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Af<TyaJibHOCTb npo6JieMbl, B IIOCile,IVme
0

ro'Ab[ Bee 60.llbmee traCJIO 3KCIIepHMeH
TOB' B 06.naCTH ipH3HKH aToMHoro JI,IU)a H 0JieMeHTapHHX qacTHq, BbllIOJIHll:
eMblX Ha yCKOpHTeJIJ'iX" ·npOBO,!J,HTCII C MCil0Jlb30BaHH8M npoBOJIOqHblX RaMep 
B l{aqecTBe KOOp,!J,HHaTHWC .n.eT'eKTOpOB. B1,1c0Koe BpeMeHHOe paapemem1e H 
(}blCTpo)l,eACTBMe npoBOJIOqHwc .KaMep Il03BOJI.IOOT npOBO,ll.HTb- OmlTN B KHTeH
ClfBHblX nyrrnax aapmicemn,tx qacTHq, qxo npHBO,ll,HT -~ tteo6XO,!l.HMOCTH o6pa-
6oTKlf 60JlbWHX TIOTOKO'B 3-KCnepl!MeHTMbHO!t HH¢opMa[,\Hlf. 0TH sa.n,aql{ He 
MOI'JT 61:lTb pemeHN 6e3 MCl10Jlb30'BaHH.ff 3Jl8KTpOHHO-BIDlHCJIHTeiibHbllC M8llllfH~ 
3BM', BKmoqeHHaR ttenocpe.n,cTBeHHo B TpaKT perHCTpaqHH SKcnepHMeHTaiI~
HbllC .n,aHHNJC, CTaHOBlf'l'CR co.cTaBHon qaCTblO- 3KCilepHMeHTa.llbHO!i Yf'i'aHOBKK. 
fiepB!,18 3KcnepHMeHTli Ha JllfHlfU C· 3El,t, BhlIIOJIH8HHUe B cepe.n,ime ·60-X ro
.n,o/llJ, H/, noJioJttHJIH Haqano KoMnJieKcHot1 a·s'i'oMaTH3aQHH aKcnepl!MeH
TaJibHbllC HCCJie.O,OBaHHH Ha yCKOpHT8JIHX. 

Ha BblllHCJIHTeJihHyn MamHHY, KaK npaBHJio·, aoaJiara10Tc:a s~aqH· no 
c6opy H HaKOIIJI8HHIO nepBHtrnWC .n,aHHbllC, KOHTpOJIIO aa pa60TOW 3KCileplfMeH
T8.llbH00 ammpa-rypbl I{ npe.n,BapHT8JlbHOK o6pa60TKe noJiyqaeMoli HH!pOpMaqHH 
B peanbHOM apm.1eHH sKcnepHMeHTa. PaaBHTaH CHCTeMa CTaH.n,apTHNX n~pHipe
pHliHhIX yCTpOliCTB Il03B0JlR8T SKCnepHMeHTMopy- IIOJlytiaTb ·pesyJtbTa'l'N o6-
pa60TKH nep~H~Olt lfHqJOpMal.\Hlf B y.n,o.6HOM ,ll,Jlll: amurnaa BH.n,e H BHOCHTb 
Heo6xo.n,HMue H3MeHeHHR B ycJIOBHR npoBe.n,eHHll: onsTa. 0.n,HaKO peaJrn3aqHJl: 
IlOTeHqlf8.llbHhlX B03MOlltHOCTelt, ,3aKJIJOqeHHNJC B HCIIOJib3013aHHK 3.BM Ha JIMHHH 

C 3KCIIepHMeH~aJlbHOlt JCTaHOBKOlt, Tpe6yeT C03,ll.aHHR_ COOTB8TCTByiO!qero 
MaTeMaTMqecKoro o6ecneqeHHR. 

IlpH pa6oTe 3KCnepHMeHTaJibHblX ycTaHOBOK B am noCTynaeT pa3H0~6-
paaHa1t HHipOpMaqHJl:, ClfJlbHO aaBHCHiqall: OT cneqH!pHKlf 3KCIIeplfMeHTa·H He-' 
noJibsyeMon B HeM perncTplfPYJOIJlen annapaTypN (cqHHTHJIJill:qHOHHUe_ M ~epett
KoBcKMe cqeTqHKH, HCKpoeue If nponopl\.HOHaJlbHUe KaMepN M T.n.). OTO 
HaKJia,D,blBaeT cneq1,11pHqecKHe 'Tpe6oaattHll: Ha KOMIIJiexc nporpaw, o6ecneqlf
BaDIJlHX pa6oTy KOHKpeTHOl\ yCTaHOBKII Ha JlHHlfH c BJ:lqlfCJIHTeJibHOn MamHHon. 
AnnapaTypy c6opa lfHq)OpMaqHH y.n,aeTCR B'3HaqMTeJlbHon Mepe CTaH,!J,apTH30-
BaTb, onHpaRCb Ha cneqHMbHO paspa60TaHHNe npaBHJla conpRlleHHJl: BHem
HHX o6~eKTOB c 3BM. B KaqeCTBe npHMepa MOlltHO npHBeCTH mHpoKQ HCilOJib
ayewn B ttacTomqee BpeMll: cTaH.n,apT KAMAK. Mai'eMaTHqecKoeo6ecneqeHHe, 
OpHeHTHpOBaHHOe Ha pa6oTy C annapaTypol\, H3rOTOBJleHHOl\ B CTaH.n,apTe 
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KAMAK, o6JI~WI onpe,11,eJieHttmm qepTrum ymrnepCBJibHOCTH' 0,11,Ha.KO' CTaHO
BHTC.11 npH 3TOM ace 6oJiee rpoM03,D,KHM. CJIOJIHOCTb C03AaHH.II TB.Karo MaTe
MaTw.:ecxoro o6ecneqeHHH ycyry6JI.11eTc.11 TaK~e OTCYTCTBHeM CTB.H,11,apTHoro 
.113mta nporpaMMHpOBaHH.11 ,11,JIH pa6~Tbl C CHCTeMaMH t{AMAi{ H ~eo6XO,D,HMOCTbD 

.. HCil0Jlb30BaHHH J,l!UIIHHHO,-OpHeHTHpoBaHtIHX H3WCOB. ,. 

-~qb.npoqec~ 3!<C~epHMeHTaJibttme Hccne,11,oaaHH" Ha ycKopHTeJie _MOJIHO 

pa3~¥Tb Ha. TPff.· II?CJI~O~TeJ!!>lWX ~Tana; 1 

l)· C03,D,aHHe H HaJI~Ka: 3KcnepHMeHTaJibHO" ycTaHOBKvr;· 
2)•·npoae,11,eHHei aKcnepHMeHTa Ha ycKopHTeJie vr HaKonJieHvre ,11,attHHX; 
3)"o6palfoTKa noJiyqeHHoro CTaTHCTHqecKoro MaTepmiJia. 

, •J 

OJI9KTpoHHo...,B~CJIHT9JlbHble MruIIHHbl HCilOHb;YJO·TC.11 Ha . B~~x 3Tanax. 
3KCil8pHM9HTaJibHWC. vrcc.iie,ii.oarurnit' .t~eo6xo,D,HMOC'l'b KOMnJieKCHoro pewejiHH 
B03HHKa!llllillc· rip11 3TOM 3~aq ·:HaKJl~NBaeT· ,11,0ilOJIHHTeJibHble ipe6o·B~HH Ha' 

pa3pa6aTilBaeMoe' MB.TeMB.THqecKoe o6ecne~·eH~e. TpyM{OCTH' C03,ll,a'ttHJI ymmep-
' , , ~ , , : •-•:. ~ l' , : ,, • . ,'\'.. •, , I .... ', \\ ~', • ! ' • j., 

caJII,HOI'O MaTeMaTw.:ecKoro o6ecneqeHHH, npHrO,D,Horo ,D,JI.11 pa3Hoo6pa3Hb1X 
3KcnepmieHTOB, Bbl3BaHbl He· TOJI~KO CHHbHO" 3aBHCHMOCTbD ero OT ~neqH~ 
q>HKH 3KcnepHM9HT8JibHO" ycTaHOBKH.H pemaeMci" 'Ha··He": !pH3H~eCKOH 3~qH, 
HOH oT·p~a npHtIHH; He'caH3aHHivc c KOHKpeTHhlM aKcnepvr'uettTOM. Cpe,11,H 
HHX MOlK!ib OTMeTHTb, B qacTHOCTH, TB.KHe, KaK t>blCTpoe· paa~HTHe 3Kcne-
,. . f ,. . . '' ,·•: . ' . . .. i .. •. ' , .. : . 
pHM8HTaJibHOn H BbltIHCJIHT9JlbHOH T6XHHKH, npHMeHeHHe B pa3JIHqHblX 3KCne-
pHM6HTax:aw pa3Horo THna, orpaHw.:eHifocTb anri~paTHblX vr·nporpaMMHblX 
cpe,D.CTB r.!aJIIDC oBM, l:l:To·~acTo_npHBO,ll,~T K He06XO,D,HMOCTH C:03,I\aHH.11.Ma;e
MaTHtleCKOro o6ecneqeHHR ,D,Jia··p!!.60Tbl Ha JIHHHH C yCTaHOBKO" Ha M8.IIIHHHO
o:pHeHTHJ)OBB.HH6~ · R3mte ~ · · · ·. ·. · ' · · • · · 

., . .-. ·:IIJioqecc IlOCTO.IIHHOro ycJIOJIHeHH.11 3KcnepHM9HTaJibHhlX ycTaHOBO!{,. 

npHM8H.Fi:eMblX B qJH3HqecKHX HCCJie,D,oBiiHHHX, npHB0,11,HT K HCilOJib30BaHHll 
BbltIHCJIHT9JlbHblX cpe,D,CTB BO_ ace paCTY!IIHX pasuepa:x:, _qTo BJieqeT sa"co6o" 
Heo6xo,qHMO~Tb pa3pa60ToK ~neqH8.J!H3HpoarurnhlX c·HcTeM Ma;~~aTw.:ec~oro 
06ecneqeHH.11,·cip~eHTHpoBatiHOro Ha 3KCnepHMeHTaJibHyD !pH3HKY aTOMHOro 
wa H 3JI8M9HTapHLIX qacTHq.' ' ' ·. ,' . ' . ·. 

