KopucHa moaenb HanexuTb A0 6e3KOHTaKTHOT TePMOMETPIi | MOXXe ByTW BUKOpUCTaHa AN BUMIpHOBaHHSA
TemnepaTypu o6'ekTiB, WO 06epTatoTbCH, 30KpemMa noBepxHi 06MOTOK poTopa rigporeHepaTopis.

Bigomuin npuctpii ana 6e3kOHTaKTHOro BMMIptOBaHHA Temnepatypu [nateHT YkpaiHn Ne 66866, MIK
GO1K 13/08, Bton. Ne 2, 2012], wo MicTUTb 00'eKTMB, iHpPaA4YEpPBOHUIA MpUIMaY, WO MICTUTb N OKPEMUX
iHbpa4yepBOHMX CEHCOPIB, OifIbHUK YacToTn, BydepHuii perictp, komyTatop, 6roK MigroToBKM AaHuX, OBa
reHepaTtopw iMnynbCiB, ABa KePOBaHi NigcWoBadi, BifeOKOHTPOMNbHUI BIOK, NMiYMIbHUK, reHepaTop Hanpyru,
OGnoK nNam'siTi, JaTYMK MOMNOXEHHsi, BNOoK 3ajaHHs MONOXeHHsi, OOk 3ajaHHs LWBWAKOCTI, po3nogintoBay
TakTiB, ABa pericTtpu, ABa umdposi komnapaTopu, LMdpoBUIA cymaTtop, ABa Tpurepw, Aea enemeHtn | ta
iHOMKaTop, NPMYOMY BMXig AiNbHMKA 4YacToTW MiOKNIOYEHUN OO BXxoAdiB GydepHoro perictpa, nidnnbHuKa Ta
00 MepLLOro BXoAy BiAEOKOHTPONbHOro 6roka, pyrni Ta TpeTin BXOAM AKOro 3'€4HaHi 3 BUXo4amu nepLuoro
Ta ApYyroro KepoBaHUX NiacunoBayis, NepLui BXoan SKMX MNigKMNioYeHi 40 BUXOAY reHepaTopa Hanpyru, a apyri
BXOAM 3'edHaHi, BigNoBigHO, 3 neplimMM Ta Apyrum Buxodamm Grioka nam'ari, BXiagHa uudpoBa WnHa sIKOro
nigknovyeHa Oo BMXiAHOT LMAPOBOT WWWMHK NiYUITbHUKA, YETBEPTUIN BXiO BiOEOKOHTPONbLHOrO Groka pa3om 3
nepwum BXxoaom 6rnoka MigroToBkW AaHux 3'eQHaHi 3 BUXOOOM KOMyTaTopa, BXigHa uucpoBa LUMHA SKOro
nigknioYeHa 40 BUXIAHOI LMAPOBOI WnHKM BydhepHoro perictpa, BxigHa uudgpoBa LWMHA AKkoro 3'egHaHa 3
BMXOJaMK N OKPeMUX iHppayepBOHUX CEHCOPIB iHbpayepBOHOro nNpunmaya, Buxig 6noka nigrotToBkM AaHnx
nigkniodeHnn B kona EOM, BuxigHa undpoBa WwnHa 6Gnoka 3agaHHsi MOMOXKEHHs 3'edHaHa 3 MepLlor
BXiZIHOIO LIMPOBOIO LUIMHOK NepLUoro LMdpoBOro koMmnapaTopa, Apyra BXxigHa uugposa LnHa SKoro pasom
3 BXiQHUMW UNPPOBMMU LLUMHAMKM MEPLLOro Ta APYroro pericTpiB nigkniodeHi o BUXigHOT LMdPOBOT LUNHK
JaTymka MOMOXeHHs, BUXi4 nepLlioro LM@pPOBOro Komnapartopa 3'€dHaHui 3 nepLinumM BXOAOM MepLloro
enemeHTa |, gpyruin BXig AKOro MigKNIOYEHUN OO0 MEepLIoro BMXody APYroro Tpurepa, a Buxig 3'eqHaHun 3
nepwmM BXOAOM MEPLLOro Tpurepa, ApYrui BXig SIKOro pa3om 3i BXOAOM iHAMKaTopa nigknoyeHi 4o Apyroro
BMXOAY APYroro Tpurepa, nepLummn Bxig SKoro 3'eAHaHni 3 BUXOAOM APYroro LumdpoBoro komnaparopa, apyra
BXigHa umndpoBa LWMHa AKOro MigkmyeHa Ao BUXIAHOT LmndpoBoi WWHKW Bnoka 3agaHHsA WBWAKOCTI, a nepLia
BXigHa UMdpoBa WnHa 3'egHaHa 3 BUXIAHOK LMPOBOIO LUMHOK LMcpoBOro cymaTopa, neplua i gpyra BxigHi
UMPOBI LUMHK AKOTo MNiAKMOYEHi, BigNoBigHO, A0 BUXIAHMX LUGPOBUX LUWH NEPLUOro Ta APYroro pericTpis,
BXOAM SKMX 3'€dHaHi, BignosigHo, 3 Nneplunm Ta ApyruMm BUXo4amun po3noAintoBaya TakTiB, TPETIN BMXig SKOro
NiAKMIYEHUA 0O ApYroro BXo4y Apyroro Tpurepa, BUXig Apyroro reHeparopa iMmnynbciB 3'€gHaHUI 3i BXOAOM
po3nogintoBada TakTiB, BMXi4 MepLIOro Tpurepa nigkmovYeHun OO NepLllioro BXOAY APYroro ernemexTta |,
Opyruin BXxig SKoro 3'€eAHaHMN 3 BUXOL4OM MepLUOro reHepartopa iMnynbCiB, a BUXig NigknoYeHuin 4o BXOAiB
JiNbHMKa YacToTK, reHepaTopa Hanpyri, KoMyTtaTopa Ta 4o Apyroro BxoAy 6roka nigrotoBku AaHUX.

"onoBHMM HeoMNIKOM JaHOro MPUCTPOLO € Te, WO BiH He J03BONSE ifeHTUdIKyBaTH Ta dikcyBaTu BUTOK 3
nigBULLIEHOK TemnepaTypor nonoca O0OMOTKM poTopa rigporeHepatopa B MpOLECi BUMMIPHOBaHHA IMOro
TennoBoro nopTpeTy nig 4ac poboTu, OCKiNbkU rigporeHepaTop € cneundiyHO eNneKkTPUYHOK MaLUMHO
3aKpUTOro BUKOHAHHS, L0 YCKNaaHIE JOCTYN A0 Moro 06epToBMX YacTUH.

