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BB po3noainy sunAaoKoBmux CUHANIB 3yMOBJIEHUX NEPEMILLUEHHAM
FA30BUX CEPEAOBULL HA E®EKTUBHICTb BUMIPIOBAHHA BUTPATH

C. I. Menvnuuyk, C. M. Pyoak
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Ha ocnosi mooemosannsi po3noodinie 8unaoko8ux CUSHANI8 NPOBEOCHO OOCHIONCEHHS eqheKmUGHOCMI iX
3ACMOCY8AHHL A OOCTIONCEHO BEPXHIO 2PAHUYI0 NOXUOKU GUMIDIOBAHHA GUMpAmMU 2a3y HA OCHOGI
BUXP0OBO20 eHMPONIlIHO20 NEPemaopIosayd.

Kurouosi cnosa: sumiprosanns eumpamu, noxubxa, 3aKoH po3nooiny, UNAOKO8UL CUSHANL, MypoOyiizamop,
2YCMUHHA IMOBIPHICIb PO3NOJIT).

Ha ocnose moodenuposanusi pacnpedenenuti  CIYYAUHBLIX — CUSHANIO8  NPOBEOEHO  UCCAe008aAHUE
ahpexmugHoCmU UX NPUMEHEHUST U UCCTIe008AHO BEPXHIOI0 SPAHUYI0 NOSPEUWHOCU UBMEPEHUsL PACX00d
2a3a HA OCHOBe BUXPeBO20 eHMPONULIHO20 Npeobpasosamens

Kniouesvie cnosa: usmepenue pacxoda, HOZPEUIHOCHb, 3AKOH pPACHpeOenenus, CAVYAUHbIL CUSHAT,
mypoyIu3amop, NIOMHOCHHASL 6EPOSIMHOCb PACHPeOeNeHUsL.

On the basis of design of distributing of casual signals research of efficiency of their application is
conducted and explored the high bound of error of measuring of expense of gas by a noise entropy
transformers.
Keywords: measuring of expense, error, distributing law, casual signal, closeness probability of
distributing.

Ha ocHoBi momepennix mocmimkens [1] Ha  nepmomy erami  mpoBemeHO — psint

BCTaHOBJICHO, IO peatizallisi CUTHAIIB BUXOPOBOT'0
CHTPOITIITHOTO TIepPEeTBOPIOBAaYa BHUTPAaTH Ta3y 3
BUKOpPUCTaHHSM TypOyiizaTopa KOHYcHOI (opmu

CKCIICPUMECHTAJIbHUX I[OCJ'IiZI)KeHB 3 BUKOPUCTaHHAM
TypOysi3aTopa KOHYCHOI (hOpMH, BUMIPIOBaIBHUMN
MEPETBOPIOBAY PO3TAIIOBAHO Ha MPAMOJIHIHHIN

