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Baeseaae 

CoapeMeaaoe norro~eaae B o6rracTH HAepHbiX peaKuHA npa HH3KHX a cpesaax 

9HeprHHX xapaKTepaayeTCH TeM, 'iTO C IIOMOIUb!O cyrueCTBYIOIUHX MOJleiibHblX npes

CTaBrreaHA 0 MeX8HH3Me pe8KUHA MO~HO ycnelliHO HHTepnpeTHpOB8Tb 9KCIIepHMeH

T8IIbHbie peayrrhTBTbi rrHillb B Tex c n yqanx, K orsa rrpeo6rranaeT OAHH H3 MexaaRa

MOB npoTeKaHHH peaKUHA, npH H3y'leHHH peaKUHli, HHAYUHpOB8HHbiX TH~eiiblMH HOHa-

MH \ He, Li , 8 , Ne H gp,), B IIOIIHOe Ce'leHHe A810T BKII8A p83IIH'iHbie IIpouecCbl, 

tl pe8KUHH OAHOBpeMeHHO C 38MeTHOli BepOHTHOCTbiO IIpOHCXOAHT K8K IIpoueCC bl 06-

p830B8HHH COCT8BHOrO HJlpa, T8K H IIpHMbie npoueCCbl ( Cpb!B, IIO!(XB8T, Bbi6HB8HHe H 

llP·) • 

J1~ H3BeCTHblX 9KCnepHMeHT8IIbHbiX peayrrbT8TOB MO~.RO IIOIIy'iHTb CBeAeHHSI 0 

CTpyKTy pe HJlpa H AHH8MHKe npoueCCOB TOIIbKO TOrAa, KOrA8 yCT8HOBrreH MeXBHH3M 

pe8KUHH, Ha OCHOB8HHH H3y'ieHHH TOIIbKO ~yHKUHA B036y~eHHH H yrrrOBb~ pacrrpe

gerreHHli nposyKTOB nsepBbiX peaKuaA ae acerna ynaeTCH cnerraTb osaoaaaqaoe aaK

rrJO'leaae o MexaHHaMe npoueccoe, Ecrra cneKTpocKonaqecKHe xapaKTepHCTHKH cocTo

RHHli RAep, y'IBCTBYIOIUHX B peaKuHH, aeaaaecTHbi, TO aaarraa aKcnepaMeaTallbHbiX 

peoyllbT8TOB MO~BO npoBeCTH TOIIbKO C IIpHBIIe'ieHHeM K8'ieCTBeHHO HOBOA HH~Op-

M811HH, 

0AHHM H3 HCTO'IHHKOB T8KOlt HH~OpM81lHH HBIIHeTCH HCCIIellOB8HHe IIOIIHpH381lHH 

'18CTHU, o6p83YIOIUHXCH B pe3yi!bT8Te HA9pHOfi pe8KilHH, KOTOp8H O'ieHb 'IYBCTBHTerrb

HO 38BHCHT OT KB8HTOBblX 'IHCerr CHCT9Mbl, J1aorsa llOCT8TO'iHO IIpOB9CTH H3MepeHHH 

IIOliHpH381lHH npOilyKTOB pe8KilHH IlpH aeCKOIIbKHX 3H8'leHHHX 9HeprHR 6oM68pAHpyiO-

IUHX HOHOB HIIH npH OllHOH 9HeprHH, BO UpH p83liH'iHblX yrrrax BbilleTa '18CTH!l, 'iTO-

6bl cnenaTb anonae aane~bie aaKliiO'IeHHR o MexaaaaMe accnenyeMoli peaKuHH, 

B Hnep&b!X peaKuRHX, BKliiO'laR R ynpyroe paccenaae, BbmeTaiOmeA 'lBCTR-
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uell M0)1{9T 6b!Tb HyKnOH HnH '18CTHU8, CIIHH KOTOpbiX OTnH'I9H OT HynSI. J.1a-aa 

CITHH-op6HTanhHOA CBSI3H B03HHK89T rronSipH38UHSI '18CTHU, 38BHC SIWBSI O T SHeprHH 

6 oM6apnapyiOmHx qacTHU H yrna BbmeTa rrponyKTOB peaKUHH. PeaynhTBThi rronSipH

aauHOHHhiX SKCrrepHM9HTO B CnylKaT 6eccrropHblM UOK838TenbCTBOM B8lKHOCTH C ITHH

op6HT8nbHOrO aaaHMoneilcTBHSI. TeopeTH'IecKoe paccMoTpeaHe SinepHbiX peaKuHil, 

nnH KOTOpbt X ylKe rrpoaeneao HaMepeaHe rronSipHaauHH H OHa oKaaanacb 3HB'IHTenb

aoll, H9nb3SI rrpOBOUHTb 1 0CHOBb! B8SICb TOnbKO H8 rrpOCTOll rHITOTea e 0 U9HTpanbHOM 

X8p8KTepe SIU9pHblX CHn. J.1 3 Cp8BH9HHSI SKCrrepHM9HT8nbHblX 3H8'19HHll ITOnS1pH38UHH 

C TeOp9TH'I9CKHMH p8C'I9T8MH , BblllOnH9HHb!MH C Y'I9TO~ CITHH-op6HT8nbHOil CBSI3H 0 

MOlKHO rrony'IHTb UOITOnHHTenbH bl 9 CB9U9HHSI 06 OITTH'I9CKOM ITOT9HUHane K TeM, KO-

TOpb19 H3Bne'ieHbl H3 peaynbTaTOB H3Y'i9HHSI yrrpyroro paCC9SIHHSI 'iaCTHU. 

no H8CTOS1Wero BpeMeHH BblllOnHeHO 60nbWOe 'iHCnO SKC IT9pHM9HTOB ITO HCCne-

UOBBHHIO ITOnSipH3aUHH Bbin9TaiOWHX HyKnOHOB B peaKUHSIX C ITpOTOHaMH, Hel\TpOHaMH 

H nellTOHaMH. J.1ayqeaHe ITOnHpH38UHH '18CTHU, o6pa3yiOWHXCSI B peaKUHSIX C 6onee 

TSilK9nbiMH HOHaMH, TOnbKO Ha'iHH89TCSI, J1oKa orry6nHKOBaHO BCero nHWb nae pa6o

Tbl ( 1,2), ITOCBSIW9HHbl9 HCCnenOBSHHIO ITOnSipH3aUHH rrpOTOHOB H3 peaKUHil 

10 8 8 
B (He , p

1 
l 12 c H 12 c( He,p

0
)f(N C ITOMOWbiO M9TOUHKH H3MepeHHSI neao-npaaol\ 

acHMMeTpHH. BcnencTaHe ManbiX ceqeaHil o6paaoaaHHSI npoTOHOB a sTHX peaKUHSIX 

T O'iHOCTb orrpeneneHHSI ITOnS!pH3aUHH O'i9Hb Mana . I10BbiW9HH9 TO'iHOCTH SKCIT9pHMeH -

TSnbHb!X UBHBbiX 38 cq{)T 3H8'1HT9nbHOrO yaenH'i9HHSI BpeMeHH H3M9p9HHil HM99T 

CBOH npenenbi, ITOSTOMy He06XOUHMbl ITOHCK H pa3pa60TK8 HOBbiX M9TOilOB H3MepeHHSI 

ITOnS1pH38UHH SIUepHbiX 'iHCTHU, KOTOpbl9 IT03BOnSIIOT rrony'iHTb H81l9lKHbl9 peay nhT8T bl 

ITpH OUHOBpeM9HHOM COKp8W9HHH nnHTenbHOCTH H3M9p9HHI\. 

H acToHmaSI pa6oTa rrocaSimeaa npH MeaeaHIO KOnhueaoro pacceHBaTenH-aHanHaaTo-

pa UnSI H3Mep9HHSI ITOnS1pH38UHH H SKCrrepHM9HTHnbHbiM peaynhT8T8M, nonyqeHHbl M 

C ITOMOWb!O S TOll M9TOUHKH npH HCCne noBSHHH rronSipH38UHH rrpoTOHOB H3 peaKUHH 

12 C r' He, p
0

) HN 

BenH'iHHy rronHpaaauHH qacTHU MO lKHO orrpenenHTh nayMH MeTonaMH. l1epBbtll 

H3 HHX OCBOBaB B8 H3MepeBHH neao-rrpaaol\ 8CHMM9TpHH rrocne pacceSIHHSI H8 yron 

0 HB 'TO'I9'1HOM' aaanH38TOpe, ITOnS1pH38UHOHH8SI CITOC06HOCTb P II (t, 0) KOTOpO-

ro H3B9CTH8, H rrpOCTOM HCTOnKOBBHHH ITO 06HapylK9RROil 8CHMM9TpHH TJ aenH'iH-

Hbl ITOnS1pH38UHH pI ( E, (9), QqeBHUHO, 'ITO B TSKOI\ M9TOUHK9 HCITOnbayeTCSI TOnbKO 

Mana !I '18CTb ITOTOK8 '18CTHU 0 BblneTSIOWHX B UH8IT830H9 yrnOB 8 ±. /!i 8 . 

BTOpoll, 6onee o6mHll, sKcnepHMeaTanhHbiil MeTon HccnenoaaaHH rronHpHaa-
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llHH 6S3HpyeTCSI HS Cp8BH8HHH HHT8HCHBHOCTell 'ISCTH!l , KOTOpbie H3MepeHbl llpH 

paanH'IHbiX yrnax paccestHHSI (J I H (J 2 
C H3B8CTHbiMH llOnHpH381lHOHHhiMH cno

C06HOCTSIMH 8HSnH38TOpa. no-BHAHMOMy, CSM biM a<l>$eKTHBHb iM eonnoweHHeM 8TOrO 

npHHilHna HBnHeTCSI CX8M8 8KCnepHM8HT8 C KOnb!l8BOil 8H8nH3HpyiOillell MHill8HbiO. 

3necb HCnOnbayeTCSI BeCb nOTOK 'ISCTH!l, BbineTSIOillHX H3 n epaolt MHW8HH B npo-

CTpSHCTBO, orpaHH'IeHHOe ABYMH KOSKCHSnbHb!MH KOHyCaMH C yrnaMH npH eepWHHSX 

8 I H El 
2 

( CM. puc. 1) • npuMeHeHHe KOnbueaoro pacceHBS Tenst-8HBnH38TOpa B 

necstTKH paa yaenH'IHBaeT 'IHcno qacTuu,nonaAaiOmux e neTeKTOpbr nocne paccestHHSI 

npH ASHHblX HHTeHCHBHOCTH llY'IKS HOHOB, yrne BbineTa 'ISCTHU H TOn!UHHe 8H8nH3 8-

TOpa. B aToll MeToAHKe aKcnepuMeHTanbHhte peaynhTSTbi aeo6xonuMo npueonHTb K 

OAHHSKOBOll reoMeTpHH C yqeTOM 38BHCHMOCTH Ce'leHHSI ynpyroro p8CC8SIHHSI OT 

yrna 8. 

BnepBbre KOnbueeoll pacceueaTenb 6bm npHMeaea YanBHKOM B KnaccH'IeCKHX 

onbiTax no onpeneneHHIO aneKTpuqecKoro aapSina SIAep no pacceSIHHIO a -'lacTun. 

TaKSSI KOnhneeaSI pacc euaaiO!IlaSI Muweab noalKe aawna wupoKoe npuMeHeaue npu 

uayqeauu pacceHHHst HellTpoHOB. Bo3MOlKHOCTb ucnonn30BBHHSI KOnhneeoro aHanuaa-

/3/ 
Tops nnSJ uccnenoeaHHSI nonHpH3liUHn 'IBCTHU o6cylKAanach EpHHKMSHOM Ha CuM-

noauyMe no nongpuaauuoHHbrM steneHHSIM e Eaaene ( 1960 r.). OnaaKo, HecMoTpSI 

HS SIBHbl8 npeHMy!lleCTBS aTOll reoMeTpHH, H3-38 aKcnepHM8HT8nbHbiX TpyAHOCTell 

H C n u-"i HOCTH pSC'IeTOB ITOnHpH38UHH, MeTOAHKS C KOnbUeBb iM 8H8nH38TOpOM }]0 CHX 

llO p He 6bin8 npHMeHeHa B ITOnHpH38UHOHHbiX aKCnepHM8HT8X. 

B na6opaTOpHH HefiTpOHHOfi ~H3HKH 06beAHH8HHOrO HHCTHTyTa HnepHbiX HCcne

AOBSHHll (ny6Ha) HSMH pa3p860T8R KOnbUeBOll nonSipHMeTp H ITOny'leHbl nepBble ~H-

3H'IeCKHe pe3ynhTSTbl. OcaoBHbie Tpe6oeaHHSI, KOTOpbie 6binH c~opMynupoBSHbi npu 

C03A8HHH aTOll M8TOAHKH, COCTOHnH B cnenyiO!IleM: 

1) B03MOlKHOCTb OllpeneneHHH ITOnHpH38UHH C XOpowell TO'IHOCTb~ (B peaKUHS!X 

C MSnbiMH ceqeHHS!MH) npH OTHOCIITenbHO MSnOM epeMeHH pa60Tbl YCKOpHTenst; 

2) HCnOnb30B8HHe TOHKHX MHWeHel!, noTepH aHeprHH B KOTOPblX /";. E 

6b!Tb MeHbWe WHpHHbl pe3 0H8HCOB l B ~YHKUHH B036ylKneHHS!; 

nonlKHbi 

3) AHSIT830H HCITOnb3yeMbiX yrnoB /";.(-) AOnlKeH 6biTb AOCTBTO'IHO MSnbiM; 

4) B03MOlKHOCTb H3y'leHHH ITOnHpH~BUHH npOTOHDB, COOTBeTCTBY!OlllHX o6p830B8-

HH10 B036ylKneHHbiX COCTOS!HHll KOHe'IHOrO HApa. 

'faCTb aTHX Tpe60BSHHI!: npOTHBope'IHBS, noaTOMy Heo6XOAHMO 6b!n0 HSftTH 

OITTHMSnbHbi8 COOTHOWeHHH MelKAY HHMH. 
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HB>Ke, B 1 'laCTB HaCTOS!WeA pa50Tbl o5cyJKllaeTCSI UpHHilHU AeilCTBHSI ItOnb

!leBoro IIOnHpHMeTpa, IIpBBOAS!TCSI TO'lHbie H 11pH5nH>KeHHbie cjlopMynbi AnSI Bbi'IHCneHHSI 

reoMeTpH'lecitoro cjlaxTopa, cpeAaeA nonHpBaanuoaaoA cnoco5aocTH aaanuaaTOpa u 

nonS!pB3a!lHH 'laCTBil; AaiDTCSI peaynbTaThl paC'l9TOB OUTBManbHOrO COOTHOlli9HBSI 

M9lKllY He06XOAHMOA TO'lHOCTbiD onpeAeneHBSI UOnS!pH3a!lHB H AnHTenbHOCTbiD H3-

Mepeault; noApo6ao aaanuaupyroTCH ABe B03MO>KHOCTH H3MepeauA rronHpuaa!lHH. 

B '18CTH II OUHC8Hhl KOHCTpyKTHBHOe BbinOnHeHHe nonHpHMeTp8, M9TOAH!tH IIpH-

r oToBneHHSI MHmeaeA H onpeAeneaue BX TonmBHbi, xapaxTepucTHKB rrpuMeHS!eMbiX 

AeTeitTOpoa; AaiDTCSI cneKTphl IIpOTOHOB, BnniDCTpHpyromBe H3MepeHHSI, H 06CylKAa-

roTC !I KOHTpOnbHbie H3MepeHHSI C TpeMSI AeTeitTOp8MH; npHBOAS!TCSI nepBbi9 peaynbT8-

Thl HCCneAOBaHBH IIOnHpH38IlHH UpOTOHOB H3 peait!lHB I~ C ( 8 
He. p 0 ) 14 N , BbinOn

aeaaoro c noMOWbiD KOnhneBoro nonHpHMeTpa. 

lJ a c T b 1. MeTOAHKa uaMepeauH nonHpuaanuu npoTOHOB 

§ 1, npHHllHU A9flCTBHSI KOnbll9BOrO UOnHpHM9Tp8 

HenonHpH30BaHHbill ny'IOK HOHOB, ycKopeHHbiX AO 9HeprHH F. I, UOIIaASSI Ha rrep

Byro MHW9Hb, Bbl3biB89T HA9pHbi9 pe8KllBH, B peaynhTSTe KOTOpbiX o6paayroTCSI HyK

nOHbl H Apyrue HAepHbie 'laCTHllbi, CxeMa nonHpHMeTpa, B KOTOpOM 8HanH3HpyiDW8S! 

Muweab Bbmonaeaa s BRAe xonbna, noxaaaaa aa puc. I. Hoabi, rrpoweAWBe qepea 

MBweab 1, nonaAaroT B noBywxy 3. 

HyKnOHbl, o6pa30BaBWBeCSI B rrepBOA MBWeHB H BbineTaromue H3 see IIOA yr

nOM e . norraAaroT aa BTopyro, pacceuaaromyro KonbneByro MBweab 4, KoTopaH yc-

Taaoaneaa TaK, 'ITO aarrpaBneaue naAaromux HOHOB nepneaAHKynRpao nnocKoCTH KOnh

na B npoxoAHT qepea ero neaTp. ~anbaeAwee paccMOTpeaue KOnbnenoll MeToAHKH 

H3MepeBRH nonHpBaauuu npoaeAeBo nnH cny'laH, KOrAa 6oM6apnupyroWBMH qacTRllaMB 

S!BnSIIDTCSI HOHbl He , a BbJneTSIDWHMH - IIpOTOHbl, OllH8KO TaKaS! KOHKp9TH3allRS! He 

yM9HbW8eT AOCTORHCTB H 06WHOCTH 9TOrO MeTOA8. C UOMOWbiD MHW9HH 4 aaanH3H-

pyeTCH aanpasneaue cnuaa rrpoToaos, rroaToMy BTOpaH MBweab aaabiBaeTcH aaanu

aaTOpoM. B Ka'leCTBe aaanHaaTopa BH6Hp8IDT HApS CO CfiHBOM, p8BHhlM Hynro, B 

nonS!pHaanuoaaaH cnoco6aocTh ItoTOphlx AnH ynpyro pacceHHHhlX 'ISCTBB cymecTBea

ao 38BHCBT OT yrna pacceHHHB, feoMeTpHS! p8CIIOnOlK9HBSI AeTeitTOpoB onpenenH9TCSI 

s nepsyro oqepeAb pacceuaaromRMB csollcTBaMB aaanuaaTopa. 

HaMepeaue nonHpR34UBR npOTOHOB C UOMOWbro STOrO o6mero IIpBBllRU8 OCHOB8-
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BO B8 Cp8BB9RBB BBTeHCBBHOCTeR, nony'IeBHhlX ABYMH (BnB HeCXOnbKHMB) AeTeKTO

paMB, perBCTpHpyK>lUHMH UpOTOHbl , p8CCeHHHbie H8 pa3nB'IHbi9 yrnbl 8 I B 8 2 , 

AnH KOTOpb!X UOnHpH38UHOHHbl9 Cll0C06HOCTH 8HanH38TOp8 H3B9CTHbl C xopornei! TO'I

HOCTbiD. no npOB9A9HHH TSKOrO Cp8BH9HHH He06XOAHMO y'IBCTb pa3nH'IH9 B reoMeT

pHH A9T9KTOpOB H 38BHCHMOCTb. C9'19HHH ynpyroro p8CC9HHHH H nonHpB38UHOHHOi! 

