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0 B03MO>KHOCTSIX H3MepeHI!SI 3HeprKH 38pR>KeHHblX 

'ISCTHU c noMOlllbiO cnoKCToro nonynpoaonHKKoaoro cnexTpoMeTpa 

npoaHanH3Kp0B8Hbl B03MO>KHOCTH K3MepeHKH 3Hepr1!1! 1!0Hll31!py!OlllHX 

'18CTHU C UOMOlllbiO CTOUOK nonynpOBOilHI!KOBblX AereKTOpOB (nnn) B pelKUMe 

'HanponeT', noK838H00 'ITO C IlOMOlllblO CTOUOK nnn MO>KHO 1!3MepS!Tb 

sHeprHIO 'laCTHU a 9TOM pe>KHMe c rO'IROCTblO -0,5 MsB B wupoxoM 

HHT€pBane 9HeprHii, npennaraeTCSI HCI!OI!b30B8Tb "nfX)neTHblii' pe>KHM 

H3MepeHHH sueprl!l! nnR cnexrpoMerpuH orpuuarenbHblX nnoHoa. 

Pa60T8 BblflOI!HeHa B na6opaTOpH1! SlllepHblX npo6neM 011 flY!. 

npenpHHT 06beiUtHeHHOrO HHCTHTyTa S!llepHblX HCCI!ellOBSHHH. fiy6Ha )978 

Akimov Yu.K, et al, 1 - 11845 

About Possibilities of Energy Measurements of Charged 
Particles by Means of Multilayer Semiconductor 
Spectrometer 

The possibility of measurements of ionization particles by 
means of semiconductor detector (SCD) stack in "flight" regime 
have been analyzed, The particle energy measurements accuracy 
is shown to be of - 0,5 MeV in a wide energy range, The "flight" 
regime of energy measurements is suggested to be used in nega
tive pion spectrometry. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR, 

Preprinl of the Joint lnsli lute for Nuclear Research. Dubna 1978 

" 

1. BBEj(EHHE 

,Il;nJI pemeHHJI mHpoKoro Knacca cl>HJH'IeCKHX Ja.D;a'l, 

CBJI3aHHbiX C HCCne.D;OBaHHJIMH Ha DY'IKaX DHOHOB H npo

TOHOB HH3KHX 3HeprHB, B lla6opaTOpHH JI,D;epHbiX npo6neM 

OHJIH coJ.naeTCJI ycTaHOBKa "TIHoH". B Ka'leCTBe o.nHoi 

H3 ee ,D;eTeKTHpyiO~HX CHCTeM HCDOnLJYIOTCJI nonynpOBO,D;· 

HHKOBble cneKTpOMeTpbl. 

HacTOJI~aJI pa6oTa JIBnJieTCJI peJynLTaTOM nepaoro 

3Tana Hccne.noaaHHB, CBJIJaHHbiX c pa3pa6oTKOB nonynpo

BO.D;HHKOBoro CDeKTpOMeTpa JapJI~eHHbiX 'laCTHU C 3Hep

rHeB .no -100 M3B. rnaaHoi oco6eHHOCTLIO pa3pa6aTw

aaeMoro cneKTpOMeTpa JIBnJieTCJI BbiCOKOe 3HepreTH'IeCKOe 

pa3pemeHHe /-0,5 M3B/ B mHpoKoM .D;HanaJoHe 3HeprHi 

,D;nJI pa3nH'IHLIX 'laCTHU, B TOM 'IHCne OTpHUaTenLHLIX 

DHOHOB. 

06bi'IHO BLICOKOrO 3HepreTH'IeCKOrO pa3pemeHHJI.D;OCTH· 

raiOT nH60 C .DOMO~LIO MarHHTHbiX cneKTpOMeTpOB, nH60 

c noMO~LIO nn,n;, pa6oTaro~x B pe~HMe nonHoro norno~e

HHJI. O.nHaKo .nnJI MarHHTHbiX cneKTpoMeTpoa Tpe6oaaHHe 

BbiCOKOrO 3HepreTH'IeCKOrO pa3pemeHHJI Tpy.D;HO COBMe

CTHTL C ycnOBHeM WHpOKOrO HHTepaana H3MepJieMbiX 3Hep

rHB, a pe~HM nonHoro norno~eHHJI TITI,IJ; oKaJwaaeTCJI 

HenpHrO,D;HbiM .D;nJI cneKTpOMeTpHH OTpHUaTenLHLIX DHOHOB. 