Hanbinbw 6n13bkMM aHamnoroMm KOpPUCHOI Moferni € npucTpii Ans ©6e3KOHTaKTHOro BMMIpHOBaHHSA
TemnepaTypu [nateHT YkpaiHn Ne 120311, MIMK GO1K 13/08, Bron. Ne 20, 2017], wo micTute 00'eKTuMB,
iHppayepBOHUIN NpuiMay, WO MICTUTb N OKPeMMX iHppayYepBOHUX CEHCOPIB, AINbHUK YacToTu, BydepHui
perictp, Komytatop, Onok nigroToBkM [aHMX, ABa reHepaTopu iMMynbciB, OBa KepoBaHi MigcunoBadi,
BiJEOKOHTPONBHUIA BMOK, NiYUNBbHUK (B NodarnbliOMy - NEpLUni MiYUIBbHUK), reHepaTop Hanpyru, OGnok
nam'aTi, oBa perictpu, ungposun komnapaTop (B nogansLIoMy - NepLinin unugposun komnapartop), Tpurep (8
noganblomy - Meplunn Tpurep), enemeHT | (B noganbwomMy - nepwwuii enemeHT ), iHaukaTop, Gnok
komnapaTopiB, enemeHT Hl Ta dopmyBay curHany, npudomy BuXia AiNbHWKA 4acTOTU NIAKMOYEHUA 00
BXogiB OychepHoro perictpa, NepLoro fivynnbHMKa Ta 4O NEePLUOro BXo4y BiAEOKOHTPONbHOro 6rnoka, opyrun
Ta TpeTin BXogu sKOro 3'eAHaHi 3 BMXOAaMu NepLuoro Ta Apyroro KepoBaHMX MNiACUNIOBaYiB, nNepLui BXOAU
AKUX MiOKNIOYEHi O BUXOAY reHepartopa Hanpyru, a Apyri BXoAu 3'€f4HaHi, BignosigHo, 3 nepwmm Ta apyrum
BMXodamu 6rioka nam'siti, BXigHa uMdpoBa LWMHA SKOro MigkmnioveHa oo BUXIAHOT UMAPOBOT LWMHW NEPLUOro
niYnnNbHKKa, YeTBEPTUI BXif BiJEOKOHTPONIbHOro Groka pa3om 3 nepmm BXoO4oM Onoka nigroToBkM SaHUX
3'e¢dHaHi 3 BUXO4OM KOMYyTaTopa, BXigHa UMdpoBa LUMHA SKOro MiAKMYeHa A0 BUXIAHOT LMpPOBOI LWUNHM
OydepHoro perictpa, BxigHa LMpoBa LUMHA SKOro 3'€edHaHa 3 BMXOAaMM N OKpeMux iHdpavyepBOHUX
CeHcopiB iHpavepBOHOro npuiiMaya, Buxig 6noka nigroToBku AaHuWx nigkniodeHuin B kona EOM, Buxig
nepLloro reHepatopa iMnynbCiB 3'€QHaHU 3 Mepwmm BXOAOM Meplioro enemeHta |, Buxig skoro
NigKMOYEHM 0O BXOAIB AiNbHMKA 4acToTW, KOMyTaTopa, reHepatopa Hanpyru Ta 4o Apyroro Bxogy 6noka
nigroToBKU AaHWX, BUXig nepLllioro LMpoBOro KomnapaTtopa MigKMioYeHUn A0 MepLlioro BxoAdy nepLuoro
Tpurepa, [Opyrui Buxig $KOro 3'egHaHM 3i BXOAOM iHOMKATOpa, BMXigHa uUMdpoBa LWKMHA Onoka
KomMnapaTopiB nigknoyeHa Ao BXigHMX umMdpoBUX LWLVH NEPLUOro Ta ApYroro pericTpis, BUXigHI LMAPOBI LUNHK
SKUX 3'€dHaHi 3 MepLuo Ta APYrow BXigHMMKU LMEPOBMMK WMHAMKM NEepLUOro LUgpoBOro Kommnapartopa,
BUXig nepLuoro Tpurepa 3'egHaHunin 3 ApyrMMm BXOL4OM MnepLuoro enemMedTa |, a gpyrun Bxig nigknioveHnn go
Buxody bopmyBada cuUrHany, BXig SIKOro pasoM 3i BXxogamu nepLuoro perictpa Ta enemeHta HI 3'egHaHi 3
BMXOAOM [pYyroro reHepartopa iMmnynbciB, Buxig enemeHTta HI nigkniodeHnn oo Bxogy Apyroro perictpa,
BXigHa UMdpoBa LKMHa Groka KoMnapaTopiB 3'eAHaHa 3 BUXOO4aMWM N OKPEMUX iHpavyepBOHUX CEHCOpIB
iHcbpayepBoOHOro npuiMmaya.



["onoBHMM HeoMNIKOM JAHOrO MPUCTPOLO € Te, Lo BiH He J03BOMSE ifeHTUdIKyBaTh Ta gikcyBaTu BUTOK 3
nigBULLIEHOKD TemnepaTyporo nonca obMOTKM poTopa rigporeHepatopa B MpoLeci BMMIpHOBaHHSA MOro
TENnoBOro NopTpeTy nig Yac poboTU, OCKINbKW rigporeHepaTop € CneundivHo enekTpUYHOK MaLUMHOK
3aKpMTOr0 BMKOHAHHS, L0 YCKNa4HKE OOCTYN A0 MOoro 06epToBNX YacTUH.

B ocHOBY KOpuCHOI Mogeni nocTaBfieHa 3ajava CTBOPEHHA MPUCTPOKD ANd  TEnnoBi3iMHOMo
JiarHocTyBaHHA 06MOTOK poTopa rigporeHepaTopa, B SKOMy 3a paxyHOK BBEAEHHSI HOBMX GIOKIB Ta 3B'A3KiB
MK HUMK 3'9BNAETLCA MOXIMBICTb Ha NpauoyoMy rigporeHepaTopi ineHTUdikysaTn Ta dikcyBaTu BUTOK 3
nigBMLLEHO TemnepaTypol nonca OOMOTKM poTopa rigporeHepatopa B MpOLUECi BMMIPIOBaHHA WMOro
TENMNOBOro NOPTPETY, O PO3ILMPIOE PYHKLIOHAMNBHI MOXNMBOCTI NPUCTPOIO.

