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BCTYII

AKTyaJIbHICTL  JOCJHiI:KeHHs.  MOHITOpUHT T  4Yac  3A1HCHEHHS
TPAaHCTIOPTYBAHHS BIAIrpae AyKe BAXKIUBY pOJb, 3IIACHIOIOYN IIBUAKANA OOMIH
1H(DOpMaIIi€r0 MK TPAHCTIOPTHUM 3aCO00M 1 BOJIi€M, JioricToM. LIIBHIKE TepeMimeHHs
Ta 30€pEKEeHHS TEMIIEPaTyPHUX HOPM MOKJIaJI€HO MOBHICTIO Ha TPAHCTIOPT Ta CUCTEMU
OXOJIOKCHHSI.

ButpaTu Ha 3/11iiCHEHHS IEpEBE3EHHS B 3aJI€KHOCTI B/l TUIY MPOAYKIIlT MOXYTh
nocsrati 40% Bijx 3arajgbHOi BapTOCTI.

TenepiHi yMOBH 31HCHEHHS TPAaHCIOPTYBAaHHS IIBUIAKOICYBHUX BaHTaXIB
3MYIIYIOTh MIiAIPUEMCTBA 3MIHIOBAaTH MIiAXiA 0 MOHITOpHHTY. HemoctaTHbO
MPOKJIACTA MApUIPYT, MOTPIOHO MOCTIHHO CIIAKYBAaTH 3a 3MIHOIO TEMIIEpaTypu B
OXOJIO/DKYBAJIbHUX YCTaHOBKAax, 00 3amoOirtTv Oyjb-sKMM HEraTMBHUM 3MiHaM B
HACJII0K HarpiBaHHs.

MoXIHMBICTh KOHTPOJIIOBATH MICIIE3HAXO/XKEHHSI TPAHCIOPTHOTO 3ac0o0y Ha
BUMOTY Ta TIEPEBIPSATH PIBEHb TEMIIEPATypPH B PEXKHUMI peabHOr0 4acy Ja€ mepeBary
JIFOJIIM, BIJIMTOBIJAIBHUM 32 LUTICHICTh BIAMIPaBiIeHb HA OOPTY TPAHCIIOPTHHUX 3aCO01B.
[TocTiitHO 3pocTaroye HAcCeJIeHHS, a TaKOXX TpHUBajda TPUBAIICTH KUTTS JIIOJICTBA
MPOTATOM 0araThb0X POKIB PI3KO 301IBIIYBAIM MOMUT HA 1KY Ta MEAUYHI TOBApH IO
BCli 3emHIM Kkym. Lle mnpu3BOAUTH 1O MOMIMPEHHS CKIAJICHKUX

IPUMIIICHb, CEPEIOBUI] 3 PETYJIHOBAHOK TEMIIEPATypOl0 Ta JIAHI[IOTIB
XOJIOJTHOTO TTOCTaYaHHS,

1100 3a0€3MeUnTH JIIOICH 1MOJEHHUMH MOTPEeOaMH.

Ha cnoxxuBuomy piBHI 1H(}poOpMaIlii mpo mpoOiemMu yrpaBIiHHS JIAHIFOTaMH
MOCTAaBOK JayXe Mano. lle MOHyMeHTajbHE 3aBJaHHS TPaHCIOPTYBaTH Xap4doBi
MPOIYKTH, hapMaIleBTUYHI IIpenapaTu Ta 1HIII MBUIKOIICYBHI TOBApH, 30€pirarouu ix
HUTICHICTh. TpaHCOpPTHI omepallii Ha BEJIWKI BIACTaHI 3aBXAW OyJIM KOIIMapoM
JIOTICTHKH, aje KOJHM HACThCS MPO IIBUAKOICYBHI TOBApH, TO MAaTH CIpaBy 3 I
outbmoro mpobiemoro. OHAaK PO3BUTOK TEXHOJIOTIM, 1o Oa3ytorbes Ha GPS,
BIJIKPUJIO IIUISAX JI0 BAOCKOHAJIEHUX CHUCTEM YINPAaBIIHHS, 10 IO3BOJISIOTh BJIaCHUKAM
MiIPUEMCTB Ta KEPIBHUKAM KOHTPOJIIOBATH Ta KEPYBATH CTAHOM CBOIX ITOCTABOK Ha

KOXXHOMY KPOTIIi.



9
MOXIMBICTh KOHTPOIIOBATH MICIIE3HAXOKEHHS TPAHCIIOPTHOTO 3aco0y Ha

BUMOTI'Y Ta TIEPEBIPATH PIBEHb TEMIIEPATYPH B PEKMMI PEAIbHOTO Yacy Ja€ mepeBary
JFOASIM, BIIMIOBIAAIbHUAM 32 IIUTICHICTD BiIIPaBIIEHb Ha OOPTY TPAHCIIOPTHUX 3aCO01B.
€ OaraTo peueH, Kl MOXKYTb MITH HE TaK 1]l Yac TPUBAJIOI TPAHCIIOPTHOI omneparili, 1
MPOCTUN HATJSAA MOKE 3INCYBaTH BAHTAXX Ha MUIBMOHU (DYHTIB, SIKIIO 32 HUM HE
KOHTPOJIIOBaTUMYThCS HaNeKHUM 4uHOM. lle merme ckaszatu, HIDX 3poOuTH,
BpPaxOBYIOUH, 1[0 B JIAHIIOTAX XOJIOJHOTO MOCTaYaHHS TUCAYl BAaHTAXXIBOK PO3KHIaHI
10 KOHTUHEHTAX ISl IOCTABKU BAHTAXI1B, YyTIMBHUX JI0 TEMIIEPATYPHU, CBOIM KITIEHTaM.
Cuctemu ympaBiiHHS aBTOMApKOM 3a JIOMOMOIOI0 JHUCTaHIIHHOTO KOHTPOIIIO
TEMIEPATYPU € 17ealbHUM pILIEHHSIM YycCiX HpoOJsieM, 10 BUHUKAIOTH y MEpekax
XOJIOJHOTO TIOCTa4YaHHS MIOAHS. JIAHIIOr MOCTayaHHS € HACTUIBKH K IIBUAKUM 1
YyWHUM, K 1 TOTIK JaHux; CucteMu yrpapiiHHs aBTonapkoM Ha ocHOBI GPS HanaroTh
peanbHy iH(OpMaIIio B PEKUMI PEaTLHOIO Yacy, sika MOXKE 3ar00IrTH MePEeTBOPEHHIO
MPOCTOI HECIIPABHOCTI B KaTacTpo(iuHy CUTYAIIIIO.

[TepeBe3eHHs MIBUIKONCYBHUX MPOAYKTIB XapuyBaHHS BUMAarae CHelialbHOTO
oOnaaHaHHs, Uil TOro, MO0 OyauM JOOTPUMAaHI BHMOTH INOAO TEMIEPATYpH
TPaHCTIOPTYBAHHS TXKI.

Yroma ATP mnpo wmixnHapoani mnepeBedenns IIIXII Ta npo cnemiansHe
oOsiagHaHHs, ke OyJe BUKOPHUCTOBYBATHCS JIsl TaKUX IMepeBe3eHb i€ 3 1976 p.
Perymtoe mMidHapoJHI TIEPEBE3CHHS KOHKPETHUX MPOAYKTIB XapuyBaHHs. OmnucaHi
CTaHJAPTH JJIsl TPAHCTIOPTHUX 3aC001B 3 MOXKJIMBICTIO PETYJIFOBAHHS TeMIEpaTypu Ta
BCTAHOBJIEHA cUcTeMa cepTudikaiii oonaaHanud. Yroaa € npuiinsra B €spomni, CIIIA
Ta IHIINUX KpaiHaX, BOHA € 3aTaJIbHOBIIOMOIO 1 ehexTuBHOI0. OTHAK BOHA HE OXOIUTIOE
yCiX TOBapiB, KpiM Xap4YOBUX MPOAYKTIB 1, OKPIM TOr0, 3aCTOCOBYEThHCS JIUIIE 3
OOMEKEHOI0 KIJIbKICTIO IIBHIKOICYBHUX MNPOAYKTIB XapuyBaHHs. Llel noxkymeHT
CTaBUTh MHUTAaHHA TMPO MOXKJIUBICTb MOWMUPUTH 3acTocyBaHHS AT® Ha 1HHI
IIBUIKOTICYBHI IPOAYKTH Xap4dyBaHHS a00 TOBapu BUCOKOI BapTOCTI.

HartionanpHe 3aKOHOMABCTBO Mepeadadae KOHTPOJIh TEMIEpATypH I dYac
TpaHCIOPTYBaHHA abo0 TMPOCTO BHM3HAYA€ Jlalla30H TeMIlepaTtypu 30epiraHus,
JI03BOJICHUH 7151 IPOAYKTY. B ocTaHHROMY Tpaamilist 30epiraeTbes mpu BUOOP1 yMOBH

TPAHCTIOPTY, 1 BKAa3IBKM JAIOThCS YIMOBHOB@)XCHUM JIMINE B PIAKICHUX BHITAJKAX.
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Opnak motpeba y B3aemojli B edipl TpaHCIOPTHUX 3acO0IB BXKE IITOBXAa€ Ha

MEPEBE3CHHS]  HEPEryJbOBAaHMUX  IIBUJAKOINCYBHMX  MPOJAYKTIB  a00  IHIIUX
IIBUIKOTICYBHUX BaHTaXIiB 3a JOTIOMOTOI0 TPAHCIIOPTHHUX 3aC001B, AK1 cepTU(IKOBaHI
BIAMOBIAHO 10 yroau ATP.

Yroaa npo ATP- ne yroma mixk kpainamu, 1o mignucaiu KoHBeHIIiro, Tpo
TPAHCKOPJOHHE MEPEeBE3EHHS MIBUAKONCYBHUX XapYOBHUX MPOIYKTIB. 3BakKarouu Ha
Te, IO 1€ JUIIE YroJa, 3arajlbHOro OpraHy, 10 BUKOHY€E OOOB'SI3KH, HE 1ICHYE, a il
IPOTH HEBUKOHAHHS PETYNIOIOTHCS JIMIIE HalOHAIBHUM 3aKOHOAABCTBOM. Jlo
BCTAHOBJICHHSI BUIBHOTO 00Iry TOBapiB y Mexax €Bponu cepTtudikamis
pedpuxKepaToOpHUX TPAHCIOPTHUX 3acO0IB TEpeBipsUiacsl Ha KOXHOMY IE€pPETHHI
KOPJIOHY; Temep Ie 3aJHIIAEThCS Ha BHUIAIKOBUNH KOHTPOJb 3 OOKY MOMIIEHCHKUX
CITY k0.

PexxuM BUNpoOyBaHb PEryssipHO OHOBIIOEThCS PoOouoro rpymoro (WP11) 3
NUTaHb TPAHCIIOPTYBaHHS MIBUAKOIICYBHUX MPOIYKTIB xapuyBaHHs s KowmiteTy
BHYTPIIIHBOTO TpaHcnopty Exonomiunoi komicii €Bponu. s poGoua rpyma Takox
rotye nmpoekT [lociOHuKa 3 ToAaBaHHSAM KOMEHTapIB, JIe 1Ie IOPEYHO, JIsl pO3'ACHEHHS
a00 104aTKOBOI'O MOSICHEHHSI TEKCTY.

Metow po6oTM € migBUIEHHS €(PEKTUBHOCTI KOHTPOJIO TEMIIEpaTypHUX
PEKUMIB TPAHCIOPTYBAaHHS IIBUAKOIICYBHHUX BAHTAXIB MUIIXOM J0JIaTKOBOTO
OCHAIIIEHHS MTPOBIIHUMHU CEHCOPAMU TEMIIEpaTypy TEPMiHAIIB MOHITOPUHTY.

JInst HOCSITHEHHS TOCTaBJIEHOT METH HEOOX1THO BUPIIIUTH HACTYITHI 3a/1a4i:

1. TlpoananizyBaTu TE€XHOJOTIi Ta MPUHIUIHN (YHKIIOHYBAHHS CYITyTHUKOBUX
HaBITaIiifHUX CUCTEM.

2. BUBUMTH KOHCTPYKTHBHI OCOOJMBOCTI Ta MPUHLMIN [Ail amnapaTHUX
KOMITJIEKCIB ¥ 00JIaTHAHHSA JUIsl KOHTPOJIIO TEMIIEPAaTyph y CHUCTEeMaX MOHITOPUHTY
TPAHCIIOPTY.

3. IlpoBectn TEOpeTHUYHI MOCHIJKEHHS XapaKTEPUCTHK Ta 3aKOHOMIPHOCTEH
3MIHUM MapaMeTpiB CEHCOpa TeMIEPaTypPH.

4, Po3poOuth METOAMKY Ta oOJagHaHHA IS KaliOpyBaHHS CEHCOPIB
TEMIEPATYPH.

5. IlpoBectTn TapyBaHHA ceHCOpa U JOCHIIWTH XapaKTEPUCTHKY HOro
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BUXI1THOTHATIPYTH 3aJICKHO BiJI 3MiHU TEMIIEPATYyPH.

6. OOrpyHTyBaTM  JIOIJIBHICTh  BUKOPHUCTAHHS  CHUCTEMH  KOHTPOIIIO
TEMITepaTypHU/ ISl OHJIAWH MOHITOPUHTY TPAHCIIOPTY.

O06’exkTtamu JaocaiTzkeHb €: ceHcop Temneparypu, GPS-tpexepu, mMeroau
KaJ1iOpyBaHHS 1 TapyBaHHS CEHCOpA TeMIIepaTypu

IIpeamerom [ocCaiIzKeHb € 3aKOHOMIPHICTH 3MIHM TIapaMeTpiB CEHcopa
TEMIIepaTypd 3 METOI0 IIJBUIIEHHA TOYHOCTI MOro MOKAa3HUKIB Ta 3arajbHOl
e(eKTUBHOCTI BUKOPUCTAHHS OHJIAWH CUCTEMHU KOHTPOJIIO TEMITEpaTypH.

MeToau aoCaiIxKeHb: METOAM CUCTEMHOrO aHaji3y, €MITIPUYHUN METOJ —
EKCIIEPUMEHT Ta CIIOCTEPEKEHHS, MaTEMaTUYHA Ta CTAaTUCTUYHA OOpoOKa JIaHUX.

HaykoBa HOBHM3HA JOCJI/IKeHHS

- 00TPYHTOBAHO METOJUKY TapyBaHHs CEHCOpa M JOCIHIKEHO 3MIHY BUX1IHOI

HaIIPYTH 3aJIeKHO BiJl TEMIIEpaTypH, BCTAHOBIJICHO Alaia30H BUMIPIOBAHHS CEHCOpA.
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PO3A1JI 1
AKTYAJIBHICTB I 3ABJAHHSA JOCJII>KEHDb
1.1 Hasiraniiini cucremun GPS, iXx KoOMmoHeHTH
GPS - me HaBiramiifHa CyIyTHHKOBAa CHCTEMa, SKa IIpaIfo€ Ha OCHOBI

BUKOpHUCTaHHA ImdpoBoro curdHany (mpubnauzno 1,5 I'Tm), sxkuM CynmyTHHKH
nepenaloTh JAaHi Ha npuiiMad. [licns 1poro mnpucTpidd, SKUM OTpUMaB CHUTHa
MPOBOJAUTL BHU3HAYEHHS HOTrO TOYHOTrO [liala3oHy BiJ CYNMyTHHKa 1 TeorpadidHe
MIOJIO’KEHHS CYITyTHHKA.

GP — me okpecnene micrie po3TanryBaHHS Ha MOBEPXHI 3eMili, sSIKE BH3HAYAE

0esnocepennbo cynyTHHK. [le BcTanoBmoe JiHisg nonoxerns (LOP) (puc 1.1).

Ty
=

Pucynok 1.1 — JIiHist moJioKeHHS Ha MOBEPXHI 3€MJIi Bijl OJTHOTO CYITyTHHKA

Hpyruii cynytHuk okpecitoe cBoto LOP, sika 3a0e3neunTh TUTbKH J1Ba MOMKIJIUBI
micist posranryBanHs (puc. 1.2), a tperiii LOP Bu3HAunTh, KU 13 JBOX BapiaHTIB €

nivicanm [13], [17].
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Pucynox 1.2 — Jlinii nonoxxeunst (LOP) Ha moBepxHi 3emMJi BiJ ABOX

cynyTHUKiB(2-D pexum)

Yac mnpwuiioMy curHaly BHM3HA4Ya€ AAJbHICTh MpUiiMada BiJ CYMyTHHUKIB.
Curnan MICTUTh JIaHiI MPO Yac, KOJIM came BiH OyB HajiciaHui. SIKIIO MOPIBHATU
OTPUMAaHHUM Yac BIJMPABKH 1 4ac MPUUHATTSA 3a IONOMOTOI0 TOJMHHUKA MpUiiMaya, TO
MOXHa BHU3HAYUTH TOYHY 3aTPUMKYy 1, BIAMOBIAHO, miana3oH. Ha cymyTHHKax
BUKOPUCTOBYIOTh TOYHI aTOMHI TOJMHHUKH, SIKI OHOBJIIOIOTHCA BIJHOCHO T'OJIOBHOI
craniii. Hegopori GPS-mpuiimadi  BUKOpPHUCTOBYIOTH JTOAATKOBMM CUTHAI 13
YETBEPTOr0 CYIMyTHUKA JJIS TOTO, 100 BUPIMIMTH MOMIIKH 13 4acoM. B pesynbrari
4yoro, npuiiMay OTpPUMY€E HE TUIbKM TOYHY HaBiramiHy ¢ikcamiro, ajie 1 JaHi Mpo
MIOJIO’KEHHS HaJl pIBHEM MOPS 1 TOYHE OHOBJICHHS BHYTPIIIHBOTO T'OJIMHHUKA.

Jlnst Toro, mo6 cucTeMa CHpaBHO MpaloBajia, HEOOXITHO, MO0 MOCTIHHO
BUJIMMI OyJM Xoua O YOTUPHU CYNyTHHKA. 3TIAHO OMYyOJIIKOBAHUX JAHUX HA 3EMHIM
op6iti, sika ctanoBUTH 20000 kM € 21 onepaTUBHUI CYMYTHUK 1 I TPU 3aACHUX, SIK1
00JITalOTh 3€MHY KYJIIO 3a JIBAHALSTh FOJIUH.

Sxmo npunyctutH, MmO 21 CYOyTHHK € pIBHOMIPHO pO3MIIIEHI HaJ
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4m crepamianamu 3eMHOI Kyii. Ile mae nmpubmmsHo 47/21= 0,6 crepaniaHa Ha KOXKHHMA
cynyTHHK. JIfoquHa Moxke 1mobaynTH opieHTOBHO 1/4 HebGa y Oyab-sKuil 4yac, TO IS
BelIMUMHA OyJie MOpIBHIOBATH T CTEpajiaHiB, Y SKHX B CEPEIHbOMY Oyjae 3aJisTHO

7/0,65 cymytaukis [1], [4].

CynyTHuMK

BiactexeHHA |
OHOBJIEHHA
roauHHUKa

KOHTpONbHbIN
CermeHT

KopuctyBau

Pucynok 1.3 — Cxema GPS cuctemu

Y KOCMIYHHI CETMEHT BXOIUTh 24 cynmyTHHKa. KokeH 13 HUX 3/1iCHIOE KPYTOBY
M0JIOPOX OJIUH pa3 3a 12 TouH 1o moJIIpHUX 0pOiTax 3eMJIi Ha BUCOTI, sIKa MPUOIM3HO
ctaHoBuTh 20000 kM. IlomoeHHS CymyTHHKA, SKE € OC3MOCEPEeNHbO ITiJI HUM
Ha3UBA€EThCH TeorpadiuHuM mojiokeHHsM. s mossipHoi op6iTH 3emuti reorpadiuHe

MIOJIOKEHHS PYXAEThCSI OPIEHTOBHO B3/IOBXK MEBHOTO MEPHIiaHA.
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U, leorpadiyHe NONOKEHHS
‘ CYNyTHUKa

Pucynok 1.4 — Cxema reorpaiqHOro noyioKeHHs CyIyTHUKA

Ax mnpaBuio, OpOITH pI3HUX CYNYTHHKIB € pO3TAIOBaHI 3 IUKIIYHUM

iHTepBanom 55°. Tunoswuii opOitanbamii GPS-cymyTHUK MTOKa3aHUN HIDKYE.

