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KopucHa mopenb HanexuTb 00 Ge3KOHTakTHOI TepMOMETpil i Moxe OyTM BMKOpUCTaHa And
BUMIpIOBaHHA TemnepaTypu HepyxoMux ob'ekTiB abo 006'ekTiB, O 06epTaloTbCs, 30KpeMa MOTYXKHUX
enekTPUYHUX MaLLUuH.

Bigomnii npuctpinn ona 6e3koHTakTHOro BuMiptoBaHHs Temnepatypu (A.C. CPCP Ne 1563366, M.
kn. GO1K 13/08, G0O1J 5/28, 6ton. Ne 6, 1988), wo micTuTb 06'ekTUB, diadparmy, A3epkano, BUKOHaHe
Yy BUIMA4i BBirHYTOrO KOHyca 3 TMOBEpPXHEeH, WO BigoOpaxae MpPOMEHi CBITNIOBOro MOTOKY,
iHppavyepBOHUI MpuAMady, Wo siBnsie cobot uumniHap, Cekuil SIKoro € oKpeMuMu iHpavyepBOHUMMU
CeHcopamu, BUXOAM SKMX 3'edHaHi BiAMOBIAHO 3 BXiQHOK LWWHOW OydepHoro perictpa ©Onoka
nepeTBOpPeHHs1 iHopMaLii Ta 3 BXIQHOK LUMHOK MPUCTPOID CUMHXPOHI3auii Groka ynpaBniHHS i
CUHXPOHiI3aLlii, BUXig AKOro yepes kepoBaHWIN TaKTOBWUI reHepaTop Gnoka ynpasniHHSA i CUHXPOHi3aLii
nigkrodYeHnn 0o nepwioro BxoAay ©Onoka nigrotoBkn paHux ana sBedeHHss B EOM, pgo Bxoay
KoMyTaTopa n BXOAiB Ha oawH Buxig 6Gnoka nepeTBOpeHHsA iHdopMalii, A0 BXoAy reHepaTopa
Hanpyryn, WO 3MIHIETLCA CTyMiHYacTO, OMnoka BUMIPIOBaHHS, OO0 MepLloro Bxody kniouya 6roka
yrnpaBniHHA | CMHXPOHI3aLii Ta A0 BXoA4y AiNbHWKA 4acToTy Broka ynpaBniHHA i CMHXPOHi3aLii, BuXxig
SIKOro 3'egHaHM 3 NepLmnMm BXogom 0ydbepHoro perictpa 6rioka nepeTBopeHHs iHdopMallii, 3 nepmm
BXOZAOM BiJ€OKOHTPOJSTLHOIO NPUCTPOIO Brioka BUMIpPHOBaHHS Ta 3 MEpPLUMM BXOAOM NiynsbHUKa Broka
yrnpaBniHHA | CUHXPOHI3aUii, BUXi4 SIKOro MigKNioYeHWn 40 APYroro BXOAy Kntodva Oroka ynpaniHHS i
CUHXpPOHIi3auii, BuXig SKoro 3'egHaHWA 3i BXOLOM KPOKOBOrO [ABWryHa, Ban SKOro 3B's3aHuin 3
fdiadparmoto, BuxigHa wwuHa 6ydepHoro perictpa 6roka nepeTBOpPeHHs iHdopMaLii nigkntoyeHa oo
BXiAHOI LUMHM KOMyTaTopa N BXOAiB Ha OAWH BMXig Grnoka nepeTBOpPEHHs1 iHdopmauii, BUXig sIKoro
3'egHaHMi 3 gpyrum Bxogom Grioka migrotoBku gaHux angd BeegeHHs B EOM Ta 3 gpyrum BXogowm
BiJEOKOHTPONBLHOIO NPUCTPOIO Bnoka BMMIPIOBAHHSA, TPeTin i YeTBepTUA BXOAWM AKOro MigKNOYeHi
BiQNOBIOHO [0 BMXOAIB MEPLUOro i ApPYroro KepoBaHUX MigcuntoBadiB Gnoka BUMIPHOBaHHS, nepiui
BXOOW SAKMX 3'edHaHi 3 BUXOOOM reHepaTtopa Hanpyru, WO 3MIHIOETbCA CTyniH4acTo, 6noka
BMMIpIOBaHHS, a Apyri BXOAM MiAKMIOYEHi BigMOBIAHO [0 MEpLIoro i Apyroro BMXOAIB MOCTINHOro
3anaM'aTOBYIOYOro MpPUCTPOKD Orioka BMMIPIOBaHHA, BXigHa uudpoBa WMHa SAKoro 3'egHaHa 3
BUXIOAHOK UMMPOBOI LIMHOK fivnsibHUKA 6noka ynpaBniHHS i CMHXpOHi3auii, ApyrMi BXig siKoro
NigKITIOYEHNA 00 NEPLUOro BMXOAY NPUCTPOO ynpasniHHA Groka ynpaeniHHSA i CUHXPOHi3aLii, agpyrun
BUXiA SIKOrO 3'eQHaHUI 3i BXOOOM NPUCTPOI0 CUHXPOHI3aLii 6noka ynpaBniHHS | CMHXPOHIi3alii, a TpeTin
BMXiO NigknoyeHun o gpyroro Bxony OydepHoro perictpa 6roka nepeTBOpeHHs iHdopmallii, BMXig
6noka nigrotoBkn gaHnx ans seeaeHHs B EOM 3'egHaHui 3 konamu EOM.

[(ONoBHUM HeponiKoM A4aHOro NpUCTPoIo € Te, WO BiH He [03BOMsSE 34iMCHIOBaTU AOBroTpvsarne
CMOCTEPEXEHHA TEMMIOBOrO MnopTpeTa B MNEBHUMA MOMEHT 4acy AdiarHocTyBaHHa o006'ekta, LWo
obymoBneHO HeobXxigHicTio GaraTtopa3oBOro BMBEAEHHS OOHOMO i TOr0 X MacuMBY AaHWX Ons
BiATBOPEHHS TENMOBOro 306paXeHHsA Ha eKkpaHi BiAeOKOHTPONbHOro 6roka.

