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Cano>KHHK0B MS. H np. P4 - 10598 

4>aaosbtll aHanua ynpyroro paccesmn.11 DH0H0B Ha 
4
He 

BunonHeH He aaBHC.lllllHll OT aHeprHH 4>aaosb1ll aHanua ynpyroro pac
ce.11HH.II nuoH0B Ha 4He B nuanaaoHe aHeprnll 60-260 MaB. ITpoaHanuaupoaaH 
BCC B03M0lKHble peweHH.11, B03HHK810lllHe H3-38 • a6con10TH0ll" HeO.rtHOOHa'I
H0CTH 4>aaonoro auannaa, Oco6oe BHHMSHHe y.neneHo npo6neMe Bbt6opa 
4>uau'leCKH 06ocHonaHH0ro peweHHH. ITony'leHHbte 4>aabi- cpaauuaa10Tc.11 c 
pcaynbTaTaMH aanucstmero oT attepruu 4>aaosoro aHannaa H c pac'!eTaMH 

110 ODTH'leCK0ll Monenu. 

Pa6oTa m,monHeHa n na6oparopuu .llllepHbIX npo6neM OHHH. 

Coo6UleH■e O61>eJl■HeHaoro ■HCT■TYT& ■.aepHwll ■ccneJl0ll&H■I . .,[ly6aa 1977 

P4 - 10598 
Sapozhnikov M.G. et al. 

Phase Shift Analysis of the Elastic 
Scattering of Pions on "He 

The energy-independent phase shift analysis of the 
elastic scattering rif"pions on 4 He has been performed 
in the 60-260 MeV range. All possible solutions due to 
the "abs~lute" ambiguity of the phase shift analysis 
have been analysed. Special attention ha; been paid 
to the problem of choosing a physically valid solution. 
The phases obtained are compared with the results of 
the energy-dependent phase shift analysis and the opti
cal model calculations. 

The invest~gation has been performed at the 
Laboratory of Nuclear Prob_lems, JINR. 
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BBE,l!EHHE 

3HaHHe cno60'AHOro IlH0H-HYKil0HH0ro B3aHMO'AeHCTBHH 

HBnHeTCH 6a3HCOM 'AilH_ IlOCTpoeHHH 6onLWHHCTBa conpe

MeHHLIX TeopHH IlH0H-H'AepHoro pacCeHHHH. O'AHaKO HMeroT

cg Il0ilLITKH /I/ HCil0ilL30BaTL B Ka'leCTBe HCX0'AHLIX· 'AaH

HLIX npH K0HCTpyHponaHHH nHoH- H'AepHoH aMnnHTY'ALI' HH-

4,opMau;Hro O B3aHMO'AeHCTBHH IlH0H0B He co CB060'AHLIMH . 

HYKilOHaMH, a C ner.11aHWHMH·H'ApaMH, HanpHMep, C a -qac

THIJ;aMH. 

IlpHBneKaTenLHOH, qepTOH TaKoro IlO'AXO'Aa HBnHeTCH 

TO, . 'ITO TaICHe 'IHCT0 H'AePHLie 34>4'e1CTLI, KalC nornolIJ;eHHe 

IlHOH0B, npou;ecCLI >,fHOrOKpaTHOH nepe3apH'AKH, 4,epMH-'ABH

)KeHHH HyKnOHOB H 'APYrHe qacTH'IH0 Y'IHTLIBalOTCH y)Ke B 

HCXO'AHOH aMililH~y.zie . pacceJIHHH. EcTeCTBemio, 'IT0 'AilH 

npa.ICTH'leCKHX BLl'IHCneHHH Heo6XO'AHMO xopowo 3HaTb 3Ty 

aMililHTY'AY; KaK H B 11N -pacceHHHH, ee Y'A06HO napa.MeT

p1130BaTL npH Il0M0IIJ;H 4,a30BLIX C'ABHrOB. 

BnepnLie 4,a3oBLIH aHanH3 ynpyroro pacceHHHH nH0H0B 

Ha 4He 6Lin C'AenaH B pa6oTax /2-s/. AnTopLI nony'IHnH 

3Ha'leHHH 4'a.3 pacceHHHJI npH 0T'AeilLHLIX 3HeprHHX B 'AHana-

30He 24 M3B :S E 17 :S 100 M3B. HH B O'AHOH H3 3THX 

pa6oT He 6Lin npoBe'AeH yqeT HeO'AH03Ha11HocTeii4'a3onoro 

aHanH3a. 

