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CBEPXTOHKAA TEMAOM3O0NALMKA

1. TENNIOM30/I9LIMOHHBIE CBONCTBA MOKPBITHS

Xugkoe kepamuyeckoe TennoM30NALMOHHOE NOKPbITUe BpoHs npeactaBasieT co60i XMAKY KOMNO3ULMKO Ha
BOAHOW OCHOBE. OHO COCTOMT U3 MUKPOCKOMMYECKUX KEpaMUYeCKUX BaKyyMUPOBAHHbIX CHEp, MUTMEHTUPYIOLLMX,
MHrMGUPYIOLLMX W @HTUNEPEHOBbIX 00ABOK. OCHOBHBIM KOMMOHEHTOM ABASETCS NOANMEPHAs aTeKCHas KoMno3snuus. B
KOMNO3MLMK AUCNEPrupoBaHbl Nonble MUKpochepbl (kepamuyeckue). Pasmepbl mukpocdep cocraaatot 0,01...0,5 mm.

[laHHOe Tennon30NALMOHHOE NOKPbITHE BpOHA NPUMEHSETCH ANS 3aWMTbl OT KOPPO3UK, TENAOU30NSLMN, 3aLUTbl OT
y/IbTPAPUONETOBOrO U3/y4eHns, a Takxe 0061afaeT AN3NEKTPUYECKUMU CBOMCTBAMM. TONLLMHA OAHOTO C0S NOKPbITUA
bpons cocrasnser 0,4...0,5 Mm. B matepuanax peknamHO-pasbsACHUTENILHOrO XapakTepa CO0GLIAeTCs, 4to nosble
MUKPOC(epbl SBAAKTCA pa3peXeHHbIMM.

ﬂpM MPUMEHEHUNn B CUCTEeMaXx TenfocHabXeHust Hanbonee BaAXHLIMKA TENJOTEXHUYECKUMU CBOMCTBAMM
TENNOM30ALMOHHBIX MaTepuanoB ABAAIOTCA TEXHONOTUYHOCTL NPUMEHEHUA, LONTOBEYHOCTb, HU3KMIA K03CbeVILI,VIeHT
TennonpoBoaHOCTHA, IKONOTUYECKaA 6e30nacHOCTb.

TeXHONOTMS HAHECEHNS XMAKOR TenNoN30AALMM Ha TPYBONPOBOADI M APYrve MOBEPXHOCTM NPOCTa M AoCTynHa. Ee
0CO0EHHOCTbHO SIBASIETCS BO3MOXHOCTb MOKPBITUS NOBEPXHOCTEN CIOXHbIX KOHUTypaLyid, Npu 3TOM Haanune U30nsuun
He co3aaeT Heyno0CTB Npu 06CAyXMBaHUN U peMoHTe. [pu MCN0b30BaHMN 0BbIYHbIX TENOU30NALMOHHBIX MaTEpPUanoB
B TEM/IOBbIX CETAX OCTAOTC HEU30AMPOBAHHBIMM MW YACTUYHO M30AUPOBAHHBIMM YHACTKM, HasMune KOTOPbIX NPUBOANT
K BONOJIHUTE/IbHBIM NOTEPAM TennoTbl. XuAKOE TeNI0U30SLMOHHOE NOKPbITHE BpOHS MOXeT 06ecneyuTb CyLiecTBeHHoe
YMEHblLIEHUe RONOAHUTENbHBIX NOTEPb TennoThl. Ecnn bl yAAN0Ch YMEHBLMTL 3TH NOTEPK TENNOTbI X0TA Obl BABOE, TO
3710 ano 6bl 3koHoMuto Tonamea 8,3 % (c yuetom KI[l kotenbHoi 0,9).

B351B BO BHUMaHWe COBOKYMHOCTb MONOXUTENbHBIX CBOMCTB XUAKOM TENOU30NSLMN bpoHS, LenecoodpasHo Takxe
ero NpUMeHeHue AnS TENNOM30NALMN TENNONPOBOAOB U APYTMX 3N1EMEHTOB B 3aKPbIThiX MOMELLEHUSX (KOTEbHbIE,
HacocHble nopctaHumu, TPC w gp.). Mpu 3T0M Kpome TEnOM30ASLMM MOKPbITUE NO3BOJMT YMEHbLUTb rabapuTbl
TeNn/IoN30AMPOBaHHbIX 31EMEHTOB, 06eCneynT yao0CTBO B 0GCAYXUBAHUN, YAYHLLMT IKONOTUI U AU3aAH NOMELLEHWA.

JloNroBeYHOCTb XUAKOM Kepamuyeckon Tennousonsumm bpoHa paHa kak MuHumym 10 rogam.  YckopeHHble
KNUMATHYeCKNE WMCMbITaHUS MOKPBITUS: HA GETOHHLIX M METasIMYecKUX MOBEPXHOCTAX MO3BOMMAN 3aKHYUT, YTO
COXPAHHOCTb 3aLLUTHBIX M AEKOPATUBHLIX CBOWCTB MOKPbITUA COOTBETCTBYET He MeHee 10 rofam B YMepeHHbIX i
YMEPEHHO-XONOAHBIX KAUMATUYECKIX PaiioHaX.

JlonroBeYHOCTb LWMPOKO NPUMEHAOLLLEACS B TENOBbIX CETSX MUHEPAN0BATHON N30ASLMM OLEHUBAETCS B 5-6 net.

0pHako 31a M3019uMs ObICTPO TEpseT CBOW NOTEHLMANbHbIE TENNOU30MSALMOHHBIE CBOWCTBA M3-3a YBAAXHEHHS.
Mop AeiCTBMEM BAArM CAOIM M30MSALMK TepsieT CBOK NEepBOHa4anbHy0 KOH(MUrypauuo (0COBEHHO Npu HaA3eMHO
NPOKNAafKe TennonpoBOAOB), CYWECTBEHHO YBEANYMBAETCS I(PNEKTUBHBIA KOID(DULMEHT TENNONPOBOAHOCTH, B
Pe3yNbTaTe Yero YBEANYNBAKOTCA NOTEPU TENOTbI B OKPYXatoLWLy cpedy. B otanume o1 31010, Xnakas Tennon3onsuus
He YBNAXHSETCS, COXPAHSET nepBoHaYasbHyo hopmy, pa3Mepbl, TENN0U30/SALMOHHBIE CBOACTBA. [10 3TUM Npu4MHaM B
TeyeHue BCero cpoka CyX0bl NOKpbITHE JOMKHO 06ecneynBaTb NepBOHaYasbHble NOTEpK TeNoTbl. B 370i CBS3M Oyaet
LLeNecoo0pasHbIM UCNONb30BAHNE NOKPLITUS AN1S TENON30ASLIUM HAA3EMHbIX TENNONPOBO/OB.

