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I. B B e n e H n e 

8 H8CTOHUlee BpeMH .OnH ~H.OKOPO COCTOHHHH BemecrBa 1IpOCTp8HCTBeH

HO-BpeMeHHbie KOppenHUHH 8TOMOB MOPYT 6b!Tb CTpOPO <•IIHC8Hbl TOnbKO .OnH 

.OBYX rrpe.aenbHbiX o6nacTeil: IIpOCTpaHCTBa H BpeMeHH: .OnH )'!eHb ManbiX BpeMeH 

H paccToHHHil:, P.ae ~.OKOCTb BeneT ce6H rrono6Ho Pasy, H nnH o'IeHb 6onb

mux BpeMeH H paccToHHHil:, P.ae HMeiOT cuny ypaBHeHHH PH.apo.aHHaMHKH, B rrpo

Me~yTo'IHOil: ~e o6naCTH cymeCTByiOT nHillb IIOIIbiTKH OIIHCI HHH IIOBe.aeHHH 8TO-

MOB1 OCHOB8HHbie H8 MO.aenbHbiX IIpe.OCTaBneHHHX1 Tpe6yiOU HX 9KCIIepHMeHTanb

HOfi rrpoBepKH. Hau6onee yno6HbiM cpencTBOM nnH TaKofi rrpoBepKH HBnHeTcH 

HeyrrpyPOe pacceHHHe Heil:TpOHOB1 B IIpHHUHIIe II03BOnHIOUll!e rrony'IHTb IIOnHyiO 

HH<jJOpMaUHIO 0 1IpOCTp8HCTBeHHO-BpeMeHHbiX KOppenHUHH t 8TOMOB B ~H,llKO-

CTH, 

CymecTByiOmHe TeopeTH'IeCKHe pa6oThi rro KonneK rHBHbiM ABH~eHHHM 

8TOMOB B IIpOCTbiX ~HAKOCTHX B OCHOBHOM HCXOAHT H3 ABYX cneayiOUI'H:X 

<jleHOMeHonoPH'IeCKHX Mo.aenbHbiX rrpe.acTaBneHHil:, C O.OHOii CTOpOHbi1 p83BHB8-

IOTCH H.OeH o6o6meHHH HH3KO'I8CTOTHOH PHApO.OHH8MH'IeCJ:Oil: TeopHH H8 B03-

MymeHHH1 ,llOBOnbHO 6biCTpO H3MeHHIOUlHeCH B IIpOCTp8HCTE e H BpeMeHH 1 IIyTeM 

BBe.aeHHH 'I8CTOTHOil: 38BHCHMOCTll KHHeTH'IeCKHX Ko9<jl<!JHU ~eHTOB H ,llHCIIepCii

OHHbiX a<jJ<jleKTOB B CKOpOCTb 3ByKa/1-3/ • 3TO IIyTb OK83anCH ycrrelllHbiM IIpH 

o6'hHCHeHHH xapaKTepa pacrrpoCTpaHeHHH 3BYKOBbiX BOnll BbiCOKOH 'I8CTOTbl 

( W "' 10 10 CeK"" 1 ) 1 IIpOHBnHIOmHXCSI B M8HAenhlllT8M VJ-6pHnni03HOBCKOM 

pacceHHHH CBeTa/3/, C APYPOH CTOpOHbl 1 1IpOBe.OeHHbie ~.a rrocneAHee BpeMH 

9KCrrepHMeHTbl ITO KOrepeHTHOMy pacceHHHIO Me.aneHHbiX H ~il:TpOHOB B IIpOCTbiX 

~ll.OKOCTHX (HH8pTHb18 r83bl H ~H.OKH8 M8Tannb1) IIOK838n~ 6onblll08 CXO,llCTBO 

• Me~.ay TB8p.llbiM ll ~HAKHM COCTOHHHHMH B8Ul8CTB8 H IIO<:ny)I<Hn!l OIIOpOH .OnH 
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pHU8 KB83llKpllCT8JJ1HqeCKllX Moaenel\ :X<HUKOCTH/4-5/ ( B qaCTHOCTH, B pHUB 

)KllUKOCTBH 6biJI o:rpenerreH XapaKTep 38BHCHMOCTH qaCTOTbl KOJ1J1BKTHBHb!X 

B036y)KUBHHl\ OT B?J1HqHHbl ITepeaaHHOrO CHCTBMB llMITyJ1bC8 K B o6rraCTH 

Kpal\He BLICOKHX q 9.CTOT ( w :::_ 1012 ceK-1) I 6-9). 
8 CBH3ll C 81HM ITpBUCT8BJ1HBT 3HaqHT811bHWl\ llHTepec ITpOB8D8HH8 8KCITe-

pHM8ijTOB ITO KOrEp8HTHOMY HeyiTpyroMy paCCBHHHID HBHTpOHOB B ITpOCTNX 

)KllUKOCTHX B B03~0)KH0 60J1bWBM UH8IT830H8 ll3M8H8HHH B8J1HqHH w ll K 

KBK C U8J1biD OITp~I8118HHH ITpeaerroB ITpllM8HHMOCTll rHUpOUllH8MHqecKoro OITll

C8HHH ( o6rraCTb Mi liT hi X 3HaqeHHH K ) 1 T8K ll UJ1H BbiHCJI8HllH OC06eHHOCTei\ 

ITOB8U8HHH KOJ1J18K1HBHWX B036y)KU8HHH B )KllUKOCTHX B 06J18CTll 60J1bWHX 3H8-

qeHHl\ K • 

B HacToHmet pa6oTe o6cy)KnawTcH sKCITepnMeHTanhHwe naHHhle ITo Ko

repeHTHOMY pacce '!HlliD MBL(nBHHb!X HBHTpOHOB TBBpUbiM H )KI!UKHM CBIIHUOM B 

Ull8IT830HB H3MBHBHIHI K (0,8 -+ 5) ~- 1 
1 ITOrryqeHHLIB Ha HMITynhCHOM pe-

8KTOpe !1EP • BLI6 )p CBHHU8 B KaqecTBB o6bBKT8 HCCJ1BUOB8HilH CBH38H C pH

DOM o6CTOHTBJ1bCTI: BO-ITBpBhlX 1 CBilHBU p8CCBHB8BT HBHTpOHhl ITQqTil ITOJ1HOCTbW 

KorepeHTHo (ceqeJne HeKorepeHTHoro pacceHHilH ITo Kpal\Heil Mepe B 1000pa3 

MBHbl!JB ceqeHilH K )repBHTHOro paCCBHHilH); BO-BTOpb!X 1 TBBpUbiH CBIIHBU o6na

U8BT oqeHb ITpocTol\ KpHcTarrnorpa¢nqecKoil CTpyKTypol\ (Ky6nqecKoil), TaK 

qTO OH llMBBT TOJ1>K0 aKyCTHqeCKilB BBTBH KOJ1868HIIH 1 qTO CYWBCTBBHHO yiTpo-

W8BT 8H8J11l3 ITOITYIBHHhlX pe3yl1bT8TOB; B-TpBTbllX 1 CBOHCTBa CBllHU8 UOBOJ1bHO 

XOpOI!JO H3yqBHbl !pH ITOMOWH p83J11lqHblX MBTOUOB HCCJ1BUOB8HilH. 

2. LleT8J1ll 3KCIT8pHM8HTa 

0CHOBH8H q;CTb 9KCITBpllMBHT8J1bHNX U8HHhlX B o6rraCTil M8J1hlX 3Haqe-

Hill\ K ITOrryqeHil H8 yCT8HOBKB ITO MBTODY BpBMBHil ITponeTa C ¢nJ1bTpOM 

ITepen neTeKTopoN, cxeMa KOTopol\ ITpnaeneHa Ha pnc. 1. 3HeprnH HeilTpoHoB, 

ITanaiDmnx Ha o6ra3eU (5), oiTpenenHrracb ITO apeMeHn ITporreTa paccToHHilH 

38MBUJ11lTBJ1b (1) - o6pa3eU (L 1 ~10M). 3HeprllH pacceHHHhlX Hel\TpOHOB 1 

perHCTpnpyBMb!X ,{BTBKTOpOM1 38U8B8J18Cb ITOJ10COH ITpOITyCK8HilH 6epH11J11lBBOrO 

¢nrrhTpa ( E ::0 5,2 Mae). EepnnnneBLrll ¢nrrbTp oxna)KnancH no TBMITepa

TYPLI )KliUKoro a3llTa n nMen pa3Mepbr 10 x 10 x 24 cM3. B KaqecTae neTeK-
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P11c. I. CxeMa ycTaHoBKII no pacceHHIIJO Hei\TpoHOB Ha Manbie yrnbi. I - aK

TIIBHaH 30Ha peaKTopa c 3aMeani!TeneM; 2 - 61!onorl!qecKaH 38lliii-

Ta peaKTOpa; 3 - BaKyyMHbie HeihpOHOBOabi; 4 - 38llii!Ta 113 napa

tPIIH8 c 6opoM; 5 - o6pa3eu; 6 - connepoacKIIH Konni!MaTop; 7 - 6e

p!!nnaeaHi\ t)llln&Tp; 8 - aeTeKTop. 