CllOC06HOCTH 8H8nH38TOp8 OT yrn8 (} • HaMeHHH B38HMHoe p8cnono*eHHe nepBoil 

MBIU9HH, 8H8nH38TOp8 H A9T9KTOpOB, MO*HO BblllOnHHTb llOAp06H09 'HccnenOB8HH9 

nonHpB38UBH npoTOHOB BO BC9M AH8ll830H9 yrnOB 9 (eM. puc. 1). 

P8c'IeT nonspuMeTp8 c xonbU9 Bb!M auanH38TopoM, npuaeueHHbiR aa*e, Bbl

nonueu una KOHKpeTHOR pe8KUHH -
12 c ( 5 

He, p 0 ) H N - c ucnonb30B8HHeM yrnepon8 

B K8'19CTB9 8a8nB3HpyiDIU9i! MBIU9HH. 0AH8KO M9TOJl p8C'I9T8 H nony'I9HHbl9 !jlopMy

llbl nnH Bbi'IHCneaas reoMeTpaqecxoro !jlaxTop8 H cpeuuei! nonHpH38UHOHHOR cnoco6-

HOCTH 8aanH38TOp8 npBM9HHMbl H AnH ApyrBX p98KUBi! B 8a8llH3HpyiDIUBX B91U9CTB. 

§ 2. 0 6 0 3 a 8 'I e a H H B e n B 'I H H 1 B C ll 0 n b 3 y e M bl X B p 8 C 'I e T 8 X 

E I - 9HeprHH HOHOB 
8 He, B n860p8TOpaoi! CHCTeMe - (K9B) 1 

10 - HaTeHCHBHOCTb ny'IK8 HOaOB 8 He , ll8Jl8101UHX H8 nepByiO MHIU9Hb -

( 1/cex), 

6E - TOlliUHa8 nepBOH MHIU9HH - (K9B). 

E 2a E
1 

- 6E- 9aeprHH HOHOB 
8 

He , npOIU9AIUHX 'lepe3 n e pByiO MHIUeab, B na6op8TOp

HOi! CHCTeMe - ( K9B), 

E P 9HeprHH npOTOHOB, Bbtn9 T8101UBX B3 nepaoi! MHIU9HH, B na6op8TOpHOi! 

CHCTeMe - (K9B), 

9HeprHSI npOTOHOB nocne llpOXO*A9HHH 8ll!OMHHH9BOil !jlonbrH, B n860-

paTOpHoi! CHCT9M9 - ( K9B), 

8TOMHbl l! BBC nepaoi! MHIU9HH H 8H8nH38TOp8, COOTB9TCTB9HHO, 

23 - 1, 
- qncno Aaoraupo, p8BHoe 6,025. 10 ( MOnb , 

llllOTHOCTb nepaon MHIU9HH H 8H8nH38TOp8 - (r/cM
3 ), 

p A!' p
11 

- UOB9pXHOCTH8SI UllOTHOCTb 8lliDMHHH9BOil !jlonbrH H 8H8llH3HpyiDIUei! MH-

2 
IU9HH - ( Mr/cM ) , 

a 

b I • b2 

p8CCTOSIHH9 Me*Uy UllOCKOCTSIMH nepBOi! MHIU9HH H 8H8nH38TOp8-(CM), 

paCCTOHHHe M9*AY llllOCKOCTSIMH 8H8nH38TOp8 H nepBoro H BTOporo 

Jl9T9KTOpOB - ( CM), 

7 



Ra - panaye neTeKTopa - (eM), 

8 - yron Bb1119T8 npOTOHOB 113 nepaoft MH!ll9HH, B na6op8TOpHoit eHeTeMe, 

8 - yron paeeeHHHH npOTOHOB H8 8H811H38TOpe, B na60p8TOpHoit eHeTeMe, 

r, cp - nonHpHb19 KOOpllHH8Thl H8 noaepXHOCTH neTeKTOpa, 

d0
1 

, d0
11 

- aneMeHTbl TeneeHhiX yrnoa - ( eTepan), 

du 1 0' I!!~, P
1 

"'P
1 

( E,El) - llHcJxl>epeHUH811bHOe eeqeHHe o6p830B8HHH npOTOHOB B 

!lll9pHOit pe8KUHH l M 08pH1 CT9p8ll} H HX nonHpH38UHH - l ~ }, 

nncJxl>epeHUH8nbHOe ceqeaBe ynpyroro pacceHHHH npoToaoa 
d 0'11 

0'11., "'d{'l"' PII .,pll (t, tl ) 
H8 8R811H38TOpe (M6 apa / eTepan) H ero nonHpH38UHOHR8!1 

cnoco6uocTb - (%). 

G I' G2 Bhi'IHCnHeMble reoMeTpH'IeCKHe $8KTOphl nnH nepaoro a aToporo neTeK-

TOpOB 0 

PIII' pll~ - epeARHH nonHpB38UBORH8H enoco6HOCTb 8H8111138TOp8 llllH nepaoro R 

BTOporo ll9TeKTOpOB. 

!I 3. p 8 e 'I e T r e 0 M e T p II 'I e e K 0 r 0 <!J 8 K T 0 p 8 

ToqaocTb H3MepeHBH aeBMMeTpHH c noMOWbJO KOnbueaoro nonHpBMeTp8 onpe

AenHeTCH ae TOIIbKO 'IHeiiOM 38perBCTpBpoB8RRblX RMnynbeOB (CT8THeTH'IeeK8R OWR6-

K8) 
0 

BO II B03MOlltllbiMH CHCTeM8TB'IeeKHMH OTKIIOBeHBRMH, B03HIIK8JOWHMH npR npR

BeneHBH HBTeHeHBHOeTeit ( KOTOpble nony'leHbl AeTeKTOp8MH, yeT8BOBIIeRRblMII nOA 

p8311H'IRblMR yrn8MH) K OllRB8KOBOit reoMeTpHII. 

'tfaeno npoTOHOB, ll0118A8JOWIIX 38 eAIIRIIUY BpeMeHII H8 aneMeHT 'lyBCTBHTOllbHOA 

noBE!pXBOeTII AeTeKTOp8 113 TeX, KOTOpb19 06p830B811Reb B MeMeBTe 06'bOM8 nepBOit 

MIIWOHR II p8eeeHnReb 88 MeMeHTe 06'beM8 8R811H38TOp8, onpeAenHeTeH cnenyJOWRM 

Bblp8lKeBIIeM 

dN° • IoN! p~ dx
1 

A I All 

d 0' 1 * d X --
Pn 11 dO 

~dOl dOn 
dO 

( 1) I 

rne p~dx 1 -dE/f(E) 11p:
1

dx
11

•dE/fhl, adx 1 11 dx 11 -sneNeBTbl 

TOnWHH nepaon NHWeHB R 8H811R38T0p8 eOOTBeTeTBEIHHO. 

HcnOIIb3YR HNeJOWHeeR A8BRble 06 ROHII38UBOHHblX llOTepRX 38pRlKeHHblX 'IBCTHU 

B semeeTBe, 111111 ROBOB 
1 He a nBana3oue sueprxA 2500+4500 K9B noTepa saepraa 

B yrnepone MOlltiiO npeneTSBIITL 8B811RTH'IecKOA 38BRCNMOeTbJO 

I(E) 
-4 -1 2 

• 1878 • ex p (-2,210.10 E ) KSB.Nr .eN 
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H .!lnH npoToHoB c aaeprae~ 4000.;. 8000 KaB, nporne.urnux qepea yrnepo.UHbtl! auanu-

3aTOp, 

f (f) -4 137,2. exp (-1,324,10 t -1 2 
K 9B. Mr .CM . 

¢ y HKUHH I ( E ) H f (t ) 14 ,5/ nony 'leHbt c noMOUibiO <jJopMyn h!' E eTe-Bnoxa .unH noTepb 

9HeprHH 3apHlKeHHblX qacTHil npH npOXOlK.!leHHH HX qepea BemeC TBO C HCilOnb30BaHH-

• /6,7/ eM 9KCnepHMeHTanbBblX 3Ha'leHH~ Cpe.UHHX llOTeHUHanoB HOHH3aUHH , 3neMeHT 

TeneCHOrO yrna d 0 1 p aaea 2 " s ine d8 ' onpe.ueneaabtif 
qepea nonlipHble KOOp.UBHaTbl Ha llOBepXHOCTH AeTeKTOpa, MOlKBO 3allHCaTb B BH.Ue 

r.ue T u r T -8 
0 

a 

T 0 = ( b 
2 

+ a 
2 

tg 
2 

8 + r 
2 

- 2 a r tg ® • cos </> ) !4 • 

Yron pacceHHHH 0 . nonHpHbte Koop.uaHaTbt 

CBH3aBbl COOTHOUieHHeM ( CM, pH C. 1) 
H cf> H reoMeTpH'IeCKHe paaMepbl 

cos 0 • ( r sin @ cos cp + b cos 9 - a I g E) sin ® ) T -I 
0 

TipH onpe.ueneaaol! 9HeprHH BOHOB 8He, 6oM6ap.uHpyJOUlHX MHWeHb, H .UnH 

Bb16pllBHOrO .UHana30Ha yrnOB 8 1 $ 8 ~ 6 2 , a TaKlKe npH .uaaaoA TOilUlBBe nepBoA 

MHrnean a aaanaaaTopa nonaoe qacno npoTOHOB N ° , nona.ua10mnx aa 'lYBCTBBTenb-

ay10 noBepxaocTb .ueTeKTopa B e.uaaauy apeMeaa, onpe.uenHeTcH HHTerpapoBaaaeM 

Bbtpa)l(eHBli ( 1) no BCeM nepeMeHHblM. TipoBe.Uli BBTerpapoBaHHe, nony'iBM .Unli N ° 
TaKyiO QJOpMyny ~ 

(E,8) 
f2 R a" 

sin8 J-1- JJ u 
Ht) 0 0 II 

f I 
(2) 

-12 
r.ue KoHcTalfTa C paBaa 4,562.10 • Tipe.uenbt BBTerpupoaaauH no nepeMeaaoa 

t (.uel!cTBBTenbawe .unH npoToaoa c aaeprueA a .uaanaaoue oT 4000 .uo 8000Kaa) 

onpe.uenHtoTCli awpa)l(eHHHMB: 

f 1 • a 0 l'n I e xp (a 1 F. P) - a 
2 

p AI I sin 8 

( a y l'n I e X p ( y f ) - y p I cos e I 
2 0 I I 2 II 

9 
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noncTaBmiH B ( 2) npHBeneHHble BbiWe ¢opMynbl nnH nonHHTerpanbHbiX ¢yaK -

uHtl H npenenoB HHTerpHpOBaHHSI, MO>KHO anSI naHHOro OnbiTa Bbi'IHCnHTb N ° . 
nocTOSIHHbie a H y , nony'IeHHble C noMOlllbiO !jlyHKUHH f (t ) anSI naHHbiX Be-

UleCTB H nHana30Ha 9HeprHil: npOTOHOB, HMeiOT cnenyiOUlHe 3Ha'IeHHSI: 

a o 

a , 
a 

~ 

3 -1 
7,886. 10 K9B 

-4 ·-1 
1,268.10 K9B, 

-2 2 -1 
1, 367 .10 CM Mr 

Yo 

y I 

y2 

3 -1 
7,550.10 K9B, 

-4 -1 
1,324.10 K9B 

-2 2 -1 
1,820.10 CM Mr 

Ha KHHeMaTHKH HnepaoA peaKUHH aaxonHTCSI KHBeTH'IecxaH aaeprHSI npoToHOB, 

BbineTaiOlllHX H3 MHWeHH non y rnoM 0 no OTHOWeHHIO K nyqKy nanaiOUlHX HOHOB, 

EP I 
~ [ 2 ]~ ~ --~- ( rn 

1 
m E 

1 
) cos A + rn rn F. cos f<> + ( rn + rn ) ( m Q + ( m - rn ) E 1) I 

rnl +rn
2 

I I I I I ~ 2 2 I 
(4) 

I~ 8 14 
B cnyqae peaKUHH C ( He, p 0 l N 

m 
1 

- Macca npoToHa, 

rn2 Macca Sinpa u N 

EI ,ml KHHeTH'IeCKaSI 9HeprHSI H Macca HOHa 
8 He, 

Q - 9HeprHSI yKa38HHOrO KaHana peaKUHH, paBHaSI 4779 K9B, 

nocne HOpMHpOBBHHSI 9KCnepHMeHTanbHbiX 3 Ha'IeHHA N I H N 2 Ha COOTBeT-

CTBYIOlllHe paCC'IHTaHHbie N°1 H N~ nonyqaJOTCSI BenH'IHHbl Ni H N~ , KOTO-

pbie y>Ke ae aaBHCSIT oT reoMeTpH'IeCKoro nono>KeHHSI neTeKTopa B KaMepe nonSI

pHMeTpa H pacceHBaiOmHx cBoflcTB aaanHaHpyiOmen MRweaH N • = N I N° ~ G N 1 I I I I 

H N~=N 2 /N~=G 2 N 2 
rne G = 1/N° 

I I II G ~ • 1/N~ ( 5) 

no aaanorHH C MeTOllHKOA H3MepeHHSI neBo-npaBOA aCHMMeTpHH MO>KHO H B cny-

qae xonbueBoro nonSipHMeTpa onpenenHTb acHMMeTpHIO qepea npHBeneHHbie HHTeH-

CHBKOCTH 

., = N• I 
N• 

I 

- N; 
+ N* 

2 

G 1 N 1 -G~N 2 

GINI +G2N2 

10 

N 1 -GN 2 

N + GN 
I 2 

( 6) 



B STOll: <!>opMyne N~ H N: - HOpMHpOB8HHbl9 npHBeneHHb19 HHTeHCHBHOCTH, 8 

G - G 1 I G2 -eAHHbill reoMeTpH'IeCKHA <!>aKTop, aaBHC!IrnHil: oT B3BHMHoro pacnono

*eHH!I nepBOil: MHilleHH, 888UH38TOp8 H 060HX AeTeKTOpOB. 

0THOCHTenbH8!1 OillH6K8 B onpeneneHHH SCHMMeTpHH 

IOrnell: <!>opMynoll: 

!lN2 

N 2 

TJ Bbrpa*aeTc!l cneny-

~ 

l (7) 

KoscTpyKTHBHoe pacnono*eHHe MHrneaH, aaanHaaTopa H neTeJrTopoB, a TaK*e pac-

'leT reoMeTpaqecJtoro <!>aKropa non*Hbi 6biTb Bblnonaesbi c 

TO'UIOCTbiO, 'IT06br co6n10nanoch ycnosae ___Q_Q__ << ~ G N 

TaKoll: TWSTenbHOCTblO H 

rorna TO'IHOCTb on-

peneneBH!I 8CHMM9TpHH B OCHOBHOM onpenenSieTCSI 'UICnOM 3aperHCTpHpOBaHHblX HM-

nynbCOB N I 

npH HCCneAOBBHHH CTeneas nonSipH3aUHH 'laCTHU O'leHb Ba*Hb!M S!BnS!eTCS! BOn

poe o sKnane, KOTOpbiil: o6ycnoanea npa6opaoll: acHMMeTpHell:. TaK, npH onpenene

saa non!!pHaauHa no HaMepesaiO acHMMeTpHH nocne pacceSIHHS! 'sneso-snpaso• ac

TO'IHHKBMH nOJKHOil: acHMMeTpHH MoryT 6b!Tb SeTO'IHOCTb H3rOTOBneHHS! non!!pHM9T-

pH'IeCKOrO 6nOKB H ycTaHOBKH pacceHBBIOWell: MHWeBH, OWH6KH B IOCTHpOBKe npH60-

pa OTHOCHTenbHO HOHHOrO ny'IKB, CMewesae UeHTpOB A9T9KTOpOB OTHOCHTanbHO 

oceA KBBanOB H AP• noaTOMy He06XOAHMO npOBOAHTb KOBTponbHbl9 Oflb!Tbl H TWS

TanbHOe HayqesHe BnHSIHHSI ltSJKAOil: H3 STHX UpH'IHH sa BanH'IBHy H3M9pessoll: SCHM-

MeTpHH. 

B non!!pHMeTpe c Kon&neB&IM asanaaaTopoM 6naronpHS!THbiM o6paaoM no'ITH 

nonHOCTblO HCKniO'ISeTCSI B03HHKHOB9HHe npH60pHOA SCHMMeTpHH, TSK KSK B TSKOll: 

reoMeTpHH SKcnepHMeHTa neTeKTOpbi pacnonoJKeHbi sa onsoll: ocH c ny'IKOM 6oM6ap

napyromax HOHOB. llaJKe B cnyqae, KOrAB KOnbU9BOil: UOnS!pHM9Tp KOHCTpyKTHBHO 

6yneT H3rOTOBneH C SeAOCTSTO'IHO BblCOKOil: TO'IHOCTbiO, BKnBA B H81lA9HHyiO 8CHM

MeTpHIO, o6ycnosnesa&IA aToll npH'IHHoll:, cymecTaesso Man a cany Toro, 'ITO KOnb-

ueaoll: nonSipHMeTp o6nanaeT aKcsan&aoll: CHMMeTpaeA. 

§ 4. B&rqucneaae nonSipuaauua P1 (E,8l 

soil: cnoco6socTH aaanuaaTopa 

H cpe~tsell: nonSipHaanHos-

MeJKAy ceqeaaeM ynpyroro pacceSIHHS! syKnosos a ax nonSipaaauaell: HMeeTCH 

H3B9CTH8!1 38BHCHMOCTb 
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a -l+PP cos<ll 
II I II 

r)le <IJ- a3HMyTaiTbHbiii yron. 

Tax xaK o6a neTeKTopa perncTpHpyiOT n,_. :-TOHhi, BbineTaiOmHe H3 nepso!l MH-

weHH non yrrroM 0 , TO HHTeHCHBHOCTb, H3MepeHHaSI KalKJlb!M neTeKTOpOM, 6yneT 

nponopnnoaanbHa ceqeaHIO yrrpyroro pacceSIHHSI nnSI Tex yrnos, non KOTOpbi MH yc-

TaHOBneHbi )leTeKTOpbi, T.e. N*- a 
II 

no aaanorHH C JlBOIIHbiM pacceHHHeM MO>KHO H B cnyqae H3MepeHHSI nOITS!pH-

3aUHH npOTOHOB H3 peaKUHH C nOMOIUbiO KOITbUeBOrO nonSipHMeTpa ycTaHOBHTb, qTO 

s neTeKTOpbr nonanaiOT Te npoTOHhi, ynpyroe pacceSIHHe KOTOpbiX aa Sinpax aaarrn-

3aTopa ITpOHCXOJlHT B npyryiO CTOpOHy no OTHOilleHHIO K BbineTy npOTOHOB H3 nepBOil 

MHIIIeHH (cnoso •cTopoaa• HMeeT anecb CMbrcn - pacceSIHHe "sneso" HITH "srrpaso") 

- 3TO 03HaqaeT, qTO a3HMyTaiTbHbiii yrorr <ll = rr , H Torna MO>KHO 3aiTHCaTb 

N * - u ~ 1 + P P cos <ll = I - P P (8) 
II l II I II 

no)lCTaBITHSI COOTHOIIIeHHe ( 8) B ypaBHeHHe \ 6), nonyqHM ¢opMy n y, CBSI3biB810-

my10 acHMMeTpHIO H non5IpHa auHIO PI ( E, A l 
Xf 

"' 
PI ( p III p-II2) 

(9) 
P(P +f> l-2 

!II !!2 

rne P !II H P li 
2 

-cpenane norrHpHaannoHHbie cnoco6aocTH aaannaaTopa, Bhrqnc-

neane KOTOphiX nonpo6ao o6cy>KnaeTcH HH>Ke. 