3a Hanbnwxuymm aHanor BubpaHO NPUCTPI ANA GE3KOHTaKTHOrO BMMIPKOBAHHA TemnepaTtypu
(MaTeHT Ykpainm Ne 19467, MK GO1K 13/00, 6ton. Ne 12, 2006), wo mictute ob6'ekTus, giacdparmy,
neplue Asepkano, BukoHaHe y surnagi W-koHyca, Ta gpyre Asepkano, BUKOHaHe y BUrnsadi BBirHyToro
KOHYCa 3 NOBEPXHSIMU, LLO NpU3HayeHi Ans BigbMBaHHSA MPOMEHIB CBITNIOBOro NoToKy, iHppa4YepBOHUN
npuimad, wWo sBnse cobotw Habip iHppayepBOHMX CEHCOPIB, PO3TALUOBaHMX OOWH 3a OOHUM,
npuiAManbHi NMoWankn SAKMX neprneHOaMKYnspHi FONoOBHIM OMTUYHIA OCi, BUXOAM iHPaAYEpPBOHUX
CeHcopiB 3'edHaHi BIgNOBIAHO 3 BXiOAHOW LWKWHO OydepHoro perictpa, BXigHOW LWMHOK 6roka
NMOPIBHSIHHA LWBWMAKOCTI Ta 3 BXiAHOIO LUMHOK NepeTBoptoBaya 4YactoTa-Hanpyra, opyrun Bxig nepLuoro
KOoMMnapaTtopa MigKMioYeHNn A0 3aranbHol LWWMHKU, a BUXih 3'€4HaHUN 3 NepLinuM BXOOOM reHepaTopa
Hanpyry, Wo 3MiHIOETLCA NiHIMHO, BUXiO NepeTBoploBaya Harnpyra-yactoTa nigkroyeHui o Bxoay
JinbHMKa 4YacToTu, BUXiO AKOro 3'egHaHMiA 3 nNeplnM BXOAOM KIitoya, BUXiO SKOro MigkmnovyeHun Oo
BXOOY KPOKOBOrO ABUryHa, Basn SIKOro 3B'd3aHui 3 giadparmoro, apyrun Bxig 6ydepHoro perictpa
3'eQHaHWIA 3 BMXOOOM [JiflbHUKa 4YacToTu, BUXigHa wnHa OydhepHoro perictpa nigknoveHa 4o BXigHOi
LWMHM KOMYTaTopa, BXig fKoro 3'eQHaHW 3 BMXOOOM MNepeTBOpiOBava Harnpyra-dyactoTa, a Buxig
NigKIoYeH 40 NepLioro BXoay BiaeokoHTponbHoro npuctpoto (BKI) Ta Ao neplioro Bxoay nepLuoro
aHanoro-umdgpoBoro nepetsoptoBada (AUM), BuxigHa uudpoBa wWmHa aKoro 3'egHaHa 3 BXiOHOM
UMdPOBOID  LUMHOK iHTepdeicHoro ©Onoka, BuXig $Koro nigknodeHwn papo kin EOM, Buxig
nepeTBoploBaya Hanpyra-4yactoTa 3'eqHaHui 3 apyrummn Bxogamu nepiuoro AL i BKIT Ta 3 Bxogamu
iHTepdencHoro 6noka i reHepaTopa Hanpyru, Wo 3MIHKETLCA CTYMIHYACTO, BUXIA, SIKOrO MigKMYEHU
00 nepLnx BxodiB NepLUoro i Apyroro Kepyrouux nigcunioBadis, Apyri BXoau sikux 3'€gHaHi BignosigHo
3 nepwum i ApyrMMm BuMxogamu MOCTiNHO 3anam'stoBytodoro npuctpoto (M3M1), a BMxoAn NigknioYeHi
BiANoBigHO A0 TpeTboro i YetsepToro Bxogis BKI, n'atnin Bxig skoro 3'egHaHuin 3 BUXOOOM AiflbHUKA
4YacToTW, BMXigHA LUMHA MivynnbHUKa (B NOOANbLLIOMY - MEPLUOro MivnibHUKA) NigKrodYeHa Ao nepLuoi
BXigHoOi wuHu M3M, BMXig nepeTBOptOBaYa YactoTa-Hanpyra 3'egHaHuiA 3 NepLUIMM BXOAOM MEPLUOro
KoMnapaTtopa, BUXig SKOro nigkniYeHnn o Bxody nepworo enemeHta HI, Buxig gkoro 3'egHaHuin 3
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OpyrMMm BXOOOM MepLlloro enemeHTta |, nepwwui BXig SKOro NiAKAYMEHWA 00 BuxXody ApYyroro
KOoMMnapartopa, OpyrMm BXig €KOro 3'egHaHWi 3 3aranbHOK LWMHOK, a neplun BXig pasom 3
aHanorosMM BXOAOM MEPLLOro eNeKTPOHHOro Krya MigknioYeHi 4o BUXOAY reHepaTopa Hanpyru, Lo
3MIHIOETbCA TNiHIMHO, OAPYrUIA BXi4 SIKOro 3'egHaHWA 3 BUXOOOM Onoka MOpiBHSHHS LUBWAKOCTI, BXig
SKOro, a Takox BXxig Onoka oOpobKM curHany MigkndeHi 4O BMXOAY MepeTBoptoBava Hanpyra-
yacToTa, BUXig AinbHWKa 4acToTK 3'€QHaHUI 3 NepLUIMM BXOAOM YeTBEPTOro eniemeHTa |, apyrmm Bxia
SIKOro MigKNYeHnn oo suxoady enemeHta I-HI, gpyrun Bxig sikoro pasom 3 BXOAOM APYroro enemMeHTa
HI Tta TpeTim BXxogom nepuworo enemeHTta | 3'egHaHi 3 BuxogoM 6noka 3anycky (B noganbLioMy -
nepworo 6noka 3anycky), Buxig apyroro enemexta HI 3'egHaHum 3 gpyrumy Bxogamu Tpurepa i
TpeTboro enemeHTa |, nepwnii BXig SIKOro pasom 3 nepLumMmMm Bxogom enemexTa I-HI ta gpyrum Bxogom
Apyroro enemeHTa | nigkntoyeHi 4o nepLUoro BUXo4y Tpurepa, Buxig apyroro enemeHTa | 3'egHaHuni 3
nepwumMm Bxogom OydepHoro perictpa, a nepwuni BXig MigKNIOYEeHMA [0 BUXOA4Y NepLUOro
KoMMnapartopa, Buxig nepuioro enemeHta | 3'egHaHun 3 nepwmm BXO4OM Tpurepa, neplini i apyrum
BMXOOW SIKOrO MiAKMIOYEHI BiAMOBIAHO A0 Kepykoumx BXOAIB MEPLUOro i ApYroro eneKkTPOHHUX KITHoYiB,
BMXOOM SKMX 3'€QHaHi 3 BXOAOM MepeTBOpioBava Hanpyra-4actoTa, BUXi4 [xXepena OnopHOi Hanpyru
NigKIIOYeHWA 00 aHanoroBoro Bxody APYroro erekTpoHHOro Knkwo4a, BUXig yeTBepToro enemeHTta |
3'eQHaHWIn 3 BXOAOM MNEPLUOro NiYniibHUKA, BUXi4 AKOro NigKNYEeHUNn 00 TPETbOro BXody TPeTboro
enemeHTa |, Buxig €koro 3'eAHaHM 3 OPYrMM BXOOOM KIltoda, Buxig Onoka obpobku curHany
nigkrodeHnii 4o Bxoay 6noka obuMcneHHs, BUXig sikoro 3'eaHaHui 3 Bxogom gpyroro AUIM, BuxigHa
uMdpoBa LUMHA SKOro MNigKnoyeHa oo Apyroi BxigHoi umdposoi wuHk M3, BxigHa wnHa 6ydepHoro
pericTpa 3'egHaHa 3 BXigHoOi WnHOI 6noka ob6pobkn curHany.

[(OnoBHMM HeAonikoM AaHOro MPUCTPOKD € Te, WO BiH HEe A03BONSE 3A4iIMCHIOBATM OOBroTpmusane
CMOCTEPEXEHHA TEMMOBOro MnopTpeTa B MNEBHUMA MOMEHT 4acy AdiarHocTyBaHHa o6'ekta, LWo
obymoBneHO HeobXxigHicTio GaraTtopa3oBOro BMBELAEHHS OOHOMO i TOrO X MacuBy [JaHux pAns
BiATBOPEHHS TENMOBOro 306paXeHHsA Ha eKkpaHi BiAeOKOHTPONbHOro 6roka.

B ocHoBy kopucHOI Mogeni MOCTaBfneHo 3afdady CTBOPEHHSA NPUCTPOID AN OE3KOHTaKTHOro
BMMIpIOBaHHA TeMnepaTtypu, B SKOMY 3a paxyHOK BBELEHHsi HOBUX ONOKIB Ta 3B'A3KIB MiXX HUMMK
3'ABMSAETBCS MOXIMBICTb 34iMCHIOBATN JOBroTpMBare CrnocTepexeHHs TEMnoBoro noptpeta ob'ekra B
NEeBHMI MOMEHT 4Yacy, WO [O03BONSAE NIABULLMTMA TOMYHICTb Bidyanisauil TennoBoro craHy ob'ekTa, a
OTXXe TOYHICTb pOBOTU MPUCTPOIO.