Haw 4,a30BLIH aHami3 11 4He -pacceHHHH CTHMynuponaH 

cepueii 3KCnepHMeHT0B 161, BLIIl0ilHeHHLIX B lla6opaTOPHH 

H'AepHLIX npo6neM OHJIH, B KOT0pLIX 6LinH H3MepeHLI 

nonHLie. H . ,iiu4>4>epeHIJ;HanLHLie Ce'leHHH ynpyroro pacceg"'._ 

HHH IlHOHOB o6oHX 3HaI<OB B WHp0KOM 'AHana3oHe 3HeprHii 

/E= 60-200 M3B/. 
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PaHee Ha OCHOBe 3THX H3MepeHHii, a TaK:lKe C yqeTOM 
no'ITH BCex ony6JIHKOBaHHLIX ,naHHLIX no ynpyroMy paccea
HHIO nHOHOB Ha reJIHH / 2- 4 , 7/ HaMH 6LIJIBLinOJIHeH 3aBHCHmHii 
OT 3HeprHii cl>a30BbIH aHaJIH3 /3(J)A/. (J)opMaJIH3M H ,neTaJIH 
BLI1-IHCJieHHH 3(J)A onHcaHbl B pa6oTe /8/. Tenepb MLI npe.n
CTaBJIHeM pe3yJibTaTLI He 3aBHcamero OT 3HeprHH 4>a30-
Boro aHaJIH3a /Hq,A/. IlpH npoBe,neHHH H(J)A 6LIJIH npoaHa
JIH3HpoBaHbl Bee B03MO:lKHLie peweHHH,.B03HHKaromtte H3-3a 
"a6COJIIOTHOH" HeO.D;H03Ha'IHOCTH cl>a3oBoro aHaJIH3a. Oco6oe 
BHHMaHHe y,neneHO npo6neMe o6ocHoBaHHOrO BbI6opa 4>.H3H
qecKH npaa.nono,no6Horo peweHHa. IlonyqeHHLie cl>a3LI cpaB
HHBa10Tc» C pe3yJibTaTaMH 3(J)A H onTH'leCKOH Mo,nenH 
C noTeHI~HanoM KHCCJIHHrepoBCKOro THna / 9/ • 

1.· OIIHCAHHE IIP01'E,lfYPM Hr/>A 

.l(nH npoae,neHHH H(J)A Mbl HCnOJib30BaJIH ycpe,D;HeHHLie 
ceqeHHH ynpyroro pacce»HHH nHOHOB Ha renHH npu 3Hep
rHHX 68, 98, 135, 145 H 156 M3B H3 pa60TLI /6/ H npH 
3HeprHH 75 M3B H3 pa60TLI /4/ 

- . + ._ 
~ =<~+~)/2. 
d!l d!l ;d!l 

/1/ 

C TO'IHOCTbio .no qneHOB nepBoro nopJl,D;Ka no KynoHOB
CKOMY napaMeTpy 3Ta BeJIH'IHHa 3aBHCHT TOJlbKO OT ».nep
HOH aMnnHTY.D;LI * · 

da 2 
- = \fN(0)\ ' 
d!l 

. . . 

/la/ 

KOTOpy"ro MO:lKHO pa3JIO:lKHTb B PJI.D; no napuHaJibHLIM BOJIHaM: 

2ioe 
l L e 77f - 1 

f(0) = -k ~ (2f + U------'--Pe (cos0). 
£=0 2i 

/16/ 

·*Ta~ KaK 3KcnepaMeHTanLHLie ,nHcl>cl>epeHuHanLHLie ceqe
HHJI H3MepeHLI B o6naCTH OTHOC11TeJibHO 6onbWHX yrnoB 
pacce»HHJI ec.M>300, BKna.n 'IHCTO KYJIOHOBCKOH aMnnHTY.D;LI 
npeHe6pe:lKHMO Man. 
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3,necb: k - HMnynLc HaneTa10mero nHcrna B c.u.M., 0 - yron 
pacce»HHH nHOHa B c.u.M., L - MaKCHMaJibHLIH yrnOBOH 
MOMeHT nHOHa. 

KaK noKa3aJIH npe,nBapHTeJibHLie OUeHKH /S, IO/, npH 
3HeprHH nHOHa .no. 100 M3B Heo6xo,D;HMO Y'IHTLIBaTb B 
pa3JIO:lKeHHH /16/ S,P,D -BOJIHbl (L=2),, a npH 6onee BLICO
KHX 3HeprHax - H .F-BOJIHY (L = 3). 

.l(nH nonyqeHHH 4>a3 pacceaHHH Mbl O.D;HOBpeMeHHO no.n
rOHHJIH 3KCnepHMeHTanbHLie ,D;H4>cl>epeHUHanbHLie ceqeHHH H 

. da ) "onTH'leCKYJO TO'IKY" --(0° 
dP. 

no 4>opMynaM,/la, 16 H 2/: 

a _ 411 
tot - klm f(O). /2/ 

B aHaJIH3e HCnOJib30BaJIHCb ,naHHbie no ycpe,nHeHHbIM 
nonHLIM ceqeHHHM atot =(a ~ot +a ~ot )/2 H Ref(O), nony
qeHHLie B pa6oTaxl8, 11{ 3TH BeJIH'IHHbl npHBe,D;eHbl B ma6A. 1. 

