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BseaeHRe 

3H8HH9 fiOfiHbiX C9'19HHA B38HMOJ:l9ltCTBKR H9ltTpOHOB C HyKfiOH8MK HM99T cpyHJ:lBMeH-

TSfibHoe aHa'leHKe anR noHHMSHKR CTPYKTypbi aneMeHTSpHbiX qacTHU H npKpOJ:lbi cun saaH

MoaeACTBKR Me>Kay HKMK. Qco6biA HHTepec npeJ:lCT8BfiR9T KCCfi9J:lOB8HKe fiOfiHbiX ceqeHKA 

B38HMO.ll8ACTBHSI '18CTHU npH BbiCOKHX 3HeprHRX, KOr.na .ae6poAneBCK8R .O.flKH8 BOnHbl, COOr-

B8TCTBYIOW8H OTHOCKT8nbHOA CKOpOCTH CT8nKHB8JOWHXCH '18CTHU, CTBHOB~TCSI CylU8CTB9HHO 

M9HbW9 p8J:lKYC8 J:(eltCTBKR CKfio 

Pa:>BHTKe ycKopuTenbHOA T9XHKKK aa nocneJ:tHKe rOJ:lbi aano B03MO>KHOCTb nony'IHT b 

3H81.{HT8flbHYJO HH¢0pM8UHJO no nonHbiM C8'18HHSIM B38HM0.08ACTBHSI 

MeaoHOB K npoToHOB c npoTOHSMH a wHpoKOM auanaaoHe aHepruA. MeHee 6naronpKRTHO 

o6CTOHT J:(9fi0 C K3M9p9HHRMK 3cpcpeKTKBHblX ceqeHHlt 838KMOJ:l9i!CTBHR HeltTpOHOB C npo

TOH8MK. nocneaHee o6yCnOBfi9HO rfi88HbiM o6pa30M T9MH 3t; cnepKM9HT8fibHbiMH Tpya

HOCTRMH, KOTOpbie 803HHK8IOT npK H3MepeHHS!X C H9ltTpOH8MH 6onbWHX 3HeprHA (HanpK

Mep, WKpOKOe 3HepreTH'l9CKOe pacnpeaeneHH9 HeATpOHHbiX nyqKOB, HK3K8S! 3cpcpeKTKBHOCTb 

cyweCTBYIOWHX J:l9T9KTOpOB HeltTpOHOB K J:lp. ) • C ysenK'l9HH9M 3HeprKK Hei!TpOHOB cu

TY8UHSI ewe 6onee ycnO)KHSl8TCSl BCfl8.0CTBH8 yeenH'I8HHR KOHH38UHOHHbiX npo6eros BTQ-

pH'IHbiX '18CTKU H yMeHbW9HKS! 3cpcpeKTKBHOCTH J:l9T9KTOpOB. . . 
YKaaaHHbie aaTpyaHeHHS! noTpe6osanH paapa6oTKK K npKMeHeHHR npKHUHfiKSfibHO Ho

BbiX yCTpOHCTB, ll03BOnstiOWHX C OTHOCHT8flbHO BbiCOKOit actJcjJeKTHBHOCTbJO .0.8T8KTHpOB8Tb 

HeATpOHbi c :>HeprHeA a HeCKOfibKO MHnnuapaoa aneKTpOHBOfibT. VIMeawaRCS! ao nocneaHero 

Bp9M9HK HHcpOpM8UHS! flO 3cpcp9KTHBHbiM C9'19HKS!M B38KMOJ:l9ltCTBKS! H9ATpOHOB C npoTOH8MH 

B OCHOBHOM OTHOCHTCS! K 06fi8CTH 3HeprHA nopRJ:lK8 COT9H Mas. 06n8CTb 3HeprHA OT 

oaHoro raa u Bbiwe ocaewaeTCR TonbKO a pa6oTax!l,:l,l 6~ B 3TKX pa6oTax nonHhie ceqe

HHR B3BKMOJ:l9ltCTBKR HeltTpOHOB C npOTOH8MK 6binK K3MepeHbl J:lfiR Hel\TpOHOB C 3HeprHei! 

1,4 H 5,0 ras. 

QqeeH.nHo, "'TO yKaaaHHbte pa60Tbl He MOrnH J:(8Tb CKOfibKO-HK6y.llb fiOfiHOlt Kap-

TKHbl fi0B9J:l9HHS! acpcpeKTKBHblX <:9'19HKA B38HMOJ:l9ltCTBHS! Hei!TpOHOB C npoTOH8MH B o6nac

TH BbiCOKHX 3H8prKA H T8M 6onee ,QBTb B03M0}f(HQCTb npOS8CTH K8KQe-nH60 C p8BH8HH9 C 

.0.8HHbiMH llO 3cPQ:l8KTHBHbiM C8"18HHSIM B38HM0.08i:I:CTBHSI M8>K.Oy .apyrHMH 3neM8HT8pHbiMH 

'ISCTKUBMH. BoaHKKSIOWKe aaecb aonpoCbi npeacTaanHIOT HHTepec a CBR3K c npoaepK'oil paa

nHttHbiX TeopeTH'leCKHX rHllOTe3 06 SCHMllTOTH'leCKOM noae.neHHH ceqeHHA B o6naCTH BbiCO-

KKX :>HeprHl!. UenbiO HBCTORWeA pa60Tbi 6bmo a KSKoli-To CTeneHH socnonHKTb npo6en no 

nonHbiM ceqeHIHIM B38HMO.D.eACTBHSI HeATpOHOB C npOTOHSMH B HHTepaane 3HeprHA OT 2,6 llO 

8,3 ras. 
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!. <l>opMHpOBBHHe ny'IKB HeJITpOHOB 

HeJITpOHbl reHepupoaanHCb HB 6epunnueaoJI MHweHH paaMepaMH !0,7x4,1x2,0 cM
3

, 

KOTOpBH H8XO.D.HflBCb BHyTpH BBKyyMHOl! KBMepbl C HHXpO<tJB30TpOHB Jl83 Ql-1fll-1 HB pBCCTOH

HHH 10 M OT KpBH o.a.Horo H3 npHMOnHHeJIHb!X npoMe>KyTKOB (eM. pHc. 1 ). HeJITpOHb! Bh!Bo

.a.HnHcb UO.D. yrnoM 0°:!; 1' OTHOCHTeflbHO HanpaaneHHH .D.BH>KeHHH nyqKB YCKOpeHHblX npo

TOHOB1 TBK K8K HeATpOHbl 1 Bbin9T8lOlUH9 flO.ll 0° RM810T M8KCHM9nbHYIO 3 HeprHJO H H8H60nb

Wy10 HHTeHCHBHOCTb. npH ycTBHOBKe MHWeHH BHyTpH KBMepbl yCKOpHTenH 6hlfl UOCTBBneH 

cneuHBflbHh!l\ 9KCnepHMeHT ,lJ.flH TpBCCHpOBKH OCH H el!TpOHHOrO KBHBnB C UOMOI.llb!O y -uc-

TO'IHHKB ( Co 
60 

) BKTRBHOCTbiO oKono 130 MK
131

• KonnHMBUHH ny'<KB npouaao.a.unacb cTanb

Hh!M KOnnHMBTOpOM, HMeiO[llHM .D.flHHy 250 CM H .D.HSMeTp OTBepCTHH 5,0 CM. KonnHMBTOp 

pacnonarancH HB pBCCTOHHHH 18,5 M OT 6epHnnHeBOil MHWeHH. npH .D.HBMeTpe OTBepCTHH 

5,0 eM yrnoaaH pacxo.D.HMOCTb KonnHMHpoaaHHoro ny'<KB He npeawwana 0,07°. Oceaoe no

no>KeHHe ny'IKB .D.OUOJ1HHTenbHO KOHTpOnHpOBBJ10Cb nepe.a. H B 'IBflOM H3MepeHHl! C UOMOl.llbiO 

TeneCKOfl8 H3 CUHHTHnnstUHOHH bJX Ct:I9TtiHK08 1 KOTOpblA: nepe,nBHrBnCSI nepneH.QHKynSipHO Ha

npaeneHHIO nyt:IKB no ropH30HT.BnH H no eepTHKBnH. O.nHa H3 KpHBbiX 1 nonyqeHHBSI TBKHM 

c noco6oM, npHae.a.eHa ua pHC. 2. 

i-1CXO.D.Hb!JI ny'IOK Hel!TpBflbHb!X 'IHCTHU COCTOHfl B OCHOBHOM H3 Hel!TpOHOB, a TBK>Ke 

y -KBBHTOB, 06p03YIOlllHXCH B peaynbTBTe pBCUB,D.OB TT O -Me30HOB , reHepHpOBBHHb!X 

0 
npOTOHBMH HB 6epunnHeBOJI MHW9HH 0 H He60J!bWOll npHMeCH K 2 -Me30HOB H BHTHHeJITpo-

HOB, no OU9HKBM 1 '1HCJ!O fC~ -Me30H OB H BHTHUpOTOHOB He npeBb!WBeT 1% OT 'IHCflB 

Hei!TpOHOB Bb!COKHX 9HeprHl!, JlnH O'IHCTKH ny'IKB OT CHJ1bHOrO y -q,oua nepe.a. KonnH-

MBTOpOM H BHYTPH Hero yCTBHBBJ1HBBJ!HCb CBHHUOBb!e cj:lHnbTpbl CYMMBpHOl! TOfll.llHHOl! .D.O 

7,2 CM ( OKOflO 13 pa.a.. e.a., ), QqH C TKB ny'IKB OT 3BpH>KeHHb!X 'IBCTHU, o6pB3y!OlUHXCH B 

peaynbTBTe B3BHMO.D.el!CTBHH HeJITpOHOB H y -KBBHTOB B C TeHKBX BBKyyMHOil KBMepbl 

yCKOpHTenst H B B8W8CTB8 CBHHUOBbJX Q:lHnbTpOB, OpOH 3BO.UHn8Cb C TIOMOlUbiO MBrHHTHOrO 

nonH c H= 1800 9 H L ~ 130 CM, reoMeTpHH OUb!TB H BeJIH'IHH B nonst 
nonJOc. 

no,n6Hp8nHCb TSKHM o6p830M, 1.fT06bi 38pSDK8H Hb18 '18CTHUhl C M8KCHM8JibHO 803MO)f(HbiMH 

HMfl YJibCBMH OTKJIOHSinHCb H 8 yrnhi 1 npeBbiW810WH9 yron, OXB8TbiB89MbiA ,ll8T9KTOpOM HeJ1:-

TpOHOB . 

