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B nocne~ee BpeMH ~ HSMepeHHI cneRTpOB raMMa-HanyqeHHH BCe 

60~me HCll~SymTCR ClleRTpoMeTpH C ll~llpOBO~HKOBHMH ~eTeKTOpaMH. 

06LeM H CHOZHOCTb aKCnepHMeHTanbHHX ~aHHHX, llO~aeMHX npH llOMO~ 

Ge ( I.Ji. )-~eTeKTOpoB,HaCTO~Ro BeJIHKH, 'iTO cTa.n:o aeo6xo~ HC

no~so.BaiD~e aJieRTpoHHo-BH'IHCHHTe~HHX MamHH. U~ll o6pa60TKH, ocHo

BaHHOI aa aaa.n:xse JIHHHI noJIHoro norJio~eHHH, HBnHeTCR B nepBYJl 

oqepe~ Onpe~eJieHHe TO'iHOrO llOJIOXeHHH, llJIO~~ OT~~HHX JIHHHI, 

COOTBeTCTB~ CT8THCT.il'ieCKHX OWH60K 14 0 B KOH8'iHOM HTOre, llO~e

HHe HHqopMaUHH 06 aaeprHHX H HHTeHCKBHOCTHX raMMa-nepexo~OB. 

B HaCTO~el pa60Te OllHCaHH nporpaMMH ~ KOMllJieKCHOI 06pa60TKH 

Cll8KTpOB raMMa-HBJiyqeHHH H ~ o6pa60TRH CllJIOWHHX 6eTa-cneKTpOB. 

CHCTeMa aTHX nporpaMM ~OllOJIHeRa nporpaMMOI ~ llOHCKa B03MOEHHX 

COCTOHHHI ~a,He npOTHBOpeqa~BX COBOKYllROCTH ~aHHHX 06 aHeprHHX, 

BHTeHCHBHOCTHX H UW~THUO~HOCTHX raMMa-nepexo~oB H ~aHHHX o raMMa

raMMa-COBn~eHHHX. IlpKBe~eHa TSRXe npOrpaMMa ~ OI.{eRRH CM8WID3aHHH 

ypoBHel poTauHORHHX nOJioc no~ BJIHHHHeM B3aHMo~eicTBHH KopHOJIHca 

no MeTo~ KepMBHa. 

IlporpaMMH RallHCaHH Ha RSW\e AJifOJI ~ aBM G IE R • 0HH 0603Ra

qeHH HOMepaMH, no~ KOTOpl:iMM Haxo~ca B 6H6JIHOTeKe aBM G!ER 

(Will l!C KAa, PEex). Eo~mHHCTBO onHcHBaeMHX nporpaMM m.~eer BapHaHTll, 

~ HCllOJlb30BaHHH llX Ha a.BM HewLett - Packard 2II6B, 

KOTOpSH HaxO~HTCR B OT~eRe ~epHOi CUeKTpOCKOllKH ~ qcAH, P.&eE. 

1621: 
---- ara nporpaMMa BHBO~ cneKTP Ha ne'iaT~ee ycTpoicTBO aBM 

B B~e rp~OB B llOJIYJIOrap~eCKOM MaCWTa6e. ~~-~~~~!!!!l-.. 9.£~ 
"x" ne'iaTaDTCR HOMepa KaHaJIOB ll HX CO~ep&aHHe ~CHO J4MllYJibCOB). 

,,._ ... '·~ ~~-··-" 
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llo oc11 "y" pHcyerca cnexrp. MacwTa6 no oc11 "y" Meaaerca aBTO

Margqecu B 3aBIICHMOCTJ4 OT CO,D;epllaHHH HS06~eMOro KB.HaJia. .nnst 
HS06pa&eHRR 60Jiee KOpOTKHX yqaCTROB cneKTpa MOXHO HCllOJID30BaTb ,D;py-

roA BapllaHT rrporp~. ~eqaraD~III B ~e!HOM MaCWTa6e S~HHHI 

yti8CTOK CileKTpa, HS KOTOporo aBTOMaTgqecKH 6l:IJI B.IATeH ~eJlHHii clJOHo 

llettaTb o,D;Horo 4096-xaHaJU>Horo cnexrpa 38.1iD18.eT Ha aw G 1 E ,q ceMb 
'-~---- .. --.,_, 

MHHYT• 

!6?2: 

llporpaMMa npe,D;HasHatteaa ~ noJIHoro aBTOMaTgqec~toro 11 6Hcrporo 

aaxo~eHHH nos~l H ll.JlO~a,D;el Bcex JiliiBHI B CJIOXHOM raMUa-cneKrpe. 

iloiiCK JIAHHi npOBO,II;HTCH no HSBeCTHO~ MeTO,D;y 0606~eHHOI BTOpoit npOIIS

BO~QJ(I/, qyBCTBIITeJIDHOCTb rrpone,D;Y.PH BW6xpaeTCS TaKOI,qT06H MOXHO -· 
6l:IJIO H8JITK BCe JIUHHH 0 KOTOpHe Ha~aeMH Bll3yanbHO Ha HS06pa&eHHOM 

cneKrpe. Haar,eHHHe noJiolleHHH ~~ JI116o nettaramrca, JIH6o npo6HBamrca 

Ha neWJoJieHTy. 

