
,ll .Py6HO 

QPHMEHEHHE ~OTOHEATPOHOB 
H TOPM03HODO H3flYqEHHH MHKPOTPOHA 
~RH MHOrO~flEMEHTHOrO AHAfl~3A 

~ERE3HCTMX ~ATEPWT08YX PY~ 

· ... 

' ... 



MHoro3neMeHTH~H aHan~a npo6 nopoA ~ PYA e noMO~bO paA~o
aKT~Ba4~0HH~x MeTOAOB npeAeTaBn~eT onpeAeneHH~e TPYAHOeT~, 
eB~3aHH~e e TeM, 4TO He Bee 3neMeHT~ AOeTaT04HO XOPOWO aKT~
B~pyOTe~ HeHTPOHaM~ ~n~ Y -KBaHTaM~ / l-S/. An~ npeOAOneH~~ 3T~X 
TPYAHOeTeH 4eneeoo6pa3HO KOMnneKeHOe np~MeHeH~e raMMa- H HeHT
p0HHO- aKT~Ba4~0HH~X MeTOAOB aHan~3a /fAA/ ~ /HAA/ e nOM~bO 
3neKTPOHH~X yeKOp~TeneH 141 . 0AH~M ~3 Ha~6onee nOAXOA~~~x An~ 
3TOro yeKOP~TeneH ~Bn~eTe~ M~KpOTpOH /5-7/ . 
~ HaeTo~~eH pa6oTe npeAnaraeTe~ MeTOAHKa An~ aHan~aa Ni , 
' Fe , Co , Cr , AI , Mg , Si ~ Mn B H<enes~eT~x naTep~Tax , np~ 

KOMnneKeHOM npHMeHeH~H raMMa- H HeHTpoHHOrO ny4KOB M~KPOTPOHa 
e 3HeprHeH 3neKTPOHOB 16 M38 ~ epeAHHM TOKOM 25 MKA. 

fAMMA- H HEnTPOHHO-AKTHBAUHOHH~~ AHAnH3 
~EnE3HCT~X nATEPHTOB~X PYA 

8 eoeTaB H<ene3HeT~X naTep~TOB~X PYA BXOAHT P~A 3neMeHTOB, 
KOTOp~e epaBHHTenbHO XOpOWO aKTHBHpyOTe~ TennOB~MH HeHTPOHaMH 
I Co , AI , Mn I ~nH 6~eTp~MH HeHTPOHaMH I Mg , Si I. ApyrHe, 
KaK , Hanp~Mep, Ni , Fe , Cr , 3tM>eKTHBHee aKTHBHposaTb raMMa
KBaHTaMH . HeXOA~ ~3 KPHTepH~ AOeTHH<eHH~ HaH60 nbWeH 3KenpeeeHO
e TH npH o6eene4eHHH YAOBneTBOPHTenbHOH 4yBeTBHTenbHOeTH H T04-
HOeTH aHanH30B, B pa60Te 6~n 3KenepHMeHTanbHO yeTaHOBneH on
THManbH~H sapHaHT onpeAeneHH~ eoAepH<aHH~ AaHH~X 3neMeHTOB 
B H<ene3HeT~X naTepHTaX. npH 3TOM Y4HT~Bane~ H TOT $aKT, 4TO 
npH o6ny4eHHH TOPM03H~M H3ny4eH~eM MHKpOTpOHa MOIKHO ~enOnb30-
BaTb An~ aHan~T~4eeK~X 4eneH KaK Y -KBaHT~ , TaK ~ 6~CTp~e HeHT 
pOH~, 06pa30BaHH~e B MHWeH~. 

OnpeAeneHH e COAepH<aH~~ Fe , Ni , Cr , Mg oey~eeTsn~eTe~ 
np~ OAH04aCO BOM OAHO BpeMeHHOM o6ny4eH~H 10 npo6 TOpM03H~M H3-
ny4eHHeM M~KpOTpOHa no peaK4H~M, npHBOAHM~M B Ta6n. 1. noene 
o6ny4eH~~ npOBOA~TC~: 

58 
1 I H3MepeHH~ aKTHBHOeT~ Fe /t H::JM = 80 
2/ OAHOBpeMeHHOe H3MepeHHe 57 Ni 49Cr , 

• 3 M~H/. 

e/; 
24 Na I t 

H3 M 

AHanH3 Sl /eM. Ta6n. 1/ oey~eeTen~eTc~ n~H 5-MHHYTHOM o6-
ny4eH~~ H 3-M~HYTHOM HSMepeHHH aKT~BHOeTH 8 Al. np~ HanH4HH 
nHeBMOn04T~ soaMOH<HO onpeAeneH~e Si a -12 npo6ax sa 4ae OAHO
apeMeHHO e npoaeAeHHeM aHamt3a Fe , Ni , Cr ~ Mg. 
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Ta6nH~a 1 

