
IlpenpHHT EJ>lii-I2S4(70)-90 

t;rt;\Ull,,' !bl".2f"..USI" I"WSI"Sni'S 
EPEBAHCKI-11"1 CDI-131-14EC!<IAI"' I-1HCTIATYT 

YEREVAN PHYSICS INSTITUTE 
---------------------------------------------====================---= ----------------- -

P. O • .ABAKm:I, P .13.AYi:BA3ffi, B.r .rABA.IDlli, 

A. A. t[l;l.JMHT APHH , K. K. IllltlXJIHPOB 

.PfJlii - ,UETEKTOP HA OCHOBE CTPVIMEPHHX TPYEOK 

UHffH••····M 
"SPEIMHill I I D 



\nufu~wln~Uj 11p!bl>-1284( 70) -90 

fl. . .Z..U-lU ~SU u, fl..I'.US-!U9.5U u, -t.~.'lU-lUU!U u 

u.u .2t>Lt>u~ursu u, ~-~.C.t>iuLsurn-t 

fl.U6 'H;St;~SilP UI>PNft;PUSI>u lull'lll-!U~ut;Pt> .Z.NfU u -!PU 

U2juwmw~pnuf '!l>mwp4~wb t pwpw4 U{Wmhpn~ U(>p~UhpwJ~~ jun~n-

~w4~hp~ h~uw~ ~pw fl.U6 ~hmh4mnp~ 4wnnlglfw~ u4~pnl~p~hp~• l'hp~wb 

-~ ~pw~g OlUOl~WU~plfw~ wp~JOl~p~hp~, ~~_tUjhU ~Wk UWU~~4~hp~ 

mwpwpw~wuuw~ ~hpwphpJWL hw2~wp4~hp~ ~~.t"lhu <<~~hwtw4w\m, WJ~Ujhu 

lt qnpb~w4w~ ~hmh4mnp~hp~ hwuwp• 

© 

t;pkw~~ lj>~~~4WJ~ ~~um~mnun 

11pkw~ 1990 

lletrrpu .. wl aa)RI•oaiiCC.IIU,oa&TeilloCKWI tiiiCT~ ......... . 
H TeXHJR .. aOIIOII .. ecKWX IICC.IIQOBBHKI 110 ATOIIHol •ayat: 
• TelUIHO (IJ.HHH..-....... ) 11110 r. 



Preprint YERPHI-1284(70)-90 

R.O.AVAKIAN, R.B.AIVAZIAN, V.G.GAVALIAN, A.A.CHILINGARIAN, 

K.K.SHIKHLIAROV 

A TRD BASED ON STREAMER TUBES 

The principle of construction of X-ray transition radiation 

detectors based on thin-walled streamer tubes is considered. 

The results of their investigation, and of calculation of thE 

particle rejection for both an "ideal" and a practical detector 

are presented. 

Yerevan Physics Institute 

Yerevan 1990 



ITperrpHHT ~H-1254(70) 

Y.UK 535.56:539.12 

P.D.ABAKHH, P.E.AtiBA38H, B.r.rABABHH, 

A. A.1Jl'IJMHI'AfflH, K. K.IIlVIX.IDll'OB 

PITH - ,UETEKTOP BA OG!!OBE CTP!IMEPI!I:!X TPYEOK 

B pa6oTe paccMaTpRBa~TCH ITPKHITRllH rrocTpoeHRa PITH - neTeKTO­

pa Ha OCHOBe CTpRMepHHX TOHKOCTeHHHX Tpy60K. naHH peay~TaTH 
nx ncc~enoBaHRR, a Ta~e pacqeToB no pexeKURR qac~ KaK ~ 
11 H.D;BaJI.OHOro", TaR H WIH npaKmecKoro ;u;eTeKTO,P3.. 

EpeBaHCKRfi wnanqecKRfi RHCTRTYT 

EpeBaH 1990 



Ha CTpogmeMCH YCKOpHTe~HO-HaKOURTe~HOM KOMTIAeKce (YHK) 

WliB:J rrpe,nno.naraeTCH npoBe,lleHHe Hel!Tp!IIIllHX 3KCITepHMeHTOB C HC­

IT0~30BaHHeM rn6pH,I~Horo Hel!TpHHHoro cneKTpoMeTpa (rnHEC) B Ka­

qecne CITeKTpOMeTpH<teCKOJ! yCTBHOBKH, IT03BO.IIRIOOieJ! H3Mep!IT:& xa­

paKTepHCTHKH BTOPH<tHHx 'tBCTJm, rrpoBo,IIHTI> H,I~eHTHi{li!Kai\1!10 MeKTPO­

HOB, M!OOHOB H a,llpOHOB B IDHp0KOM ,li!IaiTa30He yr~oB· H HMITY~COB. 

CHCTeMa H,lleHTH@HKa~ a,llpOHOB, UOMHMO ·,IIByX qepeHKOBCKHX 

C'teT'!HKOB, B~IO'taeT ,lleTeKTOp peHTreHOBCKOrO nepexo,IIBOro H3~'te­

HHH (~) ~ PITB-,lleTeKTop, cnoco6HHll ocymecTB.IIRTb cenapai\1!10 

a,llpOHOB ilPH 3Heprrunc Ea?- IOO reB !I HMeiOOIHll BeCbMa BHYIDHTMb­

HHe anepTypl!lle p83MepH (2,5 X 3) M2 ITPH )l,liJllie (3 - 4) M. 

iipe,nno.naraeTCH TaKllte CTPOHTe~cTBO PITB-cHCTeMH HeCKO~Ko 

MeHbiiiHX pa3MepoB, CTHKYIOOieJ!CH C 3~eKTPOMarHHTHHM Ka~OPHMeTpOM, 

B ne= e;m: - cenapaUHH. 

1\0He'!HOJ! ne~IO HaiiiHX HCC~e,IIOBaHHJ! JUWieTCH C03,I(!IH!Ie i!MeHRO 

9THX 'taCTel! yCTaHOBKH IVli!EC. 

IlpH BH6ope KOHCTPY= ~' HMe1001ero 3Ha'!HTe~HHe p83MepH 

H ,lleCHTKH MO)(Y~eli, MH OT,I(!leM Cede OT'teT B Tex Tpy,IIBOCTHX H 

,liBRe npaKTH'teCKOli Hepea~syeMOCTH llOM, KOTOpHe HaC O~IOT ITPH 

ero CTpOHTe~CTBe Ha OCHOBe ~OCKHX npOBO~O'!HHX ~~ep. Il09TOMY 
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KOHCTPYKTHBHO perRCTpaTopg PTIM 6y~T co6paHH 1'!3 TOHKOCTSHHHX 

Ma~apoBax Tpy6oK. KpoMe npocTOTH KOHCTPYKITHH, no3BO~e~ 6gc­

TPYID 3aM8HY 3~8M8HTOB, TaKaa CHCTe~~ CHHMaST H p~ ~rnx ITPHH· 

I1!1ITHaJ!hllliX TPY;n;HOCTe~, CBff3aHHHX co cne1111\lim<ol! perJWTP2lUIII PTIM. 

