YK 536.24

OBOBUIEHHUE PE3VJIbTATOB UCCJEJIOBAHUN
TEILIOOBMEHA MEXJIY IIOTOKOM BO3JYXA
1 OPEBPEHHOI IMOBEPXHOCTBIO, TOJIYYEHHOM
TP TTOJIPE3AHHUU PEBEP CO CMENIEHUEM OCH

Kang. texn. nayk KUCEJIEB B. T'., CYKOHKHH B. H., un:x. IbSAKOB A. U
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Lenopyccxuii nayuonansholii mexuuieckuii yHugepcumem

Jis ucronp30BaHUS PE3YIBTATOB SKCIICPUMEHTAIBHBIX UCCICAOBAHUN TCII-
JA000MEHA TIPH BBIHYKACHHONH KOHBEKI[MH TCILIOHOCHTSIS B MHKCHCPHBIX pac-
4yeTax MPOBOMAT UX O0OOIICHHE ¢ MOMOIIBIO Teopuu mogobus [1]. Pesynpratom
00O0O0MICHHS SBISCTCS MOAYICHUE KPUTCPHANBHBIX 3aBUCHMOCTCH /Il pacdera
ko3 punmenra rermoodMeHa

Nu =aRe",

rae Nu, Re — coorsercTBenHo Oe3pasmepnbie unciaa Hyccenpra u Pelinonsaca;
a, n — 6e3pa3MepHBIC YHCTA.

59



Yucno Hyccenpra XapakTepusyeT TEIIOOOMEH Ha TPAHUILC «CTCHKA — TEI-
JOHOCHTEIIbY» U CBI3AHO ¢ KO3(PPHUIHMESHTOM TECILII0O0OMEHA COOTHOIICHUEM
_ od,

7\1 >

Nu

rac o — xkooddurment renmoobmena, Br/(vM*K); d, — >ddexruBHEIi quaveTp
KaHana Jisd OpoX0Ja MOTOKa BO3AYXA, M; A — TCIFIONPOBOAHOCTE TEINIOHOCUTE-
a1, Br/(m-K).

Uucno Pelinonbaca XxapakTepu3yeT OTHOLICHUE CHUIT HHEPLIMH K CHIIAM MOJIe-
KYIIPHOT'O TPEHHS H CBA3aHO CO CKOPOCTHIO TCIUIOHOCHUTEIS 3aBUCHMOCTBIO

Re = p_vl ,

n
rae p — IIOTHOCTh TEIIOHOCHTENS, KI/M'; V — CKOPOCTb TEMIOHOCHTENS, M/C;
L — BSI3KOCTh TCILIOHOCHTEIS, KI/(M-C).

KpurepnanbHeie 3aBHCUMOCTH 1Tl OpeOPEHHBIX MOBEPXHOCTEH [2] BKIHO-
YarT B cc0s MHOMKUTEIH, KOTOPBIC YVIUTHIBAIOT BIHSHHUC HA TEIIOOOMEH Ieo-
METPUYECKUX TapaMeTpoB pacnonokeHus pedep. Pacmomoxenme pebep Ha
IJIOCKOH TpyOe MpH UX MOAPE3aHUH 3aBUCHT OT BEJIWYHMHEI CMECINECHHS OCH BPa-
LICHHUS MHCTPYMEHTA OTHOCHUTEIBHO OCH CHMMETPUH TUIOCKOM TPyOHI [3].

[TosTomy mst 00OOIIEHHS PE3YAbTATOB SKCIICPHUMCHTATIBHBIX HCCIICIOBAHNUN
B JaHHOU pabote ObllIa MPHUHATA KPUTCPHATBHAS 3aBUCHMOCTb

Nu =af(s)Re", €))

rae § = D/ Dpya — 6€3pa3sMepHBIN apaMeTp CMELICHHUS, ONPEACICHHBIH B BHIC
OTHOIUCHHUSI BEITHYUHBI CMCUICHUS [) MPH MOAPC3AHUN OCH BPAIUCHHUSI HHCTPY-
MCHTa OTHOCHTCIBHO OCH CHMMETPHH 3arOTOBKH K MAKCHMAJIBHO BO3MOKHOM
BCITUYUHE JAHHOTO CMCIUCHUS D . OHEBHAHO, YTO MAKCHMATIBHO BO3MOXKHAS
BCITUYUHA CMCLICHUS OYACT COCTABIISITh

rae R — paauyc OKpy:KHOCTH, IO KOTOPOH JBIIKETCS MOAPE3VIOMAA KPOMKa HH-
CTPYMEHTA, /1 — IIUPHHA 3aTOTOBKH IIIOCKOU TPYOBI.

