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BBeAenne 

2 
B Teopnn AeneHIIll BS:lKHb!M napaMeTpoM liBfilleTCll ( z I A )k P , onpeAenliiOmnJi 

npeAen cTa6nnbHOCTH nnepnoft MaTepnn no oTnomennro K Aenennro. 0AnaKo B pa6o-
/1 2 3/ . 

Tax ' ' , nocBmn:eHHbiX nay'Iennro Aenennsr, aToT napaMeTp 6epeTcsr paann'IHbiM: OT 

( Z
2 I A)kp = 45 AO ( Z

2 I Alk;o5o. noaTOMY npeACTaBnHeT 3H8'IHTenbllb!H Hl!Tepec no

ny'IHTb Benn'Inny ( Z
2 I A )kp nenocpeACTBeHHO na onbiTa. 3To B03MO:lKHo npn nsyqennn 

yrnOBOH aHH30TpOUHH OCKonKOB ):lenel!HH COCTaBHb!X SIAep c Z
2 I A 6nH3KHMH K 

21 -( Z A) kp • B CTaTHCTH'I9CKOH TeOpi!H yrnOBOH 8liH30TpOUHH ):leneHHll npn AOCTaTO'I-

HOH auepi'HH B036y:lKL(eHHSI aHH30TpOUHli 3aBHCHT OT a!lJqieKTHBnOI'O MOMenTa HHepUHH, 

KOTOpb!ii: xapaKTepnayeT !lJOPMY gnpa B Ce):lnOBOH TO'IKe. 

_l_ = ..L- ..L 
J a!PIP J II J_. 

I'll9 Jll- MOM9HT HHepUHH S!Apa B Ce):lnOBOH TO'IK9 OTnOCHTenbUO OCH CHMM9TpHR AenSI

IIl9I'OCli nnpa (coBnaAaromeft c nanpaBnenneM AenennSI); J.l - MOMenT nnepuna nnpa 

B ceAnOBoft TO'IKe OTnocnTenbno ocn, nepnenAnKynsrpuoft nanpaBnenaro Aenenasr. 

llpn yBenn'IeHHH Z 
2 I A 4JopMa nnpa B ceAnoBoft TO'IKe npn6nn:lKaeTcsr K c4Jepe,_ 

a, caeAOBaTenbHO, - 1- .. 0 • Ecnn nocTpOHTb - 1- .· KaK !lJYHKUHro Z 21 A a 
1amm J adl!b · 

aKCTpanonnpoBaTb K nyn1o, TO MO:lKno onpeAennTb anaqei'ine ( z 2 I A )kp 

B biiile 6bmo noKaaano, 'ITO lj>opMa. AenmnerocSI HAp a B ceAnOBoft TO 'IKe onpeJle

nsreTCSI a!lJtjleKTHBnbiM MOM9HTOM HllepUHH. Tenepb Kp8TKO H3nO:lKHM M9TOA, C UOMOIJlbiD. 

KOTOpOI'O MO:lKnO 9KCUepHM9HT8nbnO nony'IHTb ana'IeHHe at}J!lJeKTHBnOI'O MOM9HTa 

HHepUHH Ba36y:lKAenHOI'O S!Apa. 

3 



J13BeCTII01 'ITO npn o6ny'leHHII T51JI{enb!X ll.Qep YCKOpeHHb!MII TSDKenbiMII HOH8MH 

C SHeprnell AO }Q MSB/UyKnOH, OCHOBHb!M npouecCOM SIBnSieTCSI nonHOe cnnSIHHe 

saanMonei1cTsyromnx ll.Qep c o6paaosaaneM cocTasuoro ll.Qpa. CocTaBHhle ll.Qpa, riony

<IeHHble B STHX peaKI!HSIX, HMeiOT H8pll.Qy C Bb!COKOli sHeprneli B030YlKA8HHSI T8KJKe 

6ollbwoli yrnosoli MOMeHT. 

3To OOCTOSITenbCTBO npHBOAHT K 38MeTHOli 8HH30TpOnHH B yrnOBOM pacnpe:ne

neHHH OCKOnKOB neneHHSI0 KOTOpaSI, K8K OY.AeT nOK838HO HHJKe, 38BHCHT TBKJKe OT 

TeMnepaTyphl ll.Qpa n a$$eKTHBHoro MOMeHTa uaepunn B ceAnosoli TO'IKe. TaKHM o6-

pa30M0 3H8SI. 38BHCHMOCTb 8HH30TpOnHH OT yrnosoro MOMeHT8 H TeMnepaTypb! ll.Qpa, 

MOlKHO H3 yrnOBOrO pacnpeAeneHIISI OCKOnKOB paCC'IIIT8Tb a!fl!fleKTIIBHblli MOMeHT HHep
/4/ 

I!HH. TeopnSI yrnosoro pacnpeneneanSI ocKonKOB ohlna npennoJKeHa BopoM n B 
/5/ 

nanbaellmeM paasnsanacb XannepHOM H CTpyTHHCKHM • OcuoBHhie nonoJKeHHSI 

STOlt TeOpHH COCTOSIT B cnenyroweM. 

npeHeoperaSI CHHHOM ll.Qpa MHW8HH 0 MOlKHO 38nHC8Tb: 

2 -!i 
W"(@l •fdifdKF(Kll(sin2 8-~l ·, 

I 

rne - nonHhli yrnOBOli MOMeHT COCT8BHOrO SIApa, K - npOeKI!llSI MOMeHT8 

Ha OCb CHMMeTpHH ll.Qpa. 

¢yHKI!llSI F(Kil naeT pacnpeAeneHHe AenSIWHXCSI ll.Qep no aHa'leHnSIM K n I 

B ceAnosoll TO'IKe .11 npeAnonaraeTCSI pasuoll nponaseAeumo MHOlKHTenell f(J)g(Kl. 