MocTtaBneHa 3agjada BUPIWYETHCSA TUMM, LLIO B NPUCTPIA AN TENnOBI3iMHOro AiarHOCTyBaHHA 0BMOTOK
poTopa rigporeHepartopa, Lo MICTUTb N OKpeMux iHPpayepBOHUX CEHCOPIB, AiNbHWK YacToTn, BydepHun
perictp, komyTtaTop, 6noK MigroToBKM [aHWX, OBa reHepaTopwu iMMynbCiB, ABa KepoBaHi nigcunoBadi,
BiJEOKOHTPONbHUIA OMOK, NepLunn NiYUnbHUK, reHepaTop Hanpyry, Grnok nam'arti, ABa pericTpu, nepLunin
uncpoBUN KOMMNapaTop, NepLUnn Tpurep, neplumi enemeHT |, 6nok komnaparopis, enemeHT HI Ta dopmysauy
curHany, npu4oMmy BuMXiO AiNbHMKA YacTOTU MigKNOYeHMM [0 BxoAiB OGydepHoro perictpa, nepLuoro
niynnbHMKa Ta OO MEepLIoro BXOAY BiAEOKOHTPOSbHOro 6noka, ApyrMin Ta TPeTii BXoawm Skoro 3'edHaHi 3
BMXOJAaMM MNepLIOro Ta APYroro KepoBaHWUX MigcunoBadiB, neplli BXoAu SKUX MigKMOYeHi 00 Buxoay
reHepaTtopa Hanpyru, a gpyri Bxogu 3'eqHaHi, BiANoOBIiAHO, 3 NepwuM Ta ApyrM Buxodamu Groka nam'saTi,
BXiAHA UudpoBa LIMHA SKOro NigKMoveHa 0o BUXIOHOT LMAPOBOI LWMHW NEPLUOro RiYnnbHUKa, YeTBEPTUN
BXiO BiLEOKOHTPONbHOro 6rioka pasom 3 nepliMm Bxo4oM Onoka nigroToBKM AaHuX 3'€dHaHi 3 BMXOOOM
KoMyTaTopa, BXigHa uudpoBa LWmHa SKOro MmigknyeHa A0 BUXIQHOI LUMAPOBOI WnHKM BydepHoro pericTpa,
BXigHa UMdpoBa LUMHA SKOro 3'€4HaHa 3 BMXOZaMU N OKpeMuX iHppayepBOHUX CEHCOPIB iHpavYepBOHOro
npurimMaya, Buxig 6rnoka nigrotoBky aaHux nigkrnodeHui B kona EOM, Buxig neplioro reHepaTtopa iMnynecis
3'e¢QHaHMI 3 NepLnM BXOAOM NEepLUOro enemexTa |, Buxig Akoro nigknioYeHun 4o BXOAiB AiNlbHMKA 4acToTw,
KOMyTaTopa, reHepaTopa Hanpyri Ta 4o gpyroro Bxogdy 6noka nigrotoBk1 gaHux, BUXi4 NepLioro uugposoro
KkoMnapaTtopa MigKMYeHnin OO Meplioro Bxody nepworo Tpurepa, BuxigHa uudpoBa LwWwuHa 6noka
KomnapaTopiB nigknoyeHa go BXigHMX umMdpoBUX LLMH NEPLUOro Ta Apyroro perictpis, BMXigHi LMAPOBI LWNHK
AKMX 3'€dHaHi 3 Nepwol Ta APYro BXIAHUMU LMMPOBMMK LLUMHAMK NepLuoro LMdpoBOro komnaparopa,
BUXig nepLuoro Tpurepa 3'egHaHui 3 ApYrMM BXOO4OM MEpPLUOro eniemeHTa |, a gpyruin Bxia nigknovyeHnin go
BMXo4y hopMyBauya curHany, BXif SIKOro pasom 3i Bxogamu nepuioro perictpa Ta enemeHta HI 3'egHaHi 3
BMXOOOM [pYroro reHepartopa iMnynbciB, Buxia enemMmeHTta HI nigknioveHun oo Bxody Apyroro perictpa,
BXidHa UMdpoBa LWKHaA Groka koMnapaTopiB 3'€dAHaHa 3 BUXOO4aMWM N OKPEMUX iHpa4epBOHUX CEHCOPIB
iHdbpayepBOHOro npuinMmaya, 3rigHo 3 KOPUCHOK MOAENN0, BBEAEHO HYOTUPW NIYUNBHUKKN, TPU PericTpu, Tpu
enemeHTn |, enement ABO, gpyruwi Tpurep, komnapatop, Apyrvn UMdpoBuA Komnapartop, dopmysBad
iMMynbCiB Ta LMPOBUIA iHOMKATOP, NPUYOMY BUXIA AifTbHUKa YacTOTU 3'€AHaHMI 3i BXOAOM ApYroro Tpurepa,
nepwun Ta ApPYruid BUXOAW SKOro MNIAKMOYEHi, BIiAMOBIAHO, A0 MNeplux BXOAIB OPYroro Ta TpeTboro
eneMeHTiB |, BUXoan Skux 3'€gHaHi 3 NepMMn BXo4amMu TPeTbOro Ta YeTBepToro pericTpis, a apyri Bxoau
pasoMm 3 gpyrMm BXO4OM 4eTBepToro enemMmeHta | nigkniodeHi 4o BUxoay KoMmnapartopa, BXig AKoro 3'eaHaHun
3 BMXOJOM KOMyTaTopa, NepLnin BXig 4eTBepToro enemeHTa | nigknoyeHun 4o Buxogy Apyroro UndpoBoro
KoMnapaTopa, nepLlia Ta gpyra BXigHi LMAPOBI LWMHU SKOro 3'egHaHi, BignoBigHo, 3 BUXIAHUMU LUpPOBUMU
LWMHaMK TPETbOro Ta YeTBEPTOro pericTpiB, BXigHI LMGPOBI LWMHWN SKUX MiOKNHOYEHI 4O BMXIAHOI LMdPOBOT
LWMHK Apyroro nivvnbHUKa, a Apyri BXoAM SIKMX pa3oMm 3 BXoAoM dhopMyBada iMnyrnbCciB Ta BXOAOM M'ATOroO
perictpa 3'egHaHi 3 Buxoaom enemeHta ABO, nepwiuvin Bxig SKOro NIAKAYEHWA 0O BUXOAY TPETbOro
nivnnbHUKa, NepLUMn BXig SIKOro 3'€AHaHMI 3 BUXOOOM APYroro nivurbHuKa, a gpyrum Bxig pasom 3 Apyrumm
BXOOAaMM JpYyroro niyunbHuka Ta enemeHta ABO nigknioveHi 0O BMXoQy M'ATOrO NiYMIbHMKA, BUXig
cdopmyBada iMNynbciB 3'€QgHaHU 3 OpYrMM BXOAOM YeTBEepToro nivunbHUKa, Mepwmnin BXif SKOro
NiAKMYeHU 0O BMXOAY YeTBepToro enemeHTa |, a BuxigHa umdposa LWunHa 3'egHaHa 3i BXigHOH UnMpoBoto
LUMHOK N'ATOro pericTpa, BuxigHa undposa LWrHa SKOro NiaknoyeHa 4o BXigHOIT LMgPOBOI LWNHM LM poBOro
iHOMKaTopa, Nepwuin BXig ApYyroro NivunbHUKa 3'€qHaHWi 3 BUXOOOM nepLlloro ernemMeHdTa |, Buxig gpyroro
reHepaTtopa iMnynbCiB NigKNOYEHU OO BXOAY N'ATOro NivMnbHUKA.

