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1. BaeJleHHe 

D1u1 BbiSJCHeHHSJ KaK crpyKTypbi aJlpOHOB 1 TaK H JlHHBMH

KH CH1IhHOI'O B38HMOJleii:CTBHSJ B8)1{H0e 3H8'1eHHe HMeeT 

HCCneJlOB8HHe oco6eHHOCTeil: B fiOBeJleHHH pO)I{JleHHbTX qac

THUo 8 nepay10 O'lepeJlb 9TO OTHOCHTCSJ K BbiSJBneHHIO 

B03MO)I{HOA 38BHCHMOCTH HX B38HM0Jl9ACTBHSJ OT BpeMeHHo 

TiocK01IhKY CH1IhHoe saaHMOJleAcTaHe xapaKTepH3yeTcSJ 

npocTpaHcTaeHHo-speMeHHbiMH HHTepsanaMH SJJlepHoro Mac

wTa6a, TO JlnSJ H3Bn9'19HHSJ Tpe6yeMOA HH~OpMaUHH cneJlyeT 

paccMa'TpHB8Tb npoueccbi nepepacceSJHHSJ PO*JleHHbiX B SJJlpe 

8Jlp0HOB 8 nocneAyiOWHX CTOnKHOB9HHSJX C ero HyKnOH,MH 

Y *e HeOAHOKp8THO BbiCKa3biBanoc& npeAnono*eHHe l-{Jf • 
'IT01 no-BHAIIMOMy,. BCneA 38 8KTOM Mft0JI(8CTB8HHOI'O p0)1{

A9HHSJ 9HeprH'IHbl8, 'nHAHPYIOlliH8 aApOHbl' B3aHMOAeACTBYIOT 

C HyKnOHaMH 3Ha'IHTe1IhHO cna6ee, '18M 9TO HMeeT M8CTO ' 

B HOpM8nbHblX (aCHMfiTOTH'I8CKHX no Bp8M8HH) ycnOBHSIXo 

B AaHHOA pa6oTe Mbl KpaTKO o6cyJlHM HHTepecHbie ~aKTbl 1 
a TaK)I{e npHB9A9M OU9HKH C8'18HHSJ STOI'O B3aHMOAeACTBHSJ

1 

CAenaHHbl9 Ha OCHOBe 8H8nH3a PSJA8 A8HHbiX1 B TOM 'IHCne 

U nonyqeHHbiX HaMHo 

2. 06 onpeAeneHUH 'nUAUPYIOlliHA 8APOH' 

Tipe*Ae acero yTO'IHHM 1 'ITO Mbl UMeeM a BRAY • npHMe-

HSJSI TepMUH 'nUAHPYIOlliUA aApoH' • 

Ha puc. 1 cxeMaTu'lecKu npeACTaaneHa wupoKo. Hcnon&

ayeMaSI KapTUHa CTOnKHOB8HUSI ABYX aApOHOB B CUCTeMe 

U8HTpa UHepllUHo Puc. 1 a COOTBeTCTByeT ABH)I{9HHIO nopeHil

C)I{8TbiX aJlpoaos nepeA cTonxaoaeHuew. Ha puc. 16 uao6pa-

3 



Q..) 

G-- ,, --t) 

@ ~ 
d) {') 

s 

-v.J 

s, ..... J. -,,('JC. 

/ • \ I I 
s--1 ;s. 

'- ~x i'',_l_,, ~ 

{)r-

'> 
PHc. I. CxeMa cTonKHOBeHHSI .nsyx a.npoHoB B CHCTeMe 

UeHTpa HHepUHH. 

)l{eH aKT saaHMO.Il8HCTBHSio 3aUITpHXOBaHH8SI 'IaCTb HX OO'b8MOB 

B peaynbTaTe CHnbHOrO saaHMO.IleRCTBHSI TOpMOaHTCSI1 a Bbl

CB000)1{.1laeM8SI 9Hepi'HSI aaTpa'lHBaeTCSI H8 pO)I{,IleHHe HOBbiX 

'I8CTHUo nponeTaiDIIIHe qaCTH a.npOHOB ycnOBHO Hao6pa)l{eHbl 

"oopy6neHHbiMH"' (pHCo ls) 1 'lTOObl CX8M8TH'l8CKH OTpaaHTb 

.llBa BOaMO)I{HbiX SIBneHHSI! BO-nepBblX1 yMeHbUJeHHe 9cpcpeK

THBHoro oo'beMa, aaHHMaeMoro a.npoHOM Henocpe.ncrseHHo 

BCne.n aa aKTOM saaHMO.IleRCTBHSI H 1 BQ-BTOpblX1 yTpaTy 

HM (nonHyiD HnH '18CTH'IHyiD) COOCTB8HHOI'O nong: B peaynb

TaTe MOIIIHOH 11 BCTpSICKH 11 
• 3aTOpMO)I{eHHaSI qaCTb "a" o6pa

ayeT cnO)I{HYID CHnbHOBOaoy)l{.ll8HHYID CHCTeMy KnacTepHOI'O 

THna, paCUJHpSIIDIIIyiDCSI C OKOnOCBeTOBOH CKOpOCTbiD 1 cpaKTOp 

4 

nopeHU81KOTOpOi!: B na6opaTOpHOi!: CHCTeMe y"" y C.U.Ho 

0Ha .SIBnSieTCSI OCHOBHbiM HCTO'IHHKOM p0)1{.1l9HHbiX '18CTHU 

("nHOHHa8UHOHH8SI" '18CTb cneKTpa) • 

.JlHH8MHK8 .llBH)I{eHHSI CHCTeMbl "a"~ ~epHOM BeiUeCTBe 

6hma no.npo6Ho Hccne.nosaHa a pa6oTax 4 • s , 'ITO noaso

nHno o6'bSICHHTb 6onbUJOii Kpyr 9KcnepaMeHTanbHbiX .naHHbiX 

no a.npoH-SI.IlepHOMY saaHMO.Il9HCTBHIDo 

.J]anee, cornacHo 9TOH KapTHHe,npo.nyKTbi I' H 2', 
SIBnSISICb1 BOOOIIIe I'OBOpS11 BOa6y:>K.Il9HHbiMH 1 .ll8IDT Ha'lano 