Topa, paCITOliO:>KBHHO '0 Ha paCCTOHHIHI ~ 3 M OT o6p83Ua, HCI10lib30B8liC51 

CUHHTHliliHUHOHHhlA aeTeKTOp, H3rOTOBneHHhlM H8 OCHOBe CMeCH ZnS(Agl+B 10 , 

ITnomaahJO 150 cM2, 

YcTaHOBKa IT03EDnHna ocymecTBnHTh ITnasaoe H3MeHeHHe yrna pacceHHHH 

aeATpoHoB B rrpeaenac OT 3 ao 90°. KonnnMaUHH ITyqxa sapbuposanacb B 3a

BHCHMOCTH OT yrna ~BCCeHHHH If COCTBBli51li8 1° ITpH MBlihlX yrnaX paCCe

HHHH 11 5° - ITpH 60j[bWHX, 06pa3eU ITOMemanCH B KOHTeAHep ll3 Bli!OMI1HI1H 

C TOlill1HHOA CTeHKH 1 MM H ITpencTaBnHn co6oA ITnacTnHy ITnomaahJO 10 x 

10 cM2, OpH ITpoBeaeHI111 H3MepeanA pacceHHHH Ha ManNe yrnhl o6paaeu pac

ITonarancH ITepiTeHnnxynHpHo pacteHHHOMy ITyqxy aeATpoHoB, Tonrunaa o6paa-

UB BBpbHpOBBliBCb OT 5 DO 20 MM, nnR H3yqeHHH BliHRHHR MHoroxpaTHOrO 

pacceRHHR cepHR H3M~peHHA 6bll!B ITponenaHa HB o6pa3ue, KOTOphlA COCTORn H3 

gqeeK CBHHUB pa3M8[ OM 5 X 5 X 5 MM3 , pa3neneHHblX Me :>Kay co6oi\ ITepero

pOAKBMH H3 CHnhHO IT )rJJOll1BJOU1ero MBTepnana ( KBD/o.1HH B BJJIOMHI!HBBOM KOJKY

xe), HarpeB o6pa3ua ocymecTBl!HliCR 3nexTpoiTeqbJO, neTann KoTopoi\ He Ha

xoannnch B ITyqxe ae~TpoHoB n aoiTonHnTenhHO 3KpaanposanHcb rrornoruaJOlliHM 

aei\TpoHbi MaTepnanoH, Yl3MepeHHR 6b!JJII rrposeneHbi rrp11 TeMrrepaTypax o6pa3-

ua 20, 290 H 350°C, YpoBeHb ~oHa orrpenenHnCR rryTeM H3MepeHHH pacceHHHH 

OT 'ITYCTOrO KOHTeHHE pa, HBXODHU1erocH ITp11 COOTBeTCTByJOU1ei\ TBMIIepaType, 

ToqHOCTb ITODaep:>KaH IR TeMITepaTypbl COCTBBJJRliB :!:_5°C, 

Bo n36eJKaHHe secbMa cymecTBeHHoro ITpn H3MepeHHRX Ha Mant>Ie yr-

Jlhl pacceHHI1H HB BC3DyXe BCe ITpOJJBTHOB paCCTOHHI1e OT 38MeDlii1TenH AO 

aeTeKTOpa ( B T.OM qJICne If MeCTOpaCITOliO:>KeHHB o6pa3UB) BBKYYMHpOBBliOCb, 

3xcrrep11MeHTBlii>Hb!e pe3yJJhTBTbl B o6nacTH 6onhlUHX 3HaqeHHH rrepeaaH

Horo HMIIynhCa K 6bllllf ITonyqeHbl Ha ABOHHOM CITeKTpOMeTpe MeaneHHbiX 

HefiTpOHOB/ 10/ • 3HBf rHH f. 0 ITB):{BJOU1HX HB o6pa3eU HBHTpOHOB COCTBBJlHliB 

15,2 M9B, CITeKTpbi aei\TpoHoB, pacceHHHhiX H8 yron 37,5°, H3MBpHliHCb 

ITO MeTony BpeMeHH ITponeTa Ha ITponeTHOM 6a3e DliHHOA 5,55 M; ITpH yrnax 

45; 84; 96; 109 H 121° HCITOlib30BBJJBCb ITponeTHBH 6aaa AJJHHOH 10,67 M, Kon

l!HMBUHH ITyqxa ITp11 ICeX yrnax paCCBHHI1H COCTBBliHliB ~ 3°, 

Op11 BCeX cep11~X 113MepeHI1H C :>KI1AKI1M CB11HUOM KBK HB yCTBHOBKB C 

~11libTpOM ITepen aeT•~KTOpOM 0 TBK 11 HB ):{BOMHOM CIIeKTpOMeTpe ITpOBO):{Hlii1Cb 

113MepeHI1H pacceHH11ll HeHTpOHOB OT CTaHaapTHOrO o6pB3UB BBHB):{IIH C uenb!O 
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HOpMHpOBKH paanH~!hlX cepHA H3MepeHHA H orrpeaeneHHH a6COITIDTHhlX Benn-

3, 3KC IIepHMeHTBIIbHbie ll.BHHbie H HX o6pa60TK8 

f1pelKJle qeM rnpexoJlHTb K nanolKeHHID nonyqeHHbiX peaynbTBToB, o6pa-

THM BHHMBHHe HB n;mHUHITHBnbHYID TpyJlHOCTb 1 B03HHKBIDIIlYID npH nposeaeHHH 

3KCITepnMeHTOB ITO i~OrepeHTHOMy pacceHHHID HeATpOHOB IIpH MBnbiX 3HB'Je-

HHHX K f1onHBH ~HTeHCHBHOCTb pacceHHHbiX HeATpOHOB J nponopunoHanb-

HB CITeJlyiDIIleMy BbiJ>BlKeHHID: 

( 1) 

rJle a HeKor. H a K<>r. 

COOTBeTCTBeHHO; S(K) 

ce'JeHHH HeKorepeHTHoro n KorepeHTHoro pacceHHHH 

cTpyKTypawA ¢aKTop HccneJlyeMoro BemecTBa, 

B cnyqae ~BHHUa Bemi'IHHa a rrpeHeopelKHMO Mana 3 HeK~. 

(a HeKor:"3' 10- 6apfla), H, TBKHM o6pa30M, IIOnHa51 HHTeHCHBHOCTb paCCeHHHb!X 

aeArpoaos orrpeaenHE TCH crpyKTypHbiM ¢aKTopoM s ( K l, B lKilllKOM csnHue S( K) 

IIpHHHMaeT O'JeHb MilnOe 3HB'JeHne ITpH K <' 1,5°A-l/ 1 1/ (pnc. 2), 'ITO npn

BOJlHT K KpBAHe HHcKHM CKOpOCTHM C'JeTa IIpH H3MepeHHHX H K He06XOJlH

MOCTH KOppeKTHOrO yqeTa pa3nH'IHhlX lPBKTOpOB 1 CITOC06HwX HCKB3UTb rrony

qeHHbie peaynbTBTbl ( B OC06eHHOCTU MHOrOKpBTHoro pacceHHHH), 

XapaKTepHwe KBpTUHhl CITeKTpOB HeATpOHOB1 pacceHHHhlX TBepDhlM H lKHil

KUM CBilHUOM ,rrpHBEJleHbl HB puc, 3 (a,6,B) H 4 (a,6), Yf3 JlBIIHbiX Bhi'JTeH 

¢oH, BenH'IUHB U ¢oJMa KOTOporo ITOKB3BHB IllTpHX-ITYHKTUpHoA nHHHeA JlnH 

yrna pacceHHHH 8 = 13° (puc, 4a). XapaKTep crreKTpoB cymecTBeHHO aa

BUCHT OT yrna pacCeRHHH HITU OT BenH'IHHhl K • C OllHO~ CTOpOHhl, npn 6onb

IIlHX 3HB'JeHHHX K ( pHC, 3 a,6 1 B 1 ) B o6naCTH Heyrrpyroro pacCeHHHH B 

TBepJlOM CBUHUe rrpn KOMHBTHOA TeMrrepaType ITpOHBnHeTCH CTpyKTypa, COOT

BeTCTBYIDIIlBH HCITyCLBHHID UnH rrornOIIleHHID B rrpouecce pacceHHUH HeATpO

HOM rrorrepe'IHOro H lpOJlOnbHOrO ¢oHOHB (HH3KO'JBCTOTHhle ll BWCOKO'JBCTOT

Hbte MBKCHMYMbl Jlnf JlBHHOrO yrna pacceHHHH COOTBeTCTBei!HO), f1oiTO)l<eHne 
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PHc. 3a. CrreKTpbl HeilTpoHoa, pacceHHHbiX TaepJlbiM H )I{HJlK rM CBHHUOM1 

llOilyqeHHb18 H8 llBOl\HOM CI18KTpOM8Tpe M8Jlll8HHbiX EI8l\TpOHOB0 nyHK

THpH8H ITHHHH - MHOrOtPOEIOHHOe paCC8HHiiej CllllOl!JH.UI - MHOrOKpaT

HOe pacceSIHHej lUTpHX-IlyHKTHpHBH - 3KCilepHMeEIT&.IbHOe pa3pellleHHeo 

3HaqKaMn II H l YKB3BHbl rrono)l{eHHSI BbiCOKcqacToTHb!X H HH3-

KoqacToTIIb!X MaKCHMyMoB JlllH Jl&HHoro yrna pacce IHHH. Yrnb! pacce-

SIHHSI - 37 H 45°. 
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PMc. 36. CrreKTpb Hei!TpoHoB, pacceSIHHhiX TBep/lbiM n >KMIIKMM CBMHUOM, 

IlOIIy'leHr bie H8 llBOHHOM CIIeKTpOMeTpe MeurreHHbiX Hei!TpOHOB, nyHK

TMpHaSI rMHMSI - MHOrO~OHOHHOe pacceSIHMe; CITIIOWH8SI - MHOrOKpaT

HOe paCCeSIHMe; WTpMX-IIYHKTMpHBSI - 3KCIIepMMeHT8IIbHOe pa3peweHMe, 

BepTMKa. IbHbiMM rrMHMSIMM rroKa3aHo 6parroBcKoe pacceSIHHSI oT arrJOMM-

nneBoro KOHTei!Hepa. 3Ha'!KaMM - 1\ M l yKa3aHbi rrorro>KeHnSI BbiCO-

KO'!aCT01 Hb!X M HII3K0'!8CTOTHblX M~KCIIMYMOB lliiSI ll8HHOrO yrna pac.,. 

ceSIHIISI. Yrrrbi pacceSIHIISI 84 11 96 • 
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Pnc. 3B. CneKTpbi HeliTpoHoB, pacceSIHHhiX TBepJ:IbiM n )!{Jillt HM CBHHUOM, 

Uony'leHHhle HB liBOliHOM CUeKTpOMeTpe MeAneHHbiJ HeliTpOHQB, nyHK

THpHBSI nHHJISI- MHOrO~OHOHHOe pacceSIHHe; CUnOUH8SI- MHOrOKpaT

HOe paCCeSIHHe; lliTpHx-nyHKTHpHaSI - 3KCnepHMeHT3nbHOe pa3perneHHe, 

BepTHKanhHhiMH nHHHSIMH noKa3aHo 6parroBcKoe p3cceSIHHSI OT aniD-
MHHHeBoro KOHTeliRepa. 3Ha'IKBMH II H L yKa< BHbi nono)!{eHHSI 

