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C.2I no 25 IIIOHH !966 ·rOAa B l\y6He.npoxoAl!JIO COBBl!laHl!B no MaTeM8Tl!qeCKl!M MeTO;ztaM _pe­

lli6HMff SaAaq HA6PHOll Wll3l!Kll. B pa6oTe COB61!l8Hl!H yqaCTBOB8Jlll M8T6M8Tl!Kll ll Wll3l!KII l!S COB6TC­

KOro Coroaa ll aapy6emHUX CTpaH-yqacTHIIU 06~6AllH6HHOro. l!HCTllTYT8 HA6PHUX l!CCJI6AOB8Hllfi. Eu­

JIO npeACT8BJl6HO OKOJIO 40 AOKJI8AOB, 60Jiblli8ff qaCTb KOTOpUX ny6Jil!KyeTCH B H8CTOHl!l6M c6opHl!-

K8. 

. 0TB6TCTB6HHUll aa noArOTOBKY c6opHl!K8 K neqaTll 

il.B.IIY3!,iHilH 

PyitOlli!Cb nocTynHna B llSAaTeJibCKHll OTA8JI 
6 anpena 1967 r. 
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IlporpaJ.IMll WIH TpaacnopTllpOBKll sapHX6HllllX qacTHU qepes 8JIBKTp011arHllTHyro 
noBopOTHO-WOKycapyro~ro cncTeuy._ 

lA.M.EaxeHOBa; P.H.~e,llopOBa, A.lA.illllpOKOBa (BU-EB3 O!AfllA) •••••••• • .. 80) 
YHHBepcaJI»HaH nporpau11a ;llJlH OilTHMllSaUllll 11arHllTHWC woxycapyIDIJUIX CllCTell 
Ana nyqKOB qacTHU BllCOKllX SHepral!. 

B.B.Mannep (IAT3~) ••••••••••••••••••••• 87) 
PacqeT ceqeHl!H no ll3M6PBHHOMY_Bb1XOAJ C yqeTOM IIHOrOKpaTHOro_pacceHHllH, 

n.IA.CnoBooxoToB (~IA AH cccP) •••• -••••••••••••••••• , • • 94 

Ilpnueueuae 11eTO.llOB aBTOllaTaqecxoro onosaaHaH o6pasoB .llJIH H.ll6HTH@aKauaa 
aapaxeuawc_qacTHU BllCOKllX aaepral!; 

E.M.roJIOBl!H, n.A.KyJIIDKllffa.(Hflil-BU O!AfllA) •••••••••••••••••• 

Ilporpa1111a aaanasa ynpyroro 1Cp - pacceHHHH npa aenocpe,llCTBeaaol! CBH3H 
uarHHTHO-CTPl!KUl!OHHllX HC~p~B~X_Itallep_c 3JIBKTPOHHOI! BuqacJIHT6JlbHOI! 11amllHOI!. 

lA.M.lABaHqeuxo (BU O!AfllA) •••••••••••••••••••••••• 

06aop CT8H,ll8pTHUX nporpa1111, BllllOJIHBHHb!X B-BU QJ,\flj,I ;zma.06pa60TKll TP6KOB, 
Ilporpa1111a WIH 11Horoo6'.oeKTllBHWC nyaupbKOBllX KaMep Qj,\fll/1, 

!03 

IO? 

r.H.TeHTIDI(OBa (BU OlAfll/1) •• • .••••••••••••••• - •.•••••• • III 

HaxOX,ll6Hll6 IIBTO,llOM 118KCHMJM8 npaB,ll0IlO,ll06Hri.napaMeTpOB aapHXBHHOI! qacTl!UU, 
ABlllKY~el!cH B HBOAHOPO.llHOII 11arH1lTHOII none~ yqeTOM l!OHHaauaOHHUX IlOTepb R 
IIHOroxpaTHOrO KJllOHOBCKOro pacceHHHH, 

r.A,ElieJibHHBHKO, r,lA,MaKapeHKO, B.lA.Mopos, lA,C,CallTOB 1 A,Il.CTeJI»llax 
(BU-EB3 OlAfllA) ••• ~ •• , •• · , •• , • , • ·; •• , •• 

06pa6oTK8 Hel!TpOHHWC cneKTpOB, 

II? 

lA.lA.illeJIOHUBB, H.D.IDnpHKOB8 (BU-EH~ O!Aflll) •• , , • , • , , , • •. I23 . 

06 0,llHOll.118TO,llB Bu6poca 11 UJIOXIDC11 TOqeK. 

H,ll,Jlaxycap, B.H.IDnraeB (BU O!AfllA) ••••••••••••••• 

Least Squares Fit Determination of the Position of the Cameras, 
M.Posch,A,Sebesty€n,F,Telbisz 

I26 

(UeHTpaJI»Hlll! HCCJl6,llOB8TeJI»CKlll! HHTllTYT @RSHKH, Ey,llanemT), , , , • 133 

Pa60Tll no o6pa60TKe 3KCnepHIIBHT8Jl»HllX ,llaHHUX H 8BT0118Tll38URH nporpaMMllPOB8HRH 
npoBO,llR11ue B BU O!AfllA. 

H.H.roBopyH (BU OlAfllA) •••••••••••••••••••••• • .•••• 

MaTepaaJIU CoB8Il\8HllH, He Bome,llml!e B HaCTOHll\HI! c60pHHK , , , •, , , • , , , , 
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I36 

I44 

OE IAHTEI'P AJIT,HblX YP ABHEHIAHX TlAIIA MYCXEJllAIDBHJllA 
B KHACCE OEOBil!EHHI:lX ~YHKUlli 

(CRCTe11a CHHryJIHPHblX RHTerpaJI»HUX ypaBHeHal! 
B npocTpaHcTBe o6o6Il\eHH~ WYJIKURII) 

~TIA AH Ta.llS,CCP P,A6AJp8Xll8HOB 

06osaaqa11 qepes CJ) npocTp8HCTBO B6Il\8CTB8HlrnX WHHHTHIIX H HeorpaHaqeHHO AHW~PBHIIH-

pyeuux WYHKIIHII y( 'X:) • roBopHT, qTo nocJie.lloBaTe;»HOcT» { 1_(n (x) j WYHKURlt Yr;. E- <i) 
CTPBIIRTCH K Hyl'llD B 9J , ecJIR: I) cymec.TBY8T orpaaaqeamlt HHTepBaJI _,1 OCH X , BHe 

KOToporo Bee WYHKIIHH J{c~) o6pamaroTCH B HYJI»; 2) WYHK)lllH ~('x.) I! HX npoaa:ao.zurae 

Jiro6oro nOpH,llKa CTP811HTCH K HYJID P8BHOM8pHO npl! np01!3BOJl»H_OM IlOPll,llKe IlpOlt3BO.llHIIX. Cxo,llH-
1 ' 

' 11ocu B 9) 06oaaaqa11 qepea 

!J{~·y -0 1) 

IlyCT'.E, (5),1:f"J - B6KTOP, nonyqaewlt npHMeHeHaeu JIHHel!aoro HenpepUBHoro B8KTOP-WYJIKIIHOHa-

Jl8 _p:::. (_5)i,,P2, ... > Jm) K WYHKi.HII ·y E: CJ) • TaK!le B6KTO~yHKUROHam Haao:ae11 
0606Il\8HHU111! B8KTOP-WYHKURHIIH, 

Ilycn t ( C) - npocTpaHCT~O rOJIOIIOJJWHllX WYHK)lHI! pun 
~1-=ll:IJm:l\<a3) o<a~ oo) 

1 ~npe,lleJieHHUX B Il0JIDC8 

(I) 

I! Y.llOBJ18TBOpHD!l{MX~HepaB8HCTBy } 

. Ck) CCk 

l <f Cl) \ ~ \ 1 \ b-1 ") 

r,lle 
(h) 

C 

\1.\ ➔ co 

- HeKoTopoe nocTOHHHoe qacJio, k = O,I,2. 

(2) 
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I 

'i 1 ,, 
L 
,t; 
1· 

I 

roBop~T, qTo nocne;zioBaTenr,Hocn { <:f,, Cf)} 
HYJJKJ B i. (C,) , 8CJJII 

<liYHKlll!il. <fn.E:-i.(c) cxo,1111rca Ii , 

L- (kJ \ C" (k[) 
\ J_l~t-1 :fn.. ( j_') ~ h. '> (3) 

(k) . 

r;11e C n. ➔ 0 np11 tl-'7 = 11 np11 npo113BOJJJ,H011 (ji11Kc11poBaHH011 3HaqeHl!II k = O,I,2 ••• , 
. . -~ ~ 

B Kallt)IOII 06JJaCTI! noJJoce ta ; 3;1180!, Tpe6y8TCII paBHOll8pHoe CTpe11JJ8H1!8 ;f_ 9'7n.( (!i) 

K HyJJKJ OTHOCIIT8JIJ,HO ?f: np11 fl. ➔ 00. BeKTOp-<jiyHKUllOHaJIH B i, ( C) , KOTopue 

0603eaql!11 qepe3 <jJ(fl), 'f > 
. <pon ,yi> = S J Ci.)CJ(a;) di 

C 

npl! mo6ux <f(r:!.) E- £cc) , r;11e C - H8KOTOplil! KOHTYP llJIOCKOCTII 'J: , 

, Bcer;11a 1111eDT IIHTerpanr,Hue npe;11cTaBJieH1111 

(4) 

f 0:) == (pi1), J,/1), . .. 1 j)-m,C.at)). 
o6o3Haq1111 qepe3 £1

Cc). 
~ ( x) , onpe;11eneaeux Ha 

MHOllt8CTBO JIIIH81!HUX HenpepliBHUX B8KTOp-(jiyHKlll!OHaJIOB B i(C} 
HaKoaen,-BBe;11e11 B pacc110Tpea11e npocTpaacTBO /.(J?..) (jiyHK!lllll 

Beel! 0011 X 

r;11e c(k) 

aeorpae11qeaHo A11<1i<liepeaqupyewx, YAOBJieTBOpHKJlllllX aepaBeHcTBY 

· Ck) CCk) -
l<f (:r)\ ~ k C/Jl¼ IX I ➔ OO, lx1 ti d . 

{5) 

- H8KOTopoe nocTOHHHOe q11cJio, k, = O,I,2, ••• 11 npe;11cTaBl!WX B Bll;lle 

(' C_F(1) d 
CD(x) =:T<f(1)= L_ j ~ ':t (6) 
J lnl l, (x-:t) 

;!IJIH JJIJ6ol! Y,'Ci)E ic r) . B COOTHOmeHIIII (6) l - KOHTYP, COCTOHlllllll 113 ABYX npHWX 

n11a111!, napannenr,eux 0011 · ::r : 0;11Ha, pacnoJiollteHHaH B Jm cf. > O , aanpaBJieea no noJioJ1t11-

TeJir,Ho11y HanpaBJIBHIID 0011 .i: , a ;11p;yra11, pacnonmKeHaa11 B. Jm 'l:; £0 , HanpaBJieHa npoTIIB 

nonouTenr,aoro HanpaBJieH1111 0011 x· • Ecn11 ze pacc11aTp11Bae11a11 0606111eaaa11 <liYHKlll!H 1111eeT or­

paH11qeaaul! aoc11Tenr,, TO B KaqecTBe L. BU6epe11 3a11KHYTYD JIIIHIID, co;11epJ1tamyD BHyTp11.ce6a 

Hoc11Tenr, 3a.ztaHHoll 0606111eHHOI! (jiyHKlll!I!. HanpaBJI8Hl!e 06xo;11a KOHTypa L no qacoBoll cTpenKe 

6y;11e11 cq11TaTI, nOJIOlltllT8JIJ,Hlill. 

IlOHHTIIB CXO,llllMOCTII B 1 en) aHaJior11qao CXO;lll!MOCTII B 1 (c) • MHOllteCTBO JIIIHell-

HliX aenpepuBaux BeKTOp-(jiyHKlll!OHaJioB B !CR.) 0603aaq1111 qepe3 f/(Jl-) . . 

Teope11a I. OnepaTop T 1
, conpl!ll[BHHUII c IIHTerpanr,HUII onepaTopo11 / , onpe;11en11eTcH 

I 
Ha JIIIHBIIHOII IIHoroo6pa31111 JIDC>liX 0606111eHHUX BBKTOP-<liYHKlll!ll _p E- 9) . , YAOBJI8TBOpl!DlllllX 

YCJIOBIID 

6 

1(o,WlX-1f,h-J)\~ ch°" ) \x\~ oo 
J. Ix\ 

(7) 

. r;11e O< d... < i , C - HBKoTopoe nocT011aHoe ql!cJio, X - HeK0Topa11 npoll3BOJII,HO (ji11Kc11-

poBaHHaH TOqKa 001! X , w( x-y~ h_) - HAPO YCPBAHBHl!H, IIBJIIIIOl!lBBCH <lii!HIITHOI! 11 HeorpaHl!­

qeHHO ;1111<1i(jiepeHUl!pye1101! <liYHKUIIBI!, T.e. w(x-y; h )E. 9) 11 OC>Jia;llaBT CBOIICTBOII 

rh ' :Je\ J w(t,h)clt==i, ·df = Sw((i)cli. 
-h -i 

TaKIIM o6pa30M, BeKTOP-<liYHK!ll!H 

I 

11 C 1) = Tip == ~ (_p ,--1,-) Jm i :f- o < 0 > .. br.,_ x-1. ) 
ecTI, roJIOIIOpipHaH BBKTOP-<liYHKUl!H Ha Beel! nJIOCKOCTII '1: KpOl!B 1mJ:: Q_ • CTPBIIHl!lerocH 

Ii HYJID Ha C>ecKOHeqHoCTII, 

1 
CJieACTBlle. ~Jill JII06ol! 0606111eHHOI! BeKTOP-<liYHKIU!H jJ f 1) , YAOBJJBTBOPHDl!lell YCJIOBIIHII 

Teope111,1 I, H118IDT 118CTO (jiOpMYRli 

elk U _ __I (JP _j_)·- ... · _ Jm· 
d "l.k. (ft.)-q . ~:, '-f k=O,i)J, ... , 1/0(9) 

;i;- ;:;rci ax; :x:-;;::. " 
I 

Teope11a 2. J!Jo6y10 0606111eaayD BeKTOP-<liYHKUIID p E 'JJ • YAOBJJeTBOPHDIIIYID YCJIOBIID Teope-

WI, 110%110 npe;llcTaBIITJ, B Bll;118 

_p~ ZL+- u-
(IO) 

T.e. CKaqKa ABYX aHaJillTl!qecKIIX B8KTOp-<jiyHKIU!ll Ha Beel! 0011 X • ~aaqe rOBOPH, cnpaB8;11JIIIBli 

<1iop11yJIU 

U ±_ +.ip _ _j_ (-0"" p.L"\ " ·11rE CJ\ - - Z 2,r:l.. J.."' :x,' ) npl! JIIOuOI! :r /.J 

( ·n 1 ,· · o _..i 
r;11e J ,i:; r :c' J - CBBpTKa .ztByx OC>o6meHHliX <liYHKllllll J :, P x'. 

(II) 

Ilycn Tpe6yeTCII onpe.zteJIIITI, Kycoqao-rolio11op<1iHUI! BBKTOP Uc1.) , 11118Dlllllll KOHeqHull nopH­

AOK Ha C>eCKOH8'lHOCTH, no YCJIOBIID u+-u-= .P Ha OCH X )IJIII JID60ro ::Jl"f 9)J 
I 

r;11e _p(x) - aa;118.HHaH Ha 0011 ,'.C 060C>l!leHHaH B8KTOp-<jiyHKUIIH 118 </J , KOTOpa11 YAOBJJeT-

,1 BOpHeT YCJIOBIID Teope1n,1 I; 

PemeH11e ;11aeTc11 (jiopJ!YJIOI! 
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'\A{l)"'2;, (f, :,c'~:) + }'(a) (I2) 

r:zie 
PM= (P. (2), 8i (c), ... , Pm lr>) 

- B8KTOP, KOMnoHeHT9 R , ~, ... , Pm KOToporo npo11aBOJII>Hhle noJIIIHOMbl. •ECJIII Tpec5yeTcli 

onpe:zteJIIITI, KYCO'IHO-I'OJIOMOP\l)Hlltt BeKTop 'l,,( ( i!) , 11cqeaa1Jll!llll Ha c5ecKOH8'1HOCTII, TO pemelll!e 

onpe:ziem1eTcli (POPIIYJIO!! (I2)' B KOTOpo!! CJie:ziyeT IlOJIOJltllTI, p (c ). = 0 . 

PaccuoTpllU CIICTeuy CIIHI'YJI!ipHhlX IIHTerpaJII,HWC ypaBH8Hllll B Blll{e CBepTKII II B uaTpl'l'lHO!! 

san11c11. 

A(:x)fbc)- ~t> {,P-iE P~•)=.f'(:x) (!3) 

npH JI10c50u '/'e DI 

r:zie A(~)-= II AJ.f, (:it) H, B(:x} = II s.,_, (:x) II, c1, ,J =1,2, ... ,m. 

Ey:zie11 c'111TaTI>, 'ITO .S ( +) =- A (:x) + B (:x), D(:,c) = A (:x) - 8( :x)" 

-cKOJit. yro:ziao paa aenpep9BHO l!ll(P(PepeHitllPYel!hle IPYHKitRH H det. S(:xJ'l'O, clet D(:x):1:- 0 

BCDl!Y Ba OCII :x., ; . j(rt.) U .)' (-x) - COOTB8TCTB8HHO, HCKOMHe II aa:ztaHHhle oc5oc5ut8HH!,18 

IPYHKitRII Ha D , YllOBJieTBopli10ut11e ycJ10B1110 Teopew I. BBO:ztli KYCO'IHo-roJ1011opgJH1,1ll BeKTOp 

U(i) = 2:t {p, / .. ~) , 
H ytlHThlBali (POPIIYJIY (II), ~OJIY'IHM, qTo 

'U ~t.) = G (:x) 'U (:x) T~(:X) 

npH JIDc5ol! · I/'£ D • 

~,o -:/=O 

(I4) 

TaKIIU oc5paaou, aa:ziaqa (I3) cBeJiadI> K aa:ziaqe (I4), T.e. K aa:ziaqe o aaxox:zteHl!II KYCO'IHO­

roJIOMOP(PHoro B8KTOpa 'U: ( 'U ,i 
1

'U 21 •• • 
1 

,Urn ) C JIIIHHell CKa'IKOB Ha :zte!!cTBl!TeJII,HO!! OCII X 

IIM81Jute!! KOHe'IHhlll noplil{OK Ha c5ecKOH8'1HOCTII (IIJIII l!C'188allutel! Ha c5ecKOHe'IHOCTII) no rpaHll'IHOMY 

YCJIOBIIJO 

'U{:x) = G(oc) 71(:x) -t- J(x) Ha OCH .X 
(IS) 

npl! JIJDc5011 re D • 3:ztecI> G- (ocJ - sa:ztaHHaJJ Ha 0011 X. 11aTp111ta KJiacca H~ CKOJII> yro.ztHo 
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paa HenpepuBHO .lllli1>i1>epeHu11pyeMal! 11 Hllr,lle Ha 0011 :x:. He 06pama1J111al!Cl! B Hym,, a .f (x) - aa-

D, { "'"' ..p I ( 'R) ) ,llaHHal! o6o6weHH8l! B8KTOP il>YHKIU!l! 118 , ... n cJ., ,KOTOpal! Y.l!OBR8TBOpl!eT ycnoBl!D 

Teopeuu I. 
Baa1111Hal! BKBIIBaneHTHOCTD aa,llaq (I3) 11 (I4) - oqeBll,l!Ha. 

IlycTD X (e) - KaHoH11qecKal! MaTp11ua o,l!Hopo,l!Holl aa,llaq11 (IS) {p(oc) =o) • 
Tor;11a Bee pemeH11!!,Y.l!OBneTBOPl!Dll1l!e aa,llaqe (IS) ,llaDTCl! cpop11ynoll 

'Uti) = ;.,i~) (kJ~1 'x'~2 )+ X{i!) P(z), ~ i!-/: 0, 
(I6) 

P('a) - B8KTOp Pee) ,. ( P-1 (2) 1 P2 (c) 1, • , , Pm (lJ ) 

npeqe11 P~ = P.i. (c) - npo11aBonDHue non11How. 

IlyCTD X-1, d!;, •. • 1 ?{ m - qacTOTHbl8 l'IH,ll6KCbl, d°l - CYMM8pmlll IIH,l!BKC paccMaTpl'I-

Bae11olt aa,llaq11. 

Ilycu X-1 4 ~z ~ ••• ~ 'Jl.p :> 0 4 ;,cp+4 ::1- ••• ~ ~,.,, (I7) 

A =oe-1+~z+.,,+ 'Jep, 't=-;iC.pH- ... ;>ei,, (I8) 

06oaHaq1111 

Tor,lla ,llnl! cymecTBOBSHl'll! peweHelt, 11cqeaaDll1l!X Ha 68CKOHeqHOCTII, HB06XO,l!IIMO II ,l!OCTaToqao; qTo-

61,1 f' ( l( 1 ) Y.l!OBR8TB0pl!na o/ ycnOBl'll!ll Bll,lla 

(VJ..(~), /)=o, }=0,1, .. .', -x:&.-1, ,1.:.=pH,p+2, ... ,m. 
Tor,lla npl'I BUllORHBHl!I! 8Tl'IX ycnOBlllt o6mee•peweHl'l8 88,llaql! (IS) ,llaBTCl! cpop11ynoll (I6), B KOTO­

poll cne,llyeT cq11TaTD 

Ptc)"'(P~ 1- 4 ,Pac
2

- 1 , ••• ,Paer-4 ,0,0, ... ,0), 
I'.l!B P~J-i = Px;·i la) npo11aBonDHUII non11Ho11 cTeneH11 He Bblme 
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HOBUa METOA PEI1IEHl1H SA.l!Aq IlOTEHU0A]bHOru 

PACCEHH0fl 0 CBHSAHHUX COCTOl!HBa 

]T<l) 00fl0 B.B.Ea611KOB 

Ha npero1.nyme11 CoBemaH1111 yxe paccKaauBanocb[IJ o np1111eHeH1111 HOBoro. 11eTo,lla Bll'IIIC- ! 

neHllll napaJ!eTpOB paccel!Hlll! B pl!,lle 3a,llaq HYKHOH-BYKHOHHOrO II HYKHOH-l!,ll8pHoro B3aJIIIO­

,llel!cTBHl!. 3a npome,lllll11e nonTopa ro,lla IlOl!BIIHCl! Pll.ll HOBUX pa6oT, IlOCBHmeHHUX BTOI! Te11e ! 

II noKa3UBa1Jm111x npe11uymecTBa ,llaHHoro 118TO,lla B ,llpyr11x llPIIHOllteHl'lllX.· 0,llHaKo, H8CIIOTpl! 

Ha TO, qTo OCHOBHOe ypaBH8Hlle 118TO.lla, nonyqeHHoe ,llnl! ipa30BOI! \PYHKQHII II ,llallmee Ha3-

B8.Hlle Bceuy HarrpaBneHHll (11eTO,ll ipaaOBUX 'PYHKQIII!, COKpameHHO 11.ip.qi.), 6llnO Harr11caHO 

~pyKa;eBu11f2J eme B 1949.ro.ny, a c 1963 ro,lla cTa~bel!·Kano.ztJ;epo r3J Haqanocb HHTeH­

CIIBHOe pa3BIITll8 11.ip.q> •. , ,llaHHlll! llO,llXO,ll K pemeHl!ll KBaHTOBOllexaHl!qecKIIX aa.11aq OCTaeTcl! 

noKa cpaBHIITeHbHO 11anOll3B8CTHUII. 8TO IIOlltHO o6~l!CHHTb Tell, qTo Beeb 11aTepHan co.11ep-, 

lltHTCll B cepHH zypaanbHUX cTaTel! H IIOKa He Hamen OTpaxeHl!l! B yqe6HHKaX 11m IIOHorpa-· 
ipll!IX 3£) • . , 

IlOSTOIIY npe,llCTaBnl!eTCll BeCblla aKTYMbHllll HSROlEIITb 3,lleCb OCHOBHUe 11,lleH ll peaynb­

TaTU MeTo,lla q>a30BllX q>yHKQHI!. ~RI! ,llaHHOI! ay,llHTOPllll BTO ,llOHlltHO 6llTb Tell 6onee l!HTepec­

HllM, q:o 11.qi.ip • .11aeT B03MOlltHOCTb nocTpoeHlll! aq>ipeKTHBHUX anropllTMOB pemeHlll! 3a,llaq 

l!,llepHOI! q>ll3llKII Ha 6UCTPO.llellcTBYllmHX 3R8KTPOHHO-Bll'll!CRHT8HbHUX 11am11Hax. 

-~- -- ------- -----
3£) licqepnuBaEJmal! 6116nHorpaiplll! orry6nllKOBaHHUX K HaCTOl!l!leuy 11011eHTY pa6oT, llOCBl!l!leH­

HllX MeTo.ny q>aSOBUX 4>YHKQIII!, 1111eeTCl! B o6sopHol! CTaTbef4J. 

IO 

B KaqecTBe BBO,llHOrO np1111epa pacCIIOTPllM npoxox,lleHHe qacTllll qepes nOTeHQHaRbHUI! 6apbep 

npl! O,llHOMepHOII ,llBllllteHl!ll. IlyCTb llOT~HQllaH ,v(~J OTRllqeH OT HYRl! B HHT8pB~~ [x.,X,] 
. u 

11 qacTHrt!l .llBlll£YTCl! cneBa, TaK qTO HeBoa11ymeHHa11 BOHHOBaa 'PYHK1111l! paBHa e , . ~Rl! 

HaxOllt,ll8Hlll! K08q>ipll!1118HTOB OTpallteHHll II npoXOllt,lleHHll qepea 6apbep o6uqHo pemaJOT ypaBH8Hl!e 

mpe,llHHrepa B OT,ll8RbHUX o6nacTl!X H cmllBaJOT STII pemeHlll! Ha rpaH1111ax Xn (p11c.I). 

0.llHaKO IIOlEHO llOCTYllllTb II .11pyr1111 06paao11. Ey,lle11 IICKSTb He cauy EORHOBYID 'PYHK11Hll, a 

TDRbKO ee l!311eaea11e. ~nl! sToro npe,llcTaB1111 BOHHOBYD ipyHK1111D ":f'(~) B BH.lle cynepno3111111H 

na.11a1Jmel! II OTpallteHHQII BORHU C KOaq>q)lll11/18HTa1111, 8SBIICl!mHMH OT .x., 

,h · .ax] 
jf(:tj' = A(.x) [ e + B(:x)e 

Koaq>q>lll111BHTU, oqeBH,llHO, ,7.(onmi Y.llOBRBTBOpl!Tb ycnoBHll HOPMHPOBKII fl (a:.) ::' ~ 

(I) 

II ycnOBllll 

OTCYTCTBl!l! OTpazeHllll BORHU aa 06HaCTbll ,llel!CTBHll 1lOTeH11Hana B(xz) =O. CooTBeTCTBeHHO, 

Koaq>ip111111eHTU npoapaqaocTII D · H OTpaii:eHl!l! R paBHU 

2 . . 2 
D=IA(a:z)I , R=IB(x.4)1, D+R=1 

(2) 

EcnH Tenepb aapa~ C ypaBHBHIIBII illpe,llHHrepa HCllORbSOBan ,llOllOHHIITeRbHOe COOTHOmeHHe 11ez.ny 

~(:x) H B(oc) , OTBeqaIOmee ycnoB11JO aenpepu;HocTH npo11sBo.11aol! BonaoBol! q>yHKllHII, 

I [ ika:.. -ihe J I -ax· 
fl e +Be +BAe =-o , (3) 

TO nerKO y6e,llHTbCl!, qTo 'PYHKl1HH 

A{x), (ti "2m= ➔): 
B(x) Y.llOBRBTBopl!eT ypaBHeH11D P!!KKaTH, ae co,llepzameuy 

/ ,I [ .leoc -a:c ]2 . 
B (:x) = -27r V(a:) e -i-B(x)e . , 8(~2)= o 

(4) 

Koaq>q>111111eaT OTpaxeaHII 'R HaxO,llHTCII npoCTllll HHTerpHpOBaHH811 ypaBHeHHl! ( 4) • Ilpll 

llTOM Benn11aa I B(x) j2 B HHTepBane . [ oc1, :,c
2

] 1111eeT 011ucn Koaq>q>1111neaTa oTpal!teHHII. aa cooTBeT-

CTBYDmel! qaCTll U01BHQllana. 

!;v-HKlll!l! R(x) Y.llOBneTBop11eT RHHeltao11y ypaaHeH1m,pemeaae ROToporo B!ipa:iz:aeTCH a Blt!,lle 

RBa,qpaTypu . . ~ ' 

{ I J [ -2,_x]ol '} A(~)_=ectp m~ V(x') J-1-B(a:.')e x 
(5) 

Koaq>q>a1111en npciapa•IHOCTII D IIOllteT 6!i1Ti BllqHcneH HS BspallteHlll! '(5) IIRll npll ll8BeCTHOII B(a:,) 
113 COOTHOmeHlll! (2). TaKIIM 06paao11, BlfllHCRBHl!e IICKOlll:lX.BeRffqllH CBO,llllTCl!, no-cymecTBY,K IIH­

TerpllpoBaHllll npocToro ypaBHeHHl! .(4) 11 He_ Tpe6yeT.HIIKaKIIX npo11e.nyp cmHBaHlll!. 

AaanorHql!Hij 06paso11 uoeo pacc»orpeT~ cnyqal! Tpexuepaolt aa.11aq11 pacceaa11a Ha 11eaTpan~­

ao11 noTeHlll!ane, xor,lla HCKOMUllll napa»eTpaMH IIBHHDrc11 q>ass paccem11H. EcnH san11caTb pa.llH­

SJII,HyD BOXHOBYD ipyHltilllll B BH~8 
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'Ue (ii)= Ae('i) [ eoo,Se('t) je,(k7)- >i-n- S'e('Z) 11e(kid , 
Tor;i,;a ;D;lll! ~soBoll cjiyHK1,1ui be('t) H11eeT 11eeTo ypaBHeHHe [ 2 , 3] 

(6) 

a:(7)=-fV(<t) [eru.-~('t)je(h)-Svn.S,_(Z)l'le(h)J2 de(o)=O • (7) 
. I . 

XOTl! HeK011oe aHaqeHHe ~au paeeel!Hl!l! Ha noTeHql!alle V(~) l!Blll!eTel! ael!IIIITOTl!qeeKHII aaaqe-

HHell cjiS30BOll cjiyHKqHI! ere ( 00) 1 JIOelle;D;Hl!l! l!l.!eeT cjil!31!l!eeKl!l! ewell I! B KSlr,llOll TO'lKe, A 

Hl.!eHHO, Se ( 'i4) paBHa Belll!l!l'IHe e;D;Bllra cjiaau Ha. o6pesaHHOU IIOTeHqllalle V('t) e ('C.4 - 't) 
Ha pile .2 11ao6pallteHO IIOBe;D;eHl!e ~30B0ll cjiyHK!lllll ;D;lll! Tl!IIl!l!HOro IIOTeHqllalla. Ilpll 1.1al!UX 'l, 

Kor;i,;a rroTeHa11all OTTal!Kl!BaTellDHUll, De('t) 0Tp11aaTellDHa 11 ;i,;oeTaraeT l.!llHHMylla B TOl!Ke, 

r;i,;e V('t)=O. B 06l!aeT11 ;i,;elleTBl!l! np11Tl!rl'IBa10mero noTeHq11alla cjiaaoBal! cjiyHKUlll! BoapacTaeT ;i,;o 

eBoero ac11111IT0T11qecxoro aHaqeHl!l!, 

0Tll6Tl'III Clle;D;y!Oll!l!e npeni.iymecTBa ypaBHeHlll! (7) nepe;i,; ypaBHeHHeU illpe;D;HHrepa ;D;l!H BOllHO-
. . ~ . 

BOil cjiyHKUIIH, Bo-nepma:, OHO nepBoro IIOPl!;D;Ka, Hero pemeHHe l!Bl!l!eTel! He Oeql!l!lll'lpy10mell, a 

6ollee IIOHOTOHHOll cjiyHKqllell, llTO yueHDmaeT KOl!HqeeTBO onepa!lllll l'I, el!e;D;OBaTellDBO, Bpelll! cqe-. . 
Ta, a TaKJte o6l!erqaeT oqeHey norpemaocTII BUqllcl!eHl!ll, 9To ;i,;ellaeT 11,cji.cji. oqeBD y;i,;06uu11 np11 

pacl!eTax Ha 3BM. 

Bo-BTopux, al!rop11T1111.cji~cji. l!erKo o6o6maeTCB Ba 6ol!ee ellolltBUe eJiyl!all paeeel!HHl!, Tax, 

npl!eyTeTBl!e BaPl!;D;y e l!;D;epHUII eyl!OHOBexoro B3al!IIO;D;elleTBHl! npl!BO;D;l!T TOllDKO K aaueHe B ypaB­

Hemm (7) pemea11ll eBo6o;i,;Horo ypaBHeHBl! mpe;D;HHrepa je(h), he ( ki) Ba eyl!OHOBeKHe cjiyHK­

llHll F;(h,1),Ge(h,'l)• Eelll! paeeeaHl!e l!Blll!eTel! UHoroKaBallDHUll1 TO BOBUll ueTo;n nosBOlll!BT 

ecjiopMylll!POBaTD aa;i,;aqy Koml! ;D;lll! el!CTBl.!U eBl!SaHHUX ypaBHBHllll BH;na (7) IIPl!IIO ;!llll! HCKOLIUX na­

paueTpOB paecel!Hlll!, TBK qTo 11cqeaaeT He06XO;D;H!.!OCTD TaKOll npoqe;i,;ypu, KaK noeTpOBHlle lll!Hell­

HO-HeaaBlleHWX KOl.!611Haa11ll BOllHOBUX cjiyHKUllll,_y;D;OBl!eTBOpl!!Oml!X 3B;D;BHHUII rpaHlll!HUII ycl!OBlll!II, 

B Kal!eCTBe l!llllDCTPBllHII Ha pue.3 noxaaaau fx=y.. -z,) cji.cji. ;!llll! HyKl!OH-HYKllOHHOro paeeel!Hl'll! 
3 3 \: ' 

B TPIIIIlleTHUX ~ II F; eoeTOl!Hlll!X C_l'l3B8CTH~U IIOTBBql!al!OII Xaua;nu-nlltOBC~OHa, Ilapa11eTpa-

UI! paocel!Hlll! l!Blll!IOTel! ;D;Ba e;D;Bllra giaa a,,,~1 I s 'J, 'J+1 ;D;lll! napq11anHHX BOllH C L = ':J:;: 1 
H napaueTp euem11BaH11l! l'J • CMomHUe II nyHKTHpHUe xp11BUe eooTBeTeTBYJOT aHal!eHlll!I.! SHepr1111 

E.11ar =320 MsB II EAaf =IBO MsB. 9ToT 11eTo;n ycnemHo np11ueHl!eTel! TaKJte B aa;i,;aqax imTll­

qecxoll IIO;D;Bllll )UlepHUX peaKqllll, B el!yl!ae noTeHqllalloB, saBHel!mHX OT CKOpOeTl!, B aa;i,;aqax 

IIOT6Hqll8T.DHOro paeeel!Hlll! pelll!THBl!CTeKl!X qaeTHq. 

KOHKpeTHue pael!eTu·noxaaal!H, qTo HOBUe al!ropl!TW ropas;i,;o npome H ;i,;a10T 6ol!ee TOl!HUe 

peayl!HaTu, qeu 06Ul!HU6 11eTO;l!;U, ilOSTOMy 1111eeT ewell BKl!JDTjHTD STII allrOpllTW B 6J116l!HOTeey 

eTaH;i,;apTHUX nporpa1111 Ha 3BM. B qacTHOeTll, y Hae, B Bul!llel!l!T8llDH011 qeHTpe OH!m TBKal! npor-

12 

palllla ;!llll! pacl!eTa napaueTpOB Hl!SKOSHepreT11qeeaoro paeeeaHIIH (;!llll!H paeceaHHH, scjicjieKTl!BHWC 

pa;!ll!yeoB II ;i,;p.) IIO;D;rOTOBlleHa R.A.Clll!pHOBOl!. 

TpBTDHII npeuJ.cymeeTBOII u.cji.cji. l!Blll!8Tel! TO, TITO OH II03B0lll!BT HBPl!;l!;y C H3B6CTHUlffl npu6-

lll!llt8Hl!UIIH 116TO;D;Bl.lll p83BHTD Home. Ilpo;i,;euoacTpHpyeu STO Ha O;D;HOII npOCTOU np1111epe BUqHCl!e­

Hlll! ;D;lll!HU paecel!Hl!l! C IIOIIO~IO ypaBHBHHl! 

a1('l} = V('t) [ i- a.(i) J2 a. (o) = 0 
. ' 

(8) 

IlepBOB 60pHOBCKOe np1!6~l!Z8HHe IIOllyqaeTCH, ecl!D npeHe6peqD B npaBOtt qaCTl! ypaBH6Hlll! (8) Be-

.l!Hql!HOtt a. ('t). Tor;na 'h 

. o.,i;('t.)=f 't2 V('r)Ch • (9) . . . 

RerKO BH;!l8!Dt qTO STO np116llllllt8HH8 IIOlltHO yl!yqmHTD1 eCl!H eoxpaHl!TD B (8) l!HHBllHUll no a,(~). 

Tjl[8H Iii IIOllyl!eHHOe l!HBBllHoe ypaBH6HHe pemHTD TOqHO. B peayllD·TaTe IIOl!Ylll!II nepBoe UO;D;Hcjil!!ll!­

poBaHHOe 6opHOBClt08 np1!6JIHllteHH8 

"" . -Ji. H -:J 't'Vci'J_dz' (IO) 
a.u& ( 't,) = d,z 't2 V('t)e -. 

0 . ~ , 
Bl,lpazeHHe (IO) eOOTBBTCTByeT l!aCTl!qaoll cy1111e -6eCKOHeqaoro pl!],;a ql[eHOB 06lall!HOro 6opHOBCll:O-

ro npH6lll!llteHHH. OHO ropaa;i,;o roqHee, '1811 (9) ► HanpHll:ep, ;!llll! el!HryllHPHOrO IIOTBH!ll!Slla, xor­

;i,;a lV('?)-o npu i-o I 1111ee11 npH llSllUX 'to :ae,("l,)-oo,a.Al&(7,)- 0. Kpoue paCCIIOT­

peHHOro npauepa u.cji.cji. II03B0lll!8T IIOllyqHTD HOBUe Bapl!Bql!OHHUB npHHqHin,t ;D;lll! BUl!l!Cl!BHHH 

cjias H PlUI ;i,;pyrnx npH6llllllteBHUX 118TO;D;OB. 

HaKOHB!l, qeTB8pTUII ;D;OCTOHHeTBOII 11,cji,w, l!Blll!BTCH HBr.l!H;D;Hlalll cjillBlll!BCKllltt CWCll PBCCUBT­

pl!B88WX B8l!Hl!l!H, qTO II03B0lll!BT Henoepe;i,;cTB6HHO Bl!;!l8TD scjicjieltT KB!QJ;Ott 1!3 06l!SCTett IIOTeB­

ql!B.l!a, CKBZ8111 aa·c;i,;BHr cjiaau. B ;D;6l!CTBllf8llDHOCTll SBBl!OrllqHOB ypaBH8Hl!8 UOlltHO HBIIl!Ca!D ;D;lll! 

Ol!BHD IIHOrHX cji1!3Hqecltl!X BBlll!l!l!B. TaK, onpe;nel!HB WYHKql110,napqll8llDHOll BIIMHTy;zn.t paccel!HHH 
p ioe(t) 
Te (-r) = e <;,;.,, Se ('?/, nol!y-q1111 

; [ 6 lll ]z 
~e ('t) =-f V(z) jt (k-z) + i rc(t) lie (h) , le (o) = 0 

(II) 

KaK OKS8lalB88TCH, ypaBHBHHe (II) y;i,;o6ao ;!llll! HeCl!B;l!;OBBHlll! BHSlll!THqecKl!X eBOttCTB allMl!Ty;zn,t 

paeceHBH~ B KOIIMBKCHUX o6JiacTHX SHeprl!H H yrl!OBoro 110116HT8, HcnOllD3YH ypaBHeHHe (7) Hl!H 

(8), IIOlltHO l!erKO Hal!TH Kl!BCC noTeHql!alloB, npHBO;l!;l!ml!X K aa;D;BHl!llll 8H8l!6HHHII cpasa l!lll! ;D;l!HHU 

paecel!HHH. Hanp1111ep, eel!II H3B8CTHS ;!ll!HHB pacceaHHH a.., ;D;OCTBfOqHO no;i,;o6p8TD .l!J06yD -cjiyHK­

ql!D al 't) , y;i,;0Bl!eTBopa10myn ycllOBHl!I.! il ( o) = o I o. ( 00 ) = a o • Tor;i,;a eooTBeTcTBYJOll!l!tt noieH-

llHBll onpe;i,;el!H!Cl! KBR 

V(-zl - o.' ( 't) 
- [t- Q(?)J2 

(I2) 
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. 2 

B -qacTHOCTH upu o.('i)::ao 'ZK1:ta.), Vtr.)=a;,t • B sa:lla'l:ax H:llepmrx BSSllUO:llellcnllll o6bl'l:HO 

HSBeCTHS uep11~epH'l:BC!CSH 'l:aCT» UOT8HI1Hana. llHTerpllpyH ypaBHeHHH u.~.~- OT 6on»mllX paccTOH­

imll K ueH»muu, UOll!IO upOCTO o~eHHT» BMa:ll BHYTPBHHHX -qacTell B88HUO:ll8IICTBllfl, 

no CHX uop roBopunoc» 0 pemeHHH sa:lla'l: pacceHHHH, Ho ueTO:ll ~aSOBHX ~yHKUHll, BOSHHK­

mllll, !CSK UOKaSblBaeT cauo Ha3B8Hlle, KSK auuapaT Bbl'l:HCneHHH uapaueTpOB pacceHHHH, UOEBT 

TaKEe 6b1T» HCUOH»SOBaH llJIH C03:ll8HHH HOBOro anropHTUa pemeHHH aa:lla'l: CBf!88HHblX COCTOHHlll!, 

B 'l:SCTHOCTH, llJIH HaXOE:ll8HHH ypOBHell BHepruu. 3TO UOEeT 6b1T» C:llenaHo, ecnu y'l:eCT», 'l:TO 

CBHSBHHblU COCTOHHHHU OTB8'l:8DT uonmca SUIIJIHTY:llbl pacceliHHH, KOTOpaH Bu.~.~- YllOMBTBOPHBT 
_p-4 

ypaBHBHHRl (II). IlpaKTlll'l:8CKH Yll06Hee HCKST» He nonRJca, a Hyn111 o6paTHOll ~YHKUHll Te ('t) , 

YllOM8TBOPHRJmell aHanorH'l:HOIIJ' (II) YPBBHBHHD, 3a:lla'l:a COCTOllT 
-1 

HeHHH llJIH le ( 't) ll /e (,:) upll UHllWX napaueTpax ~ = l 7e Ti -i 
8HB'l:8HHH ..en , :llnH KOTOPblX / e ( co, dt") =0, YpOBHl'l 3Heprlll'l 

B TOU, 'l:T06bl 88lll!C8T» ypaB­

H, l'IHTerpupyH HX, HallTH 

paBHbl TOr:lla [
11 

= - ~; 

B 88KnD'l:eHHe OTU8Tl'IU, 'l:TO ueTO:ll-~880BblX ~YHK!1Hll pa3Bl'IBaeTCH H HaXO:llllT HOBHe o6naCTH 

upuueHeHllH, Eblno 6bl O'l:eH» HHTepecHO llCCH8:llOB8T» 3TllU M8TO:ll0U CHCT8My Tpex l'l 6onee Ten, 

cny'l:al! noTeHuHana, aaBllcHmero OT BpeueHu, u PH:ll :llpyrux sa:lla'l:. 
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HOl! ~H3HKH, IlpenpHHT Ollflll, 2005, ny6Ha, (I965), CTp.28. 

2, r.~.npyKapeB, X3T~,.I9, 247 (!949), 

3. F. Ca.eogero, Nuovo Ci1t1. 27, 26I (I963). 

4. B.B.Ea6HKOB, MeTO:ll ~aSOBHX ~YHKUHll B KBBHTOBOll uexaHHKe. IlpenpllHT Ollflll, 

P-2758, ny6Ha (!966). 
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OEOEIUEHHhlltl METQll CTAEllJIIIISAUllll no HEilPEPblBHOMY 
IlAPAMETPY PEIIlEHllfl KPAEBb!X 8A.l!A1l .llJlll OWKHOBEHHh!X 

HEJIIIIHE!t!Hh!X .llll<W>EPEHUllAJThHb!X YPABHEHllltl 
BTGPoro IlOPfl,llKA 

BU Cl'lflll E.Il.lHAKOB, ll.B.Ilyah!HHH 

8aAaq~ qecneHHOrO pemeHHll rpaH11qHblX aaAaq ARI! HORHHel!HHX o6blKHOBeHHblX AHqxf/epeHUl'l­

anhHblX ypaBHOHlll! BTOporo nopllAKa BCTpeqaeTCll B PllA8 w11a11qecKIIX npo6ne11. B KaqecTBe np1111e­

POB MOlltHO npllBOCTII a~aq11 .Hen11nel!nol! TBOpllH non11, CTaTIICTllqecKol! Teop1111 HAPa, ABHllteHIIH 11 

BblBOAa YCKOpl!eJrux qacTllq II Apyr11e. B AaHHOtt pa6oTe npeAnaraeTCll qecneHHbll! 118TOA pemeHRH 

A11wwepeHUl'JaHhHNX ypaBHeHHtt 

lcyJ-= y'+ f ex,~)= o (I) 

c KpaeBblll ycnoB11e11 

';j (o) = ;J(J.) = o (2) 

IlpeAnaraeMbll! IIBTOA MOlltHO pacnpocTpaHIITh Ha 6onee 06JJUle Tllnbl All~wepeHq11anhHHX ypaB­

HOHHll, qeM (I). OH MOllteT 6b!Th np1111eHeH II K HOKOTOpblM ApyrHII KnaccaM SaAaq. 

K H3BOCTHblll IIOTOAaM pemeHHll rpaHl!'IHblX SaAaq (I)-(2) OTHOCHTCll IITepaqHOHHbll! KOHeqHo­

pa3HOCTHbll! MOTOA [I] , CXOAHMOCTh KOTOporo OCHOBaHa Ha npllHUl'lne ClltaTblX OT06p8.llteH11ll. 06-

nacTh np1111eHOHllll SToro MOTOAa AOBOHhHO orpaH11qeHa 112-sa cymecTBOHHblX Tpe60BaH11l!, Hanara­

OMblX Ha Hen11Hel!HyID qacTh ypaBHOHllll. 

ll3BOCTHOe pacrrpocTpaHeHlle nonyq11n MOTOA HhIDTOHa pemeHllll WYHKqllOHanhHblX ypaBHOHHl!, 

npHMeHeHHbll! K aaAaqaM Tana (I)-(2) H.H.rn11HcKol! H ll.Il.MscoBcKHX [2] • 3ToT MeTOA npeAno­

naraeT AOBORhHO lltOCTKlle orpaH11qeHHH Ha HenHHOl!Hyro qaCTh ypaBHOHllll H Ha Bhl60p naqanhHOro 

np116n11xeHIIH B HTepaqHOHHOl! cxeMe. 3TH 11eTOAhl, no CBOel! IIAee, HOC!IT AIICKpeTHblll xapaKTep. 

lo 

fi 

r 
MeTOA 11 0Ta611n11saq111111 ARI! pemeHllll CTaUl'IOHapHNX saAaq llBHl!BTCll "Henpepb!BHNll11 • Cyu 

3TOro IIOTOAa B npHMeHeHHH K pemeHIID · KpaeBhlX 3aAaq (I )-(2) aaKnnqaeTcll B cne·AYDme11. BBeAeM 

HenpepsBHHll napa11eTp 11Bpe1.111 t " 11 pacc110Tp1111 HecTaq110HapHyn aaAaqy ARR @YHKUl'lll U(x,i) 
I It _p 

Ut=Ux:x.,+-7(x,u) (3) 

C rpaHl!'iHHlffl ycnOBIIHIIH 

U(o,t).;_ U(1.;t) =O (4) 

II HaqanhHHII ycnOBIIOII 

2..l(x,0)=-<f(x), (j(O)=<J}{1.)-=O (5) 

PemeHHe aaAaqm (3 )-(5) "cTMHnHa11pyeTc11", ecnH fim u; =0. B STOii cnyqae pemeH11e U(o::,tJ 
t:~oo 

HecTaq110HapHolt aaAaq11 CXOAHTCH K HCKOMOMY pemeHIIID }j(X) rpaHHqHol! saAaq11 (I)-(2). Ilpll 

q11cneHHOM pemeHHH aaAaqH (3)-(4) MOlltHO npllMOHIITh paan11qHHe MOTOAhl, n03BORllDJJUle npeoAoneTh 

TPYAHOCTH, CBHaamnie C Hen11Hel!HOCThD ypaBHOHllll. 0AHaKO ca11 npo11ecc 11 CTa611n11saqHll 11 Hccne­

AOBaH npll CYIJleCTBeHHblX orpaH11qeHIIHX Ha WYH~IIIIID 1-(X,'lJ)' (CM.,Hanp11Mep, [3] ). 
B OCHOBe npeAnaraeMoro MOTOAa nelltllT'HA6H BBeAeHIIH HenpepblBHOro napa11eTpa. Ilpll STOii 

@aKT "0Ta611n11aa11111111 no sT011y napaMeTpy o6ycinoBnen cnoco601,1 era BBeAeHIIH. I1onyqae1.1Ne orpa­

H11qeHHH Ha WYHKIIHD {c-x,;j) KalltyTCH HaM He CTOll CYlllOCTBeHHblMII II 6onee ecTeCTBeHHblllll, qe1,1 

B nepeq11cneHHblX Bhlme MOTOAaX. Kpo11e Toro, anropHTM, 113ROllteHHbll! B [2]111ollteT 6hlTh nonyqeH 

KaK O,!\Ha 113 B03MOlltHblX q11cneHHblX peanHaa1111l! npeAnarae11oro MOTOAa. 

I. BBeAe11 HerrpepblBHbll! napa11eTp t B aaAaqe (I)-(2) cneAYD!llllM o6paaoM. Pacc110TpMM 

WYHK!IIIID JJ(r:r:,t) ' AHR KOTOpol! COCTaBHM CHOAYDII(~e All@@epeHqHanhHOe onepaTOpHoe COOTHOfilBHHe 

~· L:/JJ=-Lxf~J, 
rAe [::c - onepaTop qacTHoro Ai!@@epeH1111poBaHIIH no·X , 

lltllM, qTo ~(x,t) l!MeeT Henpepb!BHYD np0113BOAHYD & :1 :x 
TorAa 0110Te11a ypaBH8Hllll B qacTHblX npOll3BOAHblX 

(6) 

COOTBOTCTBYIDJJUlfi (I). IlpeAnOno­
/ 

H 06oaHaq111,1 '!j-t ~epea 1(.x,t) 

1 'lY:~+1;c~,1j)V'=-[;j;c,;+fcx,Jj)] ~ 
l }J-1; -=1Y 

(7) 

paBHOCllllHa COOTHomeHIID (6) • .llnH CIICTeMbl (7) pacc110TpHM CHOAYDIJlYID aaAaqy: B nonynonoce 

Q~X~ i, O~i< 00 Hal!TH pemeHlle CIICTOJ.!ll V(_x,t) II ycx,i) , YAOEROTBOpHD-

ui;ee ycnoBHlil! 

f zrco,t) = v{1,t)= o, 
1 yco:,o)=Cf(-:c), 'f(O)=<jCi)=O 

(8) 

rAe :f('X) - 113BecTHall ABaJKAbl Herrpepb!BHO Allqxf/epeHqHpyeMaH @yHK!IIIH. 

I7 



Ecm1 pememie aa,lla<m (7)-(8) oymecTByeT, TO ';j(-:x,i) cTa611J111s11pyeTcH K pemeHl!lll aaita'!II 

(l)-(2). nenCTBl!TellnHO, 113 (6) CJIO,tyeT, '!TO 

l
. -t 
~[1']-=R(x)e, (9) 

rite Ji.ex) - H8KOTOpaH HerrpepllBHall \PYHKJ.lllll, Ilpi! t➔ CX) npOIICXOitllT CTa61!Jil!3a!lllll onepaTO­

pa: ·L~/yJ~ 0 . II03Tet:y, ecJIII pe1:ieH11e aaita'lll (l)-(2) cymecTByeT, TO yc-:x.:,t) ~~ex), 
rite If(X) - rpyHKJ.IIDI, YitOBJieTBOpH!Olllafl (l), a Bl:lfJOJIHeHl!e rpaHll'!HllX ycJIOB11l1 (2) 06ecrreq11-

Ba8TCH YCJIOBIIHMII (8), 

2, OcHOBHOM pe3yllnTaT pa60Tll MOllteT 6uu crpopr.1yJ111poBaH B Bllite CJie,tyIO!llero YTB8plltit8Hllll. 

Teopeua. Ilpe.11rroJiollt11M, '!TO pemeH11e rpaHll'!Hol1 aaita'lll (l )-(2) cymecTByeT II B cJiyqae. 

He8,llllllCTB8HHOCTII MOllt8T 6L1Tn JIOKaJil!30BaHo, TO 8CTn oymecTBYJOT itBallt,tl,I HenpepUBHO itll(P(PepeH1111-

pyetrne \PYHK!11111 ;t(X) II lex) , Y.llOBJieTBOPfflO!llll8 KpaeBUJI YCJIOBIIHI.I (2), TaK11e; 'lTO B o6JiaCTII 

0~ ~~ i , ;f.(x) f '1J ~ !l_(r:c,) (IO) 

1111eeTCH TOJ!nKO 0,/lHO pemeHIIS aa,lla'!I! (l )~(2), Ilycu f(X,';j) 111188T HenpepUBHUe np0113BO,llHLl8 

no x,:J itO BTOporo nopff,tKa BKJ!JO'll!T8J!DHO.B o6JiaCTII (IO). IlpeitnOJIOJKIIM, '!TO BLlnOJIH8HLI ·cJie­

.llYIO!lll!O YCllOBllll: 

l) lc/~fcx,g,)l~c , ritet>O AocTaTO'!HO 11anoe 'll!CJIO, a <j{X) - itBallt,tll Henpe­
H 

pLIBHO .1111gliepea1111pye11all i;pyHK!lllll, np11qe11 (j)(X) Yit0Bll8TBOPH8T YCJIOBIIJO H11nm1111a Ha OTp83K8 

~~;· 

2) KpaeBall saita'la 
fl (} I 

·lJ+;:/x, 'j')'lY= 0, 

V'(O)-=V-(i) = 0 

l!lle8T TOJiiKO Tpi!Bll8JlnH08 pemeHll8 itllll JIJ060l1 Henpepb!BHO itll~8p8H!111py8MOl1 \PYHKlll!II ;j(X) 

113 (IO). 

Torita pemeHl!e CIICT81!Ll (7), JitOBJleTBOpllIOll\88 YCJIOBIIHII (8)~cymecTBY8T BO BC8l1 nonynonoce 

O~X!:i , o~t< 00 , CKOPOCTD CTa61!Jlll3a!ll!II J(X,i). K pemeHl!lll JCx) 38it8'111 

(l)-(2) onpe.zteJill8TCH COOTHOm8Hl!811 

l J(x)-y(x,t)) ~ ce-t(/)(x), 

rite <P('X) - orpaHll'l8HH8ll noJ10lltllTeJ1iH8ll i;pyHK!111ll, 0Cipallt8,I01l\8l!Cll B Hylli np11 X =0 H X=l. 
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- Ilpll itOKaaaTeJiiCTBe TeopeMbl cymecTBODaHll'H 61:lJI np111.1eHeH aHaJior MeTO,lla JIO!,taHLlX 8lbepa. 

B' HeKOTopol1 orpallll'18HHOl1 o6JiaCTII Cl) 

0~ X!: i, od~?:, ,~(x)~ ~(x,t)f ic-x), )cYC:x,·b\ ~ Uc-::c), (II) 

r.zteG>o - KOHcTaHTa, ?.lcr:c.) - noJ1ollt11Teiiaa11 HenpepuBHall WYHK1111ll, 06pama10maHcll B Hylli 

npll X =0 11 X =l, 6UJI nocTpoeH pa3HOCTHLIH aHaJior CIICTeMbl (7). IlpOll3B8,ll8M pa361!8Hl!e 

o6JiaCTII '1J no nepe110HHoll f : O=f., <ti< ... <-f;,, = 6, t;.~
1
-( ='L . 

BTopoe ypaBH8Hll8 CIICTeMU 3aMeHHld_ pa3HOCTHbl!.1 COOTH0fil8Hl!811 

rr:-1. [txJi)--y(~,t._~ =V'(x,() (12) 

Ha Cll08 f-= tL pemae1.1 Jil!HellHoe 06LIKHOB8HH08 ,llll~ep8H!lllaiIDH08 ypaBH8Hll8 OTHOCIIT8l!DH0 

?.J(x,tJ 

·v!'x,bt-f;cx,;1(x,t))v-cx,iJ-=-[7;1'cx,t, )+I (fx.,ycx,t,:))] , (13) 

r.zte \PYHKJ:lllH ycrc;I::[) C'1':Ta8TCH 1!3B8CTHOII, 0 Kpa8Bblll YCllOBll8M 

vco,tJ= V'Ci,()=O · · (14) 

IlepeXO,ll Ha CJI8,tyIO!llllll Cl!Ol1 t=t~ ocymecTBJill8TCH npll nOMOll!li' (!2). 

EUJIO itOKaaaHo, '!TO MOlltHO Bbl6pau 0 II Vex) TaKll!.1 o6pa30M, '!TO np11 JIJO(JblX itocTa­

TOqHo Mallb!X. 't" BC8 ?.f(x,ti.) II y(rx:;() npi!H~itll8lltaT OCilla~Tll 9J , nilll KalltitOrO paa6118HIIH 

C nOIIOIIU>IIJ lll!H811Holl IIHTepnOJIH111111 no -c Ha Kallt,llOM 0Tp83Ke [t. t. :11 6bll!II nocTp08Hbl He-
. 1 ~ ~ 

npepb1BHLl8 W!HKlll!ll ~(-x,i) II ~(x,t) , fl.=6'7:-_ • naJiee noRa8aHa paBHOMBpHaH CXO,llll-

llOCU nocneitoBaTeJiiHOCTen { 'V;, (cc;bJ u.. { Yn (X, t)j no Teope11e Ap!leJia, .K Henpe-

Pl1BHI111 (PYHK!lllllM 1.J('X/) U '<j (re, f) , noKa3aHO, 'ITO l}(,-:x:,i) H "j'(X;c) HBJIH­

IIJTCH pemeHll811 aaita'll! (7)-(8) B o6JiaCTII ';z) • Ilpi! Bl1nOJIH8Hllll YCllOBllll l TeopeMLI IICCJie.ztoBaHa 

npO.ztOlllltl!IIOCTn 3Toro peweHllll B noJiynOllOCe a~ Xi., 1_ , O.:f t< 00 . II Il0JIY'18Ha O!leHKa 

CKOpOCTII CTa61lJI118aq1111. 

3. 0nHcaHHLll1 M8TOit pemeHl!ll KpaeBUX saita'l Tllna (I)-(2) onpoCioBal!CH Ha HeKOTOpb!X np1111e­

pax no cocTaBJieHHol1 MH 8BM nporpa1111e._B Ka'leCTBe aJ1rop11T11a· q~cnennoro pemeHIIH c11cie1.1u (7) 

c aaita'!el1·(8) 6un B3HT paaHocTHUll aHaJior c11cTe11L1 (!2)-(14). Kpaenaa aaita'la (13)-(!4) pema­

Jiaai 118TOitOII nporOHKII, npll!.18H8HHblll K pa3HOCTHOMY ypaBHeHIIKI, noJ1yqae11yme11ycii npll pas611eHIIII 

OTpeaKa [ o,r] no x. Ha /?_ paBHUX qacTell C yaJiaMII' x,, x(+i-X.:.:: _h., II aaMe~e B ·ypaBH8Hllll 

(13) BTopol1 npoll3BOitHOl1 B vanoBol1 TOqKe Ha BUpallt8Hll8 

./z-2[ 0'r{'X,.1,f k )~ 2:u(x; ,tk)+ ?J(1:a,-1., tk ~ , i= T k 
, . .,,, 
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IlpH 8TOM B Kallt,llOII BHyTpeKH8M yaJie -X~ nonyqaeTCH paaHOCTKOe COOTHomeHMe 

f1,[ ?f(x,.1 ,-t1,.,)-2?J(':r,;1;1,)+?)1,."x l-1,ik ~+ 1;c':f.l,1jC~.f;J)lfl~t:CJ,.) = -

. = - tt2r~co:~.-.Jk )-1-y(x.:,ik)+'Jf_~',x .. -j,+k.j+fcrxi;;j('X'.;,tS)} 
IlpHMall nporOHKa Ha KalE,ll;OM Cl!Oe i==tk aaKJIIJ'laeTCH B onpe,ll;eJieHMM nporoaoqHllJC K081pi))MUM8H­

TOB j{_ · 13 · t, L 

fl.o= c...1, ?/,,= () 

Jt =-[!l,(+-Jl.L-ir~ ·13, =-[r(~73i-ilA, , i-=i,Z, -·., i1-i 

3,ll;eC:& / i / 
Jl(. = h /y (x, ,lj(x,:}12, ))- /1, 

J'i1 =-Ly (q,,,,_if ,.) -ly(xc,tk 1+-~(x~-1:l:J, )+J//ca.·t,;j('X!i,-tJSj 

0<5paTHal! nporoHKa COCTOltT B onpeAeJieHl!M lj)yHKUIIM •i'l'('X'i:,-tk) B yaJIOBblX TOqKaX · :x·L 

u(-;,,tk) = Jl.,:. 7.){x.:+-1,1,k.) +di: , 

1.Y(xa.,fh)'=O, 1-"rx: 0 ;lk)=O 

Kpoue Toro, Ha KaX,ll;OM CJ108 t-=tk, npoM8BO,l(MTCH npMC5nMJE8HHal! npOB8pKa YCJIOBllH 2 Teopeuu. . 
rr~. PaccMaTpl!BallOC:& ypaBH8Hll8 

.II ·Ji· '1.V -, }j + e a= c., {IS) 

C KpaeBblM ycJIOBll8M 

:jCd)=;j(1.)-=0? {I6) 

Jl.)_d>O - Iiapa11eTpu. PemeHue aToro ypaBH8HMll MOJtHO nonyql!T:& B KOHeqHoM ·BM.l(e. Ilycnp·=Ji.ol 

Cy111ecTByeT aHaqeH11e JJ= _fi , npM KOTopou pemeHJrn aaAaqM (IS )-{I6) MIIHCTB8HHOi npa JJ<P.t 
CYll!8CTBYBlT ,!(Ba pemeHIIH, M, HaKOHen, np11JJ>p1 pemeHl!l! aa.ziaqu H8 cy111ecTDy~T- Ilpll Jld..~3.5 

CYll!eCTBYDT ABS pemeHl!H aa.l(a'IM {I5)-{I6). 0<5oaHa<11111 8Tll pemeHIIH qepea !j1(•x.) 11 JJ,,('X) 

l!JIH .J/. =I.5 11 d, =2 l!X rpalj)l!Kll Mao<5paxeHbl Ha pMc. I. . 

YpaBH8HMe {IS) llHTepecHO T8M_, 'ITO M8T0,2l; CTa<5MJill3aUMM c n~MOll!:&ll aa.l(aql! {3 )-(5) noaBOJIH-

8T HaXOAIIT:& B cnyqae cy111ecTBOBaHl!H .l(Byx pemeHl!ll aa,l(a'II! {I5)-{I6)·ToJI:&KO HMlltll88 pemeH11e 

;/.t(x). 
no anropl!TMY, npMJIOllt8HHOMY a,2J;ec:r,, <5bll!II BblqllcJieHbl o<5a pemeHl!H aa.l(aql! {I5)-{I6). B Ka-

'18CTBe Hatian:&HblX np1!<5Jil!llt8HMll Bll<51!palll!C:& lj)yHKUllll 3:/(X,C)-:=L) Sui,JCX. 
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Ilpll C[' =I {aHaJior M8T0,2l;a, on11caHHoro B 2 ) C UO!!Oll!:&ll 8TIIX i))yHKJ:11!ll 6blJIM nocTpoeHbl 

npll6JIIIJ!t8HHble "o<5JiaCTII Bl!IIHHIIH11 BO!lpyr pemeHl!ll ;f.1(':c) H Jj.z(-x) •. HaX0,2l;llll\ll8Cll BHYTPII 8TIIX 

o<5nacTell aaqaJI:&Hble lj)yHKUIIM o<5ecneq11Bal!l1 CXO,ll;IIMOCT:& lj)yHK!JJlll -;j("rx ,ik) npll h,...,; 00 K 

cooTBeTcTBYIOII\IIM pemeHl!llM KpaeBoll aa,2J;at111. IlpM O< L\ ~ 0.6 npo11cxo.m111a cTa61rnMaanJ!ii K pe­

meamo ';j1. (-x) , a np11 0.8 .S /J. :S 3. 09 K ";}z ('X) • BC5n11a11 rpa!!ll11bl 11 06nacTell BnMl!HIIH 11 np11 

Li = O. 7 11 <,:- =I cTa<511JI11aa111111 ne npowaomno. 0,ll;HaKo Bbl6op 11eH1>mero mara ,:z: = O.I 06ec-

ne<1MJI cTa<511Jrnaan1110 K 'J/z (T) • mar no X' <5paJicl! k = o~ 05, a Buq11cnen11l! np0Bo;zurn11c:& .110 

ycTallOBl!8Hllll 9 ,ll;ecl!Tll'IH!lX 8HaKOB. Ha pMc. I IlOKaaaHU 11 30Hbl BJ!lll!Hllll 11
, a TaKlr.e noKa3all npo-

11ecc CTri6MJ111aan1111 B cnyqae LI = 3. 09 H 'T = I. Bee Kpl!Bble c11111Je~paqn!l OTHOO~Tem,Ho npa-
I ., . r I1 

110M Ct' =T, noaTOMY Ha pMc.I OHi! so6pallteH!l Ha OTpeaKe L0,2. 

rr~. l!11cpl))epel!!lllaJl:&HOe ypaBHeHMe c CMHryJI!!pl!OM TQqKOM Q, = 0 . 
2, 

"}:jh=y(i-¥-;;) . -
BCTpeqaIOll!eecH B HeJil!l!eMHOM noneBoll Teop1111, Ha J!JOC50M OTpeaKe [o, g J). g > 0 ' 

Ml!OZecTBO pemeHIIM, y,2J;OBJ18TBOpl!Dll!IIX KpaeBblM ycJIOBIIHM 

yr o)=-1;f (€)=_ 0 

(I7) 

IIM88T C'l8TH06 

(IB) 

Ilo,2l;po<5nee o cBollcTBax pemeryM_ll ypaBHeHMll TaKoro TMna MOlltHO npoqecTb B pa6oTax [41 , [sl 
a ,2l;pyr11x. 

