da SedarebiT m cire Zabvis dros. gamosavali denis 

garkveul kritikul mniSvnelobaze ufro metad Semcirebisas , bipolaruli gasaRebis 

struqturaSi aRiZvreba eleqtrosiTburi ukukavSiri, rac meoreuli gar Rvevis 

mi zezi xdeba. aseTi garRvevis fizikur mizezs gamosavali denis lokal i zaciis 

efeqti warmoadgens, ris Sedegadac gasaRebis struqturaSi Cndeba e.w. ñcxeli 

wertilebiò da adgili aqvs struqturis siTbur daSlas (ganadgurebas). Tu 

teqnologiuri procesis araidealurobis gamo gasaRebis elementarul sabaz is o 

ujredebSi deni araTanabrad ganawil da, maSin zogierTi ujredi (romelSic meti 

deni gaivlis) did temperaturamde cxeldeba. imis gamo, rom bipolaruli 

struqturebis Ria mdgom areobis winaRobas uaryofiTi temperaturuli koeficienti 

gaaCnia, met temperaturamde gacxelebul ujredebSi kidev ufro  meti sidid is deni 
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gaivlis, rac, Tavis mxriv, kidev ufro  gazrdis struqturis lokalur gadaxurebas 

da a.S. zemoaRniSnulidan gamomdinare, pura damatebiT izRu deba diagramaze naCvenebi 

DE monakveTiT (sur. 2.18.). gamosavali denis zRvruli mniSvneloba, romlis drosac 

gasaRebis struqturaSi Termuli arastabiloba iwyebs ganviTarebas , denis 

xangrZliobaze praqtikulad  ar aris damokid ebuli.  

meoreuli garRvevis denis zRvruli mniSvneloba (garRvevis sazRvari)  

  IOUT= a (VOUT)
-n,  (2.4) 

sadac a, n- gasaRebis struqturasa da teqnologiaze da mokidebuli parametrebia.  

veliT marT vad da kombinirebul gasaRebebs gaaCniaT Ria mdgomareobis 

winaRobis dadebiTi temperaturuli koeficienti. Aamitom aseT gasaRebebSi ar 

arsebobs eleqtrosiTburi ukukavSiri da masTan dakavSirebuli meoreuli garRvevis 

uaryofiTi mo vlena. aseTi gasaRebebis calkeuli ujredis denuri gadatvirTviT 

gamowveuli temperaturis gazrda gamoiwvevs maTi winaRobis gazrdas da denis 

avtomatur Semcirebas, e.i. aseTi gasaRebebis struqturaSi moqmedebs denebis 

TviTgaTanabrebis meqanizmi. aqedan gamomdinare, aseTi gasaRebebi xasiaTdebian 

gazrdili Termomedeg obiT. Tumca, arc aseTi gasaRebebia srulad dazRveuli 

Termomedegobis darRvevisgan. saqme imaSia, rom uwyveti gamosavali denis gazrdisas, 

temperaturis momatebiT g amowveuli winaRobis swrafi zrda iwvevs xelsaw yoSi 

simZlavris mniSvnelovan danakargs 

  P=I2
OUT ron(T),  (2.5)  

sadac ron-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 Zabvi s naxtomiseburi cvlile ba da 

sxv.), romlis drosac SesaZlebelia gasaRebis struqturaSi Semavali parazituli 

n-p-n tranzistoris CarTva da meoreuli garRvevis analogiuri efeqtis warmoqmna.  

naxevargamtaruli gasaRebis Caketvis dros , usafrTxo muSaobis Sesafaseblad 

gamoiyeneba ukuwanacvlebuli gasaRebis usafrTxo reJimebis ares (uura) amsaxveli 

diagrama. Tu gasaRebis Casaketad uaryofiTi wanacvlebis Zabvis miwodeba saWiro ar 

aris (magaliTad, Zaluri ldn tranzistorebi an IGBT gasaRebi), maSin aseT ur a-s 

uwodeben gamorTvis usafrTxo reJimis ares (uura) ( Turn-off switching SOA). 

