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JTIOJATOK A

METOAUKA BUKOHAHHSA BUMIPIOBAHD BIII'YKY OCJI
JOZUMETPUYHUX JETEKTOPIB HA OCHOBI YAP:Mn

Meroauka mnpu3HAYeHa [JIsi BUKOHAHHS BHUMIPIOBAHHS BIJITYKY ONTHYHO-
ctuMyiboBaHoi mromiHecueHii (OCJI) no3uMeTpuuHHUX JETEKTOpIB (EJIEMEHTIB
J03MMETPaA) Ha OCHOBI iTpiii-amrominieBoro meposcekuty (YAP), aktuBoBanoro Mn?*
(YAP:Mn), nonepenHbO ONPOMIHEHHUX 10HI3YIOUUM BUIIPOMIHIOBAHHSIM.

YMo0BH BUKOHAHHSA BUMipOBaHb: HopManbH1 KJIIMaTU4YHI YMOBH.

HeoOxinne oO0gagnanHs i 3aco0m: IIporoTunmy mNOPTATUBHOIO 3YMTyBaya
MOTJIMHEHOT JI03M Ta HAadilHI JO03UMETPH, IO BXOAUTH A0 CKIAAy CHUCTEMHU IS
exctpeHoi amapiitHoi mo3umetpii (CEAJL). Omeparop, skuii BUKOHYE BUMIPIOBAHHS,
MOBUHEH OYTH 3HAMOMMIA 3 IHCTPYKIIIE€IO PO BUKOPUCTAHHS 3UMTyBaya.

3pa3ku  Aas  BuMipoBaHHs: J[o3UMETpUUYHI JETEKTOPH € TUIACKUMHU
IJIACTHHAMHY, BHPi3aHMMU 3 OyJli MOHOKpHCTaly abo KepaMiky, po3MipoM 3x3x1 MM,
PO3MIIIEH] Y CBITJIOHEIPOHUKHOMY KOPITYCl JO3UMETpa, sKI HE MOBUHHI 3a3HABATU
BIJTUBY MPHUPOIAHOTO UM MITYYHOTO CBITIA. Y JO3UMETPI MOXKE PO3MIIIyBaTHCS 10 4-X
JETEeKTOpiB, Kl mpoHymepoBaHi. Jlosumerpuunuii Biaryk OCJI Bumiproerbest 6e3
BIIKPUBAHHS KacEeTH JIO3MMETPa MOCITIIOBHO 3 KOKHOTO AeTekTopa. KoxkHuii 1o3umeTp
Ma€ VyHIKAIbHUNW 1ACHTH(IKATOP y BUIVISAL IITPUX-KOAY, 3a SKUM BIAMOBIIHO
1IEHTUPIKYIOTbCS yCl KWOro JeTeKTopu. SKIio, y 03UMETpPl MEHILIE HIK YOTUPHU
JeTeKTopu, To 1151 iH(opMmailist 30epiraeTbest y 6a3il nanux CEAJl pazom 3 manumu mnpo
KaliOpyBaHHsS KOKHOTO JIETEKTOpA.

IMopsaaoKk BUKOHAHHS BUMIPIOBaHb!

JIisi BUKOHAHHSI BUMIPIOBAHb 3UMTYBay CIIiJlI PO3MICTUTH Ha OYIb-sSKiM CTIMKIN
MOBEPXHI Ta YBIMKHYTH >KUBJIeHHS. [licis BKIIFOYEHHS 34UMTyBada BiJOYBA€ThCS HOTO
IHILIAmI3alis, 3aBaHTaXEHHS ONepaliiiHOi CUCTEMHM B KOMII IOTEp YIpaBiIiHHSA,

aBTOMATHUYHO BiJOYBAaIOTHCS PETJIAMEHTHI MEPEBIPKH CTaHy IMiJICUCTEM 34YUTyBada, a
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MiCJs TXHBOTO YCIIITHOTO 3aBEPIICHHS HA €KpaHi JAWCIUICS 3YMTyBadya BiIOOPaKAETHCS
NOBIJOMJIEHHS PO TOTOBHICTh 3YMTYyBaya JjIsl BAMIPIOBaHHS.

JUist movaTtky BHUMIPIOBaHb [JO3UMETP, B SKOMY pPO3MILIEH] JO3UMETPUYHI
JETEKTOPU, BIJOKPEMIIIOETHCS BiJl KIIMNCH I KPIIUICHHS 1 TOMIMIAETHCS y TIOPT
akTyaropa (mpuBoay) mo3umerpa. st 1bOro omeparop BIIKPUBAE MOPT 3a PYyKiB’s
aKTyaTopa TPUMAIOYu 32 HHOTO OJHIEI0 PYKOIO, MPUTPUMYIOUH 1HIIOK PYKOIO KOPITYC
3UdTyBaya JJIi YHUKHEHHS #oro 3mimieHHs. Jlo3uMmeTp ciijy HNOMICTUTH B TOPT
aKTyaTopa TaKMM YHWHOM, IIOOM BIKHO 3 IITPUX-KOAOM OyJIO PO3TAIIOBYBajoCs Ha
BUJIUMIH CTOPOHI BCTAHOBJICHOTO J03uMeTpa. [licis BCTaHOBICHHS MO3MMETpa y MOPT
aKTyaTopa, BiH 3aKpHUBAETHCS JI0 XapaKTEPHOTO 3BYKY KJlallaHHs (iKcaTopa MOJIOKEHHS.

VY [onoxeHHl, y SKOMYy IMOPT akTyaTopa 3ayuHSEThCs (MOJOXKEeHHS 1)
B1IOYBAa€ThCS 3UUTYBaHHS 1JICHTH(IKATOpa JO3UMETpa, a IICIs MOro 3aBeplIeHHS 1
NOSIBY Bi/AMOBITHOTO MOBIIOMJIEHHS HA JUCIUIET, MOKYTh OYyTH pO3I0YaTi BUMIPIOBAHHS
BIJICYKY MOCHIJIOBHO YCIX JETEKTOPIB BCTAHOBJIEHOTO JO3MMETpPa MOCIHIIOBHO ab0 y
JTOBUIBHOMY TIOPSAKY 1 KUTBKOCTI.

JIyist moyaTKy BEMIPIOBAHHS OTIEPATOP MOBEPTAE PYKIB’ST aKTyaTOpa Y MOJOKEHHS
4, 6, 8 a6o 10 st 3unTyBaHHS BiAMOBIAHO 1-TO, 2-T0, 3-TO 260 4-r0 nerekropa. Ilicns
3YIIUHKK B OJHOMY 3 IHMX IIOJOXKEHb ITCIsA 3aTPUMKHA y 3 C PO3MOYHMHAETHCS
BuMiptoBanHs BiaAryky OCJI B aBTomMaruuHOMy pexumi. SIKIIO y AaHOMY JO3UMETPl
BIJICYTHIM SIKMMCh 13 JO3UMETPIB, IO BIAMOBIAAIOTH MoJiokeHHAM 4,6,8 a6o 10, To
BCTAHOBJICHHSI aKTyaToOpa y TaKe IIOJIOKEHHS TMPHU3BEAE N0 TOSIBU BiJITOBITHOTO
MOBIJJOMJICHHST Ha JAWcCIuiel 3unTyBaya. SKIO BUMIPIOBaHHS OJHOTO JETEKTOPIB
MoYajocs 1 MiCHs IbOTO OINepaTop IMOBEPHE PYKiB’sl aKTyaTropa, TO BUMIPIOBAHHS
NepepBEThCS, yCl BUMIPSHI JaHl OyayTh 30epexeHl y mnam’sTi 34dTyBaya, aje
pe3yibTaTy BU3HAUEHHSI MOTJIMHEHOI 103W oTpuMaHo He Oyne. Takuiéi pesynbrar
OTPUMYETHCS JIMILIE MICTs 3aBepiueHHs BuMiptoBanHs Biaryky OCJI, sike tpusae no 10
XB., B OJHOMY 3 moyioxkeHb (4,6,8 abo 10), sxi BIAMOBIAAIOTh BCTaHOBJICHHIO
BIJIMOBIHOTO JCTEKTOpa y BUMIpPIOBAIbLHUM KaHaj. [licis 3aBepiieHHsS BHUMIPIOBaHHS
BiAryky OCJI, nporpaMHe 3a0e3neueHHsl 34uTyBada MpoBene oOpoOJeHHsT BUMIPSHUX

JaHUX Ta BHU3HAYUTL 3HAYCHHIA MOTJIMHEHO1 03U BiI[HOBi,Z[HHM ACTCKTOPOM 3
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ypaxyBaHHSM MOr0o I1HAWBIIYyaJIbHOTO KaliOpyBaHHS, BiIOOpa3UTh pe3yibTaT Ha
nucruiei Ta 30epeke BIANOBIIHI JaHl y JIOKaJbHIM 0a3i JaHMX JO3UMETPUYHHX
BuMiptoBanb (b/1/IB) Ha xapTi mam’sTi, a B pa3l HiJ’€IHaHHA 34UTyBaya J0 MEpExKIl
[aTepHET OyAb-SIKUM CIIOCOOOM 3IIMCHUTH CHHXPOHI3AIIIOI 3 CEPBEPHOID YaCTHHOIO
BJI/IB, 3aniciii HOBI gaHi g0 Hei. Pe3ynbratu 3amucy JaHUX BioOpaxaroThCs Ha
aucIiei 3unTyBada. [l 3aBeplIeHHs BUMIPIOBaHb JETEKTOPIB HAa BCTAHOBIEHOMY Yy
NOpT 34YUTyBaya JO3UMETPl OIepaTop NOBUHEH IOBEPHYTH pPYKIB’S aKTyaropa y

NOJIOKEHHS | 1Sl BIAKPUBAHHS OPTY 1 BUWIYYEHHS TI03UMETPA.
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JIOJIATOK B

METOAUKA CTUPAHHA 3A/IMIIKOBOI'O JO3UMETPUYHOI'O
CUT'HAJY OCJ OITHYHUM CITOCOBOM

Meronuka mpu3HAYE€HA IS BUKOHAHHS CTUPaHHS 3QJIHMIIKOBOTO CUTHAITY
ONTUYHO-CTHMYJIbOoBaHOT momiHecteHili (OCJI) y momepeaHb0  ONPOMIHEHHX
10HI3YIOUMM BHUIPOMIHIOBAHHSIM JIO3UMETPUYHHUX JI€TEKTOpax (EJIEMEHTIB J103UMETPa)
Ha OCHOBI ITpifi-amOMIiHI€EBOrO MNEPOBCHKUTY, aKkTHBOBaHOro Mn?** (YAP:Mn)
ONTHYHUM CIIOCOOOM.

YMo0BH BUKOHAHHSA cTHPaHHsA: HopMmalibHI KIIIMaTH4HI YMOBH.

HeoOxigne obaagnanns i 3acodu: [IporoTumny ctupada Ta HadiMmHI J03UMETPH,
0 BXOAWTH JI0 CKJIaay CHUCTEMH JMJisi eKCTpeHoi aBapiitHoi no3umetpii (CEA/).
Omneparop, sIKuii BUKOHY€ BUMIPIOBaHHS, TOBUHEH OyTH 3HAWOMUMN 3 IHCTPYKIIIEIO MPO
BUKOPHUCTAHHS CTUpAya.

