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KopuncHa mogenb HanexuTb 40 MeAUYHOI TEXHIKN, B Hil 3aCTOCOBAHO TEPMOENEKTPUYHUIA edoekT
MenbTbe i BOHa Moxe OyTM BMKOPUCTaAHA B Pi3HMX rany3sax MeauuuHW. 30Kpema B Kpioxipyprii,
aepmaronorii, KocMeTosorii.

Bigomi TepmoenekTpuuHi npunagn MenuyHOro Mpu3HayYeHHs, 3acHOBaHi Ha BWKOPUCTaHHI
TepmoenekTpuyHoro edpekty lMenbtbe [1, 2]. [0 HMX HaneXxuTb TepMOENEKTPUYHUIA MeaNYHUIA
iHCTpyMeHT [3]. BiH cknagaeTbCca 3 KOpMycy, TEPMOenekTpudHoro moaynsa lNenbTbe Ta NnacTuHW,
yepes AKy xonop Big moaynsa MNenbTbe NepeHoCUTbCA 00 3MIHHUX Hacagok. Kopnyc CnyXuTb py4Koro
Ta pesepByapoM AN piguHKU, SKOK BiABOAUTBLCA Tenno Big mMoaynsa. EnekTpuyHuM npoBigHMKOM
30INCHIOETLCA XMBMNEHHs moayns [lenbTbe. BepLuMHO KOHIYHOI 4YacTuHM Hacagku BioOyBaeTbCsA
nokanbHe OXONOMKEHHSA HEBENMKOI YaCcTMHU Tina NoanHW.

Heponikom Takoro npunagy € KopoTkoyacHa uoro poboTta Ta HenepepBHE 3POCTaHHS
TeMnepaTypu BEPLUUHMU i3-3a HEAOCTATHLOI TENMOEMHOCTI PiAUHN.

Hanbnmkumm aHanorom A0 KOPWUCHOI Moperni € TepMOENeKTPUYHUA MeaudHuiA npunag ans
kpiogecTtpykuii (®ir. 1) [5]. MNMpunag cknagaetbca 3 6roka oxonomkeHHs A, Brnoka xuBneHHs B i
pobouyoro iHcTpymeHTa C.

Brnok oxonomkeHHA A cknagaeTbes 3 Kopnycy 1 B AKOMY 3HaXOA4SATLCA TennoisonaTopu 2, kamepa
oxonomakeHHs 3 3 akymynaTopamu xornody 4. Kamepa oxonomkeHHs BTUCHYTa TepMOoenekTpUuYHUMU
Moaynsamm 5, nosiTpsHMMK pagiatopamu 6 Ta rBMHTaMu 7.

Pobounii iHcTpymeHT C cknagaeTbcsl 3 enekTpoHHoro tepmomeTpa 12 3 nposigHukom 13 Ta
TepMmicTopomM 18, SIKUM BUMIpIHOETLCA Temnepatypa B akymynaTopi xonogy. OcTaHHin MmicTu:;.
MeTanesun kopnyc 17 3 Tennoakymyrnow4yow piguHol 15 Ta TenmonpoBigHum uuniHgpom 16.
npuegHaHum Jo cdepuyHoi YacTuHuM kopnycy. Ha wmetaneBomy kopnyci 17 BCTaHOBMEHO
Tennoizontotoumi umniHap 19. Kopnyc enektpoHHoro tepmomeTpa 12 3'egHaHO 3 aKymynsaTopom
xonogy ctepxxHeM 13 HM3bKOI TEMMONPOBIAHOCTI.

[ns oxonomXeHHA akymynsaTopa xonogy pobo4voro iHCTpyMeHTa Tennoisonauiiiuin umniigp 19
3HiMaeTbca 3 kopnycy 17. lMicna uboro kopnyc 17 NOMIWAETLCA Yy LMNIHAPUYHMIA OTBIp 8 nonepeaHbO
OXOsloKeHoi kamepun 3 cTpyMam Big 61oka XuneHHs B.

