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Kunpuun (10KTOpAKK JcCePTALHACH aHHOTALHACH)

Juccepraunss mas3ycHHunr gonsap6iauru Ba 3apypatn. JKaxowzma
TEXHOJOTHK XapaEHIapHHHI M3YUHJ PHBOXUIAHHIUHK ajloKa TH3MMJIapHAa OITTHK-
TONANK aNoKa BOCHTANApH KypwiimanapugaH doiizananum Tanabuau KyH caluH
OLIMPMOKAA. Y/IbTpa-MHHHATIOPAJIH Ba SHEPTUA TEXAMKOP KypHIIMaJlaDHH TypJiH
caHoaTaa KYJUIRHWIHIUM SIKHH HWUIapAa ONTHK-TOJANH YI4OB  TH3HMIap
G030pHHM  KeHralraHaurujaH  ganonart §epa1:m. OnTHk-TOnanu  ynuos
TH3UMJIApHHHT XaXoH Go3zopuaaru casfocy 2013 #iun 1,89 Mipa. foMIOpHH, SBHH
19,6 % ¥unnuk ycumny Tawkwi aTraH 6ynca, 6ynnan 1,22 mapa. gonnop AKLza
pyiixatra onuurad, 6y yMymuii jkaxoH Go3opuAard ONTHK-TONANM ¥I4OB
KypuAManap casaOCHHMHr 64,6 % WHM Tawkun >Tagu. Bamopatra xjpa 6y
kypcaTtkuy 2018 #innra kenu6 4,33 MApA. AOJUIOPHH TaUIKKI STHIIH KyTHIMOKAIA.
Xwuro# xank pecnyGnnka 6o3opuaa 2013 #nn 960 MiH. ZOANOPIHK ONTHK-TOJIANH
§MUOB KypHIMAaNap CaBHOCH amanira owmnpwiran Gynca, 6axonawnapra xypa 6y
pakam 2018 #innpga 3 Mnpa. nonsiopra eTHIUH KyTHIMOKIA.

Ax60pOT-KOMMYHHKALUUA  TEXHOJOTHAApPMHHHI  H3YWI  Cyphamiapaa
pHBOXNanu6 GopHiK ax60poT XKMHHH KECKHH olwMuHra onn6 kenaw, axGopor
OKMMH TE3JIMTH OLUJM, WYHHHFACK TEXHOJOTHAIApDHH aBTOMAaT/AWITHPHLIra
spuiknaM. ByHpait Xonamiapia TYpAH YCyl Ba aHMKIHMKOArH MeEXaHHK
KOHCTPYKUMANAPHH XYCYCMAT/IApHHH HA30paT KWIHL, [JHAarHOCTHKaallHK
TabMHMHJIOBYH MATEMaTHK Hasapuii xucobsap, ycysn Ba anropuTMiap Ba ONTHK-
TONAH YN40B KypHAMaNapHH ApaTHIL OPKalTH HIIOHYJIH, aHHK, -OHMaiH TH3WMKAA
MOHHTOPHMHIMHM aHIVIall Ba Y3NalTHPHII YYyH KyJa#l Xoja Ha3opaT KWIHIL Ba
JIMarHOCTHKANAII MyXHM aXxaMHAT kach aTanu.

Illy caGa6an omrHk-TONara KypcaTWiaéTraH TypPAM TabCHPNApHH aHWKIIALl
6yiinua TaakukoTaap onu6 GopHINA TAWIKH TabCHP KYPCAaTHIHLI MaiIOHH Ba
ynuaMnapuHM 10KOPH aHMKIMKAR YAYALWHWHT ONTHK-TONAMU KypWIManapHHH
ApaTylll, YHMBEPCAUIMK, TCKAMKODJIHK Ba HUIOHWIMIMK HYKTaui Ha3apuuaH
35TH6Opra MOJIMK, TOJAH CBETOBOTAp KYJNJAHHWIIraH ONTHK 3MEKTPOH TH3HMIIAp
MypaKkkabG KOHCTPYKLMSUIapHM OHJaHH peXuMHAa Ha30paT KWIMII,  OMNTHK-
TONaNapAa  CHTHAUIap  XYCYCHATHapDHHHMHT  XHIMA-XHIUIATH  YJIapHHHT
nedopMalHACH, MEXaHHK XapaKTepHCTHKanapura G0FIHK X0/a yiail, TankHKox
MaTepHa/IapHAary HYKCOHJIap, MOMIAIapHHUHT GUIHK-KMMEBHIT napamMeTplapHHy
aHMK/IAll, MEXaHHK KOHCTPYKLUMAIApAa MaBXyl HOCO3NHKJIApHH aHukiail, Kanl
3THLI yCynl Ba KypH/IManapvHu sipaTiiu aon3ap6 macana xucobnanany.

OnTuk-Tonanapaarx gedopMaups, MEXaHHK TabCHD, MOAIA 3HUJIMIHHHHT
y3rapuin  XonarTiapura GOFNMK  paBHIIa  ONTHK  CHIHAJTapAH ynyam
AHWKJIMKJIAPHHH  OLIMPHLI YMYH MEXaHWK KOHCTPYKUMANAp XyCYCHSTIapHHU
HA30paT KWIMII Ba AHArHOCTHKANAUIHH aBTOMATNAWITHPHITaH TH3UMIIapHHH Ba
HOCOMIMK 103 GepraH MaiiloH YpHWHH aHHK/IAW TEXHONOTMACHHM spaTHul,
MEXaHHK KOHCTPYKLHAIApAa ONTHK-TONAJAPHHHT Gy3HIHIL BaKTHA EPHKIAPHHHT
TapKAIHIL TE3JIMTHHHU aHUKall KypHiMacH Ba AHArHoCTHKanail yCyJulapHHH
uu1a6 YHKKIL MYXHMM aXaMHAT kacG sTalu.



V36exncron Pecnmybnukacu Ilpesumentununr 2012 jiun 21 Mapraaru
TTK-1730-con «3aMoHaBHii axO0pOT-KOMMYHHKALUSA TEXHOJOTHAIIADHHH KOPHit
3THWI Ba sAHAAAa PHBOXJIAHTHPHIL Yopa-TagGMpilapy TYFPHCHAANTH XaMmja
2013 #un 17 anpeanarn ITK-1957-con «2013-2016 imutapaa KMUIOK JKoiapaa
XusMmart Kj'/pcamm éa CEepPBHC COXacCHHH JKajaJl PHBOXJIAHTHPHIL 103acHOaH
KyuMMua vopa-tanbupnap Tyrpucuaanrn Kapopnapuaa GenrunaHraH Basuda-
NapHH MyaiisH fapakaJla aMaJira OLIMpHIIAA MasKyp AHCCEPTalMsi TaAKHKOTH
XH3MaT KMIIaau.

TankAkoTHHHr pecnyfinuka ¢aH Ba TeXHOJIOTHAJNAPH PHBOKIAHHILN-
HUHr ycTyBOp #yHanummnapura OGOFIMKJIHTH. Ma3skyp HOuccepTauMs
pecnybnuka than Ba TEXHONOTHsUIapH DHBOXUIAHMUIMHWHFT KyiMaaru ycTysop
fiyHanumnapura mMoc pasuilAa Gaxapwinran: UTI-5-«OKamuarun ax6opornain-
THpHLI [apaKaCUHH OLUMPHINra WYHANTUPWITaH WIMHA Xaxmaop axGoport
TEXHONMOTHANAPHH, TENEKOMMYHHMKALIMOH TapMOKJIapHH, amnmnapaT-gacTypHit
BOCHTANapHH WHTeJUleKTyan Golkapyin, YKUTHII YCYNJIAapHHHU Ba TH3UMIIaPHHH
nuwta® umkunm; HTI-14-«CeiicMonorus, GHHONAap Ba HHLIOOTNApD CEHCMHK
XaB()CH3NUTH Ba KYPHIIULIHY.

HAuccepraunsa mas3ych GyiiMya XopHkHH HIMNIA-TAIKHKOTIAp WapXH.
Ontuk-Tonanu  axOGopoT  y3aTMIl  BOCHTalapH  EpAaMKIa  MeXaHHK
KOHCTPYKLHANApHY Ha3opaT KHIHMII Ba JAWArHOCTHKanam kapaéHiaapHHU
TAaKOMHJUTAIUTHPHII MEXaHM3MMHH HIUIA0 UYMKHMIU, MEXaHMK KOHCTPYKLMA
XYCYCHATIapHHH Ha30paT KWIHII Ba AMarHOCTHKAJIALI YCYJUTAPHHH MILNA6 YMKHIL
fyRanvIIMaa KaXOHHUHT €Tak4¥ MaMJIaKaT/IapHHHT WIMHMHA Mapkasnmapy Ba
YHHMBEpPCHTETIapHOa, >KymiamaH, International Resource Development Servis
Centre of Science, University of Michigan, University of Oregon (AKHI);
Intellifiber Networks Centre of Science (Byiox Bpuranus); Wissenschafiliche
Zentrum mit beschriankter Hafipflicht, Technical University of Dortmund,
University of Passau, University of Wiirzburg, (I'epmanns); Optex Centre of
Science (Snonns); Beyond fiber optic cable (Xutoif)napoa keHr KampoBim
WIMHHA-TaJIKMKOTIap onnb Gopunmokaa.

OnTHK-TONANN ajoKa TH3MMIIApPHAAa MEXaHHK Oy3unHuuiap MalAaoHIapHHH
aHUKMal, pyHAXaTra OJMIUHHHT ONTO3JICKTPOH CTEHA AATYHKIAPHHH MYBOGMK
paeuiuAa Huuiab ynkapuil Ba JHArHOCTHKanaw Gopacuaa kaxoHMa KaTop WIMHI
HaTWXajap, XyMilagaH KyHHOarWnap ONMHIaH: YJIYOB KypWIManap XauMHHH
OLIMPHII TeXHoyornAcH wuuuia6 uwukunrad (company International Resource
Development Servis, company OptiSense Network, company Corning Glass,
University of Michigan, University of Oregon); orrruk Tonann Kypunmanapunu
Va6 YHKapHUI TEXHONOTMACHHH MYKaMMAa/UIAIITHPHII YCYJUTapH aHWKJIaHTaH
(company Intellifiber Networks, Technical University of Dortmund, University of
Wiirzburg), aBTOMaTnalITHPHIral ONTHK TOJANANH KypHAMaiap Mumab yukum
caHoaT TexHonorusyapu wWmna6 uukunrad (Gesellschaft mit beschrinkter
Hafipflicht), cyiok MoamanapHMHT (OU3HMK-KMMEBHH XYCYCHATIADHHH Ha3opat
KHJIML TH3KM Ba yCyJinapu uiuia6 unkuiran (company Perspective Electronical).



OnTHK-TONANM aJoKa TH3MMJIapH acoCHAa MEXaHHK KOHCTPYKLHsA
XYCYCHATNIapDHHHM Ha30paT KWJIMLI Ba JUArHOCTHKaNaWl ycy/iapH Gyinya onTHk-
Tonanap nedopMalscH, HYPJAHTHPHII OKHMHHHHI MOAY/SIUKA napameTpiapy,
MCXaHHK KOHCTPYKUHSA 3IcMEHTNapHaa épnxnu&nap 103ara KCJIMIIKY Ba TapKajauil
MaiiIOHNIapUHY AHHMKIAI KyPHIMacCHHH ApaTHII MyamMmornapura GOFJIMK yCTyBOp
iyHanumapaa WIMHi-TagKMKOT HILLTapH ONH6 GopriiMoKia.

MyaMMONHHT JpraHmiranink gapaxacu. ONTHK-TONANMM — aloka
TH3MMIApHAA MeXaHHK Oy3Wiuuulap MaiOHIapuHH aHMKIall, pyiixatra
ONMIUHMHI ONTOMNEKTPOH CTEHA HATYHKIAPUHHM MYBO(UK paBHULAa HULTA6
YHKapHIl Ba JWATHOCTHKAIAIl KypHIMalapHHH spaTHIl, TaKOMHIUIAWTHPHIN
Gyiinua Gup xatop omummapHuHr: T.Okosi, K.Okamoto, M.Osu, X.Nisixara,
K.Kyuma va K.Xatate, D. Gloge, D. Gloge, E. A. J. Marcatilli, C Pask, A. W.
Snyder, D. J. Mitchell, M. Born, E. Wolf, P. C. Schultz, R. Olshansky, D. A.
Nolan, F. P. Kapron, D. B. Keck, R. D. Maurernap onTuk TOnNQny yimios
KypwiManapH ycThaa, pyc onumnapn E.A.3ak, I'H.I'op6yHoBa, 10.1. Pxaewn,
AJl. Vionos, M.M.Byrycos, 3.Ymma, P.P.Y6aiinymnaes sa GoluKanapHUHT
HINapuaa Kypub 4MKWIraH.

ONTHK-TONAIM ajloKka TH3MUMJIapH acoCHja MEXaHMK KOHCTPYKLHSA
XYCYCHAT/IApHHM Ha30paT KHWIHMIU Ba AHarHOCTHKAJall YCYNapHHH HILAb YuKuLl
6yiinua pecnybnMkaMM3a XaM aIOXWIA HMIMHH-TAKWKOT HLUIapH onnb
Gopwiran, xymnanan: T.J.Pamxa6os, P.Hcacs, I0.I'.Ilunynux, A.A.XalHKOB,
A.M.Hazapos, A.W.KamapanHnap ONTHK TONAIH aJIOKa JIMHUANApH HUIMaHINTHHA
owmpuu 6¥iinya C.X.1llamupsaes, H.P.PaxumoB, A.A.CHMHHOBNAp 3Ca ONTHK
TOMANM JNYOB KypHiMa BOCHTANapHHM TaKOMHUIAIUTHPHLI YCTHAA HIMMH
u3nanpmnaap onu6 GopranHmap. AKCapHAT TaAKWKOT Ba HlIIamanap dakat
ynapHuur Gup KucMHHM Kampab onran G¥nub, ONTHK-TONANH alOKa TH3MMIIApH
acocHIa MCXaHHMK KOHCTPYKLMS XYCYCHATAapHHM  Ha3opaT KWIHMID  Ba
JMArHOCTHKANAUIHUHT camMapani YCYJ/UIADHHH SIDATHIUHMHT aHHK yCyOHsaTH
cndaTuaa XU3MaT KHia onManan.

Llynuuraek, daH Ba TEXHHKAHWHT TYpNM coXanapuja ONTHK-TONAH
KyPHWIMAJIapHUHT Ky/IaHWIMIK GYituua onu6 GopuiraH TH3MMIM TaxJIWiLIap,
WIMHl-aMaIMii  M3JaHMLIAp HATHXKAcH ONTHK-TONIANM ajloKa TH3WMIapH Ba
MCXAaHHK KOHchyKuH;[napHH HasopaT KW, JHArHoCTHKaJ1all Ba
HILNOHWIWJIHKHHN OlIHupHIIA2a IOKOpH camapanopJIHKKa OPHWHILIHHHT MYXHM
axaMHSTIH aMaiuii MacajamapiuHH caMapalli eyHIl YCY/lapH uuuiab wHKHILTa
GaFMILIIaHraH WIMKI H3aHULIAp Aespau onub GopuMaraH.

IluccepTanus MaB3YCHHHHT  JHCCEPTaUHs OaxcapuiaéTran  oJiHii
TABLJANM MyaccacacHHHHI WIMHA-TAAKHKOT HILIApH OHIan GOFIHKJINIH.
Hucceprauns TaaKMKOTH TOHIKEHT axGopoT TEXHOJIOTHANIADH YHHBEPCHTETH
WIMHH-TAIKMKOT Winapy 6unad GOFIHKINIH Kyiingaru amanuii Ba gyHnamenTan
sofiuxanapia akc ITTHPHUIITaH: AS5-003 coHAM «AJIOKAHHWHT HOKOPH TE3INKIH
TeNeKOMMYHHKALHOH TAPMOFH CTEKTPaJl XapaKTepHCTHKANapHHH MyKaMMalllall-
TUPHILHHHT YCYJINapuHH Huuiab duKHLI» 2012-2013 iit.) sa EDP4-OK-0-72548E



A5-003 comny «ONTHK-TONAIN KEHr HOMpajiM ajloKa TapMOKIAPHHH Tekuppy,,
METOIUIAPHHH HIIA0 YHKHLIY (2014-2015 ##.). .

TRiKHKO TN MAKSHAH  ONTHR-TOIWIN  WIOK  ANBNIRPH iy,
KypunManapura acociaHra Xoand  MEXaHuk KOHCTPYKUMANAD  XOstaryyyyy,,
GaXONAIHHHE ABTOMATAAMIAH VYOB TH3KUMH, MOHHTODHHT ANTOPHTMY gy
yCYJUIapHHH H1Ta6 YuKuingaH nbopart.

BenrunaHral Makcaara 3pHLIHIN Y4YH KyHAuzaru TaAKHKOT Basudanapy
KyHwiras:

OYHK KaHaJHMHI APMMYTKa3rMWik ONTPOHH acoCHIA ONTHK-Tojany
J3rapTHpriuiap napaMeTplapUHi TYAHK HYKH KaATHI GY3HIHII XONaTiappp,
Hasapwuit xucobnai ycy/apHHH HILab YUK,

ONTOSJICKTPOH HA30paT-YJIY0B ¥3rapTHPYBUHIIADH y4yH Y3aTYBUH, KaGyn
KWITyBYH, KaiiTa HUIaHYBYH, ONEPAUMOH KyuaiTHPYB4H INEMCHTIAPHH TaHnaw gy
amalnaa )opHH STHIL;

OITTHK-TONAJNIK ANoKa TH3UMIIApHAArd MexaHuk Oy3wINILINIApH aHHKNa gy
pYiiXaTra oML yuyH ONTOINEKTPOH TH3UMIIAPHK KLLTA6 YHKHIL,

' CTEHI JaTYMKIapAa ONTOJIEKTPOH XapaKTCPHCTHKANAp TaXpHGacuuu
YTKa3NII yHYH ONTHK-TONANMH JaTYMKIIAPHH TaHJall Ba CTCH]L APaTHLL,

CYIOK  MOIJANapHMHI  (QU3MK-KUMEBMH  XYCYCHATIADMHH  Halopar
KHIIMIIHUHT ONTHK-TONAIH YJIHOB TH3UMJAPHHHHT OMTO3NIEKTPOH KypHiIManapiy
HIUIa0 YuKMLL;

MEXaHMK KOHCTPYKUHMs JNieMEHTNapufa EpHKIMKNApHH 103ara  Kenu
MaiiIONNIapHHK aHHKIAIl KYPHIMANapHHH APaTHII Ba TapKAIMWHHA DYiixarra
OJIMII yCYJUIapHHH niab YMKULL;

TYANK MaciuTabny YidoBnap KYpcaTKHUIapHHHM aHUKIAl YYYH Taxpuba
YTKA3MI Ba HATHIKANAPHY aManary Kypcarkuuiap 6unan Takkokau.

TagKHKOTHHHr 00BLeKTH cHdaTHAa ONTHK-TONANK ATOKa NHHHACHHWHF
ONTHK TYTYHJIapH, 3IEMEHTIapH, HILYH NapaMeTPIapHHH XYCYCHAT/IApH, MeXanux
KOHCTPYKUMAJIApH OJIMHraH.

TaaAKHKOTHHAT TPEAMETH ONTOAEKTPOH ¥3rapTHPYBUNIAPHHUHT oupk
ONTHK KaHAMW ONTPOH NMapaMeTpnapu xucobnapy, T¥iaa HYKH KalTHII YCynnapy,
ONepauMOH Ky4aWTHPIHY, MEXaHHK KOHCTPYKLHMA IJNeMeHTIapH aedopmanus
MOHUTOPHHTH, E€pHMK MaH[IOHJapHH l03ara KeJraH >XOHM Ba TapKalHuwu
xucobnanamn. ’

TaakukoTHuur ycyianapn. Wnmuil  w3naHumiap  onNTHK-TONanapna
fyKoTMIINapHW  Xucobnall  aJrOpPUTMNAapH,  ONepauMoH  Ky4aWTupruw,
MablIyMOT/IapHH Ka#iTa MIUIaW, dJeMEHTIap WHAMKALHACH KYPHIMaH¥ TaHjaw,
MEXaHHK KOHCTPYKUMAJApH 3JIEMEHTJIAPHHWHT  EPHINIMKIIADHHH  aHHKNau,
TapKalHIl MaiIOHNapHHU pyiXaTAaH yTkasuul, Gy3uiraH TYJIHK WYKH KaiTHiura
3ra APHMYTKA3THWIM OYMK KaHANM ONTPOH ONTHK-TONANM ¥3rapTHPYBuHIap
Ha3zapwii Xuco6all, oNTO3NeKTPOH KypHiManap TascudiapHHH yn4aul ycynnapu
KYJUlaHUIraH.



TaagKNKOTHHHT MMM AHCHINIH KyHugaruwiapaas nbopar:

TOFIH Ba KYMJIM XyOYAJapAard MaruCTpajl JIHHHAJIADHUHT MEXaHHMK
FaheHpHiti 8,8:1,2 M AG+OHERAR MHAEHOEHHERHAE Ba yaaph wallra Fueaau sasea
2-3 maprara xaMalRTHPHLI UMKOIUNK DepyBuM ONTOIEKTPOH ABTOMATIALIaH
KypHJIMa acOCH/1a ONTHK-TOJIAaMH AJIOKA JIMHUANAPUTa TallKH TaLCHPAP XONaTHHH
TEKIUMPHIU Ba HA30paT KWJIHIL HMKOHHHH GepyByH yCy/uiap HULIab YHKHITaH;

MEXaHHK KOHCTPYKLUMA 3JICMEGHTIapHAa AePOPMAUHAHH, EPHKIAPHUHT
KeJub UMKHMII IKOMM, TapKaIMLIM, MeXaHWK 3YPHKHIUIApDHH AHAarHOCTHkanab
py¥xartnan YyTKa3uLIHHY, HHIIOOTAAPHHHT du3nk TiapameTplIapHHi
AMaTHOCTHMKANALIHKM aHHKAall Ba MOHHMTOPHHT KWIMILI- yYyH €TTH KaHassH
ONTOJJIEKTPOH aBTOMaTIaWTHpHIra ya4am TH3uMH «OCII — 7TM» sipaTuiran;

KATTHK KWHCIIM KOHCTPYKUHMAMapHHHr nedopmauns Ba Oy3HIHIIMHH
6axonawl Ba Ha30paT KWJIMLIAA ONTHK-TONA Ba CBETOBOJ OpacHaaru MacodaHu
0,01 MM rava cesrHpAHMKIa aHHKAAWI YCYNHHH JKOpHI 3THII YYYH
aBTOMaT/NALUTUPWIraH YJIHOB KYypPHIMa HILNa6 YMKMATraH;

ONTHK-TONAIH ONTOJIEKTPOH (POTOKONOPHUMETPHUS KYPHIIMAcHIa CYIOKIHK
MOMIAJIapH XYCYCHATJIApHHM Ha30paT KHIHII (Ha3opaT KWIHLIAArH ONTHK CHrHa
TYNKUK y3yunuru 920, 680, 560, 450 um) ycny6u Ba ycynu uuuial YMKuiIraH;

KAaTTHK MaTepHaJ/UIapHUHT CHPTH Ba paHIiapH XYCYCHATIapHHM Yidauiaa
onTtonapanuur y4 ynuamiu X, Y, Z (A = 680 um, A2 = 560uM, A3 = 450 TynKuH
y3YHIMK/apaa) napameTpPUra acocjaHraH 10KOPH aHWKJIMKAAarH ONTHK-TONanu
ONTO3JIEKTPOH HA30paT KWIHII KYPHJIMACH Ba Y/Iuall yCysiH spaTHITaH;

CYIOKIHKJIAPHAHT (DPU3UK-XUMHSABHI XYCYCHATNIADHHH 10KODH Japakajary
aHMKIMKAA Gaxonam yuyH ONTHK-TONA KYN KAaHALUIH ONTOINIEKTPOH KypuiMa
nuntab uMKuiIran.

TaaKHKOTHHHT aMaJIMii HaTHWkacH KyiunarunapgaH ubopaT: ONTHK-
TONANM aloKa JIMHHANAPHHHHI CIIEKTPHANl XapaKTEPHCTHKAJapHHH YpraHuu,
TYnuK Macmtabaa Ymyawnap onn6 GopHIll Ba TECTVIAIUIHHHT ONTHMAN PeXHMHHH
TaHMall y4YyH ajloka KOPXOHAaCH TOMOHMAAH TAaBCHs KWIMHFaH Maructpai
JIMHWANApAR TOFNM Ba KYMIH XyAYAJapHHH MeXaHWk TascHpuuu 0,9-1,2 M
XaTOJNMKAA AHArHOCTHKANAIra JPHILWITaH, KaiiTa THKJall BakTH 2-3 MapTara
KHCKApraH Ba MeXaHHK KOHCTPYKLHA XYCYCHATNApHHHHT Gaxonall Ba Ha30paTHHH
aBTOMAT/IAWITHPHIITAH JJIU0B TH3UMH HILTA6 YHKHITaH;

HHIIOOTNAPHUHT (TYFOH, namba) MEXaHHK YMIAMIIMIIMIMHK OGHUD BaKTHHHT
y31Aa KOHCTPYKLMOH XONIATHHH HA30paT KWIKLI Ba OHNaliH TH3WMHIA pyiixaTra
onnwHuHr «OCIT — 7M» €TTH KaHIIH ONTO3JCKTPOH aBTOMATJIALUTHPHAraH
ONTHK-TOJIAJH YJTHOB TH3HMH HIIIA0 YHKUITaH;

Typnu  Tapkubgard  CYIOKIHK  MaxXCynomiapuHuur  (HedT, HedT
MaxcysoTiapu, wap6atnap Ba Xoka3o) GH3NK-KHMEBMIA XYyCycHSTNapu Ba cudat
KYpcaTKHWIapHHH Taxjuulall Ba GaXONALIHMHT ONTHK-TONAIM ONTOJNEKTPOH
KypHIIMacH sipaTHNIraH;

KATTHK MaTepuaUld KOHCTPYKLUHOH OGBEKTIAPHHHI CHPTKH XOJIaTH Ba
paHrMHK Y3rapuu XxonaTHHH 6aXONAUHHHT ONTHK—TONANH KYPHIMAaCH SPaTHITaH.



TaaKHKOT  HaTHXKAJAPHMHHUHr  HIoHwIHaurn. Om6  Gopuwiran
nabopatopus Taxkpubasapy acocHaa Taknud 3TUITaH MOJENIap YUyH JTKasuiran
TaAKUKOTNap, nunab uukunran xucobnaw dopMynanapu, yMyMkaGys KWIHHraH
MC30HJIaD acoCHAAa YTKasMnraH Kuécuili Taxaumlapu OWiIaH acoc/laHraHy,
MOAJAIApPHUHr  (U3MK-KMMEBMII mapaMerpnap TaBcHU(UIapMHM  ypraHHlIAa
MUUIATWIAONWTAaH ONTHUK-TOJIANIM  MaTePHAJUIAPHMHI  XYCYCHATIApHUHH  TYJIMK
MacuITabaa YpraHuIHIIN, MyCTaxKkaMJIMK, CHaT Ba HIIOHWIMIHNKHH OLIHPHIIHILHY,
Ha3apHil Ba aMaJMi TagKMKOTJAPHHHT OJIMHTAaH HAaTHXKaJlapH Ba YJapHHHT ¥3apo
MYBOGMHKIALITHPUITAHINTH, MIIOHWIMIIMIHHH KypcaTagy.

TaaKMKOT HATHXKATAPHHUHT WAMNHHA Ba amanawii axamuaTn, TagkukoTaa
HaTHXalapHHUHT WIMHI aXaMMATH ONTHK-TOJIAJIN ONTOJIEKTPOH (POTOKOJIOpPH-
METPHA KypHJIMacHia CYIOK/INK MOARANapH XyCYCHATNapH, MEXaHHK KOHCTPYKLHS
aneMeHTiIapuaard nedopMaumsaci, EPUKIapHUHT j03ara KENHI Ba TapKaiuil
MalIOHWHH aHHKIALl YCyJAnapH Ba HWIIMHI acocnapviy spaTHil, peajl BakTAa
Typnun o06eKkTnap XONaTIApHHWHT MOHHTOPHHTHHH, MEXAHHK KOHCTPYKLHS
XYCYCHATIIapUHH Ha30paT KWIMII Ba AWArHocTHkanawl koddpHumeHTHRU
XucoGnam yuyH ME3OHIH TCHIIaMalapuaH Taking sThwaad Héopar.

Hducceprauus HaTHXKaNapUHUHT aMaMi axaMHATH ONTHK-TONANM ajioka
SIMHUSUTAPUMHUHT HA30PaTHHH OLIMPHUIUILY, aXGOPOT y3aTHl CH(ATHHH, MABIIyMOT
yTkasuw KOGHMJIMATHHHHr {yHOaMeHTan uerapajapraya OLUMPHIIMILM, OYHK
KaHAMHHHI APHUMYTKa3THWIH ONTPOHH AacOCHIA ONTHK-TOJAIH Y3rapTHpruyiap
napaMeTpfapHHH TYJIMK HWYKH KalTHl Oy3wIMuM XojaTjlapH aHWKJIAHMILIH,
ONTHK-TONIAIM YNHOB TH3HMMIIADMHHHT OMNTOYEKTPOH KypHIIManapn épaaMuia
CYIOK MOANANapHHMHr (H3HK-KMMEBHIA XYCYCHATIapUHM Ha30paT KHANIUHHHT
aHUKJINTH  oWMUIN, (HU3MK KaTTAIMKIAPHUHT ONTHK TONanu KypcaTruujiapu
MyJITUIUIEKC Ba OYNHMHraH TH3MMIIapH SPaTHIIMUIW, ONTHK-TOJIANIM CBETORHOMLIH
TEXHOJIOTHANIAD acoCHAa YNYOB KypHiIManapH ApaTHNIIN, ONTHK-TOJNA ajioKa
JHHUANADUHK MOHHTOPHHI KWIHII MMM onepatop TapMoFuaa amanaa
CHHAIMINM, XanKapo TaxpuGanap OunaH TaKKOCHALIAA ONTHK-TONANH ¥IIYOB
TH3WMJIADMHHHT JOKOPH Japakafard aHMKJIWUTHra Ba CajJMOKJIM MHMKAOpAAaru
HKTHCOIHI TEXAMKOPIHKKA 3pUILWIHAAH HOOpaT.

