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B TexHHKe M FOPHOM felie MHMPOKOE NPUMEHEHUE HAILIM METO/bl BOJHOBOIO MPOCBEYH-
BaHUs1, OCHOBAaHHbIEC HA MCIIOJIb30BAaHUH I1apaMETPOB OTPAXKEHHBIX U IPOXOJAIIUX BOJIH, HOJIY-
YEHHBIX ITyT€M BO3IEHCTBHS Ha TBEpble MaTepHalbl U MOPOJbI U3 PA3IUYHBIX HMCTOYHHUKOB.
B nociennue rofsl MIUPOKO PacpOCTPaHUIACh IPOCTAsk METOMKA POOACTHOLO NMPOEKTHPOBa-
HUS TIPOU3BOJICTBEHHBIX MPOLIECCOB, B KOTOPOH MCIIOJIB30BAHBI IOHATHS «CHIHAI» M IIyM»,
a jlecsiTas 4acTh BEJIMYMHBI jorapudmMa oOpaTHOro 3HAUCHMS KBajpaTa JUCIIEPCHH COOTBET-
CTBYET OTHOILLIEHMIO CHI'HAJIa K IIyMy. B cTaThe HCHOIb30BaHA METOLUKA OLIEHKH JOBEPHUTENIb-
HBIX IPEAENIOB Ul AUCHEPCHH NPH POOACTHOM NPOEKTUPOBAHUM IO KPUTEPHIO XH-KBaapaT
npu Masoii Beibopke, onucanHas K. A. Bpaynnu nox penakuueit akagemuka A. H. Kommoro-
POBa, 9TO CYIIECTBEHHO ITOBHIIIACT HA/ISKHOCTh CTOXaCTHYECKUX OI[CHOK.

Jns mpumepa KOJIMYECTBEHHOI OLEHKH HaJEKHOCTU OIpEJETeHHs aHOMAIbHBIX 30H
B IIAXTHBIX YCJIOBUAX INPUMEHEHA BLIKOIIMPOBKA U3 l"pa(bPIKOB (l)OpMI/IpOBaHI/Iﬂ PETYISAPHBIX
KOMIIOHEHT MOJS YNPYrHX KojieOaHWH HpH CeHCMHYECKOM IPOCBEUYMBAHUM MapaLIETHHO
CJIONCTOCTH COJISTHBIX TIOPOJ] HIDKHEH npoMmbinuieHHoi mayky |l xammitroro ropmsonta Cra-
poOuHCKOro mMecropoxaeHus. [Ipeanaraemas METOJUKA MOXKET HCIOJIb30BAThCS MPH CTOXA-
CTUYECKOIl OIEHKE pe3ylbTaToOB M3MEPEHHMil JII0OBIX MPOIECCOB, Ie HEOOXOAUMO OLEHUTH
HAJIeKHOCTH BBIACNEHNS CUTHaTIa Ha (oHe myma. [Ipm aToM ynoOHO Mob30BaThCS MPOCTOH
YCIIOBHOM IIIKaJION, MOCTPOEHHON Ha 0a3e BPEMEHM M BEIMYMHBI YPOBHS IIyMa, MPUHUMAE-
MBIX 3a eAuHHULy. [IpuBeneHHbIE HOMOrpamMMa U rpaduuecKkue 3aBHCHMOCTH MO3BOJISIOT
OBICTPO OILEHUTH BEPOSATHOCTH PEANIM3ALMK OTHOLICHHS CUTHATA K IIyMy M BO3MOXKHOCTH €e
noBBIIIeHNS. [Ipy 3TOM moTydaeMble OIIEHKH Mo 3aBHCAT OT (GOPMBI pacHpeieNieHus! BEpo-
STHBIX 3HAYCHHI UCIIOJIb3YEMOH BETHUHHbL:

KiroueBbie cj10Ba: TBEp/bie MaTEPHAIIbI, TOPHBIC OPOIbl, aHOMAJIbHBIE 30HbI, BOJIHOBOE
MIPOCBEYNBAHKE, TIPSIMBbIE BOJIHBI, OTPa’KCHHBIE BOJIHEI, CHTHAI, IIIyM, JUcHepcus, Koddhunu-
€HT BapHaluH, BEPOSTHOCT peaIn3ainuy, poOacTHOE IPOSKTHPOBAHNUE.

Wn. 3. Ta6mn. 1. BuGmuorp. 12 ua3s.