' ., i ,: ..• ·1. ,· '. 

ijeJib pa60Tbl~,- .BhlilOJIHeHvre. Hac.~O.llllle" pa60Tbl CTHMYJIHpOB8JIOCb HeO6XOAH-'. 

MO.C.Tpll co3,qaHH.fI uaTeMB.THqecKoro . o6ecneqeHH.II ,D,JI.11 ,no,11,roToBKH H npoae,11,e
HH.11 ,aKcnepHMeHTOB no HCCJl6,D,OBaHHl'.l.mmyJlbCHhlX cneKTpDBBTOpW.:HHX: qac-, 

Tliq, 06pa3yeMIDC B_O B311HMO,D,81;\CTBH.IIX peJIHTHBHCTCKHX npoTOHOB. H ,11,eRTpo
HOB -~ aTOMHblMH .11,ll,paMH. oKcnepHMeHTbl, BblilOJIH.IIJlH,Cb Ha Bb1B9,ll,9HHOM nyqKe . 
~ap.llllteHtiblX. qacTHq mmxpoq:aaoTpOHa OIDIB •. lfaMepeHvr.11 HMnyJibCHblX .pacnpe
,11,eJieHHR BTOpHqHblX, qacT,IU~ IlpO!l0,11,HJIHCb C IlOMO!llbD MarHHTHoro I cneKTpoMeT
pa C CHCT9MO" npoBOJIQqHblX HCKpOBblX KBMep, CO,ll,9pllt8Jl1HX npHMepHO 6000 
HHTe"· B OnHCblBaeMblX 3KCnepHMeHTax ,ll,JI.11 HaKOilJI9HH.11 perHCTpvrpyeMO" HH
~OpMaijHH vrcnoJib30BaJiacb 3BM BaCM-4: Paspa6aTblBaeMoe MaTeMaTvrqecKoe 
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o6ecneqeHvre.,qoJIJKHo 6b1Jlo o6ecneqHTb HaKOilJI8HHe 3KCilepHMeHTaJibHOH HH• 

q>OpMaijHH, ee Ilpe,D,BapHT9JibHyxJ o6pa60TKY, BKJil)q8Jl reOMeTpvrqeCKYJ) pe
KOHCTpyxijHD TpaeKTOPH" perHCTpHpyeMl,IX qacTHQ, BbltIHCJI9HHe VIX KHHeMaTH
qec~HX xapB.KTepHCTHK. Oco6oe BHHMaHHe y,11,eJI.IIJlOCb TOtIHOMy onpe,11,eJieHH~ 
3HaqeHH" HMIIYJibCOB perHCTpMpyeMblX qaCTHij, TaK KaK HCCJie,D,yeMble 3Kcne
pHM9HT8JibHO 3!p<peKTbl KpaTHblX HyKJIOH-HY!(JIOHHblX nepepacce.11HHR B npOTOH
H ,11,eliTpoH-.11,11,epHWC B3aHMO,ll,9HCTBHHX MOJEHO 6b1Jlo B~eJIHTb, TOJlbKO ,D,06HB
lllHCb ,qocTaToqHo BblCOKoro (~ 0,3%) HMnYJibCHoro paspemeHH.11 cneKTpOMeT
pa. 

B xo~e 3KCnepHMeHTOB 6b1Jl HaKOnJI8H CTaTHCTvrqeCKHH MaTepvraJI, co
,qepl!8ll!H" OKOJIO 2•IfP B3aHMO,ll,9HCTBHH npOTOHOB H ,11,e"TPOHOB C pa3JIW.:Hbl
MH MHmeHHMH npvr TpeX 3HaqeHHHX HaqaJibHOPO HMIIYJibca: 4,3; 6,3 vr 8,9 
ThB/c • .D,nn noJiyqeHHR pe3yJibTHPYJ'.llllHX q>H3w.:ecKHX pacnpe,11,eJieHH" noTpe6o
BaJIOCb C03,ll,aHHe KOMnJieKca riporpru.w -OKOHtlaT9JibHO" o6pa6oTKH HaKOnJieH
Horo 3KcnepHM9HT8JibHoro MaTepHaJia Ha MOiqHOH SBM CDC-6500. 

Ha;ygHWI HOBH3Ha. B ,11,vrccepTaijHOHHOH pa6oTe paCCMOTpeH npoqecc C03,D,a
HHH MaTeMaTH~eCKoro o6ecneqeHH.11 3KcnepHMeHTOB Ha MarHHTHOM cneKTpo
MeTpe C npOBOJIQqHblMVJ: K8MepaMH C HCilOJlb30BaHHeM BhltIHCJIHT9JlbHblX MalllHH 
Ha acex 3Tanax 3KCnepHMeHT8JibHWC HCCJI9,D,OBaHH"· 

HayqHWI HOBH3Ha C03,D,aHHoro MaTeMaTHqecKoro o6ecneqeHH.11 COCTOHT 
B paspa6oTKe H peaJivrsaqvrvr: 

I) OpHrHHaJibHWC BJirOpHTMOB o6pa~OTKH C06blTH" B npoqecce 3KcnepHMeH
TOB; 

2) HOBblX nporpa.MM CTaTHCTHtl9CKOH o6pa60TKH pe3yJibTaTOB H3MepeHH" 
HMilYJibCHblX cneKTpOB sap.llllteHHWC qaCTHQ H IlOCTpoeHH.11 pe3yJibTHPYlllllHX 
g>H3Htl9CKHX pacnpe,11,eJieHHH; 

3) pa3BHTOH yHHBepCBJibHOH CHCT9Mbl rHCTorpru.wvrpoaaHH.11, OpHeHTHpOBaH-
HO" Ha MaJible oBM; .. 

4) 31p!peKTHBHblX aJirOpHTMOB annpoKCHMaijHH TpaeKTOpH" ,11,BH~eHHH sap.llllteH
HhlX qacT~ B H90,ll,HOp0,D,HOM MarHHTHOM noJie H nporpaMM ,ll,JI.11 BbltIHCJie
HH.11 HMny~bCOB (HJIH yrJIOB OTKJIOHeHH.11 B MarHHTHOM noJie, HJIH KOop,11,vr
HaT Ha BblXO,D,e H3 MarHHTHoro ·noJI.11) qacTHq; 

5) aJiropHTMOB ,ll,JI.11 npoae,11,eHHR HaCTPO"KH H KOHTpOJI.11 3JI9KTpOHHO" annapa
Typbl·cneKTPOMeTpa, JIHHH" CBR3H C oBM, a TaK~e CHCTeMbl cqHTblBaHH.11 
VI K0,11,HpOBaHHH HHq>OpMaQHH C npOBOJIOqHblX HCKpOBblX KB.Mep H nepe,11,aqvr 
ee a 3BM. 
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ilpaKTHqecKaa geHHOCTb. Bee 'BKJIJOqeHHue B ,nHccepTa~HIO peayJibTaTU BN
IlOJIHeHHWC pa6oTH8.ll1JIH npaKTHqeCKytO pea.Jil-13a~HIOB 3KcnepHMeHTax Ha CHH
xpoq;a30TpoHe Oillll1, B KOTopux HCilOJib30BMCff MarHHTHblli cneKTpOMeTp C . 
npoBoJIO'!HUMH HCKpOBUMH Kli.MepaMH. 4acTb rioJiyqeHHUx·pe3yJibTaToB HcnoJib-
3yeTca.B HOBOA cepHH 3KCnepHM8HTOB, BUilOJIHReMWC C IlOMOillblO';:\flyximeqe
BOPO MaPHHTHOPO cneKTpoMeTpa. 6.naro,napa CBoeA YHHB8pCMbHOCTH,C03,natt
HUA KOMUH8KC nporpaMM MOllteT-C>NTb HCilOJib30BaH B APYPHX 3KcnepHMeHTax, 
B KOTopux·,neTeKTHPYJOillaa annapaTypu CBR3atta c SBM. · 