HanozeHHblM B pa<5oTe 118T0,2l; <5blJI npM11eneH ,2l;Jlll OTblCKaHllll IlOJ!Ol!tllT8Jl:&HOro pemel!Mfl aa,ll;atill 

(I7)-{I8). Ilpll BbltIHCJ18HIIHX g =I' 885867' tITO COOTB8TCTByeT HaqaJI:&Hol! np0113B0,2l;HOll pemel!llll 
/ . 

t/ ( 0) = 5. Ilpll Ha'laJI:&HOM npl!C5l!IIJE6HIIM 
d . 'Ji 

y(x,o)=i,3Suz. ~ x 
nonyqeHa cTa<51!Jill8anMll K UOJ!OZIIT8n:&HOMY pemeHMD npll 

CC= O.OOI, O.OI, 0.05, O.I, o.s", 0;6. 

Ilpo11ecc CTa<5MnMaa111111 npl! CC = 0.6 noKaaaH Ha pllc.2. Ilp11'L> 0.6 {Hanpl!Mep, 'L = o. 7, 

0.9) CTa<51!nMaanMll npollCX0,2l;IIJia K HeKOTopoll 11nMJIOOC5paaHOM 11 KpMBOI!, KOTopal! He· l!BJlll8TCll peme­

HMBII aa,l(aqM {I7)-{I8). 

Ilp11 aaqaninoM np11<5J111l!teH11M 

ycx,o) =1,5sinfx 

8HaqMT8l!:&HO OTJ!ll'laDme11cl! OT pemen11ll aa,11aqM {I7)-(I8) CTa<5l!JIM3a[(llll npo11cxo.11ana K H6KOTOP!lM 

,2l;pyr11u pemeHMHM, npMt1e11 aaB11ceJia OT mara CC: 

C O,ll;HIIII Hyneu BHyTpll OTpeaKa [ a, (5] . ' npM 

21 

• TaK, np11 <7: =O. 005 <5blJIO noJiyqeno. P,emeH11e 

<[' = 0.002 <5blJIO Hall,ll;eHo pemen11e c ,ll;BYllll HYJill-



MIi BHyTpll OTpeaKa [ 0. e1 . B He1tOTOpb1X .ztPYI'llX CJiytlallX npOIICXO.ztllJia CTa6HJil18a1'llll K n11Jioo6-

pa:rnblU11 KPIIBblU. 

Bo Bcex cJiyqa11x mar no 0011 x· 6paJic11 paBHbllf 

.ztO ycTaHOBJieHIIII 9 .ztecl!TllqHblX 8HaKOB. 

I,_ = 0.05g , a BbJqllcJieHllll B6JIIICD 

OrueTIIM, qTo ypaBHeH11e (17) He Y.ztOBJieTBOplleT YCJIOBlllll,I Teopeuu, HO npoBe.zteHHble BbJqllC­

JieHllll Il03BOJIIIDT npe.ztnoJIOXIITD, qTo 8TH YCJIOBIIII UOI'YT 6blTD OCJiac5Jieiru. 

JI l'I_TEPA T YPA: 

l. ll.C.Eepea11H, H.IT.lK11.ztKOB. MeTo.llbl Bblq11cJieH1111, IT, ~11a11aTr11a, MocKBa, 1962, 395-405. 

2. H.H.rJIIIHCKall, M.Il_.MHCOBCKIIX. 0 q11cJieHHOII pemeHHII rpaHllqHbJX aa.ztaq .ztlIII HeJIIIHel1HHX_Oc5HK­

HOBeHHblX .ztli:~epe11i.11aJID!ruX ypaBHeHlll1. BecTHIIK Jle111111rpa.ztCKOI'O YHl!BepcllTeTa, !!, cep.11aT., 

49-54, (1954 ). 

3. Jf.. ffv.edman,. C:;n,1Je~, o/, !;of?u-l~ cf ~a•wiolC ~lw,:Clc,u -1:o 
Cl -S fecul:J S faie, J .Jltil-1:Ji. an cl .flle_c.,/,_.) J , 1. , !;'!f - 7-6, (195 g) • 

. ' 

4. E.IT.lKll'AKDB, B.IT.llillpllKOB. 06 0.ztHOl1 KpaeBolt aa.ztaqe .ztJIII oc5HKHOB6HHHX .zt11~epe11i.11aJIDHblX 

ypaBHeH11!1 BTOPOI'O nopH.ztKa, lKBM _II M~, i, 5, 804-816, <;964). 

5. E.IT.lKll.ztKOB, B.IT.llillpllKOB, l'I.B.IlySHHIIH. 3a.ztaqa Kom1111 KpaeBa11 aa.ztaqa .ztJIII HeKOTOPOI'O He­

Jil!Hel1HOI'O .zt11iMJepe11i.11aJIDHDI'O ypaBHeHIIII 2-I'O nopH.ztKa. MaT8pllaJibl COB8~aHIIII ~o 11aTeuaTll­

qecKIIU U8TO.ztau pemeHIIII aa.ztaq 11.ztep11ol1 @11811KII, nyc5Ha, 17-20 HOH6p111964 I'., IlpehpllHT 

Ol'!Hl'I, 2005, ny611a, 1965, I3-I8. 
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OB YCTottqllBOCTll PA3HOCTH~X YPABHEHllLl 

B PABHCl.lEPHOll METPllKE 

BU Cllffil C.l-l.Cep,lllOKOBa 

B I.IOIIX pa6oTaX nonyqeHbl Heo6XO,ltl!Mll6 11 .ztOCTaToqHue YCJIOBIIH ycToltqllBOCTII B paBHOMepHolt 

M8Tpl!Ke, B d,' ,ltl!H Jil!HeltHb!X pa3HOCTHb!X cxeM C nocTOHHHHW. KOSip\pl!Ull6HTaMII. TionyqeHU ToqHue 

no nopH.ztKY B M8Tpl!Ke Ji OU6HKli° pOCTa 6Al!Hl!qHolt oml!6Klf, KOTOpb!e xapaKTep11ayJlT cTeneHr, 

H8YCTOlt1il!BOCTII B C II Bbl,lt6JieHbl 30Hbl pa3MS3b!BSHIIH 6,ltl!Hl!qHolt omll6KI! AJIH Bcex ycToltql{Bb!X 

B '2 cxe1.1. 

CHaqana paccMaTpl!BaeTcH aa.naqa C Haqanr.Hb!MII .ztSHHbll.111 AJIH .ztBYCJIOltHUX paaHOCTHb!X cxe1.1: 
i. Vl,ti , · D rt, 0 . 

L Cle ujTt = L q,eLl:ire ·,. u.. =1-J , I re-\< 00 (I) 
1e1,k. 1e\fR. J J 

3Maqa (I) y0Toltq1!lla B c, 6CJIII paBHOMepHo no 11.. BblnOJIHH6TCH COOTH0ill6Hll6: 

si:lp I ut\ !: c s~r, 1u: \ 
j J C 

3.ztecr, C He aaBIICIIT HI! OT Yl.. , HI! OT u, .. 3a1.1eTl!M cpaay, qTo Bee nocTOHHHble, KOTOpue 
j 

CiYAYT BCTpeqaTI>CH, He aaBlfCHT OT rl.. 

06oaHaq1111 qepea f(1) xapaKTep11cT11qecKj'!I \{)yHKUl!Jl (I): 

.P (. o e/s' t e \ rCf> = L. ae ·1 L.. ae 'J. J 
~,~ l~ik • 

CnpaBe.ztJIIIBa ne1.11.1a: nnH YCTOlt1il!BOCTII aa.naq11 (I) BC Heo6XOAl!MO 11 .ztOCTaToqao, qTo6bl paBH0-

1.1epao no h, B MeTpl!Ke ij Cib!JIII orpaH11qeHU KOS4)\{>l!UlleHTbl JlopaHa h, -olt CTeneHI! xapaKT8-

p110T11qecKOlt \l>YHKUIIII. A IIM6HHO, ecJIII 

r.'1'1,-= _1. ( l<.1.)1\1~ 
J 

,i,,..., j t ) 
. ..,:11.-t- lll=i 

TO .ztJIH y0Toltq11BOCTII B C H806XOAHMO ·11 .ztOCTaToqHo, qTo6u 

24 

I 

~ 

\' 

/' ' 
'\• 

z \ r."-1 = v-tn.)6 c 
j J O . 

~ r - paaHOCTHSH \{)yHKUIIH rp11Ha !!JIii \{)yHKUIIH 6,ltllffll1iHOlt Oml!CiKII. "' , j 
TaK111.1 06paao1.1, Ha.no oueHl!Tr. tui) np11, ft➔ oo ;: ,Sa.ztaqa 1.101ter CiuTr. c({)op11YIDIPOBaHa 

H63SBIICIIMO OT paaHOCTHb!X cxe1.1: B M6TPl!Ke ;f,! OU6HIITI> CKOPOCTI> pOCTa nocJie.ztOBST6JII>HOCTII 

Ko~11u11eHTOB JI~paHa n.. -olt, cTeneHl! o~H~meHl!H . .ztBYX npo11aBOJII>Hb!X M~oroqneHoB. ·sa.naqa pe- ~· 

maeTCH B 06~e1.1 Bl!.zte, 683 KaKIIX-Jlll60 .ztonoJIHl!T8JII,Hb!X orpaH11qeH11lt, 

Tiepexo.n111.1 K 11anollteH11D peaynr.TaTOB. BBe.neu 060:iHaqeii11e: 

JU c'J) = 1nax- 1 1 C'i) \ . r ,~1-::::1.. r _ . 
CnyqattJll[{Ji= i, pemaeTcH Tp11B11anr.Ho: ecn11 JUCf) >1 , To_'((n,) BKcnoHe11u11anr.Ho;. 

pac.TeT .- ycToltql!BOCTII B C HeT. EcJIII JU(f)< i , TO o(n) . BKCnOH8HUllaJir,Ho y6UB86T 

-.llM66T M8CTO y0Toltq11BOCTI> B c~ 

Ecn11 JU(/)=i , TO aa.naqa (I) .. MollteT 6uTr. KSK ycToltql!Bo.lt B 'C, TaK 11. Heyctolt•111-

Bolt. Bee 3SBIICIIT OT noBe.zteHl!H xapaKTep;ii:iT11qecKOlt \{)yHKUIIII B. 0Kp6CT~OCTI! Toqe.K 6,ltllHllqHolt 

OKPYlltHOCTII, r.zte lf(t)\ =I. PaCCMOTPIIM,O;.zteJir.HO .ztBS cnyqaH. . , . 

I cnyqalt: I fc.i')l =I BODAY Ha 11\ =I. B llTOM cnyqae, ecJ!l'I TOJII>KO t(~)-,e .g°:l,: -
TO ycToltqJ.1BOCTI! B .C H8T! llll66T 118CTO OU8HKa C.! To f Q(/1,)_f C;,--fri . , , 

EcJIH ll:6. fC'~): e!go}; <j-, , TO; oqe:Bl!,ltHO, .ztJIH BC8X /1.. ~ 0 0(/1,) = i · 

n cnyqalt: i f(~) l< .i · BODAY Ha Ill =I, Kpo1.1e KOHeqHoro q11cna T~qex e i.!fs 

1$ s~t ), r)te !(cei%)\=i 
B oxpecTHOCTII xaz.noro CJ/ cnpaBe.ztn11~0 paano~11e: 

/ce~) -:e,'.~y2Fgo+gl(j-Ps)+i.i1 gt (<f-<Jsl+ &.re.a~(<f-<JsT r (2) 

3.ztecr, Bee napa11eTpb! B8nt6CTBBHHbl8, a.H. < 0, 

B pacc1.1aTpmBae11ou cny<rae n.aa.ztaqa (I) y0Totlq11Ba·B ·c, Tor.zta II Tonr.xo Tor.na, xor.na 

,ltllll BC~X S:=i, .. h i KOSip\pllUll8HT npll JIJIS;ztlllBII HeJil!He,ltH~M qneHe' B pa3JI0ll[8Hl!I! (2) llMeeT'. 

OTPHUaTeJir.HyXJ B81J18CTB8HHYJl. qa9u: { ~ ~ t . ECJII! llTII ycn_~BIIH BllnOJIH6Hbl, TO IIMBBT 

MBCTO OU8HKa: c.! ~ oUi)f C,i. 

Ecnll.XOTH 6u npl! O,ltHOII S KOS4)~l!U118HT np11 MJia.ztmeu. HBJIIIHeltHOII qJieHe B pa3JI0ll[6HIII! (2) 

llBJill8TCH qncTO MHl!llll~, TO 111.1eeT MBCTO Hey~Toltql!BOCTI> cTeneHHOrO'Tllna: 

c.J. n. !-4!. f 0cn) ~ e/-~ . . _ . 
3.ztecr, ~/lft IIJ.IHJ.IM8JII>HO 113 BC8BOlll.lOlltHIJX SHaqeH111t, OTBeqaXJ~.JC pa3Jlll'lHblll n 

~ 
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B rrpouecce .llOKaaaTem,cTBa rroJJyqem,1 amu.11rroT11qecK11e oueHKI! pasHocTHol! \PYHKitHI! rp11Ha 

B C. 3TI! 011eHKI! II03BOJilllJJI! Bbl,lleJJl!TJ, Tai! Ha3b1Baewe 30Hbl pa3Ma3blBaHl!/I e,lll!Hll'l!!Ol! om116Im. 

Z!JJII Bcex YCTOl!'ll!Bbl~ B i:;., cxeM yKaBaHbl TO'lHble IIO ~_OP!!.llKY B ii 30Hbl Ha. (1.-M cmoe, BHe _ 

KOTOpblX e,lll!Hll'lHa!! Oml!6Ka BKCIIOHeHUl!am,Ho MaJJa.- Oco6eHHO IIHTepecHblLI OKa3aJIC!! cJiyqal! n. 
'B BTOM CJIY'iae e,llllHl!'lHal! /omll6Ka JJOK3lil!8Y6TCl! OKOlIO rrpl!Mb!X J -=--g1ti , KOTOpue Mb! H33bl:Baeu 

xapaKTepl!CTIIK3Mll pasHOCTHoro ypaBHeHl!l!. 

EcJIIII paccMaTpllBaTh aa,lla'ly C rrpaBol! qacTh!J, TO-YCTOH'll!BOCTh IIO rrpaBol!.'laCTI! CJJe,llyeT -

113 ycTOll'lllBOCTll IIO Ha'l3lihHbl.M ,llaH!ruM, ecml, TOJJh!{O pemeH11e cymecTByeT npll JI!J6ol! rrpaBol! 

qacTII M3 C. 

ZlaJiee CT3BMTCl! sa,llaqa 06 YCTOll'lMB.OCTl1 B C CMCTeu .llBYClIOHHblX -paaHOCTHWC cxeu M. 

HCcJie,llyeTcl! rroBe,lleHMe _Koa(p(pHitHeHTOB ]opaHa /?., -oil cTeneH11 MaTpl!Ubl, aJieMeHTawt KOTopol! 

l!BlIJUlTCII OTHomeHllll IIHOrO'lJieHOll. ZloKaaaHa OJie,lly!J!U3l! Teope11a: 

EcJJI! ecTh YCTOll'IMBOCTh Bi~ , TO .llJ!l! YCTOl!'l~BOCTM B C Heo6XO,llHMO 11 'AOCT3TO'IHO, 

'IT06bl Bee co6CTBeHHble 3Ha~eHl!II xapaKT8pl!CTl!'l6CKOI! MSTPl!Ubl Y'AOBlI8TBOPlllill T6M YClIOBl!IIII, 

KOTOpblM Y'AOBJieTBOpl!eT xapaKTepMCTM'lecKa!! \PYHKW'!II B cnyqae O,llHOro ypaBHeHl!II. 3,lleCh TOXe 

nonyqeJ!U TO'!Hble IIO nop11~ey B 11 oueHKII pa3HOCTHOI! 'uaTpM'IHOI! ip_,YHKUMI! I'pI1Ha •. 

3a11eTl!M, 'lTO sa,lla'la C Ha'laJihHblMI! ,llaHHblMll ,lllIII MHOrOClIOHHWC cxeu npOCT,ol! aaMeHol!. OBO­

'AllTOII K aa,lla'le 'AlIII OllOTeM 'ABYCJJOl!HblX cxe11. TaK 'lTO Sa,lla'la 06 YCTOH'll!BOCTM B C lIMHell!!UX 

pa3HOCTHblX oxeu O IIOCTOIIHHbllU1 KOa(pipl!Ul!CHTaMI! pemeHa IlOJJHOCUBl. 

DCHOBHOl! MCTO'A l!CCJJe,llOBaHMl! - ueTO'A nepeBaJia. 

B pa6oTax filTeTTepa M CTpoHra 6uJio· rronyqeHo 'AOCTaTO'lHoe yonoB11e yoTol!'ll!BOOTII B C .• 

lr, 2] • · O,llHOBpe11e11Ho co MHOBJ Heo6xo,llII1,1oe 11 'AOCTaTO'lHoe ycJJoB11e ycTol!q11:BocTM B C 'AJJH 

O'AHOro ypaBHeHHl! 6blJIO ycTaHOBJieHo ToMI! [3]. ZloKaaaTeJJnCTBO TOMI! BUrO'AHO OTJJll'lae?c11 cBoel! • 

npoCTOTOl!. 0,llHaKO IlOJIY'l81!Hbl8 TOMI! oueHKM He IIBlil!BlTC!! TO'll!blMM no IIOPMKY. B pa6oTe B.fl.Yp-

ua_ L 4] · noJiy'leHo Heooxo,lll!Moe M 'AOCTaTO'lHoe ycJIOBMe· ycTol!'lllBOCTI! B.i,;, 'Alil! c11cTeM JJIIHel!HblX /J 
pasHOCTl!blX ypaBHeHMl!. PeayJ!hTaTbl !!OMX IICCJJ8'AOBaHl!l! ony6mrnoBaHbl B pa6oTaX _L5,6j . . . 

· Ii 
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3'68-1/24. 
2 •. :5iwm 'UY. '-Y. Po~~ ~icrn, of ~e)(JtS~ri ~p-e,-

<fu,m ~ Jl.m. JUaih. Soc., 1.06 (1961), 5:),5-535. · · _ 

3 • ?fLdmt, C/lwrrz;_t. S-laldd~n o{, 'lJi/le~ Sche,rtw. m & J?laxi1mmi­

.rf'O'Y!in,. Jauxnal q- c&-ffr!m1,du:d eq U{l,tX.on.£. 1 (1 g G 6-), J::f. 3 ~ :2,g c2.,. 

4. B.fl.Yp.11. 0 Heo6XO'AMMOCTM II ,llOCT3TO'lHO!J YCJIOBIIM YCTOil'lMBOCTII CIICT8M pa3HOCTHblX ypaB­

H81!1tl!. lIAH, I39, I, I96I. . 

5. C.H.Cep,ll~KOBa. 06 ycTOl!'lMBOCTlt B C pa3HOCTl!b-X cxeM c nOCTOl!l!Hijlll! ,llel!cTBIITeJJhHblMII· 

KO:'lip\PMWieHT3Ml!. JKBM II ~~, 6, le 3 {1966). 

6. C.H.Cep,llBJKOBa. Heo6XO'Ai!M08 M )lOCTaTO'lH08 .=(CJJOBlte ycTol!irnBOCTM B paBHOM6pHol! 11eTpllK8 • 

CIICT8M paaHOCTl!blX ypaBH8HMil • .!LAH f73;3,f967 

/ 
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MOJ!EJTIIPOBAHllE CJJYl!A0ffilX BEJlljqj!H 

HA 8JJEKTPO!lllblX lll~~POBUX l.!AIIMHAX 

BU aum r .A. 0oocKOl3 

Ilpll CTaTIICTl!qecKOM 110.zteJI11poBaHl!II HeKOTopux nponeccoB ll.ztepHoll ~IIBIIKII npl!XO.ztHTCll 

·annpOKCIIIIHPOBaTD 3Kcnep1111eHTaJibHlle pacnpe.zteJieHl!ll aHaJIIITl!qecKlll.!ll BUpaxeHl!lll!H Bll.zta 

-~X. -o<:x.'" 
~ (:x:) e '""" P,J:ic) e.. er) 

r.ne P,.,(::r) - MHoroqJieH cTeneH:11 n.. 

TaKl!M 06paBOM, l303HIIKaeT npo6Jieua reuep11poBaHHll CJIY,.al!H!lx l38JIHql!H C IlJIOTHOCTHUII 

BH.zta (I). 

B pa6oTe l I] 1!3JIOllteH cnoco6 6UcTporo no;nyqeHl!ll c;nyqattHUX BeJI11q11H C IlOI(a'aaTeJIDHllll 

aaKOHOII _pacnpe.zteJieHl!ll, COCTOlllllHtt l3 paBJIOJJteHl!II CJiyqattHOll l38JIHql!Hll ~ Ha "cyw.y --"l.,: [ ;1 •{ 11.1 
neJioll 11 .ztpo6uoll qacTell c nocJiellj'Dmell KBa.ztpaT11qaoll annpoKCIIManHell WYHKilllll pacnpe.neneHHH 

.ztp06Holl qacTII. 

SioT cnoco6 .ztonycKaeT 0606meH11e II Ha c;nyqall KJiacca cJiy,.attH!lx BeJI11q11u c 6ucTpo cna.zta­

lllllHMH IlJIOTHOCTllllll pacnpe.zteJieHHll, K KOTOpu11, Hanp1111ep, IIOlltHO OTH8CTII (I). 

060BHaqnu WYHKilllll pacnpe.zteJieHl!ll CJiyqal!Holl BeJIHql!ffil 1 qepea J(x) I IlJIOTHOCTD -

qepea 1tx) H npe.ztcTaBIIM 1 B BH.zte 

i.=r11 ♦ tt1 
UeJial! qacT:& ( 1,1 MOl!eT npHHllTD auaqeii11e K (K ,;, O,:!:,I, :!:,2, ••• ) c Bepol!THOCT:&ll 

1(1-1 

fK = P([1_}= K) = I ~x)c/.:e =- J{1e-+1)- 'J'C1e) (
2) 

I<. 
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YoJIOBHaH WYHKITHH pacnpe.zteJieHllll .ztpo6Holl qacTII { 'Y\.) npll YCJIOBIIII, q_TO [ "1_] == K. 6y.zteT 

paBHa 

cp~ (u.) = 
'J (U+K) - j-'(K) 

:fl< 
(o~u.:S.1) (3) 

8To cJie](YeT 11a nenoqK11 paBeHcTB 

1(:r) =. P(1<x) = Q ({'11}< x- E11) = 

= P([1J< K)-1- P([1]=k) PU111 <~/ [1)=1<)_= 

= _'J(K) + q)l<(LL) [ 'J (K+I) 7"" 'f(1<)] 

r.zte o6oaaaqeao -[ .X 1 = K: , U. = X - K 

COOTB8TCTl3eHHO YCJI0l3Hall IlJIOTHOCTD pac::npe.zteJieHl!li BeJIHql!HU \_ i} l3 HBT8pl3aJie (K, k + I) 

6y.zteT paBHa 

f k (U.): 
f(Ll + 1<) 

1 ... 
.(o ~ u. ~ 1). 

B cJiy,.ae noKaaaTeJIDHoro pacnpe.zteJiea11H­

- -x 1 (x) ... e '(.x > o) 

p ,:f1.1.) oKaBUBaBTCll HeaaBliCHUOll OT K. 

~el!CTl311T8JIDHO, c yqeTOU (2) 11 (4) no;nyqaeu 

= -1( -(octl) -
e. - e 

-(U-t1<.) -u. -K 
e e e 

lP (u.) = ,... J ... 

_I( 

e 
1 -l -e -

(4) 

(5) 

K COlltaJI8Hlill, STOT qacTBlll! npm,ep liBJill8TCH IICKJil)ql!T8JIDHlll4 11, B o6meu C_Jiy,.ae,- .ztJIH KBa.ztpa-_ 

Tl!qaoll annpoKcH11an1m <±>~(u) aau npa.zteTcH cTpOHT:& ceuellcTBO napa6oJI. 
. ~ -1 

. _ KaK II l3 [I] 6y.neu annpOKClll4HpOl3aTD WYH,KllHll <p ,_ (x) , o6paTayll K 4> ... (U) , napa-

60JIOl! Bl!.zta 

poccx:) = QK'.X_.f. + (1-a.._)":)C (ola,x,1) 
(6) 

K081pWH!lll8HT QI\ onpe.zteJill8TCH TaK, ·qT06ll np116Jil!ll[eH11e p" (:le) 6UJIO Hall;nyqmau. llOlltB0 1 Ha-
. A 

np11uep, no.zto(jpau TaKoe .QI(=: a'< , np11 ioTopou .nocT11raeTcH 

_ G; :: =£"' = l cp-• ('x) - p .. c::ic) I (7) 
I( Q,.. 0'-><'-\ "-
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IlOC!iOJD,lcy' B 06me11 CXj'llae BllBO,ll ~OPIIYXH . .zi.nH QK 113 YCXOBIIH (7) HBBOSIIOEBH1 Ml,l ,llHll. 
m-1 

npOCTOT!l onpe.11ex1111 a.... , Tpe6y11 COBn~eHl!ll B Hyxe npOIISBO,llH!lX ,...." (:x) 1,,1 p"' C:r) 

d. [9?~(x)] == j,(«)I :: ico)= 
cl,oc ~ ~=o ~ 'l:=O JI& 

Ilp11paBHIIB8ll STO K r: (o) = {-Q., , IlOXy,11111 

+ l T .. a"= - 7N 
Om116xa Taxoll annpoxc1111an1111 paBHa 

,..,,.. I --1 ii \ 

'-4 = o~~I cp1<-(:t)- p~Cx) 

T .. 
f(i<) 

r.11e p: (x) IlOJIY'lSBTCll ·11s (6) IlO,llCTSHOBKOII 
-It­

a..,= a." 
Tenep» W IIOE811 paS!lrpaT»_cxyqal!Hyll B8Jlll'll!Hy 1, 

npe.11exeHHllX B IIHT8pBaxe (O,I) CJIY'lSl!HllX B8Jlll'lllH ~~L 

(8) 

(9) 

C IlOIIOIIII>ll ABYX paBH0118pHO pac­

H ~~ • ~XII onpe.11exeHHOCTII nycT» "> 0 • 3a.llaAHIICll .llBYllll T86Xllll81111: ; 

Ta6XH!lell I cy11.11 Bll.zta 'Jc"-)=-~ 'f,,. (1<- o, 1, 2, ... ) 

II Ta6mi!lell Il KOS~Hll118HTOB a!" 
Pos1,1rp1,1m 't npOBOAHTCll B ABS STana. 

a) Ha ypaBH8Hllll 

1 ( K) .~ E, i <. <J ( K ·d) 

onpe.11ex11e11 k 
.lf-

11 no Ta6x11ne n Haxo.111111 a. " 
6) "\" _ K.,. t ( 1- ci! + l, .._ q:) . 

(IO) 

(II) 

Tpe6oBaHl!e K 6!lcTpOT8 cna.ztaHl!ll 1 (::t.) He npldHnHIIHSXDHO, OHO TOX»KO. 06ecne'l11Ba8T 11a­

XYll B8Xll'll!HY Ta6n11n I II n. Hanp1111.ep, HOpMSX»Hllll saKOH pacnpe.11exeu1111, nony'lSllllll!IICll npld 

n = O B (I) nocne npeo6pasoBaH1111 K Bll'AY 
x' 

~12 - T" J (X) :: V:,. e. (x >o) 

(3Ha!i ;!;. IIOE8T CSllT» pas1,1rpaH OT,llex»HO) 

IIOE8T 61,1u· sa.ztaH Ta6n11nai.iJ!, B KOTOpllX CSyAYT CO,ll8plltaTDCll TOX»KO no 4 'lllCXa AHR K. =O,I,2,3. 

Ilpll csox»ml!X 898'l8Hl!l!X '11. OCHOBHOe BP811ll pos1,1rp1,1ma 1 . 6y,ll8T yxoAUU Ha noXy,18Hll8 

SHa'leHl!ll k · C nOIIOIIII>ll (IO). 3Ta npO!l8AYP8 IIOE8T CS!lTD cymecTB8HHO ·ycxopeHa c IlOIIOIIII>ll 

pacnonoE8Hllfl 11<. npl! IlOXy,IBHlll!,CYIIM '.f{I<). B nopnARe y6L1B8Hllll II BB8,ll8Hldll Ta6.iil!ll!l m 
SH8'l8Hllll K nocxe TSKOII nepeTSCOBKld. 
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~XH yaHMO,llaX»HllX tcx) uoimo· o6ollTIIC1 6es BBe,lleHl!ll TB6Xl!lll,I ill c IlOIIOIIII>ll cneAYDme­

·ro npl!eUa: nycu K., - HOMep, COOTB8TOTBYDl!lllll 1181iCll118X»HOMY BHa'leHl!ll , 'J., , T.e. 

1 = l'TLCVl: 'JI< 
"~ IC. 

PacnonoEHU 'Tl< B nopMK8 : 

1 1 'J 1 1 k,d K.,+1.1 '<o-1 t ••' , 0 1 lk 0 -t-l,l •'· 
(I2) 

oCS!l'lHO 6Xl!SKOII K nopll.ztKY no y611B8HIIIO_ B8Xl!'lllH fK (ecn11 fcx.) oCSXSA88T 0Tpll!l8T8Jll,HOII 

aol!lllleTpllell, IIOlltHO B (I2) nooxeKo BSST.lt HOMe,p k.-i II T.,ll.). IlepeHy11epye11 (I2) HaTypan-

Jmll p11.11011 ,t =0,I,2,... 11 nepell.11e11 K nocne.110BaTen»HocT11 cyuu ~ ( ··i= ·o,I, ••• ). 

Eon~ Tenep» K npolleAYpe (IO) w .1106epe11011 .110 Ho11epa i , TO nepexo.11 K l!CTHHHouy suaqe-

Bllll K ocymecTBXlleTOll C IlOIIOUll ~OPMYXH 

{ 

~ + t+ I , <- 21< + :1. 
.... ~ J 1 -· 

I< = l<o - 1: , ( <. !I. K.· 

.\ i~2K.+1 

HU\.C. tr'I Ha e, 

" 'l,t.Tl-10~ (I3) 

Ilpi! OTSTIICT!d'lecxoll npoBepxe. r11n0Tes. B B~,ll8 pacnpe.11eneHBll 06bl'IHO n,O.llO'll!TllBSllT- 'l8CTOTY 

nona.ztaHldll CXy,lal!uoll B8Xl!'ll!Hll B KaKyll-TO CRCT811Y IIHTepBSXOB. Cpe,llBeRB8.ztp8Tld'lB8H om116xa B 

onpe.11exeH111! qacTOTll nonSAaBHll B uexoTOpllll IIBT8pBan nocne N IICilllTSHIIII paBHa 

G = y w l1;; w> . , r.11e W - Bepo11THocu nona.ztaHRll B STOT HHTepBan. HaMeH1111 W 

11.SJIYll BenH'lHHy AW H IIO,D;C'IHT&e)I Om116Ky es* C yqeTOII STOrO H8118H8HBH 

Ha 

6-"- = ~ w(1-w) ± t.W(1-iw)-(~w>'2- ~ 102. ~ t,.v,/ 
. N . N 

Honox»BYll B8XH'll!Hy omHCSKI! ~: B (9), IIOZHO O!leHHT» n11eHeHHe B8p0l!THOOT!d W npH 

nepexo.11e K annpOKCldllSTHBHOII ~op11yne (II). 

Hanpl!Mep, .llnll CXy,18!1 SKCilOHeHnaan»HOII nxoTHOCTH BH,lla (5) 

( ~ -<;) t..w<i 2. -2 
,'1 

IlooKonKy Ci = 0,0076 (011. (I1 ) nony,1ae11, 'lTO npll paay11uo BHCSpaHHOII CHCTelle IIHTepBa-

XOB ( W > I0-2 ) cpe.11HeRBa,llpaTl!'lHa11 omHCSKa O aa C'l8T cnyqal!Horo pasCSpoca HOXO,llHOII 

paBHOMepHOI! nooxe.110BaT8X»HOCTH e, Ha nopH,llOK npeB!lmaeT Omll6Ky, BHSBaHHYIJ HSlleHe·u11e11 

W npz nepexo.zte K annpoxc11_11aiHBHOII ~OPMYXe. 

B 06me11 cxyqae TO'lHOOT» annpOKCIIIIS!lHII He CSy,lleT Bea.11e O,llldHS!iOBa, OHS y61:1B88T np1111a­

nllX TK . 3TOT He.ztocTaToK npe,llXaraeMoro npue11a MOEHO ycTpaHI!!», YBeXH'l11Ba11 cTeneH» 

annpOKCIIMIIPYIO!llero MHoroqneHa. 0.ztHaKO TaKoll nyu npm:BO,lll!T K YBeXH'l8HBll Ta6XH!l H .. SHS'lHTem.­

HO CSon»mell BaTp8T8 BP8118HII Ha BTOPYD qacT» npo!le'AYpll poa1,1rpuma. 
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• 8a11eT1111, 'lTo Hama cxe11a poaurpuma 1, y1ma;ziuBaeTcH B oc5eyp cxe11y reHepau1111 cJiyqal!­

HUX BeJil!'ll!H C nOMOIIU>D KYCO'lHOl! annpOKCl!MaUIIII aaKOHOB pacnpe;zieJI8HIIH Ha H8KOTOpol! CllCTeMe 

IIHTepBaJIOB, 113JIOllt0HHOl! B [ 2 l (cu. §7). 9Ta oc5maH cxe11a ROHKpeTll31!pOBaHa B f 21 Ha CJiyqal! 

paBHOB0pOHTHOl! CllCTeiru IIHTepBaJIOB, T.e. TaRol!, B KOTopux BepoHTHOCTll'.f.paBHU ~ellt;ziy co6ol!. 

Or11eqeHHUl! BUme He;ziocTaTOR coxpaHH0TCH II ;l!JIH TaRoro po;zia np11e110B. · 

B CBH311 c 3TIIM MOllteT 6liTI, 6y;zieT noJieaHO nepel.JTI! OT npe;ziJiarae11oro B HaCTOHIJ1011 pac5oTe 

paac5HeHl!H Ha e;zillHll'lHUe llHTepBaJili R paa611eHl!D oc5JiaCTH 

BaJIU, B ROTOpliX 6y;zieT. O;l!HHaROBa omH6Ra annpORCHMaUIIH 

MOlltl!O ;zioc5HTI,CH y11eHI>meHHII C, ;zio aa;ziaHHOl! B8Jlll'll!Hli, 

pyromero 11HoroqJieHa. 

onpe;zieJieHHH BeJill'lllHU 1, Ha llHTep­

~ • YBeJill'll!BaH 'lllCJIO llHT8pBaJIOll, 

coxpaHHH BTOpyD cTeneHI, annpoRCHMll-

CJiyqal!HaH BeJIH'll!Ha L 6y;zieT B STOM cJiyqae npe;zicTaBJIHTI>c11 B Bl!;zie 

r;zie o(i< 
HaH B Heu. 

, = o(,,_ .,.11(. 
- JieBa11 rpaHHUa I<. -ro l!HTepBaJia, a '1" 
~opuyJIU (2) ll (3) H8118HHTCII H88Ha'll!T0Jll>HO 

o<.,_+I 

- cJiyqal!HaH BeJil!'lHHa, pacnpe;zieJieH-

~ f (x) doc t = p ( o( K ., ") <. o(Ktl) := 

L "'--
J ( Ofl<+I) - J(o(><) 

P >< (tt) = { .. [ 1(o<~+u.) - 1c"~)) (o(.,_ ,;; U. ~ <><,u,) 

Bce·ocTaJII,Hlie paccyx;zieHl!H OCTaDTCH B CIIJie, sa IICRJID'l8Hl!8M Toro, 'lTO BMeCTO HOMepa k 

nocJie npoue;ziypu (IO) no Ta6Jlllue ill BHa'leHl!l! o(>< - rpaHHU HHTepB~JIOB HylltHO Hal!Tll COOTB0T­

CTBYDJIU!8 cl.K • Ilpll coa;ziaHIIH reHepaTopa cnyqal!HUX ·q11ceJI npll;l!8TCII npo;zieJiaTI,'60JII>WYD npe;zi­

BapHT8JII,HYD pac5oTy no Bll'll!CJieHllD o<-.c:_ , HO 3Ta pac5oTa 6y;zieT BUnOJIHeHa O;l!HORpaTHO H He 

cRallteTcH .Ha Bpe11eH11 poalirpuma. 

JI ff T E P A T Y P A 

[rJ r.A.OCOCROB. reHep11poBaHHe Ha 3Jl8RTPOHHOl! Bll'lllCJll!TeJII,HOII 11am11He ~nyqal!HliX 'll!C0JI C no­

KaBaTeJII>HliM pacnpe;zieJieH11e11. Ilpenpl!HT Offflff, 2639, ~yc5Ha, !966. 

[2J H.Il.EycJieHRO, D.A,illpel!;ziep. MeTO;l! CTaTHCTll'l0CRIIX HCllUTaHl!l!. ~llBMaTrlla, M, I96I. 
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PAC1IET IlAPAMETPOB IlPOMEJKYTQqHQ~ IIAMHTff 

B CffCTEME PErffCTPAUffff C IlEPHO~WIECK00 3ArPY3KO~ 

BU Cl!Hff, r.A.OcocKoB, A.Ilaa11B.H ~) 

ffueeTcH UOTOK CJiyqal!Ho.nocTynaDI111lX CllrHaJIOB II perHCTPHPYDlll8.H OllCTeua, T,e. O;l!HO­

JIHHeltHaH CIICTe11a Oc5CJIYZllBaH.llll O UOOTOHHHUII Bpe11eH8M 06CJiyzHBaHHH 'i: , 

~JIii y11enmeHHH noTepi, BUSBaHHliX IlOIIBJI0HHeu CJiyqaltHUX rpynn CllrHaJIOB B Te'leH11e npo­

M0lltYTRa BpeueHH, 110HI,mero 1:'. -, npllHHTO BBO;l!HTI, npo11exyTO'lHYD naUl!TI, (Illl) - 6UOTPYD 

c5ywepayD naMHTI>, UOSBOJIIIDlllYD paspaBHHTI, BXO;l!HOl!·noTOK, 9TO T811 6oJiee onpaB;ziaHo B CJiyqae 

nep11o;zi11qecRol! aarpySKII, Kor;zia 11rHOB8HHaH IIH;8HCl!BHOCTI, BXO;l!HOro UOTOKa ~(-t)· U HBJlll8TCH 

nepHo;zi11qecKol! @YHKUHelt BpelieHH c nep11o;zio11 T II oT.JIH'laa OT ay11a TOJIUO Ha HeKoTopolt qac­

TH nepao;zia, uuenmelt ;l!JIIIHY 7; fr T ( T,. aaso1BaeTc11 nep11o;zio11 perHcTpauHH). TaKa11 c11Tya­

uua (KOTOpyD W H 6y;zie11 paccuaTpllBaTI, B ;ziaJII>Helmeu) Oc5WlHa ;l!JIH 60JII>mHHCTBa CKaHHPYDI111lX 

YCTpOltCTB l!JIII B03HHKaeT npu aanHCH llH@OpMaUHII C nyJII>CHPYDlllllX HCTO'lHHKOB (aanpuuep, 
ffunyJII>caoro c5lioTporo peaKTopa JIH~ Cl!Hff). 

06oaaaqllu qepes m 'lllOJIO sanOUHHaDlllllX 3JI8118HTOB nn. TaK KaK m KOHeqao, TO HaJ111-

qlle Illl osaaqaeT, 'lTO IIU 6y;zieu llOOJI8;l!OBaTI, Ol!OTeuy Oc5CJIYlltHBaHHII C orpaHH'l8HHOlt oqepe;ziI>D: 

CHrHaJI, nocTynaDl!llllt B II0118HT, Ror;zia B nn saHl!TU Bee m SJieueHTOB, TepaeTCH ll Ha peruoT-

~) ffHCTHTYT T80p11H H3Uepea11lt AH qccP, EpaTHCJiaBa. 

u) EoJIH 06oaaaq11TI> A(ol,ft) - ope;ziaee 'lHCJIO oHraaJioB, nocTynaDl!lllX aa npoi.!e:ieyToK 
Bp8MEjHH ( J, /3) , TO no oiipe;zieJieHHD 

A (t) = fim ;; A ( t, t ~ 1:) 
'r➔ O 

pau11n ;ziaJII>Heltmux curaaJioB BJIIIHHHH He oRaaliBaeT, 
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• PaccMaTpllBaeTCH cne.ztYDmaH aa)laqa: np11 Sa)laHHOII nepl!O)ll!qecKOII BXO)lHOII IlOTOKe OllrHa-

JIOB co ope)lHelt aarpyaKolt aa nepl!O)l /1. T HaltTII COOTHOmeHl!e MeE.ztY m II 'E" ' OilTIIMam,-

HOe C TOqR'II apeHIIH IIIIHIIMyMa IlOTepD. rrocJie)lHl!e MOEHO IlOHIIMaTD B CM!lOJie cp~)lHero q11cna 

npooqeToB, T.e. 11aTeMaT11qeoKoro OEll)laHIIH OTHomeHIIH q11cna c11raanoB, noTepHHHl,IX np11 rtepe­

nonHeHl!ll rrn K 11x o6meuy q11ony aa nep11o)l. B c11cTeuax, r)le n0Tep11 He)lonycT11MU1o6uqao Tpe6y­

eTcH uanOCTD BepOHTHOCTII nepenonHeHl!H rrrr, T.e. n0Tep11 XOTH 6u O)lHOro Clll'Hana. 

liMeDTCH pemeHl!H STOii aa)laq11, nonyqeHHlle npll )lByX qacTHUX npe)lJIOll[eHl!HX OTHOCIITeJIDHO 

xapaKTepa BXO)lHoro IlOTOKa: 

I. HenpepllBHaH aarpyaKafIJ, KOr)la BXO)lHOI! ITOTOK HBJIHBTCH npocTellm1111 (nponeoo 

Ilyaccoaa o napa11eTpou ,l = consi ) 11 mmep11o)l11qeca11u ( T1, = T ). 

2. ql!OTO IIMilYJIDOHaH aarpyaaa [2] 7;_ ~ 'i: , ITOTOK 6ea nocJie)lel!cTBIIH. 

liaBeOTHll TaKEe peayJIDTaTll 8JIBKTpOHHOro IIO)l8JIIIPOBaHIIH[3J, )laDmero rpa~11qecKyD_3aBII­

CIIMOOTD noTepD ·oT m II aarpyaa11 ~H onyq~eB A " const II T,. .(.~ T- - ' 
B aaoToHmel! pa6oTe Hal!)leH 11eTOJl perueHl!H nooTaBneHHol! npo6neuu B·6onee o6meu cnyqae 

noToaa 6,\)3 nocne)leltcTBIIH c nep11o)l11qecKoll aarpyaaol! np11 cHHTUX orpaH11qeH1rnx Ha nep110Jt p_e"'. __ 

r110Tpan1111. Anropi!TII, paspa6oTaHHllll Ha OOHOBe 8Toro M8TO)la, peanll30B8H B Bll)le anrOJIDHOI! 

nporpaMllll. ITpi!BEi)lBHll peayJIDTaTu HBR'OTOpllX paoqeTOB no 
0

8TOI! nporpa1111e. 

Il 

ITyou t;, ( t, - -1:-;,.,=7:; i.=1; 2 ... )_ 11oueHTll nepe)laq B ocHOBHYD na11Hu (OIi), YJto6ao npl!­

HHn "11epTBoe11·'Bpeua on 1: aa e)ll!Hl!ny. 

Paoc110Tp1!M )lBe IlOCJIB)lOBaTeJIDHOOTII onyqal!Hl,IX B6Jil!ql!H: 

J_;, - q11onoic11rHaJIOB, IlOOTYilllBillllX Ha BXO)l CllOTBl!ll aa OTp880K Bpe11eHH ( t;., + o, ti); 
5i - q11ono CllrHaJioB,. HaxO)lHilll!XOH B npoueEyToqHoll nallHTll B MOl!BHT i; + 0 

Teopeya I. a) Cnyqal!aue Ben11q11au Si onpe)leJIHIOTCH peJl'YpSHTHllM cooTaomeH~e11 

S.: = maa: { 0, min. ( m, ~i-, + _J;,) - i} { i = i, 2. ... ) . (J.) 

6) Ilocne)loBaTeJIDHocn cnyqaltH1,1X BBKTopoB S, =(5,, 5;,.,, ... St•T-1.) (i=J.,z ... ) 
o6paayeT O)lHOPOJlHYD nep11o)lllqecayD nenD MapKOBa C nepllO)lOII T II mT -COCTOHHIIHl!ll, 

}!oKa3aTeJIMTBO •. 3a OTpeaoa BpeMeHII [ti-I.+ o, t;. 1 K CO)lepEIIMOl!Y Ilil )l06aBIITCH Ji, 
c11raaJIOB II B MOlleHT i;, O)ll!H CllrHaJI 6y)leT nepe)laH B on. Ilpi! 8TOM, eOJIII cyu11a 5,:., + Ji, 
npeBUOIIT m , TO J111malle c11rHaJIU 6y)lyT noTepaau, a eon11 5;..1 = Vi = 0 , TO, ecTecTBeHHO, 

OCTaHeTCH paBHOII HYJID. 
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0TOD)l8 cne)lyeT COOTHOmea11e (2) ii B CIIJIY OTOYTCTBIIH nocne)lel!cTBIIH BXO)lHOro IlOTOKa­

·»uBO)l O 11apKOBOCTll nocne)lOBaTeJIDHOOTll 

s .. , s", s.i.•- . 
CnyqaltHue Ben11q11m Si 11oryT np11a1111an JID6ue neno•mcneame aaaqea11H OT O JtO m-J.. 

0)lH8~0 118-38 aecTan11oaapHOCTll.BXO)lHOro IlOTOKa BHYTPll nepllO)la CBli3D B8Jil!q11a 5£-1. 
II 5 i B3MSHH6TCH BO Bpeuea11. 8Ty HeoiaopO)lHOCU CTOXBOTl!qecKOII CBH311 IIOEHO o6oltTII .­

. \ 

pacmllpl!B q11cno OOCTOHHllll, 

. Pacc110Tpllll )lBy11epHyD Ta6Jillny COCTOHHIIII 

t./(j, K) (o~j&:T-i, O~K"m-J) 

nonyqaDeyDOH 061,e)ll!HeHll~II Bcex COC?OllHlllt-B8Jlllqlla -.5-.;-5 i~.t, - .... 5 i •T•J; 

T . C- 11011olltl,D (2) nonyqaeil uaTpllny M BepoHTHOcTelt nepexo)la OT B8KTopa 
,-, 

PY ,::_, i,, , KOTOpaH OR'a3llB88TCll llllKJ!llqecKOII, Bll)l8 

0 M, o ... 
0 

M= 
0 Mz. ... 

I 
0 0 0 
M1 0 0 

IlO)lll8Tpllm,1 M j p~a11~paoc711 m • m 
W.IJJ IJ I ~> 

• +~ W1 

w, wu1 
I, 

Mj= 
0 w<i' • 

0 
0 

.. MT-I 
0 

lllleDT CJI8JlYDl!lYD CTPYR'Typy: 

w'_)' ~ W.(jl 
m•I L. ,. 

t•nt • 
cjl - (JI 

w ... " r: w,. 
Z:M•I 

W ljl ~ W:tjJ 
••J ,&_ 't 

,.,,, • .z. 

(t~j!:T) 
' 0 0 w!i1 1. - wi' ·, . } 

r)le o6oaaaqeao w: = p { h = 1< {" = o, J., 2, ... ) 

,...., aa nepHOJl 

.::'.Ji R' B8KTO-

(3) 

(4) 

(5) 

9811eqaa11e I. ].lJill Ts• ..r: ~ i " T w ll11ee11 TOJIDKO nponecc nepe,1taqu c11raanoB B 011 

(nepllO)l per11cTpan11H R'OHqllJICll ll Ha BXO)l CHCTBIIU a11qero He IlOCTynaeT), T,e. 

w.rJ'=i, wt::o (Po) (1i•tf=j'-'T) (6) 

lia n11KJ111qaocT11 11aTpllm,1 (3) ote)lyeT nep11o)l11qHocTD nonyqeaaon nenll MapKoBa. 
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MaTp11ua nepexoAHHX BepOllTHOCTell _npll ll3B8CTHOII llaqaniiHOII pacnpeAeneHl!B no COCTOllHl!l!I,( 

nolIHOCTiiD onHCHBaeT npouecc 3aHllTOCTll npo11e1tyToqttoll naMllTll BO Bp8118Hll. EyAell 3aAaBaTI, 
Pm ~ 

pacnpeAelleHHll no COCTOllHllllll B MOIIBHT -t. mT-uepHHII B8KTOpOM C KOOpAHHaTaMH 

4: = P{ Si•i =K} (o~j~T-J; O~Hm-J.) (7) 

MH H11eeM P'" =· M P''' 
P(O) 

Ecna . - HaqaniiHoe pacnpeAeneaae BepoHTHocTell, B qacTHOCTH, ecna rrrr nycTa B aaqane· 

npouecca, To 

{ 
J. (•) 

Pjx. = o 
_J=O, K=O 

j > o, x. > O 

a p<" = f1ci1 pt•> 
n Tenep1,, HallAH P • , npu saAaHHHX m, T. J\7 MH uo1te1,1 noAcqnan nepoHTHOCTii R, 

nepenolIH8HHll. npoue:ityToqHoll nallllTH B IIOM8HT ti Hllll HallTH cpeAHee qacno noTepI, G;. Ha 

i, -M mare (T.e. Bp8Mll OT i.;,-.1.-1-0AO t, ); npaqeu C pOCTOII i 3Tll B8l1Hq11HU 6yA]T ue­

HllTiiCll OT nepHOAa K nepl!OAY. 

B SaAaqax TaKoro POAa 06!,[qHUM llBJill8TCll nOAXOA HCCll8AOBaHHll nOB8A8HHll CHCT8W B ycTa-
~ . 

HOBHBmeuca cocToHHllH, T.e. xorAa nepoHTROCTH. Pi" c Teqettaell npeuesa npa t,-00 

~ ~ 
nepecTaRJT saBHC8TI, OT £ II OT_ HaqalII,ROro pacnpeAelleHllll no COCTOllRJllllll p • IlpeAe_n-

p #•.. (l) . 
aue BepoHTHOcTH jK. = _urn p,~ , ecna OHJII cy~eoTBYDT, HasunaRJTOH ~11HalII.HHMH BepoBTHOOTll-

, ... oo , 
llH uenll, KOTOpaH B TaKOM onyqae HaSUBaeTOll perynHpHoll. 

l!JIII nepHOAl!qeoiroll uenH 3TOT nOAXOA RenoopeAOTB8HHO Henpl!M8HJIIM (oil. f4J § 'ro). 0AHaKO, 

80llll paocMaTpl!BaTI, nepeXOAU B 110118HTU, KpaTHHe nepJIIOAY T: -t;,.1, i:J·+zT .. . , Allll pas-
• . fJ ' ' T 

Hux O 6 J '= T -1 · , J11Haqe roBopH, ecnll B KaqeoTBe 11aTpJ11UU nepexoAa :eaan 11aTp11ey M , 
To nonyqeHHaH TaKllM 06paso11 HOBaH uenii oKaSHBaeTcH perynapaoll. 

06osHaql111 qepes P - olloTeMi ~l!HaniiHHX BepoHTHooTell, a qepes Pj - noAOJ110Te11y 

OHCTBMU P, OTHOOlleyRJOll K j -1!,J 1macoy OOOTOllHl!ll 

Pjo 
\ (8). 

Pj1. 
I 

p. = 
J 

I 
PjM•t 
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· Teopeua 2. _Uenr; MapKOBa, onp8A8llll81!all 11aTpauell nepeXOAH!il BepOIITHOOTel! f'1 T pery­

llllpHa. ~J11Hal1I,H08 paonpeA8ll8Hl!e B8pOllTHOOT8ll Allll Hee llBllllBTOII pemeHHBII T lIJIIHellHHX oao­

T811 ypaBRBHllll,. KalitAOB 113 KOTOPHX nonyqaeTcll saueaoll l1Dr5oll aa OTPOK Ol!CT8MH. 

Mj•t Mj,z. ... NTM,. . .. Mj . Pj = "r (i=t,T) (9) 

aa ypaBH8Hl!B 
,,,., 

T 2. Pi"= 1. 
K.•0 

(9a) 

HoKaaaTe11IicTBo.IlepBoe yTB8PlitA8Rl!e Teopeuu 2 cneA]eT JIIS 11a:eeoTHHX no1101teaall 06 OAHO­

poAHUX nepao1111qeox11x uensx MapKona (oil; [4] §_ 9). 
BoSB8AII B OTeneHI, T l!aTplley (3), IIH nonyql!ll 11aTpllUY nepexoAa HOBOll uena 

M,Mz. ... MT 0 0 

~ 0 Nz. M3 ... _ M1 0 
(IO) 

MT= I .. 

M,H,.:. M,) 0 0 
I 

3aueqasl!e 2. l111aroaahHHe noA11aTpllttu 11aTpl!UU f1 T npe110Ta:e11am oo6oll uaTpl!UU 

nepexoAa sa T maroB as 000To11aalt RJiaooa j ( j = i,,s: .. r) B ·oooToitHl!H Toro lite Knaoca. 

3To ~asTaqeoxl! osaaqaeT, qTo aama uem, pacnaAaeTcH aa T uenelt, :e KalitAol! as .KOTopux w 
·1/ . 

OKaaunaellCR O nepORTHOOTI,D IT, 

Iloone ycTaHOBl!8Rllll oauoro ~aKTa oymeoTBOBaHl!R ~HHalIIiRUX nepollTHOOTell llX IIOlitHO RallTll 

JIRJ6UM nyTeu. Hanpauep, nepellA811 K npeA8JIY B JieBoll II npaBOll qacTHX ypa:BH8Hl!R 

MT pti-1) = . p ti) 

IloJiyqH~ ypaBHeRHe 

Mrp =- P (II) 

noSBOlIRDmee onpeAe.lIHTI, ~l!HalII.HUe B8pOllTROOTJII fix.• C TQqRQOTI,D AO KOHOTaHTH, KOTOpaa nony­

qaeToll JIIS YClIOBllll HOpllJllpOBKH 

'[_ fjK. =- 1 
j," 

(I2) 
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Ilpll npaKTl!'leCKOII Bbl'IIICJieHl!ll BepoHTHOCTell fjl( Y.ztOc5Hee BMeCTO O.ztHOll /71 T -11epHoll CIICTew 

1111eTb .zteJio c c11creuau11 11eHbwell paa11epHocr11 nycTb .ztaxe B c50Jihmeu 'lllCJie. C yqerou aa11e'laHl!H 

2 Mil MOJKeU 38MeHl!Tb (II) Ha T Jil!HellH!lX O.ztHOpO.ztHblX CIICTeM Bll.zta (9). YcJIOBll:·HOpMllpOBKII 

(12), B c_BOIO oqepe.ztb, aa11eHaercH Ha T ycJIOBII; (98 ). 

Teope11a 2 .ztaeT Hau uero.zt Bbl'lllCJieHl!fl qillH8JlhHblX BepoHTHOCTell, ll Tenepb W MOJKeu nepell­

Tll K BblBO.ztY xapaKTepllCTIIK norepb perllcTpllpyIOmell CIICTew aa C'leT nepenOJIHeHl!H nn B YCT8HO­

BllBme11cH COCTOHHl!ll. 

IlepenOJIHeHlle npm.:eeyTO'lHOll naMHTII, co.ztepxa!llell B 1.rnueHT tj-J. + 0 K CllrHaJIOB, npo-

1!30ll.zteT, ecmi B Te'!eHlle IIHTepBaJia BpeMeHI! ( ij-J. + o, ij ) B nn IlOCTYilllT m- K + J. 

l!Jlll c5oJiee c11r11aJIOB. 0TCIO.zta no tj_iopMyJie IlOJIHOll BepOHTHOCTII llOJiy'laeM BepOHTHOCTb n0Tep11 XOTH 

6u O.ztHoro c11rHaJia Ha j -u ware 
,,,, ... , co 

RJ· = ~ L Pi" w~' 
1(•0 11:m•ICtt J 

(13) 

BepcHTHOCTb IlOTepl! pOBHO /'I, CllrHaJIOB aa C'leT uepenoJIHeHl!fl nn Ha j -M mare paBHa ,,.., 
' /j) 
,t._ P.;" Wm,11-K 

1<=0 

TaKllM o6paaoM, MaTeMaT~'leCKOe 01Kl!.ll8Hl!e 'IIICJia CllrHaJIOB, .noTepHHf!blX Ra j -11 ware\ paBf!O 
oo m-1,. • 

r. n L .•Pi" ~~ ... :· cr4> 
n,,J. 1<=0 

qTOc5bl HallTI! OTf!OCl!Te;uHyIO BeJil!'lllHY cpe.ztHIIX noTepb, BBe.zteu cpe.ztf!IOIO 3arpy3KY 3a o.ztl!H mar 

11 3a nepllo.zt T 

A·=/ }di}cU. 
j j-t 

T 

J\T =2_ J\.J· 
j=t 

(15) 

8a11eTllll, 'ITO B Cl!JIY onpe.zteJieHIIH . u, Aj KaK 11aTe11aTl!'lecRoro OXll.ztaHIIH, IIX MOXHO BUpaal!Tb 

II qepea BepOHTHOCTII. wn 
c,c, (j) 

I\. . = L ,,. w,, (I5a) 
J n=I 

Ilo.zteJil!B (14) Ha J\.j , noJiy'IIIM Tpe6ye11y10 cpe.ztHIOIO BeJil!'li!HY noTep» Ha J. -11 mare, 

KOTOpy10, l'ICil0Jlb3YH (158 ), npeoc5pa3yeu R Bll.ztY, CO.ztep1Kame11y TOJ!bl(O KOHe'lHUe cy11w 
J. ,.,., . ,._,._, . 

Q. =-A· L_ fj~ [/\j +K-m~L_ (m-K•n)W,.CJ'] 
J J l(•O . . ~-o . 

(16) 
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nocne aroro ecrecTBeHHblll 06paao14 BBO.ztHTCfl Cp8.ztHHII OTHOCl!TeJlbH8fl BeiiH'll!Ha l!OT8pb aa 

nep110.zt T 

Q(r) = 
1 T -L AT j=t 

A• Q· J J . (17) • 

0rHOCIIT8JlbHO BepoHTHOCTl'I nepenOJIHeHl!fl nn 38MeTIIM, 'ITO no.ztoc5Hoe ocpe.ztHeHl!e MOJKeT np11-

BeCTII R IlOTepe l!HqiOpMan1111 0 TOM, Ha R8KOM 1111eHHO mare j nepenOJIHeHl!e Ha1160J1ee BepOHTHO. 

B CB!l311 C 3TIIII IIOXHO npe.ztJIO:KllTb CJie.ztYIO!IIYD BepOHTHOCTHYIO xapaRTepl!CTIIKY noTepb 

R.=ma.x. R,· 
t ~ji T J 

(IS) 

TaRl!I.! o6pa30M, Tenepb w 11oxe1.1 pew11u nocTaBJieHHyJO BHa'laJie aa.zta'ly. Bll'll!CJIIIB np11 aa- . 

]18.Hllb!X J.\ H 'Z BeJ111<r11ay Q (11J111 R- ) RaR tj_iyaKn1110 m , uu B Ka<recTBe pemeHll!l 11oxe:.i 

B3!lTD TO 3Ha'leHl!e m = m,-":? , npll KOTOPOM Q =; % (o6wrno <j, =5%). 

B 06me11 CJiy<rae BXO.ztHOro IlOTOKa 6ea llOCJIP..ztellcTBIIH .ztJI!l 3Toro .ztOCTaTO'lHO 3a.zt8Tb CIICTeMy 
(i! 

(5) BepoHTHOcTell W,, (o~J&T-i;n=O,~ ... )• 8a.ztaHH!l TOJibRO IIHTeHcl!BHOcT11 A(t) 
He.ztOCTaTO'lHO .ztJIH on11caHll!l BXO.ztHoro IlOTOKa_(TeM 6oJiee B CJIY'l8e aeop.ztl!HapHoro BXO.ztHOro no­

TORa). 

0.ztH8KO B Ha1160J1ee BaXHOM B npl!JIOJKeHl!HX 'laCTHOII CJIY'lae nyaccoHOBCKOro IlOTORa 

w..U'= e-Aj Aj (n=O,i, ... ; 06J6 T-1). (19) 
n! . . 

3.ztec» (B cJiyqae op.zt11HapHoro noToKa) .ztocTaToqHo aa.ztaTb A(t), 'lTo6u no tj_iopMyJiau (15) onpe­·, 
.zteJil!Tb J\. i , a 3Ha'll!T II w.'J 

m 

PemeH11e CIICTeu ypaBH8Hllll (9) Ha Bhl'll!CJIIITBJlbHllX uam11Hax npl!BO.ztl!T R onpe;11eJ18HHHM TPY.zt­

HOCTHM B CBH311 c l!X c50JibfilOll pa3MepHOCU10. Hanp111.1ep, yxe npll T = 50, m =20 B naMJlTII 'SBM 

np11mJIOCb 6u xpaH11n no1.mMo nporpa111.11,1 20 TblC. aJieueHTOB 11aTp11n M,, M.1.,... Mso, 
Heo6xo.ztl!MUX .ztJIH oc5pa30BaHl!!l MaTp11n ·c110Te11 (9). 0.ztHaKO B_ npaRTl!'leCKIIX npl!JIOXBHll!lX 'laCTO 

ORa3UBaeTcH, 'lTO ~ << T . Kair cJie.ztYeT 11a 8aue'laHl!!l I, B aTl!X cJiyqaHx c5oJI»wa!l 'lacn 

cocToHHnll nen11 .ztJIH T;_ + i ~ j ~. T · ·oKa3b1BaJOTc!l qi11KTIIBHbl1111 (.ztocTHra10TcH c. HyJieBoll BepoHT­

HOCTbl!l). BoaHl!KaeT B03MO~HOCT» cymecTBeHHoro COKpa!lleHl!H COCTOHHl!tt nen11. Mu. IlOJIY'lllJIII nem, 

MapKOBa, paccMaTpl!Ba!l CJiy'!allHble xapaKT8pl!CTIIRH CIICT611bl oc5cJiyXl!BaHIIH B HeROTOpb!e MOMeHTU 

Bpe11eH11. :zlpyraH nocJie.ztOBaTeJibHOgu MOMeHTOB np1rne,1eT K IIHOll nen11. YcJIOBIIMC!l H83UBaTD 

2KBl!BaJieHTHblMII nen11 MapROBa, KOTOpble OITHCblBalOT O.ztHY II TY Me CIICTeMy Oc5CJIYJ:l!BaHHH. 
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Teope11a 3. Ec:1111 · ~ 
pa~1.1epliocT11 m-T • m T 
m ueH1>mell pa:rnepHOCTII 

~ T , TO uen1> MapKoBa c 1.1aTp11ue11 nepexo.zurux BepoHTHocTel1 f1 
uollteT 6b1TI> aaueHeHa 3KBIIBa11eHTHoll uen1>D c uaTp11uel1-nepexo.zta 

(m-.t){T-~) X (m-.t){i-T1) 

AoKa3aTe1!I>CTBO. Ha noc11e.ztoBaTe111>HOCTII MOMeHTOB nepe.ztaq B OCHOBHYJ) naMHTl> IICR1JJ0qllM. 

11oueHTbl OT. xoHua nep110.zta per110Tpau1111 .zto Haqa11a c11e,icyD~ero-nep110.zta. Ilo11yq11u noc11e.ztoBaTe111>-

HOCTI> 

O,J, ... Ti-1, T, T+i, ... , T+T.,-21 27, 2T--1,.. (20) 
. . Ii) 

uoueHTOB, B ROTOPUX CIICTeMa BepOHTHOcTel1 (5) 6y.zteT COCTOHTI> TOlll>KO 113 HeHy11eBblX w,, 

PaccMaTpl!BaH, K8K II_B Teopeue-I, cnyqal!Hble noc11e.ztOBaTe1J1>HOCTll [Vi] II {si]. 1 r.zte 

MOMeHTbl ti npo6eraDT noc11il.ztOEaTe1JI>HOCTl> (20), aHanor11qHblM o6pa30M no11yql'!M COOTHOmeHlle 

Si= maa:. { 0, '11WI, {m,Si + J.) - J'.j (2I) 

3.ztecI> 06oaHaqeHo 

{ 
i., 

f = r-7i, 
~T~i&.K- (T+Tt-i)j 1u_q.t,2., ... 

J( (r .. r,. -1) ~ i !, (1!.+.t) (r + Ts. -1) IC = 1, J, .z, ... 

C nOMO~D 

K BBKTOpy 

(2I) Mbl UOlltBM no11yq11T1> M8Tpllny nepexo.zta 'l1(_ 

7. .. 1=(1::. ~- • t. 1.' KOTOpaH T8Kllte 6y.zteT ,___, "+ !11--11, ), ... , .• . )u f 
OT B6RTOpa s i, =-(s ~ Si•.t,. ·· 5,:,T,-1) 
1111x1111qecxol1 

0 M1 0 ... 

0 o M .t ... 
m= 

I 
0 0 0 

M 
, f1T,•I 0. 0 

np11qeM no.ztMaTpllUbl j 'A1JH i ~ j ~ Ts -2 
11 MTi-J 6y,icyT npH110yronHblu11. B Mr.-.1. 

M"Tj-2 = · 

of- . tr.-.1.1 IT,•l.) 
L Wi W,., 
t:•O ,., ,_ 
~ rr,•1.1 

L_Wr. 
llrO 

0 

tr,•I.) w, . 

() 

0 

0 (22) 

Mr,-..z 
0 I 

6y,icyT IIUBTI> BH.ll ( 4), HO no.ztM8TPIIUbl MT, -.z 
6y.zteT m CTpOR II m-s ( S = T - Ti) CT01!6UOB 
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(T,•l.) 

w,,,_, 
(T,•.t) 

w,,,., 

Wo 

00 L ~T,-.l.) 

i,m r. 
00 ~ tr.•.t) 

L- Wz 
'1•111•/ 

1-w. 

(23) 

B no.zt11aTp11ue Mr.-, 6y.zteT 
, rr,.:1) (T,•/) 

w, +W, 

tr,-,, 
w, 

Mr._,= 

0 

m-s ·( S:. T- T,) CTpOK II m CT01!6UOB 
"° (T,-1) (T,•/} 

I¼ 
(T,-1) 

w, 

0 

(T,•/) 

w ,,.., ,,..,, 
w"' . .z. 

(T,•t) 

w s-, 

~w.,. 
11,sffl 

~ (7;-1) 
,e.__ w~ ,~--, 

.!;!- 17;-/l 
L.. w, 
t•t 

(24) 

MaTpl!Ua nepeXO.llHblX BBPOHTHOCT611 m n01!HOCTl>D OnllCblBaeT npoqecc 38HHTOCTII npouexy-

ToqHoll na11HTH BO Bee npoueEyTRI'! Bpe11eH11, ROr.zta B03Hl!KaeT B03110lltHOCTl> nepeno11HeHIIH nn, H 

P~ . 
T8Kllll o6paaou noaB011HBT C nouo~JO BBKTOpa -pacnpe.zte11eHIIH no COCTOHHIIHM Ha t -M 

mare no.ztcql!T8Tl> BBPOHTHOC;H Q, H R,i 
~1!H HOBOll uellll MapROB8 cnpaBB.ll1!11B8 TeopeMa 2 H Bce.noc11e,icyDlltlle ~opMyJIU. 