H9MHOI'HM '18CTHU8M 1 H80niD.Il89MbiM B o6naCTSIX <fJparMeH

T8UHH 8.1lp0HOB HaneT8IDIII9I'O H MHUJ9HH COOTB9TCTBeHHOo 

PaayMeeTcSI, KapTHHa, Hao6pa)l{eHHaSI Ha pHc. I, g:sng:

eTCSI secbMa rpy6oii. O.nHaKo no csoeMy .nyxy OHa He npo

THBOpe'IHT cne.llCTBHSIM 1 BbiTeK8IDIIIHM Ha COCT8BHbiX MO.Ile

neii: npoTSI)I{eHHoro a.npoHa. 0Ha npe.ncTasnS~eT .nng: Hac 

HHTepec, nOCKOnbKY noasonSieT yTO'IHHTb nOHSITHe 0 "nH.IlH

pyiDIIIeM 8.1lpOHe"', a T8K)I{e nOM0)1{9T B .nanbHeHUJeM ( CMo 

aaKnroqeHHe) c.nenaTb B8:ll<Hbl9 K8'1eCTBeHHble BbiBO.Ilblo 

O'ieBH.IlHO, 'ITO npHHHMaTb B Ka'leCTBe "nH.nHpyromero 

a.npoHa" ( TO'IHee, cne.noaano 6bi rosopHTb o nH.nHpyromeii 

CHCTeMe, T8K K8K OH MO)I{eT OKaaaTbCSI HCTO'IHHKOM He 

O.llHOH '18CTHUbl) '18CTHUy, o6na.naiDIIIYID M8KCHManbHbiM 

HMnynbCOM no cpaBHeHHID C OCTanbHbiMH 1 He COBCeM TO'IHOo 

.JleiicTBHTenbHo, B cnyqae Manoii: nepe.na'IH 9HeprHH 

( M8nbie aHa'leHHSI K09<fJcpHUHeHT8 HeynpyrOCTH k ) 1 T.e. 

npH He6onblliHX MH0)1{9CTB9HHOCTSIX n 8 < n 8 1 Mbl HMeeM 

.neno c nepHcpepH'leCKHMH CTOnKHOBeHHSIMH. ManosepOSITHO, 

'ITOObl T8KHe cna6osoa6y)l{.lleHHbie 8.1lp0Hbl MOI'nH KOpeHHbiM 

oopaaOM HaMeHHTb CBOH CBOHCTBa.nepHcpepH'leCKHe CTOnKHQ

BeHHS11 nO-BH.IlHMOMY 1 He npHBO.IlSIT K CyiiieCTBeHHbiM HaMeHe

HHSIM paaMepa oonaCTH 1 aaHHM89MOi!: 8.1lp0HOM {"oopyoaHHe" 

Mano, CMo pHC. I) o no9TOMY H Ce'IeHHe ero saaHMO.IleHCTBHSI 

c HyKnOHOM s Sl.llepHoM semecTse .non)I{HO obiTb onHaKHM 

K HOpManbHOH senH'lHHe. Cne.nosaTenbHo, BbiXO.Il 'IBCTHU 

B 8.1lpOH- Sl.llepHbiX saaHMO.IleHCTBHSIX1 oona.naiDIIIHX HMnynbCOM 

nopS~.nKa nepBH'IHoro, .non)l{eH yMeHblliaTbCSI no cpaBHeHH~/3 
c Bbrxo.noM s 9neMeHTapHoM aKTe npHonHaHTenbHO KaK A • 
.JlaHHble paoOTbl /&/ COrnacyiDTCSI C T8KHM aaKniD'IeHHeM. 
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Co6cTaeaao MHo~ecTaeaaoe po~aeHHe npoucxoauT a 
cpeaHeM npH k == 0,4 - 0,5 H 6onee. I1MeHHO B 8TO:fi o6naCTH 
3Ha'leHHH k U cneayeT O~HaaTb cymeCTBeHHhiX H3MeHeHUH 
Ce'leHUSI Heynpyroro B38HMOaeHCTBHSI CHCTeMhl 1' (puc. 1) 
c HyKnoaoM. CxeMa npouecca aa puc. 1 noacKa3hiBaeT, 
'ITO B 8TOM cnyqae KBK yMeHbWeHUe reoMeTpuqeCKHX paa
MepOB CUCTeMbl 1' 1 TaK H a<fl<fleKTbl "CTpSIXUB8HUSI" C06CTBeH
HOJ:'O nonSI aapoHa MOJ:'yT OK838TbCSI aocTaTO'IHO 6onbWHMH. 
HanpuMep, npoCThre oueHKH Hau6onee aepoSITHoro nonepeq
Horo pa3Mepa CUCTeMbl 1 1 

( a6nH3U k ==0,4 - 0,5) nOK83bl
B8lOT1 'ITO OH MO~eT yMeHblliUTbCSI aaaoe. 3TOT a<fJ<fleKT 
aon~ea npHaecTu K yMeHbweHUIO ceqeauSI Heynpyroro 
B38UMOaeHCTBUSI "nHaupylOlileJ:'O aapoHa"C HyKnOHOM a. 

