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§ 1 • BBEAEHl-1E 

Xopowo H3BeCTHa orpoMHaR npoHHKa~~aR cnoco6HOCTb HeHTPHHO. 
no cyTH Aena oHa HcnonbayeTcR a 3KcnepHMeHTe AeHaHc~ 11,2 1 

AnR H3MepeHHR TeMnepaTyp~ B 4eHTpanbH~X o6naCTRX ConH4a npH 
nOMO~H HeHTPHHO, KOTOp~e pomAa~TCR B RAePH~X peaK4HRX, npoTe
Ka~~HX B conHe4HOH nnaaMe. 6naroAaPR HH4TOmHO ManoMy Ce4eHH~ 
npH COYAapeHHH C 4aCTH4aMH conHe4HOH MaTepHH, 3TH HeHTPHHO 
npoxoART 4epea ace ConH4e, T.e. paccTORHHe a 10 11cM, H pe
rHCTPHPY~TCR 3eMH~MH npH6opaMH. npeAnomeH H PRA APYrHX ane-
4aTnR~~HX HeHTPHHH~X 3KcnepHMeHTOB, BKn~4a~~HX TaKHe, npH KO
TOPblX HeHTPHHO npoXOAHT 4epe3 BC~ 3eMn~ 121• 0AHaKO' HaCKOnbKO 
H3BeCTHO aBTOPY, aa HCKn~4eHHeM HeCKOnbKHX pa6oT nocneAHero 
BpeMeHH 13·61 , HHrAe He o6cymAanaCb B03MOlKHOCTb 3KCnepHMeHTanb
Horo onpeAeneHHR ¢YHK4HH pacnpeAeneHHR nnoTHOCTH 3eMnH Ha oc
HOBe HH¢OpMa4HH 06 ocna6neHHH MO~H~X HeHTPHHH~X ny4KOB, npo
XOAR~HX 4epe3 BC~ 3eMn~, H nocneAY~~eH o6pa60TKH 3TOH HH¢OpMa-
4HH npH nOMO~H MeTOAOB KOMnb~TepHOH TOMorpa¢HH. 

06DRCHHM 6onee nOAP06Ho, 0 4eM HAeT pe4b. nycTb o6naCTb g 
/B AaHHOM cny4ae Kpyr/, orpaHH4eHHaR KOHTYPOM a /B AaHHOM 
cny4ae oKpymHOCTb/, RBnReTCR Ce4eHHeM HeKOTOPOH nnocKOCTH Il 
C aeMH~M wapoM. nycTb P'i;;s H P"~ 'S - KaKHe-HH6YAb T04KH. 
nponycTHM 4epea P' H P" HeHTPHHH~H ny4oK. 06oaHa4HM 4epea 
N'I/ COOTB. Ni ero HHTeHCHBHOCTb B P',COOTB. P". EcnH N~ H N~' 
H3BeCTH~ H3 H3MepeHHH, TO TeM caM~M onpeAeneHa H cpeAHRR nnoT-

- f ' 
HOCTb BAOnb ny4Ka D(P', P"),.,.!.. f D(Qd(, /f ,,,p~ P", ( - KOOPAHHa-

f 0 
Ta BAOnb ny4Ka/, KOTOpaR, KaK H3BeCTHO H3 ¢H3HKH, nponop4Ho-
HanbHa ln(N~ N;;-1 ). l-1aMepeHHaR aenH4HHa D(P',P") RBnReTcR He
KOTOP~M ycpeAHeHHeM ¢YHK4HH D(x, y) pacnpeAeneHHR nnoTHOCTH B 

o6nacTH g+ s , rAe X H y - AeKapTOB~ kOOPAHHaT~ T04KH p E g + s. 
04eBHAHO , 4TO 3HaR HeKoTopoe ycpeAHeHHoe 3Ha4eHHe D(P', P'1 
HeKOTOPOH ¢YHK4HH D(x, y), HH4ero Henb3R CKa3aTb 06 3TOH ¢YHK-
4HH. 0AHaKo, ecnH HaM H3BeCTH~ D(P ' , P " ) AnR HeKoToporo MHo
mecTBa 6eC4HCneHH~X nap T04eK P 'ES H P "Es, TO TOrAa KOMnb~
TepHaR TOMorpa¢HR 11 ,8 1 MO>KeT BOCCTaHOBHTb 3Ha4eHHe D(x, y) 
BO BCeH o6nacTH g +e. ' B AaHHOM cny4ae pe4b HAeT He TOnbKO 06 
OAHOH TeopeTH4eCKOH B03MOmHOCTH , HOH 06 OAHOM HOBOM MeTOAe, 
KOTOP~H peanH30BaH H npHMeHReTCR KaK npH peHTreHOBCKOH, TaK 
H npH ynbTpaaByKOBOH AHarHOCTHKe 18 1 • 8 l: 3·61 CAenaHO 4aCTH4HO 
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o6ocHOBaHHOe npeAnomeHHe 06 Hcnonb30BaHHH TOH me MeTOAHKH AnR 
onpeAeneHHR pacnpeAeneHHR D(x,y) nnoTHOCTH 3eMnH B Ce4eHHH 
g+·s' ecnH H3BeCTHbl ycpeAHeHHble 3Ha4eHHR 5 (P j, Pf') AnR He
KOToporo 4Hcna nap T04eK P;, Pi', j = 1,2, .... 

B HaCTORllleH pa6oTe Mbl paCCMOTPHM 3aHOBO 3TOT sonpoc. 6YAYT 
HccneAOBaHbl B OTAenbHOCTH CHCTeMbl C TT 11 k -Me30HHblMl1 HeHT
Pl1HHWMl1 ny4KaM11, KOTopwe reHep11py10TCR B ycKop11TenbHWX ycTa
HOBKaX AnR npOTOHHblX ny4KOB C 3HeprHRMl1 0, 4; 1 ; 3 11 20 T38. 

