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BBeneHHe 

B naHHo fi pa6oTe, smmuomet:rcSI nponon)l{eHHeM npoBonHMbiX B fla6opaTopHH 

Hei1TpOHHoi1 cpHaHKH OH.HH Hccne noBaHHil peaoHaHcoB aTOMHbiX Sinep B o6nacTH pen-

/ 1-3/ 164 
Koa eM e nbHbiX aneMeHTOB . , 6btnH HayqeHbi pea oHBHCbi HaoTonoB ap6HSI Er, 

166
r,,, 

167
Er, 

168
r.r, 

170 
Er PaHee 6billH o ny6nHKOB8Hbi CBeneHHSJ o nono)l{eHHH pe-

/4/ 
3 0H8HCOB 9p6HSJ B o 6 l!8CTH AD 100 9~ H 06 H30TOITH'!eCKOl\ ITpHH8Al!e)I{HOCTH HB -

/5/ 
CKOllhKHX ypoBHefi B aToll o6nacTH • B rrocnenHee BpeMSI noSJBHllHCb coo6meRHSJ 

/6/ 
o 6 Hccne noBaHHSJX peaoHa HCOB HaoTorroB a p 6 HSI B KonyM6Hi1CKOM yHHBe pcHTeTe 

171 
H EpyKxel\BencKo fi na 6 opa To p HH , onHa Ko n aHH bte o rrapaMe T p ax p eaonaHco B B 

/6 H 7/ 
C0 06meHHSIX He n pHBOn HllHCb. 

3KcnepHMBRT H o 6 p a60TK8 g a HHhlX 

E wn H H3MepeHw KpHBw e rr ponycKaHH2 H KpHBwe Bwxona y - nyqeff paaHa -

I!HOHHOrO 38XB8T8 He ilT p OHOB nng o6p83UOB H3 eCTBCT BeHHOr O 9 p 6HSI H o6p83 UOB 

H3 ap6HSJ , o6orallleHnoro H30TOIT8MH IH F:r, 
166 

F.r , 
167 

F:r , 
168 

r: r , 
17 0 

F.r • KpoMe 

nepe'IHCllBHHblX H30T OITOB, B eC TBCTBBHHOM 9p6HH conep>KHT CSI 0 ,13% 1!30TOIT8 
162 E:r. 

0AH8KO H3MepeHHH C 
162 

F:r He n p OBOnHnOCb, T.K . Y HaC He 6btn 0 nOC T 8TO'IHOrO KOll H-

'!eCTBa 9TOro H30Torra . Be e o 6paau w 6wnu uaroToBneuw ua oKncn 

06oraweHHbte o6pa 3 U bl HMenH Bee o T 5 ( 
164 

F: r ) n o 65 I 
166

F. r rpaM MOB H 

oCiorame n Me OT 65% ( 
164 

Er ) no 95% ( ocT anb Hbte H3 0TOITbl). E bwo rr p oBen eHo He 

CK OllbKO CBpHA H3Me p e HHA rrpH paapeWeHHM OT 80 HCBK /M A O 6 HCeK/M, lla HHhle 

06 06fl83U8X M THIT8X H3 Mepe HM it rrpHBeneHbl B Ta 6n , 1, 
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B uaMepeHHS!X nponycKaHHS! Hcnonb aoaa nc51 lKHJlKOCTHbiil c nHHTHnnl!UHOHf!bi A 

2 
n eTeKTop c MeT Hn6opaToM, HMeiDrunli nno ruanh 800 eM • lleTeKTOp pa6oTan na 

2 ql OT031IeKTpOHHblX yMHOlKHTenS!X ¢3Y -49. npHHUHn nefiCTB I'I S! H neTanH yc TpOiiCTBa 

/8/ 
neTeKTopa ananorH '!Hbi onHcaHHbiM naMH B pa6oTe nnll neTeKTopa nnoruanbiD 

2 
500 CM • PannauHOHHbiH a a xsaT Hayqa ncH c noMO IHbiO 400-nnTpoaoro CIIHHTnnnll-

/P,/ 
UHOHHOf'O ( n , y ) -neTeKTOpa • 

MeTOJlbl H3MepeHHfi H o6pa60TK8 JlBHHbiX nonpo6 HO OflHCb!B 81IHCb B npeJlbl 

/ 1-3/ 
ny nmx pa6oT ax • B nanl-fo li pa6oTe oblfl H3MeHeH MeTon Bbi'!HcneHHS! KpHBbiX 

n po n y CK8HHS! : nponycKaHHe K8HB flOB B Oo1IaCTH pe30Ra HCOB Bhl'!HC1I511I OCb K8K OT-

HOIJJeHHe 'llfC1I8 OTC'!eTOB KaH a na aH81IH3aTOpa K 3Ha'!eHHID , fl01Iy '!eHHOMy HHTep-

fl 0 1IS!UI'!ell H8 OD1I8CTb pe30H8HCOB OTC'!eTOB K aHanOB, HaXOJlS!IUHXCS! BJl81IIf OT pe

:J O HaHCOB. H HTepnonl!UHS! nposonnnacb no napa6onH'!ecxoMy aaKony c rroMOIUbiD 

MeTO)l a HBI'!MeHblliHX KBanpaTOB. 0Dbi'IHO npOBOJlH1IaCb OJllll'l napa6ona JlliS! HeCKOlib

KHX COTeH K BHB1IOB. B KB'!eCTBe onopHblX JlliS! nposeneHHS! napa601Ibl BbloHpanHCb 

JieCKOlibKO y 'laCTKOB (ITO HeCKOlibKO JleCS!TKOB KaHaliOB B K8)KJl0M ), Ha KOTOpb!X 38 -

Be JlOMO He nonlKHO obino cKa3biBBTbCS! B1IHSlHH e peaoHancos. 

npn Bhl'IHC1IeHHS!X nporryc KaHHSl Y'IHThlBBliHCb nonpaBKI'I Ha *OH. YpoBeHb ~o

Il [} orrpenen511ICS! no noKa3aHH51M aHanH38Topa B o6nacTH peaonaHca 330 as Mn 

HnH 132 aa Co . 'YepHhle' B peaonance MapraHueshl li HnH Ko6anbTOBhlA *H1IbTp 

HaxonHnHcb B ny'!Ke a TeqenHe Bcex H3MepenHA. B peMeHnoll xon * ona HayqancH B 

o TnenbH biX H3MepeHH51X c noMOIUbiD npyrHx peaonancHbiX ~HnbTpoa. B ycnOB1'151X 

H 3 MepeHHSl H30TOITOB Er Be1IH'IHH8 ¢oHa He 38BHCena OT BpeMeHH nponeTa. 

OnHcanHhiii MeTon orrpeneneHHS! nponycKaHHS! He noaaonlleT onpenenHT b a*

~eKTHBnoe ceqeHHe ITOTeHUH81IbHOf'O pacceSlHHSl,T.K. naeT T01IbKO pe30H8HCHYID 

4/'lCTb nponyCK8HHSl, OJlHa~O OH npHB1IeKaTeneH TeM, 'ITO 8BTOMaTH'!eCKH HCKliiD'IB

eT BliHSlH He npeli~a annapaTypb! H He Tpe6yeT MOHHTOpHpOBI'lHHSl ny'!KB. 

BoaMOlKHOCTb rrpHMeHeHHS! aToro MeToaa , He Tpe6yiDntero HcnonbaoBaHHS! 