3neMeHTW 1 8KTHBHpyeMWe Y - KB8HT8MH H 6wCTpWMH He~TpoHaMH 
B *ene3HCTWX naTepHT8X npH HX o6ny4eHHH TOpM03HWM 
H3ny4eHHeM MH Kp0TpOH8 

oJteweHT 

liKK8Jib 

leJI830 

KotS&J!bT 

X pow 

!Aa.rKKA 

l<peNHKA 

WapraHe~ 

XJtop 

iUJJbi!K 

}'KT8.H 

i.btpKOHMA 

Cypbwa 

HoA 

06p8.3)'DJIKACR 
K30TOO 

Pe~ E \ ZJ, !(3B 
(BiiXOA,~ ) 

&" NJ 

53 Fe 

58eo 

49cr 

5lcr (3) 
24Na 
28 (3) 

AI 
54

Mn 
34ct 
74As 

475c 

Wz, 
122Sb 

1261 

58Ni ( Y,n >57Ni 

54r:e ( 1, n >53Fe 

59 eo ( 1, n > 56co 
50... ( 1,n )49~ Sfr 5 

Cr (t,n ) r 

2~(n , p )24 Na 
28 28 

Si (n, p) Al 

55~( t. n )54Mn 

35CI ( '1, n >34ct 

~(14), 1378(86) 
1800 (14) 
378(32) 

810(99} ,865(1,4) 

90(28) ' 153(13) 
320(9) 

1365(100),2754(100) 

177B( l00) 

834( 100) 

145(45),1170(12), 
2120(381 

?5As(J1 n>74As 596(61),635(!4) 

47Ti (n 
1 
p)4?5c 160(73) 

90z,U,n>00zr 910(99),1710 (I) 

123Sb( 1, n ) 122sb 564(66) ,666(3 ,4) 

1271 ( 1, n )1261 386(34)166?(~} 

111 nHTepaTypHwe A8HHwe 1 12~ 

T112 (1) 

3611. 

8, 5MMH 

?I .~ 

41, 9NHH. 
27,8,tt. 

!Sol. 

2,3NKH. 

303 AH· 

32,4 NJUI. 

I?,~. 

3,4 A.H· 

794. 

2.8.o.H . 
13 , 3 AH· 

/21 noA4epKHYT~ 3HeprHH y - n HHHH, HCnOnb30B8HH~e AnR 8H8nH
TH4eCKHX ~ene~. 

131 npoeepeHO 3KCnepHMeHTan bH0 1 4TO B paCCM8 TPHB8eMOM AHana-
30He KOH~eHTpa~H~ Na , Al 3TH 3neMeHTW He A8~T MeWa~ero BKnaAa 
no peaK~HRM 23 Na(n,y) 24 Na, 27Al(n,y) 28 Al. 

AHanHs Co , Al , Mn npoH3BOAHTCR He~TPOHHO-aKTHBa~HOHH~M 
MeTOAOM npH 10-MHHYTHOM 06ny4eHHH 06pa3~0B , pacnOno*eHHWX 
B rpa~HTOBO~ npH3Me MHKp0TPOHa 171 .TennOBWMH He~TpoH8MH 1 no 
peaK~HRM, noKa3aHHWM a Ta6n.2 . OnpeAeneHHe Co ocyl!leCTBnReTcR 
npH H3MepeHHH I t 113 M S: 8 MHHI HaBeAeHHO~ aKTHBHOCTH X-ny4e~ 
BHYTPeHHe~ KOHeepcHH eow Co IE Ka = 6, 9 K3BI. OnpeAeneHHe Al 
H Mn npoH3 BOAHTCR I t 113M= 1 M11HI no H30TonaM 28 Al H 56 Mn. 

2 

~ 

Ta6nH~a 2 

3neMeHT~ , 8KTH BH pyeM~e B npo6ax *ene3 HCT~X naTepHTOB~X 
PYA npH HX o6 n y 4eHHH Tennoe~MH He~TPOHaMH 

- 3B r U J 
OJI8M8HT 06pa3j'K)UlllliCR PeaKUIIII r::' ~ B~OJ\ <J,) I/2 

1130Ton ~M6apH 1 

Ko6anbT Wco 59eoc n I n 60 'Co 

llnJ:NHHHH 2o AI 
2? Gtl AI ( n,t) AI 

MapraHeu 56Mn 55 (n t)56M 
Mn • n 

BaHB,D,H~ 52v 5lv (n,n52v 

'I'KTaH 51 Ti 50T, (n , n5l r , 

/ 12/ 
11/ AaHH~e B3RTW H3 

3KCnEPHMEHTAfibH~E YCTAHOBKH. 
06PA3~ H MOHHTOP~ 

lWO 59{2,1>01339 10,5f..rnH. 
( , 25 . 

