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Bae.neHRe 

0~0 H3 OCHOBHHX rrpHMeHeHH! llO~OBO~OBHX ~9T9KT0p0B (rrrrn) 
CBH3aHO C p9rHCTpauze~ H9paBHOB9CHHX HOCHTeHe~ 38~8, B03~ 

B Tpeita.X TSIE.eJIHX aa:paemmx: 'tf8CTHU. BCJIB.D;CTBHB CimiOJIHPHOCTH IJJia3MH 

rrpOHRKHOB8HH9 BH9mHero nona B TpeK 38Tp~BH0f ~0 HSXO~ ITpOHBH8-
HR8 B B~e cymecTBOBaHHH nHasMeHHoro BpeMeaaf I. ~e Taxoro 
COCTORHHH rrpHBO~ K HBEBnaTanbHHM p8KOM6RHaQnOHHHM ITOTBPHM aapH

~.12/. 06~o YM9HbmeHHe rrocne~ ~ocToraeTcH ys~eHHBM HarrpH

MeHHH Ha ~eTeRTope. O~o Ha~aH c rranea rrop~ ro4 B/cM ~ 
Orrp9~eJI9HHOR I']lYIIIIH '!aCTHll Ha6JJJ)M9TCH a<WeKT MyJThTliqJII!li<BI1II aapH

~a, Orp~axJIIIIIl! JII!Hel!Jml! pe>mM pa60TH ~9T9RTOpal3/. 
IlpH HHTeprrpeTanHH !IBJI9HHH pa3JIID!aiOT ~e TO'ffill 3P,<lHHH: TysH9-

XKpOBaHH9 OCHOB~~OCHTeJieA 113 B9pXHero aneKTpo~a!47 H Aa8HHH09 

JMHOE9HH9 aa~af5 .. qTO KaC89TCH rrepBoro K3 Ha3BaHHHX M9X8HK3MOB, 

TO OCHOBHHM YH3BRMHM M8CTOM B ITOCTP08HHK MO.D;QHR HBRHBTCH ITp9AUOHO
Jt8HH8 0 HaJIH'qHH CWIDHHX ITOJISI:, ,IJ;OC'I'8TOlllnlX ,tr;m Tymte..1IltHOro ~K'.l'a 

H3 M9TaJIJia B II~OBO~HR, rrpll Cy!II9CTBYJliiiiiX 3,!!£j'l91UtHX a<WeKTHBHOI! 

MaCCH HOCHTeJIH TOKa. Arui BTOporo M9XaHH3Ma B 15/ rrpHBO~CH KCHH

'tf9.CTB9HBaR: oneHRS ITOJIBI: i1 Ha OCHOBB.Hmt 9TOrO p&CC"qHTHB89TOJI 8H8li9-

HH9 4 Qj Q - OTHOCHTeJIDHOe YB~9HH9 BMIJJIIITY~ Cll9KTpoM9TpH'l9CRO

ro cHrHaJia. Pac.oqeT BHIIOJIHeH B npeJliiOJiozemm aKBm:tOTe~aocTR 
Tp9Kall BepxHero KOHT8R'I'a. IIOJIY'<9HH09 BHpa&9HH9 IICllCHD3Y9TCH ~ 

06'i.HCH9HHH YCJIJI9HHH BMlJJIIITYliH CHrHSJia C ~9T9KTOpa rrpH perHCTpa!llllt 

cA -'laCTIIII· B~ •<WeRTa 111199T no~OK ro-4. 'ITO noTpe60B!IJIO 

HCDOnD30BBHHH OOOdO.~C~&X&HOI M9TO~. 
O~aKO llOJIY'<9HH09 B /5/ BHpa&9HH9 He 06'i>J!CHH9T !lii!IJIOI'II'IIIOrO 

!IBJIGHJ¥,!!8. nyt1R8X T&l:eJIHX iiOBOB, :KaK KOJ!jJ'q9CTB9HHO, T8lC B K81180T

B9HHof3 • B MHHOI! pa60Te rrpe~HHHTa ITOUHTKa ITOCTpoll'r:t. MO~eJID 
rroBe~eHHH Tpexa sapmteHHol! '!aCTI!IIH rrpH t « 1:"" , r~e t nA.- IIJiaaYeH