tra nzistoruli gasa Rebebis uura-s diagramebi 2.20. suraTzea naCvenebi. 
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sur. 2.20 uura: bipolaruli tranzistorisTvis b azis wredis uaryofiTi  

ZabviT wanacvlebis dros (a); Zaluri ldn tranzistoris aTvis (b);  

IGBT  gasaRebisaTvis (g) 

 

Zaluri bipolaruli tranzistorebisa da bipolarul reJimSi momuSave 

induqciuri tranzistorebisTvis m Tavar SemzRudvel faqtors waroadgens emiteris 

centralur nawilSi energiis lokalizeba , uaryofiTi bazuri deniT Caketvis dro s. 

am efeqts uwodeben meoreul garRvevas baza-emiteris 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  

maRalZabviani tranzistorebis struqturaze du/dt efeqtis gavlenasTan. amitom am 

parametrma ar unda gadaaWarbos cnobarSi miTiTebul sidides.  

IGBT gasaRebis Caketvis dros ZiriTadi yuradReba unda daeTmos tranzi storis 

struqturaSi trigeruli efeqtis aRZvris SesaZleblobas.  

IGBT gasaRebis gamorTvis gardamavali procesis damamTavrebel stadiaze 

narCeni deni s sidide  ganisazRvreba p-n-p tr anzistoris bazaSi dagrovili xvrelebis 

r ekombinaciis 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 (RP) warmoiqmna kritikuli  sididis 

wanacvlebis Zabva, maSin aRiZvreba trigeruli efeqti, romelic Tavisi arsiT 

meoreuli garRvevis efeqtis analoguria. es problema 1200 v -mde muSa Zabvis mqone 

IGBT gasaRebebSi gadaWrilia teqnologiur doneze -sabazis o ujredis struqturis 

geometriis optimiz aciis gziT , xolo ufro maRali Zabvis IGBT gasaRebebis uura-Si 

unda ganxor cieldes saTanado SezRudva (sur. 2.21.).  
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sur. 2.21 maRali Zabvis IGBT gasaRebis uur a-s diagrama.  

I N -tranzistoris nominaluri deni  

 

vinaidan gamorTvis gardamavali procesi Sedarebi T swrafad mimdinareobs, 

uura-s denis zRvruli mniSvnelobis dadgena xdeba maqsimaluri impulsuri denis 

(IC.P)  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 

ener gias) gansazRvravs Semdegi ZiriTadi Semdgenebi: 

¶ gasaRebis gadarTvisaTvis saWiro marTvis wredis  denebTan da ZabvebTan 

dakavSirebuli dan akargebi; 

¶ gamosavali wredis ZabviT da gaJonvis deniT ganpirobebuli danakargi 

gasaRebis Caketili mdgomareobis dros;  

¶ datvirTvis deniT da narCeni ZabviT ganpirobebuli statikuri danakargi 

gasaRebis Ria mdgomareobis dros; 

¶ dinamikuri, anu gadarTvebis dros ars ebuli danakargebi.  

Tanamedrove Zaluri naxevargamtaruli gasa Rebebis gaJonvis denebi metad mcire 

sididisaa. amis gamo, masTan dakavSirebuli danakargis ugulvelyofa savsebiT 

SesaZlebelia. analogiurad SeiZleba Zaluri veliT mar Tvadi gasaRebebis (ldn da 

mmarTveli 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 TiTqmis uTa nabrdeba koleqtorul gadasasvlelze 

arsebul simZlavris danakargs.  

