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MOXWJICHUM TMOBITPSHUM 3a30poM. Po3po06iieH0 MakeT ceHcopa JIOILy i3 MOXUINM
MOBITPSHUM 3a30pOM, KYT SIKOTO CTaHOBUTH 6°. Po3poOisieHo anroputm oOpoOKu
CUTHaNy, SIKUWA HaaxoauTh Ha (otomion. IlpoBeaeHO AOCTIIKEHHS OCHUIOrpamM
CUTHaJIIB Oe3Mocepe/IHbO Ha TepejaBadl Ta mpuitMadl sk 0e3 oOpoOKH Tak 1 MiCIs
nu(ppoBoi 0OpOOKM CUTHAJIy HpH Pi3HIA KIIBKOCTI KpAalIMH BOJY HA CEHCODI.
HaBeneHo 1HCTPYKIlli CTOCOBHO TEXHIKM O€3MEKH MPU JOCHTIIKEHHI E€JIEKTPUUYHUX
CUTHaIIB 13 ceHcopa aoury. [lopaxoBaHo BapTicTh BUPOOHUITBA CEHCOpPA JIOILY 3

HaXWJICHUM HOBiTpHHI/IM 3a30pOM.

Puc. 21, 616miorp. mxepen 24
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BCTYII

Po3pobka cuctemMu aBTOMAaTHYHOTO BBIMKHEHHSI JIBIDHUKIB aBTOMOOLIS €
BKJIMBOIO 3a/1aueto Il 3a0e3nedeHHs 0e3neku Ta KoM(opTy BOJIS Mid Yac JOILy
abo cuiromany. Llsg cucrema n03BONSIE aBTOMOOLTIO CaMOCTIHHO BU3HAYATH, KOJH
HEOOX1/THO BKJIIOYMTHU ABIPHUKH, 30€piralouu Mpu LbOMY Yac Ta eHepriio Boxis [1].
Y nmanit  kBamidikamiiHiA  poOOTI MH TMPOMNOHYEMO PO3POOUTH CHCTEMY
aBTOMATUYHOTO BBIMKHEHHS JBIPHUKIB, 10 Oyje OazyBaTHCSA Ha CEHCOpax JOILy Ta
ocBiTiieHHs. CucTeMa MOBUHHA BKJIIOYATUCS aBTOMATUYHO, KOJIM JOIIOBI Kparuii
MOTPAIUISIIOTh Ha CKJIO aBTOMOOLIS, a TaKOX CHCTEMa Ma€ MaTh MOKIIMBICTh
PYYHOTO KepyBaHH, 1100 BO/I MIr BBIMKHYTHU JBIPHUKH BPY4HY 3a HEOOXITHOCTI

Ta IPU HECTIPABHOCT1 CEHCOpa JI0IIlY, B pa3i HOro BIIMOBH.

VY mpotieci po3poOKU cUCTEMH OYTyTh BUKOPUCTOBYBATUCH CyYaCHI TEXHOJOTI1
IIpOrpamMyBaHHS, a TAKO)X CEHCOpH JOIIy Ta OCBITJIEHHS. [ gemMoHcTparliii podotu
cucteMu Oyae BUKOPHCTAHO MPOTOTHII, IO OyzAe AOCTIIKYBAaTUCh B JJaOOPATOPHUX
yMmoBax. Pe3ynbpTaToM mpoekty O0yae po3poOka (PyHKI[IOHYIOUOi CUCTEMH, IO MOKE
OyTH BUKOpHUCTAaHAa Ha pealbHOMY aBTOMOOLTl. MeTor paHoi poboTH €
3a0be3reueHHs] Oe3neku Ta KoMpOpTy BOJIS MiJ 4Yac MOTOJHUX YMOB, a TaKOX
NIJBUILIEHHSI €()EKTUBHOCTI BHUKOPUCTAaHHS pecypciB aBTOMoOUIs. B pesynbrarti
pPO3pOOKM CUCTEMH  aBTOMAaTUYHOTO BBIMKHEHHS [IBIDHUKIB aBTOMOOLIS Oyne
JOCSTHYTO TIOEJHAHHS TEXHIYHOTO Tporpecy Ta Oe3meku Ha JI0po3i, M0 €
OCHOBHHMM 3aBJIaHHSIM CY4YaCHOTO aBTOMOOUIbHOTO TpaHcropty. [lopsa 13 1mum
3alpPOIIOHOBAHMI CEHCOP IOy MTOBHHEH MaTH BITHOCHO MPOCTY OYAOBY, HEBHCOKY
BapTICTh BUTOTOBJICHHS Ta MOJKJIMBICTh BCTAHOBJICHHS TPAKTUYHO Ha OYIb-SKUN

aBTOMOOLTb, IKMI HE OCHAIIIEHO JAHOTO TUITY CEHCOPOM.



1 ICHYIOUYI TUIIN CEHCOPIB 1011y

1.1 Twunu ceHcopiB aoury

B naHuii yac yacTka €JIEKTPOHIKM B aBTOMOOLISX Ma€ TEHJCHINI 0
MOCTIHHOTO 30UIBLICHHS, 1 CEHCOp [IOIly € OJHUM 3 TaKuX eJIEKTPOHHHX
KOMIIOHEHTIB B aBToM0OWTI [2]. CeHcop AomTy B aBTOMOOILII BUKOPHCTOBYETHCS IS
aBTOMATUYHOIO BBIMKHEHHSI CKJIOOYMCHHUKA Yy pa3l BHUSIBJICHHS JOILy Ha JOOOBOMY
CKJI1 Ta HaJl HUM. YHCIIeHHI 1/1e1 Ta KOHLEMIII1 II[0JI0 CeHcopa AOIy Ha J000BOMY CKIJIi
OyJIx 3aIpOIIOHOBAHI 3T1JIHO MIPUHIKITY J1i: MexaH14H1 [3], akycTudHi [4], pe3ucTUBHI
[5, 6], emHuicHi [7], 0OpoOKka onTHUHOTO 300paxkeHHs [8, 9],

MikpoxBmwiboBi [10] Ta onroenexkrponHi [11, 12, 13] cencopu nomry; oJHaK
Taki mpoOJIeMH, SK JIHIAHICTb, YYTJIUBICTh, IEPEIIKOIU, HECIPaBHICTh, 30HA
YYTIUBOCTI Ta CTPYKTYpHa CKIAJHICTh, OOMEXWIM IX 3aCTOCYyBaHHSA [0
TpaHCHIOPTHOTO 3aco0y. Lle Oyno MoB’s3aHO 3 BUMAJAKOBOIO MPHUPOOI0 JOILY, SKa
BractuBa piguHi [14]. OgHak mpu 1IbOMy HEOOXITHHMM € aJeKBaTHA Mpoleaypa
BU3HAUYCHHS JIIHIMHOCTI 1HTEHCUBHOCTI JONIY JUIsl Jiana3oHy, B SIKOMY CHCTEMa
MOBMHHA BU3HAYaTH MOMEHT BBIMKHEHHS MPOTUPAHHS JIOOOBOTO CKJIa JJI 3pYYHOCTI
BoiHHs. Cepes 3BUYAMHMX KOHLEMINN 1100 CEHCopa JOIly MEXaHIYHUW CEHCOp
BIJICTE€XKYBaB 3MiHY aMIUIITYJIM Ta YaCTOTH BiOpallii KparsiMu JOIy, B TOM K€ 4dac
aKyCTUYHUM METOJIOM BIJICTEXKYIOTBCS 3BYKH IO Kparuii JOI[y 3a JOMOMOTOIO
€JIEKTPETHOr0 MiKpoQoHa. Pe3ucTuBHMII METOJ TOJIArae y BUMIPIOBaHHI OMOPY
MOCTIHOTO CTPYMYy M1 TOYKOBHUMHU, JIHIHHUMU a00 TPEOIHYACTHUMH E€ICKTPOIaMU;
OJIHAK, IIl eJNeKTpoAu OyiH po3TalioBaHl 1MO3a BITPOBUM CKJIOM, BHACIHIJIOK YOTO
MIABAIUCS CTUPAHHIO Ta HAKOMWYEHHIO TMWUIy. PO3riasiHeMO nesiki 13 OmMcaHuX

THUIIIB CEHCOPIB JIOIY JCTAJIbHIIIE.

1.2 Pe3ucTuBHHUII CEHCOP T0ILY

CeHcop aoury 3 ABOMa OE3KOHTAKTHUMHU CTPYMOIIPOBITHUMU JOPIKKAMHU, SIKi

BUPIBHSHI MMapayieJIbHO OJHA OJHIN Ta pO3TallOBaHi Ha JIOOOBOMY CKJII aBTOMOOLJIA, 3



MiIKITIOYEHOI0 70 HHUX EJIEKTPOHHOI CHCTEMOIO OIliHIOBaHHs curHamy. [1[o6
CTBOPUTH CEHCOp JOUIy, SKAW Mae HaWMEHIN MOXIIUBI pPO3MIpH, MIUPHUHA
MpUHAUMHI OJIHIE]T CTPYMONPOBITHOT JOPIKKH POOUTHCA HEMOCTIHHOW 10 i

nowxwuHi (puc. 1.1) [5].

1,2 — ctpyMoOnpoBiIHI JOPIKKH.

Pucynok 1.1 — PesuctuBnuii cencop noiry (US Patent 5,659,294).

CeHcopu, poO3TamIoOBaHi Ha 30BHINIHIA CTOPOHI JIOOOBOTO  CKJa,
CKJIaJIalOThCA 3 JIBOX CTPYMOIIPOBIIHUX JOPIXKOK, SIKI HE KOHTAaKTYIOTh OIUH 3
OJIHUM. SIKI MarOTh JUISHKU CTPYMOTPOBITHOT JOPDKKH, SIKI MapayielibHI OJIHA
OJIHIM Ta TpeOIHYaCTO BXOASATH OJHA B OAHY, aji€ ICKTPUYHO HE 3’€JIHAHI OJIHA 3
o/1HOI0. BoHU po3po0iieHi sIKk KOHCTPYKIII NOCTIMHOI mupuHU. CTpyMONpPOBIJIHI
JOPDKKH 3a0€3MedeHi eNIEKTPUYHUMHU CTHOTydYHUMH mpuctposimMu. Ilin gac mgorry
CTPYMOIIPOBI/IHI JTOPIKKK MEPEKPUBAIOTHCS KPAIUIIMU BOAM, BHACIIJIOK 4YOIO
3MIHIOETBCS OMIP MK €NIEKTPUYHUMU JOPIKKAMH.

KopoTtke 3amukaHHsS CTPYMONPOBIIHMX JIOPDKOK KpaIulsIMH  BOJHU
NPU3BOJIUTE JO 3MIHH 3arajbHOTO OIOpPY CeHcopa. TakuM YHWHOM MOXHA
CTBOPHUTH BIATBOPIOBAHUI €ICKTPUYHUNA CUTHAJ YEPe3 3MIHY OIOpYy.

{00 oTpumaTH MUTOMHUU OIip, CTPYMOMPOBIAHI JOPIKKUA CEHCOpa AOULY
MOBUHHI MaTu 3aqaHy AOBXuHY. Lle mpu3BOAuTH MO TOrO, IIO0 CEHCOp MAOILY

3aiiMae MEBHUM MPOCTIp Ha JIOOOBOMY CKJIi. 30Kpema, MpH CEHCOpi oIy,



pO3TalIOBaHOMY Ha JIOOOBOMY CKJi, CEHCOpP BEJIMKOTO pPO3MIpy 3aBakae€ MOJi
3opy Bomig. Illo6 3MmeHmmMTH TIel HEIONIK, CEHCOp [OIly, SK IPaBHIIO,
BJIAIITOBAHUM TaKMM YMHOM, IO BIH 3aKpUTUN J3EPKAJIOM 33JIHBOTO BUJY, SIKE
3HAXOAUTHCS B aBTOMOOLITI.

CrpymonpoBigHi aopikku 1 1 2 maioTe XBHIENoniOHy (opMmy mo BCid
JOBXHHI, TaK 110 IIMPUHA KOXKHOI CTPYMOIPOBITHOI JOPIKKA B LUX AUISTHKAX
Oe3nepepBHO  3MIHIOETBbCA.  3aBASKM  XBWIENoniOHIN  ¢Qopmi  KkpaiB
CTPYMOIIPOBITHOI JOPIKKK 3MIHIOEThCS €(pEeKTHBHA JOBKHHA Ta €(PEKTHUBHUMN
MONEPEYHUN Mepepi3 CTPYMOMPOBIAHOI JOPIKKH, IO MPU3BOAUTH JI0 3MIHU
3arajJbHOTO OTIOPY CEHCOpA.

CtpyMOIIpOBIIHI JOPIKKHU 1, 2 MOTOBKYIOTHCS T€OMETPUYHO BIAMOBITHO
710 00paHOro 30BHINIHBOTO KOHTYpY. Y BHUMAAKY, SKIIO BOHH MaiOTh GopMy y
BUIJIS/II TIBKLJ, PO3TAlIOBAaHUX TOPYY OJIHE 3 OJIHUM, BUXOJUTH TOJIOBKEHHS
CTPYMOIIPOBIIHOI JOPIKKK HA KOEPIIEHT /2, 110 Aa€ 3MOTY 3MEHIIUTH PO3MIp
ceHcopa. 3BHUaiiHI pesucTHBHI ceHcopu MaroTh miomy 70-80 cMm’, edekTHBHA
JOBXHHA CTPYMOTPOBITHUX JOPLKOK TPU I[BOMY CTaHOBUTH MPUOIU3ZHO 6
MetpiB. Ilpu Tili camiii 1uionyl e(exkTHBHA JOBXKMHA KOHCTPYKLII 13
CTPYMOIIPOBIIHUMH JOPI)KKAMH Yy BUIJISI1 MIBKUI CTAHOBUTH Oin3bK0O 10 MeTpis,
3aBJISIKM YOMY MOKPAIIY€ThCS Yy TJIMBICTh CEHCOPA.

[Ipote cnia BIAMITHTH, OCKIJIBKM CEHCOPHU TAKOI'O THUIYy PO3TAIIOBYIOTHCS HA
30BHIIIHIA CTOPOHI J000BOTO BiKHA, BOHHU IMIJJAIOTHCS MEXaHIYHOMY BIUIMBY
JBIPHUKIB, 110 MPU3BOJAUTH IO CTUPAHHS CTPYMOINPOBIIHUX TOPIKOK, & OTKE N0

3HMKEHHS YyTJIMBOCTI a00 BIIMOBH ceHcopa [15].

1.3 €mHicHuii ceHcop ao1Ly

€MHICHUI METOJl BUSIBJIICHHS TOJISITa€ y BIACTEKYBaHHI 3MIHM €MHOCTI MiX
€JIEKTPOJaMU BCEpelMHI JTOOOBOrO CKJa, 1 L0 3MIHY €MHOCTI KparuisiMU JIOLLY
MEPETBOPIOBATIM HA 3MIHY OIOPY B €EMHICHOMY MOCTI a00 3MIHYy 4YacTOTH B
pe3onancHoMy koHTypi LC.

ITo cyTi, yci €MHICHI AaTYMKUA JOULy 3aJie’KaTh BiJl PI3KO BIIMIHHHUX



nienekTpuuHux cranux Boau (€=80) 1 moboBoro ckia (£=2). CTpMKHEBUN THUIT
KOHJICHCATOpa, YTBOPEHUN HA MOBEPXHI JOOOBOTO CKja ab0 MoOJM3y MOBEPXHI
71000BOTO CKJIa, 3a3BUYail BUKOPUCTOBYETHCS JJIsi BUSBJICHHS MPUCYTHOCT1 BOJIH.
€MHICTh KOHJEHCAaTOpa JaTyhka BOJM 3a3BUYail  KOHTPOJIOETHCS 3@
JIOTIOMOTOI0  BHCOKOYAaCTOTHOTO 30aJIaHCOBAHOTO MOCTOBOTO JIETEKTOpa, CXEM
IpsSMOTO BUMIPIOBaHHS €MHOCTI (3apsay) abo 3a JOMOMOIOK  METOJIB
pamiodacToTHOi MomyJssmii. CHOiTbHUM AJIA BCIX IIMX METOMIB € HEOOXITHICTH
MIJKITIOYEHHS BUMIPIOBAIBHOI CXEMH [0 KOHJIEHCATOpa JaTydhKa BOJIU.
KpimieHHsa 10 eNeKTpoAiB CEHCOPHOTO KOHAEHCATOpa € OJHUM 13 KPUTUYHUX
€JIEMEHTIB €MHICHUX METOJIB BHUMIPIOBAaHHS BOJM, SIKI MEPEIIKOHKAIOTH 1X
BUKOPHUCTAHHIO.