Ecnn npeae6pe'lb cnnuoM uaneTarowei1 'laCTHI!hi, TO I = f - ee yrnoBoMy MoMeHTy 

ll f(I) 

g (Kl 

nponopunoaanbHO napunanbHb!M ce'!eHUSIM cocTasaoro ll.Qpa c naHHb!M I 

6epeTCSI B BRAe pacnpeAeneHHSI raycca 

K2 
g(K).,exp(---

2K~ 

11HTerpnpySI (2) no K , MOJKHO nony'IHTb cneAyromee BbipaJKeane AnSI yrnosoro pac-

npeAeneHHSI OCKOnK~B 2 . 
2 ~ f(2f+llTrexp(-fstnF> 

W(@l f.,o 4K~ 

00 e2 e 2 
~ f(2f+llTe exp(--

2
-l Io(--

2 
l 

f=O 4K 0 4K 0 

2 
l I 

0 
( £ sin 2 EJ 

4 K~ 
(1) 

W(90) 

rAe f - yrnoBOH MOMeHT COCT8BHOrO SIApa, T f - Kosljl!flnuneHTbi npnmmaHHSI, 

xapaKT8pH3YIOWH8 BepOSITHOCTb o6pa30B8HHSI COCT8BHOrO ll.Qpa C A8HHb!M f 
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Ben~'li!Ha 

nMeeT Bna: 

nonymnpnaa pacnpeaeneHI!SI npoeKunn MOMeHTa Ha ocb aenennSI 

2 1 
Ko =7 T J a¢¢ 

rue T - TeMnepaTypa Slllpa, J a¢4> - afjJfjJeKTilBHhiii MOMeHT nnepunn Slllpa B cea

noBofi TO'lKe. Onpeuenenne afjJfjJeKTHBHoro MOMenTa nnepunn npoBoannocb B pS!Ile pa-

6oT16• 11• 3aaqennSI J a¢ fjJ 6blilll nony'leHhi ns yrnoBbiX pacnpeaenennfi ocKon-

KOB ueneanSI npn 6oM6apanpoBKe pasnn'lHbiX Mnmeneii neiiTpoHaMn, npOTonaMn,_ ueii

TonaMn 11 a -qacTnuaMn. Ha pnc. I npnBeaeHhi pesynbTaTbi, nony'leHHhie B pa6o

Tax Xaiisenrn n ap/61 , rue nsyqanocb nenenne noa ,neiicTBneM aeiiTonoB 11 a -qac-

Tnu. no oc'! opanHaT oTilb)KeHbi saa'leHnSI ~ , rae J c¢ - TBepaoTeilbHbiii 
a¢¢ 

MoMenT nHepunP. cfjJepnqecKoro Slllpa, Macca _KOToporo paBHa Macce paccMaTpnBae-

Moro cocTaBHoro Slllpa. Cnnomaoii mmneii noKasanbi peaynbTSThi pac'leTa ~ 
/8/ J a¢¢ 

no Kanenbnoii Monenn , B KoTopofi 6panoch ( Z 
2 I A\.~ 50,13. Yls p11c, 1 Bnnno oua-

'li!Tenhaoe pacXO)KJleHne Me;>KJlY SKCnepiiMeHTSilbHbiMII H pacqeTHbiMI! BellH'lHl!8MII 

~ • 3KcTpanoilSIUIISI aKcnepnMeHTailhHhiX aaHHbiX naeT sHa'leHne ( Z 
2 I A l kp 

J adl¢ · x) 2 
MeJKUJ 43 n 47 • MnHIIMailbHoe saa'leane ( Z I A l kp sKcnepnMe!ITallbHO 6hmo nony-

'leHo ann Slllpa c Z
2 I A .. 39 ttp11 o6ny'lellnn C£

252 
a -qacTnuaMn. Onl!aKo sTa o6-

nacTb Z 
2 I A erne uaneKa OT ( Z 

21 A l kp , 11 c sToii TO'lKII spellnSI onpeaeneHHhifi nn

Tepec npeacTaBIISieT npoBenenne ananorn'lHhiX aKcrrepnMeHTOB c 6onee TSI)KellbiMH 

qacTnuaMn, rae MOlKHo nponBnHyThCSI B o6nacTb sHa'lnTellhHO 6onhmnx Z 
2 I A 

BnnoTb ao ( z 
2 I A l kp. 

171 
8 pa6oTe 1!3MepS1118Cb yrilOB8SI 8HII30Tp0HI!SI OCKOIIKOB aelleHI!SI, o6pasyiO-

IIli!XCSI npn 06ily'leHHH Au 
197 II Bi 

209 I!OH8MH B II , C 12 
, N 14 II 0 16 npn 

pasnn'lHhiX aneprngx. MaKCHMailhi!Oe sl!a'leHne z 2 I A B aTOM cnyqae paBI!SIIIOCb 

36,8. PesynhTaTbi pa6oThi npeacTaBnel!bi aa pnc. 2. 0Kasanocb, '!TO npn fjJnKcnpo

BaHHOM Z 
2 I A aennqnua J afjJfjJ JlilSI BCeX llCCileaoBaHHbiX ]lellS!IIli!XCSI Siaep CHCTeMa-

Tll'leCKH B03paCTaeT C yBeill!'l9Hll9M Sl!eprnn 6oM6apJlnpy!OillllX 'l8CTHU. 
171 

ABTOpbl pa60Tbl C'li!TSIOT, 'ITO TaKOe HOBe]leHI!e MO)KeT 6b!Tb CBSI38HO C 

/3/ 
x) B pa6oTe CTpyTnHcKoro y'lHThiBanocb BIIHSIHne KPIIBH3l!bi anpa aa no-

BepxaocTl!oe ll8TSIJKei!He, a TSIOKe Y'li!TbiB8il8Cb pa3MbiTOCTb KpaSI Slllpa. ~TO Hpi!BQ-
anT K snaqenniO ( Z21 At .. 45-46. PaccqnTaunaa saBnCI!MOCTb .Ia¢¢ oT Z I A xopomo 
cornacyeTCSI c SKCrrepn~eHTailbHhlMII pesyilhTaTaMn/6/. 



.. 