X -JJ)-"<11 Co 
~J5 17?tl(l00) 2 ,~!4HH. 

13300 1>46(99) , Ic3II (29) 
21I0(15) 2 , 611. 

4900 14:;)4 (I 00) 3,75NHH. 

140 320(95). 605(15) 
92tl(5) 5, bi.IMH. 

B K84eCTBe HCT04HHK8 He~TPOHOB H y -H3ny4eHHR HCnOnb30B8nCR 
MHKPOTPOH na6opaTOPHH RAePHWX peaK~H~ OHRH c 3HeprHe~ 3neKT
pOHOB npHMepHo 16 M3B H cpeAHHM TOKOM 25 MKA ! 81 . 

AnR H3MepeHHR y- H X -H3ny4eHH~ aKTHBHpoeaHH~x o6pa3~oe 
6wnH Hcnonb3oeaHw Oe (Li)-nnA c 4yBCTBHTenbHWM o6DeMoM 
23 cM 3, pa3peweHHeM 3,5 K3B no nHHHH 662 K3B H Si(Li) - nnA, 
y KOTOpOrO AH8MeTp 4YBCTBHTenbHO~ noeepXHOCTH- 5,12 MM H pa3pe
WeHHe AnR Ka nHHHH *ene3a - 190 3B. AnR perHCTpa~HH H o6pa-
6oTKH HH~PM8~HH HCnOnb30BanCR 4096-KaHanbHWH 8H8nH38TOp, pa3-
pa60T8HHW~ H co6paHHWH B 0H~H 1 91 H8 OCHOBe MHKponpo~eccopa 
"INTEL-8080" H 800-KaHanbHW~ 8H8nH38TOP <!>HPMW "Nokia" THna 

LP-4840. 
06pa3~W B BHAe nOpOWKOB aeCOM OKOnO 1,5 r 6wnH yn8KOB8HW 

B nneKCHrnacoewe 6~KCW BHyTpeHHHM AH8MeTpOM 20 MM H BWCOTO~ 
4 MM . 0AHH H3 TOp~OB 6~KCOB 38KpWT naBC8HOBO~ nneHK~ TOnUIHH~ 
10 MK AnR o6ecne4eHHR MHHHM8nbHOrO nornOIIIeHHR X-ny4e~ K0-

6anbT8. 
AnR o6ny4eHHR o6pa3~0B TOpM03HWM H3ny4eHHeM MHKpoTpoHa 6w-

na Hcnonb30BaHa nOACTaBKa, noKa3aHH8R Ha ~· Y4eT cnaAa 
HHTeHCHBHOCTH Y -KB8HTOB C yeenH4eHHeM paCCTORHHR Me*AY npo-
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P~c. 1. no~cTa8Ka AnR o6ny~eH~R o6pa3l,I08 TOpM03-
~3ny~eH~eM M~KpOTpoHa. 1 - nneKc~rnaco8aR 
nO~CTa8Ka, 2 - o6pa3e4 , 3 - MCAH~~ MOH~TOp, 4 -
T0pM03HaR M~WCHb. 

6aMH ~ T0pM03HO~ MHWCHb~ OCy~eCT8nRnCR C nOMO~b~ ~enH~X ~Onbr 
AHaMeTpOM 25 MM ~ 8CCOM 400 Mr. AnR M0HHTOp~p08aH~R nOTOKa 
Tenno8~x He~TPOH08 ~cnonb308an~cb an~MHH~e8~e $~ A~aMeT

poM 25 MM ~ 8CCOM 90 Mr. 
B pa6oTe ~cnonbsoean~cb reonor~~ecK~e npo6~ *enes~cT~x 

naTep~TOB~x PYA c ~seecTH~M COACP*aH~eM Fe , Ni , Co l~aHH~e 
x~M~~ecKoro aHanHsal. An~ Kon~~eCT8CHH~x onpe~eneH~~ ~cnonb-
308an~cb 4CT~pe CTaH~apTa, H3rOT08nCHH~X 8 HaWe~ na6opaTOpH~. 