Bb!COK0'18CTOTHbiX H HJI3K0'18CTOTHbiX M~KCHMYMOB lWSI li8HHOrO yrna 

pacceSIHHSI. Yrnhl pacceSIHHSI 109 H 121 • 
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Puc, 4a, CrreKTpbi neilTpOHoB, pacce<IHHblX TaepAbiM 11 >KIIAKHM CBIIHUOM, 

nony'leHI bJe Ha ycTaHoBKe no apeMeHII rrponeTa c <lmrrbTpoM nepea 

AeTeKTOf OM, 113 A8HHbiX Bbi'ITeH !j>oH1 Beiiii'IIIH8 II <jlopMa KOTOpOrO 

rroKaaam nyHKTIIpHoli niiHIIeli ansr yrna pacce<IHIISl 13°, iln<I yrnoB 

pacce<IHJ Sl 6 1 20 1 35° IIYHKTHpH3Sl IIIIHI!Sl IIOK83biBaeT BKnan MHOrO

!j>OHOHHOI ·o pacceSIHIISl, MHoroKpaTnoe pacceSIHIIe naeTc<I crrnowHoli 

nHHIIeli, PaapeweHHe naHHOH ycTaHOBKH rroKa3aHo wTpllx-rryHKTHpHoil 

IIIIHIIeH, no OCII BOCUHCC naeTCSl BpeMSl rrponeTa ue!l:TpOHOB ( B Ka

Hanax apeMemwro aHanHaaTopa), H3MeHeuue 3HeprHH HeliTpoHOB 

(a .M3B) 11 113MeHeuue HMnynbca ( B <.4. •I ) , Yrnhi pacce<IHHSl -

6 II 13°, 
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PHc, 46, CrreKTpbi uelhpouos, pacceHHHbiX TBepabiM If 11ma~ lfM CBifHUOM, 

rronyqeHHbie Ha ycTaHOBKe rro speMeH!f rrponeTa c <!mnbTpoM rrepea 

L(8T8KTOpOM, J13 L(8HHbiX BbiqT8H <jloH, B8JI!fq!fH8 If <jlopMa KOTOpOrO 

IIOK838H8 liYHKTifpHOM JIHHH8M L(IIH yrna paCC8HHIIS 13°, JlJIH yrnOB 

pacceHHHH 6, 20, 35° IIyHKTHp~aH JIHHIIH IIOK83b!BE 8T BKnan MHOPO-

<jloHOHHOPO pacceHHHH, MuoroKpaTHoe pacceHHI!e aaeTCH crrnow-

Holi IIIIHHeli, Pa3p8W8Hif8 aaHHOM ycTaHOBKH ITOK831HO WTpiiX-IIyHKTHp

HOM IIHHII8M, no OCH a6CURCC aaeTCH Bp8MH rrporrera HeliTpOHOB 

(B K8H8JI8X Bp€M8HHOPO 8H8JIH38TOpa), II3M€~8HH8 3H8pPRH HeMT

pOHOB ( B Mss) R H3MeHeHne I!Mnynbca ( B A -I ) , Yrrrbi pacce-

HHHH 20 II 35°, 
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M8KCHMyMOB H3MeHSI ~TCSI !IpH H3MeHeHHH yrna pacceSIHHSI. C pOCTOM TeMIIe

paTyphl HHTeHCHBHO<Tb pacceSIHHhlX HeATpOHOB B03p8CT8eT 1 OJ:IHOBpeMeHHO 

!IpOHCXOJ:(HT HeKOTOpO•! crna)KHB8HHe CTpyKTypbl C 38MeTHbiM CMeweHHeM B CTO

pOHY MeHblllHX aHep:'HH M8KCHMYMOB1 CBSI38HHbiX C liOIIepe'IHbiMH ifloHOH8MH. 

DpH nepexone qepe~ TO'IKY rrnasneHHSI Ha6nronaeTcSI nanbHeAll!ee cMemeHHe 

HH3KO'I8CTOTHbiX MBJ:CHMYMOB H HX p83MbiTHe, TBK 'ITO !IpH 6onbll!HX yrnax 

paCCeSIHHSI 0 10!1 H 121° O'IeHb TpynHO f'OBOpHTb 0 K8KOH-nH60 CTpyKTy

pe B o6naCTH Heyrrp ff'Of'O paCCeSIHHSI B )KHJ:(KOM CBHHUe. 

C npyroif CTop<·Hhi, IIpH pacceSIHHH Ha Manbie yrnhi (Manhie K , pnc.4a) 

B C!IeKTpe Heyrrpyro paCCeSIHHbiX HeifTpOHOB TBepL(biM CBHHUOM HMeeTCSI BCero 

OLIHH M8KCHMyM 1 KO'IOpbiH HY)KHO IIpH!IHCBTb IIpononbHbiM- ifloHOH8M 1 liOCKOnbKy 

BenH'IHHB K B Ll8fHOM Cnyqae COOTBeTCTByeT TO'IK8M 1 ne)K8lliHM BHyTpH 

nepsoA 30Hhi EpHnnn9Ha H, cneAoBaTenbHo, HHTeHCHBHOCTb pacceSIHHSI, csSI-

38HHaSI C KB83H!IO!Ie Je'IHbiMH KOnneKTHBHbiMH B036y)KL(e HHSIMH 1 L\On)KHB 6b!Tb 

KpaAHe Mana. OepeX• >LI H3 OJ:(HOH ifla3bl B ApyryJO B 9TOM cnyqae He !IpiiBOL\HT 

K 3H8'IHTenbHOMY H3 .1eHeHHIO iflopMbl pacceSIHHOf'O C!IeKTpa B o6naCTH Heynpy

f'Of'O pacceSIHHSI. B ro )Ke speMSI Ha6nroAaeTcSI 3HB'IHTenbHaSI pa3HHUa B o6-

nacTH K83Hyiipyroro p8CCeSIHHSI HeifTpOHOB TBepJ:IbiM H )KHL\KHM CBHHUOM, !IpO

SIBnSIIDlli8SICSI B pe3K<•M ysenH'IeHHH HHTeHCHBHOCTH KB83Hyiipyroro pacceSIHHSI 

IIpH nepexoAe qepe~ TO'IKY nnasneHHSI. Pe3Koe ysenH'IeHne HHTeHCHBHOCTH 

KB83HyiipyrorO paCCI!SIHHSI !I pH 0 = 45° (pH C. 3a) CBSI38HO C !IpH6nH)KeHHeM 

K K 3Ha'IeHHIO K = 2,2 ~ - 1, IIpH KOTOpOM CTpyKTypHbiH iflaKTOp S(K ) 

)KHL\KOT'O CBHHU8 !IpOHBnSieT CHnbHbiH M8KCHMyM ( COOTBeTCTBYIOWHii 6p9rf'OB-

CKOMy liHKy OT IInOC KOCTH (III ) B TBepJ:(OM CBHHUe) • 

HcHo, 'ITO npSI~oe cpasHeHne TeopeTH'IeCKHX MOAeneA c IIpHBeAeHHbiMH 

SKC!IepHMeHTBnbHbiMH: LIBHHbiMH HeB03MO)KH0 1 liOCKOnbKy liOCneAHHe HCK8)Ke

Hhl K8K annapaTypH b!MH iflaKTOp8MH 1 o6ycnosneHHbiMH ( CK8)KeM 1 B cnyqae 

pa6oTbi no MeTony o6paTHoro 6epnnnnesoro ¢nnbTpa) ¢opMoA naAaromero 

HB o6pa3eU ClleKTpa HeHTpOHOB Ill (E), iflyHKUHeli !IpOIIyCKBHHSI XOnOJ:IHhiX HeliT

pOHOB ljJHnbTpOM 'I' ( E' ), 91jlifleKTHBHOCTbro L(eTeKTopa l (E ') H iflyHKUHeA 

pa3pell!eHHSI yCT8H03KH 1 CBSI38HHOii B OCHOBHOM C HeMOH09HepreTH'IHOCTbiD 

perHCTpHpyeMhiX" He \TpOHOB, 8 T8K)Ke C B03M0)KHbiM BKnaJ:(OM MHOroifJOHOHHbiX 

H MHOf'OKpaTHbiX IIp:>UeCCOB. 
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Mo>KHO nerKo rroKa3aTh, 'ITO C'IeT B KaHane BpeMeHHoro aHanll3aTopa 

lllllpllHOH dt OT CBllHUB N Pb nocne Bhi'IllT8Hll51 CO OTBeTCTByJOIUllX lPOHO-

Bh!X ll3MepeHllH N !fJoH llpll y'IeTe HOpM!ipOBO'IHhl ~ ll3MepeHHH C BaHa-

UlleM N v onpenen51eTcSI B ycTaHoBKax no Me Tony Bpe: ~eHll rrponeTa c QlllnhT-

poM rrepen neTeKTopoM B noBonhHO xopollleM rrpH6nll>Ke.mH cnenyJOIUHM Bhipa-

( TS·p· X )Pb Mv APb 477 5 dt 
~(Nv -N )x N -N ---·---· ----

Pb ¢oH ( TS. p X) M A av n:g !poH 
v Pb v 

\21 

Eo -E/kT1 d 2a aL aL2 
X I I dE dE'· E • e • 'I' (E '). i (E '). o ( t- ---=-), 

0 0 dO· dE' ,/E ,/E' 

rne P H X - llnOTHOCTb H TOniUHHB CBllHUB ll B8H8 Jlll51 1 M Pb H M v 

-Macca STOMa CBHHU8 H B8H8Jlll51 1 
T ll s - Bp(MSI ll3MepeHHH ll rrno-

IUBUb CBHHUa H B8H8UH51 1 H A y - MBnble no Ip8BKH 1 Y'IHTh!BBIOIUHe 

ocna6neHlle llY'IKa HeHTpOHOB B CBllHUe ll BBHBUHll, E ][ E' - 3HeprHH nana-

10Wero H pacceSIHHoro Heil:TpoHa, E • e- E/k T I <I> 
= ~E), = 30 M3B) 1 

d 2 a 
- JlB8>KJlhl UH¢¢epeHUHanbHOe Ce'IeHHe pacce51HH51 HeHTpOHOB Ha 

d n. dE' 

o6pa3ue, CBH38HHOe C BBeneHHhlM B ¢opMyne (}) 38KO IOM pacce51HHH S(K ,W) 

COOTHOIIleHHeM 

S( K, w 
E' _a_-J--, 

477h E 

E 
0

- M8KCHM8nbH8SI 8HeprHH HeifTpOHOB 1 llpOTT aeMb X 6epHnnHeBb!M ¢HnhT-

pOM ( E 0 = 5,2 M3B), o ( t- aLl ~' 
-fE - yE'' 

ycnOBHe perHCTpBUHH 

HeATpOH8 B MOMeHT t • !, NV - liHTerpanhn~-

BBHBJlHSI, L 1 H L 2 - rrponeTHhJe paCCTQSI,. HI 

r B ynpyrOM IIHKe OT 

3aMeJlaHTen51 ao o6-

pa3ua H OT o6pa3ua ao neTeKTopa. 
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KaK cne)lyeT H3 IIpHBE JleHHOrO Bbipa)KeHHSI 0 CBS13h Me)KJlY H3MepeHHOH semi'IH

HOii N - N $oH If d 
2
a I dO • dE' oKa3biBaeTcSI o'IeHh cnO)KHOii, Tpyn

Pb 

HOCTh rrony'IeHHSI B SiliHOM BHJle Bbipa)KeHHSI JlllSI d 2 a I dO • dE ' B KOHe'IHOM 