Zalur naxevargamtarul gasaRebebSi arsebuli simZlavris da nakargi 

gardaiqmneba siTbod da gasaRebis struqtura cxeldeba. gasa Rebis struqturis im 

ubnebis adgilmdebareoba, sadac siTbos gamoyofas aqvs adgili, did farglebSi 

icvleba. g adarTvebis gardamavali procesis dros , siTbos gamoyofa xdeba 

gadasasvlelebis sivrculi muxtis areSi , didi siCqariT moZravi muxtebis 

kristaluri meseris at omebTan dajaxebisas. Zabvis kritikuli sididis SemTxvevaSi, 

am dajaxebebis Sedegad adgili aqvs damatebiTi (meoreuli) muxtis gadamtanebis 

warmoqmnas, romlebic eleqtrul velSi aCqarebis Semdeg zvavuri garRvevis mizezi 

xdebian. gasaRebis struqturis araerTgvarovnebis gamo , zvavuri mikroplazmebi 

Semoif argleba lok aluri ubnebis saxiT,  romlebSic adgili aqvs 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 gadasasvlelebis potencialur bariers, moZraoben difuz i urad an 

dreifulad, vidre ar moxdeba maTi rekombinacia, anda dagroveba struqturis 
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zedapirul SreebSi. siTbos gamoyofa am SemTxvevaSi muxtis 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 danakargebi Taa ganpirobebuli.  

imisaTvis, rom ar moxdes gadaxureba, struqturaSi gamoyofili siTbo unda 

gamovides struqturis gareT. naxevargamtaruli struqturisadmi siTbos war Tmevis 

meTodi gansazRvravs maqsimalurad dasaSvebi temperaturis damokidebulebis xasiaTs 

struqturaSi arsebul simZlavr is srul danakargebTan.  

uwyveti denebis reJimSi muSaobis dros , naxevargamtaruli gasaRebebis mier 

siTbos gacemis dasaxasiaTeblad, gamoiyeneba parametri, romelsac siTburi wina Roba 

ewodeba-RTh. es ukanaskneli ganisazRvreba xelsawyos korpusis farglebSi 

temperaturaTa sxvaobis ( æT) SefardebiT gadasacem simZlavresTan (P0)  

  RTh=æT/ P0.  (2.6)  

 impulsur reJimSi muSaobis dros , gamoyofili siTbo grovdeba gasaRebis 

struqturis masalis siTbur tevadobaSi. am SemTxvevaSi gamoiyeneba gardamavali 

siTburi winaRobis (ZTh(t)) cneba. igi ganisazRvreba xelsawyos temperaturuli 

reaqciiT danakargebis myisieri simZlavrisadmi  

 ZTh(t) ==æT(t)/ æP,  (2.7) 

sadac æP-danakargebis simZlavris nazrdia;  æT(t)t momentSi gasaRebis struqturis 

temperaturis nazrdi.  

naxevargamtaruli gasaRebis struq turaSi gamoyofi li siTbos rTuli bunebis 

gamo, aucilebelia zogierTi gamartivebis Semotana, ris safuZvelzec SesaZlebeli 

gaxdeba dasaSvebi reJimebis raodenobrivi Sefaseba. kerZod, miiCneven, rom gasaRebSi 

arsebuli simZlavris mTeli danakargi mxolod siTbod garda imqneba da igi 

gamoiyofa naxevargamtaruli kristalis ZiriTadi gadasasvlelis paralelur 

sibrtyeSi. aseTi daSveba samarTliania, Tu mxedvelobaSi ar miviRebT struqturis 

e.w. cxel wertilebSi lokalur danakargebs. miRebuli daSvebis dros , muSaobis 

dasaSvebi reJimebis gansazRvra dafuZnebulia gadasasvlelis temperaturis TJ 

Sefasebaze. igi ar unda aRematebodes sacnobaro parametris saxiT mocemul TJ (max) . 
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2.6. danakargebi Zalur naxevargamtarul gasaRebebSi  

 

Zalur naxevargamtarul gasaRebSi jamuri danakargebis gaangariSebis dros 

mxedvelobaSi miiReba dinamikuri , anu gadarTvebis dros arsebul danakargebi  da 

stati kur danakargi  gasaRebis Ria mdgomareobis dros. viTvaliswinebT agreTve im 

damatebiT danakargebs, romelsac adgili aqvs zogierTi Zaluri naxevargamtaruli 

gasaRebis marTvis wredSi. 