MpucTpin gna Tennosi3ikHOro fJiarHoCTyBaHHA OOMOTOK poTopa rigporeHepaTopa MNOSICHIOETLCS
KPECIEeHHsIM, Ha sSIkoMy 300pakeHa Moro CTpyKTypHa Cxema.

Ha cxemi: 1 - 06'ekTuB; 2 - iHppa4epBOHUIA NpUNMaY, WO MICTUTb N OKPEMUX iHpauYepBOHNX CEHCOopIB; 3
- MEePLUMI reHepaTop iMMynbCiB; 4 - NepLmnin enemeHT |; 5 - ginbHKK YacToTu; 6 - BydepHuir perictp; 7 - 6ok
koMnapartopiB; 8 - opyrui reHepatop imnynbcis; 9 - enemeHT HI; 10 - nepwwun perictp; 11 - opyrun pericTp;
12 - nepwwuii umdposuii komnapatop; 13 - nepwmn Tpurep; 14 - n'atnii nivmnbHKK; 15 - kKOMyTaTop; 16 - 6ok
nigrotToBkn gaHux; 17 - dopmyBad curHany; 18 - BigeOoKOHTponbHUM Onok; 19 - 6rok nam'aTi; 20, 21 -
nepLwmin Ta Opyrvi KepoBaHi nigcunioBadi; 22 - nepwunn NivmnbHUK; 23 - reHepatop Hanpyru; 24 - opyrum
NiYUnbHKK; 25 - TpeTi niunnbHKK; 26 - enemeHT ABO; 27 - gpyrun Tpurep; 28 - gpyrun enemeHt |; 29 -
TpeTin perictp; 30 - TpeTih enemeHT |; 31 - yeTBepTUIA pericTp; 32 - Apyruin LMdpPoBUA komnapaTtop; 33 -
KomnapaTtop; 34 - yeTBepTUN enemeHT |; 35 - hopmyBay iMNynbCiB; 36 - YeTBEPTUN NiYMAbHUK; 37 - N'ATUI
perictp; 38 - undpoBuIn iHOUKATOP, NPUYOMY BUXIA OiflbHUKA YacToTK 5 nigknioveHun Ao Bxoais 6ydepHoro



