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AnToMaTnqecKI!il: pacqAT rrepexonHwx rrpoueccoa 
( rrporpaMMa A p nn-3) . 

p]].;.SSOl 

npnneneHO OIII!CaHIIe rrporpaMMbl APnn-3 Ltml pacqATa rrepexoL{Hb!X rr'po 

ueCCDB B !Ip01!3BDnhHbiX niiHeil:HbiX 3neKTpOHHWX CX8M8X1 CDCTDHll!I!X 1!3 a~e-
M eHTDB . C, R, L M8I'HI!THbiX CBH3eil:, 38BI!CI!Mb!X II He3aBHCllMbiX reHepa- :,1' 

TDpOB ·TaKa, rronyrrpoBDLlHIIKDBb!X 11 naMII~BhiX Tpi!DLlDBo fl3biK - ¢0PTPAH • 

. npiiBeL{eHa 6noK-CX8Ma. anropi!TM8 !IpOI'p8MMblo 0IIIIC8H 'rropHLtDI{ KOLll!- ·lf 
. poBaHI!H I!H<jJOpM BUill! 0 CX8Me, . 

Coo6~eHHH 06beAHH6HHOro HHCTHTyTa HA6PHHX HCC!6AOB8HHD 

,l\y&la, 1970 

Gr-ashin Yu,M,, Dvor-etsky V,I;, Rodionov A,I,, 
Stepanov B,M., Tyudkm.~ O,A,, Yakushin Yu,E, 

Automatic Calculation of Tr-ansition Pr-ocesses 
(Pr-ogr-am APnn-3 ) · 

P11-5!i01 

Progr-am APnn-3 is described for calculating the transi-
tion pr-ocesses in the arbitrary linear electron schemes, .consistin~ 
of C,R,L elements,. of magnetic couplings, of dependent and indepen
dent current genPr-ator-s and o( semiconductor- and vacuum-tube trio-• 
des, The language used -FORTRAN. The block-diagram of the 
progr-am algorithm is given, The ·order of· coding the information on 
scheme is described, · · 
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I. Bne,yerme 

llporpaMMa. APITIT-3 npe;z{HaauaqaeTcH ·AnH nonHocTr,ro anToManitiecKoro .. . ~ . . ' 

'BhlqHcneHllff nepexo;n;Hh!X ripOI.(CCCOB B 'npOH3130JlhllbiX JIHIICMHblX 3JICl{TOOHHblX 
. ~ . . . - : - . ~ . 

CXeMax C COCpe,ItOTOqeHH~MH napaMeTpaMl1. ·PacqeT hpOU3BO,Z\IITCfl_'Ha 3Jt:3M 

C BXO)(Hb!M. ff3b!HOM ~QPTPAH. BuqHCJICIIl1C OCHOBUHO Ha qncneHHOI.I l111TCrpl1pO-. . . 
BaHUl1 Cv!CTCIJU Al1fJ!Qlepel!I.(UaJihHblX ypaBHCHVIi1, IIOJiyqcJ!IIbiX IJCTO;z{OM y:JJio~ . 

. Bb!X riOTCl~l\l1aJIOB ll paaperncllllb!X OTHOCl1TCJILIIO C.lJO}!X Bb!CI!Il1X rip.Ol13BO,lUIUjfl 

B nporp8.1!Me APITIT-3 npl1Meueua viHTerpaJlhHO-All'j!l1ep~HUl1aJI:bllafl lj)op_t.:a aa...: 

nl1cl1_11CXO;z{Hh!X ypanueu11Lt. Pe3y"JI:bTa'):aMH BblqHcneHHH HBJ!fl!OTCH HHTerpaJm, 

. !jlyHKl\HH ll nepBb!C rip0~3BO,ltH!lC j3Jl0Bb!X riO'l'CHI.(l1aiiOB CXUMI:l B lll1;z{C Tau

Jll1 qHblX ciJJ HKI.(l1il BPCMCHI1 •. 

IlporpaMMa npocTa B o6pall\CHHH 1 yqaCTl1e !10Jll>30BaTeJIH B npOI.(CCCC 

BLitiliiCJICHl1H ncpexo.ztnLIX xapai{'rcpl1C'rl1K cnu;n;euo It Ml1HI1MJIJy. · B nporpat.n.w 

lll.IeiOTCH MOAenl1 cJie.ztyiOli\l1X sneMe!l'ron: R ,L , c, LmrmiTHhiX cnllaen, 3a-
., ' . 

BHCI1Mh!X 11 He3aBl1CHMhiX reuepa·ropon ToKa, no,;ynpono.ztiiHitonwc l1 naMno-· 

Bh!X Tpl!O,Z\OB. ~CJll1 CXCMa CO;z{Cplll1T TOJ!J:,KO ::JTll ::JJ!CM0l!Thl 1 TO Il[JOI.(CCC ~O;z{

roTOBICl'l CBO;z{l1TCfl It CJicj(yiOll\CMY. BceM TOtiKa!J CXCMI:1 1 !{OTOpble l1MCIOT riO

CTOflHHI>in noTeHI.(l1an, npl1cnal1nacTca HoMep 0. OcTanJ:,Hhle TOtnel1 HY

MepyroTcfl B npOl13BOJI:bllOM riOPHAKC l.(l1!iJpaMl1 1, c, J •• • ( TO\!Ka - NeCTO coe,nl1He

Hl1ff ;z{Byx 11Jill 60JICC SJICLieHTOB). 3aTOI; DCC 3J!CMCHThl CXCMhl 11 BHClllHl1e 

B03l\C~CTBl1H 11a HOC I:o.nnpyrOTCfl 11 aa!IOCflTCH Ha nepflJOitapTbl. IlOpfl,ItOK ltO

;z{llpOBKl1 tiyl\eT. omwali Hl1JKe. Ilocne nora nec:o npouecc BhltiHCJieHHH npo- · 

l13BOAl1TCH aBTOMaTl1tiec~n ua MalllHHe. Ta!tl11.1 o6paaoM 1 nero no,nrOTOBHTCJII>-
. ' 

HYIO pa60TY MOECT. BbiHOJIHHTI> qeJIOBCK, KOTOpb!Li HC HBJifiCTCff cneW'!aJil1-

CTOM Hl1 B OOJiaCTl1 riporpai.l!.lllpOBaHl1H 1 Hl1 B 06JJaCTH pacqeTa 3JICKTpOHHblX 

CXCM. ECJil1 CXCMB l1MCCT 3JICMCHT1:1 1 ,1\Jlfl ltOTOpLIX HOT MO,ltCJICit B nporpaMMC 

(Hanpi1Mep 1 neHTO,ltl:1 1 qeThlpexaneKTPOAHUe ·rpaHal1cTopu), lro ueo<5xo,l\H.MO 
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BHatiane npe,ncTaBV!TI> nocne,nHHe SltBHBaJieHTHb!Mi1 CXeMaMH, COCTOfl~HMH l13 · 

sneMeHTOB, HMeiOll\HX MO,neJn1 B nporpaMMe •. · 3aTBH llPOI.\6CC llO.ll;rOTOB-

)CVI 11 BbltiHcJieHHfl npoHcxo,ni1T, Ka,K oblno onucaHo paH:cUJe. 

