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1. BBE)];EHHE 

B · pa6oTe npe,nnaraeTc.H CHCTeMa nporpaMM 3ITOC ,nJI.H 6bICTpoii 
o6pa6oTKH cneKTpOB, B OCHOBe KOTopoii Jie)KHT CTaTHCTH1-leCKHH MeTO,ll 
no.nroHKH. IlpHMeHeHHe JKcnpecc-nporpaMM HaH6onee JcliclieKTHBHO npu 
peweHHH 3a,na11 a:aTOMaTH3aUHH o6pa60TKH CileKTpOMeTpH1IeCKOH HHcliop
MaUHH KaK ,llJI.H KOHTPOJI.H H ynpaBJieHH.H 3KCnepHMeHTOM /B on-line 
pe)KHMe/' TaK H ,llJI.H peweHH.H caMoii npo6JieMbl o6pa60TKH. C 6oJibWOH 
Jcli!PeKTHBHOCTblO B03MO)KH0 HCilOJlb30BaHHe nporpaMMbl B npHKJia,llHbIX 

;uccne,noaaHH.HX, HCilOJlb3YIOIUHX .H,llepHOq>H3H1Ie~KHe MeTO,llbI, HanpHMep, 
B reonorHH. 

B pa6oTe npe,ncTaaneHa a ynpomeHHOM au.ne 6noK·cxeMa 3ITOC. 
IlporpaMMa nocTpoeHa TaKHM o6pa30M, 1ITO o6pa6oTKa cneKTpa npo
H3BO.llHTC.H 3Tana~H no npHHUHilY OT npocToro K CJIO)KHOMY. OT 3Tana 
K 3Tany C yaeJIH1Ie~!{eM apeMeHH o6pa60TKH CTaHOBHTC.H 6onee IlOJIHbIM 
Ha6op ; no.nnemaIUHX onpe,neneHHIO napaMeTpoa Bcex JIHHHii cneKTpa 
H ynyqwaeTC.H T01IHOCTb . pe3yJibTaTOB. Pe3yJihTaTbl onpe.neneHHbIX 
3Tanoa, nony11eHHble C MHHHMaJibHbIMH 3aTpaTaMH apeMeHH, MoryT 
6bITb npHMeHeHbl B COOTBeTCTBHH C HX T01IHOCTblO ,llJI.H npouecca 
KOHTpOJI.H H ynpaaneHH.H. 

B nepaoii 11acTH nporpaMMbI /3ITOC-1, puc. 1/ cneKTP no.nroTaa
JIHBaeTc.H K o6pa6oTKe. )];JI.H xopowo BbI,lleJI.HIOIUHXC.H IlHKOB npH6JIH)KeHHO 
onpe,neJI.HIOTC.H IlOJIO)KeHH.H. H aMilJIHTYJlbl. )];JI.H y,no6CTBa o6pa60TKH Be Cb 
cneKTp ,neJIHTC.H Ha HHTepBaJibl. Bo MHOrHX cny11a.HX ·npH6JIH)KeHHbie 
pe3yJibTaTbl 3ITOC-1, IlOJiy1IeHHbie 6e3 no.nroHKH, MoryT npe,nOCTaBHTb 
ueHHYIO HHq>opMaUHIO O xo.ne 3KcnepHMeHTa. 

)];JI.H CHJibHO nepeKpbIBalOIUHXC.H IlHKOB T01IHOCTb pe3yJibTaTOB 01IeHb 
1IYBCTBHTeJibHa K T01IHOCTH, C KOTOpoii H3BeCTHa HX IlOJIYWHPHHa. 
IlonoMy BO BTopoii 11aCTH nporpaMMbl /3ITOC- II' puc. 2/ 6y,nyT 
o6pa6oTaHbl TOJlbKO HHTepBaJibl, co,nep)KaIUHe 11e60JibWOe 1IHCJIO / O,llHH 
HJIH .naa/ xopowo H30JIHPOBaHHbIX IlHKOB. )];JI.H TaKHX IlHKOB IlOJIO)KeHHe, 
aMnJIHTy,na H nonywupuua onpe.nen.HIOTC.H nyr.eM no.nroHKH 011eHb T01IHO. 
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IlpH ,Il,OCTaToqHOM qffCJie H30JIHPOBaHHLIX nHKOB MO)KHO C xopomeii 

ToqHOCTLIO BLiqHCJIHT~3aBHCHMOCTL nonymHpHHLI OT :meprHH H JaTeM 

npH o6pa60TKe 6onee CJIO)KHLIX yqaCTKOB cneKTpa B TpeTLeii qacTH 

rrporpaMMLI /3IIOC- III, pHc. 3/ nonLJoBaTLCH TeopeTHqecKHM JHaqe

HHeM nonymHpHHLI. 3TO cymecTBeHHO o6nerqaeT H.D,eHTH!pHKaI.J;HIO MyJIL• 

THIIJieTOB /cHJILHO nepeKpLIBalOIIIIIXCH nHKOB/. B rrpe.D,JiaraeMOM BapHaH

Te rrporpaMMLI CO.D,ep)KaTCH ,II.Ba orpaHHqeHHH. 

a/ Ilpe.D,nonaraeTCH, qTo <j)opMa IIHKOB xopomo onHCLIBaeTCH CHM· 

MeTpHqHoii rayccoaoii KpHBOH. TaK KaK ,Il,JIH raMMa·cneKTPOB, nonyqeH

HLIX C xopOIIIHMH nonynpOBO,Il,HHKOBLIMH .D,eTeKTOpaMH H xopomeii 

3JieKTPOHHKOH, 3TO ycJIOBHe o6LiqHo BLIIlOJIHHMO, TO rrporpaMMa 6e3 

H3MeHeHHH H ,Il,OIIOJIHeHHH npHrO.D,Ha ,Il,JIH o6pa60TKH 60JILIIIOH qacTH 

BCTpeqaIOIIIHXCH B npaKTHKe cnyqaeB. CxeMa nporpaMMLI nOJBOJIHeT 

a KaqeCTBe ,Il,OIIOJIHeHHH K 3IIOC- II BKJilOqeHHe anropHTMa aBTOMaTH· 

qecKoro onpe.D,eJieHHH napaMeTpOB HeCHMMeTpHqHoii <PYHKI.J;HH, HaH6onee 

IIO,Il,XO,Il,HI1Ieii ,Il,JIH OIIHCaHHH !pOpMLI nHKOB. B HaCTOHII.J;ee BpeMH B 3TOM 

HanpaBJieHHH npoBO,Il,HTCH HCCJie,Il,OBaHHH, nocne OKOHqaHHH KOTOPLIX 

rrporpaMMa MO)KeT 6LITL pacmHpeHa Ha cnyqaii HeCHMMeTpHqHoii !pOpMLI 

nHKOB. 