Pucynox 1.5 — GPS cynytauk

[omoBHmit myHkT yrpasminasa (Main Control Sistem- MCS)- 3naxoauTtbhcs B
Komnopano-CrnpiHre 1 ynpaBisieTbCsl BINCHKOBO-TIOBITPSHUME cuiiamMu. Takox Ha Jliero
I'apcii, Kamxaneiini, ['aBasix Ta Kojopamo € m’arh cTaHIii, sKi 311MCHIOIOTH
BIZICTe)KCHHS CYIIYTHHKIB Ta repeaaroth indopmartiro B MCS [9], [10]. V Hdiero Iapcit,
KBamxenelini Ta ACIICHIIICH] € TPY BUCX1HI aHTCHH.

KoHTponbHUl CETMEHT 3A1MCHIOE TOYHE BIJICTEKEHHS CYMyTHUKIB Ta OHOBITIOE
ixH1 OpOiTaNBHI TAPAMETPU Ta ATOMHI TOAUHHUKHU.

KopucryBanpkuii cermeHT - 1e yci npuiimadi GPS. Bonu npuiimaroTs cursan
BiJICYMYTHHUKIB TICJIsI YOTO, BU3HAYAIOTh TOJIOKEHHSI, BUCOTY HaJ[ PIBHEM MODsI 1 4ac

BUXOJy. YCl BOHHU MICTATh OJIHY 13 JBOX MOXJIMBUX aHTEH [JIsi MNPUAOMY
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HUPKYJISIPHOTO TMOJSPU30BAHOTO CYIMYTHUKOBOI'O CHUTHANy HA 4YITKO BU3HAYEHUX
gactotax 1575,42 (L1) abo 1227,60 (L2) MTI11.

CurnHain, KUl NepelaeThCsi B OCHOBHOMY CKJIAAA€ThCS 13 IIU(GPOBOTO CUTHATY
3xapakTepHuM OinossspHuM 3cyBoM ¢azu Ha 50 6it/c (BPSK), mo mictuth B c06i yci
HaBiramiiHi JaHi, MO mepenarThcs Ha curHaiai crektpom 1023 MIm, sxwit
BUKOPUCTOBYIOTH JUJISI:

- KOJyBaHHS 1IGHTUYHOCTI OJTHOTO CYMyTHUKA B TIOPIBHSAHHI 3 1HIINMH;

- PO3IIMPEHHS MPOIYCKHOI 34aTHOCTI CUTHAY, IO B CBOIO YEPry 3MEHIIY€
MO>KJIMB1 MEPEIKOAM B By3bKO CMYTOBHX JKEpET.

Tounicte GPS-cucTemMu 3aralIbHOT0 KOPUCTYBaHHS:

- npubnau3Ho 53 ¢dyTa y MOJ0XKEHH] |

- 0,3 fps y mBHaKocTi;

- 100 HC B yaci.

Jlns1 3ano0iraHHs BEUMKINA TOYHOCT] HaBITallIMHUX CUCTEM MOYKJIMBHUX BOPOYKHX
CHJI, IPUHHSATO BCTAHOBJISATH BHUITAIKOBI MTOMUIIKH, sIKi € B Mexax Bif 130 mo 330 ¢yTis.
[ToripuieHuit cuUTHaJI BUKOPUCTOBYEThCA Yy 3araibpHiii- CTaHAapTHI CHUCTEMI
no3utiionyBanHs (SPS). Uuctuii curnan (PPS- cucrema TOYHOro mO3UIIIOHYBaHHS)-
JNOCTYITHUA 3 BHUKOPHUCTAHHS CHELiajdbHUX JAemu(paropiB, JHIIEe [OIs8 THUX
KOPHUCTYBAaUiB, SIK1 € CXBAJICHI YPSIJIOM.

Hudepenniansamnii GPS a6o DGPS- 1ie cucrema BUMiproBaHHS Ta BUIIPABJICHHS
OMMJIOK, siKa Oyia po3po0JieHa Mmo3a AepKaBHOIO MPOrpamor0 NIl KOMIIEHCYBaHHS
BBeZieHUX TOXUOOK. [IpunHiun poboTH nosisirae y ToMy, 110 neBHE (PikcoBaHE MICIIE
oTpuMye curHan SPS, BUMIpIo€ BUNIaAKOBI MOTPIIIHOCTI, BUMIPABIISE iX Ta IEPEIA€ yKe

TOYHI JIaH1 iIHIIKUM KopuctyBadam DGPS.

1.2 Tepminauu 1J151 cMCTEM MOHITOPUHTY

Tepminan (Hanpuxiiag FM3101) - e npucTpiii i3 npsMumM migkiroueHHsIM GSM
ta GPS, skuii 31aTHUIT OTpUMYBaTH 1 0OPOOJIATH CUTHAT KOOPAMHAT MPUCTPOIO Ta B
nojaybIIoMy repeaaBatu Mmepexeto GSM. Bin i1eaibHO MIXOIUTh B CUTYAIIISX, KOJIUA

HEOOX1JITHO OTpUMATHU IIBHAKO TOYHI MICI TIOJIOKEHHS BiJJajdeHux 00’ €KTIB



17

(BaHTaXX1BOK, MaIlliH, KOPAOJIiB TOIIIO).

SAx mpaBWIIO KpiM MEpPEKEBOTO MiAKIIOYEHHS MPUCTPIA Mae 1ie BOyIOBaHY
aKyMyJIATOpHY OaTapero i3 T0AaTKOBUM KOHTPOJEPOM JJIsl YNPABIIHHS >KUBJICHHSM.
Taxum YMHOM TepMiHaJ MO>KE MPAIFOBATH B aBapIHHOMY PEXHUMI IPOTATOM 3-6 TOTUH.
MOXJIHMBICTh MIATPUMKH BEIUKOI KUTIHKOCTI THUMIB 3’€/lHaHb, HASBHICTh PI3HUX
KJIaciB HAJIMHOCTI, IBUAKICTD 1 MPOCTOTA BUKOPUCTAHHS, IIIMPOKHUH JI1alma30H IiHU J1a€
3MOTy o0paTu caMme Te, 10 MOTPIOHO MiJ KOHKPETHY 3aAaudy. TakoX JaHi MPUCTPOi
JETKO  MPOTPaMyIOThCA 3a HEOOXITHOCTI BUKOHAHHS HECTAHJIAPTHUX

3a1a4y. MylnbTUQYHKIIOHANBHICT POOIT TEPMIHATY BKJIIOYAE BUKOHAHHSA
TaKUX 3aBJaHb Ha BiJJaJEeHUX 00’€KTaX, sIK KOHTPOJb PIBHS MalHBa y MaTHBHOMY
0aky, 301p JaHUX MPO CTaH JABUTYHA, YIIPABIIHHA JBEPISTAMU TOIIIO.

VY pasi JOBroTpuBaioi BTpaTH 3B 3Ky (DYHKIIIS 3aliaM’ ITOBYBAaHHS J1a€ 3MOTY
30epiraty yci gaHl A0 1 TWKHS, SKIIO 3B’S30K BITHOBIIOETHCSA, TO YCI JaHI
HajzcwiaroTeess yepe3 GPRS [22]. Haitnomupenimuii maTepiai It BUTOTOBJICHHS
KOpIyCy- 1€ PI3HOMaHITHI CIIJIaBU AJIFOMIHIIO, K1 ITPU CBOIN MaJli Ba3l 3a0e3MeuyroTh
JTIOBOJII BUCOKHUH 3armac MIITHOCTI Ta JO3BOJISIFOTh €KCIUTyaTyBaTH TEPMIHAT Y CYBOPHUX
YMOBaX.

[epenik HociiB GSM, siki miaTpUMy€e IPUCTPIN:

e EDGE xnac 6 (mo 177,4 x06it / ¢);

e GPRS kmac 10 (mo 85,6 x06it / ¢);

e HSCSD (mo 43,2 x6it/ ¢);

e CSD (mo 14,4 x0it/ ¢);

e SMS (tekct / naHi);

e USSD (nani).

[linTpuMKa MOABIMHUX J1aMla30H1B:

e CBporeiichka (Ta asiarceka) Bepcis - 900 MI'n/ 1800 MI'1.

e Awmepukancbka Bepcis - 850 MI'/ 1900 M.

®Oynkuist AUtOPIN BBoauTh PIN-KO KOXKHOTO pa3y, KOJIU MPUCTPii YBIMKHEHO,

toxi sik SIM-kapTa Bce 111e 3axuleHa KOJIOM.
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1.3 Tunu TpekepiB i NpUHIMI IX podoTH

GPS Ttpekep - 1e MOpTaTUBHUN NPHUCTPiH, SKUH JTO3BOJSE KOPUCTyBayaM
BIJICTEKyBaTH Horo Miciie3HaxokeHHs. L{i mpucTtpoi HaliyacTiiie BUKOPUCTOBYIOThCS
B TPAHCIIOPTHUX 3ac00ax, sIK CUCTEMH B1JICTEKEHHS aBTOMOOLIIIB.

Cucremu GPS-HaBiraiii moka3yoTh BOJISIM iX MiCII€3HAXO[XKEHHS Ha IUGPOBIH
KapTi, a TOTIM HaAaloTh JOAATKOBI I1HCTPYKLII 3 BOJIHHS, MO0 AicTaTucsi [0
BU3HAYEHOI TOUKH. 3 iHIIOro 00Ky, GPS-Tpekepu BUKOpUCTOBYIOTH TexHOJOTiI0 GPS
JUJISL BIJICTEXKEHHSI IOTOYHOTO MICIIE3HAXOIKEHHS aBTOMOOUIS Ta icTopii moi3aok. Jlami
GPS nepenatotscst Ha KOMIT 10Tep, cMapT(oH abo TIIAHIIIET.

Tpekep BUKOPUCTOBYE IMPOLIEC 1]l HA3BOIO TpHUJIATEpaLlis, SIKHH BUKOPUCTOBYE
MOJIOXKEHHSI TPhOX ab0 Oulbllle CYNMyTHHUKIB 13 Mepexi [mobanbHOiI HaBirauiiHoO1
cynytaukoBoi cuctemu (Global Navigation Satellite System- GNSS) Ta #toro Bincranb
BIJl HUX JJI BU3HAYEHHS IIUPOTH, IOBFOTH, BUCOTHU Ta 4acy.

VY aBTOMOOWII TpeKep 3a3BUYaAll KUBUTHCA BiJ po3'eMy OOPTOBOI A1arHOCTUKH
(OBD-II), mpukyproBaua, po3eTKH I aKcecyapiB abo BHyTpimHboi 6arapei. ITotim
3i0paHa 1HQoOpMalis NEepenaeTbcss NPOrpaMHOMY 3a0€3MEUYEHHIO, SKE JT03BOJISIE
KOPUCTYBau€Bl 30MpaTH Ta aHaI3yBaTH JIaHI.

Jlesiki € akTUBHMMHU TpEKEpaMmM, a L€ O3Hayae€, 110 BOHU MOXYTh HaJaBaTh
KOpHCTYyBa4yaM YSIBJICHHS MPO I100albHE TIO3UITIOHYBAaHHS B PEKUMI PEaTbHOTO Yacy.
[e#t Tum Tpekepa Moke OyTH 3aKpilieHUW y KepoBaHid ciyx0i. [lacuBHI Tpekepu
3a3BMYAi JENICBII 3a aKTHBHI, OCKUIBKM BOHHU MpocTo 30epiratoth mani GPS s

3MOTH 3A1MCHUTH TEPETJIsi] Mi3HIIIE.
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Pucynok 1.6 - Cxema pobotu ta orpumants nanux GPS tpekepi

Bincrexxenns 3a momomororo GPS-tpekepiB Moxke OyTH 3acTOCOBaHE IS
YITKOTO 1 CBOEYACHOTO CIIOCTEPEIKEHHS CTaHy aBTOTAPKY IiPHEMCTBA, KOPETYBaHHS
PyXy BOJIi HA aBTOMOOUIISIX, TOIIIO.

Jucneryepyu OTpUMYIOTh JOCTOBIPHY 1H(OPMAIII0 B PEKHUMI PEATTbHOTO Yacy
yepe3 CTUTbHUKOBY Mepexky GSM, mo mo3Bossie iM CTeXUTH 3a pOOITHUKAMH,
IIHHMMHU peyaMH, TiepecyBaHHsaM apromooinis [17], [20], [24].

Y Bunmaaky, skmo curHan Big cynyTHukiB GPS e 3aGnokoBanuii, uu
nepepBaHil B MPUMIIIICHHI a00 Yepe3 MeBHY KOHCTPYKIIiI0, OCKUIBKH HEMa€e He0a, 110
B CBOI0 4Yepry HE [I03BOJISI€E TPOHUKHYTH CHUTHAy, MPUCTPIHd IIIyKa€ CHUTHAJIM
CTUIbHUKOBOT BEX1 T4 BUKOHYE TPHAHTYJISIIIO CUJIM CUTHAY CTUIBHUKOBOI BEXI 1
MICTIS ITHOTO HAMAra€eThCS OIIHUTH CBOE MPUOIM3HE PO3TAITyBaHHS.

Tounicte 70 50 meTpiB Moxke OyTH JIOCATHYTa B MICBKHX palioHaxX, uepes
BUCOKUH PpIBEHb MOOUIHHOTO Tpadiky 1 BEIMKY KUIBKICTh Tene(OHHHMX BHIIOK.
CiutbCbKi Ta 3amyCTUll palOHW, SKI MalTh 3HAYHO MEHIITY KUIBKICTh BEX Ha

KBaJpaTHUH KIJIOMETP- BIAMOBIAHO MalOTh 3HAYHO OUIBIITY TOXUOKY.
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14 Cencopu TeMmeparypu /AJsi BHKOPHUCTAHHSI Yy cHCTeMax

MOHITOPMHIY

Ha nanuit yac KOHTPOJIb TEMIIEPATYPH XOJOJUIBHOTO arperaty 31iHCHIOEThCS
BIJITAJICHO 3HIMAIOYHW YyCi JIaHi 3a JTOMOMOTOI0 CEHCOPIB TeMIEepaTypu. Y ci MPUCTPOi
Oe3MepepBHO BIIAJICHO KOHTPOJIIOIOTH 1 MEpPeIaloTh OTpUMaHy iHGOpMaIlIo B
UPPOBUI KypHAI, KU € CyMICHHH 13 TUPpoBUM 3armucHuKoM [ 15], [23].

SIK110 X0N0AMIBHUK a00 MOPO3UJIbHA KaMepa palTOBO BUIILLIM 3 JIaly, a IOpy4
HIKOTO HEMae, TEMIIEpaTypHUW CEHCOp 3HAYHO IOJIETIIUTh MOJIMBI HACIIAKH,
3aBIIKH TIOTIEPEIKEHHSM, 0 OyIyTh HAAXOAUTH 3 EHTPAIHHOTO OJOKY KEepyBaHHS

JaBadyaMH, 41 TepMiHaHy Ha TGJIG(bOH Ta I[I/ICHGT‘IGPCBKI/Iﬁ KOMI’I’IOTep.

L KoHTponb oHNamH

KoHTpoab Ha micui

N
h
\_/
\
{
~~
&
)
1

XmapHe 36epekeHHn
naHuy

CeHcop TemnepaTypu BesgpoToBa nepegaya gaHux  KepyBaHHA NporpamHum
3abesneyeHHAM Ta AaHUMU
36ip BaXK/NIMBUX AAHUX Mepepaya oTpMMaHUX AaHUX BigpmaneHnuit poctyn oo
nporpamHomy 3abesnedyeHHlo  iHPoOpmaLitHUX NaHenel /
nonepeaXeHbo

Pucynox 1.7 Cxema poO0TH ceHCOpa TeMIepaTypu

[lepeBaru BCTaHOBJICHHS TEMITIEPATYPHUX CEHCOPIB MOHITOPUHTY:

1. TlonmepemxyBanHs. BuacHO BUsABIIEHI MpoOJIEMH AONOMAaraloTh YHUKHYTH
HEBJa4 i IXHBOTO HETaTUBHOTO BIUTMBY Ha pemyTarito. Jlumie oxHa mojoMka Kynepa
MPOTATOM HOY1 MOKe TIpHu3BecTH 10 noaatkoBux 3arpat B 18000 momapiB 3a ncyBaHHs
MPOAYKTIB XapuyyBaHHSA. OTpWMaHHS TOTOYHOTO TEMIIEPATypHOTO CTaTyCy B
peaNbHOMY Yacl JIJIsi KOKHOT YaCTHHU pedpeXuparopa 3a JTOMOMOTOI0 BiIIaJIEHOTO
MOHITOPUHTY 3HAYHO 3MEHIIIUTh MOKIIUBUI PU3HK;

2. MacmraboBane  pimieHHs.  MOXIUBICTh  BJIOCKOHQJIICHHS ~ CHUCTEM
MOHITOPHHTY, BIIMIOBIAHO 0 MOTPeO, Ta B Mipy TOrO, SIK 3pocTae podora. JlocTymHi B

I[IHOBOMY CErMEHTI Ta MaciITaOOBaHl1 pIIICHHS CIOCTEPEKEHHS Ha BIIJaIl 3a



21

JIOTIOMOTOI0 BEJIMKOTO PI3HOBUAY ceHcopiB. LlIBuake HamamtyBaHHA, sKe 3aiiMae
MeHIIe 15 XBUuH, st 3MOTH IIBHIKOTO IEPETJISTHYTH BUMIPSIHI JTaHi;

3. CrnemianbHi crosimeHHs. CucTeMa MOHITOPHUHTY MOXE OYTH J10JaTKOBO
HaJalToBaHa, MO0 TMOBIIOMUTH KOPUCTyBa4a TPO MOXKIMBI HEMOJIATKA 3a
JIOTIOMOT'OX0 CTOBIIIICHHS Ha TenedOoH, YM A3BiHKA. TaKMM YHMHOM MOXHA 3armo0irTu
noJIoMKaM 0e3 J101aTKOBOT0 OOCTEKEHHS TPAHCTIOPTY Ta CUCTEM;

4. Tlpocta aBTOomaTH3allis. BCTaHOBIEHHS TEMIEPATypHUX CEHCOPIB Yy
pedpuxepaTopy 3HaYHOIO MIPOIO MOJIETIIYE BUKOHAHHS MOHITOPUHTY Ta MEPeBIpKU
TEMIIEpaTypHUX PEKUMIB, IO B CBOIO YEPry 3HAYHO 3MEHIIY€E KUIBKICTh Yacy, sKa €
HEOoOX1/IHa 1Jis 3A1MCHEHHS OOCTEKEHHS XOJOAMIBHUX YCTAHOBOK;

5. TI'mobGanpuuit nmoctyn. TemnepimHi CUCTEMH MOHITOPUHTY BKJIHOYAIOTh
3pyuHi nporpamu st OC Android Tta 10S 1 MOXIUBICTh MIJIKIIOYEHHS B IHTEPHETI B
Oy/Ib- IKOMY MiCIIl 1 B Oy/Ib-SIKU/ Yac Ta MPOBEJICHHS CIIOCTEPEKEHHS, YU MEPEBIPKU
TEMIIepaTypHUX MOKA3HUKIB 13 YITKO BU3HAYCHUMU T'€OJJAHUMU;

6. besmocepeane BonomiHHA. MOXHa €KCTIOPTYBAaTH BHU3HAUYEHI Ta 30epexeHi
naHl 10 Oyab-skoi mporpamu. BeG-xyku Tta APl HamaroThes oapasy, micias KymiBil
CEHCOpIB I TOJAJBIIOT0 BIOPSAKYBaHHS MOTOKY OTPUMAHHX JaHUX JO IHIIIOTO
MPOTrPaMHOIO 3a0€3MECUCHHS;

3aBasku HEOOMEXKEH1 Bapiallii MOXKJIMBOCTEH Mepeadi JaHuX JIETKO OTPUMATH
HEOOX1HY 1HQOpMAaIlil0 MPO TEPMIHU MPOBEJAEHHS TEXHIYHOTO OOCIYyrOBYBaHHS Ta

MOMAJIBIIE TPUUHSTTS 1HIIUX PO3YMHHX PIIICHb

1.5 TexHoJi0rii nepeBe3eHb BUIKONCYBHUX 0X0JI0’KEHUX NPOAYKTIB

st Toro, 1mo6 30€pertd MBUIKOICYBHI MPOAYKTH HEOOXIIHO 3a0e3MeduTH
MpaBUIbHI TEMIIEpaTypHI PEXKUMHU, OCOOJHMBO MiJ Yac IMepeBe3eHHS. 30BHINIHIN
BUTJISI/] HE BKA3Y€E HA AKICTh, aJI€ € OJTHIEIO 13 OCHOBHUX XapaKTEPUCTUK TOBAPY 3T1THO
SAKOr0 3IIUCHIOETbCS BHOIp, a MpU MOPYLIEHMX HOpPMax IEPEeBE3eHHS MOXKYTh
BIIOYTHUCS 3MIHH, AKI CYHNPOBOIKYIOTHCSI TaKMMH MpOoOJieMaMu, SIK 3MiHA KOJBOPY,
JNECTPYKIliS TEKCTYypH, PICT MIKpOOIB Ta IOCHHIHHSA - MNpOOJIEeMH, SIKI MOXYTh

BUSIBUTHUCSIIOCUTH JOPOTUMU JIsl pO3APIOHUX TOPTOBIIIB.
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TpancnopTyBaHHS IBUJIKOIICYBHUX BaHTaXIB B MEPIILY YEpTy BKIOYAE B cede
XOJIOJWJIbHI arperaTd, a TaKOoX EHEepriio, HeoOXiAHy misi iX poOOTH, YITKO
chopMyJIbOBaHI BUMOTH BIJIHOCHO IIIJIICHOCTI BaHTaXy. B Hacliok mepepaxoBaHUX
paHirie ¢haKkTopiB Ta CKIAIOBUX, TPOAYKTH XOJIOJHOTO JIAHITIOTA B OLTBIIIOCTI BUTTAIKIB
HECYTh 3HAYHO OUIBII TPAHCIIOPTHI BUTPATH Y MOPIBHSAHHI 13 IXHIMU CTaHJAPTHUMU
anamoramu [3], [5], [21].