B~60P OnTHHAnbHOrO BPEMEHH H3MEPEHHR 
AnR onPEAEnEHHR ~EnE3A 

BpeMR ~3MepeH~R aKTH8HOCT~ KopoTKO*~B~~x ~30Tonoe Ha~o 
B~6~paTb TaK~M o6pa30M, ~T06~ nno~aAb ~TOn~Ka AaHHOrO ~30TO
na B nocne~HeM ~3 ~3MepReMWx o6pa340B 6~na MaKC~ManbHO s oa
MO*HO~. C 3TOH l,lenb~ Ha OCHOBC ypaBHeH~R aKT~Ba4~~ ~ ycnOBHR 
MaKC~MyMa ~3MepReMOH nn~aA~ ~TOn~Ka B~BCACHa cnCAY~aR ¢op
Myna AnR onT~ManbHoro apeMeH~ ~3MepeHHR 
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P~c.2. K 8~6opy onT~ManbHOro 8peMeHH H3MepeH~R 
aKTH8HOCTH ~30Tona 53 Fe I 1 I. 3aeHcHMOCTb nno~a~H 
4J<>TOnHKa Ey =378 K3B N-oro o6pas1.1a oT t li:JM. 
- · - e - paC~CTH~C ~aHH~C; lj: i: - 3KCnepHMCHTanb
H~C AaHH~e. 121 3 Kcnep~MeHTanbH~e 3Ha~eHHR 
OTHOC~TCnbHO~ CTaT~CT~~CCKO~ norpeWHOCT~ H3Me
peH~R nno~a~~ ¢oTOnHKa N-oro o6pas1.1a npH pe
*HMax c pasn~~H~M~ t 

H3M 

max • 
r~e t 113M- 8PCMR H3MepeH~R, COOT8CTCT8Y~~ee MaKC~ManbHO~ 
nno~aA~ $OTOn~Ka N-ro o6pas1,1a, N- ~~cno H3MepRe~x o6pa3l.I08, 
A- nocTORHHaR pacnaAa ~3MepReMOro H30Tona. 

B Ka~eCT8e np~Mepa Ha p~c.2111 noKasaHa sa8~CHMOCTb ~3Me
pReMO~ nno~a~~ ¢oTon~Ka 53 Fe N -ro o6paa1.1a (N =5) oT ape
MeH~ H3MepeH~R . KaK cneAYeT ~3 p~cyHKa, cy~eCT8yeT YA08neT8o
PHTenbHOe , 8 npe~enax norpewHOCT~ ~3MepeH~R , co8naAeHHe pac
~eTH~x H 3KCnepHMCHTanbH~X AaHH~x. Ha pHc . 212/ noKa3aH 3Kcne
PHMCHTanbH~~ XOA OTHOC~TenbHO~ CTaTHCTH4eCKOH norpeWHOCTH 
C POCTOM tlf3M · KaK B~AHO, t 113 M , COOTBCTCTBYIOUICC MHHHManbHO~ 

6 6o max 
ow~ Ke, TaK•e coanaAaeT a npe~enax ow~ K c ~M , a~~~cneH-

HWM no ¢opHyne 111. 
63 max 

npH NslO H3 /11 ~MeeM tH3M· 77.5 c AnJ! Fe. Ha npaKTW 
Ke AnR onpe~eneH~R *enesa npH N - 10 ~ a~6ope t IOM= 60,80, 
100,110, 180 c HaHny4W~e pesynbTaT~ 6~H nony~eH~ 8 pe*~Me 
C t 10M ~ 80 C. 

5 



-
i., 

1 .,..,., 
~ 
..... It, .. .,., 

MD 

-
2 4 I 8 » a H 

.+. 
PHc.3 . K onpe~eneHHO onTHManbHOH Ton~H~ npo6 
npH o6ny4eHHH N o6pasuoe y - KeaHTaMH. - • - • -

EEH'leCKaR KpH8aR lt(N(b) , r~e lt=7,6•107 ; 
- 3KcnepHMeHTanb~e sHa'leHHR nno~aAH 

HKa 57 Ni I EY = 1378 K3B/. 

OnPEAEnEHHE OnTHMAnbHOA TO~HH~ nP06 
nPH MACCOBOM 06nY4EHHH y -nY4KOM 

,., 

_l 
_] 
J/1111 

-

B~6op pa3Mepo8 npo6, npH Macco8oM o6ny'leHHH TOPM03H~M H3-
ny'leHHeM MHKPOTpOHa, AOil~eH Y'lHT~8aTb OCOOeHHOCTH yrnOBOrO 
H npOCTPaHCT8eHHOrO pacnpeAeneHHH y-K8aHT08 / ll : 0npeAe11eHHaR 
POilb npHHaAne~HT TaK~e H reOMeTpHH H3MepeHHR. 

