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Pe3tome: Obrpynmosano 3acmocy8ants mMemoody anano2o-yugpogozo nepemeoperus Moume-Kapno sk makozo, ujo
00360JIA€ 3HAYHO POUWUPUIMU CREKMPATIbHY CMY2Yy CUSHATLY NepemeOpeHHs V KIAC [Hmezpyiouux nepemeoprosayis.
3anpononosano 3acmocysanus MemooOie 2eHepy8aHHs NCe8008UNAOKOBUX CUSHANI8 HA OCHOBI PeKyPCUBHUX ma
PO3PAOHO PAHOOMI308AHUX 2eHepamopie. BusHaueHo AKICHI Xapaxmepucmuky ma o6IPYHMOSaHo Mmun po3nooinié saK
pisnomipni. Pospobneno memoou i naeedeno cmpykmypu 0OHOKE8AOPAHIMHO20 AHANIO20-YUPPOBO2O nepemaoprosaid, a
makooic wacogi diazpamu ix ynkyionysans. BusHaueno HanpsamKu ma NPukiaoni 3a0aui eqhekmueHo2o 3aCmocy8anHs

memody Moume-Kapro.

KuarouoBi ciioBa: memoo Moume-Kapno, ananozo-yugposuii nepemeopiosau, 2eHepamop nceg0osunaoKosux 4uce.

BCTYI

O0’ekTOM BIOPOAKYCTHYHOTO JiarHOCTYBaHHS
MOXYTh Oyt  OyIb-sfiki TexHI4HI  00’€KTH,
(hyHKIIIOHyBaHHS SIKUX CYTIPOBOKYETHCS
30y/DKEHHSIM ~ KOJIMBaHb., (OCHOBHOIO — BIJMIHHOIO
0cOONMBICTIO  BiOPOAKyCTMYHOI ~ JIarHOCTHKH €
BHKODHCTAaHHS  HE  CTaTUYHHX  I1apaMeTpiB
(Temmneparypu ab0 THCKY), a AWHAMIYHHUX, TaKWX,
[0 € Pe3yJIbTaTOM B3aEMOJIi JeTalieli MeXaHi3My B
nporeci foro (GyHKLIOHYBaHHS, 10
PO3ITOBCIOKYIOTHCS TI0 KOHCTPYKIISIX MEXaHi3MY 1
B HAaBKOJIMIIHE CEPEJOBUIIEC 1 PEECTPOBAHUX Y
BUTJISIII  TapaMeTpiB  MEpPEeMilleHHs, IIBUIKOCTI,
mpuckopeHHs abo mynbcamii  Tucky. Ilupoxi
YaCTOTHUM 1 AWHAMIYHMH [iala3oHU KOJIMBAJIbHUX
MPOIIECiB, Majla IHEepIiHHICTh, BEIUKA MIBHIKICTh
PO3MOBCIOJKEHHS aKyCTHYHUX XBWJIb 110 MAIIHHHUX
KOHCTPYKITiIIX OOYMOBIIIOIOTh IIBHAKY PEaKIIiio
BiOpOaKyCTUYHOTO CHWTHaly Ha 3MiHY TEXHIYHOTO
crany. lLli sKocTi BHU3HAYalOThCA B aBapiHUX
CUTYaIlisIX, KOJM IMBHUAKICTh TTOCTAHOBKH MiarHO3Y 1
YXBAJICHHS pIlIEHHS € TapaHTi€lo 3armoOiraHHs
KatacTpo(iyHUX HacHiAKiB [1-6].

[lomiOHMIT KOHTPONE HEOOXiTHUI B PI3HHUX
007acTsaX: y HAMBIOPOBIMHUKOBIA  €JICKTPOHIII
(KOHTpOJIL BIOpaIlil YCTAaHOBOK JJIsi BUPOIIYBaHHS
KpUCTalliB), B  MIKPOEIEKTPOHili  (BiOparis

YCTaHOBOK oToiitorpadii), B MammHOOYIyBaHHI
(BiOpamiss BepctaTiB 1 OWTTA  geraneit), B
aBTOMOOUIBHIM MPOMHUCIOBOCTI (KOHTPOJH BiOpaii
OKpEeMHUX BY3JIiB aBTOMOOWIIB i BCLOT'O aBTOMOOLIS B
MIJIOMY), Ha 3aTi3HUYHOMY TPaHCHOPTI (JaTIUKH
HAOJMW)KCHHS TI013/1a), B EHEpreTHii (KOHTPOJb
BiOparii Tonatok ra3oBux TypOiH), B aBiaOyayBaHHI
(kOHTpOJIB OUTTS TypOiH) i T. [2,4-5].

