
nHC\xpepeHUHpYH (t}z no H, YCTaHOBHM, liTO Ha nJIOCKOCTH ((t), H) BeTBb (t}2 (H) 
HMeeT MHHHMYM B TOllKe «(t}2mln, H2m in) 

• 2 2 (r - I) (I + b~) sin 0/ 
H 2m1n = Hc(1-bsm\jl); (t}2min = 2 ("(He) 1/2' (15) 

(r + I) (I + b2
) + 2b 

b = (2q)-1[_ (q + 3) + V-:-(q-+--:3=)2~+--:-4qj, q = (r t T -1. (16) 

B03HHI<HOBeHHe MHHHMYMa Y HH)KHeH BeTBH (t}2 (H) COOTBeTcTByeT pe30HaHC­

HOH )J.HarpaMMe )J.BYXOCHoro AcI>M B 3aKpHTHlIeCKOH 06JIaCTH \jI > \jIK (CM. pHc.3 

pa60TbI [24]). TIPH <pHKCHpOBaHHOH lIaCTOTe (t) Bq nOJI5I H3 Bblpa)KeHHH (15) 

onpe)J.eJI5IIOTC5I \jI = \jI, H nOJle cphIBa AcI>MP H = H I, T. e. 3HalleHHSI \jI H H, 
npH KOTOPhIX lIaCTOTa COOTBeTCTByeT MHHHMYMY KPHBOH (t}2 (H). KaK \jI" TaK H 
(HI- Hn) nponopUHOHaJIhHhI (t}2. Pa3pellla5I (14) OTHOCHTeJIhHO sin2\j1, nOJIY­

lIaeM 

• 2 I {w~ (r + 1)2 I w~ (I - z) 
sm \jI1.2 ="4 2" r- I 12 r-I - (1_Z)2 ± 

± (t}3r+ I .. /-,w~ (r+ 1)2. + 2 I-Z} 
Or-IV 4 (r_I)2 r-l' (17) 

Bhlpa)KeHHe (17) B CHJIY C)J.eJIaHHhIX npH6JlH)KeHHH He onHCbIBaeT )J.eTaJIbHO 

nOBe)J.eHHH pe30HaHCHhIX )J.HarpaMM, CB5I3aHHOro C H3MeHeHH5IMH D.H < 0,1 Ka 

H D.\jI < 1° , O)J.HaKO B 06JIaCTH, r)J.e 

H2<H~(I+;~(rr+lt), (t}o=1~fI' (18) 

OHO )J.aeT npOCToe H KalleCTBeHHO npaBHJIbHOe onHcaHHe TaKHX )J.HarpaMM. 

CpaBHeHHe TeopHH C 3KcnepHMeHTOM 

TIpoBe)J.eM 3TO cpaBHeHHe CHaqaJIa )J.JIH T = 1,68° K. 

CHcTeMaTHllecKoe B03pacTaHHe pe30HaHcHhlx nOJIeH C YBeJIHlIeHHeM )J.aB­

JIeHH5I, 3KcnepHMeHTaJIhHO Ha6JIIO)J.aeMoe B CuCI 2 • 2H 20, HaXO)J.HTCH B Y)J.OB­

JIeTBOpHTeJIbHOM COrJIaCHH C TeopeTHlIecKHMH 3aBHCHMOCTHMH. TIPHHHB HlP = 
= H\f> H H 2~ = H n (H fI - nOJIe q)a30BOro nepexo)J.a 111 += lJ..)' cpaBHHM (8)­

(11) C 3KcnepHMeHTaJIbHbIMH )J.aHHhIMH. TIpe)J.nOJIO)KHB, liTO A;'» A ~, G YlIeTOM 

HI (p, 7):=:::::; Hn (p, T) npe)J.CTaBHM 9TH Bblpa)KeHHH B BH)J.e, Y)J.06HOM )J.JI5I 

cpaBHeHH5I C 9KcnepHMeHTOM: 

H - [H 2 ( 7) _ -2 2 ro + 3 + (As + 3A2) P ] 
Ip - D P, "( (t) ro _ I + (A3 - A

2
) p , (19) 

H2p = Hn (p, T) = Hn (T) V(l + AlP) (1 + A2P), (20) 

A " -1 1/ -1 " @OIl ....... 1 
r)J.e l:=:::::;AzO :=:::::;A4t A2 =A lj PO , A3 =AxPo , '0 =~oPo • 

I1cnOJIb3YH 3KCnepHMeHTaJIbHble 3HaqeHHH H2p (p = 11,2 H 5,2 K6ap) 
H HlP (p = 11 ,2 K6ap) npH 'I = 3 rZI1 H T = 1,68° K, a TaK)Ke 3HalleHHe 

