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K H8CTORmeMy BpeMeHH HBKOITneHa o6mH p H 8R HH~OpM8UHR 0 rr n OTHOC T H 

Bb!COKOB036y)KJl8HHb!X COCTORHH~ 1 HCTO'IHHKOM KOTOpO~ RBnRJOTCR 1 B OCHOBHOM 1 

LlBHHhle 0 He~TpOHHhlX pe30H8HC8X. 3TH Ll8H H hle HeOLlHOKp8TH O IIO)lBepranHCb 

/ 1 2/ 
ananH3Y Ha ocHoBe cTaTHCTH'leCKO~ MouenH ( CM) RLlpa ' , 'ITO rro3BOnHno 

H3Y'lHTb o6mH~ xapaKTep 38BHCHMOCTH rrapaMeTpOB 3TOH MOLlenH OT 8 T OMHOrO 

/ 3 / 
seca . Pe3yn&TBThl neuaBHe~ pa6oThl 

I 1 I 2 / 
TBK )Ke 1 KBK H 1 CBH)leTenbCTBy-

JOT o TOM , 'ITO 3BBHCHMOCTh oT a T OMHoro seca A rrapaMeTpa CM a ( a rrpo -

IIOpUHOHBnh HO rrnOTHOCTH 0LlHO'l8CTH'lHb!X COCTO R HHH B6 n H3H IIOBepX HOCTH <Pep-

MH ) COOTBeTCTByeT rrpeUCTBBneHHIO 0 R )lpe , KBK 0 ra3e c n a60B38HMO)leif -

CTBy!OmHX ~epMHOHOB a B cpeaHeM rrporropu HoHan&HO a T OMHOMY secy ), 

TOrL\8 KB K pe3KHe IIp OBB n hl B 38BHCHMOCTH a OT A , C OOTBe T C TBYIOUlHe 

MBrH'leCKHM 'lHCn 8M 1 y 6eLlHTe nbH O L! OK83b! B810T c y meCTBOB8 HHe o 6 onO'le'lHbiX 

/4/ 
3~~eKTOB. B pa6oT e o6pamaeT H8 c e6R BHHM8 HH e MBK CHMYM B 3 8BHCHMO-

C TH B OT 

H 8 p H C . 2 

A B pa~OHe A.,. 150. 3TOT MBKC HMYM T8K)!(e XOpOWO BHL!eH 

/3/ 
p a6oThl • OH oco6eHHO qeTKO rrpoRBnReTCR B saBHCHMOCTH a 

o T 'lHcna ne ~TpoHOB N , rue M B KCHMYM p ac rrono)Ke H oKono N .. 90. B rro c nea

/ 5/ 
Hee Bpe MR B nH<P OHHH rrony'leH b l HOB bie ABHHbie 0 rrnOTHOCTRX He ~TpOH-
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Hb!X p930H8HCOB Lln.II SIAep, pacnonO )I{9HHb!X B 3TO~ o6naCTH( A 150 ). Ha 

pHc . 1 noKa3aHa 3BBHCHMOCTb a ( N l 

/ 3, 4 5/ 
nony'leHHaSI no pe3ynh Ta T aM pa -

6oT ' • 3Ha'!eHHSI napaMeTpa a , B3S!Tb!9 H3 pa6oT/4,5/ . H3o6pa)l(e -

/ 3 / Hhl TpeyronbHHK8MH 1 ilpHB9A9HHb!9 B pa6oT e 
Kpy)I(KBMH . Mo)I(HO OTMe -

/ 3 4 5/ 
THTb XOpomee COT'n8CH9 pe3ynh T8TOB pa6oT 1 1 

1 
OC069HHO B TOM OTHOW9HHH

1 

'ITO il0LlTB9p)I(Ll89TCSI BbiBOLl 0 CYII!9CTBOB8HHH M8KCHMyMa npH N "' 90. 
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EcnH aanHqHe MHHHMyMOB B 38BHCHMOCTH a (A) KaqecTBeHHO o6oHCHHeT-