[Ipu cMemeHnn 0CcH HHCTPYMEHTA HA BENHYHUHY, MPEBBIIIAIOIMIYIO Dy, VIKE
HE TPOHUCXOAUT H3MCHCHHS YITIOB PACIOIOKCHHS pedep MO OTHOLICHHIO K
HAMNPaBICHUIO MOTOKA BO3AYXA, 4 HUMEET MECTO CMCLICHHE pedep OT OXHOrO
Kpasl IIIOCKOU MOBEPXHOCTH 3aroTOBKH K Apyromy. Ilpn 3ToM Ha yacTu mosepx-
HOCTH BBICTYIIOB 3aroTOBKH (popMHpOBaHUs peOep HE MPOUCXOAMNT.

[Tpu pa3paboTke KOHCTPYKIMHA TEINIOOOMCHHHUKOB HEOOXOIMMO MPOBOAMTH
pacueTsl He TONBKO 3((EKTHBHOCTH TEIUTOOTAAYH, HO U COMPOTHBIICHUS MYYKA
OpeOpeHHBIX MIOCKUX TPYO MOTOKY Bo3ayxa. [103ToMy OJHOBPEMEHHO € HONY-
YCHUEM KPHUTCPHATIBHBIX 3aBHCUMOCTEH 1T pacueTra ko3 (QHUIHEHTOB TEILIOOT-
Jadu ObIIO MTPOBEACHO 00ODIICHHE PE3YIbTATOB U3MECPCHUM AJIS YCTAHOBJICHHUS
KPHTEPUATBHBIX COOTHOLICHHUH, MO3BOMSAIOMINX MPOBOIUTh PACUCT MOTEPh AaB-
JICHUS TIPY JBMXKCHHH THOTOKA BO3AYXa B MEXKPEOCPHOM MPOCTPAHCTBE TEILIO-
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oOMeHHUKOB. PezymbratoM 000OIICHHUS SBISETCS MOIYYCHUE KPUTCPHATBHBIX
3aBHCHMOCTCH

Eu=bg(s)Re™, (2)

rae Eu — OespasmepHoe uncio Difaepa, BHIPaXKAIOIEe OTHOLICHUE CHIT AABIIC-
HUA K CHJIaM UHCPIUHA MMOTOKA BO3ayXa,

Ap

Eu= ,
py?

rae Ap — morepu AABICHUS NPH JBMKCHHH MOTOKA BO3AYXA B MEKpEOCpPHOM
MPOCTPAHCTBE TCIIIOOOMEHHUKOB, [1a.

Tak kak mOTEpH AABICHUS NPH JABIKCHUHU IMOTOKA BO3AyXa B MEKpPEOCPHOM
MPOCTPAHCTBE TCINIOOOMEHHUKOB MOYKHO ONPEICITUTD Kak

_EpV*hN
d 2

3

Ap

rae & — ko3 UIUCHT COMPOTHBICHHUS, A/ — IIUPUHA MOIPC3AHHOrO pedpa pas-
Hasl IIMPUHE BBICTYNA HA 3arOTOBKE IIIOCKOH TPYOBL, M; N — KOTHUYECTBO BBICTY-
OB HA 3aroTOBKE ITOCKOH TPYOBL, TO

Eu:E"h—N.
d3

[Tpu onpenencaun 6e3pazmepubix uucen Re, Nu, Eu, xak u B [1], 32 Benn-
YHHY CKOPOCTH NPHHUMAJIOCH €€ 3HAUECHHE B HAHOOIEE Y3KOM IPOXOTHOM Ce-
YCHUHU Ny4Ka OpeOpeHHBIX TPYO, a 3¢ dekTHBHBIN AUaMeTp PacCUHUTHIBAICS IO
COOTHOIICHUIO

 Ah-38)H
CUH+h-8)

rae 4 — mar pedep, M; O, — TommuHa pedpa, M; H — BeicoTa pedpa, M.