6/ BLiqHcJieHHH npeKpamaroTCH ,Il,JIH yqaCTKOB cneKTpa, nopH.D,OK 

MYJILTHIIJieTOB KOTOpLIX 60JILI1Ie Tpex. C POCTOM 'MYJILTHnJieTHOCTH 

yMeHLmaeTcH .D,OCToaepHOCTL nonyqaeMoii !pHJnqecKoii HH!pOpMau;HH. 

IT03TOMY MO)KHO cqnTaTL, qTo IIPH o6pa6oTKe, BKJiroqaromeii TpHnJieT, 

H3BJieKaeTCH npeo6na,u;aroman qacTL HH!popMau;nn, co.D,ep)Kameiicn B 

crreKTpe, H, B qaCTHOCTH, Ta ee qacTL, KOTOPYlO MO)KHO nonyqHTL C 

6oJILIIIOH TOqHOCTLIO. B .D,aJILHeiimeM npe.D,ycMaTpHBaeTCH pacnpocTpa

HHTL CTaTHCTHqecKHH MeTO,II,, HCnOJIL30BaHHLIH B rrporpaMMe, na MYJIL • 

THnJieTLI 6onee BLICOKHX nop.H,Il,KOB. C 3TOH u;eJILIO 6y.D,yT npoae.D,eHLI 

HCCJie,Il,OBaHHH, KOTOpLie rrpn Y,Il,OBJieTBOpHTeJILHLIX pe3yJILTaTax npnae

.D.YT K COJ,Il,aHHIO qeTBepTOH qaCTH nporpaMMLI ,Il,JIH o6pa60TKH yqaCTKOB 

crreKTpa, KOTOpL1e B 3ITOC- III OTMeqeHLI KaK 11eo6pa60TaH11L1e. 

Ilpn coJ.D,annn rrporpaMMLI 3ITOC rnaBHoe BHHMaHHe 6Lmo Harrpaa

neno na ,Il,OCTH)KeHHe BLICOKOH CKOPOCTH cqeTa. llcnoJIL30BaHHLIH MeTO,II, 

IIO,Il,rOHKH noJBOJIHJI nOBLICHTL CKOpOCTL o6pa60TKH, B JaBHCHMOCTH OT 

CTenenn CJIO)KHOCTH, Ha O,Il,HH· .D,Ba nopH.D,Ka no cpaBHeHHlO C nporpaMMa

MH, pa60TaIOI1I,HMH no MeTO.D.Y HaHMeHLIIIHX KBa.D,paTOB / 3 / ' MeTO.D.Y 

rpa.D,HeHTOB / 4 / HJIH npnMeHHIOIIIHX MeTO,II, aHaJIH3a <I>ypLe /s/ . CTpyK

Typa H pe)KHM pa60TLI 60JILI1Ieii qaCTH npoue.D,yp onpe.D,eJIHIOTCH MeTO,Il,OM 

no.D,rOHKH. 
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2. OIHICAHHE JiJIOK-CXEMhl IlPOrPAMMhl 
,, 

BBO,D; HJiqlOpMaUHH B nporpaMMY /puc. 1/ npe,D,yCMaTpHBaeT TPH 

cne.ziyroIUHX, B03MO)KHOCTH, KOTophIMH MO)KHO noJih30BaTbCH, Bb16paa 

cooTBeTCTBYJOIUHM o6pa30M BeJIHqHHY cal /Kanu6poBKa/. . 

a/ ECJIH ,D;JI.JI :rnepreTHqecKOH KaJIH6pOBKH ,IJ,OJI:>KHbl 6hITb npHMeHeHhl 

pe3yJihTa Thi npe,D;bl.D;YIQHX pacqeTOB napaMeTpOB KaJIH6poaoqHoii KpHBOH 

( aO, alt a2)' TO ,D;OilOJIHHTeJibHO K HHM 3a,IJ,aIOTCH rpaHHUbl kl H 

k2 no.D;Jie)KalQero o6pa6oTKe cneKTpa, a TaK)Ke 3KcnepHMeHTaJibHbie 

3HaqeHHH eks[l·: k2 -kl +11. B ,3TOM cnyqae (cal=O) 6y,IJ,eT npo-

H3Be,D;eHa BHeWHHH KaJIH6poBKa /2/. 
6/,ECJIH Heo6xo,D;HMO npoaeCTH BHyTpeHHIOIO 3HepreTHqecKyro Ka

JIH6pOBKY , (cal= 1 ) , TO ,D;OilOJIHHTeJibHO K npe,D;bl.IJ.YI.QeMy BBO,D;HTCH 

qHCJIO KaJIH6poaoqHblX 3Hepruii n H HX 3HaqeHHH ce[l':n] /4/. 
B 3TOM cnyqae aBTOMaTHqecKH BbI6HpaJOTCH JIHHHH, COOTBeTCTBYJOIQHe 

KaJiu6poaoqHLIM 3HeprHHM /11/, H BbJqHCJI.JIIOTC.JI napaMeTpbl Kanu6po-

BoqHQH KpHBOH a0,al,a2 ,,/12/. , ,' 
B/ )];JI.JI I<OHTPOJIH pa60Tbl nporpaMMbl H OT,IJ,eJibHbIX npon;e,D,yp, a. 