Bunnkae mnpobrema CBO€YaCHOTO BHABICHHS
3MIHM  TEXHIYHOTO  CTaHy  OONaJHaHHA  3a
301JIBIIIEHHSM PiBHSI O/IHI€T 13 KOMIOHEHT KOJMBHOTO
nportecy. Lle moB’s13aHo 3 THM, TIT0 pi3HEM JedeKTam
BiJIMIOBIIaI0Th II€BHI KOMOIHAI{ Pi3HUX TapMOHIK B
3arajJbHOMY CIEKTpi BiOpOHAaBaHTaKEHHSA. ToMy

OTpUMaHHS i MIPEICTaBICHHS aJleKBaTHOL
iHpopManii mpo  TEXHIYHMHA CTaH  00’€KTY,
HEOoOXImHOI 1 JoCTaTHbOl JUId  3a0e3ledyeHHs

CTilikOCTI #OTO pPOOOTH, HA OCHOBI pE3yNBTaTIB
MIPOBEICHOI TIarHOCTHKH TIPHU MiHIMaJTBLHOT BapTOCTI
€ aKTyaJIbHUM 3aBJIaHHsI CHOT'OJICHHSI.

[lompu 3HaYHWI PO3BUTOK TEXHIYHUX 3ac00iB
JMIarHOCTYBaHHS ~ 30KpeMa 3  BUKOPUCTaHHIM
BiOpo/aBauiB, e 3HaYHAa e()EeKTUBHICTh
JIIarHOCTYBaHHS JOCSTAETHCS 3a YMOBH
3aCTOCYBaHHS TMEPEJOBHX METOMIB OOpOOKH i
MPEJCTABJICHHS  JIarHOCTUYHOI iH(opMarlii, He
3aBKIM Ii METOAM 3a0e3MevyloTh HEOOXiaHY
pO3MiMBHY  3MIATHICTh, TOYHICTH 1 HEOOXigHY
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mBUAKoAf0. ToMy mepexn HayKOBISIMH IIOCTa€
3aj1aua po3poOKH HOBUX 1 BIOCKOHAJICHHS ICHYIOUHX
TEXHIYHUX 3aco0iB [UIi BUMIpIOBaHb 1 00poOKH
BiOpamiifHuX curHamis [4-5].

Jliarnoctuka MaITUHHOTO
3aCHOBaHa Ha BUMIPIOBaHHI
TIEPBUHHUX JarHOCTUYHHUX 03HaK, 10
XapakTepu3ylTh HWOTO poboTy  (TeMrieparypa,
BiOpailis, 4acTota oOepTaHHs, THCK, BUTpara i Tak
Jami), 1 TOJaNbIIOTO 3B’SI3Ky iX 3 BEIIUKOIO
KUTBKICTIO ~ TEXHIYHHUX  CTaHIB  (HECIPaBHOCTI
MIANUITHUKIB, PAcIIEHTPOBKA, nucOanaHc, neeKTH
KpituieHHs 1 Tak  jami). Jlng  30UTbIICHHS
JOCTOBIPHOCTI 1 TAMOWHU [IarHO3y MOTPiOHO
30UTBITyBaTH  TIPOCTIp  MIaTHOCTUYHUX  O3HAK,
KOPUCTYIOUHCH OJTHUM 3 JJBOX CIIOCOOIB!

1) 30implieHHS 4YHCIa BUMIPIOBAIFHUX TOYOK
(maTumkiB) Ha MaITUHI, 10 T1aTHOCTYETHCS;

2) 301IBIICHHS YUCTa 03HAK, 0 OTPUMYIOTHCS 3
oaHOro AaTumka [2,3].

BimpmricTe maTYMKIB, MO0 BUKOPHUCTOBYIOTHCS B
JaHW{ dYac Jajs BUMIPIOBaHHS B TPOMHCIIOBOCTI,
MalOTh CTaTWYHWI BHUXiTHWHA curHan. Skmo y pasi
BUMIpPIOBaHHS CTaTHYHUX MapaMeTpiB, TaKHUX,
HaIpUKIad, K TeMIlepaTypa, BTpaTu iHpopMallii He
BiZIOyBa€ThCA, TO TPH BHUMIPIOBaHHI JUHAMIYHUX
napaMmeTpiB (BiOparis, CTpyM, THUCK) BigOyBaeTbCs
BTpata iH(poOpMamii y BHCOKOYACTOTHIM YacTHHI
CIEeKTpPY Napamerpa. BukKopHcTaHHS JUHAMIYHUX
MIEPETBOPIOBAYIB, CIIEKTP BUXiTHOTO CHTHATY SKHX
MaKCHMaJIbHO HaOJVDKEHUH 10 CIIEKTPY MapaMmerpa,
JO3BOJISIE  PO3LIMPUTH  MPOCTip  JA1arHOCTHYHUX
O3HaK, L0 JO3BOJISIE 3MEHIIUTH MTOMHJIKY JiarHo3Y i
PO3MIMPUTA TPOCTIp TEXHIYHWUX CTaHiB, MIO
TarHOCTYIOThCS, Oe3 30UTBIICHHS YhCciIa AATYUKIB,
Ka0CIbHUX MEpEeX MUIIXOM BBEJCHHS aJeKBaTHOI
00poOku curHaniB Ha EOM.