ID 
npu6nuauTenbHO aaaoe no cpaaHeHUIO c o6w'l:HhlM aaaqe-
HUeM 

a in .!_ ain 
2 

( 1 ) 

(a aanbHeH:weM aenu'IHHhl, xapaKTepuayiDmHe aaaHMoaeH:
CTBHe "nuaupy10mero aapoHa, c HyKnoHoM, 6yaeM caa6)f{aTb 
3H8'1KOM " - "- TUnbaa) • 

I1 T8K1 B 8TOM cnyqae B03MO)f{Hble nocneaCTBUSI anSI 
"nuaHpy10mero aapoaa' c <PuauqecKoii TO'IKH apeHHSI npea
cTaBnSIIOT Hau6onbWUH HHTepec. 

TioaTOMY npHMeM B K8'1eCTBe "nuaupyromeH:" CHCTeMy 1 

o6paayiDlilylOcSI B cpeaHeM aKTe MHo~ecTaeaaoH: reaepauuu, 
yHOCSililYIO OKono nonoauHbi nepaoHa'lanbaoH: aaepruu u pacna
aaiDmyiDcSI aa Manoe (no cpaaHeHHIO c nuoauaauueH:) qucno 
'18CTHU. 

OTc10aa cneayeT, 'ITO, uayqag noaeaeHHe "nuaupy10mero 
aapoaa",aeo6xoauMo paccMaTpuaaTb aKThi po)f{aeauSI, a Ko
Tophrx OaHOBpeMeHHO npOHCXOaUT U 8KTHBHblH npouecc nHOHH-
38UHHo 

B paaaenax 3 H 4 Mhi KpaTKO paccMoTpuM <flaKThr, cau

aeTenbCTBYIOlilHe o ManocTH eenH'IHHhi a in • B paaaenax 
5,6 H 7 Mhi nonhiTaeMcSI nony'IHTb oueHKy (;; ) • 

in max 

6 

3. 3aBHCHMOCTb CpeaaeA: MHO~eCTBeHHOCTH 

B aapoH-gaepHblX B38HMOaeiicTBHSIX OT 

8Hepl:'HH 

cf>aKTH'IeCKH npo6neMa aaauMoaeiicTBHSI "naaapy10mero 
aapoaa" aoaHuKna aaaao. Ehrno aaMe'leHo, 'ITO npocTeA:wee 
H aa nepahrA: aarnga oqeaHaaoe npeanono~eaue o cnoco5-
HOCTH "nHaHpylOlileA:"' '18CTHUbl Bbi3biB8Tb B nocneayiDlilHX 
CTOnKHOBeHHSIX C HyKnOHBMH MHO~eCTBeHHYIO reHepaUHIO 
C npe~HeA: HHTeHCHBHOCTbl01 npuaoauT K DpOTHBOpe'IHIOo 
TiepBbie OUeHKH 38BHCHMOCTH OT 8HeprHH cpeaHeA: MHO~eCT
BeHHOCTH penSITHBHCTCKHX 'IBCTHU, pO)f{aeHH~X B aapoH-gaep
HbiX CTOnKHOBeHHSIX1 BhiDOnHeHHhie B 1954 r. 7/ 1 aanu CnHWKOM 
60llblliyl0 BenH'IHHy. TipH STOM B03MO)f{H0CTb nOSIBneHHSI aapo
HOB BToporo H T.a. noKoneauA: a gaepaoA: cpeae ae y'IHThiBa
nacb. TaKHe )f{e oueHKH H c TeM )f{e peaynbTaToM npoaeaeabr 
aeaaaao /8 I • 

Ha puc. 2. cpaBHHBalOTCSI aKcnepuMeHTallbHbre aaHHhre 

-a-,.·~= R.!. ,., ,., .. ~ ,. , .,. II .,. 
ID / 

t .,. .,. 

+ a-~·=o 

,., 
+ ...... 

t.l 

tit 
I I I r I I I I I 

1 10 PfrHfc) 
Puc. 2. 0Taoweaae REm= <n8 >pA /<n 8 > PP a <PYHKUHH 
OT 8HeprBH ( nnaBHhie KpHBhl& - CMo TeKCT, p83llen 3) • 

c aTHMH pacqeTaMa. Oaa npellCKa3biBaiOT poeT oTaomeaaSI 

V<n 8>p,J<b 8 > pp cpellHHX MHO)f{eCTB&HHOCTeA: llnSI gaep 
<P0T08MY1IbCHH H B p-p -CTOnKHOB&HHH B 38BHCHMOCTH OT 
aaepraa. 3KcnepaMeaTallbHbie llBHHbie HBHO ae cornacyiOTCSI 
C TBKHM DOBelleHH&Mo 
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CnnouiHoii: JIHHHeii: aaHbi pesynhTaTbi /4./, nonyqeHHhre 

B npeaene a in -> 0 • 
ConocraaneaHe aaHHhlX Ha pHc. 2 CBHaerenhcrayer 

0 M8JIOCTH ain , 

2 2 
4. TioBeaeHHe D /<D> B sasHCHMOCTH oT Db 

llpyrHM O'l8Hh HHTepeCHbiM pesynhT8TOM 8H8JIH38 3KCne

pHMeHTOB no o6nyqeHHlO <PoroaMyJihCHH npoToHaMH E P = 

= 200 faB SIBJISIIOTCSI }:{8HHbie 0 38BHCHMOCTH B8JIH'lUHbi 

D2/<D> 2 (D 2= <(n-<D>) 2 >, D - aHcnepcHSI) oT 'lHCna 

MeaneHHbiX qaCTHU Db (pHC, 3). 3Ta B8JIH'lHH8 B npeaenaX 

as~~ 
Oh 
D.3 i t 

....... ..... 
OJ,! - -~ 

0.1 ----- - -

~;~o 

r - --
1 I I I I I I I I I I I I I I I_~ 

o 5 tO f5 n 20 

"' 2 2 
Pac. 3. 3aBHCHMOCTh seJIH'llUI D /<n> or 'lHCna Mea-

neHHhlX qacTHU(Dh) anSI asaHMoaelcTBHSI npoToHoB c E,= 
= 200 faB B <floT03MYJihCjfH (nnaBHbie KpH:Bbie - CMo TeKCT, 

pasaen 4). 

