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NPUPOAHBIX CPel U UX HMUTATOPOB
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Bbenopyccruii 2ocyoapcmeennviil yHugepcumenm uHGOpmMamuku u paouodieKmpoHuKu,
ya. I1. Bpoexu, 6, 220013, 2. Munck, berapyco

Hocmynuna 04.05.2016
IHpunama k newamu 05.08.2016

[IpoBenenne nccnenoBaHuil B 00IaCTH CO3aHNS UMHTATOPOB TPUPOIHBIX CPE, KOTOPBIE HCIIOIB3YIOTCS TS
MaCKHPOBKH OOBEKTOB, HAllpUMEP BOCHHOW TEXHHKH, OT OOHApPYXEHHUS €€ TEIUIOBU3MOHHBIMH CPE/ICTBAMHU,
SIBJISICTCSL MAaTEPUAIOEMKHM IPOIIECCOM B BUY OOJIBIINX JIMHEWHBIX Pa3MEPOB MAaCKUPYEMbIX 00BEKTOB, YTO
B 3HAQUUTEILHOM CTEIIEHH OKa3bIBAC€T BIMSIHHE HA CTOMMOCTHL TaKUX MCIBITAHUM. Takum o6pa30M, eJIeco-
O6p33HBIM MPEACTABIACTCA MPOBEACHUE aHAJIOT'MYHBIX naGopaTopme I/ICHI)ITaHI/Iﬁ, qTO0 O6y0J'IaBJII/IBaeT HE-
00XOIMMOCTB pa3pabOTKH COOTBETCTBYIOIIETO cTeHAa. Llenbio qanHoi paboTh SBIsIach pa3padoTKa CTEHIA
Y METOJIMKH TIPOBEICHHSI HCCIIEIOBAHMH, ITO3BOJISIONINX B JIA0OPATOPHBIX YCIIOBHAX TIOJTy4YaTh JaHHBIE 00 H3-
MEHEHUU TeMITEPaTyphl TIOBEPXHOCTH (PPArMEeHTOB MPHUPOAHBIX CPell M UX UMUTATOPOB, TIPU BO3JICHCTBUU Ha
HUX HU3JIYy4YCHUA ONTHUYCCKOIO Jualia3oHa JJIMH BOJIH. B IlaHHOﬁ pa60Te BMCCTO TpaaAWLIUOHHO HpI/IMCHﬂCMOﬁ
JUISL TIONTyYEHUsI CIIEKTPAJIbHBIX XapaKTEPUCTHK HMCCIETYeMbIX 0OBEKTOB CIIEKTPO(OTOMETPUIECKOH ammapa-
TypHl, GYHKITMOHUPYIOMIEH B BUANMOM U ONMIDKHEM MH(PAKPAaCHOM IHAla30Hax JJIFMH BOJIH, TIPHU OCBEIICHUU
MMOBEPXHOCTH O0BEKTa ICTOYHUKOM ONITHYECKOTO M3ITyUeHHS ITPETTOKEHO HCIIOIh30BaTh TETNTIOBU3HOHHYTO Ka-
Mepy, YTO TO3BOJISIET OIICHUTh TeMIIepaTypy MOBEPXHOCTH MCCIEAYeMOT0 OOBEKTa MPH Pa3IMYHbIX yIiax ero
OCBEIICHUS 1 BU3upoBaHus. [loimydyaembie TakuM 00pa3oM XapaKTEPUCTHKH UCCIIEyEeMbIX 00BEKTOB TIO3BOJIST
OLICHUTH CTCIICHb COOTBECTCTBHUA UMHTATOpPA HpPIpOILHOfI cpeaec no reMmneparype u JuHaMHUKe €€ U3MCHCHUS.
KOHCTPYKHI/IH MPCAJIOKCHHOIO CTCH/IA MO3BOJIACT USMCHATD YIJIbL OGJ'Iy‘-IeHI/DI HCCIICAYyEMOTO OG’beKTa Hu BU3U-
POBaHUSA B TIpeIesiax oT 25—75°, OTCYNTHIBAEMBIX OT HOPMAJIH K UCCIIETyeMOMY 00BEKTY. VICTOTHHK M3 TyICHUS
COZIPKUT TAJIOTeHHBIE JIaMIIbI TUTIa MR 16, KOMMYeCTBO W MOIIIHOCTh KOTOPBIX MTOJONPAIIHCh C y9eTOM WHTEH-
CHUBHOCTH COJTHEYHOTO M3ITY4YECHUS, HIMUTHPYEMOTO TaKUM UCTOYHHKOM. B kKauecTBe ycTpoiicTBa perucTparuu
MH(PPAKPACHOTO M3ITyYSHHS B Arana3oHe 8—12 MKM UCIIONIb30BaHa TEIUIOBH3HOHHAsS Kamepa MobIR M4, nme-
rorast Matpuily ¢ pasperienneM 160 x 120 nukceneii. Ee ontudeckoe mose 3peHus 0 BEPTUKAIN U TOPU3OH-
Tamu cocTaBmsieT 25 x 19°. Jlysg aBroMaTH3aIie IpoIiecca 3aucu TepMOTpapuIecKiX H300paKeHUN HCCe-
JTlyeMbIX 00BEKTOB OBUTO pa3paboTaHO CHENHATN3NPOBAHHOE AMCTAHIIMOHHO YIIPaBIsieMOe yCTPOHCTBO. [l
MIPOBEICHHST U3MEPEHHSI TeMIIepaTypbl MOBEPXHOCTH MCCIEAyeMbIX 00BEKTOB pa3padoTaHa METOIUKA OIEHKH
TEMIIepaTypbl UCCIETYEMbIX OOBEKTOB, 3aKITFOUAIOIIASCS B TIOYUYESHHH TepMOTrpadUuecKuX n300paKeHnH ve-
pe3 paBHBbIC TIPOMEXKYTKH BPEMEHH, X aHAINU3E C TIOMOIIBIO CICIMAIBHOIO MPOrPaMMHOTO OOSCIICUCHUST U
MOCTpOeHUs TpadUueCKUX 3aBUCUMOCTel. Takum 00pa3oM, CTeH 1 TIPeI0KEHHAS! METOMKA MOTYT OBITh HC-
TIOJIB30BAHBI JIA OLICHKU TEMIIEPATYPBI IOBEPXHOCTHU HE TOJIBKO IMPUPOAHBIX CPEIA, HO UX UMUTATOPOB.

