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Annomayun: Hapyuwienue pexcumos cMAa3Ku HeU3DeHCHO UHUYUUPYEN 3APOACOeHUe NPOSPeccupyiomjux ¢ GblCOKOIl
CKOPOCMbIO 0eheKmos 6 dNeMeHmax NOOWUNHUKOBbIX V3108. Hecsoespemennoe oOHapyxcerue 0ecmpyKmugHbIX npoyeccos 8
NOOWUNHUKAX POMOPO8 2A30MYPOUHHBIX YCIMAHOBOK NPUBOOUM K NOIHOMY 8bIXOOY YCMAHOSKU U3 CIPOS U MONCEM UMeNmb
Kamacmpoguueckue nocieocmeus, Kax O cyOHd, MAak u epynnvl Cy008 6 CIOJNCHbIX HABUSAYUOHHBIX Ycaosusx. K
COdACANEHUIO,  CYWECMBYIOWUEe MUNbL  AKCEIEPOMEMPO8 6  VCI0BUAX KOHYEHMPUPOBAHHOZO — BO30CUCTEUS  MOUHbIX
INEKMPOMACHUMHDIX, TMEPMUYECKUX U GUOPAYUOHHBIX NOJAEl, KOMAAKMHO PACNONONCEHHOZO CYA08020 000pYO08aHUs, He
obecneuugarom 3QhexmusHblll KOHMPOab GUOpayUuU NOOWUNHUKOE 6 Haubolee UHQDOPMAMUBHOM GblCOKOYACHOMHOM
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ouanaszone. B cnoocuswetics cumyayuu Haubonee L;e]leCOO6pa3HblM Mmoofcem oKazadmvcia UCNOJIb308AHUE B0JTOKOHHO-
onmuvyecKkux usmepumenbHblx npeo6pa308ameﬂeﬁ HA OCHOBE Keapyesoco CmMeKId, KaK mamepuana Haubosee cmouko2o K
OONLUUHCINGY IKCHILYAMAYUOHHBIX 0eCmabuIusupyowux axmopos. [na 0emekmupoanus u usmepeHus ypoeHs eubpayuu
NOOWUNHUKOB 2a3omyp6uHHblx YCMAHOB0K MO2Yym UCNON1b306ANMbCS 60JIOKOHHO-OnNMuYecKue akceiepomempbsbl, noCmpoernHnble
no cxemMam NOAAPUSAYUOHHOL, PA3080U U AMIAUMYOHOU MOOYAAYUU. B moowce 8pems anaruz noxaszau, umo 603MONCHOCHIU
cyuecmeyioumux  80J10KOHHO-ONMUYECKUX  YCMPOUCME HEOOCmamouHol Osi  3PPeKmueHo20 KOHMpPoIs eubpayuu 6
CneyuaibHsblx YCl106UAX. B cozoasweiics cumyayuu npedcma@mzemcz pauuonaﬂmeZ peKomeH()auuﬂ aKyenmupoeambs
6HUMAHUE HA KOMneHcayuu ()ezpabauuu ceoticme uyecmeumeslbHoco aj1emMenma akceiepomempa u npujiecaroujux JUHULL CBA3U.
Pexomendyemoe cxemomexnuueckoe peuwienue npedcmasisienm co60l GOJIOKOHHBIU AKCeLepOMemp AMNIUMYOHOU MOOYIAYUL,
COCWIO}ZWLHJ usz cepmemuvnoco Kopnyca, OnOpHO2O ceemoeo&a, codepofcau;eeo 6]101( C/G- JIUH3, USMePUmeIbHOocO U
Komnerncupymoujeco ceemoeodoe. C6€m060()bl umerom ompasxcaouwiue Ciou U3 can¢up06020 cmeKjia Ha mopyax u
IKCYEHMPUKOBYIO MACCY U3 Keapyeeoco CmeKia HA USMepUmeibHom ceemosooe. Inasnoe omauuue pEKOMeHOOGLlHHOZO
akcejiepomempa onm paHee U36eCmmHnvblx KOHcmpyKLfmZ 3akjandaemcs 6 mom, 4mo c6emosoobl UMeIom aeanCCMPOBCZHHyK)
cepdueetu, onmuvieckue d)uﬂbmpbl BKJIIOYEHbL 6 cocmae UsmMepumelbHoco U  KOoMNneHcupyroweco ceemoeodoe,
paszvedunenue/o0veounenue uziyueHus ocyuecmensemcs 6 onoke C/G- q1un3, a 015l KOMAEHCAyUu memnepamypHoc0 GIusiHus
UCnoab3yemcs Hecmrko COCOUHEHHAs C ONOPHBIM €c6emoso0OM OUMemanriu4eckas niacmund.