B TO ~e BpeMJI, ecnH cneKTpOMeTp Ha OCHOBe TITI,IJ; 
H3rOTaBnHBaTL CnOHCTbiM, TO MO~O COBMeCTHTL BbiCOKHe 

cneKTPOMeTpH'IeCKHe CBOHCTBa nn,n; npH pa6oTe Ha nonHoe 

norno~eHHe ,D;nJI CTa6HnLHbiX 'laCTHU C B03MO~OCTLIO H3-

MepJITL 3HeprHIO OTPHUaTenLHbiX DHOHOB B pe~HMe "Ha

nponeT". 0TpHUaTenLHbiB DHOH, npOB.D;JI onpe.neneHHOe KO

nH'IeCTBO cnoeB, OCTaHaBnHBaeTCJI B O.D;HOM H3 TITI,IJ;. 
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B pe3ynbTaTe s.u;epuoro 3axsaTa 3Heprosw.u;eneuae B .u;e
TeKTope, r,u;e npOH30WHa OCTaHOBKa,CTaHOBHTCJI Heonpe
.n;eneHHbiM, BCne,D;CTBHe qero H3MepeHHe 3HeprHH B pe
)K}IMe ua nonaoe nornOiu;eaae HeB03MO)I(HO. 0T6pocas noKa-
3aHHJI nocne.u;uero .n;eTeKTopa, 3HeprHIO naoaa MO)I(HO on
pe.u;enHTb no ua6opy noTepb 3Hepraa B npe.u;wecTsyro~x 
.n;eTeKTopax, TO ecTb B pe)I(HMe "HanponeT". B 3TOM cnyqae 
BeHH'IHHa 3HepreTH'IeCKOrO pa3peweHHJI B OCHOBHOM on
pe,u;enJieTCJI TOH~HHOB cnoeB llll)J., KOTOpaJI, B CBOIO oqe
pe,D;b, CBJI3aHa C 'laCTbiO npo6era nHOHa ,D;O OCTaHOBKH, 
OT6paCbiBaeMOB npH BOCCTaHOBHeHHH 3HeprHH 'laCTHD;bl. 

2. METO,l(M OIIPE,l(EJIEHH.R HAflAJihHOH 
3HEPFHH flACTHl(M IIO IIOTEP.RM 
3HEP FHH B CJIOJ/X 

Haa6onee nonuo HH<}lopMau;HJI o noTepsx 3HeprHH Y'IHTbl
saeTCJI B MeTo.n;e MaKCHManbaoro npas.u;ono.u;o6HJI /MMll/. 
«l>yHKD;HJI npas.u;ono.u;o6as .u;ns ua6opa noTepb 3HeprHH B cno
JIX 3anHCbiBaeTCJI Cne,u;yiO~HM o6pa30M: 

n-1 
f(E '~ 1 • ~ 2 , ... '~ n ) = f 1 (E • ~1 )f 2(E- ,11 '~ 2 ) ... fn (E-1 ~i'~n)' 

/1/ 
r.u;e E - Ha'lanbHaJI 3Hepras qacTHD;hl ~ 1 , ~ 2 .... • 1\ n -

noTepg 3HeprHH, f1 , f 2 , ... , f n - liiYHKD;HH pacnpe,u;ene
HHJI noTepb 3HeprHH B cnosx. 

B peanbHOM cnyqae ITTI)J. HMeeT KpoMe 'IYBCTBHTenb
aoii H He'lyBCTBHTenbHYIO o6naCTb, TaK Ha3biBaeMbiB "MepT
BbiH cnoii". KoppeKTHaJI 3anHCb $yHKD;HH npas.u;ono.u;o6a.s 
.u;n.s TaKoro cnyqa.s co.u;ep)I(HT HHTerpanw B03pacTaro~ei 
KpaTHOCTH, 'ITO ,u;enaeT npaKTH'IeCKH HeB03MO)I(HbiM HC
nOHb30BaHHe ,D;aHHOrO MeTO,D;a C nOMO~biO COBpeMeHHbiX 
3BM. O.n;HaKO .u;n.s nn.u. c TOHID;HHOB "MepTBOro cno.s"' 
MHOro MeHbWei TOH~HHbl 'IYBCTBHTenbHOB o6naCTH, MO)I(
HO BOCnOHb30BaTbC.R npH6nH)I(eHHbiM Bblpa)l(eHHeM ,D;ll.R $yHK· 
D;HH MaKCHManbHoro npas.u;ono.u;o6a.s: 
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f(E.~1.~2•····~n)=f1(E •~1), f2(E-(i\1 +?iM1)•~2) ... 
n-1 

