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Hccne,noB8HHH npoxaneHH8 KBapKOBblX CTeneHH8 CB060,IU,I B .R,ll.6pHOM 
Be~eCTB6-~·o'Affa H3 BB.llCHerunHx 3~aq Ha nyTH K llOHHMaHHIO 3aKOHOMepHoc-
T68 KBapKoBoro·cTpoeHHH MaTepHH. . .. 

OBiiWI XAPAKTEPHCTID{A PABOTH, 

AKTya.nhHOCTh npo6new. 0;;0•8--....Ha' aKTya.n~iooc npo6neM sKcnepHMeH
Ta.nhH08 ~3HKH qacTHQ H .R,ll.8pHo8 ¢H3HKH BHCOKHX aHeprH8 xanxeTcH no
HCK H HCcne,noBaHHH MyBbTH6apHOHHlilX (B = 2,3,4) O'Affoa.npoHHIDC COCTOH
HH8, KOTOpHe npe,ncK8.3b1B81>TCH B pBMKax COBpeMeHH08 ¢H3HKH ~pOHOB -;:.· 
KB8.HTOB08 xpOMO,ltHHaMHKH. TaKHe 061,eKTli MoryT 6b1Tb o6HapJllteHbl B .R,ll.pax 
KaK npHMech K 061,1qH08 HJKBOHHoil ~se .R,ll.epHoro ae~ecTBa! oKcnepHMeHTbl 
B 3T08 o6nacTH BalltHbl ,ll)IH OllHCaHHff .R,ll.6pHIDC HBH6HH8 Ha MMblX OTHOCH
T6BbHblX M6lltHyKnOHHblX pacCTO.ltHHHX. 0HH noMoryT npoacHeHHIO npHpO,IU,I 
KOH~8HMeHTa H H3yqeHHIO ~30Boro nepexo,na OT 061,1qH08 HJKBOHH08 <pa3LI 
.R,ll.epHoro ae~ecTaa K KBapK-rn100HH08 nna.aMe. 

C ToqKH 3peHHa ynpo~eHHff 3KcnepHMeHTMbHblX H TeopeTffq8CKHX ac
neKTOB npo6neMH HaH6onee npHBneKaTenbHbl noHcK H Hccne,noaaHHe ,nH6a
pHOHHblX weCTHKBapKOBblX ( 6 q,> COCTomrnn. ,ll,e8TpOH' KaK CaMM npocTM H 
HaH6onee irnyqeHHM .R,ll.6pH8.SI CHCTeMa, HBn86TC8 nepcneKTHBHblM o6'I>eKTOM 
,ll)lff 3KcnepHMeHTOB no HsyqeHHIO TaKHX COCTOHHH8. Ha MllJiblX OTHOCHTeHb
HblX pacCTORHHHX, v-~ I ihl, HyKBOHbl B ,ne8TpOHe MoryT nepeKpblBaTbCR, 
TCpHTh CBOIO HH,nHBH,nyaJlbHOCTh,H CTpyKTypa ,ne8TpOHa 3,lt6Cb 6yheT onpe
,nenaTbCH cao8cTBaMH 6q_ CHCTew. TeopHe8 npe,ncKas1,1aaeTca' I/ PH'A 
xapaKTepHCTHK TaK08 KOH¢Hryp~H - BCJIHqHHa 6ci, - npHM6CH B ,nellTpoHe, 
cneKTp Mace H WHpHHa TaKHX COCTORHH8, 6apHOHHM KOMil0311!;1H8. H3 ,naH
HblX no 3H6KTpoMarHHTHblM ¢opMilJ8.KTOp8.M ,ne8TpoHa nonyqeHtlG• 31Iepa1,1e 
o~eHKH B6BHqffHbl 6q, npHM6CH. Ha116onee nOHHM HHqJOpMa~HH O xapaKTepHC
T~Kax ,ne8TpoHono,no6Horo 6q, - COCT08HH8 MOllteT 6b1Th nonyqeHa H3 He
nocpe,ncTBeHHIDC H3MepeHH8 BOHHOB08 ~yHK~HH ,ne8TpOHa (~) npH MB.nblX~ 
HHH ~ypbe-o6pasa KOH¢Hrypa~OHH08 ~ B o6naCTH 60HbWHX 3HaqeHH8 
aHyTpeHHHX HWIJHbCOB HYKHOHOB k > 0,5 l'aB/c. 'l'aKaa HH¢opM~R MO
llteT 6b1Tb H3aneqeHa H3 3KcnepHM6HT8JlbHblX ,ltaHHblX no HMnYBbCHblM cneKT
paM npoToHoB H3 peaK~H cl + A ._. P + X npH ,nocTaTOqttO BblCOKHX sHa
qeHHRX HMIIynbca H8Jl6T8.ll~ero ,ne8TpOHa. HHBapHaHTHble ceqeHHH TaKoro 
npoqecca Henocpe,nCTB6HHO CBH3aHbl C HMnYHbCHblM pacnpe,neneHHeM HJKHO-
HOB B ,neRTJ)oHe ) lfl d. ( k) \2 • · 

Uenb pa60T1,1. HacTo~aa pa6oTa noca~eHa aKcnepHMeHTaJibHblM Hc
cne,noBaHHHM HMfiYBbCHblX cneKTPOB npOTOHOB, BWieT~HX no,n yrnaMH 

8 < 0,4° a peaK~H d A. - p X Ha C H CH2 MHWeHax, H HsaneqeHHD 
H3 TaKHX ,ltaHHblX HHqJOpM~H O CTpJKTyp6 ,ne8TpoHa Ha ManblX OTHOCHTenb-· 
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HLIX MeMHyKJIO!fHl,l)C paCCTOJUilfflX. B 3KcnepHMeHTe Ha nytlKe peJI.llTHBHCTC- • 
KIOC ( 8,9 I'aB/c) ,1teATpoH0B CHHXpo!fiaaoTpoaa.OHmf ,CiLIJIH no,1tpoeiao, c wa
row 0,09 I'aB/c, H3MepeHH HJ!!l:lpiiattTmi:e ceqeffif.11 3THX pefu.~'1.!! ~ m11poKoA 
KHHeMaTHqecxoA OCiJiacTH 3HaqeHHA HMilyJibCOB npoTOHOB 3,6 I'aB/c' p~ 

. e,(}5 r3Bic. ii.--...•- - •• .,., ... o""""" napa,,a>poe 
npHMeCH 69, - KOMnOH8HT.bl ,lt8RTpoaa. 

HoBHaHa paCioT.1,1. Ilo,1tp0Cimre 3KQrrepHMeHTaJlbffHe ,llSJiHL!e no HHBapHSHT
ffLIM ceqeHHRM npoqecca . d + C ( t H2) - p + X npH Pa = 8,9 I'aB/c 
B1YKaaaaaon BLl!l!e WHpoKoA OCiJiaCTH HMilyJibCOB npoTOHOB llOJiylleffH Bn8pB.1,1e. 

· Ha SHSJllfaa __ aTHX .llSHHLDc Bne_pBw nOJiylleHa oqenICa COBoKynnocTH xapaxTe
PHCTHR oq:· - KO.MllOHeHT.bl ,lt8ATpona. BeJIHql{ffa npHMeCH TaKoro COCTORHH.11 
B ,lteRTpoHe O. 08+0. I. Cpe,ltHeKBB,llpaTJ.flll-lHff PB,!Ulyc 6 q. - CHCT81(.1,1 C: I ~

.LlB.YXHy.lC.IIoHHaJt H sq. KOMnOH8HTH B .ll8ATpone OpToroH8JibHH. TaxHI( ol'ipa-
301( IlOJiylleHa HOBaJt napaweTpHaaqH.11 ~. ·Cionee 8,lteKBaTHO yt{HTHB!WlqaJt 
ero CTPYKTypy Ha M8JIH:X M8lKl-fY1CJioHHl,l)C paCCTOJIHHmc. 