B Ha CTOR~eH pa6oTe M~ 83RI1H AHaMeTp npo6 pasH~M AHaMeTpy 
Kpy rno r o ce 4e HH R ny4Ka y -KeaHTOB 8 nnocKOCTH nepsoro o6pas 
ua , a ~R OnpeAene HHR T011~H H~ npOO~ h HCXOAHnH H3 Tpe~BaHHR, 
'lTO aKTHBHOC Tb, HaBe~eHHaR B HaH6onee OTAaneHHOM OT MHWeHH 
o6pas ue , AOn*Ha 6~T b MaKc HMan bHO eo3MO~HoH. Y8enH4eHHe h npo 
~ npH8eAeT C OAHOH CTOPOH~ K HapacTaHHO HaBeCKH H COOT8eT
CT8eHHO aKTH 8HOCTH, c APYrOH - K yMeHbWeHHO aKTH8HOCTH N -oro 
06pasua BCile~CTBHe yf~BaHHR HHTeHCHBHOCTH y -K8aHTOB C pac
CTORHHeM. HaMH npOBepe HO, 'lTO cnaA HHTeHCHBHOCTH Y - KBaHTOB 
8 OTCYTCTBHe nOACTaBKH C 06pas uaMH MO~HO OnHCaTb 3a8HCHMOCTb0 

- ~ I R - paccTORHHe OT TOPM03HOO MHWeHH/. Y6~saHHe 
HHTeHCHBHOCTH y - KBaHTOB 8AOnb no~CTaBKH, 3arpY*eHHOH o6pas-

6 

!1 
J 

~ 

uaMH naTepHTOB~x PYA, onHc~saeT CR sa s HcHMOCT bO -~. 'lTo yKa-
R · 

s~saeT Ha AOnonHHTenbHOe ocna6neHHe noTo Ka, s~s~saeMOe norno-
~eHHeM H pacceRHHeM Y-K sa HTOB o6pasuaMH. HTaK, sasHCHMOCTb 
aKTHBHOCTH N -oro o6pasua OT Ton~HH~ npo6 MO~Ho npeAcTaBHTb 
B BH~e ~YHKUHH 

h 
fN (h) = . 

(Ro + (N-l)h)t ,9 
/2/ 

rAe R0 - paccTORHHe OT TOPM03HOH MHWeHH AO ueHTpa nepsoH npo6~. 
Ha PHC.3 /1/ npe~cTa8neH rpa~HK r N(h) npH Ro = 60 MM, N = 

= 10, 4TO cooTseTcTsyeT HawHM 3KcnepHMeHTanbH~M ycnoBHRM. Hs 
pHCYHKa BH~Ho, 'lTO bopt= 7,5 MM. Ha pHc.3 /2/ noKa3aH~ 3Kcne
PHMeHTaJlbH~e ~aHH~e sasHCHMOCTH nn0111a~H ~TonHKa 57 Ni I Ey = 
= 1378 K3BI N -oro o6pasua oT Ton~H~ npo6. Pacxo*AeHHe 3Kcne
PHMeHTanbH~x ~aHH~x c TeopeTHI.lecKoo KPHBOH AflR b >- 3,5 MM 
o6~RCHReTCR BJlHRHHeM reoMeTpHH H3MepeHHR. npH 3TOM 3Ha'leHHe 
hopt OKa3~eaeTCR, KaK H cne~08ano O*HAaTb, HeCKOnbKO MeHb
WHM, 'leM paCC'lHTaHHOe no ~pMyne /2/ . 

PE3YnbTAT~ H HX 06CYIAEHHE 

B Ta6n. 3 npH8e~eH~ pe3YI1bTaT~ rAA H HAA Ni , Fe • Co B lKe
ne3HCT~X naTePHTax. Hs Ta6nHU~ cneAYeT, 'lTO nony'leHH~e c no
MO~bo 3THX aHanH308 AaHH~e xopowo coena~aoT c pesynbTaTaMH xH
MH'lecKoro aHanH3a /XA/. PacXO*~eHHR c ~aHH~MH XA He npeswwaoT 
15-18%. KaK cne~yeT H3 Ta6n.3 H pHc.4, cy~ecT8yeT xopowaR 
KOppellRUHR Me*~Y pesynbTaTaMH rAA H XA npH onpe~eneHHH Ni 
lr = 0,995, b =0,980, a= 0,0013/ H Fe I r = 0,999, b .. 1 ,025, 
a = -0,265/, a TaK*e /pHc.5/ Me*AY HAA H XA npH onpe~eneHHH 
co~ep~aHHR Co /r = 0,997, b ~ 0,977, a .. 0,0012/ . Hs-sa OTCyT
CT8HR ~OCTaT04HOrO K011H4eCT8a o6pa3U08 C H38eCTH~M CO~ep~aHHeM 
OCTallbH~X 3neMeHT08, KOppenR4HOHH~H aHai1H3 pesynbTaTOB rAA, 
HAA H XA 3THX 3neMeHT08 c~enaH He 6~n. 