KiioueBsble cjioBa: I/IH(i)paKpaCHOC H3JIYUCHHE, TEMIICPATypPa MIOBECPXHOCTHU, IPUPOAHBIC CPE/AbI, OIITUYCCKOC
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Abstract. Research in the field of development of natural environments imitators that used for thermal
cloaking of military machinery always connected with high material costs due to big sizes of cloaking
objects. In this way we decided to create laboratory stand and methodic for obtaining data about temperature
surface of fragments of natural environments and its imitators affected by the electromagnetic radiation of
the optical wavelength range. We proposed to use a thermal imaging camera instead of the traditionally used
spectrophotometric equipment for obtaining spectral characteristics of the objects under study affected by the
optical radiation. This method allows us to evaluate the surface temperature of the object at different angles
of lighting and viewing. Obtained data allows us to estimate the degree to which the imitator corresponds to
a natural environment by the temperature and it’s dynamic of change.The construction of the stand allows to
select angles of source of radiation and thermal detector in range 25—75 degrees from normal to the surface of
object under study. The source of radiation consists of halogen lamps of MR 16 type. The number of selected
lamps and its power were chosen taking into account of imitation of intensity of sun radiation.The thermal
camera MobIR M4 was used as infrared detecting unit in the range of 8—12 pum. This device has a matrix
with a resolution of 160 % 120 pixels and its optical field of view, both vertically and horizontally is 25 to
19 degrees. Special remotely controlled device was created to automate the process of obtaining thermal
images. Proposed methodic of measuring surface temperature of objects under study consists in obtaining
thermal images at equal time intervals, their analysis using special software and plotting graphs. Thus we can
use the developed laboratory stand and the methodic not only for temperature surface evaluation of fragments
of natural environments but for its imitators.

Keywords: infrared radiation, surface temperature, natural environments, optical radiation, thermal camera.
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BBenenune