'0 = 2,9 [16], HaH)JeM AJ :=:::::; A2 :=:::::; 0,022 K6ap-I, Aa = 0,3 K6ap-l. YlIHTbIBaSI 3Ha-

lIeHHe 00 = X~1=2· 10-3 H Po:=:::::; 6 ,5 [17j.l{JlSI CuCI 2• 2H 20, HaH)J.eM A; = 44 K6ap-1, 
A~ = 0,14 K6ap-l, A; = 2 K6ap-l. fl OCKOJlbKy TA ~ 0, TN 3aBHCHT OT )J.aBJIe­

HHH. HaH)J.eHHhle 3HalleHHH A ~ H A.~ XOPOillO cOrJIaCYIOTCfI C oueHOllHbIMH 3Ha­

lIeHHSIMH MarHHToynpyrHx nOCTOflHHhIX A ~ (l + 10-3) K6ap-t, B TO BpeM5I K3K 

3HalleHHe A: Ha nopfl)J.oK npeBhIlllaeT HX MaKCHMaJIhHYIO oueHKY, QTO 06ycJIOB­

JIeHO, BH)J.HMO, 60JIbllleH lIYBCTBI1TeJIhHOCThlO 06MeHHhIX B3aHMo)J.eHcTBHH K YMeHb­

llleHHIO Me)KaTOMHhIX paccToflHHH rrpH YBeJlHlIeHl-IH )J.aBJIeHH5I no cpaBHeHHIO 

c PeJI5ITHBHCTCKHMH. B pe3YJIhTaTe npOBelleHHoro HaMH YlIeTa 3aB!1CHMOC1'H 
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06MeHHoro napaMeTpa 0 OT .n:aBJIeHHH rrOJIyqeHHble HaMH H aBTOpaMH I17J 3Ha­

qeHHH A; H A; HeCKOJIbKO pa3JIHqa~TCH, o.n:HaKO rropH.n:KM 3THX BeJIHqHH OCTa­

JIHCb npe>KHHMH. TeOpeTHqeCKHe 3aBHCHMOCTH H2p (p), HIP (p), rrocTpoeHHble 

COrJIaCHO (19) H (20) rrpH HaM.n:eHHblx 3HaqeHHHX A';, A;, A;, rrpe.n:cTaBJIeHbI 

Ha pHC. 3 H Haxo.n:HTCH B COrJIaCHH C 3KcnepHMeHTaJIbHbIMH .n:aHHbIMH. OHH 

XOPOllIO rrepe.n:aIOT YMeHbllIeHHe pa3HocTH H 2P - Hlp H YBeJIHqeHHe pe30HaHc­

HbIX nOJIeM HlP H H2P C YBeJIHqeHHeM .n:aBJIeHHH p. CpaBHHM Tenepb 3Kcne­

pHMeHTaJIbHble 3aBHCHMOCTH ~r H rrOJI5I cpbIBa A<I>MP Hr OT .n:aBJIeHHfI H qac­

TOTbI C TeOpeTrlqeCKHMH. KaK CJIe.n:yeT H3 (15), TeOpenlqeCKHe 3aBHCHMOCTH 

3THX BeJIHqHH MO>KHO npe.n:cTaBHTb B BH.n:e 

Hf=HnII-Bw2(IHn)-2], ~f =Aw2(IHn)-Z, (21) 

r.n:e K03qxpHUHeHTbI B (p) H A (p) JIerKO Haxo.n:HTCfI H3 (15). DpH cpaBHeHHH 

(21) C 3KcnepHMeHToM Heo6xo.n:HMo yqeCTb, qTO napaMeTp r 3aBHCHT OT .n:aBJIe­

HHH CJIe.n:yroIll.HM o6pa30M: 

(22) 

TeOpeTHqeCKHe H30XpoHHble H H306apHble 3aBHCHMOCTH rrpe.n:cTaBJIeHbI Ha pHC. 3 

H 4 H y.n:oBJIeTBOpHTeJIbHO onHCbIBaIOT 3KcnepMMeHT. B qaCTHOCTH, nepBaH 

cpopMyJIa (21) XOPOllIO orrHCbIBaeT YMeHbllIeHHe pa3HocTH H n - H, C YBeJIHqe­

HHeM .n:aBJIeHHH. 

CpaBHHM Tenepb Bblpa)KeHHe (17) C .n:aHHbIMH 3KcrrepHMeHTa. Do.n:CTaBJIHH 

B (17) 3HaqeHHH Hn (p, T) BMeCTO Hn H yqHTbIBaH saBHCHMOCTb rOT .n:aBJIeHHfI 

(22), y6e>K.n:aeMc5I, qTO B 06JIaCTH (18) Bblpa>KeHHe (17) .n:OCTaTOqHO XOPOllIO 

KOJIHqeCTBeHHO onHCbIBaeT 3aBHCHMOCTb Hp (~) Ha qaCTOTax 4,5-4,88 r e/1 npH 

.n:aBJIeHH5IX BnJIOTb .n:o p::::::::; 5 Kfjap. 
HaKoHeu, yqHTbIBa5I (2), (20) H paBeHcTBO Al = A2 , Haxo.n:HM, qTO BeJIH­

qHHa HHTepBaJIa tlH = H' - Hn = 47tHnXJ.' B KOTOPOM npOMe}KYTOqHOe COCTO­

HHHe TepMo.n:HHaMHqeCKH cTa6HJIbHO, B npe.n:eJIax TOqHOCTH paCqeTa He 3aBHCMT 

B CuC1 2 • 2HzO OT .n:aBJIeHHH. 

