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6apaweHKoa B.C. H AP· P2-80-192 
COKpa~eHHe BpeMeHH pac4eTa BHYTPHRAePHWX K8CKaAOB 

06CY*AaOTCR 803MO*HOCTH COKpa•eHHR apeMeHK P8C4eT8 
BHYTPHRAepHWX KaCK8AOB nyTeM HCOOnb3088HHR yn~eHHWX npb
rpa- aw4HcneHHR 3neMeHrapHwx CIIYHK~HH Ha aaroKOAe "HaAneH", 
npeAB8PHTenbHOrO COCTa&neHHR Ta6nH~ KOOPAHHaT BHYTPHRAepHWX 
HYKnOHOB, YCOBepweHCTBOBaHHR anrOpHTMa MOHTe-KapnoBCKOrO po-
3Wrpwwa ,_ N H N- N 83aHMOAeHCTBHH BHYTPH "AP8. B oonaCTH 
3HeprHH ~ 10 r38 TaKHM OOP830M YA8eTCR C3KOHOHHTb OT 30 AO 
60% pac4eTHOro apeMeHH. 

Pa6ora BWOOnHeHa 8 flaoopaTOI)+iH 8W4HcnHTMbHC>t1 TexHHKH 
H aarOHaTH3a~HH OH~H. 
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MOAenb BHYTPMRAePHI>IX KaCKaAOB B HaCTORII{ee apeMR - HaM6onee 
pa3paOOTaHH~H MeTOA pac~eTa HeynpyrMX B3aMMOAe~CTBMH 6~CTp~x 
~aCTM4 M RAeP c RAPaMM, no3aonR~Il{MH paccMaTpMBaTb 3Ha4MTenbHO 
6onbwee ~Mcno xapaKrepMCTMK , ~eM KaKoi1-nM60 APYrOH M3BeCTH~H 
cei1~ac MeTOA. Ha OCHOBe MOAenM BHyTpMRAePH~X KaCKaAOB B~non
HR~TCR pac4eTW paAMaUMOHHOH 3all{MTW M aHanM3Mpy~TCR eonpocw, 
Kaca~ll{MeCR pacnpocTpaHeHMR nOTOKOB 6~CTp~X ~aCTMU B ra3006pa3-
H~X M nnOTH~X CpeAaX. 

nocKOJlbKy MOAenb OCHOBaHa Ha MOHTe-KapnOBCKOM npOCJle~MBaHMM 
uen04CK C06~TMH, TO AllR nony4eHMR A0CTaT04HOH CTaTMCTM~eCKOH 
T04HOCTM pe3ynbTaTOB npMXOAMTCR B~nOJlHRTb cepMM nOBTOpR~Il{MXCR 

pac~eToe , 3aHMMa~ll{Me 3Ha4MTenbHOe epeMR 3BM. 8 3TOH CBR3M aa~

HOe 3Ha4eHMe npM06peTa~T BOnpoc~ OnTMMM3aUHH HCnOJlb3yeM~X npo-

rpaMM. I J 
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B pa6orax ' 6~no npoeeAeHO ynpoll{eHMe KacKaAH~X pac4eToB 
B 06JlaCTM 3HeprM~, MeHbWMX HeCKOJlbKMX r3B, nyTeM OnTV.MM3aUMM 
caMOH KaCKaAHOH MOAenM M MCnOJlb30BaHMR 6onee pauMOHanbHO op
raHM30BaHHO~ nporpaMM~ e~~MCneHMH. 8 HaCTORII{eH pa6oTe o6cy~Aa
eTCR B03MO*HOCTb COKpall{eHMR 3aTpa4MBaeMOrO epeMeHH 38M 3a C4eT 
npeABapMTenbHOro B~nonHeHMR peAKO B~3~eaeMWX , HO BeCbMa TPYAO
eMKHX 4aCTeH nporpaMMW H OnTMMM3aUMH HeKOTOp~X npOCTWX, HO 4ac
TO MCnOnb3Y~MXCR nOAnporpaMM. 

3Ha4MTeJl bHOrO COKpall{eHMR paC4eTHOrO epeMeHM MO~HO A0CTM4b 
nyreM npocToro M3MeHeHMR anropMTMa po3~r~wa 3Ha~eHMH MMnynb
coa H 3apRAOB ~aCTMU, PO~Aa~MXCR B HeynpyrMx BHYTPMRAePH~X 

rr -N M N- N CTOJlKHOBeHMRx. TaKoi1 po3~rp~w npOM3BOAMTCR c o6R-
3arenbH~M y4eTOM 3aKOHOB COXpaHeHMR 3HeprMM-MMnyJlbCa H 3apR
na, H B TeX cny4aRX 1 KOrAa 3TH 3aKOHW Hapywa~TCR 1 B~nOnHReTCR 