BaxHenwunm nokasarenem 1enou30NaLMOHHOr0 MaTepuana SBAAeTcs KO3 quuneHT TennonpoBOAHOCTH, PaBHbI
0,0012 Br/m °C. To ecTb, Xuakue TenN0n3015LUOHHbIE MOKPbITUS HAMHOTO MPEBOCXOASAT U3BECTHbIE TENNOU3ONALMOHHbIE
Matepuansl.
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2. BO3MOXHOCTU H3MEPEHHH MOKASATENEN
IOOEKTUBHOCTH NOKPBITUA

B cucremax TennocHabXeHusi MPUMEHeHMe TENOM30NALMK NO3BOASIET PEWNTb [BE OCHOBHble  3ajauM:
o6ecneyenne 0e30nacHoi TeMnepatypbl Ha HAPYXHOW NMOBEPXHOCTM TENAONPOBOAA ANS YENOBEKA, @ TakXe CHU3NTH
noTepl TenAoTbl O MPUEMAEMOr0 YPOBHS. YCTpaHUTb NOAHOCTbIO TEMAOBble NOTEPU B OKPYXAMOLWyW Cpemy
HEBO3MOXHO, HO €CTb BO3MOXHOCTb YMEHbLIMTb €€ 3@ CYeT NpuMeHeHns 6onee 3HEKTUBHOR U30NALMM, UK 3a CYeT
YBEMYEHNS TONLWMHLI M30AsumMn. U 10, n apyroe TpeGyer LONOMHUTENbHBIX 3aTpat. [Lns TensonpoBosoB yBeauyeHue
TOILUMHBI M30ASUMN NPUBOANT K CHIKEHUIO TEMNOBbIX NOTEPb TOMbKO A0 ONPEAENEHHOro npefena, nocae KoToporo
TenNoBble NOTEPH C YBEANYEHUEM TONLLMHBI U30NALMN YBENNUNBAIOTCS. [103TOMY C TOUKN 3pEHUs TENOBLIX NOTEP HAAO0
BbIGUPATb “30/10TYH0 CEpeAMHY”, CONOCTABAAS 3aTpaTbl HA M30/ALMI0 C BO3MOXHBIMU NOTEPSMU TENNOTBI.

B oTHOWeHUM TeMNepaTypbl HapYXHOW NOBEPXHOCTH TENNONPOBOAOB U APYroro 060pyA0BaHNS TENOBbLIX CETell
COBPEMeHHble TpeBOBaHNA AOCTATOYHO OnpefeneHHbl. T TpeGoBaHNs 3aKNKOYalOTCs B TOM, YTO MPU KOHTaKTe C
MOBEPXHOCTbK) KOXHOTO MOKPOBA YeNOBEK HE LOMXEH NOAYYUTL 0XOra. CYMTAETCS, YTO NPKU KOHTAKTE KOXM YeNOBEKa B
TeyeHne 5 CeKyHJ ¢ NOBEPXHOCTbIO, TeMnepatypa Kotopoit coctaaset 60 C, yenoBek NoyyuT OXOr NepBoil CTeneHu
(6e3 noBpexzeHus BHYTPEHHNX TKaHed). [lpu pacyete TennoBOR 30ASLUM NPeAeNbHbIE TEMNEPaTypbl NOBEPXHOCTEN B
paboumx 30Hax AONMXHbI coctaBnaTh 45 °C (B nomeleHnax) u 55 °C (Ha 0TKpbITOM BO3fyXe).

TemnepaTypa akcnayatayuun ]" l) ’@g ll }l
CBEPXTOHKNX TeN/ION30NALNOHHbIX NOKPbITUIA ) ) 3
cepun BPOHA CBEPXTOHKAA TEMAOM3ONALMA

B NUKOBOM pexume
(He Gonee 20 MuHyT)

U3BeCTHO TakXe, 4T0 TeMnepaTypHoe BO3AENCTBIE HA KOXHBIA NOKPOB Ye/I0BEKA 3aBUCUT He TONbKO OT TeMNepaTypbl, HO
W OT CBOMCTB CPEAbI MM MOBEPXHOCTH, C KOTOPbIMU KOXa KOHTaKTUpyeT. 110 3T0My NOBOAY MOXHO BCMOMHMTb pasHuLY 0T
KOHTaKTa Ha XOpoLIeM MOpO3e C MeTasioM i iepeBoM. JlioGutenn nonaputbes NOAHUMAKOT Temnepatypy B napHoi ao 60
OC 1 Bblwe u 0XoroB He nonyvator. Eule yGeautenbHeid OyaeT NpuxatuTb ¢ co60A B NapHY MOHETY M NOYYBCTBOBATH
Pa3HuULly OT NPUKOCHOBEHUS K HEW M K [epeBAHHON NOfKe. B MpuBEAEHHbIX MPUMepax He HyXHbl M3MepUTE/bHble
npuéopbl A1 NOATBEPXAEHWS TOTO, 4TO TeMNepatypbl PasHbiX MOBEPXHOCTEH OAMHAKOBbI.  YKa3aHHas Bblle
gemnepaTypa 55 OC ycTaHoB/IEHa ANs METAANMYECKOT0 MOKPOBHOTO C/10A, @ ALNA IpYruX NoBepXHOCTeR TeMnepaTypa 60

Xnikoe kepamuyeckoe TennOM30MSLUOHHOE MOKPbITME bpoHs 006nafaeT yHUKaNbHbIMU CBOMCTBAMM. YHUKaNbHOCTb
OTHOCHTCS M K BO3ENCTBUMIO HA KOXY YenoBeka. lpoBefieHbl NpocTble IKCNEPUMERTbI N0 NPOBepKe 3T0r0. Tak, B Xof4e
uccneoBaHui Ob110 YCTaHOBAEHO, 4TO Ge30nacHoi ANA YenoBeka (He MeHee 5 C KOHTaKTa) sBASeTCS Temneparypa
noepxxocty nokpbiTus 100 °C, a npu Temnepatype noBepxHOCTH NoKpbITHs 175 C HaxoaAILAACA HA HEM BOAA HAYMHAET
3aKunartb.