ITocTaBieHe 3aBmaHHS BHPINIYETHCS HA OCHOBI
3aCTOCYBaHHS aHAJIOTO-IU(PPOBOTO MEPETBOPIOBaYa
MomnTte-Kapno, mo 103BoJsiE 3HAYHO PO3IMUPUTH

YCTaTKyBaHHS
BEIIMKOI KUIBKOCTI

CTIEKTPATbHY CMyTyY MEPETBOPEHHS, SKe
BH3HAYAETHCS SKICTIO CTATUCTUYHOTO PO3IMOIIIY Ta
CHCKTPaTbHUMU XapaKTePUCTUKAMU
MCEBIOBUIAKOBOTO OMOPHOTO CUTHAITY

MIepeTBOPEHHA. B mpakTuili 10 mporo gacy mupoke
3actocyBaHHS MeToay MoHnTe-Kapio odmexyBanoch
ITOPUTMIYHOIO CKJIaTHICTIO Ta BACOKUMH KOIITaMH
MMOOYIOBH SIKICHUX T€HEPaTOpPiB IICEBIOBUIIATKOBUX
curHamiis [7-9].

ABTOpamMu PO3BUBAETHCS HaIPSIMOK
JIOCTI/DKEHHSI Ta PO3poOKH METOHiB 1 3acoliB
All mepeTBOpEHHS B KJ1aci IHTETPYIOUUX

All mepeTBopioBadiB IUISIXOM BHpIIICHHS 3a/1a4
CTaTHCTMYHUX  JOCHI/DKEHb  Ta  BHU3HAUCHHS
IHTETpadbHUX  XapaKTEepPUCTHK  iH(popMaIiitHux
nporeciB Ha 0a3i 3acTOCYBaHHS MaTeMaTHYHOT'O
amapaty metoay Monre-Kapio.

1. OCHOBU METOLY
AHANOIo-uMePOBOIo
NEPETBOPEHHA MOHTE-KAPJIO

CydacHi TEXHOJOTil BUMAararmTh Oe3MepepBHOTO
KOHTPOJTIO 3a OaraTpma napaMeTpaMu
TEXHOJIOTIYHOTO TMpPOIeCy 1 KOHTPOJIO CTaHy
ycraTkyBaHHsA. OIHUMH 3 HaWBaXJIMBIIIHX €
napaMeTpu MEXaHIYHOTO PyXy, 30KpeMa mapameTpu
MEePIOINIHUX TEPEMIIEHb TOCTIHKYBAaHOTO 00’ €KTY
B mpocropi (BiOpamii). Ilumum mnapamerpamu €
BiOpomepemimenuss  (amrmiitysa — BiOpawmii) i
BiOpomBHIKicTh (4acTrora BiOpamii). CurHam mMoxe
OyTH 3 BEJIHMKOIO TOYHICTIO IEPETBOPCHUIN B CHUTHAI
BiOPOIIBHIIKOCTI 3a JIOTIOMOTOK0 iHTerpyBaHHs. Lls
mporeaypa 3IIHCHIOETBECA Tepel  MPOBEACHHSIM
YaCcTOTHOTO aHaJli3y I TOro, IMO0 OTpUMAaTH
CIEKTP BiOPOIIBUIKOCTI. B pe3ynbTaTi
IHTETPYBaHHS  3HWKYETbCA  PIBEHb  BHIIUX
YaCTOTHHX CKJIQJIOBUX B JIBa pa3d INPH KOXKHOMY
[IOJIBOCHHI YaCTOTH.

Meton Monre-Kapno no03Bojsie  BUpILIyBaTH
3aBlaHHS MOJICNIIOBAHHSA BWITAJKOBUX IIPOIECIB
LUISIXOM CTaTUCTUYHUX JAOCIHI/KEHb Ha OCHOBI
aHamTHYHO1 opmaiizauii 00’eKTy Ta 3aifiCHIOBATH
MEepeTBOpeHHsT  iHTerpany BXimHOoi (QyHKIII B
udpoBuit Koa B pearbHOMY daci [9-14]. s mporo
3a JIOTIOMOTOI0 T'€HepaTropa BUMAJKOBHX YHCEIN
(GOpMYIOTbCS BHMANKOBI BiAJIKH, 3HAYEHHS SKUX
MTOPIBHIOIOTHCS 13 3HAYCHHSAM BXiTHOTO TapameTpy,
BHACIIJIOK  YOTO  OOYMCIIOETHCA  CYKYITHICTh
MO3UTUBHHUX pe3yabTaTiB CTaTUCTUYHOTO
JOCTDKEHHS BXiTHOTO mapaMeTpy. Taka peamizartis
MOJISAITA€ y TPOBEJCHHI CTAaTHCTUYHO HE3AIEHKHIX
MUKITIYHAX JOCHTIPKEHb 13 HAKOMYEHHSIM BKa3aHUX
pe3ynbTaTiB MOPiBHSAHHA. XapaKTEePUCTUYHOIO IS
Merony MoHTte-Kapio € oIfiHka MaTO4YiKyBaHHS
JIUCKPETH30BAaHUX 3HAYCHb BUIIAJKOBOI BEITUYMHH
BXIIHOTO MapameTpy, fKa BH3Ha4ae IHTErpail
¢GyHKIT TepeTBOpeHHS 3a OOYHCIIEHOK CYMOIO
BIIUTIKIB TO3UTHBHUX PE3yJlbTaTiB IOPIBHSHHS,
BHACITiI0K 40ro ¢dopmyeTbes pe3yabTat
All mepeTBopeHHs B 00NIacTi BU3HA4YeHHS, 3a/aHil
BIJIOMUM PIBHOMIPHHM IMOBIpHICHHUM PO3IOILIOM
TICEBJIOBHITAIKOBOTO OITOPHOTO CUTHAIY.