IlpH 3HeprH»x 110, 150, 180, 220 H 260 M3B ,nna 
BLI'IHCneHHH 4>a3 pacce»HHJI MLI BOCnOJib30BanHCb pe3ynb
TaTaMH pa6oTbl /1 2/. K CO:lKaneHHIO,· aBTOpLI 3TOH pa60Tbl 
He npHB0.D;HT Ta6nHU 3Ha'leHHii .D;H4>cl>epeHuuanLHoro ceqeHua 
C COOTBeTCTByromHMH OWH6KaMH, 1103TOMY Mbl BbIIlOJIHH
JIH oueHKY cl>a30BbIX C.D;BHrOB He npHMO H3 onLITHLIX ,naHHLIX, 
a HCXO.D;H H3/napaMeTpH3aUHH 
JIO:lKeHHOH B I 2/, 1' 

».nepHoii aMnnHTY.D;LI, npe,n-

Ta6AUija 1 

3Ha'leHHH a tot H Ref(O), ucnonb30BaHHLie B H(J)A 

E (MsB) a tot Ref<O) 

( M6H) ( <l>M) 

68 109±.8 0,709±.0,08 
75 130±.10 0,805±.0,06 
97 185±.8 0, 792±.0, 116 

135 327±.1 l, l 4±.0,01 
145 336±.1 0,81±.0,01 
156 330±.5 0,657±.0,01 
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.D;n.H. :noro BL1qucnJ1nHCL napnuanLHLie aMnnHTYJJ.LI T f: 

k I 
T f = 2 ff N-(x)P f (x)dx , 

-1 

r)].e 

2 

fNfx) = 4: a~ol (i+p)exp(- R6 tnln.::.. /)· 
I 

/3/ 

3)].eCL X=cosO,Pe (x) - nonHHOMLI JlemaHJ].pa, t = 2k 20 ·-x) -

nepeJ].aHHLIH HMnynLC. 

. . BenH'IHHLI a lot 'p' R 2 ,t i 6LinH B3JITLI H3 paoOTbl /I 
21. 

MaKCHManLHOe 'IHCno yqnTLIBaBWHXCJI napnuanLHLIX BOnH -

wecTL. (L = 5 f: 
3HaJI napu;uanLHLie aMnnHTYJJ.LI. 'Ie, nerKO BOCCTaHOBHTL 

JHalfeHHJI . 'Cf H 11{= 

2Re'I r 
8 f = arctg ( . ) , 

· 1 - 21m 'l f 

T/f = ((1 - 2ImT f >2 + 4ReT 2
) 

112 
f 

2; KJIACCH<I>HKAQH.JI HEOJ:(H03HA qHQCTEH 
4'A30BOI'O AHAJIH3A 

/4/ 

/5/ 

KaK HJBeCTHO /I 3/, cyll(eCTBeHHLIM HeJ].OCTaTKOM H<I>A 
JIBnJieTCJI ero HeOJ].HOJHa'IHOCTL •. Bcer)].a MO)KHO HaHTH 

HeCKOnLKO Ha6opoB qiaJ, nonHOCTLI03KBHBaneHTHLIX Me)KJJ.Y 

co6oii a TOM CMLICne, 'ITO OHH nu6o J].alOT coeepweHHO OJ].H· 

HaKOBLie JHa'leHHJI Ha6nro)].aeMLIX eeriH'IHH /HanpuMep, non

Horo a·· JJ.H<li<liepeHu;uanLHoro ceqeHHii pacceJIHHJI/, na6o 
OJ].HHaKOBO xopowo qJHTHPYIOT 3KcnepHMeHTaJILHLie )].aHHLie, 

T.e. He paJnH'IHMLI no x 2 ·KpHTepHIO. 

6 

~ 

~. 

Ecna B nocJJeJ].HeM cnyqae HHOr)].a yJ].aeTCJI nHKBHJ].H· 

poeaTL HeOJ].HOJHa'IHOCTH qJaJOBOro aHanHJa, yMeHLWaJI 

OWH6KH 3KcnepaMeHTa HnH yeenH'IHBaJI J].HanaJOH HJMepJie • 

MLIX eenH'IHH, TO H36e)KaTL HeOJ].HOJHa'IHOCTeH nepeoro 

poJ].a nyTeM HcnonLJOBaHHJI 6onee Ha)].e)KHLIX 3KcnepHMeH

TanLHLIX J].aHHLIX, B npHHD;Hne HeB03MO)KH0. 

B caMOM .D.ene, pa3naraJ1 aMnnHTY.D.Y no nonaHoMaM 

Jle)KaHJJ.pa H o6pLIBaJI paJJIO)KeHHe npu f max=L, HMeeM: 

L e 
r~ <0) = I Ae x 

· f=O 
/6/ 

3To BLipa)KeHHe ecer.D.a MO)KHO JanucaTL B BHJ].e: 

L X - X• 

fN(0) = f(O). Il 
1 

, /7 / 
i=l 1-xi 

r .D.e x i - KO PHH nonHHOMa / 6/, a f(O) - aMnnuTy.D.a pac-

ceJIHHJI Ha Hyneeoii yron. 

BHJJ.HO, 'ITO npH JaMeHe nro6oro Xj Ha KOMnneKCHO• 

. conpJI)KeHHOe JHa'leHHe X ~ MOJ].ynL aMnnHTYJJ.LI He Me

HJleTCJI. Cne.D.oeaTenLHo, ~cer.D.a HMeeTCJI 2LHa6opa qiaJ, 

J].aIOU(HX a6conIOTHO OJ].HHaKoeoe J].HqJqJepeHu;HanLHOe Ce'leHHe 

npu ecex yrnax pag_ceHHHJI. 