Jl 8 HHblX, nony'!eHHblX H3 H3MepeHHii C OTKpb!T b!M rry'!KOM, c nenoaana jol3 c nenyiD

lltHX <j:laKTOB: 

1. HaMepeHHSl, npoBoJlHBil!HecH panee H B aannoli pa6oTe, CBHJleTenbCTBo

Ban H 0 TOM, 'ITO cneKTp HefiTpOHOB OTKpbiTOf'O ITY'IKB B HCcneJlOBBHHOii 001I8CTH 

a HeprHfi o'leHb rnanxHA. YIMeiDruHecl! ne6onbwHe nepaanoMepnocTH B paAonax 

33 0 3 B, K 9 B H 2 K9B, CBSl3aHH b! e C HaliH'!HeM B rry'!Ke MaTepHBliOB, COJleplKa -

IP IJ X Mn H Fe , He MOf'YT ITOBliHSlTb Ha Jl 8 HHhle 0 p e30118HCB X 3po11Sl . 
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2. CpaBHeHHe cneKTpoB oTKpbtToro ny"!Ka H ny"'KA c o6paauoM, npoaeneHHoe 

nyTeM Hano~eHHn onHoro cneKTpa Ha npyroll n pH HOpMHpOBKe no yqacTKaM 6ea 

pe30H8HCOB, nOK838ITO TO~neCTBeHHOCTb 060HX cneKTpOB BO BCell 3HepreTH"!eCKOli 

o6naCTH, KpOMe y"'BCTKOB, 38HnTbiX pe30H8HC8MH, 

CnenyeT aaMeTHTb, "'TO npH Heyna"'HOM Bbt6ope yqacTKOB KananoB anSI npo

aeaeHHn napa60I1bl nponyCK8HHe B o6naCTH KpblllbeB pe30H8HCOB MO~eT OK838TbCSI 

HenpaBHnbHO Bbi"!HcneHHbiM, H 3TO cKa~eTcn Ha 3Ha"!eHHH nnowanH peaoHaHca. On-

H8KO Cp8BHeHHe KpHBhlX nponyCK8HHn B o6n8CTH KphlnbeB OaHOrO H3 C8MhlX CHnb

HbiX pe30H8HCOB - 3KCnepHMeHT8nbHOH H Bbl"'HCneHHOli no Hali:neHHbiM 3H8"!eHHSIM 

f H f n C yqeTOM HHTepqlepeHUHH pe30H8HCHOrO H noTeHUH8nbHOro paccenHHSI- · 

nOK83b!B8eT, "'TO B03MO~HOe p8CXO~neHHe B o6naCTH KpblnbeB pe30H8HC8 3H8 -

"'HTenbHO MeHbllle 2-4% - TOll OlllH6KH B HeonpeneneHHOCTH enHHH"'HOrO ypOBHSI , 

KOTOpaSI Y"'HTbiB8n8Cb npH Bbl"'HCneHHH OlllH60K nnomanell pe30H8HCOB, 0wH6Ka B 

HeonpeneneHHOCTH enHRH"'HOrO ypOBHn 6p8118Cb paBROli: CT8THCTH"!eCKOli OWH6Ke 

nponyCK8HHSI OTnenbHOfi TO"'KH B6nH3H pe30H8HC8, 3Ta OlllH6Ka He 6btna CHH~eHa 

ycpenHeHHeM no HHTepBany K8H8nOB, ne~81llHX B o6naCTH enHHH"'HOr'O nponyCK8HHn, 

UOCKOilbKY anSI HaC OCTancn He perneHHbiM BOnpoc 06 yqeTe CHCTeM8TH"!eCKOH OUJH6-

KII, CBSI38HHOfi C HeTO"'HOCTb!O 3H8HHSI 38BHCHMOCTH <!Jona OT BpeMeHH nponeTa, 

MaoTonuqecKaSI HneHTH¢HKauHn peaoHancoB npowaaonHnacb no nanH"'HJO pe-

30H8 HCOB H8 KpHBhlX panHBUHOHHOrO 38XB8T8 H nponyCK8HHn ann OaHHX H30TOnOB 

H no OTCYTCTBH!O Ha KpHBhlX ann npyrH X H30TOnOB, 

B oTaenbHbiX cnyqanx, Korna npH onHHX H Tex x<e aHeprHnx peaoHBHCHbie 

nHKH 06Hapy)KHB811HCb H8 KpHBblX ann HeCKOnbKHX H30TOnOB, H30TOnHqeCK8n npH -

1181l11elKHOCTb peaoHaRcoa onpenennnacb cpaaHeuHeM nnotuanefi peaoHaHcoB ua cooT

aeTcTBytowHx KpHBbiX. M t.cc -cneKTpocKonHqecKHe naHHbie o6 HMetowHxcSI o 6ora

meHHbiX o6paauax ap6Hn yKB3biBanH, "'TO B HHX ecnH H npHC YTCTBOBa n H30TOn 

171 162 F.r , TO B He3H8"1HTenbHbi X ' KOITH"!eCTB8X, Cornac HO pa6oTe B o6naCTH OT 6 

llO 90 3B 
1 62 

F.r HMeeT pe30H8HChl npH 3UeprHnX 14,6; 46 H 57 3B (napaMeTphl 

171 
pe30H8HCOB B pa6oTe He npnaeneHhl), B H8UJHX H3MepeHHHX npOHBHnHCb TOnb-

KO pe30H8HCbl 14,6 H 46 3B H npHTOM 11Hllib H8 KpHBb!X panH8UHOHHOrO 3 8XB8T 8 llnH 

Han6onee ToncToro ecTeCTBeHHoro o6paaua. Bo Bcex npyrHx cnyqanx H 3TH pe

aoHaHCbi He 6btnH aaMeqenbi. Bee 3TO yKa3biBaeT Ha TO, "'TO OTCyTCTBHe H3Me

peHHil C 
182 

Er He noanHnno H8 noCTOBepHOCTb H30TOnH"!eCKOfi HneHTH<!JHK8UHH, 

Bee o6napy)KeHHbie peaoHaHCbi 6bmn npHnHcaHbi KaKoMy-nH6o naoTony. TonbKO 
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OJlHH H3 pe30H8HCOB, 8 HMeHHO, C/l80bJll pe30H8HC IIpH 7,2 9B , 38MeTHbill H8 KpH-

!67 
BbiX p8JlH8UHOHHOrO 38XB8T8 Jl/ISI 

164 Er , 166 Er H F:r H OTCYTCTBYIOWHll H8 JlPY-

rHX KpHBbiX, He yJl8/IOCb OTHeCTH HH K OJlHOMY H3 H30TOIIOB, B TOM 'IHC/le H K 

162 
Er . DpRMeCSIMH npyrHx aneMeHTOB aToT pe3oHaac oo'bSICHHTb T8K>Ke aenb3SI. 

Ha OCHOBe IIpoBe)leHHOH H30TOIIH'IeCKOl\ H)leHTH¢HK8UHH IIapaMe Tpbl pe30H8H

/3 9/ 
COB orrpene/ISI/IHCb MeTOJlOM II/IOW8Jlel!: ' • DorrpaBKH Ha HHTep¢epeHUHIO pe-

3 0HB HCHOr O H IIOTeHuHaiibHOrO pacceSIHHSI He Y'IHT~BBIIHCb, T . K. OHH O~IIH rrpe -

He6pe>KHMO M8IIbl Jla>Ke B cny"!ae H8HOOnee CHIIbHblX H3 HC c nenoBaHH bi X pe30HaH -

COB, Jl/I SI KOTOpb!X a/ A < 0,1 . EcnH ynosneTBopHTenbHaSI TO"'HOCTb orrpeneneHRH 

II/IOIIlaJlH pe30HaHCa O~na IIony"'eHa TOIIbKO JliiSI OJlHOrQ H3 o6pa3UOB, TO 3Ha"!eHRe 

rn 9 T OrO pe3oHaHCa OIIpenenSI/IOCb B IIpeJliiO /IO>KeHRH , "'TO e r o paAHaU ROHHaSI 

