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Ynpyroe He-d paccesiHHe Ha Manb1e yrnh1 np11 11Mnynhcax 
9,01119,8 f:aB/c 

Op1rne11e11b1 peaynbrarb1 :aKcaep11Me11ranbttoro 11ccne11oaamrn 1m,p,pepe11-
u11anbttoro ceqeH11si yapyroro He-d paccesitt11si np11 11,mynhcax ren11>1 9,0 
II 19,8 faB/c B 1111repaane KB8/lp8TOB nepell8HHblX 4-HMnynbCOB 0,0028 ::; 

.Sit l S 0, 168 (f:aB/c)2• Bb1q11cne11b1 non11oe ceqenue smepuoro He-d pacce>111HH, 
napaMerp 11aKno11a H or11owe1111e peanbHOI1 4acrH a,mnHryllhI ynpyroro SI11ep
Horo He-d pacceS11111si K MHHMon. 

Pa6ora abmon11.e11a a na6oparop11H 01,rcoK11x :a11epr11ii 0IIHII. 

Openp11HT 06ben11tte1111oro 1111cr11ryra si11ep11b1X 11ccne11oaa1111n. lly6Ha 1979 

Avdeichikov V.V. 

He-d Elastic Scattering at Small Angles for 
9.0 and 19.8 GeV/c 

I - 12186 

The He-d elastic differential cross sections have been measu 
red for incident helium laboratory momenta of 9.0 and 19.8 GeV/c 
in the momentum-transfer-squared range 0.0028 :SI t I $ 0.168(GeV/c)2, 
Using a Glauber approach, we have determined the He--,d nuclear 
total cross sections, the slope parameters and the ratios of the 
real to the imaginary part of the elastic He-d 
amplitude. 

nuclear scattering 

The investigation has been performed at the Laboratory of 
High Energies, JlNR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1979 

1.BBE,l(EHHE 

B HacTosmee pa6oTe rrpuBe,nellhl pe3ynhTaTw 3KcrrepuMeHTanh· 

Horo uccne,noBaHHR ,nH<)i<)iepem~HanhHoro ceqeHH» ynpyroro He-d 

pacce»HH» npu HMrrynLcax renus 9,0 u 19,8 I'3B/c B HHTepBane 

KBa,npaTOB nepe,naHHhlX 4·HMnynbCOB 0,0028:: 1 t ! ::; 
~ 0,168 / I'3B/c/2. 

AHanH3 nony'leHHhlX ,naHHhlX npOBO,nHncg C IlOMOmhJO HHTep<)iepeH • 

UHOHHOH <)iopMynhl 6eTi 1'. B KOTOpOH g,nepHa» aMnnHTy,na Bblpa)Ka· 

nach no Mo,nenu rnay6epa/2 : Orrpe,neneHhI napaMeTphI HyKnoH· 

HyKnoHHOH aMnnHTy,nw, a TaK)Ke BW'IHcneHw nonHoe ce'leHue s,nep· 

Horo He-d pacce»HHR, rrapaMeTp HaKn0Ha H 0TH0WeHHe peanbHOH 

qacTH aMnnuTy,nw yrrpyroro s,nepHoro He-d pacce»HH» K MHHMOH. 

2. METO,l(HKA 3KCIIEPHMEHTA 

3KcrrepHMeHT BhIIT0nHeH- Ha ny'IKe Cl •lJaCTHU CHHxpo<)ia30Tp'oHa 

OH.HM MeT0,l{0M MH0r0KpaTH0ro rrp0X0)K,l{eHHR BHyTpeHHero rry'IKa 
, 3, 

YCKOpHTens 'lepe3 T0HKYIO MHWem: ' · B ,naHHOM 3KCrrepHMeHTe 

rrpHMeH»nHch MHWeHH H3 ,neiiTepupoeaHHoro rronH3THneHa Tonmu· 

HOH O,3-'-9,O MKM. ,D,eiiTpoHW 0T,l{a'IH OT co6bITHH yrrpyroro pac· 

ce»HHR B MHWeHH perHcTpHp0BanHCh KpeMHHeBWMH rronyrrpoB0,l{HH· 

KOBWMH ,neTeKT0paMH THITa Si(p/ IS/ , pacrrono)KeHHblMH Ha pac • 

CT0RHHH 3, 3 MOT MHWeHH rro.n yrnaMH, 6nH3KHMH K 90°(rro OTH0WeHHIO 

K rry'IKY). ,Ll,eTeKTOpbl HMenH TonmHHY 38-,-3700 MKM, rrnoma.nu 

-1 CM 
2 u 3HepreTH'lecKoe pa3peweHue 30.;.50 K3B. Ilpu It! ::S 

f 0,08 /I'3B/c/ 2 qacTHUhl OT,na'IH perHCTPHP0BanHCh 14 ,neTeKTopa· 

MH, rrpu ! t I > 0,08 / I'3B/c/ 2 ucnonh3oeanHch 7 TenecKonoe, 

Ka)K,l{blH H3 K0TOpblX C0CTORn H3 ,neyx ,neTeKT0P0B. B 3KCnepHMeHTe 

perHCTpHpoeanHCb 3HepreTH'leCKHe cneKTpbl BT0pH'IHblX 'laCTHU. 

