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B CBHSH C BOapac~a~~M 06~eMOM H CHOKHOC~DD p~zoaneK

~POHHOa annapa~yp~, npzueuaeuoa B uayKe z ~exazKe, c~aso

BH~ca aK~YaHDHO~ a~a~a aB~OYa~zaa~H npoeK~HpOBaHHH aneK

TpOHH~ cxeu. B nocne~uze ro~~ B a~o~ o6nac~H Be~rca zureu-

CHBH~e pa6o~~ /!, 2•3 •4/. O~HHM HS acnBKTOB Up06neUH 
l 

HBnae~ca aB~ouarzaauna pac~eTa nepexo~HHX npoueccoB B sneK-

rpzqecKHX uenax c nouo~D~ 3BM. 

Pac~eT nepexo~uoro npouecca B cxeue CBO~HTCH K pemeHHD 

CHCT6MH ~H~epeHUH8nDHHX7PaBH6HHl, OUHCHBaD~HX STY CXeMy H 

BHemuee Boa~e~cTBHe ua uee. nna cxeu, co~epx~ nzuelu~e ane

ueaT~ C COCpe~OTO~eHHHUH napaueTpaMH, BCer~a UOIHO HanTH BH

pazeaze nepeXO~HOI XapaKTepRCTHKH B BH~e HBHOI ~YHKUHH 0~ Bpe

M6HH H H8~8nDHHX ycnoBHI /S/. O~HaKO ~nH CHOIHHX CXeM 06~
HOCTD T8KOrO B~pazeHHH npaKTH~eCKH Tepae~ UeHHOCTD 88~38 CBOel 

rpOMOS~KOC~H. B S~OM cny~ae UOEeT OK888TDCH BHrO~Hee npBM6HHTD 

~HcneHHHe Y6TO~~ HH~erpHpOBaHHH CHCT6MH ~H~~epeHUH8HDHHX ypaB

HeHH~ ( C 'IIOYO~D 3BM). 

qzcneuuoe HHTerpzpoBauze uoEHo ocy~ec~BH~D ~Byus nyraue: 

I) npzBe~eHHeM HCXO~HHX ypaBHeHRl 1 OUHCHBaD~ cxeuy, K CHCTeMe 

ypaBaeuzl nepBoH c~eneuz, paapemeuuux oruoczTenDBO upozs

Bo~HHX ~YHKUH£1 ( ue~o~ Pyure-Ky~ora z ~p. 16 • 7 I ) ; 
2) uaxo~eazeu oueparopuoro Bupaxeuza uepexo~aoa xapaKrepzcrz

. KH cxeuu B BH~e pauzouanDuoH ~po6z /B,9/ • 

0~H8It0 CHCTeMa ~H~peHUHaHDHHX ypaBH6HHl 1 COCTaBneHHa.H 

~na cxeu~ uenocpe~c~Beauo no aaKoaau Kzpxr~a (cu. pzc. Ia), 

B o6~eu cnyqae uoxeT OKaaaTDCH anre6paz~ecKH uepaapemzuo~ 



OTHOCHTenDHO CBOHX BTOpHX npOHSBO~HHX, T.e. anreC)panqecKH He 

npHBO~HTCH K BH~y, HS06pazeHHOuy Ha pHC. I6. llpHuep TaKO~ Hepaa

pemHMOCTH noKaaaa Ha pHc. 2. 9To aaTpy~HHeT ~opuarrnaanHD pac~ 

qeTa nepexo~HHX xapaKTepHCTHK C npHMeHeHHeM qncneHHOrO HHTerpH

poBaHRH nepBoro TRna (ueTo~ PyHre-KyTTa H ~p.). ~opuaJIRaanHH 

pacqeTa no BTOpouy nyTR,no-B~liMOMY; BCTpeTHTCH C aaanorRqaQ~ 

Tpy~HOCTDD .npH OTHCKaHHll onepaTopHOrO BHpa&eHHH HCKOMOi! nepe

XO~HO~ XapaKTepRCTHKHo 

nJIH JIHHe~HX, ~HaHqecKH ocymeCTBHMHX SJieKTpOHHHX CXeM C 

cocpe~OToqeHHWH napaueTpauH aBTOpaMH C~OPMJ'JillpOBaH H MaTe.

