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TEeIUIOBI3iHHOT0 MOHITOPHHTY

TIIT "®oronika [Tmoc"
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$JlepaBHa ycTanoBa "[HCTHTYT reoXiMii HABKOJIMIIHBLOTO cepenosuma HamionansHoi akagemii Hayk
VYkpainn"
“BiHHMLBKMI HALIOHATEHMI TEXHIYHUN YHIBEPCHTET

AHoTais.

Ha 2 epyous 2024 poky nomenyiiino 3a0pyOHeHa MiHO-8UbYyxoeumu npeomemamu mepumopis Yxpainu
cknadae oausvko 139 000 xe.xm., Ha dcanv, ya yugpa pocme i Haoani. Bpaxosyroui akmyanvHicme 3a0a4i
ABMOMAMU308AHO20 BUABNEHHS MIHO-8UOYX08UX NpeOMemis 3a 00NOMO20t0 Oe3NIIOMHUX TIMATbHUX anapamie i3
MYIbMUCNEKMPATLHOIO — MA  IHPPAYEPBOHOI0  3UOMKOIO,  OOCHIONCEHHS — MOJMCAUBOCMEN  JOKAIbHO20
inghpauepsonozo nazpiey ma meniosisiiHo20 MOHIMOPUHSY € BANCTUBUM KPOKOM Y NOWLYKY ANbMEPHAMUSHUX
piuiend 07 8UAGIEHHS NPUXOBAHUX 8UOYXOHebe3neuHux 00 eKmis.

YV pobomi docnioxnceno epexmusenicmo akmusnoi mepmoepadii 3 GUKOPUCIAHHAM IMIYILCHOO0 JIOKATLHOO0
naepigy I4-nazepom (940 um, 24 Bm, 5 c) 015 6Us6IeHHA NPUXOBAHUX MEMAesux 00 €Kmie Ha 2AUOUHI 5 CM.
Ilposeodeno ananiz mennogoi ionoeioi 3a 00ONOM0O2010 Men106i30pa.

Pezynomamu noxazanu Hu3bKy amniimyoy memnepamypHoi 6ionosioi (~0,5 °C), wo yckaaonoe 0ocmogipny
ioenmughixayilo 06’°€kmis 3a HAAGHO20 PIGHA UYMAUGOCMI MENN0BI30paA. 3anponoHO8AHO HANPAMU ONMUMIZAYIT
Memoody: niOGUUEHHS NROMYIUCHOCII 6UNPOMIHIOBAHHSA, NOKPAWEHHS Napamempié meniogizopd, 6UKOPUCMAHHS
ONMUYHUX DINbMPIE OJ1A YCYHEHHs 3ACBINeHHS MAMPUYL.

Ompumani 6UCHOBKU MAIOMb NPAKMUYHY YIHHICMb Ol PpO3POOKU epeKmUusHUX cucmem OUCMAHYITIHO20
BUABNIEHHA 8UOYX0680-Hebe3neunux ob’ekmis 3a donomozoio bnJIA, wo 0o36oiums 3HauHO CKOPOMUMU YAC HA
PO3MIHYBAHHS Mepumopii Ykpainu npu 3HAUHUX eKOHOMIYHUX Nnepedazcax HAO ICHYIOUUMU MEXHOA02IAMU Ma €
abconromuo besneunum 01s gaxieyis.

KoarouoBi cioBa: axktuBHa Tepmorpadis, iH(payepBoHE BUIIPOMIHIOBAHHS, BHSBJICHHS MiH, Jia3epHe
30HAYBaHH, IPYHT, brJIA

AKTYaJbHICTD.

