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P~H81lBOHHblll 38XB8T OCT8HOBHBWHXCH 1T -MQ30HOB H.llp8MH 

11-+ ( 'Z) -+ y + HyJtnOHbl, ( 1) 
A 

DpOTeX810lllHJI C HCDyCX8HH9M y . -xsaHTOB BbiCOXOJI 3HeprBH, H86JIIO.ll&nCH JIHWb llJIH C8M•IX 

nerxax s.oep - soaopoaa
1 I/ H reJIHH-3

121 • .llna 6onee TH>K9DblX s.oep peaxuaH ( 1) .oon>K-

aa 6&JTb peaxo noaasneaa BHTeHcHBHbiM xoaxypapyiOlllHM npoueccoM paasana Hapa. Ha>Ke 

OUHCbiB810TCil UOHCKOB&JQ 3KCD9pHM9HT&J, Q9JibiO XOTOp&JX HBJIIlJIOCb H86DIO.ll9HH9 p8llH8UHOH-

HOrO 38XB8T8 1T -M930HOB CJIO>KH&JMH llllp8MH. 

3xcrrepHMQHTbl 6&JJIH Bb1ITODH9H&J 88 CHHXpOUHKJIOTpOHQ na6op8TOpHH ll.ll9pH&JX npo6neM 

OH.HH B 1962 r • .llnll peracTpauHH y -xsaHTOB, o6paayiOlllHXCH B npouecce ( 1 ), 6bln ac

UOJib30B8H '19peHKOBCKBJI CDeKTpoMeTp DOJIHOro DOrJIOlllQHHH, 06JI8.ll810lllHJI B&JCOKOJI a<fl<f>ex

TBBHOCTbiO H He 'lyBCTBBTeJibHblll K <f>oHy DOCTOpOHHero H3Dy'leHHB/3~ 1T -Me30Hbl C HB'I8Jib-

HOJI aaepraell 70 Mas npoxo.oana 'lepea PB.ll CllHHTHJIJiliUHOHHhlX C'leT'IHKOB, TOPM03HJIHCb npa no-
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Puc. 1. CxeMa axcnepaMe&Ta. 1, 2 - cuBHTHJIJIHUBOHB&Je cqeT'IBXB NOHHTQpa nyqxa " -Ne-

aoaos, 3, 4 ~OpM031llllB9 <f>BJibTpbl, 5 - CllBHTBJIJIIlllHOHHblll C'I9T'IHX, 6 - 'lepeHKOB

CKHJI CD9XTPOIII9Tp DOJIHoro DOrJiollleHBil, 1 - CllBHTBJIJISIUHOHHioiJI C'I9T'IIIX, BKJIIO'I&H

Hiolll HB BHTHCOBD8.ll9HH9 0 8 - MBW9Hb, Pb - CBBHUOB8H 38WBT8. 
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MOutH <j:lHnbTpOS H OCT8H8SnHS8IIHCb S MHWBHH ( pHC. 1) • Cosna.OBHHSI HMnyiibCOS, S03HHK810WHX 

H8 SbiXOll8X CnBKTpOMBTp8 H noMBlllBHHOrO S ny'IOK 1T --MB30HOS CUHHTHnnSIUHOHHOrO C'IBT'IH

K8 5 perHCTpHposanRCb H8HOCBKyH.OHOII CXBMOII cosnaneHHII/
4/. 

Hana.nKa H K8IIH6pOSK8 annapaTypbl 6biii8 SblnOIIH8H8 S SKcnepHMBHTBX, rne B K8'1B-

CTS8 MHWBHH HCnonb30SMCSI >KH.OKHII SO.OOpon. 3nepr8TH'IBCKHII nopor perHCTp8UHH y -

KB&HTOS cneKTpOMBTpOM 6bln Sb16p8H p8SHbiM 30 Mas. flpH STOM CKOpOCTb C'I9T8 y 17 -cos., 

-1 
na.OBHHII llOCTHrana 1000 CBK • C y.naneHHBM >KHllKOSO.OOpO.OHOII MHWBHH CKOp?CTb C'IBT8 

nenana B 50 paa. Yf3MepeHH8SI 38BHCHMOCTb CKOpOCTH C'I9T8 y rr -cosna.neHHII NY OT 

TOUlllHHbl TOpM03Siutero <j:lHnbTp8 R (pac. 2) cosnanaeT c pacnpeneneHHBM rr -Meaoaos 

00 npo6eraM. 3TO OO.OTB&p>K.08BT 0 'ITO perHCTpHpyeMbl9 y -KS8HTbl HCnyCKSIOTCSI npH 38X-

B8T9 OCT8HOBHSlllHXCSI 1T -M830HOS. 