... f(E-1 (~i+XMi) .~). /la/ 
II 

r.u;e K M1 ' XM2 • .. · · 3. Mn 
"MepTBhiX cnosx" ITTI)J.. 

cpe.u;aae noTepH 3HeprHH B 

llpou;e,u;ypa HaXO)K,ll;eHHJI MaKCHMYMOB liiYHKD;HH /1/, /Ia/ 
.u;ns 6onbworo KOHH'IeCTBa cnoes 3aHHMaeT 3Ha'IHTenbaoe 
BpeMJI pa60Tbl 3BM. ll03TOMY HMeeT CMbiCll npoaHaHH3H· 
posaTb .u;pyrae, 6onee npocTwe B03MO)K}IOCTH, uanpaMep, 
onpe.u;enHTb 3HeprHIO qacTHD;hl - En Ha sxo.u;e B nocne.u;
HHH "nponeTHbiH" ,D;eTeKTOp, HCnOHb3YJI 3aBHCHMOCTb Cpe,u;
Hero c6poca 3HeprHH B .n;eTeKTope oT 3HeprHH qacTHD;hl. 
llepexo.u; K aaqanbaoii 3HeprHH qacTHD;hl MO)K}IO ocy~ecT
BHTb .D;BYMJI cnoco6aMH: 

1. C noMO~biO cyMMHposaHHJI 3HeprHH En c noKa3a
HHJIMH npe,D;bi.D;Y~HX (n-1) ,u;eTeKTOpOB 

n-1 
E '""E (~ ) + I (~. +;& M. ) n n 1 1 1 • /2/ 

2. JIH60, 3Ha.R CYMMapHyiO TOH~HHY nepBbiX (n-1) .u;e
TeKTOpOB - R n-1• BOCnOHb30BaTbC.R npo6e)I(H0H KpHBOH. 
B 3TOM cnyqae -

E=E(R 1 +R(E(~))), 
n- n n /3/ 

TaK KaK 3KcnepHMeHTanbaa.s nposepKa pacqeTHoro 
pa3peweHH.R ,D;ll.R nHOHOB OCllO)I(HeHa BBH.D;Y HH3KOH HHTeH
CHBHOCTH ny'IKOB, 3Ha'IHTellbHOH npHMeCH MIOOHOB H MallhiX 
pa3Mepos o6hi'IHO H3roTasnasaeMwx ITTI)J., pac'leTbl H Ka
nH6poBO'IHble o6nyqeHH.R ua Mo.n;ena cneKTpoMeTpa 6wna 

· swnonaeuw B nyqKax npoTOHOB. 

3. AHAJIH3 PACflETHMX 3ABHCHMOCTEH 
3HEPFETHflECKOFOPA3PEmEHH.R 

C D;ellbiO onpe,u;eneHH.R 3aBHCHMOCTH 3HepreTH'IeCKOrO 
pa3peweHH.R CHOHCTOrO cneKTpOMeTpa OT 3HeprHH 'laCTHD;, 
TOH~H llll)J. H HX KOHH'IeCTBa 6blnH BblnOnHeHbl pac'leThl 
no MO,D;enHpOBaHHIO noTepb 3HeprHH npOTOHaMH B CllOHCTbiX 
cTpyKTypax. Polwrpww noTepb 3HeprHH B cnosx nposo
,D;Hnc.s cornacuo pacnpe.u;eneHHJIM sepo.sTHOCTei, H3no
>KeHHbiM B pa6oTe /1/. Cpe.u;uae noTepH 3HeprHH H npo6erH 
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llpOTOHOB B KpeMHHH paccqHT~BanHCL C HCllOnL30BaHHeM 
"" /2-5/ ..,opMyn H KOHCTaHT H3 pa6oT . BXO,D;HaJI 3HeprHJI 
llpOTOHOB BOCCTaHaBnHBanaCL C llOMO~LID MeTO,D;OB /1/
/3/ no pa3~rpaHH~M Ha6opaM noTepL 3HeprHH B "npo
neTHOM" pe)KHMe, To ecTL 6e3 yqeTa c6poca 3HeprHH 
B nocne.D;HeM cnoe. 