2. JleTeKTO p HeilTpOHOB 

JlnH yaenHqeHHSI :.#eKTHBH OC TH perHCTpBUHH Hel!TpOHOS C 9 He prH el! B HeCKOJ1bKO 

MHJIJIH8p.O.OB ::meKTpOHBOnbT 6btn npe.ano)KeH HOBbli\ MeTO.ll, C O.O.HOH: C TOp0 Hhi,ll03BOflSJJO-

!UK I! H3 .IJ.OBOflbHO WHpOKOrO ClleKTpB Hel!TpOHOB, reuepHpOBBHHb!X B OCHOBHOM B HeynpyrHX Baa-

HMO.Oei\CTBHSIX Bbi.Q e nHTb Ty 'IBCTb cneKTp8, KOTOpasr HM99T H8H6onee BbiCOKYIO 3 HeprHIO H C 
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.a.pyroil CTOpOHbl, o6na.a. aro: 

aHeprHH. MeTO.O. OCHOBBH I 

na .a.nuuol! oKono 20 pa.a.. 

/4/ 
HO , llpH B38HMOJJ.9.A:CTBK 

TpOHBOnhT C B9llt9CTBOM 

CTB KH c reHepauuel! 17 

6y.D.yT TBKHe B3BHMO.D.el!CTf 

ro HyKnoH a 6y.a.eT nepe.a.at 

CKOnbKHM), y - KBBHTbl OT 

20 x 20 x 20 pa.a.. e.a.. o6paa 

CTbiO nornowaeTcs a p a.llH 

lf.Bstx, Kor.aa 3HeprHst aan 

'lepeHKOBCKHX lPOTOHOB, H. 

6b!Tb nponopuHOHBflbHO 9He 

o6:.ueM 6anauce Bhl.a.enHeM 

o6pa3yJOlllBHCSI KBK npH B3 

TBK K npH B3BHMO.D.el!CTBHI 

TeKTOp Hel!TpOHOB COCTOHT 

,lJ.HBMeTpOM 13 CM H .D.flHH< 

KOHBepTOpB .D.HBMeTpOM 5 

30Hbl ..,_ H CBHHUOSO["'O KOHBe 

o6pa3y!OlUHXCH B pe3yfl bT8 

HHSI nylf.K8 38pSVK9HHhtX lf8 

cny)f{HT TenecKon H3 Tpex 

.D.HBMeTpOM 5 CM H TOnl.llH 

Co6hiTHH, Bbt.aeneHHI .. te cqE 

IOTCSI no 3HCprOBbJ.Oenem·t:K 

H3 CBHHJlOBOrO CTeKnB . Pa 

cTeKna MBpKH T<l>-1 H HM• 

8UHOHH8SI 9.0HHHU8 - OKO nC 

CBeT C06HpBnCH C U OMO!ll 

¢oToKaTo.a.a ~0 CM . CxeM' 

JleTeKT.OpOM perHCTpHpyK 

peHKOBC KOM Clf9T'IHK9 npE 

l.f 9CKHX noporoa H9ATpOHH C 

c/J , OXB8TbiB89MbJA T enec 

KOHBepTOpa , pJBeH 3° ( e M 

cneK Tp Hel!TpOHOB CO CTO~ 

HHSIX BTOpHY.H biX 4 8CTHU . 



M e p B MH I0,7x 4,Ix2,Q CM
3

, 

?OHa nB3 OVIHVI HB paccTOSI

C M. puc. I ), Hel!TpOHbl BbiBo-

eHHSI ny'IKB ycKopeHHbiX npo

fMBnbHY~ 3HeprH~ H HBH60 nb

l ycK o pHTen!l 6hin nocTaaneu 

K8H8JI8 C flOMO lll biO y - He-

1!1 Uy'IK8 OpOH3BOllHnBC b CTBnb

l e p C TH!I 5,0 eM. KonnHMBTop 

I, npH llHBMeTpe OTBepCTHSI 

Ipe B biWana 0,07° . Oceaoe no-

BnOM 113M e p e HHli C llOMOUlb~ 

.Hran c !l nepneHllHKynHpHo ua-

K p HBbiX, nonyqeHHBSI T8KH M 

H OM H: 3 HeA:TpOHOB 1 8 T8K.>K9 

-Me3 0H OB 1 reHepHp088HHblX 

0 
K 2 -Me3ouoa H BHTHHel!Tpo-

e npe BbiwaeT I% OT '!Hcna 

'0 y -cj)oua n e pell Konnu-

b l CyMM8pHOJ! TOnlllHHOli llO 

( 'I BC THU, 06paay~UlHXC!I 8 

C T e HK BX B 8 KYYMIIOil K8Mepbl 

18C b C fl OMOlU blO M 8 rHHTHOrO 

H aenl.PurHa llOJIH 

M8KCHM 8 nbHO B03 MQ)t{HbiMH 

S8 T bi B 8 9 M blH .aeT e KTOpO M He H-

) g C 3 He prK e A B H8C KOJibKO 

C O.QHOH: C T O p 0 Hbl .a fl03BOnHIO-

IX B OC HOBHOM B HeynpyrH X a aa

IH6o n ee B bi C O KYJO 3 H e prH IO H C 

llpyroJ! C T Op OH bl , o6n8ll 8~UlHJ! ll 0CT8T O 'IHO Bbi C OKOJ! acj)cj)eKTHBHOCTb~ K Hel!TpOHB M 6onbWHX 

3H e prHA. ~9TO.Q OCHOB8H H8 H.Qe e OpHM9H 9 HHH ~epeH KOBCKOr" O Ctt 9 T1.fHK8 H3 CBHHUOB Or"O CTe K

na llnHHOl! oKono 20 p all. e ll, HnH llayx c p e llHHx cao6 0llHhiX Sllle pHbiX npo6e roa, K BK Ka a e cT-

/4 / 
HO , npH B38HMOll e liCTBKH He J!TpOHOB C 3 H e prHel! UOpS1llK8 HeCKOnbKKX MHnnK B pllOB a neK-

TpoHaonbT c a e UleCTBOM rn a BHbiM o 6 paaoM npo KCXOllSIT npouec c bi u eynpyroro B3BKM Olle li-

C TBKH c reuepa uH e J! 1T - Me30H OB . QqeBH.ll,H0 1 \{TQ c p e .llH MHO>K9C TB8 8 K T OB B 3 8HMO.ll 9 A C TBKSJ 

6 y llyT T8KK e B38HMOlle l!CTB K!I, B KOTOpbiX 6onbW 8 !1 'I BC T b I<KHe T K 'IeC K OJ! 3 H e prKH H BneTB~Ule-

1'0 HyKnOH B 6 yll e T n e pell8H8 reue pHpOB8HH bi M B 3 T OM 8 KTe rr
0 

- Me30H 8 M ( OllHOM Y HnH H e -

CKOn b KKM), y - KB8HTbl OT p8CU8llOB 
0 

rr -M e30HOB B CBHHU OBOM CT9 Kne p 83M9p8 MH 

20 X 20 X 20 p 8 ll, ell . o6pa3y~T an eKTpOHHO-cj)OTOHHy~ n B BHHy, K OT Op 8 !1 npB KTK'IeC KH n o nuo -

C TbiO fl 0 r"JIO W 89TCSJ B p 8 .QH8TOpe tt e p e HKOB C K Or o C "1. 9 TttHK8 . fl e rK O BH.a 9 T b 1 1.J.TO B T 9 X cny-

1.{8 st X , K Or,aa 9HeprHH H 8 n e T8101U8A 1.J. 8 CTHUbi n o nHOCTbiO nepe .a a eTCH rr O -M930H3M ,. 1.J.HCnO 

q epeHKOBCKHX cPoTOH OB 1 H 3 nyqeHHbiX '18C THU8 MH a n 8 K T pOHHO-cPOTOHHOrO nH B HH, ,ao n >K HO 

6 hiTb n ponopuHou a nbHO a u e prHH u an eTa~Ule li qacTHU bl , H eo6xollHMO eUle OTMeTHTb, 'I TO a 

06l.lleM 6an a uce B billen!le M Ol! 3 H e prKH Y'IBCTBy e T B C !I pen !ITK BH C TCK B SI K OMU OH e HT 8 ( C {J > 0,6 I ) , 

o6psay~lll8!1CSI K 8 K UpK B 30K MOll e liC TBHK n e pB H 'IH O!'O HeJ!TpOH a C BeUl e C TB OM K OHBe p Topa , 

T BK II 1IpH B3 8 HMOlleJ! CTBKH BTOpH'IH b i X '1 8 CTK U B p 8llK8TOp e 'lepeH KOB CKO!'O C 'le T'IKK8 , J]e-

T 8 KTOp H9ATpOH OB COC T OHT H 3 C UHHTHnnHUH OHH Or O C'l8 T1.fHK 8 C nn aCT H1.J.8CK H M C UH H THnnstTO p OM 

llH B M e TpOM I3 CM H llniiH Ol! 2 CM , pa60T8~Ulero B p elK HM e 8HTHCOBU BlleHKJ!, an~MKHKeBO!'O 

K OHBep TO p 8 llH BMeT p OM 5 C M II llnHHOl! IQ CM - lln!l KOHB e p T HpOB 8 HH!I H el!Tp OH OB B 1T -M e -