HccneAOBaH11R npOBOARTCR np11 noMOIIIH rpy6oH MaTeMaT114eCKOH 
MOAenH /§2/. noAC4eTw, CAenaHHble Ha OCHOBe 3TOH MOAen11, noKa-
3WBalOT, 4TO cpeACTBaMl1 cospeMeHHOH TeXHl1Kl1 reHep1-1posaH11R 11 
AeTeKTl1posaH11R HeHTP11HHWX ny4KOB ycnewHoe nposeAeH11e 3KCnep11-
MeHTa B npHH411ne npeACTaBnReTCR secbMa sepORTHWM /§3/, XOTR 11 
CBR3aHO C 6onbWl1M11 TPYAHOCTRMl1. B §4 C$OpMyn11posaHo HeCKOnbKO 
HOBblX 3aAa4 J,13 o6nacTl1 KOMnblOTepHOH TOMOrpa$1111, ycnewHoe pe
weHHe KOTOPWX yMeHbW11no 6w 3aTpaTW ~a npoBeAeH11e 3KCnep11MeHTa 
11 ysen1141,1no 4eHHOCTb nony4eHHblX pe3ynbTaTOB. CyMMl1PYR coo6pa
meH11R 3a 11 npoTl1B npeAnaraeMoro 3Kcnep11MeHTa, s 3aKnl04eH1111 
/§5/ aBTOp BWCKa3WBaeT MWCnb O 4enecoo6pa3HOCTH ero H3y4eHl1R 
napannenbHO c 06cymAeH11eM 11 npoeKT11poeaH11eM Hosoro noKoneHHR 
YCKOPHTeneH C T3BHblMl1 11 MynbTl1T3BHblMH 3HeprHRMl1, a TaKme C 
-06cymAeH11eM nporpaMMbl OUM.AND /2, 1°1, 

§2. MATEMATH4ECKMI MO.[IEnb H3MEPHTEnbHOtl YCTAHOBKH 

KaK 6b1no CKa3aHo BO BBeAeHHH' 113MepHTenbHaR ycTaHOBKa co-
CTOHT J,13 11CT04Hl1Ka HeHTPl1HHOro ny4Ka B T04Ke P' C l1HTeHc11s-
HOCTblO N' v.·c'-1 J,1 AeTeKTopa HeHTPl1HO B T04Ke/P". 6yAeM npeA-v . 
nonaraTb, 4TO ny40K reHep11pyeTCR B YCKOPl1TenbHOH ycTaHOBKe 
MOH03HepreTl14eCKl1M npOTOHHblM ny4KOM C, 11HTeH_Cl1BHOCTblO Np 11 
3Hepr11eH E p , 113 KOToporo pOmAaeTCR TT -Me30HHblH ny40K C HHTeH
Cl1BHOCTblO N TT 11 3Hepr11eH ETT • B TYHHene pacnaAa 113 nocneAHero 
o6pa3yeTCR HHTepecy1011111H Hae HeHTPl1HHblH ny4oKI9~np11 npoxomAeHl111 
4epe3 3eMHOH wap paccTORHl1R e ""P 'P ,,, 3TOT ny40K per11cTp11pyeTCR 
AeTeKTOPOM B T04Ke p ", 0603Ha4HM 4epe3 N~eg 411Cno HeHTPl1HO, 
3aper11cTp11poeaHHWX s P" 3a 1 c, npeAnonom11M, 4TO o6nacTb pom
AeHHR HeHTPHHO MOmHO paCCMaTpHBaTb KaK T04KY O:e p ', 4TO 3Ta 
T04Ka RBnReTCR Ha4anoM noKanbHOH Aet<apTOBOH Cl1CTeMbl KOOPA11HaT 
097(, 4TO OCb a, npoXOAHT 4epe3 T04KY P" 11 4TO OHa cosna:.. 
AaeT C OCblO HeHTPl1HHoro ny4Ka. KpoMe Toro, TT -Me30HHblH ny40K 
6yAeM paccMaTpHBaTb KaK MOH03HepreTl14eCKl1H. np11 3THX npeAno
CblnKax Nvreg MomHo onpeAen11Tb npH noM011111 $opMym1 

V V 
Nreg = J A(0)·B(0)2TT0d0, /1/ 

rAe 0= ~ MP 'P -~ npl14eM M - npOH3BOnbHaR T04Ka B AeTeKTOpe. 

2 

I 
\ 
l • ,, 

B /1/ :A(S) AaeT nnoTHOCTb ocna6neHHoro ny4Ka nocne npo-
xomAeH11R 11M OTpe3Ka f 4epe3 3eMnlO, a ·B(®) swpamaeT AOn10 HeHT-
p11HHoro nOTOKa, KOTOpaR per11cTp11pyeTCR AeTeKTOPOM. 3Ha4eHl1R 
:A (8) ' B0) 11 HHTerpana /1 / np11BeAeHW B 151

• 3AeCb Mbl socnonb3yeM
CR rpy6oH MaTeMaTl14eCKOH MOAenblO, B KOTOPOH At-)) 11 ·B(EJ) 3aMe-
HeHbl 11x ycpeAHeHH8JMl1 s 11HTepsane O :S 8 :S.;, 3Ha4eHl1RMl1 :A, 
cooTB. ·B, rAe .,.,._!!. I m - Mac ca TT -Me3oHa/ - yron KoHyca, 

'I' E TT 
TT 

Ha KOTOPOM 3Heprl1R HeHTPl1HO yMeHbWaeTCR B ABa pa3a. BHYTPl1 
3Toro KOHyca npoXOA11T non0B11Ha HeHTPHHHOro noTOKa. np11 CAe
naHHblX npeAnonomeH11RX BMeCTO /1 / HMeeM 

V --
Nreg = A·Ba' 