Cyll(eCTByeT ell(e TaK Ha3LIBaeMaJI "TpHBHaJILHaJI" He

OJ].H03Ha'IHOCTL: MOJJ.YnL aMnnHTYJJ.LI He HJMeHHTCJI, ecnu 

OJ].HOBpeMeHHO noMeHHTL 3HaK y ecex qJa3~ O)].HaKO 3TY 

HeOJ].H03Ha'IHOCTL MO)KHO HCKnIO'IHTL, HCXOJ].JI H3 Toro, 'ITO 

peweHHH C npaBHnLHLIMH 3HaKaMH qia3 J].OJl)KHLI J].aBa'rL npa

BHnLHLIH 3HaK peanLHOH qacTH aMnnHTYJJ.LI enepe.IJ.. B Ha

weM cnyqae pacqeTLI no .D.HCnepCHOHHLIM COOTHOWeHHJIM /1 4/ 

H pe3ynLTaTL1 3KCnepHMeHTOB / 2- 4,l l, 12/ CBHJ].eTenLCTBYIOT 

o TOM, 'ITO JJ.O JHepruii E
77 

-150-180 M3B Ref(O) nono

)KHTeJILHa. 

B 3TOH pa6oTe MLI cocpeJ].OTO'IHnH ceoe BHHMaHHe Iia 

TOM, 'IT06LI npoaHanH3HPOBaTL Bee peweHHH, B03HHKaro

ll(He HJ•Ja "a6coJIIOTHoii" HeOJJ.HOJHa'IHOCTH qia3oeoro aHa

nuJa, a JaTeM, HCnOJIL3yH H3B~CTHYIO HHqJOpMaD;HIO O nHOH· 

. JIJ].epHOM pacceHHHH, onpeJ].eJIHTL qJH3H'leCKH npaBJ].OnOJ].06· 

HLie peweHHJI. 
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3. HAXO)K,l(BHHB BCEX B03MO)KHJ,JX P BmBHHH. 
KPHTBPHH OTEOPA 

,Un.11 KOHCTpyupoaaHH.11 acex B03MO)KHbIX 2 L Ha6opoa 
4Ja3 npu Ka)K,[(OH :meprHH HaneTaIOll\ero nuoHa Mbl HaXO,[(H
nu HeXOTOphlii HCXO,[(Hhlii na6op 4Ja3' nu6o no,[(rOH.11.11 3Xcne -
PHMeHTanLHble AH<ii4Jepem~uanbHhle Ce'leHH.11 no 4JopMynaM 
/l/,nu6o aw11ucn.11.11 4Ja3LI no 4JopMynaM /3-5/. 3aTeM onpe
Aemmu XOpHH . nonHHOMa /7 / H, npoH3B0,[(.II ace B03MO)KHbie 
3aMeHbl X. Ha x": , HaXO,[(HnH COOTBeTCTBYIOll\He 3Ha'leHH.11 

l l . 

qia3, pa3naraR aMnnHTYAY /7 / no napuuanLHLIM aonHaM. 

TaxHM o6pa30M, npu 3Hepru.11x 68,75 u 98 M3B 6wno 
naiiAeno 8 peweHHii, npu 135, 145, 156 M3B - 16 pewenuii 
u npu llO, 150, 180, 220 H 260 M3B - 32 peweHu.11. 

,Um1 onpe.neneHHH 4in3H'leCXH npaB,[(On0,[(06HbIX peweHHH 
Mhl npe>KAe ncero oT6pacwaanu ace na6ophl 4Ja3, y XOTo

., phlx xoT» 6w OAHa napuuanLHa.11 aMnnuTyAa Haxo,[(HnacL 
BHe xpyra Ha AHarpaMMe ApraHa, T.e. 71f > 1 • _ 

YA06Ho xnaccu<tiuuupoaaTL nony11eHHhle Ha6oph1 <fia3 no 
nono)KellHIO Hyneii aMnnHTYAhl pacce»HHH B XOMnneXCHOH 
nnocxocTH X = cos0. 

01<a3anoch, 'ITO npu Manhlx 3Hepruxx /E < 100 M3B/ 
peweHHH c 71 e > 1 HMelOT nonO)KHTenLHYJO MHHMYJO 'laCTb 
y uynx aMnnHTYAhI pacce.HHH.11, COOTBeTCTByromero ,nepBoMy 
MHHHMYMY B ,[(H4i<iiepeHuHanbHOM ce11e11uu. Il03TOMY Mbl 
C'IHTanu, 'ITO 4iH3H'lecxue peweHHH ,[(O~Hbl HMeTb OTpuua
TenhHYJO MHHMYJO 'laCTb y 3Toro Hyn.11, T .e. ne)KaTb B 
IV xaa.[(paHTe xoMnnexcuoii nnocxocTH x=cos0. Tax xax 
nono)KeHue nepaoro MHHHMYMa a AH4i<iiepe11uuanLHhlx ce11e -
HHHX ynpyroro pacce.HHHH nuonoa Ha 4 He npaXTH'lecxu He 
MeHHeTC.11 B Hccne,[(yeMOM ,[(Hana30He 3Hepruii, TO MO)KHO 
npe,[(nonO)KHTh, 'ITO COOTBeTCTBYIOll\HH Hynb npu acex 3Hep
ruxx AO~eH HaXOAHThC.11 B IV xaa,[(panTe. Ilpu 3TOM 
'IHCno B03MO)KHblX peweHHH yMeHbWaeTCH B,[(BOe. 