ON STOCHASTIC ESTIMATION OF THE RESULTS
OF UNDULATORY TRANSILLUMINATION OF SOLID MATERIALS
WITH A PAUCITY OF MEASUREMENTS

OSIPOV S. N.
UE “Institute of Housing — NIPTIS named after Ataev S. S.”

The methods of undulatory transillumination found extensive application in engineering
and mining practice. They are based on utilization of the parameters of reflected and transmit-
ted waves produced by way of affecting solid materials and formations with diverse sources.
In recent years a simplistic technique of the productive-process robust designing enjoys wide-
spread occurrence. It uses notions of ‘signal’ and ‘noise’ and a tenth part of the logarithm value
of the reciprocal magnitude of the dispersion squared value corresponds the ratio of the signal
and the noise. The article utilizes the confidence boundaries evaluation techniques for disper-
sion in robust design on chi-square criterion at small sample specified by K. A. Brownly under
editorial of academician A. N. Kholmogorov, which essentially increases reliability of the sto-
chastic estimations.
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Exemplarily of quantitative assessment in the reliability determination of anomalous
zones in mining conditions, the author shows the tracing of a map of the formation graph
of regular components of the elastic wave field at seismal transillumination along the layerage
of the soliferous rocks of lower industrial pad Il of potash horizon of the Starobinski mine-
field. The article claims the feasibility of the offered technique for stochastic estimation of the
measurement results of any process where it is necessary to evaluate the reliability of the sig-
nal extraction against the noise background. A simple conditional scale built on basis of time
and noise level values taken as a unit is convenient to use. The presented alignment chart and
graphical dependencies allow quickly appraise the realization probability of the signal-
to-noise relation and possibility of its rise. Thereat the obtained evaluations depend little on
the probable magnitudes distribution form of the employed value.

Keywords: solid materials, rock formations, anomalous zones, undulatory transillumina-
tion, direct waves, reflected waves, signal, noise, dispersion, variation coefficient, realization
probability, robust design.

Fig. 3. Tab. 1. Ref. 12 titles.

[Ipumenenne MeTo0B BoJHOBOTO ipocBeunBanus (MBII) tBepabIx Matepu-
aJI0B, OCHOBAaHHBIX HAa HCIIOJIb30BAaHUU OTPAKCHHBIX M MPOXOASIIUX BOJH. IS
OOHapyXeHUsT ¥ U3ydeHUs (HPU3NYECKU OTINYAIOUINXCS 30H, MOXKET OBITh OTHE-
CEHO K crmoco0aM OIEHKH CTOXacTUYEeCKOW HaleKHOCTH HCIOIb30BAHHS PO-
0acTHOTrO MeToJa OIpeelICHNs] AaHOMAJILHBIX 30H B TBEPABIX MaTepHajax, B TOM
YHclie TOPHBIX TMOpOJIaX, W OINpeAeieHus HeoOXOIMMOTO MPEBHIIICHNs CUTHA-
JIOM TIryMa. Majoe 9ucio U3MEPEHH B MaTeMaTHIECKOM cTatuctuke — 1o 30.
W3zBecTHBI cIOCOOBI OOHAPYKEHUS U U3YUEHHS T€0JOTMYECKHX 00BEKTOB, OTIIH-
YaIOIIUXCS OT OKPYKAIOIIUX TTOPOJ CKOPOCTSIMA PacIipOCTPaHEHHUS YIIPYTHX KOJe-
OaHMii, MOTJIONIAIONIMMH U PAaCCEHBAIOIMMH cBOMcTBamH |1, c. 206-244]. Hampu-
Mep, A7 JOKaJBHOTO MPOTHO3a BO3MOXKHBIX OYaroB ra30IMHAMUYECKHX SBIIE-
Hul npu pazpabotke CTapoOMHCKOTO MECTOPOXKIECHUS KATHMUHBIX COJEH MOTYT
MPUMEHSTHCS. PaIUOBOHOBBIC, aKyCTUYECKHE U CEHCMUYEeCKHe METOABI, B KO-
TOPBIX HCHOJB3YIOTCS MOHSITUS «CUTHADY U «urym» [ 1, C. 244].

