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H3secTHO, 4TO 3KcnepHMeHT~, npoBOAHM~e c noMo~b~ ny3~pbKo
B~x KaMep HnH RAePH~X ~OT03MynbCHH, B OTnH4He OT 3KCnepHMeH
TOB, B~nonHeHH~X Ha OCHOBe 3neKTpOHHOH MeTOAHKH, o6naAa~T, 

KaK npasHno, 4"-reoMeTpHeH. 0TpH~aTenbH~e 4aCTH~~. o6pa3y~
~HecR B RAepH~X CTOnKHOBeHHRX npH cpeAHHX 3HeprHRX 
2+10 f38/c.HyKnOH,RBnR~TCR B OCHOBHOM "--Me30HaMH.0AHaKO AnR 
T04HOrO onpeAeneHHR cpeAHeH MHOmecTBeHHOCTH "--Me30HOB B 3KCne
PHMeHTanbH~H MaTepHan He06XOAHMO BHeCTH PRA nonpasoK, CBR3aH
H~X c 3$1leKTHBHOCTb~ perHcTpa~HH H HAeHTH~HKa~HH "--Me30HOB. 

8 HaCTOR~eH pa6oTe onHC~Ba~TCR nonpaBKH, KOTOp~e 6~nH BHe
CeH~ B 3KCnepHMeHTanbH~e AaHH~e, OTHOCR~HeCR K xapaKTepHCTHKaM 
OTpH~aTenbH~X nHOHOB, o6pa3y~~HXCR npH B3aHMOAeHCTBHH RAep 
AeHTepHR, renHR H yrnepOAa C RApaMH TaHTana npH HMnynbce 
nepBH4HbiX RAep 4, 2 f38/ C Ha HyKnOH. .LJ.nR 113y4eHHR 3TH X B3aHMO
AeHCTBHH B 2-MeTpOBy~ nponaHOBy~ ny3~pbKOBY~ KaMepy fla6opa
TOpHIII B~COKIIIX 3Hepri!IH OHRH 6blnH noMe~eH~ TPIII TaHTanos~e 
nnaCTHH~ TOn~HHOH 1 MM Ha paCCTORHHH 93 MM APYr OT Apyra. 

1. nonPABKH, CBR3AHHbiE C nEPBH4HbiMH RAPAMH 

AnR Toro 4T06~ lltCKn~4HTb np~~tMecb Heny4KOB~x 4aCTIII~, 6~no 

BBeAeHO orpaHH4eHHe Ha KOOPAHHaT~ X 1'1 Z T04eK B3aHMOAeikTBHR 
nepBH4H~x RAep B TaHTanos~x nnacTHHax, a TaKme Ha o6nacTb 
H3MeHeHHR yrnoB a H {3, xapaKTepH3y~~HX HanpasneHI!te TpeKOB 
nepBH4H~X RAep. 3TIIt OrpaHI!t4eHIIIR 6~111 onpeAeneH~ Ha OCHOBe 
reoMeTPI14eCKIIIX pa3Mepos ny4Ka H onHcaH~ B pa6oTe 11~ 

KpoMe Toro, 6~nH BBeAeHbl nonpaBKIII K HanpasneHH~ TpeKOB 
nepBI14H~X RAeo. KaK H3BeCTHO, paAHYC Kpi!IB1!13H~ TpeKa 3apR
meHHOH 4aCTH~~/RApa/ B MarHHTHOM none nponop~HOHaneH BenH4HHe 