WHpHHa p8BHa cpenael\ paJlHaUHOHHOll WHpHHe pe30HaHCOB )laHHOrO H30TOIIa H n H 

>Ke (KaK 9TO HMeno MeCTO AIISI 
164

Er ) CpenHell panHaUHOHHOll WHpRHe COCe)lHHX 

H30TOIIOB 9pOHSI ( r = 90 Mas). B naHHOll o6nacTH aTOMHbiX aecoB 9TO BIIO/l 
y 

He ecTeCTBeHHbie IIpeJliiOIIO>KeHHSI, T.K. 3JleCb ReT HH 3aMeTHblX ¢nroKTyanHll non-

HbiX panHaUHOHHbiX WHpHH OT pe3oHaHCa K pe30HaHCY AnSI OJlHOrO R30TOrra , HH 

cyweCTBeHH~X pa3nH"!Hll cpeJlHH X panHallHOHH~X WHpHH pa3H~X H30TOIIOB H pa3-

H bi X 9/leMeHTOB. 3TO IIO)lTBep>KJlaiOT, HarrpHMep , rrpHBeJleHHbie HH>Ke )laHHble 0 pe-

30HaHC8X Er , a TaK>Ke HMeiOwHeCSI CBeJleHHSI 0 cpeAHHX panRa!lHOHHblX WHpH-

HaX JlpyrHX peJlK03eMerrbHblX aneMeHTOB. 

P e 3 y n b T a T ~ 

Ll.aHH bie o napaMeTpax aellTpOHHbiX pe3oaaacos apoHSI npencTaBneHbi B 

Ta6n. 2 - 6. YKa3aHHbie B HHX rrorpewHOCTH IIOIIHbiX, Hei!:T pOHHb!X H panHa!lROH-

HbiX wHpHH pe30HaHCOB B bi "'HC/leHbl rrpH y"!eTe TOIIbKO OJlHHX CTaTHCTH'IeCKHX rror

peWHOCTell IIIIOW8Jleli pe30HaHCOB. DorpelllHOCTH, CBSI3aHHbie C HeTO"'HOCTb!O 3Ha

HHSI f y , KOTOpble JlOIIOIIHHTe.r:IbHO B03HHKanH B TeX CIIY"'8SIX, Korna HellTpOHHbie 

WHpHH~ orrpenenSinHCb TOIIbKO ITO OJlHOMy 3Ha"!eHHIO IIIIOWa)lH pe30HaHCa, B Tao

IIHUaX · He yKa38Hbi . Mo>KHO nonaraTb, "'TO TaKRe norpewaocTH 3Ha"!HTenbHO MeHb

we npHBeneHHbiX B TaonHuax, T.K. nnSI H30TonoB apoHSI , KaK ObiiiO CK838HO B npe

JlbiJlymeM pa3nene , He O>KH)la!QTCSI OOIIbWHe ¢nroKTyallHH IIOIIHblX p8JlH8UIIOHHbiX WH-

pH H. 

6 



3 p 6 H l!-164 . B HHTepaane OT 7 no 600 3B 
184 

Er npHllMCBHO 14 p eao-

f!BHCOB. 12 H3 HHX OTCyTCTByJOT Ha KpHBb!X nml· npyrH X H30T OllOB. naa pe30H8HC.B 

( 302 H 317 3B) Ha6nJOnBJOTC51 TBKlKe HB 3Kcnepi'M8HTBflhHblX KpHBbiX nn51 
106 

Er 

B o6paane 
166 

F.r OTCyTCTByeT H30TOll 
164 

Er , n, aecoMHeHHO, peaonaHChJ npH 

302 H 317 3B JlOnlKHbl npHHB)lnelKaTh 
166 

Er. 0JlHBKO BHBnH3 OTHOI!I8HHJ! nnO!UaJlell 

3THX pe30HBHCOB K nnOI!IBnH p830HBHCB 171,8 3B, KOTOpbiJ! npHHannelKHT TOnhKO 

H30TOlly 
166 

Er , ilpHBOJlHT K Bb1BOny , 'ITO pe30HBHCbl 302 H 3 17 3B HMeJOTC51 TBKlKe 

II y 
184 

F.r . no-BHJlHMOMy, Mb1 HMeeM 3n8Cb Cnyqati 6nH3KOro COBITaneHH51 3f!epr HJ! 

peaoaaacoa 2 H3oT onoa. TaK KBK B ecTecTaeaaoll cMe cH H3oTonoa coneplKHTCH 

MBnoe KOflH'I8CTBO 
164 

Er ( 1,5%) H T.K. H3 HM8BlllerOCH KOnH'I8CTBB H30TOllB 

164 
F. r Mor 6biTh naroToanea TOnhKO onHH o6paaen nnH H3MepeHHil , onpeneneHHe 

neliiTpoHHbiX !liHpHH npoaeneHo B npeanoJ.olKeHHH [' Y = 90 Maa. 

3 p 6 H J! - 166. B HHTepaane OT 15 no 1400 3B li30TOI1Y 
166 

Er 11pHnHca

HO 24 pe30HBHCa. 3Ha'!eHH51 panlfaUHOHHbiX li!HpHH peaoHaf!COB HBiiJl8Hbl H3 COOTHO-

llleHHH f y 

CKHH !jlaKTOp 

r - rn . B cnyqae 51Jlep- MHI!IeHell co CllHHOM 1 = 0 CTaTHCTH'Ie

g = 1, noaToMy aaanHa MeTon o M nno manell naeT aHa'!eHHSI non-

HOH li!HpHHbl f H HenocpenCTB8HHO Heil:TpOHHOJ! li!HpHHbl r n no naHHbiM 0 

nepBbiX Tpex pe30HBHCBX, llflH KOTOpb!X f y H3B8CT Hbl JlOC T B T O 'IHO TO'IH0 1 Hall -

166 
neno cpeaaee 3HB'IeHHe paaHaUHOHHOH li!HpHBbl Er 

= 87 + 13 M3B. 

3 p 6 H J! - 168. 3TOT H30TOll HCCfl8JlOBBH B o6naCTH no 4500 3B, OnHa

KO napaMeTpbt pe30HBHCOB onpeaeneHbl TOnhKO nO 1500 3 B. neno B TOM, 'ITO C 

yaenH'I8HH8M 3HeprHH HeJ!TpOHOB CHnhHO yMeHbli!BIOTCH nnomanH pe30HBHCOB (H3-

38 yMeHblii8HH51 o0 ---
1
-) If norpei!IHOCTH B onpeneneHHH nnomaneJ! CTBHOBHTCSI 
E 

6onblllHMli, 'ITO He ll03BOnHeT HBHTH noCTOBepHblX 3HB'I8HHA HeJ!TpOHHbiX I!IHpHH. 

A anSI HaroToaneHH51 6onee ToncToro o6paana nnH HaMepeHHll B KHnoaonhTHoA 

o6naCTH He 6binO :AOCTBTO'IHOro KOnH'IeCTBB H30TOllB. 