VY peanbHil TpakTUIll MPOBOJMU YYTIMBOTO KOHACHCATOpa 3a3BUYAl
BHUBOJSTHCS Ha Kpail CKIITHOT MOBEPXHI, 1€ BOHH MiIKIIOYAIOTHCS 10 YyTIUBOI
CXeMH 3a JIONIOMOTOK KOPOTKMX TpOBOJIB abo 3artuckayiB. JloOGoBe Cckio
3a3BUYail KPIIUTHCS 3a JIOIOMOIOI0 €JIaCTOMEPHOTO KJIEK 0 paMy Ky30Ba, IO
3a0be3rneuye BOJOHENPOHUKHICTh. Kpail 1000BOTO CKJla CTae Ba)KKOJOCTYITHUM
IMICJIS TOTO, SK CKJIO BCTAaHOBJIEHO, a OJIM3BKICTh HABKOJMIIHLOI METAJIEBOI
OMOPHOI KOHCTPYKIIIi 3aBa’kae MPOBOJAM, sIKI MPUKPIIJIEH] A0 CKJIA.

Hpyroro mpoOieMoOr0, TOB’SI3aHOK0 3 €MHICHUMHM  JaTYMKaMH, €
HEOOXIMHICTh BHKOPHCTAHHS AOCHTH Belukoi momi (3asBuuaii 10° mm°), sika
MO>K€ 3MEHIITYBAaTH OTJISIOBICTh BOIS Ta MAa€ HEECTETUIHHUIA BUTIISII.

PosrnsHemMo oJMH 13 TaKUX THUIIIB CEHCOPa, 110 300pakeHo Ha puc.l.2 [7].
brok 1060BOTO CKTa 3 JATYMKOM JIOIILY, 110 MICTUThH 30BHIIIHIN MIap CKia, KU
Ma€ 30BHINIHIO TOBEPXHIO HOMEP OJWH 1 BHYTPIIIHIO TIOBEPXHIO HOMEp JIBa,
BHYTPIIIHIA 1Iap CKJa, SKUHA Ma€ BHYTPIIIHIO IOBEPXHIO HOMEp TpU Ta
BHYTPIIIIHIO TOBEPXHIO HOMEP YOTHUPH, JUCT MPO30POTO TIIACTHKY, 3aTHCHYTUN
MK 1 MPUKPIMJIEHUH OO0 JABOX 1 TPhOX MOBEPXOHb IIAPIB CKJIA, a TaKOXK
SJICKTPOTIPOBIAHE Ta MIPO30PE MOKPHUTTSI, PO3TAIMIOBAHE MiXK MJIACTUKOBHUM JIUCTOM
1 O/IHIE€I0 3 JBOX 1 TPbOX MOBEpPXOHH mmiapiB ckia. Illapu ckia, miaacTMKOBOTO
JIUCTA Ta TOKPUTTS € OAHAKOBUMH, 1100 BU3HAYUTH Nepudepito J000BOTO CKIA.

KoHcTpyKIlis XapaKTepu3yeThCs 130Jb0BAHOIO ITISTHKOIO TIOKPHUTTS, CIIEKTPUYHO



BIJIOKPEMJICHOIO Bijl PEIITH MOKPUTTS Il €EMHICHOTO BH3HAYEHHS! MPUCYTHOCTI

BOJIOTH Ha TIOBEPXHI HOMEP OJIMH 30BHIIIHBOTO 1Ay CKIIA.

/4

vV
Pucynok 1.2 — BynoBa emuicHoro cencopa gouty (US Patent 6,094,981).

bazoBmii By301 1000BOTO CKja MICTHTH 30BHImHIA map 12 ckma i
BHYTpilIHIA map 18 ckia 3 JKUCTOM Mpo30poi IUIBKU 24, PO3MIIIEHOI MIXK
mapamu 12 1 18 ckna 1 npukpimeHoi 10 Hux. [lokputta 26 3 okcuay merany
po3TamioBaHe MK 30BHILIHIM IapoM 12 31 CKJia Ta MJIACTUKOBUM JIUCTOM 24,
noOpe BiAOME B JaHii raiy3l TEXHIKH, 1 € Mpo30opuM Juisl pinbTpauii cBiTia, a
TaKOX € €JIEKTPONPOBITHUM. BiamoBiHO, BY30J1 XapaKTePU3YETHCS 130JIbOBAHOIO
CEeKIII€l0, 3arajoM II03HAYEHOI0 TMO3MIE 28, TMOKPUTTA 26, EJIEKTPUYHO
BIJIOKPEMJICHUM BIJ] PEIITH MOKPUTTS JJII €MHICHOTO BU3HAYEHHS MPUCYTHOCTI
BOJIOTU Ha 30BHIIIHIN MOBepxH1 14 30BHIIIHKOTO mapy 12 ckia. Taki MOKPUTTS
26 3apa3 HAHOCATHCS Ha aBTOMOOWIbHE CKJIO sIK 1H(pauepBoHI (UILTpU abo

Oap'epu 17 3MEHILEHHS COHSYHOIO HArpiBaHHS CajoHy aBTOMoOuIA. Takum
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YUHOM, MTOKPUTTS 26 PiabTpye XBUIII 1H(PpauepBOHOTO CBITIA MPAKTUYHO MO BCIH
UIOIII JIOOOBOTO CKJIa, TOOTO, 32 BUHATKOM 30H CHEIIaIbHOTO BUKOPUCTAHHS IS
3a0e3MeueHHs paaio- Ta/abo iHdpauepBOHOI Mepeaayl, HaMpUKIad, IPOCTOPY IS
BIIKpMBAHHS ABEPEH rapaxa.

[3omp0oBaHa AiNsAHKA 28 TOKPUTTS 26 MICTUTH MEPITY MHOKUHY €IEKTPO/IiB
30 1 gpyry MHOXXHUHY €JIeKTpoaiB 32, mpuyomy nepma 30 1 gpyra 32 MHOXKHHA
€JIEKTPO/IIB € MapalebHUMHU, 3MIIICHUMU MK CO0010 ab0 MepeMeKOBYIOThCS 1
BiJIaJIeHl OMWH BiA OAHOTO. €MHICTH MOXE OyTH BH3HA4YeHa 3a JOTIOMOTOIO
CXeMH, NpueaHaHoi 6e3nocepeHbo 10 enekrpoaiB 30 1 32, abo uepe3 eMHICHUN
3B'A30K 3 €JIEKTPOIAMM.

JIucT mpo3oporo miacTuky 24 3aTUCHYTHN M1k MOBEPXHSIMHU HOMED JiBa 16
1 Tpu 20 mapiB 12 1 18 ckna Ta npukpituieHui 10 Hux. Jlucr tuiactuky 24
JaMIHOBaHUU 10 mapiB ckia 12 1 18, sk 1o0pe BIAOMO B J1aHIi Taily3l TEXHIKH, 1
CKJIafaeThes 3 nodiBiHUIOyTHpano (PVB), sk npaBuio, ToBmmHOKO 1 MuTiMETp,
mapu 12 18 ckia 3a3BMYail MarOTh TOBIIMHY 2 MuliMeTpu. JloOGoBe CKIIo
JaMIHOBaHE BIJIMOBIJIHO 10 CTAaHAAPTHUX MPAKTHUK.

EnexTpomnpoBigHe Ta mpo30pe MOKPUTTSI, 3arajioM MMO3HaYeHe MO3HUIII€0 26,
po3TaIioBaHe MiX TUIACTUKOBUM JIMCTOM 24 1 OJHI€I0 3 JABOX MOBEPXOHb 16 1
Tphox 20 mapiB 12 i 18 ckia, ane, sk NOKa3aHO, MOKPUTTA 26 pO3TalIOBaHE MIX
HOMep /iBa 16 moBepxHi 30BHIMIHBOTO Mmapy 12 31 ckiia i mIacTUKOBOTO JucTa 24.
[apu 12 1 18 ckna 1 mIacTUKOBOro JucTa 24 1 TOKPUTTS 26 € 0OTHAKOBUMHU, 1100
BU3HAUUTH Tmepudepito nodoBoro ckia. [lokputrs 26 Moxe cknagatucs 3
HAIIWJICHOTO OKCHUIY OJIOBa, OKCHIY 1HJII0-0JI0Ba, OKCUAY cpiOia-cpibiaa abo
IHIIUX OKCHUJIIB METajiB a00 MeTajeBUX IOKPUTTIB B OAHOMY a00 JCKUIBKOX
mapax, sSiki IeMOHCTPYIOTh HEOOX1/THI ONITUYHI XapaKTePUCTUKH.

[Ipote cmin BIAMITUTH, IO BUKOPUCTAHHS CEHCOPIB TAKOTO THUITY BUMAarae
iX BUTOTOBJICHHS B MPOIIECi BUPOOHUIITBA CaMOI0 JIOOOBOIO CKJia, IO JOCHUTh
TaKH € MPOOJEMATUYHUM [IPU BUMOTaX YHIBEPCAIbHOCTI BUKOPUCTAHHS CEHCOPa,
TOOTO BCTAaHOBJIEHHS TAaKOT'O CEHCOPA Ha 3BUYaiiHE JI0OOBE CKJIO € HEMOXKIIMBUM.

[Ile onniero 13 mpoOJieM €MHICHUX CEHCOPIB € MpPHUEAHAHHS TMPOBO/IIB

OCKUJIbKH Oy/b-sika 3HaYHA JIOBXKMHA KaOENII0 MOXe TMepenkoKaTu eeKTUBHIMI
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po0OOTI JaTUMKa 3 PI3HUX MPUYMH: BUCOKA Mapa3uTHA EMHICTh 1 CIIPUUHATINBICTD

10 MikpooHii (MexaHIgYHUH 3CyB 1/a00 BiOparris).

1.4  OnTu4Hi cCEeHCOPH 0Ly

MeTo ONTUYHOIO 300pa)KEHHS 3 BUKOPUCTAHHIM MaTpHIll 300paxkeHHs [17—
24] abo xamepu [25, 26] mae nepeBary BU3HAUCHHS OLJIBINOI 00JIACTi 32 JIOIIOMOTOIO
IPOCTOTO ONTUYHOTO KOMIIOHEHTA; OJHAK BIH € 32 CBOEIO CYTTIO COPUUHATINBUI 10
3MIHU CTPIMKHX TMeW3aXiB TMiJ dYac BOAIHHA. [HIIMIA MeETOJ MIKpPOXBUIHOBOTO
paaloIOKALIIHOTO  BUSIBICHHS ~ ClpoOyBaB  IMITYBAaTH  PO3CIIOBaHHS — MIXK
MIKPOXBHJISIMU Ta JIOIIEM.

1.4.1 Cencop oowy i3 8uKOpUCMAHHAM Kamepu

Pucynok 1.3 — Cencop oy i3 Bukopuctanusm kamepu (US Patent 8,362,453).

Hatuuk momry (puc.1.3) [8] Bxirouae B cebe: moBepxHeBe kepeno cBitia 14,
K€ BUIPOMIHIOE CBITJIO Ha JIoOOBe ckiio G, m00 CIPUYMHHUTH MaAiHHA CBITJIa Ha
o0nacTh BUABIEHHS Kpamenb jgouly T, BcTaHOBieHy Ha Jjo0oBomy ckii G mif
KPUTHUYHUM KyTOM abo Oinblie; kamepy 15, sika po3ramioBaHa Ha ONTUYHOMY LUIIXY
CBITJIa, IIOBHICTIO BIJIOMTOTO 00JacTIO BUABJICHHS T, 1 OXOIUIIOE 00JIaCTh BUSBIICHHS
T; 1 650K NEeTeKTYBaHHS, KU BHSIBIISE Kparll JOIIY, IO 3HaXOASThCS Ha 00acTi
netektyBaHHs T, 3a KOHTpacToM y 300pa’keHHI, 3aXOIJIEHOMY Kamepow 15; 610k
BUSIBJICHHSI BUSIBJISIE Kparull JOILy, 110 3HAXOJATbCs Ha obsacti BusiBeHHs T, Ha
OCHOBI LIOHAWMEHIIIE OJHOTO 13 3aXOIUIEHOTO 300pakeHHsI B 00JacTi BUSBIEHHS T,
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JI0 SIKOTO CBITJIO BUIIPOMIHIOETHCSI Bl TOBEPXHEBOTO JpKepena cBitia 14, 1
3axOoIJieHOro 300pakeHHS B obOnacti T, 10 SKOro MOTparuisie CBITIO HE
BUIPOMIHIOETHCS 3 TIOBEPXHI1 JHKEpeia CBiTa.

Jatuamk 10 morry 3aKpiluTO€ThCS Ha TTOBEPXHI JIOOOBOTO ckia G 300Ky calloHy
TPAHCIIOPTHOTO 3aco0y 3a JOMOMOror kiew abo kieilkoro gucra. Kopmyc 11
OCHOBHOI'O Kopmnycy misi gaatduuka 10 momnry chopMoBaHO 31 CMOJSTHOTO Matepiany,
KU He mporyckae cBiTio. OcHoBHHM Kopmyc 11 Bkitouae B cebe MPSMOKYTHY
npusMy 12, pimkokpucTaaidyHui 3aTBop 13, moBepXHEBE JKepeso cBitTia 14 1 kamepy
(CCD kamepy) 15.

[TpsimokyTHa mpu3Ma 12 yTBOpIoe piBHOOEAPEHMI MPAMOKYTHHH TPHUKYTHUK,
SKIIO JUBUTHCS 3 ii momepeyHoro mepepidy. OtBip 11b s oronenus rpani 12a
TINOTEHY3H NPSIMOKYTHOI MpU3MH 12 nependadeHo B nepeiHii cTiHii 11a 0cHOBHOIO
KOpITYCY.

['panp 12a rinoTeHy3W MPSMOKYTHOI mpu3Mu 12 MpUKpIIJIeHa 10 MOBEPXHI
n06oBoro ckia G 300Ky BiACIKY TPaHCHOPTHOIrO 3aco0y 3a JIOMOMOIOK ONTUYHOIO
IPO30POro aAre3uBy ab0 KICHKOTO JIMCTa, SKi HEe mokaszaHi B oTBopi 11b mepeaHpoi
cTiHku 11a.

Pinkokpucraniuynuii 3atBop 13 po3ramioBanuii no Beiit rpani 12b cepen rpaneit
12b 1 12¢ mpsimokyTHOi mpu3mu 12, ski opToroHayibHI ofHa oxaHid. [loBepxHeBe
mokepeno 14 cBiTia nepeadayeHo Mo BCid MOBEPXHI PIIKOKPUCTAIIYHOI IITOPKH 13
HABMPOTH MPAMOKYTHOT Tpu3Mu 12 (a0 moBepxHi Ha 3aH1I CTOPOHI TPAHCIIOPTHOTO
3aco0y).