~A, rAe P- HMnynbc ,npi!IXOAR~HHCR Ha 1 HyKnoH RApa, A -aTOMH~H 
sec, a Z - 3apRA RApa . .llnR RAeP AeHTepHR, renHR "' yrnepoAa 
senH4HHa A/Z =2. no"' nepBH4HOM HMnynbce 4,2 f38/c Ha HYKnOH 
KpHBH3Ha TpeKOB nepBH4HbiX RAep COOTBeTCTBOBana HMnynbcy OA
H03apRAHOH 4aCTH~~ 8,4 f3B/c. B nporpaMMe reoMeTpH4ecKOH 
peKOHCTpyK~HH C06~THH AnR BCeX BHAOB o6ny4eHHR nepBH4H~H TpeK 
06pa6aT~BanCR no rHnOTe3e OAH03apRAHOH 4aCTH~~-npOTOHa C HM
nynbCOM Po=8,4 f3B/c. nonpasKa K Ha4anbHOMy 3Ha4eHH~ HMnynbCa 
Po H3-3a HOHH3a~HOHH~X noTepb H MHOrOKpaTHOrO pacceRHHR 4aC-
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TH~~ Ha nyTH ,qo T04KH B3aHMO,qeHCTBHR B 3TOM Cfiy4ae OTfiH4Ha 
OT COOTBeTCTBY~~eH BefiH4HH~ Afil'l MHOr03apR,qHOrO R,qpa. 3TO 
npHBefiO K He6ofibWOMy H3MeHeHH~ HanpaBfieHHR TpeKOB nepBH4H~X 
R,qep B T04Ke B3aHMOAeHCTBHR, a Cfie,qoBaTefibHO, H yrfiOB B~neTa 
BTOpH4H~X 4aCTH~ no OTHOWeHH~ K nepBH4H~M. 4T06~ yMeHbWHTb 
BfiHRHHe 3TOH OWH6KH Ha yrnos~e xapaKTepHCTHKH BTOpH4H~X 4ac
TH~, K HanpasneHHRM nepBH~H~X TpeKOB 6~nH BBe,qeH~ nonpaBKH 
~tga H ~~. 3TH nonpaBKH Onpe,qenRnHCb H3 Tpe6oaaHHR, 4T06~ 
MaKCHMYM~ B yrnOB~X pacnpe,qefieHHRX nepBH4H~X H BTOpH4H~X 
4aCTH~ COBna,qafiH. npM 3TOM HCnOflb30BanHCb TOflbKO BTOPH4H~e 
4aCTH~~ C HMnyflbCaMH 60flbWe 3 f38/c, TaK KaK OHH HMe~T Y3KOe 
yrnosoe pacnpe,qeneHHe c 4eTKO s~pameHH~M MaKCHMYMOM. Cne,qyeT 
OTMeTHTb, 4TO nonpaBKH ~tga H ~~ 04eHb Man~, OHH COCTaBnR~T 
1+ 2 CTaH,qapTH~X OTKflOHeHHR ,qnR H3MepeHHR yrnOB a H ~Ill. 

2. nonPABKA, BM3BAHHA~ nPHMECb~ C06MTH~ B nPOnAHE 

3Ta nonpasKa sao,qHnacb s ,qsa 3Tana. CHa4ana 6~nH OT6poweH~ 
C06~THR, y KOTOP~X KOOPAHHaT~ T04KH B3aHMO,qeHCTBHR OKa3anHCb 
BHe o6naCTH pacnonomeHHR TaHTaflOB~X nnaCTHH, C y4eTOM TO~HOCTH 
npOCTpaHCTBeHHOrO BOCCTaHOBneHHR KOOPAHHaT fuy =0,5 MM/. B 
pe3ynbTaTe 3TOH npo~e,qyp~ KOnw4eCTBO dTa-,HeTa- H CTa
B3awMo,qe~cTBHH yMeHbWHflOCb Ha 10%, 12% H 4% COOTBeTCTBeHHO. 
CpaBHHTenbHO qonbwoe 4Hcno OT6poweHH~X co6~THH s cny4ae dTa
H HeTa -s3aHMOAeHCTBHH o6'bRCHReTcR TeM, 4TO 4aCTb 3Kcnepw
MeHTanbHOro MaTepHana ,qnR d- H He -o6ny~eHHH 6~na nony4eHa 
npH Hey,q06HOM Afll'l BH3yanbHOrO OT60pa C06~THH nonomeHHH nfiBCTHH 
BHYTPH KaMepbl, KOr,qa nnOCKOCTb nnaCTHH He COBna,qana C OCb~ 
~OTOrpa~HpOBaHHR. 

