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A. r. IToneKO 

OE~ XAPAKTEPI1CTI1KA PAEOThl 

)KJI,!I.Klm "He y,Ke B reqeHHe MHornx rrer BI,nr,maer ycrownmr,J:ii: HHrepec 

HCCJIC)l0BaTerrefi. KaK H3BCCTH0 reJIHii: He 3aTBep)leBaeT npH ero 0XJIIDK)lCHlIH BIIJI0Tb .n:o 

a6comoTHOro HYJI.H TeMrreparyp H .HBJI.!ICTC.H, TaKHM o6pa30M, C)lHHCTBeHHoii: 603e

)KH,ll;K0CTblO CB0llCTBa K0T0poii: rrpH Hll3KHX TeMrreparypax B IIOJIHOll Mepe onpe)leJI.HIOTC.ll 

KBaHT0BbIMH .HBJieHH.HMH. Hatt6orree .!!pKHM rrpo.HBJICHJICM :noro HBJI.HIOTC.H: q>a30BbJ:ii: 

rrepexo.n: B CBepxreKyqee C0CT0.HHHC rrpH T=2.17 K, .HBJieHHe K0H.u;CHCal(HH .li03e-3ii:rmrrelll!a 

B IIMIIYJibCH0M rrpocrpaHCTBe H yttHKa.JibHbJ:ii: BII)l <l>OHOH-MAKCOH-POTOHHO:fi 

mrcrrepCH0HHOll KpHBOll crreKrpa B036Y)K,ll;CHHii: (T.H. KpHBM JlaH.u;ay). 

DOJibIIIOe K0Jinqecrno JKcrrepHMCHTaJII,HI,IX HCCJICJJ:OBaHHll CaMbIX pa3H006pa3HbIX 

yttHKaJII,HI,IX MaKp0CKorrnqeCKHX CBOllCTB n HBJieHHll B )KH,ll;K0M H0pMaJII,H0M 11 oco6eHHO B 

CBepxreKyqeM reJIHll, TeopernqecKHX cpeHOMCHOJIOfllllCCKHX H rronycpeHOMCHOJiornqecKnx 

Teopnii: rrpHBCJIH K )l0CTaT0qfi0 a.u;eKBaTH0My 0IIHCaHJllO Heo6bl'IllJ,IX CBOllCTB reJIH.H Ha 

MaKp0CK0rrnqecK0M yp0BHe [1, 2]. BMeCTe C TCM ~B.!13b Ha MllKp0CK0IIHqCCK0M yp0BHe 

Me)K,ll;y yrr0M.HHyrbIMH B CaM0M Haqa.ne .HBJICHH.HMH CBepXTCKyqCCTH, 603e-KOH.u;eHcamrn ll 

Bll,!I0M .u;ucrrepCHOHHOll KpHBOll JHeprer11qecKHX B036Y)K,ll;CHHii: 0CTaeTCH Jl0 HaCT0Hm;ero 

BpeMeHH He BII0JIHe HCHOll. 

Orrpe)leJICHHblC ycrrexn B rrocrpoeHHH MllKp0CK0IIHqCCKoro OIIHCaHJIH ).Kll)lK0ro 
4
He 

CB.H3aHI,I C pa3BHBaIOIIl;CllCH B II0CJie.n;Hee BpeMH KBaHT0BO-IIOJICBOll Teopneil, B paMKax 

KOTOpoil Jll!HaMHKa )Kll)lK0ro reJIHH CBH3bIBaCTCH C HaJinqHCM B HCM .u;Byx pa3HI,IX rro CBOell 

rrpupo.n:e, Bernell JJieMeHTapHbIX B036Y)K,ll;eHJiii: [3-12]. 3TO B036Y)K,ll;eHJIH M0,ll;bl 

K0JIJICKTHBHbIX B036Y)K,ll;CHHii: IIJI0TH0CTH THIIa ttyJieBoro 3BYKa npH MaJII,IX HMrryJibCax 

(q>OHOHHbJ:ii: yqacT0K .u;ncrrepcnOHHOll KpHBOii:) H M0JJ:bl 0.u;HoqacTllqffbIX B036Y)K,ll;eHJiii: npn 

60JiblllllX HMrryJibcax (MaKCOH-pOTOHHbJ:ii: yqacTOK). Mo.n:a O.u;H0qaCTHqfil,IX B036Y)K,ll;CH1lll 

CB.!13aHa C BbIXOJJ:0M aT0Ma 
4
He II3 K0H.u;CHcarnoro C0CT0HHJIH ll M0,KCT Ha6mo)laThCH T0JibKO 

B cBepxTeKyqeil cpa3e reJIHH, Kor.u;a qacTb aToM0B 3aHHMaeT caMoe Hll3K0JHeprernqecKoe 

C0CT0HHHe C HMrryJibC0M paBHblM eymo, o6pa3yH TCM CaMbIM 603e-KOH.u;CHCaT. 

IlpH TaK0M rro.n:xo.n:e xapaKTep .u;ncrrepCHOHHOll KpHBOll Herrocpe.n;CTBCHH0 CBH3bIBaeTC.H 

C HaJinqHCM B reJIHH 603C-KOH.u;CHCaTa ll BrrepBbie CTaBHTCH Bonpoc O r116pH.u;H3aIUill 

(B3aHMOJJ:CllCTBilll) .u;Byx pa3Jil!qffI,IX rro CBOeii: np11po.n:e BeTBeii: crreKrpa B .u;HaIIa30He 

B0JIH0BbIX BCKT0p0B, rne cym:ecTByroT o6a THIIa B036Y)K,ll;eHJiii:. 

K HaCT0.HW:CMY BpeMeHH :na Te0pH.H Cq>OPMYJIIIPOBaHa JIHilII, B CaMbIX 0CH0BHbIX 

qeprax. IlepBasi II0JIYKorrnqecrneHHM Mo.n;em._ rrraii:.u;a-rpncpcpHHa B paMKax JTOro rro.n:xo.n:a 
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IDlillb Ka'leCTBeHH0 B0CIIp0H3B0.IUIT 3KCrrepIIMeHTaJlbHbie .n;aHHble [13, 14]. Tpy.D;HOCTH, 

K0T0pbre B03HllKaIOT rrpu II0IIbITKaX C03.D;aTb K0JIH'leCTBeHttyIO M0.D;eJib, CBJl3aHbl B qacTH0CTH 

C ne.n;ocTaTK0M CllCTeMaTH'leCKHX, Ha.D;e)KJlblX 3KCIIepHMeHTaJibHblX .n;aHHblX rronyqeHHblX B 

mup0K0M .D;HaIIaJ0He ll3MeneHIIJI TeMrrepaTYPbl, KaK BHemnero napaMeTpa CllCTeMbl C 

TO'IH0CTbIO rrpe.n;eJibH0 .D;OCTll)l(l!MOH B HaCT0JIIIIee BpeMJI. 

IlOJIY'lllTb TaKHe 3KCrrepHMeHTaJibllbie .n;aHHbie, B0CII0JIHHB TeM CaMblM 3T0T rrpo6en II 

o6cy.n;HTh IIX C T0'IKH 3penIIJ1 ll0CJie.D;HIIX TeopeTH'leCKHX rrpe.D;CTaBJieHHH, JIBllJI0Cb 0CH0BHOH 

u;eJibIO H pe3yJibTaT0M nacT0JIIIIIIX HCCJie.D;OBaHHH, 'ITO ll orrpe.n;eJIJleT !IX filITYaJibH0CTb. 