3 



IlpHMeHeHHe TeJJeCKOilOB IJ03BOJJHJJO OT.IlCJJHTh neiiTpOHhl OT 

.npyrux qacTHU, qTo 3HaqHTCJJhHO ynyqwuno OTHOWeHHe 3<M,exTa 

K <lioHy. CTaTHCTHKa Ha6upanach npH pa3JJHqHhIX yrJJOBhlX IlOJJO)Ke

HHHX ,neTeKTOpOB. B xaqecTBe MOHHTOPOB HCilOJJh30BaJJHCh TPH 

CUHHTHJJJJHUHOHHhIX Tenecxona, HanpaBJJeHHhIX Ha MHWeHh. 
/4/ 

IIo,npo6Ho am~apaTypa O!JHCaHa B ·• 

HapH,ny C 3<M,eKTOM ynpyroro He-d pacceHHHH ,neTeKTOPhl perH

CTpHpoBaJJH <lioH, KOTOphlii B OCHOBHOM o6JI3aH B3aHMO,neiiCTBHIO 

nyqxa C H,npaMH yrnepo.na B MHWeHH. ,ll;JJH H3MepeHHH <lJoHa B 3Hep

reTHqecKOM cneKTpe no.n IlHKOM, o6ycJJOBJJeHHhIM ynpyrHM pacceg

HHfM .neiiTpOHOB, ,neTeKTOphl nepHO.IlHqecKH C.IlBHraJJHCh B "<lioHOBYIO" 

Il03HUHIO, OTCTOHIUYIO Ha 2°oT .. pa6oqeii" Il03HUHH B CTOPOHY 

yBeJJuqeHHH yrna BhIJJeTa qacTHU OT~aqu. IIocne MOHHTOPHPOBaHHH 

"<lioHOBhlii" cnexTp BhlqHTaJJCH H3 "pa6oqero" cnexTpa. IIonyqeH

Hhlii pa3HOCTHhIH cneKTp / puc. 1/ B npe.nenax OWH60K He co,nep)KHT 

<lioHOBhIX co6hITHH no.n ynpyrHM IlBKOM. Bh1qnTaHBe <lJoHa KOHTpOJIH

poBaJJOCh no qacTH pa3HOCTHoro cnexTpa, pacnoJJo)KeHHoii cnpaBa 

OT "ynpyroro" nuxa. IIpu npaBBJJhHOM BhlqBTaHBB KOJJBqecTBO co-

6hITBH B 3TOH qacTB cneKTpa 6JJH3KO K HYJJIO. 

N 

25 30 1t0 E/M3B/ 

Puc.I. 3Hepze111u11ecKuil cneKIIIP t}eil111p0Hoa nocAe 6b111u111aHUJ1 ¢oHa. 

4 

,ll;nH nonyqe11BH .nn<M,epeHunaJJhHhIX ceqeHnii ynpyroro He-d pac -

ceHHHH B OCHOBHOM npnMeHHJJCH anropBTM, no.npo6Ho onucaHHhlii 

B pa6oTe15(B 3TOM anropBTMe ,nJJH xa)K,D;oro 3HepreTnqecxoro 

cnexTpa, CHHTOrO npB <IinxcnpoBaHHOM yrne ,neTeKTOpa, BhlqBCJJHeTCH 

O.IlllO 3BaqeHHe .nn<M,epeHuBaJJhBOrO ceqeHBH. 

B o6nacTB MaJJhIX nepe,naHBhIX HMilYJJhCOB \ti< 0,01 / I'3B/c/ 2 

.nu<M,epeHunaJJhHOe ceqeHBe HMeeT CBJlhBYIO 3aBHCBMOCTh OT t, 
MHOroxpaTHOe pacceHHBe .neiiTPOHOB OT,naqu B MHWeHB BeJJHKO, 

B3 - 3a qero "ynpyruii" IlBK B 3HepreTnqeCKOM cnexTpe WBPOKBH. 

IlpB B3MepeHBHX B 3TOH o6nacTB BMilYJJhCOB npnMeHHJJCH eiue 0.IlHH 

cnoco6 BhlqBcJJeBBH .nu<Ii<lJepeHUBaJJhHOro ceqeHBH, B KOTOpOM H3 
0 . 

pH.Ila 3HepreTuqecKHX cneKTPOB, CHHThIX npB pa3JJHqHhIX yrJJOBhIX 

IlOJJO)KeBHHX ,neTeKTOPOB, .IlJlH <lJuxcupoBaHHhlX MaJJhlX HHTepBaJJOB 

3Hepruii nonyqanu yrnoBhle pacnpe.neneHBH. HHTerpan no TaKoMy 

yrnoBOMY pacnpe,neneHBIO ,naBaJJ 311aqe11ue .nn<li<lJepeuuuaJJhBOro ce -

qeHBH. 3-TOT c_noco6 11e Tpe6yeT HBHOrO BhlqHcJJeHBH 3<lJ<lJeKTOB 

. MHOroxpaTHoro pacceHHHH .B MHWeHB, 3aBHCHMOCTh .nu<lJ<lJepeHuBaJJh

HOrO ceqeHBH OT t BHOCBT MaJJylO owu6xy B pe3yJJhTaT. 

