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BeeCJeHue 

B npe.D.hi.D.YJ.QHX pa6oTax/I-3 / 6~a~na HlJIO)KeHa H,ll,eJI npHMe

HeHHJI MeTO,Il,a KOppeJIJID;HOHHOro aHaJIH3a /KOPAH/ npH 

pa6oTe Ha HMDYJILCHhiX HCTO'IHHKaX HeiiTpOHOB. TaM )Ke npa

Be,ll,eHhl ero onacaHae H nepa~a~e ,ll,aHHhle npoaepKH npe,ll,JIO)KeH

Hoii MeTO.D.HKH. B peJyJILTaTe 6~a~no noKaJaHo, 'ITO KoppenJI

UHOHHaJI TeXHHKa B CO'IeTaHHH C HMDYJILCHhiMH HCTO'IHHKaMH 

HeBTpOHOB, ,ll,eBCTBHTeJILHO, ll03BOJIJieT llOJIY'IHTb .D.BYXMep

HhiB CDeKTp pacceJIHHhiX HeBTpOHOB. lihiJIH H3MepeHhl cneKTphl 

pacceJIHHJI Ha DJieKCHrJiace /2/ H Ha MarHeTHTe /:~/ .B 060HX 

CJiy'laJIX Ha6JDO,Il,aJIHCb TOJILKO ynpyrHe DHKH. IIIHpHHa KaHaJIOB 

no oca apeMeHH nponeTa Ha 6aJe o6paJeu;-,ll,eTeKTop(t2 )6hiJia 

OrpaHH'IeHa 'IHCJIOM 060pOTOB 3JieKTpO,Il,BHraTeJIJI, paBHLIM 

1500 B MUH., a 'IHCJIO cerMeHTOBKOppeJIJID;HOHHOronpephiBa

TeJIJI 6WJIO paBHO TOJILKO 63. 3TO 'IHCJIO o6yCJIOBJIHBaJIOCb 

06'heMOM naMJITH aHaJIH3aTopa, He npeBhiWaBWHM 63 X 64-
-4 K CJIOB. /3.D.eCL 'IHCJIO 64 COOTBeTCTByeT KOJIH'IeCTBY 

BpeMeHHhiX KaHaJIOB/. 

EcTecTBeHHO, ycnoBHJI 3KcnepaMeHTa 6hiJIH ,ll,aJieKH OT 

OllTHMaJILHhiX H He ,ll,aJIH B03MO)KHOCTH Ha6JDO,Il,aTL Heynpyrae 

npou;eCChl pacceJIHHJI, Hly'leHHe KOTOphiX JIBJIJieTCJI KOHe'IHOB 

D;eJILIO C03,1l,aHHJI ClleKTpOMeTpa CO CTaTHCTH'IeCKHM npephiBa

TeJieM Ha HMDYJILCHOM HCTO'IHHKe HeBTpOHOB. 

B HaCTOJIID;eii pa6oTe npHBO.D.HTCJI onHcaHHe ynyqweHHoro 

Mo.D.eJILHoro 

pe lYJILTaThl 

aapaaHTa KoppeJIJIUHOHHoro cneKTpoMeTpa H 

Ha6JDO,Il,eHHJI $OHOHHOrO ClleKTpa aJDOMHHHJI. 

OnucaHue ycmaHoeKu 

CxeMaTH'IeCKHB BH,Il, ycTaHOBKH npaao,ll,HTCJI Ha puc. 1. 
HeiiTpOHhl, HCDYJ.QeHHhle B MOMeHT BpeMeHH t =0 ,npoJieTaiOT 
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Puc. 1. CxeMa11fu'-lecKuil auo ycmaHoaKu: 1 - 3aMeOAumeAb, 
2 - KOAAuMamop, 3 - npepblaameAb, 4 - o6pa3efl, 5 - oemeK
mop, e - YZOA pacce.RHUJI, L I u L2- npoAe111Hble 6a3bl, Ko
HanpaaAeHue naoaror~~ezo ny'-IKa. 

rrepsyro rrponeTHYJO 6a3}' L I = 9,8 M H KonnHMHPYJOTCJI B 
ITY'IOK C yrnOBLIM paCTBOpOM - 2 °. llpH 3TOM o6pa3eU 
"BH~HT" BCIO llOBepXHOCTb 3aMe~nHTenJI, T .e. HCnOnb3yeTCJI 
MaKCHManbHO B03MO>KHaJI HHTeHCHBHOCTb na~aiOIUero ITY'IKa. 
llpepbiBaTenb 3 rrpe~cTaBnJieT co6oa anJOMHHHeBbla ~HCK 

MaMeTpoM 30 cM, Ha Kparo KOToporo pacnono>KeHbl B rrces~o
cnyqaaHoM llOpJI~Ke 127 cerMeHTOB /H3 HHX 64 3aKpbiTLIX 
<l>onbroa H3 Cd TOnJUHHoa 1 MM H 63 OTKPLITLIX/. Cpe~HJIJI 
WHpHHa cerMeHTOB COCTaBnJieT 5,5 MM, a BLICOTa - 40 MM. 

llpepbiBaTenb llpHBO~HTCJI B ~BH>KeHHe JneKTpO~BHraTe
neM rrepeMeHHOrO TOKa C MaKCHManbHOa MOIUHOCTbiO -80 Bm 
H rrnaBHOa perynHpOBKOB 'IHCna o6opOTOB ~0 8000 o6/MUH. 
Heo6xo~HMoe H3MeHeHHe <l>a3bl Me>K~Y BCITLIWKaMH peaKTopa 
H rrono>KeHHeM rrpepbiBaTenJJ I 2,3/o6ecrreqasaeTCJI cnyqaa
Hoa MO~ynJIUHea 'IHCna o6opOTOB, npOH3BO~HMOa C llOMOJUbiO 
MOHHTOpHOrO C'leT'IHKa. 3TOT C'leT'IHK c6paCLIBaeT MOIUHOCTb 
MOTopa Ka>K~ble 30-40 c Ha ~onro ceKyH~bl rrocne Ha6opa 
orrpe~eneHHOrO KOnH'leCTBa HMrrynbCOB OT <i>OHOBbiX HeaTpO
HOB. 3TO yCTpOaCTBO rrpHMeHJinOCb,KOr~a KOne6aHHJI HarrpJJ
>KeHHJI B ceTH 6blnH He~OCTaTO'IHbl ~nJI C03~aHHJI ycnOBHJI 