MocTaBneHa 3ajaya BUPIWYETLCA TWUM, WO B NPUCTPIN Ans GE3KOHTaKTHOro BMMIPHOBAHHS
TemnepaTypu, Wo MicTuTb 06'ekTuB, diadparmy, neplie Asepkano, BUKoHaHe y Burnagi W-koHyca, Ta
apyre [sepkano, BWKOHaHe Yy BUIMMsAi BBIrHYTOrO KOHyCa 3 MOBEPXHAMU, WO MpuU3Ha4veHi ans
BiAbMBaHHS MNPOMEHIB CBITMOBOrO MOTOKY, iH(bpavyepBOHUA npuMad, WO saBnde cobor Habip
iH(bpayepBOHUX CEHCOpIiB, pO3TallOBaHMX OOWH 3a OAHMM, nNpUUManbHi Nnowagkn  SKUX
nepneHAVKYnsApHi roNOBHIM ONTUYHIN OCi, N iHdpadYepBOHUX ceHcopiB, BydepHui perictp, 6ok
NMOPIBHSIHHA LUBMAKOCTI, NepPeTBOPIOBAY YacToTa-Hanpyra, ABa KOMnapatopu, reHepaTop Hanpyru, Lo
3MIHIOETBCA MiHIMHO, TpuUrep, nNepeTBOplOBaY Hanpyra-4actoTa, OiNlbHWMK 4acTOTM, KN4, KPOKOBUW
OBUTYH, KOMyTaTop, ABa aHanoro-uudpoBux nNepeTBopioBadi, Neplivn niYUnbHUK, iHTepdencHui
OnoK, BiAEOKOHTPOMbHWIA NPUCTPINA, reHepaTop Hanpyry, Wo 3MiHIOETbCA CTYMNiHYaCTO, ABA KepPYyHUmnx
nigcuntoBadi, NOCTIMHO 3anam'ATOBYOYMIA MPUCTPIN, Neplinin 6oK 3anycKy, ABa eNeKTPOHHUX KITHoui,
AXXepeno onopHoi Hanpyru, aBa enemMeHTn HI, yotupu enemeHTtun |, enemeHT I-HI, 6nok o6pobkn
curHany Ta 6nok obuyucreHHsi, Npu4oMy BuxoAM iHPaYEepBOHMX CEHCOpIB 3'€dHaHi BiAMOBIOHO 3
BXiQHO LWKMHOW BydepHoro perictpa, BXigHOK LWMHOK GMOKa NOPIBHAHHSA LUBMAKOCTI Ta 3 BXiAHOM
LUMHOKO MepeTBOplOBaYa 4YacToTa-Hanpyra, Apyrun BXig MepLioro komnapartopa nMigknioyYeHun [o
3aranbHOI WWWHW, @ BUXig 3'€dHaHui 3 NepLuvMM BXOAOM reHepaTopa Hanpyru, WO 3MiHIOETbCS MiHIHO,
BUXiO nepeTBOptOBaYa Hanpyra-yactota NiAKNIOYEHUW OO0 BXoAy AiflbHMKa 4acToTu, BUXig SKOro
3'eQHaHMI 3 NepwnM BXOAOM KNHYa, BUXiA SKOro NigknioYeHUn 00 BXOOY KPOKOBOro ABWUryHa, Bar
AIKOro 3B'A3aHUi 3 giadparmoto, opyrui Bxia OydepHoro perictpa 3'egHaHWMn 3 BMXOOOM [AinbHMKA
4YacToTu, BUXigHa WKnHa BydepHoro perictpa nMigknoyeHa A0 BXiAHOT LWUMHM KOMyTaTtopa, BXig SIKOro
3'eQHaHMI 3 BUXOOOM MNepeTBOplOBaYa Hampyra-yactoTa, a BuXig MigKnNioYeHUn OO nepLuoro Bxoay
nepworo AL, BuxigHa ungpoBsa WnHa [Koro 3'egHaHa 3 BXigHOH LIMPOBOIO LUNHOW iHTEpdENCHOIo
Onoka, Buxig sikoro nigknioveHnn go kin EOM, Buxig nepeTBoptoBaya Hanpyra-4yactota 3'€4HaHui 3
apyrumm Bxogamu nepworo ALIM i BKIM Ta 3 Bxogamu iHTepdelicHoro 6rnoka i reHepatopa Hanpyru,
WO 3MIHIOETBCH CTYNIHYacTO, BUXiA4 SKOro MigKNHYEeHUN [0 neplunx BXOAiB NepLlloro i Apyroro
Kepytoumx nigcunoBadie, Apyri BXOAW SKMX 3'eQHaHi BigMOBIAHO 3 nepwum i agpyrum Buxogamu N3N, a
BUXOAW MiOKNOYeEHi BiANoOBiAHO A0 TpeTboro i YeTsepTtoro BxoAdis BKI, n'atui BXig skoro 3'egHaHnn 3
BUXOAOM AiflbHUKA 4YacTOTW, BMXiAHA LUMHA NEepLloro fivyuribHMKa NigknioveHa A0 NepLuoi BXigHOI
wuHn T3M1, Bwxig nepeTBoptoBaya 4vacToTa-Hanpyra 3'eQHaHWA 3 MNEpPLMM BXOAOM MeEpLUOoro
KomMnapaTtopa, BUXig SKOro nigkniyYeHun o Bxoay nepluoro enemeHta HI, Buxig sikoro 3'egHaHun 3
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OpyrMMm BXOAOM Meplloro enemeHTta |, nepwwui BXig €KOro nigknyeHWA A0 BuUXody ApYroro
KOoMMnapartopa, OpyrMm BXig €KOro 3'egHaHWi 3 3aranbHOK LWMHOK, a neplun BXig pasom 3
aHanorosyMM BXOAOM MNEPLLOro eNeKTPOHHOro Krya MigknioYeHi 40 BUXOQY reHepaTopa Hanpyru, Lwo
3MIHIOETbCA NiHINHO, OPYrUA BXi4 SIKOro 3'e€QHaHWMA 3 BUXOAOM Orioka MOPIBHSAHHS LUBWAOKOCTI, BXiA
SKOro, a Takox BXxig Onoka oOpobKM curHany MigkndeHi 4O BMXOAY MepeTBoptoBava Hanpyra-
yacToTa, BUXig AinbHWKa YacToTK 3'€QHaHUI 3 NepPLUMM BXOL4OM YeTBEpToro enemMmeHTa |, gpyruin Bxig
SIKOro MigKNYeHnn oo suxoady enemeHta I-HI, gpyrun Bxig sikoro pasom 3 BXOAOM APYroro enemMeHTa
HI Tta TpeTtim BXxO4OM nepuloro enemeHTta | 3'egHaHi 3 BUMXO4OM Meplioro Oroka 3anycky, BuXia
apyroro enemenTta HI 3'egHaHun 3 gpyrumn Bxogamu Tpurepa i TpeTboro enemeHTa |, nepwwni Bxig
SIKOro pasom 3 nepwmnm BxogoM enementa |-HI Ta gpyrum Bxogom gpyroro enementa | nigknioveri 4o
nepLLoro BMxody Tpurepa, Buxig Apyroro enemeHta | 3'egHaHunm 3 nepwimm Bxogom OGydepHoro
pericTpa, a nepLumi BXig, NiaKNYeHUn 0o BUXo4y NepLIoro koMnapaTopa, BuXig nepLioro enemeHTa |
3'eQHaHMIA 3 NepLiMM BXOAOM Tpurepa, nepLinn i opyrui BUXoOuM SIKOro MNiAKMYeHi BignoBigHO A0
KEpyloUuMx BXOAiB MEpLUOro i APYroro €neKkTPOHHWUX KIK4iB, BUXOAM SKUX 3'€dHaHi 3 BXOAOM
nepeTeBopioBaya Harnpyra-4acrorta, BUXig OXepena onopHOI Hanpyrn MigknioYeHnn OO aHanorosoro
BXO4Y APYroro enekTpoHHOro Krnwou4a, BUXI4 4YeTBepToro enemeHTta | 3'egHaHuii 3 BXOOOM MepLUOro
nivunbHUKa, BUXiO SKOro MigKNIOYEHUN OO0 TPEeTboro BXoA4y TPeTboro enemeHTta |, Buxig sikoro
3'egHaHMA 3 OpyrMM BXOOOM Krtoda, Buxig 6noka oOpobku curHany nigkmodeHun go Bxody 6noka
obuncrneHHs, Buxig sikoro 3'egHaHui 3 Bxogom gpyroro AL, BuxigHa uMdpoBa LWIMHA SIKOFO
nigkrtodeHa go apyroi BxigHoi umdposoi wuHKu M3I1, BuxigHa wuHa 6ydepHoro perictpa 3'egHaHa 3
BXiAHOI WMHOK 6roka 0OpoOku curHany, 3rigHO 3 KOPWMCHOK MOAENno, BBeAEeHO Apyrun 6nok
3anycky, umdpo-aHanorosun nepetsoptoBay (LLAI), apyruin niumnbHuk Ta 6ydep AaHux, npuyomy
BuXig Agpyroro 6noka sanycky nigknoveHnin 4o Bxoay bydepa gaHux, BuxigHa umdposa WmrHa SKoro
3'egHaHa 3 BxigHow undposolo wwuHo LAM, Buxig Skoro nigknoyeHuWn [O neplioro Bxogy
BiJEOKOHTPOMNBbHOro MPUCTPOIO, BMXiAHa uUMdpoBa LUMHA APYroro niYvnbHUKa 3'€QHaHa 3 ApYrowo
BXiAHOK UMGPOBOIO LWMHOK Oydepa gaHux, neplua BXigHa uudpoBa LUMHA SKOro MigkroyveHa o
BUXigHOT undpoBoi wWwuHM nepworo AL, Bxig Apyroro nivmnbHWMKa 3'€egHaHUA 3 BUXOAOM
nepeTBoploBaya Harnpyra-4acrora.

MpucTpin anst 6€3KOHTaKTHOrO BMMIPIOBaHHA TeMMnepaTypyu MOSICHIOETLCA KPECTIEHHAM, Ha SIKOMY
300paxkeHa Moro CTpyKTypHa cxema.