IlpaKTHqecxaa H H&YllHElll'. uennocTb paCioTw. 

' I. IloJiyqeHH H onyl'iJIHKOBaHH no,1tpoCiHHe AatiH!ie no HHBap11SHTHw ce
qeHHJllf HHKJinaHBHLDc peaxq11n d + C ( C 1-12.) ~ P + X npH p ci = 8, 9 I'aB/ c c 
perHcTpaqHeff npoToHoa llO,lt yrJISMH 0< 0,4° B OCiJiacTH HMilYJibCOB 

3,6 I'aB/c~ p ~ 8,05 I'aB/c. 0TH .llaHHHe MoryT CiHTb HCnOJib30BaHI,t ,ltJI.11 
npoaepKH Pa3JIKqffLIX TeopeT11qeCKHX MO,lteJieR, IlPffMeHaeMHl( ,ltJI.11 OfiHCaHH.11 TaKHx npoqeccoa. 

2. Ha .it8HHLIX no HHBapHaHTffLIM ceqeHHIDf npoqecca d A ➔ p X HaBJie
qeno Henocpe,1tcTaenno HMnyJibcnoe pacnpe,1teneHHe HyKJionoa a ,1teRTpone 

I 'Pd ( k JI 2. a IIIHpoxoA oCiJiacTH anaqeIDtn BffYTpennero HMnynbca ffYKJioHOB O <. k < 0,8 I'aB/c. 

3. AHaJI113 ,ltaHHl,l)C fi03B0Jl.lleT C,lteJiaTb BHBO,lt, qTO H3B8CTH!ile qJ8Howe
HOJIOrHqecx11e .itB;vxHyK.,Ionnwe ~ (,ItJI.11 noTeHqHa.aa Pelt,!ta c MRrKHM xopoM 
HJIH ,1tJI.11 napncxoro NN - noTeHqHa.aa) Hea,itexaaTHo onHCHBax>T CTpyxzypy 
,1t8l!Tpona np11 k > 200 MaB/c. 

4. flOJiylleno IlO,ltTBe~eHHe Cj'Iq8CTBOB8HHJI B ,ll8l!TpOHe npHMeCH 
W8CTHKBapxoBoro COCTORHH.11. Ha IlO,llrOHKH pacqeToB K ,lt8.Hlil,il( anepawe 
oqenena COBOKYIIHOCTb napaweTpoa 6q.. - COCTORHH.11, T.e. ,ltaeTc.11 HOBaJt 
nap&(eTpHaaqH.11 ~. 6onee 8,lt8KBaTHO yqHTHBan!qaJt CTpyKTypy ,lt8ATpoHa 
Ha MaJililC paccTo.11HH.11X. 

5. CoBoKynHocTb peayJibTaToB paCioTw cnocol'icTayeT 6oJiee rJiy6oxo.wy 
IlOHHMaHHn KBapxoBoA CTPYKTypH .ll,ltep H HCil0Jlb3Y8TC.ll npH fiJlaHHpoBaHHH 
HOBl,l)C 3KCnepHM8HTOB, B qaCTHOCTH, Ha 0O3,ltaBaeMHl( Ha CKHXpo!fJaaoTpone 

OHRH nyqxax peJIJITHBHCTCKHX fiOJlRpH30B8HffLDC ,lt8ATpOHoa H Ha YCKOpHTeJie H~Ba. . 
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ABTop 381IJHl!jaeT: 
!, CO3,llaHH8 CHCT8MH C~HTHJlJiffi.\HOHHIDC If qepeHKOBCKHX ,ll8T8KTOpOB 

ycT&fOBKH "~A" ,llJIJl HCCJl8,llOB8HHR npoqeccoB ¢pa.I'M8HTaqHH If pacce.11-
HHJl peJIRTHBHCTCKHX Jl,lt8p, 

2. IloJiyqeHH!ile c noMO~bll ycT&fOBKH "~A" Ha nyqxe peJIJITHBHCTC
KHX ,1teRTpOHOB CHHXpoqiaaoTpoHa Ollifil no,1tpo6HHe ,llaHHlie H3MepeHHR HMIIy
JlbCHIDC cneKTpoB npOTOHOB, npH e ': oO, 113 peaK~H d A-'> pX Ha yrJie
pO,llHOR If noJIH3TM8HOBOR MHIII8HJIX. • 

3. Anan11a noJiyqeHHWC HHBapHaHTHWC ceqeHHR npoqecca d A ➔ p X 
113 KOToporo, B qacTHOCTH, CJI8,Izy8T, qTo xopomee on11caHHe HWllHX ,llaHHWC 
noJiyqeHO B pSMKax r116pH,1tHoR MO,ll8JlH BOJIHOBOR qiyHK~H ,1teRTpoHa, KOTOpaR 
BKJinqaeT npHM8Cb meCTHKBapxoaoro COCTOJIHHJl, 0CTaJibHli8 BliBO,IU,I c¢opMy
J!HpOB8J{l,f a naparpaqie "3aKJinqeH11e". 

4. HaaJieqeHHli8 113 ,llaHHIDC no HHBapHaHTHW ceqeHHJlM 3KcnepHM8H
TaJlbHH8 peayJibTaTli no HMnyJibCHOMy pacnpe,1teneHHD HYKJIOHOB B ,1teRTpoHe 
I \.Pa(k)\2.. 

5. IlonyqeHHY8 no,1troHKOR pacqeTOB B paMKax r116pH,llHOR ~ 3Haqe
HH.ll napBMeTpOB meCTHKBapKOBOR npHM8CH B 'A8RTpOHe, T.e. HOByn napa
MeTpHaaqHn ~-

Ily6JIHKl11lHH 11 anpoCiattH.11. 0CHOBHlil8 peaynbTaT!il ,llHCCepT~H onyCiJIH
KOBaHH B BH,ll8 npenpHHTOB Ollifil, T83HCOB ,llOKna,1toB Ha M8M,llyHaP,O,llHh!X 
KOH¢8peHQHJIX, CTaTeR B OTeqeCTB8HHWC H aapy6e~Hl1X MYPHaJiax11- 9/. 
PeayJibTaTY ,llOKJla,Jll:,IBaJIHCb aBTOpOM If o6Cj'll[,llaJIHCb Ha Hayqawc C8CCHRX 
OT,1teJieHH.ll R,ItepHoR ¢11a11KH AH CCCP no ¢HaHKe BliCOKHX aHeprHR H aJieMeH
TapHwc qacTHQ a 1981r.111983 r. 