4 

cnyqaaHOfO 6ny>K~aHHJI clmJLI. B o6oHx cnyqaJJx cpe~HJIJI 

rny6HHa MO~ynJIUHH 'IHCna o6opOTOB He rrpeBOCXO~Hna-1~. 
BepoRTHOCTb rroJJBneHHJI pa3HLIX 4Ja3 KOHTponHposanacb 
H perHcTpHposanacb rrpH rroMo~ Manoa 3BM THrra TPA- i . 

lloCKOnbKY WHpHHa KaHanOB B HarrpaBneHHH t 2 CHnbHO 
BnHJieT Ha pa3peW8.10llU'IO cnoco6HOCTb, 'IHCnO o6opOTOB 
MOTOpa 6LinO BLI6paHO ~OCTaTO'IHO 60nbWHM /-6000 06/M/, 
'ITO COOTBeTCTByeT WHpHHe KaHana- 80 MKC. 

06pa3eu pacnonarancJJ Ha paccTOJIHHH12 cM OT rrpepbi
BaTenJJ, H ero nono>KeHHe H3MeHJinOCb npH nOMO~ ~HCTaH
Ji:HOHHOrO ynpaBneHHJI BpaJUeHHeM BOKpyr BepTHKanbHOa OCH. 

PacceJJHHble o6pa3UOM HeaTpOHbl no HeaTpOHOBO~Y. Hanon
HeHHoMy aprOHOM, rrorra~anH B ~eTeKTOp, HaXO~JIIUHaCJI Ha 
paccToJIHHH L 2 = 6,9 MoT o6pa3ua. Yrnosoa pa3Mep ~eTeK
Topa ,COCTaBnJin 1,2°B ropH30HTanbHOM H 3° B BepTHKanb
HOM HarrpasneHHJIX. B Ka'leCTBe ~eTeKTopoB 6blnH Hcnonb 30-
saHbl C'leT'IHKH, HarronHeHHble ra30M He 3 ~o ~asneHHJI 

5 Q111M. ,lJ;eTeKTOpHaJI CHCTeMa MOrna rrepeMeiUaTbCJI B ~Ha
na30He yrnoB OT 0° ~o 65 ° oTHOCHTenbHO na~aJOIUero nyqKa. 

,lJ;nR HOpMHpOBKH cneKTpOB HCITOnb30BancJI 6opHbla C'leT
'IHK HH3KOa Jcllcl>eKTHBHOCTH, pacrrono>KeHHbla TaK, 'IT06bl 
C'leT ero 6bln rrponopuHoHaneH MOJUHOCTH peaKTopa. 

3AeKmpoHHa.ll annapamypa cneKmpoMempa 

3neKTpOHHKa, OTHOCJIIUaJICJI K ~eTeKTOpHOB CHCTeMe H· 
KOHTponHpyJOIUaJI rrono>KeHHe npepbiBaTenR, 6blna orrucaHa 
paHee /3,4/ . 

HaKonneHHe, rrpe~sapaTenbHaJJo6pa6oTKa,aTaK>Kenpe~
cTaBneHHe Ha MCITnee ~aHHLIX rrpoH3BOMnOCb C llOMOIUbiO 
Manoa 3BM Tuna TPA- i, cHa6>KeHHoa sxo~HbiM 6noKoM 
~eTeKTOpHbiX HMrrynbCOB H COOTBeTCTByJO~MH 6noKaMH 
HHTep<l>eaca, BblnonHeHHbiMH B cTaH~apTe KAMAK. linoK
cxeMa JneKTpOHHOa • CHCTeMbl YCTaHOBKH rrpHBe~eHa Ha 
puc. 2. Pa6oTa TPA- i /1/ npoxo~HT Ha Tpex ypoBHJIX: 
i - aBTOHOMHOe 3aiTOMHHaHHe ~aHHbiX no KaHany npJIMOrO 
~OCTyna /Kll,lJ;/; ii - o6cny>KHBaHHe nepH<i>epHaHbiX yeT-
poacTB no KaHanaM npepLIBaHHJI rrporpaMMbi/TeneTa:Hrr,~Hc
nnea, CHCTeMa KAMAK/; iii - nporpaMMHOe o6cnY>KHBaHHe 
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Puc. 2. CxeMa 3AeK111POHHoii -.ac111u KoppeA.RfiUOHHozo cneK111· 
poMempa: 1 - 3BM TPA- t , 16K. 2 - (Jomoeeoo 111una FS -
1501. 3 - 1!1eAemaiin. 4 - 6biC1!1pbaii nep(Jopa111op. 5-6 - npe
o6paaoeameAb eHewHeii WUHbl. 7 - UH1flep(Jeiic zpa(Ju-.ecKozo 
OUCnAeJI. 8 - UH1flep(Jeuc 6XOOHbiX CUZHQA06 no Q61110HOMHOMy 
KaHaAy. 9 - npueoo eemeeii. 10 - KOH111POAAep. 11 - epeMeH
Hoii KooupoefiiUK muna BK- 5. 12 - cttem-.uKu u 111aiiMep. 
13- 6AOK C6JI3U. 14 - KOMMy111a111op ~.15- 3BM Ji3CM-4. 
16 - f1U(Jpone-.a1!1b. 17- zpa(JuKonocmpou1!1eAb. 18 - oucMeii. 

nepa~epaiH~X yeTpoieTa a B~nonHeHae KOMaH~ 3Kenepa
MeHTaTopa. 