IY 

B IlpH1JO!t6HIIH H31!0ll[8Ha a11ronHaH·nporpaMua, pea11zay10maH a11ropllTU pemBHl!H CHCTeW 

(9-9a). ~1IH npOCTOTH nporpau1111pOB8P.IIH npauoyro111>HH6 00.llM8TPIIU!l (23) 11 (24) aaueHBHbl RBa.zt-

paTHblllll no.ztMaTpHUaMII Bll.zta 
I T-'T, 

M. ::MN· 7j T, 'T;+I 

( -a." t 
A11ro111>Haa nporpau1.1a cocTaB11eHa 'A1JH A i) = a,e . Ee BBo.ztHHMll .ztaHHHIIII HBl!HJOT-

cH l2-.1,, a," , nepzo.zt per110Tpauzz t,_ 11 nep110.zt t.1. ( i,. = 7;, 'i:, T = i.,1. ?: ). 

B nporpauue npoH3BO.llllT~iH .ztBOl1Hol1 UIIK1! no 7' ·11 no m • Peay111>TaThl, Bhl.ztaBaewe Ha neqaT1>: 

a.1., a..&, ti, ti, U ~: j>.(t)dt noc11e BBO.zta nporpaMMbl H T, m, ~, N, (l noc11e Ka!t­

.ztoro UIIR11a. Ilporpawa' paccqzTaHa .ll11H Bll'IIIC11BHIIH KPHBblX Tllna {), = Q, ( m) npll pa3Hb1X T_ 

Ha p11c. I-2 npllBB.ztBHbl peay111>TaTH HeKOTOpUX pacqeToB, npoBB.llBHHllX .ll11H npoBepKII a11ro­

PHTMa ll_'A11H cpaBHBHHH peay111>TaTOB c [2] 11 [3] 
Peay111>T8Tbl pacqeToB, c.zte11aHH;e npll ~ =I II paamnc: J\ , no11HOCTl>ll COBna1111 C aHa-

11orzqHblllH pacqeT8Mll B {2} II noaTOMY He npHBO.llHTCH. 

PacqeTH no Buq11011eH1110 Q (pzc.I) Bblno11HBHH npz c11e,icy10lltllx aHaqeaHHX napa1.1eTpoB: 'IC) 

T,_ =- 0, Of 6 cue.., T= 0, 2 r.uc., I\. = 1I/,388. 

;) Pea111>Hble 3HaqeHHH napa11eTpOB B HeKOTOpOM 8RCnepllMBHTe, npOBO~llMOM Ha MEP•e B Ha6opaTO­
pllH HenTpOHHOl1 ~H311RH Ol'IRH. 
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Ha plic. 2 npe.ztcTaB1!6Hbl pac'l6Tbl, npOB6,ll6BHbl6 npll m =9 .lllll! cpaBH6HIIl! C pesy11I,TaTa111'1, 

noJiy'leHHblMl'I nyTe11 a11eKTPOHHOI'O 110.zte11l'lpoBaH1Il! (011. {3] p11c. 2c5). llpl'I no11Ho11.c0Bnaitea1111 

rpaipl!KOB B cJIYqae T, ;,, J xapaRTBpHo paa1111q11e 11x itJil! 'i:: > T,_ , Horita B nporpa1111e 

nplIHl!To T1 =I HesaB11c11110 OT 11cTIIHHoro saaqea11l! Ti . 
neJio B TOM, qTo, Kai ORa3aJIOCD, B 11oiie111I, npe.zt110llt6HHOll B [3], yqTeH TOT pea11DHblll 

ipaRT, 'lTO M6lltitY Bpe11eHeM nepBoll nepe.ztaq11 B OCHOBHYD nalll!TD II aaqa11011 nep110.zta BXO.ztHOI'O no-

TORa 110llt6T 1111encl! C.ztBl'II' cJ , CJiyqallao IIBHl!Dl!IHllCl! OT O.ztHOll cepl!II 11a11epeHl!ll K .ztpyroll. 

B npe.ztuiiym11x BHBO.ztax HacTol!mell pac5oTu w Hel!BHO npe.ztno11ara1111 HaJill'llle cor11acoBaH1Il! nep11-

0.ztll'lHOCTII BXO.ztHOI'O llOTORa II nepe.ztaq B Oil. Ec1111 cql!T8TD J c11yqa1lH01l Be1111q11aott, paBBQllep­

BO pacnpeiieneHHOM B oTpesKe (O,I) (B c1111y aamero npe.ztno110EeH11H o To11, qTo ,z; =I), TO Heoc5-

xoit11110 npoBecTI! ycpe.ztHeH11e no d sHaqeH11ll BepoHTHOCTell c11cTe11u (5). ,.,.,, 
Hanp1111ep, s nyacco~oscxo11 cnyqae llli nonyqll)( 

w,.'i} = J w:'1(t)rLrY 
") 0 

rite wt ( SJ llOJIY'l8DTCH, eon~ B (19) B Ka'lBCTB6 ./1. i BIIBCTO (IS) B3l!TD 
l 

(25) 

l\.i(!)"' J A(t-J'}dl (26) 

i-1 (I 

1Ip11 J = cons£ llOJIYqae11, 'lTO H8Jill'lll6 0 He ll3M6HIIT sepollTHOCTell CllCTBllbl (5), sa 
(•I (T,-1) 

llCR11D'l6Hll6M V\/"- 'IV \l\llf. • HeTpy.ztHO llO.ztC'll'IT8TD, 'lTO 

A I( ij 
(1) (T,-1) / - A 

w" = w" = ~ [i - e ~ 7! . (27) 
I\ i=O • 
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AnronDHal! nporpa1111a 

1Iporpa1111a COCTOIIT II3 0118:ztYDIIIHX OCHOBHblX no.ztnporpa1111: 

a) Bbl'll'ICJl6Hll6 sepOl!THOCTell 

w~'1= P(v,,=1<:) ( i=iT·JC=Om) I 1 J I 

c5) Bbl'lllC116Hll6 MSTPIID nepexoiia: 

Mj(j=ff') Tllna (4) II COCT8BHblX 118TPIID 

Mi = f1j- · · MT /'J1 · · · Hj-J 
B) Bbl'll!C118HII6 ~IIH811DHblX sepOHTHOCTell 

(j) /; ) P.: = P\§i=K ( i = J 7'i ' K = o;;:i_J 
I / • I 

r) Bbl'IIIC116Hll6 H6ROTOpblX cpe.ztHIIX xapaRT6p1ICTIIR nponecca 

s.1., sa., ... 
IIepell.zteM K OllllC8BllD no.ztnporpa1111. 

(i} 
(a) B nplIHDIIll6 w,_ MOI'YT c5blTD aa~aHbl BBO.ztHblllll 11acc1IB8MII. 

B cnyqae pacnpeiie11eH11H qyaccoHa Bbl'i1IC11ll11 IIHTerpaJI: 
• 

,\ [i] = J A(-t}d:l 
i-! 

II np01!3BO.ztllll npOCTOll DIIRJI [ 21 : 
x:=-A [1] ; w [o] :=exp(x) 

for. 1:=lstep l .!!!!ill m do 

begin x:= x+ ln( A [1]) -ln(i] 

w [1] :=exp (x) 

end 
(c5) Ha oCHOBe ~a11eqaHIIH I no11yqae11: 

. T-T, 

Mr, ... M1 = MT, MT,•I = 
/ 

Mr, 

IIPHJIWHHE 

I • I 

UaTpm1a MT, oTnllqaeTcll OT (23) Te11, qTo BO spe11a nepexo.zta, OlllicaHHoro MT, q11cJio 

CIII'Banos, YXO.ztlll!IHX 113 lilI B Oil, paBHO T - Tr + I, 6CJIII T - Tr .£, m. 11 paBHO fYI , ecJIII 
I 

T - Tr;,, m • BRJIDqeHIIe Bbl'IIIC118Hllll U TIIll8 (4) ll U , Olll!CSHHOI'O TIIna, B O.ztHY npo-

rpa1111y Y.ztoc5ao, HO Tpec5yeT IIHOI'O 110I'll'16CRHX onepa!U'lll: 
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s:=if j=Tl !h!.!! T -T1 + 1 ~ 
for 1:= m-1 step -1 .!!!!!!.! 0 do 

A: begin if s < m then 

begin if 1 :;, s !h!.!! p(1,0] :=O 

~ if 1 = s !h!.!! p[i,O] :=w[O] 

~ p(i,O) :=p(i+l,O]+w[s-i] 

for k:= lstep 1 .!!!!!!.! m - s - 1 do 

p(i,k] := if i ::, k+s then 0 ~ 

.!! i=m-1 ~ p[i, m-s]: = 1 - w(O] 

~ p[i,m-s]: = p(i+l, m-s] -w(m-1-i] 

if s::, 1 ~ 

for k:= m-s+l step 1 .!!!!!!.! 
p(i,k] :=O 

end 

~ begin p[i,O] :=l ; 

.f.2!: k:=l step 1 .!!!!!!.! 
p[i,k] :Q 

end 

end A; 

m-1 do 

m-1 do 

w[k+s-i] 

1 

~JIB Blr'IIICnBHIIH COCTaBHOM 11aTpll~ ~j nonD3YBIICH cne;zcrromen CXBMoil: 

for r:=j 

begin 

end 

k:= if 

il · 
J 

ilj : = I 

step 1 .!!!!!!.! 

r< T1 then r ~ 

= J;lj X ~ 

r,lle I - 8,llllHll'lHaH m x m llaTplll,a. 

T1 + j - 1 do 

(r-Tl) 
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r.lle 

(B) CIICT8MY (9), (9a) IIOJll:HO aan11caTD B Bll.llB 
N· prJ, = --pti' 

J 
~ P.V' = 1. ,__. " 

IC=/ 

lj) I: ( P,lj) . 'DtjJ) 'P f , ••• ) ,-,. . 

~nH Blr'IIICnBHllil Y.llOClHee ee aallBHIITD·CIICTBtAOM 

( - -) p<jl M· -1 = 0 
J 

n. . 
L. 7,,_tJ) = i 
1<-=I 

pemaeMoM no cTaH,llapTHoM anronDHo,M nporpa1111e. 

(r) Bli'lllcnHBTCH 'R. 11 Q ?,O qiopMynai! (13), (I6), (I?) 11 (IB) 11 'lllcno N , KO­

TOpoe onpe,lleneao ypaBHes11e11 

ma« 
J &j~ ~ 

~j = 1l"' 
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I. R..E. f>dl, ~ j. of PJv;1i,q_· IHC, J-¥, Jt1', SCJ. 

2. r.A.OcocKOB, H.H.illenoaqeB. Pac'l8T napa118TPOB npOM8JtYTO'lHOil naMHTII B CIICT8118 

per11cTpaq1111 c rpynnoBlill npllClliTll811 CllrHanoB. IlpenpllHT OOID!, 2535, ~6Ha, I966. 

3. r.H.3a611HHIIH, T.illTeTeT, B.~.illa6aeB. Y'l8T 1111nynDCHOCTH B pa60T8 npOMBJtYTO'lHOM 

na11HTH. IlperrpHHT OHHH, P-2349, ~y6Ha, I965. 

4. T .A.CapuucaHOB, Oc~OB!,I T80pllll npoqeccOB MapKOBa,· I'IITXJI, MOCKBa, I954. 
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BU omm 

0 CMCTEME MATEMATl!liECKOrO OBCJJYDBAHHH 

HA MAIIIl1HE BSCM-6 

foBopyH H.H., Jeq l»Dna, Hewe'AD6Ba i.e., CllnHH H.H., 
illllpllROB B.II. 

laHl!l,lff 'AOKna'A HOCHT, B OCHOBHOM, HHWOPMaUHOHl!l,lff xapaKT8P H npecne~eT uen noaHaKO­

Ml!TD HayqayD o6~eCTB8HHOCTD C&lllli H CTpaa-yqaCTHHU C CIICT6110ff MaTe11aTeqecxoro o6cnyimBaHl'll'! 

C03'AaBa·euoff B BU Cl!l!H B CO'APYllt8CTB8 _c MOCROBCRIIII rocy'AaPCTB8HH!lll YHIIB8pCHT8TOII. 

B CIICT8ll8 MH 00:l!H OCHOBH!lll H3HROII MH nporpaw11poBaHIIH 6Hn BH6paa H3HK ~OPrPAH. 

BH6op-6Hn o6ycnOBH8H T8M, qTo Ha STOii H8HR8 B OCHOBHHX aana'AHHX H a11ep11xaHCRIIX wea11qeo­

KIIX U6HTpax C03'AaHH o6mHpH!l8 6H6nHOT8RII nporpaMM MH o6pa60TRH 'A8HHUX, KOTopue nocne ooa­

'AaHIIH y Hae TpaHOHHTopa·o ~OPTPAHa 6y~T 'AOCTynHH MH 11cnon»SOBaHIIH B aameu HHCTHTYT8o 

Pa60T!l, 0060TB8HHO, no TpaHCHHTOpy C ~OPTPAHa B6;2zyTCH B 00:HH, pa60TH H8'A IIOHHTOPHOff 

CllcTe11off, TpaHCHHTOpOM C CABCET-AMORa, aarpy8qllifQM B6'A8T BU MrY, ecT8CTB8HHO, B T8CHOM 

KOHTaKTe C OOHM -e no C0BM6CTHO cornacoBaHH!lM T8XHHqecRIIM Sa'AaHIIHII. B HaCTOH~e11 'AOKna'A8 

peq» 6Y'A8T HATH rnaBHHII o6pa30M O TpaacnHTOpe C ~OPTPAHa. 

06maH xapaKT8p11CTIIKa CIICTeM!l 

11aTe11aTH'lecKoro 060ID'Zl!Baa11a l!JIH ESCM-6 

I. CyrrepBaffaep 06ecneq11BaeT rrpH no11om11 6116n110TeKH rrporpa1111 cynepBaffaepa pa6oTy Bcex 

Ma)rpOKOMaH'A 11amlllll,I ESCM-6 (BH'IHCneHHe aneM8HT8pH!lX WYHKUHff, nepeBO.ztU, o6uea IIH@op11auaeff 

c 6apa6aaaMH, 11arHHTHoff neHToff, rre'laTH, rreppopaua11, BBO'A B uam11ay c npeo6paa0Baa0e1111a­

~op11aUHH n 'APYrHe pa6oTu aa 11amHae, xoTopue aeo6xo.zm110 npoH3BO.ztRTD B pelltl!11e oynepBaffaepa). 

CynepBaffaep o6ecne'IHBaeT rrpH no11om11 a'AIIHHHcTpaTIIBHoff cHcTeMH pacnpe'Aenea11e onepaTIIBHOff 
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Il8.l,I/ITII II naUHTII Ha 6apa6aHax. 06ecneq11BaeT oxpaHy naMHTII II ee OTKPblTl!e II aaKpblTl!e B OOOT­

BeTcTBIIII c 3aAaHHUM pel!tl!MOM pa60TU C HeCKOllbKl!WI nporpaMMaMII. CynepBal!aep 06ecneq11BaeT 

cueHy pemaeirux aaAaq, 11x B03BpaT np11 nx npepuBaH1111 HaH no BHemHel! np11q11He·(sanpoc Ha 

cqeT aaAaq 60ll88 BblCOHoro npuop11TeTa), TaK II no BHYTPBHHel! (He noArOTOBlleHU_ AaHHUe pema­

euol! 3aAaq11, Heo6XOAHUOCTb IlOArOTOBIITb II BUAaTb IIH~OpMailllD AJI/1 ycTpol!cTBa neqaTII II APY­

r11x BHemHIIX ycTpol!cTB). ' 

CynepBal!sep 06ecneq11BaeT TaKxe 06cnyx11BaH11e Bcex nyJibTO~ (TeJieTal!noB) Ha uam11He. 

Bech BBOA B uamllHY, BUBOA IIABT llCKJIDqllTeJibHO IlOA ynpaBJI8HlleM cynepBal!aepa. CynepBal!sep 

B COOTBeTCTBllll C ynpaBlIHD!llllMll KOAaMll B noeTynHBmel! IIH~opuana11 Bbl3UBaeT.MOHHTOPHYD CIICTe­

MY ll nepeAaeT el!_ ynpaBlI8Hlle AJI/1 npoXOl!!AeHHH.nOA ee ynpaBlI8Hll8M TeHymel! 3SAaq11. Cnyx6a 

BpeueH11 Ha uam11ae ocymecTBJIHeTcH qepes cynepBal!sep. . 
2. MOHIITOpHaH CIICTeua. MOHIITOpHa/1 CIICTeMa o6ecneqnBa8T pa6oTy TeKymel! nporpaMMbl, 

npOXO'AHmel! B AaHHbll! MOM8HT Ha Mam11He. 

MoHHTOpHaH cHcTeMa 06ecneq11BaeT ynpaBJieHHe pa6oToll Beel! CIICTeW aBTOMaTIISail]III npo­

rpaMMIIPOBaHH/1 npn TpaHcrrHil]III H cqeTe KOHHpeTHOI! 3aAaqn. MOHHTOpHa/1 CIICTeMa B COOTBeTCTBIIII 

C ynpaBlIHDWfflffl KapTaMII npOll3BOAIIT Bb!SOB H HacTpOl!KY Ha pa60TY COOTB8TCTBYDmero ipaHCJIHTO­

pa (~OP:rPAH, AJIT'OJI, acceu6nep) M/1 TpaHCllll!lllll AaHHOI! noAnporpaMllU H3 npOXOAHWel! Ha Mama-. . 

He HOHHpeTHOI! nporpaMl!.bl. 3aTeM nocne OHQHqaHHH TpaHCJI/lllHII AaHHOI! noAnpofpamru MOHIITOpHa/1 

CIICTeMa_npOll8BOAIIT aanl!Ch TpaHcnnpoBaHHOI! IlOAnporpaMMbl BO BpeueHHYD 6ll6lll!OT8HY cTaHAapT-- . 

HUX Iiporpa1.1M II Bbl30B (ecnll HaAO) COOTBeTCTBYDmero TpaHCll/lTOpa MH TpaHCll/lil]III cneAYmmel! 

IlOAnporpaMMU_AaHHOI! nporpaMMbl. Ilo OKOHqaa1111 Tp8HCll/lllHII Bcex IlOAnporpaMM nporpaMMbl MOHH­

TOpHa/1 CHCTeMa npoHSBOAHT sarpyaHy npll noMOWH JIOYA8pa Bcex noAnporpaMM AaHHOI! nporpaMMbl 
. ~ 

B nauHn uamHHbl u nepeAaeT ynpaBneHne Ha cqeT BU:3BaHHol! nporpau1.1e. B nponecce cqeTa Ha-

6llDAeH11e aa XOAOM cqeTa AaHHOI! aaAaqH npoHSBO'AffTC/1 p63HAeHTOM MOHHTOpHol! CIICTBW. 

B COCTaB MOHIITOpHOI! CllCTeW BXOAHT: 

a) llOyAep; 

6) TpaHCllHTO.Jl c ~OPTPAHa-UEPH; 

B) TpaHCJIHTOp c CAECET-AJII'OJI; 

r) acceu6nep;. 

A) 6116ll110TeHa cTaHAapTHUX nporpauu MOHIITOpHol! cncTew; 

e) 6H6llHOTeKa cTaHAapTHUX nporpauu·o6mero HasHaqeH11H; 

l!t) p63HA6HT. 
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~ np0113BOAIIT BblSOB B naMHTb Mal!Il!Hbl II HacTpOl!Ky no uecTy I! no BHemHllM aApecau 

cTaHAapTHb!X nporpaMM, Heo6XOAHWX AllH cqeTa no AaHHoll nporpauue. 

TpaHClIHTOpbl. B COCTaB CllCT8Mbl MaTeMaT11qecKoro o6e~yl!tl!BaHII/I E3CM-6 BOIIAYT TpaHCJIHTO­

pbl c OOPTPAHa, CAECET-AJIT'OJ!a II /18b!Ka Cll;JBOllllqecKoro KOAIIPOBaHll/1 (acceu6JIJ!-/18b1Ka). Bee 

3TII TpaHelIHTOpbl IIM6DT Aeno TOllbKO C OTA6JibHblMII IlOAnporpaMMaMII (nponeAYpaMII) II paccuaTpll­

:saDT IIX HaH a6cOJIDTHO HeSaBl!Cl!Mb!e Apyr• OT Apyra. MOHIITOpHa!! ClleTeua Bbl8EIBaeT KaltAb!l! H3 

.TpaHCll/lTOPOB no Mepe HaA06HOCTII, II Bbl3BaHHbll! TpaHCll/lTOp nepeBOAHT 3aAaBaeuyD euy. noAnpo­

rpaMMY B CTaHAapTHbll! 1.1acc11n, 3an11euBaeuul! Ha eAIIHOM AJI/1 Bcex TpaHCll/lTOpOB npo1:1eJ!!YTOqHoM 

HSUHe, noene qero'noAnporpauua npncoeAIIHHeTcH K 6116llllOTeKe. 

TeM cawu npeACTaBll/leTC/1 B03MOl!tHOCTh n11caTb nporpaMMbl, COCTOHWHe HS noAnporpaMM Ha 

paaHblX /13UKaX. 

TpaHeJIHTOp c CAECET-AJIPOJia. fiauK CAECET-AJIPOJI BKnmqaeT B ce6H Bee ociHOBHUe B08MOl!t­

HoeT11 AJIT'_OJia, OTKaSUBa/lCh OT HeKOTOpux, ClllihHO 3aTPYAHlIIOWIIX Han11caH11e TpaHCll/lTOpa II ero 

3KerrnyaTallffJO. C ero oco6eHHOCTlIMII MOXHO IlO?HaKOMIIThC/1 B c6opHIIKe "CoBp6M6HHOe nporpaMM11-

poBaH11e11 (IIBA, 11ConeTcKoe Pe.Mo", I966 roA), 

AcceM6llep. TpaHCll/lTOP C /18UKa Cl!MBOlil!qecKoro KOMPOBaHl!ll (acceuGllll-H8b1Ka) ocymecTB­

lI/leT rrepeBOA IlOAnporpaMM, COCTaBll6HHUX Ha /18UKe E3CM-6, HOB CIIIIBOJil!qecKIIX o6oaHaqeHIIHX 

(B aBTOKOAe), Ha BHyTpeHHIII! H3blK CIICTeMU MaTeMaT11qecHo.ro o6clly:itllBaHII/I, licnonsonaHl!e 

c11MBOJI11qecK11x 0GoaHaqeH11tt All/I KOAOB onepan11tt II aApecoB na1111Tn E3CM-6 CllllbHO o6nerqaeT 

Han11caHlle II OTllaAKY MamllHHO-Opl!eHTllpOBSHHHX nporpa1m, He yMeHhl!IaH Tott IIX r116KOCTII, KOTO­

paH AOCTllraeTC/1 np1111eHeH11e11 CIICTeMU KOMaHA 11aml!HU. BKJIDqeHlle TaKoro TpaHCJIHTOpa B CIICTe­

llY 11aTel.!aT11qecKoro o6cllylltl!BaHII/I E3CM-6 AaCT B08llOJ!tHOCTh BKlIIIJqan B nporpaMMbl TaKll6 IIHCT­

PYHn1111 lllIII IlOAnporpaM1'bl, Mll Han11caHIIH KOTOpb.'X He3KOHOllllqHo lllIII HeB08MOJ!tHO npl!M8HlITD 

¢0PTPAH llllll AJirOJI. 

TpaHCJI/ITOp c ~OPTPAH. OcHOBHOe Ha8HaqeH11e 3Toro TpaHCJIHTOpa - aanycTIITh B pa6oTy 

nporpaMMU o6pa60TKll ·AaHHUX 118 UEPHa. IlOSTOMY B KaqecTBe STaJIOHa /181JKa ~OPrPAH 6epeTCll 

UEPH-~OPrPAH (CM. on11caH11e). BBOA ne~oKapT Ha E3CM-6 nnaHl!pyeTcll AJill pa8H!,IX CIICTell npo-

611BOK, qTo 06ecrreq11T B08JJOlltHOCTh pa6oT.bl C nep<PoKapTa1111 113 UEPHa ll C ne~OKapTallll, np11ro­

TOBll6HHblllH Ha Hall!IIX ycTpo~cTBax. Ilpo11el!tyToqml! ll8!,IK All/I CJWOPMJieHH/1 CTaHAapTHblX MaccllBOB 

oGecneqllT Bee pelltllllbl pa60TU, He06XOAIIMUe AJIH /18UHa ~OPTPAH. 

En6JIIIOTeKa CTaH.ZlapTH!,IX nporpaMM IIOHIITOPHOI! Cl!CTeMU COCTOIIT 113 cTaHAapTHUX TpaHCJIII­

POBaHHUX ITOAnporpaw, sarpylltaeMUX B na1rnn llOYABPOM 11.06ecneqnBa10mnx BCIO pa6oTy IIOHIITOp­

Hott CllcTew II TpaHClllITopa CIICTeMu. 
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EH6Jil!OTeKa o6mero H83HaqeHl!H COOTOl!T 113 OTSH,llapTHUX nporpauu, 06eoneq11BaIDll(llX peme­

Hl!e 06meuaTeuaT11qecKHX 3a,llaq (3a,llaq11 Jil!HellHoll anre6pu, pemeHHe .llHwwepeHuHaJihH~x ypaBHe­

HHll,. B3HTlle HHTerpanoB H. T.,ll.). EH6JIHOTeKa nporpaMM no o6pa6oT!(e ,lla.HHblX owopMJIHeToH TaK 

xe, Ka~ 6H6JIIIOT8Ka nporpaMM o6mero H83HaqeHIIH, I! KaK 61!6Jil!OTeKa OTaH,llaPTHUX nporpaMM MO­

HIITOpHOll Ol!OTeMbl. 

Pe311A8HT. POJih p631!,ll8HTa 3aKJil)qaeTOH B OJI8ll:8Hl!I! (qepes oynepBall3ep) aa XO,llOM Buq110-

Jil!TeJihHOro npoueoca II npoBe,lleHl!I! OOOTBeTCTByIDmel! ,lll!arHOOTl!KI! B CJiyqae aBapHllHoll Ol!TJaUl!H 

np11 oqeTe. Pe3H,lleHT HJII! ero qacTh npl! oqeTe Haxo,llllTOH B naMHTI! Maml!Hbl. 

06maH cxeua MOHl!TOPHOll Ol!OT8W, npaBl!Jia owopMJieHl!H OTaH,llaPTHoro uaoo11Ba, H3UK ynpaB­

JI8Hl!H Ol!OTeMoll paapa6aTUBaJil!Ch. TaR, qTo6u B03MOXHO 6UJIO 06b8'Al!Hl!Th B OAHOll 6116Jil!OTeKe 

nporpawu KaR nporpauw, Han11oaHHUe Ha ~OPTPAHe, TaR II Ha AJJI'ORe. EoJiee Toro, B TeJie O,ll­

Holl nporpaMMbl MOXHO 6y,lleT l!OnOJih30BaTh RaK no,llnporpaMMU, Han11oaHHbl8 Ha·~OPTPAHe, TaK II 

npoueAip~. Hanl!CBHH!,18 Ha CAECET-AJJI'ORe. 

06maH cxeua TDaHCJIHTopa ~ ~OPTPAHa 

nJIH cos,llaHHH TpaHcJIHTopa c ~OPTPAHa Ha wam11Hy ESCM-6 aau11 npllHHTa o6maa cxeua TpaH­

CJIHTopa c ~OPTPAHa-::63 Ha. uam11Hy CnC-I604A. 

Pa6oTy TpaHCJIHTOpa YCJIOBHO MOXHO paa61!Th Ha 4 3Tana. 

IlepBull 3Tan 3aKJIDqaeTCH B nepepa60TK8 ynpaBJIHIDfill!X KapT, IlOArOTOBK8 TpaHCJIHTOpa K 

COOTB8TCTBYIDmeuy p8lltl!MY pa60TU. 

BTopoll 3Tan pa6oTbl 38KJIIDqaeTCH B nepepa60TKe l!HWOPMau1111, SaKJID'l8HHOll B ,ll8KJiapaTHB­

HUX onepaTopax (OT8llTM8HTax), ·I! BH,llaql! OOOTB8TOTByDmell IIHWOpMaUl!l! AJIH pe3epBl!pOBaHl!ff na­

MHTI! ;ztJ!ff ,ll8RJiap11pOBaHHUX B8JI11q11H. 

Ha TDeTheM 3Tane o6paau KapT (onepaTopu) npeo6pa3YDTCH TpaHOJIHTOPOM noOJI8,llOBaTeJihHO 

O,lll!H 3a ,llpyrl!M .llO HeKoToporo npoMellC.VTOqHoro OUTL IS -Ro,lla, Ha KOTOpou nooJie nepepa6oT­

RI! Bcex onepaTopoB (OT8llTM8HTOB) ,llaHHO!t no,llnporpaMi.!U waKTl!qeoKII OKaSUBaeTOH ·Han11oaHHOl! 

TPSHCJil!POBaHHaH no,llnporpa1111a. 

Ha qeTBepTOM STane nooJie pa6oTu no onTHM11sau1111 B ueJI011 no Beel! nporpaiii.ie Ha STOii 

KO,lle BCTynaDT B pa6oTy noCJIBAYIDfill!e qacTI! TpaHCJIHTopa, KOTOpue Il1)0113BO,llHT npll noMOfill! cne­

uaauHblX no,llnporpa11u npeo6pa3oBaHHe OUTLIS -Ro,lla B KO,ll 11am11Hu, a owop11JieHHe11 no,llnpo­

rpa11w B CTSH,llapTHOM Bl!,lle, BKJID'laeMoi•CIIOTeMoll B 61!6Jil!OTeKy TpaHCJil!pOBaHHblX no,llnporpa1111. 
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Ilepeqeah II Haauaqeu11e 

OTAeJihHUX nognporpaMM TpaHCJIRTOpa 

SCAN N £ R.. pa6oTaeT Ha BTopo11 11 Tpene1.t sTane. Ero aa,llaqell ilBJIHeToH qTeHHe 

o6paaa nepwoKapTH o onepaTopou, paa,lleJieH11e nepeueHHUX II KOHOTaHT oT.paa,lleJI11TeJiell I! 3Ha­

KOB ,llJIH apHwueT11qecK11x H JIOrHqeoKIIX onepau11tt, onpe,lleJieH11a THna onepaTopa. PeayJihTaT 

SC AN NER BU,llaeT B BH,lle TaK HaauBae1.toll .Z: -cTpOKH, ROTopa,a npe,llcTaBJIReT co6oll npo1.1e­

xyToqH1,1l! BHyTpeHHHll KO.ll ,llJIH aan11011 onepaTopoB. 

PR. 0 S 1 G- • ST a no,llnporpa1rna oJIYlll!T MH ,llaJihHellmel! 06pa60T~11 Tex onepaTopoB, aa­

n11cauiiux SCA NN £ f?..o,.. B Z: -KO,ll8 1 ROTOpue CO,ll8plltaT B CB08M Tene 1!,ll8HTl!(VHRaTopu. 

PROS l G- npeBpamaeT o6paa onepaTopa 1!3 L -RO,lla B TaR HaauBaeuul! PI -ROA, HBJIHDmHll­

cH BTOp!,111 npoMell:yTQqHblM KO~OM ,llJIH nPe,llOTaBJI8Hllff onepaTOPOB B TpaHCJIHTOpe. B STOM npe,ll­

oTaBJieHl!H l!,lleHTl!Wl!RaTOPbl, rpy6o roBOpH, 3aMeHeHhl HX a,llpecaul! B OOOTB8TOTBYBlfill!X Ta6JIIIUSX 

H,lleHTIIWl!RaTOpOB. 

PROP l • STa no,llnporpa11ua cBO.itllT cTpORY, HaXO.llHfilYBlCH B PI -Ro,lle, K cep11H OT­

,lleJihHclX ap11wueT11qecK11x F -oTPOK nyTeM BbUl8JIBHHH 113 ap11wueT11TleoKoro BblpaxeHHH _u.ooa,lla­

Hl!H F -cTpOR ,llJIH BblpaEeHllll B CR06KaX, 8ROnOH8HUHaJihHUX Bblpaxeu11n, BU30BOB WYHKUllll I! 

OB~,ll8HHH napB.lleTpOB WYHKUl!ll K npoCTblM 3JieM8HTaU. 

PROF • Su no,llnporpa1111a, 11onoJI:r.aya PUTA WAY, nepepa6aTUBaeT F -cTpoKH :e 

TaR HaauBaeubll! OUTLIS -KO,ll. 

Ilo,llnporpauuu f R.O Pl II PROF. 11onoJihSYDTCH ,llJIH npeo6paaoBaHHH TOJIHO ap11wMeT11qeo­

R11x I! JioruqeoKHX onepaTOPOB l!JII! ap11w11eTll'i8CRIIX II noruqeoRIIX BUpaxeHHll, BXO,llffll(l!X B ,llpyrue 

onepaTopu: JF{A), JF(l), CALL NAME (A""B, C.) , BU30Bbl WYHRUl!ll, onepa­

Topu BBO,lla-BblBO,lla, 8CJII! B l!X OOCTaB BXO,llHT apl!WM8Tl!qecRH8 l!JII! JIOr11qeoRll8 BUpaE8Hl!H. 

PUTA WAY. B WYHRUl!D aToll nporpauuu BXO,llllT reuep11poBaH11e np11 KaQOM 06pameH11H 

R Heuy B COOTB8TCTBl!H O 3a.:taBaeMoll l!H~Opuauael! OT,ll8JihHUX KO,llOB uamllHbl, BU,llaBaeuux B cne­

UllaJihHOM wopuaTe (. OVTLIS -RO,lle). 

EN"[) I NG- npeo6paayeT nporpa1111y Ha OUTLJ.S -Ko.:te, nony,reHHOM npe,llblAYfill!MH qacTH-

1,111 TpaHOJIHTOpa, B wopuaT CTaH,llaPTHOro uaoo11Ba, BKn~qaeuoro CIICT8UOll B 6116Jil!OT8RY CTaH,llapT­

HUX nporpauu. B paHee npHHHToll cxeue pou no,llnporpauuu ENlJJNG- BI,tnOnHHJlll G-LINK 11 

C.O DA P • 0,llHaRo H3hlK aarpY.3Tll!Ka (wop11aT cTaH,llapTHoro 1.tacc11Ba) Beo:r,ua 6JlllaoK K OUTLlS-

· KOAY, noSTOMY 61,1JIO npl!HHTO pemeHl!e He ,llenan cHaqaJia npeo6paaoBaHHH OUTLIS -RO,lla :e 
H3I:IR aBTORO,lla ( GO 1J A f ), a 8aTeM o6paTHO B ff3UK oTaH,llapTHOro 11aco11Ba. 
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.Z)E CPR O npo11sBO/11IT oopaooTKY .l(eKJiapaTIIBHhlX cinepaTopoB II reHep11pyeT B KOHile 

CB00ll paOOThl KO,l(bl ,l(JIH pesepBi!pOBaHIIH na!JHTII ,l(JIH ,l(e1rnap11poBaHHhlX BeJill'lllH. 

CONTK.0l - ynpaBJIHiomaH no,1!nporpa1ma; opraH11syeT Bee:& xo,l( TpaHCJIHUHII, a TaRlKe 

npO113BO,l(IIT. IlOJIHYKl o6pa6DTKY ,l(JIH npoCThlX onepaTOpOB II onepaTopoB, He CO,llepiialllHX. l!,l(eHTllipll­

lfaTDpoB ( FORMAT, PAUSE J RETUR.N, ENTR.Y, STOP, lJO, Go ,o, 
CONT/NU£, R.EwJNlJJ ENZJ FIL£, 8ACIC .SPACE, ASS/6-IV}. 

L 1 STE 7) j O npo11sBo,l(IIT o6pa6oTKY Bcex onepaTopoB BBD,l(a-BUBO/la, 11TeH11H-Saill!cll 

Ha MarHIITHYKl Jl0HTy. 

J.f__ - nol(nporpaMMa, npo11sBO/lHI!laH o6pa6oTKY onepaTopoB / F . 

EN'bPR.0 npo11sBo,l(llT reHepllpOBaH11e KO.l(dB Ml! IIH,l(eKcHhlX tliYHKUII~, a TaKllte no,l(-

cTaHOBKY napaMeTpOB ,l(JIH IlO,llnporpaMM. 

001.1J,a11 c::ceMa mpaHcm:imopa u e20 paoom1,1 

wa2 1 
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r---- ·--X--------------------. ---------, 
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I 
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I 
I 
I 
I 

0 5paoom1<a IZ.KAPT 

:> 1 11npa8tte1-1u11 
mpaHc1111mopoM 

01/llCmlla 
11veeK commoN 

i--o---tU 11cmaH0811a 
/fa.a, u 

irl,lcmaHJTI.. 

I 
I 

-1 
I 
I 
I 
I 
I 
I L ________________________________ _ ____ .J 

p ytC.1 · 
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OE!iME XAPAKTEPllCTllKl'J ll Ollb!T 8KCIIJIYATAUllll 

CllCTEMhl AJMA 

BU CO AH CCCP ll.B.IIoTTOCIIH 

I. BXO'AHOii H3llK CIICTBl!ll AR1~A CKlla'AllBaeTCH 113 BXO'AHOro H3llKa AR1~A-TpaHCl!HTopa 

(AR1~A-H3!,!l(a), H3lll(a IIHCTpym:111ii ARMA-OTl!a'A'IIIKa MH y1rnsaa111I onepan11J:1 OTl!a'Al(I! 11 H8KOTOpllX 

H3llKOBllX CPB'ACTE 'Al!H npe'AnllcaHllii O Bllil0l!H8HIIII aH8.l!IITll'I8CKOr'o 'Allqiqiepean11poBaHIIH Bllpallt8Hllii, 
san11caHHllX Ha AR1~A-H3llKe. 

! .I. AR1~A-H3llK [2] lllll!H8TCH KOHKP8THllM np_e'AQTaBJiea11e11 BXO'AffOro li3lll(a [ I] 
1 

npe'AcTaB­

l!Hromero co6oii pacm11peH11e AJJI'ORa-60. B ARMA-H3llKe nporpal!MIICTY IlP8'ACTaBl!8Hll B03MOlltHOCTII 

IICilOl!I,30BaHIIH Mam11HHllX KOMaH'A, 6116J1IIOT8'IHb!X nporpaMM II nponeAJp II paSl!ll'IHllX YPOBHeii naMH­

TII 'AllH pasMemea11a nepeMeaaux 11 'IacTeii pa6oqeii nporpaMMll. 

l'JcnoJ1:i,soBaH11e Mam11aaux Kor.iaH'A npeA11asHaqeao,npexAe scero, MH om1caa11a TaK11x onepa­

llllii Ha'A Maml!HHHMII Cl!OBaM11, KOTOpue cymecTBYIDT B Maml!HHOM H3h!Ke, HO KOTopue aaTpyl!HIITel!I,HO 

OilllCHBaTI> B T8pMIIHaX AJII'ORa. BBIIAJ 3Toro B03MOlltHOCTII IICITOJ!I,30BOHIIH Mam11HHOrO-H8HKa H8CKOJ!I,-

KO orpaHll'IeHbl. IIOMIIMO MamllHH!,!X KOMaHll MOXHO BBO'AIITI, KOHCTaHTHh!e Maml!HHh!e cnoBa, IICilOl!I,Sy-
. . 

eMue TOllbl(O B Mam11HHllX KOMaH'AaX. KaK npaBHl!O, napaMeTpau11 MamllHHOii KOMaHAU HBllHIDTCH nepe­
MBHHlle, al!peca II Maml!HHHe KOHCTaHTll. 

B AR1~A-nporpaMuy (nporpaMMY; Han11caaayro Ha AR1~A-H3llK8) MOXIIO BKl!ID'IaTI, oopameHIIH K 

CTaHAapTHllM nporpaMMaM 6116l!IIOT8KII l'JC-2. OT CTaH'AapTHOii nporpaMM!,! Tpe6yeTCH llllU, 'ITOOl,l 

OHa Ohll!a CBH3aHa C OCHOBHOii nporpaMMOii TOJII,1(0 3Ha'I8HIIHMII nepeMBHHb!X, HBl!HIDml!XCH apryMeH­

TaMII II peSyl!I>TaTa1111 3TOii CTaHl!apTHOii nporpaMMll. 
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AR1~A-c110TeMa MOllt8T Q!,!TI, CHa6xeHa 06m11paoii 0110l!IIOT8KOii CTaHAapTHhlX npoueAJp, on11ca­

Hl!H KOTOPhlX il.BTOMaTll'I8CKII BKl!ID'IaBlTCH B AR1~A-nporpa11uy np11 Hal!ll'IIIII COOTB8TCTBYIDllUIX onepa­

TOpOB nponeivP B IICXO'AHOii ARmA-nporpaMMe. CocTaB 6116l!IIOT8KII l!BrKO pacm11pH8TCH II 113M8HH-

eTcll. 
!Ipll Heo6XO'AIIMOCTII nPorpaMMIICT MO?teT yKasaTI>, 'ITO Cl!8AJ8T paaMemau qacTII nporpaMMU 

Ha 6apa6aHe llllll l!8HT8, a TaKllt8 BBO'AIITI, IIX•B nponecce pemeHIIII C nepqioKapT. lllH 3Toro OH 

'AOl!JKeH cHa6AIITI> ARMA-nporpaMMY cnen11anau11 on11caH11e1.1, B KoTopou yKaShlBaeTcH, pa6oq11e 

nporpaM:t.ll KaKIIX OJIOKOB llllll cocTa:BHllic onepaTopOB 'AOlllltHU OUT!, paa11.emeHll nepel! pe_mea11e11 BO 

B~emHeii naMHTII II Ha KaKIIX IIM8HHO ·Bll'AaX BHemHeii naMHTll.·BU30B 3TIIX nporpa111.1 B.OnepaTIIBHYBl 

naMHTI> npOll3BO'AIITCH OCHOBHOii pa6oqeii nporpa1111oii no 11epe Toro, KaK B HIIX B03HIIKaeT Heo6xo­

'AIIMOCTl:,. !Io Mll,HOBaHIIII Heo6xo,zi1111ocT11 yqacTOK onepaTIIBHOii na11HTII, aaHHTUii TaKOii nporpa1.1Moll·, 

MOlK8T 11cnonaoBaTI,CH B 'APYrll~ ll8l!HX. 

lJIH o6MeHa Mellt,llY onepaTIIBHoll nauHTI>D II BHemHeii,AJJ1~A-nporpau11a cHa6eeTcH cnelll!an:i,­

Hllull onepaTopa1111 np11cBa11BaH11a IIJIII 06pameH1111u11 K cnenHaJII>HllM cTaHAaPTHllll nporpauuau. IIpH 

STOii COOTB8TCTBYIDllUl8 30Hll Ha 6apa6aHe.yKaS~BaDTCH Jil!do HBHO, JIIIOO ynoMIIHaHl!8M cnellllaJII,HllX 

"6apa6aHHUX" MaCCIIBOB, a_SOHll Ha l!8HT8 YKa3llB~BlTCP. HBHO. 

TaKoll noAXO'A K opraH11sall1111 paa11emeH1111 nepeueHHllX II qacTeii nporpa1.111u BO BHemaeii nauaTII 

_CBO'AIITCH K Touy, qTo nporpaMMIICT HBHO yKa3liBaeT, KaKl!e OJIOKII 11n11·nepeMeHHll8 6Y'AYT pasueme­

Hll BO BHemHell Ila:MIITII II B llaKOii MOMeHT pemeHIIH 'A0llllt8H npoll3BO'AIITI,CII o6ueH. C O'AHOll CTOPOHll, 

aTo Tpe6yeT OT -nporpau11110Ta npo,icr111haa1111 opraH11san1111 0611eHa ;11axe TOrl!a, KOrAa B BTOM HeT 

Heo6XO'AIIMOCTII, a C Apyroll - IT03BOnHeT opraHIISOBaTI, 3TOT 0611eH Ha1160J1ee pan110HaJII,HO. 

I.2. C110TeMa OTJia'AKII B CIICTeue AR1~A Il03BOJIH8T nonyqaTJ:, pesyJII>TaTll OTJia'AKII B .Tepl!IIHaX 

11cxoAHoii AR1~A-n~orpaMMll. lllH aToro AR1~A-nporpauua 'AOlll!tHa 6uTI> cHa6J1teHa cnen11aJII>HUMII 

IIHCTPYKlll!HIIII K OTJia'AKB. 8TIIMII IIHCTPYKllllHMII 11oryT SaAaBaTI>CH H3M8H8HIIH B T8KCT8 AR1~A­

nporpa1111u, H800XO'AIIMOCTI, neqaTII 3Ha'I8Hllii yKaSaHH!,!X nepeueHHllX BMOMeHT Blipa60~RR.8~HX BHa• 

qeH11ii llllll B HBKOTOpllll saAaHHblii MOM8HT _BliITOl!HBHIIH aJirOPIITMa, HBOOXO'AIIMOCTI, ne'IaTII 'IIICJia 

IT0BTOp8Hllii HeKOTOpllx llllKJIOB. 8TO IT03BOJill8T BHOCIITI, 11cnpaBn8HIIH B AR1~A-nporpaMMY n npocne­

'AHTI, XO'A ee BUIT0l!H8HIIH. 

COOTB8TCTBYIDmaH qacn CIICT8Mll ARMA (ARMA-OTJia'A'lllK [3] ) BHOCIIT Tpe6yeMlle 3THMII 

IIHCTPVKllllHMII H3M8H8HIIII II 'A0Il0llll8HIIH B IICXO'AHYD AJMA-nporpaMMY II ITOJIY'IBHHaH AJJI,$A-nporpau­

Ma TpaHCllllpyeTcff. 

I.3. lJia CIICTeMll ARMA_ paapa6oTaH II nporpaMM11pyeTqH cnen11aJII>Hllii Ol!OK'aHaJIIITHqecKoro 

'All~~ep8HJlllpOBa1!118 (l!ll~npoueccop). Ilporpa1111a 'Al!H CIICT8W ARMA MDllteT CO'A8plltaTI, TaK HaSUBa­

ewe n-BupaxeH11a Blll!a 
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· ~ (x, E) 

rAe x - JIJ06aa nepeueaaaa, a E - BhlpaxeH11Ie, KoTopoe uoxeT coAepzaTb, B cBoID oqepeA{.Bu­

paxeHHH yKasaHHoro BHAa. IlpaBIIIJia nocTpoeHIIIH l-BupallteHIIItt aHaJior11Iqau npaBIIIJiau rrocTpoeHIIIH 

AJll,~A-BblpaxeHHU C yqeTOM Tex W8KTOB, qTo IIICOOJib30BaHHe CHMBOJia· £ aHaJIOrlllqHo IIICOOJib30Ba­

HIIIID yKa3aTeJil! WYHKUHH, qTo BblpaxeHHe E AOJI~O HMeTb Tllln UeJiutt, BemecTBBHHbltt IIIJil/l KOMnJieKc­

l!!!!l III qTo l-BhlpallteHl/le He MOiKBT BXOAIIITb B 1/l~JieKCHUe BblpaxeHHll. l-BblpaxeHHl! MoryT BKJIJOqaTb­

Cl! B onepaTopu npHcBanBaHHl! IIIJIH B OilllicaHHl! WYHKUHU-BupallteH11Itt. 
'<)£ 

Ilo l-BupaxeHIIIID AIII@npoueccop noJiyqaeT BupaxeHl/le AJil! W Ha AJll,~A~l!ablKe III aaueaaeT 

IIICXOAHOe ~-BupaxeHne noJiyqeamtu. Ilplll noJiyqeHHIII peayJibTIIIpymmero BhlpaxeHHl! AHwnpouecoop npo­

llI3BOJIIIIT pacKpUTIIIe CK060K AJil! onepauntt OAHoro nopl!AKa CTapmllIHCTBa III npllIBeAeHl/le OOA06HUX; 

EcJIIII BblpallteHne E COABPlltllIT yKa3aTeJib WYHKUIIIH-BblpaiKeHIIIll, TO nepeA JIH@@epBHUHPOBaHI/IBM 

AH@npoueccop BCTaBJil!eT cooTBeTcTBymmee BhlpaxeHIIIe, c aaueHott @opMaJibHblX napaueTpoB Ha @aK­

TnqecKIIIe. iJil! nonyqeHHl! npo11IaBoAHott OT BupallteHIIIll, conepxamero yKaaaTeJID @YHKUIIIIII-npoueAJphl1 
AIII@npoueccop PYKOBOACTByeTCl! npaBHJIOM 

W(Ei, ... ,F"l=~r.(E £)· ~ 
'oX ,~ft i,·••, " ·o'/. 

rAe r, 1 - HAeHTIIIWHK8TOpu, noJiyqaeuue III3 IIIABHTIII@HKaTopa f WYHKUHIII-npoueAJpU Ji' 2, . . .. . ~ 

JI06aBJieH11IeM COOTBeTc·rByromett UH@pu; IloJiyqeHHoe BUpalltBHIIIe nOACT8BJil!eTcl! B K8t!BCTBe npoll3BOA­

HOtt @YHKUIIIIII-npoueAJpu. 

2. 3KCOJiyaTHpyeuutt B H8CTOl!mee Bpeul! BaplliaHT AJll,OA-TpaHCJil!Topa 1/IMeeT B KaqecTBe Bbl­

XOAHOro l!BhlKa uamllIHHUtt H3blK M-20; Paapa60T8Hbl III nporpaMMIIIPYIDTCl! BaplllaHTbl TpaHCJil!Topa, no­

Jiyqammne pa6oqyro nporpauuy B KOAB KOM8HA ESCM H MIIIHCK-2. Bee BaplllaHTbl TpaHCJil!Topa BblOOJIHl!­

IDTCl! Ha M8WIIIHe ll-20. 

Pa6oTa AJJI,~A-TpaHCJIHTOpa pacnaAaeTCl! Ha @aay .nepeBOAa c AJll,~A-HSblKa Ha HeKOTOpbltt 

BHyTpeHHIIIM l!3hlK, He 38BIIICllmHtt OT KOHKpeTHOtt uamlllnu, III @aay nporpaMMIIIPOBaHIIIll, npH KOTopott 

no sanl/ICIII aJiropllITMa Ha BHYTPBHHeu l!Sb!Ke CTpOIIITCl! MamllIHHal! nporpauua. B 0Bl!311I C 3TIIIM BapllI­

aHTbl TpaHCJil!TOpa .OTJIIIIqaIDTCl! TOJibKO @aaott nporpaMMIIIpOB8Hlllll, qTo noaBOJIHJIO cymecTBeHHO CHI/I• 

311ITb TPYAOeMKOCTb paspa60TKIII AOOOJIHHTeJibH!lX B8plliaHTOB. 

IlpllI paapa60TKe AOnOJIHIIITeJibHUX BapHaHTOB TpaHCJillT?Pa, T8K·iKB KaK npH npeAUAYmett paa­

pa60TKe OCHOBHoro BaplllaHTa, 60JibWOe BHIIIMaHHe YJieJil!JIOCb IlOJIYqeHIIIID xaqecTBBHHott pa6o:ett 

nporpaMMhl. TaK KaK 6onbmoe qncJio onr11~•11Ia11Ipymmnx npeo6pasoBaHHtt npoHaBOAHTcl! Ha @aae nepe­

BOAa, TO OCHOBHEIMIII 0IlTlll.:H3HpyromnMIII npeo6paaoBaHHl!MH, KOTOpble Tpe6oBaJIOCb_ paapa6oTan, 6u-

58 

1 

1 
I 
i 
l 
i 

JIO onTIIMaJibHOe nporpaMMHPOBaH11e UIIIKJIOB H IIIHJIBKCHblX BblpaixeaHtt II 8KOHOMllfl naMl!TIII. 

AHaJill3 UIIKJIOB II IIIHA8KCHblX BhlpaxeHlltt o6nerqaJICl! re11, qro yxe BO BHYTPBHHeM l!SblKe, 

Bo-nepBhlX, UHKJibl KJiaccH@IIUHPYIDTCl! no CTBOBHH peryJillpHOCTIII III3MeHeHHl! napaueTpa UllKJia H 

BO-BTOpblX, IIIHA8KCHhle BblpaxeHl/ll! npllIBeAeHhl K JIHHettaott @opMe OTHOCHTBJibHO napaMBTPOB 06bBM­

JIIDmffX UIIIKJIOB, 3TIII oco6eHHOCTH BHYTPBHHero l!3h1Ka noaBOJIHJIIII npllIMBHl!U 6ea CJIOlltHOrO AOITOJIHll-. 

TBJibHOro aHaJill3a 3\I>@eKTHBHble aJiropHTMbl nporpaMMHPOB8HIIIH UHKJIOB III llH]IeKCHblX BhlpaxeHnn. 

HOBbll4 B STHX aJirOpllTMaX no cpaBHBHIIIID c OCHOBHbll! BaplllaHTOM TpaHCJil!TOpa 61m yqeT 60Jib­

moro KOJillqecTBa HHABKc-perHCTpOB. Bee IIIHABKCHble Bflpal!CBHIII!!, OTJIHqam1~11IeCl! TOJIDKO, IlOCTOflHHblM 

cnaraeMblM, nporpaMMIIIPYIDTCl! T~K, qTo6bl no B03MOiKHOCTH aHaqeHl/le IIIx·nepeueHHOll COCT8BJillIDmett 

HaXOAIIIJIOCb B OJIHOM HHAeKc-perllICTpe BO BOB BPBMfl BblilOJIH8HllH UHKJia. EcJIH qncJIO IIIHABKc-pe­

rllicTpOB MeHbme, qeu qncJIO HH,ll;eKCHblX Bblp8l!CBHl/ltt C pa3Jil!qHblMH nepe11eHHUMH COCT8BJil!IDll\llIMll, TO 

B nepByID oqepeAb IIIHAeKc-perllicTpaM CT8BHTCfl B COOTBeTCTBHe TaKHe IIIHAeKCHble Bhlpa,ceHlll!; KOTO­

pue HaXOJIHTCl! B caMblX BHYTPBHHHX UHKJiaX, HJIIII IIIMBIDT MaKCHM8JibHOe ql/ICJIO :BXOiKJIBHIIIli B nporpaM­

MY, C.TaTIIICTHKa TpaHCJIHpyeMUX nporpaMM IlOKa8aJI8 1 qTO t!HCJIO pa3JifftjHblX IIIHA6KCHUX Bblpallt6Hllll, 

KaK npaBIIIJIO, He npeBblmaeT qncJia HHABKc-perllICTpOB. 

BapHaHT TpaHCJIH-TOpa ,ll;JI!! MHHCK-2 IIICilOJib3YBT npH pacnpe,z;;eneHllH naMl!TH 6JIOKH OCHOBHOro 

BapHaHTa aa cqeT C03A8Hlll! npoMelltyToqHott nporpaMMbl Ha T8KOM fl3b1Ke I KOTOpbltt. 6blJI 6bl noxo:it Ha 

l!3blK M-20 H BMBCTB c T8M_ AOilYCKaeT npocTott nepeBOA Ha l!3blK MHHCK-2. BMecTe c TBM OilblT Hc­

IlOJib30BaHIIIl! TpaHCJIHTOpa nOKa3aJI, qTo cymecTBBHFl!ltt a@@eKT B 3KOHOMIIIII naMl!TIII·JIOCTIIIraeTcl!· 

TOJibKO aa cqeT o6HapyllteHHl'I CK8Jil!pHblX nepeueHHbfX, IIICilOJib3YBMblX JIIIImb Ha OAHOM mrne/,1HOM 

yqacTKe nporpaMMbl, III yqeTa JIOK8JIIII38[lHH M8CCHBOB B 6JIOK8X. IloaTOMY B BapHaHTe AJil! ESCM ]IJil! 

SKOHOMIIIIII naMflTH orpaHl/lqHJIHCb yKa3aHHUMH cpeACTBaMIII. 3TO noaBOJIIIIJIO YMBHbIDIIITb TPYJIOBMKOCTb 

BTOporo BapHaHTa no cpaBHBHHID C nepEblM 38 cqeT HeaaBI/ICIIIMOtt OT OCHO:BHOro BapnaHTa paapa6oT-. 

KIII aJiropllITMOB @aabl nporpaMMHPOB8Hllll!. 

3. CHCTeMy MOlltHO llCilOJib30BaTb KaK B pelltllIMB ~porpaMMllpOBaHHH, KOrAa peayJibTaTOM pa6oTu 

HBJil!eTcl! OTnep@opnpoBaHHaH pa6oqal! nporpaMMa, TaK H B pel!CI/IMe pemeHHH, Kor.11a noJiyqeaHal! pa-

6oqal! nporpaMMa HBMBAJieHHO Haql/IHaeT BblilOJIHHUCH. Boa~:cii1rna TaKllte BblAaqa AMA-nporpaMMhl, 

noJiyqeHHatt nocJie pa6oThl AJll,~A-oTJiaAqnKa HJIH All~npoueccopa. 

CKopOCTb pa60TU CHCTBMbl (AJIIIIHa pa(5oqett nporpaM!rn, pa3ABJIBHHal! Ha BpeMH pa60TH CIIICTew) 

38BHCIIIT OT AJIHHbl pa6oqett nporpaMMbl. lJIH nporpar;.M IlOPHAKa 200-400 KOM8HA aTa CKOpOCTb i~BHH­

BTCH B npeAeJiaX OT 50 AO IIO KOl.laHA B MHHYTY, JIJil! nporpaMM 500-800 K0118HA - 80 - !30 KOMaH,11 

B MIIIHYTY, AJIH nporpaMM CBblme 800 .KOM8.HA - I 0O-I60 KOMaHA B MIIIHyTy. 

Ilo BpeueHIII pa6oThl nonyqeHHble nporpaMMhl, KaK npaBHJio, HecymecTBeHHO OTJillqaroTCl! OT npo­

rpaMM, l!BJil!DmHXCH 11accOBOtt npOAJKUHett KB8JIIII~llUIIIpOBaHHOrO nporpaMMIIICTa. Bo BCl!KOI! cJiyqae, 

5g 

1 



sa C'l8T pasy11Horo BUc5opa cpeitCTB AJ!l>QA-HSb!Ka STO pa3Jlll'lll8, 8CJII! OHO OJllYTl!MO, MOlltHO npaK-

Tl!'l8CKII Jll!KBll,Jtl!pOBaTI>. 
.., 

no ,llJll!He nporpawm, noJiyqeHHLle · TpaHCJIHTOpou, OKasuBalllTCll ,llJIHHHee cocTaBJI8H-

Hb!X BPY'lHYlll Ha 10-30%. PaSJil!'llle B l!Jll!HaX nporpaMM MOllteT BOSpacTl!.Cyll(eCTB8HHO (Ha 50-100%) 

npl! 11cnOJII,SOBaHl!ll ,Jtl!HaMll'l8CKllX 11accllBOB (MaCCIIBOB C nepe11eHHb!IIII rpaHll'lHb!Mll napa1111). 3TO 

06bllCHl!eTcll Tell, 'lTO B PY'lHOM nporpaMMllpoBaHllll, KaK npaBl!JIO, llcnOJII,3YlllTCll itonOJIHIITeJII>Hb!B 

CBe,JteHllll O MaCCllBaX C nepe11eHHOll ,llJll!HOll, Tali11e, 1taK ua1tcl11JaJII,Hal! itJll!Ha MaCCIIBa IIJII! Ha­

'laJII,Hb!ll aiipec 11acc11Ba B onepaTIIBHOll naUl!TII. qTO llte KacaeTCll AJ11iA-nporpaMM, TO B Hl!X aBTO­

pb! IIM811lT BOSMOlltHOCTI, He Sa:ztYMb!BaTI>Cll oc5 STIIX ,JteTaJillX. OitHaKO, ecJIII aBTOpb! A~A-nporpa1111 

yqTyT, Hanp11Mep, npll nporpaMMllpOBaHllll MaKCIIMaJIDHYIJ l!Jll!Hy MaCCIIBOB, TO paSHl!Ua B ,JtJIIIHaX 

nporpaur,I MOlltBT 6un SHa'lllTBJl!,HO y11eHI,WBHa. 

B 60JII,WIIHCTBe cnyqaeB nporpaMMIICT MO:!t8T nonme:IITI>CH Ha OnTIIMIISaUIIOHHb!e B03MOlltHOCTII 

AJ11~A-TpaHCJIHTOpa. OitHaKO npll Heoc5xoitllMOCTII Yl!BJIIIT!, ococ5oe BHl!MaHlle Ka'leCTBY pac50'll!X npo­

rpaMM - IIX ltJIIIHe IIJIII BpeM8HII pac50Tb! - CJieitYST TmaTeJII>HO Bb!611paTI, cpeitcTBa AJ11~A-H3b!Ka. 

PH,Jt peKOMeH,1tau11l! no 11cnOJI!,SOB8Hlllll 11so6pas11TSJII,Hb!X cpeitcTB Afil~A-HSb!Ka itaH .B [ 4] • Cyll(eCT­

BYlllT HSKOTOpb!e KOJlll'leCTBeHHUe orpaHll'l8HIIH Ha 'lllCJIO IIJIII BJIO:!t8HHOCTI, CIIHT8KCll'l8CKIIX KOH­

CTPYKUl!ll B OltHOll AJibcpA-nporpaMMe. B npouecce SKcnnyaTaUIIII TpaHCJ!l!TOpa MHOrlle 118 HIIX 6UJIII 

npaKT11'lec1t11 CHHTb!. OitHaKO no-npexaeuy nony'leH11e pa6oq11x nporpaMM, sHa'll!T8JI»HO npeBumalllll{IIX 

no An11ae oc5beu onepaTIIBHoll naMH?ll, HeBOSMO:!tHO c5es pasc511eH111r AJI1cpA-nporpaMMb! Ha HesaB11c11110 

Tpaaci111pye11ue 'laCTII. JlJIH Oc5beitl!HSHIIH TaKIIX HesaBl!CIIMO TpaHCJIIIPOBaHHb!X qacTel! ll AJ11iPA-c11c.­

Te11e cymecTByeT KOMnJieKcaTop. TaKl!e 'laCTII ,llOJI:!tHb! pasMell(aTI,CH nepeit pemeHl!eM BO BHemHell 

nalll!Tll. llaqiopMaUllOHHal! CBHSI, MelK:ztY HIIMII ocymecTBJil!eTcl! TaK:!te qepes BHemHllllll naMllTD. 

AJIM>A-CIICTBMa MOllteT (51,TI, 11cnons0Baaa 1raK KBaJill!PllUIIPOBaHHJ,Mll nporpaMMIICTaMll, TaK II 

Jil!UaMll, COBepmeHHO H8.3HaKOMb!IIII C nporpaMMIIPOBaH11e11 ,llJlll noJiy'leHl!ll nporpaMM ,llOCTaTO'lHO xo­

pomero Ka'lBCTBa. KaK no1tasaJ1 onuT, Ml! 06y'leH11ll AJI1~A-ll3b!KY JIIIU, He 3Halllll(IIX AJII'OJ!a II npo­

rpaMMllpOBaHl!ll B 11am11HHOM KO,Jte, ltOCTaTO'lHO 8 'laCOB. Sa STO Bpe1111 OHi! nonyqalllT 3H8Hlle OCHOB­

Hb!X KOHCTPYKUllll AJI1cpA-ll3I1Ka, KOTopoe ltOCTaTO'lHO ,llJ!ll Han11caHlll! aecJIOlltHUX nporpa111,. Jlanr,­

Hellm11e SHaHl!ll npl!XO,lll!T npll npaKTll'leCKOII IICilOJII,SOBaHIIII CIICTellhl AJ11cpA. 

4. Ilol!BJISHl!e HOBUX cpeitcTB aBTO!AaTIISaUllll nporpaMMIIPOBaHllll II npllBJieqeHlle R pa6oTe Ha 

1.1am11Hax JIIIU, He 3HaKOMI1X C nporpa11M11poBaHl'!eM, . Tpe6ylllT HOBUX !l)op11 opraHl'l3aUIIII llKCnJiyaTaUIIII 

CIICTeM aBTOMaTll'lSCROro nporpaMMllpOB8Hllll. 

OnuT SKCnnyaTau1111 CIICTew AJI1~A B Bb!'lllCJ!l!TeJII,HOIJ ueHTpe CO.AH CCCP B ·Te'lSHl!e 1964-

1966 rr. I'OBOPIIT O He06XO,llllHOCTII C03,ll8Hllff cneu11aJII,Hf1X rpynn SKCnJiyaTaUIIII TpaHCJ!l!TOpa, 

ueJII,lll KOTOpb!X l!BJil!STCll oc5ecneqea11e MaKCIIMaJII,HO B03MO:!tHh!X YitOc5CTB nOJII,30BaTeJil!M. 
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B Bhl'lllCJil:1TeJII>HOl.l ueHTpe co AH CCCP TaKal! rpynna_ BXO,lll'IT B cocTaB rpyn_nu 11aTeMaT111,ec-· 

. Koro o6ecneqemrn l'I coc:rol!T 11s o,naoro 11H:ieHepa 11 ,nByx nac5opaHTOB, 3a,naqa1111 rpynnu HBJil!lllT­

cll KOHCyJII>Tal\J/111 ~O CIICTeMe AJIMA, pacm11ippOBKa .B!J,Jt~'l: nony'leHHUXnpl! TpaHCJ!fll:lllll, nO~CK 

om1160K B Ai!MA-nporpaui-:ax B TeX cnyqa11x, irnrita Ail10A-TpaHCJiflTOp TOJII,KO npllc5Jill31!TeJII,HO 

yKa3IrnaeT omllc5KY, 11cnpaBlleH11e 01!111001(, KO~,Jta STO ncnpaBJieHl!e o,'lElBll,llHO, ycTaHOBJl8Hlle COOT­

BeTcTBllll uelltitY TO'lKal!II pac5oqei! nporpaM!,!l:I ll TO'lKalAII AJI10A-nporpaMMbl npll aBapll~H~ OCTaHO­

BaX l'l saUIIICJIIIBaHllflX, xpaaeHl!e ,JtORYM8HTau1111 no CllCTeMe AJI10A. P!!,Jt ,1tpyr11x Bl:l'll!Clll!TeJII>HHX 

ueaTpOB, IICilOJl!,3YIOll\llX CllcTeMy AJII,cpA, np11t1eHfllOT no,1to6Hylll JKC opraHll3aUlllll SKCnllyaTaUl!ll CIIC- . 

/ 
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B!:Fll1C.1ll!TEJThH11.tl KOMIIJJEKC :Z!JIB OEPAEOTKH. 

8KCJJEPHMEHTAJI1Hb!X JlAHHb!X 

BU' omm AcTaXOB A.fl.' I'OBOPYH H.H.' Ji[R.l(ROB E.II.' ~e.l(OpllH B.B.' 