aKcnepHMearanhHbiX OIIIH6oK ocraeTCSI nocToSIHHol. KaK 

OTMeqaJIOCh B }:{OKJiaae /8/ Ha flOHJ:lOHCKOii: KOH<flepeHUHH, 

TaKoe noaeaeHHe He cornacyeTCSI c BbiBoaaMa, BbiTeKaJO

lllHMH H3 MO}:{enel K8CK8JlHOPO THna, B KOTOpbiX npouecc 

8 

OllHCbiBaeTCSI llOCJieJlOBaTeJihHOCThlO He38BHCHMbiX 8KTOB 
2 2 

po.>KaeHHSI. B aTOM cnyqae D /<n> aon.>KHa 6hrTh y6hrBaJOrueil: 

<f!yHKUHeil: OT n h , (KcTaTH, MOJleJib foTT<flpHaa/8/ T8K.>Ke 

He cornacyeTCSI C 3KCnepHMeHTOM; Ha pHC, 3 COOTBeTCTBylO

lllHe eil: pesynhTaTbi npencraaneHbi ruTpHXOBaHHOil: KPHBoii:/9/). 

HanpoTHB, Hcnonh3YSI KapTHHY, pa3BHTyro B / 4 • '51 , MO.>KHO 

llOK838Th, 'lTO npH M8JlbiX 3H8'leHHSIX Uin -> 0 <flyHK~HSI 
D 

2 
/<n> 

2 = ¢ ( D h) cTpeMHTCSI K KOHcTaHTe D ~<Do> 
( r.e. K csoeil: aenH'lHHe B aneMeHTapHOM aKTe). CnnoruHaSI 

JIHHHSI H8 pHC. 3 COOTBeTCTByeT npeaeny ;in= 0 • 
TioaeaeHHe BeJIH'lHH, paCCMOTpeHHbiX B n,n, 3 H 4 H CBSI-

38HHbiX C K8'leCTBeHHO pa3JIH'lHbiMH X8p8KTepHCTHK8MH npo

uecca B aapoH-SIJlepHbiX asaHMOJleiicTBHSIX, onpeneneaao 

yK83biBaeT H8 M8JIOCTh CeqeHHSI a
10 

• 

5. OueHKa; in no aaHHbiM o <n8 > - n g 

KoppenSIUHH B npouecce p + Ag, Br npH 

Ep "' 70 faB 

HaqHeM c oueHKH om no naHHbiM o MHO.>KeCTBeHHOM 

pO.>K}:{eHHH Ha TSI.>KeJibiX Mpax <f!oT03MYJihCHH. llnSI 3TOii: 

UeJIH BOCllOJ1b3yeMCSI pe3yJihT8T8MH H3MepeHHSI 38BHCHMOCTH 

Me .>Kay CpeJlHHM 'lHCJIOM peJISITHBHCTCKHX ttaCTHU < D 8 > 

H •mcnoM D 
1 

SIJlepHbiX HyKnOHOB, aaJOIUHX cephre cneJlhi, 

nony'leHHhle npH o6nyqeHHH <f!oT03MYJlhCHH npOTOH8MH C 

E P = 70 faB /tO/. 0HH npHBeaeHhi Ha pHC. 4. 
PesynhTaTbi pacqeTa <D 8 >- D 1 - KoppenSIUHR, cornac

Ho /4. ' 5 7 , nonyqe HHbie B npeanono.>KeHHH 1 'lTO a
1 

= 0 , . ~ 
npeacTaBJieHbl CllJIOIIIHOH Kpli:BOH. l13 XOporuero COOTBeTC'!'BHSI 

Me.>KJlY TeOpHeil: H 3KCllepHMeHTOM cnenyeT, 'lTO a in 

JleHCTBHTenhHO, Ma.no. 

llnSI <flaKTR'leCKOil: OUBHKH ero BeJIH'lHHbl 6yaeM OCHOBbi

B8ThCSI Ha asyx coo6pa.>KeHHSIX. 

Bo-nepsbrx, HaH6onee Bbrroaaoii: CHTyauHeii: JlJISI HSBne

'leHHSI J:l8HHbiX 0 BeJIH'lli:He 0 in SIBJISilOTCSI CJiyqau, KOP}:{8 

npouecc MHO.>KeCTBeHHOH reHepaUHH OXB8TbiBaeT 60JihlllYlO 

no JlJIHHe o6nacTh Siapa. Toraa H saaqeHHSI <n > H n 
8 g 

BeJIHKH, T8K K8K OHH fienocpe}:{CTBeHHO CBSI38Hbl C 60JihlllHMH 
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PH:c, 4. CpeaHHe 

"cepbiX • cneaoa 
nonO)K8HHH 1 qTo 

= 70 fBB/c). 

!ld<n.} 

EP· 1orJ 
... 
t ~N,O 

!~,8~ 

n. 
s ttl L. 

MH0)!\8CTB8HHOCTH: <n > KaK <tJyHKUH:H: qH:cna 
s 

ng, nnaaHaSI KpnaaSI paccqH:TaHa B npea-

ai 
0

= 0 (Siapa ¢oT03MYJ1bCHH 1 pp 

npo6eraMH: KnacTepa. 4H:cna n "' 10-12 peanH3YIOTCSI 
g 

npH npaKTHqeCKH: nOJlHOM pa3pymeHH:H: Siapa, HCCJieaoBaHHOM 

B pa60T8/ll/, J.13 TeOpHH 3TOrO SIBJ18HH:SI / 4/ 1 cnenyeTI qTO 
npo6er KnacTepa aon)!<:eH cocTaBnSITb aenH:qH:ny nopSiilKa 

8 ¢epMH 1 T,e, noqTH: paBeH aH:aMeTpy Siapa, QqeauaH0 1 

T8K08 )1{8 paCCTOSIHH:e npOXOUH:T B MepHOM B8III8CTBe 

" "nH:aH:pyiOIIIH:fi aapoH". 