Coa,nattHoe MaTeMaTH'!eCKOe o6ecneqeHH8 Il03BOJIHJIO ycneWHO npoBeCTH 
oC>wHpHuA--~KJI 3KcnepHMeHTOB Ha ycKopHTeJie H BUilOJIHHTb B. KpaTK.HA cpoK 
O.C>paC>OTKy HaKOilJI8HHOPO 3KCil8pHM8HTaJibHOPO MaTepHMa; B pe3JJibTaTe 
BUilOJIH8HHNX -:3KCnepHM8HTOB 61,JJI noJiyqeH PffA HOBNX !pH3HqecKHX ,na.II-'-

l!HX O M8XaHH3Me B3a~Mo,neACTBHA BUCOK03HeprHqHux'npOTOHOB H ,neATpo-
HOB C aTOMHblMH ~H/!2-l?/., . · 

Anpo6amm. 0CHOBHU8 pe3yJibTaTbl . paC>OTU ,noKJia,nNBMHCb Ha l BceCOI03HOM 
COB8I11aHHH no aBTOiTH3~HH HayqHNX HCCJie,nOBaHHA B ffA8PHOA q>H3HKe 
(KHeB, 1976 r. / 3 ' Ha MelK,nyHapO,nttOM C0B8IllaH_HH no nporpaMMHpoBaHHIO 
H MaTeMaTHqecKHM MeTo,naM pemeHHR q>H3HqecKHX aSJiaq (.[ly6Ha, 19?? r./4/ 
Ha XI Bceco10aHoA WKOJie no aBTOMaTHaa~HH Hayqttux HCCJie,noBattHA (MHHcK, 
19?? r.), Ha II Bceco10aHoA KoH(fiepeH!r-H no EC-1010 (PHra,19?8 r.) H 
Ha HayqHNX ceMHHapax RBTA Ollilli1I, 2 , - 9/. 

Ily6iHKagHH. B OCHOBY AHCCepT~H noJIOlll:8HO 9 ony6JIHKOBaHHNX pa60T, 
CilHCOK KOTOPNX npHBe,neH B KO~e aBTOpeif>epaTa. 

06oeM pa60TN. ~ccepTa~a COCTOHT H3 BBe,neHHR, naTH rJiaB, 3aKJIJOqeHHR 
H cnHcKa JIHTepaTypN {!16 HaHMeHOBattHA). 06oeM AHCCepTa~HH - 128 CTpa
HH~, BKJIJOqM 26 pHCYHKOB. 

CogeIJlKB:HHe pa6oTN. ~HaHqecKHe ycTattOBKH, npe,nHaaHaqeHHNe ,nJia npoBe
,neHHa 3KCnepHMeHTOB B o6JiaCTH !pH3HKH aTOMHOro RAPa H 3Jl8MeHTapHNX 
qaCTH~, HCnOJib3YJOUIH8 B Ka'!eCTBe KOOp,nHHaTHNX ,neTeKTOpOB npoBOJIQqHNe 
KaMepu, BO MHOPHX CJiyqaax ·npe,ncTaBJifflOT co6oA MarHHTHNe cneKTpoMeTpN, 
pa6oTaTOIIIH8 B pelltHMe Henocpe,nCTBeHHoA CBff3H C 8BM. Ilpe,ncTaBJI8HH8 0 
CTpyKType TaKHX ycTattOBOK, OCHOBHNX npH~Hnax noJiyqeHHff HHq>Op~HH 
0 perHCTpHpyeMNX HMH co6NTHRX H nepe,naqH ee B BuqHCJIHT8JibHYJO MawHHY 
MOJKHO noJiyqHTb Ha npHMepe onHCNBaeMoro B HaqMe nepsoA rJiaBN o,ntto
nJieqeBoro MarHHTHoro cneKTpOMeTpa C npOBOJIO'!HNMH HCKpOBNMH KaMepaMH 
(pHc.I), C nOMOillblO KOTOporo 6h!JI BNITOJIHeH o6mHpHblli ~KJI 3KcnepHMeH
TOB no HCCJI8AOBaHHIO npOTOH- H .neATpOH-a,nepHNX coy,napeHHA npH 4,3; 
6,3 H 8,9 TuB/c. 

8JieKTpOHHM annapaTypa cneKTpOMeTpa n03B0JlffJ!a OCJI118CTBJlffTb OT-
6op nOJI83HNX co6NTHA, CoeM, KOAHPOBattHe H nepe.naqy HHq>OpMa~H B 8BM 
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C CHCTeMH npOBOJI04HblX Ka.Mep H CQHHTHJIJIRQHOHHblX C4eT4HKOB, a TaKme 

c6op H nepeAaqy Aatittl!X co cxeM 611cTpofi 3JieKTpOHHKH, C4eT4HKa BpeMeHH, 

QH,flpOBOI'O BOJibTMElTpa\' TJM6JiepHbIX perHCjpOB H APYI'HX AUT4HKOB. 

OcHOBHOe Ha3Ha4eHHe 3.BM B 3KCnepHMeHTaX Ha cneKTpOMeTpe C npo

BOJI04Hb!MH Ka.MepaMH ~ opraHH3aQHR c6opa H HaKonJieHHR HHqJOpMaQHH H 

KOHTpOJib 3a pa60TOfi.ycTaHOBKH. B KOHQe nepBOfi PJiaBU paCCMaTpHBaroTCR 

Tpe6oBaHHR, KOTOpblM AOJimHO YAOBJieTBOpRTb COOTBeTCTBJDlllee MaTeMaTH-

4eCKOe o6ecne4eHHe~ 

BTopaR I'JiaBa AHCCepTaQHH nocB~eHa BOnpocaM, CBR3aHHblM C BKJID-

4eHHeM 3.BM pSCM-4 B COCTaB 3KCl1epHMeHTaJlbHOfi ycTaHOBKH H HCnOJib30Ba

HHeM BH4HCJittTeJibHblX MaJIIHH (BSCM-4, coc-nsoo ) Ha sTane noArOTOBKH 

cneKTPOMeTpa K 3KCnepHMeHTaM tia ·ycHOpHTeJie. 

B Olliill.nepBblMH 3.BM, KOTOp~e Hatll!lH'lliHpOKOe npHMeHeHHe B qJH3H4e

CKOM 3KcnepHMeHTe, 6bIJIH BH4HCJIHT8JlbHHe·MamHHI1 THna BSCM-4. CepHfiHO 

BHnJCKaeMue 3BM Aa.HHOPO THna He OTBe4aJlH TeM Tpe6oBaHH.RM, KOTOpbIM 

AOJimHH yAoaJieTBOpRTb BH4HCJIHTeJibHUe MamHHH ARR pa6oTH B peaJibHOM 

MaCmTa6e·BpeMeHH Ha JIHHHH C 3KCnepHMeHTMbHblMH ycTaHOBKBMH. )).nR HC

noJib30BaHHR B 3THX QeJIHX 3BM BSCM-4 noABeprJIHCb B Olliill cooTBeTcTBJD

llleMy pa3BHT~ro. 
IloMHMO HenocpeACTBeHHoro rrpm.1eHeill.fl: 138(.;J,,-'i B ::mcrrepHMeHTe, BlJlllI c

JilITeJII,H!le 1,iammrn 133(,1,i-4 n GJJ,G-GbOO ·uw;n:y ceruwru.m padoTu Ha yc1w

pHTeJie ·lICIIOJII,30Ba.JIIICI, .II,JIR. BllIIOJIIIemm paC"IeTOil, CBJI3aifHI1X .c illiaJIH-

SOM IIOJIY"Ie.lllillX pe3yJII,TaTOil 'u JTO"IHeHlieM Jeapa:KTepUCTIIB CII8RTpOMeTpa. 

Tpe6oBaHHe AOCTaT04HO T04HOI'O onpeAeJieHHR HMnyJibCOB perHCTpHpye

MblX cneKTPOt.!eTpOM 4aCTfil\ BH3BaJl0 He06XOAHMOCT!, npOBeAeHHR H3MepeHHfi 

npocTpaHCTBGHHOPO pacnpeAeJieHHR MarHHTHOI'O nOJIR ', 8HaJlH3HPJDlllGI'O MaP

HHTa ycTBHOB_KH H pa3pa60TKH 3tfxpeKTHBHoro ,aJII'OJlKTMa annpoKcKMaQHH 

TpaeKTOpHfi 3/J.p.flllteHHUX qacTHQ B HeOAffOPOAHOM'MaPHHTHOM noJie. 