O0’exkTn cTupaHHsA: J{O3MMETpHUYHI [ETEKTOPU € IUIACKUMHU IUIACTHHAMM,
BHPi3aHMMH 3 OyJli MOHOKpPHCTaIy a00 KepaMiku, po3mipoM 3x3x1 Mm>, po3mimeHi y
CBITJIOHETIPOHUKHOMY KOPMYCl JI03UMETpa, sIKI HE TOBUHHI 3a3HABaTH BIUIUBY
OPUPOAHOTO YHM INTYYHOTO CBITIA. Y JO3UMETPl MOXKE pO3MillyBaTucsi 10 4-x
JETEKTOPiB, $KI MPOHYMEpOBaHI. 3aiduIIKoBuM no3umerpuyHuii curHan OCJI
CTHpAEThCS 0€3 BIAKPUBAHHS KaCceTH JO3UMETpa IMOCHITOBHO 3 KOXKHOTO JETEKTOpa.
KoxHuuii mo3umeTp Mae yHIKaIbHUN 1ICHTH(IKATOP y BUTIISLAI MITPUX-KOAY, 332 SKUM
BIJIMOBITHO 1€HTU(IKYIOTBCSA YCI MOro AETeKTOpU. SKINO, y AO3UMETPI MEHIIE HIXK
YOTUpU AETEKTOpH, TO L 1H(popmaris 30epiraerbest y 0a3i nanux CEAJ] pasom 3
JAHUMU TIPO KalliOpyBaHHS KOXKHOTO JIETEKTOpa.

IMopsaaok BUKOHAHHS BUMIPIOBaHb!

JIsi BUKOHAHHSI CTUPAHHS CIiJl YBIMKHYTH CTHpad, MICIS 4YOTO BiOyBa€ThCS
Horo iHimiamizamisi, 3aBaHTaXXEHHsI OIEpaliiiHOT CUCTEMU B KOMIT'IOTEp YIIpaBJIiHHI,

aBTOMATUYHO B1I0YyBaIOTHCS PETIaMEHTHI NEPEBIPKU CTAHy MIACUCTEM CTHpAya, a MiCis
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iXHBOTO YCIINTHOTO 3aBEPIICHHS Ha €KpaHl JUCIUIes] CTUpada BiJOOpa)aeThCs
MOB1JIOMJICHHSI PO MO0 TOTOBHICTH JI0 BUKOHAHHS CBOIX (PYHKIIii.

JI1st noYaTKy CTHpaHHS 3aJUIIKOBOTO CUTHANY 3 JE€TEKTOPIB IMIC/Isl BUMIPIOBAHHS
HAKOIMMYEHOI 103U CUIA JIO3UMETP, B IKOMY PO3MIIIECHI TOTPiOHI TETEKTOPUIIOMICTUTH
y MOpT akTyaropa (mpuBOAy) mo3uMmerpa. s mporo omepaTop BiAKpHUBaE MOPT 3a
PYKIB’Sl aKTyaTopa TPUMAIOYH 32 HHOTO OJIHIEI0 PYKOIO, MPUTPUMYIOUH 1HIIOI PYKOIO
KOPIIyC 3UMTyBaya JJisi YHUKHEHHS WOro 3MilieHHs. Jlo3uMeTrp ciiiji HOMICTUTH B MOPT
aKTyaTopa TaKMM YHWHOM, IIOOM BIKHO 3 IITPUX-KOAOM OyJIO PO3TAIIOBYBajOCs Ha
BUJIUMIH CTOPOHI BCTAHOBJICHOTO Ao3uMeTpa. [licis BCTaHOBICHHS MO3MMETpa y MOPT
aKTyaTopa, BiH 3aKpHUBAETHCS JI0 XapaKTEPHOTO 3BYKY KJlallaHHs (iKcaTopa MOJIOKEHHS.

Y [onoXeHHl, y SKOMYy IMOPT akTyaTopa 3auyuHSE€ThCs (MOJOXKEeHHs 1)
B1IOYBAa€ThCS 3UUTYBaHHS 1JICHTH(IKATOpa 03UMETpa, a MICHs MOro 3aBeplIeHHS 1
NOSIBU BIJMOBIJHOTO TOBIIOMJIEHHS Ha JUCIUIE], MOXe OyTH po3lodare CTUpaHHS
3QJIMIITKOBOTO CUTHAJY 3 YCIX JIETEKTOPIB BCTAHOBJICHOTO JIO3UMETPA MOCTiOBHO ab0 y
JOBUTBHOMY TIOPSAKY 1 KUTBKOCTI.

JI1st moyaTKy CTUpAaHHS OIEpaTop MOBEPTAE PYKIB’Sl aKTyaTopa y MOJIOKEHHA 4,
6, 8 a60 10 s 3umTyBaHHS BiAMoOBiAHO 1-rO, 2-r0, 3-r0 a60 4-ro nerektopa. Ilicis
3YIIUHKHU B OJHOMY 3 IIUX IOJIOKEHB IMICIIS 3aTPUMKH Y 3 ¢ PO3MOYMHAETHCS CTUPAHHHS
3QJIMIIKOBOTO CHTHAdy B aBTOMAaTUYHOMY pEXKHMI, NP [bOMY OUYIKyBAaHUU Yac
CTUpaHHs BI1JoOpakaeTbCsl Ha JAMCIUIET, y 3BOPOTHOMY BIUIIKy. Yac cTupaHHsS
NETEKTOpa, SIKUWA monepeaHs OyB onpoMiHeHuit go3oro 10 I'p tpuBatume no 120 c.
Sxmo y maHoMy J03UMETpl BIICYTHIW SKUHCH 13 JO3UMETPIB, IO BIAMOBITAIOTH
noyio’keHHsM 4,6,8 abo 10, To BCTAaHOBJICHHSI aKTyaTopa y TakKe IMOJOKEHHS MPU3BEJIE
JI0 TIOSIBM BiJIMTOB1THOTO TMOBIIOMJICHHS Ha TUCILIET 3UMTyBava. SIKIO CTHPAHHS OJTHOTO
JETEKTOPIB IIOYAJIOCs 1 MICJsl LILOTO OIepaTop MOBEPHE PYKIB’ Sl aKTyaTopa, TO CTUPAHHS
NepepBeThCs, J1aHl MPO MOro He3aBEpIICHICTh OyAyTh 30epexeHl y mam’sTi cTHpaya.
Ko CTUpaHHS BIAMOBITHOTO JETEKTOpa 3aBEPIIYETHCS, MPOrpaMHE 3a0e3MeUeHHS
cTupayva, BijoOpa3uTh pe3yabTaT Ha JUCIIei Ta 30epeke BIAMOBIIHI JIaHl Y JIOKaIbHIN
0a31 naHux Jo3uMerpuuyHux BuMiproBaHb (B/I/IB) Ha kapti mam’dri, a B pasl

mia’eqHAHHS 34YATYBada 10 Mepexi [HTepHeT Oyab-IKUM CIIOCOOOM 3IIMCHUTH
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CHHXPOHI3aIiIOI0 3 cepBepHO dactuHoro bJIJIB, 3anHiciin HOBI JaHi 10 Hed.
PesynbTaTu 3amnucy gaHuxX BioOpaxkaroThCs Ha AucIuiel 3uuTyBada. JJisi 3aBepIieHHS
CTUpaHHS JIETEKTOPIB BCTAHOBJIEHOI'O y MOPT CTHUpaya J03UMETpa OMepaTrop MOBUHEH
NOBEPHYTH PYKIB’Sl aKkTyaTopa y MOJIOKEHHS | JUisi BIAKPUBAHHS MOPTY 1 BHIIYYCHHS

J03UMETpA.
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JIOJATOK B
ECKI3HI KPECJEHHS JETAJIENl ONTUKO-MEXAHIYHAX MOJIYJIIB
3UUTYBAUA TA CTUPAUYA TPOTOTHUNY JIC
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JIOJATOK E
MPUHIIATIOBI CXEMM, TOMOJIOT IS IPYKOBAHUX ILJIAT,
CNEIUA®GIKAII EJEKTPOHHUX BY3JIIB 3UMTYBAUYA TA CTUPAYA
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Pucynoxk E.1 [1nata neperBoproBauiB, IPUHIIMIIOBA CXEMA.



Ta6aunus E.1 — Cnenudikarris miaTv mepeTBoproBayiB
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IMo3znauenusa

Ho3uu. HajiMmenyBaHHS K-mo
Monpyab

1 MODYL HW391 HW391 1

2 MT3608 MODUL MT3608 1

3 MODUL _LM2596 LM2596 3
Konpaencarop

4 Cl1,C2 CAP, 100uF, 16V, 10% 2

Pe3ucropu

5 R1 RES-0805 5.1k, 1% 1

6 R2 RES-0805 12k, 1% 1
3ano0ixkHUKH

7 F2 KLS5-101-5EF-01 1

8 F3, F4, F5 KLS5-101-5EF-02 3
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Pucynoxk E.2 30BHilIHIN BUIIISIT JPYKOBAHOI IUIATH NIEPETBOPIOBAYIB:

a) BepxHil 1map 1uiatu; 0) HIKHIN [ap riaTH.
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E.2. Mmoayab komyTaiii
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Pucynok E.3 Moaynps koMyTallii, HpUHIIMIIOBA CXEMa



Ta6auus E.2 — Cnernudikariis miata MOy KOMyTarii
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Ho3uu. Ilo3HaueHHs HajimenyBaHHst K-mo
Pe3ucrop
1 RI1, R4 RES-0805 0k56, 5% 2
2 R2, R3,R7 RES-0805 1k, 5% 3
3 R8 RES-0805 0k33, 5% 1
4 R9 3296W 20k, 10% 1
b R10 18R, 5% 1
6 R11 RES-0805 1k5, 5% 1
7 R12 RES-0805 10k, 5% 1
p R100, R101, R102, R103, R104, RES-0805 OR. 5% A
R105
Konpaencarop
9 C4, C8, C12, C16, C20 CAP-1206, 1uF, 16V, 10% 5
10 Cs CAP, 100uF, 16V, 10% 1
11 C9, C13 CAP, 2200uF, 16V, 20% 2
12 Cl17,C21 CAP-1206, 10uF, 10V, 10% 2
Tpausucrop
18 VTI1, VT2 BC847 2
Hiogn
19 VDI, VD3 LED RED UR304DC 2
20 VD2, VD5 LL4148 2
Po3usarTsi
21 Si1 IDC-40-M (2x20 pin) 1
22 SI12 PCA-2-20-V-3 1
23 S110 SFV10R-3/4STB__HF 1
Knonka
24 S2 KLS7-MT-03 1
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Pucynok E.4 30BHIIIHIN BUTIISI PYKOBAHOT IJIATH MOIYJISl KOMYTAIIi:

a) BEepXHIH 1map miaaTu; 0) HWKHIN 11ap MJIaTy.



