
Pl 1-99-102 

M.f.Ai-ipanenrn, 3.A.Ai-ip~H, r.r.rynh6e101H, O.CeJielll, 
A.B.<l>e;:lQpos 

MATEMATHqECKOE MOJlEJIHPOBAHHE BPEMEHH 

UH<l><l>Y3HH PAJlHOAKTHBHhIX .HJlEP 

qEPE3 TPY60TTPOB0Jl KPYrJ10fO CEqEHH.H 

OT TTPOH3B0M1UEH MHlllEHH 

K HOHHOMY HCTQqHHKY 

• 



11crnqmfKII pa,nIIoaKTIIBHhIX IIOHOB AOJDKHhl orneqaTb 06IIIIIM TPe60BaHIIRM 

npOH3BOACTBa IIOHOB, OAHaKO OHII XBJUIIOTCX cne11IIqrnqecKIIMII C TOqKII 3peHHX 

MaTepmum, ITOAaBaeMoro B pa3pXAHyio KaMepy, KOTOpblll npeACTaBJUleT co6oil: 

npOAYKT XAepHhIX peaK11IIil: nepBIIqHoro nyqKa c MaTepmmoM MIIIIIeHII. BIDKHhle 

MOMeHThl ITPII 3TOM: 

1) ITOJiyqeHIIe AOCTaTOqHo 6hICTPOil: TPaHcnopTIIPOBKII KOHKpeTHoro II30TOITa OT 

MecTa B03HIIKHOBeHIIX AO IIOHHOfO IICTOqHIIKa OTHOCIITeJihHO ITepIIOAa ITOnypacITa,na, 

ITOCKOJlhKY 3TOT II30TOIT npOH3BOAIITCX B He60JihIIIOM KOJIIIqecTBe II IIHTeHCIIBHOCTII 

nyqi<oB B 60JihIIIIIHCTBe CBOeM He ITpeBhIIIIaIOT eAIIHHII HA; 

2) cenapa1111x KOHKpeTHOro 1130TOITa OT OCTaJihHhIX npo~TOB peaKIIHH. 11 TO II 

Apyroe AOCTHraeTCX c ITOMOillhlO ITpaBHJihHOro BhI6opa MaTepHaJIOB II KOHCTPYKIIIIH 

CHCTeMhl «MHIIIeHh - HOHHhlll HCTOqHHK» (pIIc. l ); 
3) BpeMX TpaHCITOpTilpOBKH 1130TOITa OT MeCTa B03HHKHOBeHHX AO pa3pMH_Oil: 

KaMepbl MOJl<eT AOCTHraTh 60JihIIIIIX 3HaqeHHil:, ~o CHJihHO ITOHH)KaeT 3cpcpeKTHBHOCTb 

CHCTeMhl. C :noil: TQqKH 3peHHX KpHTHqecKHMH XBJIXIOTCX AII!p4JY3HX BHYTPH TBepAOil: 

HJIH )KIIAKOH MHIIIeim II 34J4JY3HX ITO CHCTeMe. 

MbI IThITaeMCX OITHCaTb 3TII XBJieHHX C . ITOMOIIIhIO MaTeMaTHKO-!pII3IIqecKoro 

MOAeJIIIpOBaHIIX. 

paAIIOaKTIIBHbIM rrytioK 

. JIIIHIUI l'paHCIIO_pTII_pOBKII ·-· ·-·-·-·-·-·-·-c==>-·-·-

D 
nepBII'IHbIH nytIOK 

P11c. 1. YITpOIIIeHHaH CXeMa CHCTeMhl MX ITp0113BOACTBa ITyqKOB pa,nHOaKTHBHblX 

HOHOB 

B pa6oTe ITpeACTaBJieHhl KaK OCHOBHbie ITpIIHIIHITbl MeTOAa, TaK II pe3yJibTaTbl, 

nonyqeHHhie 113 pacqeToB Ha ITpocrnil: MOAeJIH TPaHcITopmoil: qacrn (AII<P4JY3HX ITO 