X0JIOAUIBHUKY JJIs1 30€pIraHHsl € JIMIIE OJIHIEI0 JIAHKOIO 13 JOBIOro JIAHIIOTA.
TumyacoBe 30epiranHs mij Yac BUKOHAHHS TPAHCIOPTYBAHHS € HE MEHIII BaXJIMBE ISl
3a0€3MeUeHHs] BIANOBIAHOI SIKOCTI MPOAYKTIB XapuyyBaHHSA, (hapMaleBTHUYHUX
npenapariB, YW ,HaBITh, KBITIB. [[1s mMIATpUMYBaHHS CTalol TEMIEPATYpH
BUKOPHUCTOBYIOTH pe(prkepaTopd, sKI CBOEH i€ YIOBUIBHIOIOTH IIBUJIKICTD
XIMIYHHMX 3M1H Ta 30UIbIIIEHHS KUIBKOCTI MIKPOOPTaH13MiB.

[3 KO)KHUM POKOM 30LITBIITY€ETHCS MOMUT HA SIKICHY JIOTICTUKY IIBUAKOTICYBHUX
OXOJIO/PKCHHUX MPOJIYKTIB, & BIACHUKH MIANPUEMCTB, SIK1 3aMalOThCS TAHOIO TaTy3310
3MYIIIEH] MIBUAKO MPUCTOCOBYBATUCS 10 HOBUX MOTPeO Ta 3HAXOAUTH OalaHC MK
HaWOUIBIN OE3MeYHUM TPAHCTIOPTYBAHHS TOBapiB Ta EKOHOMIYHUM KOHTPOJIEM BUTPAT
[8], [11], [12].

O6nagHaHHA ~ XOJOJHOI  JIaHKH, SIKE  BUKOPHUCTOBYETHhCS  MiJ  4ac
TPaHCIIOPTYBAHHSA, MOKE BKIIIOUATH 130TEpMIYHE OOJIaHAHHA Yy SKOro mo0pe
130JIbOBaHI1 JIBEp1, CTIHU Ta MIAJIOTa, JJIsl TOTO, 1100 MiHIMI3yBaTU TEMJIOOOMIH MiX

MPOJYKTaMHU B cepeArHi (yproHa Ta 30BHIIIHIM CEPEIOBHUIIIEM.

BucHoBok 3a po3aiyiom

1. Hagiramiitna cymytHukoBa cucrema GPS, mnpusnauena mms mnepenadi
reoJJaHuX TPAHCIOPTHUX 3aCO0IB Ta IXHBOTO BI3yaJbHOTO BIMOOpa)KEHHS Ha KapTi.
JloaTKoB1 CEHCOPH JO3BOJIAIOTH OTPUMATH JaHl MPO MICIIe PO3TAlllyBaHHSI, BHCOTY,
HIBUJKICTh pyXy, TeMIlepaTypy Ta iHmy iHdopmarllito. Yci 3aIucd aBTOMAaTUYHO
30epiraroThes 1 € JOCTYMHUMH HE TUIBKH B peaTbHOMY Yaci, alie 1 U1 Ieperiisy mics
HAJICWJIaHHS B OyJIb-KUM yac. BUKOpUCTaHHS MPUCTPOIB AJIs BIICTEKEHHS € 3pYyUHUM

1 IMPpOCTHUM 1 HE BUMArae BEJIMKHX I'poOIIOBHUX 3aTpart.
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2. Jlo cydacHUX METOJIB 1 CHOCOOIB KOHTPOJIO 3a TeMIepaTyporo
pebpmwkeparopa  BIZHOCATH:  MiAKIIOYeHHS g0  1eHtpanbHoi  CAN-mumHw,
BCTAHOBJICHHSI PI3HOMAHITHMX TEMIEpPaTypHUX CEHCOPIB MPOBIAHUKOBOro 1 0e€3

MIPOBITHUKOBOTO THIIIB.
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PO3A1JI 2
OBIPYHTYBAHHS EJIEKTPOMEXAHIYHUX TIAPAMETPIB
CEHCOPATEMIIEPATYPU
2.1 JlocaigxeHHs] KOHCTPYKUIIHUX mapaMeTpiB Mojesi AaTYHKa PiBHA

pinnHu

Temmepartypa - 11e HampsAMJICHa BEJIUYHMHA, KA MOYKE YaCTKOBO 3aJI€KaTH Bij
yacy Ta MiCl, 10 XapaKTepu3ye MEBHUN EHEPreTUYHUM CTaH BHUMIPIOBAJIHLHOTO
CepeIoBUIIA.

T =T(x,y,2zt) (2.0)

e X, y, Z — KOOpAuHaTH mpoctopy, ! — uac, T — uucnoBa BenmuumHa
TeMIlepaTypH, 0 BUMIPIOEThCS Y ABOX ikanax: KenpBina ta Llenbcis.

KoHTpons piaKkux Ta Ta3onofiOHUX CEpPeAOBHIN, MOXKHA JIETKO 3IHCHHUTH
Maiike B yCiX TouKax. BUMiproBaHHs TBEpAUX T, B OUIBIIOCTI BUMIAJKIB € OOMEXKEHE
po3MipaMu TOBEpXHI TuUIa. Y TeMIEpaTypHUX CEHCOpax, SKI Haidacriiie
BUKOPUCTOBYIOTh ~ HEOOXITHO OOOB’SI3KOBO  3a0€3MEUYUTH  XOPOIIMA  KOHTAKT
CEPENIOBUIIA, 1110 BUMIPIOETHCS 13 CEHCOPOM (KOHTAKTHUM TEPMOMETPOM), 1110 B CBOIO
4yepry J1a€ MOKIIMBICTh TOYHOTO BUMIPY TeMIiepaTypu cepeaoBuina. OHaK, B IEBHUX
BUIAJKaX BUKOPUCTOBYIOTh CEHCOPH OE3KOHTAKTHOTO BUMIPIOBAHHS TEMIIEPATYpPH, B
SKUX TPUHIIMI BU3HAYECHHS TEMIEpaTypu CEpeloBHINA 1 Tila BIIOYBAa€eThCcs Ha
M1JCTaBl BUMIPIOBaHHS TEIJIOBOrO (IHPpPayepBOHOT0) BUIMPOMIHIOBaHHS (TIIPOMETP -
TEPMOMETp paialliiHui, a IJIs YHIKAJIbHUX BUMAAKIB- TeII0B130p). OCHOBHA BUMOTQ,
sIKa CTaBUTbHCS 10 TEMIIEPATYPHOTO CEHCOpa- 1€ MaKCHMajbHa TOYHICTh BIATBOPEHHS
JIOKJIBHOTO TEMITEPATypPHOTO PO3MOJILTY, a TAKOXK yci ii 3MiHu y yaci [21].

Omnucana BUIle BUMOTa- MOB’s13aHa 3 (DYHKI[IOHATTBHUMH TPUYMHAMH — MOXKE
OyTH BHKOHaHAa HE TOBHICTIO. JIJis 3pydHOCTI PO3MIMICHHS CEHCOpa 1 MOKpaIeHHS
peakiiii Ha TeMmIepaTypy, Horo rabapuTd MarTh OyTH MIHIMAJIBHUMH 1 TIPU LIBOMY
NOTPIOHO 3a0e3MeYnTH HAWOUIBII MOXJIMBO Maly TEINIOEMHICTb. [yt Toro, 1mio0
30epiratd TeMmmepaTrypy CeHcopa BIIMIHHOKO BiJl 3arajibHOi TeMIepaTypu KOPIycCy,

3alMYaCTHHU, YW BY3Jla Ha JKOMY BIH BCTaHOBHeHHﬁ, HGO6Xi,ZIHO 3a0e3IeUnTH
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NpaBUWIbHY TEPMOIZOJAIII0  TEMIEpPAaTypHOro JaBaya BIJIHOCHO  KpIIUJICHHS.
TernmoeMHiCTh OLTBIIIOT YaCTHHHU CEHCOPIB, BUPOOJIEHA HUMH IT1/1 4aC aKTUBHOTO CTaHY,
Mae 30epiratucs Ha HalHIWKYOMY piBHI (x <1 MBT), uepes Te, 110 BOHA BIUIMBaE Ha
CIIOTBOPEHHS BUMIPIOBAJILHUX PE3YJIbTATIB.

T-mocriitHa bacy, mo 3a0e3nedye NUHAMIYHY TOBEIIHKY TEeMIIepaTypHOTO
ceHcopa. Bona 3aBxau Bka3zye Ha TOM 4yac,iKWil HEOOXITHUN JJIsi CEeHcopa MpH
cTpuOarodi 3MiHI TeMIepaTypHUX MOKa3HUKIB, JUIS TOTO, IMI00 JOCSATTH BIACHOTO
3akaouHoi BenuuuHu B o0'emi: 99%, 90 %, um 63 %. He Tinbku ceHcopHa
TEIUIOEMHICTh BIUIMBA€ Ha dYac, ajie 1 Koe(ilieHT TEeIUIOBIAAaul Cepel0BHUIIA.
[[IBuaKICT, OTpUMaHHS KIHIIEBOTO IOKAa3HUKA CEHCOpa 3aJIeKWUTh BlJ BEIUYUHU
koedirienTta. {1 piikux cepeoBUIN- BEJIMUMHA 3HAUYSHHS € O1IbIIIa 3a Ta30I0I10H.

KoeditieHT TemmoBiiayul TakoX 3aJIeKUTh BiJl MIBUJIKOCTI 1ICHYIOUOTO TTOTOKY
y cepemoBumi V. OTxe iforo sHaueHHs mpomopuiiiee Vv. 3Bizcu moctiiina gacy
TEMIIEPaTypHOTO CEHCOpa BKAa3yIOTh ISl KOHKPETHOI MBUJIKOCTI MIOTOKY CEPEIOBHIILI.
[lin yac BUMIpIOBaHHS TeMIlEpaTypu Yy aBTOMOOUIl B OUIBIIOCTI BHUIAJKIB
BUKOPUCTOBYETHCSI 3AJICKHICTh TEMIIEpATypH OIOPY EJIEKTPUYHHUX MaTepialiiB 3
HETaTUBHUM, UM MO3UTUBHUM KOE(DII[IEHTOM TEMIIEpaTypH.

Jlo nifbHMKA HANPYTH JO0JAI0Th MPOTHIICKHUM 3aleKHUM ab0 HEWTpalbHHIM
TEMIIEpaTypHUN OMIp JIsi TEPETBOPEHHS TMOKa3HUKAa 3MIHU OINOPY y aHAJIOTOBY
BEJIMUMHY (HAIPyTy).

Hns 0E€3KOHTAaKTHHUX CEHCOPIB TEeMIIEPATypHu (TTpOMETPUYHHUX )
BUKOPUCTOBYIOTh OIOJIKETHI MIKPOCHCTEMHI TEXHOJIOTI], Yepe3 1110 BOHU 1 3HAWIUIN
CBOE 3arajbH€ 3aCTOCYBaHHS [JIsi 3a0e3neyeHHs KoMopTy (BUMIPIOBAHHS
TeMIIepaTypH, 3ar00iraHHs 3armoTIBaHHS BIKOH, KJIIMAaT KOHTPOJIb B CAJIOHI BiJIMOBITHO
n0 1oTped), a TakoXK JUIS 3aXUCTy MacaXupiB 1 BoAiss (KOHTPOJIHOBaHE
CIpaIlbOBYBaHHS  aBTOMOOUTBHUX TOAYIIOK O€3MEKH BIHOCHO  TOJIOKECHHSI
MacaXupiB)

Temnepartypa, sika 3a3BU4ail BUMIPIOETHCS y OUTBHIIOCTI aBTOMOOUISAX MOAaHa y
Tabmwmmi 2.1.

Pi3Hi niama3oHu BUMIpOBaHHS, BeJWMKa KIUJIBKICTh KOHIIEMHIIA Ta PI3HOBH]

TEXHOJIOT1i BUPOOHUIITBA 3YMOBWJIM 1CHYBaHHS HaWOUIbII Pi3HOMaHITHUX (opMm



26

BUKOHAHHS ceHcopiB. HalfuacTime temmeparypa, 110 BUMIPIOETHCS € JTOMOMIKHOIO
BEJIMUMHOIO, sIKA MA€ KOMIIEHCYBATH MOTPIIIHOCTI Ta pI3HOMaHITHI HeOakaH1
napameTtpu Jii. Uepes 3anexxHIicTh TemMiepaTypu Ta (i3UYHUX MPOIECIB, SK1 3aIe)KaTh
BiJl HeT ICHY€E BEJIMKa KIJIbKICTh CIIOCO01B /711 TOYHOTO TEMITEPAaTypHOTO BUMIPIOBAHHSI.
BuninsaroTe Ti METOMM, M 4Yac SKUX i TeMIepaTypd € A00pe BHpakeHa 1
nepeBakaroya, a II€ MPOXOJUTh 3a MOMIMBOCTI BIAMOBIAHO 10 JIHIHHOI
XapaKTEPUCTHUKHU.

BaxxyiiBi Takox 1HIIN KPUTEPIi:

® CGKOHOMIYHE MacoOBE BUPOOHUIITBO

® TIOBLJIBHE CTApaHHS Ta BEJIUKUU pecypc poOOTH

® BHCOKHMH MOKA3HUK CTYIEHS BIITBOPIOBAHOCTI

Tabmuus 2.1 Touku BUMIPIOBaHHS Ta Jiana3oH TEMIEpPaTypu B aBTOMOOLTI

Touka BUMIpIOBAHHS JlianazoH, °C
BunapHuk KOHAMUITIOHEpa -10...50
[ToBiTpst HA BUXO/II HATPIBHUKA -20...60
Hagkonumine cepegosuiiie -40...60
Canon -20...80
barapes -40...100
[TanuBo -40...120
[loBiTps B IIMHI KOJIECA -40...120
Ox0710/pKyI04a piauHa -40...130
BcMoOKTyBaHe MOBITPS -40...170
MoTtopHa onuBa -40...170
BianpanboBaHi razu 100...1000
CynopT AUCKOBOTO KOJICHOTO TaIbMIBHOTO MEXaHI3MY -40...2000

3 ypaxyBaHHSIM YCIX aCIeKTIB ICHYIOTh HACTYITHI CEHCOPH, SIKI BAKOPUCTOBYIOTh
y aBTOMOO1JISX.

Enexktpuuni pe3uctopu - 1€ OIMOJISPHI €JIEMEHTH SIKI B CBOIO 4YEpry €
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3aJIe)KHUMH BiJl BEIMYMHHU TEMIIEPATypH 1 BUKOPUCTOBYIOTHCS IS ii BUMIPIOBaHHS.
[cHytoTh Taki BUAM: TOBCTOLIAPOBI Ta TOHKOIIAPOBI, METAJOKEpaMiuHi 1
MOHOKPHCTAJIIuHI, TUTIBKOBITA IPOTSIHI CEHCOPH.

VY GLIBIIOCTI BUTIAIKIB BOHH YKUBJISATHCS CTPYMOM, SIKHH TBOAUTHCS, VIS TOTO,
00 TEPEeTBOPUTH CUTHAJ y aHAJOroBWH i3 ctaymmM omopom R, (puc. 1.1), abo
JIKJTF0YAI0THCS 10 OHOTO 13 ICHYIOUHX JAUIBHUKIB HAIIPYTH.

[MouatkoBa xapakrepuctuka cencopa R(T) mnepexoauts y  iHaKmry

xapaktepuctuky U(T) npu mpoxXoIKeHH1 3T1JIHO CXeMHU JIIJICHHS! HAIIPYTH:

R(T
U(T) = UO#_)RO 2.1)

[lin yac BCTaHOBIJICHHS CTAJIOTO CTPYMY KUBJICHHS [y XapakTepucTHKa ONnopy

BIJITBOPIOETHCS TOUHO:

I(T) = R(T) - Io (2.2)

Uo

Io

R(T)
R(T) I UA(T)

Pucynok 2.1 — Cxemu MeTO/IiB IEpETBOPEHHS BEJIMYMHU OMOPY B HAIIPYTY.

Ry

Ua(T)

lo - Ctpy™m xxuBnennsi; Uy - Hanpyra >KUBJICHHS; Ry — He3amexHuM Bif
temriepatypuoaarkoBuit omip; R(T) — 3anexuuii Big Temnepatypu omip, 1o

BuMiproeTbest; Ua(T) — Hanpyra BuxiaHa.

3aJie’kHO BIJ] CXEMH, MiJl YaC BUKOPUCTAHHS IUIbHUKA HANPYTU- YYTIUBICTb
BHUMIPIOBAHHS TMOTIPIIYETHCS, OJJHAK BOHA HOCUTH JIETKO 3ITHYTI MPOTPECUBHI KPUBI
OToOpy 13 3arajJlbHUM JIiHEapu3alliiHuM e(ekToM. 3a3Buyail J0JaTKOBUU OMIp

o0UparoTh TaK, 11100 NEBHE KOTr0 3HAUYEHHSI TOPIBHIOBAIO BUMIPIOBAJILHOMY MOPY MpHU
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TOYHO 3a7aH1i Temnepatypi To (Hanmpukian 20°C):
Ry = R (To) (2.3)

[Tpu He3aMOBUIBbHIM TOYHOCTI BUTOTOBJICHHSI CEHCOPY, HOTO MOXHA JT0OJTaTKOBO
HAJNAIITYBAaTU 10 HEOOX1IHOI BEIMYMHHU, BUKOPHCTABIIM MapaieiabHuil omip Rp Ta
JOJJaTKOBUH MMOCIIOBHUH orip Rs — sk BimHOCHO KoedinienTta remmepaTtypu (Tx), Tak
1 BIAHOCHO omopy (Mpy HOPMaIbHOMY 3a3HAYECHHI TEMIIEPATYpPH)

HeBenuke 3HMKEHHS TemmiepaTypHoro koedimienta Ty 1 3MiHa XapaKTEPUCTUK
B1JIOYBAETHCS Yy HACTIAOK MIAKIOYEHHS CTAIOrO OMOpY.