Abstract: The violation of lubrication regimes inevitably initiates the emergence of defects that are progressive at a high
speed in the elements of bearing units. Failure to detect destructive processes in the bearings of the rotors of gas turbine
installations leads to complete installation failure and can have disastrous consequences for both the vessel and the group of
vessels in difficult navigation conditions. Unfortunately, the existing types of accelerometers under conditions of concentrated
exposure to powerful electromagnetic, thermal and vibration fields, compactly located shipboard equipment, do not effectively
control the vibration of bearings in the most informative high-frequency range. In this situation, the most appropriate may be
the use of fiber optic transducers based on silica glass, as the material most resistant to most operational destabilizing factors.
For the detection and measurement of the vibration level of bearings in gas turbine installations, fiber optic accelerometers
can be used, constructed according to polarization, phase and amplitude modulation schemes. At the same time, the analysis
showed that the capabilities of existing fiber-optic devices are insufficient to effectively control the vibration in special
conditions. In this situation, it seems a rational recommendation to focus attention on compensating for the degradation of the
properties of the accelerometer's sensitive element and adjoining communication lines. The recommended circuit solution is a
fiber accelerometer of amplitude modulation, consisting of a sealed housing, a reference fiber containing a block of C / G
lenses, measuring and compensating fibers. The fibers have reflective sapphire crystal layers on the ends and an eccentric
mass of quartz glass on the measuring light guide. The main difference between the recommended accelerometer and
previously known designs is that the optical fibers have a depressed core, optical filters are included in the measuring and
compensating optical fibers, separation / integration of radiation is carried out in the C / G-lens unit, and to compensate for
temperature effects bimetallic plate connected to the reference light guide.

KiroueBble cjioBa: BI/I6pa].[I/I$I, BOHOKOHHO-OHTI/I‘{eCKPlﬁ, aKCeJICpOMETP, TepMOCTa6I/IJ'ILHOCTL.

Keywords: vibration, fiber optic, accelerometer, thermal stability

Brenenune

[TocTOsSTHHO M3MEHSIIOLINECS] B TEUEHUE JUINTEIBHBIX TIEPHOJIOB BPEMEHN THAPOIMHAMHYECKNE M KIIMMATHIECKHUE YCIOBHS
SKCIUTyaTallul MpPOIYJIbCUBHOTO KOMILIEKCA CyJHA, B COYETAaHMU C BIMSHUEM arpecCUBHOM MOPCKON Cpelbl, BBI3BIBAIOT
pE3KOe CHIDKEHHE pecypca CMa304HBIX MaTepUalioB, MCIONB3YIONMXCS B ra3oTypOuMHHBIX ycranoBkax (I'TVY). Hapymenne
PEKUMOB CMa3Ki HEM30€KHO MHHIMHMPYET 3apOXJCHHE MPOrPECCHUPYIOMINX C BBICOKOW CKOPOCTBIO JIE()EKTOB B DIIEMEHTaX
TIO/IIIMITHIKOBBIX y3JI0B. HecBoeBpeMeHHOE OOHAapy)KEHHE IECTPYKTHBHBIX MPOLECCOB B MOIIIUIHUKaX potopoB ['TY
MIPUBOJMT K MOJHOMY BBIXOJY YCTaHOBKH M3 CTPOSI M MOXET MMETh KaTacTpo(HUUYECKUe MOCIEACTBUS, KaK I CyJHA, TaK U
TPYIIIBI CyI0B B CIIOKHBIX HABUTAILIMOHHBIX YCIIOBHSX.

K coxanenuio, CyIecTBYIOIIME THUIBI AKCEJIEPOMETPOB B YCIOBHUAX KOHIIEHTPUPOBAHHOTO BO3JCHCTBUS MOIIHBIX
JJIEKTPOMArHUTHBIX, TEPMUYECKUX W BHOPAIIMOHHBIX I0JIEH, KOMIAKTHO PACIHOJIOKEHHOI'O CYAOBOTO 00OpYyIOBaHHs, HE
obecrieunBaoT 3(GEKTUBHBIA KOHTPOJb BHOpAalMU MOJIIIMIIHUKOB B HauOosiee WH(GOPMATHBHOM BBICOKOYACTOTHOM
JMana3oHe.

B cnoxuBmIedcss cuTyanuu HauOosiee LEIecOOOpasHBIM MOXKET OKa3aThCsi HCIOIb30BAHME BOJIOKOHHO-ONTHYECKHX
M3MEPUTENBHBIX Tpeo0pa3oBaTesieil Ha OCHOBE KBApIIEBOTO CTEKIJa, KaK Marepuaiia Hambojiee CTOWKOro K OOJIBIIMHCTBY
AKCIUTYaTAIMOHHBIX AecTaOmIm3upyonmx Gpaxtopos (D).

B 1O Xe BpeMs B HayYHO-TEXHHUYECKOH JHTEpaType HEJOCTATOYHO OTPAKCHbI OCOOCHHOCTH CO3[JaHUS BOJOKOHHO-
ontudeckue axcenepomerpsl (BOA) 11 cucTeM TEXHHUYECKOTO JIMATHOCTHPOBAHMSA, AKCIUTyaTHPYEMBIX B YCIOBHSX
KOHLIEHTPUPOBaHHOTO Bo3felcTBusa JI®D, COOTBETCTBEHHO HE paccMaTpUBAIOTCA KOHCTPYKTHBHO-TEXHOJOTMYECKHUE
0COOCHHOCTH, U HE IACTCS OIL[EHKA MX METPOJIOTHUECKHUX U IKCIUTYaTAlOHHBIX XapAKTEPUCTUK B TAHHBIX yCIOBHSAX.