1 



lpy6011p0Bo.izy c Kpyrm,IM ceqemieM). B ;:i;am,HeilrneM 11pe;:i;rronaraeTc.11 pa:rnnTne 

Mo;:i;enn c uenhIO ee 11pn6nmKeHn.11 K peanbHhIM ycnoBtt.llM, HJ qero 6hma 6hI rronyqeHa 

6onee peanIICTIIqHa.sI oueHKa .l!BneHIIH, KpllTIIqecKII ;:i;eHCTBYIOillllX Ha 11pOII3BO)];CTBO 

PMIIOaKTIIBHhlX 11yqKOB, a TaK)Ke y11pomeHne 11poeKTIIpoBaHII.II HOBhlX II 

Mo;:i;epHII3auIIII CTapbIX IICTOqHIIKOB pa;:i;noaKTllBHhIX rryqKOB. 

2 Mo,ueJiupoeanue .unct>ct>YJHOHHoro npoxoiK,l],eunH Tpy6onpoeo,ua c 
KpyrJibIM ceqeuneM 

TipoXO)K)];eHIIe qaCTIIUhl 110 lpaHcrropTHOH nIIHIIll HJyqanoch ITYTeM 

11ocne;:i;oBaTenhHOro Mo;:i;enIIpoBaHII.11 MHOroKpaTHhIX OTpa)KeHHH qaCTHU OT CTeHOK 

lpy6011pOBO)];a C KpyrnhIM ceqeHIIeM B ycnoBII.IIX BaKyyMa (;:i;mpcpy3n.11). 

Tipe;:i;11onaranOCb, qTQ qacTIIUbl He B3aIIMO)];eHCTBYIQT ;:i;pyr C ;:i;pyroM, ll IIX llllOTHOCTh B 

lpy6011pOBO)];e TaKOBa, qTQ peanhHO IIMeeT MeCTO TOllhKO CTOnKHOBeHne qacTIIU co 

CTeHKaMII cocy;:i;a. B3aIIMO)];eHCTBIIe qaCTIIUhI C IIOBepxHOCTHblM cnoeM lpy6011pOBO)];a 

OIIIICbIBanOCh BBe)];eHIIeM 11apaMeTpa - BpeM.11 3a;:i;ep)KKII - 'tctelay, COOTBeTCTBYIOIIIero 

BpeMeHII, B TeqeHIIe KOTOporo qacTIIUa, ITOllaBIIIa.11 Ha CTeHKY, He MeH.lleT CBOllX 

KOOp)];IIHaT. Tipn 3TOM, Ha HaqanhHOM 3Ta11e 11pe;:i;11onaranocb, qTo CKOpOCTh qacTHUhl 

AO II 11ocne B3aHMO)];eHCTBII.II co CTeHKOH He MeH.lleTC.11 110 a6conIOTHOH BenIIqIIHe. 

TaK)Ke 11pe;:i;11onaranocb, qTQ BCe qacTIIUhl BnemIOT B Tpy6011pOBO)]; C O)];llHaKOBOH 

HaqanhHOH cpe;:i;HeH KBa;:i;parnqHOH CKOpOCTbIO: 

v = ✓3kT 
o M' (1) 

r;:i;e k- 11ocTO.IIHHa.sI EonhUMaHa, T - a6conIOTHa.sI TeM11eparypa, M - Macca qacTHUhI. B 

11ocne;:i;YIQI11eM 6bmO paCCMOlpeHO pac11pe;:i;eneHIIe CKOpOCTII V 110 MaKcBennOBCKOMY 

JaKoHy: 

P(v)=4:r -- exp __ v_ v 2 • ( 
M )

3
'
2 

( M 2) 
2rckT 2kT 

(2) 

TinoTHOCTb BepO.IITHOCTII 110 yrny pacce.llHII.11 B rrpo;:i;onhHOH rrnoCKOCTII 011pe;:i;en.11nach 

3aKOHOM KOCIIHYCOB: 

P(0)=2cos0sin0. (3) 