UeJib pa60Tbl C0CT0JIJia B rronyqenmI rrpen;II3H0HHbIX, CIICTeMaTII'leCKIIX .n;aHHblX no 

.D;llHaMHKe )Kll,!U(0f0 reJIIIJI MeT0.D;0M ueyrrpyroro pacceJIHIIJI Me.D;JieHHblX ueil:TPOHOB. 

Ilpe.n;rronaranocb, 'ITO anann3 .n;aHHblX ll03B0JIIIT .n;aTb 0TBeT 06 3q>q>eKTIIBHOCTll KBaHTOB0-

ll0JieB0f0 rro.n;xo.n;a B rronHMamm rrpnpo.n;br crreKTPa B036)')K)l;eimil: B 
4
He. 3To KacaeTcJI 

rrpoBepKH 0CH0BH0f0 rrpe.n;rroJI0)KeHIIJI 3TOH TeopHH COCTOJIIIIero B TOM, 'ITO .n;ncrrepcn0HHaJI 

KplIBaJI crreKTPa B036)')K)l;ennil: B reJIHll C0CT0HT ll3 MO.Ab! K0JIJieKTHBilblX B036)')K)l;eHnil: Ii 

MO.Ahl 0.D;H0'laCTll'IHblX B036)')K)l;eHUH, K0T0paJI CBJl3aua C CYIIIeCTB0BanneM B 
4
He 

MaKpOCKOllII'leCKOH q>paKIJ;lIII 603e-Kon.neucarn (T.e. o6ycJIOBJieua ero KBaHTOBOH 

rrpnpo.n;oil:). TaKOil: anann3 JIBJIJleTCJI llOllblTKOH 3KCrrepHMeHTaJibHOH rrpoBepKH 

CYIIIeCTB0BaHIIJI K0ppeJIJ1u;nn Me)K)J;y ynnKaJibHblM BII.A0M crreKTPa B036)')K)l;eHHH 
4
He, ero 

CJIO)KJIOH TeMrrepaTYPH0il: 3aBHCHM0CTbID II CYIIIeCTB0BaimeM B CBepXTeKyqeil: q>a3e 
4
He 

MaKpOCKOllll'leCKOH q>paKu;nu 603e-KOHJJ;encarn • .[vui: 3T0f0 IIOTPe60BaJIOCb: 

1. H3MepHTI, .!l;Ba)K.!l;bl-.D;Hq>q>epeuu:uanbHbie ceqeHIIJI ()J.[(C) pacceJIHIIJI l\Ie.D;JieHHblX 

neil:TPOH0B )Kll.AKHM renIIeM B neo6xo;i;HMoil: o6nacTu rrepep;aq 3Hepnm n yrnoB pacceJIHIIJI n 

rrmp0K0M .n;uarraJ0He H3MeHeHIIJI Tel\mepaTYPbI KaK BHenrnero rrapaMeTPa CHCTeMbl. 

2. Ilpeo6pa3oBan. 3KcrrepHMeHTaJibHbie MC B q>yn.naMeHTaJibil)'Kl xapaKTepucTuKy 

BeIIIeCTBa - ,mIHaMH'leCKlill CTpYKTYPfilIH q>aKTOp S(Q,ro) - u rrpocne,!UITb ero reMITepazypuyro 

3aBHCHM0CTb. 

3. Br,meJIUTb H3 3KcrrepHMeHTaJibH0fO S(Q,ro) ero OJ);HOq>OHOHnyIO qacn. - S1(Q,ro). 

IIpoaHaJIH3Hp0BaTb TeMrrepaTYPuyro 3aBHCHM0CTI, S1(Q,ro) C HCII0Jib30BaHUeM M0JJ;eJIU 

3aryxaIOIIIero rapM0HU'leCK0fO 0CU:llJIJIJIT0pa [15] u M0p;eJiu rnail:.n;a-rpuq>q>HHa [13, 14]. 

6. C ll0M0IIIbIO aHaJIII3a TeMllepazypnoil: 3aBHCHM0CTH S1(Q,ro) HCCJie.D;0Ban. Borrpoc 0 

B03M0)KJI0ll K0ppeJIJIIJ;HH Me)K)J;y YHHKaJibHblM BII.A0M crreKTPa B036)')K)l;eHnil: CBepxTeKyqero 

reJIIIJI n JIBJienneM 6o3e-Kon.nencau:nn. 
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Hay<rnaJI H0BH3Ha pa6oTbI. 

1. BrrepBble 3KCIIepnMeHTaJibH0 rronyqeur,r crreKTPbl S(Q,ro) )Kll.AK0fO reJIIIJI rrpn BOJIHOBblX 

BeKTopax 0.2<Q<l.2 A-1 c rro;i;po6uoil: TeMrrepaTYPHOii 3aBHCHM0CTbIO B .D;HarraJone 

TeMrrepaTYP 0.4-2.22 K (T=0.44, 0.5, 1.41, 1.45, 1.52, 1.53, 1-73, 1.81, 1.96, 2.05, 2.10, 

2.21, 2.22 K). 

2. lf3 3KCllepnMeHTaJibHblX crreKTP0B S(Q,ro) )Kll.AK0fO remIJI Bbmenena ero O.D;HOq>OHOHHaJI 

cocTaBJIJIIOIIIaJI S1(Q,ro). BrrepBbie rrpoBe;i;en KOMllJleKcm,ril: aHamI3 reMITepaTYPHOil: 

3aBHCHM0CTII OAUOq>OHOHHOH COCTaBJIJIIOIIIeil: S(Q,ro) )Kll,!U(0fO reJIIIJI, KOTOpbril: II03BOJIJleT 

cp;enaTb CJiep;yIOIIIHe BbIB0J);bl: 

3. O6nap~eHbl u 'leTK0 orrpep;eJieHbl TPH o6JiaCTH c xapaKTepnoil: TeMrrepaTYPHOH 

3aBHCIIM0CTbIO S1(Q,ro). 

• O;i;noqionoJIIIl,Ie B036)')K)l;eHIIJI B o6nacm B0JIH0BbIX BeKTOpoB 0.2<Q<0.3 A·
1 

rrpaKTH'leCKH ne 3aBHC.l!T OT TeMrrepaTYPbI, 'ITO xapaKTepno AJIJI M0JJ;bl KOJIJieKTIIBHblX 

B036)')K)l;eHHH llJI0TH0CTH Tlllla nyneBoro 3ByKa. 

• IIpu B0JIH0BbIX BeKT0pax 60Jibille 0.73 A·1 
OAHOq>OHOHHbIH llHK CYIIIeCTBeHHO 3aBHCHT OT 

TeMrrepaTYPbI, rrpH'IeM 0CH0BHbie ll3MeHeHIIJI S1(Q,ro) rrp0HCX0.AJIT rrpu T 6JIH3KHX K T;_. 

