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Y"l8Hll:li ceKpe'l'aph · //flt, cit.LL,. 
Cll8IUmJIR3RpOBaHHoro COBeTa ti . . .£+ w .•• r. M.~.rmxatJeB 

QHllAH XAPAKTEPHCTIIT<A PAEOTbl 

A.KTyam.HOC'l'D TeMH. 3Ha'IHT8Jll,H08 'IllCJIO 3Kcrrepn?JreHTOB B q:li3HK8 
BHCOKllX :rnepntii Bl1IlOJIHJI8TCH C llOMOll\blO '3JI8KTpOHllliX ycTaHOBOK -
cneKTpOMSTpli'IeCIUIX KOMWISKCOB, BKJIIOtJaJOOUD{ B ce6JI IlllIPOKOarrepTypHhle 
8JI8KTpoMarmm:1, CRCT8MH npOBOJIO'IH!IX A8T8RTOpOB, CUllHTWIJiii::ullomme 
R 'IepemtoBcKHe ro'AOCKO.EIH H pa6oTIDJ!IUIX ·Ha m1rou1 c 3BM. 

C llOMOll\blO TaKliX ycTaHOBOK Ill)OBO'A.fl'l'C.il llCCJI8'AOBaHIDI"l'aK HaSHBae
MHX 6rurapHHx lI KBasll61IHapmnc npoueccoB~ 11,neHT~ KaIIaJia perot
Ulill B yKasammx nponeccax B pB;Ite CJIY'laeB OCYll!SCTBJI.ileTC.il M8TO'AOM 
"H8'AOCTaIOIIUIX Mace". 3TO'l' MSTOJ]; OTHOCllTCJI It 'llICJIY ua:e6oJiee CJIOlitllliX 
RCCJI8'AOBaTeJII,CKHX np1I8MOB B {J;llamte BllCOIU'JX 8H8prlli1. Ero peaJill3~ 
B03MOJKHa TOJll,KO nplI yCJIOBID! 'AOCTIDK8Hll.il EHCOKOli TO'IHOCTlI B ll3MepeHIDIX 
yrJIOB lI HMilYJII,COB 3apmlt8HHl:lX 'tJaCTHU, yqacTBYJO!l!lIX B peaxwm. 

AKTyam.HHMlI s~a"laMll npll IlpOB8~8Hllll yKaSaHHOro Tllll8 3KCil8PllM8H
TOB .ilBJlllJlTC.il: BH6op MO~e,mpoBaHReM no M8TO'A7 MOHTe-Kal)JIO OnTlIMaJThHO
ro pacnoJIOJKeHlI.il 'ASTSKTOPOB ycTaHOBRlI, paspa6oTKa 3qxj;eKTlIBHllX MSTO'AOB 
npeUIISROHHOro onpe~eJierum npocTpaHCTBeHHoro IlOJIOJKeHIDI TpeKOBllX )1;8T0K
TOPOB, xaprotTepIICTllli MarHHTHllX Il0.7Ieii, rumeMaTl1'I8CltllX rrapaMeTpOB 
38pmKEJHHllX tJacTim. 

PH,ll; 3KcnepmJieHTOB B (pi3llK8 BllCOlIBX 3H8Prllli HOCJIT llOllCKOBllH 
xapaKTep, 'r.e. H8I!paBJI8Hhl Ha -06Hapy,:teHlle HOBUX'l8CTEU ll pe30HaHCOB. 
IlpII STOM aqlfeKT o6pa3oBaHIDI HOBO! 'laCTllIJ;l,I (pe30HaHca') MO:xteT }lMlITH
poBaThCJI CTaTHCTR'l9CKOH 1JiyKTYauH9H B BIUCS nmca'rncTorpaMMH.· AKTyaJU,
HhlM ll03TOMY .ilBJIJtSTCH BOnpOC 06 ·onemte CTaTlICTli'I8CKOH 3Ha'll!MOCTlI 
sqxl:eKTa ll MeT~e ,ee onpe'AeJierum. 

llem. pa6oru 

I •. 1Jlo,ll;emqroBaHlI9 OilTHMSJll,HOH KOHcfnrypau1m ua6opa Tp8KOBHX 

)1;8T8KTOPOB 3JI8KT!)OHHOK ycTaHOBKH. 
2. C03'Aam1e M9T~mat npenR3llOHHOro orrpe~eRSH!1ff npocTpaHCTBeHHO

ro IlOJIO'JlteHll.fl TpeKOBllX )l;eTeKTOpOB 3JI9KT!)OHHOi1 yCTaHOBKlI. 
3. Paapa60TKa M8TO)J;lIK1I,O.llIJ8)1;eJI8HllJI KI'IH8M8Tli'I9CKllX napaMeTpoB 

38pmteHHllX '18CTIIU. 
4. C03)1;aHlle MSTO)l;a onpe'ASJI8Hll.il CTaTIICTli'I9CKOH 3Ha'lllMOCTH llpll 

3KCil8pl!M8HTaJ!DHOM -06Hapy-~eHllll HOBliX pe30H8HCOB. 
Faspa60TBHHI18 r..,eTO)l;ll ll nporpaMMH .1Vl.il 3BM anpo6IIpOBaJmch Ha 

OCHc1Be )l;BHHllX~ IlOJIY'l9mrnx c IlOMOll\blO ycTaHOBRll "DmepoH". 3Ta ycTa
HOBKa npe,ll;HaSHatJeHa .lVllI nccJie;n;oBaIDiil: nponeccoB o6paaoBarum 1t 

pacna,noB tJacT1m Bl1CORUX BHeprm'i. OHa Il03BOJI.il8T HCCJie;n;oBaTh KBK 
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6:rumpH!Ie pe~ M8TO.ICOM 11 H8.ICOCTamtnx Mace"' TaK ll nponeccH mnum-
8IrI3HOro o6pasoBaHWI peSOHaHCOB, pacna.n;amtmeCJi Ha H8CKOJll,KO perncTpH-
pyeMHX ycTaHOBKO:li sapmmHH!IX '!aCTllU. ~-

HayqHM HOBHSHa 

I.Ilpe~OJ!t0Ha H peaJIIrSOBaHa OpHrnHaJIJ,HaJi M8TO.ICirRa Onpe.zt8R8HWI 
npocTpaHCTB8HHOro IlOJIOJlt0HWI TpeKOBHX .It8T8KTOpOB SJieKTpOHHOft ycTa-. 
HOBKH. 