,llaJ!ee nporpaMMa npOBO,II;HT pactteT llOJ!YWIIPHH H30JIBPOB8HHHX JIHHHI 
~ ~. -T ' ___ _.... .... ,~~• ...,._ ,_ • 

C XOpowel CTaTHCTKKOI H HaXO,D;HT HaHJIY'lWYD JIHHeiHyD 3aBHCHMOCTb 

llOJJ.YIIIIIPHHH o·r TIOJIO.KeHHS. ilOJ!YWHPHHH onpe,D;ensDTCH liS llJIO~a,D;H A J!i 

aNillJIRTY.JUi B (no.ny'ieHHbiX nocJie Bli'IHTSHM JIHHeiHoro clJORa) no qx:Jp~Jie: 

llOJIYIIIHpHRa = 0 0 94 X A/B , (I) 

OrO HM68T MeCTO JVIJl raycCOBOit clJOpMH JlHHHio Ec.llll. B ClleKTpe HeT 

JIHHKI, y,~~;o6HHX ,D;AH pacttera llOJIYWHPHHH, nporpaMMa pa6oraer co cpe,D;Hel 

llOCTOSHROI llOJIYWJiiPHHOI, Sa,D;aBae140it C BXO,IUiHWl ,D;aHHHYH. C yqeTOM 

nOJIYIIIHPHHH JIHHHI ,~~;anee noCJie,D;oBaTeJIDHO onpe,D;ensMca rpynnH JIHHHI, 

KOTOpHe HYlmO 06pa6oraTb BMecre, 3a OT,II;eJIDHHe JlliiBHK npHHD481DTCH Te, 

KOTOpHe HBXO,II;HTCH Ha paCCTOSHIK,60JlbWeM 'leM 2,5 nO~IPHHRo fpynnH 

Jili!BKI o6pa6aTHBaDTCH npK llOMOJII)I npoue,D;ypH, B KOTOpol BllleTCH MJIHlDIYI4 
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,11;0 paccTOSHJIJI 3,5-4,0 nOJJyWlq>mm OT ItpaiHel ~ MYJIDTHIIJieTa. 

H3 IW.lloro TaiOJM o6pasoM orrpe,~~;e.xeHHoro liiBTepBalla cneKTpa BH'DITaeTCJI 

~eiHJ,di clJOH B BH.ne npmwl qepea KpaiHHe roqKH HRrepBa.Jia, CyMlompoBa

HHeM 'DICJ18 HMfiYJIDCOB H8,ll; clJOHOM BO BCeM HHTepBaJle onpe,D;enHeTCH nOJlHaH 

ll.JlOIIWU> MY.U.THIIJlera. ,llaJ!ee ~ liiBTepBaJI noCJle Bli'lera JIHHeiHoro 

clJOHa KSyqBeTCS npH llOMO.. npo~e,D;ypH, ~eJIDD KOTOpOI HBJISeTCS BaXO~e

HHe CitpH'l'HX KOMnOHeHT M,Y.U.TKll.JleTa, KOTOpHe He 6HJIK 06HapylleHH npo

~e,D;ypOI nOHCita. MeTO,II; SaKJIDqaeTCS B HTepauHOHHOM peweHHK CHCTeV.U 

~e!HHX ypaBHeHHI THna 
m 

:t;,K(L-/dj'{kj "' /(i), i = n, . . rn, (2) 

r,~~;e 

j (c) -axcnepHMeHTanbHHI cneKTP B TO'lKe i , 
I( ( t' -k}-~. OllHC~ CTaH,D;ap'l'HYJl clJOPMY JIHHHI IlOJlHOrO 

nor.llouteHRR, 

n/ m - 'DICJia H8'lanbHOrO II KOHe'lHoro KaHaJIOB HHT6pBaJia . 

B nporpaMMe HcnonLsoBaHa rayccOBCKaa clJOpMa ,D;AH ~HKUHH K, HO 

BOSMOXHO, KOHe'lHo, HCnOJID30BaTb Jlll6yiJ ,D;pyryiJ clJOPMY aTol IPYHKIUIH· 

ilpll Ita&,II;OM BTepauHOBHOM ware ,D;OnyCitamTCS TOJIDKO llOJIOEBTeJIDHHe 3Ha'le-...-------
HHH peweHHI !J ( k ). aro yCJlOBHe, crporo roBOpa,ae onpaB,~~;aao uare-

uaruqecxu,ao BHTeKaer K3 ¢HauqecKoro cMHcnaJ' ()() H o6ecne'DIBaeT 

cxo,D;HMOCTb npouecca. lloJiyqeHHHe SRatteHM ,D;AH peweRHi j ( k ) , 
OT.JlgqHHe OT HYJUI B KaHanax, npH6JIK3111TeJIDHO COOTBeTCTBymT llOJIO:.eHHD 

JIHHHI II B~e,nponOpUHOHaJIDHOI aMllJIHTYAaM KOMllOHeHT. 

Ha p11cyRKe I noKaaaa yqacTOK cneKrpa, B KoropoM npoue,D;ypol noacKa 

o6RapyaeRa TOJIDKO o,D;Ha,JIHRM. OTpesKaMH B HKZHel 'laCTH pHcyHKB noRa

SaHH peweHHS ~ ( k ) • .liJIHHH 0Tpe3KOB npOllOpJ:UdOHanbHH aMWIHTY,D;B.M 

KOMIIOHeHTo 
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PHC.!. ITOHCK CKpHTHX KOMDOH8HT MYlbTHDleta nporpaMMOI 1672. 
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Pe3yl~TarY DOJICEa IIOlOZ8HRI H DlO-~el lRHHI neqaraDTCR Ha 

owcrponeqar~eK ycrpolcrae, a raxze Koryr npoOHBar~ca aa ne~Jea

ry, KOTOpyD DOTOK KOZHO HCDOl~30BaT~ XaK BSO~HHe ~aHHYe ~~R DpO

rpaKKH aaeprerHqecxol XaJHOpoax• (1732). Kaqecrao paaxozeHHR 

~aHHOI rpynny lRHHI KOZHO raxze KORTpOlHpOBaTb DO rp~HKY ~aHHoro 

yqacrxa cnexrpa, awae~eaaoro aa neqar~ np• noKo~H Owcrponeqar~ero 

ycrpolcraa. Ha raxoK rp~HKe, xpoKe axcnepHKearan~awx roqex, raxze 

OTKeqea lJIBeiHHI cpoa H IIOlta3aHH 3HaqeHI!R ~ ( k ) 
PesyAbTarw nporpaMMH 1672 aaxo~cH B xopomeM cor~acKH c 

peay.unar81111, DOJIY'IeHHHMJl npH DOMOIIIJI nporpaMMW 1735, npe,JUiasaa'leH

aol AilS TO'IHOI oOpaOOTKH cnexrpoB np:B UOIIOIIIH MeTOAS H8.HMel!biiiiiX 

Kl!BJUlQTOB. 