WWW.NANO34.RU

bPOHA.PO

COoUO0000008 CBEPXTOHKAA TENAOM30NALKA
Temnepartypa HaHeceHuA ]" l) ll }l
CBEPXTOHKUNX TeNON30NALNOHHbIX NOKPbITUIA )
cepumn BPOHA CBEPXTOHKAA TEMAOH3ONALMA
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Takxe OblnM NPoOM3BEAEHbl AHANOrMYHble JKCNepuUMeHTbl. Mcnonb3oBanach 3NeKTponeyb, Ha MOCKYH
MOBEPXHOCTb HArpeBaTeIbHOro 3feMeHTa KOTOPOW ObIN0 HAaHeCeHO CBEPXTOHKOE TeniOU30NSLMOHHOE MOKPbITHE
bpous. Temnepatypa MOBEPXHOCTM NOKPLITUS WU3Mepsanacb C MOMOLLbIO Tepmonapbl B Komniekte ¢ DT-838
(xapakTepuctuka npubopa npuepeHa Huxe). Mpu pasHoilt Temnepatype OnNpeaensnoch BPeMs KOHTAKTa NafoHM C
MOBEPXHOCTbI), B TEYEHUe KOTOPOr0 He BO3HMKANO HENPUSATHbIX owyuieHnd. CpepHee NS Tpex YeNOBEK BPeMs
KOHTaKTa NnpuBefeHo B Tabaunue 1.

Tabnunua 1- Pesynbratbl IKCNEPUMEHTOB 10 ONpefeneHnto 6e30nacHoi TeMnepatypbl Ha NOBEPXHOCTU MOKPbITUS

TemnepaTypa NnoBepXHOCTU NOKpbITUA, °C Bpemsa KOHTaKTa 1a,0HU C NOBEPXHOCTbIO
6e3 HenpPUATHbLIX O eHUM, CeK.

60 30 u 6onee
70 30 n 6onee
90 14
100 8
115 5

Mo naHHbIM Tabn. 1 6e3onacHoM ANs KOXHOTO MOKPOBA Ye/0BEKa SIBAAETCA Temnepatypa Ha NOBEPXHOCTH
nokpbitns 90 °C (c HeKOTOPbIM 3aNacom).

C nomowwbto TOR Xe 3neKTponeyn ObiNo YCTAHOBAEHO, YTO BOAA HA MOBEPXHOCTM MOKPbITUS HaYMHAET
3akunarb npu Temnepatype 170...175 °C. YroGbl ycTaHOBHUTL 3Ty TeMnepatypy TouHee, Hafo 60ee YETKO ONpeaenuTbCa
C NPU3HaKaMu, N0 KOTOPbIM HAZ0 ONpeAensTb Hayano kunexns. B paHHOM cnyyae Takas 3ajaya He CTaBUAaCh, a 3a
Ha4ano KuneHust Obl1 NPUHST MOMEHT MHTEHCMBHOrO 06pa30BaHMs NapoBbIX NY3bIpbKOB B BOAE, KOTOPbIE XOPOLLO
NpoCMaTpUBANCh Yepes ayny.

Cneunanuctbl Ans oueHKn 6e30nacHoi TeMnepaTypbl Ha NOBEPXHOCTH NOKPBITUS UCNOAb30BANKM TPauK, Ha
OZHOM OCH KOTOPOro OTKNAAbIBAETCS TeMNepaTypa MeTafnyeckoi MOBEPXHOCTH, @ Ha APYrol — Temnepartypa Ha
MOBEPXHOCTM NOKpbiTUs. Mo 3tomy rpaduky, Hanpumep, Ge30macHOM [ YeNOBEKa ABASETCS Temnepartypa Ha
nosepxHocTv nokpbitust 80 °C (uto cooTBeTcTBYET TeMnepatype 55 °C Ha MeTanAMYECKoi NOBEPXHOCTH).

He3aBMCMMO 0T pe3ynbTatoB NPOBEAEHHBIX UCCAEA0BaAHUI NOKa3aTeNN 3 (DEKTUBHOCTH TENNOU3O0NALUOHHDIX
MOKPBITUI Ha NpaKTUKe CnefyeT onpefenstb nyreM uamepenni. lpefctaBum, Ha TennonpoBofe UMeetcs 06blyHas
TENNOU30MSLMA C MOKPOBHBIM CNOEM W3 pybepoupa wau nnactka. Yem u3meputb Temnepatypy HapyxHoM
NOBEPXHOCTU? KOHTAKTHble METO/AbI U3MEPEHUS N0 TEOPUM HEe MPUMEHUMDI, NOCKONbKY HeNb3s 06eCneynTb HafeXHOro
KOHTaKTa MOBEPXHOCTM C TepMOAATYMKOM. C MeTanimyeckum NOKPOBHbIM CNOeM ToAwmMHOR nopsigka 0,5..1 MM
cuTyaums He nyywe. To, 4TO MOXHO NPESNOXUTL B 3TOM Cllyyae Ans 00eCneyeHns KOHTaKTa, BPSA M NOAXOAUT AN
MCNONb30BaHMs B NPON3BOACTBEHHDIX YCAOBUSX. OCTaKOTCH GECKOHTAKTHBIE METOAbI U CPEACTBA U3MEPEHUI.

Cneunanucibl NpoBEAM CEPUK0 M3MEPEHMA HAa HATYypHOM O0O0bekTe C MOMOWbI WMEKLWMXCS B UX
pacnopsxeHun npubopos.
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06bekT npepcraBnser coGoit BOAAHOM TennonpoBof ¢ d, = 600 MM (HapyXHbiit Auamerp paseH 630 mm,
BHYTPEHHUIA - 612 MM), HAXOAALMIACA B MOMELLEHUM HACOCHOR nofcTaHuymn. Tpy6onpoBoa M30AMPOBAH MUHEPasbHON
BaTOW, 0OBEPHYTOW CTaNbHOM CETKOW, CHAapYXM KOTOPOM Ha XONCTAHOE MONOTHO HANOXeH CNOW Tennou30MpyHLLei
LUTYKATYPKN TONLWMHOA 2...3 MM. CyMMapHas TOALMHA CNOS M30aALMM coctaBaser 55 mMm. Mexay crosimu umerotcs
BO3/YLUHbIE 3a30pbl NEPEMEHHOM BbICOTbI. [IBa y4acTka TennonpoBoaa AMMHoA 0k0s10 0,8 M 0CBOOOX/EHBI OT U30/ALMM,
OMH W3 HUX 3a4MLLEH M 0CTaBAeH 6e3 U30NALMK, HAa BTOPOI Y4ACTOK HAHECEHO TENNOU30ALMOHHOE NOKPbITUE bpoHs
ToNWMHONM 1,6 MM. U3MepeHus NpoBOAMANCH Ha y4aCTKe He U30/MPOBAHHOTO TPYGONPOBOAA, HA yHaCTKe C UMELOLLencs
M30N1ALMEN 1 HA y4aCTKe C NOKPbITUEM bpoHs.