[Ona nokanbHOrO OXOMOMKEHHA Ha UMAIHOPWYHY YacTuHY Koprnycy 17 BCTaHOBIHOETLCA
TENO0I30MYNA UMAIHAP, NICAS YOro NikyBaHHS 34iMCHIOETbCS BEPLUMHOW MNiBCHEPUYHOT YacTUHMU
kopnycy. Mpn uboMy TennonpoBigHMM uMnNiHAPOM 16 Tenno Big BeplMHM NIBCOEPUYHOI YaCTUHK
Kopnycy iHTEHCUBHO BiABOAUTLCS B 06'eM akymynsaTopa xonogy poboyoro iHCTpyMeHTa.

TakuMm npuvnagom [OCAraeTbCs 3HWXKEHHHA Temnepatypy MeTaneBoro kopnycy poboyoro
iHcTpyMeHTa 3a 10-15 xB Ao TemnepaTypu -30+-35 °C Ha noBepxHi Wkipn nnoweto 1,5+2,5 cm? npu
yaci MmeguyHoi npouenypu 1-2 xs.

Heponikom aHanora €: 3Ha4yHU Yac OXONOAXKEHHSA PoBOUNX IHCTPYMEHTIB Nichs TX PO3MilLeHHS Y
Onoui OXONOOKEHHs, WO OOMEeXye MOXIMBOCTI MPOBEOEHHA MeAMYHUX npouenyp; BiACYTHICTb
MOXIMBOCTI fOKanisyBaTuW OXONOMKEHHA Ha HeBEenuKin MOBEepxXHi LWKipW; HeJocTaTHIM 4ac
NiZTPUMaHHSA XONOA4HOT TeMNepaTypu Npu NPOBEAEHHI MeANYHUX NpoLenyp.

[nga ycyHeHHs Lunx HeJonikiB y KOPUCHIN Moaeni 3asiBNeHi HOBi O3HaKW, LLIO He 3YCTpivaloTbCs Hi B
OfHOMY i3 aHarnoriB: BMCOKOEEKTUBHUIA TEPMOENEKTPUYHUIA MOAYTi, PIOVNHHUIA TennoobMiHHMK Ta
KoakcianbHWIM LINaHr, B SKOMY UMPKYJIOE pigKMA  XonodoareHT, LWo po3MiweHi B pobovomy
iHCTPYMEHTI; Hacoc Ta PigWHHWIA TennoobMiHHWMK 3 OTBOpaMW ANs LUMAHTIB, WO po3MillieHi B 6noui
OXOMNOAXEHHS.

B ocHoBY kopucHOI Moaeni nocTaBneHa 3agada - YCyHyTu HeJoriku aHanora.

lMocTtaesneHa 3agaya BUPIWYETBCA TUM, WO TEPMOENEKTPUYHUA MeAWYHUW npunag  Ans
KpiogecTpykuii, Wwo cknagaeTbca 3 6noka XmBneHHs, 6y10Kka OXONOAXeHHS Ta poboyoro iHCTpyMeHTa,
3rigHO 3 KOPUCHOK MOAEenmo, pobounin iHCTPYMEHT MICTUTb BUCOKOEMEKTUBHUI TEPMOENEKTPUYHNI
MOAYIb, PIAVHHUIA TEeNNOOOMIHHMK Ta KOaKCianbHUN LUMAHT, B SKOMY LUPKYIOE PiAKMI XONOJ0areHT.

Brnok oxonogxeHHsA MiCTUTb HacoC Ta PIGUHHMI TENNOOBMIHHMK 3 OTBOpPaMK AN LUNAHFiB.