Nr 
y y 

1,0 ? ? LiH 

0,8 

0,6 ? ? 
Li· 

0,41 
? ' + + 

o,2 r ? 
9 ? 

• + • 
14 17 
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9 ~ / 

+ +// 

* • // 
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', . 
Pac. 2. 3asacHMOCTb cKopocTH c\:~Ta y rr . -cos_nanenall NY (s oTnocaTenbHblx enana

uax) OT TOUlllHHbl TOpM03SilllBrO <j:lanbTp8 R • 0 - MHWBHb H3 rH.OpHll8 nHTHSI, 

• - MHWBHb H3 UHTHSio nyHKTHpH8SI KpHS8SI - >KHllKOSOllOpO.OH8SI MHWBHb 

(M8CWT86 1/50). 
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AnanorH'IHWB H3MepeHHSI 6b1IIH npOBB.OBHbl T8K>Ke C MHWBHSIMH H3 BC 

lllHX BBlll9CTS ( LiH c~. CH ) • rne 38XS8T " -Me30HOB npOTOH8MH 

6naro.napH HHTBHCHBHOMY nepeXB8TY 1T -M930HOB Slllp8MH 0 CSSI38HHb!MH C 

rbnyqeHHSH s STHX onbiTSX aaBHCHMOCTb N (R) B paAoae •naKa' cosnan• 
·Y 

welleR s 

TOUlllHH 

nH'IBHHBM 

cnyqae sonopona. y -KSBHTbi, peracTpHpyeMbie ycTaaosKoll s o 

R ( pac. 2) •. so3HHK8IOT a peaynbT&Te nepeaapH.OKH rr - -Meaonc 

R ceqenae sToro npouecca 6biCTpo nanaeT
131

• 

nocne npOBB.OBHHSI np9,/lB8pHTBnbHbiX SKCnepHMBHTOB B ny'IOK rr -~ 

noMeuteHa MHWBHb H3 IIHTHSio VfaMepeHH8SI 38SHCHMOCTb NY (R) npiiSBllBl 

KaK sanno Ha sToro pacyHKa, aaeacHMOCTb NY (R) e cnyqae nHTHesoA Ml 

TOT >Ke xapaKTep, 'ITO H nns MHWeaeA, conep>KautHx sonopon. Ananoraq 

nH nony'IBHbl npH HCnOIIb30B8HHK MHWBHBit H3 rpa<j:lHT8, THT8H8 H CBHHU8. 

cKopocTeA cqeTa N y npa BKniO'IBHHOM H SbiKniO'IBHHOM C'IBT'IHKe 8HTHCOE 

K838IIO, 'ITO CnBKTpOMBTp perHCTpHpyeT npaKTH'IBCKH TOnbKO y -KB8HTbl • 

CTpapyeMbiX aaps>KeHHbiX 'IBCTHU He npeBbiWana 1%. Hanaqae s aasacHMO 

'IBTKO Bblp8>KBHHOrO 'IIHK8• B o6n8CTH OCTBHOSOK 1T --MB30HOB noK83biBBB 

CTpHp088HHbilt MBnOHHTBHCIIBHbllt IIpOUBCC ( 1 ) npOTBK8BT B CIIO:>K.HbiX SI.Opa; 