TaagKHKOT HATHXXKAJAPDHHHHT KOPHH KWIHHHIMIHK., ONTHK-TONANN alloKa
TH3¥MJIapH acoCHZa MCXaHHK KOHCTPYKUMA XYCYCHATIAPHHHM Ha30paT KHJIHWILI Ba
AMarHOCTHKanam ycyaiapu «Y36eKTenexoM» aKUMANOPAHK KOMIAHMACHHMHT
ONTHK-TONIAIM MarucTpas anoka JIHHuANapura kopuit kunuuraH (Ax6opor
TEXHOJIOTMANIADHHY Ba KOMMYHWKALWSJIADHHH PHBOXJIAHTHPHII BasHPITHUTHHHHT
2015 #un 18 wionnaru 02-8/2432-con MabnyMoTHOMacH). MexaHHK KOHCTPYKLHS
afeMenTnapuaa AedhopMalMAHH, EPUKSTADHUHT KeNHG YHKUIN >KoiHM, TapKamuuy,
MEXaHWK 3YpUKHIIIADHU Avarsocrrkanab py#ixaTnan YTKa3MIIHH,
VHILOOTAApHUHT (H3NK MapaMeTpiiapUHM  AHArHOCTHKANAIIHM aHWKIaul Ba
MOHHMTOPHUHT KWJIHLI YYYH €TTH KaHa/UIM ONTOJJIEKTPOH aBTOMATAAIITHPUIIraH
ynyawr Tusumu «OCII — 7M» spatunrad. Taking 3THIraH MOHMTOPHHIT KWJIHIL
YCYJM MarucTpasn ONTHK-TONAIH aJloKa JIMHUANap mukacTiannmeu 0,9-1,2 mMetp
AHUKJIMK JapaxkacHaa Ha3opaT KWK, KaHTa THKIAll BakTMHM 2-3 Maprta
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KHCKapTHpHILra SpHIIHHG, HWIHK HKTHCOAMHA camapa 70 MIH. CYMHH TawKHi
3TraH.

TaaKHKOT, HATHKAJAPHHHIT anpo6auusch. JIuccepTauHsSHUHT Ha3apuil
Ba aMmanuil JKAXaTAapM KyHAWOard Xankapo Ba MWLM CeMHHapnap Ba
koH(epeHuManapaa Myxokama Kununran: «I'eo-Cubup» Xankapo uiMuA-TEXHHK
xoHdepennus Ba Hurepexcno I'eoCu6p-2013 xyprasmacuna. (Hosocubupck,
2008, 2009, 2010, 2011, 2012, 2013-jinnnap), «Amanuii ontuka-2008» Xankapo
wimuii-Texuux  kondepeHumsacuaa  (Canxr-IlerepGypr,  2008-iimm), LXII
TanaGaJapHUHr WIMHI-TEXHHK koHdepenuusacuna (13-17-anpen, 2009-fiumn,
Hosocubupck, P®), «AXGOpoT TEXHONOrHsJapH Ba TeJICKOMMYHHKaUHs
Myammonapu» Pecny6anka wiMuii-TeXHHK KoH(ppeHuuacH (21-22 anpens 20113,
15-16 mapt 2012i1, 14-15 mapt 2013# TowkeHT uL.), SIpUMYTKA3rHIIN MUKPO Ba
HaHOTY3WNIManapaa onTWK Ba (OTOEKTPHK Xoaucanap Gyiinua II-Xankapo
koHdepenuuana (8-9-centabp, 2011-#imyn, @aproHa wWAaxpH), «The Second
Russian-Indian Joint Workshop on Computational Intelligence and Modern
Heuristics in Automation and Robotics» (Centuabps 10-13, 2011 HoBocubupck,
P®) Ba «Seventh world conference on intelligent systems for industrial
automation»  (Tashkent, Uzbekistan November 25-27, 2012r.) xankapo
koH(pepenumuanapaa, Hutepekcno IeoCu6p-2013 xyprasmacuna, MX xankapo
unMuii koHrpeccaa, 15-26-anpens 2013-fiun, «CoBpeMEHHBIE CPEACTBa CBA3MY
Xankapo wunmuii xongpepeHuus (15-16 oxtabpp 2013 iiwn, MuHCK waxpH,
Benapyccus).

TagKHKOT HATHXKAJAPHHHHT 3BLJIOH KWIHHHIN, JlMccepTauus MaB3ycH
6yiinya 43 Ta uaMHit ML, XKymnaaas, 12 Ta wiMui )KypHaiU1apiia Makorna, yHaaH
4 Ta MuHE xypHaTapaa, 4Ta XOpHKKH HIMHIl XKypHannapAa, 4 Ta WXTHpora
NaTeHT ONIMHIaH, WYHHHIACK, XAIKapo UiMuii-amanuii kondepenunsnapaa 13 ta
Mabpy3a Te3ucJiapH BJIOH KHJIHHIaH.

JuccepTauyaHHHT XaXXMH Ba Ty3HJIHIUN. Iuccepraums xupuu, 6ew 606,
xynoca, (oiigananuiran agabuérnap pyiixatu, 195 caxudaman nbopar MaTH,
44 ta pacm, 12 Ta xansan Ba 2 Ta wiosajgaH ubopar.



JACCEPTAIIUSTHAHI ACOCHII MASMYHH

Kupum kvcMuaa aucceprauus TaqKHKOTHHHHT 1013apOaury Ba 3apypHsTH
acocnaHraH, TalKMKOT Makcagd Ba Ba3udasapu xamaa oOBeKT Ba npeameTsiapH
TaBcugnanran,  Vibeknéron  Pecriy6nmkacu  daH  Ba  TEXHOJIOTHACH
TapaKKHETHHHUHT YCTYBOp HYHaJHLWUIapUra MOCJHIH KYpCaTWiraH, TaOKHKOT
WIMHHA AHTWIMIH Ba amanuii HaTwxalapy ©a€H KWIMHTaH, OJIMHTaH
HaTHKaNapHUHT Ha3apuii Ba amanuii axamusaTH ounG OGepuniraH, TagKHUKOT
HaTHXaJIapHHH XOpHH Kunum p¥iixaT, Halp 3THIraH UUUIap Ba AHCCepTaLus
Ty3unmiuy 6y#inua MabmyMoTsIap KeJITHPHUIITAH.

Huccepraumsaauur 6upuHun «ONTHK TOJNAJH YauaB TH3MMJIAPHHH
XyCyCHATapH Ba KYPCaTKHWIAPpHHH Taxjanan» 6o6haa ONTHK-TONANH YA4OB
TH3UMJIapH 3KCNNYaTaUMsCHHHHI 3aMOHaBHil XONaTH, TONaN¥ ONTHK yivaw
TH3NMJIADHHHHT  QJOXHAAa XYCYCHATIIapH Ba acoCHi XapakTepHCTHKallapH
KOHCTPYKUHANAD MEXaHMK XYCYCHATIApHHH IOUArHOCTHKANall ONTHK TOJNANH
YSI40B TH3MMITAPUHUHT KUECHI TaXIM/TH, ONTHK TOJIANIN JaTYMKIIap acoCHIA ONTHK
JJIEKTPOH  Y3rapTUPrU4iap TapakKHETH TEHAEHUMANapH, AHcCepTalMA MK
Basudaiapy WapxJaHraH.

By 6obna §i40B TH3MMNApHHHHT acoCHMii KMCHMAApHAAH ONTHK Kabemnap
TacHuH Gepunran. ONTHK TONANK YINOB TH3MMIIAPHHHHT CYHHII Ba AWCHEPLMS
Kabu acocuil XapaKTepUCTHKAIapH KeNTHPWITAH GYIMG, ONTHK TONAHUHT Oy MKKK
acocuit MapaMeTPpHHH  ONTHMAIAIITHPHILrA HWHTWIHINH  TOJNAIH  ONTHK
TEXHOJIOTHA TapakKKHETH Hiynunn 6enrnnab 6epagy. KBapiys onTuk Tonana onTuk
AyxoTnuumap yu oMwr 6wiaH GearuaaHuIuy KYpu6 YHKuIrai. JJUCNepUUsHHHT yy
MEXaHHU3MH ONTHK TOJNIAHHHT YTKA3WIUK TOJIOCACH KEHIJIMTHHH Ky4YalTHPYBYH
ca6abnapu kesrrupuiras.

KaTTHK KOHCTPYKUHA Ba CYIOK MaTepHaJlIapHUHT XYCYCHATIapHHN Ha30paT
KWIKII Ba JIMaTHOCTHKAJIALIHY YMYMHil aHanu3napy Kearupwirad. ONTHK ToNaHK
MEXaHHK OKIaManap TabcHpura OGapmouumvnury Tekwupub yTwirad. Tascup
KHITyBYH OMHW/IAp TYPYXWHHHT acocHit BakMIM u¥3yB4H loknama 6ynub, yHuHr
Gapaomnunurura Tanat Gapya xaGenapaa cHHab KypHATraH.

SApumyTkasruuid MaunGanap Ba ONTMK HYpPNaHMIUM Kabyn KuIrHWiapx
acocHIa OYHK KaHaJl ONTPOHHHH PUBOXJIAHTHPHIL XOJIaTH Ba TCHACHUMANAPUHH
TaxJIMJl KWIMIUM  acocHaa TAOKMKOTHMHT acocuii Basudanapu Genrwiapu
KETTHPHIITaH.

Xopuxkaa, IIYHMHrAEK Vabekncronna xam Ha3opaT KWIMIl Ba
AVarHOCTHKanall aHbaHaBHIf Ba JHT COIAa YCYJNH KypcaTHIraH, SbHH Typiau
¢onera €xu cumnap acocuaa Gaxapunran Gy3ynuuiiap WHAKKAaTOPHHU YpHATHII
Xucobnanagu. ByHpait wnaoukartopnap Typnu enuwiap EplaMuia  Hasopar
KUNHHAETTaH arperaT €xku y3en 103aCHTa TOKOPH KYy4WIaHHIUIM Xyayaniapra
€nuuTHpMnand Ba EPUKHHHT TapKaJvIIM  HYHaquIKra neprneHguKyasp
iyHanTupunamn. Epukun naiino 6YnMILK 3/1eKTp 3aHXHUPUHUHT y3yaHLKra kapab
aHHUKJIAHHYH KenTUpU6 YTHUnraH.
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OnTHK 37€KTPOH ¥3rapTHPTHWIAPHHUHT ONTHK TOJAIM AaTYMK/IAp acOCHIaary
PHBONJIAHHLI TEHACHUWANApH KYpH6 unkuiran. Bynap aMmuiHTyZa-MOLYNALHOH
Gupnamumu Y3rapTHpruunap acoCHAard ONTHK TOJANM JaTuuiap, ¢asasuit
MOIY/SLMSA aCOCHAArH GHpIaM4H ONTHK 3JIEKTPOH Y3rapTHpruuiap, CyIOKIHKIIap
Ba KATTHK MaTepHajiap MeXaHHK KaTTATHKJIAPHHHHT GHpIaMuM ONTHK 3JIEKTPOH
yarapTupruwiapura acocaH ymOy miapx/iap acocufia AMCCEPTAUMAHMHI acocHid
Basudanapu sa MakcoiapH 6earunanrat.

HuccepTauusHHHT HMKKMHYH «OnT03JIEKTPOH y3rapTHprusiap
PHBOXJIAHHINHHMHT acocHii Tamoitminapu Ba ycyianapu» 6o6una onTuk
TONANM YJIYOB TH3MMJIapH KyPHWJIHUIHHHHT acocuit Tamoiwuiapn 6a€H 3THiras.
Ha3jopar kwiuiul Ba AMarHoCTHKanamga axGopoTHHM Komlall TaMoHLnapHiaH
Kenub ynKH6, ONTHK TONAIH AaTYHKIAPHH LAPTIH paBHILAa O6€lliTa KaTTa rypyxra
(nonsipusaunoH, (a3aBui, TYHHEIUTH, aMIUIMTYAATH Ba CMEKTPHAT KOIaHHILIH)
6ynuwHu EépuTnd Gepunran.

AMMINTYOa MOLYMALMANIM  ONTHK ToNadu Yiual  JWHHUATIRDPHHHMHT
GoluaHFUy  Y3rapTUPTHYIapH MIINaHManapyd KeNTHPHATaH. AMIUIHTYAAH
MOYJIALMATA aCOCHAHraH AaTHHMKIAp I0KOPH Ce3yBYaHJIHK, TEPMOCTabHINMKa 3Ta,
eTapiMua connga, OMPOK 4acTOTAamM YEKJIAHWLIIAPra 3ra JJIEMEHTIap aHHWK
TecTepnapHy Tana0 KwialWl Ba YyJapHHHT MIUH HYPJAHHIIMHM KyIIKMua
iykotHuiap 6unman Gornmk 6YnN6, ONTHK ToONAIM Kamiall JIMHWANApPH Ba
60FIaHHUI UMKOHHATHHY YEKJIaIIHHU KYpHO YnKHITaH.

dazapuil MOAYNALUMAIN ONTHK TOJANM YNHOB JIMHWANApu GowumaHFH4
yaraptupruynap wMmmanMacH  kentupuwiran.  llywpalt kunmmb,  dasasuit
MOAYAALMSIN aKyCTHK TYJIKMHIAP NaTYHIH KOHCTPYKLHACHIa KMPHTHITAH KaTop
HKUIIMI TEXHHK MypakkaGnuKiapra kapamaii, ce3yBYaHNIHMK KaTTaIMIHHN amanaa
TanGuK 3THm G¥iinya KaTTa Myammonap naino 6ynumnam yprauunra.

OnTuK TONANM TPAaKT acoCHAAa MEXAHHWK KaTTaIHKJIap ONTHK-3JICKTPOH
y3rapTHpruuapHHHr  ApaTHIIM  KenTHpwirad.  Kemtupunran — ynuaumnap
HaTH)KACHIA IOJIMMEP ONTHK TOJIA TOPIUIApWAA JIMH3a AMAMETPMHHUHI Y3rapHiiu
TOJNIAHMHT TAZIKMK KHJHHTaH ydana TypH Y4YYH CBETOBOLHHWHT YTKa3yBYaHJIHK
XYCYCHATHTA XHUAIUH TAbCHP KHIIMACIIHTH aHHIJTAHAH.

10T ko3¢ duuenTy (o) K1 aHUKIALL MLNApH XHcoONalll TeXHHKacHaaH
doiinanann6 auMarpaMMajJapHHHT SCCH  Ba XaXMIn Molennapu  Gyfinua
¢apasnapHu xucobra onsb YTKa3HWIMIIK KEPaKIHIH KYpHO YHKHILON.

IWyuuuraek, 6y 6o6na omTuk TonanM Ha3lopaT TH3MMHHH ApaTHIl Y4yH
OITHK TONATH TPAKT TaAKHKOTIAPHHHHT HaTH)KaNapy KEJTHPHIITaH.

TankukoT o6bekTIapy cudaTHaa XMMOs KoOOWFHra ypairaH aifnaHa KECHKIN
MOJIMMEp ONTHK TONA ONHHraH OYnub, YHHHT ¥3aru AMaMETPH N, aKC ITYBUM
KOOMK AnameTpH Io, Oy epaa 3ca o> Hc.

Kpemunit acocuparu ONTHK Tona CYHHWM TynkuH ysyHmuru 0,85, 1,3 sa
1,55 mxm (1 nb/km nan mact) Oyaranpa nasapuit muHuMymra saxuH 6ynanm,
JTKa3HIL MONOCACH KEHIJIMTH GHp Heua rHrarepura TeHriaab onvMHran.

OnTHK-TONA XapaKTepPUCTHKAIapHHM sAxwmunaw Oyitvya  TaakukoTnap
YNapHUHT TAalIKM (M3MK KATTAIMKIap Y3rapHiuura ce3yBYaHIWTMHH aHHKJIaHIU.

13



By ce3yBuansnuk OIrTHK TONaAaH ajokada (oiinananranna sapapnu xucobnaHap Ba
yHu ©Oaprapad Kunumra ypuHHAap 3TH. BpokK OfTHK Tonanu AaTYHKIIApHU
ApaTHILI, TEXHOJIOTHK mnapameTpiap XakHfa axGopor omuimr yvyH ¢oitnanu
xycycusaT cudaTHaa KyJnanwina Gouvtanau. Ly acocaa onTHk Tonanu AaTYMKIap
APaTHIIKIL OJIAMHFA MAKCaJl KWIHG OTHHAN.

Ywmby 6060a nosiMMep CBETOBOMLIAPHUHT Y4 TYpH ycThaa onub Gopuirad
TaJKMKOT/Iap XaM 6aéH KHJIMHTaH:

1. XuMmos koOurmparn ypanraHn ainaHa KECHKIM ONTHK Tojna, ¥3ak
auameTpH Ac = 0,4 MM, aKc 3TyBYH KOGHK IHaMeTpH Mo = 0,6 MM.

2. XnuMos KoOMFHCH3 aitflaHa KeCHKITH OITTHK ToNa, ¥3ak auameTpu Ac = 0,4
MM, aKC 3TyBYH KOOHK IHaMeTpH o = 0,5 mm.

3. Xvmosa Ko6uFHCH3 aiiylaHa KeCHKITH ONTHK TONa, ¥3ak aAuaMeTpH Ac = 0,2
MM, aKC 3TyBYHM KOOUK auameTpH I, = 0,4 Mm.

Tagkuk 3TunraH Gapuya ONTHK TONANapHHHI  Y3YHJHTH | M.
“Hypnantupysun — 6ornanma — onTHK Tona — GornanMa — kabenn — Gornanma —
ONTHK Hypnanuim Kabyn xunruuu (OHKK)” 6npnammacy TaakHK STHIIH.

”B L an /EI}@D

1-pacm. “HypaanTupyBu — 6YIHHMA — ONITHK ToJ1a — G¥annmMa —
kabenpb — 6yiunma — OHKK” xapakrepuctuixacunn 6aprapad sl yuyH
JKCMPHMEHTAJI CXeMa KypHujiMach

VTkasunran ynvam vuapu HaTHXKacHAa NOJMMMEp TOMA TOPIVIAPHAA JIHH3a
OWAMETPHHHUHT {3rapiii y4ana Tojla YYYH CBETOBOAHHHT ¥TKa3yBYaHIIMK
XYCYCHSTHIa TabCHpP 3TMAlaH.

Tonaunur ysyHnurura 60rFnuK 6ynran HyKoTHIIHK 6axonam YTkasHngu.

Ywby ynuyawnapaa uvudpakuswn HypAaHUUIIH, HYHanuK¥ Avarpammacy
KeHr GyaraH cseromnoanan goiinananunay. Bynaal KypwiManu xucoGiiall yyyn
Ky#unaru dapasnapra acocnaHuiau:

1) épyFIMKHUHT IOTHIMIIY Ba éMMnumuAa HyKkoTuuiap 6yamanau;

2) HypnaHui Mepuananan tapkanamy (0=0);

3) iiyHannM quarpaMMacH TYJIMK CBETOBOUIAH YTanH,

4) HazopaT KWIMHa&TraH MyXHMT YeKCH3 KaTTa.

Anepatypa  Tapkubumarm  HypnaHMmM  Kabyn  KWITHYJIAPHHHHT
(hoTO2NEKTPUK nNapaMeTpiapy peaNH3AUMACHHHUHT aCOCHA WAPTH HypJaHHMIH
Ka6yJ1 KWITHYJIapHHH TYPHHH TYFPH TaHJall Kepax.
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Kyssat 6nokunan (KB) y3rapysuu pesuctopra R Tok HypnaTyBuH AuoAra
(HI) 6epunanu. HI cudatuaa HypnanTuprupuul KyssaTH 10 MBT rava, Tynxkun
y3yunauru 0.85 — 1.2 mxm Gynraun AJI-107B uwyp nwonuaan doiigananunnu. HI
HypnaHuil GYJMHMa OpKaNH YpraHMnaérraH ONTHK ToJlara y3aTWiaoH, KeHHH
6ynunaMa opxkanu onTuk kabGenra ysatunagn. Ontuk kabennan Gynunma opxanu
Hyp/¥ OKMM onTHK Kabyn Kuiarnuuuur (OKK) Hypra cesrup 103acura Tywagu.
OKK, cudaruga ®I-11 doronnoaunan ¢oinananmnran. OKKzaH curnaniu
ontuk Tectep(OT)H Kakin aTanu.

VYTkasunran yauam MUUTapH HaTHXackIa nonumcp ToJla TOpLUIapHa JNHH3a
OMAMETPHHMHT ¥3rapHIIM y4ajla Tojla Y4YyH CBETOBOAHMHI JTKa3yBYaHIHK
XYCYCHATHIa YHYa TabCHP ITMAC/IHI Y TAbCAHKIAHM.

Vnuanaétran axGOpOTHHHI KOJUIAHHII TNpPHHLMMNApHAAH KEnHub yHKHO
ONTHK TONANM HAATYUKIAP TAKAWM 3TWIraH Ba TacBHpiaHran. OnTK Tonanu
OaTYKKIap KYJUIAHWINIH  COXaCHHMHT  ad3aijHKIapH Ba KaMYHIHKIapH
kypcatuaran. ONTHK ToNaiu Ynvall TH3HMIIADHHHUHT  Me30HNIapH  Ba
TanaGJapyHUHT TaHJall TaKJHM STHIITaH Ba acocnab Gepuiran.

Bew #ynanuuna nedopmanusnap, EpHknap sa Oy3wiHuUUIap ONTHK TONMANH
WHICKATOPNADUHUHT KYANaHWIMILK MMKOHHSTIApn ycTuaa onub Gopunran
TaAKHKOT/IAp TOJAJIM CBETOBOX KYJIAHMITaH MYPaKKa® KOHCTPYKUMSAHM Ha3opar
KWIMII Ba [UarHOCTHKAIAIIHH YTKasull MMKOHHMHHM 6epyBuH ONTHMan
ME30HJIapHHH YpHATAH. MeXaHHK KaTTAIHKJIADHHHT ApaTHIraH ONTHK 3JIEKTPOH
y3rapTHpruunapy yAapHMHT ONTHK TONany¥  TpakTiapaa  KYJUTaHHIHIIH
ad3anaukIapHHH HaMOWHILIM KYpcaTHb JTHiau.

JvccepTauMAHHHT  YYHHYH  «BHpIaM4YH  3JIeMeHT/Iap  acocHra
ONTONICKTPOH HA30paT FJIMOB KYPHAMACH TaAKMK Kuauum» 6obuzga
ONTOZJIEKTPOH  Y3rapTHPruuiapra acociaHraH HasopaT Y/4OB TH3UMIIApH
MUUIAaHMACHHUHT VJYaul TH3MMIIAPH HAaTHXKalapH Ba ONTHK TOJNAH JaTUHKIAp
KYNaHWAraH Xamja ONTHK-3JIEKTPOH OOlNaHFuy ¥3rapTUpruunapu TaakKUKOTH
HaTHXanapy KeATHpUIraH. By3wiraH TyNIHK MYKH aKC J3THUUTH OYHK KaHAJTHHUHT
ApDUM YTKA3rHYAM ONTPOH acCOCHAATH OUTHK TONANH ¥3rapTHPTHYNapHHUHT
Ha3apHii XucoGnapH KENITHPHIITaH.

Mognzaanap Ba MarepHamnap (GpH3MK-KMMEBHH NapaMeTPNapHHH O4HK OMNTHK
xanan (OOK) onTpon acocnia Ha3opaT KWJIHII yYyH ONTOJICKTPOH Ha3opat-
ynuos THaumnapu (OHVYT), nypnanum man6au(HM), AccH AMSAEKTPHK CBCTOBOA
Ba onTHK Kabyn xuirnuypan tapku6 Tonran. OKOC MUK acocuaa CBETOBOAHHHT
Ha30paT KMIMHAETraH KOHCTPYKLMA TAlKM lo3acH GHNaH KaHTaxTH BakTHAarn
TYpnu Hyp YTkasyBuaHAWK Tamoinnu éraan. HasopaT KHIMHaE€TraH CYHOKINK
CHHHII KYPCATKHYMHMHI CBETOBOJ| CHHHWI KYPCATKWYMra SKHHJIAIIHLI BaKTHAA
curaan kamasmm, uyHku Oy OKKaa HypranuwmHudr cpetosoa Gyinal
TapKAIMIIM HATHXacHia KenaéTraH Hyp 4erapanapHHMHT iykonuimnra onub
kenagu. Illymunrgex scch  OOKmm  ontpon  acocuaaru OHVYT  wnum
MMKOHMAT/IADMHUHT HA30pHH acocnapH 6epunrad. Tyrpu Oypuaxiy, HyHamnmmn
JMarpaMMaci 3pKMH LIAK/TH CBETOBOJAHWHT HYP YTKa3yBYaHNWrH YpraHuNraH.
CoeToBolHHHr ©apua TypAard OSHEprusi HYKOTHULIAPHHM Xucofra onuiaa
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HYPJaHHI MaHGauHuHr Kabyn Kunruuraya 6yaraH Hynuaa CBETOBOAHKMHT y3aTHII
k03}HUUEHTH yHAaH JTran ® HypnaHHWI SHEPTHACH OKHMHHHUHT OFaéTran Pora
Huc6aTH cudaTiaa aHHKIaHALH, SHHU

.f=%° m

Hypnanum wman6an smepruscu OKMMHMHH Ba Yo Oypuak ocThaa
(]

TaKCHUMJIQHHILIMHHU opMyJla 6“1181*{ mbona 3THII MyMKHH.
@ = d(g,,U,) PP .

U z

0)
nO ~ >
s >3
SR
® 35
0 y
2-pacm. EpyrinkHEHT siccH napaniieN CBETOANO/ IIACTHHANA
éinanmn

3-pacm, Hypaunr Tyrpu Gypuak/iy cBeTOBOAAH YTHINN
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4-pacm. Tyrpu 6ypuaknu cBeToBoAAaN yTaéTran nypHunr YOZ
KOOpAHHA 103aTa NPOCKLHSCH

Jucm OGypuarn OJNEMEHTHHHHT Munia &Hunaérran  d *®@ oueprns
OKMMHHHHT KUK KUCMH YUIYH Ky#naard nponatm oamus:

d*® = Isiny, sinug, )
6y epaa /(pyu,)- HypIaHuLl Ky4H.
CBeTOBOAHHHT EPYFAMK YTKA3yBYAHIHIH yHHaH yraérran @ 3HEPTHAHHHT
oFyBuHra HucGaTu 6unaH GenruaaHany, SHHH

o (@ 2 - LY .
r=I:I: I(1-R,)’e® R sm@,d@,dq),/fdgllsm@, sinpd®dp, (3)

By (3) dopmyna wcTanraH IUaKifard CBETOBONHHHI KYHOANAHT KECHM
ynuamnapuaa doinaraHunaéTran EpYFIMK TYAKMHH Y3YHIMTHOAH aHya KaTTa
6ynran Epyrnuk YTKasMWMHK Xucobnall HMKOHHHY 6epamy. T HH Xucobnam yayH
CBETOBOJHWHT MyafiaH TypHHH OepHIl Kepak, SbHH (OPMYyNaHHHT TY¥pH
6ypyaknd, WWIMHAPHMK Ba X.3. CBETOBOLJIApra KY/JUIAaHHAMIMHHH KYpUO 4YHKMII

Kepax.
Slkynuit MHTErpa/UIAIITHPHILAAH CYHT TYFpH 6ypuaknM CBETOBOMJIAPHHHT
EpyFranK YTKasuIINHY KyHnaarnyia ndonanamr MyMKHH:

r=(1-R,)

L. cBeTOBOOHHHI HOJIra HHTWJIYBYH Y3YHIHTHIOA exp(—&l) garranmk Gle'a

HHTWIAOu, Ba T, Ba 7, XaM 6upra HHTHIAOH, 7 =(1 —R,,)’. Yekcnsnmkka HHTHITYBYH

d nma aca, r wonra MHTHAAmM, YYHKH AYHANTUpYBYHM lo3anapAaH HykaTuuuiap

owmn6 6opanu.
TNapannen to3aNM NIACTHHA YYYH [ = % HU Kaysn kumamu3 Ba Kyiinaru

udona xkenub uHKagu:
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r=(1-R,)e*d/InR(LB) (') 4)

(3) Ba (4) TaycnaHranga siccH Tiapannen KaBaT EpYFIMK YTKa3yBYaHIUTH
Tyfpu  OypuaknuM  CBETOBOAHMHT  EpYFNMK  yTKasyBYAHJMCHAAH  KaTTa
JKOMJIAIUTaHHHH KypaMH3. .

Yuwby 606na onTHK HYpNaHHLITH NPHEMHKKAAPHHH TaHMall YCyJnapuIaH
KENTUPWIraH. Y3JIMKCH3 DEXXMMIArd Jiasep HypiAaHTHPYBUWIAp KHPYBYM KyBBaT
CTaOMIM3aUMACH  3aHXKMPHTA  YNapHMHr  MapaMeTpapHHH  ylalml  y4yH
(oTonpuémunkka sra. Epyrnuk Tapatysun npubopnap Ba NPHEMHHUK YHKKHIIKIA
peakuus CNEeKTPHHUHI KHECHiH XapakTepucTHkacu kentupwirad. Llynunraoex 6y
606ma MJITTH — 30x sasep CBETOAMOMJIADHMHT acOCHH XapaXTepHCTHKanapHaaH
KENTHPHIraH.

OnTHK — 3NEKTPOH ¥3rapTHpruunap Ba OMEPAUMOH KY4JIaHTHPrHYHH
XHcobnall METONMKACHHM ApaTHI YYyH WIyHH Xucobra ONMII KepakkH,
ONMEpauMOH Ky4aHTHprud JeraHfga HOMMMIA TOKHM anmnapaTypa Y3cJUIapHHM
(xyMHYa MHKPOCXEMAaCHHH) KYpPHII HMKOHHHHM 6epyBYM KyHaWTHpruy ne6
Tyuryws Kabyn Kunuuran. OV KynnaHwiran onepauHoH Ky4aHTHPIHYHH KyWHI
HaMyHaBUA CXeMacH XaM TAaCBHpJAHraH. MHKPOCXEMaHHUHI YMKYBYH KapLIMJIMIH
KHiMaTH XaM onuHraH GYnHG, YHHHT YHKYBUM 3aHXXHPHIa PE3UCTOp YJIaHHIIH
KeNTHPHJITaH,

Hasbartaa HOCO3/IMK/IapHH AETEKTHPMALIHUHT ONMTHK — JIEKTPOH CXEMaCHHU
APaTHIN Ba WHOMKAUWA 3YIEMEHTHHH TaHMall KeJITHpHiIraH. MHKpOKOHTpoJsiepra
CYIOK KPHCTAIIM OENrMHH  CHHTE3NOBYH HMHAHKATOp Nepugepus KypuiMacH
cudaTHga ynaHWIIN Ba MHKponpoleccop Ba nepHdepHs KypunmacH chpatHaa
Kynnanunysun LCD MOgYNHHUHT GHpAIIMIIKM HAMYHABHIi CXEMaCH K¥pCaTHITaH.

VY3aTyBun MyXHT cudaTHa ONTHK Tona KYJJIaHMATAH OYHK THIAATH
onTonapnap nuiab wukmirad. Hypnawum kaGysl KWIMHYIapHHY TaHiaWl yCynu
TakAMM 3TWiarad. HacosnuknapHMHr ONTHK 3MEKTPOH HasopaT -— yidam
§3rapTupruunapn uunab YMKKUIraH Ba MalbyMOTIAapra MULIOB GepHlll KypuaMacu
THHI0BYH acocnab Gepunraw.

HacosnuknapHu peTekTHpnall ONTHK 3JIE€KTPOH TH3MMHM spaTHIraH Ba
WHAWKALHUs JJICMEHTH TaHJIOBH acocnab GepuraH.