Ilpa 3TOM ~onyeKaeTeJI npJIMOB ~OeTyn K naMJITa B npe
~enax OT 0 ~0 14 pa3pJI~OB, KOTOp~B o6eene'laBaeTeJI 
BXO~H~M 6nOKOM ~eTeKTOpH~X aMnynbeOB/ T.e. 3aOOMaHa
eTeJI He a~pee eo6~TaJI, a eaMo eo6~Tae no npJIMOMy a~
peey/. 

06'beM ·naMJITa aenonL30BaHHOB TP A- i eoeTaBnJin 
16 K 12-pa3pJI~H~x enos. IlaMJITb nerKo pa36aaaeTeJI Ha 
~BYXMepH~e o6naeTa pa3MepoM 256 x 64 ana 128 x 128 
3neMeHTOB. B noene~HeM enyqae 6noK, npaHaMaJOilUIB aM
nyn~oe~, eo~ep>KaT a~peeH~B peraeTp a3 14 pa3p.11~oa. 
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B eBOIO O'lepe~b, 3TOT peraeTp eoeTOaT a3 ~BYX noene~o
Ba TenbH~X 7- pa3pJI~HbiX peraeTpOB. 

Mna.IUIIae 7 pa3p.II~OB a~peea 3a~ruoTeJI aMnyn~oeaMa OT 
~oTo~aT'IaKa nono>KeHaJI npepwaaTenJI. Iloene 3aaepweHaJI 
o~aoro o6opoTa ~aeKa npep~aaTenJI peraeTp nepeao~TeJI 
B HeXO~HOe nono>KeHae e nOMOll\biO aMnynLea BTOporo ~OTO
~aT'IaKa, 3a~aiOll\ero Ha'lano neea~oenyqaiiHoro p.11~a Ha 
npep~BaTene. 

CT~pwae 7 pa3p.11~oa a~peeHoro peraeTpa ynpaanJIIOTeJI 
apeMeHH~M KO~apOBll\aKOM, B~nonHeHH~M B eTaH~apTe 
KAMAK. CTapTOBbiB aMnynbe peaKTopa yeTaaaanaaaeT 
peraeTp eTapwax pa3p.11~oa B aexo~oe nono>Keaae, noene 
'lero aMnynbebl reaepaTopa BpeMeHa Bblpa6aT~BaJOT 3Ha
qeHae a~peea apeMeHH~X KaHanoa. illapaaa KaHana, T.e. 
BpeMJI Me>K~Y ~BYMJI aMnynLeaMa reHepaTopa, MO>KeT 6b1Tb 
a~6paHa B wapoKoM ~aana3oHe oT 2 ~o .1024 MKC Is/. 
OnTaManLHOMY a~6opy wapaH~ apeMeHH~x Kaaanoa eooT
aeTeTayeT 3Ha'leaae, 6na3Koe K apeMeHa npoxo~eHaJI 
o,IJ.Horo eerMeHTa npep~aaTenJI qepe3 ny'IOK.· 3To apeMJI 
npH 6000 o6/MUH eoeTaBnJieT 79 MKC, n03TOMY WHpHHY 
apeMeHHOrO KaHana B~6apana paBHOB 64 MKC ana 128 MKC. 

IIOJIBneHHe ~eTeKTOpHoro aMnynLea Ha BXO~e /8/ HHHI(aa
pyeT {)~HOI(aKnOB~B nepeHOe ~aHHbiX B naMJITb MaWaHbl /1/. 
Ilpa 3TOM 3BM 3aKaH'IaBaeT TeKYll\YIO onepan;aiO, a B eoo:r
BeTeTBYIOll\YIO Jl'leBKY, a~pee KOTOpOB 3a~aeTCJI 6noKOM /8/, 
3aaeceTcJI +1. 

,[(n.11 pa3Mell\eHHJI nporpaMMbl a3MepeaaJI Tpe6yeTcJI o6'b
eM naMJITa a 2K enos, ~nJI KOToporo a~eneHbl nepable 16 
apeMeHH~x KaHanoa. B 3TOM >Ke none naMJITa aMeeTeJI 
cerMeHT ~nJI KOHTpOnJI acaHXpOHHOeTa apall\eHaJI npepbiBa Te
nJI DO OTHOWeHHIO K aenbiWKe peaKTOpa. ,l:(nJI 3TOB n;ena npa 
DOJIBneHaa CTapTOBOrO HMDynbea peaKTOpa npoaepJieTeJI 
MrHoBeHHLIB a~pec, 3a~aHHbiB nono>KeHaeM npepLiaaTenJI, 
H B COOTBeTCTBYIOII(aB KaHan Bbi~eneHHOrO cerMeHTa 3aHo
caTCJI +1. Ecna ace ~a3bl npepLiaaTenJI noJIBnJIJOTCJI enyqau
HO a paaHoMepHo, TO nonyqaeTeJI cneKTp, a3o6pa>KeHHLIB Ha 
puc. 3. HopManLHoe paenpe~eneHae qaena ~a3 npoaepJieTCJI 
on;eHKOB ~OBepaTenbHOB BepOJITHOCTH. 

IlporpaMMa ynpaaneaaJI, pacnono>KeHHaJI a cao6o~HbiX 

eerMeHTax, no Tpe6oaaHHIO 3KenepaMeHTaTopa npoa3BO~aT 
KoppenJin;aoHHWB pac'leT nro6oro apeMeHHoro cerMeHTa, 
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Puc. 3. CneKmp pacnpeoeAeHUJI ~ucAa noJI6AeHUJI (Ja3 (n) 
KoppeAJIIJUOHHozo npepbr6ameAJI. K - noAoJKeHue npepbr6a
meAJI. 

o6ecneqHBaer BbiBO.D. co,IJ.ep)KaHH.a: mo6oro orpe3Ka non.a: na
M.a:Tll nH6o Ha 3KpaH .D.Hcnne.a:, nH6o Ha renera:iin. IlporpaMMa 
Be,IJ.eT KOHTpOnL 3a nOCTO.HHCTBOM B 3a,IJ.aHHbiX npe,IJ.enax 
~cna o6opOTOB npepbiBaTen.a: H nyTeM CYMMHpOBaHH.H co
,IJ.ep)KaHH.H cerMeHTOB onpe,IJ.en.a:eT cneKTp pacce.a:HH.a: no Bpe
MeHH nponera. 