AHAJIN3 JIMTEPATYPHBIX HCTOYHUKOB M MIOCTAHOBKA 321a4H

Poct Temneparypsl nogmunaukoB I'TY o0yciiosieH "BHYTpeHHUM" HarpeBOM MOAMIMIIHAKA ¥ BHEITHUM IT0/{BOJIOM TEILIA.
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CAl

"BHyTpeHHHU#" HarpeB MOIIINITHUKOB KaueHUs BBI3BIBACTCS YIpyroi nedopmanueil Ten KadeHns: n OETOBBIX JIOPOXKEK KOJIel]
NIPU TPWIOKEHWH K HHUM Harpy3ok. [Ipum sToM mnpomcxoaut aedopMaiys HarpyKaeMblX YYacTKOB M IOCIEIyIoIee
BO3BpAILlCHNE MX B NCXOJHOE COCTOSHHME. BHyTpeHHee TpeHme Mexy JacTHIAMH MeTajula B TaKOM Ipolecce MPUBOJNUT K
BBIJIENICHNIO Tetua. Kpome Toro, MOAIINIHNKH, PAcTION0KEHHbIE B 'TOPSYNX 30HAX —JBUTATENs (B paiioHe KaMephl CTOPAHUS
1 TypOMHBI), UCTIBITHIBAIOT 3HAUNTEIBHBIN JOTIOTHUTEIBHBIA MOJJOTPEB OT TOPSYMX JETaTICH, YTO IPUBOAUT K HEOOXOIUMOCTH
OpPraHU3aIlMK TOBBIIIEHHOIO TEIUIOCheMa C IOMOINBI0 INPOKAYMBAEMOTo Macia. B 3TuX ycloBuAX Temmeparypa Ui
o MmUTHIKOB KadeHus [ TY nocturaert rpanmn B 225 ... 250 °C [1].

Jnst neTeKTHpOBaHMs U M3MepeHHs ypoBHs BuOpaimy noamunHaukoB I'TY moryt ncnons3osatbest BOA, noctpoeHHbIe 110
CXeMaM MOJSIPU3aLMOHHOM, (a30BOH M aMIUIMTYIHOH MOIYIAIMH. Bo BceX THUIIAX BOJIOKOHHBIX aKCeJepOMETPOB
TeMIlepaTypHble BO3A€HCTBUS Ha onTHYecKnit BosiHOBOJ (OB) Takoro ypoBHs, IPUBOAS K N3MEHEHHIO €ro MapaMeTpoB, MOTYT
BIIMSTH OJTHOBPEMEHHO Ha OJIHY WIIM CPa3y HECKOJbKO XapaKTEPHUCTHK ONTHYECKOH BOJHBI.

[Nonsipu3anMOHHbIE NAaTYMKHA OTIMYAIOTCS OT AMIUIMTYIHBIX M HMHTEPPEPOMETPUYECKHX HAJIWYHMEM IIOJISIPU3aTOpOB U
aHAIN3aTOPOB. DTH JJIEMEHTHI, KaK MPaBUIIO, JOJDKHBI YCTAaHABIMBATHCSA B MECTE IOJTYYEHHs MEPBUYHON MHPOPMAINH, YTO
CBSI3aHO C BO3MOJKHOW JeTONApH3alyeil U3IydeHUs WIN JOMOJHUTEIBHBIM JIBYJIyYeHPEIOMICHHEM, KOTOPOE MOTYT BHECTH
MOJIBOJISIIIIME M OTBOJISIIIIME BOJIOKOHHBIE CBETOBOJIbI. Takoe pacrojioKeHHe MOJSIPU3aTOpOB, W3rOTABIMBAEMbIX OOBIYHO Ha
OCHOBE OpPTaHMYECKHX IUICHOK, CYIIECTBEHHO OTPAHMYMBAET OOJIACTh NMPUMEHEHUS MOJSIPU3AIMOHHBIX JaTYHKOB, CHIKACT
BepxHHU mpeaes pabouux temmeparyp a0 50 ... 60° C. OrpaHuucHHE MO0 BEPXHEMY MPeaeiy pabouux TeMIICpaTyp JAeiacT
Heresecoo0pa3HbpIM MpUMeHeHue Nossipru3annoHHbIx BOA mmst 3anau quarnoctupoBanust ['TY.

BOA ¢azoBoii Moyssiiuy CTPOSTCS 10 HanOOJIee pacpoCTPaHEHHBIM CXeMaM Ha OCHOBE TOMOJIMHHOTO M F€TEPOANHHOTO
naTeppepomerpa Maxa — Llennepa.