E.3. KoHTpo.JIep ONTHKO-MEXaHiYHOT0 MOAYJIsI
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Pucynok E.5. KonTposep onTuko-MexaHIYHOTO MOJTYJIsI, IPUHITMIIOBA CXeMa.
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Tabauus E.3 — Cnernudikariiis miatd KOHTPoJIEpa ONTHKO-MEXaHIYHOTO MOTYJIS

Io3uy,. IHo3HayeHHs1 HajimenyBaHHs K-mo
Pe3ucrop

1 R1,R2,R3, R4 RES-2012-0805 1kS5, 5% 4

2 R5,R6, R7, R8 RES-2012-0805 4k7, 5% 4

3 R10 RES-2012-0805 4k7, 5%
Konpaencarop

4 C13,Cl14 CAP-2012-0805, 15,0 pF 10% 2

5 Cl1,C2 0603, 100nF, 50V, 10% 2

6 C15, Cl16,C17, C18 0603, 10 nF, 5V, 10% 4
Mikpocxema

8 DDI1, DD2 74HCT4040 2

9 DD3 Atmegal28 1

10 | DD4 ADUMI1301 1

11 V2 FD1232-Modul 1

12 V7 MTS4S1 1

13 V1, V3, V4, V5 PC817 4

Pe3onaTop kBapuoBui
14 Z1 HC-498S, 8,0 MHz 1
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Pucynoxk E.6 30BHilHIi1 BUTIS

TpoJiepa ONTUKO-MEXaHIYHOTO

JIPYKOBAHOI IJIATH KOH
MOJIYJIS: @) BEPXHIiH IIap IiaTu

11 map ratu

; 0) HUXKH
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E.4. Moayab apaiiBepa cBiT/101i01y 30y1KeHHsI
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Pucynok E.7 Moayns apaiiBepa CBITIOAI0AY 30y IXKEHHS, MPUHITUIIOBA CXeMa



Tadoauusa E.4 — Crnenmdikaris mmatu MJ{C3
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Ho3uu,. Ilo3nauennsn Haiimenysannsa K-mo
Pe3ucrop
1 R1 SQP50JB 20R, 5% 1
;o | R R RE RS RO R RS b s 0805 12.4R, 5% 10
R9, R10, R11

3 R12,R14 RES-0805 5kl, 5% 2

4 R13 RES-0805 47k, 5% 1

5 R15, R16 RES-1206 0.3R, 5% 2
Konpaencarop

p CL C2, C3 EXR332M16B, 3300uF, 16V, ;

10%

Tpausucrop

7 Ql IRLR120 1
Mikpocxema

8 DAl LM317 1

1l

@ 0000 gB
0)

Pucynoxk E.8 30BHimHiI# BUTISA APYKOBAHOT TJIaTH MOAYJIS JIpaiiBepa CBITIO0M10Ty
30yIKEHHS: a) BEpXHiH 1map riatu; 0) HUKHIN 1m1ap IiaTy.



E.S. Ilnara nemmgparopa
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Pucynok E.9 Ilnara nemudparopa, mpuHIKUIIOBA CXeMa

Ta6muis E.S. Cneundikaris mnatu gemmmdparopa
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Ho3uu.

Ilo3nauennsa

Haiimenysanna

K-mo

Mikpocxema

DAl

HC4514D

Pucynok E.10 3oBHimHIM BUTIISAI APYKOBAHOI TUIATH emudpaTopa:

TN
[ Joo0o0000
N %

O

0)

a) BEpXHil map miatu; 0) HWKHIH 1map miaTu



E.6. Il.1aTa ceHcopa nmoJio:keHHs1 00TIOpaTopa
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VSS

R1 R2
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Pucynok E.11. [lnara ceHcopa mosaokeHHsS 00TIopaTopa, MPUHIIAIIOBA CXeMa

Tadoauua E.5 — Crneuudikaiiis miatu CeHCopa MOJI0KEHHsT 00TIopaTopa

306

Ho3uu,. Ilo3nauennsn Haiimenygannus K-mpo
Pe3ucrop
1 R1 RES-0805 360R, 5% 1
2 R2 RES-0805 5k1, 5% 1
Mikpocxema
3 DDl TCST1202 1

1 Q™ 20 o

a) 0)

Pucynok E.12 30BHimHI#i BUTIISAI APYKOBAHO1 TUTATH CEHCOPA MOJI0KECHHS

oOTIOpaTOpa: a) BEpXHIH map 1miaaTy; 0) HUXKHIN map miaThu
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JTOJATOK K

INPOI'PAMA JIABOPATOPHUX BUITPOBYBAHD ITPOTOTHUILY IC
HA BIZIMOBIAHICTH TEXHIYHUM BUMOI'AM

Meroro cknagaHHS TpOrpaMu JaOOPATOPHUX BUMPOOYBaHb € MPOTOTHUITY
no3uMmeTpudHoi cuctemu (C) mis ekcTpeHoi 1o3umeTpii, po3pobiaeHoi B mexxax HJIP
«P0o3po0JIeHHST TIPOTOTUITY CHCTEMH EKCTPEHOI JO3MMETPii B yMOBaX TEXHOTEHHUX
pamiamiiHUX aBapiii Ta TEPOPUCTHYHUX aTaKk», € BU3HAYEHHS Ta OOIPYHTyBaHHS
crnoco0y BCTAaHOBJEHHS BIJAMOBIJHOCTI XapaKTEPUCTUK MPEAMETY PO3pOOIEHHS
TEXHIYHUM BHMOTraM, C(OpPMYyJIbOBAHMM Ha OCHOBI aHalI3y Cy4YacHUX HIAXOIIB /0
BUPIIIICHHS 3aJ1a4y aBapiitHoi no3umeTpii (quB. 1. 1.3), a came BuMoram Jio:

— CKJIaay JO3UMETPUYHOI CUCTEMHU;

— HAYIMHOTO JI03UMETPAa;

— 3YUTyBaya MOTJIMHEHOI J03H;

— BUMIPIOBaHHS MOTJIMHEHOT 103U;

— 1100 MOPTATUBHOCTI Ta aBBTOHOMHOCTI 3YUTYBAaua;

— CcTHpaya 3aJUIIKOBOI 103U,

— 1HTepdeiicy KopHuCTyBaua, CIOCOOIB yIpaBiiHHSA MPOLECOM BHUMIPIOBAaHHA,
00poONIeHHsI BUMIPSIHHUX JaHUX, 30epiraHHs Ta OOMIHY JaHUMU;

— 11010 MOKJIUBOCTI PO3BUTKY CUCTEMHU Ha HACTYITHUX CTAJIIX PO3POOIICHHS.

OxkpiM Toro, nabopaTtopHi BUMPOOYBAaHHSI TMOKJIMKaHI BCTAHOBUTH, HACKIJIBKHU
OTpuMaHi B pe3ynbrari BukoHanHs HJ/IP xapaktepucTuku mpoTOTUIly BiANOBIIAIOTH
OYiKyBaHHUM (TIPOTHO3HMM), sIKI BUKJIQJIeH1 Y 3amuTl Ha BUKOHaHHs HJIP.

BiamoBimnicth po3pobOienoro mnpototumy JIC BuMoram miomo ii ckiamy,
OYEBHJIHO, HE BUMAraroTh CIEIIaJbHUX BHUIPOOYyBaHb, OCKITBKM BOHAa MOXKE OyTH
BCTAHOBJIEHA 3 aHaJI3y pPO3pOOJIEHOI €CKi3HOT KOHCTPYKTOPCBKOI JOKyMEHTalli Ta
BUrOTOBJICHHS KommoHeHTiB JIC. BimmoBigHicTe po3poOJeHHX KOMIIOHCHTIB

(Ha‘{iHHOFO AO3UMCETPA, ITIOPTATUBHOTO 3UUTyBada Ta CTHUpA4dYa 3aJIMIIKOBOIO CI/IFHELTIY)
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OUTBIIOCT] TEXHIYHUX BHUMOT JI0 HHX OO KOHCTPYKTUBHOTO BHUKOHAHHSI TEX HE
noTpeOyIoTh CHEliaIbHUX BUIPOOYBaHb, OCKUIBKM MOXYTbh OyTH MiJTBEpKEH1
aHaJI130M PO3POOJIEHOI €CKI3HOI KOHCTPYKTOPCHKOI JOKYMEHTAlll Ta BUTOTOBJICHHIM
komnoHeHTiB [[C.

BuMoru 1momo mopTaTUBHOCTI 3YMTyBauya MOTIMHEHOI JO3U MMiATBEPIKYIOTHCS
AQHAJIOTIYHO 32 KOHCTPYKTOPCHKOIO JOKYMEHTAIIEI0 Ta MPSIMHUMH BHUMIPIOBAHHIMU
rabapuTHUX PO3MIPiB 3UMTyBava Ta KOTo Bary.

JIns BCTAHOBIJIGHHS BIJIMOBIHOCTI BUMOraM II0JI0 aBTOHOMHOCTI po0OOTH
MOPTATUBHOTO 3YUTYBAHHS TPH JKHUBJICHHI BiJ akymyustopHoi Oarapei (AbB) cmig
IPOBECTH BUIPOOYBaHHS TPUBAJIOCTI po3pany Ab 110 A0mMycTUMOro piBHA y pEeXHUMI
MaKCHMaJIbHOTO €HEProCIOXUBAaHHS Ta Y PEKHUMI O4iKyBaHHS. [Ipu LbOMY KUIBKICTh
BUMIPIOBaHb 3HAYEHb MOTJIMHEHOI /103U MOKe OyTH OIllHEHA 3a TPHUBAJIICTIO OJHOTO
BUMIPIOBaHHS Y HAMOUIbII HECTIPUATIMBOMY PEXHMI, K ONUCaHO y miapo3au 2.3.6,
Hanpukiaa, 300 c. [Ipu mpomy oIiHKa TPUBAJIOCTI OJHOTO BUMIPIOBAHHS 3aB1JOMO
CYTT€BO MEPEBUIIYE OUIKYBAaHE 3HAUCHHS Yacy BUMIPIOBaHb, SIKUMU, K OYyJIO BiI3HAYEHO
y 3anuTiB Ha BUKOHaHHS HJ/IP, Mir Om ouikyBaTuCS Uil «3pPYYHOIO» I1HTEpBAILY
MOTJIMHEHUX 103 32 YMOBH, 1110 CaM JO3UMETPUYHUNA Marepiai, peKUMU BUMIPIOBaAHHS
HOTO JI03MMETPUYHOTO BIATYKY Ta CHOCIO BH3HAYEHHSI MOTJIMHEHOI 03U MOBHICTIO
BUKOPHCTOBYIOTh YBECh IOTEHIIIA)I ONTUMI3AIIi1 TO3UMETPUYHOTO hochopy.

JIJ1st BCTAaHOBJICHHSI 1HTEpBaJly BUMIPIOBAHUX 3HAYEHb MOTJIUHEHOT 03U MOXKYTh
OyTH BHUKOPHCTAaHI pe3yJbTaTH JAOCHIIKEHHS 3pa3kiB YAP:Mn, omnpomiHeHOro
PEHTIeHIBCHKUM BUIIPOMIHIOBAHHSM, CTYMiHb BIUIMBY $IKOTO BHUMIPIOETHCS YacoOM
eKCIIO3HUIII] 3pa3Ka y My4Ky BUIPOMiHIOBaHHS. J[Jisi BCTaHOBJIEHH! BIAMOBIAHOCTI Yacy
€KCIIO3UIIlI Ta TMOMNIMHEHIM [031 10HI3yHOYOrO0 BHUIIPOMIHIOBaHHS MOXe OyTH
BUKOPHCTaHE HasBHA KaliOpyBaJibHa 3aJIe)KHICTh CBITIIOCYMH TEPMOBCBIUYBaHHS Y
pexumi TJIJI mOornMHEHUM 103aM BUIIPOMiHIOBaHHS mkepena 2'Cs.