Tennoduznueckue CBOMCTBA TCIIOHOCHTENCH NPUHHMAINCh HPU CPCIHHUX
3HAYCHUAX UX TEMIICPATYp.

s onpenencHus mokasarenis CTSNCHU 1 B cooTHowmeHuu (1) u3 pesysbra-
TOB MCC/ICAOBAHHUE OBLIH MOCTPOSHBI 3aBHCUMOCTH 3HAYCHUN Nu OT 3HAYCHHH
Re B morapudmuueckom macmrade (puc. 1). MccnenoBanus mpoOBOIUIHCH ISt
YeTBIPEX 00pasLoB MIOCKUX TPYO MO METOAMKE, omucaHHOH B [4]. OpeOpeHue
OMHOTO H3 00pas3loB ObIIO BBIMOJHCHO O€3 CMEIICHUS OCHU, a OpeOpeHue
OCTAJIBHBIX TIOTYUCHO MPH CMEIICHUH OCH BPALICHUS IIAHIANRObBI ¢ PE3LOM OT-
HOCUTETIBHO OCH CHMMETPHH M1ockod TpyOrl Ha Bemmuuny 40; 51 1 70 mm. Kax
BHUIHO W3 PUC. 1, BCC TMHUH, OMUCHIBAIOIINC 3aBUCUMOCTh 3HAUCHIUH Nu 0T 3Ha-
yeHUH Re, SBIAIOTCSA MPSIMBIME U pacrionararoTcs MapauieabHo Jpyr apyry. 13
3TOrO CIEAYET, YTO MOKA3aTeNb CTEHCHH ¥, KOTOPBIH PABCH TAHICHCY VIja
HAKJIOHA MPSIMON K OCH aOCLHCC, OTUHAKOB AT BCEX 3aBHCHMOCTEH H C HU3Me-
HEHHEM BEITUYMHEL CMEIICHUS HE MeHAeTCs. M3 mpeacTaBIeHHBIX 3aBUCHMOCTEN
OIIPEAEIICHO €T0 3HaUEHUE, KoTopoe pasHO 0,45.
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Nu

XN\

%
e
d

10

d

1000 Re

Puc. 1. 3aBucumocts yncina Nu ot uucia Re: 1 — obpaserr ¢ opeSpeHreM

6e3 CMeIEeHNsT OCH BpaIl[eHHs] HHCTPYMEHTa;, 2 — TO K€ CO CMEIeHHEM

OCH BpartieHus. uHeTpyMeHTa Ha 40 mM; 3 — 1o ke Ha 50 MM, 4 — TO Xe
Ha 70 MM

Ilocne ompeaeneHust mokazaTessl CTEIEHU X M3 PE3YIbTATOB KaXKAOTO OT-
JETBHOTO M3MEPEHUS ISl 3KCIEPHMEHTATBHOrO 00pasia, opeOpeHne KOTOpPoro
MOTY4CHO 0€3 CMEIICHUS OCH BPALICHHUS HHCTPYMEHTA OTHOCHTEIBHO OCH CHM-

u
= Bemuuun-

METPHH 3arOTOBKH, OBLI MPOBEACH pacuer kodddHuuueHTra a = PYES
e

Ha kKo3(QPHULNCHTA g TPUHATA PABHOH €ro cpeaHcapu(PMETHIECKOMY 3HAUCHUIO
JUTS BCEX MPOBEACHHBIX M3MepeHui u coctasnia 0,471.

