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1. BBE.UEHHE 

0)l;HHM H3 aKTYaJibHbiX HarrpaBJiefUUi HCCJie,IJ;OBaHmi B 4>H3HKe BhiCOKHX 

3Hepnill HBJI.FieTC.R: H3yqeHHe a.,npOH-H,D;epHbL'"{ B3aHMO.Uei1CTBHti. )lna HX 

OllHCaHIDI HCIIOJih3YlOTCH pa3JIHtfiihie MOUeJIH / 1- 9 /. 0;n;Hoi1 H3 TaKHX 

XOpOillO H3BecTHbiX MO,IJ;eJieft HBJIHeTCH MO]J;e.Tib KBapK-rJIIOOHHhiX crpyH 

(MKf'C) / 1 
•
10

• 11 '. 0Ha ycneUlHO npHMeHHeTCH iVIH OTI>iCaHHH xapaKTe
pHCTHK MHQ)KecTBei-IHOrO o6pa30BaHHH BTOpHqHhiX qacnm; B a,npOH-a.;ri;pOH

HbiX H a.n;poH-H,nepHbiX B3a:HMO.n;e:HcTBHRX, B OCHOBHOM, B rrp-, pp- , rrA-, 
pA-B3aHMo.ueftcrsiDix, npH BbiCOKV...X 3Hepnrnx11 • 4•12-1 4 / . B TO )Ke spe

MH llOKa OCTaeTCH OTKpbiTbiM BOIIpOC 0 npe.n;errax IIpHMeHHMOCTH ~notf 

MO,ll;eJUI B 3aBHCHMOCTH Ka:I<: OT 3HeprHH HaneTaiOUJ;erO a,r:l;pOHa, Tal< H OT 

H3yt~aeMoro npou;ecca. 
B OCHOBHOM 3TY MO)leJib npHMeHHJIH npH 3Hepnm:x CBbiiiie 100 rsB. 

O.n;HaKo HMeiOTCR rrpHMepbi ee HCIIOJTh30Ba.HHH H rrpH cyw;eCTBeHHO MeH:&lllHX 

3HeprHRX. TaK, a pa6oTe / 14/ y.nanoch y.noaJieTBOpHTeJIDHO orrHcaTL HHBa

pHa.Hrnoe cet~eHHe F(xfJ ,llJIR rrpou;ecca 

(1) 

rrpH 3Hepnm 12,4 r3B, a B pa6oTe 12 1.1 C IIOMOl.[(biO .Ua.HHOti MO,UeJIH C,IJ;e

JiaHa rrorrLITKa orrHcaTh .nH<P<PepeHIU1aJihH:&Ie ceqeHrur po>K.D:eHrn:r A· H X-n.frre

poHoB B pp- H pp-B3aHMOI\eHCTBHHX npH 3HeprHHX 12 H 32 f'3B. 
B HaCTORrn;eH pa6oTe npe.ucTaBJieHbi pesyJI:&TaTbi orrHcaHHH B paMKax 

MKrC ,IJ;eTaJIDHLrx 3KcnepHMeHTaJibHhiX .UaHHhiX o peaKu;HHx 

(2) 

+ 
(A~ Be, Cu, Pb) npH 3HeprHH HaqarrbHbiX K -Me3oHOB E 0 ~11,2 f'3B, norry-
qeHHbiX HE!,U!lBHO C TIOMOII1bl0 cneKTpOMeTpa f'.I1IJEP0H I 15/, KpoMe TOro, 

BbiiiOJIHeH a.HaJIH3 .U.aHHbiX peaKIJ,HH 

(3) 

npH 3Heprrm E 0 
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~Jlfl OIIHCa.HH.fl 3THX ,ll;aHHbiX HCIIOJib30BaHbl ;::J;Be pa3JIHlffihie MO,nmfnt:
Ka~HH MKrC. O,IUia H3 HHX peanH30BaHa a BH,IJ;e rrporpaMMhi aHanHTWiec
Koro pacqera