IIoTepH perHCTpBpyeMLIX .neiiTpOHOB H3 - 3a BX g,nepHoro B3aBMO -

.neiiCTBHH C BeIUeCTBOM ,neTeKTOpa MaJJhl. Hx OTHOCBTeJJhHaH BeJJB-

quHa COCTaBJJHeT 

N0 I 
1
1,73 o,,, a. • -- , p , R ,,,Q,67 t , 

lil 1. 
/1/ 

r.ne a. = 1 6apH - nonuoe ceqeHBe Heynpyroro B3aBMo.neiicTBBH 
ill / / ,neiiTpOHOB C xpeMHBeM 6 / cqnTaeM ero He 3aBBCHIUBM OT 3HeprBB 

.neiiTpoHoB/; N
0 

- qucno ABora.npo; A - Macca rpaMM-aToMa xpeM

HBH; p - IlJJOTHOCTh xpeMHBH; R- npo6er .neiiTpOHa B xpeMHBB
17

( 

MaxcnMaJJhHhle noTepn npu It I ;=0,168 / I'IJB/c/ 2 o =0,03. 

PeaKUBB He d ➔ He d B He d ➔ He"-d xopowo pa3,ne -

JJHIOTCH KBHeMaTuqecKB, Il03TOMY BKJJa.n Heynpyrux npoueccoB C 

B036y)K.D;eHBeM He B ceqeHBe ynpyroro pacceHHBH B paccMaTpBBa

eMOM BHTepnane nepe,naHHLIX BMilYJJhCOB MaJJ. 
Pa3pewa10maH cnoco6uocTh 3xcnepnMeHTa no xna.npa TY nepe,naH

Horo BMilYJJhCa COCTaBJJHeT ~t/t .. 2'1o u o~pe,neJJHeTCH. B OCHOBHOM 

owu6xaMH 311epreTuqecxoii xanu6poBKB ,neTeKTopoB. 
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3. 3KCIIEPHMEHTAJibHblE PE3YJibTATb/ 

Ha OCHOBe aHaJIH3a 3KCTiepHMCHTaJibHbIX ,naHHblX TIOJIY'ICHbl 

OTHOCHTCJibHbie ,nml>41epeHl.{HaJibHble CC'ICHHH ynpyroro He-d pac

CCHHHH npH ,ll;BYX HMTIYJibCax ycKopeHHblX H,nep He: 9,0 H 19,BI'.:JB/c. 
IlpH l t ; -:: 0,06 / I'.:JB/c/2 BKJia,n KBa,npynoJibHOro MOMCHTa 

,ll;CHTPOHa MCHbWe 2"/o, ,nnlP4>epeHUHaJibHOe CC'ICHHC ynpyroro He-d 

pacceHHHH OTIHCb!BaeTCH ipopMyJIOH lieTi 1 ·: 3anHCaHHOH B TaKoii: 

)KC ipopMe, KaK H B pa6oTe 181 : 

do " 
dt - .., p2 ..L " ... • 2 -n 2P_ ei'I' G(q~)+ FN(q) 

q 2 
/2/ 

3,necb P - HMnyJibC He B Jia6. CHCTeMe; q - nepe,naHHblH HMTIYJibC 

B Jia6. CHCTCMe; t °' - q2 - KBa,npaT nepe,naHHOro 4-HMnyJibca; 

11 ""Z!Ie • Zd /137/3; Zfle Z ct 3apH,ll;OBble 'IHCJia; {1 -

CKOpOCTb He B Jia6. CHCTeMe; 

¢ == 2n ln (1,06/a I q I); 
2 

2 2 q 
G (q ) == GH (q ) · G ct ( -- ); . e . 4 

GH/t) = e 11,91 •t 
u /9/ 

3JieKTPOMarHHTHblH ipopM!paKTOP reJIHH ; 

t t t 
t 141,5·,r 26,1• -r 15,5· -,r 

G ct ( 4-) = 0,34 e + 0,58 e + 0,08 e 

u A- A- u / 12: B 6 - 3JICKTpoMarHHTHblH ~OPM~aKTOp ,neHTpoua · 0 JiaCTH KYJIOH-

H,nepHOH HHTepipepeHUHH aMnJIHTy,na ynpyroro H,ll;epHoro pacceHHHH 

HMCCT BH,ll; 