2.22. suraTze naCvenebia naxevargamtaruli gasaRebis pirdapiri denis i mpulsis 

tip uri forma. gaangariSebis dros gamoviyenebT Semdeg droiT parametrebs:  

tP=t3-t2-pirdapiri denis xangrZlivoba s; 

tR=t2-t1-pirdapiri denis zrdis xangrZlivobas; 

tF=t4-t3-pird apiri denis klebis xangrZlivobas. 

 

 
 

sur. 2.22 pirdapiri denis impulsis tipuri forma  

 

pirdapiri denis mocemuli amplitudis (IM) dros , gasaRebis gaRebis procesSi 

denis myisi mniSvneloba aRiwereba gantolebiT 

 i(t)ON=t/tRIM.  (2.8) 

Ria mdgomareobis dr os gasaRebSi gadis deni  

 i(t)COND=I M .  (2.9) 

gamorTvis procesSi denis myisi mniSvneloba gamoisaxeba gantolebiT 

  i(t)OFF=I M(1-t/tF) .  (2.10)  

pirvel rigSi ganvsazRvroT danakargebi naxevargamtaruli gasa Rebis gaRebis 

(CarTvis) gardamavali procesis dros. 2.23. suraT ze naCvenebia denisa da Zabvis 

t i puri 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 datvirTvaze; b) gasaRebi muSaobs induqciur datvir Tvaze  

impul suri denis reJimSi; g) gasaRebi muSaobs induqciur datvirTvaze  

uwyveti denis reJimSi  

 

gasaRebis CarTvis procesSi danakargis energia (EON) zogadad warmosdegba 

Semdegi saxiT   

 ñ=
2

1

.)()(

t

t

ON dttutiE  (2.11)  

 (2.11) gamosaxulebidan SeiZleba ganisazRvros danakargebis energia sxvadasxva 

xasiaTis datvirTvis dros. rodesac datvirTva aqti uri xasiaTisaa  

                          .
6

R

M

ON t
EI

E Ö=                           (2.12)  

Tu datvirTva induqciuri x asiaTisaa, maSin impulsuri denebis reJimSi 

danakargebis energia  

 .
2

R

CONDʄ

ON t
VI

E Ö=    (2.13)  

rodesac datvirTva induqciuri xasiaTisaa , maSin uwyveti denebis reJimSi 

danakargebis energia  

 .
2

R

M

ON t
EI

E =   (2.14)  

sadac E-Caketil gasa Rebze arsebuli Zabvaa; 

VCOND-Ria gasaRebze Zabvis vardnaa (narCeni Zabva). 

naxevargamtaruli gasaRebis Caketvis gardamavali procesis dros , danakargebis 

gansazRvris mizniT, gamoviyenoT denisa da Zabvis cvlilebis gamartiveuli suraTi, 

romelic sxvadasxva xasiaTis datvirTv is dros 2.24. suraTzea naCvenebi gasaRebis 

gamorTvis procesSi danakargis energia EOFF ganisazRvreba foruml i dan  

 ñ=
4

3

.)()(

t

t

OFF dttutiE  (2.15)  

(2.15)-is miaxloebiT amonaxsns aqvs Semdegi saxe 
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 .F

OFF

M

OFF t
K

EI
E =  (2.16) 

sadac KOFF=6-aqti uri datvirTvis  dros;  

KOFF=2E/VCOND-induqciuri datvirTvis dros impulsuri denebis  reJimSi; 

KOFF=2-induqciuri datvirTvis dros uwyveti denebis reJimSi. 