Temnepatypa Bobl M3Mepsinach yCTaHOBAEHHbIM B TPyGONPOBOAE CTaHAAPTHBIM Tepmonpeobpa3oBatenem
CONPOTUBIEHNS, NOAKOYEHHBIM K aBTOMaTyeckomy mocty KCM-2 ¢ 3anucbio noka3aHnit Ha AuarpamMHon nente. Ha
KaX[,0M W3 y4acTKOB OblIN YCTAHOBAEHBI TENION30/IMPOBAHHbIE EMKOCTHU C BOJOM, TEMNepaTypa BOAbI B KaX/10A EMKOCTH
3anucbiBanacb Ha KCM-2. [laHHble Takux U3MepeHUd MOXHO MCNOAb30BaTb AAS NPUOM3UTENLHOR CPABHUTENbHON
OLLEHKM 3D (HEKTUBHOCTI Pa3HbIX TENNOU30NALMA.

[ina n3mepeHuit uCnob30BanuCh pasnnyHble NPUOOPbI:

- U3MepuTenb nAoTHocTu TennoBoro notoka WIM-2 B kKomnaekte ¢ 30HAOM NAOTHOCTM Tennosoro notoka MTM-9.91M
(nponssomntens — 3A0 “Ikcuc”, Mocksa; npepensi usmepenus 10..9999 Br/mZ, ponyckaemas npuBefieHHas
NOrPeLHOCTb M3Meperus 5 %, ko3thhuumnent npeodpaszoBanus 73,3 Br/(m? -mB));

- Tepmometp SUR-25 (npoussozcrea CLLA, npenensi usmepenus -20...+120 °C, gonyckaemas npuBeieHHas NOrpeLHoCTh
U3MepeHns +2 %, 4yBCTBUTE/IbHbIN INEMEHT - KanubpoBaHHas GuMeTananyeckas n1acTuHa);

- UMpoBOA MHOrOYHKLMOHANbHBIA M3MepuTens (Elcometr) 319 B komnnekTe ¢ Tepmonapoit (npeaenbl U3MepeHnit -
20...200 °C, norpeLwHocTb U3Mepenus Temneparyp coctasnser +0,5 °C);

- MH(pakpacHbid Tepmometp “Fluke 5617 (npoussogutens - “Fluke Corporacion”, Kutait; npefenbl U3Mepenus -
40...+550 °C; norpelwHoCTb U3MepeHus coctasaset +1 % ot u3mepsaemMoi Bennuntbl un +1°C; cnekTpanbHbli Ananasox
- 8...14 mkm).

Temnepartypbl NOBEPXHOCTEN OLEHUBANNCH TaKXe Ha OLlynb. KOXHbIA NOKPOB YenoBeKa BASETCH XOPOLIUM
TepMOJIaTYMKOM. JlOCTaTOYHO TOYHO Ha owynb onpeaenderca Temnepatypa 36 9C. MeHee TOYHO, HO JIOCTOBEPHO
onpefiensetca temneparypa 55 °C. 31y Temnepartypy Koxa NepeHoCHT AAMTENbHOE BPpeMA 6e3 HENpUATHBIX OLLYLIEHNH,
HO YYBCTBYETCS, YTO 3T0 MPeAen, Bbie KOTOPOro BPeMs KOHTaKTa NPUAETCS OrpaHnumBathb. Ha 3TMX ABYX HAZEXHbIX
PenepHbIX TOYKaX MOXHO NMOCTPOMTL TEMNEpaTypHYH WKany W NOCAe HEKOTOPOI TPEHUPOBKN Gonee U MeHee TOYHO
onpefienath Temnepatypy (He Bbitwe 60 °C).

HanGonee nokasatenbHble pe3ynbTatbl (YCPEAHEHHble [aHHbIE) NPOBEAEHHbIX WM3MEPEHUd, Korja
MCnoNb30Ban0Ch Hanbonbluee Yucno npubopos, a Temnepatypa BoAbl Obina HauGONbLIEH 33 OTOMUTEbHbIA NEPUO,
npuBeAEHbI B Tabuue 2.

[ns aHanu3a v OLEHKM pe3yNbTaToB U3MePeHMit Obinn Takxe NPOBEAEHbl pacyeThbl N0 U3BECTHBIM 3aBUCUMOCTAM NS
Tennonepefaym Yepes UMAMHAPHYECKYI CTEHKY.
[110THOCTb TENSIOBOTO NOTOKA ONpeAensnach no hopmyne

— t6H _tH

AR, +R,) "

Mne T, T - TeMnepatypbl cooTBETCTBEHHO BOALI B TPYGONPOBOAE M HAPYXHOTO BO3AYXA; d - AMAMETP, ANISt KOTOPOTO
onpejensierca Benmdnia e ; R, R - TepMu4eckue CONpoTUBAEHUS COOTBETCTBEHHO TEMNOBOW U30/ALMN W

TENNI00TAAYM B OKPYXatoLLnil BO3AYX.
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Tabnuua 2 — YcpeaHeHHble pe3ynbTaThl U3MEPEHU Ha PasANyHbIX y4acTKax TennonpoBoAa (Temnepatypa BOAbl B
Tpy6onposose 92 °C, remnepatypa Bo3ayxa B nometequn 18 °C)

Usmepsemas BennumHa CpenctBo 3Ha4eHne n3MepsieMON BEIHYHHDI gAs
H3MepeHHs Y4acTKOB TenN0oNpoBoAa
He U30/1MPOBAHHbIIl CyliecTBytoLLas Kuakas
TENNONPOBO, TENNOU30NSALUS TenNoM30NsLmsa
Temneparypa HapyXHoii Fluke 561 879 39,Z GO,Z
Elcometer 319 85 40 38
Ha owynb >60 =36 =40
[TnoTHOCTb TENI0BOTO NOTOKA, unn-2 1389 306 409
Br/m?
JInHeiHas naoTHOCTb TENNOBOTO - 2743 mn 813

noToka, Bt/m (nepecyer no
MAGTHOCTH TENSI0BOTO NOTOKA)

N3mepeHns, oTMeYeHHbIe 3Be3/04KOi, NONANM Ha Nepuoj, NOBbILIEHNS TeMnepaTypbl Bofbl 0 96 °C.