Ilpn T>T;,. OCTPbIH IIllK ll0JIH0CTblO HC'le3aeT, rrpeBpaIIIaJICb B llJI0XO orrpep;eJieHHbIH 

K0HTllnyyM. TaKoe II0Be.n;enue xapaKTepno AJIJI M0J);bl 0J);H0'laCTH'lHblX B036)')K)l;eimil:, 

K0T0paJI ua6JIIO;i;aeTCJI B S(Q,ro) T0JibK0 rrpu HaJIII'lIIII B 
4
He MaKpOCKOIIH'leCKOil: q>paKIJ;HH 

603e-Kon.nencarn. 

• O.n;uoqionoHHbIH rruK B o6nacm 0.3<Q<0.73 A·1 
rrpoJIBJIJleT TeMrrepaTYPnyIO 

3aBHCHM0CTb, 0TJIH'IaIOIIIYIOCJI OT 3aBHCHM0CTH B o6JiaCTII MaKcona. O6naCTb BOJIHOBbIX 

BeKTopoB 0.3<Q<0.73 A·1 JIBJIJleTCJI rrepexo.nuoil: OT o.nuoro Tlllla B036)')K)l;ennil: (MOAbl 

K0JIJieKTHBHblX B036)')K)l;eHHH) K p;pyroMY mrry B036)')K)l;eHHH (MO.Ahl O.D;HO'laCTH'IHblX 

B036)')K)l;eHIIH ). 

4. Hccnep;oBana TeMrrepaTYPHaJI 3aBHCHM0CTb ll3MeHeHIIJI qiopMbl O.D;HOq>OHOHHOH 

cocTaBJIJIIOIIIeil: S(Q,ro). Ilpn 3T0M B o6nacm B0JIH0BbIX BeKTopoB 0.3<Q<0.73 A·
1 

BllepBbie 6bma o6nap~ena oco6eHHOCTb, K0T0paJI 3aKJIIO'laeTCJI B llOJIBJieHIIII 

JJ;OIIOJIHIITeJibHOH llHTeHCIIBH0CTII B S(Q,ro) rrpu 3Hepmn qyTh 6oJlbmeil: 3Hepmn 

O.D;HOq>OHOHHOfO llIIKa. O6uap~eHHaJI oco6eHHOCTb JIBJIJleTCJI rrepBblM 

3KCrrepHMeHTaJibHbIM rrop;TBep)K)J;enneM TeopemqecKoro rrpe.n;cKaJaHIIJI rpnq>qi1ma-
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CBeHCCOHa O IIOllBJieHJm IIHTeHCIIBHOCTII B S(Q,ro) BCJiencTBile rn6pI1nll3al\IIII MOnhI 

onHo'IaCTll'IHh!X B036)')K,D:eHIIH II MOnhI eyJieaoro 3B)'Ka [ 16, 17]. 

5. IlpoaeneH aHaJill3 Te~mepa-rypHoil: JaBHCllMOCTII S(Q,ro) C IICIIOJih30BaHHeM 

rrapaMeTPll30BaHHoil: Monemi rmuma-rpmpqmHa[l3, 14]. AHaJIHJ rroKaJaJI; 'ITO Monenh 

Ka'IeCTBeHHO BOCIIp0ll3BOnIIT, Ha6monaeMyio B 3KCIIepI1MeHTe II xapaKTepHyio nJijj 

)Kll)V(oro 4He oco6eHHocTh: cyrn;ecrnoaaHI1e a S(Q,ro) OCTPOro IIIIKa rrpH Q>0.73 A- I a 

cBepxTeKyqeil: q>aJe II ero IIC'IeJHOBeHile (rrpeapaIUeHHe a IllIOXO orrpeneneHHhiil: 

KOHTIIH)'YM) B HOpMaJihHOH q>aJe lKlmKOCTII. 

6. B paMKaX pa3BliTlljj MeTonIIKII IICCJienoaaHlljj nI1HaMI1KII :JrumKOro reJIJljj BIIepBhie 

myqeHo BJIJlj!Hile CllllhHOil: nI1crrepcI1I1 Ha q>)'HKl\llIO pa3pemeHJljj crreKTPOMeTPa 

,l],lfH-2Illi. B pe3yJihTaTe MonenHpoBaHJljj paccel!Hiljj Heil:TPOHOB lKllnKIIM 4He MeTOnOM 

MoHTe KaplIO ycTaHOBJieHo, 'ITO q>OpMa q>)'HKl\llll pa3pemeHlljj HMeeT HeCHMMeTPil'IHhlll 

ann. COJnaHHall rrporpaMMa pacqeTa qJ)'HKl\lIII pa3pemeHJljj MO)l(eT IICIIOJih30BaThCll IIpII 

rrpoaenemm I1ccnenoaaHI1il: Ha crreKTPOMeTPe ,l],lfH-2Illi Ha npyrnx CIICTeMax c 

rrpOI13B0llhHh!M JaKOHOM paccellHJljj, 

HayqHall II rrpaKIWiecKall JHa'IIIMOCTh pa6oTh1. IloeyqeHHhie pe3YJihTIIThl HOCl!T 

q>)'HnllMeHTallhHhIH xapmuep II rrpenC'IaIIIDIIO'I' 3Ha'IIITeJII,HhlH mrrepec ,!VllI IIOHIIMaHllll II pa3BllTllll 

TOOpllll KBaIIT()Bh!X )l(!JnKOCTeil: Ha MI!KpOCKOilll'IecKOM ypoBHe. 

Arrpo6auiljj pa60T1,1. OcHOBHhie pe3yJihTaThl nHccepTal\lIOHHOH pa60Thl 

noKJianhIBaJIIICI, II o6C)')K,D:aJIIICh Ha XX Me~aponHoil: KoHq>epeHUIIII no <l>IIJIIKe HmKHX 

Te~mepa-ryp (IOnlKIIH, CllIA, 1993), XXI Me~aponHoil: Konq>epeHUHII no <l>H3HKe 

HIIJKHX TeMrrepa-ryp (Ilpara, ':Iexiljj, 1996), Ha ill KoHq>epeuuim no lKlmKOMY cocTOl!HllIO 

(Hopnn)I(, AHflliljj, 1996), Ha I Eaponeil:cKoil: KOHq>epeHl\llII no paccel!Hmo neil:TPOHOB 

(HmepnaKeH, lllaeil:1\aplljj, 1996), Ha XXXI CoaeIUamm no q>IIJHKe Hll3KHX TeMnepa-ryp 

(MocKBa, 1998), Ha II Eaponeil:cKoil: KOHq>epeHUHH no paccel!HIITO Heil:TPOHOB (6ynanemT, 

BeHrplljj, 1999), na XVI CoaeIUaHIIII no ucrroJihJOBaHmo paccellHlljj Heil:TPOHOB B 

IICCJienoa3:11Jljjx KOHneHCilpOBaHHOfO COCTOl!Hlljj (O6HIIHCK, 1999). 

Ily6JII1KaUHII. OcHOBHoe conep)l(aHJle nuccepTal.lllll ony6nnKoBaHo B 12 pa6ornx. 