Jis sKCnepUMEHTANIBHBIX 00pa3ioB, OPCOPCHHE KOTOPBIX MOIYYICHO CO
CMELICHUEM OCH BPAIUCHHS WHCTPYMCHTA OTHOCHUTEIBHO OCH CHMMETPHH 3aro-

Nu
TOBKH [3], OB MpoBeAcH pacueT kodddunreHTa af (s) = Re" Hns Toro uTobst
e

—.
cootHotieHue (1) MOrmo ObITh UCHOIB30BAHO TSI PACUCTA TEINIOOOMCHHHUKOB,
opeOpeHre KOTOPBIX MOTYUCHO Kak O¢3 CMEIICHHS OCH BPAIICHHUS HHCTPYMCHTA,
TaK U CO CMCIIeHHEM, 3Ha4ucHHE f{s) AOKHO OBITE paBHO | MpH CMELICHHWH,
PaBHOM HYIIO. YCTAHOBICHO, YTO PE3YJIBTAThl SKCICPHUMCHTOB IOCTATOYHO
TOYHO OIHUCHIBAIOTCA COOTHOIICHHEM (1) mpu ycnoBun

f()=(+5)""

Takum o6paszom, 0000IIEHHE PE3YIBTATOB SKCIECPUMCHTAIBHBIX HCCICAOBA-
HHUH TO3BONWJIO I/l PacyeTa HMHTCHCHBHOCTH TCIIOOOMCHA IOTOKA BO3AyXa
¢ OpeOPEHHON MOBEPXHOCTBIO IUTOCKOH TPYOBI MOMYUHUTE CIACAYIOLICE KPUTCPH-
AJIbHOC COOTHOLICHHUE!

Nu =0,471(1+ 5)""** Re". (3)

OnpenencHUe MOKA3aTeist CTCIICHU #1 B COOTHOHICHHWH (2) MPOBOAUIOCH
AHAJIOTHYHO OIPCICICHUIO MOKA3aTeNs CTENEHH 7. IS 3TOro Ha OCHOBAaHUH
PE3YaBTATOB HKCIICPUMEHTATBHBIX HCCICIOBAHUE OBLTH MOCTPOCHBI 3aBHCHUMO-
ctu 3HaucHuil Eu ot sHaueHuit Re B morapudmuueckom maciurade (puc. 2).

Kax BugHO 13 3TOTO pUCYHKA, BCE JIMHUM, ONMUCHIBAIOIINEC 3aBUCHMOCTD 3Ha-
qeHui Eu ot 3HaucHuit Re, kak u Ha puc. 1, ABIMIOTCA MPAMBIMH U pacroiara-
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I0TCA MAPATIICTBHO APYT Apyry. Takum oOpa3oM, MOKA3aTenb CTEIECHU 71, KaK U
B cliyyac 00OOLICHNS JAHHBIX 10 HHTCHCUBHOCTH TCIIJIOOOMEHA, OTUHAKOB IS
Bcex 3aBucuMocTed. C M3MEHEHHEM BETHUYMHBI CMCLICHUS OH HE MCHAECTCH W
pasen 0,574.

P
*’S\
N
™~
\i\&&
O\S\;iz;(\
Fne_

1000 Re

Puc. 2. 3apucumocts uncia Eu ot uncna Re: 1 — oGpasert ¢ opeSpenuem 6e3
CMEIIEHIS. OCH BPaITIeHUSI HHCTPYMEHTa; 2 — TO e CO CMEITIEHUEM OCH Bpa-
meHus nHeTpyMeHTa Ha 40 My, 3 — 1o e Ha 50 MM, 4 — 1o ke Ha 70 MM

Bemnunna xoddduumenta b = EuRe™’ onpeensiace kak ero cpeise-

apu(METHIECKOEC 3HAUCHUE MPH HCCICAOBAHHH 00pasia, opeOpeHHue KOTOporo
MOTY4CHO 0€3 CMEIICHUS OCH BPALICHHUS HHCTPYMEHTA OTHOCHTEIBHO OCH CHM-
METPHH 3ar0TOBKU. Y CPSAHCHHAS BennyuHa Kodgdunmenra b coctasuna 113,1.