Hu3bka BapTICTh Ta 1yKe XOPOIIM BUMIPIOBaIbHUMN €(PEKT CTBOPUIIU MOIUT HA
BUKOPUCTAHHS HAMIBIPOBIIHUKOBUX PE3UCTOPIB, SIKI € BHUKOHAHI 13 3MIIIAHUX
OKHUCJIEHUX KPUCTaJiB Ta OIHAPHO 3’ €AHAHUX BAKKUX METAJIIB Ta KUCHIO (OKCHIIB).

[Tig yac etamy crmikaHHS YTBOPIOIOTh (OpMY IMCKA YU TPAHYNIH 1 OTPUMYIOTh
MOJMIKPUCTAIIYHUN TUN  CTPYKTypu. UYepe3 pi3ko cmajardl TeMreparypHi
XapaKTePUCTHKH iX II€ HA3UBAIOTh TEPMICTOPaMH, YU TEPMOPEINCTOPAMHU.

3a J0MOMOror MOAAHOTO HI)KYE EKCHOHEHLIAJbHOIO 3aKOHY MOXIIMBO

OMMCATH iXHI XapaKTEePUCTUKHU:

R(T) =R, - ¢ 70) (2.4)

ne Ro = R(To);

B napamerp;

T 3HaueHHs aOCOJIFOTHOT TeMIiepaTypH (3a mkanor KenbBiHa).

Bin po0Oo4oi TOYKM 3anekUTh TPOIEHTHA 3MiHA OMOPY 3 YpaXyBaHHSIM

temriepatypu abo cman rpadiky (TK):
TK = —B/T? (2.5)

[1ix yac 3pocTaHHs MOKAa3HUKA TEMIEPATypH MOMITHO pi3Ke 3MEHIIEHHS CIay

XapaKTepUCTUYHOI KPUBOI1
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3HaudeHHs 3MIHU OMOPY B CTAIMX Mexax 4...5 nmopsakis, Hanpukial, 3 100 KQ
BiIOyBaeThCs 3MiHA 10 mapu AecaTtkiB . [liamazon Bubopy Bim -40°C mo 850°C
MOPOXKEHHUM CUITBHOIO 3aJIEKHICTIO BiJl TEMIIEPATYPHU.

Ob6mexeHa moxuOka He MoOke OyTH JOCSATHyTa Hi MiJ 4ac IUTiOBKH, Hi B
nporeci BiAOOpY, MIO B CBOIO 4Yepry BIUIMBaE Ha IiHy. HertouHocTi ceHcopa
30epiratoThCsl BIPOJOBXK YCI€T eKCIUTyaTallii, 4epe3 BUCOKY CTIMKICTh 10 CTapiHHS Ta

BEJIMKUI pecypc eKCIuTyaTallii.

A

- Conporupienye

Pucynok 2.2 — TemrniepaTypHi CEHCOpPH 13 HEraTUBHUM TEMIIEPATYPHUM
KoedilieHToM
a—y ¢opwmi rpanynu; 6— y hopmi TUCKY; B— MEXKI TOMYCKY IS

XapaKTEPUCTUYHOIKPUBOI.

Bucoky TouHICTh pa3oM i3 IBOMa TEMIEPATypO-HEHUTPaIbHUMH PE3UCTOPAMU
BCTAHOBJICHUMHU Yy TMIJAKJIAJIKYy CXEMH, II0 BHUMIPIOE € XapaKTePUCTUKOI IS

TOHKOILTIBKOBUX MeTajeBUX pe3uctopiB. Lli pesucropu MoxHA POOUTH 13 AyXKe
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By3bKMM J1alla30HOM IOXMOKM Ta BEJIMKUM EKCIUTyaTallliHUM pPECcypcoM.
CrangapTHUI METOI HAPI3KH JJa€ 3MOTY 00paTH MaTepial jsi OCHOBH (TIACTHK, CKIIO,
Kepamika) 1 J10JJaTKOBUM 3aXHMCHHUM map (3aJIMBKa IJIACTUKOM, KEpaMiuyHe, Y CKIISTHE
MOKPUTTS) JIs 3aXUCTY BiJ HIKIUTMBHUX (HPaKTOPiB 30BHIMIHBOTO JOBKIIIS.

SIKIIO TOPIBHATH CEHCOpPH 13 METAJICBMMHM IlIapamMH Ta HaMiBIPOBIIHUKOBI
MiIHEpaJIbHO-KEPaMIYHI CEHCOpH, TO MEPIIl XapaKTEPU3YIOThCA JOCTaTHRO HU3BKOIO
3araJibHOIO 3aJIEKHICTIO BiJ TEMIEpaTypH, aje 3HaYHO KpallliMHU XapaKTepUCTUKAMU
BIITBOPIOBAHOCTI Ta JIHIHHOCTI.

VYci oTpuMaHi JjaHi BiJl CEHCOpa MOKHA ONTUCATH PIBHSHHSM:

R(T) = Ro(1 + a AT + BATZ + ---), (2.6)

ne AT =T - Ty 1 To= 20 °C(eTanonHa temmeparypa).

Koeditient B y 611p110CTI BUIAJKIB Ma€ Ay’K€ HU3bKE 3HAUCHHS JJI1 METaJiB,
ajle JIOCTaTHbO Barome. BumiproBaibHa 4YyTJIMBICTh ONMCAHUX CEHCOPIB 3a3BUYAN
xapaktepusyerbes  cepeanim  TK  -«TK  100». TK 100  nmopiBHIOE
CepeIHhOCTATUCTHUYHOMY HAXWIy XapaKTePUCTUYHOI KPUBOI, II0 3HAXOAUTHCA B
mana3oHdi 0°C— 100°C.

Haiibinbm Hu3pkuit TK € xapaktepuuii 1is matuHoBux (Pt) pesuctopis, aine
IpU [[bOMY BOHHM BBaXKalOThCsl HAHOUIBII CTIMKI A0 MPOLECY CTApIHHSA PE3UCTHUBHUX
CEHCOPIB TeMIIepaTypH i HaioinblI TouHi. IXHi no3Hauenus «PT-100» a6o «PT-1000»,
K1 HalyacTille 3yCTpidaroThCs, BKa3ylOThb Ha HOMIHAJIBHUW OIIp, KU JOPIBHIOE
HanmucaHoMy uuciy micias mno3HadeHHs «PT» (1002 a6o 1000Q € HOMIHAIBLHUM
onopoMm 1ipu Temneparypi 20°C), npu MmakcumanbHi noxu6bi o 0,1 °C.

s BumiproBanHsa Temnepatypu 10 1000°C BUKOPUCTOBYIOTH TOBCTOILIAPOBI
IJIATUHOBI CEHCOpPH, NI CcaM TUIATMHOBUN IMap € CTablIi30BaHUN 3a JOTIOMOTOIO
creniajgbHO MiAi0OpaHux a00aBok. Uepe3 BUCOKMNA MUTOMHI Omip TOBCTHX IIapiB,
HETaTHUBHUMN Ta MO3UTHBHUN TEeMIIEpaTypHiI KOE(IIEHTU- 11 TEMIEPaTypHi CEHCOPH
BUKOPHCTOBYIOTb YaCTillle y KOMIIEHCAI[IHHUX iIAX. IXHi HeNmiHiiHI XapaKTepUCTUKN
€ HE HACTUIbKU BUKPUBJICHI B MOPIBHSAHHI JO BUTHYTUX XapaKTEPUCTUK PE3UCTOPIB 3
HTK 1 MoXyTb OyTH 3MiHEHI 3a JOTIOMOTOIO JIA3€pPHOTO MPOMEHH.

MoxnuBICTh 1HTErpallii J0JaTKOBUX MACHBHUX 1 MPOTHUJICKHUX JO HUX -
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aKTUBHUX €JIEMEHTIB CXEMH 3 MOXJIMBICTIO TEPBUHHOI OOpPOOKH CHUTHAITY
0e31mocepeTHbO Y TOUIll BUMIPIOBAHHS MOJKJIMBA JIJISi CCHCOPHHUX YiMiB, SKi MOXYTh
Oyru  BurotoBieHi i3 kpemuito (SI) Y IHIIMX  HAMBIOPOBITHUKOBUX
MOHOKPHUCTAJIIYHUX MaTepiaib.

Yepes oOMeXeHUN TOMYCK IXHE BUPOOHUIITBO B1IOYBAETHCA 3T1AHO MPUHIIUITY
OTIOPY PO3TIKAHHIO.

[TpoTikaroun Kpi3b BUMIPIOBAJIBHUN PE3UCTOP CTPYM 3 TMOBEPXHEBOI TOUYKHU
KOHTAKTy y HAaIiBIPOBIIHUKOBUN Marepian Si, A¢ MiJ 4Yac pyXy pPO3LIHPIOETHCS
IUTABHO 10 HIDKHBOI YAaCTUHHU Yila CEHCOpa, SKUl TEepeKpuBae B CBOIO YEpry
MPOTUIICKHUMN E€JIEKTPO/I.

JlyGroBaHHSI CEHCOPIB B TOJIOXKEHHI, SIKE € MPOTUJIEKHE MPHU MOCHITIOBHOMY
MI1KJIF0YEHH1 3A1MCHIOIOTH JJIsl OJIEPYKaHHSI XOPOIIIOi 3aJI€KHOCTI B1J] TIOJISIPHOCTI.

YacTto HWXKHIN €JIEeKTPOJl BUKOHYIOTb, SIK METAJIEBUI TeMIIepaTypHUM KOHTAKT
0e3 OyAb-IKOT0 €NEKTPUYHOTO (YHKI[IOHATY, ajle YyTIUBICTh BUMIPIOBAHHS MaiiKe B
J(B14l € OUIbIIIA 32 YYTIMBICTh AHAJIOTTYHUX TUIATHHOBHUX PE3UCTOPIB

(Tx=7,7310° K.

KpuBa MeTaneBux ceHCOpIB € 3HAYHO MEHUIE 3ITHyTa B IPOrPECUBHOMY HAIpPsMI
XapaKTEPUCTHUYHOI KPHUBOI TEMIIEpaTypyd B TMOPIBHSAHHI 13 MOHOKPUCTAIIYHUMU
pe3ucTopami.

Bepxnsi Mexa BuMiproBanbHOro nianasony 150°C oOyMmoOBi€Ha BIIACHOIO
MPOBIIHICTIO MaTepially, a ekl Mojieil MoKyTh OyTu 3actocoBani ipu 300°C.

Jlnst BumiproBanHs B miama3oni > 1000 °C- BUKOPHUCTOBYIOTH TEPMOTIAPH.

[IpyHiun ixHKOI POOOTH TOJIATAE B TOMY, IO 3'SBISETHCS EJIEKTPUYHA
HaIpyrasa paxyHOK BIIMIHHOCTI Temneparyp i 1 T, Ha KiHIAX NpoBigHUKA (€PEeKTy
3eebeka). [lana Hanpyra Uy, HanpsiMy 3aJIeKUTh BiJ BEJIUYMHM PI3HULI TEMIEpaTyp

AT. JInsa Bu3HaueHHs «Ter1oBoi Hanpyru» Uy, BUKOPUCTOBYIOTH (hOPMYITY:

Uth = ¢ (T2 —=T1) =c-AT 2.7)

TepMonapoio BU3HAYAETHCS TIIBKU PI3HULA TEMIIEPATyp MK BUMIPIOBAJIbHUM

MaTrepiajioM Ta MaTepiajaoM KabeiB, K1 BUKOPUCTOBYIOTHCS, Yepe3 Te, 10 MPOBITHUK
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JUTsl BAMIPIOBAHHS IaHOTO BUJTYy HAIIPYyTd MAa€ MaTH XOPOLIUN KOHTAKT 13 CIIOJTyYHUMU
ka0emnsaMu, Ha KOTPi TAaKOXK BILTUBAE TEMIIEpaTypa.

ETanonHuM matepiaiom 3 sSIKUM 3a3BUYail CIIBBIAHOCATh TEPMIUHY HANPYTY- €
wiatuHa. Jas Ttoro, mo0 AOOUTHCS MaKCHMallbHUX 3HAu€Hb HANpyrd Ha BUXOI
BUKOPHUCTOBYIOTh CyMIIIl pI3HOMAHITHUX MaTepiajiiB, HalpUKIaa MOETHAHHS
KOHCTaHTaHy Ta 3amiza. KokeH 13 CTep)KHIB TepMomapy MalOTh Ha CBOEMY KIHIII
3BapHE, BUTE, UM TasHE 3 €JHAHHA, SKE CIPUHAMAE Ta TeEpelace BUMIPIOBAIBHY
TEeMIIepaTypy.

Sk mpaBmIO MOJOBXKYBaul, 110 3YUTYIOTh CHUTHAJ BUTOTOBIIIOIOTH TUIBKHU 13
aHAJIOTIYHUX MaTepialliB, X HA3UBAIOTh “KOMMeEHcaliitHl apotu”’. OJHOYACHO i
BIUIMBOM TeMIepaTypu ImepedyBaioTh O0HABAa KIHISL TEpMOIlapH, TOOTO BOHH
BUMIPIOIOTh TUIBKM TEMIIEPaTypHY PI3HHUILIIO, A0 MOYATKOBOI TOYKM BUMIPIOBAHHS.
BuKOpHUCTOBYIOUYM pE3UCTUBHUIN CEHCOP, MOKHA BU3HAUUTH a0CONIOTHY TEMIIEPATypy
y TOYIll BUMIPIOBAHHS.

VY OuTbLIOCTI BHUMAJKIB 3aJI€KHICTh TEPMIYHOI HANpPyTW BiJ BHUMIPIOBAIbHOL
TeMIIepaTypy € HEMOBHICTIO JIIHIMHOO. /{715 Toro, o0 MmiJICHIMTH yci Majll Ta CiradKi
CUTHAJIM 1 1iX JIiHeapu3alil0 BHUKOPUCTOBYIOTh CXE€MH TN€PEMHKAHHA, SKI €
iHTerpoBaHuMU.  J[ns  30UIbIIEHHS ~ BENMYMHM  BUMIPIOBAJIBHOI  HamNpyru
BUKOPHUCTOBYIOTh TOCTIZOBHE 3’€JHAHHS OJHAKOBUX TEpMOIap, sKi BUXOJATh Ha
€TAJIOHHY TEMIIepaTypy 3a JOMOMOTOI0 “XOJIOAHUX K€M~ 1 Ha BUMIPIOBAIIbHY
TEeMIIepaTypy Yepe3 Tak 3BaHl “rapsdi KIeMu .

Yepe3 NOCTATHHO HU3BKUN BHYTPIIIHINA OMIp 1 MPU IbOMY BUCOKUU PIBEHBb
Oe3MeKH, sIka CTOCYEThCA EJIEKTPOMArHITHOI CYMICHOCTI TEPMOIIApU BBaXalOThCS
HaJIHHAMU 1 HETTOTaHUMH TIPUJIaJIaMH JIJIs1 BUMIPIOBAHHS.

[Toxubka y BH3HAYEHHI BEIWYMHH TEMIEpATypu [JIsI TEPMOIApH MOXKE
cranoBUTH 10 15°C. Husbka CTIHKICTh CTApiHHIO 1 JOCTaTHbO HU3bKA TOYHICTb, SKY
HEMO>KJIMBO TIOKPAIIUTHU 32 JOMOMOTOI0 KaniopyBaHHs. [[jisi BHpOOHUIITBA TEpMOTIap
MOXJIMBI JBa BUJa TEXHOJIOTi1M: TOHKOIIAPOBI 1 TOBCTOIIApOBl TexHoJjorii. Ilix gac
HAKJIaJIaHHA [IapiB METaNy OJAWH HA JPYTHii- YTBOPIOETHCS TY’KE XOPOLINI TETIIOBHIA
KOHTAaKT. BUKOpHUCTOBYIOUM TeMNEpiliHI  MIKPOTEXHOJOTl MOXHa JOOUTHCS

BUT'OTOBJICHHS T€PMOIIap HaWMEHII MOKJIUBUX po3MipiB. HalOibiie BOHU MiAXOAATh
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JUIsl CTBOPEHHSI TEPMOCTOBOIIIB MMiJl Yac CTBOPEHHS SIKUX BUKOPUCTOBYIOTH 50...100

KOMITIOHEHTIB 1 B MOAAJBIIIOMY BUKOPUCTOBYIOTHCS JJIsl TIPOMETPiB O€3KOHTAKTHOT ii.
2.2 JlocmiIzkeHHS XapaKTepPUCTHK TeMIlepaTyPHHUX CEHCOPiB

TepMmicTop, KU 3HAXOTUTHCS Y CEHCOpPI € 3 HEraTUBHUM KO€(IlIEHTOM
TEMIlepaTypy, a TPH HarpiBaHHI oOmip ceHcopa Tmamgae. l[lpm BUKOpUCTaHHI
OXOJIO/KYBAJIbHOI PITMHU 13 BUCOKOIO TEMIIEPATypOI0 OTpUMyeMO HU3bkui omip (70
Om +2% npu 130°C), a npu HU3BKI TeMriepaTypi- Bucokuil omip (100700 Om + 2%
npu -40°C). Ha ceHcop, AKui BHMIPIOE TEMIEPATYPY OXOJOIKYBaJbHOI PIAVMHU
NOJIa€ThCs Hanpyra 5 B eneKTpoHHUM OJIOKOM KepyBaHHSI Kpi3b PE3UCTOP 13 CTAIUM
OIOpOM, SIKHI € B ceperHl KoHTpoisiepa. KoHTposiep no majiiHHI BEIMYMHU HANPYTU
Ha CEHCOpl 3 TEeMIEepaTypHUM OMOPOM BHU3HAUAE TEMIIEPATYPHY OXOJOKYBalIbHOI
pinunu. Ilpu HarpiToMy ABUTYHI 0 poOOYOi Temmeparypu MaJliHHS HANpyrd Ha
CEHCOP1 € HU3bKHM, a Ha XOJIOJHOMY € BEJIUKHM.

PiBHSIHHS 17151 ONTUCY 3aJIEKHOCTI OTOPY TEMIIEPATypPHOr0 CEHCopa Y Jiana3oHi

poOouMX TeMIiepaTyp:
ip

ne R~ omip, sikuil Buaae ceHcop mpu meBHI Temneparypi; T TemmepaTypHe
3HaueHHs, K;

€ OCHOBa HaTypaJbHOTO JIorapudma;

A 1 B koedinienTy, sKi € XapaKTEepHUMH ISl CEHCOPA.

Jlany  3aJIeKHICTh ~ Ha3WBAIOTh  TEMIIEPATypPHOIO  XapaKTEPHUCTHKOIO.
[lizcTaBuBIIM BiIOMI 3HAQYEHHS OMOPY 1 BIAMOBIIHI J0 HUX TEeMIEpaTypd MOKHA
oOuuciut koedimientr A 1 B. Jlng nosermenHs oOpaxyHKy MOXHa BHUKOPHUCTATU
ommip ceHcopa mpu cepefni temmeparypi B kimaati T; = 293°K (20°C) Ta mie oany
BEJIMUKHY onopy cencopa npu T, = 373°K (100°C).

[Ticns migCcTaHOBKM WX 3HAYEHB, CHCTEMa PIBHSHB BIMHOCHO A 1 B Burmsmae

TaK:
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— Ll ;. (R
B = "Zin (Rz) (2.10)
Lp
A = RleTl (211)

[Ticnst po3B’sI3yBaHHS JaHWX PIBHSHHS 1 MOJAIBINOL MiJICTAHOBKH OTPHMAaHHMX
KoeimieHTiB cmiBBinHOmEHHS (2.2) y piBHsaHHS (2.1) omepxumo TemreparypHy
XapaKTEPUCTHKY U OTMCAHOTO TEMIIEPATYpPHOTO CEHCopa

[TinkmrodeHHs ceHcopa 10 KOHTPOJIepa 3a CXEMOIO 3IHCHIOEThCS 32 CXEMOIOHA

puc. 2.3

ATOX
U 8bix

I~ o

Pucynoxk 2.3 Cxema miaKIIOYSHHS TEMIIEPATYPHOTO CEHCOpa

CTpyM y €JIeKTpUYHOMY JIaHI[I031 HE Ma€ MepeBUIyBaTH 1 mA, came i1 JaHun
napameTp MiI0MparoTh BETUYHHY OMOPY.