KPATKOE OilHCAHHE PABOI'li 

I Bo BB888HHH paccMaTpHaaeTC.11 aKTyaJibHOCTb npo6new HCCJI8,llOBaHHA 
KBapKOBWC CTeneHeR CBO60,IU,I B R,It8pHOM ae~eCTBe. ,nan KpaTKHA o6aop pa-
6oT, B KOTOpliX Ha OCHOB8 Tex HJIH KHWC KBapKOBWC MO,1teneR Hccne,llyllTCH 
CBORCTBa yYJlbTH6apHOHHiiJ5 ~oa,npoHHWC COCTO.IIHHR. Tax,a MO,ll8Jl.llX KBap
KOBWC M8WKOB paccq11Taml 1 cneKTp Mace If 6apHOHHaR KOMIIO3H~Jl TaKHX 
c11cTeM, noxaaaHo, qTo 80% ,1t116ap110HHoro mecTHKBapKoaoro Memxa cocTaa
n.11eT KoMnoHeHTa co cKpYTlilM qaeToM B c. 13 c • Ilpe,1tcKaa!ilaaeM!ile ,1tocTa
ToqHo BliCOKHe 3HaqeHH.ll Mace - Ha (300+1200) MaB Blillle aHaqeffHR Mace 
COOTB8TCTBYIXllHX JierKHX R,ll8p - If MaJilie WHpHHH pacna,na TaKHX KOHqiHry
p~R o6nerq8.l)T HX 3KcnepHM8HTaJibHli8 IlOKCKH. B pBMKax r116pH,llHOR MO
,1ten11 ,1teRTpoHa, npe,llCTaBJIJIIJll!8R 'A8RTpOH KaK cynepno3HQHD 'AByx CJia6o
CBJl3aHHHX TpeXKBapKOBWC KJiacTepoB If KOJlJl8KTHBHOro W8CTHKBapKoBoro 
COCTOJIHHJl,BS .,IlaHHWC no 3Jl8KTpOMarHHTHYM ¢QpMip!UCTOp8M noJiyqem/2,3/ 
nepBlie OQ8HKH B8Jlifqlfff!,[ 6q, npHM8CH B ,1teRTpone. ,ivIH HB,n8MHOR oqeHKH 
COBOKynHOCTH xapaxTepHCTHK 6'\,- npHMeCH OTMeqaeTC.11 Heo6XO,llHMOCTb 
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noJiyt18HHJI no,11po6HWC, CTaTHCTHqecKH o6ecneqeHHLllC ,118.HHLIX no ceqeHHffM 

npoqecca d A ➔ p X , H3 KOTopwc MOll!:HO Henocpe,11cTBeHHo H3BJieqb HH

<papM~D O BOJIHOBOR <l>YHK~H ,11eRTpOHa B lllHpOKOR o6JI8CTH 3HaqeHHR ne
peMeHHblX. 

,UaJiee C<papMyJllfp0B8.Hl,I Q8Jllf pa60TH, HOBH3Ha H 3HaqeHH8 nOJiytl8HHblX 

peayJibTaTOB, noJIOll!:8HHR, Bl:iH8C8HHHe Ha 38ll!HTY• ,UaeTCJI KpaTKHR o6aop 

AHCC8pT~H no rJiaBSM. 
B nepsoR rnase H3JIOll!:8HH OCHOBHble M8T0~8CKH8 oco6eHHOCTH 3KC

nepHM8HTa no H3M8peHHD HMnyJibCHblX cneKTpOB.IIpOTOHOB npOG8CCa 
d A ... p X • Iloxaaa.Ha Heo6xo,llHMoCTb nonyt1eHHJ1 no,11po6HWC ,11attHHX no 
HHBapHaHTHblM ceqeHHJIM TaKOR peaKGHH Ha paaHWC MHIII8HJ!X H B WHpOKOR 
o6nacTH 3HaqeHHR HMIIyJibCOB npoTOHOB ,llJIJI Ha,D.8llHOR H,ll8HTHqiHK~H H 
B~8JI8HHJI BKJia,D.OB B ceqeHHJI, o6yCJIOBJI8HHHX CTpyx-rypoR ~ (OT qipar

M8HT~H n p H 64 - KOMilOH8HT ,11eRTpoHa). HcnOJib30aaHH8 BblCOKOHH
T8HCHBHoro (,110 2•1010 qacTHI,VGffKJI) nyt1Ka peJIJITHBHCTCKHX ,11eRTpoHOB 

CHHXpoq>aaoTpoHa OIDIB npH COOTB6TCTBYJ)lll88.M8TOAffK8 3KcnepHM8HTa 
,11eJiaeT B03MOll!:HhlMH H3M8p8HHJI HMilYJibCHblX cneKTpOB IIpOTOHOB BnJIOTb ,110 
KHHeMaTffq8CKOR rpaHHGH npoqecca IIpH H3M8H8HHH B8JIHllHH ceqeHHR B 
AHaDa30H8 6onee qeM meCTH nopH,11.KOB. 06CylK,IlaDTCJI npeHMyIIt8CTBa BH6paH
HOR cxew H3M8peHHR (pHc.I). B qacTHOCTH, HCCJI8,110BaHHJI qiparMeHT~H 

peJIJITHBHCTCKoro ,11eRTpoHa C perHCT~eR npOTOHOB no,11 yrJiaMH BHJieTa 
H3 MHW8HH 6JIH3KHMH K HyJI8BOMy, OTJIHqaDTCJI B03MOll!:HOCTblll H3M8peHHR 

·-· ~ $ -•-• I 
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PHc. I. CxeMa pacnOJIOll!:8HHJI 3JI8M8HTOB YCTSHOBKH Ha K8HaJI8 M8,llJI8HHOro 

auso,11a CHHXpoq>aaoTpoHa OIDIB. T - MHWeHbi TI+T3 - TeJiecxonu CGffHTHJI

JIJIGffOHHWC cqeTqHKOB AJIJ1 OTHOCHT8JibHOro MOHHTOpHpoBSHHJI ,11eRTpoHHoro 

nyt1xa; MO, MI - oTKJIOHJIDIIIHR H aHaJIH3Hp~R Mal'HHTbli A, K1+¾, 
So-:- S4 - CQHHT~OHHble cqeTtmKHi c1' C2. - noporOBb18 qepeHKOBCKH8 

cqeTqHKHi PCI+PC9 - MHoronposonoqHble nponopGHOHaJibHble KSMepu. 
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HHBapHaHTHWC ceqeHHR TaKOR peaKQHH a WHpoKoR KHHeMaTHqecxoR o6JiaCTH 

OT c:J...= 0,4 BnJIOTb ,11od...-:::- 0,9 (c:J...=(E,+1\)/(E,.-,-pd)- MacwTa6HO-HHBapH
aHTHM nepeM8HHaJI CB8TOBOro q>pOHTa, npe,11cTaBJIJIJO~M ,110JIIO IWilYJibCa 
,11eRTpoHa, YHOCHMylO IIpOTOHOM). 

OnHCaHbl Ha6op H xapaKTepHCTHKH ,118T8KTOpOB YCT8.HOBKH, TpeKOBble 
,118T8KTOPH - MHoronpoBOJioqHble nponopQHOHaJibHble KB.Mepbl - Il03BOJIJIJOT 
npoH3BOAffTb HMIIYJibCHblR 8.HaJIH3 npOAYXTOB C ToqHoCTbll) Gp/ p =0,004 H 
3KCTpanOJIJIGffll) B paRoH MHWeHH TpeKOB aaperHCTpHpOBaHHblX qacTHQ C 

TOqHOCTblll G:.~:::: IO MM H G"e,..-= 0,8 Mpa,u.. HcnOJib30BaHHe ,11Byx -noporo
BblX qepeHKOBCKHX cqeTqHKOB, BKJIIOqaeMl:llC B COBn~eHHR, IlpH HX BblCOKOR 

paapewaionieR cnoco6HocTH no cKopocTRM Afi"' 2•10- , o6ecneqHsaeT ,11ocTa
TOqffO HH3KHR ypoB8Hb q>OHOBblX cpa6aTblBaHHR OT qacTHQ co CKOpOCTRMH 
HHJK8 noporosoR ccp '::' I· ro-3 • 

.c 20 
s 

.. 
: t / ~ 10 1" 
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PHc. 2. 3aBHCHMOCTb aMilJIHTYAH CHr
HaJIOB cqeTtmKa s, OT qacTOTbl CJie,110-
BaHHJI npH aacseTKe OT CB8TOAH0,11a B 
06b{qHOM pellHMe nHTaHHJI ,118JIHT8JIJI (J}3Y 

(I) H B CJiytlae IIpHM8H8HHJI ,110IlOJIHH
T8JibH08 "IlOAfiHTKH" TpeX nOCJI8AffHX 
M8)KAHH0,11HblX npoM8lKYTKOB (2). 