Dpe}K.n:e qeM npoBo.n:HTb .n.aJIbHeMllIee cpaBHeHHe TeopHH C 3KcnepHMeH­

TOM, YTOqHHM npHpo.n:Y Ha6JIIO.n:aeMoro rrOrJIor.u.eHHH npH p = O. BeJIHqHHbI 
60JIbllIerO peSOHaHCHoro nOJHI Ha qaCTOTe '12 = 3,14 r elf H pesoHaHcHoro nOJIH 

Ha qaCTOTe '11::::::::; 0,7 reLf paBHbI Hpv!::::::::; Hpv,::::::::; Hn = 6.7 Ka npH tp = 0 H COOT­

BeTcTBYIOT 31-1aqeHHIO nOJIH cpa30Boro rrepexo.n:a I" += l,l npH T = 1,68° K [25J, 
BCJIe.n:CTBHe qero MO}Kl-IO c.n:eJIaTb BbIBO.n:, qTO OHH C6YCJIOBJIeHbl rror JIOlueHHeM 

B npOMe}KYTOqHOM COCTOHHHH (Dq, rro.n:P06HO rrpOaHaJIHSMpOBaHl-IOM B [16]. 
MeHbllIHe pe30HaHCHble nOJI5I Ha qaCTOTax '12 = 3,14 re/1 H '13 = 4,88 r e/1 
JIe}KaT B 06JIaCTH, r.n:e Hp < H o , H 06YCJIOBJIeHbI norJIOIll.eHl'leM B O.n:HOPO.n:HOH 

cpa3e I". CJIO}KHee 06'bHCHHTb npHpo.n:y nOrJIor.u.eHHfI B 66JIbllIeM pe30HaHcHoM 
nOJIe Ha qaCTOTe '13 = 4,88 reLf. DpH 3HaqeHHHX yrJIa tp, 6JIH3KHX K HYJIIO. 

Ha6JIIO.n:aeMa51 3KcrrepHMeHTaJIb1-l0 pe30HaHCHa51 JlHHH5I CTaHOBHJIaCb HaCTOJIbKO 

CJIa60M, qTO ee nOJIO}KeHHe HeJIb3H 6bIJIO Ha.n:e}KHO onpe.n:eJIHTb. llJIH BbI5ICHe­

HH5I npHpo.n:bI 9TOM JIHHHH orrpe.n:eJIHM no cpopMYJIaM (20), (21) pa60TbI (16) 3Ha­

qeHHe nOJI5I Hz (T), OrpaHHqHBaIOIlI.erO CHH3Y 06JIaCTb YCTOHqHBOCTH o.n:HOpO.n.­

HOH cpa3bl IJ.' KaK BH.n:HO H3 pHC. 1, rrOJIe, cooTBeTcTBYIOIlI.ee MaKCHMYMY 

M30rOHbI '13 = 4,88 reU" paBHO Hm = 6,82 Ka. DpHHHMa51 Hv = 1-1
'1 = 0,33 Ka 

(.n:JI5I 'I B re4), Hno = 6,5 Ka, Haxo.n.HM Hz = 6,53 Ka npM T = 1,68° K. Pe30-

HaHcHoe nOJIe .n:JI5I cpa3bI l,l Ha qaCTOTe 4,88 reU. Haxo.n:HTC5I B npe.n.eJIax 

H2P = 6,73 Ka > 6,70 K.8 = Hn. I1HTepBaJI tlH = H' - Hn = 47tX,lHn peaJIH3a­

UHH DC B 06JIaCTH T < 1,68° K MaJIO H3MeH5IeTC5I H no TeOpeTl1qeCKOM oueHKe 

COCTaBJI5IeT OKOJIO 40 EJ (16). 3TOT HHTepBaJI OXBaTbIBaeT yqaCTOK HH}KHeM peso­

HaHCHOM BeTBH o.n:HOPO.n:HOM ¢a3bI l ,l , 3aKJIIOqeHHblH: Me}K.n:Y qaCTOTaMH w,l (H 0) = 
= 4,62 reLf < W < WJ. (H') = 5,03 reLf. B Tex }Ke HHTepBaJIaX qaCTOT M rroJIeH: 

cyr.u.ecTByeT BeTBb pe30HaHcHoro nOrJIor.u.eHH5I, 06YCJIOBJIeHHa51 npOM€}KYTOqHbIM 


