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B paGote mpoBemeHO psA HCCIENOBAHWHA, a MMEHHO: MO TEPMUYECKOH
HaNpsDKEHHOCTH Ha  paboyMx Mecrax; IO  KOJIMYECTBEHHOM  OLECHKe
TEIUIO3AIUTHBIX MAaTePHANoB C MOCIEIYIOMEeH pa3paboTKOH MHINBHIYaIbHBIX
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BBEJIEHUE

3m0poBee M pabOTOCIIOCOOHOCTh YEJOBEKA B OCHOBHOM 3aBHCAT OT
CaHUTAPHO-TUTHEHUIECKHX YCIOBHH B TOM HHCIIE, MUKPOKINMATa U IapaMeTpoB
BO3/YIIHOI Cpe/ibl BHYTPY MOMEIIEHHUH JKIIIBIX ¥ IPOU3BOACTBEHHBIX 37aHHH.

MHUKpOKINMAT ITOMEIIEHUS] — COCTOSHHE BHYTPEHHEH Cpebl MTOMEICHS,
OKa3pIBAIOIEEe BO3JEHCTBHE Ha 4YeJOBEeKa, XapaKTepU3yeMoe IT0Ka3aTesIMH
TEeMIIepaTypsl BO3AyXa U OTPaXJAIOUIMX KOHCTPYKIUH, BIAXXHOCTBIO U
MOJBIDKHOCTBIO Bo3ayxa [14].

KompopTHBIMUH cunTaroTCs TakMe YCIOBHSA, IPH KOTOPBIX HYEIOBEK,
Haxomsich B pabodell miaM OOCIy)KMBaeMOil 30HE MOMENICHHS HE HCIIBITHIBAET
quckoMdopra (meperpeBa win nepeoxnaxaeHus). CocrosHue koM¢popra — 3TO
CyOBEKTUBHOE UyBCTBO, BO3HHKAIOIIEE Y JIIOACH O] BIMSHHEM KOMIUIEKCHOTO
BO3/EHCTBUI MmapamMeTpoB MuKpokiumara [15, 16]. C TexHUu4ecKoil TOUKH 3peHust
MOAJEPKaHUsl yCIOBUI MUKPOKIMMATa, BAKHBIMU ABJIAIOTCS TapaMeTphl, KOTOPbIE
BO3MOXKHO HM3MEHSTh CHCTEMaMM >KH3HeoOecreueHusi KpyrnorogudHo. B
YaCTHOCTH, MHTEPEC INPEACTABIAIOT (HaKTOPHI, CBA3AHHBIC C TEIUIOOUIYIICHHEM.
CucreMsl KU3HEOOECHEUECHNS 3[aHMH IIO3BOJIAIOT DPETYIHPOBATH TEMIEPATYPy
BHYTPEHHETO BO3yXa f;, °C, OTHOCHTEIBHYIO BIAKHOCTB, ¢, %o ¥ MOABIKHOCTB,
Vs, M/C, TIOAJEpIKAaHWE TApaMeTPOB MHUKPOKIMMAaTa HEOOXOIMMBIX IS
MPOXMBAHUS U BBICOKOH MPOTYKTUBHOCTH TPy/Ja Ha pabOYNX MECTAX.

OcHoBo# 1u1st BBIOOpA MMapaMeTPOB MUKPOKINMATa B TIOMEIIEHNH SIBIISTFOTCS
YCIOBHSL JKHM3HENCITCIPHOCTH UEIOBeKa M TPeOOBaHHWSA TEXHOJIOTHYECKOTO
mpornecca 1o [14, 15, 16].

AHanu3 pesynbraroB uccieposanuit [16, 17, 18, 19, 20, 21, 22],
MOCBSIIIEHHBIX TapaMeTpaM MUKPOKJIMMATa U BO3/ICHCTBHIO X HA CAMOYYBCTBHE U
paboTOCIIOCOOHOCT 4YENOBEKa, MO3BOJIMIM BBIACIUTH €Ie OIWH MapaMmeTp —
JIyducTasl TeMIlepaTypa IIOBEPXHOCTEH OOpAIIEHHBIX BO BHYTPh IOMEIICHHS.
TemmepaTypa moBepXHOCTEH 0OPAIIEHHBIX BO BHYTPh IIOMEIIECHUS (paJHaI[IOHHAS
TemIepaTypa MOBepXHocTeil), #,, °C, B psjie CllyuaeB CYIIECTBEHHO BIMSET Ha
(opMHpOBaHHE MHKPOKJIMMATa IIOMEIISHWS U IpPH OIEHKE BO3JCHCTBUS Ha
OpraHu3M 4YeJOBeKa ee HeOOXOIMMO YYHTHIBAaTh. Boliee TOro, MOBBINICHHE WIIH
yYMEHBLICHHE  3HAYeHUS  pPaJUalliOHHOM  TEeMIIepaTyphl  OTPaKAAIOIINX
MOBEPXHOCTEH OOpalleHHBIX BO BHYTPh IIOMELIEHHS f,, TpPU OOEcleyeHUU
MHKpPOKIMMAaTHYECKAX YCIOBHH B TEUEHHM Toja IO3BOJISIET CHIDKATh 3HAUCHHE
TeMIIepaTypsl BHYTPEHHETO BO3AYyXa, £, °C, 4eM MOXeT OBITh JOCTHTHYT d(deKT
SHEProcOepeKeHUs] TOIUIMBHBIX PECYpCOB IIPH  OOECIICUYSHHUH ONTHMAIIBHBIX
MUKpPOKJIUMAaTHYECKUX ycioBui [14, 15, 16].

BoszeiicTBHIO  BEICOKMX —TeMIlepaTyp IOJBEprarorcst paOOTHHKH Ha
MPEANPUSTUSIX CTPOUTENBHON WHIYCTpUM (IPOU3BOACTBO KHPIHUYA, CTEKIA,
MONMMEpOB, IE€MEHTa, THUIca, W3BECTH W T.JI.); METALIyPTUH; XHMHH;
MAIIMHOCTPOCHUS. B pe3ynpTaTe MOCTOSIHHOTO BO3/IEHCTBUS BHICOKHX TEMIIEPATyp
B TOPSYMX [eXax pabounx HpogeccHil: omepaTopsl, GyTEPOBIIMKU, MAIINHUCTEI
TEXHOJIOTHIECKOTO 000pymoBaHMS, (pPE3epOBIIMKN, W APYTHe KaTerOpHU
PabOTHUKOB CTPAIAIOT HAPYIIEHUSIMHU (DyHKIIOHAIEHOTO COCTOSIHUS LIEHTPAIBHOM
HEpBHOW  CHUCTEMBl, IATOJOTMYECKHMMH HM3MEHEHHSIMH OpraHoB  3peHus,



TIOJIBEPIKEHBI 3a00JIEBaHUSIM OPT'aHOB JIBIXaHMS, MUIIEBAPEHNS, KPOBOOOPAIICHNS,
WIIeMuYecKkod OomesHn B 2-3 pasa dame YeM B CpelHeM 10 JAPYTHM
npennpusaTisM. He mpUHATHE TODKHBIX MEP MO OLICHKE MOXKapHOil OITACHOCTH MPU
TYILCHHHU IT10Xapa MPUBOJMUT K CEPbE3HBIM TPaBMaM M JaXe JICTAIEHOMY HCXOIY
PpabOTHHUKOB, CBSI3aHHBIX C JIMKBHALMEH YpE3BbIYAiHBIX CHUTYaLIUH.

VYcTaHOBNIEHO, YTO 3HAYMTENbHAas YacTh paOOTHHKOB MOABEpraeTcs
BIMSHHIO HH(ppakpacHoro m3nydeHus (MK-n3mydennto) ¢ JUIMHOM BOJHEI CIIEKTpa
n3aydenus 0,76...700 Mkwm.



PA3JIEJI 1
OBECIIEYEHHUE BE3OITACHOCTHU HA PABOYUX MECTAX C
MNOBBIIEHHBIM TEIIVIOBBIM U3J1IYUYEHUEM
1.1. Ouenka MUKpOKIUMAMUYUECKUX YC/I08UIL 8 HOMEUW|EHUAX 30AHUIL U UX
enuUANUE HA OP2AHU3M Ue/l08eKd.

310poBbe M OE30MACHOCTh JKU3HEAEATSILHOCTH YeIOBeKa B 3HAUHTEIHEHON
CTETICHH OTIPENIEIISIOTCS YCIOBUSIMH MUKPOKIIIMATa M BO3IYIIHOH Cpeloi.

B caHuTapHBIX ¥ THTHEHHYECKUX LIEISIX HYKHO CTPEMHUTHCA K CO3[aHHIO B
cpeie oOWTaHMSA 4YENOBEKA ONTHUMANBHBIX MHUKPOKIMMATHUECKHX YCIOBHUH.
HecomuenHO, 9TO CymECTBYIOT TaKHe MUKPOKJINMATHIECKUE YCIOBHS, KOTOPHIE
SBIISIIOTCS HanOoJIee MPeAIoYnTaeMbIMU. 11X 0OBITHO Ha3BIBAIOT KOM(OPTHBIMH,
o0ecreunBalOMKMH YEJIOBEKY «BBICIIEE YPAaBHOBEIINBAHHIE» C BHEIIHEH cpenoi
[24, 25,26, 27].

OTeyecTBEHHBIMH UM 3apyOekHbIMM TurueHucramu [17, 26, 28, 29]
YCTaHOBJIEHA CBSI3b MEXIY MHUKDOKIHMMATOM B XHIHIIE, HA pabodyeM MecTe H
COCTOSHHEM  370poBbs  sronedd. OOecrmeueHne 3aJaHHBIX — IOKas3aTelei
MHUKpPOKJIMMAaTa SBISIETCS OJHOMH M3 OCHOBHBIX 33/ad CIEIHAINCTOB IO €ro
obecmeyeHnio. 3a pyOeXoOM HCCIEAOBaHHMSA TEIUIOOUIYIIEHUH delIOBeKa B
MOMEIIEHUHN JIETIM B OCHOBY 3HAYUTEIBHOTO 4YHCIA HAIMOHAIBHBIX U
MEXAYHapOAHBIX CTaHIApTOB Ha MUKpOKJIMMaTudeckue yciosusa [27, 28, 29,
30]. C yderoM HpOBENCHHBIX HCCICJOBAaHHi, A 4eloBeKa 30HY Haubojee
MPEANOYUTAEMBIX TEMIEPATYpP MOXKHO OXapaKTepU30BaTh HE TONBKO C TOYKH
3peHHs HCIBITHIBAEMBIX UM CYOBEKTHBHBIX OIIYNICHWH, HO M YHCTO
¢usnonorndeckux. B cBsA3m ¢ 3THM mox 30HOHN TEIOBOTO KOM(OpTa Cleayer
MIOHUMATh TaKOH KOMIUIEKC MHUKPOKINMATHYECKHX YCJIOBHH, HpPU KOTOPOM
TEPMOPETYIATOPHAS! CHCTEMa OPTaHU3Ma HaXOJUTCS B COCTOSIHIUM HAaMMEHBIIETO
HampsHKeHHWs, a MHPOTEKaHHE BCEX OCTAJbHBIX (U3MONIOrMYecKuX (YHKUIUH
NPOMCXOAUT HAa YpOBHe, Hauboiiee ONAronpuUsATHOM st paboThI, OTABIXA U
BOCCTaHOBJICHHS CHJI OpTaHU3Ma I0CJIe MPEANIeCTBOBABIICH pabodel Harpy3Ky.

IIpu Bcex ycmoBuUsIX paOOTHI OTJIBIX U BOCCTAHOBIICHHE CHJI IPOUCXOIUT B
MOMEIIEHUH, IS Yero MHUKPOKIMMAT €ro JOJDKeH OBITh TaKuM, YTOOBI
BOCCTAHOBUTENBHBIE IPOIECCEI B  OpraHW3Me IPOTEKaIH Ha  CaMOM
ONTUMAJILHOM YPOBHE, a (YHKIMSI TEPMOPETYIISINH, ITIOT00HO BCAKOM Ipyroi,
HaxoJuJIach OBl B COCTOSIHUU TTOKOS MJIM HAaMMEHbIIeH akTuBHOCTH [31, 32].

Mbl, B ocjIeAHee BpeMs BCE Yalle CTAIKMBACMCS C MOHATHEM «KOMpOpPTY,
HO HE BCerja 4YeTKo ImpeicTaBiaseM ero cmeica. KomdoprHOoe cocTosHue
YelOBEKa OINpejeNnseTcss MHOTHMH ¢akTopaMu. [loaToMy BcTaeT Bompoc o
JucKkoMdopTe, MBI HE BCET/Ia MOKEM Ha3BaTh BHI3BABIIHE €TO MPUIHHEL.

OTnenbHBIE aBTOPHl  T10-Pa3HOMY OINPENENAIOT IOHATHE «TEIUIOBOM
kombopt» [33, 34, 35, 36]. IlpoaHamu3upoBaB BhILICTIEPEUHCICHHBIE
UCTOYHUKH, OHATHE TEIJIOBOIO KOM(OpPTa MOKHO c(HOPMYIMPOBATH: TEIIOBOH
KOMGOpPT — 3TO  MHUKPOKIMMATHYECKHE  YCIOBHUsS, 0OecredynBaromye
ONTUMAIBHBIH ypPOBEHb (HU3NONOTHYECKHX (GYHKIMH, B TOM 4UHCIE H
TEPMOPETYIATOPHBIX NIPH CyOBEKTUBHOM OIIYIIEHHH KOM(pOpTa.

[TapameTpsl MHUKpOKJINMaTa W WX pa3NUYHbIE KOMOWHAIMHM, OKAa3bIBAIOT
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3HAYUTENBHOE BIMSHIE Ha Teruoolynienne. Hanbonee BaxHbIe N3 HUX MOXKHO
TpeacTaBuTh B BuAe cxembl (puc. 1.1). Pacuer mapameTpoB MuKpoKIMMaTa B
3HAQYUTEJIBHON CTEHEHU OCIIOXHACTCS TEeM, YTO HUX YHCIIO BEJIHMKO, U TPYIHO
Cpe/iM HUX BBISIBUTH ONPEICIISIOINE.

Temnepamypa so30yxa u
oKpyoIcatougux nosepxrocmet]

Temnepanmypa 6030yxa u

Temnepamypa 6030yxa, oxpyorcatougix nosepxrocmety
OMHOCUMETLHAS GNAICHOCITL ) K CKOPOCITb B030YUIHO0
HoMmoKa

Temnepamypa 6030yxa u
OKPYIHCAIOUUX TIOBEPXHOCTIEL,
ckopocmb 6030yurHo20 nomokal
OMHOCUMENbHAA TIANCHOCHTb

Tevnepanmypa 6030yxa,
fckopocme 6030yuHo20 nomoxal
OMHOCUMETbHAA GTIANHCHOCTb

Puc. 1.1. Cucmema 6030eticmeyiowux ¢paxmopoe cpedvl noMeujeHus,
OKA3bI8AIOWUX CYUWECBEHHOE 6IUSITHUE HA MENI00UYUeHUs YeN08eKd

ITosTomMy MeToAsl pacdeTa TEMJIOOLIYIIEHUs pa3pabaThBalOTCA B
3aBHCUMOCTH JHOO OT Ha3HAYCHHS IIOMEIIEHUS (KIIble, OOIECTBEHHBIC,
MPOMBIIUIEHHBIE), JHOO0 OT CHCTeMbI, OO0ECleunBaIOmEel MHUKPOKINMAT
(Bo3myLIHOE OTOIUICHHE, PAMAIIMOHHOE OXJIAKACHHE H T. 1.).

1.2. Oyenka MUKpoKIumMama ¢ yuemom co4emanus memnepanypul 6030yxa u
OKDYHCAOWUXx nogepxHocmeil.

ITokazarenu, OTHOcAMIMECS K OSTOW TpyNIe, IMUPOKO HCIOIB3YIOTCS B
HH)KEeHepHOH mpakTuke. [1o MHEHHIO (HU3HOIIOTOB, TEIIOBOE COCTOSIHAE HENb3S
XapaKTepH30BaTh BCETO JIMIIB ABYMs IapaMeTpamu. [loaToMy Ha Bce OCTalbHbIE
rmapaMeTpsl HaKJIaJIbIBAIOTCS OTPaHUYCHHS, YTO B 3HAYMTEIHEHOH Mepe Cy)KaeT
obiacTh NPUMEHEHHs JTOTO IIOKa3aTelst MHKpokimMara. Hekotopere
MOKAa3aTeNu 4acTo IepepadaThiBaINCh U JOMOTHIIUCH (HAIpUMep, OlepaTHBHAS
TeMmIreparypa u MoJu(UIpOBaHHAs OTIepaTUBHAS TEMIIEPATypa).

CormacHo  ¢opMmynupoBke  YuHCHOy, XappuHrroHa u [eipxka,
ollepaTHBHAS TEMIIEpaTypa — 3TO TEMIIepaTypa OKpYXKalolel cpeibl, B KOTOpoH
TEJNO dYeJOBeKa IyTeM pagualii ¥ KOHBEKIHH OTIAaeT CTOJBKO JK€ TeIlla,
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CKOJIKO M B OKPY)XEHHH C OJAMHAKOBOI TeMIepaTypoil BO3[AyXa M CTEH M IIpH
MaKCHMaJIbHOH CKOpOCTH ABIKeHHs Bo3ayxa 0,07 — 0,08 m/c [17].
MatemaTnueckas 3amUCh ONEPATHBHON TeMIepaTypsl IIs OOHa>KEHHOTO
YeJI0BEKa B COCTOSHUH MOKOSI:
t, = 0,48[[”,» +0,52[K (1.1)

TO XK€, IJI1 OJICTOTO YCJIOBCKA:
t, :0,5510”_+0,451‘“ (1 2)

rie {, — Temieparypa Bosayxa, ‘C;

ty.n. — CPEHSISI TEMITEPATYPA OKPYKAIOIINX MOBepxHOCTEH, °C.

Ha ocHOBe pe3ynbTaToB HCCIEAOBAHUH SBHOTO TEIJIOOOMEHA ueOBEKa
(xonBekumeir u paguanueit) Hwnecen wu  Ilemepcen [33] mpemnoxuninm
UCIIOJB30BAaTh  CIEAYIOIIEe SMIIMPUYECKOE COOTHOLIEHHE B  KadyecTBe
XapaKTepHOTO [OKA3ATENS pe3ynbmupyrouei memMnepamypal:

t,, =0,5571, +0,443t, (1.3)

ITokazarenn kompopra, no Padbepy u ['arunHcony [34]:
1, +t,, =42,2 (1.4)

PesynbraTtel  HcclneqoBaHMM 1O HU3YYEHUIO COOTHOIIEHMS  MEXIY
TEMIIEpaTypol BO3JyXa M OKPYXKAIOMIMX MOBEPXHOCTEH M TEIUIOOIIYLICHUSIMH
4yeloBeKa IpeJcTaBleHbl Ha puc. 1.2. bomee BbICOKas TeMmepaTypa CTEH
COOTBETCTBYET OoJiee HU3KOH TeMIIepaType BO3ayXxa. DTO HIMEeT MECTO B CIIydae
Jy9HCTOTO OTOTUICHUS.

Juaepamma npusmuoco menioowyujenus, paspadborannas [aita [17],
MepBOHAYANIBHO MpeJHa3Hauanach I pacuyeTa MUKPOKJINMATa MPOMBIIUIEHHBIX
COOpPY)KEHHH MOpU CKOPOCTH BO3AYLIHOTO moToka Ao 1,5 m/c. BeHuens u
Miomniep [17] mokas3amu, 4yTO AMAarpaMMy MOXKHO HCIIOJIB30BAaTh M B OPYTHX
MOMEIIEHUAX TIpH W3MEHEHHH TEeMIepaTyphl BO3IyXa M OKpPYKAIOIIUX
noBepxHoctei B auanasone 10-30 °C (puc. 1.3).

CornacHO BEHIepCKOMY TEXHHYECKOMY KOJEKCY, NpH IPOEKTHPOBAHUU
JY4HCTOTO  OTOIUICHHMS  pE3yIbTUPYIOILYI0  TeMIepaTypy  HEOOXOAMMO
paccUUTHIBaTh MO CleyIomel Gpopmye:

t,, =051, +0,51, (1.5)
OO1wast pe3yabTUpyoLIas TemMrneparypa
t,=1-Rt,+Ri, (1.6)

rie R — onbITHBEINA K03 GULKEHT;
t, — pagualluOHHAs TEMIIEPaTypa, pacCUUThIBacMas 1o hopMyIIe

t,=4> . pT" -273°C (1.7)
i-1

rae ¢; — k03¢ GUIUEHT 00IyIeHHOCTH;
T; — TeMIiepaTypa OKpYKaloIIX TOBEPXHOCTEH.
dopmyJia SKBUBAJICHTHON TEMIIEPaTypbl
,=0,45,+0,55¢, (1.8)
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Puc. 1.2. Juaecpamma Puc. 1.3. Juacpamma
mennoowywenuti no oannvim beogpopoa mennoowywenuii no oannvim Iaiis [17]
uJluse [17] t, — paduayuonnas memnepamypa, °C;

t, — paduayuonnas memnepamypa, °C; t, — memnepamypa 603dyxa, °C; 1 —

t, — memnepamypa e6o30yxa, °C; 1 — oicapko, 2 — kompopmmno,; 3 — X0n00H0;

Jlcapxo, 2 — npusamuo; 3 — X0100HO K — KOHBEKMUBHOE OMONIeHUe, 1 —
Jyducmoe omonieHue

MucceHap mpemiaraeT HCIOJB30BaTh 3HAYCHHS CKOPOCTH BO3AYIIHOTO
motoka 0,1 m/c [21]. Jnst obmactu komdopTHOro TeruoomymeHus bendopn
IpeAjaracT NMPUHUMATh 3HAYCHHUE OSKBHUBAJCHTHOW TeMmmeparypbl MucceHapa
18,5 °C, a SIrnoy u Kpenko — quanason 16,5 — 20 °C.

CornacHo pacueram barypuna [17], pesynbTupylomas TemiepaTypa
omnpenenseTcs no popmye:

lye =1, — 0,83 (1.9)
IJle ¢ — 3Ha4EHHE TeIJIOBOTr0 00IyueHus.
q=540,, -1, (1.10)

to.n. — CPEMHSIS TEMIIEPATYPA OKPYKAIOLIUX MOBEpXHOCTEH, °C.
3HayeHne f,, MOXKHO ONpPENEIUTH C IOMOIIBI0 OSMIHPHIECKOTO
COOTHOIICHHS, BBIBEIEHHOTO bendopmom Ha OCHOBE CBOMX OIBITOB:

t,, =041, -036¢, +10,1 (111)

PC3yJ’[LTI/IpyIOHIaH TEMIICpaTypa, TaKuUM o6pa30M, onpeaciiacTes ¢
IMOMOIIBIO COOTHOIICHUA:

t,., =082t +0,36r,—4,55 (1.12)

Ecm t,=t,, TO

Ly = 0,55¢, + 0,45tp (1 1 3)

Omymaemyro TemnepaTtypy no Puueny — Paiicy (B BeHrepckoi mpakTHKe —
pe3yJIbTHPYIOLIAs TEMIIEPATYpPa) BbIPAXKAIOT CJIEYIOIUM 00pa3oM:
alt, +at

pon.

ata, (1.14)

t pes
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TJIE 1,, — CPEIHASA TEMIIEPATypa OKPY X KaIIIUX noBepxuocrei, °C.
ITpu ManbIX CKOPOCTAX BO3JYIIHOIO MOTOKA O = 0, IOJyYaeM:
— tﬁ + tU.n.
) (1.15)

Huarpamma Puyena — Paiica, yuuThIBaiomas TeMmmeparypy BO3AyXa HU
OKpY’KaIOIUX MTOBEPXHOCTEH ITOMENIeHUs, 10 MHEHHIO aBTOPOB, IPUMEHNMA BO
Bcex ciydasix [35]. Ha amarpamme mokasaHbl XapakTepHbIE JIMHHM oOiacTei
teroornayd Hunbcena u Ilemepcena, kpuBas [aifs, a Ttake obnactu
TEIJIOOIIYIIEHHS C YU€TOM BIMSHUS TEIJIOBOM M30JALUHU OOeX bl (puc. 1.4).

g cp.-oe
Jo ~<

~

28

20

15

A
5 10 15 20 25 tp,%
Puc. 1.4. Juacpamma mennoowyuenus, no oawuvim Puuena u Paiica
t, — paouayuoHHas memnepamypa; t, — MmMeMnepamypa 6030yxd; K —
KOHGEKMUBHOE OMONLeHUE, I — IYYUCIOE OMONIEHUE

10

IIpn moctpoeHnn nuarpamwmsl f,, — t. (puc. 1.5) Maukamu monb3yercs
cienyromei GopMyIoun:

_, _0
t =t —
=1 =4 55 (16)

Izie t, — TeMIepaTypa HOBEpXHOCTH TeJla YelIOBEKa,

°C; Q — TemooTaa4a yeaoBeKa BO BpeMs paboTsl, BT.

JlaHHas MeTonWKa MMeNla pAA  OrPAHHYCHHUH, KOTOpbIE CyXKaiu
BO3MOJYKHOCTb €€ HMCIOJIb30BAaHMsS: BO3/yX HEMOJBIIKEH, TEMIIEpaTypa BO3IyXa
15 — 25 °C, pacnpeneneHme TeMIEpPaTypsl BO3AyXa M IIOBEPXHOCTEH
paBHOMEpHOE, OTHOCHTENIbHAS BIAXKHOCTH Bo3ayxa 30 — 70 %.

VYkazaHHbIE HEJOCTATKH METOAMKH, HE IO3BOJIIOT OOBEKTUBHO OLICHUTH
OLIYLIECHNS YEJI0BEKA C yUSeTOM COCTOSHHS BO3JEHCTBUS CPEbl HOMELIECHHUS.
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Puc. 1.5. Juaecpamma xomgpopma, no dannvim Mauxawu [36]

lycp. — CPEOHAA MeMnepamypa NnoepxXHOCmY meid 4enoseKd; a — JUHUS
Komgopma, 6 — 8epxuasn epanuya KoMgopma, 8 —HUICHAA 2paHuya Komgopma.

1.3. Bausanue nosvluieHHbIX memnepamyp Ha OP2aHU3M 4en08eKd

B Hacrosiiee Bpems CTpOHMTENIbHAsh HMHAYCTPHs, HECMOTps Ha oluiee
CHIDKCHHE TEMIIOB CTPOHTENBCTBA, IEPE)KUBACT 3HAYUTENBbHBIE W3MEHEHUS U
COBEpIICHCTBOBAHHE TEXHOJOTHS. Takue TEXHOJNOTHH IPeayCMaTPHBAIOT
IIMPOKOE HCIONB30BAHME HOBBIX KOHCTPYKIMOHHBIX MAaTepHalOB Ha OCHOBE
MTOJIMMEPHBIX, KOMITO3UIIMOHHBIX, CTEKISTHHEIX M 0a3aJIbTOBBIX MaTepuajoB. JTO
MO3BOJSIET ~ 3HAYUTENBHO  COKpPATUTh  TPYJOEMKOCTh WM YBEIHYHTh
MPOU3BOANUTEIBHOCTD IPU BO3BEICHUH CTPOUTEIBHBIX 00BEKTOB MIPOMBILIIICHHOTO
U TpaKAaHCKOro HasHaueHus. OIHAKO, COBPEMEHHbIE TEXHOJOIMH MPOU3BOACTBA
CTPOUTENBHBIX MaTepHaJIOB U KOHCTPYKIUHA MPEIyCMATPUBAIOT WHTEHCH(PUKAIIIIO
W TIOBBINIEHHE OJHEProHAcHMIEHHOCTH. (Oco00 SHEProeMKHMH  SBIISIOTCS:
MIPOM3BOJCTBO IIEMEHTA, CTEeKJa, IPOLECCH TEIUIOBOH 00paboTku OeToHa, mexa
TTOJITOTOBKY apMaTypbl JUIs JKeJIe300€TOHA; MPOU3BOJICTBO KUPIHYA, CHIIMKATHBIX
u3nenmuii 1 mudepa; mexa oOKHra CaHTEXHHMYECKOW KepaMHMKU U T.1. Bee ato
CBHUJICTENILCTBYET O 3HAYNTEIBHON 3aBUCHMOCTH CTPOMHUHIYCTPUHU OT Pa3IMYHBIX
SHEProHOCTeJIel C BBICOKAM TeIUIOBBAeNeHHMeM. K  mpousBomcTBam ¢
WHTCHCUBHBIM  TEIUIOBBIICICHHEM HEOOXOIMMO OTHECTH pabodnme Mecra
CTEKOJIBHBIX 3aBOJOB. Tak, CTEKIOBapeHHAs MeYb M MalllHA BEPTHKAIHEHOTO
BBITSTUBAHUS CTEKJIA SBJISIFOTCSI HCTOYHUKAMHU JIYYHCTOro Teruia B npeaenax 3000
Br/m? — 7000 Br/m>. [ToBepxHOCTH CTEKIOBapeHHOH meun npu Temmeparype 90-
190°C  SIBASIOTCS HMCTOYHMKOM IyducToro Temma 500BT/M>-2000Bt/M° Ha
paccrostHUE 1 M OT ee MOBEPXHOCTH. TemriepaTypa Bo3ayXa Mpu paboTe Ha
II0JIyaBTOMATaX CTeKIom3aenuii nerom cocrapmsier 40°C IpH OTHOCHTENHHOM
BraxxHocTH 23-70%. Temneparypa Bo3ayxa y 3arpy304HBIX KapMaHOB ATUX Nedei
y pabouero Mecra 3achIUKa MAaXThl JIEToM gocturaer 60-63°C mpu TemmoBoM
wanydennn 1o 3000Bt/M’. Takke BHICOK YPOBEHb 3aNBUICHHOCTH H IIYMA.
Ilpuyem, NPONOKUTENBHOCTh OOMyYeHMs MpeBbImaeT 5S5-15 MuHYT, dYTO
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CKa3bIBacTCs Ha paboTHHKaX [65, 66, 69, 70, 147].

B meuHBIX IeXax IEMEHTHOTO MPOU3BOACTBA MOBEPXHOCTH BPAILAIOLIUXCS
nevert pocturaror 250°C. CpenHsis TeMIepaTypa BO3AyXa Yy TOJNOBKH I€Yd B
Ternbli mepuon  pocturaer 31-54°C, Ha ywacTkax mmxtomomaum 31-54°C.
OyTrepoBka me4n MPOU3BOJUTCS BO BpeMs pabOTHI MpU TeMIepaType BO3myXa
40-60°C u Boie. TemoBoe o0mydenne nocturaercs 3500 Br1/M. JIOTONHHATENBHO
BJIMSIET Ha pabOTOCIIOCOOHOCTD 3albIJICHHOCTD U IITYM.

B kxupnuyHOM TpOU3BOACTBE CaAYMKH KHUpmUua paboTaloT  Ipu
temreparypax 30-40°C, a BeicraBumku — 40-50°C. Ipuuem o 70% pabouero
BPEMEHHU OHHM TIPOBOAAT BHYTPU Iedd. VIHTEHCHBHOCTH TEIIOBOTO H3ITydEHHS
mocturaercs 400-700Bt/M”. OGKHr KHMpIHUa TPOBOAAT NPH TeMmmeparype 850-
1350 °C. B moMenieHUsIX KOJIBIEBBIX Ie4edl NpH BLICTABICHUU W3JEIHI
TeMIlepaType BO3IyXa COCTaBiseT B paboueii 30He 50-60°C npu M3IydeHHH 10
15000Bt/™M*. Tlpu cajke KHpmWda TemiepaTypa oXoguT 1o 40-50°C mpn
temousnydernn 1000-2000B1/m. TIprt 5TOM BOSHUKAIOT CHITGHBIEC KOHBEKTHBHBIC
TETJIOBBIACNICHNS, KOTOPBIE TaKKe HWIparoT OOJIbIIyI0 poib B (HOPMUPOBAHHU
MuKpokiuMaTta [67, 68, 148-150]. TypOocuoBbie 11exa UMEIOT KaK OCHOBHBIC TaK
W BCIIOMOTATEIbHBIE arperaTbl W 3JIEMEHTHl TEXHOJOTHYECKOro 00O0pYHOBaHHMS.
Temmepatypa MNOBEpPXHOCTH arperatoB pocturaer 60-96°C. WHTEHCHMBHOCTH
temnosoro usnyuenus 300-1000 Br/m’, Ho mpu paGoTe Ha yrie — Ha IIIOMIAKAX
somoymanenns 100-3500 Br/m’. B XHMHUECKHX I€XaX TPH IPOM3BOACTBE KPACOK I
npodell XUMHUECKON MPOMYKIINH, HCIIONB3YEMBIX B CTPOHUHIYCTPUHU (TKAHHBIEC H
HETKaHBIe MaTepuaibl) XHMHYECKOe BOJIOKHO M Tpodee. TemmepaTyphl Jaxke B
3uMuui nepuoa gocrurat 33-41°C. [lpu NpoU3BOACTBE TUIICA, U3IEIUN U3 HETO
TaKOKe UCTIOJIB3YIOTCSI BHICOKOMHTEHCHUBHBIE HCTOUHHUKH TEIIOBOTO U3ITyYEHUS.

IIpn M3roTOBIEHHH METALIOPEKYIIUX H3AEIUH (AUCKH OOJNrapoK, IHIIBL,
cBepia, Qpessl, JOIOTa U Mp.) TAKKE HCIOIb3YeTCs] TEPMUUCCKHE 3aKJIaJOYHBIC,
OTIYCKHBIE M€YM, NPH O5TOM Temmeparypsl mocturaiorT 30-40°C. Termnosbie
m3mydenus — 1o 2000 Br/M>%.

HanGonee BpemHbl pe3kne IEpexXOAbl W3 HArpeThIX 30H B XOJIOJHEIE
COBEpIICHHBIE HECKOJBKO pa3 3a cMeHy. OCOOEHHO 3TO CKa3bIBaeTcs mpu pabore
pa3IMYHOrO poja mnedel B 3MMHee BpeMs. BBIXOX M BXOJ B KOJIBIIEBYIO IedYb
nmocturaet 80-100 pa3 3a cMmeHy. KommuiekcHOoe Bo3leiicTBHE HEOIarompUsATHBIX
(hakTOPOB YaCTO YCWJIMBAeT BO3ACHCTBHE MApPYrux BpenHbix (akropoB. Kax
MOKa3bIBACT aHATN3 COCTOSHHS OXPAHbI TPYAa Ha MPEANPUATUSIX CTPOHHHIYCTPHH,
T7ie IPUCYTCTBYET M30BITOYHOE TEIIOBOE M3Iy4eHHE, IPH KOMIUIEKCHOM MOAXO0/1e
OLICHKH YCIOBHH TpyJga HauOojee 3HAYMMBIM SIBIISICTCS TEIUIOBOM (pakTop
(tabm.1.1).

Ilpn sTOM I CpaBHEHWs, HaMH B KadecTBe 0a30BBIX HPEIIPHATHI
ucrosb3oBanuch: bamoBckuit 3aBon JXBU, 3amopokCkuii MHCTPYMEHTAJIBHBII
3aBoa BoitHoBa, 3amopoxckuii 3aBoJ MpoMapMaTyphl, 3aBOJ] KAMEHHOTO JIUThI U
W3TOTOBIICHUSI ~ MHHEpPATbHOW  TEIUIOM3ONMpYIOMmEHl  BaTbl, a  TaKke
Juenponzepxunckuil 3aBog JKBU, JlHenmpoa3ep>KUHCKUI IIEeMEHTHBIA 3aBOJ,
HoBo-AnexkcanpoBckui KUPIUYHBIN 3aBOA U JIp.

CorunacHo cT. 43 Koncruryun Ykpanusl «Kax il pabOTHHK UMEET IpaBo
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Ha HaJIexaIme, 0e30macHbIe U 37I0POBBIC YCIOBUS Tpyaay [16].

Kak nokasan aHanus ycnoBuil TpyZa B CTPOMTENbHONW MHAYCTPUU OIHUM M3
Haubonee HeOMaronpuATHEIX (H)aKTOPOB, BIHSAIOLINE HA YCIOBHA TPYyIa, SBISETCS,
M30BITOYHOE TEIUIOBOE H3NIyYeHHE, KOTOpOe, CHIDKAeT PadOTOCHOCOOHOCTH M
CKa3bIBacTCsI Ha 310poBbe paboratommux [17, 151, 157]. VYcranoBmneHo, 4TO
TEIUIOBOE M3JYYCHHUE BIMSACT HA BHYTPCHHHUE OPTaHBl M ICHTPAIBHYIO HEPBHYIO
cucreMy. V3MeHEHHS TEPMOPETYIATOPHBIX (YHKIWI 3aBHCHT OT YPOBHS
TeMIlepaTypbl BO31yxa B paboueil 30He, TSDKECTH Tpyda U Apyrux (akTtopos, a
TaKkKe B 3HAYUTEIIBHON CTENEHHM OT OCOOCHHOCTEH BO3JCHCTBHS TEIIIOBOTO
m3nyuenus [18, 19, 20].
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Menukamu B psge pabot [11, 12, 13, 21, 22, 152, 156] nokazaHo 3HaYCHUE
CIEKTPAIILHOTO COCTaBa WU3NIydeHUs Npu (HopMupoBaHHU (HU3HOIOTUUECKUX
peakuuii. Tak, npod. JleBuukum B.A Oputa BBIABUHYTa KOHLEMLHUS Pa3IAYHs
BO3JEHCTBMS Ha 4YeJIOBeKa Jy9UCTOTO ¥ KOHBEKTHBHOTO TEIUIA, M OHO
OIIPEEeIIACTCS Pa3IMUHBIMU MEXaHU3MAaMH BOCHPHUSTHS STUX BHOB TEIIA, a TAKKe
crenuduUUeckuM  JIeHCTBHEM UIMHHOBOJHOBOW 4acTh  crekrpa. Omimuue
3aKJII0OYaeTcss B CIEAYIOMIEM: MECTOM HPHIOKEHHS KOHBEKIIMOHHOTO Teruia
SIBIISIETCA TOBEPXHOCTh TENa - TEJIO HarpeBaeTcs B Pe3ylbTaTe CONPHKOCHOBEHHUS
KOXXH C OKpY’)KaloIlel BO3IYLIHOW cpenoi; mectoM mpmioxenus UK pammanum
CIIy’)KUT HE TOJNBKO KOXa, HO ThyOkelekamme TKaHd opraHmsma (puc.l.6)
BCJICAICTBHE TIPO3pAvyHOCTH KOXH (puc.l.7) Ui pa3siIMYHBIX yJacCTKOB CIIEKTpa
ONTHYECKOTO U3ITyYCHUSL.
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Puc. 1.6. Fﬂy6uHa NPOHUKHOBEHUS ONMUYECKO20 U3NTYUECHUSA 6 MKAHU Yel08eKa
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Puc. 1.7. Ompascamenvrasn cnocobnocms 4enogeueckoli Koxicu
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B 3aBucuMocTH OT CTENEHU MPOHUKHOBEHUS U3JIy4eHHs B TKaHM U
KOMIIOHEHTOB ~ KpPOBM  OpPraHM3Ma, pa3BHUBAIOLIMECS  OTBETHBIE  PEaKIHH
o0ecrneynBaOTCs Pa3TUIHBIMI TEPMOPETYIATOPHBIMU MexaHn3Mamu (puc. 1.8).

UccnenoBanusmu B psinme padot [14, 19, 23, 24] JleBuumkoro B.A.,
Huxurckoro W.H, 3aiimmypa W.A., Jleraeta A. A. m MansmeBoit A.E.,
Kupnosoii I'.E., Enosckoit A.T., [losnanckoit 1.b., Kypnsannckoit .b. u np. npu
H3y4YeHHHM peaknuid opraHu3Ma Ha OONydeHHE ONTHYECKHM H3JIyUeHHEM C
A=1,1mkmM. 3,0MkM 1 4,5MKM ObLJIa yCTaHOBIJICHA PA3TUYHAs JUHAMUKA MOBBIIICHUS
KOXKHOM W TIOJKOKHOM TeMIEepaTyphl B 3aBHCHMOCTH OT CIIEKTPAJIBbHOTO COCTaBa
W3IY4YeHUsS TPU OJHOW M TOHM K€ MHTEHCHBHOCTH M3iydeHHs. Hambonee cuimpHO
BEIPAXEHO  OIIyIIEHWe Tema npu A=3MKM. VccrmemoBaHusi  BpeMEHH
nepeHocumocty nipu aeiicteuu UK pamuanuu ¢ A=3,6MxkM u A =1,07MKM mOKa3au
Ty € 3aBUCUMOCTD: TaK, IIpU HHTeHcUBHOCTH 1395,6 Br/M’ BpeMsl IIEPEHOCUMOCTH
n3nydenust ¢ A.=3,6mkm coctaBuiio 159 c, a msnyuenue ¢ A=1,07mkm - 305¢ T.e.
BpeMs TIEPEHOCHMOCTH YMEHBIIEHHs Mo4TH B 2 pasa. HaGmiomaercst pasmudnast
CTENeHb 3aTPYNHEHUS Iepefadd HEepBHOTO BO30YyXKIECHHS B CHHANCAaX B
3aBUCHMOCTH OT CIEKTPAJIBHOTO COCTaBa H3JIYyYEHHS U €ro HHTEHCHBHOCTH
pa3nuuHOE IelcTBHe Ha ToHYC cocynoB. MK o6iydeHme HOBepXHOCTH Tenla
4eJloBeKa O0O0yCIIOBIMBAaeT OOpa3oBaHHE OHOJOTMYECKH aKTUBHBIX BEIIECTB,
KOHIIGHTpallUs KOTOPbIX B KpPOBM M KAaueCTBEHHBI COCTaB 3aBUCUT OT
CHEKTPAILHOTO COCTaBa M3ITy4CHNUSI.
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Puc. 1.8. Cnexmpanvroe nponyckanue 4eio8eueckoul Kodicu, 800bl U
oxcucemo2nobuna

[IpoBenennsie wuccmemoBanus [25-28, 153] Owmomormuecknx 3PQeKToB
JUIMHHOBOJIHOBOTO OOJydeHHs C JUIMHONH BONHBI 8-10-20 MKM TOKa3bIBAarOT
KaueCTBECHHBIC pa3JIM4vsl B JMHAMHKE BBIOpOCa KAaTEXOJIAMHHOB, AalleTUXOJUHA,
AaKTHBHOCTH  allCTHIXJIMHATCOpas3hl. BpisiBIeHa Oojiee HU3Kas  TEIUIOBas
YYBCTBUTENBHOCTh KOXKA M THUIOTaJaMyca K JJIHHHOBOJIHOBOMY TEILUIOBOMY
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W3Iy4eHWI0, JUIMHHOBOJIHOBOE  H3JIydeHHMe  oOnamaer  Oojee  CHIBHBIM
paszpaxkaromuM 3PpQPeKToM Npu CyObEeKTHBHOH OLIEHKE B COUETaHUH C OoibplIel
BBIPA)KEHHOCTBIO OTPAKEHHBIX COCYAUCTBIX PEAKIHH, BCE 3TO CBHIAECTEIBCTBYET O
TOM, 4YTO MPU HCCIEMAOBAaHUM TEIUIOBOH OONydeHHOCTH pabounmx MecT B
MPON3BOJCTBEHHBIX YCIOBHSAX AN NPABWIBHOM OIEHKH BO3JCHCTBUS W3ITydCHHS
Ha OpraHu3M pabodero um BHIOOpA PAIMOHANBHBIX METONOB 3amuTsl [11, 29, 71.
155], HeoOX0qMMO 3HATH CIIEKTPaJBHBII COCTaB BO3JEHCTBYoIIero m3aydenus. Ha
OCHOBAaHMM aHaJIM3a MMEIOIIMXCSA JIUTEPAaTYPHBIX JIaHHBIX, LEIeco00pasHo
U3MEpEHHEe WHTEHCHUBHOCTH WHTETPANbHOTO IOTOKA H3IY4eHHs, TPOBOAUTH B
nunamazoHax: 1,5mMxkm — 3,0MkM — 4,5MkM. B oTHOIIEHHH IJIMHHOBOJHOBOI'O
ydJacTKa CHEeKTpa JaHHBIX 04YeHb Majo, OJJHAKO HEOOXOINMO H3MEPEHNUs IPOBOJUTH
B CJICAYIOIIUX JUana3oHax crekrpa: 1,5-3,0-6,0-10mkm.

JlanpHeiiee npo6iaeHne JUIMHHOBOJIHOBOW YacTH CIIEKTpa ISl N3MEpeHHs
HelenecooOpa3Ho, Tak Kak MpH TeMIepaType UCTOYHUKOB Hike 35°C (A=10mxm)
YeI0BeYecKOe TEMI0 caMo OyIeT U3IydaTeneM Tera.

HccnenoBanus, mpoBefeHHbIE B KHEBCKOM HHCTHTYTE THUTHEHBI Tpyaa U
npod3aboneBannii, MOATBEPAWIN, YTO HMEIOTCS pPa3IH4Husi B OHOIOTMYECKOM
BozneiicTBUM | TeruioBoro wu3mydeHus ¢ JUIMHOM BonmHbl 6,7 u 9 MkMm. Bce
BBIIIECKA3aHHOE MOJATBEPKIACT pa3jIMuue B BO3JCHCTBUM Ha OPraHU3M TEILIOBOTO
o0JTydeHHs ¢ pa3IWYHBIMM JUTHHAMH BOJH, @ TaKKe B IPENENbHO JOIMYCTHUMBIX
YPOBHSIX TEIJIOBOTO OOJIydEHHs, YTO HEOOXOIUMO BCET/la YUUTHIBATH MPH OILEHKE
ycl0BUHl TpyJa.