PaaHaUHOHHa51 mHpHHa c xopomell TO'IHOCThiO onpeneneaa TonbKO nnH pe

aonaHca 80 aa. Ee anaqenHe (81 + 10 Maa) 6 nHaKo K cpenHHM panHanHoRHbiM 

ll! HPHHBM 
166 Er 

H Er 
167 

3 p 6 H J! - 170. 
170 

Er, KBK H 
168 

Er, Hccneaoaaa B o6nacTH no 4500 aa. 

nocKOflhKy y peaonaHCOB 
170 

Er r n >> Ly. onpenenHTb panHaUHOHHYIO lllHpHHY 
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He YA8liOCb1 H U09TOMy B Cny'I8!1X, KOrAa ll8p8MeTpbi pe30H8HCOB onpeAemUIJICb 

no naaahlM o nnomaAH peaoaaaca TOlibKO AliH oAaoro o5paana, npeAnonaranoc&, 

'ITO f y ~ 90 M9B .• 

3 p 5 H l! - 167, CpeAH aaoTonoa ap5HH 
167 

Er - enaacTB9HHbtll 'leTao-ae-

'19THbiM H30TOli, J1MeHHO OR B OCHOBHOM onpenenHeT p930H8HCHYIO CTpyKTypy ael!._ 

TpOHHblX a<j><j>eKTHBHbiX C9'19HHll 9CT9CTB9HHOrO ap5HH . 113-38 5onbUIOl! liUOTHOCTH 

yposael! ap5HH-167 YA8liOCb HCCli9AOB8Tb o5naCTb TOlibKO AO 300 as, rne tOTEr 

npanHcaao oKono 60 pe3oaaacos. CosMecTHaH o5pa5oTKa naHHhlX o nponycKaHHH H 

pe30H8HCHOM 38XS8T9 ael!TpOHOS li03SOliHli8 onpenenHTb T8K~e CliHHhl p930H8HCOB 

npa 26,3 H 53,6 as , J = 3 H 4 COOTS9TCTS9HHO, 

Ha pHc . I H3o5pa~ea rpa<j>HK 'IHcrra 3aperHcTpHposaaabtX pe3oaaacos 
167 

Er 

B <j>yHKUHH aaeprHH H9MTpOHOS, 05p8lli89T H8 ce611 BHHM8HH9 , 'ITO H8 HHTepaane 

90 ~ 160 aa, rne o5aapy~eao 8 pe3oaaacos, poeT 'IHcrra pe3oaaacos nneT Men

neaaee, '19M s o5rracTH HH~e 90 as H s o5rracTH SbiUie 160 as. Cpenane paccTo<

HHH!I Me~ny p930H8HC8MH S o6n8CTS!X 5 .;. 90 as, 90 7 160 as H 160 ;. 320 aB 

paSHbl COOTS9TCTS0HHO 3,7 :t_ 0,1; 7,6 :t_ 2,2 H 5,5 :t_ 1,0 as (rrorpeUIHOCTH Sbl-

'IHcneabi s npennorro~eanH crrpasenrrHsoCTH aKcnoaeannarrbaoro pacnpeneneHH!I 
17/ 

paccTo!IHHl!). 3aaqe aae 3, 7 :t_ 0, 7 as xopoUio cornacyeTc!l c aaHHbiMH pa6oTbi , 

rrorry'leHHbiMH nrrH o6rracTH HH~e 100 as. Ha y'laCTKe 90 7 160 as arrnapaTypaoe 

pa3peUieHH9 6biiTO AOCT8TO'IHO XOpOUIHM (0 ,3 .;.. 0,6 as) , 'IHCITO p930H8HCOS ApyrHX 

H30TOITOS 3)l9Cb H9B9ITHKO (5 p930H8HCOS), npH aTOM HX H30TOliH'19CK8!1 HA9HTH

<j>HK8UH!I He Sbl3b!S89T HHK8KHX COMH9HHll, T8KHM o6pa30M, II8A9HH9 aa6rriOA89MOA 

IIITOTHOCTH p930H8HCOS H8 a TOM Y'I8CTK9 H9ITb3!1 06o!ICHHTb 8IIITapaTypHbiMH !IpH

'IHH8MH, QqeSHAHO , 3A9Cb HMeeT M9CTO CHITbH8!1 <j>rriOKTy8UHH HCTHHHOl! !IliOTHOCTH 

yposHei1, KOTOp8!1 H lipHSOAHT K p83ITH'IHIO 3H8'19HHll AIT!I Cp9AHHX p8CCTO!IHHll H8 

cocenaRx yqacTKax, SbtxonHmeMy 38 rrpenerrbt CT8THCTH'IecKoll oma6KH. XoTSI Ta-

K09 p83ITH'IH9 He HCKli10'19HO 38KOH8MH CT8 THCTHKH H TpyAHO CyAHTb 0 TOM, CKpbl

T8 ITH 38 HHM K8K8H-liH60 <j>H3H'I9CK8H npH'IHH8, SC9 ~e HHT9p9CHO 6orree SHHM8T9lib-
167 

HO p8CCMOTp9Tb CSOl!CTS8 p930H8HCOS Er aa pa3HbiX aaepreTH'I9CKHX HH-

Tepsanax. B Ta6n. 7 npHseneao cpasaeaHe cpenanx rrapaMeTpos pe3oaaacoa aa 

3 aaepreTH'I9CKHX HHTepsanaX, !V\o~HO OTM9THTb, 'ITO Cp9AH!I!I ael!TpOHH8!1 UIHpH

Ha p930 H8HCOS H8 yqa.;TKe 90 -i- 160 as S 1,5 p838 50liblll9, '19M H8 OCT8ITbHbiX. 

3aa'I9HHH CHITOSOl! <j>yHKUHH OAHH8KOBbl H8 SC9X Y'I8CTK8X, 

l13y'leHHe pacnpenerreaRl! rrpHseneaHbtX ael!TpoaaoiX UIHpHH pe3oaaacos 
167 Ei" 
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npHBO!lHT K cnenyJOl!IHM pe3ynbT8T8M. npH 311eprHSIX HHlKe 90 3B, rne HM88TCSI 

OKOnO 20 p83011811COB, 9KCnepHM811T8nbH08 p8cnpenene11H8 p8CXO!lHTCSI C 38KOIIOM 

nopTepa - ToM8C8 a o6nacTH lleATpOIIHhiX IIIHpHII cpe.a11eA aenH'IHHhi. BoceMb 3H8-

'ISHH A npHB8!l8HHhlX H8~Tp011HhlX IIIHpHII liB Y'I8CTK8 90 160 aa pacnpeneneHhi rro 

3BKOHY nopTepa-ToM8C8. B aaepreTH'IeCKOM HHTepaane 5 .:. 200 aa, OXB8ThiBBIOl!leM 

o6a npenhtnyl!IHX Y'I8CTK8, p8cnpeneneaHe npHaeneHHhiX 11eihpoHHhiX IIIHpHH xoporuo 

corn8cyeTcSI c 3BKOHOM nopTep8-ToM8C8, ecnH npe.anonOlKHTb, 'ITO 118 aToM HH

Tepa8ne nponyme11o 3-4 pe30H8HC8 (eM. pHc. 2). 

P8cnpeneneHHe 40 p8CCTOSIHHA MelK.ay pe30II8 11C8MH a o6n8CTH 5 ~ 200 aa 

( pHC . 3) 8nnpOKCHMHpyeTCSI 9KC!T0!!8HilH8nbHh!M 38KOIIOM, KOTOpbit\ !l88T TY >1<8 

oueaKy nnH qncna n ponyrueiiHhtX pe3oH8Hcoa, qTo H p8cnpeneneaae npaae.aeHHhiX 

HelhpOHHh!X IIIHpHII ( T.e. 3-i-4 p83011811C8), !13-38 H8nii'IHSi QJnJOKTy8JlHt\ rtnOT!IOCTH 

167 
pe3ollaHcoa Er npencTaanHeTcSI, 'ITO 6onee KOppeKTHo - onpe.aenHTb cpenaee 

paccTOSIHHSie M8lK!lY ypOBIISIMH l-18 no H8KrtOHy rpa<jJHKB H8p8CT8HHSI 'IHCrta pe30-

H8HCOB, a OCHOBbiB8SICb 118 o6met\ CT8THCTH'I8CKOA cpopMyne ArtS! cpe.aaero 3118'18-

x , pacnpeneneaaoA c nnoTHOCTb iO aepoHTIIOCTH W ( x l : 

x c Jx W(xl dx , 

EcnH p8cnpenene11He W( x) , rne 
Dt "X 

-o-,9KCrt0118HilHBrtbii08, TO 1, T. e . 