Ta )Ke nporpaMMa ynpaBneHH.a: o6cnY*HBaer 4x24-pa3-
p.a:.IJ.Hb1H cqerqHK I11IH 6nOK CB.H3H 1131 C KOMMyTaTOpOM 
1101, BblnonHeHHble B craH,IJ.apre KAMAK /6/. CqerqHK 
cny)KHT ,,IJ.n.a: perHCTpaUHH MOHHTOpHbiX HMnynLCOB, qHcna 
CTapTOBbiX HMnynLCOB peaKTOpa H ,IJ.n.a: KOHTpon.a: qHCna 
o6opOTOB KOppen.HUHOHHOrO npepbiBaTen.a:. 

Enox CB.H3H 1131 c KOMMyTaropoM H3MepHTenLHoro 
ueHrpa TO)Ke BblnonHeH B cTaH,IJ.apre KAMAK. 

MaruHHa 111 qepe3 6noKH 15,61 H I9I(BRANCHDRIVER, 
CRATE CONTROLLER H DATA WAY) MO)KeT nepe,IJ.aBaTL 
,IJ.aHHble Ha MaWHHY E3CM -4, nH6o HcnonL30BaTL 6blcTpyro 
UH~poneqaTL HnH rpa~HKOnOCTpOHTenL H3MepHTenLHOrO 
ueHrpa nH~. 

Pe3yAbmambr 3KcnepuMeHma 

oblnH npoBe,IJ.eHbl ,IJ.Ba THna H3MepeHHH. 
1. Pacce.a:HHe HeHTpOHOB MOHOKpHCTannoM aniOMHHH.H, 

ycTaHOBneHHbiM nO,IJ. yrnOM 6p3rrOBCKOrO OTpa)KeHH.H, npH
BO,lJ.HT K nO.a:BneHHIO OCTpbiX nHKOB B cneKTpe, H3MepeHHOM 
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no MeTo,rty BpeMeHH nponeTa I puc. 4al, KOTOpLie cooTBeT
CTBYIOT OTpa:>KeHH.HM 11111 H 12221. Koppen.HUHOHHLIH cqeT, 
npoH3Be,IJ.eHHLIH B pa3HLIX cerMeHTax I puc. 46, 46, 4zl, 

Puc. 4. CneKmp pacceJIHUJI HeumpoH06 Ha MOHOKpucmaAAe 
aAIOMUHUJI. YzoA pacceJIHUJI () = 116 3 rr = 52,8°. a/Oo
HOMepHbru cneKmp 6peMeHu npoA~ t - 6peMJI npoAema om 
3aMeOAUmeAJI 00 oellexmopa MUHYC 6peMJI 3aoepJKKU. mupuHa 
KaHaAo6 64 MKC, 6peMJI 3aoep.rKu - 44 KaHaAa. 6, 6, z/ Kop
peAJIIJUOHHbre cneKIIpbr 11o~eK A , B, C Ha puc. 4a. t2- 6pe
MJI npoAema HeilllpOH06 Ha 6mopou 6a3e nAIOC 35 KaHaA06. 
mupUHa KQHQ/106 80 MKC. C06U2 Ha 35 KQHQ/106 COOJI6eJICJI-
6yem yzAo6oMy paccmoJIHUIO Me.roy MecmoM npoxo.roeHUJI 
ny~Ka HeUIIPOH06 u pacnoAoJKeHueM oam~uKa Ha~aAa nce6-
oocAy~auHozo pJIOQ /cmapll npepbl6ameAJI/. 
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COOTBeTCTByeT ynpyrHM flHKaM, pacnono:>KeHHLIM B,IJ.Oni> OCH 
t 2 . 0TMeTHM, 'ITO WHpHHa 3THX flHKOB 3H~'IHTeJILHO MeHLWe, 
'leM pacnono:>KeHHLIX B,IJ.OnL OCH t , flOCKOnLKY OHa 3a,IJ.aeTCJI 
3KBHBane..u_THOH BCflLIWKOH OT KOppemtQHOHHOrO npepLIBaTenJI, 
paBHOH '1/2 ~2, r,IJ.e ~2 - WHpHHa KaHana B HanpaaneHHH t2, 
onpe,IJ.enJieMaJI 'IHcnoM o6opoToa H pa3MepaMH npepLiaaTenJI. 
B HanpaaneHHH t wHpHHa nHKa 3a,IJ.aeTCJI wupHHoii acnLIWKH 
peaKTopa laBH.IJ.Y 6onLworo ce'leHHJI 6p3rroacKoro oTpa
:>KeHHJI axo,IJ.HaJI menL 6Lma 3Ha'IHTenLHO cy:>KeHal. BpeMJI 
3KCfl03HI.{HH paBHJlnOCL 90 C. 

2. flo OKOH'IaHHH H3MepeHHH OTpa:>KeHHH 6p3rra MOHO
KpHCTann amoMHHHJI 6Lm noaepHyT Ha 6 o no qacoaoii cTpenKe 
BOKpyr BepTHKanLHOH OCH. fipH 3TOM BO BpeMeHHOM cneKTpe 

1 
3000 

0 I I I I I I I I I I I I • 

so 100 t 
Puc. 5. OOHoMepHbul cneKmp epeMeHu npoAema pacceJIHHbiX 
H€U111POH06 Ha MOHOKpUC111QAAe QAIOMUHUJI nocAe noeopoma 
MOHOKpucmaAAa Ha 6° no 'lacoeou cmpeAKe eoKpyz eepmuKaAb
Hou ocu /011/ 0111 noAoJKeHuJI Ep3zza. IDupuHa KaHaAoe 
u epeMJI 3ac)epJKKU - KaK e cAy'lae puc. 4. BpeMJI U3MepeHUJI 
cocmaeAJIAO 29 'l. 
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t 

I 
1200 

1100 

1000 0 

40 50 60 70 eo 90 

0 0 00 
0 r$l 0 

0 

0 
0 

0 

100 110 tsz 

Puc. 6. Tunu'lHbiU cezMeHm oeyMepHozo cneKmpa, coc)epxa
fiiUU oea fPOHOHHbiX nuKa. BepmuKaAbHaJI npepb1eucma.11 np.IIMaJI 
noKa3bleaem Mecmo ynpyzou AUHUU. tz coomeemcmeyem puc.4. 