. 2. Paspa6oTaHa HOBaR MaTeMaTir'!8CKM MO.Item. BOCCT8HOM8HRR 
KHH8M8TB'I8CKHX napaMeTpOB 88:I>JlllteHH!IX '!aCTHJl. 

3. Paspa6oTaH HOBllfi.sqxfeKTRBHlifi a~ropHTM o6pameHRR·Mo'IHliX 
KBas:r,mnaroHam,H!IX oxattMneHH!IX cm.1MeTpll'IH!IX MaTpllU. 

4._Paspa6oTaH HOB!i:li M8TO.It Ollp8,It8R8HllJi CT8TKCTR'I8CKOft SHa'!IrMOC
TK npn SKCil8pKM8HT8JIJ,HOM o6HapyxeHHK HOBHX p080H8HCOB • 

. IlpaKTir'IeCKB.R SHa'IKMOCTL pa6oTµ 

IlpKM8H8HK8 paspa6oTaHHliX MaT8M8Tll'I8CKKX M8TO,ItOB cnoco6cTBO
Bano COS,ItaHml"KpYilHOro cneKTPOMeTpll'!eCKOro KOMIL1I8KCa "DmepoH" 
.iim :asyqeHirJi.nmpoxoro xnacca nponeccoB .o6paSoBaHKR H pacna.n;a 
'I8CTllU B!iCOKKX SHepI'Hfi Ha 76 I'sB ycKOpKTene H~B3. COS,It8HK8 K 
KCilOJil,SOBaHKe opKrnHaJIJ,H!IX M8TO,ItKK onpe,IteneHKR npocTpaHCTB8HHOro 
IlOROJlt8HKR TpeKOBHX ,It8T8KTOpOB K KHH8MaTir'I8CKKX napaMeTpOB 88pmlt8H
H!IX qacTllU cnoco6cTBoBano .JtOCTmtemm oocoKHX paspemaJlllHX cnoco6-
HOCTefi STOro.C-!18KTPOM8Tpa. ~ YCT8HOBK8 "DmepoH" B HaCTO~ee 
BpeMR Ilonytl8H PJm BalKH!iX ~SH'I8CKKX p0ByJIJ,T8TOB • 

Paspa6oTaHHli8 MaTeMaTH'I8CKHe M8TO.Itll MOryT 6HTb KCilOJll,SOBaH!I ~ 
.JtPYI'KX MarHKTH!IX MHOroKaHaJIJ,H!IX cneKTPOM8TpOB np:a KX.llp08KTKpOBa
HHK, COS.I(aHHK K llpOBe.zteHKK Ha HKX SKcnepKM8HTOB. 

ABTop sanmmaeT: 

,I. MeTO~.onpe.zceJieHirR reoMeTpH'IeCKKX KOHCTaHT SKCil8pHMeH
T8JIJ,HOfi ycTaHOBKK. 

,2. HOBYJ) M8T8MaTH'I8CKYJ) MO,IteJIJ, BOCCT8HOM8HKR napaMeTpOB 
TpBKOB 88pmlt8HHliX '!aCTllU C yqeTOM IlOJIHOff MaTpmv:J om:a60K B q;aKTO
pKSOBaHHOM npe.ztCTaMBHHK. ' 

3. MeTO,ItKKy onpe,IteJieHWI HMnYJil,COB 88pmlt8HHWC 'I80TllU Ha ycTa
HOBK8 "DmepoH" • 

4.MeTO,ItKKy MO,IteJmpOBaHirJi.OilTHMSJIJ,HOfi rBOM8TpKK H paspemaJIIIWC 
cnoco6HOCT8fi MeKTPOHHOfi ycTaHOBKH. 

5~· MeTO.It onpe.n.eneHRR CT8TKCTH'I8CKO! SHa'!HMOCTK np:a axcnepHM8H

T8JlbHOM o6Hap~eHHll HOBHX pesOHaHCOB. 
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6. MeTo.n; o6pameID!.fI o,ItHoro cne~MLHoro xnacca 6JIO'IHliX MaTpim. 

Anpo6amw; pa6oTH. PesyJIJ,TaT!i HCCJl8,ll;OBaID!li, IlOJlOXelUllle B oc
HOBY .n;nccepTarum, ,noKJia.ItJIBamICL Ha ceMllilapax .JllilI, .iL33- n JIBTA CIL'Ill, 
COBemaHHRX COTPY.ItHll'ISCTBa "l)mepoH"' KOHqJepem-1HRX MORO.ICHX yqeHHX 
EpeBaHCKOro ~HSH'ISCKOro llHCTHTyTa (I~79r.) ll Tonopyccllll (I984r.); 
OHR ony6nKKoBaH!i B npenpHHTax II coo6memmx 0Jffil1, Ey})P.aJie "Ilpn6opl:l 
II T8XHIIK8 SKcnepHMeHT8 11

• 

C0,11.EPJKAHME PABOT!:.! 
CTPYKTypa ll o6'beM nnccepTal!Illl. ,LllccepTaUim cocTOllT Ha BBe,ne

HirR, meQTII rJiaB u 3aKJilO'I8HHR; co.n.elKllT 123 C. M8IDllHOTil!CHOro 'I'SKCTa; 
B TOM 'IllM8 26 PllCYHKOB u I5 Ta6~. Cil!lCOK IlllTil'pyeMOM nMTepa
TYpl:l CO,It8pm!T 147 HaKM8HOBaHm1. 

Bo BBeneHHII cfopr,,yn:apoaaHo co.zcepii:aEne r.pe.zcMeTa EccJie,noBaHHR, 
o60CHOB8Ha aKTyaJlbHOCTb, Hay'!HaR H0Bll3li8 l! Ilp8KTR'l8CK8.H ueHHOCTb 
pa6oTH, nepe'!HCJieHH ocHom::ue nonoJKeHI!R, mrnocm.me Ha aamuTy. 

B nemiott rnaae npHBo,n.HTCJi KpaTKoe o_n:v.calil:e sKcnepHMeHTam,
Hoii _ ycTaHOBKH "TunepoH". 