1.0, 

0,8 

0.6 

0,4 

0,2 

5 6 PIr,e1cl 

PHc. 3; Oq>q>8KTHBHOCTb cqeT
qHKa C1 B 3aBHCHMOCTH OT 

HMnynbCOB perHcTpHpyeM!,OC 
IIpOTOHOB. 

IlpHB8,118Hbl xapaKTepHCTHKH (pHc.2,3) C03,11aHHoR IIpH pew~eM 
yt1aCTHH aaTopa CHCT8Mbl CGffHTHJIJIJIQHOHHHX H qepeHKOBCKHX ,118T8KTOpOB 

YCTaHOBKH "~A", IIp8,ltlia3HaqeHHoR ,llJIJI HCilOJib30BaHHJI B 3KcnepHM8H
Tax Ha BblCOKOHHT8HCHBHblX llytlKax peJIRTHBHCTCKHX R,118p CHHXpoq>aaoTpOHa 
OHHH. CHCTeMa BKJIDqaeT e ce6~ CB.MH cqeTqHKH, JIOrHqecxyn, cneKTpoMeT
Pffq8CKYD H T8CTOBY~ aneKTpOHHKy H MogeT Hcnonb30BaTbCJI KaK ,llJIJI OT6o
pa qacTHQ no BpeMeHHlilM napaueTpau, Tax H no aapR,11y-qacTHQ BnJIOTb ,110 

aarpyaoK 2•10
7 

qacTHI.VC. 06CylK,IlaDTCJI B03MOllCHOCTH M0,118pHH3~H CHCTe
Mbl H HCilOJib30BaHHJI ee ,llJIJI qeneR OT6opa qaCTHQ no CKOpOCTRM, sapR,11y H 
wmynbcy B nJiaHHpyeM!,OC 3Kcnepl04eHTax no noHCKy H HCCJI8'AOB8.HHIO MyJib-
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TH6apHOHHbIX COCTOJIHHit c noMOlllbll ,llByxnJieqeaon ycTaHOBKH "~A-3C". 
Bo BTopoit rJiaae onHCHBaJlTCa npoqecc Ha6opa cTaTHCTHKH H onepa

THBHoro KOHTPOJIJI OT,ll8JlbHhllC ,ll8T8KTOpoB ycTaHOBKH, a T8JOIC8 o6pa6oTKa 
,1taHHbIX. Beeb Ha6op ,llaHHWC µa yrJiep0,11.HOit (434 THC.C06liTHit)' nomrnTH
JieHOBOit (244 THC.co6HTHit) H "nycToit" (85 THC.C06liTHit) Ml{ll!8Heit 6UJI no
JiyqeH B H8,lleJibHOM Cea.Hee pa60TH ycTaHOBKH "~A" Ha nyqKe peJIHTHBHC
TCKl1X ,ll8itTpOHOB KaHaJia MeµeHHoro BHBO,lla c11mcpoqiaaoTpoHa OHHH. Anna
paTypa ycTaHoBKH pa6oTana HaJIHHHH c 8BM ECIOIO, nporpSMMHoe 06ecne

qeH11e KOTopoit no3B0JIMO OCYllleCTBHTb npHeM H 3anHCb HHq,<>pM~H Ha 
MarHHTHylO JI8HTY, a TaKllt8 HaCTpOitKy pelltHMOB 3KCil031{~1{. onepaTHBHHit 
KOHTpOJib ,1teTeKTOpOB H T8KYlllHit 8.HaJIH3 3KcnepHMeHTaJibHOit CHTy~H B 

pelll:HMe ,llHaJIOra C 8BM. OnepaTHBHHit KOHTPOJib 3a YCJIOBHIIMH o6nyqeHHJI 
MHWeHH npOH3B0,llHJICJI 3a cqeT o6MeHa HHq)Op~eit Mell,lzy aBM ycTBHOBKH 

H 8BM CHCTeMH MeµeHHoro BHBO,lla nyqKa H3 ycKOpHT8JIJI. 
Ilpoqecc Ha6opa CTaTHCTHKH paa6HBaJICJI Ha OT,lleJibHHe 3KCil03H~H, 

COOTBeTCTBYlllllHe BB8,lleHHD B nyqoK ,ll8itTpoHOB TOit HJIH HHOit MHlll8HH 
(C, CH2 , "nycTaa") H onpe,1teJieHHouy 3HaqeHHn MarHHTHoro nonn a MO. 

Cpe,11.HHA HMnYJibC BTOpHqH!,OC qacTHQ, nona,1t~HX B aKcenTB.HC ycTBHOBKH 
(OT,lleJibHHit yqacTOK HMIIYJibCHoro cneKTpa npoTOHOB), H3MeHHJICH C maroM 

180 MaB/c - 3a cqeT COOTBeTCTByl!lllero H3MeHeHHJI MarHHTHoro noJIH B MO. 
4To6H coxpaHHTb nocTOHHOTBO OTHOCHTeJibHOro HMnyJibCHoro aKcenTB.HCa 
ycTBHOBKH, none B aHaJIH3HPYllllleM MarHHTe MI H3M8HMOCb nponop~OHaJib

HO nonn a MO. BeJIHqffHH MarHHTHHX noJieit B MO II MI KOHTPOJIHpoBaJIHCb c 
TOqHOCTbD 0,1% npH noMOlllH ycTaHOBJieHHWC B HHX ,1taTqHKOB XoJIJia. B KaE
,noit aKcno3HQHH HaKonJieHHe HHq,<>pM~H aenoch a Tpex peimwax TR1, 2,3. 
B o6nacTH HMIIYJibcoa npoToHoB (3,5+6,0) raB/c ,1taHHHe HaKanJIHBaJIHCb B 
ocHoBHOM a pelll:HMe i R-\ = S 1 /\ S :i." S 3 " S 4 • IlpH HMnYJibCax 6oJibWl1X 
6 raB/c HaqHH8BT 6HCTpo B03pacTaTb ,neitTpOHHM KOMnOHeHTa BTOpH'lffloro 
nyqKa, o6ycJioBJieHHM peax~eit ci A ➔ d.' X • B 3TOit o6JiacTH BH,lleJie

HHe npoT9HoB J>6ecneqHBaJIOCb c noMOlllbD qepeHKOBCKHX cqeTqH~B TR 2. = 
iR-\ /\C1 /\ C:i. • HHq,<>pM~fi pelltHMa TR'?> =K,t-.Kit-.\<.~t-SoAA HCilOJlb-

30BaJiaCb ,llnfi KOHTpOJIH 3qxp8KTHBHOCTH ,lleT8KTOpOB YCT8HOBKH. 
IlpH o6pa6oTKe ,llaHHWC Koop,llHHaTHM HHq,<>pu~H c PCI+PC4 coaMecT