ITporpaMMa. np~!Me!ll1Ma K. CXCMaM C trllCJIOM TO tiCK OT !. .ll;O 50. ( oes Hy

neBoii). HaitCV!Mair:cHoe itonVItiecTBO. TOtieK onpe,nenHeTCfl OOI>6MOM oriepaTHB

HOtl HaMflTH ~ianmilbl, a He xapaKTepOM nporpaMMbl. ITapaMCTphl· SJI6M6HTOB \ 

CX6Mhl ii~ .ll;OJilKHbl aaB~CeT:C OT tiaCTOTbl. MrHbBBiiHOe 3Hatieili1·e TOKa reHe.:. 

.. paTopa MOJH:iJT Oh!T:C JIHHeihioii cflyiml\l'ICH HanpHl!teHHll MCl!tAY .. moooli napotf TO- . 

~eK cxeMhl·. 8TO aaBV!CUMble reHepaTopu TOita. TOK HB3aBHCUMoro reHepaTO

pa nnnaeTca iwaanHcuMoti q)yHKI.\lleti npeileHH · · JII xapaKTepHsyeTcH 

aMnJIJIITY.I\Of,l A; napaMeTpoM P JII ¢opMon .P. B .naHHOi1 rrporpaMMe sanollteHu 

MO.ll;8Jil1 tJ9Tblpex paSJIJIItJHh!X QlOpM H838.BJIICJIIMHX reHepaTOpOB TOKa. 

ITepBafi ~opLia , ~ = I ITpmjoyroir&Hb!i1HMrryn~c Toita aMTIJIHTY.~ton A H 

~JIHTeJibHOCT:ClO P Ha ypOBHe 0. 
BTopaa·(VopMa>·<I>= 2· ·l(t)=··{ A-1:./P .nna t. ~ P . A ,nJIH t. > p 
Tpena tiJop!ia ·~ = :3 · 1(0= A[f-(f+l:)e-"'] , r.ne X=3,36i./P,. 

a P ecT:& <J!poHT HapacTaHHll. OT O,IA ,no 0,9A···. ·: · 

lleTBepTafl ~opi.ia <I> = 4 I (!) = { 1 - Cos 1i t / P .nmt t. · ' 2 P 
' ' . ' 0 '. > ' .ll;Jlfl . t. ' > ? p 

Bee TOKH paBHbl. 0 ;ztn.il , t..: 0. IlporpaMMa COCTaBJI6Ha TaKH~ Oopa30M, tiTO

Cibl MOlKHO ObiJIO B ](aJI:CHelimeM BBO.ll;i1T:& ](pyrHe <J!opMbiTOKOB 1 .He IIpOl13BO.ll;.il 

i13MeH6HHM· B CaMOil nporpaMM6 ,· a TOJI:CKO ](OoaBJifl.il K Heti H6CKOJI:&KO one- . 

paTopoB. B nporpauMeMoiKeT rrpHcyTCTBOBaTI> O](HOBpeMeHHOHe oonee IO 

· Bl1,noB TOKa, oTnHtia!Oil\liXC.il ]lpyr OT ]lpyra napaMeTpoM· l1JIH rpopMoit~ · KonH-

ti6CTBO TOKOB JllOOOrO BH,na HCOrpaHVJqeHHO.· ' ' ' ••• :~ • • ~· •• ' ·~ • ' ! • ' 

ITporpaMMa APIIII-3 npH pactieTe nepexo](HHX xapaKTepHCTl1K aBTOMa~ 

. • .... ,,:.'-., . 
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TllqeCKl1 Sa}.lerlfl8T flOJiyllpOBO;t\Hl1!WBbie 11 JiaMnOBblC TpllO,Z\bl llX SltnllBUJICil'l'

HblMH CXeMaMll ( Olll1CaHii:e 8ltBl1BaJICHTH.b!X CXCM npl1BC;tl81!0 HllEC) ~.£.TOM 

CJiyqae, K~;I';tla iWHHbiC :31\B!t!BaJieHTI!Oli CXCMbl HC ynoBJWTBOpfl!OT flOJih30ilU- . 

T8Jlfl IIO T8M l1Jll1 l1llb!M np11q11HaM, OH MOlKCT !IpH COC'J:fiBiiCHIHl . TaKon 

CX8Mbl aaMeHHTl> TpaH3HCTOpbl 11 JiaMllbl llX 3ltBUBaJieH'l'mlll H3 ,LIIJ;)rHX 

3J!CM8HTOB, MO;z:\8Jlll KOTOpb!i 11IIl8lOTCH. B nporpaMi;iC. 

!10J!~3bBaTenl> sa;t~ae•.r e;nl1HHULI HSMCpeHllfl BpeMCHH B CXet;e \I ~,41i!Jll.ll\LI 

II3M8peHl1fl TOKa H83aBl1CllMb!X reHepaTOpOB. 3pe!JH BLI;tlfiCTCH Ha Jle'i:JT!> B 

Bb!CipaHHhlX C;Z(l1Hlll\8X l13MepeHllfl, a yaJIOBbiC llOTCHL\HaJibl B llOJib'l'UX. 

11porpaMLm API111-3 flB.nHeTcn paaBnTl1eM nporpm.n.m APllrr-z/2/: noSIBH

;rach B03MOlKHOCTh cqeTa Ha 3UB~I c SI3HKOM <1-0PTPAH, yaeJill'·teHo •mcJio 

.TOtteK CX8Mb1 7 pacmHpCHbl B03MOlKHOCTll npe)(CTaBJICHHII BHeillHHX B03)(8t1-

CTBHn, aae.neHo aBTOMaTHttecxoe npe,ncTaaJieHHe JiaMn " TpaH3HCTopoa, 

He3aBHCHMOCTh O.T MaTeMaTHqeCKOrO Oc5ecneqeiiHII MaUJHIIIl, B03MOlltHOCTb 

cqeTa npOH3BOJibHOrO qH~Jia CXCM c5e3 B030c5HOBJI8HHII nporpaMMhl.· 

flporpaMMa APITIT-3 nponepnnacn Ha MaiUHHax TJ9CU-6 u Ci'J,C-I604A (Ko

Jio.Z(a nepljJOKllPT nporpaMMbl o~Ha u Ta lKe, sa nc;cmoqcuHeM CTaH;Z(apTHb!X •• 

ynpaBJIH!Oil\UX RapT 11. no.;t~nporpaMMbl o()pa~eHHfl !\ CTaH;t~apTHbiM WYHKUHHM) , ' 

Ha STUX 1iawHHax nonyqenu KOJiO;llbl nep(j)oKapT nporpaMIJhl B Mall!HHHOM l\0.1\C::, · 

t!TO !I03BOJ!HCT paoOTaTb B .Z(aJihHC~iillCM !Ia MaiJH!IUX :JTOrO THna, HC HJ.ier,

~HX TpaHCJ!flTOpa~ 11 ll03BOJ!H8T jBCJil1tiHTl> llOJI83HOC p~dOttCC BpUMH (He 
. . ' 

::JaTpaqHnaeTCH Bp.dm Ha TpaHCJIH;I,!tllO). B HaCTOfl~te Bpe!.lfl nporpad~a l'IC-

llOJI:03YCTCfl ;1\Jlfl npOCKTHpOBUHllfl SJ!Cl~TpOiii!LlX CXCM •. C llOJJi!Ll!J .TCI\CTOM 

nporpaMLIU Ha fl3b!K8 cl>OPTPAH MOi~HO 03HaKOMl1T:OCfl IIO nyc5mmau~ll1, ;1(8llOHl1-

poBaliHOi1I n nayttno-TCXHHqecKoii 6H0nnoTcrte Olt1HH r. :Uyeiua •. 

