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3HaHne nonHblX ce'!eHHH B38HMoneficTBHH aneMeHTapHblX qacTHU C HyKnOHaMn n H.Upa

MH nMeeT 'PYH.UaMeHTanbHOe 3Ha'leHne nnH noHHM8HHH CTpyKTYPbl aneMeHTapHbIX 'laCTHU H 

npnpO.Ubl cnn B38HMO.UeficTBHH Me:>«.a.y HHMH. 

Pa3BHTne ycKopnTenbHOH TeXHHKH 38 nocne.a.Hne re.a.bl nano B03MOlKHOCTb nony'IHTb 

3H8'1HTenbHYIO HH<pOpMaUHIO no nonHb!M Ce'leHHHM B38HMO.a.eficTBHH TT -Me30HOB1 K -
Me30HOB H npoTOHOB C npOTOH8MH B ll!HpOKOM nnana30He 3Heprnll. l1MeromnecH no nocnen

Hero epeMeHn pa6oTbl no 3<p<peKTHBHblM ce'leHnHM B3aHMO.a.el\CTBHH HellTpOHOB C HyKnoHaMH 

H H.a.paMH B OCHOBHOM OTHOCllTCH K o6nacTH 3Heprnl\ nopll.O.Ka coTeH MnnnHOHOB aneKTpOH 

BOnbT/ 
1•2•

31
• Qqeen.a.Ho, 'ITO yKa3al!Hbie pa60Tbl He Mornn .a.a Tb CKOnbKo-11n6ynh non11ol! 

KapTHHbl noaeneHHH 3<p<peKTHBHbIX ceqeHnfi B3811MO.Uel\cTBHH Hel!TpOHOB C HYK.JlOHaMH H H.0.

paMH B o6nacTn BblCOKllX 3Heprnl\ H TeM 6onee naTb B03MOlKHOCTb nposeCTH K8KOe-n1160 

cpasHeHne C naHHbIMH no 3<p<peKTllBHblM C8'181!11HM B3811MO.U8fiCTBHll Me:>«.a.y npyrHMll 3.JI8M'3H

Tapl!b!Mll 'laCTHU8Mll. Bo3Hl!K810llllle 3.UeCb sonpoCb! npencTaB.JIHIOT lll!Tepec B CBH311 C npo

aepKOfi pa3.Jill'llibIX TeopeTll'!ecK11x r11n0Te3 06 ac11MnTOTH'lecKoM noeenen1111 ceqen11l\ s 06-

naCTII BbICoK11x aneprnl\ 11 np. llenhro pe(jiep11pyeMol\ nnccepTau1111 6bmo eocr10nH11Tb upo6en 

no IlO.JIHb!M Ce'lel!HHM B3811MO.UeficTBHH HefiTpOHOB C HYK.JIOHaMll 11 H.a.paMII B llHTepsane 3Hep

r11l\ OT 2,6 no 8,3 ras II OCB8Tl!Tb pH.a. eonpocoe, Ha KOTOpbie coepeMenHaH TeOpHH He MO

JKeT naTb CKonbKO-HH6ynh ynosneTBop11Te.JibHOro OTBeTa. K Ha116onee BalKHbIM 113 HHX OTHO

CHTC51 BOilpOCbI, CBH38HHbl9 C onpeneneHH9M a6conlOTHbIX 3H8'tJ9HHfi rronHbIX C9tI9HHll B38H

MoneilCTBIIH HeilTpOl!OB C npoTOH8MII 11, cnenoaaTe.JibHO, pa3HOCTeil COOTBeTCTBY!OlllllX ceqe

Hi!l! B38HMonel\cTBHH Hel!TpOHOB C npoToiiaMlI H npoTOHOB C npoTOH8MII, xapaKTep noeene

Hllll no.Jil!blX ceqeunl! B3811MO.a.eilcTBHH neilTpOHOB C npOTOHSMlI B yKa3aHHOM IIHTepsane 

anepr11i\, a6con10THb1e senH'IIIHbI nonpaeoK na 3Kpan11poaan11e HeilTpoHa npoTonoM a Hnpe 

nei\TpoHa np11 Bb!COKHX aneprHllX, IlO.JIHbie II Heynpyr11e ce'!eHl!ll B3allMO.UeficTBIIH neilTpOHOB 

C pa3.Jill'IHbIMII ll.UpaMII II np. 