BuMorn 1momo MOXIMBOCTI PO3BUTKY CHCTEMHM Ha HACTYIHHUX CTaJiix
po3pobIieHHS HEe € 000B’s3koBUMHU, 1m100u JIC BuKOHYBana ¢Boi QYHKIIT 151 €KCTPEHOT
aBapiiiHoi o3umeTpii. OKpiM TOro, IIi MOXJIMBOCTI aHaji3yBaiucs y Pekomenparisx

10710 BUKOpHUCTaHHs pe3yabrariB HJP (miapo3min 2).
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JTONATOK 1
MPOTOKOJIA JIABOPATOPHUX BUITPOBYBAHB MTPOTOTHUITY JIC
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IMPOTOKOJI IABOPATOPHUX BUITPOBYBAHDB Ne 1

[arta npoBeneHHs: BUNpoodyBanb: 6 rpyans 2021 p.

Mera BunpodyBanb:  [linTBep/KeHHS BIJIITOBIJTHOCTI po3po0IeHuX
KOMIIOHEHTIB TMPOTOTUIY JO3UMETPUYHOI CHUCTEMU [IJIsi aBapidHOl JO3UMETpil
TEXHIYHUM BHUMOTraM I0JI0 KOHCTpyKTMBHMX pimeHs (H/IP 3a mgoroBopamu Bin
3.11.2020 Ne 149/01.2020 Ta Bix 29.04.2021 Ne 48/01/0248)

Meroan Ta 3aco0m BHMIPOOYBaHb: aHaJI3 €CKI3HOI KOHCTPYKTOPCHKOT
JOKYMEHTAI[ll Ha BUTOTOBJIEHHS KOMIIOHEHTIB MPOTOTHUILY O3UMETPUYHOI CUCTEMU Ta
BUTOTOBJICHUX B3IpLIB HAUIlMHOTO JO3MMETpa, 3YUTyBaya MOTJIMHEHOI 03U, CTHpaya
3aJIMIIKOBOTO CUTHAILY, MIKPOMETp, IITAHT €HLIUPKYJIb.

Buxopucrani 3pa3ku i1 BUNPOOYBaHb Ta IXHA KUIbKicTh: J[711 BUIpoOyBaHb
BUKOPHUCTaH1 B3IPIIB IPOTOTUITY HAYIMHOTO JO3WMETpPa, BHUTOTOBJICHI METOJIOM
nopoikoBoro 3D-apyky 3 miactuky ABS y kinpkocti 10 mT., eKcniepruMeHTaaIbHUAM
3pa30K IMOPTATHBHOIO 34YMTyBaya IOTJIMHEHOI 03U Ta E€KCIEPUMEHTAIbHUU 3pa30K
34YATYyBaya 3aJIMIIKOBOTO CUTHAIY.

Pe3yabTatu BUNpoO0yBaHb:

[Insixom BUBYEHHS €cKi3HOi qoKkyMmeHTalli Ha nporotun JC Ta BUrOTOBIEHUX
B31pIIiB KOMIIOHEHTIB MPOTOTUITY IO3UMETPUYHOI CHCTEMH BCTAHOBJIEHO, 1110:

— Hauinuuit go3umerp BUKOHaHUW wmeToaoM 3D NpyKy 3 CBITJIOHEIPOHHKHOIO
IUTACTUKY TEMHO-CIPOro KOJIbOPY, CyMiCHOro 3 mporenyporo 3uutyBanHs OCIJI
(BIACYTHICTh Mapa3UTHOI JIFOMIHECIIEHIIIT), €JIEMEHTH KPITUIeHHS (TBUHTH, TOIIO) —
B1JICYyTHI. CBITJOHENIPOHUKHHUI KOPIYyC JO3UMETpa CKIIAJIA€ThCA 3 ABOX YAaCTHH. BiH
3aXHUINAE TO3UMETPUYHI AETEKTOPHU BiJl A1l 30BHIIIHBOTO MPUPOIHOTO YU IITYYHOTO
CBITJIa y 3BHYAWHUX YMOBaX, a TaKoX 3a0e3leuye MEXaHiuHe 3 €JIHaHHS HOCIs
JIETEKTOPIB 3 aKTyaTOpOM 3YHMTyBaya Ta BHUKOHAHHSA MPOLEAYp 3YUTYBAHHS Ta
ctupanHs. JJist boro 3abe3neueHa MOXJIMBICTh BIIKPUBATU JOCTYII JJIsI CBITJIOBOTO
IPOMEHIO CTUMYJOBaHHS Ta BuMiptoBaHHid OCJI moueproBo 10 KOXHOIO 3
JIETEKTOPIB, TAKOXK 3UYNTYBAaHHS 1HIWBIAYaJbHOTO 11eHTU(dIKAaTOpa

— Bcepenuni  CBITJIIOHEMIPOHUKHOTO  KOPIYCY  3HAXOAUTBHCS  PYXOMHM  HOCIH
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JO3MMETPUYHHX IETEKTOPIB po3MipoM 3x3x1 MM 3 MicueMm Ui iHIUBIZyaabHOIO
1AeHTU(IKaTOpa y BUIJISIAL JIHIMHOTO KOAY Ta MO3UULISAMH JJIs PO3MIIIEHHA 10 4
JETEKTOPIB. 3MiHA IMOJIOKEHHSI HOCISA BIJHOCHO KOPIIyCy — IIIAXOM OO€pTaHHS Bij
akTyaropa. Tako) y KoOpIycl Ta Ha HOCIi JIETEKTOPIB 3a0€3MEUCHHUI MPOCTIp AJIs
BCTAHOBJIEHHS MeETaJleBUX (UIbTPIB Ha CTOpoH1 omnpomiHeHHs. [licns BubGopy
ONTHUMaJIbHOI KOHGIrypamii 1mux ¢iasTpiB Mae OyTH MpoBeAeHa KiHIEBA TOpOOKa
JO3UMETPY JUIsl X BCTAHOBJIEHHS. {7151 3aXMCTy 30BHIIIHIX OTBOPIB I03UMETPY BiA
CBITJIa Ta 3a0pyAHEHHS CJIYrye 30BHIIIHIA KOHCTPYKTHBHUHN €JEMEHT, KU Y
JAHOMY BHKOHAHHI BUKOHYy€ (YHKIIO TpuMada il peMiHIp(HAa KIITaiT
TOJINHHHUKY).

[nsxom cknananHs Ta po30upanHs 10 B3ipLIB AAHOTO MPOTOTUILY HAYIMTHOTO
JTO3UMETpy Oyiia MmATBep)KeHa WOTro MPHUIAATHICTh JJIA OIEpaTHBHOI 3aMiHU
JIETEKTOPIB.

3unTyBay y CBOEMY CKIJaJll Ma€  aKTyaTrop, ONTUKO — MEXaHIYHUH MOJYJib,
CJIEKTPOHHI KOMIIOHEHTH, Mikpokomm'totep Raspberry Pi3, akymynaropHy
Oarapero, a TAaKOX I1HIII MOIYJlI Ta BY3J1M, Kl MOTPIOHI I (PYHKIIOHYBaHHS
npuiaay, a came s MOYeproBOr0 3YUTYBAHHA YCIX JAETEKTOPIB JI03UMETpa,
PO3MIIIEHOT0 y MOPTY 3UUTYBAaHHS, BU3HAUEHHS MOTIMHEHOI 103U IB Ta 30epiranHs
JIO3UMETPUYHOI Ta KalliOpyBasibHOI 1H()OpMaIii.

[IporoTun 3uMTyBaya MICTUTH BCl €JIEKTPOHHI Ta ONTHYHI BY3JIM Ta MOJIYJI, SKI
HEOOX1H1 I CTUpaya, BKIIOYHO 3 IHTEHCUBHUM JDKEepesioM cBiTia. Takoxk crupad
MICTUTh TaKW{ CaMHUIl aKTyaTop Ui MaHIMYJSIi 3 JO3UMETPOM, MIKPOKOMIT'IOTEP
Raspberry Pi3 nns ynpaBiiHHS TOpoOLEAypoOI0 CTUpPaHHS Ta poOOTH 3 JTaHUMH
JO3UMETPIB. ATlapaTHO CTHpay BIJIPI3HAETHCS BijJ 3UMTyBada BIJICYTHICTIO BY3IIiB Ta
MoayaiB aia peectpauii Biaryky OCJI ta crpoIeHor CXeMOK0 >KMBIICHHS JIKEpeia
cBiTia. 3 Touku 30py [13 BiH BIAPI3HAETHCA BIJICYTHICTIO KOMITIOHEHTIB, HEOOX1THUX
s 3untyBanHs Biaryky OCJI Ta BU3HaueHHS J103H, 3aMiCTh SIKUX MIPUCYTHI 3HAYHO
IPOCTILII KOMIIOHEHTH, 110 KEPYIOTh IPOLIECOM CTUPAHHSL.

AKTyaTop J03UMETpa BUKOHAHMWA Yy BUIJIAAl OKPEMOro By3ja, IO B3aEMOIIE 3

PEIITOO KOMITOHCHTIB BHHTYBa‘{a/CTI/Ipa‘Ia Jqume 4Yepe3 OIITHYHC BIKHO Ta
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eneKTpuuHe 3’efHaHHA. BiH MiCTHTh y CBOEMY CKIaji HOPT, B SKUH HO3UMETp

noMilaeTsesi BpyuHy omeparopoM. KoHcTpykiis akryatopa 3abesneuye 3axuct
JI03MMeTpa BiJl 30BHIIIHBOTO CBIT/IA T Yac 34YHTYBAHHA/CTHpaHHS Ta OJIOKyBaHHS
Bill BiZIKpHBaHHA B YyCiX IMONOXKEHHAX OKPIM TMOYaTKOBOro, SKe HO3BOISE
BCTAHOBJIEHHS Ta BUAJEHHS J03UMeTpa. 3MiHa NMONoKeHb 1aeHTH]IKaLil qo3uMeTpa
Ta MONOKEeHb JETEKTOPIB JUIA 3YMTYBaHHS BiAOYBa€ThCs LUIAXOM 0DepTaHHS pyqKH
akTyatopa omneparopom. IIpum nsomy aktyatop (opMye KOMaHIH IS KepyBaHHS
jynTyBadyeM. KOHCTpyKLis akTyatopa y 34dTyBadi Ta CTHpa4i iIe€HTHYHA, IO
3abe3neyye KOHCTPYKTHBHY CYMICHICTD I03MMETpa 34HTYBaqy Ta CTHpady.

[lnaxom Maminynsamiii 3 10 B3ipugMM HaA9IMHUX [JO3MMETPIB MPH MOMIilNEHH! i
BHIAJEHH] IX B [MOPT aKTyaropa 34MTyBa4a Ta cTHpada, 3MiHi M0JI0KeHb AeTEKTOPIB
Yy PI3HHX HanpsMKax, IOBEJEHO MHOro npaBWibHe (YHKIIOHYBaHHS B YMOBax
IIEBHOI'O PO3KHY PO3MipiB 103MMETpiB Yepe3 HeToYHOCTI 3D ApyKYy.