MaTnqecKH o6ocHOBaH ueTo~ H aJiropHTM aHaJIHaa CTPYKTYPH cxeuH 

II nonyqeHHH CHCT6MH ypaBHeHH~, BCer~a paapemHMHX OTHOCHTeJIDHO 

CBOHX BTOpHX npOHSBO~HbtX, qTQ llOSBOJIHnO llOJIHOCTDD ~OpMaJIHSOBaTD 

pacqeT nepexo~HHX nponeccon •. fla ocHOBe aToro MeTo~a paapa6oTa

Ha pa6oqaa nporpauua APITII-I ~JIH nonHOCTDD aBTOMaTnqecKoro qnc

neHHoro pacqeTa nepexo~HHX nponeccon B npoHaBOnDHbtX aJieKTpH

qecKHX nenax, cocToamnx Ra nHHe~HHX aneueHTOB c cocpe~oToqeH

HHYH napaMeTpru&H, BKJIDqafl ynpaBJIHeMbte 3JI8U6HTH~ oC)paTHHe CBHSH 

H B3aHMHHe. HH~KTHBHOCTH. 

naaHaH nporpauua HCll0JID30BaJiaCD ~nH pacqeTa nepeXO~HbiX 

xapaKTepHCTHK cxeu Ha. 3BM M-20 H ESCM-4. YqacTHe HHl!l:eHepa 

npn pa6oTe c a~oil nporpauMo~ cne~eHo K MHHnuyuy. PacqeT npo- · 

HSBO~HTCH cne~Dmnu.o6paaou. B Hccne~yeuoil aKBBBaJieHTHOil 

CXeue npOH3BOnDH0 HyMepyDTCH BCe TOqKH (YSJIH) COe~HHeHH~ 

aneMeHTOB Mellt,Z!Y COClO~J II B COOTBeTCTBRH C STOll HyMepanne~ ne

penUCHBaDTCH BCe napaMeTpbt SJie.MeHTOB CXeMH. 

IIapaMeTpbt C, R , L. SaHOCHTCli B TaelJIRUH B BH~e rpynn 

liS 3 qacen (HOUHHaJI H HOMepa ~BYX TQqeK, · uex~y ltOTOPHIJH 

BKnroqeH ~aHHHil aneueHT). 
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YnpaBJIHewe aneueHTH H MarHHTHHe CBHSH SaHOCliT· 

Ta6nnnu B BH~e rpynn ns nHTH ~cen. Ha pnc. 4 npnBe; 

uep sanonHeHHH qncJioBoro uaTepnana ~nH cxeUbt pnc. 3, 

ITpn ncnonDsOBaHHH o~Horo Ky6a onepaTHBHon nru&Hj 

nporpauua uoxeT o6pa6oTaTD:MaKCHMaJIDHOe qncno ToqeK 

paccql1THBaeuoil CXeUe .., 25, MaKCHManDHOe ~CJIO 6MKOC~ 

COllpOTHBneHHi! - 325, liH~KTHBHOCTeH - 325, MarHHTHHJ 

CHrHan BHemHero BOS~eH~TBHH Ha cxeuy npHHUHllHa~ 

MOl!l:eT ClbtTD npOHSBOJIDHO 3~aHHOH ~YHKnHeil BpeMeHH. B 

rrporpauue peaJIHsoBaHo ~Ba BH~a Bxo~Horo cRrHana: 

I. E~HHHqHali CTyneHDRa TOKa. 

2. TOK lm~a 

) -ct .3 3G :J ( t) "" 1. - ( 1. + c t e , z9e C = =:t:; . 

Hnxe npHBO~HTCH npnuepH pacqeTa rrepexo~Hux xapa1 

pli~a cxeu, r~e BO Bcex cnyqalix BXO~HHM cnrHanou liBnli€ 
CTyneHDKa TOKa. 

ilepexo~Hali XapaRTepHCTHKa CXGMH.BHCOKOS~eKTHBHC 

peKnHH ~pOHTa /PHC.5/ nonHOCTDIO COBII~aeT C aHanHTHqe 

pacqeToM ee B pa6oTa /IO/. ·Ha pHc.6 j"a 11 u 116."/ - cxe 

rrepeXO,Z{HHe XapaKT8,!)F!CTHI\H nHHHH S~epl!l:KH, r~e MOl!l:HO 0 

ManyiO BennqHay Bhl6poca 'fa Bepml1He rrepexo~Hon xapaKTep 

lAHTepeCHO OTM6TIITD, qTQ nepeXO,Z{Hafl XapaKTepHCTHK; 

KaTO~HOrO ITODTOpllTenfl, RaK 3TO cne~yeT Ha orrepaTOpHOrl 

pa~eHHli ee, Mo~eT HMeTD Kone6aTenDflHM xapaRTep ~al!l:e 61 
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1I'e6pruillecitH He 

lpHMep TaKoli aepaa

JpManHaaUHD pac~ 

~cneHHoro HHTerpH

) • <llopManHaaumt 

ca c aHanorHllHOli 

~H ~CKOMOit nepe-

KTpOHHbiX CXeM C 

m1pOBaH H MaTe.