Pe3y.JibT8TbI, 113.JIOlK8l!libl8 B n11ccepTaun11, n0Kna.a.b1Ban11Cb na XI Me:>«.a.ynapo.a.Hoil KOH

<pepenu11n no <pll311K8 'laCTIIU BblCOKllX 31Iepr11il 11 orry6nllKOBaHbl B pa60Tax
14

-
111

• 01mcan

Hbl9 B .0.HCC9pT8UlUI nccne,uoBaHHSl 6b1nn BbITIOnHeHbl Ha Bb1B9.09HHOM non yrnoM o0 
rrytIK9 

HellTponoB, renep11pyeMb!X rrpoTOHaMII na 6ep11nn11eeoil MIIIJl81lll, BHyTpll BaKyyMHOH KaMepbi 

cunxpo<pa3oTpona fla6opaTopu11 BbICOKIIX anepr11l!. 

ll11ccepTauuH cocTOIIT 113 qeTbipex rnae, B nepaol! rnaee 113naraeTcH onucan11e orrb1-

TOB no 4lopMHpOB8HHIO nytIKB H9i'I.TpOHOB, H3MepeHIUO era COCTaBa H llHT9HCHBHOCTH. 

B 3TOfi JKe rnaae naeTCH orr11can11e neTeKTOpa ueilTpOHOB, lleTeKUllH nel\TpOHOB Bbl-
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COKl!X 3Heprl!i! npeUCTaBnHeT co6oi! cnOJKHyro 3KCnepl!M9HTanhHyro aauaqy. B HaCTOHIUei! 

Ul!CcepTaUl!l! unn U9T9KUl!l! H9i!TpOHOB C 3Heprl!ei! B H9CKOnhKO Mnnnl!apuoB aneKTpOHBOnhT 

arrepBbl9 HCIIOnhayeTCH qepeHKOBCKIIH raMM8-CII9KTpOM9Tp IIOilHOro rrornomeHIHI H3 CBHHII0-

3 
BOPO cTeKna pa3MepaMl! 60 X 60 X 60 CM • B Tex B3al!MOU9HCTBl!HX, B KOTOPblX 3HeprmI Ha-

neTaromero Heti:TpoHa nonHOCThIO nepenaeTcH 
0 

1T -M830H8M, qncno qepeHKOBCKHX qloTOHOB, 

l!3nyqeHHb!X qaCTl!UaMII aneKTpOHHO-q,OTOHHoro nllBHH, uonJKHO 6b!Tb nponopu110HanbHO 3Hep-

r1111 HaneTaromei! qaCTIIUbI. llmr onpeueneHnH aHepreT11qecKIIX noporoB raMMa-cIIBKTpoMeTpa 

l! oueHKll cpeUHIIX a,j,q,eKTIIBHb!X 3Heprni! Hei!TpOHOB CIIBKTpOMeTp 6bm IIpOKan116poBaH Ha 

nyqKe MOH03HepreTJ!qecKIIX aneKTpOHOB B IIHTBpBane 3Heprni! 0,6 - 3,0 faB. 

llnH OU9HKII cpeuHei! a,j,q,eKTHBHOH 3Hepr1111 Hei!TpOHOB !IOU yrnoM o0
, 06paayrom11XCH 

npl! B3allMOU9HCTBl!II IIpOTOHOB, aHeprnH KOTOpb!X paBHa 3,3; 4,6; 6,6; 7,9 H 9,6 faB C 