YcTaHOBKa "TunepoH" pacnOJIOXeHa Ha K8HaJie J~ 18 cepnyxOBCK(;T'O 
yc1wpHTeJIR B nyqxe Hecenap:apoaamrux noJICEI!TeJlbHO aapm;:emmx qac
TllU. YcTaHOBK8 COCTOHT IIS H88.aBHCllMHX CllCTSM .n.eTeKTOpOB. 'l8CTHU, 
Il03BOJIRIOOlliX BH,!{OH3M8}lJITb KOHiliryprunm ll COC'IaB annapaTi'Pll B CC,c-';
B8TCTBllll C Tpe6oBaHH8M npoao.n.m.rnx 3Kcrrepm.18H'IOB. IIo g'yHKUHOH8JlbllCJ
MY HaSHaqemm OHa MOllt8T 6llTb •pas,IteJleHa H,a Tpll. OCHOBHHX yMa: 

- nyqKOBHfi Cil8KTpOM8Tp, CJlYllta~ ,nJIR ll,n8HTHq:HKruum 'l8CTHU 
nyqxa, ll3M8peHHR HX KMnyJIJ,COB H yrJIOB na.n.eHM H8 u;nIDeHL; 

- Mlllll8HL; 
- Cil8KTpOM8'IJ> BTOpR'!Hl:lX '!aCTim, Il03B0JlR!T-:lill 1:,ner:n1:imey0Ben 

'IaCTfflV;l, EHJieTaKll!Uie na MKlll8HH ll HSMepm1, l!X IDlJJYJlbCH B yr.ml. 
BcR CllCTeMa ~eTeKTOp0B BKJID'I8Ha B JlllHIDO c 33:A W-1010, C.l¼'l:8-

mefi ~ aBTOMaTlf<ISCKOro KOHTPOJIR sa annapaTypo2 ll Hal<OilJl8HRR IlOJIY-
qaeMOfi nHqopt,1an:im. . 

B xo.n;e llp0B8~8HllR SKcnepHMeHTOB KOMilJISKC annapaTyp:l paSB:HBaJICR 
n coaepmeHCTBOBaJICR, 6naro.n.apR 'ISMY B HaCTOffiil88 BpeMS ycTaHOBKa 
Il08BOJIR8T OCY1118CTBJ1JiTb nmpOKYJ) nporpaMMY nccne,noaalid 6nHapl:IHX H 
lIBKJIIl3HBHHX nponeccoB, npoHSBo.n.KTL 3KCnepm.1eHTH no IlOHCKY HOBHX 
COCTOJiHHli 'I8CTllU. 

B pa60T8 paccMaTpHBaDTCR .n.ae MO,n.Hip!KSUHH Cil8KTpOM8Tpa, OTBS'lalr 
mne Tpe6oBaHIDIM paMU'Il:IHX «pISU'ISCKHX sa.n_a'l. B nepBOM BSpHaHTe 
:r,meHT~HKain'lR K8H8Jla pearo::um npOHSB0.ICWI8Cb no cneKTPY H8,ll;OCTaD.!lHX 
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Mace K BTOPil'l.!illM K+ - Me80HaM, o6pasyeMHM B perut1U1RX 

.,. - +y+rvr_ +- !:+ ) :Ji-;:> /( I - L, £...1396 ·•• , (I) 

BO BTOpOM - HCCJie,noBa_JlllC!, cneKTpH aq¢eKTIIBHHX Mace BTOPil'l!IlIX 
-qacTHIJ;, p~alOUlHXCJI B peaKIU11lX TlUia: 

K~ + A - ;,~ + h -+ X. c2> 

Bo BTOpott rJiaBe onHCaHa HOBM MeTO,nHKa orrpe,neJieHIDI reoMeTpll-
-qeCKHXltOHCTaHT 3KCnepHMeHTaJil>HOit ycTaHOBKH. Ilp~aJil>HO HOBH:M 
B 3TOM no,nxo,ne JIBJISieTCR TO, 'ITO noJIH!IB Ha6op'KoHcTaHT ,nJISI cqBOKyrr
HOCTH TpeKOBWCJJ;eTeKTOpOB orrpe,neJISieTCR Ha OCHOBe MIDmMaJI!,HO B08MOX
HOro KOJIH'l8CTBa ruiq;OpMaUHil O npocTpaHCTBeHHOM noJioxeHilll ,nByx JI106mc 
npOBOJIO'lHWC ,neTeKTOpOB ycTaHOBKil. 

C¢opMyJillpOBaHa Il ,noKa8aHa TeopeMa O cymeCTBOBaHilll Il npI!Be,neH 
B~ MaTplnn,I, o6paTHOit K KBa8~KaI'OHaJil>HOtt OKattM.neHHOH 6JIO'lHOi1 
MaTpHIJ;e. B paMKax onHcHBaeMOH MeTO,nllKH C Hcnom,8oBaHHeM HOBoro Me
TO,na o6pameHHR MaTpHIJ; noJiy'leH aHaJIIlTil'l8CKrui B~ ~OPMYJI.Il cos,naHa 
aq¢eKTIIBHM no CKOPOCTil Il KOMnaKTHB.R no naM!ITil rrporpaMMa ,nJISI HaxOX

,neHIDI reoMeTpK'ieCKHX KOHCTaHT YCTaHOBKH. :3<.MeKT·,nOCTHrityT B pesym,
TaTe Toro, 'ITO 3JieMeHTH o6paTHOit MaTplID,tI,_ ncnOJII,8yeMoi1 npn pemeHilll 
CllCT8Mll JIHHe:l!Hwc ypaBH8Hlli1, npe,nCTaBJieHH: B JIBHOM B~e. a He Bll'IHC
JISIJIHC!, C noMOIIU>D TPa.ztHUHOHHH:X MeTo,noB o6pameHHR MaTpm:(. 