B HaCTO~ee BPSMH HaMH B OCHOBHOM pa3padOTaHa TSXHO~OrHH 

1'!3rOTOBJI8HHH Mali.napOBHX TpydOK H C;!ISJ!aHH I'!X o6pa3IT!I llilHHO~ 3 N. 

;!ll'laMeTpoM I6 MM I'! TOJl!I\HHO~ CTSHKI'l I2 MKM. TaKHe Tpy6KH BH;!ISpJm­

BaiDT ;!IO 2,5 aTM 1'!36HToqnoro ;!laBJieHI'!H I'! o6.na;!laiDT H;!le~Ho~ O;!l­

Hopo;n;HocTbiD no ra30BOMY yc~eHI'!ID, 1'!3MepeHHOMY no BeeR ;n;mme 

Tpy6KH. KoHCTPYKTI'lBHO KOHIT!I Tpy6KI'! CBOe~ BHYTPSHHeR M8Ta~3H­

j)OBaHHOli noBepXHOCTbiD HaTHri'!BaiDTCH Ha naTpy6KH H3 HeplltaB81!Ili8~ 

CTa~ ;n;mmol! ~ CM. BHyTpH naTpy6Ra I'!MeeTCH H30nsTop C IT8HTpa~­

HHM RaDEAnHpOM H ri'!6KO~ Tpy6KO!i ~ BBO;!la - BHBO;n;H raSOBOR CMe­

CI'l. qepe3 neHTpa~lille Ra~pll npOnyll1eHa aHO)lllaH npOBO~O'OOI 

;!ll'laMeTpOM 100 MKM, KOTOpaH ;n;H~ee !18HTpl'lpy8TCH ~epe3 Ka~e 

50 CM C ITOMOII1bRJ cne!11'la~HHX 1'!30JJ.i!l1HOHHHX BCTaBOK, I'!M81!Ilil'lX Epa­

Me neHTpa~oro OTBepcTHH ~ npOBO~O~ 8li18 I'! 60KOB08 OTBepc­

TI'!e ;!ll'laMeTpOM 2 MM ~ npi'!Hy;!li'!Te~Horo npo~Ba rasa. 06maH 

~ BCTaBOK He npeBHIDa8T 0,3 % OT ;n;mmg TpydKI'l. TaKaH KOHCT­

PYKITHH n03BOnseT ycTaHaB~Tb Tpy6KI'! KaK B B8pTI'!Ra~HOM, TaK 

ll B ropi'!30HTa~bHOM no~Ol!\8HI'll'l. KalK;n;Hli MO;!IY~b OJ;!18T C0;!18plltaTb 

"KoBep" M6o !13 I45 Tpy'6oK ;n;mmoll 3 M, pacno~ol!\eHH!Ix Bep=~­

Ho,M6o H3 I75 Tpy60K ;n;mmoil 2,5 M, YCTaHOBJ!eHH!lx ropH30HTa~­

HO. B Ka~ecTBe pa;!ll'laTOpa PTIM npe;!lllo.naraeTCH ncno~b30B8Tb MOO 

nopncTHe cpe;!lll (neHon.nacT) [I] , ~6o, ~TO 6o~ee BepoHTHO, ne­

pao)ll'l~ecKI'!e c~OHCTHe cpe;!lll H3 JLJieHKH noMITpo=eaa (ITII) • 
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PaHee B pa6oTax [2,3] 6H~ rrpHBerreHH pesyx.TaTH pac~eToB 

no orrTa.msa~ PDM-rreTeKTopa rrna nrreHTK@KKa~ arrpoHoB n cerrapa­

= 3Jl8KTpOHOB OT arrpOHOB. EH~ ITCJIY~eHH KOHKpeTHHe rrapaMeTpH 

YCT8HOBKK rrnH paSHOrO ~CJia MOrryJiefi, pa3HHX KO~pp~eHTOB 

pel!teK~ ~acTl'U1 n T.rr. !Ipn aTOM rrperrrroJiara;roci., ~To aHeprwr 

arrpOHOB Ea~ roo raB, a aHeprKH BJleKTPOHOB n arrpoHOB Jlel!tRT B 

KHTBPBaJie ~I - IOO raB. 0HHBRO B pac~eTH He 38KJia)ljlBaJ!HCI. Ka­

Kne-~60 oco6eHHOCTK KOHCTPYl'll1HK ~ pel!tHMa perncTparum:. 

Y~THBaJ!CH TOJ!bKO M8T0H perKCTpa~ PITH H HOHKSaqaOHHHX ITO­

Tepi. ~CTHrr llYTBM rronc~eTa KJ!aCTepoB, WJIDKTYaqan ~CJia KOTOPHX 

l!O~IDTCH pac!!peneJieHKID Ilyaccorra. 

qTO KaC88TCH pel!tRMa perHCTpa~ KJ!aCTepOB, TO MH OTH38M 

rrpeH!IO~TeHHe pelltHli'Y CaMoraC>ll!leroCH CTPJIMepa, KOT.opnfi KHT8HCHBHO 

HCCJ!BHOBaJ!CH B KOHne 70-X H - Ha~Jle 80-x rOnOB, B ~8CTHOCTK, 

B pa6oTax [4,5]. B 1983 r. 6HJIO npeHJiol!teHo ncl!OJ!bSOBBTI. aTOT 

pellti!M B rre= perncTparum: P!Jl.l [6, 7] • Ha MBKTpoHHOM rry~e EPe­
BaHcKoro cnrrxpoTporra 6HJI I!CilHTaH 4-MorryJ!bmrl! .!lJlll c PBHIIBTOPOM 

l!S l!eHOITJ18CTa, pa6oTaRll!ID! B pelltHbJe caMoraCllll1eroCH CTPJIMepa. 

HecKOJ!bKO l!osnrree 6u~ ony6~oBaHH pesyJ!bTBTH Jia60paTOPHHX Hc­

cJienoBaHI!fi rra STY TeMY rpyllllofi qinSI!KOB ns CepnyxoBB (S) • 

fJiaBHHe l!PeHb!J'~ecTBa pe2HMB B pa6o~en To~e .!lJlll - 6oJ!bmaH 

aMnnHTY~ CHrHa~, HCKnDqHTellbH8R ITOMBX038mHmSHHOCTD, ITp8KT~9C· 

KOS OTCYTCTBVIS IIIYMOBHX CHrHaJIOB, H688BHCRMOCT:& OT ITOpora B IJ:J:R­

POKHX rrpeneJiaX. HeJII.SH He OTMeTI!Tb H KpaCOTY MeTOHll: CeJiei<W!H 

KJ!aCTepoB llpoHSBOHHTCH He BHewrreii SJ!BKTPQHHOi\ CXBMofi, a caMOfi 

!!pOBOJ!O~Oli. iipll 8TOM I!Cl!OJ!b3yeTCH TO 06CTOHT8JlbCTBO, ~TO Be­

pOHTHOCTI. !!SpBXOna B CTpllMep 38BHCHT OT ITJ!OTHOCTH H KO~SCTBa 

5 



aapg,na B crycTKe l'!0Im3aUJilll l'l He 3aBl'!Cl'!T OT nOJIHOJ! !10Hl'l3aUJilll 118 

Tpexe. 

