MunucTtepcTBo oOpa3oBaHust U Hayku Poccuiickoit deaeparuu

TOMCKMI TOCYJIAPCTBEHHbBIM YHUBEPCUTET CUCTEM
YIIPABJIEHMA 1 PAIIMOSJIEKTPOHHUKIA

(TYCYP)

Kadenpa CBepXBbICOKOYACTOTHON M KBAHTOBOM PAIMOTEXHUKU
(CBUuKP)

MGTpOHOFI/IH B OIITUYCCKUX TCIICKOMMYHUKAIIMOHHBIX CUCTCMAX

N3MEPEHUME 3ATYXAHUSA OITHUYECKHUX BOJIOKOH
OIITUYECKUM TECTEPOM

PYKOBOJICTBO
K JJabopaTopHO# paboTe i CTyAeHTOB crernuaibHoctu 210401
«Du3HKa ¥ TEXHUKA ONTUYECKOU CBSI3U»

2011



MunucTtepcTBo oOpa3oBaHust U Hayku Poccuiickoit deaeparuu

TOMCKUM TOCYJIAPCTBEHHBII YHUBEPCUTET CUCTEM
YIIPABJIEHUA U PAIMOIJIEKTPOHHUKHU

(TYCYP)
Kadenpa CBepXBbICOKOYACTOTHON U KBAHTOBOM PAIMOTEXHUKH
(CBUYuKP)
YTBEPXJIAO

3ag. kap. CBUuKP

[[Tapanrosuu C.H.
13 ” 20 il

MCTpOJ'IOI‘I/I}I B OIITHYCCKHX TCICKOMMYHHUKAINMOHHBIX CUCTEMAX

N3MEPEHUME 3ATYXAHUSA OIITUYECKHUX BOJIOKOH
OIITUYECKUM TECTEPOM

PYKOBOIACTBO
K 1abopaTopHOM paboTe mJist CTyIeHTOB criennanbHocTy 210401
«Du3uKa U TEXHUKA ONITHUYSCKOU CBSI3HU»

PazpaboTunku:

noreHT kapeapst CBUuKP
['.I'. Kym

npod. kadheaps: CBUuKP
A.E. Maupgennb

2011



COJIEPYKAHUE

j I 521531 (=) ¢ 0 (< 4

2. Metonpl uzmepenus 3atyxanuss BOJIC ........................ 4
3. Ontuueckuii Tecrep OMK3-76.........coviiiiiiiiii s 5

4. YkazaHUs MO HKCIUTYATAIIH IPHOOPA. ... .vuveranienveennnnn 14
5. [TopsAIOK BBITTOTHEHUS PAOOTBI ... .vnvveeue vt eeeenienenaennens 16
(ST O10) (57012213 1 (SR 01 i (S5 - H PR 17
/. KOHTPOJIBHBIE BOIIPOCHI .. e euevnnansneannnenvneeenenes erenes 18

Cnucok mTepaTypsl



Heab padoThl: M3yueHue npuHIMa ACHCTBUA U YCTPOMCTBA ONTUYECKOTO
TEeCTepa, U3YYEHHE METOJIOB H3MEPEHHs C IOMOUIBIO ONTHUYECKOTO TecTepa
[1apaMeTPOB BOJOKOHHO-ONTUYECKOW JIMHUH TEPEIavu.

1. BBenenue

OnTuueckuil TecTep — NPUOOP B KOTOPOM HCIIONB3YIOTCSI COTIACOBAaHHBIE
Iapbl. MCTOYHUK H3JIYYEHUs — U3MEPUTENb ONTHYECKOW MOIIMHOCTH. Tectep
IIO3BOJIIET U3MEPUTHh YPOBEHb ONTUYECKOI'O CHUTHAJA B PA3NIMYHBIX Y4YaCTKax
JMHENHOT0 TPaKTa M ONpPENENUTh 3aTyXaHue Kak JuHelHoro ywdactka BOJIC,
TaK M 3aTyXaHWe, BHOCHUMOE pas3JnyHblMM diemeHTamu Tpakta BOJIC.
OnThueckuil TecTep NMpeIHa3HayeH NIl HACTPOMKH, 0OCIyKUBAaHUSA U PEMOHTA
BOJIOKOHHO-onTHueckux Junuii csizu (BOJIC).