[Ipototun ctupaua 3amuiukosBoro curHainy OCJI, crBopenuit Ha 6asi mporoTHiry
3YATYBa4Ya TAKAM YHHOM BiJNOBIJa€ BUMOTaM Ui BHKopHcTaHHs y aaHoi JIC.
Burorosneni B3ipui 3a OCHOBHMMHM pO3MipaMm BiINOBiJalOTh po3po0iieHii
KOHCTPYKLII B MeXax JOIyCTUMHX BiJAXUIIEHb.

BucHoBKH:

BianosizHicTE KOMIIOHEHTIB MPOTOTHUITY 103MMETPUHHOI CHCTEMH JUIS eKCTpeHo]

JO3MMETpii, a camMe Ha4dilTHOTO 103MMEeTpa, TOPTATHBHOIO 34UTyBava MOTIHHEHO] 1031,

CTHpaya 3aJHIIKOBOTO CHIHATY BUCYHYTHM TEXHIYHUM BUMOTaM MiATBEPIKEHO.

Bukounasiui:

IlepeBipus:

HayKOBHH CI1iBpOOITHUK m J.M. Adanacsen
w
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IMPOTOKOJ JIABOPATOPHUX BUITPOBYBAHD Ne 2

[ara npoBenenHs: Bunpodysanb: 7 rpyans 2021 p.

Mera BunpodyBanb:  [linTBep/KeHHS BIJIITOBIJTHOCTI pPO3pO0IIEHOTO
IPOTOTUIY JO3UMETPUYHOT CUCTEMHU [JIsl aBapidHOI MO3MMETPIi TEXHIYHUM BHMOTram
moi0 1HTepdeiicy KopucTyBaua, CHOCOOIB YIMpaBIiHHS MPOIIECOM BUMIPIOBAHHS,
00poONIeHHsT BUMIPSHUX JaHUX, 30epiraHHs Ta OOMIHY JAaHUMHU TEXHIYHUM BHUMOTaM
110,10 KOHCTpYKTUBHUX pimeHb (HJP 3a moroopamu Big 3.11.2020 Ne 149/01.2020 Tta
Bix 29.04.2021 Ne 48/01/0248)

Metroan Ta 3aco0um BHNPOOYBaHb: aHai3 €CKI3HOI JOKyMEHTAIlii Ha
BUTOTOBJICHHS KOMITIOHEHTIB MPOTOTHUITY JO3UMETPUIHOT CUCTEMH.

Buxopucrani 3pasku a8 BUNpPoOyBaHb: [l BUNpoOyBaHb BUKOPHUCTaH1
CKCIIEPUMEHTAIBHUN  3pa30K TOPTATUBHOTO 34YUTyBaya TMOTJIMHEHOI 03U Ta
eKCIIEPUMEHTATBHHN 3pa30K CTHpaya 3aIUITKOBOTO CUTHAIY.

Pe3yjibTaTu BUNIPOOYBaHb:

3riIHO JOKyMEHTaIlli, 34YUTyBad Ta CTHpad MalwTh OJIHAKOBUN 1HTEepdeiic
KOpPUCTYyBaua, Tak caMoO, SIK CIIOCOOM YIIPaBIIHHS MNPUIIAJIOM, 30epiraHHs Ta OOMiHY
nanuMu. OpraHom ympaBiliHHS € aKTyaTop, TAKOXK OJHOTUITHUHN y 3UMTYyBaul Ta CTUpaYl,
BiJI0OpaxkeHHs1 1H(opmanii BinOyBaeTbcs Ha LCD nucrnei. OOpoOsieHHs pe3ynbTaTiB
BUMIpIOBaHHS, 30€piraHHs JaHuX Ta OOMIH, SIK 1 YNPaBIiHHA YCIM TPHIAIOM
B1I0YBa€ThCS 3 BUKOPUCTAaHHSIM Mikpokomm'torepa Raspberry Pi3 (Rpi3). Peanizaris
npouenypu BuMiproBaHHs Biaryky OCIJl y 3umTyBaul BigOYyBaeTbCs 3a JIONOMOTOKO
MiKpoKoHTpoJiepa Atmega 128, BctanoBieHoMmy y Moayii KOMM, sakuit kepye ycima
By3namu OMM Mopynsi 3unMTyBaya 3a BHUHSTKOM CKaHepy KOJIB, SIKMW 3/1MCHIOE
imeHTudikaiio go3uMerpa Tta 0e3nocepeaHbo moB's3aHui 3 Rpi3. MikpokoHTposep
Atmega 128 Takoxx moB'szaHuii 3 Rpi3 Ta xepoBaHMI HUM y Mpolieci BUMIPIOBAHHS.
OcCKUJIbKY CTUpay HE Ma€ BY3JIIB, sIKI BUKOHYIOTh BUMiptoBaHHs BiaAryky OCJI, BKiItouHO
3 KOMM, a nporneypa CTUpaHHS 3aJUIITKOBOIO CUTHAY 3HAYHO MPOCTIIa, BMUKAHHS
JOKepena CBITIIa JJid  CTHUpaHHS BigOyBaeThcs Oesnocepennbo  Big  Rpi3, 3

BUKOPHUCTAHHSAM CXEMHUX KOMIIOHEHTIB K1JI )KUBJICHHS, CIIJIBHUX 31 3YUTYyBaUYEM.
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30epiraHHs JaHHUX BHMIpIOBaHHsA 1 0a3d JaHMX pe3ylbTaTiB BHMIPIOBaHH:A
3MiMCHIOETECA HA KapTi nam’sati 06’emom 32 GB.
ObmiH  JaHMMH MDK 39MTyBadeM/CTHpadeM 1 30BHIMIHIM KOMII HOTEPOM

3abesnedyerhes gepe3 USB nopr.
BucHoBkn:
TakuM 4YHHOM, BHMOTH 10 iHTepdeiicy KopuCTyBada, crnocoOiB yNpaBliHHS
MPOIECOM BHMIpIOBaHHA, 0OpoOIeHHs BUMIPAHHMX OaHHMX, 30epiraHHs Ta OOMIHY

JaHHMH Y JaHHX OPOTOTHIIAX 34HTYBa4a Ta CTHpada € BHKOHAaHUMH.

BukonaBui:

Cr.HayK.cITiBp. @‘ B.I'. Pabuk
IIpos. iHKeHep /.,M d B.JI. JIyn

IlepeBipus:
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IMPOTOKOJ JIABOPATOPHUX BUITPOBYBAHD Ne 3

[ara npoBenenHs: Bunpodysanb: 8 rpyans 2021 p.

Merta BunpodyBanb:  IliaTBepkeHHs BIJIIOBIJTHOCTI pPO3pO0IIEHOTrO

MMPOTOTUILY IMOPTATUBHOI'O 3YHUTyBa4ad MOTJIMHEHO1 J03H1 TEXHIYHUM BHMOTaM moao

noptaTuBHOCTI Ta aBToHOMHOCT1 (HJIP 3a morosopamu Bix 3.11.2020 Ne 149/01.2020 ta

B11 29.04.2021 Ne 48/01/0248)

MeToau Ta 3aco0M BUNPOOYBaHb: BHUMIPIOBAaHHS Ta0apuUTHUX PO3MIPIB

NOPTAaTUBHOI'O 3UYMTyBaya Ta MOT0 3Ba)KyBaHHS, IITAHTEHUUPKYJb, JiHINKA, MOOYyTOBa

Bara, BOJIbTMETP, TOJIMHHUK-TAUMED.

Buxopucranmnii 3pa3ok Ajasi BUNpoOyBanb: [ BUNpoOyBaHb BUKOPUCTaHUI

EKCIIEPUMEHTAJIBHAN 3pa30K MOPTATUBHOTO 3UUTYBAa4a IOTJIIMHEHO] JO3H.

Pe3yibTaTu BUNIpOOyBaHb:

[IInsxoM BUBYEHHS €CKI3HOI JOKYMEHTallli BCTAHOBJEHO, M0 MPOTOTUIIH
MOPTATUBHOTO 3YUTyBaya Ta CTUpaya BUKOHAHI Y MIHIMAJIbHO AOPOOJEHUX TUIIOBUX
mutux kopmycax Gainta B017 3 amominieBoro cmiaBy. Lli kopmycu 3maTHi
3aXWIIaTH KOMIIOHEHTH 3YMTyBada Ta CTHpadya BiJ 30BHINIHBOTO BIUIMBY IiJ 4ac
BUKOPUCTAHHS Yy TMOJBOBUX yMOBaxX NpH Ail IITYYHOTO YW MPUPOJHOTO CBITIA.
[lepenbayeni TpaHCHOPTYBaJIbHI OOKCH 3 MIIHOTO IUIACTUKY (THUIMOBI) JyIst
3a0e3MeUeHHs] JOJaTKOBOTO 3aXWCTy amapaTypyd BiJ HECHPHUSATIMBUX IOTOTHUX
yMOB, BiOpaIlii, y1apiB TOIIO, B AKUX 34YUTyBaud ab0 CTUpad MOXYTb 30epiraTucs 4u
TPAHCTIOPTYBATHUCS JO MICIIsl BAKOPUCTAHHS.

[aGapuTHi po3MipH NOPTATMBHOTO 34MTyBada CKIaNaroTh 222x146x154 Mm>, a Bara
0€3 TpaHCIOPTHOTO Keicy ckianae 4,2 Kr.

ABTOHOMHE KMBJICHHS 3a0€3MeUeHe aKyMYJSITOPHOIO OaTapeero, MO CKIATAEThCS 3
4-x Li-ion enementiB cranaapty 18650 ewmuictio 3400 MA:ron (Panasonic
NCR18650B). HominanbHa emHICTh Oatapei cTaHOBUTH, BiAmoBigHO, 50 Bt ro.
Hamnpyra 6arapei 3MidtoeTbes Bia 8.4 B (moBHuii 3apsin) 1o 6.6 B (Mexa pospsny).
Takum ynHOM 3a0e3nedeHe OOMexeHHsI THOuHU po3psmxeHHs (<80% emHOCTI),
mo 30uIbIIye pecypc Oarapei Ta craburizye il mapamMeTpu y MIMPOKOMY Jiara3oHi
TEMIEpaTyp.