30H bl "" K CBIIHUOBO!' O KOHBepTOpa TOnUlHHOli 0, 5 C M - lln!l K OHB e pTHpOBBHH!I Y -KBBHTOB , 

o6pa3y~lllHXC !I B p eayn b T 8 T e p acn a llOB rr 
0 

-Meaou o a B a n e KTpOHH bi e n a p bi, J]n!l B h i llen e -

HHSI n y'IK8 38 pH>K 9 HH btX q 8C THU, r eHepHpOB8HHbi X H8 ATpOH 8 MH B 8n iO MKHH 8 B OM KOH B9pTO p e , 

c nyn<HT T e n e CKOll H3 Tpex C UHHTHnnSIUH O HH biX Ctt9 T1.fHK OB C nn8C TH tt8C KHMH C UHHTHnnSITO p 8 MH 

llH BMeTp OM 5 CM H T On UlKH Ol! I,5 CM, T e n eC K OU p B60'!'8e T B pelK KM e Tp OI!H bi X COBUBlleHII I! , 

Co6bJTHH, Bhi.ll e n e HHJ ... 1e cq e TttKK 8 MK BHTK coan a .aeHHit H ctt e TttHKB MH coan a.ae HH A , aHanH 3 Hpy

IOTC st no a H e p r oabt.O. e n e HH IO c n o M Oil.l. b iO ttepe HK OBC K o r o c n e K T pOMeTp 8 n onH o r o n o rn omeHHst 

u a CBKHilOBOr o c T eKn a . P allH a T o p C 'l e T'IKKB 6bW co6 p a u " " Tpex np!!Moyro n b H bi X 6 n oKoa 

c T eKn a M BpKK T<t>-I 11 HM en <j:lopM y Ky6a co CTopou o il 5 0 CM H o6UlHM aecoM 44 0 K r . P allH

a uK OHH B !I e llHHKUB - oKon o 2,5 eM, KpHTH'IeC K B !I a u e prH!I - oKono I 5 ~an , Y epeH KOBC KHA 

C B eT C06Hp8 n C !I C UOMOUl b~ 'l e T bipe x cj) OTOyMHOlK HTe Jie li THU 8 <tJ 3 Y-45 C llH 8 M eTp OM 

cj)oT O K aTOllB :.!0 CM . CxeM a TH'IeC KHJ! q e pTe>K 'le p e HKOBCK oro C 'le T'IHKB npH BOllKTC!I u a pH c , 3 . 

J]e T e K T.Op OM perH CTpHpy~TC !I T OnbKO Te He l!TpOHbi, 3 He prOBbi llen e HK e OT KOT O p bl X B q e 

p eH K OBCK OM c '!e T'IKKe npe B biW Be T H eKoTopy~ noporoay~ aue pru~ . KanH 6 p onK a auepreTu

'leCKIIx noporon ueJ!Tpo Hn o r o lleT e KTopa npo Ha B OllHnac b u a n y '!Ke a n e KTpo u o n
151

• Yro n 

¢ , OXB8 T biB89M hiA T eneC K 0 11 0 M C UKHTHnnstUH O HH biX C 1.J 9 T"'HKOB C U 8 HTpOM B ce p eLt HH e 

K OHBepTopa, p.lB e H 3° ( CM , pKC . 4 ), 'ITO U 03BOn!le T llOU OnHHTe nbH O llK CKpH M KHKpOB8T b 

ClleKTp Hel! T pOHOB CO CTOpOHbl HH 3 KHX 3Hepr11il 38 C 'le T p 83HKUbl B yrnOB b i X p a cn pellen e 

HHHX B TO pH ttHWX 1.J. 8CTHU . 

5 



3. M 0 H H T 0 p 

8 Ka'leCTBe MOHIITOpa HCIIOnb3yeTC!I TeneCKOII 113 Tpex CUHHTHflfl!IUHOHHblX C'leT'IHKOB 

C nnaCTH'IeCKHMH CUHHTHflfl!ITOpaMH pa3Mepa MH 3 X 3 X I CM
3 

H Sn!OMHHHeBoro KOHBepTopa, 

KOTOpblll cny)KHT D.nll KoHaepTHpoaaHKH HeiiTpoHoB a aap!I)Kef!Hble qacTHUbl. AniOMKHKeBblll 

KOHBepTOp H TenecKOII pacnonaranHCb noa aD.H CBKHUOBOrO KOflfiHMaTopa Ll.fliiHOJI !00 CM II 

D.HaMeTpOM 5 CM Ha paCCTOSIHIIII 17 M OT MKWeHH B yCKOpll'rene. Ocb MOHIITOpHoro KaHana 

6btll8 CM8lU8H8 H8 3° OTHOCKTellbHO OC'8BOrO H a npasneHHSI OCHOBHOf'O KBHBna. 

4. 3neKTPOHftaH annapaTypa 

6noK-CXe Ma a neKTpOHHOI! annapaTypbl, KOTOpaH 6bJlla KCnOnb3oBaHa npH H3MepeHHIIX 

ceqeHKII a aaKMO.D. e llc TBKH HeiiTpouoa c HyKnoHaMK, npuaeD.e Ha H tl puc. 5. VIMnynbCbl c ¢oTo

YMHO)KI!Te nell C'leT'IKKa a HTKCOanaD.eHKII II Tp~X C'leT'IIIKOB COBIIBD.eHKR no Ka6eniO Pl<-2 

noD.aiOTCH ua BXOLI.bl wHpoKononoCHblX ycunKTeneA YP-1 M c nonocoll nponycKaHKII !50 Mru. 

C¢opMKpoeaHHbie no aMnnuTyD.e H D.nKTenbHOCTK HMnynbCbl nocTynaiOT ua H'leliKy oT6 o pa 

TpOJIHbiX coenaD.eiiHll H a HTHCOBIIaD.eHHlt, co6paHHOJI Ha KpKCTa nnH'IeCKIIX D.KOD.8X .[lrC-1 C 

paapewaiOwHM apeMeKeM 8 uceK. AuanorK'IHaR cxeMa, HO 6ea a H'tHcoanaD.eHKll, ucnonb3o-

8811 UCb B M OH HTOpHOM K8H8118. J:S CUHKTHflllHUHOHHblX C'I8T'IHK8X HCll01lb30Il811HCb Bp8M8HHb18 

¢oTOyMH0)K I!TenH THn·a Q:>oY-33 • .[ln11 ysenK'IeHHII CTa6KIIbHOCTH pa60Tbl C'leT'IIIKOB Ll.llll 

I 
KB)KLJ.OrO ¢oTOYMH O)K I!Te fl!l 6b!fl0 IIOD.06paH O nnaTO no Hllnp!I)KeHH!O, KOT Opoe B Ll.BIIbHeliWeM 

nepKOD.K'IeCKH KOHTpOnKpOBlliiOCb. nnaTO CXeM COBnaD.eHHl\ 6b!IIH nOD.06 pllHbl TllK)Ke no 

D. K OLI. IIOMy OrpaHK'IKTe n iO II B biXOLI.HOMY D.IICKpHMIIH8TOpy • 

.[ln11 COrllllCOBllHIIII aHOLI.HblX Harpy30K ( 390 OM) ¢oT OyMHO)KKTene ll 'lepeHKOBCKOrO 

C'leT'IIIKll C BOIIHOBbiM COIIpOTKBneHKeM Ka6enR KMnynbC C ¢0TOYMHO)KKTeneil Hll Kll6enb 

nepeD.aaanCR KllTOLJ.HbiM IIOBTOpKTe n eM Y ai!Ta Hll naMne 6H In. Cno)KeHKe K MnynbCOB ocy

wecTBnRnOCb Ha o6wel! HarpyaKe B aHOD.llX 'leTbJpex neHTOD.OB 6)f<Jn • .[lnSI BbJD.eneHHII 

CHf'H81lOB speMeHHbfM ceneKTOpOM 6e3 H CK8>K8HHSI 8MllllHTy.D.HbiX COOTHOW8H H A HMllYilbCbi 

ycu nHeanK C b D.BYMR ycunuTenRMK •6ery well sonH bi• . CxeMa nponycKBHKR ( nuHel!Hblll 

ceneKTOp) C06 p a H a H a D.HOD.BX .[lrC-1, COeD.KHeHHbiX nocneD.OBllTen bHO C uen b!O y aenH qe

HIIII D.OnyCTII M OrO 06paTHOrO H<lllp!I)K eH KR. .[lH811ll30H llMiliiKTyD., nponyCKlleMbiX C XeM o l!, 

onpeD.en RIICII B OCHOB H OM BMIIIIKTyD.HOH xapBKTepii CTHKOll y C HIIHTenR, IIHHeliHOC Tb KOTOpOrO 

COXp8HSI11 8Cb .D.O 5 B OilbT IJ.IlSI 110110/KHTellbHbiX HMnynbC OB H 8 B blXO.CJ.e • .qnH 8H811H38 8MllllH

TyD. HMIIYflbC OB 'lepeHKOBCKOrO C'leT'IHKll HCIIOIIb308lliiHCb LlHCKpHMIIHBTOpbl C paa pewaiO

W IIM apeMeHeM I MKCeK. noporK LlHCKpHMKHllTOpOB ycTBHBBIIIIBBIIIICb KBnH6p08KOll qepeu-

KOBCKOf'O Ctt8T'IHK8 H BC8f'O CfieKTpOM9Tpl.Pl8CKOrO Tp8l<T8 H8 nyt.tKe 3 11 8 KTpOH OB H C llOMo

WblO reHepaTopa H B pTyTHOM p e n e • .[lnR OLlHOBpeMeHHOrO C 'l e Ta Clly'laltllbiX COBII8LleHHl!, 

BK118Ll KOTOpb!X B 33BHCHMOCTII OT 3Brpy3KH II pe)K IIM a pa60Tbl y CKOpHTenR MO)KeT 6biTb 