/6/ 
CH 9$¢eKTOM 38ITOnHeHHH OOOnoqeK c¢epHqeCKHX HAep 1 TO cymeCTBOB8HHe 

MaKCHMyMa OKOnO A 150 ae yKnaAbiBaeTCH B paMKH 9Toro o6'hHCHeHHH, 

HacToHmaH pa6oTa rrocBHmeaa o6cy~neaH~ peanbHOCTH cymecTBoBaHHH 

yKa3aHHOf'O MaKCHMyMa B a (A), a TaK~e ITOITbiTKe OObHCHHTb ero TOnbKO 

17/ 
Ha OCHOBe 38ITOnHeHHH KOHKpeTHon CXeMbl OAHoqaCTHqHbiX COCTOHHH~ ne-

¢opMHpOB8HHbiX 51Aep, 

2, nocKOnbKY Mbl HHTepecyeMCH AeTanbHbiM XOLlOM 3aBHCHMOCTH a (A) , 

To nnH nanbaenwero aaanH3a rrone3HO aarroMHHTb MeTOAHKY rronyqeHHH napa-

MeTpoB CM H3 9KcrrepHMeHTanbHbiX naHHbiX, Rnpo paccMaTpHBaeTCH KaK ra3 

cna6oB3aHMOAeACTBY~IDHX ¢epMHOHOB 1 COCTOHWHA H3 He3aBHCHMbiX .upyr 

OT .Upyra rrpOTOHHon H HeATpOHHOH CHCTeM, TaKoA ITOAXOA ITpHBOAHT K cne

/1/ 
AYIOII.IeMy Bb!pa~eHH~ AnH ITnOTHOCTH HAepHbiX ypOBHen 

rne 

( 2J + 1) exp( 
p ( u • J) - --24-y-2-=. • 

t/2 
2 (aU) 

2 
0 

6 

7 
< m2 > (a U ) t/2 

, 

2 
(J + 1/2 ) 

2 o:Z (1) 

( 2) 

2 <m > cpenHHA KBanpaT rrpoeKuHH rronaoro MOMeHTa o6onoqeqabiX cocToH-

HHA B6nH3H rroBepxaocTH <l>epMH, 

U - 9$¢eKTHBH8H 9Hepf'HH B030Y~AeHHH RApa. 

nnH He~TpOHHbiX pe30H8HCOB 

5 



l\p + l\D 
nnR 'IeTHO-'IeTHOro COCT8BHOro 

Rnpa 

u - BD l\p 
'I~THO-He'I~THoro 

l\D 
Heq~THO-'I~THOrO 

0 
Heq~THO-Heq~THoro 

-rae B 
n 

"' ~ n 

aHeprHSI CBSI3H HethpoHa, a ~ P 
- :3HeprHH CIT8pHB8HHH 

IlpOTOHOB H HeiiTpOHOB ( BCe anSI KOMITayHa-Siapa) • 

OapaMeTp 
a C TO'IHOCTbJO ao MHO)i<liTenH HBJISieTCH IlJIOTHOCTbJO OaHo -

'I8CTH'IHbiX COCTOHHHj;j BOJIH3H IlOBepXHOCTH ¢epMH, 

a 
:.1 

1T 

~ g (p. ) 
(4) 

HcrronbaySI Bbipa)!{eHHH ( I) H ( 2) H rronaraSI, 'ITo < m 2 >= 0, 24 A 2 / 2 , KaK a To 

/3/ 
>lpHHS!TO B , MO)!{HQ ITO Ha6nJOaa.eMhiM IlJIOTHOC TS!M HeJ:ITpOHHbiX pe30H8HCOB 

Bhi'IHCJIHTb rrapaMeTp a n, cneaoBaTeJibHo, a Kcrr. 
g aKcrr • Dpn 38XB8Te 

S - HeJ:ITpOHOB SiapOM CO CilHHOM 
06pa3y JOTCS! COCTOSIHHS! + 1/2 

C 'I~THOCTb!O, p8BHOH 'IeTHOCTH OCHOBHOro COCTOHHHSI Siapa MHWeHH, Opearrona -

raH paBHyJO BepOHTHOCTb anSI 060HX 3H8'IeHHH 'I~THOCTetl YPOBHej;j, Mbi HC ITOnb-

ayeM CJieayJOWYIO CBS!3b 3KCilepHMeHT8JihHOtl H TeopeTH'IeCKOH IlJIOTHOCTett: 

p 
aKcrr. 