2.MeTtoabl u3mepenns 3atryxanusa BOJIC

[To wmepe pacmpocTpaHeHHsT CBETa B ONTUYECKOM CBETOBOJIE €TO
WHTEHCUBHOCTh OCJIa0€BaeT, YTO HOCUT Ha3BaHUE 3aTyXaHUS ONTHYECKOTO
BOJIOKHA.

[TomHOE 3aTyXaHWE ONMTHYECKOTO CHWTHAja B CBETOBOJAX OMPEIEISETCS
kod(dpurmeHToM 3aTyxaHus O, KOTOPHIN B 00IIEM BU/IC PaBEH:

O =0, +0, 0, +0,

rae O, — cocTapistonas KodpGUIMEHTa 3aTyXaHus, KOTOpasi XapaKTepu3yeT
ocna0jeHUe W3IIydeHHs 3a CUY€T COOCTBEHHOTO IOTJIONICHUSI Marepuana
CepIIICBHHBI. JTa COCTABIAIONIAS B 3HAYUTEIBHOM CTEMCHU 3aBUCUT OT
CHEKTPAIBHOTO COCTaBa MePeaBaeMOro U3TyYCHHUS;

O, - cocrapidomas KodpduuueHTa 3aTyxaHWs, XapaKTepU3YIOIIas
oclla0JeHre  H3Iy4eHuss 3a CUE€T pacCeMBaHHUA CBETOBOM  DHEPIUM.
CocraBnstonas O, ONpeNeNseTcs, B OCHOBHOM, DIJICEBCKHM pacCEesHHEM,
00yCIOBJICHHBIM MaJIbIMKM IO CPAaBHEHHIO C JIIMHON BOJIHBI (iykTyanusmu (B
TOM YHCJIE M TEIJIOBBIMHU) MOKA3aTeIs PEIIOMIICHHUSI ONTHYECKOTO BOJIOKHA;

Oyp - COCTABIIAIOIIAS KOY(QHUIUEHTA 3aTyXaHus, CBA3aHHAs C HAINYHEM
B ONTHYECKOM BOJIOKHE IOCTOPOHHHMX MpPHUMECEH, TNPUBOIANIMX K
JIOTIOJTHUTEIILHOMY TMOTJIONICHUIO ONTHYECKOW MOIIHOCTH. TakuMU MPUMECSIMU
SIBISIFOTCSL HOHBI MetaioB (F€2, Cu, Cr®) u rumpookcumabie rpymmst (OH),
NPUBOJSIINE K PE30HAHCHOMY BCIUICCKY 3aTyXaHHUs Ha ONPEICIICHHBIX JTMHAX
BOJIH;

O, - cocraBistomas Kod(p(GUIMEHTa 3aTyXaHus, XapaKTepU3YyHoIas
JIONIOJIHATENIbHBIC ~ TOTEPH  ONTHYECKOM MOIIMHOCTH 32 CYET CKPYTKH,
nepopManyy 1 U3ru00B OMTUYECKOTO BOJIOKHA MPH M3TOTOBJICHUHU ONTHYECKOTO
Kabesi( 3TH MOTepU HA3BIBAIOT KAOCITHHBIMU)



[TonHoe (CymMmapHOE) 3aTyXaHHE H3JIy4eHHS B BOJOKOHHOM CBETOBOJIC
XapaKTEpU3yeTCsl BhIPAXKEHUEM

A= 10'9[(Po|s/1_ p2 )/PL], nb (2.1)

rne Py - MOITHOCTP Ha BXO/E CBETOBO/IA;

P_ - MomuocTs Ha BBIXOJE]
P - xo3hduuueHT OTpaXKeHUs OT BXOIHOIO TOPLIA,
ls - 3ppexTBHOCTD BBO/IA M3IIYICHUS B CBETOBOI.