HuccepraunsHuHr TYPTHHYH «MexaHHK KOHCTPYKUHAJAD
XYCYCMAIT/IADMHH AHATHOCTHKAaNAaWl Ba HA30paTAa TOAAJH - ONTHK ya4am
Ty3ymJIapHH sipaTHIu» Go6Guaa MeXaHWK KOHCTPYKUHUANAp XYCYCHATIAPHUHH
auvarHocTHkanam yuyH «OCIT-2M» TH3UMHHHHT (yHKIMoHan cxeMacH Ba
MEXAHHK KOHCTDYKUMANAD 3JIEMEHTJIApHHMHI dapyawl &pUKIapuHH  maino
OynuIMHM Kali STHIL, TapKaJuLl XOMIapHMHY aHHKIAII KypHima 6ok CxeMacH
TacBHpNaNTaH.

TankukK KWIMHAETraH KOHCTPYKUMA EPUKIAPHUHT makgo Gynuiuu wira
TYLUTaH JaTYHKKa MOC KEYBYH CBETOAHOM, OBO3/IH CHIHAIM3ALMAHHUHT YJIaHHILHY,

IWYHWHIIEK GOWKapHII pesIeCHHUHT TallK¥ Kypuiamanap Ounan vmnab keTHum
6uaH Ky3aTHIagH.
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S5-pacm. “OCII — 2M” THInMuUHHNT PYHKUIHOHAJ CXeMAacCH

S-pacmpa: JII — nasepnn nuoa, AT8 — épunnnuiap naruury, IIOH — onTuk
Hypnauuw Kabyn kuiarnuu, KOM — kommyTartop, Y® — poTookuM KydaiTupruun,
HOH - TasHu Hypnanum wmanOan, K — kommnapatop, T'H — mummynascnap
reHepatopH, PU — nmnynescnapun takcumnam xKypunmaci, TCI — kypcaTruunap
xonatu Tpurrepnapu, IIY - 6Gowmkapys nyabTH, H(Tp) — OGysuwnran marumx
pPaKaMHUHHHI HMHAMKaTcHsulall cseroguon aucrnueiin, J(Hn) — “xanan Homepn™
csetoauon aucruieitn, CyAQ — cHrHanM3auMs Ba aBTOMaTHK yyHu KypHamach, C
— MOC KeJHIl KYpHJIMacH.

MexaHuK KOHCTpyKUMsnap 3JieMeHT/Iapy €pHKJIapHHW TONMII Ba Kain
STHIIHUHT «OCII — 7M» eTTH KaHAJUTH ONTONIEKTPOH TH3MMH HMHLIA0 YHMKMIraH
6ynu6, y nasepnu mvop (JI), curHammsaums, HAMKauus Ba Gowkapys Gnokn
(CUV), myHuHraex gaT4uKiIap TYIUTAMHIOAH TalIKWI TonraH. Tosann aaTdukiap
yumapu OHMp ToMoHaaH OornaM Kwinb iiurwiagn. YHHHr 4eTH Jasep EKM
ceetoauon Ounan éputunagu. daTuuknapHuHr Gouwl yusapu MHOMBHAYyand (oOTo
Kabyn kunruunap 6nok (CHUY) ra ynauran. JaTUMKIapHHHT Y34 e€IuM épaaMHaa
KOHCTPYKUMAHMHI WCTanraH Jkojfiura MycraxkamniaHanu. Arap Ha3sopar
KMJIMHA&TraH 103aja épuk naiimo Oynca, gatumk Oysmwiaau Ba (OTOAETEKTOPra
yraérran EpYFIMK OKHMHHHHI MHTEHCHMBIHIH cycasOW. DNEKTPOH KypHiMa
doTonerexkTOopNapAaH  KenaétraH CcHrHajnapra W GepagM  Ba  OBO3MH
CHTHAMM3aUMAHH Oy3MIHII OHM XaKHaa peanusanHsaainov, Oy3wiraH HaT4uK
HOMEDHHH HWHIMKAUMANaiOW, WYHHWHIAEK Tallk¥M KYpWJIMaHH Te3KOp y4yupamw.
HasopaT kKunuHaéTraH 103aa Hyp TapaTu® Typrai JOF HOCO3JIHK JKOWHHH BH3yal
TONHI WMKOHMHM Oepamu. ONTHK Tonanapia CHTHaJ Y3rapHUUIApHH yiavaul
AHMKJIWJIMTMHY OLIMPHLI MUIAHMACHHUHT aCOCUHH TAlUKWII 3TaAH.

By Basuda wyHmall Xxan KWIMHAOM: KOHCTPYKUMSJIZDHHHT HOCO3JIMK
*XoiiNapHHM aHMKJIAll KypHIMacH yd4yH €KH YHIAH ONTHK V- WaKIMAard ToNaaH
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cBeToBOM (JAaTYMK)NapAaH Ty3wiraH, ynap 6up 6upunan 3Mm opanukia €puiiaap
naitgo 6ynumwM MyMkuH G¥nraH 3oHanapaa xoinamrad. Llynuuraex Kypunmana
y4uTa Jlasepn¥ JAWOK, ONTHK HYPJIAHWIIHWHI yuTa ynuamw kalGyn xunruum,
¢doToonexTp curHanra uMnuiop GepyBud On0K MaBxyld. YHOAH TalIKapH yHra
HAaTYUKNIAPHHUHT eTTUTa ONTHK KaHaJll"u, €TTUTA KEeTMa-KETJIH Ba OuTTa YexknoBYH
PE3UCTOp, €TTHTa HypJaHTHpPYBuYMAaH HOOpaT. BNOK eTTHTa npHHUMIUIMKAAH
u6opat 6710k MHKPOKOHTPOJUIEPH, Kaby/ KIWIyBYH-Y3aTyBYH Ba MaxcyC HILIaHraH
JACTypHil TapNUMOTHH ax6opoTra o GepHil 6710KH KHPHTHATaH.
1 2 3 4
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6-pacM. Mexanuk KOHCTPYKLUHAJAP JIeMEHTJIapHHHHT Yapyaul
Epuxsapunn Naino 6yavinun Kada 3THII, TAPKAJWIU KoHJIapHHY aHHKIam
Kypuama 6ok cxemacH

6-pacmza: 1 — cuHanaérraH MeEXaHUK KOHCTPYKUHA ()parMeHTH, 2 —
NaHeJUTapHWHT  KAaTTHKIMK KOBypracH OunaH Gont €xku  knena &Epnamuaa
Oupnawmwy, 3-€puK, 4(0x-6K)-noNKMeEp CBETOBOMIAP (MAaTYMKIAp), 5 — KyBBaT
Mauban, 6 — MHKpPOKOHTpoOJIepnap, 7 — KoMMyTaTop, 8 — KyBBaT Ky4aiTHpruy, 9 —
16 éuma-Ex pesucropnap, 17 — 23 — nasepimu auomnap (JII), 24 — 30 — ontuk
HypnaHuwHUHr Yiigam npuéMuninapu (TIOH), 31 — kywaiitupruy, 32 — PC232
Kabyn kunruy, 33 — ananornu-pakamny y3raprupruy (ALIT), 34 — komneioTep, 35
— mabiaymotnap taiinapu, 36 — MabnyMOT/Iapra pakamnu uuuios Gepuu, 37 —
HaTHXaJIapHUHT MaTeMaTHK WIIoB 6epri, 38 — Taxkpnbanap CTaTHCTHKACH.
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7-pacm. KypuamMa HINHHHHT BaKT AHArpaMMacH

KypuAMaHMHT ONTHK KaHAINApHU  CYPOBHAA MUUTAIUWHHHAT  BakT
auarpammacu 7-pacmua GepunraH. By epma kontponnep minuiab dHKapamuraH
HYPJIaHTHPYBYH AWOMNApHHUHI YIAHTAHIWK CHrHaIapH Yo-Ye Ae6 Genrunanrax.
Kabyn KuwiyBuM AHOMUIAPHUHT (JOTOOKHMHHHHT Ky4alTHpruu-y3rapTHpPYBUH
yukumugaru curuan Uwe Ae6 Genrunanral, 4yHKH Y KOHTPOIIIEPHUHT aHAIOTIH -
paKkamyin {3rapTHPYBYHCHHHMHT KHDYBYH CHrHanM XucobOnananu. [Inarpammana
Usde CHTHAJIHMHT JacTIa0KM MKKHM KaHal TonalapM OcTHAa Xocun 6ynraH &puk
Tyaiiny 3apapnanrad Ba3UATAArH MAKIH KYpCaTHITaH.

Ontux Tonanu kKalenHuHr ynvam TH3MM cudatHaa  KYJUTAHWIHILH
Myammonapu Kypu6 umkwiagu. TOK  ysymnurun  Byrep-Jlam6epr-Bepa
dopmynacnpan dodmananmnran  xHcobn kypcatmiran. TOAJIHMHT  TawKH
oMunnap Tydaitnn naiino 6ynaguran HyKCOHNIapH AHarHOCTHKAcH Y4yH KypHiMa
TaKJNUM CTHATaH.

Taxpu6a nasomupa TOAJI aiipuMm xofinapu xadonatnanran zaxupanapu
Tyrarrad 6ynuiy, afipumiaapy 3ca 3CKHPHIIWHKWAT WHTCHCHB  (asacuaa 6ymumn
MYMKHH, aiipumiapy 3ca KapHYHHHT MHTEHCHB (asacuia »OoMNalmHimH MyMKHH.
By xonat c§3cH3, KOHCTPYKLHS HILIOHWINWIMIHTa TAbCHP KYpcaTalH.

TOAJIHMHT Taliky oMWTap Tydainun malino Gynamuran HyKCOHIIapH
IOWArHOCTHKACH YuyH a6 YMKKaH KypunaMa 8-pacmua Gepunran.
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8-pacm. Vauam tusnman 610k cxeMacH

8-pacmna: 1-6ow renepatop, 2-Tpurrepinap, 3-KyBBaT Ky4yaiTHpruuwiapy,
4,5-kabyn kunyBuK-y3aTyBuH anoka Kypunmac, 6,8-rakcumnaruy, 7-OK, 9-
¢boTo3n1eKTp curHanra Kaiita nmnos Gepu Grory, 10-Y140B4M KypHiIMa EXH
XM, P- nedpopmauns

Wynnai kunub, xynoca KMIHII MYMKMHKM WULTa6 9HKMATaH KypHaMa
Hapakat TOAJI nedopMauusicuny ymuam MacananapuHi Xajl KWIHIINHA Ganku
Gowka Makcannapna, macanad, TYpAW KOHCTPYKHMANApAA HYKCOHJIAPHH TOMMWII
YYYH KYMIQHWIHIOM  MYMKHMH, 4YYHKH TOJNalM CBETOBOAIAp  é&paamMuna
KOHCTPYKUMANAPDHUHT TYpiH HyKrajJapuaa aedopMauusyiap Ba XoNaTnapHH
HasopaT KWiHI MyMkuH. Llyrpoa# kunub, patuvknap ydyH KaMm 3Heprus
cap@oBYH, Ce3yBYaH/IHIH IOKOPH 3aMOHaBHii TEXHHK Tanabnapra xaso0 GepyBun
KHYHK raGapHTiiH, ap30H Ba CE3THp 3NEMEHTIap TYPIH MexaHuk Gysunuunap sa
HOCO3/IHK/IapHH HAa30paT KWIHIL YYYH CaMapaiy KyJUIAaHHIIH MYMKHH.

By 6obma IwyHHHrOex, TypAM KOHCTPYKUMSAIADHMHT ONTHK TOJAH
kaGesimap acocuaa MexaHHK HOCO3NMK/IApHH aBTOMATJIAIITUPHITAH  Ha30paT
KWIHII Ba JHarHOCTHKAjall KYPHIMACHHHHI MaKeTIH HaMyHacHHM HIJIaHMacH
kerrupunrad. OnTuk Tonasagad ¢oimaiaHnL acocHOa EPUMINIAPHH Kalg 3THII
HaTHxanapy pedieKTOMETpAa ONHHAN.

VYinuamnap yTkasuil yuyH FMAPO3JEKTPOCTAHLUHMSA MakeTH 9-pacMaa uuuiaG
YHKHIITaH,

9— pacm. Xapak'repncnma.naplm OJTHII YYYH JKCTPEMCHTAJI MaKeT
HADMYHACH
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9— pacmaa: | — ruapoanexTpocTanuusa o6beKTH (KyMnazaH nambanapaa), 2
— JOKOpPM 4apuall MycTaxKamjurura sra &puk, 3 — onTuk Tonanu kaben, 4 -
pednexromerp.

Wlynpait kunub, xaTTHK )HUCM (HU3UKAcH ToJanH ONTHKA Ba ONTHK ToJlanap
Ba APHUM YTKAa3rH4Y KypwiMajap HapXMHHHT facaiuiuy Tydainu ONnTuk Tosara
ACOC/IaHTaH AaTYMKIapaaH KeHr QofinananHin HIMKOHHATH Maino 6ymmu.

OnTHk ToNanap &paaMuaa TyPAH KOHCTPYKUWsanap (TYroumap, Kynpuknap,
¢GyKkapo  MHIIOOTNApPH)HMHI MEXaHMK HOCO3NMKIAPMHM TomMuw  6yiinua
TaOKUKOTIAp YTKAa3HNau. MeXaHHK KOHCTPYKUHWANAp MOHMTOPHHTH HaTHXacHAaa
HHTephEepOMETPUK YII4aLUIapHUHT YCY/UIapH HILUIAHTaH.

Hactnabku yu fyHanHuuii H3NaHHLUIAp HaTHXacHAa KBapu Ba MoJuMep,
Wy KaTopAa TEKHC CBETOAMOMIapAaH Ha3opaT KWIHHAETraH cupTaapra
KypcaTrnunap YpHaTHII TEXHONOTHACHHY APAaTHII HMKOHUATH mnaiino 6¥nau.

Wanauuumap xapa€nuga ONMHIAaH HAaTIKacHAa KBapliH TONMMeEp sCCH
CBETOBOJUIAPHH YPHATHI TEXHONOTHACH ApaTunau. TaAKHKOTAap apa€Huua
KaTop TEXHHK Ba TEXHOJOTMK MYaMMOJUIAp KOMIUIEKCH Xal KWIHHAM npubop
annapaTHHUHT amangaru MakeTd nwnad uukunan. TMapannen pasuiuza Hasopart
annapaTypacMHH Kypunumy TaMoiiuiapu 6y#inua XaM TaakukoTmap oaub
Gopunny. WMuaukaTopnap XomaTHHM Ha3opaT KHIHLIHHHT HUKKH YCyNIH HLInab
YUKMIAM. BUPHMHYM ycyn MHOMKATOP OpKalH ¥TaguraH ONTHK HYPNaHHIIHH
KyBBaTHHHM Yi4alira acocnaHraH. By BasuaTaa OGyswmmunu WACHTHHKAUMA
KyBBaT KMIMAaTHHHHT KeckuH Kamaiuimm G¥inuya amanra ommnpunagu. MKkuHYH
yCyJ KHCKa MMMOYJbc GuiaH 30HMUIAHHIIN, YHHHT TYFPH Ba TeckapH HyHainiia
TapKAIHIIH Ba YwOy BakTMHMHT KaMalHIIM TYFPUIAH-TYFPH Ba Teckapu
fiyHanuwaa Tapkanuy Ba ym6y BaKTHUHT KaMaiHIIK GaKTHHH KaAA STHAMILIKIa
acocJIaHTaH.

(2]
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™ e
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10-pacm. Huku jpuaTuaran Ha3opaT ¢poTOACTEKTOPHTa 3ra JlasepJiH
anoanail gpoiinananui cxemacu
10-pacMaa: 1 — ok KywaiThprud, 2 — nasepnu auon, 3 — Hasopart
doTonpuémnmk, 4 — ynuosyn (OTONPUEMHMK, 5 — Tok ¥3rapTupyBuumap 6 —
anMawTHpyBus, 7 — APV, 8 — 6owkapys KyphnMacH, 9 — uugukarop, 10 —
KOHTCeHTpaTop, 11 — Epuknap.
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[Inatunanap Gysunuwmuuu yauam YYyH HYpJaHHI TYJKHHH Y3yHJIHTH
8,5uM Oynranman  dolimanaHuwnaraH  onTHK TecTep €paamuaa  yTkaswiaraH
JKCTIpEMEHTNAp HaTHXKacu OJIMHOM. JxcnpeMeHTan S"Hl!aumap YuyYyH
HHTepdhepoMeTpHK MeToauKanaH doilaananuwian.

HasopaT «kununa&rran mnapamerpnap HyKTau HasapaaH SKCIpeMEHTaN
TaIKMKOTIIAP KyHHaary NapamMeTpAapHH YPraHuILra IOHANTHPHIALH:

- neopmantua (UY3HANI, CHKUINLIN),

- CHIDKHIL;

- EpMKIAapHUHT XoCcHI 6 uLLy;

- HOCO3/IHKIIap.

ONTHK 3NEKTPOH ¥3rapTHPYYHNAPHHHT MEXAHHK KOHCTPYKLMsJIapHHHT
Ha30paT KWIHI Ba AHArHOCTHKAIALIHWHI aBTOMATMAWITHPHITaH Yayaul TH3HMH
nunab uukungu.

MexaHuK KOHCTPYKLMANAp 3MeMeHTIAPHHAHT Yapyau EPUKIapHHH TOMHLI
Ba Kailx atuil yuyH «OCTI-7M» eTTH KaHa/lld ONTHK 3JEeKTPOH TH3MM a6
quKuiran 6ynu6, y naszepnau guon 6noku, 0 curHanusauus sa Goluxapun 610kH
AaTYHKIAp KOMIUIEKCTHAAH Tapku® TomraH, ymby THU3MMHHHI YCTYHJIMIH
WyHOAAKH ONTHK TOJMaNapia ONTHK CHrHaJ Y3rapuuilapuHd yivawl opKanu
aHHKJIMK OLIANH.

Tonanu ontuk kabenuunur TOAJI pmedekTnapWHM Ha3opaT KMNHMII Ba
AUarHOCTHKANM KypwiIMacHaa yiuam TH3umH cudatvpa KysuaHWiMmM Hadakart
TOAJT pedopmaumsinapunm Tonmw, Gankn OGowka Maxcamiapaa (Typnu
KOHCTpYKUMsnapaa AedexTaapHy Tonum).

Aucceprauusauvur  Geumnuu «ONTHK  JEKTPOH  Y3rapTHpradiap
aCOCHAATH aBTOMAT/IAJIITHPHATAH YI4Yall TH3MMJIApH uuLianmach» 6obna
CYIOK/IMKNApHH  TaxJIW  KWMWm  yYyH  ONTHK  JNEKTPOH  aBTOMATHK
KOJIODHMETPHHHT AHTH KOHCTpYKuMsacH Ga&H sTunraH. |la-pacMa KypHIMaHHHT
Gnox cxemacu, 116-pacMpa 9ca — [JaTYMKHHHT KOHCTPYKTHB CXeEMacu
KENTHPHIraH.

BOlIKapyBHUHI MKKHHYM XonaTHAa MKKWHYM ONTOmapa ylaHaaH, yiuai
#apa€Hu TakpopnaHagW, KonraH Oapua onTomapanap ydyyH Xam Oy Xonar
TakpoprnaHani. Baén stunran ycyn acocmuga “OAKKIM”™ onTuk — oJieKTpoH
aBTOMAaTHK KOJIOPHMETP Huuiab yukunau. AcoCHi TEXHHK XapaKTepHCTHKanap:
ontux 3uwidk 0.000 — 0.8005 aunanasonaa a6comot xatonuk 0.0106 man optHk
aMac; Hypnanum Manbau TYnkuMHnapu ysyHwaurm 920, 680, 560, 450 uwm;
KIOBETAHWHT ONTHK Hynn ysyunurd 6 mm; KyeBaT 220B, 50T°c, 3BT; Kypuima
kattanury 200x 50x 200 mm, ormpmurn < 3.0 «kr. Y myanuuwanEr  10KO0pH
AHHKJTHTHTH HYPNAHHIUHHHT TafKMK 3THIAETraH OOBEKT OpKaJM MKKHM MapTa
YTHIUM Ba KIOBETAHHHT CTAlHOHAp XKoWNalllNiIK OPKaJiu 3PHILINIALH.

Wmna6 uvkunran KypuiaMa KyHupgaruua Hiunaiigy: kiosera 15 HHHT
UMAMHIOPHK GYIIAMFUHK KoBakHMKET 7 CylOKAMK Ownan Tynmupuirau y Gup Heua
CBETOAMOJIADHMHT TYNKuH  ysymnurn 920 — 450 HM Gynran Hypu Owunan
HypnaHand. KypuiMaHu TEXHONOTKK apaéH JTMHUACHAA YpHATHII MYMKHH, SbHH
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Tpy6a opkaan OKM6 yTaéTraH CyIOKIHKHH Ha30paT KMIMIU MYMKHH. 1 HHHT
sasudacu 8 — 10 'y wacTotanu T¥rpu Gypyakny uMmynciapny Huinab yHkapamy.

11-pacm. ONTHK 3/IeKTPOH AaBTOMATHK KOJIOpHMeTp: a — 6ok cxema; 6
— AaTYHK KOHCTPYKIHUSICH

HiMnynciiap koMMyTaTOp onTpoHnap Gowkapysuna 2 opkany HaB6at Gunan
3 — 6 EpyrIMK TapaTyBYM AMOJnapra y3aTunanu. BomKkapyB KOMYTaTOPHHHHI
6upnHun xonatuaa 2 nuox Hypnanumu 3 ¢okycnanagu Ba cTepXkeHIOaH 8 akc
ataau Ba xaOyjularnura 9 tywamu. Keliun curHamnapra mmnos 6epum 6nokura
13 Tywagn Ba 6y epaa KoONeHCaUMOH Ba YAYOBYM OKMMJIApP CHIHANAPHHMHT
myHocaGatu waknaHagn. MyHocabaT CHTHalM ¥TKasuml ONTHK Ko3(ueHTHra
NpomopuMoHaN, Ba YHHHI KuiiMath Oyiinua apanammaga Monnanap
KOHLICHTPALHsACH aHHKJIaHaaH.

Vwby 606aa KaTTHK MaTepuannap, (Meran, niacTMacca, WHIIA, KOFO3 Ba
XO0Ka30Jiap) I03aCHHHHI paHr MapaMETPIapHHH YA4am y4yH ONTHK-3JICKTPOH
aBTOMAaTHK aHanu3arop 6a&H aTunraH 6ynub6, y paHr MaxcynoT cHpaTHHHHF
acocHit KypcTkUuIapuaaH Oupy xucoGnaHaau caHoaT coxanapuaa KyJnaHunagH.

KaTTHK Marepuannap 103aCHHHHI paHT aHalW3aTopH Kypwimacu, 15-
pacMaa gatuuk Gupw 3ca 12 - pacmna Gcpunran. PaHr ananusatopu AaTumk
Ba JJIeKTpoH OGnoxaad Ttysunrad. Jatuuk 1 sApumcdepa KypHHHIIHAA
uimnanran 6ynu6, ynra y4 xydr Y- waxnnaru onub xenyBuu 2-4 Ba UNKYBYH
5-7 onTHK ToJianap ypHaTHATraH.

Epyranxuunr 2-4 onu6 kenyBun Ba 5-7 4MKYBYH ONTHK ToJanapaaH
yTHIOM TyQainy napameTprapHM Ha30paT KHMIMII UMKOHHHM GepyBuH Top
HypJauu jpgactacH Oepmiaam Ba KaGyn KuiauHagn. @PH3HK MabHOCH
KyliHparu4a: paHr napaMeTpnapH TNpeaMETIapHHHUHT OBBLEKTHB XYCYCHATH
cudarnga anuknanagd. By Tawpudma ukkuTa acnexkt Gepunran — Gup-GupH
6unan y3anukcn3 6orank 60baraH pH3NK Ba NCHXO(U3IHONOTHK,
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Kypunma tynkuu Y3YHAUrH A = 680 HM, A2 = 560 um, A; = 450um
6ynran yu ynuamnu xucobura I0KOPH aHHKJIHMKKa era

€TaNoH NPEMHUKNAPH CHaTHaA KYN paHrny tdoTopesnc
1y

[ R |

ONTHK HYpPNaHHIUHHUHT
TOpNap KyJIIaHHWJIraH,

12-pacm. KaTTuk matepuannap 3acu panr AHAJIM3aTOPHHHHT
CTPYKTYpaBHii cxeMach

UlyHunraex cylokauknap coxanapHHHr (HedT MaxcynoTnapy, yeumnuk éru,
FIHUCPHH, wWwapbaTinap, MYMMINKNAp)HUHT (UMK KHMEBHI TfapaMeTpapUHK
Ha30paT KWIMII ONTHK-3/EKTPOH KYN NapamMeTp/yx NOJOPHUMETP MIIab YMKHAraH
Bd ynapHu TaHEpnall TEXHONOrMK ’KapaBHNapHHU GOWIKAPHII IIYHWHIACK
THOOUETAR, (CHIMK, KOH, OIIKO3OH COKH Tax;iuan) goiinananum yuyn, Onrx-
3NICKTPOH KT MapameTpiii KOJIOPHMETP KOpNycra >KOMIaITHPHraH reHeparop,
Auomap, nuoanap 6unan onTHk GoFNaHraH YI40BYH doTonpUEMHNKIAp, YHKHILIN
Kafin KumyBun npubop Gunan GornaHraH (GOTONEKTP CHTHAITA MLLIOB 6epyBun
6110k, KI0BeT ( yunra Ha3opaT KHIMHAETTaH CYIOKJIHK KioBeT 6yrumura yTum Ba
TYXTanuil yuyH KpaH ynaHraH) onTonapanapaaH GMpHra HyplaHHIWKMHHA YTKAa3UIL
YHyH KOMYTaTop, KIOBETAaH TaWlkap¥ YHNA UWIHHAD WAKIMAArH KBapLUIH
WiHIaZian  AC/IraH MKKA TOMOHJAH MKKTAa aKC 3TYBYM 103aM ACCH K¥3uua
GupukTHpIIran nasep AvoanapiaaH ubopaT yHAaH TallKapH TasHY OITONapa Xam
Hasapaa Tyrunran  6ynaub, nasepnu  auoa  ynuawap  HaTHXaNapHHUMHT
TYFPUIHIHMHU TAbMHUHIIOBYM )OTONPEMHHUK.

13-pacm. ONTHK-3JIEKTPOH KN NApaMeTPJIu KoJJopumeTp G10K-cxemacu
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ONTHK-3IEKTPOH  KYNIapaMeTp/i  KONOPUMETpPHUHT Grok-cxemacH 13-
pacmaa KenTHpUITaH.,

Kypunma kyiingaruua nunaiiou. 1 revepatop 8-10 Ty nu Tyrpu 6ypuaksu
HUMIOYNbCAAPHK 4MKapald, 2 OYJHHraH HMNyJbClap KOMMYTaTop ONTPOHJAap
y3raptupruu opxanu 4, 5, 6, 7, (n-1)s, Min Na3epsu cBeTOAHOANAPTA KETMA-KET
y3arunagd, (nasepau cperoguomnap sApuM miaddod cylowiHkIapa MaBXya n
KOMIIOHEHT/Iap NapaMeTpilap)HHHT CIIEKTPaJl XapaKTepuCTHKanapra ara), OyHna
OnTOMapanap KeTMa-KeT yJaHauH, 3 nasepiu aHoa  Ba Ya4oBuH Kabyn Kuaruunap
10 Tasnu onTomapanu TawKwi 9THO, YNuall CHTHAMAPHHM TasHY  KaHan
cUrHannapy Ounan TakkochaiigM Ba  YAYOB  HaTHXKanapH TYFPHIMIHHH
TabMuHNaiau. KioBeTaHUHT UWAHHAPHK OYUUMFHHMHT |5 HasopaT KWaHHaguraH
CYIOKNMMK 9 Ouman TYNAWMpWiIaOM Ba Jlasepiu  cBetoauoanap Guman
HYpPJNaHTHPHANALH.

V3rapTupruununr GupHHYH XONaTHAA Na3epiH AHOTHHHT 4 HypNaHWIL
¢doxycnanagu, Hasopar KuwiuHagtraH 9 cylowmkmapman  yTagu, 8 sccw
KY3TyJIapHHHT GUPHHHHT 103aCHAA aKC ITafM Ha30paT KHIWHAETTaH HabMYHalaH
9 xaiita yTH6 ynuosum dorokabyn kunrud 11 kennb tywanu. Keiinn cursannap
doToanekTpuk curnannaphu Kaitra nunaw 6noku (GICKE) 16 ra xenu6 Tywany,
Ba y epaa ywby Yn4oBuM OKMM AHOANAH 3 KOMNEHCUMOH OKMM Ba Y4oBuH Kabyn
KMIrHY OKMM MyHocaGaTH CHrHanM  ¥TKasHII KoehdHLUHEHTH CYIOKIHK EKM
wadpdod KATTHK KHUCMIAPHHHT ONTHK 3MWIMIH KaTTaIWIHra NponopLHOHal.
Hatmxanap yn4osun acGobra ékm OXMI7 ra ysatunaan, YHHHT KYpCcaTKH4H
Kapa6 mnapaMerpnaph Xakuga c¥y3 IOpHTHII MyMKHH. OXM aHanoro-pakamnu
ynyaw, ysrapunuiapy, xucobnall amauiapH onuHraH ax6opornu Gepuil, ONTHK-
ANEKTPOH K¥N (YHKUMOHANTH aBTOMAaTHK Y/NYall - Ha3’0paT TH3WUMIapH Y4YyH
sapyp GynraH manaymoT GouwKa Ba XM3MaT axGopoT/iapMHH WAaKNIaHTHPanM.
ByTyH KOHCTPYKUMs 20 >KOMNalITHPHAAAH, KYPHIMaHHHT ¥3W 3Ca TEXHOJIOTHK
KapaéH NMHYMACKHIAA, YPHAaTWIMIUM MYMKHH, ABHH y 13 — pacMaa kypcaTwiran
Tpy6anan crtpenka Gyina6 okuG YTyBYM CYIOKIMK (KOH HycxacH, wmapGar,
HYMMIIHK, ITHBO B2 X.3) HM Ha30paT KHIHIIH MyMKHH.

XVJIOCA

VTkaswnran TagkMKoTAap AABOMHIA acoCHii HaTHXkamap Kyiiugarwiapaa
n6opart:

1, ONTOANIEKTPOH  HA30paT-yI40B  ¥3rapTHPrHWIAapWHH  ApaTHIl  YHYH
Gowmnanrud SNEMEHTIAp XyCyCHATNapHHM  yprawvw Ba TyrpH Gypuyakiu
CBETOBOMJIADHHUHT ONTHK-TONANM aJioKa y3aTHII HYynuAYM Jpranw, EPYFIHK
YTKa3yBYAHJIMTMHM XMCOGNAHULIN HATHKAcHAA HypnaHuw MmanGanapu (TYIKHH
y3yunuru 0.85 — 1.2 mxm 6§nran AJI-1076 Hyp nnonw) Ba Kabyn KMATHUIApUHH
(®J1-11 doToanoan) parrnoHas TaHIALl aMaJira OWHPHIIAAH.