04eBHAHO, 4TO nocne BBe,qeHHR yKa3aHHOH nonpaBKH cpe,qH 
C06~THH B TaHTane e~e OCTBeTCR npHMeCb C06~THH, o6pa30BaHH~X 
s TOHKOM cnoe (t .. 2u y "' 1 MM ) nponaHa, npHnera~~eM K TaH-
Tanos~M nnaCTHHaM; 3TH C06~THR Heflb3R 0TflH4HTb OT co6~THH 
B TBHTane HH BH3yanbHO, HH nyTeM H3MepeHHH H3-3a HeT04HOCTH 
BOCCTaHOBfleHHR npOCTpaHCTBeHH~X KOOPAHHaT. CBR3aHHY~ C 3TOH 
npHMeCb~ nonpaBKy K cpe,qHeH MHOmeCTBeHHOCTH ,-_Me30HOB, 
o6pa30BBHH~X B TaHTanOB~X MHWeHRX, MOmHO onpe,qenHTb, 3HaR 
Cpe,qHHe MHOmeCTBeHHOCT14 ,- -Me30HOB, pom,qeHHbiX B CTOflKHOBeHHRX 
R,qep d, He 14 C c nponaHOM, H 4HCno co6~TI4H, o6pa3y~~HXCR 
s cnoe nponaHa TO~I4HOH 1 MM. 3Ta nonpasKa s~4wcnRnacb no 
cne,qy~~eH ~opMyne: 

k 1 <n _ _-> ATa + k 2 < n_ > A(C
3

H
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> = <n ua1i.1. 

r ,qe k 1 - ,qonR co6~THH s TaHTane; k 2 - ,qonR co6~THH s n pona He; 
<n_> Ha6JJ. - Ha6n~,qaeMOe 3Ha4eHHe Cpe,qHei1 MHO>KeCTBeHHOCTH ,--
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Me~OHOB B OTo6paHH~X C06~T14l'IX; < n_ > A(CaH g) - Cpe,qHI'Il'l 

MHOmeCTBeHHOCTb ,- -Me30HOB, o6pa3y~14XCI'I B A(CaHg) -s3a-
14MOAe~CTBHRX; <n_>ATa- 14CKOM~e 3Ha4eHHI'I cpe,qHeH MHO>KecT
BeHHOCTH ,-_Me30HOB, o6pa3y~~HXCR npw s3aHMO,qeHCTBHH R,qpa A 
C RAPOM TaHTana. 

Benw4HH~ k 1, k 2 H <n _ > A(CsHs > 6~nw onpeAeneH~ 
143 HaW14X 3KCnepwMeHTanbHhlX ,qaHH~X. nonpaBKH K cpe,qHeH MHO
meCTBeHHOCTI4 ,- -Me30HOB, CBR3aHH~e C npwMeCbiO co6~THH B npo
naHe, cocTaswnw 3, 5%, 5% H 1 0, 5% ,qnR dTa-, HeTa- H CTa -s3aHMO
,qeHCTBI4H COOTBeTCTBeHHO. 