Ha puc. 1 npe.D;cTasneH~ pacqeTH~e 3aBHCHMOCTH 
3HepreTHqecxoro pa3peweHHJI CTOllKH KpeMHHeB~X llfl~ 

OT xonHqecTsa cnoes .D;nJI H,D;eanLHoro cnyqaJI, xor,D;a 
Ton~HH~ "uepTB~x cnoes" paBH~ Hynro. IIonHaJI Ton
~Ha CTOllKH llfl~ p8BHa 12 MM. 

BH.D;HO, qTo npH 6onLwoi senHqHHe ocTaToqHoro npo-
6era /.D;nJI npoTOHOB c 3HeprHei, paBHOB 100 M3B/ puc. 1a/, 
ocTaToqH~i npo6er paBeH 29,64 MM(3HepreTHqecxoe pa3-
peweHHe, nonyqeHHoe c nouo~Lro MeTo,D;a MaKCHManLHoro 
npaB,D;OllO.D;06HJI /1/, npaKTHqecKH He 3aBHCHT OT qHcna 
CnOeB, TO eCTL B cnyqae OTCYTCTBHJI KOppenJI~HB Me)K,D;y 
c6pocaMH 3HeprHH B cnoJix ysenHqeHHe xonHqecTBa oT
cqeTOB KOMlleHCHpyeTCJI yxyAUJeHHeM TOqHOCTH. p a3pewe
HHe, nonyqeHHOe C llOMO~LID CYMMHpOBaHHJI llOTepL /2/ 
c nouo~Lro npo6e)KHOro MeTo,D;a /3/ yxyAUJaeTCJI npH' 
yMeHLWeHHH TOn~HH~ ,D;eTeKTOpOB. 

C yueHLWeHHeM senHqHHLI ocTaToqHoro npo6era /.D;nJI 
npoTOHOB C 3HeprHeB 55 M3B /puc. 16/ OCTaToqH~B 
npo6er paseH 2,41 MM/ pa3peweHHe ynyqwaeTcJI, npHqeu 
BCne,D;CTBHe 3HaqHTenLHOB KOppenJI~HH llOTepL 3HeprHH 
B nocne.D;HHX CnOJIX llOJIBnJieTCJI 3aBHCHMOCTL BenHqHHLI 
3HepreTHqecxoro pa3peweHHJI, nonyqeHHoro MeTo,D;OM uax
CHManLHoro npas,D;ono,D;o6HJI, oT xonHqecTBa cnoeB, TO 
eCTL llOJIBnJieTCJI B~Hrp~W B TOqHOCTH npH ysenHqeHHH 
KOnHqeCTBa OTCqeTOB. B paCCMOTpeHHOM cnyqae yBenHqe
HHe KOnHqeCTBa ,D;eTeKTOpOB C O,D;HOrO ,IJ;O llJITH llpHBO,!J;HT 
x BLIHrpLiwy B pa3peweHHH -25%. ~anLHeiwee ysenHqe
HHe xonHqecTBa cnoes He npHBO,D;HT x ynyqweHHID pa3pe
weHHJI. B 3TOB o6nacTH 3HeprHH H ocTaToqH~x npo6eros 
pa3peweHHe c nouo~Lro npo6e)I(Horo ueTo.D;a /3/ He3Ha
qHTenLHO ycTynaeT pa3peweHHID MMII /1/ H HM MO)KHO 
socnonL30BaTLCJI .D;nJI 3HaqHTenLHoro coxpa~eHHJI BpeueHH 
pacqeTOB Ha 3BM. 

TaKHM o6pa3oM, pe3ynLTaTLI pacqeToB noxa3~BaiDT, 
qTo ,D;nJI o6naCTH 3HeprHB, COOTBeTCTBYID~ea npo6eraM 
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Puc. 1. Pact~e•Hble 3aaucuMoc•u 3Hepze•ut~ecKozo pa3-
peweHU.R c•onKu KpeMHUe6biX I1II,4 o• KOAUt~ec•aa u •oA
UIUHbl c>e•eK•opoa. HoAHa.R •oAUIUHa c•onKu 12 MM. Ndet -
KoAut~ec•ao c>e•eK•opoa, X det - •oAUIUHa c>e•eK•opoa. 
1 - Me•oc) MQKCUMQAbHOZO npaac)onoc)o6U.R, 2 - Me•oc) 
cyMMUpoaaHU.R aMnAu•yc>, 3 - npo6exHwu Me•oc>. a/ T P-
100 M3B, 6/T P - 55 M3B. 
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'laCTHD;, 6onLWHM nonHOH TOJIID;HHLI CTOnKH ,D;eTeKTOpOB, 