BKnS!IOM IIpS!MbiX peaKUall rrpa 6om.max aaeprHSIX, a TSK)Ke C OTnH'laeM paCC'lHTali

HbiX Koa!Ji!jlauHeBTOB npanHIISBHS! OT 3KCII8pHMeHT8JlbHbiX 3H8'18HHit. 0!1H8KO H3 pa6o

Tb/O/ cneJ:tyeT, 'ITO BKnS!I IIpS!MbiX peaKUHll B !leneaae He M0)1(8T 06'bSICHHTb cyme-· 

CTBeaaoe H3MeaeBHe J s$$ npa aaepraa aaneTaromero HOHa MeBbme 8 MSBI HYKnOII. 

OcTaeTCSI TSK)Ke ne SICHbiM, CBSI38HO nH TSKOe IIOBe!leHne J a!Jl!Jl C MeTO!IOM Bbl-

'lacneHHS! T f , n1160 OHO 06'bSICHSI9TCSI OC06eHHOCTb!O J:teneBHSI COCTSBflbiX Sl!lep, no-

ny'lSIOillaXCSI npn o6ny'leHHH TSI)Kenb!Mlt ltOHSM~, BSIIpHMep, 38BHCHMOCTb!O !jlopMbl Sl!l.;. 

pa B ceJ:tnoBofi TO'lKe OT ero aHepran Boa6y)K!IeHHSI ana yrnoBoro MOMeaTa. 

,Ung BbiSICHeHitSI 3TOI'O He06XO!IHMbl !IOCTOBepHbie CBe!leBitSI 0 Bena'lltHSX T f •. 
' 171 

B pa6oTe J:tnsr onpe!leneunsr Koa$¢nuHeHTOB npHnnnaann Te ncnonb3oBanacb napa-

6onaqecKaSI arrrrpoKCHMSUHSI.nOTeuunana 

v = v k + ve + vsttt (2) 

rAe V k - H v f - KynonoBCKl!fi H ueaTpo6e)KHbifi nOTenuaanbt, a vsttt·- peanbaan 'laCTb 

OIITl!'leCKOI'O IIOTeliUHSna. 

/10/ 
napaMeTpbl peaJibHOfi '18CTH OIITH'leCKOI'O IIOTeHUHSna 6panHCb H3 pa60Tbl , 

B KOTopofi accne!IOBanocb nonnoe ce'l~ane peaKul!il npa o6ny'leHHH 

B II 
1 

C 12 
1 

N 14 
1 

O 16 • 

U 
238 

HOIISMH 

OnnaKo TaKofi MeTO!I pac'leTa T f MO)KeT OK838TbCSI BeCbMS HeTO'lflbiM IIO 

cne!lyiOillHM npH'lHHaM: 

1) napaMeTpbi onTl!'leCKoro noTenuHana, nony'leHHbie npn nayqenl!H nonnoro ce

'leaail peaKuna u 288 
+ TSI)Kenan 'lSCTl!ua, npaMeanroTcn nnn pac'leTa rrapul!anbHbiX 

ceqeaafi peaKuafi Au 197 amr Bi 
209 + TSI)Kenan 'lSCTaua. 

2) napaMeTpbt napa6onbi, KOTopofi arrnpoKcnMapyeTcn nOTenuaan, no!l6l!panacb 

!lnH O!IHOI'O 3Ha'leHl!H f = f o 1 npn KOTOpOM 

k_jR=Ro cO 
a'r f= fo 

n coxpaannncb 6ea aaMeJieHaH Ann Be ex anaqeanfi f f. £0 • OnaaKo rrapul!anbable ce

'lenan ann KOS!jl$auaeHTbl npnnl!IISBHSI MOI'yT 6b!Tb OIIpeneneHbl !IOCTSTO'li!O TO'lHO, 

ecna ncnonhaoBaTb naaabte rro ynpyroMy paccemm10. Moli<HO aanl!caTb aMnmrTyny 

yrrpyroro paccenHHH B o6meM BH!Ie, napaMeTpaaoBaB aMnnaTyny l! $aay paccenaaofi 
/11/ 

BOnl!bl C !18HHbiMa 

J 
1(9) = £ 0 (9) + ..1_ I. (2f + l) exp[2i ( ae -ao)] [ 1 -Af exp (2ioe)] P£ (cos9) , {3) 

2K f.,o 
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·r}le u£- n 8£- KynoHOBCIUHI n SIJ]epaag tjlaabt 

ee SMIInHTyJla 

£ -ofi napunanhHOii somiht 1 a 

A£ = 1 
·l·+exp( f-L) 

~fA 

C IIOMOWb!O A£ KOatjJtjJHUH9HTbl rrpnnHIISHHH Bb!pSlKSIOTCH KSK 

(5) 

Ecnn B TSKOM IIOJlXOJl9 A£ H l)£ · OrrpeJleni!IOTCH JlOCTSTO'IHO HBJl9lKHO H 0JlH03Ha'I

HO H3 OIIblTB
1 

TO HCKniO'I89TCli HeorrpeJ]eneHHOCTb 1 CBH38HHSH C IlpHM8H9HH9M. OIITH

'!eCKOfi MOJ]enn Jlni! HSXOlKJl9HHil rrapnnanhHhiX C9'19HHil, 0JlHSKO ·rrpH STOM H900XOJ:IH

MO J]ng KSlKJ]Oil peaKUHH HM9Tb JlSHHbie IIO ynpyroMy pacceHHHIO, 

lloaTOMY B HSCTOHweA paOOTe B KSlKJlOM OIIbiTe OJ]IlOBpeMeHHO H3MepgngCb yrno

Bbl9 pacrrpeJ]eneHHil OCKOnKOB H ynpyro pacceiJHHbiX HOHOB }]nil KSlK.QOfi aneprHH OOM-

oap.onpyromnx 'ISCTHU. B Ka'!eCTBe MnweaeA ncrronhsosannch Au 
197 

1 Bi 
209 

n U 
238

1 

KOTOpb!e oonyqanHCb HOHSMH N 
14 

1 
0

16 
1 

Ne 
22 

n Ar 
40 

s pasnn'!HhiX KOM6nnaungx, 

.3To nossonnno nony'IHTh cse.oen:r:~n o6 stjJtjJeKTHBHhiX MoMenTax nnepnnn .oengmnxcg 

Mep c napaMeTpOM Z 
2

/ A oT 35 J]o 39 13. OrrhiThi nposoJlHnHCb na 150-cM n 310-cM 

nnKnOTponax TSIJKenhiX HOHOB naoopaTopnn SIJ]ep!IblX peaKunA OH.SIH. 