B 11011epe'IHOH llllOCKOCTII pacrrpe;:i;eneHIIe 110 yrny pacce.llHII.11 6hmo BbI6paHo 

paBHOMepHbIM. Bb16op TaKIIX pac11pe;:i;eneHIIH 1103BOn.lleT CMo;:i;ennpoBaTh 11epeHoc 

Bemecrna B)];Ollh lpy6011pOBO)];a 110)]; ;:i;eiiCTBlleM pa3HOCTll KOHUeHTpaunii 

(;:i;ncpcpYJIIOHHhlH 11epeHoc): 

j=-Dac 
ax' 
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(4) 

r;:i;e j - ITOTOK qaCTHU qepe3 e;:i;ttHllqHyIO 11orrepeqHyIO rrnOIIIa)];h B e;:i;nHHUY BpeMeHH, 

ac ~ 6 - - rpa;:i;neHT H3MeHeHH.II KOHUeHTpaunH B)];Onh rrpo;:i;onhHOll OCII TPY orrpOBO)];a, ax 
fl - K03!p!pHUHeHT AHcpcpy3IIH. TipH OIIIICaHHbIX ycnOBll.llX ;:i;n.11 K03!p!pHUIIeHTa 

;:i;ttcpcpy3ntt D 11onyqaeTc.11: 

D = _!!__ Li Li 
N-11=1 , (5) 

r;:i;e N - KOnIIqecrno qacTHU, BneTaIOIIIllX B lpy6orrpOBOA; L - ;:i;nttHa Tpy6orrpOBOAa; 

t - BpeM.11 ;:i;ncpcpy3IIII. TipII 3TOM oqeBII)];HO, qTo BhIIIOJIIrneTC.11 ycnOBIIe, 

ac = a(i) =J_[aN _ N] 
ax aL V aL L , 

r;:i;e o6beM Tpy6011p0B0;:i;a V = SL, a rrnOIIIMh 11orrepeqHoro ceqeHtt.11 S = :ref 14, d -
)];HaMelp Tpy6011pOBO)];a. 

B cnyqae, Kor;:i;a ;:i;nnHa cBo6o;:i;noro rrpo6era qacTHUhI cpaBHIIMa c pa3MepaMn 

lpy6011p0B0;:i;a, ;:i;n.11 Mon.11pHoro rroToKa qepe3 rronHoe rrorrepeqHoe ceqeHtte B e;:i;ttHIIUY 

BpeMeHn rronyqaeTC.11 Bhipa)KeHIIe, 

J = _ :rd
3 ✓ RT (c2 - ci}, 

3 2:rp L 
(6) 

J 
r;:i;e R = 8.314--- YHHBepcanhHa.11 fa30Ba.ll ITOCTO.IIHHa.11, JI - MOn.llpHa.11 Macca, 

mo/K 

a (c2 - c,)- pa3HOCTh KOHUeHlpaUHH Ha KOHuax Tpy6orrpoBO)];a. 

113 (6) ;:i;n.11 BpeMeHH rrpOXO)K)];eHll.11 Tpy6011poBO)];a 11onyqaeM, 

3(2;" 
r;:i;e Q = 4fR = 0.652. 

Li /µ 
t=QdVr, (7) 

TipH Mo;:i;ennpoBaHHH rrpoxo)K)];eHn.11 qacrnu no KaHany (Tpy6orrpoBo;:i;y) c 

11paBHllhHhlM ceqeHHeM BpeM.11 reHepaunn co6hITllH MO)KeT 6b!Th 3aMeTHO COKpaIIIeHO 

110 cpaBHeHHIO C o6IIIHM cnyqaeM 11pOll3B0flbHOro ceqeHH.11 [I]. B ;:i;aHHOM cnyqae, )];fl.II 