2. Hocoanuiap 1o3ara keraH MaiJOHHH aHHKIAll Y4yH ONTHK — JJIEKTPOH
§3rapTHPrUWIapHHHT 3MIEKTPOH CXeMacHHM wuuia6 unknin Ba KP551V/2A
Typaru OnepaLnoH KyyaiTHpruujia yTKaswiran Hasapuii xucobnauiapHu amaira
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OLUMPHII HATHXKacHAa MabjiyMOTNapra unuos 6epuiu Kypunamacuuuar PIC16F84
MHKDPOKOHTPOJIJIEP Ba HHAWKALMA IEMEHTIIapH TaHJIaHAIH.

3.OKkcnepuMeHTa)l MEXaHMK KOHCTPYKUMSHHM  JedopMauus, CHIDKMLI,
FOBaKJap ynyamyapu XOJaTHHH YN4YOBYH KypHJIMa SpAaTWIMILM Ba ONTHK-
TOIAHWHT  ce3rHp  dMeMeHTH  cudaThaa  oiigananuur  XycycHATIapH
OKCNEpPUMEHTaN TaAKHK STHAMILK HATHXKACHHAA, NOJIUMEDP CBETOBOMIAPHHHT Y4
Typu (OnTuk-Tona y3ak auameTpu I = 0,4 MM, aKC 3TYBYH KOOHK AMAMETPHU Mo =
0,6 Mm.; OnTHK Tona, Y3ak AuaMeTpH A= 0,4 MM, aKkc 3TyBYH KOOMK AMAMETPH Mo
= 0 5 Mm.; OnTHK Tofla, ¥3aK AHaMeTpH Ac = 0,2 MM, aKC 3TyBuH KOOMK AHaMeTpH

= 0,4 MM) yctaaa onu® Gopwmnran TaakukoTiap GaéH kunHHagH, TONAHW —
ONTHK Yy3aTHII HYNM OKCHEpHMEHTal TaAKUKOTIApH HaTHKajJapuaa uuuab
YMKHITTaH TaAKHKOT YCyJUIapH acociaHaiu.

4. OnTHK-TONaIM anoKa JIMHUSJIADUra TallKW TabCUpNap XOJNaTHHH
TEKLIMPHII Ba HA30paT KWAMIN (acocaH MarucTpan JIHHMAMapha TOFNH Ba KyMIIH
XYIXYIUTApHUHT MEXaHWK TabcupuHu 0,9-1,2 M xaTonukaa aAuarHocTHKanau, Kaira
THK/1all BaKTHHH 2-3 MapTa KaMaHTHpHIOra SpHINHILI) YCYJUIApH ONTO3JIEKTPOH
aBTOMATJAIITHPHIraH KypHiIMa acocHia HIUIal YHKWIamH.

5. MexaHHK KOHCTpYKUMS 3neMeHTIapuaa AedopMmauMsiHKH aHUKIIAL,
CPUKJIapHMHT 103ara KeNMWII Ba TapKaIMIl MaHgoHWHH pyiixaTHaH YTKasuw,
FHAPOTEXHHK HHIOOT/IAapHUHr (TYroH, namba) napamerpnapuun Gaxonam Ba
OHNaiH pexumuga pyiixatoan yrkasumHMHr «OCII - 2M» HMKKHM KaHaJUTH
OIITO3JIEKTPOH ABTOMATNALITHPWITaH YIYOB TH3WMK HILTab unkunaau. Mexanmk
KOHCTPYKUMA 3JICMEHTNAapH 4Yapuaill épHKIapuHM Kalj STHIl Ba TapKanum
xoinapunu TonumwnuHr «OCII — 7TM» eTTH KaHamIM TH3UMMHH APaTHIHIIH Ba
TanbuK STHIMIU yCY/NIapAM MILNal YMKWIMILKM Ba aManfa TanbWwK JTHIHIIM
HaTWXacuzla JIeKTp TokuAaH dolinanaHanurad AaTavkaapaaH (apkiy paBuILAa,
ONTHK TONaNH IaTyuKaap H30MIAUMSHY Tanab KHnIMaiauraH,
KOppO3HAnaHMaiaurai, KypuiMa HoCO3NIMKNAPHH BH3Yall aHHKIaAaH.

6. KaTTHK >XMHC/IH KOHCTPYKUMAIIapHMHI aedopMauus Ba Oy3HIHLINHH
6axonalr Ba HasopaT KWIHWIAA ONTHK-TOJNA Ba CBETOBOJ OpacuiarH Macodanu
0,01 MM raya opanukia aHMKJIAI YCYJIMHH JKOPHIL 3THIILAA aBTOMAT/IAITHPWITaH
yNuoB KypunMacu MUUIa6 YNKHIAIH.

7. ONTHK-TONIAMM ~ ONTOIEKTPOH  (OTOKONOPHUMETPHA  KypHJIMacHia
CYIOKIHMK Molanapy XYCyCHATJapMHH Ha30paT KWIMIN (HasopaT KMIuiuAarud
ONTHK CHTHaN TYNKuH y3yunura 920, 680, 560, 450 HM) ycmy6u Ba ycynu wmnab
YUKUIagn.

8. KaTTHK MaTepHasjlapHHHT CHPTH Ba PaHIJIapi XyCYCHATAapHHM Ymyamizna
ontonapanunr yu ymuammu X, Y, Z (A = 680 M, A2 = 560uM, A3 = 450 T¥nKuH
Y3YHIHK/Iapa) MmapaMeTpura acocjaHraH IOKOPH aHHKIHKIArH ONTHK-TOJIANH
ONTO3/EKTPOH Ha30paT KypPHIMAacH Ba YCYJ/IH SpaTHIaaH.

9. CylokIMKIapHHUNT ¢dbu3nk-KHMEBHH XYCYCHATNAPHUHH OKOpH
lapakalar¥ aHWKIMKAA GaXONALIHWHT ONTHK-TOJNIAa KYI KaHAUIM ONTOJJICKTPOH
Kypuamacy uunab yHKHIaan.
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HAVYYHBIN COBET 16.07.2013.T/FM.29.01 npn TAIUKEHTCKOM
YHUBEPCUTETE UHO®OPMALHUOHHBIX TEXHOJIOTHHA
u HAIHMOHAJIbBHOM YHUBEPCHUTETE Y3BEKNCTAHA 11O
NPHUCYKIEHUIO YYEHO! CTENEHU JOKTOPA HAVK

TAWKEHTCKHAN YHABEPCUTET HHO®OPMALIMOHHBIX TEXHOJIOI A

PAXUMOB BAXTHUEPKOH HEBMATOBUY

METOJbI KOHTPOJISI H JUATHOCTHNKA MEXAHHYECKHX
CBOYICTB KOHCTPYKILIMY HA OCHOBE BOJIOKOHHO-
OINITHYECKHUX CUCTEM CBA3HN

05.04.02 - Cuctemsl i1 ycTpoiicTBa paZHOTEXHHKH, paailoHaBHTallHiL,
PAAHONOKAIHH H TeJeBHAeHHA, MoGHblbIe, BONOKOHHO-ONTHYECKHE CHCTEMBI CBA3H

ABTOPE®EPAT JOKTOPCKOM TUCCEPTALIMH

TamkenT-2016
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Beenenne (aHHOTaUHs JOKTOPCKOI AHCCEPTANNNA)

AKTYanbHOCTh M BOCTPeGOBAHHOCTL TeMbl AHccepTauHn. B HacToswee
BpEMs YCKOPEHHOE pa3BUTHE TEXHOJNIOTHYECKHX TIPOLIECCOB MO BCEMY MHpY
YCWIHBaET BOCTpeGOBAHHOCTh HCHONB30BaHHA CPEACTB BOJIOKOHHO-OIMTTHYECKNX
CHCTEM CBA3H B TpolLleCCaX MPOHM3BOACTBAa MoBceAHeBHO. Mcnonb3osaHue, 3a
MOCJIEAHHE TOMbl, B Pas/IMYHBIX OTPacifAX MPOH3BOACTBA Y/NBTPa-MHHHATIOPHBIX
3HeprocGeperaomyx YCTPOHCTB, CBHACTENLCTBYET 00 yBENHYEHHHM CIpoca
YCTPOJHCTB ONTHYECKOro BOJIOKHA Ha MHpOBOM peitike. Ecin B 2013 ronoy cymma
NpOonaX phIHKA ONTOBONIOKOHHBIX HW3MEPHTENBHBIX CHCTeM cocTaBwi 1,89 mmpa.
nonnapos CLUA u exeromHsiii npupocT coctapnan 19,6%, To u3 storo o6veMa
1,22 mnpa. aonnapos 3apeructpupoBabl B CLIA, urto cocrtaenser 64,6% ot
ofmiero MHpOBOro ChOpoca Ha  BOJIOKOHHO-ONTHYECKHE  H3MEPHTENbHbIC
yctpoiictsa. ITo nporHosam oxupaaercs, uto k 2018 rony mupoBsoit 06nem nponax
ysenuuntcea 10 4,33 mnpa. nomwtapoe CLIA. Ecnu B 2013 rony B Kurae pasmep
PBIHKA MPOAAXKH N3MCPHUTENLHBIX JaTYHKOB cocTasisl 960 min. nomnapos CUIA,
To 3Ta umdpa, no nporxHosam, k 2018 rogy Moxer yBenMuHTBCA OO0 3 MIpA.
naonnapos CIIA.

MocnenosartensHoe  pasBHTHE  HHGOPMAUMOHHO-KOMMYHHKAIIHOHHBIX
TexHoJoruil MNpHBENO K yBeauueHHI0 o6beMa HHPOPMALMOHHBIX PECYPCOB H
BO3pacTaHHIO CKOPOCTH mepefaul WHQOpMauvH, B TOM YHC/E CO3an YCJIOBHA
aBTOMATH3alMM TpoleccoB. B 3ToM ciyyae BBIABIEHHE MOBPEXACHHH,
HapyuweHni, Ae(GexToB U AMarHOCTHPOBAHHKE, KOHTPONIb COCTOSHUA MEXaHHYECKHX
KOHCTPYKUMH, NpPHMEHEHHE TNOATBEPXKAAIOUIMX TEOPETHYECKNX PacyeToB 1o
JIMarHOCTUPOBAHHIO, CO3AaHHUE Pa3/IHYHLIX CNOCOG0B M IrOPHTMOB BOJIOKOHHO-
OMNTHYECKHX H3MEPHTENBHEIX YCTPOHCTB, KOTOPBIE IOCTOBEPHO, TOYHO H B PEXKHME
OHJaiiH, NO3BONAIOIWME NPOBOAUTL MOHHTOPHHT M CO3ZAlOLINE YCIOBHS ya06HOrO
KOHTpOJIA ¥ ANarHOCTHPOBAaHHA PEKUMOB NIPHOOPETAET BAKHOE 3HAUCHHE,

B cBa3u ¢ 3THM, lenecooOpasHbiM ABISETCA H3yueHHE M HCCNCAOBaHHE
ONTO3NEKTPOHHEIX CHCTEM, MOCTPOEHHBIX HA OCHOBE MPHMEHEHHA BOJOKOHHBIX
CBETOBOJIOB, MO3BOJIAIOIUX TPOBOAHTDL JOCTOBEPHbIH KOHTPOJbL Hal MPOYHOCTHIO,
YCTONYMBOCTBIO M HaleXXHOCTBIO CIOXKHBIX KOHCTPYKLMI B OHJalH pexuME,
KpOMC TOr0, MNPOBOAMTH HCCACAOBAaHMS IO ONpEAENCHHIO ONTHYECKHX
HEONHOPOAHOCTEH CHFHAIOB B BONOKHAaX, B 3aBHCHMOCTH OT BCJIHUMH HX
nedopmaumii, MEXaHHUECKHX YCHJIMH, KOHTPONMPOBATH M M3MEPATh  (U3MKO-
XUMHYECKHE MapameTpbl BELICCTB, A TaKkKe CO3gaBaTh YCTpoHcTBa JUIA
o6HapyKeHUst MECTa ¥ PETMCTPALMH BO3MOXHLIX NOBPEXKACHHH B MEXAHHYECKHX
KOHCTPYKUHMSAX ABJSACTCA BECbMa AKTYalIbHBIM.

Co3faHHe BOJIOKOHHO — ONTHYECKHX CHCTEM H3MepeHHs BEIHUHH
MexaHHUYECKHX BO3NEHCTBHH, nedopMaLuit, MIOTHOCTH MaTepHanos, 6asupylowye
Ha ONTHYECKMX CHrHalax M TO3BOJAIOIINE PEalH30BaTh ABTOMATH3HPOBaHHLIC
CHCTEMbl, HapsAy C MOBLIIEHHEM TOYHOCTH W3MEPEHHH, AMarHoCTHPOBaTh H
KOHTpOJIMPOBaTb TNApaMETPhl MEXAHHYECKHX KOHCTPYKIMiH, OCHOBaHHBI Ha
pa3paGOTaHHBIX MeTOZaX M MPHMEPaX Ha YCTpolicTBax oGHapyEHHA MECTa
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TMOBPEXACHHH, perucTpauMy¥  MeEXaHMYECKHX  HapylleHuii M CKOPOCTH
PacnpoCTpaHeHHs TpellkH 3aHUMaIOT oco6eHHoe MECTO.

Hannoe nuccepraumonHoe MCNENOBAKHE B ONPEAECHHONM CTENEHH CIYXHT
A1 BINONHEHHs 3anaun ykasaHHo# B IlocTanosnenusx Ilpesnnenta Pecry6auku
Y3bexncran Nelll-1730 «O Mepax Mo jganbHeHlIEMYy BHEAPEHHMIO M Pa3BHUTHIO
COBPEMEHHBIX HH(OpMaIHOHHO-KOMMYHHKALMOHHBIX TeXHOJIOrMi» ot 21 Maprta
2012 r. 1 NellT1-1957 «O HONOMHHTENBHBIX MEPaX MO YCKOPEHHOMY Pa3BUTHIO
cheprl yenyr u cepBuca B cenbckoii mMecTtHocTH B 2013 - 2016 romax» ot 17
anpens 2013 r.

CooTBercTBHE HewIe0BaHNA NPHOPHTETHLIM HANPABJICHHAM Pa3BUTHS
HAYKH H TexHoJorn# pecrmyOanks. J(uccepTauis BLINOJHEHA B COOTBETCTBUH C
NPHOPHTETHBLIMH HanpaBieHHAMH Pa3BHTHA HAYKH M TEXHOJOTHM pecmyGnnku:
TIMTH-5 — «Pa3paboTka HHGOPMALMOHHBIX TEXHONOTHI, TENEKOMMYHUKALIMOHHBIX
CeTel, annapaTHO-NPOrpaMMHEIX CPEICTB, METOLOB H CHCTEM MHTENICKTYaNbHOrO
ynpaeiennas u  ofy4enus, HanpaBleHHBIX Ha  IIOBLILIEHHE  YPOBHA
uHdopMaTHzaunu oGwectran, ITTTH-14-«CeiicMonorus, ceficMoGesonacHocTb
3[aHui, COOpYKEHHH M CTPOUTENLCTBY.

OG30p 3apy6exnnix Hay4HBIX HCCe10BAHMii MO Teme AUCCEPTAUHM.
Hccnenosanus, nanpaenennbic Ha pellCHME aKTyalbHBIX 3a7ad AMAaTHOCTHKH,
KOHTPONA M MNOBLIICHME HAACKHOCTH CBS3H, B TOM HHCIE MEXaHHYECKHX
KOHCTPYKUMH, C HCNONBL30BAHHEM BOJIOKOHHO-ONTTHYECKHX CHCTEM MNEpefau, u
COBCPIIICHCTBOBAaHHUEM CNOCOGOB H METOMOB AHArHOCTHKH M KOHTPOJIA MpPOLECCOB,
3aHHUMaloTCA MHorue 3apyGexHble (HPMBI M YHHBEPCHTETHI, B YacTHOCTH,
International Resource Development Servis Centre of Science, University of
Michigan, University of Oregon (CILIA); Intellifiber Networks Centre of Science
(BenukoGputanua); Wissenschaftliche Zentrum mit beschrinkter Haftpflicht,
Technical University of Dortmund, University of Passau, University of Wiirzburg,
(Fepmanus); Optex Centre of Science (Sinouns); Beyond fiber optic cable (Kurait)
NIPOBOAATCSA WIKHpoKoMacIUTabHble Hay4YHO-TEXHHYECKHE UCCIIeIOBaHNA.

Hccnenosanus no paspaboTke ONTOMIEKTPOHHLIX CHCTEM JUIfA
ofHapyxeHuss PErHCTpallMH MEXaHHYECKHX HapylUleHHH B BOJIOKOHHO-
ONTHYECKHUX CETAX CBA3K, MOAOOp ONTHYECKHX, BOJIOKOHHBIX HATYHKOB H
H3TOTOBJICHHE CTEHHA JUIS MCMBITaHWE ONTOJIEKTPOHHBIX XapaKTEPHCTHK
JaTYHKOB MOBOAATCA NMO BCEMY MHMpPY Psf Hay4HBIX HCCICNOBaHWii, Cpeay HHX
TakHe Kak: TEXHOJNOTHA YBeNWYeHHs o6BbEMa M3MEPUTENBHBIX YCTPOHCTB
(company International Resource Development Servis, company OptiSense
Network, company Corning Glass, University of Michigan, University of Oregon),
METONbl YNYYUWEHHss TEXHOJIOrMA NpOM3BOACTBA YCTPOHCTB C ONTHYECKUM
BoNlokHOM (company Intellifiber Networks, Technical University of Dortmund,
University of Wiirzburg), npombiluIcHHBIE TCXHOIOTHH TIO TNPOH3BOACTBY
YCTPO/icTB  aBTOMaTH3MpoBaHHOro onTnueckoro BonokHa Gesellschaft mit
beschrinkter Haftpflicht), ucnons3oBaHHe YCTPOACTB ONTHYCCKOrO BOJIOKHAa B
MeJMUMHe ¥ GLITOBO# JnexTponHoit TexHuke (company Perspective Electronical).
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TIpoBomATCA NPHOPHTETHBIE HAayuyHO- HCCNEAOBATeNbCKHE paboThl Mo
Npo6ieMHEIM HanpaBieHHsIM: METOaM KOHTPOJIS W AHArHOCTHKH MEXaHHYECKHX
CBOHCTB KOHCTPYKIIHUH Ha OCHOBC BOJIOKOHHO-ONITHYECKUX CHCTEM CBA3H,
OCHOBaHHBIC Ha onpelelieHuH HAedopMauuM, HIMEHEHHMH MOMYJIALHOHHBIX
napamMeTpoB CBETOBOro mnOTOKa, CO3JaHHC ycrpoﬁC'rB OnpeaeseHnss MeCcTo H
pacnpocTpaHeHHA IJIOWAAH TPEIHH B MCXaHHYECKHX KOHCTPYKLHAX.

Crenenp W3yyeHHocTH npoGiembl. Hccnemosanua — mo  pa3spaboTke
ONTO3/EKTPOHHBIX CHUCTEM 1A OGHApYXEHHA M PETUCTPaUMM MEXAHMYECKHX
HapyLeHHii B BOJIOKOHHO-ONMTHYECKHX CETAX CBA3H BEAYTCd B PasiH4HbIX
HamnpasfieHNAX, 8 NoAGOPY ONTHYECKHX BOJIOKOHHBIX AATYHKOB H H3TOTOBJICHHIO
CTCHJA HCNBITAHHH ONTONIEKTPOHHBIX XapaKTEPHCTHK JNATYMKOB H COBEPLICHCTBY
WX napaMeTpoB NocBaueHs paboTs! pana yueHeix: T. Okosi, K. Okamoto, M. Osu,
X. Nisixara, K. Kyuma, K. Xatate, D. Gloge, D. Gloge, J. Marcatilli, C. Pask, A.
W. Snyder, D. J. Mitchell, M. Born, E. Wolf, P.C. Schultz, R. Olshansky, D.A.
Nolan, F. P. Kapron, D. B. Keck, R. D. Maurer, E.A.3ax, I'.H. Top6ynosa, 10.1.
Pxasun, A.Jl. Monos, M.M. ByTtycos, 3. Yana u ap.

MeToap!l KOHTPOJIA X ANATHOCTHKH MEXaHHYECKHMX CBOWCTB KOHCTPYKUMH Ha
OCHOBE  BOJIOKOHHO-OTITHYECKMX  CHCTeM  CBs3M  OBUIM  HCCNEROBaHLI
OTCUECTBEHHBIMH yuenpivu: T.J. PamxaGoeeiv, P.P. Hcaesnm, AM.
HasaposriM, 10.I". WumynuusiM, A.A. XannkoseiM, C.X. Lllamup3aessiM, H.P.
PaxumoBeiM, A.A. CHMOHOBBIM M ApYyTrHMH. B mocnennue roge! B Y30OekucraHe
NPOBOAATCA LieNIeHaNpaB/ieHHBIE HCCIEA0BaHNA B o6nacTH pa3paGoTKH METOHOB M
TEXHOJIOTHIi aBTOMATH3HPOBAHHBIX H3MEPHTENBHBIX CHCTEM KOHCTPYKUMH Ha
OCHOBE ONTONEKTPOHHBIX mnpeobpasosareneii. Omnako, 1A PacKpbITHA BCEX
npeuMymiecTs  3()QEeKTHBHOrO  HMCMONL30BAaHHA  BONIOKOHHO-OMTHYECKHX
M3MEpPHTENBHBIX CHCTEM B pasiHuHbIx clepax M orpacnax TpebyroTcs
NOC/IEAYIOUIHE NONONHUTENBHBIC HCCIIEAOBAHHS.

Kpome TOro, B pasjH4HbIX OTPAcC/fX HAYKH M TEXHHKH NMPH CHCTEMHBIX
aHAIM3aX NPUMCHEHHS OIITO-BOJIOKOHHEIX YCTPOHCTB, HCCIEAOBAHUAX BOJIOKOHHO-
ONITHYECKUX CHCTEM B CHCTEMaX CBA3H M KOHTPOJIA MEXaHHHYECKHX CBOWCTB
KOHCTPYKLUMHA, JOMarHoCTHKA M OOECNEYCHHS HANCKHOCTH HE NPOBEAEHBI
JOCTAaTOYHO HCCICHOBaHMH, a METOAB! pelleHHs IIPaKTHYEeCKHX npobieM He
OTpaXkeHbI Ha JOKHOM YPOBHE.

Caa3b ANCCEePTALIHOHHOIO HCCAECA0BAHNS C nJjyaHamMH HAy41IHO~
Hcene0BaTeNbCKHX paGoT BhIcmiero yue6Horo 3aBefeHHs, rae BLINOJHEHa
Auccepranun. duccepTauMOHHBIE MCCENO0BAHUA TIPOBOJMIINCE B COOTBETCTBHH
HUP TYUT u oTpakensl B MpoeKTax: npukianHoi npoexkt EA5-003 «Pa3spa6orka
METOMOB ONTHMH3AUMM CTEKTPAILHBIX XapaKTEPHCTHK BBICOKOCKOPOCTHBIX
TEeJIEKOMMYHHKALHOHHBIX cerel cBaA3u» (2012-2013 rr.); npuiiIagHOH MPOEKT
E®4-DK-0-72548EAS-003 «Pa3paboTka METO4a AHArHOCTHKH OMTOBOMOKOHHBIX
LIMPOKONOIOCHBIX NHAUIi cBazuy (2014-2015 rr.).

Ileas wuccnegosanns. Co3gaHHe aBTOMAaTH3UPOBAaHHOH MW3MEPHTENBHOMN
CHCTEMB! KOHTPOJI M [IMAarHOCTHKH MEXaHMYECKMX CBOMCTB KOHCTPYKUMH ¢
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HCMONB30BAHHEM ONITHYECKOro BOJIOKHA, pa3pa6cm<a METOAUKH H aJIrOpHTMA ANnAa
MOHUTOpPHHTA COOPY)KCHHﬁ H CHCTEM.

Ina  poctwxkenus uenu  chopMynMpoOBaHEl  CNELYIOIIME  3adauH
HMCCIe{OBAHHS:

pa3paboTka METOLOB M TEOPETHYECKHN pacueT mapaMeTpoB BOJIOKOHHO-
ONTHYECKHUX npeoOpasoBaTenieii Ha OCHOBE MOMYNPOBOAHHKOBOTO OITPOHA
OTKPHITOrO KaHasla ¢ HapyIUEHHEIM NOHLIM BHYTPEHHHM OTpPakCHHEM;

BEIGOp MPHEMHHMKOB ONTTHMYECKOrO0 M3JyueHHs, ONEepallMOHHOTO YCHUNHTENs,
ycTpoiictBa 00paboTKH HaHHBIX, 2JeMEHTa WHOMKALHH 3JIEMEHTOB JUIA
OITTO3JICKTPOHHBIX KOHTPOJILHO-H3MEPHTENBHEIX Npeobpa3zoBaTeneit;

pa3paboTka ONTO3/ICKTPOHHON CHCTEMB! MUl OOHApPYXKEHHA M perucTpaunuu
MEXaHHYECKHX HapyIICHHH B BOJIOKOHHO-OMTHYECKHX CHCTEMAX CBA3H;

noatop ONTHYECKMX BOJIOKOHHBLIX AATHUKOB W W3rOTOBJIEHWE CTEHAA s
HCTIBITAHHH OMTOIEKTPOHHBIX XapaKTEPUCTHK TaKUX AaTYHKOB;

pa3paboTka  ONTO3NEKTPOHHLIX  mnpeobpasosaTeneil  mia  cosganus
ABTOMATH3HPOBAHHEIX H3MEPUTENLHBIX CHCTEM KOHTPONIS (H3HKO-XMMUYECKHX
CBOHCTB pa3sNN4HbIX BEILECTB;

pazpaGoTka ¥ W3roTOBJICHHWE YCTPOHCTBA, METOAWKH OMNpeAeNeHUs MecT
oOHapyKeHHMs, PETHCTPaLUH 3apOKACHUA M PpaclpOCTPaHEHMs yCTAIOCTHBIX
TPELIHH 3JIECMEHTOB MEXAaHHYECKHX KOHCTPYKLHMHA.

NpoBeACHHE MOJIHOMAcCIITaOHBIX HM3MEPEHMH M BblJa4a NPaKTHYECKHX
peKoMeHaaumii.

O6nexkTOM McC/IeNoBaNus  ABJAIOTCS ONTHYECKHE Y3MBl M 3JEMEHTHI
BOJIOKOHHO-ONTHYECKHX NHHHUH cBA3M, mx paboune mnapamerpsl, cBoiicTBA M
MEXaHHYECKHE KOHCTPYKIIMH,

Mpeamer uccaenoBanns — pacyeTsl ONTO3NEKTPOHHBIX NpeoGpasosareneii
KaK ONTPOH OTKPLITOrO ONMTHYECKOro KaHaja, pacyeT ONepanyioHHOrO YCHIIUTENS,
obHapyxenns medopMauuii B 3neMEHTAX MEXaHUYECKHX CBOJCTB KOHCTDPYKLMI,
PEFUCTPALINY 33pOXKACHHA M PacIpOCTPaHEeHHs YCTAIIOCTHBIX TPELLHH.

Merons! uccuenoBanunii. MeToasi UccieoBaHHit U MPOBEAeHHE PacyYeToB
3aTyXaHHsd B  BOJIOKOHHBIX CBETOBOZaX C  HCHOJBL30BaHHEM  Pacy&TOB
ONEpPalMOHHOTO YCHIHTENS, BEIGOpa ycTpoiicTBa 06paboTKH AaHHBIX U MEMEHTOB
HHIMKAUHWY, pa3paboTka NpUHUMMHaNBHOrO 6sioka-CXeMbl JUia obOHapykeHus
PErUCTPaUMHy 32POXK/IACHHSI U PaCIpOCTPAHEHHA YCTAJIOCTHBIX TPEUIHH 3JIEMEHTOB
MEXaHHYECKHX KOHCTPYKUMH, TeopeTHHeckHH pPacdeT BOJOKOHHO-ONTHYECKHX
npeobpa3osaTenefi NMONYNPOBOJHWKOBLEIM  ONTPOHOM  OTKPHITOrO KaHanma ¢
HApYWIEHHBIM TOJTHBIM BHYTPEHHMM OTPa)XCHHEM, METONBI Ui H3MEpeHHus
XapaKTepPUCTHK ONTOJIEKTPOHHEIX Npeobpa3opaTenei.

Hayunas noBu3na nccjeJOBaHHS 3aKNIOYAETCA B ClieRyOLEeM:

paspaboTanbl METOABI ONpedesicHUA MECTOHAXOXIEHHA MEXaHHYECKUX
FIOBPEXAEHHH  MaruCTpaJibHBIX ¥ MECTHBIX BOJIOKOHHO-OITTHYECKHX JIMHHIA CBA3H
0cO06GEHHO B TPYQHONOCTYNHBIX FOPHBIX M NECYaHBIX MECTHOCTAX Ha PAcCTOSHMK
0,9-1,2 wmeTpa oOT MecTa TNOBpEXAEHHS, BOCCTAHOBJIEHHE TOBPEXKACHHIA
COKPALICHO MO BpeMeHH B 2-3 pa3a Ha OCHOBC BOJIOKOHHO ONTHYECKHX YCPOHCTB;
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paspaboTaHa CeMHKaHaJlbHas ONTOJICKTPOHHAA aBTOMAaTH3HPOBaHHAs
nimeputensHas cucreMa «OCIT — 7M» MouuTopHHra u obHapyxeHHs
nedopMaLiHii B 3/IeMEHTaX MEXaHHUYECKHX COOPYXEHHH, PErHCTpaLHH 3apOXKAECHHSA
H pacnpocTpaHCHHA YCTaJIOCTHBIX TPCUWHH KOHCTp)'KHMﬁ, JHArHOCTHKa
¢u3nyecKHUX NnapaMeTpoB FHAPOTEXHHYECKUX COOPYIKEHHH (NMNOTHHBI, AaM6BbI);

pa3paGoTaHOo YCTPOMCTBO KOHTPONA H [OMATHOCTHKH JedopMaumii,
HapyLUeHH} B TBEPAOTENBHBIX KOHCTPYKLMAX, MPHUEM 3a30p MEKIY CBETOBOAOM
H onTHuyeckuM kabenem nopsagka 0,01MM, 4To 00ycnaBaMBacT MOBLIUEHHE
YYBCTBHTENLHOCTH; )

pa3paboTaH ONTO3NEKTPOHHBIH (OTOKONIOPHMETD JUIA  BLICOKOTOYHOTO
ONpeneiieHHs TNapaMeTpoB JKMAKOCTEH (MCIIONL3YIOTCA ONTHYECKHE BOJIHBI C
anuHoit 920, 680, 560, 450 um);

pa3paGoTaH  ONTO3NEKTPOHHBIH  NpeobpasoBaTe/b-aHANM3ATOP  UBETA
NOBCPXHOCTH TBEPABIX MaTepHaioB, 06agarOWMA MOBLIEHHOW TOYHOCTHIO
KOHTPONA 3a CHUET TPEXMEPHOro u3MmepeHHs (C AnMHamu BONH A1 = 680 HM,
A2 = 560uHM, A3 = 450 nm);

pa3paboTaH BOJIOKOHHO-ONTHYECKHH MHOTOKAHANLHEIH ONTO3JIEKTPOHHBIH
BBICOKOUYBCTBHTENbHEIH (POTOKOJIOPHMETD, ONpeAcasiomuii GH3nKo-XHMHYECKHE
CBOWCTBA XHUAKOCTHbIX CPEA.