3aaK norrHpH3aUHH p (E. e). onpenerre HHb!H qepea aCHMMeTpH!O (¢opMyrrh! 
·' /3/ 

(6) H (9)), aaXOJlHTCH B COOTBeTCTBHH C EaaerrbCKOII KOHBeHUHe~ 0 ITOITO>KHTeiTb-

HOM H8ITp8BT!eHHH nOITHpH3aUHH Sl)lepHblX qaCTHU CO CITHHOM 1/2, 

x/nerKO aaMeTHTb, qTO B ypaBHeHHH (9) conep>KHTCSI KaK qaCTHb!H cnyqa!\ H 
ljlopMyna )liTH aaXO>KJleHHSI ITOITS!pH38UHH no H3MepeHHIO neao..:..npaBOII aCHMMeTpHH. 

B aToil MeTonnxe yron ynpyroro pacceHaHSI 0 1 = 0 2 • aaHMyTanbabrti yron nrrH 
rrpasoro neTeKTopa <ll = rr • nnSI nesoro -¢ = o , a rronSipnaannoaaaSI cnoco6-

HOCTb P II 
1 
=- PII

2 
= PI! , To rna Bbipa>Keane (9) npnaHMaeT cneAy!OmH A ann 

fl= p p 
I ll 
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AHanHaHpyst BbipaJKeHHe ( 9), rrony'IHM, 'ITO acHMMeTpHSI 6yaeT HMeTb • 

OIITHMaiJbHOe 3Ha'leHHe .QIJSI TaKHX yriJOB () I H 8 2 , IIpH KOTOpbiX 'IHCIJHTenb 

BeiJHK, a 3 HaMeHaTeiJb Man. npH OIJTHMaiJbHOM 3Ha'leHHH Tf 6yneT HaHnyqweA H 

OTHOCHTeiJbHaSI TO'IHOCTb orrpeneneHHS! aCHMMeTpHH. Paa6epeM OBa B03MOJKHbi X cny

'laSl: 

I. EcnH aapaaee H3BeCTHO, 'ITO BenH'IHHa rronHpH38UHH HMe e T Manoe 3HB'IeHHe, 

Torna He06XOOHMO CTpeMHTbCSI IlOIIY'IHTb p83HOCTb p 
JI2 

MaKCH MaiJbHO fi , 

T.e. rroMemaTb ueTeKTOp bi non TBKHMH yrnaMH () 
1 

H ()
2 

• OIISI KOTOpbiX BenH'IHHa 

P 111 ec T b MaKCHManbHaSI, a P 
112 

-MHHHMaiJbHaSI rronstpHaauHOHHaSI crroco6HoCTb. 

2. EcnH nnH HeKoTopoil o6nacTH y rnoa rrpeuaapHTeiJbHO HaaecTHo, 'ITO rronstpH 

aauHSI pI HMeeT 60IJblliyJO BeiJH'IHHy, Torna CyllieCT ByJOT TaKHe yriJbi () I H () 
2

, 

nnst KOTOpbiX aHa'leHHe acHMMeTpHH 6yaeT orrTHManbHbtM . OnaaKo 3TH yrnbt ae 

06SI3aTeiJbHO COOTBeTCTBYJOT MaKCHMaiJbHOH H MHHHMaiJbHOH IlOIJS!pH38IlHOHHOH CIIO 

C06HOCTB aH8IJH38TOpa . 

npaKTH'IeCKH Bbi60p reoMeTpHH 3KCIIepHMeHTa IlpOH3BOOHTCSI C yqeTOM yriJOBO!i 

H 3HepreTH'IeCKOfl 38BHCH MOCTH ceqeHHSI yrrpyroro pacceS!HHSI IIpOTOHOB Ha aH8IJH -

3aTope, ero IlOIJSipH38UHOHHOfi CIJOC06HOCTH H 6narorrpBSITHOrO COOTHOWeHHSI MeJKny 

H aMepeHHbiMH aaaqeHHSIMH N 
1 

H N 
2 

(aa OIITHM8IIbHOe OTHOllieHHe IIpHHSITO 

llnH HarnHnHoCTH rrpeo6paayeM ¢opMyny (9), Baenst cnenyJOmHe o6oaHaqeHHH: 

(P 111 -P11 2 lsa H (pni+Pn
2

l::f3, 

Torn a 

pI a 

H nanee 
2 Tf 

( 10) 
{3 Tf - a 

0THOCHTeiJbH8SI OWH6K8 B 3 H8'IeHHH IlOI!HpH38UHH CKIJ8llbiB8eTCH H3 a6COIJJOT

HbiX OW H60K IJOI!HpB38UHOHHbiX CIIOC06HOCTeH 8HaiJH38TOp8 lliiSI pa3HbiX yriJOB H OT-

HOCHTenbHOH OWH6KH B orrpe.o.ene HHH 8CHMMeTpHH, Bbi'IHCnSieMOH IJO ¢opMyne ( 7), 
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~PI 

PI 

a 2 ( ~ )2 + ( 1 + )2 ( ~p 2 + ~ p 2 ) I ~ 
'7 '7 Ul ll2 

( 11) 
ltl'7 -al 

Ha 9TOrO ypaBHeHHH cnenyeT B03MO*HOCTb H3MepeHHH llOilHpH3811HH C TSKO~ reo

MeTpHe~ orr biT a, Korna nnH onaoro H3 neTeKTopoa P n ., 0 (no u II =I o ) , a a6-

COniOTHSSl BenH'IHHS OWH6KH f"1 P II HMeeT Manoe 3HS'IeHHe. TioTpe6HOCTb B TSKO~ 

reoMeTpHH MO*eT B03HHKHyTb B TOM c nyqae, Korna He06XOIIHMO yny'IWHTb COOTHO

weaae Me~y ~¢eKTOM H ¢oHOM. 

TipenaapHTenbHO 6binO yCTSHOBneHO, 'ITO KOHCTpyKTHBHO MO*HO IIOCTpOHTb 

KOnbUeBO~ nonHpHMeTp IIOCTSTO'IHO TO'!HO H 'ITO nnH IISHHO~ reoMeTpHH MO*HO C 

BbiCOKOA TO'IHOCTbiO B bi'!HCilHTb reoMeTpH'leCKHii ¢aKTOp G H cpenaae nonHPH3a-

IIHOHHbie cnoco6HOCTH P n • Torna B nepByiO oqepenb npencT a BnHeT HHTe pec TOnbKO 

TS 'ISCTb OTHOCHTenbHOH OWHOKH /"1 PI / PI , KOTOpaH of5ycnoaneaa CTSTHCTHKOfi H3 -

MepeHH H , T. e. HCII0/1b3YH ypaBHeHHe ( 7), MO*HO rrpHOilHll<eHHO 38IIHC8Tb 

/"1 PI a(l-1)2) 

PI 21Jif3'7-al 
V _I_ + 

N t N 2 

( 12) 

3aBHCHMOCTb OTHOCHTenbHO tl CTSTHCTH'!eCKOii OW H OK H IIOil HPH38UHH O T SCHM -

MeTpHH 1) H 'IHCna HMilynbCOB N m in N m i n - ecTb MeHbwee 'IHCilO H3 LIBYX 

9KCnepHMeHT81lbHbiX 3H8LfeHHi1 N H N2 ) ll0K838H8 Ha pHC . 2. 3TOT rpa¢HK 

nonyqea npn npennonoll<eHHH, 'ITO a >> {3 - 3TO BbtnOilHS'IeTCH llOLfTH BO BCeX cny-

qagx. Jlng nonyLieHHH rronRpnaauaa c orrpeLieneaaoi1 TO'IHOCTbiO 6btnH npoHaaeneHbi 

OUeHKH Lfl1Cil8 HMIIYilbCOB, KOTOpbie HeOOXOIIHMO 3aperliCTpHpOB8Tb, H LlllHTe llbHOCTH 

onaoro H8M~peHHH. Tionarag a = 
113 ypaBH 8HHH (10 ) 1)~0,5P 1 

H {3 = o , LITO anonne nonycTHMo, rrony'IHM 

B Taf5n .} , IIOMeweHHOH B KOHUe p800Tbi, llpHBOIIHTCH BpeMH H3MepeHHii H HS-

OHpaeMaH CT8THCTHK8 LlllH onpeneneHHH llOilS1pH3811HH C 38L18HHOi!: TO'IHOCTbiQ, 3TH 

3 
oueHKH npoBeneHbi nng orrbiTa npa anepraa HOHOB He , paBHOA 3 Maa, HHTeHCHB -

13 
HOCTH ny'IK8 I 0 = 10 HOHOB B CeK, TOilWHHe yrnepOUHOi1 MHUleHH f"1 E = 150 K9B, 

0 
naarraaoae yrnoB 1"10 = ±3 , ceqeHHH o6pa3oBaHHH npoToHOB a 1 = 2 M6apalcTepan. 

-3 
H a<jl¢eKTHBHOM TeneCHOM yrne neTeKTOpa f! = 5, JQ CTepan. C penaee LfHCilO 

HMilYilbCOB UJiH Meaee HHTeHCHBHOrO llHK8 rrpH 9 TIIX ycnOBH 51X COCT8Bl1Hil0 3 HMnfMHH, 
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HanpHMep, B peaKUHH 
12 

C ( 
8 

He, Po ) l4 N HMBBTCH 3HepreTH'IBCKHl% HJITBpBan, B KO

TOpOM llO!I5!pH38UHOHHbiif a<j><jleKT OOCTHrS.AT BB!IH'IHHbl 5onee 40%; O!IH OllpeneneHHH 

llO!IHpH38UHH llpOTOHOB C TO'IHOCTbiD 20% B 3TOif o5naCTH O!IHTB!IbHOCTb OOHOrO H3-

MBpBHHH OOII*HS COCTSBnHTb llOpHOKS 'ISCS. 

CpenHHH nonHpH3SUHOHHSH cnoco5aocTb onpenenHeTCH KaK cpenaee 3HS'IBHHe 

tPYHKUHH P
11 

( f , 8 ) 

8H8!IH38TOpa /I; ( , 

npH HHTerpHpOBSHHH no TlOBBpXHOCTH OBTBKTOpa, no TO!IIlJHHB 

B llHSn830HB yrnoB A I ~ (<) ~ 0 
2 

H no TO!IIlJHHB nepaoif MH -

IlJBHH /I; E. OnycKaH nonpo5aocTH Bbi'IHcneaHn, HH*e npHBOOHTCH Bbips)KBHHe nng 

Bbi'IHC!IBHHH cpenaeif nOIIHpH38UHOHHOM cnoco5HOCTH 

npH Bb!BOOB 3Toro ypaBHBHHH npeononaranOCb, 'ITO nHaMeTp KO!I!IHMHpOBSH 

HOrO ny'IKS HOHOB, nanaromero HS T'!BpByiD MHilJBHb, HSMHOro MBHbilJB p8CCTOHHHH 

Me*nY aHanHaaTopoM H MHWBHhiD. l1 HTerpan f T 
2 

d ·.P HMBBT CMbiC!I HBKOTOpOR 

¢yHKUHH BBCS, o5pa3yromefrCH H3 3!IBMBHTOB ( y3KHX KpHBO!IHHBifHb!X nOIIOCOK) no

BBpXHOCTH neTBKTOpa, KOTOphlB nony'IBIDTCR npH nepece'IBHHH KOHyca (o5pa30BSH-

HOrO Bp81llBHIIBM HanpaBIIBHHH npOTO IIOB , paCCBRHHbiX non yriiOM 8 , OTHOCHTB!Ib-

HO HanpaBIIBHHH npOTOHOB, nanSIDilJHX HS 8H8!IH38TOp) C 'IYBCTBHTB!IbHOif noaepx

HOCTbiD neTeKTopa (eM. pH c . 1). B rrooHHTerpanhHbiX BbipameHHRX ¢yHKUHH x (/I; E l 

H X (EJ) HMBIDT CliBOYIDUlHif BHO: 

x<0> 
(I 

d ( 

f( ( ) 
= 55.0 ( e X p y I ( 

2 
- e X p y I ( I ) , 

-· C,
1 

= 2,210 • 10 
-1 

K3B Y. = 1,324 • 10 -( K3B -
1 

1 

llpyrHe COKpSDlBHHH T 2 7- T !4 non 3H8KOM HHTerpana H COKPSDlBHHSI Tlo7 TH 

B npenenax HHTerpHpOBSHHSI npHBBOBHbl B KOHUB HSCTORmel! pa50Tbl B npH!IO)!{B-

HHH 1. liHTerpHpOBSHHB no f 

HBHHHM (3). 

npOH3 BOOHTCH B npenenax, Bbi'IHC!IHBMbiX !IO ypaB-
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npuBerreHHble Bbtllle p8CCy>KJleHHII OTHOCIITCII K p8C'IeTy H llpHMeHeHHIO KO!lb-

ueBOH reoMeTpHH Ullll H3MepeHHII llOllllpH38IlHH llpOTOHOB, BbllleT8101IlH:X H3 MH!lleHH 

non yrnaMH MeHbllle 90°. OnuaKo s Ta MeToUHKa c ycnexoM MO)t<eT 6btTb ucrronb-

3oBaaa nn11 H3y"<Ie HHII rronllpH38IlHH H B nuarra3oae yrnoB 6onbllle 90°. lln11 sToro 

He06XO!lHMO llpHMeHHTb KOllbUeBble rreTeKTOpbt, qepe3 OTBepCTHe B ueHTpe KOTOpbl:X 

llpOXOUHT llY'IOK HOHOB K nepBOH MH!lleHH. 8 T8KOH cxeMe 3~~eKTHBH811 llOBepXHOCTb 

neTeKTOpa ec Tb KOllbUO C *TeHblO* OT Tpy6KP-, B KOTOpOl! llpOXOUHT HOHHbiH llY'IOK, 

Pac'leT reoMeTpuqecKoro ~aKTopa G H cpennel! llO!l11pH38UIWHHOH CllOC06HOCTH 

PIT BblllOnJUle TCII C 6onee CllO)!{HbiMH IIpenenAMH HHTei'pHpOB8HHII, COOTBeTCTBYID-

IllHMH 3TOH o6naCTH yrnoB. nony'leHHbte !lllll G H P II ypaBHeHHSI HMe!OT B 3 TOM 

c n yqae rpOM03!lKHH BHU - ll03TOMY Bbtllle 6b!llH llpHBeneHbl ~OpMynbl TOllbKO UllH 

e < 90°. 

npHHUHllH8llbHbie Tpy!lHOCTH B03HHK810T llH!Ub JlllH YI'llOB, 6nH3KHX K 

90° ( 75° <f) < 115°) H3-38 yXyJlWeHHSI 3HepreTH'I 8 CKOrO pa3peiU8HHSl H HeB03MO)!{-

HOCTH OllTHM8llbHOro paCIIO!lO)!{eHHH BTOporo JleTeKTOpa B K8Mepe llO!lSlpHMeTpa. 

§ 5, 0 !l By X B 0 3 M 0 )!{ H 0 C T II X H 3 M e p e H H Sl ll 0 n II pH 3 8 U H H C H C II 0 n b-

3oaaaHeM KOnhueaoro aaanuaaTopa 

0CHOBH8Sl HJlest H3Mep~HHS! llOllSlpH38UHH C llOMOillbiO KOllbUeBoro llO!lS!pHMeTpa 

COCTOHT B TOM, 'ITO !lllSl UBYX yrnOB (}I H (} 
2 

MO)!{HO 0)KHJl8Tb pa3llH'!Hhle HH-

TeHCHBHOCTH B 38BHCHMOCTH OT p83Hb!X P II H a
11 

nocne llpHBe)leHHS! pe3yllhT8-

TOB H3MepeHHH N I H N 
2 

K 0JlHH8KOBOH reoMeTpHH CT8HOBHTCS! B03M0)!{Hb!M orrpe-

nenenue acHMMeTpHH '1 ( llO cjlopMyne ( 6)); llpH 3TOM BenH'IHHbl N I H N
2 

ne H8Jl0 HOpMHpOB8Tb H8 MOHHTOp, T8K K8K o6a neTeKTOpa O!lHOBpeMeHHO perHCTpH

pyiOT npOTOHbl, pacceiiHHbte H8 O!lHOfi H TO I\ )Ke 8H8llH3HpyiO!UeM MHIUeHH, 

11Mell H3 3KCIIepHMeHT8 3H8'!eHHS! N I H N 2 H Bbl'IHCllHB liD <jlopMynaM ( 2) H 

H ( 5) reoMeTpH'!eCKHe <jlaKTOpbl G I H G 
2 

, MO)!{HO C llOMOlllbiO ypaBHeHHH ( 6) 

H ( 7) orrpeJle:IHTb 8CHMMeTpH10 H ee OTHOCHTenbHYIO OlllH6Ky, llanee, HCllO!lb3YH 

Bblpa)KeHHe ( 13), naxoa11T cpenm1e nomtpHaauuonnhte cnoco6aocTH P111 H p112 

8 llO cpOpMynaM ( 10) H ( 11) Bb!'IHCllS!IOT llOllstpH38UHIO H ee OTHOCHTe!lbHYIO OIUH6Ky, 

BTopall B03MO)!{H0CTb OllpeaeneHHH llO!lllpH38UHH COCTOHT B TOM, 'ITO llpH Oil

HOI! H TOM )Ke reoMeTpHH Ollb!T8 llpOBO!lHTCSl UB8 H3MepeHHII C O!lHHM neTeKTOpOM, 

HO C BTOpOH pacceHB810llleH MH!lleHbiO, BblllOnHeHHOi-1 !lllll KB>KJlOrO H3MepeHHSl H3 

pa3Hhtx aemecTB. B nepaoM H3MepeHHH neTeKTop ycTauaanuaaroT rron TaKHM yrnoM 
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-c (}, /liTH KOTOporo 1101151pH38UHOHH851 CI10C06HOCTb P II 6yaeT M8KCHM811hHOlt ( B 

Cnyqae HCI1011h30B8HH51 B KB'IeCTBe 8H811H3Hpy~mel! MHWeHH yrnepOJ.lHOlt rrneHKH). 

llnH BTOpOf'O H3MepeHH51 Bbi6HpaeTC51 T8K 851 pacceHB8~W851 MHWeHb, J.l1151 KOTOpolt 

11pH H3BeCTHb!X Ce'IeHHHX yrrpyf'Of'O p8CCeS1HH51 11pOTOHOB a II ( f , (} BO BCeM 

/lHanaa oue H3MeHeHHS! H (} HMeeT MeCTO P 11 ( f , (});: 0 . 3ToMy Tpe6oB81lH!O 

ynoaneTeopHIOT, HarrpHMep, Hllpa _ aonoTa. HMeH peaynhTaTbl TaKHX nsyx HaMepeHHI! 