B mocnexpHue rompl HMIMPOKOE PacHpOCTpaHEHHE MOJMYYHJIa METOAHWKAa Po-
0acTHOTO TIPOCKTHUPOBAHHUS IPOU3BOJICTBEHHBIX MpormeccoB 1. Taryuwm [2, 3].
B He#l ucnionb30BaHbl MOHSTHS «CUTHAD (YIIPaBIsieMbIi GakTop) U «Irym» (He-
yIpaBIsieMbli, T. €. Clly4aiHbeld pakTop). OTHOIIEHHE curHada (C) K mrymy (1),
no I'. Taryuu, onuceiBaeTcs BEIpakeHUEM

o2
c X
;=10|9 =z 1

rae X — cpenmHsisi BenuUuWHA (LEHTP paccesHusl); 6 — CPEIHEKBAAPATHICCKOE
OTKJIOHCHHUE.

DTa 3aBHCUMOCTh MCIIOJb30BaHa B [4] ist y4eTa cTOXacTHYSCKOW MPHPOJIbI
BEJIMYMHBI BCEH COBOKYITHOCTH pacrpeesieHus, i dero u3 [5] Opanu 3Haue-
HUE CTaH/JIAPTHOTO OTKJIOHCHHS G 0€3 yueTa CTEIeHU CBOOOIbI MapaMeTpa B BU-

Pl (] t/\/2n (r;[e N — KOJINYECTBO I/I3M€peHI/Iﬁ CHUT'HaJa, t — Konu4ecTBO CpcaHcC-

KBaJpaTHUECKNX OTKJIOHEHUH, COOTBETCTBYIOLIEE HEOOXOOUMOH HaICKHOCTH
ONIpENIeNICHHs] NPU JICHCTBYIOIIEM PACIPEACICHUH IUIOTHOCTH BEPOSTHOCTH).
HenocraTkamu ydera Takoro CTaHAApTHOTO OTKJIOHEHHUS SABISAIOTCS €ro HeToY-
HOCTB M HETPaBOMEPHOCTH IpuMeHenus npu N < 30.
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UzBecten EBpaswmiickmii mateHT [6], B KOTOPOM il OINpPENCICHUs HEoO-
XOJUMOro KonmdectBa maMepenmii mpu N < 30 mpuMmeHSeTCs KPUTEpUH XU-
kBazpar (y°), uro 6buto mpemtoxkeHo K. A. Bpaymnu Gomee 70 ner Hasax [7].
Hepnocratok »Toro cmoco0a — HCIIONB30BaHHUE H3BECTHOTO BBIPAKEHHS JUIA
oTIpeIeICHIs] HeOOXOMMMOT0 KOJMYECTBA WCHIBITAHUN (M3MEPEHH) TpH HOP-
MaJbHOM 3aKOHE pacCHpeleNieHUs] CIIydaiHBIX BEJIMYMH B KadecTBe 0a30BOMi.
DTO BBIPAKEHUE 10 BUAY U CMBICITY CYIIECTBEHHO OTJIMYACTCS OT MPEII0KEH-
Horo I'. Taryumu.

TexHU4YecKoro pe3yabTaTa MOXKHO JIOCTUYh C TIOMOIIBI0 POOACTHOTO METO/Ia
OTIpe/IeTICHHsI aHOMAJIBHBIX 30H B TBEPABIX MaTepHalax M FOPHBIX MTOPOAAX Iy-
TEM HaXOXIIEHUS HEOOXOIWMOTO TPEBBIMICHHUS CUTHAJIOM ITyMa PaJdOBOIHO-
BBIMH, aKYCTHYECKHMHU WM CEHCMUYECKHMMH METOJaMH C MPUMEHEHUEM TOMO-
rpaduy, MAONUMH KOJHYECTBECHHYIO XapaKTEPHCTUKY OTHOIICHHWH CHIHajIa
K 1mrymy. [lpu sToM cpen Habopa BOJH BBIIEISIOT HCCIEIyeMbIH apaMeTp, KO-
TOPBIA MMPUHUMAIOT 32 CUTHAIBHEIN. Jlamee pacueTHBIM CIIOCOOOM OIMPEnesoT
pacyeTHYI KpPaTHOCTh MPEBHIINICHUS CHTHANA K IIYMY H 3a7af0T COOTBETCTBY-
folee e 3HaYeHHe CTOXACTUYECKOW HaJeKHOCTU NMPH MalOM KOJIHYECTBE HC-
nertanui (N < 30).