IIpakTHueckne pe3ybTaThl HCCIEA0BANMI 3aKI1I0YAI0TCA B CICAYIOLLEM:

paspa6oTaHa aBTOMATH3HPOBAHHAs M3MEDHTENbHAs CHCTEMA KOHTPONA H
JMAarHOCTHKH  MEXAHHMYECKMX  CBOMCTB  KOHCTPYKLHH, pPEKOMEHAOBaHHas
NpennpHATHAM M OpraHM3alMAM CBS3H JUIA MCCIICAOBaHMH CHEKTPAIbHBIX
XapaKTEPHCTHK BOJIOKOHHO — ONTHYeckHX JuHui ceasu (BOJIC), ocoGenno B
TPYAHOLOCTYNHBIX FOPHBIX M MECYAHEIX MECTHOCTAX, A€ TOYHOCTb OMpEACICHHA
MecTo nospexaeHud coctaeaser 0,9-1,2 MeTpa, a BpeMs BOCCTaHOBJICHHE
TOBPEXIEHHiT COKpAILleHO B 2-3 pa3a, NIPOBEACHB! MOJKOMAaCIUTa0HbIE H3MEpEHHA
napametpos BOJIC u onpeaeneHsl ONTHMAIbHEIE PEXKHMBI TECTHPOBAHNA,

paspaboTaHa ceMMKaHaNbHas OTNTO3/EKTPOHHAA  aBTOMATH3HPOBAHHasA
niMeputencHas cuctema «OCIT — 7M» MoHHTOpHHra M OGHapyxeHHs
nedopManpii B 3/EMEHTaX MEXaHHHYECKHX COOPYXKEHHUH, PErHCTPaUuH 3apOXKAeHHS
M pacnpocTpaHeHHMsi YCTANTOCTHBIX TPEWMH  KOHCTPYKLMH, JAHAarHOCTHKH
(hH3HUECKHUX MapaMeTPOB THAPOTEXHHUECKHX COOPYKeHHH (NIOTHHBI, AaMGBI);

paspaGoTaHbl YCTPOHCTBO M METOAWKA OLIEHKH XapaKTepHCTHK, KOTOpble
MOryT ObITh HCNONB30BAaHBI JUIs @HAIH3a Ka4decTBa M CBOMCTB PasiIHYHEIX
KHAKOCTEH (HeThb, HeTeNpOAYKTHI, COKH H Ip.);

pa3paboTaHO BOJOKOHHO-ONTHYECKOE YCTPOHCTBO aHanu3aTopa LBCTa
NOBEPXHOCTH TBEPALIX MATCPHAIOB, TO3BOJNAIOLICE NPOBOAMTH KOHTPONb
COCTOSIHHSA NOBEPXHOCTH TBEPABIX TE.

JI0CTOBEPHOCTL Pe3y/IbTATOB HCC/IEA0BAHHS OGOCHOBBIBAETCS TEM, 4TO
NpoBeIeHbIMH W MONy4YeHHEIMH pe3ynbTaTaMu MONHOMACIITaGHbIX
MCC/Ie10BaHMil CBOWCTB ONTOBOJIOKOHHBIX MAaTEpHaoB, HWCHOJIb3YEMBIX A
M3yYeHHs (H3HKO-MEXaHHYECCKHX MapaMETPOB BEUIECTB, HA OCHOBE KOTOPLIX
pa3pa6oTaHbl METOAbl M YCTPOWCTBA WIS aHANM3a, MOHMTOPHHIE, KOHTPOIA,
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NHAarHOCTHKH COCTOSIHMA Pa3fMYHBIX CHCTEM M YCTPOMCTB, MCIIONb3YEMBIX Ins
3aIMTEl M TIOBBIICHHA WX OKCIUTYaTallHOHHOW CTOHKOCTH, KavecTBa W
HaaexHocTH. PaspaGorannblie ycTpoHicTBa M METOMbI 3alIMIIEHbI TTATEHTAMH.

Hayunasn B npakTH4YeCKas 3HAYHMOCTh pe3yJbTaTOB MCCJIEN0BaHHA.
HayuHnas 3HauMMOCTb MOMyGeHHLIX Pe3y/abTATOB WCCAENOBaHM 3aKJlodaeTcs B
TOM, YTO OMNpPEICNICHB! IEPCHEKTHUBElI M BO3MOXKHOCTH CO3JaHHA HOBBIX THIOB
H3MCPHTENBHEIX YCTPOHCTB M CHCTEM  Ha OCHOBE BOJIOKOHHO-ONTHYECKHX
CBETOBOAOB M TexHoJorui. Pe3ynpraTel paboTel MOryT ObITH HCMONB30BAHBI I
CHCTEM KOHTPOJII U MOHMTODHHIA Da3NMYHbIX O6HLEKTOB B pealbHOM Maclutabe
BPEMEHH, CO3NAHHs DacMpefeNeHHbIX M MYJIBTHIUICKCHBIX CHCTEM BOJIOKOHHO-
OINTHYECKHX AATYHKOB (PHIUUECKHUX BEIHUYUH.

IpakTHueckasn LeHHOCTL PaboTH! 3aKIIOYAETCA B BO3MOXHOCTH YIYUIIEHHS
CHCTEM KOHTpPONA H AHAarHOCTHKH BOJIOKOHHO-OMITHYECKWX JIMHHUA CBA3M,
MOBBILIEHHA KayecTBa nepefayd  HMHPOpMaluMH, YBENHYCHHSA HAICKHOCTH
nponyckHo# crnocobHOCTH 10 (yHZAMEHTANnbHBIX MNpEdeNnos, onpeneneHue
NapaMeTpoB  BOJIOKOHHO-OMTHYECKHX npeobpasoBareneit Ha  OCHOBE
TIOJIYNIPOBOJHHKOBOTO ONTPOHA OTKPHITOr0 KaHajna C HapyLICHHbIM MOIHBIM
BHYTPEHHUM OTPaXXEHHEM, CO3JIaHHE OMTO3NIEKTPOHHLIX MpeolGpasosarteneit s
pealM3allH aBTOMATH3HPOBAHHEIX W3MEPHTENLHBIX CHCTEM KOHTpPONA (H3HKO-
XHMHYECKHX CBOHCTB PasIHYHBIX BELICCTB M pacluupeHHe QYHKUWI BOJIOKOHHO-
ONTHYECKHUX HATYMKOB NPH MHOTOKAHAIBHBIX CHCTEMaX KOHTpOJIA NMapaMeTpoB,
COo3maHHe H3MEDHTENbHBIX YCTPOHCTB Ha OCHOBE BOJIOKOHHO-ONTHHYECKHX
CBCTOOWONOB, peanu3auvs W TpoBEAEHHEe MCCNEAO0BaHHI MO HaAeKHOCTH
BOJIOKOHHO-ONTHYECKHX JIMHUI CBA3M B CeTH HAUMOHANLHOTO OMNEpPaTopa,
HOOCTHIKGHHE  ONpENENEHHOH 3KOHOMHYECKOH 3(QQEKTHBHOCTH M MONYyYeHHE
Gontee BLICOKOW TOYHOCTH M3MEPEHHA MO CPaBHEHHIO C MEXAYHAPOAHBIMU
Pe3yIbTaTaMy BOJIOKOHHO-ONTHYECKHX U3MEPEHHIA.

Bueapenne Pe3ybTaTOB HeeJle0BaNHS, PaspaGorannoe
ONTOJJICKTPOHHOC aBTOMATH3UPOBAHHOE YCTPOHCTBO KOHTPOJNS W AHATHOCTHKM
BOK npexncraenseT npakTHuecknii MHTepec Ais HYXA CBssu, Ilomydenusle
HAyYHBIC pe3yNbTaTkl M NpakTHYeckHe pa3paCoTKH B PaMKaxX AHCCEpPTallMOHHOMH
paboTer «MeTob! KOHTPOJIS ¥ AHArHOCTHKH MEXaHHYCCKHX CBOMCTB KOHCTPYKLIAM
Ha OCHOBE BOJIOKOHHO-ONTHYECKHNX CHCTEM CBS3W» YCMEIWHO BHEIPCHHI B
MaruCTPabHbIX BOJIOKOHHO-ONTHUECKMX nuHMAX cBasH AK «YiGekTenexom»
(CnpaBka Ne02/2432 OT 18.06.15 roma, MuHHCTEPCTBO 1O pa3BHTHIO
HH(OPMALMOHHBIX TEXHOJIOrWi W KoMMyHukauuii PecnyGnuku VY36exucran).
Paspaborannas «OCIT - 7M» — ceMHKaHalbHaA ONTO3JIEKTPOHHAA
aBTOMaTHuecKas cHcTeMa mis oOHapyxeHus paedopmanuii B dNleMeHTax
MEXaHHYCCKOH KOHCTPYKLMH, PErMcTpalMM 3apoxAcHHA M pacnpOCTPaHeHHs
YCTaJIOCTHBIX TPEIHH AJIA CO3AAHMA CHCTEM MOHHMTOPHHTA THAPOTEXHHYECKHX
coopyxeHui, 1amMb ¥ KOHTPOJI MEXAaHWYECKOH MPOYHOCTH KPYIHBIX COOPYKEHHH.
MeToapl  ONpENENCHUA  MCCTOHAXOXIACHHA  MEXAHHYECKHX  IOBPEXKICHHMH
MarucTpajbHbIX  BOJIOKOHHO-ONMTHYECKHX  JIHHWIA  CBA3M  ocobeHHO B
TPYLHOLOCTYIMHLIX TOPHBIX M MIECYAHBIX MECTHOCTAX Ha paccTtosuuu 0,9-1,2 Merpa
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OT MECTa NOBPEXICHHs, BOCCTAHOBJICHHE NOBPEkACHHIT COKpaIlieHO N0 BPEMEHH B
2-3 pasa ¢ Tof0BOif 3KOHOMHYECKO} 3 dekTHBHOCTBIO 70 MITH.CYM.

Anpobauns pe3yJLTATOB HcCAeA0BaHHA. Pe3ynsTaThl HCC/ENOBaHHi
anpo6GupoBaHsl Ha 20 Hay4HO-NMPAKTHYECKHX KOH(epeHLHaxX, B ToM uucie Ha 10
MCXKAYHApPOAHBIX CHMMNO3HWYMax, KOHrpeccax M CEMHHapax, B YaCTHOCTH, Ha
Pecny6nukaHckoit Hay4HO-TEXHUYECKOH  KOH(epeHIHH «OnTHueckue,
aKyCTHYCCKHE H PaAHOBOJIHOBEIE METOMBI, CPEACTBA KOHTPOIA NPHPOAHOH Cpexsl,
BCLICCTB, MaTepHaioB u u3genuit» (18-19 mas 2006 r. deprana, Y3bekucran),
MexnayHaponHoii  HayuHo-TexHuueckoit  kondepenuun «I'EOQ-CHBHPb».
(Hosocubupck, 2008, 2009, 2010, 2011, 2012, 2013 rr.), MexayHaponHoi
HAYYHO-TEXHHYECKOH KoHpepeHuun «IlpuknanHas onruka-2008» (CaHkr-
Tletep6ypr, 2008r.), MexayHaponHoii HaydHO-TeXHHuecKoH KOH(EPEHUHH
«Teope3usi, xaprorpadms u kanactp XXI Beka», moceameHHo# 230-neTHio
OCHOBaHHg MOCKOBCKOTO TOCYAapCTBEHHOFO YHHMBEPCHTETa TIEOHE3HH H
kaprorpaguu (25-27 mas 2009 r. MockBa), «AxGopoT TexHONOrHsNapH Ba
TeJIeKOMMYHHMKaLUsl Myammosapu» PecriyGnuka HIMMH-TEXHHK KOHQPEHUHACH
(21-22 anpens 2011i1, 15-16 mapT 2012it, 14-15 mapt 2013# TowmxenT ur), II-
MexayHaponHoit KoHdepeHUMH TO ONTHYECKMM H  (OTOINEKTPHUECKHUM
SBNICHMAM B TONYNPOBOAHMKOBBIX MHKPO- H HaHOCTPyKTypax (8-9 centsibps
2011r. r. ®eprana), Ha MexayHapoxHoii koHpepenuun “The Second Russian-
Indian Joint Workshop on Computational Intelligence and Modern Heuristics in
Automation and Robotics” (September 10-13, 2011 Novosibirsk, Russia),
«Seventh world conference on intelligent systems for industrial automation»
(Tashkent, Uzbekistan November 25-27, 2012 r.), na BrictaBke Hurepakcno I'EO-
Cubnps-2013, 1X MexayHap. Hayd. KOHrp., 15-26 anp. 2013 r., HoBocGHpck;
MexayHap. Hayu. xoHd. "Cn60nTnka-2013" (r. HosocuGupck: CITA, 2013r.),
«CoBpeMEHHBIE  CPEACTBA  CBA3M»  MexayHaponHol#  HayqHO-TEXHHUECKOH
kongepenumn (15-16 oxrabps 2013 r., Muncx, Benapyccus).

Ony0anKoBaHHOCTL Pe3yaLTAaTOB HeciaegoBanns. ITo TeMe AuccepTaLHy
ony6nuKkoBaHO 43 HayyHbIX TPYAOB, B TOM 4uciie 12 B MEKAYHapOAHBIX
*KypHIax, 13 HayyHO-NpaKTHYECKUX KOH(epeHLMsX H 4 naTeHTa.

CTpyxTypa n 06beMm mmcceprauuu. ducceprauys COCTOHT H3 BBEACHHA,
UIECCTH TJIaB, 3aKIIQUEHHs, CIIMCKA JINTCPATyphl, CONEPXHT 195 CTpaHHI TEKCTa,
BKJIIO4aeT 44 pHcyHKa, 12 TabnHI H 2 NIPHIIoXKEHHS.
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OCHOBHOE COJEPXKAHHWE JUCCEPTAUNHN

Bo BBenenun o6GocHOBaHa aKTyaibHOCTh H BOCTPeGOBAHHOCTbL TEMBI
AUCCEPTALNH, CHOPMYNINPOBAHEI LIENH Y 3a[1aYH, BLIABJIEHE] OOHLEKTHI U NPEaMETHI
WCCNCHOBaHHi, OMNPEHCNICHO COOTBETCTBHE HCCNECNOBAHHS  TPHOPHTETHBIM
HamnpaBleHHAM pa3BHTHMA ~Hayku u TexHonoruii PecnyGnnku VY3GekucraH,
M3NOKEHbI Hay4yHas HOBHM3Ha W TPaKTHYECKHE pe3yJIbTaThl HCCIIelOBaHHiA,
060cHOBaHa AOCTOBEPHOCTH MOJTYUCHHEIX PE3Y/ILTAaTOB, PACKPLITLI TEOPETHYCCKA
M TpaKkTHYeCKas 3HAYMMOCTb TONyYEHHBIX pe3yNbTaTOB, TNpPHBEAEH CITHCOK
BHCIAPEHHH B  MPAaKTHKY  pPE3yjbTaTOB  HCCICHOBAaHMH, CBeACHHA 1O
ony6aHKOBaHHBIM paboTaM M CTPYKTYpe AUCCEPTALIHH.

B nepBoii rnaBe «AHANH3 XapaKTePHCTHK H NMApaMeTPOB BOJOKOHHO-
ONTHYECKNX H3MEPHTEJNbHBIX CHCTEM» JUCCEPTaUMH  MpUBCACH  0630p

COBPEMCHHOI0O COCTOSIHHA JKCIUlyaTauny BOJIOKOHHO-OMNTHYECKHX
H3MEPHTECIIBHEBIX CHCTEM, CHCL[H(‘.[)H'-[CCKHC 0COGCHHOCTH 171 OCHOBHBIC
XapaKTepHCTHKHU BOJIOKOHHO-OMMTHYECKHUX H3MEPHUTENIBHBIX CUCTEM,

CPaBHHTENILHBI  aHAIN3  BOJIOKOHHO-ONMTHYECKHX  W3MCPHTENIBHBIX  CHCTEM
OUarHOCTHKH MEXaHHYCCKHX CBOWCTB KOHCTPYKUHH, TEHACHUWA Pa3BHTHA
OMNTO3NICKTPOHHLIX ~ Npeobpa3oBaTesic HAa OCHOBE  BOJIOKOHHO-ONTHYECKUX
JaT4YHUKOB U MOCTAHOBKA 3aay AHCCePTallMOHHOM paGoThI.

B aToit rnaBe npencraBnens xinacch(puxaunu onthHueckux kaGened. Ilo
Ha3Ha4yeHHIo omTHueckue kabenu (OK) B ommume ot anekTpuueckux kabeneit
DOCTaTo4YHO KJacCH(HUUPOBATL Ha JBE OCHOBHLIE rpynnsl; auneiinpie OK,
KOTOpBIE MOXHO KnaccH(pUUMpOBaTH HA TPU TPYNNel H BHYTpHoGhekToBRle OK,
KOTOPBIC MO YCIOBHAM NPHMEHCHHA MOKHO KJIacCH(HLUHNPOBAThL HA ABE IPYMNIIbL.

[lpuBeneHbl  OCHOBHbIE ~ XAapaKTEPHCTHKH  BONOKONHO-OMNTHYCCKHX
HU3MEPHTENBHBIX CHCTEM KaK 3aTyXaHHE W AHCICPCHA — [Ba OCHOBHBIX NapaMeTpa
ONTHYECKOTO BOJIOKHA, CTPEMJIEHME K ONTHMH3AUMHM KOTOPBIX Onpenennso, B
OCHOBHOM, XOI pa3BHTHUS BOJIOKOHHO-OMTHYECKOH TeXxHONMOrHn. OnTHYeckHe
1I0TECPH B KBApLEBOM ONMTHYECKOM BOJIOKHE OMpPENCHAIOTCA, TpeMs (akTopaMH.
Tpu Mexanuima oucnepcHH ABAAIOTCA NPHYHHAMH, YMEHBIUAIOUWMMH LIHPHHY
nonoce! npornyckanus OB.

Tposenena nuarHocTHka CBOWCTB TBCPABIX KOHCTPYKUMH W 5XMIKHX Cpe.
CroiikocTe K BO3ACHCTBMIO MEXaHMYECKHX HArpy3oK SBAAETCA OOHMM W3
OCHOBHEIX H Oesycnoeublx TpeGoBaHMil, KoTopble npembsBasior k OK,
HCHONB3YIOWMMC B cHcTcMax cBA3H. OCHOBHBEIM TpPCACTABHTENCM JAaHHONA
Tpynnel  BO3ACHCTBYIOMMX (JaKTOPOB ABJACTCA pAcTACMBAaOlias Harpyska,
Tpe6oBaHKs N0 CTOAKOCTH K KOTOPOIi NPEABABAIOTCS KO BCCM KabensaM.

Ha ocnose ananusa cocTostHus ¥ TEHACHUNH pa3sBHTHs OMTPOHA OTKPLITOTO
KaHafa Ha OCHOBE MOJIyNPOBOAHHKOBBIX HCTOYHHKOB H MPUCMHHKOB ONTHYECKOr0
nanydenns (TTON), 6sumn chopmynnpoBarbl OCHOBHBIE 334K HCCIICAOBAHM.

TpanuimoHHelM 1 Hauboslee NPOCTHIM croco0OM pELIEHUs JTOH 3ajauw,
Kak 3a py6exoMm, Tak M B Y3BekucTaHe, sBJAAETCA YCTAHOBKA HHAWKATOPOB
pa3pyuieHuii, BLINONHEHHBIX HAa OCHOBE Pa3NM4HOro poja (JOJibIH MM NPOBOJOK.
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Takue MHAMKATOPLl KECTKO 3aKPEIVIAIOTCA C NMOMOLIBIO Pa3NHYHLIX KJEEB Ha
TIOBEPXHOCTH KOHTPOJIMPYEMOTO arperata MM y3na B 30HaX C MOBLIUEHHBIM
HanpsHKEHHEM M OPDHEHTHPYIOTCS MEPNEHANKYIISIPHO BO3MOXKHOMY HalipaBJICHHIO
pacrpocTpaHeHua TpewHHbl. ITosBneHue TpelMHLl HACHTHGHUHPYETCA No (akTy
pa3pbiBa IJIEKTPUUYECKOH LIENH, B KOTOPYIO BKJIIOYEH HHAHKATOP.

PaccMaTpuBaetcs TEeHOACHUHS . pasBHTHA ONTOEKTPOHHBIX
npeobpasoBaTencii Ha OCHOBE BOJIOKOHHO-ONTHYECKHX JATYHKOB: BOJIOKOHHO-
ONTHYECKHE JAaTYHKH Ha OCHOBE aMIUIMTYAHO-MOAYNSUMOHHEIX MEPBHUHBIX
npeobpa3oBaTeneii, ONTO3NIEKTPOHHbIE NEPBHYHBbIC NpeoOpa3loBaTeH Ha OCHOBE
(a3oBoit MOLYNALMH, ONMTO3NEKTPOHHBIX MEPBHYHLIX npeobpasoBaTeneil WHUAKHX
cpel ¥ MEXaHHYECKHX BEJIMYHH TBCPABIX MaTCpHAIIOB.

Bo Bropoii rnaBe «OcHOBHbIE NPHHUHNIBI M KPHTEPHH
ONTODJEKTPOHHBLIX npeobpa3oBaTenei» onmUCaHs! OCHOBHBIE  MPHHIIHIIBI
TIOCTPOEHHA BOJIOKOHHO-ONTHYECKHUX W3MEPHTENLHBIX cucTeM. ONTOBONIOKOHHBIE
JAaTYUKH, UCXOAA U3 TIPHHUMNA KOAWPOBAHMSA M3MepsAeMol HH(OPMaUHH, MOXKHO
YCIIOBHO pa3fie/iHTh Ha NATh OONBIIMX TIpYNN: MONsSpH3aLHOHHEIE, (ha3oBbIe,
TYHHENbHbIE, AMIUIMTYAHBIE U CO CNIEKTPAJIbHEIM KOIHPOBAHHEM.

Janee npusenens paspaGoTky mepBHYHBIX TnpeoOpasoBaTeseil BOJIOKOHHO-
ONTHYECKHX M3MEPHTENBHBIX JHHHHA C aMIUIMTYyQHOH MoaynAuHel. YcTaHOBJEHO,
4TO JaTHWKH, OCHOBaHHBIC Ha aMIUIMTYAHOH MOAyJAsuuH, o6MamaloT JOBOJNBHO
BBICOKOM YYBCTBHTENILHOCTHIO, TEPMOCTaGHWIBHOCTbIO, NOCTaTOYHO IIPOCTEI,
O[HAaKO MMCIOT 4YaCTOTHBIE OFpaHWYeHHs, TPeGYIOT TOYHOIO TECTEPOBaHHA
3NeMEHTOB, M HX paboTa cBA3aHa C JONOJHHTEALHLIMH NOTEPAMH M3JTydeHHs, YTO
CYWIECTBEHHO OrpaHHYHBAaeT BO3MOXHOCTH MX COBMCIUEHHS C BOJIOKOHHO-
ONTHYECKHMH JIMHHAMH c6opa K nepenaqn nHGopMaLnH.

Hanee npuseneHsl pa3paboTKH NepBHUHBIX npeoﬁpasosa‘reneu BOJIOKOHHO-
ONTHYECKHX H3MEPHTENILHBIX JHHHI ¢ daszosoit momynauueil. Takum obpasowm,
HECMOTPS Ha PO CEPbE3HbIX TEXHHYECKHX YCJIOXKHEHHH, BHECEHHLIX B
KOHCTPYKUHIO TMPOCTOrO MOHAYyaly RaTYMKa aKYCTHYECKMX BONH ¢ (a3oBoi
Mopynsuuedt, BosHukaM Gonblime npobGneMel Mo peann3alMy¥ Ha TPAKTHKE
BEJINUMHBI YYBCTBHTEIILBHOCTH.

Hanee mnpHBeNEHO CO3JaHHE OMTO3/NEKTPOHHBIX TnpeobGpasosateneit
MCXaHH4YCCKHX BCJHYHH Ha OCHOBC BOJIOKOHHO-ONTHUCCKOrO TpakTa. B
pe3ynbTaTe MPOBEACHHBIX H3MEPCHMII YCTAHOBJICHO, YTO M3MEHEHHE AHaMETpa
JINH3bl Ha TOPUAX MMONAHMCPHOTIO BOJIOKH& HE UMECT CYHIECTBCHHOrO BJIMAHAST Ha
TIPOTTYCKHYIO CIOCOGHOCTh CBETOBOJA ANA BCEX TPEX WCCIEAOBAHHBIX THIIOB
BOJIOKHA.

Briuncnenne koagdnuvenrta nepegaun (o) Heobxomnmo 6o MpoBOAHTE
TIpH yueTe ITHX MPEANOJIONKEHUH 10 MIOCKOH M 06beMHOH MOZENAM Anarpamm
HanpasJICHHOCTH C MCTIONIb30BAHHEM BBIYHCITHTENILHOH TEXHHKH.

Takxe B 3TOM rJaBe NPHBEAEHBI PE3YNILTATE UCCNEAOBAHHH BOJIOKOHHO-
ONTHYECKOrO TPaKTa JUIA CO34aHH BOJIOKOHHO-ONMTHYECKOH CHCTEMB! KOHTPOJIA.

. O6BbexTaMu UCCJICAOBAHNSA CTalM TOJIUMEPHBIC ONTHYECKHE BOJIOKHA
KPYTJIOro ceYeHUs B 3aLIMTHOH 060/0YKe, AMaMETpP CEpALCBHHB! KOTOPHIX dc , a
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IwameTp otpaxalomeii o6onouxu do, npuuem do > dc. 3atyxanne B OB Ha ocHoBe
KpeMHHs GJIH3KO K TEOpPETHYECKOMY MUHUMYMY Ha AnuHax BonH 0,85; 1,3; u 1,55
MkM (ke 1 nBb/km); mwwMpuHa nonockl NPONMYCKAHMS JOCTHINa HECKOMBKUX
TMrarepu.

Hccneposanns - no  ynywienwio xapaktepuctuk OB BuiABMAM X
YYBCTBHUTE/IbHOCTD K M3MEHEHHIO BHELIHMX (H3MYECKUX BENMYMH, KOTOpas IpH
ucnonszosanuu OB g cBA3M cuuTanack BpeAHOH M BCAYECKH NMOLABIANACH, HO
CTajla WCIONL30BATBCA  KaK MNOJE3HOE CBOHCTBO /i CO3JaHWsA BOJIOKOHHO-
ONTHYECKUX NATYHKOB, MOMyueHHs HHGOPMALNH O TEXHOIOTHYECKHX [apaMeTpax.

B nannoit rnaBe Takke ONHCaHLI HCCIIEROBAaHHA TPEX THNOB MOMHMEPHBIX
CBETOBOZIOB:

1. ONTOBOJIOKHO KPYTJIOrO CeueHHs C 3aLIMTHOH 060JIOUKON U ¢ AHAMETPOM
cepauesunel d.= 0,4 Mm.  [Inametp oTpaxatoweit o6onouxu do = 0,6 MM;

2.0nTOBOJIOKHO KPYTJIOFO ceueHHs 6e3 3aluTHON 060NIOYKH 1 C INaMETpOM
cepauesunr! d. = 0,4 mm. [inameTp oTpaxaioueit o6onouku d, = 0,5 MM;

3.0nTOBONIOKHO KPYriIOTo ceueHUs Ge3 3aluTHOM 060I0YKH U C AHAMETPOM
cepauesuusl d. = 0,2 mM. {uamerp otpaxaroueii o6onouxn do = 0,4 Mm.

Jnvna Bcex uccnenoBaHHBIX BOJIOKOH paBHsnacek M. Buino wccnenosaHo
COCAMHEHHE «H3NTYYaTeNb — Pa3beM — ONTOBOJIOKHO — Pa3beM — Kabesb — pa3beM —
TipueMHMK onTHdeckoro usmydeHus (ITOW)».

B pesynbTaTe NpOBENEHHBIX  M3MEPEHHMH MOKa3aHO, YTO H3MCHEHME
IuaMeTpa JIMH3bI Ha TOpL@x IMOIMMEPHOro BOJIOKHA HE OKa3bIBaET CYIECTBEHHOrO
BIIMSIHUA Ha MPOMYCKHYIO CTOCOBHOCTL CBETOBOAA U BCEX TPEX TUIMOB BOJIOKHA.
Tposenena Takxke OLEHKA NOTEPhb B BOJIOKHE, KOTOPas 3aBHCHT OT €ro [JIMHBI.

B npanHeIX M3MepeHMsaX  ObuT TNpMMEHEH CBETOOMOA HWH(pakpacHoro
M3JIyYeHHs C JIOBOJILHO IUMPOKOJ AuarpaMMOd HanpasneHHocTH. Jlna pacuera
TaKOTO YCTPOHCTBA NPHHUMAINCEH CIICAYIOLIHE TIPEANONIOKEHHS:

1) notepn Ha nornolenre U paccessHNE CBETa OTCYTCTBYIOT; 2) H3NyueHHE
pacripocTpanserca MepuauasansHo (a=0); 3) auarpaMma HanpasBJICHHOCTH

TIOJTHOCTBIO MIPOXOAWT deped cCBeToBon; 4) KOHTponwpyemas cpena GetkoHedHO
Gonsluas.
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Puc.1. Cxema 3KCIIepHMENTANLHOH YCTAHOBKH VIS CHATHSA
XapaKTePUCTHK «M3JIYy4ATe/lb — Pa3beM — ONTOBOJIOKIO — pa3beM —~ Kabelib —
pasbem — [TION»
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OCHOBHBIM  YCJIOBHEM peanu3auud  (POTO3NEKTPHYECKHX MapaMeTpoB
TIPHEMHHKOB H3JIydeHHs B COCTaBe amnmapaTyphl ABNAETCA MPAaBHILHBIH BEIGOp
THIA NpUEMHUKa n3nydyeHus. Ha puc.| npusenena obuias cxema yCTaHOBKH.

U3 6noka nuranusa (BIT) yepe3 nepeMeHHBbl pe3ncTop R Tok nopaercs Ha
cserousnyuaromuit guon, (CUI). B xauectse CUJ] ucnons3oran ceeroguon AJl-
1075 MowHOCTBIO M3nydYeHns g0 10 MBT m anuHoit Bonmsl 0,85 — 1,2 MxM.
Wanmyuenne CHUJ uepe3 pa3peM NMOAAETCA Ha HCCIEAYEMOE ONTOBOJIOKHO H Janee
uepe3 pasbeM, Ha omTudeckuit Kabens. M3 omTnyeckoro xabens 4epes pasbem
CBCTOBOM MOTOK NOMAjaeT Ha CBETOYYBCTBHTENbHYI0 mosepxHocTs IIOU. B
kauectse [TOU ncnons3sosan dortoauon ®JI-11K. Curnan ¢ [IOU perucrpupyercs
ontudeckuMm tectepom (OT).