[na ycyHeHHs unx HeJonikiB y KOPUCHIN MoAeni 3asBneHi HOBi O3HaKW, L0 He 3yCTpivaloTbCs Hi B
ofHOMY i3 aHanoriB: pobo4Ynn IHCTPYMEHT MIiCTUTb BUCOKOEMEKTUBHUIN TEPMOENEKTPUYHMUIA MOAYIb,
PiOVHHMIA TEeNNOOOMIHHMK Ta KOakCianbHUIM LUMaHr, B SIKOMY LMPKYIIOE PigKMA XxonogoareHT; 6nok
OXOJTOKEHHS MICTUTb HACOC Ta PIAWMHHMIA TEMNOOOMIHHUK 3 OTBOpaMM 4115 LUIaHTiB.

CyTb KOpUCHOI MoZeni MNOosCHIE KpecneHHa (Pir. 2), Ha sAkoMy 300paeHO KOHCTPYKLitO
TEPMOENeKTPUYHOro MeAMYHOro Npunagy Ang KpioaecTpyKLil.

Mpunag cknagaetbca 3 6noka oxonomkeHHA A, Onoka XmeneHHs B i pobo4yoro iHcTpymeHTa C.
HoBumMn oO3Hakamn npunagy €: BUCOKOEMEKTUBHUW TepMOENeKkTpuyHuin mopynb 18, piauHHWIA
TennoodbmiHHMK 17 Ta koakcianbHun wnaHr 11 B pobo4OMy iHCTPYMEHTI; Hacoc 4 Ta PigUHHWN
TennoobMiHHMK 3 oTBOpamMu Ans wnaxrie 10 B 6r10Li OXONOOKEHHS.
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Bnok oxonogxeHHs A cknagaeTbea 3 kopnycy 1, B AKOMy 3HaXoOUTbLCS TENMOI30NATopK 2, Kamepa
oXxoromkeHHs 8 3 akymynsatopamu xornogy 9 Ta piguHHMM TennoobmiHHukoM 3 oTBopamu 10, Yepes
KU NPOKayyeTbCa pignMHa 3a A0ONOMOrow Hacoca 4 i wnaxrie 3. Kamepa OXOno4KeHHS 3aTUCHYTa
TEPMOENEKTPUYHUMN MOAYIIAMU 5, NOBITPAHUMM pagiaTopaMmn 6 Ta rBuHTamu 7.

AKYyMynsiTopamy Xorogy CIny>uTb piguHa, posTalloBaHa y repMmeTndHmx ob'emax Kamepu xonogy
8. NMpn oxonompKeHHi pigUHN TEPMOENEKTPUYHMMIN MOOYNSMU A0 TeMmnepaTtypu it dha3oBoro nepexoay
y TBEpPOUN CTaH BiabyBaeTbCs akymynsuia xonogy. [na AoCArHEeHHS noHwkeHux TemnepaTyp (-40 +-
80 °C) BMKOPMCTOBYIOTb KackagHi TepMoenekTpuuHi moayni. Bigsig Tenna Big mopgynie 4epes
pagiatopu 6 3g4iNCHIOETLCA BeHTUNATopamu 14, WO npoayBalTb MOBITPA 3 BXigHWX otBopiB 13 y
BUXigHi 12.

Pobouunint iHcTpymeHT C cknagaetbCs 3 TEMroi30NbOBaHOrO KOpMycy, OO0 SKOro 3akpinneHo
€NeKTPOHHUI TepmoMeTp 15, AKuUM BUMIPHOETLCA TemnepaTtypa B akymynaTtopi xonoay. OcCTaHHIn
MICTUTb MeTaneBun kopnyc 19 3 TennoakyMynior4oro piguHo 21 Ta TennonpoBigHUM LuniHOPOM 22,
npuegHaHumM [0 cdepuyHoi 4acTuHu  kopnycy. Ha wmetanesomy kopnyci 19 BCTaHOBNEHO
Tennoizonounn umniHap 20. o akymyndatopa xonoay npuKpinneHo TepMoenekTpu4HMn mogyne 18,
WO NpuU3HaYeHUn Ons OXOMNOMXKEHHs akymynaTopa xonody. Biggig Tenna Big TepMoenekTpuyHoro
Moaynsi 18 34iACHIOETbCSA 3a OOMOMOIOK PIOVHHOrO TennooOMiHHWKA 17, sKMii 3a OOMOMOrOH
KOaKcianbHOro LWnaHra 3'€4HYETbCA 3 KaMepPO OXONOAKEHHS 8.