MeTtonn HEIHBa3WMBHOTO 30HAYBAaHHS TIPYHTY 3HAXOIsATh Jedalli WIMpIIE 3acTOCYBaHHS Y
PATYBaJBHUX OIEpalisfix (30KpeMa sl TOUIYKY MiHHO-BUOYXOBHX HPHUCTPOiB), TI€OJOTTYHUX
PO3BiJIKax KOPHCHUX KOMAIMH Ta 30epexeHHi 00'€eKTiB KylabTypHOi cnaammuu. CydyacHi 0OCTaBUHH,
30KpeMa IMpoKoMaciiTabHa BiifHa, 30poitHa arpecist Pocii mpoTu Hamioi JiepaBu (CTaHOM Ha 2
rpynas 2024 poky TOTEHIIHHO 3a0pylHEHa MiHHO-BUOYXOBHMH IIpeIMETaMH TepUTOpis YKpaiHu
CTaHOBHUTH Onu3pko 139 THc. kM2, 1 18 uudpa MpPOAOBKYE 3pOCTaTH), 3yMOBIIOIOTH HEOOXiTHICTH
MIONTYKY BHCOKOTOYHHMX 1 OTEPATHBHUX PillleHb, IO MOEJIHYIOTH CyYacHI TEXHOJOTIl I TOUIYKY
MIHHO-BUOYXOBUX NPUCTPOiB B yMOBaX, HeOe3neuHuX s MoauHd. OJHUM i3 TakuxX pIlieHb €
BUKOPHUCTaHHs O€3MiJIOTHUX JiTanbHuX anapatiB (bnJIA) 3 amapaTyporo KOHTPOJIIO ISl IOIIYKY MiH,
10, 30KpeMa, po3nsiaaeTbes y podoti [lomosa M. O. ta cmiBabr. [1]. Cepen mepcneKTUBHUX METO/IIB,
SK1 MOXKHa iHTerpyBatu 3 briJIA, ciifi BUIUINTH akTHBHY TepMorpadiro, sika oeIHYE B cO01 JTOKaIbHE
HarpiBaHHs OmwkHiM iHQpauepBoHuM (IU) BHIIPOMIHIOBaHHSM JIOCHIDKYBaHUX JIUITHOK 13


https://www.nas.gov.ua/UA/Org/Pages/default.aspx?OrgID=0000032
https://www.nas.gov.ua/UA/Org/Pages/default.aspx?OrgID=0000032

3aCTOCYBAaHHSM JIQ3€pHUX CHCTEM 1 TEIUIOBI3IHHMNA MOHITOPHHT 3 TMOJANBIIMM aHANi30M JUIst
BUSIBJICHHSI IPUXOBAHUX 00’ €KTIB.

MertaneBi mpenMeTH MaiOTh BiAMiHHI (i3W4HI XapaKTEpUCTUKW BiJ IPYHTY, 30KpeMa BHCOKY
TEIIOEMHICTB Ta TEIUIONPOBIAHICTD, IO A03BOJISIE PEECTPYBATH TEIUIOBI 3MiHH, SIKi BiIOyBalOTHCS B IX
OTOYEHHI TMIiCIISl TEPMIYHOTO BILUIMBY Ha HUX.

3acTtocyBaHHS JIIOIHUX JIa3epiB 3 JTOBKHUHOIO XBWIb OMKHBbOTO [Y-nmiamazoHy BHIpPOMIHIOBAaHHS
(manpuknan 940 am, 980 HM) MOXe OyTH OC3KOHTAKTHHM JIOKATi30BAHUM METOJIOM BHKOPHCTAHUM B
HOJBOBHUX YMOBAX JIS AMCTAHIIIHHOTO BIUIMBY HA JOCITI/DKYBaHY JISTHKY.

[IpoTe yCHImHICTh E€KCIIEPUMEHTY 3aJIEKUTh 3HAYHOIO MIpPOI0 Biff UyTJIMBOCTI TEIIOBI3iHOHOTO
OCHAIIICHHSI, XapaKTEPUCTUK TPYHTY, TTMOUHH 3aJSITaHHS METaleBOi IUIACTHHU, MPABUIBLHO 00paHUX
napaMeTpiB JIa3epHOTO BUIPOMiHIOBaHHs. CaMe TOMY, TaKe JOCTIIKECHHS CIPSIMOBaHE Ha BUSBICHHS
MeX e(DeKTHBHOCTI TAaKOTO IMiIXOAY B IPAaKTUIHOMY 3aCTOCYBaHHSI.