nOBTOpH~H P03~rp~w COOTBeTCTBeHHO MMnyJlbCOB MnM 3apRAOB ecex 
POAMBWMXCR B AaHHOM CTOnKHOBeHMH ~aCTMU ~ . ~HOrAa TaKOe nOBTO
peHMe npOMCXOAMT MHOrO pa3, npe~Ae ~eM 3aKOH~ COXpaHeHMR OKa-
3~Ba~TCR B~nOnHeHH~MM. 3TO 3aHHMaeT MHOrO epeMeHM 38M, OC06eH
HO npM pac~erax B~COK03HepreTM~ecKMX npoueccoa, conpoao~Aa
~MXCR PO*ACHHeM 60JlbWOrO ~Mcna ~aCTMU BO BHyTpMRAepH~X CTOnK
HOBCHHRX. 

nocKOJlbKY MMnynbC~ /M 3aPRA~/ pO~Aa~ll{MXCA 4aCTM4 pa3~rp~
Ba~TCR He3aBMCMM0', TO HOBY~ CTaTMCTM4eCKH He3aBMCMMY~ B~6opKy 

· EcnM po~AaercR n ~aCTMU, TO po3~rp~ MMnynbCOB npOM3BOAMT
CR A11R n- 2 ~acTMU, 3aPRAOB - A11R u - 1 4aCTMU~. XapaKTepMCH1KM 
OCTaBWMXCR uaCTMU ¢MKCMpy~TCA 3aKOHaMM coxpaHeHMA 1 



MO*HO o6paaoeaTb nyTeM noeTOPHOro poa~rp~wa ~Mnynbca /~n~ aa
PRAa/ TOnbKO OAHOH ~3 BTOP~4H~X 4aCT~4 - Hanp~Mep,nepBOH / B no
DRAKe ~x pacnono*eH~R e naMRT~ 3BH/. Ecn~ aaKOH coxpaHeH~R 
cHoea OKaa~eaeTCR Hee~nonHeHH~M , nepepaa~rp~eaeTcR cneAY~~aR 

no nopRAKY 4aCT~4a ~ T.A. 
TaKoe ~3MeHeH~e anrop~TMa poa~rp~wa BHYTP~RAePH~x CTOnKHo

eeH~H cna6o CKa3~eaeTCR np~ He6onbW~X 3Hepr~RX, OAHaKO C POCTOM 
3Hepr~~ 3KOHOM~R epeMeH~ cTaHOB~TCR aecbMa cy~ecTeeHHO~. TaK, 
np~ 3Hepr~~ 10 raB yMeHbWeH~e apeMeH~ np~ pac4eTe Heynpyr~X 
B3a~MOAe~CTB~~ npOTOHOB C RAPaM~ ~OT03MynbC~~ COCTaBnReT Y*e 
oKono 25%: np~6n~3~TenbHO 15% aa c4eT yny4weH~R poa~rp~wa ~M
nynbcoe ~ nPI1MepHO 10% aa C4eT ycoeepweHCTBOBaH~R poa~rp~wa 
3apRAOB 4aCT~4. 

MOAene~ C y4eTOM ~$eKTa Tpe~-np~ ~CnOnb30BaH~~ KaCKaAH~X 

n~Hra /3 TOT 3~~eKT 06R3aTenbHO AOn*eH Y4~T~aaTbCR np~ 3Hepr~Rx 
HaneTa~~X 4aCT~4, 60nbW~X HeCKOnbK~X r3B '4 ' / 04eHb 60n bWOe 
apeMR ~AeT Ha p03~rp~W KOOPA~HaT HYKnOHOB RApa-M~WeH~ /a B cny-
4ae CTOnKHOBeH~R RAep ~ Ha P03~rp~ KOOPA~HaT HYKflOHOB HaneTa
~ero RApa/. B 4aCTHOCT~, np~ a3a~MOAe~CTB~~ npoTOHOB c 3Hep
r~e~ 1 ~ 10 r38 CO cpeAHHM RAPOM ¢QT03MYflbC~~ / MaCCO BOe 4~CnO 
A=70/ Ha 3TO yXOAHT COOTBeTCTBeHHO 35 ~ 15% o~ero apeMeH~ 

C4eTa. 3aTpaT~ apeMeH~ CTaHOBRTCR e~e 6onbW~M~ np~ nepeXOAe 
K TR*en~M AeflR~~MCR RApaM. 