Hoe BpeMH, :3KBHITOT9IIliii!IJI1>HOCT:& TpeK-aJieRTpO~ He rrpelliTCH&raeTOII, 
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Hcxo~e IIGnOE9HHH M0~9XR 

llycT:r:.JP- sHa~eHHe no~. cos~asaeMoro BHYTPH HeiTpanDHoi qac

TH TpeKa sap~OM, KOTOpHll o6pasyeTCff rrpH ITQnRPHSaqKH. Ey~eM rrpe~

IIOJiaraTD O.l(HOpO.IUJOCTI:o t , a CJI9,IJ.OBa.TeJIDHO, H C00TB9TCTBH9 yi'JIOBOrO 

pacrrpe;z:r.eneHHH CB060,IJ.HOro sa~a paBHOB9CHOMY ~ rrpOBOnHmero TeJia 

rrpH ,II.aHHOi reOM9TpnqecKO~ KOHWHryp~. 0~9B~Ho,'V = 0 B MOM9HT 

t = 0 "'f = F , •= SKJlaHI'POBKa TpeKa ITOJIHaH, r~e F - BHeiDHee 
none (CM.pHc. I). 

... 
· -It·~-... + F 

........ -

Pnc. I. Pacrrpe~e~eHl!e rronel! 

PaccMOTpHM HeKoTopym MaJIYID 
OKpBCTHOCTD ITO~ca Tp9Ka cnyCTH 

MOM9HT BpaMSHH t ITOCJIS llaHHOn 
T9pMOJIM3~ H9paBHOB9CHHX HOCH
TMel!, l!HTepBaJI df ((t , TOK 

HOCHTMell J . Tor~a sa BPBMli d{ 
Ha yxasaHHol! Ha pHc. I IIJIOIIIMH 
cos;z:r.aeTCH ;z:r.orro.mmTeJThl!llM: sapH.I~; 

(5"::= Jdi . C'i!!Ta.H, 'ITO nOJie '1:: 
l!SM9HIIJIOCJ> Ha dt, BII89M o/! = ~ 
r.u;e OorroBep.mocTHM IJJIOTHOCTD 

sapa;z:r.a, COOTB9TCTBYDmaH PBBHOB9C
HOJ! Cl!TyaqKH. C ~OJ! CTOpOHH, 

B Tpexe HOHHSHPyromei ~aCTHnH · IIOCKO~K,y ~ p8BHOB9CHOrO crr,rqaH 

no~e BHJTPll Tpe.a paBHO ey~, TO 

.llJIJI ITOJIB: Ha n=ce TpeKa B aTOM CJ!y'Iae Eo= 6c/EE0 , r~e 6 - ~a~eKT
plf'!ecKM ITpOHHUaeMOCTb KpeMHIDI. 0TClllM ITOJIY"aeM d'fjd-t = :JF IEtoE0 • 

llBeM o6oaHa'!eHl!e EoiF= I< (Koa<l$nJ;I<eHT cTaTII'!ecKoro ycMeHHR), rroc
~eMee COOTH0Ili8Hl!9 MOlKHO SarrHCaTb B BII,Z(B d'f/df =I/Kff;,. 