Ha cxemi: 1 - o0'ekT kOHTpOMto; 2 - 06'exTMB; 3 - giadparma; 4 - nepwe a3epkano y surnagi W-
KOHYCa, NPSAIMOSTiHIVHI TBIPHI LLEeHTpanbHOI KOHYCHOI NMOBEPXHi 4.1 SKOro yTBOPIOKOTb KyT NPV BEpLUMHI
90°, a npAMONiHiNHI TBIPHI BOKOBOI KOHYCHOT NOBEPXHi 4.2 YTBOPIOKOTE KYT NPV BEPLUMHI, BinNbLIMA HixX
90°; 5 - gpyre Asepkano BWKOHaHe y BUIMsAAi BBIrHyTOro KoHyca; 6 - iHdpadyepBOHMI npuiiMad, Lo
MICTUTb N OKpeMux iHppavyepBOHNX ceHcopiB 6.1 - 6.n; 7 - KPOKOBUIA OBUrYH; 8 - B6NOK MOPIBHAHHS
LWBKAKOCTI; 9 - nepeTBOpIOBaY YactoTa-Hanpyra; 10 - nepwwun komnapatop; 11 - reHepaTop Hanpyru,
IO 3MiHIOETLCA MiHINHO; 12 - nepwwuii enemeHT HI; 13 - 6nok 3anycky; 14 - gpyruii enemeHT HI; 15 -
nepwun enemeHT I; 16 - gpyrun komnapatop; 17 - Tpurep; 18 - pxepeno onopHoi Hanpyru; 19, 20 -
nepLUnn i Apyrun enekTPoHHi KNioui; 21 - Apyru enemeHT |; 22 - nepeTBoOpioBaY Hanpyra-4yactoTa; 23
- 6ok 0bpobkm curHany; 24 - 6ydepHui perictp; 25 - komyTaTop; 26 - 4iNbHUK YacToTh; 27 - eNnemMeHT
I-HI; 28, 29 - TpeTin i yeTBepTUiA eneMeHTH |; 30 - kntoy; 31 - niunnbHKk; 32 - gpyrun ALIM; 33 - 6nok
o6umcneHHs; 34 - M3I1; 35 - reHepaTop Hanpyru, WO 3MIHIOETBCA CTyniHYacTo; 36, 37 - nepwwui i
Apyrun kepytodi nigcunioadi; 38 - BKIT; 39 - nepwwun AUT; 40 - gpyrui 6nok 3anycky; 41 - gpyruin
niunnbHuk; 42 - dydep ganux; 43 - LIAMT; 44 - iHTepdenicHuin Onok, npuyomy nepule asepkano 4,
BUKOHaHe y Burnagi W-koHyca, Ta gpyre Asepkano 5, BUKOHaHe y BUINAA4i BBIFHYTOro KOHyca,
npusHayeHi Ans BigbuBaHHA NPOMEHIB CBITNIOBOro MOTOKY, iHhpavyepBOHMI Npunmay 6 aBnsie coboto
Habip iHdpadepBOHUX ceHcopiB 6.1 - 6.n, po3TawloBaHWX OOWH 3@ OOHWM, MPUAMAanbHI MO aaKM
AKUX NepneHanKynapHi ronoBHIA ONTUYHINA OCi, BUXOAM iHppayepBOHMX ceHcopiB 6.1 - 6.n 3'egHaHi
BiAMNOBIQHO 3 BXiOHO LWMHOM BydepHoro perictpa 24, BXigHOK LUMHOK 611oKa NOPIBHAHHS LWBUAKOCTI
8 Ta 3 BXiAHOI LUMHOKW MepeTBopioBaYa YactoTa-Hanpyra 9, Apyrui Bxig neplioro komnapartopa 10
NigKIOYeHnA OO 3aranbHOI WWHW, a BUXi4 3'€4HaHMIi 3 NepLinm BXOAOM reHepartopa Hanpyru, Lo
3MiHIOETBCA MiHINHO, 11 BMXig NnepeTBOpOBaYa Hanpyra-yactota 22 nigknioveHun Ao Bxoay AinbHuKa
yacToTn 26, BUXig SIKOro 3'eqHaHUn 3 nepwmnm BxoaoMm kntova 30, BUXiA AKOro NigknoyeHnn 4o Bxoay
KPOKOBOrO ABWUryHa 7, Ban sIkoro 3B'sidaHuii 3 giacdparmoto 3, gpyrun Bxig G6ydepHoro perictpa 24
3'eQHaHWIA 3 BMXOOOM AiNbHMKA 4acToTu 26, BuxigHa wuHa OydepHoro perictpa 24 nigkniodeHa go
BXiAHOI LUMHKM KOMYTaTopa 25, BXig AKOro 3'eqHaHuin 3 BUXOO0M NepeTBOpoBaYva Hanpyra-4acrorta 22,
a BuXig nigkno4veHun oo nepworo sxogy nepworo AU 39, BuxigHa undpoBsa WnHa SKoro 3'egHaHa 3
BXiAHOK LMGPOBOK LUNHOM iHTepdencHoro 6noka 44, Buxig sikoro nigkntoveHun go kin EOM, suxig
nepeTBoploBaYva Hanpyra-yactoTta 22 3'egHaHunin 3 gpyrumm Bxogamum nepworo AL 39 i BKIT 38 Tta 3
BXogamm iHTepdgencHoro 6noka 44 i reHepaTopa Hanpyrv, WO 3MIHIETBCS CTyniHYacTo, 35, Buxia
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SIKOro NiAKMYeHUn Ao NepLunx BxoAis nepLuoro 36 i agpyroro 37 kepyrounx nigcunoBayis, Apyri BXoau
AKUX 3'eaHaHi BignosigHo 3 nepwwium i gpyrum Buxogamm M3M1 34, a Buxoam nigkntoYveHi BianoBsigHo Ao
TpeTboro i YetBepToro Bxoais BKI 38, n'atun Bxig sKOro 3'egHaHni 3 BUXOAOM AiflbHMKa 4YacToTu 26,
BMXiAHA LWWHA neploro nivyuMnbHuka 31 nigkniodeHa Ao nepuwoi BxigHoi wuHu TM3M 34, Buxig
nepeTBoploBava 4acTtoTa-Hanpyra 9 3'eqHaHUN 3 Neplinm BXOOOM nepLuoro komnapatopa 10, Buxig
SKOro nigknoveHnn o Bxoay nepworo enemeHta HI 12, Buxig sikoro 3'egHaHvi 3 ApyruM BXOAOM
nepworo enemeHta | 15, nepwuin BXig AKOro NigKNIOYEHUA OO0 BUXOAY ApYyroro komnapartopa 16,
ApYyrvi BXig SKoOro 3'edAHaHWin 3 3arasfibHOK LUMHOK, a Neplunin BXig pasoMm 3 aHanoroBUm BXOOOM
NnepLUoro enekTpoHHOro kro4da 19 nigkniodeHi OO BMXOAY reHepatopa Hanpyru, Lo 3MiHIETbCH
niHinHo, 11, opyruMn BXig sIKOro 3'eAHaHWA 3 BUXOAOM Gnoka MOpIBHAHHSA LWIBUAKOCTI 8, BXig sIKoro, a
Takox Bxig 6noka obpobku curHany 23 nigknoyeHi 4O BUXOAY NepeTBopioBada Hanpyra-dyacrora 22,
BUXi4 AiNbHMKa 4YacToTu 26 3'eAHaHMI 3 MepLnM BXOAOM YeTBepToro enemeHta | 29, apyrmi Bxia
AIKOro nigknioveHun Ao euxopy enemerta |-HI 27, gpyrun BXig sikoro pasom 3 BXOAOM [Apyroro
enemeHTa HIl 14 ta TpeTim Bxogom nepworo enemeHTta | 15 3'egHani 3 BUxogom nepuioro Groka
3anycky 13, Buxig gpyroro enemeHnta HI 14 3'egHaHui 3 gpyrumun Bxogamu Ttpurepa 17 i TpeTboro
enemeHTa | 28, nepwunin BXig sSikoro pasom 3 nepwum Bxogom enemerTa |-HI 27 Ta gpyrum Bxogom
apyroro enemeHTa 121 nigkniodeHi oo nepwioro suxody Tpurepa 17, Buxig gpyroro enemedta | 21
3'eQHaHMIA 3 neplimMM BxodoM GydepHoro perictpa 24, a nepwuin BXig NIAKMOYMEHUA OO0 BMXOAY
nepworo komnapatopa 10, Buxig nepworo enemenTa | 15 3'egHaHnin 3 nepwunm BXxoaom Tpurepa 17,
nepLunin i opyruin BUXoOu SIKOro nigkItoYeHi BignoBigHoO 40 Kepyrounx BxoaiB nepworo 19 i apyroro 20
€reKTPOHHMX KIIOYiB, BUXOON SKUX 3'€édHaHi 3 BXOAOM NepeTBOploBaya Hampyra-dactora 22, suxig
Axepena onopHoi Hanpyru 18 nigknioYeHnn 4O aHanoroBoro BXOAY APYroro eneKkTpoHHOro kntoya 20,
BuXig 4eTBepToro ernemeHta | 29 3'egHaHMn 3 BXOAOM nepworo nivunbHuka 31, BWXig SAKOro
NigKMioYeHnn 0o TpeTboro Bxoay TpeTboro enemeHTa | 28, Buxig akoro 3'egHaHui 3 gpyruM BXOOOM
kntova 30, Buxig 6noka obpobku curHany 23 nigknoveHnn o Bxopy Gnoka obumcneHHs 33, BuUXia
sKoro 3'egHaHuin 3 Bxogom gpyroro AL 32, BuxigHa umdpoBa LiMHA SIKOrO MigknoyeHa oo apyroi
BXigHOI umdposoi wuHu M3I1 34, BuxigHa wnHa GydepHoro perictpa 24 3'egHaHa 3 BXiQHOT LLUMHOK
©noka obpobku curHany 23, Buxig gpyroro 6rnoka 3anycky 40 nigkntodeHnii go Bxoay bydepa aaHmx
42, BuxigHa uudpoBa LUMHA SKOro 3'egHaHa 3 BXigHOW umdpoBol wuHow LAI 43, Buxig sikoro
NigKIoYeHU 0O NepLloro BXoay BiA€OKOHTPOMbHOro npuctpoto 38, BuxigHa undpoBa WuHa apyroro
niymnbHuka 41 3'egHaHa 3 gpyroto BXigHOW uudpoBoto WrHo Bydepa gaHux 42, neplia BXigHa
uucppoBa LWKMHa SKOro MigKMYeHa A0 BUXigHOT umdpoBoi wuHM nepworo AL 39, Bxig apyroro
niynnbHuka 41 3'egHaHniA 3 BUXO4OM NepeTBOpOBaYa Hanpyra-4yacrora 22.

3anponoHoBaHu nNpucTpii  npaule Tak. [loTik iHpayepBOHOr0O BUMNPOMIHIOBAHHS, LUO
CTBOPIOETLCSA MOBEPXHEK KOHTPONMbOBaHOro ob'ekta 1, WO 3HAXOOMTLCA Ha Aesikii BigCTaHi Big
ONTUYHOI CUCTEMM NPUCTPOID, MOTPAMMSE Ha OB'EKTUB 2, AKMIN NepeTBOPIOE MOro Y BUMPOMIHIOBAHHS 3
NPOMEHSAMM, NaparnenbHUMU roNOBHIN ONTUYHIN OCi.