Hampyra Ha BUXO/11 TEMIIEpaTypHOTO CEHCOPa PO3pPax0OBYEThCS 32 (HOPMYIIOLO:

Ug
Ry+R)

Upux = (2 12)

Omip TeMIiepaTypHOTO CEHCOpPa MOXKHA BU3HAYUTH YEPE3 BUXIJIHY HAMIPYTY, TIPH

ymoBi, o Up 1 Ry € Bimomumu:

UBI/IX
Rﬂ = le (213)

Xova (QyHKIS 1 € HENmiHIWHOI, aje i1 JIHIWHICTh MOXHA MIiABUIIUTH 3a

JOIMOMOI'OI0 BKIIIOYUCHHA OJOJATKOBOI'O PE3HUCTOpA R)‘[ mapajcJibHO A0 CCHCOpaA. 3a



35

JIOTIOMOTOI0 MPABWJILHOTO Mi00pY pe3ucTopa MWOro JIHIMHICTh MOXKHA IiBUIIUTH Y

JIOCTaTHRO IIUPOKOMY TEMIIEPATYPHOMY Jlana3oHi.

2.3 JlocaigxeHHS XapaKTePUCTHK eJIeKTPUYHOI APOCEJIbHOI 3aCTiHKH

Cxema 13 MOXKJIMBICTIO PETYJIOBAaTH OIIp 32 JTIOIOMOT'OI0 PYXOMOI'O KOHTaKTy
TaKOXX BKJIIOYA€E B ceOe Pe3UCTUBHUI CEHCOPHUII €1eMEHT, TOOTO PE3UCTHUBHHM CEHCOP
NOJIO)KEHHSI. BiH BBakaeTbcsi NEpeTBOpIOBaYeM 3 OE3MEpPEpBHOIO  (PYHKIIIIO
NEPETBOPEHHA, Yepe3 [0 HeMae KOPOTKOYAaCHUX BTpaT I1H(opmanii Ta He
HAKOIMUYYIOThCS norpimHocTi. 3MiHa onopy Ro PCII mig yac po6otu BinOyBaeThes 3a

JIHIAHAM 3aKOHOM:

R(x) = —R, (2.14)

Xmax

ne - IepEMIIIEHHS KOHTAKTY.

Xmax

Pucynok 2.4 — Cxema mij’€IHaHHS Ta XapaKTEPUCTHKA PE3UCTUBHOTO CEHCOpa

ITOJIOXKCHHAA

Ho EPC 3 onopom R, migkmtouaetsess PCII 3 onmopom Ry. Hampyra cencopa,
110 TIOJIA€THCS HAa HACTYIMHUI CTYIiHb MEPETBOPIOBaya 3 BHYTPINITHIM BX1THHM OTIOPOM

R, po3paxoByeThcs 3a GOpMYIIOH:



36

E[/[R(X)

R R
] ]

UBI/IX =

(2.15)

VY okpeMO BHIIEHOMY BHUMAJKYy, SIKIIO >KUBJICHHS JXUBJICHHS CEHCOpa BiJ
mxepena Hanpyru (R = 0), orpumaemo E = U . [Ipu npomy omip Ryz 1 BUXigHUMIA

curdain PCII e nponopuiiinuii R(x) = R.

Ups = 2202 (2.16)

R{+Ry3

ne Ry = R,+Ry

SKi110 HEeMae HaBaHTaXXEHHsI Ha Pe3UCTUBHUM ceHcop R, = oo, Ry = Ry + Ry, 1
toMy Uy/U . = Ro/Ry, hyHKIIIsS epeTBOpPEeHHS € MiHiiHOW. [Ipu MHOXHHI peanbHUX
pexuMiB (PYHKIIISI CTa€ HEINIHIMHOIO, a yMoBa R, = 0 € HEMOXKIHMBOIO.

[lepemimennss kontakry PCII, mo pyxaerbcs, MO pyXaeTbCcd B YMOBHHUX
OJMHHMIIAX X, MOxe 3aificHioBaTrCs Bifg 0 1o 1y cxemi JIH 3 mapamerpamu (Ro, U,) Y

takomy BUTIanKy GyHKItis Uszz = f(y)

B upomy Bunaaky ¢ynkiiss neperBopenHs U,; = f() Bu3HauaeTbcs 3a
dhopmyIioro:
Upck
Ugnxy = 5 HXZ (2.17)
ku+x—x
ne ky = Ry - maBanTaxxyBanbHHMI KOC]Iilli€HT.
Ry

[ToxuOKky HETIHIHHOCTI PE3UCTHBHOTO CEHCOpa OOyMOBIIEHA THM, IO
BigxuieHHs BigHomeHHs U,, /U CeHcopa, 10 HaBaHTaXKy€ThCSA B IMOPIBHSIHHS 13

HCHAaBaHTaXCHHM.

Bennumna HemiHiAHOCT BigHOCHOT moxubku SHJI BU3HAYA€TbCS 3a dhopmyioro:

X3 _Xz
Y (2.19)
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B 3anexHOCTI BiJ] IepeMIILIeHHs 1 OTIOpY HaBaHTa)KEHHS 3MIHIOEThCS Uy TJIMBICTh
ceHCcOpa TMOJNOXKEHHs 1 mapamerp G&fHJ7 . Ilpm Bemmuwmni SHJj7 = 2/3-

CIIOCTEPITaEThCA HAMOUIbIE BIIXWICHHS JJI pealbHOI KPUBOi Yy IOPIBHSIHHI 13

11€aTbHOIO:;

4ky
27

(gH]])BI/IX = (219)

3 Meroro niHeapuszyBatn (yHKIO mepeTrBopeHHs B cxemy PCII gomaroTh
pesucrop R, - omip mnineapuzaiii. OKpiM BHUMIPSIHHX XapaKTEPUCTHK CEHCOpa
MOJIOKEHHST 3aCIHKM JOJATKOBO MOTPIOHO JOCHIAMTH OCHUJIOTPAMU BUXITHUX
CUTHAJIIB T4 CUTHAIIB JJI1 KEPYBaHHS IPUBOOM.

EnexTpuunuii curHai - 1e eneKTpUYHUIN MPOIIEC, SKUN BBAXKAETHCS CKIATHUM
TaMICTUTh B co01 iHpopMmaito. [lapamerpu: cmyra 4acToT, TPUBAIICTh, HOTYXKHICTB 1
aMIUTITY/a, Ta 1HII1 BIUTMBAIOTh HA KUTBKICTB 1H(OpPMAIIiT 33 TOTTOMOT'00 ITIEBHOTO THITY
CUTHAIY.

Ocuusorpad - 1e npuiiaa 3 JOMOMOTOI0 SIKOTO MOKJIMBO Bi3yalbHO MOOAYUTH
mpoliiecH, skl BiAOYBalOThCS Yy PI3HOMAHITHUX EJIIEKTPUYHUX JIAHIIOTAX, BKIIOYHO 1
BHCOKOBOJIbTHY cUCTeMy. UHco KaHamiB ocuuiorpada 4iTKO BU3HAYa€ KUIBKICTb
CUTHAJIIB, SIKI MOYXHa OJHOYACHO MIAKIIOYUTU 1O MpUIaAy 1 NEPerisiHyTH IXHIO
OCLIUJIOTPaMYy.

Kananu po3noaiisitoTh Ha Takl rPyIu:

- ocuwiorpadiuHi yHIBEpCalIbHI KaHaIW - BUKOPUCTOBYIOTHCS [IJISI 3HATTS
CJIEKTPUYHUX CHUTHAJIB BHMKOHAaBYMX MEXaHI3MIB 1 MpuiafiB  yNpaBIiHHA,
OCLIMJIOTPaMCHHAJIIB CEHCOPIB;

- KaHaJu MepBUHHOI HAMIPYTH - B OUTBIIIOCTI BUMA/IKIB MEPEKa BUMIPIOBAHHS
cranosuTh 600-1000 B;

- KaHaJdy BTOPWHHOI HANpPYTd - MPU3HAYCHI IJIs TOTO, MO0 MiAKIIOYUTH
€MHICHI CEHCOPH BHUCOKOT HAIMIPYTH, SIKI BCTAHOBIIOIOTh HA BUCOKOBOJIBTHI JIPOTH, 200
CEHCOpPUIIPU3HAYEH] JJI1 CUCTEM 3allajieHHs, Y SIKUX HEMA€ BUCOKOBOJIbTHUX JIPOTIB.
BumiproBanbHa mexa ctaHoBUTh 50 kB.

- kabeli-cyMaTopyd - BUKOPUCTOBYIOTH JJIi TOTO, MO0 MIAKIIOYUTH 0
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ocruiorpada 0yap-aKy KUIbKICTh HUJIHJPIB 1 MEPErJITHYTH iXHIO OCIIUJIOrpamMy, Tak,
SK MiJKIIOYUBIIN TUIBKM OJMH KaHaJl BTOPUHHOI HAampyrd He Oyae MOKIMBOCTI
MOJAUBUTHUCS OCHIUIIOTPAMy OJHOTO IMIIIHJIPA.

- KaHaJM CUHXPOHI3aIll - CHPUIMArOTh MIAKIIOUEHH! A0 HUX IHIYKTHUBHI
CEHCOPH CHHXpOHI3allli BiJ pI3HUX JDKEpeNl CHHXPOCHUTHANIB, TaK 1 BIA
BHCOKOBOJIbTHUX CHUTHAIIB (CEHCOPH MOJIOKEHHS KOJIIHYACTOro Bajiy). s KoskHOro
KaHaJly OCHOBHUMHU BUMIpPIOBAJIbHUMU MTapaMeTpaMH € MeX1 BUMIPIOBaHHs (TpaHUYHI
3HAYCHHS HAIMPYTH, sIKe MOXKe OyTH IOjJaHEe Ha IepIIui KaHai), BXIIHUN omip (YUM
OlJIbIlIE 3HAYEHHS BX1JHOTO ONOPY, TUM MEHILE 3MIH BHOCUTb IPUJIAJ, SIKUU 3[I1HCHIOE
BUMIPIOBAHHS €JEKTPUYHOIO JIAHIIOra, 3a3BUYail BXIAHUU OMIp € HE MEHIIMH 3a 1
MOwm).

YacToTa aucKpeTH3allii - 1[e OJWH 13 OCHOBHHUX IapaMeTpiB, SIKUM IMOKa3zye
KUIbKICTh BHOIpKM CUTHAIly, SIKY 3/A1HCHIOE Tpuiaa 3a OAWHUINO yacy. Jlanwuii
napameTp BIUTUBA€ Ha JOCTOBIPHICTh Ta TOYHICTh KapTUHKH, siKa B1JOOpaKaeThCs Ha
€KpaHl IpWIagy 1 B CBOI 4Yepry BigoOpaxkae mpolec, sSKUi BiIOYBA€eTbCS B 4Yac
BUMIPIOBAHHS y €JIEKTPUIHOMY JIaHI1031. OCOOIMBO BaXIIMBUH II€H MapaMeTp ITiJ1 9ac
BUKOHAHHSI pOOIT 3 JIaHIIOTaMU 3alajieHHs, 4yepe3 Te, 10 caMe B HUX HaWOUIbII
HMIBUIKOIUIMHHI TpouecH (IMMpoKa 3MiHA aMIUNTYId 3a JyXe€ KOPOTKMM 4Yac -
poOMBaHHS 1CKPOBOr0 MPOMDKKY). IIpu 3aHanTo manmi 4acToTi AMCKpEeTH3allii- He
yaaeTbes 3adikcyBaTu MapaMeTpu poOOTH EJIEeKTPUYHOrO JIAHIIOTa CUCTEMU
3amajieHHs 3 JIOCTaTHHOK TOYHICTIO, HANpPHWKIAL - Hampyra npo0orw - I
MakCUMajbHa BEJIMYMHA HAMpPYTH, SKa 3HAXOAWUTHCA MIXK MOMEHTaMH BHOIpKU
BEJIMUMHU 3HAYCHHS CUTHAITY.

3amam’sITOBYBaJIbHI MOXJIMBOCTI. B 3aranpHOMY octimorpadu po3auvisioTh Ha
Ti, KI MOXYTh 3amaM’sITOBYBaTH CHUTHAIM 1 Ti, y SKMX JAHOTO MOAYJS MaM ATi 1
MOJKJIMBOCTI 3amucy - Hemae. Came A MOJAJBIIOrO aHalizy € HEeOOX1IHICTh Y
3armam’SITOBYBaHHI OCIHJIOTpaMU. 3a3BUYail JTaHa HEOOXIAHICTh BUHHUKAE TOJ, KOJIU
OCLIJIOTpaMa Ma€ MOXKJIMBICTh 3MIHMTHUCS, TaKOXX Ma€ KOPOTKOCTPOKOBUH, YH
HenependauyyBaHUM 3MIHHUN XapakTep, SKUM MOXHa MOPIBHATU MPH TIMOOKOMY

aHaJji31 3aMcaHuX OCIHIOrPaM.
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24 MeTtoauka 1Js TPOBeeHHs JIa0OPATOPHMX JOCTiIKeHb 3
BUKOPUCTAHHAAM ocumiaorpada. PesyabraT A0CiHigxKeHb TeMIEpPaTypPHOIo

CEeHCOopPA PiAUHU JJI5 0XO0JI0TKEHHS

Jlyis mpoBeACHHS JOCHIKEHHS 3aJIe)KHOCTI OTMOPY CEHCOpa BiA TemrepaTypu
BUKOPUCTOBYEThCS 1€ OJMH IM(poBuil cencop temmepatypu DS18B20, y sikoro
3asiBJIeHa TOYHICTh BUMiptoBaHHs ctaHoBUTh 0,5°C. Jl1s1 Toro, mo6 npoBiputu podoTy
ceHcopa Ta moOyayBatu rpadik, BeIUINHA TEMIIEPATYPHUX 3HAYCHD 3MIHIOBAIACS Y
mexax 0..100°C. Jlane BUMiprOBaHHSA NOBTOPIOBANOCA 3 pa3u ISl OLIBIIOI TOYHOCTI.
[Ticas Toro, IK OTpUMAJIK yC1 3HAYE€HHSI, OyJIM BUpaxyBaHi TeMIIEpaTypHI KOeDIIEHTH
CEHCOopa, Ta BUBOJWJIACH HA MMAHEJIb CEHCopa- oro rpadiyHa xapakrepuctuka. [lopsia
13 uMM Oyna BHM3HAUYEHAa XapaKTepUCTHKA MOTEHLIOMETpa JJs TOro, o0 B
MOJIaJIBIIIOMY CHUMYJIIOBATH TEMIIEpaTypHY XapaKTEepPHCTUKY CeHcopa. BiamoBimHo 110
JAHUX OTPUMAHUX I Yac EKCIEPUMEHTY Ta BH3HAYEHUX KOE(QIIIEHTIB CEHcopa
TEMIEPATypu 3a JONOMOrow Qgopmyiau 2.2 moOyaoBaHui rpadik XapaKTepUCTUKH
3MIiHU OTIOPY 3aJIeKHOCTI Bix Temneparypu (Puc. 2.5). Yci Tabnnuyni 3HaYSHHS 101aHI
y Tabmuui 2.2, R.- maHl oTpHMaHl €KCHEpUMEHTalbHO, R,- naHi po3paxoBaHi 3a

dbopmymnoro 2.1

XapaKTepucTUKa ceHcopa TemnepaTypm
12

10

[ep]

I

0 10 20 30 40 50 60 70 80 20 100

Pucynok 2.5 — I'padik ekcriepuMeHTaTbHUX Ta PO3PAXYHKOBUXXaPaKTEPUCTHK

CeHCopa TeMIlepaTypu



3HadeHHs KOe(IIIEHTIB A=3,356-1O'6, B=4061,943.

Tabnuusg 2.2 - 3anexHICTh 3MIHA OIIOPY CEHcopa Bijl 3MIHU TeMIIEpaTypu

40

Rp, kOm Re, kOMm T°C
9,72 0,72 0
7,44 7,4 3)
5,75 0,76 10
4,48 4,45 15
3,52 3,52 20
2,79 2,8 25
2,23 2,23 30
1,45 1,4 40
1,18 1,18 A5
0,97 0,98 50
0,67 0,66 60
0,47 0,46 70
0,33 0,33 80
0,24 0,22 90
0,18 0,18 100

['padix po3paxyHKOBOT XapaKTEPUCTUKU TEMIIEPATYPHOTO CEHCOpAa PIAWH IS

oxosiopkeHHs 3 mMexamu -40...120°C, 300pakeHo rpadikoMm Ha pucyHKy 2.2. Jlius

O1IBILIOT 3pDYYHOCTI BIIOOPAKEHHS JaH1 Yy JIorapuPMidHi 1IKaJll IO CEHCOPHOMY OIOPi,

4yepes Te, 0 MOT0 XapaKTEPUCTHKA MA€ EKCIIOHEHITIaTbHUN XapaKTep.
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PI/ICYHOK 2.6 — POSpElXOBaHa XAPAKTCPHUCTHKA TCMIICPATYPHOI'O CCHCOPA

Axmo cknactu cxemy 3 puc. 2.1 BUKOPUCTaBIIA NPH LBOMY pI3HI 3HAUEHHS

OTIOPY IO >KUBJICHHIO, OTPUMAEMO HACTYITHY TAOJIUIIIO JAHUX Ta 1€ OJUH rpadik, KU

€ 300paxkeHni Ha puc 2.3. Yci XapakTepUCTUKU BUX1IHOI HAIPYTru OyJid BUMIPSHI 13

TOYHMMHM 3HaYeHHsIMU omopiB: 1kOm, 3kOm Ta SkOwm.

Tabmumg 2.3 3miHa BUXIAHOI HATIPYTH BiJl 3MiHU OMOPY >KUBIICHHS

Usux,5 kOM Usux,3 kOM Usux,1 kxOm Re,kOm T°C
1 2 3 4 o
3,30 3,82 4,53 0,72 0
2,98 3,56 4,40 7,4 3)
2,68 3,29 4,26 0,76 10
2,35 2,99 4,08 4,45 15
2,07 2,70 3,89 3,92 20
1,79 2,41 3,68 2,8 25
1 2 3 4 o
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1,54 2,13 3,45 2,23 30
1,09 1,59 2,92 1,4 40
0,95 1,41 2,71 1,18 45
0,82 1,23 2,47 0,98 50
0,58 0,90 1,99 0,66 60
0,42 0,66 1,58 0,46 70
0,31 0,50 1,24 0,33 80
0,21 0,34 0,90 0,22 90
0,17 0,28 0,76 0,18 100

3anerHicTb BUXigHOT HANpyruK Big ONOPY *MBJIEHHA Ta
TemnepaTtypu
5,00
4,50
4,00
3,50
3,00
2,50
2,00
1,50
1,00
0,50

0,00
0 20 40 60 20 100 120

—8—Panl Pan2 Pan3

Pucynok 2.7 — I'padik 3aJIe:KHOCTI BUX1HOT HAIIPYTHU Bij 3MiHU BEJTUYUHU

OIIOPY’KHUBJICHHSA Ta TCMIICPATYPH

JlocnmikeHHsT 3MIHM BEJIMYMHM BUXIAHOI HAmpyrd BiJ 3HAYEHHS OIOPY

JiHeapu3alii Jga€ 3MOTy MEPeBIPUTH JIIHEAPU3AIlI0 BUXITHOTO CUTHAITY. 3HAYCHHS

onopiB miHeapuzarii: 1kOM, 3kOmMm, 5kOm Ta 10kOm. Ha pucynky 4.4 300paxeHi

rpadiky 3MiHU BEIMYMHH BUX1HOI HAIIPYTH MIPH 3MiH1 3HAYEHb OTOPY JIIHEapHU3allii.
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3anexHicTe BUXiAHOT HANPYrM NpK PisHUX 3HAYEHHAX ONopy
NiHeapwusauyil

0 20 40 60 80 100 120

—8—Panl Paa2 Pan3 Pan4
Pucynok 2.8 I'padik 3aneKHOCTI BEIMUYMHUA BUX1AHOI HAIIPYTH Bij

TEeMIIepaTypH MU Pi3HUX 3HAUCHHIX OMOpPY JIIHeapu3aIlii.