Bee paccYJK,IJ.emm, npne;z:r.eHHHe BHille, ae yqHTHBaiOT Toro, 'tiTO sa

pH,Il; Ha IIOBepXHOCTH Tp9Ra H9 HBJI.fi9TCJi: !PHKCHpOBa.HHHM, ItB.K B c.Jiyq8.9 

rrpoBonHmero Tana, a caM cos;z:r.aeT o6AacT~ rrpocTpaHCTBeHHoro sapgna 

(QII3) B6~SI'l TpeKa. Y'i!!Til88JI rrpe~OJIOllteHJie 06 yr~OBOM pacrrpe,lleJIS
HI'll'l, MOllt9M C'ii!TaTb --j; (i+di)/'flt}=Sit+dll/S(f), ri(e 5 - IIJIOI!I'W> 

IIOB9pXHO~TR Tpe~. C yqeTOM rrocne~ero IIpOHSBO~ 3anHm9TCH 
B Bll.ll9: ,J, =- 1?_. -.lJ 1- lJil_ 

T S T EEuk'" • 
Jl)m HaXO!Ol;BHIDI B3a.HMOCBJ!SH 'f' C MaKCm.mJThHHM IIOJIBM Ha IIOJIIOC9 

TpeKa BOCIIOnsyeMCH TeopeMOl! rsycca: (E + E 1) I= Q (.[)/£Eo. 

B STOM BHpaXeHl!l'l Q - sap~ rroBepXHOCTll, JKaSaHHoA Ha p!!c. I. 

B CJ!y'Iae paBHOBecHoA cl!TyaqKH E 1 =0 , MS.llOBaTenHo, Eo= ?; •. 
KpoMe Toro, B rrpe~Max C.II9JJ8JIHHX paBee rrpe~o~OllteHl!l! Qlt)!Cic='PIF 
M9.IIOBaTenHo, E (t} = Eo NJ + /F + F -'f. ' 
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Mroronaa CHCTeMa ypaBHeHHi ~ orrpe~eneHHH HCKOMoro 3Ha~eHHff 

!!MeeT Bli,JJ;: ' • J ( -'1 I ..!J=-S,v+~ 
T sT EEoK (I) 
J zepof"('/')(F-'f) (2) 

E = W + F -'/' (3) 

Eo= Eoftl (4) 
rrpH Ha~~HOM ycnOBHH 

t/{=0=0. (5) 
3Hal.IeHJ1ie Eo B -~ae pa:BHOBecHoil cKTyarzym HaxoMTCR. c yqeToM BH

~eHEH ~ rroTeHqHaHa, coOTBeTcTBynmero TeRyme~ WOpMe Tpexa. 
)J,1!ll pea.m,nwc: TpeKOB !Ipi'!JmMaeM R >> r 0 • r)(e R - rrpo6er qac

Tli,JJ;H, IIJlOIWlll> noaepXHOCTI'l S = 2Jf ro R , TOJIIlll'lHa CJIO!! npoCTpaHcT

aeHHoro sapli,JJ;a Vst , r)(e Vs - MaKCI!MaJThHoe sna'!eHile )(pelig)o

BoA CKOpOCTH HOCHTa.eJ!. )J,1!ll SHa'!eHER )(peJig)oBOli CKOpOCTI! 6epeTCH 

li,JJ;eaJmS!!pOBaHHOe sHa'!eHI!e, paHHOe ('lc ( F- 'f) = cxopocTell, MeHn

nmx Vs , n paBnoe Vs B ocTa.m,nwc: CJIY'I!li!X (pnc. 2). 