C'IeTe CBSI3aHa C TeM, 'ITO HaCTOSIUIHe 3KCIIepHMeHTbl Bb!IIOJIHeHbl TeXHHKOii 

BpeMeHH IIponeTa, KOI )la IIOCTOSIHHblM COXpaHSIBTCSI yron paCCBHHifSI (} , a K 

w H3MBHSIIOTCSI <•JlHOBpeMBHHO ( 3Ta 3a)la'Ia 3Ha'IHTBJihHO o6nerqaeTCSI 

IIplf IIpOBBJlBHHH lf3MBfiBHHii MBTOJlOM fiOCTOSIHHOrO K rrpR rrepeMeHHOM w ) , 

Do3TOMy Mbi rrpeAIICl'Wii cpaBHifBaTh uerrocpencTBBHHo rrony'IeHHhie 3KcrrepHMeH

TanhHbie Jl8HHbie C a(;COIIIOTHbiMH BBJIH 1IHHaMH, paCC'IHTBHHb!Mif ITO tjlopMyne 

( 2) 1 lfCIIOJ1h3YSI TBOpE TH'IBCKIW Bbip8)KeH!fSI d 2al d 0 • dE ' If 3KCIIeplf

MBHTaJibHO orrpeneneHI!bie senH'IHHbi <J>(El,'P(E'l If c(E') .. DpR pa6oTe ua 

JlBOHHOM CIIBKTpOMBTp! C'IeT B KaHane BpeMeHHOrO aHanlf38TOpa 

)lenneTcSI auanorR'IHbi 111 Bbipa)KeHReM: 

N Pb orrpe-

N Pb -N <jloH 

(T.s.l 'X )Pb Mv APb 1rr d l 
xl(N v -N <jlou lx X-- X ---X --X 

( T ·S p • X) M A E F 

oo E2 

X I I dE • dE ' • exr ! 
0 E 

I 

v Pb v 
a -' v 2 I 

( 26) 

rAe E I If E 2 - MlfJ!IfM81lbHaSI If M.qK(;IfMflllbHBSI 3Her:;rRSI HCiiTpOHOB, rrpo-

rrycKaeMaSI ceneKTopo~, L 
1 

If L - pacrToSIHifSI oT cencKTopa no o6pA3Ua 

a.' MHoro,PoHOHHC'O p8cceRHHe 

DOCKOJihKy H3MepeHHSI 6biJIH BbiiiOJIHeHbl IIpH Bb!COKHX TBMIIepaTypax 

rro cpasueHHIO c 11e6a ?BCKoii TeMrrepaTy poii CBHHua ( (} 0 < IOOOK ) , ueo6xo

JlHMO. H3 3KCIIBpHMC!H1 aJILIIbiX JlD.liHbiX Bbi'IeCTh BKJI8Jl MHOrO$OHOHHOrO pacce

HHHS!o Muoro$oHOHHwe rrpoueccw 6wnH pacc'IHTBHW B lleGaeBCKOM HeKorepeHT

liOM rrpHG;m)KeHHH c 11 ~rronh30BaHHeM pa3JI0)!(8HHSI/ 12/, KoppeKTHOCTh npHMeue

HHSI HBKOrepeHTHOro TpH6JI!f)KAHHSI JlllSI pacqeTO MHOro<POHOHHhlX rrpoueCCOB ITplf 

KorepeHTHOM pacceSIHIH 6wna pauee rroKa3AHa 3KcrrepHMeHTAilhH0/13/, Pac-
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'IeTb! BhiiTOnHeHhl Jln51 H8CKOnbKHX 3H8'I8HHH () O rro 'POpMynaM ( 2) H ( 26) 

rrpH HCITOnb30B8HHH CneuyiOlUero Bblp8)1{8HII5l LW51 ( d 2a/ dQ. dE') M<f> 

d
2 a ""E 

----) = -
0

- y·- exp (- 2W-
d Q d E ' M<f> 4 rr h E ' 

h(w-w ') 

2kT 

n 

I 74 { 3,03 
(w-w')= ' exp ---( 

(2rrn) I/2 2 n 
G 

h W D = k 00 , 

w -<L> 2 ____ ) 

WD 

(w-<L>'l; 

( 3) 

rae 2 W - ae6ai1-BannepoBCKHi1 !jlaKTop, T- TeMrrepaT)pa o6paaua. A6con~T-

Hhl8 3H8'I8HII5! paCC'IIIT8HHOH HHT8HCIIBHOCTII II !jlopMa KpiiBOH cymecTB8HHO 

aaBHCHT OT BenH'IHHhi () 0 . Haiiny'Illlee cornaciie pac'l eTa c 9Kcrrep1IM8HTOM 

rrony'IeHo rrpii ()0 " 70°K ung JKIIJlKoro CBIIHUa n () 0 = 80°K an51 TBep

aoro CBIIHUa B6nll3ll TO'IKll rrnaBneHll5l, Ha pllC, 3 II L ITYHKTllpHOH niiHlleH 

ITOK838H BKnall MHOrO!jJOHOHHOI'O paCC85!HH5! B 9KCIT8p1IM8HTanbHhl8 ll8HHhl8"!1pll 

T = 350°C, K~K n cneaoBano oJKHilaTb, BKnaa MHoro!jloHOHHhlX rrpoueccoB 

H83Ha'IHTeneH rrpn ManhiX yrnax pacce5!HII5! ll cywec1 BeHeH rrpH 6onhWHX, 

6) ~HoroKpBTHoe pacceHHHe 

B rrocneaHee BpeMH rrpHM8HIITenbHO K rrnocKoMy o6paauy paapa6oTaH 

crroco6 pac'!eTa MHoroKpaTHoro pacce5!HII5! (KaK yrrpyroiD, TaK II Heyrrpyroro) 

ITpll KOrepeHTHOM paCC85!Hllll MeuneHHhlX HeHTpOHOB C y'IiTOM KOH8'IHhlX p83M8-

pOB o6paaua1 14/. ITpn rrpoBeueHHll 9KcrrepHMeHTOB c uocTaTO'IHO TOHKHMll o6-

paauaMH ( n a t < I) OCHOBHY~ 'IBCTb MHOI'OKpaTHOI'O p.tCC85!Hll5! COCTaBn5leT 

JlByKp8TH08 paCC~5!HH8 0 BenH'IHHa KOTOporo OITpeaen5leTC5l Bhlp8)1{8HHeM: 
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dOdE' 

17 

17 

ntexp(-nat secOl J dw
1 

fd8' sinO' J(O') ~'(8'); 
0 

J W'l= fd<j S(K 
I 

,w ) 5 ( K 
2' w 2 17 0 

F ( 0' ) = 
sec 0' l R' 

exp(x )-1 1-exp(-y) 

2 
K 

n 

X+ y 

anSI 11'~17/2 

~ 'l 

R, exp l- ( x + y ) I D.nSI 

-2k n-l k n cos an 

0'> .IL 
2 

(4) 

cos a =cos() cosO'- cos¢ sine sin 8' 
0 0 

cos a 
2 

cos 6 cos e, + cos ¢ sin e sin e , ' 

rae 0
0 

, 0' , () - rrnw Me*D.Y HopManbm K rrnocKocTn o6paaua n aanpaB-

neHHSIMH DBD.8IDW8rO OD.HOKp8THO ll D.ByKp8THO paCC8SIHHWX HeATpOHOB COOT-

B8TCTB8HHO, a 
0 

H a 

pacceHHHoro HeATpoia; n t 

rronaoe ceqeHne pacceSIHHSI anSI rraaammero n 

- TOnWHHB o6pa3UB , Bbipa•eHHBSI B BT • CM
2 

j 

h WI ll h W 2 - 113M8H8HH8 3Heprllll HeiiTpOHB Dpll rrepBOM ll BTOpOM pac-

C8SIHHH (w =w K 
2 

H3MeHeHne nMrrynbca HeATpoHa rrpn 

rrepBOM ll BTOpOM pa 8C8SIHHH; k O , k I , k 2 - BonHoBwe eeKTopw rraaamme-

ro, OD.HOKp8THO ll D.ByKp8THO paCC8SIHHWX H8ATpOHOBi a -rrepBbiA 

H BTopoA yrnw pacceSIHHSI aeATpoHa. 

OcHOBHBSI TpyilHOCTb rrpoeeaeHHH rroao6HbiX pacqeToB 3aKnmqaeTCSI B 

H806XOD.HMOCTH 3HBH 'lSI 3BKOHB pacCeSIHHSI 5 ( K ,W ) B WHpOKOA o6naCTll 3HB-

qeanA K ll w 

3HB'i8HHSI 5 (K, W ) 

B Ka'iecTBe HaqanbHoro rrpn6nn•eHnH Mbi ncrronbaoeann 

D.nH *HD.KOrO CBllHUB ll3 pa60TW/8/ H pBCC'illTBnll Benn-
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qHHY MHOrOKpBTHOro paCCBHHHH B YKB38HHhlX DBHHhlXo McrrpaBJ1BHHNH 38KOH 

paCCBHHHH S ( K ,W) 6bin HCITOJ1b30BBH DJ1H pacqeTOB >KJ1BDB MHOrOKpBTHOrO 

pacceHHHH B naweM 9KcrrepnMeHTe. Ha pnc. 3 H 4 crrno11HoA nnnneA rroKa3aHbi 

pe3yJ1bTBThl pacq0TOB DJJH *HDKOrO CBHHUBo npn MBJJWX frJJBX paCCeHHHH llpaK

THqeCKH BCe KBB3Hyrrpyroe pacceHHHe B *HDKOM CBKHUE o6ycnOBJ1BHO MHOrO

KpBTHNM paCCBHHHBMo C yBenaqeHHBM yrna paCCBHHHH BKJJBD MHoroKpaTHhlX 

rrpOUBCCOB B 9KCITBpHMBHT8JlbHhlB DBHHWB 3HBqHT2JlbHO yMBHbWBBTCH. 

flo llpOBBDl'HHH H3ITO*BHHoro BbiWB pacqeTa Mbi, KBK H pHD DpyrHX BB

TOpOB/'7/, B ODHOA H3 paHHHX pa6oT/15/ caenanH liOITI,JTKy OUBHHTb ypOBBHb 

MHOrOKpBTHOrO paCCBHHHH rryTBM !IpOBB!IBHHH 9KC!IBpH~BHTOB C paannqHhlMH 

TOJJWHHBMH o6pB3UBo Ha OCHOBBHHH Toro, qTQ pe3yJ1bTB'hl cna6o MBHHJ1HCb llpH 

H3MBHeHHII TOniUIIHbl o6pa3UB, Mbl CDBJJBJJII OWII60qHOB c BKnJOqeHIIB 0 TOM, qTo 