TaK:>Ke C ueJILJO ,D;aJILHeiiwero,pa3BHTH.ff: OT~eJibHbIX anropHTMOB Bnpo

rpaMMe 3aJIO)KeHa B03MO)KHOCTL KOHCTPYKUHH cneKTPOB C 3a,IJ,aHHbIMH 

napaMeTpaMH. B 3TOM cnyqae (cal I,. 1) · BhI3bIBaeTCH np~ue.IJ.ypa spekt 
/5/. ,lJ;JIH KOHCTPYKUHH cneKTpa Heo6XO,IJ,HMO 3a,D;a Tb K03qlqlHUHeHTbl' ,D;JI.JI 

OilHCaHH.JI qlOHa IlOJIHHOMOM 3'.'eii CTeneHH, IlOJIO:>KeHH.JI acex IlHKOB; HX 

aMnJIHTy.D;LI,, a TaK)Ke K03qlqlHUHeHThI 3aBHCHMOCTH pa3pewa101Qeii cno

co6HocTH ,D;EneKTopa OT ,HOMepa KaHaJia. Ilo )KeJiaHHIO TaKO~, cneKTP 

KOHCTpyHpyeTCH CO CTaTHCTHqecKHMH qlJIIOKTyaIJ;H.JIMH. 
0

IlOcJI'e BBO,D;a 3KCnepHMeHTaJILHOro CileKTpa /HJIH IlOCJie.KOHCTPYKUHH,. 

cneKTpa/ BLI3bIBaeTCH ·npoue.D;ypa 'Supik /6/. C ee noMOI.QhlO onpe,IJ,eJIH • 

!OTC.ff: IlOJIO)KeHHH Bcex IlHKOB, ,D;JI.JI KOTOpbIX nepBaH npoH3B0,IJ,Ha.H no 

3HeprHH _npoXO,IJ,HT, qepe3 HYJib. CH,JibHO nepeKpb1Bal01QHeCH IlHKH, nanpH

Mep, TaKHe ,KOTOpble HMeIOT cpaBHHMble 3HaqeHHH aMilJIHTY.IJ. H pa CC TO.ff:• 
. ' ' ' . . 

HHe MC:>K.D;Y KOTOPblMH MeHbllle HX nonyumpHHLI, He pa3,IJ,eJIHIOTCH H HH· 

Tep~peTHPYIOTCH KaK O,IJ,HH IlHK •. Ilocne HaXO:>K,D;eHH.JI a/6/ IlOJIO)KeHHH 

pe [ 1': pik I /a KaH1;1nax/ ·ucex co,D;ep:>KaIUHXCH B cneKrpe xopowo H30JIH• 

poaaHHblX nHKOB B npon;e.D;ype •intval /7/ 6y.D;eT onpe~eneHO cpe,D;Hee 

3HaqeHHe IIOJIYWHPHHbl Bcex IlHKOB b, H ,D;JI.JI ,D;aJihHeiimeii. o6pa6oTKH 

CileKTJ) 6y.D;eT: pa3,D;eJieH Ha HHTe:paaJibl B TeX MeCTaX, r,IJ,e paCCTOHHHe 

Me:>K.D;Y coce,D;HHMH IlHKaMH COCTaBJIHeT HeCKOJibKO TOJibKO qTo Haii.D;eHHbIX 

3HaqeHHH cpe,D;Heii. IlOJiyuIHPHHbl. .timi: m - oro HHTepaana onpe,D;eJIHIOTCH 

q11cno JIHHHii ·B HHTepaane npt[ mJ, HOM.ep nepabro KaHana HHTepaana 
'; ' .. •. . . 
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nukt [m] H qncno KaHanoB B HeM kt[ m]. B npoue.n;ype Iona /8/ 
CHaqana .n;enaeTC.H IlOilhlTKa OilHCaTb <lioH nonHHOMOM 3-eii CTeneHH .n;n.H 
acero cneKTpa B uenoM. ,[(nH :noro ncnonh3YIOTCH 3KcnepnMeHTanhHhie 
3HaqeHHH B KaHanax, COOTBeTCTBYIOIUHX TOqKaM qncToro <lioHa, Haii.n;eH
HhIX TaK)Ke B /8/. EcnH TaKoe OilHCaHHe npHHUHDHanhHO HeB03MO)KH0 
/.n;n.H OilHCaHH.H clioHa Hy)KeH nonHHOM 6onee BhICOKoro nopH.n;Ka/, HnH 
ecnn qncno HMeIOIUHXCH .n;nH 3Toro ToqeK He.n;ocTaToqHo, TO clioH annpo
KCHMHpyeTCH np.HMOH ,D;n.H Ka)K,D;Oro HHTepBana B OT,D;enhHOCTH. C no
MOI.QhIO HaiI.n;eHHhIX npn6nH)KeHHhlX 3HaqeHHH nono)KeHHH IlHKOB H napa
MeTpOB clioHa B npoue.n;ype ampli /9/ npn6nH)KeHHO BhiqncnHIOTCH aMnnn
TY,D;hI IlHKOB. 

EcnH ,D;On)Kffa npOBO,IJ;HThC.H BHyTpeHHHH 3HepreTHqecKaH Kann6poBKa 
( cal=l ), TO B npoue.n;ype wybor npoHCXO,IJ;HT aBTOMaTHqeCKHH IlOHCK 

nHHHH, COOTBeTCTBYIOI.l.lHX 3a,D;aHHhIM Kann6poBoqHhIM 3HeprHHM, a B 
npoue.n;ype quad /12/ MeTo.n;oM HaHMeHhWHX KBa.n;paTOB Haxo.n;HTCH 
K03<li<linuHeHThl aO, al, a2 IlOJIHHOMa 2-oii CTeneHH, C IlOMOI.l.lhIO KOTO· 
poro MO)KeT 6b1Th OilHCaHa 3aBHCHMOCTh 3HeprHH OT HOMepa KaHana. 
IIocne 3Toro B03MO)KeH nepecqeT Bcex 3HaqeHHii nono)KeHHii nHKOB 

pe /B KaHanax/ B COOTBeTCTBYIOIUHe 3HaqeHH.H 3Heprnii nHHHH en 
/B K3B /. B cnyqae BHeWHeii Kann6pOBKH. (cal=O) 3TOT nepecqeT 
npdH3B0,IJ;HTCH C IlOMOIUhIO KOJcli<linuneHTOB, Haii.n;eHHhIX npH nocne.n;HeH 
BHyTpeHHeH Kann6poBKe. O6a cnyqa.H cal = 0 H cal= 1 .n;aroT 
B03MO)KHOCTh .n;nH p.H.n;a cne.n;yroiunx .n;pyr 3a .n;pyroM H3MepeHHH C03,D;aTh 
pe)KHM, npn KOTopoM B nepno.n;nqecKoiI nocne.n;oBaTenhHOCTH, nocne 
HaXO)K,D;eHH.H nyTeM H3MepeHHH cneKTpa CTaH.n;apTHhIX H30TOilOB K03<li· 
<linuneHTOB aO, al,a2, o6pa6aThrnaeTCH onpe.n;eneHHoe qncno cneKTpoB 
c npHMeHeHHeM BHeWHeii Kann6pOBKH. 3aBHCHIUHe OT BpeMeHH <linroKTya
UHH B K03cli<linuneHTax aO, al, a2 MoryT cny)KHTh .n;n.H KOHTponH cTa-
6nnhHOCTH H3MepnTenhHOH annapaTyphI. 