MeTo.onKa aKcrrepnMe!ITa 

8hiB9A8HHblfi rry'IOK ycKOp9Hilh!X HOHOB C IIOMOWb!O MarHHTIIbiX KBSApyrronbHbiX 

nnns n CI!CTeMhi KonnnMaTopos tjJopMnposancg B napannenhllhifi rry'IOK 'ISCTI!l{ c .QI!a

MeTpoM 4 MM, JAaMeHeHne aneprHII I!OHOB ocyweCTBnHnOCb .QI!CTSHUHOHHO C IIOMOWb!O 

cncTeMht anroMHHI!eBhtX nornoTI!Teneli oes napyweHI!SI saKyyMa. 

lln51 KOHTpOnSI HHTI'JHCI!BIIOCTI! rry'IKS I!CIIOnh30BBnC51 Ul!ni!H.llp <l>apa.Q8511 pacrrono

JKeHHbifi HS paCCTOS!HIIII 30 CM OT MI!WeHI!, B OIIb!TSX I!CIIOnb30Bannch MI!WeHII Au 
197

' 

209 288 2 
Bi n U Tonwl!noli 200-300 MKriCM ( llp!!nolKeHI!e 3), 

3Kcrrepi!MeHTanhH851 YCTSHOBKS CXeMSTI!'!eCKI! rrpeACTaBneHa HS pHC, 3, 

PacCeS!HIIhle HO!Ihl H OCKOnKII neneHHSI perHCTpHposanHCb .llBYMSI IIOBepXHOCTHO

oapbepHbiMH ( Si + Au ) rronyrrpOBOAHHKOBblMH neTeKTOpaMH C rrnowaAb!O 1 CM
2 

K8lK-
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):tbiil:, IlpHI'OTOBneHHbiMII H3 KpHCT8Jl1l8 KpeMHIISI n -THIIa C yaenbHbiM COIIpOTHBJie

HHeM P . =2500 OM/eM; 3HepreTH'leCKOe paapemeHHe ):teTeKTOpOB COCT8B1lS11l0 

...:200 KSB. lleTeKTOpbl pa60T81lH IIp!i IIOTeHIIHane 06paTHOI'O CM8WeHHSI .~ I00 BOlJb'li• 

nepea ):teTeKTOpOM, perHCTpHpyiOWHM HOHbi, CT8BH1lCSI aniOMHHHeBblfi IIOI'Jl~THTe~ 

TOJlWHHOfi 20 MHKpOH, KOTOpbiil: IIOJlHOCTbiO IIOI'1l01Il81l OCKOllKH aeneiiJISI. 06a ,[:IBTElK-· 

Topa pacrronaranacb a rrnoCKOCTR rry'lK~, rrepeMeiDeHae Ka~aoro aeTelCTopa rrpoaqaq

aanocb He3aBHCHMO, 6ea HapymeHHSI B8KYYMf1. lleTeKTOp, perRCTpapyiOWHfi IIOHbl, MOl' 

0 0 . 0 . 
rrepeMemaTbCSI a rrpeaenax yrnoa OT I65 ao 40 , a aeTeKTop HOHOB oT 20 a~ 

165°. To'lHOCTb ycTaHOBKH yrna cocTaBnSina ~I 0• Yrnoaoe paapemeaae aeTeKTopa, 

perncTpapyiOmero ROHhi, 6hwo 2,5ql 0 
):teTeKTOpa, perHCTPRPYIOIIlero OCK01lKH,- 4 , . 

iOCTHpOBKa AeTeKTOpOB Ilp0113BO):(H1laCb C IIOMOWbiO a -IICTO'lHIIKa, IIOMemeHHOI'O TO'l

HO B ueaTp Mamenn, naMeHeane ·renecHoro yrna aeTeKTOpOB rrp11 ero ABH~eHalr BQ 

BCeM ·naTepaane yrnoa He rrpeahimano ~1%. 

liT06bi HCKJliO'lHTb OWH6KR, CBSI38HHb19 C H3MeHeHaeM TOKa IIY'lKa B Ilpouecce 

o6ny'leHnSI, ace aaHHhie rrpnaoaanncb K rro~aaaaar;> MOHRTOpa, rrpeacTaanSIIOmero co6oi!: 
. 0 

IIonyrrpOBOAHHKOBbiil: ):teTeKTOp, perHCTpnpyiOWHfi pacceSIHHble IIOHbl IIOA yrnoM 30 • 

lln11 oueHKR BKnaaa peaKuan aerronaoro cnaSIHRSI B ce'leHHe aeneHHSI B aaaaoi!: 

pa60Te 6bi1la •113MepeHa yrnOB8SI KOppenSIUHSI OCKOJlKOB aeneHHSI. npll 113MepeHHII yr

JlOBbiX KoppenSiuHfi ncrronbaoaanacb 6biCTpo-MeaneaaaSI cxeMa coarraaeanil: c paapemaiO

IllHM apeMeHeM r paap 200 HceK. EnoK-CXeMa arrrrapaTypbi rrpHBeaeaa aa p11c. 4 •. Orra

caaae cxeMbi aaao B rrpano~eann I. 

i97 14 197 22 J1a paCCMOTpeHHSI KOppenSIUHOHHbiX KpHBbiX JlJlS! peaKUHlf Au + N , Au + Ne , 
209 12 

Bi + C MO~HO caenaTb BbiBO):t, '!TO STII peaKJU!II rrpll ):(8HHbiX SHepl'HSIX 6oM6ap-

AHPYIOWHX HOHOB IIpOTeKaiOT B IIpeJlenax OWH60K 9KCIIepnMeHTa TOJlbKO 38 C'leT IIOn-

288 16 209 ' 16 
HOI'O CJlHSIHIISI IIOHa C SlAp OM MHWeHn. llnS! peaKUIIlf U + 0 , Bi + 0 BK1l8):( 

IlpS!MbiX peaKURll COCT8BH1l HeCKOJlbKO IlpOUeHTOB II IIOSTOMy He IlpHHHM81lCS! B pac-

CMOTpeHHe. 