Ha pucynky | HaBeieHO CTPYKTYpHY CXeMy
oaHokBaapanTHoro All neperBoproBaua MoHTe-
Kapno, w©a puc.2 — dacoBi  jiarpamu
(GYHKUIOHYBaHHS Ui TPHUKIAAY  S-pO3psIHOTO
ATl nepeTBOproBaya.
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Puc. 1 — CtpykTypHa cXeMa 0JHOKBAaJIPAHTHOI 0
All nepersoprosaua MonTe-Kapuio.

B)

o o 1
r)

Puc. 2 — Yacosi aiarpamu pyHKIioOHyBaHHSA
onHoxkBaapaHTHOro ALl meperBoproBaua MoHTe-
Kapuao.

HopMmogBanwii 3a BenmuuuHOW BXigHUi curHan U,
MOJA€ThCSl HA OAMH 13 BXOXIB Kommapartopa 1, Ha
IpPYTUil 13 BXOIMIB SKOTO (OPMYIOTHCS BIITIKH
oropHoro curHany U,, 13 BHIAIKOBHUM 3aKOHOM
PiIBHOMIpHOTO po3noziny, chopMoBaHUM
reHeparopoM Bumankopux curHamiB ['BC B ckmami
LIA neperBoproBaya 3, TreHepaTOopa BHIAJKOBHUX
Bi[UTiKiB 4, Ta TreHeparopa TaKTOBHUX IMITYJIbCIB 5.
3 Buxoxmy kommaparopa 1 ¢QopmyeTbcs —cHUTHAT
MOPIBHSAHHSA BXIJTHOTO Ta OIOPHOTO CHUTHAJIB
(puc. 2.6), o cTpOOYETHCS JIOTIYHUM E€IIEMEHTOM 2
(puc.2.8), 3 BuUXOAy SAKOrOo  (OPMYETHCS
HEPETYJSPHUA  YaCTOTHO-IMITYJIbCHHIMA CHUTHaJ
(puc. 2.r), KUIBKICTHP  OJWHWIL HA  TeEpioai
CIiyBaHHA SIKOTO € MPOMNOPLIAHOI iHTerpamy
(hyHKII{ aHAIOTOBOTO 3HAYCHHS BXiJHOTO CHUTHAITY
nepetBopeHHs. [lofainblie 3MIHCHIOETHCS ITUKITIUHE

IHTETPpYBaHHA 3HAYCHHS BXIIHOTO IapaMmeTpy
OIIIXOM CI/IHXpOHiSOBaHOI‘O 10 BUXOOY
reHeparopa 5 CyMyBaHHS IMITYJTBCIB B

MuunbHUKY 6. Takuii MeToz MO3BOJISE BU3HAYUTH
iHTerpan (K IUCKPETHY CyMy) TapaMeTpy BXiIHO{
BEJIMYMHHU, HANpUKIA] B BUTpaTOMETpil Ta s
00’€KTiB eHeproo0IIiKy, Bil BU3HAYEHOTO HYJIHOBOTO
MOMEHTY TOYaTKy NEepeTBOPEHHS 1O JOBIIHHOTO
MOTOYHOTO, a00 K IUKIIYHO HAa BU3HAYCHOMY
MepioAl JOCITIHKEHHS.

All mepeTBOpIOBaY  peajizye  MaTeMaTHIHY
MPOLEAYPY BHU3HAUCHHS MATOYIKYBaHHS CHTHAILY
neperBopeHHs U, Ha 3aJJaHOMY YMOBHO
ONVHUYHOMY Tepiofii  po3ropTku I OMOPHOTO
BHITAJIKOBOTO CUTHATY, copMOBaHOTO N BimTiKamH,
3TiHO 3aJ7I€KHOCTI

MU0} =d /N =p=Y U0,

Ie  d—KUIBKICTh  TIO3UTHBHHX  pE3yJbTaTiB
IMOBIPHICHOTO TTOCTI/DKEHHS B cepii 3 N BIIUTIKIB,
p — IMOBIpHICHA Mipa KIIbKICHOT XapaKTePUCTUKH

HpOILIECy.
Hns  peamizamii  merony ALl meperBopeHHS
Mownre-Kapio HEOOXiJHO 3aCTOCOBYBATH
rEHEpPAaTOpH  BHUIMAJAKOBUX  3HA4YCHb  OMOPHHUX

CUTHAJIB, SIKI BIJ3HAYAIOTHCS MMPOCTOTO TEXHIYHOT
peamizauii Ta 3a0e3MedyOTh PIBHOMIPHHIA XapakTep
po3mominy.