Pinkokpucraniynuii 3aTBop 13 mae BiikpuUTe MOJIOKEHHS, B IKOMY CBITJIO, 110
BUINIPOMIHIOETHCS BiJl IIOBEPXHEBOTO JKepesa CBiTia 14, MpomyCcKaeThes, 1 3aKpUTE
MOJIO’KEHHSI, B SIKOMY CBITJIO HE MPOMYyCKaeThcs. BIIOK KepyBaHHS MEPEeMHKAE MiXK
BIJIKDUTUM 1 3aKPUTUM TIOJIO)KCHHIM P1IKOKPHUCTAIIYHOTO 3aTBOpa 13.

brok kepyBaHHS Kepye BMUKAaHHSIM a00 BUMHUKAaHHSM IOBEPXHEBOTO JKEpeIia
ceitna 14. IloBepxHeBe mxepesno cBitia 14 BUIPOMIHIOE O1ie CBITIIO HA MPSIMOKYTHY
npusmMy 12, Komu HOro BMHKAOTh, 1100 BUCBITIMTH O0JIACTh BUSBICHHS
JOIIOBUX Kpamenb T, BU3HaueHy Ha J000BoMy ckii G 3CepeirHH CaJIOHY

aBTOMOOLJIS. .
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[ToBepxneBe mxepeno 14 cpitia nependayeHO TaKUM YUHOM, IO CBITJIO,
BUIIPOMIHIOBaHE BiJI MOBEPXHEBOTO JKepena 14 cBiTia, majae Ha BUSBICHHS 001acTh
T no6oBoro ckina G mijg KpUTUYHUM KyTOM ab0 OLIbIe 1 MOBHICTIO BiJOMBAETHCS
obnactio BusiBieHHs T. [loBepxHeBe pkepeno cBitia 14 3aBXIM BMUKAETHCS, KOJIU
mparoe JaTduK Jaomly. PimkokpucramiyHuii 3aTBOp 13  TMEepeMUKAEThCS MK
BUINPOMIHIOBAaHHSAM CBITJa Ta BIJACYTHICTIO BHUIIPOMIHIOBAHHS CBITJIa B 00JacTi
BusiBiieHHs T. Kamepa 15 €, nanpuxnan, CCD-kameporo, sika po3TarioBada B KOPIyci
11 ocHoBHOro KopIiycy, Mpu IbOMy Kamepa 15 chopsmoBaHa a0 12¢ kamepu.
npsMOKyTHa mpu3ma 12, 3akpimsieHa Ha BiTpoBoMy unmTtky G. Kamepa 15
pO3TallOBaHa HA ONTUYHOMY IUIAXY CBITJIA, 10 BUIPOMIHIOETHCS BiJl TOBEPXHEBOTO
Jokepena cBiTia 14 1 TOBHICTIO BIigOMBaeThcs oOiacTio BusiBieHHs T. Ilore
300paxkeHHs kaMepu 15 BCTaHOBJIEHO B Jiana3oHi Jie¢ 00JacTh BUSBJICHHA T MoOXe
OyTu 300pakeHa, SIK IMOKa3aHO NYHKTUPHOIO JiHIE0 Ha MamoHKy. Kamepa 15
chokycoBana Ha obnacti T BusiBnenus. Kamepa 15 6e3nepepBHo 3HIMae oonacth T
BUSIBIICHHS 3CEPEIMHU CAJIOHY TPAHCHOPTHOTO 3aco0y Ta BHUBOIUTH JIaHi
300paKE€HHSI, OTPMMaHI IUISIXOM 3aXOIUIEHHS 300pakeHHsI, Ha 0ok 17 kepyBaHHS,
MIOKH TIPAITIOE JATUYHK JIOTIY.

Jns peanizanii JaHOTO THUITY CEHCOpa TMOTPIOHO HASBHICTh JOCUTH TaKU
CKJIQJIHOTO aJITOPUTMY BUSBIEHHS KpaIrUIMH JIONIy Ta IXHBbOI KUIBKOCTI, a OTXKe
HAsIBHICTh CKJIAJHOT €JICKTPUYHOT CXEMHU.

1.4.2 Onmoenekmponnuii cencop oouty

ONTOoENEKTPOHHUI METOJ BUSBJIEHHS 3a3BMYail BUKOPUCTOBYETHCA IS
BUSIBJICHHSI MPUCYTHOCTI Kpamejb JOILly Ha BITPOBOMY CKIIi, OCKUJIBKH ONTHYHO
po30pa MpUpoa CKiia JOOOBOTO CKJIa B MEXKaX OOMEKEHOTO ONTUYHOTO CHEKTPY
OB’ SI3y€ MUISIX ONITHYHOTO CHTHATY MiX CEHCOPOM, PO3TAaIlIOBAaHWM yCEPEINHI CKJIa,
Ta KparuisiIMU JIONIy, PO3TalllOBAaHUMHU T03a CKJIOM. MeETOJ BU3HAYCHHS JOILy 3
BUKOPUCTAHHSAM TMPSAMOTO MIAKIIOYEHHS JpKepena cBitia Ta (OTONETEeKTopa,
3aIPOIIOHOBAHO BCEpeAMHI JI000BOro ckia [11], MiXk SKMMH PO3TalIOBYIOTH Oap’ep
UL TPUAYIICHHS TEePBUHHOTO TApa3sUTHOTO BUIPOMIHIOBAHHS; OJHAK IS
KOH(irypalisi mMajga OOMEXEHHs I0JA0 30UIbIICHHS YyTJIMBOCTI 4Yepe3 HebakaHe

BTOPUHHE Mapa3uTHE BUIPOMIHIOBAHHS, 1HAKIIE Maja HU3bKY 4yTiauBicTh. [llupoke
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3aCTOCYBaHHS B aBTOTPAHCIOPTI 3HAMIIIM J[Ba TUIH ONTOEIEKTPOHHUX JETEKTOPIB,
INPUHLIUIL Ai1 SIKUX BIAPI3HAIOTHCS MPOXOKEHHSIM ONTUYHUX poMeHiB. CeHcop TUITY
B1IOUTTSI BUKOPUCTOBYE CBITJIO, BIIOUTE KpaIljIeko JIOITY Ha MMOBEPXHI JIOOOBOTO CKJa
3a JOTIOMOTOr0 Kamepu [8] abo moxwmioi IUIONMMHM KpIUIeHHS ceHcopa [16] abo
cBiTimoBoro mpomeHs [13]. Cepem HUX METON 13 BHKOPHUCTAHHSIM KOJIIMOBAHOTO
cBiTiioBoro mpomeHs [13] Big Jokepena cBiTiIa OyB JOCTaTHBO CHJIBHUM, 1100
BIIKUHYTH €(DEKT HaBKOJUIIHBOTO OCBITJICHHS i Yac JOCSATHEHHS (OTOAECTEKTOPA;
OJIHAaK BiH YTBOPIOE JIMIIIE HEBEJIMKY IUIONLY BUSBJICHHS KpalUIMH BOJY Ha MOBEPXHI
7000BOTO CKJIa, IO MPU3BOJUTH J0 HEJAOCTATHBHOI ILJIONIl YYTJIUBOCTI Ta JIHIHHOCTI
JUIsSi BU3HAYEHHsI 1HTEHCUBHOCTI jomry. Jlis kommeHcalii 1mporo HeAoJiky Oyna
3aMpoONOHOBaHa KOH(ITypallis 3 KUIbKOMa ONTUYHUMU nuisixamu [17].
HalmoMITHIIIOD CXEMOI ONTHYHOTO 30HAYBAaHHS € CEHCOP ONTHYHOTO
XBUJIEBOJIHOTO THUITY, Y SIKOMY KOJIMOBaHHWM i1H(payepBOHUN CBITJIIOBUM MNPOMIHB
MOJIA€THCS HA CKIISIHY TMaHeNb JJOOOBOTO CKJIa 32 JIOMOMOT0I0 BUKOPUCTAHHS MTPU3MH.
VY il cxeml JiHIS KaHAy MK JIKEpPENIoM CBITJIa Ta (POTOMIOOM YTBOPIOE CMYTY
BUMIPIOBAHHS JIONIY, 1 KIJBKICTh CBITJIA, IO MPOCOYYETHCS KpAIUIIMU JOIIY,
KOHTpOJtoeTbes. Llelt MeTon mae oOMEXeHy 30HY CHPUUMHSTTS, aje Ma€ UYyTJIUBY
peaKIlifo Ha HAsBHICTh JONIOBOI Kparul 31 3HUKEHUM BIUIMBOM HABKOJIMIIIHHOTO
cBiTia. OHAK BiH TAKOX € COPUUHITIUBHUI 0 yAapiB 1 BIOparlii, 10 HAKIAJAI0ThCs
Ha iHTepdeiic 3B’ 3Ky CBITIIA, 1 BUMArae CKJIaJHUX ONTUYHUX KOMITIOHEHTIB.
BinbiicTh ONTHYHUX CEHCOPIB JOILYy BUMArarTh >KOPCTKOTO KpiruieHHs [16,
17, 8]. Meron BUABIECHHS PO3CISHOTO CBITJA € aJbTEPHATUBOIO MOMNEPEIHIM
crocobaM, SIKMi MOXe He TUIbKU MO30yTHUCS CKIAAHOrO ONTUYHOTO MpUiiady, aie i
PO3IIMPUTH 30HY BUSBJICHHS B TpUBUMIpHOMY Tpoctopi. HemomikoMm 1ux mepesar €

ciabKa peakilisi CBiTJIa Ha JOLIOBY KPaILIto.
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Pucynok 1.4 — Onrroenekrponnwmii cencop oy (US Patent 5,991,049)

Po3rissHeMO TUIOBHI ONTOEIEKTPOHHUM CEHCOp NONLy, 300pa)KeHU Ha puC.
1.4 [12]. Tlepenne BiTpoBe cKkJO 1, MO Mae AaTYMK JAOULy 2 JJisl BUSIBJICHHSA
MPUCYTHOCTI Kpaneib Boau W Ha OjHIN #oro Oi4HIN MOBEpXHi, B 3aJEKHOCTI Bij
3MIHM KIJIBKOCTI BIJOMTOrO CBITJIa, MPUYOMY JAaT4YUK 2 JIOUy MICTHUTH:
CBITJIOBUIIPOMIHIOIOUUH €JIE€MEHT / JUIsl BBEJICHHS CIIPUIHSATTS CBITJIOBOTO IIPOMEHS B
7000Be CKJIO 1; CBITJIONpUAMAIBHUN €JIEMEHT &8 [Jii BUSIBJICHHS CBITJIOBOTO
MIPOMEHSI, IKUI MOIIMPIOETHCS IIISIXOM MMOBHOTO BHYTPIIIHBOTO BIIOUTTS BCEPEIMHI
nepeaHbporo 1060Boro ckia 1; 1 qudpakiiitdi peuritku 5, 6, cpopMoBaHi Ha MOBEPXHI
CKISIHOT MmAKmagku 4, depe3 sAKI CBITJIOBUIIPOMIHIOIOUMIA  eleMeHT 7 1
CBITJIONPUUMANIEHUAN €JIEMEHT § pO3MIIIEH] Ha CKIISHIM MOBEpPXHi, 32 JOMOMOTOIO
4YOro JaT4uK 2 JONIy NPHUKPIIUTIOETHCSA A0 1HINOT O1YHOT TOBEPXHI MEPEAHBOTO
7000BOro ckja 1 3a J0MOMOrorw KieMkoro marepiany 3, IO Ma€ MOKa3HUK
3aJIOMJICHHSI, €KBIBAJICHTHUM MMOKA3HUKY 3aJIOMJICHHS CKJISTHOT MIIKIaAKH 4.

KyToBe CriBBITHOIIIEHHS MK TaJal0uvM CBITJIOM 1 AU(paroBaHUM CBITIIOM
MOXHa TPEJACTAaBUTH HACTYITHWM pPIBHSIHHSAM, KOJIM Tajarodye CBITJIO Tajgae Ha
nudpakiiiiHy pemriTky. A came, SKIIO MPUIYCTHTH, IO KyT Majalo4yoro CBiTia
nopiBHioe 6, KyT nudparoBaHoro cBitia 6 M-r0 TOPSAKY, TOBXKHHA XBHUII
IaJardoro CBiTIa A, KpOK penniTkd d, MOKa3HUK 3aJOMIICHHS CEPEIOBMINA Ha
CTOPOHI BUXOJy CBITJIa N 1 MMOKAa3HUKA 3aJJOMJICHHSI CEPEJOBUIIA HA CTOPOHI MaIHHS
csitia n0, TO KyTOBa 3aJ€KHICTh BUBHAYAETHCS HACTYITHUM YUHOM [18]:

mA

n - sin® —n, - sinfp = —(m = 0,£1,%2,...) (1.1)
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VY Bunaaxy, KOJU CTOPOHOIO MaJiHHS CBITJA € MOBITPS, @ CTOPOHOIO BUXOIY
CBITJIa € PO30pa CKIISIHA IUTACTUHA, OCKIIBKH N =1,0, KyT CBiTJIa, 10 MOMHPIOETHCS
BCEpEANHI MPO30pOi IJIACTUHU, MOXHA PETyIIOBATH, 3MIHIOIOYM KYT I1a/1al040ro
CBITJIa HA AU(PPAKIIIHY PEUIITKY.

Sk 3a3Hayanocs BUIlE, 32 JOMOMOTOI0 TU(PPAKIIHHOT pElTiTKH MOYKHA BBOJUTH
CBITJIO B IIPO30PY IJIACTHUHY MiJ JOBUIBHUM KyToM. KpiMm TOro, BiNOBITHUM YHHOM
BUOpAaBIM KyT MaJIHHS CBITIa Ha AU(PaKIiiHY PElIiTKy, TAKOK MOXHAa BCTAHOBUTU
HOro TakuM YHMHOM, 100 BBEJEHE CBITJIO 3a3HABAJO TIOBHOTO BHYTPINIHBOTO
BIIOUTTSI BCEPEAUHI TPO30POi MIIACTUHM.

KpiM Toro, Takox MOXIJIHMBO, 100 CBITJIO, SIKE IOLIMPIOETHCS BCEPEIUHI
MPO30pO1 TJIACTUHH TPU MOBHOMY BHYTPIIIHHOMY BiJIOMBaHHI, BUXOJUJIO B TIOBITPS
Ha OCHOBI TOTO CaMOro NPHUHIMITY, IO 3TaJlaHuil Bulle. SIK 3arajJbHUIl METOA
BUTOTOBJICHHA JU(QPaKIIHUX pEeNIToK, Horo QOpMyIOTh HUISIXOM TOYHOIO
BUpI3aHHS KaHABOK Ha TOBEPXHI M SKOTO METaly, HalpuUKiIaa, alloMiHIIO, 3a
JOTIOMOT'O0 aJIMa3HO1 royKH. [10TIM penriTky OTpUMYIOTh HUISIXOM TPAaHCKPUOYBAHHS
KaHABOK Ha IIap EMOKCHUJIHOI CMOJH, SIKMM HAHOCHTHCS Ha IMOBEPXHIO MPO30POi
IJIACTUHH, TOOTO CKJIA.

Sx anpTepHATHBA, CBITJIO BHUIPOMIHIOETHCS HAa TOBEPXHIO CBITIOUYTIHBOI
CMOJIM, SIKa TOKpPUTa TOBEPXHEI0 MPO30pOi IUIACTMHM (CKIISHOI TUTACTHHHM), 32
JIOTIOMOTOI0 JABOMIPOMEHEBOI 1HTEpdEepeHIlii MK JIBOMa JHKEpesiaMu CBITJIa, a MOTIM
JIMIIE BIAKPUTA 4YaCTHHA BUTPABIIOETHCA 3BIATH. KpiM TOro, muisixom TpaBJICHHS
HEEKCITOHOBAHOT YaCTUHH TaKOXX MOYKHA OTPUMATH TOHKI CMYTH.

Xoua nu@pakiiiiHa pemriTka, BHUIOTOBJIEHA 3raJJaHUM BHUIIE CHOCOOOM
TPaHCKPUOYBaHHSIM KaHABOK Ha EMOKCHUJIHIM cMoji, abo pemriTka, chopMoBaHa Ha
CBITJIOUYTJIUBIA CMOJII, CTBOPIOE TPYAHOII, KOJIM BOHA 3aCTOCOBYETHCS IS
CEpeIOBHUINIAa BUKOPHCTAHHS, JI¢ IMOTPiOHA MEXaHIYHa MIIHICTh Ta CTIHKICTh [0
MOTOJTHUX YMOB.