OO1IEenPHUHATHIM TTOKa3aTeJIEeM MEPhl PACCESHUS CTOXAaCTUUECKON BETUUMHBI
BOKPYT CpeIHEro 3HadeHusi siBisercs kodhdunueHt Bapuanmu K, BemrmduHa
KOTOPOTO OMPEACISETCS U3 BRIPAKESHUS

K, =§=(zj_ . @
X o

Ja mansix Bei0opok (N < 30) K. A. bpayrnu [7, €. 48] npeayaraer ncnois-
30BaTh OPMYIy JUISl ONpEIeTICHUs] BEPOSTHOTO BEPXHETO Tpejieia HCTHHHOTO
3HAYCHUSI TUCTICPCUU (P B BUJIC

m
(P:_zczv (3)
X

rje N — BIOOPKa (KOJIMYECTBO CIIyYacB WM U3MEPEHUI) ¢ M = N — | cTeneHaMu
CBOGOIBL, {° — KPHTEPHil XH-KBA/IPAT.
U3 popmyn (3) u (1) momyqaem:

-1

< —10ig| k22 (4)
m X
nu
lgy? =1g(n—1)+2IgK _Le (5)
* 10w

CormacHo [7, C. 20], kpurepuii y° sBisiercs (yHKIHEH BEpOSTHOCTH P
1 9Hclia cTeneHed ceodoapl M = N — 1, T. e. o0sema BeIOOpKH N. IToaromy st
YHCJICHHOTO OTPEJICTICHHUs ITOKa3aTellsl HAJIGKHOCTH (BEPOSITHOCTH pealiu3aliim)
HEOOXOIMMO [0 M3BECTHBIM 3HaueHmsM N, K, i ¢/ Berancants lgy” u %, a 3a-
tem 1oy = f(p, n) waiitu p.
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Ecn

1 0003HAYNTE.

-1

= Kjlow%ﬂ

(6)

TO JOJDKHO YAOBJIETBOPSITHCS PABEHCTBO A; = Ay, HO B SIBHOM BHJI€ PEIIUTH 3TO
YpaBHEHUE OTHOCHUTEIBLHO BEPOSITHOCTU peaiu3aluu P U N HE MpeJCTaBIsSETCS
BO3MOXHBIM. [103TOMy B JaHHOM ciy4ae cambIM MPOCTBIM CIIOCOOOM YHUCIICH-
HOTO DPEIICHHS JTaHHOTO YPAaBHECHUS SIBIIACTCS TpadOaHATUTHUECKUN C HCIOIb-
30BaHUEM MPOCTON HOMOTPaMMBI, KOTOpas IIpHUBeicHa Ha puc. la, 6.
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Puc. 1. HomorpaMma 17151 onpezaeneHus 3Ha4eHUH BepOITHOCTH
peanm3anuy OTHOMEeHUH ¢/ir: a — ¢/ =3;6 -5

Ha puc. 1 ucmonp3oBaHbl CIEIyIONIME YCIOBHbIE 0003HaueHus: 1, 2 — 3a-
Bucumoctu A, = f(K,, c/mr) cormacuo (6) mpu ¢/ = 3 ¥ 5 COOTBETCTBEHHO;
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3, 4, 5 — 3aBucumoctu A; = f(n, p) cormacuo (6) mpu p = 0,90; 0,95 u 0,98 coot-
BETCTBEHHO; 6, 7 — JMHUM U1 onpeneneHus N npu ¢/m = 3 mig K, = 0,2 u 0,4
COOTBETCTBEHHO; 8, 9 — To ke mpu ¢/t = 5; 10, 11 — auHUK A onpeaeacHus
HaJeKHOCTH (BEPOSTHOCTH) OIpPEACNICHUs aHOMAaJIbHOW 30HBI mpu N = 10 u
K: = 0,35 COOTBETCTBEHHO.

Kax cnegyer u3 ompenenenuii N mo HoMorpamme, MpUBEACHHONW HA puc. 1,
mpu K, = 0,2 u ¢/1 = 3n = 3,5, a npu ¢/u1 = 5n = 4,2, T. €. KOJIUIECTBO HEOOXO-
JUMBIX U3MepeHui Beipocio Ha 20 %; mpu K, = 0,4 u ¢/m = 3n = 8,5, a npu
c¢/m = 5n = 19,5, T. e. 3HaueHue N yBenuumwiock Ha 230 %, 9TO OYCHH 3HAYU-
TenbHO. Cleyer 3aMeTHTh, YTO TOJyYCHHBIC pacueTHbIC 3HAYCHHS N CIICAyeT
OKPYTJISITH B OOJIBIITYIO CTOPOHY M B COOTBETCTBHH C peKOMeEHAarue [6] Bcerna
npuHUMaTh N > 4. Ha puc. 1 Taxxe NpHUBEJCH NPUMEpP ONpPECTCHNs HAISKHO-
ctu ipu N = 10 u K, = 0,35 (iuauu 10 u 11), cocrapupmeii p = 0,95.