[na oxonomkeHHs1 akymynsatopa xonogy pobo4oro iHCTpymMeHTa TennoidonsauiiHum umningp 20
3HimMaeTbea 3 kopnycy 19. lNMicna uboro kopnyc 19 NomilaeTbCs y UMNIHAPUYHMIA OTBIp NonepeaHbo
OXOsoKeHOI kamepu 8 cTpyMomMm Big 6r1oka XunsneHHs B.

MMicna pocarHeHHA HeoOXigHOI TemnepaTypu, Ha UWMIHOPWYHY YacTuHy kopnycy 19
BCT@HOBMIOETLCA TEMIOi30NIOYUA  UMAIHAP, MiCNA 4Oro nikyBaHHA 3AiNCHIOETBCA  BEPLUMHOI
niscpepmnyHoi YactuHu kopnycy. [Npyn UbOMy TENMOMNPOBIOHWM LMNIHOPOM 22 TEnno Bid BEPLUWHM
niBCPepnYHOi YaCTUHM KOPMyCy iIHTEHCUBHO BiOBOAMTLCHA B 00'eM akymyndtopa xonogy poboyoro
iHcTpymMeHTa. Kpim Toro, BMMKaeTbCs Hacoc 4 Ans NPOKayku PiguHW, LLO OXONOMKYE rapsyy CTOPOHY
TepmoenekTpuyHoro mogyns 18.

BukopuctaHHA 3anponoHOBAHOro TEPMOENEKTPUYHOro MeAWYHOro npunagy Ans nokanbHoro
OXOITOKEHHS 3abe3neyye 3pOCTaHHA MOXMIMBOCTI NiKyBaHHA 3a paxyHOK 36inblUeHHS LBWAKOCTI
OXOIOKEHHSI poboyoro iHCTpymeHTa Ta 30iMblUEeHHI TpuBanocTi NiATPMMAaHHS TemnepaTtypu
po60oYy0oro iHCTpyMeHTa.

Taki nokpalieHHst 3abe3nevyyloTb MOXIUBICTb PO3LUMPEHHS BUMKOPWUCTAHHS nNpunagy Ans
NiKyBaHHSA X0NogoM, 0cobMnMBO ANs KpioAeCTPYKLii OHKO3axXBOPHOBaHb LUKIpK.

Mpomucnose BMPOGHMLTBO 3anponoOHOBAHOro npunagy He notpebye BMKOPUCTaHHA crnelianbHuX
TexHororiit Ta MaTepianis. Moro peanisauis MOXnuBa Ha iCHylOUMX NiANPUEMCTBax npunagobyaisHoro
Hanpsimy.
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®OPMYIJIA KOPUCHOI MOLENI

1. TepMoenekTpnyHUn MeanyHuin Npunag ans KpioaecTpykuii, Wo cknagaeTbes 3 6noka XUBMEHHS,
Onoka OXOnompKeHHs Ta poboYOro IHCTPYMEHTA, KU BiApPI3HAETLCA TUM, L0 POBOYUIA IHCTPYMEHT
MiCTUTb BUCOKOEMEKTUBHUI TEPMOENEKTPUYHUI MOAYIb, PIANHHWUIA TEMNNOOOMIHHUK Ta KoakcianbHWU
LUNaHr, B AKOMY LIMPKYIIOE PiAKUIA XONoJoareHT.

2. TepmMoenekTpMYHUI MeanYHUn Npunag Ans KpiogecTpykuii 3a n. 1, AKMN BiAPI3HAETbCA TUM, LIO
00K OXONOMXKEHHS1 MICTUTb HAcoC Ta PiANHHUIA TENNOOOMIHHUK 3 OTBOPAMW OIS LWSaHrIB.
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