MHHHManbHaR KOHUeHTpaUHR cmln . KOTOpyO MO~HO 06Hapy~HTb 
C Ha~e~HOCTbO aHai1H3a 99%1 101

, AOCTHraeT 0,8% Fe , 5·10-2 %Ni ; 
4 ·1 o-3 %Co , 8 • 1 o-2 % Cr , 6 • 1 o-2 % A1 , 7 • 10 -t % Mg , 1% Si 
H 1 o-2 % Mn. 

To'lHO<fTb aHanHsoe He xy~e 3% I C ~ 10% Fe , tK3t.F 80 c/, 15% 
IC 2:.10- % Ni I, 10% /C ?. 10-2 % Co / , 3% IC ~ 1% Cr /, 
2% I c 2:_1 % AI I ' 15% IC ~ 1% Mg I. 8% IC ~ 2% Si I H 1% I c >_ 
~ 4 · 10 -t % Mn I. 

Ha pHc.6 noKasaH~ y'laCTKH cneKTpa o6pasua lKenesHcT~x naTe
PHTos~X'""iiYA, o6ny'leHHoro Ha y - ny'lKe I a/ H Ha Tennoe~x Hei1T
poHax l6,al MHKpOTpOHa. npHCyTCTBHe K -11HHHH Fe /pHC.68/ 

a 
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Ta6nH~a 3 

Peayn bTaT~ rAA onpeAeneHH~ Fe • Ni H HA onpeAeneH HA Co 
e ~eneaHcT~x naTepHTax 

H faWwa-8KTKB~OHKblll 
nn 8HMH3 

CoAQ~t!I1Jl ~- _ _ _ 
aene3o HHK8Jib 

I 2 3 
I . 9,?:;0,3 o . r~o , o1 

2. 9,0:0 . ~l )0,1l :::O ,OI 
3. 9 ,~0 , 2 O, Il:O.OI 
4. 8,6!0,4 o . o~o . oi 

5. 49,0:0 ,? 1,03~0 , 02 

6. ? ,2!0,4 0,?0! 0,02 
? . 6,8+0,5 0,66+0,03 

- (l l -B. 6,0: 0. 2 0,21: 0,01 
9. 9,4!0,2 0,63!0,01 

10. 43,8:0,9 0,41:0,02 
II . 44 ,4!I . f 1)0,?0!0,02 
12. 44 , ~0. I)o.~o. 03 
1j. 49 .~ 1 . 0,92:0,04 
I4. 15,9:;0 ,6 1,41:t0.03 
15. 50,?:1.1 0,?4!0,03 
16. 1?,0:t0 .5 1,?0:0,02 
I?. I6,8!0,6 I ,32:;0,03 
I8. 44,6!0,9 0 ,~0, 02 

I9 . I? ,O:t2,2 1,74!0,03 
20 . 50 ,I:1 ,3 0,92::0,03 
21 . 58,?:t4.J1)0.66t0,03 
22. 50,2::1, 1 0,52!0,03 
23. 18,?:t0,3 1,07:0,04 
24. 49 ,8:0,5 1,32::0,03 
25. 52 . ~1 . 8 0 .~0. 02 

26. 45 , 3!1 ·~1) 1 , 80!0 , 03 
2?. 49,8-d , 1,00+0 ,03 

- l) -2b. 45, 6~ 1 . 1, 13<0,04 
- (l l -

29. 51,9•1 ,5 o,94T0 ,04 
- (II -

30. 55,?:1,6 0,97.0 ,04 
31 . 50 ,1:I.5 I . G2~0 , 02 
J2. 48,5:3,4 1,1l:C.OJ 
33. 45,6· !,4 0. 55!0,02 
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~~ecK~e ~H3 
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aene3o HHKeJib K06MbT 

K06MbT 
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0,004;:0,001 
0,()()4!0,001 
0,004;t0,001 
0,003! 0,001 
0,009::0,001 
0,012;t0 ,001 
0,013:t0,001 
O,OI4::0, 001 
0,021:::0 .002 
0,024!0,002 
0,028!0,002 
0,031:::0.002 
0 ,~0,002 

o.~o, oo2 

0,040!0,004 
0. 039:::0. 002 
0,040::0,002 
0,046!0,002 
0,048!:0,002 
0,046!0,002 
O, C\43+0,002 
0,046!0,005 
0. 059::0 . 003 
0. 094::0. 006 
0, 109;t0,004 
0, 10!>+0 ,006 
o, r56!o ,006 
O, I62:;0 ,00? 
0, 197:;0,006 
0, 1~0 ,005 

(1 , 192:::0,006 
G, 218:Q,004 
0,021_:0,002 

5 6 ? 