Meta pocuim:keHHs. BCTaHOBUTH €(EKTUBHICTh BUSBJICHHS INPUXOBAHHX METAJIEBUX 00 €KTIB ITiJ
[IapOM TPYHTY, HUISAXOM Ja3epHOTO IMITYJIbCHOTO JIOKAIBHOTO HArpiBy Majoi TPHUBAJOCTI Ta aHAII3y
TETUTOBOI BiATIOBil TEIIIOBI30POM.
Marepiajau Ta 0012 HAHHS.

- Jlazep xipypriunmii mioguuii "Lika-surgeon+" (Hamami nasep), JOBKHHOK XBWIi 940 HM,
MaKcHUMalbHa TOTyXHicTh — 30 BT;

- CeimioBog SMA-905-SMA-905 (Hanmami CBITIIOBOJ), TOBKHHA THYYKOI AUISHKA 2 M, JiaMeTp
BosiokHa 300/330 MKM;

- Temnosizop UTil65K (namani temsioBizop), TouHicTs BuMipy: 0,5° C, po3ainpHa 34aTHICTB:
0,1°C, gac Bigryky: 500 mc;

- BwuwmiproBau motyxxHocTi sazepHoro sumpominoBanHs OPHIR y cknani: BumiproBaibHUIN
neperBoproBad L40(250)A-LP2-50, monitop NOVA II DISPLAY ROHS;

- 3pasok rpyHTy Ne 1 (4opHO3EM);
3pa3ok rpyHTy Ne 2 (4OpHO3eM);

- Kpyrna miactuna, matepian — 3aii30, giamerp 60 MM;

- Kounreitnepu ans popMmyBaHHS mapy IpyHTY, BUCOTa 22 cM, AiameTp 27 cM.

30BHIIIHIA BUIVISA  EKCICPUMEHTANBHOI  YCTaHOBKM IpeicTtaBieHo Ha puc.l. Cxema
eKCIIepUMEHTAIILHOI YCTAaHOBKH IIPE/ICTaBICHA Ha PUC. 2.
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Puc.1. 30BHIIIHIN BUTIIAL €KCIIEPUMEHTATBHOL Puc. 2. CxeMa ekcriepuMeHTaIbHOI ycTaHOBKHA: 1 -
p P y
YCTaHOBKI nasep xipypriunuii niognuit "Lika-surgeon+"; 2 -

cBiTioBoa SMA-905-SMA-905; 3 - nasepne
BUIPOMIiHIOBaHHS; 4 - KOHTEHHep 3 IpyHTOM; 5 —
TETUIOBE BUIIPOMiHIOBaHHSI; 6 - Temuosizop UTi165K



MMepumii uukia. Meroauka npoBeaeHH.

1. Ha nepmomy erarmi map rpyaTy Ne 1 ToBuuHo0 16 cM 0yB chopMOBaHHN Y KOHTPOJIbOBAHHX
yMOBax 0e3 dKOAHOTO CTOPOHHBOTO MPEAMETa BCEPEIHHI.

2. Ha Bucoti 44 cM Bix mapy IpyHTY Ha CTiili OyJl0 PO3MIIIEHO TEMIOBI30p 1 3aKpiljIeHO
JMUCTANbHY AUISHKY CBITJIOBOMY, Yepe3 sIKy BUXOAWTH, SK poOode JlazepHe BUIIPOMIHIOBAHHS Tak i
BUIIPOMIHIOBaHHS Jlazepa-mijgora. PoOode BHUMPOMIHIOBAaHHA 3HAXOAWTHCS «BCEPEIUHI» KOHTYPY
(xona) BUNpPOMiHIOBaHHS Ja3epa-mijiota. [IpokcuManbHa OiNSHKA CBITIOBOJA — MiAKIIOYaiacs a0
nasepa.

3. Bymno 3po0iieHO BUMipIOBaHHS TEMIIEPATYPH IOBEPXHI IPYHTY JI0 JIA3EPHOTO BILIHBY.

4. Ha moBepxHIo IpyHTYy BIiuBaiu [Y nazepHUM BHIPOMiHIOBAaHHSAM JOBXUHOIO XBHI 940 HM,
NOTYyXHicTio 24 BT, TpUBaicTh 1a3epHOTO BIUIMBY CTAHOBHUIIA 5 CEKYH/I.