J =If 1/2 
1 }; 
-r J:I -112P ( u . J) 

( 5) 

Ha <j>opMyr. (I), ( 2) H ( 3) BHaHo, 'ITo Ha a6conJOTHyJO senH'IHHy a BnHHJOT, 

rnaBHhlM o6paaoM, HCilOJib30B8HHhle OQeHKH ~ 2 
H < m > , a T8K)!{e p ~ D 
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TOqHOCTb onpeaeneHHH SHeprHH CBH3H, 3aBHCHMOCTb OT senHqHHbl CITHH8 

aosonbHO cna6aH, rrosToMy B aanbHeAweM Mbi ee He o6cy>KaaeM. Hcrronb-

3yeMaH Moaenb anH nnOTHOCTH ypOBHel\ yqHTbiB8eT CnapHB8HHe !f>eHOMeHO-

norHqecKH,qTo,soo6me rosopH,HenocneaosaTenbHo,OaHaKo rrocneaosaTenbHaH 

/8/ 
MUKpocKorrHqecKaH TeopHH THna CM anH csepxTeKyqero Hapa He HMeeT rroKa 

KOnHqecTBeHHOrO xapaKTepa, TIOSTOMY Mbl orpaHHqHBaeMCH !f>eHOMeHonorHqec-

KHM yqeTOM Cn8pHB8HllH 1 !fMeH, 0AH8K0 1 B BHAy, qTO !l, I> H !l, n CBH38Hbl 

C KOppens!UHOHHb!MH !f>yHKUHHMH ( "wenHMH") npOTOHOB H HeATpOHOB B OCHOB

/9/ 
HOM COCTOHHHH CBepxTeKyqHX HAep , KaqeCTBeHHO ST8 CBH3b T8KOBa: qeM 

6onbwe wenb, TeM 6onbwe cooTBeTCTByJOwaH !l. p(n). C apyroA CTOpOHbl 1 Ka-

qecTBeHHO KOppenHUHOHH8H !f>yHKUHH nporrOpUHOH8nbH8 nnOTHOCTrl OAHOqaCTHq-

HbiX COCTOHHHA OKOTIO ITOBepXHOCTH <t>epMH, TaKHM o6pa30M, H3 ( 1) BHAH0 1 

qTo swqucneHHe rrapaMeTpa a AOTI>KHO 6b!Tb B38HMOCOrnaCOB8HO C 
SKCIT, 

OUeHK8MH BenHqHH H!l, 
n 

TaKoA npoueaypw swqHcneHHH H !l. 
n I> 

B H8CTOH!Jlee BpeMH HeT, TIOSTOMy B KaqeCTBe BenHqHH !l, Mbl HCnOnb3yeM 

6 
/10/ /11/ 

pe3ynbT8Tbl pacqeTOB pa OT H , 

3, HeCMOTpH H8 OTMeqeHHy!O HeorrpeaeneHHOCTb yqeTa cnapHB8HHH 1 3H8-

qeHHH rrapaMeTpa a H3BneK810TCH AOCTaToqHo HaAe>KHO, KocBeHHbiM AOK838-

TenbCTBOM STOrO HBnHeTCH nnaBHOCTb H3MeHeHHH a ( N) anH qeTHo-qeTHbiX 

HeqeTHbiX Haep C COOTBeTCTBYIOWHMH BenHqHH8MH anH COCeAHHX qeTHblX H30-

TOITOB, HaMH 6biTIH nposeaeHbi BblqHcneHHH napaMeTpa a C HCITOTib30B8HHeM 

6 
/10, 11/ 

H3 pa OT B o6nacTH 8TOMHbiX BeCOB 140 < 

< A < 180. Pe3ynbT8Tbi rroKa3biBaJOT, qTo aeorrpeaeneHHOCTb B a6conJOTHbiX 

senHqnaax a , CBH38HH8H co crroco6oM rronyqeHHH !l. , He rrpesbiWaeT 
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B 06J18CTI1 M8KCI1MyMa A ,. 
-1 

150 1-2 eJJI1HI1U M a a • Dp11 aToM B8)f{HO 3aMe-

TI1Tb 0 'iTO cj>opM8 cj>yHKUI111 a(N) He 38BI1CI1T oT cnoco6a nony'leHI1H d, a 

npeBb!ll!eHI1e 3H8'leHI1H B M8KCI1MyMe a (A) np11 A 150 JlOCTI1r8eT 5-6 eJJH-

-1 
HHU Maa no cpaBHeHHJO co 3H8'leHHHMH a BHe MBKCHMYM8 (A ,. 160-t 180), 

KaK ylKe 6b!J10 OTMe'!eHo, H8 BeJlH'lHHY a BJ1!1HeT T8K)f{e oueHKa <m 2 > . 