BMeCTO OCTpLIX flHKOB Ha6mo,IJ.anHCL 6onee WHpOKHe flHKH 
I puc. 51, KoTopLie cooTBeTcTaoaanH HeynpyrHM npoueccaM 
paccexHHJl HeiiTpoHOB. llocne npoae,IJ.eHHJI KoppenJIUHOHHoro 
C'leTa 06Hapy:>KHBaeTCJI, 'ITO cerMeHTLI CO,IJ.ep:>KaT O,IJ.HH HnH 
,IJ.Ba flHKa, nono:>KeHHe KOTOpLIX CHnLHO OTnH'IaeTCJI OT nono
:>KeHHJl ynpyrux nHKOB I puc. 61. BpeMJI H3MepeHHJI cocTaBnHno 
29 'l. 

06pa6o111Ka OaHHbiX u o6cyJKOeHue pe3yAbmamoe 

B xo,IJ.e nepBH'IHOii o6pa6oTKH cneKTpoa C'IHTanocL, 'ITO 
<llopMa nHKOB 6nH3Ka K rayccoaoii, H c noMOll{LIO MeTo,IJ.a 
HaHMeHLWHX KBa,D.paTOB 6blnH onpe,IJ.eneHLI napaMeTpLI 3THX 
rayCCOBLIX KpHBLIX. 

llono:>KeHHe ynpyrux nHKOB a cneKTpe 6p3rroacKoro 
oTpa:>KeHHJI no3aonuno HaM onpe,IJ.enHTL TO'IHOe 3Ha'leHue 
yrna pacceJIHHJI I e = 52,8° I, a TaK:>Ke npoaepHTL XO.IJ. 
npJIMOH ynpyrHX flHKOB Ha nnoCKOCTH ( t ; t 2 ). 

llono:>KeHHJI Heynpyrux nHKOB ( t i ; t ~ ) aMecTe c yrnoM 
pacceHHHJI e H yrno"M noaopoTa KpHcTanna cb HBnJIIOTCJI 
nonHoii HH<ilopMauueii ,IJ.nJI onpe,D.eneHHJI KoMnoHeHT HMnynLca 
( q x ; qy ) H 3HeprHH(f) <iloHOHa, COOTBeTCTBYIOll{ero ,IJ.aHHOMy 
nHKy. 

MecToHaxo:>K,IJ.eHHe HeKOTOpblx Heynpyrux nHKOB Ha nnoc
KOCTH ( t; t 2) , H3MepeHHLIX HaMH, ,IJ.aHO Ha puc. 7. lf3 TOrO 
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Puc. 7. reoMelllpU'IeCKOe MeCIIIO ,PoHOHOB aAIOMUHUJI Ha 
nAocKocmu ( t ; t 2 ) . () = 52,8 o ; ¢ = 6 °. CnAowHaJI 
np.11Ma.11 yKa3bJeaem AUHUIO ynpyzux nuKoe. H/upuHa KaHaAa 
U epeMJI aaoepJICKU - KQK Ha puc. 4. 

~KTa, qTO llHKH HaXOABTCB llOA ynpyroBnHHHeB, cneAyeT, 

qTo npou;ecc pacceBHHB HeBTPOHOB conposo)I(.IJ.ancs nornome

HHeM l}loHOHOB. Ha puc. 8 noKa3aHo reoMeTpuqecKoe MecTo 

3THX llHKOB Ha nnOCKOCTH o6paTHOB peWeTKH. 

IlOCKOHbKY 3HeprHB H3MepeHHbiX HaMH I}JOHOHOB npu

HaMe>KHT TOB qacTH l}loHOHHoro cneKTpa, rAe AeicTayeT 

NIHHHOBOHHOBOe npu6nH>KeHHe, cneAyeT O>KUAaTh, qTO AHC

nepCHOHHble KpHBble cna6o 3aBHCBT OT HanpaaneHHB q . 
CneAoBaTenbHO, pe3ynhTaThl MO>KHO npeAcTaBHTb B BRAe 

d I q I ) I puc. 91. 
KaK y>Ke paHee HaMH ynoMHHanoch, B KaqecTae o6pa3n;a 

6bln Bb16paH MOHOKpHCTann aJIIOMHHHB no TOB npH'IHHe, qTO 

pe3yHbTaTbl npoBeAeHHbiX Ha HeM H3MepeHHB ll03BOHBIOT 

npoBeCTH HeKOTOpble cpaBHeHHB C HaWHMH pe3yHbTaTaMH. 

Ha puc. 9 cnnowHble nHHHH cooTBeTCTBYIOT npoAonbHOB 

{ L ) H non~p!'lqHoB ( T ) BeTBBM AUCnepcHOHHbiX KpHBbiX AnB 
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i 

I 

t 
l 

t 
I 

~ 
I 

aniOMHHH~ I 7 I .IIonyqeHHhle HaMH ToqKH crpynnupoaaHbl BAOnh 

3THX ABYX BeTBeB. 0AHaKO COOTBeTCTBHe pe3yHbTaTOB 

HenonHoe. 3TO 06'bBCHBeTCB TeM, qTo KOHHHMaD;HB naAaiD

ID;ero nyqKa 6blna HeAOCTaToqHo >KeCTKOB. ~eBCTBHTenbHO, 
pacqeT B03MO>KHbiX AOllyCTHMbiX KOnHHMaU:HeB OTKnOHeHHB 

HanpaaneHHB nyqKa oT cpeAHero ero 3HaqeHHB noKa3biBaeT, 

qTo, ecnH npHHBTb 3TH OTKHOHeHHB 3a HCTOqHHK HeonpeAe

neHHOCTH BenHqHHbl HMnynhCa I}JOHOHOB, TO BCe TOqKH Ha 

(, 1 q 1 AHarpaMMe oKa>KyTCB s6nH3H AHcnepcHOHHbiX Kpu

BbiX CTeAMaHa /7 I B npeAenax pacqeTHOB HeonpeAeneHHOCTH. 