[Tpu cormacoBaHHOM BBOJIE, K Y€MY CTPEMSTCSI Ha MPAKTUKE, TPUXOAUM K
TPaJUIIMOHHON (opMmyIIe !

— PO
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Jiss  W3MepeHHH 3aTyXaHusi C T[OMOMIBI) ONTHYECKUX TECTEPOB
pa3paboTaHbl U MPUMEHSIOTCS Ha npaktuke cornmacHo (TOCT 26814-86) nBa
OCHOBHBIX METOJIa - METOJbI paspymaromiero (00pbiBa) U HEpa3pyIIAIONIIETo
(BHOCHMBIX TIOTEPH) H3MEPEHHUS.

Metox oOpbIBa OCHOBaH Ha CPaBHEHUM 3HAYEHHUSI MOIIHOCTU ONTHYECKOTO
U3JTy4€HHUs, U3BMEPEHHOW Ha BBIXOJIE JUIMHHOTO OTpe3Ka BOJOKHA, CO 3HAUCHHEM
MOIITHOCTH, HM3MEPEHHOW Ha BBIXOJE KOPOTKOTO yd4acTKa BOJIOKHA,
00pa30BaHHOTO 3a CUET OTCEUCHHs YacTH JUIMHBI BOJIOKHA ( OKOJO 2 M) CO
CTOPOHBI HMCTOYHMKA u3ny4deHus. [lpy STOM HEOOXOAWMBIM  YCIOBHEM
U3MEPEHUs SIBISETCS IMOCTOSHCTBO MOIIHOCTH M HEU3MEHHOCTb MOJIOBOTO
COCTaBa BBOJMMOIO B BOJIOKHO OINTHYECKOTO H3IY4YeHHs, C TEeM, UYTOObI
n30eKaTh BBOJA MOIIHOCTH B MEPEXOIHBIE MOJBI BBICIIEr0o mopsaka. [lis
oOecrieueHrsI TaKUX YCJIOBUH BBOJAA HCIONB3YIOTCS MO0 (mibTpsl Mon (3-5
BUTKOB BOJIOKHA, HAMOTAHHOTO C HEOOJBIIUM HATSHKCHHEM Ha CTEPKCHb
arnamerpoMm 15 — 40MMm), 1100 cHCTEMBI T€OMETPHUYECKOW ONTUKUA. Bo BTropom
clly4ae TeOMeTpHuYecKasl onThka (OpPMHUPYET CBETOBOM IMOTOK, 3aMOJIHSIOMINN
70% nuameTpa CepALICBUHBI U CTOJIBKO K€ YMCJIOBOM amepTypbl HU3MEpsSEeMOro
BOJIOKHA.

JIpyruM BaXKHBIM YCJIOBHEM H3MEPEHUI JaHHBIM METOJOM SIBISETCA
o0ecrieueHre BbIBOIa MO OOOJIOYKH, 3aKIIIOYAIOIIEroCsl B TOM, UTO HU OJIHA U3
MOJI M3IYYEHHUs, paclpocTpaHsiouiascs mo o0oyiouke, He OyAeT oOHapyXeHa
npy KOPOTKOW JuinHE BOJIOKHA. C 3TOM IENbI0 Ui BBIBOJA MOJ HCIIOJIB3YeTCs
OOBIYHO MMEPCHUOHHAS >KUJKOCTb, TOKa3aTeib MPEeIOMIEHHUS KOTOPOW paBeH
WK OOJIBIIIE MTOKA3aTeNsl MPEIOMIICHHS 000JIOUKH.



He wMeHee BaXHBIM SBISETCS YCIOBHEM H3MEpPEHHUH SBISIETCS BBIOOD
UCTOYHUKA U3JTy4eHUsI, KOTOPBINA TOJKEH OTJIMYATHCS BHICOKOI CTaOMIbHOCTHIO
KaK [0 MHTEHCUBHOCTH, TaK U 10 JJIMHE BOJIHBI U3TyYCHHUS.