V 3unryBaul O6arapes 3abe3neuye MOBHICTIO aBTOHOMHE (DYHKIIIOHYBaHHS, TOM1 SIK Y
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cTHpayi BOHA NMpU3HAYEHA JTHILE SIK pe3epB (aHajor 6e3nepepBHOTO JKHUBICHHS) AJIs
Ge3yMOBHOrO 3aKiH4YeHHS cTHpaHHs Ta (ikcauii uporo daxty y icTopii Ko3uMeTpy,
0 TMoB'S3aHe 3 IMOBIpPHO OiNBIIMM CHNOXKHMBAaHHAM eHeprii Ta TNPaKTHKOIO
pereHepauii 103MMETPIB JIMILe Y YMOBaX HasBHOCTI MEPEXKi 3MIHHOTO CTPYMY.
Ha nporotumi 3umTyBaua Oyj0 NpOBEAEHO [Ba TeCTH PobOTH 3 ABTOHOMHHM
KHBJIEHHSM. Y TEpIIOMY TecTi 34MTyBad mponpamoBas 8§ TOOMH Yy pexuMi
0YiKyBaHHS, TOOTO (QYHKI[IOHYBaIK BCi eJeKTPOHHI MOZIYJIi KpiM 3aTBOPY (KPOKOBHIM
NBUTYH) Ta apaiisepy ceiTnogioay crumysiuii OCJL Ilpy nsomy Oyna BHKOpUCTaHa
Garapes 3 4 enemenTiB (HomiHansHa eMHuicTs 50 Bt rox). TpusaticTs BHnpoOyBaHHS
cTaHoBWJIA 8 roauH, Hanpyra Ha Gatapel 11e He 3HU3HJIAach /10 MOPOroBOro 3Ha4eHHs
6.6 B. OcKinbKH Taka TPUBATICTh PEXKHMY OYiKyBaHHSA MalOWMOBIPHA B pealbHHX
yMOBaX eKCIUTyaTalii, 3po0JieHO BHCHOBOK, IO el pexum He JiMmiTye
aBTOHOMHOCTI 3uMTyBava. [Ipyruii Tect nonsraB y BAKOHAHHI 6€3M€PEPBHOIO LIHKITY
npouenyp BuMipioBaHHs OCJI 3 MakCHManbHHM CIIOKHBaHHAM eHeprii 3
GesnepepsuuM obepranHs 3aTBopy. [lana OGarapesi 103BONMIA IponpamioBaTH 3
roguan 20 xB. SIKII0 BBaXKATH, 110 BHUMIpIOBAaHHS BifOyBaiOThCS 32 BUMiPIOBAHHAM
penaxcanii Biaikis, BUMipsHEX y modarkoBiif mimsuui siaryky OCJI mo 300 c,
KOXHE, TO 1[€ BiANOBiIac BAMIPIOBaHHIO 1OHalMeHIne 40 1eTeKTOpiB.

BHCHOBKH:

BianosiguicTs IPOTOTHITY MOPTATHBHOTO 34HTYBa4a [MOIMHEHOI 1031 10 BUMOT

HOPTATHBHOCTI aBTOHOMHOCTI IiITBEPIKEHO.

Bukonasui:

IlepeBipus:

3arBepaus:
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IMPOTOKOJI IABOPATOPHUX BUITPOBYBAHD Ne 4

[ara npoBeneHHs: BUunpoodysanb: 9 rpyans 2021 p.

Mera BunpoO0yBanb:  BCTaHOBJIEHHS TOPOrYy YYTJIMBOCTI BHMIPIOBAaHHS
pPO3pOOJIEHOr0 MPOTOTUITY TMOPTATUBHOTO 3YMTYyBaua TMOTJIMHEHOI 03U TEXHIYHUM
BUMOTaM 111010 BUMiproBaHHs noriuaeHoi go3u (HJIP 3a qoroBopamu Big 3.11.2020 Ne
149/01.2020 ta Bix 29.04.2021 Ne 48/01/0248)

MeToau Ta 3aco6m BUNpPoOyBaHb: Sk 10HI3yHOUEe BHUIIPOMIHIOBAHHS
BUKOpPHUCTaHE PEHTTE€HIBChKE BUNPOMIHIOBaHHSA (45 kB. 0,3 MA), enexTpoHHMI TaliMep
eKCITO3HUIIl1, €JIEKTPOMEXaHIUHUN 3aTBOP JJIsi TEPEKPUBAHHS TOTOKY PEHTTEHIBCHKUX
IPOMEHIB; K JO3MMETPMYHHMI JETEKTOP BMKOPHCTAHUM 3pa3oK po3MipoM 3x3x1 Mm?,
BUPI3aHUI aJIMa3HOK NWJIOK 3 MOHOKpuctany YAP:Mn,Hf, Bupomenoro meroaom
Yoxpallbchbkoro; Uisi KajliOpyBaHHS dYacy €KCIOHYBaHHS 3a J030K0 BHUKOPUCTAHUU
n03UMeTpuuHuil  TepMmostominectieHTHUH (TJI) 3umTyBay Ta J1030Ba 3aJEKHICTh
ceitiocymu TJI BiAryKy TOro  3paska Bil MOrIMHEHOT 1031 BUIIpoMiHioBanHs 2'Cs.

Bukxopucranmnii 3pa3oxk s BUNPOOYBaHb: Uil BUNPOOYBaHb BUKOPHUCTAHHIM
eKCIEPUMEHTATBHHM 3pa30K MOPTAaTUBHOTO 3YUTYyBava MOTIUHEHOI JO3H.

BukoHnanHsi BUNIpoOyBaHb: 3pa30K JO3UMETPUYHOIO JIETEKTOPA, MOMIIIEHU B
KaceTy JO3UMMETpa, ONPOMIHIOBABCS PEHTTEHIBCBKUMU MPOMEHSMU B IHTEpBaJl
TpuBaiocTi excrosuiii Bix 2 ¢ g0 30 c. Jns xanmiOpyBaHHS 4yacy €KCIIOHYBaHHS 3a
703010 BUKOPUCTAHUW TOW caMUil 3pa30oK BHIIYYaBCS 3 JO3UMETpa y TEMHOTI Ta
nomimascs g BumiptoBaBcss TJI Biaryky y kamepy TJI 3umrtyBawa. 3a
KaJliOpyBaJIbHOIO 3aJICXKHICTIO cBiTJIocyMH TJI BIATYKY BiJ MOTIWHEHOT 03U JHKepena
B7Cs mmsa Toro x 3paska YAP:Mn,Hf Bcranosneno mo 1 ¢ ekcnosuuii Bifmosigae
nornuHeHna 30 mIp.

BumiproBannst OCJI BiATyKy BHKOHYBAJIOCS 3a pelaKCaIiiHOIO0 3aJIe)KHICTIO
BiUTIKY 1HTeHcuBHOCTI OCJI (cymapHa KUIBKICTh (POTOHHUX IMITYJIbCIB) Y MOYATKOBIN
ninsHIN 3aracaHHs (23-43 Mc) BiJl KITBKOCTI IMITYJIBCIB CTUMYJIFOBAHHS CHHIM CBITJIOM
(470 wm) TtpuBamictio 10 Mc Ta mepioJloM TOBTOpEeHHS 1 C Ta HACTYIHOIO

anpokcuMartiero 11 Qynkuiero Bumy I5(t) = 1(0)exp(—t/T) + y,y, ne aMILIITyIHHIA
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napamerp [(0) BukopuCTOBYBaBcs SK Mipa TIOITIMHEHOI MO3H. ANpOKCHMALis
3nmificHioBanacst meronoMm JlepenGepra-Mapkeapara. AmmniTyaHHH napametp Oys
BH3Ha4YeHUH y cepii eKcriepuMenTiB 3 TpuBalicTio ekcno3uuii Bix 2 1o 30 c. Kpurepiem
aeKBAaTHOCTI BUMIPIOBAaHb 3al€XKHOCTI AMIUTITYQM penakcariiiHol 3amexHocTi Bia
TPUBATIOCTI BHMIPIOBAHHA (KiJTbKOCTI IMITYyIBCIB CTHMYJSUIl) CayryBaja JiHIHHICTH
3aJIeXKHOCTI aMIUTITY/IH BIATYKY BiJ MOTJIHHEHOT JO3H.

Pesyabtarn BunpoOyBaHb:

ExcnepuMeHTANBHO OLIHEHO MOPIr YYTIHBOCTI BUMIpIOBAHHS ITOTIHHEHOT 103H
60 mI'p BHU3HA4aeThCS Y MNPOBEIEHOMY EKCIIEPUMEHTI MOMIHBICTIO BHMIpIOBaHHS
KOPOTKOI eKCro3ullii ONpOMiHEHHS peHTreHiBChKuMK npoMeHsmMu (2 ¢). BianosiaHicTs
NPOTOTHITY TIOPTATHBHOTO 34MTYBa4a MOTIHHEHOI 103M 10 BUMOT €KCTpeHOl aBapiiftHol

NO3UMETPIl HiATBEpPKEHA.

Bukonasui:

Cr.Hayk.crisp. "7/1 cﬁ ~ B.I'. Jlyueuxo
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JOJIATOK K

MEPEJIIK TA KOIII MYBJIKAIIIA 3A PE3YJIBTATAMUA BUKOHAHHS

[1]

2]

[3]

[4]

[5]

[6]

HJIP

HayxoBwuii 3BIiT mpo mpoMiXKHI pe3ynbraTté peamnizanii mpoekty 2020.01/0248 3a
noroBopoM Bim 3.11.2020 Ne 149/01.2020 «Po3pobreHHs MpOTOTUITY CHUCTEMHU
EKCTPEHOI JI03UMETpili B yMOBaX TEXHOTCHHHMX paJialliiHUX aBapidi Ta
TEPOPUCTUYHUX aTak», HalloHaapbHUNM YHIBEPCUTET «JIbBIBChKA IMOJITEXHIKA,
JIpBiB, 2020, — 113 c.

3BIT PO HAYKOBO-IOCHIAHY poOOTY 3a noroBopom Bia 29.04.2021 Ne 48/01/0248
«Po3p0o0sIeHHS] TPOTOTUITY CUCTEMHU €KCTPEHOI T03UMETPIi B YMOBaX TEXHOT€HHUX
pamialifHUX aBapiii Ta TEPOPUCTUUYHUX arTak» (mpomixkuuii), HaronanbHu

yHiBepcuteT «JIbBiBChKa momiTexHikay, JIbBiB, 2021, — 176 c.

O. Poshyvak, D. Afanassyev, S. Ubizskii, A. Luchechko, Luminescence response
of YAP:Mn crystal to the ionizing and visible radiation, 22-nd Annual Conference
YUCOMAT 2021, Herceg Novi, Montenegro, Aug. 30 — Sep.3, 2021, Book of
Abstract, p. 99. (https://www.mrs-serbia.org.rs/files/YUCOMAT-2021.pdf).

S. Ubizskii, O. Poshyvak, D. Afanassyev, A. Luchechko, Ya. Zhydachevskyy,
Luminescence Response of YAP:Mn Crystal to the lonizing and Visible Radiation,
11" International Conference on Luminescent Detectors and Transformers of
lonizing Radiation (LUMDETR 2021), Sept.12-17, 2021, Bydgoszcz, Poland,
Book of Abstract, P. 145.

O. Poshyvak, D. Afanassyev, A. Luchechko, Ya. Zhydachevskyy, S. Ubizskii,
Afterglow Peculiarities of YAP:Mn Crystal Irradiated by X-Ray and Visible
Radiation, [International Conference on Oxide Materials for Electronic
Engineering — fabrication, properties and applications (OMEE-2021), Sept. 28 —
Oct. 2, 2021, Lviv, Ukraine, Book of Abstract, P.
122, http://science.lpnu.ua/omee-2021/book-abstracts-omee-2021.