B hopmyne (1) He yuTeHbl TepMUYECKIE CONPOTUBACHNA TENAOOTAAYN OT BOALI K BHYTPEHHeil NOBEPXHOCTH TpyBONpoBoaa
W CTEHKY TPYGONPOBOAA. ITH BEAMUMHBI Mafibl 110 CPABHEHMIO CH R, R M03TOMY NPU pacyeTe TenonpoBoAoB UMK B
6ONbLIMHCTBE CAly4aeB npeHeBperalor.
3HayeHns TePMUYECKIUX COMPOTUBACHMI PACCUNTLIBANUCH MO (YOPMYNaM

1 d 1

R = . Swe |
T R

3)

H
us mMpH * d
P aH U3H

(e A, - KOS(QULUMEHT TENNONPOBOAHOCTA Tensousonsium; o, d,,, - HapyXHble AHAMeETPbl COOTBETCTBEHHO
Tpy6onpoBofa M U30NSLMKM; o, - KOIDMULMEHT TENNOOTAAYM OT HAPYXKHOW NMOBEPXHOCTH U30ASILMM B OKPYXatOL|Hit
BO3/YX.

JInHeitHas nNOTHOCT TENNIOBOTO NOTOKA ONpeaensnack no gopmyne

Temnepatypbl HapyXHOI NOBEPXHOCTI U30/SLIMM ONPEAENANUCH N0 (hopMyne

t =t —i-q R 0
WwmH BH g | m

[nq pacyetoB ObINN NPUHATSI cnepyolne 3Ha4eHns BeJIYmnH:

- d,,,=630 mM;
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- L ONUCAHHOM Bblle CYLECTBYHOLWEN W30ALMA KOI(DMULMEHT TEnNonpoBOJHOCTM TPyAHO onpegenum. [ns
MUHEpanbHoi BaTbl 3Hauexus A coctasasior 0,04...0,05 Bi/(m -K), ans ac6oueMeHTHbIX U U3BECTKOBbIX WITYKATypoOK A=
0,4...0,7 Br/(m -K). Metannuyeckast cetka B COCTaBe (/1051 U30/SILMN YBEMYNBAET Pe3ynbTupylolLee A, @ UMeroLLmnecs
BO3ZYLLUHblEe 3a30pbl — YMeHbWatT. OUEHNTb CTeNeHb KOHTAaKTa CN0EeB BeCbMa 3aTPYLHUTENbHO. [ns TaKoR U30nALMM
BeAMYMHY A MOXHO ouexnTb Ha yposHe 0,15...0,25 Br/(m -K). [ins pacyetos npunsto A, = 0,2;9,,= 55 mm; d = 740 mm.
flcHo, 4T0 NPUOAN3UTENIbHAS OLEHKA A, AACT M NPUON3UTESIbHBIE PE3YNbTAThl PACYETOB;

- IS XKMAKOR TENNOU30NALMM NPUHATO bpous: J,,=1,6 mM; d,.= 633,2 mm; A, .= 0,001 B1/(m -K);

-4 NOBEPXHOCTEN C MasbIM KO3(D(PMLMEHTOM M31y4eHns cnefyet npuHuMatb %= 6, C BbICOKUM KO3((ULUEHTOM
u3nyyeuns - o, = 11 Br/(M2K) (ans nomewiexuit). [lns paccMaTpuBaeMbix MOBEPXHOCTER TPYAHO OLEHUTb 3HAYeHHs
KO3(D(PULLMEHTOB M3/Ty4EHUA, HO BCE-Taki NMOKPbITUE CNEAYeT OTHECTM K MOBEPXHOCTAM C MasbiM K03((PULUEHTOM
U3Ny4eHNsl, @ MOBEPXHOCTU He U30/IMPOBAHHOMO TPYGOMPOBOAA W CYLLECTBYHOLLEA M30NSLMNA B ABHOM BUAE SBASIOTCS
cepbiMi. Kpome 1010, ANt HEM30MPOBAHHOTO TPYGONPOBOAA KOHBEKTUBHAR COCTABASIOWLAS AOAXHA OblTb 3HAYNTENbHO
BbILLE, YeM AN IBYX APYriX NOBEPXHOCTEN U3-3a 60siee BbICOKOA TeMnepatypbl NOBEPXHOCTH. To eCTb, 3Ha4eHne s He
M30/IMPOBAHHOTO TPYGONPOBOAA AONXHO GbiTh Gonblie 11 B1/(MZK), Ho He Takoe G0/iblIOE KaK Ha OTKPbITOM Bo3ayxe (29
B/(M2-K). C yueTom u3n0XeHHOro NpuHATO: AnA Nokpbitua ¢, = 6 B/(m2-K); anq cywectBytoulet usonaumm &, =8
B1/(M2K); ans He u3onupoBakHoro tpyGonposoaa ¢, =20 Br/(m2K).

Pe3ynbTtatbl pacyeToB npuBefieHbl B Tabnuue 3.

AHann3 pe3ynbTaToB M3MEPEHU M PacyeToB NOKa3blBaeT CleaytLyee.

HeT HMKaKuX OCHOBaHWA COMHEBATLCA B pesynibTarax u3mepenus temneparyp L. u L. (92 °C u 18 °C cooTBercTBeHHoO).
U3mepenus Temnepatyp ¢ nomowpto Elcometer 319 Takxe oueHuBatTCs Kak Hanbonee fOCTOBEpPHble. Ha NoKpbITUM
pacxoxaenns mexay nokasanuamu Elcometer 319 u “Fluke 5617 c1onb CywieCTBEHHbI, YTO OAHO U3 HUX HYXHO NPU3HATH
HeBEpPHbIM. C y4eTOM OnpefeneHns Temnepatypbl Ha olwynb, a Takxe gaHHbIX no WUNM-2 (AuHeitHas NAOTHOCTL TENAOBOIO
NOTOKA OTINYAETCSH HE HACTONbKO, 4T06bl NPUBECTH K TAKOMY OT/IMYMK) B TEMNEpATypax NOBEPXHOCTEN) CiedyeT Npu3HaTh
nokasanua “Fluke 561” (60,7 °C) HeBEPHbIMM. ITO MOXHO 06BACHUT CAIEAYIOLLIAM.