BBeZieH_lle 

Cnelllll:Pl!Ra aa.l(a'l:, pemae1mx Ha SBM B oom1 TaRoBa, qTo 60R1>moe Bpe11a Ha Mam1rnax aaHll-. ' , 

, MaeT ~Boi .l(aHH!lX ll BllBO.l( peay}II>TaTOB. HcToqHl!Rll 8RcnepllM6HTa}II,HllX .l(aHHllX xapaKrepil3)'DTCH 

,60.7:1>ml!M' pa3H006pa3l!8M ii TeppllTOpl!1l_}II,HOi'i pa3061!l6HHOCTI,IO. B 3Tl!X ycJIOBllllX c6op,, H8R0Illl6Hll6 

ll o6pa60TRa l!HqJOpMallllll , He MOiK6T B!lilO}IH.f!TI,CH O.l(HOtl, .l(allte caJ,!Otl l!Ol!lHOtl, MBmllHOtl c BllCOKOtt 

aq;qJeKTllBHOCTI>IO. B03Hl!RaeT Heo6XO.l(llMOCTl, B 003.l(aHill! I{8]10J! CllCT811ll .l(:71H ,o6pa60TKll axcnep11-

M6HT8JII,HllX .l(BHHUX. B (llflt,j pe MMeeTcH O!lliT C08,7.(8Hl!H CllCTel!ll o6pa60TRll Ha,6aae.MamllH cpe.l(­

Hero RRacca (.].(Be M-20 n 11M11HcR-2") Lil , [ 21 • B .l(aHHott 0TaT1>e paccMaTpl!BaeTcH npoexT 
~ - ,,. ' -

Buql!~}lllT8JII,HOr~ ROMilJI6RCa Ha 6ase BllCOROllpOH_3BO.l(llT8JII,HOtt SBM ll 0,7.(HOtl. llllll .l(ByX. uamnH cpe;zt-

He~o R}lacca, coe;ztl!H8HHOro }ll!HllHMll CBH3ll C BH8mHHMH '06'.!>6RT81lH (nepHijiepl!ll!HUMH SBM). 

r. HaaHaqeHlle Buq11cJillT6}1I,HOrO ROMIT116RC8 

E~111,moe ROJil!qecTBO llCTO'IHlllfOB axcnepl!M6HT8}1I,HOll llHqJOpMBI{llll, ,IIX paaHoo6pasne, a TBR-
. ' 

llt8 TeppllTOpl!aJII>HOe pa3M61!l8Hlle Tpedy!OT C03;1t8HIIH paSB6TBJI6HHOtl Cl!CT8Mll c6opa II 06pa60TRH 

llH(jiopMa!lllll •. Bonpocu C'.!>8Ma, npe;ztBapllT8}1I,ffOtl ci6pa60TRII HH(jiOpMalU!R, ynpa,BJJ8HHH SRcnepH1!6H­

TOM ll .l(p. pema!OTCH ll3M6pHT61!I,Hll,MH ROMM6~CaMll B H3M8PHT6JII,HUX ~eHTpax Ra6opaTop11tt' Ha 6aae 

cpe.l(HllX SBM. 

,0ROffq8T8JII,H~H o6pa60TRa 3Rcnepl!M8HTa}II,HOtt llH(jiopMaitl!H npoHSBO;ltllTCH BlilqllC:71llT6}1I,llblM 

ROMilJI8RCOM Ha 6aae BllCDKOnpollSBO.l(llT81!I,HOtl S1!6RTPOHHO-Bli'lllC}IHTeJI1>Hotl MamHHll C pa3Bl1Toff, 
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" , 011cTeMotl uaTeMaT11qecRoro o6cRylltllBaHIIH,' Pa60Ta10metl COBM8CTH0 C BCITOl!OraT8}1I,Hllllll Bllql!C}ll!- . 

'.? T8RH11ll. 

:zl:7!H 8BTOM8TllqecRoro o6M8Ha llH\liOPMa~aett ll3M8PHT8JII,Hll8 oeHTplil coe.l(HHHIOTCH Ra6en!ililMH 
' -. 

}lllHllHMll C Bli'lllCRllT8RI>HlilM ROMil118RQOM. 

TaRllM 06paao11, Ha 6aae BlilCOROnpo11allo;zt11Te1II>HOtl SBM H BJilql!C:7!HTe}II,HlilX uamllH ope;ztHero 

R}l8CC8 coa;ztaeTCH Blilql!CRHT8}1l>Hlltl ROMIT1ISRo, CBH3aHHliltl c 8R8RTp0HH!i1Mll M8WllH8Mll B ll8M8pl!Te111,-

Hb1X ll8HTpax. 

coa;11aBaeMaH 0110Te11a o6paCloTKH noaB 01111T aBTOM~TH'leCRl'I ynpaB}IHTI> nOTOR.BMII' HH4JOPMBllllH 

M8llt.l(Y BJilqllCJil!Te11I>HllM ROMIT}l8RCOM ll llSMepllTe}II,~lilMH lleHTPBMH, opraHH80B8Tl> H8KOil}leHlle H xpa­

H8HHe ;11aHHUX, a TaKEe n011Yql!TI> BlilCORYll npoHaBo:ztHTe1I1>H~~T1> r}laBHoro Blil'l:IIC:71HTe}IH npl! OROH­

qaTeR1>HOtl o6paeioTRe 8R_cnepHM9HT8}1I,HOll l!!i~opualll!ll, CllCT6148 11aTeMaTliqecKoro oCic}lylltHBaHllli 

Bli'lHCJil!TeJII>HOrO KOMn11eRC8 I! nep111j)ep11tlllblic Maml'IH, a T8RiKe 'Blll!OCH!ile ny}II,Tlil ynp!iB}l8Hl!fl ca•c'Te- , 

uoll uamHH Il08B0:71HllT p83RO yBenHql!Tl> OPOi!;iBO.l(l!T6:7!l>HOCTl> Tpy;zta M8T6MaTIIKOB I! qJll31ilROB IlPlil' 

cocTaBReHHII HOBUX nporpaMM. 

06maa oxeua B~07111Ten1>Horo ROMniieRca • 

06maa cTpYRTypa BuqacR11Te111>Horo Ro~n}leKca noRaaa~~ Ha ~He. r. ~OH cocTOl!T 11a BlilCOKO­

npo11aBO:z1HTeR1>Hotl SBM B RaqecTB6 r}laBHOro Bll1l:lilC:7!1!T6}1H ll O;ltHOtl H:7Ill 'ABYX cpe.l(Hl!X SBM B K8-

q:ecTB6 BCIJOMOraT~:711,HllX Bli'll!C}ll!Te}letl. 

OcHOBHoe HaSHaqeHlle r11aBHOro Blil'l:l!a~l!TeJIH _ Blilil01!HeHlle apaq;~eTl!qecRllX Bli'lllC:7!8Hl!tl ll 

JioraqecKllX onepaoHII C M8RCHM8lll>HO~ npo11a~O~HTeR1>HOCTI>ll.J3 CB88H C BUCOROII CKOpOCTollB!lilO}!He-~ 

Hl!H onepalll!tl Ha r~aBHOM BJilql!c}ll!TeRe Ha aero B~a}la;alllTCH Boe pacqeru a npeo6paaoBaH111i, RO-, 

Topue Tpe6y!OT 60111,moro R0111!qecTB8 onepa~lll!, npHXO.l(Hl!lllXOli Ha K8E;lt08 BBe.l(8HH08 C}IOBO. 

Po111> BCilOMOraT_e111,aux BJilqllC:71llTe}lel! 0BO.l(l!TCH K Blilll011H6Hl'IIO no;ztrOTOBHTe:7!I>HllX onepaoall 

,l(}IH r11aBHOrO Bllql!C}l~T8JIH, paCioTe O RBHa~a1.1a CBH81! 11 06CJIY~llB8Hllll BlilHOCHlilX ny}II,TOB, ~xo:zt-, 

HlilX-BlilXO.l(HblX ycTpOtlCTB ROMMeRca. 

Ilo;llrOTOBHTeRI>Hble onepaollH CB1i3aHbl Q npoBepRallll rOTOBHOCTll aa:z1aq R npOXOlK.l(eHlllO Ha 

r}l8BHOM.BlilqHc}IHT81!e (STD - Ha6op_ Heo6xo~lll!hlx nporpaMM H qHQ}IOB~X ,l(aHHblX, oqepe.l(HOCTI>· aa­

.l(8'l: H T • .l(.).. IIpH paCioTe C }ll!Hl'llillll· CB1i8li'~cnoMoraTeJII,Hlle uaml'IHU,npl!Hll1181lT 3RCnepaMeHT811l>Hlil8 

.l(aHHll6, a B He 06XO.l(llMllX C:7!Y'l:8.HX -ll npOI'pa_l!Mlil .l(RH l!X o6pa60Thll H ynpBBJ!Hlll!lYD ~HqJOpMallll,IO. 

YnpaBRH!OmaH · 11HqJOpMaq11li CO.l(epiKl!T yRaaaHlil11 O xapaRTepe HSMe11eH11tl paCiOTlil -rex ll:71~ ~HUX npo-· · 

rpaMM Jll]lll ycTpOt!CTB ROMMeKca •. Peay}II>Tar~ .OCipa6oTRll .l(aH!lblX no R8H8}1all CBHSll nepe;11a10TCH 

Ha nep11ijie,pHt!H~e uamHHlil 1'13Mepl'IT61!I,HlilX qell'l!poB BMecTe ·c H606XO,ltllMOll ynpaB:71HIOl!l8l! HHqJOpM8lll!611. 

63 



- I -

Bcrro11oraTeJIJ,Hlle MamllH!l KO!IIIJieKca o6ecrre'll!B8IOT paqoTy_ BXO,ZUIUX II BblXO,llHblX ycTp0l1CTB neHT­

pam,Horo Bll'IIICJil!TeJll! O,llHOBpeueHHO C XO,llOM Bbl'IIICJIIITem,Horo rrpo[lecca • 

TaKl!M 06paao11, rJiaBHlll1 II BClIOMOraTeJiim1e Bll'IIICJil'!TeJII! pa6oTaIOT B TeCHOM B3am.10.z1ell­

CTBl'III, KOTopoe o6ecne'IIIBaeTcH KaK TeXHl!'leCKl'IMII, TaK JJI rmTeMaTll'leCKl'l!All cpe,llCTBallll • 

i'\JIH 3a,llaHl!H po:zta pa60Tbl rJiaBHOMY Bll'IIICJil!TeJIID o6a Bbl'IIICJIIITeJIH 6y;ztyT lll!eT:c 061l!i16 !IOJIH 

onepaTl!BHOI! rraMHTll (06llj. M03Y), a TaKJKe o6tleHl!BaTl>CH CllrHaJial,!11, xapaKTepll3YIO!lU!MII COCTOH­

Hl!e Tex IIJill l!Hb!X ycTpolicTB 11 6JIOKOB 06e11x MaJ:IIIH. J{JIH COBMecTHOI! pa60Tbl Hait. O,llHOI! rrporpaM-

1101! Kallt,llal! !13 Mallll!H 6y,lleT l!MeTI, B03MOlKHOCTI,-BUCTaBJIHT:o aarrpocu/Ha npep1,rnaH11e rrporpaMMbl y 

.z1pyrol1. 

Mace OBUli 06MeH 1iH(jiopMa1melt rrpe,ll!IOJiaraeTCH pellll!TJ, C lIOl.!OlljJ,10 06m11x: BHellIHIIX H81(0lil!Te­

Jiel1, 6apa6aHoB (o6m. HME) 11 JieHT (o6m. HMA), K KOTopu11 Kallt.llbll1 Bbl'll!CJil!TeJir, 110JKeT o6pamaTr,­

CH He3aBl'!CIIMO. Pa6oTa Bll'll!CJll!TeJII>HOro KOM!Il!eKCa C rrep11(!Jep111!HblMII _8BM rrpoi!CXO,lll!T CJie,llyIOl!lilM 

o6paamJ. "3arrpoc" Ha rrepe,lla'ly 11H(jiop1.1an11H c rrepmpep!!l1Hol! Mam11H!l Ha11epl!TeJII>Horo neHTpa no­

cTynaeT Ha perl!CTP npepuBaHl!H (PIT) BClIOMOraTflJIJ,HOl1 Mallll!Hll KOMl!JieKca. EcJIII "aanpoc" npl!HHT, 

IIH\l)OpMallllH C nepl!(jiep11J;!Hol! 11am11HU '!epea KOMMyTaTOp (K) 11 perl!cTp CBH311 (PC) rrepenl!CllBaeTCH 

B orrepaT~BHYIO rraMHTI, Maml!Hbl. IlopH~OK 06cJiyit11BaHl!H (rrp11op11TeT) II pelltl'!M CBH311 C rrepn!!Jepllll­

HOI! 3BM (rrepe,\a'la rpyrrrroBaH 11~~ !IDCJIOBHaH) ycTaHaBJll!BaeTCH 06CJl'YJl(IIBaI01llel! rrporpa1.11101! BCilO­

MOraTeJII>HOrO Bll'll'ICJil!TeJIH. B!l'll'ICJll'ITeJII>Hlll! KOM!IJieKc 6y,lleT CHa6llteH Ha pa3HUX YPDBHHX lIYJII>TaMI! 

yrrpaBJleHl!H pa60TOI! CIICTeMbl 11am11H. Ilo,ll IIYJII>TOM l!OHl!MaeTCH YCTpotfoTBO, lI03BOJIHIOlllee orrepaTl!B­

HO BBeCTII B rraMHTJ, Ma!Ill!Hll IIH\l)OpMa[llllO ,llJIH ynpaBJleHl!H pa60TOI! COOTBeTCTBY!lllll!X nporpauM. C 

.zipyrol! CTOpOHll, peayJII>TaT!l }a60Tbl 8TIIX nporpaMM onepaTl!BHO BllBO,llHTCH Ha nyJII>T, TeM .caMblM 

l!HqiopMl!pya orrepaTopa o XO.lie npoBe,lleHl!H pac'leToB !!JIii- rrpoBe.lleHl!H aKcrrep1111eHTOB. YnpaBJieHl!e 

pa6oTol1 OT,lleJIJ,HblX nporpauM Ha rJiaBHOM llU'll!CJIIIT8Jie c !IOMOlljJ,IO nym,TOll ynpaBJI8Hl'IH MOlltHO 6y,!\eT 

npOll3BO]tllTI, '!epea nocpe,llCTBO Bcnm.rnraTeJIJ,HOro BU'll!CJIIITeJrn II Maml!H B 113Mepl!TeJIJ,HUX !16HTpax. 

XapaKTepl'ICTl'IKa nporpaMM CIICTeMb! MaTeMaTl!'!eCKOro 

06CJIVlltl!BaHl'IH rJiaBHoro Bbl'IIICJIIITeJIH 

I. CynepBal!aep 06ecrre'!11BaeT np11 rr0Mom11 6116Jil!OTeRI! CBOl'IX no,llnporpaMM pa6oTy Bcex 

l,!aKPOKOMaH,ll 11amllHbl (Bb!'IIICJieH11e SJleMeHTapHb!X !!JYHKllllil, rrepeBO,llll, 06MeH IIHlj)OpMa[l11ell C BHemHl'lMII 

HaKO!Il'!TeJIHMII, BBO.ll, BUBO,ll 11 ;ztpyr11e pa60Tbl). Ilpi! noMOIItll a,llMIIHIICTpaTl!BHOH CIICTeMbl cyrrepBal!­

aep pacnpe,lleJiaeT orrepaTIIBHy10 nauaTl> 11 rraMHTI> Ha 6apa6aHax; oOecne'll!BaeT oxpaHy na11aT11, ee 

OTKpblTlle II aaKpbITlle B COOTBBTCTBIIII C aa,llaHHb!M pelltllMOu·pa60Tb! c HeCKOJIJ,KIIMII rrporpauua1111. 

06ecne'l11BaeT, cMeHy pemaewx aa,!\a'I, 11x B03BpaT np11 npepuBaH1111 Kalt no BHemHel1 npl!'IIIHe 

(aanpoc Ha C'leT 6oJiee BUCOKoro-np11op11TeTa), TaK II no BHyTpeHHel1 (He !IO,llrOTOBJieHU ,llaHH!le 
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pemaeMol! ·aa,11aq11, Heo6xo;ztllMOCTI> no.11roTOBIITJ, II BU,llaTJ, IIHWOPM3lll!IO ':ztJIH ycTpol!cTBa neqaTII ll 

,11pyr11x BHelilHl'IX ycTpOilCTB). CynepBal!aep o6ecne'll!BaeT TaKllte 06cJiylltl!BaH1ie Bcex nyJII>TOB 

(TeJieTal!noB) uam11Hbl I! CJIYllt6y BpeueHll. 

B paMKaX BU'IIICJIIITeJIJ,HOro KOMlIJleKca o6ecne'll'IBaeT OCHOBHYIO COBMeCTHYIO pa6oTy_rJiaBHOll 

uamllHbl II BCnOMOraTeJII>HUX uaml!H np11 no:,:Olllll cnenl'laJIJ,HUX l!O,llnporpaMM. Ilpll STOii nocTOHHHO 

BU)laeTCH IIH\l)OpMa~IIH O XO.lie Bbl'IIICJil!TeJII>Horo nponecca Ha uaml!He cynepBailaepaM Bcno11oraTeJIJ,­

HllX Mallll!H rtyTeM 33CUJIKII COOTB8TCTBY!Ollll!X KO,llOB B 06IIt11e H'!el!Kl! onepaTl!BHOil naMHTII. Cynep­

Bal1aep rJiaBHOrO Bbl'IIICJil!TeJIH o6ecne'll'!BaeT rrpepuBaHlle paCiOTU BC!IOMOraTeJII>HUX Maml!H II nepe­

XO:zt ee na 6oJiee cpo'IHYIO pa6oTy no nporpawe, aa,11aBae11oll c rJiaBHoil 11am11Hbl. 

2. -MoHIITOpHaH CIICTe11a o6ecne'IIIBaeT pa6oTy T8KYllJ8l1 nporpaMMH, npoXO,llHllJell B ,ll8HHUI! MO­

M8HT Ha Mam11He. Olla ynpaBJIHBT pa6oToll Baell Cl!CT8MU aBTOM8Tll38~11ll nporpau1111poBaHIIH np!! 

TpaHCJ!Hllllll ll C'leTe KOHKP.eTHOI! 3a,ll8'111. B COOTBBTCTBllll C ynpaBJIH!lll!IIMII KSpTalll! MOHl!TOPHSH 

CIICTe11a rrpol!3BO,llllT BU30B H HacTpOllKy Ha pa6oTy COOTBeTCTBYJlllJ8ro TpaHCJIHTOpa (~OPTPAH, 

AJII'OR, AcceM6Jiep) 'AJIH TPSHCJIHlllll! ,llaHHOll no,11nporpaMMU. A nocJie OKOH'!aHl!H TpaHCJIHlll!ll npOl!S­

BO,lll!T aan11cr, TpaHCJillpOBaHHOll no,11nporpa_MMU BO BpeMeHHYJJ 6116Jil!OTeKy CTSH,llapTHUX: nporpa1111. 

TpaHCJillpOBaHHaH nporpauua npll noMOllji! Roy~epa sanl!CUBa8TCH B onepaTl!BHYJl naMHTJ, wamllHll 

11 ynpaBJieHl!e nepe,11aeTcH Ha c'leT rrporpa11uu. B npo[lecce c'leTa Ha6JIJJ.lleH11e aa xo,110M c'leTa 

aa,11a'll! npOIISBO,lll!TCH pea11:zteHTOM MOHIITOpHOil CIICTeMll. B COCTaB MOHIITOpHOII CIICTeMU BXO,llHT: 

a) Jioy,11ep; 

6) TpaH-OJIHTOP c ~OPTPAHa-UEPH; 

B) TpaHCJIHTOP c CAECET-AJII'OR; 

r) acoew6Jiep; 

.zi) 6116JIIIOTeKa CTSH;ztapTHUX nporpaMM MOHIITOpHOll CIICTe,m; 

e) 6116JillOTeRa CTaH;ztapTHbl~ nporpaMM o6mero HaaHa'!eHl!Hj 

E) peali,lleBT. 

~ rrp01!3BO,ll11T Bll30B B naMHTJ, 11am11HU II HacTpolley no MecTy l! no BH8WHIIM a,11peca11 

cTaH.llapTHUX nporpawu, Heo6xo.lll!MUX .llJIH cqeTa no ,11aHHOI! nporpaMue. 

TpaacJIHTOpb!. B COCTSB CIICTeMU MaTe11aTll'lecKoro 06cJiylltl!BaHIIH rJiaBHoro BU'IIICJil!TeJ!H 

BOll;ztyT TPSHCJIHTOpb! C ~OPTPAHa, CAECET-ARrORa II HSUKa CIIMBOJil!qeoKoro KO.lll!POBaHIIH 

(ACCEMEJ!ll-H3UKa). Bee STII TpaHCJIHTOpU IIM8IOT ,lleJIO TOJIJ,KO C OT,lleJIJ,Hblllll no,11nporpaMMaMII l! 

paccMaTpllBaDT IIX KaK a6cOJIIOTHO HeaaBIICIIMUe ;ztpyr OT ,!lpyra. MOHl!TOpHaH Cl'ICTeMa_Bll3UBaeT 

RSllt,lll,11! 113 TpaHCJIHTOpOB no uepe Ha;zt06HOCTll,11 BUSBaHHHI! TpaHCJIHTOp nepeBO,!\IIT aa,llaBaeuym 

e11y no,!lnporpaMMY B CTaH,11apTHbl~ MaCCIIB, aan11cuBae11ul! Ha e,!\l'IHOM ,llJIH Bcex TpaHCJIHTOpOB 
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npo11exyToqHoM !13b1Ke, nocJie qero no.11nporpaMMa np11eoe.1111H11eTc11 K 61l6Jil!OTeKe. Te11 cal!blM 

npe,llOCTaBllll8TC!I B03MOlltHOCTI, Ill!CaTI, nporpaM!.lbl, COCTO!!UU18 ll3 110,lll!pOrpaMM Ha pa3HblX ll3b1Kax. 

Pea118eHT. POJII, pes11.11eHra aaKJIIDqaeTc11 B cJiellteH1111 (qepea cyrrepBallsep) sa xo.11011 Bblq11c­

Jil!TeJII,Horo rrponecca, B rrpOBe,1\eHl!ll COOTBeTCTBYIDillell .1111arHOCTl!Kll B CJIYqae aBaplltlHoll Cl!Tya-

111111 llpl! cqeTe. PEl31!,lleHT llllll ero qacTI> llpll cqeTe HaX0,1\IITCll B rraMl!Tll MamllHbl. 

MaTe11aT11qecKoe o6ecneqemie Ha Bc11011oraTeJII,HblX 

ll nepnpep11llHNX MarullHax 

1. CynepBallaep BCllOMOraTeJII,HOll Mallil!Hbl. QyHKUllll SToro cynepBallsepa - TecHal! CBll3I, 

·C cyrrepBallsepoM rJiaBHOro Bblql!Clll!Tellll, llHipOp1rnpoBaH1le ero O MecTe HaXOllt,1\8Hllll aa.11aq ll AaH-, 

HblX, no.11roTOBJieHHblX K npoXOllt,lleHllID Ha neHTpaJII,HO~ npoueccope, o MeCTaX Ha 06IllllX HaKOill!Te­

llllX, CB060,1\HblX All!! nplleMKll ,1\aHHblX c npoueccopa. 

ilpn rroMOillll no.11nporpau11 cyrrepBaiisepa Ha Bcno11oraTe111,Holl MamnHe 11po11aBO.llllTCll no.11roToB­

Ka 11Hi)iopuau1111 K npoxox.11ea11D Ha rJiaBHoll 11am11He, ycTaHOBKa np11op11TeTa npoxolltAeHi11 aa.11aq11. 

CynepBallaep npll IlOMOillll MOHIITOpHoll Cl!CTeMbl 06ecneq11BaeT BXOllt,lleHlle B CBll3I, BCilOMOraTeJII,HO!! 

11aml!Hbl C nep111pep11llHb1Mll, nplleM OT HIIX ,1\aHHblX llllll nporpaMM II sanl!CI, B naMl!TI, BCllOMOraTe111,­

HOll 11aml!Hbl llllll naM!!TI,, o6myro c rJiaBHblM BUql!c1IllTe11e11. CynepBallsep 06ecneq11BaeT nepe.11aqy 

IIHl)iop11aqlll! 113 naM!!TII BCllOMOraTeJII,HOll Mallll!Hbl 11am11HaM ll3MepllTeJII,HUX KO!AIIJl8KCOB. 

_CynepBallsep ynpaBJJl!eT pa60TOll IIYJII,Ta aa·Bc1101.1oraTeJJI,HOll 1.1am11He I! cal.I y11paBJJl18TCll 

OT Hero. 110.11 y11paBJJeHl!e11 cynepBallsepa HaXOAHTCll Bee_ cpe.11cTBa aBTOMaT11Bal:(1!11 nporpaMlll!poBa­

Hllll Ha BCl!OMOraTeJJI,HOii Mam1rne: IIHTep11peT11pyrou1a11 CIICT81,!8, acce1.16JJep, aarpyaqllK, TpaHCJ!l!TOp 

C AJirOJia. 

2. CynepBallsepbl nep11pep1!llHblX MalllllH. l1ep11i)ieplliiHble MamllHbl CHa6xaIDTCll cynepBatlsepaMI! 

,1\Jlll ynpaBJiemrn pa60TOll 110 06ec11eqeHl!ID CBl!BII C BHemHl!Mll 06:&eKTaMll: ll3!,16pllTe/lI,Hbl~ll np1!6opa,m 

TeJJeTannaM11, KaHaJIO!J CBl!Bll C neHTpaJII,HblM Bblql!C1111T8JJI,HblM KOM!1118KCO!l. CynepBatlaep 11ep11i)ie­

plltlHoii !lall!l!Hll 11011yqaeT ll yq11Tl1BaeT IIHl)iOpMaQl!ID Henocpe,llcTBeHHO C ny/lI,Ta CBOel! Maml!Hbl 1!1Ill 

ee MOHl!TOpHOll CllcTeMbl, a TaKllte OT cynepBallsepa BCl10l.!OraTe111>HOit Maml!Hbl I! u;enTpaJJI,HOro 

npou;eccopa. 110.11 y11paBJieH11e11 cynepBaitsepa HaXO.lll!TCll TaKxe c11cTe11a aBTOMaTl!saq11l! nporpa11-

Ml!poBaHl!ll aa 11am1rne (!'IC, TpaacJJHTop c AJirOJia, acce11611ep, sarpyaql!K). 
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OB80P IlPOI'PAMM CBH8H SBM C I'PYililAMH 
H8MEPMTE}ll,HillC IlPHBOPOB ]Iflil H JIBS 

BU CMHH B.H.IllnraeB 

Pa6oTa no Ka6eJI»HO!l CBll3H H3M8pli!TBJl»Hb!X noJiyaBTOMSTOB c·BWllilCHHTeJI»Hb!Mlil Mamli!HSMH 

6b!Jia HaqaTa no li!Hli!IU!aTli!B8 roBOpyHa H.H. B KOH!le !964 roAa. BcKope Bb!ABJl!i!Jlli!C» ABa HanpaB­

JIBHlilll, opneHTl:lPYDlllllecH Ha Mamli!HU "MlilHCK-2". _(Jilt'!) lil B8CM-3M (JIBS). 

Bap11aHT-MIIHIIMYII, npeAYcMaTpl!BaBmllll nOAC08Al!HBHlile OAHOrO noJiyaBTOIJaTa K "M!i!HCK-2 11 , 

6b!JI peaJil!30BaH B aBrycTe !965 roAa. B Heu 6b!JI 11onOJ1»80BaH OTaHAapTHb!!l KaHaJI 0Bll311 

"MIIHOK-2 11 o BHemHHMlil o6'bBKTaulil, paapa6oTaHHblll B Buqli!OJIIITBJl»HOM neHTpe OHHH. B aBrycTe lite 

Ill11raeBb!M B.H. 6b!Jia HanliloaHa nporpaMMa, paooqli!TaHHall Ha· nplileM ltH~OpMa!llillil C OAHoro noHYaBTO­

MaTa. TeXHlilqeoKlle B03MOlltHOOTlt B TO BpBMll He o6eoneqli!BaJilil ABYXOTOpOHHe!l 0Bll3lil, noaTOMY lil 

3Maqa nepBo!l nporpaMMbl orpaHl!qli!BaJiao» nplileMOM KOAOB C noJiyaBTOMaTa, KOHTPOJl8M npaBIIJI»­

HOOTlil nplileMa lil TBll!il onepa!lltllMH KOHTPOJill npli!HllTO!l ltH~OpMalUllil, KOTOpb!e H8 npolil3BOAllTOll B 

reoueTp1tqecKO!l nporpaMue M-20. CIOAa OTHOOllTOH: Bb!6poc KpaTHb!X li!SM8p8H!i!!l ToqeK TpBKOB 

(HaJil!qlile KpaTHb!X lt3MepeHl:l!l np!i!BOAl!JIO li!HOrAa K aBOCTY Ha M-20 npn cqeTe no reoMeTplilqecKO!l 

nporpaMMe) n lilcnpaBJIBHHe HeKoTopux omn6oK onepaTopa B oJiyllte6Hb!X npnaHaKax. OnepaTop noHY­

qHJI AOnOJIHli!T8Jl»HYIO B03MOlltHOCT» aHyJI!i!poBaHllll KaK OTABJl»Hb!X nsuepeHHll, TaK lil C06b!TH!l B ll8JIOM. 

qHCJIOBO!l uaTeplilaJI, HaKOMeHHblll B nponeoce 113MepeHHll co6b!TIIH, sanHCb!BaeTOH Ha uarHIIT­

HYIO JIBHTY- "Mli!HCK-2 11 B OTaHAapTHOM Bli!A8, nOSBOJlllIOlllel.l nepeAaBaT» ero no Ka6eJIIO Ha MamllHY 

M-20 no nporpaMMe OBll3lil M-20 c "MIIHCI(-2 11 • 

AHaJ1or11qHaH nporpa11Ma AJlll rpynnu 11a 6 noJiyaBTOMaTOB Hanli!oaHa nli!Kyoapou H.n. lil 6yAeT 

CAaHa B 3KCnJiyaTa!llllO nooJie aaBepmeHllll B Jlfll1e MOHTalltHb!X pa60T no 0Bll3lil rpynnbl nOHYBBTOMaTOB 

o 8BM. 
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nntt .l{ByxcTopoHHell CBH311 cornacoBaHo TeXH11qecKoe aaAaH11e II Be,nyTcH pa6oTu no ero ocy­

!llBCTB11eH1110. Ilocne OKOHqaHllfl 8TIIX pa6oT CTaHeT B03110EHUM BUAaBaTb onepaTopaM, pa60Ta!O!llllll 

Ha nonyaBTOUaTax, IIH(!iOpMa111110 0 npo11ecce 11a11epeHllfl co6UTllfl II O KaqecTBe OTA81lbHUX '·sTanoB 

113MepeH11ll. BBIIAY xapaKTepllCTIIK uamllHU "MIIHCK-2 11 8TOT KOHTP01lb 6yAeT, no-BIIAIIIAOJIY, 

orpau11q11BaTbCfl npoBepKOl! COOUTllfl B MOCKOCTII KaApa. 

Ma-aa OTCYTCTBllfl 6y(!iepHoll naMHTII npll rpynne nonyaBTOMaTOB aanpoc Ha CBfl8b c 11am11Holl 

"MIIHCK-2" OyAeT nocTynau B cpeAH811 OAIIH paa B ceKyH,ny. STO npllBOAIIT K HeOOXOAIIMOCTII xpa- _ 

HIIU B onepaTIIBHOl! naMf!TII He T01lbKO BC!O nporpaMMY CB!!311 II KOHTpOnll, HO I! nocTyna10mnl! q11c-

1IOBO!i MaTep11a11. 

Orc10Aa cne;zr,yeT orpaH11qeH11e Ha q11cneHHOCTb rpynnu nonyaBTOMaToB (6t7) Aaxe np11 ycnoB1111, 

qTo Ha nonyaBTOMaTaX 113M8pl!!OTCfl OAHOTl!nHue COOb!Tlll!. 

()qeHKa H800XOAIIMOro 00b8Ma naMl!TII c MaRUM BpeMeHell AOCTyna II pacqeT Bp8M8HII pa6om 

nporpaMUb!, 06ecneq11Ba10mel! CB!l3b "MIIHCK-2 11 C nonyaBTOMaTaMII, noKa3UBaeT, qTo ll(!i(!ieKTl!BHOe 

IICil01lb30BaH11e Buq11cnllT8RbHOli Maml!HU Ha 8TOli 3aAaqe MOEeT OUTb AOCTllrHyTO nyTell nOACOe;ztHHe­

Hlll! K SBM nal!HTII Ha 11arHIITHUX 6apa6aHax. 

Ha1111q11e OAHOro MarHIITHOro 6apa0aHa Ha I6000 37-paapl!AHUX cnoB AOCTaToqHo Mil CB!!311 C 

rpynnol! 113 I2 nonyaBTOMaTOB. Ilpll STOM Ha nonyaBTOMaTaX MoryT OAHOBpeMeHHO 113Mep!!UCH CHl!M­

KII C paaHUX KaMep. 

B OTnllql!e OT omicaHHOll BUme CIICTe11u, pa3BIIBall!ll8llC!! Ha Oaae "MIIHCK-2 11 , CIICTeMa CBH311 

BSCM-3M C BHemHIIMII 00b8KTaMI! np1100peTaeT HOBU8 qepTU, oOycnOBR8HHUe OonbIDIIM 6UCTPOA8llCTBll­

e11 11aml!HU II Ha1111q11e1,1 MarHIITHUX Oapa6aHOB 'aHaq11Te11:r.Holl eMKOCTII. 

3aAaqa C03AaHIIH Ha Oaae· BSCM-3M peHTa6e1IbHOl! CIICTeMU np110opoB, paOOTa!O!llllX HenocpeACT­

BeHHO Ha BUllllC1111TenHyiO MamllHy, pemaeTC_fl nyTe11 BUAeneHllll ynpaBnHIO!ll8ll nporpa11w (YI!), qepea 

KOTOpy10 ocymecTB11!!8TCH ABYXCTOpOHHllll 00M8H IIH(!iopMa1111el! 11ez,ny rpynnol! 11311epl!T6RbHb!X np110o­

poB (BOOO!lle rOBOpll, pas1111qm~x) II nporpaMMar.111 KOHTp011H II oOpaOOTKl1. Ha 1!3M8pl!T6n:r.HUe np110o­

pb! HaKnaAUBa!OTCll ]lllfilb HeKOTOpb!e orpaH11qeHIIH, CBH3aHHb!e O IIX npOll3BOAHTenbHOCTbll, 

K HaCTOH!lleMy Bpe11eH11 noArOTOBneHo 3aAaHll8 Ha YI! 11 COBM6CTHO C IIHE8HepaMII BU (Mffii BU­

pa6oTaHO T3 Ha pacm11peH11e TeXH11qecKIIX B03MOEHOCTell 11am11Hb! BSCM-3M (CIICTeMa npepb!BaHIIH npo-
1 

rpa1111, pa6oTa C ABYMH M03Y, CBH3I, c BHemHIIMII 06beKTaMII). 

B aaAaq11 ynpaBnHIO!lleli nporpa1111u BX0.1UlT: 

I. npl!eM IIH(!iOpMa111111 C HaKonneHlleM ee B M03Y II Ha MB; 

2. oOpaIJ1eH11e K nporpa1111aM KOHTponH 11 06pa6DTKII; 

3. Bb!BOA a11(!iaBl!THO-n11(!ipoBoll IIH(!iop11a111111 Ha n11my!lllle MamllHKII np11 11a11ep11Te11:r.HUX np116opax; 
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. 4. HaKOiln8Hll8 Ha MR IISMepeHHUX coOUTllll C IIX npoMeicyToqHllll HaKonnea11e11 Ha ME; 

5. ;ztHarHOCTIIKa HaHanoB CB!!SII B TOIi CTeneHII, B KOTOpol! 3TO AOnycKa!OT 11or11qecK11e BOS­

MOEHOCTII cxew CBH311 ESCM-3M C BHemHIIMII oObeKTaMII; 

6. ,1UlcneTqep11sanaH pa6oTU BSCM-3M. 

Ilpll pa6oTe C 11a11ep11Te11:r.HUMII np116opaM11 B SBM nocTyna!OT KOAU, OT1111qa1J!llll8CH CBOIIMII ~YHK­

ijllllllll. STo MoryT 6b!Tb. npOCTO KOOPAIIHaTU 11aueptte11ux ToqeK COOUTIIH Ha ~OTOCHIIUKe, 11oryT 

Ob!Tb KOMaHAU onepaTopa, no K0Topu11 ynpaBnHI01!1all nporpa111,1a BunonHHeT pasn11qH11e onepan1111, 

8TIIIIII KOAaUII 11oryT 6UTb, HaKoHen, IIHBapl!al!THUe CTPOKII, He 3aTparllBaewe B npo11ecce o6pa-

60TKII (KOMMBH?ap1111, CHyllte6Hue ueTKII) 11 T,A, 

Uenecoo6paaHO BBeCTII orpaH11qeHHOe KOn11qecTBO cnyxe6Hb!X npllSHaKOB, KOTOpb!MII onepaTop 

onpe~enHeT MH ynpaBnl!lll!1eff nporpawu xapaKTep nepeAaHHoro KOAa (naOo rpynnu KOAOB). B 

ynpaBnHll~en nporpa1,111e xpaHHTCll Ta6n11nu .cOOTBeTCTBIIH (TC) 11elltAY c11yze61IUMII npll3HaKaMII II H0-

11epa1111 CTaHAapTHb!X nporpauu o6pa0oTKII-KOHTp011H. Paax11qHb!e aa~aq11, OTn11qa1011U!8Cl! TllnOM Ka-

1,1epu, 11eT0,1UlKOtt o6pa00TKII II Apyr111111 oco6eHHOCTHMII, l!MellT CBOII Ta6n1111U·cooTBBTCTBIIH. STIii! 

aaAaqau II Ta6nanau COOTBeTCTBIIH rip11cBa~BaeTcH 11or11qecK11ll HOMep. HaMepeHIIH 11106oro co6UTIIH 

Ha no.nyaBTOMaTe llnll Apyrou IISM8p11T8UHOII _np116ope .AORZHU Ha1111Hancii C nOCb!11KII B SBM HOrll­

qecKoro ao11epa·saAaq11 (sKcnep1111eHTa). 

Ha11eH8H1'1e11 Ta6n1111U COOTB8TCTBII!! IIOEHO IlO~KnlJqan K ynpaB1IHllIJ1ell nporpa111,1e' n1160 OTKml­

qaTI, nporpa111,1u· KOHTp011H II o6pa60TKII. B qaoTHOCTII, Ha .nepBUX nopax MOlltHO IIMeT:r. ~·no OAHOl! 

nporpa1111e 06pa6oT_KII Ha KalltAUll 8KCnepHM8HT, SaKHllqaDIJ1ellcH B npeoOpaaoBallllll IIH(!iOpManHII K 

Bll,ZlY, B .KOTOpOM OHa nocTynaeT_ Ha BXOA CYllt8CTBY!O!llllX reo11eTp11qecKIIX nporpaMM 00pa00Tml, B 

AaH:r.HellmeM IIOlltHO 6yA8T OTnalltllBaTb l'I nOAK111JqaT:r. K ynpaB1Iflll1!18l! nporpa1111e 61IOKII, ocymecTBnH»­

!llll8 KOHTPORb OTAen:r.HUX 8TanoB 11a11epeH11l! B nponecce 11auepeHlll! co6b!TIIM Ha no,nyaBTOMaTaX. 

Kpal!ae xenaTem,Ho, qTo6u YI! 11 ee pa6oqee none, npo11eicyToqHue Oy~epHue HaKon11Ten11 11 

0611:r.maH qacu nporpau11 KOHTponH pa60Tb! o~epaTopa (HC-2 C Pil) BlleCTIIRIICI, B O,lll!H Ky6 naMl!TII 

uamnll!l. STOT xy6 naMHTII 6yAeM ycnoBHO Ha8UBaT:r. nepBUM Ky6011. Ecnll YAaCTI>Cll TaK pacnpeAe­

·naT:r. onepaTIIBHY!O naul!Tb, TO CIICTBMY MOlltHO 6yAeT 3KcnnyaTIIPOBaT:r. npll OAHOM 11cnpaBHOM ey6e, 

110Knm11B lia Ta6n11n coo1BeTcTBIIH 61101r11 nporpam1, 11cnoni.sy1011U!e ooa ey6a naMHTII. nnH ynpaBnH­

Dllten nporpallllb! B Kas~on CTpoKe TC co~eplltllTCH IIH~opua1t11R O Houepe cTaH~apTHOll nporpaMMb! II 

11cnon:r.aye11HX Ky6ax naMHTII. 

YnpaB1lll!OlltaH nporpa1111a BUilOHHHeT Tana ~YHKitl111 Al'lcneTqepa. _Bee nporpauw, Bb!n011Hl!eUble 

uamllHOl! np11 pa6oTe Ha CIICTeuy 113M8pl!Ten:r.HUX np116opoB, paa611Ba1JTCR Ha Tpll rpynnu B nopH~Ke 

np11op11TeTa. Hal!Bb!Cfilllll np11op11TeT np11Ha~nelltl!T CTa!l~apTHUM nporpa1,11,1a11, OCY!ll8CTB11H!Olllllll on~~~­

TIIBH!ll! KOHTpom. IlOCTynall!ll8ll B SBM IIH(!iop11an1111 C ~op1111poBaH11e1,1 OTB8TOB ~11H IDIIDY1!111X uamllHOK. 
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8Ta nepBaH rpynna nporpaMM 11cnonDayeT TOnDKO 11acTD nepBoro Ky6a naMHTII 11am11l!bl. Bpe11H pa-

60T!J 3TIIX nporpaMM HeBenl!KO (OT AOnell ceKyH~ AO HeCKOnDKl!X ceKyHA). ,. 
BTopy10 rpynny nporpa1111 6onee HllaKoro np11op11TeTa oocTaBnmoT nporpaMMU 6a6n110TeK11 Yll, 

noTpe6nHJOIIUle cpaBHIITenDHO MHOro Maml!HHOro Bpe11eH11 (AeCHTKII ceKYHA). K HIIM IIOlltHO OTHeCTII, 

Hanp11Mep, reo11eTp111qecK11e nporpaMim 06pa60TK11 B c110TeMe Yll. Pa6oTaJOT BTI! nporpa1111u BO 2-11 

Ky6e naMHTII. 

K Tpeneit rpynne nporpaMM Ha11MeHDmero np11op11TeTa OTHOcHTCH Bee nporpa11w napamrenD­

aoro O'leTa, 11cnonMyJOIIUle OB060AHOe BpeMH Maml!H!J ( 11Allpll 11 Ha Bpe11eHHOll Allarpa1111e pa6oT!J 0110-

TeMu). 8T11 nporpa1111u 11oryT He 111~en HIIKaKoro OTHomeHIIH K o6pa60TKe l!H1pop11a1111111 o nonyaBTo-

11aToB • .l(nH 3Tl!X nporpa1111 xapaKTep1w TO, 'lj:O M8lltAY Hl!MI! I! .Yll HeT 0611eHa l!HipOpMa1111eM. Pa6o­

TaJOT llTII nporpa1111u BO 2-11 Ky6e na11HT11. 

B Ka'lBOTBe TaKl!X napannenDH!JX aaAa'l IIOlltHO IICnORD30BaTD nporpaMM!J o6pa60TKI!, 11onORD­

ayJOUU1e aa BXOAe l!Hl)lop11a111110, aaKonneHay10· paHee Ha llarHIITH!JX neHTax, 6apa6aHax Hnl! nepipo­

KapTax. 

HononDBYH OIICTeMy npepuBaHl!ll nporpa1111, Yil SaAaeT nopMOK npOXOlltAeHIIH nporpa1111 B I-11 

11 2-ii Ky6ax onepaTIIBHoll naMHTll. BBoA B naMHTD 11am11Hu nporpaMM napannenHoro O'l8Ta ooy11teoT­

BRHeToH o6pameHlleM K Yll qepea )I.SY. 

llpl! onepa1111HX 0611eHa c BHemHl!MII aanoMl!HaJOIIUlMII yoTpOMOTBa1111, onepa1111HX BBOAa (IIHOrAa 

BblBOAa) npeJ)blBaHl!e nporpaMMbl HeB03110lltHO AO aaBepmeHIIH 3TIIX onepa1111l!. lloaTOMY ARR HOpMan­

HOil pa60Tu.c11cTe11u He 6eapaan1111Ho, '!TO aa nporpaM11a 3-eM rpynnu BunonHHeToH napannenDHO 

o pa6oToll 0110TeMu. CH11J1teH11e orpaa11qeH11ll Ha nporpaMMll napannenDHoro oqeTa np11 Bll6paHHOll 

OIICTeMe npepuBaHl!H nporpa1111 Ha B8CM-3M OBH3aHO O YB6Rll'leHl!e11 e11KOOTll dyipepHoro aano1111HaJ0-

11tero ycTpOllCTBa npll rpynne ll8Mep11TeRDH!JX np11dopOB. 

.l(RH B!JBOAa.llHipOpMal1l!l! Ha rpynny TaKIIX perl!OTPIIPYJOIIUlX np11dopoB, KaK n11myl!llle 11aml!HKII, 

6un npeAROllteH pen11, OnTl!MaRDHllM o TO'IKI! apeHl!ll lll!HllMYMa Tpe6ye11oll annapaTypu ll 31p1peKTl!B­

HOCTl! l!OnORD30BaHl!ll 8BM. llpl! HB06XOAl!MOCTII OTne'!aTaTD oqepeAHOl! Ol!IIBOR Ha TOI! l!RII l!HOI! 11a­

fill!HK8 nporpa1111a 8BM BhlAaeT no KaHany 11 8BM-06:i,eKT" KOA aanpoca, coAePJ!talltl'lll norl!'leoKllll Ho11ep 

n11my11tell 11aml!HK11. Maml!HKll, nony'l11Bm11e aanpocu OT 8BM, noone oTne'laTKll TeKy11tero 01111Bona no­

AaJOT B 8BM 011rHan npepuBaHIIIH II KOA oTBeTa Ha aanpoo. Ko~ OTBeTa Ha aanpoc ·nocTyna10T B 

8BM no TOMY lite KaHany "06'.!>eKT-8BM", 'ITO II KOA!J c IISMepl!TeRDlillX np116opoB, ll OOAepl!taT H011epa 

n11my11t11x 11aml!HOK •. Ha 3Tll Mallll!HKII nporpa1111a odeone'lll:BaeT BblAa'ly O'IBPMH!JX Ol!IIBOROB. 

3aBepmeHl!e padoTli HaA ynpaBnH1011tell nporpa1111oit ·HaMe'!eHo Ha nepByJO nonoBl!HY I967 roAa. 
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MATEMATWIECKOE O:EtJIY.ll{IIBAHHE KAHA11A CBl!311 

8UBM "MHHCK-211 C 113!.IEPHTEJll>!lliM UEHTPllvl JlH~ 

BU Clll!H H.C.HeipeAD8Ba, B.H.IllllraeB, B.M.HraipapoBa 

OoeHDD I964 roAa B BU OOHH duRI! aaBepmeHbl padOTbl no paapadoTKe KSHana OBH81! uaml!Hli 

11Ml!HOK-2 11 0 1!3Mepl!T8RDHlill qeHTpOII HadopaTOpl!II Hel!TpOHHOll ipll31lKII ll TOrAa lite OAaHa B 8KCnny­

aTSl1llD nepBaH npcrpa1111a np11e11a no Kadei10 8Konepl!ll8HTanDelix AaHH!JX C 11eoroKSHSRDeliX aeaRl!-

8STOPCB JlH~ B onepaT11Bey10 naMHTD "MlleCK-211 • B eaqane I965 rOAS 6una aanHcaea BTOPSll npo­

rpa1111a, a B aaCTOHllt88 BpeMH npodeyD aKcnnyaTa11u10 npoXOAl!T TpeTllll BapllaHT nporpauMli CB!l311 

c JlH~. K aT11u nporpauuau CB!l31l Teceo npl!WKaeT odcnyEllBaDII{8.ll nporpau11a, KOTopall noaBon11eT 

B COOTBBTCTBl!M C 3aAaHeHMll cnyzedHHMIIJ np1!3HSKSIIII npOl!3BOAl!Ta BHdOpKy l!e~opua!lllll C odlltllX 

neeT c eaKonneelleM ee ea paaAenDeux neeTax (nporpau11a 11CdopKa"). 

IlepBue ABB nporpauuu CBllSU aanucaeu muraeBuu B.H., Tp0TDll nporpauMa u nporpauua 

"C6opKa11 - HeipeAD8BOll H.C. ll l!raipapOBOll B •. u. 

HeodXOAl!MOOTD B eOBblX nporpa1111ax CBll81l B03eMKna nocne pacml!peel!H 1pyeK11lloeanDeux BOS• 

MOEeocTell npl!euo-nepeAaDII{el! annapaTypH U3118PllT8RDeoro neeTpa JlH~. Hl!Ee npl!BOARTCll xapaKT8-

pl!CTIIKI! nporpaMM 0Bll311 (BTOpol! l! TpeTDell). 

BTopaa nporpauJ.ta_qBH31l~~ JlH~ 

BliXOA 11amlleli "MIIHCK-211 ea nporpa1111eHII dnoK, uenocpeACTBeeeo ocy11tecTBRH!Oll{lll! onepa111111 

npHe11a-BUAa1111 He~opua~llll no Kaeany CBll31! o HH~, odecne11uBaeTc11 pesl!ucu npepuBae1111 nporpa1111, 

llpll ·eeo6XOA!IMOCTII nepeAaTD 1Ie1popMal1llD ycTpcl!cTBO CB!l31l JlH~ noAaBT B 11M11ecK-211 c11raan 

11BhlaOB". Ecnll K aTOMY Bpe11ee11 nporpa1111oll 6uno BHAaeo paapemeeue ea npepuBaHue (ARll Kaeana 

73 



CBH3H c Jlll~) H B MamaHe OTCYTCTByeT 6JIOKllPOBKa npepHBaHllH, TO npOHCXOAHT npepUBaHHe BHnon­

HHeMol! nporpaMMU. CxeMa aToro npepuBaHHH nornqecKn SKBIIBaJieHTHa cxeMe npepuBaHHH no 

"BHyTp8HHllM 11 np11qnHaM (neqaTJ;, nepqiopa!lHH). CIICTeMa KOMaHA MaWIIHU "MIIHCK-2 11 o6ecneqnaeT 

aanOMIIHa1111e II nDCJI8AYIOlllee BOCCTaHOBJI8HHe COA8Pll!IIMOrO CYMMaTopa H cqeTqllKa aApeca KOMaHA. 

0611eH llH!pOpMaijl!el! MelltAY "MIIHCK-2" II np11eMo-11epeAaIOIIU1M ycTpOl!CTBOM Jlll~ OCYl!t8CTBJIH8TCH 

32-paapHAHliMI! KOAaMII. B MaWl!He BaAel!cTBOBaHu AB8 KOMaHAU MR nplleMa II nepeAaql! OAHOro KO­

Aa no KaHaJiy CBH811. CxeMa CBH8ll noaBOJIH8T, KpOM6 Toro; npll nOMDUlH OTA8JIJ,HOl! KOMaHAU BHAa­

BaTJ; B JIH~ ABa c11rHaJia, KOTopuua nporpauua 11HipOpM11pyeT JIH~ o KaqecTBe npoBeAeHaoro ceaHca 

CBH8ll (cllrHaJili "Xopomo" II "IlJIOXO"). KaHaJI CBH81! "MIIHCK-2 11 - Jlll~ aBTOMaTaqecKII OTKPliBaeTCH 

np11 npepuBaH11H nporpaMMU no cHrHaJiy "BuaoB" 11a Jlll~. 

IlporpaMMa o6ecneqaBaeT np11eM ~HipOpMa!lllll c aHaJil!SaTOPOB Jlll~, KOHTpOJil, npaBIIJIJ,HOCTH 

nepeAaqa-nplleMa H HaKOnJI8HIIH HOpMaJIJ;HO npHHHTliX MaCCIIBOB l!HipOpMaijlla Ha MarHIITHol!·neHTe. 

,ltJIHHa nporpaMMli - I400a KOAOB, 

8TOT BapHaHT nporpaMMH paccqHTaH Ha npHeM l!HipOpMa!ll!H MaCCHBSMII no 200a, 400a, IOODa 

H 2000a 32-paapHAHUX KOAOB, qTo COOTB8TCTBY8T nepeAaqe HHtpOpMa!lHH c 256-, 512-, I024- H 

2048-KaHaJIJ;HliX aHaJIHSaTopoB JIH~. KaJK)ltll! HS npHHHTliX 32-paapHAHHX KOAOB COA8PlKHT ABS 

I6-paapHAHliX CJIOBa C AByx KaHaJIOB aHaJIH3aTopa. B nepBOM CJ!OBe MaccHBa KOAHpyeTcH.AJIHHa ne­

peAaBaeMoro MaCCHBa H COA8Pllt3TCH CJiyllte6Hue npH8HSKll, no KOTOpHM B ASJIJ;Hel!me11 nporpaM»a 
11C6opKa" npol!SBOAllT nOIICK Macc11Ba Ha MarHl!THOl! JI8HTe. IlocJieAHllM KOAOM npHHHMa8TCH HS Jlll~ 

llHKJillqecKaH KOHTPOJIJ;HaH cyMMa nepeAaHHliX I6-paspHAfiHX CJIOB, 

KOMSHAH o6ueaa c BHemHl!M o6J;8KTOM noaBOJIHIOT npllHHMSTJ; JIH6o rrepeAaBaTJ; no KaHaJiy CBH8H 

OAHH KOA. Ilp118M MaccHBa OCYllt8CTBJIHeTCH nporpaMMHHM llHKJIOM, COA8plltal!lBM KOMaH,zzy np11eua. 

HacTpol!Ka lll!KJia npoHaBOAl!TCH nocJie npaeua nepBoro Ko,lla 11accHBa. 

B npo!lecce npaeua MSCCl!Ba IlOAcqHTliBaeTCH I6-pa8PHAHSH KOHTPOJIJ;HSH cyMMa npl!HHMaeirux 

KOAOB. Ha npueu HHipOpMa!ll!l! c 2048-KaHaJIJ;HOrO aHaJinsaTopa H noAcqeT KOHTpOJIJ;HOl! cy1um Tpe-

6yeTCH OKOJIO I,2 ceK. BpeMeHH • 

IlpH HeCOBnaA6Hl!H rrpl!HHTOH KOHTpOJIJ;Hol! CYMMH C KOHTpOJIJ;HOl! CYMMOl! npl!HHToro MSCCl!Ba 

nporpaMMa CBH8H no_chtJiaeT B Jlll~ CllrHaJI "Ilnoxo", BHAaeT Ha 6HCTPOA8l!CTBYIOlllYIO neqau, o6e KOH­

TPOJIJ,Hlie CYMMH ll YXOAIIT Ha 6JIOK Olltl!AaHHH (6ecKOHeqHHl! llHKJI, CHHMaI011tl!l! 6JIOKl!pOBKY npepuBaHl!H 

H AaIOI!Ull! paapemeHHe Ha noBTOpHoe·npepuBaH11e). 

IlpH COBnaAeHllll KOHTponHHX CYMM no KSHaJIY CBH3H nocHJiaeTCH "Xopomo". KaJKAUl! aanuou­

Baeuul! Ha uarHHTHYIO JieHTy (MR) uaccHB CHa6zaeTCH "manKol!", COAepza11tel! HHtpOpMS!lHIO o AJIHH8 

ASHHoro MaCCHBa II MapRep HaqaJia llaCCIIBa, 

• 
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B ayneBylD aoay uarHIITHolt neHT!l aan11cuBaeTcl! naonopT, 0Tpallta1DutHlt npoueoo HaKonneHlll! 

(nacnopT co,1epx11T B ce6e a,1pec cne,1y1D1llelt aanHc11 Ha MJJ, a,1pec 11 ,1n11Hy Ta6nHil!,I xapaKTep11cT11K; 

B HeM.llte OTMeqalDTCl! TB 30Hll MJI, B KOTOp!le npOIISBO)lllnac1 aan1101 npllHl!TOlt IIHWOPMau1111). Ta6n11-

qa xapaKTBPIICTHK co,1eplltl!T KpaTKYID IIHWOpMaUIIID O npl!Hl!TllX 11accHBax. Kallt)laH CTPOKa co,1eplltllT 

cnyllte6H!llt npll3HaK II 8,lpec MJI, no KOTOPOMY aan11caH MaccHB C ,1aHH!lll np11aHaKOM, 

Ilp11 nocne,1y1011lelt o6pa60TKe HaKoimeHHllX aKcnep11MeHTam.a11x ,1aHHllX aan11q11e "manoK" y Kallt­

,1oro 11acc11Ba o6nerqaeT npouecc no110Ka MaCCIIBOB, noaBonRH pa60TaT111 B Tex cnyqanx, Kor,1a 

paaopBaHa MarHIITHaH neaTa, noTepRH!l nacnopT II Ta6n11ua xapaKTepllcTIIK, 

B nporpaMM8 HMeeTCH ,!Ba aaqan1HllX BXO,la, IlepB!llt COOTB6TCTBY8T pelltl!MY npo,1onZ8Hlll! Ha­

Konn8Hlll! 11awopMaU1111 Ha MarHIITHolt neHTe, BTopolt - HaKonneHIIID aaHOBO, B nocne,1He11 cnyqae npo­

rpauua nocne npoBepKII KaqecTBa MJI aaT11paeT npezHIDID 11Hwop11au1110 HynHMII; TeM cawM cT11paa cTa­

pue "manK11" 11acc11BoB, 

Ilporpa1111a 0Baa11 noaBonReT npo11aBecTII cq11T!lBaa11e c MJI nm6oro paaee aan11caHHoro· Macc11Ba 

c B11,1aqelt Ha ,1ecaT11qHy1D neqaT1 Boex n1160 nepBux 34-x KaHanoB 11acc11Ba. 

Ilocne IIBM8H8Hlllt Tpex KOMaH)l nporpaMMa CBH311 MOllteT _6!1T1 BKnlO'leHa B 6116nl!OT8KY 
11;!111cneTqepa 11 , KOTOplllt no CllrHanaM, nocTynaJOIIUlM OT BHemHIIX o6'b8KTOB, lip01'13BO,!IIT CIIBHY pa60-

q11x nporpaMII B onepaTIIBHOlt nalll!TII uaml!Hll "MIIHCK-2 11 • 

B HaCTOlll!l86 Bpelll! npl'lell II o6pa6oTKa IIHWOpMaUl'III 118 JIH~ OCYlll6CTBnl!8TCH K011nneKCOII npo­

rpa1111, COCTOHIIUlM 118 nporpaM!lll ;llBYXCTOpOHHelt CBl!Bl'I, nporpaMM!l c6opKl'I, nporpa1111!1 CBHBII O M-20 

l'I Ha6opa nporpaMM o6pa6oTKII_ Ha M-20. 

B STOit pa6oTe 11!1 no,1po6Ho OCTaHOBIIMCH Ha nporpaMM~ ;llBYXCTOpOHHelt CBHBII, 

IlporpaMMa OCYl!leCTBnl!eT CBl!B1 JIH~ c 11aml!HOlt "MIIHC!'-2 11 B 4-x pelltl!MaX. 

IlepBult pe1IH11 npe,1aaaHaqeH ,1nl! pa6oTll Clea o6paTHolt nepe,1aq11, OH 11oxeT 11cnon1aoBaT1cl! 

np11 He11cnpaBHOCTl!X 11n11 aaHl!TOCTII ~nl! ,1pyr11x uenelt np11H11Ma1D1llelt annapaTypu 

B JIH~. 

BTopoB pelltl!II noBBOnHeT onepaTopy B JIH~ y6e)ll!T1CH B npaBlln1HOCTII nepe,1aq11 no TOH IIHWOP-

11au1111, KOTopal! BOBBpal!laeTCH B.JIH~. 

TpeT11lt pelltHM BKn10qaeT ane11eHT o6pa6oTKl'I, no HapacTalDl!lllM cyMMau KaHanoB, KOTopue nony­

qaDTCl! no npaBany: · 

' S.=~nl< 
'· 1<•1 . 

onepaTop uollteT HaltTII nnoma,11 nm6oro yqacTKa cneKTpa. 

75 



qeTBepTbll! p8lltllM llCnOJibBY8TCH 'AJIH BblfiOJIHBHllH MBMBHHUX aBTOllaTllqecKllX onepa!U!ll 

(nOcTpoeH11e rpatpllKOB, BblBO'A Ha neqaTb, BllayaJibHblll KOHTPOJ!b Ha OCIU!JI­
~ 

norpaipe). 

EcJll! ceaHc CBH31l npomen HOpMaJlbHO, Ha MamllHe "MIIHCK-211 BblBO'AHTCH Ha neqaTb cneny10maH 

11a@op1,1an11H: nacnopT (11aipop11an11H o uecTe pacnonollteHllH nepe'AaHHoll napTllll Ha uarHHTHol!· neaTe), 

06pameH11e, c KOTOPHM 6una nepe'AaHa napTHH 11 nepBue 34 Kaaana c 'A6CHTHqHol! HyuepaI(llel!. Kpoue 
Toro, BCTb BOBMOlltHOCTb BblBO'Aa Ha neqaTb C 'A8CHTHqHoll Hyuepa!Ulell Beel! napTllll. 

Bo Bcex 4-x peltll11ax pa60Tbl nporpa1,11111 npl!MB.HHDTCH nporpallUHble 11epu, KOHTp0JI~PYID!lll!8 Ka­

qecTBO pa60Tbl annapaTypu ll KOHTpOJib coxpaHHOCTl! llH@Oplla!Ull!. IlOMllMO KOHTPOJIH, B nponecce 06-

11eHa IIHipOpMa!Ulll C nOMOIJU,I) KOHTpOJIDHblX cy1111, OnllcaHHOro Bblme, B nporpa1111e npenycuoTpeHa BOa­

MOlltHOCTb KOHTpOJIHpoBaTb coxpaHHOCTb llH@op11an1111 B MOSY l! KOHTPOJ!b np11 aanllcll Ha MarHllTHYIO 

JIBHTY (11amllHHbll! l! nporpa1111Hblll). 

B nporpa1111e npBJIYCUOTpBHbl 7 naBaplll!HblX BblXO'AOB 11 , B03HllKaIO!lll!8 B CBH3l! C H8Y'AOBJI6TBOpl!­

TeJibHOl! pa60TOll Toro l!Jlll llHOro yaJia annapaTypu B JIii~ l!JIII 3BM. 

B JII06011 l!a 3TIIX aBapl!l!HblX p8lltllMOB Ha neqaTb Maml!Hbl "Ml!HCK-2 11 Bbl'AaBTCH llH@opuanllH O 

xapaKTepe c6oH, B JIii~ nepe'AaBTCH Cl!rHaJI "aBOCT I" llJil! "aBOCT 211 B 3aBl!CllllOCTl! OT Tllna c60H. 

OcTaHOB MamllHbl npOIICXO'AIIT Jil!mb·B c~ae, Tpe6y10me11 BuemaTeJlbCTBa.onepaTopa B pa6oTy 

11amllHl:I (Heo6XO'AIIMOCTJ, o6HOBllTb nporpa11uy, Heo6XO'Alll.!OCU c11eHIITJ, uarHHTHylO JI8HTy). TaKol! pe­

lltllM pa60T1:1 nporpauu1:1 0Kaa1:1BaeTcH ·BeCbMa neJiecoo6paaH1:1u, T.K. Onl:IT pa60T1:1 noxaal:IBaeT, qTo 

6onbmaa qacTb c6oeB CBH3aHa c Oml!6Koll onepaTopa B JIii~. 

B HaCTOH!llee Bpeua paapa6aTl:IBaeTCH 6onee o6mHpHaH Cl!CTel.!a nporpaMI.! 'AJIH 'Al!yxCTOPOHHell 

CBHSll, KOTopaa OT Bl:lmeonllcaHHoro 6y'A6T OTJillqaTbCH pacmllpBHl!BII KOJil!qecTBa nporpa1111, npoHaBO­
'AHilll!X o6pa60TKy. 

CJO'Aa cnenyeT 0TH6CTll BH6CBHlle nonpaBOK Ha MBpTBoe BPBl.!H aHaJil!3aTopa, CJIOltBHl!e cnexTpOB, 

Bblql!TaH11e cnBKTPOB, 'ABJIBHlle cneKTPOB (BblqllcJieHlle nponycKaHHH), YMHOllt6HHe cneKTpa Ha qffCJIO 

(HOpMllPOBKa cneKTpa), o6pa60TKa yqacTKa cneKTpa IIBTO'AOI.! Hal!MBHbmllx KBa4paToB. ~ 

OnepaTop ll3 JIii~ l.!OlltBT o6paTl!TbCH K Jil06ol! ll8 8Tl!X nporpaMI.! (K nocJIB'AOBaT8JlbHOCTH npo­

rpa11u) ll npaKTl!qecKH nocne OKOHqaHHH aa11epa nonyql!Tb qllCJIO, xapaKTBpll8Ylllll88.ll81.!8pHe11y10 
BBJll!qllHy. 
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IlPOI'PAM!.IA 11,lll'ICIIETqEP" ,llJIH 3UBM "Ml'IHCK-2 11 • 

. BU CMfll/1 B.H.IIIHraeB 

TeJCHmqecKll8 ycoBepmeHCTBOBaHll'H BffqllCJIHTeJlbHOll uaml!Hl,I "MllHOK-2 11 061>8'Al1HeHHOro llHCTll­

TyTa 06ecneq11BaIOT B H8CTOHll!88 Bp811H_ 'AByxcTOpOHHlllO Ka6eJibHYIO CBH3b IIBltJIY IIMIIHCK-211 11 He­

CKOJ!bKIIMl! BHemHllMII 061>eKTallll (aHaJ111aaTopa1.!11.Jla6opaTOpllH H8llTpOHHol! @ll811KII, rpynnoll nony­

aBTOl.!aTOB Jla6opaTOpllll H'A6PHblX npo6Jie11, 
0

'ABYIIH BffqllCJIIITeJibHbll.!l! 11am11aaull M-20),. 

,!lo. HaCToamero Bpe11ea11. 3TOT o6ueH IIHipopuanzell l.!8lltJIY "IIIIHCK-2 11 . II BHemHIIIIII. o6l>BKTal.!l! 

HOCl!JI xapanep OT'ABJlbHblX KOpOTKllX.ceaHCOB: npl! aeo6XO'AIIMOCTII onepaTop BBO'AHJl·COOTBeTCTBY­

IOll!YIO nporpawy B onepaTHBHYIO nallHTb uaml!Hl:I qepea.qHT8lO!llee ycTpollcTBO, 11.nocJie H6KOTOpblX 

onepa!Ulll HacTpOl!Kll nporpaMMbl 11am11Ha "MIIHCK-211 OKa3HBaJiaCb roTOBOll K pa6oTe. C BH8mHHU 

06!>8KTOI.!. 

C yqameHIIBII ceaHCOB CBHBH II B oco6eHHOC1l! nocJie nO'ACOB'Ai!H8HIIH rpynnu l!3M8pHT8JlbHblX 

nonyaBTOIISTOB K O'AHOIIY 1!3 BHBmHllX KaHBJIOB CBH311 "MllHCK-2 11 OOHBHJiaCb Heo6XO'AllMOCTb.B peliU'!-

11e, odecneq11Ba10me11 aBTOllaT11qecKYIO CIIBHY nporpa1111 CBHSII. 3TH @YHK[lHII BblnOJIHH8T T~nepb npo­

rpa1111a 11]t11cnenep",. nocTOHHHO H8XO'AHl!\BHCH B onepaTHBHOll na11HTH "MllHCK-211 • B03110lltHOCTII 

nporpal.!Mbl ".llHcneTqep" BO IIHOrOI.! 6blJIII onpe'A8JI8Hbl JIOrllKOll 38mHTbl naMHTH, paspa6oTaHHOll COB-

11eCTHO c R1:1ceHKO 3.B. 

11~11KCl!pOBaHHl:le .mel!K1!11 CBHBH, 1!3 KOTOpblX Bbl611paeTCH nepBaH K0118H'Aa B IIOM8HT npepaBa-
. . 