BpeMil C'leTQ IIO nporpaMMe 1672 SaBHCHT OT ,lJ,1lHHH H MOZHOCTH 

06pa6aTYBaeiiOrO CIIeRTpa. .li.IIJ! 4096 - Ra.H8.Jll>HOro CIIeKTpa C 50 JUIHHSIMH 

OHO COCTaBMeT ORMO 15 MJWYT Ha 3BM 6/£ /? • 

1735: 

llporpa.MMa HCIIOJILSyeT ~~e,apHSOBaHHHI MeTO,Il H8.i!MeHbmHX RBa,B.

paTOB C 3QTyXSH&eM ~ TO'lHOrO Onpe,Ile~eHHH IIO~OZeHHI, nonymupHH H 

nno~el ~~ ~OZHHX raMMa-cnexrpoB. Oaa onpe~enaer raxze craTHCTH

qecxHe OEH0KH BHqHCHeHHHX aenwqHH.B CBR311 C orpaHHqeHHeu,oOycnoaneH

HHM He6onbWBM o6LeMOM onepaTBBHOI USMRTH MBmHHH,H CTpeMHeHHeM K 

MaKCHMa.lli>HOyY COKp81116HIIIIl C'leTHOrO BpeMeHH He06XO,IUIMO 6WIO C,Il~'l'l> 

HeKOTOpYe yupo~eHHH, KOTOpHe, O,JUiaKO, B 60AbWHHCTBe MJ118eB He 

BnBHDT Ha Ka'leCTBO pesyAbTQTOB. 

YMOBHH, KOTOpHM ,IlO~ Y.IlOBneTBOPHfb cneKTpY, IIO,IlXO~e ~ 

06pa6oTKlrl iipH IIOMOIIIJI ,Il8HHOI nporpalllMH, Me,IlYilllllrle: 
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a) qx>pMa IIISOJIHPOBaHHHX Jl14HIIIit noCJie Bli'UIT~ senpepwmoro 

qx>Ha ~OJmHa 61iT:& np11!6Jn!:SHTeJI:&HO rayCCOBOI; 

6) CITeKTp MOm!O pa~eJIBT:b Ha ]'laCTim, B KOTOpWC qx>H MO&HO 

anTipOKCKMHpOBaT:b Ill KOTOpHe He CO~ep&aT 6oxee 7 AHHHI. 

061JlBJI qx>pyYJIHpOBKa nporpaMM!i ITOSBOJIHeT 06XO~:b STiil ~ ycJio

BIIIH, o~o uesol senponopUJIIOHaJI:&HO 60JibWoro YBenHqeHHa cqeTsoro 

BpeMeBiil. B nplilHUiillle nporpaMMa nplili'o~a ,lJ,IIJl o6pa6oTu cnexTpa c JIJJ6ol 

qx>pMOit JllUIHit, KOTOpYJl BOSMO&HO SSAaBaT:b ,tta&e B BH,D;e TOOJIH~H. 

IlporpaMMa HBXO,JUl'l' MIIIHiilMyM Be.llli'UIHH 

1?2=f_ [j(t) -JfiJ]t?. 
i:? .f {c) 

(3) 

r~e 

.f {t)- qJilCJIO HMIIYJI:&COB B Ra.Ha.ne, 

f 1 k - HOMepa saqaJI:&soro H Roseqsoro Raaa.na o6pa6aT!lBaeMOro 

y-qacTKa, 

7 ( l) - BliqJilCJieHHBJI Be.rJ.HlUIHa co~eplltB.HiilJi i -Toro KaaaJia B CJiy-qae, 

ecJIH qx>pMa crreRTpa ~aeTcs BHpa&eHHeM 

JUJ = t; A{l) eK;f f (x{cJ ;x(t) )J f crx(c) -1- t, (4) 

r~e 

A ( { ) , X ( { ) - aMilJIHTY~ H ITOHOJteHHa JllilBl1it, 

N - qJilCJIO JIHHHI B JIIBTepBaJie, 

a, g - rrapaMeTpw JIJIIBeitHoro qx>sa, 

o = ./whm /2. 355 , (5) 

f w hm - llll!pHHa JIHHHH sa no.noBBBe BHCOTH. Be./nlluma CqJilTaeTcs 

ITOCTOHHHOI ,lJ,IIJl ~aHBOrO HHTepBaJia. 

8 

TaCS.II:mut 

~we Paocu-raowe 

ET(nll) 
(a) (6) I (a, C!) IT ET(KBll) -r 

I. 764,65 1,0 764,66 (3) 1,0 (2) 

2. 770,65 0,1 770,95 (23) 0,12 (4) 

3. 778,65 2,0 778,53 (6) 1,98 (20) 

4. 782,65 0,2 782,78 (62) 0,24 (20) 

5. 767,65 1,0 787,67 (12) 0,98 (IO) 

6. 792,65 0,6 792,42 (80) 0,61 (10) 

(a) - OTBOCKT8JI.RH8 e~KH~H, 

(CS) - B CE00Kax rrpBBe~&RH OMKISKH B ITOCJie,D;HeK ,D;eCATHqHOK 

3HUe. 