AKcenepoMeTphbl 3TOTO THIA OOBIYHO peann3yloTcs mo AuddepeHnnansHol cxeme: J1a3epHOe W3IIydeHUE pa3/eisieTcst
MIOJTYIPO3pavHbIM 3€PKaJIOM Ha JABa TOTOKA, OAWH M3 KOTOPBIX HampamisieTcss B OB, JOKaIN30BaHHOE B 30HE M3MEPEHHS.
Jpyroii TOTOK W3Iy4eHHUs Tpolryckaercs depe3 omopHoe OB, BHe 30HBI BO3MCHCTBHA W3MEpsIeMON BETHMYHMHBEL B
M3MEpPUTEIFHOM TIpeoOpa3zoBaresie peajn30BaH TNPUHIUI TOJTHOH "acMMMETpHH" HW3MEPHUTEIBHOTO W OIOPHOTO KaHaja
OTHOCHTEIJILHO HE TOJBbKO MH(OPMATHBHOW M3MEPSIEMOM BEIWYMHBI, HO U OTHOCHTENIbHO JID M HEMMHEHHBIX COCTABISIONINX
¢GyHKIMK TpeoOpa3oBaHusl.

WH]opMannoHHbIH CUTHAN B KaXK/IOM U3 IUIeUeil MHTepdepoMeTpa 3aBUCHT OT U3MEHEHNH TIOCTOSIHHOM pacrpocTpaHeHHs!
BonHHI 3 1 nimHEI OB L, Haxonsmerocs mox ASHCTBHEM KOHTPOIHPYEMOH BeTHMYUHBI. V3MeHeHns A3 3aBHCHT OT Pa3sHOCTH
NoKa3aTtesei mpesIoMIICHHUS cepAneBUHBI U 06omoukn OB An, a Takke OT TeKYIIEro paguyca CepLeBUHEI P.

I'eHepupyemblii  TeMIiepaTypHBIM — Bo3jaeiicTBHeM (a30BBIH CcIOBUT Ha enuHUNy JumuHEl OB B TOMOIMHHBIX
uHTepdhepoMeTpax onpeaensiercs kax [2]

o _ (L2 on maly
LdT "\k, dp T ar Trar)
TJIe Ko — BOJIHOBOE YHCIIO, CBSI3aHHOE C ITOCTOSTHHOM PAacIpOCTPaHEHMSI COOTHOIIEHUEM [3 = Kol.

OleHKy TeMIIEpaTypHOTO BIUsHUS Ha paboTy roMmoquHHBIX BOA MOXXHO BBITIOJHUTH Ha OCHOBE OOIIENPUHSATHIX JAHHBIX
2aloT u on/dT: daloT = 3-10° K on/dT = -6,1-10° /°C.  OcHoBHbIC BeNMUHMHBI TEMITEPaTYPHBIX H3MeHeHHiT MaTepuana OB
npecTaBieHs! B Tabmuie 1[3].

Taduuuna 1 — TemnepatypHble u3meneHusi B matepuanax AgCI/AgBr

T,°C 0 50 100 150 200 250
An(T) 0 -3,05-107 -6,1-10° -9,15-10°° -0,0122 -0,0153
n 2,1106 2,1076 2,1045 2,10145 2,0984 2,09535
Aa(T) 0 1,5-10° 3.10° 4,510° 6,0-10° 7,5-10°
a(T), MKkM 30,00 30,045 30,09 30,135 30,180 30,225

U3 noce iaeit CTpOKH TaGmuIb! 1 BUAHO, 4TO yBeNMUeHHe TuaMeTpa pH Temepatypax Biots 10 T = 200°C cocraBmsior
Manyto Bennauny (0,7%), TaK 94TO U1l OTHOMOJOBOTO PEXKHUMa PACIIPOCTPAHEHUS TAKOE YBEIHYCHHE PaInyca CepALECBHHbI HE
BHOCHT 3aMETHBIX U3MCHCHHH.

Hamporus, pacuersl mokazanu, 4to u3MeHeHHs: AN(T) OKa3bpIBalOT OLIYTUMOE BIMSHHE Ha XapaKTEPHCTUKH MOJBI.
PesynbTaThl pacyeToB MOCTOSIHHON pacnpocTpaneHus 3 pu Harpesanuu uist Bosiokaa AgCIBr npusoastes Ha puc. 1, 2.

OddexT n3MeHeHUH SBIICTCS, B OCHOBHOM, CJICACTBHEM 3HAYHUTEIHFHOTO YMEHBIICHHUS IOKa3aTels IpeloMIIeHHs Ny =
2,1106 ... 2,09535 mpu Bo3pacTanuy Temneparypsi B quanasone 7= 0 ... 250°C. Ha puc. | M0Ka3aHO yMEeHbIICHHE 3HAUCHHIT
MIOCTOSTHHBIX pacrpocTpaHeHus! (PyHIaMEHTaJIbHOM MOJIbI OJJHOMOJIOBOTO BOJIOKHA JUIsl TPEX 3HaYeHUi Temiieparypsl. Ha puc.
2 MpEnCTaBiCH CABHI BEJIWYMH IOCTOSHHON paclpoCTpaHCHHs C TeMmIieparypoil ¢byHmameHtansHOol Moabl ARy = 0,00904
MKM_l, YTO MEHBIIIE, UeM Te e U3MEHEHUS JJIs BRICIINX MoJI, Hanmpumep 4APB1; = 0,00924 MKM npu Temrneparypax 0 ... 250°C

3.
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Torma ams OB ¢ BHyTpennuM Hampsbkennmem u An = 2.10 momyuaem d(APS)/LAT =25 pax/m-K, a ams ceroBona ¢
AHM30TPONHEH, CO3MAHHON AIUTMITHYHOCTHIO KHIbl ¢ AN = 8,5-10™, d(ABa)/LAT =3,5-10° pag/m-K [4].