Kpim TOoro, mpu o00poOui J71000BOro ckjiaa BEJIUKOIO PpPO3MIPY BaKKO
3aCTOCYBATH TEXHOJIOT1I0 TPAHCKPUOYBaHHS a00 TEXHOJIOT1I0 €KCTIOHYBaHHS, 3raJjaHy
BUILE, 1 TOMY 1[I METOJIU HE € JJOPEYHUMH 3 TOUKH 30pYy MPAKTUYHOTO BUKOPUCTAHHS.

binbm mepeBakHo, audpakiiiiiHa penritka (GopMyeTbes 0e3mocepeHhO Ha

17



Mpo30pill TJIACTHHI 3a JOMOMOTOK Mpoliecy JazepHoi o0poOku, TOOTO 3
BUKOPHCTAHHSAM SIBUIIIA YaCTKOBOI a0uAwii abo BUMApOBYBaHHS CKJISIHOI MOBEPXHI
Ja3epHUM MIPOMEHEM, K 3a3HAUYECHO BUIIIE.

SABume aOnArii BUHUKAE BHACTIJOK TMOTJIMHAHHS JIA3€PHOTO IMPOMEHS
(cBiTIIOBOI eHeprii) ckiIoM. 3poOWBIIM CKISHY MiAKIAAKy TaKHM YHHOM, 00 BOHA
MicTHIIa cpibJIo Ha 3a/1aHii TIMOUHI BiJl i1 MOBEpXHi, Y popmi aTomiB Ag, KoJoiny Ag
abo 10HIB Ag, 1 Jam OpraHi3yBaBIIM TPAIIEHT KOHILEHTpaulii Tak, mo0 BiH OyB
HaWBUIIIUM Ha IOBEPXHI, IO IMiajsArae oOpoOIll, 1 MOCTYMOBO 3MEHIIYETHCA [0
3a1aHol TIMOWHU, a0l BiIOYBAa€TbCS MOCIIIOBHO BiJl 0OpOOJIEHOI YaCTHHHU
MTOBEPXHI JI0 BHYTPIIIHbOI YACTUHU CKJIa, TAKUM YAHOM YHUKAIOUHM PO3TPICKYBaHHS
a00 MOJIOMKH B HHOMY.

A came, y IbOMY BapiaHTi 3/1MCHEHHSI ONTUYHA CHUCTEMa MOOya0BaHA TaKUM
YMHOM, IO J[Ba JIa3€pPHUX IMPOMEHI 3 JOBXKWHOIO XBWII 253 HM MajaloTh OJWH Ha
onHoro mia kyrom majainnas 20°. [lepioa po3noauTy IHTEHCUBHOCTI CBITJIa CTAHOBHTH
omu3pko 1020 HM. CrIHY MAKIAAKY 4 pO3TallOBYIOTh TaKUM YHMHOM, IO OAHA ii
MOBEPXHS 3HAXOAUTHCS B 1HTEpQEpEeHIIiiiHiil 005acTi ABOX JIA3€pHUX IMPOMEHIB, a
MOTIM JIa3€pHUM MPOMIHb OMPOMIHIOETHCS, 00 BUKIUKATH A0JISIIIIO.

JIin3a, BUKOPHUCTOBYETHCS 3 METOIO 30UIbIIEHHS IIUIBHOCTI €HEeprii CBITIA,
BUIPOMIHIOBAaHOTO Ha TMOBEPXHIO CKJSHOI MIIKIaaku 4, 1 HIIIBHICTH €Heprii Ha
iMmnynsc craHoBuTh 30 J[kx/cM2 y MoMmeHT, koiu BigOyBaeThbest abimsmig. Ilig gac
BUMIPIOBAHHS TEPIOAYy CTBOPEHOI MupaKIiiiHOI penriTku Oyso BUSBICHO, IO BiH
30Ira€ThCS 3 OUIKYBAHUM.

VY Bumajaky, KoJu MOKa3HUK 3aJIOMJICHHS CKJIa CTaHOBUTH N=1,48,, a moka3HuK
3amomiieHHs: moBiTps nO=l, yMOBOIO 1 OTpUMAaHHA MOBHOTO BHYTPILIHHOTO
BIIOUTTS B CKIISTHIN miacTuHi € 6=90°. BinnoBiaHO, KO KyT NaJiHHS JOPIBHIOE 200
nepeBuIrye e Kyt (todto 42,5°), moBHE BHYTPIIIHE BiJIOMBaHHS BiOYyBa€ThCS B
CEPEIOBHIII CKJIA.

KpiMm TOro, y BHIanKy, KOJHM BOAa TPHUCYTHS Ha CKJIi, yMOBa ITOBHOTO
BHYTPIIIHBOTO BiJOMBAaHHS TMOJATa€ B TOMY, LIO KYyT MajaiHHA AOpiBHIOE 64,0°.
BianoBigHo, 3a yMOBH, 110 KYT MaJiHHS a 3HAXOJIWUThCS B Jiama3oHi Big 42,5° mo

64,0°, mToOBHE BHYTpIIIHE BiAOWBAaHHS B1AOYBAaTUMETbCS BCEPEAMHI CKIISHOT
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IJJACTUHU, KOJM BOJA MPUCYTHS Ha CKJII, TOJ1 SK MOBHE BHYTPIIIHE BiIOWBaHHS HE
BiIOYBaTUMEThCS, SIKIIO BOJa HE OyAe MPUCYTHBOIO Ha CKJi, TOOTO CBITJIO, IIO
B1JIOMBA€ETHCA BCEPEIMHI CKJIa, TPOCTO MPOMYCKAETHCS HA30BHI Uepe3 BOJY.

[Ilo6 BuUKIMKATH BIAOUTTS, PETYMIOIOTh KyT MaaiHHA Ha JudpakuiiHy
pemnitky. Kyt majninus Ha AUQpaKIiiiHy peuriTky Takui, o KyT BiAOUTTS CTAHOBUTD
42,5° y ckii, po3paxoBYEThCS 3a JIONOMOIOr0 3rajgaHoro puile piBHsHHsS (1.1). Ha
mudpakiiitHiil perriTii, copMoBaHiidi Ha CKISHIN moBepxHi 3 mepiogoMm 1020 HM,
BOHA jocsrae 22°, KONM TMPUKIAIAEThCS MO3WTUBHE mepBuHHE (+1) nudparoBane
cBitiio 633 uM Big He-Ne nazepa.

[Io6 3pobutu KyT BinOUTTS 64,0° BcepeauHi ckia, OUeBUIHO, IO KYT MaIHHS
Ha JudpakuiiHy pemiTKy Ma€ CTaHOBUTH 45° 3 TOTO caMOro po3paxyHKy. Y LIbOMY
BaplaHTI 3/11MCHEHHS CBITJIO Majae Ha MU paKiiiiHy pennTKy 5 mig kytom 45°. V nei
yac CBITJIO, SIK€ 3a3HA€ TMOBHOTO BHYTPIINIHBOTO BIJOUTTS, BUXOAUTH 3 1HIION
nudpakiiitHOl penriTKy 6.

Kpim TOro, y BuUMaakKy, Koiau Kpamis Bogd W TPUCYTHS B TOYI, €
B1JI0YBAETHCS OJIMH MEP10J] TOBHOTO BHYTPIITHBOTO BiIOUTTS, CBITJIO, IKE BUXOJIUTH 3
Tu(pakLiitHOT pelnTKy 6, 3MEHIIye IHTEHCUBHICTD, a Y BUMAJAKY, KOJU Kparuil BOAU
OPUCYTHI B YyCiX TOYKAax IMOBHOTO BHYTPIIIHBOTO BIJOUTTS, BHUXIJHE CBITIIO
3MEHITYEThCS 10 ofHi€eT I’ araecsaToi (1/50).

Mo>kHa nepeKoHaTucs, U0 MPUCYTHICTh BOJAM Ha CKIISHIM MOBEPXHI MOXKeE
OyTH JOCHTH YYTJIMBO BHSBJICHA, IO BKa3y€ Ha IHTCHCUBHICTh BHUXIJHOTO CBITJ]A.
Jani mpu mocTynmoBoMy 30UIbIIEHHI KyTa MaalHHS Ha AUQPPAKUIAHY pEeunTKy S
Bi1I0yBaeThcsl Te k sBuie. OnHaK, KOJIM KyT HaJiHHS TepeBuInye 64°, KUIbKICTh
BUXIJTHOTO CBITJIA HE 3MIHIOETHCS, HABITh SIKIO MPHUCYTHI Kpari Boau. Lle maibxe
30Ira€ThCsl 3 KyTOM, KOJIM yMOBAa MOBHOTO BHYTPIIIHHOTO BIAOUTTS BCEPEAUHI CKJa
HE 3MIHIOETHCS, HaBITh SIKIIO BOJA MPUCYTHS Ha MOBEPXHI.

Kpim Toro, cmja 3a3HayuTH, 10, HE3BaKal0UM Ha Te, IO BHHAXIJ
3aCTOCOBYETHCS 10 MEPEAHBOTO JIOOOBOTO CKJIa aBTOMOOLIS, TaKUM CEHCOpP MOXKeE
OyTH 3acTOCOBaHMN 10 OyIb-SKOTO CKJISIHOTO €KpaHa, SIKUW MiJJa€TbCA BIUIUBY
ctuxii. Kpim Toro, He3Bakarouu Ha Te, 0 00’€KTOM BHSBJICHHS Ha3WBAIOTh Kparuii

BOJM, BOJIa MOXKE€ MaTu 1HIIY (opMmy, HANpHUKIA], TOHKY IUIBKY, 32 YMOBH, IIO

19



MO>KJIMBE SIBUIIIE MTOBHOTO BHYTPIIIHHOTO BIAOUTTS.

Sk GauMMmo, 3TiAHO BHILE OMHCAHOIO, CEHCOpP JOILy IaHOTO THUIY € JTOPOTHM
BUT'OTOBJICHI, OCKUJIBKH MOTPEeOy€e CTBOPEHHS TUPPAKIINHOI PELIITKH 32 JOMIOMOTOI0
Ja3€pHOTO BUIPOMIHIOBAHHS Ta MYCHUTh LIUIBHO MPUJISTaTH O MOBEPXHI Camoro

JI000BOTO CKJIA.
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2 TEOPETHUYHI JOCJIII>KEHHA CEHCOPA J1OLY
2.1 3onayBaHHS PO3CiSIHOIO CBiTJIA.

TpagumiiiHuil ONTOENEKTPOHHUM METOJ BU3HAYEHHS JOILy BUKOPHUCTOBYE
KOJIIMOBAaHUMU CBITJIOBHM MPOMiHb, IIIOO MiHIMI3YyBaTH BTPaTH ONTHYHOI MOTY>KHOCTI
BiJ jpKepena iH(GpauepBOHOTO CBITJIA. B 3araibHOMY BHUKOPHUCTOBYETHCS JBa BUAU
ceHcopiB goiry. KoHieniiis ceHcopa 1011y BiIOMBHOTO TUITY, SKWW BU3HAYA€E CTYIIIHb
BUTOKY CBITJIa Ha B1AOMBAaIOYy IUISIMY 32 JOMNOMOTOK KOJIMAalUlMHOTO ONTHYHOIO
npuiaay mijg BITPOBUM CKJIOM, Ioka3zaHa Ha puc. 2.1.a. Konnenuis cencopa aomty
ONTUYHOTO XBUJIEBOJHOTO THUITY, 110 BUKOPUCTOBYE CBITIOBHI KaHal, c(hOpMOBaHMIA
ycepeauH1 J000BOro CKia, 10 3’ €AHY€E JKEPENo CBITIa Ta (POTOAETEKTOpP, MOKa3aHa

Ha puc. 2.1.6.

C:) Kpammuna soou

AN

PD

a)

(:) KpalIJIHHa BOOH

NN

ITpusma

Jlinza Jlinza
LED PD
0)
Pucynok 2.1. OnTuyH1 ceHCOpH 0ILY: a — BiIOMBAIOYOro TUIMY, O — XBUJIEBOIHOTO
TUITY.

B cencopi momry aBTOMOOLIS, IO BUKOPHUCTOBYE PO3CISIHE CBITIIO, HKEPETIo
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CBITJIa Ta (POTOJIETEKTOP € PO3TAIIOBAHUMHU IIiJT BITPOBUM CKJIOM. CBITJIOBHM IIUT
HEOOXITHUHN JyTsi OJIOKYBaHHS CBITJIA, IO MPOXOIUTH OE3MOCEPETHBO BiI JDKEpea
CBITJA. Y I[bOMY BHUIIQJIKy CBITJIO, III0 BPaXOBYETHCS, BIAOUBAETHCS HA MEXK1 PO3JILITY
JIBOX ONTHYHO MPO30pPUX MaTepiaiiB, SKIIO MOKA3HWKH X 3aJIOMJICHHS Pi3Hi, TpU
IbOMY BiJOMTa ONITUYHA CUJIA MPOTOPIIiiiHA PI3HHUII TOKA3HUKIB.

Konneniis ceHcopa Jo1ty, 1110 BUKOPUCTOBY€E BUSIBJIEHHS PO3CISTHOTO CBITIA,
nokasaHa Ha puc. 2.2. CBiTJIO, 110 BiAOMBAETHCS KparsIMHAMU JIONLY, SIKI 3HAXOAATHCS
no0au3y JI0OOBOTO CKJIa, € OCHOBHUM [UKEPEJIOM CHUTHAJly JJisi BUSBJICHHS.
HeoOxi1HO yHUKAaTH ONpSIMOTO BUIPOMIHIOBaHHS Ta BIIOUTTS CBITJIA, KPIM Kpameib
JI0IIly Ha JIOOOBOMY CKJIi @00 HajJ HHUM, 00 YHUKHYTH MHEPEIIKOJ BiJl PO3CISTHOIO

CBITJIA.

Kparmuza Boau

" /I \
r AR/ \ R CKII0
d B 3
7 / 27N \
1/ 1\\\ 4’,’< \‘ \\
7 \
- J//\, (\ // % \\ \
. o - / \\/\/ \\ N l:l
CeitgeBmii 0ok~ , /{\ \ b 8
7/ N N \
Y. // I/ // \\ \ \\ \—J
L7 \ \\ N
\
\ YV
2 \
LED Y,

PD
Pucynok 2.2 — IlpunnumnoBa 0y10Ba cCeHCOpa AOILY, 10 BUKOPHUCTOBYE BUSBICHHS

PO3CISTHOTO CBITJIA.

CBITI0BUY TPOMiHB, 110 MPOXOUTH BiJI JKEpelia CBITIA, MPOXOJAUTh BIACTaHb
«R» mo xparuii gomry Ta BiAOMBaeThCs Haszad 10 (PoTomiona Mmicis TOTro, sIK MPoie
BiACTaHb «IM». OTpuMaHy ONTUYHY TNOTYKHICTh CBITJIa B MICILl pPO3TallyBaHHS
dboToeTeKTOpa MOXHA BUpa3WuTd, SK MokazaHo B (2.1) [19], 1 s orpumaHna
MOTYXHICTh TOB’s13aHa 3 MOP(QOJIOTIEI0 JOMIOBOT Kparui Ta BIACTAHHIO MK Kparieto

JIOIITY Ta CBITJIOI0IOM.
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P() =P () P, (t)- P (L),
mr?
PRl(t) = W ' CDRl(T',Q,Qb,t),

1 (2.1)

SPD

Po(t) = (anR2)

© Pry ().

ne: O(r, 6, ¢, t) — mopdooris Kparut JOILy;

Spp — CBITJIOUYTIBA 00J1aCTh (POTOAETEKTOPA,;
P(t) — oTprMaHa iIHTEHCHUBHICTb;

Po(t) — IHTEHCUBHICTH BUIIPOMIHIOBaHHS;

Pry(t) — BIIOUTTS HMOBIPHICTH 32 KPAILICIO JIOILY;

Pry(t) — iMOBIpHICTh IPUHOMY CUTHAJIY Ha (OTONpHUIAMAYI.
2.2 Po3nizHaBaHHS BiIXWJIEHOIO0 CBiTJIa.