CwVK:rypa II 061,eM IIIICCepTaUIIII. ,[{uccepTaUlljj COCTOIIT HJ BBeneHUll, TPeX rnaB II 

JaKJilO'IeHlljj, coneplKIIT 117 CTPaHHl\, 34 pHC)'HKOB, 4 Ta6JIHUhl II CIIIICOK l\llTHpoaaHHOil: 

lIHTepa-ryphl H3 111 HaHMeHOBaHIIH. 
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CO,n:EP)l{AHHE P A6OThl 

Bo aaegemrn cqiopMynupoaaHa rrocTaHoaKa Jana'III n ee aKryaJihHOCTh, npI1aeneHhI 

OCHOBHhie IIOJIO)l(eHJljj BhlHOCl!Mh!e Ha 3aIUIITY, naHO KpaTKOe conep)l(aHne nuccepTal\HII IIO 

rnaaaM. 

B rrepaoil: rnaae naeTCll ofoop coapeMeHHoro cocTOl!Hiljj rrpo6neMhI uccnenoaamrn 

)l(llnKoro 4He B o6JiaCTII MaJih!X Q. PaccMOTPeHa B03MO)l(Hall KOppeJilll.llljj l!BJieHJlll 603e

KOHneHcauuu C rrpol!BJilleMh!Mll n1maM11'IeCKIIMII CBOHCTBaMII 
4
He. PaccMOTPeHO COCTOlIHI!e 

rrpo6JieMhI Ha'IIIHall OT rrepBhIX pa6oT Ha'IaJia wecT1Inecl!ThIX ronoa II no HaCTOl!IUero 

apeMeHII. Ha OCHOBe ~e IIMeJOIUefOCll 3KCrrep1IMeHTaJihHOfO MaTep1IaJia II pa3llll'IHhlX 

TeopeT11'IeCKHX Moneneil: 06ocHOBh1BaeTCll a1,16op MeTona I1ccnenoaaHlljj II rrapaMeTPOB 

3KCnep11MeHTa. 

BTopall rnaaa IIOCBlIIUeHa orrncaHIIIO 3KCnep11MeHTaJihHOH qaCTll pa60Thl: OIIIIChJBaeTCll 

MCTO.[\I!Ka 3KCnep1IMeHTa, xapaKTCpI!CTIIKH cneKTPOMeTPa )],lfH-2Illi II ycJIOBHll npoaenemrn 

3KCIIepuMCHTa. C )"ICTOM UMCIOil\llXCll Janaq II peaJihHhlX xapaKTepHCTHK cneKTPOMCTPa 

npoBO.[\IITCll OIITHMil3aUilll 3KCnepnMeHTa: BhJ6op • Ha'IaJihHOH :meprmr Heil:TPOHOB H 

napaMCTPOB pa6oThl Y3JIOB CIICKTPOMeTPa, H3JIOlKeHa MeTon1IKa nepBI!'IHOH o6pa6oTKII 

naHHhlX, pacqeTa II 3KCnepuMeHTaJihHOH npoaepKII q>)'HKUIIII pa3pemeHJljj. 

3KcrrepuMeHTaJ!hHall qaCTh pa60Thl BhIIIOJIHeHa Ha crreKTPOMeTPe ,[{HH-2Illi B 

Jia6opaTOpm1 HeirrpOHHOII q>li3HKH HM. H.M. <l>paHKa OlUI11 (r. ,[{y6Ha). lfJMepeniljj 

npoaon11n;teh rrpu pa6oTe peaKTopa H6P-2 na cpenneii: MOil\HOCTli 2 MBT c qacT0Toi'1 

IlOBTOpeHlill UMilYllhCOB MOil\H0CTH 5 ru. Paccel!Hlle MenJICHHhlX Heii:TPOHOB lKHnKliM 

remieM u3MeplllIOCh B cepnn 3KcnepuMeHTOB: npn TeM.nepa-rypax 0.44, 0.5, 1.41, 1.45, 1.52, 

1.53, 1.73, 1.81, 1.96, 2.05, 2.10, 2.21, 2.22 K. 

,[{lilI uccJie.[\oBaHJljj 4He npn TeMnepa-rypax 0.4-4.2 K UCIIOJih30BaJICll Kp!iOCTaT 

pa3pa6oTaHHhIH B X<l>TH (r. XaphKOB, YKpaI1Ha) coaMecrno c <t>3H (r. 06HHHCK) (pnc. 1). 

KpuocTaT HMelI cJienyJOIUHe xapaKTepHCTIIKH: O61,eM o6pa3Ua - 4 JI. BpeMll nenpephIBHOfO 

nonneplKaHllll TeMnepa-ryphl - 72 qaca. TO'IHOCTh nonneplKaHl!ll TCMnepaTyphl - 0.001 K. 

O6paJeU npencTaBJilllI co6oii: aJIIOMHHIIeBhlll KOHTeiiuep B q>OpMe l\lllll!H.r\pa BhICOTOll 20 CM 

ll nnaMeTPOM 15 CM, HanoJIHeHHhlll Bh!COKO'IIICThlM 
4
He. BHYTPh KOHTeiinepa nJijj 

~1eHhII1eHllll MH0f0KpaTH0fO paccel!Hllll 6hIJia noMemena c6opKa H3 TOHKHX KMMHeBhIX 

.[\I!CK0B, neJil!ll\all 061,eM KOHTeil:Hepa Ha paBHhie CJIOH TOJill\HHOll 2 CM. 
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lU0,1i; 3He 

Sllllpirfum 
mxo,i,; 'He 

mJX0,1J; 1Ie 

P11cyuoK 1. CxeMa rqmocrnrn. 1- BaKyyMHhIH Koprryc; 2-renIIeBhrn 6aK; 3, 5 - BeHTIIJIII Ailll 

HaIIOJIHeHIIJI KOHTeiiuepa o6pa3IIa; 4 - OTKa~a reJIIIJI II3 OCHOBHoro 6aKa; 6, 7 -
TeIIJI03aIIIIITHhie 3KpaHhr; 8 -

3
He BaHHa, 9- TeMrreparypHhie .naTqIIKII; 10 - BeHTIIJih OTKaqKII 

3
He; 12 - a30THhIH 6aK; 13 - a,ncop6IIIIOlllihIH Hacoc Ailll OTKa~ 3He. 

B 3KcrrepIIMeHTe lfCIIOJih30BaJIIICh HeHTPOHhI C HaqanhHOH 3Hepr11eiI Eo = 2 M3}3. 

Bhr6op HaqanhHOH 3HepmII HeHTPOHOB orrpe,nemmcJI KOMIIpOMIICCOM Me)K)zy AOCTIDICeHIIeM 

TPex ycnonIIiI: 

1. o5ecrreqemre Heo5xoAIIMoro AlfHaM!fqeCKoro MaIIa30Ha H3MepeHIIJI. 

2. 06ecrreqeu11e MaKCIIMMhHOH IIHTeHCIIBHOCTH Ila.!(aIOIIIIIX HeHTPOHOB. 

3. J:(OCTIDICeHHe He06XOAIIMoro pa3peIIIeHIIJI. 

YBeJI!fqeHHe uaqan1,HoiI 3Heprmr HeiITPoHoB rrpIIBOAIIT K ynenIIqemno IIHTeHCIIBHOCTII 

HaneTaIOIIIIIX HeHTPOHOB II paCIIIIIpeHIHO AHHaMIIqecKoro ,nIIaIIa30Ha II3MepeHIU1. B TO )Ke 

npeMJI, YMeHhIIIeHHe uaqan1,HoiI 3HeprIIII HeiITPouon ne.neT K YJIY'IIIIeHIHO pa3peIIIeHIIJI. 