3a0e3mneuye HaWOUIBIITY CPCKTUBHICTh  AUISHII TpyOOIpoBOaY, BiJCTaHb bi (o)
BHUMIpIOBaHHS, 30KpeMa, MakcuMajbHEe TeperBoptoBada  25D. Jlng  makcumamizaiii
PO3MEKYBaHHs ~ CHTPONIMHHMX  XapaKTEPHCTUK  HEKOHTPOJIHOBAHUX 30ypeHb 0OpaHO MICIEBHI OIip
BIMOBIIHUX BUTPAT 3a Jialla30HOM BHUMIPIOBAHHSA.  HEBM3HAYCHOTO THITy, B CKIaJ SIKOTO YBIHIILIH
Takok ~ Oyslo  JOCHIDKEHO, IO  MPOLeC  KojiHa, 3arIylleHl TpiMHMKK 1 KpaHu. Bapto
BHMIPIOBaHHS BUTPAaTH Ta30BMX CEPEAOBHUIN, 3a3HAYMTH, IO MICIEBUH OIIP CKIAICHO TaKUM
peanizoBaHWH  3rajaHdM  TypOymi3aTopoM, i3 YHHOM, 100 Oyio 3a0e3redeHo 3MiHy HampsMKy
HaOUIBIIO HMOBIpHICTIO BIAMOBia€  MOTOKY ra3y B Pi3HHX IUIOMIMHAX Mix Kyramu 45° Ta
HOPMaJIbHOMY 3aKOHY po3moaity BumaakoBux — 90°.
BEJINYHH. JocnmiypkeHHsT ~ TPOBOIWIIMCH  JUIL  BUTpAT
OpHak JOCTIKEHHS BIUIMBY BUIY PO3MOILTY BIgIMipIOBaJ'II)HOFO cepenoBuia 2; 4; 6; 8 Tta 10
BMIIAJIKOBOi  BEJIMYHWHH, 110 MpEACTaBIsieE M /TOA. y J1la0OpaTOpHUX YMOBax Ha 0a3i
BUMIpIOBaNIbHUN  iH(QOpMAaliiHUKA  CHUTHaN, Ha  CTalioHapHOi N3BOHOBOI ycraHOBKH IB® “Temmo”
e eKTUBHICTh BUMIPIOBaHHSI HE MPOBOIWINCH, MO (M. [BaHO-DpaHKIBCHK), rpaHHMIli OCHOBHOT
3YMOBIIIOE€  JIOLUIBHICTh JOCIIDKEHh B LBbOMY  BiIHOCHOI moxuOku sxoi +0,13%, B ymoBax
HampsIMKY. 3 OMIAQy Ha 3HA4yHy BapTiCTh Ta CTa0UTi30BaHOI  TeMIeparypd  BHMIPIOBAHOTO
CKJIAIHICTh €KCIIEpUMEHTATIbHUX nocimikens  cepenosuina 20+0,5°C, po6odoro trcky 114,0 mm
NPUHAHATO  PINIEHHS TMPOBECTH  MOJICIIOBAHHS  BOJSHOTO CTOBIA, pOOOYOTO cepejOBUIIA TOBITPSI.

OCHOBHHX PO3MOIiJIiB BUMAJAKOBUX CUTHAJIB, 1110 32
CHEPreTUYHMMH XapaKTePUCTUKAMHU € OJU3bKHMHU
10 iH(OpMaIiHO-BUMIPIOBAJILHUX CHUTHAJIB, sKi
OTpMMaHi  Ha  OCHOBI  EKCIIEPUMEHTAIBbHHUX
JIOCITI K EHDB.

Jis  mepeBipKkd  BIAMOBIAHOCTI  peatizamii
BUIAQJIKOBIX CUTHATIB [2] 110 3MOJENHOBaHHX 3
HOPMAJIbHAM 3aKOHOM PO3MOJTy BHKOPHCTaHO
MPOTrpaMHUI KOMIUIEKC MATEMAaTUIHHX JIOCITIPKEHb
Mathcad [3]. OcHOBHUM  KpUTepiEM  TIpH
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HOPIiBHSAHHI EKCIIEPUMEHTAIBHUX 1 MOJEIbOBAHMX PelL
CUTHAJIIB BHUOpPaHO IIOTY)XHICTh Ha BiIIOBIIHUX 0.00] -~ oo L Y
BHTpATaX (Total RMS Power): juis BUTpaTH rasy 6 o008}
M/rom. BuMipsHOro curHaiy — 17,51 dB, -
sreHepoBaHoro — 17,52 dB, CKB 4580 Tta 4450, 0.007 _
BIAITOBIAHO. R ]
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Pucynok 1 - BumiproBajibHuii CHTHAJ S R T e e T
BHUXOPOBOI0 BUTPATOMipa micjisi aHAJIOro- 0 20000 40000 60000 80000 100000
11 (POBOro MepeTBOPEHHS 6)
lNicrorpamu po3noniny 3Ha4€Hb BHIIAJIKOBOI'O a) — eumipsni; 6) — 3eeHeposani

nporecy  BUMIPSHHX  EKCIEPUMEHTAILHO — Ta
3reHepoBaHMX IIyMiB (puc. 2) 6mu3bKi 3a Gopmoto,
He3HauHa PO30DKHICTh MPOCTEKYETHCA B MIKOBHX
3HAaYCHHSX TYCTUHH IMOBIPHOCTI.