B cBs3u ¢ BO3MOXKHBIMH OOJNBIIAMH 3HAYCHUSIME KO3(PPHUITHECHTA BapHAIIH
n3MepsieMbix napameTpoB (K; > 0,5) u ero 3HaYUTENbHBIM BIMSIHAEM Ha BEJU-
gnny N (popmymna (6) mis A,) Ha puc. 2 nmpuBenens! 3apucumoctr N = f(K,) mpu
pa3IMYHBIX 3HAYCHHAX N W c/II. 3/1eCh WCIONB30BaHbBI CICIYIOIIE YCIOBHBIE
obosnauenus: 1, 2, 3 — 3asucumoctu N = f(K,) npu ¢/m = 3 u p = 0,98; 0,95
1 0,90 cootBeTcTBEHHO; 4, 5, 6 — 3aBrcumoctu N =f(K,) mpu ¢/m = 5 u p = 0,98;
0,95 u 0,90 cooTBeTCTBEHHO; 7, 8, 9 — npeaenbHbIe 3HaueHUs K,, KOTOpbIe IIpH
cm=5un=4;6wu 10 odbecneunBaror p = 0,98; 0,95 u 0,90 COOTBETCTBEHHO;
10, 11, 12 — 1o ke npu ¢/11 = 3 cCOOTBETCTBEHHO. 3HaueHus N = 4, 6 u 10 mpuHs-
THI B COOTBETCTBUH C PEKOMEHAANNAMH, IPUBEACHHBIMH B [0, 8].

il
../{%7/,/

0,3 0,4 K

Puc. 2. 3aBUCIMOCTD KOJIMYECTBA HEOOXOIMMBIX U3MepeHnii ot K,

Taxk, B [6, 8] pekoMeHIyeTCsT MUHUMAaNIbHOE 3HaueHue N = 4, a B [9, €. 13,
n. 2.3.5] oTMeYeHO, YTO «KOJUYECTBO OOpA3IOB TPH MACCOBBIX HCIBITAHHIX
JOJDKHO O0ECTIEYUTHh OTHOCHUTENIBHYIO TIOTPEITHOCTh PE3yJIbTaTOB UCIIBITAHUHN He
6oxee 30 % npu Hagexxnoctu He HIKE 0,8 U OBITH HE MeHee 6», UTO MOATBEp-
xmaetes B m. 1.3.9 [9, C. 8], HO pu OTHOCUTEILHOMN MOTPEITHOCTH PE3yIbTATOB
ucneitanuii He 6onee 20 % w Hagexnoctn He Hmwke 0,8. B m. 1.3.10 [9, c. 8]
orMedeHo: «KonnyecTBo 00pa3loB MpU CPaBHUTEIHHBIX HCIBITAHUSAX JOJDKHO
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o0ecreynBaTh OTHOCUTENbHYIO HOTPEIIHOCTh PE3yJbTaTOB MX HCIBITAHUN He
6oxee 10 % npu HagexHocTH He HIbke 0,95 u ObITh He MeHee 10y,

W3 rpa¢ukoB Ha pHc. 2 BUAHO, YTO NPH C¢/II = 5 mpenenbHble 3HaYeHUs K,
B caydae N = 4; 6 u 10 mpu p = 0,98 coorBercTBeHHO paBubl K, = 0,19; 0,27
u 0,35. Ilpu c¢/m1 = 3 pAuWana3oH HCIONB30BAHUS PE3YJIbTATOB H3MEPCHHIA
¢ Oonpmum pazopocom (K, > 0,20-0,25) 3HAUUTEIBHO PACIIMPSACTCS, HO IMPH
3TOM CYIIECTBEHHO BO3PAacTaeT OTHOCHTENbHAS MOTPEIIHOCTh Pe3yIbTaTOB HC-
neiTaHuid. Takke HEOOXOOUMO OTMETHTH CYLIECTBEHHOE YBEIHUUEHHE KOJIMYe-
ctBa u3Mepenwuii npu K, > 0,20-0,25.