Bo-BTOpbiX1 ecnu aonycTH:Tb 1 qTo ;;in .,1 0, To Bbi3BaHHbifi 

8THM 8¢<jleKT He aon)KeH npeBOCXOaH:Tb BenH:qH:Hbl OIIIH:6KH 

8KCnepHMeHTa B onpeaeneHH:H < n s > npH: 6onbiiiHX n 
1 

• 

J.1TaK 1 npH:MeM, qTo cpenHee 3HaqeHH:e npo6era "nH:aH

PYIOIIIero aapoHa" paBHO e"" 8 + 9 ¢epMH, a MaKCH:M8JlbHO 

B03MO)!{HaSI B8J1HqHHa npHpOCTa qH:CJla < n S > 1 Bbi3B8HHOrO 

ero B3aHMOaefiCTBHeM 1 COCTaBnSieT ~<n 
8 

> = 3 ( BenHqHH8 

nonHofi OIIIH6KH H3MepeHHSI <n S > npH n g = 13), 

10 

( 

) 

I 

Toraa 

E'> 
W(ai n' f ) ' 

2 < ·o 
~< ns >"' 3 

<£ 11 > 
(2) 

rae <E'
0
> - cpeaHsHI aHeprHSI B c.u.H., BhiaemieMaSI 

B KaHan M830H006pa30BaHHSI1 <£ 
11 

> "" 0,4+0,5 faB -

cpeaHSISI 8HeprHSI 11 -M830HOB B TOfi )1{8 CHCTeMe, 

a W(-;.in ' e)- aepOSITHOCTb B3aH_MoaefiCTBHSI , nH:aHpyiOIIIef'O 

aapoHa" c HyKnOHOM Ha nyTH: e : 

"(~in• f)= 1- exp(-;inpe), (3) 

p - nnOTHOCTb SI):lepHOro _ B8III8CTBa, 

nonaraSI aanee, q::o <k >"' <krrN > "" 0, 4, T,e. 
cpeaHee 3HaqeHH8 <k > anSI B3aHMOaefiCTBH:SI "JlHaHpyiO-

IIIero aapoHa" npH6nH:3HTenhHO paBHO 06hlqHOMY 3HaqeHH:ID1 

nonyqaeM anSI 1..< E' >"' 2,4 raB. EcnH ~<n > "' 31 TO 
3 OTCIOaa: 

\',(;in , f "' 8 <tJepMH ) "'0, 56 (4) 

H1 cneaoBaT8JlbH0 1 

afn 0, 71 ¢epMH2, (5) 

TaKH:M o6pa3oM, 

in -
aNN/ain "' 4, 5, ( 6) 

CeqeHH:e ain OK83hlB88TCSI M8Hbiiie "HOpManbHOro" 

(ain "'3,2 ¢epMH:2) B ,4,5 pa3a, 
NN 

6. llaHHhle no 3HeproahlaeneHHIO B KaHan 

o6pa30BaHHSI 71°-M830HOB H: BenHqH:Ha ain 
• 

OueHHM aenHqHHY ai n no aaHHbiM o6 8HeprHH, 3aTpa

quaaeMOfi Ha po)KaeHHe 71 ° -Me30HOB B npouecce 

II 



_ 12C < o> TT + -+ 011' + •.• (7) 

3TH ]laHHbie nonyqeHbl HaMH nyTeM H3MepeHHSl 9HeprHH 

y-KBBHTOB OT pacnaJla rr0 -Me30HOB B 2-MeTpOBOH npona-

HOBOH KaMepe nB3 OI1Hl1 • .O.nSI BbiJleneHHSl rr-
1ZC 

B3aHMOJleHCTBHH H H3MepeHHSl sHeprHH y -KBaHTOB HCDOJib-

30BaJI8Cb CTaHJl8pTHaSI MeTOJlHKa, DpHMeHSieMBSl JlJISl npona

HOBblX nysbipbKOBbiX KaMep ( cM., HanpHMep ,/
12 I ) . 

Dp_e~aapuTenh!bie oueHKH sHepruu,yHOCHMOii rr0 -Me3oHaMH, 

JlJISl TT C H TT p -B38HMOJleHCTBHH DOKa3aJIH, "'TO OHa 

OJlHa H Ta >Ke c TO"'HOCTbiO JlO 5-7% I 131 • CaM no ce6e 

STOT ljlaKT CBHJleTeJibCTByeT 0 TOM, "'TO B03MO>KHbie OTJIH

"'HSI1 o6ycnoaneHHbie B38HMOJleHCTBHeM "JIHJlHPYIOIUero 

8JlpOHa' B SIJlpe 12 C 1 HeBeJIHKH. . 