HHH, H ca11a nporpawa 11,ll11cnenep" pacnonozeau B Koane BToporo xy6a naMHTll, Haql!aaa c 

m. I6000, Cxeua sall{llTbl nallHTH 6JIOKllpyeT san11cb H cqllTblB8HH8 3TOll qacTH MOSY pa6oq111111 

nporpa1111a111l. ECJill KaKaH-lIH6o nporpawa oe5paTllTCH K 3TOll qacTH BTOporo MOSY, 11,ll11eneTqep" 

aaip11ac11pyeT HapymeH11e ycJIOBllll HOPMSJlbHOll pa60Tl:I no 3Tott nporpa1111e, H cqeT no Hell 6y'A8T 

npeKpall\eH. 
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"J!llcneTqep" llcnon1,ayeT O'AHY MarHllTHYIO neHTY (HyneBaH neHTOnpOTHlltKa). Pa6oqlle nporpaM­

Mbl MoryT TOnl>KO cqllTblBaTI, c STOii neHTbl, TaK KaK aanllCl, Ha nee aa6nOKllpoBaHa cxeMoll 3alJlllTbl 

naMHTll. 

Ha nyn1>Te 88'AellcTBOBaHbl 'AOnOnHIITen1>HO 5 KnlO'lell, ynpaBnHIDll(llX pelltllMOM pa60Tbl nporpaMMbl 

"J!HcneTqep". 

J!aHHblll BapllaHT "J!11cneTqepa 11 pacCM8Tp11BaeT BCIO HeoxpaHHeMyIO qacn onepaTllBHOll naMHTII 

K8K O'AHY nporpaMMy. J!pyrllMII cnoBaMII, B onepaTIIBHOll naMl!TII M8fil11Hli MoryT 6b1Tl, nll60 nporpaM­

Ma CBH8ll C K8KllM-nll60 O'AHIIM BH6WHIIM 06:oeKTOM, n1160 nporpaMMa M8T6M8TIIK8 (T8K B 'Aan1,nellmeM 

6y'AeM H88blB8T1> nporpaMMY,. He l!BnllJODzylOCH nporpaMMOII' CB!l81!). Ilpl! CMeHe nporpaMM "J111cneTqep 11 

aanl!CblBaeT Ha MarHllTHYIO neHTy CO'A6plltm.,oe Beel! ne·oxpaHl!6MOII '18CTII onepaTIIBHOll naMl!TI!. Ilpll 

C'IIITblli8HIIII nporpaMM c MarHIITHOll neHTbl HeoxpaHl!eMal! 'laCTI, onepaTIIJlHOll_ riaMHTII o6HoBn:,eTcll 

nonHocn11. 

Ilopll'AOK pa60Tbl c BHemHHMII o6:oeKT8MII 3a'A8eTCll·IlPOrpaMMHblM np11op11TeTOM, np11n11caHHblM 

3TIIM o6:oeKT8M. B CIICTe11e 'A8HHOro "J!11cneTqepa11 nporpaMMa MaTeMaTIIK8 11MeeT.H8IIMeH1,m11ll np11-

op11TeT. 

IlporpaMMa_ ()]3!1811 c TeM l!Jlll l!Hblll 06:0eKTOM MollteT pa60T8TI, TO~I,KO co 11 CBOIIM 11 o6MKTO!l, 

T.e. ·en 'AOCTynea TOnl>KO O'AIIH llHemHHII K8Han CB!l311. Ecnll no K8KOll-n1160 npll'lllHe B npouecce 

pa60Tbl nporpaMMbl CBH8ll npo11aoll'AeT npepb!BaH11e no c11rnany OT 11'1ylltoro" 06:oexTa, "J!11cneTqep" 

11cnpaBnHeT CIITY8UllIO, cHIIMaH paapemen11e npepb1Ban1111 An11 "qyzoro"- 06:oexTa. 

J!o BblnOnHeHl!H cneu11an1>Hol! KOM8H'Abl YXO'Aa B "J!11cneTt1ep 11 nporpaMMa CBll811 Y'Ae!)llCl!B88TCll B 

M03Y ''A8llte npll Hanll'IIIII. ci11rnanoB Bb130B8 C 06:oeHTOB 6on1,mero np11op11TeTa. 9TOT _lite YXO'A B 

"J!11cneTt1ep11 MOllteT 6blTI, IICIIOnI,30B8H nporpaMMOl! CBll3ll, KOr'Aa nocne'AHllll OllCll'AaBT c11raana Bbl80-

Ba co 11 0Boero11 ·06:oeKTa. 

J!n11 K00p'AIIHIIPOB8Hllll onepaullll o6MeHa "J!11cneT'lep11 llCilOlII,3YeT 'ABOe nporpaMMHb!X '18COB. 

B npouecce caoell pa60Tbl "J!11cneTt1ep11 ocymecTBniJeT ca1.10KoHTpon1, ·np116n11a11Tenno K8JK'Ab1B 

3 MIIHYTbl. 

Kn!O'lll "J!11cneTqepa11 MoryT 6un 11cnon1,aoaanu An!!: 

I. l,PIIKC8UIIII pa60TaIOmell nporpaMMbl CBH3II B onepaTllllHOll naMl!Tll "MIIHCK-2 11
; 

2. cpoqnoro ocao60JK'AeH1111· M03Y OT acex nporpauu; 

3. Bbl80B8 c MJJ B M03Y nro6oll nporpaMMbl CBll31111n11 npepBaHHOII nporpaMMbl MaTeMaTIIKa; 

4. 88'AaHl!H pelltHMa, npll KOTOPOM "MIIHC!f-2 11 pa6oTaeT TOnl>KO no nporpaMMaM CBH3II M8WIIHl:I 

c BHemHIIMll o6:oeKT8MH. 
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Ilp11 no11nneH1111 ;zie\l)eKTOB Ha 11arHl1THoil JieHTe "Jl11cneT'lep" npo11sno;lll1T nepeaaJU!cI> :acex 

nporpaMM Ha HOBYIO JieHTY '!epes Bcno11oraT8JII>Hyll, KOTopa11 CT8Bl1TCll B !3TOl,I CJiyqae Ha nepByIO 

JieHTonpOTl!ZKY (BTO BU8BaHO nnoxoil B8allM0'88MeH11e11ocTI>ll 11cnOJII>8ye11ux 11arHIIT09)0HOB). 

11.zt11cneT'lep11 BM;ziaeT aa neqan cooTBeTCTBYIOllcy'IO 1mljiop11au111:i np11 ncex nepesarpysKax na1111-

T11, a TaK%e np11 HeKoTopux ;zipyrl!X onepau1111x. 

YcJIOB11ll pa60TU 11aTe11aTl1Ka sa nyJII>TOM "MIIHCK-2" B CIICTeMe ;ziaHHoro ")l11cneT<iepa" 11aJIO 

qe11 OTJ!l!'la!OTCll OT o6U'lHUX. 
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IT P O r P A M M U 

.I!J!H TPAHCITOPTu!POBKII 3APH](EHHLIX IJACTHU IJEPE3 
3J!EKTPOIAAI'Hl!THYI0 ITOBOPOTH0-4JO!{YCl1PYlO!llYD CHCTEMY 

·" 

BU - JIBS (l!Jffi! EallteHOBa H.M., ·~e:z1op0Ba P.H., l!111pOKOBa A.J.l.. 

3apl!llteHH8ll '18CTllrta, pacc11aTpl!Bae11a11 B rop11aoHT8JIJ,HOi! l!JIOCKOCT!I (.:ir:.> ~ ) ( !i! - H8ll-

paBJieHllJ6 ;llllllllt6Hl!H '18CT!IQ!i), xapaKT6pl'l3Y6TCll IIPIIJ aHa'leHIIJIIJ op;llllJHaT!l ii!.• i!c.,_ BeKT~POM 

,.J ~ r:z1e ~ - --
i; (x(z.J) . (d:x) 31:) 

x'(2..J , - dz z•:..,.· 

COOTB6TCTB6HHO, llV'!OK aapH.iteHHUX '18CTIIJQ I!pl'I !I:.~ ;t~ Ol!llCUBaeTCH Ha6opou T8KllX BeKTOpOB 

w (:X:;) Ji = .JC[ . 

BeJIIIJ'lllHU .:r.- IIJ ;x: llBJ!l!IOTCll cJiy'lallHbIMIIJ • .IlOIIYCTIIJIJ, 'lTO OHi! l!O;ll'lllJHl!IOTCll HOpMaJIJ,HOMY aaKOHY 

pacnpe,21eJieH1111, T.e. 

., [~ ~· -f {a_,.:x;~: 1 LJ -~(f-'l' ~L - .2-t ~.:,C. :;,e,'-,i_' -f- (.:Jc'-.:i_')1 
a,..- L "" :it. 6"..,._, t:T".1 

-<:. ... 6'.,.~• ✓-r- 't... .,.,, 

".!l, ... €,. T. o. Bee qiaaoBue TO'lKIIJ '18CTIIJI.t p8CIIOJ!OllteHbl BHYTPll 3J!Jllll!Ca ~.("-'C -,. .t..:z:.ic. + !5..>c = ... 

OIIl'lcJBaro·~ero nyqoK B 1.teJioM.Ilporpa11ua K! 899 noJiy'laeT napaueTpu llJIJI11JI1ca pacnpe,21eiieH11J11 ,21Byx 

CJIY'1ailm1x · BeJlll'lllH .:r.- · JI Jr/ . TpaHCIIOPTl'IPOBKa lly'llf8 aapllllteHHblX '18CTIIJI.t CBO,llllJTCll K H8XOll[­

,216HIIJIO B81iTOpa iJ IIJ KOSi.P\l)llUIIJ6HTOB ipaaOBOro 3JIJIIIJ!IC8 0,,,:,1/~ B Jlll6oll TO'!Ke .,!cf;!.,_ 

C !IOMOU(I,IO Ol!ePaTopa Tp8HC!IOpTl'lpOB!illJ H. B K8'16CTBe onepaTopa H IIOlltHO pacc11aTpl'IB8TI,, B 

----- ---============ 
K) PaccMaTpl'IB86TCl! TOJII,KQ ropl'l30HTaJII,HOe ,l1Bl!~eu11Je, T.K. ,llJ!ll B6PTIIJK8JII,HOro Bee paccyE,21e­

Hl'll! 8H8JIOrllJ'IHbl. 
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caMOII 06me11 cnyqae, YP8BH6Hlle ,llBlll!teHllll '18CT!IQ!i B 3/16KTPOM8rHl!THOII l!OJie. B 'l8CTH0CTll, 

ecJIII CllCTella TpaHcnopTllPOBKll COCTOllT !13 KB8.llPYl!OJiell,cBn60,21HblX npo6eroB, l!OBopoTHblX uar­

HllTOB II T.,21. (T.e. ll3 3Jl6lleHTOB, ,21onyCK8DllIHX C ,llOCTaTO'IHO xopOIIIl!U I!pll6Jillllt6HlleM paccuoTpe, 

Hll8 JlllHeapH30B8HHOro ypaBH8Hllll ,llBl!XeHl!ll), TO onepaTop H. 6CT!, M8Tpllrta BTOporo l!OPfl.llK8 

A= (a ... a.,..,) 
a..,, a.t.z, 

.... 

Hallpl!llep, ! C-s ,,_e . -;;: ~,. 1r-l) 
/'(_,._ ,, \-k S,;,.1<,l ·Cos Ki? 

_ (ct. d ~ sltd) 
!\, -

IC S.kM,, cl,_,d'_, 

(~ 
~0= ¾ 

a-,~) i {.i:J : 
a.A./ 

- 118TPlll:t8 ipOKyc11pyromell JlllHBU, 

- M8TPllll8 ,21eipoxycllpyromell Jll!H3li 

( K - Cll/18 Jlll.H3li, t - ,21Jll!H8 Jll!H3li) IIJ·.T.,21. ( 1] CS-]. . . 
CyuuapHoe ,21ellcTBl16 Bcell IlOBOpOTHO-ipOKYCllpyromell CIIJCT611li Ha '18CTIII.tY 6y,21eT BUP8llt6HO 

a/ CAu A,2.) . 
11aTp111.tell .,, = A ·. A , KOTopaH IIOJIY'leHa nocne,210BaTeJ11,Hw,1 11epe1,1Hoxett11eu uaTpllI.t ane11e11-~, ~~ . 

TOB CIICT6MU. Bee BeJil!'li!HU, xapaKTepl!BJIOII(lle CBOllCTBa CIICTeuu, MOlll!O BUP83IITI, qepea ane11e11-

TU uaTpl!Q!i JI . 

Hanpl!uep, llOllHO 011pe,21eJIJ1TI, lpOKYCHOe paccTOHHl!e ,llJIH BceU CIICTeMU 
f 

f = - A.u 1 

Jil!HellHoe JB6Jill'leHHe . A11 , yrJioBoe yBeJIJ1'1eHJ1e A:.1, , cooTHO!lleHHe 11e:11,21Y o6'!>eKTOM II Hao6-

paxeHHe11, l!OJ!Oll6Hll6 rJiaBHUX l!J!OCKOcTell. 

Ko!J\Ml!I.tlleHTU 3JIJIIIIIC8 '}t,J..,f' B JII06oU 38JI8HHOll TO'IK8 Cl!CT6MU Blipal!CaIOTCll qepea KOlllp-

ipllI.tlleHTU 3J!Jll!IlCa Ha BX0,216 C IlOMOl!l»IO 3/leMel!TOB M8TPIIJl.tli .N_ 

(r') ( A~ - ~A4 A.u A~ )( r.) 
,;. == -A~.t..l, A,,~+A~,A~.., -A,:A.,,, d.. 

fb A,~ -2A,1Au, Att fb. , 

E, - 3Ml!TTAHC, 

ol - JK83UB86T Ha TO, CXO,llllTCll ny'lOK ( ,,l..(. 0) l!JIIIJ pacxo,lll'ITCl! (al.> O ). • 

:X.,. 4 ~ = ✓ E. f - l!OJ!Jmllpl!H8 SJI1Illl!C8, 

:ic',,.,cut=~EO - nonypaCXO,llllllOCTI, SJIJ!ll1IC8. (f>J. 
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KOJIJ!llMaTOp ~- .:!:. J, npOTHllt8HHOCTI>ll 1, npll 2- 7..,, 06pe3aeT ny'IOK aatJHllteHHblX 'lac-

Tllil. B JIDC!Ol! TO'IKe iZ.• ..!- !IOCJI8 KOJIJlllllaTopa nyqoK C!J,ll8T O!lllCblBaTI>Cll SJIJ!ll!ICOJ.1 .. ll .llBYIIH 

napa1111 np~MUX, KOTOpble COOTBeTCTBYlOT .::.:. = ,t: d.. 

11aTopa: 

Ha BXOllA ll .:>< • : ol Ha BblXO,lle ll3 KOJIJII!-

(i) ~ A1 (:) , (i)- 8 ,J(-:) 
Ai - 11aTp11aa oTpeaKa cHcTAMbl oT ::z = 2., . .llO l:.: l.,_ 

B'i - 11aTp11aa oTpeaKa 0H0Te11u OT l.: z,. .. f' ,llo 2 • z. .... 

CenapaqllH MOHOllMilYJII>CHOro rryt1Ka no Macca11 (CKOpOCTHM) 110llt8T C!blTI, orrllcaHa B8KTOpOM cena­

pa}'.lllll s B c_paBOBOl! IlJIOCKOCTll ( ;J , ~ , 

? ~ (6. y) ~ (·a.2. "-) 
/};J J, a.i 

~ - .llJillHa cenapaTopa, 

a, - IlOCTOHHHaH cerrapalll!ll 

a., = 
E 

pc. 
f...i.~f'w 

f .. f~ 
E - HarrpRllteHHOCTI, SJieKTpll'lecKoro no~~. 

P - llMJIYJII>C 'laCTllU, 

p .. = ~ - OTHOCllTeJII>HaH CKOpOCTI, HeHylltHblX 'laCTllU, 

v--..,.. 
f'"' = c - OTHOCllTeJII>HaH CKOPOCTI, HYlltHblX 'laCTllil. CM. [ 2] • 

I. nporpa1111a II! 900 paC!oTaeT B ,llByx pelltm1ax. no rrePBoMy pellt1111y rrpoll3BOJlllTcH c'leT cy11-

MapHol! lJaTPllUbl Beel! CllCTeMU. Jlm1 BblllOJIHeHllfl C'l8Ta HYlltHO aa,llaTI> .llH<_pop11a[lP11l O CllCTe11e, T.e. 

llH<_pOpMa[lllll O Kallt,llO!J SJie11eHte B rropH,llKe ax· CJI8,llOBaHllfl CJieBa HarrpaBO. BHat1aiie CTaBllTCfl Iltlil3-

HaK, orrpe,llAJIHJOllllll! TPIIl SJieMeHTa (CBOClO,llHbll! rrpoC!er, IlOBOPOTHafl Mp.rHllTHaH JlllH3a ll T.,ll.), 

3aTeM xapaKTApPICTllKil 3JI8M8HTa B TOI! IlOCJ18,llOBaTeJII,HQCTll, Kai( OHll yKaaaHbl B TaC!Jlllqe. 
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3JieMeHTbl \POKYCPIPYlllltell CllCT811bl npll3H8K xapaKTepllCTPIKll 

CBOClO,llHblll npoC!er I s 011 
••---••>•M, -- L-----·-. 

\POKYCllpYIOlltafl JlilH3a 2 .(. CM Kou.-• 
-----~ ......... ·-. 

,ll8\POKYCllpyllll(8fl JillH3a 3 ,£ CM Kcu-1 

IlOBOpOTHaH uarHllTHaH JlllH3a 4 cl pall 
n, /3, f>J,. J° 

pa,ll pa,ll' CII 

IlOBOPOTHaH SJl8KTpOCTaTll'l8CKaH JlllH3a 5 ol pall n. J,, f,1; f' 
pall pall CM 

B KOHUe llHljJOpMall)!ll HYlltHO rrocTaBilTI, HYJII>. STO rrpll3HaK KOHUa paC!OTbl nepBoro pelltllMa ll 

nuxo.ll 11a nporpa11w. np1111epaaa aarr11c1, llH<_popMau011: I,SA,.z, e,, K,, t,S..,.,.3, ~, "'~; f .s~J . ··; o. 

IIIHIDOPMaUllll COCTaBJilleTCll TOJII,1(0 ,llJ!ll ropll80HTaJlll, ,llJill BepTilKaJill c'leT B nporpaMMe B8,ll8TCll 

aBTOIJ.aTll'l8CKll. 

no BTOPOMY peltllMY \POPMllpyeTCH uaTpllUa npeoC!pa80BaHl'!H OT 3JI8M8HTa K 3JI8!.!8HTY B,llOJII, . . , 
TpaeKTOpllPI ,llBilllt8HllH. KPOMe Toro, B yKa8aHl!blX TO'lKax CllCTeMbl no aa,llaHHOMY lj)a30BO!JY SJIJIPl!l-

cy Ha BXO,lle ll cyuuapaol! MaTpllne B STOil TO'lK8 Bl:l,lla8TCfl SJ!Jlll!IC. IIIHcJiOpMaUllll O CllCTeMe ,llJIR 

BToporo pelltllua TaKall lite, I!aK il B rrepBoM pe:.tllMe, aa llCKJID'leHllBM: np11aHaK "011 oaHat1aeT rre­

'laTI> MaTpllUbl ll SJIJ!llllCa B yKa3aHHOM uecTe, 8 npll3HaK 11611 03H8'laeT KOHeu paeiOTbl BTOporo 

pelltllMa ll BblXO,ll ll3 nporpaMMbl. 

np11MepHal1 3a!lllCI, llH<_pOpMaUllil O CllcTeue: 

1,S,,o, .fl,l~, K,,t.,SJJ.,.3, f,.,l(,~,o,J. ,S3 ✓ •••• ,O,€;. 

CocT8BJIHeTcll eme ilH<_pOpMalll!ll OD SJIJlllllCe Ha BXO,lle B CPICT8JIY ,llnll ropllSOHTaJill l1 BepTllKaJlll. 

Koac_plj)llqlleHTbl 3J!Jlllnca aanllCblBallTCH B Cll8JlYllmel! nocJle,lloBaTeJII>HOCTil: 

c.,, , if'.,c, ol.,. , f « _, c 3 , ~ , ota . J\1 · 
2. nporpa1.1Ma ~ 933, 8H8JIOrll'IHaH fl! 900, HO c yqeTOM paaC!poca llMilYJII>Ca qacTllil-

MaTpllqHoe npe,llCTaBJIBHlle pemeHllH ypaBH8HllR ,llBll;,eHllH B JlllHel!HOM npllC!JillllteHllll C yqeTOM 

pasC!poca llL!JIYJII>Ca 'laCTllU 6y,lleT llMeTI> Bll,ll: 

(=')- (A1, A1.t- A
13)(:::r

0

) - A,l.l A.u A:i,3 Xo 
~ • .A ) 

f O O 1 : 

/1,)= (811 13,-v)/YD). 
\) \ /3.t, /3u lf O , 
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!lP. "OTHOCHTen»Hlll1 HMnynic. 
p 
, ccxpaHH8T0ff B'AOn» TpaeKTOPHH nyqKa B CHny CTaUHOHapHOCTH aneKTpOMarHHTHOro nona. 

MarpHqHue aneMeHTll Ar3• A23 npeAcTaBnl!DT AHcnepcHOHHUe CBOl1CTBa noBOpOTH0-4lOKYCHPYDme11· 

CHCT6W. CneAyeT OTM6THT», qTo BnHHHHe paa6poca HMnynica 6yAeT cKaauBaT»CH TOn»KO B noB0" 

pOTHllX JIHHSax H TOn»KO B ropH80HTan»HOl1 nnocKOCTH. ~nff nOBOpOTHOl1 MarHHTHOl1 nHH3ll: 

Cl
13 

=_p i -COS-i. YJ-n 
t-n ., 

Cl -= 
2?, 

sin, d. ,/;;;:;. + 1. - eoscL -{i;;_ t 
\/1-n 1-n -J Y,,e, 

3; Ilporpauua pacqeTa cHcTeMu, coAepzamel1 AononHHTeniao KonJIHMaTopu H cenapaTopu, 

pa6otaeT Ha OCHOBe BTOporo pezHMa nporpaMMll ~ 933. KonJIHMaTop B HH~OpMaUHD BBOAHTCH c 

npeaaasoM 11711 11 xapaKTep11cT11Kol1 d . CenapaTop - c npllsHaKoM "8" 11 xapaKTepllCTHKaMH 

a,~ • B peayn»TaTe pa60Tll nporpaMMll BllBOAHTCff Ha neqari B nD6ol1 3aAaHHOl1 roqxe CHO-

Tew H B M8CT8 HaXOEA8HHH Konn11uaropa H cenapaTopa cn8AYD~e xapaKT8pllCTIIKH CIICT8W II 

nyqKa: 

I)_cy1111apHaH uaTp11ua; 

2) annanc; 

3) npawe, nonyqeaaue OT KonnHMaTopa; 

4) BeaTop cenapamm. 

4. PaoqeT 11JOHH0"0llTllqecKIIX CHCT8M Ha O!ITIIMIISaUIID (noA6op napaueTpOB CIICT8Mll no H8KO­

TOpllM ~HsHqecKHM ycnOBHHM) MaTeMaTHqecKH CBOAIITOH K pemeHHD CHCT8M HenHH811HllX ypaBH8HHl1 

npH 3HAaHH9X saqan»HUX npH6nHE8HHHX. 3aAaqa pemaeTCH c nouom»D HMeDmel1cH B 6H6nHOT8Ke 

JIBTA OOffif nporpaMMll ~ I23, a TaKJEe nporpaMM ~ 900 H ~ 933. YcnOBHH Ha onTHMll3aUHD BBO'AHT­

Cff KaK H8CTaH'AapTHUl1 onepaTop. Ilporpauua AOnycxaeT pemeHHe np11 q11cne napaueTpOB 6onimeu, 

qey qucno·ycnoBlll1. CneAYeT aaueTHT» qTo, KOr'Aa BBO'AHTCH ycnOBHH Ha aneueHTll ~aaoBoro 

ann11nca, qacTO Tpe6yeTcH 'AOllOHHIIT8H»Hoe YTOqH8HH8 Haqan»HllX npH6nHZ8Hlll1 c IlOMOUU,D pemeHIIH 

Sa'Aaqa Ha onTHMHSaUHD, rAe COOTB8TCTBYD~He ycnoBHH IlOCTaBR8Hll Ha aneueHTll uaTpHU9. 

5. B KaqecTBe npHMepa npllB8'A8M pacqeT nOBOPOTH0"~0KYCHpynmeii CHCT8W Ana·yqaCTKa 

BBO'Aa nyqKa HS HOBoro nHH811Horo YCKOPIITenH B CHHxpowaaoTpOH Oliffif. 
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cxeua yqacTKa: 

Hyuo 6uno paccqHTaT» cacTeuy TaKHM o6paaou, qTo6u npH noBopoTe napannenittoro nyq~ 

Ka Ha 52°, OH OCTaHCH napannen»HW H axpoMaTaqecKHM H nepe'AaBancH c nHHeiiHUM H yrnoBUM 

yBenaqeHHeu, paBHhlM (-I). T.e. MaTpHUU npeo6pa30BHHHH CHCT8Mbl 'AOREHU HM8T» BH'A: 

M.-x 
_ (-1 A., o) 
- 0 - 1 0 

0 O f 

. c-1 (}) , ,_"1'J = Q -f 

T .K. CHCTeua CHMM8TpHqHa OTHOCl!Ten»HO TOqKH C, TO Y'A06Hee onep11p0Ba·u C nepBoii nonoBHHOii 

CHCT8MU A.C. Ecnl! uaTpHIUI nonOBl!Hll Cl!CT8MU: 

(

A,, A,. A,) 
M :,c =: A 1, . Au A.,3 

0 0 1 

MaTpllUU nonHol1 Cl!CT.ell!l 6JAYT l!M8U ,BHA: 

M:ic-= 
(

,2 A1,A~.:- -J. 

~A,, A ... , 
. . 

0 

flA1.:. A.u, 

,,Z 4,,4...,-1 

0 

> My= ( 
811 B,L) 
B.., B.u· TO 

~4/Z. A..iJ) . -(28,,B.u.-l 
;ll..J1,A.t,-1 My- (} 

' ,<, 1311 8,., 
1 . 

TorAa Tpe6oBaHHH, HanoE8HHUe Ha CRCTeMy,aanHmYTCH B BH'Ae: 

A11" A~3-= ~11" 13:u = O_J 
Maxcauan»Hoe qHcno napaMeTpoB IO: 

n,, f'•,f1, f, s,, K 1 , Si., K1, S,1, "G·. 

. 2B,.t.8, 

JS114,j 

Cn8AY8T CKa3aT», qTo nporpauua C uanuua aaTpaTaMII BpeueHR (OKOnO 2 MHH, ARH D'AHOro. 

BapHHHTa, npH 3TOM BllilORHHnDC» OKORO 20 HTepauatt) Buqacnnna onTRMan»Hlltt BapHaHT, Euna 
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paccq11TaHO ceMb CIICTe11, OTJillqaHJ!llHXCH KOH~11rypaIU1en IlOBOpOTHblX 11arHIITOB (11arHIITb1 C Kpae­

BOli ~OKYCIIPOBKOli, 11arHIITb1 C rpa,lU!eHTOM 11arHIITHOro IlOJIH 11·,11pyr11e). 
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4. 'J-.w GaJzd,..<!Jt., '};). w/4..,-{~s.;de-, "'K~" Gj?µfl..-...t.j-o"L ;fl..-~ [~i 
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IlT3, f/, 6, 1964, cTp. 3-23 •. 
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YIDIBEPCAJII,HAH IIPOI'PAMl.!A it.ill! OIITllM~3AUIDl MAI'!lllT!illX 
CHCTEI.I Jl}IH IlY'IKOB IIAcrnu wcm~ 3HEPrntt 

HT:» B.B.Mlll!Jiep 

Ilpll Il0CT8!!0BK8 OilblTOB C 'l8CTH!l8MII ~blCOKHX S!!epr11tt npllXO,i'U!TCH y,11eJIHTb (}QJibmoe B!!IIMaHlle 

003,llaHIID nyqKQB _qacTllll npH IlOMOIIll'l CJIOlltHblX Mal'iIITrHO-OIITl'l'leCKl'!X C~CTeM I'! cerrapaTOpOB • 

Bu6op OilTll'leCKOli cxeuu KaHaJia qacTO Tpe6yeT O'leHb 60Jibmott Bbl'lllCJIIITeJibHOtt pa6oTb1. Bo 

MHOrHX Jia6opaTOPIIHX 6b1JIII ·coa,11aHb1 6onee l!JIH 11eHee CJIOlltHb18 nporpawm ,llJIH npOB8,ll8HHH 3Tl!X pac­

qeTOB Ha 3BUM. 

IlporpaM!la "(l)oKyc11 , .• Oill'lCb1Bae11aH B 3TOtt pa6oTe,-B-OCHOBHOll,C03,llaHlr-BO-BpeM!i..pa6oTI»-aBTo. 
. . . 

pa B CM~. 

Ilporpawa 6uJia nepe,11eJiaHa 11 ,11onoJIHBHa B HT:». Ilporpa11Ma Han11caHa B 11aw11HH011 Ko,11e. 0Ha 

rO,llllTCH KaK ,llJIH CTaH,llapTHOtt M-20, TaK II M-20 C 6116JIIIOT8KOtt E-6! (npll aa11eHC 06pameH11li K 

neqaTH). 

HHlle nepeql!CJIHDTCH xapaKT8pHb18 oco6eHHO.CTII nporpaMMbl "(l)OKYC 11 • 

I. Bbl'lllCJIBlll'IH OCHOBblBaDTCH Ha Jil!HettHOM ypaBHBHl!II ,llBl!lltBHl!H qacTl!ll (napaKCIISJibHOB ,llBl!llte­

H118), onepaTOpbl 3JI8118HTOB 11arHIITHOtt CIICT811b1 T8Kllt8 JIIIHeap113llpOBaHb1. 3TO npllBO,llllT K H83aBIICII­

MOCTII BepTIIKaJII>HOro l'l ropl'l30HT8JlbHOro ,l1Bllllt8Hlltt qacTllll!l.· iK) 

M) CJie,11yeT,O,llH8KO, OTMeTl!Tb, qTo ,llJIH npaBIIJibHO CKOHCTPYllPOBaHHOtt KBa,llpynoJibHOtt Jll'lH3b1 
8,llllHCTBBHHb1e nonpaBO'lHble qJieHbl B;oporo nopH,llKa 11aJIOCTll 1!~8DT Bll,ll x· t::.P/p. ll 

x~ A f /po I r,11e X o J x. - HaqaJibHOe OTKJIOH8Hl!e • 11 yroJI C OCbD, a AP - 113Me-
H8Hl!e H11nyJibca qacTllll!l. TpaeKTop1111 qacTHll c l!MnyJIMOII )=> = P• -t- A f' B nporpa11Me paccql!ThJ 
BaDTCH no TO'lHblll ~op11yJia11, Il03TOIIY IIOlltHO C'll'lTaTb, qTo ,llJIH KBa,llpynOJibHblX JIIIH3, He 1111e10-
IIUIX TP8Tbett rapMOHllKI!, peayJibT8Tb1 cnpaB8,llJIIIBb1 C TO'lHOCTbD ,110 Tp8Tbero nopH,llKa MaJIOCTll. 
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2; B-nporpauue npuveaea aeo~OJihKO Bll.zto11aueHeH11Ntt vaTpHqHbltt onooo6 Blil'l11oneautt. Bue~To 

Toro, qTo6u pacc•rnTuBau MaTpu1t1,1 nepex,o.zta ;zmll HOH!la Hallt.ztoro aneueH~a, ei:11 uaTpll:m,t Jllil'IIIO­

JlllllTCll B uecTax "reoueTpllqecK11x11 nao6pazeiilltt Toqe•rnott wmeHa. KaH 1!3B8CTHO, nepexo.zt OT 

IICTOqHl!Ka K ll806pallt8Hllll Onl!CllBaeTCll CJIB,llyl)JJtl!l,I, MaTpi!qHuu paBeHCTB
0

01,( 

I X 1-1 m O 1 · I )(o I 1 ~1 ()p 
X' - ·'a 'Im .• r; -t- e . p"". 

(I) 

r.11e m - K0:9\Pipillll!BHT YB8Jil!qeHll:ll, 1 - \POKYCHOB paccTOl!Hlle, g - yrJIDBal!, a .tr - JIH­

H8ltHal! ·)l11cnepcllll, 

.B nporpa1rne HaXO)ll!TCll j ii 6 °(paccTOl!Hlll1° MBll,lly Jl8HTpaMI! 81181!8HTOB H rJiaBHllllH . ,_ , 

IlJIOCKOOTllMH), a SaTeu no \f)opuyJie T011CTOlt llllHBU Bbl'll!CJ!ll8TCll nOJIOllt8HH8 HB06p8l!teHl!ll, K0:9\PipH-

!lllBHT YBB11HqeHHll ll T.)l. STD .lllieT BOBMOlltHOCTh BOo6me He pacc1laTp11BaTh 0 0Tp83KII 6ea uarHl!THO­

ro n011ll ( 11 0B060,l1Hll8 ,npocTpaHCTBa11
), T.e. IlO'!TH B)IB08 COKJlSTl!Th '!110110 8JIBM8H'l'.0B l! 3Haqa­

T8JlhHO YB81111qHT» CHOpOCTh Bbl'IH~JIBHHlt. 

CH11a 111!H8U '/J HM88T npH ipOKYCHJlOBK8 Bl!)! 

'/f+=VK'-~Re, 
\. 

(2) 

a np11 ,ll8ipOKYCHpOBKe r 

'b- =-vr :i,i,.,(K'e I 
(2') 

r.zte ' K ~ rpa,JlH8HT/HM_ny11hC, a e - S\PipBKTHBHal!· )IJIHHa 111!H8bl ("npl!Moyro11hHall" IIO;lleJID). 

EC11H HaqaJIDHUe 3Haq8HHll rpa,llHBHTOB Bll6paHU HenpaBllllhHO, TO npll pa6oTe nporpa1,11,1u MOllt8T OKa-

aaThCll H806XO;llllMllll B KaKolt-TO JIHHae ,llBipOKYCHpOBaTb nyqoK, a·He \POKYOllpoBaTh ero, HJIH Hao6d-_ 

PDT,. OClbl'IHO aBTouaTllqeoKoe H81!BH8HH8 Tllna ~Ha B nporpaMMe He npe,llyoMaTpHBaeTOll H !POHYOH­

pOBKa OKa31lBa8TOll H8B03MOlltHOlt, B ;llaHHOlt nporpaMMe BTO aaTPYllHBHH6 o6olt.zteHo Teu, qTo Blil'IHC­

Jl8HHe '/; B8,llBTCll no 8,lUIHOtt ip0JlMj'118 

If _ [ re 2 (l:e 2
)

1 (Ke 213 ~ cKe2,-s· J 
/J - Ke I - T + 120 - /Zo·l/2 + 120·ltH2 - IZ0·1'2-1Z·IIO (3) 

IlpH BTOM B onyqae ipOKYCHpOBHH K I' o, npH )l8ipOKYOllpOBK8 - J< { o. iop11yJ1a .ztaeT BilOJIH8 . ea . . 
,llOCTaToqHyD TO'!HOOTh, T.K. 06bl'IHO K SalleTHO MBHhme I. AHaJiorHqHoe paBJ!Ollt8HHe npHMeHe-

HO H ;llllll b, 

_ [1£' _ (Kez)Z + J"f(Ke2t3 
_ 31 (Kf•r .] (4) 

8 - e 211 2lt0 IZS•.3/5. 2U5•zs, 

IlpHIIBH8HHUlt cnoco6 pacqeTa '/.; ll l::,, He T011hKO ycTpaHl!8T He06XO;llHIIOCT» H81l8HBHHll 

THna pacqeTa npH nepexo;lle OT ipOKYCIIJlOBKII K ;llBipOKYCllpOBKe, HO H pe8HO YB8Jlllql!Ba8T CKOpoou 
cqeTa. 
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4. MaTpll!la ipOKYCllpyD~ero C8KTOpHOro uarHIITa TaKllt8 npllBO;llllTCl! K Bll,lly (I), HO npll BU-
// a • 19 . 

q11cJ18HIIII /J napar.:eTp I< e aaueH!18TC!I Ha Be1111q11Hy l (I- 11, ) ;llllll ropllBOHTal!DHOtt 
· 19 ,o I? cl 8 

IlJIOCKOOTH II Ha 11 J - ;zvill B8JlTIIKaJihHOl1 ( 1 - yroJI noBopoTa, rt= if in[ ) , 8TO npe,ll-

CTaB11eHl!e cnpaBB;zvIIIBO ;zvI!I Jlll6oro l't , TaKl!M 06paao1,1, BMBCTO o6~qHllX 6 paan11qHblX TllfiOB 

11aTp1111 (2 ;zvill JlllHBll II 4 ,ll11ll 11arHllTa) ll_ll H1Jee1,1 Jll!mh OllHY 11 oqeHh npooTyJO. 

Kpae:Ba!I ipOKYCIIJlO:BKa yqHTU:BaBTCll BBe,neH11e11 onepaTopa 11TOHROll JIIIH3bl11 , pacnOJIOlltBHHOll Ha 

Kpa11x uarH11Ta, HMeeT011 TaKllte onepaTop, npol!laBo.llHmHll nocne,no:BaTBJihHO KpaeBy10 ipoeycl!lpoBKY, 

OBKTOPHY_JO l!l CHOBa KpaeByD ;llllll OJiyqal! "npl!MOyroJihHOro" uarHIITa C Ol(HOpO;llHllM, 11arHHTHllll noneM 

(npl!l
0

0IIMMBTpllqHQM pacnoJIOlltBHIIII OTHOCl!lTeJIDHO nyqKa). B nporpallMY BBB;ll8Hll 2· onepaTopa B11BRT-
. ' 

poo:aT~qe~RIIX·cenapaTOpoB: 0 uarHIITHllM nor.eu, KOTopoe KOMn8HOllpyeT OTK110HBHll8 OT B11BKTJlll-· 

qe~l(Oro rtOJill, II 6ea MarHl!THOro IlOJ!l! (Kpo11e Toro, MBHl!BTCll onepaTop BBJlTIIK8llhHOro MarHl!Ta). 
_,. ,. 1"' . , 

.. B~p~;;afthttall,,,lll!CnepcHl!. (oenapallllll) MOlltBT BllqllClll!UOll ,ll11ll qacTHll llllYX paa11HqHllX Maco, m.ieeT 

ci T~~ ·onepaTOp CBKOTyfiOJIDHOil _JIIIH31l; ynoTp86JIH8MOl1 ;zvI!I KOppelt~~Jl_OMaTll'!BCKOlt a6eppau111 

::no BElpTHKa111!. 

5. IlOJIOllt8HHe 311BMBHTOB aa,llaBTCl!' Jill60 paooTOl!HlleM OT Haqa11a KOOJl;lll!HaT llO !16HTpa a11eueH 

Ta, JI1160 paccTOl!Hl!eu OT ueaTpa npe:zia.ztY~ero a11eueHTa (BTII cnoco61l pasn11qaDTo!l·aa1111q11eu npl!la 

HaKa y ql!lo11a). 

Aaa11orl!'!Hllll o6paaou IIOlltHO Ba;llaU IIBCTO \POlcyOl!lpOBKII M!! ;llaHHoro 061>eRTl!lBa: 111!60 paooTO 

l!HIIBII OT HaqaJia KOOp;lll!lHaT, ;r1160 paocTOl!Hll811 OT !16HTpa nocne;llHero BJIBMBHTa o6'b8KTHBa. Boe 

BTO o6eoneql!!Jla8T 60Jihmy10 rl!6KOCT» npH aa;llaHIIII \f)oeyottpOBHll
0

l! onTHllll3a111111,· T,K. 6UBaJOT c11y-
/ I 

qa11, KOr;lla llt811aT8JlhHO ll3M8Hl!Th nOJIOllt8Hl!e ;llaHHOro SJIBMBHTa 6ea H3MBH8Hllll nOJIOlltBHllll 11so6pallte 

HIil! l!l·BOBX IlOC118,llyllIIU'IX BJl8118HTOB, Hlll!l, Hao6opoT: qaoTh 3Tl!X BJIBM8HTOll l!l1111 nOJIOlltBHl!e 11ao6pa 

lltBHl!ll 6y,neT C;llBl!lraThCll npl! l!3MBHBHl!ll! noJIOlltBHHll ,naHHoro a11e11eHTa. 

.. 6. Tun B11BMBHTa yKa31lBa8TOll Y0110BHllMH 11111ppa11H B nOCJIB;llHIIX paspa,nax ql!lo11a, onpe,neJil!JOme 

ro noJIOllt8Hl!le 3JIBMBHTa. B nporpauue xpaHllTCll ;llaHHlle O OTaH,napTHllX JIIIH3aX II 11arHl!Tax, np11ue­

.Hl!BllllX B J1a6opaTOJllll!l. Ilporpal!Ma aBT011aT11qeoKH Bi,lqHC11l!BT 8\Wi8KTIIBHYD ;ll11HHY B11BMBHTa (JIHH3ll, 

MarHHTa) no 3MnHp11qeoKott 1popuy11e, yql!TllBaDmell ee aaBIICIIMOCTh OT rpa,n11eHTa (111111 nOJill) • 

. 7. ~1111 Kallt;l!Oro OO'bBKTIIBa *),Kpo11e noJIOllt8Hl!lt l!l306pall8Hllll no rop1!30HTaJIH l!l BepTIIRa111!, 

-================--.;;;.;;;;;;;;-··-:,;;;...,;;;··--· .. ;... 
R) 06'beKTIIBOII MU oq11Tae1,1 rpynny Il0CJIB;llOBaTe11hHO pacnOJIOllt8Hllb!X s11e11eHTOB, Ha BllXO;lle KOTOpoll 

11so6pallteHHll MHmeHl! ,llOJ!lltHbl 6UTh noJIYqeJru ll aa.naHHblX MBOTaX (o6U'!HO. BTO ;llBHOTBHTB11hH!le 
11ao6pallteau11). EcJil!l HaJiaraeT011 Tpe60Baa11e Ha noJiollteHlle TOJihRO OllHoro 11a 11ao6pallt_ea111t, TO 
Bll0011HBHll8 BToro Tpe6o:BaHl!ll ;llOCTHraeTCH nyTeu npllM8HBHHll oneuaaJihHOro onepaTopa OnTll-
1111aa1111H,. 
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SS,llSIOTCII }Ola YCJIOBHblX 'IIICJia, co,lleplKSllU'IX S,llpeca napaMBTPOB, 113MBl!IIBMblX npll .WOKYCllpOBKe, 

ycnoBHblil 1111,llei<c, onpe,lleJIHIOlllllil TO'IHOCTI> woKyc11poBK11, a T_aiiJKe 110Mep nocJie,ll11ero aneMeHTa o6'1>­

eKTJ.rn·a: 1taCTO BCT!)B'ISIOTCII CJIJ'ISII, KOr,lla IIB_CKOJIJ,KO SJIBMBIITOB (:ii1111a, Marl!IITOB) IIMBIOT. (?,lllllla­

KOBIW napaMeTpbl (11anp11Mep, BKJIIO'leHbl IlOCJIB,llOBSTBJIJ,110). B_ 8TOM CJiyqae,KpOMe a,llpeca nepBoro 

.napaMeTpa, Mo:it110 yrmaan a,llpeca eme ABYX "AY6JiepoB", a MH BTop~ro napaMeTpa - a,llpec O,lll!O­

ro A]611epa. TiapaMBTpb! A]6JiepoB 6yAJT 113Mel!HTl,Cfl npll ~OKYCIIPOBKe nponopu11011aJIJ;l!O napaMeTpy, 

aa1111ca11110My B nepBoM a,llpece. ll, 11aK011eu, B ,TpeneM· a,llpe~e BToporo !:14 .llJIH 06'.l>eKTIIBa yKa:. 

ablBSIDTCI! 11ouepa onepaTopOB OilTIIMllaau1111; OTIIOCHIIWlXCH I( ,llSIIIIOMY 00'.l>eKTIIBY. 

8. TipoueA]pa WOKYCIIPOBKII 06'.l>eKTl!Ba 11e IICilOJIJ,1yeT·CTI-MIIIIIIMllaau1111 WYl!KUIIOl!aJia, KSK ,lleJia­

eTCII B 11eK0Topux nporpa111111ax no,llo611oro T11na. Tiocne_ no11y<ie111111 MSTp11u Bcex aneMeHTOB ,lla1111oro 

06'.l>eKTl!Ba Bbl'IIICJIHeTCH OTKJIOl!e1111e CTSIIFSPTIIOil• TpaeKTOpllll OT. OCII B_MecTax, r,lle ,llOJIJKHbl 6blTJ, 

·. no.ny'!e11u 11ao6paJKeHIIH ,llJIII ,llSHl!OrQ 06'.l>eKTIIBa (B 06011x IlJIOCKOCTHX). EcJIII STII OTKJIOIISIIIIH npeBbl­

maIOT 38,llSIIHble 1111,lleKcOM TO'll!OCTII, ;O Bbl'IIICJieHIII! IlOBTOpl!IOTCI! ,llJIII 11a~e11eHHblX Ha I0-4% 3l!S'le­

l!llil c11a'la11a .nepBoro, aaTeM BTOporo napaMeTpa, T.e. Bbl'IIICJIIIIOTCII 'ISCTl!ble npollaBO,lll!ble OTKJIOl!e-

1111il OT 0011 no nepBOMy. II .BTOPOMY napaMeTpa~. 3aTBM pemaetcH CIICTeMa 113 .llBYX a11_re6pall'IBCKIIX 

ypaB11e1111il 11 11axo,ll11Tc11.·11eo6xo,lll!Mble .llJIH woKyc11ponK11 aHaqe111111 06011x napaMeTpon. Tipouecc noBto­

p11eTc11 ,llO tex nop, IlOKa OTKJIOHeHIIII OT 0011 B aa)\aHHblX TO'IKSX CTSIIOBHTCII .Me11i;we. ,llOilYCTIIMblX *! 

9. TiocJie OKO}f'ISIIIII! ·WOKYCIIPOBKII ,llSIIHOro 06'.l>eKTIIBa_, ecJIII B ero yq IIMBIOTCI! IIH,lleKCbl one­

paTOPOB. OITTIIMll8au1111, nporpaMMa IlOCJIB,llOBSTBJIJ,110 np0Bep11et BblITOJil!elll!e YCJIOBllil OilTIIMll3aUIIII ,llJIII 

nepBoro onepa~opa .llaH11oro 06'.l>eKTIIBa, Bbl'IIICJ111et npou~BO.llll!IO 11 11aMeH11eT yKaaaHHh!il napaMeTp 

,llO-Tex nop, noKa 11e ,llOCTllrHyTa 11eo6XO,lll!MSII TO'IIIOCTJ,. Tipi! KSJK,llOM 113Mel!el!IIII napaMetpa npo11c­

XO,lll!T HOBS!! WOKYCIIPOBKa Bcex npe,llbl.zlY11111X 06'.l>eKTIIBOB C COO'l:BBTCTBYIOIJleil npOBBPKOil II 0Il'l:IIMll3a­

UIIBH_ onepatopoB OilTll!1~3aUIIII 111111am11x l!OMepOB 11 • TaKlpo! _o6paaoM, Bbl'IIICJIIIBTCII IICTlll!IISII 'ISCTl!al! 

npo11aBO,lll!a11 ,llJIII ,llSlll!Oro onepaTopa npll Bb1Il0111!8llllll'ycJIOBllil pery1111pOBKII II OilTIIMl!aau1111 BO Bcex 

npe,llblAJllU'li o6'JieKTHBax II onepatopax onT111111aauli11·. Ilocne Tqro, KSK yc110B1111 onT11M11aa1.11111 Bblno11-

11e11bl AJII! ncex onepaTopoB ,lla1111oro 06'.l>eKtl!Ba, nporpaMMa nepexo,llllt K c11e,llyIOmeMy 06'.l>eKTIIBY. 

Ha Jll!TepaTypu 11aBeCTIIO, '!TO Beci; npouecc WOKYCllpOBKII II OilTIIMll3aUIIII MOlKIIO CBSCTII K Mll­

l!IIMll3au1111 l!SKOTOporo KBa,llpaTll'll!Oro WYIIKUIIOl!aJia. 0,lll!SKO lll!Or,lla 'IIICJIO 06'.l>eKTIIBOB B CIICTeMe 

MOJKeT ,llOCTl!ran 5-6 np11 IISJill'IIIII eme ,llOilOJIIIIITeJI!,llblX 4·_5 YCJIOBl!il 0Il'l:IIMl!3SUIIII. 3TO yllte ,llaet 

'IIICJIO OilTIIMll311PYeMblX nepeMel!HblX, npeBblllSIOIJlee ,llOilYCTIIMOe ,llJIII CTSl!,llapTl!blX nporpaMM 0IlTIIMll3~-

*) CJieA]eT aaMBTIITJ;, '!TO .cnepBa 6b!JI np11Mene11 IIBCKOJI!,KO OTJill'll!blil cnoco6 WOKYCllpOBKII: nony-

'18111108 oopaTl!Oe IlOJIOllteH11e.11ao6pa~el!11ff ( 1/g ) cpSBHIIBSJIOCJ, C 3S,llaHl!blM. STOT cnoco6 0KS-

3SJICff 6011ee KpllTll'lllblM K IIS'ISJl!,HblM YCJIOBIIHM, T.K. ,llOBOJI!,HO '!SOTO B031!11KSJIII JIOKSJl!,Hble MII­

HllMYMhl, 113 KOTOpb!X nporpaMMa He BtlXO,lli!JIS. 
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1.11111 (Hanp1111ep, ·11 nporpaM11e 11no110K 11 11x I6), Kpo11a- !roro, np11 ClonmoM 11110J1e nepeueKHLIX ':aK11e 

nporpal!Mbl paCloTalO!r 0'-16HI, M8,!IJl6HHO I! 0'-18HI, IIYIICUl!TOJII,Hbl H aa11aHHb!M Ha'-laJII>Hblll 3Hall6Hl!l!II 

napa11e-rpo11. B peaJII>Hb!X ze CJIY\l8l!X Bel! co11011ynHocu nepeMeHHb!X llallte Boero paaCl1111ae-rcH Ha 

p!!/1 H860llI,llil!X rpynn (061,e11Tl!IIOII), COBepmeHHO He CB!!38HHhlX MeJK,!ly co6oll *). IT03TOMY npl! no­

cJie,!IOBaTeJII>HOM cnocot5e i;pOHYCllpOBHI! B 0IlTl!Mll38Ul!I! He TOllI,HO B03pacTaeT c!lopocu c<ieTa, HO 

I! y11eHI>maeTcH 'IYBCTBl!TellI>HOCTI, H H8'18JII,Hb!M YCllOBll!!M, T.H. HaJK~hlll Clle,!IYIOU111ll 061,e11Tl!B pat5o­

TaeT C yze Ci;pOI,yCl!pOBaHHb!JII! I! onTl!Ml!81!pOBaHHhlMI! npe,!lb!/1YU1JIMI! OCJI>eHTl!BaMI!. 

IO. _On11caHHb!ll npouecc qio11yc11poBHI! l!,!18T (5e3 BBe,!leHII!! orpaHl!lleHl!ll Ha l!3MeHeH11e napa11eT­

poB; STO HecHOllI,HO 06ller11aeT Bb!XO,l( l!8 llOI,allI>Hb!X Ml!HIIMYMOB. ITpl! npouecce OllTIIMl!8au1111 Ta11oe 

orpaHll118Hl!e BBe,l(eHo (0.1111HaHOB08 ,!Ill!! BC8X napaMeTpoB), 0/1H8HO o6b!IIHO MOJKHO pa6oTaTI, (5e3 

Hero. 

OrpaHl!'18Hlll! Ha 8Hal!eHl!lI napa11eTpOB B nporpa1rne He BBO,!l!!TC!!, 0,!1Ha110 npe,!lyCMOTpeua B08-

MOlltHOCTI, IlO,!IHllIO'leHI!!! cTaH.11apTHOll MIIHl!Mll81!py10111ell nporpaMMbl 11IT011c11 11 !Of),. HOTOpa!! HaXO,!ll!T Ml!­

Hl!MYM il>YHHUIIII MHOrl!X (110 I6) nepe11eHlihlX npl! ll8lll'llll!II orpaHl'!lleHl!l! Ha 1!3MeH!!eMble napaMeTphl. 

STY nporpaMMY MOlKHO BHlllO'laTI> noclle BLIIlOllHeHl!ll.BCeX ycllOBl!ll 1po11yc11pOBHII I! CTaH,llapTHLIX onepa­

u11ll onTl'IMl!8aU1111, npe11yc110TpeHHhlX Hamel! nporpau1.1oll. 

BHyTpl! "IT011c11a" MOJ!tHO ller110 npo:aepl!TI, BblllOllHeHl!B ycJIOBl!ll, l!alloJKeHI!b!X Ha BapI>11pye1.1ble 

napaMeTpLI 11 118MeHl!TI, H8HOTOpLle nepe1.1eHHL1e TaH,'IT06bl STII YCllOBl!ll 6L1llll_Bhl!lOllH8HLI. KpoMe Toro, 

lll!HIIMll8llpye1.1a11 \PYHHUl!ll MOJKeT BHlllO'laTI, He110Topy10 lli?HHUIIIO, Ollll?b!Ba10ey10 11a11eCTBO IlY\lHa (Hanpll~ 

11ep, OTHOmeHl!e cenapau1111 H Belll!lll!He l!306palKeHII!!, 1111cnepc1111 H·B8Jlll'll!He 11306palKeHl!ll, IIHTeH­

CIIBHCCTII npl! ,!laHHblX napa11eTpax l!B06paJKeHl!ll II T./1.) II 11ITOl!CK11 Hall,!leT Bapi!8HT CIICTBMbl C Hall­

llY'IWIIM Kal!eCTBOM nyq11a. 

II. B 'll!Clle CTSH,!lapTHLIX onepaTopoB onTIIM1138UIIII IIM810TC!I onepaTOphl onTIIMll38UIIII lll06oro 113 

11aTplll!Hb!X 'llleHOB 1rn6oro 118 11HIIJKeCTOHU111X11 slleMeHTOB. KpoMe Toro, MOlKHO BblllOllHIITI, /10IlOllHII­

TeJII,HHe YCllOBII!! 1po11yc11po:a1111, Hanp1111ep, noTpe6oBaTI>, 'IT06LI .l(aHHal! TOIIHa ,l(SHHOll CIICTe1.1oll llllHB 

1po11yc11poBallaCI> B 11pyry10 ;ia11aHHYIO TO'IHY. B HeHOTOpb!X CllY\laflX (Tall Haa. 'cnoco6 1111ocoll mell1! 11
) 

Heo6XO,l(IIMO ,!IOCTllrHyTI, COBM81118Hllll ropll30HTallI>HLIX M BepTIIHallI>HblX"ll306paliteH11ll He TOllI,H0-/1Jlll 

ueHTpallI>HOro 1111nyllI>ca p0 , Ho 11 ,!Ill!! p 7 p0 + A p . 3Ta onepau1ll! Ta11JKe l!Blll!eTcfl cTaH11apT-

Holl • MOJ!tl!O ll8rHO IlO,!IHll!O'IIITI, II HOBLle, HecTaH,!lapTHble, onepaTopbl OllTIIMIIBau1111.· B npouecce O!lTII­

Mll_3aUIIII ,!ISHHhlll Tllll onepaTopa MOlK6T npl!MeH!!TI>Cll MHOro11paTHO. ITOllHOe 1-HICllO on~pau11i'i O!lTIIMllaa­

UIIII B Cl!CT8M6 He ,!IOlllKHO npeB~maTI, i?a lllll HalK.l(Oro onepaTopa cne11yeT B yq y11aaaTI, IIH,!leKCOM 

=-=----====-=--======---
*) flllll CB!l3aHHblX I-2 napaMeTpa1111 B CJ1y11ae, 11or11a ,!lllfl OllTIIMl!3aUIIII B ,l(8HHOM o6~eHTIIBe 11a11e­

Hll8TC!I napaMeTp sneMeHTa 113 O,!IHoro 113 npe.l(Ll,!lyll111X 06I>eHTIIBOB. 

!Of) ITporpaMMa COCT8Bll8Ha r.M.A.11ellMOH01.1-BellI>CKll!J, B.A.Aplla3apOBUM I! ~.M.~llllllep. 
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TOqHOCTD OOTIIMll3SQIIII, Tlln OOTIIMll3aQIIII, S'Apec llSMeH11e11oro napaueTpa ll, ecllll HS'AO, o~oro 

ero .zt16llepa. 
,,_ 

!2. B Pll'Ae cJzyqaeB OKa3llBaeTCII He'AOCTaToqHUJ! IICOOHD30BSHl!e 11reo11.eTp11qecKoil 11 OOTIIKII: 

'Allll BHYTP6HHIIX nyqKoB YCKOpl!Te1rel! llllll fl -11esoHHllX KSHSllOB q,a30B!lil 06'be!.I nyt!KS He· 110ll[8T 

cqllTSTDCII paBH!lll HYllID, B STOii Cllyqae nOllOXCHl!e C Mll~IIMSllbHOil npocTpaHCTBCHHOl! mllpllHOil nyq-· 

Ka He 6y'AeT coBn~au c uecT011 reo11eTp11qecKoro 11so6paxeH1111 ToqeqHol! 1111meH11 ll q,·0Kyc11poBKY 

o6'beKTIIBOB HMO npOBO'AllTD, Tpe6y11, qTo6u B 3S'ASHHllX uecTaX q,aaoBilll SllnllllC l!Mell KSHOHl!qec­

KYD q,opuy. 3aueTIIM, qTo SllnllllCHSll q,OKYCIIPOBKa aHaq11TellDHO 6ol1ee qyBCTBIITCHDHa·K HaqallDHllll 

YCllOBIIHM, qeu 11 TpaeKTOpHaH11 q,oKycllpOBKa :1£). IIOSTOMY peKOM6H.ztYeTCII nepe'A npoBe'ACHIICM 

11 SJrnl!OCHOil 11 q,oKycllpOBKII npoBeCTII OOllHYD WOKYCllpOBKY II OOTHIIIISSQHD CIICTCM!l B 11reoMeTp11qec­

KOM11 np116lll!ll[6HIIII, IlepeXO'A K Sllnl!OCHOil q,OKYCIIPOBKe npoHcXO'AIIT nyTell 3aHeceHl!ll I B COOTBeT-

CTByrom11ll paapl!'A_yq, Ilpe.ztYCMOTpeHU TSKll[e onepaTOPll OOTIIMIISSQIIII, 06ecneq11Ba1Dnuie 00ll0ll[8Hllll 

SllllllOCOB C SS'ASHH!lllll napa11eTpa1111 {Hanpll11ep, 'All!! COrllSCOBaHllll SIIIIIITaHca II aKcenTaHca). 

!3. Iloclle Toro, KSK q,OKYCllpOBKa II OOTIIMIISSQIIH aaKoHqeHU, l!Oll[HO OTneqaTaTD IlOllyqeHHUe 

aHaqeH1111 K , nolloll[eH1111 SlleMeHTOB d , nolloxea1111 11306paJ1teH11ll, 'ASBae11ux KSll['A!lll :me11eHT011, 

a TSKllte MaTpllqHue qlleH!,1 'Allll Kaxitoro SllelleHTa {KOBq,q,IIQIICHT yBel111qeHllli f'il 1 
1 /r, f} , Cf ), 

Ilpll STOii 'All!! Toro, qTo6u COKPSTIITD neqaTb, BBC'AeHO cneQIISllbHOe. yq neqaTll: HSllllq11e I B COOT­

BCTCTByJOme11 pa3pfi'Ae paapemaeT neqaTD 'ASHHOil B8lll!q11m1. 

I4. Clle.ztYJOIDlll! STan: Buql!Cll8Hlle 11aTpllqHllX K03Wq,IIQll6HTOB 'All!! pasrrHqHllX 8HaqeH11ll HMnyllD­

So OT QeHTpallDHOro 1111nym,ca /Jo II mar -S . ca qacTIIQ, 3a'AaeTCll HaqallDHOe OTKJIOHeHlle 

Ilporpa1111a Haq11HaeT c /Ji= p. + _ S p. 
maroB TSKllte YKaSUBaeTcll. nllll KSll['AOro 

SaTel! Pz= r~ + Spo 1 pl,=Pz+Spo II T,'A,·; q11cl10 

llS STIIX l!MilYllDCOB BllqllClll!JOTCll 00ll0ll[8Hllll 11so6pazeH11ll, 

M • '/p , a TSKZS yrllOBOe II n11HeilHlle OTKllOHeHl!ll QeHTpallbHOl! TpaeKTOpllll 'Allll.'ASHHOrO 

l!MnyllDCS OT OCII CIICT6Mll1 T,e,'1/"(p,-p.) U o(p,-p0 ) , Ha neqau Bll'ASIDTCll SHaqeHl!ll B6-

lll!ql!H1 KOTOpllM COOTBeTCTBYIDT e'AIIHIIQ!l B OT'ACllbHOM Yll. no STIii! 'ASHH!lll llCrKO nocTpOIITD llJ06yD. 

TpaeKTOplllD, 

Kpo11e Toro, 1111eeTCll onepaTop, BuqllClll!IDIDllll KOOP'AIIHST!l TpaeKTOPIIII qacTllllbl, Bllll8TaJOmell 

118 ToqeqHoll MllmeHII OO'A SS'ASHHllM yrllOII, Koop'AllHSTll 'ASIDTCll 'Allll ·cepe'Al!H Bcex Sl1e11eHTOB, STO 

· 06llerqaeT nocTpoeH11e TpaeKTOp11l!, 

:1£) Kpo11e 1111so6pazeH1111" C MIIHIIMSllbHOil npoeKQl!ell Ha OCD X KSHOH11qecKIIII l!Blll!eTcll II 
"napal1llenirull11 nyqoK C IIIIHIIMSllbHOil npoeKQllel! Ha OCD x' II MSKCIIMSllbHOl! Ha OC:&: x. 
TaKoe q,asoBoe COCTOIIHl!e nyqKa 'AOCTIIEIIIIO TOllbKO Henocpe'ACTBCHHO Ha BllXO'Ae ~0Kyc11pyromero 
srre11eHTa.11 He npe'ACTaBrr11eT q,11s11qecKoro IIHTepeca. 
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EcrrH npoBO'AllllSCD 11 Slllll!OCHSll 11 q,OKYCIIPOBKa, nporpawa IJOJEeT oTneqaTan napaMeTpll Slllll!O­

COB, a TaKze 11x or116a1DiJIYD B l1J06011 3a'AaHH011 11ecTe MIi KSX'AOro 113 P. 
IS. qaCTO Tpe6yeTCll npOB8CTII cepl!D pacqeToB, B KOTOpoll O'AIIH llllll 'ABS napa11eTpa 11eHHIDT­

Cll C oiipe'A8lleHHllll maroM, B nporpa11Me IIMeeTcfl CTaH~apTHOe BKllmqeH11e TaKIIX pacqeTOB B Ql!Kll, 

Kpoue Toro, rrpe'AYCMOTpeHa BOSMOlltHOCTb HeQl!Klll!qecKIIX BapllaHTOB C IISM8HeHl!eM npOll8BOllbHllX na­

paMeTpOB, 

IlporpaMMa, OOllHOCTbD BOCCTSHSBlll!BaeuaH, npll cqeTe HOBoro Cllyqa11 nporpaMMa BllS!lBaeTCII 

c 6apa6aHa, 

!6. B Haqalle pa60T!l nporpa1111a neqaTaeT BBe'AeHHYID BOhllep11qHym II 'A8Cl!TllqHyD_IIHWOPIISQIIID. 

CKOpOCTb pa60Tll nporpa11w np11 OTCYTCTBIIII OITTIIIJl!SaQIIII IlOllHOCTDID onpe'A8llHeTcl! CKOpOCThJO neqa­

Tll, B KaqecTBe np11Mepa yKaze11, qTo npoQe_cc OOTIIMIISSQII~ npll 4 06'beKTIIBSX 11 3 onepaTopax OITTII 

llll8SQIIII aaHllllaeT ,.,_,, 40"~ Ilpl! HaZaTllll COOTBeTCTBYIDil!llX paSpfi'AOB nSY-4 l!Oll[HO BllBBaU KOHTpOllD:­

H!le npoMell[yToqHUe neqaTII npll q,OKYCHPOBKe, a TSKll[8 00Tl!Mll38.Qllll, ST0°06llerqaeT OOl!CKll om1160K, 

KOTopue,· B OCHOBHOII, CBl!SSH!l C HenpaBl!ll~Hllll 3S'ASHll811 IIHWOPMSQIIII, 

EcrrH aa !6 QIIKllOB q,oKyCllpOBKll llt6l1ae11a11 TOqHOCTD He 6lll!a 'AOCTllrHyTa, !O nporpa1111a aB­

T011aT11qecKl! nepeXO'AffT B aBapllilHlll! pex1111, npll KOTOPOM nepB!ll! napaueTp 'ASIIHOro 06'bBKTIIBa Ha-. 

qllHaeT 113M6HIITDCII Ha Bee 60llhmyJO 11 60llbIDYD BBlll,lqllHY {no o6e CTOpOHli HaqallhHOro 8HaqeH1!1!). 

Ecllll Il0Cll6 !6 TSKl!X 113MeH8Hllil 'AOCTllqD ~OKYCl!pOBKII Bee xe He Y'AS8TCII, TO npol!CXO'AIIT aBTOMa­

Tl1qecna11 aBap11l!!Ja11 Bll'Aaqa, TaKa11·J1te 11 cnacaTellbHa11n npoQe.ztYpa npe'AYCMo-rpeHa II MIi npoQecca 

OOTl!llll8SQllll, 

Bo MHOrllX Cllyqaax STII npe'AOCTCPOll[HOCTll 008BOJIIIJOT.Mam11He Bll6paTbCII 113 llOKSllbHllX IIHHII­

IIYMOB q,yHKQllil, 

06'bell BBO'AIIMOl! llHWOPMSQl!II BBCDMS IISll, Hanp1111ep, 'All!! Ol!Tlllll!H30BOil CllCTeW (I 06'beKTllB, 

'2 orrepaTopa OOTllMIISSQIIII) STO COCTSBllllBT 3 nepq,oKapTll. CqeT no nporpa1111e 'AOCTyneH llD'Allll, Olla• 

60 8HSKOWM C nporpa111111poBaH11e11·. 