EnTponiiiHi XapaKTEpUCTHKH BHILIE PO3TJIs- .
HYTUX CHTHAliB MOJaHO Ha pHC.3, MPHUOMY Maremarirase OHIKyBaHHA (M (x))

JiamazoH Ta CIPYKTypa 3MiHM GHTpOMNiliHMX  CHTPOINIMHMX  OLIHOK  (parMeHTiB  CHrHAIly
3HAYCHb MalKe OHAKOBI. (puc. 4,a) B o0jacTi Majaux BHUTpPAT Tra30BOrO

Pucynoxk 3 — EnTponiiini xapakTtepucTuku
IIYMOBHUX CUTHAJIIB BUXOPOBOI'0 BUTpaTOMipa
razy
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cepenosuma (2 — 6 M’/rom) ams BUMIpSHOTO Ta
3rEHEPOBAHOTO0 CUTHAJIY 3 HOPMAaJlbHUM 3aKOHOM
posmoiny  Maibke — 30iraroThe, HE3HayHa
BIIMIHHICTh ~ TIPOCTEXYETbCS B  BEPXHHOMY
Jiana3oHi BUMipioBaHHs: 1y1st BUTpAT 6 — 10 M/rox,
npudomy (M(X)) st 3reHepoBaHOro CHrHAIY €

JEII0 OUIBIINMH.

Bignosigno CKB eHTpomiiiHHX XapaKTepUCTHK
(puc. 4,6) naemo Bimpi3HAOTHCA. 3a O0OpaHHM
Jliartla30HOM BUMIPIOBaHHS BUTpAT 3HAYCHHS JUIS
3T€HEPOBAHOI0 BHUMAJKOBOIO CHUTHAIY € JeHI0
MEHINIMMHU 1 TIPH 3POCTaHHI BUTPATH LS PI3HULS
3pocTae. 3a pe3ynbTaTaMH MOXKHA CTBEPKYBATH,

IO CEHTPOIiiHA XapaKTepHCTHKA CHUTHANIB 3
TEOPETUYHUM HOPMAJIBLHUM PO3IOALIOM BIIJIIKIB
crabinpHiIIa, TOOTO CTaIliOHAPHICTb

EKCIIEPUMEHTAIILHOTO CUTHATY TipIlia MOPIBHSHO i3
3MOZICTTbOBAHUM.
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Pucynok 4 - XapakTepucTuky 3MiHU
MAaTEeMATHYHOI0 0YiKyBaHHA (4) Ta cepeaHBOr0
KBaJIPAaTUYHOIO BiTxuyieHHs (6) 3reHepoOBaHOrO

1 Ta BUMIpPSIHOTO 2 CUTHAJIIB MepPeTBOPIOBaYA
3aJ1esKHO Bil BUTPATH cepeloBHINA I BUOIpKH
n = 65536 BinJjikiB

[llo0 mnpoBecT aHami3 Ta JOCITIHKCHHS
eekTUBHOCTI 3acTOCYBaHHS PI3HHUX XapaKTepuc-
THK  BHMIPIOBAJbHUX  CHTHAJNIIB,  PO3IJISHYTO

CHTHAIM 3 PpO3MOJIUIOM 3a OCHOBHHMH (YacTo
B)KMBaHUMH) 3aKOHAMH PO3MOALTY, 110 3a (OPMOIO
qu CTPYKTYpOIO  3Ha4YeHb  OJM3bKI 70
eKCIIEpUMEHTAJIbHUX,  30KpeMa;  HOPMAallbHUH,
piBHOMIpHUH, ekcroHeHmiabHui Ta Pimepa. Sk i

JUIE  HOPMAaJBHOTO  3aKOHY  po3mojiry,  ix
3reHepoBaHo B MPOrpaMHOMY Komruiekci Mathcad 3
CHEePreTHYHUMH XapaKTePUCTHKAMH, 1EHTHYHUMH
JI0 BUMIPIOBAJIbHUX CHUTHAJIIB BIINOBIIHUX BUTpPAT.
3 morssimy HalOUTBIIOI HAOYHOCTI MPENCTaBICHO
pe3yNbTaTH aHaji3y 3reHepOBaHMX CUTHANIB , IO
3a MOTY>KHICTIO BIAIIOBIAAOTH BHUTpATI
BUMipIOBAJILHOTO CEPEIOBHINA 6 M/TOJL.
HaitedexTuBHiii 3 morisay OMiHOK €HTPOITIi —
e 3reHEepoBaHI CHUTHAIH 3  PIBHOMIpHUM
PO3IOIUIOM BUNAIKOBHX BEIWYHH (pHC. 5, @), X04a
TyCTHHA IMOBIPHOCTI pO3MOALTY BiAMIHHA Bif
HOPMAalIbHO  PO3MOAiNy, ane 1e 3a0e3mevye
MaKCHUMallbHi ~ 3HAuUeHHsS  OIHOK eHTpoITil
MOJIETTbOBAHOT'O cHUTHaNy. KpiM Toro, mrymoBuit
curHan S(?) Mae Jemo MEHIIy aMIUITyay
MOPIBHSIHO 3 eKCIIEPHUMEHTAIBbHO OTPUMaHUMH