cpenHee p8CCTOHHHe paa11o rt8paMeTpy p8cnpeneneHHSI, 311a'IeHHe KOToporo MOlKIIO 

nony'IHTb H3 cp8BHeHHSI HIITerpanbiiOro aKcnepHMSHTanbaoro pacnpeneneHHSI pac

CTOSIIIHA M8lK!lY pe30HBIICBMH C T80p8TH'I8CKHM (pRe. 3). no 311epreTH'I8CKOMY 

HHTepaany 5 .;. 200 9B, 11 8 KOTOpOM pa3p8III811H8 6binO Brt0rtll8 y!lOBrt8TBOpHT8rtbllb!M 

( !'J. E < 0,8 aa) H rtponycK 3HB'IHT8rtbHOrO 'IHCrta pe30IIaHCOB M8rtOB8pOS!T8H, no-

0 = 4,6 :!:._ 0,7 aa, KOTOpoe OTnH'IB8TCSI OT 3HB'I8HHSI 

3, 7 !.. 0, 7, nony'Iellaoro no HIITepaany 5 .;. 90 aa. KaK SICIIO H3 npenhinyruero H3-

nolKeHHH, 3H8'IeHHe 4,6 aa cnenyeT C'IHTBTb 6onee nocToaepllwM. 

npHMep 
167

Er nOK83hlB88T, 'ITO npH OrtpeneneiiHH cpe!lHHX 3118'I8HH A napa

MeTpOB p83011811COB 11806XO!lHMO H3Y'I8Tb 38KOHbl pacnpenert8 HHSI. nocKOrtbKy B 

IIBCTOSIIUee Bp8MSI, 110-Bll!lHMOMy, HST OCIIOBBHHH COMH8B8TbCSI B CrtpaaennHBOCTH 

3BKO IIB nopTepa - To Maca U rtSI npHaeneHIIhlX HefiTpOIIIIblX IIIHpHII H 9KCnOII8HilHBrtb

f!Oro 38KOIIB !l!TSI paCCTOSIIIHH M8lK!lY p830118HC8MH (nnSI MHIII8 H8t\ CO CnHHOM I .. 0), 

9KCD8pHM8f!T8rtbHW8 3118'I8HHSI cpe!lHHX B8rtH'IHH D . r n • s MOlKHO C'IH-

T a Tb anonHe nocToaepiihtMH nHIIIb Torna, Korna HMeeTCSI cornacne aKcnepHMeHT8rtb -

Hnl X pacnpeneneHHA c yKa3aHnhtMn BhiUJe 3aKoHaMa. 

9 



Ha pHc. 4 npHBeneHa rHCTorpaMMa HapacTarotuel!' cyMMht 
0 

:£2grn B 

38BHCHMOCTH OT 8HeprHH Hel!'TpOHOB. HH*HHH KpHB8H COOTBeTCTByeT cny"'810, KO~

Il8 npH CyMMHpOB8HHH nponymeH O"'eHb CMnbHbtA pe30H8HC 26,3 8B. f1o H8KITOHY 

KpHBbiX onpenenHeTCH CHnOB8H ~YHKUMH 167 Er 

So ( 1,8 ±. 0,4).10-4 

( norpeiUHOCTb S 0 Bht"'HcneHa B npennono*eHHH cnpaBeam ~ DOCTH p acnpeneneR!IIH 

0 
T1opTepa-ToMaca nnn rn H cnyqal!'Horo pacnpeneneHHH lliTH paCCTOHHHA Me*ay 

So pe30H8HC8MH). 3TO 3H8"1eHHe H8XOAHTCH B COrnaCHH C nony'leHHbiM R3 
-4 /18; 

ycpenHeHHhiX ce"'eHHll' B EpyKxel!'BeHcKol!' na6opaTopHH ( 1,6 ±. 0, 14) .10 

CneayeT eme 3aMeTHTb, "'TO oueHKa cHnoBoA ~YHKUHH 167 
F. r no pe3oHaH-

/5/ 
CaM, ne*BIUHM HH*e 60 8B , cpenH KOTOpb! X H8XOilUTCH O"'eHb CHITbHbtl!' ypoBeilb 

26,3 8B, npHBOilHT K 3Ha"'eHH10 B 2 pa3a 6onbmeMy nonyqaeMoro no HHTepBany 

0 + 300 8B. BeponTHOCTb nonBneHBH pe3oHaHca 26,3 8B ( r 0 = 18, 7) cornacao 
n 

pacnpeneneHHJO T1opTepa-ToMaca .. 0,5% ( y Hac 1/60), T.e. nonBneRHe TBKoro 

pe30H8HC8 He npOTHBOpe"'HT npellCT8BrteRH10 0 pacnpeneneHHH IUHpHH . 3TOT Crty"'al!' 

llHIUHHA pa3 yK83b!B8eT H8 HeHalle*HOCTb OUeHOK CHllOBOl!' ~YHKUHH no M8llOMY "'HC"'" 

ny ypOBHeA , OC06eHHO Korna npHCYTCTByeT CHllbHb!l!' pe30H8HC. 

f1oCKOllbKy y 
167

Er 7/2 H g 6rtH3KO K 1/2, TO p83HOCTb r - 2 g f n 

(nnn r n < r y ) no cymecTBy onpenenneT 3H8"1eRBe pallH8UHOHHOl!' WHpHHbl ypoB-

167 
RH. 3Ra"'eHHH r y norry'leRbi nrrn 15 pesonaRcoB Er · PanHauHORHbie nmpHRbi B 

npenerrax OIUH60K nOCTOHHHbi,H HX cpenRee 3H8"1eHHe p8BHO r = 92 + 3 MSB. 
y -

f1onyqeHRb!e ll8HHb!e 0 napaMeTpax Hel!'TpOHHbiX pe30H8HCOB H30TOITOB 8p6HH 

naroT B03MO*HOCTb onpenerrHTb cpenHHe napaMeTpbi D 
' 

AllH K8*1l0-H So r 

ro H30TOna. llliS! "'eTHO-"'eTHbiX H30TOllOB cpenHee p8CCTOHHHe Me*AY ypOBHl!MH H81-

XOilHllOCb no H8KllOHY rtHHell'Horo Y"'8CTK8 rpa~HK8 38BHCHMOCTH 'IHCll8 o6Hapy*ea-

Hb!X pe30H8HCOB OT SHeprHH Hel!'TpOHOB. f1orpeillHOCTH B 3H8"19HHl!X llllH "19THbiX 

H30TOITOB Bbl"'HCllllllHCb B npeJliTOllO*eHHH BHrHepOBCKOrO pacnpeneneHHSI pBCCTOl!~ 

HHI!' Memny ypOBHHMH 

~D -:r::'iT _1_ 
0 V -TT- Vn 

CHnoBbie ~YHKUHH qeTHbiX H3oTonoB onpenennnHcb MeTonoM aan6onhmero 

/10/ 
npaBnonono6Hn • B Bbi"!HcneHHHX npHHHManHcb BO B!IHMaHHe pesoRaHchi, pac-

nonomeHHbte H8 liHHeinibiX Y"'8CTK8X 38BHCHMOCTH "'HCIT8 pe30H8HCOB OT SHeprBH 

neATpoHOB, rne nponycK ypoBnel!' ne3HB"'HTenen . 
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5 0 , Bbl'rHC.JJeHHb!El M9'I'OAOM HBiiliSOnlo-

mero rrpasnonono6ua H oobl'l.HbiM MeTOnoM - no rpa¢!HK:Y CYMMbl rrou:eenel!ll'hlX 

ael!TpOHRblX IIIHpHH p930H8HCOB B ljlyRXIlHH aaepriiH ael!TpOHOB, lliili BCeX 'le'I'Hb!X: 

H30TonoB xopomo cornacyroTCH Me~y co6ol!. 