Haii.n;eHHhie ,IJ;O CHX nop 3HeprHH H aMnnHTY,D;hl nHHHH HCDOnh3YIOTCH 
npn .n;anhHeiiweii o6pa6oTKe cneKTpa B KaqecTBe ncxo.n;HhIX napaMeTpoB 
.n;nH nx 6onee ToqHoro onpe.n;eneHHH. Ecnn .n;ocTHrHyTaH npn nonyqeHHH 
HCXO,IJ;HhIX 3Heprnii H aMnnHTY,D; TOqHoCTh cqnTaeTCH ,Il;OCTaToqHoii, HnH 
ecnn B cnyqae cnO)KHhIX H3MepeHHH HBn.HeTC.H )KenaTenhHhIM KOHTpOnh 
3a npOBO)J;HMhIM 3KCnepnMeHTOM, TO B .n;aHHOM MeCTe nporpaMMhl 
B03MO)KeH BhIBO~ pe3ynhTaTOB, nonyqeHHhIX B MHHHManhHO KOpOTKOe 
apeMH. Ilo3TOMY B npoue.n;ype resum /14/·nonyqeHHhie 3HaqeHHH no.n;
roTaBnnaaroTCH K neqaTH. TaK KaK aMnnHTY,D;hl IlHKOB He H;MeIOT cliHJH• 
qecKoro CMhICna, TO npH IlOMOIUH Haii.n;eHHOH cpe.n;Heii nonywilpHHhl b H3 
aMnnHTY,D; IlHKOB BhiqncnHIOTC.H HX HHTeHCHBHOCTH. EcTeCTBeHHO, q'J'o 
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IIPH 3TOM rrony11a10TCH CHCTeMaTH'leCI<He OTKilOHeHHH OT .n;eiiCTBHTem.

HhIX 3Ha'leHHH, H rrony~eHHhie HHTeHCHBHOCTH 06na.n;a10T cy~eCTBeHHO 

6onhWHMH OWH6KaMH, 11eM 3HeprHH ,JIHHHH. 

IlpH'IHHOH rrpoBe.n;~HHH 3HepreT~'leCKOH Kann6pOBKH C rrpn6nn:>KeH

HhIMH 3Ha'leHHHMH rrono:>KeHHH IIHK0B HBnHeTCH He06XO.D;HMOCTh y11eTa 

KOMIITOHOBCKHX cTyrrelieK .n;orronHHTenhHO . K y,ice Haii.n;eHHhIM IIHKaM 

IIOilHOrO rrorno~eHHH. ,lJ;nH 3TOro· He06XO.D;HMO . HMeTh a6COnIOTHOe 

3Ha11eHne: 3Heprnii nHHHH. B npon;e.n;ype compton/15/ nccne.n;y10Tcn Bee 

Te o6naCTH crieKTpa, B' I<Of0phiX O:>KH.n;aeTCH BKna.n; OT nHHHH, Bhl3hIBa10-

WHX KOMIITOHOBCKHH 3cpcpeKT. B . cny11ae Heo6xo.n;HMOCTH B .n;aHHOM 

HHTepBane OIIHCaHHe cneKTpa 6y.n;eT .D;OilOJ]HeHO COOTBeTCTBYIOWHM onn

caHlleM KOMIITOHOBCKHX CTyneHeK •. BnHHHHe O.D;HOH KOMITTOHOBCKOH 

CTyrreHhKH MO:>KeT IIPH 3TOM pacnpOCTpaHHThCH Ha HeCKOilhKO HHTepBa

noB. 

IIocne npHroToBneHHii, npoBe,neHHhIX B 3IIOC- I, Ha11nHaeTcH 0KoH-

11aTenhHa11 o6pa6oTKa crreKTpa. Cne.n;y10~a11 11aCTh nporpaMMhl - 3IIOC 

II /pnc. 2/ cny:>KHT .n;nn TO'IHOrO onpe.n;eneHHH 3aBHCHMOCTH pa3pe

wa10~e:ii cnoco6HOCTH OT 3HeprHH b(E) • ,D;nn 3Toro BhI6HpalOTCH TOilhKO 

TaKHe HHTepBanhI, KOTOphie co.n;ep:>KaT Manoe 11ncno xopowo H3onnpo

BaHHhIX IIHKOB. B npon;ecce no.n;rOHKH }J;IlH TaKHX IIHKOB C BhICOKOH Toq

HOCThlO HaXO,IJ;HTCH, KpOMe rrono:>KeHHH H aMnnHTY.D;, HX nonywHpHHhl, 

KOTOPhie cny:>KaT ,n;nn onpe,n;eneHHH aHanHTH'leCKOH 3aBHCHMOCTH pa3pe

wa10~eii cnoco6HOCTH OT 3HeprHH •. B /lfJ/ onpe,n;enHIOTCH IICXO,IJ;HLie 

3Ha'leHHH ,IJ;JIH HH,IJ;eKCOB cyMMHPOBaHHH H' xapaKTepHCTHKH HHTepBanoB. 

IlpH 3TOM m 03Ha11aeT HOMep HHTepBana; npn - o6~ee 'IHCilO ITHKOB 

B rrepBhIX (m-1) HHTepBanax, num - 'IHCilO xopowo H30IlHpOBaHHhIX 

IlHKOB, mult xapaKTepH3yeT Tpe6yeMOe _B IJ;HKne 'IHCilO ITHKOB B HHTep

Bane, nzt[m] rrpHHHMaeT 3Ha.11eHHe, paBHoe Hymo, ecnH HHTepBan 

C HOMepoM m 6epeTCH B .n;anhHeiiweM ,n;nH onpe,n;eneHHH 3aBHCHMOCTH 

b(E), B IIPOTHBHOM cny11ae nzt[m] . OTilH'IHO OT :uynn. 

Ilpn m=l /17 / Ha'IHHaeTcH o6pa6oTKa oT.n;enhHhIX HHTepBanoB. 