OCT8HOBHBWHXCSI 1T -MB30H0Bo 

Vf.OBHTHtPHK8UHH Ha6niOJl810utBrOCSI IIpOUBCC8 HSIISIBTCSI OllH03H8'1HOit, 
' /6/ 

llblllYlllHX 9KCnepHMBHT8X 6btno nOK838H0 0 'ITO sepOSITHOCTb nepe38pSilll 

CSI 1T -M830HOB 

" + ( z ) -+ rr
0 + ( z - 1 

A 
. rr'"-+ 2y' 

A 

npH KOTopoA T8K>Ke acnycKaiOTCH y -KsBHTbi, nonasneHa e accnenyeMbiX 

6onee, 'IBM S 10
4 

p83o 8TH >Ke SKCnepHMBHTbl ll8J?T HH3KHit BBpXHHit rrpeJ 

HOCTH HcnyCK8HHH Tpex H 6onee Y -KS8H1'0B SbiCOKOit SHeprHH. 

i 
BenH'IHHa sepoHTHOCTH V panaauaouuoro aaxsaTa ( 1 ) 6bma orrpene: 

nH'IHb!MH MBTO.ll8MH IIYTBM COnOCTSBneHHSI CKOpOCT<?It C'IBT8 y -KB8HTOS 0 

accnenosaHHbiX MHwenell. 1) 0THoweane Sbixonos y -KsaHTOB N* (aa 
. /5/ y 

WOrO BKn8.08 OT nepea8pSI.OKH HB neTy ) H3 >KHllKOBO.OOpO.OHOit H IIHTHBE 

aanocb paBHbiM 36 :!:_6 • C yqeToM paanH'IHH s 'IRene ocTaHosoK rr --Meaoac 

-2 
STO ll8BT .OnH UHTHSI VL

1
• (2,3:!:_0,6).•10 • 2) 0THOWBHH8 BBnH'IHH N* 

y 
H3 Li H LiH nonyqeHO p8BHbiM ( 0,36 :!:_0,06) • 0TCIO.ll8 H8 OCHOB8HHH H31 

BBpOSITHOCTH nornouteHHH rr -Me30HOS H.Op8MH SO.OOp0.08, CSH38HHbiMH B 
. -2 

'188M VL
1

• (2,1 :!:_0,6) • 10 • 3) 8enH'IHH8 VLI MO>KBT 6b!Tb H8II.OeH8 T8K> 

CT8SnBHHSI H3M8p8HHbiX OTHOWBHHit CKOpOCTBit C'I8T8 O.OHHO'IHbiX 

H nap y -KB8HTOS (N* ) /(N* ) / 5 / .OnH MHWBHH H3 rH.OpH.08 
yy n 2 yy LIH 

5 
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usanucb B MHweuu (puc. I). Cosnat:~eHH!I HMnynbCoB, B03HHKaiOWHX 

a H noMeW9HHOro B ny-'IOK 1T --M930HOB CUHHTHnn!IUHOHHOrO C-'19T-'IH

auoceKyHtlHOil CX9MOil COBfi/Ul9HHil/
4
/, 

aKa annapaTypbi 6blna Bblfionueua B aKcnepHMeHTax, rt:~e B Kaqe

ancH )l{lltlKHil BOtlOpOtlo 3uepreTH-'19CKHil nopor perHCTpaUHH y -

bin Bbi6pau paBHbiM 30 M3s. flpu aToM cKopocTb cqeTa y 17 -coB"" 

-I C9K • C yt:~aneHH9M )l{lltlKOBOtlOpOtlHOil MHW9HH CKOpOCTb C-'19Ta 

euua!l 3aBHCHMOCTb CKOpOCTH cqeTa y 1T -cosnat:~eHRil NY OT 

R ( pRCo 2) COBnat:~aeT C pacnpet:~eneHH9M 1T -Me30HOB 

,9 p)l{tlaeT, -'ITO perHCTpHpyeMb19 y -KBaHTbl HCnyCKSIOTC!I npH 3ax-

-M930HOB. 
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c~~Ta y" -coa.nat:~eHHil NY (a oTHOCHTenbHbiX et:~HHH