HOBM M8TO,nHKa nosBOJISieT C BHCOKOH TO'IHOCT!,D orrpe,neJIRTl> OTHO
CKT8Jll,H08 rrpocTpaHCTBeHHOe pacnOJioxeHHe TpeKOB.blX ,neTeKTOpOB ycTaHOB
KK, rrpe,nHa8Ha'leHHott ,nJISI nsy-qeHM r1UiepsapsmoBo-06MeHHHx npo~eccoa 
MeTO,nOM "He,nocTa!J!IlWC Mace". ~OCTHrHyTH TO'IHOCTH orrpe,neJieHIDI: X-, 
Y - Koop.nHHaT ,neTeKTopa· - O,I MM,-l:Jia noBopoTa ,neTeKTopa BoKpyr 
rrpo,nOJII,HOit OCH ycTaHOBKli - 4 X IO pa,n. AHaJIIl8 cneKTPOB He,nocTaD:
lllHX Mace, nOJiy'leHHHX ,nBYMJI cnoco6aMH - 6es y-qeTa yrJIOB noBopoTOB 
KaMep H C y-qeTOM nocJie,nHHX - nOKa8aJI, 'ITO cpe,nHeKBa.rq>aTil'JHaH WHpH
Ha nHKa L + - r1UiepoHa cocTaBJISieT(72 ± 2) n(54 ± I,5)lilaB cooT
B8TCTBeHHo. TaKHM o6pa80M, y-qeT yrJIOB noBOpOTOB IIJIOCKOCTett rrpOBOJIO'l
HB;X KaMep rrpHBeJI K noBHW8H.IW TO'IHOCTH orrpe,neJieHHH He,nocTalllllett Mac
CH Ha 25%, 'ITO o6ecne'IHJIO Heo6xo,nHMoe paspemeime ,nJISI BH,neJieHIDI KaHa
JIOB nmepsap,MOBO -OOM8HHblX peaK~IlH (I). 

fJiaBa TOOTI,ff noCBHmeHa paspa6oTKe MeTo,noB BOCCTaHOBJiern 
KHH8MSTK'i8CKllX napaMeTpOB 8apmit8HH.b!X 'l:aCTHIJ;. 

Cos,naHa HOBSH MaTeMaTil'l9CKM MO,nem, BOCCTaHOBJieHIDI napaM8TpOB 
TpeKOB sapmicewmx -qacTHIJ;. HOBR8Ha 8rutJm'l:aeTCJI B rrpHMeHeHilll rrpn 
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orrpe,neJieHHH rrapaMeTpOB Tp9KOB cneUHaJil>HOro MaTeMaTH'l9CKOro aIIIIa
paTa, paspa6oTaHHoro Ha ocHoBe aJire6pH JieHTO'lmIX onepaTopoB. 
B paMKaX 3TOil MO,neJm c HcnoJib30BaHHeM ~aKTOPH30BaHHOro npe,ncTaBJieHHR 
HHq;OpManHOHHb!X MaTpHIJ; nOJiy-qeH aHaJIHTil'lecKrui B~ ~OpMyJI H cos,naHH 
6HCTpl,19 aJiropHTMH BOCCTaHOBJI9HIDI TpBKOB 'l:aCTHIJ;. 3To n08BOJIHJIO B 
5-10 pa8 nOBHCHTl> CKOpOCTl> BOCCTaHOBJI9HIDI reOMeTplm OT,nem,HOro 
co6H_TM no cpaBHeHil!OcMeTO,naMH no,nrOHKil (<iHTHPOBaHIDI) napaMeTpOB, 
HCnOJI1,8YlilllHJC HTepaUHOHHble rrponeccH. 

~OpMyJibl ,nJISI orrpe,neJieHIDI napaMeTpOB npHMOJIHHeHHWC TpeEOB C 
y'l:9TOM noJIHoil MaTplID,tI omn6oK B 4aKTOpll80BaHHOM rrpe,ncTaBJieHilll 
HMeIDT B~ a _ t, + det [ &:,ft i'<,1
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] 

- 2 det~ ,., 
6 _ t, -t J<(f;-t;)+ P,~ ~ift;, 

. '15.t - -f 2 r Fl'r ;=-pr 

• (3) 

r,ne a - HaKJIOH TpeKa, Ji - ero HHTepceIIT, t, - HaKJioH TpeKa 
B [ - it Il8MepeHHOH TO'!Ke, ,d S; - paccTOJIHHe Me.lK,Ily t,' H t ~..t' 

TO'IKaMH, U;z - HHq;OpMaUHOHHble MaTplID,tI pa8MepHOCTl>IO 12 '21 ' 

F ,: (lK.f, - ~ 1 ~ -~2) ~ P=f~,1?.?J K-= ~ ~ .,..~~. 

B rJiaBe ill OllllCaHa TaKJKe MeTO,nHKa orrpe,neJieHIDI HMIIyJll,COB 
8apJIXeHHmc 'l:aCTHIJ; B YCJIOBHJIX ycTaHOBKH "DmepoH". 

Pac'lBTHaH paspemaIOil!M cnoco6HOCT1, cneKTPOMeTpa BTOpll'IH.b!X 
'l:aCTHIJ; ycTaHOBKH "DmepoH" no HMIIyJil>CY COCTaBJISI9T 0,5%. OTCIO,na 
CJie,nyeT, 'ITO rrpH ncnOJI1>80BaHHH MeTo,na "He,nocTalOUlHX Mace" ,nJISI 

orrpe,neJieHIDI napaMeTpOB BTOpK'iHWC -qacTHIJ;, o6pa8oBaHHWC B peaKUHH (I), 
norpemHOCTl> MeTo,na orrpe,neneHIDI m.myJI1>ca He ,nOJJJitHa rrpeBHWaTl> O,I -
..: 0,2%. TaKne XS BHCOKHe Tpe6oBaHIDI HaJiaraJOTCJI Ha TO'IHOCT!, H8Me
peHIDI KOMITOHeHTOB Hanp.fll!';9HHOCTU MarHUTHOro ITOJIR. 

BeJIIl'lllHH KOMITOH8HTOB HanpR~BHHOCTil MarHHTHOro nonR(ffx, Hy, H2) 
cneKTpoMeTpll'leCKOrO 3JieKTPOMarHHTa l,1C-I2 ycTaHOBKR "DmepoH" 6HJIIl 
H8M9peHH: c yKa8aHHoit TO'IHOCT!,10 B .::::::.I30 THCR'lax TO'ieK. 