/2/ 

rAe 

A= N~exp[-0,50-10-11 Do f ETTEij
1
K/3IJ, 

- 11 1 
•B -=0,50•10- DdetHdetETT E; K/3• 

B 3Tl1X $OpMynax DO - cpeAHRR nnOTHOCTb 3eMHOro wapa, K = 
=1-m~m;2, rAe mµ- Macca µ-Me3oHa, Eo-=1 T3B, Ddet- nnoT-
HOCTb 4yBCTB11TenbHoro se111ecTBa AeTeKTOpa, Hd t - BWCOTa 

f D(() ( e 
AeTeKTopa 11 I= J --d(-) - cpeAHee 3Ha4eH11e 6e3pa3MepHoro 

o Do f . 
11HTerpana nnoTHOCTl1 BAOnb 0Tpe3Ka p 'P ". Ko3$$11411eHT O '50. 10 -

11 

nony4eH 113 YMHomeH11R 411cna AeoraAPO 0,606•10
24 

Ha K03$$1141-1eHT 
0 ,83· 1 o-35 B $OpMyne /tO/ 

u v = 0,83- 10-35 Ev E 01 /3/ 

+ aAPOHW, nopomAaeMoH AnR ce4eHl1R uv peaK4111-1 v .+N ➔ /l
HeHTPHHO c 3Hepr11eH Ev. /l 

8 /2/ $Hryp11py10T e111e senl1411HW a 11 /3, KOTOpWe onpeAenRIOTCR 
TaK: a=0 2.;,-2 , f:$=1, ecn11 if,>0 11 a=0,5 , /3=1n2, ecn11 if,<0, 
rAe 0= R det • e-1, np114eM R det - paAl1YC AeTeKTOpa' $opMa KOTo
poro no npeAnonomeH1110 - KpyrnwH 411n11HAP· 

04e_B11AHO, 4TO HymHaR AnR KOMnblOTepHOH ToMorpa$1111 sen11411Ha 
5 (P,' p ") BW411CnReTCR 4epe3 I , a AnR HaXOmAeHl1R caMoro I He-

o6XOA11MO 113Mepl1Tb N ~eg 11 N ~ • _ 
3KcnoHeHTa B ewpameH1111 AnR A - ManaR een1-1411Ha, a I= 1. 

no3TOMY MOmHO npeACTaBl1Tb /2/ B B11Ae 

rAe 

Nv =a(l-bl), 
reg 

a= 0,50•10-11 DdetHdet ETTEo
1

Ka/3N~ , 

b = 0,50.10-11 o O rnTT E01 
K /3. 

/4/ 

3 



B /2/ <1n1ryp1-1pyeT BeJ1H4HHa E * = E K, KaK B 3KCnOHeHTe, TaK 
JI it 

H B BHAe MHOmHTeJlR nepeA 3KCnOHeHTOH, T.e. /2/ MOmHo 3an1-1caTb 
1-1 B BHAe N 11 =k 0E*exp[-k1.E*]. 113 3Toi::i 3an1-1c1-1 BHAHo, 4To np1-1 reg 11 11 . v 
BCex np04HX OAHHaKOBblX YCJlOBHRX N reg AOCTHraeT MaKCHMYMa, 
ec111-1 E * = Eopt = k -

1
1 • 0TCIOAa no11y4aeM 

JI II 

.E iPt. E-1 = (0,50•10-11 D 
0

f{J I) -l • 15/ 

np1-1 04eHb 60JlbWHX 3HeprHRX Ce4eHHe u II nepecTaeT paCTH JlHHei::i
HO C ~.TorAa BMeCTO ¢OPMYJ1bl /3/ MOmHo HCnOJlb30BaTb np1-16111-1meH
HYIO ¢opMy11y /lO/ 

u .. ( ~ + ~ )-1 • 10-,35 
11 E E ' 1 JI 

opt 
rAe E 0 -= 1 T3B 1-1 E1=12 T3B. B 3TOM c11y4ae E 11 
BblpameHHeM 

EoptE-1= (1 5.10-12J!. __ 1_)-1 
11 · 0 ' R2 12 

/6/ 

Bbl4HCJ1ReTCR 

171 

KOTopoe nony4eHo TeM me cnoco6oM, 4TO 1-1 /5/. B /7/ M 1-1 R 03-
Ha4a10T COOTBeTCTBeHHO Macey H paAHYC He6ecHoro Tena. 

AaHHble O MHOmeCTBeHHOCTH H 3HeprHH BTOPH4HblX rr-Me30HOB, 
reHep1-1poBaHHblX Ha MHWeHH npoTOHHblM ny4KOM, rpy6o 01.1eHHM npH 
noMOIIIH ¢0PMYJ1, KOTOpble 4aCTO HCnOJlb3YIOTCR B ¢H3HKe KOCMH4e
CKHX 11y4ei::i. AnR cpeAHeH MHOmeCTBeHHOCTH BTOPH4HblX rr-Me30HOB 
6yAeM HCnOJlb30BaTb ¢opMy11y <nu.>= 0,85<n> /cM. PHC. 2 pa-
60Tbl /15/, rAe <n>=11,2(EpE01:) 1/4 - cpeAHRR MHOmeCTBeHHOCTb 
3apRmeHHblX 4aCTHI.I AJlR pp -coyAapeHHH /CM. PHC.1 pa6oTbl 1121 /. 
AnR cpeAHero K03¢¢1-11.11-1eHTa HeynpyrocTH BTOPH4HblX " -Me3oHoB 
np11MeM 3Ha4eHHe R ~nel = 0,45. /B 1131npeAnomeHo 3Ha4eH1-1e K i:ei= 
= 0, 42/. CoOTBeTCTBYIOt11He BeJ1H4HHbl AJlR BTOPH4HblX K -Me30HOB 

-K 
6yAeM 01.1eH1-1BaTb no ¢opMyJ1aM <n K>"' 0,07<n> H K inel .. Q,05. 