0.[(HH H3 aBTOpOB 3TOH pa6oThl /<l>.H./' aHanH3Hpy.11 
AaHuwe Kpoy 141, noxa3an /15, 16/, 'ITO npu ucnonL30BaHHH 
Ta1<oro Ha6opa 4Ja3, An.II XOToporo Im x 1 < 0 u Im x 

2 
> 0 , 

,[(n.11 BenH'IHHhl 3nexTpOMarHHTHoro pa.[(Hyca naoua nony-
11aeTC.II paJyMHOe 3Ha'leHHe 

<r;>½ = 0,8±0,4 '1>M. 
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EcnH C'IHTaTb, 'ITO 4iH3H'leCXH npaBHnhHhle peweHHH 
,[(On)Kllbl HMeTh HMeHHO Taxoe pacnono)KeHHe Hyneii, TO npH 
3Hepraxx AO 100 M3B, rAe aMnnHTYAa annpoxcHMHpoaa
nacL nonHHOMOM 2-ii CTeneHH x, MO)KHO onpe,[(enHTh e,[(HH
CTBeHHOe peweHHe. 

Ilpu 3Hepraxx 135, 145 u 156 M3B aMnnuTy,[(a paccex
HHH npe,[(cTaBn.11nacL nonuHOMOM 3-ii CTeneuu x. Ecnu c11u
TaTL, 'ITO Imx I <0, TO OCTaawuec.11 4 peweHH.11 MO)KHO pa3-
6HTb Ha ,[(Be rpynnLI /cM. 111a611. 2, r,[(e An» npuMepa npu
ae,[(eHhl ,[(aHHLie npu 3Hepruu 145 M3B/. 

PeweHHH /la,6/ HMeJOT nonO)KHTenLHYJO 4Ja3y Os H 
OTpHUaTenhHYJO op, a peweHHH /I Ia,6/ - uao6opOT. 
BH,[(HO, 'ITO H3MeHeHHe_ 3Haxa MHHMOH 11acTH . y BTOporo 
Hynx He BnH.lleT Ha 3Hax 4Ja3 8 H p -aonHbl. B 3TOM 
CMhICne ropa3,[(0 6onee cyniecTBeHHhIM .IIBnJleTCH 3HaHue 
3Haxa MHHMOH 'laCTH y TpeTLero Hynx - X 3· ,Unx onpe,[(e- -
neHHH 3Haxa MHHMOH 'laCTH y X3 Mhl Bocnonb30BanHCb 
cne,[(ylOll\HMH coo6pa)KeHHHMH. 

Tax xax MLI pa6oTaeM B paiioHe nepaoro 6apuo11Horo 
pe3011anca u, xax no1<a3anu pac11eTLI qapnToHa /17/, An» 
4He 0,[(HOXpaTHOe pacce.HHHe .IIBn.HeTCH ,[(OMHHHPYIOll\HM 

B ,[(OBOnhHO WHpoxoii o6nacTH nepe,[(aBaeMblX HMnynbCOB, 

Ta611u11a 2 
I! 

<l>a3hl u napuuanLHLie ce11eHux An» pa3nu11HLIx peweHuii 
npu E = 145 M3B. x 1 = 0,43 - i 0,15, Rex 2 = -0,94, 
llmx2 1 = 0,13, Re¾= -0,23, 1Imx31 = 0,39 · 

Ia I 6 . II a 116 

3naK y Imx 
2 

H Imx 3 +· - - - - + + + 
o 5 (rpaA.) 7,3±.l ,2 16,0±.1,4 -51±.2 -70,0±.3,0 

op (rpaA.) -22,4±.1,3 -10,9±.0,9 17,9±.1,6 4,3±.I ,5 

05 (M6H) 4,2±.0,3 11,0±.0,3 33,8±.0,9 36,6±.1,4 

Op (~6H) 53,5±.1,0 30,6±.0,4 32,6±.0,7 22,8±.0,4 

oD (M6H) 38,2±.0,4 53,8±.0,4 30,0±.1,0 36,4±.1,0 
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TO MO)KHO npe,IJ;nonO)KHTh, 'ITO B cnyqae TT 4He pacce.HHH.H, 
KaK H .IJ;n.H n:N -pacce.HHH.H, napuHan1>Hoe ce'leHHe P -aonm,1 
.HBn.HeTC.H HaH60nhWHM. 3TO no,IJ;TBep)K,D;aeTC.H pe3ynhTaTa
MH 3<1>A H Bhl'IHCneHH.HMH P .Maxa no onTH'leCKOH MO,IJ;e
nH /9/. 