 

 
sur. 2.24 naxevargamtaruli gasaRebis Caketvis gardamavali procesis tipuri di agramebi: 

a) gasaRebi muSaobs aqtiur datvir Tvaze; b) gasaRebi muSaobs induqciur datvirTvaze 

impul suri denis reJimSi; g) gasaRebi muSaobs induqciur datvirTvaze uwyveti denis reJimSi  

 

gasaRebis Ria mdgomareobis dros statikuri danakargebis energia  ECOND 

gani sazRvreba gamosaxulebidan  

 .)()(
3

2

pCONDM

t

t

COND tVIdttutE Ö==ñ  (2.17) 

danakargebis sruli energia naxevargamtarul gasaRebebSi, romelTa marTvis 

wredSi umniSvnelo sididis danakargebia, etoleba dinamikuri da statikuri 

danakargebis energiaTa jams 

 EO=EON+EOFF+ECOND.  (2.18) 

Zaluri bipolaruli tranzistoruli gasaRebeb isa da bipolarul reJimSi 

momuSave statikuri idnuqciuri tranzistoruli gasaRebebis marTvis wredSi 

arsebuli damatebiTi danakargebis energia SeiZleba Sefasdes Semdegi gamosaxulebis 

mixedviT  

 EiN=ViN(sat) IiNtp,  (2.19) 

sadac ViN(sat)-gajerebis reJimis dros mm arTvel gadasasvlelze moqmedi  Zabvaa; 

I iN-Sesavali denis amplitudaa.  

Zaluri ldn da IGBT gasaRebebis marTvis wredSi arsebuli da matebiTi 

danakargebis energia ganisazRvreba Semdegi gamosaxulebiT 

 EiN=QGĀViN,  (2.20) 

sadac QG-Camketis tevadobaSi dagrovili muxtia;  

ViN-gasaRebis Sesaval wredze moqmedi Zabvaa. 
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gasaRebSi arsebuli danakargebis sruli energia  marTvis wredSi arsebuli 

damatebiTi danakargebis gaTvaliswinebiT  

                                                 E0=EiN+EON+EOFF+ECOND.                    (2.21) 

gadarTvis mocemuli  f sixSiris dros gasaRebSi arsebuli danakargebis 

saSualo simZlavre PAV ganisazRvreba formuliT  

 PAV=f E0.  (2.22) 

denis gavlis mocemuli  tP xangrZlivobis dros gasaR ebSi arsebuli 

danakargebis maqsimaluri simZlavre Se i lZeba napovni iqnes Semdegi formulis 

gamoyenebiT 

 PM=E0/tP. (2.23) 

 

 

2.7. siTburi winaRobebi  

 

naxevargamtaruli gasaRebis struqturis temperatura (TJ), rodesac cn obilia 

danakargebis sruli simZlavre, SeiZleba ganisazRvros s iTburi winaRobis 

daxmarebiT. gasaRebisa da siTbos wamrTmevisgan (gamagrilebeli) Sedgenili si stema, 

mudmivi denis reJimSi, SeiZleba warmodgenili iqnes Canacvlebis sqemiT, romelic 

Sedgeba siTbogadacemis maxasiaTebeli siTburi winaRobebisagan (sur . 2.25, b) . siTbos 

warTmevis imitaciis mizniT gamoiyeneba eleqtrosiTburi modeli, romelic 

saSualebas iZleva erTmaneTTan dakavSirdes sistemis temperaturis cvlileba da 

danakargebis simZlavre-P0. 

gadasasvlelis temperatura  (TJ)  Canacvlebis sqemis mixedviT SeiZleba 

gamoi saxos Semdegi gantolebiT   

 TJ=P0(RThJC+RThCS+RThSA)+TA, (2.24) 

sadac TA-garemos temperaturaa; 

RThJC-gadasasvleli -korpusi ubnis siTburi winaRoba ; 

RThCS-korpusi -gamagrilebeli ubnis siTburi winaRoba ; 

RThSA-gamagrilebel i -garemo ubnis siTburi winaRoba. 
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sur. 2.25  gasaRebi - gamagrilebeli sistemis siTburi Canacvlebis sqema 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 fuZ esTan kontaqtis xarisxiT da sxv . aRniSnuli siTburi 

wi naRoba ganapirobebs naxevargamtaruli gasaRebis datvirTvis unarianobis zRvars, 

romelic SieZleba ganisazRvros ( 2.24.) gamosaxulebidan , idealuri siTbowarTmevisa 

da gagrilebis meTodis SemTxvevaSi (RThCS=RThSA=0) 