IloKa m<•int /18/ ,: BCne.n;CTBHe mult=l, Bhl6HpaIOTCH TOilhKO HHTepeanhI 

c O,ll;HHO'IHhIMH IIHKaMH /19/ H B npon;e,n;ype par1im /21/ BhI'IHCilHIOTCH 

HCXO,IJ;Hhie rrapaMeTphI, Heo6XO,IJ;HMhle .D;IlH rrpon;ecca Il0,IJ;rOHKH. IlpH 3TOM 

H3 3KCnepHMeHTanhHhIX 3Ha11e1rnii Bhl'IHCnHeTCH BeilH'IHHa .n;o6pOTHOCTH 

crreKTpa aa, perynnpy10~a11 XO)]; npon;ecca rro,n;roHKH / aa xapaKTepH-

3yeT Ka'leCTBO CTatHCTHKH B cneKTpe H OTHOWeHHe BenH'IHH aMnnHTy.n; 

IIHKOB K BenH'IHHe cpoHa/. EcnH 3Ha11eHHe ){' (clim), IlO,IJ;C'IHTaHHOe C 

noMO~hIO orrpe,n;eneHHhIX B /21/ napaMeTpOB, MHoro 6onhme aa /22/, 
TO B npon;e,n;ype vybros /23/ npoBepHeTCH, He HBilHIOTCH IlH npH'IHHOH 
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:noro 6onLworo JHaqeHHjl clim BL16pocL1 B oT,n;enLHLIX KaHanax. 
B no.n;o6HOM-·cnyqae /24/ ,n;ng TaKHX KaHanoB 3Haqen~e eks no,n;cqH• 
TLIBaeTCjl KaK cpe,n;Hee ,D;BYX coce,n;HHX 3KCnepHMeHTanLHLIX 3HaqeHHH, 
H c IlOMOmLIO ·supik /25/ H ampli /26/ B,_paccMaTpHBaeMOM HHTep
aane BHoai. onpe,n;engroTCjl nono)KeHirn IlH_Koa H HX aMnnHTY,D;LI. JlO)KHLie 
IlHKH HCKnroqaroTCjl /27/, a ,n;ng 0CTaBWHXCjl a/21/aHOaL onpe,n;engroT
Cjl Hcxo,n;Hhle riapaMeTphl. Eqn~ ongTL honyqHTcg 6onLwoe JHaqeHHe 

clim, TO npHqHHOH 3TOro MO)KeT 6LITL TOnLKO He Haii,n;eHHLIH ,n;o CHX 
nop IlHK /nHKH/, T .K. aL16pocoa TenepL; He.t · (vyb = OJ. ,lJ;ng TaKoro 
cnyqag /24/ npou;ecc qo,n;roHKif 6y,n;eT o6oii,n;eH. OTLICKHaaroTcg ,n;onon
HHTenLHLie IlHKH /30/. IloHCK nocne,n;HHX npOH3aO,D;HTCjl H Tor.n;a, Kor,n;a 
,PeJynLTaT npou;ecca no,n;roHKH Hey,n;oa~eTaopHTen~H /29/. Ilpou;e,n;ypa 

fit /28/, a KOTOpoii npHMeHgeTCji OilHCaHHLIH aft/ CTaTHCTHqecKHH 
MeTO,II; no,n;roHKH, aLI3LIBaeTCji TOnLKO Tor.n;a, Kor,n;a a HHTepaane C 
6onLIIIOH acpogTHOCTLIO 0)KH,n;aeTCH o.n;HH nHK ( clim ::; 10 ::ia) . B cnyqae 
xopomeii IlO,Il;I'OHKH Ha HHTepaane C HOMePoM m nocne COOTaeTCTayro

:mero yaenHqeHHjl qJicna y)Ke paccMoTpeHHLIX iIHK0B npn /35/ npoHc
; xo.n;HT nepexo,n;. /36/. K cne,n;yroIIJ;eMy .,JIHTep:eany, Ta1<0My, 1<0TopL1ii 
I acne,n;cTii11e /19/ TaK)Ke co,n;ep)KHT TOnLKO o,n;HH nHK; H cnyqae nnoxoii 

I
; no,n;roHKH a npou;e,n;ype cheaps ,n;nH Ka)K,n;oro KaHana B HHTepaane 
. aL1q11cJigeTCjl 3HaqeHHe x2 • Ilocne npHM~HeHHH K 3TOMY npOH3aO,D;HOMY 
I cneKTPY MeTo,n;a IlOHCKa IlHKOa /31/ nonyqa10T ,n;ononHHTenLHYIOHH<}Jop
. MaIJ;HIO O CTPYKType ,n;aHHOro yqacTKa ·a aH.n;e IlHKOa B <}JyHKtiHH X 2 

EcnH TaKHe· IlHKH (pie·> OJ 6y.n;yT ·Haii.n;eHLI, TO 3TOT HHTepaan a/33/ 
6y,n;eT OTMeqen KaK co,n;ep)KaIIJ;Hii 6onLwe o,n;Horo IlHKa nzt[ m] =I O H 
ero o6pa6oTKa npHOCTaHaanHaaeTCjl. B /34/ onpep;enHeTCH q11cno 
HHTepaanoa, co,n;ep)KaIIJ;HX- o,n;HH HJOnHpoaaHHhIH n:riK num. Kor,n;a onH • 
caHHLIM o6pa30M 6y,n;eT paccMoTpei.1 aecL cneKTP ,n;o nocne,n;Hero HH· 
Tepaana (m =·int), a /40/ onpawHaaeTCH; ,n;ocTaToqHo nH q11cno naii
,n;eHHLIX a npou;ecce no.n;roHKH ToqHLIX JHaqeHHH nonynrnpHHhI (nudi ~ 6) , 
'IT06LI a npou;e,n;ype quabe /43/ MeT0,Il;0M HaHMeHhWHX Kaa,n;paToa 
npoaeCTH ToqHoe onpe,n;eneHHe <}JyHKUHH pa3pemaroIIJ;eii cnoco6HocTH 
b(E). EcnH num OKa)KeTcg Mano, Tor,n;a a /41/ onoJHaaaTenLHaH 

aenHqm1a mult yaenHqHaa~TCjl Ha ·e,n;HHHUY ·u 0ilHCaHHhIM aLIWe -o6pa-
30M o6pa6aTLIBalOTCH ace' HHTepaanLI~ co,n;ep)KaIIJ;He .ztaa IlHKa. lIT06hI 
H B 3TOM .cnyqae MO)KHO 6LmO nonyqHTL ToqHhie peJynLTaTLI; nocne 
/20/ npoao,n;'i1Tcg npoaepKa ,n;ononHHTenLHoro ycnoa11H Ha xopowyro 
H30nHpoaaHH0CTL IlHK0a /38/. ,D;am;we pac910TpeHhl 6y,n;yT T0nLK0 Te 
paCCT0jlHHH dis, Me)K,n;y KOTOPLIMH OKa}Ke'I'CH 6onLI1Ie 2,5 b ·. EcnH 
nocne Bcero ycnoaHe num:? 6 aLmonHeH0, TO JaaHCHM0CTL b(E)MO)KeT 
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6LITL onpe,neneHa TO'IHO. B npOTHBHOM cnyqae B npoue,nype · quabej 4~ 
npoBO,IJ;HTCH npH6JIH)KeHHOe Bbl'IHCJieHHe 3TOH JaBHCHMOCTH. Ta.K· K~ 