B Tex cny4aRx, KOrAa a~nonHReTCR 6onbwo~ o6DeM pac4eToa c 
OAH~M "' TeM *e RAPOM ~nH c HeC KOflbK~M~ TaK~M~ RAPaM~ /HanpHMep, 
npH 4aCTO BCTpe4a~eMCR Ha npaKT~Ke aHaf1~3e ~OT03MYflbC~OHH~X 

AaHH~x Hn~ np~ ~3y4eH~H pacnpocTpaHeH~R 4acT~4 a AenR~HXCR cpe
Aax/,~.tenecooopaaHo npeAaap~TenbHO pa3~rpaTb ~ 3anHcaTb Ha Ha
KOnHTenb AOCTaT04HO 60nbwy~ cep~~ pacnpeAeneHHH KOOPAHHaT BHyT
p~RAePH~X HYKflOHOB C TeM, 4T06~ anocneACTB~~ MO*HO 6~no MHOro
KpaTHO ~CnOnb30BaTb HX npH Ha6ope CTaT~CT~KH, BBOAR 6onbW~M~ 
MaCC~BaMH B onepaT~BHY~ naMRTb 38M. 

3Ha4~TeflbHaR 4aCTb KaCKaAH~X paC4eTOB CBR3aHa C B~nOnHeHH
eM K~HeMaT~4eCK~X B~4~CneH~H C MHOrOKpaTH~M o6pa~eH~eM K Tp~ro
HOMeTpH4eCK~M ~ APYr~M 3fleMeHTapH~M ~YHK4HRM. Mo*HO 3aMeTHo 
COKpaT~Tb apeMR paC4eTOB, ecn~ BMeCTO CTaHAapTH~X, COAeP*a~~x

CR B 6~6n~OTeKe 38M nOAnporpaMM B~4~CneHHR 3T~X ~YHK4HH HC
nOflb30BaTb MeHee T04H~e, HO 6onee 6~CTpoAe~CTBy~He anrop~TM~, 
3anHCaHH~e Ha aBTOKOAe 38M *. 

* CneAyeT OTMeTHTb, 4TO COKpa~eH~e epeMeH~ C4eTa npoHCXOA~T 
KaK B pe3yflbTaTe ~CnOnb30BaH~R npH6nH*eHH~X B~Pa*eH~~ ~YHK4~~. 
TaK H BCneACTBHe np~MeHeH~R C06CTBeHH~X aBTOKOAH~X nOAnporpaMM, 
B~3~aaeM~X HenocpeACTBeHHO, a He 4epe3 3KCTpaKOA, KaK 3TO ~MeeT 
MeCTO np~ B~30Be CTaHAapTH~X nOAnporpaMM ~3 O~e~ 6~6n~oTeK~. 
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TaK, ecn~<~ AflR Bb14~ cne H~<~R <I>YHK4~<~~ \ x , e x.lnx . a rc sinx 
Mbl aocnonbayeMCR np~6n~*eHHbiM~ BbiPa*eH~RM~ 5 , AnR pac4eTa 
Sin X , COS X , arc tg X - B~pa*eH~RM~ 1-13 MOHOrpaC!J~~ 6 , TO, 
Hanp~Mep, apeMR pac4eTa B3 a~M0Ae~CTB~R 4aCT~4~ C RAPOM ~To-

3MYflbCI-1~ (A ~ 70 ) B o6nacT~ 3Hepr~~ 1 -i- 10 r3B yMeHbW~TCR np~
Of1~3~TenbHO Ha 10( . np~ 3TOM norpeWHOCT~ pac4eTOB He B~XOART 
3a npeAeflbl T04HOCT~ CaMO~ KaCKaAHO~ MOAefl~. 

3KOHOM~R apeMeHI-1 CTaHOB~TC R e~e 60nbWeH np~ pac4eTe CTO[lK
HOBeH~R RAep. 

CneAyeT, OAHaKO, 3aMeT~Tb, 4TO np~ ~<~cnonb3oaaH~~<~ np~<~6n~

*eHH~X B~pa*eH~~ AflR 3fleMeHTapH~X ~YHK4~H HaAO 6~Tb OCTOPO*
H~M~ B o6naCTI-1 B~COK~X 3Hepr~.:1, rAe CKOpOCTb 4aCTI-14 V / C ;; 1 
~ npeo6pa30BaH~R fiopeHLta Tpe6y~T B~COKO~ T04HOCT~ paC4eTa. 
8 3T~X Cfly4aRx K~HeMaTI-14eCK~e COOTHOWeH~R CfleAyeT npeAeap~
TenbHO paano*~Tb a PRA no cTeneHRM pa3HOCT~ c- v. 

B ~.tenoM aaeAeH~e yKa3aHHbiX ewwe npocT~x ycoaepweHcTeoaaH~<~~ 
nporpaMM~ KaCKaAH~X paC4eTOB yMeHbWaeT epeMR B~41-1CfleH~.:1 Ha 
30-60%. IU~poKoe np~<~MeHeH~e nporpaMM KacKaAH~x pac4eToa Af1R 
peweH~R pa3n~4H~x TeopeT~4ecK~x ~ np~<~KnaAH~x eonpocoa AenaeT 
3aAa4y AaflbHe~wero yny4WeH~A nporpaMM aecbMa aKTyanbH~. 
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