Tpy6011poBO)];a C KpyroBhIM ceqeHHeM, BpeMH rrponem Me)K)];y ABYM.11 

11ocne;:i;oBaTeflhHh!Mll CTOflKHOBeHH.IIMH qaCTllUhl co CTeHKaMH Tpy6011poBO)];a 

Haxo;:i;nnocb H3 ycnoBn.11, 

r ;e(x-x0 )2 +(y-yo)2 
=dco{~-q:, )=v.1t, (8) 

r;:i;e d - AHaMeTp lpy6011p0B0;:i;a; (xo,Yo) = (0, OJ - 1103nu11.11 qacTHUhI Ha cTeHKe 

lpy6011p0Bo)];a 11epe;:i; HaqanoM )];Bll)KeHH.11; (x,y) - HOBbie KOop;:i;ttHaThl qacTIIUhl llpll 

oqepe;:i;HOM CTOllKHOBeHllll co CTeHKOH Tpy6orrpoBO)];a B rrorrepeqHoH rrnocKOCTH; q:, -
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yrorr pacce»mrn B ITOITepe'IHOH ITJIOCKOCTH, paBHOMepHO pa3blrpbIBaeMbIH B HHTepBarre 

0 + 7t, a V.1 - ITpoeKUH.H ITOJIHOH CKOpOCTH a ITOITepe'IHOH ITJIOCKOCTH v..l=vsin0(cM. 

pnc. 2). 

ITorrepeqHoe ceqem1e ITpo;::i;onbHOe ceqem1e 

y r 

X z 

Pttc. 2. TpaeKTOpH.H ,nBH)KeHH.H 'IaCTHUbl B Tpy6Ke a ITOITepe'IHOll tt ITpO,nOJibHOH 

ITJIOCKOCT.HX 

,[(JIHHa xop,nbl r OITpe,nerr»rra BepTHKaJihHYIO COCTaBJI.HIOIUYIO ITpO,nOJibHOro 

ce'IeHH.H TPY60ITpoao.na (T.e. 
11
HOBhIH

11 
,nttaMeTP Tpy60ITpoBo,na). HoBhre Koop,nttHaThI 

ITPH ITepeMerueHHH B ITpo.norrhHOM HaITpaarreHHH oITpe,nerr»rrHch KaK, 

z = zo + v II t, (9) 
r.ne v II = v cos0; 0 - yrorr pacce.HHH.H B ITpO,nOJibHOM HaITpaBJieHHH, pa3blrpbIBaeMbIH 

cornacHO (3) B HHTepBarre O + 7t. Ilepe.n crre.nyroIUHM ,[\BH)KeHHeM 'IaCTHUbl CHCTeMa 

Bparuarracb OTHOCHTeJibHO ITpo,nOJibHOH OCH .no COBMerueHH.H HOBOH IT03HUHH (x,y) -> 
(xo,ya) = (0,0), H ITpoue.nypa ITOBTOp»rracb. ECJIH 'IaCTHUa OK!l3bIBaJiaCh Ha Topue 

(Ha'IaJihHOH IT03HUHH z = 0), TO yrorr 0 pa3blrpbIBaJIC.H B HHTepBarre _ !!.. + !!.. (T.e. 
2 2 

'IaCTHUa He MO)KeT ITOKHHYTh TPY60ITpOBO,[\, KpOMe KaK BhIJieTeB c ITPOTHBOITOJIO)KHOH 

CTOpOHhl HJIH )Ke paCITaBIIIHCh B CaMOM TPY60ITpOBo,ne). BpeM.H ITpOXO)K,neHH.H 

qacrnueii Ka)K,nOfO OTPe3Ka CYMMHpOBaJIOCb H cpaBHHBaJIOCb C ITepHO,[\OM ITorrypacITa,na 

Z-112. B crryqae, Kor.na t < ]0z-112, C'IHTaJIOCh, 'ITO qacTHUa pacITarracb, H OHa ITOTep»Ha. 

OueHHBaJIOCb BpeM.H fp .nmpcpY3HH qaCTHU qepe3 TPY60ITpOBO,n, 3a KOTOpoe p 
ITpoueHTOB BJieTeBIIIHX 'IaCTHU ITpoxo,nHJIO OTKpbITbIH KOHeu TPY60ITpOBO,na. 