·p - bua•t. 
f (t)., L_.,T (1-ia )exp(---~--------), 
Herl 417 Hect Hect 2 

r,ne b Hect'== 62,4 /H3 ,naHHOro 3KcnepHMCHTa/. B 3TOH o6JiaCTH 

51,8· t/4 
3JICKTPOMarHHTHblH !pOpM!paKTOp ,neHTPOHa Ga ( t) = e 

6 

I 10/ 

IIapaMeTp a onpe,neJIHeTCH pa3MepaMH o6nacTH H,nepHoro B3a -

HMO,ll;CHCTBHH H 3JICKTpOMarHHTHblMH pa3MepaMH 11,nep He H d 111( 

IlpH 3KCTIOHeHUHaJibHOM npe,ncTaBJICHHH aMnJIHTY,ll;bl pacceHHHH H 

3JICKTpoMarHHTHblX !pOpM!paKTOPOB napl!-MeTp a BblpaiKaeTCH' qepe3 

K03!P<l>HUHCHTbl npH t B noKa3aTeJIHX 3KCnOHCHT 

62,4 51,8 1/2 . -1 
a=- (---+11,91+--) ==7,48(I'.:JB/c) =1,48<PM 

2 4 

" 
.D:nH aMnJIHTY.ll:bl ynpyroro 11,nepHoro He-d pacceHHHH F {q ) 

Mb! HCnOJib30BaJIH BblpaiKCHHe, IlOJIY'ICHHoe no MO,ll;CJIH rnay6epa 

B pa6oTe1131 : 

➔ iP iqb ➔ ➔ ➔ ➔ ➔ ➔ ➔ 
F(q)==-2-;-f e dbf'HeaCb,r.1 ,81l'82 .. l'83l'84l) x 

➔ 2 ➔ ➔ ➔ ➔ ➔➔ ➔ ➔ ➔ 
x I rµ (r) I . p ( 8 1 • 8 2 , 8 3 , 8 4 ) dr d8 1 d8 2 d83 d8 4, /3/ 

r,ne iS - TIPHUCJibHblH napaMeTp; r - OTHOCHTCJlbHOe paCCTOHHHC 

HYKJIOHOB B ,neHTR,OHe; Sj ( j '"' 1 , 2, 3 ,4) - paCCTOHHHe HYKJIOHOB 

. B H,D;pe He ,no ueHTpa MaCCbl H,ll;pa; r:..,' s'Jl - nonepe'IH~e KOMno

HCHTbl BeKTOPOB l 'Sj no OTHOWCHHIO K HMnyJibCy ny'IKa P; rµ ( r) -

BOJIHoBaH IPYHKUHH ,nenTpoHa. B ipopMyne /2/ ncnoJibJyeTcH cKan11p

HaH aMnJIHTy,na F ( q), nonyqeHHaH Ha OCHOBe !pOpMyJibl /3/ N . 
6e 3 y'leTa KBa,npynoJibHoro MOMeHTa ,nenTpoHa B BOJIHOBOH IPYHKUHH 
0(~. . . 

♦ ., 4 1 
... ... 8 )-II---e 

p (81 ,s 2 • 83 ,. 4 -:J"'l 2):1'2 
· (11R 

s2 
--L 

R2 

2 / 2' R=v 3 .riled 
1/2 
> 1,37 <PM 

- H,nepHaH nJIOTHOCTb He. 

I 141/ ·-' 
- pa,nHyc H,npa_ He • 

l'Hed - IPYHKl.{HH npo!pHJIH, KOTopiiH B npe,nnoJIOiKCHHH paBeHCTBa 
-~_,,,.,.-" 

aMnJIHTy,I:\ PP- H pn -pacceHHHH HMeeT BB,!:\ 
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I 

·----~----~··---·-·--~··-·. 

r = 1-
Hed 

4 ➔ ➔ 
II (1-f'NN(b+s. 
j=l J .l 

➔ ➔ 

r~ ➔ ➔ ri -r ))(1- rNN (b+sj l + 2 )). 

r.IJ,e I' NN • <PYHKUB.H npoq>BJl.H HYKJlOH·HYKJlOHHOro B3aBMO.ll.CHCTBH.H 

➔➔ 

-, 1 -► -i q b , 
I' (b) ~ --- f f ( q) e cl 2q 

NN 2rrip NN 
0 

Po - HMilYJlhC HYKJJ0Ha B .H.D,pe He/po"'O,25 P/B na6. CHCTCMC, ci J.. p: 

(
-• ipo b .·q2 

fNN q)=.-:f;" aNN (1-i.aNN).exp(·- _f!.;-----) 