JIAaHUMH.
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Pucynox S - lllymoBuii curnan (a) Ta rpagix
(yHkuiii ryctunn iMoBipHOCTI (0) 3reHepoBaHuX
3a piBHOMIpPHUM 3aKOHOM PO3MOALTY

3reHepoBaHUil 32 €KCIOHEHIIAIbHUM 3aKOHOM
posmoginy (puc. 6,a, 6) CUTHaA Ma€  OJHO-
CTOpOHHIN xapaktep, 110 (AKTHYHO MOXKHA
OTPpUMATH 1 JJI CUTHANiB, PO3MOIUICHUX 3a
HOPMAaJIbHAM 3aKOHOM, 3aCTOCOBYBABIIHU (PYHKIIIIO
Monyns. JlominbHO 3a3HAYMTH, MO IEH CHTHa
TaKOK  XapaKTEPU3YEThCS 3HAYHOK  KUIBKICTIO
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MIKOBUX BUITIKIB, IO XapaKTEPHO JUIS Ta30BHX
CEpEIOBHII 3 JOMIIIKAMH TBEPIUX YaCTOYOK, SKi

PO3IIUPIOIOTH  Jialla30H  MOXJIMBHX — aMILTITY/]
(craHiB cuTHANY).
[HmmM, ONM3BKUM 0  EKCIIOHEHIaIbHOTO

3aKOHY po3monily, € posmoain dDimepa (puc. 7),
npore y BHNaAKy oOMexeHuX ((hikcoBaHUX)
CHEPTEeTUMHUX  XAPAKTEPUCTUK  JOCIIUKYBAHOIO
CHTHAITY CHOCTeplraeTLc;I PO3IIUPEHHS [iarna3ony
aMILTITY/I | HAsSIBHICTD BiJl’€EMHUX 3HAYCHb.

SK XapakTepHi O3HaKu OOpaHO MareMaTH4YHe
CIIOJIBAHHS Ta CEPEeIHE KBaJApaTHYHE BIIXUJICHHS
(CKB) omiHOK eHTpomii ImOCTiIOBHUX (PparMeHTIiB
cUTHay. Pe3ynmbTatv TMOpIBHSHHS TOJAHO HA
puc. 8.

Ak  Oaummo, i3 3POCTAHHAM  BUTPATH
cepenouma Bin 2 go 10 M/I‘O)Z[ pI3HHUIST MK
3HAYCHHSIMH MAaTEMaTUYHUX CIIOJ[iBaHb CHTHAIIB
MU PI3HMX PO3MOAUIB 3MEHIIYEThCs (puC. 8,a)
Cain BiA3HAYUTH, 11O JUISI CUTHAITY 3 pOSHOZ[lHOM 3a