HsMepeHHR noJIR MaPHHTa Cil-12 BllIIOJIIlfJJIIICI, ,Ha JIHHHH c 3BM BSCM-4, 

KOTOpaR CJiyittHJia AJIR 3anHCH Ha MaI'HHTHJD JieHTY {MJI) 3Ha4eHHfi HHAJKQHH 

MaI'HKTHOI'O IIOJIR B pa3HhlX T04Kax H npOBeAeHHR KOHTPOJIR npaBHJibHOCTH 

pa60TH H3Mep~TeJibHOfi annapaTypu H IIOCTyIIafillllHX B Bl14HCJIHTeJibHJD MamH

HY AaHHblX. 3Ha48HKR HHAJKQHH MaI'HKTHOI'O IIOJIR 6bIJIK H3MepeHH C T04-
HOCTbID "'O,I% B o6oeMe 4,5x0,64x0,I6 M3 {0cero B I8IxI7x5=I5385 T04-

Kax) C IIOMOlllbD AaT4HKa XoJIJia, KOTOpufi 6UJI npOKaJIH6poBaH nyTeM cpaB
HeHHR ero .noKa3aHHfi co 3Ha48HK.flMH HHAJKQHH MarHHTHOI'O noJIR ,, H3MepeH

HhlMK C IIOMOlllbID flA8PHOI'O MaI'HKTOMeTpa, MR p8.3JIH4HHX.TOKOB B036YllC,ll,e

mur MaI'HHTa Cll-12. 3aBHCHMOCTb KHAJKQKK B OT IlOKa3attKfi AaT4HKa XoJI

JIU u annpoKCKMHpOBMaCb COOTHomeHKeM: 

B = c1u + c2u2 + c3u3 + c
4
u4 
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HMnyJibCH 3apRJKeHHHX qaCTKQ BbltlHCJIRJIHCb no H3MepReMblM Ha OII~Te 

BeJIHqHHBM: yrJiy OTKJIOHeHHR qacTHQH IIOJieM MaPHHTa, HanpaBJieHHID ee ABH

~eHHR H MecTy BXOAa B MaPHHTHOe noJie. 
YroJI OTKJIOHeHKR o.f onpeAeJIRJICR H3 COOTHOmeHHR: 

a a + a a + 1 
x1 x2 Y 1 Y 2 

COSf= -;=;;===;;=====;s,===ss===, 

V (a 2 + a'- +1) (a2 + a 2 + 1) 
x, Y, X2 • Y2, 

KaK yroJI Me~ np.RMblMK, annpOKCHMHPJDlllKMK TpeKH qacTHQH, 3apePHCTpK-

poBaHHHe BXOAHblM (x=a z + b ; y=a z+b ) H BblXOAHblM (x=axz +bx 
x, X1 Y1 Y1 2 2 

y=ayz + by ) cerMeHTaMH HCKpOBblX KaMep. 
2 IlpH pi6oTe cneKTpoMeTpa Ha JIKHHH c 3.BM BSCM-4 ARR ycKopeHHR 

npoQeAJpH o6pa60TKH pe3yJibTaTOB H3MepeHHfi HMIIYJibC BH4HCJIRJICR B npH-

6JIH~eHHH OAHOpOAHOI'O TIOJIR: 

C 
p = If 

PAe KOHCTaHTa · C onpeAeJIRJIUCb 3apattee nyTeM pacqeTa TpaeKTOpHfi qac

THQ C 3a,il.a.HHHMH 3Ha4eHHRMH HMIIYJibCOB B H3B8CTHOM MaPHHTHOM none. 

OTOT cnoco6 II03BOJIRJI BH4HCJIRTb HMIIyJibCH C T04HOCTbD ~0,2%. 

0AttaKo, nocKOJibKY HMIIyJibCHOe pa3pemeHHe cneKTPOMeTpa COCTaBJIRJIO 

~0,3%, 3TOfi TQqHoCTH 6WIO HeAOCTaToqHo: H npH OKOHqaTeJibHOfi o6pa-
6oTKe HaKOIIJieHHOI'O 3Kcnepm.leHTaJibHOI'O MaTepH8Jla HMIIYJibC qaCTHQI1 

IIpeACTaMRJICR B BHAe CJieAYDmero paSJIO~eHHR no IIOJIHHOMBM qe6umeBa/IBf: 
/,/,, Alz ,t_, !Vv Ns 

(PC)-l =~LL L L,Ci'ktmTi(x1 )T,(Y1 )Tk(X2 lT,i(Y2 )Tm('f ), 
1..::1 j::1 k:i {;1 '"""" J J 

P,!\e ( X 1 , Y l ) H ( x2, Y 
2 

) - KOOPAHHaTu T04eK nep,ece48HHR npm.ioi-l, 

annpOKCHMHPYIDlllei-l TpeK, 3aperHCTpHpOBaHHI1fi BXOAffblM cerMeHTOM HCKpOBblX 

KaMep, C nJIOCKOCT.flMH MHmeHH H KaMepu nepeA BXOAOM B MarHHTHOe IIOJie; 

Tn(?.) = cos(n-arccosZ) - noJIHHOM qe6blllleBa, a cijk(m 3apattee 
BI14lfCJieHHufi Ha6op K03qxpHQHeHTOB H3 N,xN2XN3XN4XN5 ql{CeJI. 3Ha-

qeHHR N,,N2,N3,N4,N5 no,!\6HpaJIHCb HCXOAR H3 TpeciyeMOfi T04HOCTlf 

Bhll!HCJieHHR HMnyJibCOB. OTOT cnoco6 AJIH B~6pattHOI'O BapHaHTa pa36HeHHfi 

(,11=N 2=N 3=N 4=3 H N5=6 ) n03B0JIRJI Bl14HCJIHTb HMIIYJibC C T04HOCTbl0~0,05%. 

0AHH 1}3 HaH60Jiee TPYAOeMKHX npo4ecc0B Ha 3Tane IIOArOTOBKH 

crreKTpOMeTpa K 3KcnepKMeHTaM - HCCJieAOBaHKe. 'xapaKTeplfCTHK IlpOBOJIO"I

HlDC HCKpOBID( KaJAep B nyqKax 3apHmeHHHX qaCTHQ C QeJiblO B116opa OnTH

MaJlbHOro pe~lfMa HX pa6oT~. HcnoJib30BaHHe 3BM II03B0JIReT 3HaqHTeJibHO 

ycKOpHTb 3TY npoQeAYPY• K OCHOBHUM xapaKTepHCTHK8M npoBOJioqHUX KBMep 

OTHOCHTCfl: 3tfxpeKTHBHOCTb, IIpOCTpaHCTBeHHoe H BpeMeHHoe pa3-

pemeH1fe, BpeMR BOCCTaHOMeHHR, 3qxp8KTHBHOCTb B cnyqae perHCTpaQHH 

HeCKOJibKHX qacTH4. C QeJibD aBTOMaTH3aQHH HCCJieAOBaHHa 3THX xapaKTe

pHCTMK, a TaK~e AnR IIOCTORHHOI'O KOHTpOJIH HeKOTopux H3 HHX B XOAe 
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::mcrrep~eHTOB _ ~ ,coc_TaB MaTeMaT1rt1e~1rnro _ 0(5ecrret1emrn_ 3~'il KJCM-4 .• 6wm 
BKJI!OlleHhl COOTBeTCTBYJO~lle IIOAIIporpaMMbl. 
; ·_ kpoMe TOr'O\ B MaTe~aT11qedKci~ o~ecrrelleHHII ~IICTeMhl, peaJibHOI'O' Bpe

MeHII crreKTpoMeTpa 6wm rrpeAY_cMoTpeHhl crre11ia.nbHhle ( T~CTOBbte) pe:l<l!Mhl 
pa60Tbl 31:iM .63CM-4' C yc'TilHOBKOtl' ripeAHa_3Hal!eHHble AJIR KOHTpOJIH' npa
BIIJibHOCTII ~YHKl\llOHl!pOBaHl!R_ AeTeKTIIPYJO~en II 3JieKTpOHHOtl anrrapaTypu. 

B TpeTbetl rJiaae paccMOTpeHo MaTeMaT~ecKoe 06ecrre,rn1111e .63CM-4, 
rro3BOJimo~ee11crroJ1b30Ba'l'bOTY 3BM B peaJibHOMMacwTa6e apeMeH11 Ha Jill'
Hlllf C qJll31flleCKOI! arrrrapaTypon· crreKTpOMeTpa rrp11 rrpoBeAeHIIU 3KcrrepHMeH-' 
TOB Ha ClIHXpoqasoTpOI!e 01!,Ill. 

3TI! rrpOI'paMMhl 6blJII! C03AaHbl C l!CIIOJib30BaHl!eM aBTOKna ACCl1iffilIEP, 
BXOA~ero B COCTaB MaTeMaTl!l!eCKOI'O 06ecnet1eHII/I "AY'6tta" ':J/. ·BBliAJ ' ' 
TOI'O' l!TO CJMM8.pHM AJil!Ha rrporpaMM 3Hat111Te.JbHO rrpeBblWana 06oe1.i one- ' 
paTIIBHOll IlaM/ITII Mawl!Hbl, 6WIO pea.mrnonrum rrpe,nyCMOTpemroe B CIICTeMe 
",lzy6Ha" pas6uemre rrporpaMM Ha_ pa3AeJibl, K?-Jl(Ab!H 113 KOTOpbIX COAeplKaJI ' 
OAHY IIJill'HecKOJibKO 'IIOAIIPOI'pSMM.' Pa3AeRbl xpaHl!RIICb Ha OAHOM 113 Mar-
HIITHhlX 6apadaimB (MB). · · · 

B MaTeMaT11t1ecKcie 06ecitet1eH11e mtcrrepnMel!Ta 6b!Jia TaKJ1te BKJirot1eHa 
JI~HaR IIHTeprrp~TIIPYJO~M c11cTei.m · (JIBC), · cqAePJKaBlllaR IIHTeprrp~TIIPYJO~ 
CIICTeMy 3~.( .63CM-4 llC-2 ,' 6116Jil!OTeKy CTarapTHbIX IlOAIIPOI'paMM ( CII) 11 
Ha6op cnel\lfaJill311poBattHhlX ~oAnporpaMM/20. Jll,lC II03BOJI/IJI~ ~cnoJib30BaTb 
qepe3 llC-2 paspa6oTaHHble crre1111~bHO AJIR sKcnepHMeHToB ~OArrporpaMMbI, 
Oip()pMJieHHble B Bl!Ae Cil. 