6 

' 
~--------~------------------------------~ 

3H8qHTe llbHbiM, 38.Q8p.>KaHHLIA I 

BX<\LlOB eTopoll cxeMbl nponycK 

LliiCKp11MIIHllTOpOB 0 noporH KOTC 

LliiCKpHMHHllTOpOB OCHOBHOrO Kl 

5 • 

.[lnn oueHKK cpeLIHell acpq 

TH'IeCKKll cneKTp Hel!TpOHOB 110 

npOTOHOB II 3cjlcjleKTHBHOCTb pel 

well pa6oTe HCnOnb3ylOTCII 3He 

llpH 3HeprHH 2,2, 6,2 H 9,0 ra 

.[ln11 oueHKH cpeLIHell acp~ 

npH B3aHMOLlel!CTBHH npOTOHOB 

9,5 las, c 6epHnnHesoll MHU 

npOTOHOB C 3HeprHel! 6,2 ras. 

nOlly'leHHblll npH 9HeprHH 6,2 f 

pa3HHUY B 3HeprHRX npOTOHOB . 

aaTeM KOHTponHpoaanH Cb c n or 

npH LipyrHx aueprH!IX. VIa pnc 

HOJI 3Hepr11H Hei!TpOHOB npH 

cneKTpa (a LiaHHOM cnyqae 

CpeLlHel! acpcjleKTHBHOl! 3HeprH> 

XonMKBHCTa 
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Linll npoToHOE 

HOB C 3 H9prHell 9 rae oTnH ' 

THBHblX 3HeprHJI OT cjlOpMbl Cl 

CB cneaCTBH9M BWCOKOrO 3HE 

Toro. qTo a HHTepaane aHeprH 

Hel!TpOHOB IIBII!IlOTC!I HeynpyrK < 

TpOHOB KanH6pOBO'IHa!l KpKBa!l 

rHH a neKTpOHOB) 6bJna nHHei!HC 

.[ln11 npoee pKK aaBHCHMOC 

well CnOC06HOCTH 'lepeHKOBCKO 

6bJIIH paCC'IHTaHbl Llflll c ny'l aR , 

'IHKa Llllll aneKTpOHOB C 3Hepr> 

a aKoHy /j. ~ ~ , r.ue E - ' v"E 
TpOHOB 6blnH paCC 'iHTaHbl T aK>I 



TKnnSIUKOHHbJX C"'9T'IHKOB 

JMKHHeBoro KOHB9pTOpa, 

'laCTHUbl. AniOMHHHeBbll! 

lTOpa allHHOl! 100 CM H 

Ocb MOHHTopHoro KaHana 

•ro Kauana. 

30BaHa npH H3MepeHHHX 

pHC. 5. J.1Mny1lbCbl C cpo To

(e HHH no Ka6en10 Pl<-2 

:ol! nponycKaHHR 150 Mru. 

l aiOT Ha H'lel!Ky OT6opa 

•ecKHx aHoaax .nrc-1 c 

'Hcoana.nenHA, Hc nonb3o-

101lb30!Ia1lHCb BpeMeHHble 

• fiO Tbl C'leT'IIIKOB anH 

l, KOTopoe s .aanbHeA:weM 

O.!l06 p a Hbl TllK>Ke no 

JTene A qepeHKO!ICKoro 

IO>K HTenell Ha Ka6enb 

O)l(eHH e HMII YllbCOB ocy

:tn . !lnR BbJaeneHHR 

•OTH OWeHHit HMnynhCbl 

:KaHHH (nHHel!Hbllt 

nhHO c uenb~ yaenKqe-

ponyCK89Mfil:X CX9MOA, 

nSI , nHH9fiHOCTb KOTOpOrO 

1e. L].nSI 8 H 8 nH38 BMnnH-

IHHaTopbl c p aap ewaiO

Cb KanHfipOBKOl! 'lepeH-

! 3n9KTpOH OB H C £10MO-

IY1iBitHbiX cosna.nenHA:, 

:opHTe.1R MO>KeT fibiTb 

3HBlJ:KTenbHhiM, aa.aep>K.a.HHLIA no speMeHH ynpaansuomHA HMnyn bC no.aaaancH Ha o.aKH H3 

BXO.!lOB BTopoA cxeMbi nponycKaHHR. nponyweHHbJe cxeMoll HMnyn bCbl noaaeanHcb Ha exoabl 

.llHCKpHMHHaTOpOB, noporH KOTOpblX fiblnH IIO.llOfipaHbl paBHblMH COOTBeTCTBYIOWHM noporaM 

.llHCKpHMHHaTOpOB OCHOBHOrO KaHana. 

5. 3cpcj)eKTHBHaH 3HeprH51 HeliTpOHOB 

.QnH oueHKH Cpe.aHell 3cj)cj)eKTHBHOJI 3HeprRH HeliTpOHOB HeOfiXO.llHMO OllpeaenHTb 3Hepre

TH'IeCKHll C lleKTp HeliTpOHOB IIO.ll yriiOM 0° K Hanpaene HHIO BHyTpeHHero nyqKa yCKOpeHHWX 

npoToHoB H 3cj)cj)eKTHBHOCT~ perRcTpauHH .aeTeKTopoM HeliTpOHOB c 3HeprHel! E • B HacToR

weA pafioTe HCIIOIIb3YIOTCH 3HepreTH'IecKHe ClleKTpbl HeliTpOHOB, nonyqeHHbl e B pa6oTax
16

•
41 

11pH 3HeprRH 2,2, 6,2 H 9,0 r3e. 

.Qn>l OUeHKH cpe.aHell 3cj)cj)eKTHBHOJI 3HeprHH HeliTpOHOB IIO.ll yrnOM 0 ° , ofipaay iOWHXCH 

llpH B3aHMO.lleliCTBHH npOTOHOB, 3HeprHH KOTOpbiX p !IBHB 3,3; 4,6; 6,5; 7,9 H 

9,5 r3B, C 6epHIIIIH9BOll MHUleHbiO fiblll HCIIOIIb30BaH ClleKTp H el!TpOHOB, IIOIIy'I9HHblll anA 

llpOTOHOB C aHeprHel! 6,2 r3B. npH Ollpe.aeneHHH cpe.aHel! acj)cj)eKTHBHOl! 3HeprHH cneKTp, 

nony'leHHbll! 11pH aHeprHH 6,2 r3B 0 yMHO)I(BIIC>I HB COOTB e T CTBYIOWHA cj)aKTOp, Y'IHTbiBaiOWHA 

paaHRUY a aHeprHRX npoTOHOB. OueHKH cpeaHeA aHeprHH, nony'leHH bJe yKaaaHH blM cnoco6oM, 

aaTeM KOHTpOnHpOBBflHCb C fiOMO ll.l blO 8H8flOrH'IHbiX pactte TOB CO Cl19 KTp8MH 1 nony'leHHbiMH 

npH .apyrHX 3HeprHRX. J.1 a pRCo 6 H 7 BH.llH0 0 'ITO p 8C 'I e TH 851 B91lH'IHH8 cpe.aHel! acj)cj)eKTHB

HOl! aHepriiH Hel!TpOHOB npH EP a 3,3 r 3 B np!IKTH'!eCKH He 3aBHCII_T OT HCnon b3yeMOA <flopMbl 

cneKTp!l (a .llBHHOM cnyqae - .lliiR npOTOHOB C aHeprRel! 2,2 H 6,2 r a e). OueHKH 

cpe.aHell acj)cj)eKTHBHOl! aHeprRH npH E •• 9,5 r a e, B bi'IHCIIe HHble H a OCHOBaHHH .aaHHblX 

XonMKBHCTa 
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.llnll npOTOHOB c aHeprHell 6,2 r a e H 3 MYIIbCHOHHbiX aaHHblX - .lliiH npOTO-

HOB C 3HeprHel! 9 r3B OTIIH'!aiOTCH HeaHa'!HTenbHO. Cna6aH aaeHCHMOCTb cpe.aHHX acj)cj)eK-

THBHblX 3HeprHl! OT cj)OpMbl cneKTpOB Hel!TpOHOB, n o JiyqeH HblX B pa3Hb!X pafioTax, HBIIReT-

ca cne.a.cTBHeM BhiCOKoro saepreTHttecKoro nopora ttepeHKOBCKoro cneKTpoMeTpa, a T BK>Ke 

Taro, 'ITO 8 HHTepaane a HeprHl! OT :.1,:.1 .llO 10 rae npeaanHpyiOWHM npoueCCOM reHep!IUHH 

Hel!TpOHOB 51BIIRIOTC51 HeynpyrHe npoueCCblo npu p acqeTe cpe.aHel! 3cj)!peK THB HOi! 3HeprHH Hel!

TpOHOB KanH6pOBO'!Ha51 KpHBaH (aaBHCHMOCTb a MniiHTy.llbl '!epeHKOBCKHX HMIIYIIbCOU OT aHep

rHH aneKTpOHOB) fib!lla IIHHel!HO aKCTp!lnOIIHpOB!IH!I .llO aHepri!H 9,5 r 3a
171

• 

JlnH npoaepKH 3BBHCHMOCTH BeiiH'IKHbl cpe.aHel! 3cpcj)eKTHBHOi! 3HeprHH OT paapewaiO

wel! CnOC06HOCTH 'lepeHKOBCKOrO ClleKTpOMeTpa C p e .llHHe acj)cj)eKTHBHble 3 HeprHH H el!TpOHOB 

fibJnH p8CC'IHTaHbl .lliiH cny'laH, KOr.aa 3HepreTH'IeCKOe paapeWeHH e '!epe HKOBCKOrO C'!eT

'IHKa .lliiH 311eKTpOHOB c 3 H e prHel! I r3e paeno ~'>o =:tJ5% H H3MeHHeTCR c 3HeprHell no 

aaKoHy /',. ~ ~ , r.ne E - 3HeprHR 3neKTpoaoa. Cpe.nHHe acj)cj)eKTH BHbie aHeprHH Hell-
yE 

TpOHOB fibllllf paCC'IRTa Hbl TBK>K e .lliiH Clly'IBH, KOraa /',. O • ±J 5% H noCTOHHHB B HHTepaane 
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. ' 

aHepl'HA OT I .D.O 10 rae. Ha pH e. 7. 8, 9, 10 H II npHBe.D.eHbl acpcpeKTHBHb!e eneKTpbi, 

nonyqeHHble yKaaaHHblM Bb!We enoeo6oM, '-!HeneHHb!M HHTel'pHpOBaHHeM KpHBblX 6binH HaA