I1crron1,3ona1me HeiiTPOHOB c Haqan1,Hoii 3HeprIIeii £ 0 = 2 M3B, o6ecrre=o pa3peIIIeHHe 

crreKTPOMeTPa no Haqan1,Hoii 3HepmII Mo= 0,10-0.05 M3B (5-2.5 %), qrn uecKoJihKo JIY'IIIIe 

pa3peIIIeHIIJI peaJIII30BaHHOro B IIccne,nonaHmr )KI!AKoro 4
He rrpone.neuuoro Ha 

crreKTPOMeTPe IN-6 AHAepcoHOM, CnrpmrnroM II .np. [18, 19]. BpeMJI 3KCII03IIIIIIII 

6 

.;, 

II3MepeHIUI 4He rrpH OJ:(HOH TeMrreparype B 3KcrrepHMeHTax COCTaBJUIJIO OKOilO 48 qacon, ~o 

o6ecrreqJinano BhICOK)'IO CTaTJICTJiqeCK)'IO TOqHOCTh rronyqelllibIX ,nalllihIX. ,[(1rnaM!fqeCKruI 

o6nacTh JI3MepeHIIJI nKJI10qana n ce6JI rrepe_naqJI 3Heprmr xapaKTepHhre AilJI OAHO«pOHOHHoro 

II HJI3K03HepreTnqtt0ll qacTII MHOrD!pOHOHHOro pacceJIHIIJI B !pOHOH-MaKCOHHOM yqacTKax 

,nIIcrrepcIIOHHOH KpHBOH. 

3KcrrepHMeHTMhHbie crreKTPhI pacceJIHhIX HeHTPOHOB rrocne BHeceHIIJI IIOIIpaBOK Ha 

lpOHOBOe pacceJIHJie, ocna6JieHIIe IIOTOKa HeHl-pOHOB B o6pa3IIe, pacceJIHIIe OT KOHTeiIHepa II 

3«p«peKTIIBHOCTh ,neTeKTOpOB rrpeo6pa30BaHhI B crreKTPhI S(Q,ro) rrpII IIOCTOJIHHOH rrepe_naqe 

BOJIHOBOro BeKTOpa. 

,[(JIJI KOppeKTHOro yqern BnIUIHIIJI lp)'HKIIIIII pa3peIIIeHIUI Ha !pOpM)' 3KCIIepHMeHTanhHhIX 

crreKTPOB pacceJIHHhIX HeHTPOHOB, 6bm rrpoBe,neH pacqeT lp)'HKIIIIII pa3peIIIeHIIJI MeTOJ:(OM 

MoHTe Kapno. PacqeT IIOKa3an, ~o qiopMa lp)'HKIIIIII pa3peIIIemui rrpII pacceJIHIIH 

HeHTPOHOB renIIeM HMeeT HeCHMMeTPnqtthfil BIIA (pIIC. 2). 

2500 ,-------------,,-------------, 

'l:> 31<ene P~MeHT ,. MoHre Kapno 

2000 

-;f 
"' 

0=1.0A·1 

l 1500 

~ 
0 
:i: 1000 
Ill 
:s: u 
:i: 
w 
I- 500 
:i: 
:s: 

0 
L..----1... 

1,1 1,2 1,3 1,1 1,2 1,3 
3HEPn1.R (M38) 

PIICYHOK 2. CpaBHeHHe pacqeTHOH lp)'HKIIIIII pa3peIIIeHIUI II 3KCrrepIIMeHTanhHhIX reJIIIeBbIX 

IIIIKOB rrp11 Q=l.O A·1 II T=0.44 K. CTPeno~aMII ua pIIC)'HKe rroMeqeHhI 3anrnyrne 

HII3K03HepreT!fqeCKOe Kphmo 3KcrrepHMeHTaJihHOH lp)'HKIIIIII pa3peIIIeHIIJI II TO, KaK 

BOCIIp0113BOJ:(IIT 3TY oco6elllioCTh pacqeT . 
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<l>opMa CMO,D;eJIHpOB!UIHOH q>yHI<I.{lflf pa3perneHIDI Ka'IeCTBeHHO COBrrana C q>opMOH IIIIKa 

pacceHHLIX Heii:T{)OHOB :lKll).{KIIM 
4
He rrp1I caMoii: HH3Koii: TeMrreparype - 0.44 K. CpaBHeHIIe 

pac'IeTHOH q>yttKl.{IIII pa3perneHIIJI II JKCIIep:rn.1eHTanI,HI,1X crreKT{)OB pacceJIHHI,IX H~HT{)OHOB 

rrp1I T=0.44 K rroKaJano, 'ITO acHMMeT{)IDI B qiopMe q>yttKl.{IIII pa3pernemrn o6ycJIOBJieHa 

CHJII,HOH ,D;Hcrrepcneii: crreKTPa B036y)KJleHHH :lKll).{KOfO 
4
He, OTKJIOHeH1IeM ,D;IICIIepCIIOHHOH 

3aa1Ic:rn.rncn1 OT JIHHeii:Horo Bima. 

B meTLeii: rnaae rrpe,D;CTaBJieHI,I JKCIIepUMeHTMI,HI,Ie ,D;aHHI,Je II rrpoBO,D;IITCJI !IX 

aHanH3. ,lvIJI aHanma TeMrreparypHoii: 3aBIICHMOCTII 0,D;HOqJOHOHHOH 'IaCTII II3 

JKCIIepHMeHTMI,HI,IX crreK'I'pOB S(Q,ro) CHa'Iana 61,ma H3BJie'IeHa ero MHOfOqJOHOHHaJI 

COCTaBJIJIIOII.{aJI SM(_Q,ro). ,lvIJI JTOfO IICIIOJII,30Banac1, MO,D;eJII, npocToro BLI'IlfTaHIIJI 

MHOfOq>OHOHHOH qaCTII [20], KOTOpaJI 3aKJIIOqaeTCJI B CJie)zylOll.{eM. MHoroq>OHOHHaJI 'IaCTI, 

orrpe,neJIJ!eTCJI nplI T<I K, KOr,na 0,D;HOqJOHOHHI,IB n1IK II MHOfOqJOHOHHOII qaCTI, xoporno 

OT,D;eJieHI,I ,npyr OT .npyra no JHeprlIII. 3aTeM SM(_Q,ro) BI,I'IIITanac1, II3 JKCnepUMeHTMI,HI,IX 

cneKT{)OB S(Q,ro) nplI Bcex OCTMI,HI,IX, 6oJiee BI,ICOKHX TeMrreparypax. TeMneparypHaJI 

3aBIICHMOCTI, napaMe'I'pOB O,D;HOq>OHOHHOH 'IaCTII S(Q,ro) IIHTeHCHBHOCTH - Z(Q,1), 

noJIO)KeHIDI - ro(Q,1), nonyrnnpIIHI,I - r(Q,1), 61,m1I noJI)"l:eHI,I nyTeM annpOKCIIMal.{IIII 

JKCnepHMeHTMI,HOro O,D;HOqJOHHOfO IIIIKa CBepTKOH PYHKl/UU 3amyxa10UJe20 

wpMOHU'JeCK020 OClfUJlJIJlmopa (3rO-q>yttKl.{HII) - OIIIICLIBaIOII.{eii: reJIIIeBI,IH nlIK II q>yttKl.{IIII 

pa3perneHIDI. IIapaMeT{)I,I q>yttKl.{HII pa3perneHIDI 6Lm1I nonyqeHI,I npe,nBap1ITeJILHO II3 

,naHHI,IX no pacceJIHIIIO HeH'I'pOHOB )Klf,!l;KIIM rem1eM nplI T=0.44 K II qJIIKCHpOBMIICL, np1I 

onpe,neJieHIIH napaMe'I'pOB 3rO-q>yttKl.{IIII. Ilo xapaKTepy TeMnepaTypHOH 38BIICIIMOCTII 

S(Q,ro) 6LIDII BLI,D;eJieHI,I T{)II xapaKTepHI,Ie o6JiaCTH TeMneparypHOH 3aB1ICIIMOCTll ero 

O,D;HOqJOHOHHOH qacTII. 