OKa3anoc1>, 'ITO y peweHHii c Im x 3 > 0 napuHan1>Hoe 
Ce'leHHe s -aonHhl cpaBHHMO HnH npeBOCXO,Il;HT napuHan1,
HOe ce'leHHe P-aonHLI. PeweHHe c Imx2< 0 H Imx 3 < 0 
HMeeT cnHWKOM 6on1>woe napuHan1>Hoe ce'leHHe D-aonHLI. 
Il03TOMY, Ha Haw B3rn.H.IJ;, 6onee npe,IJ;nO'ITHTenhHhIM .HBn.H
eTC.H peweHHe c Imx 2>0 H Imx 3 < 0. 

IlpH 3HeprH.HX 110, 150, 180, 220 H 260 M3B ,IJ;n.H 
onpe.D;eneHH.H 4>H3H"'leCKHX peweHHH Heo6xo.IJ;HMO onpe,IJ;e -
nHTh 3HaK MHHMOH 'laCTH eme y ABYX Hyne:ii - X4 H X5- O,IJ;
HaKo Hynb X5 ·ne)KHT O'leHb ,IJ;aneKo OT 4>H3H'leCKOH o6na
CTH <Rex 5 - -2, IImx 51- 0,1 ) H npaKTH'leCKH He MeH.HeT 
BenH'IHHhl 4>a3 npH_ 3aMeHe. ero Ha x*s· Ilo3TOMY, B006-
me roaop,i, .ocTaroTc.H .IJ;Ba peweHH.H: 

1/ Imx4 >0, npH noM o5 < 0, op> 0 
2/ Imx

4 
< 0, npH noM o

5 
< 0, op < o. 

4. OECY)I(J(EHHE IIOJIYf/EHHbJX PE3YJibTATOB 

Ha puc. 1-4 noKa3aHa 3aBHCHMOCTb 4>a3 0 e H napaMeT
POB HeynpyrocTH 1J e OT 3HeprHH nHoHa. CnnOWHOH nHHHe:ii 
HaHeceHbl pe3yn1>TaTbl Bhl'IHCneHHH no onTH'leCKOH MO,IJ;e
nH 191 C Hcnonh30BaHHeM noTeHUHana l<HCCnHHrepoatxoro 
THna. IlyHKTHpOM noKa3aHbl pe3yn1>TaTbl 3<1>A. 

BH.IJ;HO, 'ITO Me)K,IJ;y 4>a3aMH, COOTBeTCTBYIOmHMH pe
weHHIO /la/ (Imx 1<0, Imx2>0; Imx 3 < 0) H 3<1>A,HMeeTC.H 
.IJ;OBOnhHO xopowee cornacHe /3a HCKnIO'leHHeM, no)Kany:ii_, 
BenH'IHHhl o s B o6nacTH 130-150 M3B/. 3HepreTH'leCKa.H 
3aBHCHM0CTb 4>a3 ,IJ;n.H 3Toro peweHH.H Ka'leCTBeHH0 coana
,IJ;aeT H C npe,IJ;cKa3aHH.HMH onTH'leCKOH MO.IJ;enH. 

IlpH 3HeprH.Hx 6on1>we 140 M3B ,4>a3hl, npHBe,IJ;eHH1>1e 
bHHOHOM B pa6oTe /l 8/' OTnH'laIOTC.H OT pe3yn1>TaT0B 3<1>A 
H onTH'leCKO:ii MO.IJ;enH. Oco6eHHO BenHKO paCXO)K,Il;eHHe a 
P-aonHe, r,IJ;e cooTBeTcTayroma.H 4>a3a MeH.HeT 3HaK, cornac
HO 1iHHOHY, npH. 250-260 M3B, a To apeM.H KaK B 3<1>A 
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Puc. 1. 3aeucuMocmb (Ja3bl o s /e zpaoycax/ u napaMempa 
Heynpyzocmu T/ s 0111 3Hepzuu nuoHa. CnAOIUHaJI AUHUJI -
pe3yAblllQlll pac11e111oe no on111u<1eCKOii MO0eAU. IlyHKlllUP -
pe3YAbmambi 3cJ>A. cJ>a3oeble coeuzu U3 HcJ>A: 1/ no oaHHblM 
Kpoy I 4/ u KOAAa6opa11uu J(y6Ha- TypuH • - peweHue 
la, ! - peweilue ;2a; 2/ no -oaHHblM Cmpoma 712/- 0; 

I'!. - c Imx 4 < 0 . 

ff OilTH'leCKOH M0,IJ;enu 3T0 np0HCXOJJ;HT npu 3HeprH.HX 140-
150 M3B. 