Meton oOpsiBa siBisieTcss HauOoyiee TOYHBIM METOAOM H3MEPEHUs
3aTyXaHHsl C IOMOILBIO U3MEPUTENS ONTUYECKHUX MOTEPh, HO U3-3a TOTO, YTO OH
TpeOyeT pa3pbiBa BOJIOKHA, €ro HCHOJb30BaHUE TMPH TEXHUUYECKOM
oOCIyXMBaHUM U B TOJIEBBIX YycioBusx HedddexTuBHo. I[losTomy oH
IPUMEHSETCS TOJBKO MPU MPOU3BOJCTBE ONTUYECKUX BOJIOKOH.

MeToa BHOCHUMBIX MOTEPh MEHEE TOYEH, YeM MPEbIIYIIUi, OJJHAKO OH
He TpeOyeT pa3phiBa BOJIOKHA M MO3TOMY OOBIYHO HCIOJB3YETCS B MOJEBBIX
ycnoBusix. CormacHO 53TOMYy METOJy BHAdajie MPOU3BOJIUTCS H3MEPEHUE
ONTUYECKOH MOLIHOCTH Ha BBIXOJAaX HMCTOYHUKA ONTUYECKOTO H3IYy4YCHHS U
ATAJOHHOTO BOJIOKHA, a, 3aTeM H3MEpEHHE NPOBOAUTCA C N00aBICHHEM K
CUCTeME BOJIOKHA, IMOTEPU KOTOPOro HEOOXOAMMO HM3MEpHUTh. PazHula Mexmay
STUMU ABYMS pe3yjbTaTaMu U MpeAcTaBisieT coboil motepu BosokHa. [Ipu sTom
yCJIOBUS BBOJA JIOJDKHBI OBITh OJMHAKOBBIMU KaK IS 3TAJIOHHOTO, TaK WU IS
U3MEPSIEMOro BOJOKOH. OJTaJIOHHOE BOJIOKHO MOXKET OBITh TOTO K€ THIA, YTO U
u3MepsemMoe. MeToa BHOCHMBIX TOTepb TpeOyeT OYeHb KayeCTBEHHOTO
COEIMHEHUS BOJIOKOH, YTOOBI CBECTH K MUHHUMYMY MOTEpPH, BHOCUMBIEC JAHHBIM
COEITMHEHUEM U 00ECTIEYUTh JOCTOBEPHBIE PE3YIbTATHI.

3.0nrnuecknii recrep OMK3-76

Onrtuueckuit Tectep OMKS3-76 ucmonp3yercst Aisi U3MEPEHHs 3aTyXaHHs
BOJIOKOHHBIX CBETOBOJIOB M Pa3NUYHBIX 3jeMeHToB Tpakta BOJIC. IlpunHimn
JEWCTBHsI TPUOOpa OCHOBAH Ha MPEOOPa30BAHUU ONTHYECKOTO H3IyYCHHUS
(OTOMPUEMHHUKOM B 3JICKTPUUECKUI CUTHAL. B KOMIUIEKT ONTHYECKOTO TecTepa
TAK)Ke BXOST T€HEPATOPBI OMTUYECKOTO M3JIYUYCHHUS. CBETOU3TYYAIOIIUN MO/
(CUJ) n nazepusriii auoa (JII).

Texunueckue nanapsie OMK3-76:

- JUIMHA BOJIHBI ONTHYECKOTO0 M3JIYYCHHUS Ha BBIXOJIC IpeoOpa3oBaTescH
CUO-1.3u JIJI-1.3 -1.3mKkM;

- MOIIHOCTb HEMPEPHIBHOTO HEMOAYJIUPOBAHHOTO M3TYUCHUS
Ha BbIxojie npeodpazoBatens CUJI-1.3 — ImkBT,
Ha BbIxojie nmpeodpazoBatens JIJ[-1.3 — 100ukBT;

- 4YacToTa  MOIYJSAIHUH  TPSIMOYTOJIBHO  MOIYJIMPOBAHHOTO  CO
CKBOXHOCTBhIO 2+0,2 ONTUYECKOTO W3TyYeHHs] OT BCTPOCHHOTO TeHEepaTropa —
270Tn;