B omaMuMe OT TOMOJIMHHOIO, ONTHYECKOE TI'eTepPOJAMHHOE JIeTeKTHpoBaHWe (a3oBOM MOMYJSIMHM HUCIOJIb3YET
MIEPUOANIECKOE W3MEHEHHE WHTEHCHBHOCTH W3JIYYEHUs, TaJaiomero Ha (OTONETEKTOp C YacTOTOH, PaBHOH pa3HOCTH
pacHpoCTPaHAIOMMXCS IO TIeYaM HHTepdepoMeTpa 4acTOT M3ITydeHHs. Pa3sHOCTHBIN CHTHanI Ha BBIXOJE (OTOIETEKTOpa
HEceT Ty ke MH(popMaLHio 0 (Ha30Boi MOAYISIIIAY, YTO ¥ N3TydeHHe B n3mepurensHoM OB.

BOA »TOrO THIa paccMaTpUBAIOTCS KaK CHCTEMBI, B KOTOPBIX OCYIIECTBJICH HPUHIMI 'CHMMETPUH" H3MEPHTEIHHBIX
KaHAJIOB OTHOCHTEIHHO BIHIOMNX (PaKTOPOB M HENWHEHHBIX COCTABIMIOMHNX (QYHKIHMHA TpeoOpazoBaHus U "acummeTpun'
OTHOCHTEJIbHO MH(OPMATHBHBIX U3MepsieMbIX BedMuiH. COOTBETCTBEHHO B CTPYKType NpeoOpas3oBarelieil opraHn3yercs jaBa
N3MEpUTENBHBIX KaHajla, '"'CHMMETPHUYHBIX" OTHOCHTEIHHO BO3ACHCTBUS BIMAIONIMX (AKTOPOB W "acHMMETPUYHBIX"
OTHOCHTENIbHO MH(OPMATUBHOI M3MEpsIeMON BEJMYMHBL. Peann3yroTcsi HHBapHaHTHBIE NapaMeTpHUUYecKHue MpeoOpa3oBaTeIn
JIJAaHHOTO THIa Ha ocHOBe nHTepdepomerpa Maxa-Llennepa ¢ OB B ogHOM 1IeUe U stueiikoit bparra B npyrom.

dazoBast 4yBCTBUTEIBLHOCTD K BO3JCHCTBHIO TEMIEpaTyphl HA equHULy JHbl OB omnpenensercss 4yBCTBUTEIBHOCTBIO K

W3MEHEHHUIO JUIHHBI L 1 mokasarens npenomienus N [2]
1d(Ap) ko[ Andn  dL  AnT, ]
L ar -l matitagti o)
rae 7, — TeMIieparypa OKpyKarowleil cpejibl;
T, — TeMIIEpaTypa IUIaBlIeHHs: MaTepuasia 000JI0UKH.
Hcnonb3oBanne JaHHbIX [3] IpU pacyeTax MOKAa3bIBAET, YTO B FETEPOAUHHBIX H3MEPUTENIBHBIX PEOOPA30BATENSX MOKET
ObITh TocTUTHYTa TepMouyBcTBUTEIBHOCTH (AB)/LAT = 0,85 ... 0,95 pan/m-K.
st maubosiee pacnpocrpaneHHbix BOA aMIUIMTYAHOrO THIA TEPMOCTAOMIBHOCTh 3aBHCHT OT M3MEHEHHs FeOMETpUH
ONTHYECKOTO KaHalld MEKIy MepeaaromnM u npuanmarommm OB, a Takke 0T KauyecTBa OTKPBITHIX TOPIOBBIX MOBEPXHOCTEH
CBETOBO/IHBIX JIEMEHTOB H3MEPUTEIILHOTO TIPe0Opa3oBaTeIs.
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Puc. 1 - Ilocrosinubie pacnpocrpanenus § mox OB AgCIBr ¢ mapamerpamu: 2a = 100 mxm, Ny - Ny = 0,05; nis
X0JIOAHOTO0 cocTosiHUsI BosiokHa (T = 0), u Harperoro na 100 u 200°C.

B ammmutynaeix BOA n3MeHeHHe reoMeTpuH ONTUYECKOTO KaHajla MEXAY CBETOBOJHBIMH 3JEMEHTAMM JOCTHTaeTcs 3a
CUeT:

paccoryiacoBaHus JMaMETPOB U arepTyp;

TIOTIEPEYHOTO CMETICHUS,

TIPOJIOIBHOTO CMEIICHHE;

YTJIOBOTO CMEIICHHE.