KoMIIJieKC rrporpaMM COCTORJI 113 CJie,r\YJO~IIX OCHOBHhlX l!aCTell: opraHll-
3YJO~ell rrporpaMMbl, rrporpaMMbI-AIICIIeTl!epa, IlOAIIPOI'paMMbl BBOAa KOHCTaHT, 
rrporpaMMhl rrp11eMa sKcrrep11MeHTaJibHbIX AaHHhlX, rrporpaMM nepaoro rrp11optt-
TeTa ( PIP ) , nporp8.MM BTOpOI'O IIpl!Opl!TeTa ( P2P ) If npOI'paMMbl ne-
l!aTI! pesyJibTaTOB o6pa60TKll.06~aa'6JIOK-CXeMa Cl!CTeMbl rrporpaMM peaJib
HOI'O apeMeH11 AJIR 3BM .63CM-4 rrp11BeAeHa Ha p11c.2. 

flOI'IIKa pa60Tbl Cl!CTeMbl rrporpaMM 3aKJIIDl!aJiaCb B CJieAyio~eM. 
IlocJie BBOAa KOHCTaHT C rrepqioKapT IIJIII C MB If qJOpMl!pOBaHII/I pa60l!IIX 

/IlleeK ynpaBJieH11e nepeAaBaJIOCb nporpaMMe-AIICIIeTt1epy, KOTOpaR CIIHXpOHll30-
BaJia pa6oTy 3BM C pa60TOI! ycKOpl!TeJIR, a TaKJKe ycTaHaBJil!BaJJa rropR
AOK BbIIIOJIHeHl!/I rrporpaMM B COOTBeTCTBIIII C IIX rrp11op11TeTOM. Ila CIII'HaJJy 
rrpepbIBa!fl!R, IIOCTyrraID~eMy B Bbll!IICJil!TeJibHYJO MaIJIIIHY nepeA Hal!aJIOM l\lfKJia 
ycKopeHII/I C 3KCIIepl!MeHTaJibHOH ycTaHOBKII, ynpaBJieH11e nepeAaBaJIOCb B 
qJIIKCl!pOBaHHYJO Rl!ellKy, KyAa sapaHee san11Cb1BaJiacb KOMaffAa 3aIIOMl!Ha!fll/I 
COCTO.flHII/I 3BM C nepeAal!eii ynpaBJieHIIR rrporparv1Me rrpneMa 3KCIIepl!MeH
TaJibHhlX AaHHbIX. IlocJie OKOHl!aHII/I npl!eMa AaHHhlX rrporpaMMa-Al!CIIeTl!ep 
rrepeAaaa.na yrrpaBJie1111e rrporpru·,1MaM nepaoro np11op11TeTa. 
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IlporpaMMb! I-ro npHopHTeTa BKJIJOqaJIH B ce6R nporpaMMb! KOHTpOJIR no 
¢opMaTy npHHHMaeMOA 3KCnepHMeHTaJlbHOA HH(JiopMal,\HH, 3anHCH ee Ha Mar
HHTHytl JieHTY H aHaJIH3a MOTHOCTH nOCTJil8.IO~eA HH(JiopMa~H; 3TH npo
rpaMMbl BWOJIHRJIHCb B ycJIOBHRX aanpeTa npepb!BaHHR. Ilo OKQHqaHHH :pa.60-
Tbl nporpBMM I-ro npHop»TeTa ynpaanemte B03Bpa~a.nocb nporpon.ie
,11,»cneTqepy, KOTOpaR npH HaJIHqHH ,11,aHHblX, no,11,Jie~a~HX o6pa6oTKe, Bbl3bl
BaJia ynpaan~10~10 nporpaMMy rro,11,nporpaMM li-ro npHOpHTeTa, pa6oTaBrnHx 
B ycJIOBHRX pa3pemeHHR npepb!BaHHR. IlpHnocTj,nJieHHH cHrHa.na npepb!BaHHR 
3anoMHHaJIOCb T0KY111ee COCTORHHe 3BM,ue :,o,6pa60TaHimil ,11,0 KOH1.-1a MaCCHB 
,11,aHHblX 3anHCb!BaJICR Ha MB, ynpaBJieHHe nepe,11,aBaJIOCb rrporpaMMe-,11,HcneT
qepy, opraHH3ytlUl0H npHeM, KOHTpORb H 3anHCb Ha MJl HOBoro MaCCHBa 
HH¢opMa~H, nocJie qero BoccTaHaMHBrurocb.npepBattHoe cocTORHHe Bbl
qHCJIHTeJibHoA MaWHHbl H np0,11,0JI~aJiaCb o6pa6oT~a! co6b!THA. 

IlocJie Ha6opa 38,IJ,aHHoro KOJIHqecTBa 3ailHCeil Ha Mfl MOrJIH 6b!Tb BKJIIO
qeHbl rrporpB.MMbl neqaTH pe3JJlbTaTOB o6pa60TKH. ' 

OnepaTHBHOe ynpaBJieHHe pa6oTOH'CHCTeMbl nporpaMM OCY1118CTBJIRJIOCb 
C IlOMOUlblO qeTb!peX 45-pa3pHAHb!X KJiaBHWHb!X' 3allO~HHaIO~HX ,yc-rpofiCTB.:Ha 
IlJJlhTe 3BM. B qacTHOCTH, K~OA Il?,11,IlporpaMMe o6pa60TKH COOTB0TCTBO
BaJI CBOH TJM6Jiep ,IJ,JIH ee BKJIJOqeHHR, c nyJibTa 3a,n.aBaJIHCb pe~HMbl pa-
6oTbl 3KCnepHMeHTaJihHOH ycTaHOBKH, 7 -KOOp,IJ,HHaTbl ,IJ,JIR IlOCTpoeHHH npo
cpHJieil nyqKa, BKJIJOqaJiaCb ( Bb!KJIK)qaJI,aCb) 3anHCl! ~mqiopMa~H .Hai MJI, Bb!Aa
qa pe3JJibTaTOB npe,D,B~pHT0JlbHOH o6pa60TKH Ha neqaTb H'T~rr~' 

B qeTBepToA rJiaBe pacciioTpeHa CHCTeMa nporpaMM o6pa6oTKH 3Kcne
pHMeHTMhHOA HHtpOpMaQHH, HaKOTTJI0HHOA B Oilb!TaX ,.Ha 0,11,HOilJleqeBOM cneKT
poMeTpe' OITHCaHHOM B I rJiaBe. 3KcnepHMeHTbl COCTORJIH B H3MepeHHH HM

nyJihCHblX cneKTpOB BTOpHqHl,IX, qacTHI.\., HCnJ!lleHHb!X. B, pea~QHRX 
p + A __.. p (d)' + X', 

d + A - d(p) + X 

npH HaqaJibHblX HMilJJlhCax na,11,aJO~HX qacTHL\ 4;3; 6,3 w d,9 faJJ/c •. 
C QeJibJO ycKopeHHR IlpOl,\ecca o6pa60TKH HCnOJib30BaJICR npHH~Il rro

cJie,11,oBaTeJibHOro COKp~eHHR o6oeMa aHaJIH3HpyeMOM HHtpOpMa~H. 3TO 
,n.ocTHra.nocb nyTeM pa3,n.eJieHHR BceA npoQe.n.ypb! o6pa6oTKH Ha oT,n.enhHbie 
3Tarr~ c onpe,11,eJieHHblMH sa,n,aqaMH H nepe,11,aqex pe3yJihTaTOB o6pa6oTKH 
rrpe,n.~ero 3Tana Ha IlOCJie,nyIO~HA C IlOMO~bJO HaH60Jiee 3ifxpeKTHBHblX HO
CHTeJieA HH¢0pMaQHH. Pa3,n.eJieHHe npoQe.n.ypbl o6pa60TKH Ha nocJie,IJ,OBaTeJib
Hble 3Tam,1 Il03BOJIRJI0 B CJiyqae Heo6xo,n.HMOCTH HCilOJlb30BaTb pe3JJlbTa
Tbl JIJ06oro 3Tana, He npOB0,11,R npH 3TOM BceA rrpe,n.~eA o6pa60TKH. 