BKJ1BD MHOrOKpBTHhlX ITpOUBCCOB B HBWII DBHHWB Man. npoBBDBHHNB pacqeThl 

DBIOT o6bHCHBHHB 9TOMy cpaKTy, llOKB3biBBH, qTo llp!I II•:ITOJ1b30BBHHbiX TOJJlllll

HBX o6pB3UOB ypoBBHb MHOrOKpBTHOrO paCCBHHIIH MBHHETCH 3HaqllTBJ1bHO MBD

JJeHHBB, qeM TOJJWHHB o6pB3UBo 

npnqHHB 3HaqHTBJlbHOro BKJ18DB MHOrOKpBTHOrJ paCCBHHHH B ITOny

qeHHbiB 9KCITBp!IMeHTBJ1bHbie DBHHbiB COCTOIIT B TOM, qT ) 0 KBK ITOKB3ai!O pa11ee, 

HHTeHCHBHOCTb ODHOKpBTHO pacCBHHHbiX HeATpOHOB B CJJyqae *HDKOrO CBIIHUB 

oqBHb HH3KB llpll MBJlbiX yrJJBX paCCBHHHH, H DBB/I(Jlbl pBCCBHHHb!B HBHTpOH bl 

!IOCJ1B rrepBOrO pacCBHHHH HB 60JJbiUOA yron MoryT COCTBBHTb rnaBHyJO qaCTb 

H86JJJOJl8BMOH HB 9KC!IBpHMBHTe IIHTeHCIIBHOCTH. noJJO)ffiHHB YXYJlWB 0 TCH TBM 

06CTOHTeJ1bCTBOM, qTo pa3Mephl o6paaua HBCMOTpH HB ero MBJJYJO TOJJWHHY 

BBJJHKH, H BBpOHTHOCTb DBOHHOrO pBCCBHHHH OKB3b!BBBTCH 3HaqHTBJ1bHOH, 

ITOCKOJ1bKy rnaBHbiH MBKCHMyM B S ( K ) rrpH K 2, 2 ~ -1 COOTBBTCTByeT 

pacceHHHJO xono!lHbiX neATponoB ( A"' 4 ~ ) na yron 9 = B0°. Mcrronh30Ba-

n11e gqencToro o6paaua c rreperopoJlKBMH na CIIJJbHo rornoma10mero MaTepn

ana ll03BOJ1HJ10 yMeHbWIITb BKJ18Jl MHOrOKpBTHOrO paCCB~HHH !Ip!IMepHO B 1,5pa-

a a. 

0TCyTCTBHB ITOJl06Horo 3HBqHTBJ1bHOrO MHOrOKpaTHOrO pBCCBHHHH llpll 

H3MepeHHHX C TBBpDbiM CBIIHUOM MO*HO 06bHCHHTb TE M, qTQ TBBpDbiH o6pa-

3BU COCTOllT H3 JlOBOJ1bHO KpyiTHbiX MOHOKpHCTBJJJ10B 0 ll ll09TOMy ITpH pacce

HHHH HBHTpOHOB He ITPOHCXODHT ITOJJHOro PB3BBPThlBBHtH ne6aA-WBPBPOBCKOrO 

KOHyca. 
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!10JJ.TBep)I{AaeT 3TO Y"Bep)KJJ.eHHe pa6oTa/16/, B KOTOpOii: Ha6monanHCb IIIiKH 

yrrpyr·oro MHOI'OKpBTH >I'O pacceRHHR IIp!i IIpOXO)KJJ.eHHH HeHTpOHOB qepe3 CBii

HeU1 COCTORIUHH H3 O'IeHb MenKHX aepeH. 

4. CpaBHel!He c TeopeTH'IeCKHMH MoneniiMH H o6cylKneHHe 

Ha p!ic. 5a cyMJ~IipoBaHbi B rrpocTpaHCTBe rrepeMeHHbiX w li K rrono-

)l{eHHR BCeX HeyrrpyrEX MBKCiiMYMOB JJ.nR TBepJJ.OI'O 1i )KHIJ.KOI'O CBiiHU81 rrpo

RBiiBlllliXCI'! "' !'.Af<HOM 3KCITepHMeHTe nocne Bbi'IHT8HHR BKn8JJ.OB MHOI'O!jJOHOHHO-

I'O li MHOI'OKpBTHOI'O J8CCeRHiiRo 

c 1 
B o6nacTii 0,8 ;,- < K < 3 «A-1 npeJJ.CTBBneHHb!e TO'!Kii pa361iB810TCR 

Ha JJ.Be rpyiiiib! 1 COOTIIeTCTByiOIUiie Bb!COKO- li Hli3KO'I8CTOTHb!M M8KCiiMyMaM, 

'ITO yK83biBaeT Ha Ha flli'!lie B )KiiJJ.KOM CBiiHUe JJ.ByX TliiTOB KOnneKTiiBHb!X B03-

6y)KJJ.eH!iH1 xapaKTep!i.IYIOillliXCR CBOiiMii .l:lliCIIepcliOHHb!Mii COOTHOll!eHIIRMii. 11o 

aHanOI'Iili C TBepJJ.b!M :BiiHUOM 3Tii B036y)KJJ.eHiiR MOMHO liHTeprrpeT!ipOB8Tb KBK 

ITpOJJ.OnbHb!e li IIOIIepe• IHb!e KOne6aHiiR B MliiJ.KOM CBiiHUe. 3aMeT!iM 0 'ITO Kp11B8R 

JJ.IiCIIepcliH rronepe'!HHX Kone6aHHH B )KiiJJ.KOM CBHHUe ne)l{liT 38MeTHO HH)I{e 

aHanOI'Ii'IHOH KpHBOA E ITOnliKpliCTanne, B TO BpeMR KaK llliCITepC!iOHHhle Kp!iBhle 

nnR npoaonbHbiX Kone6aHiiA B o6oHx !jlaaax o'!eHb 6nH3KH npyr K npyry. 

B o6nacTH 6om.ll!HX 3Ha'!eHHM K ( K > 3 .R-1) Haae)I{HOCTb naHHbiX 

o noBeneHHH KpHBbiX J HcrrepcliH (oco6eHHO nnR npononbHbiX Kone6aHI1A) yMeHb

lllaeTCR ITO pRAY ITPH" HH: Bo-nepBb!X1 C pOCTOM K pe3KO B03pacTaeT BKnaJJ. 

MHOI'O$OHOHHhlX npOUECCOB B o6my10 KapTHHy pacceRHHR (p!iCo 3B), TBK 'ITO 

npli 6onbll!HX w 

BO-BTOphlX 0 KOHe'!HOE BpeMR )I{H3HH KOnneKTHBHhlX B036y)KJJ.eHHA B )KHJJ.KOM 

CBHHUe ITpHBOJJ.HT K y II!HpeHHIO H pa3M83b!B8Hl!IO Heynpyi'HX ITiiKOB, 'ITO 38T

pyJJ.~SjeT l!X BbiJJ.eneHJi•~ H3 o6meA KapTHHbl paccei!HHR; B-TpeTbliX 0 He)lOCTBTO'I

Ha CT8THCTH'!eCK811 TC 'IHOCTb IIOny'!eHHbiX peaynbTBTOB B 3TOA o6naCTH W II K • 

0TMe'leHHbie o6cTOR1enbCTB8 He IT03BOnHnH ycT8HOBI!Tb xapaKTep llHCIIep

CiiOHHhlX KpHBhlX nnR ITpOJJ.OnbHhlX Kone6aHHA B )KHJJ.KOM CBHHUe B o6naCTH 

K > 3 A.- 1 
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THpHbie /!HHHH IIOKa3biBa!OT rrpenellbl o6nacTel! H3MepeHHl!, no OCH 

OpllHHaT naHbl 3Ha'leHHSI W - B pan • CeK-1 H h W- B ~M9B, 
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CpaBHeHHe IIOlyqeHHhlX HBMH AliH MHAKOrO CBHHUB A8HHhlX C pa

OOTBMH/8,6, 14/ DOK8 3biBBeT ( pHC, 55) 1 qTo B rrpeuenax TQqHQCTH H3MepeHHM 

pe3yJJbTBThl DO BhlCOKoqacTOTHOM BeTBH UHCrrepCHOHHOM KpHBOM cornacy~TCH 

upyr c upyroM. 

BaMHbiM BODpoCOM HBJJHeTCH BeJJHqHHB BpeMeHH MH3HI1 KOJJJJeKTHBHbiX 

B030Y)KLIBHI1M B )KI1LIKC M CBI1HUBo K CQ)KBJJBHH~, Mbl MO)!<BM LIBTb TaKy~ oueH-

KY JJHllib 113 LIBHHhlX Dpll MBJlhlX yrJJBX pacceHHHH, rae B K8pT11Hy paCCBHHI1H 

BHOCHT BKJJBLI TOJlbK) DpOLIOJlbHbie B030YMLieHI1H, ITocne yqeTa 9KCDepHMBH

TBJlbHOrO pa3perneH11l. IIOJJylli11p11HB Ha f!OliYBbiCOTe i\w III1KB Heyrrpyroro paC

CeHHHH B MHLIKOM Cli1H!le Dpll 8 = 13° (K~ 1 ~- 1 ; ru oe 11.10 12 pa,Q•CBK- 1) 

OKB3BJ18Cb paBHOM ~ 4dQ 12 paa•ceK- 1 
1 qTQ COOTBeTCTByeT BpeMeHH )!<ll3HI1 

!'lt ~ 1,3•1Q-13 ce:;. ;lJJH cpaBHBHIIH yKB)KBM, 'lTO BpeMH )KJ13HI1 l)JoHOHa B TBep

LIOM CBI1H!le IIp11 T = 425°K, corJJBCHO LIBHHbiM/ 17/ 1 co eTa BJJHeT 3•1Q-13 ceK. 