Cpenaue napaMeTpbl aaoTonos Er npencTasneHbi s Ta6n. 9. 

l.JeTblpe H3 HCCn9AOB8HHbiX H30TOilOB ap611SI SIBnHIOTCH '!9TH0-'19THblMH, H, 

C/l91lOB8T9nbBO, npH B38HMOAelkTBHH C HeJ!TpOH8MH y HHX npOliBnHeTCH OAH8 CH¢-

T9M8 ypOBHel! CO CITHHOM J = l/2. Ha p v.c. 5 noKaaaao HRTerpan&aoe pacnpe-

aeneHHe p8CCTOSIHHI! M9;>KilY p930H8HC8MH '19TH0-'19THblX H30TOilOB apoHSI. I1pHRHTO 

BO BIIHM8HH9 51 paCCTOSHIHe M9;>Kily pe30H8HC8MH, p8CITO.JJOJK9HHb!MB B IIH!Iel!Bb!X 

o6nacTSIX aaBHCHMOCTH '!Hcna aaperncTpuposaBHbiX peaoaaacoa oT aaepraa. Banao, 

'ITo aKcnepHMeaTanbaoe pacnpeneneaae ynoaneTBOp}ITen&no cornacyeTcH ( KpHTe-

pH~ KonMoropoaa paaea 70%) c pacnpe~tenenue.M Burnepa W ( x) •..!!!!... exp (- ,dx ) 
2 4 • 

n I 
r11e x = - n- . C 9KCITOH9HUHBnbHb!M pacnpeneneHHeM HM99TCSI CHnbHOe paCXO;>K-

Aeaue (eepoHTHocTb cornacuSJ no KonMoropoay TO.JJbKO 0,5%). Pac~peneneaue rrpu

BelleHHbiX Hei!TpOHHbiX IIIHpHH p930H8HCOB 'I9THO-'I9THbiX Slllep ll0K838HO 88 pHC, 6. 

Cornacue c pacnpe~teneaHeM TiopTepa-ToMaca ae oqeab xopomee (35%). Oaaaxo 

OHO yrry'!IIIHTCSI, 9CITH llOITyCTHTb nponycK Cna6b!X ypOBHeJ!, 'ITO B ll9ftCTBHT9ITbHOCTH 

llOIT;>KRO HM9Tb M9CTO, 

HaTepecao cpaBBHTb nnoTaocTB ypoanel! paanH'IHbiX Hao Tonoe apoua. Ha

eecTao, '!TO ana MonenH ljlepMH-raaa nnoTaocT& ypoaaelt onpenenaeTCH ljlopMynol! 

!JeTe 

p(u,J)a..J!i... 
12 

2 
exp (2 .,;-;;-;;-) (2 J + l) exp ( ~(J + Y.) 

2 a 2 

u E-P(N)-P(Zl 
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F. -aHeprHH CBR3H aenTpOHa, a P(N H P(Z) - aaeprHH crrapHBaHHR 

HeRTpOHa H rrpOTOHa COOTBeTCTBeHHO). 

Ecna rronaraTb, '!TO napaMeTp a Mana MeHHeTCR C A B paccMaTpH-

BaeMoR o6naCTH aTOMHbiX BeCOB, naneKOA OT 38MKHyTblX o6onoqeK, TO y '!eTHO

'!eTHbiX RAep-MHIJleHeR rrnOTHOCTb ypOBHeR AOn)I{Ha OITHCbiBaTbCSI ypaBHeHHeM 

P (u) c c onst exp (2y'7nl 
u~/• 

(*) 

Ha pac. 7 rrpa nocToHHHOM aaaqeaHH a noKaaa a a nnoTHOCTb ypoaaeR '!eTao-

qeTHbiX aaoTonoB ap6Hst B !jlyaKnHH u . TaM )l{e aaaeceao aaaqeaHe nnoTHOCTH 

171 
ypOBHeA 162 Er no AaHHb!M pa60Tbl • n p a Bbl'!HCneHHH u HCnonb30BBnHCb 

I 111 
3 Ha'!eHHSI P(N) H P(Z) , npHaeneHHbJe B , H 3 H8'!e HHSI F. H3 

/16,17/ 
pa6oT • CnnolllaoR KpHBOA noKa a a aa aaaa c HMOCTb nnoTHOC TH ypoaaeR oT 

Bbi'!Hcneaaast no npaaeneaaoM y Bhtw e ypa aaeaHIO ( *l HopMHPOBKa c nenaaa 

166 
no Er . HaKnoa KPHBOA no'!TH He H3MeHHeTCH npH H3MeHeHHH a oT 15 no 

20 I /M aB. 113 pile. 7 BHUHO, 'ITO ecnH nnOTHOCTH ypoaaeA Tpex TSI >KenbiX H30-

TonoB MOryT 6b!Tb OnHC8Hbl ypaBHertHeM ( * ) C nOCTO!tHH biM 3HB'!eHHeM a , TO 

nnoTHOCTH ypoaaeA 
164 

F. r H In Er stBHO OTKnoHst iOT C!t oT yKaa annoA KpHBoA . B oa

MO>KHO, aTo YKa3biBaeT a a BnHstHHe o 6 onoqe'!HbiX a<jxpeKTOB. Ha6n10neaaa st nnoT-

COOTBe T CTByeT y aena'!eHHIO napa MeTpa a Y tet;, HOCTb ypoaaeR H30TOnOB Er 

aa 8% H y 
162

Er- aa 12% n o CpaBHeHHIO CO 3 Ha"'!eHHSIMH a AnSI OCTBnbHb!X 

'!eTHbtX aaoTonpa. nonarast, '!TO a 2 = 0,0888 at A 
2

/
8 

, rne t = y ~ - TepMo

/ 11/ 
UHHBMH'!eCKBR TeMnepa T y pa stnpa ( CM . ) , M O>KHO Bbl '!HCnHTb n a p a M e T p a 

ynoa neTBOpR!OrnH A aKcnepHMeHTanbHOMy 3Ha"'!eHHIO nnoTHOCTH ypoaneA. nony qeHHbie 

3HB'!eHH!t napaMeTp8 npHBeneHbl B Ta6n. 8, OHH HaXOAHTC!t B XOpomeM cornacHH 

co aaaqeHHstMH nnst cocenaax stnep. 

npoaaanaaHpy e M xon canoaoR !jlyHKnHH c aTOMHbiM aecoM B o6nacTH penKo

a eMenbHbiX stnep. Pac'!eTbi cHnoaoA !jlyaKUHH no onTaqecKoR Monena c y'!eToM ne

/12 13/ 
!jlo p MBUHH stnep ' npHBOA!tT K nostBneHHIO ABYX M8KCHMYMOB B o 6 naCTH peUK03e-

MenbHbiX stnep npH A "' 140 H A "'180. HanH'!He 9THX MBKCHMYMOB XOpOWO 06ostC-

HReTCH H KOHUennaeA BXOUHbiX COCTO!tHHA C y'!eTOM KOnneKTHBH biX B036y>KAeHHA 

B npouecce o6paaoaaaRst cocTaaaoro stnpa. B aacTostmee apeMH C"'!HTaeTcst, 

"'!To aKcnepaMeaTanhable naaable nonTBep>KAaiOT TaKyiO aaBHCHMOCTh s 0 OT A. 
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0AH8KO B pa6oTe HeMHpoBCKoro 
1141 

C C0Tpy.O.HHK8MH o6pamarrOCb BHHM8HH$ 

H8 TO, 'ITO yqeT COBMeCTHO C .O.e~OpM8ItHeA CITHH-op6HT8llbHOrO B38HMO.O.&ACTBHB 

rrpHBO.O.HT K ITOBBrreHHID .O.OITOITHHTellbHOro UHK8 B So rrpH A ~160. Ha puc. 8 

rrpe.o.cTaBrreHbl H3BeCTHbie 3H8'l'eHHS! CHITOBOA ~yHKUHH B o6rr8CTH 130 < A < 200. 