3. nonPABKH, CB~3AHHbiE C nOTEP~MH ,- -ME30HOB 
B HEKOTOPbiX Yf110BbiX HtlTEPBAJlAX M, ~¢ 

Yrn~ 8 14 ¢ xapaKTepwayiOT HanpasneH~-te s~neTa BTOpH4Horo 
,- -Me30Ha no OTHOWeHIIIIO K nepBH4HOMy RAPY: 8 - yron, KOTOPbiH 
o6pa3yeT HanpasneHHe BblneTa "- -Me30Ha c HanpasneHHeM ABIII>KeHI4R 
nepBH4HOro R,qpa, a¢- aawMyTanbH~H yron. nonpaaKa no yrny 8 
Y4HT~saeT nOTepiO 4aCTH~, B~fleTaiO~HX no,q yrnOM OKOflO 90° 
K HanpasneHHIO ny4KB H 113aCTpesa~HX 11 B TaHTaflOBOH nnacTHHe. 
Ha pwc.1 noKa3aHo pacnpe,qeneHHe ,--Me30HOB, o6paaosasw~-txcR 
s CTa-saawMo,qei1cTBHRx, no yrny 0 /6ea nonpasKH/. 8~-t,qHo, 
4TO 8 yrnOBOM HHTepaane 80° 7 110° HMeiOTCI'I noTe pH BTOpH4HbiX 
,- -Me30HOB. 

nonpasKa no yrny ¢ y4HTblsaeT noTepiO 4aCTI1~, BblneTa~~Hx 

no,q 6onbWHM yrnoM K nnocKOCTH ~oTorpa~~-tposaHHR. Ha p~-tc.2 
npe,qcTaaneHo pacnpe,qeneHHe ,-_Me30HOB, o6paaosasw~-txcR a 
CTa -s3aHMO,qei1cTBHRX, no yrny ¢ /6ea nonpaBKH/. Bw,qHo, 4TO 
HMeiOTCI'I 3aMeTH~e nOTepH 4aCTH~, neTR~HX BHH3,KO AHY KaMep~ 
/.P- 90°/, "'ssepx /.P-270°/. ni~TepH 4aCTH~, neTR~HX KO AHY 

KBMep~,60flbWe nOTOMy,4TO ny~OK 
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nepBI14H~X R,qep npoxo,qwn 6nwme 
KO AHY, 4eM K sepxHeMy cTeKny 
KaMep~, "' noToMy, 4TO ocse~eH
HOCTb KaMep~ OKOflO AHa cna6ee. 

nonpaBKH 6~nl'1 sse,qeHbl TaKHM 
o6paaoM, 4T06~ nony4111fl0Cb H30T
ponHoe pacnpe,qeneHwe no yrny 
¢ "' nfiaBHOe pacnpe,qeneHHe no 

yrny 8. AnR 3Toro s pa3H~X HH
Tepsanax yrnos 0 w-.P Kam,qoMy 

1T- -Me30HY npHnHc~sanCR COOT
seTCTBYIO~HH sec. 
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BenH4HHa HHTepeanoe onpeAen~
nacb CTaTHCTHKOH TT- -Me30H08. 
B Ta6n. 1 , 2, 3 .npHBeAeHbl 3Ha4e
HH~ BeCOB, BBeAeHHbiX An~ TT- -

Me30HOB H3 CTa-, HeTa - H 
dTa - B3aHMOAeHCTBHH COOTBeT
CTBeHHO, B pa3HbiX HHTepeanax 
yrnOB 0 H ¢. npHBeAeHHble B Ta6-
nH~aX 3Ha4eHH~ eecoe w(O,¢) 
npeAcTaen~~T co6ol:1 npoH3BeAe
HHe ABYX OTAenbHO onpeAeneHHbiX 
eecoe no yrnaM e H ¢,T.e . 

w(e, ¢) = w1 (e) w2 (¢) •. 