CTPYKTYPhl cxeMH 

Mb1X OTHOCHT8llbHO 

ICTbJO qJOpMam'IaOBaTb 

MeToAa paapa6oTa

~oMaTHlleCKoro qJric

IOnbHbDC aneKTPH-

~ c cocpe~OTOtreH

ru~ . 66paTHbl9 CBH3H 

:t~eTa nepexo~HhiX 

1CTH9 HHJ!teHepa 

ryMY. PacqeT npo- · 

lKBHBaneHTHOli 

1) .· C06AHH9HHii 

~n HyMepauHeli ne-

B Bn~e rpynrr 

eTqJ.y ltOTOpbiMH 

l 
.~ 

YnpaBJIH6W6 aneMeHThl lri MarHHTHble CBH31ri 3a.HOCHTCH B 

Ta6nHUbl B BH~e rpynn H3 ITHTH llHCen. Ha pHc. 4 npHBe~eH npH

Mep aanonHeHHH llHCnoBoro uaTepnana ~na ~xeMbl pHc. 3. 

llpH HCITOHD30BaHHH OAHOrO Ky6a onepaTHBHOil ITaHHTiri 

nporpauua MOE6T 06pa60TaT»:MaKCHMan»H06 llHCnO TOll6K B 

pacclll1TblBaeuon cxeue ..., 25, MaKCHMan»Hoe lllricno euKocTeii - 325, 

COTipOTHBneHHil - 325, HHAYKTHBHOCT6H - 325, MarHHTHbiX CBHaeli-250. 

CHrHan BHemHero Boa~eli~TBHH Ha cxeuy npHH~nHanbHO 

MOE6T 6b1Tb npoHaBOllbHO 3~aHHOH ~YHKUHeli BpeMeHH. B ~a.HHon 
rrporpauue peaJIHaoBaHo ABa BH~a BXOAHOro cHrHana: 

2. TOR BH~a 

:J ( t) == 1. - ( 1. + c t) e -ct 1 z.9e c ::: Ji; . 
H!ri~e rrpHBO~HTCH rrpHMepu pacqeTa nepexo~Hb!X xapaKTepHcTHK 

PHAa CX6M, r~e BO BC6X cnyqaax BXOAHhiY CHrHanOM HBJIH6TCH 

CTyneH:&Ka TOKa. 

TiepeXOAHa.H xapaKT6pHCTHKa CX6Mbi.BbiCOK03qJ~6KTHBHOH KOp

peKUHH ~pOHTa jpHC.5/ ITOnHOCTDIO COBIT~aeT C aHal1HTHtl9CKHM 

pacqeToM ce B pa6oTa /IO/. ·Ha pHc.6 ;nan u n6n/ - cxe~&a H 

nepeXO;l(Hhle XapaKT6,!H'lCTHI\H JIHHHH a~epEKH, rAe MOEHO OTM6THTb 

ManyJO B6l1Ht!HHY Bhlopoca :<Ia B6p!UHH6 nepeXO~HOH xapaKTepHCTHKH. 

HHTepecHo OTMeTHT:&, t~:TO nepexo;nHaa xapaKTepHCTHKa 

KaTO~HOrO ITOETOpHTena, KaK .3TO Cll6AY6T Ha·onepaTOpHOrO Bbl

palKCHlifl ee, MOllteT HMeT:& Kone6aTen:&Hbli1 xapaKTep ~aJKe 6ea 

5 



yqeTa napaaHTHHX HH~yKTHBHOCTe~ H BpeueHH nponeTa aneKTpO

HOB B naune. MamHHHHn pacqeT .rroKaaan, qTo aTH Konec>aHHH 

MOryT 6HTD ~OBOnDHO 60RDmHMH /CM. pHC.7/. 

PacqeT nepexo~Hon xapaKTepHCTHKH ~ByxxacK~Horo ycn

nHTenH Ha TpaH3HCTOpax /CM. pnc.8/ COOTB6TCTBY6T peaynDTa

TaM aaanHTnqecxoro aaanHaa aTon cxeMH, npoBe~eHaoro B pac>o

Te /II/. ITpH pacqeTe Ha uamHHe HCITORD30BanaCD aKBHBaneHTHaH 

CXeMa TpaH3HCTOpa /nHHeHHOe rrpH6RHZeHHe/, H306pazeHHaH Ha 

pnc. 9. 