[3 HaBemeHux rpadikiB TOMITHO, 10 HAWOUIBII JHIAHY (TIOJIOTY)
XapaKTEPUCTUKY OYJI0 OTPUMAHO MiJl 4Yac BUKOpUCTaHHS | KOM omopy >KHBJICHHS Ta

3 kOwm ornopy JiHeapuilii.

BucHoBoK 3a po3aiiiom

3anponoHOBaHO TEMIIEPATyPHUM CEHCOP, SIKUM JT03BOJISIE MIBUAKO Ta HAAIMHO
OoTpuMyBaTu 1H(OpMaII0O Tpo TeMmmIeparypy y pedprxeparopi 3 MNPOCTUM
nigkmoueHHsaM 10 GPS-tpekepa 3a JA0MOMOTOI0 JPOTOBOTO 3B’SI3KY 1 MOJAJBIIO0
nepenaueto ganux Ha [1K. /laBau mae HeBenuKi rabapuTHI pO3MIpH, JIETKO MOHTY€EThCS

1 3a0e3mneuye Oe3nepediiiHy noiauy JaHUX MPO TeMIEepaTypy.
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PO311J1 3
METOIAUKHU TA OBJAJHAHHSA J1JIAA JOCJIIIKEHHSA
ITAPAMETPIBTEMIIEPATYPHOI'O CEHCOPA
3.1 IIpucTpoi AJsl MOHITOPMHIY TeMIepPaTypy B peKHMi peajbHOro

qacy

[Tin yac BUKOHAHHS POOIT MOB’S3aHUX 13 CEHCOPOM TEeMIepaTypu HEOOX1THO
JOTPUMYBATHUCS YCIX PEKOMEHJOBAaHUX i 1 3aX0fiB, SKI € BCTaHOBJICHUMU
BUTOTIBHUKOM Ta MpaBUJIaMH TEXHIKU O€3IMEKH 1 OXOPOHHU Tpalll, a TaKOX MpaBuia i
JOJIaTKOB1 3aX0]11 MOCIOHMKA 3 €KCIUTyaTalli.

[lepconan, sikuii BUKOHYE Oyab-sIKI POOOTH 13 TEMIIEpATypHUM CEHCOPOM,
MOBMHEH MaTH piBE€Hb KBaMi(iKallii, KWK BIJIOBIJIA€ BUMOTAM.

Jlo BUKOHaHHS POOIT 3 CEHCOPOM IEPCOHAJ JOMYCKAETHCS MICIsI BUBYEHHS
mociOHMKa 3 eKCILTyaTari

Teltonika FMB125— me tpekep i3 00’eanannmu B ogHomy mpmiamgi GNSS-
aHTEHOI0, SIKa po3TarioBaHa 30BHI 1 3 GSM-aHTeHO10, KA 3HAXOUTHCS BCEPEAMHI, 13
nonatkoBuM Bluetooth- moayneM 1 mpoayOab0BaHUM aKyMyJISITOPOM JUIsl OUIBIIOT
aBTOHOMHOCTI 1 6e3nekn. FMB125 nae MoXIHBICTh KOPHCTYBa4eBi BUKOPHUCTOBYBATH
JUIsl poOOTH pI3HOMAaHITHI 1HTEpdeiicu, mudpoBumMu gaBadamu piBHs nanuBa (LLS),
HaBiraniiauMu npwiagamu Tuiry Garmin, ta 3 3umtyBauamu RFID. Iliarpumka
mubpoBux BXomiB 1 BuxomiB Ta cucremu 1-Wire iHTepdeiicy m03BOJSE
BUKOPUCTOBYBAaTH JAHWM MPUCTPI 1 I MOHITOPUHTY 3HAa4y€Hb TEMIEpaTypHu.
JHonatkoBo MosxxHa nigkimounta CAN-aganTepu, siKi Jal0Th 3MOTy OTPUMYBATH JaHi
HE TUIbKH 3 JIETKOBUX aBTOMOOLIIB, aje 1 3 C/T TEXHIKH, CICUTEXHIKH Ta TPY30BUX

aBTOMOOLTIB iHIKMX HanpsmiB [2], [14], [16].
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Pucynox 3.1 - GPS-tpekep TELTONIKA FMB125

FMB125- ne mpodeciiinuit 1 komnaktHuii [JIOHACC/GPS Tpekep 3
BHYTPIIIHBOIO, TocwieHO0 GSM-aHTeHHOIO 1 T0AaTKOBOIO - 30BHIMHBOK GNSS-
aHTeHHOW. BiH npu3HayeHM A1 KOMIUIEKCHOTO 300pY JaHUX 1 [lepelaBaHHs TOYHOTO
nosioskeHHs uepe3 GSM Ha 1ieHTpanbpHMiA cepBep. BUKOPUCTOBYETHCS A1 BUSHAYCHHS
KOOPJAMHAT BiJIJIaJIEHUX 00’ €KTIB: KapIIUPIHT, CIIYKOU TaKCl, YIIPABIIHHS aBTOMAPKOM,
Ipy30MepeBE3eHHs], IPOMaIChKUI1 TPAHCTIOPT, JOTICTHKA Ta JETKOB1 aBTOMOOLII.

FMB125 BUKOpPUCTOBYETHCS JUTSI TOIATKOBOTO KOHTPOJTIO 32 pOOOTOIO ABUTYHA,

piBHEM MaNMBa, BIAKPUTTA/3aKPUTTA IBEPEil, aBTOHOMHOI Mepenayl TeMIepaTypHuX
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3aMipiB.

BiamiaH1 0cO0IHMBOCTI:

e JuIg 30UTBIICHHS HAAIMHOCTI Tepeaadl JaHUX BUKOPHUCTOBYEThCS MiB SIM
kaptu. HaBith, sikmo ocHoBHa SIM kapra BigkmounTthes FMBI125 3amummthes B
mepexi. Bukopucranus neox SIM kapT 3Ha4HO 3MEHIITYe 3aTpaTH Ha POYMIHT, TaK, K
nepiry SIM kapTy MOXHa BUKOPUCTOBYBATH ISl IOMY, a IPYTy I Tiepeiadl JaHuX
13 pOyMIHTY;

e minTpumka Bluetooth 4.0 + LE, mo mo3Bosise mia’ e qHIOBATUCS 10 TpeKepa
0€3 BUKOPUCTAHHS KOHTAaKTHUX IPOBOIB Ta MIIKIIOYATH PI3HOMAHITHI JaBadi Ji0
HBOTO;

o 3upntyBaHHs gaHuX 3 CAN-mmuu T3. [Ipu Buxopuctanni CAN-amantepa
Teltonika moxxHa B peanbHOMY 4Yacy OTPHUMATH HEOOXiJHI JaHi i3 JHOOOT0 BHIY
TpaHcnopra. Criucok aBTOMOOWIIB, IO MIATPUMYIOTHCS MICTUTH B c001 Oibie 1900
PI3HOMaHITHUX MOJIEJEH;

e mHasBHicTh RS232/RS485 nae 3Mmory migkIOYMTH KiJIbKa JaBadiB PiBHS 1
Bukopucrtanusa nanuBa LLS, 3uutyBaui RFID, nasiraiiiiini npuctopoi GARMIN Ta
a1 3 RS232/RS485;

® BHCOKHUH PIBEHb UYTJIMBOCTI, Mail’>keé MUTTEBHUI Tapsyuil CTapT 1 MIBUAKUAN
XOJIOTHUM- TAPaHTYIOTh, 1110 YBECh MAPUIPYT TPAHCIIOPTHOTO 3aCO0Y BIICTIIKYETHCS 3
HaNOUIBIIO TOYHICTIO;

® KOMIAKTHI PO3MIPH, MPOCTHH 1 IIBUIKHUI MOHTaX;

® aBTOTPEKIHT B PEATHPHOMY 4aci 13 3aCTOCYBaHHS IIBUIKOI Iepeayl TaHuX;

® KOMIUIEKCHUM 1 pO3yMHHM 30ip JaHUX HAa OCHOBI JaHUX 4Yacy, KYTIB,
J1arma3oHy MIBUAKOCTEN, 3amaatoBaHHs, BIICTaH1 1 JIIOOUX 1HIIMX JaHUX Ha BXOJax 1
BUXOJ1aX;

e BHAKA Neperada 3uuTyBaHux ganux udepe3 GPRS (TCP/IP u UDP/IP
POTOKOJIH);

e posymuuit anroputm 3’eqnanus GPRS st ekornomii Tpadiky;

e poOoTa B pOYMIHT 3TiIHO CIHUCKY BiAi0panux oneparopiB GSM;

® AKTUBHUN ‘“‘YOpPHMH~ CIIMCOK COTOBHX OIlEpaTopiB, sKi He OaxaHO

BHUKOPHUCTOBYBATH,
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® peecTpallis BXOAy 1 BUXOAY 1 mBHAKE oBiioMieHHs SMS uu o GPRS;

e 5re030H (Kpyruoi Ta NpsiMOKYTHOT GopMu);

® aBTOMATHYHE TEO30HYBAaHHS 1 IIBUIKE BUSBJICHHS OYKCHUPYBAaHHS

JUISI3aXKMCTY BT KpaJaiKKK aBTOMOO1IIS;

® BHU3HAYCHHS OYKCUPYBAaHHS 3 I0JATKOBUM BUKOPUCTAHHSM aKCEJIEPOMETPA;

e MiHIMaJIbHE CHEPrOBUKOPHCTAaHHSA- MeHIIe 3a 6 MA (Deep Sleep);

e online Deep Sleep- pexxum Oe3nepepBHOTO 3B SI3KY 3 CEPBEPOM;

e Bukopuctanasg GPRS (FOTA) ais HalamTyBaHHS Ta IIOBHE OHOBJICHHS

e Tpu BapiaHTa PEKUMIB pOOOTH 3aJeKHO BIJ orepaTopa (HEBIOMO,
JIOMAIITHIMPETIOH 1 pOYMIHT);

e npu BijacyTtHocTi curHany GNSS — cunxponizamis yacy NTP (Network
TimeProtocol;

o cunxponizaiig yacy NITZ (Network Identity and Time Zone) npu MOXIHBI
BiicyTHOCTI GNSS curnana;

e BOyJOBaHI NOAATKOBI (PYHKIIi Ta MPOrpamMu: 3aXHCT BIJ TMEPEBUILECHHS
IIBUJIKOCTI JIsLT 30€pEeKCHHS KUTTS BOJISA Ta MomepekeHHs mTpadiB, iMobimai3ep,
imudikaris Bomis (1-Wire iButton ID 3 miarpumkoro g0 500 iButton kirouis);

® BIJICTeKEHHS Yacy poOOTH Ha XOJIOCTOMY XO/Ii;

® KOHTPOJIb IOYATKY Ta 3aBEPIICHHS MOI3KH.

3.2 TexHiuHI XapaKTepUCTUKHU

Tabmuns 3.1 OcHOBHI XapaKTEpUCTUKH TPEKepa

Xapakrepuctuka |KopoTkuii onuc

1 2

["aGapuTHi 65 X 56,6 x 20,6

PO3MIpHU, MM

Bara, r 55
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Bluetooth [TinkTroueHHs 1aBaviB TeMIIepaTypu Ta BosioroctiHamamryBans
["ostocoBi 13BiHKM 3 BUKOprcTaHHsIM Bluetooth
GNSS BincmigkoByBanss: 33 KaHaIa
Uytnusicte: 165 abm Buakuii ctapt: <1 ¢ Ternmit crapt: <25 ¢
Xonoauuii ctapt: <35 clIporokon NMEA-183
GPS, TJIOHACC, GALILEO, BEIDOU, SBAS, QZSS, DGPS,
AGPS
TouHicTh: <3 M
[HTepdeiicu 1 mudpoBuii Bxiza
1 anasoroBuii BXij
1 mudpoBuil BuXiza
1-Wire® (iButton®,cencop temmneparypu, RFID)RS232
RS485
Buytpimuss antena GSM 3osuimnus anteHa GNSS 2 LED
CBITJIO/IIOAQ
2.0 Micro-USB
AKYMYJISTOD 170 mA*r, Li-lon
barapes 3,7 B
JlianazonpoOounx -40°C...+85°C
TeMIeparyp
[lepenauya nanux (GPRS  kmac 12, CMC (rekct/mani), Bluetooth mnpuiimau-

nepelaTauK  moBHiCTIO cymicHmid i3 Bluetooth 4.0 + LE s

M1KITFOYCHHS TOJAATKOBUX MPUCTPOIB

JKvBiieHHS

10...30 B nocriitHOTO CTpyMY 13 10JJaTKOBUM 3aXHCTOM
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3.3 Monrax cencopa remneparypu DS18B120 yepe3s inTepdeiic 1-Wire

[lepen BUKOHAHHAM pOOIT MO MIAKIIOYEHHIO TEMIEpPaTypHOro jJaBaya
HEOOX1THO MePEKOHATHCS HACTYITHOMY:

Hanilianii enekTpuyHUi Ta MEXaHIYHUA KOHTAKT 3arajJbHOTO BUMHKA4Ya MacH
HasiBHicTh KOHTaKTY MiXk Kiiemoro “minyc” AKD 13 kiiemoro “macu’ (pu yMOBI,

10 Ha aBTOMOO1JI1 BIZICYTHI{ 3araJlbHUil BUMUKa4Y MacH)

VYci enekTpornpoBoayd HaAIHHO MPUKPIIIIEH] 10 paMd aBTOMOO1JIA, YU KopIryca
KaO1HU 1 BIJICYTHI Oyb-5K1 OIIKOKEHHS €JIEKTPOJIaHIIOT1B

Hamnpyra B 60pTOBi Mepexi He niepeBulye Heooxigaux Hopm (30 B)

BaxnuBo norpuMyBaTHCA MPaBWIBHOTO TMIAKIIOUYEHHS YCIX BHUBOJIIB 3T1IHO

CXEMHU PEKOMEH10BaHOi BUroTiBHUKOM FMB125

N\ INPUT6 __\JlC

o

N R5232TX I

3

AINT 2
1

TWIRE DATA
RS485-B
RS485-A

N, DOUTT N

7 GND

+10...30 V DC

Puc. 3.2 Cxema po3ramryBanHs BuBoais FMB125

A2-BaE -]

e

TaOmuig 3.2 HaA3BU 1 ONKUC KOHTAKTIB

No HasBa Omuc

KOHTaKTy [KOHTaKTy

1 VCC (10-30)V |[Enexrpoxusienns (10-30 B mocritinuii ctpym)
DC (+)
2 AIN 1 AHasnoroBwuii Bxig kanany 1. Jliana3zon BXigHOTO

kaHainy 0-30 B (mocTtifinuii cTpym)
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3 RS232-RX RS-232. Bxin ns npuiiomy nanux depe3 RS-232

4 RS232-TX Buxin quist mepenadi nanux depes RS-232.

3) DIN1 [{udposwuii Bxin, kanamy 1.

6 INPUT 6 TX EXT (LVCAN — TX).

7 GND (-) 3a3eMIICHHS

8 DOUT 1 [{udporuii Buxia, kanany 1. Buxin ¢ BiaKpuTum
KOJIIEKTOpoM. MakcumyM. 3,3 A TIOCTIHHOTO CTPYyMY

0 RS485-A CurnanpHui poBig A mist RS-485.

10 RS485-B CurnanpHu# ipoBin B s RS-485.

11 IWIRE DATA |[lanni s npuctporo 1-Wire.

12 INPUT 5 RX EXT (LVCAN - RX).

[Ipyn BUKOHAHHI YyCIX pOOIT MOB’SA3aHUX 13 MOHTaXEM JaBaya TeMIEpaTypH

HEOOX1THO BIAKIIIOUUTH YC1 €JICKTPOCIOKUBAY1 aBTOMOOLIIS Bij “+ KJIEMH KUBJICHHS

Jns mpoBeneHHs MOHTaXxXy ceHcopa Ttemmneparypu DS18B120 go tpexkepa FMBI125

HEO0OX1THO 30€eperTy MPaBUIbHICTh Ta MOCIIIIOBHICTD MIIKIIFOYCHHS yCiX KOHTAKTIB Ta

A0AaTKOBOI'0 peE3nCTOPA. I[J'ISI BUKOHAHHA AOaHOI'0 3aBAaHHA BHKOPUCTAHO CXCEMY

300pakeHy Ha pUCYHKY 3.3.

GB112.6B

C2100

/

L

t 14 L1 180 mklH
R1*
_ri 1 <
: »
| Crpym, 10 ; 1.6x
13] z |1 “Usx

< 2t B 13

C1330 2:4:5;7 |

x16 B o

6
—JB R2

s, G

+

R3
2.2K

R4
1.2k

+2.8...+58B
(0.5A)

| 100.0

Puc. 3.3 Cxema nigkimoueHHs ceHcopa temrepatypu DS18B120
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Pucynok 3.4 - biok-cxema DS18B20
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3.4 Koudirypauis Ttepminana Teltonika FMB125 Tta nogaBanus

ceHcopiB MJsiBinoOpaxkenHs y cucremi monitopunry WIALON

[Ticns ycmimrHOTO MiAKIIOUeHHS ceHcopa Temmneparypu DS18B120 no tpekepa

FMB125 reo0x1aHO0:

[lepeBipuTu Ha 1eeKTH yCi TPOBOIU

[lepexoHaTucs B NpaBUIIbHOMY HIAKIIOYEHH1 CEHCOpa TEMITEpaTypHu

[IpoBecTu 3arayibHUM 30BHINIHINA OTJIA HA BIACYTHICTH ACHEKTIB, Kl MOIJIH

3’SIBUTHUCS TTICIISI MOHTXKHHUX POOIT

[IpoBecTn HanamTyBaHHs 1 KaniOpyBaHHs IEPETBOPIOBAYA HAMPYTH >KUBJICHHS

aBada

[Minkmountu Tpekep Teltonika FMB125 no mkepena skuBjieHHs, 10AaTH CEHCOP

JUTS IOJANTBIIMX POOIT 13 HUM y IporpamMHOMY 3a0e3neucHHi Teltonika.
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|
Pucynoxk 3.5 - Mento nikimodeHHs Tpekepa FMB125 no komn’rorepa y

nporpaMHomMy3aoesneueHHi Teltonika

Jns Toro, mo0 Biakputu MeHIO kepyBanHs FMB125 1 momatu cencop
TEMIIepaTypd HEOOXIHO MIAKIIOYUTH BUXIJ TpeKepa 13 KOMITIOTEPOM, Y
nporpamHoMy 3a0e3neueHHi Teltonika 3maiiT migkimo4YeHHS 1 00paTH MiKTOrpamy
niaKItoueHoro npuctporo. [licns ycix 3pobseHux Mid mOTpiOHO BIAKPUTH MEHIO IS

BUOOPY ceHcopa (puc. 3.6).

Pucynox 3.6 - Menro Bubopy ceHcopa Temneparypu

SIK TinBbKM TeMmmepaTypHui ceHcop Oyae oOpaHO Ta MIAKIIOYEHO, HEOOX1THO

IPOBECTU HANAIITYBAHHS JAaHUX JJI 3YATYBaHHS, 1XHI KOE(II[IEHTH BaromMocTi Ta
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YacTOTY OHOBJICHHSI Ta HAJCWJIAHHS 1X Ha IEHTPAJbHUI cepBep KOpUCTyBaya IS

3IiHCHEHHS BiachiaKoByBaHHs (puc. 3.7).