Skimo KoJIMOBaHE CBITJIO TaJja€ Ha CKJISTHE CEpelOBUIIE, CBITIO
MPOMYCKAETHCST BIAMOBIAHO A0 I1HTEHCUBHOCTI MNponyckaHHs T 1 BiIOUBAEThCA
BIIMOBIHO 0 1HTEHCHUBHOCTI BIIOUTTS R Ha TMOBEPXHI PO3ILIY JBOX MPO30PUX
MaTepiajiiB 3 PI3HUMH TOKa3HUKAMHU 3aJloMJieHHs. Hampukian, I1HTEHCUBHICTh
MIPONYCKAaHHS CTAHOBHTH ONM3BKO 96%, a I1HTEHCHBHICTh BIJIOWUTTS CTAaHOBUTH
05m3bK0 4% Ha MOBEPXHI PO3ALITY MK MOBITPSM 1 CKISSHUM CEPEIOBUILEM 3AJIEKHO
BIJI KyTa TAJIHHSI Ta TOYHOrO 3HAYCHHS ITOKAa3HUKIB 3aysomiieHHs [20]. Skmro
CBITJIOBUM OJIOK, SIKMI TIEpEIIKo Kae MPsMii Tiepeaadi CBITIa Bij JpKepesia CBITIa J0
dboToaioa, PO3MIIICHO TakK, I00 MPOIMYCKATH JIMIINE CUTHAIM IICJIsI TPEThOro
BIIOUTTS Ha BEPXHIN CKJSHIA MOBEPXHI, SIK MOKa3aHO Ha puc. 2.3.a, TOMI CUTHAIA
MICIIS IPYTroro BIIOUTTS MOXYTh J0ocsSIrati (OTOAETEKTOPa, OCKUIBKU Kparuisi JOILY
Ha IOBEPXHI CKJIa BUKIIMKA€E 301IBIICHHS TOBIIMHH CKJIA, IO MPU3BOAUTH JI0 3MiHU
HUISAXY CBITJA, SIK MOKa3aHo Ha puc. 2.3.6.

Pi3Hu1 B IHTEHCUBHOCTI CBITJIa MIX JPYTUM 1 TPETIM BIIOUTTSIM CTaHOBUTH
OU3BKO RZ, o exBiBasenTHO 1,6 X 107", sk mokasano Ha puc. 2.3. Takum 4uHOM,
pPI3HULIS 1HTEHCUBHOCTI TIOKa3ye Maibke AUCKPETHUM KPOK 1 MIAXOAWUTh s

BCTAHOBJICHHS IIOPOTOBOT TOYKH, ITI00 BU3HAYNTH, UM Tajae jaoir abo Hi. Y BUIAJIKY,
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AKIIO0 TaJaroue CBITIO HE € KOJIMOBAHHMM CBITJIOM, PI3HHUIISI 1HTEHCUBHOCTI MIX
JpYTUM 1 TpeTiM BiAOUTTAM ONiM3bKa A0 AMCKPETHOTO KPOKY 4Yepe3 HasBHICTb

OCBITJIIOBAJILHOTO OJIOKY, X04a PI3HUIISI CTAa€ MEHIIIO0, HIXK Y BUITQJIKy KOJIIMOBAHOTO

[1aJ1aF0490ro CBITIIA.

o
X7
MiHiMaTbHa BiACTaHb 3aTIHEHHA
a)
Kparumina Boau K|
/7| /
e

MiHiManbHa BiICTaHb 3aTIHEHHA

0)
Pucynox 2.3 — Ipunnun 1ii ceHcopa 011y, 0 BUKOPUCTOBYE BIIXHICHE CBITIIO: a —

0e3 KparImHu J0ITy; 0 — 3 KpaluIMHOO JIOTY.

S0 MiHiMaJIbHA BifICTaHb 3aTiHeHHs O, Ha puc. 2.3 HAOJUKAETHCSA 10 TOUKH
JUIIE TICas APYroro BiAOWUTTS, TOAI WMOBIPHICTH BHSBJICHHS Kparmui aomly Oynae
MakcuMalibHOI. OJIHAK 1€l METO/T € JOPOTHUM JIJIsl peati3allii, OCKUJIbKH BiH BUMarae

MIITPUMKH BUCOKOTO PiBHS TOYHOCTI B po3Mipax ceHcopa gomy [1].

24



2.3 Po3mizHaBaHHS BiIXHJIEHOTO CBiTJIa 3 HAXWJIEHHM MNOBITPAHHM

3230poM.

3amicTh TOro, 00 MIATPUMYBATH BHUCOKUH PIBEHb TOYHOCTI PO3MIPIB st
TOYHOTO HAJIAIITYBAaHHS MIHIMAJIbHOI BiJICTAHI MOJUTY 32 JOMOMOTOI0 MEPErOPOIKH,
110 OJIOKY€E CBITIIO, PO3MIIICHHS MTOXUJIOTO MOBITPSHOTO 3a30pY MiX JIOOOBUM CKJIOM
1 CBITJIOBUIIPOMiHIOBaueM JJisi OJIOKYBaHHS CBITJIA € 3pYyYHUM CIOCOOOM MOCTIHHOTO

peryJroBaHHs TOPOTOBOI TOUKH JIJIs MAKCHMI3allii YyTJIMBOCTI BUSIBJICHHS JONLY.

: MiHiManbHa BiICTaHb 3aTiHEHHA

Kparumza Bogu / 550 27
'

MiHiManbHa BificTaHb 3aTiHEHHS

Pucynox 2.4 - I[lpuniun aii ceHcopa 01y, 1110 BUKOPUCTOBYE BiIXUIICHE

CBITJIO 13 TIOBITPSIHUM 3a30pOM: a — 0€3 KpaIrIiHU J01y; O — 3 KPaITHHOO JOIITY.

Konu HaxuneHuil MOBITPSHUN 3a30p BIJACYTHINA, Jpyre CBITJIO, BiIOUTE
BEPXHBOIO CKJISTHOIO TOBEPXHEIO, OJOKYETHCA CBITIOOJOKYIOUMM TMPWIAIOM. Y

IIbOMY CTaHl1 HEBEJMKOI Kparui Jomry Oyjae HEeJOoCTaTHhO, 00 BIAXWIUTH IILIAX
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CBITJIa BHWIIE JPYroro BiJIOUTOrO CBITJIa BijJ CBITJOBUIIPOMIHIOBAaYa, IO OJIOKYE
cBiTno. Konmu mpucyTHii HaxXuiaeHUH MOBITPSHUNA 3a30p, ApPyre CBITJIO, BIAOWUTE
BEPXHBOIO CKJISTHOIO TIOBEPXHEIO, JIeABE OJOKYETHCS CBITIIOONIOKYIOUMM MPUIAIOM,
SK TOKa3aHO Ha puc. 2.4.a. Y 1bOMY CTaHI JIMIIE HEBEIUKOI Kparut goury Oyjae
JIOCTAaTHRO, MO0 BIAXWJIMTH IILISX CBITJIA BiJl BUIIPOMIHIOBAayYa, 110 OJIOKYE CBITIIO, 1
HOTPAUTH B OTBIP POTONETEKTOPA, SIK TOKA3aHO HA pucC. 2.4.0.

Perymroroun KyT Haxuiay MIDK CKJISHHUM XBHJIEBOJAOM 1 CBITJIOOJOKYIOUUM
OpUIaZoM, MOXHa O€3[epepBHO PETyNIOBaTH BIAXWIECHHS CBITJIA IUIIXOM
PEryIIOBAHHS KyTa HaXWJIy MK BITPOBHM CKJIOM 1 CBITJIOOJIOKYIOUMM MPUIIAZOM, IO
3a0e3revye BUCOKY UyTIUBICTh. BIIIMB KyTa HaXWily Ha CTYIIHb BIAXWJICHHS MOKHA
HNOSICHUTH, K MOKa3aHO Ha puc. 2.5. Y BUNAAKY, KOJHU CBITJIO NaJa€ HAa HUXKHIO
MOBEPXHIO JJOOOBOTO CKJIA i KYyTOM MajiHHA 61, TOAl 1ie CBITIO OyJe MPOXOAUTH
yepe3 HUKHIO TIOBEPXHIO 1 3HOBY NaJaTH Ha BEPXHIO MOBEPXHIO JOOOBOTO CKJa MiA
KyTOM MHaaiHHsA 7. SKI10 MU BCTAaHOBUMO KYT Haxwily sik Ot, Toal KyT BIAOUTTS Oyze

Or+20t.

. 7 —_
7/ N
A 4
CKIO0 A
/,f__ ,:_,\\6, + 26, t
// Or \\ Y
/ :
e ). 6,
/\. .
o : Al Kyt Haxuny

Pucynok 2.5 - EdexT BIuMBy KyTa HaXuWily MJIACTUHU HA 3MIHY IUIAXY MPOXOHKEHHS

CBITJIOBOT'O TIPOMEHS.
Ile BimxuiaeHHs 3Minrye nuiax ceiTia sk t-(tan(fr+ 20t) — tan(6r)) y

TOPU30OHTAJIBHOMY HAIIPAMKY, SAKIIO MU IIPUITYCKAEMO, IO KYT HAXWUJIY € HCBCIIMKHM,

3a3BUYall y MeXaX KUIbKOX TpaayciB.
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2.4 KBaHTyBaHH$S IHTEHCHMBHOCTI J01ILy.

BaxxnmiBo BU3HAYNTH 1HTEHCUBHICTD JIOILY, MO0 KOHTPOIIOBATH 1HTEPBA
CIIpallbOBYBaHHS CKJIOOYMCHUKIB B aBTOMOOLI. [IpoTe BiANOBiAb CUTHATY Ha
npouec po3citoBaHHs cBiTia [20] Mae BUIIaJKOBI CTOXAaCTUYHI XapaKTEPUCTUKU;
TaKUM YUHOM, MOTO Ba)KKO HANAIITYBAaTH JIIHIMHO 3aJIeKHO BiJ] 1HTEHCUBHOCTI
noury. Takum 4YMHOM, HEOOXIAHO KBAaHTYBAaTH IHTEHCUBHICTh JIOILYy LUISIXOM
Tpancopmarllii mporecy poscitoBaHHS. lIpsMe KBaHTyBaHHS aHAJIOTOBOTO
3HAYEHHS HEMOXJIMBE, OCKUIBKH BUX1Jl CEHCOpa € HIU(PPOBUM 3HAUYECHHAM. Takum
YIHOM, B CEHCOPI JI0Ily HEOOX1JTHO BUKOPUCTOBYBATH JIFCOPUTM, L0 MIEPETBOPIOE

ur(ppoBe 3HAYECHHS IHTEHCUBHOCTI JIOIY B aHAJIOTOBE 3HAYEHHS.

JInsgs BU3HAYEHHS IHTEHCHUBHOCTI [IONy BHUKOPUCTOBYETHCS YacTOTa
BUSIBIICHHS JIOITY B 3a3/1aJIeT1/Ib BU3HAUCHUH 1HTepBal yacy. A mudpa, ska BKazye
Ha CTYIIHb O€3MepepBHOIO BUABJIEHHS JOLLy, BHUKOPUCTOBYETHCS MJIs
BU3HAYECHHS po3Mipy Kkparmm jomy. OAuH 4YacoBUM NPOMIKOK, SKHH €
3a37aJIeTiIb BU3HAYCHUM I1HTEPBAJIOM 4Yacy, [IUIUTBCA Ha KUIbKa YacOBHUX
MPOMDKKIB, 1 KOXKE€H MPOMDKOK 4Yacy MPEJCTaBIs€ TMOJII0 BUSBJICHHS [OIIY;
TaKUM YMHOM, BiH QOpPMYy€E MEPETBOPEHHS YaCy B IHTEHCUBHICTh. 3a JOMOMOIOIO
[IOTO TIEPETBOPEHHS WMOBIPHICTH [OIIy BHU3HAYAETHCS IIISXOM IMiAPAXYHKY

AKTUBHUX YaCOBUX 1HTEPBAJIIB Yy 3a3/1aJieTi/[b BU3HAUYCHOMY 1HTEpBAJIl yacy.

CtpykTypa OJHOTO YacOBOTO IHTEpBally, IO Ma€ KUIbKa YacOBUX
IHTEpBAJIIB, MPOLTIOCTPOBAHA HA pUC.2.6. Y BUMAIKY CIa0KOro JOIILY JIUIIE OJUH
YaCOBHUH 1HTEPBAJ MPEJCTABIsE€ aKTUBHUM 1HTEPBA, OJHAK OLIbIIE CIOTIB Oyje
aKTUBHUM IIiJ 4ac JOmly. Y BHUMAIKy APiOHOIUCIEPCHOTO JOIIy BCi YacoBi
IHTepBAIM OYyTh aKTUBHUMHU. MU MOXEMO OTpUMATH JIaHi I10/I0 IHTCHCUBHOCTI
JIOIy Ta PO3MIpPYy Kparelb, MPOaHai3yBaBIIM IA0JIOH aKTUBHOTO YacCOBOTO

IHTEepBAJly B OJTHOMY Kajpi.
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Kparumina Boau Yac cioty

Yac xkaapy
Pucynok 2.6 — KagpyBanHs curHaiy.

VY mnepeTBOpPEHHI BiJ 4acy J0 IHTCHCHBHOCTI WMOBIpHICTEH jgoiny P(t) 3a
OJIMH Yac KaJIpy OIIHIOEThCA HUIAXOM IO€AHAHHS MMOBIPHOCTI pO3MIpY Kparuil
JIOIIy Ta KMOBIPHOCTI TPUBAJIOCTI JOMLY, SIK ITOKa3aHo B (2.2), ne N mpejacraBiisie
yac HoMepy CJIoTa, Ai IpeicraBisge KOeQILIEHT 3BaKyBaHHS pPO3MIpY Kparuil
nomy, B mpencraBisie koe(illieHT 3BaKyBaHHS Ui AKTHBHHX 4YaCOBHX
inTepBaniB, S(t) mpexacrapise Oe3NMepepBHUI Yac CIOTy, a Ny(t) MpencTaBise
KUIBKICTh YaCOBHX 1HTEPBAJIIB, 0 BUSIBJISIOTH KPAILIIO JIOIIY:

n, (t)

. (2.2)

N
P(t) = ) ASi(t) + B -

i=1
Takum 4YMHOM, IIeM TpOIEC MEPETBOPEHHS BiJl Yacy A0 IHTEHCHUBHOCTI
BUKOPHUCTOBYE JaHi PO po3Mip Kparuti gomry, A kox, 1 yac gomy, B kon, 1m00
BU3HAYUTHU IHTEPBAJ CIPAIlbOBYBaHHS CKJIOOYMCHHUKIB. Y pasi jgoury A xon
HAJCWJIa€ CUTHAJ I aKTUBallli 3 BHCOKOI MIBHJAKICTIO, a B Kon Hajcuiae
CUTHAJ JUIsSl aKTHBaIlii CKJIOOYHCHUKA. Y pa3i HEBEIMKOTo o1y A KOJ HaJCHIIae
CUTHAJI /I BBIMKHEHHS 3 HU3bKOIO MIBUAKICTIO, @ B KoJ Hajcuiae cuUrHai s
BBIMKHCHHSI CKJIOOYHMCHHMKA. XOdYa JIMIIE B YMOBax TyMaHy, B Koa HaJcujae
CUTHAJI JJI1 aKTUBAIii JBUTYHAa CKJIOOYMCHUKA JIMIIE TOMi, KOJH BHSIBJICHO

KpaluIro JO1Iy.
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3 EKCIIEPUMEHTAJIBHA YACTHHA

3.1 Crpykrypa ceHcopa aoury.

JloboBe CKJIO aBTOMOOUISI Mae CTPYKTypy OaraTtomapoBOTO CKJa, B SKY
BCTAHOBJICHO TOHKY IUTIBKY TMOMIBIHUIOYTHpPAIbHOI CMOJH SK aMOPTH3aTOp.
[Toxa3HUK 3aJIOMJICHHS BHILEBKA3aHOI MOJIIMEPHOT IUTIBKM 3HAXOJIUTHCS B Jiama3oHi
Bix 1,6 mo 1,8, mo OJM3BKO O IMOKAa3HHMKA 3aJOMJIEHHS CKJa, a TOBIIWMHA ILIIBKH
HE3HaYHa TOPIBHAHO 3 TOBIIMHOIO ckia. CeHcop momry OyJ0 BHUTOTOBICHO 13
3BMYAHOTO CKJIa TOBIIMHOIO 6 MM, sIK oka3aHo Ha puc. 3.1. Kyt Haxumny ckia Oyio
BIJIPETYJIbOBAHO TAaKMM YMHOM, 100 JIpyre BIAOUTTS BiJl BEPXHbBOI CKISHOI MMOBEPXHI
aeaBe OJIOKYBalIOCs CBITJIOONIOKYIOUMM MPUIAIOM. SKIO Kparui JOIly HPHUCYTHI Ha
BEpXHIM CKIISHIA TOBEepXHI a00 HaJ HEK, TOAl HOBUU IUISIX BIAXWIICHOTO CBITIA

CTBOPIOETHCS IUISIXOM BIAOUTTS HA MOBEPXH1 Kparuii JOMIY.