Ho c ,llaHHW4H HMIIYJibCHoro aHaJIH3a (PC5+PC9). HCilOJib30BaJiacb ,llJl1l aKcT

panoJIHQHH TpeKa saperHCTpHpOBaHHOit qacTHQH B paitoH MHllleHH. Ha KOOp
,llHHaTH TQqxH B3aHMO,ll8itCTBHJI B MHllleHH (B nJIOCKOCTHJnepneH,llHKyJIHpHoit 
OCH nyqKa ,neitTpOHOB) HaKJIB.,IU,IBWIHCb orpattHlleHHJI, onpe,lleJiaewe paaue
paMH MH!lleHeit (30xl20 wi-). OrpaHHliHBaJiacb H B8JIHqHHa HMIIYJibCHOro 
HHTepsana, saxaaTHBaeuoro B OT,lleJibHOit 3KCil03~H. 0T6HpaJIHCb CJiyqaH 

B HHTepaane P.,. u±o,06)' r,1te ?o - HMnyJibC qacTHQ, JieTfilllHX napan
JieJibHO OCH ycTaHOBKH. BeJIHqHHa HHTepaana onpe,1teJIMaCb npHeMJieMHM 

6 

ypOBH8M (~ ?0%) reoMeTp11qecKoit 3qxp8KTHBHOCTH ycTaHOBKH Ha ero rpaHH

qax. ,lvla Jll:8CTKOit qacTH cneKTPOB npoTOHOB ~THBaJiaCb TaKllte nplUleCb 
,1teitTpOHOB; o6ycJIOBJI8HHM H8HYJI8BHM ypoBHeM 3qxp8KTHBHOCTI{ C q, cpa6a
THB8.HHJI qepeHKOBCKHX cqe~HKOB OT qacTHQ co CKOpOCTffMI{ Hl{Jl(e noporo
BOA ( f,Cf> '!'. I· I0-3 ). BKJia,ll "nycToit" MHWeHH 6HJI npaKTHqecKH nocTOHHHl:iM 

NIO% µn Kalll:,lloro yqacTKa HMnYJihCHHX cneKTpoa. TaKHM o6paaoM, B peay
JibTaTe o6pa6oTKH 6HJIH noJiyqeHH HMnyJibCHHe pacnpe,lleJieHHH npoTOHOB ,llnfi 
HCCJI8,llyeMoit peaKQHH - HHBapHB.HTHHe·ceqeHHH npoqecca B OTHOCHT8JibHHX 

8,llHHHQax. CTaTHCTHqecKHe OWH6KH B OT,ll8JlbHOM KapMB.He HMnYJibCHHX pac

npe,lleJieHHit 5% + IO%. 
B TpeTbeit rnaae OilHCHBaeTCJI npoqe,1typa a6cOJillTHOA HOpMHpOBKH no

nyqeHHl:iX pacnpe,1teJieHHit. Hs-3a Tpy,11.HOCTCA a6COJIDTHOA rpa,1tyHpOBKH OT
cqeTOB OTHOCHTeJibHblX MOHHTOpOB HHT8HCHBHOCTH (TI, T2 I{ T3) HOpMHpo

BaJIHCb KOHeqHHe peayJibTaTH oCipaCioTKH - HMnYJibCHHe cneKTpH. 4To6H 
HM8Tb Ha,ll8Jll:HH8 ,ll8HHH8 ,llnfi HOpMHpOBKH,HaMH CiHJI npoB8,ll8H cneQHaJibHlilit 
3KCnepHM8HT no H3M8peHHll a6COJillTHbIX 3HaqeHHit HHBapH8.HTHlilX ceqeHHit 
peaKq1rn d C .... p X npH TOM JKe HMIIYJibce ,lleitTpoHoB Pd =8,9 raB/c c 

perHCTpaqHeit npOTOHOB no,ll MaJiblMH YI'JiaMII. ~ 0 '.: 0) B oCiJiaCTH MaKCHMyMa 
BblXO,lla p = Pc1. / 2 • B 3TOM 3Kcnep11MeHTe b npoBO,llHBWeMCH npH noHi1iK8HHoit 
HHTeHCHBHOCTH nyqKa ,neitTpoHOB ( ~ 2• IO qacTHlV~KJI), BHnOJIHMOCb 
aCiCOJIDTHOe MOHl!TOpHpOBaHHe ,ll8itTpOHHoro llOTOKa. Yrnepo,11.HaH MHW8Hb no
M811laJiaCb Ha M8CTO qepeHKOBCKHX cqeTql!KOB, KOTOpHe Y.llaJiffJIHCb H3 nyqKa. 
B ·pesyJibTaTe noJiyqeHo 3HaqeHHe HHBapHaHTHoro ceqeHHH B MaKCH~e BH
XO,lla (p = Pc! /2, 8 = 0) - E ~ = (281!9) 611•f3B-2 ,c3 ,cTepa,1t- • 

IlpOl.\8,llypa HOpMHp0BKH saKJil)qa.Jlacb B CJI8,llyll!ll8M, Mb! cpaBHl!Ba.JlH B 

ToqKe (? = PJ. /2. e = 0) pesyJibTaT K8.JIHCipoB01.!HOro 3KcnepHMeHTa H 
pacqeTHHe 3HaqeHHfl ceqeHHit ,llJifl HX npoaepKH. TeopeTJ.iq8CKH8 pacqeTH 
HHBapHaHTHHX ceqeHHA HCCJie,1tyeMOit peaK~H BllTIOJIH.flJIHCb a no~xo,ne/4,o/, 
B pBMKax,TeopHH rnayCiepa-CHTeHKo. PacqeTH1:,1e 3HaqeHHH ceqeHHit,nony
qeHHHe C HCnOJib30BaHH8M pa3JIHqHl:D( napaMeTp1!3al.\HA ,I\DyJCHJI:.JIOill!UX ii)J;., 

COBlla,ll8.IOT C pesyJibTaTOM KaJIHCipoaoqHoro 3KcnepHM8HTa B npe,1teJiax tl'O 
OWHCiKH, llcXO,llfi H3 3Toro, HOpMHpoaoqHHe K03qxpHI.\H8HTH ,llJiff nonyqeHHh!X 

OTHOCHT8JibHHX HMllYJibCHHX cneKTpoB Haxo,n.HJIHCb llO,llrOHKOit pacqeTOB K 
3KcnepHMeHTaJibHl:1M ,D.aHHHM B CioJiee WHpOKOit o6JiaCTH HMnYJibCOB 60JibWHX 

P. /2. 0THOpMHp0B8HHlil8 pesyJibTaTH 3KcnepHMeHTa, HHBapHaHTHHe ceqe-
0 I 

HHH npol.\ecca d ➔ C ( C H2) ...,, p -+ X · , noKasam,1 Ha pHc. 4, 5. B KaqecT ae 

BepxHeit rpaHHl.\l,I CHCTeMaTHqecKoit norpeWHOCTH HOpMHpoBKH MH CiepeM 
ow»6Ky pesyJibTaTa KaJIH6poaoq11oro on1:,1Ta b ""' 3%. 

B qeTBepToA rnaae oCiCYJll:,D.8.!0TCff pe3yJibTaTH 3KcnepHM8HTa. C,neJiaH 
o6~Hit o6sop nonyqeHHHX HMIIYJibCHHX cneKTpoa. 3aTpoHyT1:,1 aonpocH, can-
3aHHHe C TpaKTOB/Oit P,83YJibTaTOB, B qacTHOCTH, paCCMOTpeHO npH6JIH
~eHH08 Bb!paiK8HH8 o,5/ 
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PHc. 4. HHaapHaHTl:fiale ceqeHHH 
perun~HH d C ➔ pX npH Pd = 

0 0 H 
=tl,9 raB/c H llp < 0,4 • KpH- 'o. 