B Hacrositiiee Bpemst 111 0OHapy X eHUs: 00beK-
TOB HCIOJIB3YIOTCSI ONITHYECKUE CPEICTBA, (PYHKITHU-
OHHPYIOIUE B BUJAUMOM, ONIMKHEM HMH(PaKpacHOM
(MK) u cpennem UK (termmoBom) nuamazonax [1-3].
Ocoboe BHMMaHHE CETOAHS YNENACTCS HMCIONb30-
BaHHUIO UMEHHO TEIJIOBU3MOHHBIX CPEICTB, TaK KaK
OHHM TIO3BOJISIFOT OOHAPYKUBATh OOBEKTHI B YCIOBHUSX
HEJ0CTaTOYHON METEOPOIOrHUeCKON JAIbHOCTU BU-
IIUMOCTH [4], 32 CYUET pEerucTpaluy TEMIIEPATyphl UX
MMOBEPXHOCTH U CPe/Ibl, Ha POHE KOTOPOI OHU pa3Me-
matores. s pemieHus 3a1a4u CHUKCHUS 3aMETHO-
CcTH 00BEKTOB HCIONB3YOTCS MACKUPYIOIIUE MaTe-
pHaIIbL, IPUMEHSEMBIE JUTsl CHUKCHHS UX TEIIJIOBOTO
koHTpacta [5]. Ouenka 3()(eKTHBHOCTH TpPUMEHE-
HUSl TaKUX CPEJICTB CHIDKCHHSI 3aMETHOCTH OOBEK-
TOB BBITIOJTHSCTCS MPHU MPOBEJICHUH HATYPHBIX HC-
MBITAHUH, YTO B IEJIOM SIBIISICTCSI MaTePUATOEMKHUM
MPOIECCOM B BHJIy TOTO, YTO TpeOyeTCs U3TOTOBHUTH
MaTrepuall ¢ JTUHEHHBIMH pa3MepaMH, J0CTaTOYHBI-
MU JIJIS MACKHPOBAHHUS 3alUINAEMOr0 O0beKTa, Ha-
npuMmep BoeHHOU TexHuku. [losToMy Takoi moaxon
HCIIONIb3YETCS, KaK MPaBUJIO, MPU FOCYIaPCTBEHHBIX
HCTIBITAHUSX TAKUX CPEACTB U SIBISICTCS 3aTPATHBIM
Ha CTaJIUU MEPBUYHBIX UCCIICIOBAHUM.

B pabote [6] npeanioxkeH cTeH, MO3BOISIOIHIA
OLICHUTH TEeMIIEPaTypy MOBEPXHOCTU MACKUPYIOIIHUX
MaTepHaJiOB MPH MX JTa00PaTOPHBIX HCIBITAHUIX B
YCJIOBHSIX OrPaHUYCHHOM OCBEIICHHOCTU UCCIIe-
JIyeMOTo O00BEKTa, YTO TO3BOJSIET PETUCTPUPOBATH
COOCTBEHHOE TEIUIOBOE H3IYUYCHHE MOBEPXHOCTH
o0bekTa. OTHAKO COBPEMEHHBIE CHCTEMBI TCTLIOBH-
3MOHHOTO OOHAPYKEHHSI HCIIONIL3YIOTCSI HE TOJIBKO B
HOYHOE, HO U B IHEBHOE BpeMsi CyToK [7]. B cnektpe
m3nyuenust Conaua taxxe npucyrcersyer UK uzmy-
YeHHE TETUIOBOTO JMana3oHa. Takum oOpaszom, npu
HaOIO/ICHNY OOBEKTOB B JIHEBHOE BPEMs CYTOK, €TO
TEIUIOBOE M300paKCHHUE Ha DKPaHE TEIUIOBU3NOHHO-
rO Cpe/IcTBa 00YyCIIaBIUBACTCS HE TOJBKO COOCTBEH-
ueiM UK u3nydenwem, HO UM paccesHUEM yKa3aH-
HOTO M3JIy4YCHHS, UCTOYHUKOM KOTOPOIO SIBIISICTCS
Connue. B pesynprare 3T0r0, TEIJIOBOM KOHTPACT
00BEKTa MpeTeprieBacT H3MEHEHUS, 00YCIIOBICHHBIC
Takke MexaHuzmoM paccesaus UK uznydenus oob-
€KTOM HaOJFOJICHUS U CPEIOH.

B cootBercTBHE C yKa3aHHBIM, CKPBITHE OO0B-
€KTOB JIOJKHO 00€CIeunBaThCs C YYETOM BBITICyKa-
3aHHBIX MEXaHU3MOB (DOPMUPOBAHUS €O TEILIOBOTO
M300pakeHUsl, YTO B CBOKO OYEpe/lb OOYCIIaBIHBACT
HEOOXOMMOCTh Pa3pabOTKU MaTepUaNIOB, XapaKTe-
PU3YIOIIUXCSA HE TONBKO TPeOyEeMBbIMH 3HAYCHUSIMHU

TETUIONPOBOAHOCTH, HO U TAaKXKE MMEIOIIUMH TaKYIO
CTPYKTYpPY TIOBEPXHOCTH, KOTOpas oOO0ecrednBaeT
paccesHue MK wu3nydeHuss B yriax BU3HPOBaHUS
UACHTUYHO CpeJie, B KOTOPOH HAXOIUTCS MAaCKHPY-
eMBIi 0OBEKT.