.D.eHbl epe.D.HHe acpcpeKTHBHbie aHepl'HH Hel!TpOHOB E :;~cp.• l'paHH'IH bie aHaqeHHSI :;~cj:>cj:>eKTHB

HblX eneKTpOB Emln H Emax H eenH'<HHbl nonywHpKHbi KpKBbiX Ha nonyBbieOTe 8 • 3TH 

.o.aHHbie npKBO.D.SITeSI a Ta6nHue I. KaK BH.D.HO Ha l'pacpKKOB, Kao6pa>KeHHbiX Ha pH o , 7-11, 

epe .D.HSISI 3cpcpeKTHBHaSI 3Hepl'KSI Hel!TpOHOB Mano 38BHeHT OT paapewaiOwell e noe o6HoeTH 

q e p e HKOBeKOI'O e'<eT'<HKa H a oeHOBHOM onpe.o.enSieTeSI 3Hepl'eTH'<ee KKM n opol'OM E n qe

p e HKoeeKOI'O eneKTpOMeTpa, 

Ta6nHu a 

E
0 

rae 3,3 4,6 6,5 7,9 1:1,5 

E [' aa 2,6 3,9 5,5 6,9 8 ,3 
3 

Emln l3B 1,8 2,9 4,2 5 ,5 6,7 

Emax las 3,3 4,6 6,5 7,1! 9,5 

En t3B 2,2 3,4 4,9 6,2 7,6 

8 r :;~e ±_0,5 ±_0,6 ±_0,7 ±_0, 75 ±_0,85 

" 
['eoMeTpHSI H noeTaHOBKa OnbiTa 

n o nHble eeqeHH>< B3 aHMO.D.eJieTBHSI Hel!TpOHOBe npOTOHaMH H3MepSinHeb p83HOeTHb!M 

MeTO.D.OM no oena6neHHlO ny'lKB HeATpOHOB B MHWeHSIX H3 nonH3THneua II yl'nepoaa, ['eo

MeTpHSI onbiTa (eM, pHe, l ), KOTOpa>< onpeaenSinaeb paeeTOSIHH e M Me>K.D.y MHWeHblO H 

KOHBepTOpOM, y.uoaneTBOpSina yenOBHSIM · xopowea l'eOM e TpHH" ( 0 a0,228°) , .IJ.nSI yMeHb-

WeHHSI BnHSIHHSI HeeTaTR'IeeKHX qJaKTOpOB B yeKOpHTe ne H B annapaType H3MepeHH>I npoHa

BOaHnHeb nonepeMeHHO e MHWeHSIMH H3 nonK3THneHa H yl'ne po.o.a, ABTOMaTHqeeKOB yeTpoA

eTBO noaaonSino npoHaaoaHTb eMeRy MHWeHel! Ka>Kabie :.::0 UHKnoa pa6oTbi yeKopHTenSI, 

B H3MepeHKSIX u:cnonb3osanKCh nonHaTHneHOBbte R yrnepo.uanre MHW9HH TOnUlHHOR cooT
:.: 

e e TeTe eHH O 48,53 ; 2;;s,66; a 41,56; 20,32 1'/eM • PaeeTOSIHHe Me>Kay ueHTpaMH 

MHWBHell H KOHBepTopa 6bin0 paBHO 6,3 M, npH aHaMeTpe KOHBepTopa 0 eM anSI Tenee

-3 
HOI'O yl'na ae TBKTOpa HeJITpOHOB nonyqaeM eenH'<HHy l paeHyiO 7, 9• l 0 eTep, 

MeToaaKa H3MepeuHA H o6pa6oTKa aaHHbiX 

nonHblB ee'IBHHSI B3aHMOaeJteTBHSI Hel!TpOHOH e UpOTOH8MH 6binH H3MBpeHbl anSI HeJt-

TpOHOB e acpcpeKTHBllOR 3Hepl'Hell 2,6;" 3,9; 5,5; 6,9 H 8,3 t3B, .IJ.nSI KB>KaOl! 3Hepl'HH 

nonepeMeHHblM 3KenOHHpOBaHHeM MI!WeHeJI H3 nonH3THneHa H yl'nepoaa 6blnO nonyqeao 

8 

H9CKOnbKO COTBH rpynn OT 

HB 9nBKTpOHHQ-BbJ'lHCnHTeJ; 

Ne 

Me 

f'ae N • M H N • I 
o o C H 2 

H >,fOHHTOpa npll 3KenOHHpC 

nonH9THn9HOBOA MHWBHR 8 

2 
B3aHMOaelleTBHSI B eM , 

0wH6Ka H3MepeHKSI B Ka>K 

paenpeaenHbl no 38KOHY n 

/)_ 

3xenE>pKMBHTanbHble a aHHb 

TBK H 6ea HX BbtqeTa. Pa:: 

I%, ~ npol'paMMe 6wn npe 

,deneHHOMY KpHTBpHIO, n pH 

OTC'IBTOBt OTKnOH9HH9 K QT ( 

OWH6KH, n oene HaXO>Kae H 

H8 OCHOB8HHK KOTOporo BC 

.UB B CT8 H.LJ.8pTHbl9 OWH6KH, 

aaHHblX epeaHHe 3Ha'IBHHSI 

KpHTBpHeB, npoeeaeHHblll 

HblX p83HhiMH CllOC068MH C 

eTaHaapTKOA OWH6KH. 

nonpaBKH I 

a) BKnaa aap!l>KeKKb 

npHeyTe TBHe aapSI>K E 

CTH K HCKB>KeHHK> eenH.'IH 

nyqKa Kel!TpOH OB OT a a pSI >I 

OCylllBCTBnSin8Cb MBrHHTHh 

q8CTHU 1 reaepHpOB8HHbiX H 

yeKOpHTenSI H 8 BBIUBeTBe 

Cp9.0CTB9HHO 38 CTBnbHbiM 

C'I&T'IHK8 8HTHCOBll8.Q9HHA 

MeHee 0,1% OT '<Rena pel'• 

cornacKH ~ oueHKOA, nony• 



'Hbl 3cpcpeKTIIBHb19 CUBKTpbl 
1 

:pOBBHHBM Kpi!BbiX 6binH Hell-

H'!H hl9 3 H B'I9HHH 3¢¢eKTHB

X Ha nonyswcoTe 8 • 3TH 

H306pB>K9HHblX HB pliO, 7-JJ, 

paapewa10well cnoco6uocTH 

'TH'IecKiiM noporoM E n qe-

9,5 

8,3 

6.7 

ll,5 

7,6 

.!_0,85 

:H H3M 9 pHOI! C b p83HOCTHb!M 

I 3TH09118 II yrnepoaa. reo

IH9M M9>Ktly MHW9Hb10 H 

( () a 0,228° I • .OnH yMeHb-

:napaType H a MepeHu,. npoHa

'tla. AsTOMBTKqecKoe y c Tpoli

Knos pa6oTbi ycKopHTenR. 

MHW9HH TOnW:HHOR COOT-

SIHHe Me>Kay U9HTpElMH 

m e pTopa o e M an11 T enec

',9•J0-S CTep. 

BHHbiX 

If 6blnH H3MepeHbl tliiH Heli

'<>B • .LlnH KB>KtlOH 3H9pf'HH 

rrnepoaa 6bino nonyqeno 

H9CKOIIbKO COT9H I:'pynn OTC'I9TOB 0 KOTOpble 3BT9M 06pa6BTb1BBIIRCb 110 3BtlBHHOll npOI:'pBMM9 

HB 3 119KTpOHHO-Bbl'IHCIIHT9UbHOll MBlliHH&, ~&IIH'IHH B C9'19HHH OUp9tl911RUBCb UO ¢opMyne : 

•xno 
. e 

(I) 

rae N , M • H N , M C H"- COOTE'9TCTB9HHO 
CH 2 • 

H MOHHTOpB UpH 3KCUOHHpOBBHHH yrnepOtlHOll H nOUH3THU9HOBOll MHWQHell, X - TOUUlHHB 

nonKaTHneaosoA MKUJeHH a CM., 

B38HMOtl9liCTBHH B CM
2

• 

n -qHcno npoTouos s CM
3

, 8 - nonaoe cet~euae 

0wH6KB H3M9p9HHH B KB>KtlOI! rpynne HBXOtlHIIBCb B npet:tUOIIO>K9HHH TOf'O, '<TO OTC'IQTbl 

pacnpeaenHbl no 3BKOHy nyacCOHB , 

llu • ..j }._l_+~ -~-
1 Nl I M I 

(2) 

3xcnepHM9HTBUbHb19 tlBHHb19 6biiiH o6pa60T8 Hbl KBK C Bbi'I9TOM CUy'IBliH biX COBnBtl&HHI!, 

TBK H 6&3 HX Bbi'19 TB. PB3HHUB B B90H'IHH BX C9'19H H l!, n ony'l e HHbiX tlBYMH M9TOtlBMH 0 M9H99 

J%, ~ UpOI"'pB MM9 6bin npeayCMOTp eH T B K >Ke OT60p 3KC n & pKM 9H T 6UbHblX tlBHHbiX no onpe

~eneHHOMY KpHT&pHIO, npHM9H9HR9 nepBOf'O KpHTepHH npHBOtlHUO K O T6pBKOBK9 T9X rpynn 

OTC'IBTOB, OTKnOH9HHe K OT OpblX OT c p e,auero 3 H 8"19HH SI npeBbiWBnO 'l:8Tblpe CT8H.08pTH b19 

OWH6KR. n ocne HBXO>Ktl9HHH tlOBOf'O Cp9tlH9f'O 3H6'19HHH npHMQHHUCH BTOpOl! KpHrepllll, 