Hbi TOpM03!1ll.lero cpHnbTpa R • 0 - MHW9Hb 113 rHtlPHtla nHTHH, 

3 nHTR!I, nyHKTRpHa!l KpHBa!l - )l{lltlKOBOtlOpOtlHa!l MHW9Hb 
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Auanoruquwe H3MepeHH!I 6blnH npoaet:~eHbl T8K)I{e c MHweH!IMH 113 BOtlopot:~ocot:~ep)l{a-

WHX sewecTB ( LiH , C~, CH ) , rt:~e 3axsaT "- -Me3ouos npoToHaMH pe3Ko not:~asneu 

6narot:~ap!1 HHT9HCHBHOMY nepeXBaTY 17--M930HOB !1tlpaMH 0 CB!I3aHHblMH C BOtlOpOtlOM/
5

/ 

rk>nyqeuua!l B aTHx o'~biTax 3aBHCHMOCTb N (R) B pailoue •naKa'" cosnat:~aeT c ua6nl0t:~as-

weilc!l B 

TOUIUHH 

UH-'19HH9M 

Y 
cnyqae BOtlopot:~a. y -KBaHTbi, peracTpHpyeMbie ycTauoaKoil B o6nacTH MeHbWHX 

R (puc. 2) '· ao3HHKaiOT 8 pe3ynbTaTe nepe3ap!!tlKH " - -Meaouos ua neTy. C yse

R ceqeuae aToro npouecca 6biCTpo nat:~aeT131 • 

nocne npOB9tl9HH!I Hp9tlBapHT9UbHblX 3KCnepHM9HTOB B ny-'IOK 11 -Me30HOB 6b1U8 

fiOMeiUeHa MHW9Hb 113 UHTH!I. Vf3Mepeuua!l 3a8HCHMOCTb NY (R) npRB9tleHa Ha pHC. 2. 

KaK BHtlHO 113 aToro pucyuKa, 3aBHCHMOCTb NY (R) B cnyqae nHTHeaoil MRweuu HMeeT 

TOT )1{9 xapaKTep, -'ITO II tlll!l MHW9Heil, COtl9p)l{all.IHX BOtlOpOtl. AuanorH-'IHbl9 Kp118bl9 6bi

UR nonyqeHbl npH RCHOUb30BaHHU: MHWeHeil 113 rpacpHTa, THTaHa II CBHHua. ConOCTasneHHe 

cKopocTeil cqeTa NY npu sKUIO-'leHHOM 11 sbiKUIO-'leHHOM cqeT-'IHKe auTHcoanat:~eHHil 7 no

Ka3ano, -'ITO CH9KTpOM9Tp perRCTpHpyeT npaKTII-'19CKR TOUbKO y -KsaHTbl - np11M9Cb peru-

CTpHpyeMbiX 3ap!1)1{9HHbiX qacTIIU ue npeBbiWana I%. Hanuque a 3asHCHMOCT!IX N ( R) y 
-'19TKO Bblpa)I{9HHOrO "nHKa" B o6naCTII OCT811080K 17 --M930HOB fiOKa3b!BaeT, -'ITO 3aperu-

CTpllpOBaHHbllt ManoiiuTeHCHBHbill npouecc (I) npoTeKaeT a cno)I{.HbiX Rtlpax npu aaxsaTe 

OCTHHOBIIBWRXC!I 1T -Me30H08, 

Vftl9HTIItPIIK8UR!I Ha6n!Otl810IU9rOC!I npouecca !IBn!leTC!I OtlH03H8'1HOlt, HOCKOnbKY B npe

/6/ 
tlbltlYlUIIX 3KCH9pRM9HT8X 6blnO HOK838H00 'ITO B9pO!ITHOCTb nepe38p!!tlKR OCTHHOBIIBWHX-

C!l 1T -M930HOB 

1T + ( z ) ... 17° + ( z - 1 ) • ," ... 2y. 
A A (2) 

np11 KOTOpOil TaK)I{9 HCfiyCKHIOTC!I y -KBBHTbl, HOtlBBneHa B l!CCnet:~yeMblX CnO)I{Hb!X SltlpaX 