/3/ • B pa6oTe noKa3aHo, 'iTO Hal16onee o6ocHoBaHHOI1 SIBnSieTcH aeni1'!11H8 

<•2 > = 0,24 A 2 /8 ( 6) 

2 

TaKaSI oueHKa <m > npHBOJli1T K HeKoTopoMy o6rueMy yaem1'leH11JO 3Ha'!eHI1tl: 

8 
I 1,21 

no Cp8BHeHI1!0 C pe3yJ1hT 8T8M11 npeJJll!eCTBYJOllli1X pa6oT 0 rJJe 11CnOJlh-

2 2/8 2 
30B8J10Ch <m >= 0,14 A • Dapa:v~eTp a • Bbl'ii1CJ1eHHbltl: C 11CnOJlh30B8HI1eM 

2 
( 2) 11 ( 6), JJ8eT TOJlhKO ycpeJJHeHHYJO 38BI1CI1MOCTb a (A) Ha caMoM JJene 

2 
a OCUI1JlJ111pyeT OKOJ10 '3TI1X CpeJJHI1X 3H8'leHI1H 0 'iTO, K8K TIOK838J111 pac-

/3 / 
'l~Tbl, C 11CnOJ1b30B8HI1eM <m 2 

>(A) 113 MOlKeT llpi1BOJl11Th K 113MeHeHI110 

-1 
napaMeTpa M8KCI1MyM Ha 1 eJJI1HHUY Maa 

4 , VfT8K 0 MO)f{HO C'lHT8Tb 0 'iTO 113 '3K CTiepi1MeHT8JlhHblX Jl8HHblX JJel!:CTBI1-

'TeJlbHO Bb!TeKaeT cyrueCTBOB8HI1e M8KCI1MyM8 B 38BI1CI1MOCTI1 a ( N ) OKOJ10 

N ,. 90, VfHTepeCHO OTMeTI1Tb 0 'iTO OTHOCI1TeJ1bH 8 H rny611H8 llpOB8J18 0 OTC'll1-

T8HH8SI OT CpeJJHero X0Jl8 38BI1CI1MOCTI1 a ( N), COOTBeTCTBYJOIUero MarH'leCKOMy 

'i11CJ1y N = 82, 3H8'!11TeJ1bHO MeHbllle pTHOCI1TeJ1bHOH BblCOTbl M8KC11MYM8 

OKOJlO N 90. 

Dp11 paCCMOTpeHI111 BOnpOC8 0 B03MOlKHOH 11HTepnpeT8UI111 o6CylKJJ8eMoro 

M8KCI1MyM8 o6paruaeT H8 ce6H BHI1M8HI1e KOppeJ1HU11H 38BI1CI1MOCTI1 a(A) 

C OTHOCI1TeJ1bHblM XOJlOM T8K H83blB8eMOH "060J10'le'!HOH nonp8BKI1" K nOJlHOt!: 

'3Hepr1111 HJJpa, d U (A) 
o6on. 

/9/ 
Bhi'li1CneHHOH B pa6oTe CTpyTI1HCKoro • B 

8 
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1 

aTo~ pa6oTe ycTaHoaneHa BaMHag ponb o6onoqeqHo~ nonpaBKH B ~opMHpoBa-

HHH paBHOBeCHO~ ne~opM8UHH gnep, 8 T8KMe OTMeqeH8 q~TK8H KOppenHUHH 

aTo~ aenHqHHhl c o6onoqeqHo~ nnoTHOCTbiD ypoBHe~ g 
6 

flOCKOnbKY B 
o on . 

d U (A l 
o6on. 