2. Ko;n;npoBaHHC napaMeTooB aneKTpOHIIciil cxeMu 

Bcfl l!HQOil!jaUl1H 06 HCCJIC,I(:J8!jOi! 3Jl8KTpOHIIOt\ CXC!Je ~an .. Cb!BaC'l'Cfl 
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· .B Bkl,lle IS MaccklBOB l!klceJr, ·· nocJre,lloBa'l'eJI:&HOC'l'I> KO'l'Oph!X '11 llX co,lleplltaHkle 

ITO!ta3aHbl llkllite •. IlopH,l\01\ CJI6,1\0Baiii<!H MaCCklBOB ,1\pyr sa ,1\pyrOM .B KOJIO;lle 

neprfloKap'l' o6H3a'l'eneu. MaccklBbl I,2,3,I4~I8 rrpncy'l'C'l'BYJO'l' Bcer;11a. Oc

'l'aJIJJilb!C MaCCklBbl MOryT. npHCyTCTBOBaTI> l1Jll1 OTCY'l'CTBODaTI> B 3aBl1CllMOCTll 

oT ItaHitpcTHolt sa,llal!n. !IopH;liOK cne,lloBamm l!ucen B Mac cuBe o6Rsa'l'eneH, 

0,1\HHI\0, CCJ!ll MaCCl1Bbl ,1\CJIHTCH Ha rpymlhl llk!CeJI, 'l'O IIOpH;liOK l!l1CeJI B 

rpyunax oJHsaTeJieH, a nopH.I\OK rpynrr B MaccuBe rrpousBoneH. 

!lepBb!li MaCCl1B 

a) ila3BaHue sa.11a trn. 

IlpOCiilllaCTCH Ha 0,1\l!Oli nep::poltapTe B COOTBCTCTBIU1 C QJOpMa'l'OM. (50H). 

BTopoti.MaccuB 

Ilpo6klB::lC'£CH, Ha 0,1\HOrl nepl]!oKapTe B COOTBCTCTBllll C tpOpMaTOM (III6) ~ 

a) t!klCJIO TOl!Clt CXCMbl, l1CitJl!Ol!aH HyJreByJO; 

6) t!llC .. O CMi\OCTCH; 

D) l!UCJIO COIIpOTUBJICHllili 

r) l!klCJIO klHAY~TUBIIOCTeil; 

A) t!UCJIO D3al/lM!lhiX ltiH,l.\YKTl1BHOCTell; 

e) t!llCJIO ITOJiyiipOBO,l\HklKOBbL'-:: Tpl10,1.\0Bi 

lit) l!IICJIO pa3Jll1l!llb!X TkliiOB IIOJijTipOBO;liHllKODLIX TpllO;liOBi .. 

3) l!l1CJIO l!C:JaDl!Cll!.alX reHepaTOpOB TOKa; 

H) t!UCJIO Jlai.III; 

I<) l!l!CilO pa3Jl!Jilllb!X TI1IILJB j;ar,m i 

JI) t!JI!CJIO 3UBUCU!Jb!X reHepaTOpOB TOKa. 

TpeTliti Macckln 

a) IJaCWTa6 kl3MCpe!!Uf! TO!ta B CXCMe; 

6) l.i8Cil!Ta6 li3MepeH;iH Bpei,:el!ll B CXCMe. 

:-.... ,,,. 

MacwTa6 orrpe).\eJiileTCH r(a!t &;. ~: , r).\e a1 - C,l.\l1H~!Ua l13MCpC!!tlfl B 
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. . . . 
COOTB8TCTB8HHO). Haiipl1Mep, npll 113M8p8Hl111 BpeMeHI1 B CXeMe B HCUJ-; 

.MaCinTa6 6YJ!,BT paBeH t9 ~~~~ = -9. 

IJpo611BaeTCH Ha O.l{HOi<l nep\I)oKapTe B COOTB8TCTB1111 C ·l]_iOpMaTOM (2IS). 

t!eTBepTblii MaCOMB: IIOCJIB.l{OBaTeJI:DHOCT:b tlllCBll .l{Jlfl sam1CU B_CJI11tll111 

BMKOCTeti 11 MBCT 11X BimiOlleHlffl B 11CCJie.l{y:n!Oii CXeMe. 1\ar.t,z{afl BM!tOCT:D xa-

paKTepHsyeTCH rpynnoti 113 Tpex tine en: C, l , j , r,l\e G - ~JeJmt~Mua eM Ito:.. 

CTH B HclJ,. a l 11 j - HOMepa TOt!BK CX8Mhl, MBl;(,l:(y !WT0pb!MI1 Bi\JIIOtiBHa 

STa BMKOCT:D. 

IlpOOJIIBUBTCH ITO tiBTblpe rpynnu Ha nep![loKapTy B COOTBBTCTBHH C \I)OpL!aTOM 

( 4( EIO. , 2 I 4)) • 

ilHTblti L!aCCHB: ITOCJIB,l\OBaTeJI:DHOCT:D tll1C8JI ,l\Jlfl 3UIIHC11 COIIpOT11BJI8Hl1ti · 

B !lJOpMe, IIOKasaHHOti ,1lJIH BMI\OCTeti (ll8TB8pTUiJ MUCC11B). BeJII1tli1Ha COIIpO

THBJI8Hl1fl 113M8pHeTCH B !tOM. 

llleCTOti MUCCI1B: IIOCJI8,1lOBaT8JII>HOCTL lll1C8JI ,1lJIR"sanHCl1 ,z{al!Hh!X IIOJiy-

. npoBo,z{mmoBLIX TpHo.ztoB. KmK.zthllt Tplio.zt xapaKTep!lsycTcH CJIUAYIO~uil rpynno~~ ; 

t~Hcen: 

.a) KO.zt o6osnat~eHl1H THna TpHo.zta; 

6) TOt!Ka IIO,l\KJIIOt!C~l1fl SUJIITTepa; 

B) TOtiita IIO.l{KJI!Ot!BHJ/Ifl 033bl; 

r). TOt!Ka II0,1lKJIKltl8HHfl ItO,iJIB!tTOpaj 

.zt) B8JIHtiJ/IIIa TOKa SM11TTepa B Ma; 

e) B8JII1tll1Ha Ha!Ipfl~8Hl1fl KOJIJIBKTOp-SUHTTep D BOJII>Tax; 

lE) T8MllepaTyp~ Tpl10,1la B °C. 
ITpOOHBaeTCfl IIO O.l:(HOil rpynne Ha nep(pOitapTy B COOTBCTCTBI111 C ![lopMaTOM 

(I10, 3I4, 3EIO). 
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Ce,zr&!Joi1 uaccli!B: nocne;noBaTeJII>HOCTI> llli!CeJI ;nna aanli!cll cnpaBOllHblX 

3Hat!eli!i!ii nopet!li!CJie'HHblX HHlitC· napaMeTpOB npllM8Hfl8MbiX I10JIYI1POBO;l\HHK0Bb!X 

Tpli!o,n;o:B. 

a) KO;l\ 0003Hat!C!Ulfl Tli!I1a TpaH3HCTOpa; 

Ci) t!li!CJIO 2 ,1l;Jifl CITJiaBHblX H1IH llllCJlO 3 ,n;Jlfi ,1l!i!lj)tlJy31i!OHHblX TpaH31il-

CTOpOB; ·. 