Beeb npoQecc o6pa60TKH HaKonJieHHOA Ha MJI HBrpopMal,\HH no,n.pa3,11,e
JIRJICR Ha qeTb!pe 3Tana; npH 3TOM neptib!A'aTan IlpDB0,11,HJ!CR Ha 3~ 
B3CM-4, a IlOCJie,D,~He ~ Ha MO~OA B~HCJIHTeJihHOA MaWHHe CDC-6500. 
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· Ha nepBoM 3Tane nepBHqHble · ,11,aHHue, 3arrHCamrn'e ·B xo,n.e aKcnepHi 
MeHTa Ha lvlJl, 'c L\8JihIO nepeHoca HH(JiopMa~H c 3~ B3Clf-4 tta, cric-6500 
nepeIB!Cb!BaJJHch tta JieHm CJMMapHb!X ,IJ,aHHHX c rioMo~h!O' ill/JI ·cnc-'60l> (no,n.-
1rn10qettHoro K 3BM B3CM-4) • · · ::•, 

Ha CJI8,ll,ytlUl8M 3Tane HmpopMdQHH C JJ8HT''cymiapHb!X ,n.aHHb!X rro,11,Bepra
JiaCb npe,n.BapHT8JlbHOM o6pa60TKe, BKJIJOqaBmeA KOHTpOJib no ·~opMaTy, ;rl;e
KO,IJ,HpOBKY G06b!THA, ,npoQe.n.ypy pacno3HaBamrn ,rrpRMOJIHHeA!iblX_ '!'P0KOB B 
,ce_rMeHTax HCKpOBblX KB.Mep, reoMeTpwqeCKytl peKOHCTpyKQHIO co6blTHil. ;('.' 
Pe3JJibTaTbl o6pa60TKH B y,naKOBaHHOM BH,IJ,01 sarrHCb!BaJIHCb, Ha JI8HTbl CJMMap
Hb!X pe3yJibTaTOB •. 

Ha Tp8TbeM 3Tane co6HpaJIHCb BM8CTe ,11,aHHble co .Bcex Jl0HT. CJMMap-
• Hh!X pe3JJibTaTOB, OTHOCRUlH0CR K npoBe,11,eHHb!M B,pa3HOe BpeMR onb!TaM B 

-0,11,HHaKOBblX ,3KcnepHMl;lHTaJlh_Hb!X ycJIOBHRX;' npl,f:,3TOM OT6HpaJIHCb J!Hillb Te 
C06b!THR, KOTOpue_ y,11,oBJieTBOpfIJIH ycTaHOJ3Jl8HHblM Kp»Tepmn.i OT6opa, CTpOH
JIHCb HMilJJlbCHUe cne~TpU BTOpHqHl:D( qacTHL\, noJiyqeHHUe Ilf,ll IICIJOJ!I,30BU

mm pa3HI;JX 1,nillieHeii. 
Ha noCJie,11,HeM_0Tane 06P!3-6aTuBaJIHCh HMilJJihCH@e cneKTpu, rroJiyqeH

.H@e npH o6Jiyq_eHHH paS,HblX MHWeHeA (CH2,CD2,C, 6Li, 7Li, Al,Bi ) · npo
TOHaMl1. H,,n.e!1,TpOHaMH. CneKTp@ qacTHL\, pacce,RHHb!X Ha rrpO;TOHaX_ (l'IJIH 

,11,eilTpOHax), onpe,11,eJIHJllfCb M8TO,ll,OM BuqHTaHHR cneKTpoa,, noJiyqeHHUX·,J.1pll 
pao,o,Te, C J.Ju~Cllill:lH CHz(CD2) I! C: · 

. d
2N(CH2) '.~

2N(C) d2'N 
= KT(CH2) ----

d5< Ap dQ AP 
. 

·,dQ.:lp 

npH.qeM 

K (CH 1 = ~ N(C) n(C) . °K(CF /C) 
T 2 LN(CH2) n(CH2) . 2 

r,11,e '2:N(C) ". "LN(CH2) - ·cy1.11.1a OTC'!eTOB B CJIY'la'eM1:111eneii C II,CH.2, 
n(C) H n(CH2) ._ qffCJIO R,D,ep yrJiepo,11,a B. MHW~HRX C H-CH2 H!i: IcM2 

K(C~2/C) - ~3MepeHHOe B"~T,IJ,0Jlblil,IX o:rnTax OTHOW0Hlf0B1,IXO,IJ,OB 1;1acTHQ 
B C.1Iy<I::le l.IIllileJieii CH2 lI C. • 

',Ll,anee c • QeJibIO pacqeTa KpHBbil reoMeTp~~cKo~ 0/fxpeKTHBHOCTH crreKT
poi.leTpa' npoB0,11,H1ocb M

0

6)l,eJii-tpOB8!{1tei npoxo~eH~R, 3~pfll!e~Hb!X _qacTkL\ 'qe'.'..: 
pe3 3KCnepHMeHTaJibHytl ycTaHOBKY C yqe~oM' MHoroKpaT~oro Ky.no~OBCKOro 
pacceRHHH. reoMeTpwqecKa.R aifxtieKTHBHOCTb cne~;p~MeTpa:npH'HeKOTOpOM 
38,IJ,aHHOM HMnyJihce oripe.n.e.n.HJiac~ ftaK OTHOW8HHe q1c.na TpaebbpHA,'rrpo..c 
me,n.mHX BC!O ycTaHOBKY i1 rronai'i~Hic B

0 

cJ~TqH~ < : , 'if f c1'y. pli._3b!rip~H~ 
TpaeKTOpHil. , , , .. , 

, ff mmyJihCHh!e, crieKTpU BTOptttiHwt 4ac~~: 'aH6CHJIHCb. n~npaBKlf' Ha reo
MeTpH4ecKyio He0cptpeKTHilHOCTb OKOJI& rp8.HML\ 0axiia'.wa~e'i:i'oro HHTepB8.Jla . 
HMnyiibcoa, · irpoB0,11,H.IIaCb '~6~oii~Tfia.F! HOpMHpoBJ1Ccrrci~Tpo~. CTJ)OHJIHCb

1
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pacnpe.I(e.neHHH B aaBHCHMOCTH OT pa3HH4HIDC KHHeMaTHqeCKHX nepeMeHHIDC 
(mmy.nbca, ero IlpO.I(OJil,HO.li n nonepetIIro,l COCTaBHHHllllHX, 61,1cTpOTbl, He
,U.OCTa!llllefi Macc1,1 H T.n.}. Ha pac.3 B KaqecTBe npiwepa npe,u.cTaMeH1,1 
HMny.nbCHh1e cneKTp!:l BTOpltqHIDC npoTOHOB ( ❖ ) H ,u.eitTpoHOB t ½ ) OT 
.dp- , _dd- H de -B3aHMO,U.etlCTBHtl npH HaqaJlbHOM HMny.nbce .I(e»Tpo

HOB 6,3 ThB/c. 

llitTaH r.naBa nocamqeHa aonpocBM C03AaHHH MaTeMaTHttecKoro o6ecne
qeHHH ,I(Byxn.neqeaoro MarHHTHOro cneKTpOMeTpa C npOBO.noqHl,IMH K8Mep8MH 

(HcKpOBblMH, .nponopq1tOH8JlbHblM1t) Ha .n1tH1t1t c Ma.non 3BM EC-IOIO, npeA
HaaHaqeHHoro AHH npoBe.I(eHHH HOBOH cepHH 3KcnepHMeHTOB no HCC.ne.I(OBa
HHD B3aHMO.I(etlCTBHtl npoTOHOB, .I(etlTpOHOB It o<. -qacTHq C aTOMHblMH HA
pB.MH Ha cmrxpo~aaoTpOHe OHHI1. 

B 3THX 3KcnepHMeHTax nepe.I(aqa 3KCnepHMeHTMbHhlX ,11.aHHblX B am_1tc
.n1tTe.nbHYJO M8JllHHY OCY,llleCTBHHeTCH qepea MO,U.epHH3ltpOBattHl,lH .I(JIH 3THX qe
.netl 6JioK EPI5-02121li1 /vLJm/ qepea ycTpotlcTBO conpmteHHH ,u..nn MHoro
KapKacHux c1tcTeM HAMAK (YCMCK). Mo.I(epH1t31tpoBaHHb!H 6.noK EPI5-02 06ec
neq1tBaeT Heo6XO.I(HMYJO CKOpoCTb o6MeHa HHqJOpMaq1tefi npH HCilOHb30BaHHH 
B KaqecTBe KOOp.I(HHaTHbilC .I(eTeKTOpOB npoBo.noqHwc HCKpOBblX KaMep, O.I(Ha
KO npH 3aMeHe HX nponopqHOH8JlbHblMH Ka.MepaMH 3TOH CKOpOCTH o6MeHa 
He.I(OCTaToqHo, I{ B 3TOM c.nyqae CBH3b C 3BM OCY!lleCTMHeTCH qepea YCMCK. 