palpeweHHe, B OCHOBHOM, laBHCHT OT 3HeprHH 'laCTHD;LI 

H CJia6o laBHCHT OT KOllH'IeCTBa IllJ)l. B CTOnKe. Cosep

WeHHO HHaJI CHTyaD;HJI ,II;JIJI o6naCTH 3HeprHii, COOTBeTCT

BYJOID;eii: npo6eraM qacTHD;, MeHLWHM nonuoii ToniD;HHLI 

CTOnKH. B 3TOM cnyqae OCTaTO'IHLIH npo6er B laBHCHMO· 

CTH OT 3HeprHH 'laCTHD; OCD;HJinHpyeT C nepHO,D;OM, paBHLIM 

TOlllD;HHe llll)l,. Cpe,D;HHH OCTaTO'IHLIH npo6er ,n;nJI paBHO

Mepuoro pacnpe.n;eneHHJI qacTHD; no 3HeprHH ocTaeTcJI 

npaKTH'IeCKH nOCTOJIHHLIM H paBHLIM DOllOBHHe TOlllD;HHLI 

IllJ)l. B CTOnKe. B COOTBeTCTBHH C HlMeHeHHeM OCTaTO'I· 

HOrO npo6era ,II;OJI)KHO HlMeHJITLCJI H 3HepreTH'IeCKOe pal

peweuue. 

Ha puc. 2 npe.n;cTasneua pac'leTHaJI laBHCHMOCTL OT 

3HeprHH npOTOHOB /MMll/ 3HepreTH'IeCKOrO palpeweHHJI 

CTOnKH fill)]. C TOlllD;HHaMH, paBHLIMH 3 MM. PalpeweHHe 

paCC'IHTLIBanOCL B TO'IKaX, COOTBeTCTBYIOID;HX OCTaTO'IHLIM 

npo6eraM, paBHLIM 0,3; 1 ,5; 2,7 MM. Bu.n;uo, 'ITO palpewe

HHe nepHO,II;H'IeCKH HlMeHJieTCJI OT - 200 ,II;O -600 K3B, 
npH'IeM cpe.n;uee lHa'leHHe palpeweHHJI c ysenuqeuueM 

3HeprHH BLIXO,II;HT Ha nnaTO, COCTaBnJIJI BenH'IHHY 400 K3B. 
BolMO)KHOCTH .n;pyrux MeTo.n;os o6pa6oTKH ,n;nJI cpe.n;uero 

palpeweHHJI no cpasueHHJO c MMll npe,n;cTasneHLI ua puc.3. 

~ 

~· t Idtt"' 3 MM 0,8 

!: A R ~ 

I I 
0,6 

o.H I ! r I I' I p 

r • . If 0,2 L 

~ 30 40 50 60 70 eo TP 

llaB 

Puc. 2. Pac'4e111HOJI 3aeucuMOC111b 3Hepzelllu'4ecKozo paa
peweHUJI CIIIOnKU KpeMHUe6biX IIIII{. TOAIIIUHQ oel/leK1110poe 
3 MM, MMII. 
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Bu.n;uo, 'ITO MeTo.n; cyMMHposaHHJI noTepL /2/ TaiOKe npu

BO.IJ;HT K npaKTH'IeCKH nOCTOJIHHOMY palpeweHHIO npH pOCTe 

3HeprHH 'laCTHD;Ll. 3TOT pelynLTaT noHJITeH, TaK KaK pal

peweHHe B ,n;aHHOM cnyqae B OCHOBHOM onpe,n;enJieTCJI 

6 
llaB ~~-:;;:---:----------

Idct = 3 1111 ollolll I 
• S (4~,1A.) 2 
Ll E (Aft, R) 3 0,6 

0,5 

0 

0,4 

30 40 50 60 70 eo TP 
1181 

Puc. 3. Pac'4e111Hble 3aeucuMOCIIU cpeoHezo 3Hepze111U'4ec
Kozo pa3peweHUJI c111onKu KpeMHueebiX IIIII{. TOAIIIUHa 
OellleK1!10p06 3 MM. J - Mei/IOO MQKCUMQAbHOZO npaeoono-
006UJI, 2 - Mei/IOO CYMMUp06QHUJI aMnAUI/IyO, 3 - npo6eJIC· 
HbiU Mei/IOO. 