' 0 
BHe COOTB8TCTBYJOT pacqeTB.M B Cf). 

pa.MKax rH6pH,llHOR MO,ll8RH ,11eA- ~,/ 
TpoHa c HcnonhsoaaHHeM ,11ayx- b 
HyKJIOHHb!X BORHOB!ilt q>yttKW{tl ~ 

llN • ,/ napHll(CKoro,v -noTeHW{a.Jia 10 
:ii 

(cnnOWHaH) H IlOT8HW{a.Jia PeA-
,11a C MHrKHM KOpOM (nyttKTHp- ~ ,,i' 

HaH) • CoOTB8TCTByioI!iH8 3Haqe- la. 

HHH napaMeTpOB 6q. -npHM8CH B r 
,11ettTpoHe yKasaHN a Ta6nH~e. ~ ,a' 

uJ 
IIJTpHXOBaH H IIITP.IIXIIYHKTllpHM 
RHHHH COOTB8TCTBYJOT pacqeTaM 
C 3THMH BORHOBWH q>yHKW{HMH 
6es yqeTa 6q.- npHMecH. 

la6.HMnynhc npoToHa, raB/c, 

i\ . \ I . 
i \ 

5 I 7 I 

;· \ 
!. \ ... 

'{\ ~ 

~ \\.··~·.· 
""-----------~'\· t 

~~\ .... 
~', ,t 

',,~ 

\~ 
l, 

~1'1 
-200 D 200 400 100 

Ifun. B CBCT. nOKOH ,11ettTp.,MaB/c 

Er~~~ Ca· <TN: 
[rn2. + \(2 

2 (1-d-) 

2 

\ 'V d ( k2) \ ' (I) 

Henocpe,11cTB8HHO CBH3HBaJllllee HHBapHaHTHHe ceqeHHJI HCCne~eMoro npo
~ecca C KB8,llpaTOM ~ B HMilYHbCHOM npe,llcTasneHHH, T.e. C HMIIynbCH!ilM 
pacnpe,11eneHH8M HyKnOHOB B ,ll8RTpOH8. 06CyJ[,1181lTCH rpa.HH~ npHMeHHMOCTH 
3TOA q>OpMynH. 

Bl,lllOHHeH ,11eTanbHHA a.Ha.JIH3 MHrKo£1 qacTH cneKTpa npH k.: 200 MaB/c~ 
IloKasa.Ho, qTo 3,ll8Cb,ll088,ll8HH8 HHsapHaHTHHX ceqeHHR onpe,11enHeTCH 
CBO£!CTB8MH ,ll8£!TpoHa, KaK cna6oCBH3aHHOtl ,llByxHyKROHHOH CHCT8Mbl, T.e. 
nepHq>epHett ,11eATpoHa. ~opMa cneKTpoa a 3TO£! o6nacTH onpe,11enneTCH 0,11-
HHM napaMeTpOM-3HeprHe0 CBH3H ,11eATpoHa. Ilpoae,11eHo cpaBHeHHe CH CH2 
,llaHHHX. Hs cpaaHeHHH cne~eT, qTo noae,11eHHe noJtyt1eHHblX HHaapHaHTHb!X 
ceqeHHH He saBHCHT OT H,llpa MHW8HH. 8TOT pesynbTaT roaopHT O TOM,qTo 
HawH ,118.HHble nell(aT a o6nacTH npe,11enbHoA <f>parMeHT~ ,11nn npo~ecca 
o\ A ➔ pX • IToKasatto, qTo noae,11eHHe ceqeHHA npH 0,5 raB/c < k < 

I,O raB/c cornacyeTCH c npe,11cKasaHHHMH KaapK-napTOHH!ilt Mo,11enett. 

8 

I 1·· I, 

({ 

rnaaa 5 noca.mqeHa ,11eTa.JibHO-
My aHanHsy noae,11eHHH nonyqeHH!ilt 

01 
HHaapHaHTH!ilt ceqeHHtl B ll(8CTKOH 0 

o6nacTH HMfiYRbCOB npoTOHOB 1,, i 
200 MaB/c. ITpoae,11eHo cpaaHeHHe Nu 

,llaHH!ilt C pacqeTaMH B penHTHBHCT- -~ 
CKOM llO,llX0,118 B paMKax TeopHH Pna- :::;:_ 
y6epa-CHT8HK0/4 , 5/ C HCilORb30Ba- Mu 
HHeM H3B8CTH!ilt q>eHOMeHonorHqec- I 

KHX ~ ~, napHll(CKoro N N - no- 1 
104 

TeH~Hana 7 (PARIS) H ,11nn no

TeHrsa.Jia Petl,lla C MHrKHM KO
poM S/ (RSC). B o6nacTH 200 

MaB/c <. k < 700 MaB/c aKcnepHMeH
TMbHNe ToqKH nell(aT 3HaqffT8RbHO 
BNWe pacqeTHNX 3HaqeHHH HHBapH
aHTH!ilt ceqeHHtl (pHc.4,5). Bonee 
HarnR,ItHo pacxoll[,lleHHe TeopHH H 
3KcnepHMeHTa HRRDCTpHpyeT 

\sl 1104 

pHc.6, r,11e npHB8,ll8Ha OTHOCH-
T8RbHM pasHOCTb 3KCnepHMeHT8.Jlb-
H!ilt ,lla.HHWC ,llnH yrnepo,llHotl MHW8-
HH H pacqeTa c m.l{ PARIS. OT
MeqaeTCH ,llOBORbHO perynnpHM 
saBHCHMOCTb YKa3aHH0£1 pasHOCTH 
OT HMIIyRbCa C WHpHHOA Ha nony
BNCOTe.., 280 MaB/c H c MaKCHMy-
MOM a paRoHe k~ 420 MaB/c, r,11e 
3KCnepHM8HT B qeTblp8 pasa npe-
BNWaeT pacqeTl:fiale sHaqeHHH ceqe-

HHR. 

wl'1i 

·2 
10 

100 

5 

'\ 

\ 
r, \ 

·, ti 
• 
~ 

0 0,2 

P, r3s/c 
G 7 8 

C H
2 ,, 

\ 
\ 

\ 

' ',, ~ 
',~.dp--r d ,. 

'\ 
\~ 

'<\ \ 
,1 

0,4 0,6 0,8 
k, r":JB/c 

AHa.JIH3HpyeTCH B03M0ll(HOCTb 
060HCH8HHH OTMeqaeMoro paCXOll(
,lleHHH TeopHH H 3KCnepHMeHTa sa 
cqeT BKna,110B B ceqeHHH OT pas-

PHc. 5. HHaapHaHTHNe ceqeHHH npo
~ecca d A - p X ,11nn yr nepo,llHo A H 
nonH3THR8HOBO£! MHWeHeA. 06osHaqe-

RHtniblX M8Xa.Hli3MOB peaK~HH, He HHH KPHB!ilt CM Ha pHc.4. 

yqHTNBaeMI,1X a pacqeTax. Oi!tH,11aeTcn,· qTo a aTott o6nacTH HaH6onee ae-
ponTeH BKRa,11 B ceqeHHH OT M8Xa.HH3Ma asaHMo,11eACTBHH B KOHeqHoM coc
TOHHHH C o6pasoBaHH8M H3o6apN B npoMell(JTO~OM COCTOHHHH. 0,llHaJCO H 
KHHeMaTHqeCKHe pacqeru (o6naCTb BKna,lla MeXaHH3Ma C 6.- H3o6apo£1 B 
npoMe~yTO~OM COCTOHHHH noKasatta CTpenKo~ Ha pHc.6) H COBM8CTHliA 
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a. "' o ·c 
(!J rE 
EID 