0JlHaKo JlJISI HaiiiHX ueneil: sToro HeJlOCTaTO"'HO. H eo6-

XOJlHMO CODOCTaBHTb BeJIH"'HHY SHeprHH <U 0 > C "'HCJIOM 
TT 

ng Bbi6HTbiX H3 Mpa MeJlneHHbiX npoToHoa. Ha puc. 5 
JlaHbi pesynhTaTbi TaKara conocTaaneHH'SI. Mbi BHJlHM, "'TO 

3aBHCHMOCTb <:£E 0 > OT 0 npaKTH"'eCKH OTCyTCTByeT. 
TT g 

<!f.s·> ( 136) &-Cfr.N 

a=~crsN 
10 2< :r: 1 

T a=O 

5~~--~--~----~--

0 1 ~ ~3 n1 
Puc. 5. 3aBHCHMOCTb cpeJlHeit 9HeprHH ,yHOCHMOit rr

0 
-MesoHa

MH,'JlJISI rr- 12C -B3aHMOJleitCTBHH (pTT- =40 fsB/c) OT "'HCJI8 

MeJlJieHHbiX npOTOHOBo DnaBHbie KpHBble paCC"'HTaHbl B pa3HbiX 

upeJlDOJIO>KeHHSIX 0 B€JIH"'HH€ Oin 

12 

nng H3BJie"'eHHSl oueHKH Utn paCCMOTpliM 9TH pesynh-

TaTbl 6onee nonpo6Ho. 

CornacHo KapTHHe, pa3BHTOH a 14 1 , npH a18 = 0 
nonHaSI sHepraSI Knacrepa c pocToM qucna n 1 , a cneno

aarenhHO, li npo6era e • JlOJI>KHa yMeHbUiaTbCSI: 

E (e) = E ( 0) - ~E ( e ) . 
K~ K~ K~ 

(8) 

t:l>yHKUiiiO ~EK~( e ) MO>KHO HaHTii 1 peUiaSI CHCTeMy /paaHe-

HHll1 OllHCbiBBIOIUiiX JlBH>K8HHSl KJiaCTepa B cpeJle /4 • .0.nSI 

HaUiero cnyqag HaXOJlHM, 'iTO npa n g = 3 

e "' 3,5 cpepMH li ~E 1 f9B. (9) 

CnenoaarenbHo, npH n > 3 g-
CyMMapHaSI 9Hepi'HSl TT

0 -MeSO-

HOB JlOJI>KHa 6biTb 

<I.<rro >a =0 n >3 "'31 E (0)+~<:£< o>-. =0= 
ID ' g- K~ TT 0 10 

( 10) 
1 1 1 ( =-FKJI(O)--~EK~"' -EKJO) -0,3 f9B). 
3 3 3 

Ha pac. 5 reopeTH'ieCKaSI KpHBaSI a o6nacTu 6onbUIHX 

0 g JlJISl 9TOI'O cnyqag llOMe'ieHa liHJl8KCOM a in== 0 o 

Tenepb yqTeM B03MO>KHOCTb asaaMOJlelic~BHSI "nanHpyiO

mero aJlpoHa". O'ieBHJlHO, ero BKnaJl ~on>KeH npHBOJlliTb 

K yaenaqeHHIO sHeproBbiJleneHaSI B KaHan o6pasoaaHHSI rr0 
-

MesoHoB. Dyrb 9Toro aJlpOHa B BeUiecrae JlOJI)I{eH 6biTb 

HeCKOJibKO 60JibUie 1 'ieM yKa3aHO B ( 9). 3To CJie]lyeT H3 

yCJIOBHSl 0 g : 3 1 a TaK)I{e H3 HaJIIi'iliSl KpaeBblX 9ljlljleKTOB 1 

"B03HHKaiOIUHX" llpH paCCMOTpeHHH JlBH)I{eHHSl KJiaCTepa, 

HMeiOIUero KOHe'iHbie pa3Mepbl B nerKOM SIJlpe. 0TCIOJla: 

e (ng 2: 3)"' 5 ljlepMH. ( 11 ) 

B Kaqecrae opneHrapoao'iHoro JlJISI a in npaMeM cooTHo

UieHHe, nonyqeHHOe a n. 5, u10 "' a!~ I 4 • TorJla JlJISI ae

pOSITHOCTH B3aHMOJleHCTBHSl ( CM. ( 3)) 

-(- in \\ o. = a N I 4, 
10 TT 

e == 5 ljlepMH "'0, 3, ( 12) 
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a nns SHeprOBhineneHHH B KaHan 06pa30BaHHH rr 0 -Me30HOB 

(npe do,., <krrN> ""0,5)) 

!!..<I£ o > . "" 1 faB. 
" U. = a 10 /4 in rrN 

(13) 

0Tcrona nonaoe H3MeHeHHe <I£"o > nns n 2: 3 a npouecce 
(7) no OTHOllleHHIO K <I£ 0 > paaso: 

" 
;,- c 

!!.. <I£ o >""<I£ o > - <I£ o > 
fiOJIH rr rr n I ~ 3 rr rr- P ( 14 ) 

= !!..<Ir o>- tn I '+!!..;:.I£ 0 >- - o"" 0,7 faB. 
" ~n =~ 4 " ~n-

Ha pee, 5 Kpasas c asneKCOM ii in = -l u:,SN cooT-
aeTcTayeT 9THM peayllbTaTaM, 0Ha He npo\HBOpe'IHT 9KCne
pHM9HTallbHbiM ttaHHhiM. HanpoTHB, ecna nonO:lKHTb c;in = u 11;_, , 
COPll8CHe OTCyTCTByeT ( CM, pHC, 5), . rr 

TaKHM o6paaoM, o6a cnoco6a oueHKH, ocnoaaHHhie na 
H3y'IeHHH noaeneHHH pa3HhlX X8p8KTepHCTHK - KOppellHUHB 
no qacny qacTHU (n, 5) a cpenneA anepraa rrQ..Meaonos ,
npasonsT K onaoMy H TOMY :IKe peaynbTaTy: 

- 1 in 
uln <"iu . ( 15) 

OnaaKo o6a yKaaaHHhiX MeTona o6nanaiOT senocTaTKow: 
OTbiCKHBaeTCH MBllhiA a«<J4JeKT H8 «<JoHe OCHOBHOrO 'IHClla 
'IBCTHU HllH OCHOBHOA nonH 9HeprHH 1 KOTOphle He onpene
llHIOTCH aaaHMoneAcTBHeM "nanapyromero anpoaa". 