4 

.\ 
,if 

) 

3 06cy,imeuue pelyJJbTaToe 

Ilpoxo)K,neHHe qacTHU qepe3 TPY60ITpoim.n 6bmo paccMOTPeHo Ha ITpHMepe 

».nep 
6 He c z-112 = 820 MC ITPH T = 293 K. Probirphrnarrocb 50000 co6hrrHii. EhmH 

ITorryqeHhI crre.nyroruHe pe3yrrhTaTh1: 

1. PaccMaTPHBarracb 3aBHCHMOCTb Me)K,[(y ITOJIO)KeHH.HMH ITPH BXO,ne II BhIXO,ne H3 

TPY6KH: a) qacmuhr BJieTarrH ITO ueHTPY TPY6Ktt; 6) 'IaCTHUhI BrreTarru B TPY6KY B 

ITpOH3BOJlbHOM MecTe. KoppeJI.HUHH o6Hap~eHO He 6bIJIO. qaCTHUhl BbIJieTaJIH H3 

Tpy60ITpOBO,[(a paBHOMepHO pacITpe,neJieHHbie ITO ITJIO!Ua,[(H ceqeHH.H TPY6KH. 

2. PaccMaTPHBarrach 3aBHCHMOCTb BpeMeHH ,nHcpcpy3HH fp OT ,[\JIHHbl TPY6KH L 
( CM. pttc. 3 ). IlorryqeHHbie 3Ha'IeHH.H aITITpOKCHMHpOBaJIHCb KBa,npaTH'IHOll cpyttKUHell 

Y = ao + a1X + a2X
2

• Ehmo ITorryqeHo ao = a, = 0 ,nJI.H Bcex crryqaeB, a 3Ha'IeHH.H 

K03!p!pllUHeHTa a2 ,[\Jl.H pa3HhlX p ITpHBe,neHbl B Ta6rrHue 1. 

0.80 

¼.6 

0.40 

• d=0.03m 
■ d=0.06 m 
♦ d=0.10 m 

o. oo I • ~---:::::::=.::: I 
0.0 1.0 2.0 3.0 4.0L(mf·o 

PHc. 3. 3aBHCHMOCTb BpeMeHH ,[\H!p!pYJHH TPY60ITpOBO,[\OM aTOMOB 
6 He OT ,[\JIHHhl L 

TPY60ITpoBo.na 6e3 yqe-ra pacITa,noB. 

Ta6rrHua 1: 3Ha'leHH.H ITapaMeTPa a2 ITPH aITITpOKCHMauHH 3aBHCHMOCTH BpeMeHH 

,nHcpcpy3HH fp OT ,nrrHHhI L TPY60ITpoao.na cpyttKIJ;Heii Y = ao + a1X + a2X2 
,nJI.H pa3HhIX 

3Ha'IeHHR ,nHaMeTPa d. 
P f%1 D=0.03m d= 0.06m d = 0.lm 

50 0.02348 0.01177 0.00713 
60 0.03086 0.01547 0.00937 
70 0.04001 0.02002 0.01222 
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3. PaccMarp1rnanacb 3aBIICHMOCTb BpeMeHII ,L\IIqlqJY3IIII Tpy6onpoBO,L(OM B 

3aBIICIIMOCTII OT ,L(IIaMerpa d (cM. pIIC. 4). ,L{aHHhie annpOKCIIMIIpOBaJIIICh cpyHKIIIIefi y 
= b/X. 3HaqeHIIH K03qlqJIIIIIIeHTa b mm pa3HhlX p npIIBe.neHhl B Ta6Jrn11e 2. 

0. 06 ..-----.------r----.------,-----,----

¼.6 

0.03 

• 1=0.3 m 
■ 1=1.0 m 

? 0.3 o.oo 0.1 o.,.., d(m) 0.0 

PIIC. 4: 3aBIICIIMOCTb BpeMeHII ,L(IIqlqJY3IIII rpy6onpOBO,L(OM aTOMOB 
6 
He OT ,L(IIaMeTpa d 

rpy6onpoBo.na 6e3 yqern pacna.noB 

Ta6nII11a 2: 3HaqeHIIH napaMeTpa b npII annpOKCIIMaIIIIII 3aBIICIIMOCTII BpeMeHII 