1.4. Hopmuposanue bicoOKOmMeMnepamypHozo usiyueHus Ha padouux mecmax.

IIpn paccMoTpeHHH TIPOIIECCOB TEIUIOBOTO OOJIYYSHHMSI HAlO NMPUHHMATH BO
BHUMAaHHUE, YTO TEMIIEPAaTypHOE COCTOSIHUE HAILIETO Tejla He BCerja COBIAJaeT C
CyObEKTUBHBIM TEIUIOBBIM  OIIyIICHHEM. TemmepaTypHble peLenTopsl He
YYBCTBYIOT pa3id4usi B JJIMHE BOJHBI NPUHAMAEMOTO TEIUIOBOTO H3IYYEHHS.
Temmepatypa ke HarpeBa OONBIIMHCTBA MPOHU3BOACTBEHHBIX HCTOYHHKOB
Ter10Boro usnydenus npeanpusatuii or 80°C mo 1600°C, MakCUMyM U3ITy4eHHS Y
HUX NPUXOAUTCS HA IUIMHY BOJHBI 0T 0,76 10 3-9MkM. YacTo, Ha OJJHOM U TOM XKe
MecTe, HaXOAATcss 00BEKTHI K ¢ 0oJiee HU3KOM TemmepaTypoii Harpesa (50-100°C),
KaKk OrpaxieHus, TpyOompoBoabl u japyrue. OHH H3JIy4alOT MOTOK Oolee
JUTMHHOBOJIHOBOTO TEIJIOBOTO HM3IMy4deHHUs. J{IsI OLEHKH BO3AEHCTBHUS TEIJIOBOTO
W3TyYeHUs, KaK yKa3blBAIOCH paHee, TaKKe BaXKHOEC 3HAYCHHE WMEIOT
CHEKTPAIBHBIA COCTaB M MHTEHCHBHOCTH OONydeHHs. VHTEHCHBHOCTH TEILUIOBOTO
o0ydeHust konebaercs Ha paboYnx MecTax OT 60BT/M* 10 1000BT/M> U BB,
Kaxnast 4acTb MOBEpXHOCTH TeJa YeIOBEKa OCYIIECTBIISET JIYIUCTHIH TEII000MeH
JMIIb C ONPE/ENIEHHBIMU IOBEPXHOCTHBIMM YaCTSIMU OKpPYKAIOILUX IPEIMETOB,
PACIIONIOKEHHBIX BHYTPH TEJIECHOTO YIila 27m-CTepaguaH, T.e. B moixycdepe.
Bennmuuna 0O0Myd4eHHOCTH JJIEMEHTApHOW IUTOMIAJKH Tela 3aBHCHT OT €€
OpUEHTAllUK B IPOCTPAHCTBE OTHOCHUTENBHO HCTOYHHKA TEIUIOBOTO M3JIyYEHHUS.
Ora BelWYMHA WUMEET BEKTOPHBIM XapakTep W MHOTO3HauyHAa B KaXIOW TOUYKE
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npocTpaHcTBa. TepMOpaJnanvoHHasl HANpPSDKEHHOCTh XapaKTEepU3yeTcst TpeMst
OCHOBHBIMHU MOKa3aTeNsIMHU: MIPOCTPAHCTBEHHOM HEPaBHOMEPHOCTBIO,
(momyceprudeckoil 1 BEKTOPHOH XapaKTEPHUCTUKOW) TEIUIOOOMEHa MOBEPXHOCTH
TeJla YeI0BEKa, CHEKTPaNbHBIM COCTaBOM H3ilydeHHs. [losTomy mome mydmcToit
SHEpPrHuy  Jydlleé BCEro  XapaKTepH30BaTh  BENMYHUHOM  DHEPreTHYECKOit
OCBEIICHHOCTH WJIM OOJy4eHHOCTH, T.€. IIOTOKOM TEIIOBOTO H3IIy4eHH,
TaIAfOIIMM Ha €IMHHILY TUIOMAAN M PAaBHBIM JIyYHCTOMY TEIIIOOOMEHY aOCOIIOTHO
YepHOH MOBEPXHOCTH TMpH TeMmmeparype abcomoTHoro Hynsa. Ilpu stom
TepMOpaANaMOHHASL HaNpsHKEHHOCTh XapaKTepu3yeTcs a0COMIOTHBIMU
3Ha4eHUAMH (OE€30THOCHUTENBHO K YellOBeKY). B 3aBHCHMOCTH OT Temmeparypsl U
H3ITy4aTeNIbHOH CIIOCOOHOCTH, TEINIOOOMEH H3JIydeHHEM pas3lIMdyeH Ul pPa3HbIX
yacTell Teya. BcenencTBue BBIIECKAa3aHHOTO, THTHMEHHYECKOS HOPMHPOBAHHE
paTuanoOHHON HaNpPSHKEHHOCTH IeJIecO00pa3sHO IPOU3BOAMTH IO JOITYCTHMBIM
rnapaMeTpaM SHEpreTHYecKOil OCBEIEHHOCTH (00Iy4eHHOCTH), T.K. HOpMUpyeMas
BEJIMYMHA HE JIOJDKHA 3aBUCETh OT (U3HOJOTMYECKHX XapaKTEePUCTHK OBEPXHOCTH
YEJTOBEKa M €TO OACKMIBI.

B nacrosmee Bpems gaxe B [OCT 12.4.123-83 HeT 4eTKO 00YCIOBIEHHOTO
HOPMHUPOBAHHS JOITYCTUMOI HHTEHCUBHOCTH TEILIOM3ITYIEHHS IS CIIEKTPAIEHOTO
HHTETpalbHOTO JHarna3oHa. TeM Oojiee HE CYIIECTBYeT €AMHBIX HOPM IUIS
OIpeeNeHHs] MIPEACIbHO JOIyCTUMONH WHTEHCHUBHOCTH TEIUIOBOTO HW3Iy4YEeHHS B
Pa3IUYHBIX 00JIACTSIX CHEKTpA.

Ha ocHoBe wuccnemoBanmii B pabore aBTOpoB [27, 30-33, 71-73, 154]
MIPUBOAATCS TPEAENHHO AOIMYCTHMBIC MHTEHCHBHOCTU TEIUIOBOTO H3ITyYECHUS IIO
BpEeMeHH IepeHocuMocTH (Tabu. 1.2, 1.3, 1.4) mpuBOAATCS 3TH JaHHEIE.

Ta6auna 1.2. IIpegeabHo J0MyCTUMBbIE HHTEHCMBHOCTH TEIJIOBOI0 M3J1y4YeHHSs
10 BpeMEHHU N1ePeHOCHMOCTH

II10THOCTH TEIIOBOTO 06TyueHHs Br/m Bpewmst nepenocuMocTH
279+558 Heonpenenenno gosro
558+1047 3+5 MuH
1047+1745 40+50 muH
1745+2093 20+30 muH
2093+2781 12+20 gac

Cornacno  tpeboBanmii  JJTHAOIT 0.03.1.23-82 mnpu HMHTEHCHBHOCTH
TEIUIOBOTO M3nyueHus Goiee 350Br/M* u obaydeHnn Gomee 25% MOBEPXHOCTH
Tella MPOIOKUTENIBHOCTBIO OECrpephlBHON paboThl U periiaMeHTHPOBAHHBIN
IIepEepPhIB YCTAHABIUBACTCS B COOTBETCTBUM C IAaHHBIMU IIPUBEJEHHBIMH B Ta0I.1.5.

AmHanu3 mokasaj, YyTO NPHBEICHHBIC JaHHbIC HE YYHUTHIBAIOT BO3JCHCTBHS
BCEro CHEKTpa U3Iy4eHUs Ha OpraHu3M uenoseka [74-77, 79].

B Meroauuecknx pexoMmeHnanusx «[MrHeHHYecKas OLECHKA M METOJbI
KOHTPOJISI OITHYECKOTO HM3JTy4CHHS MPOM3BOJCTBEHHBIX HCTOYHHKOBY, KueBckuii
HMHCTUTYT THIMEHBI Tpylda H mnpod3aboneBanui, Kues, 1986r., npenmaraercs
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cirenyromas p336I/IBKa HUHTEIpAJILHOTO TCIUIOBOI'O IIOTOKAa IO Jualia3oHaM H 110
JIOITyCTUMBIM HOPMaM OOJTydeHUS:

A (0,76-1,5MKM) - 90BT/M* B (1,5 — 3,0MKM) - 120BT/M

C (3,0- 5,0MkM) - 150B1/M" (5,0MKM 1 Goree) - 120B1/M>

Ta6onmuna 1.3. ﬂOl’lyCTHMOe TEIJIOBOE M3JIyuYeHHe B 3aBHCHMOCTH OT
CIIEKTPAJILHOI'0 COCTaBa

O6nacTb crekTpa, MakcuManbsHO AOMyCTHMAs ITornoreHHoe
MKM ILIOTHOCTH 06ayueHus, Br/m’ m3nyuenne, Br/v’
0,6+1,3 2212 1600
0,3+3,5 1193 1075
0,7+3,0 1130 1040
0,7+8,0 803 754

Taonuna 1.4. BpeMsi nepeHOCMMOCTH NMOBBILIEHHUS TEMJIOBOT0 M3JIy4YeHUsI B
3aBHCHMMOCTH OT €€ IUIOTHOCTH M JUIHHBI BOJIHBI

IITOTHOCTH TETIOBOTO JInuHa BOJIHBI, MKM
o6mydenus, Bt/ A=3,6 | 2=1,07
Bpewmst B cexyHzax
1396 159 305
2791 273 37,5
4187 12,8 21,2
5582 9,5 14,5

Tadauua 1.5. JomycTumasi NPoA0JIKMTEIbHOCTh HHPPAKPACHOTO U3TyYeHUs
erJIaMeHTHPOBAHHBIIi NepepPbIB HA NPOTSKEHHH roJa

MNurencusHocts | [IponomxurensHocts | [Ipogomkurens CymmapHoe

UK obmyuenns OecIpephIBHBIX HOCTh o0ryueHue Ha
Br/™’ MIEepHO/IOB OOIydeHHUs, | IepepbiBa, MUH MIPOTSHKEHUN

MHH cMeHbI, %

350,0 20,0 8,0 Jo 50
700,0 15,0 10,0 Jo 45
1050,0 12,0 12,0 Jo 40
1400,0 9,0 13,0 Jo 30
1750,0 7,0 14,0 Ho 25
2100,0 5,0 15,0 Ho 15
2450,0 3,5 17,0 Ho 15

Ecnu nist oneHkn pe3ynbTaToB MCCIIEAOBAHMH MHTEHCHBHOCTH OOJIyYeHHMS
IPHHATh HOPMbl HHTEIPaNbHOro o0nyueHms 140 Br/M°, TO MOKHO cHenaTh
clefylomue BBIBOABI: Bo-mepBbIX, 3Heprust oOmydeHHss Ha paboumx MecTax
mocturaer 1400-1000 BT/M” 1 nMeeT pasHBIil CIIEKTpalbHBIH cocTas. Bo-BTOpHIX,
MOYTH [0 BCEM CIEKTPaJIbHBIM [HANa30HaM WHTEHCUBHOCTh OOIydEeHUS
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NIpeBBIIACT HOPMHPOBAHHOE 3HAUCHHWE HA 3HAYUTEIBHOM DACCTOSHHM OT
HUCTOYHMKA u3MydeHHus (Tabn. 1.1), 4yTo OTpHULATENHHO BIMSAET HAa OpPraHU3M
YeJIoBeKa.

B-Tperbux, yuuThIBas, YTO Ka)KIbIH HMCTOYHUK HMEET C Y4YETOM KaxKAOH
Ollepanuy TEXHOIOTHYECKOTO IpoIecca Pa3IHYHyl0 WHTEHCHBHOCTh H3IIy4eHHS,
HEOOXOIMMO OIPECIUTh HHTErPAIbHYI0 HHTCHCHBHOCTD TEIUIOBOTO M3IyUSHHUS OT
OJTHOTO VJIM TPYIIIBI NCTOYHNKOB B HAIIPABJICHHUH 3alIHMIIAEMOTr0 00bEKTa.

B-ueTBepThIX, IJISI OLCHKH YCIOBUil Tpyaa W sl 3(pdEKTUBHOH 3amuThl
paboTaomuX MO MHTETPANBHOH OOIYyIEeHHOCTH, C y9IeTOM HESBHBIX BTOPHUYHBIX
HCTOYHHUKOB TEIUIa HEOOXOAMUMO MOCTPOUTH BEKTOPHOE pacIpeieNIeHHe TEeIIOBBIX
noseit B pabodeM MpocTpaHCTBE II€Xa U Ha pabodeM MecTe.

XapaKTepUCTUKH TEIIOBOM HArpy3KH padOdMX MECT IOATBEPKIAI0OTCS
MHOTOYHCIICHHBIMH JaHHBIMH, TTOJy9€HHBIMH U JPYTUMH HCCIIEI0BATEIIIMI.

3HaYMTENbHOE YUCIIO PAbOT MOCBSLICHO Pa3paboTKe METOIOB MCCIIEI0BAHUS
TEIIOBBIX M3TyYCHUH, UX BIMSHUIO Ha OOCITYKUBAOLINI TIEPCOHAN, PACCMOTPEHBI
HauboJee pacupocTpaHEHHBIE HAMIPABICHUS 10 OOPHOE € TYYHCTHIM TETLIOM.

3HauUTENbHBIC TEIUIOBBIC HArPY3KH CIIOCOOCTBYIOT —HPOrPECCHBHOMY
Pa3BHTHIO IPOQEeCcCHOHANBHEIX 3aboneBannit [21, 70, 78].

Ilo nanneim IlaBnenko M.E., Kapnayx H.I'. wumerorcs cyliecTBeHHBbIE
pa3nuunsl B YCIOBUSIX TPYZAA M COCTOSIHHUSI 370POBbsI PaOOTHHKOB TOPSYUX IIEXOB.
YacTtoTa MEpPBUYHOTO BBIXOAA HAa HMHBAIMAHOCTH PAOOUMX SHEPrOHACHIIECHHBIX
npeanpustaid 3a 70-80 rogpr cocraBmiaa § Ha 1000 pabounx - 3,6 ciydas mus ro-
psUEX 1exoB U 3,7 ciIydaeB B XOJNOJHBIX IleXaX. Takoe KayIneecs CHIDKCHHE B
TOPSTYNX IIeXaX OOBSCHSAETCS MEUICHHBIM M CKPBHITHIM BO3/CHCTBHEM TEILIOBOTO
n3mydeHns. [IppauHaMHM 3THX CIIydaeB SIBISIFOTCS: OOJE3HH KpPOBOOOpAIIEHHS
—23,6%, HecuacTHble cioydyau © TpaBMbl — 18,2%, 310KauecTBEHHbBIE
HOBoOOpaszoBanusi — 12,1%, Oone3HM HEPBHOW CHUCTEMBI U OpPraHOB UyBCTB
—11,5%, opranos gpixanus — 8,7%, opraHos numeBapenus — 7,3% [17, 30, 71, 78].

Cpenu pabo4nx TOpsTMHUX IEXOB C BO3PACTOM YMEHBIIAETCS JOJS 3M0POBBIX
JIUI OT OJHOH BO3PAacTHOM IpyHmbl K Apyroil: ropsdue nexu — ot 20 go 29 ner —
87,1%, no 50 ner u crapuie — 41,7%; xonoausie uexu — ot 20 1o 29 ner — 87,1%,
1o 50 ser u crapure — 66,7%.

Ipu cocraBnennu TaOIMIBl (YHKIMOHAJIBHOIO Pa3BUTHSI M COCTOSHHMS
30pOBbS IO CXeMe, pPEeKOMEeHJ0BaHHOH COMOBBIM, IIOIYY€HBI CIEAYIOIINE
IaHHBIC: B TOpSYMX IexaXx — odeHb xopomee — 20,7%, xopomee — 48,8%,
ynoBieTBopuTensHoe — 24,9%, HeyHOBIETBOPUTENBHOE — 5,6, B XOIOJHBIX IIeXaxX —
oueHb xopomee — 21,8%, xopomee — 53,8%, ynosnerBoputensHoe — 21,1%,
HeyJoBieTBopuTensHoe — 3,3%.

O6mas 3aboneBaemoctsb 3a 2000-2008 roxsl cocraBmiia y pabouux ropsunx
nexoB 1154,7 cmyyas, va 1000 pabounx, y pabouymx XOJNOIAHBIX HEXOB — 9957
ciryqaeB Ha 1000 pabounx, To ectb Ha 16% Menbme. Ecimu xke B3STh JIHTEHHBIE U
TepMHUUECKHE IIeXa [0 OTHOMIEHHIO K XOJIOIHBIM, TO 3Ta BEJIMUMHA COCTaBUT 28,1%.

Yacrora obOpamaemoctn B OospHHMIy Ha 1000 demoBek cocTaBwiia: IJist
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MYKYUH Topsiuux 1exoB — 1210,6, mis myxuuH xojogHbix nexoB — 1090,5, mis
JKEHILMH TOPAYMX LeX0B — 947,6, NI )KEHIIUH XOJOAHBIX 11eX0B — 812,8.

Ecnan B3aTh mokazaTenu MpogecCHOHANBHOM 3a00JIeBa€MOCTH IO 3aBOIAM
Ykpaunsl, Mbl oxyanm 0,65 cmygaeB Ha 1000 pabodnx, peMOHTHO-MEXaHHYECKHE
— 0,21, xeneznonopoxusie — 0,11. B cpemnem mo ropsaum nexam — 1,95 cimydas,
no xomomueiM — 0,16, CrpykTypa mnpodecCHOHAIBHBIX —3a00JeBaHUiL:
MTHEBMOKOHUO3bI — 26,8%, otpaBnenus CO — 46,8%, BuOpaimonHas 00Jie3Hb —
7,2%, neperpeBanue — 3,2%, snekrpoodransmonorus — 3,0%. Ilepeunciennsie
3a0oseBaHus cOcTaBISIOT 87,0% oT obmmero yncina [71, 80].

[NaBnenko M.E. npuBOAXT AaHHBIE O TOM, YTO 3a00JICBaHUS M 00OPAIIaeMOCTh
B OompHUIy paboumx TopsaMx mpodeccHii BbImie, 4YeM pabodnmX XOJOJHBIX
npodeccuii. CBapIIMKH, ONEPaToOpbl TOPSYMX IEXOB, TEPMUCTHI, UMeIoT 1142
crydas u 812 mueit Herpynmocmoco6HocTr Ha 1000, crporambmuky nmeror 78,2
ciyyaeB U 6154 nHS HeTpymocmocoOHOCTH. VHTEHCHBHOCTH OOMy4eHHS U ee
KOJIeOaHNs OKa3bIBAIOT CHUIIBHOE BIMSHHE. Y JUIUTENBHO OOyYaBIIMXCS TETUIOBBIM
M3Ty4eHHEeM 4acToTa 3aboneBaeMocTH Bhimie Ha 21,2%, uro coctaBut 60,9-64,8%, a
B IHSAX HeTpymocnocobHoctH Bhime Ha 13,7%. Kapamockmepos, aTepockiiepos,
nmeMmdeckas 0oJe3Hb BCTpedaercs y paboumx ropsumx mexoB - 0,7-0,75 mas
BpeMeHHOH HeTpynoctocobHocTH. [Ipn aHanmm3e cpeny npodeccuii B ropsanx nexax
Ha MepBOE MECTO II0 HETPYIOCIOCOOHOCTH BBICTYNAIOT Ky3HEUBI, TEPMHCTHI — 5,1
ciyyas, 66,8 THel, cTekIoBapsl noapy4Hsle - 4,5 cimy4as, 63 ous [3, 13, 20, 71].

Ilo cpaBHEHHIO ¢ pabOYUMU XOJOAHBIX LIEX0B, paboyre TopsIuX 1EeX0B B 1,5
pa3a GombIIe OABEPraloTCsl HEBPO3aM, A BETeTATUBHBIM PacCTPOMCTBAM - B 2 pasa.
ITo pesympTaTtaM aHaIM3a MEJUIMHCKIX OCMOTPOB Ha IEPBOE MECTO BBISABILIOTCS
3a00NeBaHUsl OPraHOB IBIXaHWS, IHIIEBAPEHHS, HEPBHOIl CHCTEMBI, OpPraHOB
KpOoBOOOpamnieHus, KOTopble y pabodyHux Tropsidux IEXOB BCTpedaroTcs B 2-3 pasa
BBIIIE, YEM B CPETHEM I10 3aBOAY.

IIpuBenenHblii aHanM3 MOKasald, 4YTO Hambosee HEONArONpPUSITHBIMU
SIBISTIOTCS pabodre MecTa C MOBBIICHHBIMH TEIUIOBBIACTIECHHUAMH. [l co3maHust
KOM(OPTHBIX YCIOBHUH Tpyza pa3paboTku 3(h(heKTUBHBIX CPEACTB 3AIMUTHI pabOIHX
U TIPOBOAWTH ATTECTAllMIO YCIOBHH TpyZJa C PacIIMpPEHHEM I10 WX H3IY4YeHHS H
HEOOXOIMMO HMETh TEIUIOBOIM IacropT, KOTOPBIA YYHUTHIBAET HWHTEHCUBHOCTH
M30BITOYHBIX TEIUIOBBIX W3iydeHud. Js monmydeHHs KapTUH OOJydeHHs Ha
pabounx MecTax Jydlle MPUMEHSATHh TpadoaHaTUTHUECKHA METOJ C NalbHermen
obpaboTkoit Ha DBM.

1.5. Ouenka uzopimouHbIX MENIOGHIX UJIYUEHUIl MEXHOI0ZUYECKUX
UCHLOYHUKOG.

B Hactosiiee Bpemsi CyIIECTBYET MHOXXECTBO MPHOOPOB ISl M3MEPCHUS
TEeMIIepaTypbl MOBEPXHOCTEH, CTEHNEHH YEPHOTHI, PaJHALMOHHOTO TEILIOBOTO
n3nydenust. Takue mpuOOPsI UMEIOT GOJNBIIYI0 YYBCTBHUTENBHOCTD, PYTUE MOIEIH
M3MEpPSIIOT TEIUIOBbIe IMapaMeTphl TAKKe KaK CIEKTPAJIbHBbIC XapaKTePUCTHUKH
WCTOYHUKA W3JIyYCHHS, HO WMCIOT MAallblii JMHAMHYECKHU Juana3oH. Kaxmprit
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puOOp MOXKET UMETh CrIelU(pIIECKUe BEICOKOI(P(PEKTHBHBIE TapaMETpEL.

Ho B obnacTu oXpaHbl Tpyaa IPH aTTecTaluy pabo4yux MeCT MO TeIIOBOMY
(akTopy HEOOXOIUMO MOMYYaTh CIeNU(PUIECKYIO HHPOPMAIHIO, Kya BXOIIT:

1. Jlnanason m3mepenns ot 50-100 Br/m* 1o 16000 B/,

2. Vmers pa3spemaronyio CHocoOHOCTh IO3BOJISIONIYIO OMPENCISATh C
BBICOKOM TOYHOCTBIO U3MEHEHUS B UHTCHCUBHOCTHU PaJIMAllIOHHOrO IIOTOKA.
3. W3MepaATs MHTEHCUBHOCTH TEIUIOBOIO M3IY4YEHUS TEXHOJOIMYECKHUX

HCTOYHUKOB B CHEKTpadbHOM sauamaszoHe ot 0,76 mxm g0 10,0 MM
(MHTErpanabHOM) TaK U 110 OTAEIBHBIM Y4acTKaM CIEKTpa C y3KHM HHTEPBAJIOM T.K.
PEaKIHs OpraHu3Ma MOXKeT OBITh Ha OT/ACIbHBIE CIIEKTPAIbHbIE TTOJIOCHL.

4. B03MOXXHOCTB MOTyYaTh KPYroBYIO JUAarpaMMy TEIUIOBBIX IOJIEH Kak
BOKPYI KPYrOBOTO HCTOYHHKA, TaK M B moiycdepe IPH HCIIOIL30BAaHUI
HCTOYHUKOB TEIUIOBOTO M3JTyUSHUs B BHJIE TEPMUUCCKUX TI€4eil U IIp.

5. B03MOXHOCTB MOIIATOBOTO CKAHMPOBAHHMA 110 ayre 360°C

Ha ocHOBaHMM CymIECTBYIOMIMX TNPUEMHHKOB TEIIOBOTO H3IyYeHHUS
pa3paboTaHsl W pa3pabaTHIBAIOTCS B  HACTOSIIEE BPEeMsl  MHOXECTBO
HU3MEPHUTEIBHBIX TIPHOOPOB JUIS pa3IHYHEIX 00JacTel mpuMeHeHus. bonbmiHCTBO
13 HAX Y3KOCHEIHaIM3UPOBAaHBI U HE BCET/a MPUMEHUMBI JUIS PEIICHUs 3a1ad 110
oxpaHe Tpynaa. PaccMOTpUM HEKOTOpbIE U3 HUX, NOJYYHBIIME PacIpOCTPaHEHHUE B
MIPAKTHKE THTHEHHUCTOB.

B Hacrosimee BpeMs damie BCETO ISl ONPENENCHUS OOTyueHHOCTH
MIPUMEHSIOTCS BBITYCKAaeMbIe CEPHHHO MPUOOPBI-N3MEPHUTEIH TTOIYCHEPUIECKOTO
mymydenust tama JIMOT-H. On o6mamaer HU3KOH UyBCTBHTENBHOCTBIO K
TOYHOCTBI0. OH CUMTAEeTCs] MHCIIEKTOPCKIM U TIPHMEHsIeTCs o ceif nenb. Haxomsar
IIpUMEHEHHE B TPHKIATHOW OMO(MOTOMETPHH TEPMOIICKTPHIECKHE HPHEMHUKH
JI9TU u BHUMO®U [34-36, 78, 81].

Taxke mnpumensercs Oosee YyBCTBUTENBHBIH HpPHOOp, HA3bIBAECMBbIi
2[1-paguomeTpoM. OTO HECENEKTHUBHBIH INPHEMHHK TEIJIOBOTO H3ITyYCHHUS
TEPMOAJIEKTPHUUECKOTO THUIA, CKOHCTpyupoBaHHbI E.A.HacoHoBbIM Ha ocHOBe
mupaHoMerpa SlHumeBckoro. UyBCTBHTENBHOCTH €r0  IIOBBINIEHA  PSIOM
KOHCTPYKTHBHBIX M3MeHeHMH. [lokasaHus mnpubopa NepeBOIATCS B EAWHUIIBI
o0ydeHHOCTH BT/M Iipy oMoy HoMorpamu, a Taxke npu npuMenennn AL u
U(POBBIX TUCILICEB.

JIng u3MepeHuil THTEHCUBHOCTH paJilallii ¢ TOYHOCTBIO 10 AECATHIX JONeH
Bt npu mznydenusx ve Boime 350 Bt/M oT 7 BT/M B psne cirydaeB HCHONB3yeTCS
npubop Ha ocHoBe rampBaHoMmerpa ['Ca-1 m TepmocronOmka, pa3pabOTaHHBIX,
aBTopamu lllyBaeBeiM D.A., IlerpoBeiM CB., a Takke aOCOIIOTHBIH aKTHHOMETP
KonnparseBa-nrymoBoit (Ha NpUHIMIIE PEryJSITOPHOrO pexxuMma). B aTom ciydae
HU3MEPEHMsI IPOBOJAT IIyTeM M3MEPEHUs BpPEMEHU HarpeBa CIUIOIIHOIO
3a4epPHEHHOT0 WWIMHApPAa M N0 TpadUKy HAXOAIT WHTEHCUBHOCTH TEIJIOBOTO
H3ITy4YeHUS .

W3 3apyOexxHBIX pa3pabOTOK B HAIled CTpaHe NMPUMEHSETCS IepEeHOCHON
npudop MPO, wnsroraBmuBaemslii oOwvenuHeHneM «[lonbckue onTHueckue
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3aBozbl». IIpOOp COCTOMT M3 3IIEKTPOHHO-MU3MEPUTENBHOrO On0ka M Habopa
IIECTH CMEHHBIX (OTOMETPUYECKHX TOJOBOK M1 M3MEPEHHS OINTUYECKOTO
n3nydeHust B YO-B u YB-A ob6nactax u B UK obnmactu cmektpa mo 30xBt/m".
OOmwmii Bec komIuiekta 9,5kr. A Takke mpubop mns m3mepenus WK-papnanum
"BM 2.2", wsrotoBurens ['epmanus, 4 mpexmena W3MepeHHH B HHTETPAbHOM
obmactu ot 100 mo 3000 Bt/m, Bec okono 1,5kr [37, 71, 82-86].

IIpn orcyrcTBHM 1PHOOPOB, NHTEHCHBHOCTH TEIJIOBOTO H3IYYEHHS MOXKHO
OIIpEeNeINTh, BOCIOJB30BAaBUIMCH rpadukoM KirormHa U crenmasbHbIMU
pacueramu [38].

ITpoBeneHHBIE MHOTUMHU aBTOPAMH MCCIICIOBaHUS TIOKA3bIBAIOT, YTO KAPTHHA
TEPMOpPAIMALIMOHHON  HANPSDKCHHOCTH  MMEET  CIIOXKHBIA  XapakTep, Kak
Ka4eCTBEHHBIH, TaKk M MNpPOCTPaHCTBEHHBIH. [lo3TOMY, IpHMeHEHHE B KadecTBe
W3MEPHUTENbHBIX ~ NPHUOOPOB  paguoMeTpoB  MucceHapa, TIJI00TEpMOMETPOB,
aktuHomerpa JIMOT-H u npyrux npueMHHUKOB cpepuuecKoro M3aydeHHs: He JaeT
WCTHHHOHN KapTHHBI TEPMOPAAUALIMOHHON HanpspkerHocetH [37, 71, 87].

Pagmomerp CuzsikoBoit u ap. ¢ yriom BusupoBaHusi MmeHee 2[1-crepagman
TaKXKe He TMO3BOJISACT MOMYYUTh TOYHOU KapTuHEI [37, 71].

W3 mpoBeneHHOro aHanmm3a CYIMIECTBYIOMNX IPHEMHUKOB ONTHYECKOTO H
HK-n3mydenus, pa3paboTaHHEIX NPUOOPOB M YCTPOICTB M HCIOJIB3yEMbIX, KaK B
VYxpaure, Tak U B OMMKHEM M JajbHEM 3apyOekbe, B HACTOSIIEE BPeMsl KpoMe
BBIILICTICPEYHCICHHBIX TPEOOBAaHUS ISl PELICHUs psAja 3a7ad 0 OXpaHe TPYAa,
BO3HMKJIa HEOOXOAUMOCTB B:

- CYIIECTBEHHOM COBEpIICHCTBOBAHHU (OTOPATHOMETPUUECKUX METOJ0B
U CO3[JaHUH HOBBIX IIOPTATHBHEBIX IPHOOPOB;

- pa3paboTke NPHOOPOB NPHHIMIHAIGHO HOBBIX THIIOB, ONPEAEISIOIINX
Oosiee crnoxHBIE (10 CPAaBHEHHMIO CO CBETOBBIMH BEJIMYMHAMH) IapaMeTphl
9HEPreTHYECKON OCBEIICHHOCTH;

- TMOBBILIEHMM TOYHOCTH W YMCHBIICHHS  BPEMEHH  M3MEPEHHUS
JHEPTreTUYECKOIT OCBEIIEHHOCTH C YYETOM OCHOBHBIX XapaKTEPHCTHUK;

- CO3MAaHMM METOJOB U TPHOOPOB M M3MEPEHUS XapaKTEPUCTHK
o6urydenns (ocBemenHocTH) B Y@, Buanmoii u MK-o6mactsix criekrpa;

- Tepexoge OT INpUOOPOB, H3MEPSIONIMX  ONHY  BEIMYHMHY, K
YHUBEpCAJIbHOMY IPHOOPY ¢ HAOOPOM (POTOMETPUIECKHUX TOJIOBOK JUISI H3MEPEHUS
PAa3INYHBIX BEIMYUH ONITHYECKOTO U SHEPreTHYECKOTO H3ITyYCHHSI.

OnHako B HacTosIee BpeMs HE CYLIECTBYET TaKOrO YHHBEPCAIBHOTO
npubopa, XOTs BEIIIE NPHUBEICHHBIE TPEOOBAHUS K IIPOBEACHHIO HCCIIECIOBAHUS
OCTaIOTCSL.

Jlns TOYHOM KapTHHBI COCTOSHHS TEIUIOBHIX ITOJIeH Ha pabodmx MecTax
HEOOXOIMMO KOMILIEKCHOE HCIIOJIb30BAaHHE CYIIECTBYIOIIMX METOJOB U BHOBH
co3iaHHbIX. VccnenoBaHue JODKHBI TMPOBOJUTHCS IO CIELMANbHON METOIMKE
aNrOpPUTMY, T/I€ Y4TeH ObUI OBl Bech apceHan pa3paboTaHHBIX MPHOOPOB, HO HE
HCIOJIB3YEMbIX PaHee KOMIUIEKCHO JUISl JOCTHKCHUS TIOCTABICHHON LIEIH.

Kaxk moxassiBaroT npoBefieHHBIe HaMH HccaenoBanus rpaduk Kimounka maer
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OONBLIYI0  MOTpemHoCcTh. Jlpyrme HOMOTpaMMBl — IIO3BOJISIFOT — ONPEJEIHThH
00Ty4eHHOCTh PabO4Yero Mecra C JOCTATOYHOW TOYHOCTHIO, OJJHAKO HEOOXOANMO
BBOJIMTH TTapaMeTPhl HCTOYHMKA M3Iy4EeHHs, TAKHE KaK CTENIeHb YEPHOTEI, SPKOCTb,
Temrepatypa. TeMreparypa WAET B YETBEPTOI CTENICHH M Malleiias oumoOKa B ee
ONIpEe/IeNICHNH MNPHBOJUT K OONBIIMM HOTpemHocTIM. Tem Oosee pabora ¢
JMarpaMMaMil HeollepaTHBHAs M TPeOyeT 3aTpaT BPEMEHH, MMEIOT OTHOCHTEIHHO
Gompuryro norpemHocTs [71, 87]. HanbGonee ynaunoii siBisieTcst HoMorpamma [39],
KOTOpasi TMO3BOJISIET HCIONB30BaTh 3aMepbl CYIIECTBYIOUIMMM IpUOOpamMH Ha
6e30MacHOM PacCTOSIHUU M MOIYYUTh JOCTATOUHYIO TOYHOCTh. OTHAKO U OHA UMEET
HEJOCTaTOK — BBHUAY KPHUBONMHEIHBIX TpauKOB, TPYIHO HHTEPIOIUPOBATH
IIPOMEXYTOYHBIC 3HAYCHUS U 3aj1ada yrioB. [1o3ToMy BO3HHKIA HEOOXOAUMOCTE B
CO37IaHMU HOMOTPAaMMBI, KOTopast ObI BoOpasia B ce0st BCe MOJIIOKUTENBEHOE OT paHee
pa3pabOTaHHBIX, U ITO3BOJIMIIA OBI NCIIONB30BATh [UIS 3aMEPOB TEIUIOBOTO M3IIy4YEHHUS
CYIIECTBYIOLHE MPUOOPBI 0OSCHeYeHNsI U MOBBIMLICHHUS TOYHOCTh M 0E30IMacHOCTh
3aMepoB Ha PaboYMX MeCTax ¢ BHICOKUMH 3HAYEHUSAMH HM30BITOYHOTO TEIJIOBOTO
M3ITydeHHs, KOTOPOE OTPUIIATENbHO BIMSIO Obl HA TOKa3aHMS NPHUOOPOB, Ha
3J0pOBBE OmepaTopa uccinegoBaresnst. Hanbonee 1oCTymHBIME SBISIOTCS pa3paboOTKU
HUTT® AH Ykpauns! B Kuese, 103BosSIONIHNE € JOCTATOYHON TOUHOCTBIO U3MEPATH
TeMIepaTypy, paJualliOHHbIC TEIUIOBBIE IIOTOKH, KOHBEKTOPHI Terua. Komimiekc u3
YHUBEpCaJIbHOH HOMOTPAaMMBI M JOBOJIBHO TOYHBIX IIPHOOPOB, HO MMEFOIINX MaIbIi
BEPXHUH IIpele]l M3MEpeHHs, IMO3BOJIET IONYYUTh TOYHYI0 HH(OpMaImio o
COCTOSIHMU TETIIOBOTO OOJYUESHHsI B ONIACHBIX PabOUMX 30HAX.

[IpoBeneHHbIN aHaAIM3 KOHTPOJS TEPMOPAJULUMOHHOW HAIPSHKEHHOCTH
MOKa3aJl, 4TO MpUMEHSIEMble B HACTOAIIEE BpeMs B YKpawmHE KOHTPOJIBHO
n3MepuTenbHsle mpubdopsl: pagonometp 211, JIOT'Y, Muccenapa, rimodTepmMoMeTp,
aktrHOMeTpH! JIMOT-H 1 npyrux npueMHHKOB chepraecKoro N3IydeHus He a0
HUCTUHHOI'O NPEACTABJIIEHUSA O TepMOpa}lMaL{OHHOﬁ HaIIPSHKEHHOCTU Ha pa60tmx
MecTax C MCTOYHHKAMH TIOBBIIIEHHOTO TeEIIOBbIIeNeHUs. M3-3a croxkHOCTH
BO3HUKAIOIEH TEPMO3ALIUTHON HANpPSUKEHHOCTH M HE KAYECTBEHHON OLIEHKHU
3aTPyIHEHO NPOTHO3HPOBAHUE U MPUMEHEHHE 3((EKTHBHBIX 3AIUTHBIX CPEICTB.
[62, 71, 87, 88]. Pa3nuune TEIUIOBBIX MCTOYHWKOB U3IyYCHHS W OTIUYUTEIHHBIC
0COOCHHOCTH TIpoIecca TEINIOOOMEHa M XapakTepa MpeoOpa3oBaHHS TEIUIOBBIX
M3TydeHUH (B CYIIECTBYIOIIMX INpuOOpax He MO3BOJISAET B HACTOSIIEE BpeMs
JOCTUYb BBICOKOH CXOTMMOCTH H3MEpEHMH, 4YTO 3aTpyAHSAET MOCTPOEHHE KapT
MIPOTHO3a TEPMOPATUAIIMOHHON HANPSHKEHHOCTH).

1.6. Ocnognvie nanpasiienus CHUNCEHUA HEAKMUBHO20 8/IUAHUA NOGLIUIEHHBIX
memnepamyp Ha pabouux mecmax.

Bornpockl 60psOBI ¢ HETaTHBHBIM BIIMSIHUEM BBICOKMX TEMIIEPATyp B TOPSYHX
LeXax Ha MPEeNpHSATHSIX CTPOH MHAYCTpHHM (TIPOM3BOACTBO LIEMEHTA, W3BECTH, THIICA,
KUpIT4a, KAaMEHHOE JIUThE W T.J.), Ha TPEIIPUATHSIX YEPHOH M LBETHONH METaJLTypriu,
XUMHYECKOH IPOMBIIIICHHOCTH, MAIITHOCTPOEHNE U T.JI. 3aHIMAET OJIHO W3 BAKHEHIINX
mect. Crnemyer orMeTuts paboTel B 3TOM obOmactw ydensix b.M.3mobunckoro,
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M.M.3unbkoBckoro, A.d.badanosa, JI.A.I'mymenkosa, W.I". Xanenkoro, A.A.Mabixa,
CB.IlerpoBa, A.®Illopuna, O.B.Momuanosoii, A.A.{mutpuesckoro, E.H.
Adanacresoii, M. IIpuBanesa, ®@.1.VBanuenko, b.A Ilasnenko, JI.B.Ocranenko, ®.1.
lnefipman, H.O.JTamanmna, W.M.Opmana, H.I Kaprayxa, I'.EKupHoBoi,
B.M.Wmomenxo, 3.E. Ctpesxexyposa u ap. [10-12, 59, 71].

Jns  ymydmmeHws ycloBHH TpyZa Ha pabOodMX MeCTaX C IOBBIIICHHBIM
TEIUIOBBIICNICHHEM B HACTOSIIEE BPEeMs NMPUMEHSIOT pa3JIMHbIe CPe/ICTBA 3aIlUTHl OT
tewtoBoro m3nmydeHust cornacHo ['OCT 12.4.123-83 «CpenctBa KOJIEKTHBHOU
3aIUTHl OT MH(PAKPACHBIX M3MydeHnid. O0ume TexHnaeckue TpedoBanms. CpencTaa
3alUTHl OT WH(PAKPACHBIX M3IYYEHHH MO CBOEMY HA3HAYCHUIO MOJIPA3ICISIOT Ha
YCTPOMCTBA:  OTPAJMTENbHbIC; TEPMETH3UPYIOLIME;  TCIUIOM3ONHUPYIOLINE; IS
BEHTW/IAIIMH BO3/TyXa; aBTOMAaTHYECKOr0 KOHTPOJIS M CUTHAIM3AIINH; UCTAHIIMOHHOTO
ynpaBneHus; aucku OesomacHoctr [40, 71, 89]. Bee MeTozms! 3ammThl YenoBeka OT
BHELIHErO-TeMIIEPaTYPHOTO BIMSHUS W TEIUIOBOIO M3JIy4eHMS IOAPA3CIAIOTCS Ha
o01111e, KOTOpoe 00ECIeUNBAIOT 3aIUTY OT OJHOTO U3 (JaKTOPOB.

K OCHOBHBIM CpeICTBAM 3alllUThl OTHOCATCS — YCTpPAaHEHHE HCTOYHHKA
BBICOKOTEMIICPATYPHOTO  M3JIy4CHMsS; OXJKACHHE TOpSYMX I[TOBEPXHOCTEl;

TETLIOM3OJISAIIHS TOBEPXHOCTEH BBICOKOTEMIIEPATYPHBIX HCTOYHHKOB;
SKpaHUPOBAHUE; XpPaHEHHE CPEICTB IYUIMPOBAHMS, KpPEIUICHWE BEHTWISUUH U
BO3yX000MEHa; cpencrTaa HWHAVBUYaJIbHOM 3aMIUTEL; OopraHu3arus

palMOHANBHOTO peXuMa Tpynaa u otapixa [41-45].

CHIDKGHHE  TeMIlepaTypsl B~ HCTOYHHMKE  BO3MOXKHO 33  CYeT
COBEpIICHCTBOBAHUE TEXHOJOTHMH (ITO HE BCETAAa BO3MOXKHO C Y4E€TOM
OSKOHOMHMYECKMX 3aTpaT H TEXHHYECKOTO YPOBHS) AaBTOMATH3ALMH U
JIMICTAaHIIMOHHOTO YCOBEPIICHCTBOBAHMS IIPON3BOACTBEHHBIMH IIPOLIECCAMU U T.JI.

Cornacio I'OCT 12.1.005-88 u JICH 3.36.042-99 «CanuTtapHble HOpPMBI
MHKpOK/IMMATa IPOM3BOJCTBEHHBIX IOMELICHHH» WHTEHCHBHOCTH TETJIOBOTO
oOirydeHus pabOTAIOIUX OT HAarpeThIX IIOBEPXHOCTEH TEXHOIOTHYECKOTO
060pyIOBaHKs, HE DOMKHA MPEBBIMIATH: 35 Br/M> mpu obmydenmu Gonee 50 %
HOBEpXHOCTH Tena; 70 Br/m’ npu obmydeHun ot 25 1o 50 % mOBEepXHOCTH Tena,
100 Br/™% npu obmyuennn me Gomee 25 % MOBEPXHOCTH Teja, OT OTKPBITBIX
HCTOYHUKOB (HarpeTble MeTall M CTEKIO OTKphIToe IuIams). MHTeHCHBHOCTH
TEIIOBOTO 06JIy4eH s He JOJIKHA IpeBbimath 140 B/M® mpu oGmyueHnn He Goree
25% TOBEpPXHOCTH Telna W 00sA3aTeNbHOM  HCHONB30BAHHU  CPEACTB
WHIVBUIYaTbHOH 3aIUTEL.

HopMel  orpaHnumBaOT M TEMIIEpaTypy HarpeThlXx IIOBEPXHOCTEH
obopymoBanuss B pabouell 30He, KOTOpas He J0JoKHA mpeBbimate 45 °C, a
TEMIIEpaTypa Ha ero MOBEPXHOCTH J0JDKHA ObITh He Bbimie 35 °C.

IMoostoMy omHuM u3 3(QEKTUBHBIX CPEICTB CHIKEHUS HHTEHCHBHOCTH W
MH(PPAKPACHOTO M3TydEHHS U TEMIIEPATyPhl Ha MTOBEPXHOCTH MCTOUHUKA M3ITyIEHUS
SIBISIETCS.  TETUIOM3OJLIIUSL  00OpYyHOBaHMS (IeYd, amnmapartsl, TpyOompoBozsl). B
KAueCTBE TEIIOM3OJIINY IPHHIMAIOT MAaTEPHAIIBI C IUPOKOH TEIUIONPOBOAHOCTEIO.
OpnHako, Kak IOKa3biBaeT aHamu3 [65-68], TeIoM3oislus TEIUIOBBIX arperaToB
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TpeOyeT 3HAUMTENBHBIX 3aTpaT W HE BCerna nmpHemieMa. BeHTmsmus Bo3mayxa, Kak
MOKa3all HMcclefoBaHus [46] He 3amumaeT OT H3IyYaTelbHOW TEIUIOTHI T.K.
uH(pPaKpacHble JTy4d MaJlo MOIVIOLIAIOTCS BO3LYLIHOW CPEIOd M MpPU JOCTHKEHHH
MIOBEPXHOCTH JPYIHX TEJ PEBPAILAIONINXCS B TEIUIOBYIO SHEPTHIO.