8 K8~AOM OllbiTe H3Mep5!1lHCb O):(HOBpeMeHHO· CII8KTpb! pacceSIHHb!X HOHOB II OC-

KOJlKOB aeneHRSI .IIOA BC8MH yrnaMH, 1!3 KOTOpb!X U3B1l8K81lHCb cneayiOWHe A8HHbie: 

I) yrnoBbie pacrrpeaeneHHSI yrrpyro-pacceSIH!tbiX HOHOB, 

2) yrnoBbie pacrrpeneneHHSI Heyrrpyro pacceSIHHbiX HOHOB, 

3) yrnoabie pacrrpeaeneHHSI ocKonKoa aeneHHSI. 

8 



3uepreTaqecKoe paspemeHHe annapaTYpbi nosnonu~o uane~uo oTne~HTb nuK yn

pyro paccenHHhlX nouon oT ueynpyroro naKa a no cymecTny omn6Ka B onpene~euutt 

noc~enuux ToqeK yrnonoro pacnpeneneuun onpenennnacb TOnhKO cTaTHCTHKOfi H3¥e~ 

peuun, 

Ha puc. 5 B KaqecTBe npaMepa npencTanneu cneKTp pacceHHHhlX qacTnn npu 

o6~yqeHHH Bi 209 12 
HOH8MH C c auepruefi 81 Man, Hane~uan AHCKpaMHuanun 

naKa ynpyroro paccenuun nosnonuna nponecTH H3Mepeuun ceqeuun ynpyroro paccen-
4 a f · 3 

HHH no yr~OB 1 rAe CKOpOCTb cqeTa yMeHbiD8eTCH B 10 pa3 ° B 10 ), 0AS:~ 
aR 

npeMeHHO B aTOM ~e onbiTe uapnny c yrnoBbiM pacnpene~euueM paccena:a:biX HOHOB. 

npyrnM neTeKTopoM H3Mepnnacb yrnonhre pacnpene~eunn ocKo~KOB Ae~eunn. 

3KcnepaMeHTa~bHO nonyqeanhre yr~OBhie pacnpe,~:~enenun nepeno,~:~unacb B cncTeMy 

neaTpa Mace (npu~o~enue 2). 

3KcnepuMeHTanbllhie naunore H o6pa6oTKa peaynbTaTOB 

llanHbie no ynpyroMy paccenHH!O HOHOB C 
12 

, N 
14 

, o 
16 

, Ne 
22 

a Ar 
40 

npupe

neubi B Ta6nuue 2. Ceqeuue ynpyroro paccenuun npencTanneuo B nune OTHomeu~n 

H3Mepeaaofi ne~aquHbi K ceqeuuro pesepljlopnoncKoro paccenuun. Benaquua CTaTHCTH-. 

qecKofi oma6Kn naua B TOM c~qae, Korna oua 6onbme 1%. Ka~noe yrnonoe pacnpe

neneuae ynpyro. paccenHHbiX IIOHOB cocTonno 113 20-40 ToqeK, 113MepeHHbiX qepes 2°, 

l1cnonb3YH BbipalKeHHe (3), M8TOAOM H811M8HbiDIIX KB8Ap8TOB Ha aneKTpOHHO-Bbiqn-

cniiTenbHofi Mamuue ECM-3M non611pan11cb napaMeTpbi L, !lfA, 8, tlf 8 n !lf 8 TaK, 

qTo6or no6aTbCH uaunyqmero cor~ac11n pacqeTuoro yrnonoro pacnpeneneu11n ~ 
aR 

c sKcnepiiMeHTa~hHbiM, TaK KaK yr~onoe pacnpene~euue ynpyro pacceHHHbiX IIOHPB 

113MepeHO B WHpOKOM HHTepBa~e yrnon nnnoTb AO 90-100° 11 naneu11e ~ B aTofi 
aR 

06~aCTH npOIICXOAIIT Ha Tp~ nOpnAK8 1 TO norpeWHOCTb B onpeneneHHH napaMeTpOB 

ae npeBoiwaeT 3%, Ha puc. 6, 7 nnn npnMepa npiiBeneHbi yr~onhre pacnpene~eu11n 

ynpyro pacceHHHblX HOHOB B peaKUHH Bi
209 

( 0 
16

, 0 16
) Bi 

209 
npH 9Heprnnx HOHOB 0 16 

94, 112: 134 MaB, ToqKaMH noKa3aHbi sKcnepaMeHTanbHbie nauuore, cn~oWHbiMII n11-

HIIHMH - pe3y~bT8Tbl pacqeTa, 

Yrnoaoe pacnpeneneu11e OCKO~KOB, nonyqeHHbiX 113 peaKunfi Bi 
209 

( 0 
16

, f) 

nmr Tex ~e saeprafi, npnneneuo ua p11c. 8. TaK KaK aeponTHOCTb neneann no uc

nycKauan aefiTpoua nnn nsyqaeMbiX cocTaBHbiX nnep 6naaKa K en11unue, TO n pacqeTax 
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npeae6peraeTCH BKnaaoM OT aeneaan nocne acnycKaHaH OAHoro ana HeCKOnbKax He~

Tpoaoa. HcnonbaySI Bhrpameane ( 1), MeTOAOM aaaMeHhmax KBaapaToa aaxoannoc~ 
2 1 . . 

K 0 =~ T J a!jl!jl aa ycnoaan coanaaeann p&c'!eTHbiX a aaMepeHIIbiX yrnoabrx p~:~c-: 
h x) 

npeaeneaafi ocKonKoa • 

TeMnepaTypa SIApa a ceanoaoll: TO'IKe onpe~enSinaCb aa cneayromero BbrpamilHHSI 

A 2 8 t - t = Eaoo6 

TiorpemHOCTb B onpeaeneHaa K ~ npn 9TOM ·He 6onee 5% a CBSI3aHa B OCIIOBHOM 

C T9M1 'ITO 9KCnepaMeHTanbHbie yrnOBbie pacnpeaeneHHH OCKOIIKOB nony'!eHbl AIIH yr-

1!051 He npeahrmaromnx 8 =170°. TionHan norpeiiiHOCTb a onpeaeneann J a!jl¢ cocTa:a-

nneT aenH'IHHY He 6onee 10%. 