AHanu3 pe3ynbTaTOB MCCICAOBAHHUI 00pasLoB, opeOPEHNE KOTOPBIX MONY-
YCHO CO CMCIICHUEM OCH BPALICHHUS HHCTPYMEHTA OTHOCHUTEIBHO OCH CHMMET-
PHH 3arOTOBKH, MOKA3ad, YTO OHU C JOCTATOYHON CTCIEHBIO TOYHOCTH OIMHUCHI-
BAKOTCS COOTHOIICHUEM (2), eciiu (YHKIUS g(S) UMEST SKCIIOHCHIIMAIBHBIN Xa-
paxTep:

1+L

_ D
$)=0,941+111-10 *exp| — e
g(s) p 0161

Toraa Ha ocHOBE 0OOOIICHHS PE3YJIBTATOB DKCICPUMEHTAIBHBIX HCCICTO-
BaHUIA AJId pacucTta NOTCPh AABJICHUA MPU ABUXKCHUHA ITOTOKA BO3AYyXAd B MCKPC-
OCPHOM MPOCTPAHCTBE TEMIOOOMCHHHUKOB U3 TUIOCKHX TPYO MOJKHO PEKOMEHIO0-
BaTh CICAVIONICE KPUTEPHATBHOE COOTHOLICHHE!

1+L

Eu = | 106.4+ 0,0125 xp| — Pmux | |Rg 057 4)
0161

>

CpaBHCHHE PACCUMTAHHBIX M3 KPUTCPHANBHBIX 3aBUCUMOCTe (3) u (4) 3Ha-
ueHui yucea Nu u Eu ¢ ux 3HaAUCHUSIMH, U3MEPESHHBIMH B MPOLIECCE MTPOBSACHUS
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SKCIICPUMCHTAIBHBIX HUCCICIOBAHUH, MPEACTABICHO HA puc. 3, 4, HA KOTOPBIX
MOKAa3aHbI JAHHBIC TSl BCEX UCCIICAOBAHHBIX 00PA3LOB TCIIIOOOMCHHHUKOB, Ope-
OpcHHAs MOBEPXHOCTh KOTOPBIX ObLIA BBIMOIHCHA C PA3TUYHBIMH BEIHYHHAMHU
CMCILCHHSI OCH BPALICHHUS HHCTPYMCHTA OTHOCHUTCIBHO OCH CHMMETPHUH 3aro-
TOBKU. W13 PHCYHKOB BHIHO, YTO MMOIYYCHHBIC HA OCHOBAHHHU MPEACTABICHHOTO
BBIIIC O0OOIICHUS KPUTCPUATIbHBIC 3aBUCUMOCTH (3) 1 (4) MO3BOJISIOT C BBHICO-
KOU TOYHOCTBIO MpoBOAUTH pacuer unucea Nu u Eu, a, ciezoBarenpHO, Kak KO-
3¢ dunreHTa TEMI000MEHA MEXKIY HOTOKOM BO3AVXa H OPCOPCHHONW MOBEPXHO-
CTBIO TIOCKOH TPYOBI, TaK U MOTESPh AABICHUS [IPU ABHKCHHH MMOTOKA BO3AYXA B
MEKPEOCPHOM MPOCTPAHCTBE TCIUIOOOMCHHUKA.

18 +5% T
16- O—S%_-

)
14. el

12

10

PacueTnrle 3HaueHMs ynces Nu

6 8 10 12 14 16 18

Hamepennslie 3HaueHUA Ynces Nu

Puc. 3. CpaBHeHHE paCUETHBIX TOUYEK € SKCIIEPUMEHTAILHBIMU JIIS urcell Nu

8 +10 %
a0
6 0% |

P

) 2 4 6 8

Hamepennslie 3HaueHUA unces Eu

PacueTnrle 3HaueHMs ynces Eu

Puc. 4. CpaBHEeHHE paCUETHBIX TOUYEK € SKCIIEPUMEHTAILHBIMU IS urcen Eu

BBIBO ]I

IMonyueHusie B pe3yabTate 0OOOMICHUS SKCICPUMEHTAIBHBIX JAHHBIX KPH-
TCPHUATBHBIC 3ABHCUMOCTH JAOT BO3MOKHOCTh HCIOIB30BATh UX MPH HPOBEIC-
HUW PACUYCTOB WHTCHCHBHOCTH BHECIIHETO TCIIOOOMEHA M TOTEPh JABICHUS
B TCIUIOOOMCHHHMKAX, U3TOTOBICHHBIX U3 IIOCKUX OPEOPECHHBIX ATOMHUHHCBBIX