6onee, qeM a 104 
paa. 8TH )1{9 aKcnepuMeHTbi tlBI?T HH3KIIil aepxauil npet:~en tlU!I aepoH-r

uocTII HcnycKaHHSI Tpex II 6onee Y -KBaH1'0B BbiCOKOil aaeprHH, 

BenH'IHHa aepo!!THOCTH V pat:~uauuouaoro 3axsaTa ( ~) 6bma onpet:~eneaa TpeM!I pa3-

nH'IHbiMH M9TOtlaMH nyTeM COfiOCTBBneHH!I CKOpOCTPil C'I9T8 y -KBaHTOB, HCfi,YCK89MbiX 113 

HCCnetlOB8HHblX MIIW9Heil, 1) 0THOW9HH9 BbiXOtlOB y -KBaHTOB N* (aa Bbi'I9TOM He6onb-

. /5/ y 
WOrO BKnat:~a OT nepe3ap!!tlKH Ha neTy ) 113 )I{HtlKOBOtlOpOtlHOil II nRTII9BOil MHW9Heil OKa-

3anocb p8BHbiM 36 :!:.6 • C yqeTOM p83UH'IH!I B "!Ilene OCTaHOBOK 1T --M930HOB B MHW9H!IX 

-2 
3TO tl89T tln!l UHTH!I VLl • (2,3:!:.0,6).•10 • 2) 0THOW9HII9 aenR'IHH N* tln!l Muweaeil 

y 
113. Li II LiH nonyqeHO p8BHbiM (0,36:!:.0,06), 0TCIOtla Ha OCHOBaHIIH !13B9CTHOil B9nii'IHHbl 

- L' H 
161 

B9p0!1THOCTII nornoWeHIISI 11 -Me30HOB !ltlpaMII BOtlOpOtla, CB!I3aHHbiMH B 1 , nony-
. -2 

qaeM VL
1

• (2,1 :!:.0,6) • 10 • 3) BenH'IRHa V Ll M0)1{9T 6b1Tb H8iltleHa TaK)I{9 nyTeM cono-

CTaaneHII!I 113MepeHHbiX OTHOW9HIIil CKOpOCTeil C'I9Ta OtliiHO'IHblX Y -KBaHTOB ( N* ) .l(N* ) 
/5/ y 11 2 y LIH 

II nap y -KB8HTOB (N* ) /(N* ) tln!l MIIW9HII 113 rlltlplltla nHTH!I !I )l{lltlKOBOtlOpOtl-
yy u 2 yy LlH 

5 



-2 Holt MHWeHH. 3THM MeTO.IlOM nonyqeHo V.. 1 • (2,5!_0,9)•10 • Ycpe.o.HeHHe nonyqeHHbiX 

pa3Hb1MH M9TO,IlaMH S9UH'IHH .o.aeT 

-2 
VLI- (2,3!_0,5 )· 10 • 

AHanorH'IHbiM cnoco6oM 6&ma onpe.o.eneHa sepoRTHOCTb pa.o.HauHOHHoro aaxsaTa s 

yrnepo.o.e 
' -2 

Vo =(1,8!_0,4~·10 • 

CpaaHeHHe SbiXO.IlOB Y -KsaH'l'OB N* H3 paanH'IHbiX MHWeHell noKaaano, 'ITO aepoRTHOCTb 
y 

pa.o.HaUHOHHOrO aaxsaTa npaKTH'l9CKH He H3M9HSI9TCSI C poCTOM 3apR.Ila R MaCCbl Sl.llpa: 

H.o.po (x) u c Ti Ph 

V IV 
X 0 

1,3 !_0,2 1,00 1,2 !. 0,3 1,0 !_0,2 

v 10"2 
X o 2,3 !. 0,5 1,8 !. 0,4 2,2 :!:. 0,6 1,8 ±. 0,5 

Cae.o.eHHR o6 aHepreTR'l9CKOM cneKTpe y -KaaHTos, HcnycKaeM&rx npH pa.aRauROHHOM 

aaxaaTe nHoHos R.o.paMH, 6blnH nonyqeHbl nyTeM cpaaHeHHR CKopocTell cqeTa N* 
y 

npH JlaanH'IH&IX aHepreTH'l9CKHX noporax qepeHKoscKoro cneKTpaMeTpa En•30 H 45 Mas. 