6·11 

3Ha't!SIDI€ IIO,Il;BIDKHOCTH fc 6ep9TCH 

v. paBHHM lj'e +f'h )/2, 
fJf· I C/1 /C f'e, /'fh - SJieKTpOHHal! I! )(HpO'I-

F, 8/CM 

Haff ITO~HEHOCTH COOTB8TCTB8HHO 

Pnc. 2. ll)(eaJIHS!!pOBaHHal! saszcz

MOCT> )(pSl!g)oBOft CROpoCTH ROCHT9JIX 

OT BHemHero ITOHH 

llporpaMMa pac'!eTa 

B K8'!8CTB8 reOM8TpH'I8CKOll MO)(eJIH Tpexa, RaK H B / 5/, HCUOJI>

SOBBHa SJIJIHllCOII,JJ;aJThHal! KOHWJ!ryp~. llOT8HI1llaJI )()(H ~~C'ISTa paBHO

BSCHHX BHa'!SHI!l! UOJIK B &TOM CJIY'IaS 6paJICJI COrJiaCHO /~ • 

llpOrpaMMa paC'!STa MaKCHMaJI>HOrO SHa'!eHHl! ITOJ!l! COrJiaOHO 

(I) - (4) npH Ha'IBJ!l>HOII YCJIOBHH (5) nanHCBHa na JISHRS PASCAL • 
B.xo.l1;llllllll napa~~eTpaiiH JIBJ!lUlTCJI: aneprH!! qacTII,JJ;H, y;I~eJI>HHe HOHillla-

11l!OHHHe nOTepu .aa BXO)(a JISTaKTopa, npo6er '19.CTII,JJ;H, cpe)(Hee nOlle 

B )(9T9KTOpe, Bp9119HHOli l!IIT9pBaJI, B KOTOpOII lllll911 pem9HH9, 'lllc.IO . 

IIT9P6111!l1. llOCJ19)(H99 yqHTHBaeT JIBM9H9HH9 paBIISpa HSliTpa.GHOI o6Jiac
TH Tp6K8 B peayJI>TaTe ~HH C K08~9HTOII, 
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paBHHM xoe@WHUHaHTY ru•6Hrronapxon ~~ann. llorrpasxa Ha H3MeHe-

HHe pasMepa Tp9Ra ~enaeTCH B COOTB9TCTBHH C 3aBHCHMOCTDID 

n2 
::: r1 ~, + 2 o-1;, 

r;11a D - xoa@WHIJ;HeHT aM6HIIOJIJ<pHoll ~~HH, 

i - Bp9MH, 38 KOTOpOe ~OCTHraeTCH MaKC~H09 3Ha~9HH9 ITO~ llpH 

;!1pa.m<.JlYIIIefi HT9Pai11<11· . 
3aKJno'II!TeJil>HOll J1P0!19J1YPOR J1POrpaMMH !lBJIIIaTCH pac'!eT B9pO!iT

HOCTH aanyCKa ~HHH B nun. C STO~ ~enbD ITpH paccqaTSHHHX 3H8~9HHHX 

ITOJII:I :H BpeM9Hl:I era cymecTBOBa.HHH pemaeTCJI YJ.)8BH9HH9 /G/, CB.fiSHBa.IO

mee HCKOMYW BepORTHOCTb f C K03~9HTOM HOHH3~ ol 

1-f = exf>(-f jr:~.. rx;clx ). (6) 
0 

YpaBHeHHe pemeHO MSTO~OM rrpocTax mTepauHi. 3aTeM o~eHHBaeTCH SHa
"tJ:emte.t.Q/Q ,nJm IIOJia1paBHOro0,75 OT Ma.KCRMa.JibROro, lil JIORBJIHSOBamtOrO 

B OdJiaCTR 0,5 v._.t* , r,ne t_* - Bp9MH-U3mt CRJI])HOrO ITOJI.R: '::J IIO

B9pXHOCTR BSpXHero 9JI9KTpo,na. C ~eTOM ITPHHRTHX ~O~eHRI BHP8&9HH9 

Mff £J. QjQ HM99T BH;l1: A_g A(V t•)2 b 
T ·1--•xp(- o.m---J. 

• max 

B J1Pl!B9)1aHHOM BHJl8llt9HHH A 1 b - KOHCTaHTH /?OHH3ai11<11o B )1aHHOM 0Jfy

tffi9 zcnoJIDaoBrum HX sqxpeKT:HBHs:e sHa"t!eHIDI 7 I. 