B) HOCTOfl!IHaR BpeMCHl1 .1:" t< B HCcK; 

r) CMKOCTb 1\0JIJI(}I(TOpa C1, B ntiJ; 

;n) !IUI1pHlKCHl18 KOJlJ!eKTOpa B BOJ!I>Tax, np!i! KOTOpOM ll3Mepena CK; 

e) . h 
22 

B MKCHM; 

' l!i) f d-. B Mrg; 

a) rwar]). y Cli!JICH!i!R no TOJty npli! TetmepaType t 1 

H) t· 1 B. °C; 
!C) KOa!iJ. ycHJJCHllfl !10 TOKY npli! TeMnepaType t :z. ; 

t 
< 0 

Jl) 2 ll c. 
·.· KaiK,n;an rpynnu trli!ceJI npoc51i!Bae·rca ua ;nByx neptiJmtapTax .B cooTBCTCTBl'fli! 

c L!JopMaTOM ((ItO, 14, 5EI0./(4EIO.)). . .. 
Ce,n;I>MO~ H ,n;eBRTbli1 uacc~lBhl li!.i(i.JOpMaL\Hii! co;nepl!iaT cnpaBOtlHbiC ",n;allllble 

0 napaMeTpax TpaH31i!C'l'Op0ll H Jiat,max, . COOTBC.TCTBCHHO. · HOS'l'OMY ;ztaiiHbiC 

neptiJoKapTI:l ua Ica:~~,n;b!H Tim TpaH31i!CTopa· 11m1 na1Jnhl npooli!BaiOTc~ o,n;uH pas, 

OHl'l COCTaBJiflJOT CililOJlli!OTCKY, 113 lto'l'OpOLi. uepyTC!l HCOOX0,1l;UIAUC KUpTbl ;l\Jlfl 

Ka;>KJJ;Oii IWHKpc'l'Hoii sU,J:latrl1. (i3 ,n;aJI:&HetlL!leM npe;nnonarae'l'Cfl nepeBec•r!i! 

a'l'y c5!i!OJJHoTeicy ua MarHii!THYJO neHTY, l'l Iwooxo,n;li!MOCTI> BBO,n;li!TI> ,n;aHHI:le 

MaCCHBbl QTna,n;eT) • 

BOC:OMOrt MaCCii!B: I10CJIC,1l;OBaTCJII>HOC'l'l> t!l'!CCJI ,1l;Jlfl 3ai11i!CR ;naHllbiX 0. 

JiaMnax. Kaiii,n;aa naMna.xapaKTcpusyeTcfl cne;nyiOUiei1 rpynnoti llli!cen: 

a) KO,J:l 0003HalleHHfl 'l'Hna JiaMI1bl; 
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- ' 
B) TO~Ka no~K~ID~eH~H C8TK~; 

r) TO~Ka no~K~ID~eH~H aHO~a. 

Ilpo6~BaeTCH no O~HOH rpynne Ha nep!liOitapTy B COOTBeTC'fBIHl C riJopMaTOM 

( IfO, 3H). 

;lJ,eBHTbiH MaCC~B: nOCJie~OBaTeJI:&HOCT:& ~!1CCJI ;J;Jlll aam1C}l CTipaBOlJHUX , 

~aHHhiX o JiaMnoBoM Tp!1o~e. Kallt~b!H Tl1TI Tpl1o~a xapmtTep•IaycTCH CJIC.I\YID

meit i:•pynrroit ~ucen: 

·a) 1w,n; oooana~eHl1H nma _naMnhl, 

0) C C.K B II~; 

B) C ca. B n~; 

r) C O.K B IICQ; 

,n;) BHyTpeHHee COTipOTl1BJICHl1e JiaMnhl B !tOM; 

e) KpyTl13Ha-~aMn~ B MajB. 

IlpOOl1BaeTCH no O,IJ;HOH rpyrrrre Ha rrepci!OKapTy B COOTBCTCTB>ilil C {popMaTOM 
"' 

(IIO, 5EIO.). 
...._"''" . :~ 

- ;l!,eCflTblH MaCCl1B: noc~e,n;oBaTeJI:&HCX: T:& l!l1C8JI ,IJ;JIH aaTIVIC!1 l1H.llYKTl1BHO-

CTeli B ~OpMe, noKaaaHHOH ,IJ;Jlfl 8MKOCT8H (~eTBepTbiM MaCCl1B). BeJI11l!l1Ha 

l1H,n;ykTl1BHOCTl1 B MKrH. 

O,l(l1HHa,I(gaTblti uaccl1B: nocne,n;oBaTeJI:bHOCT:& ~ucen ,n;JIH aam1mt MarimT

HhiX CBH3CH. Kallt,n;aH MarHl1THafi CBH3:b xapaKTepl1ayeTCH rpynno£1 l13 5 . •:. / 

l!l1CCJI: K ' L ' j ' e ' m ' r,n;e I< - KOS~\j)l1~l1e!IT CBfl3l1 MClit,IJ;Y l1H,n;yK-

Tl1BHOCTHMl1, o,n;Ha '113 I!DTOPhiX BICJIIDtiena MeJK,n;y TOtiKaMII L H j , a ,n;py

raH MeJK,n;y TOl!KaMl1 i H m • TOl!Kl1 l l1 t (l1JI!1 j l1 m ) COOTBCTCTBY

IDT KOH~aM HH,n;yKTl1BHOCTe£i, nOMClJCH!!LIX Ha CXeMe SB83,1J;OlJKOti. Ilp00!1BaeT

Cfl no TpH rpyiiTibl Ha nep~oKapTy B COOTBCTCTBHl1 C clJOpMaTOM ( 3(Ef0 .,4I 4)).._ 
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l(BcHa:z!UaTb!Li l!:aCCI'IB: TIOCJIB;z(OBaTeJI:OHOCT:& tUlCCJI ;z(Jlfl 3anUCll· 3aBl1Cll- . 

ubr< rcucpaTopon TJrra. l{a:K,nJ:,Jti reriepaTop xapmt·rep11ayeTcH rpynnoiil. 113 . . . 

5 q11ceJI: S , L , , 1< , L , ·r,I\e S - 1\0a,IiJilll\lleiiT nponopl\llOHan:r:.IIo-

cTll B MajB, L 11 j - TO'!Kll cXeMbl, lJtllK,I\y ItOTOpbiMH BltJ!IOtJ:CH reiiepaTOp 

TOl\ai K ll t TOqKll, HUll;JfllKC!ll1B MelK;ny KOT0pb!Ml1 ynpaBJif!eT reHepa•ro-
. . - . 

poM •ro1:a. !opf!;n;Olt aam1c11 quceJr B nape i, j ;nomwH ub!T:& TaKllM, tJ:TO-

jLJ HOJIOi.UITeJr:r:.Hoe uanpanneH!tle TOKa B reiiepaTope Ub!JIO oT i -ot;i ( nepnoil: 

.13 nape i. ,j" ) TOt!!\.! it j -o\1. !lp!t! 3TOM nep:Bb!M tUICJIOM B nape K ll f 

,i.(OJill\ell Ub!T:O llli,I\eltc YMCH:OlllUCMOrO (IIanpfliKelll1f!), a BTOpb!M ;_ l11l,I\CKC DbltJ:V!

TaeMOrO B aa;nal!HOM Db!paJKeHil!I TOI\a ftj::: S (U"- Ut.). I1pooll:BaeTCfl no Tpv! 

PpyllTibl Ha il0p(p0!tapTy B COOTBCTCTBlll1 C cQOpMaTOM (3(E 10., 414)) •. 

