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1. nOCTAHOBKA 3AAA4H 

B AaHHoH pa60Te pe4b 6YAeT HATH 0 B~4HCneHHH onpeAeneHH~X 
MHOrOMepH~X HHTerpanOB MeTOAOM MOHTe-Kapno. 4aCTH~M CnY4aeM 
3TOH 3aAa4H RBnReTCR MOAenHpOBaHHe C06~THH B ~H3HKe B~COKHX 
3HeprHH~ HanpHMep. AnR B~4HCneHHR aKcenTaHCa AeTeKTOpa HnH nO
nY4eHHR APyrHx XapaKTepHCTHK. 6YAeM C4HTaTb, 4TO 06naCTb on
peAeneHHR eCTb k-MepH~H eAHHH4H~H rHnepKy6, ~ B 3TOH k-MepHOH 
06naCTH 3aAaHa ~YHK~HR, KOTOPY~ HY*HO npOHHTerpHpOBaTb; n~60 
B APyroH, 3KBHBaneHTHOH HHTepnpeTa~HH - 3aAaHa ~yHK~HR nnOT
HOCTH BePORTHOCTH 

(x) =(Xl..... X k ). 

B COOTBeTCTBHH C KOTOPOH Hy*HO MOAenHpOBaTb C06~THR. 3TY ~YHK
~H~ M~ 6YAeM Ha3~BaTb BeCOM, TaK KaK 06~enpHHRT~H cnoc06 MO
Aen~pOBaHHR 3aKn~4aeTCR B TOM, 4TO aprYMeHT~ XJ reHepHpY~TCR 
paBHOMepH~M cnoc060M, a C06~TH~ 3aTeM npHnHC~BaeTCR Bec 
(Xl' •••• xk) • TpaAI1~110HH~H cnoc06 O~eHKI1 HHTerpana MeToAOM 
MOHTe-Kapno 3aKn~4aeTCR B cneAy~eM. 6pocaeM paBHoMepHO N 
cnY4aHH~X T04eK B 06naCTb onpeAeneHHR. B~411cnReM B Ka*AOH T04
Ke 3Ha4eHHe ~YHK~1111 (x) H o~eHHBaeM cpeAHee 3Ha4eHI1e nOA~H
TerpanbHOH ~YHK~1111 no 3TI1M N T04KaM: 

1 N t 
f = -N 1: (x ). 


t=l 


B cHny H3BeCTHoro COOTHOWeHI1R 

f (x) dx - (U·<f> 

(U 


/ (U - 06"eM 06nacTI1, no KOTOPOH BeAeTCR I1HTerpl1pOBaHHe/, o~eH
Ka cpeAHero eCTb H o~eHKa I1HTerpana. OnpeAenl1M napaMeTp ,. 
KOTOP~H 6YAeM Ha3~BaTb K03~~H~l1eHToM 3anonHeHHR AaHHoH ~YHK
~1111, cneAY~~I1M 06pa30M: 

, '" <f> If ,max 

rAe ( - MaKCI1ManbHOe 3Ha4eHI1e ~YHK~1111 r B 06nacTI1 I1HTerpl1max 
pOBaHI1R. 04eBI1AHO, 4TO 4eM MeHbwe 3TOT K03~I1~HeHT sanOnHeHI1R. 
TeM TPYAHee nonY4HTb o~eHKy I1HTerpana C HeKoTopoH 3aAaHHoH 

_...--
.,----- . KiiC,vryt \ 
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T04HOCTb~. 3aAa4Y MO*HO Ha3BaTb TPYAHOH, ecn~ K03~~~~~eHT 
3anOnHeH~R ~YHK~~~ (= 10 -8 ~n~ MeHbwe. ManaR Ben~4~Ha napa
MeTpa ( 03Ha4aeT, 4TO BCR BepoRTHoCTb CTRHYTa K OAHOH ~n~ He
CKonbK~M T04KaM BHYTP~ 06nacT~ onpeAeneH~R. 06DeM, B KOTOPOM 
nOKan~30BaHa BepoRTHoCTb, no nopRAKY Ben~4~H~ paBeH (. B Ka
4eCTBe ~nn~CTpa~~~ MO*HO paCCMOTpeTb 3aAa4Y B~4~cneH~R aKcen

q->cvJ: ->
d 

!, <: 