§3. AHAJ1113 nAPAMETPOB 113MEPl1TEnbHO~ YCTAHOBKl1 

Ha4HeM C onpeAeJleHHR 3Ha4eHHR Evit HeHTPHHHOro ny4Ka, npH 
KOTOpOM on1-1caHHaR H3Mep1-1TeJ1bHaR ycTaHOBKa B npHMeHeHHH K 3eM-
Jle HMe11a 6bl Ha1-16011bwy10 4YBCTBHTeJlbHOCTb. Evit MOmHO rpy6o 
01.1eHHTb np1-1 nOMOIIIH /5/, HO Mbl 6yAeM nOJ1b30BaTbCR ¢opMyJlOH /7/, 
KOTopaR AaeT 6011ee T04Hble pe3yJlbTaTbl. A11R cpaBHeHHR C TeMH me 
¢opMyJ1aM1-1, 01.1eHHM Eipt H AJlR HeKOTOpblX APYrHX He6eCHblX TeJl. 
Pe3YJlbTaTbl pac4eTOB npHBeAeHbl B Ta611. 1 • 

Pe3yJlbTaTbl 3THX pac4eTOB HMeJlH 6b, HeKOTOPYIO 1.1eHHOCTb B np1-1-
MeHeHHH K HeHTPOHHOH 3Be3Ae,6e110My Kap111-1Ky H Aame K COJlHLIY, 
ec111-1 HaHAYTCR COBepweHHO HOBble, AOCTaT04HO KOMnaKTHble ycTpoi::l-

4 

ti 

~ 

·, 

Ta6nHQa 1 

opt 3HeprHH Ell WJH HeKOTOpblX He6eCHbl_X Ten, npH KOTOPblX 
onHCaHHaH H3MepHTenbHaH ycTaHOBKa HMena 6bl 
MaKCHManbHYJO qyBCTBHTenbHOCTb 

He6ecttoe Teno Ilo KaKoH ~opMyne 
cp;enatt pacqeT 

HettTpOHHaH sBesp;a (m .. m0 ; R=10°5R
0

); E~pt= 150 _sB. 
PacqeT cp;enatt no /5/. 

BenbIH KapnHK (m ... m0; R=10-2Re); E«:,Pt=l50 sB. 

ConHQe 

3eMnH 

PacqeT cp;enatt no /5/. 

E «:,Pt= 1,5 T3B cornactto /5/; E ipt = 1, 7 T3B -

cornactto /7/. 
E~t = 41 T3B cornacHo -/5/ *; E~Pt He c~eCTByeT, 
ecnH pacqeT cp;enaH no /7/. 

*PesynbTaT BepeH, ecnH m"'>> 70 f3B. 

CTBa AJlR reHepa1.11-11-1 H AeTeKTHPOBaHHR HeHTPHHHblX ny4KOB. TorAa 
MOmHO 6blJ10 6bl AYMaTb 06 H3y4eHHH COCTaBa COJ1HL1a nocpeACTBOM 
cospeMeHHOH KOCMH4eCKOH TeXHHKH. B 6011ee OTAaJ1eHHOM.6YAYt11eM 
6blJ1H 6bl MblCJlHMbl H 3Kcnep1-1MeHTbl C 6eJ1blMH Kap111-1KaMH H Aame 
C HeHTPOHHblMH 3Be3AaMH. TaKaR B03MOmHOCTb cy111ecTByeT nOTOMY, 
4TO HeKOTOpble H3 3THX o6aeKTOB B acTp0¢H3H4eCKOM n11aHe RBJlRIOT
CR HaWHMH COCeARMH H B npHHL1Hne AOCTynHbl HaM B c11y4ae pea111,13a
L1HH nporpaMM, noA06HblX nporpaMMe DAEDALUS 1141• OnRTb HymHo 
oroBOPHTbCR, 4TO see CKa3aHHOe A11R He3eMHblX o6aeKTOB HMeJlO 6bl 
CMblCJl, ec111-1 6bl. 6blJ1H OTKpblTbl HOBble npHHL1Hnbl reHepa1.1HH H AeTeK
LIHH HeHTPH~HblX ny4KOB. 

Tenepb o6CYAHM YCJlOBHe BblnOJlHHMOCTH 3KcnepHMeHTa AJlR 3eMJ1H, 
AJlR KOTopoi::l E opt = 41 T3B, ec111,1 m » 70 f3B. 

J.1. opt 4 "' 
AnR 3eMJ1H E 11 = 1 T3B, TOrAa KaK B HaweM 1,1cc11eAOBaHHH MaK-

c1-1MaJ1bHaR 3HeprHR HeHTPHHHOro ny4Ka He 6yAeT npeBblWaTb 4 T3B. 
11MeR B BHAY, 4TO npH 3HeprHRX .E JI < 12 T3B B 01.1eH04HblX Bbl4HC
JleHHRX MOmHO HCnOJlb30BaTb ¢OPMYJ1Y /3/ JlHHeHHOro pocTa Ce4eHHR 
u

11 
c 3Hepr1-1ei::i E 11

1101, AaJ1bHei::iwr.1e pac4eTbl 6yAeM AeJlaTb npr-1 
noMOIIIH ¢opMYJlbl /4/, KOTOpaR BblBOAHTCR npH npeAnonomeHHH, 4TO 
HMeeT MeCTO /3/.· 

113 E vit .. 41 T3B cneAyeT, 4TO Hei::iTpHHHble ny4KH o6cymAaeMblX 
B HacToR111ee speMR ycKop1-1Te11ei::l c 3HeprHRMH EP = 1 T3B, EP = 3 T3B 
"1 E =20 T3B, He TaK ym AaJleKH OT onTHMallbHblX. no3TOMY, ec111-1 

p 

5 



npe,q11araeMaR MeTOA11Ka np11MeH11Ma B0061J1e' TO :no AOll>KHO 6b1Tb 
AOKa3aHO Ha OCHOBe napaMeTpoe o6cy>K,qaeMblX B HaCTORIJlee epeMR 
ycKop11Te11eii T3BHblX 11 · MY11bTHT3BHblX 3HeprHH • .Q11R cpaeHeHHR l(e11e
coo6pa3HO 11MeTb B B11AY 11 OA11H ,qeHCTBY~IJIHH 6011bWOH YCKop11Te11b 
l(epHOBCKl1H SPS. 