----
a. "' 0 --

tiP 
c:' I 3.0 
~ 
~ 

IP 

2,0 

1,0 

0 

1,9 

~~TJI 

_J . 
I I I 

0,2 

M 3(jl4>_ r:1B 
2,0 2,2 2,4 2p_ 

I I J. ~ .J 

I I 

y 
I I I I I I I .~ 

0,4 0,6 0,8 k, r~B/c 

P1-1c. 0. 0THOCI-ITeJJbH8JI pa3HOCTb 3KCnep1-1MeHTaJJbHblX 3HatieHl-lll l-lH
aap1-1aHTHb[l{ cetieHl-lll peaK[.\ilil d C -. p X 1-1 pacqeTa c fil)], napi!lKCKO

Ko noTeHI.(ilaJJa (HyJJeBoll ypoaeHb). !{p1,1a1,1e COOTBeTCTBYJOT pa3JJ1-1"4-
Hb!M aapliaHT&I ITO)lrOHKl-1 pacqeTOB c l'i!6p11,D.HOll Bli,Il. PAP IS ., E, C\, • 

aHaJJH3 CH CH2 ,UaHHblX OTBeprruoT B03MOJKIIOCTb 3aMBTHOl'O BKJJa,na B ceqe
HIH! OT TaKoro MeXaHil3Ma peaK[.\Yl,I. 0TCIO)la CJJe,nycT Bb!BOA, "4TO Ha6JJIO)lae
Moe .npeBbllllBHl-le 3KCnepHMeHTa o6nRCHReTCR HenoJJHb!M Jl<BTOM HCITOJJb3YCMU
MH B paC4eTaX qJeHOMBHOJJOl'H"tteCKHMH B\ll.n BHyTpeHHB/1 CTpyKTypbl )lBtlTpOHa. 

Xopomee om1ca1rne :JKcnepHMeHTaJJbHllX )latiHblX noJJy4eHo HaM..i c Hc
noJJb30BaHileM rH6pH)lHOtl MO)leJJH ffii)l./3 , 5/_ B 3TOH MO)lBJJII BHyTpeHHRH 

CTpyxTypa )letlTpoHa np» r < I ~M Jl<l!TblBaeTCR nyTeM )lo6aBKi! meCTHKBap-, 
KOBOl1 KOMITOl!eHTbl ( 56 

- KOHqJHl'ypa[.\HR) K qJeHOMBHOJJOrH"tteCKOil ,nayxHyK

JJOHHOli fil,A. ilapB.MeTp&m MO)leJJil RBJJm>TCR aeJJil4HHa 6q, - npHMec11 ( 1 ~ 12)' 
6 2. 1/2 

cpe,nHeKBa,npaTl!"4Hblll pa,n11yc q_ - CHCTBMbl ((. y-60,) ) II OTHOCIITBJJbHaR 
ipa3a n p 11 6 0,, - KOMITOHeHT BAA (-ae) • 3T11 napaMeTph! Haxo)l11JJ11c h noA -

IO 

• 

I 

roHKoll pacqeToB K ,naHHw B 06JJacT11 28 M3B/c~k~ 1200 MaB/c. Pe-
3YJJ&TaThl no,nroHKII yxa3aHbl B Ta6JJi!l\8. TaKHM 06pa3ou,noJJyqeHa HOBaJI 

BOJJHOBM ipyHK~R ,nellTpoHa, 6oJJee a,neKBaTHO Oill!CblBBJJlllM ero CTPYKTY
py Ha MaJiblX M€JKHYKJJOHHbllC paCCTORHIIHX. 

Mi!m8Hb ~ IlaEaMBTEhl ruecTHKBaEKOBoll nE11MecH -:f.?. Ha 

\ ~ \ 2. (. rt~>I/~ c\,M 
CT8Il8Hb -ae CB060,nhl 

R S c. 0 - - 12,3 
C R5C + Gq, (6,2!0,4)% 0,8?:!:0,IO 6I0±n° 2,5 

PAR\$ 0 - - 15,? 

PAR\S i- 6q, (8,6!0,8)~ 0,95!o,05 02°:!: 6° I,9 

c~ PAR I$ 0 - - 40,5 
(I0,8:!:I,2)% 0,99±o,04 95°± ? 0 

PARIS+ €>q, I,6 

~3 ~oJJyqeHHbllC HaMH HHBapHaHTHbllC ceqeHHll npo[.\ecca cl A ...,. p X 
Mb! 113BJl8KJJH, IlOJlb3YRCb qiopMyJJoll (I), Henocpe,ncTBBHHO HMnYJJbCHOe pac
npe,neJJeHHe HYKJJOHOB B ,nellTpoHe \ 'f d ( ~) l 2. (pHc.?). H8111H ,nattHble 

N 
1rf 

~ -
:)---

102 

100 

102 

0 

.0 

\ 

' ?~a 

Haw11 ,UaHHble 113BJJeqel!Hble 113 

d A ➔ pX np11 8,9 raB/c, 0? < 0,4° 

x - C Mlllll811b 

0 - CH2 MHill8Hb 

2 ·· ... 

~S \...... ~Sl:::::: 
'· . 

. .. ············••····· ·•········· 

\I / 

0.2 0.4 0.6 K ( raB/c l 

PHc. ?. ~ny~bCHble pacnpe,neJJeHHH npoTOHOB B ,ne8TpOHe, H3BJJe
qeHHble 113 HalllHX ,UaHHblX. BepXH.IIJt JJIIHHR npe,ncTaBJJHeT H8111Y ~ 

PAR Is + 6 q, c napaMeTpaMH, yKaaaHHl,11,ffl B Ta6JJH[.\e. 

MO~HO cpaBHl!Tb C IlOHBIIBillHMCR HS'AaBHO peayJJ&TaTOM aHaJIH3a/9/ 'AaHHblX 
no aJJeKTpO'A83HHTerpa[.\HII ,ne8TpoHa, l''Ae T8.l0Ke 6wio H3BJJeqeHolfot~)I~ 
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(pHc.8). Ha pr1c. 7 ,8 BepxH.frn CilJJOWHM JIHHHR npe,ncTaBJJReT Hawy fil.n 
PAR I S -t 6 C\, c napa.MeTpaMH, yKa3BHHhlMH B Ta6m11-1e ,nJIR no,nroHK11 c 

yrJJepo,nHOH MHWeHbID. BH,nHo, qTo Hawa BI1,n xopowo OilHCUBaeT ,IlaHHUe19ie3 
Kal{OH-JJl16o ,IlOilOJJHHTeJJbHOH IlO,IlI'OHKl1. 

N -=
~ 

~..104 

10 2 

10 0 

10-2 

0 

• - CJIAl{ 

o - XapbKOB 

0.2 0.4 

} ed-epn 

PARIS+bq 

RIS 

0.6 K (I':JB/c) 

P11c.8. 11MnyJJbC/OC pacnpe,neJJeHHe HYKJJOHOB B ,neATpoHe, HaH,neH
Hoe B pa6oT/

9 • PAR\$-+ 6q,- Hawa ~,n. 
llpono,nHTCR aHaJIH3 noJJyqeHHUX Ha.Ml1 pe3yJJbTaTOB 11 CpaBHeH11e napa

MeTpOB 6 C\,- npr1Mec11 C 01.\eHK&m HO ,IlaHHhlM ,npyI'HX 3Kcnep11MeHTOB. 06-
CYJK,ll~TCR nepcneKTl1B1,1 ,IlaJ!bHeAWHX 11CCJJe,noBaHHA Ha ycKop11TeJJe H~B.3 H 
HCCJJe,noBaHHA Ha nyqKe IlOJJRPH30Ba.HHblX ,neATpOHOB CHHXp0qJa30TpoHa OIDfil 
CilHHOBOA CTpyKTypu ,neATpoHa Ha MaJ!blX paCCTORHHRX. 