TOJIID;HHOii nocne.n;uero "nponeTHoro" llll)l., a $nyKTyau;HH 

noTepL a npe.n;LI.IJ;YID;HX nonuocTLJO y'IHTLIBaiOTCJI scne,n;cTBHe 

BLICOKoro /npH pac'leTax u.n;eanLHoro/ palpeweHHJI llll)l.. 

llpo6e)KHLIH MeTO,II; BOCCTaHOBlleHHJI 3HeprHH /3/ ,n;aeT 

yxy,D;WeHHe palpeWeHHJI C pOCTOM 3HeprHH BClle,D;CTBHe 

ysenH'IeHHJI $nyKTyau;Hii npo6eros • 

TaK KaK pelynLTaTLI pac'leToB noKalanu, 'ITO a wu

poKoii o6naCTH 3HeprHii, COOTBeTCTBYJOID;eii npo6eraM, 

MeHLWHM nonHOH TOlllD;HHLI CTOnKH, Ha6JIIO,n;aeTCJI cna6aJI 

laBHCHMOCTL 3HepreTH'IeCKOrO palpeweHHJI OT 3HeprHH 

'laCTHD;, MO)KHO ,D;JIJI BLI.IJ;eneHHOH o6naCTH 3HeprHii pac

CMaTpHBaTL laBHCHMOCTL cpe,n;Hero pa3peweHHJI OT TOn

ID;HHLI llll)l.. TaKaJI laBHCHMOCTL ,n;nJI npoTOHOB c 3Hep-
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raeii OT 20 ~o 100 M3B npe~cTasneHa Ha puc. 4. C no
Mouu.ro no~06HLIX KPHBLIX MOlKHO no 3a~aHHOB TO'IHOCTH 
onpe~eJIHTb He06XO~HMYIO TOJIIIUIHY Illl)J; B CTOnKe. Ec
TeCTBeHHO, 'ITO BLI60p TOJIIIUIH Illl)J; CBJI3aH TaiOKe C 
TeXHH'IeCKHMH B03MOlKHOCTJIMH o6ecne'leHHJI 3JieKTpOH· 
Hoii annapa Typoii, HJroTosneHHJI IIll,lJ; c Tpe6yeMLIM pal
pemeHHeM H HCnOJib30BaHHJI 3BM. 

4 J" • 
Puc. 4. Pac'le•Ha.R 3aeucuMoc•t. cpe()Hezo 3Hepze•u
'lecKozo paapeJUeHUJI c•onKu KpeMHuee~»rx IIII,[f o• •oAfiiUHI»> 
()e•eK•opoe (}AJI npo•oHoe c 3Hepzueu o• 20 ()o 100 M3B, 
MMII. 

4. CPABHEHHE TEOPETHqECKHX 
H 3KCIIEPHMEHTAJihHJJX PE3YJihTATOB 

llpJIMaJI 3KcnepBMeHTan&HaJI nposepKa pac'leTHLIX Ja
BBCHMOCTei 3HepreTH'IeCKOrO pa3pemeHHJI 3&TPYAHeHa HJ-
3& OTCYTCTBHJI ny'IKOB 'I&CTHU C BLICOKBM paJpemeHHeM. 
'faK, ~JI IiposepKB MeTOAOB H3MepeHBJI 3HeprHB C TO'I· 
HOCT&IO - 0,5 M3B Heo6XOABM nyqoK c paJpemeHBeM 
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-0,1 M3B. TaKoro paJpemeHHJI B o6nacTH 3Heprsii 
-so M3B ~o6aT&cJI qpeJBLI'IaiiHo cno:>KHo. ITo3ToMy MLI 
HCnOJib30B&JIH npo6e:>KHLIB MeTO~ H3MepeHHJI 3HeprHH H 
oT6opa sxo~HLIX 'laCTHU. Ha puc. 5 npe~cTasneHa 6noK
cxeMa 3JieKTpOHHKH ~JIJI npose~eHHJI Kana6pOBO'IHLIX HJ· 
MepeHHB. 0T6Hp&IOTCJI 'I&CTHULI, KOTOpLie npOWJIH qepe3 
TPH cneKTpoMeTpH'IeCKHX ~eTeKTopa /)1;1, )1;2, )1;3/ H oc
Tauosanac& B TOHKOM AeTeKTOpe - )1;4. ,lJ;eTeKTOp )1;5 
BKJIIO'IeH Ha aHTHcosna~eHHe c ~eTeKTopaMH )1;1- )1;4. Ton
IIUIHa ~eTeKTOpa )1;4 pasHa 160 MKM. 3HeprHJI npOTOHOB, 
COOTBeTCTBYIOIIUIX ~aHHOB JIOrHKe OT6opa H TOJIIIUIHaM 
Illl,D;, pasua 50,2 M3B. <llnyKTyauaa npo6eros npoTOHOB 
C TaKOB 3Hepraeii B KpeMHHH paBHLI 160 MKM. TaKHM o6-
paJOM, MLI ~OCTHraeM Haanyqmero paJpeweHHJI I a 

= 150 K3B/ C nOMOJUbiO H3MepeHHJI npo6eroB B ~aHHOB 
06JiaCTH 3HeprHii. 