- HaxoARTcR M~H~ManbHoe ~ MaKC~ManbHoe 3Ha4eH~R ~Wmln wmax 
~3 Bcex W jf IAnR AaHHoro j I ~ onpeAenR~TcR HOMepa nOA~HTepBa
nOB f 1 ~ 22 , B KOTOp~X pean~3Y~TcR 3T~ 3Ha4eH~R; 
- HaXOA~TCR CYMMa Bcex BecoB, 3a ~CKn~4eH~eM MaKC~ManbHoro: 

m 
Wr I. WII-Wf= 1 jr. max 

TaHca IreoMeTp~4ecKoH 3~~eKT~BHocT~1 KaKoro-n~60 AeTeKTopa, 
Hanp~Mep MarH~THoro cneKTpOMeTpa. Ecn~ ~~3~4ecKoe c06~T~e 

MOAen~pyeTcR C BeCOM 1, TO nOAWHTerp~nbHaR ~YHK~~R Mo*eT np~
H~MaTb TonbKO ABa 3Ha4eH~R: 1 - ecn~ c06~T~e per~cTp~pyeTcR 

AeTeKTopoM, ~ 0 - ecn~ He per~cTp~pyeTCR. B 3TOM cnY4ae napa
MeTp (T04HO paBeH 06DeMY, B KOTOPOM cocpeAOT04eHa BCR BepORT-
HOCTb. nerKO B~AeTb, 4TO ecn~ aKcenTaHC paBeH, Hanp~Mep, 10-4 , 
TO AnR ero o~eHK~ C norpeWHOCTb~ 10% He06xoA~MO npOMOAen~po
BaTb ~ nponycT~Tb 4epe3 YCTaHOBKY 10' C06~T~H. 

OA~H ~3 B03MOll(HbiX cnoc060B COKpaT~Tb BpeMR Ha peweH~e TPYA
H~X 3aAa4 - np~MeHeH~e aAanT~BH~X anrop~TMOB. AAanT~BHoH M~ 

Ha3~BaeM nporpaMMY, KOTopaR B npo~ecce MOAen~poBaH~R HaKann~
BaeT ~H~opMa~~~ 0 nOAblHTerpanbHoH ~YHK~~~ ~, Ha4~HaR C KaKoro
TO MOMeHTa, ~cnonb3yeT 3TY ~H~opMa~~~ np~ B~pa6aTbIBaH~~ cny
4aHHoro 4~cna. BMeCTO paBHOMepHoro 6pocaH~R B ~HTepBan 10, 11 
cnY4aHH~e 4~cna npe~My~ecTBeHHO 6poca~TcR B 06nacTb MaKC~MYMa 
I~n~ MaKc~MYMoBI ~YHK~~~. HepaBHoMepHoe 6pocaH~e T04eK KOMneH
c~pyeTcR A06aB04H~M BeCOM. 