ITp11 rrpeLIIIOJJOMeHHH, qTQ BpeMH MH3HI1 !jloHOHB ~ ~ , LIBHHbie, IIOJJy'leHHbiB 
T 

B ABHHOM 3KCIIepHMeHTe AliH MllLIKOro CB11HUB 1 HBXOAHTCH B COOTBeTCTBI1H 

C pe3yJJbTBTBMH ll3~epeHHM Ha MOHOKpHCTBJJJJBX, TaKHM o6pa3QM.CJJe,QyeT 

IIpll3H8Tb 1 'lTD B03~0MHOe ycpe,QH8HHe DpOLIOJlbHhlX UHCIIepC110HHhlX Kp11BhlX 

ITO p83liH'lHhlM HBIIp!BJJeHI1HM B )KI1UKOCTH He O'leHb CI1JlbHO 113M8HHBT lliHpHHy 

IIHKa aeyrrpyroro pa:ceHHI1H. 

a) CpaB IeHHe /l.BHHbiX c IIOJIHKpHcTannH'lecKoii Moae,7bJO 

JKHl/KDCTH 

.lil3JJOMeH.Hbie I billie pe3yJJbTBTbl HBIIHJOTCH OCHOBL1HHeM LIIIH DpllMBHeHHH 

1 KB83Hl)JOHOHHOM" MCL1e1111 )Kll,QKOCTI1 IIpH HHTeprrp8TBUI111 Heyrrpyroro pacceHHIIH 

Hei1TpOHOB B MHLIKCM CBHHue, ITocKOIIbKY B LIBHHOM 9KCIIepHMeHTe HBOIIJO

LIBIIHCb KBK DpOLIOII~Hhle, TBK ll fiOIIepeqHhlB BeTBH KOIJB6BHI1M 1 uenecoo5pa3HO 

cpaBHHTb IIOIJyqeHHlJB pe3yJJbT8Thl C IIOIIHKpHCTBIIIJHqecKOM MO,Qelib/0 )KJI,QKO

CTH/4/, rrpBLIIIOIIBrfJOlliei1 HBIIHqHe IIpOLIOIIbHhlX 11 rrorrepeqHhlX KOIIIIeKTHBHhlX 

B030YMLieHHM, 

0CHOBH09 IIpELIIIOIIO)KQHHe MOABIIH COCTOHT B TOM 1 'lTD OAHOl)JOHOHHOB 

KOrepeHTHOB paCCBlHHe HBMTpOHOB B MI1,QKOCTH MO)KHQ OIII1CBTb TBM )KB CIIO

COOOM, 'lTD H B IIO.mKp11CTBIIII9 1 9CJ111 3BM9HI1Tb LII1CKpeTHhl8 BeKTOphl OOpaT-
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PMC, 56, CpaBHeHMe LIBHHbiX ITO LIMCrrepCMOHHbiM KpMBb!~a}lnll )!{M?~JI'O CBMJB/ 

Ua, ITOilY'IeHHbiX pt 3/lM'IHbiMM 8BTOp8MM Q - , 0- 0 1'\- , 
Q - LIBHHb!ll 8KCrrepMMeHT, 



Hoii: peweTKll na cTp yKTypHbiii: <jlaKTop lKllllKOCTll S ( K ) • TaKllM o6pa3oM, S (K) 

llHTepnpeTHpyeTCSI KdK pacnpeneneHlle BeJIIfqllH BeKTOpOB o6paTHOH peweTKll 

ll 1 CJie!lOBaTeJibH0 1 BCJIHOBOH BeKTOp <jloHOHa B 3TOM CJiyqae MOlKeT llMeTb CBOe 

HaqaJIO B JIID60ii: TOq(e o6paTHOrO llpOCTp8HCTB8 0 npll BBeneHllll ynpOllJ8IDllJllX 

rrpennoJIOlKeHllii: 0 C) weCTBOBBHllll qlfCTO npO)lOJlbHOH ll llByX BblpOlK!leHHbiX 

qllCTO rronepeqHbiX B• !TBeii: KOJie6aHllH BbipalKeHlle llJISI 38KOH8 paCCeSIHllSI ITpll

HllMaeT cnenyiDWllii: I llll/4 /: 

(5) 
S( K ' w ) = s (f ,W) X Z + S (K ,W) X Z 

L L s T T 

3necb 

h -2W 
--K2 e 

z (w)L,T 

2M hw 
w • sin h 

2k T 

K + qL T 

J 'd T 'T ' S ( T ' ) p ( T ' ) , 

2 K q K -q 
L,T L,T 

rne q ( w) 
L 1T 

- llMIYllbC llpO!lOJlbHOrO ll norrepeqHoro ~OHOHa COOTBeTCTBeHH0 1 

z ( W )LIT 

Kone6aHllii:, 

- <)JyHKUISI pacrrpeneneHHSI qacToT llJISI npononbHhlX u rronepeqHwx 

P ( T , ) llOJIS!pll38UllOHHbiH <jlaKTOp 1 KOTOpbiH llllSI cnyqaSI rrpo-

llOJlbHOH ll nonepeq~oii: KOMITOH8HT paBeH cos 

r)le 

cos 2 (} 
L,T 

2 K q 
L,T 

2 0 
L 

ll (1 - cos 2 0 T ) , 

( 6) 

DnSI npoBeneHllSI cpnBHeHllSI Monenll c 3KcrrepllMeHTanbHbiMll pe3yJibTaTaMll 

He06XOilllMO 3H8Tb CIIeKTpbl qaCTOT npO!lOJlbHbiX Z (w \ ll rrorrepeqHbiX Z (w)T 
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Kone6aHHi1: B )!{HJ:\KOM CBHHUe, a KpHBbie L HCITepCHH AJISI 3TH X 

B036y)!{AeHHH, 

EcTecTBeHHo, qTo B nepByiO oqepeAb aeo6xonHMo 3.I8Tb cneKTp qacToT 

Z (w) J:\1151 TBepnoro CBIIHU8, 8 pa6oTe/ 18/ npi!BOAHTC51 CITeKTp qacTOT Z(w), 

nonyqeHHbiH H3 cpOHOHHbiX AHCnepCHOHHbiX KpHBbiX CBHHU8 Hpll KOMH8THOH TeM

nypaType (pH c. 6). CpaBHeHl!e c neTaJibHbiMll AHcrrepclloHH biMll Kpl!BbiMll cal!H

ua1 }9/ ITOK83biB8eT, qTO BbiCOKoqaCTOTHbiH ITl!K AOJI)!{eH 61 ITb ITpel!MyllleCTBeH

HO CB5138H C npOAOllbHb!Mll KOJie68Hli51Mll, B TO BpeM51 K3K Hli3KOqaCTOTH851 

-qaCTb B OCHOBHOM 06VCJIOBJieHa ITOITepeqHbiMll KOJie68Hli51Mll. TaKOe ITPli6Jil!-
00 

)!{eHHoe pa3neneal!e cnenaao Ha pllc, 6. Ilnowanll J Z ( w l d w 
0 

HOH ll rrorrepeqHOH qaCTei1: H8XOA51TC51 B COOTHOllleHl!ll 1 : 2, 

AJI51 rrpononb-

IlOCKOllbKy Al!CITepCl!OHHbie KpHBbie All51 ITpOAOllbHbiX I :one6aHl!H B )!{llJ:\KOM 

H TBepAOM CBliHUe oqeHb 6Jil!3Kll Apyr K Apyry 1 Mbl IIplll151Jll! 1 qTQ B )!{l!J:\KOH 

cpa3e BhlCOKOqaCTOTH851 qaCTb Z(w)L T8 )!{e, qTO H B TBepAOM CBliHUe, 

Mcrronb30B8Hl!e rrono6aoA rrpouenyphl AJI51 Bhl6opa Z(w)T J:\1151 )!{HAKoro 

CBliHU8 51BHO HerrocnenoBaTeJibHO, T8K K8K 3KCITepl!MeH18JlbHhle ABHHhle ITO 

Al!CrrepCliOHHOH KpHBOH All51 rrorrepeqaoi1: BeTBll YK83blB8!0T Ha CMeweHl!e Z (w )T 

B cTopoHy MBJibiX qacToT rrpll rrepexone qepe3 ToqKy rr.IaBneHl!51, IloaToMy 

6biJI8 ITOrl06paJia cpyHKUll51 z ( W) T 111151 )Kl!JlKOrO CBHHU<t, H306pa)!{eHH851 H8 

pl!Co 6, KOTOp851 A8eT YAOBJieTBOpl!TeJibHOe COrJIBCl!e 3KCIT ~pHMeHT8JlbHbiX A8H-

Il > 10•10 12 -1 Z( ) ITO HbiX c MonenbiO, 1151 w pan·ceK • w T 'lHanorHll c TBepnbiM 

CBHHUOM 6b!Jl8 rrpllll51T8 paBHOH HYJI!O, Jln51 Bbi6paHHblX Z (, 0 ) ll Z (w) Bbl-
L T 

ITOJIHeHO H3BeCTHOe HOpMnponoqHOe COOTHOWeHHe 

( 7) 
.1/2 f Z(w)T dw~1 f Z( wlL dw I. 

0 0 

IlpH IIpeAITOJIO)!{eHl!ll H30TpOITHOCTll AHCITepCHOHHbie COOTH<•WeHH51 AJISI KOIIIIeK

THBHbiX B036y)!{neani1: cB5138Hbi nocnenoBaTenbHbiM o6pa30!i co crreKTpoM 'lac

TOT Z ( W ) 

w 
fZ(w)dw, 

( 8) 

B o 
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If 

PHc. 6. CrreKTpbl '18CTOT Z(w)L H z(w)T AIIH JKHAKOro CBHHua, HCIJO/Ih30B8HHble 

Ansi paC'!eTI •B IJO IJOIIHKpHCT8/IIIH'IeCKOli MOAei!H ( ClJIIOlliHBH IIHHHH) o 

llJTpHX-IJyH~ THpHOli IIHHHeli IJOK83BH CIJeKTp 'IBCTOT Z (w) T AIIH TBep

AOrO CBHHUII rrpH KOMH8THOli TeMrrepaType. no OCH OpAHH8T A8Hbl 

3Ha'!eHHH Z w) B ceK•P8A-}
1
fiO OCH a6CUHCC - 3H8'!eHHH W B paA•CeK-1. 
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rne n = 2 JlJISI IIpOJlOJibHblX H n= I JlJISI IIOIIepe'IHblX KOJI ~68HHI1 1 B -o6beM, 

IIpHXOASIU!HHCSI Ha 8TOM CBHHU8o 0AH8KO OK838JIOCb 1 'ITIL MOAeJib He O'leHb 

'IYBCTBHTeJibH8 K neTaJISIM AHCIIepCHOHHbiX COOTHOIIJeHHH, II09TOMY B 6onb

lllHHCTBe paC'IATOB HCIIOJib30B8Hhl cneAyiDIIJHe 8IIIIpOKCHM8UHOHHhle Bhlpa~e

HHSI JlJISI 38KOHOB LIHCIIepCHH IIpOAOJibHbiX H IIOIIepe'IHhlX <one6aHHH: 

w ' II (0) 
q ell (w) 

L (w) 10 
(' I+(~) II w 

( 9) 

(<) 

q 
c J_ {0) T 

rne c II (0) H c l (O) - CKopoCTH npononbHhiX H none1 ,e'IHLIX BonH B )j(lfJl-

KOM CBHHUe 1 h<v' = 9 M9B. 