9 



Mmu!Mil38UBJI npoHSBO,ItB'l'CJI 061i'Dn111 B.T8paiUIOHUIDI CUOC06oy/2/, 

xor.-a AllJI ~oro B.TepaiUIOBBoro mara pemaeTCJI CBCTeua HOpii8Jll>HHX 

ypaBHeHBI.llpB 8TOM ~~BHe a~eMeHTH MaTp~ A 8TOI CKCTeMH 

,Ita.BH T81004 06pa30M, 'ITO 

A:i = Aa(t +d), (6) 

A i i .ltaeTCJI BHpa&eHBeM 

r.D;e 

ji -
d -

Au=~ ( a;(kJ) ~ 
Jr.,f a7,· 

(7) 

i -Tu uepeMeBBu iflYHKIUlB } ( /c ) , 

UapaMeTp sa'cy'X8JUUI, OUTBMBJil>HOe 3Ha'ieHBe KOTOporo 

BH'IK~8TCH AXJ1 ~Oro B.Tepa.IWOHHOI'O mara Ha OCHOB8HJIB SHa'ieHJIJI, 

UOJJT'I8HHOI'O B npe,IUIJzyllleM mare/S/ o 

Pacqeru c BBeAeHHeM saryxaHHR no cpaaHeHHD c pacqetauH des aa

ryxaHHR HMeDT TO npe~eCTBO,qTO 3HaqHTeA.HO CHHiaeTCR lt0A~6CTBO 

HTepanKR.3TO npHBOAHT K 3HaqHTeALHOR 3KOHOMHH uamHHHOrO Bp8M6HH, 

XOTH 'iB~O onep~ B O,D;HOI HTe~ 60JII>meo 

llpH HCUOJII>SOBaHliB nporpaiMI 1735 MOEHO BH6paTI> ~e.D;YDJU~e 

cnoco6H pac'ieTa: 

a) no ueCKOJII>IUOI BSOJlliPOBaBlUIII JllUilUDl B cneitTpe oupe,D;eJIJieTc.s: 

3aBHCHMOCTI> UonymllpBBH OT aHeprHB,B CU8ItTp UOTOM o6pa6aTHBa8TC.S: C 

UOCTOHHHOI UOJJYIIIxpHHOI, BH'IK~eMOI B8 8TOI SaBBCDIOCTB Jtli.&: KID.J(Ol'O 

HHTepBana cneKTpa; 

6) cneKTP aHanB3BPY8TCH C UOJJYIIIBPHHOI,~eiCH nepeMeHBHM 

napaMeTpoM lWil UOCTOHHHHM napSMeTpoM, UMY'i8HBHM KaltBII-HB6y)I;D ,lij)JrD! 

o6pasoM, 'ieM B ~ae a). 

Bxo,D;HHe ,D;aHHHe Jtli.&: KID.J(OI rpynuH .mmd, ROTOpHe 6y1I:fT 06pa6a

THBaTLCH O,D;HOBpeMeHHO, C0,11;8p3UlT 'U!~O ~. npB6JIBSHTeJII>BHe UMQ

lleHB.s: a HH({lopMa.IUm o Ha'UUII>HHX suaqeHJISX nonym:apBBH. 

10 

Pesy.n.TB.TOM pac'ieTa JD!JUUI'l'CJI Be.or:uuD~ A ( k ) , X ( 1: ) , o, 
a, g B liX CTSB,ltapTHSe OTKJIOH8HJIJI, UOJJY1ieHHSe 061i'Dn111 CUOCo6oM B3 

COOTHOIIeHBI 

.6k = ( /?~ 7J_':5;;:() 2' (8) 

r.v;e 

])Jd: -Jt-T!il ,uai'Oil8.6HJil UeMeBT MaTPIIIlli omB6oK, 

m -'IK~O coreneuel CB06oAY. 

KoHe1UUie 8Ha'ieHJIJI onpe.D;eJIJieMHX BeJ.IlABH ne'iaTBilTCJI npz noMODtB 

6HCTpoU8'ia'f8Dit8l'O JCTpoiCTBa, a TSK&e nep(IJOpB.pyi)TCJI B BB,D;e, J,D;06HOM 

Jt,l1f1 BBO,D;a B nporpaMIIY KaJIB6poBKB (1732) o lle'iaTI> pesyJII>TaTOB CO,D;ep

aBT ,D;aHHSe 06 06pa6aTHBaeMOM Y'iaCTKe CU8KTpa B Ka'i8CTB8 UO,D;rOHKB B 

~pMe T~ B ~OBo Ha pBCYHKe 2 UOKa3aH pesy~l>TaT UO,D;rOHKB 

y-qacTKa BCKYCCTBeBBo nocTpoeBBoro cneKTpa I 41, co,11;epmu~~ero 6 .mmd. 

B T~e npoBO,D;B.TCJI cpaBHeHBe saWJHHHX B BH'iBMeHBHX nM~HBI 

B MOIQBAB OT,D;e.n.HHX KOMIIOHeHT o 

06pa6oTKa npoCTOI JIJ111BB Ha 3BII G I£!? npB UOMOJitH nporpaMMH 

1735 BM8CTe C ne'iaTJ.m pesyJII>TaTOB npoBCXO,D;B.T upB6nH3HTeJII>HO sa 

40 ceKyHA.Bpeua cqeTa AnR Oonee CAOZHHX yYAI>THnneTOB 3aBHCHT OT HX 

c~oEHOCTB, CTPYKTYPH H ,D;OXO,D;HT ,11;0 7-8 MHH AXJI rpynnw HS 6 ~~. 