Tpl1Ha)'.p~aTbl!A MUCCl1B: TIOCJIC,I\OBaTCJI:&llOCT:& '!HCCJI ;z(Jlfl 3aTil1Cl1 !te3aBl1-

Cl:lMLIX reHepaTopon ToKa. l\m;t;n;blitr HeJaB11Cl1Mbli1 renepaTop TOKa xapaKTepl1-

3yeTCH rpyunot1 113 5 qltlceJI: A, •I>, P, i, j , r;ne A - aMnJil1Ty;na TOK?- 1 
. . .· . . .. . . 

l> - HOMep i])opMb!. TOita, P ~ napaMeTp . TOKa, i l1 j - TOtJ:Kl1, Mel;t;ny. KO-

TOpL!til1 BltJ!JOqeH renepaTOp TOKa; IIpl:ltJ:BM IIOJIOlKl:lTBJI:&HOC HanpaDJIOHl:le :·TO- · 

Ka n ·reuepa~~pe oT j ,;..o~i (BTopoti B nape i, j J ToqK.l:l K · i· -ott. Ilpo-

6l1naeTcf! no .n;na rpynnb! na nep~oKapTe B cobTneTcT:Bl:ll1 c 0opMaTOM 

(2(3t:Jo., 214)). 
' .. ~. .' ~' 

a) peaJr:&noe npeM!;i n· cx:eMe, ,I\O KOToporo neoJxo,I\'~!Jo DbltJ:VIcnHT:& 

· ·. nepexo,li,Hbllt npol\ecc~ 
u) npoMelity·roit ·peam>uoro BpeMeHn.1l cxe111e; i!epea· Jtoi'ophl~i iieooX:o~ 

)(111.>0 Bbl,Z\UBaTI> jlll3YlTh'raT'fJ ua· rte:tiaT:&, ; ' .. ·Y' .. 

i3) IIOKa3aTen:o', on.pe',zieniiioatl:lri i!am.leir:brny!O' a0comoTHYIO o~'l:lchcy .. (BeJ!l:l-

·~maa :olll~IGm:f! io-a ~<:r~e' 8: :.:. 'q:l1CJIO·;:iia ·nep0olWpTe)'; 

r) TOq!IOCT:& Bblql1CJICHl:lH B IIPOI.\eHTax, 

!'< 
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,11;) KOJIUtieCTBO TOtieK, Bhl,n;aBaeMh!X Ha IIetiaT:& (eCJil/1 IIpOO!IIBaCTCfl tiUC

JIO 0 1 IIetiaTaiOTCH Haiipfll!teH!IIH !II 11X 11HTerpa1!bl BO BCCX TO tilt ax, 

··cxeMhl); · 

e)·t!l/ICJIO 0, eCJil1 HHrerpHpOBamte,c t = 0 1 111111 tii1CJ!O I,·ecm!liiH

TerplllpOBaHMe C t = !.. 1 , 

11po6l1BaercH na o.n;uoit nepwoKapre B coo·rnerc·rBMH c cJ!oplmrou ( 4.~ 10 "'215) 

J1HTH9J!l.\aTblit MaCOMB ( TipriCyTCTByeT 1 eCJII1 na,n;o TIC tiaTaTI> HanpH<'KC Hl1H 

· H riHTerpaJibl ue ~ci .Bcex TOtiKax): nocne.n;onarejr:ouocT:& tzncen n., nu ... ,n,.., 

• r.n;e · nt. - HOMep TOtiKl1i D ItOTopotl na,Z~o netzaTan uanpHl!teHMc (J~I!fl Toro · 

tiT06bl HaTietiaTaT:& MHTerpaJI B TOtiRe K , ·yim3h!BaOTCH n i. = K _,. N , I'.I(e 

N ·. - tzncno rotzeK B cxeMe, He ctiUTaa uynenoiA). 11opH,n;or\ netza•ru pe-

. ayJi:&TaTOB 6y,n;eT COOTBCTCTBOBaT:& TIOpfl,n;Ky tillCeJI n4 , tl2.,,,,, n;, ,· Ilpo-

6UBaeTCfl no 20 l!~CeJI Ha nepil?OKapTy D COOTBeTCTlll111 C !j)OpMaTOM (2014), 

llleCTHa,ztgaTbiM MaCCMB: MaCCl/IBhl 16 l1 17 npllCJTCTDYJOT 'l'011I>l\O lJ. TOt! ., 
CJiytiae, ltOr,l{a llhltillCJICHl1fl npO.l\OJIY.taiOTCH C MOMenTa t = t 1.; 

a) ti11CJIO npOVi,l{CHHh!X TOtielt pa3ph!Ba 1 Cl!llTafl TOtiKY t :: 0; :"" ;, 

6) BpeMH nepnoit netiaTM pesy~ih'l'aTon; 

B). BpeMH t. f HatiaJia MHTerpMpOBaH!IIH; 

.. r) lllar 11HTerpMpOBaHl1fl, 

J1po611BaeTCfl Ha onHoi1 nepti>oKapTe B COOTBCTC'l'Blll1 C ((!OpViO.TOM. ( I4,,-3Ei0), 

CeMH9J!gaThiit MaCCl1B: riocne.n;oBaTeJI:&HOCT:& tillCC1l Qf ~ 0. 2. ' a)'·,~' •• ,a%1(' 
r.n;e Q I , a.2., ••• ' aN - HaripHllteHUH B T Ol!Kax' c. I no . N.' . B' MO!Jei!T t i ' a 

UN~I ,Q~+zl • ~ ·~ QZH- 11l!TerpaJihl HatrpaliteHllll B. TOtiKaX C I 'no N. B MO

MeHT t 1 ·~ IlpocSt!BaeTCfl ITO S tii1CeJr Ha rrep~oi{apTy 1l COOTBCTCTBH!i C WOP-

MaTO!J (5EI6). .. ' · · ' 

··· BoceMna,iigaThiit 'Maccun : imffiopuauuu: 

.· .'a)'··qlic.iro 0, ecm1 'sa,Z(aql:uc· rtOC1le,Z(IHiri 11 .n;anee C11Cl(YIOT MaCCI1Bht. 
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lilntfloplm~ft1ll ,zvm paclleTa .I{pyroli cxeMhl, l!Jllil tJ.llcno I, · ecnlil a8.,Z{a- . 

qa noc]Ie,nHRH u npOl'par.JMa CHiiiMaeTCH co ctJ.eTa •. 

lipOOl!BaeTCH 'n COOTBEJTC'fBIHI C <~OpMaTOM (IIO). 
' 

COCTaBJieiiHaH B ormcaHHO!.l llhl!l!e IIOpfl;l\Ke KOJIO,lla nepifJoKapT ,1\Jiff O;liHOti 

11JIIil IIeCKOJl.blt~JX 38.,Z{all l:l!JeCTe C MaCCl1BOM nepQJOitapT IIporpaMMhl saKJia;llh!Ba

U'fCH B Malllli!Hy. ,llaJrec pactJ.eT npol1sBO.zlliiTCH al3TOMaTiiltJ.eCim. Ha KaJK;llblli lllar 

. IIe'lla'1'11 l3bl;l(aCTCfl BpCMff t ·, IIOCJie;l\Hiilii lllar liHTerpl1pOBaH11ff, yKasaHHble 

!!a!Ipffllielll1fl U llHTerpaJIU B MOMeHT t . ilpl1 !IpOXOr.t;llelil1lil TOiffilil CKatJ.Ka TO

J\a · uesaBii!CllMoro reuepa'l'Opa l1JIIil crta 1ma era npolilaBO;liHOiil neqaTaiOTCH: Ho

!Jep TOtJ:ltl'l CltUt!Ka, BpCWI Cltall!ta, HaiipHlKCHl1fl l1 l1HTerpaJih! !IOCJIC MOMeHTa 

citalllta · t t ... 0 B yKasaiillhLV.: ToqKax. B TOM cnytiae, 1wr.na netiaTaiOTCH Ha

npHlltelllHI Iii li!X 1-iHTerpaJrbl BO BCeX TOllltaX CXeMbl, MOlltHO np0,110JilltaT:O npo-:-

1.\eCc llHTerplilponam1H c mouoro t 1 , KOTOpoe 6b!JIO Bb!Be.neHo ua neqaT:o. 