 Pmax=(TJ-TA)/RThJC. (2.25) 

korpusi -gamagrilebeli ubnis siTburi winaRoba (RThCS)  damokidebulia 

gasaRebis korpusis tipze, sakontaqto zedapiris farTze, gasaRebis korpusis a da 

gamagrileblis urTierT miWeris Zalaze. RThCS 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 

safenebis forma iseTia, rom korpusisa da gamagrileblis zedapirebis 

eleqtroizolacia xels ar uSlis maT Soris siTbogadacemis process. si Tburi 

winaRobis Semcirebis mizniT iyeneben siTbogamtari SezeTvis meTodsac. 

siTburi winaRobebi RThJC da RThCS (an maTi jami) yoveli Zaluri gasaR ebisTvis 

mocemulia sacnobaro parametris saxiT. maSin, gadasasvlelsa da garemos Soris 

temperaturis dasaSvebi sxvaobi s æTJA=TJ-TA mixedviT, (2.24) gamosaxulebidan 
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SeiZleba gaangariSebuli iqnes gamagrilebeli -garemo ubnis siTburi winaRoba RThSA 

da SeirCes saTanado monacemebis mqone gamagrilebeli (radiatori) 

 RThSA=æTJA/PO-(RThJC+RThcS).  (2.26) 

 siTbur winaRobaTa ZiriTadi SemdgenebisaTvis miRebuli gamosaxulebebi 

samar Tliania moduluri konstruqciis Zaluri gasaRebebisTvisac.  

gagrilebis pirobebidan gamomdinare, siTburi winaRoba SieZleba icvlebodes 

did farglebSi. 10 kvt -mde simZlavris gardamqmnel mowyobilobebSi gamoyenebul 

naxevargamtaruli gasaRebebisTvis gamoiyeneba bunebrivi gagrileba. meti simZl avris 

gardamqmneli mowyobilobebis gasaRebebisTvis ki gamoiyeneba haeriT an siTxiT 

iZulebiTi gagrilebis sistema. ukanasknel wlebSi farTo gamoyeneba hpova e.w. 

aorTqlebiT gagrilebam, romeli c gamoiyeneba im SemTxvevaSi, Tu siTburi nakadis 

simkvrive 20 vt/sm 2-s aRemateba. ama Tu im saxis gagrilebis SerCevas Zaluri 

naxevargamtaruli gasaRebebisTvis axdenen specialuri diagramebis gamoyenebiT, 

romle bic erTmaneTTan akavSireben gamoyofili siTburi na kadis simkvrives da 

gasaRebis struqturis dasaSveb temper aturas -TJ.   

rodesac Zaluri naxevargamtaruli gasaRebi impulsuri denebis reJimSi  

muSaobs, maSin siTburi gaangariSebis dros gaTvaliswinebuli unda iqnes struq -

turis siTburi w i naRobis 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 yoveli elementaruli ubani SeiZleba warmodgenili iqnes sakuTari 

siTburi winaRobiT da siTbotevadobiT (sur. 2.26). 2.26. suraTze R1,C1-

gadasasvleli -korpusi ubnis siTburi winaRoba da Tbotevadobaa, R2,C2-kor pusi-

gamagrilebeli ubnis analogiuri Tburi parametrebia, R3,C3-gamagrilebeli -garemo 

ubnis Tburi parametrebia.  