PeaynhT8Tbi pac'IAToB rrpH Bbi6paHHhiX ¢yHKUHSIX z (w) H z (w) 

H c (0) 1,77·105 cM.CeK-11fc (0) 0,8·105cM•CeK-1 rrpH~e~eHbl Ha T 
l\ l 

pHCo 7 H 8, rne T8K~e nOK838IIbl 3KCnepHMeHT8JibHLie Jl81 Hhle nocne Bbl'IHTa-

HHSI MHOrO!pOHOHHOrO H MHOrOKpaTHoro paCCeSIHHS!o HeCM•>TpS! H8 O'!el!b rpy-

6bie npennono~eHHSI nonHKpHCT8JIJIH'!eCK8SI MOJlCJib YLIOBJIC'rBOpHTCJibHO OnHCbi

BaeT OCHOBHhie oco6eHHOCTH KapTHHhl pacceSIHHSI IIpH K > 1,5 ~ -1 ( CpenHHe 

H 6onbWHe yrnhi pacce5!HHS!) (pnc. 7a,6). f1pH HH3KHX 'acToTax orrpenenSI

IOWHM SIBJIS!eTCSI BKJ18fl OT nonepe'IHbiX KOne6aHHH H MOLle/ b KaqeCTBeHHO npa

BHJibHO OT06pa~aeT He TOJihKO H~~MeHeHHe nono~eJ!l!SI M lKCHMYMOB B Heyrr-

pyroM pacceSIHHH npH H3MeHeHHH yrna pacceSIHHSI 1 HO H H3MeHeHHSI B HX 

HHTeHCHBHOCTH. HeKoTopoe pacxo~neHHe Me)KAY pac'!eTo v1 H 3KcnepHMeHTOM 

npH e = 109 H 121° '18CTH'IH0 1 B03MO~H0 1 CBSI38H<• C y~e ynoMHHaB-

WHMHCSI TPYAHOCTSIMH Y'ICTa MHoroopoHOHHOrO pacceSIHH~I IIpH 60JiblllHX K • 

EcTeCTBeHH0 1 'ITO HCnOJib30B8HH8SI MOAeJib He B C•>CTOSIHHH o6bSICH!fTb 

Bee TOHKOCTH 9KCnepHMel!T8JibHbiX A8HHbiX1 nOCKOJibKy OJ 18 OCHOBbiBaeTCSI H8 

npeniTOJIO~eHHH 1 'ITO B ~HAKOCTH MoryT paCI1pOCTp8HS!TbC:SI cpOHOHbl C 6eCKO

He'IHhlM BpeMeHeM ~H3HH. BBeneHHe B MOACJib HeKOTOpot lPYHKUHH 3aTyXBHHSI 
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CIIeKTpOMeTpe MeaneHHb!X Hel1TpOHOB 1 c
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MouenbJO, Yr nbi pacceSIHHSI 37, 45, 84 , 
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Pnc. 76, CpaBH8Hlfe 3KcnepHM8HT8nbHbiX naHHbiX, Jl0/1Y'I8HHbiX Ha L\BOllHOM 

CJ18KTpOM8Tpe M8L\Jl8HHbiX H8'l\ TpOHOB 1 c
0 

II0/1llKpHCT8/1/1lf'!8CKOll 

MonenbJO, Yrnhi pacceHHHH 96, 109 H 121 • 
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Pnc. 8. CpaaHeHn•' aKcnepHMeHTanhHbiX naHHbiX, nony<IeHHbiX Ha yc

TaHOBKe C ~HnbTpOM nepen neTeKTOpOM C nonHKpHCTannH'IeCKOH 

{ CITnOiliH8 I nHHHSI) H rnnpolllfH8MH'IeCKOH .. { IliTpHX-ITYHKTllpHaSI nHHHSI) 

MonenSIMH, 
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KonneKTHBHbiX Boa6y*neHHH rro3BonHT no6HTbCH eme ny~mero cornacHH c 3K-

crrepHMeHTOMo 0AH8KO MOAenb COBepmeHHO He OITHCbiBae" 3KCrrepHMeHTanbHbie 

pe3ynbT8Tbl B o6naCTH ManbiX 3Ha"<JeHHll K K < 1 5 ~ -J • ( rrpH Ma.'IbiX 

yrnax pacceHHHSI), pnc. 8. O*nnaeMaH H3 !lilonenn HHTPHCHBHOCTb pacceHH

HbiX Hei!TpOHOB C yMeHbmeHHeM yrna pacceSIHHSI BCe C HnbHee OTKnOHSieTCSI 

oT 3KcrrepHMeHTanbHO aa6nronaeMon n rrpH 0 = 6° COCraBnSieT BCero ~ 1/30 

OT peanbHOll HHTeHCHBHOCTH pacCeSIHHbiX Hei!TpOHOB0 'IT'> SIBHO yK83biBaeT Ha 

cymeCTBOB8HHe HeKOToporo rrpenena rrpHMeHlfMOCTH HCITI >nb30B8HHOH MOAenH. 

6) CpaBHeHne aaHHbiX c rnapoaHHBMH'fecxon MoaenbiO 

DocKonbKY c noMombro nonHKpHc~annnqecKoil Morenn aenb3H onncaTb 

3KcrrepHMeHTanbHbie pe3ynbT8Tbi B o6naCTH ManbiX K HHTepeCHO CpaBHHTb 1 

B K8KOH CTeneHH 3Tlf A8HHbie MOryT 6b!Tb 06bSICHeHbl n >CpeJICTBOM rHAPOAH

H8MH"<JeCKOH MOAenn. 

McXOASI H3 rHApOJIHH8MH'IeCKHX ypaBHeHHU 0 COOTBerCTByromHX OAHOKOM

noHeHTHOll *HAKOCTH 1 B/ 2 }/ nony'IeHO cneAyromee BbiP8*'!HIIe AnSI 38KOH8 pac

CeSIHHSI S ( K , W ) : 

pk T {JT ~<.3 K
4w

2
D +c 2 K

6 D [0--''v_)c 2 +~-K 2 0 0) 
I ( 10) T cp c , e T 

-------------------S(K ,w)~ ----I "p 

Mrr 

3AeCb D 
4/3 Tf + Tf 

p 

A 
D ~ ---, rAe 

T c • p 
p 

c H c - yAenbHbie Tenno-
v p 

eMKOCTH np11 TIOCTOSIHHOM 06beMe II A8BneHIIH 1 A KC3$¢HuHeHT Terrnorrpo-

BOJIHOCTH 1 Tf H Tf 

p rrnoTHOCTb CBHHU8 0 

K03$¢HUHeHTbl CABHrOBOH H ::>6beMHOll BS13KOCTH 0 

{3 T - K03cpcpi!UIIeHT 113QTepM11 '!eCKOH C*HMaeMOCTH 1 

c - CKOpOCTb 3ByKa. Dp!!BeneHHoe Bbipa*eHHe 1 CTporc rOBOpS1 1 crrpaBe!l.'IIIBO 

TOnbKO B o6naCTH ManbiX w H K rneS(K,wl K3.K tPYHKUHSI w npn 

cpHKCHpOB8HHOM 3H8'IeHIIH K B TIO.'IHOM corn8CHH C cpeBOMeHonorii"<JeCKOH Te

OpHeil, OCHOB8HHOH Ha paCCMOTpeHHH TepMOAHH8MH'IeCKIX cpnyKTyauni! B CHC-

31 



/22/ 
TeMe 0 coaep)l{l T TpH nHHHH: ueHTpanbHblit ( HeCMemeHHbift) ITHK H aBe 

cMemeHHbiX KOMITOH ::!HTbi ay6neTa MaHaenb!llTaMMa-EpnnmoaHa, rrpnqeM Be-

nH'IHHa CMemeHHSI tc w orrpeaenSieTCR..CKOpOCTbiO 3ByKa c B aaHHoit cpeae 

Llw = + c K 

DoRBnenne necMemennoro rrHKa CBSI3aHo c pacceSIHHeM H3ny'leHHSI na n3o6a

pnqecKHX <jlnyKTyaUI' SIX ITnOTHOCTH 0 MeXaHH3MOM paCC8Cb!B8HHSI KOTOpbiX SIB

nSieTCSI rrpouecc Te morrpoBoanocTH, n ero lllHpHHa orrpeaenBeTcSI Ko31jl<jJn

uneHTOM TeMnepaT:rponpOBOaHOCTH Cpeabi 0 
T 

dw = 2 D K 
2 • 

T 

Lly6neT Manaen&!llTa MMa-EpnnniOaHa SIBnSieTcsr pe3yn&TaToM pacceSIHHSI H3ny-

qeHHSI Ha aaHa6aTH'!eCKHX <jlnyKTyaUHSIX aaBneHHSI 0 paCITpOCTp8HSIIO!UHXCSI B 

BHay 3ByKOBb!X BOnH. H HX lllHpHHa H nonOl!{eHHe onpenenSIIOTCSI Kog<jl<jlnuneHTOM 

nornomeHHSI f' 

r D + DT ( l - I ) 
e c v 

( 11) 

DpH HHTepnpeTauHH aKcnepnMeHTan&HbiX pe3yn&TaToB no pacceSIHHIO cBeTa 

H TeM 6onee HeHTpO IOB0 rae Mbl HMeeM aeno C JlOBOnbHO 6b!CTpO H3MeHSIIO

IUHMHCSI B ITpOCTpal CTBe H BpeMeHH <lJnyKTyaUHHMH ( w > 1010 ceK-1 : 

t < 1o-10 ceK), H• !o6xoanMo, cornacno penaKcaunonnoft TeopHn pacrrpo

cTpaHennsr 3ByKa Ma menb!llTaMMa H neoHToBHqa/3/, y'IHThiBaT& 3aBHCHMOCTb 

KHHeTH'IeCKHX KOa<jltPIIUHeHTOB 1J, 1J ' H A OT '18CTOTbl W • 

B caMoM o6mc ..t BHile 3aBHCHMOCTb Koa<P<jlnuneHTa nornomeHHSI r oT 

qacTOTbi onpeaenSieT ~SI cneayiOIIIHM Bb!pa>KeHHeM: 

rae CyMMHpOB8HHe IT) j 

r 
3 c T . 
~ l 

j=l I +W2 T 2 
j 

( 12) 

BKmoqaeT Bee TpH qnena, Bbi3biBaiOmne 3aTyxa-

HHe KOne6aHHit: CJlBHIOByiO H 06beMHyiO BSI3KOCTH H TerrnorrpOBOnHOCTb. Hnwe 
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!Ip8LICT8BJ18Hbl 3H8'JeHlHI K09cpqll!UH8HTOB c 