perictpa 6, nepLIoro niynnbHWKa 22 Ta 4O NePLIOro BXOAY BiA€OKOHTPOMbHOro 6noka 18, apyrun Ta TpeTin
BXOAM AKOro 3'edHaHi 3 Buxogamu nepuoro 20 Ta gpyroro 21 kepoBaHuX nigcunioBadis, nepLui BXOAN SKUX
nigknioYeHi o Buxody reHepaTopa Hanpyru 23, a gpyri Bxoau 3'eaHaHi, BignoBigHO, 3 nepwuM Ta Apyrum
BMXodamu Onoka nam'siti 19, BxigHa uMdpoBa WMHA SAKOro MIAKMYMEHa [0 BUXIOHOT LUGPOBOI LUWHK
nepLworo niynnbHMKa 22, YeTBEPTUN BXi4 BiA€OKOHTPONbHOro 6rnoka 18 pasom 3 nepwmm BXxodom Grioka
niarotoBkn gaHmx 16 3'egHaHi 3 BMXO0OOM KomyTtatopa 15, BXigHa umdpoBa WMHA AKOro MigkryeHa Ao
BMXIQHOI LMdPOBOI WKNHN GydepHoro perictpa 6, BxigHa uMdpoBa LUMHA SKOro 3'egHaHa 3 BMXOA4aMu n
OKpemux iHppayepBOHUX ceHcopiB 2.1:- 2.n iHbpayepBOHOro npuiMava 2, Buxig 6roka niarotoBkM gaHMx
16 nigknoyeHnn B kona EOM, Buxig neplioro reHepartopa iMnynbCiB 3 3'€AHaHMiA 3 NepLuMM BXOAOM
nepworo enemeHTta | 4, BuXig AKOro nigknoYeHUn OO BXOAIB AiNbHMKa 4YacTotm 5, komyTtatopa 15,
reHepaTtopa Hanpyru 23 Ta Ao Apyroro Bxoay 6roka nigrotosku gaHux 16, BuxigHa uudpoBa wnHa 6noka
KoMnapaTopiB 7 nigknioyeHa 00 BXigHUX uudpoBux wuH nepworo 10 ta gpyroro 11 perictpiB, BUXigHi
LUMMPOBI LWIMHU SKMX 3'€dHaHi 3 NepLlio Ta APYrol BXiAHUMU LUMPPOBUMU LUIMHAMM MNEPLLOro LMdpoBOro
KomnapaTtopa 12, Buxig SIKOro nigknioveHun 0o nepLuoro Bxody neplioro tpurepa 13, nepwmi Buxig sIKOro
3'eQHaHWI 3 OpyrMM BXOAOM nepLloro enemeHta | 4, a apyrui BXia NigknodeHuin 0o smuxoay dopmyBada
curHany 17, Bxig sikoro pasom 3i Bxogamu nepworo perictpa 10 tTa enemeHta HIl 9 3'egHaHi 3 Buxogom
Jpyroro reHepaTopa iMmnynbciB 8, Buxia enementa HI 9 nigkntoyeHnin oo Bxogy apyroro perictpa 11, BxigHa
undpoBa WKnHa 6roka koMmnapaTopiB 7 3'€gHaHa 3 BUXO4aMu N OKpeMUX iHppavyepBOHNX ceHcopiB 2.1 - 2.n
iHbpayepBOHOro npuriMada 2, Buxig AinbHWKa 4actoTn 5 3'egHaHUI 3i BXOAOM ApYroro Tpurepa 27, neplinn
Ta Apyrui BUXoam sIKOro NigkntoYeHi, BignoBigHo, 4o nepLlumx Bxogis apyroro 28 ta TpeTtboro 30 enemenTis |,
BMXOAM AKMX 3'eQHaHi 3 nepwmMy Bxogamm TpeTboro 29 Ta vyetsepToro 31 pericTpis, a gpyri BXogu pasom 3
ApYyrMM BXO4OM YeTBepToro enemeHta | 34 nigknioveHi 4o Bmxogy komnapaTopa 33, BXig SKoro 3'egHaHui 3
BMXOOOM komyTatopa 15, nepwwun Bxig 4yeTBepToro enemeHta | 34 nigknioveHun Oo Buxody LpPYroro
uncpoBoro komnapaTtopa 32, nepwa Ta gpyra BXigHi UM@POBI LWIMHM SKOro 3'edHaHi, BiAnNoOBIAHO, 3
BUXIOHMMU UMpoBMMY LWIMHAMK TpeTboro 29 Ta 4yetBepToro 31 pericTpiB, BXigHi LUMMPOBI WNHM AKMX
nigknoYeHi 0o BMXIQHOT LUMAPOBOI WMHW APYroro niynnbHWKa 24, a Apyri BXOAM SIKMX pasoM 3 BXOAOM
dopmyBaya imnynbciB 35 Ta BXogom n'atoro perictpa 37 3'egHaHi 3 Buxogom enemeHta ABO 26, nepuun
BXid SIKOrO NiAKMIOYEHUA 0O BMXOQY TPETbOro nivymnbHuKa 25, neplumin BXig SIKOro 3'egHaHUn 3 BMXOLOM
APpYroro nidnnbHuKa 24, a Apyrun Bxia pasom 3 Apyrummn Bxogamu Apyroro nidnnbHuka 24 t1a enementa ABO
26 nigkntoveHi Jo Buxody n'atoro nivunbHuka 14, Buxig dopmysBaya imnynbcis 35 3'egHaHun 3 Opyrum
BXOJOM YeTBEPTOro NiynnbHUKa 36, NepLunin BXig SKOro NigknioveHn 0o Buxony YeTBepToro enemMeHTa | 34,
a BuXigHa uudpoBa WKNHA 3'egHaHa 3i BXigHOK LUMPOBOLO LWMHOK N'ATOro perictpa 37, BuxigHa undgposa
LWMHa SAKOro nigknioyeHa A0 BXigHOI LMpoBOI WKMHM UMEPOBOro iHAukaTopa 38, mepliunin BXxig Apyroro
niynnbHuka 24 3'egHaHUA 3 BMXOOOM nepLlioro enemeHTa | 4, Buxig Apyroro reHepatopa iMmnynecis 8
NigKNOYEH 40 BXOA4Y M'ATOro NiynnbHuKa 14.

3anponoHoBaHW MNpUCTPIN npautoe Tak. [pyu nogadi Hanpyrn >XuBMeHHA nepwwui 3 Ta gpyrmi 8
reHepaTtopu iMnynsciB NoOYNHaTL POopMyBaTH BIAMNOBIAHI MOCNIAOBHOCTI iMnynbCiB. MoTik iHppayepBoHOro
BUMPOMIHIOBaHHSA, SKMA CTBOPIOETLCH MOBEPXHEI poTopa rigporeHepatopa, WO 3HaXOAUTbCA Ha AesKin
BiACTaHi Big OMNTMYHOI CUCTEMW NPUCTPOID, MoTpannse 4epe3 0O0'ekTMB 1 Ha MiHIKKY N OKPeMUxX
iHcbpayepBOHUX ceHcopiB 2.1 - 2.n iHpayepBOHOro nNpuinmayda 2, posTalloBaHWX B3JOBX pagiyca poTtopa.
OueBugHo, Lo Npu obepTaHHi poTopa rigporeHepaTopa B KOXXEH MOMEHT 4acy B nore 30py iHppadepBOHOro
npuriMada 2 noTpannde nuwe dparMeHT NoBepxHi B34OBX papgiyca potopa. OTpumytoum dparmeHTu
TennoBoro 306paxeHHsi, MOXxHa NobyayBaTy TENMNOBUIA MOPTPET BCIEl NOBEPXHi poTopa rigporeHepartopa B
npoLeci noro poboTu.

Akwo poTop rigporeHepaTopa 3HaxXoOuUTbCS B HEPYXOMOMY CTaHi abo 1oro LwBuMAKICTb obepTaHHS
MEHLUA BiJ HOMiHANbHOI, TO Ha eKpaH BiAEOKOHTPONbHOro 6noka 18 TennoBe 306paXxeHHs1 NOBEPXHi poTopa
He BMBOAUTLCS. Lle 06yMOBNEHO HACTYMHUM.