N C H NAu , H3 ypaBHeHHH ( 6) onpenen HM 8CH MMeTpHIO TJ 

TJ rue G ~ 
c c 

lln~< Bbi'IHcneHHSI reoMeTpH'IeCKHX cjlaKTopoa G Au H G c 

Hcrronhay~< Bbrpa)l(eHHe ( 2), nony'IHM cnenyiOmHe cjlopMyn b i: 

-1 E2 ] 8 2 
G = 3,170 • I0- 14 bJ c f --- f 

c 0 E f( F:) A 

f Ra 11 

a s in 0 J - 1 
-- f f a c T d ¢ d r d l d 8 d E 

I f (f) O O II I 
I I f I 

-I 
G 

Au 

f Au 

sin t"l f - 1 - ~a r 
fl f(f) Au 0 0. 

( 14) 

T I 
---'--- d¢ dr dt d@ dF: 
f 2 sin 4 _j}__ 

2 

TaK KBK ynpyroe pacce~<HHe rrpoTouoe Ha Hapax aonoTa (Au 197 ) rrpaKTH'IeCKH S!B-
79 

ITS!eTCSI TOUbKO KynOHOBCKHM, TO Ce'IeHHSI pacce i'!HHH Ol1peaenHIOTCSI H3BeCTHOtl cPOPMY-

noll Peaepcjlopaa 

Au 
a 

II 

8,0696. 10 9 

( f sin 2_0_ )2 

2 

llnH BHBUH3Hpy!Ome0 MHWeHH, Bhli1011HeHHoA H3 30110Ta, tPYHKUHI'l HOHH38UHOH-

HblX noTepb npOTOHOB f (() 
Bbl'IHCITHeTCH no tPOpMyne 

f(t) 44,7 • ex p ( -0,980,10-4< ) K3B/Mr. CM - 2, Au 

KoTopaH npBMeHnMa B /lHanaaoHe aHeprnH npoToHoB 4000 ~ t -::, 8000 KaB. O penen bi 

HHTerpHpOBBHHH no n e peMeHHOI! 
B ypaBHeHHHX ( 14) HBXO/lHTCI'l CITf>llYIOWHM 06 -

paaoM: 
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( 1 onpenenReTcR no ~opMyne (3), a nnR 
tAu 

2 6yneT 

Au {3 D { Au K9B 
t ~ = 

0 
Ul exp({3 1 t 1)- {3 2 p 11 / cosf'l) I, 

4 -1. 
rne {3 

0
- 1,02.10 KaB, 

-4 -1 
{3 I= 0,98,10 K9B , 

-3 2 -1 
{3

2 
=4,38,10 CM ,MI' 

Bbi'lBCnaHHSI ~yHKUBH f ( t } AuH KOHCTaHT {3 npOBOAHTCSI TaK1Ke KaK H ~yHJtUHfl 

I( E), f(t) H KOHCTaHT a , y (eM. 38M8'18HHe R8 CTp, 9-10). 
- - - - /8/ 

nonCTSBnRR B ypaBHeHHe ( 10) Pill a P,~ H pm =pilAu" 0 nony'IHM ~pMy-

ny, CBR3biBa!OIIlYIO aCHMM8TpHIO H ITOfl11pH3aUHIO, 

p 
I 

2., 
P C ( 71-1) 
II 

(15) 

TaK KaK a aToM c nyqae yKa3 aHHbte naa H3MepeHH!I npoaon!ITC!I aeonaoapeMeaao, To 

Tenepb aeo6xonHMO HOpMHpOB8Tb 9KCnepHM8HT8flbHbl8 pe3ynhT8Tbl H8 onHHaKOB08 

'IHCflO nana!OIIlHX Ha nepByiO MHW8Hb HOHOB ~e. KOTopoe nponopuHoRanbHO 'IHCny 

'ISCTHU, 3aperucTpHpoaaHHbiX MOHHTOpHbiM n e TeKTopoM B o6oHx H3MepeHHIIX, Mo-
• 0 

HHTOpHbiil neTaKTOp, yCT8HOBfl8HHbli1 non yrnoM 85 K HanpaBfl8HHIO nana!OIIlHX HO-

HOB, H3M8pR8T npRMOil CnaKTp npoTOHOB H3 peaKUHH, npu TaKOM MOHHTOpHpOBaHHH 

aBTOMaTH'I8CKH OTnanaeT Heo6xonHMOCTb BBeneHHR nonpaBKH Ha yaenH'I8HH8 TOflWH

Hbl MHW8HH npH nnHT8flb HOl! 6oM6apnHpOBK8 ee yCKOp8HHbiMH HOHaMH, 

npaKTH'I8CKH )1{8 B 9THX LIBYX H3MepeHHRX ycTaRaBnHBa8TCR He onHH, a !IBa 

!18T 8KTOpa, KOTOpb18 n03BOfl!IIOT onHOBpeMaHHO nony'IHTb !1aHHbl8 anSI Bbi'IHCfl8HH!I 

nayx ae3 aBHCHMbiX 3Ha'!eHuA non!lpH38UBH P 1 nn11 npOTOHOB, Bbin8T810WHX non 

onHHM yrnoM e . TaKHM onbiTOM KOHTponH p yeTCR TO'IHOCTb MeTon HKH KOflbU8BOI'O 

nOn11pHM8Tpa, npaBHflbHOC T b nony'laHHbiX !flopMyn AnSI G H P II H Hane>KHOCTb 

nposeneHH biX Bbi'!HcneHHl!. 3Ta cxeMa peanH3yeTc!l B Tex cny'laR x , Korna aeao3-

M01KHO onTHManhH08 pa3M8W8HHe BTOpOrO neTeKTOpa HnH KOrna H3-3a ManOCTH 

ce'!eHHH ynpyroro pacceHHHII aeo6xonHMO npo BOLIHTh H3Me p e HHH a Te'!eHHe nnuTenb-

HOI'O apeMeHH. 
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§ 6. fl p H 6 n H >K e H H bi e <jJ 0 p M y n hi n n H B hi '! H C n e H H H 
G H P 

II 
flpuMeaeaue KOnbueBoro aaana3aTopa IT03BonsreT pacwHpHTb Kpyr uccnenye

MbiX 3anaq u coKpaTHTb BpeMSI, aeo6xoauMoe anSI rrpoBeaeaug oaaoro OflbiTa. 

Yaenu'leHue 3$q,eKTHBHOCTH ucrronb30BBHHSI ny'!Ka HOHOB nony qaeTcsr onaoBpeMeaao 

C HeH36e)I{HbiM ycnO)KH8HHeM p8C'i8TOB, IIpH IIOMOWH KOTOpbiX Orrp eaensreTCH IIOnSI

pH38UHH rrpoToHoB. To'!Hhie pacqeTbi reoMeTpH'!ecKoro <PaKTopa u cpeaaei! nonsrpu-

3BUHOHHOI! CIIOC06HOCTH H3 -38 6 onblll0I'O 06'beMa Bbi'!HCneHHH B03MO)I{Hhf TOnbKO ~ 
HCITOnb30BBHH8M aneKTpOHHO-Bbi'!HCnHTenbHOI! M 8 lliHHbi. Jlo BbiiiOnHeHHSJ TBKHX pac

'!eTOB aa 3BM npu rrnaaupoBaauu H rrpoBeneauu 3KcnepuMeHTOB, a TaK)Ke ansr on-

peaeneausr rronsrpu3auuu PI 
BW'lucneaue reoMeTpuqecKoro <PaKTopa G H 

cpenHel! rronsrp1!3auuoaaoA cnoco6aocTu P II npoBonuTcsr rro rrpu6ni!)Ke HHbiM <Pop-

MynaM, nony'!eHHbi M npu cnen y JOmllx rrpearrono)Keausrx: 

I. B nuana30He 3HeprHH E 2 s E s E I H yrnoB f) I '5. e::: 0 2 au<jJ<jJepeauuanb-

Hoe C8'!8Hl!e o6pa 30B8HHH IIpOTOHOB a I ( E , 8 ) B p88KUHH 12C (SH e, p
0 

) 14 N C'!HTa-

8TCH ITOCTOHHHbiM, TOraa a I BblHOCHTCH 38 3H8K HHTerpa noB, 8 npu Bbi'!HcneHHH 

GmG 1/G 2 H P- - COKpamaeTCH (eM. YPBBH8HHH (2) H (13) ). II 

2. flpH il0CT8TO'!HO TOHKOH nepBOH MllllleHH llH81I830H 113M8H8HHH 3HeprHH HO-
8 He ROB 

HaMaoro MeRbllle rrpeaenoB H3MeaeauSI aaepruu npoToHoB 

ruel! E 
noaTOM y Bee Bbl'iHCneausr npoBonsrTcsr c HeKoTopoi! cpennel! aaep-

, Torna I!HTe rpan no E OTCyTCTByeT. 

3. 0T HHTerpHpOBBHIIH no ITOB8pXHOCTH neTeKTOpa (KOOpilliHBTbi 
cp HnH 

(J </J ) MO>KHO rrepei!TH K HHTerpHpOBBHHIO TOnbKO no r , C'!l!TBH, 'ITO Kpli-

BBH BToporo rropnnKa c 6onbllil!M paauycoM KpHBH3H bi, o6pa3 oBaHHaSI nepeceqenueM 

KORyCa Bp8IU8HIIH C pa6oqel! IIOB8pXHOCTbiO neTeKTOpa H COOTBeTCTBYIOlliBH OilHOMy 

yrny 0 ( SKBH 
fJ -nHHHH), ecTb IIpHMBH nHHIIH. 3To 3H8'lHTenbHO ynpomaeT 

CTp. 15 H puc. 1). 
Bbi'!HcneHHH HHTerpanoB IIO ITOBepXHOCTH aeTeKTopa ( CM. TBK)Ke 38M8'!8RHS! HB 

B HBiliHX H3Mepeausrx cnenaHHbie norrymeausr HBnHJOTcsr nocTaTO'!Ho orrpaBnaa

HbiMH, IT03TOMy Bbl'HICneHl!H nonHpH38UHH no 1IpH6nH)K8HHbiM <jJopMynaM He 6ynyT cy

rneCTBeHHO OTnH'l8TbCH OT 3H8'l8HHi!, nony'leHHbiX IIO TO'lHbiM yp8BH8HHHM. 

flpu IICIIOnb30B8HHH rrpearronO)K8HHi! 1-3 113 YPBBH8HHA (2) H (13) ann Bbi

'!HcneHHH reoMeTpH'l8CKOI'O <lJaKTOpa II cpenaeA nonHpH38UHOHHOi! CITOC06HOCTH 8Ha

nH38TOpa, nony'!aJOTCH cnenyJOmue <jJopMynhi: 
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-1 b ~ c - r f ( ( f 
r sine l . ~ a :r ( • f ' (j l k l F l k ( 16) 

P "K ~ -(
1
-)- ~ sinEl 

II f f 'f l J 

~ a ( ( 0 • (j ) p ( ( Oo (j ) F 
II L jk II L Jk jk 

~a <•o '(jlk )Flk 
k II L 

rne K H F
1 

k onpenensnoTC51 npHaeneHHbiMH HH>Ke Bbrpa>KeHH51MH: 

I• - • I 6 r. 
K • ~ I 

N )( ( 6 F: ) )( ( 0 lf ( E l ~ sin El 
( l l 

3necb N - 'IHCno HHTepaanoa, HB KOTopoe paa6~aaeTC51 BC51 o6nacTb Ha-

MeHeHH51 3HeprHH npOTOHOB l < ( < f 
~- - I • 

F 
Jk 

R= - r! ~ 
2 2 a I 

[ b + ( at g (}
1 

- r k ) ] 

(jjk = 
0j + arclg ( atgElj- 'k ) . 

CyMMHpoaaa"e a <flopMynax ( 16) npoBo.llHTc sr a c nenyiOmHx npenenax: 

0<El<El 
t - l - 2 

f2~ tr fl I H -R.~ r. S+ R •• 

G H P 
II 

HMeiOTC51 B TO'IHblX H npH6nH>KCHHbiX ¢opMynax an51 Bbl'IHCJieHH51 

¢yHKUHH a ( E , E1 l 
I 

a (t,(}l H P (£,0), 
II II 

H8XO>Kt:(eHH e KOTOpb!X .llOAp06HO 

06Cy>K.IlaeTC 51 B '18CTH Jl H8CTOmuell pa60Tb! , 
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• 

lJ a c T b II • 3xcrrepHMeHT8llbHh!e pea ynbTBTbi 

6 1. OnpeneneaHe aaa'leHBI!: !flyaKUHit ai( E ,8l, a
11

(•,8) P
11 

( •, 8), 

Bw'IHcneaBe rronHpBaanHB npoToaos rrposonHTCH no $opMyne {10) c xcnonb-

aosaaHeM axcrrepHMeHTanbHhiX p eaynbTBTOB N 1 

$axTopa G H cpeaael! nonHpHaanHoaaol! crroco6aocTH PII KOTOpbie orrpeAenH-

IOTCH H3 ypaBH8HHll { 2) H { 13) , llnH H8XOJKA8RHH G B PII He0 6XO!lHMO HHTerpH-

pOSBTb $yHKUHH a I ( E , (H)), all ( f , () ) II PII ( f, () ) S OTBOCHT8llbHO 60ilbWOM AH8-

ll830H9 aaeprHl! H yrnos, YK838HHbi9 SbiWe $yHKUHH AOilJKHbl 6biTb H3SecTBbl C 

XOpomel! TO'IHOCTbiO B H3Mep8Hbl C M8llbiMB HHTepsanaMH yrnos H 9HeprHit, T8K 

Kalt 60ilbWH8 OWH6KH B 3THX SXOAHbiX !l8.HHbiX npHBenyT K onpeneneHBIO llOilHpH38-

UHB PI ( E , (H) ) C llllOXOl! TO'IHOCTbiO, 

Yrnosi,1e pacnpeneneaHSI nB$4,epeanBanbBhiX ceqeaal! o6paaosaaHSI npoToaoB 

12 a 14 a 
a I ( 8 ) B3 peaKUHH C ( He , Po) N B JlH8.ll830H9 aaeprHA HOHOB He OT 2 AO 

3,5 Mas HaMepeHbi TOilbKO npH aecxonbKHX aaa'leHRSIX aaeprHH, Ha puc. Sa npuae

neHbi peaynhTBThi BaMepeaHll EpoMnH 
/10 I 

TOH8. H llP• llpH aaeprHH HOBOS 

/9/ 
H np. npH 2,41; 2,51 H 2,66 Mas, n}KOHC-
a /11/ 

He 2,50; 3,00 H 3,25 Mas a Kyaaa H np. 

rrpH 2,49; 2,88 H 2,99 Mas. 3THX aMeJOmaxcH cseneault o6 yrnosbiX pacrrpenene&HSIX 

llpOTOHOB H8Jl0CT8TO'IHO JlllSI o6pa60TKH peaynbTBTOB llOllHpH38UHOHHblX aKCll9pBM8H-

TOil no cneny10ruBM npB'IHHaM: 

1) a6conJOTHbie aaaqeaHSI ceqeaHA B BBJl yrnoBbiX pacnpeneneaull: no naBHbiM 

p83HbiX 8BTOpOB !18}1(8 JlllSI 0'18Hb 6nB3KHX aaeprHit cymeCTB9HHO p831lH'I810TCH ( CM, 

pac. Sa npa aaeprHH 2,5 H 3,0 Mas); 

2) paCCTOSIHHSI llO aaepreTI!'i9CKOit WKane MeJKAy H3 MepeHHbiMH yrllOSbiMH pac

npeneneHHHMH o'leHb 6onbwHe - aTo nenaeT aesoaMO}KHbiM nposeneaae xa~tolt-na6o 

H8,[l9}KH01t HBTepllOllHUHH M9JKAY H3B9CTHbiMH 3H8'18HHSIMH a I ( E , (H) ) • 

C U81lb10 llOily'I8HHSI nonpo6HbiX H 6onee TO'IHblX !l8bHbiX 0 JlH$$epeHUH81lbHbiX 

, 12 8 14 
ceqeRHHX o6paaosaHHSI npoToaos s peaKUHH C ( He, p 

0 
l N 6bino nposeneao Hay-

qeaae aTolt peaJtUHH npH aaeprHH HOHOB 8 He Bb!We 2,2 Mas c MSllbiMH waraMH no 

aaeprHH - tJ. E a yrny - tJ.e. PeaynbTaTw, nony'leHHbie nnH rpynnw npoTo-

HOB p
0 

, HlllliOCTpHpyJOTCH pHC, 36. noApo6aoe OllHC8HH9 M9TOJlHKH aToro aKC-

nepaMeHTa H o6cy>Kneaa e peaynbTSTOB aayqeHHH p 
0 

H npyrax rpynn rrpoToaoa, 

o6p83YIOlliRXCH B peaynbTaTe peaKUHH U C ( 
8 

He • P ) 
14

N • 6yneT orry6nHICOB8HO B 6nB-

>Kallrnee apeMH a oTnenbaol! pa6 oTe ; anecb >Ke rrpaaeneHbl yrnosbie pacrrpeAeneHBH 

p 
0 

-npoToHoB B aaarraaoae aaeprai! OT 2,40 no 3,20 Mas • 
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Ha pHc. 36 MO:>KHO aaMeTJITb, "'TO AHQJ<)JepeHUHanhHoe ceqeaHe HMeeT cHnb

HYIO 3aBHCHMOCTb OT 9HeprHH HOHOB all e , T8K "'TO HCIIOnb30B8HHe B pacqeTaX 

TOnbKO OAHO~ cpenaeft 9HeprHH 6yneT 3aMeTHO CKa3b!BaThCH H8 TO"'HOCTH OIIpene

neHHSI now;IpHaauiiH. CeqeHHH ynpyroro pacceRHHH npoTOHOB a 11 ( l , (J) aa yrne-

112-16/ 
pone B n11anaaoae aaepr11il 4-9 MaB IICcnenoBaniiCb BO MHOI"'IIX na6opaTop115!X , 

/17-28 / 
a nonllpH38UH5! npoTOHO B npH ynpyroM pacceHHHII ,- B HBllliiX p DC"!eTax Hcnonh-

aoaanHCb naHHbre o nonHpllaauHOHHOJ:I cnoco6HOCTH yrnepona, ony6nHKOB8HHbre Moc-

/ 29/ /17-28/ 
COM , KOTOpble H8MHOI"'O TO'!Hee pe3yJibT8TOB 6onee p8HHHX pa6oT , 

HcnonbayH 9Kcnepi!MeHT8JibHbre naHHble o ceqeHIIH a (l, (J) /12-16/H o no

" m !pH3aUHH P ( l , (J ) / 29/, Mbl COCT8BIIJIII IIHTepnonHpOB8HHbl8 Ta6n11U bl C OllHHa-
11 

KOBbiMH lll8I"'8MII no 9Hepi"'I!II II yrnaM, 3Ha"!eHH5! a II II PI! 113BeCTHbl C TO"!-

HOCThiO, nocTaTO"'HOil nnH pacqeToB reoMeTp!!qecKoro <jlaKTopa 11 cpenaeil nonRpHaa

UIIOHHoil cnoco6ao c TH aaanRaaTopa. Heo6xoni!Mb re npoMe:>KyToqHbre aaaqeanH nony

"!a!OTCSI nyTeM nayxMepHoii ni!HeJ:!HoJ:I HHTepnonHuHII. TaKIIe Ta6niiUbi n pencTaBJISIIOT 

'Me:>KllyHapOilHbie" cpellHHe 3H8"18 HII5!, KOTOpbie MO:>KHO 6yneT !lOnOJIHSITb II y nyqmaTb 

110 Mepe IIOSIBJieHIISI HOBbiX, 6onee TO"'HbiX II 6onee nonHb!X 3KCnepi!MeHT8JibHh!X pe-

aynhTaToB. Ta6nHU bi aHa"!eHII~ a
11 

(f, (J) II ~I (€ ' (J) npHBeneHw B KoHne aac-

Tomnen pa6oTbr. Hx MO:>KHO npi!BneKaTb nnSl npoBeneHIIS! npR6nH:>KeHHbiX pacqeToB 

OTHOCI!TenbHO B03MO:>KHOCTII H86JIIO/l8HH5! IIOJI5!p1!38UIIOHHbiX g<jJcpeKTOB B H8113Y"'8HHblX 

peaKUHS!X, C IICIIOJib30BaHI! CM 9TIIX Ta 6.rr'fU 6brna 11p0113BeueHa o6pa60TKa HaWHX 

9KCIIepi!MeHTBJibHbiX peaynbTBTOB HayqeHHS! IIOilS!pH38UHH IIpOTOHOB B peaKUHH 

12
c ( 

8
He , p )

14
N, nonyqeHHb!X C noMO!UbiO KOJibUeBOI"'O IIOJIS!p!!MeTpa ( CM, pHC, 8). 

0 

§ 2. KoH cTp y KTHBHoe BbinonaeHHe nonHpHMeTpa. M11weH11, ll e TeK

TOpbi. <l>oH. 