1171 
(MO.D;enb 1), ,n;pyraR- B BH.D;e MOHTe-KapJIOBCKOH npo

rpaMMb/31 (MolleJib 2). BJiaro)lapH yqery rrorrepeqHhiX HMnyJihCOB KBap
KOB H ,n;uK.aapKoa a 3THX Mo.n;H<}:>HKai.rmtx MKrC HMeercR ao3MO)f(}locTh 
paccllllTbiBaTh .n;Ba)l{,ll;bi ,n;H¢>¢>epeHlU.faJihHhie ceqeaiDI d2

a/ dxpdP¥ H3yt~ae
MhiX npou;eccoa. PaHee :>Ke, KaK rrpaaHno, nccne;::J;oaanHch TOJibKO HHBaM 

pHaHTHhie CIIeKTphi, npOHHTerpHpOBaHHhie IIO rrorrepetrnOMy liMIIYJihCy 

PT, n116o rrpH cpe,rweM a~m'lleHHH P T" 

Ilpouecchi (2) n (3) MRJio H3yqeHbi B paMKax MKrC. Paaee aaaJIH3H
poBRJIOCL TOJibKO HHBapHRHTHoe ceqeHHe F(x~ IIJI" peaKQHH (3) rrpn 3Hep
rHH 70 r.B 

141
• KpoMe Taro, He)IRBHO /laHHble IIO F(x ~ IIJIH peaKQHH (2) 

IlpH 11,2 r3B 6biJIH OIIHCaHbl B pa.MKaX MO.n;enH, ytiHTbiBaiOill;eH BpeMR 
<j>OpMHpOBaHHH H QBeTOBY!O rrp03paqaoCTb H/lep /2S/. 

2. OII!1CAH!1E MOL(EllEfi 

B ocaoae MKrc ne)KJIT npe.n;cTa.BneHHe o TOM, tiTo ,z:vm MR:rRHX a3aHMoM 
,o;ei1CTBHfi a.D;pOHOB rrpH BhlCOKOH 3HeprHH ,IJ;OMHHHpyrom;yro pOJih HrparoT 
,IUiarpaMM:bl IJ;HJIHH.n;pHtJecKoro THna. Ka)l(,nhiH ''UHJIHH.D.p'' cooTBeTcTayeT 

06Meay O)IHHM IIOMepOHOM. 0)1HRKO rrpH 3HeprHHX S 100 r3B He06XOIIHMO 
ytiHThiBaTh H BKJia,D; IUiaHapHbiX .rut:arpaMM, OTBeqaroiiJ,HX 06MeHY BTOpmM 
HbiMll pe,n;)l(eOHaMH I lSI_ J1Hrpe,D;HeHTaMH MO,IJ;eJIH RBJUIIOTCH <}:>YHKUHH pacM 

npe,n;eJieHJ.ifl KBapKOB B CTanKHBaiOrn;HXCH a,n;poaaX II 4>YHKUHH cPparMeHTaM 
u;HH KBapKOB 11 ,IJ;HKBapKOB BO BTOpJ.NHhie a,n;pOHbi. 

2.1. MolleJih 1 

l1HBapHaHTHoe IIH<!><!>epeHuHaJibHoe ceqeane )IJIH rrpouecca ( 3) orrpe
lleJIHercH CYMMOH BKJIR/IOB IIJiaHRpHOH (F0 (x F' p T)) H QHJIHH/IpnqecKHX 
)IHRrpaMM 

(4) 

r.n;e on - cetleHHe po)I()J;eHHJI n -noMepoHHhiX u;errot~eK (2n -KaapK-rnrooH

HbiX CTpya) , <P (x F' P ) - pacrrpe11eJieHHe RIIPOHOB, PO"''IeHHhiX OT <j>par
MeHTR!lHH 3THX ~TpyH Jo X H p . HBHbiH BHII lj>yHKQHH </J (X F' P ) IIpH-

/l?/ F T n T Be,IJ;eH B . 

Pacnpe,n;en:eHHR KBapKoa a anpoae no npo,D;OJihHOMY 11 rrorrepetiHOMY 
HMrrynhcaM 6hiJIH npe,n;cTaa.neHhi B ¢>aKTOpH30BaHHOM BH.IJ;e: 
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(5) 

r)J,e X - )J;OJUI IIpO,D;OllbHOrO HMrryJibCa KBapKa OT HMIIYJihCa Hanerruomero 

K +-Me3oHa, kT - nonepe'IHhiH HMrrynhC KaapKa. WyHKUIDI q (x) 6panach 
'17 1 

a BH,ll;e · , a 

2 
B 

- exp(- Bk ) , 
211 T 

(6) 

r):(e B c. 2/ <k? , <k? - cpei\HifH nonepeqHhiH HMrrynhc MHHoro KBapKa. 