2. TEHEPYBAHHA
NCEBAOOBUMNAAKOBUX YNCE

BukopucTaHHS TeHepaTOpiB BHIIAQJKOBHX YHCEIN
He 3a0e3medyye BiATBOPIOBAHICTh CTaTUCTUYHUX
XapaKTepUCTUK Cc(OpPMOBAHOTO MACHBY BIiIJIIKiB
BimHecenus U,, Ha Tepioi CTaTHUCTUIHOTO
JOCIIKEHHSI, 1110, B CBOIO YEpry, 0OMEKY€ ITUPOKE
3aCTOCYBaHHs TakMX TEHEepaTopiB 1 CHOpPUYMHSIE
HEOOX1THICTh 3aCTOCYBaHHS TeHEPaToOPiB
TMICEBIOBHUIIAIKOBUX ~ YHCEN, SKi  JIO3BOJSIOTH
3a0e3MeYnTH  BiATBOPIOBAHICTH  CTaTUCTUYHHUX
XapaKTePUCTUK, TMiJABHIIUTH SAKICTh  PO3MOMLTY
MTOCITITOBHOCTI TEHEPOBAHWX YHCEN TIPH TPOCTii
TeXHIYHI} Ta mporpamMHii peanizauii reHepaTopa.

3riTHO TPOBEACHOTO aHami3y iCHye oOMexeHa
KUTBKICTh METOIIB TeHEPYBaHHS TICEBIOBUIIAIKOBUX
qucea, 10 3a0e3NeuyoTh PIBHOMIPHUN XapakTep
posmoziny (bopMoBaHHX MICEBIOBHUIAAKOBUX
BiJUTIKIB Ta 3aJJ0OBOJIBHAIOTh YMOBY HHU3BKOi BapTOCTI

reHeparopa 13 BiJITIOB1JTHOIO SIKICTIO
TMICEBAOBUIIAAKOBOTO po3noainy [8-9].
3ampornoHOBaHO HOBI  METOAM TeHEpyBaHHS

MICEBIOBUIIAAKOBHX YHCE]I Ha OCHOBI PEKYPCHBHHX
OUKITIYHUX ~ [TOCHIZOBHOCTEH, CHHTE30BAHMX SIK
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IUKJTIYHI 3CYBH Ta CYMYBaHHS 32 MOIYJIEM JBa, IIIO
peami3yeTbcs Ha PETicTpi  3CYBY, OXOILICHOTO
JIOTIYHUM 3BOPOTHUM 3B’SI3KOM, a TaKOXX METOA i3
J3EPKaTbHUM B3aEMHHUM BiOOpaKEHHSIM BaroBUX
HOMEpPIB PO3pAIIB JABIMKOBMX KOJIB Ha OCHOBI
B3a€EMHOI MEPECTAaHOBKH CTAPIIMX Ta MOJIOJIINX Bar
BHXITHAX PO3PAIiB ABIIIKOBOTO JTIUMIHHHKA .
Pesynmpratn  aHamizy JO3BOJIMJIM  BHU3HAYUTH
o0HIBa METOJHM TEHEpYBaHHS TMCEBIOBHIAJKOBUX
Yucen SK TaKi, 0 He BOJOIIOTH BHUIIE BKa3aHUMHU
HEIOJIIKaMH Ta 3a0e31euyIoTh BHCOKY
piBHOMIpHICTH posmomiry. Ha puc. 3 momano
rpadiuHe  BiZOOpaskeHHS  IICEBAOBHIAIKOBOTO
posmoniny  Juis TPUKITATY 12-po3psaHOTO
TeHepaTopa MCeBIOBHUITAJKOBOTO PO3MO/IIITY.

Puc. 3 — Po3nojais Ha miiomuHi ynce, renepopanux 12
PO3pSIAHUM reHepaTopoM.

Pesynpratn  ekcriepUMEHTANbHUX — JTOCIiKEHBb
MITBEPAWIA  BHCOKY  SKICTh  PIBHOMIPHOCTI
PO3MOALTY TICEBIOBUIMAJKOBUX YHCEN, TCHEPOBAHUX
B giama3oHi (+N-I 0e3 MpomycKiB Ta XyOJIOBaHHS
JNEeSKUX 3HAa4eHb KOMiB, a TakKoX TIpPOCTy
AITOPUTMIYHY Ta amaparHy peadizairo
3aMpoNOHOBAHOTO CIOCO0Y 1, SIK HACIHIOK, HU3bKUI
KOIIT MPHUCTPOIO TeHEPYBAHHS.