/9/ 
B pa6oTe HM99TCH M8KCHMyM npH A .. 150, 38BHCHMOCTH 

qeMy HeCOMH9HHO AOnMeH COOTB9TCTBOB8Tb M8KCHMYM B 38BHCHMOCTH g
06

on.' 

Mbl npennpHHgnH TIOllblTKY 06bgCHHTb nonOM9HH9 H OTHOCHTenbHbl~ XOA 

a (N) yK838HHO~ 38BHCHMOCTbiD g 
6 

( N ) , HCnonb3yg nng KOHKpeTHb!X 
aKcn. o on. 

gnep CXeMy OAHOqaCTHqHbiX ypOBH9~ B ne~OpMHpOB8HHO~ TIOT9HUH8nbHO~ gMe, 

17/ 
pa3pa60T8HHYID B Lly6He , 

/3 / 
3aMeTHM TaKMe, qTo B pa6oTe 6bma yMe cnenaHa nonbiTKa conocTa-

SKCTI, 
BHTb o6mH~ xon g H g o6on.' rne g 

6 
6panacb H3 rpa~HKOB pa-

o on. 
/9/ 

6oTh! CTpyTHHCKoro • flpH STOM 

Me MAY g o6on. H 

5, KaK OTMeqanOCb Bbllll9 1 Mbl npHHHM89M 1 qTO gnpo COCTOHT H3 AByX 

H938BHCHMb!X CHCT9M - npOTOHHO~ H H9~TpOHH0~1 K8)1(.(18H C C06CTB9HHb!M 

OAHOqacTHqHblM CneKTpOM H CBOe~ p8BHOB9CHO~ .(19~0pM8UHe~. flpHHHM89M 

/9/ 
aanee, cneayg , qTo paBHOBecHaH ae~pMaUHH Hapa KaK uenoro onpeae-

ngeTCg nonOM9HHeM MHHHMyMa B 38BHCHMOCTH OT .(19~0pM8UHH CYMMbl non-

Hb!X nonpaBOK K SHeprHH nng npOTOHHO~ H H9il:TpOHHO~ CHCT9M, Llng OCHOBHbiX 

150 nponcxoaHT pe3KH~ nepexoa oT c~epnqecKo~ K 

HeC~epHqeCKO~ ~pMe noBepXHOCTH, flOCKOnbKY B npOTOHHO~ CHCT9Me anH 

o6cyM.naeMo~ nepexoaHo~ o6naCTH (A .. 150) naeT 3anonHeHHe cepeaHHbi 

o6onoqKH 1 TO npHHHM89Tcg , qTO npOTOHHag .(19~pM8UHg BenHK8 ( {3P = 0,3) H 

Mano MeHgeTCH ang K8Mt:IOrO C9M9~CTB8 H30TOTIOB, flpH STOM npHHHM89TCH 

s¢~eKTHBHag SKCnepHM9HT8nbH8H ae~pMBUHg Ht:~pa COOTB9T-

9 



CTSyeT Ae<i>opM8UHH He:liTpOHHO:li CHCTeMbi. OnpeAeneHHbiM onpasAaHHeM aTOMY 

/9/ 
cny)l(aT, HanpHMep, pacq~Tbl paSHOSeCHblX Ae<l>opMaUH:li CTpyTHHCKoro • no-

cneAHee npeATIOilO)I(eHHe OK83biSaeTCSI oco6eHHO S8)1(HbiM AilS! nepeXOAHO:li 06-