Beca onpeAen~nHCb TaKHM o6pa-
30M, 4 T06bl B KaiKAOM yr, nOB OM 
HHTepeane t::.e 6blna H30TponH~ 
no ¢. TaKoe eeeAeHHe nonpaeoK 
Y4HTbiBaeT aaBHCHMOCTb HMnynbc
HOrO cneKTpa TT- -Me30HOB OT 
yrna e. EcnH 6bl nonpaBKa no ¢ 
BBOAHnacb An~ BCeX TT--Me30HOB 

6ea paa6HeHH~ no HHTepeanaM t::.e, TO noTe pH rr- -Me30HOB, BblneTa~

~Hx nOA 60nbWH~H yrnaMH, OKOnO 90~H cneAOBaTenbHO, MeHee 
3HeprH4HbiX, KOMneHCHpOBanHCb 6bl yeenH4eHHeM 4HCna TT- -MeSO HOB, 
BblneTa~~HX nOA MeHbWHMH yrnaMH, TO eCTb 6onee 3HeprH4HbiX. 

BenH4HHbl nonpaBOK no e H ¢ An~ TT- -Me30HOB H3 pa3HbiX 
B3aHMOAeHCTBHH npHBeAeHbl B Ta6n.4. 

4. nonPABKI1, Bbi3BAHHbiE nPI1MECbll) 
HE11AEHTI1$11U11POBAHHbiX 3nEKTPOHOB 
11 BTOPI14HbiMI1 B3AI1MOAE~CTBI1.RMI1 rr- -ME30HOB 
11 CTPI1nni1Hf0Bb1X 4ACT11U 

4acTb 3neKTPOHOB c 3HeprH~MH Bblwe· 1 00 M3B, o6paaoeaHHbiX npH 
KOHBepCHH B TOH IKe nnaCTHHe raMMa-KBaHTOB OT pacnaAOB rr 0

-

Me30HOB,He BCerAa MOIKeT 6b1Tb BH3yanbHO OAH03Ha4HO HAeHTH$H
~HPOBaHa. npHMeCb HeHAeHTH$H~HpOBaHHbiX 3neKTpOHOB K TT- -Me30HaM 
6b1na O~eHeHa MeTOAOM MOHTe-Kapno Ha OCHOBe. npeAnOnOIKeHH~ 06 
OAHHaKOBOH MHOIKeCTBeHHOCTH H OAHHaKOBbiX HMnynbCHbiX H yrnOBbiX 
CneKTpax TT

0 -Me30HOB H TT- -Me30HOB. 3TOT aHai1H3 noKa3an, 4TO 
npHMeCb 3IleKTpOHOB K TT- -Me30HaM COCTaBil~eT OKOnO 5%. 0011ee 
nOAP06HO Bb14HCileHHe 3TOH nonpaBKH OnHCaHO B pa6oTe 12~B TOH IKe 
pa60Te nrmBOAHTC~ O~eHKa nonpaBOK, CB~3aHHbiX C BTOPH4HbiMH 
B3aHMOAeHCTBH~MH TT--Me30HOB B TOH IKe nnaCTHHe, B KOTOpOH OHH 
POAHilHCb, H C BTOpH4HbiMH B3aHMOAeHCTBH~MH B TOH IKe nnaCTHHe 
CTpHnnHHrOBbiX 4aCTH~. 3TH nonpaBKH Manbl, OHH COCTaBil~~T MeHb-
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Ta6JIH~a 3 

(9,\f) di( ,-- (z, +f. a%) 
•• "' " r - -

i, ?6 1,22 

i,6 2,82 i,95 ~6 

?2 80 9J iOO i08 ~4~ e· 
Ta6nHua 4 

dTa HeTa CTa 

7,7% 8,7% 4,0% 

3,5% 3,8% 3,0% 

11,2% 12,5% 7,0% 

we l%. K TOMy *e OH~ HMeOT npOTHBOnOnO*H~e 3HaKH H n03TOMY 
KOMneHCHPYOT APYr Apyra. 