1732: 
llporpaMMa npoBO,D;HT aHeprer~ecxyn KanH6poBKy ,D;aHHoro cnexTpa, 

onpe,D;eJIJI8T 3HeprHD ~ H UO Jl8B8CTHHM MOJIIB,IJJDI C UOUpaBKOI Ha 

8~KTBBHOCTI> perBCTPauHH ,11;8T8KT0poM onpe,D;eJIJI8T BHT8HCHBHOCTB .mmd 

B HOPMHPY8T BX K npe,D;BapHTeJII>HO 3a,D;aHHHM SHa'ieHRSM. aHeprBH B BHTeH

CBBHOCTB .mmd CBO,IUITCH B Ta6.1nmy o 

Bxo,D;HHMB }tSHHWII ~T nep(IJO~eHTH nporpaMMH 1735 l1IJIId 1672 

( C0,11;8p&aiiiJI8 UMOJt8HJIJI B MOJ118,11;B JIHHBI:) , SHa'ieHJIJI 8HeprHB 88JtaHHHX 

KanB6poBO'iHHX .llllliBI H BMB'U!BH ,Il,1JJl HOpiiHpOBKB BHT8HCBBHOCTel. 
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3HeprernecJrYI) Jt8llll6po:exy MOauo npoB0,1Ul'l'l. ;JU~yMS~ cnoco68MIII: 

a) ITO MeTO,Iij' H8DIIem.DIBX KB8JU>BTOB C Y'leTOM OIIIHOOK 38BKCJIIIOI 

• aesaaacKMOI nepeueBBol ~epes KaRH6poBO~e TO~H npoBO~CH 

? no.mmo11 n -Hoi creneu. Hu6o.aee nOAXO.IUDIIM crenem. no.mmoua 

EH6apaeTCH aBTOMaTxqecRB.B 3TOM BapKaHTe npOBOAHTCB TOA~KO 3BepreTH

qecKaB KMH<IpOBJ:8 H Onpe,lteJIBilTCB BHeprHH AIIHidt H HX ODIHC!KHJ 

6) JlOJIOJ:eBH8 BCeX JIJIHlll B cnexTpe HCnpa.BJIJleTCH Ba Hemmei

HOCTD annapaTYPH,B nOTOM ~epes 9TH BCnp~eBBHe TO~ npoBO~CH 

np.a:uaa no MeTo,ey HaBMeH:bliUIX KBaJU)aTOB. He.mmeiHocT:& annaparypii 

Onpe,JteJUJ.II8C:& AlUI pasma: peu:MOB B8MepeBU npB nOMOIJtH HaOOpa RaJDI6-

poBOqftiiX BCTO~OB C HSBeCTHSMa 3HaqeHHBMH BBeprHH HCnyCKaeMoro 

B~eBBB. llpBMep peay~T8T8 TaKOrO H3MepeHBH nOK888H H8 pHc.3 • 

ITo Cp8BHeHBD C 06Kt~HHMH MeTOASMH KanK6pOBKH/S/ 8TOT MeTO~ HMeeT TO 

r.nSBBOe npeiDI,YII(eCTBO, ~0 D MOmiO npOBO~:& Ka.nH6po:mty npH nOMOJilH 

ae6o.nLmoro ~c.na Ka.nH6poBO~ ro~ex. 

llyT8M DOJiyqaeMOI KaJIHC!pOBKH TaKJ:e onpe,lteJIBilTCB 3HeprHH OTAen•

BYX JIIUUtl ll HX OIIHdKHo ,JlMee DO H3BeCTHOI 38BHCHKOCTII ~eKTHBHOCTH 

OT 3BeprHK H no K3BeCTHYK 3H81:18HHIU DJIO-~el JIHBidt H8XO,ItBTCI XX 

HBTeHCBBHOCTHo 3aBHCBMOCT:& OTHOCBTe.nDHOI 8~KTHBHOCTH OT BHeprBH 

Onpe~e.xs:eTCH C DOUOII(~Il 60JWDOrO ~c.na CTaHJtSPTHJ:a: HCTO~OE AJ[JI 

,Ita.HlUIX yc.aoBd OIIHT8o Ilo.ny'<leHHHe 38BHCIIMOCTH 8~KTHBHOCTH OT 8Hep

rBH OIWI B CHCTeMe fo~- tot/ annpoKCliMllpoBSHH no MeTO,Iij' Ha&eH:&IIIHX 

KBaAP8TOB ~ DOJDIHOMaMH BTOpol CTerreBH,H COOTBeTCTB~e KOB~ 

UJ[eHTH BXJII)qeBH B nporpSMJq o 

BpeMH c~eTa no nporp811Me 1?32 (AilJI .nl06oro sapHaHTa) B ocao~ 

HOM 06yc.noBJieHO CKOpoCT:&D 6iiCTponeqaT~ero yCTpOICTBa H H8XO~CH 

B npe,Ite.nax 2-3 UHByT • 
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1641/a~ 

KcxoAa xs paaee asBeCTHoro noxoaeHBB nepexo~oB B cxeue ypoB

ael a xs H&BeCTBHX aaeprHI nepexo~oB, nporpaMMa onpe~eaReT HaH6onee 

BepoaTHWe aaepi'IDI ypoBHel M6TO~OM, OnHCaHHHM B pa6oTe/8/ • 

Cor~ao/8/ ~eTCR ueTo~ou HaHMeHDmBX KBaAPQTOB MHHKMYM 

~OHaJia 

F =i;; (E_k -E;·- TA:t)/(.4 TkL)d. ' (9 ) 
Ttt· >D 

r~e E 1:. - aeHSBeCTHHe aaepru ypoBHel (ypoBHK sapaaee syMe-

pyv.rcR B nopJf.IUte BO&pacTSJIIIel aaepi'Bll B0&6yJr.D;eHBB), 

Tkl - aaepru nepexoM, III,D;ylllero as i-toro Ha R-Td ypo-

Bem., 

..1 Tki - oma6xa onp~e.neHBB aaepru T • 
CywmpoBBHJie no BBJteRcau npoBO.lU\'l'CR no Bceu ypoBH.IDI. PesyJ.Il>THPYJllliHe 

omx6u aaeprHI ypoBHel onp~eJIJUl'l'CR nocTeneHHo no qx>pyYJIB.M, npne

~eHHHM B pa6oTe/9/. Au RU,l{oro ypoBHR nporpaMMa no~c'UITaBaeT 6a.naac 

HHTeHCHBHOCTei,HCXOAa HS SaAaHHYX nonHHX BHT6HCBBHOCTel nepexO~OB. 