He~ocTaTKoM peXHMa HRRffeTCH ero Hecrroco6HocTb perl'!CTP!IPO­

nan ITOCJle~OBaTeJ!D!lYIO ceplllO RJiaCTepoB Ra CJleJ!e '18CTII!ljl. 3TO ITPli­

DOJll'!T R J!eWOpMaUJilll nyaCCOHOBa pacnpeJ!eJleH!'!R RJlaCTepOB, B pe3YJID­

';'8Te '!ero MaRCl!MaJIDHOe 'll!CJ!O saperncTp!!pOBaHllliX RJlaCTepoB OT 

OJIHOJ! '!aCT~ He MO~eT npeBHmBTb 'll!CJ!O MOJIYJieJ! ~. ~T06H 060J!­

Tll 3TOT HeJ!OCT8TOR, He06XOJ1!1MO .. 'IT06H 'll!CJ!O MOJIYJieJ! ~ 6HJ10 

6H npzMepHO BJ!BOe 6om.me CpaJIHero 'll!CJia RJiaCTepoB B J!eTeRTOpe. 

ilpl'l 3TOM ROJll!'leCTBO BSmSCTBa B ~ He YBSJll!'ll!B89TCR, HO MOJIYJll'l 

CT8HOBHTCR M8Jl03WP9KTl'!BHHMll. 

llTaK, Hall BH60p MO~O pe31tMipDBaT:b CJISJlY!OillliM 06pa30M: 

I. KOHCTfWKU!IH ~ - PHJ!H TOHKOCTSHHHX TfW60K, npoCJIOSHHHS pa-

Jlli8TOpH. 

2. MeTOJ! perl!CTpaUJilll - RJiacTepHHII. 

3. Pe~ perl!cTpaUJilll - caMoracHilllll!CH cTpl'!Mep. 

4. PaJll'l8TOPH PIT!l - rreHOllJ18CT l!Jll'l, 60J1ee BepoRTHO, rrrr. 
B J18HHOl! pa6oTe rrp!!D9J19HH pesyJIDTaTH ~ liCCJISJ!OBaH!!II, 

aeo6xOJll!MHX J1J1H BHpa6o= !I HP!!HHT!IH pemeHllll rrepeJ! COSJ!aHl'!eM 

6om.mol! ycTaHoBKl!. KpoMe To:ro, :aamel! 6Jll'lllt8l!mel! ueJIDIO HBJIHsTCH 

C03Jll'l!zy.[9 M8KeT8 ~ C 'll!CJ!OM MOJIYJ!SJ! OT 12 J!O 24 Ha BHill6 

npl!DeJ!eHHHX np~X'll ero l'!CITOJID30BaHlle B 3KCrrepl!M9HT8X no 

KYMYJIHTl'!BHilM npoueccaM JlJlH e;:n: -cenepa!ll'lll npll aHeprliHX BHme 

~ 0,5 raB :aa EpenaHcRoM c:mxpoTpOHe.PasMepu pa6oqeJ! anepTYPH Ma­

xeTa - (18 X 26) CM2 npll JlJll'!He (l-2) M B 38BliC!IMOCTl'l OT 'll!CJla 

MOJIYJiel!. 

06mzll Bl'!Jl OJ!HOrD l'l3 MOJ!YJlel! MaKST8 C paJlli8TOpOM liS ITIT no, 



1(23aH Ha ]?HC. I. Mo,~zyJU. CO,llepl<RT 16 Tpy60lt ,llRaMeT]?OM 16 MM R 

TOJI!QIIHOJ! CTeHltl'! 12 MltM. Kall\llM T]?J6Ka !!MeeT I'!H,lJ;IIl3R,laJI:bl!Oe Im­

Tai!He rasoBol! CMecr,ro, cocToH!l1el! R3 Xe , He , c H.._ R napoB Me­

T~JIH. ~H ITOCJie,llY~H ITJIOCltOCTI> perRCTpaTO]?OB PITH CMe~eHS 
OTHOCRTeJI:bliO rrpe)lH~eJ! Ha BeJIRqRHJ ]?a,llRYCa Tpy6ItR. Ha 3TOM ~e 

J?HCJHR9 ITOita38H 32-ItaHaJII>~ MO,llYJIJ> 3JieitTJ?OHRltR C~eMa H 3a­

ITHCH RHWOJ?Mau;m, pacc'll!TaHHHl! ){a ,llBa MO.JlYJIH MaiteTa Jlilll [9] • 

Co6paHHaH Tpy6Ita Malt9Ta ITO,llBepraJiaCI> TeCTOBHM. HCUHTaHHRM. 

Ha pa~OaitTHBHHX HCTOqHJiK8X 55Fe (peHTreHOBCitHe ItBaHTH C 

E~ = 5,9 It3H) H 90Sr ( E~0x= 2,2 MsB). 

Ha J?HC.2 ITOita38Ha 6JIOit-CXeMa, B ItOTO]?OJ! ITJ?OBO~JIHCJ> H3Mepe-

HM. B CJIY'!8e 3JleitTJ?OHOB 906r BHpa6aTHBaJICH MOHHTOJ?~ CHr-

Ha.Jl B CXeMe, BH,lleJieHHOJ! rryHitTHJ?OM, rrpH'!eM HCIIOJiJ>30BaJICH rrpa-

B~ ItpaJ! CIT9ltTJ?8 3JieltTJ?OHOB ~ BH,lleJieHHH 'IaCTHIT C MHHHMaJIJ>HOJ! 

HoHH3aURel!.CnrnaJI c Tpy6ItH 'Ie]?es ycRJIHTeJII> c K=5,HMe~ MaJioe 

BHXO,llHOe COITJ?OTHBJie){We,paSBeTBJIHJICH ~ aHaJIHSa Ha AM-1024 H 

~ BHpa60TKH CRrnaJia yrrpaBJieHHH Ha C2,IT]?R'!eM ~Clt]?HMHHaTOJ?-WOl?­

MH]?OBaTeJIJ> D5 rrporrycitaeT TOJII>ltO cTpi!MepHHe HM,llYJIJ>CH, T. e. B CJIY­

'!ae 90sr- rrepec'!eTHHe IT]?H60]?H S I, S 2 H S 3 OTC'll!THBaJIH CO­

OTBeTCTBeHHO MOHHTOJ?, ITOJI)iJI!l sarpysxy Tpy6KH H '!HCJIO COBI!a,ll9~ 

HHl! TJ?Y6KH C MOHHTOJ?OM. 0THOmelllie We!.= N (53)/N(SI)orrpe,lleJIHeT 

3WP9ItTHBHOCTI> perHCTP8ITHH 3JieltTJ?OHOB ITO RJiaCTepaM. 