2. 	OnHCAHHE AflrOPHTMA 

06naCTb onpeAeneH~R Ka*AoH ~3 nepeMeHH~X Xj pa36~Ta Ha m 
nOA~HTepBanOB. CnY4aHHoe 4~cno B~pa6aT~BaeTcR B ABa 3Tana: 
CHa4ana B~6~paeTCR HOMep nOA~HTepBana, a 3aTeM T04Ka Ha 3TOM 
nOA~HTepBane. H HOMep nOA~HTepBana, ~ T04Ka BHyTp~ nOA~HTep
Bana BcerAa B~6~pa~TCR paBHOBepORTHO. ~n~H~ lI(e nOA~HTepBanOB 
nepeCTpa~Ba~TCR 4epe3 Ka*A~e n T04eK. ~nR Ka*A~X n T04eK Ha
Kann~Ba~TCR Ben~4~H~ W jf (j = 1 •••• , k; f - 1 , ••. , m ) ~ Ha OC-
HOBaH~~ aHan~3a 3T~X Beh~4~H npOBOA~TCR ~3MeHeH~e An~H OTpe3
KOB. ~nR Ka*AOH nepeMeHHOH Xj Ben~4~Ha Wjf - 3TO CYMMa BeCOB, 
nonaBW~X B nOA~HTepBan C HOMepOM f 3a 04epeAH~e n T04eK. Ko
He4HaR ~enb anrop~TMa - nOA06paTb TaK~e An~H~ nOA~HTepBanOB, 
4T06~ Bce Ben~4~H~ Wjf 6~n~ paBH~. 

~nR Ka*AOH nepeMeHHOH Xj aHan~3 Ben~4~H WJf npOBOA~TCR OA~
HaKOBO ~ COCTO~T ~3 cneAY~~~X 3TanOB: 

m 
- B~4~cnReTCR cpeAHee 3Ha4eH~e W .. 1.. I. W av m f -1 jf 

Ha 	OCHOBaH~~ 3T~X AaHH~x AenaeTCR KnaCC~~~Ka~~R pacnpeAene
\ - H~H Ben~4~H IWjt \. ~ npo~eAypa nepeCTpOHK~ An~H nOA~HTepBanOB 

pa3n~4Ha AnR pa3n~4H~X KnaCCOB. KnaCC~~~Ka~~R pacnpeAeneH~H 

npo~cxOA~T cneAY~~~M 06pa30M. 
CHa4ana pacnpeAeneH~~ np~CBa~BaeTCR Knacc o. Ecn~ OTHoweH~e 

Wmax/ Wmin 60nbwe g l' 3TOMY pacnpeAeneH~~ np~CBa~BaeTCR Knacc 1. 
Ecn~ wmax/wav>gl~n~ Way /w min > g2. TO np~CBa~BaeTCR Knacc 2. 
HaKoHe~, ecn~ wmax/w >gS.TO np~CBa~BaeTCR Knacc 3. KOHCTaHr 
T~ g l' g2 • gs RBnR~TCR no CYT~ napaMeTpaM~ HaCTpoHK~. B npo- ;_ 
~ecce C4eTa ~cnonb 30Ban~Cb 3Ha4eH~R: g 1 = 3, g 2 = 5, g 3 = 2. ' 
Pa60Ta anrop~TMa np~ APyr~x 3Ha4eH~RX He ~ccneAOBanaCb. nepe
CTpOHKa An~H nOA~HTepBanOB ocy~ecTBnRnaCb no cneAY~~~M npaB~
naM. Ecn~ pacnpeAeneH~e OTHOC~TCR K Knaccy 3, TO nOA~HTepBan, 
cOAep*a~~H MaKC~Manb H~H Bec IT. e. HOMep f 1 I, Aen~TCR Ha m-l 

. ~n~ Ha m-2 paBHblX nOA~HTepBana. OCTanbH~e *e nOAblHTepBan~ 
06DeA~HR~TCR B 0A~H ~n~ ABa, B 3aB~C~MOCT~ OT Toro, RBnReTCR 
n~ nOA~HTepBan f1 KpaHH~M ~n~ HeT. 