CetJeHH.H an HcrrycKaHIDI n noMepOHHhiX nmmeH BhitiHCJIHJIHCh no <Pop· 
'10 •. MynaM 

ap -z OQ 

"'n ~ -- (1 - e ~ 
nz k =0 

2C ·Y p p 
Z= 

R ~ + a~ln(s/ s0) 

s (1, 
ap ~ Srr-yp ( -), 

so 

k 
_z_)' 
k! 

ln -1- ~ 
e •o 

n.? 1, 

(7) 

r,ue a P - BKJia,n; noMepoaa B rronaoe ceqeHne, ~ = a P(~) - 1 - rrpeBhiiDeHHe 

mnepcema IIOMepoHa HM 1. I1pH BblqHCJieHHH ceqeHHH U HCTIOJib30BaJIHCh 
n 

cne,nyromHe 3HaqeHHH rrapaMeTpoa: 

-2 
1,174 r,B , 

2 
fl. ~ 0,139, s0 ~ 1 r3B , 

(8) 

<l>yHKUHH 4JparMeHTaruu:~ u- H S -KBapKOB a K0 
-Me30H a 3aBHCHMOCTH 

OT Z ()J.OJIH npO,D;OJihHOrO HMfiYJibCa a,D;pOHa OT HMnyJihCa KBapKa) H IIOIIe
'17/ 

petiHOrO HMrryJibCa k npe,nCT3.BJIHJIHCb TQ)Ke B QJaKTOpH30Ba.HHOM BH,ll;e' : 

D ( z, k _, P ) ~ D (z, k ) g( k ) , 
T-+ h ·1- T T-+ h T T 

r,D;e r 03Haqaer apOMaT K:sapKOB ( U HJUI S) , k = p - Z • k " 
T T T' 
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-a¢(0) + 1+ A 
- ak 

D 
0 

( z, k ) =- (1 - z) g(k ) • 
ll-tK T z T 

(9) 

<l>yHKI.Iilli <jlparMeHTai.IHH JIIf,lU!py!Olllero s -KBapKa B K 0 -Me30H 6panacb H3 

pa60Tbl I 121 : 

rue 

bk 1-aq,(O) -a.R(O)+A . _ 
D

1 
= 7 z (1- z) (1- 0,7z) (6,8- 5,2z) g(k t, 

-aR(O) + 2(1-a_.(O) )+A 
~ . -

D2 =- (1- z) . g(k ) , 
z T 

. -
A= 2ait(O) -k~ aR(O) = 0,5, aq,<O)"' 0 

(10) 

/14/ 
ak= 0,05 . 3HaqeHHe napaMeTpa bk = 0,19 orrpeneneHo H3 ycnOBHH coxpa-

HeHIU! CTPaHHOCTH 

1 2 
2 ( D (Z, k ) d z d k = 1. 

z 1 T T 
min 

(11) 

- B2 -Bk 
g(k)=-e T 

T 2" 

BKna,n; rma.HapaoH ,ll;HarpaMMhi onpe.n;emrncH rro cpopMyne 1111
: 

-aR(O)+ 2a~(O) ·ki 

rue g_ (x) = C(l - x) - CTPYKTypHBJI <jlyHKI.IHH s -KsapKa, 
s 
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{3 -{3kT 
g(k~ :::: -;e Bbi6paHHaH p T·3aBHCHMOCTb TIJia.HapHOfO rpa¢HKa, 

a H {3 - napaMeTpbr. 

l1aaapHaHTHoe .n:aa)K,Uhi .z:v.r¢cpepeHuHanhHoe celleHHe o6pa30BaHIDI KQ

Me30HOB a rrpouecce ( 2) 6panocb a BH.Ue/ 17 ' 

A 

FA(xF, PT) = 2: N,,¢v(xF' PT), (12) 
IJ:o-:1 

1 l' 2 
NV= r ("in T(b)) exp(-"in T(b)) d b, 

v' 
a = 14 M6- cetreaue aeynpyroro K +p-B3aHMo.ueikTBHH, 
in 

T(b) = r p(b, z) dz. 

(13) 

(14) 

,II.rrH ITJIOTHOCTH R:,Z:t.epHoti MaTepHH B cnyqae R,ll;pa 
9Be HCTIOJib30BaJIOCb 

rayccoao pacnpe,II.eneHHe 

r2 
p(r) =p exp(--), R=2l\lM. 

o R2 
(15) 

,UnH 6onee . TH'>KeJihiX H,Uep HCIIOJib30BaJiaCb H.UepHaR riJIOTHOCTb B ¢opMe 

Bygca-CaKCOHa: 

p(r) 
r- R -1 

= p
0 

(1 + exp ( --)) 
b 

(16) 

C napaMeTpaMH b = 0,545 <jJM H 
113 

R = r
0

A • rge r0 = 1,07 <jJM, p
0

- Hop-

MHpOBOtiHaH IIOCTOHHHa.fl. 