B pe3ynbraTe HpOBEOECHHBIX u3MepeHHii ObUIO YCTAHOBJIEHO, HTO
W3MEHEHNe AuaMeTpa JMH3blI Ha TOpLUAX MOJMMEPHOro BOJIOKHa HE HMEET
CYIUECTBEHHOTO BIKAHUS Ha MPOIMYCKHYIO CIOCOOHOCTL CBETOBOAR JUIA BCEX TPEX
THTIOB BOJIOKHA. PaccCMOTpeHbI OCHOBHBIE MPHHLHIIBI MOCTPOEHHS BOJIOKOHHO-
ONTMYECKHX H3MEPHUTENIbHBIX CHCTEM, OCHOBOM KOTODEIX ABJAIOTCA BOJIOKOHHO-
ONTHYECKHE HATUHKH.

TpenacTaBneHsl ¥ onMHcaHbl BOJIOKOHHO-OMTHYECKHE HATYHKH, HCXOHA H3
NpUHUMIA KOAMPOBAHMA u3MepseMoil uHGopmauuH: (a3oBblE, aMIUINTYAHbIE,
TyHHenbHble W Ap. [lokasaHbl mnpeMMymecTBa M HENOCTaTKH BOJOKOHHO-
ONTHYECKHUX NATUKHKOB M 06JIaCTH MX IPUMEHEHHSA.

Tpenctasnex ¥ 060CHOBaH BEIGOp MPHOPUTETHEIX KPHTEPHEB H TpeboBaHHi
BOJIOKOHHO-ONTHYECKHX W3MepHUTENbHEIX cucTeM. IIpoBeleHHbIE HCCNENOBaHHS
BO3MOXKHOCTH MPUMEHEHHs BOJIOKOHHO-ONTHYECKHX MHIHMKATOPOB AedopMauuii,
TpEUHH M pa3pyllieHH# NO NATH HanpaBiCHHWAM YCTAHOBWIM ONTHMAJBHLIC
KPHTEPHH, TO3BOJSIOLIME TPOBOANTh KOHTPONb M JIWATHOCTHKY CJOXHOMH
KOHCTPYKIMH C MPUMEHEHHEM BOJIOKOHHOTO CBETOBOZA.

B Tperneit riuaBe «PaspaGoTka ONTO3NEKTPOHHBIX KOHTPOJILHO-
H3IMEpPHTEJIbHBIX mnpeoOpasoBaTesieli HA OCHOBE NEPBHYHBIX JJIEMEHTOB»
NIpUBEAEHEl PE3YNBTAThl Pa3paboTKH KOHTPOJIbHO-W3MEPHTENBHBIX CHCTEM Ha
OCHOBE ONTOJJIEKTPOHHBIX MpeoOpasoBatenell K Pe3yNbTaThl HCCIENOBaHHH
NepBHYHEIX Npeobpa3soBareNicii ONTO3NEKTPOHHOH KOHTPONBHO-H3MEPHTENEHOH
CHCTEMBI C TpMMEHEHMEM BOJIOKONHO-ONTHYECKHX HaTumkoB. [IIposeneH
TCOPCTHHCCKHﬁ pacueT BOJIOKOHHO-ONTHYECCKHX npeoﬁpasosa'reneifl Ha OCHOBE
NONYNPOBOAHHKOBOIO ONTPOHA OTKPLITOrO KaHAala ¢ HapyWICHHBIM TMOJIHBIM
BHYTPEHHHUM OTPaXXCHHEM.

OnTo3/eKTpOHNblE  KOHTposbHO-n3MepuTenbHble cuctembl (OKHC) ansa
KOHTPOJIs (PH3HKO-XHMHYECKHX [MapaMeTpoB BEUIECTB W MaTepHaoB Ha OCHOBE
ONTPOHA C OTKPHITBIM onTHuyeckuM kaHasoM (OOK) coCTOAT M3 HCTOYHHKA
wanyuenns (MH), nnockoro auanextpuueckoro ceetosoaa H (ITOH). B ocHose
paborei OKHC nexuT npuHLUMI pasnTnyHOTO CBETONMPOINYCKAaHUA CBETOBOJA NMpH
KOHTAKTE €ro BHEIUHell MOBEPXHOCTH ¢ KOHTPONHpYeMoi KoHcTpykuuei. Ilpu
_ NpuGMIKEHHH  TOKA3aTeNs  TpPENOMJIEHHS  KOHTPONHPYeMOH KMAKOCTH K
MOKA3aTeM0 NPENOMIIEHHA CBETOBOJA BHIXOJHOH CHIHAN YMEHLUIAETCH, TaK Kak
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9TO BefleT K HCYEC3HOBEHHIO IPaHMIIBI pa3zena CBeTa, NoCTYNalouero B pe3ynsTaTe
pacnpocTpaleHHs H3myueHHs no ceetoBony Ha [TOU. Takke nano Teopernycckoe
ofocnoBanue Bo3moxHocTH paGorel OKHC Ha ocHoBe ontpona ¢ minocknm OOK.
Hcenenosan Bompoc CBETONPOMYCKaHHWS CBETOBOAOB MNPSAMOYTOJIBHON (popMbl C
npou3BonbHOM Qopmoit Anarpammel HanpasneHHocTH (JIH). Tlpu yuere Bcex
BHIOB MOTEPh SHEPTHH B CBETOBOHEC Ha MYTH OT HCTOYHMKA M3NIyUYeHHA K
NPHEMHHKY KO3D(HUMEHT Nepefadd CBETOBOAA OMPEAEINAETCH KaK OTHOLICHHE
NIPOIIEAILETO Yepe3 HEro MOTOKa IHepruy nanydenus O k nagawouemy O, T.€.

fz%o -

Pacnpenenenue NOTOKa JHEPTHH HCTOYHHKA H3JTYUYCHHA NOA YrioM Dy

U, (puc.2) moxno onucats dopmynoii @ =P(¢,,U,)

Puc.2. PacnpocTpaHeHne cBeTa B NJ0CKOHapaJieIbHOH ONTHKO-
BOJIOKOHHO# IJTaCTHHE

Puc.3. CxeMa npoxokaeHus Jiyua Yepe3 NpAMOYrojibHyl0 ONTHKO-
BOJIOKONHYIO IIaCTHHY .
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Puc.4. IIpoexuns ay4a, Npoxoasiero 4epes npAMoyroabHyIo ONTHKO-
BOJIOKOHHYIO IIACTHHY, HA KOOPAWHATHYIO IocKocTe YOZ

Jina manoit yacTH noToka Hepruu d @, pacnpocTpaHsomeiica BHYTpH
5/1eMeHTa TeJIecHOro yria, d’ e —sinu,dudy , nonyunm creayrouee BEIpaKEHHE:
d*® = I'sinu, sinug, 2
rae I(gou,) - CHIa H3NYHEHHA.

CBe'ronponycxaHue CBETOBOZa ONpeaensercas OTHOUWEHHEM MpoLIeAIIeEro
Yyepes HEro NnoToKa SHEPruH D x nagawouemy, T.cC.

5 (9% _ . . : o .
T= I:’ Ie. I(1-R,)*.€™®.R"sin©, sin (a,d@,d(a,/l[: J:‘ I'sin ©, sin ,d®,dgp,
&)

Monyuyennas ¢opmyna (3) TO3BOMSET BBIYMCIHTL CBETONPOMYCKaHHE
cBeToBOAOB JI0GOH (OPMBI MPH pa3Mepax MONEPEYHOro CCYEHHsA, HAMIOro
TIPEBOCXOAATIMX ANHHY BOJHEI HCTIONB3YEMOTO CBETA. [lns BLIMHCIEHHS T HYXHO
3a[1aTh KOHKPETHbLIA THN CBETOBOMA. T. €. PACCMOTPETh MPHUMEHEHHE (GOpPMYIIEI K
TIPSMOYTONIBHBIM, WIWIHHAPHYECKHM H T.I. CBEOBONAM.

TMocne OKOHHATENLHOTO MHTETrpUPOBAHHA CBETOMPOTyCKaHHe
NPAMOYTOMBHBIX CBETOBOLOB MOXHO NPHGIH3UTEbHO BEIPA3HTS:
r=(1-R,)’

Ipn gnune cBetoBoda L, crpemsmeiica K  Hymo, BelMYHHa
exp(—¢L) cTpeMUTCS K CIMHMUE, r, M 1, TaKKe CTPEMUTC K €IWHUUE, a
r=(1-R,)*. Tlpu d, cTpemsuetics kK GECKOHEYHOCTH, 7 CTPEMHTCS K HYJIO, TakK
KaK BO3pacTaloT NOTEPH Ha OTPAXEHHE OT HAMNPABJAIOLIMX IUIOCKOCTEH.

Jns nnockomapannensioif mnacTnHel npuMeM d == . B 3ToM cmyvae

1oJTy4ynm:
r=(1-R,)e*d/nR(LB,)-(p™"*") )
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M3 cpauenus (3) u (4) BuHAHO, YTO  CBETONpOMYCKAaHHC
TUrockonapaniensHoro cios  Gonblie  CBETONPONMYCKAHHA  MPAMOYTOJBHOTO
CBETOBOA.

Ianee B OaHHOM IJaBe NPMBEACHEI METOABl BbIGOpa NPHEMHHKOB
omTHYeckoro wu3nyyenus. [IpeAcTaBiieHHble BCE BbIMYCKAEMblC JIa3€pHbIC
M3TydaTeN¥  HempepblBHOTO  pexuma  paboTel  comepikar BCTPOEHHBIH
doTONpHEMHMK I BKIIOYEHHA B Ienb CTabunusauuM YpOBHA _BXOJHOM
MOILHOCTH, MX NapaMeTpbl. IIpMBEAEHbI CPaBHHTENBHBIC XAPaKTEPHCTHKH
CBETOM3NYYalomMX npHOOPOB M CHEKTP PpeakUMH Ha BbIXOAE MPHEMHHKA,
OnNpeeNseMblii  YAaCTOTHBIM CMEKTPOM CHTHala Ha BXOAE K 4acTOTHOH
XapaKTEePHCTHKO# NpHeMHHKA M3iydeHHsA. B riaBe MPHBEACHBI TAKXE OCHOBHLIC
XapaKTEPUCTHKH JlasepHbIX cBeToAHonos cepuu MITITH-30x.

JIns co3naHus ONTO3/EKTPOHHOrO mpeobpasoBaTens ¥ METOAHMKU pacHeTa
onepauxonnoro ycwnutena (OVY) cnemyer ydecTh, 4YTO NOA ONEPaUHOHHBIM
YCUNHWTENEM TPHHATO TNOHMMATh YCHIHTENb TOCTOSHHOrO TOka (Waile BCEro
MMKpOCXEMY), TO3BONAIOWMH CTPOMTH Y3/Ibl  annapatypel, ¢QYyHKUMH W
TEXHMYECKHE XAPAKTEPHUCTHKHM KOTOPBIX 3aBHCAT TONIBKO OT CBOMCTB LeNH
oOpaTHOil cBs3W, B KOTOPYI0 OH BkmoueH. OnucaHa TaiKe TWUNOBas CXeMa
BIJIIOUCHHA OMEPALMOHHOTO ycunuTens ¢ ucnonbiopannem OV. TlomyueHo
3HAYEHHE BLIXOAHOTO COMPOTHBIIEHHS MHKDOCXEMBI, B BBIXOJHYIO LIEHb KOTOPO#
110CTIEIOBATENIBHO BKJIIOUEH PE3UCTOP.

Pa3pa6oTanbl ONTONApEl OTKPHITOTO THNA € NMPHMEHEHHEM OINTHHECKOTO
BONOKHA B Ka4yeCcTBe Nepenarolneii cpeawl. I[lpenctasneHsl MeTombl BeIGOpa
NPHEMHUKOB M3NyueHHs. Pa3pa6GoTaHsl ONTO3NICKTPOHHLIH npeobpasoBarent M
METOIHKA pacueTa omepalloHHOro ycunurens. PaspaboTaHbl ONTO3/1eKTPOHHEBIE
KOHTpONLHO-W3MEPHTENbHbIE TIpeoBpa3soBaTenu npeapaspylieHuit ¥ 060oCHOBaH
BeIGOp ycTpoiictBa ofpaboTku maHmbix. Co3naHa ONTOINCKTPOHHAA CHCTEMA
JETEKTHPOBaHHA TpeapaspyieHuii 1 060CHOBaH BLIOOP 2NEMEHTOB HHAMKALIMY.

B yeTBeproii riaaBe «Co3nanue BOJIOKOHHO-0NTHYECKHX
H3MCPHUTEJBLNLIX CHCTEM KOHTPOJIS M AWATHOCTHKH CBOHCTB MeXalH4ecKHX
KOHCTPYKHHil» AuccepTAalMy¥ NPHBEACHB! PE3YJALTAThl CO3JAHUT BONOKOHHO-
ONTHYECKHX M3MEPHTCIBHBIX CHCTEM AMArHOCTHKH MEXaHHYECKHX CBOHCTB
KOHCTPYKIMH.

Onucana ¢yuxuuonansHas cxema cucteMsl «OCII-2M» i quarHoCTHKH
MEXaHH4YECKHUX CBOHCTB KOHCTPYKLIKH,

TosBrienne TpewMHbl Ha HccieNyeMOW KOHCTPYKLMH CONpPOBOXAACTCS
BIUTIOYCHHEM  CBETOJMOJAA, COOTBETCTBYlOUIro  cpaGoTaBlieMy — OaT4YMKY,
BKJIIOYEIHEM 3BYKOBOI CHIHAIM3allHH, a Talke cpabaThiBaHHeEM pelle yIipaBiIeHHS
BHCUWHHMH YCTPOHCTBAMHU.

Paspa6oTana ceMHKaHa/IbHasi ONITONEKTPOHHAA CHCTeMa Wi 06HapyKeHHs
n perucTpauuy ycranoctHbix TpemwmH «OCIT — 7M» 2/1eMEHTOB MEXaHHHECKHX
KOHCTPYKUMH, KOTOpas COCTOMT K3 Oii0Ka Jia3epHHOro aHoia (J1H), Gmoxka
CHTHANU3aLUMy, WHAMKAUMK W ynpasnenus (CHUY), a Takxe koMmriekTa JaT4iHKOB.
KoH11p!l BOJIOKOHHBIX JAaTYMKOB COOMpAIOTCA C OIHO#M CTOPOHBI B IYy4OK, TOpel
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KoToporo oceewaercs sasepom (JIJ) wim cseromnomom (CH). Jpyrue KoOHUEI
JIATYHKOB MOAKITIOUEHB] K MHAMBUIYAILHEIM (oTonpreMHnkaM (6nok CHY).

Puc.5. ®ynknuonansnas cxema cuerembl «OCII-2M»

Ha puc. 5: JIJ ~ nasepuslii  nuon, JT8- matuwku Tpemwmn, TTOU -
NPHEMHUK ONTHYECKOro HamydyeHuss, KOM- kommytatop, Y®- ycunwurens
dototoxa, NOH- wctounnk omoproro Hampaxenusa, K- xomnaparop, I'H-
renepatop wumnynscos, PH- yctpoiictBo pacnpezenenHus wummnyinecos, LID-
TPUITEpHl COCTOSHHMA AaTyukos, ITY- nyneT ynpasnenus, D(Tp)- cBetonnonHsiii
Avcrneil MHAMKAUMH HOMepa paspywnsllerccs natunka, D(Na)- cBeToauonHkii
aucnneit «<HoMep Kananay, CuAO- yCTpoiCTBO CHIHAIH3aUKH M ABTOMAaTHYECKOro
oTkmoueHHs, C- ycTpoHCTBO COBNaicHHA.

CaMH aTUHKH C TIOMOLUBIO KJest XECTKO 3aKpeIUIAIOTCA Ha JIIo60M ydacTke
KOHCTpyKuMH. ECiM Ha KOHTPONIMPYEMOH NOBEPXHOCTH HAYWHACT DPa3BHBATHCS
TpelnHa, TO MPOMCXOAMT pa3pylieHHEe [AaTuHKa H, CIEHNOBATENBbHO, pE3Koe
ocnabneHne HHTEHCUBHOCTH CBETOBOrO NMOTOKA, NPOXOAALIEro K GOTOAETEKTOPY.
DnekTponHoe  ycrTpofictBo  o6pabaThiBaeT  CHTHaibl, MOCTymaloulye ¢
(I0TONETEKTOPOB, H PEATH3YET 3BYKOBYIO CHTHATH3ALMIO O MOMEHTE pa3pyIleHHs,
MHIUKAUMIO HOMepa paspylIMBIIErocs HaT4MKa, a TaKXe ONepaTHBHOE
OTKITIOUEHHE BHEIIHETO YCTPOicTBa. BO3MOXKHO Takxke BH3yanbHOE oGHapyxeHue
MeCTa paspyllleHMsi 1O CBETAMIEMYCS MATHBILUKY Ha KOHTPONMHPYeMO#H

NOBEPXHOCTH.
Ora 3amauya pelliaeTcs TEM, YTO YCTPOHCTBO OMNpedeNeHHss MECT

npenpaspymenHss KOHCTPYKUMH cOCTOMT u3 Tpex u Oomee V-oGpasHeix
BOJIOKOHHBIX CBETOBOHOB (IATYHMKOB), KOTOPBIC DacNOJOXKEHBl Ha PacCTOAHHH
~3MM Jpyr OT Apyra B 30HaX BO3MOXXHOTO NOSABJCHHS TPEIIHMH, TPEX JIa3epHRIX
JIMOZIOB, TPEX H3MEPHUTENLHBIX TNPHEMHHKOB ONTHYECKOrO W3myueHms, 6Gnoxa
06paGoTku (hOTOINEKTPHUECKOTO CHTHANIA, KPOME TOTO B HEro BBEJEHHBI CEMb
ONTHYECCKHX KaHAJOB JAaTYHKOB, CEMb  MOACTPOCUHBIX W OoOMH
orpaHuuMBaoIuit pe3ucTop, GJOK M3 ceMH u3inyuartened, GJIOK M3 cemH
NPHEMHHKOB, MMKPOKOHTpONNep, npuemomepenatyuk M Giok o6paboTku
MHGOPMALHH CO CHEUHATBHO Pa3paGoTaHHEIM MPOrpaMMHbIM 0GeCeyeHHEM.
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OcHoBomnonaralomuM B pa3paGoTke ABAAETCA MOBBLILUCHHE NOCTOBEPHOCTH
HW3MEpPEHNs H3MEHEHHH OITTHYECKOro CHrHaja B ONTHYCCKHX  BOJIOKHaX,
SIBJIFIOLUXCA YYBCTBUTENLHBIMH 3JIEMEHTAMH JIaTYHKOB Kaknx-nmnbo pusnuecknx
BEMMYHH (HanpuMmep, AedopMaiiuM, YCHIHA, YCKOPEHHS, IUIOTHOCTH PacTBOPOB M
T.4.).

Puc.6. Baok-cxeMa ycTpoOiicTBa A5 onpeaesieHHsi MecT 0OHAPYKeHHH,
perucTpanny 3apoKIeHHs H PACPOCTPAHEHHS YCTAIOCTHBIX TPELHH
3JIEMEATOB MEXaHHYECKHX KOHCTPYKInif

Ha puc.6: 1 — ¢pparMeHT HCIBITHIBACMO} MEXAHHYECKOH KOHCTPYKUMH, 2 —
6onrosoe MK kienaHoe coequHeHNe MNaHeneil ¢ pebpoM KecTKoCTH, 3- TpellnHa,
4(0k -6K) — mnonuMepHBIE CBETOBOABI (JAaTYMKH), S5-UCTOYHMK TNHTaHHS, 6-
MUKPOKOHTpOJUIED, 7- KOMMYTATOp, 8- YCHANTENL MOILHOCTH, 9-16 noAcTpoUHEBIE
pesucropsl, 17-23 — nasepusie guoast (J11), 24-30 — U3MepHTENbHBIE NPHEMHHKH
onTuyeckoro usnyuenus ([IOU), 31- ycunurens, 32- npuemo-nepenatanx RS232,
33- ananoroso-undposoii npeoGpazosatens (ALIT), 34-kommuiotep, 35-¢aiinel
RaHHbIX, 36-umdposad ob6paGoTka naHHEIX, 37- MaTeMaTHueckad oOpaboTka
pe3ynbTaToB, 38-CTaTHCTHKA SKCIIEPHMEHTOB,
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|_Puc.7. Bptsentisie Huarpaniil pa ycrpoiicrea |

Ha puc.7. npeactasneHbl BpeMEHHLIE AHarpaMMbl paGoTsl ycTpo#HcTBa npu
OMNpOCcE ONMTHYECKHX KAHATOB. 3XECh CHTHANBI BKIIIOUCHNS M3MYYaloMNX JHOXOB,
KOTOpLIE BhIpabaThiBaeT KOHTposnep, o6o3naueHb! xak Up-Us. CHrHaN Ha BBIXone
yeunurens-npeoGpa3osarens GoToToka NMPHEMHBIX AWOAOB oGo3HaveH kak Ua d c,
T.K. OH ABAACTCA BXOMHLIM CHTHaNOM aHanoro-uudgposoro npeobpazoBarens
KouTposniepa. Ha nuarpamme nokasana hopma ciruana Ua d ¢ ans ciyusas, koraa
BOJIOKHA [BYX MEPBBIX KAHAIOB IOBpeXKACHbl oOpa3oBaBlueiicas MOL HHMH
TPELHHOIL.

PaccmartpuBaioTca  mpoGiieMbl  NPHMEHEHHS  BOJIOKOHHO-ONMTHYECKOTO
kabensa B kauecTBe MiMepHTCEIbHON chcteMbl. [Tokasan pacuer mo mmHe BOK ¢
ucnons3oBannem dopmynsl Byrepa-JlTam6epta-Bepa. IMpencrasnero ycrpoiicTso
ans quarnoctukyu gedextor BOJIC, Bo3nnkalomux H3-3a BHELUHHX (aKTOPOB.

Puc.8. Bnok-cxema H3MepHTEIBHOI CHCTEMbI
Ha pwuc.8: 1-3agarownii renepatop, 2- TpHrrepa, 3- YCHIHTENH MOLIHOCTH,
4,5- npueMHo-nepenalolMe ycTpoicTBa cBasu, 6,8- orsersutenn, 7- BOK, 9-
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610k o6pabotkn ¢oTornekTpuyeckoro curhana (BO®C), 10- u3McpHUTENbHI
npubop i 3BM, P- nedopmars.

Ilo Mmepe oxcrutyataumn otaenasHele ywactku BOJIC  (BojokoHHO-
ONTHYECKHE JIMHHH CBA3M) MOT'YT YiKe HCHepnaTh CBOil rapaHTHUpPOBaHHbIH pecypc,
a HEKOTOphIE MOTYT HaXOAMTHCA B MHTEHCHBHOHN (ase cTapeHusa. TO sBIEHHE,
6e3ycnoBHO, CKa3bIBACTCA Ha HAJCKHOCTH KOHCTPYKUHIA, LENOCTHOCTh KOTOPBIX
NpeACTaBI/IACT NEPBOCTENEHHOE 3HAYEHHE U NI03TOMY HENOCPEACTBEHHO BIMSET Ha
HaJeKHOCTb 3KCIUTYaTaliuH,

PaspaGorannoe Hamu yctpolictBo ia muarnocthkn pedexros BOJIC,
BO3HHMKAIOLIMX M3-32 BHCLIHUX ()aKTOpPOB, MpPEACTABJICHO Ha PUC.8.

Takum 06pasoM, MOXHO 3aKINOYHTh, HTO pa3paGoTaHHOe YCTpOHCTBO
MPUMEHHMO He TOJNIBKO UIS pellleHHs 3amad u3Mepenus nedopmauma BOJIC, no
MOKeT,ObITh MCIIONB30BaHO M M OPYTHX UENcit, HanpuMep, Wi oGHapyxXeHHs
nedeXTOB B PAINMHYHBIX KOHCTPYKUMAX, Tak Kak C IMOMOUIbIO BOJIOKOHHBIX
CBETOBOAOB MOXHO KOHTPONHPOBaTh HehopMallvi M COCTOSAHWE B Pa3/MYHEIX
TOukax KoHcTpykumid. Takum oOpasoM, ManoraGapuTHele, JCLIEBBIE H
YYBCTBUTEJbHBIC  JJIEMEHTB!  ANA  JAaTHYMKOB,  oOnajalomuMx  MajisiM
3HepronoTpebnaeHneM, BHICOKOH YyBCTBHUTENBHOCTHIO M COOTBCTCTBYIOLLHE
COBPEMEHHBIM TEXHHYECKHM TpeGOBaHMAM, MOTYT 3(p¢eKTHBHO NPHMCHATBCS AN
KOHTpOJI Pa3sJIM4HOr0 PoJa MEXaHUHECKHX HapyLICHHH H NOBPEXACHH.

B rmaBe npueBegeHa Takke  paspaGoTka  MakeTtHoro  ofpasua
aBTOMaTH3NPOBAHHOrO YCTPOICTBA KOHTPONA M MAHAarHOCTHKH MEXaHU4eCKHX
HapylleHHii H MNOBpEeXAEHWH Pa3sNUMYHBIX KOHCTPYKUMA C NpHMEHEHHEM
BOJIOKOHHO-ONTTHYEckoro xabens. [IpuBENEHB Pe3yNbTATHl PErucTpalMi TPELIHH
Ha OCHOBE MCNOJIb30BAHHS BOJIOKOHHO-ONMTHYECKOTO pediiexToMeTpa.

Ha puc.9 npencrasneH pa3pabGoTanHblif MakeT THAPOINCKTPOCTAHLHH JUIA
NPOBEICHHUS H3MEPEHUH.

Puc.9. dxcnepumenTtanbnbiii MakeTHbli o6pasen ansi cHATHA
XapaKTEePHCTHKH
Ha puc.9: 1- obbekT rHAPOINEKTPOCTAHUHH (B TOM uHCle W AaMGel), 2-
TPEIMHbl C BLICOKOM YCTaNOCTHONH TNPOYHOCTBIO. 3. BOJIOKOHHO-ONMTHYECKHI
kabens. 4.tectep «FDD 1203A OPTICAL TESTER»
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Taxum o6pa3om, 61aronaps HOBEIM paspaboTkaM B H3UKe TBEPAOTO Tena H
BOJIOKOHHOM ONTHKE M CYLIECTBEHHOMY CHHXXEHHIO CTOHMOCTH ONTHYECKOro
BOJIOKHa W MNOJYNPOBOAHHKOBLIX HPHGOPOB CTaJNl0 BO3MOX>XHbBIM UIHPOKOE
TIPHMCHECHHE JaTYHKOB Ha OCHOBE ONTHYCCKOrO BOJIOKHA.

TTpoBeneHs! HcCnenoBaHHs Mo o6HapYKEHHIO MEXaHHYECKHX MOBPERACHHA
Pa3NMYHBIX KOHCTPYKUMH (IJIOTHH, MOCTOB, TPOXAAHCKHX COODYXEHHHA) ¢
HCIIONIb30BAHHEM  ONTHYECKOr0 BOMOKHAa. B pesynsTate  MOHHMTOpPHHra
MCXaHHYECKHX  KOHCTPYKUMI  OTpabaThBacTCA  METONMKA  NPHMEHEHHA
HHTEp(EepOMETPHYECKNX H3MEPEHHIL.

Pe3ynsTaToM HCCNiENOBaHHSA NMEPBHIX TPEX HampaBJICHHH ABHIOCH CO3JaHKE
TCXHOJNIOTHH YCTGHOBKM HAa KOHTPOJIMPYEMYIO MOBEPXHOCT: AaTYHKOB H3
KBapLEBLIX ¥ NMOJIMMEPHEIX CBETOBOAOB, B TOM YHCIIE H MIIOCKHX.

B npouecce wHccnenoBaHWii ObUI  pemEH Takke LENBI  KOMIUIEKC -
TEXHHYECKHX M TEXHOJIOrHYeCKHX npobnem u paspaboTaH AeHCTBYIOWHHA MakeT
npuGopHoii annapaTypsl.

MapannensHo € MOWCKOM peEIEHUt MO HHAMKATOpaM MPOBOIHIHCE
HCCNENOBaHHA [0  NpPHHUMNAM  [OCTPOESHMs  ammapaTypbl  KOHTPOAA.
Paspa6aTbiBanuch mBa crniocoGa KOHTPONsS COCTOSHMA HMHAMKaTopoB. Ilepserid
OCHOBAaH Ha W3MEPEHHH MOILHOCTH ONTHYECKOTO H3NMy4eHHs, IPOXOAALLEro Yepes
unaukarop. Mnewtndukauusa paspylleHHs B STOM Ciy4yae ONpefensercs Io
PE3KOMY CHIDKCHHMIO 3HaueHMs MOLIHOCTH. Brtopoit cnocof6 ocHOBaH Ha
30HIUPOBAHMH CBETOBOAA KOPOTKMM HMMITYJIBCOM, H3MEPEHHH BDEMEHH €ro
pacrnpocTpaHeHHs B MPAMOM W OGPaTHOM HampaBiieHWH W (GHKCHPOBaHHH thakTa
YMEHBUICHUS 3TOTO BPEMEHH.

Puc.10. CxeMa HCIOAL30BAHNA JIa3ePHOTO N0a CO BCTPOSHHLIM
KOHTPOJABHBIM oTOAETEKTOPOM
Ha puc.10. | - ycunurens Toxa. 2 -Jla3epHelit MO, 3 - KOHTPONLHEIA
(oTonpuéMHHK, 4 - H3MEPHTENLHBLH POTONPHEMHHK. 5 - npeobpa3osaTeny TokKa. 6
— nepexmoyatens, 7 - ALTL. 8 - ycTpoficTBo ynpasiienus. 9 - HHANKATOP. 10-
KOHUEHTPATOP. 1 1-TpeluHbL.

TMonyueHsl pe3ynLTaThl SKCIEPHMEHTOB MO M3MEPEHHIO MPEApaspyIeHus
[UIOTMH C MOMOIUBIO ONTHYECKOTO TECTEpa C MCIOMb30BAHWEM JJIHHOH BOIHBI
uinyucnns 8,5 uM. JIia IKCMEPUMEHTATLHBIX H3MEPEHHH HMCMONB30BANach

uHTepdepoMeTpHUECKas METOIHKKA.
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C TOYKM 3peHHs KOHTPONHpPYEMBIX I1apaMeTpoB, 93KCHCPUMEHTANbHbIE
HCCeoBaHKs GBI HaTIpaBJIeHb! HA H3yYeHHE CISAYIOLIUX MapaMeTpoB:

: -nedopmaumu (pacTseHHs, CKATHA);

-fiepeMellIeHHS;

-TpemnHoo6pa3oBaHus;

-npenpa3pyLieHus.