ABTOP B!lpall[aeT 6llarO'ASPHOCTD !,H.C1111pHOBOil II P.H.~e'AOPOBOil 3a COBeTu.npll OCB08HIIII T8X• 

Hl!KII nporpa111111poBaHl!ll II r.M.A'A8llhCOHy-BellDCKOMY 3a KOHCYJIDTSQHII no IIC00llh80BSHIIJO nporpa1111u 

"IlOIICK 11 • 
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PAC1IET CE1IEmrn no V.SUEPEHHO!,!Y Bb!XQlIY 

C Y1IETOt,I MHOrOKPATHoro PACCEHHIIH 

~ii AH CCCP Jl.l!.CJIOBOXOTOB 

BB8.l!,8Hl'!e 

B COBP8!.18HHOli l!,llepHoll cjJIISIIKe ,llOBOJIJ,110 l!aCTO rrpllXO,llllTCll IICCl!e,llOBaTI> 611Hapm,1e pea1tn1111, 

B KOTOpblX B !tOHel!HOM COCTO!IHIIII O,llHa IIJIII ode l!aCTllllbl l!Blll!IOTCll aapHJKeHHbl!JII. B :JTOM cJiyqae 

B 1talleCTB8 ,lleTeKTOpOB ,llOBOJII>IIO mllpOKO ·11p11ueHHIOTCll TeJieCKOllbl Cl!eT'IIIKOB (11po110p!lllOHaJII,HblX, 

C!111HllllJill!lllOHHi1X II ;!Ip.), KOTOpble _ per11cTp11py1JT aapHlKeHHble l!aCTll!lhl B orrpe):(eJieHHOI.I yrJIOBOM II 

3HepreTlll!eCKOI.I llHTepBaJie. C11en11gillKOll perllcTpan1111 aapHireHHblX qacTll!l l!Bl!lleTCll Heo6XO,llllMOCTI, 

yl!eTa llOHl'ISaI1IIOHHblX 110Tepi, II aj!J)eKTOB MHOroKpaTHoro paccel!Hllll RaR B Mllll!8HII, TaR II B OT,ll8JII,­

HblX 3JI8118HTaX TCJl8CH0!1a. 

B peayJII>TaTe MHOrOKpaTHoro pacceHHllll qacTI, per11cTpl!pye1.1blX qacTllll MOll8T BblllTI! 113 yrno­

BOro l!HTepBaJia C"l8T'!l'!JCOB H ~y,n;eT !1[JOCT!l'.TMIP •• i{po1Je TOrD,IJHOrOKpaTHOe paccef.lH1'e B 1.mmem: 

rrpl!BO):(l!T It ,ll0110JIHIIT8l!I>HOMY paaMllTl'IJJ yrnonoro II 3HepreTlll!8CKOrO (no :meprllllll rra,llaJJllll!X qac­

'Tllll) IIHTepBaJIOB TeJI8CR0!1a. Bee 3Tll 31J)(l/8HTll B H8KOTOPllX CJiylla_l!X IAOryT ,ll;OBOJII,HO Cl'JJIJ,HO !10BJill­

l!TI, Ha KOHel!HUe peayJII>TaTU ll !103TOMY 1tpawHe JKeJiaTel!I>HO rrpll o6pa60TKe ,llaHHllX, a TaKlKe ll 

rrpll I1l!aH11po:saHl!ll 8RCI1ep111.1eHTa, l!Cl10JII,30BaTI, MeTo):(, HOTopull 6ll !10CJI8,llOBaTeJIJ,HO y't!IITllBaJI 

3TII oco6eHHOCTII. 

1. CB!!SI, BblX.Q.!!..a C cel!8Hl!8ll 

__ UeJII,JO cjJIISl!llee1toro 8KC!1epmrnHTa, Kalt rrpaBIIJIO, l!BJil!eTel! orrpe,lleJieHlle ,1111iM)epeHlll!ali1,Horo 

ee'l8Hl'Jll IICCJl8,lly8!.IOll pea1tn1111, O,llHaHO, rrpll o6pa60TKe peayJII>TaTOB !1pllXO,lll'ITel! peman o6paTHYJO 

aa,llal!y, a IIMeHHO: Heo6x·o,lll!MO aa1111eaTI, ypaBH8Hll8 ,llllll BblXO,lla, rrpe):(!10JiaraH, l!TO eel!eHlle peaH-
' . 

!lllll ll:3B8e?RO~ 
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Ha p11e. I rrpe,lleTaBl!ElHa reoueTpllll 0!1b1Ta. Ha 1111meHI,, rroBepXHoen KOTl:>pOll 01111CliBaeTel! 

ypaBHeH11e1,1 Q ()(, ~} ;e )= 0' 118,llaeT erreKTP nepBlll!HblX qaeTllll, 8HepreT11l!eeiroe II rrpoeTpaHCT· 

BeHHoe paenpe,lleJieH11e KoTopux aa,llaHo (1/yHK!lllell F(K,1.1 ~ 1 1.) . Pa:n.iepHocn F(K,x,t1-) 
llaeTl'l!la M3B ei:2. IlOB8pXHOeTI> !1y't!Ka 0!1l!eblBaeTeH ypaBHeHll81! r(X, J, ;c)::0 • Pemal! COB­

l!eeTHO ypaBHeHlll! G ( x, ~,? )= 0 11 'y(X, J /l):::. O, IIOlltHO 11onyl!11Tb ypaBHeHIIH 1tpllBllX nepee 

l!eHIIH .llBYX !10BepXHOCTell. 'reu caM!,111 orrpe,lleJil!eTel! "aKTIIBIIHll" 06'.!,8M llllll!eHl'J, T.e. TOT 06'.!,8M 

r,lle 11po11exO,lll!T peaK!llll!. BbtJieTaJJ~lle !13 Mllfil8HII npO,llyKTbl peaH!lllll perlleTpllpyIOTel! TeneeK0110M 

e'!eT'lllROB, ROTopull Ha p11eyHR8 npe,lleTaBJieH PH.llOM pacce11BaTeJiell II ,llllacjlparu. Paeee11BaT8JIII 

rrpe,lleTaBJil!IOT eo6oll l!ll60 el!eTllllKII, l!ll6o rrorJIOTIITeJII! II xapaKTep11ayJOTel! reoMeTplll!8eHIIMll pa 

11epaMII ll TOlll!UIHOli (ll r/ei). reor.1eTp11qee1~oll TOJICU!HOII no cpaBHeHl!IO e paecTOl!Hl!ell Mew p 

C8l'JllaTeJIHllll 06!l'lHO MO:ltHO rrpeHe6pel!I,. Ilpe,llnOJiaraeTeH, l!TO Bee paeeeilBaTeJill, Tait lite Kalt .l! 
• 0 0 . 

.lllla(l/par11u -ceocHll 11. napannenI>l!ll ,llpyr ,llpyry. YpaBHeHIIH Ye ( Yi" 't.t} == O 11 'f, ( 'JI, -zf) = O · 

on11eblllaJOT ROHTypll eooTEeTeTBYIOl!lero paece11BaTeJil! II Allacjlpar~'bl. IloeJI8,llHHH !1JI01lla):(1ta rrpeicTa 

lll!8T eo6oll 11,lleTeKTOp" ll 06bll!Hb eoBIIa,llaeT e KaRllll-Jill60 eel!eHl!eM !10Cll8,llHero c'leTl!IIKa. 

YcJIOBll8M perl!CTpan1111 aapHlKeHaoll--qaeTll!lbl l!BJIHeTell 11pOXOll,lleHll8 Beex paceel!BaTeJiell, 

,lll!a[j)parM, ,lleTeHTOpa II rrorra,llaHll8 B rrpo6erOBllll (llllll aHepreTl!l!eCKllil) IIHT8pBaJI T8JieeR0!1a A 

T.e. perlleTpllpyIOTell TOJIJ,J(O Te 'laeTllllll, rrpo6er KOTOpb!X I!pll rrpOXOJK,lleHllll ,lleT8KTOpa JI8lltl!T_ ~ 

rrpe,llenax O ~ Rx 6 A R. • 

Ha p11e. I HallaJio HOOp,llllHaT eOllM81JleH_O e neHTP_Oll _Ml!meHII ll OeI, X HanpaBJieHa no _oe11 Te 

cKorra. Oei, rryl!Ka )K ·nelltl!T B rrnoeKOCTII XOY II o6paayeT yron 80 e oeI>JO X. PaceTOl!Hlle 

,lleJIJ,HllX paeeel!BaTeJielt OT Hal!alla J(OOp,llllHaT aa,llaeTel! paeCTOl!Hlle!.1 TeJiee1to11a OT MllmeHll. II BF 

peHHl!Mll paenonoxea11eM OT,lleJII>HllX paece11BaTenell II KO~lIIIMaTopoB (,1111appa~M) '(Li , L»i 
Ha PIICYHKe ,llJIH rrpoeTOTU noKa3aHa rrpoeK!llll! eel!eHllll lll'Jmea11 ll TeneeKorra 11~0113BOJII,HOll !1lIOe~ 

KOCTI>D, rrapanJieJIJ,HOlt 11JIOeRoeTll.XOY. 

Bb16epeM B 11a1tTIIBHOM 06'.!,BMe Mllfil8Hll rrpOIISBOJII,HYJJ TO'IRY XJ'l. ll aneueHTapHblll 06'.I>8M 

d't'=clxd)J~. llHyTpl! KOTOpo;o HaXO,llllTell dn/·lfticlv l!,llep, 'r,lle' No - l!lleJIO ABori 

a .f ll JI. - y.zteJIJ,Hbllt Bee ll aTOMHblll HOMep BemecTBa 1111mea11. Ha" 8TO KOlllll!eeTllO H,llep m 

eT F'(,:,~,')f,~)dir. rreplllll!Hllx 'l;eTll!l e aaepr11a1111 OT KAO K -t-c/K, • Bu6epe11, aa11p1111ei 

B 11noe1toeT11 rrepJ3oro paece11EaTena npo11aBOJII>HYIO !1llo1qa,llKY JS'= du'• cl 'l '- e Koop;1111aaTaM11 
. , I , di I 

ueaTpa (11' °c •• -) - TeneeH!llt yroJI, 110,ll KOTOpblll Bll,llHa 3Ta !1l!Ol!la,ll1ta ll3 TOl!Kll (x, 1J.,i) 
6" ~"-' dS' " 

IIOJKHO onpe,llenllTI, KaK J.13:"' ela ' ' r,lle J.: - yron M8lK.llY rrpm,,oll [(:t, 1, 'l),(L,,Y: 
II oeI>D X a e,· - ;JIIIHa OTpea~a [ (:e1, 'l) (L , ~: :i!;' ) ] • Tor,lla ,llJIH 'laCTllll, pollt,lleHHbl: .,, ' ,,.;,,, , . . . 

ll 8JI8118HTapHOM OCi'.!,eMe - dv ll peaynTaTe BSallMO,llelleTBII!! e F(K,i,,,_?) dK neplllll!Hblllll. 
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Ha p11c. l 'npe;!iC'.1'!1Bll8Ha reoMeTpllll onuTa. Ha 1.!l!IDSHI>, noBepXHOCTl> KOT0pOI! on11cu·BaeTCll 

ypaBHSHIISM Q (Y., ~ I ;l )= 0' na.z1aeT cneKTP nepBlll{Hb!X qacTIIU, SHepreTlll{8CKOe I! npocTpaHCT-

B8HHOe pacnpe;11e11emie KOTOpblX aa;11aHO WYHK1t11el! t ( /(. 1 1. 1 ~) l) , Pa3M8pHOCTI, F(K I X 1 :J'; 2) -
'laCTl!Ua MSB ci, !IOB8pXHOCTl> nyqKa Oill!Cb!Ba8TCll ypaBHeHlleM r( XI y, ~):: 0 • Pe mall COB-. 

M8CTHO ypaBH8Hl!ll G(x,~,?)~o II ty(x,)J~)=-0, _IIOJl[HQ no11yq11T:i, ypaBH8Hllll KpllB!,IX nepece­

'leHl!ll ;!lBYX noBepxHOCTell. TeM caMblM onpe~ellll8TCll "aKTIIBllb!lt'' 06'beM 1.!IIWeHI!, T.e. TOT 06'beM, 

r;!ie npOIICXOAl!T peaKUllll. Bb!11eTarow11e 113 1.111mea11 npO;llyKTb! peaKUl!I! perl!CTPIIPYIDTCll TelleCKOilOM 

C'l8Tl{l!KOB, KOTopull Ha p11cyHK8 npe;11cTaB11eH pll;!iOM pacce11BaTe11ell II ;!illa@parM. Paccel!BaTellll 

npe;11cTaBl1HIDT co6oll lll!6o cqeT'lllKII, 111160 nor110Tl!Te1111 II xapaKTepll3YIDTCll reoMeTpl!qecKl!MI! paa­

Mepar.!ll I! TOllllUIHOll (B r/ci). reoMeTpl'l'lec1io11 T011Cli'IHOII no cpaBHeH11ro C pacCTOl!HlleM Mew pac­

ce11BaTe11HMl'I o6bl'lao MOJl[HO npeHe6pe'l1>. llpe;11no11araeTcH, qTo ~ce pacce11BaTe1111, TaK ze KaK 11 

;1111aqipar11bl -CCOCHb! II napa1111e111>Hhl ;!ipyr ;!ipyry. YpaBH8Hlll! 'f'l ( Yi 't.l) "'0 I! t'; ( i ~n = 0 -

Oill'ICb!BaroT KOHTypu COOTBeTCTByrowero pacce11BaT8llH II ;!illa@parMH. lloc11e~Hllll IlllOWaAKa npejcTaB7. 

lll!8T co6oll 11;11eTeKTOp11 l'I oelhl'lHb COBna;!iaeT c_ KaKl!M-lll'l6o ceqeHl!eM noclle;l\Hero cqeT'll!Ka. 

YcllOBl!eM per11cTpau1111 3apl!~eHHOll qacTl!Ull llBllll8TCll npOXQJl[;!i8Hlle Bcex paccel!BaTellel!, 

;!illa@parM, ;!i8TeKTOpa II nona;!iaHl'le B npo6eroBull (1'1111! SHepreTl!l{8CKl!ll) l!HTepBall TenecKona AR, 
T.e. per11cTpi!pyroTCll TOlll>KO ·Te qacTl!Ubl, npo6er KOTOpb!X npl! npOXQJl[;!i8Hlll! ;!i8TeKTOpa ll8ll[llT B 

npe;1ie11ax O ~ Rx 6 A R. • 

Ha pile. l aaqa110 KOOp;!il!HaT COBMeweno C U8HTPOM 1.111meH11 II OCI> X HanpaBlleHa no OCII Telle-. 

CKOila. 001, IJY'lKa Jt ll8~11T _B IlllOCKOCTI! XOY II 06paayeT yrOll 80 C OCl>ID X. PaCCTOllHl!8 OT­

;!ielll>Hb!X pacce11BaTe11ell OT Haqa11a KOOP'AIIHaT 3a;!iaeTCll pacCTOllHl!eM Te11ecKOna OT 1111meHI! I! BHYT-

peHHIIMl'I pacnOllOllteHlleM oue111>Hb!X pacce11BaTe11ell II KOllllllMa:TopOB (;!illaqiparM) ( ·.Li , L.Di ). 

Ha pllCYHKe ;!illll IlpOCTOTll IlOKa3aH8 npoeKUl!ll C8'leHl!ll Ml'lllleHII II T8ll8CKOila IlJ)Oll3BOlll>HOll nnoc:.. 

KOCTI>ro, napaJIJI8Jll>HOlt IlllOClfOCTII XOY, 

Bu6epeM B "aKTIIBHOM 06'beMe MIIW8HI! npOll3BOlll>HYID TOl{KY X ~'l, 11 SJieMeHTapHbllt o6'!>8M 

d't'= dxdyd~, BHYTPII KOTopo;o aaXOAl!TCH J nJ = lftP cl V : H;!iep, · rAe · No - 'll!CJIO ABora;!lpo, 

. a .f II JI - YAeJII>Hb!lt Bee I! aTOMH&l! HOMep BemecTBa Mllmeal!. Ha· STO K0lll!l{8CTBO ll;!iep na;11a-

eT F'(,:,x,~11.)dK. nepBll'lHUX 'l~CTl!U c stteprl!HMI! OT K ;!lO K + die • Bu6epe11, Hanp11Mep, 

B nJIOCKOCTI! nepBoro paCC811BaT8llll npOl!llBO~l>HYID nno1ua;11Ky Js; = 4J;; o/2; C KOOp;!il!HaTaMI! 

ueHTpa (~,',ii') Tenecm,1lt yro11, no;!i KOTOpb!M Bl'l;l\Ha STa Ill!Oll\a;l\Ka 1'13 TO'lKI! (x,1f/l) · 
I 1 ~ ,L,' d s: J. 1 [( ) ( 1 ')11 

!,[Qll[HQ onpe;!iel!IITI> KaK 01 J3, "' e:a , t r;!ie • 1 . - yr OJI 11ellt;l\y npm1oll ':l, y, ? , l,,Y,. 'I., !J 

l'I OCl>ID I a e,' - ;!illl'IHa OTpeaKa [ (:t,~, ~),(L,;~,·, ?~) ] . Tor;!ia ;!illll 'laCTl!U, pOllt;!i8HHblX 

B sne11ettTapao1.1 o6'!>eMe dv B pesynI>TaTe Baa11110;11eltcTB1111 c F(K,X,j/?) di: nepBlll{HbJMI!, 
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qacT11Qa1111 c aaepr11111111 oT K .llO /( +- J>: II BbllleTallllll!X B TeJieCHOM yr11e J.11,: , MOEHO 

aan11caT1, Bupaaea11e: 

d I ( ( }d No.I' 'v tos.J.! e1s: (I) N =It K,e)•F r,t,~,i! K" ya • e:z .•. 
r]J,e G'(,;, e) - ]J,llllJllJepeaQ11a111,aoe ceqea11e 11ccne,llye11oll peaKQ1111, a y'ro11 0 onpe,lleJIReTcR np1111u-

1111 (iJ' ) 11 [(x,~12),(L,J,'2,')]. 

B cnyqae.611BapHblX peaKI:(11!! W MOllteM, IICnOJII>3YI! KIIHellaTll'leCKlle CODTHomeHII!!, Bbl'lllC1111TI, 

aaepr111J pollt]J,eHHUX qacTll!l E = f ( K I e) 11 Tell caw11, saa11 11accy II aapR.ll aT11x qacTll!l, onpe- . 

]J,eJIIITI, IIX npo6er B BemecTBe MllmeHII /I/. 
~ 

R - J "f '[ t I. i] 
- 0 - Y.1 dEfol, . I r...u • 

(2) 

Pemall CCBMeCTHO ypaBH8Hl!e noBepXHOCTII MllmeHl'l Q (x,1,2)=-o II ypaBH6Hlle np!!MOll [(=-:fl}, 
(1,J:2)}] onpe]J,6111111 TO'lRY nepeceqeHIII! ( x. 1Jo'lo ) II BeJil!'lllHY npo6era BHYTPII Ml'lmeHII 

R.,,= J' J7.x·Ko~r(}-~•J2+(r ·l.J". B pesy11I>TaTe npoXOllt]J,eH11ll aToro Ro1111qecTBa BemecTBa per11cTp11-

pyewe qacTHllll 6y'JJ.YT pacce11BaTMR. llycn cl P,:: G(t. G2>,, e,) d .i&1 6y.lleT Bepo11Taocn Toro, 

'lTO. qacTIIQa c nepB0Haqa111,au11 npo6eroi.i R II nocne npoxoJ1t,llea1111 cno11 BemecTBa R.,, Bu11e-

THT no]J, yr11011 e, K nepB0Ha'la11I>HOMY HanpaBll~HlllJ BHYTPII Teneci!or°o yrna din, . 3,ll8CI, 

G ( <G~, e,) - nnoTaocn Bepo11THocT11, a < 027,- napa11eTp, saBl'lc11m11!! oT BemecTBa 1111mea11, 

11accu II aap11,lla qacTll!lbl, ee aaepr1111 11 BeJill'IIIHbl npo6era R.LI • 

Bu6epe11 BHYTPII KOHTypa nepBoro pacceuBaTe1111 npomrno11I>HyD'nnomamry ds,:d-,, di, 
C KOOp,lll!HaTaMII <1., ?., ). Tel!BCHbl!l yro11, no]J, ROTOpblM aia n11oma]J,Ka Bll]J,Ha 113 TO'lKIII ( f.o 3· ~.) 

C....oL dS, . [ 
aan11meTcff KaK JI,,=~ , r,lle ,J.,, - yr011 11eJ1t,lly npfflloll (X,:J0 i.o} ,(l, y,r,} · 11 

OCI>ll x, a e,: ~(L,-x.f+(~;~,Y+(~,-20)'2 1 
Tor,lla ]J,111! 'lllCJia 'laCTll!l, nonaBmllX B 3JieMeHT8PHYll 

nJioma]J,KY ds, , 11 HMeDllll!X npo6er (R-R.11) , w c110J1te11 aar!llcan: 

olN"=d.N'·dP, =cf•F'•Bdt' ~~:,1s,'·G(t.s171 :C~J e,,..,bds, Ji< ••• (3) 
~I I 

llp11Be]J,e11 ocTaDllll!llCH npo6er ( R- R-4) B npo6er B BemecTBe pacce11BaTe11n. Ecn11 T011llll!Ha nep­

Boro pacce11BaTBJIR - R, r/~u2, TO TOr,lla no BXO]J,HOMY npo6ery Rx,=(R-R.u) (c·yqeT011 nepe­

BO]J,a) 11 no BblXO]J,HOMY npo6ery R.~,=Rx, _R1/ColJ., onpell,en1111 HOBbl!! napa11eTp .(, 0 1 i'z. 11, B116paB 

BO BTOpOM pacce11BaTe~e npOH3B011I>Hyll nJIOIIl8]J,RY cJSz.· , Onpe,ll8JIIIII aHSJIOrll'lHblll o6paBOM 'IIICJIO 

qacTll!l, nonaBmllX B o/S2 • 3TII paccyllt]J,8HIIH IIOlltHO npo,llOJ!ll:8TI, ]J,0 TeX nop, noRa ue· npo!!]J,ell 

Bee pacce11BaTen11 ]J,O ]J,eTeRTopa. OcTa1Jm11!!cR npo6er qacTll!lbl np11 aToM 6y]J,eT: 

tn 

R . - R - ~ R;/ ••• (4) 
x,,,., - "· (~, /~J.i 

r]J,e tn - 'lllc110 pacce11BaTe11e!!, a R ~ - T011llll!Ha -ro pacce111BaTeJIH. BBe,lle11 llJYHRlll!D 9c, 
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Ilo onpe,2leJJeH11D 

ecJJ11 ok Rx,..,~ {)R (5) 

ecJJ11 Rx,.., .:: o um ll,,.., 7" R 

Blle]le11 Bille WYHK~D 95 , KOTopa11 y,ll'!Tblllal!a 61,1 HaJJ11q11e ]l11awparu. Ilo onpe]leJJeHl'ID 9~== flj9sj ,a 

(6) 
f
I 

9. = SJ • Q 

8Cl!II TpaeKTOpllll npOXO]lllT llHYTPII j -ott .llllawparMbl 

Jl·npOTllllHOM ClJyqae 

TaKIIII 06paao11, ]lllll .2ll!W~epeau11al!a llblXO]la OKQHqaT8l!bHO noJJyqllTCll Cll8.!lYD!ll88 llblpasea11e: 

~.i.:Js,' e...-.1.,ds·) 
dN=-B·G'·Fd"dv e:• · ni(G(<e';,i,ei) ~ 9R9s ... (7) 

3.2l8Cb B = ~ - KOHCTaHTa, a npo6eraeT aaaqea1111 OT I (pacce11H11e B 1111meH11) .llO m. +I. 

lllll nonyqeHllll OOl!HOro llblXO]la ypallH8Hll8 (7) Heo6xO]lllMO npOIIHTerpllpOllBTi no ll0611 nepe-

118HHblll. C llll8,2leH11e11 WYHKUIIM 911 II 9 ~ npe]lel!bl IIHTerpllpOllaHHll onpe]lel!!IDTC!I npocTo: Heo6-

XO]lll110 npOIIHTerpl'lpOBan no 11aKTllllHOMY 06'.beuy 1111meHl1 II no nl!Ol!la]lllll COOTll8TCTllYIDl!\IIX paccell­

llBT8l!ett. Ilpe]lel!bl no K MOSHO oueHl!Tbt llCXO]lll 113 KIIHeMBTllKII npouecca II IIBKCIIMBllbHblX H MIIHII­

MallbHblX yrl!OB II npo6eroll, KOTOpble MoryT peal!IIBOllaTbC!I npll ]laHHOtt nocTaHOBK8 BKcnepHM8HTa. 

Xyse 060To11T ]lel!o c onpe,2leJJeH11e11 06JJacT11 IIHTerp11poBaa1111 no S,' (no Ol!O!lla'AII, aa]laDmeM nep­

BOHaqaJJbHOe Hanpalll!BHIIB). STII npe]lel!bl 6y]lyT onpe,2l8l!l!TbCll OC5l!aCTbD cymecTBOllaHH!I nlIOTHOCTll 

llepo11THOcT11 G(<e'>, a) 11 B 06me11 cJJyqae lllll!!IDTCH 6ecxoHeqa1,1uH. 0.llHBKO Ha npaKTRKe BTII npe­

]lellbl 11oxHo Beer.Ila orpaH11q111b, T.K. WYHKUIIH G 'AOllOllbHO 6blcTpo y11eHbmaeTcH c yBeJJ11qeH11e11 

yrl!a OTKl!OH8Hllll 9 . B1,1pasea11e 'All!! OOl!HOM Bex11q11a1,1 llblXO]la 6y,2leT 11118Tb llll]l: 

(8) 

Tenepb ll8pH811Cll onl!Tb K ceqeHIID. 8Konep1111eHTallbHO llbl 118M8p!1811 llblXO'A N • a onpe]le­

l!IITb HBII Heo6xo]lllll0 ll8l!llq11ay ceqeHllll. B1,1aece11 (ff 118-nO]l IIHTerpana 11 6y]lell paccMaTpllBaTb 

era KaK cpe]lHlllD BBlJllql!Hy ll IICCll8.llY8MOtt OC5l!BCTII nepe11eHHblX. Tor]la, o6oaHaqa!I OCTaDmllttCH IIH-

Terpal! qepea 'J , 111,1 c11ose11 aan11caTb BblpalKeHlle 'Al!H ceqeH1111: 

- .1f_ ,: = 1/)(1 

a om116Ka ll ll8lJHq11ae 'ff 6y]leT onp8,2l8ll!ITbCll CTaTIICTl!qecKott ToqaocTbD llblXO]la II omll6Kott pac­

qeTa IIHTerpa~a :J 

KaK Bll'AHO HB (B¼OCHOBHa!I TPY.llHOCTb opll oe5pa6oTK8 peayl!bTaTOB SBKl!DqaeTCll B ]ll,lqllcne-

HHII IIHOrOKPBTHOro IIHTerpaJJa rJ ' KpaTHOCTD KOTOporo paBHB 2m ... g II 'ABl!C8 npll npeHe6pe-

S8HIIII 8~8KTa1111 IIHOrOKPBTHoro paccel!Hllll CHIISB8TC!I TOllbKO ]lO 6. BbNIICl!IITb IIHTerpal! TBKOtt 
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RpaTHOCTl'I B HaCTOl!lllee BpeMH rrpe)lcTaEJil!8TCH B03MOlltflblM TOJl!,1(0 Ha UBIJ, IICIJOJ!l>3YH 148TO.ll CTa.,­

Tl'ICTl!qecRIIX IICIJblTaHl'lll /2,3,4/. ITOSTOMY )laJII>We Heo6XO/ll!MO rrpoaHaJill31!pOBaTI> B03MOlltHOCTl'I pac­

qeTa rrp11MeHIIT8JII>HO I( STOMY 11eTO)ly. 

2. ~HaJil'la 1JOAIIHTerpan1>Holl ffiYHKg1111 

0)lHIIM 1'13 rnaBHblX Tpe6oBaHl'lll rrpll Bb[qllcJieHl!II IIHTerpaJIOB M8TO/lOM CTaTl'ICTl!qecKl'IX IICIJblTa­

Hllll HBJIH8TCH Tpe6oBaHl'le KOHeqHQCTl'I /ll'IC1Jepc1111 IJO/ll'IHTerpaJII>HOll WYHKUl'III /2/. KaR Bl'l)lHO 1'13 

,(8) IJO/ll'IHTerpaJII>H3H WYHRUl'lll BblXO)la COCTOl'IT 1'13 rrpOl'l3Be)leHl'lll PH/la OT)leJII>HblX WYHRUl'lll. 

~YllRUl'll! f'((,X,~,'~) , OIJl'ICblBaJOlll3l! CIJeKTp IJ3/l3I01lll!X qacTl'IU, 06blqHo rJia)lK3H l'I OC068HHOCTell He 
~J., 

l'IMeer, TaK lite 1(31( l'I WYHKUl'll'I Bl'l)la f' . B KaqecTB8 IJJIOTHOCTl'I Bepol!THOCTl'I yrJIOBoro 

pacrrpe)leJI8Hl'll! V(<e27, 0) 06blqHO l'ICIJOJII>SyeTCH pacrrpe)leJI6Hl'l8 Tl'IIJa raycca /5,6/. 

G (< 0'>, e) ==:.1o'> fxf:> [- eke';,] 
r.11e i 

<01)=Je:dR a e:=Jei'='(e}dJI, 
I ,.__, ,--, 

3)leCI> e: -cpe)lH~ll RB3;1lpaT yrJia pacceHHl'lll, a w (!)) 

ceHHl'IH /7,8,9,IO/, f, - TO.JIIIUIHa pacce11BaTeJIH. 

(9) 

(IO) 

/ll'l~epeHul'laJII>HaH BepOHTHOCTI> pac-

;l!JIH pacce11BaTenell KoHeqaoll TOJIIIUIHbl .( 82
) - KoHeqHo M ,WYHKUl'IH G(<Ei'>, 0) KOHeqHa 11 

CYlll8CTBY6T BO BC611 l'IHTepBaJie yr JI OB OT -0 /lO + "'° ( 0 - IJOJI!!pHbll! yroJI). 0.ztHaKO, IJ0JI0Z8-

Hl'l8 cymecTB8HHO 118HH8TCH, KOr,zta Ubl Haq11Hae11 paccuaTpllB3Tl> paccel!Hl'le B IIHW8BH. B STOM CJiyqae 

cpe,ztH8KBa,ztpaT11qHbll! yron MHOro1tpaTHoro pacceHHHll .( 0'> ,llJ!ll roqel( "aKTIIBHOro" 06'.!>e11a IIHW8Hl'I, 

Herrocpe,ztcTB6HHO rrpl'IMblK310llll'IX Kero IJOB6pXHOCTl'I, paBeH HYJIIO II pacrrpe,zteJI8Hl'l8 Bll.zta'(9) Bblpox­

A38TCll B b -WYHKUl'IJO, r.e. 

G(<9'?,0)= f 
<:e'>-o 

00 

0 

rrp11 

rrpH 

0 =O 

0 t,O 
(II) 

TaKl'IM o6pa3oM, AJIH IJOB8pXHOCTII Ml'IW6Bl'I l'I BarrpaBJI8Bl'll! Ba TeJieCKOIJ B03Hl'IKaeT paQXOAl!MOCTI> •. 

~T06bl oueHl'ITI, BJil'IHHl'le STOll pacxO,ztl'IMOCTl'I Ba Al'IC1Jepcl'IIO IJOAHHTerpaJII>HOll,~yBKUl'll'I paccuor­

PIIM rrpocre~wl'lll rrpl'IMep (cu. pl'lc.2), KOr,zta qacTl'IUH ABl'llltYTCll ITO OCH T8JI8CKOIJa l'I IJOCJie BblXO,zta 

1'13 pacce11BareJIH per11cTp11pyroTcH rrnocKHM KpyrJiblM cqerq111tou. B arou cnyqae rrpome rrepel!TH K 

Ul'IJil'IH,ztp11qec!roll Cl'ICTeMe lfOOp,ztHHaT ( 't 11 'f ) B IJJIOCKOCTII cqerq111ta. Tor,zta B. npH6Jil'lllteBlll'I 

MaJiblX yrJIOB ( ½ 0 "' U,,, 0 "' 0 ) ,ltJ!ll BepO!!THOCTII paCC8l!Hllll MOlltHO 381Jl'ICaTI>: 

dP - i [ z.t ]?.dupe 
- :r.:.e•> BXp - e~<8'> f!. 

• •• (I2) 

gs 

I 
.1 

I 
:/ 
I 

BBe.11e11 HOBblll rrapaMeTp 'Zo=e V"-0'>' 11 rrpol'IHTerp11pyeM BllpallteHl'le (I2) IJO 'f 

2z [ -z• ]cl dP= '"'ff" exp -'if! 't ... (!3) 

;l!JIH rronyqeHl'IH IJOJIHOll Bepol!TBOCTl'I BblpallteHl'le (I3) H806XOA1!110 rrpOl'IHTerp11poBaTI> no 't. 

R R ½ 
p = f i(~J c/7. = J 2! it : J 2 . • • • (I4) 

0 0 ~ . 

Onpe,ztelll'III renepl> AIIC1Jepc1110 IJOAl!BTerpaJibHOll WYHKUl'III /(z) B npe,ztnOl!OllteBl'III, qro cnyqallHaH 

BeJI11q11Ha z paBHOMepBo pacrrpe.11eneHa B l'IHTepBaJie O t R • 
l l ,2 -2r' -R• 

Dl=ff tdz -Ufldi)= f;;.4?(¥.)-~ ezl-f,u-eu) ' (I5) 

a.ztec1> cp - l'IHTerpan ow11601t, a R -pa,llilyc cqerq11Ra. 

y\3 (IS) Bl'l.!IBO, qTo npH 'Z ...... o 
I 

nf--oo. 3TOT BblBO.ll coxpaHl'ITCfl 11 B TOM CJiyqae, 8CJil'I 

Ubl 6y,zte11 paccuaTpl!BaTt He TOJII,1(0 U8HTp3JibHOe HanpaBJI6Hl'l8 na,ztaJOmel! qacTl'IUbl, HO II BC8B03-

MOZHble .11pyr11e. QqeBll,llBO, qro l'I .lll'IC1Jepclll! Bcell IJO,lll'IHTerpaJibHOn ~YHKUl'll'I BblXO,zta B aTOM CJiyqe 

6y.11er 6ecK0Heqao-6on1>moa. 

3. ilp1'16lll'IX8HHOe pemeHl'l8 

;l!llll Toro, qro6bl pew11n ,ztaHHYIO 38,ztaqy I OCTallal!Cb B paimax M8TO,zta CTaTHCTW!eCI(l'IX IICIJll 

TaHl'lll, Heo6XOAl'IMO npe,ztrrpl'IB!!Tl> HeKOTOp!le ,llOIJOllHl'ITeJibHble Mepu. 

Orpaa11q11u o6Jiacu cymecTBoBaBl'IH G(aJ';,, 0) KOHycoM c yrJIOllblM pacTBopor,r 

r.11e 11 - H8KOTOpoe IJOJ!Olltl'IT8lll>HOe q11cno. B ~TOM Cllyqae 

G(<e'>, e) = { G~<G'>, e) 8Clll'I O ~ e, n v<B 1>
1 

ecn11 e.,. 1d<e1i 
(!6) 

YI, v< 01
·/ 

Ben11q11By 11. Bcer,zta MOlltHO no.1106paTb TaK, qro6bl B03BHKaromaH om116Ka B IJOllHOn BepOHTHOCTl'I -n• 
/( i - e ) Bll8CTO I/ 6blJia AOCTaToqHo MaJia. KaK IJOKa3blBalOT oueHKl'I AJIH rrpaRTl'lqecKl'IX pac 

qeTOB 11, MOlltHO B!i611pau B .lll'larraaoHe 2 + 3. 

OrpaH11qeH11e 06JiaCTII cymecTBOBaHl'lll G(<e';,,e) npl'IBOAl'IT K TOMY, qro TenepI> o6JiaCTl> 

l'IHTerp11pOB8Bl'lll He 6y,zteT COBIJ8,llaTI> C IJOBepXHOCTI>IO pacce11BaT8llH, a 6y,zteT onpe,zteJIHTbCll nepe­

ceqeH11e11 KOHTypa. pacCBHBaTeJIH C SJIJll'IIJCOM, o6pa30B3HH!ill ceqeHl'leM KOHyca pacceHHl'IH IJllOC­

KOCTl>D COOTB8TCTBYDmero pacceHBaTeJIH. 

Ha p11c. 3 no1ta3aBo npoxoQeH11e 11 pacceHHl'le qacTIIUbl ll l -011 norJIOTl'ITene. 3,ztecb npH 

113!! [ (Li !:I, li) 1 (( .. !I;., i!~.,)] COOTB8TCTBY8T nepBoHaqallbBOIIY HanpaBJieHl'IIO qacTl'lm,I. B peayllI>TaTe 

paCC8l!HIIH Ha BllXO.zte L -ro norJIOTIIT8llH IJJIOTHOCTI> BepO!!THOCTII G (,: fJ'> j , 0 i) pacnpe,ll8ll8H 

B KOByce a yrJIOB!ill pacTBOpOM 11. J~e•>i . BBe,ztell B IJJIOCKOCTl'I, rrepneH,ztl'IKYJIHpHOll OCll KOHyca 
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11 npoxo.11Hmett qepea ToqKy nepeceqeHIIH oc11 KOHyca c rurocKOCTDD nocne~Dmero pacce11BaTenH 

( l :l\, ), KOop.111rnaTHyD c110Teuy ( "ti 'fi ), Haqano KOTopott coBna.11aeT c ToqKoM 

( u;'' ~:,:, ). B aToM nnocKOCTII ceqem1e KOHyca - Kpyr pa.1111ycoM z0 ,=nl,• J<tF>i' ,·· r.11e a~•, 
t, - .nmrna oTpeaKa [ (Li Y, ?.) , (Li., \If., :e!.,)] • B aToM Koop,1111HaTHoil c11cTe11e B"1pal!:e1111e .nnH 

BepoHTHOCTII cl Pt aam1meTcH: 

~l ; 4 -,e•>· I - 2
' -z1J.r,clr1 

dH=i<ffe>/ 'dJVi<eT">/~· er ••• (I7) 

BBe,11e11 HOB!le nepe11eHH!le 

7 - 'Zi 4 - ::fL ,,, - i;i u t,z,- 2• 
• •• (IS) 

Tor.11a BllpaKeH11e .llRH BepoHTHOCTII 6y,11eT: 

-~ ,~. 
qP,=2112

} 1,e olj,,ol·t,, ••• (I9) 

By,11e11 Bcer.na IIHTerp11poBan no nnoma.1111 Kpyra pa,1111ycoM -z.. , T.e. no nepeMeHH!lll t; 11 ~2 , 

B IIHTepBane O + I, a nona,11aH11e B nnoma,11Ry Sa, (p11c. 3) 6y.11e11 KOHTpon11poBaTb c noMOfilDD 

e.1111m1qJrnil <liYHRI(llll 9p, . 

{ 
I ecn11 ToqRa ( u. ?·. ) nona.naeT B KOHTYP nocne~Dmero pacce11BaTem1 g ;,, .. ,' ,.... . 

Pi = 0 B npOTIIBHOll cnyqae ••• (20) 

B11pal!:eH11e ,11RH ROOp,llliHaT TOql(II nepeceqeHIIJI ( ':/,., ?,♦ 1 ) Tpae·KTOpllll paccel!HHOtt qacTIII(ll 

c rurocKocTDD nocne~Dmero pacce11BaTenJ1 MDJ!l:HO Bllpa31!Tb qepea nepe11eHH!le ~. 11 ~ . , coBep-"" (.,~,. 
WIIB noone.110BaTenDHlltt nepexo.11 OT CIICT6!1ll ='! • II ?2. K OCHOBHOtt CIICTe11e X Y t t,, G , . 

TaRIIII o6pa30M, C yqeTOM c.11enaHH!lX .11onymeH11tt, MOJ!l:HO ,11Rl! Ben11q11H!l BllXO,lla san11caTb! 

t, t t I I 

N =BS/ f I f 1 J ff ... ff f'(K,(Y,l) · ';,:•' x 
Kr 2(<) Y(t,l) l{~ 1,•J !f, 2: (,;) o o o ' 

,..., z ' -
-"'.'£I,, 

Xe.,., ini(2,.2j,i9~,9p.) 9, du1,d!1d1d11,'olz:d1,.diz,••· di,, ... ,) ol1z, .. .,, 
3aRmoqe_H~e 

no paccuoTpeHHDMY B!lme anropl!TMY np116n11KeHHoro pemeHl!l! 611na cocTaBneHa nporpau11a ,11nH 

l(BM M-20 II np0Bo,1111nacb o6pa60TKa peaynbT8TOB no HCCJie,110BaHllll KOllnTOH-aqiqieKTa II qiOTOPOZ.118-

Hlll! H8HTpanDHLlX MeSOHOB Ha B0,11opo.11e Ha CIIHXPOTpOHe ~~AH • 

KpoMe Toro, npaKTIIRa pa60Tbl noKa3ana, lUO Han11qv,e nporpaMim, KOTOpaH B H8ROTOpOM po.11e 

MD,llen11pyeT nportecc per11cTpaI(lll1 sapHl!:eHH!lX qacTIII(, Il03BORH6T rny6xe IlOHHTD B3al!MOCBH8b MeJ!l:­

.llY OT,lleRDHllllll qacTl!llll 3Kcnep1111eHTaRDHOtt YCTaHOBRII. Oco6eHHO npl!BneKaTenbHOtt HBRJl8TCH B03-

IIOJ!l:HOCTb TmaTenDHOro nnaHIIPOBaHIIH npe.11nonarae1111x 8RCrrepl!M8HTOB II B!l6opa Ha11nyqm11x ycnOBIIH 
.llRH IIX npoBe.11eHIIH. 

100 

! 
( I 

i 
i 

\ 

I 
I 

J!_JLT. lLl'. AT YJ'_ft. 

I. R . .M. Sie1t11 heime'l. Ph~s- Rev ill, 1045 (I960). 

2. H.n.BycneHRO 11 ,lip. "MeTO.ll CTaTl!CTl!qecKIIX IICl!llTaH11tt 11 • ~IISUaTrll3, I962, MOCRBa. 

3 •. H.n.BycneHRO II J().A.illpett,llep. "MeTO.ll CTaTIICTllqecRIIX !!Cl!l1TaH11tt11
• ~113MaTrll3, l96I, MocK:Ba. 

4. B.Il.~e!.111,llOBllq II M.A.MapoH. 11 0CHOBll Bllq11cn11ienDHOH MaTe11aT11K11". ~118MaTrll3, 1963, I.IOCKBa. 

5. R . .U.Sterrn h-eimeir Rev.Seien !fud.£1, I070, (1954). 

6. He~ lkrioab, ,, tm, S~ .llttj&· ·~ 
Se~ iti. ~iAut:J BoJiu," CERIJ 60-/& (1960) 

7. B.Pocc11. 11'1acT11I(ll 6onm11x aHepr11tt". roc.1!8,11.Tex.Teop.n11T. I955, MocRea. 

8. H. Sit.golen. 1 IJ. T. Seo-tt Ph~. Re.v.1§., 220 (I94.9). 

9. L. f~f4' Ph~. Rev 74, I534 (I948); B.~.rpym11H II E.M.!eHRIIH. IlTS II! I, 52 
- • . {I965). 

IO. !.ll.CnoBoXoToB. "Pacqex _ceqea11~ np11 per11cTpart1111 aapl!SeHH!lX qacTIII( TenecRonou cqeTq11KoB" 

0TqeT ~l:IAH (I966). 

y 

2/5__¥,_Z/ 

llAv.zJ 

. aes;'~,. '/ ,J/_. . ot,' .\.- ..-- ,y,1, . /, ,------·-·-1 
,~ .,,._11,l R,l.o .. l A!,-l lltl .lit r . 

I · I /Y/z;;. X 

.t. Z) 

,t. 

't. 
4 

L.I 

-Puc.I 

101 



z 

X 

Puc2 -
·x 

/ 

!/,·#1 

n~ 

z, 

V; 

Puc-3 -

roz 

IlPRMEHEHl,lE METoioB ABTOAATWlECKoro 0Il03HAHRH 

0EPA30B iJJH li~HTli<l>liKAUllli 3APllllf.EHllhlX tfACTRU BUCOKRX 3HEPP0~ 

BU - JJHil CMfil'! E.M.POllOBIIH, JI.A.KyllJOKl!Ha 

I. Ilpl! rrpoBeA8HIIII axcrrepl!M8HTOB no ·w11a11xe BHeOKIIX 8Hepr11M.HepeAKO BOSHl!KaeT Heo6XOAII­

MOeTb l!AeHTIIWIIUl!pOBaTb qaeTIIQY, rrorraBmyD·Ha per11eTp11py10ey10 e11eT8My. EOllbml!HeTBO llOA06HHX 

aaAaq uoxeT 6HTb pemeao c rrp11ueHeH11eu aHallHS11py10Il!l!X uarHIITHHX rrolleM, HO Tax11e yeT~HOBKII 

IIMeJOT MallyJO reoMeTp11qeexy10 awweKTIIB~OeTb II HerrpllrOAHH Alli! 11ayqeHHll peAKIIX rrpoueeeoB. 

2. B03MOXHHM M8TOAOM pemeHllll rroeTaBlleHHOM SaAaQI! ll~llHeTeH l!Cll0llb30BaHl!e MeToioB aBTO­

MaTHQecxoro orroaHaHl!H o6paaoB. 

3. 0AHIII! na rrpocTeMml!X BapnaHTOB aBTOMaT11<iecxoro onoaHaHl!H l!Bllll8Tel! MeTOA IlOTeHUllallb­

HHX ~YHKUIIM[rJ. CorllaCHO BTOMY MeTOAY KaXAall xapaxTepl!eTl!qecxaH TOQKa, OID'!eHBa10maH 06'1>eKT, 

llP8A'l>HBlleHHliM uam11He npll 06yqeH11n, paccMaTpl!BaeTeH KaK l!eToqHIIK HeKOTOporo llOllll. IloTeHUll­

all o6o6meHaoro o6paaa o6'l>eKTOB Kllacca ~ B rrpo11aBoJI1HoM Toqxe 1..J vollC!lo aaill!eaTb B BIIAe: 
Hi O.) ii! )l 0 p (~)=Li L fi1 If [ R. (x.) Yi 

~ ~. L:1 . . 

3Aeei x. - xapaKTeplleTl!QeexaH TOQKa t. -Toro 06'1>eKTa Kllaeea i , rrpeA'l>HBlleHHOro npll 

06yqea1111; Nl:, - ~Hello TOQ8K o6yqeHl!H Ha Kllacee· ·-;e i .AL - uomaoen i -Toro lleToqHIIKa; 

fl - ~aceTOHHl!e M8EAY T
0

0QKOM-11cTOQHIIKOM X II TOQKOM Ha6llJOAeHIIH }/ ; ':f(R.) - ITOT8H­

Ullall L -Toro lleTOQHl!Ka B TOQKe 7J . 
4·. B npoueeee o6yqeHIIH npeA'l>HBlleHHHe TOQKII BHaqami 11enOllb3YDTeH Alli! eoaAaHllll o6o6meH-. 

Horo o6paaa (rrp11 BTOM Bee .A, =I), aaTeM npo11sBOA11Te11 orroaHaHne KaXAOM 11a HIIX. Ilp11 om116oq­

HOM onosHaHHJ,! L -Toro 06'1>8KTa .Ai. yBelll!Ql!BaeTeH. 8TOT rrpoueee IlOBTOpl!eTel! AO TeX nop, 

IlOKa Bee npeA'l>l!BlleHHHe npll o6yqeHIIII 'o6'l>eKTH H8 6yJzyT Oil03HaBaTbCH 6eaom116oqHo. 
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5. Ilpll 3aBepmeHIIII o6yqeHl!R B nal!RTII 11am11l!ll xpaHRTCR npeA~RB]l8Hllll8 AnR o6yqeHHR xapaK­

Tepl!CTl!qecKlle TOqKII (c yKaaaHHell Knacca, K"KOTopouy OHi! np11HaAnez:aT) 11 nonyqeH!llle np11 o6y­
. lit) 

qeHHII q11cna Jlj_ 

6. Ilp11 ono3HaH1111 noAcq11T1:1BaeTcR noTeHu11an o6pa3oB KalltAoro Knacca B xapaxTep11c~11qec­

KOI! TciqKe Y H8113B8CTHOI! qacTIIUll, II OHa OTHOCIITCR K Knaccy 1 OOT8HU11an KOToporo m1eeT Hal!­

e6on:&my1) Ben11q11Hy. 

7. B xaqecne nepBol! AOCTaToqHo 0611lelt 3aAaqe Ta1toro Tl!na 61m paccuoTpeHf 2J Bonpoc o 

B03110lltHOCTII IIA8HTl!WIIUllPOBaT:& 3apRA 7: qacTl!U nerxolt KOIIIlOH8HTU nepBllqHoro KOCllllqecxoro l!B­

nyqeHIIR (I.$~ ~ 5) co cneKTpOII [3] 11 c BepORTHOCUD nonaAaHIIR Ha perllCTPHPYDlllYD CIICTeuy 

np.onopUIIOHan:&HOI! a» 0~ ( e - yron 1!8lltA] TpaeKTOpHel! qacTHUll II 00:&D perl1CTpl!pyD11l8II ycTa­

HOBKII). 
Per11cTp11py1n1taR ycTaHOBKa npeAcTaBnanac:& 1taK T_enecxon Ha 4 cnoeB xpe11H11eB!:IX nonynpo­

BOAHIIKOB!:IX A8T8KTOPOB C CIICT8IIOI! IISMepeHl!R aunnllTYA!:I CllrHana KalltAOro 113 cnoeB. CneKTP!:I HU­

nyn:&COB Taxoro Tenecxona-6!:lnll pacq11TaH!:I Ha ocHoBe 110Aen11poBaH11R w11a11qecKoro npouecca c 11c­

non:&30BaH11e11 M8TOAa cnyqal!HliX IICil!:ITSHIII!. 

B peayn:&TaTe npOB8A8HHOro IIOAen11poBaHl!R IIA8HTll~l!KaU111! sapRAOB qacTl!U 6!:lno noxasaHo, 

qTo HSA8lltHOCT:& OnOSHaHIIR npaK;HqecKII H_e 38Bl!CHT OT ql!cna TOqeK o6yqeHl!R npl! .111i 'l 50. 

8aBHcH11o_cu. ~wexTHBHoc_Tll onoaHaHl!li aap11AOB OT aHepreTaqecxoro nopora per11cTp11pym11lel! 

CIICTellbl npHB8A8H!:I B Ta6nuue I. 

Ta6naua I. 

l.~mrn. · O,I5 0,50 I,O riJB 
H;j'.R]l._ 

I 0,98 I,O I,O 

2 0,88 0,97 I,O 

3 0,92 I,O 0,98 

4 0,67 0,96 9,98 

5 0,78. 0,90 0;97 

Df:1]10 Taxxe ycTaHOB]l8HO, qTo ~W8RTIIBHOCT:& ono3HSHH!! cna6o aaBIICIIT OT Bl!Aa noTeHnuam.­

HOI! WYHRUIIH. 

8. AHanaa nonyqeH!lllX [2,4) pe3yn:&TaToB noKa3an, qTo 6on:&maa qacT:& cnyqaeB om116oqHol! ,!.I -
HAeHTHWIIRaU1111 Ha6nmAaeTcH npa coBn_aAeH1111 3HaqeH11A napaueTpoB J!, qacuu c paam1,1 l 

Kpo11e Toro, 6!:lnO OTMeqeHo, qTO CYlll8CTBeHH!:III H8AOCTSTROII 11cnO]!I,80BaHHOro 8.JlropHTIIS 

l!B]!ft]laC:&"H806XOAIIMOCT:& coxpaHeHHR B onepaTIIBHOI! nal!HTH 11am11H!:I 8Haq11Ten:&H!:IX RO]lltqecTB npo-

11ezyroqHOI! HH~op11au11u. 
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9. B CB!!3H c STIIM 6!:ln npeA]!OlltBH [ 5J HOB!:111 anropl!TM, Tpe6yllllll'II! 11eH:&mero o6~eMa onepa, 

TIIBHOI! naMl!TI! MSml!HU H 6onee BKOHOMHOrO paCXOAa Maml!HHOrO BpeueHII. 

OcHOBOI! BTOrO anrop11T11a-11Bll]!OCI, cpaBH8Hll8 xapaxTep11cT11qecxol! TOqKII onoaHaBaeuoro 06~, 

eKTa He C KalltAOI! 113 xapaKTep11cT11qecx11x Toqex ASHH!:IX npll o6yqemrn, a ]ll!m:& C HeKOTOpllMII 

o6o6meHH!:IMII xapaxTep11cT11KaM11 IIX MIi xalltAOro xnacca. . 
B ·KaqecTBe TaKIIX 060611lBHH!:IX xapaRTepllCTIIK Ha KSlltAOM Knacce ciun11 B!:16paH!:I MIIHIIMS]!I,HUe 

aHaqeHIIII, cpeAHlle 3HaqeHHl! II Ha116on:&m11e 3HaqeHl!l! SMIIJIIITYA cllrHMOB, YCPBAH8HH!:IX A]!!! Kallt~Oj 

qacTIIU!:I no Bce11 c11rHana11, no Bce11 c11rHana11 xpoue Ha116on:&mero, xpo11e AByx Ha116on:&m11x II T.-4, 

nn11 cpaBHBHIIII OCHOBHUB xapaKTepllCTIIKII nporpa1111 HOBOro anropllTMa II anropl!TMa noTeHrut....; 

an:&H!:IX WYHKUIII! np11BBA8H!:I B Ta6n.2. 

Ta6]ll!Ua 2 • 

CpaBHeHHe anropllTMOB 

XapaKTep. AnrOl!IITM 
HacT.l!a6oTa noTeH~H 

n]ll!Ha nporp) 
o6yq. (aqeex 350g 360g 

nnirna IJPOrp. 
ono3H. (11qeeK) 500g 3008 

IlauRT:& o tea-Tax 
o6yqeHllll ~) I48 6448 xnacc 
Bpeua o6yq. 
cex/xnacc Nr =70 IO 150 

Bge11H onoaHaHl!H 
7 o6~eKT (ceK) 15 I20-I50 

IO. Ha OCHOBe 11cnon:&80BaHl!ll HOBoro anropHTMa 6una npOMOA8]!11pOBaHa IIA8HTHWIIKSUIIR qac, ~, . 

THU no napaue~py /ft.- nna cpaBHeHl!ll HA8HTIIWIIKSUllll no TOMY lite napaMeTpy 6!:lna B!:IIlO]!HeHa 

c nouonu,m onacaHHoro paaee anropHTMa noTeHu11an:&H!:IX wyaxu111!. 

IlonyqeaH!:le peayn:&TaT!:I np11BeAeHU B Ta6n11ue 3. 
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Ta6Jmua 3. 

%/p A11ropHTII 
HOB!il! iIOTeHi.ff611 

I ,II ~ I,O ~I,O 
2,0 0,98 0,98 
2,85 ~ I,O 0,93 
4,0 ~ I,O ~ I,O 
5,0 0,98 ~I,O 
5, ?I ~ I,O 
6,66 ~ I,O ~ I,o 
8,o ~ I,O ~ I,O 

IO,O 0,93 
I3,33 ~ I,O 

Hs Ta6Jmu 2,3 BH'AHO, qTq sqiqieKTHBHOCTh onosHaHHH npH HCil01lhSOBaHHH HOBOI'O, SHaqaTe1lh­

HO 6011ee 3KOHOMHOI'O, a11ropHTMa BO Bcex CJIY'l6HX He xyxe, qeu npH HCIT011D30B6HHH noTeHUH611D­

HliX WYHKqHl!. 

CXO'AH!ill BliBO'A MOMHO C'A8116TD H npH H'A8HTHWHK6qHH qacTHU no sapHAJ. 

II. B SaK11KN8HHe C118AJ8T OTM8THTD, qTo yxe nepBue, BllIT011H8HHlle HaMH pacqeTU CBH'A8T811D­

CTBYDT O BOSMOEHOCTH HCIT011D30BaTh M8TOA!i aBTOMaTHqecKOI'O 0Il03HaHHH o6paSOB 'A11H pemeHHH PH~ 

Aa 86'Aaq WHSHKH_BUCOKHX 3HeprHll. IlOSTOMY npe'ACTaB11HeT 3HaqHT811DHllll HHTepec 'Aa11DH8llllll'lll aaa-

11HS 3THX BOSMOEHOCTel!, B qacTHOCTH B03MOEHOCTell H'A8HTHWHKaqHH qacTHU no 2 H 3 napaMeTpau 

npH HCIT011D30BaHHH perHcTpHpyDmel! CHCT8Mll, CO'Aepxamel! rpynnu 'AaTqHKOB paSH!iX THnoB. 

ABTOpU B!ipaxaroT CBOID 611aroAapHOCTD B.Il.~xe11eno:ey sa nocTOHHH!il! EHT8pec K STOil pa6oTe 

Hee IlOAA8PEKY H r.A.OCOCKOBY sa 06cys'A8HH8.PH'Aa CBHBaHHUX C pa60TOl! BonpocoB. 

l HT EPA TY PA: 

I. O.A.BamKHPOB, 3.M.Epa:eepMaH, H.E.Myql!HK. ABTOM6Tl!Ka H Te11euexaH11Ka, £2,, 692, (I964). 

2. E.M.ro110BHH, l.A.Ky11DKHHa. fl~. 1, 887, (I965). 

3. ~.3BaHc. CM. Tpy'AU MeEAJHapO'AHOll KOHWBP8HIOIH no KOCUHqecKHU JIY'laM. MoCKBa, l!ID11D. I959, 
T.3, CTp.IO'l-. 

4. E.M.ro110BHH, l.A.Ky11IDKHHa. IlpenpHHT OllHH, ~ 2348, ~6Ha (!965). 

5. E.M.ro110BHH, l.A.Ky11IDKHHa. IlpenpHHT CMHH, ~ P-2675, ~6Ha (I966). 
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ITPOI'P.AMl.!A AHAJHSA YIIPYroro 

irp- PACCEHHHH ITPH HEIIOCPE~CTBEHHOrt CBHSH 

MArHHTCX:TPHK!lllOHH!lX HCKPOBl,IX KAMEP C 3JIEKTPOHHO­

BUqHcJlll!TEJII,HOt1 MAIIMHotl 

BU CMHH H.M.H:eaaqeaao 

B:ee11eaue 

Ilo uepe YC110lltR8HHH H pasBHTl!H TeXHHKH SKcnep1meHTa · B03HHKaeT-H806XO'Al!MOCTD
0 

HCIT0111.l 

BaRHH 31!8KTpOHHO-BfiqHC11HT811DRllX MamHH B peanHOU :epeueHH 3KcnepHM8HTa. 

3TO, B qacTHOCTH, OTROCHTCH K TaKHU HCC118'AOBaHl!HU, I''A8 B KaqecTBe npH6opa, perHCTJ 

PYID!llero c11eAU qacTHU, HcnonsyDTCH HcKpo:eue xaMepu.'!1Yxc B nep:eux np~MeHeHHHX HcKpOBllX 1 

uep _B8CDlla aKTyanHllll cTaJI BOIIPOC OTUCKaHHH cpe'AI! 601!DWOI'O K01ll!qecTBa MaTep11a11a HYEHb!e 

·co6!iTl!H. 
OcTpO BCTaBmaH npo611e11a npOCMOTpa H aaa11asa KauepHllX CHHMKOB CTl!My11Hp0Ba1Ia paaBHT~ 

M8TO'AOB perHcTpalOIH, B KOTOpllX 'AaHRUe O KOOP'Al!HaTax TpeKa aenocpe'ACTBBHHO nepe'AaIDTCH B 

3118KTPOHHO-Bfiql!C1111T811DHYD uamHHy. 

I. Om1caaHe ycno:eiilt ammepHM8HTa 

Pacc11aTpl1Ba811YID HHE8 nporpauuy npe'Ano11araeTCH HCIT011D30BaTD BO Bp8MH SKcrrepHMBHTa I 

Cl!HXpQWaBOTPOHe CMHH npl! l!CC118'AOBaHHII ynpyroron-p-pacceHRHH. B KaqecTB8 np116opa perl!CTJ 

PYlllll8I'O C118'All qacTl!U 6yAJT l!Cll01IDSOBaHU npo:eo110qaue HCKPOBUB Kauepu C 6ecwH11DM0BllM c~el 

l!HWOPMaUHH npH_ITOMOllll! uaI'Hl!TOCTPHKIOIOHHUX 1ll!HHll. 

Onl!CaHl!e KOHCTPYKIOIH yKaSaHRUX npH60pOB npHB8'A8HO B pa6oTe [2]. 
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IIPOI'PAMMA AHAJIHSA YITPYroro 
lip- PACCEHHHH ITPH HEITOCPEnCTBEHHOil CBHSH 

MArHHTOCTPHKUHOHHHX HCKPOBllX KAMEP C SJIEKTPOHHO­
BUqHCJ!IIITE31I,HOU MAIIMHolil 

BU aum H.M.H:eaH'l6HKO 

B:ee11ea11e 

Ilo 11epe YCJIOlltH6HllH II paa:BIITl!H T6XHl!ltll SitcnepmJeHTa · B03HllRaeT aeoc5XO'AIIMOCTJ,. llCllOJIJ,30-

:BaHl!H SJIBKTPOHHO-Bbl'lllCJillTeJIJ,Hl,IX 11am11a B peanHOII :epe11eHll SitcnepllMSHTa. 

3To, B 'laCTHOCTll, OTHOCl!TCH It Taltllll llCCJI6AOBaHllHII, rAe B Ita'lecTBe npllelopa, perllcTpll­

PYIDl!lBro· cJIBAH 'lacTH!l, HcnonayJDTCH 1101tpo:eue 1ta11eplr1Yxo B nep:eux np_1111eHeHHHX HcKpo:eux Ka-

11ep· :eec1,11a aitTyaJIJ;Hblll CTaJI :eonpoc OTblCKaHl!H OPS'AII ClOJIJ,filOro KOJill'ISCTBa MaTep11aJia HYllllb18 

•0061:UllH. 

OcTpO BCTaBmaa npoelJie11a npOCIIOTpa II aaaJIHaa KaMepHblX CHIIMKOB CTIIMYJIIIPOBaJia pa3BllTl!e 

116TO'AOB per110Tp_a!llUI, B ROTOpblX AaHHl,IS O KOOPAl!HaTaX Tpe1ta aenocpeACTB6HHO nepeAalOTCll B 

SJI6KTPOHHO-Bbl'lllCJil!T6JIJ,HJID Maml!Hy. 

I. On11oaHl!e yoJIOBll" S1tonepllM8HTa 

PacoMaTp11:eae11y1D a11xe nporpa1111y npeAnoJiaraeTcH ucnoJI:i;ao:eaT:i; :eo :epeMH SKcnep11MeHTa aa 

Cl!HXpoqiaaoTpOHe OOHH npll llOOJI6'AOBaHllll ynpyroro1rp--paoceHHllH. B Ha'leOTB6 npllelopa per110Tpll­

PYIDl!lBro CJ!8'Abl 'laCTll!l ,ClYAJT llCllOJIJ,30BaHbl npoBOJIO'IHbl6 IIOKpOBbl8 Ka11epa C Cleo\l)IIJIJ,MOBblM 0'!>811011 

l!Hg)Oplla!lllll np11_no110lllll uarHIITOCTPIIK!lllO~HblX Jil!Hll"· 

On11oaa11e KOHCTPYK!lllll yKa3aHHblX npllelOpOB npllBSA6HO B paeloTe [2] 
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HcKpOBaH Kauepa COCTOHT H3 ABYX SHeKTPOAOB, BllITOHHeHl!blJC B BHAe rrpOBOHOqHllx rrnaT. 

HanpaBneHne HHTett Ha OAHott nHaTe neprreainKJHHpHo aanpaBHeHHD·HHTett aa Apyrott. KoHCTPYK­

UHR ncKpoBott Ka11epu noal!OHHeT npn orrpeAeHeHnn reoueTpnqecKott KapTHHll co6uTntt HHTepnpeTH­

pollaTl> noHOl!CeHne HC!ipll ll SipipeKTllllHOII 06M11e Ka11epu B BBAe Toqm1 ll o6HaCTll, npeACT8Bnl!DII{ett 

npm1oyron:1,HnK co 0Topoaa11n t:r., t¥- . Ilpn noMolllll c:1,e1rnux KaTymeK naMepRDTCH l!eHnq11Hu 

Xz,:r ... ,y,,11,1,· B CHyqae OAHOtt llCKPll yKa3aHHlle l!eHnqHHll CBR38Hll COOTHOmeHHHMH: 

x,::. t;_-.r.t J 

'f,= ~-,~ 

ToqHOCTl> BllllOHHeHHH JKa3aHHllX COOTHOmeHHtt onpeAeHHeTCR CTenOHl>ID HOKaHnaaunn HCKpll. 

TaKHM 06paao11, npn perncTpaunn OAHott licrrpu,BeHnqnHu :x:,1 .r.i.,Y,,f" AJ6HHPYDT HaMepemrn 

KOOPAHH8T HCKPll H HCil0Hl>3YDTCR AHR nonyqeHHH Hyqmen ToqHOCTH. 

TaKott 06:1,e11 nawop11aunn no K8l!CAOMY HCKPOEOIIY npoMel!CyTKy·no3BOHHeT, B qacTHOCTH, BllAe­

HllTl> HYl!CHlle co6UTHH H KOHTPOHHPOB8Tl> npallHHl>HOCTl> pa60TU annapaTypu BO llpe11H 8Kcnepn11eHTa. 

B 3KCnepn11eHTe_npeAnOHaraeTCH HCnOHl>30BaTl> TPH rpynnu HCKPOllllX Ka11ep. Iloc.n,e nepBOtt rpynll!>I 

ncKpoBux K81!ep 6yAeT nouemeaa 11nmea:1,, nocHe BTopott rpynnu ncKpOBllX KaMep - aaaHnanpymmntt 

11arHl'IT. 

06:1,eu l'IHWOPMaunn npH HaHnqnn aeo6XOAHMOfi HHT8HCBBHOCTH nyqKa onpeAeHHeTCH, ll OCHOBHOII, 

AHHTeHl>HOCTl>D CTOHa 11arHBTHOro nOHH l'I Bpe11eHe11 BOCCTaHOBHeHHH 11aKCHllanl>HOtt ~eKTl'IBHOCTH 

HCKpOBllX Kallep. 

Ilpn AHHTeHl>HOCTl'I CTOHa uarHHTHOro no.irn ~ 500 MCeK., 11MepTBOll11 llpeueHl'I HcKpOB11X KaMep 

~IO MCeK., 38 OAHH HMnyHl>C YCKOPHTeHR ll SHeKTpOHHO-JluqHcHHTeHl>HYD 11amnay 6yAeT· nepeAaHa 

nawopMaUHH, xapaKTepnaymmaH 50 aanycKOll CHCTe11u HcKpOBllX Ka11ep. 

II. _Ql!!l_Cg.j!H_e_nl!.Qr.Q.81!11ll 

H\!WOPM8UHH, IIOHyqae11aH C OAHOtt HcKpOBOfi KaMepu, npeACT8BHReT OAHH 45-paapHA!IUfi KOA. 

Ilp11 sT011 40 paapHAOB ncnom,ayeTcH AHH pain,e!lleHHH l!eHnqna x,, :c~, y,, l.t 
OTBeAeHll AHR cnyxe6HUX rrpH3HaKOll. 

, a 5 paapHAOll 

3a.Kal!tAUfi HMnyHl>C YCKOpHTeHR ll onepaTHBHJD rraMHTl> M8mHHll BBOAHTCH COBOKynHOCTl> HCXOA­

HllX AaHHllX, KOTopaR xapaKTepnayeT C06llTHH, aaperncTpHpOBaHHlle npn AaHHOM HMnyHl>ce. 

HH~opuaunH HaKanHHEaeTCH OAHHM MaCCHBOM, no 11epe nocTynHeHHH C npo11e:u:yToqHott naMHTH, 

B onepaTIIBHOII H8KOnHTeHe SHeKTPOHHO-JluqHcHHTeHl>HOfi Mamnira. 