PacqeT mnpoxononocHoro ycnnnTena, onncaaHoro B pa6oTe/IO/, 

npoBe~eH c BapHauHett Bcex aneMeHTOB cxe»H Ha ± IO%. ITepexo~

HaH xapaKT6pHCTHKa rrpn aTOM H3M6HH6TCH B npe~enax mHpHHH 

nHHHH. Ha rpa~PnKe feu. pPic. IO , 11/ 

B npouecce aKcnnyaTaUHH aTot!. nporpauw He 6Wio aaue.

qeHo cnyqaeB cy~ecTBeHHHX norpemH~cTen'uamHHHoro pacqeTa. 

feu He ueHee Bonpoc o norpemHOCTHX Tpe6yeT ~ononHHTenDHoro 

Hccne~oBaHHH. 

B SaKnDqeHHe HeOC)XO~HUO OTM6THTD rrpOCTOTY ITO~OTOBKH, 

y~06CTBO HCDORD30BaHHH PI BOSUOZHOCTD 6HCTp0 nonyqaTD pesynD

TaTH BH~cneHHn no onHcaason nporpaMue. 

6 
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~3B6CTHH BHCmHX yqe6HHX aaBe~eHHH. P~noaneKTpOH~ 
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1 !967 

IO. IO.M.rpamHH. MeTo~HKa neKoTopux aRcnepHueHTOB c Me 
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IJieTa aJieKTpO

i KOJie6aHHfl 

:K~HOI'O ycH

~yeT peayn~Ta

~eHaoro B pa6o

r, 3KBHBaJieHTHafl 

o6paxeaaaH aa 

!iHOI'O B pa60Te /IO/ , 

± IO%. llepexo)t

~enax m:HplllHH 

ae 6HJio aaue

iaoro paclleTa. 
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>TY llO~OTOBKH, 

nonyllaT~ peayn~-
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l7) YpaBHBHHH,· nony~aeMHe MBTO~OK yanOBUX llOTeH~anOB 

n n n 

I cL.·ll.+ L nL. U+ L dl.U}=O 
j=l J K j-1 7 J J j=l J 

2oe L=1,2 ... n · 

£)) YpaBHBHHH 1 paapemeHHHe OTHOCHTen»HO BTOpHX npOH3BO~HUX 

n 

ul = L 
j=l 

~ . In d* r1..-u~ + .. u. 
-Jl[ J Lj J ' 

j=f 
. 
UL = X l 

' 
L = 1, 2 ... n. 

Puc. I. 

8 

2 

{-----I ' .,3 

YpaBHBHHH 1 nonyqaeuue UBTO~OM: 

I) yanoBux noTeH~anoB 

c,2 ·ii, •. .• I • .1_ - c . u + 0 . u = -- . u - u .,_ -
12 2 3 Ro'l 1 L t L 

13 .. 
+ 0 ·ii + c ·ii = ..L U.-.L (J +.L lJ 

2 .so 3 R2s 2 R23 J L,3 

·• •• I • I • I -~- c u +o·u =-- U+- u --
12 2 -' Rz3 2 R23 3 L2o 

0· u, 
.. -c,2• u, 

2) KOHTYPHUX TOKOB 

.. .. 
Lo2·I, -Loz 12 .. . r· ' 

.. . . 
'0 · I + 0 ·I I 2 .. .. 

-Lo2 I, + La2· Iz 

+ 0 · I 3 = - R 01 I,+ Ro, :3 - C
12 

- L 13 ~ = Rot ~-Rot i_, "~-c:
0 

I2 -l 

.. . -L I -1-.L 
+ 0 · IJ = - RZ3 12 Cos 2 Co~ 

Onpe~enuTen» uaTpHUH ROSWWHUHeHTOB npH BTopux npoHaBo~ 
060HX cnyqaf!X paBeH HynD. 

Puc.2. 
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l 
I 
l 
1 

lOB l 
I 

•! 

13BO~HUX 

* l .. ·.U r , 
LJ a 

2 

Ypa:BHeHHH, nonJqaeuue ueTo~ov: 

I) yanoBux noTeH~ano:B 

2) KOHTYPHUX TOKO:B 

.. .. 
'0 · I I + 0 ·I 2 

Onpe~ennTenL uaTpn~u Koa~~n~neHTOB npn BTopux npona:Bo~Hux B 

o6onx cnyqanx pa:BeH Hymo. 

Plrc. 2. 
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