[MepeTBOpEHMI TakMM YMHOM MOTIK Nagae Ha Aiadparmy 3, Aka NpUBOAUTBLCHA B PYX KPOKOBUM
aBuryHom 7. [iacbparma 3 siBnse cobor HEMpo30opuin OWUCK, B SIKOMY BUPI3aHO CEKTOP, YTBOPEHMWN
ABOMa NMPOMEHSAMU 3 KyTOM MK HUMW, PiBHUM MiHIManbHOMY KpOKy 0OepTaHHsi KpOKOBOro ABUryHa 7,
yacTtoTa obepTaHHA SKOro 3a4a€TbCA AINbHUKOM YacToTu 26. Takum YMHOM, Ha neplue A3epkano 4,
Lo BUKOHaHo Yy Burngaai W-koHyca, Ta Ha gpyre Asepkano 5, BUKOHaHe y BUrmnsgi BBIrHyTOro KoHyca 3
NMOBEPXHAMM, WO BiAOMBaOTb NPOMEHI, NOTPANMse Nuwe 4YacTuHa 306pakeHHs KOHTPOIIbOBAHOMo
o6'ekta 1. BvnpomiHioBaHHS, IO MPOMLINO Yepe3 CEeKTOpHuW OTBip Adiadparmu 3, MpuUAMaeTbCA
iHdpayepBoHMM Npunmadem 6. MNMpu ubomy Tennose 306paeHHA po3bMBaETbCA Ha N YaCTUH, KOXHa
3 AKUX NPUAMAETLCS OKPEMUM CEHCOpPOM 6;, Ae i=1,n. [Npn obepTaHHi giadparmu 3 HaBKOSO LIEHTPA,
AKMIA cniBnagae 3 rofioBHOK OMTUYHOK BiCCH, CKAHYETbCA Bce TensnoBe none ob'ekta KoHTpornto 1.
Mpy LbOMY pO3ropTka € He HenepepBHO, a OUCKPETHOK 3a pPaxyHOK BUKOPUCTAHHS KPOKOBOrO
ABuryHa 7. Lle gjae MoxnumBicTb oTpumaTty iHpopmaLito Npo TENMOBUI CTaH KOHTPONbOBaHOro 0b'ekTa
B 3pY4Hi Anst noganbLlioi o6pobku dopmi.

MpucTtpin mae Tpu pexumn poboTu. MNMepwnn pexxum pobOoTK 3aCTOCOBYETLCS MPU LOCHIMKEHHI
TEMMNEepaTYpPHUX MOMIB MOTY>XHUX CUMETPUYHUX BiOHOCHO LieHTpa OO0'eKTiB, L0 3HAaXOASTbCSA B CTaHi
CMOKO0, HanpuKnag CTaTopiB eNEeKTPUYHNX MaLLVH.

B uboMy BMNagky Ha BUXOAi NepeTBOpioBaya vactoTa-Hanpyra 9 3'9BNAETbCSA CUrHam foriYHoro
Hynsa, SKMA depes nepwwmn komnapatop 10 mocTtynae Ha nepwni BXig reHepaTtopa Hanpyru, Lo
3MiHIOETBCA MiHIMHO, 11. Tlpy UBOMY Ha WOro BMXOAi 3'ABNAETLCSA CUrHam JIOMYHOro Hyrns, KWW
HaaXxoauTb Ha MepLunin BXia Apyroro komnapaTtopa 16, Ha Buxofi 9koro opMyeTbCa CUrHan norivyHot
OQMHUL, KU HaaXoauTb Ha nepliunin Bxig neplioro enemeHTta | 15. Takox curHan noriYHOro Hyns
Hagxo4uTb Ha BXig nepuloro enemeHnTa HIl 12, Ha BMxo4i SIKOro 3'ABNSETLCA CMrHan norivyHoi oanHWUL,,
AKUA HAaAXOaUTb Ha ApYrun BXia nepioro enemeHTa | 15.
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Mpu nopadi curHany 3 nepworo 6rnoka 3anycky 13, Hanpuknag HaTUCKAHHAM KHOMKW, Ha MOro
BUXOZi 3'ABNAETLCA CUTHAN NOriYHOI OAMHULI, KU Yepes BiaKpUTUIA neplumi enemeHT | 15 nogaetbca
Ha nepwwun BXxig Tpurepa 17, Ha ApYyroMy BUXOZi SSKOro oOpMYETbCA CUrHan AOrMYHOI OguMHULI, SKURA
HagXoOMTb Ha Kepyruuin BXig Opyroro enekTpoHHoro kntoda 20 i Bigkpueae Knoro. MNpu ubomy 3
BUXOAY AXepena OnopHoi Hanpyrn 18 curHan Hanpyru Yyepes BigKpUTUN ApYruin enekTpoHHMUIA Kikod
20 nogaeTbCa Ha BXig NepeTBOpioBaya Hanpyra-4actota 22, Ha BUXO4i SKOro oopMyoTbCs iMMynbCu
3 yacToToto fg, SKi HaOXoa4ATb Ha BXig AiNbHUKA YacToTK 26, Wo Mae koedilieHT gineHHs n. Ha Buxogi
OCTaHHbOro POpPMYKTLCS IMMNYMbCHI CUTHaNMKM 3 4acToTo YepenyBaHHsa f, ski yepes ko4 30
noJatTbCsl Ha KPOKOBUN ABUrYH 7, YacToTa obepTaHHSA SIKOro BU3HAYaeTbCs hOpMynow o =2rx-m-f,

360°

ae m= , B - MiHiManbHM KyT NOBOPOTY, LIO YTBOPKETLCA MPU MOAadi OOHOrO Kepyruvoro
iMMyNbCy Ha KPOKOBMIA ABUryH 7. 3 TaAKOK X 4acTOTOK MNoyvMHae obepTtaTucsa giadparma 3, sika
MICTUTb OTBip Yy BuUMMsAAi cektopa. [lpu UbOMY 30IMCHIOETBCA KpyroBa poO3ropTka TensoBoro
300paXKeHHs1 HEepyxOMOro KOHTpOnboBaHoro ob'ekta 1. ENeKTpuuHi curHanu, amnnityam siKux
NponopuivHi TemnepaTypi eneMeHTapHuUX LinsHOK NoBepXxHi ob6'ekTa (KinbKiCTb Takmx AINSHOK MOXe
carath N=n-m), 3 BuxopfiB iHppayepBOHMUX CEHCOpIB iHpa4YepBOHOro nMpunMada 6 HagxoasTb Yy

. . . . . . 1
OydbepHun perictp 24, skuin 3anam'aToBye iHdopMmaLlilo B aHaNoroBoMy BUrnsdi Ha 4dac AT:?.

3anuc B b6ydepHuUin perictp 24 npoBOAUTLCA B MOMEHT HaOXOMXKEHHS1 CUrHany 3 BuMxody AinbHuka
yacToTn 26. KomyTtatopom 25 34iNCHIOETLCA 34MTyBaHHS iHopmauii 3 6ydepHoro perictpa 24 3
HaCTYMNHUM i NEPETBOPEHHAM i3 NapanenbHOro BMay NpeacTaBneHHs B NOCiLOBHUNA.

CdopmoBaHuin Takum YMHOM CUrHan 3 BUXOAy koMyTatopa 25 noTpannsie Ha Bxig nepiuoro AL
39, B gKkOMy BiH nepeTBopoeTbCA B LMdpoBy dopMy. 3 BUXOAY OCTAHHBOrO CUrHam noOgaeTbCst Ha
BXiQHY WKHY iHTepdencHoro 6noka 44, B SkOMy BiH MPMBOAUTBLCS OO0 3PYYHOro BUAY ANdA nepegadi B
EOM.

OpHouacHo noTik iHdopmauii 3 Buxogy komyTtaTtopa 25 HagxoauTb Takox B Bydep gaHux 42
yepes nepwwu AUM 39. Mg ynpaeniHHaMm pgpyroro nivunbHuka 41 iHdopmauid nocnigoBHO
po3miwyeTbca B Oydepi AaHmx 42 i yepes LIAI 43 nepeTBoploeTbcd B aHanorosy ¢opmy Ta
nogaetbces Ha Bxig BKI 38.

B uewn e yac curHan noridHOi ofuHWUI 3 BMXoZdy nepworo 6noka 3anycky 13 HagxoouTb Ha
apyruin Bxig enemenTa I-HI 27, Ha nepwui BXig SKOro nogaeTbCca cUrHan fnoriyHoro Hyns 3 nepLuoro
Buxoay Tpurepa. MNpu ubomy Ha Buxogdi enemeHTa I-HI 27 3'aBnaeTbca curHan noriyHol oguMHULI, SKUR
BigKkpuBae 4yeTBepTUi enemeHT | 29 Ang npoxoaXeHHs iMMNynbCiB 3 BUXOAY AiNbHUKa 4acToTu 26 Ha
BXiZl NepLIoro nivymnbHuka 31, SkM NOYMHAE BiApaxoByBaTU OCTaHHI.

eHepaTop Hampyrv, WO 3MIHIETLCA CTyniH4acto, 35, nepwwui 36 Ta gpyrmn 37 KepoBaHi
nigcuntoavi i M3l 34 npusHadeHi Ana dopmyBaHHA curHanis posropTkn BKI 38. CurHan yactoToto
fs, WO HagXxoanUTb Ha BXig reHepaTopa Hanpyruy, WO 3MIHKETbCA CTyMNiHYacTo, 35, Ha BUXxoAi npuimae
cTyniHyacty dopmy (MICTUTb N CKNagoBux) i nodaeTbcs Ha Bxogu nepworo 36 i gpyroro 37
KepoBaHuX nigcunioBadiB, KOeILiEHT MiACUNEHHSA AKUX 3agaeTbCs BUXigHMMK curHanamu N300 34.
Mpu uboMy KoedilieHTM nigcuneHHs nepworo 36 Ta gpyroro 37 kepoBaHUX NigcuoBaYiB 3a4al0TbCs
TakK, Lo Ha iX BuxoAax popMytoTbCsi cUrHanu, nponopuinHi R, -sine; Ta R;-coso; BiAnosiaHo, ae R;-

pagiyc, ¢; j - KYT KOOpAMHATU eneMeHTapHOI AiNsHKM MOBEpXHi KOHTponboBaHoro ob'ekta 1 B
nonsipHin cuctemi koopauHart. Mpu ubomy i=0,n, j=0,m.