[Ipu pa3zpaboTke W MCCIENOBAaHUH TAKUX MaTe-
pHUaIoB TpeOyeTCsi 00eCTIeYUTh YCIOBHUS TPOBEICHUS
9KCIEPUMEHTA, CXOXKUE C YCIIOBUSIMH HX JKCILTyaTa-
IIUH, 9TO OOYCIIaBIIUBAET aKTYaIbHOCTh Pa3padOTKU
1a00paTOPHOTO CTEH/AA IS IPOBEICHUS HCCIIEI0Ba-
HUH TOTIOOHBIX MaTepHaoB.

TpanmuimoHHO JUISL TIONyYEHUS CIEKTPaIbHBIX
XapaKTEPUCTUK HCCIENYEeMBIX OOBEKTOB HCIIONB3Y-
eTcs criekTpooTomMeTprudeckas anmaparypa, GyHK-
[IUOHUPYIOIIasi B BUIUMOM U ONvkKHEM HH(ppakpac-
HOM JMaIta30Hax JUIMH BOJH [8], MpH OCBEICHUH
MOBEPXHOCTH OOBEKTa HCTOYHHUKOM ONTHYECKOTO
W3ITy4YeHHUS.

Lenmsto maHHOW pabOTHI ABIIACH pa3paboOTKa
CTEHJ1a, TI03BOJIAIONIETO B JTaOOPAaTOPHBIX yCIOBHIX
WCCIIEZIOBaTh MPOIECCHl M3MEHEHHUS TeMITepaTyphl
MOBEPXHOCTH (ParMeHTOB TMPHUPOIHBIX CpPel W HX
WMUTATOPOB TIPW BO3/ICHCTBUM HA HUX H3IYYCHUS
ONITUYECKOTO TUara3oHa JUTHH BOJIH C MHTEHCUBHO-
CTBI0, ONM3KOH K MHTEHCUBHOCTH COJTHEYHOTO U3ITY-
YEeHWUsI, a TAK)KE METOJUKH U3MEPEHUS TEMITePaTyphI
1 00pabdOTKX TIOTYYEHHBIX PE3yIbTaTOB.

CocTaB cTeHaa

Crenp 1715 OLIEHKH TeMITEpaTyphl MOBEPXHOCTH
(hparMeHTOB PUPOIHBIX CPEl U UX HMUTATOPOB pe-
aJIM30BaH Ha OCHOBE CJIEAYIOMINX YCTPOHCTB:

— MCTOYHHMK 3JIEKTPOMArHUTHOTO U3JTy4EHHS Oll-
THYECKOTO IUAaIa3o0Ha JJIMH BOJH;

— ycrpoiictBo peructpanuu UK uznyuenus nu-
anazoHa 8—12 MkM;

— OJIOK yTmpaBJIeHHUs! YCTPOHCTBOM PErHCTPALIUH
UK uznyuenus;

— ycrpoiictBo Buaeosaxsara EasyCAP USB 2.0
DVR.

Ha pucynke 1 mpencrasiena cxema paspado-
TAHHOTO CTCHJA.

KoHcTpykuust 1aHHOTO CTEHa COCTOUT M3 JBYX
METAJUINYECKUX OYT 2, 3aKPeTIsIeMbIX apajuIeIbHO
OTHOCHUTENIFHO JIPYT Jpyra Ha MPEJMETHOM CTONH-
ke 1. YkazaHHBIE AIIEMEHTBI KOHCTPYKIUH SIBIISTIOTCS
HAINpaBJSIIOIIMMHE JUIsl TIOABMKHBIX KpeIUIeHUH 4, K
KOTOPBIM B CBOIO OY€peb KPEMATCS HCTOUYHHK H3-
Jy4YeHUs 5 U Jepkarenb 7, IpeIHa3HAYCHHBIA IS
HETIOJIBI)KHOW (DPMKCALIMU YCTPOHCTBA PErHCTPALIUH
UK mnmydenuss 6. Takum 00pa3oM, KOHCTPYKIIHS
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CTEHJa TMO3BOJISIET M3MEHSTh YINIbI OOITydeHHs HC-
clieZlyeMoro o0beKTa M BUSHPOBAHUS B IIpeJieNax oT
25° no 75°, oTCUUTHIBAEMBIX OT HOPMaJH K HCCe-
JyeMOMY OOBEKTY, KOTOPBIH MOMeIIaeTcs B LIEHTPE
MpeaMeTHOro croiuka. [lpu a3TtoM npuemHuK 6 pac-
rojlaraercst Ha pacctostHuM 250 MM OT TOBEPXHOCTH
MIPEIMETHOTO CTOJTUKA.