Cao6o.D.HhiMH rrapaMerpaMH Monro:m: HBJI.fUOTCH: B - napaMeTp HaKnoaa 

B <jJopMyJie (6) (PT·3aBHCHMOCTb J:IHJIHHApH'IeCKllX AHarpaMM), a - napa

MeTp HOPMHpoaKH rma.HapHoH: .rt.HarpaMMhi, {3 - napaMerp HaKJioaa a PT-

3aBHCHMOCTH IIJiaHapHoH .n;HarpaMMbi. Bem·it.IHHbi 3THX napaMerpos orrpe

,lJ,eJIFIJU:ICb, HCXO,ll,FI H3 Hal:Illyl.llllero OIIHCaJU:IFI ,l],Ba:>K,Ubl ,lJ,l:IcpcpepeHUHa.TibHhiX 

celleHHH d2a I dxyiP; rrpouecca (3)/ 16/ , oKa3anHCb paBHhiMH: a = 2 M6, 

{3 = 7 (13B/c r 1 , B =6,5 (ThB/c) -~3TH 3Ha'leHlifl napaMeTpOB llCTIOJih30BaJIHCh 

npH OTIHCaHHH 3KCIIepHMeHTaJibHbiX ,lJ,a:HHbiX npon:eCCOB ( 2) npH 11,2 r3B. 

PaclleThi no 3TOH MO.UeJIH ,I:VlR rrpoueccoa ( 2) 6hiJIH rrpoH3Be,n;eHbi a 

.lU3YX aapHa.HTax - 6ro yqera H c ylleTOM nornomeHHFI aTopHlllibiX K o

Me30HOB n.uepHoft cpe.n;oH. B nocne,lJ,HeM cnyl.lae HHBapHaHTHhie celleHHH 

KOppeKTHpOBaJil:ICb Ha MHO)I(HTeJib 8(xF), paBHbi:H 
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sex ) - A•<l><llcx )/A F - F oc• (17} 

r,o;e 

acpcp "" 2 + oo 
A (xy) ~ ( d b ( dzp(b, z) exp( -o: [ T(b) - ( p(b, z ') dz ']) , 

1n 
0 z 

!Xl +oc oo 
2 

A=~ ( d b ( dzp(b, z) exp(-o:. ( p"(b, z') dz'), 
0 -OQ ln z 

3nec& 2r - .n;nHHa <:j)opMHposaJurn: BTOPHtmoro a.n;poHa, KOTOpaR cornac
Ho123·241 HM€eT BH,!I, 

K ~ 3 f'3B/<!>M -
rro <!>opMyrre (17} 
Ta6nH~e. 

A\xF 0,55 

Be 0,92 
Cu 0,63 
Pb 0,38 

2.2. Moaerrh 2 

Ko3<P¢m:u;HeHT HanDKeHIDI cTpyHhi / 25/ • Pacct~HTa.HHbie 
BeJII<'IHHhi O(l<F) MH Mep Be, Cu, Pb rrpHBe,o;eHhi B 

Ta6rrH[Ia 

0,65 0,75 0,85 0,95 

0,88 0,84 0,82 0,79 
0,56 0,53 0,50 0,47 
0,33 0,31 0,29 0,28 

13/ 3Ta Mo,n:en& peanH30Ba.Ha B BI1,1J;e nporpaMMhi-reHepaTopa COLLI , H 
HCIIOJib3QBa.JiaCb paJ-:iee )J,JIR OIIHCa.HHR 3KCIIepHMt!HTaJibHbiX JJ;aHHbiX xapaK

TepHCTHK npOTOH-R.D;epHbiX 11 H,Ll.po-a,uepHbiX B3aHMO,lleftCTBHft IJPH HatlaJTh
HOH 3HeprHH 200 f'3B/HyKrroH 1191 . 
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B 3TOH MO,D;eJIH H,ll;pO npe,D;CTaBJIJIEITCH KaK COBOKYIUIOCT:& HYKJIOHOB 

c npocTpaHCTBeHHbiM pacnpe)J;enmmeM a aH)J;e ( 4) rum ( 5) . BepomHOCTb 
ueynpyroro CTOJIKHOBeHHH K+-Me3oHa c HYKJIOHOM, npHBo.z:vnuero K o6pa-