Ha nepwy BxigHy wuHy T3l 34 curHanuM Hagxogsitb 3 nepworo nidvnbHuka 31, koeduiuieHT
nepepaxyHky €Kkoro AopiBHoe m. B pesynbtati Ha ekpadHi BKIM 38 npum HasBHOCTI ogHoro
iHbopMaUiiHOro curHany, OBOX CUrHaniB po3ropTkM Ta curHany 3 Buxofy AifnbHWKa 4actoTn 26
opMyeTbCA 300paXKeHHs, LLO BiAMNOBIAAE TENIOBOMY MOS0 KOHTPONboBaHoOro ob'ekra 1.

Y Bunagky, Konum HemMae MOXMMBOCTI CYMICTUTU OMTUYHY BiCb MPUCTPOIO Ta reOMETPUYHY BiCb
06'ekTa KOHTPOSO, TOBTO, KONN CNOCTEPEXEHHS MPOBOAMTLCA N, NEBHUM KYTOM A0 r€OMETPUYHOI OCi
KOHTpoOnboBaHoro ob'ekTa, MOro TEMroBUI MOPTPET CMNOTBOPHETLCS | Ha ekpaHi BKIM 38 3amicTb
TENMoBOro nopTpeTa, WO BiOMNOBIAAE KOHUEHTPUMYHMM Koram, Oyge 3'aBnstuck eninconogibHe
306paxeHHs. [1na komneHcauii Takoro CoTBOPEHHS NMPOMNOHYETLCS HACTYMHUIA MiAXiA.

Bigomo, o piBHSAHHSA eninca y [JekapToBi cucTeMi koopavHaTt Mae BUrnaa;

X2 y2

—2+—2 = 1, (1)

a- b

Oe X, y - ropusoHTanbHa i BepTuKanbHa OCi CUCTEMU KoopauHaTt, a, b - ropusoHTanbHa i

BepTuMKanbHa niBoci eninca signosigHo, npuyomy a=R, ge R - pagiyc kona KoHTponboBaHoro ob'ekTa.
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Mepeigemo y NonspHy cUCTEMY KoopaMHAT, BUKOPUCTAaBLLX (DOPMYIN:
X=Tr-C0SQ,

y=r-sing, (2)
ae r - "pagiyc" eninca, ¢ - KyT NOBOPOTY pagiyca r.
MigcTtaBumo (2) B (1) Ta oTpUMaeEmo BMpas:
o b-r-|cosq| @
b? —r?.sin’ @

OTxe, Tenep, maoun B Oyab-sIKMA MOMEHT Yacy napameTpu KyTa NoBOpOTY ¢ AdiacdparmMu, MeHLwy
niBBiCb eninca b Ta BigcTaHb Big UeHTpa eninca o noro kpato ("pagiyc” eninca), MOXHa BiAHOBUTU
peanbHWI pagiyc CnoTBOPEHOro Kona.

Lle peanizoBaHo B 65ioui 06pobkn curHany 23, siknii cpikcye KyT ¢, napaMeTpu b i r Ta nepeaae ix
B 6ok obuncneHHs 33, B skomy 3a hopmMynoto (3) BU3HaAYaAETLCS AIVICHWMIN padiyc CNOTBOPEHOrO Kona.

BuxigHuin curHan 6noka obumcneHHa 33 3a gonomoroto apyroro AL 32 nepeTBoptoeTbeca B
umdpoBMi kof i HaagxoauTb Ha Opyry BxigHy wwuHy M3 34, dopmMytoum NpyM LUbOMY CKOPUroBaHi
KoediuieHTn nigcnneHHsa nepworo 36 i gpyroro 37 kKepoBaHMX NiACUIOBAYIB, SKi BIiQHOBIOOTbL PO3MIp
300parkeHHs1 Npu noro BuBeaeHHi Ha BKIT 38.

Opyrn  pexum poboTM MPUCTPOD 3aCTOCOBYETLCA [ANS BUMIPIOBaHHS TEMNfoBOro nons
KOHTpOrnboBaHoro ob'ekra 1, Wwo obepTaeTbCs.

Mpu obepTaHHi KoHTpoNbOBaHOro ob'ekta 1 Ha BMXOA4I nepeTBOplOBaya 4vacTtoTa-Hanpyra 9
3'ABNSETLCA Hanpyra, sika HagxoAWTb Ha MepLunn BXig nepworo komnapartopa 10. Ha 1oro Buxogi
3'ABNSAETLCS CUrHam roriYyHOi OAuHWLI, SKUA HagXoAWTb Ha MepLini BXid4 reHepaTtopa Hanpyru, Lo
3MiHIOETBCA NiHIMHO, 11 | HA BUXOAI OCTAHHBOrO 3'ABNSETbCA Hanpyra. OgHOYacHO Ha BUXOAI NepLUOro
6noka 3anycky 13 NpPUCYTHIN curHan fnoriYHOro Hyns, kM Yepes apyrun enemeHt HI 14 BctaHoBnoe
Ha nepwomy Buxodi Tpurepa 17 curHan nOoriYHOl OAWMHMLI, SKUA MOAAETLCA Ha KEepyruuMn BXia
nepLloro enekTpoHHoro knoya 19 i BigkpuBae 1oro. pyM UbOMY 3HAYEHHSA Hanpyru 3 BuUXoay
reHepaTopa Hanpyru, L0 3MIHIOETBCS niHiINHO, 11 nogaeTbCa Ha BXi4 nepeTBopioBava Hanpyra-
yacToTa 22, Ha BUxogfi sikoro opMyoTbCs iMNYbCK 3 YacToToo fgi, AKi HAAXOAATb Ha BXig AiNbHMKA
yacTtoTu 26. OgHOYACHO CUrHan JoriYHOro Hymnsa 3 BUXoAy nepioro 6noka 3anycky 13 HagxoguTb Ha
apyruin Bxig enemenTa I-HI 27, Ha Buxodi SiKOro 3'aBNge€TbCa CUrHan rnorivHol oguMHULI, SK1in Bigkpueae
yeTBEpPTUN enemMeHT | 29, A03BONAIYM MPOXOAXKEHHS IMNYNbLCIB 3 BUXOAY AiNbHUKA YacToTu 26 Yepes
kntov 30 Ha kpokoBun AsuryH 7. MNMpu ubomy giadparma 3 noymHae obepraTucs i 3a Yac 3pOCTaHHSA
CuUrHany Ha BMXOAi reHepaTtopa Hanpyru, WO 3MIHIOETbCA MiHiMHO, 11, wBuakicTe obepTaHHsA
diacdparmmn 3 3piBHIOETBCA 3i LUBMAKICTIO 06epTaHHA KOHTpornboBaHoro ob'ekta 1. OueBmaHoO, LWO
Hanpyra Ha BuWXOAi NepeTBOploBaya 4vacToTa-Hanpyra 9 npoTAromM nepiogy PO3roHy KPOKOBOMO
ABUTYHa 7 3MEHLIYETbCA | B MOMEHT MOPIBHAHHA LWBMAKOCTEN obepTaHHsa Adiacdparmm 3 Ta
KOHTponboBaHoro ob'ekta 1 Hanpyra cTae piBHOW Hyno. [py UbOMY Ha BuxoAi nepLloro
komnapatopa 10 3'9BRSAETbCA CUrHaMN FMOrYHOro Hynsd, AKUM MPUMUHAETLCA Npouec HapoLlyBaHHSA
Hanpyrn Ha BUXOAi reHepaTopa Hanpyru, WO 3MIHIETbCS MiHiNHO, 11 i nepiog pO3roHy KPOKOBOMO
ABUryHa 7 Ha UbOMY 3aBepLUYETLCS.

OpHoyacHo 3 BMXody AinbHUKa YacTtoTu 26 curHan HaaxoauTb Ha BXid neplloro nidnnbHuka 31.
Ha Buxopgi octaHHbOro, Ae opMyeTbCA CUrHan NepeHocy i AKMN 3'€QHaHUn 3 ApYrMM BXOLOM Krova

. . . 1 . . 1 .
30 yepes TpeTih enemeHT | 28, dopmyloTbCs iMNynbCKM 3 nepiogom T i TpmBanicTio T AKi
m-:

HagxoaaTb Ha kntod 30 i 3akpuBaloTb NOTO.

Mpu LbOMY CKaHyBaHHsI KOHTPONbOBaHOro 06'ekTa 1, WO 006epTaETLCS, 3AINCHIOETLCA CMOYaTKy
B3OOBX Aeskoro pagiyca R;, kyT Mk BMOpaHuM HynboBuM Hanpsamom Ta R; gopiBHioe j-f. Komm
3iNCHEHO CKaHyBaHHA N TOYOK, LLIO NexaTb Ha pagiyci R, no curHany 3 nepLioro nivnneHukKa 31 Koy

. . . 1 5
30 mpunuHsae poboTy KpOKOBOro ABuWryHa 7 Ha nepio, WO Bignosigae T Mpn ubomy 3a uen 4vac

06'ekT KOHTpOMNo 1 MOBepTaeTbCs BigHOCHO Aiacdparmu 3 Ha KyT . PoboTa KpokoBOro ABuryHa 7
BiJHOBIIOETBCS | CKaHYBaHHS yXXe 3AINCHIOETbCA B3AOBX pagiyca Ry KyT MK BUOpaHUM HynbOBUM
HanpsiMom Ta R;.; cTae piBHUM (j+1)-B. BuBeaeHHs 306paxeHHs Ha BKI1 38 peanisyeTbcs aHanorivHo,
SK | B Mepwomy pexuMi pobotn npuctporo. Tak 34iMCHIOETLCA KPYyroBa po3ropTka BCbOro TEMIOBOro
300pakeHHs1 KOHTPONbOBAHOro 06'ekTa 1, Wo obepTaeTbCs.