E(I)CKTI/IBHICTI) 3aCTOCYBaHHS ~ BUIIAJIKOBHX ~ 3aKOHOM dimepa 3HaueHHsA M(x) HaliMeHIIE cepen
CHUTHAIIB 3 PI3HUMH  PO3MOAUIAMH BiZ[JIiKiB POBIIISTHYTHX, MakcuMalibHe M(x) crocTepiraeTbes
MpoaHali30BaHo Juisd BUTpaT 2; 4; 6; 8; 10 M 3/ron. ., Ul CUTHAJIIB 3 HOPMAJIBHUM PO3IOILIOM.
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Pucynok 6 - lllymoBuii curnas (a) Ta rpagik ¢pyHkuiii ryctunm iMmoBipHocTi (0) 3reHepoBaHuX 3a
eKCIMOHCHIiaJbHUM 3aKOHOM PO3IOALTY
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Pucynok 7 - lllymoBuii curnaj (a) Ta rpagik ¢pynkuiii ryctunu iMmoBipHocTi (0) 3reHepoBaHuX 3a
3aK0HOM po3noginy ®imepa
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BiamosigHo TUTS HOPMAJIBHOTO,
eKCIIOHEHIialbHOTO ~ Ta  po3noxiny  Dimepa
snadenHss CKB (puc. 8,0) JUIA  MalliX —BUTpAT
cepegBuIIa Maiiike OJIMHAKOBI, JUIs zuana30Hy 6-
10 M/FO}Z[ — BiapisHsawoThes, Havimenmn CKB
CIIOCTEePIraroThes UL EKCITOHEHI[IAJIbHOT'0
po3nozw1y, HaWOLIbIII JJ1s. HOPMAJIBHOTO. CKB nmns
PIBHOMIPHOTO  PO3IOALLY BUIAJIKOBUX BEIHYUH
HaOyBae MiHIMaJIbHOTO 3HauYeHs. B 3araapbHOMY i3
3pOCTaHHSM BUTPATH KOHTPOJILOBAHOTO
CepeloBHIa, a OTXKE €Heprii BHUMIPIOBALHUX
CHTHAIIIB B JIOCHI/PKyBaHOMY Jlialla3oHi, PI3HUISL
MK 3HA4eHHSIMH M(X) MaTeMaTU4YHUX CIOMAiBaHb
JUISL pI3HUX PO3MOLTIB 3MEHITYEThCS (pHC. 8, a).

[Micns  rpadiynoro mpeacraBieHHs — M(x)
CHTPOMIHHUX XapaKTePUCTHK BUTpAT
mudepeniiinomy — Burisaai  (puc. 9)  MoxHa
Mo0aYMTH, MO0 HAHOUIBIN BEIWYMHH MPUHAMAIOTh
CHTHAITM, 3HAYCHHsI SIKUX PO3MOJUJICH] 32 3aKOHOM
dimepa. Xapaktep 3MiHH i€l KPHBOi JIOCHUTb
ONMM3BKUI 10 HOPMAJIBHOTO Ta piBHOMipHoro
3aKOHIB po3no;[1ny Kpim Toro, M(x) eHTp0HII/IHI/IX
OLIHOK OCTAHHIX PO3TALIOBYIOTHCS IEII0 HIDKYE i
HAKJI2 JAI0ThCA. Jlume st pizamni Butpat 10 Ta 8
M’/TOJI. CHOCTEpiraeThcs He3HAYHA PO3OIKHICTb.
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0,0800
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Pucynok 8 - XapakTtepucTuku 3MiHu
MaTtemaTuuHoro ovikyBanus (a) ta CKB (6)
HopmaabHoro (1), piBaomipsoro (2),
ekcnoHeHnianbHoro (3), @imepa (4) 3akoHiB
po3noAiny 3M0Ae1bOBAHUX BUMIAIKOBUX
CUTHAJIB 3aJ1€5KHO Bil BUTPATH cepeloBUINA IS
BUOIpKuU n= 65536 Binuikis
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1 — @iwepa; 2 — pisnomipnozo, 3 —
EeKCNOHEeHYIanbHO20, 4 — HOPMATILHO20

Pucynoxk 9 — lndepenuiiine npencraBjieHHs
M(x) eHTpomiiiHMX OLIHOK BUMipIOBAJIbHOI0
CUTHAJY [JIfl Pi3HUX 3aKOHIB po3noaiTy

Ha ocHOBI OTpUMaHHX pe3ylbTaTiB MOXHA
MPHUITYCTHTH, IO peaizamis TypOyiizaTopa, SKUH
MOXe 3a0e3meunT (POpMyBaHHS BHUMIPIOBAILHOTO
CHTHAITy 3 PpO3MOAUIOM OJIM3BKHM JIO PO3MOJILTY
dimepa, J03BONUTH OTPHUMATH  MaKCUMAaIbHY
PO3IUILHY 3IAaTHICTH TPU BUMIPIOBAHHI TIOPIBHSHO
3 IHIIMMH PO3TOALIAMHU.