IIpoBeneHO MAOCHIIKEHHS SKOCTI  PO3MOILITY
MacHBIB TEHEPOBAaHUX TICEBIAOBUIIAJIKOBHX YHCEI
JUIS  BH3HAUEHHS THIy iX  po3mojiury i3
3aCTOCYBaHHSIM CTaTHCTUYIHUX METO/IiB
3HAXO/DKCHHSI 3aKOHY BHITAJJKOBOTO PO3MOJIITYy —
merox i Ta Merox Komvoroposa-Cmiprosa [8, 15].
3rigHO MeToxy ;f OOYHMCIIEHO 3HAYEHHS SKiCHOI
OLIIHKKA PIBHOMIPHOCTI PO3MOJTY IOCIiIOBHOCTI
MICEBIOBHUIAAKOBUX qHcen, YTBOPEHOI
3aMporOHOBaHUMH METOJIaMU TeHEepyBaHHSA, sKa
cTaHoBUTH 98+99.8 % HaOIKeHHS PO3MOALIIB 10
PIBHOMIpHOTO 1 3alle)KUTh BiA PO3PSAHOCTI Ta
BEKTOpa 3BOPOTHHX 3B’s3kiB [16-18]. 3a meTomom
Kommoroposa-CmipHOBa BH3HAYCHO TaKOX
BEJIMYMHY BiJXWICHHS TOOYAOBaHUX EMIIPUYHUX
pO3MONLNIB Bil PpIBHOMIPHOTO, $Ka CTAHOBUTb
0,18+0,3 %.

Takum JIOCIIIIKEHD

YUHOM,  pe3yJbTaTH

JTO3BOJIFUIA CTBEPIUTH BHCOKI SKICHI TTOKAa3HHWKH Y
MOPIBHSIHHI 3 BIJOMHMH METOJaM{ T'eHEPYyBaHHS
NICEBIOBUIIAIKOBUX YHCET Ta BH3HAYUTH THII
OTPUMAaHHX EMITPUYHIX pO3MOIiIiB K
piBHOMipHUI. KokeH i3 HaBeIEHUX METOIB, SIK Ha
OCHOBI  pEKypCHBHMX LHMKJIIYHHX 3CyBIB Ta
CYMYBaHHS 32 MOJYJIEM J1Ba, TaK 1 3 JI3epKabHUM
B3aEMHHM  BIJOOpPa)XCHHSIM  BaroBUX  HOMEpIB
pPO3pSAIIB JBIHKOBUX KOJIB Ha OCHOBI B3a€MHOI
NePECTAHOBKU CTapIINX Ta MOJOAIINX Bar BUXITHUX
pO3psAiB  IBIMKOBOTO  JIIYMIBLHUKA  BOJIOMIIOTH
MPOCTO0 aJITOPUTMIYHOIO 1 TEXHIYHOIO pealtizalli€ro,
IO JO03BOJIE 32 yYMOBH BapTOCTi BHPOOHMLTBA,
MOPIBHSHOI 3 BapTiCTIO BUPOOHHIITBA IHTETPYIOUYHX
Al repeTBOpIOBaYIB, 3HAYHO PO3IIUPUTH
YaCTOTHHUN CIIEKTP BXiTHUX CUTHAIIIB MEPETBOPEHHS
[16-18].

3.BUCHOBKMU
Otpumani BHCOKI MTOKa3HUKHU SIKOCTI
PIBHOMIPHOCTI ~ pO3MOMUIIB  TICEBJIOBHUITATKOBHX

Ypces, YTBOPEHHMX METOJAOM lalya Ha OCHOBI
IUKITIYHAX 3CYBIB Ta METOAOM i3 J3€pKaIbHUM
B3aEMHHUM BiIOOpaXECHHSAM JBIHKOBHUX PO3PSIiB
BU3HAYAIOTh MEPCIEKTHBY iX BHKOPHCTAHHS 3
METOI 3JIACHEHHSI CTAaTUCTUYHHMX JIOCIIiKCHb,
30kpema Monrte-Kapno. Bukopucranus Meromy
aHayioro-nupoBux nepetBopeHb Monte-Kapno mo
ILOTO 4Yacy OyJio 0OMEXEHe CKIIAJHICTIO TEXHIYHOT
peadizarii reHepaTopiB [ICEBIOBUITAIKOBUX
CHTHQJIB 3 PIBHOMIPHMM THIIOM  PO3IOILTY.
3ampornonoBani redeparopu lamya Ha perictpax
3CYBY Ta i3 I3epKaJbHUM B3a€EMHHM BiJTOOpakeHHSIM
IBIMKOBUX pO3PSAIB, TPH MPOCTIH TEXHIUHIN
peaiizaiii Ta HEBHCOKIH BapTOCTI BHPOOHUIITBA,
JO3BOJISIIOTH CHHTE3yBaTu MOCITiJOBHOCTI
PIBHOMIpHO PO3IMOMIICHUX BUITAJKOBUX BEIUYHH.
Pe3ynpTat mpoBeneHHX IOCIHIIKEHb BU3HAYAIOTH
e(eKTHBHICTh Ta MPAKTHUYHY 3HAYUMICTh
BUKOPHCTaHHS 3allPOMTOHOBAHUX METOJIIB TAKOX IS
TE€HEPYBAaHHSI CUTHAIIB THITY O1710TO IIyMy.

