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1 

npH UpOXO»<JlOHHH "'epea BOIUOCTBO 38pH»<OHHbl0 "18C~HUbl TOp.IIIOT CBOIO a&eprHIO H8 

HOHH38UHIO 8TOMOB BOll{OCTBa. J.1a-aa cny"'aiHOrO xapaxTepa npouecca ·HOHH38UHH "18CTRUbl 

c OJlHHaxosoA aaepruel HMeiOT paaahle upo6eru. Paa6poc upo6eroB xapaxTepuayeTca HX 

JlHCUOpcHeA; 2 - 2 
u =<(R-R)> 

R 

r.lle R -cpeJlHHI upo6er. OTaoweHHe xopHH KB8JlpaTHoro ua JlHcnepcHR upo6eros H 

Ill 
cpOJlHero, Bblpa»<e&Hoe B upoueaTax, H83biBaeTca cTparrnHBrOM upo6eros, uo .[lapBRBY • 

CTparrnusr upo6eros JlaeT_npHHUHnHan&Hhll npe.llen TO"'BOCTH ou~eJleneHRH aHeprHH "'SCTR

Ubl no ee upo6ery • 

.llna TH»<OJibiX 38pH»<OHHbiX "18CTHU UpH npoXO»<Jl9RHH HMH Jl0CT8TO"'HO 60n&WHX TOJI

ll{HB BOll{OCTBa paa6poc UOTOpb SHeprHH OKOJIO cpOJlHOI MO»<eT 6b1Tb Up9JlCT8BJI9H rayc

COBOI JtpHBOA C nonywHpHHOI r; 2 
r . 

BenH"'HBa 
/2/ 

a· , cor nacHo Bopy , He aaBHCHT OT cxopocTH "'SCTHU • oupeJlenaeTcH q,op-

Mynoa 

r.lle z -aapSIJl "18CTHUbl, n -qHcno snexTposos B eJlHHH"'BOM o6oeMe. IIHBHHrcToB H 

B 
/3/ 

eTe Jl8JIH 6onee TO"'HYIO cPOpMyJiy, B KOTOpOfl: Y"'HTbiB8J18Cb CBSI3b SJ19KTpOH08 8 8TOM9. 

/4/ ' 
--~nesHc Hccne.llosan oTxno&eHHe OT rayccoscxoro pacnpe.lleneuaa. Paa6poc uOTep& saep-

/5/ /6/ /11/ 
rHH B TOHKHX uorJIOTHTOJIHX HCCJI9L(OB8JIH naH.o;ay , BaBHJIOB H JlpyrHe • 

171 
Y"'HTb188SI peJIHTHBHCTCKyiO uonpaBKy nHHJlXapa-Wapq,q,a • CTparrJIHHr upot5eroa 

MO»<HO Bblp83iiTb cPOpMynoA: 

cp = 100 JUN.2 

<If> 
/1/ 

E {32 

u:z ((~ 
-3 1- --r-

=a ) dE, R dx. 1- {3 2 0 

121 

/8/ 
r.lle cp - cTparrnHHr upo6eros B %, {3 -cxopoCTb "'SCTHUhl. Bapxac Bbi"'HCJIHJI cTpar-.. 
rJIHHr upo6eros JlJIH aJlepHoA sMyJI&CHH, a CTepaxaAMep Jl11H Be , C , A1 , Cu , Pb 

/9/ 
H B03JlyXa • npH STOM OHH HCfiOJib30B8JIH cPOPMYJIY SeTe-nHBHBrCTOH8 JlJISI TOpM03HOI 

CUOC06HOCTH "18CTHU 

rJle 1-cpOJlHSIH SHeprHSI HOHH38UHH 8TOMOB BOll{OCTBa, C -nonpaBO"'Bbll "'JIOH BeTe-¢lep-

MH. npH HCUOJ1b30B8HHH STOA cPOPMYJibl HOJib3SI fiOJiy"'HTb o6mero Bblp8»<9HHSI JlJIH CTp8l'rJIHH-

ra B pa3JIH"'HbiX B0ll{OCT88X, T4K KaK OH8 npe.o;ycMaTpHBaeT TOJibKO "'HCJI9HH09 HHTerpHpoBa

HHO. 0JlH4KO 9KCU0pHMOHT "14CTO Hy»<.o;aOTCSI B OUOHKe CTparrJIHHra B pa3JIH'IHHX BOIUecT

BaX. nosToMy menaTen&HO HMOTb 6onee npoco:TyiO H o6my10 q,opMyny. 

3 



2. 

HCII01Ib3YH COOTHOW8HHSI E 

lllHM o6paaoM; 

Mc 2 ( y - 1), BHLlOH3MeHHM Bblpa:lKeHHe /2/ cne.llyiO-

:l 
aR =a 

E ·3 E -3 

( (dE) dE + ~ ( (dE) E d E + 
dx Mc 2 dx 

0 0 

E ·3 

a (~) + Yz ~ r dx c 0 

:l 

E ·4tJ E , 

/3/ 

2 
rlle II c 9H8pi"HSI IIOKOSI 'I&CTHUbl. npH CpaBH8HHH C /2/ 118I"KO BBL18Tb, 'ITO IIepBblil 

'1118H Ll&eT HepenSITHBHCTCKOe IIpBOllB:lK 8HH8, a OCT&llbHbie B03HHK&IOT 01l&I"0.1l&p51 pe1ISITHBBCT

CitOMy 9cPtlJ8KTy • 

B Ll&llbHeAmeM Mbl 6y.1leM Bbl"'HC1IHTb cTparrnHHr rrpo6eroB Ll1IH rrpoToaa I z = 11 • 