naCTH S CSS13H C CHilbHO:li 38SHCHMOCTb~ paSHOSeCHO:li Ae¢opM8UHH OT 'iHCna 

He:liTpOHOS. nnSI CHllbHO Ae¢opMHpOS8HHblX S!Aep { Gd • Dy • Er Yb) senH'iH-

Hbl f3 P H {3 n 6panHCb OAHH8KOSbiMH H paSHblMH aKCTiepHMeHT8llbHO:li Ae<l>op-

MSUHH S!Aep. DoCKOllbKY AilS! Ka~oro CeMe:liCTSa H30TOTIOS npOTOHH8SI CHCTe-

Ma OAH8 H Ta )l(e 1 TO 6onee H8Ae)I(H0 6p8Tb cpeAH~~ Ae<i>opM8UH~, COOTBeTCTBy-

~lilY~ ASHHO:li rpynne H30TOTIOS0 S Ka'ieCTSe {3 P • K C'i8CTb~, KOHe'iHbie pe-

3YilbT8Tbl S aTo:li o6naCTH S!Aep M8il0 38SHCSIT OT 

T8llbHbie paSHOSeCHbie Ae¢QpM8UHH 6binH S3S!Tbl H3 

Sbi6opa f3 P. 3xcnepHMeH

/ 12/ 
pa6oTbi • 

Kax H3secTHo H3 CM, nnoTHOCTb yposHeA onpeAenSieTCSI (npH ¢HKCHpo-

SaHHblX U 
ll 

H <m >1 xapaKTepoM OAHO'i8CTH'iHOrO CTieKTpa S Y3KOM HHTepsane 

aHeprH:li s6nH3H nosepxHocTH <l>epMH. PaaMepbi aToro HHTepsana nopSIAKa 

S!AepHO:li TeMnepaTypbl. AnnpOKCHMSUHSI AHCKpeTHOrO cneKTpa COCTOSIHHl! Henpe-

phlSHO:li ¢yHKUHe:li - o6onO'ie'iHO:li TillOTHOCTb~ g 
6 

- Tpe6yeT HCTIOllb30-
0 on. 

saHHSI npoueAypbi ycpeAHeHHSI. A6con~THaSI senH'iHHa nony'ieHHoA npH aToM 

/9/ 
nnoTHOCTH aasHCHT oT HHTepsana ycpeAHeHHSI y (noApo6Hee eM. ). BsHAY 

TOro, 'iTO Mbl HCTIOllb3yeM 8 o6on 
s paMxax CM, paayMHbiM SIBnSieTCSI Sbi-

6op HHTepsana y 
/1 '2/ 

nopHAKa S!AepHo:li TeMnepaTypbi. Kax cneAyeT H3 pa6oTbi ' , 

AilS! o6naCTH 140 <A <180 SIAepHaSI TeMnepaTypa Mano MeHSieTCSI H COCTaS-

nSieT senH'iHHY • 0,55 Mas. B KOHKpeTHbiX Sbi'iHcneHHSIX HcnonhaosanHCb 

HHTepsanbi y = 0,5; 1; 2; 3 Mas, npH aTOM yposeHh <l>epMH HaxollHTCSI 

nocepeAHHe cnoes mHpHHo:li2y 

/9/ 
THHCKOrO 1 p~BHO:li 

3HeprHSI <l>epMH Sbi6Hpanach, xax H y CTpy-

10 



E F - -2- ( E f + E f+ I ( 7) 

rae E, - sneprHH rrocneanero aarronnennoro oaaoqacTHqHoro ypoBHH, a 

COOTBeTCTByeT rrepBOMy He38HHTOMy ypOBHro. 

TaKHM o6paaoM, rrpoueaypa ycpeaneHHH noaBonHeT onpeaenHTb o6ono-

g ( y) 
o6on. 

(8) 

rae - qHCno YPOBHeti B HHTepBane 2y H8 COOTBeT-

CTByrorueti ITpOTOHHOH HnH HetiTpOHHOH CXeMe. 

XoTH npoueaypa ycpeaneHHH 6bina aocTaToqao rov6ol1, Mhi naaeeMcH, 

HhiX ypoBHeti B aaBHCHMOCTH OT qHcna HyKnonoa H ae¢opMauHH Haep. Ha 

pHC. 2 ITnOTHOCTb g 6 npeacTaBneHa KBK cpyHKUHH qHcna Hei1TpOHOB anH o on. 

pa3nHqHhiX HHTepBanoB ycpeaHeHHH Y . Ha pHcynKa BHaHo, qTo 

nonyqennoe c 2 Y = I MsB, HMeeT MaKCHMYM rrpH N = 90. YaenHqeaHe 

HHTepBana ycpeaHeHHH ao 2y = 2 M SB ITpHBOaHT K Crn8)!(HB8HHro 38BHCHMO-

CTH g 06on. OT qHcna Hei1TpOHOB 1 OaHaK0 1 M8KCHMYM B g 
060

n • erue COXpa-

HHeTcH npH N .. 90. IlpH 6onbWOM HHTepBane ycpeaHeHHH ( 2 y = 6 MsB) 

g 6 CT8HOBHTCH rrpaKTHqeCKH ITOCTOHHHOH. 3aMeTHM T8K)!(e
1 

qTO B HH-0 on. 