TpeTin enemeHT | 28 B UbOMYy pexumi poboTM € BIOKPUTMM, OCKINIbKM HA APYrMn MOro BXif
NnofdaeTbCA CUrHamn norivyHoi oauHuUi 3 Buxody dpyroro enemedta HI 14, a Ha nepwun noro BXxig
HaOXOAMTb CUrHan NoriYHoi OAMHULI 3 NepLloro Buxoay Tpurepa 17.
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Y Bunagky, SKWO LWBUAKICTL obepTaHHA KOHTPONboBaHOro ob'ekta 1 3MeHLIUnacb, NPUCTPIN
TakoX Mpautoe KOpekTHO. MNpu LuboMy koA, 3 BMXiQHOI LWMHKU iHppaYyepBOHOro npuiMaya 6 HagxoauTb
Ha BXigHY LWKWHY 6noka MOpPIBHAHHA LWBWAKOCTI 8, Ha Moro BmMxodi (hOpMYETbCA CUrHam JOriYHOT
OAVHUL, KM MOAAETLCS Ha BXig reHepaTopa Hamnpyru, Wo 3MiHKETbCS MiHiNHO, 11. O4eBMAHO, WO Y
BMNaAKy 3MEHLLEHHS LIBUAKOCTI obepTaHHA KOHTpONboBaHOro ob'ekta 1, Ha BMXOA nepeTBoptoBaya
yacToTa-Hanpyra 9 3'ABMSETbLCA CUrHanm, sKMM 3abe3nevyeTbCs 3MEHLUEHHS Hamnpyrm Ha BUXOfi
reHepartopa Hanpyru, LWo 3MIHKETbCS MiHIMHO, 11, BHACNIAOK YOro LWBUAKICTL 06epTaHHS KPOKOBOMO
ABUTYHa 7 TaKoX 3MEHLLYETbCS i LWBNAKOCTI obepTaHHA giadparmmu 3 Ta KOHTpPONboBaHOro ob'ekra 1
3pIiBHIOOTLCA.

TpeTin pexnm poboTn NPUCTPOK BUKOPUCTOBYETLCS NPU BUMIPIOBaHHI TEMNOBOro Nonst ogHiei abo
N TOYOK KOHTpoOnboBaHoro ob'ekta 1, wWo obGepTaeTbCa HaBKOMNO CBOEI OCi, Hampuknag poTtopa
€NEKTPUYHOI MaLLVHN.

306paxeHHA N TOYOK KOHTponboBaHOro ob'ekta 1, WO 3HaAxXoOATbCA Ha OOHOMY pagiyci,
NPOEKTYETbCS Yepe3 cekTop Aiacdparmu 3, ska obepTaeTbCs 3 YAaCTOTOW, PIBHOK 4acToTi 0bepTaHHA
06'eKTa KOHTPOIO.

B ubomy Bunagky NpuCTpin Npawoe aHanoriYyHo Apyromy pexmmy, KPOKOBUIA ABUrYH 7 NPUBOANTL
B pyx Aiadparmy 3 3 KyTOBOK 4acTOTOH, LWIO BiAMOBIiAae KyTOBIA 4YacToTi obepTaHHs
KOHTpOnboBaHoro ob'ekta 1, sika BM3Ha4YaeTbCA NepeTBOploBaYeM vactoTa-Hanpyra 9, akui dopmye
BiANOBIOHUI cUrHanN 4N reHepaTtopa Hanpyru, Wo 3MIiHETbCA MiHinHO, 11.

HaHnii pexum poboTn 3OINCHIETLCA NPW MNogdadi curHany 3 nepworo ©6noka 3anycky 13,
Hanpwvknag, HaTUCKaHHAM KHOMKMK, HA BUXOAi OCTAaHHbOro POPMYETBCHA CUIHANM NOriYHOT OOMHULI, SKURA
yepes gpyrun enemeHt HI 14 y Burnsgi norivHOro Hyns HagxoAWTb Ha APYrM BXig4 TPETbOro
ernemeHTa | 28 i 3akpyBae Moro, He JO3BONSAYY NPY LIbOMY NPOXOMKEHHS CUrHany 3 BUXoA4y NepLuoro
niymneHuka 31 Ha gpyrvn Bxig kmtoda 30. OgHOoYacHO curHam forivyHOI OAMHMLI 3 BUXOAY NepLloro
6noka 3anycky 13 nogaetbca Ha apyrmi Bxig enementa |-HI 27, Ha nepwuin BXig sKoro nogaetbcs
CUrHan noriyHoi oanHuui 3 nepworo suxogy Tpurepa 17. lMNMpn uboMy Ha Buxoai enemenTta I-HI 27
3'ABNAETLCHA CUrHan moriYHoro Hyns, KU 3akpuBae YeTBepTUn enemeHT | 29, He [03BONSAYU
NPOXOAKEHHS IMMYNbCIB 3 BUXOAY AifIbHUKA YacToTh 26 Ha BXig nepLuoro nivnnsHuka 31. Mpu ubomy
UMdpoBMIA KOA 3 BMXIQHOT LWUMHM NepLuoro nivunbHMka 31 HagxoauTb Ha BXigHy wwuHy M3 34, akui
dopmye koediLlieHTV nigcuneHHsa nepiioro 36 i gpyroro 37 kepoBaHUX NiACWUNIOBAYIB TakUMK, LLO Ha
ekpaH BKI 38 BMBOAMTBCS CerMeHT 300paXKeHHs, Lo BiATBOPHETLCHA B3OOBX j-ro pafiyca Kpyrooi
pPO3ropTku, TO6TO 3QINCHIOETLCS BUBEAEHHS TENMOBOrO NOfsi N TOYOK KOHTPONbOBaHoOro ob'ekrta 1, wo
nexartb Ha OJHIN NPsIMIN (B O4HOMY CEKTOPI 3 KyTOM [3).

Cnig 3asHaunT, WO AOKM Ha BMXoAi neploro komnapatopa 10 MpUCYTHIA curHan noriYHol
oavHuui, To6TO WBmMakocTi obepTaHHA aiadparmm 3 Ta KOHTponboBaHoro ob'ekta 1 He 3piBHANUCS,
3anuc iHdopmalii B 6ydepHuin perictp 24 Ta ii BinobpaxeHHsa Ha BKIT 38 6nokyetbcs.

Haragaemo, wo noTik iHdhopmauii 3 Buxogy komyTtatopa 25 npo TennoBe 3o6paxeHHs 06'ekTa
HagxoauTb B Bydep gaHux 42 dyepes nepwwui AL 39 B umdposin copmi. Iig ynpasniHHAM gpyroro
niymnbHuka 41 iHcpopmauia nocnigoBHO po3miwyeTbea B Oydepi gaHnx 42. Po3mip Oydepa moxe
OyTKn pi3HMM, ane He MEHLUMM, HiXX A58 pO3MileHHS B HbOMY iHopMaLii Mpo TennoBe 306paXkeHHs
00'ekTa, WO OTPUMYETLCHA 3a oavH obepT diadparmu. B noganbwomy uew noTik iHdopmadii Yepes
LIA 43 nepeTBoploeTbCA B aHanorosy opmy Ta nogaetscs Ha Bxig BKIT 38.

Y Bunagky, Konv HeobXigHO BiACTEXUTUM ddparMeHT TEMSOBOro 300paXkEHHs, SIKMA MOXe MaTu
iHTepec ANs 0OOATKOBOro OOCIIMKEHHS, curHanom 3 apyroro 6noka 3anycky 40 ©ycdep gaHux 42
NepeBOAMTBLCS B PEXMM MOBTOPHOrO HEMEPEPBHOr0 34MTYBaHHSA 3anucaHoi B HbOMY iHdopmalii 3
noganbLluunm ii BuBeaeHHAM Yeped LIAT 43 Ha Bxig BKI1 38. Llen npouec npogoBxyeTbca 4O TMX Mip,
MOKWN aKTVBHUM € CUrHan 3 BUXoAy Apyroro 6rnoka 3anycky 40.