7, TioaeneHHe cneKTpa ·y -KBBHTOB H OUeHKB 01 n 

Llns nallbHeAlllero yToqnenas senaqa&hl u18 :lKenaTellbso 
BhinenHTb 9HepreTH'IeCKHe HHTepB8llbl1 B KOTOpbie OCHOBBOA 
BKnan BHOCHllH nponyKThi pacnana KnacTepa ana "nanapy~ 
mero anpoaa' no omellhHOCTH, 

14 

l1cnonbayeM cnenyiOIUHe coo6pa:lKeHHH. 
PacnpeneneHHe no HMnynbcaM rr -Meaosoa - nponyKTOB 

pacnana KllaCTepa B CHCTeMe ero nOKOH - MO:lKHO OnHCaTb 
«<JyHKUHeH /l4 / 

w( p) = Ap3/2 e -p/a 

A - sopMHpOBO'IHhiH MHO:lKHTenb, a a "" 0,92 11 "c 2 

Torna !!..(Pmtn) - non10 rr 0 -Me3oHoB, HMeiOIUHX HMnynbc 

p ::: p min t MO:lKHO Bbipa3HTb COOTHOllleHHeM 

00 

II.{ ) = f 
'"' P min 

Pmin 

p3/2e-p/adp/ jp3/2 e-P/adp. 

0 

TioTpe6oaaa, 'IT06hi !!..( Pmin) 6hrna onpe.r.leneHHhiM ManhiM 
'IHCllOM, MO:lKHO OUeHHTb p min , a 3aTeM H SHepPHH 
( £ o) fi , F , COOTBeTCTBYIOIUHe STOMY 3Ha'IeHHIO, 

" Jia Y 
CnenaHHbie oueHKH noKaaanH, 'ITO y -KBaHTbi c saeprHe.il: 
E < 5 fsB CBH3aHhi B OCHOBHOM C rr 0 -Me30HaMH OT 
pa~nana Knacrepa, CnenoaaTenbao, H3MeHeHHe 'IHcna sTHX 
y-KBaHTOB B aaaHCHMOCTH or 'IHCna Menneaawx HyKnoaoa 

noll:lKHO o6Hapy:lKHB8Tb 38KOHOMepHOCTb TIOBeneHHH Kll8CTep

HOll CHCTeMbi, nBH:lKyiUellCH B snepHOM BeiUeCTBe, VI M9HHO 
c pocroM n g , T,e, npo6era Knacrepa, ero Macca pacreT, 
'ITO npHaonHT K yaenH'IeHHIO 'IHcna o6paayroruHxcs "o -
M930HOB 0 a, 3Ha'IHT 1 H y -KB8HTOB, 

CpaaaeHHe peaynhTaToa H3MepeHHH 'IHCna y -Kaaaroa 
B HHTepaane E y < 5 fsB KaK ¢YHKUHH 'IHcna n g c Teope
TH'IeCKHMH paC'IeTaMH ( aHallOPH'IHhiMH BhiTIOllH9HHhiM B /5/ 
nonTaep:~Knaer· sTo O:lKHnasHe. MnnrocrpHpyer CHTyauHIO 
pHC, 6, 

TiepefineM Tenepb K noaeneHHIO cneKTpa y -KBaHroa, 
o6ycnoaneHHhiX pacnanoM "'nHnHpyromero anpoaa". QqeaHnao, 
HX 'IHCllO 3H8'IHTellbHO MeHhllle H nonanaTb OHH 6ynyT B o6e 
'IaCTH cneKTpa. OnsaKo npH E > 5 fsB OHH non:lKHbi Hrparh 

Yocsoasyro ponb. 

MaMepeHHe 'IHcna y -Ksasros c F Y ~ 5 fsB a aaBHCH
MOCTH OT n g DpHBOnHT K pe3yllhT8TaM, npenCT8Bll9HHbiM 
Ha pH c. 7. Cpaay BHnHo oTnH'IHe B noaeneHHH n y (E y ;:: 5 fsB) 

IS 



7ir (E1 <5r~B> 

6 

' 
0 1 , 

- >lf "' 
PHc. 6. CpeJlHee 'IHCrro y -KaaHTOB c E < 5 faB a ljlyHK

UHH 'IHCrra MeJlrreHHbiX rrpOTOHOB ( 17'-l2 C - ~3aHMOJleHCTBHH 
npn p =40 faBle). CnnowHaSI rrHHHSI pacc'IHTaHa B npeJlrro-

- 0/5/ ITO)KeHHH1 'ITO a in = . 

ff'~ nr 

m-1 

0 1 

! E()513~ 
2 E,>.l0f3~ 

2 3 ~'1 

0"= Ye,crs- N 

Cf= '/JtO'sN 

Cf=~~N 

ng 
PH c. 7. CpeJlHee qucnoy -KBaHTOB c E Y > 5 faB H c E > ' - y-
> 10 faB. B ljlyHKUHH 'IHCrra MeJlrreHHbiX rrpOTOHOB (17-lZC 

a3anMOJleiicTBHSI rrpH p =40 faBle). TinaBHbie KpHBbie paccqu

TaHbi a paaHbiX npeJlrrono:>KeHHSIX o aenuquae ain • 
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OT n ( E < 5 f:aB) : B rrpe]lerrax OWH60K TO'IKH 

ny ( E y> S f:aB) anSI pa3HbiX n g HaXOJlSITCSI aa OllHOM 

ypoaHe. 