5. Ilicns mpunmuHEHHS HArpiBy Ja3epoM MPOBOAMIIACH CEpis BUMIPIB TeMIEpaTypHOI TUHAMIKU
OXOJIOJPKEHHS 32 JIOMOMOTOI0 TETIOBi30pa KoxkHI 5 cexyna mpotsaroM 30 cexyna. Ilicnsa 3HmkeHHS
TEeMIIepaTypH 10 MOYaTKOBOTO PiBHS MH 3aBEPLIYBAJIN MEPIIUI LUK JOCTiIKEHb.

6. Tlicns 3aBeplIeHHS MEPIIOro IUKITY JOCTIKSHHS IPYHT OYB YaCTKOBO 3HATHMH, 1 HA TIIHOMHY
IpUOIU3HO 5 CM 3aKOIaHa METaJIeBa IIaCTHHKA.

7. TloBepxHs TIpyHTy OyJa 3HOBY BHUDIBHSHA, 1 IMOBTOPHO MNPOBEICHWI BIUIMB Ja3epoM 3a
AHAJIOT1YHOIO CXEMOIO.

8. BrpomoBk 0XONOKEHHS 3IiHCHIOBANACH Cepisl TETIOBI3IMHIX CIOCTEPEKEHD /ISl BUSBICHHS
BiIIMIHHOCTEH y TemmepaTypHoMy Tpodisii 30HH, Mij KO0 OyJia po3TallloBaHa METaJIeBa IJIACTHHKA.

9. Ha ocHOBi cepii TeIIOBI3IHHUX KaJIpiB BUKOHAHO OOPOOKYy JaHuUX Ta MOOYyJI0BaHO
TEeMIIepaTypHY KPHUBY OXOJIOKEHHS JOCIIHKYBAHOT TUISTHKY.

10.Byno npoBeZieHO MOBTOPEHHS €KCIIEPUMEHTANIBHOI Mpoueaypu (IyHKTH 1-9) 3 ApyruM THIIOM
IpyHTY.

OuikyBaHuii  pe3yiapTar. MeTameBa IUIACTUHKA MAa€  IHIN  TETUIOBI  XapaKTePUCTHKH
(TeTTonpoOBIIHICTh, TEIUIOEMHICTH) y IOPIBHAHHI 3 TPYHTOM, IO MOXE TPU3BECTH JO 3MIiH Yy
HIBUKOCTI OXOJOKEHHS B ii OKOJI, sIKi iKCYIOTBCS TeruoBi3opoM. Lle 1o3Bosisie BUSBUTH HasIBHICTh
MPUXOBAaHOTO METAJIEBOTO 00'€KTa.

Ha pucynkax 3 i 4 mpeacTaBneHo TeMIepaTypHi KPUBi OXOJIOMKEHHS TOCIiKyBaHOTO IpyHTY Ne 1
i TpyHTY No 2.
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Puc. 3. TemneparypHi KpuBi 0XOJIOIKEHHS Puc. 4. TemnepatypHi KpuBi 0XOJIOIKEHHS
JOCIIZIKYBaHOTO IPYHTY Ne 1 JOCIiIKYBaHOTO IPyHTY Ne 2
B o0ox Bumankax (puc.3, puc. 4) crocrepiraeTbcs cxoxka TeMIepaTypHa KpuBa — IIBUAKHA

HarpiB 1 MocTymoBe oxonomkeHHs. OpHaK JJis BapiaHTy 3 METaJeBOIO IUIACTUHOIO TeMIepaTypu
BHII, HIXK O€3 IIaCTHHHU.
Apyrunii nuki. MeToanka npoBeieHHs.

1. Tpynr 1 i IpyHT 2 piBHOMIPHO 3MilIAIX MiXk COOOK i PO3CHIIANH 110 KOHTEWHEpam mapom 16
cM. Y koHreiHepi Ne 1 3 rpyHTOM OYyIJIM BiJICYTHI CTOPOHHI MpenMeTH, y KonTelHepi Ne 2 Ha rimOuHi
5 cM OyJ10 pO3MIlLIEHO METaJIeBY IJIACTUHY.