0nHC8HHbiU B "!aCTII pa60Tbl nOJI>lpi!M >? Tp C KOJibUeBOH 8H8JIII311py!Omeri Mil-

llleHbiO 113I"'OTOBJI8 H B Blllle UHJIIIHUpl!"!eCKOI"'O 110JI5!pi!MeTpH"'8CKOI"'O 6noKa (nl!aMeTp 

160 MM, llliiiHa 300 MM), IIOMemeHHOI"'O B BBKyyMHYIO KaMepy, Ha OllHOT1 H3 TOp-

UeBb!X CTeHOK 6JlOK8 B CIIeUHallbHOM YCTpOJ:ICTBe yCTBHaBJIHBaeTCS! KOJlJIHMaTOp H 

yrneponHaS! Ml!weHb. AHannaRpy!OmaSI MllweHb 11 nonynpoaonHHKOBbre neTeKTOpbi 

yKpeiiJlS!IOTCS! Ha KOJibUeBb!X nep:>K8TCJI5!X, KOTOpbie, B CBOIO O"!epenb, MOHTHpy!OTC5! 

H8 TpeX CTBJibHbiX CTep:>KH5!X, 

l1aMeperme nonHpllaaUIIII qacTI!U, BbrneTalOIUIIX non n106uMI! yrnaMn 0 , a 

TaK:>Ke OIITHMallbHO C reoMeTpnqeCKOe paCIIOJIO:>KeHI!e }leTeKTOpOB no OTHOUJeHHIO K 
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8H8nB3 8TOpy npH H3MepeHHH nOJIHpH38UHH non !18HHhlM yrJIOM 9 AOCTHraeTCH nou-

6 opoM BTynOK onpeueneHHOf!: AIIHHbi, KOTOpb!e noMelllaiOTCSI aa CTeplKHHX MeJKUy KOJib-

ueBbiMH nep}l{aTenHMB. 

C uenbiO OCTBHOBKH ny'IKa yCKOpeHHb!X HOHOB 
3 

He, npoweuWHX "!epe3 nepByiO 

Maweab, ycTaaoBneaa noBywKa. MeJKUy MBWeRbiO a aaana3aTopoM BMeeTCH anJOMil

aaeBall tl>onhra, KOTopas npenoTBpamaeT nonanaaae aa aanH3HpyJOIIlYJO Maweah ao-

HOB a He , pacceliHHbiX aa HApax nepsol!: MHW9HH, H a -"!8CTRU, o6pa3yJOIIlHXCll B 

snP.pHhlX peaKnasx. KpoMe 9Toro, Me}I{AY MuweabJO, aaanu3aTopoM H neTeKTopaMH 

ycTaHBBIIHBBJOTCll ARatj>parMbl, tj>opMHpyJOIIlH9 ny"'OK npOTOHOB B HCCnenyeMOM AHa

na30He yrJIOB @I S 8 S @ 2 H 3anep>KHB81011lH9 "18CTHUbi, p8CC9liHHbl9 Ha CT9HK8X 

H nep}l{aTenllx. 

Bee "'aCTH nonspuMeTpH"!ecKoro 6noxa, uaroToBneaabte c Bbicoxol!: TO"'HOCTbJO 

H Tlll8TeJibHO co6paHHbie, KBK OnHCaHO BhlWe, o6ecne"!HB810T TaKyJO aKCBaJibHYIO CHM-

M9TpH"'HOCTb nonHpBMeTpa, KOTOpall HCKIIIO'IaeT noHBJI9HHe B H3M9pli9MOM nolll!PB3a

UHOHHOM st!>¢exTe aaMeTaoro sxnana, o6ycnosneaaoro npu6opaol!: acRMMeTpHel!:. 

Bb160p TOIIIIlHHbl nepBol!: MHWeHR UIIH H3Y"'9HRH nonllpH38URH npOTOHOB onpeue-

JIHeTCH B OCHOBHOM TeMR npensapBT9JibHbiMH CB9U9HHHMB 0 MexaHH3M9 HCCneuyeMOI! 

peaKURH 1 KOTOpb19 H3B9CTHbl H3 tj>yHKUHf!: B036y>KAeHRH H yrJIOIIbiX pacnpeueneauf!: Bbl

neTaJOIIlBX "'BCTHu. TaK, npu npeo6nanaauH B MexaaaaMe H3y"!aeMol!: peaxuRH rrpHMbiX 

npoueCCOB nOJIHpH38UHH npOUYKTOII peaKUHH Marro 3aBHCHT OT saeprRR 6oM6apuHpyJO-

lllRX "18CTRU, II09TOMy B TaKHX CJiy"'BHX MO>KHO RCIIOJib30B8Tb OTHOCRT9JibHO T01TCTbl9 

MHW9HR. EcnR }1{9 OCHOBHblM HB1TH9TCll M9XaHH3M o6pa30B8HRll COCTaBHOro supa, TO 

MO>KHO O>KBUaTb CH1TbHYJO aaBBCHMOCTb nonl!pH3aUHH npOTOHOB OT saeprHH. Torua 

Ullll H8U9lKHOrQ aH81IH3 8 peaynbTaTOB II01TllpH3 aUHOHHbiX H3 MepeRHf!: 0"19Hb Ba>KHO, 

'IT06 bi TOIIIIlHHa MHWeHH i'J. 1': 6bina M9RbW9 WHpHHbl pe30HaHCHOrO COCTOHHH H C OCTB B-

aoro snpa . 

<l>yHRUHH B036y>KAeHHll peaKUHH 
12

C ( 8 
He, p )

14
N B AH81I83 0H9 9ReprHf!: HOBOB 

8 
H e OT 2 AO 5 M :as IIM910T HBHO B blp8)f{9HHYJO pe30H8HCHyJO CTpyKTy p y ( C pea o

HaHC a MH, I!MeJOIIlHMH WHpH HY 200 - 300 K9B) . nosTOMy BCe H8W'll 113Mepe!IIIH II01TH

pH3aUHH llpOTOHOB B blliOJIHeHbl C yrne pOUH biMH MHWeHHMH T01T!l.IHHOl! OT 100 !10 180 K 3B. 

<l>parMeHT tPYHKUHH B036y}I{Ae HHH p 0 -KaHana peaKUHH 1 H3MepeHHOl! II pH @ =34+3°, 

IIOKa3aH B BepxHel! 'IB CTH pH C . ~ ( WTpHXOBall JIIIHHH). 

2 
HP.o 6xouHM~Ie Mnwe aa c nosepxaocTaoJ:l nnoTHOCTbJO 80-150 p. r lcM np11ro-
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TOBnHnHCb B3 cnenHanbHOA yrnepoaaoA aMynbCHH, KOTopaH coaep~ana ae5onbm:oe 

KOnHqecTBO naKa, npa Bb!RHB8HHH T8KOA aMynhCHH B aHCTHnnBpOBBHHy~ BOay HB UO

BepxHOCTH soabi o6paayeTcsr nneaxa B saae pasHoMepuoro TOHKoro cnosr; aanee aTa nnen-

Ka BbiCBlKHsanacb aa MeTannaqecxoe KOnbno H .~oaorpesanacb a BBKYYMHOA neqa- npa 

aTOM npOHCXOaHnO o5yrnHB8HHe R8K8. nparOTOBneHH8Sl T8KHM o5p830M C8MOUoaaep-

lKHBa~m:aSICSI MHweub ycTauasnnsanach B cneuaanbHOM aepl!<aTene nepneuaaKynsrpuo 

3 
HOHHOMY nyqKy. YrnepoaHbie MHweun aa aMynhCHH BbxaeplKBBa~T TOK HOHOB He 

no pH aKa 5 11 a npa aaepran 3 Mas a anaMeTpe noaaoro nyqxa oxono 3 MM npa 

nnHTenhHOA aenpepbiBHoA pa5oTe. C uenb~ npenoTBpameaaSI nonanaHHSI npHMeceA 

aa MHweub nepen nonsrpHMeTpoM ycTaHosneaa nosywxa, aanonHSieMaSI so speMH pa-

5oTbi lKHaKHM 830TOM, 

llnSI nposeaeHHSI BhlqHcneHHA UOnSipH38UHH oqeHb B8lKHO 3H8Th Tom.qHHy nepBOA 

MHWeHH /}.F. , T8K K8K e~ onpenenSieTCH npeaen HHTerpHpOBBHHSI 

HHSIX (2) H (13), Sonblli8SI OWH5Ka B onpeaeneHHH aHeprHH E 2 

E 
2 

B yp8BHe-

5yneT CHRbHO 

BnHSITb R8 TOqHOCTh pac qeTOB, OC05eHHO B cnyqae pe3KOA aaepreTaqecKOH 38BHCH

MOCTH nHcpcpepeHUH8nbHOrO ceqeHHSI o5p830B8HHSI npOTOHOB a 1 (E,@) 

Tonwaaa nepBoA MHillenn onpenensrnach no cMem:eaa~ onpeaenenaoro npoTOHHO

ro UHK8 H3 SinepROH pe8KUHH, 3TOT MeTOil SIBnSieTCSI 5onee TOqHb!M H YJJ05Hb!M no 

cpaBHeHH~ C MeTOaOM onpeaeneRHSI TOnWHH bl MHJlleHH C noMOWh~ a -HCTOqRHKB 

II COCTOHT B cneny~m:eM: 

so-nepBb!X, yCTBHBBnHBBeTCSI oqeHb TOHKBSI yrnepoaHBSI MHilleHb \ TOnWHHOl! no

psraxa 20 KaB ) , C UOMOWb~ KOTOpoA H3MepS!eTCSI cneKTp npoTOHOB, onpenenSieTCSI 

nonymHpHHB nHKOB p O H pI a ax saaaMaoe aaepreTaqecxoe pacnonol!<eane. llnsr 

H3MepeHHl! HCnOnb30d8nCSI nonynpOBOilHHKOBb!U neTeKTOp C HBHnyqrnHM \ H3 HMe~

WBXCSI y HaC) aaepreTHqeCKHM paapemeHHeM - 80 KaB, yCT8HOBneHHblH noa yrnOM 

85° no OTHOilleHH~ K nanpasneHH~ nyqKa nonos, naaa~m:nx aa nepsy~ MHmeHh. On

peneneaae a5con~THblX 3HaqeHHH nonyrnHpHH nHKOB B KaB OCHOBBHO HB HOpMIIpOBa-

HHH no aaepreTHqeCKOMy paCCTOSIHH~ Me~y nHK8MH, COOTBeTCTBy~W:HMH rpynnaM 

UpOTOHOB p O B pI , KOTOpOe H3 KHHeMaTHKH peaKUHH 
12 

C ( 8 He, p) 
14 

N ( CM.cjlop

Myny (4)) pBBHO 2150 KaB; 

BO-BTOpbxx, nocne onpeneneaasr aaepreTnqecKoro paaperneHHH np11 ToA ~e ca

Mol! reoMeTpHB OnbiT8 yCT8H8BnHBaeTCSI MHll!eHb, KOTOp8S! OyneT HCnOnh30B8H8 anSI 

H3MepeHHSI nonHpH38UHH npOTOHOB H TOnillHHy KOTOpoA Heo5xoaHMO onpenenHTb, B 

npol!aBonHTCH BTOpoe aaMepeaae. 
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3TOT M9T0Jl onpeneneHHR TOliiiiHHbi Ml!!Weael! HliliiOCTpHpyeTCSl pHC. 4. Bo BTOpOM 

H3MepeHHH liOliYWHpHH8 liHKOB 6yJleT 6onbWe '19M H o H H3 Cli9KTpOB MO~HO cpa3y 

aal!TH H B K9B. Heo6xoJlHMO nonqepKHYTb, 'ITO aaMepeaae TonmHHbi MHweaerr 

JlOli~HO lipOBOJlHTbCSl npH TBKOfr 9HeprHH 6oM68pJlHpyrolltHX HOHOB, JlliSl KOTOpOl! ce

'!9HH9 o6p830B8HHR lipOTOHOB a 
1 

( E , 0 ) M8liO 38BHCHT OT 9HeprHH ( JlliSl peaK-

UHH 
12 

C ( 
8 

He, p ) 
14 

N T8K8Sl 9HeprHR COCT8BliR9T OKOliO 3 M:;m). 

C XOpOWHM lipH6nH~9HHeM MO~HO C'!HT8Tb, "'TO liHK nonywHpHHOll H nonyqa -

9TCSl 
6

H8li0~9HHeM* 60libWO PO '!HCli8 liHKOB C H9KOTOpOti OllHHBKOBOll 8MliliHTYJlOl! H 

nonyWHpHHOll H0 , lipH'!eM ~OpMy 9THX liHKOB MO~HO 9KCTp8liOliHpOB8Tb Tpeyronb

HHKOM. MaTeM8TH'!9CK8Sl o6pa60TK8 CyMM8pHoro 9~~9KT8 H8li0~9HHSl TBKHX liHKOB 

npHBOJlHT K Cli9JlYIOIIt9My yp8BH9HHIO: 

1,98 v 

3Ta ~OpMyna npHM9HHM8 npH 0,5 < 

I, I ~ 

l'iE 
H 

- I ,06 

:;_ 2,5 

H COOTB e TCTBeHHO npH 

~ 2,5 

( 17) 

TaK, onR npaMepa, npaaeneaaoro Ha pHc. 4, pac'!eT TonmHHbi MHweaa no ~opMyne 

( 17 ) 089T 3H8'!9HHe l'i E = 163+3 K9B. 

llnR aaanaaa nonHpH3BUHH npoTOHOB c saeprHefr no 10 Msa MO~Ho acnonbao

BBTb yrnepoO, HBliHIOU!HfrCg 0'!9Hb ~~9KTHBHblM 8H8liH38TOpOM . npa 6onee Bb!COKUX 

9H9pPHRX CTBHOBHTCR B03MO~Hb!M lipHMeH9HHe opyrUX HOep ( ~eneao, UHHK, HHK9lib), 

TBK KBK liOli9pH38UHOHH8R CliOC06HOCTb TBKHX ROep lipH ynpyroM p8CC9RHHH lipOTOHOB 

pacTeT c yaenaqeaaeM saepraa. 

B H3MepeHHHX nonnpaaauaa npoTOHOB aa peaKuHH 
12 C ( 8 He , p ) 

14 N B Ka-
0 

'!9CTB9 8H8liH3Hpyrornel! MHW9HH lipHM9HRli8Cb KOlibU906p83H8R lili9HK8, lipHPOTOBneH

H89 H3 yrneponaol! 9MYlibCHH. 3Ta nneHKa HMeeT cneoyromae paaMepbi: Hapy~Hbill 

OH8M9Tp 130 MM, BHyTp9HHHll OHBMeTp 40 MM, 8 liOB9pXHOCTH89 liliOTHOCTb 8H8liH3H-

2 
py!OIIIHX MHWeHell, HCliOlib3Y9MbiX B pa3HbiX OlibiTBX, H3MeHRli8Cb OT 6 JlO 30 MrfcM • 

noaepxHOCTH89 liliOTHOCTb nneHKH onpeoengnaCb B3B9WHB8HH9M, OOH8KO npeoen HHTer-

pHpOB8HHH l 2 Mo~ao nony'IHTb c nocTaTo'!Holl TO'!HOCThro. Yrneponaag nneHKa yK-

penngnacb a cneuaanbHOM KOnhueaoM oep~aTene, o6ecneqaaaromeM CHMMeTpH'IHOCTb 

pacnono~eHHH aaanaaapyromell Maweaa a nonRpHMeTpe. 

25 



lleTeKTOpbl If tjlon 

Tax xaK B xonhnesoM nonllpHMeTpe Henb311 npHMeHHTb MeTonHKy cosnaneuHI!, 

TO npeHMymeCTBO TBKOI! reoMeTpHH no c paBHeHHID C MeTO.[lHKOI! HayqeuHSI nonHpH38-

IlHH flO H3MepeBHID aCHMMeTpHH paccel!BHH 'sneso - BnpaBo' MOlKHO peanH30B8Tb 

nHmb npH xoporneM paaneneuHH aqxpeKTa, o6ycnoBnenaoro nonllpuaauHel!, oT «jloua. 

3 TO B03MOlKHO 6naronap11 HCflOnb30BaBHID flOBepxHOCTH0-6apbepllblX neTeKTOpOB, 

TonmHua qyBCTBHTenbBOPO CnOH KOTOpblX COOTBeTCTByeT npo6ery npoTOHOB, 06paay-

IDWHXCH B peaKUHB. 

Bb160p nonynpOBO.[lHBKOBbiX .[leTeKTOpOB onpenenHeTCH B OCHOBHOM B03MOlKBO

CTbiD Ra.[lelKHOrO OTneneHHH nonHpH3aUBOHBOPO a«jl«jleKTa OT «jloua R B M6Hblllel! CTe-

ne11u - 9HepreTHqeeKHM paaperneHHeM, Tax KaK noenenuee eymeeTaeaao aaBHeHT 

OT reoMeTpHH H TOflillHHbl MHIIIeHH H ananH3aTopa. 4yBeTBHTenbllbll! o6'beM flOBepx

HOeTHo-6apbepHOPO n eTeKTopa Beerna onTBManhno Man, qTo o6eeneqHsaeT Manyro 

BenHqHHY (j>oHa flO CpaBHeHHID e flHTHI!-npel!«jloBblMH .[leTeKTOpaMH. 