~1TaK' Mbl 6y,qeM 113y4aTb B03MO>KHOCTl1 npHMeHeHHR o6cy>K,qaeMOH 
MeTOAHKH Ha OCHOBe napaMeTpoe c11e,qy~IJIHX YCKOPHTe11eii: 

a/ SPS - LtEPH' .E p = 400 r3B' Np = 2I10 13npoT. /HMnYllbC 

6/ TeeaTpOH, Ep = 1 r3B, Np .. 5.10 13npoT./11Mny11bC 1151 

a/ YHK - Cepnyxoe, · E P = 3 T3B, N = 6. 10 14npoT. /11Mny11bc / 15/ 

r / 20- T3BHblH ycKop11Te11b; E P = 20 T3B, NP= 10 15npoT./1-1Mny11bc1161• 

4To6b1 0611er411Tb cpaeHeHHe, npe,qno11o>KHM, 4To eo ecex ycKop1-1Te-
11Rx HHTeHCl1BHOCTb o,q11HaKoea Np-=1012 npOT. C -1. 

Lte11ecoo6pa3HO paCCMOTpeTb ,qea npe,qellbHWX C11Y4aR: 
A/ Wl1POKHe HeHTPHHHWe ny4Kl1 co cpaBHHTellbHO He6011bWl1M Ev 

H 6011bWl1M NV ; 
6/ Y3Kl1e ny4KH, B KOTOpwx Ev HMeeT 6011bWHe 3Ha4eHHR, HO 

aaTo NV - MeHbWl1e 
0

3Ha4eHl1R. 

A/ W1-1poK1-1e ny4KH 

B Ta611.2 np1-1ee,qeHw 3Ha4eHHR napaMeTpoe <E >, N', a 1-1 b A11R 
1T V 

17-Me30HHoro ny4Ka, no11y4eHHoro 1-13 BTOPH4HWX 17-Me30HOB, KOTO-
Pble po>K,qa~TCR np1-1 coy,qapeHl1H npOTOHHoro ny4Ka H Ml1WeH11. Ha111-1-
4He MarHHTHoro pora He npe,qno11araeTcR. Pac4eT c,qe11aH A11R Rdet= 
= 0 , 5 KM, Hd = 1 KM, D d = 1 r. CM - 3 , f = 2R • et et 

Ta6nm:~a 2 

IlapaMeTpbJ <E >H N' HeHTPHHHoro nyt1Ka, reHepHposaHHoro 
IL V 

HCTQqHHKOM HeHTPHHO npH IlOMOIIµ{ pacnaAa TT -Me3oHos; 
napaMeTphl AeTeKQHH nyqKa a H b 

SPS TesaTpoH YHK 20-T3BHblH 
TaB E =I TaB p E =3 TaB p E ..20 TaB p 

<E > 
1T 

raB 23,4 47,5 109 455 

N' [v,c- 1] 4 ,33 .10 12 2,65-10 12 I ,49 ,)012 I , I 8 ,JO 12 
V 

a" [v,c-1] 0,94 4,95 33,3 459 

. b" 0,359. 10-3 0,725, 10-3 1,66-10-3 7 ,o. 10-3 
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I, 

[ 
\f\· 

l 
1J 
\j' 

np11 BblBO,qe cpopMyll /1 /-/4/ npe,qno11ara11ocb' 4TO HeHTpl1HHblH 
ny40K reHep11poeaH TT -Me30HHblM ny4KOM. Ho TeMH >Ke cpopMy11aM11 
MO>KHO paCC411TaTb HeHTPHHHWH ny40K, reHep1-1poeaHHWH K-Me3oH
HblM ny4KOM. PeayllbTaTbl TaKoro pac4eTa, c,qe11aHHble npH npe,qno-

1lO>KeH1111, 4TO Rdet=0,5 KM, Hdet =1 KM, Ddet = 1 r-cM-3 H f=2R, 
np1-1ee,qeHw a T~511.3. 

Ta6nm:~a 3 

IlapaMeTphl < E It> H N; Heii:TPHHHoro nyqKa, reHepHposaHHoro 
HCTOqHHKOM HeHTpHHHOro nyqKa npH IlOMOIIµ{ pacnaAa 
K -Me30HOB; napaMeTpbl AeTeKQHH nyqKa ak H bk 

SPS TesaTpoH YHK 20-T3BHblH 

EP = 0,4 TaB Ep=I TaB EP =3 TaB EP = 20 TaB 

<Ek> raB 31 ,8 61 148 600 

N' 
V 

[v• c- 1 ] 0,598.10 12 0,600,10 12 0,487-1012 0,284,10 12 

~ [v • c-1] 0,058 

bk 1,08. 10-3 

.Q11R Toro 4T06W np11MeHHTb 
Heo6xo,q11Mo ewpaa11Tb I 4epea 

Nv -a 

0,48 6,2 185 

2, 16. 10-3 5,0 ,10-3 20,2.10-3 

cpopMy11w KOMnb~TepHOH TOMOrpa$HH, 
NV ,a 1-1 b. no /4/ HaXOA11M 

reg 

I = --1!!.& 
ab 

/8/ 

Ha /8/ c11e,qyeT, 4TO A11R no11y4eH11R I, a aao,qHo 11 D ( x, y) 
/8/ 

C OTHOC11Te1lbHOH T04HOCTb~ o, Heo6XOA11MO H3Mep11Tb N ~eg"' N~ 
c OTHoc11Te11bHOH T04HOCTb~ nopR,qKa bo. KaK e11,qHo 1,13 Ta611. 2 11 l, 
TaKaR T04HOCTb BWXOA11T aa npe,qe11w coepeMeHHWX TeXHl14eCKl1X 
B03MO>KHOCTeH. C ,qpyroii CTOPOHW, OTHOCHTellbHaR norpewHOCTb 
ec11e,qCTB11e $11YKTyal(l1H N' paBHReTCR 0~ ~ _ 1_ ' r,qe t - ,q1111-