OmHMM 3 TOMMPEHUX CIOCOOIB  OI[IHKH
BIIACTUBOCTEH BWINAJKOBUX BEIHYUH € METOJ
Monre-Kapmo. HeszanexxHo Big 3akoHy pO3MOALTY
3MOJICJILOBAHOTO  iH(OPMAIiHHO-BUMIPIOBAILHOTO
CHTHAy OILIHKY BEpXHBOI MEXi O JOMyCTHMOL
MOXUOKH 13 32/1aHOI0 IMOBIPHICTIO (HAJIHHICTIO) 7Y

BHUIIAIKOBUX BCIINYHH, 10 MarwThb KiHHeBy
JMCIIEPCII0  TPH  JOCTaTHBRO  BEIMKHX 7,
004YHCITIOITE 3a hopMmysioro [4]:

d=tc/~In, (1)

Je N — KUIBKICTh JOCHIIB; ! — 3HAYCHHS apryMeH-
TiB Qynkuii Jlamaca npu sikomy 2@(f)=y; o-—
cepelHe KBaJlpaTHIHE BiIXUIICHHS.

[Ipy MakcMMaldbHO MOMJIMBIMH  HAIIHHOCTI
¥=0,999 snauenns 1=3,29 [5]. Busnauusum & st
Pi3HMX BMIIQAKOBMX NPOLECIB i 3icTaBMBLIM iX i3
OI[IHKOI0 O, OTPUMAHOI0 32 EKCIIePUMEHTATbHUMH
JaHUMH, TIOJlAHO XapakTep 3MIHM 3Ha4YeHHS
BEPXHBOI rpaHHui MOXUOKN BUMIPIOBAHHS 3aJISKHO
BiI po3M1py BUOIPKM 1 [UIs BUTPATH CEPEOBHILA
6 M’/TON.  BINNOBIMHMX 3aKOHIB pO3MOAINTY B
rpadiunomy Burisiai (puc. 10).

Sk  OGauumo 3 puc.10, omiHKE O A
3MOJIC/IIbOBAHUX BHIIAJKOBHX CUTHANB 3 PI3HOK
TYCTHHOIO POSIOIiTy Maike HE BiIPISHAIOTHCH,
JICIIO  KPAIli XapaKTePUCTHKH MPUTAMAHHI JUIs
BUIQJIKOBUX TMporeciB 3 posmoxaiiom dimepa.
3arasioMm i3 30inbHIEHHSM BHOIpKH 71 (pO3Mipy
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(parMeHTy CHUTHaIy, 3a SKUM OOYHUCIIIOIOTH OLIIHKY
eHTporii) O 3MOJCIbOBAHMUX CHTHATIB Maibke
30iratoThCA.

0,0060 + ; ;
64 264 464 664 864

1 — excnepumenmanvroco, 2 — HopmanvHozo, 3 —
PIBHOMIDHO20 3aKOHY po3nady, 4 —
EKCNOHEHYIANbHO20 3aKOHOM PO3RAOY; 5 — 3aKOHOM
po3nodiny Diwepa

Pucynoxk 10 — Bepxusi rpaHuns noxu0ku
BUMIPIOBaHHSI BUTPATH BUMipIOBAJILHOT0
cepeoBuIa 6 M’/roj.

Crninm 3ayBakMTH, WIO 3HA4YCHHS BEPXHBOI
TpaHMIl TIOXUOKH EKCIIEPUMEHTANBHO OTPHMaHUX
BHUMIPIOBaHb € BIJYYTHO OULTBIIMMH TOPIBHSHO 3

TEOPETUYHUMHU  3TCHEPOBAHMMH  BUIAJIKOBHUMH
MpoIecaMH.

BUCHOBKHU

BpaxoByrouun Te, 110 peaizaiis
BUMIPIOBAJIbHUX  CHUTHAJiB  BHUTpPaTH Tazy 3

TypOysi3aTopoM KOHYCHOI (hopMHU HaOIMKAETHCS
3a PO3MOILIOM O HOPMAJBHOIO 3aKOHY 3 PiBHEM

3HaunMocTi 0,95; To JOIIIBHO 3aCTOCOBYBATH came
TaKAH  PpO3MOMIN SK KPUTEpid JIsl  OLIHKH
eeKTUBHOCTI 30yproBava MOTOKY (TypOymizaTopa)
MPH BUMIPIOBaHHI BUTPATH T'a30BHX CEPEIOBHII 32
CHTPOMNIMHUMU OI[IHKAMH IIIyMiB TIOTOKY.
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