9,98z0,43 0, 10:::0.01 0,004:0.001 
10, 1Eh0,21 0,10•0,01 0,005.0,002 
10 .~0 , 22 o,1o~o . o1 o . oo~o . oor 
9, 1?:0.40 0,09:::0,01 0,004!0,001 

52,0:0,42 1,06:0.05 0,010::0,002 
6, 14:0,26 0,~0, 05 0,010:0 ,002 
6,34!0,2b 0,64!Q,05 0,01l:;0,002 
6,?~0. 30 0,23j:0,03 0,01J:0 ,003 
9,92:0,40 0,62!0,05 0, 019_0,002 

43.??:0.39 0,3B:0,04 o.o~o. C04 

43,99: 0,40 0,69!0,05 0 .0~0. 004 

43,94:::0,40 0,63:!_0,04 0,030: 0,005 
46,?9:0.42 0,82:::0.06 0,03I:::O .OC5 
14,0?:;0 ,21 1,36:!_0 ,07 0,032:::0 .005 
49, 2?:::0,44 0,??:::0,05 0,038:0,006 
18,35:0,39 1,80:;0,09 0 ,~0.006 

14,85:t0,31 1,43::0 ,0? 0,040:0,006 
44, 1?:0, 40 0,68:0,05 0,04!:0,006 
I5, 11!0,32 I ,81:0 ,09 0,042:Q,006 
51 ,6?:0,41 1,02:0,05 0,043:0,007 
49,?8+0, 44 0 ,~0.04 0,046+0, 007 
48, ?~0 , 45 0.~0 , 04 0.04.8iO,OO? - , - -
19,25:!:_0 ,40 0,93:::0 .0? 0,061:t0 ,005 
49,4?:0,45 1, 35:!:_0,07 0,094!0 ,008 
50, 12:::0. 40 0,8?:::0 ,06 0,114:0,006 
39,36:;0,43 1,f>4!0,00 0, 123:0.006 
49,80::0,45 1,04::0,05 0,161:0,006 
45,6I_0,41 1, 1?:::0 ,06 0, 169:0,00€ 

51 ,4: 0.41 0 ,9~0 .0? 0 , 182:0 .~ 

52,0?T0,42 ! ,06+0,05 O , I90TO .~ 

48, 61~0,44 1 . 30~0 . 06 o,r96;0,oro 
52,Ib±{J,42 1,20:0,06 0,220:Q,009 
41 , 81~0 . 38 0,51:::0,04 0,019:0,004 
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PHc. 4 . Koppen~~HOHHaA aa eHCHMOCTb pe3ynbTaToe 
rA H XHMH4eCKOrO Me TOAOB a HanH3a ~ene3H CT~X 
naTepHTO B~x PYA; a/ npH onpeAeneHHH ~ene3a; 
6/ npH onpeAeneHHH HHKen~. 

"'t41Z 

~ t.U/1 
"' 

t: 
"~ 

4M --
IN 

_. liN liN 4N tllll IIIII aN tiM IIIII 11M #Yl 
c..e,---.. C... " .KA 

PHc.5. Koppen~~HOHHa~ aa BHCHMOCTb pe aynbTa 
To e HA H XH MH 4ec Koro MeTOAOB aHanH3 a npH 
onpeAeneHHH Ko6anbTa . 
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, ,. ,. - .NM- .H/11- 6) -- LM---P~c.6. CneKTP~ o6ny4eHHoro o6paa~a *enea~cT~x 
naTep~Toe~x PYA; a/ y4aCTK~ y -cneKTpa nocne 
o6ny4eHHR TOPM03H~M H3ny4eHHeM MHKPOTPOHa; 
6/ y4aCTKH y -cneKTpa nocne o6ny4eH~R Ha Tenno
BbiX He11TpoHax; e/ cneKTP X -ny4e.:1 nocne o6ny4e
H~R Ha TennOBbiX HeHTPOHaX. 

06bRCHReTCR B036Y*AeHHeM xapaKTepHCT~4eCK~X ny4eH 3TOrO 3ne
MeHTa nocpeACTBOM ~3ny4eH~R ~30TOnOB MaTpH~bl . 