.nIIcpcpy3IIII tp OT .L(IIaMerpa d Tpy6onpoBo.na cpyHKIIIIefi Y = b/X .nnH pa3HhIX 3HaqeHIIH 

,L(llIIHbl L 

CoBMeIIIM 

rpy6onpOBO,L\OM, 

0 f%1 L=0.3m L=0.lm 

50 6.23xl0"5 7.0lxl0-4 

60 8.28x10·5 9.25xl0-4 

70 l.09xl0-4 1.2lxl0·3 

3Tll pe3ynbTaTbl, nonyqaeM ,L(llH BpeMeHII ,L\IIqlqJY3IIII 

t = Q L2 Ii±.. (10) 
p d°VT 

6 

'I 

KmcpcpIIIIIIeHT nponopIIIIOHaJihHOCTII Q ,L\llH pa3HhIX 3HaqeHIIH p npIIBe.L(eH B rn6nII11e 

3. Eiue pa3 OTMeTIIM, qTo 3TOT pe3ynhTaT He 3aBIICIIT OT Toro, qJIIKCIIpoBaHa llII 

I1O3IIIIIIH BXO)K,L(eHIIH B Tpy6Ky IIllII OHa MO)KeT 6bITh I1pOII3BOllhHOH. 

Ta6nII11a 3: 3HaqeHIIH K03qlqJIIIIIIeHTa Q II3 (I 0), nony<IeHHh!e ,L(llH pa3Hh!X 3HaqeHIIH p 
II onpe.neneHHoe II3 (7) 

pf% Q 
50 60 70 II3 YP-HIIR (7} 

0.490 0.843 0.652 

KaK BII,L\HO II3 npIIBe.neHHh!X B Ta6JIIII..le 3 3HaqeHIIH, nonyqeHHOe aHaJIIITIIqecKII 

Bh!pa)KeHIIe ,L(llH BpeMeHII .nttcpcpy3IIII Tpy6onpoBO,L(OM (7) C xopowefi TQqHOCThlO 

BOCI1pOH3BO,L\IITCH npII MO,L(eJittpoBaHHH npH p = 60%. 
4. PaccMaTpIIBaJiaCh 3aBHCUMOCTh BpeMeHII ,L\IIqlqJY3HH fp OT BpeMeHH )KII3HII Ha 

CTeHKe Tpy6onpOBO,L(a <delay (CM. pIIC. 5). 
,L{aHHhie qJIITIIpOBaJIIICh llIIHeHHOH cpyHKQIIett y = ao + a 1X. 3HaqeHIIR 

K03qlqJIIQIIeHTOB aO II al ,L\JIH d = O. Jm II nptt pa3nIIqHhIX L npIIBe.neHhI B rn6nIIQe 4. 

101 

to.6 
10° 

10-1 

• 1=0.3 m 
■ 1=0.6 m 
♦ 1=1.0 m 

10-2 ~ .-

10-5 

10-3 t ~ 10 6 111111 

10-4 10-3 

't delay 

(I 11:cl 
10-2 10-1 

PIIc. 5. 3aBIICIIMOCTh BpeMeHII ,L\IIqlqlY3IIII Tpy6onpOBO,L(OM aTOMOM 
6 He OT BpeMeHII 

3a.L(ep)KKII Ha I1OBepxHOCTII <delay 
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Ta6irnua 4: 3Haqemu1 rrapaMeTpOB ao H a1 rrpH arrrrpOKCHMaUHH 3aBHCHMOCTH BpeMeHH 
.n:mpcpy3HH rpy6orrpoBOJlOM lp OT BpeMeHH 3a,n:ep)KKH •delay cpyHKUHeii y = ao + a 1X rrpH 
d = 0.1 m H pa3HbIX L Hp 

p=50% p=60% o=70% 

ao a1 ao a1 ao a1 
L fml 

0.3 l.1785x10"3 15.069 8.0563x]0-4 9.920 5.3383x10-4 4.981 
0.6 4.5966x I 0-3 61.135 3.3567x I 0-3 44.274 2.4135x10-3 30.270 
1.0 1.223 5 X 10-2 166.324 9.2737x I 0-3 123.575 6.8403x I 0-3 90.599 