6epl!nn11eBofi Ml!lli9Hbro l!CIIOnhayeTCH C!IBKTp HBHTpOHOB, nonyqeHHblll UnH npoTOHOB C 3Hep

/ 12, 13/ 
rl!ei! 6,2; 2,2 II 9,0 faB • ql!cneHHb!M IIHTerpllpOBaHHBM KpllBb!X 6blnll HailueHbl cpeu-

HIIB 9,j,,j,eKTIIBHb!B 3Heprl!II E 9<j,' rpaHnqHb!B 3HaqeHIIH aq,q,eKTIIBHb!X ClIBKTpOB E min 

l! E max II Ben11q11Hbl nonyrn11p11Hbl KpllBblX Ha nonyBblCOTe 0 

3Tl! uaHHbie !Ipl!BOUHTCH B Ta6nl!UB 1. 

Ta6nl!ua 

Ep , r:rn 3,3 4,6 6,5 7,9 9,5 

E a,j, r:rn 2,6 3,9 5,5 6,9 8,3 

Emio r:rn 1,8 2,9 4,2 5,5 6,7 

E r:rn 3,3 4,6 6,5 7,9 9,5 
max 

En r:rn 2,2 3,4 4,9 6,2 7,6 

ll r:rn :t0,5 :t0,6 :tO, 7 :t0,75 ;!:0,85 

Bo BTOpoH rnaae OIIlICbIB8IOTC51 H3MepeHHH rronHhlX Cffll8HHH B38HMOJle:f:i:CTBHH HeiiTpo

HOB C 9'j,q,eKTIIBHOH 3Hepr11ei! 2,6; 3,9; 6,6; 6,9 II 8,3 faB C IIpOTOHaM11: reoMBTpl!H II rro

CT8HOBKa OIIbITa, M9TOJ:UlK8 H3Mepeanfi H o6pa6oTKa Jl8HHbIX, norrpaBKH H B03MOR<:Hbl9 cnc

T9M8TH1I9CKH9 ornn6Krr. 

nonHbI9 ceqeHIHI B38HMO.ll.9:tiCTBHH Heti:TpOHOB C rrpoTOHBMH H3M8pHnHCb pa3HOCTHbIM 

M8TOllOM no ocna6neHllIO nyqKa HeI1:TpOHOB B MIUil9HSIX ll3 nonn:aTnneHa ll yrnepo.o:a. reo-

4 

MeTpllH O!IbtTa, KOTOpaH onpeuennnach paCCTOHHl!BM MBJKUY Ml!lliBHbro l! KOHB9pTopoM, yUOB

neTBOpHna ycnoBl!HM 'xopornei! reoMeTpl!l!' ( 0 I 2 a 0,228°). 

ITonyqeHHbl9 B 3KCIIBJlllMBHTB BBnllqJ!Hbl nonHblX ceqeHl!ll B3al!MOU9HCTBl!H Hei!TpOHOB 

C npOTOHaMl! npl!BBllBHbl B Ta6nl!UB 2. YKa3aHHb!B B Ta6nmxe ornn6Kl! HBnHroTCH CTaTl!CTl!-

qecKHMH. 

Ta6nl!ua 2 

3Heprlifl HefiTp0H0B 
r:rn 2,6 3,9 5,5 6,9 8,3 

,,, , Md 38,1 43,4 41,2 39,3 40,8 
t 

l'lr,· • Md ;!:2,6 ;!:1,6 ;!:1,6 :!:I,7 :!;I,9 

3KCIIBpl!M9HTanhHb!9 uaHHbI9 no nonHh!M ceqeHHHM B3al!MOUefiCTBllH HBilTpOHOB C npoToHa

Ml! IIpl!BBUeHbl Ha pl!C, 1. llnn cpaBH9HHH Ha TOM JKe pl!CYHK9 IIpl!BeUeHbl uaHHb!9 !IO non