. , },llJIH :JToro CJIYlitaT lliCCTHU;ll~aTbiH Iii CCMH8.,Z{~aTblli MaCCii!Bbl li!HifJOpMa~ll. 

3. 8KBJ.1BaJieHTHble CXeMbl TpaH3l1CTOpa II JlaM!Ibl 

B OTJIUtJ:Iile OT R , L , C aneMeHTOB, MarHiiiTHhrx cl3aaei1 n reuepaTopoB 

TOKa, l\OTOpb!e llMCJOT B IIpOi:'paMMe Henocpe;liCTBeHHJie MaTeMaTHtJ.eCKiile MO,lle- · 

JIIil, no1lynpono,n;unKOBble Iii nar.moBble TpUO;llbl saMeHHIOTCH riplil pa6oTe APllll-3 

aKBHBaJreHTHbli.m cxeMaMiil. 11porpaMMa no sU;llaHHbiM eiil napaMeTpaM TpllO;liOB 

(,nauuue o IIO,llltmoqem!H B cxeMy l1 cnpaBotiHble ,1(aHHble) aBTOMaTiiltJ.ecKll 

CTpOl1T 31\Bii!BO.JICHTHYIO CXeMy Iii SaMell(aeT eiO TpliiO,l{. 

8KBIIBaJieH'rHaff CXCMa IlOJiyHpOBO,l4HiiiKOBOrO Tpli!O,l{a Iii ~OpMyJibl pact!6Ta 

ee rmpaMeTpOB npnBe.nenbl Ha plilc. I a. 

.3 ,naHiiOti MO,l{CJ!Iil IIJHIIIHTa JIIiiHCHHaff annpOJtCl1Ma[(lilff 3aBii!CiiiMOC.Tl1 j3 

OT TeMnepaTyphl. l.l ,Z~aJI:&ueHoeM npe.nnonar•aeTCH SU;llaBaT:& aaBI1CiiiMOCT:& fi 
OT TCIJIICpaTypbl OOJiee TO'IHO c IIOMOll(:O!O TaoJllilqlioH tDyHK~Iillil. 

8KBli!BaJieHTHaH cxcl!a .:munonoro Tplilo,na np~,nc".raBneHa Ha pllc. I6. 

11apaueTpbl srmnBaJieHTHon cxeMbl CiepyTcH Henocpe,ncTBeHHO lila cnpaBoqmma. 
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l!JIH til!cno I, ecnM aa,na-

1 ctie'.ra. 

IJIO;L\a IICPWOltapT }l;Jlff O;LIHOH 

:apT rtporpaMMbl amma;L~b!Ba-
- ' 

IMaTHtieCKll. Ha K~;L\b!H mar 

:rpMponaHl!ff 1 yKaaaHHble 

)lit;L\eHllll TO't!Kll CKatiKa TO

Hl3BO;LIHOH netiaTaiOTCff: HO

l!HTerpaJibl nocne MOMeHTa 

w ,Iwr;n;a netiaTaiOTCH Ha- _ 

, MOJKHO npo;n;onlKa'X:o npo-:' 

iO _nune;n;eHo Ha netiaT:& • 

.iacciiBbl nmpopMar~m. 

:!. 11 JiaMIIbl 

fbrx c:Saaea 11 reHepaTopon 

mbie . MaTeMaTntiecKlle uo;n;e- · 

'lfli3TCH ripll pa6oTe APIIII-3 

~ en napaueTpaM Tpno;n;oB 

aHHb!e) aBTOMaTl!tieCKll 

o:n;. -

:rp11o;n;a n ~opMym1 pactieTa 

cJnial.{l!ff aanncl!MOC_Tll fi . 
38.,Z\aBaT:& 3aB11C11MOCT:& fi 
" . ' . .j., ~ 

~H QlyHKl.{H11, 

e;n;c·.raBJieHa Ha plllc_. I6. 

e;n;CTB6HHO 113 cnpaBO't!Hl!Ita. 

'· 

K-

f3 = 8.7·W-2 rro K 
- la Ma. 

r-= O.Oi 13 j 

s = j3 

P11c. I a) aknnnaneHTHaH cxeua nonynpono;n;Hl1IWBoro 
np116opa _11 ~op~ynu ;L~Jiff pactieTa ee ~apaueTpOB 1 

6) SKBHB~~~~~~ff CXCMa JIUMIIOBOro Tp11o;n;a. 

I3 



... 

XOTfl ;n:a:i!lafl CXeMa OOJI~aeT TeM IIe;z40CTaTKOM, liTO HCT Bbll!J.1CJICHJ.1fl 3UBJ.1-

Cl1MOCTJ.1 l\PYTl13llbl JlUMilbl OT Ha11pfllit8H.l1fl Ha aHO;z48 ~ 110Jl:030BUTCJI:O caM ;140Jl

iWH 3U;14UBUTD ee 3HU'l:C!Hie, DCC llte B pH;148 CJiyl!aeB STU MO;I\CJl:O OOJICrl!aeT . 
I . 

TPY:z4 11.r;:;cuepa np11 pacl!eTe cxeM. 

ilOJI:030lHJ.'rCJlu MO;KeT l13MCHflTI> napaMeTpb! aneMeHTOB 3!\B.l1BaneHTHQi,1 

CXC!.ll>l, MC!Iflfl BXO;I\llb!C ;14aHHbiC. l{poMe TOrO, OH MOl!tCT aaMeHl1T:& nepe;14 pac

tWTO!J J!UL:IlLi H ·rpUII31lCTOpbl (Bee LlJlll HCC!W1l:OIW) TCM11 3KB11BU11CHTHhlM1l 

cxcuaLm, lWTOpble ero oon:&JJie Y:z40BJICTBOpf!lOT ~ TarmM oc5pasoM :z40CT1lraeTCfl 

To, q·.ro npn umr:omoii rl16KOCT1l ·B rrpe;I\CTaBJieH1ll1 naMTI 11 TpaHsl1cTopoB npo

rpaM!Ja li36UBllflCT 11011:&30BU'£81lfl OT HCOOXOJ\1lMOCT.l1 CU.MOMY COC'rUBJifiT:& · 3K-
. . 

BUllaJ!CH'Xllb!C CXC!.lbl 11 j3blr!J.1CUBUT:O crrpaBOtJ:Hbie ;14UHHb!C B Tpl1BJ.1U11:0Hb!X CJcytJ:af!X. 