.Qmr LlPYI"HX 'I&CTRU MO:lKHO HCII01lb30BaTb COOTHOW8HB8 

M Yz 
¢({3) = (_ ) ¢ ({3)' 

I.L p 
/4/ 

r.lle I.L -Macca qacTHUhl; <Pp (f3) - CTp&I"I"llBHI" IIpOoerOB Llll51 IIpOTOHa IIpB CKOpOCTR 

{3 

/10/ 
K aK Mbl IIOK&3a1IB B , COOTHOW8HB8 IIpo6er-saeprRH 3&pH:lK8HHblX TH:lK81lblX 'I&CTBil 

B 1IIOOOM B8l!l8CTBe MO:lKHO IIp8.1lCTaBHTb C XOpoweA TO'IHOCTbiO B BH.lle: 

m 
E =aR, 

I"Ll8 m - )'HHBepC&llbH&SI KOHCT&HTa B 01Ip8.1l8118HHOM BHTepBane 

STO COOTHOW8HHe, Mbl IIOllY'IHM, HaiipBMep, IIpH y< 20 

I"Ll8 

a 
E ·3 
f (dE_) dE 

dx. 
0 

B 

3-2m 
~ ( I :l/m 
T/ _a_) .y -m-

~ f 
lie o 

( dE "3 

-) 
dx 

E dE = _1_ a ( I 2/m 3:...m 
llc:l T a- ) · y m 

., 

~ 

l:l 

:l 

(-~- )1/mm (3-2m 
a 

1 
(I )1/m"m:z(3-

a 

m ). 

/5/ 

y=E/1. Hcnonb3YSJ 

2 
EcnH rrpo6er Bblpa:lKeH B r/cM , TO H3 Bblp&:lK8HHSI YHHBepcanbHOA KOHCT&HTbi k 

Mbl II01IY'IHM 

4 

/10/ 
B 

... 

~--

i 
1 

I 
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1 , 
... 

J .. 

,J 

a 4rr e4~ k 
--= 

T/ m 2 (3-2m ) 

4 
a .4rr e !f, k 

. 1 . y= m2 ( 3-m ) 

Tor.oa CTparrnHHr npo6eroa Bblpa:lKaeTcg:, cornacao /1/ H /3/, paseacTBoM 

r.oe 

cP = 100 
vu! 
< R> 

l -2m 1 

= Cy 2m + 1 A y 2m 

c 1 
A- -2- Mc 2 

(3-2m) 

(3-m) 

'h 
] 

B o6weM cnyq:ae Mbl nony'IHM 

r.oe 

cl 

Bl 

¢=¢+¢ 
0 1 

~I 21>J-5 

cP = Cl Y 2m1 + 8 i y 2m I 
0 

4rr e
4 

N kl 
~ 

100 [ 0 ] 
m2 ( 3- 2 m

1 I 

~I 3- 2ml-l -3 
cl kl --,-- [-, "'I + yl m 

1-1 
k-3 

1 

Mc 2 

(3-2ml) 

( 3- m
1 

) 

5 

1-l 

2 
ml ( 3-2 m1 ) 

] 
2 

mi-t ( 3- 2 ~-I) 

/61 
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3Ha'l:eHHH m; , k; H .r, .aaHbl B Ta5naue 1. H a /6/ H /7 I Bb!TeKaiOT cne,ayiOxuae Bb!BO.abl. 

nocztOII&Ity , H k; - KOHCTSHTbl, He 38BHCHUIHe OT BeUieCTBa, 1'0 ltOHCTSHTbl C;', 

B; H A; a ci:JopMynax /6/ TOJKe He aasacsrT OT sexueeTsa. KpoMe Toro, KaK noKaaaao 

HH:lKe, TpeTHA 'l:neH B <i>opMyne /6/ MeH&Ule 0,1% .00 Y "' 1500. noaTOMy CTparrnHHr npo

oeroB B HHTepsane O<y < 1500 BbipS:lKaeTcsr YHHBepcan&HOA ci:JYHKUHeA 

c/J = F (E/1), 
/8/ 

T,e, CTparriiHHI' npooeroB 'l:aCTHU SHeprHH E B BeUieCTBe CO cpe.aHHM fi0T8HUH81IOM HOHK-

38UHH 1 paBeH CTparrnHHry, ltOTOpbiA HMeeT 'laCTHUa C 9HeprHeA .1::!
0 

= / ,E B B8IU8CTBe :!. l 

CO cpe,OHHM fiOTeHIIHaiJOM HOHH3aiiHH 1 O, 

3. 

Bnaro.aapa yHHBepcan&HOCTH ci:JYHKIIHH F ( E; I) , CTparrnHHr npo6eros MO:lKHO Bbi'I:Hc-

nHT& .OIIH .IIIOOOT'O BeiUecTBa. Mbl Bbi'I:HCIIH.IIH F(Ejl) .ansr sr,aepHOA SMYII&CHH. npa STOM He-

fi01Jb30Ba1JH 3Ha'l:eHHSI 
m H k 1 KOTOpbie .aaHbi s Ta6naue 1. Peayn&TaT noztasaa B Taona-

II ue • Llnsr cpaBHeHHH B Ta6nHuy BHeceHbi TaK:lKe pesyn&TaTbi, nony'l:eHHble BapKacoM. 

Kazt BH.OHO, 'I:HcneHHoe cornacae .aocTaTO'I:Ho xopowee. 

A sTop Bbipa:lKaeT 6naro.aap!'OCT& H .M. rpaMeHHUKOMy H B.n. 3penosy 3a ueHHble o6- . 

cy:lK,aeaaa, B .M. Ca.aoposy sa noMOUI& s pa6oTe. 
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