• O,D;HOqJOHOHHI,Ie B036y)KJleHIIJI B o6JiaCTII BOJIHOBI,IX BeKTOJ)OB 0.2<Q<0.3 A-1 
He 

IIJ)OHBJIJIIOT BII,D;lIMOH TeMneparypHOH 3aBIICHMOCTII, He pearHp}'IOT Ha nepexo,n T;. .II 

JIBJIJIIOTCJI MO,D;OH KOJIJieKTHBHLIX B036y)KJleHIIH, xapaKTepHOH ,D;JIJI Bcex rrpOCTI,IX 

lKH,D;KOCTeH (p1Ic.3, 4, 5). IIpeBI,llIIeH1Ie rpynnoBOH CKOpOCTII B036y)KJleHIIH CKOpOCTH 

pacnpOC'I'paHeHIDI nepBoro 3B}'Ka B JTOH o6JiaCTH BOJIHOBI,IX BeKTOpOB (J1BJiem1e 

aHOMMLHOH ,D;IICnepcIIII), JIHHeHHaJI 3aB1ICHMOCTI, IIOJIYIII1Ip1IH B036y)KJleHIIH OT Q (He 

xapaKTepnaJI ,D;JIJI MO,D;LI nepaoro 3B}'Ka) (p1Ic. 6, 7), }'KaJLIBaIOT Ha TO, 'ITO JTII 

B036)')K,!l;eHIDI JIBJIJIIOTCJI 6eCTOJIKHOBI1TeJILHOH MO,!l;OH ttyJieBoro 3B}'Ka [21, 22]. 

• IlplI BOJIHOBI,IX BeKTopax 6oJILIIIe 0.73 A-1 
O,!l;HOq>OHOHHI,lll IIIIK cyrnecrneHHO 3aBIICIIT OT 

TeMneparypI,I (pIIc.3, 4, 5). OcHOBHLie II3MeHeHIDI S(Q,ro) rrpOIICXO,D;JIT IIplI T 6JIII3Kl!X K 
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T;.. Ilp1I JTOH TeMneparype OCT{)I,Jll IIIIK IIOJIHOCTI,lO IIC'Ie3aeT II3 S(Q,ro), npeapam:aJICI, B 

nnoxo onpe,neneHHI,IH KOHTHttyyM npu T>T;.. 3TO ,naeT OCHOBaHIDI T{laKTOBaTI, ero rrpiI 

JTIIX 3Ha'IeHIDIX Q KaK MOJlY O,D;HO'IaCTll'IHLIX B036y)KJleHHH, Ha6JIIO,naeM}'IO B S(Q,ro) 

TOJII,KO npu HMil'Illll B caepxTeKyqeii: q>aJe )KII,D;KOfO 
4
He MaKpocKonnqeCKOH q>paKl.{IIII 

603e-KOH,D;eHCaTa. 

B o6naCTII BOJIHOBI,IX BeKTOpOB 0.3<Q<0.73 A-1 
Ha'IIIHaeT npoJIBJIJITI,CJI TeMneparypHaJI 

3aBIICIIMOCTI, O,D;HOq>OHOHHOfO IIIIKa, xapaKTepHaJI ,D;JIJI MO,!J;I,J O,D;HO'IaCTII'IHLIX 

B036y)KJleHIIH (p1Ic.3, 4, 5). 3m o6nacTL JIBJIJ!eTCJI nepexo,D;HOH OT O,D;HOfO TIIIIa 

B036)')K,!l;eHIIH (MO,!J;I,J KOJIJieKTIIBHLIX B036y)KJleH11ii:) K ,npyroMy (MO,!J;I,J O,D;HO'IaCTll'IHI,IX 

B036y)KJleH1Ili). 
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TEMnEPATYPA (K) 

PncynoK 3. 3aBIICllMOCTI, OT TeMneparypLI IIHTeHCIIBHOCTll O,D;HOq>OHOHHOfO IIl!Ka npII 
paJHI,IX 3Ha'IeHIDIX BOJIHOBOfO BeKTOpa. ITyttKTIIpHaJI JIIIHIIJI COOTBeTCTByeT TeMneparype 
caepxTeKyqero nepexo,na 

4
He. 
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Pncynmc 4. :VfaMeHeHHe c TeMrreparypoil: IIOJIQ)KeHIDI O,!UIOq>OHOHHOfO IIHKa rrpn pa3HblX 
JHa'!eHIDIX BOJIHOBOfO BeKTopa. Jlnunn, coe}];HHHIOinHe TO'IKH rrpoBeJJ;eHbl Ha fJiaJ. 
flyHI<THpHaH JIHHIDI COOTBeTCTByeT TeMrreparype CBepxTeKyqero rrepexoJJ;a 4He. 
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PHCYHOK 5. lIJMeHeune c TeMrreparypoil: rrorryumpHHbl OJJ;HOq>OHOHHOfO IIHKa rrpn paJHI,IX 
JHa'leHIDIX BOJIHOBOfO BeKTOpa. CIIJIOIIIH!IH KpHB!IH pacqeTuoe JHa'leHHe rrorryumpHHbI 
O,!UIOq>OHOHHOfO IIHKa B o6rracru poTOHa. flynKTHpHaH JIHHIDI COOTBeTCTBYeT TeMneparype 
CBepxTeKyqero nepexoJJ;a 4He. 
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PncyuoK 6. rpyrrnOBlUI CKOpOCTb B036}')1(AeHIIll )lJUI pa3JIH'IHI,IX TeMneparyp rrpn 
0.2<Q<0.73 A·1• flynKTHpuoil: rrnuneil: o60Juaqeua. cKopocTb nepBoro JB}'Ka B 4He AJIJI 
cooTBeTcrnyrorneil: TeMneparypbI, ciperro'!KaMH OTMeqeua o6rracTh OKOH'laHIDI o6rracru 
aHOMaJibHOll AHCnepCHH. 
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PncynoK 7. 3aBHCHMOCTb norryumpHHI,I OAHOq>OHOHHOro ITHKa OT BOJIHOBOfO BeKTopa B 
o6rracru anoMarrbuoil: AHcnepcHH AJIJI paJJIWIHI,IX TeMneparyp. IlpHMbie, coeAHHHIOmne 
3KCnepHMeHTaJibHbie TO'IKH, IIpOBeJJ;eHbl Ha rrraJ. 
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B 06rracu1 0.3<Q<0.73 A·1 HaMII nrrepnbie 6hma o6ttap)')KeHa oco6eHHOCTh, Kornpall 