B mepBoM ciyuae, Koraa [Ba BOJOKHA Pa3lIMIHOTO JWAMETpa/anepTyp OOBEIMHEHBI M BOJIOKHA AKCHAJIbHO WACHTHYHBI.
Koapunnent nepenaun ycTaHaBIMBAETCS U3 COOTHOIICHUH

a2 NA?
g = —10{53 (E] u’NA = —lﬂlﬂg (‘WATJ N

rae d, D — muamerpsl conpsiraembix OB;
NAg, NAr — aneptypsl conpsraemsix OB.
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Puc. 2 - TemmepaTypHblii CIBUT IIOCTOSIHHOI pacipocTpanenust Poy(T), Mkm ™, s oxnomonosoro AgCIBr Bookna

Hdus ciaydas momepeunoro cmerienust it OB co cTynmeHYaThIM MPOQUICM MOKa3aTeNs MPEIOMICHUS KOI(PPUIIUCHT
repeadd MOKET OBITh OMpEeAeIIeH Kak

10109 {2arcos () -1 - (2)]
Gpe = —10log —arcos | — | —— |1 —| —
e 91z 2p) mp 2p
r7ie p — paauycel conpsraemsix OB;
e — Bean4uHa cMmenieHust ocei OB.
KoaddumumenT mepemaum mpu YriioBOM CMEIICHHH OCEH BOJIOKOH MOXET ObITh BhIpaxkeH i OB co cTynmeH4YaThIM

HpO(I)I/IJ'IeM IMoKasaTeJrd MpeJIOMIICHUSA KaK

0.5 0.5
. P .3
Lol 2 sin8, 1 S5 [ sint@, 1
ags = —10log y—|arctg | ——F — -\ g
m SiﬂEE sin®8, 55?125

rie O, — anepTypHBIHA yrod;

o — yrox mexay ocsmu OB.

KoaddrmnenT nepemadn npu MpoAOTEHOM CMENICHHH OCEH BOJIOKOH MOXET OBITh BhIpaxkeH it OB co cTymeH9aThM
npoduiieM rokasaressi MPeIoMIICHHUS Kak

41
ape = —10 log (1 - Etgﬂ::],
rae | — paccrosuue mexay Topuamu OB [5].

Pacuer nmpupariennit k03 HUITMEHTOB Nepeaadn il BCeX CIy4aeB U3MEHEHH TeOMETPHH ONTUYECKOT0 KaHala, C YIeTOM
TMaHHBIX [3], TOKa3bIBaeT, 4to B nHTEpBane Temreparyp 100 ... 200°C, MoxeT OBITh JOCTHUTHYTa TEPMOYYBCTBUTECIHFHOCTH Ha
MOPSIIOK BBIIIE, YeM Yy (ha30BBIX M3MEPUTENBHBIX NpeobpasoBareneil. OgHAaKo, Ha MPAKTHKE dTa BEIMYMHA Ha TOPSAOK
Ooublie.

OT0 00yCNOBIEHO BO3ACHCTBHEM Ha KBaplLEBOE CTEKJIO 3JIEMEHTOB aKCEIepOMeTpa THAPOIUTUYECKOH, KHCIOTHOH U
IIEJT0OYHONH KOPPO3MM, WHTEHCHBHOCTH KOTOPBIX OSKCIHOHEHIMAJIbHO YBEJIMYMBACTCS C TemrepaTypoidl. B  pesynbrare
TEpMOQITYKTyallMOHHOTO ¥ THAPOIUTHYECKOTO Bo3eiicTBust 1P nponcxonut:

pa3pyLIeHHs] CUJIOKCAHOBBIX MOCTHKOBBIX CBSI3€ll B IOBEPXHOCTHOM cJ10€ cTeksia ToamuHon 30 ... 120 MkMm;

HapyIIEHHE TEeOMETPHUHN PACIIOI0KEHHS BOJTHOBOIHBIX AJIEMEHTOB JaTUHKA;

oOpa3oBanme "mapa3uTHOrO" CJIOS Ha 3JEMEHTaxX JaTInKa.

Kpome Toro, moaTBepkaeHa CBSI3b Pa3MEPOB BOJIOKOHHBIX 3JIEMEHTOB M BEPOSITHOCTH TOTO, YTO Ha HX IOBEPXHOCTH
wim B 00bEME MOIYT 3apOXKAaThCsl ONAcHbIE JE(EKTbI, PE3KO CHIDKAIOUIME ONTHYECKHEe M MEXaHMYEeCKHe CBOWCTBA
KBapIeBOro cTekia [6].

Taxum o6pazom, B BOA ¢ OTKpBITBIM ONTHYECKHM KaHAJIOM, IPH PAacCessHUM CBeTa Ha BXoAHOM Topue OB Bo30yxaenue
BOJIHOBOJIHBIX MOJ| IPOMCXOJMT B OoJiee IIMPOKOM HMHTEpBAjJC YIJIOB IMaJCHMS IUIOCKOM AJIEKTPOMArHUTHOW BOJIHBI, YTO
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OKBHUBAJICHTHO YBCJIMYCHUIO AlICPTYPHOI'O yrjia BBOJAA.