PeaynbTaTbi pac'!eTa AaHbi a Ta6nnue 1, 3Ha'IeHHSI _l.cJjL_ 
J a!jl!jl 

npHB9A9Hbl Ha 

pnc. 9. 

06cy>KA9HHe peaynhTaTOB 

Ha Ta6nnuhr ·2 cneayeT, 'ITO aenn'IHHa ~ 6brCTpo yMeHbmaeTCH c yaenn-
2 s!jl!jl 

'!eHneM Z I A aenSIIIIerocn napa: npn H3MeHeHHH oT 35 ao 39,3 aenn'InHa a!jl!jleKTna-

Horo MOMeHTa aoapacTaeT a .,. 3,5 paa. 3KcnepnMeHTanhHhre TO'IKH, nony'IeHHhie ·a 

H8CTOsUnefi pa6oTe, XOpOIIIO cornacyiOTCH C AaHHblMH AIIH a!jl!jleKTHBHb!X MOM9HTOB IIHep-

/6/ UHH1 H3M9p9HHbiX npH A91!9HHII SIAep Aell:ToHaMH H a-'IaCTR!l;8MH B pa6oTe , Cpaa-

H9.BHe STHX A8HHbiX npeACT8BII9HO Ha pHC, 9, 0TM9THM1 'ITO HCCII9AY9Mblli H8MH AIIa

na30H SIAep no Z
2 
I A 'lteCKOnhKO IIIHpe Toro, KOTopbill nonyqancn c noMOlllbiO. nerKnx 

'18CTHO:, TipH STOM SHeprHH B036y>KA9HHH R yrnoable MOMeHTbl A91ISIIIIHXCSI SIAep B Ha

III9M cnyqae OK83b!B810TCSI 3H8'IHT91IbHO 6onbme, TaK, HanpHMep, AIISI SIApa C Z21 A=39, 

nony'!eHaoro a peaKUHH Cf 
262 

(a • fl . aHeprnn aoa6y>KA~HHH cocTaanSieT .. 30 Maa 

ll M8KCHM81IbHblli MOMeHT paaeH .. 25, B TO apeMH KaK AIISI peaKUHH U 288 (0 16 
f) 

( Z 
2 I A - 39 ,3 ) aTH. aenH'IHHbi coOTaeTCTaeHHO paBHbi 52 Maa H 56 . 

0AH8KO 3H8'1911HH a!jl!jleKTHBHbiX MOM9HTOB HHepuHH OTIIH'I8IOTCSI He 6onee '19M Ha 10%, 

x) B npnnomeHHH 4 aaeTcSI aaannTH'leCKOe Bb!palKeHne ann yrnoaoli a!IH30TP~ 
nan aeneHHH npn f max >> '1 · 

10 



BHCHT oT saeprnn Boa6y~p;eHHSI n yrnoBoro MOMeHTa n Benn'lnHa J "'"' l!BllSieTCli 
S'l''l' /5/ 

H63SBRCHMblM napaMeTpOM1 KSK STO cnep;yeT H3 TeopeTH'l6CKHX npeAUOCbinOK • ,D.py"-

rHM apryMeHTOM B UOnb3Y STOrO yTBep~AeHRli SIBnSieTCli COBUSA6HHe(~ npep;enaX 

own6KII}) Benn'IRH J s¢¢ c naMeaeaneM saeprnn 6oM6apJJ.llpyrownx l!OHOB. KaK cne

nyeT na Ta6nnnbl 2. , a cny'!ae peaKUHll Au 
197 

( Ne 
22

, f l cywecTaeaaoe naMeaeaue 

TeMnepaTYPbl n yrnoaoro MOMeHTa aaqanbHoro liJJ.Pa.npaKTn'!eCKH ae annSieT aa ae

nn'lney ·sl\Jl\JeKTHBHOrO MOMeJITa HJiepUllll. Tenepb UOUb!TS6MCli 06'bSICJIHTb paCXO~Ae-
. /7/ 

Jine aawnx p;aJIHbiX c peaynbTaTaMn pa60Tbi , rAe a Ka'!eCTBe 6oM6apAllpyromnx 

'laCTHU HCUOnb30B8nHCb. TSK~e ycKOp6JIHbl9 TSI~enbie ROHbi. Mbl C'll!TS6M1 'ITO Upll

'll!JI8 paaJiornacni!:, a ocJioanoM, CBSI3aJia c pa3nn'lJibiMB .MeTOAaMn onpep;enennSI Ko

s¢¢l!nneHTOB npanl!USHRSI T f (eM. Bb!p8)!{6JIHe (5)); KOTOpb16 6binll JISMH nony'!e.,... 

Hbi aenocpencTBeJIJIO H3 aKcnepaMeH'fanbHbiX yrnoBbiX pacnpep;eneJinfi ynpyro pac-

CeliJII!biX HOJIOB. 

Mbi pacc'lnTann aenn'll!HY < £
2 
> , onpep;enSieMYIO KaK 

2 2 
<f > = l:f (2£ +l)Tf /l:(2f + l)Tf 

171 
113 H8WI!X JJ.aHJibiX I! no MeTOAY 1 yKa3aJIHOMY B pa6oTe • 

Pac'!eTbi, npoBeJJ.eHHbie .AnSI peaKunfi Au 
197

( Ne 22 Ne 
22 

l Au
197 

n Bi 
209

( o 
16 

o 
1
1) Br

0
,
9 

npn aecKOnbKHX 3Jia'leHHSIX npeACTaaneJibl B Ta6nnne 3. 