Meron ALl nepeTBOopeHHs Momnte-Kapio
JTO3BOJISIE 3MIMCHIOBATH CTAaTUCTHYHE (a HE JiHIilHE
SK B KIACHYHOMY METOMi) IHTETpyBaHHSA YU
JMUCKpETHE CYMYBaHHS 3HAYEHb 3MIHHHMX BXIJIHHX
BEIMYMH, L0 JO3BOJMJIO BiIHECTH HOTO TEX O
KIlacy IHTerpyrunx neperBoproBadiB. I[IpocTtora
TEXHIYHOI peaiizallii Ta MOKpAIIeHHs CIIEKTPaTLHOT
CMYTd TIEPETBOPCHHS, BHACIIJOK BHKOPUCTAHHS
3aIpPOITOHOBAaHUX METO/IiB TeHEepPYBaHHS,
BH3HAYAIOTh C(PEKTUBHICTh 3aCTOCYBaHHS METOIY

MonTte-Kapno B cucTeMax  BUMIpIOBaHHSA i
JiarHOCTHKH HENepepBHUX iHpOpMaLiitHIX
nmapaMeTpiB  BHCOKOYACTOTHUX BiOpOaKyCTHYHHX

CUTHAIIIB 3 HETepepBHUM IHTETPYBaHHSM 3HAYCHb
BxinHoro mapamerpy. Januii Tunm AL moxe OyTu
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BUKOPUCTAaHUHM Ul TIEPETBOPEHHS aHAJIOTOBOTO
BiOpamiifHOro curHairy B HUGPOBUIl B IIUPOKOMY
Jiana3zoHi 4acToT, K 3aci0 BUMIpIOBaHHS 1 aHami3y

BiOpamii, 3 MeTOH OTpUMaHHI JIOCTOBIpPHOI
iHpopManii mpo craH 00’€KTy y HEOOXigHil
KIJIBKOCTI 1 AKOCTI IJId 3a0e3meueHHsT JOCIIIKEHHS
HOro  TEXHIYHOTO  CTaHy. 3a  HACHiJKaMH
BUMIpPIOBaHHS PO3POOISTHMY ThCS Ui, SIK1
3a0e3reuyBaTUMYTh HEOOXIJHHMI pIBEHb CTIHKOCTI
JOCIIKYBaHOT CUCTEMU Ta SAKICTH Ti
(hyHKITIOHYBaHHS.

Po3pobka BUCOKOSIKICHHX UPPOBHUX
reHEepaTopiB  NCEBJOBUMAJAKOBUX  CHTHANIB i3

PIBHOMIpHUM PO3TIOALIOM, IPOCTOTOIO Ta HU3bKUMU
KOINITaMHU peai3allii JT03BOJMIa peali3yBaTH HOBI
iHTerpyroui METOIHN BHCOKOTOYHOTO
All neperBopenHss Monte-Kapno i3 po3mmpeHoro
CIIEKTPATBHOIO CMYTOI0 TIEPETBOPEHHS y TIOPiBHIHHI
i3 TUIIOBUMH iHTerpyrounmu ALl nmeperBoproBadamu.
Bukopucranus 3alPOMIOHOBAHMX METO.iB
TeHEPYBaHHS O3BOJIMJIO MiJBUIIUTH PETyJISPHICTH
crpykrypu  ALIl,  mIBUIIUTH  IIBUAKOMIIO,
TEXHOJIOT1YHICTh ~ BUPOOHHLTBA Ta  3MCHIIUTH
BapTiCTh BUPOOHUIITBA.
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cneujanbHicmo “Obyucritosa-
JNIbHI  MawuHu, cucmemMu ma
3 2004 poky npaurwe acucmeHmMom

iIHbopmamuku lNpukapramcbko20
yHigepcumemy  imeHi  Bacuns

mepexi”.
kaghedpu
HaujoHarnbHo20
CmepaHuka.
Haykosi
iHgbopmauir,
KodyeaHHs iHgbopmauii.

iHmepecu: uyugposa
rnepemeopeHHsi hopmu

0bpobka
iHgbopmauir,
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Abstract: Application of method of analog-digital conversion of Monte Carlo is grounded as such, that allows
considerably to extend the spectral bar of signal of conversion n in the class of integrating converters. Application of
methods of generation of pseudorandom signals is offered on the basis of recursive and with the mirror mutual
reflection of binary digits generators. High-quality descriptions and type of distributing are definite as even. Methods
are developed and the structures of analog-digital converters are resulted, and also sentinel diagrams of their
functioning. Directions and applied tasks of effective application of method of Monte Carlo are definite.

Keywords: method of Monte Carlo, analog-digital converters, generator of pseudorandom numbers.

INRODUCTION

Any technical objects functioning of which is
accompanied by excitation of vibrations can be the
object of vibration diagnostics. The use of not static
parameters (temperature or pressure)is the basic
excellent feature of vibration diagnostics, and
dynamic, such, that is the result of co-operation of
details of mechanism in the process of his
functioning, that spread on constructions of
mechanism and in an environment and registered as
parameters of moving, speed, acceleration or
pulsation of pressure. Wide frequency and dynamic
ranges of swaying processes, had inertia, high speed
of distribution of acoustic waves on machine
constructions stipulate the rapid reaction of vibration
signal on the change of the technical state. These
qualities are determined in emergency situations,
when speed of raising of diagnosis and decision-
making is the guarantee of prevention of
catastrophic consequences.