0

Dales Temperatire 1D 2

Dadan Tervperatise 10 )

Dadas Terspeeatise 10 4

Pucynox 3.7 - HamamryBaHHS 39UTYyBIBHUX JAHUX JUTSI MTOAANIBIIOT IXHBOT

nepenayi

K reLTonixa ;

It Narvee Cuatronnt Vashae

FlAlAlAA

Pucynok 3.8 - HanamryBanss koeiiieHTiB BATOMOCTI

[Ticns mpoBeeHHsI BUIlle 3a3Ha4eHUX Jid y nporpami Teltonika, Tpexep FMB
125 nepenae mani 13 MiIKIFOYEHOTO 0 HHOTO CEHCOpA TeMITepaTypu. Y po3aii
“JlaTumku’ BigoOpakaeThcsl HOBUM pssiok “‘/laTuuk TemmnepaTypu’, 11€ CBIIUYUTH PO

MPaBUIIBHICTH MIAKIIOYEHHS Ta HANAMITYBAHHS TPEKepa.
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Jaranune lecwna Aogarwoes Rarasan Bomnum sone Tpyna Rowanam Rie e somos

Xapaxrepnc ruos Aerexrop notinos Burpars nanwsa Arpo TeroSemyromysanm

Hassa T On nuw.  Napawerp Onme Bugpmicrs Sac
O
Dares Jamumon o BB 0_23%9 S
Harpeammetn fares sansyrn B P _axt A
Tonrweo ez n o _201 A
Ao
b

Tenunepatypa Dares rewmpatyon  C w0 72

Escnopt 8 Goin Baveatn

Pucynok 3.8 - BimoOpakeHHs migKiroueHuX gaBadiB y TMS — cucremi Wialon

3.5CxeMa KUBJIEHHSI Ta MOHTYBaHHSl TepMiHAa/Ia 3 JPOTOBHM CEHCOPOM

TeMIepaTypu

st 3niiicHeHHs miKioueHHs Tepminainy a0 1K norpibHo 3a6e3neuntu ioro
HEOOX1THUM ,BITHOCHO TapamMeTpiB, xkepenom >kuBieHHsS (AKDB), momepemHro
HaJAIITYBAaTH MEpPETBOPIOBAY HANpyru Ha BeauuuHy 5 B, mig’eanatu xabenpb BiA
TepMmiHamy a0 Komm'rotepa. Ilicias BusiBnenHs Tpekepa FMB 125 neoOximHO

3M1MCHUTH HAJIAIITYBAHHSI.

@
LA e T A A
IIBI_II‘

Pucynox 3.9 - Iligkmrouerns tepexepa mo [TK
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[Ticns ycmimHOro miakiaroYeHHs Tpekepa FMB 125 no komm’iorepa Ta
3MIMCHEHHSI YCiX HEOOXITHUX TECTOBUX i MOTPIOHO MPOBECTH MOHTAX PETYyJIATOpa
HANpyTH i3 JOJATKOBHM pE3HCTOPOM Ha KOPIyCi MOHTaXHOI KOpoOku. Bona
HEoOXilHa sl JIOAATKOBOTO 3aXMCTy EJEKTPOHHUX €JEMEHTIB BiJ IIKIIJIUBUX
30BHIIHIX YAHHUKIB Ta MOKJIMBOCTI IIBHUIKOI 3aMiHH, Y1 PEMOHTY BY3J1a KOHTPOJIIO

KUBJICHHS TeMiiepatypHoro ceacopa DS18B20 (Puc. 3.10).

Pucynok 3.10 - MoHTax perynstopa HanmpyTry i3 J0JaTKOBUM 3MiHHUM

pE3UCTOPOM

3adikcyBaBIIM yCi €JIEMEHTH B MOHTaXHI KOpOOLI 1 MEpPEeKOHABIIHUCH, IIO
HaJAIITYBaHHS PETyJsATOpa HE 3MIHWIWCA, MIJKIIOYUTH TEPMIHAI J0 30BHIIIHHOTO
okepena eHeprii. [Ipy nboMy HEOOXi1JHO MEPEBIPUTH MIAKIIOYEHHS Yy IPOrPaMHOMY

3a0e3neudeHHi Teltonika Ta neperissHyTH yci HalamTyBaHHS.
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Pucynok 3.11 - [TigxmroueHHs TepMiHATY 10 JDKEpea CTpyMy

3.6 TapyBaHHsl ceHCOpa Ta BCTAHOBJIEHHS 3HAYEHHS TeMIepPaTypu y

cucremimoniTopunry Wialon

TapyBaHHS CeHCOpa TPOBOIUTHCA JJII TOTO, MO0 HIBEIIOBATH 3aBOJICHKY
noxXuOKy, sIKa € TPUCYTHS Ha yCIX NPUCTPOSX 1 I OTPUMAHHS KIHIIEBUX
KaJIiOpyBaJIbHUX 3HAYEHbB, K1 O BIAMOBIAaIM AiicHOCTI. BUKOHAaHHS MaHoi omeparlii €
OaxaHe 1 peKOMEH0BaHE B YMOBaX HEOOX1THOCTI ITiIBUIIIEHOT TOYHOCTI.

Jlnst 3milicHeHHs KanmiOpyBaHHs TemmepatypHoro ceHncopa DS18B20 Oyno
BUKopucTtaHo amapar TOX®D 13 [0JaTKOBUM MPOTAPOBAHUM, EIEKTPOHHUM
TEPMOMETPOM.

TapyBaHHs 3/11iICHIOBAJIOCS] METOIOM 3HATTS ITOKA3HUKIB 3 J1aBadya TeMIEPaTypH
DS18B20 i omgHOYacHMM TMOPIBHSHHSAM OTPHUMAaHHMX JaHUX 13 ITIOKa3HHKaMU
IPOTAapOBAHOTO EJIEKTPOHHOTO TepMOMeTpa. 3MiHa IOKa3HUKIB 3[iHCHIOBajacs

IUISIXOM HarpiBy BOJIH, Y AKY OyJIM 3aHYpPEH1 CEHCOP 1 TEPMOMETP.



57

TEMNEPATYPA

BAKYYM

PECY/MPOBKA KOHTPONb OTOrPes

Al‘\nAP TCPXCP

Pucynok 3.12 - Hpouc TapyBHH ceHcoa TMpaTypH DS18B20
BucHoBkuM 3a po3aiyiom

1. Jdna epekTUBHOTO MOHITOPUHTY TPAaHCIMOPTHUX IMOTOKIB Ta TEMIIEpaTypH
pedprkeparopiB i Yac 3AIMCHEHHS TPaHCIOPTYBaHHS, 30UIBIICHHS TEPMIiHY
30epiranns LIITX gouinsHO 3acTocoByBaTH ceHcopa Temnepatypu DS18B20 na 6asi
FMB 125

2. llpuBeneHo BWUKOHAHHWH CMOCIO MOHTaXy JaBadya Ta TpeKepa, METOIUKY
MIKITIOUEHHS, TEPEeBIPKM Ta HaJAIITyBaHHsS (JOJaBaHHA CEHCOpa y MpOorpamHe

3a0€3MeUeHHs, TapyBaHHs Ta KaTiOpyBaHHS)
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PO3/11 4
PE3YJBTATH EKCIEPUMEHTAJIBHUX JTOCJIIIKEHD

4.1. Pe3yabTaT KaJiOpyBaHHA il TAPYBaHHS TEMIIEPATYPHOI0 CeHCOpa

TapyBanus pedpukepaTopiB Juisi 30€peKEHHS MIBUJKOICYBHUX MPOIYKTIB
Xap4yyBaHHS TMPOBOJATH [Js BU3HAYCHHsS BIUIMBY TOKAa3HUKIB Ha pe3yJbTaTH
BUMIPIOBaHHS TEMIEPATYPHUX CEHCOPIB Yy IPOIIECl eKCIUTyaTarlii.

KaniOpyBaHHs IPOBOAUTHCS 13 3aCTOCYBaHHS YK€ MPOTAPOBAHUX TEPMOMETPIB
1 BU3HAYEHHSIM BUMIPSIHOT TOXMOKHU BIIHOCHO peajibHOI BEJIMUMHTEMIIEPATYPH.

[Ipouiec kamiOpyBaHHS 3a0e3leyye BHUCOKY TOYHICTh BHUMIPIOBAILHUX
MOKa3HUKIB Temneparypu. B mponeci kamOpyBaHHS BCTAHOBJIEHO, LIO CEHCOP

TEeMIIepaTypy Ma€ 3aBOJICbKY OXUOKY, sika ckinanae 0,1...0,3 °C.

Tabmuus 4.1 Buznauenna noxubku ceHcopa temneparypu DS18B20 Taiioro

KaJiOpyBaHHS

T —pacencopa, [T —panpunany, Binnocna T — pa BigoOpa)keHHs
°C °C noxuoxka, % B niporpami Wialon, °C
0,2 0 100 0

5,1 3) 1,960784 3)

10,3 10 2,912621 10

15,2 15 1,315789 15

20,2 20 0,990099 20

25,2 25 0,793651 25

30,3 30 0,990099 30

35,2 35 0,568182 35

40,2 40 0,49/7512 40

45,2 45 0,442478 45

50,2 50 0,398406 50
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3riJIHO MOKa3HUKIB Ha Mpuiaal Temneparypa craHoBuia 0°C, TemneparypHHid
cencop BimoOpakaB 0,2 °C, mo CBiZ4WwiIO, MO BiH TPAMIOE 3 TMOXHOKOI, SKY
HEOOXITHO BHUIIPABUTH HAMKMCABIIM TPABWIbHI 3HAYECHHS B HAJAINTYyBaHHAX. Y
nporpamMHoMy  3a0esmedeHHi  Wialon mpommcanu  BiATapOBaHMM TOKa3HHUK
TEeMITepaTypy BITHOCHO KOy OTPMMAHOTO Bij AaBava, Skuid HaacwiaB Tpekep Ha [1K

. TakuM YMHOM 3[IIMCHUIIM TapyBaHHS CEHCOpa 1 HOTO TeMIepaTypHUX MOKa3HUKIB.

£} Cucrema GPS monntopunra WU© X = (] =

< C A He koHodiaenuiitnuii | http://gps.agro-wust.info o Q % M e §

MNapu XY

BaranbHe L ®

Tabnuua poapaxyHKky 5 8 b
0.01141552! | |-0.1940639:2
0.00672043! | |1.94220430
0.006640101 | |2.03851261!
0.00672043! | |1.88172043!
0.00628140' | |3.06532663
0.00746268! | |-1.0597014¢
0.00777604! | -2.3639191Z
0.00651041( | | 3.717447911
0.00679347: | |2.13994565.

X X X X X X X X X X X

0.01210653 | |-31.380145:

X X X X X X X X X X X X

< Nonat panok = [onam panok

@ Huwxus Mexa 2 BepxHs rpanuua 8195 Bacrocyeatu nicna pospaxyHky

Biaminutu

L BseaiT noLyKoBwii 3anuT TyT ™ 8 9 4 @ s°c Partly sunny & m ) ENG |

Pucynok 4.1 Tloka3HUKHM CEHCOpa TeMIIEpaTypu OTPUMaHi i 4ac TapyBaHHS

4.2 BunpoOyBanHsi Ta BUOip aBTOMOOijisi i3 BCTAHOBJIEHOIO JIPOTOBOI)

CHCTEMOI0 KOHTPOIO TeMIlepaTypu

Jlo mouaTKy 3M1MCHEHHSI BUMIPIOBaHHS TeMIIEpaTypHHUI ceHcop Mae OyTu
B1IKaT1OpOBaHUM, BCTAHOBJICHUM 1 3aKPIIJICHUN y IITATHOMY IOJOKEHHI 3 SIKOTO
OyAyTh 371HCHIOBATUCS 3aMIpH TEMIIEPATypH BIPOJOBK YCHOTO MAPIIPYTY.

PesynbpTatu 3aMipiB mepeaaroThCsl Ha TPEKEp, SIKAK B CBOIO Uepry HaACHIIAE iX
Ha [EHTPAJIbHUM CepBEP, /1€ BOHU aBTOMATUYHO 30€pIratoThCHl.

[Ticns mpoBenenux fiit OyB 3MIMCHEHHU BHOIp aBTOMOOUIS JIJIs1 BCTAHOBJICHHS
TpeKepa 1 CeHcopa TeMIepaTrypH 1 3[A1HCHEHO BUIPOOyBaHHS. YCl JaHl OTpUMaH1 B

mpoiieci BUpoOyBaHHs To/1aHi B Ta0muIli 4.2.



Ta6nuis 4.2 TlokazHUKK OTpUMaHi B TIpoIieci BUIPOOYBaHb
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GPS Litres Per 100 Kilometer (Long TermIloka3nuk
Speed(xkm/T) |Average) (;1/100 km) remiieparypu °C
5,240 12,894 7,400
5,240 12,894 7,400
5,241 12,894 7,400
5,241 12,894 7,400
5,242 12,894 7,400
5,242 12,894 7,400
5,242 12,894 7,400
5,243 12,894 7,400
5,242 12,894 7,400
5,242 12,894 7,400
5,242 12,894 7,400
5,243 12,894 7,400
5,243 12,894 7,400
5,244 15,490 7,400
5,245 15,489 7,400
5,245 15,488 7,400
5,244 15,488 7,400
5,246 15,487 7,400
5,242 15,485 7,400
5,243 15,484 7,400
5,244 15,482 7,400
5,247 15,480 7,400
5,247 15,479 7,400
5,244 15,477 7,400
5,2407 15,474 7,400
5,249 15,473 7,400
5,249 15,471 7,400
16,856 15,468 7,400
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18,504 15,466 7,400
20,175 15,464 7,400
21,910 15,461 7,400
23,683 15,459 7,400
25,462 15,457 7,400
27,211 15,453 7,400
28,884 15,450 7,400
30,404 15,448 7,400
31,875 15,443 7,400
33,276 15,440 7,400
34,734 15,438 7,400
36,233 15,432 7,400
37,781 15,429 7,400
39,467 15,426 7,400
41,251 15,421 7,400
43,099 15,418 6,800
45,067 15,415 6,800
46,983 15,413 6,800
48,821 15,408 6,800
50,600 15,405 6,800
52,189 15,403 6,800
53,624 15,397 6,800
57,945 15,395 6,800
58,006 15,393 6,800
57,910 15,390 6,800
56,763 15,386 6,800
55,645 15,384 6,800
54,723 15,382 6,800
53,905 15,377 6,800
53,236 15,375 6,800
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52,417 15,373 6,800
51,622 15,371 6,800
51,152 15,366 6,800
51,042 15,364 6,800
51,024 15,362 6,800
51,078 15,357 6,800
51,011 15,355 6,800
50,970 15,352 6,800
50,989 15,350 6,800
51,398 15,344 6,800
51,537 15,342 6,800
52,060 15,339 6,800
52,160 15,337 6,800
52,540 15,331 6,800
52,592 15,329 6,800
51,932 15,326 6,800
51,146 15,324 6,800
50,012 15,322 6,800
48,776 15,318 6,800
48,070 15,316 6,800
47,544 15,314 6,800
41,991 15,312 6,800
31,328 15,305 6,800
30,011 15,302 6,800
32,253 15,299 6,800
35,853 15,296 6,800
43,223 15,293 6,200
46,592 15,282 6,200
50,275 15,279 6,200
52,777 15,275 6,200
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54,765 15,272 6,200
56,157 15,265 6,200
57,569 15,262 6,200
58,882 15,259 6,200
59,722 15,256 6,200
60,656 15,253 6,200
61,147 15,250 6,200
61,043 15,245 6,200
59,375 15,243 6,200
52,764 15,241 6,200
48,269 15,239 6,200
46,605 15,236 6,200
44,446 15,232 6,200
42,641 15,229 6,200
42,037 15,223 6,200
41,655 15,217 6,200
42,224 15,214 6,200
42,923 15,212 6,200
43,981 15,209 6,200
44,874 15,203 6,200
51,726 15,197 6,200
54,752 15,194 6,200
54,617 15,187 6,200
59,429 15,185 6,200
64,862 15,182 6,200
67,847 15,172 6,200
68,707 15,170 6,200
68,829 15,164 6,200
69,654 15,158 6,200
69,580 15,152 6,200




64

69,580 15,149 6,200
69,669 15,146 6,200
69,658 15,139 6,200
69,824 15,132 6,200
70,184 15,129 6,200
69,878 15,123 6,200
69,471 15,121 6,200
68,981 15,118 6,200
68,274 15,115 6,200
66,660 15,112 6,200
65,450 15,108 6,200
64,171 15,105 6,200
62,976 15,104 6,200
62,021 15,101 6,200
61,117 15,097 6,200
60,013 15,094 6,200
59,451 15,091 6,200
58,629 15,089 6,200
57,947 15,082 6,200
57,469 15,080 6,200
56,894 15,077 6,200
56,891 15,071 6,200
56,933 15,068 6,200
57,070 15,065 6,200
57,962 15,062 6,200
58,853 15,058 6,200
59,996 15,052 6,200
60,923 15,048 6,200
62,207 15,045 6,200
63,081 15,041 6,200
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63,980 15,037 6,200
67,890 15,033 6,200
70,310 15,026 6,200
71,485 15,022 6,200
72,402 15,019 6,200
73,631 15,015 6,200
72,311 15,011 6,200
72,317 15,006 6,200
74,177 15,003 6,200
71,348 14,999 6,200
65,272 14,995 6,200
61,021 14,989 6,200
59,364 14,986 6,200
56,529 14,984 6,200
54,224 14,981 6,200
54,081 14,978 6,200
55,853 14,975 6,200
56,626 14,973 6,200
61,254 14,970 6,200
64,764 14,967 6,200
68,192 14,960 6,200
70,076 14,957 6,200
69,233 14,953 6,200
68,690 14,950 6,200
68,979 14,946 6,200
68,839 14,939 6,200
69,267 14,936 6,200
71,177 14,933 6,200
71,255 14,926 6,200
71,288 14,923 6,200
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72,048 14,920 6,200
71,555 14,914 6,200
71,422 14,910 6,200
71,992 14,901 6,200
72,743 14,898 6,200
73,230 14,895 6,200
72,619 14,888 6,200
73,671 14,885 6,200
73,141 14,882 6,200
73,512 14,876 6,200
72,782 14,872 6,200
73,158 14,869 6,200
70,944 14,866 6,200
70,849 14,859 6,200
70,232 14,855 6,200
69,456 14,852 6,200
69,482 14,849 6,200
68,813 14,843 6,200
67,905 14,840 6,200
67,419 14,838 6,200
67,445 14,832 6,200
65,885 14,830 6,200
65,774 14,824 6,200
64,093 14,821 6,200
62,872 14,818 6,200
63,013 14,816 6,200
61,551 14,810 6,200
62,585 14,808 6,200
62,474 14,805 6,200
62,592 14,800 6,200
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65,626 14,797 6,200
63,713 14,792 6,200
62,711 14,789 6,200
62,031 14,786 6,200
62,338 14,783 6,200
63,778 14,778 6,200
63,897 14,774 6,200
62,525 14,772 6,200
62,485 14,769 6,200
62,066 14,763 6,200
59,655 14,758 6,200
56,546 14,756 6,200
52,979 14,751 6,200
50,240 14,748 6,200
46,230 14,747 6,200
42,815 14,745 6,200
36,207 14,742 6,200
32,355 14,741 6,200
22,617 14,740 6,200
17,184 14,740 6,200
10,045 14,739 6,200
5,240 14,739 6,200
5,242 14,739 6,200
5,243 14,739 6,200
5,243 14,739 6,200
5,555 14,739 6,200
5,000 14,739 6,200
3,000 14,739 6,200
0,243 14,738 6,200
5,245 14,737 6,200
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5,243 14,736 6,200
0,249 14,736 6,200
13,204 14,735 6,200
12,244 14,734 6,200
10,912 14,734 6,200
10,215 14,734 6,200
9,826 14,734 6,200
8,974 14,734 6,200
5,240 14,734 6,200

Ha ocHOBi oTpuMaHux jgaHuX Mif 4ac BUIPOOYyBaHb MOOYJAOBAHO 3aJIEKHICTD

3minu BuTpaTtu nanusa Ha 100 kM Bix GPS-mBuakocTi
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Pucynox 4.2. 3anexuicte GPS-mBuakocti i BuTpatu naausa Ha 100 kM.
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Pucynok 4.3. 3anexnicts GPS-mBUAKOCTI 1 TeMIiepatypu y pedpekuparopi

BucHoBok 3a po3aijiom

1. VY nanoMmy po3aini HaBeAeHI pe3yiabTaTH BUIPOOYBAaHHS CEHCOpa
TeMIIepaTypu, IPOBEICHO HOro TaK pBaHHS Ta KajalOpyBaHHS.