2. Ha Bucoti 44 cM Bix mapy IpyHTY Ha CTiili OyJi0 pPO3MIIIEHO TEMJIOBI30p 1 3aKpiljIeHO
JICTANBHY JIJSIHKY CBITJIIOBOJY, 4epe3 SKy BUXOJUTh, SK poOodYe Jia3epHE BUIPOMIHIOBAHHS TaK i
BUITPOMIHIOBAaHHS Jia3epa-mijora. PoOode BUNPOMIHIOBAHHS 3HAXOAMTHCS «BCEPEIUHI» KOHTYPY



(koma) BHUINpPOMIHIOBaHHS Jazepa-minora. IIpokcuMmanbHa AUTSTHKA CBITIOBOJA — IMAKIIIOYAIacs 0
amnapara.

3. Byno 3po6ieHo BUMipIOBaHHS TeMIIEpaTypy HOBEPXHI IPYHTY 1O JIa3€PHOTO BILIHBY.

4. Ha noepxHio koHTeitHepa Ne 1 BrummBanu [Y nazepHUM BUIPOMIHIOBaHHSIM JTOBKWHOIO XBHIIL
940 aM, IoTYXHICTIO 24 BT, TpUBaIicTh Ta3€pHOTO BIUIMBY CTAHOBHJIA 5 CEKYH/I.

5. Ilicns mpunmuHEHHS HArpiBy Ja3epoM MPOBOAMIIACH CEpis BUMIPIB TeMIEpaTypHOI TUHAMIKU
OXOJIOJPKEHHS 32 JIOIMOMOTOI0 TerioBizopa mpoTsaroM 50 cekyHn KoxkHi 5 cekyHa. Ilicns 3HmKeHHS
TEMIIepaTypH JI0 TOYaTKOBOTO PiBHS MH 3aBEPIIYBAIN MEPINUI UK JOCTIPKEHb.

6. Ha ocHOBI cepii TEIUIOBI3IHUX KaJIpiB BHKOHAaHO OOpOOKY JaHUX Ta MOOYIOBaHO
TeMIIepaTypHy KpUBY OXOJIOPKEHHSI JOCHTIPKYBaHOT JITSTHKA

7. By7no npoBelieHO TOBTOPEHHS €KCIIEPUMEHTAIbHOT polieAypH (ITyHKTH 2—6) 3 KoHTeiHepoM Ne
2 (MeTajeBa IJIaCTHHA B CEPEIUHI).

8. Ilicns 3HIKEHHS TEMIIEpaTypH 0 MOYaTKOBOTO PIBHS MU 3aBEPILWIN APYTHN LIUKI TOCTIKEHb
1 IPOBEJH MOBTOPHO EKCIIEPUMEHT APYrOro IHKITY.

Ha pucynkax 5 i 6 mpeacTaBiieHO TeMIIepaTypHi KpWUBI OXOJIOKEHHS JOCHTIHKYBaHOTO TPYHTY B
koHTeltHepi Ne 1 1 B koHTeHHEp1 Ne 2.

C
H

HowTediHep No 1,

Kowrednep N1,
Ipyur Ges nnacr.

Fpywt Ges naact

Temnepatypa
~ ™
b e}
Temuepatypa , °C
&

KowTeRep No 2,
KowTeitnep No 2, TpyHT 3 nnact.
Tyt s

25 L PYHT 3 AacT.

o 5 10 15 20 25 30 35 40 as 50 o 5 10 15 20 25 30 35 40 45 50
Kpok., cext Kpok, cex

Puc. 5. TemniepatypHi KpUBI OXOJIOJPKEHHS - KOHTEHHEp Puc. 6. TemnepaTypHi KpHBi 0XOJIODKEHHS KOHTEHHEP
Ne 1 ©e3 mmacTHHU, KOHTEHHED Ne 1 6e3 mnacTiHU, KOHTEHHED
Ne 2 3 mracTuHOIO Ne 2 3 MeTaneBoro MIACTHHOO (TIOBTOPHUI €KCIIEPHMEHT