Hb!M ceqeHl!HM B3al!MOU9ilCTBl!H npoTOHOB C npoToHaMH, 1'13 pnc. 1 Bl!UHO, qTo nonHoe ce

qeHne "i (n p ) B l!HTepBane 3Heprni! OT 1,4 uo 8,3 faB l!3MeHH9TClI Mano, a B l!HTep-

B3al!MOUeilCTBl!il B npe-Bane 3Heprl!i! OT 6,6 AO 8,3 faB nonHbie ceqeHl!H n p l! pp 

uenax 3KCnep11MeHTanhHblX ornn6oK COBnauaroT, Ilo-Bl!lll!MOMY, a·= a· 
np PP 

l! npn 6onee 

Bb!COKl!X 3Heprl!HX B3al!MoUefiCTByroIUl!X nyKnOHOB. l1cnonh3YH IISOTO!IllqecKyro l!HBap11aHT-

HOCTh, MOJKHO nonyql!Tb cneuyrornee Bb1paJKeHJ1e um1 ceqeHHH HyKnOH-HyKnOHHOrO B3al!MO-

ueilcTBl!lI B cocToHHl!l! c T = O: u· ( T =•0) = 2 ".;• -, r,Pt>. HailueHHbre TaKl!M cnoco6oM 

ceqeHIIH r,( T=O) H r,( T= 1) B aaBl!Cl!MOCTll OT 3Heprl!II B3al!MOUeilCTByroml!X HyKnOHOB 

npnBeueHbl Ha pnc. 2. ITpnBeueHHbl9 ll8HHbl9 yKa3bIBaroT Ha TO, qTo rrpl! 9Heprl!HX, npeBbl

rnarom11x 6 TaB, ce'!eHl!ll HyKnOH-HyKnOHHOPO B3aHMOU9HCTBl!H B npeuenax Ollil!60K 3Kcnep11-

MeHTa He 38BIICHT OT aennqHHbI H30TOIUl'tl9CKOI'0 CIIIIH8 HYKJlOH-HYKJlOHHOit CHCT9MbI. 

/14/ B pa6oTe YuraoHKapoM 6blnl! nonyqeHbl COOTHOllieHIIH, KOTOpb!e II03BOnHroT nony-

qnTh Bb!paJKeHl!H, onpeuenlIIOIUHe 38BIICIIMOCTb "i ( n p) 
OT 3Heprlll! B npeuacl!MIITOTI!-

qeCKOli o6nacTI! .. OrpaH11qnBaHCb BKnauaMl! BaKyyMHoro, KBa311BaKyyMHoro 

/16/ 
nonrocoB, "• (np) MOJKHO npeucTaBIITh B Bll/l9 

r,·( op)= 

rue E - nonHall aHeprl!H HeilTpoHa 

3HaqeHl!H KBa3l!BaKyyMHOil, W I! p 

k E +:f E" -n Ew+ rff P 
(E2-M1l)l, 

a n.c.K.; M M8CC8 HYKJlOHa; 

TpaeKTOpl!il np11 t =· 0 k 

q,yHK~"".' BbI'l'ifTOB COOTB9TCTBYIDIUl!X nonrocoB. 
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T a 6 n 11 u a 3 

Enp r:rn 2,6 3,9 5,5 6,9 6,3 

r,· MO 43,0 41,6 40,0 39,8 39,3 

Cpaamrnan Ta6n. 2 II 3, M0>KH0 Bil)l9Tb, 'ITO 8KCII9pl!M9HTanbH0 I13MepeHHbie II Bbl'IIIC119HHbie 

Ha 0CH0B8HIIII nomocoB Pen>Ke B91Il!'Il!Hbl C9'19Hllil B IIHTepsane 8Hepr11ll 3,9 - 8,3 ras no

B011bH0 xopolllo cornacyJOTCH npyr c upyroM. 