- aMilJlHTY.IJ.a HYKJJ0H·HyKJJ0HH0ro paCCC.HHH.H; aNN - Il0JlH0C ceqe-

HHC, aNN = Re fNN (O) / Im f NN (O) : bNN- napaMeTp HaKJJ0Ha • 

. /13/ 
B pa6oTe npoBe.IJ,CHhl BCC Bhl'IBCJlCHH.H H Il0JJY'ICHbl Bhlpa)KCHHe 

.IJ,Jl.H aMilJlHTY.IJ.hl F N (q) 6e3 yqeTa KBa,11.pyn0JlhH0ro M0MCHTa 

.11.eiiTpOHa B Bblpa)KCHBC ,11.Jl.H d a Heel / d t - ,11.H4><l>epeHuHaJ1bHOro 

Ce'ICHH.H ynpyroro .H,11.CpHoro He-d pacce.HHH.H C y1.1eT0M KBa,11.pyn0Jlh• 

Horo M0MCHTa .11.eiiTpOHa. 3TH q>OpMyJlhl He IlPHB0,11..HTCH B HaCTOHIUCH 

pafic>Te BBH.11.Y HX rp0M03,ll.K0CTH. lJpH 06pa60TKC 3KCilCpHMCHTaJlh• 

HbIX ,11.aHHbIX Mhl Il0Jlh30BaJlHCh <POPMYJJOH 

. cp • 2 da I 
_do ==-~(J-n. 2 Pe

1 
G(q2)+F (q)! 2-)FN(q)/ )+_tl..fl.t_ ___ /4/ 

dt p 2 ' q 2 N dt 

qJleH B xpyrJJhlX cxo6xax 0ilBChIBaeT BKJla,11. B ,1J.H4><l>epeHUHaJ1bHOe 

ce'leHHe KyJJ0H0BCKoro pacce.HHH.H B KYJJ0H· H.IJ.CPHOH HHTepq>epeH· 

da 
UBH, a -1.w.!L. - BKna.11. ynpyroro .H.11.CPHoro pacce.HHH.H c yqe-

d t 
TOM KBa.IJ,pyn0JlbH0ro M0MCHTa .ll.CHTpoHa. COOTBCTCTBYJOIUHC KPHBhIC 

npHBC.ll.CHhl Ha puc. 2. 
IIony1.1eHHbIC B 3KCilCPHMeHTC OTHOCHTCJlbHhlC .D.H4><l>epeHuHanbHble 

CC'ICHHH da 3KCTI /dt C Il0M0IUbIO q>OpMynhI / 4/ IlpHBC.ll.CHbl 

K a6conJOTHOii wxane 

8. 

\ 

I 
'j 

l 1.J 
I' ' qJ 
1\ 
I 

t 

I ,-

!._ do:,~1!_ = do 

L dt dt /5/ 

r.D.e L - HOPMHpOBO'IHhIH MJI0)KBTenh, a d a/ d t onpe.IJ,CJlHCTC.H 

/4/. 
C HCil0Jlh30BaHHCM Bbipa)KCHHH /5/ MCT0,11.0M .HaBMCHhWBX KBa.11.-

paT0B onpe.IJ,CJlHJlHCh K034><t>HUHCHT L H napaMeTpbI HYKJJ0H·HyKn0H· 

HOH aMilJlHTY.IJ.hl ynpyroro H,11.epHoro pacceHHHH: aNN. bNN. aNN. 

B ma611. 1 npHBC,11.CHhl HX 'IHCJlCHHhlC 3Ha'ICHHH, 0HH HaX0,11.HTCH 

B xopoweM cornaCHH c P,aHee,oony6nHKOBaHHhlMH ,11.aHHhIMH. IlpH 

d6 
tiOOJ 1al[MoH/fr3B/cf] 

Hed-Hed 

~ 1 

·:j\\' \ 
\ 

\ 
·~ 

~ 

11 

I 

~:"' 
~j_ 

-·-, 
I '-·-··-··:;..- -\ -t.(r35,,W 

I \ 
I I 

0 0,02 0,04 0,06 0,Oll 0, 1 0.12 0,l'l 0.16 0.1& 0,20 

Puc.2. Teopemu'lecKue Kpue&1e: 
1/--- ou,fi,fiepe111.1ua11&11oe ce'leHue ynpyzozo He-d pacce

JIHUJI /pacc'luma110 no ,fiopMy11e /4//. 
BK11ao&1 e ou,fi,fiepe111.1ua11&11oe ce'1e11ue ynpyzozo He-d pac

ceJ1HUJ1 pa3/IU'IHblX npo1.1eccoe: 
2/ -- -- - -. J1oep11oe pacceJ111ue c y'lemoM Keaopyno11&11ozo 

MOMeHma oeiimpoHa. Ilpu ltl '> 0,5 nepexooum e /IUHUIO 1 . . 
3/-··- J1oep11oe pacceJ111ue 6e3 y'lema Keaopyno11&11ozo 

M0Me11ma oeiimpo11a. Ilpu I t\ < 0,5 coenaoaem c Kpueoii 2. 
. 4/--·-- KY,IIOH08CKOe pacceJIHUe. 
5/-x-- JXICCeJIHUe, 06yc11oe11e1111oe KYIIOH·AOepHoii UH· 

mep,fiepeH1.1ueii. Bee e&1'1uc11e11uJ1 npoeeoeHbl OIi.Ji P He =19,8 I'3B/c 
co 3Ha'leHU.RMU napaMelllpoe aNN • bNN • a NN U3 111a611. 1. 
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10 000 
, ctfydt [MoH/(r3B/ct] 

10000 

1000 
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10 

1 
0 

P = 19,8 (r3B/c) 

P=9,0 (r3B/c) 

1t1(r3B/4:)2 

0.02 0,ll'l 0,06 0,08 0, 1 0,12 0,14 0,16 

Ruc.3. ,l(u¢¢epen11ua11bHoe ce'le11ue ynpy2020 He-d pacceJ1HUJ1 . 
Cn110U1Hble KJ)U8ble nolly'leHbl no ¢opMy11e /4/. X 2 =97 /141 0/IJI 
P 11 e =19,8 I':1B/c, A 2 =43/45 OIIJI Pue =9,0 I':1B/c. 
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40 

30 
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10 

,..• d dlJHed(i )-2 
OHed=at €n -a:t r3B/c 

-1: I , , , , , , · '§i'.::- , -t,(r3~~c, 
0 0,04 0,08 0,12. 0,16 0,2.D 0,2.4 

Puc.4. 3aaucuMOC1i1b napaMempa 11a,c11011a bHed 0111 t: 
PHe =19,8 I':1B/c, - - - - d.11J1 PH

8
=9,0 I':1B/c. 