S. Ubizskii, O. Poshyvak, D. Afanassyev, A. Luchechko, V. Rabyk, Ya.
Zhydachevskyy, The Role of Afterglow in the Optically Stimulated Luminescence
of YAP:Mn, accepted for publication in Acta Physica Polonica A.
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P.S.II.11.
Luminescence response of YAP: Mn crystal to the ionizing and visible radiation

Oleksandr Poshyvak, Denis Afanassyev, Sergii Ubizskii, Andriy Luchechko'
Lviv Polytechnic National University,'Ivan Franko National University of Lviv

Optically stimulated luminescence (OSL) is used last decades as novel method of passive
luminescence dosimetry and an alternative to the traditional thermo-luminescence dosimetry. One of
the promising material for this application is crystalline YAIO;:Mn*(YAP:Mn) [1]. But despite the
similarity of physical processes during irradiation and stimulated luminescence OSL has a number of
features. In particular, in contrast to thermo-luminescence, in which thermal activation of shallow
traps makes them inactive when releasing deeper dosimetric traps, during optical stimulation released
from the last charge carriers can be captured not only on deep traps but also on shallow ones, which
leads to long afterglow. It was previously reported [2] that glow initiated by optical stimulation of
irradiated YAP:Mn demonstrates the hyperbolic decay kinetics described by Becquerel's empirical
law.

The present work is devoted to investigation of afterglow after X-ray irradiation as well as one
induced by illumination by intense visible light produced by high power LEDs. The last is used in
particular for the erasing of residual dosimetric signal optically.

Experiments have shown that the afterglow being registered up to 27 h could be produced by X-ray
irradiation just for 10 s. Its initial level is saturating if the exposure time becomes more than 300 s. At
the same time even illumination by red (660 nm) light can not only stimulate OSL but produce
additional afterglow that should be taken into account in OSL dosimetric measurements based on
YAP:Mn.

[1] Ya. Zhydachevskii, A. Suchocki, M. Berkowski, Ya. Zakharko,Optically stimulated
luminescence of YAIO3;:Mn?* for radiation dosimetry,Radiat. Meas. 42 (2007) 625.

[2] S. Ubizskii, D. Afanassyev, Ya. Zhydachevskii, A. Luchechko, V. Rabyk, Technique and
apparatus for Pulsed OSL Readout of YAP:Mn Dosimetric Detectors with Enhanced Dynamic
Range, 2019 International Conference on Information and Telecommunication Technologies and
Radio Electronics (UkrMiCo-2019), Odesa, Ukraine.
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Optically stimulated luminescence (OSL) is used last decades as novel method of passive
luminescence dosimetry and an alternative to the traditional thermo-luminescence dosimetry
[1]. One of the promising material for this application is crystalline YAlO3:Mn*'(YAP:Mn)
[2,3]. But despite the similarity of physical processes during irradiation and stimulated
luminescence OSL has a number of features. In particular, in contrast to thermo-luminescence,
in which thermal activation of shallow traps makes them inactive when deeper dosimetric traps
start empting, the charge carriers released from the latter during optical stimulation can be
recaptured not only on deep traps but also on shallow ones. This peculiarity leads to long-lasting
afterglow. It was previously reported [4] that glow initiated by optical stimulation of irradiated
YAP:Mn has a hyperbola decay kinetics being described by Becquerel's empirical law.

The present work is devoted to investigation of afterglow after X-ray irradiation as well as
one induced by optical stimulation by intense visible light produced from high power LEDs.
The last is used in particular for the erasing of residual dosimetric signal optically.

Experiments have shown that the afterglow being registered up to 27 h could be produced
by X-ray irradiation (45 kV, 0.3 mA) just for 10 s. Its initial level is saturating if the exposure
time becomes more than 300 s. At the same time even illumination by red (660 nm) light can
not only stimulate OSL but produce additional afterglow that should be taken into account in
OSL dosimetric measurements based on YAP:Mn.
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Optically stimulated luminescence (OSL) is used last decades as novel method of passive
luminescence dosimetry and an alternative to the traditional thermo-luminescence dosimetry [1].
One of the promising material for this application is crystalline YAIO3:Mn* (Y AP:Mn) [2,3].
But despite the similarity of physical processes during irradiation and stimulated luminescence
the OSL has a number of features. In particular, in contrast to thermo-luminescence, in which
thermal activation of shallow traps makes them inactive when deeper dosimetric traps start
empting, the charge carriers released from the latter during optical stimulation can be recaptured
not only on deep traps but also on shallow ones. This peculiarity leads to long-lasting afterglow.
It was previously reported [4] that glow initiated by optical stimulation of pre-irradiated
YAP:Mn has a hyperbola-like kinetics being described by Becquerel's empirical decay function
[5].

The present work is devoted to investigation of the afterglow in YAP:Mn after X-ray
irradiation in comparison with that occurred after blue light stimulation of the preliminary
irradiated by the X-ray sample, i.e. at measurement of OSL. Experiments have shown that the
afterglow can last and registered up to almost 5 days just after 30 s of X-ray irradiation (45 kV,
0.3 mA). Its initial level is saturating if the exposure time becomes more than 300 s. In both
cases (X-ray irradiation and visible light stimulation) of the Becquerel-type kinetics of glowing
take place in the time scale of seconds up to thousands of seconds. At the same time the initial
part of OSL response in milliseconds range has different character. The ways for elimination of
the afterglow phenomenon influence on the absorbed dose estimation from the OSL response are
analyzed and discussed.
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Abstract

Peculiarities of the YAIO3:Mn*" (YAP:Mn) single crystal afterglow are studied after X-ray
irradiation (45 kV, 0.3 mA) to understand its role in the formation of glow kinetics of
optically-stimulated luminescence (OSL) under pulse stimulation with blue light (470 nm)
of preliminary irradiated crystals. It is shown that the long decay of OSL response obeying
the hyperbola kinetics is caused by the same mechanisms responsible for the X-ray
produced afterglow and are likely explained by the presence of several types of defects in
the YAP:Mn crystal competing in trapping/re-trapping and releasing of carriers during
irradiation and relaxation. The complex processes occurring during the long-time decay of
the OSL glow impede to determine the absorbed dose from the OSL response. In order to
eliminate the influence of the afterglow peculiarities on the assessment of absorbed dose
from the OSL response, the technique based on the reading out of the exponentially
relaxing signal has been proposed and proofed. It was shown that its amplitude can be a
measure of the absorbed dose of ionizing radiation for OSL dosimetry based on YAP:Mn.

1. Introduction

Yttrium aluminum perovskite doped with Mn** (YAIO;:Mn** or YAP:Mn) crystal
is considered as a prospective material for luminescence dosimetry because of
appearance of intense thermoluminescence (TL) with the main TL peak at about 200
°C after irradiation by ionizing radiation [1,2] as well as possibility to readout an
optically-stimulated luminescence (OSL) response as well [3-4]. Its advantages
consist in very high radiation resistivity, chemical stability, mechanical strength,
weak fading, high sensitivity and high energy response [1,2,5]. Its dosimetric
properties are studied mainly for usage in TL dosimetry [1,2,5-6], however
peculiarities of the OSL phenomenon in this material as well as its application for
estimation of the absorbed dose are not yet well studied and understood. The OSL
glow as well as TL at 200 °C appear in a wide green band with a maximum near 530
nm and is connected with Mn?" intra-center transitions [4]. It means that it could be
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accompanied by the photoluminescence (PL) of Mn*" ions if the stimulation light will
excite them. Fortunately, it was revealed in [4] that the decay of OSL glow is much
longer than the PL life time being equal to 3.5 ms. Based on the results reported in
Ref. [4], the OSL response of the irradiated YAP:Mn** have been studied by means
of the time-resolved OSL readout with a pulse stimulation at 470 nm using a setup
described in [6]. These experiments revealed that the OSL glow lasts for a long time
after termination of the stimulation pulse and, when measured precisely in a wide
photometric dynamic range during several hundreds of seconds, demonstrates a
glow kinetics that differs from the exponential relaxation predicted for the simplest
model of OSL phenomena [7,8]. The decay of the OSL glow initiated by the pulse
stimulation (100 ms) with a blue light (470 nm) is shown in Fig. 1 [9]. It cannot be
fitted even by few exponents but it is well described by a generalized hyperbola,
which is known also as an empirical Becquerel decay function [10,11] being
expressed as:

I(t) =1(0)/(1+w-1)% (1

where w and a are parameters of hyperbola. The special techniques of nonlinearity
correction of photon counting, dark count subtraction and using of an adaptive
counting bin allowed extend the dynamic range for at least one order in
photometric scale, register the OSL response being above the noise level after 2 Gy
dose of X-ray irradiation for up to 10* s [12]. It was confirmed that the OSL decay
kinetics is described by Eq. (1) with high accuracy because the coefficient of
determination (adjusted R®) of the Becquerel decay function for fitting of the
experimental data exceeded 0.999.

Although the experiments conducted in [12] show the ability to confidently
register the YAP:Mn OSL response from the absorbed dose of 0.1 mGy from the
source of **’Cs, however, it was not possible to unambiguously link the parameters
of this response with the absorbed dose.
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Fig. 1. The YAP:Mn OSL decay curves (points) recorded after the 1st (violet), 10th (olive) and 20th
(purple) sequential pulses of 100 ms duration of blue (470 nm) light stimulation together with
their fits (solid lines) by mean of function (1) with some background [9]. The repetition period of
stimulation pulses was equal to 420 s.




One can point out at least two reasons of difficulties with estimation of
absorbed dose from the OSL response of the YAP:Mn crystal. The first is caused by
the fact that the hyperbola degree in the denominator is less than one. The value of
parameter ct = 0.85 + 6-10~* was get in [12], which converts the expression (1) into a
non-integrable function. If we interpret the integral of the luminescence glow
function as the light sum of the dosimetric response, like in the case of the TL
dependence upon temperature, then the non-integrability (1) will formally mean the
infinity of the light sum, which, of course, cannot be considered an adequate
interpretation. The second consists in a complicated character of OSL response
transformation in a stimulation pulse series. Although the kinetics of responses to
repeated stimulation pulses are similar (see Fig. 1) and each subsequent pulse
decreases the response intensity due to a gradual decrease of the number of filled
dosimetric traps, however, it is noticeable that the luminescence intensity level at
the end of the response duration increases slightly with increasing the number of
stimulation pulses. It reveals itself as increasing background component at fitting.
This suggests that there are at least two processes contributing to the YAP:Mn OSL
response, the different speed of which distort the response in its temporal
evolution. The slow one cannot be finished during the OSL response recording and
causes an accumulation of glow intensity. The last is observed only when the fast
process intensity becomes small enough. One can suppose that the slower process is
connected to the shallow traps, which are usually empty at room temperature, but
can re-trap charge carriers released from metastable dosimetric traps by optical
stimulation and slow down the relaxation of excited states. The role of deeper traps
is not excluded as well. The influence of competing shallow traps on TL and OSL
dosimetry is not a new topic in the study of dosimetric phosphors and was discussed
before [8,13-18], but the known data hardly fit the case of OSL in YAP:Mn which is
yet poorly studied in this context.

That is why the present work is devoted to further investigation of the OSL
peculiarities in YAP:Mn crystals aimed for its deeper understanding. In particular it is
aimed for studying a role of phosphorescence, being observed usually as an
afterglow of irradiated phosphors, in the formation of OSL response as well as for
finding a way to estimate the absorbed dose of ionizing radiation from the
measured OSL response.