Kpammuna i
nomy YTl ury

DOTOOETEKTOP

JIoOoBe CKII0

1

d

CBIiTIIOBHIi OJIOK

AN VRN |

N V4
PCB s Twl

Pucynok 3.1 — CtpykTypa 3alponoHOBaHOTO CEHCOpa JIOITY.

[le BimxuiaeHHS TPU3BOIAUTH JO 3MEHIICHHS KPOKY BIJOUTTS, 110 TPU3BOAUTH
70 301IBIIEHHS ONTHYHOI TOTYXKHOCTi, IO HAAXOAUTh A0 (oTojeTekTopa, Ha
MOPSIJIOK BUINE, HDK y cTaHl 0e3 kparut jgomry. BiaxuneHuil CBITJIIOBHIA NUISIX 32
MeXaMH JIO0OBOTO CKJIa € OCHOBHHMM JDKEPEJIOM CHUTHAIy JUIS aKTUBaIlii
CKJIOOUMCHUKA. DOTONETEKTOP CIpUKMAE JBa NUISIXM CUTHANY: BIJJOMTE CBITJIO

KparwIisiMd JIONTY Ha JJOOOBOMY CKJIl Ta PO3CisiHE CBITIIO KparwisiMu jaomry. OnTtudHa
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MOTYKHICTh, BIIOMTA BiJl Kparuii JOIIY Ha JIOOOBOMY CKJIi, PETYJIIOETHCS OJU3BKO 10
PO3CISTHOI ONTHYHOI MOTY>KHOCT1 Kparielo AOULy, SKa Majga€e HaJ CKIOM JI00OBOTO
CKJIa, JOTPUMYIOUHCH JIOCTAaTHHOI BIJACTaHI S 1Ji1 BHUPIBHIOBAHHS I1HTCHCHBHOCTI
CUTHaITy Kparenb aonty. KyT mamiHHS Bif JpKepena CBITJIa KOHTPOIOETHCS MUITXOM
perymtoBaHHs BifcTani W Mix CBITIOBHM OJIOKOM 1 Jpkepenom cBitia. CBiTio, 110
NpsIMO TIOIIUPIOETHCS BIJ JDKEpeaa CBITIA, € 3a0JIOKOBAHO CBITIOOJOKYIOUHM
OpUIaZoM Tepel THM, SK JOCATTH (POTONETEKTOpa, SK IMOKa3aHO Ha puc. 3.2.
[IBUIKICT TOCHUJICHHS CHUTHATY JUIS BIiIXHJIEHOTO Ta pO3CISHOTO CBiTIA €
OOMEKEHOI  KUIBKICTIO PO3CISHOTO CBITJA HAaBITh MiJ 4Yac PO3MIIICHHS

dboToaeTeKTOpa BCEPEIMHI CBITIO0IOKYIOUOTrO CJIEMEHTY.

1 — cBiTnomion, 2 — ¢hoTomio, 3 — CBITIOOJIOKYIOUHH CIEeMEHT.

Pucynok 3.2 — Burnsig ekcnepuMeHTaIbHOTO CEHCOpa IOy .

3.2 OO0pobka curHaJiB Ta pe3yJbTaTH A0CTIIKEeHb

KyT BUmpoOMiHIOBaHHS JKepena CBITIa € KPUTHYHUM JJIsi BUSBICHHS JIOIIY.
Mupokuit kyT 3abe3nedye MmuUpIry oOJaCTb BHUSBIEHHS, TOIl SK BY3bKUH KYT
BUIIPOMIHIOBaHHSI PO3LIMPIOE PO3AUIbHY 3AaTHICTh BHUSIBICHHS B MeXaxX OOMEKEHOT
30HU BUSBJIECHHS. CBITIOMIOA 13 IUIOCKUM BEpPXHIM BIKHOM 13 KYTOM MOJOBUHHOI
noTyxHocTi 90 TpagyciB OyB 0OpaHuii sl pO3MIUPEHHS 30HU BUSBIICHHS. Bucokuit
NepioIMYHUN MUTTEBUM CTpyM 13 KoedimieHToM HamoBHeHHs 25% cuioro 60 MA
KUBUTH CBITJIOMI0M, WUIO0 3amo0irTH MeperpiBy, OCKUIBKM 3BUYAMHMIA CTpyM
JKUBJICHHS JTAaHOTO CBITIOMiIoNa ctaHoBUTh 20 MA. Yacrtora momyssiii cBitia Oyma

obpana Ha piBHi /3 k['11, MO0 yHUKHYTH HeOakaHOTO €(PEKTy BIUIMBY 30BHIIIHBOTO
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OCBITJICHHS. Buila yactora BUTiIHA IS 301TBIIIEHHS MMOBIPHOCTI BUSBIICHHS uepe3
OUTBIIIy YaCTOTy JUCKPETH3allii, OJHAK, 3 MPAKTHYHOI TOYKH 30py, II€ TaKOX
301JIbIIIY€E TMOBIPHICTh KOJMBaHb Ye€pe3 BUCOKUHN KOe(IIll€HT MiJICUJICHHS MpHiiMada
Ta CKJIAJHICTh CMYTOBOTO (piIbTpa cXxeMmu mpuitmMada. BumpomiHIOBaHHS 3MIHHOTO
CBITJIa BUKOPHUCTOBYBAJIOCS JJIS BIACTS)KCHHS MIBUIKUAX MAJAI0UYUX Kparelb Oy Ha
IIUPOKINA TEPUTOPIi.

[{enTpanbHy JOBXHHY XBWII JpKepelia iHGpadepBOHOTO CBiTIa OyJio oOpaHO
875 uM, mo Oyno OJM3BKO 10 TMIKOBOTO BIATYKY KpeMHieBoro ¢oromiona 3
BukopuctanusM Gal—[JAl[], sk BUIpPOMiHIOBaYa 3 BIAMOBIIHUM CKJIQJOM Y
NOTPIMHOMY CKJIagHOMYy HamiBOpoBigHuKy III-V. Kpim Toro, nomxunHa XBuii
BUIPOMIHIOBaHHS CBITJIOJIO/y TOBUHHA BIJAMOBIJATH CIEKTPAILHOMY JIiana3oHy
npoiyckaHHs (GoToa104a 3 GUIBTPOM JEHHOTO CBITJIA, MO0 3a0€3MeUnTH JOIaTKOBE
BIJIXWJICHHS BIiJI YAaCTOTH COHSIYHOTO CBITJIA, 33/ 3MEHIICHHS MOro BIUIMBY Ha
poboTy cencopa. biok-cxeMa nepenaBayda rnokasaHa Ha puc. 3.3, a BUMipsiHa ¢opMma

XBWJI1 IIEpe/iaBaya Mokas3aHa Ha puc. 3.4.

LED
CHraan .
f=2kHz _ | Jpareep
_— AL

ITupHHaa Cymarop

jl'-‘IHYHLC}? = 0.25ms ] LED
Curxan 4| L] 4*

Q0anann A
UIHpHHa = 7 us
IMITYIBCY '

Pucynok 3.3 — biiok-cxema nepenaBaua.

QinbTp ONTUYHUX TEPENIKO] OyB pO3MIIIEHUN Ha BikHI (OTOJETEKTOpa
ONTUYHOTO TpuiiMaya s 3amoOiraHHs HeOaxaHOi JOBXHHU XBWJI Ta
€JIEKTPUYHOI JEMOIYJIAIIL, 3a/Ji1 MOKPAIIEHOTO CIIBBITHOIICHHS CUTHAJ/IIYM.
BinnoBnenuii Biaryk Oyno 30UIbIIEHO A0 PIBHA CHUTHANY, SKAW MOXHA
BUKOPHUCTOBYBATH JJIi aHAJIOTO-LIM(PPOBOTO TEPETBOPEHHS 3 TMOKpaIlIEHUM

BITHOIIICHHSM CUTHAJI/TITyM.
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Kanan 2

b N

a 0

Pucynok 3.4 — Curnan nepegaBada. a — popMat CUTHaIY; O — BUMIpsiHA

ocrorpama. X=0,1 mc/mox, Y=2 B/mo.

DOTOIETEKTOP
[Miacmo- |, TIemony- |, DLIBTp ,
< < < L[AH —
Bay TATOP fe=73kHz
o =S2c  Ww e
1IInpuHa IMITYIBCY = 25() us I1InpuHa IMITYIBCY = 7 s L
BuxigHHE cHTHAI
Kowmmapatop J Uac . .
X Tpomeco > IHTepdeiic —
Vi, = 100~500 mV X250 make. | ] PP P

inl

IMuprra imoyasey = 250 ps  Illuprea iMmymscy = 35 ms
Pucynok 3.5 — biok-cxema nmpuiimaua.

biok-cxema onthuHOro mpuitMauya mokaszaHa Ha puc. 3.5, a BumipsiHa ¢opma
XBWII MpuiiMada Moka3zaHa Ha puc. 3.6 ta puc.3.7. B aBTomMoOuI1l HEOOX1AHO MaTH
KUTbKa pPOOOYMX KPOKIB JUIsI KOPEKTHOTO MOHITOPUHIY IHTEHCHUBHOCTI [IOILY.
AJropuT™M BUSBJICHHS JONILy, 3aCHOBaHMH Ha TPOIECi TEPETBOPEHHS Yacy B
IHTEHCUBHICTh, BAKOPUCTOBYETHCS JJI1 OTPUMAHHS JaHUX PO JOIL, TAKUX SIK PO3MIP
1 KUIBKICTh Kparelib JIONly, a TaKOX JJIsI TOYHOI'O Y3TOJKEHHSI BUXIJTHUX JaHUX

ceHcopa 3 PaKTUYHUMHU YMOBAMHU JOIILY.
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Pucynox 3.6 — Curnan orpumanuii i3 poronpuiiMada nmpu HEBEIUKIN KIJTBKOCTI BOJU

(cnmabkmit gomr). X = 0,5 mc/mox Y = 1B/mog.

i S A L S

Pucynok 3.7 — Cuenan ompumanuii iz pomonputimada npu 8eIuKii KilbKOCmi 600U

(cunvruti oowy). X = 0,5 mc/noo, 18 = 1B/noo.

AJTOPUTM BUSIBIIEHHS KpAaIUIMH JOINIY TMOJSTa€ y BUSIBICHHI KIJIBKOCTI
BIIOMTUX TPOMEHIB 32 OJHMH KaJp MEPEJaHOTO CUTHAITY, TMOPIBHIOIOYU HOTO 13
NIEBHUM ITOPOTOBHMM 3HAYCHHSIM HAMPYTH, 10 MOYKHA 3MIHIOBaTH (BUKOPUCTAHHS
TpUrepa) Ta yCepeaHEHHS IIUX JTaHWX 3a Yac MPOXOKCHHS TPhOoX KaapiB. CHrHaI
BIJIOBIJTHO 1HBEPTYETHCS Ta MOJAETHCS HA BUXI1JI 13 HAIIIOTO MIKPOKOHTposiepa. B
SKOCTI MIKPOKOHTpOJiepa BHKOpHCTOBYyBasiach Iutara Arduino Mega Ta
€JIEKTPOHHA OOB’S3Ka 3 BHKOPUCTAHHSM omeparliiiHoro miacuimoBada OPO1, B

SKOCT1 TpUTEpaA.

Cencop gmomry OyJIO BCTAaHOBJIEHO T CKJIOM TOBIIMHOI 6 MM 3a
JIOTIOMOTOI0 KJICI0 Ta 3 KyTOM Haxmily OJU3bKO 6° 1 1[I0 €KCHEPUMEHTAIbHY

YCTAHOBKY BHMKOPHUCTOBYBAJIU [IJIi MOHITOPUHTY MAaKCHMAaJIbHOI YYTJIMBOCTI Y
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BUTJIAI HAKOMHWYEHHS TyMaHy KpaIUTMH BOJIM Ha TMOBEpXHI ckia. CuUMymsiis
nomy BigOyBajmach 3a paxyHOK pO30pH3KYBaHHS BOJM Ha ITOBEPXHIO HAaT
CEHCOpPOM Jolly. BuXimHMI CHTHam CeHcopa JOIly TIOKa3aB JIOCTAaTHIO
YYyTJIMBICTH AJIsl BUSIBIICHHS TyMaHy Ha CKJISHIA MOBEPXHI, K MOKAa3aHO Ha PUC.
3.6. Ilokazany (opmy curHanay OyJIo 3MIHEHO IICIIS MEPETBOPEHHS B IU(poBUiA

CUTHAJI INIJIAXOM 3aCTOCYBAHHA HOpOI’OBO.l‘ HallpyTu.

Pucynok 3.8 — ®opma 0TpuMaHOro CUTHAITY (POTOAETEKTOPOM MICIIs IEPETBOPEHHS B
U pPOBUIA CUTHAT LIUISIXOM 3aCTOCYBaHHS IOPOrOBO1 HANPYTH.

X =0,5mc/mon, Y = 1B/mon.

JIBa pi3HUX TUIHU PO3MUIIOBAHHS BOJAM BUKOPUCTOBYBAIKCS JUIsl IMiTaIlli yMOB
JIETKOTO JIOIIy Ta YMOB HOpMaJibHOro joiry. dopma CUTHATy BUXITHOTO CHUTHATY
ceHcopa Jomly micis orudpyBaHHS Ta po3mHUpeHHs 3a dacoMm (X140) mns cxemu
KepyBaHHs MOKa3aHa Ha puc. 3.9 ta puc. 3.10. ®opma curnainy Ha puc. 3.9 nokazye
peakiiio Ha Jerkui gom, a gopma cur"Hamy Ha puc. 3.10 mokasye peaxiiiro Ha

3BUYATHUU JOIII.
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Pucynok 3.9 — ®opma BHUXITHOTO CHTHAIY CEHCOpa I YMOB CIIA0KOTO

no1ry (HeBenuKa KinbKicTh Boau). X = 400 mc/mox, Y = 1B/mog.

Pucynok 3.10 — dopma BUXIIHOTO CHUTHAy CEHCOpa AJIsS YMOB CHJIBHOTO

nomy (Benuka KumbkicTs Boan). X = 400 mc/mox, Y = 1B/mog.

ExcnepuMeHTabHUIM pe3ysbTaT MOKa3aB YiTKY PI3HUIIO MDK BUIMAJKAMU
JIETKOTO Ta 3BHUYAWHOTO JOILy. Y BHUMAAKY, KOJW BUKOPHUCTOBYETHCS (DYHKITis
yCepeqHEeHHs. s MiAPaxyHKY YacOBUX MPOMIKKIB JOIy, BIATYK CeHcopa
MOKa3aB TEHJEHIIII0 70 TPOXH Cialdlioro BIATYKy, HIX y BHUIAIKy 0e3
yCepeaHEeHHsI. Y 3amporoHOBaHIi CTPYKTYpi CEHCopa JOILy KyT HAXWIy CEHCopa
JOIy BIHOCHO JIOOOBOTO CKJIa € KIIOUOBUM TMapaMeTpoM Jisi BHU3HAUEHHS

qyTIUBOCTI. TakoXk 1€l KyT MOXKHa PeryJiioBaTH B 3aJI€KHOCTI BiJl TOBIIMHHU
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1000BOrO CKJIa Ta BiACTaHi J0 J000Boro ckia. Kopnyc ceHcopa aoiry moBUHEH
OyTH HaIIHO MPUKPITUIEHUM JI0 JOOOBOTO CKJIa 3a JIOMOMOTOI0 KIIEIO.