TpyO.
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IIpescraBieHa kadeapoit
METaJIIOPEKYITIIX CTAHKOB
U UHCTPYMEHTOB TToctyrmmna 09.09.2008

YK 621.165

K BOITPOCY OI'PAHUYEHUSA HAT'PY3KHU
OTOMNUTEJILHBIX OTEOPOB 14 ITIOJIYUYEHUS PESEPBHOI
MOINIHOCTH TEINIO®PUKALNOHHBIX TYPBOATPEI'ATOB

Kang. texn. nayk KAYAH C. A., unik. BAPAHOBCKHWIA U. H.

Benopycckuil Hayuonanvhwlii mexuuuecKuii yHusepcument,
FenHHIIH>Hepeonpom

TennopukaoHHbIC MAPOTYPONHHEIC YCTAHOBKH COCTABILIIOT OKOMO IONO-
BHHBI YCTAaHOBICHHON Momuoctu benopycckoit sneprocucremel. B takux yemno-
BHUSAX aKTYaJIbHBIM SBIIETCA HCCICAOBAHHEC BO3MOXKHOCTH HCIONb30BAHUS
«CKPBITBIX» BPAINAOIINXCS PE3CPBOB 3TUX YCTAHOBOK.

CoxpaleHie Harpy3kd OTONHTENBHBIX OTOOPOB MO3BONSET MONYYATH JO-
MOTHUTEIBHYIO (pe3epBHYIO) MomHOCTh A0 10-18 % nomuuaneno# [1]. Cxko-
POCTb MOBBILICHHUS MOIIHOCTH TAKHM CIIOCOOOM MOXKET OBITh JOCTATOYHO BBICO-
kol [1], uTo sABMAICTCA BAXKHBIM YCAOBHCM NPHUBJICUCHUS YVCTAHOBOK K aBapHi-
HOMY PETYJIUPOBAHUIO.

[Ipu orpaHuueHHM HArpy3Kd TCILTOQHKALMOHHBIX OTOOPOB TypOHH TIL|
HEOOXOAUMO KOMIICHCHPOBATh CHIDKCHHE OTIYCKA TEIUIOTH MOTPESOHTEINIO
(HammpuMep, B IEPHOA PabOThl MUKOBBIX UCTOYHHUKOB TEILUIOTH — (DOPCUPOBAHU-
€M MUKOBBIX Bogorpetinbix kotrioB). [lo MueHuio psiga aBropos [2, 3], BpeMeH-
HOC YMCHBILICHHE MOAAYH Mapa Ha TCIIOQUKALUIO HE JOLKHO MPHUBECTH K CV-
IICCTBCHHBIM HAPYIICHUSAM B Pa0OTE CHCTEM TEILTOCHAOMKEHHUS, TAK KaK TEILIO-
BBIC CETH 00Nagar0T OOJBIION AKKYMYIUPYIOMICH CIOCOOHOCTBIO M TCIIOBOH
HWHEPLHOHHOCTHIO.

AXKYMYTHPOBAHHUE TEIUIOTHl MPOUCXOANUT B OCHOBHOM B aDOHEHTCKUX YCTa-
HOBKaX (CTPOWTECIBHBIX KOHCTPYKLHMSX, OTONUTEIBHBIX CHCTEMAaX 3aHHN) H
BOJASIHBIX TCILIOBBIX ceTsX. COBMECTHOC BO3JACHCTBHEC MONAIOIICH U OOpATHOM
Marucrpaicii cymectseHHO (Ha 1-2 4 u 0ojee) 3aMEAIICT TEMIT OXJIAKICHUS
3xaHui [4].
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