3oaaHHIO n nap I<BapK-rJIIOOHHbiX CTpyH, OITpe.n;emiEITCR: ITO MO,UeJIH "KBa3H-

3fii<OHaJia" / 3-' 

llpO,ll;OJibHbiH HMnyJihC p z KOHCTI-ITyeHTOB B a,n;poHe onpe,ne.rrRJICH C 

riOMOIUhlO ITJIOTHOCTH BepOR:THOCTH HRHTH KOHCnrryeHT C ,n;onefl: X =Pz~!Po 

( p O - nMnyJihC HaJieTaiOIIIero B.APOHa) 

2n 
u(x1 , x 2 , ••• , x

2
) = u

0
o (1- 2 x1) f (x 1) f

5
(x 2 ) ••• f (x ) , (18) 

n i= 1 vl v2 n 

r.ue U O - HOpMHpOBOtiHRR: llOCTOR:HHaR:. 

<l>yHKUllll pacnpe)J;eJieHIUI )J;JI>I BaJieHTHbiX KBapKOB (aHTllKBapKOB) 
f (X) ll MOpCKllX KBapKOB f (X) llMeJOT BH)J; ( 10/ ; 
v • 

-1'2 
f(x) = x . (19) 

Pacnpe)J;eneune KBapKOB ( aHTllKBapKoB) B B.APOHax no norrepe'IHOMy 
HMrryJibCY 6hiJIO Bhi6pa.HO B BH,D;e: 

-BPT 
f ( P ) - e . (20) 
q T 

Be.ru1qm1a Har<noaa B no.u6Hpa.rraCb H3 nyqmero cornacHJI c 3KcrrepHMeH

TaJihHhiMH ,D;a.HHhiMH H . OKR33.JIRCb paBHOif 5 r3B "':'l. 
h h 

ITpo)J;OJibHbie nMnyJibCbi P z n 3Heprnn E a)J;pOHOB npn <jJparMeHTaJillli 
KOHCTH'fYeHTos c HMrryJihCRMH pq H 3HepnmMH Eq onpe.ue.rrHJIHCh qepe3 

nepeMeHHbie z = (Pzh + Eh)/(Pzq + Jtq) , KOTOphie reuepupoaannch pacrrpe
,n:eneHHeM BH,Ua 

(21) 

fiOKaJaTeJib a~ (P T) 3aB><CllT OT apoMaTa <jJparMeHT><PYIDIIIei"O KOHCTliTyeH
Ta H THIIa a,npoua, B KOTOpbifl OH QlparMeHTHpyeT, a TRK)Ke OT nonepetiHOrO 

><Mnymca B.Apoua PT. 3uaqeu"" ah(P) 6panncb ><3 pa6oThi/ 20/. 
q T 

Kor.n;a Macca CTPYHhr-ocTaTKa cTaHosHJiach MeH:&me, qeM MR+ ~M, r.n;e 

M R - Macca pe30H8.HCR C TeM )Ke, liTO H crpyaa, KBRpKOBbiM COCT~OM, 

a L'.M = 0,5 r3B (MR CTpaHHhiX B.ApOHOB), TO npo><CXO)J;><JI noCJie)J;Hffii pac
rra,U CTPYHbi Ha .n;Ba anpoua. nonepeliHbie H rrpo,UOJI:&Hhle HMITYJibCbi a,rr;po

HOB - npo.n;yKTOB pacna,n;a CTpyHhi - B 3TOM CJiyqae orrpe.n;eJIHJIHCh y)l(e 

He <jJyHKUIUIM>< (20)- (21), a K><HeMaT><KOH ll30TpOIIHOI"O pacnB.Aa. 
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BeJIWUffibl napaMeTpOB MO,UeJIH, TaKHe KaK CTeneHb ITO.Ua.BJieHID! CTpa.H

HbiX MOpCKHX KBapKOB, OTHOilleHHH aepOHTHOCTeft npH o6pa30Ba.HHH CTa-

6HJihHbiX llaCTHU H pe30Ha.HCOB, rpaHWIHhle MaCChi CTpyH, 6panHCb, KaK 

n B pa60Te 131
. 