Ha pne. Sa noKaaaao , KaK HaMenHeTell eneKTp npoToHoB, o6paayromHXell B 

peaKUHH 12 C ( 3 H e , p ) 
14 N , npH yMeHbllleHHH HallpS!lKeHHH Ha flOBepXHOCTH0-6apbepHOM 

,[leTeKTope OT 160 .[10 20 B. npH RanpHlKeHHH 160 B TOflillHHa qyBeTBHT6flbHOrO enoS! 

Mellbllle npo6era p 0 -npoTOHOB H noaTOMy nHK p
0 

aaXOAHTell 6nHlKe K nHKy 

pI H HMeeT 60nbiiiYID IIIHpHHy, T.e. llpH TOflDlHHC qyseTBHTenbHOrO enOS! .[leTeKTO-

pa 6onbrne nnHHw npo6era p 
0 

-npoTonoB 9TOT flHK naxonuneH 6bt ua 6onbmeM pac-

CTOSIHHH OT flHKa p 1 H HMen 6bi MeHbmyro IIIHpHHy. C YM6HbWeHHeM HallpHlKeHHSI 

88 .[leTeKTOpe nonOlK6HHe flHKa p O eMemaeTCSI B CTOpOHY MeHbWRX aneprHI! H npH 

6Q B flBK p 
1 

OKa3biB8eTeH Kpai!HHM enpaBa H XOpOID O H30flHpoBaHHbiM OT Po H 

p2 nHKOB. TaKaH soaMoJKuoeTb nepeMemeuHH BbleoKoanepreTHqlJoro nRxa npH eo

OTBeTeTByromeM Bbt6ope HanpS!lKeHHSI !Ia flOBepXHO e TR0-6apbepHOM .[leTeKTOpe !J03-

BOnl!eT npoHaBonHTb 'o6pameuHe• enexTpa (TaK, npR uanpl!JKeHRH 20 B B eneKTpe 

npoTouoB na6nronaeTell enenyromHI! nopliAOK nHKOB - p 
0 

, p 
2 

p 
1 

). HMeuuo 

9TO eBolleTBO flOBepxaoeTRO-oapbepHbiX .[leTeKTOpOB fl03 BOnHeT HayqaTb nonHpH3a

llRIO qaeTHil, eOOTBeTCTBYIOWHX o6pa30B8HRIO B036ylt<.[leHHbiX eoeTOSIHRII KOIJeqlJOrO 

S!.[lpa. npH HCCne.[lOB8RHR flOflS!pB381lRH p 
1 

-npoTOHOB HB «jlopMy flRK8, OTBeqarome

ro npoTonaM aToll rpynnhl, yJKe ne 6yneT snHBTb tjlou, o6yenosneHHblll rpynnol! p0 • 

Ha aToll eepHH HaMepenHI! nonyqena 3BBHeHMOCTb pa6oqel! TonmHHbl qysCTBH

TenbHOro enol! AeTeKTOpa OT HallpHlt<eHHSI H8 HeM (pHC. 56), KOTOp8SI BMeeTe e 

rpa«j!HKOM HOHH3aUHOHHbiX noTepb npOTOHOB B MaTepHane neTeKTOpa HenonbayeTeH 

nnH onpenP.neHHH onTHMBnbuoro uanpHlKeHHH na noBepxnocTHo-6apbepuoM neTeKTope. 
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B paanH"'HbiX reoMeTpHSIX nocne pacceSIHHSI aa aaanuaaTOpe npoTOHhi nanaroT 

H8 llOBepXHOCTb neTeKTOpa llOA p83Hb!MH yrnaMH. nosTOMy onpaBa, B KOTOpofi ycTa

HaBnHBaeTCSI neTeKTOp, KOHCTpyHpOBanacb T8K, "'T05bi npH yrne (0 - @) < 70° He 

5binO s4JQ>eKT8 • aaTeHeHHSI' pa5oqel! llOBepXHOCTH neTeKTOpa. C llOMOinb!O a -He-

TO"'IHHKa 5blnH BblllOnHeH bl H3MepeHHSI, llOK838BIIIHe, 'ITO B AH8ll830He yrnOB 0-70° 

HMeeT MeCTO KOCHHyCOHA8nhH8SI 38BHCHMOCTb sQ>Q>eKTHBHOCTH neTeKTOpa OT yrna 

naneHHSI a - "!aCTHU. 

B KOHTponhHbiX onb!Tax npoua Bonunacb nepecTaHOBKa MecTaMH nepaoro H 

BToporo neTeKTopoB - npH aToM 5binO ycTaHoBneao, 'ITO o5a neTeKTopa, npHMe

MeHHeMwe AnSI H3MepeHHH llOnHpH38UHH, o5nanaiOT OAHH8KOBOI! aQ><I>eKTHBHOCTb!O 

pei'HCTp8UHH llpOTOHOB. 

npu npoBeneHHH SKCUepHMeHTOB He05XOAHMO CBeCTH K MHHHMVMV llOC1nPOHHHl! 

tPOH OT peaKUHll H8 Slllp8X llpHMecel! B nepaol! MHIIIeHH H OT "18CTHU, pacceSIHHbiX H8 

CTeHK8X K8Mepbl llOnSipHMeTpa , H8 nep)!(8TenSIX 8H8nH38TOpHOll nneHKH H neTeKTOpOB 

u aa onpaaax, B KOTOPbiX noMemeaw neTeKTOpbt. Me)!(ny nepaofi MHrn e HhiO H aaana

aaTopoM pacnono)!(eHhi naaQ>parMbi, KoTopbte nponycKaroT npoTOHbt, BbineTaiOIIIHe aa 

MHIIIeHH B AH8ll830He yrnoB 8 ± .".@ • nepen K8)!(AbiM neTeKTOpOM ycTSHOBneHO no 

OAHOI! AHacpparMe, KOTOpbte ll03BOnSIIOT yMeHbiiiHTh '!HCnO cpoHOBb!X '!8CTHU, f!Oll8U8IQ-

InHX B neTeKTOpbl. 

Hel!TpOHbi, o5paa yiOmHeCH B peaKUHH 
12 

c fHe . n l
14

0a BbineTaiOmHe H3 MHIII eHH, 

MOI'yT SIBHTbCSI AOllOnHHTenbHbiM HCTO'!HHKOM tPOH8, TaK K8K B03M0)!(H0 llpOTeK8HHe 

peaKUHll ( n
1

p ) H ( n,a ) Ha MaTepaane neTeKTopa. 

§ 3. C n e K T p bl npOTOHOB uocne pacceSIBHH aa aaanaaapyromel! 

MHIIIeHH 

Bee cneKTpbt npoToaos, KOTOpbte o5cy)!(llaiOTCSI B aacToHmel! pa5oTe, 5binH Ha 

MepeHbi cnenyiOmel! cxeMoll perHcTpauaH. npoTOHht, pac c esiHHbte aa aaanaaupyiOmet1 

( yrneponaol!) MHIIIeHH, nonanaroT B rronynpoaonHHKOBbte noaepxaocTHo-5apbepab!e 

neTeKTOpbt. HMnynhCbi, o5paayiOmaecSI B paaHbiX neTeKTopax, nocTynaiOT a npenyca.-

nHTena, ycanaTena a nanee nonaroTcSI qepea cneuaanhayro Konapyromyto cxeMy B 

paaable 5noKH rraMSITB 4096 (512x8)-Kaaanhaoro aMrrnaTynaoro aaanaaaTOpa. 

Ha puc. 6 nnSI HnnrocTpauaa nottaaaHbi crreKTpbi npoTOHOB, pacceSIHHhiX HE. 

aaanuaupyiOmel! MBIIIeHH, KOTOpbte nony'!eHbi a Tpex onhtTax; cneaa - cneKTp npo

TOHOB, uaMepeHHblll nepBbiM neTeKTopoM, cnpaaa - BTOpbtM neTeKTopoM. TaK KaK 
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nepBblil A6TeltTOp B8XOAHTCH 6nHJKe It MBIIIeBH, KOTOp8S1 SIBnSieTCSI HCTO'lBHitOM cPoH8, 

TO, JtaK BHABO aa pac. 6, AnSI aero aa6moAaeTCSI 6onbmoit cjJoa. 

nnSI n~6oit reoMeTpHH 3KCOepHMeBT8 BCerAa BblllOnBSieTCSI COOTHOIDeBHe 

(J I > (J ~ • 3TO 03H8'!8eT, 'ITO AnSI npOTOHOB, }J-~·~cTpHpyeMbiX nepBbiM AeTeKTOpOM, 

6yAyT 6onb111He aqxpeKTHBHbJe TOniiiHHbl 8H8nH3Hpy~meH MHIIIeHH H 60nb111He lj>nyKTya

UHR llOTepb aaeprHH llO cpaBneHHIO C llpOTOH8MH, ll0ll8A8IOIIIHMH BO BTOpOf:i lleTeKTOp. 

noaToMy na cneKTpe nepaoro AeTeKTopa ae BHAHO rpyrrnbl rrpoTOBOB p 
1 

, TaK Kax 

OBH B 6onbiiiHRCTBe Ollb!TOB ll0ll8A8IOT B 06naCTb 3R8'lHTenbHOrO lj>oaa; ltpOMe 3TO-

ro, aa6niOAaeTCSI y111apeaae rraKa p 
0

• 

reoMeTpH~ axcnepaMeaTa ( T .e . yrnbi pacceSIHHSI (J 
1 

a (J ~ Bb16Hpa~T C 

y'leToM ae TonbKO lj>aaaqecKHX xapaKTepacTHlt aaanaaaTopa ~ u II ( f , (J) H P (f, (J ), 
II 

HO H H3 Tpe60B8HHSI llpOH3B6CTH H8AeJKBoe Bb!Aeneaae ll011S!pH3 8UHOBHOrO llHlt8 N 1 

oT cjloaa. TorAa rrpaKTR'leCKH B n106oM cnyqae IIHK BToporo AeTeK':'opa MOlKHO BbiAe -

nBTb nyq111e, qeM llHK, H3MepeHHbll! nepBbiM AeTeKTOpOM. 

CrreKTpbi I H II Ha pH C . 6 H3MepeHbl npH e ~ 34 ~ 3° H pa3nH'I8IOTCSI TOnb-

ltO aaepraeit 6oM6apAHPY~IIIHX HOHOB, Ha 3THX ClleKTpOB BHAHO, 'ITO C pOCTOM 

aaeprHH yMeHblllaeTCSI 111HpHH8 llpOTOBHOrO llHit8, a MeHbiii8SI HHTeRCHBHOCTb rpyllllbl 

p 
1 

( crreKTp II ) . o6ycnoaneaa O'!eHb ManbiM ce'!eHHeM o6paaonaaaSI p 
1 
-nporo-

aoa B o6nacTH aaepral!, 6nPaxax K 2940 K3B. 

0 
npa H3MepeBHH ll011SipH38UHH llpOTOHOB AI1SI yrna EJ ~ 70 ~ 3 H HC!l011b30B8RHB 

aaanHaaTopa MeHbllleil TonmHHbl MOlKHO rrony'IHTb xopo111o aaonaponaHHble IIHKH. Pe

::JynhTaT onaoro TaKoro HaMepe aHSI rrpi!BeAe H aa crreKTpe lii pac. 6. 

§ 4. KoaTponbHble aaMepeBHSI c Tp e M SJ AeTeKTopaMH 

BoaMOJKHOCTb nc s ,12noaaHHII rronHpB a aunH M e TonHK0!1 rronHpHMeTpa c KOnbneabtM 

8H811H38TOpOM, 8 T8Y.ll<e H£lil8X<HOCTb H TO'IHOCTb p8C'I8TOB llO onpeneneHHIO ll011111l H-

38UHH P
1 

(E ,@) MvlKBO KOHTpOnHpOB8Tb K8K cp8DHeHH8M C peaynbT8T8MH pa6oT, 

BblllOnHe HHbiX M8TOAHKOi! H3MepeBHSI neBo-npaBOH 8CHMM8TpHH, T8K H cneAy~tnHMH 

3KCII8pHMeHT8nbHbiMH CllOC06aMH: 

1. Orrpenene aaeM CTeneaa nonHpaaauHH npoTOHOB H3 nayx aeaaBHCHM biX OllbiTOB, 

Bblll011H8HHbiX llpH 0/:IHOit H TOil )1{8 reOM8TpHH, HO C pOCC8HB8101UHMH MHIII8 HIIMH H 3 

paanH'lHbiX nemecTB, aarrpHMep, aa aonoTa a yrnepoAa. 3TOT cnoco6 orracan aa 

CTp, 17-18. 
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2. nocT8HOBKOli KOHTpOnbHOrO Onb!Ta, B KOTOpOM B KS'!eCTBe pacceHBaiOmeli 

MBWeHH B3HTO seweCTBO, HMeiOmee anSI npOTOHOB C aaHHO H 3HeprHeli nonHpH38-

UBOHHyiO cnoco6soCTb P
11 

(, , ()) 5 0 . Toraa, KaK cnea y eT H3 ypaBHeHH H ( 8), 

aCHMMeTpHH paBHa HyniO. JlnH nOCTaHOBKH TaKOrO 011b!Ta He o6xoaHMO 3H8Tb C XO

pO!!IE!Ii TO'IHOCTbiO OTHOWeHHe aH<jl<jlepeHUH8nbHOrO ce qeHH Sl ynpyrorO pa c ce HHHSI, BKniO-

( d a non d a ) 
qag H SiaepHoe, K peaep<jlopaoBCKOMY ce'!eHHlO -"i'\ I --- peaep¢ •• C apyrol! 

d H y 11p d {1 
CTOpOHbl, npoBeaSI H3Mepe HHSI H nony'IHB N I H N 2 , MOJKHO no <jlopMynaM ( 2) H 

(6), a TBKlKe no <jlopMyne ( 8 ) Hbi'IBCnHTb acHMM e Tp HIO. B p eaynhTaTe TaKoro pac

qeTa aonJKHO nony 'IHTbCSI YJ = 0. Oaao Ta Ko e H3MepeHHe 6btno caEmaHo c pac

ceHBaiOmeli MHweHblO, BbWOnHesaoli H3 aonoTa ( P,~ u 5 0 l · B bt'!Hcne aaaH acHM

MeTpHSI B npeaenax CT8THCTH'leCKHX OWH60K nonyqHnaCb paBHOii HyniO. 

3. npoaepKOii MeTO)l,HKH C 110M0Wbl0 3KCnepHMeHT8 no aBO!iHOMY ynpyrOMY 

pacceSIHHIO npoTOHOB sa yrnepoae ( T.e. aaollsoe p -
12

C pacceHHHe); nepBaSI MD

weHb npH aToM 6oM6apaHpyeTcSI npoToaa MH, ycKopeHHbJMH ao aHeprHH 5-7 Mas. 

4. npoBeneHHeM H3MepeHHil nonSipH3aUHH C nOMOWbiO Tpex aeTeKTOpOB. 3TOT 

CI10C06 KOHTpOnH MeTOAHKU noapo6HO o6cyJKJJ.aeTCSI HHlKe. 

YKcno soaMOlKHblX B npBHuHne reoMeTpMit aKcnepHMeHTa no H3 MepeHHIO nonSI

pua attHH 38BHCHT OT BHA8 <jlyHKUHH nonSipH3 8 UHOHHO!i CnOc06HOCTH 8H8nH3aTOpa 

p II ( f, ()) , a TaKlKe OT npHeMne MOrO p83Me We HH H n e TeKTOpOB B KaMepe nonSipH

MeTp8 . Bb!60p KOHKpeTHOit reoMeTpHH OnbiT8 6yaeT paCCMOTpeH H8 npHMepe C yr

nepOan bl M aaanHa aTopoM. 

Ha pHc. 76 noKaaaH KaqecTBeHHbill xoa nonHpHaauHH P 
11 

(, , () ) H ce'!eHHS! 

ynpyroro pacceHHHH npoTOHOB Ha yrnepoae a 
11 

(' , () l . CymecTByeT TpH yrna 

() l , ()
2 

H () B , noa KOTOpblMH MOJKHO H8Hny'lWHM 06pa3 0M yCTaHOBHTb aeTeK-

TOpbl, C nOMOWblO KOM6HH8UH!i aeTeKTOpOB Jll-ll2 H Jl2-ll3 MOliCHO nony'IHTb aBa 

seaaBHCHMbiX onpeaenenHH nonHpHaauHB P 1 an n oaHoro H Toro lKe yrna peaKUHH 

e . HeaaBIICHMOCTb 3TBX pea ynbTaTOB cneayeT B3 Toro, 'ITO OHH nony'IeHbl npB 

paoHhiX reoMeTpHSix c paanH'IflbiMH G B P
11

• 11x cpasaeHHe MOJKeT cnyJKH Tb 

HaaelKHb!M KOHTponeM TO'lHOCTH nocTpOeHHH r e oMeTpHH Onb!T8 H pacqeTOB no Bbl-

qncneHHIO 3Ha'IeHHSI nonHpH38UHH, T.e. HaaeJKHOtl npoBepKOfl BCOO MeToaHKH KOnbue

BOrO nonHpHMeTpa. TaKoe KOHTponbHoe H3MepeHHe 6bino BbJnonaeHo anH yrna 

0 c 46°. 3Ha'IeHHSI P1 , nony'leHHbie nepBbiH paa c noMOWbiO lll-ll2 aeTeKTopoB 

H BTOpOfl pa3 C nOMOWblO Jl2-Jl3 aeTeKTOpOB, B npeaenax CT8THCTH'IeCKHX 0WH60K 

COBnaaalOT. 3TOT peaynbTaT CBBaeTenbCByeT 0 HaaelKHOCTH onpeae n e HHSI non1IpH38UHH 

npH noMOWH nonSipHMeTpa c KOnbueaon aaanH3HpyiDwel1 MHweHblO. 
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Ha puc. 7a noKa3aHa seKTOpHaH cxeMa nonHpHMeTpa c KOnhnesoR reoMeT-

pHefi H onTHManhHO B03MOJKHOe nonOJKBHHe Tpex llBTBKTOpOB noll yrnaMH, OTBB'!BIO -

IIlHMH SKCTpeMyMaM ¢yHKUHH nonHpH38UHOHHOll CllOC06HOCTH yrnepOilHOrO aHanu3a

TOpa. 4epHbiB CTpenKH yKB3biBBIOT nonOJKUTBnhHOe HanpasneHHB nonHpH38UHU, onpe

llBnBHHOe B COOTBBTCTBUU C Ea3enhCKO R KOHBBHUUefi /
3

/ 

.. 
n 

.. .. 
k O X k 1 

\1 0 x k\ 
unu .. 

n 
1: I X k 2 

\1 1 X 1 2 \ 

rAe 1 r B J? - BOnHOBbiB BBKTOpbi llBilBIOIIlBX UOHOB, npOTOHOB, BbmBTBIOIIlHX 
0, 1 2 

B3 nepBO~ MUlllBHB, H npOTOHOB, paCCBHHHbiX H8 8H8nH3BTOpe ,COOTBBTCTBBHHO 

( CM. pUC. 1). 3all1TpHXOBBHH biB CTpenKH X8pBKTBpU3yiOT HanpaBn BHHB CllHHB npOTO

HOB nH60 nocne peBKUUU, B pe3ynhTBTe KOTOpol! OHU BbinBTBIOT nonHpH30BBHHbiMH, 

nH60 npH ynpyrOM paCCBHHHH HBnOnBpU30BBHHbiX npOTOHOB HB BHBnU3BTOpe, B pe-

3ynbTBTe KOTOpOrO npOUCXOilUT nonHpH38llHH npOTOHOB. 