I-ta puc. 10 H3o6pa>KeH PBA ToqeK H3 pa3HbiX qacTeB l}loHoH

Horo cneKTpa AnB HnJIIOcTpau;uu uawero yTaep)I(.IJ.eHHB I oT-

MeTHM, qTo HeonpeAeneHHOCTb senuqHHbl 1 q 1 , CBB3aHHaJI 

CO CTaTHCTHqecKOB TOqHOCTbiO H3MepeHHB, He AaeT cyme

CTBeHHOrO BKnaAal. 

{220) (222) 

I 
I 

( t!O 
~·· 

I I 
0.5 

I v· : 

I· \(200) (ooo) 
Puc. 8. reoMelllpU'IeCKOe MeCIIIO UMnyAbCOe fPOHOHOe Ha nAoc
KOCIIIU o6pa1!1HOU peweiiiKU 60AU3U Y3Aa /111/. 
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Puc. 9. ,[fuazpaMMa 3a6UCUMOCIIU 3Hepzuu (JoHOH06 (d om 
a6co/UOIINOZO 3Ha'ieHUJI ux uMnyAbca ( 1 q I) . CnAOWHble Au
HUU COOII6eiiCII6YKJII OUcnepCUOHHbiM KpU6biM 6 Hanpa6AeHUU 
/111/ npoooAbHoii ( L) u nonepe'iNoii (T)6ellf6eii no pa6o
•e /7/. • - (JoHOHbl 66AU3U y3A06 /111 I u /222/; o - (Jo
HOHbl, U3MepeHHble 6 pa6ollfe /8/ ; ClllpeAKOU 011lMe'ieHbl pe
npe3eH11lQ11lU6Hble (JoHoHbl, Konwpble 61>IAU 63J1111bl OAJI cpa6-
HeHUJI 011lHOIUeHUJI UH111eHCU6HOC11leii U pa3pewaKJIJIUX cnoco6-
NOC11feii KOppeAJiijUOHHOZO cneK11lpOMe11lpa U cneK11lpOMe11lpa 
BKCH- 300. HaHeceHHble owu6Ku coom6e11fCIIf6YKJ11l cmamuc
mu'iecKoii 11fO'iNOC11fU U3MepeHUJI 11lO'ieK cneK11lpa. 

qT06bl nony'IHTL npe.IJ.CTaBneHHe 0 CBeTOCHne MeTO.IJ.a, 

Mbl cpaBHHllH HHTeHCHBHOCTL(G)'~OHO"H?ro llHKa, nonyqeH
HOrO Ha cneKTpoMeTpe BKCH- 300 8 , H H3MepeHHoro 
HaMH. IlpH 3TOM )KenaTenLHO cpaBHHBaTL llHKH, nonyqeHHble 
npHMepHO B O.IJ.HHX H TeX )Ke ycnOBHJIX. 0.IJ.HaKO yron pac-

14 

CeJIHHJI KOppenJIUHOHHOrO cneKTpOMeTpa CHllLHO orpaHH'IeH 
CBepxy ( 0 max = 60°), a BCe H3MepeHHJI, BLinOnHeHHble Ha 
BKCH-300, 6blnH npoBe)J.eHbl npH e > 76 °. Il03TOMy HaM 
llpHlllllOCL .IJ.OBOllLCTBOBaTLCJI cpaBHeHHeM llHKOB, onpe)J.e
neHHbiX TonLKo B npu6nH3HTenLHO cxo.IJ.HbiX ycnoBHJIX. CooT
BeTCTBYIOIUHe llHKH H3o6pa>KeHbl Ha pUC. 11, a HX MeCTO 
Ha .IJ.HcnepcuoHHoi .IJ.HarpaMMe OTMe'leHo cTpenKaMH I puc. 9/. 

TaK KaK apeMJI HJMepeHHJI H aenH'IHHa noaepxHOCTH 
o6paJua B o6oux cnyqaJix 6LinH paJHbiMH, TO cpaBHHBae-

EmeV 
• 2.0 

15 

fO 

5 

O.S 

/ 
T,lf 

1 /CJ(i\' 
Puc. 10. Pac'iem HeonpeoeAeHHocmu 3Ha'ieHuil I q I, o6yc
A06AeHHblii 6XOOHOU KOAAUMQijUeii OAJI HeK011lOpbiX xapaK
mepHbiX mo'ieK (JoNONNozo cneKmpa. CnAowHa.R ;zuHUJI coom-
6emcm6yem OUcnepCUOHHOU KpU60U U3 pa6011lbl / 7 • 
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Puc. 11. a/ CneK111p pacceRJtUR HeiimpoHog _ ¥3 pa6omr.a /8/. 
e = 94,5 , ( = 10,4 M3B, I q I = 0,47 A , AnaoaJOUia.R= 

= 1, 55 A 0 • 6/ KoppeARfiUOHHblii cneKmp, cooepJICClUIUii (JoHo
Hbl. Cl>oHOHbl Ha puc. 11 a/ u 6/ omMe'leHbl Ha puc. 9 cmpeA-
KaMu. A naoaJOUia.R = 1,39 A 

0 
• 

Mble BenH'IHHhi G -
s 

2 a 
6hlnH COOTBeTCTBeHHO HOpMH-

poBaHhi /3.n;ech S - rrno~a.n;L IIHKa, T.e. rronHoe qucno 

OTC'IeTOB, IIpHXOAH~eeCH Ha O,ll;HH IIHK rrocne Bbl'IHTaHHH 

«lJoHa, a a 2 - CTaTHCTH'IeCKaH OWH6Ka IIOnHOrO 'IHCna 

OTC'IeTOB, orrpe.n;eneHHaH .n;ns Ka:>K)l;OrO THIIa H3MepeHHH/. 