B 3aKJJDqeHHl1 np11ae,neHu OCHOBHue·pe3yJJbTaTl,I pa60T1,1 H BNBO,nll. 

l. Co3,naHa CHCTeMa Cl.\ltHTl1JJJIRl.\ltOHHblX 11 qepettKOBCK11X ,neTeKTOpOB 
YCTaHOBKl1 "A.l!MIA", KOTOpM o6ecneqaJJa npoae,neHae l1CCJJe,noBaH11A cne~T
poB npoTOHOB OT cpparMeHT~H peJJRTltB11CTCKltX R,nep Ha BUCOKOHHTeHC11B
HblX nyqKax Me,nJJeHHOI'O 81,180,Ila CltHXpOqla30TpoHa 0illfil. 

2. Ha C11HXpOqla30Tpotte 0illfil C IlOMOII1bID YCT8HOBKl1 "AJIMA" Ha nyq
Ke peJJRTl1B11CTCK11x ,neATpoHoa (Pel= 8,9 faB/c) noJJyqeHu anepaue no,npo6-
Hue (c waroM 0,01 Pd ) 11 c aucoKoA TO~OCTb~ ,naHHue no HMnyJJbCHb!M 
cneKTpaM npoToHoB np11 0p< 0,4° 113 peaKI.\H11 dA-pX Ha yrJJepo,nHoA a 
IlOJJl13Tl1JJeHoaon M11W8HRX. )laHHl,le no a6COJJIDTHb!M 3HaqeH11RM ltHBapl18HTHblX 
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ceqeHHA ¢parMeHTnl.l1111 ,neATpoHa oxaaTUBBJOT W11poKyi) o6JJaCTb 3Haqettl1A 
mmyJibCOB IlpOTOHOB (BilJIOTb ,110 KHH8MaT11qecKoA rpaHl1~ peaKI.\H11), B KO
TopoA ceqeHlffl 113M0Hm>TCH 6oJiee qew Ha 6 nopR,llKOB. 

3. Ilpoae.nettffl,IA a pa6oTe BHMl13 ,118HHWC no~a3aJI, qTo: 

- 113MepeHHl,le 11HBap11aHTHU0 ceqeHl1H HaxO,IIJITCH B o6JiaCTl1 npe,11eJib
HOA cpparweHT~l1 npo1.1ec~a cl A ➔ p X ; 

- cpopMa 113M8peHHblX 11MIIYJibCHHX cneKTPOB npoTOHOB B o6JiaCTl1 3Ha
qeHl1A BffYTpeHHero HMnYJibca ttyKJIOHOB O l. k .( (0,8+1,0) f3B/c onpe-. I . 1 
,neJIHeTCR HMIIYJibCHblM pacnpe,11eJieHHeM tty_KJIOHOB a .neATpoHe '-Pd { k )\ ; 

- Y,IlOBJI8TBOpHT8JibH08 Oill1CaHl18 H8llll1X ,ltaHHHX B 3TOA o6JiaCTl1 HM
nyJihCOB B03MOlltHO B paMKax 11MilYJibCHoro np116JIID1C8Hl1R C yqeTOM nepepac
C8RHHA; 

- noae,11eHHe 11HaapHattTHblX ceqett11A HCCJie.n.yeMoro npo1.1ecca npH 
I k \ < 200 MaB/c 06ycJI05J!eHo caoRcTBSMH ,11eATpoHa, KaK cJia6ocaR3att
HoA ,11ByxHyKJIOHHOA CHCTew; 

- npH 11MnyJibcax npoToHoB k > 200 M3B/c pacqeTH c 11cnoJib30Ba
HHeM 113B8CTHblX ,IlByxHyKJIOHHblX cp8HOM0HOJIOrHqecKHX ~ (PeA,11, napH11tCKHR 

NN - noTeHI.\HaJI) He anoJIHe onHCHB8JOT HamK ,IlaHHHe; aKcnepl04eHT8JibHH8 
3HaqeHHH ceqeHHA HaMHoro (Ma.KCHMYM B 2.pa3a) np8Bl,llll81)T pacqeTHHe; 

- xopomee onHcaHHe ,1tattHHX ao aceR o6JiacTH O ~ k f I f3B/c no
JiyqeHo a pawKax rH6pH,IlHo·a wo,11eJIH BOJIHoaolt WHKI.\Hl1 ,11eATpotta, KOTOpaH 
BKJinqaeT npHM8Cb W8CTl1KBapKOBOI'O COCTORHl1R. 

4. BnepBH8 113 IlO,IlI'OHKH pacqeTOB C HCilOJib30Ba.HH0M r116pH,11HoA MO

,Il0JIH ~ K 3KCnepHMeHTaJibHHM ,IlaHHblM O,IlHOBpeMeHHO IlOJiyqeHH 3HaqeHHR 
COBOKynHOCTH xapaKT0p11CTl1K wecTHKBapKOBOA np11wec11: aepoRTHOCTb npu
M8CH 61\,- COCTORHHR B ,11eltTpoHe 0,08+0,I; pa,11Hyc meCTl1KBapKOBOI'O 

KJiacTepa # I ~; BKJill,Il.H ,IlByxttyKJIOHHOA KOMilOH0HTH ,11eATpoHa H 6ey -
COCTORHHR npaKTHqecKl1 MOMHO paccMaTpKBaTb KaK HeKorepeHTHUe. IloJiy
qeHHH8 pe3yJibTaTH npaKTHqecKH He 3aBl1CRT OT R,Ilpa-MHW8Hl1 HOT BNC>opa 

TOA HJil1 HHOA napaMeTp113~11 ,nayxttyKJIOHHOA ~-
. 5. llsBJieqeHHaR H3 H8ll!HX ,IlaHHUX HOBM ~ xopowo OilHCHBaeT 11 
IlORBl1BWl18CR B IlOCJI8,IlH88 Bp8MR p83YJibTaTH rpynilH CJIAK, r,ne 113 ,IlaHHHX 

no 3JI8KTJ)O,Il83HHTerp~H ,Il8ATpotta TaKMe ()l,IJia H3BJieqetta HHcpopM~R 0 
KBll,Il.paTe BOJIHoaoA WffKI.\HH I 4> d ( k ) \ 2. • 

6. CoaoKynHOCTb noJiyqeHHHX ,IlaHHHX cnoco6cTayeT 6oJiee I'JIYC>OKOMY 
IlOHHMaHIW KBapKOBOA CTpyKTypH R,Il8p H 11CilOJib3Y8TCR, B qacTHOCT11, npH 
IlJiaH11p0BaHHl1 HOBHX 3KCnepHM8HTOB Ha C03,11aBaeMHX B OIDill. nyqKax peJIR
Tl1B11CTCKHX IlOJIRpH30BrufHHX ,neATpOHOB H Ha ycKopHTeJie H~Bo. 

IlpHJIOM8HH8 .IU{CC8pTat.JHl1 CO,Il8pllt11T onpe,Il8JI8HHR BCTpeq8JO!I1HXCR B 
T8KCT8 nepeM8HHblX, xapaKT8pH3ylllqHX HCCJI0,Dy8MUA npo1.1ecc, COOTHomeHlffl 
M8M,11Y HHMl1 11 Ta6JIHey 3HaqeHHA KHH8MaTJ,!q8CKHX nepeMeHHHX B TOqKax, 
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COOTB8TCTBYDiqHX 3KCnepHM8HTaJibHO H3M8peHHlilM ce~eHHHM. 
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