BXOLIS!lUH8 B cpopMyny ( 12), 

c 

., f1 • 4/3 p 

2 ., G/ p 

3 A cp -eve 2 

cp 
0 

H BpeMetH penaKC8UHH 

.,;fl 

.,-;c 

!/ D K 2 

T 

r 
i 

rne p. - MOLIYllb CLIBHI'8 !I pH 6eCKOH8'1HO 6oJlblliOH '18CTOTE, G - MI'HOB8HHb!ll: 

MOLIYJlb C)!(lfM88MOCTH 0 c 
0 

- CKOpOCTb 3ByKa !Ipll W-> I ( WT << I) • DpH 

!Ip8Lill0,1IQ)!(8Hllll 0 'ITO BpeMeHa pell8KC8Ullll Tf ll Tf B ;{HL\KOM CBHHU8 COB-

ll8L\810T/23/, cpOpMyna ( 12) IIpllHllM88T CJ18LIYI01UHH BllLI/~4/: 

c 2 
+(-P __ J)c ( 13) 

c 0 
w 

BxoaSin.me B Bbipa)!(eHne ( 13) Benn'IHHhi Tf , o ...:.e._ xoporno H3BecTHhi 
c 

B )!(HL\KOM CBHHUe B0Jlll3H TO'IKH liJ18BJ18HllS!/2S,.26/ { T/ 0,023 rrya3a ; 0 T"" 

cp 

pbiX aaBanncb 61>1 Benn'IHHa 

cv 
0,826), OLIH8K0

1 
HaM H8ll3B8CT.!bl pa60Tbi 0 B KOTO-

T/ '. 0o9TOMY ami OU8HKll 3HE '18HllSI Tf' Mbl 1-!C-

liOJlb30B8HI-I Bb!p8)!(8HI-!8 0 CBH3b!B8IOIU88 c BpeMeHeM penaKcauun r 

( 14) 

I'L\8 c 
00 

- CKOpOCTb 3ByKa !IpH wr >> 1, KOTOpoe !IpHHI!lv 8J10Cb paBHbiM CKO

pOCTll 3ByKa B TsepaoM CBHHue c"""" 2,1•105 cM•ceK-1:. TaKHM o6pa3oM, 

B Moaenn coaer)!(ancSI cjJaKTH'!eCKH OLIHH rrpoH3BOJ1bHhiii rrapaMeTp r. Bbipa

)!(8HHe (13) 6wno IIC!IO,llb30B8HO !Ipll paC'!ATe TeopeTH'!eCKI Q)!(ll£188MOI'O pac-
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K8KllB-JIH60 Bb!BO}lbl 0 ITOBBJlBHHH HBCMBII!BHHOI'O ITllKa B ':BR3ll C BI'O M8JIOH 

llHTBHCllBHOCTbiO B :>KHJlKOM CBHHUB ( HHTBI'P8JibH85! HHTBHC:IBHOCTb HBCMBUJBH

HOH KOMITOHBHTbl OTHOCHTBJibHO Jly6neTa OIIpBJlBJIRBTCR 4>aKTOpC M c P _ 1 I 
221 ) • 

c 
v 

B) 06cy)Kaenne nony"leHHbiX pe3ynbTa roB 

llnR 6onee yno6HOI'O o6cy:>KJlBHH5! pe3yJibT8TOB Cp8BIBHH5! 9KCIIBpHMBH-

T8JibHhlX }l8HHhlX C TBOpBTifqeCKHMH MO}lBJIS!MH BBB}lBM }lEe KOHCT8HThl 0 ?T0-

6pa:>Ka!OII!HB BpeMeHHYJO wKany pa3JIHqHhlX rrpoueccoB B HHJlKOCTH. OnHa H3 

HHX y:>Ke BBBJlBH8 - BpBMR penaKC8UHH T JlJIR B03Bp8UJ·~HII5! 4>nyKTyaUHH B 

noKanbHoe TepMOJlHHaMHqecKoe paBHOBecne. DycTb 7J' rrJencTaBnReT rHnpo

JlHHaMHqecxyJO BpeMeHHyJO wxany JlJIR rrpoueccoB pacrrpocrpaHeHllR 3ByKoBhlX 

BOJIH If TBITJIOIIpOBOJlHOCTH, 

fHJlp0JlllH8MifqecKHH pe:>KHM crrpaBB}lJillB }lJIR B03Myme HHH t KOTOpb!e ll3-

MBHRIOTC5! B npocTp8HCTBB H BpBMBHH TaK MB}lJIBHHO, q~~ BCBI'Jl8 llMBBTCR 

JIOK8JibHOe paBHOBeCHe, llpyrHMH CJIOB8MH 0 yCJIOBHe Upl!Melli!\-10CTII KJI8CCnqeCKOH 

I'HJlpOJlHH8M!fqBCKOH TpaKTOBKH Tpe6yeT, qT06hl BpBMBHH85! WK8JI8 paCCM8TpH-

saeMhiX rrpoueccoB r 
r '"K 

(_I_ nnR pacnpocTpaneHUR 3ByKa H I /D 

JlJIR TBUJIOUpOBOJlHOCTH) 6NJIH MHOI'O 6onbme spcME>HH p· •naKcauuH r • 

--- ~> T; 
C K 

----->>r .. 
D K 

2 

T 

2 
K 

T 

DpH yBeJUiqCHHll K TaK, qTo r 
1

, ~ r '· rnnpoJlHHaMuqecKaR TpaKTOBKa cTa

HOBHTCR HBUpHMBHHMOH - HBJib35! paCCMaTpHB8Tb ¢nyKT{8UHH KaK ycrreBa-

KJUJHB BBpHyTbCR B COCTOHHHe JIOK8JibHOI'O TBpMO}lHH8Mlf'H'CKOI'O paBHOBeCHR, 

DpH nanbHeAweM yBOJIH'IBHHH K TaK, 'ITO 

_I_<< T 

CylllBCTByJOII!HH B :>KliJlKOCTll JIOKHJibHhlH ITOpRJlOK KHK 6hl "3aMOpH:>KliB8BTC5!" 

B TeqCHliB paCCMHTpHBOeMOI'O BpBMPHH, ll :>KllDKOCTb, COI'T8CHO flaHJlay/28/ If 

~peHxenJ0/23/, BeneT ce6R rrono6Ho TBepnoMy Teny nnn, ToqHee roBopR, 

ee CBOHCTB8 6JIH3KH K CBOHCTBaM CTBKJI006pa3HOI'O COCTOR IllS!, B 9TOM cnyqae 

B :>Klf}lKOCTH cnenyeT O:>Kll}lHTb pacrrpOCTp8HBHH5! CHJibHO aErapMOHli'IBCKHX KO

JIC68HHH K8K IIpOJlOJibHOI'O, T8K If ITOIIBpB'IHOI'O THIT8, 
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ITonyqeuawe 3KcnepnMeHTanhHhle peGynhTBThl n nx cpaBHeHne c Teope-

TnqecKHMH MonenHMH IOnHOCTh~ TIOUTBep*llB~T BhlCK838HHhle BhlWB YTBBp*

neHHHo B *HUKOM CBHHue B o6nacTH 6on&wnx GHaqeHnii K ( K > I A -t 
neiicTBHTen&Ho Haomon l~TCH KaK nponon&Hbte, TaK n nonepeqHbte KoneoaHnH, 

npnqeM BpBMH *H3HH 8THX B030Y*llBHHH H3-38 CHnhHOr'O aarapMOHH3M8 oqeHb 

Mana ( 1'!. 1 ~ 1,3·10- 13 
ceK). Onpeneneaaoe B naaaoii paooTe BpeMH penaK

cauHH r = 4•1o- 1 ~;ceK noKa3biBaeT, qTo rrpH K > 1,5 ~-1 ycnoBHe 

_I_<< r XOpOWO I biTIOnHHeTCH 1 H B 3TOM cnyqae ITOIIHKpHCTBIIIIHqecKBH 
c K 

MOUBIIh *HUKOCTH J10B£•nhHO YCTIBWHO OTIHCb!BBBT pe3VIIhT8Tbl 3KCTiepnMeHTB. 

ITpn yMeHbWeHHH K ( K"" 0,8 ~ -1) Mbl BXOUHM B rrepexonHyiO oonaCTh 

_l_""r, rne HeCIT )8BBJ11IHBb1 HH TBepnOTBIIhHbiH 1 HH r'HilpOJ1HHBMHqeCKHH 

c K 
TIOilXO/lbl 1 H B 3TOM Cll yqae llBHHbte 3KCTiepHMBHT8 He OTIHCbiBBIOTCH HCTIOnb-

30BBHHb!MH MOUeiiHMH K co*aneHHIO, 3Ta nepexonHaH o6nacTh r ~ r 
r B 

OllHOBTOMHbiX *HllKOCTl IX TIIIOXO H3y·qeaa KBK B TeopeTnqeCKOM 1 TBK H 3KCTie

pHMeHTBIIhHOM OTHOWEHHHo ITpHMeHHTBIIbHO K *HllKOMy CBHHUy 1 HCXOUH H3 

pe3yllbTBTOB UBHHOH pE 00Tbl 1 nepexon K qHCTO r'HilPOllHHBMHqecKOMY OTIHCBHH~ 

MO*Ho O*nnaTh rrpn K ~ 0,2 ~ -l. ITpoBenemre H3MepeHnii KorepeHTHoro 

paCCBSIHHSI MenneHHbiX HeiiTpOHOB B YK838HHOH OOIIBCTH K B OCHOBHOM or

paHnqnBanOCb HBUOCTa'IoqHQH HHTBHCHBHOCTb~ cyweCTBy~WHX IIBHTpOHI!blX rryq

KOBo C TIOBbiWeHHBM MOllHOCTH peaKTOpOB rrpencTBBIIHBT orrpenenei!HblH HHTepec 

npoBenenne IIOllOOHbiX H3MepeHHH B OllHOBTOMHbiX *HUKOCTSIX B OOIIBCTH 

K "' 0,05° A -l -1° A -l c uenb~ BbiHCHeHHH MexannGMa n neTanei1: rrepexona oT 

rnnponHHBMHqeCKOrO OIHCBHHSI K TBepnoTellbHOMy. 

B 38KIIIOqeHHe 8 BTOpbl BbiPB*BIOT CBOIO HCKpeHHIOIO TipH3HBTellbi!OCTb 

<J>.n.llJarrnpo 38 OOCY*HeHHSI H IIOCTOSIHHOB BHHMBHHe K paooTe. ABTOpbl 0118-

ronapHT B.A.ITap<jJeHoEa n B.r.nn<jJopoBa 3a npenocTaBneHHY~ BOGMO*HOCTb 

BbiTIOnHeHHSI qaCTH llBIIHbiX 3KCIIepHMeHTOB HB UBOHHOM CTieKTpOMeTpe Men

neHHbiX Heii:TpOHOBo 
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