0003HayYeHue Enm.mua PacyeTHble 3Ha4YeHUA BeIMYMH ANA YYACTKOB TENJ1I0NpoBoAaa

BeJINYUHbI N3MepeHus o CBerTOHKaﬂ TenIon3ongauna
HEU30MPOBAHHbIil CyLiecTByHOLas BpOKS
6onpoBo 30

TPyoonposoA SONARES WE=0001 | M3=0,004

Rua - 04023 2,533 0,633

(m -K)/Br

R 0,07936 01689 0,3632 0,2632

of Brlw? 1480 1751 M2 1304

gi Br/M 2922 406,83 819 259.2

tn3H °C : 39,9 25,9 39,1
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NMpu6op “Fluke 5617 npepctaBnser co00M NMPOMETP YACTUYHOTO U3NYYEHNA, paBOTaOLLMA B Mana30He AauH BoaH 8...14
MKM. Takue nupoMeTpbl M0 CBOUM METPOJIOTMYECKUM CBOMCTBAM NMPUOAMXAIOTCA K CBOMCTBAM KBA3UMOHOXPOMATHYECKMX
MUPOMETPOB, ANS KOTOPbIX METOAMYECKan MOrpelHoCTb WU3MEepeHns OnpefeneHa ¥ MOXeT COCTaBASTb (mpw
Temneparypax o 500 °C) ot 5 go 55 °C B 3aBUCMMOCTH OT KO3(huUUMEHTA M3Ny4aTeNbHOA CNOCOGHOCTH 00bEKTa
u3mepenns. Mo3aromy 6AN3KYIO K AeWCTBUTEILHOW TeMNepaTypy MOXHO U3MepUTb NPUOOPOM TONILKO B CAy4asX, KOrjia
U3nyyatenbHas CNOCOOHOCTb 3apaHee M3BECTHa M ABAAETCA BbICOKOM (ko3hpuument Gonbwe 0,9). B npubope
NPeayCMOTPEHO U3MEHEHNe HACTPOAKKM Ha u3nyyatenbHyto cnocobHoctb (0,3; 0,7; 0,9), HO B fOKyMeHTaLuu Ha npubop
NOAYEPKNUBALTCS, YTO 3T0 HE rapaHTUPYeT MOBbIEHUS TOYHOCTH U3Mepenns. [103TOMy peKOMEeHAYeTca AN Kaxporo
00beKTa U3MepuTb Temnepatypy NOBEPXHOCTM C MOMOLLbI0 Tepmonapbl (Tepmonapa TMna K MOXeT nofkyathes K
npubopy), a NOTOM NOAGOPOM HACTPOMKK LOOMTLCA HanAYuLWero CoBnajeHns pesynbtatoB. To ectb, nupometp “Fluke
5617 no npuHuMny AERCTBUS MOXET AaBaTb 3HAYUTENbHYK) MOrPewHOCTb U3MepeHus Temneparypol. [o3tomy ero
OCHOBHOE Ha3HaueHue — He 4151 U3MepeHus TeMnepatypbl, a s yA0GHOro 1 GbICTPOro 0GHApPYXeHUS IOKaNbHbIX MecT
NPUTOKOB WM OTTOKOB TENOTbI NYTEM CKAHUPOBAHUS MOBEPXHOCTH. [lng 3TOro [AeWCTBUTENbHAA Temnepartypa
MOBEPXHOCTM B MPUHLMNE HE HYXHA, AOCTAaTO4HO, uTOObI OblNa OAMHAKOBOW e€e W3/yyaTebHas CMoCOOHOCTb.
MoATBEPXAEHUEM ITOTO ABAAETCA CbEMKA TENOBU30POM, Iie pyka CBOGOLHO APXNUT YHaCTOK TPYObl NOKPBITOM XUAKON
Tennousonsumeii bpoxs, a npuGop nokasbiBaet TeMnepatypy Ha nosepxHoct 110 °C.

117,6 °C

110,0
100,0
90,0
80,0
70,0
60,0
50,0
40,0

30,0

20,0
19,8 °C

MokasaHua SUR-25 3HauuTeNbHO OTAMYAIOTCA OT JeHCTBUTE/IbHOM TeMNepaTypbl NOBEPXHOCTH. 31O NIETKO 0BBACHUMO,
NOCKO/bKY AT4MK TeMNepaTypbl He MMeET KOHTAKTa C MOBEPXHOCTbIO U (hMKCUPYET TeMnepatypy NOrpaHUYHOro C0s Ha
ynaneHun 1,5 MM 0T noBepxHOCTH. buMeTannnyeckas naacTHa HanpaBAeHa TOPLOM K NOBEPXHOCTA M UMEET LNPUHY
0K010 3 MM, N03TOMY 0011as TOALLMHA NOTPAHUYHOTO CNos yBennumMBaetca Ao 4,5 mm. Kpome Toro, Gumetannnyeckas
NNaCTUHA — HeHAAEXHbI 115 U3MEPEHUS TeMNEepaTypHbIA JaTUHK.
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[anubie UMM-2 pnq He u30anpoBaHHOrO TpyGonpoBOAAa SBAAKOTCA BMOJHE BO3MOXHbIMM, pacyeramu (rabn. 3) 310
MOATBEPXAAETCA. ITOr0 Henb3s CKasatb 0 nokasaumax MNM-2 Ha noBepxHOCTSX C TennoBod u3onsuuen. Kak
NOKa3bIBAKOT pacyetbl, 3HaueHus TennoBbix NoTokoB 306 u 409 Bi/M2 He koppenupytotcs ¢ Temnepatypamu 38 u
40 °C (rabn. 2). Hanpumep, ans cywecteytowet nsonsiumn npu qF = 306 Br/M2 1 C0OTBETCTBYHOLEM €My 3HAYEHWH (i =
711 Br/m Temnepatypa Ha MOBEPXHOCTM AOMKHA ObiTb 3Ha4YMTENbHO Bbile, Yem 38 °C. A ecim npuHATL 3a OCHOBY
0fiHOBpeMeHHO n qi= 711 B1/M2 , u tu3n= 38 °C, 10 npu peanbHbix 3HaueHnsx RH 310 MoxeT ObiTh, ecan Au3 Gyaer
coctaBnstb 2...3 Br/(m -K), uto Ha nopspok Gonblie peanbHbix BeanuuH Au3. Mpu 1emnepatype nosepxHoctu 39,7 °C
(tabn. 2), KoTopas OLEHeHa Bbllwe Kak 6/u3kast K LOCTOBEPHOM, U peasbHbIX 3Ha4YeHNsSX RH U AM3 (3HAYEHNS BENNYMH
OLle-HeHbl BbllLe) Tena0Boi NOTOK qF fomkeH coctaBnaTtb 0kono 175 Br/m2 (rabn. 3) (uam qi = 406,8 Br/m ). To ectb, ans
cywectytowen nsonsuumn nokasaxus UM-2 3asbiwenbl npumepHo B 1,7 pasa.