JPYTOTO LHKITY)

Ha puc. 5. BuaHo pi3HuUIIO MiX I'pyHTOM 0Oe3 tutacTuHU (KoHTelHep Ne 1) 1 IpyHTOM 3 MIacTHHOIO
(xonretinep Ne 2), pisnuisa +0,6 °C — HeBenvka, ajie moMiTHa. MOKHA BIIEBHEHO KOHCTATYBaTH TOH
(axT, 1110 IPUCYTHICTh METaJIeBOI INIACTUHH YiTKO BIUIMBAE HA TEIUIOBY MOBEIIHKY CHCTEMH IPYHT +
wiacTuHa. Y (asi 0X0JIOKEeHHS IUIacTHHA 30epirae Teo AOBIIe, HiX HaBKOJIMIIHIA IpyHT. HaBiTh
NPy MiHIMaNbHIH 4yTIMBOCTI Teriosizopa (~0,5 °C) pi3HHIIS epeBHIILYE MOPIT BUSBICHHS, 0COOIHBO
B KPUTUYHI MOMEHTH.

Ha puc. 6 Ha miky HarpiBy (3amipu 2-3) TemrmepaTypa Maike OJHaKoBa B 000X BHIIAJKax, 3
HE3HAYHMM MiIBUIICHHSIM MPH HasBHOCTI rutacTuHU (10 +0,5 °C). [Tounnarouu 3 5-ro 3amipy BHIHO
pi3Ke OXOJIO/DKCHHS 30HU 3 IUTacTUHOW — Bijg —2,6 °C 1o —4,8 °C, 110 KOHTPACTYy€E 3 MOMEPEIHIMU
EKCIIEpUMEHTaMH, JIe METaJl CIIPHUSIB yTPUMAHHIO TeTlIa.

IepcrniekTUBYU A0CTiNKEHD.

i moganbIuX JOCTiIKEeHb 1 BpaXxoBYIOUi OTPUMaHi pe3yabTaTh, He0O0XiJHO:

1. 30inbIIMTH E€HEepreTHYHy JA03y JIa3ePHOTO BHIIPOMIHIOBAHHS 32 paxyHOK 30UIbILEHHS
MOTYXHOCTI, TPUBAITICTH 5 € — 3IMIIATH O€3 3MiH.

2. BukopucroByBatu TemioBizopu 3 Buinoi 4yTiauBicTio (< 0,1 °C) Ta KOPOTIIUM YacOM BIATYKY.

3. JlowinbHUM € 3acTOCYBaHHS ONTHYHUX (iNABTPIB, SKI OJOKYIOTH ONMKHE iH(payepBOHE
BUIIPOMIHIOBaHHS Jiazepa, M0 MOTpaIuisie Oe3rmocepelHbo B 00’ €KTHB TeruioBizopa. lle no3Bonuth
VHUKHYTH MOXIIMBOTO 3aCBIYEHHSI CEHCOpa Ta TOKPAIUTH TOYHICTh (ikcamii ciabKux
TeMIIepaTypHUX aHOMaJIii.

4. 3nidCHUTH NOCTIUKEHHS PI3HUX THIIB IPYHTIB (MCOK, CYIJIMHOK, YOPHO3E€M) UIS OLIHKHU IX
BIUIMBY Ha TeIUIonepeaaqy.



5. BukoHaTH cepiro €KCIIEPUMEHTIB 13 3MIHOIO TIMOWMHU 3akianeHHs mractuar (1 — 5 cMm) most
BU3HAYCHHSI ONITUMAITLHOT TITHOMHY BUSIBIICHHS.

6. Po3pobutu anroput™ 00poOKH TeMIEpaTYPHHUX YACOBUX PSIIB JIsI BUSBICHHS MaTlX aHOMAaii
Ha (oHi mymy.

BucHoBku.