H3-3a BTOp~4H~X B3a~MOAeHCTB~H Ha ManoM paCCTORHH~ OT nep
B~4HOrO aaaHMOAeHCTB~R /MeHbWe 6 ~8 CM/ AnR 4aCT~ BTOPH4H~X 
4aCT~~ 6~0 HeB03MO*HO onpeAen~Tb 3HaK ~X 3apRAa. 3TH 4aCTH
~~ 6~nH pacnpeAeneH~ Me*AY pa3nH4H~M~ THnaMH 4aCTH~ nponop
~~oHanbHO MHO*eCTBeHHOCTH OAH03Ha4HO HAeHTH~H~~pOBaHH~X 4ac
T~~. nonpaaKa K MHO*eCTBeHHOCTH "--Me30HOB COCTaBHna OKOnO 1%. 
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·5. CYMMAPHA~ nonPA8KA K .MHO~ECT8EHHOCTH "--ME30H08 

CBOAKa BCeX pacCMOTpeHH~X nonpaBOK K cpeAHe~ MHO*eCTBeHHOC
TH "--Me30HOB npHBeAeHa a Ta6n.5. TaM *e np~eeAeHa cyMMap
HaR nonpaaKa ~ nony4eHH~e nocne aaeAeHHR scex nonpaaoK 3Ha4eH~R 
Cpe.qHeH MHO*eCTBeHHOCTH "- -Me30HOB <n_ > Ta B dTa-, HeTa-
H CT&a3aHMOAeHCTBHRX. Ha Ta6nH~~ 5 BHAHO, 4To ocHOBH~e 
nonpaBKH CBR3aH~ C nOTepeH 4aCTH~ B HeKOTOp~X HHTepsanax yr
flOB 8 H rP, C npHMeCbO CO~THH B nponaHe H npHMeCbO HeHAeHTH~H
~HpOBaHH~X 3neKTpOHOB. 

CneAyeT OTMeTHTb, 4TO nonpaaKa Ha norno~eHHe MeAneHH~X 
/c HMnynbCOM MeHbWe 80 M38/c/ "- - Me30HOB B nnaCT~HaX He BBO
A~nacb H3-3a OTCYTCTB~R 3KCnepHMeHTaflbH~X AaHH~X 0 BHAe cneKTpa 
"- -Me30HOB B 3TOH o6naCTH HMnynbCOB. 8 AanbHeHWeM M~ HaAeeM
CR O~eHHTb 3TY nonpaaKy, ~CXOAR H3 cneKTpa "0 -Me30HOB, aoc
CTaHOBneHHOrO no 3aperHCTpHpoBaHH~M B KaMepe raMM8-KB8HTaM . 

8 HMnynbCH~X H yrnOB~X xapaKTepHCTHKaX "--Me30HOB Y4HT~Ba
flHCb TOnbKO nonpaaKH Ha noTepH no yrnaM 8 H rP H nonpaaK~ Ha 
HanpasneHHe nepBH4Horo TpeKa. 

Ta6nH~a 5 

Hp;po-cHaPHA d He c 
BHA nonpaBKH 

I. llonpaaxa Ha npHMecb co6wTHH 
a nponaHe /a cnoe I MM/ /3,5!:_1 /% /5+2/% /10,5!:_4/% 

2. llonpasKa Ha noTepH no • 
yrnaM 8 H rP /11+2/% /12,5!:_3/% /7+1/% 

3. llonpasxa Ha npHMecb HeHp;eH-
TH~H~HpOBSHHWX 3JleKTpOHOB /-5!:_1 /% /-5+1/% /-5!:_1 /% 

4. llonpaBKa Ha BTOpH'IHble 
B38HMOp;eHCTBHH "--Mego-
HOB 'SI% ::: 1% <I% 

5. llonpasKa Ha BTOpH'IHble B3a-
HMO,ll;eHCTBHH C TpHnnHHrOBbiX 
'ISCTH~ B TOH JKe nJlaCTHHe -0,5% -0,5% -0,5% 

CyMNapHaH nonpasKa /10!:_3/% /13+4/% /13+4/% 

~<n_>Ta 0,90!:_0,06 I , 6!:_0, I 3,4!:_0,2 
---
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