CwvrHanu, WO HagxoAAaTb 3 BUXOAIB N OKpeMux iHppavyepBOHUX ceHcopiB 2.1 - 2.n iHpavyepBOHOro
npuiMada 2 Ha BXig Onoka komnapaTopiB 7, MepeTBOPKTLCA B LUGPOBY (hOpMy Ta 3anmcyroTbCsa MO
curHany noridHoi oaAuHWLI 3 BUXOAY Apyroro reHepartopa iMmnynbciB 8 B nepwwuin perictp 10, a no curHany
NOriYHOro Hyns, KM NepPeTBOPIETLCA B CMrHanN norivHoi oauHuui B enemeHTi HI 9, 3anucytoTbes B Apyrum
perictp 11. 3asHaumMmo, wo obugsa perictpy 10 Ta 11 MalOTb CUHXPOHHWUA NPSMUA OMHAMIYHUIA BXig i
CUrHamnm 3anucytoTbCs B HUX NO NepeaHbOMY (PpOHTY iMMNYNbCIB 3 BUXOQY OPYroro reHepatopa iMnynscis 8.
Akuwo Ha BuxoAdi nepLuoro UUgpPoBoro Komnapartopa 12 NPUCYTHIA CUrHanN NOriYHOro Hyn4g, TO Lie 3HayuTb,
wo B nepwomy 10 Ta gpyromy 11 perictpax umMdpoBi Koau He cniBnagalTb, a, OTXe, YacToTa CurHanis
Opyroro reHepartopa iMnynbciB 8 Bigpi3HAETbCA Big 4acToTM obepTaHHA poTopa rigporeHepaTopa, Lo
BM3HAYaETbCA KYTOBOK LUBWAKICTIO, pO3TallOBaHOrO MO pajiycy poTtopa, MiHiManbHOrMo cektopa MoBepXHi
poTtopa [, WO noTpannsie B norne 30py iHppayepBoHOro npuimadva 2. CurHam NoriyHoro Hyns 3 BUXogy
nepLUoro LMdgpoBoro kKoMnapatopa 12 nepesanncyeTbcs B nepwimni Tpurep 13 no iMnynbey, Wo 3'9BAseTbCs
Ha Buxogi copmyBada curHany 17 no 3agHbOMY (PPOHTY BUXIAHOMO iMMYNbCYy 3 APYroro reHeparopa
iMnynecie 8. BpaxoByoun Te, Wo B nepwomy Tpurepi 13 30epiraetbCsi curHamn fnoriYyHoro Hynsi, TO TEMSIOBUNA



NopTPEeT poTopa He IKCYETLCA.

OueBnaHO, WO Yy pasi cniBnagaHHs KyTOBOI LUBWAKOCTI MiHIManbHOro CeKkTtopa MOoBepxHi potopa [ 3
YaCTOTOK HaOXOMXKEHHS IMNYMNbCiB Apyroro reHepartopa imnynecis 8 B nepwwuin 10 Ta gpyrmin 11 perictpu
Oyae 3anucyBaTUCb OOUH i TOW Xe LnpoBUn Koa.

Axwo x wBuakictb 0bepTaHHa poTopa rigporeHepaTtopa CTa€ PiBHOK HOMiHANbHIN, TO Ha BUXO4j
nepLuoro LMcpoBoro komnapaTtopa 12 3'9BASETbCA CUrHAM JIOMYHOro Hyns, Ha NepLioMy BMUXOLi NepLloro
Tpurepa 13 3'9BNAETbCA CUrHan NOrivyHOI OAMHWLI, SKMA NoAAaeTbCsA Ha BXig nepworo enemeHTa | 4.
BHacnigok uboro iMnynbcu 3 BMXOAY MNEPLUOro reHepartopa iMnynbciB 3 yepe3 nepwmi enemeHt | 4
noyvHawTb Hagxooutn B ONOkM, 3a [OMOMOrol SKMX (POPMYETLCH TEMIOBMIW MNOPTPET Ha eKpaHi
BiJ€OKOHTpOsbHOro 6noka 18.

3anexHo Big HOMiHaNbHOI KyTOBOI LUBUAKOCTI 06epTaHHs » poTopa rigporeHepaTtopa BMOpaHa vactoTta
dopmMyBaHHs1 iMnynbCiB fi nepworo reHepatopa iMnyneciB 3, WO MOB'A3aHO cniBBigHOWEHHAM fi/n =
o/(2n'm), npe m=360°/f, B - MiHIMaNbHUA CEKTOpP MOBEPXHi poOTopa, WO MoTpannsie B Mnone 30py
iHbpayepBOHOro npuiMada 2, n - KoediuieHT AiNeHHs AinbHMKa 4acToTu 5, WO BiANOBIAAE KiNbKOCTI
OKpeMUX iHbpa4yepBOHMX CEHCOpIB iHbpadepBoHOro npurimada 2. Omke, 3 YactoTtoto fi/n, Npn HOMIHANbLHIN
LWBMAKOCTI obepTaHHA poTopa, Ha BUXO4i AiMbHWKA YacToTK 5 3'ABNAIOTLCS iMNYNbCK, AKMMU (PIKCYIOTLCH Y
OycepHomy pericTpi 6 Ha yac AT = n/fi enekTpuYHi curHany B aHanoroBoMy BUIMAAi 3 BUXOAIB N OKPEeMMX
iHppayepBOHUX CeHcopiB iHpavepBOHOro npuiMaya 2. AMNAiTyau LMx curHasnis NpPonopLinHi Temneparypi
enemMeHTapHuxX AiNgHoK noBepxHi ob'ekta (KiNbKiCTb Takmx ginaHok N=n-m). Komytatopom 15 3gincHi0eTbCS
34nUTyBaHHA iH(opmauii 3 BydepHoro perictpa 6 3 HacTynHUM 1i MEPETBOPEHHAM i3 napanenbHOro Buay
npeacTaBneHHs B nocnigosHuin. CHOpMOBaHMI TakuM YMHOM CUrHan 3 Buxody KomytaTtopa 15 HagxoguTb
Ha BXiZ BigeOKOHTponbHOro 6roka 18 i Ha Bxig Grnoka niaroToBkn gaHux 16, B IKOMy BiH NEPETBOPIOETLCH B
undcpoBy opmy Ta NPUBOAUTLCSA OO0 3py4HOro Buay anst nepegadi B EOM.

eHepaTop Hanpyrm 23, nepwuin 20 Ta gpyrmii 21 kepoBaHi nigcuntoBadi i 6ok nam'aTi 19 npusHadeHi
Anst popmMyBaHHS cuUrHarniB po3ropTky BiAeOoKOHTposibHoro 6noka 18. CurHan 4acrototo fi1, WO HagxoanTb Ha
BXiZl reHepaTopa Hanpyru 23, Ha BUXoi npunmae ctyniHdacty dopmy (MiCTUTb N CKNagoBuKX) i MOAaeTbes Ha
Bxoan nepworo 20 i gpyroro 21 kepoBaHMX nigcuntoBadiB, KoewmilieHT MigCUNEHHA SKUX 3adaeTbCs
BMXigHMMK curHanamm 6noka nam'ati 19. Mpu ubomy koediuieHTV nigcnneHHs nepworo 20 Ta gpyroro 21
KepoBaHUX NiACWMIOBaYiB 3a4aloTbCA Tak, WO Ha iX Buxogax dopMyloTbCA CUrHanu, NponopuinHi Ri-sing; Ta
Ri-cose; BignosigHo, ae Ri - pagiyc, ¢j - KyT KOOPAMHATW enemMeHTapHOI AiNsSHKM NOBEPXHi poTopa B MNONSAPHIN
cucTemi koopavHaT. Mpu LboMy i=0,n, j=0m.