B CJIY'!ae. 55Fe cxeMa pa6oTaeT B pelRHMe rrporrycR8HHH n, 

cJie.llOBaTeJI:bllo, N (52)=N (53) , a a@)eKTHBHOCTJ> perncTpaiTHH 

ItBaHTOB orrpe,lleJIHeTCH OTHOmeHReM 'l~=N(52)/N (52, IIJI8TO) • 

]eBaH Be]?XHHH '!aCT!> 6JlOlt-CXeMH ITJ?9,llHa3He'!eHa ~ HCXJiuqeHDH ITOC-

Jle llMITY JII>COB B IIJ?SlMOM ItaHaJle C'!9T8 0 - ltBaHTOB. 
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Ha pHC.3 H 4 ITORB38HH KpHBHe ~KTHBHOCTH perHCTpa~ KB8H­

TOB H 8A6KTpQHOB npH ~YX CHAbHO OT~~CH KOHn6HTp8nHHX 

Xe , nOAY'!eHHHe c noMOIIU>lll I3HIIIe onHcaHHoll cxeMH, npgqeM pernc­

TPRPYlllTCH TOAbKO Te KABCTepH, KOTOpHe nepemAR B C8MOra~CH 

cTpHMep. B~o, 'ITO npR onpe;~~MeHHHx aanpllllteHRHX nHTaHRH a([Jl?eK· 

TI!BHOCTH ~ € R ~ CHAbHO OT~lllTCH. 

HcnaAbayH cepRlll no;~~o6HHX KPHBHX; 6HAB noAYqeaa 38BHCHMOCTb 

"*KTJUliwcTH Wcf perncTpa~ eAeKTpoHoB 
90

sr- aT KOH!leHTpa­

.~ Xe npR paaHHX BepQHTHOCTHX Wstr- nepexo;~~a B CTpRMep KABc­

Tepa OT 55Fe • 3TR ;118HHHe npe;~~cTaBAeHH aa pHc.5. ~ Taro, 

'ITOOH ITQAY'IHTb B~pOHTHOCTb nepeXO;I18 B CTpHMep ~ KBaHTOB C 

6anomell aHeprnell 55Fe aaMeHHACH aa 241Rrn B aToM CAY-

qae perHCTpHpyeTCH B OCHOBHOM AHHRH 13,6 KaB. Ha pHc.5 BR;II-

HO, 'ITO Watr- ~ 241.Arn aaMeTHO BHIIle. 3Ta paamm,a ~ 55Fe 

R 241J1m HaXO;IIHT CBOe npyroe BHpalKeBHe T8Kl!te R B c~e 

CH6KTpaAbHHX pacnpe;IIeAeHJrl!: CTpHMepHHX CHrHaAOB, ITORB88HHHX Ha 

pRc.6. ilpR O;IIHB8KOBOM HaiTp$E6HHH ITHTBHKH 3T8 C~HZKB COCT8BAH-

6T 17 % , JipH'IeM cpe~ TOK Tpy6KH B 3THX R9MepeHHHX BHCTBB­

=CH CTporo O;IIHHaKOBHM, 

Bo3Bp81ll8HCb K pHC.5 OTM6THM, 'ITO ;118HHHe no ~KTHBHOCTH 

perHCTpa~ 3AeKTpoHOB HMHTRPYDT 0-KABCTepHHll WoH HHOHOB C 

8H6prnHMH·B COTHHcM8r83A6KTpoHB0AbT, IT03TOMY 8TOT BOHpoC CAe;IIY­

eT o6cy;I~Hn no;J~po6Hee·. 

Bee HalllH RaMepeHHH nORBaHBalllT, 'ITO npn npoxollt;IIeHHH aAeKTPO­

aa C MHJmMBAbHOll ROHH3alll!ell qepea CAOH Xe pa MH'IHOll TOJIIliHIIH 

perHCTpHpyeTCH TaKOe 'IHCAO KnBCTepoB, KOTopoe B nepec'leTe Ha 

eM Xe paBHo 0,18 ± 0,02. ITpn aTOM BepOHTHocn nepexo;II8 B. 
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cTpnMep = KJJacTepoB c E1><6 xsB <55Fe) BH6npaJiac:o paBHoll 0,8. 

C ~yroll cTopoHH, TeopeT~ecxoe 3Ha~eH!1e )(JIJ'! ~ncJia 5 -KJJacTe­

poB Ha I CM xe = E5 ~ 6 R3B l1 MIIH!1MaJll>HO l10Hl131!PYlllliiiX ~c­

T~ paBHO 0,08 (IO] • B ~yrmx SRCrrep!1MeHTaX (II,I2] 3TO 3HS~e­

H!1e ~ocTnraeT 0,2; 0,22, T.e. rro~Tl1 BTpoe rrpeBHmaeT Teopn~. 

B HameM cny~ae rrepexo~ crycTRa sa~ (~8Bl1H!I) B CTp!1Mep ~OCHT 

cTaT!1c~ecRHll, BepoJITHocTHHll xapaxTep. ,IJ,JI.<l: KBaHTOB c E3'::6xsB 

(55Fe ) M!1 3a~eM sTy Bepol!THOCT:O H8 ypoBHe 50 %. ,IJ,JI.<l: TOrO, 

'l:T06bl HOJJY~T:O aHa~Ori!'!HHe BepOHTHOCTl1 )(JIJ'! 

B OTCYTCTBHe COOTB8TCTBYJilliiiX 

6 -KJJacTepoB c 

~ -~. , M!l BOC-

rrOJll>30Ba~c:o sxcrrepi!MeHTaJll>H!IMII pe3yJll>TaTaMI!, rroJJY~eHH!IMI! PeTe­

paM (I3}n arrrrpORCIIMHpOBaHHbiMII ~OBaH!1 (I4] , OTHO~MIICH It Be­

pOHTHOCTII rrepexo~ JiaBJIH!I B CTpi!Mep. 3TJI pesyJll>TaT!I rrpi!Be~eH!I 

H8 pHC. 7 • BJmJ!O, ~TO BepOHTHOCTI> rrepexo~ B CTp!1Mep Ha ypOBHe 

50% o6ecrre'l:I!BaeTCH rrpl! ~Me qacT~ B JiaBHHe ~r,6.I09 • 
,IJ,JI.<l: orrpe~e~eHHH sToro 'l:IICJia B HameM CJJY~e 6~ 113MepeH KrY RaR 

B rrpOITOP!1110Ha~I>HOii, TaR II B CTpru,epJiol! 06JISCTHX rryTeM JI3MepaHI!H 

cpe~ero TORa Tpy6RH C TO'l:HOCT:O~ 5 HA. 3Tl! pe3yJll>TaT!I rrpe~cTaB­

~eHbl Ha pnc.8 n xopomo coBDa~~ c ~HH!IMII B pa6oTax [4,5] ,rro­

JJY'<eH1!HMH ~yroii MeTo~oll. l!a pnc.s B~o. no ~"'e rrpJI U= 

= 3,2 KB, xor;lla Bee cnrHa~ rrpJIHa~emT o6Jl8.CTJI cTpll:Mepa, ~c~o 

'!BCTI!l1 "'3,o.I0° , a B JiaB!1He 6Mee 'l:eM H8 HOp>Oi;OR M8HI>II!8. 