· 113 Ta6nHitbl BHAII0
1 

'ITO B o6naCTl! ManbiX Sl!eprllfi aenH'IHII!l ·< f 
2 
> OKa3b!Ba

eTCli 3SHH~elli!Ofi UO cpaBHeJIU!O. C IISWHMH ASJIJibiMH 1 B TO apeMSI K8K B o6naCTH 60nb

WHX a11eprnfi 3aBbiWeHHofi. 8To paaJiornac11e a Bbi6ope aemt'lRHbi < f 
2 
> nonJioCTh!O 

o6'bSICJISieT pacxo~D,eJine p;aJIHbiX ABYX pa6oT·, 

0TM6TRM TSK~e, 'ITO 3KCTpanonSIUHli ~ B CTOpOJIY Z
2 J A > 40 p;aeT 

/6/ J a¢¢ 
TaK ~e KaK n a pa6oTe 3Jia'!eJine ( Z 2 I A kJ .. 46-47. 113 aToro cnenyeT, 'ITO 

npll o6ny'leJIHH 6onee T~enbiX MHWeHefi YCKOpeJIHbiMH TSI~enb!MH HOH8MH MO~HO 
2 2 

ycnewao R3Y'l8Tbc ¢opMy liJJ.pa a cep;noaoii TO'!Ke p;nSI liJJ.ep c z I A 6nn3KHMR K( z l Ah 

· AaTopbi 6narop;apJibi npo¢. r.H. <Pnepoay 3a neJIHbie 3aMe'laHHSI a npou ecce 

npoBeAeJIHli OUbiTOB. 

Mbi C'll!TaeM CBOIIM npHSITHbiM p;onroM no6narop;apnTb IO.A. XapnTOJIOBa n 

B.<P. KywanpyKa aa npnroTOBneJine noaepxHoCTJio-6apbepHbiX p;eTeKTopoa, A.r. nnnb

KOBa, 11.A. lllenaeaa U B.A. 3arepa aa UOMOWb B npoBeAellliH OUbiTOB. 
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Mbi onaronapHbi T8JOK.e B.M. CTpyTHHCKOMY 3a .IIHTepecHbie li.IICKyccn;n 

'. npn 06Cy)!{):IOHHH pa60Tbi. 

nPI1no:>KEH11E· N9 ·1 

3neKTpOHH8H 6noK-CXeMa 

EnQK-cxeMa annapaTyphi, .llcnonh3yeMoli nnst .113Mepeanst yrnosblx pacnpenerie~l!: 

.IIOHOB H OCKOnKOB H .113MepeH.IIH yrnOBbiX KOppenmml!: np.IIBOli.IITCH H8 puc. 4 (a) ~ 

(6) COOTBOTCTBeHHO. 

11 Mny nbC hi c neTeKTopm~ ( 1 ) nonasannch aa npenycnnnTenn ( 2), KOTOpbie 

HMenn pa3peweane 150 K9B 11 naxonnnnch s6nl!3.11 K8Mepbi. C npenyc.lln.I!Tenel!: no 

nnnHHbiM I_Fa6enstM ( e =100 M) C.llrnanhi nonasanl!Cb Ha ycnnnTen.11 (3), .I!MeiOwl!e 

pa3peweHne 100 K9B, a K09cpcp.llu.lleHT ycllneH.IIst 1000. I13MepeH.IIH yrnosbiX pacnpe

neneHnli OCIWnKOB H paccestHHbiX l!OHOB np0.113BO):Illn.I!Cb O):IHOBpeMeHHO no liBYM H):leH

TI!qHbiM CXeMaM. 11MnynhCbl C ycnnl!Tenel!: ITOCTynann Ha cpa30.IIHBepTep (9), 9Ml!TTep

HbiH ITOBTOp.I!Tenb ( 1 Q) II no~anan.11 Ha 256-KaHanbHblfi SMnnHTYJ;tHbil!: 8H8n.II38TOp ( 11) • 

l13Mepenne KOppengunl!: Up0!!3BOlll!nOCb C ITOMOWblO liBOliHOH 6biCTpo-Me):lneHHOH 

cxeMbi coananeH.IIfi (pnc.4a).l1Mnynbcbi c ycl!nl!Teneli nocTynanl! Ha 6biCTpb!e cpopM.IIposa.,. 

Tenn ( 4) n 11a ljJopMnposaTenn Menneal!ofi cxeMbi cosrranenl!fi ( 6). l1 Mnynbcbi c cjlopM.IIpo

sa'!'enefi ( 4) nnnTenbi!OCTl,;IO 80 nceK nocTynann aa 6biCTpyiO cxe MY cosrranea.11ll (5); 

HMO!OIIlYIO pa3pemaiOIIlee BpeMst 50 HCeK. l1MnynbCbl C !jlopM.IIpOBSTenel!: (6) .11 CXOMbl 

cosn'anennfi (5) nocfynann aa MenneaayiO cxeMy cosrraneal!fi (7) c pa3pemalt>w.IIM 

speMeHeM 200 aceK. Cosrraneane perl!cTpnposanocb c noMowhiO nepecqeTaoro npn

•6opa (8). 

nPHno:>KEI-Il1E N9 2 

nepeBOll yrnOBbiX pacnpeneneal!l!: 113 na6opaTOpHOH Cl!CTOMbl B Cl!CTOMY U.M. 

nonyqeHI!bie B 9KCnepHMOHTe yrnOBble .pacnpeneneHl!H nepecqHTbiBSJI.I!Cb 113 

na6opaTOpHofi' CI!CTOMbl KOOPliiiHST B CUCTeMy UOHTpa MSCC no cnenyiOwllM ljJOPMY-

JISM: tg EJ L = sin EJ 1 l!nll B npyl'OM Blllle: Yt sin 8 L = sin ( EJ + E) L ) 
y 1 ":!- cos El 

rne 
vo 

Yt = ··-v-
1 

v - CKOpOCTb COCT8BH0l'O H):lpa .II Yt- CKOpOCTb OCKOnKa. 