Pa3paGorana aBTOMaTH3NpPOBaHHAas M3MEPHTENbHasA CHCTEMa KOHTDOJA M
AHATHOCTHKM  MEXaHMYECKHX  CBOHCTB  KOHCTPYKUHMH  ONTO3JEKTPOHHBIX
npeobpa3zoBareneil.

Paspa6otana «OCII-7M» ceMukaHanbHas#d ONTOJICKTPOHHAsA CHCTEMa s
obHapyeHHs M PErHCTPalMM YCTAJIOCTHBIX TPEIUHH 3JCMEHTOB MEXaHHYECKUX
KOHCTPYKLH#, cocTosias 13 6noka naszepHoro auona (JII), 6noka cHrHanu3anyuu
n ynpasnewus (CITY), koMnnekTos AaTYMKOB, NpPENMYUIECTBaMU KOTOPOH
ABJIACTCA MOBLILICGHHE JOCTOBEPHOCTH W3MEPEHHHI H3MCHEHMH ONTHYECKOro
CUrHana B OMTHYECKNX BOJIOKHAX.

lMoxka3ano, yTo MPUMEHEHHE BOJIOKOHHO-ONTHYECKOro Kabens B KauyecTBe
H3MEPHUTENBHOI CHCTEMBI B pa3paGoTaHHOM YCTpOHCTBE AMATHOCTHKH M KOHTPOJIA
nedexroB  BOJIC MOMET HCTIONB30BATHCA HE TONBKO Ui OGHapyxeHus
acopmaumii 8 BOJIC, Ho u mna apyrux ueneit (oGHapyxenue nedekros B
Pa3NHYHEIX KOHCTPYKIIHAX).

B nsaroit rnaBe «Co3xanHe aBTOMATH3IHPOBAHHBIX H3IMEPHTENBHbIX
CACTEM Ha OCHOBe ONTOYIEKTPOHABIX mnpeoGpaszoBaTesieii» nNpPHBEICHBI
pe3ynbTaThl pa3paboTkH aBTOMATH3HPOBAHHBIX W3MCPHTENBHBIX CHCTEM  Ha
OCHOBE OTITOJJIEKTPOHHBIX NpeoGpa3oBaTeici.

B nmanHOif TNaBe onHcaHa HOBas KOHCTPYKLHS ONTO3JIEKTPOHHOIO
aBTOMATHYECKOro koJjopuMerpa Ui aHanusa xuaxoctet. Ha puc.ll.a
npencrasncHa 6nok-cxemMa npuGopa, a Ha pHC.11.6 — KOHCTPYKTHBHOE
HCTIONHEHUE AaTYHKa.
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Puc.11. OnTosnexkTpoHHbIii aBTOMATHYECKHIH KonopuMeTp: a — 6ok
cxeMa; 6 — KOHCTpPYKUNS AaTYHKa

Paspa6orannoe yctpoiictBo paGotaeT crnegylomum obpasom. Ilocne
3anoNHeHNs MIMHAPHYECKOH TIOJIOCTH KIOBETH! 15 XKHAKOCTbIO 7 OHa 00y4aeTcs
W3NYUYEHHEM HECKOJIBKHX CBETOXHOAOB C JJIMHOMN BOIHBI 920-450 HM. YcTpoiicTBo
MOXHO YCTAHOBUTL Ha JIMHHH TEXHOJIOTUYECKOro Tmpolecca, T.. MOXHO
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KOHTPOJIMPOBAaTh KMAKOCTH, NpoTekalomue duepes Tpyby (cm. puc.11.6).
3anatouwit renepatop 1 BeIpabaTeIBaET NPAMOYTOJBHEIE HMITYJIBECEI € 9aCTOTOH 8~
10 Tu. ViMnynschl Yepe3 KOMMYTaTop, MEpEeKIiodaTeb ONTPOHOB 2 NOAAIOTCH
MOOYEPENHO HAa CBETOM3Nyudalomme auogsl 3—6. B  mnepsoM MONOXEHHH
KOMMYyTaTOpa nepekiouaress 2 uanyyeHne auoaa 3 oxycHpyercs H oTpaxaeTcs
OT CTepxHS 8 M momagaeT Ha M3MepHTenbHbI (oTonpuemnuk 9. Janee curnan
noctynaer B Gmok ofpabotku 13, rae ¢opmHpYeTcs OTHOLICHME CHIHANOB
KOMIIEHCALMOHHOTO M H3MEPHTeNbHOr0 NOTOKOB. CMrHall  OTHOLUEHHUA
AIPOTIOPLIHOHANEH ONTHYECKOMY K03 (HIUMEHTY NPOMYCKaHHs, H II0 €ro 3HaYCHHIO
C  HCNONB3OBAHMEM  TpeBapuUTENBHO  H3MEPEHHOH  rpanynpoBaHHON
XapaKTEpPHCTHKH ONpENC/AETCs KOHLUEHTpalisA BELIECTB B pacTBope. Bo BTOpoM
TIONIOKEHWH TepeKiiouaTess 2  MOOKIIOYAETCs BTOpas OMTomapa, Mpolecce
M3MepeHHs TOBTOPAETCS, M TaK janee AA OCTalbHbIX omronap. Ha ocHose
OTIHCaHHOTO METOMA pa3paboTaH ONTOINEKTPOHHEIH aBTOMAaTHYECKHA KOJIOPHMETD
“OAKKIM”. OcHoBHbie TeXHWYECKHE  XapakTepucTHku:  abcomoTHas
norpewnocts He Gonee 0,010 B B auanasone omThyeckoit mnotHoctn 0,000-
0,800B5; nnMHBEI BOJH HCTOYHMKOB H3nyueHusa 920, 680, 560, 450 nm; mnuHa
OnTHYeckoro MyTH KioseTsl 6MM. Tutanune 220B, 50Ty, 3BT; T'aGaputsi npubopa
200x50x200mM, Macca <3.0kr. Bricokad TOYHOCTh H3MEPEHHA JOCTHraeTCs
Gnaronaps ABykpaTHOMY NPOXOXKACHHIO HITTyUEHHs Yepe3 HCCeRyeMbl 06BeKT H
CTallMOHApHOMY PacIlONOKCHHIO KIOBETEL

Jlance B [OaHHOM ThaBe OMHCAH ONTOINIEKTPOHHLIH aBTOMaTHHECKHH
aHANW3aTOp 1A W3MEpEeHHs LBETOBLIX NapaMeTPOB IOBEPXHOCTH TBEPHLIX
MaTepHaNnoB, HalpHMEp, METallIoB, IUIACTMaceC, CTekna, Oymaru M T.A., B Tex
00NacTaX TPOMBINUIEHHOCTH, THE LBET HABIAETCA OAHAM M3 OCHOBHBLIX
nioKkasaresieif KayecTBa NPOAYKLHH.

Puc.12. CTpykTypHAas cXxeMa aAajJH3aToOPAa BETA NOBEPXHOCTH
TBEPABLIX MaTEPHAJIOB

Paspa6oTannoe yCTpOHCTBO aHaJHM3aTOpa LBETA NOBEPXHOCTH TBEPABIX
MaTepuanoB NpeACTaBleHO Ha pHC.12. AHaTH3aTOp UBETA COCTOMT U3 aTYHKa
W 3nexTpoHHoro Gnoxa. JlaTuuk BHIMONHEH B BuAe nosyceps 18, B koTopyio
ycTaHoBaeHb! TpH napsl Y- o6pasHuIX moasoasmux 2-4 M OTBOAAMHX S5-7
ONTOBOJIOKOH.
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Bnaromaps MpoxoxIeHHIO CBETa depe3 moasoasuue 2-4 M OTBOAALLHE
5-7 ONTOBOJNIOKHA TOJAETCS W TPHHHMAETCA Y3KHI TYyYoK H3NnydeHus,
KOTOPBIii 1aeT BO3MOXKHOCTb KOHTPOJIS NMapaMeTpoB.

" bu3uueckuii CMBIC 3aKNIOYAETCs B CACAYIOLIEM: BETOBBIC MapaMeTpsl
onpenensioTcss kak 0GbEKTHBHOE CBOWCTBO NPEAMETOB, NposBAfiolleecs B
CHEeKTPaJIbHOM COCTaBE HCXOMAALIEr0 OT HHUX (NPONYyCKaeMOro, OTpPa)aemMoro)
H3Ny4EHHs ¥ BOCHOPHHHMMAaeMoOe KaK OCO3HAHHOE 3PUTEALHOE owwylieHue. B
ITOM  ONpeAeNeHMHM  OaHel  OBa  acnekra —  (U3HYeCKuid H
ncuxoH3NONOTHYECKHI, HEPa3pbIBHO CBA3AHHLIC APYT C APYTOM.

VcTpoiicTBo 06/1afaeT MOBBILIEHHOH TOYHOCTBbIO KOHTpPONSA 3a CYeT
TPEXMEPHOFO H3MEPEHHS € ANMHAMH BOJIH A = 680 HM, Az = 560nM, A3 = 450
HM, KOrJa B KaueCTBE 3TAJJOHHbIX NPHEMHHUKOB ONTHYECKOTO H3NYyUCHHS
NpHMEHEHBI MHOTOUBETHLIE (POTOPE3HCTOPHI.

Ilpu  Heo6XOMMMOCTH cCcHrHan ¢  BhIXoZa Gnoka o6paGoTku
$OTOINEKTPHYECKOTO CHTHANA MOXHO NOJaTb B CHCTEMY aBTOMAaTHYECKOrO
KOHTPOJIA.

Takxe pa3paboTaH ONTOIEKTPOHHBIH MHOTONAPaMETPOBBIA KOJIOPHMETP
1A KOHTponA  (M3MYECKO-XMMHYECKHX  TNapaMeTpoB  KHOKHX  cpel
(HedTenpoayKTOB, PacTHTENBHOrO Macia, IJTHLUEPHHA, COKOB, HANMTKOB) H A
yripaBJieHHs TEXHOJIOTHYECKHMH TNPOLECCAMH HX M3TOTOBJCHHA, HCTIONB3YeTCs B
MeIMUMHE I aHajN3a MOYH, KPOBH, JKeyIOYHOro coka | T..

Puc.13. Biok-cxeMa oNT03/1eKTPOIHOT0 MHOroNapaMeTPOBOro
KoJIOpUMeTpa

VYcTpoHCcTBO pabotaer cnexytomnmM obpasom. Ilpyu sxmoueHnH 3agarouimii
reweparop | BeIpaGaTHiBaCT NpAMOYTONbHLIC MMMYNbchl 8-10 T'ut. Pasnenennsie
UMNyNIbChl 9EpC3 KOMMYTAaTop - [EPEKIIoNATENh ONTPOHOB 2 - nopawotcs
rioriepeMeHHO Ha J1a3epHBIC ceeroanonel 4, 5, 6, 7, (n-1)m, nwm, UMEIOWHMH
onpeneneHHbie CNEKTPANbHbIE XaPaKTEPHCTHKH, COOTBEUTBYIOLME CMIEKTPANILHBIM
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XapaKTepUCTHKaM N KOMIIOHGHTOB  (©TapaMeTpoB),  CONEPXAIUXCA B
MONYNpPO3payHeIX KHUAKOCTAX. Ilpy SToM onNTOMaphl MOryT BKIIIOUATHCA
nocnegosatensHo. JlasepHeiii guon 3 M M3MepHTeNnbHuIR (oTonpuemHux 10
06pa3syloT OMOpHYI0 ONTOMAapy, KOTOpas MNPEAYCMOTPEHa IJf TOro, 4ToOBI
CPaBHMBATL M3MEPHTENLHLIE CHIHaNbl C CHTHAIOM OMNOPHOTO KaHalma W
ofecneunBaTth JHOCTOBEPHOCTh pe3yiabTaTtoB H3MepeHHA. [lpu  3anonHeHMH
NHWIHHAPHYECKOTO OTBEPCTHS KIOBETH! 15 KOHTPONMHpYEMOH HAKOCTEIO 9 OHa
obnyyaeTcsa nazepHBIMH CBETOAHOAAMH. B MepBOM MONOXEHMH MepeKiioyarens
MOTOK H3NyuyeHHZ nasepHoro nauoaa 4 oKycHpyercs, TNPOXOAWT uepes
KOHTPOAMPYEMYIO KHAKOCTb 9, OTPaXaeTCA OT OAHOH M3 IBYX TOBEPXHOCTEH
IJIOCKOTO 3epkana § M, BHOBB NMPOXOLs Yepe3 KOHTpoJaHpyeMelii obpasell 9, nanee
nonanaet Ha M3MepHTENbHEIH (QoTonpHemMunk 11. 3aTeM CHrHanbl MOCTYNAOT B
BO®C - 16, roe peannsyercss OTHOLIEHHE CHTHANOB ITOr0 HM3MEPHTENBHOTO
MOTOKA H KOMITCHCALHOHHOTO OT AHOoAa 3 ¥ H3MepHTeNnbHoro GoTtonpuemuuka 10.
Curnan OTHOLIEHHs NpONOpUHOHANEH Bennu4YHHe Ko3hHUMEeHTa NpoImycKaHus H
ONTHYECKON NJOTHOCTH XHAKHX Cpel WIH NPO3PaqyHBIX TBEPABIX TeJN, TaKxe
MOXHO HM3MepsTh KOHLEHTPAlMH BEIIECTB B DAaCTBOPE, YTO BO3MOXHO IIpH
MCMONL30BaHNK NIPEABAPHUTENBHO H3MEPEHHBIX IPalyHPOBAHHBIX XapaKTEPHCTHK.
Pe3synbTaTsl mofaloTcsd Ha W3MepuTenbHbii npubop win IBM17, no nokasanuio
KOTOpOrO CyasST o© napaMeTpax okHOKHX cped. OBM  obecneunsaer
aBTOMaTHYECKOe BBITIOAHEHHE aHanoro-uugpoBeIX H3MEPHTENBHBIX
npeo6pa3oBanuii,  BBIYMCIAMTENBHBIX  TPOLUENYp,  BbIIAYy  NONYYEHHOH
nHdopMaumy, GopMHpoBaHHEe KOMaHAHO# W APYToH ciykeGHo# MHpopMauuu,
Heobxonumoit ans (YHKUHOHHpPOBaHHS OITTOJIEKTPOHHBIX
MHOTO(QYHKUHOHANBHBIX aBTOMATHYECKHX KOHTPOJNBHO-H3MCPHTENBHBIX CHCTEM.
Bes KOHCTpYKUMs nomeulaeTcs B xoprnyc 20, a caMo YCTPOWCTBO MOXHO
YCTAQHOBHTh Ha JIMHHM TEXHOJIOTHYECKOTO Tpolecca, T.€. KOHTPONHPOBaThH
KUAKOCTH (COKH, HATMTKH, NHBO M T.J.), TIpoTeKalolue yepes Tpy6y no ctpenke,

yka3aHHO#H Ha puc.13.
3AKJ/IIOYEHHE

B xome nNpoBEACHHBIX HCCNEAOBAHHI TIOMYYEHB! CIEAYIONIHE OCHOBHBIE
pe3yJbTaThI:

1. HccnepoBauue o0COOEHHOCTH MNEPBHYHBIX 3JICMEHTOB MUIA CO3HaHHS
ONTOJEKTPOHHEIX KOHTPONBHO-H3MEPHTENBHEIX Npeobpa3osaTeneil, nposeaeHHE
pacueThl CBETONPONYCKAHHA TIPAMOYTONIBHLIX CBETOBOOB M3YUEHHs BOJIOKOHHO-
ONTHYECKOTO TPaKTa, MO3BOJSACT NPOH3BOAHTE BLIGOP HCTOUHHKOB (LTHHA BOJHBI
0,85-1,2 mxm, AJI-107 B) u nprnemuukos nsnyuenns (PO-11,011-252).

2. Ha ocHOBe NpoBEAECHHE PacyeTOB JIEKTPOHHOH CXEMEI ONITO3/IEKTPOHHBIX
npeobpasosateneit gnsa ofHapykeHHa MeCT MpeApas’pyLICHHA W TIPOBEAEHHOTO
TeopeTHYeckoro pacdera onepauuoHHoro ycumutens KPSS1VI2A  ans
ONTOJNIEKTPOHHEIX NpeobpasoBaTeleli  OCylIeCTBAAETCA BHIGOp  YCTpOHCTB
o6paGortky aannbix PIC16F84 M COOTBETCTBYIOWIMC 37IEMENTELI HHAWKAUWH.
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3. Ha ocHoBe npoBefeHHOro BhIGOpa NapaMETPOB 3KCMPHMEHTAIBHBIX
HCCNEIOBAHUH NMOJIMMEPHBIX CBETOBOAOB TPEX THIOB (ONTOBOJIOKHO KPYTJIOrO
cedyeHuss ¢ 3alNTHOM oboJsioukoii B ¢ auamerpom cepaueBuHnl d. = 0,4 mMm.
" Tuametp otpaxarowiei 0605104kH do = 0,6 MM; ONTOBOJIOKHO KPYTJIOrO CEYEHHA
Ges 3aumTHOM 060fOUKH M ¢ AuameTpom cepaueBuHbl dc = 0,4 mm. uamerp
oTpaxaromeit obonoukn do = 0,5 MM; ONTOBONOKHO Kpyrjoro ceuenus Ge3
3amMTHOM OGOJIOUKM M C AHaMeTpoM cepaueBHbl de = 0,2 mM. duamerp
oTpaxatoweil 060104kH do = 0,4 MM). O6GocHyeTCs 4TO, MONYUEHHbIE PE3YNIBTATHI
HM3IMEHEHHE OMaMCTPa JIMH3bI Ha TOpLaxX MOJMMEPHOrO BOJIOKHA HE OKa3LIBacT
CYLLECTBEHHOE BAMSHME Ha MPOIYCKHYIO CIOCOOHOCTh CBETOBOAA, OCTAETCH MOYTH
HEHM3MEHHBIM U1 BCEX TPEX THIIOB BO/OKHA.

4. Ha ocHOBE BOJIOKOHHO-ONTHYECKHX YCPOHCTB pa3paboTEIBAIOTCH METOMBI
onpeenAouHe MECTOHAX0XAEHHE MEXaHHYECKUX TIOBPEXKIAEHHUR MaruCTPabHBIX
M MECTHLIX BOJIOKOHHO-ONTHYECKHX JIMHKH CBA3H, 0COOCHHO B TPYAHOAOCTYNHBIX
TOPHBIX W TIECYaHBIX MECTHOCTAX, TOYHOCTLIO 0,9-1,2 merpa or Mecra
MOBpPEKACHNSA, MPHUCM BPEMS BOCCTAHOBJICHUA TOBPCKACHNIT coKkpaucHo B 2-3
pasa.

5. Co3pnaHa " peanu3oBaHa JIBYXKaHaNLHas, oHyaliHoBas
asroMatusupoBanHas  cuctema OCII-2M s oGHapyxeHus, perucTpanuu
3apPOKIEHNA, PacnpOCTPAHECHHS YCTAIOCTHBIX TPEUIWH 3JIEMEHTOB M OLEHKH
NnapaMeTpoB MEXaHHYECKHX KOHCTPYKLUMA (notvH, nam6). Ha ocHose
pa3spaboOTaHHEIX - CCMHKAHANBHBIX  ONTOEKTPOHHBIX ABTOMATH3HPOBAHHBIX
cucrem «OCIT — 7M» Bu3yanbHo oOHapyxuBaeTca AedopMalus B 3JIEMEHTaX
MEXaHHYeCKOi KOHCTPYKHHMH, OCYLUECTBIACTCA PETHCTpaLMs 3apOXKACHHA H
PacnpOCTPaHEHHS YCTAIOCTHBIX TpELIMH, CO3JacTCs CHUCTEMa MOHHMTOPHHTA,
TI03BONIAION(AA OCYWICCTBHTb KOHTPOJIb MEXaHHYECKOH NPOYHOCTH KPYMHBIX
COOpYKEHHIi ¥ rMAPOTEXHHUECKHX 00BekTOB, Namb.

6. Pa3paGoTano YCTPOWCTBO KOHTPOJIA W AWArHOCTHKH Acopmaunii,
No3BONAIOWMA OOHAPYXHTh HAPYWICHMA B TBEPUOTEIbHbIX KOHCTPYKLMAX,
NpHYeM 3a30p MEXAY CBETOBOAOM H ONTHYECKHM xabeneM nopsinka 0,01MM, yTo
06yCaBIMBaeT NOBILICHHE YyBCTBUTEILHOCTH IIPH H3MEPEHHSX,

7. PaspaGoTaHHbIC criocobsl M yCTpoiicTBO ONTO3JIEKTPOHHOTO
q)o-roxonopnme'rpa (npn HCNOJIb30BAaHHH B KOHTPOJIE UIHH BOJIH ONTHYCCKOro
curHana 920,680,560,450 HM),  MO3BOJSCT ONpCHC/IATL CBOMCTBA® XMAKHX
BELIECTB.

8. PaspaGoTaH ONTOJNEKTPOHHbLIA NpeobpasosaTens-aHanu3aTop UBETa M
NOBEPXHOCTH TBEPABIX MaTepHaios, obnaaalomuii NOBLILIEHHONH TOYHOCTLIO
KOHTPOJIA, 32 CUET TPEXMEPHOI0 HIMEPEHHUA (c onuHaMu BosiH A1 = 680 uMm, A;
= 560uM, A3 = 450 uM).

9. Paspaforan  BOJNOKOHHO -  ONTHYECKMA  MHOrOKaHAJILHBIH
ONTOANEKTPOHHEI BBICOKOYYBCTBHTENILHBIA doTokoNnOpHMETp, ONpeAENAIOUHI
(M3UKO-XHMHUUYECKHE CBOWCTBA JKUAKOCTHBIX CpEx.
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Introduction (summary of the doctoral dissertation)

The topicality and demand of the theme of dissertation. At present,
the acceclerated development of manufacturing processes worldwide increases
demand for the use of sensors in optical fiber production processes every day. The
use, in recent years, in various industries ultra-efficient miniature sensors indicates
an increase in demand for optical fiber sensors in the market. If in 2013 the amount
of sales of fiber optic sensors amounted to 1.89 billion US dollars, and the annual
increase was 19.6%, what of this amount, 1.22 billion US dollars registered in the
United States, accounting for 64.6% of the total global demand in the optical fiber
sensor. By the forecasts it is expected that by 2018 year global sales will increase
10 4.33 billion US dollars. If in 2013 China's sensors’ market size was 960 min. US
dollars, this figure is projected by 2018 could increase to 3 billion US dollars.

Consecutive development of information-communication technologies has
resulted to increase in volume of information resources and increase of speed of
information transfer, including has created conditions of automation of processes.
In this case revealing of damages, infringements, defects and diagnosing, control
by a condition of mechanical designs, application of confirming theoretical
calculations on diagnosing, creation of ways and algorithms of fiber-optical
measuring devices which it is authentic, exact and in a mode online allowing to
carry out monitoring and creating conditions of convenient control and diagnosing
of modes are especially important conditions.

Therefore, the study and research of optoelectronic systems that are based on
the use of optical fibers that allow for reliable control of the strength, stability and
reliability of complex designs in the online mode. Conduct research to determine
the optical signals irregularities in the fibers, depending on the value of their
deformation, mechanical forces to control and measure the physical and chemical
parameters of the material, and create a device for the detection of location and
registration of possible damage to the mechanical design is very important.

Creating a fiber - optic systems measure the magnitude of the mechanical
cffects, deformations, density of materials, based on optical signals and allows you
to implement automated systems, while improving the accuracy of measurements,
diagnose and monitor the parameters of mechanical structures based on the
developed methods and apply the devices detect the site of injury, registration of
motor disorders and the rate of crack propagation occupy a special place.

In accordance with the Ruling of the President of the Republic of Uzbekistan

Nel730 "On measures for further implementation and development of modern
information and communication technologies” on March 21, 2012 and the Ruling
of the Cabinet of Ministers "On additional measures to accelerate the development
of the service sector in rural areas in 2013 - 2016 years" on 17 aprel 2013. Based
on the tasks it becomes necessary to control and diagnosis of performance

backbone fiber optic systems online. e
Research conformity to the priority directions of science
development and technologies of the Republic. Thesis is made in accordance
with the priority areas of Science and Technology of the Republic: PAR-5
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(Program of applied research) - «The development of information technologies,
telecommunication networks, hardware and software, methods and systems for
intelligent management and training aimed at increasing level of society
Informatization», PAR-14 «Seismology, seismic safety of buildings and
construction». °”

Review of international scientific researches related to the subject of
dissertation. Researches directed on the decision of actual problems of
diagnostics, control and increase of reliability of communication, including
mechanical designs, with use of fiber-optical systems of transfer, and perfection of
ways and methods of diagnostics and control of processes are engaged many
foreign firms and university. In particular International Resource Development
Servis Centre of Science, University of Michigan, University of Oregon (USA);
Intellifiber Networks Centre of Science (Bujuk Britain); Wissenschaftliche
Zentrum mit beschrinkter Hafipflicht, Technical University of Dortmund,
University of Passau, University of Wiirzburg, (Germany); Optex Centre of
Science (Japan); Beyond fiber optic cable (Chana) large-scale scientific and
technical researches are conducted.

Researches on working out optoelectronic systems for detection and
registration of mechanical infringements in fiber-optical communication networks,
selection of optical fiber gauges and manufacturing of the stand for tests
optoelectronic characteristics of gauges are moved worldwide a number of
scientific researches, among them such as: technology of increase in volume of
measuring devices (company International Resource Development Servis,
company OptiSense Network, company Corning Glass, University of Michigan,
University of Oregon), methods of improvement of production devices
technologies with an optical fibre (company Intellifiber Networks, Technical
University of Dortmund, University of Wiirzburg), industrial technologies on
manufacture of devices of automated optical fibre Gesellschaft mit beschrinkter
Haftpflicht), use of devices of an optical fibre in medicine and the household
electronic technics (company Perspective Electronical).

Conducted priority research work on problem areas: methods of control and
diagnostics of mechanical properties of the structure based on fiber-optic
communication systems based on the determination of deformation, changing the
modulation parameters of the luminous flux, creating a device determining the
place and spread of cracks in the area of mechanical design.

Level of the study the problem. Researches on working out
onToanekTpoHHbIx systems for detection and registration of mechanical
infringements in fiber-optical communication networks, selection of optical fiber
gauges and manufacturing of the stand for tests onToanekTpoHHBIX characteristics
of gauges and perfection and their parametres, in various directions, are devoted
works of some scientists: T. Okosi, K. Okamoto, M. Osu, X. Nisixara, K. Kyuma,
K. Xatate, D. Gloge, D. Gloge, J. Marcatilli, C. Pask, AW Snyder, D.J. Mitchell,
M. Bom, E. Wolf, P.C. Schultz, R. Olshansky, D.A. Nolan, F.P Kapron, D. B.
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Keck, R.D Maurer, E.A.Zak, G.N. Gorbunova, Yu.l. Rzhavin, A.D. Ionov, M.M.
Butusov, E.Udda etc.

Quality monitoring and diagnostics of mechanical properties of a design on
the basis of fiber-optical communication systems has been investigated by native
scientists: T.D. Radjabov, R.R. Isaev, A.M. Nazarov, Yu.G.SHipulin, A.A.
Khalikov, S.Kh.Shamirzaev, N.R. Rakhimov, A.A. Simonov etc. In recent years,
Uzbekistan has focused research on the development of methods and techniques of
automated measuring systems designs based on optoelectronic converters.
However, for the disclosure of all the benefits of efficient use of fiber-optical
measuring systems in a variety of fields and industries requiring subsequent
studies.

In addition to the various branches of science and technology in system
analysis application fiber-optic devices, fiber-optical systems research in
communication systems and the control of the mechanical properties of structures,
diagnostics and reliability are not carried out sufficiently, and methods for solving
practical problems are not reflected at the proper level.

Connection of dissertational research with the plans of scientific-
research works of university. Doctoral Research work is conducted in accordance
TUIT science research work and are reflected in the following projects: The
studies were conducted according to the State Scientific and Technological Project
EA5-003 on the topic "Development of methods for optimizing the spectral
characteristics of high-speed telecommunications networks"; (2012-2014 y.); E®4-
®K-0-72548EAS5-003 on the topic "Development of the method of diagnostics of
fiber-optic broadband lines" (2013-2015 y.).

Purpose of research. Creation of the automated measuring systems
monitoring and diagnostics of mechanical properties of constructions using optical
fibers, the development of methods and algorithms for monitoring structures and

systems.

Tasks of research: .
development of methods and theoretical calculation of the parameters of

fiber optic converters based semiconductor optocoupler open channel with

frustrated total internal reflection; ) ] )
range optical receiver, an operational amplifier, the data processing device,

the display element control elements for opto-transmitters; ) )
development of opto-electronic systems for the detection and registration of

mechanical disturbances in fiber optic communication systems; )
the selection of fiber optic sensors and construction of stands for testing

characteristics of such optoelectronic sensors; . )
development of optoelectronic converters for creating automated measuring

systems monitoring physico-chemical properties of substances; .
development and manufacturing of devices, methods for determining the

place of discovery, registration initiation and propagation of fatigue cracks
elements of mechanical structures. _ )
full-scale measurements and issuing practical recommendations.
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Object of the research are the o
communication lines, their o
design.

Subject of the research -

: ptical nodes and elements of fiber-optic
perating parameters, properties, and mechanical

4 ' methods of calculations as the optocoupler
optoelectronic converters open optical channel, the calculation of the operational

amplifier, detecting deformations in the mechanical properties of structural
elements, registration of nucleation and propagation of fatigue cracks.

Methods of the research. Methods of researches and calculations of
attepuanon in optical fibers using the calculation of the operational amplifier, the
cboxc;: of a data processing device and display elements, the development of a
circuit diagram for the detection of registration of initiation and propagation of
fatigue cracks elements of mechanical structures, a theoretical calculation of fiber
optic converters semiconductor optocoupler open channel with frustrated total
internal reflection, methods for measuring the performance of optoelectronic
transducers.

Scientific novelty of dissertational research consists in the
following:

methods for determining the location of mechanical damage to the trunk and
local fiber-optic communication lines (especially in remote mountainous and sandy
areas at a distance of 0.9-1.2 meters from the location of the damage, the recovery
of damage is reduced by a factor of 2-3 times) on the basis of fiber optical
equipments; :

developed a seven-channel automated optoelectronic measuring system,
«OCII - 7M» monitoring and detecting strain in the elements of mechanical
structures, registration initiation and propagation of fatigue cracks structures,
diagnostics of physical parameters of hydraulic structures (dams, dikes);

developed the device monitoring and diagnostics strain violations in solid-
state structures, and the gap between the optical fiber and optical cable, the order
0f 0.01 mm, which leads to increased sensitivity;

designed for high-precision optoelectronic photocolorimeter determine the
parameters of fluid (using optical waves with a length of 920, 680, 560, 450 nm);

developed an optoelectronic converter analyzer color solid surface materials
having increased control accuracy due to the three-dimensional measurement (with
wavelengths L) = 680 nm, A> = 560nm, A3 = 450 nm); ) .

It developed a multi-channel fiber-optic optoclectronfc highly
photocolorimeter determining physicochemical properties of liquid media.