MeTo,n orrpe,neJieHIDI HMIIyJil>COB sapmi:eHHblX 'l:aCTHIJ; {)CHOBaH Ha 8aMe
He KapTbl. MarHHTHOro IlOJISI, COCToamefi Il8 400 THCJI'l 'IHCeJI ffx, Ilv, Hz-; 
Ha60pOM KOa~eHTOB npH noJIHHOMax ~e6!:IllleBa, COCTOJ!lllHM H8 r-1-!'3 TH
CJI'l 'lllCBJI, lli.mym,c 'l:aCTHnb! rrpn 3TOM Bbl'lllCJISieTCJI no ~OPMYJI9 

#, /4&f !6 Al. 

16 = t fa,,,, kI: c6'i<~111 TfJ,Jfrtn;rirr;a,J r.r16J . (4) 
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aitec:E,: j _ 2,X,.-An-.Bn 
n - 8N-A,., 

nepeMerurne, ll3M8WIJOUlH9C.ff B llHTSpBaJie f:-1,1}, [A,B]h~f - rpaHBIUi 
ll3M8H9HH.ff napaMSTpOB X,z, ¥in., - BXOJiHHS napaM8TpH, X1 + X4 -
- KOOP'AIIHaTH TO'I8K, npllH8'A)I9lltallllIX TpaeKTOpllll sapmK8HHOft qacTII-
IUil, X1, ¼ - (x,y) - KOOP'Al!HaTH TO'IKll TpaeKTOpllll, COOTB9TCTByunII8 
C9!)8'AllH9 MIIDISHII, X3, X4 - (x,1) - KOOP'A~aTH, COOTB8TCTBynilll9 TO"<IKS 
BXO'Aa 'IaCTll!ij:l B MarHIIT, Xs= p• Xs - X - npoe~ yrJia 9 OTKJIOH8~ 
HlI.ff qacTll!ij:l, npome,nmeii qepes MarHIIT, T(x) = C'QS[nc,t<!CO~)l- 11o.mmoMH 

TJe6.IIDISBa, { C~K✓n:1.~~:- Ha60p K08cM~eHTOB llpH lIOJmHOMax 
Tie6.1ID1eBa. ~ 

Jf,7IJI Ollp9'A9JI9HH.ff ID.UiyJll,COB BTOpll'IHHX 11+- M980HOB B !)8aRitllli 

~,../J - :u";O • (5) 

ll8M9!)8HH.O! Ha ycTaHOBKS "DmepoH" npn lIMIIYJII,CS ll8pBll'IHOH qacTimi,t 
Pn+ = IO raB/c, 6wr paccqnTaH Ha6op ns 3x3x5x6x5 KosqxiJ~eHToB. Ilpe'A
BapIITem,Ho 8TOT Ha6op 6HJI lIClIOJll,80BaH ,It,1I.ff Ollpe'A9JI8HIDI lIMIIYJil,COB 
CMO'A8JIHpOBaHHWC TpaeKTOplIH. ITOJIY'I9HHH9 8Ha'I8Hll.ff_ lIMIIYJll,COB P2 6HJill 
COllOCTaBJI8Hll C Ha'IaJll,HHMl'I 8Ha'Ie
Hll.ffMll Pr- Ha pnc.I llplIB9'A8HO 
pacl1P9'A8JI8Hll8 CMO'A8JIHpOBaHHHX 
TpaeKTOPllli 110 B8Jlll'IllH8 ~= i-,4 
,It,1I.ff YKaSaHHoro Ha6opa KostMin
ItReHT0B. Hs pnc.I B~HO, 'ITO 
Cp0'AHJI.ff TO'IHOCTL npn Oilpe'ASie
Hllll lIMIIYJll,Ca qacTll!ij:l ,It,1I.ff CMO-_ 
'ASJIHpOBaHHOH TpaSKT0pllll COCTa

BHJia (*)= 0,087%. Cp9'AH9KB8'A
paTll'IHa.ff nmpmra CllSKTpa HS'AOCTa
XXlllIX Mace K BTOPII'IHOMY n+ -

Nr----------~ 
120 

IO 

60 

401 

•• 

HaGop 3•3•5"6•5' 
(~•0.007X 

l>•0.0047 

OL--~-~-.:,..__J 
M850HY, 06paSYD1181fYC.!I B peaK- o.t · 0,1 0-3 6 1lpc1'-1 

ItRH (5), COCTaBJI.ff8T (53±1 ,5)MsB, Pnc. I . 

'ITO corJiacyeTC.ff C paC'ISTHOii BSJill'IllHOH ~ 'll0JIY'ISHH0H MST0'A0M 
MoHTe-Ka_pno, C Y'J8T0M paSpeDiaJWUDC ClI0C06H.PCT8H 8KCll8plIM8HTaJll,H0H 
ycTaH0BKH. 

rJiaBa IY llOCB.fflll8Ha C0B'AaHml M8T0'AlIKH M0'A8JIHp0B8Hll.ff co6HTd, 
p0I'li!CTpHpy8MllX 8KCnepIIM9HTaJll,HHMH ycTaHomtm.m. O03'A8Ha nporpaMMa, C 
ll0M0IItl>D R0T0pott BHlIOJIH8H0 M0'A8JIHp0B8Hll8 paSJDAma: BapnaHT0B ycTa
H0Bim "I'mrepoH". IlporpaMMa ll08BOJI.ff8T M0'A8Jillp0B8TL C06HTWI lICCJI9'AY8W 
MO! peaKnJl[ll B paMKaX .Ollp9'A9JI8HHO! reoMeTpmi; ycTaH0BKH lI B0CCfaHaB
Jll!BBTL 11apaM8TpH 'IBCTmJ; C yqeT0M c.Jl8'AYJ]ltKX CJiyqaiima: giaKT0p0B: 

6 I I 

") 

MHOrOKpaTHoro KyJIOHOBKoro paCCS.ffHH.ff, reoMeTpll'ISCKOro paspemeHH.ff 
'A9T9KTOpOB, (J!OHOBHX ycJIOBHH. )],JI.ff BOCCTaHOBJISHH.ff mIHeMaTl!'ISCKlIX riapa
MSTpOB qacTmi; lIClIOJll,3YJOTC.ff aJirOplITMcl, onncaHHHe B rJiaBS lli. 