3To HeCOBITa~eH!1e 'l:JICJia ~CT~ B RpliT~8CROll Jl8BIIH8 H8 Rpi!BOJ! 

PeTepa C 'l:HC~OM ~aCT~ B Jl8B!1He, rrepexo~el! B CTpi!Mep y IT0Bep­

XHOCT!1 rrpOBO~O'l:RH, CaMO ITO cede !1BTepeCHO C TO'l:RH 3pe!ll1H 06pa30-

Ba!ll1H CTp!1Mepa B pa3HhiX yc~OBHHX l1 Tpe6yeT OT~eJll>HOrO paCCMOTpe­

HHH. 
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TeM HB MBHBB Mil MOiKBM C,ll8Jl8Tl> peaJll/ICTli'I9Clt09 np9,1J)lOJ!OiKBID!6, 

'ITO ItpRBaK PeTepa coxpanaeT cBoro WOPMY a B Hamax ycJIOBRHX.Torna 

Mil MOli1.9M ROpMI'lpOBaTl> BTY KPIIBYID B TO'IKB P,SO % Ha BReprnro 

5, 9 xaB R no.JJy'!HTl> BBpOJITHOCTR Wstr(E0) nepexo.na B czyRMep 

npR Es < 6 xaB. )l.a.Jlee, nom.syac:o ~epellllH8Jil,HHM pacnpe,neJie-

-z 
HRBM Pe39PWGPnB P(E0)- E6 , llOKa3aRROro H8 pRe. 9; HYMR01K8R 

ero Ra COOTBBTCTBy~e BBPOHTROCTR nepexo,na B CTpKMep, llOJJy'!aBM 

.nawwepeJUJ;HaJ~I>Hoe pacnpe,neJieHae W(E 6) = P(E6)·Wstr(Eo) ;rw; '!He­

JIB 0 -K.naCT9pOB, nepeme;!OIIHX B CTpKMep. MIITerp:apOBaHRe 3TOro 

pecnpe,neJieRHR ,naeT 3Ha'leHRe 0,18, 'ITO npexpacHo corJiacyeTca c 

Hallii!MH axcnepRMeHTam.R!IMI'l pesy m.Ta TaM!'!. CJie,nyeT OTMBTRTl>, 'ITO 

ITOJIY'I6RHII9 BepORTHOCTR nepexo,na B CTpRMep HCITOJI:o3YIDTCH He TOJU,­

KO ;rvJR npOH9PHR COHnaiTBRRH C TeOpRefi, HO Y'IHTIIB8IDTCR H ~Refi­

IDBM H CllBKTpax PUll npR p8C'19T8X npaKT]1['19CKOrO AUH. 

~ HHRCH9HRR HOnpOca 0 Hp9M9HHOM paspemeHHR nDli 611Jl]1[ R3Me­

peH!I HpeM9HH!I9 Cll9ltTpll crpitMepHOl! rpydHR (pRC. IO). XOTH llOJIYllll!­

puR!I pacnpe,neJieHRll 6Jl]1[3HR, BpeMeHH!Ill cneKTP npR HallpalltBHRH 

U = 3075 B , 6Jl]1[aitOM K pada'IBMY, od.na,naeT doJiee )IJlltllHliM "XBoc­

TOM" • 'IT06!1 ITOJ!ROCT:OID OXBaTHT:O padoqyro OdJJaCT:O TpydHR HBOdXO­

' ,nHMO . 38Tp9Tl!T:O ~ 270 HC. 

E!IJ! TBKlltB H3Mep9H TBMHOHOll TOR Tpyd!tR, ItOTOpHll HO !ICBM ,nHB­

n830H9 H3M9H9HHH Hallpali1.8HHH nHTaHRH OT npOITOpiTJ1tORa.JU,HOrO pelltHMa 

,no CTPRMBPHOro J!Bli1.8Jl H.HHT6pBaJie (30-50) HA. 

PaC'!BT MBRSTB llOH ;rw;e/& -cenapaiTJ1tH llpOHO,nHJ!CH H ,nBa 9T8-

na. BH8'18Jle p9CC'IRT!IBaJ!CR "R.neam.HHll" AUH, H KOTOpOM y'IHT!IBaJ!CH 

iTOJU,ItO MBTO,ll perHCTpailHR - K.naCTepH!rl!. Ha'!aJU,H!IB orpaHR'IHB8~6 

~C~OHRH.BaltJ!~C:O H TOM, 'ITO 24- MO.llYJI:E.HHll ,ll8T61tTOp He 



.D:0JlJ!\8H npeBumaTb ITO ROJIII'I8CTBY B81J18CTBa 5 r /cM2 li l10 ;rr;ID!H8 2 M, 

't!TO B II8p8C'I8T8 Ha O,Itmi MO.lJ.Y.1.l.b COCT8BJIR:8T 0,2 r/cr.1
2 

R 8 CM 

COOTB8TCTB8HHO. ilOSTOMY CJ18JlY8T BHdpau OriTID,JaJI.bHYID TOJ!ll1liHY a 

o~oro c.n:oH pa,n:RaTopa. 

Ha pnc. II rroKasaHa saBncnMocn 'll!CJia KB3HTOB Pffil Ha BHX0,!1e 

IDI-pa,!1!IaTopa c 'll!CJIOM c.n:oeB m = I50 n paccTommeM Mem;n;y 

CJIOHMH g = 300 MRM. OT 3Heprn!I 3JI8KTPOHOB. Kam,l1o~ KpnBOH 

COOTBeTCTBY 8T Ol1p8,!18JI8HH08 3Ha'18Hne a , E~O, 'ITO C pOCTOM 

Q BHX0,!1 H3JIY'I8Hnfl paCTST npn OTHOCHT8JibHO B!ICOKHX 3HeprHHX. 

lipH aHepr!IHX (0,5-I) raE KapTHHa l1PflMO l1POTHB0l10JIOJKH3H,E!PH'I8M 

B 3TOfi Odn8CTH OTHOCHT8AbHO M8~0 R ~0~0 KB8HTOB. 0't!8B~O, ~ 

'ITO 3Ha'!eHHe u = I5 MRM H8HJIY'Illll!M odpasoM Y.I10BJieTBOJ7HeT Tpe­

doBaHMM ,!18T8KTOpa BO BC8M ,!1!I3IIa30He 3H8J?rill!. ilpl! a = I5 MKM 

n m = I 50 MOJIY m, co,11eplRl'!T o, 2 r I cM2 Bell1eCTBa. !Ia pnc. II 

g = 300 MRM. 3TO 3lliF<8HH8 CM38HO C orpaHn'I8Hli8M ITO ;rr;ID!H8 ,!18-

TSKTOpa. B TO ~e BpeMH OHO, KaR 3TO B~O 1!3 pHc.I2, xoporno 

Y.I10BJieTBOPfleT TpedOBa!lilffil! cerrapall;lln rrpn Ee = (0,5-I) raE. 