TO'IHOCTL B onpe,neneHHH b(E) HBm1eTCH pema101Qeii npn o6pa6on 

6onee CJIO)KffbIX yqacTKOB cneKTpa, TO 3KCIIepHMeHTaTopy yKa3bIBaeTC 

Ha itiaKT np:u:6JIH)KeHHOro Bbl'IHCJieHHH / 44/ H peKOMeH,nyeTCH / 45/ BBC 

cneK'rpa C 6oJILWHM 'IHCJIOM xopomo H30JIHPOBaHHbIX IIHKOB ,IJ;JIH TO'IHOI 

onpe,neJieHHH b( E ). Ha pnc. 3 3TO npe,ncTaBJieHO CHMBOJIH'ieCKH 

nepexo,noM K start. 
B TpeTLeii qacTH nporpaMMLI /3IIOC III/npoHJBO.IJ;HTCH 06pa60T1 

Bcex .no cnx nop nponyIQeHHbIX HHTepBaJioB /pnc. 3/. IIonymnpnHa III 

3TOM He HBJIHeTCH 60Jibine CB06o,nHbIM napaMeTpOM, ee 3Ha'leHHe JaJJ;~ 

eTCH iiiYHKUHeii b(E) ·• 
U:HKJI o6pa60TKH OT,IJ;eJibHblX HHTepBaJIOB BHOBb Ha'IHHaeTCH 3Ha'it 

HHeM m = 1 / 4? /, npn'ieM ycJIOBHeM npt [ 111]-> mutt HJIH .IJ;BYMH ycm 

BHHMH nzt[m]>O n npt[m],5 mult /50/ BbI6HpaIOTCH TOJibKO 1 

paCCMOTpeHHbie JJ;O CHX nop HHTepBaJibl. BbI'IHCJieHHH /51. .. 60/ npc 

BO.IJ;HTCH aHanorH'IHO y)Ke onncaHHLIMB 3IIOC 11. Ilpn xopomeii no,nrom 

/59/ npon2x2.nnT nepexo.n K cne,nyroIQeMy HHTepBany /83,84/. 111 
IIJIOXOM clim _ /52/ BHa'iane npoBep»eTCH, HMelOTCH JIH B OT,IJ;eJibHh 

KaHanax IIO,IJ;Jie)KaIQHe ycTpaHeHHlO BbI6pocLI /54 ... 57 /. EcJIH n IIOCJ 

3TOro B npouecce no,nrOHKH He ,IJ;OCTHraeTCH YJJ;OBJieTBOpHTeJibHl, 

pe3yJibTaT, TO KOHCTpynpyeTCH cnei<Tp 3Ha'ieHHH x2 /60/ H 0TbICK1 

BaIOTCH IIHKH B 3TOM cneKTpe /62/. qT06bI He H,IJ;eHTHiiiHUHPOBaTb 

Ka'ieCTBe IIHKOB ·itinIOKTyauHH B x2 , Jie)KaIQHe B o6naCTH CTaTHCTH'i( 

CKHX OIIIH60K, B /6~2/ ycTaHaBJIHBaeTCH noporoBoe 3Ha'ieHHe nit 
BcTpe'ialOIQHeCH HH)Ke Hero MaKCHMYMbl x 2 He :paccMaTpHBaIOTCH Kc 

IIHKH. Ecnn C ,naHHbIM noporOBblM 3Ha'ieHHeM IIHKH He 6bIJIH Haii,nell 

(pie = OJ, TO BCJie,IJ;CTBHe HeBLIIIOJIHeHHOro YCJIOBHH /64/ npoue1 

IIOHCKa 6y,neT IIOBTopeH eIQe ,IJ;Ba pa3a. IIpH 3TOM niv Ka)K,IJ;blH p, 

. 6y,neT yMeHblIIeHO .no IIOJIOBHHbl. ero npe,IJ;bl.IJ;YJ:Qero 3Ha'ieHHH. /65, 
EcJIH HeCMOTPH Ha 3TO He HaiiJJ;eHO HH O,IJ;Horo IIHKa, TO Hey,noBJieTBOPI 

TeJibHOe 3Ha'ieHHe clim MO)KeT B03HHKaTb TOJibKO HJ- Ja BKJia,IJ;( 

o,nHoro IIOPH,IJ;Ka BO Bcex KaHanax. IIOHCK ,IJ;OIIOJIHHTeJibHbIX IIHKOB npt 

KpaIQaeTCH, H IIPOHCXO,IJ;HT nepexo.n K cne,nyroJ:QeMy HHTepBany B CHJ 

YCJIOBHH /66/. EcnH IIHKH B x 2 'HaiiJJ;eHbl (pie> 0), TO C IIOMOU\h 

npoue,nypLi ·subint /67 / ,naHHLiii HHiepBan ,nenHTCH Ha no,nnHTepBam 

TaKoe pa3.IJ;eJieHHe IIpOHCXO,IJ;HT Ha OCHOBe CTPYKTypbl ')(
2

;. CIIeKT] 

B TeX MecTax, r.ne Me)K,ny coce,nHHMH IIHKaMH B X 2 HMeeTCH MaKCI 

MaJibHOe paccTOHHHe, HCKJIIO'ialOIQee B3aHMHOe nepeKpbITHe. B pe3ym 

Ta Te HHTepBaJI OKa3bIBaeTCH paJ,neneHHblM Ha IIO,IJ;HHTepBaJibI, co,nep)K, 
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6bITb onpe,n;eneHa TOttHo. B npoTHBHOM cnyttae B npou;e,n;ype · quabe/43/ 
npoBO,D;HTC.!l npH6JIH)KeHHOe Bbl'IHCJieHHe !HOH 3aBHCHMOCTH. Ta.K· KaK 

TO'IHOCTb B onpe,n;eneHHH b(E) .!IBJI.!leTC.!l peIIIaIOIQeii: npH o6pa60TKe 

6onee CJIO)KHbIX yttaCTKOB cneKTpa, TO 3KCnepHMeHTaTopy yKa3bJBaeTC.!l 

Ha <l>aKT npH6JIH)KeHHOro BbJt{HCJieHH.!l /44/ H peKOMeH,n;yeTC.!l /45/ BBO,IJ; 