TepBane 2 }' = I MsB HMeeTCH 4-8 COCTOHHHH, H tPYHKUHH g 6 ( N) 
o on. 

aocTaToqno rrnaanaH. 

II 



tS .----------------, 

So 

lO ··-·-·-·-'-____ .i·-·-
... 

...... ':- __ ,, __ --{ 

5 

-2¥:1 Mal 
---- 2J=2 M.& 
-·-·2¥=6 Mal 

0 8~0~--~~~----~10~0~--~1~l0----~~t20 

PHc, 2. Pac'I~THaH o6onoqeqHaR nnoTHOCTb nnR pa3HbiX HHTepsanos ycpen
HeHHH 2 y. 

Ha pHc. 3 naHo cpaeHeHHe aaBHCHMOCTelt g ( N) H g 
6 

( N) 
3KCIT, 0 on, 

CnnowHbie nHHHH coenHHSIIOT g ( N) , npH'I~M CHMBonaMH oTMe'leHbi 
3KCIT, 

CeMeR:CTBS H30TOITOB, nyHKTHpHbie KpHBbie ITOK83b!B810T COOTBeTCTBYIOWHe 

g ( N) • nonyqeHHbie c HHTepeanoM ycpenHeHHSI 2 Y = 1 Mae. Ha pH-
o6on. 

CyHKa BHllH0 1 'ITO HMeeT MeCTO KOppenSIUHSI B 38BHCHMOCTSIX g ( N) 
o6on. 

H g ( N) , XOTH CHCTeMaTH'IeCKH 
3KCIT, 

g o6on. ~ g 3KCIT, • 

12 



TaKHM o6paaoM, aanHqHe MaKCHMyMa B g ( N) 
8KCII, 

B pa~oae N = 90 

MO:>KHO IIpOCTO IIOHS!Tb H3 38BHCHMOCTH g ( N) 
o6on. 

rrpH aon:>KHOM rroa6ope 

HHTepBana ycpeaHeHHSI , Mo:>KHO CK838Tb 0 qTQ IIO):{'beM g 06on. B rrepexoaHo~ 

o6nacTH (A'" 150) orrpeaenHeTCSI yaenHqeHHeM o6onoqeqHo~ rrnoTHOCTH B CBSI3H 

-2/3 
c rrepeMeWHB8HHeM rrono6onoqeK rrpH ManbiX netj>opMaUHSIX {3 = A • Crran g 

o6on. 

nocne A = 155 H aanbHe~um~ ee xoa orrpeaenSIJOTCSI rrepexoaoM K 6onhiUHM 

20~--------------------------~ 

~ 

10 

5 

I 
I 

I 

---· Sm 

'II 
/Os 

w/os 
I I 

I I 
I I 

I I 
I I 

I I 
' I I 

',, Hf / 
Er- '--------------, .. 

Yb / --------' 

0~----~~------~------~------~ so 9D too no , 120 

PHc, 3, CpaaaeaHe g ( crrnoWHbie nHHHH) c o6onoqeqHoA rrnoTHOCThJO 
8KCII, 

g 
6 

( rryHKTHpHbie nHHHH) , rronyqeaaoA c HHTepaanoM ycpeJlHeHHH 
2 y 

0= 0 f' ' M a a . 

13 



-t/a 
JleQJopM8UlHIM ( {3 = A ) , IIpliBOil51UUIM K pa3pe)KeHR51M B CXeMe ypOBHefi 

am1 cepeaRHbi Hell:TpOHHoH: o6ono'!KR. Eonee aeTanbHbiM Koppen51UR51M B xoae 

g ( N) 
3KCII 0 

If g 6 ( N) 
o on. 

Henb351 IIplill8B8Tb 6onbwero 3H8'!eHR51 BBifllY He-

COBepweHCTB8 OUeHKH g 6 (N) . 
o on. 