OHAM U3 MHIPOKO IPUMEHSIEMBIX CIOCOOO0B CHIDKEHHUS OT ASHCTBUS TETUIOBBIX
W3JIy9eHUH SIBISCTCST INIPUMCHEHHWE: OTPaJHUTENbHBIX YCTPOHCTB OSKPaHUPOBAHUS
(YCTpOHCTBO TEPMIYECKOTO CONPOTHBIICHHS HA ITYTH TEIJIOBOTO IIOTOKA).

OrpaurenbHble SKpaHUPOBAHUE YCTPOWCTBA 3aHUMAIOT OJHO M3 OCHOBHBIX
MecT mpu 3amuTe padounx mecT oT MK-uzmydenuii. OrpagurensHble yCTpoOiicTBa
TIO/Ipa3/IeIISIOTCS:

- B 3aBUCHMMOCTH OT BH/Ia MaTepHaia Ha HEPO3payHble, MOJIYHPO3pauHbIC U
IIpO3payHEIe;

- 0 CIIOCO0Y KpeIuIeHNs Ha 0O0BEKTHI Ha: CheMHBIC U BCTPOCHHBIE;

- [0 TNpPHUHIMIY JCHCTBHA Ha: TEIUI0 OTpPaKalolUe, TEeIUIOOTBOALIME,
TETUIONOIIAIIAIONINE U KOMOMHUPOBAHHBIC.

IMornomnaemasi SHEPrUsi B HEMPO3PAaYHBIX HKpaHAX OIJICKTPOMArHUTHBIX
KoJIeOaHUi, B3aMMOJICHCTBYSI C MaTEPHAIOM JKpaHa, MPEBPAIAeTCs B TEIUIOBYIO
SHEpru0. JTO BeAeT K HarpeBaHMIO HKpaHa M SKpaH CTAHOBUTCS HCTOYHHUKOM
TEIUIOBOTO M3ITy4YeHUs. DKpaHUPyeMCsl SHEPTHs B BHUJE M3ITy4EHUs HAIpaBJCHB B
CTOPOHY MCTOYHMKA M3JIyYSHHS €€ YCIIOBHO PAacCMaTpPHUBAIOT KaK IPOIYIIEHHOE
U3JIy4eHUE UCTOYHMKA. K Hempo3pauHbIM 3KpaHaM OTHOCATCS: MeTalIM4eckue (B
T.4. aJIOMUHHEBEIE), ainbQoieBble (amoMuHueBas ¢(onbra), QyrepoBaHHbIC
(IeHOOETOH, TIEHOCTEKIT0, KEPaM3UT, TIeM3a), acOECTOBEIE U IIp.

B npo3padHbIX 9KpaHax BEIMOIHEHHBIX U3 Pa3IHIHBIX CTEKOJ: CHUIMKATHOTO,
KBapIEBOTO, OPTaHNIECKOTO, METAIUIM3NPYIOIIETO, a Tak)Ke IUICHOYHBIE BOISHBIE
3aBechl (CBOOOIHBIE M CTEKAaIOIIHe 10 CTEKIy), BOJOAMCIIEPCHBIE 3aBEeCHl M T.K.,
U3JIy4CHUH, B3aUMOJICHCTBY C BEIICCTBOM JKpaHa, MUHYET CTaJUIO IPEBPAILCHUS
B TCIUIOBYIO OHEPTMI0 U PpAcHpOCTpaHSeTCs BHYTPH OSKpaHa [0 3aKOHAM
TeOMETPHYECKOM ONTHKH, YTO U 00eCIeunBaeT BUANMOCTh uepes dkpaH [10, 47].

[Momynpo3padHble SKpaHbl 3aHUMAIOT IIPOMEKYTOYHOE ITOJIOXKEHHE MEXIY
MIpo3padHbIMU SKpaHaMu. K HHM OTHOCATCSA: MeETaUTMYECKHE CETKH, LEIHBIe
3aBEChl, IKPaHbI U3 CTEKJIa, ApMUPOBAHHOTO METAJUIMYECKON CETKOM.

Jlenenue SKpaHOB NO NPUHIMITY JEHCTBHS SIBISETCS YCIOBHBIM, TaK Kak
Ka)X/Iblil 9KpaHa 00J1a1aeT OJJHOBPEMEHHO CIIOCOOHOCTBIO OTpaXkaTh, HOIJIOLIATh U
oTBOAUTH Temyio. OTHECeHHEe SKpaHa K TOM MM MHOW TpyIIe NPOU3BOAUTCS B
3aBUCHMOCTH OT TOTO, Kakas ero CHocoOHOCTb Ooinee BhIpakeHa. HambGomee
3¢ QEKTHBHBIMH SBIIIOTCSI OTpaKaTelIbHBIE PKpaHBI. TerooTpakalonye SKpaHbl
001a1al0T HHU3KOW CTENEHBI0 YepHOTHI IIOBEPXHOCTH, BCIEJICTBHE YEro OHH
OCHOBHYIO 4aCTh HaJaiolieil Ha HUX JYYHUCTOH JHEPrHU OTPaXkaloT B OOpaTHOM
HamnpapJeHHH. B KayecTBe TEIIOOTPaXKAIOIIMX MaTEPHANIOB SKPAHOB HCIIOIb3YIOT:
anboJb, TUCTOBOI ATFOMHHHIA, OLIMHKOBAaHHYIO CTaJlb, ATFOMUHUEBYIO KPACKY.

Temneparypa HapyXKHOW IOBEPXHOCTH 3KpaHa JIOJDKHA OBITH ONHM3Ka K
TeMIlepaType OKpyXalollei cpespl, T.K. IPH 3TOM KOHBEKTHBHBIA HarpeB BO3IyXa
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MOMEIIEHUST OT TOBEPXHOCTH DJKpaHa OyJeT MHUHHMAIbHBIM. 3aJaHHOe
OTHOCHTEJIbHOE CHIDKEHHE TEMIIepaTyphl ¢ MOMOIIBIO 3AIMHUTHOIO dKpaHa MOXKET
OBITH OmpeenieHo 1o 3aBucumoctu [90]:

_ T-273

T, —273 (1.17)

rae T — temmeparypa MCTOUHMKA u3nmydeHus, K; T, — Temneparypa sneprun, K;
M — 3a1aHHO€ OTHOCHTENIbHOE CHI)KEHUE TEMIIEPATYPHI.

OtpaxaTenbHble JKPaHBl MOTYT OBITH Pa3sHOOOPA3HBI IO KOHCTPYKIIHH:
CTaI[OHApHBIE, IIEPEeABIKHBIE U T.J. TEMIlepaTypa KpaHa cO CTOPOHBI pabodero
Mecte He JjoibkHa npesbimarts  318°K  cormacmo JICH 3.36.042-99 wu
JIHAOII 0.03.1.23-82.

B Temomoryomarompx JKpaHax B KauecTBE MaTEPUANIOB HCIOJIB3YIOT:
MHHEpabHYI0 M CTEKJIO BaTy, acOecT, BCIyYEHHBIH KEpaM3uT, MeM3y U T.J.
ITpumensiemble MaTepransl 001aAal0T BBICOKAM TEPMHUYECKUM COMPOTHUBICHUEM H
MaJbIM K03(p(PUIMEHTOM TEIIONPOBOIHOCTH. YPaBHEHUE IMOTJIOMIEHHS JTyIHCTOH
SHEPrHyU KaKkol 00 cpenoil onpenensiercs 3aBHCHMOCTBIO:

P=P e (1.18)
rne P u P, — MHTEHCHBHOCTh W3JIy4YEeHHS B JaHHOW TOYKE, COOTBETCTBEHHO IIPH
OTCYTCTBHU CpEJBbl, BT/MZ; K — KO3(p(UIMEHT MOrNOLIeHHs TEIUIOTH CPeIbl;
6 — TONIIIHA Cpe3a, MH.

TemnnooTBOAAIIIE SKPaHbl YCTAaHABIMBAIOT Ha IyTH BBIXO/A JTyYHCTOH SHEPTHN
C aKTUBHOM 30HBI (JIOTKH Iedel, TOpHBIC YIACTKH KOHTPOJISI 38 KA9€CTBOM H T.11.).

B kauecTBe  TemIo  OTBOMANIMX  DKPAaHOB  BOASHBIE  3aBECHI,
CBOOO/HOMAAIOIME B BHJIE IUICHKH, OpPOIIAMONIME JPYIyI0 SKPaHHUPYIOIIYIO
IIOBEPXHOCTh (HANpHMep, METAUIMYECKYI0), MO0 3aK/IIOYCHHBIE B CIELUAIbHbIN
KOXKyX H3 CTeKJIa (aKBapUIIbHBIC SKPaHbl), METAJUIA (3MECBHUKH) H JP.

D¢ GEeKTUBHOCTD 3aMUTHl OT TEIUIOBOTO M3JIYYEHHS C ITOMOIIBIO 3alIUTHBIX
9KPAHOB MOXKHO 110 (hopMyIIe:

n= Q-Q, x100 %
Q (1.19)
rae O — HHTEHCHBHOCTh TEIUIOBOIO M3/IydeHHs 6e3 MPUMEHEHHS 3alluThl, BT/M>;
Q3 — UHTEHCUBHOCTD TCIJIOBOI'O U3JIYUCHUS C IPUMEHEHUEM 3allIUThI, BT/Mz.
TennocOeperaomiye 35KpaHbl YacTO BBIIOJHSIOT MHOIOCIOWHBIMH  CO
CBOOOZHBIM MPOCACHIBAHUEM BO3/lyXa MEXAY CIOSMH, JHOO ¢ MPUHYIUTEILHBIM.
IIpu >ToM, TONmWHA mpocioek NomKHa ObITh He MeHee 10 MM m He Gornee 20-
25 mM. 3a cueT mpocackIBaHHA BO3/AyXa 3HAYMTENHHO BO3pacTaeT 3(PPEeKTHBHOCTh
9KpaHUpPOBaHMA. [IpM NPHUMEHEHWH TEIUIOOTBOIIIMX IOJOCTHBIX 3KPAaHOB C
IPOTOYHOM BOJIOH, TEMIIEPATYPA OTXOSIIEN BOBI HE NODKHA TIpeBbIath 35 °C.
Kak mnokasanu HccleoBaHHs TEIUIOOTPAKATENIbHbIE S3KpaHbl B IpoLecce
9KCILTyaTalMy TEPSIOT CBOM TEIUIOTPAKATENbHbIE XapaKTEPUCTHKH M3-32 3arPy)KeHUS
noBepxHocTH. He Bcerma u3-3a 3arpsisHeHMs IoBepxHocTH. He Bcerma us-3a
TEXHOJIOTMH TPOU3BOJICTBA OHM MOTYT 00ECTIeYNBaTh HaUISKAILYIO 3AIIUTY PabOdnx
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mecT. TemmozammTHBle 9SKpaHbl Mano  A(QGEKTHBHEI NpPH  3HAYUATENBHOI
HMHTEHCUBHOCTH BBICOKOTEMIIEPATypPHBIX HCTOYHHKOB TEIUIOBOro m3mydeHus. Ilo
3TOMY B MOCTIEAHHE TOJBI B OOMBIIEH CTETIEHH HAXOAAT KOMOMHHUPOBAHHBIE SKPAHBI C
OITHOBPEMEHHBIM 3(P(HEKTOM OTpaKEHHsI U TIOTIIOIEHHS TEIUIOBOH sHeprun [48-50)].

Kax moxazan aHaqm3 mpu 1momOope SKpaHOB CIERyeT YYHTHIBATh CIIEKTP U
HMHTEHCUBHOCTH M3JIy4eHHsI, O0Ty4eHHOCTH pabourX MeCT U TeMrepaTypy BiusHus. C
YUYETOM XapaKTEPUCTHUK U3IIydaTess OLICHUBAETCA TeMIIepaTypa, ero OTpakaTellbHoe,
TIOTJIOIMIAOIINE WM OTBOJIIIME CIOCOOHOCTH MaTepHana M cpeacTtB. Ha ydacTkax
MPOU3BOJCTB, TIJ€ HEBO3MOXKHO IPUMEHMTH 3aIlUTHBIE SKPaHbl EIMHCTBEHHO
BO3MOJKHBIE CPEJICTBOM YMEHBIIECHHs] HEOIAroNnpUsITHOTO BO3AEHCTBHS TEIIOBOTO
M3IIy9eHNs, CIIOCOOCTBYIOMMM OBICTPOH OTAaue M30BITKOM IOCTYIAOMIETO Terula
SIBJISIETCS TYIIMPOBAaHUE pab0oIrX MECT MM pabodero mponu3Bo/CTBA.

Bo3znmymmoe nynmposanue 3 (heKTHBHO IPH CIIEKTPAIEHOM COCTaBE M3ITyYCHHUS,
KOTOpOE€ B OCHOBHOM, IoOrJomaercsi koxkeil. IIpu Bo3aeNcTBUM M3ITydeHMs, KOTOpOe
MIPOHHKAET B TIIyOb Tena, 3 (eKTHBHOCTh BOAYIIHOTO AYIIMPOBAHNUS CHIbKaeTcs. s
MPaBIIBHOTO  MOA0Opa  PEXMMOB  BO3IYIIHOTO  AYIIMPOBAHHUSA  HEOOXOIMMO
MOJTB30BaThesl pekoMeHarmsamu [34, 37, 38]. Kak mpaBuiio BO3IyIIHOE TyHIMPOBAHIE
MIPAMEHSIOT B TOPSYMX IeXaX Ha pabodmx MecTax, HaXOISIIUXCS II0J] BO3/eHCTBHEM
JIY9UCTOTO TIOTOKA TEILIOTHI OOJIbIIOM MHTeHCHBHOCTH (Oosee 350 BT/MZ). IIpu srom
MIOTOK BO3/TyXa HAIPABJIIOT HEOCPECTBEHHO HA pab0Yero, 4To IO3BOJISIET YBEJIMINTh
OTBOJ TeIUIa OT €ro Tela B OKPYXKaroILyio cpexy. CKOPOCTH ITOTOKA BO3LyXa 3aBHCHT
OT TSDKECTH BBINOJIHAEMOH pabOTHI, a TAKKE OT HHTECHCHBHOCTH OOJTydeHHMs, HO OHA HE
JIOJDKHA, MPEBBINATh 3,5 M/c, TaKk KaK 5TO BBI3BIBACT y pabOYero HEHMpHSTHHIC
OLIyIICHWs (HampuMep, IIyM B ymax). O(GQEeKTHBHOCT BO3AYLIHBIX Jymneit
TOSIBIISIETCS TP OXJIXKJICHHUH TI0J]aBaeMOro Ha pabodee MECTO BO3IyXa HIIM XKe IpU
MOZIMETIIMBAHUH K HEMY MEJIKO PacbIICHOM BOJIBI (BOJIO-BO3MYIIHBIHN aym) [32].

BaxkxHoe MecTo s 3amuThl pabOTAIOMIETO B TOPSAINX MPOU3BOACTBA HMEET
MIPUMEHEHUE CPEICTB HHANBHIYaIbHON 3aIINTHI (HCHIOIB30BaHNE IS 3aIIUTHI I71a3
U JHIa IOUTKOB M OYKOB CO CBETO(QMIBTpAMH, 3aIlTa MOBEPXHOCTH Tela
CHELOAEKIO0N U3 JIBHAHON W TOMYJNBHSHON NPONUTAHHOW IAapyCHUHBI). A TaKxe,
ne4eOHO-IIPOPIIIAKTHIECKHE MEPOIPHUSTHS (OpraHU3aIHs PallMOHAIBHOTO PeKUMa
TpyZa U OTJbIXa, OPTraHU3aLHs IEPUOJUIECKIX MEIOCMOTPOB U IIp.).

Coueranne mnpuBeleHHBIX Bbimie Mep u cpencts (C3TU) B kommuiekce
MO3BOJISIET PEIIUTH 3a7auy — oOecreueHre 0e30MacHbIX YCIOBHH TpyJa Ha pabounx
MecTax CO 3HAYUTEIBHBIM TCIIIIOBBIM H3IIyICHHEM.

IpoBeneHHBI aHAIM3 COCTOSIHHS pa0OYMX MECT B TOPSUMX IIPOHM3BOICTBA
TI0Ka3aJI, 9TO MPH BEIOOPE W MPHMEHEHHEM CPEJICTB 3allUTHl OT TEIUIOBBIX M3IIydeHHI
(C3TU) HeoOXOAMMO YYUTHIBATH TEPMOpPAIHALOHHYIO HANPSDKEHHOCTh Ha Pabodmx
MeCTax, CIEKTPalbHbIH COCTaB U BEKTOPHOE pacIpe/iefieHHe TEIIOBOrO H3IIydeHus,
MPONOIDKUTENBHOCTHIO MK-13myuenys 1 ero HanpasiaeHHOCTh. KoMImekcHbIM nmoaxon
K PEIICHHIO BONPOCOB IIO0 3aIUTE€ OT TEIUIOBBIX W3IydYCHMIl JOIDKEH CHH3UTH
BOZHHUKHOBEHHE NPO(ECCHOHANBHEIX  3a00JeBaHMH, yMEHBIINTh YTOMIIIEMOCTh
PpaboTAaIONINX, MAKCHMAIBHO CHU3UTH TEIUIONOTEPH TEXHOJIOTHYECKOTO 000PyIOBaHMSI.
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PA3JEJ 2.
HUCCJEJOBAHHUE MMPOLIECCA TEINIOOBMEHA MEXIY
YEJOBEKOM U BHYTPEHHEW CPEJIOM

2.1. Xapakmepucmuka KOHEEKMUBHO20 U JIYUUCIO20 MENI1000MeHA 8
nomeuieHuAX 30aHUll 1 UX 6IUAHUE HA 0Decneyenue MUKPOKIUMAma 6
nomeuienuu.

Co3nanue 340pOBBIX YCIOBHH Tpyna, obeclieueHHe MPOU3BOJUTEIBHOCTH
TPYZAa U B IIEJIOM 0€30MacHOCTH KHU3HEAEATEIbHOCTH ONPEAESIOTCA BHEIIHEH 1
BHYTpPEHHEH cpenoi.

Orpaxkparomue KOHCTPYKIMM 3[JaHWH HrPalOT BEAyNIyI0 pOJb B
(opMHpPOBaHNH MHUKPOKIMMAaTa IIOMEINEHHH U OO0eCleYeHHH CaHUTapHO-
THTHEHNYECKHUX YCIIOBUII Tpy/a; NOX0OHO OfeXk/e, OHM 3allUIIAI0T YeI0BEKa OT
HEONarompuATHBIX BO3ACHCTBUH BHEIIHEH CpeAbl M TMO3BOJSIIOT €My
MPAKTHYECKH KHUTh B TIOOBIX KIMMAaTHUECKHX YCIOBUSAX 3€MHOTO mmapa [26].

IloBepxHOCTH TOMENIEHHMS MOXHO pas[eNuTb Ha TPU  TPYIIIHL
OXJIaXJAIOI[He, HarpeBalomMe W HeWrpampHble. K oxmaxparomuM
MOBEPXHOCTSIM B XOJOJHBIH NEpHOA ToAa ClelyeT OTHECTH BHYTPEHHHE
MOBEPXHOCTH HApPYXHBIX OTPAXKAECHUH M OCTEKJICHHs, K HarpeBalolIUM -
OTONHMTENIbHBIC MAHEIH WIN IpyTrue HarpeBaTeibHbIe PHOOPHI, K HEHTPaIbHBIM
- BHYTPEHHHUE OTPaKAAIOMNE KOHCTPYKINH, IPEMETHI U T.II.

Kaxngas moBepxXHOCTh OTHAaeT TEIUIO HM3IyYeHHEM U IIOTJIOMIAET JIydHCTOe
TEIUIo, TPHUXOJIIee OT OKPYXKAIOIIUX HoBepxHocTed. Harperele moBepxHOCTH
TEepSOT OOJIbIIe TEIUIa, YeM Inoriomaror. boiee xononHble, HA000POT, IMOIYYAIOT
Oouspllie TerUia, YeM OTHAoT. MexIy pa3iuyHO HArpeThIMH ITOBEPXHOCTSIMU B
pe3ysbTaTe IPOUCXOAUT TeII00OMeH nu3nyueHueM [21, 39 —46].

JIns OIeHKM BO3AEHCTBHS TEIUIOBOTO M3JIydYEHMS TAaKXKe BaKHOE 3HAYCHHE
UMEIOT CHEKTPAIBHBI COCTAaB M HMHTEHCHBHOCTH 0OMydeHMs. B cBsi3u ¢ Tem, 9To
TEpMOpPA/INAllMOHHasl HANPsDKEHHOCTh  XapaKTEpH3yeTcsi HEpaBHOMEPHOCTHIO B
HPOCTPAHCTBE, OLEHKY €ro HEOOXOIMMO BECTH pPa3JeNbHO [UIA KaXKIOH TOUKH.
BennunHa 06IydeHHOCTH JIEMEHTApHOH IUIOMIA/IKH TeJla 3aBUCHT OT €€ OPHEHTALUH
B TIPOCTPAHCTBE OTHOCHUTENIBHO MCTOYHMKA TEMJIOBOrO HU3IydeHHs. OTa BEIMYHHA
MMeeT BEKTOPHBIN XapaKTep 1 MHOTO3HAYHA B KXKIOH TOUKE IIPOCTPAHCTBA.

B 3aBucnmocTH ot TeMmepaTypsl ¥ H3ITy4aTeIbHOW CIIOCOOHOCTH BHYTPEHHHX
MOBEPXHOCTEH IOMEIIeHNs, TEIUNIOOOMEH H3Iy4YeHHEM pa3MueH Ul Pa3HBIX
yacTell Tena, KaKk pacCMaTpUBAJIOCh B IIEPBOM pasfielie JaHHOW paboTsl.
Bcrnenctaue 3TOTO, TUTUEHUYECKOE HOPMHPOBaHHUE TeMIiepaTypHol
HAMpPsHKEHHOCTH 11eJ1ecCO00pasHO IMPOMU3BOAUTh MO OMYyCTHMBIM MapaMeTpam
TeMIIepaTypHOH 00JTydeHHOCTH, T.K. HOpMUpYyeMasi BeJINYMHA HE JJOJDKHA 3aBHCETh
0T (HU3NOIOTHYECKNX XapaKTEepUCTHK OBEPXHOCTH Tella yenoBeka [43, 44, 46].

PaccmarpuBasi TEIUIOBOM pEXHM IIOMELICHUS, HPUHATO TOBOPUTH O
BHYTPCHHEH TemIeparype MOMemeHus . XOTs ONpeAessaTh TeIIOBOil KoM(popT
YeI0BEeKa TOJBKO OSTHM MapaMeTpoM Obulo Obl HempaBuibHO. Kak ObL1O
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PaccMOTPEHO BBINIE, OCHOBHBIC TEILUIOTIOTEPH TEJNOM ueioBeka (6omnee 50% ot
CYMMAapHBIX  TEIUIONOTEePb)  HPOUCXOAAT  JYyYUCTOH  (paguamroHHON)
TEIJIOOTAAYEH, KOTOpas B CBOIO OuYepelb 3aBUCHT OT Pa3sHOCTH TEMIIEPaTyp
MEXK/y TEJIOM YEeIOBEKa W TeMIIepaTypoil OKPYKAaIOIIMX €ro HmoBepxHocTeil. B
cIydae, KOTJa TeMIlepaTypa OKPYXKAlOIMX MOBEPXHOCTEH HIXKe, UYeM
TeMIepaTypa MOBEPXHOCTH TeJa YeJIOBeKa BO3HHKAeT HHTCHCHBHBIH OTTOK
Teruia (OLIyIIEHHE XO0JI0Ja) C Tella 4YeJoBeKa M HaoOOpoT, Korja TemIieparypa
OKPYXKAIOIMX ITOBEPXHOCTEH BBIIIE TEMIIEPATYPhl Tejla 4eJOBeKa BO3HHMKACT
WHTCHCUBHBIN MPUTOK TeIIa (IEperpes).

Ha opraHu3M 4ejoBeKa M yCJIOBHS €ro 0e30IIaCHOCTH OKa3bIBACT, BIUSIHUE
TEeMIIepaTypsl BCEX MOBEPXHOCTEH OTPaHWYMBAIOMINX IIOMEIICHHE M HMeeT
Ba)KHOE TMTHEHUYECKOE 3HAUCHHE.

ITosTOMy [UIT OLEHKM YCIOBHH MHKPOKIMMAara ¢ TOYKH 3pCHHS
0€30MacHOCTH KU3HEIEATENIbHOCTH BO3HUKJIA HEOOXOJUMOCTh HPOBEACHUS
UCCIIEI0BAHUI JIy4HCTOrO TEIUIOOOMEHa Tesla YeJoBeKa ¢ OKpYKakoIeH cpenoi
BHYTPH ITOMEIIEHHS.

2.2. Onpedenenue KoIppuyuenma 0dayueHHOCHU MEIHCOY NOBEPXHOCHbIO
mena ueno6exa u NO6EPXHOCHbIO PACNOI0NHCEHHOU NAPANIENbHO OCU
INAUNMUYECKO20 YUIAUHODA.

PaccmoTpuM TemnooOMeH MeXIy TEIOM YelOBeKa M PaclOI0KEeHHOU
repea HAM IIOCKOCThIO IUpHHOU (X,-X;) u BeicoTo# H (puc. 2.1).

TynoBume dYenoBeka MOAETUPYETCS JIUIMNTHYSCKHUM MUIMHIPOM C
TIOJIyOCSIMH a>b.

Ha mununazape BblueneHa Iojioca BBICOTOW /A, CpemHSs JMHHS KOTOPOH
OTMEYEHA IITPUXIYHKTHPHOM.

Bribepem HemoaBmkHYIO cuctemMy koopamHat XYZ. Ilmockocte XOY
COBMECTHM C DIIIUIICOM CpeqHEH JUHHH, a Hayaino koopauHaT (Touky O) — ¢
€ro IIEHTPOM.

Kpome Toro, mnst ympomieHHs BBIKJIAJOK, BEIOEPEM IOABIIKHYIO CHCTEMY
KOOpAMHAT Xyz C HavajioM () Ha CpeJHeH JMHUHM M OCSIMH, NapaulelIbHBIMH
COOTBETCTBYIOUIUM OCSIM CUCTEMBI XYZ.

U3 touek ¢ koopaunHatamu (X; Y) m (X, Y) mpoBenem kacaTenbHBIE K
LEHTPATbHOMY JJUIMIICY. BepTukanu, mpoBeAeHHbIE Yepe3 TOUKH KacaHUs k; U
k>, OTPaHNYNBAIOT MOBEPXHOCTh JUIUNTHIECKOTO NUIHHIPA F;, yIaCTBYIONLYIO
B Jy4HCTOM TEIUIOOOMEHE C TIOBEPXHOCTHIO F.

VYpaBHeHHE 3JUIHIICa B HOPMAJIBHOM CEYCHHUU:

X r
P
B mapamerpudeckoit hopMe ITUIIC OMUCHIBACTCSA IBYMS BBIPKEHUSMHU:
X=a-cosy U Y=b-siny

IMapamerp y mnpu mnepemenmieHMH Hadaiga () MOIBHIKHON CHCTEMBI

KOOpAMHAT NMPOTUB YaCOBOU CTPENKH NMPHHUMAET CIEAYIOIIUE 3HAUCHUS:

=1
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y =0 - Ha TIOJIOKUTEIHLHOM HampaBieHuu ocu OX;
T
r=7- Ha MOJIOXKUTEIBbHOM HanpaBieHuu ocu OY;
y =7 - Ha OTPULIATEJIbHOM HamnpasieHuu ocu OX;
3z .
y =~ - Ha OTpHIIATEeNILHOM HamnpasyieHuu ocu OY;
y =27 - Ha TOJOXHUTEIHLHOM HampaBiieHHH ocu OX HpH MOIHOM 00X0je

JJUIAIICA ITPOTUB qacoBOU CTPEJIKH.
BLIZ[e.TH/IM Ha MOBEPXHOCTHU F1 3JIEMEHTAPHYIO IIOU[AAKY
dF, =h-ds,
rze, h - BeicoTa BBIIEIIEHHOM MOJIOCHI; ds - 3JIEMEHTApHAs JUIMHA JTyTH.

ds = \/[’\ﬂ(?’)]2 +[r()fdr = \/llz -sin® y +b° cos’ y dy

Takum obpazom,
dF, = h-+Ja’ -sin”® y + b* cos’ y dy

Ha nosepxunoctu F, BeIIeNsAETCS IEeMEHTapHAs IJIOLIAAKa:

dF, = H -dx
VYpaBHeHHE KacaTeIbHOU K JUIMIICY B 001Ieil Touke:
PR R
b
OTKyJa:

2 2

v=-2 x4l

a Y Y

IMpr 3aganMu o2juMnca B HapamMeTpuueckoit  ¢opme, ypaBHEHHE

KacaTeJbHOU K HEMY UMEET BUM!
b
Y, :(—fctg}/}Xr +
a

Ecnu kacaTenbHas IPOXOAUT BHE BJUIMIICA YE€PE3 TOUKY C KOOPIAMHATAMU

2.1)

sin y

(X;Y), To u3 ypaBHeHus (2.1) MOXHO HAWTH Mapamerp y, ONPEHCIIAIONIHIA

MOJIOKCHHUEC (KBaZ[paHT) TOYKH KacCcaHusl, UCIIOJIB3YA MMPOMEKYTOUHOEC

ypaBHEHHE, odyyeHHoe u3 (2.1).

2 -2
sin’ };—2ésiny—b—- X—z—] =0
v op e

OTKyHa,

Tlpu ompejpeneHUH BENUYUHBI » (A7 TOYEK BHE 3JUIMICA) YIOOHO

M0JIb30BaThCs TadI. 2.1
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Jlng BBIACHEHHUS T€OMETPUYECKOr0 CMBICNIA yTia Yy, UCHOJIB3YEeMOIO Kak
napaMeTp B ypaBHEHUH JIIIMIICA, TIOCTPOUM 3IUIUIIC C TONYOCsIMH a>b, onumeM
BOKPYT HEr0 OKPYXHOCTb C pPagHyCOM r=a U IIEHTPOM, COBMEIIECHHBIM C
LEHTPOM CHMMETPHH JIUIAICA.

YpaBHeHUE 2IIIHIICA 3alIULIEM B TAKOM BUJE:

2
&
X’ o Y =d’ 2.2)
VYpaBHEeHHE OKPYXKHOCTH (OpJMHATHI KOTOPOH YCIOBHO 00O3HA4EHBI
CHMBOJIOM V).
X*+Vi=d’ (2.3)
Berauras (2.2) u3 (2.3) u u3BieKas KBaJApaTHBI KOPEHb U3 IMOJIYYEHHOI'O

PaBEHCTBA, UIMEEM:
y=2.y wm 4 =4
b Y b
Uepe3 mNpoM3BONBHYI0 TOUKY () Ha OQJIIMIICE IIPOBEAEM OpAUHATY
OKpYKHOCTU V M OTMETHM Ha Hell opAuHaTy ssuiumnca Y.
O603HaUNM LEHTPaAIbHBIC YIIIBI, ONHUPAIONINecs Ha STH OpAWHATHL ) - IS

OKPYKHOCTHU U ¢ - JId SJIIMIICA.

Taoauma 2.1.
X Y>b Y<-b
0<X<a O<y<n/2 3rf2<y<2n
X=a y=0 y=2r
X>a 0<y<n/2 3z/2<y<2m
—a<X<0 x2<y<nm z<y<3m/2
X=-a y=r y=x
X<-a r2<y<nm T<y<3m/2
Haiinem oTHOIIEHNE TAHTEHCOB 3TUX YTIJIOB:
gy _V/X_V _a
igp Y/X Y b
Ortkyna:
a b
tg;/z;ig(p HITH tggaz;-tg;/ 2.4)
W3 pucynka 2.1 BugHo, 4T0
X . VVvY aVY Y
cosy=—Husiny=—=——=——=—
a a Y a b a b
WJIM WHAYe:
X=a-cosy u Y=b-siny 2.5)
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a
Puc. 2.1. I'eomempuyeckuii cmulcll yena y, UCHOAb3YEMO20 KAK napamemp 8
ypasHenuu aaunca

PaBenctBa (2.5) mpencraBisiloT co0oW  mapaMeTpuUyeckoe 3aJaHue
3JUTUIICA.

Takum oOpaszom, mapaMmerp y — 3TO LEHTPAJIBHBIH YIrojd y OKPYXHOCTH
ONMCAaHHON BOKPYT JUIMIICA, COOTBETCTBYIOIINI IIEHTPAIFHOMY YTIIy SJUIHIICA
@ TIPY OJTHOM M TOM >K€ 3HA4eHUH aprymMeHnTa X.

CrnenoBaTenbHO, €CIM M3 LEHTpa JJUIMICA C NOIyocsiMHu, a>b ommcarth
OKPY)XHOCTBb paauycoM r=a, TO HpH 1r000M X OTHOLICHHS OPIMHATHI
OKPYXHOCTH K OpJMHATE 3JUINIICA PABHO OTHOIICHHIO MOIyoceH a:b.

U3 paBencts (2.4) u (2.5) cneayer, 4To MpH yriax ¢ = O;%; b3 %7[; 27 TaKkue

V4 3
JKC 3HAYCHHS HNPUHUMACT U Yroa }/:O;E;H;Zﬂ; 27. DTO O3HA4YaeT, 4TO B

OKPECTHOCTAX MOJIOKHUTEIBHBIX U OTPUIATENBHBIX HampaBleHui oceit OX u OY
YTIBL Y U @ IPAaKTHIECKU PABHBI MEXIy CO0OM M Jyru 3JUIUICA C JOCTATOYHOM
TOYHOCTBIO MOTYT OBITh AIIPOKCUMHUPOBAHBI IyTaMHU OKPYXKHOCTEH.
Jnst ocranbubix yriuoB B I-it u I11-if uetBeptu y>¢, a Bo 1I-i1 u IV-ii — y<g.
OTcueT yrioB BeAETCs OT MOJOXKHUTEIBHOTO HampasieHus ocu OX MpoTHB
YacOBOW CTPEJIKHU.
W310KeHHOE TO3BOJISIET JIETKO MEPEXOJUTh OT HEMOJBMKHON CHCTEMBI
koopauHaT XOY (puc. 2.1) x noxBmwkHO# xQy unu x 'Oy’ u 0d6paTHO.
YpaBHEeHHE HOPMAJIH K KacaTeIbHOI M JJUINIICY B TOUKE MX KacaHus Q:
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b
CoBMECTHM Hadajo BCIIOMOTAaTEIbHON MOJBM)XHOH CHCTEMBI KOOPIMHAT
xQy ¢ Toukoil kacaHusd. B 3TOM ciyuae KkacarenbHas MU HOpMaib NPOXOAST
yepe3 Hauajo KoopAuHaT (Touky (J) U UX YpaBHEHUS YIPOIIAIOTC.
IIpu mapamneabHOCTH COOTBETCTBYIOIIMX OCEH yTIOBbIE KOA((OHUIHEHTHI
COXpPAHSAIOTCS M YpaBHEHHE KacaTelIbHOIl B NOABIKHOW CHCTEME KOOpAWHAT

a a’ —b*
Y, =(*~tg}/j~xﬂ— 5 -siny

xQy y, :[7é~ctg}/j-x,, a ypaBHEHHE HOPMAJIH:
a
a
ro=(ferer ) 2.6)

VYroun HakiI0HA HOpMaiH 7; K ocu Ox (1 OX) paBeH %—y/ (puc. 2.1).

CrnenoBaTeinbHO, %tgy = tg[% —y/J =ctgy , OTKYJA (gy = 5. ctgy M
a

siny = 1 _ 1 _ b-cosy
2 2 2 2 2 202
\/1+ctg 74 \/1+%»th;/ \/b cos” y+a” -sin”y
1 1 a-siny
COSW:\/I Dol b2 :\/bz 2 2 2 @7
+1gy \/1+—z'ctg2}/ -cos”y+a” -sin” y
a

IIpu paccMmoTpeHUN TemIooOMeHa MEXIy TEIOM YelOBeKa U IMOTOIKOM
nmu nojoM (puc. 2.1) BO3HHKAIOT BOIPOCH INPeoOpa3oBaHUS ypaBHEHHH
MpsIMBIX (OTPAaHWYMBAIOUINX MOBEPXHOCTH) MPU MOBOPOTE OCell KOOpPAMHAT Ha
HEKOTOPBIN yroJ.

YpaBHeHUs npsMol Y=g, B cucteMe koopauHat xQy.

y=g —b-siny

Ocp Oy’ moBepHYTa 110 YACOBOW CTPEJIKE Ha Yroj i OTHOCUTEIBHO OCU QY
U COBMEIIICHA ¢ HOPMaJIblO, ypaBHEHHE KOTOPOH (2.6).

YpaBHeHHe mpsaMoit Y=g,;, B cucreme kKoopauHat x 'Qy’, OyaeM UCKaTh B
BHJE:

y'=k-x+w

b
rae, k=tgy =—ctgy
a

Bennuuny w onpenenseM npu x'=0.
—b-sin -
y=d oy =8I 2 in? 4 b7 cos? y
cosy a-siny
VYpaBHeHHe NHMHUHU, B ocsiX x(y, Ha KOTOPOW paclojaraloTcst HEHTPHI
3JIEMEHTAapHBIX IJIOMA0K dF ;.

= 1 - 1 . b
y=f~(y—y,)=*‘[gl —b‘sm}/—(*‘cwj'x}
2 2 a
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JlanpHelmuil aHanu3 MokKas3ajl, 4TO IOBOPOT OCel KOOpPAMHAT BEAET HE K
YOpOUICHHIO, a, HAao0OpOT, K YCIOXXHEHHIO BBHIKJIAJ0K, IIO3TOMY Jaiiee
HCIOJIb3yeTCs MOABMKHAS CHCTeMa KOOpAWHAT X(Jy ¢ OCSIMH, NapajlIeIbHBIMI
COOTBETCTBYIOIINM OCSM HETOABIKHON cUCTEMBI XOY.

Jnuna oTpeska mpsAMOM, COeAUHSAIONIEH OCHOBaHUS HOpMajed n; U n,; K
3JIEeMEHTApHBIM MomankaM dF; u dF; (puc. 2.2).

R=z"+x"+)*

Jns mepexona oT cucTeMbl KoopAauHaT xQy Kk cucreme koopauHat XOY
UCHOJb3YIOTCs HOPMYJIBL:

Z=z=H, X=x+a-cosy U Y=y+b-siny

VYpaBHECHHE TIJIOCKOCTH OOINEro TIOJOKEHUS B OTpPE3KaXx Ha OCsIX
KOOPAMHAT:

X Y Z
—t—+==
e f g

YpaBHeHHUE TUIOCKOCTH NEPICHIUKYISIpHOI ocu OZ:

1

ézlmm Z=g
g

Puc. 2.2. Cxema onpedenenus Ko3phuyuenma 63aumno20 001yueHUs Mex#Coy
MeNoM 4elo8eKa U 8ePMUKAIbHOU NIOCKOCbIO
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rEg

¥

=illy =41 COS,

X

X, =d,

Puc. 2.3. K onpedenenuio kospuyuenma 63aummnoco obayuenus mexcoy meiom
uenoeexa u NOMOIKOM

B nonsuxHOI cucTeMe KOOpAUHAT XYz YPaBHEHHE ILNIOCKOCTU HOPMAaJIbHOU
K ocu (Jy IpUMET BH:
y=Y-b-siny (2.8)
Touka N nepecedeHuss HOpMaJH K IHuIcy (2.6) ¢ muockocTeio (2.8) uMeer
KOOPAUHATEHI Xy U yy. [IpupaBauBas (2.6) u (2.8) momydaem:
(%tg;/j-x,\, =Y, —b-siny
OTKyJa:
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b-(YN —b-sin;/)

a-tgy

Kocunycel yriaoB ff; u f; Mexay R W HOpPMamsMH K DIIEMEHTapHBIM
mwiomankam dF; u dF, (puc. 2.2 u puc. 2.3):

(o o) ()

Xy =

cos f, =
2-\/)cz-¢—yz-¢—z2 ‘\/xiv-%-yi,
_ Ya X, X
7\/ 2 2 2 2. 2
Xy + Yy WX +y 4z
cos 3, = A, IS TIIOCKOCTH
X2 +yr+z?

z

cosﬁzzi2 —
X T+ Y 4z

Hnomam, IMOBEPXHOCTU DJUIMIITUYCCKOI'0 MHUWJIMHApa, Yy4YacTBYyrollas B
TEMI000MEHE C IIIOCKOCTHIO Fg:

7 7 2_ 2
K :IdE :J.h-w/a2~sin2y+b2»coszy d;/:b-h-.[1 lfb bza -sin’y dy =
A 7 7

0 72
_b-h~[Hl—k2 sin y dy + [\lI-k? sin® y dy]—b-h»[IE(k; %)+E(k; 7)-Elk 72'—72)]
0

N

, JAJIA IIOTOJIKa

Packpoem ¢urypupytomee B popmyie cosf; 1UIs INIOCKOCTH BEIPayKeHUE:
. 2 .
VXL Yy = \/[b(Y—bsmy)j +(Y =b-sinyy :Ltsmyw/az -sin® y +b*-cos’ y
: a-tgy a-smy
Kospdunment oGixydeHHOCTH OTHON MOBEPXHOCTH CO CTOPOHBI APYrou
ompeeNsieTcs TBOWHBIM HHTETPUPOBAHUEM:

1 cos f3, - cos
o= L far [y,
R 7 7-R

Ilpy  mepBOM  HMHTEIPUPOBAaHMM  3JNEMEHTapHas  Ilomanka  dF)
3a(UKCHpOBaHa B MPOM3BOJIBHOM IMOJNOXKEHUHU (pUC. 2.1 — ans cTeHsl U puc. 2.2
7t moToaKka). COOTBETCTBEHHO 3a(MKCHPOBAHO W TOJOXEHHE HopMand n; (K
dF;). IlepBoe WHTETPHpPOBAaHHE O3HAYaeT IEPEMEIICHHE 3JIeMEHTapHOI
mIomanku dF, oT mpaBoil TpaHUNBl (CTEHBI MM MOTONKA) (X, = X, —a-cosy ) IO
neBoit (x,=-X,—a-cosy). [lpm >TOM ocHOBaHme HopManu #n, (Touka N)
nepeMeniaeTcsi BAONb NPSAMOH Y =const W Z=const - JUI1 CTEHB H

y= 3 (g, —b-siny+ (é . ctg}/j . x) UL TIOTOJIKA W COOTBETCTBCHHO, OYIyT
a

U3MEHATBCS R, cosf; u cosf,. [lapaMeTp y mpu 3TOM He HU3MEHAETCS.

ITpn BTOpPOM HHTErpHPOBAHMHU IEPEMEIACTCS IO IOBEPXHOCTH SJUIUIICA
cIpaBa  HaJeBO  JJIEMEHTapHas  IUiomanka dF;, d9ro  peammusyercs
COOTBETCTBYIOIUM U3MECHEHUEM IIapaMeTpa y.
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Koa(b(bHuI/IeHT 00JTy4eHHOCTH MEXAY MOBEpXHOCTAME F; 1 F:
72 X

j JLA <o5hr ap, .ar, = H (2 +xy )y ds-dx =
LT Tk lez-\/xi,erfV~(\/x2+y2+zz)z

t[ — }1/n+xN x)y Ja® -sin® y +b* -cos’ y dy-dx =
wowLlZoSmy \a? -sin® }/-%—b2~cosz;/-(xz+yz+zz)2

P2

—

%

a-siny
Y b- sm}/) -siny Y b- sm}/) cosy
d dx + -dx
1!,[;‘: x+y+z) :.‘, (x+y+z)z )
_h-H % [a~(Y—b-siny)2-sin;/]~x a~(Y—b-sin;/)z~sin7. x
_”'Fl yl[zl(y2+22),(x2+y2+zz) X‘T 2.(y2+22)% lll’c[gyz+zz X]+

N b-(be-siny)-cos;/'“Jd}/

2-x* P+ 22

Jns mepexoma k cucteme KoopawHaT XOY HeoOXOAMMO BHIIOJHUTH
3aMEHBI: x, =X, —a-cosy, x, =X, —a-cosy U y=Y —b-siny

B pesynbrare nonyuum:

X,—a-cosy _ X, —a-cosy
h- a’t (Y=b-siny) -siny \/(Y—b-sin}/)2+ZZ \/(Y—b-sill}/)2-¢—22
A=y N 57 arcig (X, —a-cosy) (X, —a-cosy) dr+

5 n[(Y—b»sin;/) +zz]/z 1+-2 7 4
(Y—b-sinz;/)z-ﬁ-ZZ

bt (Y —b-siny)-cosy b ]' (Y —b-siny)-cosy dy+ (2.9)

Z. d,
"2 -[(Xz—a cosyf +(Y -b-siny) +2* 2 5 (X, —a-cosy) +(Y —b-siny) +2°

7

+£'J [(Y—b~s1ny_) -smy]< Xz—a-cos;/]-d}/ _
2 [(Y—b<sin;/)z+ZZJ~l(X —a~cos7)3+(Y—b~sin7)z+22]

_[ [Y bsm;/) sin;/]~[X1—a»cos;/l]-d;/ :l
vy =besing P + 22 [ (X, —a-cosyf +(y —b-siny ) + 2°)

B nepBoM uHTErpae nponsBeeHne IBYX (YHKIHIHA:
X,—a-cosy X, —a-cosy

Y —b-siny) +2° Y —b-siny) + 2>
s o
(Y =b-siny)y +2?