• EI ml ~lml 
.Qng OCKOnKa MaC COli m I 1 Y I = V a· ---- , a llnst OCKOnKa MSCCOJi m 

2 
y 

2 
= V- -E--

Ek • ~I • a· kM 
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m I 

m2 

MBCCa, E k - KHHeTH'IeCKBll 

E1 - aaeprun 6oM6apnapyromero noaa, 
/12/ 

anepi'Hll OCKOnKa ueneHHll, paBH8ll 

m1 - ero 

. z2 
E k = ( 0,1065 ---::"ilaf20,1 ) 

M 
M - MBCCB KOMUBYHA-ll!lpa. 

MelKny nalj>lj>epeauuallhHbiMH Ce'leHHllMH B CHCTeMe U,M. · H na6opaTOpHOH CI!CTe-

Me cymeCTByeT 38BHCHMOCTb: 

d a K du 
dO 0 = dOL 

.1 + y cos El ~· 
I +y 2 + 2ycos El) s;2 

K"' 

Benaquna K nnn paamt'IHbiX aaaq:eaalt y a El pacC'Il!Tb!Banacb aa aneKTpoano

C'IeTnofi Mall!I!He, no 9THM ABI!Hb!M !lllll BCeX peaKUI!lt CTpOHlli!Cb rpalj>HKH 38BHCH

MOCTI! nepeBO!li!OI'O KOalj>lj>HUI!eHTB: 

BemecTBO 
MHUleHH 

Au !97 

1 + y cos El 

2 .a/.a 
(I+ y +2ycosElJ 

OT 8 KOTOpbre ucnonbaonanucb nnn nepec'leTa 

Ta6nuua 1 

200 

350 

300 

Crroco6 rrpuroTOBneHHll 

foToaan lj>onbra 
(cycanbnoe aonoTo) 

BaKyyMnoe pacrrbrnenue 

BHCMyTa Ha HHKeneBy!O 2 
rrounOlKKY TOllll!. 60 MKI'ICM 

BaKyyMnoe pacrrhrneaue aa 
HHKenueay~ nonnolKKY Tonm. 
80 MKI'/CM 

nPI1flO)!<EH11E N! 4 

nony'leHHbie 9KC!IepliMei!T8llbHO YI'llOBbie pacrrpeneneHHll OCKOliKOB MmKHO 

arrrrpOKC!lMHpOB8Tb cnenyiOUlllM Bh!pall<eHl!eM: 
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W(8l = 
W(90) 

+ ~ a2n P2n (cos8l (1) 

H Bbi'II!CIIHTb KOs!jlqli!UHeHTbl a 2n • B cny'!ae f» 1 MOlKHO B (2) uepel!Ta OT 

CYMMIIpOBaHHSI K l!IITei'pHpOBaHIIIO, nony'!HM CIIe!lyiOII.lee BbipalKeHHe: 

w (ISO) 
W(90) 

J e<2e + llTe 

e 2 e 2 
· fi<2f+llTeexp(--li 0 (--l 
o · • 4 K~ 4 K ~ 

(2) 

/13/ " 
8 pa,OOTe ObinO IIOKa3aHo, 'ITO C !IOCTaTO'IHOI! TO'IHOCTbiO STO BbipalKeHHe MOlKHO 

3aMeHHTb Ha 

rne 

Ooosaa'lnM 

fmaxfdf2 
0 W(lSOl 

W(90) fmax e2 _e_2 ___ 2. 

0
J fexp(---

2 
)I 0 (--

2 
)df 

o 2 2 
L max = 2 < f > , 

2 

emax = pmax 
-2~ 

4Ko 

/14/ 

4K 0 4K 0 

< e 2> 2 
:u <2e + llTe !I.<2e + llTe 

(3) 

J1crroiib3YSI pe3y1IbTaTbl paooTbl , aiiiiP<?KCHMHpyeM I 0 (P) cnenyiOII.lHMH BbipalKe-

HHS!MH: 

!IIIS! Pmax.S: 3,75 

rne a0 =1, 

4 
I 0(P),. I. a 1 (-p- l 21 

I=O 3,75 

p max > 3,75 

I
0 

(PJP 10 e-P= !_ 
(,:,Q 

c 1 (~)1 p 

a.,= 3,51562, a 2=3,08994, aa'"1,20645, a,>=Q,26597. 

c 0 '"0,39894, c 1 =0,01329, c2"'0,00225, c 3 =-0,00158, c 4=0,00916. 

OTHOCl!Tei!bHaSI rrorpemHOCTb Bbi'IHClleHHSI I 0 npa TaKolt anrrpoKCHMauaa ae npe-

-4 ( 
Bbiii.laeT 10 • npoHHTei'pHpoBaB 3), MOlKIIO IIOIIY'IHTb I!pH P < 3,75 

W(ISO) 

W(90) 

0,6667 P a/J 

4 -21 • I. a 1 ( 3,75) y (:t±.1i , P) 
1=0 2 

14 
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rne y ( 
3 

+ 
4
i ,Pl - Ta6ynnpoaaHHhie Henonahie y $yHKUHH npn P > 3', 75. 

2 

W(lSO) 

W(90) 

0,6667 p ¥1 
-max 

1,6037 + ~ JpmaxC[ (~i dP 
laO 3,76. p 

{5) 

Oco6eaao TaKoe npn6nn~eane 

Ha pac. 10 naaa aaancnMOCTb 

yno5HO npn Pmax~ 3,75, 'ITO COOTBeTCTByeT W(lS0~3 ,• 
W(90) W(l80) 

W(90) 
OT Pmax nnR 0,6::;pniax~l0, 
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Puc, 4. BnoK-cxeMa annapaTypbl, 

1 - neTeKTop, 2 - npenBapuTellbablll :rcanuTellb, 3 - :rcunuTenb, 4 - 6biCTJlhill 
cjlopMHpoBaTellb, 5 - 6blcTpas cxeMa llBOllablx coDnaneaull, 6 - Menneaablll cjlop
MHpoDaTellb, 7 - Menneaaan cxeMil TpaliHbiX coDnaneHHll, 8 - nepec'IeTHblll npu6op, 
9 - cjla30HHBepTep, 10 - SMHTT&pllblll nOBTOpHTellb, 11 - SMnnBT:Yilllbill 8HanH38TOp, 
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