3aKJIIQqaeTC.ll B IIOllBJieHIIII ,llOIIOJIHIITeJibHOro, umpoKoro IIIIKa rrpII :mepnm qyTb 60JibIIIeii 

:meprIIII O,llHOqJOHOHHOrO IIIIKa (pIIC. 8, 9, 10). llHTeHCIIBHOCTb JTOll oco6eHH<?,CTII pacTeT c 

TeMrrepaT)'POll BilJIOTb ,no TJ.. IlpII T>T;.. oco6eHHOCTb He Ha6mo,naeTCll. ,l.vuI ap:eKBanrnro 

orrIIcaHIIll S1(Q,ro).B cnepXTeK)"Ieii <pa3e renllll rrplI T=2.05, 2.10 K II 0.37 A·1<Q<l.0 A"
1 

HaMII 6bma rrp!IMeHeHa ,nnyxKOMIIOHeHTHa.11 Mo,nerrb, KOTOpa.11 3aKJIIOqanacb B cynepII031IllIIII 

p:nyx 3rO-<pyHKIIIIll, CBepuyrbIX C <pyHKIIIIeii pa3pemeHIIll (pe3yJibTaTbl 

,n:nyxKOMIIOHeHTOHoro ormcaHIIll IIOKa3aHbl Ha pIIc. 11). lluTeHCIIBHOCTb rrepnoil. 

KOMIIOHeHTbl ( OCHOBHOll O,llHOqJOHOHHblll IIIIK) B03pacrneT C pOCTOM BOJIHOBOro BeKTOpa, 

IIHTeHCIIBHOCTb BTOpoil. (6orree BbICOK03HepreTIIqHOll) KOMIIOHeHTbl IIMeeT MaKCIIMYM rrpII 

Q=0.55-0.62 A·1, a rrplI Q=0.37 II 1.0 A·1 ee IIHTeHCIIBHOCTb IIcqe3moIIIe Mana. Pe3yJihTaTbI 

,nnyxKOMIIOHeHTHOro OIIIICaHllll S1(Q,ro) KaqecrneHHO COBIIaJIII C pe3yJibTaTaMII 

TeopeT~eCKOll pa6oTbl rpII<pqJIIHa-CneHCCOHa [16, 17], n KOTOpoil. rrpe,ncKa3bIBaeTCll 

IIOllBJieHIIe IIHTeHCIIBHOCTII B 3TOM ,nIIaIIa30He Q-ro S(Q,ro) BCJie,llCTBIIe rrpol!BJieHllll 

rII6p!I,llII3aIIIIII MO,llbl eyrrenoro 3BYKa II MO,llbl O,llHOqaCTII'IHbIX B036)')1(,lleHIIll. Teopllll Ha ee 

conpeMeHHOM 3Tarre pa3BIITIIll rrpe,nCKa3bIBaeT IIOllBJieHIIe IIHTeHCIIBHOCTII B YKa3aHHOll 

o6nacTII Q-ro, ncne,nCTBIIe rII6pII,n:II3aIIIIII MO,llbl KOJIJieKTIIBHbIX B036)')K,lleHIIll II MO,llbl 

o,n:noqacTIIqffbIX B036)')K.llettuii, xorn ,neTanII caMoro MexaHII3Ma rII6pII,n:1nan1m rroKa He 

pa3pa6oTaHhI [13-17]. Ha6mo,n:enIIe 3TOii oco6ettHocrn B o6rracrn 0.3<Q<0.73 A·
1 

II ee 

TeMrrepaT)'PHa.11 3aBIICIIMOCTb IIO,llTBeplK,llaIOT BbIBO,ll O TOM, 'ITO :na o6naCTb J!BJilleTCll 

o6naCTbIO o,n:nonpeMeHHoro cymecTBOBaHUll MO,llbl o,n:HoqacTIIqHbIX B036)')K,lleHIIll II MO,llbl 

eynenoro 3BYKa, 
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3HEPr"1fl (M38) 

Pucy110K 8. ll3MeHenne c TeMrrepaT)'lloii o,n:Ho<poHOHHoii qacTn S(Q,ro) JKHJJ.Koro 4He npn 
Q=0.31 A·1

. CnrroIIIHa.11 Kpnna.11 coorneTcTByeT rro,n:roHoqttoil. Kpnnoil., B nn,ne cnepTKH o,nHoil. 
3rO-<pyHKl(HII n ql)'HKIIIIH pa3pern_eHIIl!. 3KcnepnMeHTaJibHa.11 OIIIH6Ka B TOqKe o6o3naqeHa 
ycaMn. 
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PIIcyuoK 9. l-hMeHeHHe c TeMnepazypoii o,nHOqJOHOHHoii 11acT1I S(Q,co) )!(JJ):IKOro 
4
He nplI 

Q=0.59 A·1. O60JHa11eHHJ1 raKHe JKe, KaK II Ha p1Ic. 8. CTPeJio'lKaMII noMe'leHa o6rracTb 

Ha6mo,naeMOll oco6eHHOCTII, K0T0pru! Han6onee CHJibH0 npo,rnmreTCH nplI T=2.10 K. 
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P1Icy110K 10. lliMeHeHHe c TeMrrepazypoii o,nHocpoHoHHoii 11acm S(Q,co) lKII,ZU<0ro 4He rrp1I 
Q=l.15 A·1• O60JHa11emra raKHe JKe, KaK II Ha pnc. 8, 9. 
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PucyHOK 11. IIapaMerpbI ;J;ByxKOMilOHeHTHOH M0;:i;emI 0IIIICaHJUI S(Q,ro) )KIIJl,KOfO 
4
He rrpII 

T=2.05 II 2.10 K (Kpj')KO'IKII cooTBeTCTBytOT T=2.05K KBa;:i;parnKII -2.l0K). Ha BepxHeM 

pIICyHKe noKa:3aHbl AIICrrepCII0HHlUI 3aBIICUM0CTb 0CH0BH0fO O;:\HOqJOHOHHOfO III!Ka. 

IIorrolKeHIIe oco6eHH0CTH 0TMeqeH0 qepToqKaMII, K0T0pbie 0603uaqruoT ee rrorry11mpIIny. Ha 

HIIlKHeM pucyttKe H306palKeHa 3aBIICHM0CTb HX IIHTeHCHBH0CTH. IlycTbie CIIMBOJibl Ha o6onx 

pncyttKaX C00TBeTCTBytOT 6orree BbICOKO:mepreTnquoil: K0Mil0HeHTe, 3arrorrHeHHble -

0CH0BH0MY O;:\HOqJOHOHH0MY IlHKy. 