Ilpll 113Y'J9Hllll 611HapHHX llp0ll,9CCOB (l) MSTO'AOM "H8'AOCTa!OOllIX Mace" 
'AJI.ff paS'ASJISHll.ff IlllKOB OT L+ - rnnepoHa.11 2+(1385) - pesoHaHca 
Heo6xo,nnMO llMSTL paspemeHHS ycTaHOBKll,IlO H8'AOCTa!00\8H Macce BSJllNlIHOll 
50 - 60 MsB. C llOMOUU,D llp0rp8M1fil MO'A9JIHpOB8Hllll 6HJI paccqnraH BapnaHT 
reoMeTpllll ycTaHOBKll, o6ecneq:imal00lllii paspemellle no lIMllYJll,CY nepBmHoii 
'!aCTJml,I . ..d p/p = 0,3%, no m.myJILcy lI yrJzy BRJieTa ll3 MHIDSHH BTOPll'IHOro 
~ - M830Ha ti.p/p = 0,5% ' lI a9 = 0,3 MP8'A, 'ITO lI noSBOJilIJIO 'AOCTII'IL 
YKaSaHHoro paspemerum no HS'AOCTaIOU!Sil Maces. 

C ll~MOUU,D ps;na MO'Al'lg)lmal.Uiil nporpaMMH MO'ASJinpOBaHll.ff llp0ll3B8'A8Hhl 
pac'!STR napaMeTpOB 8Kcnep~8HTBJILHOH ycTaHOBRH Ha OCHOBe I80-caHTJ.1:
M8TpOBOH CTpHMepHOH KaMepu, a TaKJKe BHilOJIHSHO MO'A8JinpOBBHll8 KJiacca 
SKSOT ep.Mll'IecKHX npoueccoB Tnna K + 4He __,. ¼~, + T (npe'AJ!OlltSJ_me sKcne
pHMSHTOB 110 llOlICKY HOB!lX rnnepOHOB 11/HJil'I nmepoHHH~ pesoHaH
COB MSTO,nqM "HS'AOCTaI,lllllX Mace" K TPHTIDO). 

B rJiaB8 Y onncaH ·HoBRii MSTO,n onpe,neJieHruI CTaTJIICTnqecROti 3Ha\JJIIM_OC
TH lllIKa rHCTOI'!)BMM!l npn ,3RCnepJIIM9HTaJJbHOM o6HapyJKeHJIIJ.1 HOBHX pesoHaHCOB. 

3@9KT o6pasoBaHll.ff HOBOfi '!BCT~ MOllt8T IDlllTHpoBaTl,C.ff CTB'Illc'I:;;-.ec
KOil <rJIYKTYaJ:tRSH. Il08TOMY 9CT9CTB8H· HHTepec K BOnpocy O BSpORTHOCTll 
TaKOH <rJIYKTYBIJ,IDI KaK M9pll CTBTllGTli'i8CKOil 3HB'IHMOCTll HB~aeMoro sg;
q)eKTa - IlllKB rHCTOI'!)aMMll, 

PaHee He cymecTBOBaJIO 9'AllHOro KpHTep11R Oll,8HKli CTBTHCTK'!8CKO~ 
3Ha"!HMOCTll a<MeKTa. B O,nHl'!X pa60TBX Oll,SHJIBaJill C'IBTl'JCTJ~ScK:,'D 3H8'Il'J
MOCTL c llOM(?utJ,D X 2 - KplITSpM. B 'APyrllX pa6oTax np:imo,nWIOCL tJECJIO 
CTBMapTHHX OTKJIOH8HIIH h '· ' llpll'ISM a onpe'A8JJR.Jm pa3JIII'?HllM cnoco6oM: 
HJil'I KaK ,¼/r/17;, lW1 KaK t¼1Yt16 "'Np' , r.ne #8 - KOJill'ISCTBO co6!l
Tllli Ha.n ctoHoBofi Kpmioil ( scMeKT), N <I: - KOJIITTecTBo co6RTHM DO'A qoHo
Boit Kp:imoit. B 'AHCcep-raunn noKasaHo, 'ITO o,nHoil BSJIINlllill A He,nocraTo'I
HO 'AJI.ff KOppeKTHOH Oll,8HKH BSPORTHOCTH CTBTlICTH'!eCKOil q;Jiyl{Tyrunm. 3Ta 
BepomHocu saBHCHT, noMHMo BS.JllI'llillli h , OT KOJill'IeCTBa srqeeK rncTo-

:rpaMMR, OT '!HCJia .ff'I99K, B K0T0pHX' Ha~aeTC.ff mm, ll, B00611!9 roBOJlR, 
OT (IOI)Mli cJ;oHOBOff KpJIBoil, OTHOCHT8Jil,HO KOTOpoit npOH3BO'AHTC.ff OTC'IeT 

scMeKTa. 
BIIB8'A8Ha cJ,opMYJia ,It,1I.ff 0Ilpe'A9Jl8Hll.ff aepOllTHOCTJ.1 CTaTJ.lCTHqecROri'qi.nYR

TyaIJ,llll lI llOJiyqSHH '!HCJI9HHR8 8Ha~9Hll.ff B9p0.!ITHOCT9fi ,It,1I.ff llpaICTII'I8pKH 
nHTepecHRX CJIY'laeB. TuJill pacc'IHTBHR TBKE.8 B8JIH'Illllll B9p0.!ITHOCT9A 
CT8THCTR'l8CKHX g;JIYKTyarnrl\ ,It,1I.ff ~ axcnepHM8HTOB, B KOTOplX 6wm 
66Hapy1t8HH HOBli8 pesoHaHCH. 
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B rJiaBe YI npl'!Be'AeHH pesym,TaTH o6pa6oTKH sKcnepm.ieHTmHol 
miq:OpM~. nOJIY'I8HHOii C noMOUU,10 ycTaHOBKH "I'imepoB'', }JJJJil)CTPHPYI0-
1UH8 a®eKTRBHOCTI, COS'AaHHoii M8TO~. 