B Tp9Tbe.ti: rnaBe OITHCbIB8IOTCH Il3MepeHHH nonHbIX ceqeanH B38IIMOAetiCTBIUI aeHTpo

H0B C ael!Tp0HBMH. 113MepeHIIH npoH3B0)lllnIICb pa8H0CTHbIM MeT0)l0M C II0M0lllblO Ml!llleHel! 

113 o6bI'IHOil H TH>Kenol! BO/lb! B ycnosnnx •xopolllel! reoMeTp11n' ( 0 I 2 = 0,228°). ITo

ny<IeHHhie 113 8KCIIepHM9HTa BenH'Il!Hbl II011Hb!X ceqeal!l! B38HM0)l9i!CTBIIH ael!TpoH0B C ael!T

poHaMII npll cpenael! acp<j,eKTHBHOi! 8Hepr1111 5,5 II 8,3 raa npl1B9/l9Hbl B Ta6n. 4. YKa3aH

HbI9 omn6KH HBnSIIOTCH CTaTHCTIP10CKHMH. B aennqHHbl C9'9:9HHti He BKnIOtieHa nonpaaxa HB 

8Kp8Hllp0BKY ael!Tp0Ha np0T0H0M B nel!Tpoae. 

Ta6n11ua 4 

a(nn) 
r,{pp) 

E ' I'SB 5,5 8,3 E ' I'SB 5,0 9,0 

"t ' 
MO 34,8 31,5 r,· 

t ' 
MO 42 40 

/",.r, ' MO :!: I,6 :!: I,7 /",.r, ' MO + I :!: I 

Bennqnay rronpaBKH Ha 8Kp8HIIpoBa1-:::He MO)KHQ Oll9HHTh H3 H3B9CTHhIX 9KCIIepnMeHTanhHhIX 

aenHqHH anH a· 
PP 

II a·' ' ll3M9p0HHhIX rrpn O.llHOfi n TOH )Ke aaeprnn. 3.a;ecb a! 

ceqeane B38HMOJletiCTBIUI nefiTpOHOB C HeiiTpOHBMH 6es yqeTa norrpaBKH Ha 9KpaHIIpOBBHll9 

B nefiTpoae. 

113 ycnosnn 3apnnoaol! CHMMeTpHH nnepHbIX can ( ecnH npeae6pe<Ib aneKTpoMarHHT-

HhIMH B38HMO.ll9fiCTBJBIMH) cne,o,yeT, qTo 

nonyqaeM: 
Oa =•u· -, a' 

PP 

a 
PP 

a - a~ 

)l0JI>KH0 6UTb paBH0 "nn • OTCJO)la 

ITpennonaran, <ITO B HaTepsane aaeprnl! OT 5,5 no 8,3 raa /5 a = con st. unn cpenaero 3Ha-

'I9HHR /5 a· nMeeM: 

/5a = (7,8 + 2) M6. 

J1cnonb3YSI H3MepeHHbl9 B HBCTOSIIIleit pa6oTe aennqJIHbI 
, 

a· 

6 

H a 
np rrpn O)lHOfi H TOit 

w ;~ 
I 

I 

I_ 

J 
::( 
]i 

I 
1: 

I 

>Ke aaepr1111, M0>KH0 onpenenHTb nonHble C9'19HIIH B38HM0/lel!CTBHH ael!Tp0H0B C nel!TpoHaMH. 

Bocnonh30B8Bllll!Cb )laHHbIMII Ta61111u 2 II 4, nonyqaeM: 

u(nd)= (76,0 :- 2,4) M6 

a (nd)= (71,6 :!:_ 2,5) M6 

C00TBeTCTB9HH0 /l11H ael!TpOH0B C a<j,<j,eKTHBHOi! aaeprHel! 5,5 H 8,3 raa. 3TH naHHble B npe-

nenax aKcnepnMeaTaJibHhIX OI11H60K cosnanaroT c a (pd) (cooTB9TCTBeHHO 78 n 76 M6). 