Jnst mpuMepa KOJMYECTBEHHOM OLIGHKM HAAEKHOCTH ONpEAeNICHUS aHO-
MaJIbHBIX 30H B INIAXTHBIX YCJIOBHAX HCIIOJIH30BAaHA BHIKONMPOBKA M3 I'pa(HKOB
(hopMHUpOBaHUs pErysApHBIX KOMIIOHEHT IOJI YNPYIHX KojeOaHWM mpu ceil-
CMHMYECKOM IIPOCBEUMBAHNY NApaJIIEIbHO CIOMCTOCTH COJISIHBIX IIOPOJ] HIDKHEH
npombiniuieHHOH mauku |11 xamuiinoro ropuzonTa CTapoOMHCKOTO MECTOPOKIS-
HUs, KOoTopble npuBeaeHsl B [1, €. 209]. Ota BBIKONMMpPOBKA MpEICTaBICHA Ha
puc. 3, rae 1 — GhoHOBBIN WyM; 2 — mpsiMas BOJIHA; 3 — 00bEMHO-TIPETIOMIICH-
Has BOJHA; 4 — mpsiMasi IomepeyHas BOJIHA; S — mpejomieHHas Bonna; 10, 11,
12 — celicMuyeckre KaHaubl, A7 KOTOPHIX COXpaHEHA HyMepauusl OpUruHa-
na[l,c. 209, puc. 6.1].

y
+10 r f
+5¢ 1 ;
Ozt
-5k
+10 -
+5 -
0r Ty
5
+10 1
+5 i~

_]_O L

Puc. 3. lnarpamma OLIEHKH YpOBHS LIyMa

VYuuThIBas OTCYTCTBHE 00O3HAYEHUI pa3MEpHOCTEH B 9TOM OpHUTHHAIE IS
puc. .3 B KadecTBE OIEHKH ypOBHS IryMa (JInHUS 1) pUHATA YCIOBHAS €IWHU-
na +1, KOTOpas COOTBETCTBYET CPEAHHMM BEIMYMHAM MaKCHUMaIbHBIX (IIOJIO-
JKUTCIBHBIX W OTPUIATEIBHBIX) 3HAYCHWH (MyHKTHpHBbIC JuHMH). COOTBET-
CTBEHHO 3a BEJIMYMHBI CHTHANA MPHUHITH OTHOIIEHUS 3HAYEHWH MHKOB KOJIe-
0aHuii Kk yCIIOBHOH BenmnumHe mymMa +1, Takke BBIPaXCHHBIE B YCIOBHBIX
eANHULIAX.

OtcyrcTBHEe 0003HAYEHNH BPEMEHHW 0 TOPHU30HTAIEHOW OCH B OpPUTHHAJE
BBIHY/Ia€T Ha pHUC. 3 HUCIOJIb30BaTh YCIOBHBIE €MHUIIBI BpEMEHH T, OTMEpsie-
MbIC OT Havyasa GOopMHUpOBaHMs (HAKIOHHBIC MYHKTHPHBIE JTUHUU) PETYISIPHBIX
KOMITOHEHT TOJISl YIIPYTUX KojeOaHuil. B pacderax MCIONBb30BaHbI MMOKa3aTENH
10, 11 u 12-ro kaHaJOB CEWCMUYECKOTO MPOCBCUMBAHUS, I'pa)UUCCKU MPHUBE-
nenneie B [1, €. 209, puc. 6.1], KoTopble OBUTH OTHU(PPOBAHBI AJSI MPSIMOI
1 00BEMHO-TIPEIIOMIICHHOW BOJIH. DTH JIaHHBIE TIPUBEJICHBI B Ta0I. 1.
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Tabauya 1

[Ipsmas Bonna

tLye | 15 3,0 5,0 6,0 75 9,0 - - -
Vi -5 +7 -1 +2 -2 +1 - - -
Yo -5 +4 -4 -1 -3 +1 - - -
Ya -4 +7 -1 +2 -2 +1 - - -

O0BeMHO-TIPEIOMIICHHAS BOJIHA

tye | 25| 50 | 110 | 160 | 190 | 210 [ 240 | 270 | 310
vi +11 | -10 +5 ) +4 ) +5 -3 +5
Yo +10 | -9 +3 0 +1 -3 +3 -3 +3
Vs +11 | -12 +3 ) +2 -1 +5 -3 +3
Ty.e. | 340 | 380 | 410 | 440 | 460 | 500 | 520 | 580 | 60,0
vi 2 | +3 1 +1 0 +2 0 0 -1
Yo 0 +3 0 +1 ) +3 ) +3 0