Bes ontuuHa cTpykTypa ceHcopa folry Oyiia po3TamioBaHa OJIM3bKO /10
noBepxHi ckia B Mexax 0,5 MM 3a30py BcepeauHi kopmnycy. Kyt naxwiny B
eKCIIepUMEHTI OyB BCTaHOBIEHUN B Mexax 6 rpaayciB. OnHak, SKII0O MU
cripoOyeMO 1HTETpyBaTH 1€ CEHCOp IOy Ha JIOOOBE CKJIO aBTOMOOLIBHOI
30BHIIIHBOI J1abopaTopii, HEOOXIAHO [OJAaTKOBO PO3TJISIHYTH METOJIOJIOTIIO
KOPCTKOTO KPIIUICHHSA, [00 YHUKHYTH MEXaHIYHOTO 3MIIEHHS 4epe3 BiOpallio
mijg vac pyxy. Takoxx HeoOXiJHa mMpocTa Tpoleaypa KajaiOpyBaHHS Jis
3a3HAYEHOI YyTJIMBOCTI, MO0 BIANOBAATH YMOBaM MacoOBOIO BUPOOHHUIITBA
HUIIXOM TOJIATBIINX JOCIIKEHb.

OnToeneKTpOHHUI CEeHCop JOILY 31 CKJIaJIEHUM CBITJIOBUM XBHJIEBOJAOM 13
HAXWJIEHUM TIOBITPSHUM 3a30pOoM OyJO JOCHIIKEHO Ui 3aCTOCYBaHHS B
aBTOMOOUTbHOMY ceHcopy joury. Lleit BigkpuTuit Tunm 06€3 ONTHYHOIO
KOJIMAIITHOTO TpUaay Ma€ TepeBary HIMPOKOTO OXOIUICHHS 30HAyBaHHS Ta
IpOCTOT  KOHCTPYKIli, Ta Ma€ MiABUIIEHY YyTJIMBICTH 1 JIHIHHICTS.
3anponoHOBaHU CEHCOp 0Ly BUSBISE BIAXWICHHH NUISX CBITJIa Kparuiero
JIOIYy Ha BEPXHIM MOBEpPXHI CKJIa XBUJIEBOAY Ta BIIOUTTA PO3CISTHOTO CBITJIA
Kparwiero Jomly HaJ CKJIOM XBWJIEBOAY; TakKuM YHHOM, BiH 3aMIHS€ CKIIQTHY
XBUJIEMOIIOHY OINTHKY, III0 BAKOPUCTOBYETHCS B ceHcopax aoity. [IIupokokyToBa
CUCTEMa BUIPOMIHIOBAHHS CBITJIa BIJ JUKEpesia CBITJIA PO3LIMPHIIA OXOIUICHHS
30HIyBaHHS, & HAXWICHUHN MOBITPSIHUI 3a30p MIXK CBITJIOOJIOKYIOUUM MPUIATIOM 1
CKJIQJICHUM CKJISTHUM XBWJICBOJIOM 3irpajii BaXJIMBY pOJb HE TUIBKH B
MIBUIIEHHI YyTJIUBOCTI, aje W y MiABUIICHHI JIHIHHOCTI MPOTH IHTEHCUBHOCTI
noiry. 30Ha YyTIUBOCTI CEHCOpa JOIy OXOILTIOE MPUIIETITy 00J1acTh, 1O 3 €IHYE
JDKepeso cBiTiIa Ta GOTOACTEKTOP, 10 MOKHA MOPIBHSATH 3 XBUJIIHOBUM ONTHUYHUM
CEHCOpPOM, KWW Ma€ YyTJIHMBICTH JIMIIE B JIiHII, MO 3’€IHYE HKEPENo CBITIA Ta
dboToaeTEKTOP.

AneKkBaTHE CHIBBIIHOIICHHS CUTHAJI/IIIYM MATPUMYBAIOCS 32 IOMTOMOTOIO
biTbTpa ONTHYHUX  NEPEIIKOJ, 10 TMPUCYTHE B  (POTOIETEKTOPI 1

MOJYJISIIT €IeKTPUYHOTO CUTHANY, 1100 MaTH MOJIHMBICTh NPUIYLIECHHS LIYMY,
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30epirarouu Mpu IbOMY BEJIUKUN KOE(IIEHT MiJICUJICHHS CUTHANy. AJTOPUTM
BUSBIICHHS, 3aCHOBaHHMI Ha TMpOIECI NEPEeTBOPEHHS dYacy B IHTEHCUBHICTB,
BUKOPUCTOBYBABCS JJIsl IEPETBOPEHHS IHTEHCUBHOCTI JIONTY B JIIYMJIBHUH Mpoliec
JIOIITYy 32 JIOMTOMOTOI0 CJIOTIB BU3HAYEHHS MOJILTY Yacy.

Cencop o111y, BCTAHOBJIEHUH Ha JIaOOpaTOpHOMY IPUCTOCYBaHHI, TOKa3aB
BHUCOKY YYTJHMBICTh JIJISl BU3HAUCHHS CKYMUYEHHS TyMaHy Ta JIOIIy Ha MOBEpXHI
no6oBoro ckna. [IpoTe mpupogHuii 10111 € BUMTAAKOBUM; TAKUM YHHOM, PE3yJIbTaT
TECTy Mo3a JabopaTopi€lo MOXE BIAPIZHATHCS BiJ OTPUMAHOTO pe3ynabTaTy. Y
[IbOMY BHIIaJKy IJI1 ONTUMI3alii OyJe KOPUCHUM TPHUBAIUN EKCIIEPUMEHT Y

30BHIIIHHOMY JIOLIOBOMY CE€PEIOBHIIIL.
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4 OXOPOHA IIPALIL

4.1 AmHaji3 TeXHOJIOTIYHOI0 MpoLecy JAOCTiIKEeHHs eJeKTPHYHHUX

CUTHAJIIB

Hebe3neuna mofisi «ypaxeHHS EIEKTPUYHUM CTPYMOM» MpPH AOCTIIKEHHI

CIICKTPUYHUX CHUTHAJIB 13 CCHCOpAa MO’KC BUHUKHYTH Y TaKUX BHIIAJKAX:

1. besnocepenHbOro JOTUKY A0 BIIKPUTUX CTPYMOBEAYYHMX YACTHUH 1
IPOBOJAM.
2. JloTuky 10 MeTaJeBUX YaCTUH YCTAaTKyBaHHS, [0 BHUIAIKOBO

OMMHUJIUCH I11]1 HATIPYTOIO.

3. BincyTHicTh a00 MOIIKOIKEHHSI 3aXUCHOTO 3a3€MJICHHS.

AHanizyloud Tpolec OJepXKaHHS TpaBM TIpPU MPOIECi JOCIIIKECHHS
CIICKTPUYHUX CHUTHAIIB Ta TECTyBaHHS BUKOHABUYMX MEXaHI3MIB, BHUKOPHCTOBYEMO
METO/I JIOTIYHOT'O MOJICJIFOBaHHS TOTSHIIIMHUX aBapii, TpaBM 1 KatacTpod, 110 Ma€e Ha
MET1 PO3POOUTH TOCKOHATY CUCTEMY YIPaBIIHHS OXOPOHOIO TMpalli MPU MPOBEICHHI
JOCITIJIKEHB Ta JIa0OPaTOPHUX POOIT.

JlaHuii MeToJ Ja€e MOJKIIMBICTh HUISXOM IMOOYAOBH <JIepeBa» BiAKa3iB 1
NOMWJIOK POOITHHKA BBECTH MAaTeMaTHUYHYy OOpOOKYy MOJENl 3 METOH OJEp>KaHHS

WMOBIPHOCTI BUHUKHEHHSI TAKUX BUMAJKOBUX MO sIK aBapis Ta TpaBma [21].

4.2 OuiHka piBHf He0e3nekM BHHUKHEHHs aBapiii i TpaBM mig 4ac

SHATTH OCHUWJIOIrPpam

[Ticns BU3HAYEHHS BIANOBIAHUX TPaBMOHEOE3MEUHUX Ta aBapiiHUX CUTYaIlii
Ta IXHBOI KIJIBKOCT1, TAKOK BU3HAYA€MO BUIM 1HIIHUX IMOJIN, 10 HAJIEXKATh 10 KOXKHOIL
TaKOi CUTYyallil, JJOTIYHUM aHaII30M 13 BUKOpPUCTaHHSM omepaTopiB «I» Tta «ABO».
[Ipotiec moOymoBH JIOTIKO-IMITAIIHHOT MOJIENI TIpotiecy (hOpMyBaHHSI Ta BAHUKHECHHS
aBapiil Ta TpaBMaTHU3MY IIij] Yac MPOBEACHHS MIarHOCTUKU TPUBAE A0 THX Mip, MOKU
He Oyjie 3HalIeHO BCi MO/Iii, 1110 YTBOPIOIOTH MEXY Mojeni [22].

HmoBipHicTh 6a30BUX MO/1i BU3HAYAEMO 3T1THO JaHUX BUPOOHUIITBA.
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[Ticnst oOuuciaeHHsT MMOBIpHOCTEN yCIX MOIIM, IO po3TalioBaHl B poMOax i
0a30BO1 MOJii, MOYMHAIOYW 3 JIIBOTO HIKHBOTO KyTa «IEpeBa», MO3HAYAEMO 32
JIOTIOMOTOI0 HOMEPIB yC1 BUITAIKOBI MO/I11 JIOT1KO-1MITAIliHHOT MOJIEI.

Ha mpoMy BBakaemo, 10 JaHa MOJEJIb TOTOBA 0 MaTeMaTHYHOI OOpPOOKH.
Jlnsi BUKOHAHHS MaTEeMaTUYHUX OOYMCIIEHh WMOBIPHOCTEH BHIAJKOBUX IOJIN
3acTocoByeMo popmyu [23].

Hexait maemo aBi 6a30Bi moii 3 imoBipHOCTSIME 1) 1 I, KOTpi 32 MOMTOMOTOFO
ornepatopa «I» yTBOPIOIOTH CIiyrouy Moait0. Tojai IMOBIPHICTb YTBOPEHHS TaKoi
noii 13 MOXHaA BU3HAUNTH TaK:

3 = I; - I 4.1)

3a nmomomororo omeparopa «I» Tpu momii 3 imoBipHocTsmu 11 T12 ,I13
GbopMyIOTh BUIAJAKOBY YETBEPTY MOJIt0. TOal MMOBIPHICTH II1€1 MOJ1l OOUYHUCIIIOIOTh
TakK:

[, =10; - I, - I3 (4.2)

Axo 3a nonomororo ornepatopa «I» 00’eIHyeTbCS N TOINA 3 KMOBIPHOCTSIMU
I11,I12,113.....,IIn, To11 IMOBIPHICTH, IO CKJIAJIAETHCS 3 N TOJiH Oy/Ie JOPIBHIOBATH:

=1 -1, - Iz - ... ... 1], (4.3)

JIBi 6a3oBi noxii 3 imoBipHOCTsIMHU I11 1 I12 3a nomomororo omeparopa «ABO»
BXOJATH 710 TpeThoi mojii. Tosi Taka iiMoBipHICTE 113 Oyne qopiBHIOBATH:

I; =10, + I, — II; - II, (4.4)

Skmo 3a momomoror omneparopa «ABO» 00’eqHIOIOTBCS TpU 0a30Bi MOl 3
imoBipaocTsamu 11,112 1 TI3, ski 3a HOMOMOTOI0 IHOTO OMEpPATOPy BXOIATH Y
HACTYIIHY TMOAI0 3 WMOBIpHicTIO 114, Taky MMOBIpHICTh IIi€l MOl BU3HAYAEMO 32
dbopmyoro:

[, =10, +0, + I3 —10; - I, = [0 - I3 — I, - TI5 + I1; - I, - T3 (4.5)

Tak, mMOCTYNOBO OOYUCIIOIYM WMOBIPHICTh BHUXIAHMX MO KOXXHOTO
OKPEMOTO PO3Tay’KEHHs, HAOJMKaeEMOCh [0 TOJOBHOI TMOAIl 1 OOYHUCIIOEMO
WMOBIPHICTD ii BAHUKHEHHS.

Jis mpoBeneHHs OOYUCIEHb WMOBIPHOCTI TpPaBM BUKOPHUCTAEMO JIOTIKO-
IMITaIiiHy MoJIeJb nipoliecy ii popmyBanHs (puc.4.1).

WmoBipHicTh noaii 3:
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l_[3 == Hl + HZ - Hl . HZ (46)

YMOBHO npuiimMaemo, 1o WMOBIpHICTh 6a3zoBux moxid I11 = 0,4,aIl2 = 0,6.
[licTaBuBIIM J1aH1 HAIIMX UMOBIPHOCTEH 0a30BUX MO, OJEPIKUMO:

[13=04+06-0,4-0,6 =0,76.

Coin 3ayBa)XuTH, 1110 OOYMCIICHHS HMOBIPHOCTEH BUMAIKOBHUX O
MIPOBOJIATHCS BIATIOBITHO JI0 MOJIOXKEHB OYJIEBO1 alnreOpH.

AHaJIOTT19YHO 00UYHCITIOEMO HMOBIPHICTH 1HIIMX MO/I1H 3aJIe)KHO BiJ iX HOMepa:

[l = M, + [l - 11, - Ig; 4.7)
I[Ig =04+ 06-04-06 = 0,76;
[I;, = I3 + IIg - II5 - Ilg; (4.8)
II, = 0,76 + 0,76 - 0,76 - 0,76 = 0,94;
[Iip = g + Ilg - IIg - Ilg; 4.9
[lio =04+ 06-04-06 = 0,76;
Mz = Myq + Mgy = Ty - Ty, (4.10)
I,z =04+ 05-04-05=0,7
My = Myo + Myz - Ty - Ty3; (4.11)
I, =076 + 0,7-0,76 - 0,7 = 0,93;
II,5 = 0,3;
[Iig = 7 + Iljg - 117 - Tlqy; (4.12)
Il,6 = 094 + 0,93-0,94 - 0,93 = 0,99;
y; = Iy « Tys; (4.13)

M, = 099 - 0,8 = 0,297.
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Pucynok 4.1 — Jloriko-iMiTaniifHa MOJEJb MPOIIECY BUHUKHEHHS TPaBMHU IIPH POOOTI

3 HaBYaJIbHUM CTCHAOM
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4.3 3axoaum m00 3HUKEHHsI aBapiiiHOCTI Ta TpaBMAaTM3MYy miJ yac

IMPOBCIACHHS I[OCJIi)I)KeHb.

I3 po3paxyHkiB BUAHO, 110 Ha 100 Takux TpaBMOHEOE3MEYHUX MICI[b IPUTIAJIAE

0,297 tpaBmu. 1110 € 1OCUTH HU3BKUM MOKA3HUKOM TPaBMO- HEOE3MEUHOCTI.