0 * B MO,JJ;e.JIH 2 6LmH yt~Teao rrornomeaHe BTOpWIHbiX K (K ·) -Me30HOB 

cJie,D;yiOIIJ;HM cnoco6oM. EcnH no aanpaBneHmo .UBH)KeHHR BTopwmoro K
Me3oHa, HaliHHaH OT TOliKH B3aHMO,UeiicTBIDl naAa.IDI.IJ;ero K+-Me3oHa C HYKJlO

HOM H,upa, a npe,nerrax Kpyra c pa,rurycoM R ==Cain I rr) l/ 2 BCTpernTCH 

KaKoH-nn6o HyKnoa H.r:wa, clltuaercH, liTo rrpon3oUino Heynpyroe B3aHMO

)J.e:ticTBHe1H TaKoe co6hiTHe oT6pachmaeTCH. 

KpoMe MaTeMaTWieCKoft peaJIH3aiJ;HH (aHaJIHTHqeCKH:ti H MOHTe-KapJIOB

CKHt'J: pacqerbi), npHMeHHeMhie Mo.UHti>HKau;HH MKrC HMeroT pH.n. pa3nmlill, 

KOTOpble MOryT npHBecTH K BeChMa cym;eCTBeHHhiM paCXQ)K,UeHHHM B Olli1-

C8.HHH 3KCITepHMeHTaJibHbJX ,ua.HHbiX: 

1) Totm:biH yt~er 3aKOHOB coxpa.HeHHH B Mo.uenH 2 H npH6Jin)KeHHhiH, 

BhiiTOJIHHlOUJ.HliCH B aCHMillOTHKe 7 B MO,UeJIH 1. 
2) IlpHMO.H ytJ:eT pO)K,ll;eHHR: H pacna.n;a pe30HaHCOB B MO.UeJIH 2 H KOC

BeHHblli yqer (B napaMerpax tPYHK!1HH <!>parMeHTaiiHH) B MOAeHH 1. 
3) A.rlpoHbl B MOAeHH 1 o6pa3yiOTCH e)1llii006pa3HO IIyTeM pa3pbma 

crpyH c 39.1\aHHoft <!>YHK!1Heii q,parMeHTaJ.IHH. B MOAeHH 2, ecnn Macca crpy
Hhi CTaHOBHTCH MeH&Ilie orrpe.ueneHHOft aenHqHHbi, a,upOHbl 06pa3yiOTCH rry

TeM ,uayxqacT:wmoro pacrra.n;a. 

4) B MoAenn 1 npeAnonaraercH, 'ITO BTOPH'IHbre aApOHbi <!>opMnpyiOT

CJI BHe H,Il,pa, B MO,ll;eJIH. 2 BTOpHtiHhie a,upOHhl ct>opMHpyroTCH B TOtJ:Ke o6pa-

30BaHWI H YliHTbiBaeTCJ.I HX llOrJIOI.IJ;eHHe B H.D;pe. 

3. CPABHEHI1E PE3YJibTATOB PACtiETA TIO MKrC 
C 3KCTIEPI1MEHT AJibHb!Mli! .UAHHbiMI1 

Ha pHC.1 IIpHBeAeHbl paCC'IHTaHHb!e IIO MOAeHH 2 AH<!><!>epeHUHaHbHbie 

Ce'leHHH du /dxF }J)!H IIPOIIeccopa (3) npH E 0 ~ 16 r3B/c H COOTB8TCTBYIO
IIJ;He 3KCnepHMeHTa.JibHble ,IJ.aHHbie /l 6/, 8TOT pHCYHOK JJ;eMOHCTpHpyer 

tJYBCTBHTe.JibHOCTb paccqHTaHHbiX CelleHHft do /dXp K Bbi6opy cpyHKUHif 

HMITYJibCHoro pacnpe.n;eneHHR: BaJieHTHbiX u- H S -KsapKOB B K+-Me3oHe: 

f - -1/2(1 ) (3 
u-X -X , 

-112 
f- ~ (1- x) 
s 

(3 
X • 

(22) 

Hannyt~rnee cornacHe c 3KcnepHMeHTOM, KaK H O?KH,ll;3JIOCb / 111 , ,IJ.OCTHr.a

ercH npH aenwurne {3, paaHo.H 0. 
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PHc.l. CpaBHeHHe paCCtJHTaHHbiX no Mo.o;e· 

nH 2 ,uHQ)Q)epeHU,Han&HbiX cette:m:H do"/ dx F 

npH pa3nl11.JHbiX 3H81.JEHH11X napaMeTpOB 

{3 B <};lopMyne (22) c :n<cnepHMeHTam.H&I· 

MH AaHHbiMH ;r:vtfl peaKuH:H K+ p -+ K 
0
X 

npH 16 r3B/c. CnnOlllHaH I'HCTorpaMMa 

COOTBeTCTByeT 3Hai.JeHHIO f3= 3, nyHKTHp-

HaJl {3 = 0, WTpHXDyHJ<:THpHaR 

/3 ~0,5. 