B pe3yn1>TaTe uawero auanu3a 0Ka3anoc1>, 'ITO KpoMe 
ua6opa cpa3, npuee.z:i;enHoro B /I 8/, cymecTBYJ9T peweuu.H c 
Imx 4. < 0' KOT0pbie Ka'leCTBeHH0 cornacyIOTC.H C onTH
qecKOH M0JJ;enbIO "· 3<1>A. Ha, .puc.· 1-4 Mhl npHB0,IJ;HM cpa3bl 

_.o;n.H TaKoro peweuu.H npu 3Hepru.Hx 150, 180 u 220 M3B. 
bhinO_ 61,1 Q'leHh HHTepecHO Bhl.HCHHTh, KaKOH H3 npuae

.o;eHHhIX B1>1we ua6opoa cpa3 .HBn.H_eTc.H cpu3uqecKHM, TaK KaK 
3TH JJ;Ba ua6opa C0OTBeTCTBYIOT pa3HhIM HHTepnpeTaUH.HM 
B3aHMo.z:i;eiicTBH.H nuouoa c 4 He B paiioHe I'! 33 pe3oHaHca. 
B paMKax H<l>A 0HH paBHOnpaBHhl, HO, M0)KeT 6bITh, y.z:i;acT
C.H onpe.z:i;enHTh npaaun1>Hoe peweHHe, Hcnon1,3yg .z:i;ucnep
CHOHHhle C0OTHOWeHH.H .o;n.H napuHanbHhIX aMnnHTY.IJ;, 
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Puc. 2. 3aeucuMocmb ,pa3bl op /e zpaoycax/, napaMempa 
Heynpyzocmu TJ p om 3Hepzuu nuoHa. O6o3Hci'leHUJI me J1Ce, 
11mo u Ha puc; 1. · 

lfa puc. 2 H 3 BH,D;HO, qTo 4>a3bl P- H D-BOJIH Be,D;yT 

ce6JI noxo:lKuM o6pa3oM: B paiioHe E = 135 M3B 0HH .nocTu

raroT MaKCHMyMa H MeHJIIOT CBOH 3HaK npu E = 140-

150 M3B. Ha .nuarpaMMe ApraHa cooTBeTCTByroll{ue nap

uuam,HLie aMilJIHTY,D;LI 0ilHCblBalOT neTJIH np0THB qacoBoii 

CTpeJIKH. 

AHanoruqHoe JIBJieHue Ha6mo.naeTcJI u ,D;JIJI ynpyroro 

rr 12 C -pacceJIHHJI / 19~ OqeBH,D;HO, 3T0 np0JIBJieHHe "pa3Ma-

3b1BaHHJI" IlHOH-HYKJIOHHOH P-BOJIHbl no C0CTOJIHHJIM C pa3-

HblMH IlHOH- JI,D;epHblMH yrJIOBblMH M0MeHTaMH. 

BepOJITHO, qTo HMeHHO 3TOT 34>4leKT npOJIBJIJieTCJI H B 

3HepreTuqecKOH 3aBHCHM0CTH 4>a3bl S -BOJIHbl, KOTOpaJI 

Be,D;eT ce6H B H<llA .IJ;0BOJILH0 Heo6blqHo: B paiioHe 'f = 
= 130- 145 M3B OHa CTaHOBHTCJI IlOJIO:lKHTeJILHOH. 

Ha B03MO:lKHOCTL H3MeHeHHJI 3HaKa 4>a3bl S -BOJIHbl 

yKa3blBaJIH Kpenn H 3pHKCOH 1201, CBJl3b1BaJI 3TOT 34>4leKT 

C Cyll{eCTBOBaHHeM "pe30HaHCa 4>opMb1" B IlHOH-JI,D;epHOM 

12 

pacceJIHHH. B HaweM cnyqae BCilJieCK B s -BOJIHe BpJI,D; JIB 

o6ycJIOBJI.eH "pe30HaHCOM 4>opMb1", TaK KaK Ha ,D;HarpaMMe 

ApraHa napuuanLHaJI aMnnuTy,D;a S-BoJIHLI onucLrnaeT neT

mo :f!O qacoBOH CTpenKe, a He npoTHB, KaK ,D;OJI:lKHO 6LITL 

,D;JIJI pe30HaHca_ B IlOTeHl{HaJILHOM pacceJIHHH. 
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Puc. 3. 3aeucuMocmb ,pa3bl o D /e zpaoycax/ u napaMempa 
Heynpyzocmu TJ D om 3Hepzuu nuoHa. O6o3Ha11eHUJ1 me JICe, 
11mo u 0AJI puc. 1. 

liHHOH /18/ noKa3aJI, qTo npu H3MeHeHHH MHHMOH qacTH 

y nepsoro HYJIJI aMnnuTy.IJ;bl pacceJIHHJI MeHJieTcJI u 4>a3a 

s -soJIHbl. OTcro.na aBTOp .nenaeT BLIBO,D; 0 BblCOKOH qys

CTBHTeJILHOCTH 4>a3bl 's -BOJIHbl K rny6HHe nepsoro MHHH

MyMa B .nu4>4lepeHl{HaJILHOM ceqeHuu. XoTJI 3To 3aKiuoqeHue 

He JIBJIJieTCJI BilOJIHe CTporuM, TaK KaK_IlpH BapLHpoBaHHH 

MHHMOH qacTH HYJIJI aMilJIHTY,D;LI H3MeHJieTCJI He TOJILKO 

BeJiuquHa nepBoro MHHHMyMa, HO ·u BCe .nu4>4>epeHl{HaJILHOe 

ceqeHue B uenoM, HecoMHeHHo, qTo .IJ;JIJI 6onee qeTKHX 3a

KmoqeHuii o npupo.ne scnnecKa S-BoJIHbl B paiioHe 130-

150 M3B He06XO,D;HMbl 6onee ToqHble H3MepeHHJI, C 6on1,

weii CTaTHCTHKOB. 
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B HaWeM cnyqae ,D;a:>Ke HaCHJlhCTBeHHOe H3MeHeHHe 