Vs 2 | + ) +1 ) +1 -3 +2 -1

Kak BumHO U3 Tab. 1, mpsMasi BOJTHA NpeICTaBIIeHA TPEMsI TIOJTHBIMH TIEPH-
0JIaMH, U3 KOTOPBIX TOJBKO IEPBBIM YIOBICTBOPSET YCIOBHUIO Y = c/ml > 5,
a OCTaJIbHBIC JBE BOJIHBI MOKAa3bIBaAIOT Y; = 1,5-2,5. O01mas mpoJoKUTEIbHOCTh
MPSIMOW BOJIHBI JI0 BCTYIUICHUS 0OBEMHO-TIPEIIOMJICHHOW COCTaBISIET MPUMEp-
HO 9 y. e. O0mas MmpoaoKATEIFHOCTh 00bEMHO-TIPEIIOMIICHHON BOJIHBI TIPH-
MepHO 60 y. €., OHa BMECTHIIa JeBATh TOJTHBIX TIEPUOI0B KOJIeOaHU TTOPO/I, 9TO
npu gacrore f = 500-1000 'y cooterctByer T & (1=2) - 107 c. st oGbeM-
HO-TIPEJIOMIICHHOW BOJIHBI HE0OXO0IMMasl BEUUMHA Y; = ¢/II > 5 TaKke peain3o-
BaHa TOJILKO JUIsl TIEPBBIX BOJIH, BEJIMYMHA KOTOPHIX cocTaBmia c/m ~ 9-12 y. e.

u B cpeaHeM Y, = 10,5. JielyIolIHe BOJIHbI IOKa3bIBAIOT 3HaUeHus Y < 5, a B
cpenneM Y, = 10,5. [Tocnenyromue Bo. OKa3bIBAIOT 3Ha4e <5,a

KoHIle Tieprozaa nocie 40 y. €. IPUXoIAT K YPOBHIO Iyma. [IpuBeeHHbIC JTaH-
HBIC COBIAJAIOT C MHCHHEM aBTOPOB [1], 4TO B Ka4ecTBE PacUETHOTO CUTHAIA
HaJI0 MPUHUMATD €T0 MEPBUYHOC BCTYILICHHC.

Kak crmenyer n3 aHanm3a 3Ha4YeHHWHA N mipu c/m1 = 5 (puc. 1), mis goctmxe-
HUA 95 % HamEeKHOCTH pPe3yabTaTOB HM3MEPEHHUH OO0BEMHO-TIPETOMIICHHBIX
BOJH (pHcC. 3, nWHUA 3) MpU U3MCHEHUH BETHYUHBI KO (DHUIMEHTa BAPHALIUU OT
0,2 no 0,4 HeoOXOaUMO HCTONB30BaTh OT 5 70 30 m3mepenuil. Jlns oueHKH
00BEMHO-TIPENIOMIICHHOM BoJIHBI (puc. 3, auaus 3) npu ¢/m = 10,5, p = 0,95
u K, = 0,2 Hy)KHO HCIIOJIB30BaTh N = 14 pe3yjbTaTOB M3MEPECHHM, YTO MOYTH
B 3,5 pa3a Ooblile 0 CpaBHEHHMIO C ¢/11 = 5, koraa N = 4 (puc. 2). Heooxonumo
OTMETHUTh HECKOJBKO IPYTHX BO3MOXKHBIX BAPHAHTOB CTOXACTUYECCKOM OICHKH
pe3yJIbTaTOB W3MEPEHHI BOIHOBOTO IPOCBEUMBAHUS TBEPJBIX MATEPUAIOB
W TOPHEBIX MTOPOJ, TIpuBeaeHHbIX B [10-12].

BbIB O bl

1. [IpenmaraemMasi METOIWKAa MOXKET HCIIOIB30BATHCS IPH CTOXACTHUCCKOH
OTICHKE PE3yJbTATOB M3MEPEHUH JIFOOBIX MPOIECCOB, T/Ie HEOOXOAMMO OIICHUTH
HaJIe)KHOCTD BBIJICJICHUS CUTHAIA HA ()OHE IIIyMa.