Ha pHc.2 H 3 npe;lcTasne

Hhi pacqeTbi p;aa"''\hi AH<jl<jlepeH

u;aaJibHhiX HHBapHaHTHbiX CelleHmi: 

F(xF, PT) a 3aBMCHMoCTH oT Xr .un:H 

10 

5 

pa3Jl~biX BemiqHH p T' HHBapHaHT- 0 0,2 0,4 0,6 0,8 X, 
Hbie ceqeHHH F(xF) npH PT.::; 

S. 0,3 r3B/c B 3RBHCHMOCTH OT XF 

(pHC.3a), )J;H<jl<jlepeHQHaJlbHbie ceqeHHH da/dPi npH XF '-: 0,7 B 3aBH~HMOCTH 
OT P~, (pHc.36) H cooTBeTCTayro~e 3KcrrepHMeHTaJihHhie p;aHHbie .~11.nr; 
peaKQHM (2) npH E 0 = 11,2 r3B 13· " peaKQHH (3) npH Eo= 16 r3B l6·' 

CrmomHoH JIHHHeH rroKa3aHhi paCl.leThi no MOll.e.rtM 1 6e3 ytJeTa norJIOIUeHHH 

BTopwrnhiX K
0 

-Me30HOB,. IllTpMxosoH - c yt~eTOM nornoi.U;eHHH. PactteThi no 

MOlJ.eJIM 2, BhinOJIHeHHbie MeTOll.OM MOHTe-KapJIO HR OrpaHWieHHOH: CTa

THCTHKe, IIOI\a3a.Hhl1 KaK H 3KCIIepHMeHTaJibHbie ,ll;a.HHbie, CO CTaTHCTHllecKHMH 

norpelllHOCTHMH. 

Pact.IeTbl IIO MO,ll;eJIH 2 B OCHOBHOM COrJiacyiOTCH C 3KCIIepHMeHTaJ1bHbiMH 

' 
1 15 I 

lJ.aHHhiMH a paMKax nx CHCTeMaTHtleCKHX rrorpelllHOCTeH ( ±25%)' . 0TMe-

THM HeCKOJibKO 6onee KpyTOe lla.I(eHHe paCCl.IHTaHHbiX IIO MO,IJ;eiiH 2 Cet~eHmi: 

F(xF, P ~ H F(x iJ npH yaenHqeHHH xl" qeM Ha6mop;aeMoe Ha 3KcnepHMeHTe. 

qTo KacaercH MO,IJ;eJIH 1, TO 3,n;ech Ha6nro.naercH cornacHe c 3KcrrepHMeHTOM 

JlJIH K +p- H K+Be-B3aHMo.D;eHCTBHH H cyw;ecTaeHHoe pacxo){(,IleHHe ,n;nH K+Pb

B3aHMoJJ:eHcTBm1:. Pac1.1eTbi no MO.ll.eJIH 1 c yt.IeTOM nornomeHHH K 0 
-Me30HOB 

cornacyiOTC1l C 3THMH 3KCnepHMeHTaJibHbiMH ,ll,aHHbiMH. 

PAe 

Ha pHC.4 npHBe,ll;eHbl OTHOUieHHH CetJeH:IDi 

~(K+Be ~ K 0 X) 

dx F 

A= Cu, Pb. 
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1. 

---i t t 

0.5 
t 

t 
P.·oo5r3B ' . c F?·015r~ P.·o 25r3B ' . c 

05 0.7 0.9 0.5 o.7 0.9 05 0.7 0.9 05 07 0.9 C!5 07 0.9 X F 

PHC.2. Ilsa)I(.Ubl AH¢>¢>epeHUH8JibHbie HHBapHaHTHbie C€lleHHR F(Xp, PT) ,UJUI 

npon:eccos (2) H (3). CHMBOJI8MH ( '\7- p, o- Be, 1'1- Cu, 0- Pb) npe.u.craa· 
JieHbl 3KcrrepHMEHTaJibHble A8HHbi€, CHMBOJI8MH T, • , A., • - paClleT no MO)le· 

JIH 2, KpHBbi€ - p8ClleT IIO MOJ:t€JIH 1 6e3 ylleTa norJIOUJ;eHHR BTOpHqJJbJX K0 
·Me-

3.0HOB. HH)KHHH KpHBaR: Ha 3TOM pHCYHKe H Ha pHc.3a - BKJIM UmlHapHOii 

JUiarpaMMbl B peaKUHH ( 3) . 