BaH,IJ.y Toro, qTo 3BM EC-1010 nepaoHaqaJibHO ocH~aJIHCb HMJl THna 
EC-5010, He oTaeqaDillHX aceM Tpe6oaattHHM ¢opMaTa EC 3BM, a HaKon.neH

HYJO Ha MJl 3KCnepHM~HTaJ!bHYJO HHq>OpMaqHD HYJKHO 61,!HO nepeHOCHTb .I(JIH o6-
pa6oTKH Ha MO!llHYIO 3BM,. 61,!HO. paapa60TattO ycTpOHCTBO CBH3H _3BM EC-1010 
c HMJl EC-5012. ConpH11CeH1te 61,1HO BblnO.nHeHO qepea YCMCK, qTo noaBOJIHeT 
1tcnoJibaoaaTb MHKponporpaMMy 6Jioqttotl nepe,u.aqH YCMCK 1t 06ecneq1taaeT

0 

Tpe6yeMyio CKOpOCTb o6MeHa HH~OpMaqHetl. . 
,ll,nn Ha.Ila.I(Klt I{ KOHTpO.nH pa60Tl,l ycTpOHCTBa CBH31t 6blJIH HanHCaHl,l 

.I(Be nporpaMM1,1, O.I(Ha 1{3 KOTOp!,!X CHYJKH.na .I(HH npoaepKH BCero KOMnJieKca 

3ml EC-1010 - ycTpOfi-CTBO CBH3H- HMJI EC-5012; c nOMO!llbD ,u.pyrotl nporpaM
Ml,l OCY!ll€CTBHHHCH KOHTpO.nb npaBHJ!bHOCTH BblnOJIHeHHH OT.I(eHbHl,lX KOMatt.I( 
o6~eHHH K HMJI. IlporpaMMHOe 06ecneqeH1te ycTpotlCTBa CBH31t peaJIH30Ba
HO B BH.I(e naKeTa no.I(nporpaMM, KWl(,IJ,aH lt3 KOTOp!,!X CJIYJl(HT AHH BblnOHHe-
Hltff OT.I(e.nbHOtl KOM8.H,IU,I o6pauieHHH K HMJI. . 

B npoqecce aKcnepHMeHTOB Ha .n1tH1t1t c 3BM KOHTp'o.nb pa60T1,1 sKcne
pHMeHTa.nbHotl annapaTyp!,! It KaqeCTBa noJiyqaeMOH HHq>OpMaqHH npOH3B0.I(HT
CH nocpe.I(CTBOM HaKonJieH1tH'1t Bh!BO.I(a Ha AUITY It.UH .I(HCnJietl CTaTHCTHqe

CKHX pacnpe.I(e.neHHtl. 
,Ivrn 3THX qe.nefi Ha 3BM EC-IOIO co3.I(aHa c1tcTeMa r1tcTorpaMM1tpoBa

HHH HIPACK ( COK~eHHe OT HISTOG'RAMMING PACKAGE ) , pea.nlt30BaHHaH 
B B1t,11.e naKeTa HeaaBHCHMIDC no.n.nporpaMM Ha ~OPI'PAHe. Ilo,u.nporpm 
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.D,8.IOT B03MOJKHOCTb npoH3BO.D,HTb 3aae.D,eHHe H JHHqToJKeHHe pacnpe,IJ,eJieHHH, 
HX 3anOJIHeHHe H oqHCTKY, apH:f)MeTffqeCKHe .D,eHCTBHH Ha'A HHMH, B~eJieHHe 
qacTH pacnpe.D,eJieHHH HJIH ero ClltaTtte, BllBO.D, Ha neqaTaDlJlHe ycTpOHCTBa C 
IlpOH3BOJibHOH .D,JIHHOH CTpOKH O~OMepmoc pacnpe.D,eJieHHll B BH.D,e rHCTO

rpaMM, a .D,BJMepHh!X - a a~e Ta6JIHQ n .D,ttarpaMM pacceRHHH. 

OcHoBHble pe3yJibTaTH nHccepTaUHH. I. Co3.D,atto MaTeMaTffqecKoe o6ecneqe
HHe 3KcnepttMeHTaJibHOA ycTattOBKH - o~onneqeaoro MarHHTHOro cneKTpo
MeTpa C npoBOJIQqHHMH HCKpoBblMH KaMepaMH, pa60T8.IOlJlero B peJKHMe He
nocpe.D,CTBeHHOH CBH3H C 3BM BoCM-4. KoMTIHeKC nporpaMM H no.D,nporpaMM 
n03BOJIHH: 

a) npOBO.D,HTb KOHTPOJib 3a pa60TOH perHcTpHpJDlJleA 'annapaTypbl cneKTpo
MeTpa H KaHaJia CBH3H ycTaHOBKH C 3BM BoCM-4; 

6) oc~eCTBJIHTb HaKonJieHtte nepBHqttoll HHipopMfillHH Ha MarHHTHHX JieHTax; 
a) Bl:,IIlOJIHHTb npe.D,aapHTeJlb~ o6pa60TKY noJiyqaeMHX 3KcnepHMeHTaJlbHHX 

.D,aHHHX; 
r) Bw:\aBaTb pe3yJibTaTH o6pa6oTKH B BH.D,e, y.D,06HOM .D,JIH npoae,IJ,eHHH one

paTHBHoro aHaJIH3a; 
.D,) BblIIOJIHHTb nepeKHKJqeHHH 3BM Ha pa3JiffqHble pelKHMbl pa60T!l C ycTaHOB

KOll; 
e) oc~eCTMHTb rH6Koe ynpaMeHHe pa60TOH CHCTeMH nporpaMM H no.D,-

nporpaMM c nyJibTa 3BM. · 

MaTeMaTHqecKOe o6ecneqeHHe 6WIO pa3pa60TaHO Ha OCHOBe, onepaQHOH
HOH CHCTeMu "AY6Ha" c HcnoJib30Bru-meM JiffqHOi'l HHTepnpeTHPJDlJlell cHcTeMH, 
qTo n03BOJIHJIO, HeCMOTpH Ha orpaHffqeHH!lH o6oeM onepaTHBHOH naMHTH 3BM 
BoCM-4, C03,IJ,aTb KOMnJieKC nporpaMM, o6JI!l,I\8.IOlJlHH lliHpOKHMH B03MOJKHOCTHMH. 

2. Pa3pa60TaHbl 3qxjieKTHBHble aJiropttTMbl annpOKCHMa~H TpaeKTOpHA 
.D,BHJKeHHH 3apHJKeHHHX qacTHQ B HeO.D,HOpO.D,HOM MarHHTHOM noJie H C03,IJ,aHbl 
nporpaMMU .D,JIH awmcJieHHH HMnyJibCOB ( HJIH yrJIOB OTKJIOHeHHH B MarHHTHOM 
noJie, HJIH KOOp.D,HHaT Ha BHXO.D,e H3 MarHHTHOrO noJIH) qacTHQ. ,lv!H 3TOH 
qeJIH HCKOM!le KHHeMaTffqeCKHe xapaKTepHCTHKH qaCTHQ npe,IJ,CTaBJIHJIHCb B 
B~e paaJIOJKeHHll no nOJIHHOMaM 4e61,1IlleBa OT H3MepneMHX Ha onb!T8 BeJIHqHH. 

Ko3qxpH4tt8HT!l 3THX pa3JIOJK8HHH M~JKHO 6WIO BmHCHHTb 3apattee. TaKOH no.D,
XO.D, n03BOJIHJI c~eCTB8HHO COKpaTHTb KaK o6oeM Tpe6yeMOH onepaTHBHOll 
naMHTH 3BM, TaK H BJBMH emncneHHYl no cpaBHeHHD c Bbl'IlICJieHlrm,m no 
l!3BeCTHOMY MeTO.ny Pyure-KJTTa, lICIIOJII,3yeMOMY OclWIHO .lVIH pemeHlIH 
ypamremtii: ,IJ,BlU.'8HlIB aap.m'teHIIllX 'IUCTUI.\ B l\filI'HlITHOM IlOJie. 

0TH aJiropHTM!l HCilOJib30BBJIHCb B npoqecce o6pa60TKH 3KCnepHMeH
TaJibHHX .D,aHHHX no nporpaMMe reotteTpffqeCKOll peKOHCTPYKQHH co6wnn npH 
onpe.D,eJieHHH HMilYJibCOB 3apmiteHH!lX qacTHQ, a TaKJKe B nporpaMMe M0.D,8JIH
p0BaHHH npoXOJKAeHHH t:JaCTHQ qepe3 3KcnepHMeHTaJib~ ycTaHOBKy. 
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3, C03,IJ,!3-Ha CilCTeMa IlpOI'paHM 0011UOOTilli;. nmJ:X)pMc1.I.\llll, Haj,Oil.,-, 
JieHiiO:l B :)];?rrepnuel!TUX Ha cmpcpo~a3_0?,'polle, · OY.L/ill,_ BWIOJIHeillillX C 
IlOMO,lJlb!O o~onneqeaoro ~iirHHTHor.o cneKTpOllleTpa C KOOp.D,HHaTHhlMH .D,eTeK-
TOJ)aMH B BH.D,e npOBOJI0"4Hb!X HCKJ)OBHX KaMep. ', 

' OprattH3aQHJI 66pa6oTKH B ttecKOJibKO 3Tanoa 'c _COKp8JlleHHeM 96oeMa 
aHa.mt3HpyeMoll Ha K~OM 3Tane HH'P9,PMB.Qirn .H nepe.D,aqell pe~y.nhT~TOB 

• f l , . : . . , · ~ · , 

npe,IJ,~ero 3Tana na·cJie,IJ,.YIOillHll C IlOMOillbD HaH60Jiee 3qxpeKTHBHb!X HOCH-
TeJiell HHtpopMaQni1 noaeoJIH~'a a CJKaTble CJJOKH o6pa6oT~T·b aecb · 3KcnepHMeH-
TaJibH!lll MaTepHaJI, co~eplKasmHll' ~ 2-106 co6brfHll. · 

PaspadoTa.HH a.rrropUT!1ill: ,, 

a) pacnoaHaBattHH npHMoJIHHellttux TpeKoa B cerMeHTax HCKpoBux KaMep, · 
6) npoae,IJ,eHHH reoMeTpnqecKoll peKoHcTpyK~H aaperncTpttpoBaHHb!X cneKT-

poMeTpoM C06b!TH!l, , 

a) MO,IJ,8JIHpOBaHHH TpaeKTOpHll aapHJKeHH!lX qacTHQ qepe3 3KcnepHMeHTai~HJD 
ycTaHo BKY' 

. . 

r) amttcJieHHH KpHBOll ·reoMeTpnqecKoll 3ipipeKTHBHOCTH ciieKTpOMeTpa, 
.D,) npoae.D,eHHH a6coJIDTHoll HopMHpOBKH HMilYJibCHb!X ~neKTpos H aHeceHHH 

B.HHX nonpaBOK, 

e) nocTpoeHHH pe3yJibTHPJDlJlHX ipH3HqecKHX'pacnpe.D,enettnn B 3aBHCHMOCTH 
OT paaJIHqHHX KHHeMaTttqecKHX nepeM8HHblX. 