BH,n:HO, qTo, Haqnmu1 C HeKOTOporo rroporoBoro 3Ha'-!eHml •delay, 3aBHC.HlllefO OT 
pa3MepoB Tpy6orrpOBOJla, BpeM.SI JlHq>q>y3HH lp 3aMeTHO B03pacrneT, rrpHBOJl.S! K rroTep.SIM 
B rpy6orrpoBOJle OT pacna,n:OB '-!aCTHU. 

4 3a1mroqeuue 

CMo,n:enHpOBaHa 3aBHCHMOCTb BpeMeHH JlHq>cpy3HH pa.n:noaKTHBHbIX .SI,n:ep 
rpy6orrpoBOJlOM C KpyrnhIM ce'-leHHeM OT pa3MepoB rpy6orrpoBo,n:a H BpeMeHH 
3a,n:ep)KKH Ha cTeHKax. AnropHTM rro3BonHeT BoccrnHaBnHBaTb BpeMeHHYJO 
3aBHCHMOCTb OT pa3MepoB rpy6orrp0Bo.n:a C 60JiblIIOH TO'-IHOCTb!O rrpH 60% 
rrpoIIIeJlIIIHX '-!aCTHU. TaK)Ke, I10Ka3aHO OTCYTCTBHe KOppen.SIUHH Me)KJlY I10JIO)KeHH.SIMH 
'-!aCTHU Ha Bxo.n:e H BblXOJle H3 rpy6orrp0Bo.n:a. 

Pa6orn BbIITOJIHeHa rrpH qacTH'-IHOH rro.n:.n:ep)I(Ke PoccniicKoro cpoH.n:a 
cpyHJlaMeHTanhHhIX nccne,n:oBaHHH, rpaHT N20I-99-01101. 
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[1] EpIIIoB E.,n:., IlorroB H.f., CaKcarnHCKHH f.Jl., « MeTOJlhI aHanHJa MoneKynHpHbIX 
rroTOKOB», Hl1l13<l>A, o63op OA-31, JleHHHrpa.n:, 1979. 
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AiipaneT.SIH M.r. H Jlp. Pl 1-99-102 
MaTeMamqecKoe MO)leJmpoBaHIIe BpeMeHH .n:mpq>Y3IUI pa.n:»oaKTHB-
HbIX Mep qepe3 rpy6onpoBOJl Kpyrnoro ceqeHIUI OT npOH3B0)l.SIIUeii 
MHllleHH K HOHHOMY HCTOqHHKY 

OnHcatt anropHTM H npHBe)leHbl pe3yJibTaTbl MaTeMaTwieCKOfO MO)leJIHpoBa
HH.SI BpeMeHH JlHcpcpy3HOHHOro npoxo)KJleHHH Tpy6onpOBO)la C KpyrJibIM nonepeq
Hb!M ceqettHeM pa.n:HOaKTHBHblMH HJlpaMH 6He. Ilonyqettbl ouettKH BpeMeHH JlHq>
q>Y3HH B 3aBHCHMOCTH OT pa3MepoB rpy6onpoBO)la H BpeMeHH 3a)lep)KKH Ha CTeH
Kax. 

Pa6oTa Bb!IlOJIHetta B .ITa6opaTOpHH Bbl'IHCJIHTeJibHOH TeXHHKH H aBTOMa
THJauH 0115111. 
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Mathematical Modeling of Radioactive Nucleus Diffusion Time 
Through the Pipe of Circular Cross Section From the Generating 
Target to the Ion Source 

An algorithm and results of mathematical modeling are described for the 
modeling of diffusion time of the 6He radioactive nucleus through the pipe with 
circular cross section. Diffusion time estimations are obtained in dependence on 
the pipe dimensions and the time of delay on pipe's walls. 

The investigation has been performed at the Laboratory of Computing Tech
niques and Automation, JINR. . 
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