B npuseABHHol! aa pucyaKe 7 Ta6nuue ABIOTCH see aoaMoJKHhie KOM6uaauua 

U3 nonBpU3BUHH pI U P II npu pI > 0 llpOUCXOilUT yMBHhWBHUB '!UCna perUCTpU

pyBMbiX UMnynhCOB N 2 nOll yrnOM () 2 no CpaBHBHHIO C paCCBBHHBM HenonnpU30-

BBHHbiX npoToaos ( ycnoBHO 3a N = I npHHBTO 3Ha'!eHue, KOrAa PI = ·0), ecnu JKe 

pI < 0, TO 'IUCnO N 2 yaenU'!UBBBTCH , 0TCIOilB MOJKHO c¢opMynUpOBBTh cneuyromee 

o6n:ee npaBHno: npH OUHHBKOBbiX 3HBKBX nonBpU38UHl! 

llHTh yMBHbWBHHB, B npH p83HbiX 3HBKBX PI U p II 

p 
I 

u PII 6yueT npoucxo-

yaenaqeuue qucna 3aperucT-

pHpOBBHHbiX npOTOHOB no CpBBHBHHIO C '!HCnOM HBnOnBpH30BBHHbiX npOTOHOB, KOTO-

pbiB pacceHBSIOTCH HB BHBnH3BTOpe C IIOnBpU38UHOHHOfi CllOC06HOCThiO p II 

0AHOBpBMBHHOB UCnOnh30BBHHB llBIIHbiX 0 a 
II 

H p 
II 

n03BOnHBT paCC'!HT8Th 

OTHOCUTBnhHbiB UHTBHCHBHOCTU npOTOHOB, perHCTpUpyBMblX UBTBKTOpBMH , llOMBlllBHHbi-

MH B 3KCTpeMyMbi ¢yHKUHfi p II ( ( • () ) ' 

N -a Q(I-P P 
II I II 

PeaynhTBTbi npu6nuJKeHaoro pacqeTa Ans;t npuMepa aa puc. 76 npHBBilBHbi a cneAyiO

meR Ta6nuue: 
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~·.·+• 
p --0,4 

II I 

p z + 0,6 
112 

p --0,6 
118 

N = 1,1 
8 

p =-1 
I 

N I= 1,6 

N 
2 

= 0,8 

N 
3 

a 0,3 

0THOCHTellbHbil! 

Tenecabll! yron 

n 

n 
1 

= 1,o 

n 
2 

= o,6 

n 
8 

= o,2 

J.13 STOll TB5liHUbl BHOHO, 'ITO HBTeHCHBHOCTH, paCC'lHTBHRbie H3 OliTHMBllbBOro 

p8CliOliOlKeHHH QeTeKTOpOB ( T.e. OliTHMBllbHblX yrnos), 3HB'lHTellbHO p83liH'lBIOTCH1 

H, ClleQOBBTellbHO, He 5yoyT OliTHMBllbHbiMH C TO'IKH 3peHHSI CTBTHCTHKH. DpH Bbi-

5ope reoMeTpHH SKcrrepHMeHTB He05XOOHMO CTpeMHTbCSI K TBKOMY COOTHOUJeHHIO 

MelKOY HHTeRCHBHOCTSIMH, KOTOpOe 5yoeT o5ecrre'!HB8Tb OlipeneneBHe liOliHpH38UHH 

C HBHliY'lWel! TO'lROCTb!O ( CM, ypaBH'E!HHSI ( 7) , ( 11) H 38Me'l8HHe Ha CTp. 13). 

§ 5, J.1 3M e p e H He li 0 li H pH 3 aU H H lip 0 T 0 H 0 B H 3 

DpeBMymecTBa KOnbuesoA reoMeTpHH MOlKHO nyqwe scero 3aMeTHTb no cTa

THCTHKe rrposeneHHblX Olib!TOB, B KOTOpb!X HCClle.OOBBliBCb liOliSipH38UHH rpyJilibl lipO

TOHOB, COOTBeTCTBy!Owefi o5pa30B8HHIO OCHOBBOrO COCTOHHHSI KOHe'lBOrO HOpa 
14

N 

a peaKUHH 
12 C + 8 

He • Ebmo nposeneao 15 H3MepeaHA nonHpH3BUHH npH aaeprHH 

HOHOB 
8 

He OT 2,5 00 3,3 Mas H B OH8li830He yrnoB 20-75°. 

Ha5HpaeMaH CTBTHCTHKB H3MepeaHl! onpenenHnacb lKenaaHeM nony'lHTb 3aaqe

HHe liOl1HpH38IIHH C TO'lBOCTb!O nyqwe 10% H lipHeMneMOl! Ol1HTel1bHOCTb!O OOHOrO 

OlibiTB, KOTOpag 3BBHCHT OT CTa5HllbHOCTH pa50Tbl 3lleKTpOCTBTH'leCKOro reaepBTO

pa. 8 3THX 15 H3MepeHHHX, BblliOl1HeHHbiX 38 160 'IBCOB pa50Tbl YCKOPHTenH, .OBYMH 

.oeTeKTOpBMH 5blll0 3 aperHCTpHpOBBHO 75000 HMliYllbCOB, 'ITO B cpenaeM COCTBBliH

liO 8 HMliYllbCOB B MHHyTy, 

DepBbie pe3yllbTBTbi H3MepeHHH nonHpH3BUHH c rroMOWb!O paapa5oTaaaol! MeTo

.OHKH KOnbuesoro nonHpHMeTpa HnnJOcTpHpyiOTCH pHc. 8. PacqeTbt rronHpH3BUHH Bbi

nonHeHbi no npn5nnlKeHHbtM <!>opMynaM ( 16). Donpo5aoe o5cylK.oeaHe aaepreTH'lecKol! 

H yrnoso il 3aBHCHMOCTH nonSipH3BUHH npoTOHOB B peaKUHH 
12 c ( 8 He p ) 14 N 

• 0 
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6yaeT ony6nnKoaaao nocne BbtnOnHeHHH TO'IHbiX pacqeToB reoMeTpHqecKoro !j>aK

Topa 11 cpeaHell nonnpH38UHOHHOll cnoco6HOCTH. 

He o c HoaaHHH !j>yHKu Hil ao36y:>Kaemt H n yrnoBbiX pacnpea e n eHHfl an!j>lj>epeaunanh

HbiX ceqeHHil o6pa30B8HH <I npoTOHOB a peaKUHH 
12 

C ( 
8 

He, p) 
14 

N, 11 3MepeHHbiX a pa-

6oTax19-111 H B H8CTOSIIUe li pa6oTe ( CTp. 21 H pHC. 36) MO)I{HQ TOnbKO 3 8KniO'IHTb, 

'ITO B n poTeKSHHH STOll peaKUHH HMe iOT MeCTO K8K o6p830B8HHe COCT8BHOrO H.(lpa, 

TaK H npHMbte npoueccbt. <l>p a r 1 eaT cxeMbi 

peaKUHH 12 C + 3 H e , noKa3aH Ha pHC. 9. 

ypOBHell, KOTOpbte B036y>KJl810TCH B 

B pa6oTe/ 11 I KyaH H ap. y c TaaoannH, 'ITO npH E - 2990 KSB aa6nl0t:l8-

IOTCH XOpOW O H3 0nHpOB8HHbtll pe30H8HC WHpHHOll 125 KSB. npn npeanonO)I{eHHH, 'ITO 

npOHCXO)I{.(leHHe STOrO pe30H8HC8 o6ycnoBneHO o6p83 0B8HHeM COCT8BHOrO Ht:lp8, 8H8-

nH3 SKCnepHMeHTanhHb!X t:l8HHbiX aan AnH COCTOHHHH Ht:lp8 
16 0 C SHeprHeA 503-

+ 
6y)l{t:l eHI-!H 14460 KSB KB8HTOBbt e X8 p 8IC T epH C THKH 5 / 2 • 

Ha p11c. 8 npHBeaeHbi pe3 ynbT8Tbi H3MepeHHH nonnpH38UHH npoTOHOB H3 peaK-

12 a t • 
UHH C ( He, p O) N npH SHeprHHX HOHOB 

8 
He, OXB8Tb!B810WHX o6naCTb yK838HHOrO 

pe3oaaaca. B aepxaeil qacTH sTore pHcyHY.a noKa3aaa sHepreTHqec~aH 38BHCHMOCTh 

nonHpH38UHH npOTOHOB (cnnOWH8H KpHB8H), H3MepeHH8H npH 0 - 34:!;3°; T8M 

)l{e npHBOAHTCH lj>yHKUHH B036y)l{.(leHHH p 
0 

-KaHana ( WTpHXOBBH nHHHH), H3Me-

peaaaH npH STOM yrne. CTeneab nonHpH38UHH npoTOHOB 6btna onpeaeneaa npH cne

AYIOWHX SHeprHHX HOHOB 8 He: 2480, 2650, 2780, 2950 H 3250 KSB. XoTH nonyqea-

HhlX pe3 ynhT8TOB He.(lOCT8TO'IHO .(lnH npoBe.(leHHH .(leTanhHOro 8H8nH38 MeX8HH3MB 

H.(lepHOll pe8KUHH, 0.(lH8KO y)l{e cel\qac MO)I{HO yCT8HOBHTb, 'ITO pe3KOe H3MeHeHHe 

3H8'1eHHH nonHpH38UHH npOTOHOB OT 45% AO 8% npH B03p8CT8HHH 9HeprHH 6oM-

6apAHpyiOWHX HOHOB acero nHWh aa 200 KSB yKa3biBaeT aa npeo6naaaiOmHll BKnaa 

MeXBHH3M8 COCT8BHOrO H.(lp8 B lj>opMHpOB8HHe pe30HBHC8 npH SHeprHH 2990 KSB. 

Pe3ynhT8Tbi H3MepeHHll yrnoaoll 38BHCHMOCTH nonHpH3 8UHH npoToaoa H3 peaK-

UHH 12C ( 8 He p ) 14 N , BbtnOnHeHHhlX npl! ABYX SHeprHHX 6oM68pt:lHPYIOWIIX HOHOB 
• 0 

8 He- 2780 KSB (KpHBaH A) 11 2950 K S B (KpHBaH B) - npHaeaeHbi B HH)I{Heli qacTH 

pHc. 8. BMecTe c aenH'IHHoll nonHpH3 8UHH aaiOTCH aaepreTH'IeCKHe TonmHHhl yrne~ 

pOt:lHbiX MHWeHell ( B KSB), C KOTOpblMH npOH3BO.(lHnHCb 1!3MepeHHH, II CT 8 THCTH'IeCKHe 

OWH6KH onpeaenoHHH nonHpH38UHH npOTOHOB. 

CpaBHeHHe 3H8'1eHnll nonHpH38UHH npH cpeaaen aaeprHH HOHOB 
3

He,paaaoA 

2950 KSB, nonyqeHHblX C flOMOWbiO nonHpHMeTpa C KOnbUeBbiM BH8nH38TOpOM, C 

/2/ 
pe3ynhTaTaMH pa6oThl Kpay3e H ap. , a KOTopoA nonHpH3aUHH npoToaoa onpe-

32 



Aensmach H3 MepeaueM acHMMeTpHH noc ne pacceaaH a • aneao-anpa ao• ( aa puc. 8 
0 /2/ 

npHBeAeaa nonapH38UHH npOTOHOB AIT H yrnOB (>i) = 45 H 90 no Jl8HH hiM ) , 

yKS3biBaeT aa xopornee coanaAe HHe 9 THX pe3 ynhTS TO B . Cne Jly eT 38MeTHTh, 'ITO B 

pa6oTe / 2 / HCnOITh3 0B8 IT8Cb MHl11aHb TOITillHH O H 340 K 9B, 8 TO'lHOCTb orrpeJlerreHHR 

nonapH3 8 UH H COC T 8 BrrRn8 20%. 

!13 npHBeAeHHbiX H8 pHC . 8 9KCne pHMeHT8nhHblX pe3yfibT8TOB H3 y'leHHH yrno-

BOA 38BHCHMOCTH nonapH38UHH BHABO, 'ITO rronapH3 8UHH npOTOHOB B peaKUHH 

1 ~C ( 8 He . P. ) 14 
N JlOCTHraeT M 8KCH M8nhHOro 3 R8 'le HH H JlnSl y r noa e . 6nH3KHX K 

0 

60° . 

flony'leHHbie c rroMOillhiO KOnhneaoro rronapuMeTpa Jl8HHb1e o nonapH3anHH 

12 8 14 
'l'SCTHU aa npuMepe peaKUHH C ( He , p 0 ) N y6eJlHTerrhHO JlOK83biB8IOT rrpeuMy-

mecTaa <lTOrO MeTOJl8 110 cpa BHeHHIO C MeTOJlHKO H H3MepeHHR 8CHMMeTpHH rrpH 

paCCeHHHH •aneBO-Bnpa ao•. fi O BhlllieHHe ~~eKTHBHOCTH HCITOnh30B8HHH HOHROrO 

ny'IKS II rrpHMeHeHHe TOHKH X Mli l11en e A IT03BOnHIOT AOCT8TO'IHO 6biCTpO H3MepaTb 

nonapH38I!HIO 'CJ'SCTHll C XOpornell TO'lHOCTbiO, 

To'l'HOCTh orrpeAeneaua nonapH3anHH HMeeT 6onhrnoe 3 HaqeaH e Ana Aanhaell-

rn e ro TeopeTH'CJ'ecxoro aaanH38 pe3ynhTSTOB rronapH3 8UHOHHbiX aKcnepaMeHTOB 

no MOAenbHbiM rrpeACTSBneHHHM ( MO)lerrH CTpyKTypbl HJlp8 H MeX8HH3M8 HJlepHblX 

peaKuuA). B peaKUHHx c 6onhl11HM 3Ha'lenueM Q rrpH Hcrronh3 0B8HHH ToncTofi 

8H8nH3HpyiOl11eA MHl11eHH CTSHOBHTC H B03 MOJKHbiM H3 y'leHHe ITOnHpH38UHH rrpOTOHOB, 

o6pa3 Y!Ol11HXCH C M8nb1MII JlH~epeHUHSnhHbiMH Ce'CJ'eHHHMH. 

nng 8H8ITH38 rronapH38UHH npOTOHOB C aaeprHefi 6onhrne 10 ~3B XOpOillHM 

aHanH38TOpOM MOryT cnyJKHTb HJlpa TSIJKenee yrnepOA8, TaK K8K n onSipH38UHOHH8R 

CITOC06HOCTb JlnR TRJKenbiX SlJlep pacTeT C yaenH'leHHeM 8HeprHH rrpOTOHOB, flpH 

aToM ynyqrnaeTcSI aaepreTH'leCKoe pa3 perueaue 

pH38UHOHHbill ~eKT OT ~H8. 

Ha puc. 10 rrpHBe)leHo aecKonhKO npoTOHHbiX cneKTpoa, unniOcTpupyiOmHx 

pa3nH'lHbte B03MOJKHOCTH MeTollHKH c Korrhueaoll reoMeTpHell. CneKTp 1 eCTb 

UpSIMOA cneKTp npOTOHOB H3 peSKUHH 
12 

C ( 
3 

He, p )
14 

N 
1 

KOTOpbtl! H3MepeH C nep-

BOA MHWeHbJO, HMeJOmeA 8HepreTH'leCKYJO TOnillHHy I"J. f: - 150 K8B. 

CneKTPbi 11 , III H IV nony'leHbl nocne ynpyroro pacceSI HHSI npoToHoB aa 
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BTOpOlt ( 8HanB3HpyJOznelt) MHWeHB. CneKTp II B3MepSinCH CO BTOpolt MBWeHbJO. 

2 
Bhmonueusolt H3 3onoTa Tonmauolt 20 MrlcM ; npa asepraa aouoB a He - 3 MaB 

npOTOHHble rpynnbl Po • p I B p ~ MOlKHO XOpOWO OTJlenBTb OT cPoHS. npHMeHeHHe 

30nOTOlt MBWeHH, JlnR ltOTOpOlt nonHpH38UBOHHSH CITOC06HOCTb p II ( l , (J ) "'0, OK8-

3biBSeTCH none3Hb1M npB npoBe)leHBH KOHTpOnbHbiX H Kana6pOBO'IHblX Oflb!TOB, a 

TSKXe DpB ocyzneCTBneHHH 9KCnepBMeHTS DO OJlHOA B3 B03MOXHbiX CXeM H3Mepe

HBH rronHpH3SUBH c noMOinhJO KonbueBoro nonHpBMeTpa (eM. no.upo6uoe o6cyXJ:le

uue HS CTp. 17-18). 

CneitTp III nony'leH npB OTHOCHTenbHO TOHKOM yrnepOJlHOM 8HSnB3STOpe 

2 
( 6 Mr/ CM ) • B 9TOM cne!tTpe XOpOWO ua6nJO.USeTCH He TOnbKO Po -nHK, 110 R fllllt 

rpynnbl npOTOHOB p , COOTBeTCTBYJOinHX o6pS30BSHBJO nepBOrO B036yX)leHHOrO COC-
1 + 

TOHHHSI B S!JlOe l4 N C KBSHTOBbiMH 'IHCnaMH I" - 0 H T - 1. 3TO H~MeoeBHe 

Bhmonueao npu aseprHH ROHOB E - 2,!) MaB, Talt ltSit ceqesae o6pa3oBaHIISI 

p I -rpyiTDbl UpOTOHOB npll E • 3 MaB o'leHb Mano. 