D70 sBJIEHHE MMEET NMPOCTyI0 (HU3MUECKYI0 MHTeprperanuio: rnpu auddysHom paccesnun Ha BXogHoM Toprue OB B
YIJIOBYIO amepTypy IONaaaeT pPaccesHHOE H3JIydeHHE NPH yriax BBOJA, IPEBBIMIAIONIMX AalepTypHBIH yroi. YTIIOBbBIE
xapakTepucTuku BBoja OB ¢ TOpIeBBIM paccewBaTesieM aHAJOTHYHBI XapakTepucThkam BBojga OB ¢ HepaccemBaromM
TOPIIOM, HO UMEIOIINM OOJIBIIMI anepTypHBII yroi n MeHbIIyIo 3((eKTHBHOCTH BBOJA [7].

Kak wtor, TepmouyBcTBHTENbHOCTE BOA oOKa3biBaeTcst cpaBHUMa C (Da3OBBIMHM, HHUBENHpPYS BCE IPEHMYIIECTBA
aMIUTATYIHBIX N3MEPUTENBHBIX TIpeoOpa3oBaTeneil.

Lenab u 3a1a4u uceae10BAHUS

B co3maBmieiics cuTyanuu NpeACTaBIsIeTCsl PAallMOHAIBHOW PEKOMEHJallMs aKLIEHTHPOBaTb BHUMAaHHE Ha KOMIIEHCAIUU
Jerpajaliy CBOMCTB YyBCTBUTEIBHOIO 3JIEMEHTA aKCEIEPOMETpa U MPUIIETAIOIUX JIUHUI CBA3H.

Pexomenmyemoe CXEeMOTEXHHYECKOE pEIICHHE NPEICTABIsIeT CO0O0H BOJOKOHHBIM —aKCEIEPOMETp aMILIMTYIHOM
MOJIYJISILIMH, COCTOSIIMI M3 TepMETHYHOI0 KOpITyca, OTIOPHOTO CBETOBO/IA, coaepkamiero 6ok C/G- JIMH3, N3MEPUTEILHOTO U
KOMIICHCHPYIOLIETO CBETOBOAOB (puc. 3). CBETOBOJBI MMEIOT OTpaKalolue CJIOM M3 camndUpoBOro CTEKJAa Ha TOpLAx U
SKCIICHTPUKOBYI0 MAacCy M3 KBaplEBOTO CTEKJIa Ha H3MEPUTCIBHOM CBETOBOJE. [JaBHOE OTIHMYME PEKOMEHIOBAaHHOTO
akcelepoMeTpa OT paHee W3BECTHBIX KOHCTPYKILHMH 3aKiIioyaeTcs B TOM, YTO CBETOBOJABI HMEIOT JETPECCHPOBAHHYIO
Cep/LICBUHY, ONTHYECKUE (MIBTPbI BKIIOYEHbBI B COCTAB HM3MEPUTEIBHOTO U KOMIICHCHUPYIOLIEIO CBETOBO/IOB,
pazbeiMHeHne/00beAMHeHNE 3TyYeH s ocyliecTBIsiercs: B 01oke C/G- uH3, a JJsi KOMIIEHCAI[MY TEeMIIePaTypHOTO BIHSHUS
UCIIOJIb3YETCsl )KECTKO COCIMHEHHAs! C ONIOPHBIM CBETOBOZIOM OMMETaIIIMYeCcKast IIaCTHHA.

Pe3yabTaThl HcciIe10BaHUM

B crarmueckom pexnme (MEXaHWYECKHE KOJICOAHHsS OTCYTCTBYIOT), B 3JIEMEHTaX aKCEJIEPOMETpa IPOHUCXOIUT
YMEHBIIICHHE HHTCHCUBHOCTH ONTHYECKOTO W3JIYy4EHHs, KOTOpPOE OOYCIOBIEHO TOJBKO BIHMSHHEM [eCTaOMIN3HPYIOMINX
HEKOHTPOJINPYEMBIX (DaKTOpOB. B 3TOM pekume, MOJ BIMSHHEM TEMIIEPATyphbl, MEHSIETCS T€OMETpPHUsl OMMeTaIndecKoin
TUTACTHHBI, 3a()MKCUPOBAaHHON HA yJacTKE OMOPHOTO CBETOBOJA. YBEIMUYCHUE PaJlyca U3TH0a OMOPHOTO CBETOBOAA BHI3BIBACT
OIIPEIETIEHHOE YMEHBIIEHNE MOTEPh MOIIHOCTH ONTHYECKOTO M3ITyYEHHUS! MPOMOPLHHOHAIBHO TEMIIEpaType BHEIIHEH cpemsl.
Taxum 06pazom, B rpezenax peskiuMa MpOUCXOIUT TEPMOKOMIICH AU ITOBBIIEHHON TeMIIepaTyphl.