11crrorrb30B8Hbi .o.aHHbie H3/ 
17•181 

H ae.o.aBHHe pe3yrrbT8Tbi H3 ycpe.o.aeaHbiX ceqe-

,/15/ 
HHn , a T8K>Ke 3Ha'l'eHHSI s 0 , rronyqeHHbie HaMH no .o.aHHbiM o rrapaMeTpax 

pe3oaaacoB ( aa pH c. 8 - TpeyrorrbHHKn). 

XoTSI own6KH 3Ha'l'eHHA B 6orrbWHHCTBe crryqaeB BerrHKH, TeM ae Meaee BHA-

/14/ 
HO, 'l'TO B o6rraCTH IV 165 HMeeTCH MaKCHMyM, ITOATBeplK.0.8IDmHA rrpe.O.CKa3aHHB pa60Tbl 

0 cymecTBOB8HHH ITHK8 S0 B paAoae A = 160. 06pamaeT aa ce6n BHHMBllll& 

TOT QJaKT, 'l'TO B aToA 00ll8CTH :3KCrrepHMeHTarrbHbi& 3H8'1eHHB So CHCTeMaTH-

'l'6CKH nelK8T BbiWe, qeM :3TO rrpe.QCK83biBaeTCSI OITTH'IeCKOI!: MO.O.ellbiD HliH MO.llellbiD 

BXOilHbiX COCTOSIHHA C yqeTOM B3aHMO.O.eACTBHA QJOHOH-'l'aCTHUbi. 

B 3aKnJOqeaue OTMeTHM, qTo aaA.o.eHHbie pa.o.nauHOHHbie mHpHHbi H30TorroB 

Er 6rrH3KH K 3Ha'IeHHSIM cpe.O.HHX pa.o.HaUHOHHbiX mHpHH COC&.O.HHX H.O.&p 
165 

Ho, 
171

Yb, 
178

Yb (70 < ly < 90 MaB). 

ABTOpbi BbrpalKaiDT cBoro rrpH3HaTeJibaOCTb- H.H. lllerroaueBy, H.IO. lllupHKO-

BOA 3a rroMomb B o6pa6oTKe aKcrrepHM&HTarrbHblX .o.aHHbiX. Mbr 6naro.napHM TaK>Ke 

B.C. 3orroTapeBa H ero coTpy.o.HHKOB 3a npe.o.ocTaBrreHHe o6orameHHbiX H30Tonos.. 
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Ta 6l1 H il B S 166 

napaMeTpbl He A:TpOHflbiX p 930H8HCOB E,.., 

N.N> EO'! as ~J M8B r;, M aB ~,MaB r,0

, " " B nn 

I. I5,6±0,I I08±.II I, 9±,0,I I06±.II 0,48±.0,02 
2. 73, 9±.0,3 I55.:tii 85±.5 70±,I2 9,9±.0,6 
3. 82, 0±.0,3 80±,20 IO.:ti 70±,20 I,I.:tO,I 
4. !54,9±.0,6 7±.I 0,56±,0,08 
5. I7I,8±.0,8 750±,I50 470±,70 280±,I60 36±.5 
6. 302.:t2 300.:tiOO 230±,40 70.:tiiO I3±2 
7. 3I7.:t2 270±,40 I5.:t2 
8. 354.:t2 55.:tiO 2,9.:t0,5 
9. 389.:t2,5 320.:t80 I6±.4 

IO. 5II±.3 66.:t22 2,9±,0,9 
II. 537±.3 46.:tii 2 ,0±.0,5 
I2. 598±.3 800±.I50 33±6 
I3 . 644±.3,5 I80.:t80 7.:t3 
!4. 75!±.4 I30±.40 4 ,9±,I ,6 
IS. 776±.4 52±I5 I ,9±,0,5 
I6. 800±,4 70±,I6 2,5±0,6 
I7. 852±? IOOO±I50 35.:t5 
I8 . 9II±? ,5 670±.140 22±.5 
I9. !030±,6 170±,50 5,3±.I ,5 
20. !060±.6 200±.60 6±2 
2I. II76±7 250±70 7±2 
22. II90±.7 300±.80 9±.2 
23. I260;t8 320±IOO 9±3 
24. I370±.9 !000±200 27±6 

18 



T a G n H n a 4 
I~ 

n apnMe T pLl pe30HBHCOB E,... 

No}l.r, 

Eo, aa r. M 3 B r r M3B ro nn M 3 B 
n " ,~ n , M 3 B 

I. 7 , 31:t,U, C5 O, OI.±.0,002 0 , 004-:t,O, CX ·C8 
2 . 80 , G:t,C.I ,3 137:!:.9 56.±.3 8I:t,10 6 , 2:t,0 , 3 
3 . I 8~ , 3:t,0 , 9 15'~:t55 78:t,IO 76:t,55 5 , 7.t0 , 7 
4 . 245:t1 8CO:t150 550:t60 250:t,: 60 ./.i:t4 
5. 314:::_2 155:t30 9±2 
6. S2 '3:t3 100C:t2CO 9CO:tiOC IDC:t2~0 .59:t'' 
7. 764:t4 86±28 .5j) 
8. 831±5 IIOO:t33 0 3Cl:t.II 
9. 1CG9:t6 600t200 I 9:t6 

I O. 1098±_7 II50:t350 · 34J:.10 
II. II35:t7 <5 
12. I355±_8 550±200 I 5:t5 
13. 1455:t9 I500:t500 39:ti3 
14. 1820±_12 
IS. 1905±_1 2 
16. 195 0±12 
17. 22IO:ti3 
18. 2380:t,14 
19. 2690±16 
20. 3120±19 
21. 3320±20 
22. 3715±.22 
23. 4150±25 
24. 4360±34 

19 



T a 6 n H 11 a 5 170 
napaMeTpbi p930H8HCOB Er 

)\/<>)\/<> E
0

,as r, MSB r M3B r,~ MSB nn ,.. 

I. 7 ,40;t0,05 0,007:!:,0,001 0,0026.:t0,00~ 

2. 95,3:!:,0,4 1000:!:,200 800.:tiOO 82:tiO 
3. 285.:!:,1,5 800:!:,300 800.:!:,200 47.:ti2 
4. 498:!:,3 600±150 27.:!:,7 
5. 750±4 I20;t50 4,4:!:,1,8 
6. 939;t5 I600.:t300 52;t10 
7. 1098.:!:,6 700:!:,200 2I.:t6 
8. 1224.:!:,7 <2 
9. 1390;t8 1400;t500 37.:tl3 

10. I534.:t10 <2 
II. 2010.:ti2 720.:!:,200 16±4 
12. 2103±!3 930:!:,300 20±7 
13. 2250;ti3 I400;t500 29.:tiO 
14. 2380:!:,14 680:!:,230 I4;t5 
IS. 2840.:ti7 3000:tiOOO 56:ti8 
I6. 33I5.:t20 
I7. 3890±23 
IS. 4200.:t25 
19. 4730.:t30 

20 • 



Ta 6nnua 6 167 
napBMe TpJ,J HeATpOHHblX pe30H8HCOB E,... 