8 'I9TBepToll rnase 0IIHCb!B8JOTCH Il3MepeHHH II0JIHblX H aeynpyrHx ceqeanl! B3aHM0-

nel!cTBHH ael!Tp0H0B c nnpaMH. Ceqeane a(O) , H3Mepeaaoe nnn yrna IJ , MQ)KHO CBSI-

saTh c ceqeaneM nornomeHHSI 

HomeHHSI! 

H ceqeaHeM ynpyroro paccenHHH "• C II0M0lllb!O COOT-

u(IJ)=a +[l-F(0)]a =a+ F'{tl)u. 
r d r d 

8 8KcnepHM9HT9 H3M9pR!OTCH II0JIH09 ceqeane at , ceqeane nornom:eHns a H a (0) 

)lJIR H9CK0JibKHX 3H8'19HHil yrna ti 

Bbl'llHCnHB COOTB9TCTByromne 3HaqeHHSl 

• 3aan r, (0) llJIR pa3nH'IHblX yrnoB 

F(()) • M0>KH0 onpenenHTb a 
r 

H a· 
d 

0 

ad - ceqeHHe )ll!<j,paKUHOHHOro paccenHHR. BbI'IHC119HHbI9 0IIlICBHHbIM Bb!llle nyTeM 

(1· 
r 

ad H HX omH6KII )l11R m1ep C , Al , Cu , Sn 

Ta6nnue 5. 

Ta6nnua 5 

3JreMeHT "; I µ8 ", µo , . - Pb 2833 :: 98 1692 :!: 22 
Sn 1966:: 83 1353 .: 48 
Cu 1408 !. 72 624 !. 35 -
Al 612 :!:. 30 396 :!:. 17 
C 336 ! 12 188 :!: 6 

H Pb 1IpHB9)l9Hbl B 

".i µ/5 

II41 :: IOI 

613 ! 96 
784:: 79 
216 ! 34 
148 :!: 13 

H 

, rne 

"•. 

B aTo:ti: )K9 rnaae rrpoae.o:ea aHanII3 8KcnepIIM9HTanbHblX llBHHbIX Ha OCHOBBHHH OIITH'lleCKO:f:i 

Mo.o:enn. fionyqeUbl cne.o:yromne B9lllI'lllIHbl .llnH cpe,[{HHX 3HaqeH1IH napaMeTpOB OIITH'll9CK08 MO-'• 

nenn H pannycoa nnep: 

13 -1 
K = (0,48 + 0,03).IO CM 

- 13 -1 
K 1 = (0,12 + 0,04).10 CM 

- 1/8 -13 
r
0 

= ( 1,26 + 0,02). A .IO cM. 

KoacTaHT8 kl CBH3BH8 T8K)Ke C BeJill'llHHO:ti: H.o:epaoro ITOTeaunana V 

BHCTCKOI'O COOTHOID9HHH 

nonyqaeM V 24 + 8 Mas. 

k=_V_ 
I h C /3 

7 
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B Toil JKe rnaBe npoBe11eH aHann3 9KcnepnMeHT81lbHblX /18HHblX no ceqeHHlIM B38IIM0-

11ei! CTBHll Hei!TpOHOB C lIIIP8MH H8 OCHOBe o6o6meHHOi! 1111¢paKUIIOHHOil Mo11en11, pa3BHTOi! 

- /18/ 
rn:accronb/lOM II fpa1111epOM B pa6oTe • B aTOi! Monen11 llllll onl!C8Hllll B381!MO/lei!cTBl!ll 

Hei!TpOHOB C lIIIP8MII 11cnonb3YIOTCll qeTbipe napaMeTpa. B cnyqae nOCTOlIHHOi! ¢a3bl 3Tl!MII 

napaMeTpaMII lIBlllIIOTCll: 

1. L(»l) - 1n1cno rrapuHanbHblX BOnH, llCilblTbIB8IOIDllX CHnhHO9 rrornomeHHe. 

2, fJ(Os_fJ ,;_1 Henp03paqHOCTb llllll M81lb!X 3HaqeHnil 1 r.o.e yr-

noBofl MoMeHT. 