Ilporpa.MMa HanHCa&a A1U1 3:111 G IE /f • Kcxo~e MHHWe BBOMTCR C 

nepqo~eHTH a co~epaaT AIUI x~oro nepexoM ero aaepram • cooTBeTcT

BYJ11111l oma6~q, HHqx>pii8IUIIl o nOJI~eHHH nepexoM B cxeue ypoBHel • 

noxsym HHTeHCBBHOCT». 

PacqeT aaeprHI ypoBHel B peaJ.Il>aol cxeue, co~e~el 40 ypOBHel 

B 90 nepexo~OB,Tpe6yeT OROJIO 25 MBHYT MamHHHOrO BpeueHH aa aBM. 

BETA-I H BETA-2: 

aTH npOrpaMMH COCTaBJIJD)T CHCT6M;,Y nporpaMM, npe~aaqeHHHX 

,J1,llR onpe~e.neHBB rp~ aHeprHI H OTHOCHTeJI»HHX HHT6HCHBHOCTel 

KOMIIOH6HT f3:!; -cneRTp<>Bt HSMepeHHHX C UOMODtl>ll MarHKTHHX 6eTa-cneKT

po118TpOB. 
IlporpaMMB. aanacaaa ,J1,llR 3BM HewLett- Packarti2II6B. 
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BEI'A-1: 

liporpaMMa o6ecne'D1Bae'1' npe.uapBTe.u.HJ'I) o6pa6o't~cy axcnepJI

MeHTBJGHHX .lt8RHHX. BxOJtBW! Jm4x>pMI1IWI ~ nporpSMMW Ao.Dila COAep&a'l'l 

.IUUl KUJtOI BaMepeHHol TO'IIKB llliCJIO lllllllY.O.COB, aaa11eBJ1e H.f , a6co

JJDT&oe Bpeu, Bpelllll 9RCII08BJ:Um. Ilporp8101a npoXO,Jtll'r B lt8lr,D;OI T011Re 

R0ppe1UUIJ) B8 p&CII&A II H8 Bpelllll 9RCII08~. 0IIpeAeJUteT Taa&e IB&

lleBJie BI&eT~ecxol a&eprllll anexTpoHOB 11 npBBOAJ~T axcnepKMeHT&n&HIIe 

8Ha11eHJIJl K paBBJD4 BBTepBaJIBM aaepru. 

IloCJJ:e npoBeAeHH!I BCex nonp&Box 6eTa-cnexTp IIpBBJIII8eT CJie.QIIIIIII 

B:U: 

rAe 

M 
/V(E} = 2_ Ak(EoJ:- E)~ F(E_ Z)jJE, (IO) 

k:t 

N( E)- liBCJIO HMDym.coB B T011Ke c aaepr11el E, xciipaMeHHoe H8 

p&CII&A II 8KCU08BUK01 

M - liiiCJIO ROM!IOHeHT cnex'l'pa, 

() A 1c , E ot - O'l'BOCBTem.HHe 8M!IJIJ1'1'Y.IUl • rp8H1111B11e 8Bepr1111 ROM!IOBeBT, 

· F{ E,l) - 'lilP"III wu, . ..__ 
.P - .umym.c anenpoaa • 

IlporpaMMa ,ItaJU,me onpeAe.IIJieT a&a'leHU ~ ~P ... no MeTOJO', 

OIIJ[CaBBOiq B pa6oTe ,Itaeneno:aa II PJ>/IO/ • IlOCJie :BI(I(e.JieHJIJl 4Ja:KT0po111 

F (E, Z. ) pE cnexTp IIpBBOAJITCI.! K KOOPJUIH8T8111 Kllp11 

#'(E)= N(£) = f- AJ:: (Eoi: -E) 2 • (II) 
F(E,l)p£ f"=7 

Peay.u.Ta'l'H mwm"!'Cs Ha nepPo.lleHTy 111 co,JtepaaT .IWI KUJtOI T011KK 

cneKTpa asepru ueRTpoHoB, SHalleHBe P (E, z ) 11 BeJIII1IIIBII N 1 
• fA/~ 

1Io 8'1'D A8HBIIIil MODO IIOC'l'po.B'l':& rpaiplut Kllpll II npoBSBeCTB npe,uapa

Te.u.md aB8JDIS WOPMH 6eTa-cnexTpa. 

IIepi!JO.aeHTa, nOJJY'IeHHBJI B npoi'p811111e BEI'A· I, c.~YDT BXOAHOI 

~el AJII IIpOrpaMiilli BEI'A-2. 
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BEI'A-2 

ITporpaMMa BEI'A-2 npe~aaHa'leHa ~ onpe~eneHHS TO~ aHa

'leKHI OTHOC.B'l'en:&HHX HHTeHCHBHOCTei II rp~ SHeprHi KOM!IOHeHT 

~ -cnexTpa • 

nxa 8TOI nenx ~eTCH MeTO~OM HenHHeiHHx HaHMeH:&WHX JtBaAPaTOB 

IIHHJIMYM CYMMJl 

¢ == t fN (E)- Y Ai. (EoA; -E ) 4 7 Z/ 
•"f L"r 11vrE)' 

r~e N -'IHCJIO axcnepHMeHT&m.HHX TOlleR, ' 

N
1
(E) = IV(Ejf:(E; Z)/'E, 

r~e N (E) - aKcnepHMeHT&m.Hoe 'IHCJIO HMIIYn:&CoB. 

CwiCJI OCT&m.HHX B8nii'IHH 06'.f>I.!CH8H paH:&We. 