[Lns NOKPbITUS M3HAYaNbHO B pacyeT 3aknafbianach BennyuHa s = 0,001 Br/(m-K). Kak noka3anu pacuersbl (tabn. 3),
Nosy4aemble MpU TOM NOKa3aTeSn ABHO He COOTBETCTBYHT U3MEPEHUSIM, YTO MOXET OblTb M3-3a HECOOTBETCTBUS
NPUHATOrO W (PaKTMYeCKOro 3HayeHuit Au3. Pewwenne oOpaTHoM 3apaun npu ycnosuu tusn = 40 °C, koTopas OLeHeHa
BbIle KaK AOCTOBEPHaN, NOKa3ano, Yto npu peanbHbix tH BeanunHa Au3 fonxxa coctaastb okono 0,004 Br/(m -K).
Pacuetbl npu 3T0M 3HaueHnn A3 npusepeHbl B Tabn. 3. Mo pacuetam BeanunHa qF gonxHa coctasnstb okono 130 Br/m2
B T0 Bpems, kak WMM-2 noka3an 409 Br/M2 , 10 eCTb ¥ B AHHOM CAyyae uMeeM 3aBbllueHne nokasauuit UNM-2 B 3,1
pasa.

3aBblweHHble noka3anus UMM-2 Ha NoBepXHOCTSX TENA0U30ALMK BPOHA MOXHO 00BACHUTL CIESYHOLMUM.

Npunumn peicteus UNM-2 B komnnekte ¢ 3oHaom [MTM1-9.911 ocHoBaH Ha n3mepeHun

At nepenaja Temnepatyp Ha NOBEPXHOCTAX MAACTMHbI (MO NACMOPTHLIM [AAHHbIM AMaMETP

— —nnactuubl 40 Mm, TonwuHa 2 Mm). TemnepatypHbli nepenag U3MepsieTcss ¢ MOMOLLbH

F A l NEHTOYHOM TepMonapbl, BCTPOEHHON B MAAcTMHy 30HAa. [lo U3MepeHHOMY nepenagy
Temneparyp NAOTHOCTb TENNOBOO NOTOKA MOXHO ONpeAenuTb no popmyne

rae N - ko3D(uUMeHT TennonpoBOAHOCTM MaTepuana naactuHbl (B
nacnopre 3oHaa ykasato A= 0,5 Br/(m -K)); At - u3mepenHbin nepenas
Temnepatyp; Al- pacctosHue Mexgy ToYKamu U3MEepeHus Temnepatypbl 1

(ToNLLMHA NNACTHHbI). At=306-2-10"° 05 =1,224
Onpepenum At , Kotopoe dukcupoBan npubop npu U3MepEHUu, '
Hanpumep, qF = 306 B1/m2 (ta6n. 2)

Mpn Takux nepenagax Temnepatyp HeGONblMe W3MEHEHUS B YC/IOBUSIX M3MEPEHUS NMPU KOHTaKTe 30HAA C
MOBEPXHOCTbE) MOTYT NPUBOANTL K 3HAYUTESILHOMY U3MEHEHUK) U3MEPSAEMON BENNYMHDI.
fonyctum, Tepmonapa aaet norpewHocts 0,2 °C, toraa nepenag temneparyp GyAeT U3MepeH C MOrpelwHocTbio A =
0,2/1,224*100=16,3% u C TaKO# X€ NOrPELHOCTbI0 NONY4UM 3HaueHue F.

Ha camom fene Ans nyuiero u3 TepMO3NIEKTPOAHBIX MAaTepuasoB (NNATHHOPOAMA NAaTUHa) AONYCKaeMble OTKNOHEHMS
noka3sanui B untepsane temneparyp 0...300 °C cocrasnqtor 0,01 MB, uto cootsercayer 1,09 °C. To ectb, T0MbKO
TepMonapa MOXeT laBaTb NOrpeLHOCTb, KOTopas cocTaBasfer 0kono 89 % u3MepeHHON BENNYUHDI.

Kpome 1010, Ha Tpy6ONpoBOAaX HEBO3MOXHO 00ECNEeYnTb KOHTAKT MO BCEA MOBEPXHOCTM NAacTMHbl 30HAA. Ha
XECTKOM HApyXHON NOBEPXHOCTH KOHTAKT OYAeT IMHEAHbIM, Ha MEHEee XeCTKOM — YaCTMYHO MAOCKOCTHbIA. 3T0 MOXeT
NPUBOANTL K ARONONHUTENBHBIM NOrpPewwHo-cTam u3Mmepenuit. Mo nacnopty 3ouaa MTM-9.91 npusepeHHas norpewwHocTb
u3MepeHus co-ctaBnset +5 %, uto cootBetctByer npumepto 500 B/mM2. To ecTb, Aonyckaemasi NOrpewwHOCTb N3MepPeHus
NpeBblllAeT U3MEPEHHbIE BEANUMHbI (Taba. 2).
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Ecnn otBneybcs o1 abCoMOTHBIX 3HAYEHWA MOKa3aTened W CPaBHMBATL Pa3Hbie TEMAOM30AALMKA NO TENO0BbIM
NoTOKaM, T0 310 Hafio AeNarb No BefuyMHam d. Mo TennoBbIM NOTOKAM (. CPaBHUBATL He/lb3s, Tak KAk Be/MuMHa (|
3aBUCUT OT AMameTpa, A1s KOTOporo oHa onpeaeneHa. CpaBHeHue no pe3ynbTataM U3MepeHui (T1abn. 2) nokasbiBaer,
4TO CyLLeCTBYHOLLAA U30ASLUMA U NOKPbITHE 00eCneynBaoT NPUMEPHO OANHAKOBBIE NOTEPH TENOThI OT Tenaonpososa. C
YY4ETOM BO3MOXHbIX OTKNOHEHUI LeMCTBUTENbHBIX UCXOAHBIX AAHHBIX OT NPUHATbIX B pacyerax M no AaHHbIM T1abn. 3
NOKPbITUS NPAKTUYECKU PABHO3HAYHBI N0 IDEKTUBHOCTH (C HEKOTOPBIM NPEUMYLLECTBOM NOKPLITHS).