,D;H4><liepeHI~HaJI~Horo ce11eHH.H B MHHHMyMe B HeCKOJlhiCO 

pa3 Cyll{eCTBeHHO He IlOBJIH.HJIO Ha l}ia3y 8 -BOJIHhl. Ilo3-

TOMY, Ha Haw B3rm1,D;, .D:JI.H Ha,D;e:>KHoro onpe,ZJ;eJieHH.H Benu

'IHHhl l}ia3 HH3WHX napuuaJibHblX BOJIH Ba:>KHo HMeTb xopo -

WHe 3KCilepHMeHTaJibHble ,D;aHHhie B o6naCTH 60JibWHX yr

JIOB pacce.HHH.H (0y•~• > 1400'), 3T6 IlO,D;TBep:>K,ZJ;aeTC.H H pe3yn1,
TaTaMH pa60Tbl /2 /. 
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Puc. 4. 3aeucuMocmb ¢a3bl o F. /e zpaoycax/ u napaMempa 
Heynpyzocmu TJ F om 3Hepzuu nuoHa. O6o3Ha'leHUJI me xe, 
'Imo. u 0AJI puc. 1. 

H~Tepl;!CHO OTM_e'I'.,HTh, 'ITO_ I<aK B Hc;I>.A, TaK u B 3c;I>A 

napaMeTp' HeynpyrocTH P-aoJIHhl BnnoT~ .D:0 3Hepruii E~ 
~ 70-80; M3B paBeH e,D;HHHUe, H norJIOU{eHHe IlHOHOB H3 

ynpyroro KaHaJia npOHCX0,D;HT T0JibKO :e S - BOJIH~. 3To 

npOTHB0pe11HT pe3yJILTaTaM 0ilTH'leCKOH MO,Il;eJIH, r,D;e Ta

KOe, nornouieHue npoucxo,D;iiT rnaBHLIM o6pa3oM B P-BoJIHe. 

0.D:HaKo B o6nacTH MaJihIX 3Hepruii /ES 70-80 M3B/ 
ITO UeJIOMy p.11,ZJ;y IlpH'IHH 0ilTH'leCKa.H MO,D;enh pa6oTaeT 

ropa3,D;O xy:>Ke, He:>Kenu B paiioHe .'l33-p.e30HaHca, Il03To

My pe3yJILTaTbl 4>a3ouoro aHaJIH3a 6onee Ha,D;e:>KHhl. 
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Ha puc. 5 noKa3aHa 3HepreTH'leCKa.H 3aBHCHMOCTb 

Ref(0) , nony11eHHa.11 B TOM cny11ae, Kor,D;a npH. npoue

,D;eHHH Hc;I>A O,D;HOBpeMeHHO. no,D;r0H.HJIHCb TOJlhKO ,D;H4><liepeH-. . 

uuaJILHhle ce11eHH.H ynpyroro pacce.11HH.H H BeJIH'IHHhl ,atot' 

1.6 
Ref(o)(frn} 

1.2 
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~ .,," / ... 

,,, 

,,,,,,,.-----. ,,, ... . '/.,, I ,, 
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Puc. 5. 3aeUCUMOC11fb . Re f(O) 0111 3Hepzuu •. CnAOUIHOU AUHUeil 
noKa3aHbl pe3yAb111a111b1 3c;1>A, 1/IO'IKU • - pe3yAb111a1111,1 H<PA. 
IlyHK111Up - 6bl'IUC./leHUJI no oucnepcUOHHblM C001/IH0Ule.HUJIM 
U3 pa601llbl / 22/.• M . 

B pa6oTe 1221 npHBO,IJ;.HTC.H 0TPHUaTeJibHbie /?!/ 3Ha

'leHH.H Ref(O) npH, 3HeprH.HX 135, 145 H 156 M3B, .HK06bJ 

nony11eHHhle HaMH B pa6oTe 161. Ha caMOM .D;ene HHKaKHX 

,D;aHHhIX no Ref(0) B 3TOH pa6oTe He npHBO.D;HJIOCL. Pe3yJIL-' 

TaTbl Hc;I>A npH 3THX 3HeprH.HX ny6JIHKYIOTC.H !3nepBbie 

B ,D;aliuoii pa6oTe. KaK BH,IJ;H0 H3 puc. 5, 0HH He npoTHBO

pe11aT pac'leTaM no ,D;HcnepCHOHHhIM COOTH0WeHH.HM. 

ABTOpbl Bhlpa:>KalOT rny60Ky10 npH3HaTeJibH0CTb ,IJ;OKTO

paM T .AHrenecKy H P .Maxy 3a HCKJIIO'IHTeJibHO IlOJie3Hble 

06cy:>K,D;euu.11, a TaK:>Ke T .A.Cano:>KHHKOBoii 3a noMOU{h npu 

ocl>opMJieHHH PYKOilHCH. 
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