Pe3yJILTaTbi pacqerroa no Mo.IJ;eJIHM 1 H 2 coananaror c 3KcrrepHMeHTOM .D.iiH 

Rcu. B cnyqae R Pb MO.UeJih 1 6e3 ytiera nornOIIJ;eHIDI K -Me30HOB .uaeT cy
I.IJ;ecraeHHO 3aBhiiiieHHhie 3Hat~eHHR-

Ha pHc.4a 11 4r npe,n;craaneHbi K03Q:l¢niuHeHTbl a B ·rrapaMerpn3auHH 
3KCIIepHMeiiTaJibHbiX H pacqeTHbiX (no MO)J;eJIH 2) ,n;mt>QJepeHUHaJlbHbiX 

CellCHI·U1 da/dxF H da/dP~ 3aBHCHMQCTbiO 

do a(x,) 
= CA • 

Ha6nro,n;aercrr xoporuee cornacue c 3KcnepHMeHTaJibHhiMI1 ,lJ,a.HHbiMH. 
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f(x,J . ..o. 

5.0 

1.0 

0.5 

t 

I I 

0.1 
p 

005 

04 0.8 
x, 

~ 
I 10. 

5. 

1. 

0.1 0.2 2 

~(r3EVcl 

PHc. 3. HH:sapHaHTHhie CetleHHH F(x ¥ 
npH PT ::; 0,3 r3B c H .UH¢>¢lepeHUI{aJib• 

Hble ce<~eHHJl da/dP~ IlpH XF'~ 0,7; 

3'KCnepHM€HTaJ1LHhle ,ll.aHHble H paet~eTbi 

TIO MO,!J;eJU'IM 1 H 2, lliTpHXOB8Jl JIHHHR: 

- paCtleT no MO.UeJIH 1 c yt~eTOM norno· 

~eHHH BTOpHt!H~IX K 0 
·Me30HOB. 

4. 3AKJJIOqEHI1E 

RA 
10. 

8. 

6. 

I ... 
2. 

d. 
0.8 

0.6 

0.4 

r-' 
I I 

a 

1+ J 
~~+J+~~ "-' -+.=f, 

- -

I I I 

I'> 

~-f~~~~t 
r-1 I I 

0.4 0.6 0.8 

X, 

- I 61-

-

-
I -

bi.. -

~tit -~ 
1- -

I 

2 
-

u j ~ 1+ 
~· 'I I 

-

0.1 0.2 
2 2 P, (r3B/c) 

PHc. 4. OTaoweaHR nHQ;)(pepeHuHan&

HhiX ceqeHHH aa R:.Upax Cu H Pb K 

cet~eHHRM aa Hnpe Be: W/ dx F (a), 

dO'/dP~ (6) H 38BHCHMOCTH K03¢>-• 

<I!Hl\HeHTOB a(xF) (B) H a(Pi) (r) 

B napaMeTpH3aiJ.HH (23). 

TipoaeneHHbi:fi aHaJIH3 3KcnepHMeHTaJihHhiX .UaHHhiX peaKu;HH K+p --)K 0X 
H K+A 4 K 0 X (A= Be, Cu,Pb) B o6rraCTH 3Hepmlf HaJieTaJO!UHX K+-Me30HOB 
11-16 r'3B B paMKax MO.UeJIH KBapK-rJIIOOHHLIX CTPYH II03BOJIHeT C]J;e.rraTL 
BhiBO,D; 0 TOM, liTO IIpl:l yt~eTe IIOrJIOUJ;eHHR BTOpHtnrhiX K 0

-Me30HOB 06a 

BapHa.HTa MO,Il;eJIH Y.UOBJieTBOpHTe.JlhHO OUHCbiBaiOT paccMoTpeHHYIO COBO

Icylrn:OCTh 3KCnepHMeHTaJThHhiX ,ll;aHHhiX. 
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