2. Ilpu CTOXacCTUYECKOM OLIEHKE PE3yJIbTAaTOB M3MEPEHUN MOXKHO MOJIb30-
BaThCs MPOCTON YCIOBHOM IIKAJIOH, IIOCTPOCHHOM Ha 0a3e BPEeMEHHU M BEJTUYUHBI
YPOBHS LIyMa, IPUHUMAEMBIX 32 €IUHULLY.
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BBINOJIHEHO YMCIEHHOE CPaBHEHHE TEINIOBOHM 3()(EKTUBHOCTH IPOIOJIBHOIO TEUCHHS
0HO(}a3HOTO MOTOKA BHYTPH TIIaIKOi TpyObl ¢ HONEPEYHBIM O0TEKaHHEM LIAXMaTHBIX U KO-
PHIOPHBIX KPYTIIOTPYOHBIX TydKoB B HHTepBane Re = (3—500) - 10° npu oxmuakoBoii 3atpate
moraocTd No = idem Ha npokadky razoBoro (BO3AyIIHOrO) MoToka. KonnuecTBeHHO Tero-
BYI0 3()(EKTHBHOCTD OLEHUBAIH KO3(DGUIMEHTOM i = i/ Oly, MIPEACTABISIOIIMM OTHOIICHHUE
k03 HUIHEHTa TEIIOOTAa4YH UCCIeAyeMoii i-if moBepxHOCTH K 6a30Boil K-ii moBepxHOCTH,
NIPUHATON B KadecTBe 3TANOHHOH. [IpexcTaBieHsl GopMyIsl Uil pacdyeTa ynelbHOW 3arpa-
THI MOIIHOCTH Np MPU HPOJOJFHOM M IONEPEYHOM OOTEKaHWM TPyO4YaTOd MOBEPXHOCTH.
INokazan cmoco6 y4eTa MECTHBIX MOTEPh IaBIEHMS MOTOKA NPU BBIYUCICHUM YIESIbHOU 3a-
TpaThl MOIMHOCTH. [l OJTy4eHHsT CONOCTABUMBIX 3HAYEHHH \Jj C IEJIBI0 MCKIIOYEHHS BIIHS-
HUS TUIONIAN TIOBEPXHOCTH TEIUIOOOMEHa Ha pe3ysIbTaT HE0OXO0AUMO 3aTPaTy MOIIHOCTH BHI-
YHCIATH O ICHCTBUTENBHO BETMYIHE IUIOIATN TIOBEPXHOCTH.

Vyer MeCTHBIX IOTEPh JABJICHUS IIOTOKA HAa BXOJE M BBIXOZAE U3 TPYObI CHIXKAET KO3(-
(unmeHT TemIoBoi 3¢ pEeKTUBHOCTH NPOJOIBHOTO TeueHus Ha 33 %, u ¢ 9TUM (akToM HeoO-
XOAUMO CUHTATHCS TPH BBINOJHEHUH PAacdeTOB dHEpreTHdecKkoil d¢dexruBHoCTH. [lonepeu-
HOe O0TeKaHHe IIAJKOTPYOHBIX IMy4KOB Oosiee 3((GEKTUBHO MO CPABHEHHIO C MPOIOIbHBIM
TEUEHHEM BHYTPU TPyObl BO BCeM HMHTepBaine u3MeHeHus uncia Re. TemoBas sddexrus-
HOCTb IIAXMAaTHBIX my4KkoB 1pu Ny = idem wa 10—13 % Gosbine KOpuaopHBIX. B mepexoqHom
untepsane Re = (3—10) - 10° npu Ny = idem ko> HIHEHT TEMIOOTIAYN MAXMATHOTO My4KA
MU BHEIIHEM OOTEKaHMHU IPEBBIIAET TEIUIOOTAAUy MPHU TEUSHUH BO3JyXa BHYTPU TPYOBI
B 5-2,1 pasa, a mpu Re = 10° — B 1,6 paza.

KnaroueBble ciaoBa: kodpduuueHT TeruroBo 3(¢EKTHBHOCTH, HPOJOJIBFHOE TEUYCHHE
BHYTPH TpYOBbI, MONepeuHoe 00TeKaHHE IIaXMaTHBIX U KOPUAOPHBIX ITy4YKOB, 3aTPaThl MOIL-
HOCTH, 3Hepreruyeckas 3¢ GpeKTuBHOCTb.

Wn. 3. bubmuorp.: 11 nass.