16 

~Ju1 orrncamrn Tel\meparypuoil. 3aBHCUM0CTH S(Q,ro) naMH 6bIJia rrpIIMenena Mo.uerrb 

f'rrail.p;a-f'puqiqiuua [13, 14], K0Top:ui ;:i;ocrnrnquo xopowo BocrrpoII3B0.llHT, ua6mo;:i;aeJ1.1yt0 B 

3KCIIepuMeHTe II xapaKrepnyio T0JibK0 .llJljl lKHAK0ro 4He oco6ennocTb: CYIIIeCTB0BaHIIe B 

S(Q,ro) ocrporo rruKa rrpI1 Q>0.73 A- 1 
B cBepxTeKyqeil. qia3e II ero ucqe3noBeHI1e 

(rrpeBpaIIIenue B IIJI0X0 orrpep;erreHHblll K0HTHnyyM) B H0pMaJibHOH qJa3e 

lKH;:\KOCTU (pnc. 12). OTMeTIIM, qrn M0,lleJib rrrail.p;a-f'puqiqinua - BIIepBbie yqHTbIBaeT 

JIBJieHIIe 603e-K0Hp;enca11uu. B 3T0H rrraBe TaKlKe paccMarpnBaeTCJI rrepcrreKTHBH0CTb 

;:\aJlbHeil:wero IICCJie;:\0BaHHJI S(Q,ro) lKII.llK0ro 4He B o6nacTH MaJlbIX Q-
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PucyHoK 12. IIapaMerpH3aIJHJI S1(Q,ro) lKII.llK0ro 4He no Mo.uem1 f'nail:.ua-f'puqiqiIIHa rrpu 

Q=0.28; 0.55; 1.00 A-1
. 3anonneunbie Kpj')KoqKn cooTBeTcTByioT 3KcnepnMettTaJibH0MY 

S1(Q,ro), nycTbie Kpj')K0'IKH - Mo.uenn f'rrail:.ua-f'pnqiqinua. 
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OCHOBHI,IE PE3YJThTAThI PAEOThI 

1. Bnepab1e npoBeAeHbI c11cTeMaTI1'IecKHe npeu;113110HHb1e II3Mepemrn MC lKIIAKoro 4He a 

q>OHOH-MaKCOHHOll o6JiaCTII AIICnepCIIOHHOll KpIIBOll C nOAp06HOH TeMnepaTYJ)HOll 

3aBIICIIMOCTb!O OT 0,4 AO 2.22 K. 

2. 3KcnepIIMeHTaJibHhie cneKTpbI MC npeo6p33oBaHbI B cneKTpbI S(Q,co) npn nocTOl!HHOH 

nepeAaqe IIMnyJihca c yqeroM MeTOA11qecKIIX nonpaaoK Ha q>oHoaoe paccel!HIIe, 

ocna6ne1111e noTOKa HettrpOHOB B o6p33u;e, paccel!HIIe OT KOHTettHepa II 3q>q>eKTIIBHOCTb 

AeTeKTOpOB. Ifa '.lKCnepIIMeHTaJibHbIX cneKrpOB S(Q,co) remrn Bbl,!l;eJieHa OAHOq>OHOHHal! 

cocrnBJil!IOIIIal! SJ(Q,co ). 

3. HccJieAOBaHa TeMnepaTYJ)Hal! 3aBIICIIMOCTb SJ(Q,co) B IIHTepaane TeMnepaTYJ) OT 0.44 AO 

2.22 K np11 BOJIHOBbIX aeKrnpax OT 0.2 AO 1.2 A-1. IIonyqeHHbie AaHHbie no 

TeMnepaTYJ)HOll 3aBIICIIMOCTII napaMerpoB OAHOq>OHOHHOro n11Ka Z(Q,7) 

IIHTeHCIIBHOCTll, co(Q,7) - 3Heprnn ll f(Q,7) - nonyIIIIIpIIHbl, KOTOpb!e C)'IIIeCTBeHHO 

AOnOJIHl!IOT )')Ke IIMe!OII.J;HeCl! B JIIITepaType. B TeMneparypHOll 3aBHCHMOCTll 3Heprnn 

ao36)')K,!l;eHIIll co(Q,7) Ha6JI10AeH CKaqoK npn TeMnepaTYJ)e qyTb HHlKe T;_ n Q>0.3 A-1, 

'ITO noATBeplK,!l;aeT pe3yJihTaTbI 6onee paHHIIX mMepeHniI. BnepBbie noK33aHo, qTo npn 

BOJIHOBbIX BeKTopax MeHbIIIe 0.3 A-1 co(Q,7) He 3aBHCIIT OT TeMnepaTYJ)bl. Ha OCHOBaHnn 

ananma TeMnepaTYJ)HOll 3aBHCIIMOCTll SJ(Q,co), KOTOpal! C)'IIIeCTBeHHO p33nirrna npl! 

p33HbIX Q, AenaeTcl! BbIBOA o TOM, qTo no36YJKAeHIIl! npn Q<0.3 A-1 l!BJlll10Tc11 

KOJIJieKTIIBHbIMll B036)')K,!l;eHIIl!MII Tl!na nyneaoro 3BYKa, B TO npeMl! KaK B036)')K,!l;eHIIl! B 

MaKCOHHOll o6JiaCTll l!BJil!IOTC11 MOAOH OAHoqacTHqJlbIX B036)')K,!l;eHIIll. O6JiaCTb 

BOJIHOBbIX BeKTOpOB 0.3<Q<0.73 A-1 l!BJllleTCl! nepeXOAHOll OT O,!l;HOfO Tnna 

B036)')K,!l;eHHll K ApyroMy. 

4. BnepBbie Ha6JIIOAeHa ll onHCaHa oco6eHHOCTb ,!l;HHaMil'IeCKOro CTPYKTYPHOro q>aKTOpa 

lKH,!l;Koro reJIIIl! npn BOJIHOBbIX BeKTopax OT 0.37 AO 0.73 A-1. Ha ocHoBaHllll 

3aBIICIIMOCTII '.!TOH oco6eHHOCTll OT TeMneparypbI, OHa llHTepnpeTnpyeTCl! KaK 

npol!BJieHne rn6pII,!l;ll3au;nn Me)K,!J;y MOAOH KOJIJieKTHBHbIX B036)')K,!l;eHHll ll MOAOH 

O,D;HoqacTIIqffblX B036)')K,!l;eHHH, cornacHO pa6oTe CBeHCOHa-fpnq>q>IIHa [15]. 

5. B paMKaX p33BllTIIl! MeTO,!l;HKll llCCJieAOBaHIIl! AIIHaMHKll lKH,!lKOro reJIIIl! B pa6oTe 

myqeHbI MeTO,!l;Il'{eCKlle 3q>q>eKTbI, B qacTHOCTll BJIIIl!Hlle CHJibHOll ,!l;HCnepCIIll Ha 

q>yttKI.J;lllO p33peIIIeHIUI cneKrpOMerpa. Y CTaHOBJieHo, 'ITO q>OpMa q>yttKI.J;llll p33peIIIeHIIl! 
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npu paccel!Hllll HettrpOHOB lKII,!J;KIIM renueM IIMeeT HeCIIMMerpUqffbIH Bll,!l;. C03AaHa 

nporpaMMa AJlll pacqeTa q>yttKI.J;llll p33peIIIeHirn, KOTOpal! MOlKeT 6bITb ucnoJib30BaHa np11 

npoBeAeHUH HCCJieAOBaHHH Ha cneKrpoMerpe ,lU1H-2IIH II Ha ApyrIIX CHCTeMax c 

npOI!3B0JlbHblM 3aKOHOM paccel!HIUI. 
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