HB OCHOB8HHK KOTOp oro see rpynnbt 1 HM910UlH 8 OTKnOH 9 HHe OT CpB.Ll HBr'O, npeBbiWBIOLU88 

tlB9 CT6Htl6pTHb19 O WH6KII, OT6p6CbiB610TCH KBK H9COBM9CTHMbl9/ S/ • n pH o6pa60Tit9 

.QBHHbiX CpB.LlHHe 3H8'18HHSI 6binH nony'IBHbl T 8 K)K9 H 6ea npHMBHBHHSl yKB38HHbiX BbiWB 

KpHTB pHeB. npoBB.l;l,BHHbtA 8 H8nH 3 llOK83biBBeT, qTQ OTnHq H e s enH\fKH C8 1.J.8 HHA, nonyqea-

HbJX p83HhiMH C fiOC068MH o6pa60TKH 3KCnepHMeHT8nbHbiX ,ll8HHbJX 1 He npeBbiWBeT O.ll.HOA. 

nonpBBKK K B03MO>KHbie CHC T eMBTH'IeCKHe OWH6KH 

a) BKnaa aap!!>KeHHbiX 'IBCTHU . 

npHCYTC TBK9 36pH>K9HHbiX H Hel!rpBIIbHbiX '16C THU B Uy'IK9 Hel!TpOHOB MO>K9T npaae

CTH K HCKB>KeHHIO B9UH'IKH C6'19HHI! B36HMOtl9JICTBHH H&liTpOHOB C HYKUOH6MII, 0'!HCTK6 

llf'IKB HeftTpOH OB OT 38pSJ>KeHHbiX '1 8C THU, r e H e pHpOBBHHbiX H 8 6epHnnHeao A MHW e HH: 1 

ocymecrsnHna cb MBf'HHTH biM noneM ycKopHrenH • .Iln!! O'IHCTKH ny'IKB or aapH>KeHHbiX 

'IBC THU, f'9H9p11pOB6HHbiX HeJITpOHB MII npH B36HM0tl&JICTBIIII B CT9HK6X BBKYYMHOll K6M 9 p bl 

YCK OpKTenst H B BeLUeCTBe CBHHUOBbiX ¢HnbTpOB 1 cny>KHT M 8rHH T 1 yCT8HOBneHHbiA Heno

Cp9tlCTBeHHO 36 CT6UbHbiM KOUUHMBTOpOM, no OU9HK6M ( C Y'<9TOM 3¢¢eKTHBHOCTe ll 

C'I9T'IIIK6 6HTHCOBU6A9HKJI H tl9T9KTOp6 H9JITpOHOB)/ BKIIBtl 36pR>K9HHbiX '1 6CTHU 6biU 

M9Hee 0,1% OT 'IIICII6 pei:'KCTpllpyeMbiX H&l!TpOHOB, 'ITO H BXOtlHTC !I B ytlOB09TBOpHTenbHOM 

COrnaCHH 9 OUeHKOA: 1 n o nytteHHOA He38BHCHM0 1 C fiOMOlUblO 3 MynbCHOH HOA MeTO.ll. KKH. 

9 



6 ) BKnaa uel!Tpa nbHbiX q acTuu 

Yu c n o y - K eauToB, !"'euepupoeauHblX ua 6epunnu e eoll MKweuu B ycKopKTene, ·cpaeHu-

MO C l{H C flOM H e A:TpOHOB HnK ,a8)K9 npeBblW8eT era. llnH 01.fKCTKH nyqKa OT y -KB 8 HTOB 

HCfl0flb30B 8 flHCb CBIIHUOBble cj:>HflbTpb l TOfl W IIHOl! llO 7,2 C M ( npiiMepHO 12,5 paa. ea. ). 

JlnR onpe aene HIIH CTe n e HI{ O'IIICTKII ny'IKB OT y -KB8HTOB 113MepHnOCb Ce'leHIIe B38HMOlleA-

CTBK st ueATpouos c R.npaMH csHuua. Oue uKK noKB3biBBIOT, qTo npHMecb 

nyqKe ueliTpoHoB ue npe eblwae T 0,1 %. 

y -KBBHTOB B 

8 ny'!Ke npi!CyTCTBy iOT T B K>K e u e liTpanbHbl e cTpBHHbl e 'IBCTHUbl. OauaKo 11x B Knaa, 

a a HCKn K> I.feHH eM aonro>KHBylllHX ue .A.TpanbH biX K -MeaOHoa • .aon>KeH 6biTb MBn Ha-a a 
-10 

KOpOTKOr'O B p e MeHII >K 113HII 9 TI{X '1 8CTII U ( K OTOpoe He npe BbiWBeT !0 ceK) I{ 3H 8 '111Tenb-

O 
H O!"'O p8CC T OHHIIH M e>KllY MKW e llbiO K a e T e KTOpOM (oK o nO 30 M e TpoB). K

2 
-Me3 0Hbl KMe-

- 7 
lOT Bp9 MR >K H 3 HH nopSI.OK8 }Q C8K H, c n e .aOB 8 T e nbH0 1 MoryT flOBnHRTb HB peaynbTBTbl 

H3 M e peHKll. O auaKo 'IH c no 
0 

0 
K2 yM QHbW BQTCR 3 8 C'leT ne pexo.na HX 8 KOpOTK O >KHBYlllY lO 

K OMllOH9HTY K 1 npK B38HMOlleliCTBIISIX B C TeHKBX B8KyyMHOll K8Mep bl y CKOpiiTe ng H B 

/ 9/ 0 
e e LU eC TB e <PunbTpOB . no llBHHbiM pa6oTbl 1 'IH Cno !"'eHep11pOB8HHblX K -Me30HOB COC Tae-

- 4 
nHeT npuM e pno 10 OT 'IH Cn a u e liTpo uoe anH npoTouoe c a u e p!"'Hel! 6,2 l 9 e. KpoMe 

0 
T OrO, cette HK e B3 8 HMO.ll9 ACTBHS1 JC 

2 
-MQ30HOB OT ceq e HHH H e A:TpOHOB O TnHtt8eTCSI He3 H8'1H-

TeflbH O . 

B nyqK e ue ATpanbH brX 'IBC THU HM ee T C H T8K >K e npHM ec b BHTHHe ATpouoa , onuaKo HX 

B Kn a a e eenH'IKHY c e q e HII H npeue6p e>K IIMO Man. 

B) npll 11 3 M e p e HIISIX C e 'l e HIIll B 3811M Oll e liC TBIIH Hel!TpOHOB C npOT OH 8 MII IIC IT Onb 3 0B8 -

nH Cb MHW e HII H3 fi O/IH 3 TIIne H 8 II IT OpHCTOr' O yr'nepoaa llii B M e TpOM 10 C M H llniiH Oll COOT-

B e TCTB GHHO 25 ,4 2," 52,15 H :.!3,28; 4 7,1 9 C M. 3KBIIB a n e HTH OC Tb MHw e u e ll ITO COll e p.)l( a -

2 
HHJO yrn e pOLI.H blX 8 TOM OB H 'IH C J10 MOJl e KyJl BO.U O pO.U 8 H8 CM Ollpe .a e JISIJIOC b ll OB TOpHbiMH 

u a M e p e HIISIMH p aaMepo e H e eca n o nii9TIIn e u o ebix H yr'n e pollHbiX o6paauoe. Jlnu c peaue 

a a e e w e HHbiX n n o THOC T e ll n o nii 9 THne ua " y !"'nepoa a 6binH n o ny'l e H b l a H a 'l e HHH d(CH,) "'(),9306 

H d(C) -0,8807 !"' f CM
3

• 0wH6K8 e e mi'IHH Ce 'l e HHl!, o 6 y c n o nneHHB H H e TO 'IHO C TbiO K 3 Mepe

HHJ1 p 83M 9 p 0 B H BCC8 MHW e H e A, IT O 0 U 9 HK8 MtH e npe B biUI 89 T 0, 3 M 6 H c yUleC TB 9 HH O M e H b W 9 

C T8TK C TH'ICC K O H. T0 4H OC TH H 3Mep eHHA. P acC M OTp e HH bl e B bJW e C HC T e M 3 THl.f.eC KH e OW Jt:6KH 

M9H bWC C T BTH C TH'i CC KH X , l1 03TOMy T O 'iH OC Tb H3 M C p e HH bi X B 3 KC 11 e pHM e H T9 B911 H'IHH Ce lf e HHH 

B OCUOB H OM o npe .n e nsr e T C H C T BTH CTH"'. eCKHMH OW lt>KBMH. 

3 Kc n e pHM 9 HT8 11bHbl e Jl8HH bi9 11 0 llOJlH biM ceq e H H H M B 3£HfM O.Ue t:i CTBiHI 

H e ATpO H O B C n pO T OH 3 MH 

n o/1H bl 9 Ce 4 9 HHH B38HM O.U9 A C T B H SI H9 ATpOHOB C 11pO T OH8 MH .Uilfl CpC.!lH H X gcpcpe KTH B H bi X 

9 He p!"'Hl! 2, 6;' 3 ,9; 5 ,5 ; 6,9 " 8 ,3 rae n p u eeaeH bl B T 86nKue 2. Y KB38H II bl e B T a6nune 

OW H 6 KH SIB JlSI IOT CSI C T 8TH C TH"' 9C KH M H . 