0/IJI 
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20 
ci = fu.fti. 

Jm FN 

10 

f .=<=· o I --=-=---

-10 

\r 
l 
I 

-'20 t , , , 1 , , \'. , , , , -t~r3B{c)'2 

0 0,04 O,OB O,i'2 0,16 0,20 0,24 

Puc.5. 3aeucuMocmb a(t)= ReFN(t) /ImFN(t) om t: 
dAJI Pne =19,8 I'3B/c, _____ c)AJI PHe =9,0 I'3B/c. Ilpu 
\t \ .. 0,14 (}u(J(JepeHIJUQAbHOe Ce'leHue UMeem MUHUMYM, ImFN= 

=O, a (t) uMeem pa3pb16. 

o6pa6oTKe 3KcnepHMeHTaJibHblX ,naHHblX npH PHe =9,0 I'3B/c 3Ha

qeHHe a NN =46,67 M6 cl>HKCHpoBaJIOCb BBH.IJ;Y 6oJibWOH xoppeJI.IIUHH 

3-roro napaMeTpa c napaMeTpoM bNN 
B 111a6A. 2 npHBe,neHbl .nncl>cl>epeuunaJI&Hble ceqeHH.11 ynpyroro 

He-<l pacce.11un.11, nonyqeHHble B ,nauuoii pa6oTe. Yxa3aHHble own6-

KH .IIBJIJIJOTC.11 cyMMOH CTaTHCTHqecKHX H CHCTeMaTHqecKHX own6oK. 

Ha puc. 3 npHBe,neHbl .nncl>cl>epeHUHaJibHble ceqeHH.11 H KpHBble, Bblqnc

JieHHble no cl>opMyJie /4/ C HaH,neHHblMH uaMH 3HaqeHH.IIMH napaMeT-

pOB aNN • b NN ' a NN ' 
B 111a6A. 3 H ua puc. 4 npHBe,neHbl 3Haqeun.11 napaMeTpa uaxnoua 

bHed (t),,._<!_ ln daneit) 
d t dt 

r.ne ,nn4>cl>epeHuHaJibHOe ceqeune ynpyroro .11,nepuoro He - d pac -

ce.HHH.11 d an ed (t) / d t BblqHCJI.IIJIOCb C yqeTOM KBa,npynoJibHOrO 

MOMeHTa ,neiiTpOHa H 3HaqeHHH napaMeTpOB aNN , b NN , a NN · H3 

111a6A. 1. Own6KH BblqHcJieHbl C DOMOIUblO MaTpHUbl OWH60K. 

12 

\ 
' i ., 

\ 
I 

I 

( 

I 

Ha puc. 5 npHBe,neHa BeJIHqHHa a (t) - Re F'N (t) I Im FN (t J, 

r.ne 1'"'N (t) - aMnJIHTy,na ynpyroro .11,nepHoro -He -d pacce.11-

HH.11 6e3 yqeTa irna,npynoJI&Horo MOMeHTa .u;eiiTpoHa. B&JqncneHH.11 

npoBO,IJ;HJIHCt: co 3HaqeHH.IIMH napaMeTpOB aNN,bNN 'aNN H3 ma6A. 1. 

Ta6Aul/a 2 

)];mli41epeHUHaJibHbie ceqeHH.11 ynpyroro He·-d pacce.11HH.11 
. ' ' 

Pn
0

=19,8 TaB/c, [t] =(raBlc/ [da/dt] =M6/(faB/cJ 2 

It! da/dt it I da/dt <; !ti da/dt it I da/dt 

0,0028 3424±192 0,0038 3115±109 0,0043 )012;t105 0,0047 2928;t184 
0,0048 3100;t109 0,0049 2829±99 0,0054 2897±132 0,0061 2812±98 
0,0064 2679±94 o,0069 2481;t112 0,0071 2549±89 0,0077 2394.t91 
o,ooao 2305_181 0,0003 2251_t79 0,0096 1994±70 0,0098 2114±74 
0,0099 2050;t72 0,0106 1844;t66 0,0112 1901_t67 0,0114 1880_t71 
0,0115 1756_161 0,0117 1849;t65 .0,0119 1867.165 0,0121 1691.t59 
0,0126 1752_161 0,0127 1678;t59 0,0128 1730;t61 0,0129 1638;t57 
0,0133 1595;t56 0,01)6 1626;t57 0,0141 1485±52 0,0144 1472±51 
0,0147 1435_t50 0,0150 1458;t54 0,0156 1397±49 0,0157 1398;t49 
0,0158 1449±51 0,0159 1385_148 0,0161 1430;t50 0,0163 1419_t50 
0,0165 1285_145 0,0169 1332±47 0,0172 1335±47 0,0174 1220;t43 
0,0176 1201_142 0,0181 1235±44 0,0183 1174±41 0,0184 1178;t41 
0,0188 1188;t42 0,0190 1088±46 0,0192 1066±37 0,0194 11J8.t46 
0,0201 1019±~3 · 0,0202 1022±36 0,0208 1069±40 0,0210 974±39 
0,0213 10)4_140 0,0215 968;t36 0,0238 811±36 0,0241 85)±33 