NoN> 
Eo., 3a r M 3 B s-t;,I M3B r;, M3B ;.~r;.o M3B nn ' 

I. 5 ,96±.L, 05 I 08:t_I O 7,5±.0,6 93±.II 6,1±.0,5 
2. 7 ,9C±.C, 05 0,07±.0,01 0,050±.C,007 
3. 9 ,33±.0, 08 83±.II 3,5±.0,3 76±.II 2,3±.0,2 
4. 20,2±.0,I I OO:t_IO 2 ,3±.C, I 96±.IO I, 02±.0, 04 
5. 26,3:t_O,I I87±.6 41,8±.1,6 92±.7 ;! =3 IB,?±O,B 
6. 27,4:t_O,I I 00±.30 7, 0±.0,5 85±.30 2,7±0,2 
7. 32 ,9±.0,I 95±.17 3,7±0,2 88±17 I,29±.0, 07 
8. 37,7±0,2 90±.17 3,7±.0,3 83±17 1,2±0,1 
9. 39,5±.0,2 II0±.24 3,7±.0,3 103±.24 I,IB±.0, 09 

I O. 42,2±.C,2 197±.160 I ,5±.0,2 0,46±.0106 
II. 50 ,3±.0,2 IIO:t.30 lf,2±.013 I CCj}O I 118±0108 
12. 53 , 6±0,2 I 60:t.I2 2516±116 II4±I31=4 6,3±0,4 
I3. 60 ,1±0,2 I03±2I 6,I±OI4 9I±.2I 116±0,1 
14. 6I I I±.C ,2 (O,IO) (0102) 
IS. 62 ,2±.0,2 2, 9±.0 ,3 0174±.0108 
I 6. 62,9±.0,2 3,I±.CJ ,3 0 ,78±.0,08 
I ? . 69,6±.C,3 I,4±.0,2 0134±.0 , 05 
IS. 7'f,7±.0,3 317±.0,3 0186±.C107 
I9. 76, 0:t_0,3 0173:t_C,I4 O,I7±.0,03 
20. 79,4±.C,3 5 ,9:t.C,5 II3±.0,I 
2I. 85 ,'f±.C, 3 I, 5±.0,2 0,32±.0104 
22 . 9I,6±.C,4 2 ,0±.0 ,2 0 42+0 04 I - I 
23. 97 ,9:t_0,4 (C: ,5) (O,I) 
24 . I OB,O±.C,4 IO?:t_50 28±.3 5C±.50 5 , 'f±C,6 
2':> . II3 ,3±.0 ,4 I ,0±.0,3 C,I9±.0, 06 
26. II5 ,B:t_O,S I, 9±.0,4 0 ,35±.L, (;6 
27. I32,CJ±.0,5 250:t_50 BO±.I C 90:t_50 I4, C.±.I, '7 
28. 142,9±0,5 9±.I I 15;t,C,2 
29. I58,0:t_016 174±.80 27:t.3 I2C±.80 4 ,3±.\., ,5 
30. I59 '7±.0, 7 2,7±.0,8 0 ,Lf3±.L,I3 
31. I62,7±.0,7 I2±.II 6 I, 9±.C,2 
32. I65, 8:t_0,7 (9,5) (1,5) 
33. 167,5±.0,7 (18) (2,8) 

2 1 



}',r.,N; Eo, as rtM9B 1r;,,M3B fi.,. M9B tZJC.':'. M9B 
nn 

34. I69,0±,0,8 (I5) (2,3) 
35. I77,5±,0,9 3,5±,0,5 0,53±.0,07 
36. I79,Q±,0,9 I4:t2 2, I±,0,3 
37. I85,2±,0,9 ?±.I I ,Q±,C ,I5 
38. I92,I±,0,9 I2±.2 I,7±.0,3 
39. I96,7±,0, 9 34±.5 '+ ,8±,0 '7 
40. 204±.I 0,25±,0,09 0, 03±,0,0! 
4I. 2II±.I !20±,20 18±.2 84±.20 2,5±.0,3 
42. 2I8±.I 5,I±,I,7 0,7±_0,2 
43. 224±.1 2,6±,0 ,9 0,35±,0,12 
44. 230±,1 21:±:1- 2,8±_0,5 
45 . 23I±.I < 0,03 
46. 236±,1,5 I6:t3 2,!±,0,4 
47. 238±,! ,5 - !7:_~:.3 2 ,2±_0 ,4 
48. 248±.1 ,5 (8,2) ( I,O) 
49. 250±,1,5 (6,5) (0,8) 
50. 259±,I,5 28:t_4 3 ,5±,C ,5 
5I. 264±.! ,5 I3:t2 I,6±_C,2 
52. 275±.I ,5 9±.2 I ,I:t.f ,2 
53. 28!±,!,5 '+0±.4 4,8:!:,0,5 
54. 284±.I ,5 1f2±.4 5,0±,0,5 
55. 290±,1 ,5 'f:t.I 0,5±,0,! 
56. 3II±.2 I O:t.2 I,I±,0,2 
57. 32!£2 I4:t_2 1,6:!:,0,4 

22 
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T a 6 n u n a 7 
CpanHecue a nal.fenn'ii nflpaMeTpoo reao Hanco a r: r 

167 

nnu ycpea Henuu no po3nH'-IHbiM auepreT~1qecKRM 
HHTepnanaM 

4ncno CpenunH Ha6moaaeMoe 

pe3C' II 8HCOB HeiiTpOBHBS1 paccTOS1HHe 
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coa F:r , ne)!{BIUJ!X B HHTepBane 5 ~ 200 3B, nnaBHble KpHBble - pac • 
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He ij , llM>HOe 40 ( f
0 

= 2,35 M3B); 2 - HOpMH pOBBHHOe Ha nonHoe 'IHC-. on 
no y pOBHel! 44 ( f n = 2,10 M3B), 
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P11c. 3. HnTerpa!lblloe pacnpene11e ome paccT0511!l1fi Me~<llY ypoaHSIMH 
167 f~ r. pacno

IIO~<eo<~~o ,oMH HHJKe 200 :o>B . rl!IBBHboe KpHBboe I " 2 cooTBeT cTsyooT cny 

•wfiHoMy pacnpencweHI! IO paccTOSIHHfo , IIOpMI!poBaHHOMY 11a •.mcno n po Me
)ICyTKOB Me~<Jly ypOBHSIMH 39 II 42 COOT BeTCTBeHIIO. (llnS! Kp111301\l 0 =5 :3B, 
JliiSI Kp11130H 2 l) = 4 ,6 :3B ). 
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PHc. 4. 3a B I!CHMOCTb cyMMbl ~ 2 G r no 
167 f~ r OT a Repri'!H HeiiTpo n oB. Hl! li< H HH 

KpHBB H COOTBeT CT ByeT cny4a~ , K OrAB l!p H CYMM ii pOBa HH H nponymeH 

CHnbHblH ypoBeHb 26 ,3 3 B. 

29 



AI 

40 

zo 

0 I 2 X= ,Z)~ 

PHc . 5. l1aTerpanbHoe pacnpenenemre paccTO><HHH Me)l{ny ypoBH51MH "!eTHO- <JeT 
Ht.rx 1!30Tonoa 3pOH>< - 164 , - 166, - 16 8 ,- I 70. I<pnaa>< I - pacnpeneneHHe 

B HrBepa , KpHBa>< 2 - cny"!aiiHoe pacnpeneneHne . 
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Puc. 6. l1aTerpanbaoe pacnpeneneHHe npn aen eHHbtX Hel!TpoHH biX IIIHpHH "!eT HO
"'eTH biX H30Tonoa spoasr - 164,-166,-168,-170. KpHBbie 1 a 2 - pa c npe
nene aHe nopTepa-ToMaca, HOpMHpOB8 HHOe Ha "!HCilO y pOBHell 55 H 60 
cooTBeTCTBeHHo. BepoHTHOCTb cornacnsr Kpnaol! 2 c 3KcnepnMeaTanbH WM 
pacnpeneneHHeM no KPHTepHID KonMoropoaa-80%. 
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