Paspeme1me no aqqjeKTRBHOll Macce Cil8KTPOM8Tpa BTOP:irt!HHX tJaCTlm 
6HJIO Onp8'A8JI8HO B OilllT8 no )ICCJI8,l'.lOBamm Cil8KTpOM8TpOB sqq;eKTl'IBHHX 
Mace ~OHOB, o6pa8Y]!lllHXCR B nponecce 

,frffr) r .8e ·-h + ~ /2-+ X (6) 

npn m.myJIF,ce nepBmHoro IV-MesoHa II ToB/c. 
C TO~ sperum oneHKR paspemerum yCTaHOBKH Han60JIDmnii RHTepec 

np8'ACT8BJIJI1DT 'AaHHH8 0 Cil8KTpe sqq;eKTl'IBHllX MaCC n+n- - M880HOB OT pac
n~a K0 - M880Ha_npH ycJIOBHH, 'ITO B8pnumH "BRJIOK" n+n- - M880HOB pac
IlOJIOX8Hll BH8 MHII18HH. B 8TOM CJIY'Iae RCKJIJD'l8.8TCR MHOroKpaTH08 pacceR
HH8 IlROHOB Ii Mlllll8HH, H nrnpHHa mma He 8aBRCHT OT ee TOJilIUlHll. THlIH'l
Hllii Cil8KTP sqxMKTRBHllX Mace n+n- - M880HOB B paiioHe nRKa noKaSaH Ha 
pnc.2. Cpe,l'.lHee KB~aTHtJHoe oTKJioHeHHe sToro pacnpe,l'.leJierum, xapaitTe
pnsyDl!ee paspemeHHe cneKTpoMeTpa, cocTaBJIReT o =(2,6 ± 0,3)MsB. 

Ha _pnc.3 nao6paxeH cneKTp sqqjeKTl'IBHHX Mace cncTeMH K4K-,.sape
rncTp1IpoBaHHHii B peaKURR ( 6). BlJ,Il;eH tJeTrutli mm OT pacna.iia I>' - K11r". 
Cpe'AH88 8Ha'l8HH8 Maccu B mme M = 1020 MsB, nrnpRHa Ha IlOJIYBUCO~e 

AM= I2 MsB. EOJIDmoii B~ ( ~ro MsB) B STY BeJIHtJRHY BHOCHT MHoro
KpaTHoe pacceRHRe W' -M830HOB B 6epHJIJIH8BOil MRmeHH, HMeBmell TOJI
numy IO CM. 

Nt13~M~~· ~-~-~. -,I 

20 

10 

445 

K• •Be-K"•X 
i.r"

K• 

§_MJB 

475 505 535 

M~-.~ 
Pnc.2.Pacnpe'AeJieHne no aq$3K

TRBHOft Macce CRCT8Ml:l n+n--M880HOB. 

8 

t-.'16M.,......~~-~~-~ 

30 

• K',ee-zr .x 
Pl('•11.2C 

'Kl05 1035 10BS ms 112s 

Mk'K· , MJB 

Pnc.3.Pacnpe'AMeHHe no 
acfibeKTRBHOtt Macce CRCT8MII 
K11r- M830HOB. 

f 

-~ 

J 

Ha p:ac.4 noKaSaHO pacnp8'A8JI8HH8 no pasHOCTR BeJmlraH (Pr - Pz) 
m.myJII,COB ny'IKOBUX tJacT,m, npOXO'AR!UHX qepes BCIO ycTaHOBKY (6es MHII18-
HR): lIMnyJIF,CU onp8'A8MJmCI, C IlOMOUU,10 nyqKOBOro Cil8KTpOM8Tpa (Pr) R 
oneKTPOM8Tpa BTOp:irt!HllX tJaCT,m (Pz) H83aBHCRMO. Cp8'AHRR B8JmlraHa 
m.myJIF,Ca ( P) =. I2 ToB/c; Cp0M8KB~TH'IH08 OTKJIOH8HR8 pacnpe,n;eJie
HRR COCTaBJIJI8T 0=(74±I)MsB/c, T.e. 0/(.P) =±o,62%, 'lTOXO
pomo cor.nacyeTcR c pactJeTHHMH norpemHocTm.m onpe'AeJierum m.myJIF,cOB c 
IlOMOUU,D 8TRX cneKTpOM8TpOB: .11P/Fr = ± 0,35%, LJP/Fz = ± 0,45%. 

. IlpR HCCJI8,ll;OBaHHH J:lllOU8CCll n+p ~ K+ + X nOJIY'I8H cneKTp H8'AOCTaJD-
1UHX Mace, li306pruiteHHHii Ha pnc.5. an;ec1, IlOMHMO OCHOBHoro MaKCRMyMa, 
OTBetJamtero peaitUIDJ n+p,... IV .r +, Ha6JIJD,I(amcR ,1J;pyrHe mmn, cooTBeTcT
BYJllll1:le o6pasoBamno peSOHaHC.JlllX COCTOJIHID12+(I385) n i:+ (1670), 'ITO 
y68'ART8JIF,HO CB1J,!1;8T8Jll,CTBY8r O BUCOKOM paspemeHHH np:a6opa. 

IlOJIY'I8HHll8 TO'lHOCTHll8 xapaKT8pHCT.llKli peaKURH (I} B cpaBH8HHH C 
aHaJIOrR'IHllMH ,l'.laHHHMR 'APYrHX cneKTPOMeTpOB npHB8'A8Hll B T.a6m11-1e I . 

PaSpeIIlallllU18 cnoco6iIOCTR ycTaHOBKRB,BapnaHTe cneKTpOM8Tpa "~ 
~eKTHBHHX Mace" 'AJIR nsyqerum nponeccoB Tnna (2) n BJmeJierum oneKTpoB 
Mace n+n- - CRCT8M npHB8'A8Hll B Ta6JI,me II. 

N 

300 

200 

100 

Pcn'"f'NC1 Msl/c 

Pnc.4. Pacnp8'A8JI8Hll8 no paSHOCTR 
B8mr<mH HMilYJll,COB .IIy'lKOBUX tJaCTlm, 
R8M8p8HHHX r noMOIIl:&10 .IIy'lKOBOro OnBKT
pOM8Tpa (Pr H Cil8KTPOM8Tpa BTOpll'lHllX 
'iSCTlm (Pz • . 

9 

.. ., 
:i 

~ 

1:+ 

·I 
n•p-K+X 

N•8755 

Pnc.5.Pacnpe'AeJiemr~ no 
H8'AOCTamt8! Macce K ~ -
M880HY B peaitUIDt (I)• 



Ta6mm;a I. TotJHOCTll ll8M8p8H:11ff He.nocTameil MaCC!l B peawm (1) 

YcTaHOBRa Pn 
rs:n/c 

(Ap/p>rti-
% . 