·0,0243 852±34 0,0~48 795±28 0,0258 767±32 0,0259 723±28 
0,0263 740;t31 0,0265 711.;!;30 0,0269 734.:.!;26 0,0270 684±30 
0,0280 661;t26 0,0281 667±29 0,02B6 641.:.!;28 0,0)01 567±27 
0,0304 588;t27 0,0)08 529±32 0,0310 544;t26 0,0315 508;t31 
0,0319 500;t25 0,0324 486±24 0,0332 481±25 0,0338 471±24 
0,0339 451±23 0,0337 390;t22 0,037) J80;t21 0,0374 355±20 
0,0377 351±12 0,0409 288;t18 0,0413 278;t16 0,0414 277±18 
0,0417 279±10 0,0448 245±15 0,0452 219±15 0,0453 207±13 
0,0473 204±13 0,0479 194±12 0,0496 177;t12 0,0502 162;t11 
0,0517 149±11 0,0540 129;t10 0,0585 94,8;t7,8 0,0591 99,9±3,5 
o,0635 69,2±6,3 0,0640 74,3±2,6 0,0682 56,6;t5,0 0,0720 43,5±1,5 
0,0723 43, 1±3~8 0,0755 33,4±3,3 0,0763 32,3±1,1 0,0774 27 ,2±3,2 
0,0787 32,6±2,8 0,0819 23,B;t0,8 o,0833 19,5±2,3 o,0868 16,7±1,9 
0,0874 16,2.;!;0,6 0,0877 17,0;t0,6 0,0929 9,45.;!;1,47 0,0965 9,53±0,33 
0,0971 9,44.;!;0,43 0,1059 4,92±0,17 0,1125 3,71±0,13 0,1190 2,51±0,11. 
·0;12ao 1,94±0,13 0,1290 1,97±0,10 0,1)00.1,86±0,15 0,1)98 1,76.;!;0,10 
0,1400 1,91±0,20 0,1479 1,96±0,09 0,1557 1,87.;!;0,08 0,1593 1,87±0,11 
0,1670 1,94±0,15 0,1680 1,94±0,1) 
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Ta611u11a 2 /npo0011J1CeHue/ 

P =9,0 faB/c, He 
2 [ tl =(faB/c). [da/dt] =M6/(faB/c,2 

It I da/dt !ti da/dt It I da/dt I ti da/dt 

0,0047 3469±225 0,0068 2939±191 0,0093 2327_t151 0,0102 2353±153 
0,0131 1791_t116 0,0147 1557.t101 0,0180 1383j;90 0,0191 133,3:t87 
0,0204 1204,:t78 0,0224 954,:t62 0,0231 977±64 0,0244 922,:t60 
0,0265 764,:t50 0,0293 679±44 0,0309 569±37 0,0323 503±33 

0,0351 504±33 0,0370 389±25 0,0374 432,:t28 0,0399 315,:t20 
0,0426 308±20 0,0454 232±15 0,0458 _261,t17 0,0496 186,:t12 
0,0519 174±11 0,0535 144±9 0,0554 136±9 0,0576 119±8 
0,0626 91,9±6 0,0635 89, 1,:t5,8 0,0657 73,8±4,8 0,0678 59,7,:t),9 
0,0679 60,9±4,0 0,0724 44,8±2,9 0,0730 45,2,:t2,9 0,0747 40,8±2,7 
0,0871 19,4±1,) 0,0922 13,0,!0,8 0,0941 12,7,t0,8 0,0995 8,75,:t0,57 
0,1050 ·5,71.t0,)7 0,1200 2,65,:t0,17 0,1230 2,44±0,16 0,1290 1,87,t0,15 
0,1290 1,96,:t0,13 0,1360 1,75±0,11 0,1390 1,8),t0,12 0,1460 1,78±0,12 

B 'laCTH~CTH, npu P 11 e =9,0 I'3B/c a lied (0) =-0,26±0,01, 

npu Pue =19,8 I'3B/c a HPd (0) =-0,35±0,01. .Ourn6KH Bbl'IH 

neHbl C Il0M0ll.lblO MaTpHUbl OWH60K. 