2. Experimental

The single crystals of YAP:Mn  with nominal composition
Y1.02Alg.0503:Mn(0.05%),Hf(0.2%) (CZ#31) were grown by the Czochralski method (see
Ref. [19] for details). The samples in the form of plates with dimensions 3x3x1 mm?
cut from the single crystal by diamond saw without polishing of surfaces were used
for the measurements. The X-ray produced afterglow and the OSL response of the
irradiated samples were measured using the setup and experimental technique
described in [6,12]. At this the adaptive photon counting bin was used which
duration (time interval of photon counting) was the longer the lower is the intensity
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decay rate. Measurements of long glow decay were performed in fragments over
several days without removing the sample from the cell of the setup. The irradiation
of samples was done by X-ray tube with voltage 45 kV and current 0.3 mA. The
exposure time was in the range from 2 s till 1000 s and was controlled by the
automated shutter. It was established by the TL response intensity that such
irradiations correspond to absorbed doses in the range from 60 mGy to 30 Gy. The
time delay after the irradiation stop to the afterglow registration start was
measured by stopwatch with an accuracy of 1 s. The residual signal was removed by
annealing of the sample before irradiation at temperature 400 °C in air. The OSL
measurements were being performed when the afterglow intensity was less than
1000 photons per second (cps). The non-linear fitting by means of the Savitsky-
MarQuardt method was used for the experimental data approximation. The
application of the adaptive photon counting bin was considered as a weighting
method at nonlinear regression and no additional weighting was used for
experimental data fitting.

3. Results and Discussion

The typical afterglow decay kinetics after X-ray irradiation of YAP:Mn crystal is
shown in Fig. 2.It can be measured for several days even after exposure for 30 s. As
can be seen from Fig. 2 the X-ray produced afterglow has the same shape as the OSL
response after single stimulation pulse presented in Fig. 1 and in [12] and cannot be
satisfactorily fitted by any other simple function besides given by Eq. (1). In the last
case the coefficient of determination (or adjusted R®) of fitting by the Becquerel
decay function (1) in a wide range of time and glow intensity reaches the value more
than 0.9999 that means the very high correspondence of this model to experimental
data. It should be emphasized that the blue light with wavelength 470 nm used in
our experiments for OSL stimulation does not cause either afterglow or OSL signal if
the YAP:Mn crystal has not been irradiated before.
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Fig. 2. The kinetics of green afterglow (points) of YAP:Mn crystal induced by the X-ray irradiation
during 30 s (absorbed dose about 0.9 Gy) and its fitting (solid line) by the function (1). The inset
represents the parameters of fitted function.



The X-ray produced afterglow measurements were started with some delay
after ending of irradiation exposure which was required to move the sample from
place of irradiation to the luminescence measurement setup. To take it into account
the expression (1) has to be modified to the form

1(t) = 1(0) /(1 + w(at + 1)), (2)

where At is a time delay between the irradiation end and the start of measurement,
while variable t describes the time after measurement has started. The X-ray
produced afterglow curves after different doses (X-ray exposure times) are shown in
Fig. 3. When the parameter At is considered as additional free parameter of
approximation then its value found from the fitting by the function (2) coincided
with that value measured directly by stopwatch with accuracy better than 1 s in
most experiments shown in Fig. 3. This is further confirmation of the adequacy of
the model (2) to experimental observations. After that the found value At was fixed
as constant to find better fitting of other parameters of (2). All experimental
dependencies in Fig. 3 are fitted by the function (2) with adjusted R* > 0.999.
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Fig. 3. The X-ray produced afterglow (points) of YAP:Mn crystal after different irradiation times
and the corresponding fitted dependencies (solid line) in the form of (2). The inset represents the
parameters of fitted functions. The last number in the sample notation (S3-##) shows the time
delay At [s] from the end of irradiation till start of measurement. Other notations represent the
valuesin (2): t0— At, b—1(0),c—w, d—a.

The initial intensity of the afterglow can be found from such fitting procedure
regardless of the delay At. Its dependence on the X-ray exposure time, shown in Fig.
4, demonstrates a trend to saturation at irradiation time close to and longer than



300 s and can be described by the simple model Io(t) = I, (1 — e */T), where the

found parameter tis equal to 98 s.
x 10°
104
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I
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Fig. 4. Dependence of the initial afterglow intensity upon the X-ray exposure time. The solid line
represents an approximation of experimental points by the function I,(t) = I ., (1 — e"”’t).

The afterglow induced by X-ray irradiation studied here and the long-time decay of
OSL response produced by the blue light (470 nm) stimulation studied in the same
YAP:Mn crystal before [6,9,12] (compare the Fig. 2 with Fig. 1 in the present work of
with Fig. 7 in [12]) reveal the same main peculiarities of their behavior and hence
the common nature of these phenomena. It should mean that the complexity of OSL
response in YAP:Mn crystal is caused by the same reasons and mechanisms which
explain the hyperbola kinetics of phosphorescence in other phosphors [11] which is
also very common but less studied in popular today long-persistent phosphors [20-
23]. Following the conclusions of authors of analysis [11] of the Becquerel type
kinetics of phosphorescence with a < 1, the reasons of such behavior are the
presence of several traps delivering the carriers to recombination centers or re-
trapping on dosimetric traps of those carriers which are released or tunneled from
even deeper traps. Such interpretation coincides with the studies of YAP:Mn crystals
demonstrating beside the main dosimetric TL peak at 200 °C an additional peak at
350 °C attributed to the unintentional dopants of Mn*" and Cr** (see Ref. [24] for
details). It can also be noted that the change in the parameter w with the irradiation
time (see insets in Fig. 3) is also a feature of the kinetics of phosphorescence of the
Becquerel type with a < 1 [11]. From this point of view more understandable
becomes the uncertainty of interrelation of the OSL response parameters and
absorbed dose of preliminary irradiation of the crystal which is explained by
additional uncontrolled factors influencing on their interdependence and which
should be controlled for application of YAP:Mn in OSL dosimetry.

One of the suggestions to be checked is that the rapid recombination of
carriers just released from the dosimetric traps may occur locally in the close vicinity
of the recombination center. Slower processes related herewith with a diffusion of
carriers or excited states through the crystal must less influence on the
luminescence emission in the initial moment of optical stimulation of the irradiated
crystal. That is why our further experiments were performed with periodic
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stimulation by short pulses of 10 ms duration and readout of OSL intensity by means
of photon counting in bins (channels) of 2 ms duration. The results of experiments
with pulses’ repetition periods 1 and 9 s are shown in Fig. 5 a and b respectively.
Because of short stimulation and short counting channels the registered signal is
rather noisy. To decrease its dispersion the registred intensities in the same time
channels were averaged over several sequential pulses. One can see that in the case
of short stimulation repetition period the initial part of glow relaxation remains
almost on constant level for the several first stimulation pulses but its posterior part
immediately begins elevating in spite of expectation that the signal will drop with
increasing of pulse number. It occurs because the slower process cannot be ended
between the sequential stimulation pulses and leads to accumulation of glow
intensity. When the period of stimulation pulses becomes 9 s one cannot observe
lifting of any part of the signal and it drops slowly down keeping the same shape.
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Fig. 5. The OSL response of the YAP:Mn crystal on the blue light (470 nm) stimulation by pulses of
10 ms duration registered as photon counting in the channels of 2 ms duration at pulses repetition
period 1 s (a) and 9 s (b).

If the rapid relaxation in the first moments after stimulation is a direct
recombination of the released carriers in the vicinity of the recombination centers it
can have different kinetics from the kinetics of the rest of the glow curve. The next
step was to study behavior of exactly the initial part of glow relaxation with multiple
repeated short pulse stimulation. Such initial OSL signal was registered as photon
counting in the first 50 ms after stimulation pulse and used further as a sample of
response corresponding to each stimulation pulse. The corresponding dependencies
obtained for different duration of X-ray irradiation of YAP:Mn crystal in the range
from 2 till 30 s are presented in Fig. 6 with the fitted curves of exponential
relaxation. Except of variable glow intensity dependence some constant bias of the
obtained signal can be attributed to the long-lasting component of response which
looks like constant in a short time scale.

As it was mentioned before, the simplest OSL kinetics model is exponential
relaxation in the form

Iosi(t) = Ips (0)exp(—t/T), (3)



where T is the a relaxation time and variable t has a meaning of total stimulation
time, although formally both T and t can be defined in terms of the number of
stimulation pulses. However because of a high dispersion of photon counting for low
intensity signals, it is difficult to prove the type of kinetics especially for the low
doses of irradiation. For example, the coefficient of determination (adj. R*) of the
data on the 2 s X-ray exposure is equal to about 0.5 for the exponential relaxation
function (3) (see inset in Fig. 6 a) and the Becquerel hyperbola (1) as well. That is
why to check out the suggestion about exponential relaxation of the rapid
component of the OSL response we used the property of the exponential function to
remain the same at differentiation or integration. The integration of (3) with
appropriate initial conditions gives the model for the integrated OSL intensity:

Sost(£) = Ips.(0) - T+ (1 — exp(—t/1)). (4)

Corresponding data were prepared from the measured OSL intensity by summation
over stimulation pulse number. The constant bias was excluded from the
calculation. The obtained dependencies together with fitted curves are shown in Fig.
7. It is clearly seen that the reliability and confidence of their approximation by the
model (4) is much higher as the coefficient of determination exceeds 0.999 even for
the lowest dose. This confirms also the suggestions made above.
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Experimental data are represented by points and their approximations by the function (3) are

drawn by solid line. The insets demonstrate parameters of fitted functions.
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The amplitude coefficients both in Eq. (3) and (4) can be the measures of the
absorbed dose of ionizing radiation after X-ray exposure of YAP:Mn crystal. The
dependence of the corresponding fitting parameters from the time of irradiation
having the meaning of dose dependence is shown in Fig. 8 both for OSL intensity
and its integrated value as well as linear fit of the last. At this, the pulse repetition
period in 1 s results in coincidence of numerical scales for both dependences. The
linear character of the dose dependence confirms of the applicability of used
approach for OSL dosimetry based on YAP:Mn crystal.
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Fig. 8. The dose dependencies of the YAP:Mn crystal OSL response amplitude and the amplitude of
the integrated OSL response upon the X-ray exposure time in the range 2..30 s, and linear fit of
the last.



4. Conclusions

Our investigation of the afterglow caused by X-ray irradiation of the YAP:Mn
single crystal shows the same peculiarities as the long-lasting OSL glow revealed
before for the same crystal. In particular, the kinetics of the X-ray produced afterglow
and the glow occurring after the blue light stimulation pulse in the preliminary
irradiated YAP:Mn obey the hyperbolic law described by the empirical Becquerel
decay function with a power in denominator less than unity giving a lingering decay.
This means that the dominant mechanism of relaxation of the carriers released
optically from the dosimetric traps is the same as for the X-ray produced afterglow
and is most likely caused by an additional influence of deeper traps in the YAP:Mn
crystal. It impedes to determine the absorbed dose from the OSL response.

At the same time the technique allowing eliminating the influence of the long-
lasting afterglow has been proposed. This technique is based on the reading out of
the initial part of OSL response only after short stimulation pulses. The measured in
such a way OSL signal has the decay kinetics different from the long-lasting one,
and, as it was confirmed, can be described by an exponential relaxation. This
technique allowed us to obtain the dose dependence from the OSL response for the
X-ray irradiated YAP:Mn crystals for today in the range 60...900 mGy.
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