Ecn~ pacnpeAeneH~e OTHOC~TCR K Knaccy 2,TO nOA~HTepBan 
C MaKC~ManbH~M BeCOM Aen~TCR Ha ABa paBH~X nOA~HTepBana. Cpe
A~ OCTanbH~X nOA~HTepBanOB HaXOARTCR TaK~e ABa coceAH~x, CYM
Ma 	 BeCOB KOTOp~X MeHbwe, 4eM Y n~60H APyroH TaKOH nap~. 3T~ 

nOA~HTepBan~ 06DeA~HR~TCR B OA~H. 
Ecn~ pacnpeAeneH~e OTHOC~TCR K Knaccy 1, TO AB~ra~TCR rpa

H~~~ Me*AY BceM~ nOA~HTepBanaM~. Ben~4~Ha CAB~ra npRMO 3aB~
C~T OT COOTHoweH~R BeCOB B coceAH~X nOA~HTepBanax. 

OAHa ~3 3aAa4, KOTopaR CTaB~naCb np~ Han~caH~~ AaHHOH npo
rpaMM~, 3aKn~4anaCb B CBeAeH~~ K M~H~MYMY Tpe6yeM~x ~3MeHeH~H 
B MOAen~py~eH nporpaMMe. np~BeAeM ynpo~eHHY~ nporpaMMY, KO
TopaR B~4~cnReT onpeAeneHH~H ~HTerpan MeTOAoM MOHTe-Kapno 
C nOMO~b~ 06~4Horo reHepaTopa cnY4aHHbiX 4~cen RNDM. 

DIMENSION X (100) 

SUM = O.• DO 20 I = l,N 

DO 10 J = 1, K 

X(J) = RNDM(DUMMY) 


10 	 CONTINUE 

F = FUNCT (X) 
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20 	 SUM = SUM+F 
RESULT = SUM/N 

END 
Ta *e nporpaMMa, ~cnonbsy~~aA reHepaTOp SMART, 
cneAY~~M 06pasoM: 

DIMENSION X{100) 

SUM = O. 
DO 20 I = l,N 

W= SMART(O,Z) 

0010J-l,K 

X(J) = SMPRT(J,Z) 


10 	 CONTINUE ~ 
F = FUNCT(X) 
W • SMART (- 1 ,F) 

20 	 SUM =SUM+W 
RESULT = SUM/N 

END 

3. 	PE3ynbTATbi 

6YAeT swrnAAeTb 

Ha pHc.1 nOKasaH pesynbTaT pa60Tw reHepaTopa SMART. MeToAOM 
MOHTe-Kapno BW4HcnAnOCb ce4eH.... e peaK...H.... .. + p ... p + 7" np.... 
3Hepr........ 10 r3B B C,~.M. MaTpH4Hw~ 3neMeHT npeAnonaranCA paB
HWM KOHCTaHTe. KaK ~sBecTHO. AnA 

fO! 

5 

2 

~ i 5 ~ ~, 

onpeAeneHHA ce4eHHA TaKO~ 


peaK"'HH Tpe6yeTCA SW4HCn....Tb 

~a30SW~ HHTerpan no 20-MepHO

MY rHnepKy6y. Ha pHCYHKe no

KasaHO, KaK SaS....CHT OTHOCH

TenbHaA oWH6Ka o ...eHKH (f) 

OT nonHoro 4Hcna T04eK (N) • 

npH HcnonbsosaHHH 06W4Horo re

HepaTopa RNOM IKPHsaA AI owH6
Ka y6wsaeT, KaK H nonaraeTCA, 


PHC.), OTHOCHTenhHaR OmH6Ka 

o~eHKH CeqeHHR peaK~H 


.. + p ... p + 7.. (va-10 r3B) 

B 3aBHCHMOCTH OT qHCna TOqeK. 

A - reHepaTOp RNDM. B - reHe

paTOp SMART. 


t:~'------T-~~~~--~~~~~~ 
00 

5 


2 


~ 

1,' , " '··of ' • , ... , 

J 2 5 fO 20 50 1CID 
N (10') 

PHc.3. OTHocHTenhHaR omH6Ka ~ 
o~eHKH aKcenTaHca MsrHHTHoro , 
cneKTpOMeTpa B 3aSHCHMOCTH 
OT qHCna TOqeK. A - reHepaTOp 
RNDM. B - reHepsTop SMART. 