0y)= (Y—b'sin;/)2 -sin y

X, - X, —a-(cosy—cosy)-(Y —b-siny) +sz

= arct,
aas (Y =siny)’ + 2> +(X, —a-cosy,) (X, —a-cosy)

n3 KoTopbix (Q(y) — HempepbiBHA, a g(y) — mpu X,<X; — He MEHseT 3HaKa
MOHOTOHHO M3MEHSSICb B JUana3oHe (0+%). OTO MO3BOJISET HNPUMEHUTH

0000IICHHYIO TEOpEMY O cpezu{eM COTJIaCHO KOTOPOii:

IQ )y =2y U)TQ(y)dy,
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ntr

rue, y, = 2

Oynk1mo Q(y) MOXKHO ITpeoOpa3oBaTh CIEIYIOUIUM 00pa3oM:
(Y—b-sin)/)z~sin}/ . Z? -siny 1

ofy)= by gy, 2 -
(¥~ -sinyy + 22 ] (W =besingf +2° ] (v =b-siny) +2°

Taxum o6pa30M'

Z? -siny dy
L=[00) gl)dy=g(y.) [SHU’ . J
I }[ (Y—b-SIM)z 7% ) (v =b-siny) + 22
3aMeHUM NIEPEMEHHYIO f = tg , dy=——dt, siny = 12—;

siny B Z”-siny _
IQ}/)d;/ J.l:\/(Y bsm}/) +27? [(Y—b-sin}/)z+Zz]~\/(Y—b'sin7)z+ZZ:lJy

:/gJ-Z (l+2) [+ ! B
el | (ljt;)z—2‘b-Y~(12+—';2)+(Y2+ZZ)
24 2
3 e 2) 1+ _
. S ) ) 2-t s
{b ecf 2.b-Y ( 24727 \/b ) ~2b Y +(r*+2?)
_4j t-dt _
L)) —aby P2 (P22 1 20°) P —4b Y14 (V4 27)

1,

_az. 7 (t2+1)~t-dt R
J:[(Y2+Z“)-(t“74-b-Y-t3+2-(Y2 + 22 +2-0*) 2 —4-b-Y 1+ (Y + 22))f

H-\/(Yz+ZZ)-t"74-b-Y~t3+2-(Y2+ZZ+2-b2)-1274-b»Y-t+(Y2+ZZ):

4 "[ t-dt B
V472 (@ +1) A =2 +2.d - =2 cor+1

B 47 ’.[ (t3+z)~dt -
(P+22)Ar+ 22 (=2 +2-d-F=2-cot+1) N1 =2 +2-d - =2-ct1+1

B 3HameHarene MOJMHTErpajibHOTO BBIPAXKEHHUS IOJUHOMBI UYETBEPTOM
crenenn P(t). YpaBHenue P(1)=0 — BO3BpaTHOE ypaBHEHHE YETBEPTOW CTENEHH
(T.x. KkodpduiMeHT mnpu cTapiieil CcTeneHH paBeH CBOOOJHOMY WICHY H
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K03((HUIUEHTH! IIPU HEUETHBIX CTENEHSIX PaBHBI MEXIy co00i), KOPHH KOTOPOTo
MOJKHO OIpeAeuTh 1o hopmynam [51].
[IpoMexyTouHas BeTu4UMHA:

u:4-b<Yi\/16<b2-Yz—8~(Y2+ZZ)-(Y2+ZZ+2-bz)+8-(YZ+ZZ)Z

2-(r*+2?) N
C4bvs1607 V2 -8 (VP 4 22 1657 Y2 —16-07 - 2% 48 (v + 22
N 2-(r*+2?) -
_4(byibz)_ 2:b ( Y .z ]:
2:(r+2?)  Jriezz Wriez2 r+z
2:b 2:b

=——— (cosa+i-sina)= e =2B-e""

NY?+2Z7 Vrt+z?
Kopuu nonuaoma P(2):

ly?— _ 2
PP L L e, S-S (2.10)
o 2

Crnemyer OTMETHTB, YTO Yrod O MMEET T€OMETPHYECKHH CMBICI — OH
rnokaszaH Ha puc. 2.1.

Taxkum o0pazom, momuHOM P(?) MMeeT 1Be Hapbl KOMIUIEKCHBIX COMPSHKEHHBIX
kopHei. CrieoBaTeNbHO, TIOAUHTETPAIIBHEIE BRIPHKEHNUS /, MOTYT OBITh IPECTABICHEI B
BHIE CyMM OJIEMEHTAapHBIX JIMHEMHBIX WM  KBaJpaTHUHBIX  Jpo0ed U
TIpoHHTErpupoBaHbl. OOpaTHM BHUMaHHE, 4To perreHue (2.10) yIoBIeTBOpsIOT TeopeMy
Buera. Oto monrBep)kmaeT JOCTOBEPHOCTH IPEICTAaBJICHHST BO3BPAaTHOTO IIOJIMHOMA
YeTBepTOii cTerneHu P(?) B BUie IPOM3BEACHHS ABYX KBaIPaTHUHBIX TIOJIMHOMOB (BTOPOH
CTETIeHU), YTO B CBOIO OYepe/b I03BOJLICT NMPHUOIIDKEHHO HM3BIEKAaTh B OOIIEM BHJIE
KOPHH KBaJIpaTHBIE U3 BO3BPATHBIX MOJIMHOMOB YETBEPTOH CTEICHH.

[Tokaxxem 310: U, =2B.¢; U, =2Be,
Kophu ypaBuenus P(t) =0
2

_ _ _ _2 _ _2
t=B-e“+\VB - -1, t,=B-e“ +\B -e”* -1; ty=B-e™+\B e -1,
- _2
t,=Be’+\B e -1.

CornacHo TeopeMme Buera mpousBeneHne KOpHEH paBHO CBOOOAHOMY UIEHY
KBaJIpaTHOTO ypaBHEHUS, a HX CyMMa — K03 HULIHEHTY ¢ 0OpaTHBIM 3HAKOM MPH
MEepBOM CTENEH!U MepeMEeHHO.

t -t =[B-e“’ +VB*. e —1]~[B~e"’ +VB*. e —1]:32-5“ —[32~e"“ —1J=1;
4+, —[B-e"“ +VB2e™ 1]{3-5‘“ +\B2e™ 1}23 e,

CrnenoBaTenbHO, , U t, SIBISIOTCS KOPHIMH ypaBHEHHS:

£ 2B - 1+1=0 2.11)
AHaJOTUYHO:
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1y, =[B-e“’ +VBre —1]-(3-@"’ +\VB e —1}: B’ —[Bz~e’i" —1):1 ;
t+t, =[B-e“” +VB* e —l]-%—(Be‘“ +VB* e —1]:23 e

n CJICOOBATECIIbHO, #; U ¢, ABJISAIOTCA KOPHAMU YPABHCHUSA:

t?=2B e t+1=0 (2.12)
Taxum 06pa30M, BOSBpaTHLIﬁ IIOJIMHOM quBepTOﬁ CTEIIEHU MOXKET OBITh
MpEACTaBJICH B BUAC IPOU3BEACHHUSA ABYX KBAaJPATHBIX TPEXYJIEHOB.

P(t)=t*—2c-1* +2dt* —2ct* +1=[t2 —2B -&“ ~z+1]~(r2 2B e ~t+1]
Cpennee 3HaueHue noauHomoB (2.11) u (2.12):
[t272B -e“’-t+l]-[r2723 -e"“-t+1j ) B
5 =t*-B -(e“”+e”")-t+1:t27[25‘ -cosa]-t+1

210 BBIPAXXCHUEC HpI/I6.]'II/I)KeHHO U3BJICKACT KOPHU U3 BO3BPATHBIX
IOJIMHOMOB quBepTOﬁ CTCIICHU.

P(z):\/[zz—zz} .e‘“.z+1].(ﬁ—zé e 't+1] z\/{lz—(ZB ~cosa]~t+l}2 -

=t2—2-[3 ‘cosaj~t+1

Urak,

1 Y
tdt _ tdt .y

J:(’Z*'l)"/ﬂ_2“3*'2‘1"2_25“'1 ‘l([2+1).(t2—2.(5;-cosa]-t+l]
Kopuu #* +1=0 MHUMBIC t,, =+i.

Kopuu #* —2-[3 -cosaj~t+l=0 t,,=B -cosat\B’-cos’@—1 MOTIYyT OKa3aThCs

BCILIECTBCHHBIMHI PA3NUYHBIMH (IPH B’-cos’ o >1), BELIECTBEHHBIMH KPAaTHBIMU

(pu B*-cos’ @ =1) WM KOMIUICKCHBIMH CONPSKCHHBIMHE (TIpU B-cos” ar<1).
TIpeacTaBUM MOJAMHTErPAIbHOE BRIPAKEHUE [, B BUJE JIBYX CJIAaraeMbIX, IJie

A, B, E u D HeonpeneneHHbIe KO3 UITHEHTHI.
= t _At+B Et+D _
=

- T - -
(tz +1)~[t2—2-(3 ~cosajt+1J tz—Z-(B ‘cosajt+l
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At3—A-2-(B ~cosaj~t2+At+Bt2—B2~[B ~cosajt+B+Et3+Et+Dt2+D

(e + 1)~[t2 -2 (é -cosa]t + 1J

(A+E).z3+[B+D—A.2(z§ ~cosaJJ~t2+(A+E—B~2~[é ~cosa]]‘t+(B+D)

(¢ +1)-[z2 72-(15 -cosajmlj

[MpupaBHuBas Kk03((UIHMEHTH NEPBOrO W  MOCIETHEro
110JIy4aeM ypaBHEHUS:

A+E=0, B+D=0, B+D—A-2-(l§ -cosaJ:O, A+E—B-2-[B: -cosajzl

BBIpaXCHUN

Pemrast 5T ypaBHEHHS, TIOTydaeM:
1 1

> £=0, D=rpr—m.
2-[3 -cosa] 2(3 -cosa]
Takum ob6pazom:

1 dt dt
Iy =—- J. - /- N ~ 2 =

N - St +1
mg%tz —2-(3 -cosa]ll+1 /rrg%

A4=0, B=-

n n
1=g22 1y=1g2
218 2=

21—2-(3 -cosa
2 clg

=] ]

== —arcigt =

76
2t72‘(E‘COS(IJ
- 2 - Arth

[ N

- ,»xpuZ-(B -cosa)<2

,npuZ‘(B -cosaJ>2

. Ztg;%fl(b: -cosa 2tg%72~[87 -cosaj -
‘| arctg —arctg ,npuZ-[B 4cosa]<2
4-c* - 2 B 2
\/47[2-(8 -cosa]] \/47[2(8 4cosaj]
_2. ey
c 2
21gﬁ724[8 vcosaJ 2!gﬁ72~(8 vcosaJ -
-\/17» Arth — Arth ,npuZ-[B -cosaj>2
g B 2 B 2
\/[2-(3 -cosa]) -4 \/(2-[8 -cosa]] -4

[Ipu 2[5 ~cosa]< 2:

npu (2tg % -

(g@man(m
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Ve 4l
gt —1gtt
g2 g2

2 2
4—[2{1:; -cosa]]
_ 2 | n=r, 2 L aretg

2 (5 eoa] | 2 \/4[2[3]] l[zggz[gjj[zggz(gﬁ
ol )

npu(Ztg%— [é 'cosaD-(Ztg}/—zz— [é ~cosaD<—l

7 V4l
g —1gt
g2 g2

2 £ 2

4—(2< é «cosa]]
2 N1 2

= |+ -| arctg - - +
[Ztg%—Z-(B -cosa]]-[Ztg%—Z-[B -cosa])
1+

(] | %] o5 )] e
{2 o
sign[Zzg%ﬁjA”H

+0

ITpu 2(15 ~cosaj>2:

72 b4l
g—=-1g—
2 2 2 _
[2(é -cosa]] -4
2 N1 2

- . I = - Arth

e Y Py e o
oo )
et

AHaNOrnuHo mnpeobpa3ylTcs M HHTETPUPYIOTCS BTOpOil uHTErpaix B I; u
ocTaJbHBIC HHTETPaNH B (2.9).
OxoHYaTeNbHO KO3 GHUIINEHT 00IyIeHHOCTH MEX/y TOBEPXHOCTIMU F; 1 F.
_hen ~B-g(y)11 +§12 7213 +%14 7“—2215} (2.13)
Xz — Xl
(Y-b-siny) +2°
(x, —a-cosy)-(X,—a-cosy)’
(Y-b-siny) +2*
Brrumcsisist, py MOMOIIM CHENUAIBHBIX porpamm, otaensuo g(y), 1, 1,,
L, I,, I, mo (2.13) ompexpensieM ¢, AJIA coydas KOTJAA IIOCKOCTh HAXOAHUTCA

772'-[71

Pra

rae, g(y)=arctg

1+

nepen JyenoBekoM (puc. 2.1).
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PA3JIEJI 3.
HUCCJIEJIOBAHUE TEPMOJIMHAMHUYECKOM HATIPSKEHHOCTH HA
PABOYMX MECTAX C BBICOKMM TEILIOBBIAEJEHNEM

3.1. Qusuueckoe modenuposanue usmMeHeHUs IHEPZEMUUECKOU 0CECULEHHOCIU C
yuemom napamempos uCHoOYHUKA 6bICOKOMEMNEPAMYPHO20 U3YUEHUS.

Jlns OLEHKW CAaHUTAPHO-THTMEHHYECKMX YCJIOBHA Ha pabodnmX MecTax
ropsiYMX MPOHU3BOJICTB HEOOXOAWMO MPOU3BOJMTH 3aMEPhl TEIUIOBOTO H3TyYCHHUS
OT UCTOYHUKOB H3IYYEHHsI K HA UX OCHOBE OMPEACIATH 00IyIeHHOCTh B 3aaHHBIX
TOYKAX C YU4ETOM pPexuMa paboTsL.

[IpoBeneHne TakuX HCCIICAOBAHUN B YCIOBHSAX JCHCTBYIONINX MPEINPHUITHI
TPYAOEMKHA W HeOe30macHbI mporece. [Ipy 3HAYUTENFHOW WHTCHCUBHOCTH
M3IYYCHUS U TIPOBCJCHUHM 3aMEPOB Ha OJIM3KOM PACCTOSHHU HCCIICAOBATEIb U
mpuOOpbl  MMOJBEPraloTCs 3HAYMTEIbHBIM TEIUIOBBIM HArpy3KaM, CHHIKAeTCs
TOYHOCTh HM3MEPEHUs], a, CJIEAOBATEIbHO, U JOCTOBEPHOCTh NaHHBIX. 1l03TOMY
OYCHb YACTO BMECTO IKCIICPHUMEHTAJIBHBIX METOJOB IPUMEHSIOT pacueTHbie. [Ipu
MPUMEHEHUH PACUETHBIX METOJIOB, BO3PACTAET BEIIMYMHA OIMIMOKH M CHIDKACTCS
JIOCTOBEPHOCTh JAaHHBIX, T.K. 3HAYCHHS 4YACTH MapaMeTpoB (TeMIepaTypa
BHYTPCHHETO TMPOCTPAHCTBA TIEYH, CTEICHb YEPHOTHI HWCTOYHHKA U T.J.)
MPUXOAUTCS TONyYaTh M3 TaOJMIl. OTH CpPEIHUE BEIUYMHBI  SBISIFOTCS
OpPHEHTUPOBOYHBIMH M HE MOTYT YYHTHIBATH BceX (HaKTOPOB JFOOOro mpoiiecca.
KpOME TOTrO, MPHXOAUTCS HKCIOIb30BaTh TrpaduKé - BCE ITO JENaeT pacdersh
TPYHOCMKAMHU ¥ HEIPPEKTHBHBIMU Il HpakTHKH. [lodToMy, mms paspaboTku
MacropTa MCTOYHHKA M3IYYCHUs HEOOXOAMMO ObUIO MPEIUIOKUTh HOBYIO Oolee
MPUEMIIEMYI0 METOJIUKY HCCICIOBAHUS TEIUIOBON HANMPSIKEHHOCTH Ha paboumx
MeCTaxX. HOBBI METOH MO/DKEH OOBCAMHUTH 3KCIICPUMCHTAIBHBIA M PacyeTHHIC
METO/IBI, C/IeNIaB ero 6e30MacHbIM He CHIDKAs TOYHOCTH m3MepeHuit. Mmes merona
3aKJIF0YAETCs B TOM, YTO HEOOXOAMMO CO3/1aTh MPUOOP KOTOPBIN ¢ 6a30BO TOUKH,
pacroyioxxeHHOW Ha JI0OOM 0e30MacHOM pPACCTOSIHUU OT HCTOYHHUKA, TO3BOJISET
MPOBECTH C JIOCTATOYHOW TOYHOCTHEO HW3MEPEHHE HHTCHCUBHOCTH TEIIOBOTO
0o0MydeHuss W yria, TMOA KOTOPhIM OymeT BHACH WCTOYHHUK u3inyueHus. [lo
HOJTy4YSHHBIM YKCIIEPUMEHTAIBHBIM JaHHBIM C IIOMOIIBI0 HOMOTPAaMMBI CTPOUTCSI C
HCTob30BanueM DBM macnopT HCTOYHHMKA TEIUIOBOTO U3TYUCHHS.

3a OCHOBY OIpEAENeHHs] MHTEHCHBHOCTH TEIUIOBOTO HM3IYYSHHUS MPUHSITO
BeIpakeHue [3, 90]:

Ey =L[cosaa®) 3.1

o
rne E, — oHepreTmueckas OCBEUICHHOCTh, Br/M%; L — SpKOCTh H3/IyUCHHS
ucrounnka; Br/(McTep); o — Yron IOX KOTOPHIM OONydaeTcs OOBEKT

OTHOCUTEJILHO HOpPMaJId; pai.; £2 — TeIECHBIH yroi, NoJ KOTOPBIM BUJCH UCTOUYHUK
H3ITy4YCHUSL.

Takum o0pazoM, mpH OIEHKE TEPMOANHAMHYECKOW HANPSDKCHHOCTH Ha
pabounx MecTtax MOXKET OBITh IPHMEHEH METOA (PU3HMUecKOro MOJEIMpOBAHHUS,
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TEPMHYECKOTO  HCCIICOBAaHMS  JHEPreTHYECKOH  OCBEIIEHHOCTH  paboyero
MIPOCTPAHCTBA.

IlpoBeneHHBII  aHaMM3  HWCCIEOOBAaHMK  TOKa3al  HEOOXOIMMOCTh
000CHOBaHMSI W pa3pabOTKH SKCHEPHUMEHTAIbHON YCTAaHOBKH [UIS HCCIICIOBAHUS
TepMOpaANAIOHHON HANPSHKEHHOCTH Ha PabodYnX MecTax.

IIpoBeseHHBIN HAMHU aHANIN3 MOKA3aJl, YTO TPEIJIOKEHHBIE PSIOM aBTOPOB
CIIOCOOBI ONPEAENeHHs] MHTEHCUBHOCTH TEIUIOBOTO M3JIyYESHUs 110 HOMOTpaMMaM H
(dhopmyam marT OOJBLIYIO MOTpeIHOCTh [6, 7, 57, 59, 75, 91, 92]. 3HauuTenbHast
MOTPEIIHOCTh O0YyCIIOBIEHA NPUHATHEM MEJIOro psAAa JOMyIIeHWH MHOTHX
MEPEMEHHBIX TapaMeTPOB, TECHO CBA3aHHBIX Mexay coboil. K HUM oTHOcATCS
TeMIeparypa BHYTPEHHET0 POCTPaHCTBA MEYH, pa3Mep OKOH B Ie4axX M KOJOALAX
u T.1. [18, 59] IIpu 3TOM, BO3HHKAET HEOOXOMMOCTh OTPENENIATh HHTEHCHBHOCTh
TEIUIOBOTO O0JIyueHHs Ha paccrosHUsX 1-2m u 1.1. [23, 38, 74, 75, 83, 85, 91]. B
TO K€ BpeMs, Ul pelieHHs 3a/ad MO TEIUIo3aIluTe pabouux MeCT HeoOXOAUMBI
(hakTHUeCKNE JaHHBIE U3MEPEHHS TEPMOPAJUAIIMOHHOW HANPSHKEHHOCTH Ha BCEX
pabounx Mectax. [[poBoANTH Takue MCCIEeOBAaHMS, HAIPUMED, Y OTKPBITOTO OKHA
TEPMUYECKOW TIe4n Ha paccTosHuH 1,5-2M sBHO HeOE30MacHO U, TJaBHOE
CHIDKAeTCSl JIOCTOBEPHOCTH IIOJMYYCHHBIX JAHHBIX 32 CUET YMCEHBIICHUS
IIPOM3BOAUTEIILHOCTH 3aMEPOB B 3KCTPEMANIbHBIX YCJIOBHSX Tpyna. Ha puc.3.1-3.2
NpUBEJeHa JuarpamMma oONydeHUs pabdouuMX MeCT TEPMHYECKHX IIPOLIECCOB:
a — KOHTPOJIb TEMIIEpaTypbl NpH IUIaBKe Oas3ampTa; O — TpU  3arpyske
CTEKJIOBAPCHHOH Te4H; B — O0XHT M3BECTH; T — KAMEHHOE JIUTHE B WHTETPAILHOM
JTiara3oHe 1o JIyre 360° gepes 45° [79, 83, 93].

a)

E nx=6000Bm/s’ Epnax=10600Bm/n’

Puc.3.1. JJuaepammer mennozo obnyuenus Ha pabouux mecmax niaeku 6a3anvma u
3a2py3Ku CMeKI108apOYHOL neuu

Ha puc3.3 mnpuBemeHsl pacdyeTHbIE M OKCIIEPUMEHTANBHBIC IaHHEIE
30HAJBHOTO PacIpeeIeHuUs JHEPT U TePMUUECKHX nedyel (1 — pacueTHbIEe NaHHBIE,
2 — 3KCHepHUMEHTAJIbHbIEC JaHHBIE).

ITpu 5TOM U1 ONpEEIeHNs] HHTEHCHBHOCTH OOJIy4EHHMS TEIUIOBOTO ITOTOKA
HEOOXOIMMO IPOU3BOAUTH 3HAYMTEILHOE KOJIMYECTBO MPOMEXYTOUHBIX PAacYETOB
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J'II/I60 HUCIIOJIB30BaTh HECKOJIBLBKO Fpa(i)I/IKOB WJIi HOMOTI'paMM, 4YTO JACIa€T OTU
pacquLI prHOCMKI/IMI/I u MaJlo yI[OGHBIMI/I 11 HpaKTH‘{eCKOFO HCIIOJIb30BaHUS
[76, 79 82].

a) 6)

Epnx=1900Bm/s’ Epax=2250Bm/s’

Puc.3.2. Jluazpammol mepmuyeckozo 061yuenus Ha pabodux mMecmax
0boicu2a uzeecmu u KAMEHHO20 TUMbsL

Hamu cnenmana mombiTka OOOOIIMTH pE3yNBTAaTHl IPOBEICHHBIX B 3TOM
HATIPaBJICHUH UCCIIEIOBAHUM, YIYYIINT YCIOBUS TPY/a, 3HAYATSIHHO YMEHBIIUTh
YHCIIO IEPEMEHHBIX U Ootee 3 (EKTUBHO NCIIOIb30BATh NIPH IPOBEICHUH 3aMEPOB
cymiecTByrorme npubopst [78, 79].

Ha OCHOBAaHHUH HpOBCﬂeHHbIX HaMH TeOpeTquCKHX HCCHe}lOBaHI/Iﬁ
TEPMOPAUAIIMOHHON HANPSDKEHHOCTH Ha paboduX MecTax ObUIO YCTaHOBJIEHO, YTO
¢ OONBIION TOYHOCTBIO MOXHO OIPENENUTh PAcCCTOSHHE MO0 HCTOYHHKA
TEIUION3IIy9E€HHS OT TOUKH 3aMepa, YroJI oA KOTOPEIM BHJEH HCTOYHHK TEIUIOBOTO
H3JTydeHUs, TIPH 9TOM, TOYKa 3aMepa MOXKET PacIojaraThcsi Ha 0OE30MacHOM ISt
HCCIIeZIOBATeNsl PACCTOSIHUM, 4YTO W OBUIO IOJIOXKEHO HaMH B OCHOBY IpH
pa3zpaboTke IKCTIEPUMEHTAIBHOM YCTaHOBKU ULt HCCIIeI0BaHHS
TEPMOpPaANALMOHHON HAPSDKEHHOCTH Ha pabounx Mecrtax [93, 94].

Hamu GbUTO IPUHSATO pElIeHNE UCTIONBE30BaTh CBETOBOE MOICIIMPOBAHUE TIPH
OIIEHKE TEPMHYECKO OOJIydeHHOCTH Ha paboumx Mecrax. T.K. onTHUecKas M
SHEpreTHUYecKasi OCBEIIEHHOCTh M3MEHSIOTCS 10 OJHUM 3aKOHaM, TO B KauecTBE
HCTOYHHKA TEIUIOBOTO M3JIyYEeHHs HCIIOIb30BAJICS PAaBHOMEPHO OCBEIICHHBII
HOJIYIIPO3payHblii dKpaH. B kauecTBe Mopenu 3JIeMEHTapHOI IUIOMIAJKU Teja
4eJI0BeKa MCIOJIb30BaIach MprUeMHast POTOroJIOBKa C JATYMKOM TEIUIOBOTO MOTOKA
UTT® AH VYxkpaunsr ATII 02 — JTII 03. B ocHOBHOM wuccienoBaigach
3aBUCHMOCTE MECTHOTO YIJIOBOTO KOd(duIeHTa 0oOIydeHHs M MaKCHMAJIBHBIX
TEIUIOBBIX HArpy3okK, a TakkKe MepexoJl OT KOCBEHHBIX N3MEPEHHH K IPsIMBIM. JTO
M03BOJISIET MPOTHO3MPOBATH YCJIOBUSI TPYZAA IO TEIUIOBOMY (akTopy Ha paboumx
MmecTax. [Ipy 5TOM MEeTOJ1 CBETOBOTO MOJIEIMPOBAHUSI TO3BOJISIET CMOJICIMPOBATH U
0TOOpasuTh IMOJMYYEHHBIC pPE3YJIbTaThl MCCIEAOBAaHMSA [UII HCTOYHHUKOB CO
CIOKHBIMH ~ (OpMaMM  H3Ty4Yarolleld IOBEPXHOCTH, B BHIAC MaKCHMAaJbHO
NIpUOIMKEHHBIX K PeaIbHBIM BO3MOJKHBIX IT0JIeH 00ITydeHNs ¢ IeNbio oOecTieueHust
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MPOEKTAHTOB HA CTaJUM NPOSKTHPOBAHHUS TEXHOJOTMYECKHX arperatoB M
TEXHOJIOTHH YHHBEPCATbHBIM METOIUYECKUM mocobueM [93, 96].

Benmnunna oTHOmeHWs yria 3peHHs (BUAUMOCTH HCTOYHUKA H3ITyYCHUS)
¢/9, UMeeT (U3NIECKHH CMBICH - OTHOLICHHUS IUIOTHOCTH TEIUIOBOTO ITOTOKA
M3TydeHUs. B JaHHOW M PAacueTHOH TOYKE NPOCTPAHCTBA, YTO ITO3BOJISIET pElIaTh
MOCTABJICHHYIO ~ 3ajJady IPOTHO3HPOBAHMS  TEIIOBOIl  OOJIydeHHOCTH  Ha
MOBEPXHOCTH OO0BEKTa oONydeHUs H o00NafaeT psaoM NPEHMYLIECTB IIPH
MIPOBEJEHUN U3MEPEHUH.

OKCHepUMeHTaNnbHas 3afada ONpEJeNCHUs] OTHOCHTEIBHOTO TEIIOBOTO
ko durrienTa o0ydeHus Mo GUINIECKON Tyre COBMAmaeT ¢ GU3NIECKOHN 3amaueit
MOJENHPOBAaHMS, JUIL KOTOPOH  OmpeenseTcs OTHOIICHHWE BEIHYMH B
MPON3BOJBHBIX TOYKAX IMPOCTPAHCTBA C MOCIEIYIOIIMM IEPEXOJO0M K HCKOMBIM
eJIMHAIIAM C IIOMOIIBIO pENepHOil TOUKW. B Hamiem ciydae pernepoM MOXKeET
CITyXHTh TOYKA OCBEIEHHOCTH M3JIy4arolIero SKpaHa i OCBELIEHHOCTh 00BEKTA.

W3mepeHus NMpoBOAWINCH Ha Pa3pabOTaHHONH HAMH YCTaHOBKE CBETOBOTO
MOJIEITUPOBaHUs, KOTOpas 300pakeHa Ha puc. 3.4. MI3MepeHuss MOKHO pa3dUTh Ha
ClJIeyIOIINE HTATIBL:

- IOATOTOBKA YCTAHOBKHU K UCCIICHAOBAHUSM;

- MOJIeNMPOBaHKE SIBJICHHS IT0100HS;

- IPOBEACHHMS U3MEPEHUI U NepeBO/l H3MEPEHHBIX BEIMYHH B rpaduueckue
n300paxXeHusl.

CASKIFAreaan METRRCHENCETE mimpabins E, Briu’

Do ponns, S sl

Puc.3.3. Dxcnepumenmanvrule u pacuemmuvle OaHHblE 30HAILHO20 PACHPeOeNeHIUs.
9Hepeuy U3Ny4eHusl NIAGUIbHBIX nevell 6a3anbma npu OmKpuimeix okHax: 1 —
pacyemuvie oannvle; 2 — IKCNEPUMEHMANbHbLE OAHHbIE

HpI/I 5TOM H€06XOI[I/IMO Y4YUTBIBATb, 4YTO CBETOBOC MOACIMPOBAHUC Ha
pa3pa60TaHH0171 YCTaHOBKE BKJIIOYAC€T B cebst JABE€ J3KCHEPUMCHTAJIBHBIC 3aJlavu:
BOCHPOU3BEACHUC SBJICHUA, HOHO6HOFO HaType€, U MPOBCACHUE H3Mep€HHﬁ.
Ka)K,Z[aSI M3 3TUX 3aJa4 d)opMpreT CBOHU IOTPEHIHOCTHU, KOTOPLIE B CYMME JHalOT
TMOrpEeIIHOCTh METOAA.

Amnanuz HOFpeIIIHOCTCfI TIO3BOJIAET BBIABUTHL W YYECTb CUCTCMATUYCCKUC
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COCTaBIAIOIIME, CBA3aHHbIE C MOJAOOMEM CBETOBOM MOIENHM W  YIIOBOH
OpHEHTAllMeH JaT4MKa, - OpPUEeMHOW ToJOBKU (OoHOBOH 3acBeTkH. CpeaHss
KBaf[paTH4YHAs MOTPEHIHOCTh, 00YCIIOBIEHHAS STUMH HCTOYHHKAMH COCTaBISIET HE
Oomee 6-8 % [T BCEro NPOCTPAHCTBA, a IS YIJOBOMH OpHUEHTAalUM, He
IpeBbInaronmei 72°, s yriaoBod OpHeHTanMH B MHTepBane 72°-86° He Oomee
19%. H3mepenus B uHTepBaie yrioB 86-90° TepsAIOT CMBICI H3-32 BBICOKOM
norpewHocty [93, 94].

Omnpenenenne ¢©/@, ¢ (UIMISCKOH TOYKH 3PEHUS MOXKHO KOPPEKTHO
OCYILIECTBIATh TONBKO JUII PABHOMEPHO CBETSIIErocs SKpaHa MOJENH, T.K. ¢
oTpenenseTcs ANl H30TePMHIYECKUX TeII00OMEHHBIX moneil. OxHaKo, pe3yIbTaThl
HU3MEPEHUs] MOXKHO IPHMEHSATh C JOCTATOYHOH TOYHOCTBIO IJISI MHXKEHEPHBIX
pacdeToB Ha JJOBOJBHO MIMPOKHUH KJIaCC HEPAaBHOMEPHO HArpeThIX MOBEPXHOCTEH.

DTOT KJIacC OXBATBHIBAET MOBEPXHOCTH, JOIYCKAIOIIHE JeJICHNE Ha IPUMEPHO
paBHBIC YJACTKH, PA3HOCTh TEMIIEPATYp TOUYEK, KOTOphIX He mpesbimaer 20° C;
CpeIHHE TEMIIEpaTypbl COCEIHUX y4YacTKOB He ommmyatorcs Oonmee 20°C; mpu
Mepexoe OT OJHOTO yJacTKa K COCeJHEMY JIOITyCKaeTCs M3MEHEHHE TeMIIepaTyp
CKauKaMU.

OmnpeneneHne  IUIOTHOCTH — [IOTOKA  HM3MEPEHHsT B OTOM  Cllydae
OCYLIECTBISIETCS  4Yepe3 BEeIMYMHY /P, JUIL OJIEMEHTapHOH IUIOIIAJKH,
MIOMELICHHOH B 33JJaHHYIO TOYKY, OT BCEH M3JIy4alollel MOBEPXHOCTH C MOMOIIBIO
CBETOBOTO MOJIETHPOBAHUS.

Cucrematu3anuss ¥ OTOOp OCHOBHBIX (OPM W Pa3MEpOB, PACIOIOKECHUE
pabounx MeCT OKOJO HHX NPUHUMAINCh IO THIOBBIM pa3MepaM (C yd4eToM
(MKCHPOBAaHHBIX PAOOUNX MECT).

IIpm oSTOM paccMaTpHBaNOCh paclpeselieHne TeIUIOBBIX IOJeH 10
TOPU30HTAIM, a BEPTUKAJIbHAs COCTABIAIOMIAS INPUHHMAJIach C Y4EeTOM
pacmonoxenusi paboynx MeCT - 2M, MpPHU OTCYTCTBHUH OoOjee BBICOKMX OTMETOK
TEXHOJIOTHYECKOT0 000pyI0BaHMs, CIOCOOHOTO MCKA3UTh TEILUIOBBIE TOJS 32 CUET
oTpaxkeHHs. BeicoTa paccMaTpuBaeMbIX NPOMBIIIICHHBIX 3JaHUI U COOPYKEHHMIT
IpuHUManack paBHoit h = 10-14m.

JI1s TOMeIeHn ¢ ICTOYHUKAMH TTOJBIKHOTO HH(PAKPACHOTO H3ITyUESHUS C
OTpaHMYEHHBIM O0OBEMOM M HAJMYHEM JIONOJHUTENHFHOTO 000pyIOBaHMS,
CTPOUTENBHBIX KOHCTPYKIMH HEOOXOJUMO YYHTHIBATH OTPa)KEHHE TeIIOBO
SHEpPrHy U ee IepepacipenesieHne Ha pabdoumx Mecrtax. IIpm 3ToM Heobxommm
I (epeHIMPOBaHHBIM MOAXOA, KOTOPBIM M YYHTHIBAeT HAIla METOAWKA B
¢u3uIeckoM  MOJEIMPOBAHHMM WM HMHTETPAlMOHHAs  OLCHKA  KapTHHBI
TepMOpaIHAIIOHHOHN HANPSHKEHHOCTH B IIPOCTPAHCTBE IeXa.

Ha cnenyromeM 3Tane ucciae0BaHUH BO3HUKIIA HEOOXOMMOCTb C HOMOLIBIO
MaTEMaTHYECKOr0 aHaln3a BBIBECTH 3aKOHOMEPHOCTh W3MEHEHHs OTHOIICHUS
®,/(2 OT PHEPTETUYECKOH 00ITydCHHOCTH.

VYcraHOBKa IJIsI CBETOBOTO MOJEIHpOBaHMS (pHc.3.4) COCTOMT M3 CBETOBOM
kamepsl (1); moynpo3padHoro Skpana (2); MaTPHIIBl YIBTPAsIPKUX CBETOTHONOB (3).
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MakcuManbHblii  pasmep noayrnpo3pauHoro skpana 300x340mm. Ilpu
MOMOIIY TOABM)KHBIX IITOPOK (4) pa3Mep CBETALIErOCsS OKHA MOXXHO YMEHBLINTh
mo 20x20MM, a TpH MOMOIIM CHENUANBHBIX HEMPO3PayHbIX MAcOK IONydaTh
MOJIENTb H3ITYYaIONIeH TOBEPXHOCTH CII0KHOM (YOPMEI.

YneTpanpkue CeeToBan
cEeTOUNETPb

P

Likana paccToAHUA

O\\

- Tonoexa
-] — /" nNpUeMHIKa

TN
/! \ s ‘\
y, / \ SrpaH \
/ y, / paccensarens ™~

\

Puc. 3.4. ynkyuonanvhas cxema ycmaHosKu Qu3uiecko20 MOOeIuposanus
9HepeemuuecKoll oceewennocmu: 1 — ceemoeas kamepa,
2 — nonynpo3paunulil 5Kkpat; 3 — Mampuya yibmpaspkux c6emoouooos;
4 — nodsudicnble WMOPKU; 5 — ONMUYECKAs CKaMbs, 0 — MEPHAS WKANA;
7 — npuemHas 2on06ka, 8 — ceemo3zawumnan 6ieHoa

VYaprpaspkue muoxbl B konmdectBe 700 mT. sipkocteio 10-15 kanmen
MUTAIOTCSl OT UCTOYHHKA HampspkeHueM 4,5 B, KoTopoe BO3MOXXHO peryimpoBaTh
ot 2,0 1o 4,5 B, notpebisieMblii TOK IPpU MaKCUMAaJIbHOI sipKocTH 35-40 A.

CaeroBas Kamepa pacroJjarajach Ha ONTHYECKOH ckambe (5), KoTopast HIMeeT
MepHyI0 mKamy (6) W mpuemHas ronoBka (7) MMeeT BO3MOXHOCTH IO HEH
HepeMenaThCs Ha MOJ03Kax.

Ha puc. 3.5 mnpuBenern oOmUiA BUA DKCIEPUMEHTAIBHOW YCTaHOBKH.
TexHnueckass XapaKTepHUCTHKa 3KCHEPHMEHTAJIBHON YCTaHOBKH: KOHTPOJHMpyeMast
oTpakaTeJbHas CIIOCOOHOCTh Hccienyemoi mosepxHoctu 0-100%; OmpenencHue
nporyckanust MK wmsnmyuenust 0-100%; Ilnomane uccnemyemoil MOBEPXHOCTH
320 cM?; Yroa moBopoTa 06pasia B rOPH30HTAIBHON W BEPTHKATBHOMN MIOCKOCTH
360°; Bpemst oHOro M3Meperns 2 — 3 cek; JluamnasoH crekTpa m3MepeHus ot 0,76
no 10mkMm; Hampsoxenwms mutanus 220/9B; IlotpeGnsemas MOIIHOCTH HE Ooiee
5Bt; Temmeparypa OSKCIUTyaTauu IIpuOopa 5°C - +40°C B YCIIOBUAX
naboparopun; Macca — 5,0kr; morpemHocTs — 5-7%.

ITpu obcnenoBanun pabovYnx MECT M M3MEPEHHUIl TEIUIOBOW 00Iy4eHHOCTH
[0 KPYyroBoi auarpamMMe Ju00 B ONPENeICHHOM CEKTOpe oOHapyXuiaach OOJbIast
MOTPEHIHOCTh M3MEPEHUs], CBA3aHHAs C (DOHOBOM 3aCBETKOM, a TaKkKe BIIMSHHUE
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3aCBETKU OT APYTUX UCTOYHUKOB.

Puc. 3.5. Obwuii 610 sxcnepumenmanbHol YyCmaHo8Ku OJis UCCIe008aHUs
ONMUYECKUX XAPAKMEPUCMUK MENI03AWUMHBIX MAMEPUAL08 8 UHPPAKPACHOM
ouanasome u uU3ULECK020 MOOEIUPOBAHUS IHEPLeMUYecKol ocgewennocmu: 1 —
usnyuamenv UK; 2 — uccredyemviii obpaseuy;

3 — npuemnux UK; 4 — nosopomnoe Koivyo ¢ OereHuamu; 5 — umaneu,

6 — KOIbYO ¢ 2pAdYCHOU WKANOU,; 7 — 000UMAa HenoosudxcHas, 8 — ananoeo-
yugposoii 610Kk pecucmpayuu.

Jlns yMEHBIIEHUS 3TOTO SBJIEHHS HCIIOJIh30BaHA CBETO3AIMUTHYIO OJCHIY
[94, 97, 98] ¢ momBmwxHBEIMU IuadparMaMu, T.K. OYEHb 4acTO HEOOXOOMMO OBLIO
HW3MEHSATh Yol BHU3HPOBaHUS TOJOBKH. [lomoOHBIE yCOBEPIIEHCTBOBaHUS
HCITIONb30BaHBl B CICNUANbHOW  NPHEMHOM  TOJOBKE JUIS  HM3MEpPEeHUs
9HEPreTHYEeCKON OCBENMIEHHOCTH. sl yMEHbIIeHHs IoMeX OT ()OHOBOM 3aCBETKH U
MOBBIIICHHUS] TOYHOCTH HM3MEPEHHs1 OBUIO HCIOJIb30BAaHO YMCHBIICHHOE CEYeHHE
MIPY>KUHBI TI0 Mepe MPUOIIDKEHHS U IPHEMHUKY, YTO CHIENAI0 €€ PAaBHOKECTKOU 10
BCE JUIMHE.

VYCTpoHCTBO CYIIECTBYIOMIEH TPHEMHOM TOJIOBKH MPEICTAaBICHO Ha prc.3.6 B
MOJIO’KeHNH MAaKCHMAJIBHOTO M MUHHMAJBHOTO YIJla BH3HPOBAHUS. YCTPOWCTBO
COCTOMT W3 Tmojoro kopmyca (1), IUIOCKON IMIMHAPUYECKON NPYXUHHI (2),
TIOJBHYKHOM cUCTeMBI (3) C yCTaHOBJICHHBIM IIPUEMHHUKOM (4) - puc.3.6.

[Ipenyaraemass KOHCTPYKLUS NPUEMHOM TOJOBKU JUIS U3MEPEHUS JIyYHCTBIX
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MOTOKOB MO3BOJISIET U3MEHSTh YTOJl BU3UPOBaHUs OT 5° 1o 140°, 000WTHCH OTHUM
KOpITyCOM M CHHU3UTHh MaTE€PHUATOEMKOCTb, IEpeHanaaky U HacTpoiiky B 10-15 pas,
3a CYeT TOro, YTO PACCTOSHUSA MEXIY BUTKAMH NPYXKUHBI (Auadparmamu) Oyaer
ONITHMAJIHHBIM.

VYcerpoiictBo pabotaer cremyoomuM obpa3oM. B monoxennu 1 mpueMHas
TOJIOBKA MMEeT MHUHUMAJIbHO-IOITyCTUMBII yTOJI BUSHPOBAHUS ¢,;. [ yBemaeHust
yIJla BU3UPOBAHMS MOJBIKHAS CHCTEMa 3 ¢ MPUEMHHUKOM 4 IepeMeIaeTcsi BIoJb
MOJIOTO KOPITyca TOJOBKH 1, CKMMasi BUTKU IUIOCKOH LHIMTHHAPUIECKON MPYKUHBI.
IIpu sTOM, paccTosiHUE MEXIY BUTKaMH MPYKUHBI (AnadparMaMu) yMEHbIIAETCS,
COXpaHSsI paBHOE MEXKBHTKOBOE pACCTOSIHHE, KOTOPOE YMEHBIIAeTCs C
YBEIMIECHHEM yTJIa BU3UPOBAHUS ().

1-1

!
D

Puc. 3.6. [lpuemnas 2onoexa 01 usmeperus SHepeemuyeckou ocgewjennocmu. 1 —
Kopnyc; 2 — nodsudicnas ouagpazma, 3 — noodgudicnas oboima, 4 — npuemHux

JlaHHOE yCTPOKCTBO MO3BOJIACT MOBBICUTH TOYHOCTh M3MEPEHNUS B IPUOOpax.
TlorpenrnocTts n3MepeHus He mpesbImaet 3 — 4%.

Ho mpum Bcell MONOXHMTENEHOCTH pe3yabTaToOB W3MEpeHMil OOHapyXuiach
NpUYMHA  3HAYUTENBHOM  IOTPENIHOCTH IPH  MHOTOKPAaTHBIX — H3MEPEHHUSIX
BBICOKOMHTCHCHBHBIX TCIIOBBIX IIOTOKOB. npl/l MHOT'OKPATHBIX H3MEPCHHUAX C
MaJbIMH HPOMEKYTKAMH MEXIY HW3MEPEHMSIMH 3a CYET HarpeBa IIOABHXKHOM
quadyparMbel HarpeBaeTCsl KOPIYC IPUEMHOI TOJOBKM U SBIISIETCS BTOPHYHBIM
HCTOYHUKOM u3nmydeHus. Ha pwuc.3.7 OBUIO HPOBEACHO YCOBEPIICHCTBOBAHUE
HPUEMHON T'OJIOBKH, KOTOPOE MMEET TEXHHYECKYI0 HOBHM3HY H 3asBJICHO Ha YPOBHE
n300peTeHys, I03BOJIMBLICE 3HAYMTEIFHO YMEHBIIMTH TEMIIEpaTypy Kopiyca
IPUEMHO¥ TOJIOBKH U IIPUBECTH €€ IO 3HAUCHHS TEMIIEPATYPhl OKPYKaroLleil cpe/ibl.