(Ap/p)~ A¥ A 1~ 2 
% . Ml)~ MsB c 

"rRnepoH" 12 0,35 0,45 0,6 56 
MMStER.tl IO 0,15 0,42 0,8 60 
5AMS 8Nl 6 0,66 40 
·sA5 FLA/3 70 0,09 0,09 67 

Ta6mm;a .. n. TOtJHOCTll ll8Mepemm 8~RTKBHOit MaCC!l CHCT8Mll 
n+n- - MeSoHoB ( h + A+~X, K0 - fi+n-) 

YcTaHOBRa Pea:imuir P ( ToB/c) o(MsB/c2) 

"DmepoH" l<""Be - K0X II 2,6 
EMC-2 OHJJl'l 11.C ---K'X 40 4 
5137 CERI/ K'n - l<°f' 6-12 9 

IJVMS dNL AjO - .K°;r ,,0 20. 2,8 · 
/ASS SLAe l<n. - l(j:, 13 5,5 

MPS SNL 7i"f!_ - Ko,'\'' 5-15 4,5 

IlpHM8H8HR9 paspa60TaHH11X MaTeMaTlltJ8CRHX M8TO,ll;OB cnoco6cTBOBaJIO 
c·os,naJmJO ycTaJioBRll "rRnepoH" n ee HCnOJJl,SOBaHmO ,n.IDI nsyqeHHfI nmpoRoro 
RJiacca npOQ9CCOB o6pa8oBaHllR ll pacn~OB tJaCTHQ BllCORHX 8Heprml. 

B saRmotJeHHH c(fopMymrpoBaH!l ocHOBH!le BHBO,nll .nnccepTaQRR. 

OCHO:aHb!E BIIBO,l]Jl .IlliCCEPTAWfil 

I. Paspa6oTaHa opur1IHaJI1,HB.H MeTo,nHKa onpe,neJieHlI.fI npocTpaHCTBeH
Horo IlOJIOh:emm Tp0KOBl1X .neTeRTOpOB 3JI9RTPOHH11X ycTaHOBOK, 3Ta M8TO
,nHKa anpo6l!pOBaHa Ha OCHOB8 pa8JIHtJH!lX ROH{fllryJ)aUIU1 ycTaHOBKll ''I'une
poH". Ilpo.ner,lOHCTplipOBaHO, tJTO .llpill,!8H8Hll8 3TOli M9TO,ll;HKH n08BOJI.II8T 
noB11cm1, peaJI1>HYJO paspemruazyIO cnoco6HocT1> ycTaHOBKll "DmepoH" no 
11 H8,IlOCTaIOOUllll MaccaM" Ha 25%, 

2. Cos.naHB. HOBa.ff MaTeMaTlltJ8CRa.ff MO.U.eJll, BOCCTaHOBJI8lilIH KllH8Ma
TlltJ9CRlIX napaMeTpOB sapmKeHH!lX tJaCTHU, B paMKax 8TOil MO,IleJm no.nyqe
Hll .!IpOCTl19 aHB.JillTmecK119 Bllpruit9HllJI BOCCTaHOBJierum napaMeTpOB Tp0ROB, 
tJTO nOSBOJIHJ.10 nOBHCHTl> CROpOCTl> 00pa60TKll OT,Il9Jil>HOrO C06!1TH.ff B 
5-IO pas no cpaBH8HlIIO C Tp~~OHH!lMll M8TO,ll;8MlI onpe,neJieHruI napaMeT
poB, ncnOJD,SyuqliX nTepaQROHHYJO IlpOQ9.IJYPY, 

3. Paspa60TaHo MaTeMaTHtJecRoe ooecne'IeHHe ,n.IDI oopaOoTRH pesyJil>-
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TaTOB HSMepeHHii MarHHTHOro .!IOJIH cneRTpOMeTpHtJeCROro MarHHTa MC-12. 
IloJJ:y'IeHHHe B·pesyJil>TaTe HSMepeH:ail RapTH MarmrrHoro noJIH nosBOJmJlliI 
ooecne'IllTl> Heo6xo.nHMYJO TO'IHOCTl> B onpe,neJieHHH liMIIYJil>COB nepBlt1mWC 
ll BTOpll'iHWC 'I8CTHQ: OTHOCHT8Jil,Ha.ff norpemHOCTl, B onpe,n;eJieHHH mmyJil>ca, 
npHBHOCHMM H8TO'C!EOCTl>Ill llSMepemtii nOJIH, HS npeBHma8T ci,1-0,2%. 

4. Paspa6oTaHB. M9TO,IlllKa onpe,neJieHHfI HM!IYJil>COB Sap!DK8HHl1X 'I8CTHQ 
Ha ycTaHOBK8 "rRnepoH". IlorpemHOCTl>, IlpllBHOCHMa.!I H9TO'IHOCT1,Ill M8TO
,n;a Ilpll onpe,n;eJierum Ap/p, COCTaBJIH8T 0,1-0,2%. 

5. Paspa6oTaHa M9TO,IlllRa pac'ISTOB OllllTIJMaJil,HOH reoMeTpllll u pas
P9maJWlllX cnoco0HOCT9i1 MarHHTHllX MHOroRaHB.Jil>HllX cneKTpOM8TPOB, lIM8I0-
1JlllX B OCHOB9 Tp0ROBl19 IlpOBOJIO'IHl19 ,n;eTeRTOpH. 

B paMKax 3TOli M9TO,IlllRH pacc'!llTaHll napaMeTpH KOHKp9THl1X BapuaH
TOB ycTaHOBRH "rRnepoH" ,Il;JI.!I ll8YtJ9Hll.!I runepsa~OBO -06M8HH!1X IIPOl.l8C
COB ll HHRJIIOSHBHOro oopasoBaHll.!I B9RTOpH11X M880HOB. Co3,IlaHHaJI ycTa
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THna MaTpHQ. • 

7. Cos.naH HOBHli M9TO,II; onpe,neJISHll.!I CTaTllCTlltJ9CROil 3Ha'IHMOCTH npn 
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