Ha puc. 6 npe~cTasnenLI 3KcnepHMeHTaJI&HLie cneKT
PLI c Tpex nepBLIX IIll,lJ; I )1;1, )1;2, )1;3/, noJiy'leHHLie npa 
Kana6poso'IHLIX HJMepeHHJix s ny'IKe npoToHos. UeHa Ka
Hana B cneKTpe nepsoro Illl)J; - )1;1 - 71 K3B, BToporo -
)1;2 - 68 K3B, TpeT&ero - )1;3 - 137 K3B. ITnaBHI:de Kpa
BI:de - peJyJI&TaT TeopeTH'IecKoro pac'leTa, Mo~enapyro
IUero 3KcnepaMeHTaJI&HI:de ycnoBHJI o6ny'leHHJI. Ha puc. 7 

npe~CT&BJieHLI peJyJI&TaTI:d BOCCTaHOBJieHHJI Ha'laJI&HOB 
3Hepraa npoToHoB c noMOIU&IO MMIT no c6pocaM 3Hepraa 
B nepBLIX Tpex ~eTeKTOpax. racTorpaMMa - pe3yJI&TaT 
BOCCTaHOBJieHHJI no 3KCnepHMeHTaJI&HLIM ~aHHLIM, nnas
HaJI KpHB&JI - no paJI:drpaHHLIM npH MO~enHpOBaHHH. 

HopMaposKa TeopeTH'IeCKHx KPHBLIX npose~eHa no MaK
CHMyMaM 3KcnepaMeHTan&HLix pacnpe~eneHHii. Ba~~o. 'ITO 
paCXO)I(AeHHJI B MaKCHMyMaX ~JIJI 3KCnepHMeHT&JibHLIX H 
pac'leTHLIX pacnpe~eneHaii He npesLimaroT 100 K3B. Pac

xo:>K~eHae B mHpHHax pacnpe~eneHHii o6ycnoBJieHo Hena
panJieJI&HOCTbiO nosepXHOCTeii Illl)J;, a TaK:>Ke, B03MOlKHO, 
CJIO:>KHOB ~OpMOB rpaHH'IHOB nosepXHOCTH Me:>K~Y 'IYBCTBH
TeJI&HOB H He'lyBCTBHTen&Hoii o6nacTJIMH Illl,D;. B pacqe
Tax nosepXHOCTH Illl)J; H rpaHH'IH&JI nosepXHOCTb Me)I(Ay 
'IYBCTBHTen&Hoii o6nacT&IO H "MepTBLIM cnoeM" nonaranac& 
cTporo nnocKonapannen&HLIMH. Cne~yeT cneuaan&Ho oT
MeTHT&, 'ITO B ~&HHOB "npoJieTHOB" MeTO~HKe H3MepeHHB 
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Puc. 5. EAoK-cxeMa 3AeKIIIPOHUKU MooeAu cneKIIIPOMe•pa 
OA.R KaAu6po60'iHt.lx U3MepeHuu 6 ny'iKax 'iac•ul#. ,IU, 
,/].2, ,43 - Si(Li) IIII,JJ., •omquHa .,. 4 MM, •oAIIIUHa 'iy6-
c•6u•eAt.Hoii o6Aac•u = 3,5 MM. ,44 - no6epxHoc•Ho-
6apt.epHt.lii Ilii,Jl,, •oAIIIUHQ = 160 MKM. ,45- no6epxHoc•
Ho- 6apt.epHt.lii IIII,4, •oAIIIUHa = 1,2 MM. CMA - c•ouKa 
MHOZOMepHOZO QHQAU3Q 161. 

12 

I 

I 
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N 
800 

400 

w 
1600 

l3lO 

800 

400 

~ .. 
ISO 

L 
100 ISO 

)13 

~ 

800 

400 

~--
Puc. 6. 3KcnepuMeHmaAt.Ht.ae u pac<ielltHt.le pacnpeoeAe
HU.R no•ept. 3Hepzuu 6 oemeK•opax MooeAu cneKmpoMe•pa 
T p = 50,2 M3B. 

x nnocxonapannenLHOCTH noaepxHocTeH fUl~ npeAbRBns
IOTCR BbiCOKHe Tpe6oBaHHR, 'lero HeT B ·pe)I(HMe pa60Tbl Ha 
nonHoe norno~eHHe. 