DTO0 yCOBEPLIEHCTBOBAHHUE BBIPA3HIOCh B H3TOTOBICHHUH CIIELUATIBHBIX
OTBEPCTUH B KOpITyce, KOTOPBIC MO3BOJIWIM YIYYIIHTh YCIOBHUS TEIUIOOTAAYH OT
M30BITOYHOTO Harpesa Kopiryca (puc.3.8).
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Puc. 3.7. Obwuti 6u0 ycoeepuieHCmeo8aHHOU NPUEMHOU 20JI08KU.
1 —rxopnyc; 2—nodeudicnas ouagpazma, 3, 4 — noosudICHAs: cucmema ¢ NPUEMHUKOM

Kopnyc A-A A

T—T
| \ W/Z_\\ //
o o>
o o OTBEepPCTHUA -

X B!

A OTBERCTHA d=21iM
Puc. 3.8. Ycoeepmencmsogaﬁnaﬂ npuemHas 20J106Ka

OTBepcTHsl PacIONIOKEHBI MO Beel JuIMHE Kopiryca. M pacmosioxeHs! 1mox
yriom 45° OTHOCHTENBHO APYr ApYra, 9TO IMO3BONSET CO3MATh ONTHMATBHEIE
YCIIOBHA A OXJAXAEHHs KOpIlyca OO TeMIepaTypbl OKpyXarolled cpeabl U He
MIPOITyCKaTh BXOAIIEE MPSMOE U3MEPIEMOE U3ITyICHHE.

JlaHHOE yCOBEpIIEHCTBOBAHHE IO3BOJIMIO ABTOPY MOBBICHTH TOYHOCTH U
JIOCTOBEPHOCTh H3MEpEHHH TepMOpaJHallMOHHON HANpPSDKEHHOCTH Ha Paboumx
MecTax.

3.2. Teopemuueckue uccie006aHus UHMEHCUBHOCHIU IHEPZEMUYUECKOT

0ceeeHHOCIU patouezo nPou3eoocmaea.

HcrounnkamMu WHQPPAKPACHOTO H3ITyUCHUs SIBISICTCS 3HAYUTENbHAS 4YacTh
MIPOU3BOJCTBEHHBIX IPOLECCOB, TOBEPXHOCTH 000PYIOBaHUS U T.1.

UccnenoBanus mokazamu [98-100], uro He Mmenee 60% Bceil TEIIOBBIX
MOTEPh DHEPTreTHYECKUX YCTAHOBOK PACIpPOCTPAHSAETCS MyTeM HHPPaKPacHOTO
u3nydeHus.  [lOTOKM  TEmIOBOrO  HW3IyYeHHs  paboduero  MpPOCTPaHCTBA
XapaKTepH3yIOTCSI JHEPreTHYECKOW OCBEUIEHHOCThIO, KOTOpask 3aBUCHT OT
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pacCTOSIHUSA 0 TETUIOBOTO MCTOYHHKA.

Psanom aBtopoB [6, 26, 59, 75, 101] ans ompeneneHuss MHTEHCHBHOCTH
W3ITydeHHUsT Kakoro nubo tema E, Br/m®. ot HarpeToil MOBEPXHOCTH uepe3
TEXHOJIOTHIECKOE OTBEPCTHE B OOOPYHOBAHHM MPEMIOKEHO HCIIOIb30BaTh

CJICAYONINE 3aBUCUMOCTU!
4 4
oon-#][ L)' -(B)
100 100

Ilpu r 2 F E= 3 3.2)
r

4 4
091 |F (i) —(TLJ
100) {100

2

Ilpu r<F 2.3)

r
rae F — miomans u3nydaeMoil moBepXHocTH, M°; T — TeMIepaTypa H3lydaeMoii
noBepxHocTH, K; Ty, — JONMycTHMas TeMIiepatypa Ha 00jydaeMol TOBEPXHOCTH,
K; » — paccTosHHE 10 HICTOUYHHKA U3ITyUEHUS, M.

Ilpu >TOM 17Is1 MCCNENOBAaHMS SHEPIHU TEIUIOBOTO M3TyYCHUS! HCIONB3YIOT
AKTHHOMETPBI, PAMOMETPHI ¥ MH(ppaKpacHbe GUIBTPHI JUIS BBIACICHHUS YIaCTKOB
cnektpa (MKC - 10, UKC - 12, UKC - 14).

Kak mokasana mpakTHKa, IPeJIOKEHHAsh METOJHMKA HCCICIOBAHUNA HMeeT
pana HEIO0CTAaTKOB, a TrJIaBHOC BBICOKasA IOrpCIIHOCTDb OIpeCaACICHUA
TEPMOPaANALIMOHHON HAIPSDKEHHOCTH Ha pabOuNX MecTax.

Jlis pemieHus 3a7a4yd MO SHEPreTHYECKOH OCBEHMIEHHOCTH (0OIy4eHHOCTH)
HCTONB3YIOT opmyiy (3.1).

Wurerpupys Beipaxenue (3.1) mpm ycimoBum, uro Ey=max u coso=1, a
00JIy4eHHOCTh MPAKTUYECKH HEe M3MEHSETCs Ul (OpMbI HOBEPXHOCTH UCTOYHUKA
M3JTy4eHHs: OIM3KOU K KBaJIPATy, HOITYYHM:

— a a
\/412+a2 \/412+a2
T/ie @ — CTOpOHA IUTONIAJKY MCTOYHHKA M3Iy4eHHs; M; [ — pacCTOSHHE OT LEHTpa
N3ITy4aromeil MoBEpXHOCTH 10 00IydaeMol TOYKH; M; L, — IPKOCTh U3ITy4aeMoro
HCTOYHUKA.

Onpenenenue 3HadeHus E, a W L Ha IpakTUKE YacTO CBS3aHO CO
3HAUUTENBFHBIMA TPYAHOCTSIMH, OCOOCHHO Ha paccTosHHH < 1M, B BuUAY
cnenu(UKH paboTHI TEIUIOBBIX arperaToB, YTO OTMEYAIOCh PaHee.

XapaxTep U3MEHEHUsI THTCHCUBHOCTH TEIUIOBOTO M3JIy4EHHSI HCTOYHHKOB OT
paccTosiHUsSL 10 pabodero MecTa IIOJYMHSACTCS KBaJpaTUYHOM 3aBUCUMOCTH M
COBHAgaeT C  KPUBBIMH, IIOJIy4eHHBIMH @pH  (U3MYECKOM  CBETOBOM
MojenupoBaHud B pasgene 3.1. PaccMOTpuM OSTHM  3aBHCHMOCTH B IIJIaHE
MaTeMaTHYECKOTO MOJEITUPOBAHUS, UTO [0 HAIIEeMy MHEHHUIO TIO3BOJIUT PACHIMPHUTH
SHEPTEeTHYECKHUE TUANA30Hbl UCCIENOBAHUS W MONYYHTh PE3YIbTATHl C OOJBIINM
KBAaHTOBAaHMEM II0 DPACCTOSHHUIO M IO MpEeAeNaM WHTEHCUBHOCTH TEIIOBOTO
n3ITy4deHust. PaccMoTpuM Ipoliece U3IydeHHs SJHEPTHH OT 00beKTa K HOTIIONaeMOi

arctg 3.4
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wroniaake obiaydaemMoro oObBekTa. TenecHBIH yron u3MepseTcsl IUIOMIAABIo,
OMpEACIAEMON TENECHBIM YIJIOM MO cepe eIMHUYHOTO paguyca C LEHTPOM H
BepwmmHOi (puc.3.9).

Ipu 3TOM, C yBEIMYECHHEM yriia 3PEHHs, OMPEeIeMOr0 OTHOIICHHEM
CTOpPOH C JIMHEHHBIMH pa3MepaMu a, b, h, R, TelecHbI! yroa coxpaHseTcs, Jaxe
mpu  OECKOHEYHOM yMEHBIIEHHH DJIEMEHTApHBIX IDIOMAJOK  H3ITydaeMoit
MoBepxXHOCTH [59, 74].

a

Puc. 3.9. Cxema pacuema snepeemuyeckoli 0C8eujeHHOCmuU 21eMeHMAaApHOL
niowaoxu

IIprHUMaeM B TEJIECHOM yIJIe 3@ OCHOBY TIpHU pacuere R:
2
R=n"+ “7 (3.5)

rze a - CTopoHa (auaMerp miomanku); b — 1/2a; h — paccTosiHUE OT HCTOYHUKA JI0
LIEHTpa IUIOIAKY; R — AniHA 00pa3yromel yria.

Ecmu mpumem R=1, TO nuHeWHBIE pa3Mepbl H3MEHSIOTCS MPU TOM JKe
TEJECHOM YIJ€, TOTrJa HOIy4uM:

a
2 a
b= = (3.6)
\/ﬁﬂj Vant + &
4
Ecmu npumem: b :E; p=2 ;
2 1 2

To Bce pasMepbl BIIEMEHTapHOW EOMHUYHOW C(Qepbl BIUCHIBAIOTCA B
YpaBHEHHE eUHIIHON Cephl.

s=[f 1+( j [dfj dxdy (3.7)

roe f=z= x° — y° — ypaBHEHHUE eauHOI YacTu chepsl.
1+x* =" —yp p

Pasmemenne oceit (puc.3.10) Ha 3neMeHTapHOW IUIOLIAAKE U KOOPAHHAT
MPEJCTABIAET MOJSPHYIO 001aCTh, B KOTOPYIO NPOEKTHPYETCs KyCOK c(epbl.
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Ilepexons k NOJSPHBIM KOOpAMHATAM 3JIEMEHTApHON IUIOLIAJKU IOCIE ee
UHTETPUPOBAHMS U TIPOBEIS COOTBETCTBYIOINEE NPEOOpa3OBaHUE MBI IMOIYYUM
CIIeyIOIIee BBIPAXKEHNE

% b/cos¢g pd,D % 5
=8[d E_g[1-p%;
B I N

1
d¢:—8jwlcos2¢—b2£—’:¢+2ﬁ (3.8)
0

Tlocne mpeoOpa3oBaHMs MBI yXKe MOXEM 3aIHCaTh (OPMYINBI ONpPEneTCHHs
E, B cienyromem Buze:

1
—1 —
E0=4ha-(4h2+a2) - arctg| a-<4h2+a2T2 3.9
re @ — CTOpOHAa KBajgpaTa, M; A — pAacCTOSHHE OT LEHTpa H3IIydalolei
MMOBEPXHOCTH 0 OCBenIaeMoit (00IydaemMoil TOUKH), M.
Y
B
b,
b by X
B B
bl p

Puc. 3.10. [lonsapuvie kospuyuenmol 21emeHmMapHoli RIOWAOKU

CornacHo TpeJBapUTENILHBIM YCIOBHSAM IIOCTAaHOBKH 3aJa4d, MBI 3HaeM
paccTOsIHME JO HCTOYHMKA W3JIYYCHHs h: OSHepreTHyeckas OCBEILICHHOCTb
(obnydenHocts) Eo u pasmep ucrounuka a. McXos U3 MOJIOKEHUS B3aUMOCBS3H
TEIJIOBBIX BEIUYUH SPKOCTh UCTOYHMKA L MOXKeT OBITH ompezesieHa W3 JaHHOTO
BBIDQXCHHUS, a 3HaueHHWe 4L, TIpeacTaBUM Kak KakKylo-TO OE30THOCHTEIbHYIO
BEIIMYMHY A U 331a/IUM €€, KaK XapaKTePHUCTUKY HCTOYHHKA B IIMPOKUX I'PAHHUIAX
3a/IaHHOTO TpeJiesia CYIeCTBOBAHMSI.

B ommmune ot pabor [87, 90, 98, 129] HamMu y4YUTHIBAINCH pa3UYHBIC
(hOpMBI HCTOYHHKOB, a TAK)KE CYMMapHOE BO3JICHCTBHE TEIJIOBOIO M3JTy4CHHS OT
HECKOJIBKHX MCTOYHHUKOB.

Hcroynukn  MOryT  OBITh  NPSIMOYTOJBHBIMH,  TPOTSDKEHHBIMH — C
COOTHOLIEHHEM CTOpoH 1:4 u Gonee. Takxke 4acTo oTBEpCTHs (OKHA) MMe4eil MOTYyT
OBbITh KPYIVIBIMH, OBAJIBHBIMH M KBajpaTHbIMHU. Mcxonubie (GOpMynsl B TakHX
CllydasiX OTJIMYAIOTCSL.
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PaccmoTpuM  ocHOBO3ajaromue (GOpMyNbI M3IIyHarolero Tena. Takke
paccMOTPUM HpHUMEp CYMMAapHOTO OOJy4eHHS OT HECKOJBKHX HCTOYHHKOB
(mprHEMaeM 2), XOTS BO3MOXKHO U 0OJIbIIee KOJMYECTBO HCTOYHUKOB.

Ecnu ke HMCTOYHHK OyleT NpsMOYrOJbHHKOM TO (OPMYJbl HECKOJIBKO
n3MeHATcs. OCBEIEHHOCTh TOYKH, HaXOAAIIEHCs Ha paccTOSHUM h OT oxHOI 3
BEPIINH CBETAIIETOCS MPSMOYTOJIbHUKA:

S DR R— + arctg—2 (3.10)
2 \/h2+a2 \/1124-612 \/h2+a2 \/h2+a2
rae a, b — pa3Mepsl MPSIMOYTOJIBHUKA.
Ecnu nmeeM KBazpar, TO MOJIyYUM CIIELYIOLIYI0 3aBUCUMOCTb:
a
E=4L arctg (3.11)
\/ W +a? \/ h+ad?
Ecnu kpyrielii guck, To
ala®
= 3.12

W +a? ( )

OCBEUICHHOCTh OT KPYIJIOTO AMCKa paauyca a Ha Jucke paauyca a', Ei,
HaxOo/ISIIIErocsi Ha PacCTOSHUU /i

E.,= ’%L{(lf va*+ a1 +a? + 0 - 4a2a"2} (3.13)

Ota Gopmyna ciexyeT u3 oduieit GopMyIIbL:
Lcos@cosé
Ea=] [T

dAdA4' (3.14)
A4

Jlannasi oOLias 3aBUCHMOCTh 3TO JIeBas YacThb HHTETPAJbHOTO YpaBHEHHS
TOJIYYEHHOTO TIPU PAcCMOTPEHHWH OOpaTHOM 3aJauydl paIMaliOHHOTO H3IIyYeHUS,
COCTOSILIICH B OTHICKAHHH TEMIIEPATYPHOTO DAcIpeseNieHUs] Ha MOBEPXHOCTH IO
H3BECTHOMY OO MONyC(EepUIecKOl IUIOTHOCTH IAJAlOIIero M3TydeHHs Ha HHUX.
U3 3axoHa COXpaHEHUsI PHEPTUH ITOTydEeHO HHTETPAIbHOE ypaBHEHHE IIEPBOTO POa.

PaccmoTpuM  ofmiee TONIOXKEHHE CHCTEMBI HCTOYHMKA M3JIyYCHUS W
001y4aeMoro oObeKTa.

ITycth MMeeTcst HEKOTOpas IPOW3BOJIbHAs 3aMKHYTas CHCTeMa Cepbix
I(Qy3HO U3ITYUAOIINX TEN, pa3Ae]eHHBIX Po3pavHoil cpenoit (puc.3.11-3.12).

OpHa W3 IOCTAaHOBOK OOpAaTHOHM 3ajadl B 3TOM CiIydae 3aKIIO4aeTcsl B
OTBICKAaHMHM TEMIEPAaTypHOTO paclpeneneHns Ha mHoBepxHocTsx Tex T(M) mo
H3BECTHOMY IIOJIO TOJIyC(epHIecKoil IUIOTHOCTH Hajaromero uamydenus Ep(M)
Ha HuX. Ha OCHOBaHMHM 3aKOHa COXpaHEHHMS HEPrHU 3Ta 33jaya B CTALMOHAPHOM
Cllydae CBOJHUTCS K PEIICHHUIO MHTETPaJbHOTO YPaBHEHHS IEPBOTO PoJia:

cosé,, cosé
J‘Esd,(N)WdFN =E, (M) (3.15)
F

MN
OTHOCHTEIBHO IOTyc(hepruIecKor IOTHOCTH P PEKTHBHOTO H3TydeHUs Eny
C MOCJIEAYIOLIMM pacueToM 1ot Temmeparypsl 7(M) o hopmyie:
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(3.16)

Puc. 3.11. Hugppaxpacuwiii umumamop. 1 — ucnvimuiéaemvlii oopasey;
2 — uznywamenu

31ech oJ MajlaroluM u3itydeHueM E, noHuMaeTcst cymMMa HOIVIOLIEHHOTO U
OTPaXKEHHOTO NOBEPXHOCTHIO M3IydeHUH. D(PPEKTHBHOE U3IyUCHHUE, HCXOAAILEE C
MOBEPXHOCTH CEPOro Tela, IPEACTaBIseT co0OH CyMMy COOCTBEHHOIO WU
OTPaXKEHHOT'O U3JTyYEHHH.

Puc. 3.12. 3amxnymas cucmema men: 1 — ougppyszno uznyyarowas nosepxnocmeo F;
2, 3 — Hopmanu k nogepxnocmam 6 mouxax M u N coomsemcmeenno

3agaun 1MOJOOHOTO THIA BO3HUKAIOT IPH ONPENENICHUH PEXHUMOB pabOTHI
palualMOHHBIX HAarpeBaTENbHBIX YCTPOHCTB B 3KCIEPUMEHTAIBHBIX CTEHAAX U
Pa3IHYHBIX TEXHOJIOTHYECKHUX MPOIECCaX.

CdopmynrpoBaHHbIE 00paTHBIE 33Ja4d PaJHAllMOHHOTO TEIIO0OMEHa 3TO
CTaI[MOHApHBIC W JIMHEHHBIE 3a/aud, B KOTOPBIX JIydeoOMEHHMBAIOIIMECS Tela
CUMTAIOTCS HEIIPO3PAYHbIMU.
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IMocne mpeobpa3zoBanmii 3aBrucMocTH (3.15) MOIyYInM 3aBHCUMOCTb:

E,) (M) =[] £, () w50 g (3.17)
F TN

PaccMOTpHM CHCTEMY AMCKPETHO H3JIYYarOIIMX MCTOYHHKOB (JUIs TpUMepa
JIBa UCTOYHWKA) C OJMHAKOBOW MHTEHCHBHOCTBIO HM3JIydeHHs. JlOIMycTHM, Takke
ecTb 1Ba 00IyuaeMbIx 00bekTa. Toraa Ha OCHOBE 30HAJIBHOTO METO/a COCTABIICHUS
YPaBHEHHS TEIUIOBOrO OajlaHca, XapaKTEPU3YIOLIEr0 pPaBEHCTBO —TEILIOBBIX
MIOTOKOB, BOCIPMHHMAEMBIX Ka)KIBIM DJIEMEHTOM B YCIOBHSX OOJIy4€HHOCTH H

3aJJaHHBIX TEIUIOBBIX IMIOTOKOB ¢4, ¢, (puc.3.13).

Puc. 3.13. Cucmema ouckpemHo usnyuarouwux UCmoyHuUKo8

[Ipuxoaum K cucteMe JIMHEHHBIX YpaBHEHUI:

1
J\4,,co86,, + J,A,co86, =—¢q,

’; (3.18)
Ji 4y c086,, + J,4,,c086,, =—q,

T

rae Ajj — MorJonaTenbHas CIOCOOHOCTD i-TOT0 AJIEMEHTa 10 OTHOIICHHIO K j-TOMY
n3nydarento; 0;; — yroj HapaBJIeHUs OT j-TOTO M3JIydaTels Ha i-ThIil 00IydaeMbIit
3NIEMEHT; J, — HICKOMast ”HTeHCHBHOCTH K u3imydarens.

Ora 3ajjaya pemaercss JOCTaTOUYHO MPOCTO TaK Kak sBJIAETCS JIMHEHHON
CHUCTEMOH YpaBHEHHUH.

Tak B cimydae IBYX HCTOYHHKOB H3ITy4EHHUS U JBYX OOBEKTOB OOIydeHHS
uMeeM:

_1 924, €080, — 4,4y, cos 0,

(3.19)

=
7 A Ay, cos 6, cos6,, — A, A, cos 6, cos b,
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g -1 ¢y 4y, €08 By, — g, 4j, c0s ),
tx Ay Ay, cos By cos 0y, — A4y, 4,, cos B, cos by,

(3.20)

Ofmas cucreMa ypaBHEHMH Uit 7 OONydaeMBIX OJIEMEHTOB W m
o0uryqaresnieli mpuMeT BUA:

my JA;cos0, =g, i=ln (3.21)
j=1

T/ie, @ — CTOPOHA UCTOYHUKA M3ITy4EeHUs; TOUKa 4 — IEeHTP UCTOYHHUKA; TOUKa B —
MECTO, TA€ MPOU3BOAWTCA 3aMmep dHepruu; Touka C — pacdeTHOE 3HAUCHHUE
BEJINYMHBl JHEPIHMU W3MEpeHMs; /i, — PacCTOSHHE C KOTOPOTO IPOBOJHINCH
SKCTIEpUMEHTAIIBHEIE 3aMepBbI; /1| — PAaCCTOSIHUE JI0 PACUCTHOI TOUKH; YTIIBI @) U @,
01 KOTOPBIMH BUJIeH UCTOYHUK ¢ Touku C 1 B.

bonee OesomacHOo M ymoOHO W3MEpeHHE YIJa ¢ MOA KOTOPHIM BHIEH
MCTOYHUK M3JIy4eHHs] C HEKOTOPOro pacctosiHus A, (puc.3.14) mpu ycinoBu, 4To
M3MepEeHHe IPOBOANTCS 110 HOPMAIH K HEMY.

SIpkocTh  M3MydYeHWS WCTOYHHMKA L  cOAepKHUT B cebe 3HAYCHUS
SHEPreTHYECKOH CHJIIBI, TeMIIepaTyphl, CTENECHH UYepHOTHL. Bce ITH BeNWUYUHEI B
OTHENBHOCTH YK€ HEeCyT B ce0e MOTpeIIHOCTH W3MEPEHHs, HO BXOASAT B BEIUUUHY
SHEPreTHYECKOM OCBEIIEHHOCTH £

Bennuuny £ ¢ JOCTaTOYHOH TOYHOCTBIO MBI MOYKEM OIPEIEIIUTh, HUCIIONb3Ys
mpuOOpEI.

Hus atoro mpeobpazyem ypaBaeHue (3.10) oOmiero Bmma OOMy4eHHS OT
KBafIpaTa, TIpU 3TOM, YUUTHIBAs, uTo a/h =tg(@,/2): alh, =tg(¢,/2): nomydum -

2
hy _18(p,/2) g _h *tg(ol:
hoo1g(p/2) 2 hy
YHCIIUTENb M 3HAMEHATENb 00enX ApOOEH Ha &, TIOJTYYNM B KOHEYHOM HTOTE:

TO I TpeoOpa3oBaHUs (HOPMYIBl Pa3AennM

E= 4 arctg
% 29
4etg — +1 detg” = +1
\/ €2 J £

Jlns onpeneneHnst BENUYUHEI A IPUMEHUM METOJ HaUMEHBIINX KBaJpaToB.
ByneM M3MeHSTh U U3MepsTh HHTEHCHBHOCTH TEIIOBOTO o0mydenus E, Ha pa3HbIX
paccTosiHUSX OT ucTouHuka. [Tomyuum psin Eg u 0603HauMM 3TH 3HaYeHUS depes Y.

PaccmoTpuMm dyHKIHIO:

S(p. 4 =Zk: [x; - 4(o,)] (3.23)

(3.22)

L 1
2 2 -
e o(p, )= A* (%J +1| * arctg{éh—;n% + 1}

Mponuddepenmmpyem dynxmuio S(¢,, )10 A U NPUPaBHSIEM K HYTHO, T.K.
npou3BoJHass (yHKIMM B TOYKE MHMHHMyMa paBHa HYIO. M3 MOJIy4EeHHOTO
YPaBHEHHS! OMPEIECIINM:
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Z% =23 [, ~gl)]* K‘”“C"S‘/’sz N 1}; )

pa sin g,

(3.24)

2 2
* arctg{(éwosq)ij + 1} =0
sin g,

[locne mpeobpazoBanus Gopmynsl 3.24 MBI CMOXEM IOJNYYHTH peajibHOE
BEIpaXKeHHE A depe3 yriIoBble KO (UINSHTHI:

1 1
k 2 2 2 )
S [wj 1|+ arerg [w] ‘l
_ i=1 sin @; Sln¢i (325)

—1 2
k 2 2
zx{[4+flcosw,j H} *arctg{(4+é.tcos¢iJ H}
i1 S @; S @;
[IpeobpazoBaB u ympoctuB Gopmyiy 3.25, MBI TOIyYUM 3aBUCHMOCTH ISt

AQHANUTHYECKOTO pacyeTa HCKOMOI HHTEHCHBHOCTH TEIUIOBOTO OOJIy4YeHHS Ha
pabouem Mmecre:

o, ;T
E,=A* [‘”f‘c"s‘”fj +1] *arctg (‘”‘.‘COS“”'J +1 (3.26)
sin g, sin g,
rie B — Touka B paboueM NpPOCTPAHCTBE MCTOYHMKA MM B paboueil 30He
obcimyKuBaHuUs, B KOTOPOH ompezensercss 00ay4eHHOCTb, puc 3.14.
OnpeznenuB AI00BIM PaAHOMETPOM, TEIUIOMEPOM 3HadeHue £, Ha 6a3oBoM

paccTosHuM A 1ox yriom suaenus @) Beraucnsem snauenue 4 (puc.3.12):
-1

1 1
2 B 2 B
e E{[‘H‘*COWJ +1} ; arctg{(“%coswf] H} (3.27)
sing, sing,

[onmy4yenHoe 3HaueHme A moacraBuB B Qopmyny (3.26), momyunm
3aBHCHMOCTb:
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- -1
- . T .-
E,=F drdcosg, +1| *|arctg 2}71—21-‘—005(/7l +1 *
b sin g, h sing
) oL (3.28)
- L ot
2 2 2
+| arcig 4+4cosg L1l = 2h2 1+cos o, 41
sin ¢, h \ sing,
a
Yaa —Yra -
om 1 =
. 4 -
e 4
hZ { 0 /
: : :
\
\ B
h] \'
o /
I v

Puc. 3.14. Cxema usmepenus u onpeoeneHus menyiogo2o uUsiy4eHus

ITomy4yenHass 3aBHCHMOCTb  IIO3BOJISIET  ONPENENNTh  HHTEHCHBHOCTH
TEIIOBOTO 00JIy4YeHHs Ha padoyeM MeCTe TOJIBKO C y4eTOM 3HaueHHs ¢ U 6a30BOro
pacCTOSIHUS OT HCTOYHUKA U3ITyYCHUSL.

PacueT MHTEHCHMBHOCTH TEMJIOBOrO OOJNydeHHs Ha pabodeM MecTe IO
¢dopmyre (3.28) TpymoemMok M, MO3TOMY Ha MNPAKTHKE ya0OHEe I0JIb30BaThCS

HOMOTPAaMMOM, KOTOPYIO, MOXHO TIOCTPOHUTH Ha OCHOBAaHHM pE€3yJIbTaTOB
CBETOBOI'0 MOJEIUPOBAHHUS.

3.3. Ilocmpoenue ynueepcaibHOl HOMOZPAMMBYL 01151 OYEeHKU UHMEHCUGHOCU
mMenoeozo 00IyueHus Ha padouux mecmax.

Wcnosp3yst AOMyHmICHHss O TOM, YTO pa3Mepbl THUIOBBIX HCTOYHHKOB
TEIJIOBOr0 M3JIyYeHUs] MPUHHMAeM MaKCHMalbHble OXOM, a MHUHHMAalbHbIE
0,2x0,2M, HMHTCHCHUBHOCTH  TEIUIOBOTO  0oOIMydeHHS  Egn.,=16000 BT/MZ;
Eomin=100 Br/M%; paccTosiHUsI OT UCTOYHHMKA JI0 TOYKU 3amepa He Ooiee 20M,
MOJYYHIIM 3HAUCHUE A ,,,=2900000; A,;;=10,0; AA =100000.

_ zQ0. _10. 0.
P1max =58 > Pimin =1 s maXA(le s
Buennuil nukn pacuera- Mensercsa A ¢ marom AA .
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BryTpennmii K pacyeTa — MEHSETCS ¢, € IIaroM 1°
Ha puc.3.15 nosyyeHo ceMeHcTBO KPHUBBIX XapaKTEPU3YIOIIUX HCTOUYHUKHU
TEIUIOBOTO M3mydeHus. OIHAKO TOJIB30BATHCS €0 HE OYeHb YIOOHO, 0OCOOCHHO B
o6nactu ot 30° noO0wu E(,:7X103 Br/M? 110 0. BeIcOKas HACBIIEHHOCTH U OJIM30CTH
pACIIONIOKEHUST KPUBBIX JpPYyr OT Jpyra, VYCIOXHAET paboTy W BHOCHT
CYIIECTBEHHYIO MOTPEITHOCTh, HE MO3BOJISICT HHTEPIIOIUPOBATS.

A Ap An Ay Au b —
T
\

% NN N NV
N\ N N AN

"'. T T
R W

e mmsc 11 TrivRrs sh o, e’

Cmmemeine yeen ¥, u ¥y

Puc. 3.15. Hamenenue unmencusHocmu om ¢, — yaia 3peHus UCMOYHUKA O MOYKU
3amepa

Ha puc.3.15 mpencrasieHs! KpUBble H3MEHEHHS WHTEHCHBHOCTH £ OT yria
@, : I3MEHsIs 3HAaUeHUE SPKOCTH UCTOYHHKA (aHAJIOT HHTEHCUBHOCTH E) MBI OyznemM
yBenMuuBaTh KpuBu3Hy JuHMH (A). Takum oOpa3oMm, 3amaB 3HAaYeHUA
E, ot 100B1/™M> 1o E, = 16000BT/M*> ¥ W3MeHSs. TOUKHU 3aMepoB OT ¢, =1 1o
¢, =58": PN HEM3MEHHOM pasMepe OKHa, MOMyIHM CeMelicTBO KpUBBIX pic.3.15 co
3Ha4eHusAMH Ey; ¢, 1 A o1 10 10 2900000. dnst yrobcTBa pabOTHI U HHTEPIOISIUN
MPOMEKYTOYHBIX 3HAUEHUH mepeseneM puc.3.15 B norapupmmyeckuii mMacmTad
puc.3.16 [78, 91].

CornacHo cxeMe u3MepeHus Ha puc.3.14; BeIOHpaeM TOUKH 3aMepOB Ay U fj.

Crnenyromiel Ba)XKHOW XapaKTEPUCTUKON MOJENHPOBaHUS SABISETCS BIMSIHUE

3aBUCHMOCTH YIJIOB 3pEHUS (0, U (0, OT OTHOLICHUS o pacCTOSIHUIA TOUKH 3aMepOB
/| 10 HCKOMO# TOYKH 3amepa /.

§=1 _ (3.29)
h2 tg%

I[J'ISI NOCTPOCHUA 3TOT'O ceMeicTBa KPUBBIX [IPUHUMAECM:

(PZmax :600; (szin = 00, A(Pz :20;
0.
D1 max :600; (plmin =1 s A(Pl =10;



L:. 434033 &8 2

par e Y L

@ @ ) o T o 13
Puc. 3.16. 3asucumocmo usmenenus eenuyunvt 4, Ey om yena spenus ¢, 6
Joz2apugmuyeckom macuimabe

31ech MBI TaK e CTAIKHBAEMCS ¢ MPOOJIEeMOil MOrpemHOCTH KoneOaHus Ha
0
y4actke @, u @, or 10" 10 0: m & — or 10 no 60. AHaIOrMYHO 3aBUCUMOCTH

IpuBeIeHHOM Ha puc.3.15.
Pemaem 3Ty mpoOnemy aHanoruuHo ¢ mpenslaymumu puc.3.15 u 3.16 u
NepeBeieM 3HaueHHWs KpUBBIX Ha puc.2.17 B norapupmuyeckuid macmrad u

Biwouena [, /1,

Puc.3.17. 3agucumocme usmenenus y2iog ¢, u ¢,

Jnis ynobctBa paboThl 00BenWHNM 00a pucyHka puc.3.16. m puc.3.18,
BBHIIMOJIHCHHBIX B JIOTapU(MHUUYECKOM MaciiTabe W TOJIYYdM YHUBEPCAIbHYIO
HOMOTPaMMy, TIIOJYYEHHYI0O Ha OCHOBE OJKCICPHUMEHTAJBHBIX 3aMEpOB IO

67



CBE€TOBOMY MOJCIIMPOBAHHUIO W KPUBBIX MMOCTPOCHHBIX Ha OCHOBE pPacyeToOB

Puc. 3.18. 3asucumocmo usmenenus yenoe ¢, u ¢, om OmHOUIEHUs Os
Jnoeapugmuueckom macumade

IIpoBepka SKCIIEPUMEHTAIBHBIX JAHHBIX CBETOBOTO  MOJEIMPOBAHMUS,
9KCHEPUMEHTAIBHBIX 3aMEPOB B NPOM3BOJCTBEHHBIX YCIOBHAX M TEOPETHYECKHX
pacueTHbIX JaHHBIX IO HOMOTPAMME IIOKa3bIBAIOT XOPOIIYIO CXOJUMOCTb.
Teopernueckne KpHBBIE aIEKBATHO OIMMCHIBAIOT TEPMOPAAMANMOHHBINA IpoIecC.
IIpoBepka Ha aJeKBaTHOCTH MpoBoAwIack 1o kputeputo Dumepa u
KOppeJsIIMOHHOMY oTHouleHuto. KoppensnuonHoe otHouieHus He Huke 0,98.
IIpoBepka Ha HOPMATHBHOCTH pAaCIpEAeiIeHHs HPOBOJMIACH II0 KPUTEPUIO
X, — KBajpar.

Koppensaunonnsle oTHOIEHH R paccunTtbiBanuce 1o Gpopmysie:

1

Zk: (Xi_xp)2 ’

S v T (3.30)

2 (o)

Xp — PacyeTHOE 3HaYeHUe 00IyYEHHOCTH TOUKH.
Kpurepuii @uirepa paccuuThiBau mo Gopmyie

K 2 Tk -1
F=lx—x | # 2 0 —x, f 231)
i=l i=1
[MonyyeHHass HOMOrpamMMa TMO3BOJISET OIEPATHBHO, TOYHO OMNPENEISTh
MHTECHCUBHOCTHL THUIIOBOTO 06.queHI/Iﬂ Ha JIIO0OM pacCToOsIHMMU OT HCTOYHHUKA
TEIIJIOBOTO U3JIYUCHHUA U CO3/1aTh 6330HaCHBIe YycJlioBuA Tpyaa HCCHCIIOBaTeHeﬁ.
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Puc. 3.19. Ynusepcanvhas nomozpamma 3a8ucumocmu UsMeHeHUs y2noe ¢, u @,

om OMHOUEeHUA 6

Jns monb3oBaHMS HOMOTPaMMOH (B CIyyae CJIOXKHOCTH H OHNACHOCTU
WU3MEpeHHs BEJMYMHBI TEIUIOBOH OOJIyYeHHOCTH) HEOOXOAMMO OT 3HaueHHs: Ej
(puc.3.16) mpoBecTH TOPU3OHTAIbL A0 MEPECEUCHUS C YIIIOM BHICHHSA HCTOYHHKA
U3JIYYCHUS. @), OT TOYKH IIEPECeHYCHMs, BOCCTAHABIMBAEM MNEPICHAUKYISP M0
nepecedeHnss ¢ npsaMmeiMu  (puc.3.18). Ilpsmere (puc.3.18) xapaxTepu3yioT
0E30THOCHUTENIbHEIE KPHUBBIC XapaKTEPU3YIOIIHE HCTOUYHHK W3Iy4CHHSA. 3aTeM

1

ompe/iesiieM OTHOIIEHHE BETMYMH — & =~ OT TOUKH & NPOBOUM IOPU3OHTANb JIO
2

HEepeceveHust C MPSIMOi MepeceyeHns ¢: TOYKA NePECEUCHHUs MOKAKET yroll ¢y OT
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TOYKH TIepPecedeHHss 0 M ¢,. BOCCTAHABIIMBAEM IEPHEHIAMKYIAp A0 JIMHUM A, C
KOTOpOM nepecekach JUHUs £y, ONpeAeaM HCKOMOe 3HadeHue E..

Jlns ompezeneHus MOTPEIIHOCTEH pacueTa IMOJCTaBMM BhIpaxeHHe 3.9 B
bopmymy 3.27, momydnm:

2 2
std)i +1:M (3.32)
sin¢; a’
413 +a?
A=F,— 1=
" 1
a*arctg ————
412 +a®

IMoncrapnsis 3HaueHne. A B Qopmyny .328 moiayduM OKOHYATEIBHYIO

3aBHCHMOCTb:
V4L +a’arctg
\/4L22 +a’arctg

&
1/4L22 +a’
=E(E

1

412 +a?

E=E,

0;L13L55a) (3.33)

rae E — uckoMas BelTM4YnHa.
MIpAMEM:
AL, =0, T.k. L, KOHKpeTHO 3a/1aHO 0€3 U3MCHEHUS,
AEy= 0,05, T.e. morpemHocts paguomerpa £+ 5%;
AL=0,01; T.k. TOuHOCTH OnpeneneHus pacctosiHus + 0,01m;
A ¢;=0,003 T.K. To4HOCTE H3Meperus yria + 1° wm 0,01

roria AE = SSJAE, +- 9 AL [9]aA (3.34)
de, dL, dA
V4L +a% =b,; 417 +a] =b,; oGo3HaumM:
arctg C; arctg# =C,

a —
1l4L22-t-a2 1/4L22+a
Jp — TIOTPELIHOCTh H3MEPEHUs £\ TOra mocie npeodpazoBaHus oOmas
MOTPENIHOCTh OY/IeT paBHA:

8=h*c—250+ sz &Cl_;_ijaLl - |AL, +
b, ¢ byei | b 4L +2a

a 413b, a 413b,
—C+————— |bye | —c¢+————— b
. b, (4L +2a7)b, b, (4L} +2a%)b,

b3}

(3.35)

Aa

L
rie Aa = Al tg 2L + L

2cos’ %*A(p
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W3 Bepaxkennst 3.35 BHOHO, YTO MaKCHMaJbHAasl ITOTPEIIHOCTH OyAeT Npu
L=max; L,=min; a= min; ¢;=min.

IIpencraBum cebe Hamxyquiee cTeyeHHE HEOIATONMPUATHBIX (AKTOPOB IPHU
U3MEpEHHH:

L,=20M; L,=1m; a=0,5m; (pmin:4+60; TOr/la MaKCHUMajlbHas MOTPEIIHOCTH
OIIpe/ieNIeHHs] THTEHCUBHOCTH TEIUIOBOTO OOTydeHHs, HO HOMOTpaMMe OyIeT:

Smax = 0,082, T.€. 8,2%.

IpennoxxeHHass METOAMKA MO3BOJIAET HAaHOOIEE TOUHO MPOU3BOAUTH OLIEHKY
TePMHUYECKOH HANPSDKEHHOCTH Ha pabodeM MecTe MO0 CpPaBHEHHIO C
CyHIeCTBYIOIIMMHU MeToaukamu [79, 91, 102, 103].

3.4. Pazpabomxka npozpammHnozo odecneueHus 0as 00padomKu pe3yivmamos
duszuueckozo u mamemamuueckozo MoOEIUPOCAHUA U HA UX OCHOBAHUU
nocmpoenue zpaguueckoii KapmuHvl pacnpeoenenus U30MmepmMudecKux Kpugblx
mMennoeozo uzyuenus ¢ pabouem npocmpancmaee.

Jlnst TOCTpOeHHs pacrhpeelieHds] H30TEPMHUYECKUX KPHBBIX B pabouem
MPOCTPAHCTBE [[EXOB OT TEXHOJOTHYECKUX arperaTtoB U OT TOTOBBIX M3/EIHil MO0
3aroTOBOK B HArpeTOM COCTOSIHAM HCIOJNB3yeM OKOHYaTelIbHYH (opmyry 3.28
aHATUTUYECKOTO pacyera OOIYUYCHHOCTH B 3aBUCHUMOCTH OT paccTosiHus. OJHaKO
HEOOXOJMMO Yy4YeCTh, 4TO (opMmyia 3.28 NpHUTOAHA TOJBKO I JIMHEHHOTO
ONpefeNeHnss 10 HOPMAald K HCTOYHHKY H30BITOYHOTO TEIUIOM3ITydeHUs. A
MCTOYHUKH H30BITOYHOrO TEIUIOBOTO H3ITyYCHHUsS] MMEIOT B OCHOBHOM [Ba BHIA
pacrpeeneHusl M30TEPMHUUYECKUX KPHUBBIX: C(epHueckoe OT HCTOYHUKOB HE
OrPaHUYEHHBIX OT M3JIyYCHHUS MO OOKaM, HAIPUMEDP - HAKONHTEIbHBIEC, IIAXTHHIC
MEYH, OCTHIBAIONIMC 3arOTOBKM W TOTOBBIC HW3JCITUsS, TICYH IUIABIICHUS
aITFOMUHHEBBIX, MATHUEBBIX U JIPYTUX CIUIABOB PACIOJI0XECHHBIX Ha YPOBHE TIOJA,
3aKallOYHbIE BaHHBI M3 paCIUIaBICHHBIX coneid. U momycdepuueckoe OT
TEPMHUYECKUX IeYell MpU OMEepalMsX HarpeBa 3arOTOBOK ISl MOKOBKH, OTITYCKa,
OT)KWTA, BapKH CTEKJIAa, KOrJa OTKPBITA 3aCIOHKa, OO ABepUa IMe4d. 31ech
HEOOXOMMO Y4YMTHIBaTh JlaMOepTOBCKOE pacIpelelicHHe BEIUYUHBI JHEPTUU
TEIUIOBOTO M3IYYCHUS B 3aBHCUMOCTH OT YIJia, MOJ KOTOPHIM BUJICH HCTOYHHK.
W3nydyenne wu3MeHsieTCss IO 3aKOHy KocuHyca. Kpome »sToro HeoOxoxmmo
YUUTBIBATh pa3Mep, GOpMy MCTOYHHKA, €TO0 MHBEHTAPH3ALMOHHBI HOMEpP M KOI
€ro TEXHOJIOHYECKOTO COCTOSIHUSI, TOECTh JH0O OH H3JIy4aeT B CBOEM
MaKCUMAaJIbHOM PEKHME, THOO0 MEHbIIE, IHOO OH HAXOMUTCS B ICKYPHOM PEKUME.
Jlns  cornmacoBaHUS paclpelelieHuss H30TEePMHYESCKHX KPHBBIX B pabodeMm
MPOCTPAHCTBE IIeXa C YYETOM pACIOJNIOKEHHS pPabdoddXx MeCT HEOOXOIUMO
ONPEIeNNTh Ha IUIAaHE UX BH3YaJbHOE DACIIOJOKEHHE B BUJE CETH C YYETOM
KOCHHYCHOTO pacmpenencHus. CorjgacHo TpeOOBaHHS Mbl JOJDKHBI MOJYYHUTh
CBOET0 poOJa TEXHHUKO-DHEPreTHYECKHH MAacmopT Ha KaKAbIH  HCTOYHHK
H30BITOYHOTO TEIUIOBOTO H3JTyYeHHS] Ha MpOM3BOACTBe. Jlisi CO3maHMs Takoro
HOBOTO 00pa3iia TEXHHKO-IHEPreTHYECKOr0 MacmopTra MCTOYHHKA H3OBITOYHOTO
TEIUTIOBBIJICIICHHSI aBTOPOM OBLIO CO3JIaHO HOBOE MPOTpaMMHOE OOeCIcYeHHE Ha
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si3bIke Jlenb(u Ul penieHus 3a1ady IOCTPOEHHS MPOCTPAHCTBEHHBIX TEILIOBBIX
nosned Uil cepuueckux M NoNychepHYecKHX HCTOYHHUKOB H3OBITOYHOTO
TEIJIOBOTO BBIJIETICHHS.

Ipn co3maHmm mporpaMMHOTO oOOecredeHHs: ObIIM BBEICHBI CIEYIOIIHE
JOTYIICHUSL.

B xauectBe pacueTHOI hopMyIIBI HCTIONB30BaTh hopMyiy 3.28.

B KkauecTBe HCTOYHHMKA TEIUIOBOIO M3JIY4EHHs IpUMEM JBa THIIA
H3TydyaTens: — KpYroBoi (IUIaBI€HHE B dYalle, IEYH, MONYyYEHUs H3BECTH,
OCTHIBAIOIINE JETaNN); U OJHOCTOPOHHHE (TePMHUYECKHE, IUIABHJIBHBIC II€YU C
OTpaHWYEHHEM TETUIOBOTO M3IIyUSHHUS OJHOH CTOPOHBEI).

30Hy IpefeNbHO-TPAHIMYHOTO PaCIIPEIeNICHNs TEIIOBBIX Ie4eil OrpaHuIUTh
BeMuHHOIL B 70 Br/m’.