:cneKTpa c 6onbIIIHM ttHCJIOM xopoUio H3onnpoaaHHbIX nHKOB ,n;n.11 TOttHoro 

onpe,n;eJieHH.!l b(E). Ha PHC. 3 3TO npe,n;cTaBJieHO CHMBOJIHtteCKHM 

nepexo.n;oM K start. 
B TpeTbeii: •mcTH nporpaMMbI /3II0C III/npoH3BOAHTC.!l o6pa6oTKa 

Bcex ,n;o CHX nop nponymeHHblX HHTepBaJIOB /pHc. 3/. IlonyIIIHPHHa npH 

3TOM He .!IBJI.lleTC.!l 60JibIIIe CB060,n;HblM napaMeTpOM, ee 3HatteHHe 3a,n;a

eTC.!l <l>YHKIJ;Heii: b(E)·. 
U:HKJI o6pa60TKH OT,D;eJibHblX HHTepBaJIOB BHOBb HattHHaeTC.!l 3Hatte • 

HHeM m = 1 / 4 7 /, npntteM ycnoaneM npt [ m] > mult HJIH ,n;ByM.11 ycno -

BH.!IMH nzt[m]>O H npt[mb;: mult /50/ BbI6HpaIOTC.!l TOJibKO He 

pacCMOTpeHHbie ,n;o CHX nop HHTepBaJibl. BbI'IHCJieHH.11 /51. .. 60/ npo

BO,D;.!ITC.11 aHanorHttHo y)Ke onncaHHbIMB 3II0C II. Ilpn xopoUieii: no,n;roHKe 

/59/ npon9x_2.n;HT nepeio,n; K cne,n;y101QeMy HHTepaany /83,84/. Ilpn 

IlJIOXOM clim /52/ BHattaJie npoaep.11eTc.11, HMeIOTC.11 JIH a OT,D;eJibHblX 

KaHanax no,n;Jie)Kamne ycTpaHeHHIO Bb16pocb1 /54 ... 57/. Benn H nocne 

3TOro B npou;ecce no,n;roHKH He ,D;OCTHraeTC.!l YAOBJieTBOpHTeJibHblH 

pe3yJibTaT, TO KOHCTpynpyeTC.11 cneKTP 3HatteHHH x2 /60/ H OTbICKH· 

BaIOTC.11 nHKH B 3TOM cneKTpe /62/. 1ITo6bI He n,n;eHTmlmu;npoaaTb B 

KatteCTBe IlHKOB <1>n10KTyau;HH B x2 
• Jie)KaIIJ;He B o6JiaCTH CTa THCTHtte -

CKHX OUIH60K, B /62/ ycTaHaBJIHBaeTC.!l noporoaoe 3HatteHHe niv . 
BcTpettaIOIQHeC.!l HH)Ke Hero MaKCHMYMbl x 2 He :paccMaTpHBaIOTC.11 KaK 

IlHKH. ECJIH C .n;aHHbIM noporOBbIM 3HatteHHeM IlHKH He 6bIJIH Haii:,n;eHbl 

( pie = 0), TO BCJie,D;CTBHe HeBbIIlOJIHeHHOro yCJIOBH.11 /64/ npou;ecc 

IlOHCKa 6y,n;eT IlOBTOpeH eme ,D;Ba pa3a. IlpH 3TOM niv Ka)K,IJ;bIH pa3 

6y,n;eT yMeHbUieHO ,n;o IlOJIOBHHbI ero npe,D;bIAYmero 3HatteHH.!l. /65/. 
ECJIH HeCMOTP.!l Ha 3TO He Haii:.n;eHo HH O,D;Horo IlHKa, TO Hey,n;OBJieTBOpH· 

TeJibHOe 3HatteHHe clim MO)KeT BO3HHKaTb TOJibKO H3 • 3a BKJia,D;OB 

o,n;Horo nop.11,n;Ka BO acex KaHanax. IloHCK ,D;OilOJIHHTeJibHblX IlHKOB npe

KpamaeTC.11, H nponcxo.n;HT nepexo,n; K cne,n;yromeMy HHTepaany B cnny 

YCJIOBH.!l /66/. ECJIH IlHKH B x 2 Haii:,n;eHbl (pie> 0), TO C IlOMOIIJ;blO 

npou;e,n;ypbi ·subint /67 / ,n;aHHbiii: HHTepaan ,n;eJIHTC.!l Ha no,n;HHTepBaJibI. 

TaKoe pa3,n;eneHHe npOHCXO,IJ;HT Ha OCHOBe CTPYKTYPbl x2
~cneKTpa 

B TeX MecTax, r,n;e Me)K,n;y coce,D;HHMH IlHKaMH B X 2 HMeeTC.!l MaKCH· 

MaJibHOe paCCTO.IIHHe, HCKJIIOttaromee B3aHMHOe .nepeKpbITHe. B pe3yJib· 

Ta Te HHTepBaJI OKa3bIBaeTC.!l pa3,n;eJieHHblM Ha IlO,D;HHTepBaJibI, co,n;ep)Ka· 

II 



I:QHe ,ny6neThl a TpanneThI, o6pa6oTKa KOTOphIX npo,noIDKaeTCH ,nani,we • 

Ilo,nHHTepBa.Ilhl, ·~o,nep)Ka~e Ha OCHOBe CTPYKT)'Phl B x 2 -cneKTpe 
6one.e . Tpex nHKOB, B . 3TIOC I.II CHa6)KalOTCH .TOilhKO MeTKaMH .11 He 
06pa6c:1.,rhIBaJOTCH. 