10 

dHep !"'IIH 

HeATpOH O B 11 2,6 
r 9 e 

u, • M6 38, 
--
!'!. u

1 
M 6 !..2,1 

3 Kc ne p H M 8 HT8 11bH bl 9 L18HHbte 

npaeeaeH bl u a p11 c. 12. JlnH 

H bi M C9 "1 9 HHSIM B38HMOL18ACTE 

ce q e nu e u, ( n p) B IIHTepe. 

ean e a u e pr'H ll o T 5 ,5 ao 8,3 

.aenax owu 6oK 3Kc n e pHMeHTa 

9 H ep!"'HHX B 38HM OlleliC TBy iOlU> 

CHMOC TH l1 0 11HblX ce q e HHit np 

C Tif r Kll OT 93bi H 3 0T0 11H'I9CKO A 

MO>K H O fl011Y 'IHT b CB9.ll9HHSI 0 

B 3 8HM O.aeACTB Jdt 8 p 8311 H 'IHbi; 

C IICTGM 8 X8 p 8 K Te pKa y e T CSI 113 

T 9 11bC TB 8 , 'ITO np - C HCT9MC 

H30T0flHl.f. 9CKy iO HH B8pH aHTHOC 

HyKno H-HyKnOHH Or' O B38HMOllE 

H a lla e HHbi e T aKHM c n oco6oM 

ael!C TBy iOlUHX Hy Kn OHOB ITpHB 

'ITO CipH 3 H eprH H X, rrpe B biWB.It 

B npe a e n ax ow u 6oK aKcnepHI 

HyKnOH HOll C HCTeMbl . 

B p a6oT/ 
1 O/ Y llr'BO H K· 

'IHTh B bt pa>KeHKH, on p e.a.ensu o 

'l eC K OR o6n 8C TK. JlnH p ac q e T 

c TB OM, 'ITO TpaeKT OP"" Pea> 

'1 9 HHH COOT Be T C TBy lOlllHX T p8E 

no ce q e HH H M B38HM OL19 A'C T BH 

p e3yn b T 8T8MH COBM eC TH O r O C: 

.Ll8HH biX fl O n o nH biM Ce1.f eH H SIM 

n o nyqe HH H n apaMeTpoa, xapa1 



Ill B yCKOpHTene, ·cpaBHK-

ny'IKa OT y -KBaHTOB 

• pao 12,5 paa. ea. ) . 

10Cb cett9HH e B38HMO.n.eA-

1M 9C b y - x.e8HTOB B 

!Ubi. 0L:tH8KO HX B KnB.ll, 

l>KeH 6biTb Man Ha - aa 

10-IOceK) K 3H a'IHT9nb-

BnKHTb H8 peaynbT8Tbi 

>aa HX B KOpOTKO>KHBYUlYIO 

a Mepbl yCKOpHTeHSI H B 

biX K 0 - Meaoaoa c oc Tae-

~HeATpOHOB 1 O.D.H8KO HX 

llpOTOH8MH H C ll Onb 3 0S8-

l 0 CM H nnHHOA COOT-

Tb MKW e H e A no co.aep)f(ll-

p e.nensrnOCb llOB TOpHbJMH 

o6paauos. l1n11 cpeaae-

,, 3 Ha '!eHH!I d(n\) =(),9306 

lSI H 9 TQqHQ C TbiO H3Mepe

M6 H Cyll.J.9CTB9 HH O M 9 HbW9 

T 9 M3THl.f.9CKH9 OW •16KH 

ofM OLl9 l:tCTDIHI 

l flH C p O.OH H X 3 ¢<1JeKTH B H bi X 

2 . YK aaaH H bie B Tn6nu:ue 

T a6 nHu a 2 

3Hepf'IHI 
HeATpOHOB 11 2 ,6 3,9 5,5 8 ,9 8,3 

raa 

at • M6 38,1 43,4 41 ,2 39,3 40,8 

6.a\ M6 ±._2,6 ±._1,6 :!:_1,7 ±._1,7 :!:_1,9 

3KcnepHMeHT8nbHbie .aaHHbie no nonHhiM ceqeaHHM aa aHMO.neAcTBHSI aeATpoaoa c n poTOH8MR 

npHseaeHbi a u pac . 12. l1n11 cpasHeHH!! aa TOM >Ke pacyHKe npKseaeHbi aaHHble no n on-

HbiM C9t{9HHHM 838HMO.UB ACTBKH npOTOHOB C npOTOH8MH. J-13 pHC. 12 BH.D.HO, "'TO nonuoe 

ceqeHHe at ( n p) B IIHTepsane 3HeprHl\ OT 1,4 !10 8,3 r as H3M9H!19TC!I MMO, a B HHTep-

sane aaepr11ll oT 5,5 ao 8,3 ras nonHbie ce'leHK!I n p - K p p -saaHMoaellcTaHA a npe-

,nenax OWU60K 3KCnepHM9HT8 C0Bfl8.ll810T. no-BH.llHMOMy, a =a 
nP PP 

H npH 6on ee Bb!COKHX 

3Hepf'H!IX B3aHMO£tel\CTByiOUlHX HyKnOHOB . Via H3 BeCTHb!X aaHHb!X 06 3HepreTH '!eCKOll aaaH

CHMOCTH nonHhiX ceqeHHl! np- H p p -aaaHMoae l!cTBKll , a npeLJ.nono>KeHHH cnpaaeam<Bo-

CTii rHflOT93bl H30TOflH1.{9CKO A HHB8pH 8 HTHOC TH npOUBCCOB HyKn OH-HyKnOHHhiX B38HMO.neACTBHA 1 

MO.>KHO nonyl.JHTb CB9.llBHHSl 06 3HBpreTHl.f9CKOJ1: 38BH C HMOCTH C9 "19HH A HyKnoa-HyKnOHH biX 

B38HMO,O.ei\CTB HA. 8 pa3nH"'H b iX H30TOfiCfiHHOBbiX COCTOSIHHRX. lleA:CTBHTen bHO, fiOCKOnbKY p p -

CHCTBMB X8p8KTepH3yeTCSI H30TOllH'l9CKHM CllHHOM T=- 1 1 TO U~•l -upp• Vfa TOrO o6CTOR-

T9nbCTBB, qTo np -cHcTeMa HBnsteTcH cMeCblO cocTOSIHHA c T= 0 H T = 1 , Hcnonb.'3yH 

H30TOllH"'eCKYIO HHB8pH8HTHOCTb, MO>KHO nony"'HTb cnea.yJOLUee Bbip8>K9HH 9 .n.nst C9"19HHH 

HyKnoH- HyKnOHHOrO B38HMO.neA:CTBHH B COCTOHHHH C T= 0 

HallaeHHbie TaKHM cnoco6oM ce<teHH!! aT=O " a T=·l 
B 38BHCHMOCTH OT a H eprK H 838aMo-

aeACTByiOll.lHX HyKnOHOB npRBeLJ.eH b! Ha pnc. 13. npnneLJ.eHHble aaHHbJ e yKa3biBaiOT Ha TO, 

"'TO npH 3HeprHRX, np9B bt W8KHUHX ,. 6 r ae, C91.{ 9HHH HyKnoH-HyKnOHHO("O B38HMO,aeACTBHH 

B npe,aenax OWH60K 3KCll9pHM9HT8 H 9 38BHCSIT OT senH'IHHbf H30TOllH'teCKOrO CllHH8 HyKJioH-

HyKnOHHOl\ CHCTeMbl. 

B pa6oTe
1 101 

YnraoaKapoM 6binH n ony<teHbl cooTHOWeHR!I, KOTOpble noaao n!IIOT nony

'IRTb Bb!pa>KeHH!I , onpeaen!IIOUlHe aaBHCHMOCTb a~ (np) OT aHeprHR B npeaaCKMnTOTH

qeCKOl\ o6nacTH. l1n11 pacqe Ta np - ce<teHHA MO >KHO a ocnonb3oaaTbC!I TeM o6cTO!!Tenb-

CTBOM , lfTO Tp89 KTOpHH Pe.o>Ke O.QHKD.KOBbl ,nng p 83HblX THllOB B38HMO.D.9A:CTBHR, T.e. 3H8-

'leHHSI cooTaeTCTByiOUlHX TpaeKTOpHll P e n>Ke npH t ~ 0 MO>KHO onpe.nenHTb H3 .ll8HHbiX 

no ceqettHHM B3BHMo.a.eA ·cTBHA " , K , p , N H p C HyKnoHaMH. tiocnonb3yeMCH 

p e3yn b T 8 T8MH COBM 9C THOI"O 8 H8nH38 HM 910lURXCH B H8CTOHLUe e Bp9Mst 3KcnepHM eHTBnbH b i X 

aaHH biX no nonHhJ M ce<teHH!IM rr-j> "+ p o K+p pp , pp 0 K-p H pn c uenbiO 

rronyq e HHH n a p aMeTpoa , xapaKTepH3YIOlllHX BKnB.llhi non10coa P e.aMe a MHHM hi e yacTH 

II 



BMnnHTy.ll COOTB9TCTByJOUlHX npOU9CCOB npH t = 0 , r.ne t - KBB.IlpBT nepe.nBHHO!'O '19Tblpex

M 9pHO!'O HMnynbCa a c,u,M. 
111 1

, OrpBHH'IHBBRCb BKna.naMK BBKYYMHoro, KBB 3 KBBKyyMHoro 

cu -- H p -noniOcos, nonHoe cetteHHe n p MO>KHO npell.CTBBHTb 8 BH.O e 

r.ne E 

a(np) = kE +fE
0
-nE "' + rEP 

(E2... ,M ")~ 

nonKBII 3H9pl'11H HeJITpOHB 8 n,C,K,, 

M - Macca HyKnoaa, 

q , cu K p - 3 HB'I9HH51 KB83KBBKYYMHOl!, CU- K p -TpaeKTOpKli npK t = 0, 

k , f, n K r - CI>YHKUHH Bbi'I9TOB COOTB 9 TCTByJOlliHX nonJOCOB, 

(6) 

11 T B6nKU9 3 npKB9.1l9 Hhl a e nH'IHHbl C 9 '19HKll B38KMO.Il9i!CTBH!I Hel!TpOHOB C npOTOHBMK, Bbi

'IHCneHHhl 9 C UOMOUlbJO CI>OpMyn b i ( 6) 

T a 6nHua 3 

E raa 
np' 

2,6 3,9 5,5 6,9 8 ,3 

u ~ M6 43,0 41,6 40,0 39,8 39,3 

J.-13 Ta6nRU 2 H 3 BR.QH O , 'ITO 3 KCne pHM9HTD.flbHO K3M 9 peHHbl 9 H BbPIHCneHHbf9 HB 

OCHOBBHHK n o nJOCOB P e.n >Ke aenH'IHHbl C 9'19HHJI B HHTe paan e 3 H e prHA 3,9-8,3 raa .llOBOnbHO 

xopow o co!'n a cyJOTCR .npyr c .npyroM. 