0THoweHHe senH'IHH ( N* ) /{N* ) .o.nR aTHX noporos oKaaanocb paBH&IM 1,1 :t_O,I. 
y H 2 y Ll 

O:CIO.O.a cne.o.yeT, 'ITO cneKfp HCUYCKaeMbiX H3 nHTHSI y -KsaHTOS SIBUSIQTCSI CTOUb )f{Q 

•)KeCTKHM•, KaK H s cny.qae so.o.opo.o.a, r.ae cpe.O.HRR aHeprHR cneKTpa cocTasnReT 85 Mas. 

0THOW9HHSI BbiXO.IlOB y -KBaHTOB UpH paanR'IHbiX noporax CU9KTpOM9Tpa 6blnH H3Me

peHbl .O.nR yrnepo.o.a, nHTRSI H CBHHUa, npH aTOM nonyqeHO 

[(N* ) /(N* ) ] )[(N*) /(N* ) ] = 1,0+0,1 
y Ll ·y 0 E

0
=uMas y Ll ·Y o En=aoMaa 

llnR CSHHna aHanarH'IHaSI aenR'IRHa pasHa 1,2 :t_O,l. 0TCIO.O.a cne.o.yeT, 'ITO. aRepreTR'l9CKRII 

cneKTp y -KaaHTOB 1 RCnyCKaeM&IX npH pa.o.HaUHOHHOM aaxaa;e UHOHOB SI.O.paMH cna6o aaBH

CHT oT aapR.o.a H aeca R.o.pa. 
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-2 
eTo.noM nonyqeHo Ji.

1 
= (2,5:!:_0,9)•10 • Ycpe.nHeHue nonyqeHHbiX 

~WH'IHH .naeT 

-2 
VLI ~ (2,3:!;_0,5 )·10 • 

ocoooM Obin8 onpe.neneHa eepOSITHOCTb pa.nHSUHOHHpro 38XBBT8 B 

-2 
V 0 =(1,8:!;_0,4~·10 • 

y -KB8H10B N* H3 pasnH'IHbiX MHWeHeA uoKasano, 'ITO eepoHTHOCTb y . 

Ira npaKTH'16CKH HB H3MBHSIBTCSI C pOCTOM sapH.lla H M8CCbl Sl,npa: 

Li c Ti Pb 

1,3 :!:. 0,2 1,00 1,2 :!:. 0,3 1,0 :!:_0,2 

2,3 !.. 0,5 1,8 ±. 0,4 2,2 ±. 0,6 1,8 ±. 0,5 

epreTH'I6CKOM cneKTpe Y -KBaHTOB, HCDYCK86Mbl·X npH p8.llHBUHOHHOM 

H.npaMH, o&InH nonyqeubl nyTeM cpaeueuHSI CKopocTeA c'leTa N* 
y 

eTH'IeCKHX noporax qepeHKOBCKoro cneKTpoMeTpa E 0 a30 u 45 Mae. 

N* ) /(N* ) .nnH aTHX noporoe oKasanocb paBHbiM 1, I ±.0, 1. 
y H2 y Ll 

~ cneKfp HCflyCKaeMblX H3 nHTHll y -KBaHTOB SIBnHeTCSI CTOnb )KB 

cnyqae eo.nopo.na, r.ne cpe.llHSISI aueprHH cneKTpa cocTaenHeT 85 Mae. 

o.noe y -KBaHTOB npH pasnH'IHbiX noporax cneKTpoMeTpa ObinH H3Me

nHTHSI H CBHHUa. npH aTOM nonyqeHO 

/(N* ) ) /[(N*) J(N* ) ] ~1,0+0,1 
Y 0 E

0
=uMae y Ll ·Y o En=aoMae -

HaS! BenH'IHHB pasHa 1,2 ±.0, 1. 0TCIO,lla cne.nyeT, 'ITO. aueprBTH'IBC~HA 

cnycKaBMbiX npH pa,nHaUHOHHOM saxBaTe UHOHOB ll.llpaMH cnaoo sasH

a H.npa. 
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