IlpH sm =1,. /68/ BO BHeWHe.M :QHKne Ha'iHHaeTCH BHyTpeHHHH :QHKn 
06pc:1.60TKH no,nHHTepaanoB. B /67/ npoacxo,nHT npHCBOCHHe 3Ha'ieHHH 
multi= 1, ecna nHKH Bcne . .ncTBHe 6onhWHX pacCTOHHHH Me)K,IJ;y HHMH : 

H x2 -nHKaMH He nepeKphIBaJOTCH HnH TOilhKO cna6o nepeKphIBaJOTCH. 
B 3TOM cnyqae H3 X 2 ~ nHKOB Bhl'iHCilHIOTCH Ha'ianLHhie napaMeTphl . 
.nononHHTenhHhIX IlHKOB, no,nrOHKa KOTOphIX B ,naHHOM cnyqae ,noCTHra
eTCH B _npo:ue.nype fit /71/. Ecna n9 B,Ce )Ke HeBO3MO>KHO /72, 73/, 
anH ecna B /67 / Haii,neH no MeHhweii Mepe ,ny6neT l multi =2), Tor.na 
.nnx no.nr.OHKH BLI3hIBaeTCH npo:ue,nypa dufit /75/, B ocHoB·e KOTopoii 
ne)KHT TOT )Ke cTaTHCTH'ieCKHH MeTo,n, 'iTO a B fit. TaK KaK nn11 
,ny6neTOB a TpHnneTOB nonyqaJOTCH aHanorH'iHLie x 2 · -cneKTPhI, HX. 
HeBO~MO)KHO pa3nH'iHTh B /67 /. Il03TOMY npo:ue,nypa trilit /79/ ! 
Bhl3hIBaeTCH TOilLKO TOr,na, KOr~a pe3yJILTaT /75/ Hey,noBJieTBOPHTeJieH •. 
Bo acex cnyqaxx, r.ne clim <aa, nponcxo,nHT nepexo.n K cnenyroI:QeMy 
no,naHTepaany /82/. Ecnn no.nroHKa TpnnneTa TaK)Ke He Be,neT K :uenn, 
To nepe.n o6pa6oTKoii cne,nyroI:Qero ~o,naHTepBan~ T_aKoii TPYAHLiii 
yqacr.oK cneKTpa 6y,neT OTMe'ieH KaK Heo6pa6oTaHHLIB npHCBOeHHeM 
eMy 3Ha'ieHHH multi =4. Ilocne OKOH'iaHHH 3Toro BHyTpeHHero :QHKJia 
BO BHeWHeM :QHKne 6epeTCH cne,nyIOIQHH HHTep:eaJI ,no TeX IlOp, IlOKa He 
3aKOH'iHTCH. o6pa6oTKa Bcero cneKTpa.j;.;:Kor,nai m,.; •int/f /48/. 

B npo:ue,nype sort /85/ nponcxo,nHT neperpynnapoBKa nHKOB co~>T- · 
BeTCTBeHHO HX nono)KeHHJO C y'ieTOM .nonOJIHHTenLHO Haii,neHHLIX Il~KOB. 
C IlOMOIQhlO Kann6poBO'iHhlX nHKOB, Haii,neHHLIX B npo:ue.nype wybor B: 
3TIOC I' npo:ue.nypoii quadd . /86/ npOH3BO,nHTCH OKOH'iaTeJILHaH 3Hep
reTH'ieCKaH Kana6pOBKa C TO'iHhIMH 3Ha'ieHHHMH nono>KeHHH IlHK_OB. i 

PaccMoTpeHae owa6oK npoacxo~HT B npo:ue.nype error /87/. Ilqcne 
Toro KaK B 3TOM MeCTe 6y,neT BBeneHa ~pHBaH 34><lieKT~B~OfTH ,D;eTeK
TOpa, .HHTeHCHBHOCTH IlHKOB MOryT 6hITL nepeC'iHTaH,hl a O,THOCHTeJihHLie 
HHTeHCHBHOCTH IlHHHH. Y'iHThl_Bae_TCH He TOilhKO CT_~THCTH'ieCKaH OWH6Ka 
3KCnepHMeHTa, . HO TaK)Ke H IlOA,D;aJOI:QHeCH o:ueuKe CHCTeMaTH'ieCKHe 
OWH6KH. H3MepHTenhHOH annapaTyphI: B oco6eHHOCTH Te, .KOTOpLie BLJ.-
3hIBaJOTCH npH Kam16pOBKe no ::i;tteprHHM H HHTeHCHBHOCTH H3- 3a HeTO'iHO 
H3BeCTHhIX Kanu6poBO'iHhIX K.PHBhIX /o:ueuKa owa6oK Kana6poBKH no 
3HeprHHM npOH3BO,nHTCH. B npo:ue,nype quadd /. Ilpo:ue,nypa .reruit /88/ 
no.nroTa~na:aaeT BhIBO,n OKOH'iaTenI,HhIX pe3YilhTaTOB .H opra11,a3a~H10 
HX ne'iaTH B. Ta6nH'iHOH <lJopMe. 
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3. 3AKJIIO"lIEHH:E . 

"II 
IlpH C03,n:aHHH 3IIOC rnaBHaH 3a,n:aqa 3aKnIO'l.fanacb B Il0BbIIIIeHHH 

CK0p0CTH o6pa60TKH, K0T0paH Hap11,n:y C Il0BbIIIIeHHeM CK0P0CTH C'l.feTa • 
BKilIO'l.faeT aBT0MaTH'l.feCKYIO o6pa60TKY 3KCnepHMeHTanbHbIX pe3ynbTa-
T0B. 

IlporpaMMa nocTpoena no 6no'l.fHOMY npHHI.(Hny. BneIIIHHii 6noK cny
)KllT ,n:nH opraHH38.l(HH pa60Tbl nporpaMMbl. Bbl'lfHCnHTenbHbie onepal(HH, 
no B03M0)KH0CTH, np0B0.D:HTCH B npone,n:ypax. IlpH no.n:o6noii CTPYKType 
B03M0)KH0 HCn0nb30BaHHe ManbIX H cpe,n:HHX Bbl'lfHCnHTenbHblX MaIIIHH, 

T .K. 6onLI1Ia11 'lfaCTb nporpaMMbI Haxo,n:HTCH B nepml>epttiinoii naMHTH. 
B onepaTHBHYIO naMHTb npone,n:ypbl Bbl3bIBaIOTCH nocne,n:oBaTenbH0, no 
Mepe Ha,n:o6HOCTH. 

IlporpaMMa HanncaHa Ha H3bIKe AJirOJI-6O, 0Tna)KeHa HHCilbITaHa 
Ha li3CM-4. B HaCT0HII.(ee npeMH oHa nepeno,n:HTCH Ha c'l>OPTPAH ,n:n11 
li3CM-6. Ilepaa11 'l.faCTb nporpaMMbI HanucaHa TaK)Ke B Ko,n:ax MaIIIHHbl 
"MIIHcK-2" /"MHHCK·22"/ H no,n:roTannnnaeTcH ua H3bIKe c'l>OPTPAH 
,n:nH MaIIIHHbI Hewlett Packard 2116 B. 
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