JIis  OANHOCTOPOHHMX — M3JlydaTeled  IpeAyCMOTpPETh  IOIPaBOYHBIC
KOCHHYCHBIE IIpsIMbIE ¢ ydeToM JIaMOepTOBCKOTo pacnpeaeneHus.

3amaBaTh IIar TEMIEPATypHOTO TMoONs (CeTKHM) B 3aBUCHMOCTH OT
HMHTEHCUBHOCTH U3ITydeHHs HCTOYHHUKA U €TO Pa3MEpOB.

OmnpenensTe 3HaYEHUS WHTCHCHBHOCTH oOiydeHus E, mins kaxmoro mara
CEeTKH.

BeBomute Ha Tpaduk: Ha3BaHWE 3aBOJa, I€Xa, MHBEHTApHOIO HOMepa
TEXHOJIOTHYECKOT0 arperara, JIM0O HOMEp HCTOYHHKA TEIJIOBOTO H3IIYUCHHUS:
pa3mep U GopMy HCTOUHHKA TETIOBOTO M3TyUSHHUS U TEXHOJIOTHUECKON OTepalyy;
00TydEeHHOCTH B MECTE 3aMepa; Iar CeTKH.

Kapra TemnoBbIX medeil IOKHA IPOEKTHPOBATHCS B TOPH3OHTAIBHOMN
mockoety Ha 360° 6o 1800, B 3aBUCHUMOCTH OT THIA UCTOYHUKA.

W3mepenuss TepMOpaJMallMOHHOTO W3JIy4eHHs Ha paboumx Mecrax
npoBoawiick paspabotaHHbiME Ha Kadenpe BXKJ[ IIACA paguomerpom ¢
HCTIONB30BAaHUEM CTAHJAPTHOTO JaTYMKa TEIUIOBOTO MOTOKA, MPOIIEAIIEro
MOBEPKY M HMMEIOUIMH MAacmopT, HO CO CIEIHaJbHO pa3paOOoTaHHON NPHEMHON
roJjoBkoii (puc.3.6 u puc.3.7).
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PA3JIE] 4
TEOPETHYECKOE U IPAKTUYECKOE OBOCHOBAHHUE
W3MEPEHWSI TEIUIOBBIX M3JIYYEHUI U DOPEKTUBHOCTH
MMPUMEHEHUS 3AIIUTHBIX MATEPHAJIOB OT UK-U3JTYUYEHUSI.

4.1. Teopemuueckoe u npakmuueckoe 000CHOBaAHUE CPEOCNE NPUMEHAEMBIX 015
UBMEPEHUA MENTI06020 U3TLYUEHUS.

HccnenoBanus YCIOBUHM TpyAa TOpSYMX TPOM3BOACTB IO TEMIOBOMY
(hakTOpy mOKa3anu, 4TO M30OBITOYHOE TEIUIOM3IyYeHHE Ha PabodnX MecTaX UMeEeT
OdeHb GOJTBIION IHHAMIYECKHiT AramasoH oT 50,0BT/M* 1o 20000BT/M” pH HOpME
HMHTETPAIHFHOTO JIOITyCTUMOTO O0TydeHHS B 140B1/M° [7,32,40,72,78, 104, 105].

IIpn amamm3e CymecTBYIONMX IIPHOOPOB KaK OTEYECTBEHHBIX, TaK H
3apyOeXHBIX OKa3ajoch, YTO HET YHHMBEpCAJIbHOTO HpuOOpa, paboTaromero B
YKa3aHHOM JHama30He C JOCTAaTOYHON YyBCTBUTEIBHOCTBIO U TOUHOCTBIO, KaK MIPU
MHHUMAIBHBIX, TaK U IPA MaKCHMAJIbHBIX 3HAUCHUSIX TEIJIOBOTO MOTOKA, TI03TOMY,
JUIL M3MEPEeHUs] IMPUXOIWUTCA HCIONB30BaTh HECKOJIBKO IIPHOOPOB C pPa3HBIMU
MOAJWANa30HAMH, 4YTO CKa3bIBAae€TCS HA CIIOXKHOCTH, TPYHOEMKOCTH IIporecca
M3MEpEeHHs, a TIIaBHOE TOYHOCTH N3MEPEHHH.

Tak, oka3zanock, 4TO IIPH MAJIOM JHANa30He U3MEPeHUs] OTPaHUYEH BEpXHHI
HpeJiesl U3MEPEHUsl, HO BBICOKA YyBCTBHUTEIBHOCTD M pa3pelaomias CiocoOHOCTb.
npu GombireM muamasore or 1000 Br/m® mo 20000 Br/M’ pemen m3MepeHwus
pacIMpen, HO Majga TOYHOCTh M pa3pemIaiomasl CIlocOOHOCTh M3MEpEHHS. IIpH
pelIeHN! JTaHHOTO BOIIPOCca HAMK Ha OCHOBAHHU NPOBECHHBIX HCCICIOBAHUN U Ha
OCHOBE aHAJIN3a CYMIECTBYIONIMX CTaHIAPTHBIX HATYNKOB MPEIUIONKEH HOBBIH
METO]] U3MEPEeHUsL. ISl TOT0 Ha CTeHAe puc. 4.1. M3MepsuIcs TEIUIOBOH IOTOK g OT
HUCTOYHHKA CTa0WJIBHOTO TEIUIOBOTO MOTOKAa - MydenpHoH neun. Jlns
JIOCTOBEPHOCTH M3MEPEHMH YCTAaHABIMBAIOT ABA CTAHIAPTHBIX JaT4MKa — OIWH B
KadecTBe 00pa3IOBOTO-KOHTPOJIBHOTO, JAPYrod Kak WCCIEAyeMBIH. 3a cueT
pETyIpyeMOTo TEIUIOBOTO MOTOKAa CHHUMAeM CTaTHYeCKHe XapaKTepHCTHKU
OTOOpaHHBIX Ha OCHOBaHWHM aHanm3a naryukos: JTII-01, ATII-02, ATII-03,
JATII-04, JTII-05. 3aBUCHUMOCTH TIE€HEpUPYEMOrOo CHrHajga OT  BEJIUYMHBI
TEIJIOBOTO ITOTOKA NMPUBEICHBI Ha puc.4.2. HAUMEHee YyBCTBUTEIILHBIM OKa3aycs
narunk JTII-01 MMeromumii Auana3oH M3MepeHHs TemoBoro mortoka or 10* mo
10" Br/m®. maramk JTII-05 oGmagaeT BHICOKOH UyBCTBHTENBHOCTBIO M BBICOKOIR
pasperatonieii crrocoOHOCThIO, HO AUATIa30H H3MEPEHUS OT 10B1/M° o 3000BT/M>.
HaMH OBUTH TIPOBEICHBI HCCIENOBaHMS XapakrepucTwk nardmka [ATII-05 mnpm
BO3JEHCTBUM PA3IMYHBIX MO BEIWYMHE TEIUIOBEIX IIOTOKOB ¥  BEIWYUHEI
BospacTtanus J.JI.C. natduka 1o BpeMeHU. Pe3ynbTaThl UCCICI0BAHUS IIPUBEIEHbI
B BUJIE ceMeiicTBa KpUBBIX Ha puc.4.3 a u 0.

W3mepenust MpoOBOAMINCH TNPH PA3IMYHBIX TEMJIOBBIX IOTOKaX B IBYX
nuamasoHax 10 1400 Br/M® u o 18000 Br/M’. KpHBBIC MPOHYMEPOBAHBI H
3HAYEHHMSI TEIIOBOTO MOTOKA IS KXKIOH KPHBOI IpHBeneHs! B Ta0m.4.1.
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I'panynpoBKy Hpou3BOIMIN B JIAOOPATOPHBIX ycioBHsix ['occraHmapra mo
METOJUKE AT AATUYMKOB TOYHOCTH TPETBETO pa3psiga U TEXHUYECKHX TEILIOBBIX
pagroMeTpoB.

B kadecTBe MCTOYHMKA M3ITyUeHHUS HCHONB30Banach My(espHas Medb TUIA
[IM-56. Temneparypa HarpeBa BHyTpE€HHEH IOBEPXHOCTH €YU KOHTPOJIUPOBAIACh
TepMoNapoil U MHUIMBOIBTMETpOM. MomHocts neun 2,6 kBT. Temmepatypa
Harpesa Ieuu nojzaepxusainacek 1o 1273 K.

B kadecTBe 00pa310BOro-3TaJIOHHOTO KOHTPOIBHOTO HCIOIB30BANICS JaTUUK
JITII-02 ¢ mpenetoM m3meperus 10 20000 Br/m” (puc.4.1).

2]

Puc.4.1. Cmeno ona nabopamophuix ucnvimanuti oamyuxa JT11-05:
1 — uccnedyemuiii damuux; 2 — 06pazyoswiti 0amuuk,; 3 — aHaAL02086bll
Munnueorbmmemp,; 4 — yughposoii myromumemp; 5 — mypenvras neusv

Ha crenne cucrema ynpaBieHUs My(QeNbHOW II€4M IO3BONSAET ILIABHO
MOJHUMATh TeMIepaTypy BHyTpeHHeH noBepxHoctu 10 1273K. Ha perynupyemom
pacctostHun oT 0,1 10 1M OT OTKpPBITOrO OKHA NEYH B CIEIHAIFHOM INTATHBE
3a)KaThl IPHEMHBIE TyOyChl KOHTPOJBHOTO JAaTYMKa M ucciemyemoro. IIpnemmusie
TOJIOBKH TIPEBAPHUTEIHHO OTBM3HPOBAaHBI Ha OKHO meun MII-56 m Haxomsarcs B
KOHTaKTe MeEXay coOOH Uil paBeHCTBa TEMIIEpaTyp KOPIIYCOB. YTON 3peHHUs
HCCIIEAYEMOr0 JaTYMKa yCTAHOBJIEH PABHBIM YTIIy 3pEHUS] KOHTPOJIBHOTO JaTUHKa.

K narumkam 00pa3noBOTO M HUCHBITYEMOTO TIOJKITIOYEHBI OJMHAKOBBIE
MIITHBONETMETPBI TUa M 2031/2, BBICOKOI YyBCTBHTEIFHOCTH — LIEHA JCTCHUS
C,=1,0*107 A/nenenwue, knacc Tounocty — 0,5.

ComnpoTuBIICHNE TEPMOIIEKTPHUECKOW OaTaped JaTdynuka W TalbBaHOMETpa
paBHo 389,4 OM, CONPOTHBIICHHEM COSIMHUTENBHBIX POBOJOB peHeOperaeM m3-
3a ux Mayoro compotuBieHus, mMeree 0,1 Owm. [lnsg rpaayupoBKH KpUBBIX
yCTaHaBIHBaeM TalMep CO 3BYKOBBIM CUTHAJIOM U 3JIEKTPUUECKHMH METKaMU.
IToka3anust  UMPPOBOrO  MYJBTUMETPA,  aHAJIOTOBOTO  MHJUIMBOJIBTMETpA
MapaJuIeIbHO MOAAIOTCS Ha CIEIHANbHBIN HHTep(eiic KOMIBIOTEpPA.

Taxum 06pazom, Mbr nomyunin 3HadeHust J.J[.C. naTauka B 3aBHCUMOCTH OT
BEJIMYUHBI TEIUIOBOTO ITOTOKA I10 BPEMEHH KCIEPUMEHTAIBHBIM IyTEM.
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Ta6auna 4.1. — 3uavenus I./.C. 1aT4yuKa B 3aBUCHMOCTH OT BeJIUYMHbBI
TEIJIOBOI'0 NMOTOKA

Ne Kpusoit | Bennuuna | Ne Kpupoil | Benmuuuna | Ne Kpusoii | Bennunna
U3MEHEHUS | TEIJIOBOIO | U3MEHEHMs | TEIUIOBOTO | M3MEHEHUS | TEMJIOBOTrO
2.J.C. MOTOKA, 2.J.C. MTOTOKA, 2..C. MOTOKA,
JIaTYHUKA BO Br/m® aT4YMKa BO Br/m® aT4YMKa BO Br/m®
BpPEMEHHU BpPEMEHHU BpPEMEHHI

1 1400 9 125 17 11800

2 750 10 110 18 10500

3 460 11 90 19 9000

4 380 12 80 20 7800

5 290 13 70 21 6300

6 220 14 18000 22 5000

7 165 15 15000 23 3500

8 145 16 13200 24 2000

Tennceon noros Bri’

2 4

[ W
= w2 Een e AT, B

Hanpmsui

n "

Puc. 4.2. 3asucumocmu cuenana 0amuuxos om eIUdUHbL MEnI08020 NOMOKA

Jlis monTBepkIeHUs BEIOpaHHOTO MeToa ucnoap3oBanus aatuuka JATII-05
B pEeXHUME H3MEpeHus,
IporpeBa Tena JaTiuka pPasIUYHBIMH TEIUIOBBIMH IIOTOKAMH II0 BpPEMEHH.
ITorpemHocTs U3MEpEHUS pacTeT € YBEJIUYEHHEM TEMIEpaTyphbl Tejla JaTduKa.
pelIeHre 3ajaud IMyTeM MaTeMaTHYecKOTO MOJCIMPOBAHMS II03BOJISIET BHIOPATh
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HauboJiee ONTHUMAIBHBIA PEXMM H3MEpPEeHHH JaTdhKa C ydeToM TpeOoBaHMIt
BBICOKO UYYBCTBHUTENBHOCTH U paspeliaromeil CHoCOOHOCTH € IIMPOKHUM
JMaNa30HOM IpeesoB u3Mepenuii [93, 94, 144-146]
a) 0)

T

PR

Bgrion wus - i

Puc. 4.3. 3asucumocms 6bi1X00H020 CUSHANA 0AMYUKOE 6 MB, om eeruyunvl: a —
2

npu meniogom nomoke 0o 1400 Bm/m°; 6 — npu mennogvix nomoxkax 0o

18000 Bm/m’

JIs OLCHKH TMOJIOKUTEIBHBIX M OTPHULATEIBHBIX CTOPOH TAKOTO BapHaHTa
UCIIOJIB30BAHMS JIATYNKA HEOOXOUMO HCCIIe0BaTh noseaenue aaruuka ATI1-05 B
MEPEeMEHHBIX IMOTOKaX TEIJIOBOrO M3JIydeHHs. B peanbHOCTH HEOOXOIUMO PELIUTh
HECKOJIBKO 33724 C y4eTOM (paKTOPOB, BIUSIOLINX HA MOTPEIIHOCTh:

- ONpeAeNHTH TeMIlepaTypy HarpeBa caMoro Tejla JaT4uKa MpH H3MEPEHUH
TEIUIOBOTO MOTOKA OT 35 10 20000 B1/M® B BakyyMe ¥ B BO3IYLIHOMN Cpele;

- ONpEACTHUTh BPEMs OXJIXKICHHUS JAaTUMKa MOCIe 3aMepa 0e3 BO3ACHCTBUS
TEIIOBOTO MOTOKA U3ITyYCHUS;

- YCTaHOBHUTH 3aBUCHMOCTh TEMIEpaTypbl HarpeBa pabouero Teia AaT4vKa
OT U3MEPSAEMOTO TEMJIOBOTO MOTOKA H3ITyYCHHUS.

PaccmoTrpum moBeneHue paboyero Tena JaTYMKAa B TEIUIOBOM IIOTOKE
W3ITY4CHUSL.

Ha pabouee teno (mnactuny) matumka J[TTI-05 Bo3elcTBYeT TEILIOBO#
HOTOK M3nmy4eHus: Q, KOTOpBI HarpeBaeT padouee Teso AaTduka. B cBoro odepens
pabouee Teno naTyuMka, HarpeBasch, caMoO OyAeT W3IydaTh TemyoTy. TemaoBoi
MOTOK M3Ty4eHus ¢ 00EUX CTOPOH IIACTUHBI ¢, OyJIeT paBeH:

q, =2ec(Te T 4.1)

TJIe: q, — H3IydaeMblii TEIIOBOH MOTOK, KBT/M’; € — CTeNeHb YepHOTHI IACTHHBI

naturka; ¢ — nocrtosHHas Credana-bombimana; Tc — Temmeparypa cpenbl, K;
T — Temneparypa HarpeBa IIaCTUHBI TaTurka, K.

Pabouee Teno maTunka B BHIC TUIACTHHBI B JaHHOM CIIydae UMEET TONIIHHY
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0,003M, mpu TakoH TOJIIMHE IUIACTHHBI padodee Telo MOXKHO (puc.4.4) cunuTath
TEPMHYECKH TOHKUM (T.K. OTCYTCTBYET IpaJUeHT TeMIepaTypsl o Tommuuue). [Ipu
WCTIONIb30BaHUAU JOMYIIEHUs] KpuTepus ToHkoro tena [98. 101-104], mpuauMaem

£=0,1, Torga Oyznem UMeETh:
§,, = 2ar—— (4.2)
l-¢

a=— 4.3)
pc
IJie: ¢ — TeII0eMKOCTh BemecTBa, (J/kr-K); 6 — ToNIMHA MIaCTUHBI AaTYMKA, M;
a — TEIUIOBas aKTHBHOCTh;, T — BpeMs, CEK; € — CTElEHb YEPHOTHI IUIACTHHEI

pu a

JaT4MKa; p — IUIOTHOCTh MaTephana JaTduka, KO/M’; Ay — KOO(QHIMEHT
tertonpoBogHocTH, (BT/M-K).
=
dr T
Ml = Mzl

Puc. 4.4. Cxema 6030eticmeusi meniogvlx nojetl Ha NIACMuHy 0amiuKka

Jlnst matamka a=5,9-10"m%/c, T npuHEMaeM paBHBIM 1 cexymze. Onpenenim
JIOITyCTUMYIO TOJIIMHY ITACTHUHBI 110 GpopMyie:

8, =v2-59-107-0,11=035-10"n

HOHy‘leHHaﬂ JAonyCTuMas TOJIINWHA IUJIACTUHBI BBIACPIKUBAET YCIIOBUC

. -3
3, ponyctumoe  >8,,,=0,30-10, npu KOTOPOM INIACTUHY MOXKHO CYMTaTh

TEPMHIECKH TOHKHM TEJIOM.
B Ttakom ciydae ypaBHeHHMe TeIUIONepeAauyd B IUIACTHHE pabodero Tena
natunka umeet Bup [101, 107-110]:
2
ar _ 4T (4.4)
v dx?
C YYETOM IIPHHSATHIX T'PAaHHYHBIX yciIoBui (puc.4.4.)
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dr

T =a(T-T,)+eo(T* - T (4.5)
dt 'x=0
rzae: o — K03 HUIHEeHT KOHBEKTUBHOH TEIIOOTAauH
T
Ay dar =a(T-T,)+ec(T* - T}) (4.6)
dr x=L

2
Jlnst  KpuTepust TOHKOTO Tela [MBEPIreHTHBIM YICHOM e MOJKHO

X

npeHeOpeyb U3-3a MaJIOro TEMIIEPaTYPHOTO Meperaa Mo TOJIHMHE. DTO 03BOJIACT
ypaBHeHus 4.4, 4.5, 4.6 zanucath B Bujae 4.7, rae rpaHuuHsle yciaosus 4.5, 4.6
BKJIIOUEHHI B popMyity 4.7 B BUIE HCTOUHUKA Teruia Q:

pchSi—T =Q+2o(T—T,)+2ec(T* - T}) 4.7)
T

VYpaBHenue 4.7 npu a=const, 7, =const uMeeT pelieHue B kBagpaTtypax [102,
106-108]. [Tpu nepeMeHHBIX 3HaUCHHUAX o ¥ 1, ypaBHEeHHUE 4.7 pemaeTcss YuCICHHO
Ha [IK. [Ipu BO31eHCTBUM TEIJIOBOTO MOTOKA HA IUIACTHHY JaT4MKa B BaKyyme
ypaBHeHHE 4.7 IpUMET BUL:

AxSpci—T:Q-t-Zao(T: -T% (4.8)
T

rae AX - TOJIIMHA MIACTHHBI.
[Ipu Bo3aeiCTBUM TEIUIOBOTO MTOTOKA HA IJIACTHHY B BO3YLIHOM cpeae
HEOOXOIUMO yUUTHIBATh KOHBEKTHBHYIO TETNIOOTAAYY Gy

q =20(T, = T) (4.9)
B sTOM cityuae ypaBHeHue 3.8 mpUMeT BUA:
AxSch—TzQ+286(TC4 7T4)+2(1(TC -T) (4.10)
T

[Ipu momomu ypaaeHwit 4.8 u 4.10 MOXHO ONIpENENUTH TEMIEPATYPY
HarpeBa IUIACTUHBI, TP JIFO00H BEJTMYMHE TEIUIOBOTO MOTOKA (puc.4.6 u 4.7).

Jnst onpenienieHust 06JacTH IPUMEHEHHUS IaTYMKa HEOOXO0IUMO TakXKe 3HaTh
TeMIepaTypy IUIACTHHBI BO BPEMEHHU IIPH OXJIAXKJCHUU B BO3JIYyLIHOH cpexe U B
BaKkyyMe 0e3 BO3JCHCTBHUSI TEIUIOBOTO MOTOKAa (J, YTO BO3MOXKHO IOJYYHTh W3
pewenus ypaBHeHus 4.10 mpu pasnMYHBIX YCIOBHSX HCXOJHOM TeMIepaTypsl
OXJIAJKAEHHS pabodero Teja AaTIHKa.

IIpu pemenun ypaBHeHHs 4.8 ¢ U3MEHSAIOUIMMCS TEMJIOBBIM HNOTOKOM ()
HEOOXOIMMO €ro penrath 4hcIeHHO. YpaBHeHHe 4.8 B pa3HOCTHOH (opMme HMeeT
Bun [39, 71, 78, 141-143] nns Bakyyma:

n+l _ mn
AxSpc% =Q+ 2gc[Tcp“ - (T")“] 4.11)
T
+ drt 4 4
T = — Q+2eo|T,.* —(T")* ||+ T" 4.12
s ofr,,* -] @.12)

rae dt - mar mo Bpemenm; n—0, 1, 2...00.
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Jlns pemenus ypasHenus 4.10 npu Harpese MIACTHHBI B BO3LYIIHOMH cpefe B
pasHOCTHOW (opME OHO IPUMET BHUIL:
T = Adt {280[1“ —(T“)4]+ T +Q+2a]T, —(T“)]} (4.13)
p

xSc

Tlpu oxnaxnenun pabouero Tena patumka J[TII-05 B Bakyyme, koraa
TEIIOBOM NOTOK OTCYTCTBYET ypaBHEHHE 4.8 peoOpasyeTcs U UMeeT BUJL:

Tn+l — dr
pA

s {2ac[Tc4 —(T“)4]+ T"} (4.14)

Teuneparypa warpesa. K

Tennoeod notos. kBT

1 | | L]
15 E 28 ]
Bpeun narpesa. cox

Puc. 4.5. 3asucumocms memnepamypwi nacpesa paboiezo meia 0amuuxa 6
8aKyyMe Om 6eaUUUHbI MENI08020 NONMOKA

= 3
8" s B
14 =
: i
i :

i 15 0 ] £
Bpamna warpesa, cex

Puc. 4.6. 3asucumocmv memnepamypul Hacpesa paboue2o menia 0amyuKa no
6pemeHU 8 6030V UIHOU cpede Om BeTUYUHbL MEeNI08020 NOMOKA
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e —
Puc. 4.7. 3asucumocms memnepamypul oxaaxcoenust paboyezo meaa 0amuuxa
HTII-05 no epemenu

IIpy oxnaxneHun B BoO3AyIIHOW cpene puc.4.7 ypaBHenue 4.13 mocie

npeoOpa3oBaHys MPUMET BUJ:
nl :L{zgc[n“ —(T“)4]+ 20T, —T")+T"} (4.15)
pAxSc

JInst B3BEIICHHOH OLICHKU TEIUIOBOrO IIOTOKA BO3HHKIA HEOOXOIMMOCTBH
peanu3aldu MaTeMaTHYECKOH Mozenu TemueparypHoro noas npatuuka JITII-05
JUISL OTPabOTKY €AWHOI METOIUKN H3MEPEHUS TEIIOBOTO ITOTOKA.

CornacHo pemeHHBIX ypaBHeHUH 4.8-4.10 mocTpoeHs! rpaguKi H3MEHEHHS
TeMIlepaTypsl HarpeBa paboOdero Tejla JaTidka BO BPEMEHU IIPH HEPEMEHHOM
H3MEpAEMOM TEIUIOBOM IOTOKe () U IpeAcTaBlIcHbI Ha puc.4.5, 4.6, 4.7. Ha puc.4.5
NIPE/ICTaBICHbl KPUBBIE M3MEHEHMs] TEMIIEpPaTyphl HarpeBa B BakyyMme pabodero
Tena AaTuvka 3a BpeMsi 30 CeKyH[ NpH W3MEHEHHH TEIUIOBOro MoToka oT 60 1o
24000 Br/m>. IIpi H3MEpEHHH TEIUIOBOTO IOTOKA TPAJMIMOHHBIMH METOIAMH
[34, 77, 102, 109-114, 141] HeoOxomumo dYTOOBI pabodee TeENO JaTYHKA
HarpeBajoch JI0 TEeMIEpaTyp, COOTBETCTBYIOIINX PAaBHOBECHOMY YYacTKy KpUBOI
HarpeBa. [Ipy n3MepeHMM TeMIepaTyphl HarpeBa pabodero Teia AaTdvKa s
MAaKCHMAIIBHOTO TEIIOBOro motoka 24000 B1/M” 5T0 BpeMs COCTABUT 5 CeKyHI B
BaKyyMe M 7 CeKyH] B BO3IYIIHOH cpezne. [Ipy MUHUMAaJIbHOM TEIUIOBOM MOTOKE B
60 BT/M’ COOTBETCTBEHHO BpeMs HAIPEBA COCTABHT 25 CeKYHI IS BaKyyMa u 30
CeKyH]I I BO3IYLIHOH cpenbl, puc.4.5 —4.6.

JUs BHINOJIHEHMS! JTAHHOTO YCJIOBHSI JTO3MPOBAaHHME TEIIOBOTO MOTOKAa IO
BPEMEHH OCYIIECTBIIETCS B CICIHAIBHOM TOJOBKE, B KOTOPOIl pa3MmemnieH
ONTHYECKUH 3aTBOP HA ITyTH MEXIY BXOIHBIM OTBEPCTHEM M JIaT4ukoM ATi-05.
BpeMs OTKPBIBaHUS ONTHYECKOTO 3aTBOpPA M €ro yNpaBlIeHHE OCYIIECTBISIETCS OT
CHEHANTBbHOTO 3JIEKTPUIECKOT0 MPUBOJIA, KOTOPBIN ympaBiseTcs TaiiMmepom.

IpennoskenHas Hamu (YHKIUMOHAJbHAS CX€Ma IPUEMHOMN TONOBKH JaTYMKa
npuBezicHa Ha puc.4.8, a BHemHuil Bua Ha puc.4.9.

CoracHO TpeOOBaHUSIM ONTHMH3AIMN TOYHOCTH N3MEPEHHS U JIOITyCTHMOTO
Harpesa Tena gatuuka [106, 112, 115, 116] aTo Bpemst u3MepeHus, Kak MOKa3alu
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uccienoBanus Benuko. Kpome toro, padouee Teno natauka padoTaeT B IpeesIbHO
JOIyCTUMBIX PEXMMax Ho TerioBoMmy ¢akropy. CoriacHo aHanu3a psima paboT
[24, 61, 111, 112, 114, 117] makcumaibHas TOYHOCTh W JIOCTATOYHO BBICOKAs
MOBTOPSIEMOCTh PE3YJIBTaTOB IPH HCIIOIB30BAHUH PAHEE MPEUIaraeéMbIX METOJNK
pocruraercst B amamasoHe pabortsl ot 273K mo 373 K. mpm Gomee BBICOKHX
TeMIlepaTypax U3MEpEeHUH norpemHocTs npespimaet 30-35 %.

T

& s

Puc. 4.8. Qynxyuonanvuas cxema npuemnoti eonosxku ¢ oamyuxom JTII-05: 1 —
xopnyc, 2 — ouagpaema; 3 — 3ameop, 4 — oamuux JTII-05;
5 — 0botima ons ceemoghunbmpos; 6 — Kopnyc 3ameopa, 7 — npusoo 3ameopa,
9 — 3awummnblil KOJHCYX

Puc. 4.9. Paspabomannas uzmepumenvHast 20J106Ka OJisi UCCIEO0B8AHUS
cmanoapmuoeo damyuxa muna JTI1-05

Kak mokasamm Hamm HCCIeNOBaHUS, BpeMs OXJIaXIECHHS padodero Tena
JaTyrKa IOCJe MPOW3BENCHUS 3aMepa [0 TEMIIEpaTypbl OKpYXKAIOIIEH Cpembl
cornacHo puc.4.7 cocTaBUT (IIPU HArpeBe TEIUIOBEIM MOTOKOM 24000BT/M2)
26 cexkyHn B BakyymMe u 12,5 cexkynn Ha Boszayxe. CymmapHOe BpeMsl MEXAY
3amepamHu (HarpeB + OXJIaXIEHHE), OTydaeM JUINTEIbHOCTh OJHOTO IIUKIIA MEXITY
MTOBTOPHBIMH U3MEPEHUAMH 51 CeKyHIy A7 BaKyyMa, AJs Bo3ayxa 42,5ceKyH.

IIpuanmaeM 1HKI (IPOMEXYTOK B M3MEpeHHsX) He MeHee 60 cex s
YMEHBIICHUS BPEMEHH OJHOTO IMKJIAa H3MEpPEeHHs U IIOBBILCHUS TOYHOCTH
U3MEpEeHHs IPeJIOKEHO W3MEpATh TEIUIOBOM IIOTOK 10  IIPUPAIICHUIO
TeMIlepaTypbl HarpeBa pabodero Teia AaTYMKa 3a CJUHHUIYY BpeMEHH. Taknm
obpazom, HarpeBas pabodee TelO0 JaTyuka 3a Manoe (IO CPaBHEHUIO C
TPaANIMOHHBIMU METOIAMH M3MEPEHHUS) BPeMsI MBI 3aCTaBIsIeM paboTaTh JaTunKa
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Ha HaYaJbHOM Yy4YacTKEe KPHUBOW, KOTOPBI HauboJee TOYHBIA U JIMHEHHBIMH.
[lpuHnmas BpeMsi HarpeBa JaTduka - 1 CEKyHIY, MBI TOJydaeM TeMIepaTrypy
pabodero Tea maTYMKa (MPH MAKCHMATBHOM TEIIOBOM MOTOKe B 24000 Br/M?) —
533 K gnst cimygast HarpeBa B BakyyMme u 513K ams Bo3aymHOH cpensl.

Takum oOpazoM, B pesydbTaTe TEOPETHUECKHX M OKCHEPHMEHTAIBHBIX
HcCIeoBaHMH OBLIO JOKa3aHO, YTO TS H3MEPEHNSI KaK MaJIbIX, TaK 1 OOJIBIINX TETIOBBIX
TIOTOKOB MO>KHO HCIIOJIb30BaTh HU3KONPEAEBHBIN, HO BEICOKOUYBCTBUTEBHBIH TATIIK —
JI03UPyYsI HA HETO JAOCTYI TEIIOBOTO MTOTOKA BPEMEHEM.

Ha ocHOBe npemoxeHHOH HaMH [TPUEMHOM TOJIOBKH pa3padOTaH U UCIBITAaH
puOOp ISt K3MEPEHUS TYIHUCTHIX TETIOBBIX MTOTOKOB - puc.4.10.

Puc. 4.10. [Ipubop 01 usmepenus 1yuucmoii cocmagisaroueli menio8020 NOmoxa

B  kopmyce ycranoBnmena romoBka puc.4.9.,  aHanoro-nugpoBoit
npeobpazoBarens curHama ¢ gataukom JITII-05 ¢ Beigadedr pes3ynbraToB
H3MepeHHs Ha IU(POBOM JHCILIEE.

IIpu sTOM mocTHTarOTCA: Mpenensbl M3MEPEHHS MHTEHCHBHOCTH TEIIOBOTO
notoka ot 10 Br/m* 1o 15000 B1/M*. CriekTpanbHasi BOSMOKHOCTb H3MEPEHHS OT
0,76 MxM 10 10 MKM ¢ KOMIUICKTAI[MeH TUCHEPCHBIMH (DIIIBTPAMH B YKa3aHHOM
nuanasoxe. Paspemaromas crnocobHocTs 5 Br/M’. [IOrpeliHOCTh H3MEpEeHHs He
6onee 5 %. [Muranue — 220 B / 9 B. Bec ne 6onee 800 r. [Totpebisiemast MOIHOCTH
He 6onee 10 Br.

4.2. Hcenedosanus dghghekmuenocmu 3auyumHnulx ce0icne Mamepuaios ¢

YUEemOoM CHeKMPANbHBIX XAPAKMEPUCMUK UCHOYHUKO8 MENT08020 U3YHEHUA.

B pasmere 4.1. paccMaTpuBaNMCh METOABI U CPEACTBA HM3MEPEHHs
N30BITOYHOTO TEINIOBOTO M3ITYYCHHUS! OT TEXHOJOTUYECKOTO M TEIUIOTEXHHYECKOTO
obopynoBanus. VI3MepeHus MPOBOAATCSA B HHTETPAJIbHOM JHANa30He, B OCHOBHOM
0e3 y4era CIIeKTPaJIbHBIX XapPAKTEPHUCTUK UCTOYHHKA TEIIOBOTO M3JTyYEHHMS.

V30BITOYHOE TEIUIOBOE H3JIYy4YCHHE BOCIPUHUMACTCS KaK dJIEMEHTAMHU
KOHCTPYKIIMH, Tak W OOCIyKMBAIOIIMM IepCOHATOM. Ecimu cpaBHUTH IIomans
MOBEPXHOCTH  YeJIOBEKAa W  IUIOMAAb  IIOBEPXHOCTH  TEXHOJIIOTHYIECKOTO
000opyI0BaHMs, CTEH, MOTOJKA, MOJIA U IIP., TO MBI 3aMETHM OTPOMHYIO Pa3HHILy B
COOTHOIICHUH IIIOIIA Il TOBEPXHOCTHU YEIOBEKa M OCTaJIBHOTO.

W Bce 3TH HOBEPXHOCTH MOTYT NpPH y4eTe CYMMAapHOIO BO3JeHCTBHS
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OTpPa)XKEHHOTO BTOPHYHOTO W3JIy4eHHs OKa3zaTb Oojiee 3HAYMMBIE TEIUIOBBIE
BO3ICHCTBUS, HYeM HEMOCPEACTBEHHO OT NPSIMOTO H3IyYeHHUs. TIPH  ITOM,
n00aBiIsIeTCsl LENbId psf CydaliHbIX (PAKTOPOB — yroji MaaeHUs] OTPAXKEHHBIX
U3ITyYeHU, COCTOSIHAE TOBEPXHOCTH, MaTEPHAaI OrPAXKIAIOLINX TTOBEPXHOCTEH.

TlosTOMy HEOOXOAMMO YETKO ONPENENUTH IIPOCTPAHCTBEHHOE PACTIPEACIICHUE
TEIUIOBBIX TOJIEH B paboueii 30He paboTHI oreparopa u Jp. mpodeccuii.

AHaIi3 IpOoBEAEHHBIX UCCIeJOBaHMI MoKa3al, uTo nagatoniee VIK-m3myyenue,
B 3aBUCHMOCTH OT CBOMCTB MaTepHasia, YaCTHYHO OTPAKAETCsI OT €ro MOBEPXHOCTH.
HEOTPaXKEHHOE H3JIydeHHe IPOHUKAET B CJIOM MaTephala M COTJIACHO 3aKOHA
noruomenus Jlambepra-bByTepa 4acTHYHO MOTIIOIACTCS, TIPEBPAIIASICH B TEILIOTY.

Cxema pacnpenenenns MK-u3mydenns nagaronero Ha MaTepua:

p+tO+A=1

re: p — OTpaXEHHas 4YacTh W3IydeHHs; J| — mpoIymieHHas 4YacTb
U3ITy4YeHHIA; A — TOTJIONICHHAS YaCTh 3JIy4eHHMs, IPEBPAICHHAs B TEILIO.

IIpu BeIOOpE M pazpaboTKe HEOOXOAUMBIX CPEICTB 3AIMUTHI PAOOTAIOUINX OT
BBICOKOMHTEHCHBHOTO TEIUIOBOTO H3Iy4Y€HHs Ha MOpPESIBAPUTEIBHON CTaJuH
HEOOXOIUMO 3HATh paclpeseNiCHHe TeIUIOBBIX Iojell Ha pabodeM MecTe U
CHEKTPAIBHBIH ~ COCTaB  HCTOYHHMKA H3JIY4YEHHs, a Takke BEKTOPHYIO
XapaKTepHCTHKY TEIUIOBOTO H3JIY4YEHHs . OTO TI03BOJSIET IIPEABAPUTEIHHO
oLleHUBaTh (hopMy, MaTepHall U KOHCTPYKIHUIO TEIIOBOH 3aI[UTHI.

Tem Gosee, 4TO MOJABISIONICE KOMMYECTBO OTPAKAIOLIMX, MMOTIIOMIATOIIIX
MOBEPXHOCTEH CO BPEMEHEM IMPETEPIIEBAIOT U3MEHEHHS, KOTOPhIE HE COBMECTHUMBI
C paHee 3asBICHHBIMU IIACTIOPTHBIMH JaHHBIMH. AHAJOTHYHO HPOUCXOMAT
U3MEHEHUs] C YK€ YCTaHOBJCHHBIMH TEIUIO3AIMTHBIMU CpencTBamu. llpexne
BCErO, MaTepualibl, M3 KOTOPOrO OHHU BBINOJHEHBl TAaKkKe MEHSIET CBOM
XapaKTePUCTHKU OT BO3JCHCTBUS OKPYKaroLlel cpeabl BHYTPH IIEXOB U BPEMEHHU.
Takke HA TEIUIOM3OJILMOHHBIE XaPAKTEPHCTHKHA OTPOMHOE BIIMSIHHE OKAa3bIBAET
HamM4Yue BOXBI (KOH/EHCATa, OKHCIOB) Ha IMOBEPXHOCTSX, MIEPOXOBATOCTD
MOBEPXHOCTH, MUKPOTPEIINHEI U T.JI.

W3 orpomHOro KomM4YecTBa IIOKa3aTeleHd TEXHUYECKOTO COCTOSHHMS
NPUMEHSEMBIX KOHCTPYKIHMI JKPaHOB, 3JIEMEHTOB 3JaHUH HanOOJBIIMH BeCc B
ropstumx y‘-laCTKaX NPUHAJICKUT I10Ka3aTeCIIAM, XapaKTepl/By}OLl.ll/lM Ka4yeCTBO HX
Tero3amuTel. TakuMm 00pa3oM, CBOEBPEMEHHOE BBUIBICHHE YMEHBILCHUS
TEPMHYECKOTO COMPOTHUBIICHHS W YBEIUYCHWS] TEIUIOBOTO MOTOKA uepe3
KOHCTPYKIIMIO SIBIISICTCSI TJIABHOH 3a/1aueil 00CIIeJOBaHUS TEIIO3alUTHEIX CBOHCTB
YK€ TPHMCHSEMBIX TEIUIO3AIUTHBIX CPeAcTB. JlIi BHOBb IPOEKTHPOBAHHBIX
CPE/CTB TeIIO3alUTHl HEOOXOIMMO TEXHHYECKH OOOCHOBAaHHO I0J00paTh
ONTHMAJIBHBIE [0 CTOMMOCTH M 1O 3()(EKTUBHOCTH COCTaBbI MOKPBITHH, KPACoOK,
00Ma30K U creluaIbHble MaTePHAJIbL.

Tlpu 5TOM, HEOOXOMUMO YYHTHIBATH, MPEXKIE BCEro, Yroi TMaIeHHs H
OTpakeHHsI U30BITOYHOTO M3IydeHHs. CyIecTBYIOT 3aBHCHMOCTH, MO3BOJISIOINE
BBIYHCIISITh CIIEKTPAIBHOE W HHTErpPabHOE OTPAKEHWS] TOA JIIOOBIM YIJIOM C
HOPMAJIBIO K ITOBEPXHOCTH JaHHOTO Tejla, €CIM ero ONTHYECKHE XapaKTePUCTUKH
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n3BecTHbl. Ho Hambosiee mpocTo OmpenenaTs OTPaKEHUE MO HOpMad. 3HaueHUe
orpaxeHus p(A), o HopManu onpenensercs popmynoit Openens [3, 517:
oy, = L= n@F +k@)?
" len)f +k()?
roe: n(h) — croextpambHbli KOdGQUUHEHT oTpaxeHus; k(A) — MOCTOSHHAs
TIOTJIOLICHUS], 3aBUCSIIAs OT JUTHHBI BOJIHBI.

s Heripo3payHbIX k (A) Mana, mo3ToMy (B OOJNBIIMHCTBE CIy4acB) CICAyeT
4.16. NIpUHATH KaK:

(4.16.)

2
[l-n@®)]
My =r—""5 (4.17.)
[L+n@)]
Tem Gosiee OTpaKeHHE 3aBUCUT HE TOJIBKO OT TOHKOTO OTPAXKAIOLIETO CIIOf,
HO ¥ OT MaTepHaja OCHOBaHUs, KOTOPOE JOBOJBHO TOJICTOEC M NMPOCTPAHCTBEHHBIH
XapakTep OTpa)keHHs OOJIbIIE, YeM IIOBEPXHOCTHBIH.
Obee oTpaXkeHHEe MOXKHO OIIpeenTh 1o hopmyne Mak-Marona [65, 71, 73]

T, Ji-p @), ]

M)y =p (W), 1+—= , 4.18
PRy =p (M), I p () * T (b (4.18)
rae, p’(A), — KOIPPHUUIMEHT HCKIIOYUTEIBHO TOBEPXHOCTHOTO OTPAXKECHUS;
UMy, —  KodbPUIMEHT  TPOIMyCKaHWs,  YMCHBIICHHBIA  BCIEICTBHE

IIPOCTPAHCTBEHHOTO OTPAXKEHHUSI.

IMpn BBICOKMX TeMmepaTypax Ha OCHOBaHMUHM 3aKOHOB pPacCIpENeIeHHUs
n3mydenust [lnanka u 3akoHa cmemieHus [onunbiHa-ByHA MOXXHO cyMTath, 4TO
HU3MEHEHHE P, HA KOPOTKOBOJIHOBOM Yy4acTKe OOJIbIIE 3aBHCHT OT COCTOSHHUS
nosepxHocTH [27, 51, 71, 81, 118]. Ilpu Gonee HU3KUX TeMIEpaTypax U3TydaTels
JUTMHA BOJIHBI MOXKET NPHOIIMKAThCSA K pa3Mepy MIEPOXOBAaTOCTH MOBEPXHOCTH, a
BIMSHHAE COCTOSHHSI TIOBEPXHOCTH B MEHBIIEH CTENEHH CKa3blBaeTCI Ha
OTpakaTeIbHOI CIIOCOOHOCTH.

Vcxons 3 MOJNOXKEHUs dJNEKTPOANHAMUKH U CBSI3H AJICKTPOIPOBOIHOCTH C
TEIUIONPOBOHOCTBIO YCTAHOBJIEHO, YTO KOA(P(UIIMEHT OTpa>keHUs] yMEHbLIAETCs C
YBEINYEHHUEM JJIHHBI BOJIHBIL.

Cornacno nanubix [11, 31, 33, 47, 60, 140] Gesble MUTMEHTHI HA OCHOBAHUHU
OKHCIIOB METAJUIOB (KPEMHHIl, TOpHiA, OCPHIUINIl, MAarHWil, aTFOMUHHIA) HMEIOT
3HAUUTENBHBIA Kod(dunnent nanydenus (1) B Ommkaelt K obnactu, 1o 5 Mkm.

L[BeTHBIE MUIMEHTHI (OKHCH XpOMa, LIE3HsT) UMEIOT OONBIINKA Kod(duimeHT
n3nydenust €(A) B OmmkHeld M cpenneit wactn VMK nuamasoHa mo cpaBHEHHIO C
OenpIMHU.

Oco0eHHO W3IMy4aTeNbHass CIOCOOHOCTH BO3pAacTaeT, KOTAa BBICOTA
BBEICTYIIOB IIIEPOXOBATOCTH NPEBHIMIAET B HECKOIBKO pa3 JUIMHY BOJIHBI H3IIydeHNS,
TOTZla CyMMapHasi OTHOCHTENbHAs W3JydaTellbHasi CIIOCOOHOCTH OIIPENEsIeTCs
¢dopmyoii [29, 30, 33, 76, 119]:

€1y, =Er[1+2,8(1-€1)%] (4.19)
rae 2,8 — 3KcrepuMeHTaTbHBIN K03 HUITHEHT.
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Hamm mpoBeneHsl HCCIENOBaHUS — OTPaKaTeJbHOM  CIIOCOOHOCTH — —
CIEKTpallbHbIE XapaKTEPUCTHKH HanOojee NPHUMEHAEMBIX CTPOUTENBHBIX H
KOHCTPYKIIMOHHBIX ~ MAaTepPHAIIOB  IPHMEHAEMBIX B  CTPOUTENBCTBE W
SKCIUTyaTHPYEMBIX TPH HOPMAJbHBIX TEMIIepaTypax: IJIHMHA, AWHAC, CMECh W3
HecKa, IJIMHBI M H3BECTHAKA, MEIKas TalbKa, OPICTEKIO-IOIMPOBAHHOE,
JIOPATFOMUHUNA NOKPBITHIH JIaKOM, IIOPATIOMUHUNA MaTOBBII, HEp KaBeroIas CTajlb,
JIOpaNIOMUHAN riankui (puc.4.11-4.19).