3, 2 I',. ( 1 $. ti 'S_ L 

no O. 

- HHTepBan 3HaqeHl!i! , B KOTOpOM fJ 113M8Hll8TCll OT 

f3 
4, a - ¢a3a paCXOllllmeilcll BOllHbl, 

PacCM8Tpl!B8ll 9KcnepnMeHT81lbHbie ll8HHbie no pacce!IHIIIO HeiiTpOHOB llllp8MII B IIH

TepBane aHeprHil OT 300 M9B 110 8,3 faB, MOlKHO Bl!lleTb, qTO nonHbie ceqeHnll B381!MO

neilcTBllll Hei!TpOHOB C llllp8MII B yK838HHOM IIHTepBane 9Hepr11i! 1!3MeHlIIOTCll llOBOllbHO Cllllb-

HO. ITocne11Hee MOJKHO o6'blICHl!Tb H3MeHeHneM OllHOro 113 3-x napaMeTpOB, a I!MeHHO f3 • 

BenI!qHHbI 

Ta6nm1e 6, 

f3 Bbit:incneHHbie Ha OCHOB8HHH 3KCnepnMeIITanbHblX naHHbIX, npHB9ll9Hbl B 

Ta6nBna 6 

E , I'3B o,Jo 0,70 I,40 5,0 8,J 

Pb 
, 

0,97 0,99 r,oo 0,94 0,98 

Cu 0,9'.3 o,97 0,99 0,94 0,99 

Al 0,88 0,95 0,97 o,9J 0,94 

C 0,82 0,89 0,94 0,89 o, 93 

Ha pnc. 3 npnBeneHbl aK<;enp11MeHTanbHbie BenI!qHHbl a¢¢eKTIIBHblX ceqeHni! B3811MOlleilcT

Bllll HeiiTpOHOB C ll/lpaMH yrnepona, anIOMIIHilll, Mell!! II CBIIHil8 B IIHTepBane aHepr11i! OT 

0,3 110 8,3 faB. KplIBbie nmt nonHbIX ceqeHl!i! B381!MO/l8i!CTBl!ll (cnnomH8ll KPl!Ball) II llllll 

Heynpyr1IX ceqeHHil B381IMOl!eflcTBl!ll (wTp1IXOB8HH8H Kp11B8ll) HeflTpOHOB C llllp8MII npen

CTaBnHIOT co6oH TeopeTnqecKHe KPIIBbie. npll BbtqncneHlUIX 6btnH HCIIOnb3OB8Hbl ll.8Hllbl9 

Ta6n11nb1 6 II cneny10m11e 3HaqeHHll 

L = 1,26.10-I3.k.A
113 

CM, /1,. 

napaMeTpOB o6o6meHHOii n11¢paKI1l!OHHOil MOl1en11: 

-13 
0,61.10 • k. CM II a = 0. 

8 

KpaTKHe BhlBOijbl 

1. B H8CTOlIWeil pa6oTe nOK838HO, qTo nonHoe ceqeHHe B381IMO)leiiCTBl!ll Hei!TpOHOB C 

npOTOH8MI! B IIHT8pBaJre aHeprliii OT 2,6 110 8,3 faB npaKTnqeCKII noCTOlIHHO. 

2, 0Tn11q11e MeJKIIY ceqeHIIlIMII ", (np) II ", (pp) np11 3HeprlilIX 5,5; 6,9 II 8,3 faB 

HBXOJlHTCH B rrpeJJ.enax 9KCIIepHMeHTBnhHblX OlliH60K.-

qTo 

u· 
A 

3. AH8111!3 noBe)leHl!H nonHb!X ceqeH11ii ", ( np ) ",(pp) II "t (pp) IlOK83bIB89T, 

", (pp) n "i ( pp ) npn6nnJKa10TCll ~ ac11MnToT11qecK0My 3Haqem110, paBHOMY 

~ 40 M6 CBepxy, B TO BpeMll K8K "• (np) CTpeMl!TCll K ac11MnToT11qecKOMy 3Ha-

tteHIIIO cnnay. 