. V yN;,t 
TellbHOCTb npol(ecca 113MepeHHR, Ec1111 cpaBHl1Tb o H o ~, TO 113 ,qaH-
HWX Ta611.2 11 3 c11e,qyeT, 4TO Heo6XOAHMOe A11R 113MepeHHR epeMR t 
Heonpa_e,qaHHO i-i'a110. H, HaKoHett, ee11114HHa. N~eg HaMHoro 6011bwe 
Heo6xo,q11Moro M11H11Ma11bHOro YPOBHR, KOTOPWH onpe,qe11ReTCR $OHOM 
KOCMH4eCKOro H311Y4eHl1R / 101• no3TOMY CHCTeMa H3MepeHl1R, OCHOBaH
HaR Ha Wl1POKOM HeHTPHHHOM ny4Ke, OKa3weaeTCR ,qecpeKTHOH, 0Ha 
He,qocTaT04HO 4YBCTBl1Te11bHa no OTHOWeHH~ K T04HOCTl1 H H36WT04Ha 
no OTHOWeHl1~ K HHTeHC11BHOCTH. 

,QpyraR oco6eHHOCTb, KOTOpaR 6pocaeTCR B r11asa, - 3TO TO 06-
CTORTellbCTBO, 4TO XOTR np11 T3BHWX 3Heprl1RX ny4KH 1-13 K -Me30H
HblX HeHTPl1HO MeHee ewro,qHbl' np11 20 T3B Ha611~,qaeTCR TeH,qeHl.(11R 
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K BblpaBHl1BaHl1IO Ka4eCTB K 11 TT -Me30HHblX ny4KOB, XOTR TT -Me3oH
Hble ny4Kl1 B o6~eM npeAn04Tl1Te11bHee. H, HaK0He4, e~e OAHO eam
HOe 3aMe4aHl1e COCTOl1T B TOM, 4TO Tpe6oeaHl1fl K T04HOCTl1 113Mepe
Hl1H N ;lfg 11 N;, yMeHbWalOTCR C poCTOM Ep . 

6/ Y3Kl1e ny4Kl1 

HMeR e B11AY CAe11aHHblH BblWe aHa11113, 4e11ecoo6pa3HO cpa3y 
op11eHTl1POBaTbCR Ha Hei1Tpl1HHblH ny40K, KOTOPblH: a/ yaoK, 6/ co
CT011T 113 HeHTPl1HO C B03MOmHO 6011bWeH 3Hepr11ei1 11 B/ reHep11py
eTCR pacnaAOM 'IT -Me30HOB. 3Tl1M Tpe6oeaHl1RM OTBe4aeT Me4eHblH 
Hei1TPl1HHblH ny4oK, npeA11omeHHblH Ka<!>TaHOBblM e117~ rAe Ev= 4 T3B, 
N~= 10 8[v-c-1]11 N~g=9,[v•c-i.np11 ny4Ke Ka<!>TaHOBa A1111Ha TyH
HeilR pacnaAa Ll =30 KM, a a HaweM c11y4ae npeAno11araeTCR, 4TO 
L2 = 1,5 KM. B 3TOM c11y4ae AeTeKTOP 6yAeT 11MeTb B Ml1WeHHOH 
ceK41111 4000 r-cM-2 ,a y Hae B Ka4eCTBe AeTeKTOpa 6yAeT c11ym11Tb 
ycTaHOBKa DUMAND12• lO/ c R det = 0, 5 KM 11 D det = 1 r- CM - 3 , a 
Hdet = 1 KM. HMeR B B11AY 3TO 11 pa3Hl14Y B pac4eTHblX <1>opMy-
11ax /17/11 B AaHHOH pa60Te,AI1R MOA11<l>11411POBaHHOro ny4Ka 11MeeM 
N~eg""3,5[v-c 1].,(111R napaMeTpa b np11 f=2R no11y4aeM b .. 0,10. 
no3TOMY, 4T06bl n011Y411Tb I· 11 D(x,y) C T04HOCTblO nOPRAKa 10%, 
Heo6XOA11MO 113Mepl1Tb NV 11 Nv' C T04HOCTblO nopRAKa O '7%' KOTO-reg v 

paR, no-B11A11MOMY, B np11H411ne He RBJlReTCR HeAOCT11ml1MOl1, oco6eH-
HO Ailfl Me4eHblX HeHTPl1HHblX ny4KOB, Tenepb npoeep11M, KaKaR AOilm
Ha 6b1Tb npOAOI1m11TeI1bHOCTb 113MepeHl1fl. H3 COOTHOWeHl1fl 1 0,007 

y'N¥eg•t 
HaXOA11M t .. 1,54, 0TCIOAa B11AHO, 4TO Mbl MomeM pa6oTaTb C caMOCTOR-
TeilbHblM npOTOHHblM ny4KOM, KOTOPblH COCTaBilflil 6bl Ma11y10 4aCTb oc
HOBHOro npOTOHHOrO ny4Ka. HHTeHCl1BHOCTb CaMOCTORTeilbHOrO npo
TOHHOrO ny4Ka TOrAa 6yAeT 1111M11Tl1POBaTbCR TOilbKO <l>OHOM KOCM11-
4ecKHX 11 aTMOC<!>epHblX HeHTPl1HO 1101 , 

§4. BOCCTAHOBnEHHE <l>YHKUHH PACnPEAEnEHH~ nnoTHOCTH 

no11y4eHHaR np11 n0Mo~11 on11caHHOH e npeAblAY~l1X naparpa<1>ax 
113Mep11TeI1bHOH c11cTeMbl 11ycKop11Te11b DUMAND 11 /KopoTKO c11cTeMa 
:AD/ 11H<l>OpMa411R AOilmHa 6b1Tb o6pa6oTaHa Ha OCHOBe <l>OPMYil 
KOMnblOTepHOH TOMOrpa<1>1111 18~ H11me Mbl Cl1CTeMaTl1311pyeM B03Hl1Ka10-
~11e np11 3TOM 3aAa411. nepBble ABe <1>aKTl14eCKl1 11AeHTl14Hbl COOTBeT
CTBYIO~l1M 3aAa4aM peHTreHOBCKOH KOMnblOTepHOH TOMorpa<1>1111

181
, 

a CI1eAY10~11e 11MelOT HeKOTOPble cne411<1>114ecK11e oco6eHHOCTl1 11 paHee 
He BCTpe4a1111Cb. 