E 3TOil OdJiaCTU 3Heprill! B!IXO,n: U3JIY'Iefll!lf He pacTOT l1PH g > 300 MRM 

IlpH g = 300 MKM IIOJI.Ha.R ,It1lllli8. BCSX 24 pa,n:naTOpOB COCT3BJJ.ff-

8T 'V IIO CM. 

BosHUKa8T BOl1J?OC 0 ROJIH'I8CTB8 perliCTPliPYIOOlilX IIJlOCKOCTeil 

TpydoK, paCl10Jl0~8HH!IX 38 ,!18HH!IM pa,n:RaTOpOM. 3TO CM33l!O C cpop­

MOfi CIISRTpa H3JIY'I8IDIH. Ha l)HC. 13 IIOKa38HH' CII8RT,Pa.Jt0Hl:l8 pacnpe-

)l8J18HJUI H8 Bl:DCO,IJ;8 ill1-pa,IUmTOp8. C m ::-.: 150, Cl::::: 15 MKM H 

g :;:;; 30G wtM ,J:(J1J3: sHeprm1: sJieKTPOHOB OT G, 5 .no 4 rsB. Bll,lllw, 

l!TO OCHOEH8.ff '{8CTL KB8HTOB H8X0,$1TCH B ~HT8pB8Jl8 'I8CTOT OT 

H8CKOJ11:>Rl1X .D;O ,...., 20 R8B, IIPH'1:!8lvl MaKCRMYM pacrrpe,tteJleHIDi: 
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6Jli!30K K 7 KBB. EcJII! 38 pa,I(IIllTOpGM B!lCTaJlHTb 4 CJ!O!! Tpy6oK C 

KO!lU8HTpa!lli!8ll Xe K = 30 %, '!TO COOTB8TCTBY8T o6mell ycpe)IH8H· 

HOl! TOJ!Ull<H8 CJ!O!! Xe, paBHOi! I5 MM, TO IIOrJ!Oill8HH8 KllaHTOB B 

3THX CJ!O!!X Bllr~T T8K, KBK IIOK8S8HO Ha PHC.I4, !<3 KOToporo 

Bll,l\I!O, 'ITO y:rAe B II8PBilX 3, 75 MM Xe IIOrJIOUJ,aeTCJI ~55 % R3JIY-

'!8HRff. P8C'!8TH IIOK83UB8IDT, 'ITO HaROOJiee II8Jl8C006pasHO RM8Tb 

38 Ka~M pa,I(IIllTOpOM TOJ!bKO 0~ IIJ!OCKOCTb Tpy60K. C~Dma!! 

IIJIOCKOCTb TPYOOH c~aeTC!! no OTHorneHRro K rrpe;IIHJ!Yill8H aa BeJli!­

'I!IHY pa;n;HyC8, KaK IIOK838HO Ha p!'lc.I5. Ha 3TOM pncyHEe KPOMe TO­

ro OTM8'18!11l TO'IKH BX0)\8 'laCT!'III rrpn X = 5 MM II X = D MM. !Ipn 

X = 5 MM 'IBCTJ<IIB rrepeceKaeT 24 MOJIYAA, rrpn X = 5 MM - I2, rrpn 

aTOM K0Jlliq6CTBO B81Il6CTB3 B 060ZX CJJY't!BHX OCTaeTCH Ojl,i'iH8KOBHM. 

nan»Hei!illl'l8 pe3yJ!bT8T!l paC'!8TOB ITPIIB8)18EH RMSHHO JlAA 3TIIX Tpa8K­

TOpJii!, HpOM8 CJIY'Ia!I, KOr;ll8 RCCJ18JIY8TC!! O)IHOpG)IHOCTb paOOT!l J18-

T8KT0pa B)IOJ!b OC!'! X. 

Cpasy OTMST!'!M, 'ITO pac'!eTU rrpOBOJlRJli!Cb B JlB8 3T8II8. BHa'la­

Jie 3HaJmTJi:ftl6CKPI paCC"tU!THB8.8TC.ff 111QX83Jll:,E:Hi" ,IJ;BTSRTOp, B KOTOpOM 

y'!RTUB88TCJI TOJ!bKO MSTOJl perHCTpaii,IIlll. !Ipn 3TOM Bll)l,3IDTCJI BC8 

OCHOBEH8 xapaHTSpJICTl'!Kl'l JUIII, B TOM '!RCJ18 ([aHTOp peli<8KII,IIlll R B 

saBJIC!'!MOCTR OT 3\@eHTJIBHOCTJI perncTpaii,IIlll aJieHTpoHa We • Ha 

CJ18JIYKIU8M 3T8II8 B paC'!8T BBO)IHTC!! II3B8CT!Ill8 HaM ([aKTOp!l, y'!RTH­

B8KI!ll'l8 oco6eHHOCTII 'pa6o~u cTpRMepHoi! TPYOKJI. T8JmX i[aHTopoB 

JlB8 - 3TO 38BIICIIMOCTb BepO!!THOCTII rrepeXOJl8 B CTPJiMep 't -KJiaC-

Tepa OT ero 3Hepr!Il'! H H8CIIOCOOHOCTb IIOCJ18)lOB8T8JlbHOi! perncTpa­

II,IIlll KJiaCTepa. 

B p83YJ!bT8T8 3TOrO OHJll! IIOJIY'!SH!l MaCCIIB!l Jl3HHHX IIO ~eK­

TIIBHOCTII, cpa6aTUB8HRff MOJIYAA Wm ~ 38BIICIIMOCTII OT ero HOMepa Nm, 
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iiTL18'l'lW TaiClt8 't!TO .Il:J.l..ff J1!8T8 B.IJ:POI-IHOrO ;20H8, KOTOpu.ti 8KC-

neprrr.:8HT8JlliHO YJMflTflpOBBJlCH 8J18RTpOH.8.MH, 6H.J13 BH0p8H8 R:QllBBH 

H.a p;.rc.G, no'i'opaH cooTB8TCTBY8T GO % -ott Bepo.rrTHOCTZ rrepexo.n:a 

B c7pm,iel; t -KJlBCTepoB 
55 Fe • Ho rrprr 8TOM Reo6xo,n::viMO 6HJio 

Jl.a.l.inr Ol1TU1.18.'ll>HYIO KOHIJ;8H'XP8LU!IO Xe , KOTOpa.H: 068Cll8llllil8Jl8 dll 

BblCO'KYKJ 8)ll8l\.THBHOC.~-l:O paclOTH ,I(8T8RTOpa BO BC8M 8HepreTK'I8CitO!.'I 

~·m·repB2W8 8JI81tTpOHOB. lia puc. (I6-I9) rrpe,n:CTBEJI8Ha 88BYJ'CN1\10CT1 

·,~Jal~Topa _pc:B.eitu;rnr R fl,UeaJrcHoro ,neTeRTopa OT aqikleKTH.BHOCTH pe­

nwTpauavr 8JI8I\T_I)OBOB we rrpM pa3HhrX ItOHLWHTPBLUf.H:X: Xe H rrp:! 