1 

PHc.2. To ~e, qTO H Ha PHc.l, 

AJU[ peaK~HH .. + p ... p + 9" 

(Va = 10 r3B). A - reHepaTOp 

RNDM. B - reHepaTop SMART. 


e 
l"') I It 

SO 

40 

30 

20 

10' . . , " " fO -- -- ._- --- --- I 

N (103 ) 

no saKOHY f - -. S cny4ae npHMeHeH~fl aAanTHsHoro reHepaTopavW 	 1
SMART y6wBaHHe OW....6KH HAeT no saKOHY, 6n~3Kol"y K f - 'Ff' HanpH-

Mep, AnA o...eHKH ce4eHHA C T04HOCTb~ 5% reHepaTopy SMART AOCTa
T04HO 10000 T04eK, TorAa KaK reHepaTOpy RNOM Tpe6yeTcA AnA 
TaKO~ *e o...eHKH 60nee 30000 T04eK. B npo~ecce C4eTa o ...eH.... Ban
CA 	 TaK*e K03~~H"'HeHT sanonHeHHA nOA~HTerpanbHO~ ~YHK"'''''H. O...eH
Ka 	 AaeT sHa4eH.... e ,= 2' 10-8. 

) 


Ha p.... C. 2 nOKasaHa aHanor.... 4HaA saB~CHMOCTb AnA peaK",HH "+ p ... 

... p + 9" TO*e np.... 3Hepr.... H 10 r3S B c,~ .M. SHAHO, 4TO 3~eKT 

pa60Tw aAanTHBHoro reHepaTopa IKp~Bafl 61 B 3TOM cnY4ae e~e 

CHnbHee . .QnA 3TOH saAa4H ,- 0.7·10-4. Ha pHc.3 noKasaH pesynb

TaT npHMeHeHHA reHepaTopa SMART Anfl B~4~cneHHA aKcenTaHCa Mar

HHTHoro cneKTpOMeTpa. CneKTPQMeTp ~Men 6asy 2,5 M AO MarHHTa. 

6asy 3 M nocne MarHHTa H anepTYPY MarH~Ta lxO.3 MI, MoAenHpo

sanaCb peaK~HA: 

+ - + - + - + - n + p ... Ac + D + p. A c ... p + K +.. • D ... K +" +" 

4 
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npH aHeprHH 60 raB. Tpe6oBanocb, 4T06~ Bce aapR~eHH~e 4aCTH4~, 
o6paaoBaHH~e B peaK4HH /KpoMe npOTOHa oTAa4H/ 6~nH aaperHCTpH
pOBaH~ B KaMepax cneKTpOMeTpa. KaK nOKasan paC4eT, aKcenTaHC 
cneKTpOMeTpa npH aTHX ycnoBHRX COCTaBnRn - 0,2.10 -8. rpa$HK 
nOKa3~BaeT, 4TO reHepaTop SMART /KpHBaR 6/ H B aTOM cnY4ae 
06ecne4HBaeT 60nee 6~CTP~ CXOAHMOCTb, XOTR OTnH4He OT RNDM 
/KpHBaR A/ He TaK BenHKO, KaK B npeA~AY~HX npHMepax. TeM He Me- • 
Hee BHAHO, 4TO AnR nonY4eHHR 04eHKH aKcenTaHca C T04HOCTb~. 
10% reHepaTopy SMART Tpe6yeTcR B 2,5-3 pasa MeHbwe T04eK. 4eM 
reHepaTOpy RNDM. 	 • 

HET nH npOSEnOB B BAmBR SHsnHOTBKB? 

Bw MoaOTO nonyqHTb no nOQTe nepeQHCneHHwe HHae KHHrH, 


ecnH OHH He CKnH saKasaHW paHee. 
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