3aAa4a 1. npeAno11om11M, 4TO D(x,-y, z) = D(r), r = y'x2+y2 + z2 • 
KaK Bb16paTb ee1111411Hbl D(P ~, p ;_'),, D(P 2, P 2'),... c TeM, 4T06b1 Ha 
OCHOBe 3TOH l1H<!>OpMa41111 peKOHCTpy11poeaTb ct>YHK411IO D(r) ? 
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3To - K11acc114ecKaR 3aAa4a KOMnb10TepHoi1 T0Morpa<1>1111. A11R 

ee peweHl1R He06XOA11MO npoeeCTl1 OAHY n110CKOCTb Il 4epe3 4eHTP 
3eM1111' Bb16paTb Ha s AOCTaT04HOe 411<:_110 nap Tq_4eK pi' pi'; P:{' P2~·-· 
113Mepl1Tb COOTBeTCTBYI0~11e 3Ha4eHl1fl D(Pi,P{'),D(Pi,P2'), ••• 11 Ha 11X 
OCHOBe np11 noMO~l1 <l>OPMYil 11pet-iTreHOBCKOH 11 KOMnblOTepHOH TOMO
rpa<1>1111 peKOHCTpy11poBaTb D(r). 

3aAa4a 2. nycTb <l>YHK411fl D(x,y,z)He 0611aAaeT 4eHTpaI1bHOH 
Cl1MMeTp11ei1. KaK Bb16paTb ee1111411Hbl D (P 1 ,P {'), ll(P 2 .~;~ ), ... , 4To-
6bl Ha OCHOBe 3TOH 11H<l>OpMa41111 peKOHCTpy11poeaTb D(X, y, z)? 

H B 3TOM c11y4ae Mbl 11MeeM 3aAa4y K11aCCl14eCKOH KOMnblOTepHOH 
TOMorpac)>1111. A11R ee peweH11R npoeeAeM n11ocKocT11 n1 , n II, .... 
4epe3 3eMJ1IO C TeM, 4T06bl COOTBeTCTBYIO~l1e Ce4eHl1fl g I + ·s I , 
gII + S II,... 11oxeaTl11111 11 cy~eCTBeHHble 4aCTl1 <l>YHK41111 D (x, y, Z). 

C11eAy10~11i1 war - Ha KamAoii 11,,3. nnocKocTeii, n 1 , nII ,... Bb1611paR 
. . I ' ·1·" II ' II " nOAXOAR~11e napbl T04eK Pt , P 1' ; ... , Pt , Pl ,.... np11 noMO~l1 CTaH-

AaPTHblX <l>OPMYil /S/ HaAO BOCCTaHOBl1Tb COOTBeTCTBYIO~l1e ABYMep
Hble <l>YHK41111 DI (x,y}, D "(x, y},... 11 TeM caMblM 11CKOMYIO D(x, y, Z). npi-1 
3TOM HaAO 11MeTb e B11AY, 4TO DUMAND 11er4e nepeMe~aeTCR no 
AHY OKeaHa, TOrAa KaK nepeMe~eH11e ycKop11TeI1R 04eHb TPYAHO. 
no3T_!)MY [\OmKHO 6b1Tb KaK MOmHO 6011bWe T04eK pr= pr= ... = p 
asP~1 asP~i1=, .. =Q1, 11Ha4e roeopR, OA11H YCKOp11TeI1b B AaHHOM no110-
meH1111 Ql AOilmeH 06c11ym11BaTb KaK MOmHO 6011bwe n110CKOCTeH n1 ,n1~ .... 
Apyroii ycKop11Te11b pacno11omeH a APYroii T04Ke Q2 3eMHoro wapa 
11 6yAeT 06c11ym11BaTb APYrYIO Cl1CTeMy nilOCKOCTeH 11 T,A, 

Ec1111 6yAeT peweHO Ha OCHOBe Cl1CTeMbl AD 113y4aTb AeTailbHO 
4aCTb MaHTl111 3eM1111 B HeKOTOPOM paiioHe OKeaHa, TO TOrAa np11-
AeTCR nepeMe~aTb OAHOBpeMeHHO 11 YCKOPl1Tb 11 . DUMAND. 

nepei1AeM K C11eAYIO~l1M 3aAa4aM. 
nycTb D(~ y) - T04HOe 3Ha4eH11e <l>YHK41111 n110THOCTl1 B HeKOTO

poM ce4eH1111 g+·s 3eMHoro wapa, a f>(x,y) - ee np1161111meHHOe 
3Ha4eH11e. nycTb p[D,U]=o, rAe p - paccTORH11e oT DAO De CMb1c-
11e HeKOTOPOH <l>YHK4110Ha11bHOH MeTpl1Kl1, a·o - AOnycT11MaR ow116Ka. 
nycTb O (P;, Pi'; ~J ), j = 1,2, ... , J - 3Ha4eH11e D, ec1111 113MepeH11R 
COOTBeTCTBYIO~l1X 3Ha4eHl1H N ~eg 11 N~ CAeI1aHbl C 3aAaH!:!_blMl1 ow116-
KaM11 ~j,11 nyCTb zj - 3aTpaTa A11R no11y4eH11R 3Ha4eHl1fl D(P;,P{';~j). 
HcnOJ1b3Yfl 3Tl1 o603Ha4eHl1R, c<1>opMy1111pyeM CileAYIO~YIO 3aAa4y. 