B peJynLTaTe .n;nH Bbi6paHHbiX IIHKOB rronyqHnOCh OTHO-

WeHHe 

G KOpp 
2,3. /1/ 

GBKCH-300 

3TOT peJynLTaT rroKaJhiBaeT, 'ITO rrpH paBHbiX rrpo'IHX 

ycnOBHHX .n;ns H3MepeHHH O,ll;HOrO «lJoHOHa KOppe~UROHHbiH 
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MeTOA IIP.HBO,Il;HT IIPHMepHO K B ,ll;Ba pa3a 6onee 6biCTpOH 

CKOpOCTH Ha6opa HH«lJOpMa~HH, 'leM MeTOA H3MepeHHH C 

rroMO~hiO BKCH-300. /llpH 3TOM He y'IHThiBanacL pa3H~a 
B «lJaKTopax )l.e6as- Bannepa, o6ycnoBneHHas pa3H~ea Me:>K

AY 3Ha'leHHHMH I q I B ABYX 3KcrrepHMeHTax/. Y'leT 3Toro 

«lJaKTOpa IIpHBO,Il;HT K yBenH'IeHHIO COOTHOWeHHH /1//. llpe

HMy~eCTBO KOppenH~HOHHOrO MeTO,Il;a 06'hHCHHeTCH rnaBHbiM 

o6pa30M TeM 06CTOHTenbCTBOM, 'ITO CIIeKTpOMeTp 

BKCH-300 B xo.u;e o.u;uoro ~HKna orrpe.u;enseT rrapaMeTpbl 

OAHOrO «lJoHOHa, a KOppenH~HOHHbiH CIIeKTpOMeTp B HaCTOH

~eM H3MepeHHH - rrapaMeTpbl 39 «lJoHOHOB O,ll;HOBpeMeHHO. 

B rrpe.n;bl.n;y~ea pa6oTe /9/ Mbl rrpe.u;naranH xapaKTepu

JOBaTL pa3pewa10~YJO CIIOC06HOCTb ycTaHOBKH OTHOWeHHeM 

paCCTOHHHH Me :>KAY yrrpyrHM H HeyrrpyrHM IIHKaMH ( ~) K 

WHPHHe IIHKa ( f'). TaKas xapaKTepHCTHKa II03BonseT 6onee 

peanLHO cpaBHHBaTL paJpewaffi~e crroco6HOCTH ABYX Me-

TOAOB H3MepeHHH. [' 

Ha puc. 12 .u;aHa JaBHCHMOCTh OTHOWeHHH -- /T.e. 
~ 

o6paTHas K paJpewaffi~eH crroco6HOCTH BenH'IHHa/ oT rrepe-

_r_ 
ll 

0,5 

5 10 EmeV 

Puc. 12. 3Ha'leHue omHoweHu.R ['I ~ KaK (JyHKfiUU 3Hepzuu 
(JoHoHoe. • - (JoHOHbl e6Au3u Y3Aa /111/; o - (JoHOHfll 
66AU3U Y3Aa /222/; 0 - TIIO'IKa, 63.RTfla.R U3 pa60Tflbl /8/. 
CmpeAKoii omMe'leHa TIIO'IKa, y'lacmeyroUia.R e pa c'lemax cpae
HeHUR pa3pewaiOUIUX CnOC06HOCTfleU KOppeA.RijUOHHOZO cneKTII
pOMeTIIpa u cneKmpoMempa BKCH-300. 
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~HHOB 3HeprHH. 0603Ha'!eHHaJI CllJIOWHblM KBa,D;paTOM TO'!Ka 

B3JITa H3 pa60Tbl /3/ , a llOKa3aHHaJI CllJIOWHbiM KpyrOM 

/OTMe'!eHa CTpeJIKOii/ - llOJiy'leHa HaMH H COOTBeTCTByeT 

4JoHOHY, KOTOpbiB 6blJI paCCMOTpeH npH cpaBHeHHH OTHOWe

HHJI HHTeHCHBHOCTH llHKOB. 0THOWeHHe op,D;HHaT yKa3aHHblX 

.D:BYX TO'IeK HMeeT JHa'leHHe 2,2. CornacHo 3TOMY peJyJIL

TaTy pa3pewaro~aJI cnoco6HOCTL cneKTpoMeTpa BKCH-300 

npHMepao B ,IJ;Ba pa3a nyqwe, '!eM pa3pewaro~aJI cnoco6-

HOCTL MO,IJ;eJILHOrO BapHaHTa KOppeJIJI:QHOHHOrO cneKTpo

MeTpa. 

OueaKa oTaoweHHJI pa3pewaro~eii cnoco6aocTH cneKT

poMeTpa BpeMeHH nponeTa npJIMoii reoMeTpHH K Toii :>Ke 

BeJIH'IHHe KOppeJIJI:QHOHHOrO cneKTpOMeTpa npH O~HaKOBOH 
WHPHHe llHKOB no <l>opMyJie, B3JITOB H3 pa60Tbl / 9/, ,IJ;aeT 

8 Bp. rrp. 
8 

KOpp. 

- L 
...; 2--,::- = 2,4, 

I 
/2/ 

'ITO ,IJ;OBOJILHO 6JIH3KO K 3KcnepHMeHTaJILHOMY 3Ha'!eHHIO. 

/B ,IJ;eHCTBHTeJILHOCTH, TaKOe cpaBHeHHe MO:>KHO npOBO,II;HTb 

HecKOJILKO ycnoBHO, H6o cneKTpoMeTp BKCH-300 He JIB

JIJieTcJI cneKTPOMeTpOM BpeMeHH npoJieTa npJIMOB reoMeT

pHH/. 