3nr · a.rrropi!Tl,~ 1:1oryT 6uT:r, .. :ircrroJU,30BmIU B paamrnrux. aKcnep:irMeH

Tax, BWIOJil!HOI,!LIX Ha aHaJIOI'llliHUX ycTaHOBKaX. 

4. Paspa6dTaHH anropwrnu TeCTOB!lX;nporpaMM ycTpO!lCTBa CBH3H 3BM 
EC-IOIO c HMJI EC-5012, BHITOJIH8HHoro a CTatt.D,apTe KAMAK. IlporpaMMu 
n03B0JlHIOT npOBO.D,HTb KaK rJio6aJibHJD npoaepKy Bcero KOMTIHeKca 3BM EC
roro - ycTpOllCTBO CBH3H - HMJI EC-5012, TaK H KOHTpOJib npaBHJibHOCTH 
BblIIOJIHeHHH OT~eJibHb!X KOMaH.D, o6p8J11eHHH K HMJI EC-5012. 

5. Coa~aHo nporpaMMHoe,o6ecn-:iqeHne ycTpottcTaa CBH3H 3BM EC-IOIO 
c HMJI EC-5012. IlporpaM?.1Hoe o6ecneqeHHe peanHsoeatto B BH,IJ,e naKeTa 
IlO.D,Ilporp81dM' .· Kruivian H3 KOTOpl:lX CJIYJKH'f ,11,JIH. B

0

1iilOJiiieHHH O~,ll,8Jlb~l:lX 

KOMaH.D,OClp8J11eHHH K HMJI. B IlO.D,IlpOrpaMMax 3aITHCHH. cqHTHBaHHSI HHipOp
MaQHH, BblIIOJIHH8MllX B ipOHOBOll 30He (T.e. Ha 0-M ypOBHe npepHBaHHH), 
IlpOBO.D,HTC.lt 06pa.60TKa npepHBaHHff 4-ro ypoaf, C ITOMOIJlb!O KOTOpoI'O 
Y~CK CHrHaJIH3HpyeT 06 OKQHqaHHH o6Metta/6 • Paspa6oTamrnn MeTO.D, MO-
llteT HCilOJib30BaTbCH .D,JIH JID6oro ypOBHH ( 1 !o n 6 31 ) npepHBaHHH H 
Il03_BOJIHeT opraHH30BaTb MYJibTHTTpOPpaMMHpOBaHHe BHCOKonpttOJ)HTeTHbIX 
38,I\aq .a ipOHOBOH ·.30He. , 

6. Coa.D,atta cHcTeMa rHcTorpaMMHpoBattHH HIPACK , peaJIH30BaHHaR 
B BH.D,e mufoTa IIO.D,nporpaMM Ha ~OPTPAHe. Ilo)inporpaMMH HIPACK II03B0-
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JI.f!IOT BJ:mOJIHJITb pa3JIHtUUile onepat~lm Ha,D. O,IJ,HOMepHb!MH" K ,I\ByYepHHMH CT.a
TKCTHqecKHMH pacnpe.u.eneHHSIMH. Ilpe.u.ocTaBJIRR llOJib30BaTeJID 6oJiee orpa
~eHHl,fe B03MO:m:HOCTH no· cpaBHeHlm C' H3B8CTHlilMK CHCTeMaMH CTaTHCTHqe-

CKOI'O- aHaJIH3a ·SUMX H HBOOK , ll8.!CeT no.u.nporpBMM HIPACK Tpe-
6yeT 3HatlHTeJibHO MeHbmero 061,eMa IUIMJITH 3BM. KpoMe TOI'O, TaK KaK 
00,1\0porpaMM!i HIPACK HeaaBHCHMbl ,I\Pyr OT ,I\Pyra, To: 
a) JierKO opraHH30BaTb WC BblIJOJIHemre B OBepJieAHOM pelltHMe; 

6) MOllHO B aaBHCHMOCTH.OT BH,IJ,a pemaeMOA 3a,D.atlH BH6HpaTb H HCOOJib30-
BaT5 TOJibKO Te llO,I\OpDI'pa.MM!,l, KOTOpHe HYJKHH- IWJib30BaTeJID. 

B03MOlltHOCTb COKpa!lleHHR o6~eMa Tpe6yeuoA onepaTHBHoA 08MJITH )].ll.R pa6o
Tlil c HIPACK c~eCTBeHHa npH paClOT.e Ha MaJlblX 3BM, npH npoBe,u.eHHH 
aKcnepHMeHTOB- on-line 1t B Tex CJ1y-qamc, 1wr.u.a .u..rur noJiy-qeHHR peayJih
TaTOB BWIHCJieHHA H HX npe,IJ,CTaBJieHHR He Tpe6yeTCR peBJIH3~HH Bcex 
B03MOlltHOCTeA. KOTOpblMH o6JI~DT su~x ff HBOOK. 

CJie.u.yeT OTMeTHTb TaKllte H YffHBepCMbHOCTb naKeTa HIPACK • no
CKOJibKY Bee no.u.nporpBMMbl 6ea KaKHX-JIH6o H3MeHeHHA MOryT 6HTb HCOOJib-
30BaHH Ha paaJIH'llHblX 3BM, HM8l0111.HX B CBOeM MaTeMaTH'lleCKOM 06ecnet1eHHH 
TpaHCJIRTOp c RaHKa \lXJPrPAH-IY. 

C03,l\8.HHOe MaTeMaTH'lleCKOe 06ecnet1eHHe MOllteT ClHTb HCOOJib30BaHO 
IlpH npoBe,l\eHHH HOBblX 3KCnepHMeHTOB Ha ycKopKTeJimc Olliill (r.,l.Iy6Ha), 
M<liB3 (x<Cepnyxoa), HTS<li ( r.MocKBa), Jlilll<li (r.PaT'llHHa), lliill AH· YCCP 
(r.KHeB). Otto MOllteT TaKllte HaATH npHMeHeHHe npH HCCJie,IJ,OBaHHK CTpyKTy
PH 6HOJIOrHt1eCKHX o6~eKTOB C OOMOlll.hD.HHTJIHblX nponopQHOHaJibHWC K8Mep 
H T.n. 

PaooTH, IlOJIOllteHHHe B OCHOBY 8HCcepTag1111: 

I. Al!trHpeH n.c., BaopOB M.Kr, MBaHOB B.B. a .I\P· Ilporp&!MHOe o6ecne
'lleHHe 3KcnepHMeHTa Ha MaI'HHTHOM cneKTPOMeTpe C npoBOJIO'llHb!MH HCKpo
Bb!MH KaMepauH. Olliill, Pl-10013, ,l.Iy6Ha, 1976. _ 

2. llE'HpeA ].C. H .I\P· IlporpaMMH o6pa60TKH co6HTHH B 3KCnepHMeHTe Ha 
MarHHTHOM cneKTpOMeTpe C npoBOJIO'llHb!MH HCKpOBblMH KaMepaMH. OHffif, 
Pl-10014, ,l.Iy6tta, !976. 

3. AiKr11peA ].C. 11 .I\P· IlporpaMMHOe 06ecnet1eH11e aKcnepHMeHTa Ha Mar
HHTHOM cneKTpOMeTpe C npoBOJIO'llHHMli HCKPOBlilMH KaMepaMH. B KH.: 
"BceCOl03HOe coaeuiattHe no-aBTOMaTH3~HK HaJtlHbllC liCCJie.U.OBaHHA B 
a,l\epHoA qi11aHKe11. TeaHCH ,IJ,OKJia,D.OB. Ma.u.-Bo IDI<li YCCP, KHea, 1976, 
c.153. 
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4. AlKrHpen JI. C. H ,u.p. Opratt11sa~_R o6pa60TKH 1mqiopMaq1111, HaKonJiettHoi1 
B QKCnepHM8HTax Ha MarHHTHOM cneKTpOMeTpe C npoBOJIO'llHh!MH HCKpOBU- · 
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