P Par
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§ 0,8 208
I g 1
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§ ! | 2 E
§ 0z < g 02
H N 1] T ] -
S 9o 2 4 6 8 10 12 u S o 2z 4 6 & 10 12 14
fnura eonHel. A, MkM AOnuwa eonter, A, war
Puc. 4.11. Cnexmpanvuasn Puc. 4.12. Cnexmpanvuasn
Xapakmepucmuxa ompajicamenbHou XApaKkmepucmuKa ompanicameibHou
cnocobrocmu enunvl.: 1 — enuna; cnocobHocmu OUHAc08020 Kupnuya: 1
2 — enuna ¢ kéapyesvim neckom 1:1 — HauanvbHas cmaous, 2 — nocie
6 mecsyes
Pir P
210 210
3 3
208 208
=] =]
@ -]
o o
206 g 06
- =
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3 04 Z 04
o [ &4 Ve 2
g 0z g 02
% --..___/T 5 1 \\
I 2 4 6 @8 10 12 14 S 9 2 ¢ 6 @ 10 12 14
fnuna eonHel, X, akm Anuna eonHel, A, MKm
Puc. 4.13. Cnexmpanvnas Puc. 4.14. Cnexmpanvras
XaApaKmepucmuKa ompaxicameibHou xapakxmepucmuxa
cnocobnocmu cmecu (necka + enunvl + oOmpadNcamenbHol CHOCOOHOCMuU
uszeecmusika): 1 — necok + enuna + MENKOU 2aNbKU:
uzgecms 3:1:1; 2 — necok + cnuna + 1 — eanvka menkas, 2 — yemenm +
uzeecmo 1:1:1 necok + zanvka 1:2:3

85



IMpoBeneHHBIli  aHanmuM3  OTpakaTeJbHOM  cmocoOHOCTHM  HamOoiee
PacIpOCTPaHEHHBIX MaTepUaoB MOKa3ald, YTO 3HAYMTEIBHOW OTpakaTelbHOI
CHOCOOHOCTBIO 00J1a1aI0T TIOBEPXHOCTH METALUIOB JIOPAIOMUHHS, Hep)KaBeromeit
cTany. 3HAYUTEeNIbHAS HX OTpakaTelbHas CIOCOOHOCTH oOeclieuyeHa MO BCEMY
CHEKTPY OTpPaXXEHHs OT KOPOTKOBOJHOBOTO 1 MKM M MeHee IO JUIMHHOBOJIHOBBIX
10 MKM 1 Gosree, 4TO TO3BOJIAET YHUBEPCAILHO HX IIPUMEHSTH B Ka4eCTBE DKPAHOB
B KpoKkoM auanasone MK-uzmydenus

Ha ocHOBe IpoBEEHHBIX HAMH HUCCIIEIOBAHUH CIIEKTPABHBIX XapaKTEePHUCTHK
Hanbosee NMPUMEHAEMBIX MATepPHaloB MOXKHO CIENaTh CIEAYIOIINHA BBIBOA: IIPU
HCTIONB30BAaHUH MATEPHAJIOB C BBICOKOHM OTpaXkalomiel cOCOOHOCTHIO, OHU HMEIOT
MIPOBAJIBL OTPAXKEHHS B CIIEKTPE, 3a CUET CTapeHUs, 3arps3HeHHs U (U3HKO-
XMMHYECKHX CBOWCTB. [l BBIpAaBHUBAHMS CHEKTPAJBbHOH XapaKTEpHUCTHKU
OTpakeHUs] ObUIM IOJOOpaHBI MaTepHaibl, HMEIOIINE XOPOLIME OTpakaTebHbIE
cBOIfCTBa ISl BBIPABHUBAHMS IIPOBAJIOBY B TMIPUMEHSEMbIX Matepuanax. [Ipu stom
HaMH TpoBezieHa: puc.4.11 — KOPPEKTUPOBKA OTPaKaTENbHOW CIIOCOOHOCTU TIIMHBI
3a CcYeT TJIMHBI + KBapueBblil mecok 1:1; puc.4.13 — KOppeKTHPOBKA OTpakaTeIbHON
CIIOCOOHOCTH 3a CUET CMECH IecKa + INIMHBI + W3BECTHSKAa COOTHOmmeHHeM 3:1:1 u
cootHomeHneM 1:1:1; puc.4.14 — KOPPEKTUPOBKA OTpa’KaTEIBHON CHOCOOHOCTH 3a
CYeT CMEeCH: LEeMeHT + mecok + rampka 1:2:3; puc.4.15 — KOppeKTUpoBKa
OTpakaTeJIbHON CHOCOOHOCTH 3a CUET HAHECEHHMSI MOTYIIPO3PAYHBIX IIEHOK (OJIBIY;
puc.4.18 — KOppEeKTHPOBKA OTpakaTeJIbHOW CIHOCOOHOCTH 3a CYET HAHECCHWS Ha
OCHOBY HEp)KaBEIOIEH CTaaM CMECH IMHKOBBIX OCNWI M MarHe3wT; Ha puc.4.12;
4.15; 4.16; 4.17; 4.19 — npencraBiieHbl 3HAUUTENIbHBIE U3MEHEHHUSI OTpaXKaTeIbHON
CIIOCOOHOCTH MaTepuajoB 3a CYET SKCIUTyaTallMd B HEOJIAroNpUSTHBIX TOPSIMX
IIPOU3BOJICTBAX CITyCTs 6 MECALEB MOCIIE Haualla YKCILTyaTalluu.
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Puc. 4.15. Cnexmpanvuas Puc. 4.16. Cnexmpanvhas
Xapaxmepucmuxka ompasxcamenbHou xapakxmepucmuxa
CROCOOHOCMU NOAUPOBAHHO2O OMPadNCamenbHol CHOCOOHOCIU
opecmexaa: 1 — navanvuas cmaoust; 010paAnIOMUNUSA, NOKPLINO20 NAKOM
2 — nocne 6 mecayes; 3 — opecmexno + %
NJIeHKA C NOJYNPO3PAUHOU HA NOOJIONCKE 1 — Hauanvuas cmadus; 2 — nocae 6
gonveu Mecayes
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Ha ocHOBaHmM pe3ynbTaToB 3aMepOB HHTEHCHBHOCTH W30BITOYHOTIO
U3ITy4eHUs] Ha pabodnX MecTaX ropsduX MPOHU3BOJACTB U COOTBETCTBYIOLIMX IPH
3TOM TEMIepaTyp HarpeBa IOBEPXHOCTH MOXKHO  pa3fielUTh  KPUBBIE
pacrpeseneHusi MaKCHMyMa JUTHHBI BOJHBI U3ITy9IeHH 110 3aKoHy I onmisiHa-Buaa
B TaKOU 1ociefnoBaTenbHOCTH: puc.4.20. — 1-1 KpuBas COOTBETCTBYET TeMIIEpaType
1300 °C (1573 K) ¢ HEesSBHO BBIPQKEHHBIM MaKCUMYM H3ITYYCHUS Apax IO 2 MKM;
puc4.21. — 2-5 kpuBas cooTBercTByer Temmeparype 750 °C (1023 K) ¢
MaKCHMyMOM H3Ty4€HHsS B IUAMA30HE Apa 2,9 MKM-3,0 MkMm; puc.4.22. — 3-1
KpHBasi COOTBETCTBYeT Temmeparype 500 °C (773 K) ¢ MaKCHMyMOM H3ITyYeHHS B
TUATIA30HE Apax 3,25-4,5 MkM; puc.4.23. — 4-s1 KpuBasi COOTBETCTBYET TeMIIEpaType
100-200 °C (373-473 K) 1 HMEET MAKCHMYM H3ITyYEHHS Amay 7,5-8,5 MKM.
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oropaniomunus 21aokoz2o. 1 — nauanenas cmaous; 2 — nocne
6 mecsyes
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Kaxk nmoka3zanu npoBeZeHHbIE HAMU HCCIIEIOBAHNs, MAKCHMYM JUTHHBI BOJHBI
U3JIy4CHUS] MOJKET K0oJeOaThCsl B JOBOJIBHO IIMPOKOM JIHAIa30He B 3aBUCUMOCTH OT
COCTOSIHUSL TIOBEPXHOCTH M MNpOYMX (DaKTOpPOB INpPU OJMHAKOBOIl TemIeparype
HarpeBa IOBEpXHOCTH [65, 79, 120-122].

CriekTpanbHOe pacipeereHie MakCHMyMa U3ITydeHIs MOXKHO ITOCYUTATh IO
3akoHy ['onmmibiHa-BuHa, HO, NpH 3TOM, BO3HHMKAeT HEOOXOOMMOCTb H3MEpATh
TEMIIepaTypy IOBEPXHOCTH H3IYy4alOIIero Teja, CTeNeHb YEepHOTHl M MpoYne
I1apaMeTpbl, 4TO He 6e30MacHO I HCCIEeA0BATE.
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Jnst rccnenoBaHus SKCIIEPIMEHTAIBHBIM ITyTeM MaKCHMyMa JUTHHBI BOJHBI
H3TydeHUs] TPUMEHSUINCh B OMKHEH 4YacTH CHeKTpa (KOPOTKOBOJHOBOM)
oNnTHYEeCKHUEe (QWIBTPH, B HalbHEH — JUCIIEpCHBIE (IIBTPHI, BEITyCKacMBbIe
MUHCKMM ONTHYECKUM HHCTHTYTOM: cBeToQmiabTp ontndeckuit C3C-20 mmeer
nojiocy mpomyckanus B auanasone 0,75-1,5 mxm; cBetoduibtp ontudeckuid TC-3
HMEET T0JIOCY MPOITycKaHus B Auana3one 1,5-3,0 MKM; AUCTIEPCHBIN CBETODHIBTP
Nel wmeer momocy mpomyckanus B JuanazoHe 3,0-4,5 MKM; IUCTIEPCHBIN
ceropunbTp Ne2 WMeeT IOJoCcy MpONyCKaHWs B pauamasoHe 4,5-5,5 Mkwm;
JqucnepcHbId  cBeTomubTp Ne6 mnMeeT moocy NPOINYCKaHWS B AWAra3oHe
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5,5-7,0 mMxM; nucnepcHbli cBeTo@mibTp Ne 9 mMeeT moiocy NpOIycKaHHS B
nuanazone 7,0-8,5 MxM; aucnepcHblif cBeTodmiusTp Ne 16 mmeeT mojocy
MpoIycKaHus B quana3one 8,5-10,0 Mxm.

KpyroBeie nuarpaMMsl pacipeielieHns! TeIIOBBIX IMoJiel Ha pabodunx MecTax
u B paboueM IIPOCTPAHCTBE TEXHOJOTMUECKHX arperaroB HAaMHU CTPOMIINCH B
HUHTETPAIFHOM JWana3oHe O0e3 ydeTa CIeKTPAJIbHBIX XapaKTepUCTHK IS
yMeHbIIeHHs HHPOPMAINOHHON HACHIIEHHOCTH JUCCEPTALNHL.

HccnenoBanus mokas3aid, 9YTO B 3aBUCUMOCTH OT COCTOSIHUSI TTOBEPXHOCTH
CTPOHUTENBHBIX KOHCTPYKIHH B I[€XaX CyIIECTBYET MO0 3epKallbHOE OTpaKEHHE,
mbo muddysHoe, a Tarke cmemaHHoe aupdysHO-3epkanbHOe. [Ipu 3TOM
OTpa)keHHEe MMEET JIOXKHBIN XapaKTep — KapTHHKA OTPaKSHUsI He HMEeT HeaTbHOH
¢dopmer JlaMOepTOBCKOTO OTpakeHMS. A B Cilydae HAIMYUS IOJIIPU3AIUOHHBIX
CBOMCTB OTpakaroUlell ITOBEPXHOCTH JEUCTBUTENbHAs KapTHHKA OTPaKEHUS
MPAaKTUIECKH HE MOXKET OBITh MOTy4YeHa PACUETHBIM IyTEM.

Takum 00pa3oM, MBI IPUILTH K BEIBOAY O TOM, YTO ONPEIETUTh UCTHHHYIO
KapTHHY pacrpezeneHus U orpaxeHus MK-m3mydenus pacdeTHBIM IyTeM KpaiiHe
CJIOXKHO U, TP 9TOM, HMEIOT 3HAUUTENBHYIO HOTrpeHoCTs 10 20-25%. B cBs3u ¢
3THM, BO3HHKAeT BOIPOC O TPHUMEHEHHH OSKCIPECC-METONa OMpeIeNICHUs
(akTHYeCKOil OTpakaTeJbHON (TEIUIO3aIUTHOW) CIOCOOHOCTH —MaTepHaloB
UCIIOJIb3YEMBIX KaK ISl W3TOTOBJIEHMS CPEACTB 3aIUTBI, TaK M OLECHKU YXKe
cymecTBylomux. Kpome »53Toro, BO3HMKIA HEOOXOJUMOCTH HCCIECIOBAHUS
(haxTHIeCcKOi 00BEMHOHN XapaKTePUCTHKH MAaTEPUAJIOB C YIE€TOM ITOJIIPU3aLUH.

4.3. Hccneoosanus ompascamenvHoil CROCOOHOCH U MAMEPUAN 08 IKCHpecc-
Memooom.

Ilpn  mpoBeneHWM  WCCIENOBAaHMS  OTPAXKATEIBHOH  CHOCOOHOCTH
TETIO3aIIUTHBIX MaTepHUaoB HEOOXOIUMO HCCIENLyeMyIO MOBEPXHOCTh OOIYIHUTHh
UK-u3nyyenuem, a IpUEMHUKOM MPUHATh U YCUIUTh OTPAKEHHYIO €€ yacTh. JlJis
YIOPOIICHUs] MNpUHHMaeM cxeMy ocBemenns HMK-m3nydennem wuccnemyemoit
noBepxHocTy 1o Hopmanu. Ha puc.4.24. npencrasiena QyHKIIMOHAIBHAS cXeMa
HCCIIEA0BAHUS OTPAXKATEILHONW CIIOCOOHOCTH MaTEepPHAJIOB.

OO6uwit Bux mprodopa Ut orpeieIeHNs] METOIOM Hepa3pyIIaroIiero KOHTPOIIs
OTpaXKaTeIbHOM CIIOCOOHOCTH MaTepHaJIOB M IMOKPBITHIL MpencTaBieH Ha puc.4.25. B
kauectBe MK-m3nmywatens mnpumeHsieTcs HHQPPaKpacHBId CBETOOMON, KOTOPBIH
paboTaeT B IMITyJIbCHOM PEXUME TIPH CKBAXKHOCTH 3 OT UCTOYHHUKA ITUTAHHSI.

Hamu ObiiM IpHHSATEHL ClieAyomye BXOAHBIC JTAHHBIC: 9acTOTa NUTAHHS —
10 xI'm, aMIuuTy#a BXOJHOTO HpsIMOyronbHOro ummynsca M,=2,35 B npu
OpsAMOM ToKe umIrynbca I,,=100 MA, HoMUHAIbHAs MOIMHOCTE M3TydeHus 0,6M Bt
IIpU MakCHUMalbHOW MOILIHOCTU H3ilydeHus ceroauona 1,5 MBt. HomunanbHas
MomrHocTh 0,6 MBT BBIOpaHa Ans yCTOHYMBON paboOTHl mpubopa M CTaOUIBHOCTH
€r0 XapaKTEePHUCTUK B TeUEeHHE pabodero aHs.

IIpn npuHATBIX MAHHBIX TOK KJIIOYEBOTO Kackaga B HMITyJIbce IIpH
u3nyyaemoit moutHoctH 0,6 MBT cocTaBut:
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1,,=0,6:1,5%100=40 MmA=4*10" A

'S g B 5 IR o D

. "

Puc. 4.24. Dynkyuonanvnas cxema uccie0o8anus OmpalcamenbHol cnocoonocmu
Menio3auumnblx Mmamepuanog: 1 —ucciedyemas nogepxHocmo,

2 — uznyyamenv UK-usnyuenus, 3 — npuemMHuUK OompasiceHHou 4acmu uziyyenus, 4 —
Qunemp, 5 — soecnymoe cobupatowee 3epkano, 6 — ycuiumens UMnYibcos, 7 —
2eHepamop UMnyibcos, 8 — uCMoUHUK NUMaHus,

9 — ycunumens ompasicennozo uznyvenus, 10— ucmounux numanus

MakcumManbHasi pacCerBaroIas MOIHOCTh B HMITYJIbCE:
P, =40%107*(2,35+1*0,04)=0,96 MBT
HomuHan orpaHH4MBaIOMIETO COMPOTHBIICHHUS:
R=W,y - Uy — Uypye /17p=(4,8-2,35-2):0,04=11,25 Om

TexHHYECKas XapaKTEPHCTHKA: KOHTPOTHpYeMas MOBEPXHOCTh — 225 cm’;
npenenst u3mepenust — 0-100 %; morpemrHocTs u3Mepenust 5-10 %; BpeMs 3amepa
2-5 cex; HampspkeHHe muTaHus — 6-12 B; motpebiisiemas MOIIHOCTh, HE Oojee —
0,6 Bt; Bec — 1,2 kr.

B v *

Puc.4.25. I[Ipubop ons onpedenerus snep2ocoepecaiomux c8OUCME CIMPOUMEIbHbIX
mamepuanog: 1 — kopnyc; 2 — pyuxa npubopa; 3 — npuemnux UK-uznyvenus; 4 —
nepexuiouamens npubopa Ha uzmepenue;

5 — munauamnepmemp.

[Mpuanmaem Gmkaiilee cTaHIapTHOE 3HaUeHKE conpoTuBiieHus 12 Om npu
9TOM, NPEAENTHHO JOMYCTUMBIN MPSIMOH TOK:
Inp vac=Hun = U — Mype /R=(4,8-2,35-2):12=0,038 A=38 MA
UK-u3nyuarens 2 (puc.4.24.) nuraercs NpsSMOYTONbHBIMH UMITYJIBCAMU OT
reHeparopa MpsIMOYTOJbHBIX HUMIyIscOoB 7. ['eHeparop 7 BbIpabGaThIBaeT
MPSIMOYTOJIbHBIE UMITYyJIbCHI 4acTOoTOH 10 K[l cO CKBaKHOCTBIO 3, KOTOpHIE
MOCTYIAIOT HA YCHIUTEINb TOKa 6.
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Ha ocHoBaHumM pa3paboTaHHOH (YHKIMOHATBHOH CXeMBI —3agaeMmcs
TpeOOBaHUAMH K SJIEKTPUIECKHM XapaKTEPUCTHKAM OTIETbHBIX JJIEMEHTOB CXEMBI.
MX XapakTepUCTHUKH B3ATHl HAa OCHOBAaHHU IIPEABAPUTEIHHO BBITOTHEHHBIX
pacdeToB U MPOBEICHHBIX UCIIBITAHUMH, a TAK)KE CIPAaBOYHBIX BEIUYHH.

JlnHa BONHEI M3IydaTens BeIOpaHa B mpemenax 0,78-1,2 MM, a cpemHss
MomHocTs ucrounuka MK-mimydenus — 0,6 MBt. I'eHepatop npsMOYyroiabHBIX
UMITyJIbCOB JIOJDKEH OOecHedMBaTh IMTAaHWE W3IydaTels HanpspkeHueMm 2,35 B,
cuitoii Toka 34-45MA ¥ yactoTol crnenoBanus UMIynbcoB 10kl .

CurHan ¢ ¢oToauoaa Iocie NPEABAPUTEIBHOTO YCHIIUTENS COCTaBISET
10-20 MB, a xoadpdunuent ycuneHus odecreunBaembiid yeuureneMm — 2000-3000,
JUTSL TIOJTHOTO OTKJIOHEHHS CTPEIOYHOTO IIpHOopa.

HanpsokeHue nuTaHus SME€KTPOHHBIX CXeM HpuHATO paBHbIM 4,8 B Ha
OCHOBaHUH OITHMAJBHOTO M YCTOWYHBOTO PeXHMa PabOTHl 3JIEKTPOHHBIX CXEM.
Crabuinsatop HanpsHKEHHUs JOJDKEH oOecredynBaTh BBIXOIHOE HampshkeHue 4,8 B
— IpH BXOJHOM 0T 5 10 12 B.

Ha ocHoBammm  pa3paGoTaHHBIX  TpeOOBaHMH K  JIEKTPUIESCKHM
XapaKTEePHCTHKAM OTHENbHBIX JJIEMEHTHBIX OJOKOB OBUIM MOAOOpaHEI THIIOBBIE
CXEMHBIC PEHICHHs M H3TOTOBJICHEI HEOOXOJMMBIC CXEMEL.

B orpaxarenpHO#l cucTeMe NpHMEHEH HETNIyOOKMH mapaboiardecKui
OTpaxkaTesib, y KOTOPOTro IJIOCKUH Yrojl oXBaTa 2<DM3K=1600,

3epKkano oTpaxkaTems MIIACTMACCOBOE C OTPAXKAOIMINM JIUIIEBBIM 3€PKaIbHBIM
CJIOEM U3 CIIENUAIBHOTO COPTA ATIOMHHUS, HAHECEHHOTO HCIIApEHHEM B BaKyyMe.
Croif amroMUHHS JOCTATOYHO CTOGK M HE IOJBEP)KEH BIUSHUIO aTMOC(EPHBIX
YCIIOBHUIL.

Koo dumument orpaxeHns alfOMUHUS Ul CIIEKTPAJIBHOTO JMala3oHa
2=0,78-1,2 mxm cocrasisieT 90-93%.

TlomoxxuTenbHBIM ~ Ka4eCTBOM  3€pKalbHBIX ~ OOBEKTHBOB  SBIAETCS
BO3MOKHOCTH pabOTHI B MIMPOKOM CIIEKTPATBHOM AWANa30He, & TAKKE OTCYTCTBUE
XpoMaTHueckoil abOeparuy, T.e. OHM HE BHOCSAT W3MEHEHHs, OCOOEHHO IS
MH(PaKPaCHBIX JTydei, B CIIEKTPATILHBIN COCTaB OTPAXKEHHOTO MMU ITOTOKA.

VYuuTeiBasi HazHayeHHE INPHOOPOB —  HW3MEpEHHE  OTpaXkaTeJIbHOU
CIOCOOHOCTH TEIUTO3AIIUTHBIX M APYTHMX MaTepualioB, YCTAHABIMBAEM HCTOYHHK
WK-n3ny4yenust — cBeToauoA B HOKAIBHOM IIOCKOCTH (POTOMETPUUECKOI TOJIOBKH,
a 3epKaJio, pacCemBaTeb W MPUEMHHK H3Iy4eHUS — (POTOANO — B THUIGHOI YacTH
[79, 123, 124].

Ha ocHOoBe mpOBeAEHHBIX WCCIENOBAaHUH HaMH OBLIO IIPOM3BENCHO
000CHOBaHHE O HEOOXOIMMOCTH HCCIIEOBAaHHS (DAKTHYECKHX TEIIO3alIUTHEIX
XapaKTepUCTHK MAaTepHalioB C YYETOM ONTHYECKOTO paclpeneieHus obbema
OTpaXkaTeJIbHON CIIOCOOHOCTH, @ TAKXKE MOJIIPU3AIUOHHBIX CBOWCTB HAHOCUMBIX HA
HUX HOKPBITUH, Kpacok U T.1. B pe3ynbrare uccienoBaHUi MpeasioKE€Hbl HOBBIE
CPEeCTBAa M3MEPEHUS ITHX XapaKTEPUCTUK SKCIPECC-METOAOM HEpa3pyIIaIOIIero
KOHTpOJA puc.4.25.
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[MpemnokeHHBIH  IKCIIpecc-METOA  IO3BOJISIET  ONEPaTMBHO  MOJTy4aTh
HH(pOPMAINIO OTPaXKaTETbHON CIIOCOOHOCTH MAaTEPHANIOB C YYETOM IOJSIPH3ALMN.
OJIHAKO, KaK MOKAa3ajlHd IPOBEICHHBIC HCCIIEAOBAHMS JaHHBI METOZA IO3BOJAET
MIOTYYUTH PE3YNIBTATHI C BEICOKOH CXOAMMOCTBIO TOJIBKO TPH MAAECHUN H3ITydeHUS
10 HOpPMaJIM Ha MCCIIeLyeMYyIO IOBEPXHOCTh. OHAKO, KaK ObIJI0 HAMH YCTaHOBIICHO
B 3aBHCHMOCTH OT yIJIa MaJeHUs M3IyYeHHs Ha IIOBEPXHOCTb, COCTOSIHHUE CaMoil
MIOBEPXHOCTH, IOJSIPU3ALOHHON CIIOCOOHOCTH TpPU OTPAXECHHH B  IEIOM
MEHAIOTCA KO3 (UIMEHTH OTpa)KeHHsl, KOTOpble CIab0 YYUTHIBAIOTCA AAHHBIM
H3MEPUTENBHBIM ~ yCTpoHcTBOM. Ilo3ToMy 9KCHpecc-MeToj HaMM — Jalblle
HCTIONB30BAJICS TOJIBKO HA HAYAJIbHOH (IIPeBapUTEIFHON) CTaIUN NCCIEAOBAHM.

IMosToMy BO3HMKIA HEOOXOAMMOCTH HCHONB30BAHUS IKCICPHMEHTAIHLHOTO
CTeH/1a, KOTOPBIH IT03BOJISIET YCTPAHUTh YKa3aHHbBIE HEOCTATKH.

B panpHelimeM B pe3yibTaTe HCCIEJOBAHUH HaMH OBLT MCIONB30BaH CTEHI
JIHenpoA3epKUHCKOTO TeXHUYecKoro yHuBepcurera [60, 62], dyHKIHMOHATbHAS
cxeMa KOTOpOTo mpuBeaeHa Ha puc.4.26.

I
/ IS AS52

1
{22

Puc. 4.26. @ynxyuonanrvuas cxema MemoOuKy Uccie008anUil Ha IKCNEPUMEHMATbHOU
yemanoske: 1 —nogopomnas pama, 2 — nosopomnas pamxa c oopasyom, 3 — UK-
uznyuamenv, 4 — UK-npuemnuxk, 5 — nanpasisowue

YcTaHOBKa COCTOMT M3 KPYTJIOW paMKH OOOHMBI 2, B KOTOPYIO BCTaBIISIFOTCS
JIMCKH C HAHECEHHBIMU Ha HUX HCCIEAyEMBIMU MaTepHanamu (KpacKu, TOKPBITHS).
O6oiima ¢ JUCKaMi IMeeT BO3MOXKHOCTh BPAIIEHHS B B3aNMHO-IIEPIICHANKYIISIPHBIX
HAIIPaBJICHUAX, KaK BOKPYT BEPTHKAIGHOH OCH TaK M BOKPYT TOPH3OHTAIBHOM.
Onruyeckas cxema NpUEMHHKA 3 M W3ITydaTens 2 pa3zielieHbl B CaMOCTOSITEIILHBIE
0JI0KH, KOTOpPBIE HE3aBUCHMO MOTYT IEPEMENIaThCsl 110 HAPABILIIONIMM 5, KOTOpHIE
B CBOIO Odepesh MOTYT mepememarbes mo ayre Ha 360°. [IpuHIpmuanbHas cxema
9KCIIEPUMEHTAIIBHON YCTaHOBKY MpHBeieHa Ha puc.4.27.

IMpm »>roM, Hamm mpu pabore Ha CTeHAE OBUIO IIPOBEIEHO
ycoBepureHcTBOBaHue npueMunka MK-usznyuenns (puc.4.27).
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C 1enplo M3MeHeHHs paboThl TeHepaTopa UMITYJIbCOB, OH CHHXPOHU3UPYETCS
Hempt0 co Bcemu Oinokamu npuemHuka WMK-mzmyuenums. Kpome Toro, mms
pacIIMpeHust BO3MOKHOCTEH peaycMoTpeHo MeHsTh B VIK-usnyuarene GpuibTpel
Pa3NIUYHBIMK CIIEKTPAIbHBIMU XapaKTepPUCTHKaMH. Ha IUCKH-OCHOBY HaHOCSATCS
Ppa3IYHbIE COCTAaBEI, KOTOPBIE UCCIETYIOTCSL.

L H ]

Puc. 4.27. [lpunyunuanvhas cxema usmepumenvHoll vacmu 0Jisg UCCAe008aHUS
ompasicamensHoll cnocobrocmu mamepuanog npu pabome na cmenoe: I -
uccnedyemas nosepxuocms, 2 - usnyuamens UK ouanazona,

3 — npuemnux UK-uznyuenus, 4 - konoencopwvi (punomp), 5 - 3epranvhas
onmuueckas cucmema, 6 — ycunumens mowHocmu numanus UK-uznyuamens,

7 — eeHepamop uMnyavbcos, 8 — UCMoYHuUK numanus, 9 —ycunumens cuenana ¢ UK-
npuemnuxa, 10 — npedeapumenvuuiii ycurumens, 11 — pecucmpupyrowuti
emopuuHblil npudop, 12 -ucmoyHuK numaHus.

4.4. Memoouka uccnedosanus I¢hpgheKkmugHocmu 3auiumHbIX MAMepuaIos om
6o30eiicmeusn UK-uznyuenus.

B pesynbraTe MccnenoBaHuA OTpaKarollled M NMPOHHUKAIOLWEH COCOOHOCTH,
CIEKTPAIBHBIX XapaKTePUCTUK TEIIOBOrO HM30BITOYHOTO HM3IYYCHHS MBI MOXKEM
ONPENENUTHCSI C MECTOM M BHAOM 3aIlUTHl ONEpaTopa, a TaKkKe METOIO0B
JOKQJIM3alM HCTOYHUKOB H30BITOYHOTO M3IYYEHHS OT TEXHOJIOTHYECKOTO
o0opynoBaHus. DTO MOTYT OBITH CTalMOHAPHBIE, MEPEABIKHBIC TEIUIO3AIIUTHEIC
9KpaHbl, KaOUHBI, KPACKH, IMOKPBITHS, MOJIMMEPHBIE MaTepHaibl C MPUMEHEHUEM
METaJUTN3UPOBAHHBIX TJICHOK.

Meroauka mogdopa cocTaBa TEIUIO3AIIUTHBIX MATEPHAIOB M MOKPBITHIA
3aKJII0YaeTCs B COIVIACOBAHUM CHEKTPOB M3IY4EHHs OT HCTOYHHKA TEIUIOBOTO
W3JIYy4CHUs] M CICKTPOB IOTJIOIICHUS (OTPaXKEHWs) B 3aBUCHMOCTH OT LEIH
terio3amutel. OJHAKO CIEKTp HCTOYHHMKOB M3Iy4eHMsl 4Yallle BCEero ObIBaeT
06LL[I/IM U UMECT YCTKO Bblpa)KeHHbIﬁ MaKCI/lMyM OHEPIUr I/I3J'[y'~leHI/I$[ B KAaKOM-
HUOY/Ab CHEKTpalbHOM JHama3oHe. OJTOT MAaKCHMyM B 3aBHCHMOCTH OT
TEeMITepaTypbl NUCTOYHMKA U3IYYIEHHs 10 3aKOHY BHHA MOXET cMemarbCst Wid B
KOPOTKOBOJIHOBYIO, WM B JUIMHHOBOJHOBYIO YacTh CIIeKTpa. B oTimume ot
HCTOYHUKOB H3JIyYECHUS, CIEKTPHI IHOTJIOMIEHUS M OTPAXKEHHs TEIUIO3alUTHBIX
MaTepuajIoB U MOKPHITHH MMEIOT OYCHB CIIOXKHYIO M MPEPHIBUCTYIO (OPMY B BHIE
HPOBAJIOB ¥ MakcuMyMoB. [ToaToMy pa3zpaboTaHa crienuaibHas METoiuKa moaoopa
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ONTHMAJIBHOTO COTJIACOBAHMS 3aIIMUTHBIX CPEICTB OT HM30BITOYHOTO TEILIOBOTO
m3mydeHust [123-125, 138, 139]. Ha cmnekTpanbHyl0 KpUBYIO H3Iy4aTelbHON
CIIOCOOHOCTH HWCTOYHHMKA W3IYYEHHUs HAKIaJbIBACTCA CIIEKTP IOTJIOIICHUS
(oTpakeHUsI) TEIUIO3AIMUTHBIX MaTepuaioB (puc.4.11.-4.19.). Ilyrem mnoxbopa
KOMITOHEHTOB KOMITO3UTHOTO COCTaBa JOOMBAIOTCS IIOJHOTO HEPEKPHITHS CIIEKTpa
H3JTydaTens, AIS 3TOTO MOXET OBITh WCIOJIB30BAaHO HECKOJIHKO KOMIIOHEHTOB
KOMITO3UTHOTO cocTaBa. BrTopoil stam 3akmodaercss B MOAOOpE IIPOIEHTHOTO
CONCpXKAHUSL ~ COCTABJIONIMX KOMIIOHEHTOB  TEIIO3AIIUTHOTO COCTaBa B
3aBHCHUMOCTH OT 00IIel SHEPTHH HCTOYHHKA H3ITyYCHUS.

Kpome Toro, HeKOTOpHIE TEIUIO3AIUTHRIE MaTePHAIbl MOTYT MOJSIPH30BaTh
majaroniee  M3NIydeHHe U HMEI0T HCKaKEHHOEe O00BEMHO-TIPOCTPAHCTBEHHOE
oTpakeHHe, ommyaromeecss or  JlamOeproBckoro — pacmpeneneHus. U3
HEWTPAJILHOTO MaTepHalla HW3TOTaBJIMBAIOTCA IUIOCKHE IHCKH, Ha KOTOpBIE
HAHOCATCS HCCIEAYEMbIe MM CYHIECTBYIOIIME TEIUIO3aIUTHBIE cocTaBbl. [lpu
M3MEHCHUH YTJIOB MaJCHHS U OTPAKCHHS, BPAIIAIOIIETOCA ANCKA C PaMKOH MBI
MoNly4aeM TMONHYK OOBEMHYI TPOCTPAaHCTBEHHYI KapTHHY OTpaKarouen
CIIOCOOHOCTH TEIUIO3AIUTHRIX MaTepuaioB B MK-nuanaszone (crena puc.4.27).

CreHI MMeeT BO3MOXKHOCTH YCTaHOBKH INArOBBIX 3JIEKTPONPHUBOAOB JUIS
BpallIeHHs] paMKH ¢ 00pa3laMy B B3aHMHOIICPIEHAUKYISIPHBIX OCSX BpalleHHs U
NepeIBIDKSHUS] NICTOYHUKA ¥ IPUEMHHKA 10 HAIPABIISIOLIHM.

4.5. Hceneoosanue 3gpgpexmusnocmu 3augumnsix mamepuanoe om UK-uznyuenus.

IMpexxne Bcero, ompeaenuMcs ¢  MaTepHanaMH, KOTOpbIE  MOTYT
HCTIONB30BATHCS VIS CO3JAHMS HOBBIX d((QEKTUBHBIX TEIUIO3AIMUTHBIX HOKPBITHHA.
3a oCHOBY OepeM JIeTKOAOCTYIHEIE, XKelaTeIbHO OpOCOBBIE MaTephalbl, OTXOIbI
NIPOU3BOJCTBA M BO3bMEM HX CTAaHAAPTHBIC XapaKTEPUCTHKH OTpa)KaTeJbHOH
criocoonoctH [79, 123, 126].

Ha puc.4.28.-4.41. mpencraBieHbl CHEKTPHl OTPAKEHHS PA3IUIHBIX
HanboJiee pacIpOCTPAHEHHBIX MATEPHAIOB, KOTOPHIE MOTYT OBITH UCHOIB30BaHbI B
Ka4ecTBE 3alIUTHBIX MaTepHanoB oT VIK-n3imydeHus: amoMHUHMS, HUKES, XKeje3a,
MeJ¥, KBapla, OKMCH MarHus, IByOKHCH TUTaHA, OKUCH IIMHKA, IIMHKOBBIX Oenwi,
THUIICa, MATHE3UTAa, CUIMKATHBIX U3/1EIUH, KePAMUYECKON MITUTKU.

n
™

G amanni (i

Puc. 4.28. Cnexmpuvl ompasicenuss om 21a0Kux no8epxHocmell HeKOmopvix
Memanios  3a8UCUMOCU OM OJUHbL OIHbL: 4) HAUALLHYIL IMAN.
1 — anromunuil,; 2 — nukenv, 3 — medv. 0) nocie IKCHIyamayuu 8 meyenue 00HO20

2o0a: 4 — amomunuul; 5 — nuxenv; 6 — meow
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IIpoBeneHHbIe HCCIENOBaHUS TOKa3ald, YTO OTPaKalolias CIOCOOHOCTh
SKPAHUPYIOIIMX MAaTepHalioB KaK METAUIMYECKHX, TaK W MHHEpPaIbHBIX
MpeTepreBaeT 3HAYNTEIbHBIE HM3MEHEHHsS BO BpeMeHH. [Ipu 3TOM, OTMedeHO
CHIDKEHHE OTpakaTelbHOH crtoco6HOCcTH oT 10 10 35% B 3aBUCHMOCTH OT CTEIICHU

OKUCJICHHUS U 3arpsA3HEHUS ITIOBEPXHOCTHU.
P

o 00

&
=S

=
-

=
a

AL AR £ OO H O T

L =

7 8 W11 12 11 14 15
dnua somHed, A, Ay

Puc. 4.29. Cnexmp ompaosicenus keapya kpucmaniuieckozo: 1 — keapy
Kpucmainuyeckuu, 2 — Keapyegas NOON0NCKA, 0=2MM

Pur Pur
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: 4 & & W 2 u w w w » ] T 4 6 & W 1z u 1w B
irows acmu, b, new et S e
Puc. 4.30.Cnexmp ompadicenusi okucu Puc. 4.31. Cnexmp ompadicenus
Maznua: 1 — oKuco MazHus Ha4anbHas 0gyokucu mumana: 1 — 08yokuce
cmaous; 2 — okuce maznus nocie 1 MUMana HavyarbHas Cmaous;
200a IKCnAyamayuu 2 — 08yoxuce mumana nocie 1 cooa
KCHIYyamayuu,)
Pir Pir
1,0 o 10
b
0.8 208 / ™
: \ g y /
1=
0.6 2 06
s |\ L 2 |
%04 2 04 =
MUNEV4
0,2 § 0z
| N : \t
S 05 10 15 20 25 3.0 S g 5 10 15 20 25
fnuna eonHer, A, sk fnuua eonHel, A, MEM
Puc. 4.32. Cnexmp ompasicenus okucu Puc. 4.33. Cnexmp ompaoicenus
bapusa: 1 — okuce bapus nauanbHas oxucu yunka: 1 — okuce yunxa
cmaous; 2 — okuce 6apus nocie 1 Hauanbhas cmaous; 2 — OKUCh YUHKA
200a IKCnIyamayuu nocne 1 200a sxcniyamayuu
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Puc. 4.34. Cnexmp ompadicenus Puc. 4.35. Cnexmp ompadicenus
yunxoevlx benun: 1 — nauanrvnas 2UNCoBLIX numok: I — navanvras
cmaous Ikcnayamayuy, 2 — uepes cmaous sxcnayamayuu; 2 — yepes
1 200 axcnayamayuu. 200 9KCnIyamayuu
Par Pir
2 10 o 10
5 0.8 K j % 0.8
g 0.6 T 5 % 0_5/ ™
2o : \L/ ~
H '\ 204
E 0z Y 5
§ U o o0z
ob 1 T g
[munss eonHss, b, A S 4 1 ]
[nuwa sentel, N, an
Puc. 4.36. Cnexmp ompadicenus Puc. 4.37. Cnexmp ompadicenus
eunca: 1 — nauanvhas cmaous uzgecmu
akenayamayuu, 2 — yepes 1 200
IKCHIyamayuu
Par Pr
o 10 | L 10
H E 1
£os 8 5 i
E4 p— = & == Y
€0 \/ _\\ g PE s i\
% 04 [ i v t'l
g 02 3 \
5oz S
g, i I s 13 - ~
Diruna vanes, 3, snu S g 7
Omuvia eonHed, k, s
Puc. 3.38. Cnexmp ompadicenus Puc. 3.39. Cnexmp ompasicenus
KUPRU4a CUNUKAMHO20 MazHe3uma usMenib4eHHo20:

1 — nauanvnas cmaous
axenayamayuu, 2 — yepes 1 200
IKCnIyamayuu

CoriacHO aHaIIM3a UCTOYHHKOB W30BITOYHOTO M3ITyYECHUs HA MPEANPUSITUIX
ropsiunx 1exoB (puc.4.20-4.23) yCTaHOBJICHO, YTO TEMIIEPATypa HCTOYHHKOB
kone6nercs ot 100 °C zo 1300 °C, npu 3ToM, MAKCHMYM H3/Ty4eHHS COCTABISAET OT
2 no 8 MkM. MccrnemoBaHus HOKa3ajad, 4TO CKOMIIOHOBAaTh IIPEIBApUTEIbHBIM
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noabopoM MOXXKHO Haubojee MOAXOISIINE MaTepUalibl «3aKpBIBAIOIINE» OTH
makcuMyMbl. K Marepuanam, koTopsle 00s1aal0oT 3HAYUTEIBHON OTpakaTelIbHOM
CIOCOOHOCTBIO OTHOCHTCS aIIOMUHUI M €r0 CIUIaBBI, B TOM 4YHCIIE HANBUICHHBIE
HOMJIOKKM C Pa3IUYHBIMU BHJAMH TIOKPHITHH C MaKCHMYyMOM OTPaKCHHUS B
nuanaszone 0,4-8 MM (korddurment orpaxerns xo 90%); HepikaBeroImas CTalb B
nmuanazone 4-10 MM (kod¢p¢uuenT otpakeHus no 70-75%); KpucTaIMIecKuit
kBap1l (puc.4.30) ¢ MakCUMyMOM OTpaxkeHHUs 8-9,5MkM; okuch Oapus (puc.4.33) -
makcumyMm 0,4-0,9 mxMm; nuHKOBRIe Oenmmna (puc.4.35) ¢ 2-Mi1 MakCUMyMOM
0,4-3,11 u 4-9,5 mMxMm; ctpoutensHblit rumc (puc.4.37) ¢ makcumymoM 0,5-3 MKwm;
n3Becth (puc.4.38) c makcumymom 0,5-2,5 u 3-9 MKM; CHIMKATHBIA KHPIHAY
(puc.4.39) mMeeT MOYTH AHAIOTWYHBIN CIIEKTP OTPaKeHUs, T.K. B COCTaB BXOAUT
U3BECTb M KBApLEBBIM NECOK U3MeNbueHHbIH ¢ MakcuMmyMmamu 0,3-3 mxm u 3-8
MKM; MarHe3urta u3meiabueHHoro (puc.4.40) makcumymamu 0,3-2,5 MxMm u 3,5-7,0
MKM [79, 123-127].

p}? ph]’
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S 0 T E 10 S 9 ¥ 7

Anuma sonmsl, X, Mu Drnieea gonuet, b s
Puc. 4.40. Cnexmp ompadxicenus Puc. 4.41. Cnexmp ompaosicenus

Jrcenesa nOIUposantoo. 1 — Kepamuueckoul naumku: 1 —

HAYAIbHAsi cCMaous sKcnayamayuu, 2 HAYANbHAS CMadus SKCnayamayuu; 2
—yepes 1 200 sxcnayamayuu —uepe3 1 200 sxcnayamayuu

Takue matepuansl Kak TJIMHA, CMECh U3 MECKA, TJIMHBI U U3BECTHIKA UMEIOT
Gosiee paBHOMEpHBII KO3 duIeHT oTpakeHns ~ 20% MO BceMy CHEKTpY OT
0,76 Mmxm 10 10 MKM ¢ CHIDKEHHEM OTpaXkeHus B quamna3one 0,3-2 MKM.

TIpoBeneHHBIE HAMH HCCIIEIOBAHMS CIIEKTPATBHBIX XapaKTePHCTHK Hanbosee
MIMPOKO MPUMEHSEMBIX MaTepHAIOB (OTpakaromeH, IOTIIONIA0IIEH CTOCOOHOCTH)
HO3BOJIAIOT TIPU pa3pabOTKe HOBBIX 3aIMUTHBIX cpenctB oT MK-nsnydenns
HPEIyCMOTPETh MHOTO(YHKIMOHAIPHOE UX Ha3Ha4YeHHE. JUI 3TOro HeoOXOANMO
MpPeLyCMOTPETh C YI9€TOM CIeKTpa NCTOYHMKOB MK-m3mydenns: Ha mepBoM 3Tame
nomasinenne MK-u3mydeHns B MCTOYHHKE M HA MyTH €r0 PAaCIPOCTPAHEHUS; Ha
BTOPOM 3Talle Ha IIyTH PacIpOCTPAHEHUS ¢ YIeTOM 3P ()EKTHBHOCTH IIPUMEHIEMBIX
CPEJCTB 3alINTHI, MPUMEHEHUS] MHOTOCIIOIHOTO 3aIIUTHOTO ITOKPHITHS (C BEICOKOM
OTpaXkaTeJIbHOU CIIOCOOHOCTHIO MakcUMyM 110 60-75%, a B nanbHeIeM CHIKCHUE
HK-u3nyyeHne Ha IyTH €ro NPOXO0XKIECHHUS Yepe3 MaTepHabl).