4. C·rpyr\Typa nporpaMUbl APIIII-3 

IlilOr·par.iMa APfliT-3 cocTonT 11s pHl\a no;z4nporpaMM, tJ:To He Ton:oKo oo-

. nurtJ:UCT. COCTUBJ!CI!llC 1.1 JCBOC!lllC 11p1lHI.U1IIOB ee pa60TU, HO H B rrep-

llJIO OtJ:epe;n::o CO:J,n;ad'.r 60n:&JJ!l18 B03i.JO;KHOCT1l ,ZJ;Jlfl ,ZJ;UJl:OIWMlilCH MO,n;epHl13al.{l1l1 

nporpaMMbl.l!OBLIC 110,ZJ;llpOrpaMMl1 llJlll B1l,ZJ;Ol13MCHCHHbiC CTUj)blC MOlltHO C03,ZJ;U-

lJaTI> l1 OTJiat.\HBaT:O OT,ZJ;CJI:OHO, a llOTOM ,n;06UB11HT:& K OCIIOBHOW nporpaMMC. 

llporpaMMa APflll-3 HBJIHeTcH ,1\an:oacnwllM ycoBepweHcTBOBaHHeM Tipor

paMMhl APIIII-2/2/. Anropl1TM nporpm4r.iu ocHoBau na !.WTO.'\Hrw, onllcauuoi1 B 

pa6oTe/I~ EnoK-cxeMa nporpaMMLI npl1Be~cna m.ilKe. Kallt,n;bl~i onol\ paa,n;eneH 

Ha ;14Be .tJ:acTn: B Bepxueii yKaah!BaeTcH, liTO Bhi110l1HHeT ,n;anrwi1 6nm>, B 

H.HlltHen ~ no,n;nporpaMMhl, I\OTOpble yl!aCTBJlOT B pa6oTe ,n;anuoro 6noKa. Cne- · 

Ba OT Ol10Ka yKaaau. ero llOMep' crrpaBa - ycnOBllfl' npl1 IWTOPbiX ,n;aHHh!li 

onoK rrpoTiyCI\aeTCH 11PH paooTe nporpaMMbl 11 ,n;a11ee yrrpanneHlle nepe,n;aeTcH 

cne,n;y10qeMy 6noKy •. 

llporpaMMa A~I!Il-3 HC oopamaeTCfl K CTaH,1\apTHl1M rro,n;nporpaMMUM 

(l1CI\11IOl!eHl1e cocTaBnf!lOT no,n;nporpaMMbl aneMeHTapHb!X WYHKLUlii, BBo,n;a Ttl Bhi

BO,I\a) 11 noaToMy ne sanum1T oT r.mTeMaTnl!ecKoro o6ecnetJ:emlf! uawnu. 
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----------------------------~------------~--------~--~----~~--~----~------~----------------------

ITO HCT Bbl'll!tiCJieHl1fl SBB!ti-

l !ti llOJilJSOBBTCJilJ CBL! ~OJI

lCB aTa MOl-\ClllJ ooner'!laeT 

rreMeHTOB 31\BllBBJICHTHOH 

MOl'.teT saMeHUTlJ nepe~ pac

). TCMll. 3!\BllB~JI~HTHbli.!ll 

BltHM OopaSOM ~OCTHraeTCfl 

JIBMll H TpBHS!tiCTOpOB npo

Titi CG!.!OMY COC'l'BBJiflTlJ · 3!\

,HHb!C B Tp!tiBHBJilJHbiX CJIY'IIBfllC. 

>rpaMM, 'liTO HC TOJII:>KO OU

pa60Tll, HO H B nep

~Bill:>HCMli!CH MOl-\CPHiti38l\UH . 

li!HL!C CTBpb!e MOlKHO 003~8-

rlJ.K OCIIOBiOH nporpaMMC. 

::oBepUieHCTBOBBH!tiCM npor-

. liB MCJTO.'\Itilte, Ol1!tiCBHII0£1 B 

lKe. Kallw~H onort pas~eneH 

nommeT l-\BHHui-1 Cinort, B 

paooTe ,l\BliHOro Ci.riorta. Cne

oB!tifl, . npn lWTOp!IX l-\BIII!b!£1 

e ynpannen!tie nepel-\aeTcfl 

\BPT!Ib!M !10,lii1pOrpaMMBM ·

lalJHIIX QJYHKLt!tii-1, BBO~B ll Bb!- . 

>ro ooecne'!le!IIIi!l MaUI!tiH. 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

EnoK-cxeua nporpaMMhl APITIT-3 . 

.. 

. HBO~ rrepBb!X Tpex MBCCl1BOB 111~9/0PMBL\Itill 
(H83B8Hlle 3B,l\B'Il!ti 1 OCHOBHblC 'll!tiCJIB, 
MBCUITBObl BpeMeHll 11 TOKOB) ·, · • 

A RPP3, c;.orov 

I 
CocTaBnemle cncTeMbl ypaBHeHnii, onncb!-
BaiOll\UX cxeMy >:1 paspemeH>:te ee OTHOC11-
TCJilJ!iO BblCIIIl1X l1p0113BO~Hb!X (rro~pOClHee 

CMOTpn Hl1lKC ' 

G-OTO V 

l 
BBO,l\ 'llCTblpHB,l\qBTOrO MBCCHBB ( 'lll1Ci!a ~JIH . 
HHTerp>:tpOBBHHfl). ilOHCK TO'IleK, B KOTO-
pbiX uesaBl1Cl1Mble TOK!ti unn nx nponsBo.~-

Hble HMCIDT CKB'IIOK 

lNTEGR, POINTB 

t 
BBO,l\ I1HTH8tl\8TOrO MBCCl1BB·l1HtQOpMBL\HH 

.. 
. •· 'llllCJia ,l\Jlfl ITB'IIBTH) . 

~j '~ 

INTEGR 

I 
BBO,l\ UICCTHB,l\L\BTOro 11 CCMHB,I{l\BTOro !WC-
CHBOB l1HQJOPUBL\11l1 ( 'lll1CJIB ~Jill ITpO,Z\OJili!e-

. Hl1fl Bbl'lll1CJICH11il 

INTEGR 
. J 

3Bl-\BH11e HUt!~11lJHbiX yc.JiOB11U 7-\1IH HHTerp>:t-
pOBBHllfl l-\l1!Jl<.tJCpeHL\HBJII:>HllX jpBBIICHl1ii I 

INTEGR 

J 
Bbl'lll1cnem1e o'!lepc,I{Horo BpeMeHn ne'!laTn 
pesy111TBTOB t~ , CpBBHCHHe ero CO Bpe-

!c MCHCIJ oqepe,I{HOrO CK8t{KB TOKOB mm l1X 
rrpOl13BO,l\HUX f. c f-

. INTEGR 
tt~t, ~ K OJIOKy ts 

15 

ITponycuaeTca, ecnn. 
HCOClXO~l1MO I1C'IIBTBTJ, 
nee noTCHL\HB11bl 11 nx~ 
nnTerpanbl • 

TiporryCIWCTCfl, {)CJI!ti 
pacqeT HB'IlltiHBBTCfl 
ci.=O · 



8. 11HTerp!t1pOBBHlle CUCTCMhl ypaBHCHllli ~0 
MOMCHTa tc -0. . . · : 

RUNGE STEP_l RIGHT Sl&NAL,CDMP 

9. TIQtiBTL peaynLTB~OB B WOMCUT tc.-0 

UPRINT 
.. 

IO. JLI1.!l1CBCIH1e CKUtil\OB Harrpm.\ellllli !A llX 
::aTerpa!IOB B l.lQI.WHT .. t c..· 

BREAK 

II. 
. .. 

J1CtiBT1 pC3:J!l1TB'l'OB B MOMCHT tc+O 

UPRINT 

~lHTCrp!-lpOBUH11C c:iCTCMhl ypaBHCinlit ~0 
MOM611Ta t n 

12. 

TO lite ti·r o 11 ~ DJIOK 

.. 
B. l1C1.!BT1 pesyJILTUTOB B MOMCHT t t-t · 

UPRLNT . . 