2. Miamazon BumiproBaHHs GPS-mBUAKOCTI CTaHOBUTH Bix 5,24
km/romno 71,31 xm/ron

3. Jliana3oH BUMIpIOBaHHS BUTpaTH MajuBa 1] 4Yac BUIPOOYBaHHS

cranoBuB Bijg 12,894 1/100 xm 1o 15,49 n/100 xm
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PO31J1 5
EKOHOMIYHA E®EKTUBHICTb EKCILTYATAIIII ABTOMOBLIS-
PED®PEKXUPATOPA 3 BUKOPUCTAHHAM TEPMIHAJIA JIJIA
MOHITOPUHI'Y TEMIIEPATYPH
5.1. Po3paxyHOk eKOHOMIYHOro edexkry Bix TepMiHAJIB s

MOHITOPUHTYTEeMIIEPATYPH IiJl Yac nepeBe3eHb

[lepeBe3eHHsT  HIBUAKOICYBHUX  BaHTaXIB 1€  IpoLEC  3A1HCHEHHS
TPAaHCIOPTYBaHHS NI€BHUX BHJIB TOBapiB MPOTATOM SKOTO HEOOXIJTHO CYBOPO
JOTPUMYBATUCA CTAJIOr0 TEMIIEPATYpHOTO PEXUMY, BOJIOTOCTI I 30€peKEeHHs
TOBapHOTO BUIJISAAY Ta 3a0€3MEUEHHS TPUBAJIOTO TEPMIHY MOAAJIBIIOrO 30€piraHHs B
3aMopokeHoMy cTaHl. [llopiuyHe 3pocTaHHsS y CBITI HONUTY Ha MNPOAYKIIO, SKa
noTpedye CHelialbHUX HOPM Y IIPOLIECI MEPEMIIIEHHS CTUMYJIIOE PO3BUTOK
MOHITOPUHTY Ta KOHTPOJIIO 3a JOTPUMAaHHIM 3araJlbHONPUWHATUX CTaHAAPTIB.
CepenHe 3HAue€HHS  KUIBKOCTI  YCTAHOBOK  JUIsi  3JIMCHEHHS  MEPEBE3CHBb
IIBUJIKOTICYBHUX BaHTaxiB ckiamae 24,3% Bijg 3arajpHOTO INTaTy aBTOMOOLTIIB, SK1
3IIHCHIOIOTH TPAHCIIOPTYBaHHS ToBapy [7].

HaiiGiapm 4acTo XOJIOAWJIbHI YCTAHOBKM BHKOPHUCTOBYIOTBCS y KpaiHax 13
TEIUIUM 1 JKapKUM KIIMaToOM, Yepe3 BHCOKI TeMIlepaTypyd HaBKOJUITHHOTO
CepelioBUINA, 10 TMPOBOKYE HE TUIBKM TMOTIPUIEHHS 30BHIINIHBOIO CTaHy
3aMOPOKEHUX MPOJIYKTIB, SIKUW B CBOIO YEPTy BIUTMBAE Ha BUOIP MiJ 4ac KYMiBIi, ajie
1 MIBUJIKOTO PO3BUTKY IIKIJUIMBUX MIKPOOPTaHI3MIB, a TaKOX JJs 3I1MCHEHHS
NepeBe3eHb MPOJYKTIB INIMOOKOI 3aMOPO3KM Ta CTPATETiYHO Ba)JIMBI 3aracu.
HenorpumanHs TeMrepaTypHUX HOPM MiJ 4Yac TPAHCIOPTYBaHHS 3aMOPOKEHUX
BAaHTQXIB Mae€ NpPsSIMUN BIUIMB Ha TEPMIH NPHUIATHOCTI, SIKUA CKOPOUYYETHCS B
JEKUIbKka pa3 B 3aJEKHOCTI B PI3HUII BIiJ PEKOMEHJOBAHOI TeMIlepaTypu
30epiranss. Lle cioHykae 10 O1IBIIT JKOPCTKOTO MOHITOPUHTY, SIKUW Ou 3a0e31euyBaB
CBOEYACHICTb Ta TOYHICTh IMepeAadl 1HpopMalii 1 NOJaNbIIMN KOHTPOJb 3a
BAXJIMBUMH TIOKa3HUKAMU YCYBalOUM HEAOJIK JIIOJCHKOrO (aKTopy, XalaaTHOCTI
BOJI1iB, MOXJIMBUX HECIIPABHOCTEW, SIK1 BAHUKAIOTh I11]] 4ac IEPEBE3CHHS.

BI[OCKOH&JICHHSI CHUCTEM MOHiTOpI/IHFy HE nepezx6aqa}0TI> BCIIMKHUX I'POIIOBUX
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3aTpar, BIUIMBY HAa KOHCTPYKIIiIO JBUTYHA, YM IHIIMX BY3JIIB aBTOMOOLIA. J[poToBa
cHUCTeMa TMepenadi JaHuX 3a0e3nedye BUCOKY MIBHAKICTh Ta SAKICTh OTPUMAaHHSA
iHQopMalrii, Ta TOBHICTIO YCyBa€ OyIb-SIKMM eKpaHI3yIouuil e(eKkT, SKui
3yCTPIYAa€ThCsl TPW BUKOPUCTAaHHI O€3IpOTOBUX CEHCOpiB. J[OBroBidHICTH Ta
HAAIHICTh, MPOCTOTAa y BCTAHOBIEHHI Ta OOCIYrOBYBaHHI MIHIMI3y€e BUTpATH AJIs
BJIOCKOHAJICHHSI CUCTEM MOHITOPUHTY. OUIKY€eTbCs, IO AKICTh HAJAHHS MOCIYT IO
IIepPEeBE3CHHI IMBHUIKOIICYBHHX BaHTa)KiB 3HAYHO TOKpanuThes [19].

ExonomiuHa mnpuBabIUBICTH CHCTEM CIOCTEPEKEHHS 3a JOTPUMAHHSIM
TEMIIEpaTypPHUX HOPM MOJsArae y 30epexeHH] TepMiHy MPUIATHOCTI 3aMOPOKEHUX 1
OXOJIOJPKEHUX TMPOAYKTIB, IXHBOTO 30BHINIHBROTO BHAY, BIAMNOBIIHO IXHBOTO
[OJIaJIILIOTO MPOJIAXKY.

Jns nocnimkeHHs: oopano temnepatypuuit cencop DS18B120 1 tpekep st
MmoHiTopuHry Teltonika FMB 125 3 MoIHBiCTIO MIPSIMOTO MiJAKIIOYCHHS JaBava Ta
Joro HamamrtyBaHHSA. BOHM € B3a€MOKOMOIHYIOUMMH 3 MOXJIMBICTIO IIBHJKOTO
34YUTYBaHHS HEOOX1IHOT 1H(OpMaIlil y BETMKHUX Jlana30Hax.

Excrmyarariiiina BapTicTh Ji71s1 aBTOMOOLISE (POPMYETHCS 3 TAKMX CKIIAJIOBUX:

- MOCTIIHI 3aTpaTH (HE € MOB’SI3aHUMH 13 KCIUTyaTall€l);

- 3MiHHI 3aTpaTH (€ TPSIMONPONOPLUIHHUMHU 10 PIBHS €KCIUTyaTalii).

Ha BennunHy 3MIHHUX €KCIUTyaTalllifHUX 3aTpaT Ha aBTOMOOLIb MOKYTh MaTH
BIUIMB HOT0 TEXHIKO-€KOHOMIYHI MapaMeTpH, MEpIOAUYHICTh Ta 3aTpaTd Ha
OoOCITyroByBaHHs Ta CTpaxyBaHHS, pPIBEHb CIOXXHBaHHS TMaluBa. YCIM I1HIIMM
3aTpaTaM NMpUTaMaHHUW YMOBHO-TIOCTIMHUI XapakTep 1 He moB’g3aH1 3 npodirom T3,
MPUCYTHI HAaBITh MPU MOBHI BiICYTHOCTI MPOOITy.

Jlnst  BU3HAUEHHA EKOHOMIYHOT €(EeKTHMBHOCTI BUKOPUCTaHHS  CHUCTEM
MOHITOPUHTY TMPOBEAEHO TMOPIBHSIHHS COOIBApPTOCTI JJIsi MpoOIry aBTOMOOLIs 0e3
GPS-tpekepy 1 3 HuM. [[ns mpoBeaeHHS po3paxyHKIB B3sTO aBTOMOOUT, Mercedes-
Benz Actros 1850 i orpumaHi MOKa3HUKHU B TIPOIIECi BUIPOOYBaHb.

Pospaxynok co0iBaprocti  C,,p; TNPOOITYy  IOCHIIKYBAaHOTO — aBTOMOOLIA

mpoBeneHo 3a Gpopmyioro 5.1:

BHMK+BaM +BTO.P+B/:L0,£[

Cnpo6 = L (5 1)
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®opmyna (5.1) aas po3paxyHKy coOIBapTOCTI Tepeadad MICTUTh HACTYMHI

CKJIQJIOBI: BapTiCTh MAJIMBO-MACTHJIBHUX Ta EKCIDTyaTalliiHuxX MarepiasiB (B, ),

I'pH.; BiJpaxyBaHHS IOB’s3aHI 3 aMOPTH3AIi€l0 (3HOIICHHSIM) aBTOMOOLIA (B, ),

BiJIpaxyBaHHs MOB’sA3aH1 3 MPOBEICHHSIM TEXHIYHOTO OOCIYTOBYBAaHHS T4 PEMOHTHUX

poOiT 3a HeoOXiaHOCTI (Bro p); 1HIII, TOJATKOBI BUTPATH OB’ S3aHI 3 CKCILUTyaTaIli€0
aBTOMOO1IIA (B,,,), IpuiiHaTa HopMa mpo0biry aBromo0ist (L) —100km.

3aranpHi 3aTpaTt A1 IpoOiry aBTomoOins Ha Bimcrani 100 kM 3a yMOBU HE
BUKOPHUCTAHHA cUCTeM MOHITOpUHry Ta 3 GPS-Tpekepamu:

C,=(909,52 + 46,57 + 29,49 + 96,55) = 1082,13 rpu/100kMm.

Conepn = (801,08 + 46,57 + 29,49 + 87,71) = 964,85 rpH /100KM.

Jlo HaiOumpmm BaroMuMu  (akTOpaMu, SKi BIMBAIOTh Ha 3HUKCHHS
co01BapTOCTI eKCIUTyaTalli aBTOMOOUIIB € 3HI)KEHHS CIHOXKMBAaHHS MaJbHOTO,
BUKOPHUCTAHHS JICHIEBUX BUIB MaJbHOTO, 400 K MaJIbHOTO 3 BUCOKOIO €HEPTEeTUYHOIO
edekTuBHICTIO. KpiM TOro, yJ0CKOHAJIEHHS KOHCTPYKIIA aBTOMOOLIS, 3HMXKECHHS
Macu aBTOMOOLUISI, CHJI ONTOPY KOYEHHIO Ta MiABUIICHHS €(DEKTUBHOCTI MEPETBOPEHHS
TEIJIOBOI €HEeprii MaJbHOI0 B MEXaHIYHY POOOTY.

BaxxnuBUM TMOKa3HMKOM €KCIUTyaTalllii aBTOMOOUISI € €KOJIOTI4HI MapameTpH
BIJIIPAllbOBAaHUX Ta3iB (KUIBKICTh Ta CTPYKTypa BHUXJONHHUX Ta3iB). Po3paxyHok
3aTpaT MOB’SI3aHUX 3 BUKOPUCTAHHS MaJTUBO MACTUJILHUX MaTepialliB POBOAUTHCS 3a

BUPA3OM:

Bium = 1y " By (52)

ne B,,, — BapTICTh eKCIUTyaTalliHUX MaTepialiB, TPH/I.

n, — PIBEHb BUTpaTa KOXHOTO 3 JOCTIJKYBAaHUX BHU/IB MaJIbHOTO
BCTaHOBJICHOTO B pe3yJibTaTi BUIPOOyBaHb B epepaxyHKy Ha 100 kM mpoOiry;

KibKiCTh CHOKMBAHOTO TAJIBHOTO JJIsl KOKHOTO BUAY JW3EIHHOTO TauBa

PO3paxoOBYETHCS 3 BUPA3Y:
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ne H, — HOpMOBaHi piBHI BUTpaTH I1HIIMX EKCIUTyaTalliiHUX MaTepiaiaiB Ha

koxHi 100 kM mipo0iry (tadu. 6.1).

Tabnuis 6.1 — PiBHI BUKOpHCTaHHS MaJMBHO-MACTHUJILHUX  MaTepiajiB

3aeKCTIEPUMEHTATLHUMH Ta HOpMAaTUBHUMH noka3zHukamu Ha 100 kM mpooiry.

ABTOMOO17Th-
ABTOMOO1JTb- pedpmxeparop 3
pedpuxeparop BUKOPUCTAHHAM
TepMiHaia
Bapricte  |HadroBe nusenbhe HadToBe nu3enbHe
Bux [IMM MmarepianiB, mamuBo  Mapku  JI[lmammBo  mapku /I
IpH/T €BPO-5 €BPO-5
Burpara Burpara
EKCILIL. BapricTh, [EKCILL Bapricts,
MaTepialliB [pH MaTepialiiB [pH
/100 kM /100 kM
Jnzenbne naauso JIT 30,15 X1=29,5 (889,42 X1=25,9 (780,88
€BPO-5
OsBa MOTOpHA 160 1,7% (X1) (16,71 1,7% (X2) (16,75
OmuBa Tpancmiciiina 200 0,2% (X1) 2,45 0,2% (X2) 2,49
KoHcucTeHTHi 150 0,1% (X1) (0,94 0,1% (X2) (0,96
MacThIa
3aranpHa BapTICTh X 909,52 801,08
Brnym
AMopTH3aIliiHI 3aTpaTH Ha PEHOBAIII0 aBTOMOOLIS O0OYHCITIOETHCS
3a(OpMYIIOIO:

— Bg Ham
@ 365100

(5.4)
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ne B; — 3anuiikoBa OaaHCOBa I[IHa aBTOMOOLJISI B TPH.;
H ), — HOpMa amopTH3atiitaux Binpaxysasb (10% /pik).
B = Bsino= (170000%x10)/100x365= 46,57 rpH/ncHb.
3aTpatd  TOB’s3aHI 3 TEXHIYHUM  OOCJIYroBYBaHHSM  aBTOMOOLIIB

00UYHCITIOIOTHCS 32 (POPMYIIOIO:

ne Hrpo — xoedimient BigpaxyBanb Ha TO 1 peMOHT aBTOMOOLISA
(manm
HKOCQIIIEHT PO3PaXOBYETHCS IS OJHOTO JHS ekcrutyaramii (Hyo = 0,045);

B,,— BuTpaT Ha peHoBailito muH, rpa/100 km;

" _ 170000 - 0,045
TOP =100 365

100 + 8,53 = 29,49 rpH/100kMm

BinpaxyBaHHs Ha peHOBAIlIIO Ta OOCIYTOBYBAaHHSI IIMH PETYIIOETHCS HAKa30M
Miutpancy VYkpainu Ned88 «Hopmu ekcryaraumiiiHoro mnpo0iry Ta peHoBarlil

aBTOMOOUIBHUX IIIAHY:
K
B, = LTSN 3 (5.6)

ne 1], — puakoBa Bapticts mmHu Barum Brillantis 2 185/60R15, rpH;

K, — KUTbKICTh IIMH B OHOMY KOMILJIEKTI, OJI;

H,, — cepeHbOCTATUCTHYHUI PEKOMEHI0BaHUI TepMiH ekcruayataii muH (60
THC.KM);

L — mpoOir aBTOMOOLIISA, KM.

K, — xoedimient, mo BpaxoBy€ CKJIAJHICTh YMOB €KCIUTyaTalllii aBTOMOO1IsS
(BUIM TOPOKHBOTO TTOKPUTTH).

Biuon = Busioo=(1280x4 / 60000x1,0) x100 = 8,53 rpH.

Po3paxyHok co0iBapTOCTI eKCILTyaTallli aBToMoOUIsS nependavae BpaxyBaHHS
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JOIAaTKOBUX HAKJIAQIHUX 3aTpaT. SIK mpaBuiio, iX po3paxoByroTh Ha piBHI 10% Big

3arajbHOro 00CATY 3aTpar:

_ (On +BHMM +Ba +BTO.P) 10

B; 100 (5.7)
s aBToMOO171s1 6e3 GPS-Tpekepa:
By, = (204,54 + 46,57 + 29,49) x 10/ 100 = 96,55 rpu/100 kMm;
Jl1s1 aBTOMOO11 13 BCTAHOBJICHOIO CHCTEMOIO MOHITOPHUHTY:
Bisioo = (190,15 + 46,57 + 29,49) x 10/ 100 = 87,71 rpu/100 km.
BUCHOBKMX 10 PO3ALJIY 5
1. Y po3aun  TpUBENCHO pPE3yibTaTH EKOHOMIYHOI €(EeKTUBHOCTI

eKcruTyararii aBTomoOu1s 3 cucremoro GPS-cnocrepexenns 1 6e3 Hei. [lim uac
BUNIpOOyBaHHs aBTOMOOLTI Mapku Mercedes-Benz Actros 1850 3 ausenbHuM
nsurynoM OM 936 LA 3 o06'emom naBuryna 7698, cm® Ta MOTYXHICTIO 299 K.C.
BCTAHOBJICHO, 1110 3arajbH1 3aTpaTu Ha mpoOir y 100 kM 0e3 BUKOPUCTAHHS CUCTEM
MoHiTopuHry cTaHoBiaTh 1082,13 rpH Ta 3 cucremoro MoHiTopunry Teltonika FMB

125 — 964,85 rpH.
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3AT'AJIBHI BUCHOBKHA

1. Ha ceoroanimHii JeHb ICHye OaraTo METOMIB CIIOCTEPEXKEHHS 3a
PYXOMHUM CKJIaJ0M, SKI MOXHA 3aCTOCOBYBAaTH HE 3MIHIOIOUHM KOHCTPYKLIIO
aBToMOOUIA. BuxopuctoByroun temmepatypHuii ceacop DS18B120 1 Tpekep mis
moniTopurry Teltonika FMB Mo)kHa 3MEHIINTH 3arajbHi BHTpPaTH Ha KYIIBIIO
nanuBa Ta 3a0€3MEYUTH aKTyalIbHICTh TEPMIHY HPUIATHOCTI MIBHAKOIICYBHUX
BaHTaXIB, SKi TPAHCIIOPTYIOTHCS.

2. [TpoBeneHe mocmiKeHHs TIOKa3ye yci MmepeBaru BUKOPUCTAHHS CHUCTEM
GPS-cnoctepexeHHsi Ta J0JaTKOBE BIACTEXKEHHS 3MIH TeMIepaTypu Mia dac
sniicHenHst nepeBe3eHb IIIIX. MoniTopuHr TemmepaTypu J03BOJISE TMOBHICTIO
YHUKHYTA HEJOTPUMAHHS TEMIEpaTypHUX HOPM Ta BeA€ [0 TMOKpAIIeHHS Ta
30epeKeHHs TKOCT1 IPOYKINIi Ta €EKOHOMIT MaauBa.

3. HaniiiHicTh 3amponoHOBaHOI CXEMU HIAKIIOYEHHS TEeMIEepaTypHOro
ceHcopa 3a0e3nedye HalBHILY MIBUAKICTH nepenadi iHdopmailii, HOBHY BIJCYTHICTb
MOJKJIMBOCTI €KpaHI3yBaTH CHUTHal, SIKAW TepelaeTbCs Ha TPEKep, HPOCTOTY
MOHTYBAHHS Ta IMiIKJIFOYEHHSI.

5. JlocmipkeHo, IO 3arajbHl 3aTpaTH [Jisi aBTOMOOLIs 0€3 cucreMm

MoHiTopunry Ha 100 km ctanoButh 1082,13 rpH, a 3 GPS-Tpekepom- 964,85 rpu
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