 

 

sur. 2.26 gasaRebi - gamagrilebeli sistemis siTburi modeli  
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mocemuli siTburi modeli agebulia gadasasvleli -garemo sistemis realuri 

Sreebis temperaturuli diskretizaciis safuZvelze, magram aseTi siTburi modelis 

praqtikuli gamoyeneba gaZnelebulia R, C-parametrebis eqsperimentuli ga nsazRvris 

sirTulis gamo. A amitom praqtikuli gamoyeneba hpova meore siTburma modelma, 

sadac gamoyenebulia dayvanili R*, C* parametrebi (sur. 2.27). 

 
sur. 2.27 gasaRebi - gamagrilebeli sistemis siTburi modeli   

dayvanili parametrebiT  

aseTi siTburi  modelis  Sesavalis winaRoba da, maSasadame, gadasasvlelis 

te mperatura , namdvili parametrebis mixedviT Sedgenili modelis Sesavali 

winaRobisa da gadasasvlelis temperaturis tolia. siTburi mode lis parametrebis 

gansazRvra ki xdeba yoveli konkretuli tipis xelsawyos aTvis gagrilebis mrudis 

mixedviT, xolo struqturis temperaturis ( TJ) droSi cvlileba gan i sazRvreba 

formuliT  

 TJ(t)=TA+P0
/

1

(1 )
-

=

-ä i i

n
t R C

i

i

R e ,  (2.27) 

sadac TA -garemos temperaturaa; 

P0-simZlavris naxtomia impulsur reJimSi;  

Ri,Ci-siTburi modelis dayvanili parametrebia;  

n-siTburi modelis rgolebis ricxvia.  

sacnobaro informaciis saxiT, rogorc wesi, mocemulia mravalrgoliani 

modelis Ri da Ci parametrebi (an Ri da Űi =RiĀCi ) da gardamavali siTburi winaR obis 

(ZThJS) cvlilebis diagrama, romelic warmosdgeba Semdegi analizuri  gamosaxulebiT 

 ZThJS(t)= 
/

1

(1 )
-

=

-ä i i

n
t R C

i

i

R e . (2.28) 

2.28. suraTze siTburi winaRoba (ZThJS) mocemulia, rogorc impulsuri 

simZlavris funqcia logariTmul masStabSi.  
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sur. 2.28 gadasasvleli - korpusis ubnis gardamavali siTburi winaRoba  

 

simZlavris  P0-naxtomis dros , gadasasvlelis temperaturis droSi cvlileba 

SeiZleba ganisazRvros formuliT  

 TJ(t)=TA+P0ZThJC. (2.29) 

(2.27) d a (2.29) formulebis gamoyenebiT  TJ (t) temperaturis gansazRvrisas, 

gaangariSeba xdeba simZlavris P0 impulsis  tP xangrZliobis Sesamabis drois 

inte r valSi (t<tP). cxadia, gadasasvlelis temperatura udides mniSvnelobas 

miaRwevs t=tP momentSi 

 TMAX=TA+P0ZThJC(tP). (2.30) 

 

t>tP drois intervalSi temperaturis g ansazRvrisas gamoiyeneba zeddebis 

meTodi. kerZod, nulovani simZlavris reJimi ganixileba rogorc erTnairi 

amplit udis, magram sxvadasxva polarulobis  ori P0-impulsis moqmedeba.Aam 

SemTxvevaSi gadasasvlelis temperatura SeiZleba ganisazRvros Semdegi 

gamosaxulebidan 

 TJ(t)=TA+P0ZThJC(t)- P0ZThJC(t-tP). (2.31) 

Tu simZlavris impulsis forma gansxvavebulia marTkuTxa formisgan (gaaCnia 

nebismieri forma) , maSin temperaturis analizuri gaangariSeba Zalze rTul 

amocanas warmoadgens.Aam SemTxvevaSi, mizanSewonilia mravalrgol iani siTburi 

modelis ricxviTi gaangariSeba egm -ze an simZlavris impulsis  (P(t)) gardaqmna 

marTkuTxa formis simZlavris eqvivalentur impulsad.  am ukanasknel SemTxvevaSi 

temperaturis saangariSo formulebi simZlavris ganmeorebadi impulsebis tipuri 

kombinaciebisTvis mocemulia specialur literaturaSi cxrilebis saxiT.  