Practical results of research are consist in the following:

The automated measuring systems monitoring and diagnostics of mechanical
properties of structures, enterprises and organizations recommended.due to spectral
characteristics of fiber - optic communication lines (FOCL), espccl.ally in remote
mountainous and sandy areas where the accuracy of fa1.1|t location is 0.9-1.2
meters, and the recovery time of injuries is reduced by 2-3 times, conducted a full-
scale measurement of parameters and the optimal fiber-optic test modes;
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developed a seven-channel automated optoelectronic measuring system,
“OCIT — 7M” monitoring and detecting strain in the elements of mechanical
structures, registration initiation and propagation of fatigue cracks structures,
diagnostics of physical parameters of hydraulic structures (dams, dikes);

developed an apparatus and method of estimating the characteristics that can
be used to analyze the quality and properties of the various fluids (oil, petroleum
products, juices etc.);

designed fiber optic device analyzer color of the surface of solid materials
allows for control of the surface of solids.

Reliability of obtained results based on the fact that the conduct and
results of full-scale study of the properties of fiber materials used for the study of
physical and mechanical properties of materials, based on which developed
methods and devices for the analysis, monitoring, control, diagnosis of the state of
various systems and devices used for protection and enhance their operational
stability, quality and reliability. The developed devices and methods are protected
by patents.

Science and practical value of results of the research. The theoretical
significance of the research findings is that the identified prospects and
opportunities to create new types of measuring devices and systems based on
optical fibers and technologies. The results can be used for control and monitoring
of various objects in real time, create distributed systems and multiplexed fiber-
optic sensors of physical quantities.

The practical value of the work lies in the possibility of improving the
monitoring and diagnostics of fiber-optic communication lines, improve the quality
of information transfer, increase the reliability of the bandwidth to the fundamental
limits defined by the parameters of fiber optic converters based semiconductor
optocoupler open channel with frustrated total internal reflection, the creation of
optoelectronic converters for the implementation of the automated measuring
systems monitoring physico-chemical properties of substances and the expansion
of the functions of fiber optic sensors in the multi-channel control systems settings,
create measuring devices based on fiber-optic LEDs, implementation, and research
on the reliability of fiber-optic communication lines in a network of national an
operator reaching a certain efficiency and obtain higher measurement accuracy as
compared with international results of measurements of optical fiber.

Realization of the research results. Designed optoelectronic automated
device monitoring and diagnostics FOC is being the practical interest for the needs
of communication. These research results and practical development in the
framework of the thesis "Methods of monitoring and diagnostics of mechanical
properties of the structure based on fiber-optic communication systems" («MeTons!
KOHTPONS W HMAarHOCTHKH MEXaHMYECKMX CBOHCTB KOHCTPYKUMH Ha OCHOBE
BOJIOKOHHO-ONTHYECKHX cHcTeM cBa3n») successfully implemented in the main
fiber-optic communication lines of "Uzbektelecom" (Certificate NeO2 / 2432 from
06/18/15 year Ministry for Development of Information Technologies and
Communications of the Republic of Uzbekistan), Developed “OCII - 7M” - seven-
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channel optoelectronic automatic system to detect deformations in elements of
mechanical design, registration initiation and propagation of fatigue cracks is given
to the MES to create a monitoring system of hydraulic structures, dams and control
the mechanical strength of large structures.

Methods for determining the location of mechanical damage to the trunk and local
fiber-optic communication lines (especially in remote mountainous and sandy
areas at a distance of 0.9-1.2 meters from the location of the damage, the recovery
of damage is reduced by a factor of 2-3 times) on the basis of fiber optical
equipmentswith an annual economic efficiency 70 mln. sum.

Approbation of the work. The results of studies approved by 20 scientific
conferences, including 10 International Symposiums, Congresses and Seminars, in
particular, to the Republican Scientific and Technical Conference "Optical,
acoustic and radio-wave methods, controls environment, substances, materials and
products” (18-19 May 2006 Fergana, Uzbekistan), the International scientific and
Technical Conference "GEO-Siberia". (Novosibirsk, 2008, 2009, 2010, 2011,
2012, 2013), The International Scientific and Technical Conference "Applied
Optics - 2008" (St. Petersburg, 2008.), The International Scientific and Technical
Conference "Geodesy, Cartography and Cadaster - XXI Century ", dedicated to the
230-th anniversary of the Moscow State University of Geodesy and Cartography
(May 25-27, 2009. Moscow), LVII student's scientific and technical conference
dedicated to the 100th anniversary of K.L. Prokhorov (13-17 April 2009,
Novosibirsk. Russian Federation), "The problems of Information Technologies and
Telecommunication.” Republican Scientific and Technical Conference (21-22
April 2011, 2012 March 15-16, March 14-15, Tashkent 2013) , II- international
Conference on Optical and photoelectric phenomena in semiconductor micro- and
nanostructures (September 8-9, 2011. Fergana), at international conferences "The
Second Russian-Indian Joint Workshop on Computational Intelligence and Modern
Heuristics in Automation and Robotics” (September 10-13, 2011 Novosibirsk,
Russia) and «Seventh world conference on intelligent systems for industrial
automation» (Tashkent, Uzbekistan November 25-27, 2012.), the exhibition
Interexpo GEO-Siberia 2013, IX Intern. scientific. Congreve., April 15-26. 2013,
Novosibirsk; Intern. scientific. Conf. "SibOptika 2013" (Novosibirsk: SSGA,
2013).

)Publication of results. It is published 43 proceedings, including 18
scientific papers in the international journals and 4 patents on a dissertation
subject.

Structure and volume of dissertation. The thesis consists of an
introduction, five chapters, conclusion, bibliography, 2 applications and contains
195 text pages, includes 44 figures and 12 tables.
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MAIN CONTENTS OF DISSERTATION

In introduction the introduction proves actuality and a demand of the thesis.
It also formulates purposes and tasks as well. Objects and subjects of the research
are revealed. The Compliance of researches to the priority directions of
development of science and technologies in the Uzbekistan Republic is defined.
The scientific novelty and practical results of researches stated in it as well.
Reliability of the received results is proved, the theoretical and practical
importance of the received results are revealed, the list of introductions in the
practice of research results, data on the published works and structure of the thesis
is provided

In the first chapter «The analysis of characteristics and parametres of
fiber-optical measuring systems» is devoted to the review of a current state of
fiber-optical measuring operation systems , specific features and the main
characteristics of fiber-optical measuring systems as well as the comparative
analysis of fiber-optical measuring systems in the diagnostics of mechanical
properties of mechanical features of constractions structure, development
tendency of optoelectronic converters on the basis of fiber-optical sensors and of
problems organization of dissertation work.

This chapter presents classifications of optical cables. The optical cables
(OC) unlike electric cables are enough classified on two main groups, linear OC
which can be classified on three groups and inside object OC that under the terms
of application can be classified on two groups.

The thesis provides the main characteristics of fiber-optical measuring
systems as attenuation and dispersion — two main parameters of optical fiber, the
aspiration for defined optimization, generally process of fiber-optical technology.
Generally, there are three factors, which defines optical losses in quartz optical
fiber. Three mechanisms of dispersion are the reasons, which reduce pass band in
OV.

Feature diagnostics of solid structure and liquid medium is carried out. One
of the main demand to OC used in communication systems is resistance to
influence of mechanical loadings and unconditional requirements. The main
representative of this group influencing factors is the stretching loading
requirements for firmness to which are imposed to all cables.
Based on the analysis of the state and trends of the open channel opt coupler-based
on semiconductor sources and detectors of optical radiation (PRI), formulated the
main objectives of research.

The traditional and most simple way to solve this problem, both abroad and
in Uzbekistan, is to set indicators of destruction carried out on the basis of various
kinds of foil or wire. Such indicators rigidly fixed with the help of various
adhesives on the surface of the controlled unit or node in areas with high voltages
and they are oriented perpendicular to the direction of crack spreading possible.
Break on the electrical circuit when the indicator is on identifies the appearance of
cracks.
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We consider the development trend of optoelectronic converters based on
ﬁbe}‘ optic sensors: optical fiber sensors based on amplitude modulation of primary
devices, optoelectronic transducers based on phase modulation, optoelectronic
converters primary liquid medium and mechanical quantities of solid materials.

In the second chapter «Principles and realization methods of
optoelectronic converters» the basic principles of fiber-optical measuring systems
are described. Fiber optic sensors based on the principle of coding of the measured
data can be divided into five major groups: polarization, phase, tunnel, and with a
spectral amplitude coding.

Further developments of transducers measuring optical fiber line with
amplitude modulation are given. On one hand, it is determined that sensors based
on an amplitude modulation, have relatively high sensitivity, heat stability. On the
other hand, they are quite simple but they have the frequency limitations require
precise alignment of elements and their operation is associated with the additional
losses of the radiation, which significantly limits the possibility of their alignment
with the fiber-optic lines information collection and transmission.

Further, the development of primary converters of fiber optic measuring
lines with phase modulation is implemented. Thus, despite a number of serious
technical complications included in the design of a simple first sensor of acoustic
waves with phase modulation, there were big problems in implementation during
the practice of magnitude apprehensibility

The creation of optoelectronic transducers of mechanical quantities on the
basis of fiber-optic tract is revealed. As a result, this experiment showed that the
change in diameter of the lens on the ends of the polymer fiber has no significant
impact on the capacity of optical fiber for all three-fiber types studied.

The calculation of the transmission coefficient (a) must be carried out taking
into account these assumptions on the flat and volumetric models patterns using
computer technology.

This chapter also presents the results of studies of fiber optic tract to create a
fiber optic control system.Objects of study became polymer optical fibers of
circular cross section in a protective shell, the core diameter of which dc, and the
diameter of the reflective membrane do, and do> dc. Attenuation in the OB silicon-
based close to the theoretical minimum at wavelengths of 0.85; 1.3; and 1.55
micron (below 1 dB / km); bandwidth reached several gigahertz.

To improve the characteristics of OM the research showed their sensitivity
to changes in the external physical quantities, which was considered harmful and
strongly suppressed, when it is used for communication OB, but it was used as a
useful feature for creating fiber-optic sensors, information about the process
parameters.

This chapter also describes studies of three types of polymer fibers:

1. Optical fiber of circular cross section in a protective shell, the core
diameter dc = 0.4 mm, the diameter of the reflecting shell DO = 0.6 mm;

2. Optical fiber of circular cross section without a containment core diameter
dc = 0.4 mm, the diameter of the reflecting shell DO = 0.5 mm;
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3. Optical fiber of circular cross section without a containment core diameter
dc = 0.2 mm, the diameter of the reflecting shell DO = 0.4 mm.

The length of all the investigated fibers equal to 1m. Compound was
investigated "emitter - Connector - fiber - Connector - Cable - Connector - optical
radiation receiver (ORR)."

Because of this experiment showed that, the change in diameter of the lens
on the ends of the polymer fibers do not have a significant impact on the capacity
of optical fiber for all three-fiber types. In addition, the work assessed the losses in
the fiber, which depends on its length.

In these measurements LED, infrared light with a polar pattern was used.
For the calculation of this device receives the following assumptions:

1)  absorption loss and scattering of light available; 2) radiation spreads
meridian (¢ = 0); 3) the polar pattern traverses the optical fiber; 4) controlled
medium is infinitely large.

- / e /45;2@

Fig.1. The experimental setup for the characterization "emitter -
Connector - fiber - Connector - Cable - Connector - OOR"

Current is applied on the light emitting diode (LED) from the power supply
unit (PSU) through a variable resistor R. As LED emitting diode AL-107B power
of up to 10 mV and a wavelength of 0.85 - 1.2 mm is used.

LED radiation through the connector is supplied to the test fiber, and further
through the connector of the optical cable. Luminous flux falls on a photosensitive
surface PRI from the optical cable connector. As the PRI photodiode FD-11K
used. The signal from the PRI recorded by an optical tester (OT).

The basic principles of fiber-optical measuring systems, which are based on
fiber-optic sensors are viewed.

Fiber-optic sensors based on the principle of coding measured information
such as phase, amplitude, tunnel are presented and described.

The advantages and disadvantages of fiber optic sensors and their
application are shown.

The thesis presents and justifies the choice of priority criteria and
requirements of fiber-optical measuring systems.

The conducted research possibility of using fiber optic strain indicators,
cracks and damage on five areas have established optimal criteria, that enable
monitoring and diagnosis of complex structure with the use of optical fiber.
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Created optoelectronic transducers of mechanical quantities clearly
demonstrated the advantages of their usage in fiber optic tract.

In the third chapter «Development of measuring systems based on
optoelectronic transducers and research results transducers optoelectronic
measuring system» a theoretical calculation of the optical fiber converters based
on semiconductor opt coupler open channel with frustrated total internal reflection
is carried out.

Optoelectronic control measuring system (OCMS) for monitoring of physic-
chemical parameters of substances and materials on the basis of opt coupler with
open optical channel (OOC) consist of a radiation source (RS), planar dielectric
waveguides and (ROR). The instrumentation management system for controlling
physicochemical parameters of substances and materials on the basis of an optron
with the open optical channel (OOC) consist of the radiation source (RS), the flat
dielectric light guide and (ROR). In the basis of OCMS work the principle of
various optical transmission at contact of its external surface with a controlled
structure is the fundamental part. At approach of the index of refraction of
controlled liquid to the index of refraction of the light guide the output signal
decreases as it conducts to disappearance of limit of the section of light arriving as
a result of distribution of radiation on the light guide on. There also theoretical
justification of possibility of work OCMS on the basis of an optron with flat OOK
is given. The question of a optical transmission of squared light guides with any
form of the directional pattern (DP) is investigated. At the accounting of all types
of energy losses in the light guide on the way from a radiation source to the
receiver the coefficient of transfer of the light guide is defined as the relation of the
last stream of radiation energy F to falling Fo, i.c.

/=5 M

Distribution of the energy stream of radiation source at an angle @and U,
(fig. 2) can be described as
the following formula F = Fy(¢,,U,)

Fig. 2. Distribution of light in a plane-parallel light-guide plate
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Fig. 3. The scheme of passing of a beam through the rectangular light

guide
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Fig. 4. A projection of the beam passing through the rectangular light
guide to the coordinate YOZ plane

For a small part of an energy stream d*F . extending in an element of a
space angle,dw —sinu,dudy , the following expression can be recieved:
d*F = Isinu,sinug, @
where I(p,u,) is radiation force.
Optical transmission of the light guide is defined by the relation of last
stream of energy F to falling, i.e.

T= I: I: I(1-R,) e - R"sin@,sin ¢,d®,d¢,/I: _‘Z'Isin 0, sin ,d®dg,

3)

The received formula (3) allows to calculate the optical transmission of light
guides of any form at the sizes of cross section much surpassing the wavelengtl'm of
the used light. For calculation t it is necessary to set concrete type of the light
guide, i.c. to consider application of a formula to light guides in the shape as

rectangular, cylindrical, etc.
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After final integration of the optical transmission of rectangular light guides
can be expressed approximately as:

z=(-R,)’

With a length of thé light guide L aspiring to zero, size on exp(—eL) aspires
to unit, and 7, and r, also aspire to unit, and r =(1-R,). At d striving for infinity

7 aspires to zero as losses on reflection from the directing p!anes increas;. -
For a plane-parallel plate we will accept d = <. In this case we will receive:

T=(1-R,)*e“d/InR(LB)- (p*#"*") )

From comparison (3) and (4) it is visible that the optical transmission 9f a
plane-parallel layer is bigger than optical transmission of the rectangular light
guide. . .

Further in this chapter the methods of a choice pf receivers of gptlcal
radiation are given. Presented all the let-out laser ra(ihators' of a contm.uous
operating mode contain the built-in photodetector for inclusion in a chain of
stabilization of the input power level, their parameters. Compaﬁatwe c'haraclen§hcs
of light-emitting devices and the range of reaction at the receiver exit delel.'m.med
by a frequency range of a signal on an entrance and the frequens:y.charactenst_lc of
the receiver of radiation are provided. There also main characteristics of laser light-
emitting diodes of a series ILPN-30x are provided in the chapter. ) ]

For creation of the optoelectronic converter and a method pf 'calculauon o
the operational amplifier (OA) it is necessary to consxde'r that it is accepted to
understand as the operational amplifier the amplifier of a direct qurrent (most oﬁen
a chip) allowing to build knots of the equipment, Yvhlch funcnons.and t.echn.lCE.ll
characteristics depend only on properties of a chain of fecdback.m which 3t is
included. There also standard scheme of turning on of the operaglonal.amphﬁer
with use of OA is described. The value of output resistance of a chip which output
chain switched consistently on the resistor is received. ) ;

There also development of optoelectronic  systems of detecting o
predestruction and a choice of an element indication is given. The stanfiarfi schem?
of connection to the microcontroller as the peripheral device of the liquid crysta
character indicator and connection of the microprocessor and LCD modgle which
is used as a peripheral device is shown. .

The standard scheme of connection to the microcontroller as the. peripheral
of the liquid crystal znakosinteziruyushchy indicator. and connection of the
microprocessor and LCD module which is used as the Penpheral xs'shown. )

In the fourth chapter «Creation of fiber—ophc.al meas!mng monitoring
systems and diagnostics of properties mechanical fiemgns». open type
optocouplers with use of optical fiber as the tr'ansferrmg enwronmell;t are
developed. Methods of the choice of radiation receivers are presented. There is
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also described the functional diagram of the "CAP-2M" for the diagnosis of
mechanical properties of mechanical features of constraction.

Fig.5. Functional diagram of the "CAP-2M"

In fig. 5 LD - Laser diode sensors DT8- cracks, PRI - receiver optical
radiation com- switch, UV photocurrent amplifier, the ion source of the reference
voltage, the comparator K, hyper pulse generator device Riemann distribution
pulse triggers TSD- state sensors, PU control panel, D (Tr) - LED display numbers
decayed sensor, D (Nd) - LED display "Channel Numbem», CuAO- device alarm
and automatic shut-off, C- matching device .

The appearance of cracks in the study design is accompanied by the
inclusion of the LED corresponding to the actuated sensor, sounding alarms and
relay operation control external devices.

There is developed a seven-channel optoelectronic systems for detection and
registration of fatigue cracks "CAP - 7M" elements of mechanical structures,
which consists of a laser diode (LD), the signaling unit, display and control (CSC),
as well as a set of sensors. The ends of the fiber sensors are going from one side to
the beam end is illuminated by a laser (LD) or light-emitting diode (LED). The
other ends of the sensors are connected to the individual photodetectors (block
CSC). Sensors themselves with glue rigidly secured to any portion of the structure.
If the test surface crack begins to develop, it is the destruction of the sensor and,
therefore, a sharp decrease in the intensity of the light flux passing to a
photodetector.

Electronic device processes the signals from the photodetectors, and
implements sound alarm about the moment of destruction, damage a transmitter
display rooms, as well as operational shutdown of the external device. It is also
possible visual detection of the fracture on the glowing dot on the test surface.
Fundamental in the development is to improve the reliability of measuring changes
in the optical signal in optical fibers, which are the sensor element of any physical
quantities (eg, strain, force, acceleration, density of solutions, etc.).

This problem is solved in that the locating device comprises prefracture
structures of three or more V-shaped optical fiber (sensor), which are spaced-3
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mm from each other in the areas of possible occurrence of cracks, three laser
dloc'le.s, three measuring optical receiver , photoelectric signal processing unit, in
a.dd.lt'lon to a seven optical channels are introduced sensors trimming seven and one
limiting resistor, emitters of the seven block, a block of seven receivers, a

microcontroller, a.transceiver and an information processing unit with specially
designed software.
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Fig.6. Blok diagram of an apparatus for determining the place of
discovery, registration initiation and propagation of fatigue cracks elements of
mechanical structures

In fig.6: 1 - the fragment of the mechanical construction of the test, 2 -
bolted or riveted joints to the stiffener panels, 3- crack 4 (0K -6k) - polymer
waveguides (Sensors), the power source 5, a microcontroller 6, a switch 7, 8 power
amplifier 9-16 descenders resistors 17-23 - laser diodes (LDs), 24-30 - measuring
optical detectors (PRI), 31-amp, 32-bit transceiver RS§232, 33- analog-to-digital
converter (ADC), 34 computer, 35 data files 36 digital data processing,
mathematical processing of the results of 37, 38-statistics experiments.
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Fig.7. A timing diagram of the device sensors

In figure 7. there are presented timing diagrams of the device in the survey
optical channels. Here enable signals emitting diodes that produces controller
designated as U0-U6. The output of the amplifier-inverter receiving diode
photocurrent is denoted as Ua dc, as it is input to an analog-digital converter of the
controller. The diagram shows Ua dc waveform for the case when the fibers are
damaged two first channels formed beneath the crack. The problems of application
of fiber-optic cable as a measuring system. Shows the calculation of the length of
FOC using the formula Bouguer-Lambert. A device for diagnosing defects FOL
arising due to external factors.

Fig.8. Flowchart of measuring system
In Fig. 8: 1- clock —signal generator, 2-triggers, 3- power amplifiers, 4,5-
tranceiver communication devices, 6,8- couplers , 7- cable, 9- module block of
processing of a photo-electric signal (BPPES), 10-measuring device or calculator,
P-deformation
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As the operation of some parts of the FOL (fiber-optic communication lines)
may hz'we already exhausted their guaranteed resource calendar, and some may be
in the intensive phase of aging. This phenomenon, of course, affects the reliability
°f_Stl'.u.ctures whose integrity is paramount and therefore directly affects the
reliability of operation. . We have developed a device for diagnosing defects FOL
arising due to external factors, shown in fig.8.

Thus, it is possible to conclude that the constructed device is applicable not
only for the solution of problems of measurement deformation of fiber-optic, but
can be used and for other purposes, for example for detection of defects in various
des1gns. as by means of fiber light guides it is possible to control deformations and
a state in various points of designs. So, small-sized, cheap and sensitive elements
for the sensors possessing small energy consumption, high sensitivity and
cgnforming to modern technical requirements can be effective to be applied to
different control of mechanical violations and damages.

~ The construction of a model sample of the automated control unit and
dlagpostics of mechanical violations and damages of various designs with
application of a fiber-optical cable is given in this part. Results of registration of
cracks on the basis of use of the fiber-optical reflect meters are given.

Thus, regarding to new development in physics of a solid body to both fiber
optics and essential depreciation of optical fiber and semiconductor devices broad
use of sensors on the basis of optical fiber became possible.

Researches on detection of mechanical damages of various designs (dams,
bridges, civil constructions) with use of optical fiber are conducted. As a result of
monitoring of mechanical designs the application technique of the interferometric
measurements is fulfilled.

Fig.9. The developed model of hydroelectric power station for carrying
out measurements is presented
In Fig.9: 1 object of hydroelectric power station (including dams), 2- cracks,
high fatigue strength. 3. fiber-optical cable. 4.tester "FDD 1203A OPTICAL
TESTER"
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The results of researches of the first three directions creation of technology
of installation on a controlled surface of sensors from quartz and polymeric light
guides, including flat ones.

In the process of researches the whole complex of technical and
technological problems was solved and the operating model of the instrument
equipment is developed.

Fig. 10. The scheme of use of the laser diode with the built-in control
photo detector
In Fig.10: 1-Current amplifier, 2- Laser diod.3- Monitor photo receiver, 4-
Measuring photo receiver, 5- Current transducer, 6- Switch ,7 — ADC (Analog to
digital converter), 8- Controller device, 9- Indicator, 10-Hub, 11- Cracks.

Simultancously with the search of decisions on indicators researches were
conducted on the principles of creation of the equipment of control. Two ways of
control of a condition of indicators were developed. The first is based on
measurement of power of the optical radiation passing through the indicator.
Destruction identification, in this case, is made on sharp decrease in value of
power. The second way is based on sounding of the light guide by a short impulse,
measurement of time of its distribution in the direct and opposite direction and
fixation of the fact of reduction of this time.

Results of experiments on measurement of a destroying dams by means of
an optical tester with use with a wavelength of radiation of 8,5 nanometers are
received. For experimental measurements the interferometric technique was used.

From the point of view of controlled parameters pilot studies were directed
on studying of the following parameters:

-deformations (stretching, compression);

-movements;

-cracks formation;

-pre destructions.

The automated measuring monitoring system and diagnostics of single
frequency properties of designs of optoelectronic converters is developed.

In the fifth chapter of «Creation of automated measuring systems based
on opto-clectronic transducers» shows the results of the development of
automated measuring systems based optoelectronic converters.
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" It is shown th:at applica}ion of a fiber-optical cable as measuring system in
the devg]op.ed c}evnce of diagnostics and control of defects of fiber-optic
communication line can be used not only for detection of deformations in fiber-

Optgc comn.lunication line, but also for other purposes (detection of defects in
various designs).

|
Fig. 11. Optoelectronic automatic colorimeter: a — the flowchart; b —
construction of a sensor

The results of development of the automated measuring systems on the basis
of optoelectronic converters are given in chapter 5.

The new design of the optoelectronic automatic colorimeter for the analysis
9f liquids is described in this chapter. In fig. 11.a the flowchart of the device, and
in fig. 11.b— constructive design of a sensor are shown.

The developed device works as follows. After filling of a cylindrical cavity
ditches it is irradiated with the 15th liquid 7 with a radiation of several light-
emitting diodes with the wavelength of 920-450 nanometers. The device can be
installed on the line of technological process, i.e. it is possible to control the liquids
proceeding through a pipe (see fig. 11.b). The clock signal generator 1 develops
rectangular impulses with a frequency of 8-10 Hz. Impulses via the switchboard
the switch of optrons 2 move serially on light-emitting diodes 3-6. Radiation of the
diode 3 is focused and reflected in the first position of the switchboard of the
switch 2 from a core 8 and gets on a measuging photo detector 9.
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Further in this chapter the optoelectronic automatic analyzer for
measurement of color parameters of the surface of solid materials, for
example, metals, plastic, glass, paper, etc., in those areas of the industry
where color is one of the main indicators of quality of production is described.

Narrow beam radiation, which allows control of parameters is beeped
and received due to the flow of the light through the leading 2-4 and offtake
5-7 fiber optic.

The device of the analyzer of the surface color of solid materials in fig.
15, and in fig. 12 - one of options of sensor performance. The analyzer of
color consists of the sensor and the electronic block. The sensor is executed in
the form of a hemisphere, 1 in which three couples of Y figurative bringing 2-
4 and taking away 5-7 optical fibers are established.

Physical meaning consists of the following: color parameters are
detected as an objective features of the subject developing in spectral
composition outcoming from them (transmitted and attracted ) radiation and
perceived as visual sensation.

The device has high definition control due to three dimensional
measuring with wavelength A; = 680 nm, A2 = 560nm, A; = 450 nm, when
multicolor photo resistors are used as the standard of optical radiation
receivers.

Fiber electron multiparameter colorimeter contains located in corpus
reference gencrator, n diods, measuring photorecievers, connected with diodes
optically, processing block of photoelectric signal, output of which is linked with
recorder, ditch with attached cone and cock for overshoot and passing-through of
liquid in cavity of ditch, commutator for switching radiation to one of
optoelectronic couples, besides ditch is made of quartz glass in the shape of
cylinder, consisting of two indentical hollow semicylinders, attached to the mirror
with two reflected surfaces, Laser diodes are used and assembled beforehand
according to their certain spectral characteristics of n- components (parameters),
contained in semitransparent liquids, moreover, supporting optoelectronic couple
is provided; the laser diode photo receiver for authentication of measuring results.

The device operates as follows. When the master oscillator 1 generates
rectangular pulses of 8-10 Hz. Separated pulses via a commutator - switch 2
optocoples - served alternately on laser LEDs 4, 5, 6, 7, (n-1) of, n from having
certain spectral characteristics corresponding to the spectral characteristics of n
components (parameters) contained in the translucent liquid. In this case, .the
optocoupler can be connected in series. The laser diode 3 and the measuring
reference photo detector 10 form an optocoupler which is provided in order‘ to
compare the measurement signals with a reference signal channel, and provide
reliable measurement results. )

Block diagram of fiber electron multiparameter colorimeter is shown in

Fig.13.
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Fig.13. A block diagram of an optoelectronic multi parameter
colorimeter

The methods and apparatus for quantitative and qualitative analysis of
various substances (oil, glycerin, juices and others are considered . Optoelectronic
automatic colorimeter designed for the analysis of liquids, allowing more
accurately determine the concentration of substances in solution. The measurement
accuracy is significantly enhanced by the two-fold radiation passing through the
test object and a stationary location of the cell. The advantages of optoelectronic-
photocolorimeter analyzers for continuous and discrete control of physical and
chemical parameters of substances are shown.

CONCLUSION

In the course of the research produced the following results:

1. Study characteristics of primary cells to create optoelectronic control and
measurement converters, conducting calculations transmittance rectangular
waveguides studying fiber-optical path allows selection of source (wave length
0,85-1,2 microns, AL-107 B) and radiation receivers (FD- 11, FD-252),

2. On the basis of calculations of the electronic circuits of optoelectronic
transducers to detect places prefracture and conducted a theoretical calculation of
the operational amplifier for optoelectronic converters KR551UD2A selects
processing units PIC16F84 and corresponding display elements.

3. On the basis of the choice of parameters of the experimental research of
polymer fibers three types (fiber of circular cross section with a protective sheath
and a core diameter d. = 0.4 mm. The diameter of the reflective membrane is Do =
0.6 mm; the fiber of circular cross section without the protective shell and the core
diameter d. = 0.4 mm. The diameter of the reflecting shell is Do = 0.5 mm circular
cross section fiber without protective cover, and with the core diameter d. = 0.2
mm. The diameter of the reflecting shell is Do = 0.4 mm). Justify that the results
change in the diameter of the lens at the ends of the polymer fibers do not have a
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significant impact on the capacity of the optical fiber, it is almost the same for all
three types of fiber.

4. ‘On the basis of fiber-optical devices developed methods for determining
the location of the main mechanical damage and local fiber-optic communication
h'nes, c’:specially in remote mountain areas and sandy, up 0.9-1.2 meters from the
site of injury, damage and cooldown reduced to 2-3 times.

5. Created and implemented a two-channel, on-line automated system OCII -
21\4 for‘detection, registration of birth, fatigue crack propagation elements and the
estimation of parameters of mechanical structures (dams). On the basis of the
d;vcloped - seven-channel opto-clectronic automated systems «OCII - TM»
v:sually detected deformation in the elements of mechanical design, carried out the
check initiation and propagation of fatigue cracks, a system of monitoring allows
:ilzn control of the mechanical strength of large structures and hydraulic facilities,

s.

6. A device monitoring and diagnostics of deformations that allows to detect
violations in solid-state structures, and the gap between the optical fiber and optical
cable, the order of 0.01 mm, which leads to increased sensitivity of the
measurements.

7. Method and devices optoelectronic photocolorimeter (when used to
control the wavelength of the optical signal 920,680,560,450 nm) allows to
determine the properties of liquid substances.

8. A optoelectronic transducer-analyzer, and the surface of solid color
material, which has increased control accuracy due to the three-dimensional
measurement (with wavelengths A; = 680 nm, A2 = 560nm, A3 = 450 nm).

9. A fiber - optic multi-channel high-sensitivity ~optoelectronic
photocolorimeter determining the physico-chemical properties of liquid media.
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