Jns Toro, 1mo6 3MEHIIUTH UMOBIPHICTh BUHUKHEHHS TPaBM Ta aBapii IiJ 4ac

JTAHOTO TEXHOJIOTIYHOTO MPOIIeCy, MOTPIOHO:

—  TEXHIYHMM pIIIEHHSM, IO BUKJIIOYAIOTh MOXIIMBICTh BKJIIOUEHHS JIOJEH Y
JAHIIOT CTPyMy MiX OfHi€l0 ¢a3o U 3emiero, crnocodoM, MpU SKOMY
CTPYMOBEIy4Yl YaCTUHHU, WLI0 HOPMaJbHO TMepeldyBalOTh IIiJI HAMPYTOIo,
HEJOCTYNHI JUIs BUnaakoBoro JoTuky. lle 3a0e3meuyerbcs HaailHOO
130JI5I111€10, OTOPOJ/IKEHHSIM, PO3TAIllyBaHHAM iX HA HEIOCTYIHIM BUCOTI abo
I1]1 3eMJICI0, OJIOKYBAHHSIMU 1 1HITUMH CIIOCO0aMU;

—  TEpeBIPATH CHPABHICTh Ta HASBHICTh 3a3€MJICHHS METAJIEBUX YacTHH
Ja00paTOPHOTO CTEHY;

—  oOjagHaTH PO3ETKM NPUCTPOSIMA  ABTOMATUYHOTO  BIJKIIOYEHHS, IO
3a0e3MeuyloTh y pasl 3MIHM BEJIMYMHU CTPYMYy BIJHOCHO HyJsl 1 ¢asu
BIJIKJIFOYEHHSI JTA0OPAaTOPHOTO YCTaTKyBaHHS,

—  3aCTOCOBYBaTH B JJAOOPATOPHOMY €JEKTPOYCTATKYBaHHI O€3MEYHOi Hampyru
BEIMYMHOIO 110 24B, 1o BukiIoyae HEOE3MEKy YpaXEHHS eNeKTPUYHHM
CTPYMOM;

—  TIpaBWIbHOMY BHOOpPY BUpOOHUYOrO cepenoBuia. Jlaboparopis moBuHHA OyTH
3aXMIleHa BiJ] /11 BUCOKOI BOJIOTOCTI, OMAITIOBATUCH Ta MICTUTH MI1CJICKTPUUHY
17JI0TY;

—  Ha npujiajax, skl MalOTh PyXOMi €JIEMEHTH CJIiI PO3MICTUTH 3aXUCHI KOXKYXH,

3aJ1s1 YHCMOXKIIMBJIIOBAHHA JOTHKY 1O HHX.
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5 EKOHOMIYHA YACTHUHA

[{iny mpoeKTyBaHHS Ta BUTOTOBJICHHS CEHCOpA JOITy MOXHA BU3HAYUTH T10

bopmymi:
C=3,, +B.+E.+ BpeM + By, + BiHy + Ao6y + B, + Bexen (5.1)

ne 3,) — OCHOBHA Ta JI0JaTKOBa 3apo0iTHA Ij1aTa , TPH.;

B. — HapaxyBaHHS y (GOHJ COIIaJbHOTO CTpaxyBaHHS Ta 1HII TUNH (POHJIB
(mpuiimaeTbest Ha piBHI 38% Bix 3,0);

E.—3arpaTu Ha eHepriio;

B, — 3aTpaTH CTOCOBHO PEMOHTY Ta OOCIyrOBYBaHHS 00JIaJHAHHS;

B,, — BUTpaTH Ha 10JATKOBI MaTepiay;

B,;,,~BUTpaTH Ha €KCILTyaTalll0 PIKYYHX IHCTPYMEHTIB;

Aosy — AMOPTHU3ALIMHI BiApaxXyBaHHS;

B, — BUTpaTH Ha YyTPUMAaHHS IPUMIIIICHHS;

B,y — €KCILTyaTAIIITHI BUTPATH.

Po3paxyHOK 3aTpaT 1o KOXHIH CTaTTi MPOBOUTHCS TAKMM YUHOM [24].

3apo6iTHa miiarta (K OCHOBHA, TaK 1 J0JJaTKOBA) BUPOOHUYOTO TIEPCOHATTY

pPO3paxoByeThCs 3a (hopmMyIIoro:

By = L - 2 (14001 - @) - (1+001-p) (6.2)

ne: | - tapudua roquana craBka npaiisuauka, |, = 100 rpu./rox;
t,.m. - YaC BUTOTOBJICHHS J€Tall Ha I-Tiii onepariii;
a, [ — 1omaTKoBa 3apIuiaTa 3a BiampaisoBanwuii yac, (a=12%,5=8%);

120
B0n = 100 =+ (1+0,01-12) - (1 +0,01-8) = 241,92 rpH.;

B.=0,38-3,, =0,38-120,96 = 91,9296 rpH.;
Butparty Ha 110 BUKOPUCTAHHIO EJIEKTPUYHO1T CHEeprii:

NB ) I'<i - Ky - K!{ L
Ec = ° N : B (6.3)

Ny * Mu 60 ¢

ne N, — TOTYXHICTh EJEKTPOINPHUIANiB, 10 BUKOPUCTOBYIOTHCA TIiJ] Yac

BUTOTOBJICHHS CEHCOPiB, KBT;
B _p\H— :
N°> =N"=0,1 xBm;

K,i=0,6...0,7 — koe(dilieHT OJHOYACHOCTI BUKOPUCTAHHS €JIEKTPOTIPUIIAIIB;
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Kn=0,7...0,85 — koediiieHT, 1110 BpaXxOBYy€ 3aBaHTAKEHICTh €JIEKTPOIPHUIIAIIB
0 MOTYKHOCTI;

K,=0,5...0,7 — koe(iii€eHT, 1[0 BpaxOBY€ 3aBAaHTAXKEHICTh €IIEKTPONPHIIAIIIB TI0
qacy;

no = 0,86...0,9 —KK]] enexrponpuiaiis;

Ny = 0,92...0,96 — koedirieHT, M0 BpaxOBY€ BTPATU €JICKTPONIOCTAYaHHS B
CJIEKTPUYHIN MEPEexKi;

1], =4,3 rpu/kBT'TOa — 111HA €NEKTPOCHEPTIi;

. 05-07-07-06 120
¢ 0,9 - 0,92 60

- 4,3 =1,53rpH.;

Butpatu, 1110 CTOCYIOTBCS PEMOHTY 00JIa/IHaHHS BU3HAYAIOTHCA TaK:

g W RKe -ty o
pem T TpM'6O ()

ne W — BuTpatu Ha peMOHT 1 0OCIyTOBYBaHHS, 110 NPUMAAAl0Th HA OJUHUILIIO
CKJIQIHOCTI Mpuiaay (MpUMMAarOThCS B 3aJIEKHOCTI BiJ] CKJIQHOCTI MIPUIIANY);

R — kaTeropist peMOHTHOI CKJIaJHOCTI o0nagHanHs, R=114;

K.,=1,3 — koedimieHT, 0 TMOKa3ye KIUIbKICTh JOAATKOBHX BHTpaT Ha
PEMOHT MpUiIaaYy;

T,

»u — TPUBANICTh KUTTEBOTO LUKy IPHUIALY MK pEMOHTAaMHU, TOJL.:

TpMzA'IBM'ﬁTB'.Bn'ﬁB;
Jie A — HOpMaTHBHA TPUBAIICTD UKIY MiXK peMoHTamMu (A=2000 roxuH s
MasyIbHOI CTaHIII1);
B = 0,85 —n1s masIbHOI CTaHIIIT;
Brs = 1,5 =111 OMTMHUIHOTO BUPOOHUIITBA,
f, = 1 — nyig HarpiBaya reyaTHUX TUIAT;

fs = 1 —nis BIOBIIOBaYa MIKIIUBUX MAPIB.

Tpw = 2000 - 0,85 - 1,5 -1 -1 = 2550roz.

Butpartu Ha peMOHT BU3HAYa€EMO 1O (GOpMYIIi:
900 - 114 - 1,3 - 120
2550 - 60

Butpartu Ha q0omOMIXKHI MaTepiaian po3paxoByeMo mo (hopmyi:

Bpm = = 104,62 rpH;
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* lyr
By = ﬂ6—0 - Ky (6.5)

ne Mra =10,75 — roguHHI BUTPATH Ha TOJATKOBI MaTepiaa Ta Ha OJWHHITIO
CKJIaJTHOCTI PEMOHTHO1 YaCTHHHU BCIX THIIB MPUJIAJIB, IPH;

KT — xoeditient, mo BpaxoBye tut BupodHunTa (KT=0,9 — nns oquHIIHOTO
BUPOOHUIITBA).

10,75 - 120
MA 60

3arpaT¥ Ha eKCIUTyaTallil0 Pi3HOMAaHITHUX BHUTPATHUX MatrepiaiiB (MpHITii,

- 0,9 = 19,35(rpH);

(dmroc, ouunIiyBay NeyaTHUX IUIaT) pO3paxoByeEMO 3a (POpMyIIoLo:

_ (+Bnep) Ty
iny — t )

(6.6)

B, =120 rpH — mouarkoBa 1iHa mnpurnoto; Bnep=50 rpH — 11iHa 3MHUBKU IS

nevyaTHUX miaT; te=600 XB — eKOHOMIYHA CTIHKICTh IHCTPYMEHTY;
K; =0,8 — xoedimienT, mo BpaxoBye HMOBIpHICTh BUOYTTS IHCTPYMEHTY;

y = 0,7 —koediuieHT yacy BUKOPUCTaHHS BHUTPATHUX MaTepiadiB IMiJ Yac

po0oTH.

(120 + 50) - 0,7 - 120
600

Biny = 0,8 = 19,04 rpH.;

BurtpaTtu Ha ekcrutyaTaliio pi3HOMaHITHUX MPUCTOCYBaHb CKJIAJAI0Th:

C(0,6...0,7) + Ly + tyy

npy = (6.7)
by EapM - 60 - Ni
ne l;,= 5500 rpu — moyarkoBa BapTiCTh NPUCTOCYBAHD,
n; = 0,95 —koedimieHT, MO BpPaxOBYE 3aBaHTAXKEHICTh OOJIATHAHHA Ha

KOHKPETHIN omnepartii.

o _06-550-120
Y T 3809 - 60 - 0,95 - PH

AMopTH3aliiiHi BIApaxyBaHHA Ha PI3HOMaHITHE 00JIaJHAHHS BU3HAYAIOTH 32

dbopmyioro:
Bean © 25 - Hy, - t
Aoy = T 60 100 7., (6.:8)
apM ) * Naas
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ne B;,, — 6aancoBa BapTicTh oOnagHaHHs, Bgay = 18462rpH;
H,,=15 % — BiicOTOK aMOPTHU3aLIHUX BIpaxyBaHb;
N3a6 = 0,9 —HOpMaTHUBHMIA KOE(DIIIEHT BUKOPUCTAHHS OOJa HAHHS JIJIS

JTAHOTO BUY BUPOOHUIITBA.
A 18462 - 2,5 - 15 - 120
°6y ™ 3809 . 60 - 100 - 0,9

= 4,03(rpH);

Butpatn, sKi CTOCYIOThCS  €KCIUTyaTallli TPHUMIMIEHHS, pPO3PaXxOBYEMO
BHU3HAYAEMO 3a (POPMYIIOIO:
So,q " Kp © Bup - tur
F:upM - 60 - N3as

B, = (6.9)

ne S,, — BUpoOHMYA IIIO0IIIA, KA IpUnagae Ha podode micie, S,y =2,97KB.M;
Kg =3,5 — koedirieHT, 1110 BpaxoBy€e HEOOX1AHY BUPOOHHUY TUIOILY;
B,,=1500 2pn — piuni BUTpaTH, SIKi 1IOB’sI3aHi 3 BUKOPHCTAHHAM 1 M’

BUPOOHUYUX MPUMIIICHbD.

5 - 2,97 - 35 - 1500 - 120
m 3809 - 60 - 0,9

= 9,10(rpH);

Co01BapTiCTh BUTOTOBJIEHHS CEHCOPA JIONLY:

C =24192+91,93 + 1,53+ 104,62 + 19,04 + 1,82 + 4,03 + 9,1 = 493,52rpH.

Xoya Ha JaHWUW MOMEHT 4Yacy MHU IIl€ HE BpaxyBaJid yCiX 3aTpar, IIIo

CTOCYIOTBCA BUTOTOBJICHHS HAIIOT'O CCHCOPA.

Croii BpaxoByeMO Taky e€JIeMEeHTHY 0azy:

° CeiTnomionu, 2t — 75 rpH;

o dotomion — 45 rpH;

o [TewaTna mnarta — 20 rpH;

o Mikponpouecop — 145 rpH;

) Omnepaniitauit nigcumoray OP07, 2 it — 108 rpH;

o Pesuctopu ta konaencaropu B kopnyci 0805 — 10 rpH;

o Crabinizatop Hanpyru — 20 rpH.

OTpuMaHi 1aHi po3paxyHKiB 3BOJUMO B Ta0auIl0 6.1.
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Tabmuis 5.1 — CtaTTi BUTpAT Ta IiHK BUTOTOBJICHHS CEHCOPA JIOTITY

CrarTi BUTpaT Hina, rpu
3apobiTHa maTa 241,92
BiapaxyBanHs 10 corcTpaxy Ta iHIIL}. 91,93
Enextpuuna eHepris 1,53
Pemour 104,62
JlomomixH1 MaTepianu 19,04
Burtpatu Ha ekcrutyaTaniro NpucToCyBaHb 1,82
AMopTH3aIliiiHi BiipaxyBaHHS 4,03
Excrutyarariist npumitieHHs 91
CsiTiomionn, 21T 75
doToaion 45
[lewaTHa maTa 20
Mikporporiecop 145
Omnepaniitauit miacumopad OP07, 2 mr 108
Pesuctopu Ta konnencaropu B kopmyci 0805 10
Cralimizatop Hanpyru 20
Bcboro 896,99

bepyuu no yBaru orpumani 1ani B Ta0j1. 6.1, MOXXKeMO BU3HAUWTH IIHY HAIIOTO

CEHCOpa JI0IIy, 0 CTAHOBUTH 896,99 rpH.
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BUCHOBKHA

1. [IpoBeneHo aHami3 pi3HUX THUIIB AaBTOMOOUIRHUX CEHCOPIB JOLLy MpHU
YoMy BKa3aHl iX mepeBaru Ta HeNONIKU. JleTanbHO pO3TISHYTO HPUHIMI POOOTH
PE3UCTUBHOTO, EMHICHOTO Ta ONITUYHOTO CEHCOPIB BUSABIICHHS JOMILY.

2. Pozrasayto TEOpPETUYHI JOCT1IKEHHS ceHcopa hi(0)110%
ONTOEJEKTPOHHOTO THUITY 13 BUKOPHUCTAHHSM BIJXHJIEHOTO CBITJIAa 13 MPSMHUM Ta
MOXMJICHUM TMOBITPSIHUM 3a30pOM. 3TiHO IMX JOCHiAKEeHb O00paHO 3a MPOTOTHI
OITOEJIEKTPOHHUM CEHCOP 13 TOXUJIOK TUIOIIHOIO.

3. OOrpyHToBaHO BHOIp CBITJIOMIOAY Ta THUI CUTHAIY MHOro CHUrHamy.
Po3po0neHo makeT ceHcopa J0Ily 13 MOXHIIOKO IJIOIIMHOI0, KyT SIKOi CTaHOBUTH 6°.
Po3pobineno anroputm 00poOKU CUTHAITY, SKUH HAIXOAUTH Ha (GOTOMIO/.

4, [IpoBeneHO JOCHIKEHHSI OCIUJIOTpaM CHUTHAJIB Oe3rocepeHb0 Ha
nepeaaBayvl Ta mpuiiMadi sk 6e3 oOpoOkuM Tak 1 micis HuppoBoi 0OpoOKU CUTHATY
pHu pi3HIi KUIBKOCTI KparuiMH Boau Ha ceHcopi. CeHcop oIry, BCTAHOBJIEHUN Ha
71a00paTOpHOMY TPHUCTOCYBaHHI, MOKa3aB BUCOKY YYTJIWBICTh JIsi BU3HAYCHHS
CKYMUEHHS TyMaHy Ta JIOIlly Ha MOBEpXHI J00oBoro ckia. [Ipore npupoanuii gou €
BUMAJKOBUM; TakKUM YHHOM, pe3yJbTaT TECTy Io3a JIabopaTopielo MOXKe
BIJIPI3HATHCS BiJ OTPUMAHOTO pe3yibTaTy. Y 1bOMY BUIAJKY JJsl onTUMi3alii Oyne
KOPUCHUM TPUBAJIMH €KCIEPUMEHT Y 30BHIIIHBOMY JOLUIOBOMY CEPEIOBHUIIII.

5. HaBegeHo 1HCTPyKIii CTOCOBHO TEXHIKM O€3MEKH NP JOCIIKEHHI
CICKTPUYHUX CUTHAIIB 13 CEHCOPa JIONTY.

6. [TopaxoBaHo BapTICTh BHUPOOHUIITBA CEHCOpA Oy 3 HAXWICHUM
MOBITPSHUM 3a30poM. [[iHa BUTOTOBJIEHHS CEHCOpa 13 BpaXyBaHHSIM €JIEMEHTHOI 0a3u

Ta MPOLIECY BUTOTOBJIEHHS CTAHOBUTH 896,99 IpH 32 OAMHUIIIO.
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