. 

CpaBliCHUe t n GO llpeMe!IeM OKOHtiaHllfl 
ll!!Terp11pOBaHllfl CUCTC!.lbl ypaBHCHU~i t K 

14. 

fNTEGR 

. tK~tn 
Bno~ · noce!.:H&~4aT6ro Maccuna ( rrpusHaK 
IWHI~a). Orrpe~eJieHlle rrannt!Iifl sa~ati 

15. 

~JIH CtiCTa 

ARPP3 · 

3~ati.HCT 

I · OCTaHOB I 
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B03BpaT K 6JIOKY 7 

CCTL .CJIC,I\y~mafl 3a
,1\atia 
B03BpaT K 6norcy_ I 

}r ., 

l 
l 
/ ... 

.- ... ~· 

2a. · I Bno.11 t!eTBepTm 
n IIOCTpOCI!Ue .1 

2B. 

26. 

B 

BBO,Il llflTOro M! 
n rrocTpoeu11e 1 

I Bno.11 tJecToro I 
(,1\aHHhle o TPlH 
3!\B11BaJieHTHb!X 

2d. ·1 Bno~ BOCLMoro 
( ,1\aH!Ible o JiaMr 
31\BllBaJiel!Tl!b!X 

2e. I AHanns MaTpn~ 
MOCTeii. TIDriCK 
rrenaron" -ANIJLTS,.At. 

2f . I BBO.zl .1\CCHToro 
CTll) ll IIOCTpoe 

2~:.'. 

llH.zlYH 

BBO,I\- O,Z(lli!H~L\0 
IIHC CBfl311)ll ,1\ 

OupaTHb!X 11 

MAG !I 



ccT:& cne~yr:lil\UH sa- ' 
, ~aqa · · . 

B03DpaT K c5JIOICY. I. 

··-

neTannsarpAH OJ!Ol\a 2 

J · ns 6noKa I ocHOBHOii cierm 

~-----------------~-------~--~--~ 
2a. . i3BO~ llBTBBpTOrO MaCCI1Ba ( BMICOCT11) 

11 ITOCTpOBHI1B MaTpi1UH BMKOCTeii .. 
KOJIWllCCTBO ChlKOCTCil 
pmmo 0 

2B. 

2d. 

2e. 

2f. 

_.', 

2~~ .. 

BIULO 

I 
BBO~ ITHTOrO. MaCCUBa (corrpOT11BJIBH11H) 
k'l ITOCTpOBHI1B MaTpl1l.\Ll npoBO,Z\11MOCTBM 

IHULO 

J3BO~ IJBCTOrO l1 ce~:&Moro Iiacci1BOB 
(,Z\aHHHB 0 Tp110,llax) k'l llOCl'pOCHJ.lB 
3!\Bl1BaJIBHTHhiX CX:BM •rpaH3lilC'rOpOB 

TR. 

BBO~ BOC:OMOrO k'l :((CBHTOrO !;JaCCl'IBOB 
(,llaHIIbiB 0 JiaMrraxr 11 ITOCTPOBHI1B · · 
3ItBHBaJIB!I'£HhiX CXBM JiaMrr . . . 

LIIMP 

AHaJIU3 MaTpl1U CMKOCTBI 11 rrpOBO,lll1-
MOCTei1. ITOI1CK 11 0CTpOBOBII 11 11 apx_n-. 
nenaroB 11

· 

ANALTS; ANIIL, OSTR.OV 

BBO;L\ ,l(BCHTOrO MaCCUBa (HH.l\YKTl1BHO
CTl1) l1 ITOCTpOBJfl1B MaTpl1l.\bl OopaTllh!X 

l1H.l\Y l\Tl1BHOCTel 

BTULO 

BBO.l\ O.l\l111Ha,l\l.\UToro Maccli!Ba (!JarHI1T
mre CBH311) 11 ,Z\OIIOJIHBHl1B MaTpl1Ub! 

oopaTHh!X l1H.l\YI(Tl1BHOCTCi1 

MA&tiiT, OOBilV 

·. · l 1\ c5JIOICy 2ft. 

17. 

KOJ!l1llBC~BO CODpOTI1B
JieHI1i1 paBHO 0 . 

1\0JHillBCTBO llOJiyllpOBO,n:
HI11\0BLIX Tpl10,l\OB paB
HO 0 

' 
.ltOJII1llBC.'l'BO JJaMll paB-

·. HO 0' 

i\OJ!l1lle CTBO iilll.l\Y K'£UB
IIOCTCH paBHO 0 . 

!COJ!IlllBCTBO uarl!llTHbiX 
CBH3CipaBHO 0. 
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2 h. t1p>UJC,11lllllle WlTplll\ ·· i: !W.liOHl1\lCCKOii 

cfjupue ( fiOCTPRClll!e jpaBIIOHllii nacc:.m-
I!Oll \l:UCTH . · 

·' UR 

' l 
2j. 3BO.L\ ,11UGIIB,'il\BTOro I.:accnnn ( samicl1J,JLIC 

rCUllpUTOpY TOKB~ M ~ononHClll10 MaTpl1-
:Lll ll;JO:OO,~l!l.:OC'I.'Cll . · ·. 

fRANZ 

l 
BBO.Ii Tpl1Ha,~l\a'roro MacmiBa (no saB11Cl1-
~He rcucpaTop~ TOKU) 11 nocTpoenne • 
J,J::rrp!ll\ TOI\OD :1 UX ll[lOH3ll0.1illLIX 

2 L.. 

BLD 

I 
2::. il!l•WJpa:.~ouamiC l.laTpUl\ no pe3y Jl:&TB'fUM 

Ul!UJlli3U 

CON MAT 
.· 

l 
Pu::Jp:JUICIIUC 'uoJI.Y twnuoii Cll CT0IJY .Ii>t~i~e-
pcl!lJ,liU1l:OllLIX JPllllHCillBt OT!IOCllTCJl:OHO 
lJLI_CulHX !lp0113ll0,1111LIX IIJ'rllM_ O:JpU..;Clll1H 

L1aTplll\ 

- 2 t. 

INVERT, MULT Y 
·~ - ". 

JiwrepaTypa: 

ItOmlliCCTBO TpUII3l1-
c•ropOB, nm.m n saBll
cmJhiX roHcpa·ropoB 

. ' TOI\a paBi!O 0 

KOBl1\lCCTBO HC3BBl1-
CmJLIX renepaTopoB 
TO!ta paB!lO 0 · 

Cl\HHUii 11 oc·rpoB 11 

cxet.:u 

I. lJ.i.:~rpaunm, B.n.;nuopcl\Icn:l, A.:I.Po.L~uoHon, ·0.,\.TIDpHKOB. !.!cTO.Ii 
auaJinsa CTPYI\Typu :JJ!CKTpO:IHLIX cxe:J ;I\Bil pucqc•ra ncpcxoJlH. :x apo
LICCCOB c noMomi.Iu SUJ:.!. Tipenpl1HT O\'IH11 PU-5Li5, :Uy6na, 1970 r •· 

2. l~.l.l.rpaunm, B.\:.]Lnvpcl\imil, A.;i.Po.nnouoB, B;:.!.CTenanoJ3, O.A~TiO
pmcon. llporpaM!Ja AP!lil-2. !1penpl1H'r OlUHl PII~51'6, nyoaa, 1970 r. 

PyKomwb nocrynnna. B 11:J,uaTeJibCKHii OT)ieJI 
.9 ,ueKaOpn 1970 r .. 
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