PeJynLTaTbl, nony'leHHble Ha 3HeprHH 53 M3B c no
MO~LIO KpeMHHeBoro 3aMeAllHTens, KOTOpbiH ycTaHaBnH
aancs nepeA AeTeKTopoM ~4, c TOR )l(e TO'IHOCTLIO corna
cyiOTCR c pac'leTHLIMH AaHHbiMH. 

CornacHe 3KcnepHMeHTanLHLIX H pac'leTHbiX pacnpe
AeneHHH CllY)I(HT AOKa3aTenLCTBOM KOppeKTHOCTH Bb16paH
HbiX anropHTMOB MOAeJIHpoaaHHR, npaBHJibHOCTH onpeAene
HHR KOHCTaHT H napaMeTpOB fUl~, a TaK)I(e paC'IeTOB Ja
BHCHMOCTeH pa3peweHHR OT 3HeprHH, KOJIH'IeCTBa H TO~Hbl 
cnoea j puc.1-4/, rAe HcnonLJOBaJIHCL Te )l(e anro~HTMLI,'ITO 

H npH MOAenHpOBaHHH 3KCnepHMeHTa. BMeCTe C TeM WH
pHHa pacnpeAeJieHHR, nony'leHHaR npH BOCCTaHOBJieHHH 
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Puc. 7. Cnenrp 3Hepzuu npolloHoe, omo6paHHr.rx U3 ny'lKa 
npu KaAu6poeKe Ha MoOeAu cneKIIpoMe111pa. rucmozpaMMa -
pe3yAr.llall eoccllaHoeAeHu.R c noMOU#biO MMII no 3Kcnepu
MeH111aAr.Hr.rM no11ep.RM 3Hepzuu e oe111eKmopax, nAaeHa.R 
Kpuea.R - no pa3r.rzpaHHbiM npu MoOeAupoeaHuu. 

cneKTpa BXOAHoro oTo6paHHoro ny'IKa I puc. 7/, He MO)I(eT 

cny)I(HTh HenocpeACTBeHHOB OUeHKOB pa3peweHHB MeTOAa 

BOCCTaHOBneHHB 3HeprHH, TaK KaK ycnOBHB 3KCnepHMeH

Ta He aHanOrH'IHbl KanH6pOBKe C MOH03HepreTH'IeCKHM 

ITY'IKOM Ha BXOAe. 

B pe3ynhTaTe swnonHeHHoi pa6oTw noKa3aHa npHH

nanHanhHaB B03M0)1(80CTh npHMeHeHHJI CTOITKH nonynpo

BOAHHKOBbiX AeTeKTOpOB AnJI H3MepeHHJI 3HeprHH HOHHJH

PYIOUUIX qacTHU B pe)I(HMe "HanponeT". lloKa3aHo TaK)I(e, 

'ITO C llOMOIUhiO CnOHCTbiX ClleKTpOMeTpOB Ha OCHOBe TITI,ZJ, 
MO)I(HO HJMepJITh 3HeprHIO 'laCTHU B pe)I(HMe "HanponeT" 

c TO'IHOCThiO - 0,5 M3B s WHPQKOM HHTepsane 3HeprHi. 
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TaKoi MeTOA HJMepeHHi npHroAeH AnB cneKTpoMeTpHH 

KaK nonO)I(HTenhHbiX, TaK H OTPHUaTenhHbiX ITHOHOB. 

,D,nJI ynyqweHHJI 3HepreTH'IecKoro paJpeweHHJI npeA

naraeTCJI npHMeHJITh MeTOA MaKCHMallhHOrO npaBAOITOAO· 

6HJI, OCHOBaHHbiB Ha HCITOllhlOBaHHH 'laCTH'IHbiX llOTeph 

3HeprHH B CTOITKe nonynpOBOAHHKOBialX AeTeKTOpOB. 

Pac'leTHwe JaBHCHMOCTH 3HepreTH'IecKoro paJpeweHHB, 

THITa npeACTaBneHHOB Ha puc. 4, ll03BOITJIIOT ITO ycnOBHJIM 

JaAaHHOB TO'IHOCTH H3MepeHHB Bb16paTh TOnUUIHbl AeTeK

TOpOB. 
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