B nunamuueckoM pexknme (KOHTPOJIb MEXaHMYECKMX KoJieOaHWi) IO BIMSIHUEM BHOpAalUM IPOHMCXOIUT IBHKCHHUE
9KCIIEHTPUKOBOH MacChl, KOTOPBIH MpeBpaIaeTcs B Ae(OpMaIfio CABUIa B N3MEPUTEIEHOM CBETOBOJIE. [IpH Takux ycioBHsX
MEHSIETCS COOTHOIICHHE IOKa3aTesied MPEeNIOMIICHHST CEePJLEBUHBI U O000JIOUKH M3MEPUTENBHOIO CBETOBOJA, YTO BBI3BIBAET
a/ICKBaTHOE HapylLIEHHE B HEM YCIJIOBHS IOJIHOTO BHYTPEHHETO OTPAXCHHUs cBeTa. 10 ecTh, 4acTh M3IIY4EHHs, BBEJACHHOC B
N3MEpUTENBHBI CBETOBOJ, OY/AET BBIBOAWTHCS 3a ero rpaHuipl. OcTaBiuasics YacTh CBETa, OyJIeT OTpakaThCs OT
OTpPaXKaIOIIEro CJIOsI, K BO3BPAILATHCS 110 OIIOPHOMY CBETOBOJY K (DOTONIPUEMHUKY.
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Puc. 3. — BookonHo-onTHYecKuii akceaepomerp: 1 — kopnyc; 2 — onopHblii cBetoBoa; 3 — C/G- nuH3bl; 4 —
onTHYeCKHil QUIBTP; S — H3MEPUTEJIBHBIN CBETOBO/; 6 — KOMIICHCHPYIOLIHI CBETOBO/I; 7 — IKCHEHTPHUKOBAs Macca;
8 — orpakaloumuii cioii; 9 — GuMeTasIHYecKas MIIACTHHA

I/IBJ'Iy‘-ICHI/IC, KOTOPLIC MOCTYHNACT OT U3MCEPUTCIBHOIO MU KOMIICHCHUPYIOWICTO CBETOBOJAOB, 6naro,uap${ KOM6I/IHaHI/II/I C/G-
JIMH3 M OITHYCCKHX (bHHLTpOB HUMCET pasHbIC IJIMHbBI BOJIH. B INEPBOM JUHAMHUYCCKOM Cy6pe>KI/IM€ (bOTOHpI/IeMHI/IKOM
PETUCTPUPYETCA H3JIYUYCHUSA C JUTMHOM BOJIHBI, KOTOpas IMOCTYHAa€T OT KOMIICHCHUPYIOUICTO CBETOBOJA W YYHTBIBACTCA B
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JaTbHEeHIIeM Kak MorpaBKa. Bo BTOpoM TUHAMUYECKOM CyOpe:KuMe (OTOIMPUEMHUKOM PETHCTPHPYETCS M3IYYCHUE C IITHHON
BOJIHBI, KOTOpask MOCTYNAET OT U3MEPUTEIBHOTIO CBETOBO/A.

HampHeiimas 00paboTka BETMYWHBI WHTEHCHBHOCTH W3JIYYCHHUS, KOTOPOE PpErHCTPHUPYETCS IIOOYEPEeNHO B IBYX
cyOpekuMax, ITO3BOJIUT TOJYYHTH SJICKTPUUCCKUI CHUTHAN, MPONOPIHOHATIHHBIN BEIWYMHE H3MEPCHHOW BHOpanuu W B
KOTOpOM OyIIeT KOMIICHCHPOBaHa COCTABIISIONIAS OT BIUSHUS ECTAOMIN3UPYIOMIIX (PaKTOPOB.

BriB0oIBI

PekOMEHIOBAHHOE CXEMOTEXHUYECKOE PEIICHUEC BOJOKOHHO-ONMTHYSCKOTO aKcelepoMeTpa, Ojaromaps KOMOWHAIMH
ONTHYECKUX DJIEMEHTOB 00ECICUNT:

—  OoJjee aJieKBaTHOTO peoOpa3oBaHKs MAPaMETPOB BUOpAIMH B M3MCHECHUST HH)OPMAIIMOHHOTO CUTHAJIA;

—  KOMIICHCAITMH BIIMSIHUS ICCTAOMIH3HPYIONINX (aKTOPOB Ha U3MEPUTEIBHBIN KaHaJ aKCeICPOMETPY;

- MPUOJIMKCHUE aKCEICPOMETPY, Oyaromaps KOMIICHCAMU JIECTa0MIM3UPYIOMUX (AKTOPOB, K HCTOYHUKY
BO3HUKHOBEHUSI BUOPAITUU B KOHTPOJIUPYEMBIX y3JIax;

- TOBBINIEHUE KauecTBa (PYHKIIMOHUPOBAHMS 32 CUET M30paHUs PAIIMOHAIILHON CXEMBI MOAYJISIIIUH U3ITyUSHUST;

- YIPOILEHHE KOHCTPYKTUBHOTO UCTIOJIHEHHUS.

B uenom, ucnonb3oBaHWe MpeajaraeMoro yCTpOMCTBa IO3BOJIAT aJ€KBATHO W JOCTOBEPHO OLEHHUBATh IOKa3aTesd
BUOpAIMY TIOANIUITHUKOBBIX Y3JI0B CYJOBbIX Ta30TYPOHMHHBIX YCTAHOBOK.
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