Ilpennoxxken cneayromuii MOAXOA TPU NPUMEHEHUH MHOTOCIONHOTO
3alUTHOrO MOKphITUS OT MK-u3mydenus: 1 BapuanTt 3akirodancst B MOCIOMHOM
HAHECEHWU CJIOEM TEIUIO3AIUTHON KOMITO3MIMHM B IIPOM3BOJIBHOM MOpsaKe (C
BBICOKOW  TeIUIO3aIUTHOH 3¢dektuBHOCTEI0); Il  Bapmant 3akmodancs B
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HAHECEHHM HECKOJIbKUX CJIOEB KOMIIO3UTHBIX MAaTEpHaIOB CO CMEIIEHHEM
MaKCUMYMOB OTpaX€HHS OT JUIMHHOBOJHOBON K KOPOTKOBOJHOBOHM wactuy; III
BapUaHT — HAHECEHHE CII0€B KOMIIO3MTHBIX MAaTepHajoB CO CMELICHHEM
MaKCUMyMOB OTPa)K€HHUSI OT KOPOTKOBOJIHOBOH K AJUHHOBOJHOBOM uacTu; IV
BApHAHT - IpH GONBIINX TEIUIOBBIX INOTOKAX, Gomee 4 kBr/M’ B KkauecTBe
MOJVIOXKKKA HEeoOXOJMMO TPHMEHSTh alIOMHHHEBYIO (oibry Tommuaod 0,2 mo
0,5MM WM TONUPOBAHHYIO HEPXKABCIOLIYIO CTalmb (mpu oTpaxeHuu 10 90%);
V BapuaHT - Ha OCHOBaHHE (CTEHa, 3KpaH, CTPOHUTENBHBIE KOHCTPYKIHH)
HAHOCHUTCS BCIIyYHBAIOIIEeCs IOKPBHITHE, KOTOPOE MPEeIBapUTENHHO MO AeiiCTBHEM
HMITyJIbCHOTO TEIIOBOTO M3JTydIEHHs BCIIEHHBAETCS ¢ yBenmdeHueM cios B 100 u
Oosiee pa3 3a CUET BHICOKOU ITOPH3AIMHU, YTO BENET K YBEIHUCHUIO TEPMUIECKOTO
COIPOTHUBIICHUSI ¥ N30JIALINH 3aMIUIIAeMOr0 00BEKTa.

[Ipu 3TOM, OTpaxaTesbHasi XapaKTEPUCTUKA BCIICHUBAIOIIETOCS CIIOS MOXKET
ObITh pubMIKeHa K BapuanTy 111

ITyrem anHamm3a CHEKTPAIBHBIX XapaKTEPHCTHK MaTEPHANOB IPUBEACHHBIX
Ha puc.4.11-4.19; 4.29-4.41 6pu1a mogoOpaHa KOMIO3HUIHSL, KOTOpasi MTO3BOJIHIIA OBl
HMMETh TPAKTHYECKH POBHYIO OTpPa)KaTENBHYIO XapaKTEpHCTHKY B JUalla3oHe OT
1 nmo 10 mxM. Kommo3umus cocTosyla U3 CIEAYIOIIUX MaTepHajoB:
KPUCTAJUIMYECKUH KBapl, OKHUCh OapHs, OKHCh THTaHAa, OKUCh MarHus,
LITYKaTYpPHBIH TUIIC, U3METbYEHHbI MarHe3uT.

B HavanpHOM cTaguM COOTHOIICHHE BCEX MATEPHANOB OBIIO HPHHATO
1:1:1:1:1:1. Tumc mOMHMO CBOMX CHEKTPaJbHBIX XapaKTEPUCTUK OO0JIANAIOT
CBOMCTBOM CBA3YIOILETO BELIECTBA.

[MpemnoskeHHbIe KOMIOHEHTHI TINATEIHHO M3MENbYaINCh, TIEPEMEIINBAIIICH
Y HaHOCWJIMCh Ha OCHOBY U HCCIEJOBAIUCh MX ONTUYECKHE XapaKTEPHCTUKH B
UK-puana3one Ha ycrtaHoBke. IlodydeHHble pe3ysibTaThl IPEACTABICHBI Ha
puc.4.42 B Bune xpusoii 1. Koaddumment orpaxkenus B auamasoHe 1-8 MKM oT
55% npubmmxenust k 60%. 310 ObLT mepBBIi BapuaHT cMecH. ORHAKO KaXKIbIH
JIEMEHT KOMIIO3MIIMM MOMHMO OTPaXEHHs 4YacThb M3IY4eHHsI IPOITyCKaer.
[TosToMy MOSBMIIOCHE HEOOXOAMMOCTH H3YYHTH ITOCIOHHOE HAHECEHHE CIIOeB M3
YHUCTBIX KOMIIOHCHTOB II0 aHAJOTMHM C LBETHOW QoTtoruieHku. Bce cimom Obun
HaHECeHbI MOCI0HO. B KadecTBe CBA3YIOLIET0 MCHOIb30BAIOCH JKUAKOE CTEKJIO.
Pesynbratel okasamuch moutd Ha 15% BeIme 1-ro BapuaHTa — KpuBas 2: B
nuamaszone 8-10 MkM HaOuIoacs chaj] OTpaXxxaTeIbHON XapakTepucTuku. Ho sTot
Y4acTOK COOTBETCTBYET HH3KHM TEMIIEpaTypaM MaJIoi HHTEHCUBHOCTH.

IIpu sTOM He yYMTBHIBaJICA IOPAAOK HAHECEHHUsS CIIOEB U3 Pa3JIMUHBIX
MaTepHaoB.

Hamu ObUIO MpEAoKeHO HAHOCUTH CJIOM HE IMPOU3BOJIBHO, @ B IOPSIKE
BO3pACTaHHUSl OTPAKATEBHOM CMOCOOHOCTH B  007aCTh  KOPOTKOBOJIHOBOTO
n3TydeHus: 1 — okuch 6apus, 2 — N3MENbUCHHBIM MarHe3nT; 3 — MITYKaTypHBIHA THIIC,
4 — OKUCb TUTaHA; 5 — OKUChb MarHus; 6 — KpUCTaUIMYecKuil kBapl. Pe3ymbraTsl
HCCIIEIOBAHUS OTpaXKaTeIbHOM CIIOCOOHOCTH IpHBeieHs! Ha puc.4.43 xpusas 3. [Ipu
9TOM, 3pexTuBHOCTS oTpakenust UK-uzmyuenus yseanumnacsk 1o 80%.

98



OmnbiTel OBIIM TIPOROJDKEHBL. Temepb CIOM pacrHoyiarajuch B 00paTHOM
HOpPAAKE: - KPUCTAIMIECKHH KBapll, OKUCh MarHus: OKUCh TUTAHA, IITYyKaTypHBIH
THUIIC, I3METbYCHHBIH MarHE3UT, OKUCh Oapus. Pesynprarer [V BapuanTa cocTaBuim
MHTEpeC TPEACTaBUTh Ha KpuBOH 4. Ilpm 3ToM, oTpakaTenmpHas CIIOCOOHOCTDH
yBeIMYWIACh B Juana3oHe BOJH 6-10MKM, a B KOPOTKOBOJHOBOW M cpenHel
ob6uactu ot 6 110 0,4MKM yMeHbIIHIACh 110 65%.

Py
100

V! sap
© 90— V eap
o 75 —— — IV sap
$75 =
I L %\-__\ 1l sap
g 60 1
a I sap
£
© 45 Il sap

1) 1 2 3 4 5 [} 7 9 10

Anuwa eondel, A, Mkm

Puc. 4.42. Cnexmpul ompadicenus uccredyemvix 06pazyos

B crnenyromem BapumaHTe HaMM HCHOJIB30BaH BapHaHT MOCIOHHOTO
HAHECEHMsl CJIOEB TPEThEro BAapHaHTA, HO B KaXIbI KOMIIOHEHT I00aBisIach
amoMuHNeBbId myapa 1o 10 % or oObema Kaxaoro KOMIOHEHTa. Ilpu 3ToM,
oTpakaTeJbHas CIOcOOHOCTh Bo3pocna 10 85-90 % u crama Gonee paBHOMEpPHOI
IpUOIIDKasICh K MpsAMOit (kpuBast 5).

[Ipu GoNbIIMX TEINIOBBIX NOTOKaX Oonee 4 KBT/M’. HaMM Ha OCHOBY
TEIUIO3aIIUTHOTO PKpaHa IPEAJI0KeHO HAKJIEeWBAaTh ATIOMHHHUEBYIO (OJIBTY, a Ha
Hee HAHOCHUTH CJIOW N0 BapuaHTty 5. [Ipu 3TOM MBI HONYYHIN HAWITYYIIHHA BapUAHT
6, a oTpakarolas crnocodHocTh mpubmusmiack noutu 10 90 %. Ilpu BeICOKHX
TeMIepaTypax ¥ 3HAYUTENbHBIX TEIUIOBBIX MOTOKAX HEOOXOJMMO HAa OCHOBAaHHUE
3alIMTHOTO OJKpaHAa HAHOCHTh IIOKPHITHE C BBICOKOH TEIUIOM30IUpYIOMIeit
CIOCOOHOCTBIO, YTO MO3BOJSAET 3HAYUTENBHO ITOHU3UTH TEMIIEpaTypy HarpeBa M
BBITIOJIHUTE TPeOOBaHUS CAHUTaPHBIX HOPM

Tak, HaMH NPOBOIWIKCH MCHBITaHHUS d(PHEKTUBHOCTH KOMOMHHUPOBAHHOTO
9KpaHa C TEIUIO3AIIUTHBIM INOKPHITHEM Ha JIaOOPATOPHOM IIHUTE C HUCTOYHHUKOM
termooro  m3nyderns ¢ T=1300 °C u mommocTeio m3mydeHus 4 KBr/M
(KOMOMHUPOBAHHBIN HKpaH BBINOJIHEH M3 AIIOMHHUAEBON (DONIBIU ¢ MUHEpaIBbHOH
BaToi paznmunoii TommwmHel — JICTY B.B. 2.7-56-2010).

Ha puc.4.43 npuseneHa 3aBUCHMMOCTb U3MCHEHHUs TeMIEpaTypbl Ha
o0OpaTHOM CTOpPOHE KOMOMHHUPOBAHHOI'O JKpaHa B 3aBHCUMOCTH OT TOJIIIMHEI
TEIJIO3AIUTHOI'O MMOKPBITUA.

CornacHO NPOBEIECHHOTO pacyeTa MPeJIOKSHHbIH 3KpaH HMEET CyMMAapHYIO
OTpaXKaTENbHYIO U TEIION30JIUPYIOLLYIO CIOCOOHOCT!

T 1300-273

=——=————~43pa3za
T, 303-273

9Kp
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rae: T — temmeparypa ncrounnka msnydenus, K; Toxp — TeMneparypa oOpatHOit
CTOPOHBI 3KpaHa, K.
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Puc. 4.43. Temnepamypa obpammoti cmopoust 06pazya 6 3a6UCUMOCIU OM
MONUWUHBL MENTO3AUUINMHO2O CLOSI

[IpoBeneHHBIC HWCCTENOBAHUS MPUMEHSIEMBIX MaTEpPUANIOB IS TETUIO3AIIUTHI
MoKa3aly, 9T0 3(P(EKTHBHOCTh COCTaBa 3aBHCHT OT BXOISIIMX KOMIIOHEHTOB.
[TosToMy MOKHO 3apaHee CIPOTHO3HPOBATH B 3aBUCHMOCTH OT MHTeHCHBHOCTH MK-
M3Ty4YCHUs, JUIMHBI BOJHBI MaKCHMyMa W3IYYeHHUsS, IMOI00paTh KOMIIOHEHTHI
TEIUIO3AIUTHBIX MaTCPUATIOB M MOKPHITHI. [10100p KOMIIOHEHTOB 3aKITIOYacTCs B
COIVIACOBAHHUH CIIEKTPOB M3JTy4YeHHUsI OT HCTOYHHKA TETUIOBOTO M3Ty4YEHHUS U CIICKTPOB
TIOTJIOIICHUS (OTPaKeHMs) B 3aBUCUMOCTH OT IIEJTH TEIIo3amuThl. [Ipn HaxokaeHnn
B paboueii 30He OOOPYIOBaHMS, HMMEIOUIETO 3aIUTHO-IEKOPATHBHOE MOKPBITHE
OONBINMX IUIOMIAJCH M3 YUCTBIX METAJUIOB, IVIAJIKON MOJMPOBAHHOW IOBEPXHOCTH,
OTPaKAIOIIYIO CIOCOOHOCTH MPHHUMAEM T10 TpadMKaM MOTYYCHHBIM paHee.
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PA3JIEJI 5.
HUCCJIEJJOBAHUE TEPMOPA TMALIMOHHOM HATIPSIDKEHHOCTH HA
PABOYHMX MECTAX

5.1. Hceneoosanus ycnosuii mpyoa Ha RPEORPUAMUN U32OM O61CHUSL PEHCYUIUX
cmpoumenvuovlx UHcmpymenmog um. Boiikoea, 2. 3anopoiicve.

3aBoJ] MO H3rOTOBJCHHUIO PEXYIIMX HMHCTPYMEHTOB, HCIIOJIB3YEMBIX B
CTPOHUTENBCTBE NPU MOHTAXE, AEMOHTaKE U COOPKE CTPOUTEIBbHBIX KOHCTPYKLUI
HaXoAWTCA B T. 3amopoxbe. XapaKTepu3yeTcs BBICOKOH HACHIIIEHHOCTHIO
TEXHOJIOTHYECKOTO 000pyIOBaHUS, 00IaJafONIEr0 BEICOKAM SHEPTONIOTPEOICHUEM.
0COOCHHOCTBIO H3TOTOBJICHHS HHCTPYMEHTA, HPHUMEHSIEMOTO B CTPOHTEIHCTBE
SIBIISIETCS BBICOKAs TBEPJAOCTh M CTOMKOCTh K abpa3sMBHOCTH 00pabaThIBAcGMOro
Marepuaia — OETOH, KHPITHY, KaMeHb, IUIUTKA KepaMH4IecKast ¥ IIp. IIPU STOM IS
nepdopaTopoB UCHONB3YIOTCA — 3yOWIIa, KOPOHKHU JUISL CBEPJICHHUS OTBEPCTHIH I
PO3eTOK, BBIKIIOUaTened. JIMCKkM Ui BBIpE3aHUs] IITPOOBI, TBEPAOCILIABHBIE
cBepia, ¢pessl. s 00padoTKH METATUIMIECKUX 3aKIaIHBIX TAKXKE HCIOIB3YIOTCS,
¢pe3sl, cBepIa, MOJNOTHA, PEXKYIIHE AUCKH.

IIpumensieMBIii MHCTPYMEHT HCHONB3yeT TBEPAOCIUIABHBIE HAMaWKy THIIA
BKS8 u T15K8 1 nponeccel 3akanku pexylux KpoMoK. Onepanuu U3roTOBICHHUS,
00pabOTKM ¥ JOBOAKM HHCTPYMEHTa XapaKTepHU3yIOTCS HCIOJIb30BaHHEM
BBICOKOTEMIIEPATYPHBIX HCTOYHHKOB M3IY4eHHUs. DTO OOCTOSATENHCTBO TpedyeT
OLICHUBATh YCIOBHUS TpyJa HE TOJBKO II0 HHTETPAIBHONM BEIHYHHE TEIIIOBOTO
W3IIydeHUs, HO W YYUTHIBaTh CIEKTP, B YaCTHOCTH KOPOTKOBOJHOBYIO YacCTb
CrIeKTpa u3nydeHHs. KOpoTKOBONHOBOE WM3ITydeHHE 10 2,5 MKM HMeeT Ooiee
MPOHUKAIOIIYI0 CHOCOOHOCTH B OHONOTMYECKHH OOBEKT U APYTrHe IOIYCTHMBIE
ypOoBHH 0ONydeHUs. B OCHOBHOM TIPOM3BOJACTBEHHBI IIMKI H3TOTOBIICHUS
CTPOMTEJIFHOTO MHCTpYMEHTa cocpenoroueH B 1mexe Ne 11 (mexaHudeckoid u
TepPMUYECKOW 00paboTKH).

Tlosromy Hamu cpemyt pabodMX MECT B LieXaxX MPEANPUSTUS BHIOpaHbI HauOoiee
BBICOKOTEMIIEPATYpHBIE OTEpary, a TakKe «CKPBIThIE» BTOPUYHBIE HCTOYHUKI
M30BITOYHOTO TEIUIOBOTO W3TydeHus. Hamu npoBeieHb! HCCIIeIOBAaHS IIPOCTPAHCTBEHHOTO
pacrpenieneHysi  M30BITOYHOTO  W3NTydeHMST Ha paboumx MecTaX — M3TOTOBJICHUS
CTPOMTENBHOTO HHCTPYMEHTA B 1IEXE MEXaHHUECKOH U TEPMUUECKO 00paboTKH.

OTO OTHAeNeHUE MPEANpHUITHS XapaKTepu3yeTcs pabouMMU MECTaMH, The
M30BITOYHOE TEIUIOBOE M3ITydEHHE MPEBBIIIAET HOPMY. YUaCTOK MEXaHHIECKOU H
TepMHUIECKOH 00pabOTKM HaXOAWTCA Ha IIEPBOM JTaXke IJIABHOTO KOpIIyca,
XapaKkTepu3yeTcst ~ O0OpyJOBaHMEM  JUIi  M3TOTOBICHUS  CTPOHMTEIBHOTO
HHCTpyMEeHTa  (KOPOHKM Uil  OTBepcTHid B OeroHe, 3yOmima 1
ITHEBMOMHCTPYMEHTA, (pe3bl U1l H3roTOBICHUS MTPoO B OETOHHBIX CTEHAX, PE3KH
apMaTypsl U Jp. CTPOiiMaTepuasnos).

INocne psna BBIMOIHEHHBIX MPEABAPUTEIBHBIX TEXHONIOTMIECKUX OMEPAIUii,
TOTOBBIE W3AENUS OCHANIAIOTCS TBEPAOCIUIABHBIMU HAIUIABKAMH, TPEOYIONIHX
NanpHeWmel  Tepmmyeckoii  oOpabotku  geraneil. [Ipomeccel  HamiaBKH,
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TepMOOOPaOOTKH CONMPOBOXKAAIOTCS N30BITOUYHBIM TEILIOBBIAEIEeHHEM. J{i1s 5TOTO B
Lexe HMMeeTcs TPU YCTaHOBKH TOKOB BBICOKOH wactoTel (TBY) mis narpea
3arOTOBOK MHCTPYMEHTa U PEXYIIUX IUIACTUH U3 TBEPAOCILUIABHBIX MATEPHAIOB U
OBICTPOPEKYIIUX CTAICH.

B pe3ynbTate WHBEHTapU3aUH BBISIBIICHBI HCTOYHUKHI
BEICOKOTEMIICPAaTypHOTO M3Iy4eHHS W paboune MecTa, IIOJBEPIKCHHBIE HX
HeraTuBHoMmy BiusHuo [7, 33, 57, 66, 71, 128-132]. HWccnenoBanus
TEPMOANHAMHYECKONH HATPSDKEHHOCTH Ha PabOYMX MECTax MpPOU3BOIMIOCH Kak
M3BECTHBIMU METOJIaMHU U IPUOOpPaMH, TaK M MPEUIOKEHHBIMU HAMH.

HccnenoBanms  ycnoBWit  Tpyda IO IOKas3aTeNl0  MHUKPOKIMMATa
npousBomiiock corinacHo JJCH 3.36.042-99 «canutapHbIe HOPMBI MUKPOKJINMATA
NIPOM3BOJCTBEHHBIX MOMEIIEHUH» ¥ «TUTHEHHYECKOH KIacCH(UKAIMU  II0
IOKa3aTeIsIM BPEIHOCTH M ONACHOCTH IIPOW3BOJCTBEHHOH CpeIbl, TSDKECTH M
HaNpsHKEHHOCTH TPYJOBOTO IIPOLIECCa», YTBEP)KIACHHOH MHHHCTEPCTBOM OXPaHbI
3m0poBbsi OoT 27 pmekabpst 2001, Ne528 [128-130]. M3mepenue moxaszareneit
MHUKpPOKJIMMATa TpPOW3BOAMIOCH C IEINbI0 KOHTPOIS WX  COOTBETCTBHUS
THTHEHUYECKUM TpeOOBaHWAM B Hamboiee Temoe BpeMs roja (Maif — CeHTIOph
MecSIIbl) B JHU C TEMIEPaTyporo BHEIIHETO BO3IyXa, YTO OTJIMYAETCS OT CpeaHeit
MaKCHMAIbHOM TeMIIepaTyphl HaHGoIee KapKoro Mecsna He Gonee uem Ha 5 °C.
H3MepeHHs IoKas3aTelieldl MHUKpOKJIMMaTa MPOBOAMIN HE MEHee 4eM TPH pasa 3a
cMeHy (B Hayaje, B cepeinHe W B KOHIE cMeHbI). [Ipn xoneGaHMsAX mokaszareneit
MHUKpOKJIMMATa, CBS3aHHBIX C TEXHOJOTHYECKUMU TPUINHAMH MPOBOJHINCH
JOTIOJTHUTENIGHBIE HM3MEPEHHSI C YYeTOM MAaKCHMAJIbHBIX U MHHHMAJIBHBIX
TEePMHUYECKHX BIMSHUI Ha pabOTaIONIHX.

Anaymu3 ofpamieHuii pabOTHHKOB — OIEPaTOpPOB C 3a00JEBAEMOCTBIO B
00acT! TPYIHOH KIETKH M MOSCHUYHOM YacTH Tela IMpH padoTe Ha YCTaHOBKAaX
TBY mnpemonpenemmu HeOOXOAMMOCTh TMPOBEACHUS OIEHKH OONYyYEeHHOCTH Ha
JAaHHBIX pabOYMX MECTaxX C UCIOIb30BAaHHEM HOBBIX METOANYECKHUX MOAXOJOB.

C yueroM, uto pabOTHl HAa IAHHOM MPEANPHUATHH BBINONHSUINCE B
MIOJIOKEHUH CHJSI, TEMIIEPAaTypy M CKOPOCTh ABIDKEHHS BO3MyXa U BIAXKHOCTH
n3MepsuH Ha BbicoTe 1,0 M 0T nosta pabodero MecTa.

Ipu onpeneneHuy TEMIOBOH 00JIyISHHOCTH CYIIECTBYIOIIMMH METOJUKAaMH Ha
paccTosiHMM 1M Ha orepanyy YKJIaJIK{ IUIACTHH Ha 3arOTOBKM TIPU HAJIMYHMHU YacTH
HATPETHIX W3ICIHIT IIOMydYeHO 3HAYCHHE TeroBbIeeHns — 216 Br/av? (puc.5.1).

Wnayxroy
1

Pesey - 3aroToaKa
Puc. 5.1. Bozoeticmaue gvicoxkux memnepamyp Ha paboiee Mecmo onepamopa om
yemanosxku TBY (ucmounux 11) npu mexnonoeuueckou onepayuu — naiike
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Pacnpenenenue TernoBsIX moseil B pabodeli 30He NpeacTaBIeHO Ha puc.5.2.
TeMIlepaTypa HarpeBa u3enuil B paboueii 3oHe ycranoBku TBY mocturaer 1000-
1300 °C. omeparop, (0GBIYHO XKCHIINHA), YKI4BIBACT [IACTHHBI HA 3aTOTOBKH H
MOJAeT B BHICOKOYACTOTHYIO 30HY paOOTBHI HMHAYKTOpA. MOCIE pacIUIaBICHUS
MPUTIOSi, B OCHOBHOM 3TO MeNb, JTHOO JAaTyHb C ty. > 900 0C, o Kenody
OTHPABIISIIOT TOTOBBIE M3JISNNSI B IPUEMHBIH OYHKEp, IZie OHU OCTBIBAIOT. COTJIACHO
MPEIIOKEHHOI HaMM METOJUKM YCTaHOBJIEHO, YTO ONEPATOp NPH BHINOTHEHUH
omepanuy HarpeBa M Taiike Habopa 3aroTOBOK IONydYaeT OONy4EeHHOCTh 0
560 Br/M’ Ha ypoBHE TpyQM HAXONICh B CHIASYEM TONOXKCHHH pHc. 5.1.
pacmpeniefieHHe TEIUIOBBIX Tojied B pabodell 30HEe MO HameH MeToAMKe
IIPEACTaBICHO Ha puc. 5.3.

Puc. 5.2 Unmencusnocms usnyuenus Ha pabouem mecme onepamopa om
ucmounuxa 11 no uzeecmuvim memoouxam:
3aBoA: MHCTPYMEHTaJIbHBIN 3aB0J UM. BoiikoBa, 3anopoxxse; 1ex: y4acTok
Hoxel; MHB. HOMep uctouHuka: 11; Pasmep ucrounuka, Mm: 0,1; Texnuueckas
XapakTepucTHKa UCcTOYHUKA: YcraHoBka TBY; PaccTosHue 1o Touku 3amepa, M: 1;
OOny4eHHOCTh B TOYKE 3amMepa, Br/m*: 216; Wlar cerkn, m: 1; HanmeHoBanue
OTIepaliy: YKIIAJIKa INIACTUH; MaKCHMaIbHOE pacCTOSIHUE, M: 6.
L,m 1 2 3 4 5 6
E,BrM | 216 59 27 16 10 7

IIpu ucnonp3oBaHMM Hameld HOBOM METOAMKH MCCIEIOBAaHMSA TEIUIOBBIX
HCTOYHUKOB MBI OOHApYXWIM BTOPHUYHBIC HCTOYHUKH TEIJIOBOTO W3IIyUCHHS,
TaKkWe Kak JBIDKYINascs 3aroToBKa IO >Keno0y, KOTOpbIE BO3JCHCTBYIOT Ha
TPYIOHYIO KIETKYy U TOSCHHYHYIO YacThb Tela OIlepaTropa ¢ HHTEHCHBHOCTBHIO
560 Br/M*: BTOpOil «HESBHBIH» MCTOUHHK TEIUIOBOIO HM3IY4ECHMs BBISBHICA IO
HOBOH MeTOAMKE OOCIEe0OBaHUS OT KOP3HHBI C OCTHIBAIOIIMMH JETAISIMHU, 00Nt
BeC KOTOpOH cocTaBstl Okoso 200Kr HAarpeToro Meramia W 3TOT HCTOYHHK
TEIJIOBOTO H3Iy4eHHsl BO3JCHCTBYEeT Ha TENIO ONepaTopa CO CTOPOHBI CHHHBI C
OouspIied MHTEHCHBHOCTBIO TEIUIOBOTO H3ITydeHUs, 4eM ycraHoBka TBY mpwm
orepanuy HarpeBa 3aroToBKM (uctouHWK 1la). Takum oOpa3om, aeTansHOE
obcre[oBaHNe YCIOBHH TpyZAa Ha pabodeM MecTe olepaTopa IpH IMaike aeTaneit
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MO3BOJIMJIO  BBISIBUTH, 4YTO OlepaTop Ha pabodeM MecTe IIOJBEpraercs
OJJHOBPEMEHHO  BBICOKOMHTCHCUBHOMY TEIUIOBOMY BO3ACHCTBHIO OT JABYX
HCTOYHUKOB: ycTaHoBKa TBY m Kop3mHA ¢ OCTHIBAIOMIMME AeTansmu (puc.5.4.) - ¢
JUTMHHOBOJIHOBBIM M3JTyYEHHEM.

Puc. 5.3 Unmencusnocmo uznyuenust Ha pabouem mecme onepamopa om
ucmoynuxa 11 no pazpabomannou memoouxe:
3aBoJI: MHCTPYMEHTAIbHBIN 3aB0J UM. BoiikoBa, 3anopoxbe; Llex: yuacrox
HoXei; WHB. HOMep wuctouynuka: 11; Pasmep wmctounmka, m: 0,1; Tex. xap.
ncrouHnka: YcranoBka TBY; paccTosiHEe 10 ToukH 3amepa, M: 1; OOIydeHHOCTh B
TOYKE 3amepa, Br/™% 560; Llar cerku, m: 1; HaumeHnoBaHue onepauuu: AeTaiu B
kKenoOe U KOP3UHE TOTOBBIX U3/Ienii; MakCHMaIbHOE PacCTOSIHUE, M: 5.

L,m 1 2 3 4 5
E, Br/™’ 560 153 71 41 26

AHanu3 TpPOBEAEHHBIX HCCIEAOBAaHWN IIOKA3aJl, 4YTO WHTCHCHUBHOCTD
obydenus ycraHoBkn TBY (ucrounmk 11) Ha paccrosHmum 1 M cocTaBiser
560 Br/M® 1 1o Mepe yIaleHHs OT MCTOYHHKA PE3KO CHIKaercs (pHc.5.6): Ha
pacctostHun 2 M cocraBisier 153 Br/m; 3 M — 71 Briv%: 4 M — 41 Brmy
5M—26 Br/m’.

I{EIF.‘,EHHH C OCTERIEGHILLHMIMIA
B4 H3genHAmMI

" O - 113

E;=560B1/M’; E,;*=800,1B1/m’;
Puc. 5.4 Bausanue svicokux memnepamyp Ha pabouee Mecmo onepamopa om 08yx
ucmoynuxog (ucmounuxu 11 u Ila)

PacnperneneHue TEIUIOBBIX T0JIEi B paboueii 30He orepartopa mpu pabote Ha
ycranoBke TBY (ucrounuk 11a) npencrasieno Ha puc.5.5.
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Puc. 5.5 Obayyennocme paboueco mecma onepamopa om ucmounuxa 11a
(KOp3uHa ¢ 0CMblEarOWUMU OeMAIsIMU):
3aBoA: MHCTPYMEHTAIbHBIA 3aBoj UM. BoiikoBa, 3amopoxbe; Llex: ydacTtok
Hoxeil; MHB. HOomep ucrounmka: 1la; Pasmep umcrounmka, m: 0,1; Tex. xap.
ucrounuka: Ycranoska TBY; PaccTosHue 10 Touku 3amepa, M: 1; OGmydeHHOCTS B
Touke 3amepa, Br/m*: 800; Illar cetkn, M: 1; HanMeHOBaHMe Omepaiyn: ACTATH B
JKeno0e M KOP3UHE TOTOBBIX M3ACIHiA; MakCUMalIbHOE PACCTOSHUE, M: 5.

L, M 1 2 3 4 5
E, Br/™m’ 800 218 101 58 38

TlosiBIeHHEe BTOPOrO0 MCTOYHHMKA TEIUIOBOTO W3TydeHHs (McToyHHMK lla —
KOp3WHA C TOTOBHIMM HAarpeThIMH B TBY JETAISIMHM) 10 Mepe WX HaKOIUICHUH
CO3/IaeT JIOTIOJHUTENIFHOE O0IydeHNe U paclpeessieTcs CIeayIomuM 00pa3oM: Ha
paccrosiuin 1 M — 800 Br/m*; 2m — 218 Br/m®; 3m — 101 Br/m?; 4m — 58 Br/v?;
5m — 38 Br/M(puc.5.7).

)
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o
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3

E, HHTCHCHBHOCTB 061y4eHus, BT/M>

paccTosiHue, M
Puc. 5.6. Usmenenue unmencusnocmu oonyueruss om ucmounura 11
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IMocne MaTemMaTnueckoil 0OpabOTKHU ITOJyYEHHBIX JaHHBIX OBUIM HOJyYEHBI
3aBHCHMOCTH, a BEIMYHHA TOCTOBEPHOCTH AMNPOKCHMAIMM I'=1. 3aBHCHMOCTH
MO3BOJISIIOT TIPOTHO3HPOBATh MHTEHCHBHOCTH OONMydeHMs pabOdnMX MECT. TaKUM
o0pa3oMm, B pe3ynbTaTe NMPOBEACHHBIX HCCIEJOBAaHMH OBLIO YCTAHOBICHO, YTO B
paboueii 30He (paxuyc 10 2m) paboudue MOJBEPralOTCs BIUSIHUIO BO3ACHCTBHS ABYX
TEIUTOBBIX HCTOYHUKOB ¢ HHTEHCUBHOCTHIO 00yueHns ot 153 mo 800 Br/M%.

Ilpy 5TOM, OT OTKPBHITBIX HCTOYHHKOB H3JIyYCHHS HHTCHCHBHOMY
o0my4yeHuto mojsepraerca Oosiee 25% IMOBEPXHOCTH Tela pPabOTAIOIIUX, YTO
NpPeBBIIACT JOMYCTHMYI0 HHTErpanbHylo Hopmy 140 Br/m® [128, 129].
YCTaHOBIIEHO, YTO Ha yKa3aHHOM pabodeM MecTe IPH BBIOJHEHHN paboT cpeqneit
TSDKECTH — Karteropusi Il-a BBITONHSIOTCS pPaOOTHI CBSI3aHHBIE C XOXKJICHHUEM,
NepeMeIeHneM MeIKuX (0 1 Kr) u3aenuii Hi IpeJMETOB B MOJOKSHUH CTOSI WIIN
cunst u paboTel cpemHed TsbkectH [I-0  CBsI3aHHBIE € XOXKICHHEM, CTOS,
nepeMenieHieM Hebospmux rpy3oB (mo 10 kr). TemmepaTypa Ha MOCTOSHHBIX
pabounx MecTax TMpPEBBINIAET BEPXHIOI TPAHUIy JOMYCTUMBIX 3HAYCHHH U
COCTABIIACT B TEIUIBIA mepros roa ot 29 10 32 °C (Hopma gomycramas 27 °C) mpu
ckopocTH Bo3aymHoro moroka 0,2-0,5 M/c n BraxkaoctH 65-70 %.

BEIsIBIIEHO, YTO BIAXHOCTH HA YKa3aHHOM pabodeM MeCTe COCTaBISET
40-55% npu ckopoctu Bo3aymHoOro notoka 0,2-0,3 m/c.

o 2/3 pabGoyero BpeMeHHM Ha HAaHHOM Yy4YacTKe pabouue IOABEprarTcs
MHTCHCHBHOMY TEILUIOBOMY obayuenmio Gonee 350 Br/m® (o6myuenme mo 25%
MTOBEPXHOCTH TeTa).

[N
=
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o

E, HHTCHCUBHOCTB 061y ueHu s, Br/M>
&
8

paccTosiHue, M
Puc. 5.7. Usmenenue unmencusHocmu ooayuenuss om ucmounuxa 11a

Cornacao 3akoHa w3nmydeHus Kupxroda: E(A,T)=o(o,T) wusmygaemas

CHIOCOBHOCTD & M1060ro HarpeToro Teja paBHa ero ko3¢ puireHTy noriomenus
IIpY 33laHHOH TeMIIepaType U JUIMHE BOJTHBL. MOIIHOCTD M3TydeHUs YepHOTO Tela
COTJIACHO 3aKOHA IITaHKa SIBISIETCS (PYHKIMEH TeMIepaTypsl T ¥ JUTHHBI BOJIHEI A. C
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YBEJIMYEHHEM TEMIepaTypbl HArpeToro Tejla OJHOBPEMEHHO BO3pacTaeT
UHTEHCHUBHOCTh H3IIydEHHsS C OIHOBPEMEHHBIM YMEHBIICHHEM JUIMHBI BOJHBI B
cnexrpe UK-m3mydenus.

IIpu sTOoM, Hcxons M3 TeMmIeparypbl B 30HE Mmaiku B ycrtaHoBke TBY
mocruraomeit 1200-1300% cieayer yanThBaTh, 9To co croporsl TBU paboune B
obyacTH  TPyJHOM  KIETKH  IIOJBEpPraloTcsi, B  OCHOBHOM,  OOJyYEHHUIO
KOPOTKOBOJIHOBOH 4YacTH cHekrpa OmmkHee u cpemHee HWK-msmyuenns, c
MakcUMyMoM 1,4-2,5 MKM, KOTOpble IPOHUKAIOT B TKAHW YEJIOBEKa Ha IIyOUHY B
HECKOJIBKO CaHTHMETPOB. Bo37elCTBYs Ha MO3rOBYIO TKaHb, KOPOTKOBOJIHOBOE
U3ITydeHUE BBI3BIBACT «COJNHEYHBIH ymap». UYenoBek ero omymaer depes
MOCTOSIHHYIO TOJIOBHYIO 00JIb, TOJNIOBOKPY)KCHHE, yUaIlleHHE ITyJIbca M JBIXAHWS,
HNOTEMHEHHUE B IJ1a3aX, HapyLICHUE KOOPAMHALUYU IBUXKECHUM, BO3MOXKHA IOTEps
cosHanus [3, 21, 51, 128, 131-135], a Takke peIeKTOpHOMY BO3JEHCTBHIO C
HETIPEACKa3yeMbIMHU MOCIEICTBUSIMHU.

Ilpn uHTEHCUBHOM OONy4YeHHM B O0OJNACTH TOJOBBI MPOHCXOTUT OTEK
000/I04eK M TKaHEH MO3Tra, MOSBIAIOTCS CHMITOMBI MEHHMHTHUTA U >HIe(dainTa,
MPOSBIAETCS COHJIMBOCTh M yCTAIOCTh. IIpH KOPOTKOBOJIHOBOM OOIydCHUH
M3MEHSETCS TEMIIEpaTypa JITKUX, TOJIOBHOTO MO3Ta, MOYeK U APYTUX BHYTPEHHHX
opraHoB yesnoBeka [12, 13, 18, 78, 136].

B Toxe BpeMms, BO3AEHCTBUE BTOPUYHBIX HCTOYHHMKOB TEILUIOBOTO
BO3JIEICTBHS HA OIEPATOPOB CO CTOPOHBI CIIMHBI ¢ TeMmepaTypoit o 500-600°c
COMPOBOXK/IAETCSI UIMHHOBOIHOBBIM cIeKTpoM (mamsHee) MK-c makcumymom
5-7 MxMm. Mk-m3nydeHue AJIMHHOBOJNHOBOTO —[JHAla30HA  3aJCpXKUBAeTCs B
MOBEPXHOCTHBIX CJIOSX KOXKHM 4YEJIOBEKa, OJHAKO, BBI3BIBAIOT IOBBIIICHUE
TeMIIepaTypsl Tea, 4YTO MOXKET IPUBECTH 3a CUET NIPEBPAICHNUS JIyYHCTON S3HEprun
B TEIUIOBYIO U K IleperpeBy opranusma [18, 80, 123, 137].

VYcTaHOBIEHO, YTO NpHM BO3ACHCTBHM Ha IJla3a HAWOOIBIIYIO OMAcHOCTbH
MpPE/CTAaBIsACT  KOPOTKOBOJHOBOE  H3Iy4eHHEe. BO3MOXHBIE — IOCIECTBUS
BO3JIEHCTBHSI MH(PAKPACHOTO M3IYUEHHS Ha IJa3a — MPOsBICHUE WH(PAKPaCHOH
KartapakThl [3, 13, 24, 126].

IIpoBeneHHEIE HaMH HCCIEAOBaHWA OOIYYEHHOCTH pabodero Mecta
omeparopa ot ycraHoBkn TBY (ucrounwk 12) moAaTBepawiy aHAIOTHYHOCTD
HeOJIaronpusITHOrO BO3/ACIHCTBHS Ha OlepaTopa OZHOBPEMEHHO JIByX MCTOYHHMKOB
o0ydeHus, KOTOphIe paHee HE YYUTHIBAIUCH. TexHoJorndyeckas ycraHoBka TBY
Ne 12 otnmuaercss nume OoNbIIeH BEMTUYMHON pa3Mepa W Macchl Hamaek Mo
3ar0TOBOK.

PacmonokeHre M paccTosHHE OT MCTOYHMKA oOmydeHws Ne 12 Ha maHHOM
paboyeM MecTe MIEHTHYHO DACHOJIOKEHHI0 pabodero Mecra omepaTopa OT
ucrounuka Ne 11. B pesynbrare npoBeNeHHBIX HCCIEJOBaHUNA YCTAaHOBJIEHO, YTO
o0ydeHHOCTH 0T ycTaHoBKM TBY Ha pabodem mecte omeparopa coctaBiseT 550
BT/M’, B OT BTOPHYHOrO HCTOYHHKA (KOP3MHA C OCTHIBAIOIIMMH NCTATSIMH) OHA
3HAYMTENHHO BHIME M cocTaBmser 800 Br/m’ (ucrounnk 12a). Pacmpenenenue
TEIUIOBBIX IIOJied B paboueid 30He omeparopa mpu pabore Ha ycTaHoBKe TBY
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(ucTouHMK 12) M OT BTOPUYHOTO UCTOYHUKA — 12a IpeacTaBiIeHo Ha puc.4.8.

Puc. 5.8 Obnyuennocmo paboueco mecma onepamopa om ucmounuxa 12
(ycemanosxa TBY)
3aBoJI: MHCTPYMEHTAIbHBIN 3aBoJl UM. BoiikoBa, 3anopoxsbe; Llex: yuacrok
Hoxel; MuB. HoMmep uctounuka: 12; Pasmep ucrounuka, m: 0,1; Tex. xap.
ucrouHuka: ycranoska TBU; PaccrosHue o Touku 3amepa, M: 1; O0yd4eHHOCTh B
TOUYKE 3amepa, Br/m*: 550; Llar cetkn, m: 1; HammeHoBaHne onepanun: [laitka
TMaKeTa IUIACTHH; MaKcHMalbHOe PacCTOSHUE, M: 5.

L, M 1 2 3 4 5
E, Br/m? 550 150 69 40 26

ITo Mepe ypaneHus: OT UCTOYHUKA M3TydeHUs 12 MHTEHCUBHOCTD M3JTy4CHHUS
MMOHM)KAETCS U COCTABIICT: HA paccTossHUH 1M — 550 Br/™M’; 2m — 150BT/M%; 3M —
69BT/M%; 4M — 40 Br/M%; 5M — 26 Br/M? (puc.5.11).

I{DFBHHE C OCTEIBaHILLL UMK
TBH W3gennamn

ﬁu.C..;r

E;»= 550 Br/m’; E,»’ = 800B1/M’;
Puc. 5.9. Obryyennocmo paboueeo mecma onepamopa om 08yXx UCMOYHUKOSG
(ucmounuxu 12 u 12a)

[locne 00paGOTKM MNOTY4EHHBIX NOAHHBIX OblIa TOJNyYeHa 3aBHCUMOCTbD,
KOTOpasi OIMUCHIBAET M3MEHCHHWE HMHTCHCHBHOCTH H3IIyYCHHS B 3aBHCUMOCTH OT
pa3MeleHns] HICTOYHUKOB.

VYcTaHOBNIEHO, YTO WHTEHCHBHOCTh W3Iy4YeHHs OT HCTOYHMKa 12a
pacnpenensiercst cinepyomuMm obpasom: Ha paccrosHun 1 M — 800 Br/m%;
2M — 239 Br/m%; 3m — 116 Br/M?; 4M — 68 — B/M?; 5M — 45 Br/m* (puic.4.12).
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TTocne 00paGOTKM TOMYYEHHBIX JAHHBIX ObLIa TOJyY4eHAa 3aBHCUMOCTb,

KOTOpass XOpOIIO OMUCBIBAET MPOLECCC U3MCHCHHA WHTECHCHUBHOCTH HU3JIYYEHUS B
3aBHCHUMOCTH OT HAXOXIACHUA pa60q1/1x MCECCT.

Puc. 5.10. Obryuennocms paboueco mecma onepamopa om ucmoyrnuxa 12a
(KOp3uHa ¢ ocmulearOWuMu 0emansimu):
3aBoJ: MHCTPYMEHTANIbHBIN 3aBoJ UM. BolikoBa, 3amopoxbe; Llex: ydacTok
Hoxed; MHB. HOMmep ucrounuka: 12a; Pasmep wucrounuka, m: 0,5; Tex. xap.
ucroynuka: Ycranopka TBY; paccrosiHue 1o Touku 3amepa, M: 1; OOIyd4eHHOCTH B
TOUKE 3aMepa, Br/m*: 800; Llar cerku, m: 1; HaumMeHnoBaHue ornepanuu: aeTanud B
JKeno0e 1 KOp3UHE TOTOBBIX M3AeNHid; MakCUMalIbHOE PACCTOSHUE, M: 5.

LM 1 2 3 4 5
E, BT/M 800 239 116 68 45

600 y=9,5833x*-140,33x* + 761,92x - 1847,2x +
1766
R=1

500

\\
400 .
\\ —e—Pan1
\
300 > —o—Pan2
\ - - - = MonuHOMManbHbIi
* (Psin2)
200

R
\\
100

E, MHTEHCHBHOCTb 0071yuenns, Br/m*

paccrosiHUEe, M
Puc. 5.11. U3menenue unmencugHocmu usiydeHus om ucmoynuxa 12

109



[IpoBeneHHbIE MCcCIIEIOBaHNSI MHTEHCUBHOCTH U3IIy4EHHs OT HCTOYHUKOB 12
1 12a mo3BONMMIN YCTaHOBUTH, YTO MHTEHCHBHOCTH M3JIy4eHHUS B paboueil 30HE B
pagmyce 2 M IpPEBBILIACT NPU HAIMYUHM OTKPBITBIX HMCTOYHHKOB M3ITy4EHHUS
JOTYCTHMYIO HHTEHCHBHOCTB 00mydeHns 140 BT/M* IpH IOMyCTHMOI IUTOMAIH
o6y4enus Tena 10 25 %.

900 y=13,042x*-190,92x* + 1038,5x" - 2535,6x +
2475
RP=1

800

700 \\
600

'\ ——Psapa1

. \ 