Koncrpykius crenia sisisieTcst pazoopHoii. [Tpu
TPAHCIIOPTUPOBKE CTEH/IA B MPEIMETHOM CTOJIHKE |
C HIDKHEHN CTOPOHBI IPUCYTCTBYET MOJIOCTH IS pa3-
MEIIEHNUS TTOJBMKHBIX KpETUIeHU 4, nepkatens 7, a
TaKKe OCTAIBHBIX KPENEeKHBIX H3JeINH, He0OX0u-
MBIX Jij1s1 ero cOopku. Takke B cTonuke 1 mpeaycMo-
TPEHBI PeryJupyemMble 10 BBICOTE€ HOXKHU 3 JJIS ero
MTO3UIIMOHUPOBAHUS B TOPU30HTAIBHOMN TIIOCKOCTH.

Pucynok 1 — Cxema n3MepuTenbHOro creHaa: 1 — mpea-
METHBIM CTOJIMK; 2 — METANTUYECKUE JTYTH; 3 — HOXKKH;
4 — MOJBWIKHBIE KPEIUIEHUS; 5 — HCTOUHUK M3ITyYeHHUS;
6 — ycrpoiictBo peructparuu MK usnyuenus; 7 — nepxa-
Telb; 8 — OJIOK yIpaBIIeHHs

Figure 1 — Scheme of measuring stand: 1 — object table;
2 —metal arcs; 3 — feet; 4 — movable mountings; 5 — source
of radiation; 6 — device for registration of IR radiation;
7 — holder; 8 — control unit

HcTouHuK  DIEKTPOMAarHWTHOTO — M3ITyYCHHS
ONTHYECKOTO JWana3oHa JJIMH BOJH TPEACTaBIA-
eT co0ol aTOMHUHHEBOE OCHOBaHHE, Ha KOTOPOM B
reKcaroHaJIbHOM TIOPSI/IKE 3aKpeIusieTcsl 7 raoreH-
HBIX Jamm Tara MR16 3IeKTPUIeCKON MOITHOCTHIO
50 Bt xaxnas. BeiOpanHas rajoreHHas Jamria iMeeT
napaboIMYecKuil OTpaXkarenb ¢ aJIOMHHHAEBBIM I10-
KpBITHEM, HAHECCHHBIM Ha CTEKIITHHBIE CTeHKH. J[s
obecIieueHnsT B CHEKTPE JIaMIl yIBTPadHOICTOBOTO
M3Iy4YeHHs ObUT yaJeH COOTBETCTBYIOIINI ONTHYE-
ckui puIbTp. M3mydeHne KakIoi raJoreHHON JlaM-
TIBI pacIpeeIIeTCs B TIpeeiax TeJIecHoro yria 38°,
W, TaKUM 00pa3oM, IpHU BBIOPAHHON KOHCTPYKITUH
M3Iy4arens, 00ecIeunBaeTCsl paBHOMEPHOE Pacceu-
BaHHUE M3TyUYSHHS 110 UCCIIEyeMOM TOBEPXHOCTH.

s OleHKW WHTEHCHBHOCTH W3Iy4YeHHs pas-
pabOTaHHOTO MCTOYHWKA OBLIH IOJIYICHBI BPEMCH-
HbI€ 3aBUCUMOCTH, KOTOpPBIE TPEACTABICHBI HA PH-
cyake 2. IloBepxHOCTHh mcchemyeMoro (parmenTa

MIPUPOJHON cpebl (Iecka) MoJBeprajach HarpeBy
COJIHEYHBIM HM3ITyYeHHEM, M3ITyuYeHHEM pa3paboTaH-
HOI'0 U3JIydaTeyid 1 OCBETUTCJIILHBIM ITPOKEKTOPOM C
rayioreHHo# jammnoii Tuna J078-150 snexkrpuueckoi
MomHOCThIO 150 BT. JlanHbBIE 3aBUCHMOCTH TIOTy4e-
HbI C IOMOUIBIO PTYTHOI'O CTECKIIIHHOI'O TCPMOMETPA,
MOTPY>KEHHOTO B TIecoK [9].
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Pucynoxk 2 — Temneparypa noBepXHOCTH NeCKa MpU BO3-
ﬂeﬁCTBHH Pa3JINIHBIX UCTOYHHUKOB U3JTYUCHUS

Figure 2 — Surface temperature of sand when exposed to
various sources of radiation

AHanm3upys NpUBEICHHbIC BDEMEHHbBIE 3aBUCH-
MOCTH MOXKHO C/IeJIaTh BBIBOJ, YTO WHTEHCHUBHOCTD
W3JTy4eHUs pa3padOTaHHOTO M3ITydarens MpaKkTHye-
CKH COOTBETCTBYET MHTEHCUBHOCTH COJTHEUHOTO H3-
JIy4eHHs, a 3TO B CBOIO OYepe/lb CBHUJIETENILCTBYET O
BO3MOXHOCTH UCIOJIb30BaHMS JAHHOTO HCTOYHHKA B
COCTaBe CTeH/Ia.