Ha Bxig 6rnoka nam'arti 19 curHanu Hagxo4aThb 3 NEPLUOro NiYnnbHMKa 22, koedilieHT nepepaxyHKy siKoro
AopiBHI0E M. B pesynbTati Ha ekpaHi BigeOKOHTPONbHOro 6rioka 18 nNpu HasgBHOCTI ogHOro iHopMaLinHOro
CWrHany, OBOX CUrHarniB po3ropTku Ta CUrHany 3 BUxogy AifbHuKa 4actoTn 5 hopmMyeTbca 300paXkeHHs, Lo
BignoBsigae TennoBoMy NopTpeTy poTopa rigporeHeparopa.

OueBMaHO, WO, 3rigHO i3 3anpomnoHOBaHWM anropuTMOM, CKaHyBaHHS poTopa rigporeHepartopa
30INCHIOETLCA crnoYaTky B34OBX Aeskoro pagiyca Rj. Konu 3akiH4eHO ckaHyBaHHSA N TOYOK, LLO NexaTb Ha
pagiyci Rj, 30INCHIOETLCA CKaHyBaHHS N TOYOK, WO nexatb Ha pafgiyci Rj+1. Tak 3HaxoauTbcs KpyroBa
po3ropTka BCbOro TEMMOBOro 306paxeHHs poTopa rigporeHeparopa B NpoLeci noro poboTu.

laeHTndikalis BuTka oOMOTKM 3 MigBULLEHOK TemMnepaTypol poTopa rigporeHepaTopa 34iIMCHIOETHCS
Tak. Haragaemo, WO Ha BUXOAI AinNbHMKa 4acToTM 5 curHan 3'9ABMSETbCS KOXEH pas, KON 3akiH4YyeTbeCst
CKaHyBaHHS B3[0BX IiHINKN OKpeMux iHdppavyepBoHUX ceHcopiB 2.1 - 2.n. [1o KoxXHOMY iMNyrnbCy 3 BUXoady
AinbHWKa YacToTn 5 Apyruin Tpurep 27 KOXeH pa3 NnepeMmnKacTbecs 3 OOHOTO MOSMOXEHHS B iHLUE.

B nepioa, konn potop 06epTaeTbCA 3 HOMIHANBHOK LUBMAKICTIO, HA BMUXOAi nepworo enemeHTa | 4
BCTAHOBIIOETLCA MNOCAIQOBHICTL iIMNYNbCIB, sika (POPMYETbCA NEPLUMM reHepaTopoM iMMynbciB 3, i Ui
iMAYNbCU HAAXOAATb Ha NepLUniA BXid OPYroro nivynnbHWKa 24, BHAcnigoK Yoro Ha Moro BUXOi HapoLLyeTbCS
UnpoBUN KoL Bi HYNbLOBOMO 3HAYeHHA OO0 MakCMManbHOro, Lo BiANoBigae KiNbKOCTI OKpeMux
iHpayepBoHUX ceHcopiB 2.1 - 2.n. lNocnigoBHO 3a HWM BBIMKHEHWI TPETIN NiUYUNBHUK 25, KoediuieHT
OiNeHHsa siKoro BiAMNoBigae po3Mipy oAHOro nostoca oOMOTKM poTopa rigporeHepaTopa B NepepaxyHKy Ha
KiNbKICTb CEKTOPIB MOr0 CKaHyBaHHSI.

Axwio Ha BUXoai 0AHOro 3 oKpeMumx iHppavepBOHNX ceHcopiB 2.1 - 2.n 3'aBNAETLCA NigBULLIEHE 3HAYEHHSA
Hanpyrv, WO BignoBigae MigBULLEHIA TemnepaTypi doparMeHTy noBepxHi 0OMOTKM poTopa rigporeHepartopa,
TO Ha BUXofdi koMmnapaTopa 33 opMYETLCS IMNYNbC, AKMA NodaeTbes Ha apyrun 28 ta TpeTin 30 enemeHTn
|. 3anexHo Big NOMOXEHHS Apyroro Tpurepa 27 NOriYHUA curHan 3'aBnseTbca abo Ha nepomy, abo Ha
apyromy noro Buxogax. BHacnigok uboro uundposui kog, Wo Bignosigae Homepy iHppavyepBoOHOro ceHcopa
B MiHINLi 2 okpeMux iHpavepBOHUX CeHcopiB 2.1 - 2.n, 3 BUXo4y APYroro nidunbHuka 24 HagxXoOouTb Ha
Bxoau Tpetboro 29 ta vetBeptoro 31 perictpis. | konu nig gieto gpyroro Tpurepa 27 Ta komnapatopa 33
BiokpmBaeTbca apyrun 28 ta TpeTin 30 enemeHTu |, TO UMPOBUIA KoL 3 BMXOAY APYroro nivunbHuKka 24
3aHoCUTbCA B TpeTin 29 Ta 4deTBepTuin 31 perictpu. 3a3Hayumo, WO NpU BBIMKHEHHI MPUCTPOIO, KON B
TpeTboMy 29 Ta yeTBepTOMy 31 perictpax 3anucaHum HynbOBUW UMPOBUIA KOA, Mpu 3anucy LmndgpoBoro
Kogy 3 BuMXody Apyroro niduneHuka 24 B TpeTin 29 abo 4eTtBepTui 31 perictpy Ha BUXOAi OpYroro



undpoBoro koMmnapaTopa 32 NPUCYTHIN CUrHaN NOriYHOro Hyns.