(12) 

CpeA&eKBSAPaTH'IHHe OWH6KH BanJiqJIH Ax• E0K onpe~enHDTCH IIO 

o6~el q,opuyne/2/ 

..6 =t
0

LD K,K )I/2 , 

r~e t 0 -SHa'ieHHe cWHKnHOHaJia t 0 H 7J K,K- COOTB8TCTBYJli!IHi ~aro

HaJI:&HHi sneMeHT MaTp~ OWH60K B UOCJie~eM HTepanHOHHOM mare. 

IIporpaMMa noaBonseT npoBo~:& pac'ieT ~ nD6oro y-qacTxa 

ClleKTpa. 3Ha'ieHHS BMllAHTY~ H rpaHH'iHHX &HeprHi II HX OWH6KH ne'ia-

TaJJTCH. 

1641: - IlpH IIOMO~ 8TOi nporpaMMH Ollp8AenHDTCH B03MO~e ypoBHH ~a 

Ha OCHOBBHHH SHepreTH'ieCKOrO 6alaHCa, BH'illcnH8TCI.! 6&naHC llOnHHX 

HHT8HCBBHOCTei, onpe~anseTCH 'i8THOCTb H npe~exH B03MOZHHX 3Ha

'ieHJII cmma10) • B KalleCTBe BXO,IUIWC Aa.HHHX 3B.D;BilTCH: 

a) MaccliB saa'leKHI aHeprHI ypoBHei, npeMOJiaraeMHX Ha ocHOBa

BJIII npe~ec~ coo6pa&eHHI, aHa'ieHHH omz6oK aTBX aHeprzi, aHa

'ieHBH '18THOCTei I ClliiHOB ypOBHei, 8C4H OHH Onpe~e~eHH; 

li) HexoTopwe IIpBHitJIIIH nporp8101H OllllcaHH B 76/. 
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6) Maceo axcneplOieHTaJI:&HHX sHa'ieHd aaepr:al nepexO,li;OB, u 

OIDIIOOK, .IIHTeHCDHOCTel Jl M;YJibTKnOJll>HOCTel &'l'iiX nepeXOAOBo llp• DOCJle

,li;OBa'l'E!JibHOII YBeJllllleHJIJI saepru BOSMO&oro rKno'!'eT:necxoro ypoBHS 

Ma.1IlDill maraMB (BeJl1l1UUia mara BH6JlPaeTCJi B COOTBeTCTBD C Be.D'il!l

HaMJI norpemaocTel aa,11;8HHUX ypoBHel B nepexo,li;OB) nporpaMMa onpe,ll;e

.IIJieT, ecT:& Jill cpe,li;Jl SMBHHHX nepexo,li;OB Taxol, xo'!'opHI Mo&o 6lil.lo 6s 

DOMeC'l'JIT:& ~~~ rBDOTeTK'ieCKlOI ypoBHeM Jl JlSBeC'l'HBM ypoBHeMo 

B CJJy'qae, eCJIB 'iKCJIO TaKBX KOM6.11Hauxl nOJiy'llaeTC.Ii 60Jll>me, 'ieM sapa

aee SB,ll;aaaoe 'iJICJio, TO ne'iaTamc.R: 

a) saa'ieHKe saepru BOSMO&oro ypoBHS, 

6) SHa'ieHKJI SHeprKI 8an8HHWX ypOBHel, C ROTOpHX JlJDI Ba KO'l'o

pwe Be~T nepexo,li;W, sac~e JlJDI paapaza»••e rKDOTe'!'Jl'iecKKI 

HOBidt ypOBeH:&, 

B) &HeprJIJI STBX nepeXO,li;OB, 

r) 'ieTHOCT:& H npe,ll;enH BOSMO&WX SHa'ieHBI CD.IIHa ypGEHJI, 

2!20: 

llporpaMMa .llllleT HOBHe ypoBHK H.lij)a H i1X KllB.HTOBHe XapaKTepHCTIIKH, 

OCHOBHBa.IIC:&: 

I) aa ,1J;aHHWX o6 saeprKRX H KBaHTOBHX xapaxTepBCTHKSX ~ ycTa

HOBneHHHX COCTOJIHHI; 

2) aa sxcnepueHTaJI&HHX ,ll;aHHHX o6 aaeprHRX, M;YJI&TBllOJll>HOCTJIX 

H .IIHTeHCJIBHOCT.IIX nepeXO,li;OB, npoHCXO.IIJIIIlHX ~~~ ypoBHJIMH BCCJI~e

MOro H.lij)a, a TaKKe 

3) Ha SKCnepHMeHTaJI&HHX ,ll;aHHHX 06 &HeprH.RX H HHTCHCJIBHOCT.IIX 

COBDa,ll;eHHI raMMa-KBaHTOB. 

Ha nepBOM &Tane nporpawa BH6zpaeT :HS cnHcxa nepexo,li;OB TaKBC, 

KOTOpWe, B COOTBCTCTBllll C BX aaeprzei H M;YJibTHDOJibHOCT:&D, MOKBO 

C'iHTaT:& nepeXO,ll;aMB M~ Onpe,ll;anCHHOI napol HSBeCTHHX y.ae ypoBHel. 
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Ha BTOpoM S'!'ane pacC'iHTWBamCJ! ,1J;.IIJI SBitBHHHX ypoBHel Bepo.RT

HOCU cOBnB,ll;eHBI: a) ,1J;.IIJI Jm6oro nepexo.11;a, paapS!llaDI!ero onpe,ll;anea

HWI ypoBeH:& 1 c nepexoJt8101, paaMell!eHlWIIIH B .11;aHHOI cxeMe aa.11; &TJIM 

ypoBHeM ,H 6) ,1J;.IIJI J.lll6oro nepexo.11;a, aaceJlJ!DIIero onpe,11;aneHm11 ypoBeH:&, 