BnHSIHHe"XBOCT~ pacrrpeJleiTeHHSI OT ITHOHH38UHH1 CKOpee 

acero, oTcyTcTayeT. Bo-nepBbiX, ny (Ey~5 f:aB)/ny(Ey< 

< 5 f:aB) ,.,. I 0 -l , a rpamma E. = 5 f:aB Bbi6paHa 

Ha~~ T8KHM o6pa30M1 'IT06bi BKIT8Jl ,YXBOCTa" He rrpeBblW8IT 

10 • Bo-BTOpbiX, ecnu 6bi oa ace :>Ke uaaan aKnau, 

T0 1 K8K ITOK83b!B8IOT HeCITO:>KHbie pac'leTbi,n (E > 5 f:aB) SIBITSI
y Y-

nacb 6bi IT8Jl8IO!lleH ljlyHKUHeH OT ng. 

0TMeTHM, 'ITO qacTb crreKTpa n y t E y ~ 10 f:aB) B aa

BHCHMOCTH OT ng BeJleT ce6SI K8'1eCTBeHHO 8H8IT0f'H'IHO 

n Y ( E y ::: 5 f:aB). 0Tnuque ITHillh a TOM, 'ITO n y ( Ey~IO f:aB) 

3H8'1HTerrbHO MeHbWe, a 9KCrrepHMeHT8ITbHble OWH6KH -

6onhwe. 

OueHKY a in MO:>KHO nony'IHTb, HCXOJlSI H3 CaMbiX npOCTbiX 

coo6pa:>KeHHH. QqeBHJlHO, 'ITO ecnu aKT B38HMOJleHCTBHSI 

rrpOH30HJleT, TO B cpeJlHeM 9Hepf'HSI y -KBaHTOB OT paCIT8Jl8 

pO:>KJleHHbiX a HeM 17' 0 -MeaoHOB norraJlaeT a HHTepaan E < 

< 5 faB. CneJlOBaTenbHO, aepoSITHOCTb Toro, 'ITO "ITHJlhpyiO

wuti 8Jlp0H" ITOKHHeT S1Jlp01 He HCITbiT8B B38HMOJleHCTBHS11 

MO:>KHO rrpeJlCT8BHTb B BHJle H3BeCTHOf'O COOTHOWeHHSI 

. . -ape 
w,e . (16) 

XoJl ljlyHKUHH W , aopMRpoaaHHOii K TO'IKe n = 0 , npn 

pa3HbiX aaaqeHHSIX 0:10 u l = 5 ljlepMH rroKaaaa Ha aTOM 

:>Ke puc. 7 • l13 CpaBHeHHSI C 9KCrrepHMeHTOM MO:>KHO 38KITIO

qlfTb1 'ITO 

( - ) - 1 in a < -a 
in max 8 17'N ' 

(x 

T.e. 3H8'1eHHe a in OK83biB8eTCSI ewe MeHbWe. 

3aKrriO'IeHHe 

Mbi norrbiTarrHCb uaane'lh HHijlopMaUHIO o aerrH'IHHe a. , 
u u 10 u 

xapaKTepH3YIOWeH HHTeHCHBHOCTb B38HMOJleHCTBHS1 :>KeCTKOH 

'18CTH aJlpOHOB 1 B03HHK8IOWHX B rrpouecce MHO:>KeCTBeHHOf'O 

17 



pO>KJleHHH1 C HJlepHblMH HyKnOHaMH, H TaKHM o6pa30M He
nocpeJlCTBeHHO npoaepHTh npeJlnono>KeHHe, c~opMynHpoaaa
aoe paaee a BHJle rHnoTeahl. 

ConocTaaneHHe pHJla ~aKToa, a TaK>Ke npnaeJleHHbie 
oueHKH noaaonHIOT CJlenaTh cneJlyiOIUHe BbiBOJlbi: 

- ao-nepabiX, aenH'IHHa u in , JleiicTBHTenhHO, Mana; 
- BO-BTOpbiX, CTeneHh ManOCTH Uin no cpaaHeHHIO 

C. '"HOpManbHbiM" 3Ha'leHH9M uin CTO,Ilb 3Ha'IHTenbHaH, 
( U i.n> max < {o in 1 'ITO 06'bHCHHTb 'ee• nHWb KOH~HrypaUHOH
HbiM "o6pyoaHH9M" a)lpOHa Henh3 H ( cp. ( 1 ) ) o 

Bo3MO.lKHo, 3TOT aqxpeKT CBH3aH c yTpaToA BAPOHOM 
co6cTaeaaoro nong/Zl • 

H a H3biKe napToHHoA MOJlenH /U I, TaKoe noaeAeHRe 
U in KB'I9CTB9HHO MO.lKHO fihlnO 6bi 06'bHCHHTb MBnOCTbiO 

B3BHMOJleiiCTBHH .lK9CTKHX napTOHOB 1 COCTSBnSIIOIUHX "nHJlH
pyiOIUHA aJlpoa"' o 

Ba.lKHOCTh o6cy.lKJlaeMbiX <l>a!<TOB AnH HayqeHHH JlHHBMHKH 
CHnbHOrO B3BHMO)leACTBHH 0'19BHAH8o TioaTOMY He06XOJlHMO 
npOJlOn.lKHTb HCCne)lOBBHHe B 3TOM HanpaaneHHH H nony'IHTb 
6onee TO'IHhle ABHHbie. 

AaTopbi npH3HaTenhHbi A.M.EanAHHy, no HHBUHBTHae 
KoToporo 6hlna npoae)leRa JlaHH8H p86oTa, M.M.Conoaheay 
38 nolUlep.lKKY, n.A.LJ.eAeHKO 38 DOMOIUb B pa6oTe B co
TPYAHHK8M rpynnbi naa, 38HBM8101UHMCH accne)lOB8HH9M 
MHO.lK9CTBeHHbiX npoueccoa H8 CHHNK8X C JlBYXMeTpoaoA 
nponaaoaoA KaMepbi 1 38 MHorO'IHCneHHhle noneaRbie o6cy>K
Jl9HHSI. 
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