OTtpumaHi pe3ysbTaTi CBiI4aTh MPO Te, IO 3a 0OpaHUX MapaMeTpiB BUMPOMIHIOBaHHS (IOBXHHA
xBum 940 mM, moTyxHicTe 24 Bt, TpumBamicTh 5 c) MeTrox akTHUBHOI TepMmorpadii IeMOHCTpye
o0OMeXeHy 3[JaTHICTb JI0 IOCTOBIPHOTO BUSBJICHHS NMPUXOBAHUX METAJIEBUX 00’ €KTiB HA TIMOWHI 5 CM.
VIMOBipHOIO IPHUMHOIO € K HEe3HAYHA TEIIOBA iHEPIlish KOPOTKOTPHBAJIOTO BILIMBY, TAK i HEJOCTATHS
pO3AUTbHA 3JaTHICTh TEIUIOBi3opa. Hamani MOmuIbHUM € TPOBEACHHS JOJaTKOBHX CKCIICPUMEHTIB 13
Bapiarli€ro mapameTpiB HarpiBy (TOTY>KHOCTI), TTHOMHH 3aJIATaHHA 00’ €KTIB, XapaKTePUCTHK TPYHTY.
30kpeMa, MOLITBHUM € BHUKOPHCTAHHSM TEIJIOBI30piB 3 BHUILOK TEMIIEPATypHOIO DPO3AUTEHOIO
3patHicTIO. OKpiM TOro, HEOOXiIHUM € BHUKOPHCTAaHHSAM ONTHYHUX (IIBTpiB mepex 00 €KTUBOM
TEIUIOBI30pa, fAKi OJOKYIOTH OMIKHE i1H(QpadepBOHE BHIIPOMIHIOBAHHS Jla3epa, IO IOTPAILIIE
Oe3nocepenHbO B 00 €KTHB TeIToBi3opa. Lle m03BOMUTh YHUKHYTH MOKIIMBOTO 3aCBIY€HHS CEHCOpa Ta
MOKPALTUTH TOYHICTH (pikcarlii c1abKux TeMIIepaTypHUX aHOMAJII.

OnTuMi3aliis Ta 3aCTOCYBaHHS 3aIIPONIOHOBAHOTO METOY y POOOTaX IO NUCTAHIIHHOMY BUSBICHHI
BUOYXOBO-HEOe3MmeuHnx 00’ekTiB 3a gomomoroio BIUJIA mo3BonwTh 3HAYHO CKOPOTHUTH HYac Ha
po3MiHyBaHHS TepuTopii VYKpaiHM mNpu 3HAYHUX EKOHOMIYHHMX T[epeBarax Haja iCHYIOUYHMH
TEXHOJIOTISIMH Ta a0COMOTHO Oe3medHo Ais PaxiBIiB.
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Experimental study of the possibility of detecting metal objects under a layer of soil using near-
infrared radiation and thermal imaging monitoring

Olha Komarova, Volodymyr Kholin, Yuriy Zabulonov, Sergii Pavlov, Yaroslav Ivliev,

Abstract. As of December 2, 2024, the territory of Ukraine potentially contaminated with explosive
remnants of war amounts to approximately 139,000 square kilometers, and unfortunately, this figure continues to
grow. Given the relevance of automated detection of explosive devices using unmanned aerial vehicles (UAVSs)
equipped with multispectral and infrared imaging, exploring the possibilities of localized infrared heating and
thermal monitoring is a vital step toward developing alternative solutions for detecting hidden explosive hazards.

This study investigates the effectiveness of active thermography using pulsed local heating with an IR laser
(940 nm, 24 W, 5 s) to detect concealed metallic objects at a depth of 5 cm. The thermal response was analyzed
using a thermal imaging camera.

The results showed a low amplitude of temperature response (~0.5 °C), which complicates the reliable
identification of objects at the current sensitivity level of the thermal imager. Several directions for method
optimization are proposed: increasing the power of the laser radiation, improving the thermal imager's
parameters, and using optical filters to eliminate sensor overexposure.
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The findings have practical value for the development of effective UAV-based systems for remote detection
of explosive objects, enabling a significant reduction in demining time across Ukraine. Such systems offer
considerable economic advantages over existing technologies and ensure complete safety for personnel involved
in the process.
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