Ilo OilTH'leCKOH TeopeMe onpe,o;eneHbl Il0JIHble ce'leHHH He -· d 

H.o;epHoro pacceHHHH: o tot Hed =258±8 M6 npu PHe =9,0 I'3B/c, 

a tot Bed =256±5 M6 npH Pne =l 9,8 I'3B/c. 
r nay6epOBCKHH MHHHMYM ,o;mp4>epeHUHaJ1bHOro ce'leHHH ynpyroro 

He-d pacceHHHH ilaxo,o;HTCH npu t =-0,133±0,004 / I'3B/c/ 2 

,ll;JIH PHe =9,0 I'3B/c H npu t =-0,141±0,004 /I'3B/c/ 2 ,o;nH 

Pne=l9,8 / I'3B/c/2 . 
Ha puc. 6 ,ll;JIJI 3KcnepHMeHTaJlbHblX T0'leK /PH;l9,8 I'3B/c/, 

pacnono>KeHHbIX B nopJI,o;Ke B03pacTaHHJI ; t: , npuoe,o;eHa oeJIH'IHHa 

R =( da'.lK~.!_1-/ daTeop -1 ).100%. 
d t d t 

BH,D;H0, 'ITO B npe,o;enax 3KCnepHMeHTaJlbHblX owu6oK M0,o;enb rnay6e

pa y,o;oBJleTB0pHTeJlbH0 0ilHCblBaeT ynpyroe pacceHHHe JI,o;ep He 

H d B o6nacrn It l ~ 0, 168 / I'3B/c;2 
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Ta611u11a 3 

IlapaMeTp HaKJI0Ha b lied , IlOJly'leHHblH Ha 0CH0Be 4>opMynbl /5/ 

LPHe I= faB/c, 

It I 

0,000 
0,005 
0,015 
0,025 
0,035 
0,045 
0,055 
0,065 
0,075 
0,085 
0,095 
0,105 
o, 115 
0,125 
0,1)5 
o, 145 
0,155 
o, 165 

R% 
25 
20 
15 

10 

5 

b 
Heel 

(~le =9,0) 

65, 1,:tO, 3 
6),~0,3 
61,6.tO,J 
60, 1,:tO, J 
59,2,:tO, J 
59, 1+0, J 
59,B+0,3 
61,2+0,4 
63,4+0,5 
66, 1+0,6 
67,9+0,8 
65,4+1, 1 
51,4±1,4 
2),7,:t1,8 
-1,1+1,7 
-10,'9',:t1, 3 
-11,2+0,9 
-0, 3:1~. 7 

[ti =(faB/c)2, [bH ] =(faB/cf
2 

ed 
b ! t ! b b lied Hed lied 

(PH e=l9 ,8) (P He =9,0) (PHe =19,8) 

66,6,:t0,2 0,001 64,8±0,3 66,4,:t0,2 
65, J±0,2 0,010 G2,7;t0,J 64,1+0,2 
6), 1,:t0,2 0,020 60,8±0,3 62, 1:±0,2 
61,4±0,2 0,0)0 59,5±0,3 60,8±0,2 
60,4.t0,2 0,040 59,0,:tO,J 60,1+0,2 
60,0+0,20 0,050 59,J±O,J 60, 1±0,2 
60,4+0,2 0,060 60,4+0,4 60,B+0,2 
61,4+0,2 0,070 62, J±0,4 62,0+0,2 
62,8+0,2 0,000 64,8;£0,5 63,6+0,2 
64,2+0,J 0,090 67,3+0,7 64,5+0,J 
64,2±0,4 0,100 67,6+0,9 62,9+0,6 
59,9+0,7 o, 110 60,)±1,2 54,7+0,8 
46,9±0,8 o, 120 30l6+1,6 36,9±:0,7 
25,7+0,6 0,130 9, +T,8 15l 1+ol5 6,5+~,5 o, 140 -7, '1+1, 5 o, +~. 
-3,?J;t0,6 o, 150 -11,'1+1,1 -4,t+o,6 
-5,0+0,6 0,160 -9,8±~,8 -4,6';'0,5 
-3,7±0,5 0,170 -6, 5±0,6 -2,6:±0,4 

0 l1111'1PWll11l,ll1l'1111tt'llil111ll!!l'tt 1111111'1111! I III '!11111 l'l11111l11llfflllllUJIHll.llllllhl1IUII, 111!' 11·,mu 1111 
-5 

-10 

-15 

-20 

·25 '-----+--+----1--+----+--+-+---+--+----t-+---t--+--.___ 

0 10 20 30 LJO 50 60 70 80 90 100 110 120 130 1LJO N 

Puc.6. CoomHowenue 
da.J R =(~-··KCI( 

dt 
1 d a Teop -1 ). 100% OIIJI p He 
' dt 

=19,8 I'3B/c. To'IKU pacno110J1CeHbl e nopJIOKe eo3pacr.zaHUJI 't 1 , 

N • nopJIOK06blU · llOMep 3KCnepuMe1tma/lb1lblX mo'leK. MUHUMYMY 
ou¢¢epe1111ua11bHozo ce11e11uJ1 coomeemcmeyem N =139. Mooe11b I'11ay-
6epa xopowo onucb1eaem 3KcnepuMeHma11b1tb1e OaH1tbie. 
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