3KcnepHM9HTa nbHbl9 .08HH bl 9 no n o nHbiM C9 'l9HHHM B38HM0.0.9ACT8HSI 

HeATPOHOB c He HrpoHaMH 

Vl aMepe HH e ceqeHKl! 8 3BHM O.IleJIC T B H!I H e i!TpOHO B C HeATpOH A MH npOH 3 B O.IlHnOCb p83HO-

CTH bJ M MeTO.Q OM C fl O M O lllbiO MHW e H e it H 3 06bJliH O A H TSDK e n o A B O .O bl 1 CO.aep>K81UH~ O.!lHHS-

KOB09 'iH C fl O H.O e p KH C n Opo.a a . T o n LU HH 8 MHW 8H9 i\ 6bJfl 8 p 8 BH B C OO TB 9 T C TB9HH O 50,01 H 

55 ,60 !'/cM
2• r eOM B TpH!! OU biTB y.noan e TBOp!!n B y c n OBH!IM 'xo p o w e A !'eOM e TpHH' (Q-(),228°), 

8 OCTBnbHOM M 9 T O.O. KK 8 H 3Me pe H~fA COOTB e T C TBy e T OfiH C8HHOH .anSI OfiUITOB fl O H3MepeHHIO 

C9"19HHA np - a38HM O.aeA C TBHH. n o nyY: e HH bl 9 H 3 3 KC n epHM 8 HT 8 a e nHiiHHbl nonHbiX c e qeHHA 

B38H MO.IleACTBH!I Hel!TpOHOB C H e l!TpOH8MH npH c pe.nHe ~ 3 <j:><peKTHBH Oll 3 He prHH 5,5 H 8,3 raa 

n pHae.aeH bt s T a 6nHue 4 . YK a a wHHhl e owH6KH SIBnHJOTC R c TaTH C THqec KHMH. B aenH"''HHhi ce-

qeHKl! He BKnJO'!eHa nonpaaKB HB 3 KpBHHpOBKy He l!TpOH 8 IlpOTOHOM B .nel!TpOHe, 11 TOll >Ke 

T 86nHU9 .anR Cp8 BH9HHSI npHB9.U9 HW a e nH"'HHW nonH biX c eqeHKA B38HMO.U9ACTBHH npOTOHOB C 

npOTOH 8 MK, nony'leHHWe B p o 6oTe
1 121 

12 

't 

~ · <. 

I 
'I 

u (no) 

E, raa 5,5 

ut,, M6 34,8 

I!J.u, , M6 !_ 1,f 

BenK'IHHy nonpaBKH aa 3K~ 

senHqHH .ans:r a 
PP 

, 
0 nn 

H Oe ceqeHHe B38HMO.OeitC T I 

HHe B .ll9ATpOHe, 

VIa ycnoBH!I a a p11.noa 

B38HM0.09ACTBKBM, UPP 

cne.ayeT, l.frO 

Vl c nonb3y!l aenH'IHHbi ceq e : 

sane 3HeprHll OT 5,5 .no 8, 

poaaaae nonyqaeM: 

3 Ta aenH'IKHa xopow t 

.O.nSI flOTBHUH8n8 BH.ll.B 

H c .aaHHbiMH EnaHpa, BbP.:I 

(co oTaeTcTaeHHO 9 H 8 Me 

npe.nenax 9Kc n e pHMe HT Bn b H 

HOI! 4eHOM II .llp, H3 p B3H O 

Vlcnonb3y!l H3 M epeH H I 

H TOR }l{e ::tH e prHH, M O)K H • 

.neATpOH8 MR, l:l ocnonb30B8B 

qaeM: 

COOTBeTCTBeHHO .lln!l HeaT~ 

s npe.aenax 3Kcn e puMeHTan 



l,apaT nepeJJ.8HHOf'O 'iBTblpex-

tyyMHOPO, KBa3HBaKyyMHOf'O 

) BH.Qe 

(6) 

;oa. 

•I!Ti)OHOB C npOTOHaMH, Bbl-

8,3 

39,3 

J9HHbl9 K Bbl'IHCneHHbl8 H8 

~prHll 3,9-8,3 r3e .llOBOnbHO 

B38KM0.08A:CT8HR 

) HAMH OpOH3DO.QHflOCb paauo-

BO.D. ht, c o.aep>t<Bll.lH~ o.nHHa-

COOTB8TCTB8HHO 50,01 H 

l OW e ll reoMeTpHH' (0-(),228°), 

anSI OflbtTOB flO H3MepeHHIO 

8 BenHtJHHbl nonHbiX C9"19HHR: 

THBHOI! 3HeprHH 5,5 H 8,3 r 3e 

:THlJ.eC KHMH. 8 BellH"'KHbl ce-

<OM B .aeATpoHe, ti TOll >K8 

B38KMO.O.eACTBKR DpOTOHOB C 

I I 
, I 

T a 6 n H u a 4 

a (no) a (pp) 

E, r3e 5,5 8,3 E ,r"a 5,0 9,0 

a,, , M6 34,8 31,5 a ·, M6 42 40 

I'> a, , M6 :!:. 1,6 :!:_1,7 l'la, M6 :!:. :!:. 

BenH'IHHy nonpaBKH ua sKpBHHposauae MO>KHO oueHHTh Ha KaaecTHhtx aKcnepHMBHTunbHbiX 

aenH'IHH .o.nsr u 
pp 

H3M8p8HHbiX UpH OJJ.IiOl! H TOll >Ke 3HeprHH, 3JJ.8Cb u' - non-

HOB CB'iBHHB B3BHMOJJ.81!CTBHg Hei!TpOHOB C HeATpOHBMH 6ea yqeTa nonpBBKH HB 3Kp8HHpoea-

HHe B JJ.8liTpOH9, 

VIa ycnoeHsr aap11,aoeoR CHMMeTpHH g,aepHbiX cHn, ecnH npeHe6pe"''b 3neKTpoMarHHTHbiM 

B38HM0.09ACTBH9M, O'PP ,llOn>KHO 6b!Tb paBHO Unn (.ansr CB060.llHbiX HyKnOHOB), 0TCIO,llB 

cne.ayeT, 'iTO 

Bo-o -o'· 
pp nn 

, 
• u -u · · nn nn (7) 

V1cnonb3ysr eenH'iHHbl ceqeHHA, npHee.aeHHbie e Ta6nHue 4 , H npe.anonarag, 'iTO e HHTep

aane 3HeprHA OT 5,5 .llO 8,3 r3B Sa = const • .ansr cpe.aHero 3HB'i8HHg nonpaBKH HB 3KpBHH-

poeaHHe nonyqaeM: 

Su ~ (7,8:t_2) M6, 

3Ta aenH'iHHa xopowo cornacyeTcg c aenH'<HHOll Su ~7,2 M6, nonyqeHHOll rnay6epoJ
131 

.ang noTeHuHana aa.aa >.. -1 
V(r) • >.(e - ·1) 

(8) 

H c JJ.BHHblMH 6naHpa , Bbl'iHCneHHb!MH .anH aonHOBbiX <j:lyHKUHll XIOnbTeHa H rapTeHxayaa 

(cOOTB8TCTB8HHO 9 H 8 M6)
1141 , nony'ieHHBSI aenH'iHHa nonpaBKH Ha 3KpaHHpOBBHH8 B 

npe.aenax 9KC09pHM9H T 8nhHbiX OWH60K COrnacyeTCSI T8K>Ke C senHt.IHHOfi 000p8BI<H, H8A.D.eH-

HOI! 4eHOM U JJ.p, H3 p83HOCTH a.:·-Unp npH 3H8pf'HH 1,4-2,6 r3a
1151, 

Vfcnonb3yH H3M9peHHbi9 B H8CTOHW9A: p860T9 BBnR'IHHbi O'~n H U 
np 

npH O.llHOA 

H TOA >t<e aueprHH 1 MO>KHO onpe.aenKTb nonHbie ceqeHK51 aaav.Mo.neAcTBH51 HeATpOHOB c 

.aeftTpOHBMH, tiocnonb30BBBWHCb ,llBHHblMH, KOTOpble UpHBO,llHnHCb B Tll6ni<UBX 2 H 4, nony-

qaeM: 

a(nd) c (76,0:!:_2,4) M6 H 

a(nd) ~ (71,6 :!:_2,5) M6 

COOTBeTCTBeHHO ,llnSI HSiiTpOHOB C 3<j:l<j:leKTHBHOA 3HeprHel! 5,5 H 8,3 r3B, 3TH JJ.BHHble 

B npe.aenax 3KCnepuMeHTBnbHblX OWH60K COBUB,llBIOT C u(pd) ( COOTB8TCTB8HHO 78 H 76 M6 ), 

13 



MeTOO.KKa o 6 pa0oTKK 3Kc n epH:MeHTanbHbi X .aaHHbiX H soaMO>KHbte cHcTe MBTHt.tecKHe owK6KH 

H3Me peHHll 05Cy>KJl8fiHC b ,BbtuJe. 

AsTopbr 5n8I'OJl8p>IT 8K8Jl9MHK8 B.Vf.BeKcnep8 38 COJle AcTBHe H nocTOSIHHoe BHHM8-

HHe K pa5oTe, l:l.Vf.VIB8HOB8 38 nOMOUlb BO Bp9MSI H3M9p9HHll, HH <Vy-uHH - npoi'paM-

MHcTa p8cq eTHOI'O neHTp8 O VI.HVI, ll.n. 3HHOBbeB8, M.Vf.HuyTy u secb nepcoHan CHHxpo

<fJ830TpOH8, H8 npOTSI>K 9 HHH .JlfiHTerrbHOI'O BpeMeHH o5ecneqHB8BW9I'O yCTOl!qusyro p850Ty 

yCKOpHTerrSI. 
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