Mpn ckaHyBaHHI HaCTYMHOro CeKTopa NOBEpPXHi Nonica poTopa rigporeHepatopa, To6TO, KONM TUM Xe
iH(bpayepBOHMM CEHCOPOM, LLO i B NonepeaHbOMY CKaHyBaHHi, (PikCyeTbCsa nigBulLleHa TemnepaTypa, To B
TpeTin 29 abo yeTtBepTun 31 perictpu (B TOW, B SAKOMY 3anMcaHWUi HynbOBUIA LUMGPOBUA KOAO) 3aHOCUTLCS
LMdPOBUIN KOA 3 BUXOAY APYroro nivunbHuKa 24, 9kMin cnisnagae 3 Kogom, 3anncaHuMm npy nonepeaHsomy
CKaHyBaHHi, i Ha Buxogdi Apyroro LMdpoBOro koMmnapatopa 32 3'\ABASETbCSA CUrHam, WO HagxoauTb Ha
nepwmin Bxig vyetseptoro enemeHta | 34. MNpu UbOMY Ha MOro APYroMy BXOAi NPUCYTHIA curHan 3 BuUxoay
KomnapaTtopa 33, BHACNigoOK YOro Ha nepLnin BXig 4eTBepToro nidnnbHuka 36 HagxoamTb iMMYNbC, KM
HapoLLYETLCA B HbOMY LMGPOBUIA KOA, WO CBigYMTb NPO HAsABHICTb MiABULLEHOI TeMnepaTtypu B CYCiOHIX
cekTopax B OAHOMY BUTKY Nnortoca 0BMOTKM poTopa rigporeHepaTopa.

Take ckaHyBaHHA Ta BignosigHa obpobka iHcdopMmaLii 34IMCHIOETECA HaA KOXHUM MNOMOCOM OBMOTKM
poTopa rigporeHepartopa npoTAroMm NoBHOro o6epTy poTopa rigporeHepartopa, BHACMQOK YOro ogHaKoBUIA
UMPOBUN KOA NEPIOAMYHO 3 BUXOOY APYroro nivurnbHuKa 24 3aHOCUTbCS NOYEProBO TO B TpeTin 29, To B
yetBepTun 31 perictpu (3a ymoBMW, WO iCHye obracTb NiABMLLEHOI TemnepaTtypu OAHOro BUTKa NOnoca
obmoTkm poTopa). MNicnsa 3aBepLUeHHsT CKaHYBaHHA OOHOMO MOMCY OOMOTKM Ha BUXOAI TPETbOro MivnMnbHUKa
25 3'aBnseTbes iMnynbe, aknum vyepes enemeHT ABO 26 obHynswoTbes TpeTin 29 Ta YeTBepTun 31 perictpu.
Linm >xe curHanom umdpoBun Kog 3 BUXOAY YeTBEPTOro nivnnbHnka 36 nepeHocuTbes B n'atum perictp 37 i
Mo 3aBepLUEHHIO iMNynbcy Ha Buxodi dopmyBaya iMnynbciB 35 3'9BMAETbCA CUrHamM, kMM OBHYNSIETbCS
yeTBEpPTUN NiYNNbHKK 36.

IMicnsa Uboro po3noYMHAETLCS CKaHYBaHHSA APYroro nontca obMoTkM poTopa rigporeHepartopa.

3ayBaxumo, Lo KoedilieHT AiNeHHs n'aToro niyMnbHUKa 14 BM3HAYaETLCA KiNbKICTIO iMNYNbCIB OpYroro
reHepatopa imnynecie 8, nepiog Skux BKIAgaeTbCA B MOBHMM 0bOepT poTopa rigporeHepatopa Ha
HOMIHarbHIN LWBMAKOCTI OOEpPTaHHA TakMM YMHOM, LLIO Ha BUXOAI N'ATOro NivunbHMKa 14 iMnynbc 3'sBnseTbCA
KOXXEeH pa3s, Konu 3aBepLUyeTbCA MOBHUI 00epT poTopa rigporeHepaTopa.

Mo 3aBeplleHHi ckaHyBaHHSA BCiX MomnciB 0bMOTKM poTopa rigporeHepaTopa Ha BWXOAI MN'ATOroO
niyvneHrka 14 3'9BRSETbCH iIMMYMNbC, SKMM OBHYNSETbCs Apyruin 24 Ta TpeTin 25 niYvnbHWKKM | Yepes
enemeHT ABO 26 obHynsitoTbes TpeTin 29 Ta YetBepTun 31 perictpu. Linm xe curHanom umdpoBuii kog 3
BMXOAY YEeTBEPTOro NivnnbHMKa 36 nepeHoCUTbCs B N'ATUIA pericTp 37 i N0 3aBEPLLEHHIO iMMYSbCY Ha BMXO4j
dopmyBaya imnynbeiB 35 3'9BNAETLCA CUrHan, SKMM OOHYNAETLCA YeTBEPTUIN NiYMIbHUK 36.

LincdppoBuin kog 3 Buxogy n'atoro perictpa 37 3aHOCUTBCA B LMAPOBUK iHOMKaTOp 38, Ha AKOMy
noyeproBo BigoOpaxaeTbCsl OOBXWHA ObOnacTi nigBWLLEHOI TemnepaTypy B3L4OBX OOHOMO BUTKA KOXHOMO
nontocy obmoOTKM poTopa rigporeHepaTopa, Wo i € curHanom ansg obcnyroBydoro nepcoHany LWoAo
MO>XIMBOCTI NOA4anbLUOI ekcnnyaTauil rigporeHepaTtopa.

Y pasi, konu nigBuLLeHy TemnepaTypy Mae Tinbku parMeHT i3onsuii BuTka nornoca OBMOTKM B
undpoBomMy iHaMkaTopi 38 hiKCyeTbCS YMCHO, WO NIATBEPOKYE BUHUKHEHHS NOKanbHOI obnacTi nigsuLLeHol
TemnepaTtypu.

Linkn ckaHyBaHHS NOBEPXHi poTopa rigporeHepaTopa NOBTOPHETHCA.

3a3HauMmo TakoX, L0 YacToTa iMMnynbCiB 3 APYroro reHepatopa iMnynbciB 8 cniBnagae 3 4acToTo
iMNynbciB, Wo GopMytoTbCHA Ha BUXOAi AinbHWKa 4acTtotTu 5. TpuBanicTb iMNynbCcy Ha BuxoAdi popMyBaya
cvrHanis 17 BnOMpaeTbCa CyTTEBO MEHLUOK TPUBANOCTI NiBNEPIOAY YacTOTM CUrHaniB Apyroro reHepartopa
iMnynecis 8.

Mopir cnpauboByBaHHSA koMNapaTopiB B 65oui komnapaTtopiB 7 BUOMpaeTbCsl OCHIAHUM LUSISIXOM.



; B
7
._:D 10 =F
e :b A 15
LK e IS
e o — D 1
A
') 11 :
i C
8 | i $ 2 13
G B 9 RG " 16
14 17
I y : @C ¢
» a0 EOM
M