Diagnostics of machinery is based on measuring
of a plenty of primary diagnostic signs, that
characterize his work and subsequent
communication of them with a plenty of the
technical states. For the increase of authenticity and
depth of diagnosis it is needed to multiply space of
diagnostic signs, using to one of two methods:

1) increase of number of measuring points
(sensors) on a machine, that will be diagnosed;

2) increase of number of signs, that turn out from

one sensor.

Uses of dynamic transformers, the spectrum of
initial signal of which is maximally close to the
spectrum of parameter, allows to extend space of
diagnostic signs, that allows to decrease the error of
diagnosis and extend technical problem space, that
are diagnosed, without the increase of number of
sensors, cable networks by introduction of adequate
treatment of signals on computer.

The put task decides on the basis of application
of analog-digital transformer of Monte Carlo, that
allows considerably to extend the spectral bar of
transformation which is determined by quality of the
statistical distributing and spectral descriptions of
pseudorandom supporting signal of transformation.
In practice to this time wide application of method
of Monte Carlo was limited to algorithmic
complication and high facilities of construction of
high-quality generators of pseudorandom signals.

1. ANALOG-TO-DIGITAL CONVERTER
OF MONTE CARLO

During realization of systems functions of
information’s technologies there is often a necessity
of determination of one- and multidimensional
integrals of informative parameters. For the decision
of such tasks in the computing engineering the
method of statistical researches of Monte Carlo is
used a type. A method consists in interpretation of
measuring result as probability of appearance of
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certain sort events of designed pseudorandom
process.
The flow diagram of Monte Carlo ADC is

represented on Fig.1.
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Fig.1 — the flow diagram of ADC of Monte Carlo.

The normalized input signal Uy is given to one of
the comparator’s K inputs. The reference
pseudorandom distribution signal is given to another
input. There is a linear-frequency impulsive signal
formed on comparator’s output with functional
dependence of its frequency upon the analog value
of measured signal. Farther impulses are added by
counter CT continuously in order to define the
parameter’s integral or discretely when conditional
expectation is calculated on a period of its
determination.

2. PSEUDORANDOM NUMBERS
GENERATORS

The method of analog-to-digital conversion of
Monte Carlo belongs to the class of integration and
allows to conduct the direct measuring of integral
descriptions of signals of arbitrary form. For
realization of method of Monte Carlo generators are
needed pseudorandom numbers with the different
laws of distribution.

Application of this method to this time was
limited complication of technical and programmatic
realization of generators of pseudorandom signals
with an even distribution.

Research of the known methods of generation of
pseudorandom numbers and establishment of types
of divisions of generating by them sequences,
estimation of complication of their technical
realization is conducted and advantages and lacks of
generators of pseudorandom numbers are analyzed.
Basic directions of improvement of generators of
pseudorandom numbers are uniting existent
generators, by introduction of new actions and
additional logical elements, application of
multichannel generators. The indicated actions can
improve evenness of divisions of generating random
numbers and multiply the period of recurrence, but
here the fast-acting of generator can go down and
complicated hardware representation. And vice

versa, modification and simplification of technical
realization of generator can result in worsening of
statistical parameters of casual sequences which are
generated, that does impossible their using for
probabilistic researches of Monte Carlo.

Method was offered on a base by the use of
polynomials of unpanders above the field of Galua
GF(2). The method of generation of pseudorandom
numbers is offered realized programmatic and
vehicle. Structural hardware representation of
method is simple, the device of generation of
pseudorandom numbers functions in the cyclic
mode, with the use of generator of impulses of
times, triggers to the shift, logical elements register
And, logical element of sad after the module two
and negator. The increase of bit of pseudorandom
numbers during hardware representation will entail
only to addition for the new digits of trigger a shift
and logical elements register And.

On the basis of the conducted researches the row
of high-quality generators of pseudorandom sizes is
developed in composition of ADC of Monte Carlo.
Investigational efficiency by application of method
of Monte Carlo on the base of generators of
pseudorandom sequences of Galua on shift registers,
that allowed to develop the methods of multisquare
conversion and structure of ADC of bipolar signals
of arbitrary form.

3. CONCLUSIONS

The method of Monte Carlo is considered one of
perspective methods, because achieves the best
technical indexes, has a low value of production.

Advantage of this method consists in an outage
technical realization of facilities of conversion.
Unlike the classic integrations methods of
conversion the generator of signals is used from
pseudorandom division. The converter of Monte
Carlo differs than classic integrations methods
character of forming of supporting signals.

Conceptions of development and application of
perspective methods of ADC are investigational, as
a result of what the ways of improvement of
technical-economic indexes of converters are
defined. It is set that in the last few years the
technique of analog-to-digital conversion under act
of a consumer need allowed considerably to promote
the level of technical parameters mainly due to
technological achievements. Subsequent progress of
ADC’s market trends consist in reduction of number
of integral converters of the common setting, and
overwhelming development will be got by the
specialized converters. Investigational efficiency by
application of method of Monte Carlo on the base of
generators of the pseudorandom sequences of Galua,
which allowed to develop the methods of
multisquare.
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