'i1HT8QB'3M IIB,UBiDUUlX lJ:BC'l'HU. Bvr,UHO, -qTQ BO BC8X c,;rzy-qa.ffX R8l1..7l~,n:I-

njl;r_;.t (lai<:TOp p8}.18K'1;JIH COOTB8't'CTBY8T OITT!1lv13Ji.bHOti ROHD;8HTJ.kFt:·Uf ::Ce 

B rrpe,n:eJJ.ax I\:-.:: (!tO - 45) %. fJlH i\ = ,1U ';b Ha pac.2C rro:x.asaHa 

3BBVICHf;JQCTO TIOJUfOro 'TIIC.:ua KJiaCT8pOB B M88Jl:&HQr,1 .!(8T8I\TO_p8 o::· 

:meprrrn: sJieKT.POHOB rrp~ X.::::: 5 r,n,T H X = 8 rvrr·A. Brr.rvto, 'G:'l'O cctroB­

aot1 pOCT qzC.i'l8 KJI.aCT8l)OB HM88T M8CTO E miT8pB8.118 .6.J;;e = (C ,:-_;_ 

K718CT8pOB ITplU:18pHO B,UB08 r.'l8H:Oill8 "!HCJJ.a :'· . .:O,JJ.y.JI8ti, T.e. )J.,1Z C'£81'0-

BH'l'CH KaR 6U M8Jl08ti:xJ}eKTHBHblM, 11 (I)8KTOp, o6yc:r:tQBJ18lilitr;l JieCITOCOd­

llOC7btO pGiii.}fL~3 11
CtiVlT8Tb

11 
KJI8.CT8_pb!, CT8HOBHTC.R: H8CYlll8CT!.-8liiJH~.;. 

B COOTB8TCTBlli1 C pHc.20 MOEHO OlfJ:I.U81'::0 pe3KOro YJ!~'"lt:!0l.,~.s: 

r(la}{'!'Opa peiiteKo;mr c pOCTQf,j .Ge. 3TO Bll,!lJIO H3 ,n;aHilHX . '8 pnc.? I ¥ 

:2~; ,U.J!H m:~;eam.r-roro .U8T8RTOpa. CpaBHelli:Ie ii\.8 pncyilKO:P IIOK8.3i::maeT' 

"ttTO rrpa rrepexo.n;e OT tUICJia MO.IJ'.YJI€~ M = I2 K i'1l = 2:1 :)3KTop pe­

JKBKIJ;:HH YJIYtirna ercR o-qeHn CHJlbHO y7!..e rrpz: Ee .::::: I rr:_·. Ha rrpar\wp, 
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rrpn We= 96 % aTO YJIY'll!leHHe cocTaBJJHeT ~ro5 pas, B To JKe 

BpeMJI ;u;.nH Ee = 0, 5 raE - Bcero JU!l1lb B -l" I0 pas. ll TeM He Me-

nee, rrpn Es = 0,5 raE yBeJllf<leHHe 'll!CJJa MO.J1YJiell - e,IJ;iiHCTBeHHaH 

BOSMOlKHOCTb YJIY~Tb peJKe~ro IlpH IIOCTOHHHOM We 
Ha OCHOBe J!HHHUX, paccqnTaHHHX J!Jl!I HJie8~HOrO neTeKTOpa, 

BBeJIH pean:oHHe ycJIOBHH perncTpaqHH KBaHTOB, noJIYqeHH aWPeKTHB­

HOCTI'l VV -tn Cpa6aTHBB.HHH MO.J1YJJH C HOMepOM N m IIPH OIITl!MaJ!bHOJ! 

KOHIIeHTpaqHH Xe ]{ = 40 % ;u;.nH · X = 5 MM (M = 24) l'l X = 8 MM 

(l'.l = I2). 3TH J!Hl!1me npencTaBJieH!l rra pl'!c.23 n 24. Ilpn X = 8 MM 

cpa6aT!IBaiDT TO~Ko 'leTHHe MOiJYJIH, 11 VVm MOHOTO!UIO pacTeT c Nm. 
Ilpn X = 5 MM cpa6aT!lBaiDT KaK rre'!eTHHe, TaK n qeTHHe MO.J1YJIH,noa­

TOMY VVm nsMeHHeTcff CKa'lKOM. llcno~sy,; Maccl!B!l naHHHx ;u;.nH Wm 
6!lJIH npoBeneHH MoHTe-Kapno pac'!eT!l ;u;.nH noJIYqemm aaBI!CI!MOCTI! 

s@ieKTliBHOcTI'l per.:cTpa~n Wrt IIHOHOB oT We ;u;.nH pasHHx srra-

qeHHl! E e H X = 5 MM H X = L MM, IlpH BTOM HCII0~30B8J!Cff Me-

TOJ! MSKCI'lMa~HOrO Ilp8BJ!OIIOi(061!H. Pesy~TSTH pOS!lrp!lma npeJ!CTSB­

Jie}lli H8 pac.25 H 26. Ana HarJJHJIHOCTll HeKOTOp!le pesy~TSTH p03!l­

rp!llll8 JIHHH B npyr.OM BHJie Ha pi'IC. 27. 
HaKOHen, Ha pi'IC. 25 II0Ka38HH pesy~T8T!l pacqeTOB ;o;JlH nnea~­

HOrO neTeKTOpa, II03BOJJHromHe CYJ!HTb 0 CTerreHH OJ!HOPOJ!HOCTI'l null 
BJ!O~ OCH X. JleBaH IIIKaJJa - 38BllCI'lMOCTh 'li!CJJa KJJaCTepoB ;o;JlH 

e- n 15 - KJJacTepoB = ai oT X. HeonrroponrrocnN B:IIO~ X 

rrpliBOJ!llT K HeonrropoJ!HOCTll no R (rrpaBBH IIIKaJJa). JlaliBHe npH-

BeneHH = K = 40 %, We= 95 % I'! Ee = 4 rsE. 

B 3a~roqeHR8 OTM8TRM, qTO,KaR y~e rOBOPRnOCD, ~ pac~eTOB 

rrpaKTI'lqecKoro null l'laMI'l 6!lJJa B!l6pana Kpl!BaH c VV str = 50 % rra 

pnc.5. Ha CSMOM J!SJ!e CJ!e)1Ye~ IIPHBeCTI'l OIITI'lMI'l38~ID nm1, l'lCIIO~-
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sya I'! IUJYI'I'le Kpi'!B!Ie Ha aTOM pacymte. 

ABTOp!l BllpaJKBIOT rJJydoeyro dJiaro,l\apHocn B.B.AMtloCoBy (\I:!B0) 

Sa CTIDI!YID1,l)OBaHHe H OdcyE.,IJ;SllliS padOTll, a TaiCte A. T~.AMaTyl-m , 

f.A.BapTaUeTilHY sa ITO,l\,1\epFiliy. 

ABTOPII np1!3HaTeJl~H!I, HH lllli, i;I.A.Ari!H11!!, A.P.ABaMHY, M.C. 