Bbicokast 3yheKTMBHOCTb MOKPBITUS MPY MaNOi TONLLMHE U30ALMN CKNAAbIBAETCS U3 TPEX COCTABASIOLLMX: HU3KOTO
3HayeHus A, yMeHbLLEHNS AMAMETPa HapyXHOA NOBEPXHOCTH, yMEHbLLIEHUS IY4UCTOR COCTaBASKOLLEN NEPEHOCA TENNOTbI.

[ns  noGoin  tennousonsuun TpyGonpoBOZOB Temnepatypa N0  TOAWMHE W30ASUMM  YMEHbLAeTcs no
norapugMM4eckoi 3aBUCUMOCTH, TO €CTb Haubonbliee nafeHue TemnepaTypbl NPOMCXOAMT B OAM3NEXALLEM K
U30/IMPYEMON MOBEPXHOCTH CN10E, @ AaNblue MHTEHCUMBHOCTb 3MEHeHUs TemMnepatypbl nagaer. [Lns nokpbitus bpos 310
nposBAsercs 6onee ApKo u3-3a HU3KOro A. 03TOMy [19 TeNONPOBOAOB YBEANUYEHNE TONLLMHDBI TENNON30NSLMN Bonee
1,5...2 MM MOXeT ObITb He onpaBfaHHbIM. ECu cpaBHMBATL pa3Hble TENON30/ALMN TONLKO MO BEAUYMHAM A, TO U3-3a
HE/MHENHON 3aBUCUMOCTM  M3MEHEHUs TeMnepaTypbl Henb3s NPOBOAMTb JIMHEWHbIE CPABHEHMS BUAa: e
yMeHbWKTb A Tennousonaumui B 10 pas, 10 npu T Xe TeMnepatype HapyXHOM NOBEPXHOCTH TOMLMHA CNOS U30ALMK
BOMXHA ObiTb B 10 pa3 meHblwe. Hanpumep, ecan TeopeTMyecKn YBEAUYUTL TOJLLMHY NOKPbITUS A0 5,5 MM, 10 Mo
pacyeTam, aHanoruyHbIM nposejeHHbIM Bbiwwe (1abn. 3), npu A = 0,004 Br/(m -K) nonyuum tusk = 26 °C.

W3noxeHHOe BbllLe N03BOAAET CAENATb CEAYHOLLME OCHOBHBIE BbIBObI:

1) MokpbiTHe CBEPXTOHKOW Tennou3onsuuen ABASETCS BbICOKOID(EKTUBHBIM TENNOU30ASLMOHHBIM MaTEPUANOM.
YncneHHoe 3Havenne Koadduumenta tennonposogHoctu coctasaser 0,0012 Br/(m -C). 310 Ha NOPSAOK MeHbLUE, YeM Y
NYYWKMX  TENNON30NSUMOHHBIX  MATepUanoB, Kotopble B OOMbWMHCTBE C/Y4aeB MPUMEHAKTCA B CMCTEMAX
Tenn0CHabXeHus;

2) [laHHbIi MaTepuan MOXHO PEKOMEH/0BaTb AR TENAON30NSLMN;

*  YYaCTKOB TEMNONPOBO/OB, KOTOPbIE B HACTOSILLEE BPEMS HE MU30JMPYIOTCS COBCEM MM U30JMPYIOTCS YaCTUYHO. ITO
M03BOUT yMEHbLLIMTb PACXO/ TOMNBA HA UCTOYHUKAX TENNOCHAOXKEHNS KaK MUHUMYM Ha 8 %;

« TeNN0ONpPOBOAOB W APYrMX MOBEPXHOCTEN B 3aKPbiTbiX NOMELLEHUSX (KOTeNbHbIE, HACOCHbIe nopcTanumun, TPC) u
Ha/i3eMHbIX TeNN0NPOBOAOB (AONTOBEYHOCTb, YA0OCTBA B 0GCAYXMUBAHNM, YMEHDLIEHKE FabapuUTOB, YAyYLIEHHE IKONOTUN
W An3aiHa u ap.);

« nto6blX TENNONPOBOAOB. B 0TAMuMe OT WMPOKO NPUMEHAKOUIEACH CTEKNOBATbl MOKPbITUE AJIMTENIbHOE BpeMS
COXpaHsIeT NepBOHaYasbHbIe TENION30MPYIOLLME CBOWCTBA, YTO MOATBEPXAALTCS IKCNNYaATALLMEN HATYPHBIX 00BEKTOB C
MOKPLITUSIMU B TeyeHne 3-4 neT M pesynbrata-MU YCKOPEHHBIX KAUMATUYECKUX WUCMbITAHNA, KOTOPbIE OLEHUBAKT
LONTOBEYHOCTb MOKPbITUS He MeHee 15 ner.

3) Onpepnenexus Temnepatypbl HapyXHOR NOBEPXHOCTH TENAOU30ALMM HanG0NEee HAZEXHbIMU U LOCTOBEPHLIMM
ABNSIOTCA ONpPejeneHne TeMnepaTypbl Ha owlynb, ¢ NoMoLLbi0 Tepmonapsl, npubopa Elcometr 319, PosiTector DPM unu
APYrUMK aHANIOTMYHBIMU NPUOOPaMK.

4) Bbicokas 3h(heKTUBHOCTb NOKPLITUS MPU MaJION TONLLMHE U30ASLMM [OCTUTAETCA 3a CYET HU3KOTO KO3 ULLMEHTA
TenNONPOBOAHOCTH, YMEHbLIEHNS HAPYXHOrO AMAMETPa M30ALMN, YMEHbLUEHUS NYYUCTON COCTABASIOLLEN NepeHoca
TEeNnNoThI.

C 3KONOrMYECKOW TOYKN 3pEHUS CBEPXTOHKas Tennon3onsuus 6eonacHa. OH He BbifensieT BPeAHbIX 415 Ye0BeKa
BELLECTB W HE MOXET NPUHECTH BPES, ero 340POBbH.



Y W O U

R R PR R R R e

BV S e O

e NN P PN Dt DN
NN NN N N O
O NN R NN AN D
D W Wl W W
PR N N

¥

CBEPXTOHKAA TEI'III[IM30HH[|,MH

WWW.NANO34.RU
bPORA.PO