KoHeu pa60Tll 6HOK8 npneua onpeAeHHeTCH llllllOHHeH11e1,1 XOTH 6U OAHOro H3 YCHOBHfi: 

100 

I. HaKOnHeH MaCCHll 38A8HHOfi MHHll 

2. IloHyqeH rrpH3H8K KOHU8 HH~op11aun11 

3. HcTeKHO saAaHHoe Bpe11a c HaqaHa pa6oTu 6H0Ka npneua 

Ilpn STOii nOAcqeT BpeMeHH opr8Hll30BllBaeTCH nporpaMMHllll nyTe11. 

IlocHe np11e11a A8ll!IUX, B OCTaBmeecH AO OKO!lqaHHH UHKHa YCKOPHTeHH BpeMH, npon3BOAHTCR 

aHaHH3 nonyqeHHott HHwop11aunn. . 
Pacmn~pOBllBaeTCR H aanOMH!laeTcH CHy.te6HaH HHWOPM8UHH, npOHCXOAHT HacTpoiiira nporpalJM! 

3aTelJ nepexoAHM K aHaHH3Y co6tiTHH aa co6uTne11 no cHe.11yD!!\HM marau: 

I. OT6npaDTCH Te co6UTHH, AHH KOTOpllX ll nepBOtt rpynne Kauep aaperHCTpHpOBaH I CHeA. 

YK838HHUtt TpeK He AOHllteH COBnaAaTl> C TpeKOM, aaperncTpHpOBaHHUII B npeAmecTBYIDII{eM co6UTHH, 

3aTeM HAeT npoBepKa KpHTepHH HH!lefiHOCTH. Ilo 118TOAJ HaHMeHl>illHX KllaApaTOB npOBOAHTCH np1111a1 

qepea ToqKn, xapaKTepnaymll{lle cneA qacTIIUU B nepBott rpynne HCKPOBllx Kauep. 

EcHH V f ii 2//.t, (N-i/> M , rAe 

N - KonnqecTBo ToqeK; 
,,J. .. 

~ ~l - KllaApaT YKHO!l8HHH I-Tott TO~KH OT noHyqeHHOil npRuon; 

/1 - l!eHnqnHa, onpeAeHHe11aa ToqHocTl>D perncTpnpymmett annapaTypu H WOHOBUMH 

·ycHOBHHIIH' 

TO A8HHOe C06llTHe ]luqepKHl!aeTcH. 

IlporpaM11a HaKaMHBaeT Ha M8rHHTHOil H6HTe: 

I) C06llTHH, B KOTOpllX aaperncTpnpoBaH 8KT pacceHHHH; 

2) C06llTHH, AHR KOTOpllX He llllnOHHR6TCH CHeAJD!llee YCHOl!He: XOTH 6u B 3-x K8Mepax_H3 

llTOpott rpynnu saperHCTPHPOB8HO no OAHOM HCKpe; 

3) C06llTHR, AHH KOTOpllX He BllnOHHHeTCH KPHTepntt HHHefiHOCTH no BTOpon rpynne HCKpOBlll 

Ka11ep. 

!ia CTaAHH ,,on-fine,.. o6pa60TKH Heo6XOAH11llll H AOCT8TOqHllll ycHOBHeM H8HHqHH aKT8 pacce1 

HHH w cqnTae11 BllnOHHeHne,AEyx Tpe6ol!aHntt: 

I) YroH MelltAJ ABYMH rrpHWIIH, KOTOpue annpOKCHMHPY~T TpeK B nepEott H BTOpon rpynnax 

Ka11ep, 6onme HeKOToporo !JHHHMaHl>Horo yrHa. 

2) KpaTqallmee pacCTOHHHe ue.tA] yKa3aH!lllMH npH!.!l,IMH B pattoHe MHm6HH He npel!umaeT 3aAaE 

Hott lleHnqnH1:1. 

IlporpaMMa ll npouecce pa60Tll BllBOAHT HHWOPMaUHD O XOAe 3Kcnepm.1eHTa. 

PeayHl>TaTu BllA8DTCH rrocHe o6pa6oTKH aaAaHHoro qncHa co6uTntt nnn no Tpe6oBaHHD onepa1 

pa, ·B nocHe.11HeM cHyqae ncnom,3yerc11 KHaanarypa nyHhTa ynpaBnem111. 
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BllEO,lll!MaH l!HqJOpMaQIIH (rllCTOrpaMMll no yrrry pacceHHIIH II no BeJ!ll'!l!He IIMnYJIE,Ca) n03BOJIH­

eT nonyt111T1, npe.n11ap11Ten1,m,ie peayJil>TaT_b! airnnep,rneHTa. 

Pa3Jill'!HblB Tllnll 11 0TKB30B 11 3aHOCllTCll E pa3Jill'!Hlle KJI8.CCl1 II E npouecce SKcnepllMBHTa Ebl­

BO,l\llTCH IIHIJ)OpMaQllll O npll'!IIHB II KOJI!l'!BCTBB 11 0TKB30B 11 • B HaCTOlll!lBB EpBMH npe.nycuoTpeHll cne­

,1\YJ(ll!lllB 6JIO!(ll KOHTpOJill: 

I) Bb!'!IICJIBHIIH KOJillqecTBa HyJieBblX OTcqeTOE no KaR,I\Oll CbBMHOll KaTymKe; 

2) Bbl'!IICJieH11e KOJill'IBCTBa OTRa30E KaMepbl (nonyqeHIJ HYJIBEble OTC'!eTbl co Ecex '!eTllpex 

CbBUHllX KaTymeK ,I\BHHOil ·KaMep11). 

3) Bll'!IICJIBHlle KOJillqecTEa rrpo6oeB no "cTapoil' llCKpe B KaJlC,I\Oll Kauepe. 

4) Bll'IIICJIBHlle KOJill'!BCTBa CJiy'!ae11 no Kallt,I\Oll KBMepe, ROr,I\~ saperllcTpllpOEaHO 6onee o.n-

HOll IICKpll. 

Tipe.nycuoTpeHbl ClIB.l\YIDlllllB onepau1111: 

l) ClTKJIID'leHlle KaKllX-Jill60 6JIOROB ROHTpOJIH, llCnOJil>3YH 1ma1111aTypy nyJil>Ta ynpa:rmem,a. 

2) BllEO,I\ pesyJil>TBTOE pa6oTl1 6JIOKOB ROHTPOJIH, xapaKTBpll3YIDIIUIX COCTOHHlle annapaTyp11 E 

TBKYlllllll MOMBHT 11pe~eHII. 

3) BllEO,I\ IITOrOEllX pesynl>TaTOE pa60Tl1 CIICTBMll R .naHHOMY MOMBHTy BPBMBHII. 

AETOp C'IIITaeT CBOIIM npllHTHllU ,I\OJirOM BllPB311TI, 6naro.napHOCTl, H.H.ro11opyHy, H.A.ronyT­

BIIHY, ID.B.3aHBBCROMY, r.M. Ka,l\llROBY, B.H.Mopoay, r.H.MaRapeHRO, O.K.Heqie.n1,e11y, B.H.Ca.noE-, 

HIIKOEY, ~.H.CTpyHOBy, 3.H.UuraHOEY aa IlOJIB3Hlle COBBTll II o6cyx.neHIIH. 

JI Jt T E_F_A..'L__Y__Jl__A 

I. c;. BeUdi.ni ef a.e.) Pii.y.s. Rev-. Lett. 11 (l965)Uit. 

2. A.c.ra11plllIOB, H.A.ronyTEIIH, ID.B.3aHBECRllll, C.C.KllpllJIOE, E.A.KynaROE, JI.r.MaKapoE, 

3.H.UuraHoE, rrpenp11HT OHfill, 2398, 1965. 

110 

OB30P. CTAH;ztAPTH!JX TIPOrPAMM,BllTIOJIHEHH!JX B BU OOffil 

;ztJIH OEPAEOfKH TPEKOB 

TIPOrPAMMA ;ztJlfl MHOrOOB'I>EKTHBH!JX TIY3!JP1KOB!JX 

KAMEP OOffil 

BU OHfill 

I. CTaHABPTHb!B nporpaMM~ 

r .H.TBHTIDKOBa 

B BU OHHH COCTBEJI8H PH.I\ nporpaMM, oqiopMJieHHllX E 1111,1\8 CTaH.napTHllX 6JIOROB HC ,I\JIH Mam11-

Hbl M-20, IICIIOJII,3yeMllX B pa3Jill'!HllX nporpauuax o6pa6oTKII ,I\BHHblX c nyahlpbKOllllX, IICKpOEllX KB­

uep II Kauep BIIJII,COHa. 

I. TiporpaM!.la 'AJIH C'!BTa ROl3(ll(llllUIIBHTOB yca,I\RII nneHRII II napaMBTpOE nepexo.na E CIICTBMY 

ROOP'AllHaT qiOTOCHIIURa LI ] (a11Top11 B.A.3ar11HallRo II B.Jl.lli11rae11). 

3a.naIDTCH RPBCTll E CIICTeue qJOTOCHIIMRa (3TaJIOHHb18) II TB JlC8 RPBCTll, 113MBP8HHl18 B CIIOTBM8 

113MBp11TBlII,HOro np116opa. no COBOKYilHOCTII RPBCTOB MBTO,I\OM MaRCIIMY!.la npaB,I\OIIO,I\0611H onpe.nena­

BTCH BBJill'!IIHB yca,I\KII IIJIBHKII X. II napaMeTpbl nepexo.na E CIICTeMY ROOp,I\IIHaT (l)OTOCHIIMKa -t: 
11 'f,, (11apannen1,H11ll nepeHoc Ha BeKTOP l,, 11 no11opoT Ha yron 'f',, ). ;zteqiopMaQIIH nneHKII yq11-

T1111aeTcH B 2-x B3BIIMHO-nepneH,I\IIKYlIHpHb1X HanpaEJIBHIIHX. MollCHO aa.naTI, pellCIIM pa60Tbl nporpaMMbl 

.nnH c'!eTa · 11a0Tponaoll yca.nKH nJieHKII ( .,,I ;;r: = ,,..\d). 

2. IlporpaMMa 111,16poca IlJIOXHX TO'!eK •. · 

B OHHH COCTaBneBO BecKOJII,RO nporpaMM Bb16poca • 

Ha116onee '!BCTO RCilOJil>3yeTcH nporpaMMa (CTI-106), KOTOPBR npOll8BO~l1T annpOKCHMaQHD 
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npoe1t111111 Tpe1m 

,11]1!1 KOTOpblX 

Ha nneHKY lf) Rpi!BOR :; = 

_ / .z. (!!,•- -j'fx,-J)g: 

f (x) 'l8TB8PTOI'O nopll,l(Ra II llUClpacrJBaeT TO'lRII, 

G' - h-S 7 °am. .c 

•npe,111lap11Te]II,HO npOIISBO,lll!TCll BUC5poc 11 0'l8HI, y,11aneHHoR 11 TO'lRII, KOTOpa!! onpe,11en!leTC!I Kalt TO'lKa, 

paCCTO!!Hlle OT KOTOpon ,110 !18HTpa Tllllt8CTII CIICT8Mll TO'leK ll I(, pas ()O]II>me, qe11 CYMMa paccTO­

!IHIIR ,110 11eHTpa Tllllt8CTII Bcex OCTanI,HllX TO'l8K. 

B paC5oTe yqacTllOlla]II! H.H.roBopyH, ].H.]en11n0Ba, r.H.TeHT!OKOBa, B.~p11mella. 

3. BoccTaHOll]l8Hlle npocTpaHCTB8HHllX KOOp,lli!HaT TO'leK TpeKOll no ABYII CTepeonpoeKI1illlll [21 

Ilpe,11no]laraeTcll, 'lTO OOTll'l8CKl!e 0011 o6~eKTllllOB napa]!]l8]1I,Hrl, noBepXHOCTII pa8,1(8]1a onTll-

'leCKIIX cpe,11 nepneH,l(IIKY]lllPHbl onTll'l8CKIIII OC!IM, oC5~eKTIIBbl 6Jill3KII no CBOIIII onTll'l8CKIIII xapaK­

Tepl!CTIIK8.ll. 

IlpocTpaHCTll8HHUe KOOp,lll!HaTU .x, ':J, :J. onpe,11eJill!OTCll no 'l8Tblpeu KOOp,lll!HaTaM IIX npoe1t-

1111n Ha nJIOCKOCTII nneHOK C noMOIJl!,IO 118T0,1(a llaKCIIMYMa npaB,11ono,11o011l1. IlOIICK COOTll8TCTl!YJJIIlllX 

TO'l8K npOl!SllO,l(IITCll 118T0,11011 l1Tepa1111n. CoOTl!8TCTBYIOmall TOqKa HaXO,llllTCll RaR TO'lKa nepeceqeHllll 

npoe1t1111n Ha npallhlR 1ta,11p TpeRa 11·J1yqa, npoBe,11eHHoro 11s Toq1t11 npocTpaHcTBa 1ta11ephl qepes Jie­

BuR o6~eKTIIB. ~Jlll nollCKa ROOp,lll!HaTbl _x;.., 11cnOJII>SyeTCll CTaH,11apTHall nporpaMMa KBa,11paTll'lHOR 

IIHTepnOJillIUIII. 

B nporpauue npe,11yCMOTp8Hbl pelltllMbl paClOTU ,l(Jlll C'leTa npocTpaHCTll8HHblX KOOp,llRHaT C no110-

KOM COOTBeTCTBY!OmlfX TO'leK II Clea OOIICKa, T.e. no sa,11aHHUM COOTll8TCTB8HHblll TQqKau. ABTOP 

nporpa1111bl H.M.HBaaqeHKO. 

4. IlocTpoeH11e BIIHTOBOR JIIIHIIII no npocTpaHCTll8HHblU TOqKall TpeKa. 

B nporpal.lMaX o6pa6oTKII 11cnoJII>8Y8TC!I H8CKOJII>KO nporpau~ nocTp08Hllll BIIHTOllOR JIIIHIIII, 

KOTOpble paan11qaIOTC!I cnoco6011 npolle,lleHllll OKpylltHOCTII II H8KOT0plillll ,11eTaJI!IIIII [ _3 j . 

Ha1160J1ee qacTO IICOOJl!,3Y8TC!I Cil-!67. IlpOIISBO,l(IITC!I OOBOPOT.118 CIICT8W KOOp,lll!HaT 1ta11epu 

ll CIICTe11y C OC!,!O :f , napaJIJI8/II,HOil aanpallJI8Hll!O 11arHIITHOI'O nom1. 8aTell ll nJIOCKOCTII 1. =O 

,11eJiaeTC!I npeo6pa80ll8Hlle KOOp,1111HaT B CIICT8MY Tpe1(a, B !(OTOpon npOBO,lll!TC!I OKPYJKHOCTI, 

-l ,l. 
.fl-= o<x .,_ /3::2 + Y+ CX-/j 

118T0,1(0M Ha1111ea:i,m11x Klla,llpaTOll. Ilapa1.1eTp!1 d, fl, J" onpe,11eJI!IIOTCll II_TepaTllllHblll nyTe11. no 

o/, .13, J' C'll!Ta!OTC!I KOOp,1111HaTbl !18HTpa OKPYlltHOCTII ( X'S, !l-s ) II ee pa,1111yc ( R,_ ) • 

-=------=--------------=== 
lf) l!OJKHO ClpaTI> 11poe1t11~IO TpeKa Ha JII06y10 nJIOCKOCTI,. 

112 

( 

B IlJIOCKOCTII ( ;;t_ 'f ) U8T0,1(011 Ha1111ea:r.m11x Klla,11paTOll npOllO,l(IITC!I npll!.lall 

Z- Zo + RCf'i:3cx ~ 

IlOJIY'l8HHbl8 napa11eTpbl l!IIHTOllOR Jn!HIIII nepellO,ll!ITCll ll IICXO,l(HYIO CIICTe11y II Bbl,lla!OTO!I llll8C 

C IIX KOppeJillIUIOHHOil 11aTpllJ:18lt. 

C,lle]laH Bap11aHT nporpa1111u, B KOTOpOM H8Jn!H8RHall aa,11aqa onpe,11eJ18Hllll napa11eTpOB OKPYJ 

HOCTII CBO,l(IITCll H JIIIHettaolt nyTe11.1111HIIMll3aIUIII BblpallteHl!ll 
... 4-,I] .t. 

<p,, Z L f x,-- ~'IJ ., f¥-· - ~.,J-,q 

llll8CTO 

cp-= :Z l ✓/x.· - xi,f+ r v..~ -¥~1''- ~ 1 ... 
{ llRJL 

8TII aa,11aq11 3HBIIBaJieHTHbl C· ToqHOCTI,!O ,110 q~eHOB nopll,11Ka R • IlporpaMMaMII nocTpoeHII~ 

BIIHTOBOlt Jn!HIIII saa1111aJIIICI, H.H.roBopya, B.~p11meBa, B.~.XJianOHIIHa, O,B.EJiaroapallOlla, 

r.H.TeHTIOKOlla, 

5. IlporpaMMa ,l(Jlll cqeTa MarHIITHOI'O nOJill ll TO'lKaX TpeKa no 3a,11aHHOlt KapTe nOJill. 

Ilporpal!Ma COCTaBJI8Ha ,1(]1ll CJIY'la!I nOJill, Clll!M8TPll'lHOI'O OTHOCIIT8JII,HO IlJIOCKOCTelt ,X =( 

)/ =0. MarHIITH08 noJie aa,11aeTCll l! Bll,118 Tpemepaolt TaClm!Itbl C nOCTOllHHblM maroM no xax,110!1 ~ 

ocelt .z; 11, fl 

TaK KaK ll Ka11epax H80,1(HOp0,11HOCTI> nOJill H8ll8JIIIHa, ·TO 1.!0EHO nyTell Bll8,1(8Hllll 000Tll8TCT! 

~ero 11acmTa6a II llNClopa HaqaJia·oTC'l8Ta llB8CTII xapTy nox11 TaK, qTo6bl B O~HY IN8l1Ky naMHT~ 

11am11Hbl (45 paapll.llOB) pa3M8CTl!TI, Boe TPII KOMnoHeHTbl nOJill ,l(Jlll TO'lKII. 

Cqef noJlll B aa,11aHHOlt Toqxe np0113B0,1111TCJ! 0 no11om:r,IO Jn!Heltaolt IIHTepnO]lllIUIII no Kallt,l(Oll 

nepe11eHHOlt C 3KCTpanOJil!qileit Ha KOH!1aX. IlocTOl!HHbilt mar 06ecneq11Ba8T ClblCTpUll nol!CK Ta6JIII~ 

.HliX 3Ha'l8Hlli1 noJill. 

Ilporpa1111a pa6oTaeT ll rpynnOllOII pelltllMe. Ilporpa11My COCTallllJia O.B.MyXIITOl!a. 

6. Ilporpa1111N ,l(Jll! onpe,11eJ18Hl!ll napaueTpOB• Tpexa c ytl8TOM KYJ:fJHOBCKOI'O paccel!Hllll [ 4 J 
Tpe!I' annpoKCllllllpyeTcll llllHTOBOR Jn!Hllelt IIJIII napaClOJIOlt B nJIOCKOCTII ( .:x.:t). Ilpll nOIICKB 

pa11eTpOll Hpi!BblX 11cnOJI!,80BaH M8T0,1( aa1111ea:r.m11x Hlla,11paTOB C yqeTOII 11aTplll1bl KYJIOHOllCKOI'O pa 

08l1Hllll, onoco6 nOJIY'l8Hlll! KOTOpolt on11caH l! paCloTe [ 51 . Ilporpa11Mbl COCTalll!]lil p .B.MaJlblmel!. 

r .H. TeHTllKOlla. 

7. B nporpa1111ax o6pa60TKII ,l(aHHblX mllpOKO l!CnOJII,8Y8TCll CTaH,11apTHal1 nporpaMMa ,l(Jlll C'l8 

ll a8,llaHaolt TO'l!l'e 11aTp1111u om116ox // .Z ;,c If l!eKTOpa H .f II , l!BJIHIOmerocll i;pyHKlll!Blt cJiyqa 

Horo. BB!l'Topa c sa,11aHHolt 11aTp1111en om1160K // Gj·e fl. 
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B Il310CKOCTII ( ;t_ Cf ) MeTO'AOM Ha1111eaim11x KBa'ApaTOB npOBO'AIITCH npHMaH 

IloJiyqeHHl:le napaueTp!:1 BIIHTOBOlt m!HHII nepeBO'AHTCH B HCXO'AHYJO CHCTeMy II Bl:l'AaJOTCH BMecTe 

C IIX KOppe3IHilHOHHOlt MaTpunelt, 

C'AenaH BapHaHT nporpa11111:1, B KOTOpOM HemiaenaaH aa'Aaqa onpe'Ae3IeHIIH napaMeTpOB OKPYE­

HOCTII· CBO'AIITCH K 3111HeltHolt nyTeM IIHHIIMHBan11u Bl:lpazeHHH 
,. 4,1)"-cp .,. L L r x,· - :-c..,.J ., r :t,- - y.,J-"(J 

BMBOTO 

cp-= L [//.x,·-.ci,f+ffl•:-~-,.J'-'-R],. 

( IJ.RJL STII Ba'Aaq11 8KBHBaneHTHl:I C· ToqaocTiJO 'AO q~eHOB nopH'AKa ,if" , IlporpaMMaMII nocTpoeHIIH 

BHHTOBOlt m!HIIH saa11ua1111ci H.H.roBopyH, B.~puweBa, B.~.XJranoHHHa, O,B.BnaroHpaBOBa, 

r.H.'reHTIOKOBa. 

5. Ilporpauua 'A3IH cqeTa uarHHTHoro nonH B ToqKax TpeKa no aa'AaHHolt KapTe nonn. 

Ilporpauua COCTaBneHa MH cJiyqaH nonn, CHMM8TpHqHoro OTHOCl'IT81liHo. MOCKOCTelt a; =0, 

;/ =O. MarHIITHOe none Ba'AaeTCH B Bll'Ae. TpexuepHolt Ta63Il'IQU C nocTOHHH!:11.1 waroM no KaE'AOlt 1'13 

ace.II .X, //, fl. • 

TaK KaK ll Kauep·ax HeO'AHOPO'AHOCU nonH HeBe311'1Ka, ·TO !.!OEHO nyTeM BB8'A6HIIH COOTlleTCTBYJO­

l!lero 1.1acua6a l'I Bl:16opa Haqa11a · OTC'!eTa BB8CTl'I KapTy no11n TaK, qTo6u' B O'AHY nqeltKy 'riaMHTII 

uamHH!:1 (45 paapff'AOB) paa11eCTIIU Bee TpH KOMnOH8HTl:I nonH 'A3IH TQqKII, 

CqeT nonH B Ba'AaHHOlt TQqKe npOll8BO'Al'ITCJ! C noMOl!lDIO 3Il'!HeltHolt IIHTepnonHIU!H no KaE'AOlt 

nepe1.1eHHOlt C 8KCTpan031HIUlelt Ha KOHnax. IlOCTOHHHu.11 mar o6ecnequBaeT 61:!CTpl:llt noHCK Ta61111q­

Hl:IX aHaqeHH.11 nonn. 

Ilporpauua pa6oTaeT B rpynnOBOM pellCl!Me. IlporpaMMY COCTaBH1la O.B.MYXHTOBa. 

6, IlporpallMbl 'A3IH onpe'A81l8HIIH napa11eTpOll• TpeKa C y-qeTOM KYJ!OHOBCKOro pacceHHHH [ 4 J , 

TpeK annpOKCIIMllpyeTCH BIIHTOB0.11.m!HHelt 113111. napa6011olt B nnoCKOCTl'I{ .:x.:t). Ilpll noHCKe' na-

paMeTpOB KPIIBl:IX HcnoniaoBaH M8TO'A Ha11ueHim11x KBa'ApaTOB C yqeTOM MaTplllll:I eynOHOBCKOro pac­

ceHHIIH, onoco6 noJiyqeHIIH KOTopo.11 onucaH B pa6oTe [ 5 / • Ilporpauuu cocTaB11m1 P .B.Ma1ll:lmeB 11 

r .H .TeHTl>KOBa. 

7. B nporpauuax o6pa6oTKII 'AaHHUX mupoKo ucnoniayeTcH cTaH'AapTHaH nporpa1111a 'A1lH cqeTa 

B BMaHHOll ToqKe MaTp11n1:1 omu6~K // I:,. // BeKTopa H .f II , HB3IHJOnterocn qiyHKn11ell cnyqalt­

Horo. BeKTopa c aa'AaHHolt uaTpunelt om1160K // Gj·e //. 

113 



CqeT B8A8TCH no·qiopMyJie 

:E. ,. L 
1/(. • 

d,e 

,J,· "p;f,c r-
~ - -- \Q•e 'uo. u a.e. . <I . 

d 

qaCTHble lIPDll3BDAHhle cq11TaIOTCH q110JieHHO. 

nporpaMMa Han11caHa E.B.~eOKTIICTDBhlll II A.H.POAIIDHOBbJM. 

n. nporpaMMhl AJIH o6pa60TKII AaHHblX o MHoroo6bBKTIIBHhlX Ka11ep 

nepBaH TaKaH nporpaMMa [ 6, 71 • OAeJiaHHaH AJIH _MeTpOBOtl rrponaHOBOtl KaMephl mm, pa6oTa-

8T c !964 roAa. no Hell 06oq11TaHO 6oJiee 25 TbJOfiq TpeKOB, 

BoccTaHOBJI8Hl!e npooTpaHCTBeH~blX KODpA\lHaT rrpDll3BDAIITOH no OHIIMKaM, lIDJiyqeHHhlll ABYMH 

qJDTOarrrrapaTaMII, np11qe11 OllTIIMaJII,HYIO CTepeorrapy Bbl611paeT qJll31lH np11 rrpocMOTpe, II rrpllaHaKII 

3TO!l CTepeorraphl rrpo611BaIOTCH Ha 6yMalltHOtl JI8HTe. 

EoJIII TpeK 113MepeH no qaoTHII ABYIIH 0Tepeorrapa1111, TD nocJie BDCOTaHDBJIBHIIH npooTpaHOT­

BBHHblX KDDPAIIHaT K8lltADtl qaoTII npDllCXDAIIT "om11BaHHB11 TpeKa. BoccTaHOBJIBHIIB rrpooTpaHCTBBHHblX. 

KDOp.lll!HaT lIPDll3BDAIITCH. !ID qiOpMyJia11; 113JIOlltBHHllM B pa6oTe E.H.KJiaAHIIUKO!t [ a ] , C aaAaHIIBII 

Ta6Jil!U 3aBIICIIMOOTII OlJTl!qecKIIX xapaKTBpl!OTIIK 06bBKTIIBOB OT paAl!yoa-BeKTOpa 11ao6pallteHl!H 

Toqa11. 

B rrporpaMMe eon 6JIOK "aaqepKIIBaHllll11 • OH Bb16pao1rna.eT HBB6PHO 113MepeHHbllt MaTep11aJI, 0 

KOTOPOII eCTI, crreu11aJII,Hble OllrHaJibl Ha 6y11alltHOtl Jl8°HTe, BblXOAHutelt 113 noJiyaBTOMaTa. 

Bu6poo 11 l!JIOXIIX11 ToqeK npoll3BOAIITOH Ha nJIOCKOOTHX KaApOB II AO!IOJIHIIT8JII,HO B npooTpaHCT­

Be KaMepu no cn-IC6.- no cn-I67 CTPDIITOH BIIHTOBaH JIIIHIIH II cq11TaIOTCH rrapa11eTpbl TpeKa. MarHIIT-

HOe l!OJI6 CJia6o H8DAHOPOAHO !IO Z II BblpaxaeTCH JIIIHStlHotl qiyH1ru11eli Z H11rryJII,O oq11TaBTCH 

np11 YCJIOBIIII OAHOPOAHOOTII nDJIH, np11qeM B8Jil!q11Ha noJIH 6epeTOH ycpeAHBHHDlt no 3-M TOqKall 

TpeKa. 

MHOrOKpaTHoe paoceHHlle yql!TblBaeTcH JillmI, npll cqeTe Dmll6KII IIMnyJI1,ca. npeA!IDJiaraeTCH 

nOAKJIIOq11n rrporpaMMY lJOCTpOeHl!H BIIHTDBOii JIIIHIIII c yqeTOM MaTpllUbl, o6yoJIOBJI8HHOlt MHoroKpaT­

HLIM paooeHHIIBM. B HaCTOHutee Bp6Mfl rrporpaMMa pa6oTaeT ODBMBCTHD c rrporpaMMOlt IIABHTllqJIIKaUIIII 

V" -qaoTIIU II t'_ -KBattTon[ 9 j. 

np113HaH Toro, qTo qaoTIIJJ;bl oopaayIOT C06b1Tlle, orrpeABJIH8TOH rrporpaMMHhlM nyTeM. 

COS'AaeTCH rrporpaMMa 'AJU! 'ABVXM8Tp0B0H nponaHOBO!t II MeTpOBO!t BO'AOPO'AHO!t KaMep JIBa. 

nponaHOBaH KaMepa IIM88T paaMepu 2IO X 65 x 43 0118 , qiOTOrpaqi11poBaH11e npol!SBDAIITOH 

mecn10 o6b6KTIIBaMII, H8DAHOPDAHDCTI, noJIH AO 20)t 
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BO'AOPO.lUl8H KaMepa IIM66T_ paaMepb! 95 X 35 X 30 cu8, IIM66T 4 06D5KTIIBa, H80'AHOPO'AHOCTD 

nOJIH 5%. 

B pa6oTe HB'A nporpaMMOll npllHIIM8JOT yqacT11e WIIBIIKII JIBS: E.H.KJI~HIIUKBH, B.11.Mopoa, 

11.CallTOB, A.Il.CT8JIDM8X II COTPY'AHIIKII BU - r.A.EM8JIDHH8HKO, r.11.MaKapeHKO, H.~.MapKOBa, 

B.11.HIIKIITIIHB. 

B nepBOM B8pllaHTe nporpaMMbl Bbl6op onTIIM8JIDHOll cTepeonapb! npOIIBBO'AIITCH WIIBIIKOM, 
• 

B IIHWOPM8qllll, Bbl'A8B88MOl! nonyaBTOMaTOM, YK8Bb!B8JOTCH TpeKII, IIBMepeHHble paaHb!MII CTep~o-

roJIOBK81111 II HBJIHJOlIUl6CH 'ABYIIH qacTHUII O'AHoro TpeKa, a T8KlE6 npll8H8KII ll'A6HTIIWIIKaUIIII II ocTa­

HOBKII qacTIIU. rro nporpaM11e aaqepKIIBaHIIH Bb16pacb!B88TCll HenpaBIIJIDHO IIBMepeHI(b!l! 11aTep11an, a 

OCTaBmlll!CH nOCTY086T B 06pa60TKy. ITO CTaH'A8pTHb!II nporpaMM811 oqllT85TCll yC8'AK8 OJI5HKII, npo­

llBBO'AIITCH npeo6paaoBaHll8 KOOP'AIIHaT B onT11qecKyJO CIICT6MY, OOIICK COOTB6TCTBYJOIIUIX ToqeK, cqeT 

npocTpaHCTB5HHUX KOOp'AIIHaT, C'l6T KOMOOH8HT OOJ!ll, B CJiytlae Heo6XO'AIIMOCTII TpeK CWIIB88TCH. 

3aT8M npoBeplleTCll, Jl8lEIIT JIii TpeK B npe'Aenax KaMepu. IlapaMeTpbl TpeKa onpe'AeJIHllTCH C yqeTOM. 

H60'AHOpO'AHOCTII uarHIITHOro OOJIH, MHoroKpaTHOro pacceHHIIH II noTepD Ha HOHIIB8ql!JO. MeTO'A peme­

HIIH Ba'Aaq11 Tpe6yeT HaJillqHH HaqaJII>HOro np116JIIIJE8HHH 'AJIH napaMeTpOB Tp8Ka. lJill C'leTa HaqaJID­

HOI'O npH6JIHJE8HIIH, a TaKSe napaMeTpOB KOPOTKHX Tp8KOB COCT8BJill8TCll cneuHBJIDHUl! 6JIOK, B CJiy­

qae KOpOTKOro Tpexa c np11aaaKOM OOTaHOBKH HMOYJII>O onpe'AeJIH8TCH no T86JIHU6 npo6er-HMnyJIDC. 

B. nepBoM npH6JIIIJEeHHH apry11eHTOM llBJI!leTcll 'AJIIIHa npocTpaHcTBeHHoll xop'Abl l , BO BTOpoM 

np116JIIIJE6HHII - 'AJIIIH8 OT Ha'laJiiHoll TO'IKII TpeKa 'AO KOH8'1HOl! 'AYrll OKPYlEHOCTII pa'AIIYCB ,£_ , 
onp8'A8JI8HHOro no H8'18JII,HOMY np116JIIIJE8HIIJO IIMnyJII>Ca. B cnyqae KOPOTKoro TpeKa Clea npaaHaKa 

OCT8HOBKII 8HatJ8Hlle IIMOYJII>Ca II ero om116Kl1 8a'Aa8TCH WIIBIIKOM. 

lJIH onpe'AeJieHIIH aanpaBJI!IIOIIUIX KOCIIHycOB B8KTOpa IIMnynica KOPOTKllll TP5K 58'A88TCll npllMOl!, 

npoXO'AHmel! qepea ero xpal!a11e Toqx11. lJIIIHHb!ll Tp8K annpOKCIIMHpyeTCH napa6onol! B nJIOCKOCTII 

(.x fl) II IipHMOll B OJIOCKOCTII / .a! '-I) • 0Mny111,c qacTIIUb! cq11T88TC!I no npocTpaHcTB6HHOl! KPllBIIBH8 

annpoKCHMllPYJOmel! KPIIBOll II cpe'AH811Y aaaqeaHJO nOJIH C nonpaliKoll Ha IIOHIIBaql!JO II H80'AHOPO'AHOCTD 

nOJill, a 'AJIH ocTaHaBJIIIBaJOlIUlXOH qacTIIU no Ta6n11ue npo6er-11MnyJII>C. Cq11T8JOTCH T8KJE8 aanpaBJIH-
' . 

IOlIUle KOCllHycu B8KTopa llMnyn1,ca B HatJaJiiHoll TOqKe TpeKa. YToqHeH11e nonyqeHHOro HaqaJiiHoro 

npll6JillJK6HllH C yqeTOM H60'AHOPO'AHOCTII MBrHHTHoro nonH, ITOT8pI, Ha llOHllBBUIIJO H MHOrOKpaTHoro, 

pacceHHHH npol!BBO'AHTCH B cneq11a11I,HOM 6JIOK6 nporpa11,.:u (CM, 'AOKJIB'A r.A.EM61II,HH8HKO). 

115 



JI ll T E P A T Y _F_A: 

I. B.A.3arHHallKO, B.H.mnraeB, TipenpHHT Ol!flll, 2527, )ly6Ha, I965. 

2. ll.M.llBal!'leHKO H .llP, TipenpHHT Ollflll, P-2889, )ly6Ha, I966. 

3. H.H.roBopyH H ,llp. ITpenpHHT Ol!flll, 2036, ,lly6Ha, I965. 

4. ~.A.Ey,llaroB H ,llp. ITpenpHHT Ollflll, 2668, )ly6~a, I966. 

5. 1-1.M.rpaueHHUKHM H .llP• ITpenpHHT Ollflll, P-2I46, )ly6Ha, I965. 

6. H.A.Eya,llaBUHa H ,llp. IlpenpHHT Ol!flll, 2095, )ly6Ha, I965. 

7.,H.A.Eya,llaBHna, B.r.1-!BaHoB. TipenpHHT Ollflll, 2755, ,llydna, I966. 

a. E.H.Kna;ztHHUKaH. MaTepHanu COBell{aHHH no ueTO,llllK8 nyabipDKOBblX Kauep. 

TipenpllHT Ollflll, 796, ,lly6Ha, I96I. 

9. B.E.BnHorpa,llOB H .llP, TipenpnHT Ol!flll, 26I3, ,lly6Ha, I966, 
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HAXOJKJ!EHI-IE METO.llCU MAKCllMYMA TIPAB,llOIIO,llOEllfl 
TIAPAMETPCB 3APi!IEHH00 qACTllUl:l, ,llBlllKYIUEl1Cfl B HEO,l!HOPO.l!HOJ 

MArHllTHCU TIO/IE, C yqETQM l!OHll3AUllOHHhlX norEPI, ll MHOI'OKPATHoro 
KYJIOHOBCKOI'O PACCEflHllfl 

BU - JIB 3 fflflll r .A .EuenDHHe_HKO' r .If .MaKapeHKO, B .ll .Mopoa' 
lf,C.CaHTOB, A.IT.CTeRDMax 

I. B pa6oTe paccuaTpHBaeTcn aa,llaqa onpe,lleneHHn HaqanDHUX napaueTpoi Henanyqaroll{ell 

qacTl!Ubi, ,llBHlltyll{ettcn B Topuoanll{en H pacce1rnaroll{Eltt cpe,lle, nouell{eHHoll B Heo,llHOpo,llnoe uarHHT-

Hoe none [I J . · 
.Ilo)1o6aue aa,llaq11 B cHny Hannqun uaoroKpaTHoro paccenHHH B cpe,lle H nauepnTenDHUX omn6oK 

He HMeDT O,llHOBHaqHoro aHanHTHqecKoro pemeHHH. noaTOMY MOlltHO rOBOpHTD RHIIU, 0 HaHdonee 

npaB,llOn0)106Holl (onTHMaRDHOM) oueHKe HHTepeoyDII{ffX Hae napaueTpOB, 

C uenDD nonyqeHHH TSKHX oueHOK napaMeTpOB H 6un npuueneH M8T0)1 MaKCHMyua npaB,llOnOA0-

6Hn [2] • 

3a.ztaqa pemaeTcH B ,llBa aTana. Ha nepBoM aTane nonyqaroTcH npudnHllteaaue .ouenx11 napaMeT.:. 

PCB C yqeTOM TOPMOllteHHH qacTIIUbl H ,HeO,llHopp,llBOCTII nonH. Ha BTOpOM aTane BMecTe C yKaaaHHbl­

MII Bblme ~aKTOpaMH yql!TblBaeTCH H MHOrOKpSTHOe KynoHOBCKOe pacceHHIIB, PaccMOTpeHHB BToporo 

8Tana I! COCTaBnHeT CO,llBplltaHHe HaCTOHII{Btt CTSTDH, ITepBblll aTan on11caH, Hanpnuep, B fr] : 

PaccuoTpHM cxeuy np111.1eHeHHH ueTo~a 

rt. CHoTeua 'KOOp,lll!HaT Bbl6HpaeTcH TaKHM odpaaou, qTO y HBMepeHHblX Toqex 

.Xo = 1/• = ,YN = 0 

MarHHTHoe nons no Been .zlRl!He cne,lla HanpaBneao, B ocnoBHou, no ocu Oz II 

I:: I~< 1 !ft I<< 1 -
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B pa60T8 [I] noKaaauo, qTO ~JIii )IBYXIIBTPOBOII nponaHOBOII Ill 0~0118Tp0BOII BOAOPO)IHOII' Ka­

uep OOH~ BAOJII, Boero OJIB)la 

If I ~ 1 . <3> 
COOTHOmeHlllll ( 2) o6ycJiaBUBam OTHOCJ/lT8JII,HO CJiaelyJO KOppeJIRUHll OU8HOK f?. C01olo 

(npoeKUllllll mmyJI:r,ca B nepBoll TO'lKe ua nJiocuocu. XoY ) I! yr~a /30 °(Mex;ziy STOii npoeKulllel! I! 

OCI,IO Ox. ) C OU8HKOII yrJia °'o (M8llt:ztY B8KTOPOM l!MnyJII,ca I!, OCI,JO Di! ). STO nosBOJIR6T npollla­

BO,llllTI, YTO'lH8Hlll8 llTl!X ll6JIJ/l'llllH H638.BIIClilMO lil, Kpo11e Toro, npoBO,lll!Tl> YTO'lH8Hl!6 o(_o 6ea yqeTa 

IIHOrOKpaTHOro KYJIOHOBCKOro pacceRHlllR, 

r,lle 

m. Kallt;zty!O H3MepeHHYIO Ha CJI8,ll8 KOOp,lll!HaTy )/, MOlltl!O npe,llcTaBl!TI, B BJ/l,lle: 

!/, ='JI{ P. ,olo I /3· I T., !,, .. ,ti;, 711 .. :, 'l., J -!,, I •"J :!;_ ) + £, J (t':o.,~ ... ,.¥), (4) 

t; - oml/lelKa l!BllepeHHfl KOOp,lllllHaTH ')/, (ee ,lll!cnepCl!fl J}I. C'll!TaeTCfl aa,llaHHOII I! O,lll!HaKOBdt 

,llJifl BC8X l, ); 

JI - IICTJ/lHHafl KOOp,lll!HaTa·Toqu11 CJl6.lla; 

T. - 1/lCTIIHHoe 8HaqeHJ/l6 KOOP.lll!HaTbl 1 B HaqaJil>HOII Toque CJI6,lla; 

Sz - npoeKUl!ll Ha nJIOCKOCT:r, Xo Y yrJia MHOroKpaTHoro pacceRHIIR Ha i -011 l!HTepBaJie 

( OH ji ); 
J fi- npeBHmeHJ/16 Cll61It6HII: no 0011 t,. B MHOrOKpaTHOII pacceRHIIII Ha 

cpe,llHIIM cueIIteH11eu JS. (np11 aa.llaHH011 Ji:, ); 
5 - TeKyIItHII napaueTp. 

i,. -011 IIHT8pBaJie Ha,ll 

CTOXaCTll'l6CKlle nepe11eHHbl8 £,, r,., ?, H633.BIICJ/llli,I ii paonpe,lleJI8Hbl no HopuaJil>HOIIY aaKOHY. 

~oxoA1111a pacnpe,lleJI8HIIR ~ep11lll· [3] MR qacTHUH, npome,llmell B pacce11Ba101Itell ope,lle paccTo-

RHl!e X • IlOKallte11 HeaaBl!CIIIIOCTI, B6Jil!ql!H ~:- H 7, . 
,,,!'(: 0 ) ,d5 1 r. I/ (t 1 3ir 3s~l1 
VY ( J, o , a: = ~ 0f ;;x2 exp L - Bf x - a:2 . + ~ J J J (5) 

r,lle ~~ - cpe,llHIIII KBa.llpaT npoeKUlllll Ha 11JIOCKOCT:r, XoY yrna 11HoroRpaTHoro pacceRHlllll Ha 

e ,lllllHlllU8 )IJilllHH; 

.J - c11eIIteHHe, riepneH;!ll!KyJIRpHoe oclll Ox. (npe:z1nonaraeTcR, qTo cHaqaJia qacT11ua .!IBlllra­

eTcR B,llOJII, /k ) . 

IlocJie aa11eHbl f = 2 -+ 1 .et., X = t no11asaTeJII, 8KCnOH8HTbl nplll1!8T Bl1,ll: 

1 ( _r. -+ _1
2 

-) (6) -1 0ft 0/t' 
.2. 2Y 
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Ha (6) Bll,llRO, 'ITO fl' II f - H88BBIIOll11bl8 oroxac'1'11'18CKll8 

0'1'KJIOHea11e aa cJie,11e .llJil!lnl l-=- JI I Cly,lle'? 

,_ fef L¾ 
Vf'· = ff 

(?) 

a npll y11e'?e BKJIB,lla _TOJibKO 0'? 2 : 
./1Jj. L3l:i.. 

= Kv'QY 
(8) 

ConocTaBJIHH (?) II (8), nony11ae11: 

{VI')z. 

vT 
OCHOBH.Otl BKJia,ll B CM811(eHll8 BROCH'? 'IJI8Hll 1 CO,ll8plltallll!e r 

= (9) 

IlOBTOIIY B ,llaJiiHetlme11 npll nocTpOeHIIII WYHKUIIII npaB,llOnO,llOClllH II peKyppeRTHllX WOPMYJI nepexo,11a 

OT JH K y,,. W ll0llt811 orpaHll'IIIUCII TOJ!bKO y11eTOII 'IJIBROB, co,11epllta11tllX !? , II IICKJIKJ'illU 

qneHu, co,11eplltallll!e 2 , ro eon noJionn Zi =- f, =O. ii'.) 

IY, YpaBHeHlle ,llBllllteRIIH qacrll[(ll C y11eroM ropMOllt8HIIH 

d-p .... p ,,,{p 
- = _g-[V- HJ~- -d.-i: c , P olt (IO) 

r.11e e i"if - ee cKopc;>cn, H - 11arHIITHoe noJie, i: - BpeMH, 

cx-= d, {SJ 11 13 =13(.S) 

~: = p~. ( #y ~/> - lfx Uh_f j / 
, l.!Ollt81.1 aanacari ypaBH8Hlle CBHBII B Bll,lle: 

(II) 

::fl.. = ~ (_ H~ + { 1/x C4j J3 r My E,,">i/) t<Jd.. J . 
d,S /J<! '-

Haxo.11e11 BrOpl,le npol!aBO.llHhle no S II nepexo,11111.1 or .llllwwepeHQ11poBaHllH no npocrpaacrBeHHotl 

,11yre s K ,llll~epeHQIIPOBaHlll) no nJIOOKOtl '/I:3r8 

, - (ll-)f:!J!.)-:t {J. - e(!/- rd-5 . 

C'i11Tae11, 'ITO TO'IKII Ha CJI8,ll8 BSH!l'hl croni qac'l'O, '!TO B CIIJIY MaJIOC!l'II A-:!i = -:S, - :f,-f OTHOCIITeni-

HO pa,1111yca KPIIBIIBHbl CJiel(a MOlltHO orpaHll'illUCH B OKpecrHOCTII ( i- 1) - otl TO'IKII '?OJibKO 

JIIIH8tl1n111 II Klla,llpa'?ll'llnlll l!JieHOll. B pa8JIOllt8HIIII /3 no ◊ . 

========================== 
aa KalllJ;OM IIHTepBane aa11eaeao Ha j = i E,_ J; . 

J', 2., " 
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Y'IIITl,IBaH TaKllt8 113118H8H118 yrna Ha BBllll'IIIHY J-.· Ha L -11 IIHTepBane 11a-aa l!HOrOKpaTHO-

ro pacceaH11a, no.nyq1111: 

13 i : A--1 + Clo l.·-1 M,· { 1. + 1 r;;_, A!,) + !.· I (I2) 

r)te 
C{ = - ~. - Hr.. I 

o C fl,, C,4;5olo 

{.. = 3-_ ·i',.Jol._ ( 1-/2.- _ l!ys:11f, +fl. ~lj? Lo<;) 
• P; l'O 'o(.,• liz. H:!o d . 

(I3) 

EcJIII OTHOCIIT811:&Hlie n0Tep11 l!Mnyn:&ca Ha IIHTepBaJie 11am,1, YCllOBIIH (2) BTmOJIHeHU, 

/ H;t( II, w"' + H. /!41,~)fr'· / <~ 1. , 
TO / {, LJ-Si / <:< i 11 11oxHo Bli'll!CllHTl> G,· ,. 11cnoJI:r,aya pesyJil>TaTH 1111e10merocH Ha'lan:&Horo 

np116111!~6Hllfl IICKOMliX B8llll'IIIH. 

Ha11eHeH11e KOOp)tl!HaTu )/ c yqeTOM 11Horo1rpaTHoro pacceHHIIH Ha AJ,· aan11meTcf! 1ra1r: 
A5i 

)Ji=)};-, -+ J S,11 [t3,._1 +ct./,._/1. + t,C!-,._t" -e)}dt -+ (f,• + f' 45.}C'IY.Ji, . 
0 

BBO)tfl 1!811epl!T81II,Hl,18 oml!6KII £; , BliITOllHIIM y1rasaHHOe IIHTerpl!pOBaHl!e, C'!IITaH, 'ITO j4fa,·/ <<J.: 

q2.,{..2 2/, 3 /> 3 /l~ 2)'. . 
:/, = :f;,.1 + M; [ 1 - ..!. ,/i ( LJ5l) ( ~ + 7i 1!!,-i-, 4&t + 20 r:.-,-1 LJ-:l', .nni3,·-, + 

+ tlo(i-1 (45,)
2
~+!.. &.· AJi 1e~At'-1 + (J_,4-5,·-+ 11,)C41Ji + £,- £,-1 · 

~ _ .3 ,-1 J r ( :i. t 

Ec1111 pacc11aTpl!BaT:r, (I2) KaK peKyppeHTHYD WOPMYHY, TO nony'IIIU: 

i l 

A = l'io + Clo 1- rt Mj (1. + 1 CJ'-f 4 ~ )] + i ~- J 
; F r1 'J <t J-t 

r)te f, ~- - BKllM B yro:,r /3 ' HaKOM8HH~I! Ha nyTII OT Ha'laJII,HOI! )10 

IIyoT:r, B peayJil>TaTe pactieTOB Ha nepBOM STane :IE) noJiy'!eHU O!l8HKII Gl • II f.,,. 
'!l!H ao II t O '. BBe)teM .OTKirOH8Hllfl A II 13 

a.-ct''' ! A , (3. - /3.,.. = B 
I! san11me~ (15) B Bl!)te: 

== 
:IE) 

(I4) 

(IS) 

L -:-TOI! TO'!Kll. 

H8113B8CTHliX B8llll-

Onpe)te1IeH11e Ha'!alll>HliX O[l8HOK C Yt!8TOII IIOHl!3a[lllOHHliX noTep:r, 11 H80)tHOpO)tHOCTII uarHIITHOro 

noJIH pacc110Tpeao· B [I 1 

r20 

~ 

j3,," = f"' + a"'dt, [ f;·-1 (1 + 16°;·-; LJ-5j)4'5;) ( 

C'll!Taa, 'ITo / A / << I a""'/ ,. I B / ~< 1. , I fa 8j / L.< i 

(I6) 

11 JIIIHeapl!sya no aT1111 BeJI11'!11Ha11, noJiytiae11 Bupaxea11e )tllH c11emeH11a B Bli)te: 
,t ,# '1t" /af (7 

ff.- = J.·- 1 -1- ~ A!, + A <:l :f,· C.· C-#1 /3l-1 + 8 44,- M.fJ.--, + M; e~ A·-,/;, oi + 

+! 4&,-£.·C-6:1},~, -f E, - £,_, .,.(i= 1,2, ... ,.H) 1 .z 
(I7) 

,l, ~ ( )2}' l .i- ct'{; I. " 
~: { 1. - a•;t•"f (LHJ [1-+ ~ t;_, A~i -+lo t,~, 45, I f,'1/3,-1 -t :/'tf-+ 1/t,c, )LJ5, C,>jJl--1 I 

(!, = L [(//. J. Mi ( i + 1 r:J·-1 4~)] -t 4 :/.~1 '1/-1 Ll~· ( 1. + 1 t-,._1 LJt,), 
j=1 l'j-1 ,j-f q ,t,. 

a = P. .~P.- ( f. [1J) ." n P. '/) P. I ,,U. 

-PaccuaTpllBaH (I7) KaK pe1ryppeHTHyD wopuyny, no11yq1111 ypaBH8Hlle 0Bf!811: 
i i . . 

t'i·=%,- -(J.- E.J-? 4), fjo/ - A fr; 0-(~i ~ ~-1) - B xi + . era> 
-+1. ~SJ~-,+ X.1 -2Xc}, 

:i.. f1 (I 

l 'i 

r)te xi = L L,fm C4j f ... ~1 • 

"1•1 

Y. KaK dUJIO noKaaaHO Blime, OToxacTll'!BOKIIB nepeMeHHUB C H J1 HB1If!DTCH OTaTIICTll'leCKII 

ueaaBl!CIIWUII I! Hop11a11:&HO pacnpe)telleHHliMH. IIoaTOMY WYHKlll!D npaB)tOITO)t0611H MOXHO aanacaT:r, B 

Bl:l)te: 

L f ,f KE:~ N'r,.2- } 
= C#!Ji. exp - - [? F + I_ _L ] . 

2 ,=o r j;1 -OJ, 
(I9) 

IIoTpedoBaB odpa~eHl!H l B Ma1rcauyu, c ytieTou Buno11HeH11H ypaBHBHHI! CBHaH, 11oxuo pemaT:r, 

8a)ta'ly Ha YC1IOBHUI! 8KCTpeuy11. B CllllY Toro, '!TO ypaBHBHllfl CBHBH paapemeau B HBHOII Bll)t8 OTHO­

CIITell:&HO E',· , sa~a'la CBO)IIITCH K aa)ta'!e Ha deaycnoBHUI! 8KCTpeuy11, II 1,11,1 no.nyqaeu CIICT6MY 

ypaBHBHIII!, 1111Hel!aux 0Tuoc11Te11:ouo BBllll'll!H A, B, T. 1 ~- 11 l!a11epeHHUX 1roop)t11HaT )/4· : 

~> B BlipazeHIIHX (I7) 11 )tallee B6llll'111Ha /, 1111eeT BIi)! (I3), HO Bli'!IIClleHa, HCXO)IH 118 peayJil>Ta­
TOB l!U8!011l8roca np11611wxeHHH IICKOllliX B8llll'!IIH, T.K. B npllHHTliX npe)tnonoxeHHHX /.· ,;::;' i, 
T.e. CJia6o M8Hf!DlllaHcH BBllll'!IIHa. 
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; { c,} C; ( ~- - Xj- 1 )} = o, 

~E.-X;=O 
t=t (20) 
°Z E, = 0, 

( !:' { ) :<.f.- . ) ,i' ~ 'i :< ~1 + X'J· - 2X; -+ -i;;,;-:;:::. o, (t= 1, !lr, .IY . 
£ J"1 j •• 

8TO o6CTOHT6RbCTBO Il08BORH8T OTHOCIIT8RbHO rrpocTO pemaTb CIICT81.fY II HaXOAIITb MaTplluy 

om1160K. 

YI. Pa60Thl [5] 11 [6] no CMhlCny COBnaAaIOT c AaHHOli pa6oToli B TOli qacTII, B KOTOpoli pac­

cuaTpHBaeTCH 81P4ieKT KYROHOBCKoro pacceHHIIH. O~aKO B [5] 11 [6] OCTaeTcH OTKphlTHII BOnpoc 

06 OAHOBp8118HHOII yqeTe KaK SiMieKTa KYROHOBCKOro pacceHHIIH, TaK II ypaBH8Hllli AB11llt8HIIH aapa­

llt6HHOli qacTlll1bl B TOpll08Hll8li cpeAe II H00AHOPO~OM Mara11THOM none. K TOMY
0

llte 118R0llt0HH8H ue­

TOAHKa Il08BORH8T yqeQTb II CRYqa11 KpaTHOro Hnll HA0pHoro pacceHHIIH, oco6eaao Baxahle MB npo­

rraHOBOli Kauepu; T.K. OHa AaeT BOSMOlltHOCTb IlORYqllTb OTA0RbHhl0 gK . Ecn11 B peayn~TaTe pac­

qeTOB aeKoTopue l nonyqaTca aHouanbao 60Rbm11u11, TO aTo 11oxeT yKaauBaTb Ha Han11qHe HAep­

Horo pacceHHHH Ha K-TOII IIHTepBane. MolltHO n1160 o6opBaTb TpeK Ha STOM IIHTepBane, Rll60 (qTo 

HBRH8TCH 6oRee TOqHHM) aaAaTb Ha yKaaaHHOM HHTepBane B0Cblla 60Rbmy10 AHorrepcHIO .,@3K ., qTo 

Il08BORH8T ooxpaHHTb BCIO IISMepeHHYIO ARHHy Tpel!a (aa IICKRIOqealle!.1 K. -Toro HHTepBaRa) ARH orr­

peAeReHIIH HMnynbca qacTHU!l. 

ABTOphl rrp11aHaTenbHU A.~.RYK~HHUeBy, C.H. COKOROBY II r.H.TeHTIOKOBOli aa IlOR08HHe o6cyllt­

A8HIIH. 

J_ll TEP AT Y_P A: 

I. r.A.EuenbHH0HKO, K.Il.Ro110B, r.H.MaKapeHKO, B.ll.Mopoa, ll.C.CallTOB, A.Il.CT0RbMax. 

IlpenpHHT Ollflll, P-2829, .1ly6Ha, 1965. 
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IlOA06Ha. llaA-BO "HayKa", MocKBa, 1964. 
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OEPAEOTKA HEtlTPOHl!blX CilEKTPOB 

BU - RH~ Cllmt ll.H.menoaueB, H.D.illHpHKOBa 

-AH!ll?!!ll!,IIH 

OnllCHB86TCH KOMITJI8KC nporpauu o6pa60TKII Ha 1,1am11ae M-20 aeliTPOHHhlX cneKTpOB, IlOCTynaIO­

mux 118 Ra6opaTop1111 HeliTpOHHOli WIISIIKII no Ka6eJibHOli CBHSII qepea uamllHY "MIIHOK-2 11 • KoMnneKc 

BKJIIOqaeT
0

B ce6H: 

I. BcnouoraTenbaue nporpaMMH, 06ecneq11Bal01I1H8 YA06HHli nol!CK HJXHUX M8CCIIBOB AaHHhlX aa 

MarHIITHHX neHTax. 

2. IlporpaMMH npeABap11T6RbHOli o6pa60TKII (oyMMIIPOB8Hlle OAHOTllnHUX 11auepea11li, BB8A8Hll8 

nonpaBKII Ha 11M6PTBOe Bp8MH11 , nonyqea11e Kpl!BOli nponycKaHIIH). 

3. IlporpallMH OKOl!'l8T8JlbHOli o6pa60TKII (ueTOA WOPMH II ueTOA nnomaAeli). 

B AaHHOM AOKRaA8 OITIICHB81DTCH nporpaMMbl o6pa60TKII HeliTpOHHhlX cneKTpOB Ha 8BM M-20. 

HeliTpOHHhl8 cn8KTPH 06paay10TcH B aHIIJlll88TOpax B Ia6opaTop1111 HeliTpOHHOli WIISIIKII, II IIM810T 

ARIIHY OT 256 AO 2048 11 _6onee 16-paapHAHhlX ABOl!qHl,IX q11ceJI, 

CneKTpH nepeAaIOTCH no Ka6eJI10 Ha 8BM - 11M11aca", a aaTe11 - Ha M-20, 0 nporpa1111ao11 06-

cnylltl!Baa1111 KaHaJIOB OBHBII RH~ - 11MIIHCK11 11 11MIIHCK11 
- M-20 noApo6HO yno1111aa8TCH B (6) 

Ha M-20 cneKTpH xpaHHTC_H aa ~arHRTHOli R8HT8, np11qe11 AJIH BKOHOMIIII JI8HTl,I ABa q11cna xpa­

HHTCH B o~oli ll'l8liK8, 

qaOTb oneKTPDB, ae npomeAmaH no TexanqecKIIII II opraH11aau110HHH11 n_;mq11Ha11 11epea KaHal! 

RH~ - 11Mi!HCK11 - 1.!-20, npo611Ba8TCH Ha nepqioKapT1,1, BBOAIITCH-Ha M-20 II TaKllte 38IlllCIIBaeTCH Ha 
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MarHllTHYll JJeHTY. 

,llJil! OTIDlqllff cneRTPOB ;ztpyr OT ;ztpyra ll ;z(Jll! 6llCTporo llX HaXOllt;zt8Hlll! BBO;ztllTCl! npllaHaR -
·'· 

qeTupe ;zt6C!I.TllqH!,18 IlllWPll - !6 ;z(BOllqHblX pa3pl!,llOB. Ilpll3HaR cneRTpa l!BJil!8TCl! cawu nepB!,111 

'lllCJIOM 13 1iaccllB6 ll H8C8T 13· ce6e llHWOPMaill!Bl O ;z(JlllHe cneitTpa !f Tl!Ile 8RCil8PllM8HTa. Ha RalltAOll 

JI8HTe M-20 B nepBoll 30He llM88TCl! nacnopT JieHTll,.l! ROTOPOM yRa3aHll npll3HaRll ll M6CTOHaxOllt'A6-

Hll8 cneRTPOB, COOTB8TCTBYIJl!UIX 8TllM npll3HaRaM. 

O;ztHOBpe11eHHO 11oryT o6pa6aTllBaTLCl! 'AO '18Tllpex 11arHllTHblX Jl6HT. ,llJil! nepBll'IHOll o6pa60TRH 

llCilOJIL3YIJTCl! H6ROTOplle npOCT!,16 nporpauw, 06ner'la1J11U18 pa6oTy co cneRTpaMll ll npoll3BO'Al!l!Ul8 

npocTellmlle onepaill!ll. K HllM OTHOCHTCH: COCTaBJI6Hlle CB~AHOro nacnopTa JI8HT ll aaMCL ero Ha 

ME; Bbl60pRa cneRTpa no npll3HaRy ll npeACTaBJI8HllH ero 'lllC6JI B MamllHHOM ROAe; nOJry'l6HllH cy11-

J.1!,I H6CROJILRllX cneRTPOB; BB8'A6Hlle npOC'l8TOB Ha 11M8pTBoe Bp6!lH11 , no1Iy'leH1l8 nponycRaHllH. 

Ilyre1.1 ;ztaJILHellmell_ o_6pa60TRll nony'laJOTCH napaMeTpbl HellTpOHH!,IX cneRTPOll 116TO;zt011 Halll16HL­

mllX RBaApaTOB ' CJ.!, [1] ' [SJ. 

,llJil! cneRTpOB Tllna nponycRaHll!! llCnOJIL3Y8TCH nporpaMMa 11118TO'A wopw" [3] • CneRTP npo- _ 

nycRaHlll! MOllteT 6UTL 3anllcaH Halt 

TCEJ = T Rm.~·> <I><E',a) d E' 
-oo 

rAe Q - llCROM!,le napa11eTpH cneRTpa, R(E;,E') - WYHRilllH paapemeHllH annapa:rypa (llCRa-

llt6Hll6 llCTllHHOro cneKTpa), E - nepe118HHaH. MeTO'AOM HallM6HLmllX KBaApaTOB HaXO'AHTCH napa-

11erpc1 no O'AHOMY llJlll H6CROJILRllll O'AHOTllilH!,111 cneRTpa11. 

IlpH aTOM y,iHTUBaeTca • .llonnnep - ~eKT- ll HHTePWepeHill!H uexAJ noTeHill!aJILHUM n peaoHaHc• 

HUM pacceHHllHJ.lll. 

.llJIH ·cneRTpOB Tllna nponycRaHllH ll ca11o;neTeRTllpoBaH1lH llCTTOJIL3Y6TCl! 11118TO'A TTJiomaAell" [4] 

Kax asBecTHo, WYHRillll! paaperueHllH, llcRazaa wopuy cneRTpa, He 11eHaeT TTJiomaAell IlllROB 

ll peaoHaHcoB cneRTpa. 

B 'laCTHOCTll, ;z(Jljj cneRTpa nponycRaHllH nJIOl!l8.'AL pesoHaHCHoro npoBaJia MOlltHO OnllCaTL wop­

MYJIOll 

A =T [1 :- <P(E,aJld£ 

3a;ztaBaH 8Ha'leHllH nnomaAell ;z(JIH pasHUX TOJil!UIH o6paanoB M6TO;zt0M HallM6HLmllX RBaApaTOB -onpe;neJIHJJTCl! napaueTpu a . 

06a M6TO'Aa B3all11Ho 'AOTTOJIHl!IJT ;npyr ;npyra. K 'AOCTOllHCTBaM 1111eT0Aa wopMH" cneAJeT or-
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H8CTll: O'AffOBpe11eHm1ll o6c'!eT HeCROJILRllX (AO mecTll) ll ;naze IlJIOXO paspemeHHblX pesoHaHCOB, 

B03MOlltHOCTL nonyqeHlll! napaueTpOB no O'AHOMY o6paany, nOJry'leHlle 3H8'18HllH noTeHnllaJILHOro 

paccel!HHH, noJIY'leHHe napauerpoB C 118HLWllMll Omll6RaMll. 

,llocTOllHCTl!a 1111eTO'Aa nnomaAett" - He HYlltHO SHaTL WYHRillllJ paapemeHHH-ll Tpe6yeTCl! M6HL­

mee uamHHHoe l!peua. 

,llna noJIY'leHHH napauerpoB O'AffOro peaoaaHca rpe6yeTca no nepBouy ueroAJ OT 5 ;no 20,-

no l!Topouy - OT 2 ;no 6 MllHYT l!peueHll Ha M-20 B aal!llCllMOCTll OT ROJlll'l6CTBa o6paanoB n TO'I­

HOCTH Ha'laJILHOro npll6Jillllt6HllH. HeROTopue ~ll31l'16CRlle peayJILTaTU, nonyqeHH!,18 ,IlPll nOMOl!UI STllX 

nporpa1111, npHBe~eHa l! [2J • 

CJieAJ8T OTMeTHTL, '!TO B HacToamee l!peua cymecTByeT CJIHWROM 60JILmoll paapbll! no BpeueHll 

uelltAJ OROH'laHllell 8KcnepllM8HTa H Bbl'Aa'lell pesyJILTaTOB. 8TO CBHSaHO C npllM6H6HlleM 'ABYX Bbl'lllC· 

JlllT6JILHblX uamaH, ll8 ROTOpblX OAHa TOJILKO npllHH11aer llHWOPllaill!D, a Apyraa - M-20 - o6pa6aTN­

BaeT. IlOCKOJILey M-20 B OCHOBHOM C'lllTaeT 'Apyrlle aa;zta'IH H BP6MH Ha Hett pacnncaHo Ha He'A6JIIJ 

~nepeA, TO ;z(JIH nepe;zta'IH c 11MllHCKa11 Ha M-20 ll o6c'!eTa HYlltHO H6CKOJILKO 'AHell. 0 nOJIY'leHHll ze 

peayJILT8TOB BO Bpe»a 5Kcnepllll8HTa lJ.1!~ KOHTPOJIH B ;ztaHHOtt CllCTe»e He MOllt8T 6UTL ll pe'!ll. 

JlJLl'JLl'. A T Y P A: 

r. J.A.~awey,S.~.Atta. neuhon Time-of-'Hi9fit methods. 
' Bwssefs. &u'lopean Atomic &ne'lg~ Community. 1961, p. 555-561'. 

2. BaH Hall ffHL ll Ap._IST~ 45, !743 (!963). 

3. KapEaBHHa S.H. ll ;ztp. P-2593, ~y6Ha. 

4. KapJEal!llHa S.H. ll ;l!p. P-2198, ~y6Ha. 

5. SJ~.Atta andJ.A.Hawey ORWL-3205: 

6. HBaH'!eHKO H 'AP· P-29!4, ,lly6Ha. 
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,,. 

OE Ql(Ha.l METQllE BbliiPOCA "IIJIOXl'IX" TOIEK 

BU Cllffil H.n.n11Kycap, B.H.IllMraeB 

llpll 113118peHlll!X KOOp,tl!HaT. Tp8KOB Ha llOnyaBTOl.laTaX (rr/a), pa60Ta1>Il{l!X II Olf\. e LV\.~• C 8BM, 

uoryT 6sTb .llOrrymeHH om116x11, Bli3EaHHHe pa2nl!'lllllMII np11q11Ha1111: rro11em B xaHane cBll31! rr/a c 

3BM; 0601! B OTcqeTHOII Cl!CTeMe npa6opa; KOHeqHal! ToqHOCTb rrpa6opa; HeBHHMaTenbHOCTb onepa­

Topa, pa60Ta1>mero Harr/a; HeqeTxoe a206pa:11teH11e TpeHa Hero .llHCHpeTHa11 CTPYKTypa HAP• Bee 

STD rrpHBO}ll!T K rpy6s11 om116Ka11 rrpll o6pa60TKe co6!iTl!ll B _neno11. IIoaTOMY O~HII 113 o6l!3aTenbH!iX 

STallOB o6pa60TKII C06!iTl!II Ha SBM l!BRll8TCll oql!CTHa BXO]lHOII IIHWOPMan11a OT BC8B03MOXHHX cnyqal!­

HliX om1160H • 3ToT rrponeec _llORyqlln Ha3BaHl!e 11BU6poe" MOXMX" ToqeK". 