CooTHoweHHe /2/ cnpaBe,IJ;JIHBO, O,IJ;HaKo, TOJILKO ,IJ;JIJI 

MO,IJ;eJILHOrO BapHaHTa KOppeJIJI:QHOHHOrO cneKTpOMeTpa. )J,eii

CTBHTeJILHO, BeJIH'IHHa f'Kopp. JierKO yMeHLWaeTCJI 6e3 ,IJ;O

llOJIHHTeJILHOi llOTepH HHTeHCHBHOCTH C llOMO~IO yBeJIH'IeHHJI 

'lllcna o6opoToB npepw:aa TenJI. 

BbHJOObl 

lJ,HKJI H3MepeHHB, npoBe,IJ;eHHblB C llOMO~LIO OllHCaHHOB 

3JieKTPOHHKH Ha 6a3e TPA- i , noKaJaJI Ha,IJ;e:>KHOCTL H cTa-

6HJILHOCTL pa60Tbl MO,IJ;eJILHOrO :&apHaHTa KOppeJIJI:QHOHHOro 

cneKTpoMeTpa. IIpHMeHeHHe 3BM ,11;ano BOJMO:>KHOCTL B xo,11;e 

3KcnepHMeHTa npoBepJITL H KOHTpOJIHpOBaTL HeKOTOpble na

paMeTpbl B <i>YHK:QHH ycTaHOBKH, npoBO,II;HTb pac'!eTbl cneKTpOB 

/HanpHMep, KOppeJIJI:QHOHHbiB C'leT/ C BbiBO,IJ;OM pe3yJILTaTOB 

Ha ,IJ;HCllJieii:, 'ITO ll03BOJIJieT onepaTHBHO HaXO,II;HTb He06XO,IJ;H

Mble napaMeTpbl cneKTPOB. 
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Xopowo JapeKOMeH,IJ;O:&aJI ce6JI MeTO.D: opraHHJa:QHH pa-

6oTbl TPA- i c pa36HeHHeM ee ,IJ;eiicTBHJI aa TPH onepauHoH

HbiX ypOBHJI C pa3HblMH npHOpHTeTaMH, 6narO,D;apJI 'leMy 

B Ja,IJ;a'ly nporpaMMbl ynpaBJieHHJI He BXO,IJ;HJia <l>YHKUHJI Jano

MHHaHHJI C06b1THH, 'ITO, B CBOIO O'lepe,D;L, cy~eCTBeHHO CHH-

3HJIO MepTBOe BpeMJI ClleKTpOMeTpa /.D:O 2-x MKC/. llpHMe

HeHHe CTaH,IJ;apTa KAMAK B JHa'IHTeJILHoii cTeneHH o6ner'!H

no C03,IJ;aHHe 3JieKTpOHHOH '!aCTH ClleKTpOMeTpa, a TaiOKe 

noBbiCHJIO Ha,IJ;e:>KHOCTL ero pa6oTbl. CoJ,IJ;aHHaJI HJMepHTeJIL

HaJI CHCTeMa Y.IJ:06Ha B o6pa~eHHH H JIBJIJieTCJI ,IJ;OCTaTO'IHO 

rH6Koil .D:JIJI ee ,IJ;aJILHeilwero pa3BHTHJI. 

PeJyJILTaTbl H3MepeHHJI cneKTpa Heynpyroro pacceJIHHJI 

HeHTPOHOB Ha MOHOKpHCTaJIJie aJIIOMHHHJI llOKa3biBaJOT, 'ITO 

napaMeTpbl CneKTpOMeTpa COOTBeTCTBYIOT pac'leTHbiM 3Ha

'leHHJIM H 'ITO KOJIH'IeCTBO HH<i>OPMa:QHH /Mepoil KOTOpOrO 

YCJIOBHO npHHHMaeM HHTeHCHBHOCTb HeynpyrHX llHKOB, yM

HO:>KeHHYIO Ha HX 'IHCJIO H ,IJ;eJieHHYJO Ha pa3 pewaro~y10 CllO

C06HOCTL/, llOJiy'leHHOe npH llOMO~H MO,IJ;eJILHOrO BapHaHTa 

KOppeJIJIUHOHHOrO cneKTpOMeTpa, 3Ha'IHTeJILHO npeBOCXO,IJ;HT 

B03MO:>KHOCTH cneKTpoMeTpa BKCH- 300 HJIH cneKTpoMeTpa 

BpeMeHH nponeTa npJIMOH reoMeTpHH. 

Mbi O:>KH,IJ;aeM, 'ITO OCy~eCTBJieHHe OCHOBHOrO BapHaHTa 

KOppeJIJI:QHOHHOrO cneKTpOMeTpa npHBe,IJ;eT K 3Ha'!HTeJILHO

MY ynyqweHHJO ycnoBHH nony'leHHJI HH<l>opMa:QHH. IIoBwweaHe 

HHTeHCHBHOCTH 6y,IJ;eT ,IJ;OCTHrHyTO Ja C'leT TpexKpaTHOrO 

yBeJIH'IeHHJI nno~a,IJ;H 3JieMeHTapaoil ~eJIH npepwBaTeJIJI H 

yBeJIH'!eHHJI KOJIH'IeCTBa ,IJ;eTeKTOpOB Ha nepBOM 3Tane ,11;0 

'!eTblpex. PaJpewaro~yro cnoco6aocTL Mbl HaMepeHbl ynyq

WHTL 3a C'leT yBeJIH'IeHHJI 'IHCJia 060pOTOB npepbiBaTeJIJI. 

ABTOpbl npHHOCJIT rny6oKyro 6naro,D;apaocTL H.M.~paa

KY Ja nocTOJIHHblH HHTepec K pa6oTe , · IO.M.OcTaHeBH'Iy 

H r .II.JKyKOBY Ja llOJie3Hble ,IJ;HCKYCCHH H :QeHHble JaMe'!aHHJI. 
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