3aAa4a 3. np11 <l>11KC11POBaHHOM B HaAO Bb16paTb 411C110 J napbl To-
4eK p j, p j,, j = 1,2, j°", J 11 OWl16Kl1 ~j , TaKl1M o6pa30M, 4T06bl CyMMap-

Hble 3aTpaTbl <ti a= I z j 6bl1111 Ml1Hl1MaI1bHbl. 
. ' j = 1 

B noc11eAYIO~ei1 .3aAa4e 11cnoI1b3yeTCR AOnOI1Hl1TeI1bHaR 11Hc)>OpMa-
411R O D(x,y, z).OHa COAepm11TCR B 3Ha4eHl1RX eepT11KaI1bHoro rpa
Al1eHTa V Cl111bl TRmecT11, KOTOpbli,t npeAn011araeTCR 113BeCTHblM. A11R 

npoCTOTbl 3aTpaTaMl1 Hi np1106peTeH11e 3TOH 11H<l>OpMa41111 6yAeM npe-
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He6peraTb. nycTbQk=Xk' yk' ZkE s' k=1,2, ... ,K - T04KH Ha 
nosepXHOCTH 3eMHOro wapa, B KOTOPblX HMelOTCR ,qaHHble O sepTH
KaJlbHOM rpa,qHeHTe vk CHJlbl TRM<eCTH 

au (Qk) a n<,. 77, () dldiJ d( 
V =--='G- fff 

k an an vy(x -$2+(y _ 77 )2+(z -()2 
/3eMHOH k k k 

wap/ 
r,qe n - rpaBHTa4HOHHaR noCTORHHaR. 

nycTb BeJlH4HHbl vk H3BeCTHbl C OWH6KaMH 8k. 06o3Ha4HM 4epe3 
V; 3Ha4eHHe sepTHKaJlbHoro rpa,qHeHTa CHJlbl TR>KeCTH B T04Kax Qk, 
no11y4eHHb1e Ha ocHose peweHHR aa,qa4H 3 ,qnR II1 , II11 , ••• ,aanee o6oa
Ha4HM suplVk-Vk I 4epea 8: H 4epea Sk Bb1pa>KeHHe Sk=f(l8:-8k I), 
r,qe f - HeKoTopaR wTpa(j)HaR <l>YHK4HR c apryMeHTOM IBt -8k I, Tor
,qa MO>KHO C(j)OpMyJlHPOBaTb aa,qa4y c11e,qy10111HM o6pa30M: 

3a,qa4a 4. npH <l>HKCHPOBaHHOM 8 Ha,qo Bb16paTb 4HCJla J napbl 
T04eK Pi,P;', OWH6KH ~j•j=1,2, ... ,J H nJlOCKOCTH II 1 ,II 1¼ .. , TaK, 
4T06bl (j)yHK4HOHaJl 

J K 
<I> 4 = ~ zj + ~ S k 

j=1 k=1 
HMeJl MHHHMaJlbHOe 3Ha4eHHe. 

§5. 3AKJll04EHHE 

CyMMHPYR CKa3aHHOe, OTMeTHM c11e,qy10111ee. no-BHAHMOMY, He cy-
111ecTByeT npH4HH' Ha-aa KOTOPblX npe,qnaraeMblH 3KCnepHMCHT 6b1Jl 
6bl npHH4HnHaJ1bHO Heocy111ecTBHM. Mb! o6cy,qHJlH 3KcnepHMeHTaJlbHYIO 
ycTaHOBKy npH npe,qnono>KeHHH, 4TO reHepaTop HeHTPHHHOro ny4Ka -
T3BHblH HJlH MYJlbTHT3BHblH ycKOPHTeJlb, a ,qeTeKTOp - ,qeTeKTOP TH
na DUMAND /2, lO( 

Ho ,qa>Ke npH 3TOM npe,qnOJlO>KeHHH, He Y4HTb1BaR B03MO>KHblH npo
rpecc B 6y,qy111eM, OKa3aJlOCb, 4TO H3MepHTeJlbHblH KOMnJleKc - 20-
T3BHblH yCKOPHTeJlb - DUMAND B npHH4Hne npHro,qeH AJlR H3Mepe
HHR pacnpe,qeneHHR nJlOTHOCTH 3eMHoro wapa C T04HOCTblO nopR,qKa 
10%. 0,qHaKo Ha,qo OTMeTHTb, 4TO ero ocy111ecTBJ1eHHe BblABHraeT 
TPYAHble npo611eMbl TeXHH4eCKOro H <l>HHaHCOBoro xapaKTepa, Bbl3BaH
Hble Heo6xo,qHMOCTblO nosopoTa npOTOHHoro ny4Ka B sepTHKaJlbHOe 
HanpaBJleHHe. no3TOMY He HCKJll04eHo, 4TO KOMnpoMHCCHOe peweHHe 
C 3-T3BHblM HJlH 1-T3BHblM yCKOPHTeJleM 6011ee npe,qno4THTeJlbHo.npH 
TaKOM peweHHH TPYAHOCTH, CBR3aHHble C nosopOTOM npOTOHHoro 
ny4Ka, cy111ecTBeHHO yMeHbWalOTCR. npH 3TOM, o,qHaKo,'noBblCRTCR 
B HeCKOJlbKO paa Tpe6oBaHHR K T04HOCTH H3MepeHHR N~eg H N~. 

AnR peweHHR 3TOH npo611eMbl, sepORTHO, Ha,qo HCKaTb npHH4H
nHaJlbHO HOBble nyTH B paMKaX MeTo,qa Me4eHblX ny4KOB, 
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