Kop,l\OHCKOMY sa co;nelicTB!le E padoTe. 

PHC. T 
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IIO.ll)TIICI! K HICYHKAM 

Pnc. I 06l!ll!il Bll,ll; MOllY M M<meTa .ll)TII. 

Pnc.2 EJ!oK-cxeMa .D:M nsMepeHI!il xapaKTepi!CTl!K cTpl!Mepaoi! Tpy6-

KH. A-ycl1JIRTBJI:O ,HA -I-raHoarvmepMeTp, 

-Bb!COK08 Hf!IlpmK8HI!8, p~ -CB!!HilOBM 

R -P83l!CTOp, H. T. -

38!l1l'IT8. PM -rpoTOYM-

HOlKI!T8Jll>, SC -CUl'lHTl!.JJ.1l.ffi{HOHJrui! C"\!8T'!llR, JJ -Ul'lCKpH­

MI!HaTOp-rpopMHpOB8T8Jll>, C-cxeMa coBrra,n:eHI!il, S -nepec-

qeTJrui! npnoop, D.L -Jilmlm 3a)lepJKKll, W -pac!l1l'Ipi!TeJll>, 

PA-I024-aHaJ11138TOP HM)(YJll>COB, A-Bxo.n: aHTHCOBrra,n:eHI!il. 

Pnc.3 3aBnci!MOCTI> 3i!J;]ieKTI!BHOCTI! perncTpaUl'll! KBaHTOB 55Fe 11 

8Jl8KTPOHOB 90Sr C Mlllii!Mf!Jll>HOi! HOHI!38!lll8il OT Ha!Ip!ll!te­

HI!il UI!T8HI!il liP!! OTHOCI!TeJll>HO M8JIOJ! KOHil8HTp8Ul'll'l Xe. 

P!!C.4 To JKe, "\!TO I! Ha pnc.3, HO ~ OTHOCI!T8Jll>HO OOJiblliOfi KOH­

UBHTpaUtm Xe. 

Pnc.5 3aBI!ci!MOCTI> 3i!JjieKTI!BHOCTI! perncTpaUl'll! 3JI8KTPOHOB OT 

KOHil8HTp8!1llll Xe npn pasHHx BepoHTHOCT!IX nepexo)lfl B cTpn-

Mep ~ -KJiaCTepOB OT 55Fe H 24IJ1m 

PHc.6 CneKTp8Jll>HH8 pacnpe,n:eJieHI!il CTpl!MepHb!X CHrHaJIOB OT 55Fe 

l'l 24l!lm 1! RaJll!6pOBO"\!HaH llpHM8H. 

Pl!c. 7 J\pi!BaH PeTepa .n:M BepoHTHOCTl! rrepexo.n:a B cTpnMep JiaBli­

HH C ,n8.HHI:lM 't!RCJIOM "1:!8CTHU. 

P!!c.o 3aBl!Cill<OCTb K03i!J;]il!Ul'l8HT8 yCl!Jl8HI!il OT HallPHJK8HI!H !IliT8Hl!H. 
a 

Pl!c. 9 Jlllqn)epeaunaJll>Hhle pacnpe,n:eJieHI!il P ( E&) : K/ Es ~ 'iHCJia 

0 -KJiaCTepoB, o6pa30BallH!lX B I OM Xe li W (E) - ~ 

"\!I!CJia 6 -KJiaCTepoB, neperue.D:Il1l'IX B CTPI!Mep. 
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·Pao.IO BpeMeHHO~ OIT8KTp Tpy6KR. 

Pno.II 3aBHOKMOOT~ EHXO~ KBaHTOB PITY! OT SHeprnn 3~8KTpOHOB 

.~WI p$3HIIX 3Ha'!8~ T0.711I\l!H liJIBOTnHII a rrpn g ~ 

~ 300 MKM H '!HO~e liJIBOTnH m ~ I50. 

PHo.I2 3aHHOKMOOT~ BHxo~ KBaHTOB PnH OT aaeprnH ~eKTpoaoL 

.lWI p$3HIIX 3Ha'!8~ aaaopa g M8J!\IlY IIJlaOTH!IaMI'l p$,llllaTO· 

pa rrpH a~ I5 MKM n m ~ I50. 

PHo.I3. !lJ!\W!epei!IU'[a~HHe qaoTOTH!Ie orreKTpa PITY! aa B!lxo.n:e 

,llllaTOp$ 0 m ~ I50, a~ I5 MKM, !; ~ 300 MKM 

pa­

= 
p$3HEIX SHepr~ ~8KTpOHOB, 8 T8RE8 OOOTB8TOTByonne 

SHa'!8HRH .~WI '!HCJl!l KBaHTOB. 

PHo.I4 ITpooTpaHoTBeHHoe paorrpe.n:e~eane OTHoonTe~aoro '!HCJl!l 

KBBHTOB B CJIOe Xe T0.711I\l!HO~ I 5 MM. Ee ~ raB. 

Pno.I5 OTHOOHTe~aoe paorro~o~eane cTpKMepllllx Tpy6oR, rrpoo~o­

eHHHx !IO~OHM8HOBEIMH pa,nna TO!Jl1.Mi!, 

Pao. (I6-I9) 3aB.IICKMOOn i[aRTOpa pe~eRI1ll.ll OT aiP'!ieRT.IIBHOOTI'l pe­

rli!OTP8ll.ll.ll a~eRTpoaa rrp.11 paaH!lx RoHneHTPBU.IIHX Xe = 
X ~ 5 MM (24M), X ~ 8 MM (I2 M) .11 Ee ~ 0,5 rsB n 

Ee ~ 4,0 rsB. 

Pll!c.20 3aBI'lC.IIMOCT~ rro~oro '!lllCJl!l EnaoTepoB B nDM aT saeprnn 

a~eKTpOHOB .~WI X ~ 5 MM (24 M) Jll X ~ 8 MM (I2 M). 

Pno. 2I, 22 3aHHOKMOCT~ i(aKTOp$ pell\8RI1ll.ll OT a([xjieKTnBHOOTH perno 

Tpall.ll.ll a~eRTPOHOB rrp.11 paaHNX SHa'leHRHX ax saeprnH ~ 

X ~ 5 MM rrp.ll orrTKMa~aoll Rt eaTpall.ll.ll Xe. 

Pll!o.23,24 3@ieeKT.IIBHOOT:D Wm opa6aT!l. MO.n:YJJH o aoMepoM N, 

= paaH!IX Ee .11 X. 
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Pnc. 25,26 lJoHTe-Kap.7Io-pac'!eT saEI!CI!MOCTI! EKJ!a,n:a lli!OHOE oT S<ji­

@eHTI!EHOCTI! perrrcTpa~ s.n:eHTpOHOE rrpn pasHHX aHepri!­

JIX Ee ,n:JI!I rrpaHTI!'IecHoro ,n:eTeHTopa. 

Pnc.27 

Pne.2S 

ll.JutiOCTP811M ej!IT pel!teKlii!I!. 

O~opo~OCTn nnw B)\0~ OCI! X. 
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