CneayeT OTMeTRTb 1 'ITO B MOllenH BbiCOKOB036y)KJleHHblX COCT051HHH ae

/14/ 
QJOpM1ipOB8HHbiX 51Jlep, rrpellnO)KeHHOH 3pHKCOHOM 1 IIOnH851 IInOTHOCTb ypOB-

HeR aeQJopM1ipOB8HHOrO 51llp8 OK83biBaeTC51 Bb!We, '!eM COOTBeTCTBYJOWero 

cQJepR'!eCKOrO 51Apa,6narOil8p51 IIpliMeCif Bp8W8TenbHbiX COCT051HifR 1 IInOTHOCTb 

)Ke OllHiiX TOnbKO OllH0'18CTif'!HbiX COCT051HifR aeQJopMHpOB8HHOrO 51llp8 cywecTBeH-

HO HlilKe 1 '!eM COOTBeTCTBYIOWero CcpepH'!eCKOrO 51Jlpa , He liCKniO'!eH0 1 'ITO 

rrony'!eHHblH H8MII pe3ynbT8T 
g o6on. ~ g MO)KeT 6b!Tb CB5138H C OT-

8 KCII, 

Me'!eHHbiM BbiWe a4>¢eKTOM 1 TeM 6onee, 'ITO M8KCiiM8nbHOe p8CXO)KJleHHe 

g o6on. g aa6nJOaaeTC51 anH Haep aneMeHTOB cepeaRHbi peaKo3e-
3KCII, 

If 

MenbHOH o6nacTR, rae ae¢opM8Uifli 6onhWHe. 

/ 13/ B pa6oTe rrpHBeaeHa 38BHCRMOCTb OllHO'!a CTif'IHOH: rrnoTHOCTR ypoBaetl 

oKono rroBepxHoCTH ct>epMR oT aToMHoro Beca, rrony'!eHH851 KaMepoHOM R3 

/ 15 / 
Mace Rllep • 06pawaeT Ha ce651 BHRMaHRe cornacRe g 

6 
, rronyqeaaoro 

o on. 

H8Mll C liHTepB8IIOM ycpeaHeHif51 2 Y = 1 M 8B 1 C OllH0'!8CTii'IHOH rrnOTHOCTbl0 1 

pacc'IRTaHHoH: KaMepoHoM. KaK BlillHO R3 pRe, 4, yaoBneTBopHTenhHoe corna-

Clfe H86II!Oil8eTC51 B o6naCTii 140 < A < 180. PaCXO)KlleHRe IIpli A > 180 CB51-

38HO C TeM 1 'ITO B 3TOH o6naCTH ~llep TeMrrepaTypa B03p8CT8eT llO Benlf'!liHbl 

MaB, TaK 'ITO 6onee pa3yMHO acrronb30B8Tb RHTepBan ycpeaaeHR51 

2 Y = 2 M 8B1 'ITO IIpRBelleT K IIOHH)KeHiflO g 
6 

ll yny'!Wl!T cornacHe C 
o on. 

pe3ynhT8T8MR Ka.MepoHa. 

14 



P11c, 4, 

... 

0 
14-0 !50 /60 170 lBO 

nnoTHOCTb OLIHO<illCTH'IllbiX ypOBHeil B6JIH3H 

KpHBaH rrocTpo eHa rro pacq~TaM KaMepoHa, 

HllCTOHIUeil pa60Tbi, 

1131 

190 A 

liOBepXHOCTH ~epMH, 

- LlllHHbie 

B pa6oTe nony'IeH-bi 3Ha'leHHSI napaMeTpa a H3 H3MepeHHSI He-

ynpyi'OI'O pacceSIHHSI HeilTpOHOB LlllSI Hepa3aeneHHbiX H30TOliOB SI.Qep peaKO -

3eMellbHbiX 3neMeHToa. Mo)I(HO npearrono)I(HTb, 'ITO B caeTe HacToSimeH: pa-

60Th! T8KHe H3MepeHHS! Ha p83LieneHHbiX H30TOIT8X LI0Jl)I(Hbl
1 

ITO-BHLIHMOMy 
1 

TaK)I(e ynaannaaTb aap11aunn rrapaMeTpa a anSI uerro'IeK H30Torroa. Han6o-

nee OT'l~TllHBbiM 3 TOT 3Qxl>eKT LIOJI)I(eH 6b!Tb y H30TOITOB N d Sm H Gd • 

15 
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