B kauectBe ycrtpoiictBa peructpanun UK ns3-
JIy4eHHs UCIOJIb30Bajach TEMJIOBU3MOHHAS KaMepa
MobIR M4. lanHoe ycTpoHCTBO paboraeT B MH(ppa-
KpacHOM JIMana3oHe JJIUH BOJMH 8—12 MKM U UMeeT
HeoXJIaXk/1aeMyIo O0JIOMETPHUUECKYIO MaTPHUILy C pa3-
pemennem 160 x 120 nukcenei, pazmep MTUKCENST —
35 MKM, a ee ONTHYECKOe ToJIe 3PEHNUs 110 BepTHKa-
JIU ¥ TOPU3OHTAJIH cocTaBiseT 25 X 19°. Bribpannas
TEIUIOBU3MOHHAsI Kamepa IMO3BOJISET MPOU3BOIUTH
M3MEpeHHe TeMIlepaTypbl MOBEPXHOCTH OOBEKTOB B
nuarnaszone ot —25 10 +250 °C ¢ tounoctsio +2 °C.

MaxkcumanbHOE paccTOsiHHE, Ha KOTOPOM BO3-
MOYKHO DPa3INYMUTh HCCIENyeMbIil OOBEKT, paccyu-
ThIBa€TCA WCXOJS M3 MapaMeTpOB, OMPEEIISIONUX
nojyie 3peHus ycrpoiictBa peructpaunn MK nzmy-
yenus. s ompenesneHuss MUHHMaJIbHOTO pa3zMepa
UCCIIelyeMOro OOBEKTa, MPHUXOSIIEIOCsl Ha OIUH
MUKCeNb JETEeKTOpa TEeIUIOBHU30pa, HCIONb3yeTCs
YTHJIUTA JUIsL pacyeTa ONTHYECKOW CHCTEMBI TeIulo-
Bm3noHHoU TexHuku [10]. Tak kak B BBEIOpaHHOI
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TEIUTOBU3MOHHON KaMepe HCIIONb3YyeTCsT MaTpHIla
160 x 120 nukcenedt U ee ONTUYECKOE TOJIE 3PEHUS
M0 BEPTHKAIN W TOPU30HTAIIA COCTABISET COOTBET-
CTBEHHO 25 X 19°, TO npu paccTOSHUU 10 UCCIEay-
eMoro oobekTa 250 MM, YTO pealM30BaHO B paccMa-
TPUBAaEMOM CTEHJe, MHHHMAaJbHas HaOIromaemMast
mIomaas oobekra cocrasut 0,5 MM,

YKka3aHHbIE XapaKTEPUCTUKH, C YIETOM TeMIIe-
parypHOTO Juama3oHa TPOBENEHUS HCCIIETOBAHUIMA
BBEIOPAHHOTO CPEJICTBA PETUCTPALMU W TIpUeMa W3-
Ty4eHHUs], Jaf0T BO3MOKHOCTB MCIIOIb30BaTh €T0 IS
pelIeHus TOCTaBICHHBIX 3a7ad.

JucTaHIMOHHOE  yNpaBiIEHUE YCTPOKWCTBOM
peructpauun UK uznydeHus 6 u aBTOMaTU3alus
mporiecca moinydeHus: Tepmorpaduuecknx u3zobpa-
KCHHH OCYIIECTBISIOTCS OJOKOM YIpaBICHUS 8.
JlaHHBIN OJOK TIpeNCTaBIsIeT COOOW MEXaHUICCKHUM
MIPUBOJT C MEKPOKOHTPOJIJIEPHBIM YIIPABICHHEM, KO-
TOpPBIM YCTAHABIMBAECTCS Ha YCTPOMCTBO PErUCTpa-
MU U3TYYCHUS W B3aMMOJIECHCTBYET C €r0 MaHeIbIo
YIpaBJIeHHS IyTeM T0/Ia9d Ha OJIOK YIIPaBIISIONIETO
CUTHaJIa. YIPABJISIOMIUM CUTHAT MPEJCTABIISIET CO-
00l TMOCIeI0BaTeIbHOCTh WMITYJIBCOB, BPEMEHHOMH
WHTEpBaJ CIEIOBaHMS KOTOPHIX COOTBETCTBYET BhI-
OpaHHOMY IIary TIIOJIy9eHHUS TepMOTpapUIecKux
M300paKeHU.