®OPMYIJIA KOPUCHOI MOLENI

MpucTpin gna 6e3KOHTaKTHOrO BUMIPHOBaHHS TeMMepaTypu, LWo MiCTUTb 06'ekTuB, diadparmy, neplie
A3epkarno, BukoHaHe y surnagi W-koHyca, Ta gpyre Asepkano, BUKOHaHe Yy BUrMsi BBIrHYTOro KoHyca
3 MOBEPXHSIMM, WO NpuU3HaYeHi Ans BiAOWBaHHS NPOMEHIB CBITNOBOrO MOTOKY, iH(PaYepBOHUN
npunmad, Wo sBnse cobot Habip iHppa4vepBOHMX CeEHCOpiB, PO3TalIOBaHUX OOWH 3a OAHUM,
npuAManbHi NAoWaaku SKMX NepneHAMKYNspHi rOfOBHIN OMNTUMYHIN OCi, h iHpadYepBOHNX CEHCOPIB,
OydepHun perictp, 6MoK NOPIBHAHHS LUBMAKOCTI, MEepeTBOpoBaY YactoTa-Hanpyra, ABa komnapaTtopu,
reHepatop Hanpyru, WO 3MIHIOETbCA iHINHO, Tpurep, NepeTBoploBadY Hanpyra-4acrtoTta, AiNbHUK
4acTOTU, KIOY, KPOKOBWUWA ABWUIYH, KOMYTaTop, ABa aHanoro-uumdpoBux nNepeTBOoploBayi, nepLini
NiYNNBbHKYK, iHTepdencHMIA BNOoK, BiQEOKOHTPOSbHUIA MPUCTPIA, reHepaTop Hamnpyru, WO 3MIHIETLCS
CTYMiHYaCTO, [OBa Kepyrumx MigcunoBadi, MOCTIMHO 3anam'dTOBYOYMI MPUCTPIA, neplumi 6ok
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3anycky, iBa eNeKTPOHHUX KModi, J)Kepeno OnopHoi Hanpyru, Aea enemeHTu HI, yotupm enemenTu |,
enemeHT |-HI, 6nok 0o6pobku curHany Ta 6noK 0BYUCNEHHS, NPUYOMY BUXOOU iHPPAYEPBOHUX
CeHcopiB 3'eQHaHi BIiAMOBIAHO 3 BXiAHOK LUMHOKW Oyd)epHOro perictpa, BXigHOW LWMHOK 6Grioka
NOPIBHAAHHA LWBWAKOCTI Ta 3 BXiAHOI LUMHOK NepeTBopioBaya YactoTa-Hanpyra, Apyrun BXig nepLuoro
KomMnapaTtopa NigkniovYeHnin 4o 3aranbHOoi LWWHKW, a BUXig 3'€eAHaHU 3 nepnM BXOAOM reHepaTopa
Hanpyru, WO 3MIHIOETBCA NiHIMHO, BUXiO NepeTBOpoBaya Hanpyra-4yactota MigkniovYeHnn 0o Bxoay
AinbHMKa 4acToTK, BUXiO AKOro 3'egHaHMi 3 nNeplirMM BXOOOM Krko4a, BUXig SIKOro MigKmyYeHun ao
BXOOY KPOKOBOro ABWUryHa, Ban SIKOro 3B'd3aHui 3 giadparmoro, opyrun Bxig GydepHoro perictpa
3'eQHaHWIA 3 BUXOOOM [JiflbHUKa YacToTu, BUXigHa wnHa BydepHoro perictpa nigknioyeHa 4o BXigHOi
LWMHM KOMYTaTopa, BXig SKOro 3'egHaHWin 3 BMXOOOM MepeTBOpOBava Hanpyra-4actoTa, a Buxig
NigKIOYeHNA OO NepLIoro Bxody MepLioro aHanoro-uMdpoBoro nepeTsoproBada, BuxigHa undposa
LNHa siKoro 3'egHaHa 3 BXigHOK LMAPOBOIO LWMHOW iHTepdencHoro 6noka, BMXig SIKOro nigknioyeHnn
po kin EOM, Buxig nepeTBoptoBaya Hanpyra-dyactota 3'€QHaHUn 3 ApPYrMMU BXOA4amu MepLioro
aHanoro-umdpoBoro nepeTeBoptoBava i Big€OKOHTPOSIbLHOMO NMPUCTPOIO Ta 3 BXOA4aMu iHTepdencHoro
Onoka i reHepaTtopa Hanpyru, WO 3MIHIOETbCA CTYMIHYACTO, BUXiA4 SKOro MIAKMOYEHUA OO0 NepLUmX
BXOAiB NEpLUOro i 4pyroro Kepy4umx nigcunoBadis, apyri BXoAn Skux 3'€gHaHi BignosigHO 3 NepLinMm i
ApyrMMm BMXO4aMu MOCTIMHO 3anam'siTOBYHOYOro MPUCTPOID, a BMXOAW MiAKMo4veHi BignosigHO Ao
TPETbOro i YeTBEPTOro BXOAIB BiAEOKOHTPOSBLHOIO NPUCTPOLO, N'ATUI BXig SIKOro 3'€gHaHui 3 BUXO40M
AinbHMKa 4acToTW, BuMXigHA LWWHA NEepworo niYnnbHUKA NigkniodeHa A0 nepuloi BXiQHOT LUMHU
NOCTINHO 3anam'siTOBYOHOro NPUCTPOI0, BUXiL NepeTBOpOBaYa YactoTa-Hanpyra 3'eaHaHnin 3 nepLumnm
BXOOOM MEPLLOro koMnapaTopa, BUXig siKOro niakmoyeHun o Bxody neplioro enementa Hi, Buxig
AKOro 3'egHaHWi 3 ApYrMM BXOOOM NEPLUOro enemeHTa |, nepwnin Bxig SKOro nigknoyYeHn o BUXOAY
ApYyroro KoMmnaparopa, Opyrii BXig SIKOro 3'€4HaHui 3 3aranbHO LUMHOK, a MepLIMn BXi4 pa3om 3
aHanoroByMM BXOLOM MEPLLOro €MeKTPOHHOro Krto4a MigKnioYveHi 4O BUXOAY reHepaTtopa Hanpyru, Lo
3MIHIOETBCA NIHIMHO, OAPYrUIA BXi4 SKOro 3'egHaHuii 3 BUXOAOM Oroka MOPIiBHSAHHS LUBWAOKOCTI, BXiA
SIKOro, a Takox BXig Onoka oOpobKM curHany MigkndeHi OO BMXOAY MepeTBoptoBava Hanpyra-
yacToTa, BUXig AinbHWKa 4acToTK 3'€QHaHUIN 3 NepLUIMM BXOO4OM YETBEpPTOro eniemeHTa |, apyrun Bxia
SIKOro MigKNYeHnn oo suxoady enemeHta I-HI, gpyruin Bxig sikoro pasom 3 BXOAOM APYroro enemMeHTa
HI ta TpeTtiMm BXxOgOM nepuloro enemeHTta | 3'egHaHi 3 BUMXO4OM MepLlioro Grioka 3anycky, BuXia
apyroro enemeHTta HI 3'egHaHunin 3 gpyrummn Bxogamm Tpurepa i TpeTboro enemeHta |, nepwwuin Bxig
SIKOro pasoM 3 nepnm BxogoM enementa I-HIl Ta apyrum Bxogom apyroro enemeHTa | nigkniodeHi o
nepLioro BMXoAy Tpurepa, Buxig Apyroro ernemeHTta | 3'egHaHui 3 nepwmMm BXOAOM OGydepHOro
pericTpa, a nepLuMi BXig NigKNoYeHUn OO0 BUXOAY NepLUoro Komnaparopa, BUxif nepLioro enemexTa |
3'eAHaHW 3 nepLiMM BXOAOM Tpurepa, neplunn i Apyrui BMXoOmM SKOro NigkKroYeHi BignosigHO A0
Kepytoumx BXOAiB MEepLIOro i ApYyroro eneKkTPOHHWX KNo4iB, BUXOAUM SKUX 3'€dHaHi 3 BXOAOM
nepeTBoOploBaYa Harnpyra-4acrtoTta, BUXig Oepena OnopHOi Hampyrn MigkMoYeHUn 0O aHarnoroBoro
BXOAY OpPYroro enekTpoHHOro Knioya, BuXig 4etBepToro enemeHta | 3'egHaHuii 3 BXOAOM MepLUOro
niynnbHWKa, BUXiO SKOro MiOKMHOYEHUM OO TPeTboro Bxody TpeTboro enemeHTta |, Buxig skoro
3'egHaHMA 3 OpyrMM BXOOOM Krtouda, Buxig 6noka oOpobku curHany nigknodeHun go Bxody 6noka
0BYMCNEHHS, BUXIf SIKOTO 3'€4HaHUIM 3 BXOOOM OPYroro aHanoro-LndpoBoro nepeTsopoBaya, BUXigHa
umdpoBa LWKHa AKOro nigknioveHa 0o Apyroi BXigHOT LMPOBOI LWNHW NOCTIMHO 3anam'aTOBYYOro
NpucTpoto, BUXiaHa WmHa GydepHoro perictpa 3'egHaHa 3 BXigHOI WWHO 6noka obpobku curHany,
AKAA BiAPIi3HAETbCA TVM, WO B HbLOrO BBEAEHO ApYyruin ONOK 3anycky, UMdpO-aHanorosui
nepeTBOpioBaY, APYruin nivyvMnbHUK Ta Oydep AaHux, Npu4oMy BUXig Apyroro 6Groka 3amycky
nigkrtodeHnii 4o Bxoay bydepa gaHmx, BuxigHa umdpoBa LWnHa sSKoro 3'egHaHa 3 BXigHO LndpoBoto
LUMHOK UMppO-aHanoroBoro nepeTsopioBava, BUXiO SKOro MiOKMYEHUW [0 nepuoro Bxoay
BiJEOKOHTPOSIbHOrO MPUCTPOIO, BUXiOHA LMdPOBa LWMHA APYroro nidnnbHUKa 3'€dHaHa 3 Opyroro
BXiQHOK LMMPOBOIO LUNHOK Oydepa gaHux, neplia BxigHa uudpoBa LIMHA AKOrO MigKMYeHa Oo
BUXiAHOI UMPOBOI LLMHU MepLIoro aHanoro-undgpoBoro nepeTsoproBaya, BXig APYroro nivnnbHUKa
3'eQHaHWI 3 BUXOOOM NepeTBOploBaYa Hamnpyra-yacTtoTa.
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