3aMeTHM, 4TO: a/ 4yBCTB~TenbHOCTb ~ T04HOCTb aHanHaoe Si 
MO*HO nOBbiCH Tb COOTBeTCTBY~~HM yBel1~4eH~eM HaBeCK~ 06pa3~0B; 
6/ npH HAA Co , Al H Mn ~ene coo6pa3HO ~c nOilb30 BaTb nHeBMOno4-
Ty; e/ np~MeHeH~e He CKOilb KHX Si(Li ) - nnA yeellH 4~BaeT eo 
cTOil bKO *e paa npo~3BOA~Ten bHOC T b aHanHaoa npH H3MepeHHH X -
ny4e.:1 Co. 

np~ Ha11H4~H nHeBMOn04Tbl , ABYX Oe (Li ) - nnA H ABYX Si(Lt) -
nnA npOH3BOAHTellbHOCTb MeTOAHKH COCTaBnReT 3a 8-4aC08Y~ CMeHy: 

- 200 3neMeHTHbiX onpeAeneHHH % COAeP*aH~R I Fe , Ni , Cr , 
Mg , Si I e 40 npo6ax; 

- 160 311eMe HTHbiX onpeAeneHHH % COAeP*aHHR A1 , Mn 8 80 npo-
6ax OAH08peMeHHO c 48 aHan~aaMI-1 Co. 

3TO 03Ha4aeT , 4TO npoH380A~TellbHOCTb COCTa811ReT 50 311eMeHT
HbiX onpeAelleHHH B 4aC. np~ HaCTOR~HX 3KCnepHMeHTallbHbiX ycno-
8~RX np0~380AHTellbHOCTb COCTa811ReT 30 3neMeHTHbiX Onpes:teneH~H 
AaHHbiX X~MH4eCK~X 311eMeHT08 B 4aC. 
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3AKJ104EHHE 

1. npeAilaraeTCR MeTOAHKa MHOr0311eMeHTHOro aHal1~3a npo6 
*elle3~CTbiX naTep~TOBbiX PYA Ha OCH08e KOMnneKCHOrO HCnOilb308a
HHR ~TOHeHTpOH08 H TOpM03HOrO H311Y4eH~R MHKpOTPOHa. 

2. AocT~rHyTa 4Y8CT8HTellbHOCTb aHan~aa AllR Fe-8-10 - 1 %, 
Ni - 5 · 10- 2 %,Co- 4·10- 3 %, Cr - 8 -10-2 %, AI - 6.10- 2 

Mg - 7 · 10- 1 %, Si - 1%, Mn- 10-2 %. 

3. To4HOCTb aHan~ao8 80 8cex cny4aRx He xy*e: 3% I C ~ 
>..1 0% Fe I , 15% /C 2 1 o- 1 % Ni I, 10% I C >.. 10 - 2 % Co I , 3% 
I C ~ 1% Cr I, 15% I C :<! 1% Mg I, 8% I C 2 2% Si I, 2% I C 2 1% Al I 
H 1% /C ~4 ·10- 1 % Mn /. 

4. npOH380AHTellbHOCTb MeTOAHKH COCTa8nReT 30-50 31leMeHTHbiX 
onpes:teneH~H npo~eHTHOro cos:tep*aH~R Fe , Ni , Co , Cr , Mg , 
AI , Si , Mn 8 4ac . 

5. npH KOppenR~HOHHOM aHal1~3e peaynbTaT08 rAA, HAA H XA 
Fe , Ni , Co nony4eHbl K03~~~~eHT~ KOppenR~HH 0,999, 0,995, 
0,997 COOTBeTCT8eHHO. 

6. Bb1BeAeHa ~pMyna AllR pac4eTa onTHMallbHoro epeMeHH nocne
A08aTenbHoro ~3MepeHHR npo6 8 3aBHCHMOCTH OT HX 4HCI1a H no
CTORHHOH pacnaAa ~3MepReMOrO H30TOna . 

7. YcTaHoeneH KPHTepH.:i AllR Bbl6opa onTHMallbH~X TOil~HH npo6 
npH OAHOepeMeHHOM o6ny4eHHH N -o6paa~o8 TOPM03Hb1M H3ny4eHHeM 
MHKPOTPOHa. 

A8TOPbl rny6oKo npHaHaTenbHbl r.H.~nepo8y aa nocTaH08Ky npo6-
neMbl ~ nOCTORHHbiH ~HTepec K pa6oTe; ~ . C.3aMRTH~HY H n . n.Kynb
KHHOH aa nOAAeP*KY H ~eHHble aaMe4aHHR, B.~.Bb1ponae8y aa nonea
HOe o6CY*AeH~e peaynb TaT08, a TaK*e A.r.6eno8y ~ B. E. Jy4KO 
3a nOMO~b ~ TeXHH4eCKOe o6ecne4eH~e 3KCnepHMeHT08. 
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