Jns ocymiecTBiieHHsT KOHTPOJST HaJ TpOIec-
COM HW3MEHEHHUS TeMIIepaTypbl HUCCIETYEeMBIX IIO-
BEPXHOCTEH B peaJlbHOM BPEMEHH W 3alllCH BH-
JIEON300paKEHUS TEPMOTPaMMBbI Ha TIEPCOHATBHBIN
KOMITBIOTED, TOJIYYaeMOro C IMOMOIIBIO YCTPOiicTBa
peructpannyd WHPpPAKPaCHOTO H3IMydeHUs 6, uc-
nosib3yercst ycrpoiictBo EasyCAP USB 2.0 DVR.
[IpumeHsieMoe yCTpOWCTBO MO3BOJSET Mpeodpa3o-
BBIBaTh AQHAJIOTOBBIN CHTHA BHJICOM300paKCHUS B
M pOBOI ¢ BOSMOKHOCTHIO TIepeIadn TOTydaeMbIX
JTAHHBIX Ha MEPCOHAIBHBIM KOMITBIOTEp 10 WHTEp-
¢eiicy USB 2.0.

MeTtonuka NMPOBEACHUSA IKCIICPUMEHTA

MeTtonrka MpoBeAEHNs SKCIEPUMEHTa 3aKJIko-
YaeTcs B MOIYYCHHH U aHAJN3€ TEPMOrpadhuIecKux
CHHMKOB IIOBEPXHOCTH ()parMeHTOB IMPHUPOAHBIX
Cpell U UX UMHUTATOPOB IPU BO3JEHCTBUU HA UX IO-
BEPXHOCTb JJIEKTPOMAarHUTHOIO H3JIy4YEHUS ONTH-
YEeCKOTo AMana3oHa JUIMH BosH. Ilpu sTom m3nydva-
TeJIb yCTAHABIMBAETCS Ha (DMKCHPOBAHHBIM yroi, a
TEIUIOBU3MOHHAS KaMepa Ha psiJl yIJIOB AJIs MOJTyde-
HUS yIIOBBIX 3aBUcUMOcTel. IlepBoHadanbsHO mpo-
M3BOJIUTCSL MPOTPEB JIaMIl M3JIydarelis B TEUEHHE
1,5-2 muH. 3areM SJIEeKTPOMarHUTHOE W3JIy4YE€HUE

30HAMPYET HCCIENTyeMyl0 TIOBEPXHOCTh, U TIPOH3-
BOJIUTCS PETUCTPAIUS TEPMOTPAPHIECKUX CHUMKOB
yepe3 paBHbIC TPOMEKYTKH BPEMEHH MPH 33JaHHOM
YIJIOBOM TIOJIOKEHUM TEIJIOBU3MOHHOM Kamephl. Be-
JUYMHA BPEMEHHBIX HHTEPBAJIOB 3aBUCHT OT Bpe-
MEHH TPOBEJCHHS OJKCIIEPUMEHTAa ISl TIONYy4YeHUs
JIOCTaTOYHOTO KOJIMYECTBA TOYEK IPH ITOCTPOCHUH
rpaduyecknx 3aBucuMocTeil. [lomydeHHbIe CHUMKH
AQHAM3HUPYIOTCA € TIOMOIIBI0 TPOTPAMMHOTO 00e-
crieuennss Guide IrAnalyser. Tlpu aHanm3e CHUM-
KOB OTIpeNessieTcs CPeAHsisi Temreparypa 0a30BOro
yuactka nosepxHoctu o ['OCTy 26629-85. Ilomy-
YEHHBIE JIAHHBIE WCIIONB3YIOTCS IS MOCTPOCHHS
BPEMEHHBIX 3aBUCHMOCTEH, OMHCHIBAIOIINX TEMIIe-
parypHyO THHAMHUKY UCCIIEAyeMON TTOBEPXHOCTH.