B ]lanbHellmeM 6y}le11 rrpe]lnonaraTb, qTo rpy6ue e11cTe11aT11qecKl!e om116K11 l!BMepeHHII 1111e1>T 

11any1> BepOl!THOeTb, T.e. eq11Tae11, qTo BepOllTHOeTb }(OllyeTl!Tb ~e rpy6ue omll6KI! llPI! IISMepeHl!I! 

. }(Byx ToqeK llO.llPll.ll 6y]leT llOpll}(Ka pa. <<. { • Cq11Tae11 TaKXe t qT_O .X -BUe KOOp}ll!HaTU TQqeK 

11a11epem ToqHo, a '/ -Bue - c riorpemHoeT111111 · fl i. , rrpl!qeu At. E.Jf'(qG'). IIopMOK cpe}(HeKBa­

JlpaT11qeeKoll om116K11 rrpe}lrronaraeTeH 11sBeeTHU11. 

3a}laHHOe }llleKpeTHOe MHOl£8eTBO ToqeK {P~} (.:s1.;.:11) rroene]loBaTeUHO pas611Baeu Ha 

rpyrrrrs no n. ( v,.::: "1) · ToqeK TaK, qTo6s rroene~11a "xopomaa" ToqKa rrpeA&AYmel! rpyllllu 6sna 

rrepBoll ToqKoll rroeneAYmmel!, 2a 11eKnmqeHHe11 noene'AJ!ell rpyn1JH, KOTOpal! 11oxeT.co}lepJW.Tb HecKOJIIr­

KO 11xopom11x11 ToqeK rrpe]lrrocne'Al!ell. Cxe11aT11qecKII rrponece ]leneH1111 ToqeK TpeKa Ha: rpyllllll rroKa­

saH Ha pile.I. TaKoe }leneHl!e TpeKa Ha rpyrrrru ll03BOnl!eT 1!366llt8.Tb H60]lH03HaqHoCTII, B cnyqae 

KDI'.lla.TpeK 111.1eeT, Harrp11uep, w~PMY crr11pan11. Bu6poc "nnox11x11 Toqex ]lenae11 B Kax}loll rpynrre. 

H11xe rrp11BOAl!Tc11 anropl!TM B!i6poea "rrnomx" ToqeK. Orr11ca1rne eTaHAapTHoll rrporpa11w (CII), eoe­

TaBneaHoll no 3TOMY anropl!TMY, llPIIBO}ll!TeH B KOHne }(HHHOII pa60T!i. 
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I. AnropllTM BN6poea 

B }lanbael!meu 6y}le11 rronsoBaTbeH ene)cy1>Il{l!Mll 06osHaqeH11mm: 

P, - i-a ToqKa rpyllllU TpeKa; 

.x;.,IJ~ - KoopAHaaTu L -II ToqK11; 

~ - llOPll.llOK anrrpoKelllll!pY1Jmel! KPl!Boll; 
V\. - q11eno Toqex B rpyrrrre. 

Beeb anropl!TM "BU6poea" paa611T Ha HeCKOilbKO 8TanoB. Ha rrepBOII STarre rrp1!6nl!:11teHHO Oll] 

]lenHeu HaKnoa l -ro eer11eaTa TpeKa. Yron cp SToro HaxnoHa orrpe}lenHeTcH c rro11omb1> ~OJ 
11yn (I) 

[ it~· ct>\: 
[ Co~ ~1, ~ 

'j,, - ':I -­
R J.~ 

x,-x ... 
~ 

rAe R.,_=_J(:x.,--x.i)'-+('J,-~ .. )1- • ,· ~- · . .e, - IIH}leKc rpyllllU. 

Toqx11 P. 11 Pp, B!i6HpamTcl! 112 ycnoBl!ll (2): 

I'}le 

}lnll P = wti.111. f 1P.i. P.) B1i611paeTCll TOqKa PJ. J,..,, "I. ,1.' I,! J 'J 

}lna r, , = ~-VI, f (P .. , Pr) 
fF f>II' r 

( ol,J.': 1, 2., i) 

Bu611paeTcl! Toqxa Pp, ( ~.,.I: .,._.1,, ... 1, "-) 

r .. , = f (P;., P.•) - paccTOl!Hl!e M3EAY TOqKallll P. II f>t-

(I) 

(2) 

YcnOBllH (2) ll03BORllllT ll36exaTb .rpy6ol! om116Kl11Jpll orrpe}leneHl!ll yrna cp , KOI'}la 

HpallHHe Toqx11 cer11eaTa Tpexa OKaxyTcH rrnom1111. Bene}( sa.aTl!M ]lenae11 npeo6paa0Baa11e T,i, 

rpyrrrru Toqex, T.e. Tpe6ye11, qTo6s aarrpaBneane 0011 X -OB coBrra]lano o aarrpaBneH11e11 rrplluol 

P{ = T~P~ i. - .1 -';- VI. 

p"" Pp_: 
(3) 

I'.ll~ T; - orrepaTop rroBopoTa Ha yron cp • 
Ha cne]ly1>me11 STarre llpOllCXO]ll!T Blil!Bnea11e TaK Ha8UBaell!lx "HSORl!poBaHIIllX" Toqex. 

"HaonnpoBaHHoll" cqaTaeTcl! Ta Toqxa Pl , .llnll KOTopol! BunonHeHo HepaBeHcTBO 

-& 
It • .f <;> 

2. 

~ .Pt (4) 
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I. AnropHTM Bb16poca 

B AaJI»Hettmeu 6yAeM non»BOBaT»CH cne~YDIItllMH o6oaHaqeHHHUH: 

p~ - L -H ToqKa rpymm TpeKa; 

.Xt.,IJ~ - KOOPAHHaTbl t -n TOqKH; 

yV\, - nopHAOK annpOKCHMHPYDmen KpHBott; 

V\. - q1,1cno ToqeK B rpynne. 

Bee» anropHTM "Bb16poca" paa6HT Ha HecKon»KO BTanoB. Ha nepBOM BTane npH6nmxeHHO onpe­

Aenaeu HaKJIOH l --ro cerueuTa TpeKa. Yron cj, BToro HaKnoua onpeAenaeTcH c nouom»m ~op-

uyn (I) r $i.~ <pit : 

[ Co~ ~.l ~ 

rAe R.,_=J(x,.-x.i)"+(':ff·~ .. )2- , a -l 
ToqKH P.., H P,. Bh16HpaDTCH HB ycnoBHH 

- HHAeKc rpynnhl. 

AJIH f.f ~i., f (P.i., PJ.') 

(2): 

Bb16HpaeTCH TOqKa P,,1. 
( J.,J.':, 1, 2., i) 

Bbl6HpaeTcH ToqKa Pr, 
( ~.,. '= t,\•l., ... 1, ~) 

rAe r .. , = f (P., P.•) - paCCTOHHHe M3E,lly ToqKaUH P. H p. .... 

(I) 

(2) 

YcJIOBHH (2) 003BOJIHDT Ha6exaT» .rpy6ott omH6KH'IIPH onpeAeneHHH. yrna 'P , KOrAa 

Kpatta1,1e TO'IKH ceraeuTa TpeKa oKaxyTcH nJIOXlllll'I. BcneA aa BTHU Aenaeu npeo6pasoBaHae T -i, 
rpynna ToqeK, T.e. Tpe6yeu, qTo6a HanpaBneu1,1e 001,1 X: -oB ooBnaAano a HanpaBJieHHe» npauoa 

p~ Pp_: 
(3) 

rAe T+ - onepaTop no11op0Ta Ha yron cf,· • 

Ha CJieAyDmeu BTane npOHCXOAllT BblHBn8HH8 TaR HaSblllaewx 111!30nHPOBaHHblX11 ToqeK. 
111'lSOJil!POBaHHOtt11 cql!Ta8TC!I Ta TOqKa Pi , , AJl!I KOTopott BblnOJIH8HO HepaB8HCTllO 

(4) 
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l',ll6 IC 4 - nOCTOllHHall, a :r; ""ft onp6,ll6JilllOTCll qJOpMyJial411 4(a) l! 4(B). 

ft~ \~4 
z,• = J_!_ f. .f (P.:, P~+'J 4(a) 
Jcp l."'·" ,.. . 

p'I. • 
J~ "' W\t''· {f (P;, ~')} z 

' 
;3.,. -t-i-"'- 4(B) 

L "'~ 
0THOCl!T6JibHO qiopMylll,I 4(a) aa11eTl!M, qTo TOqHl! p~ npe.ztBapl!TBJibHO ynopll,llOql!BaJOTCll no 

KOOP.ztl!HaTe .:X:t, T.e. .:C.1. ~ .,C::t+1 i =.., + ..,_ 

Ilocne aToro noJJyqaeM- BcrroMoraTeJibHoe MHOl![ecTBO ·ToqeK {P:} = 1,P:J-tp;J, r,lle { P;} -
MH0llt6CTBO l!80Jil!pOBaHHblX TOqeK ( "= 1+ ~ Vl.44,V\.\. 3aTeM ,lleJiae11 nepeHOC CIICTBMbl lWOp,lll!HaT Ha 

, I "} 

BBJil!q1rny AX= ):"., +X"• , T.e • .ztenaeM BTopoe rrpeo6paaoBaHl!e cl!cTeMbl ~. : 
2. 

l',lle /j_, '° \Ao") l p~ 
P

,, , . 
,, .=P, +flx 

= (i) 14 :X:: = :xJ ~ AX 1 

., I 

"i""''if<', 

3(a) 

z.: = 4-i- I'!., 

Ha .ztanHel!me11 8Tane Bbl6paCblBae11 Te 11 l!80Jil!pOBaHHble 11 TOqKl!, KOTOpble JIB:EaT ,llal!BKO OT TpeKa. 
.it' • 

3TO - TOqKl! Tlma P, Ha pllc.I. l!llll 8TOl'O npl!MBH!IBM MBTO,ll 11MaCKll 11 , saKJIRJqaIOlllllllCll B C]f8.ztY-

10111eM: qepea BCnOMOl'aTel!bHOe llHOllt8CTBO ToqeK t p;} npoBO,lll!M Hpl!BYIO nopll)IHa W\,o, no MHK l! 

HaXO)ll!~ B8JJl!ql!Hbl 
t., II ' I\,:. 8"t = C.. 1- - 'J• .... ~ 

(5) 

. ""·) ., 
r.zte 1;/, - 8HaqeH11e _npoBe.zteHHOll Kpl!BOII B TOqHe x., . "MacHa11 rrpe.ztcTaBJill6T co6oll MllOlltBCT-

BO Tex ToqeH, ,llllll HOTOpblX BblnOJIHBHO aepaBBHCTBO: 

-2 2 
K2.f<-p > St z. :::-1.,."1. (6) 

-~ 
r.zte Kz. - nocTOllHHall, a .f.,. · - onpe.zteJJeHo qiOpMYJIOll 4(a). llopH.ztOH l'>¼. annpOKOl!lll!PYRlIIIBll 

HPl!BOll onpe.zte1111e11 l!8 YCJJOBl!H (7) 

W\." = M.a.X l m~V\.(wi.; V\.,-2..];:} 
r.zte VY\... - sa.ztaHHHll nopH.ztOH Hpl!BOM. 

(7) 

Ilocne 8TOl'O npOl!8BO,lll!M crJialltl!BaHl!8 TpeHa. l!ml 8TOro qepes MHOlltBCTBO ToqeH 11Ma~Kl!11 { P·"} . J , 0 = 1.;.~. V\.o.611\.4. V\.) ueTO,llOII MHK npOBO,lll!II Hpl!BYRJ rrOpll.ztHa 'Wl2,. • VV\2,. - orrpe.zteJill8TCH qiop-

uynoll Tl!na (7). CrJJalltl!BaHl!e npol!8BO,lll!M l!TepaTl!BHblM M8TO,llOM. AnrrpoHCl!Ml!PYIOIIIYIO HPl!BYIO Bbl6l!pa-

eu B Bl!,lle Jll!HeilHoll HOM61!HaJU11'1 OpToroHaJibHOll Ha MHOllt8CTBB ToqeH "uaCHl'l11 Cl!CT8Mbl nOJJl!HOMOB 

tJe6blmeBa - lf• l"'-) , 1:-f.., lx.), .. , If ..... L.-:ic.) , T. •· 
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(8) 

r';z1e \.f .. u<) - op~oroHa/ll>Hll 11 /ll!Hel!Ho-HeaaBIICl!Mll Ha MHOllt8CTBe { X j} 
1 

i~ 1;. '¾. 3TO npl!BO,lll!T 

K 6O1!!,WOMY ynpomeHl!ID CIICT6Ml,I HOpMa/ll>HllX ypaBHeHl!JI ,11/lll onpe,11e11eHl!ll KOSqi\!)11n11eHTOB co(., KO­

TOpal! B 3TOM c11yqae 111.1eeT Bll,11: 

(9) 

r,11e CKO6KI! [ ] - ecu rayccOBCKl!e CKO6KII. 

MaTp11na cl!cTeMll (9) - ,1111arOHa111>Ha II onpe,11e1111Te111, ee Bcer,11a oT1111qeH OT o. ~YHKn1111 <f- lX:) 

11erKO no11Yqae1.1 lll!BecTH!lM M8TO,llOM opToroHa1111aan1111 \PYHKnHl1 1, x, :x:. .. J • ; , , x ..... • Pac•.eT-
. , .. .) 

Hall qiop1.1y11a ,ll/lll no11yqeHl!ll 3HaqeHl!l! ~ l=><l) npll STOM san11meTCll B Cll8,llyIDW8M BM,11e: 

,lll!l! B!l6poca Ha116O11ee y,11al1eHHOl! TOqKM "1.1aciKll 11 IICilOlll>Bye1.1 npaBl!lIO 2. u, T.e. B!l6pacu­

.i s:i. BaeTCl! Ta TOqKa, ,ll/lll KOTOpol! HepaBeHCTBO '{ (J" - • ~ 0 He BllilOl!H8HO, 

r,11e h.r. => 1M. "'-ll b,f. J . d 

B Cl!yqae B!l6poca Ha116ol!ee y,11al1eHHOl! TOqKII, CHOBa onpe,11el1l18TCll nopll,llOK annpOKCMMIIPYID­

mel! KPIIBOl! m.., ,llllfi OCTaBWIIXCll VL,. 1 Toqe!{ II nponecc 'npoBe,11eHl!ll KPIIBOl! IlOBTOpl!eTcll. 

3aM0TIIM, qTo YClIOBl!ll (7) .zt!lll onpe,llel!eHl!ll nopll,llKa KPIIBOl! BHOCIIT B nporpaMMY ,ll8HHOl! sa­

,11aq11 HeKOTOplllt SlleMeHT caMoHacTpOl!KII, T.K. nopl!,llOK Kpl!BOl! B!l61!paeTcll C yqeTOM KOlll!qeoTBa 

OCTaBml!XCll Toqe!{ V\.' . 

ECllll Hal!c5Ol!ee y,11al1eHHOl! TOqKII B 11 Maci;e" He OKaSal!OCI>, TO Bee OCTaBm11ec11 TOqKII cql!Ta­

IDTC!I xopom111.1~. Hx -no,11Bepraeu oc5paTH!lM npeo6pasoBaH11111.1: 

(II) 
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I: 

i: 

,I: 
! 

:r! 
\', ~,. ;•.1·: 
I 

/: 
\'. 

ill 
I.
!' 
!i, 
/: 
r:l 

:\• -, 

Koop,lll!HaTbl OCTaBmllXCH ToqeK ~OPMIIPYIDTCH B Maccl!B xopom11x ToqeK II npouecc nOBTOpHeTCH CHa­

qaJia MH HOBO!t rpynnbl. 

B npouecce _oc5pac5oTKII Boero TpeKa onpe,lleJiaeTcH Ben11q11Ha 

(12) 
z E. P.,. 6i .. , = _.;!.(..._ ___ _ 

E. (11 •• ( ..... 1Je 
,J. 

r,lle l - IIH,ll8KC rpynnbl, a t - IIH,lleKc, Ha KOTOPOM npeKpaTIIJICH Bblc5poc ToqeK no npaBII-

JIY 2u 
~ ~ ~ 

8Ta BeJil!ql!Ha cpaBHl!BaeTcH c V~T -aMaHHNM (5' • Eclll! s~T :>,:, Oc...S , TO 

TOqKII TpeKa noMepeHbl B ~pe,lleJiaX AOflYCTIIMblX oru1160K, B npOTIIBHOM CJiyqae IIBMepeHIIH c5paKyDTCH_ 

no np11aHaKy o 
3aKJIDqHTeJihHaH qacTh anropllTMa CBHBaHa c npoBepKOlt onpeAeJieHHNX npll3HaKOB, wopMllpOBa­

HlleM oTBeTOB B aJiwaBHTHO-U.llWPOBOM KOAe no 3TIIM npllBHaKaM ll aacmmolt 3THX OTBeTOB B;yKaBaH­

HOe MeCTO onepaTIIBHOlt naMHTII 8BM. 

2. OmicaHll.!l......!rQ..!SMMli. 

06parueH11e Kerr aaAaeTcH B cneAJnmeu BllAe: 

~ 16 ~ +1 7501 7610 

~ .. 1 T J{QIT d.. NCn d.oT'S. 

ae+:z. 1i KOil o/. ;'J cl. ,,1 
cl~ 'a 

~ .. "3 11" KOil cl ,'t.) c;.t> 
,,., 

~ .... 
,:: + ¼ 11' KOIT <. U:tr> C-1 

3,n;ech: cl-, -·aApec nqelt1m, B KOTOpolt Heoc5XOAHMO BailllcaTh CJieAJDll(lllt KOA: 

o li-,,'Ji~ 0 0 YY\.Ct) V\.l~) n:i) 
rAe VY¼.,) - BaAaHHbllt nopHAOK KpHBol!; 

Vl.l,I) - KOJI11qecTBO ToqeK B rpynne; 

Vl."t,) - MaKCl!Mam,Ho-,llonycTllM08 q11CJIO Bblc5pomennux ToqeK co Boero TpeKa; 

x.,'Jt~ - npll3HSKH B 44 ll 43 paapHASX, no KOTOpblll ll,lleT npoBepKa Ha Bblc5poc KpaltHHX 

ToqeK Tpelia; 

otoTL.- HaqaJihHbll! aApec 11acc11Ba, KYAS HyXHO aacJiaTh anwaBHTHO-UllWPOBYD llHWOPMS[lllD -

.,Lv) OTB8T O KaqecTB8 IIBMepeHHH TpeKa; 

o1.~·J - HaqaJIO BaAaHHblX Tac5JIHU .:x:. .,.BblX ll !/ -BblX KOOp,lllIBaT; 

,L~•11 - HaqaJIO MaCCllBOB xopoml!X TO'leK; 
J." J ~!1 - a,llpec atteltK11 co cnyxec5nol! Hawop11aq11elt, a 1111eHHO: oo tol.,. A', 11.,,. 
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,u 
cl.- - a,llpec nqeltKll, Ky,lla aaill!meTCH CJiyxec5HaH llHWOpMa[ll!H B Bl!,lle: 

0 0 "'•" £,c> #,., , rAe 

.p/.1 - H011ep o6~eKTl!Ba; 114, - HOMep TpeKa; 

Alco 
.l1u 

~G".,.) 

C-1 

- o6mee BaAaHHOe 'lllCJIO TOtteK Ha TpeKe; 

- o6mee q110JI0· ocTaBmHxcn "xopom11x11 TotteK; 

- HtteltKa, B KOTopolt aa,llaHO (j •T 

- HattaJio 11acc11Ba pa6oq11x ntteeK. ~Jil!Ha aToro 11acc11Ba 

.( • ( w. ... 1) x Vt.. , r.lle 

\M\.. - IISKCllMaJ!bool:I nopH,llOK noJIHHO!.IOB·; 

V\.. - 'll!CJIO TOtteK B rpynne. 

xP{ D 

PN,: I CxtND'71Vllet:K&'e tlt/leNvt .mpeKq 

HO 1,Pynn1,1(N'=I.J, n::S/. 
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LJ,;M;•r SQUARES FI'r D~TERJ.!INATION OF ·rm: l'OSITION OF THE CAMERAS. 

M,P6sch -A.Sebestyen -F,Telbisz 

Central Research Institute for Physics, Budapest, 

As is well known the positions of the cameras can be determined by measuring the . 
coordin~tes of the fiducials on the films, This was first done by R,BBck in CERN Ill, 

The present method is a generalized and at the same time simplified version of the ori­

ginal iterative procedure, 

We assume the following geometrical conditions: 

the optical axis of each camera is pe~pendicular to the planparallel refractive media 

and the fiducial marks (FM) are situated in two planes perpendicular to theoptical axes, 

IFig,l.j, The space coordinates of all fiducials are known, A pin-hole optics is assumed; 

The origine of the coordinate system .is fixed at the back side of the front glass 

of the bubblr chamber, and the axis is parallel .to the optical axes. Let P,G,11 1 be .the. 

coordinates of the fiduoials, and P1 Q1R1 these of the cameras, P and Qare to be determin­

ed, 

We shall define the a;;;arent fiducials being at the reduced optical distance from the 

lenses: 

TI= z_d. .. /n. .. 
· .. 

Let us denote their x,y, coordinates by F', G', The following relations hold: 

where 

I ) ·F-=f F-+-(i-f 1P 
c; =c _?C:i· +-(i-J")Q 

z_ d .. /rt;_ 
() - ::;;;:;--r-,---;======;;::= ~ 1 
J - L,. av✓ n.t_+-(n.2._-1)i:i:)2c:p 

We denote the coordinate measurements of the fiducials 

/1/ 

on the film by X,Y, We 

transform these coordinates to the "reduced front glass" (X'Y') by applying a linear 

transformation, which takes into consideration even the anisotropic distortion of the 

can 

films: (According to previous experiences in Budapest, this is not a negligible effect~ 

x'=aX+ g Y+ Xo 
Y'-=cX+c.lY+ Y0 
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The relation between the X'Y' coordinates and the apparent fiducials is very simple: 

where 
n,.,D 

Xi-P = p (P~P) 
Y'- Q -= fa CG;_ Q) ~- /J/ 

the refractive index of the liquid in the chamber). j3-= i1.., D +- H (no is 
Ay using eq.s. /1/,/2/,/J/ one can obtain the following two over determined system 

of linear equations: 

C-l Xie+ g % +- Xot- \P•kfiz -.i)P- f'~JkF:: = 0 /4a/ 

c xk +-cl':f~-+-½+(j3.cfk-i)Q-J\ifk.Gk =0 /4b/ 

These equations can be solved by the method of the least squares and can be solved 

simultaneously. The procedure must be iterated because of the non-linearity of J' in P 

and Q. 

The whole method is rather independent of the uncertainties in the data of the 

refractive media. This can be 

J~1+i 

immediately seen from the power expension of J 

z ~~ (i-~)t~/~ 
Z:.. a1../n1. 

As i::J fj)~ 0.2 in most cases and for the most· part of the optical pathes n,;, ~ 1, 

the positions of the apparent.fiducials are practically free from the errors in the thick­

nesses and refrective indices. 

We have determined the position of the optical axes for the small CERN_ 112 bubble 

chamber. The iteration is well converging. Even with very ba~ starting values for P and~ 

Q three steps are sufficient·; but gen!l_rally only two steps are needed. Using the coordina 

tes· of 10 fiducials measured on about 100 pictures an accuracy of about 0.1 mm can 

be obtained in the position of the optical axes. 

jlj. R.BBok. CERN-preprint 60-7. 
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PAEorbl no OEPAEorKE ;tlAHHbIX Iii ABTOMATIIISAUIIIIII 

nPOI'PAMMIIIPOBAHlilH, nPOBO;tllilMLIE B MATEMATl!':IECKOM or]IEJIE BU CMHIII 

Bil, OIDm ro:aopyH H.H. 

PaCiOTbl, npOBO,llllMble B MaTeMaTll;leCKOM OT,lleJie BU OOHIII, B OCHOBHOII l!BJil!JOTCI! pa3:BllTll611 

TeX TBII ll 11,llel!, KOTOpble Cibll!ll ll3JIO~eHbl Ha 11ame11 nep:BOII co:aemaHllll [I]. B CB0811 ,llOKJia,lle ff 

KOCHYCl> TOJ!l>KD. pa6oT no oCipaCiOTK8 SKcnepllMSHTalll>HblX ·;11aHHblX ll nocTallOBK6 a:BTOMaTll3allllll 

nporpa111111po:aaH1111 :a BU OllHIII. 

8a nocJie,llHl!e ,ll:Ba ro,lla ;11ai1>Hel!mee pa3:BHTll8 npOIISOWJ!O B o6JiaCTH oCipaCiOTKII ,llaHHblX, B 

a:aT0MaT11sa11n11 nporpa111111po:aaH1111. BoJI1>moe pa3Bi!Tlle noJiyqaeT Te11aT11Ka, c:a11saHHa11 c paCioTa11ll 

no ynpaBJI6Hll10 \l)l!SllqecKIIMll ll3M8pllT6lll>HO-per110Tpi!py1D~IIII np116opa1111, C06,llllH8HHbllli! on.- tt.e 
c aJieKTpOHHblMII 11am1111a1111 (paCioTbl no on.-~ nonya:aT011aTa11, KaT0;1111ol! JiyqeBol! TpyCiKe, HP]l). 

B CBIISII C npe,llCTOHmel! noctaBKOll ,lll!H OlilHIII 60Jil>WOll 8ll8KTpOHHOl! 11am11Hbl B8CM-6 B 11aTe11aT11qecKCM 

OT,ll6JI8 HaqaTbl CiOJil>Wlle·paCiOTbl no 008,llaHIIJO CIICT8Ubl 11aTe11aT11qecKoro oCiecneqeHIIH C H3b!KOII 

q>QPTPAH, a Tamite paaBepHyThl paCiOTbl no 003,llaHIIID CIICT8Mbl nporpa1111 oCipaCiOTKII ,llaHHblX Ha H3b!K8 

q>QPTPAH. no OT,ll8Jll>Hblll paCioTall Ha STOii COBema111111 6y,llyT npe,llcTaBJIBHbl cne1111aJil>Hble ,llOKJia.llbl, 

II xe KOCHYCl> B3al!MOCBH31l OT,llBJ!l>Hb!X paCiOT. 

§ I. 06pa60TKa :ztaHHblX 

OCipaCiOTKa ,llaHHblX saH1111aeT cymecTB8HHOe M6CTO B paCioTaX,MaTeMaT!lqecKoro OT,llella BU. Mb! 

yxe llPIIBblKJ!ll no;11pa8,ll6Jll!Tl> o6paCiOTKY ,llaHHblX Ha oCipa60TKY no ipll81lK8 BblCDKllX :meprlll! II qJll3l!Ke 

HIISKIIX 8Hepr11l! lll!II cneKTPOM6Tpllll. B CBOIO oqepe,lll,, oCipaCiOTKa ,llaHHblX ,lll!H qlll8i!Kll BblCOKIIX 

a11eprlll! no;11pa8,ll8Jl1!8TOI! Ha o6paCiOTKY \l)i!Jll>MOBOI! Ii! 6ecipi!Jll>MOBOll llH!pop11a111111. 
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n, !, 06pa60T!ta lji1m:&MOBO!i Jl!Hlj!OpMarnm 

06!1lal! cxeua o6pa60TK1/l 71aHHb!X (J)J/!JJ:&MOll0!1 Jl!H(pOpMau1m sa nocJJe;ztmie )Illa ro71a cymecTBeHHO 

He J/!3MeHJ/!JJac:& [2]. 0)1HaKO IlOI\I'OTOllJJeHb! JI! I'OTOBllTCll nporpaMMb!, KOTOpb!e )IOJIJCHb! yJJytJWJl!T:E, 

SKCnJJyaTaUJl!OHHb!e KatJecTBa CJ4CTeMb! o6pa60TKll 11aHl!b!X c (pJ/!JJ:&MOB nyTeM 6oJJee WJ/!POKOI'O 11cnOJJI,-

30llaHlll! MaI'HJ/!THOll JJeHTb!·B Ra'leCTBe npoMelityTOtJHOI'O HOCJl!TeJJ!I llH(J)OpMaUJl!JI!, a T8.Rlittl nyreM yco­

JlepweHCTBOB8.HJ/!ll aJJI'OplllTMOB nporpaMM, 

l1s11epeHJl!e JI! HaROnJJeHJl!e ,ziaHHb!X Ha SBM 

OcHOBilb!M OCTO'lHJ/!ROM J/!Hcpop11an;Jl!J/! Ml! nporpaMM o6pa60TKJ/! )\ilI!Hb!X, no-npell[~euy, /!BJI/!IJTC/! 

)laHHb!e Ha 6yualitHOll JJeHTe, nocTynail!llJ/!8 C ll3MeplllTBJl:&HllX noJJyaBTOMilTOB JI! HaKaOJJJ/!BaeMb!e aaTeM 

Ha MaI'HJ/!TIIOl! JJBHTe MaWJl!Hb! 11Ml!HCK-2 11 • Ha'laTa SKCnJJyaTan;J/!l! 0)\HOI'O noJJyallTOMaTa, COB)\J/!IIBHHO­

I'O Ka6eJJeM c SBM "MlllHCK-211 , c HaKOnJJeHJ/!BM l\BHHb!X J/!3MepeHJl!ll Ha MBI'HJl!THOll JJeHTe B TOM lite 

(J)OpMaTe, '!TO JI! np11 BllO)le )laHHb!X C 6yuai1moll JJBHTb!, lJOI\I'OTilBJIIIBil!OTCll nporpa1111u 

60Tb! rpynn noJJyaBTOMaTOB, COB;!IJ/!HBHH!lX Ra6eJJel.l c 11am11Ha1111 11MJl!HCR-2 11 II ESCM-31.t • 

Ml! pa-

. Mam11na "MIIHCK-2" np11 J/!3MepeHl!l!X 6y11eT noJJIIOCT:E.!O aaHl!Ta STOil pa60TO!l ll npepu:naT:&Cl! 

6y71eT TOJJ:&KO Ml! npllleMa l\ilHH!lX J/!3 Ea6opaTOpllllll He!1TpOHHOll.cpJl!3J/!RJ/!, Ha MamJ/!He ESCM-3M Ml! 

C06CTBeHHO ll3MepeHlll! 6y71eT J/!CilOJJ:E,30BaT:&Cll TOJJ:&KO qaCT:& pa6oqero :npeMeHll (30-50%), a oc-

TilJJ:&HOe BPBM!I B pelltl!Me pacnpe71eJJeHllll BpeMeHll 6y71eT J/!CnOJJ:&30BilT:&Cll Ml! o6cqeTa noJJyqeHHUX 

;!taHHb!X no reoMeTpllltJBCKllM .nporpa1111a11 Jl!Jllll·npocTO Ml! CtJeTa l\PYI'llX aa71aq, 

06pa6oTKa no reo11eTpllltJBCKJ/!M nporpa1111a11 

8RCnJJyaT11py!OTC!I ll COBepmeHCTBY!OTCll reoueTpllltJBCRJ/!e nporpaML(b! Ml! C'leTa l\aHl!b!X C llOl\0-

POl\l!Oll, nponaHOBOll KaMep, C KaMep BJ/!JJ:&COHa C llllYX06~eKTJ/!BHb!MJI! CJ/!CTeMaMJ/! (pOTOI'pa(J)11poBaHJl!ll 

[3-5] , a Ta!Clte nporpa1111a Ml! MeTpoii~u nponaHo:noll ztaMepu [6] c mecT:&1J-06~eztTJl!BHoll ClllCTe-

11011 ~o:rorpaijllllp0Ba111/ll!, l1cxo7111ue 71aH11ue npe71aa~lll:ren1,110 aaztonne1111ue nplll ceaHce c:nn311l c 

"M1111czt!!2" 3TJ/! nporpaMMU depy:r C M8.I'IIJ/!Tl!Oll JieHTb! na M-20. DUXO,l\ J/!3 nporpar.ni B Blll,l\e 71a1111ux 

06 1/lMDyJJ:&Ce TpeRa ero HanpaBJJll!O!llJl!X KOCJ/!Hycax, KOppeJJ!IUJ/!OHHOll·11aTplllll,ll 8TJ/!X llCJJJ/!tJJl!H, ROOp-

1\IIHar ·neplloll JI! nocJJe,11nell TO'lKII ocy!lleCTBJJ!leTc11 11a nepcpo1tapTb! JI! neqan. Sa:reM nepqioKap:ru 

J/!CnOJJ:E.3Y!01'Cl! ,l\J!ll o0pa60TKII TpeKOB no nporpa1111aM 1/l)leHTJ/!(J)l!KauJl!ll, 

YcoBepmeHCTBOBaHJl!B nporpaMM mJJO B OCHOBHOM no nyTJ/! yJJyqmeHJl!ll J/!X SKCnJJya:ran;l!Ol!HhIX 

Ka'leCTB nyTeM BllllBJJBHHll 1/l ycTpaHeHJ/!ll npl!'lJl!H, Bbl31lB8!0!JlJl!X OTRaSb! npH cqeTe, BBBI\BHJ/!ll 60JJee 

COBepmeHHllX ue.TO,l\OB nol!CKa ·Ha'laJJ:&HOI'O np116JJl!lltBHllll Mll I'Op1!30HTaJJ:E.HblX 1/l KOpOTIIIIX CJJBI\OD, 

Bhl6poca TO'leK H T,I\, 
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Eblllll C,lleJiaHbl Bap11aHTbl reoMeTpll'!eCKIIX nporpaMM ,lll!H Bbl,lla'!II peaym,TaTOB C'!eTa Ha Mar­

HIITHYIO JieHTy. Cos,llaeTCH HOBaff nporpaMMa ,llllll 6om,m11x KaMep co MHOrllMII 061>eKTIIB8MII (,1\0 6). 

8Ta nporpaMMa 003,llaeTcH KaK YHl!BepcaJI1>HaH ,llllll o6pa60TKII nJieHKII c 11Horoo61>eKTIIBHblX KaMep. 

HacTpOHKa nporpaMMbl Ha KOHKpeTHYIO KaMepy 6y,1leT npOll3B0,1lllT1,Cll npOCTO nyTeu sa,llaHIIH ,1lpyr11x 

KOHCTaHT, xapaKTep11syIOm11x onTll'!eCKYIO CIICT8MY: B nporpaMMe_11cnOll1'>8yeTcH Bec1, npe~bl,llym11n 

OnhlT pa60Thl B OllHll no 008,llaHIIIO nporpaMM o6pa60TKII ,llaHHhlX. Ey,lleT 11cnonsoBaHa YHIIBepcan­

HaH nporpaMMa o6pJ60TKII KpecTOB, 6oJiee COBepmeHHaH nporpaMMa Bb16poca nl!OXIIX TO'!eK, 6y,1leT 

Y'!TeHa nepe11eHHOCT1'> 11arHIITHoro noJIH, IIOHll3aQIIOHHhl6 Il0T6pll, MHoroKpaTHOe pacceHHlle. Ey,lleT 

Y'IIITblBaT1>CH BeJill'!l!Ha Macchi npll no,1l6ope napaMeTpOB Tp6Ka. no STOtt nporpaMMe nl!aHllpyeTCH 

B8CTII o6pa60TKY ,llaHHblX c ueTpoBott nponaHOBOH Ka11epu, c MBTPOBOH BO,llOpO,llHOH KaMepbl, a B 

6y,llyme11 C ,llBYXMeTpOB!,JX nponaHOBOH '11 BO,llOpO,llHOH Ka11ep, KOTOpble ,l{Ol!JKH!,J 6un ycTaHOBJieHH Ha 

' YCKOpl!TeJie B r.CepnyxoBe. 

IlporpaMMH 11~eHT11p11Kaµ1111 

8KCill!YfiTIIPYBTCff Pff.ll nporpaMM, nOSBOJIHIOIDIIX npOll3B0,1lllT1'> 11,lleHTIIWIIKaQIIIO TIIIlOB peaKQIIII 

,llllff 0,1\HOBepmllHHblX BSallMO,llellcTBIIH. Cpe,llll HIIX! 

I. IlporpaMJla ll,1l8HTIIWIIKaQIIII v·- co6blTIIH. 

2. Ilporpa1111a ll,1{8HTll~IIKaQIIII J..p - pacceHHIIH. 

·3. IlporpaMMa ,llllff o6pa60TKII r -KBaHTOB. 

4. Ilporpa1111a 11,lleHTll~IIKaQIIII KaHaJIOB pea.Ku11n ,llllff np~ll3BOJI1,Hl,IX 0,1\HOBepml!HHblX B8al!M0-

,1lellcTBIIH. 

5. IlporpaMMa_ C'!eTa 8\M)eKTIIBHhlX Mace. 

~llll. npoBe,lleHIIH 11,lleHTl!~IIKaQIIII MHOrOBepmllHHoro B3allM0,1lellcTBIIH npOll8B0,1lllTCH CHH'!Bl!a 

l!,1leHTll~IIK8Ullll BTOpll'!HhlX B3al!M0,1l8llCTBIIH no Bhlme nepe'!l!CJieHHhlM nporpa111,1a11, a aaTe11, l!CilOJI1,-

3YH pesyJI1>TaTbl 11,lleHTIIWIIKaQIIII BTOpl!'!HhlX B381!M0,1lellcTBIIH, npoll3B0,1ll!TCH l!,lleHTIIWIIKBUllff nepBll'!­

Horo B38l!M0,1leilcTBl!ll no nporpaMM8 ll,1leHTIIWIIKaUllll°KaHal!OB peaKQIIII. 

fl.He OCT8H8Blll!BaIOC1, Il0,1lp06Ho Ha xapaKTepl!CTIIKe nporpaMM ll,1leHTIIWIIK8QIIII, OTCHJI8ll K 

[2,7,8] . 0TMe'!y TOJI1'>KO, '!TO B nporpaMMY 11,lleHTl!~~KaQIII! KaHal!OB-peaKQl!I! BHeceHH 3H8'!11-

Tel!1'>Hble 113_MeHeHIIH, 8aKJIIO'!aIOm11ecH BO BBe,lleHl!II yqeTa KOpp6l!HQIIOHHOH MaTpl!Ql,I ,1lllll BeJil!'!IIH, 

xapaKTepll3YIOmllX OT,1lel11'>Hhlll TpeK, a TaKJKe B ,1{068BJieHIIII ,1lOnOJIHl!T8JI1,HOH npoBepKII ;;eL I BH'!IIC­

l!He11oro_no 11e~o.llY larpaHJKa, Ha ,1lonycT1111ocT1> r11noTeaH .llJIH ,1laJI1>HeHmero o6c'!eTa. 
£ £ 

IlpoBepHeTCH YCJIOBl!e .X < ae. , r,1{6 

J,._ . :t m J 
oe'·=.Z. (a,-a,,,_) ..,.r_ ,1t,tt 

'{ L>-Cl.., '" t..,. •. 
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a. - aHaqeH11e napa11eTpon TpeKoB nocne O'AHolt 11Tepau1111, C'AeJiaHHolt no JiarpaHlltY, 

.a,. -. BKcnep11MeHTam,Hoe. :rnaqeH11e napa11eTpa ·~peKa, /,, - ypanHeH11e cn11aa, n- - q11cno 

TpeKOB, /71.. - q11cno ypaBHBHllll 0Bl!8II, Ilpll BblnOJIH8Hllll'8TOro YCJIOBllll npoHSBO'AIITCll HaXOllt'A8Hlle 

1111H1111y11a WYHKUHOHana 

'-- ;:.: ~ (·Pi -P..)~-+- r£ iii),%. 
a!: .?- . 4/>, • 1.;y 

' t " I. 

no CT8H'A8PTHOlt nporpa1111e MHHHMl!Sau1111 H6.JIIIH6l1Hb1X WYHKUIIOH8JIOB [9] · , Ilocne HaXOllt'ABHllll IIH­

Hl!Myua Ha nOCJI8'AH8M 8Tane BBO'Al!TOll KOpp6JIHUIIII M6llt'AY B8Jil!q11Ha1111 Tp6Ka R cq11TaDTCll OmH6KH 

Bbl'AaBaBllblX B8JIHq11H. 

Pa6oTa c uarHIITHOlt JieHTOlt 

reo11eTpnqecK11e nporpa1111bl HaKann11namT pe3yJIDTaTbl cnoero oqeTa Ha TaK aaablBaeuolt 

"rpR8HOlt11 uarHHTHOlt neHTe (N! I). C BTOlt 11arHIITHOlt neHTOlt pa6oTaDT nporpaMMbl "npoBepKH 

KPIIT6pl!eB 11 H 11Bbl60pKH co6b1Tlllt 11 , KOTOp!,le H8XO'ART "nnox11e 11 IIJIII Henocq11TaHHbl8 Tp8KII II Bbl'AaDT 

0 IIHWOPMaUIID 'AJIR IIX nepe11epa. Ilepe11epRHHbl8 II aaHOBO o(lcqllT8HHbl8 Tp6KH aanHCblBaDTCl! Ha 

"rpRSHYD" JIBHTY le I. B COOTB6TCTBYDIIlll6 11ecTa, CoClblTIIR, Y'AOBJI8TBOpRlli111113 KPIITepiiilM ("xopom11e" 

COClblTHR) nepenHCblBaDTCll B lieqeTHble BOHbl "q11cTol!" JI8HTbl le 2. ,llanee nporpailMbl H'ABHTIIWIIKaUllll 

BIIJIOK II ( -KBaHTOB aanllCblBaDT Ha BTY JI8HTY. B qeTHble BOH!,1 peaynnaTbl CBOelt paClOTbl, B 

nepnolt BOHe JIBHTbl le 2 xpaHIITOR xapaKTepHCTIIKa peayJIDTaTOB oqeTa IIHWOPMaUIIH o OOClblTHllX, 

11118DIJIIIXCII Ha BTOlt JI6HTe, 

IlporpaMM8 ll'A8HTIIWIIK8Ullll KaHaJIOB peaKUIIII IICil0JID8Y8T "q11cTyll11 JI8HTY le 2 B KaqecTB8 110":" 

XO'AHOlt IIHWOPM8Ullll, PeayJIDTaTbl CBOelt paCloTbl OHa aanl!CblBaeT Ha 11arHHTHYD JI8HTY le 3. HonOJID­

ayR OT6opoqH1,18 nePWOKapTH, 11xopom11e" COClblTllll nepenllcblBaDTOff o JIBHTbl le 3. Ha JI8HTY le 4, KO­

TOpaR l!BJil!BTCR Cl11ClJIIIOTeKOII ll'A8BTIIWIIURPOBaHHblX ooClblTlllt no 'AaHHOIIY ,8Konep11M6HTY, 

B uen11 nporpBIIM 'AJill padoTbl O llHWOp11au11ell Ha 11arHIITHOII JIBHTe Y Hae noKa e111e HeT YHII- · 

nepcaJIDHblX, nporpaMM 0Clpa60TK11 'ABHHblX no nceuy 8Kcnep11M8HTY B uenou. IlepBOII H8'AOCTam111ell 

nporpa1111oll 11nn11eTc11 nporpa1111a Tllna S'l!CE B UEPHe [IO],, KOTOpa11 QOanon11eT w11a111ty 

nyTeM Ba'ABHllll ynpaBJil!DIJIBII llHWOPMaUllll 'AJill CTaH'AaPTHblX KPl!TeplleB OT6opa, a Tane nyTeu 

'A06aBJI8Hlll! HOBblX ClJIOKOB 'AJIR OTClopa H811ClOJI6~ BepOl!THblX r11n0Tea, KOMIIJI8KTOBaTD Cl11Cln110TeKy 

ll'A8HTIIWIIUl!pOB8HHblX COClblTIIII C OCT8BJI8Hl!e11 H~ JI8HT8 no O'AHOlt r11n0Teae Ha O'AHO OOClblTll8, 8 

T8Kllt6 noaBOJil!eT npOl!SBO'AIITD 'AOCqeT H8CT8H'A8PTHblX B6Jil!q11a, HYlltHblX 'AJ!ll KOHKPBTHOro 8KOnep11-

ll8HT8, 

BTopolt H8'AOCT8Dlltell nporpa1111oll 'AJIR oClpaCiOTKII Boero BKcnep1111eHT8 B uenou l!Blill8!0ll npo­

rpa1111a Tl!na SLLmx B UEPHe ~oj , 0Ha II08BOJil!8T WIIBIIKY nyTeM 38'A8Hlll! ynpaBJillD!llell IIHWOP~ 

118UIIII O on11caH11e11 Kpl!TeplleB OTClopa H OIIIIC8Hll'e11 J'IICTOrpa1111 nonyqaTD IIHTepecyDIIlll8 W11311Ka 
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pa3Jill'IHble rllcTorpaM!Jbl Ha OCHOBamm 611I6m1or.e1r11 ll;li6HTll.jJIIUllpOBaHHb!X COGb!Tllil. 8Ta nporpaMMa 

MDllt6T Oh!TI, 11cnOJII,30BaHa ,llJIH nocTpoemrn rllCTOrpaM!.I II no moc5oll ;Iipyroll IIHljiopt,la[(llll, HaKO!lJleH­

HOll B BIi.ile OT,ll6JII,Hh!X co6b!Tllil Ha MarHIITIIOM JieHTe no O.ll;HOIJY COCiblTIIIO Ha O.ll;l!Ol! 30He, TaKlle 

nporpauubl nnam1pyeTcH aanycTllTI, B imonnyaTau1110 B cJie,lly10uieM ro,lly nocJie oc5opy,lloBaHIIH Maml!Hbl 

E3CM-3M mllpOKOl! anljiaBllTHo-u111jJpOBOl! ne'!8TI,IO. 

n. 2. Eecpll1II,MOB!W MeTO,l(bl o6pa60TKll mrnnep111.!eHT1J.llI,!!tlZ 

,ljaHHhlX 

Oc5pac50TK8 cneKTpOMeTpll'l60KIIX ,lj8HHblX 

KaK y'l!.e 0TM6'!81IOCI, B Ha'!a1Ie ,1{0!(}18,lla, npo1!3BO,l{IIJl80I, 3KOnJiyaT8UIIH OIICT6Mbl c5eogill1Il,MOBOll 

oc5pa6oTKII 8Konepl!M6HT8JI:&HblX Oll8KTPOM6Tpll'!BCKIIX ~aHHblX, nocTynaIOIIU1X no Ka6emo Ha 8BM 

"MIIHOK-2 11 C 1!81,1epllTBJII,HOro UBHTpa JIH~. Pa3BIITll8 8Toro KaHaJia oc5pac50TKII .n;aHHblX 11,llBT no nyTII 

C03.11;8HIIH Ha SBM "MIIHCK-2 11 6116JIIIOT8KII CT8H.1!8PTHhlX nporpaMM ,l{JIH npe.n;BapllTBJI:&Hotl o6pac50TKII 

npllHHTOll 113 113M8p11TBJII,HOro UBHTpa HHljiOpMau1111. Ilpe,llBapllTeJI:&HaH oc5pa6oTKa 3KCnepllMBHT8JI:&HblX 

,ll8HHhlX B XO,lle SKcnepl!MBHTa II nooblJIKa pesyJII,TaTOB o6pac50TKII B 1131.!BpllTBJI:&Hblil UBHTP n03BOJIIIT 

gill311K8M KOHTPOJIIIPOBaTI, XO,ll npoBB,llBHIIH 3KOnepllMBHTOB II 3HaTI, npe,llBapllTBJII,Hble peayJI:&T8Tbl, 

He ,l{Olltll,ll8HCl, 0KOH'!8TBJII,HOl! o6pa60TKII ,ll8HHblX Ha SBM "Ml!HOK-2 11 • 

OpraHllll8UllR 3KOnJiyaTan1111 SBM "MIIHOK-2 11 

Ha npe,ll;bl,llylljBM HameM OOB61l18llllll [2] ,l{OBOJII,HO no,llp06Ho paccK83blB8JIOCI, o npe,llnoJiaraeuoM 

· pelltl!MB SKCIIJIY8Tau1111 SBM "MIIHCK-2 11 , B H80TOHU1ee BpBMH STOT pelltl!M peaJill30BaH. Ha npaKTl!Ke. 

"MIIHOK-2 11 HB1IH6T_CH CBl!3blB8!01l\llM 3BeHOM B CIICTBMB M8Wl!H ,l{JIR oc5pac50TKl! ,llallHblX, COOTOl!U1ell 113 

.llBYX M8WIIH M-20 11 "MIIHOKa-2'.', OOB,llllHB!IHblX Ka6eJieM MBlK,lly co6ol! 11 c BHBlliHIIMII 06'b6KT8MI!, 0,1{­

HllM BHBWHIIM 00'b6KTOM HB1Il!BTOH 113MBpllTBJII,Hblll nOJIY8BTOM8T (OKOpO l!X Oy,lleT nRTI,) B l!3MBPIITBJl:&-

HOM UBHTpe .Jil!Il , .n;pyrl!M - ynOMHHYTblil Bblme l!3MepllTeJI:&Hblll U811Tp JIH~. 

OcHOBHblMll 38,ll8'l811ll Ha SBM "MllHOK-2 11 l!B1Il!lOTOl! Jlll60 nporpaMMa HaKonJIBHlll! ,ll8HHblX OT ll3Me­

p11TBJI:&HblX nonyaBTOM8TOB, Jill60 nporpaMMa H8KOnJieHl!l! ,llaHHblX O 6yMalltHOil JIBHTbl, Jil!OO 11,llyll\al! 

Ha SBM 3a,lla'!a gill3l!Ka IIJ!ll M8T81!8Tl!Ka. IlepllO,llll'!BCKll BlfJIIIHl!BaeTcl! B. pa60TY nporpaMua, 06cJiyllt1t­

Ba10maH OB!!3:& o JIH~ llJIII xe OB!!3I, o M-20. nJil! 0611erqeHIIH pa6oTbl no oueHe pa6oTarouiell nporpaM­

Mbl II nepeKJII0'!8Hlll! o D,llHoil nporpaMMbl Ha ,llpyry10 ooa,llaHa 011eu11aJI:&HaR nporpa11Ma "nllonenep", 

1103BOJIH101ljal! aBTOM8Tll'l80Kll nepeXO.ll;llTI, 0 o.n;Holl nporpaMMbl Ha .n;pyry10 B OOOTBBTOTBl!ll O ycTa!IOB­

~eHHblM llpllOpllTeTOM, a T8Kllt8 B03BpauiaT:&Ol! Ha 0'!8T no 11pepBaHHOil nporpaMMe. nlll! o6eone'!eHlll! 

HBB03MOlltHOOTII llOIIOPTIITI, nporpaMMY "nlloneT'lep" OHa noMeuieHa Ha oxpaHll8Mblll oxe1101J yqaoTOK 

118Ml!Tll BO BTOPOI.! Kyc5e 118l!l!Tll. "nllonenep" n03BOlll!BT O'll!T8TI,· Ha 11amllHe ,1{0 B00:&1111 38,lla'I 

0,l{IIDBpeMeHHO. HapH,lly o ycoBepnreHOTBOBaHll6M OIIOT8Mbl SBM Ha 6aae M-20 II "MIIHOK-2 11 ,Ill!!! 
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o6pa60TKll .n;aHHblX B BU Olffll,f npOBO,lll!TOll npe,llB8pllT8JI:&Hli8 pa60Tbl 110 003,llaHl!lO 6oJiee MOll1HOil 

OIIOT~Mbl 8BM ,Ill!!! o6pa60TKII ,ll8HHblX. B Ollfllf • 

06pa60TKa l!aHHblX o llOIWOBblX K8Mep 

Mb! IIOKa H~ l!Ollt81! OK83aTI,, '!TO yxe o6pa6aT!iB8lOTOll ,llaHHble C IIOKPDBblX KaMep, 008,lll!HeH- . 

HblX Oil, -tine O 8BM. 0,llH8KO pa3pa6aTblBalOTOl! nporpaM!Jbl II nJiaHMpyeTOl! npOBeoT~ nepBblll 

TaKoil 8KOnepllM6HT B Oltlfllf ·no 113Y'l8Hll!O ynpyroro paooel!H~l! 7T. -M830HOB Ha npOTOHax K KOH-· 

giepeanH11 B EepKJil'I. IlporpaMua 6y,lleT ~ooTO!!TI, Ha .llBYX rJiaBHblX qaoTeil: '!aoTI> o,i • ~,U!., .KOTO­

pa!I 6y,ll8T npOl!3BO.ll;IITI, H8.KOnJI8Hll8 8Konopl!M8HT8JII,HblX ,ll8HHblX Ha MarHl!THOll JIBHTe O npe,llBap11-

T,BJil,HOll llX o6pa6·oTKOll 11 · KOHTpone11 npaBllll:&HOcT;: pa6oTbl annapaTypu, a 'TaKllte 'laoTll ()/- t¼-le 

KOT~paR 6y.n;eT IIPOll3BO,ll~T:I, OKOH'!8T8JI:&Hy!J oc5pa6oTKY HaKO~JieH!fblX Ha uarHllTHDll Jl8!1T8 ,llaHl!blX, 

.0.ll;H0Bp8MBHHO,O no,11rOTOBKOil nporpaMM ,lllll! 8TOro 8KOIIBpllM8HTa npOBO.ll;llTOl! TaKJK8 60JI:&IDll8 paOOTbl 
; • • • I , ' 

110 IIO,llepH1!38Ul'III SBM ESCM-3M ,Ill!!!_ o6eoneqeHlll! B03l!OlltHOOTl! ee pa60Tbl o BH8WHIIIIII KaHal!aMil 

0Bl!3ll II, B '180THOOTII, C.l!OKpOBblllll K8.U8p811H. 

,§ 2. C110TeMa 8BTOMaTll38UIIII nporpaMMIIDOB8Hlll!p 

IIOnOJib3YeMaR B Ollflll 

lfonQ..l!.:&30B.!lfill..L6116JI110Teir11 oTaH,gapTHhlX nporpaMM 

.· B (llfll,f .ll;Jlll nporpaMMllpOBaHlll! Ha SBM Tl!na: M.:.20 ,1{0 noo11e,11Hero BpeMOHII B OOHOBHOM llcnoJI:&-
. . . : . . . " ' 

30B8l!OO:& nporpaM1111poBaH11e B 11amllHHblX KO,llaX O mllpOKIIM llpl!M8H8Hll811 B nporpaMMaX OT8H,ll8PTHblX 

. nporpaMM, Han11oaHHblX B KO,llaX Maml'!Hbl .ll;Jll! IIHTepnpeTllPYIOU1eii 'OIIOT8Mbl lfC.;.2 [II], . IAHOrlle Tllno-
• I • ' • • • , • 

Bble ,llllll Ollflll aa,11a'III ll npoue,llypbl sariporpaMMIIPOB8Hbl B OIIOTBMB lfC;-2 II_ BKRIO'IB!lbl B OOCTaB, 6116-

JlllOTBKl!. nporpa1,1M, xpaHl!U1el1cl! IIOOTOl!HHO Ha 6apa6aHe M-20 IIJIII Ha MarHIITH.Oll_JIBHTe. C10.n;a BXO-
. , . r . ·. - . . 

, : )1l!T He TOJibKO no,llnporpaMl!bl 06!llero H83H8'18Hlll! .(B3l!Tll8. IIHTerpa1IOB, llHTepnOJIRUIIII; l.llllHIMll38Ullll 

:, . H6JlllHeilHblX WYHKUllOHal!OB . ll ,llp.), HO T8.Klll.8 l'I no,llnporpaMMbl ,Ill!!! o6pa6oTKll ,llaHHblX , Cpe.n;ll 

. HllX nporpaMllbl Bblc5pooa llJIOXO ll3118p8HHblX TO'l8K, nolloKa· OOOTB8TOTB8HHblX T0'!8K I_I BOOOTaHOBJIB-
. '. I ,. 

HIil! npooTpaHOTllBHHblX KODp,llllH8T, ,npoBe.n;eiillll no 1!6TO,zy HallM0HbWIIX. KBa,llpaT_OB BHHTOBO!I JlllHIIII, 

nporpaMMbl 38'1BPKllBaHlll! IIJIOXIIX OOOblT!!il, Tp8KOB ii· .Kp8CTOB no npll3H8.KaM, H8.XOlll.~8Hlll! paCOTOl!-

. !!Hll MBllt,lly CIIOTOl.laM~ 'To'!BK t 9'I8Tij KOppeJil!UllOHHOil uaTpllllbl .II ,llp. ~a6op OT8H,ll8PTHblX. ~porpaMM 

,Ill!!! o6pa60TKII ,1{8HHblX.Hal!11 Boe BPBD!! nonOJIHllOTCl!~ Boero B .c5Hc5JIIIOTOK8 nporpaMM (Ha 6apac5aHe; 

·MarHl!THOll JIBHTe, Ha nepljioKapTaX) llMBBTCl! npllMBpHO 250 no,llnporpaMM. . ' ' .. 

lfonoJI:&30B3Hll8 ll3b1Ka ARrOR 

nlll! pemeHlll! pa3l!l!'!HblX 38,1{8'! (oc5bl'IHO He ,l{Jll! o6pa60TKI! ,ll8HHblX) B OI1J'll,f Boe c5oJiee mllpOKO 

l!OIIOJII,~yeTol! aJiropl!Tllll'!BOKllil l!3!iK AJII'OR fr2J • Ha uamllHax M-20 aanyuieH B SKcnnyaTan1110 

Tpa11011l!TOp TA-2 .llJI.l! !lepeBo.lla nporpa111,1·, san11oaHHblX Ha BXO.llHOM l!3h!Ke (00Kpau1eliHbll1 l!3blK. oT 
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AJirOJI-69), Ha BHY:TPBHHllli l!3blK Mam11H11 M-20 (npornaMMa B Ko11.ax MamHHbl M-20).' Ilporpa1u.1a, aa­

micaHHall Ha BX07J.HOM l!3b1Ke, HaCi1rnaeTCll Ha nepljloKapTbl C TIOMOUU,IO CIICTBM!l 11 TeJieTalin-nepqiopa­

T~P". COC!aBJieH~al! TpaHCJlllTOpOU nporpa~Ma II MaCCl!ll11. l!CX07J.H.Oli IIH\flOpMa!lllll. 71.0Jl~H!l TIOMel!laTbCll ',. ,,_ 
ll onepaTl!BHOil naMl!TII MamllHbl (llpllMepHo.3700:ro 'lllceJI II KOMaH11.). MacCIIBbi'B CiJIOKaX 071.HOI'O 11 

- ' ' . 
Toro l!te YPOllHll pa3MBl!laIOTCll Ha 07J.HOM ll TOM ll(B MBCTe. ECJIII ll IIH\flOpMa!lllll ecTb on11caHl!ll npo-, 

Il87J.Yp, TO npll B11llOJIH8HIIII HBKOTOpb!X TpedoBaHllil K· Hl!M nporpaMMbl .7J.Jlll HIIX Ciy71.yT COCTallJil!TbCll 

B Bl17J.e no11.nporpaMM II xpaHIITI,CH BO BHemHeil naMl!TII. Ilpi! oCipal!lBHIIII K TaKIIM npoue,eypau OHi! 

Ciy71.yT. Bhl3h!BaTbcl! B onepaTIIBHY!0 ·naMHTI> qepea c11cTeMy IIC-2, nocJie lKe B11l10JIHeHllll 11x. aTa 

qacn onepaTIIJ!HOli naMHTII Ciy71.eT l!CrI01!1,30BaTI>cii 71.Jlll 71.PYI'IIX ueJiell. 

B TpaHcJIHTOpe TA-I peKypc11EH11e oCipameHIIH K npoue71.Ypau He paapemaIOTCll. He paccuaTp11~ 

BaeTcii noCio<JHhlli _a\fl\fleKT (KpacaoTa). On11caTe.111, own, ll on11caa11Hx Tl!noB II uacc11Boll ae np11MeHa;. 

eTcH. TpaHCJlflTOP HaX07J.IITCll ll 3KCilllY8T8Ul!II C OKT!!Cipfl 1965 r. B cp87J.H8M Ha uam11aax nponycKa~ 

eTCH t1epea TA-I np11uepao 20 aa71.aq ll 71.ea1,. · ./ 

H3b!K ~Jill CIIMBOJlll'lecKOI'O nporpaMMIIOOllaHllfl 

B BU rnml coa11.aHa 11.H.CIIJIIIHhIM II B.3ar11aaliKo nporpa~ua (AcceuCiJiep) 71.llll nepeB071.a H_a 

ll3h!K M8!ll11Hhl M-2.0 nporpaMM, aan11caHHh!X B_ CIIMBOJlll'lecKIIX oCioaHa'leHllflX. 3Ta nporpauua 71.aeT 

nporpaMMIICTaM B03MOl!tHO~T1, IICilOJl1,30BaT1> npll nporpauu11p0Baa1111_ l17J.8HTll\flllK8TOp11 71.Jlll·lleJill'lllH II 

MElTOK .BM8CTO BOC1,!Jllpll'lll11X a71.pecoB 3TIIX lleJH!'lllH. BcJie,llCTBlle CiOJl1,WOli HaI'1Ill7J.HOCTII TaKoii ·npo-·. 

rpaMMhl (11CllOJl:b3YJOTCll 1171.BHTllljJIIKaTOpbl, H8CYIIll!8 CMhICJI BB}lll'IIIH11, KOTOPYJO ·oa11 OCi03Ha'laIOT), B03-. . ' . ~ 

MOlKHOCTII J1er1roro ee ll3M8!!8Hllll (MO)l(l!O BCTaBJI!!Tl, II y71.aJ1l!Tl,. KOMaHll.11 IIJIII rpynn11 IIX) t IICllOJll,30-
• , I 

Bamie CIIMllO)!lliiecKOI'O H3b!Ka nonyqaeT m11p0Koe pacnpocTpaae1111e' ll, BU OijHII. Ilpi! YCJIOBIIII 1.i'o11.ep-

!!113aUl!I/AcceMCiJiepa II BKJIJO'leHllfl ero B COCTaB 'uoHIITOp_Holi CIICT8Mhl C aarpya'll!KOM,' oo_ecne'lllllaI0--

11111M aarpy3KY ll naMf!TI, 3BM CTaH71.apT!lblX MaCCIIBOBj Han11caHHUX Ha CIIMBOJlll'18CKOU l!3b1K8 II paHee 

TpaHCJIIIPOBaHH11X AcceMCiJiepoM, CIIUBOJlll'leCKllli.ll3b!K.MOl!t8T CTaTI, OCHOBHb!U H3b!KOM, KOTOpblli Ciy71.eT 

11cno~I>30BaTI>cl! llilll coa11.a1111a nporpaMM oopac5oTKII 11.a11H11x Ha 9BM Tllna M-20.· AHaJIOI'll'lHhle c11cTe­

Mhl 8.BTOM~Tll3a!lllll nporpaMMllpoBaHIIH 11ueIOTCH Ha ·Bcex 6onI>ni11x II Man11x anekTpOHH11X Ma11111sax; . 

~c:nonI>ayeMh!X Ha 3a.na11.e ~ ll AMep11Ke (cM., Hanp11Mep, [I3-I7J ). B cocTaB a~11x 011cTeM oCia'll!o 

llXO,l\l!T TaKllte TpaHCJll!TOphl c <l>OPTPAHa, KOEOJ!a, peayJll,TaTOM pa6oT~ KOTOP11X l!BJIHIOTCH_ CTaH71.apT­

Hble_ MaCCIIBhl, aarpyiaeM11e B naMl!TI, 8BM II KOMna11yeu11e ll 071.HY paCiO'IYIO nporpaMliy Tell lite cai.iuM· 

aarpyat1IIKOM. 

KaK l! ylKe 'yno~lllla}l B Ha'laJie 7J.OKJ1a7J.a, B .BU OIIHII Ha'laT!l·pa·csoThl no. C037J.8HIIJO CIICT8MH 11~-

T8MaT11'1eCKOI'O 0Ciecnet1ea11a c TpaHc11HTopo11 c H3h!Ka UEPH-:<l>OPTPAH Ha ·uam11Hy ESCM-6 •. ·· B11-

Ciop UEPH7<l>OPTPAHa B aaqecTJle BX07J.HOI'O l!3h!Ka oCiycJIOBJl6H TeM, 'ITO.npe71.noJiaMeTci·B Maa911MaiI>- ! 

' -
HOil CTene1111 IICilOJII,30BaTI> 71.Jlll C037J.8Hllll CIICTBMbl nporpaMM1 oCipac5oTKII 71.al!Hb!X Ha \llOPTPAHe 11a 
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_ E::JCM-6 Cl!CT8MY nporpat.!M ( TRESH,GRIND,SLICE,SLIMX nporpaMllbl HAZE 71.llll HP.ll), 

11cnon1,ayeuyro B -UEPHe. l{poi,:e' Toro, EecI>1.ia noneaHo 71.JIH pa3Bl!Tllll coTpy11.H11qecTlla c UEPHoM 

. l!IJeTI, 071.IIHaKoilyro C HIIM CIICTeuy nporpaMMIIPOllaHllll. 
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MaTepHamr CoBemaHHR, He BOmenmHe ll H8CTOH!fillll c6opHHK 

I. A.TiaaMaH (BU Ollflll) 

J!JiaHHPOB8HHe 8KCnepHY8HTOll no YTOqHeHHID O'AHOro ID880BOro C'ABHr~ ll ID880BOM • 

aHal!H88 .r('Jf' - pacceRHHR. TipenpHHT Ollflll, 292!, Jly6Ha !966. 

2. A.A.KopHeiJqyK, H.IO.filHpOKOll8 (BU Oliflj,!) 

0 paBHOM8pH1,1X Il0l!HHOl.rn8llhll!,IX npH6lIHZeHHHX IDYHKqHi! O~Oi! nepeueHHOll., 

TipenpHHT Ollflll, 5-2947, Jly6Ha !966.' 

3. JJ.C.HeIDe~eBa, B.H.Tapaciolla (BU Oliflli). 

CHCTeMa HHTepnpeTaqHH H 6H6l!HOT8K8 CT8H'A8PTHblX nporpaMM ~R 3BM "MMHCK-2 11 • 

'TipenpHHT Oliflli, 2452, Jly6Ha !965, TipenpMHT Ollflli, 2453, Jly6Ha !965. 

4. IOiA,Ey'Aaroll, B.r.Bono~KO, JJ.ll.JlenMl!OB8, IO.<ll,JIOMBKHH, 

Tiporpawa llbl60pKM H cyMl.rnPOBBHHR peayl!hT8TOll JlblqMCll8HHli,~R nocTpoeHHH rHCTO~' 

rpaMM. TipenpHHT Ollflll, I0-3052, Jly6Ha !966. 
/ 

5. P.B.Mamrmell, A.A.Kapl!OB (BU Ollflli). 

rpaIDHqecKoe-ycTpOllCTBO Ha 6aae 'ABYXKOOP'AHHaTHOro perMCTpMpyro~ero npH6opa H 

nporpaMMa IlO'ArOTOBKH qHCl!OBOro M8TepHalla. TipenpHHT Ollflli, I0-3055, Jly_6Ha 

~0Kll8'Abl, He BOme'AfilH8 ll HBCTORllll!ll c6opHHK H He' nepeqHCl!eHH!,i8 B11me, He ~bll!M 

npe'ACTalll!Blll,l,ll oprKOMHTeT, 
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