C nepexO~awH, paswe~eHHHKH HHXC 3TOrO COCTOHHHH • 

Ha TpeT:&eM &Tane nporpa~~~~a nOJiy'llaeT aaa'ieHKJI aaeprd, xoTopue, 

CJle~JI peayJI&TaTaM sxcnepoeHTOB no cOBna,ll;eHB.IIM, MO&o 6H ·c'iJITaT:& 

&HepriliDoiB KaH,lJ;lfJt8.TOB HOBHX ypoBHel • .ll.nJI BCeX nepeXO,li;OB, npoJ~BnJ~D

IItBXCJI B sxcnepKMeHTax no COBnB,ll;eHHJIII, MO&O onpe,ll;anKT:& HDalmHe 

COCTOJIHKJI, HHKe KOTOpHX OHH He MOryT 61l'l':& B CXeMe ypOBHei ODYJJteHH. 

llporp&MMa BIAJICJIJieT .lUJI x~oro Taxoro nepexo.11;a CYJIIIIY ero saepru 

B saepru "aua.lwero" ypoBHS, a TaKKe CJ"MMii saepru nepexo.11;a H 

saeprd ypoBBel, pacno.ao:&eHHHX no Sa,ll;a.HHOI cxeMe BHme "HlBBAuero", 

ao CBJISBHHWX c HBM nocpe,li;CTBOM npJIMoro unz xacxB,li;Horo nepexo.11;a. 

Ha noCJle,li;HeM aTane CJMIW, nOJiy'lleHHiie BHme, npHHHWmTca xax 

&Hepru BOSMO&BX HOBHX COCTOJIHd • .ll.nJI K~OrO TBKOro SHa'ieHKJI 

nporp811118. 11111eT cpe,li;Jl 88,1J;8HHHX nepexo,li;OB TBKHe, xoTopue, corJiacao 

&HepreTK'iecxoM;Y 6aJIBHcy B paMKaX axcnepHMeBTaJI:&HHX norpemaocTel, 

MOr~ 6li OC~eC7BnJIT:&CH II~ BO~ COCTOJIHHCM H HCKOTOpliM HS 

yposxel cxeKH. B cnyqae, ecnH taxoR nepexo~ aaR~ea, nporpaKMa 

BW,ll;aCT CBe,ll;eBHe 06 O~eMHX C BJIM COBnB,ll;eBHHX H CODOCTaBnHeT SHa

'ieBHe HBTeacnaocTel coBnB,ll;eHHI, pacc'iHTaHHHX no cxeMe, c axcnepii

MeHTa.m.Hl:Dolit ,ll;aHHHMHo 

B KOHUe K~Oro &Tana ne'iaTamTCH H nepqopzpymTCH peayJI&Tzpyo

JIIlle ~aaawe: 

a) &HeprHH BOSIIO&HOrO HOBOrO ypoBHH, 

6) &BeprKH COCTOJIHKJi,C KOTOporo JlJDI Ha KOTOpoe COBepmaeTCH 

nepexo.11;, sac~ JlJDI paspa::&a~t "ao:m.~l" ypoBeH:&, 
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B) aHeprHH aToro nepexo~a; 

r) COOTBeTCTB~aa pasHOCTD KnH CyYMa aaeprKI ypoBHH H 

nepexo~a. yxasaHHHX B a) H 6); 

~) 'leTHOCTD H npe~e;w BOSMOJ!miX SHa'leHHI emma HOBOrO ypoBHH; 

e) aHeprHH nepexo~oB, Haxo~cx B xacx~ax c nepexo~oM, 

yxasB.HHliM B 6) 1 COOTBeTCTByDIUie HHTeHCliBHOCTH COBU~eHKI,paCClUI

TaHHble no ~aHHol cxeMe, H n axcnepHMeHTaJtbHHe sHa'leHHH, eCJilll OHH 

.ilMellTCX. 

!899: 

IlporpaMMa npoBO~HT OileHKY CMeWHBB.HHH ypoBHel pOT~OHHHX llOJlOC 

no~ BnHRHHeM BSa.ilMO~eiCTBKR KopHOAHCa H ~eT SHa'leHHX napaMeTpoB B 

Bbipa:&eHHH ,I{JIJI poTan:HOHHHX ypoBHel, a HMeHHO, MOMeHTa HHepilJIIH, 

napauerpa pa3BR3YBaBHR H KO~KnH8RTOB, HaxO~R~HXCR y ~48HOB Goxee 

BYCOKOrO nop~a no ~ • Hcno~syeTCX MeTO~ HaHMeHbmHX ~aTOB H 

~PMYJIH/7 I (I3) 

E(I)= -1 (Elft(I)+Ek (IJ} :tf~f/(I) +4 (IJj~fA/(I-K)(I+K-1) I 

£1:. =Eo+-A I(I +I) +BI 2(I + t) 2 
+ CI 3(I---1) 3 1-. (!4) 

+( r)I+Ic(I +K) I { j 
-t; (I-k..)/ LA21. t- B:>.i_I(T..,.I)+." • 

BpeMX C'leTa 06Y'IHO He npeBYmaeT HeCKOHAKHX KHHYT• 

IlpH nOMO~ BYWeOnHCaHHOA CHCTeMY npOrpaMM 6HnO o6pa60TaHO yxe 

OKOAO TpeXCOT CAOXHYX raMMa-cnexTpOB pacn~a paSHYX HSOTOUOB. 

CHCTeMa oxasanaCD y~06HOI ,I{JIJI 6YCTpOI H TO'IHOI o6pa60TKH 6o~woro 

KOHHQeCTBa 3KCllepHMeHTaJtbHYX ~a.HHYX. ilo.ny'leHHYe 3THM nyTeM SHa'leHRR 

SHeprHI H HHTeHCHBHOCTei raMMa-nepexo~OB HSBeCTHYX RanB6poBO'IHYX 

cT~apTOB aaxo~cx B xopomeM corAacHH c AHTepaTypHHMH ~SHHHMH. 
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