Pe3ynbrarsl anpobanuu cTeHaa

Ha pucynke 3 mpencrasiensl rpadudeckue 3a-
BUCHUMOCTU CpPEIOHEH TeMIEparypbl MOBEPXHOCTEH
IPyHTa PA3JIMYHON BIAKHOCTU U IIECKA, INOJyYEH-
HBlE TPH anpoOaluy CTEHJA C HCIOJIb30BaAHUEM
MPUBEJICHHON BbILLIE METOAMKHU. BllakHOCTH rpyHTa
onpenensutack o 'OCTy 28268-89.
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Pucynok 3 — Temmneparypa mOBEpXHOCTU IecKa U pas-
JIMYHOW BJIQXXHOCTH I'PYHTa IPU BO3JEHCTBUU HA UX TO-
BEPXHOCTh M3IIy4EHHsI pa3pabOTaHHOTO U3JTydaress

Figure 3 — Surface temperature of sand and various soil
humidity when exposed to the radiation of the developed
radiator on their surfaces

Ha ocHoBanuu aHanmu3a rpa@uyecKux 3aBHCH-
MOCTEH YCTaHOBIICHO, YTO 32 CUET YBEIMYCHHUS Mac-
COBOTO OTHOILICHHS BJIard B ()parMeHTax TPyHTa C
1 1o 10 %, Temneparypa Ux MOBEPXHOCTEH MOBBIIIIA-
ercst ot 30,0 10 97,4 °C (st pparmeHTa, Xapakre-
PHUBYIOIIETOCS MaCCOBBIM OTHOIIIEHUEM Biiaru 1 %) u
o 81,3 °C (st pparMeHTa, XapaKTepU3yIOIIErocs
MaccoBbIM oTHoueHueM Biaru 10 %) mpu Bozzeii-
CTBHMU Ha HUX MCTOYHHKA ONITHYCCKOI'O U3JIyUYCHHS B
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teueHrne 30 MUH. YCTaHOBJICHHBIE 3aKOHOMEPHOCTH
W3MEHEHHS] TEeMITepaTyphl MOBEPXHOCTH HCCIENy-
€MBIX O0BEKTOB OOYCIIOBIIEHBI MCIIAPEHUEM BIIATH.
[ToxazaHo, 9TO TOTVIONIAOIIAsT CITOCOOHOCTh TPYHTA
3HAYHUTEIHHO BHIIIE, Y€M Yy TIECKA, YTO B LIEJIOM KOp-
penupyeT ¢ M3BECTHBIMH pe3yJbTaTaMH, IOJTyYeH-
HBIMH paHee APYTUMH HCCIIE0BATEISIMU.

3aKJIIoueHne

Takum oOpa3om, B JaHHOH paboTe BMECTO Tpa-
JUIITMOHHO HpI/IMeHﬂeMOﬁ AJI TMMOJIYYCHUs CIICK-
TPAJIbHBIX XAPAKTCPUCTUK HCCICAYCMBIX 06’LCKTOB
CHEKTPO(OTOMETPUUCCKON ammapaTrypsl, (yHKIHO-
HUPYIOLIEH B BUAMMOM U OMMKHEM MH(PaKpacHOM
AuarasoHax [JJIWH BOJIH, ITPU OCBCIICHUH ITOBECPXHO-
CTHU O6’beKTa HUCTOYHUKOM OHNTHYCCKOI'O0 H3JIYUCHHUA
NPEAJIOKCHO HCIIOJIB30BATh TCIIJIOBU3MOHHYIO KaMe-
Py, YTO IO3BOJIAET OLEHUTH TEMIIEPATYPY IIOBEPXHO-
CTHU HUCCIIEAYyEMOI'0 06’[>CKTa IIpyu pas3sjinMdHbIX YyIJax
€Tr0 OCBCILICHUA U BUSUPOBAHUS.

BpeMGHHHe 3aBUCUMOCTU TEMIICpPATypPbl I10-
BEPXHOCTH HCCIEIyEeMbIX (ParMEHTOB MPHPOAHBIX
CpeAa, MOJYUYCHHBIC IIPpU anpo6aum/1 CTCHOa, II03BO-
JISIIOT YTBEPKIATh O TOM, YTO pe3ylbTaThl jJadopa-
TOPHBIX HUCIIBITAHUN COITTaCyrOTCd € aHAJIOTHUYHBIMU
HAaTYPHBIMU UCHBITAHUSAMHU TAKHUX O6’LeKTOB.

[Tony4aemble TakuM 0Opa3oM XapaKTEepUCTUKU
HCCICAYCMBIX 06T>6KTOB ITO3BOJISAAT OUCHUTL CTCIICHD
COOTBCTCTBUS UMHUTATOPA HpHpO,I[HOﬁ Cpeac 1o TeM-
neparype u AMHaMHUKE €€ U3MCHCHUS.
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