B Tex cny'ISHX, Kor.ua HHTepeCHO nony'IHTb HH~OpMSUHIO 

TOBOB, BJlyinHX B OCHOBHOe COCTOHHHe KOBe'IHOrO HJlpS l4 N , 

0 nonHpH3SUHB npo

MOXHO HCUOnb30B8Tb 

6onee TonCTbie nepByJO Maweab H anana3aTOp ( cneltTp IV H3Mepes npH Tonmane 

2 
anana3apyJOmelt Mamesa 16 MrlcM ). H3 puc. 8 B 10 BB.UHO, 'ITO upa asepraa 

HOH.OB a He Bb!We 4 MaB MOXHO 6y.ueT onpeJlP'lBTb nonHpB3SUHIO rpynnbl DpOTO

HOB p , OTBe'ISIOinBX o6pa30BSHBJO COCTOHHHH C KBSHTOBbiMB xapa!tTepBCTHitSMII 
2+ 

I fr • 1 H T • 0 (eM. pRe. 9); peweHHe TSKO!! 38JlS'IB MeTOJlBKO!l H3MepeHBH 

SCHMMeTpBB pacceHHHSI 'BneBO-BnpaBO' HeB03MOXHO JlSXe npB JlnHTenbBbiX B3Me
/2/ 

peHHHX 

B aaxnJO'Iesae aBTOPhi Bblpa:lKaJOT 6naro.uapaocTb H.M. ~paa1ty H ~.n. lllanspo 

38 BHHMSHHe It pa6oTe, COTPYllHHJty ltOHCTpy!tTOpCKOrO 6topo f. lllannHBry 38 ltOH

CTpyBpOBSBHe nonHpHMeTpa H COTpyJlHHitSM MeXSHH'IeCKHX MSCTepcltHX nH~ 38 H3-

rOTOBnCHHe nps6opa. AaTophi 6naro.uapHT H.A. lJenypqeaKo H rpynny aJtcnnyaTa

UHH 3a o6ecrreqesae pa60Thl ycxopaTenH, P. Kpay3e 3a sana.uxy anrrapaTyphi, 

Hsrpa.u Uaxep a Po3eMapa Kpay3e 3 a rroMOinb B rrpoBeJleHHH Bbi'IHcnesalt. 
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llPHnmKEHHE 1 

T E b T T T T-2 ( b 
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2 3 4 5 e s 

T3 • T11 + Tl 3 -T, 
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1 0 
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9 
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T 1 0 • 1 + T 9 cos t/1 
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c sin 8 I T 14 

T • T cos w IS 5 . 
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2 1/2 
T = rrl 2 - arc tg ( T I ( 1 - T ) 1s 1 e 1 e 

T = ( T 2 + T ) l/2 - T 
18 17 IS 17 

T 17= T19 I T20 

T I! = T21 I T 20 

T =T T - T T 19 7 B ! 22 
T a 6 n A u a I 

npR6 n B}K9HHbie p8Ct{9Tbl H906XO,Il,l-IMOR C TBTHCTBXH H JlnHT9 JibHOCTH OJlHO I 'O 

H3 MepeBRH an~ onpeaeneHHR nOn RpH0 8UBB C 38Jl8HHOR 

TO'fHOCTbJO 

T c. T (T T + T 
20 ! 7 B 19 

T = T
2 

+ T 
21 8 22 

T =T
2

-R
2 

2 2 7 8 

~ 
S% I (Jfo IS% 2 ~~ 2s;; 

p 

I 

Nmn q~cl (u~i'IY' 
T 

(~~hi 
T ( :~ (Joe} 

N mln T 
I ( HMnl ( ••ac } hac} (uMn} · (~ac} 

O,I - - - - - - 4000 22 2SOO I4 

0,2 - - 4000 22 600 9 IOOO 6 600 4 
T 

23 
= 0 + arc tg ( ( T

11 
- Ra )l b ) 0,3 - - 1800 IO 800 4 400 2 300 2 

0,4 4000 22 IOOO 6' 400 2 200 I ISO I 

T 
2 4 

= f'J + arc tg ( ( T 11 + Ra ) I b ) o,s 2SOO I4 600 4 2SO 2 I20 I 80 O,S 

0,6 I800 I O 400 2 I 50 I - - - -

0,7 I200 7 2S O 2 r oo 0,5 - - - -
0,8 800 4 200 I - - - - - -
0,9 soo 3 ISO I - - - - - -

• 
I , O I lf00 2 r oo O,S - - - - - -

I 
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T a 6 n x u a 2 

.0lf¢<fJepeHUH8nbHbl9 C9 '19HHSI ynpyroro p8CC9 SJ HH SI npoTOUOU ( M
0
6/cTe pao..) HB 

yrnepone c 3Hcp:-ue n OT 4 ,6 ll.O 9 Man n .aHanaaouo yrnon 40-130 no naHHJ-,IM 
8BTO fJC.h pdc5 •r.~/ 12-16/ 

yron v 

aH op~.~~"o 40 45 50 55 EO 65 70 75 80 85 90 95 IOO 105 IIO IIS 120 125 I30 
npOTOKOB(Maa)!>f------------------------------------------

na6. 

... 
0 

4,6 154 127 104 85 

4,7 ISS 126 IOI 82 

'i'2 

67 

6I 

56 

54 

48 

49 

43 

47 

42 

48 

45 

52 

so 

58 

56 

65 

62 

4,8 rs7 I 26 roo 79 63 sr 43 40 

4,9 I60 I26 roo 79 62 so 4I 36 

5,0 166 132 104 82 64 SI 4I 35 

S,I 170 134 IOS SI 63 49 39 32 

39 41 

36 40 

33 36 

30 34 

45 51 . 58 

46 52 60 

42 51 6I 

41 51 61 

5,2 176 141 III 86 65 50 37 28 26 31 40 50 

5,3 184 145 IIS 89 66 46 32 26 24 27 34 44 

5,4 186 I36 IOI 77 57 43 32 26 24 25 31 42 

5,5 175 126 9I 66 49 39 33 29 29 32 38 48 

5,6 156 II9 90 67 50 38 29 · 24 25 32 40 49 

5, 7 lSI 120 93 7I 52 37 26 I9 20 26 35 45 

5,8 ISS 127 IOO 77 56 38 24 I4 14 21 31 42 

5,9 166 133 104 80 58 40 25 IS I2 I7 27 38 

60 

55 

54 

57 

57 

54 

52 

51 

72 

69 

66 

67 

7I 

72 

70 

66 

65 

66 

64 

63 

62 

63 

78 

75 

74 

74 

80 

82 

79 

77 

77 

75 

7I 

72 

72 

74 

83 

SI 

81 

81 

88 

9I 

88 

88 

89 

87 

87 

87 

94 

98 

93 

92 

93 

94 

98 

104 

96 

97 

98 

roo 

102 

108 

96 I04 II2 

99 n o r2r 

89 IOI 

84 92 

78 85 

II2 123 

roo I06 

90 95 

79 

83 

86 

87 94 IOI 

93 103 II3 

98 IIO 122 

40 45 so ss 60 65 70 75 so ss 90 95 roo ros rro rrs rzo r2s r3o 

ISO I4I I09 82 59 40 

6,1 188 147 115 87 64 45 

6,2 195 153 II7 90 66 46 

6 ,3 220 163 122 93 69 49 

6,4 232 170 128 95 69 50 

26 I7 I2 14 24 36 

29 I7 12 IS 23 34 

32 2I 16 17 23 33 

34 23 19 20 26 37 

36 28 25 27 34 45 

6,5 246 184 131 94 68 50 38 32 31 34 41 SI 

6,6 246 183 131 92 68 52 42 37 36 41 .49 59 

6 ,7 234 169 125 94 68 51 44 42 44 48 55 65 

6,8 225 156 115 83 62 51 45 46 SI 58 65 72 

6 ,9 222 149 107 77 56 46 45 50 57 64 7I 78 

7,0 211 140 IOO 71 SI 44 44 49 57 65 73 80 

7,I 196 129 88 61 44 38 39 46 55 65 74 81 

7,2 172 106 70 48 34 32 36 46 56 66 75 82 

7,3 146 85 52 33 23 22 28 42 54 66 76. 82 

7,4 168 IIS 79 57 42 33 32 40 52 64 75 82 

7,5 ISO 126 93 73 60 54 54 62 7I 79 82 83 

7,6 186 132 97 75 63 59 6I 66 72 77 82 83 

so 

49 

48 

52 

57 

63 

70 

75 

79 

83 

85 

85 

85 

84 

82 

8I 

79 

63 

63 

65 

68 

70 

77 

81 

85 

86 

88 

88 

87 

83 

8I 

76 

73 

7I 

77 

78 

82 

84 

84 

90 

92 

94 

92 

92 

89 

86 

79 

74 

68 

64 

61 

90 103 IIS 

93 108 123 

% III 124 

99 II4 128 

99 II4 I3I 

128 

I37 

I37 

142 

148 

103 liS I27 138 

103 II2 I2I 129 

102 109 IIS II9 

98 103 108 III 

94 95 

89 88 

84 81 

76 72 

68 62 

61 54 

54 45 

52 42 

95 

87 

93 

85 

76 7 7I 

70 

57 

47 

36 

33 

68 

54 

40 

29 

25 



40 45 50 55 60 65 70 75 80 85 90 95 IOO IOS IIO l iS 120 125 130 

!85 128 

7,8 185 123 

7,9 !85 IJ9 

8,0 !76 II6 

8,! !76 !IS 

8,2 !70 II3 

8,3 !65 !05 

8,4 IS! 93 

8,5 !49 9! 

8,6 111-5 9! 

8,7 144 91 

8,8 !45 9! 

8,9 147 93 

9,0 148 96 

93 

88 

82 

80 

78 

76 

69 

59 

56 

56 

55 

56 

57 

50 

72 

65 

60 

57 

53 

51 

45 

39 

33 

33 

31 

32 

33 

34 

58 

SI 

46 

41 

38 

35 

30 

26 

23 

2I 

I9 

I8 

I8 

I8 

54 55 

55 57 

40 42 

37 39 

34 35 

29 29 

23 23 

22 24 

22 24 

I9 23 

I? 21 

IS !9 

14 !8 

14 I6 

60 66 7I 

53 61 67 

48 55 62 

45 52 60 

40 47 55 

36 44 53 

32 4! 50 

32 41 49 

3! 39 47 

30 38 46 

28 37 46 

27 36 45 

25 35 47 

23 34 48 

.... 

T aGnnua 3 

75 78 77 

72 74 74 

68 72 73 

66 70 7l 

64 69 7l 

61 67 70 

59 66 70 

57 64 69 

55 63 69 

54 62 69 

55 64 72 

54 63 72 

57 67 75 

63 74 78 

72 

72 

7I 

70 

70 

69 

68 

70 

70 

7l 

73 

73 

76 

77 

63 

65 

66 

66 

66 

66 

65 

66 

66 

67 

68 

69 

7I 

73 

n onnpn3a U1f Sl npo TOHOO (% ), yn pyro pacgeSJHJf bJ X H8 yrne poLI7 29f 1HE>prnei1 OT 5 , 8 ll.O 
7, 6 Man a .lHl anaoou e yr no s 20- 140 no tlBH H biM pa6oThi . 

53 

56 

60 

59 

60 

60 

58 

58 

59 

60 

59 

62 

63 

65 

44 

47 

52 

51 

50 

50 

51 

50 

50 

51 

50 

54 

53 

55 

35 

38 

43 

42 

40 

39 

4I 

41 

40 

4! 

41 

43 

43 

45 

"-;JI. auepr na f 

yron v"-,.. ' M as ) 5800 5900 6000 6100 6200 6300 6400 6500 6600 6700 6800 6900 7000 7!00 7200 7300 7400 7500 7600 
( na6. ) 

... 
"' 

20 -II -16 - 20 -23 - 26 -28 -30 -30 -30 - 28 -26 -23 -20 -18 -16 -14 - 13 -14 -15 

25 - 51 - 52 - 52 - 52 -52 - 51 - 50 -49 -46 -43 -40 -35 -31 -27 -24 -22 -23 -26 - 32 

30 -78 -77 -76 -75 -74 -71 - 67 - 63 -58 -53 -48 -42 -37 -33 -30 -28 -29 -31 -35 

35 - 86 -65 - 84 - 82 - 8o - 78 - 74 -69 - 64 - 59 -5c -46 -40 -36 -32 -31 -32 -34 -38 

40 - 88 -88 - 86 - 84 - 81 -77 -73 - 68 - 63 - 57 -52 -45 -39 -34 -3! -30 -31 -34 -39 

45 - 97 - 95 - 91 - 87 - 82 -77 - 71 - 65 - 59 -52 -46 -39 -32 -27 - 24 -23 -23 -26 -32 

50 - 90 - 86 -82 - 77 -72 - 66 -60 - 53 -47 -39 - 32 -25 -19 -13 - 9 -7 -6 -6 -7 

55 - 92 - 86 -79 -71 - 63 - 55 - 46 - 37 - 27 -17 - 6 +6 +I7 +26 +29 t30 +28 +24 +16 
60 

65 

70 

- 64 -5 9 - 51 -43 - 34 - 24 - 14 - 2 +9 +22 +34 +47 +58 +67 +70 +67 +6I +52 +41 

-38 -30 -l9 - 9 +2 +14 +26 +39 +52 +64 +75 +84 +90 +93 +94 +9I +84 +76 +62 

-II +I +14 +28 +42 +55 +68 +79 +88 +94 +96 +96 +94 +91 +88 +85 +82 +78 +74 

75 +54 +60 +66 +72 +77 +81 +84 +86 +87 +87 +85 +80 +74 +68 +62 +60 +6I +64 +72 

80 +99 t 99 +97 +95 +9I +86 +79 +72 +64 +55 +48 +42 +37 +35 +35 +37 +42 +49 +58 

85 +58 +57 +56 +53 +49 +44 +39 +33 +26 +20 +IS ti2 +9 +8 +9 +12 tiS +29 +46 

90 -I2 - I I -IO - 10 - 9 - 10 -IO - I2 -I4 -17 -20 -23 -23 -21 -16 -7 +4 ti6 t 30 -
95 - 59 -59 -59 - 58 - 58 - 57 - 56 -55 - 53 -51 -49 -47 -44 -4~ -35 -27 -I4 0 +14 

roo - 68 - 69 - 69 -70 -70 -71 - 71 -71 - 70 -70 - 69 -68 -65 -61 -54 - 43 -28 -I3 o 

105 -53 -59 -64 - 68 - 73 - 77 - 80 - 83 -85 -86 -86 -84 - 82 - 76 -68 -59 -46 -30 -I2 

IIO -37 -44 - 52 - 61 -70 - 78 - 86 -9I - 94 - 96 -96 -95 -92 - 87 - 80 - 71 -59 -44 -25 

27 

29 

31 

32 

30 

29 

30 

32 

30 

3! 

32 

32 

32 
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anuprHst 
yron v' c { M sa 5800 5900 6000 6IOO 6200 63JO 6400 6500 6600 6700 6800 6900 7000 7IOO 7200 7300 7400 75 00 7600 

nl\6. 

II5 -IS -29 - 40 - 5I - 6I -70 - 78 - 85 -90 -94 - 97 -99 - 99 - 96 -90 -82 -?I -58 - 38 

I20 -I2 -2I -3 0 -40 -50 -59 - 68 - 77 - 84 - 9I -96 -99 -roo -99 - 96 -89 -80 - 69 -55 

I25 +5 -7 -IS - 29 -40 -50 - 59 - 67 -76 -83 -89 -94 - 97 - 99 -98 -95 -89 - 82 - 73 

I30 +5 -2 -II -I9 -28 -38 - 47 - 55 -63 -70 - 77 -83 -88 - 92 - 94 -95 -94 -9I -85 

I35 +I2 +3 -5 -13 -21 -29 -36 -43 - 50 - 57 - 63 - 69 -74 - 79 - 83 -87 -89 - 90 - 90 

140 +5 +I -4 - 9 -14 -19 -25 - 3I -38 - 44 -50 -55 -6I - 66 - 7I -75 -79 - 82 - 85 

... ... 



E,,L 

.L ,._ 
~ ~ ~ 

H.;,,.,AINU.~ 
I 
I 
I 

r--- ... ---..,.--- "· -----t 

Y.Y<D 

,.~,•-•w• ,.. 4"•~p• 

' ..-
I 

~----------- ~----------~ 

HonfGIIA'N"e nyt~Kil 

He~ - -~• 

PH c.l . CxeMa nonSipHMeTpa c KOnbue eoil r e oMeTpHei\. ( l-MHWeHb,2-amoMHHHeBaSI 
¢onbra, 3-noeywKa, 4- Konbueeofi aaanM3aTop ,5-nepBbili ueTeKTop, 

6- BTOpOfi UeTeKTOp). 
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so 

2D 

4(1 

s 

2 

1 
D 

.41f 
Pr 

4" 

(•t.) 

42 43 

N,;, [ IJHn] -
1 -100 
Z -1SD 
3 - 2SO 
If - '100 
s - 600 
6 -1{000 
1 -2000 
8 -lfOOO 

4• 
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2. 
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6 

1 

B 

45 

Pac.2. rpaljlHK 38BHCHMOCTH OTHOCHTenbHOA OWH6KH nonSipH38UHH OT senaqHHbl 

SCHMMeTpHH npH p83BblX 3HaqeHHrut HSHMeHbWero qacna HMnynbCOB, 38pe

rHCTpHpOB8HHbiX OAHHM H3 AaTeKTOpOB. 
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Pac.3a . .Un<IJ<jlepeauaanbHble ce'Ieann o~paaooaHnSI npOTOHOB o 
B anan}lao}le aaepraii HOllOn H e 2,4 +- 3,25 Man no 
pa6oT 9-111. 

1 2 ( a ) H . peSKUIIH C He,p
0 

N 
QSHHblM SBTOPOB 
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£"' {1..,] 

12 a 1~ Pac. 36 • .lla<jM!lepeaiUiallbHhle ce'leHHSI o6paaosaaaB nporouon s peau•a C ( He, p0l 
B .llHanaaoae aaepraa aoaos 3 He 2,4 +- 3,15 Mas. 
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Pac.4. Onpelleneaae TOIIIIlHHbi MHWeHell no CMeWeHHIO npOTOHHbiX DHitOB. 
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Pac.5. Hayqeaae aoaMolKHOCTH npaMeneaan noaepxaocTao-6apbepHbiX AeTeKTopoa 

AnSI peri!CTpBUHH npOTOHOB: a) npOTOHHble CneKTpbt, H3MepeHHbte np11 paa
nH'IHb!X HBnp~ll<eHHSIX H8 neTeKTOpe,6) 38BHCHMOCTb TOniUHHbl 'IYBCTBHTenb
HOrO cnoSJ noaepXHOCTHo-6apbepaoro neTeKTopa OT HanpnlKeHHSJ na HeM. 
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Pnc,B. CneKTpbl npoTOHOB B3 peaKunlf C ( 3 He, p J14N nocne pacceannn na yrne
POllHOM aaannaaTope ( cnesa - cneKTp, li3MepeHHbiJ1 nepBbJM aeTeKTopoM, 
cnpasa - BTOpb!M). 
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PHc.7. a). BeKTOpRaSI cxeMa non!lpHMeTpa c Konbueeoii reoMeTpHeA (nOSICHeH&SI 
e reKCTe). 6 ·). Ka'!eCTBeHHblil xo11 non11pua auuH - P < ', v) 

u ceqeau!l ynpyroro pacce!IHHSI npo roaoe aa yrnepod~ u
11 

( '·"). 
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PHc. 8. 3aepreTH"!eCKSSI H yrnoaaSI 3SBHCHMOC"I:b nonSipH3SUHH npoTOHOB a pea KUHH 
12 

C (8 He, p0)
14

N. Ha SKcnepRMeHTanbHhiX. TO"!KSX KpHBblX A H B pa3Mep 

T'Op!130HT8llbHblX CTpenOK COOTBeTCTByeT TOlll!lHHe nepaol\ MHWeHH, C KOTO

poJI npOH3BOAilllHCb H3MepeHHSI ( 6. E ,.; !60 K 3 B). 
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Pnc. 9. 4>parMeHT CXeMbl ypOBHelt, B036y>KaaeM b TX D pe8KUIIH 
12 C ( 3 He, p )UN. 
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~ • 3 HeV 

Pac. 10. npoTOHHble cneKTpbl, H3MepeHHble c 8H8ilH38TOp8MH H3 30I!OT8 H yrnepOllll 

pa3nHqHQA TOIIWHHhl (nOHCH6HH6 B T6KCTe). 
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