YKa3aHHoe noBeneH11e 6bmo npe11cKa3aHo Y11raoHKapoM/ 
141, 

4. ITp11 aHeprHltX, npeBbIW8IO WHX 5,5 faB, B38HMO)lei!CTBHe He 38BIICIIT OT 1130TOn11qec-

Karo COCTOBHHH N N -c11cTeMb1, 

5. ITonyqeHbl BenJiqHHbl nonHblX ceqeH1Iii B3811MO)lei!cTBl!ll HeiiTpOHOB C H8iiTpOH8MII npH 

aHepr111I 5,5 II 8,3 f:aB, 0JipeneneHo cpe11Hee 3HaqeH1Ie nonpaBKH Ha aKpaHHpoBaHHe Hei!TpoHa 

npoTOHOM B 11ei!Tp0He, paBHoe 7,8 + 2 M6. 

6. 113 ll3B8CTHbIX u'• 
nn II <7· 

np ' 1!3MepembIX B H8CTOlIWeil pa6oTe npH 8Hepr1I11 

5,5 faB H 8,3 faB, onpeneneHbl nonHbie ceqemrn B381IMOll8ilCTBI!ll Hei!TpOHOB C 11ei!TpOH8MH. 

<1(n d) B npe11enax aKcnep11MeHT81IbHbIX om1160K COBnana10T C u(p d). 

7. l13MepeHbl nonHbie H Heynpyr11e ceqeHl!ll B3al!MOll8iiCTBIIll Hei!TpOHOB C 3Hepr11eii 

8,3 faB C llllP8MII yrnepona, anIOMIIHllll, Me111,, onoBa II CBl!Hlla, ITonyqeHHbie /l8HHbie yKa-

3bIB8IOT Ha To. t:[TQ no,1Hbl8 Cffll9HHH B38HMOJl9liCTBHH HellTpOHOB C H.UpaMH llOCTHraroT M8K

CHMyMa npn 3HeprJIH 1,4 f9B II JIMeIOT noqTI! noCTOlIHHoe 3HaqeH11e B IIHTepBane 3HeprHi! 

no 5 110 8,3 faB. Heynpyr1Ie ceqeHl!ll B381!MOl!eilcTBl!ll Hei!TpoHOB C ll/lP8MI! B I!HTepBane 

aaepr11i! OT 0,3 no 8,3 faB cna6o 3aBrrcgT oT aHep~n11. 

8, ITonyqeHbl cpe11Hrre 3HaqeHHll napaMeTpoB orrT11qecKoi! Morren11: 

I, 13 -1 
(0,48 ! 0,03),10 CM 

13 -1 
K1 = (0,12 :!: 0,04).10 CM 

H cpenH~H aennqnHa snepHoro noTeHuHana V = 24 + 8 MaB. 

9. IlaH aaann3 8KCIIepnM0HTanhHbIX llBHHbIX no pacceHHIIIO HeiiTpOHOB Ha g,npax Ha 

ocaoBe o6o6meHHoii 1111¢paKilHOHHoi! Mo11en1I. HanneHbI 3aaqemrn rrapaMeTpa Henpo3paqHOCTH 

l/3 -13 f3 = 1- 1J (e) nm, ITHTH llllep. OrrpeneneHbI pa11Hych1 Hrrep, paBHbie L = Rk=t> A k IO. 

113 8H81III38 /18HHblX /lllll 'o nonyqeHa aennqHHa
7

paBHaH ) -13 
r0 = ( 1,26!0,02 • IO cM. 

9 
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