Paay~TSTR pac'ti&TOB 

PeayJI&TaTH pacl!eToB rrpe,n;cTaBJieHH B Bl:I,Il;e aa:szcHMOCTH .JJ,1Iii 

l!HT9p9CYDI!9ll HaC rpynllH '!aCTJ!l1: rj_ - '!aCTJ!l1 C 8H9prHall 8, 78 MsB, 

HOHOB 
4

u Ar - 320 MsB, 
132Xe - I4o MoB, 64 Zn - 400 MaB, 

20A/e - !60 MoB rrpH cp9)1HeM noxa ro4 B/cM (pHc. 3). 
BepomHocn, pacC'll!TaHHW! corJiacHo (6), J1Pal1CTaBJiaHa Ha pnc. 4. 

3aMaTHM, 'ITO B o6mocTH aHaprHJI 50 - 350 MaB pac'!aTHaH BapomaocTl> 

B03pacTaaT C 3HaprHal (pHC. 5), Ha pHC. 6 H306pruteHO pac'!aTHOa 

3Ha~BHHB OTHOCHTQHDHOrO YC~BHBH CHrHaHR ~ BORa aproHa B COTIOC
TaBJIBBJm C 3RCIIBPHMBHTWI:&HHMH 3Ha'tJ:Bmi.HMl!. 

06cy.!l1aHHa pasyxoTaTOB 

ITpl!Ba)1aHHHa 3aBHCHMOcTH BBJIH'IHH MaKCHMa.l!l>HHX noxal l1PH co

nocTaBJiemm C KOHCTaHTaMH HOHR38.J:tHH B !tpBMHliH IIOKa3&B8JYI', 'tJTO 

MyXLTIIllJIHR8lliiR 3apH)1a )10Jilllla ;!1pOHCX0;11HTl> C 60Jil>IIIHMJI MpOJiTHOCTJIMH 

B o6moCTH aHaprHll I - IO MsB/HYRJIOH Mff '!aCTI!II c r.racc!lMII 60Jil>llla 
20 H.a.M. u rrpo6araMl! 6o~a I5 MRM. IToporoBoa no~a Ha~a MyXL

T~ 3apH)1a 3aBHCHT OT Tuna YCKOpaHHOJI '!aCTJ!l1H. ~9CTB9H-



H1:rli Bit.Jia.D: B 06pa30Ba.HM.9 MaKCliMa.rr:&HOrO IIOJUI MOJK9T BHOCliT:& Tmi B9pX

H9rO 3~eRTpo~a. llpHMeHRH TeXHOHOrHD H3rOT0~6HRH ~eTeRTOpOB, IIOS

BO~ C03~aBaT:& HHOtt II~ BHSIDHero IIORH, MamHO O~aT:& H3-
M9H9HH.ff yCJioBd, onpe,IJ;8JIH11lllHX HaTia.JIO npo:o;ecca MyJII,THIJ.JIHKa.IJ;:H sapH

,I1a B Illl.ll. 

0.02 O.Ot 0.06 0.08 

Pzc. 3. Pacl.leTHoe SHal.lemre Ma.RCHMB.JI:&Horo IIOJIJI 

.-~:::....==:::...=::::;,.:=;==:w-•ll qacTIIIIIi 

Pzc. 4. BepoHTHOcT:& sanymta. JiaBRHH 

;II,liH. O.nRHO't!HOrO HOCHT8JIS! 
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.Q.-----------------, 
Q 

O.!i D.U 

ZOO W, H1B fO'~ Z·tO t E, IJ/cl1 
PHc. 5. 3aBHCHMOCTh BepORTHOCTH 

3~CR8 ~HHH OT 3HeprHH HOHa 
4oAr. 

Pxc. 6. IIoJieBaJI aaBHCKMOCTb OT

HOCHTe~aoro yc~eHRH crreKTpo
MeTp~ecxoro cHrHaAa ~ HOHa 
40 A r (:320 MaBl. 
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