- HampspKeHue nutanus — 12B;



- BpeMsl YCTaHOBKH paboyero pexxuma — 15MUHYT.

dyHKIMOHANBHAS CXeMa TecTepa NpuBeAcHa Ha pucyHke 3.1. B cxemy

BXOJIAIT ClIeAyronre GyHKITMOHATbHBIC OJIOKH:

1) ®otomnpeodbpaszoparens OI1-0.85;

2) yCWJIMTEIb-TIPe00pa3oBaTelb;

3) cxema ynpaBJeHHUS,

4) cxema cpaBHCHHUS,

5) npeoOpazoBareib HAPSHKCHHUS

6) 6ok Oarapeii;

7) YCUJIMTEIh CEIICKTUBHBIN;

8) ycumurens JorapuMUYCCKUN;

9) ananmoro-nudpoBoii Mpeodpa3oBaTeb,

10) unaukaTop;

11) ycunuTenb TMHEHHBIN,;

12) npeobpazosarenr CHUJI-0.85;

13) npeobpasosarens JIJI-0.85.

Pabora mpubopa 3akmrouaercss B cieayromieM. C BbIxoja <<'®» 0JI0Ka

uaaukanud (Al) Ha  BXOJ «O=» npeobpazosareneir CU (12) u JI (13)
MOCTYIAET HANPSHKCHUE MUTAHUS ¥ MOIYJIUPYIOIIUN MPSIMOYTOJbHBIA CUTHAI.
BriroueHre ©  BBIKJIIIOUCHHE HANPSDKCHUS [HTAHWSA, ITOCTYHAIOMIETO C
npeoOpaszoBarenst HamnpspkeHust (5) B OJIOKE WHIUKAIIUU, OCYIIECTBISETCS

xHOmKoi BKJT OTKJT «3*».
e._ ll/

OnTHYecKHuii CUTHAJI ¢ BBIXOJA « T'» npeo6paszosarens CUJ wmm JI]]
MOCTYMMaeT B CBETOBOAHYIO JMHHIO. ONTHYECKUN CHUTHAN, MOCTYMAIOUUH Ha

©F
BXOJl « I» ¢doronpeobpaszosatens (1), mpeobpasyercs (GOTOAMOZOM B
AIIEKTPUICCKUI ¥ ITOIAaeTCs HA YCUIIUTENb - MpeoOpa3oBarelsb (2), Ha BBIXOJIE
KOTOPOTO



Pucynok 3.1 DynkuunonaneHas cxema npudopa OMK3-76



BbIpa0aThIBAECTCS HANPSKEHUE, MPONOPLMOHAIBHOE MOIIHOCTH ONTHYECKOIO
U3JIy4CHUS.

JluHaMuueckuid  Iuana3oH  M3MEPEHMs] MOIIHOCTH  00eCHeYrBacTCs
NEPEKIIIOUEHUEM [OIMANa30HOB YCUIIMTENA-TIPe0Opa3oBaTeisd MO CHUTHAJIaM,
HOCTYIAFOIIUM CO CXeMbI yrpasieHus (3).

VYropaBndmoomuye CUTHajdbl CXEMbl YIPaBICHUS BbIPaOaTHIBAIOTCS MPHU
NOCTYIJICHUA KOMaHJIBI CO CXeMbI cpaBHeHUs (4), KOHTPOJIHMPYIOMIEH ypOBEHb
curtana B npeaenax 0,1-1 B B aBromatuyeckoMm pekuMe BBHIOOpa JAMANa30HOB

( o) WK C TICPEKITIoYaTeNIed «<» U «>»B PYYHOM («pyKa»).
C BbBIXOJAa YCHIUTENIS BXOJHOE HANPSHKCHHE MCCIEIyeMOro CHrHaia

B PEXHMMaxX U3MEPEHUs JIMOO CpeAHEN MOIIHOCTH HENPEPBIBHOIO ONTHYECKOIO
CUrHajga, Ju00  MOIIHOCTM  ONTHYECKOI'O  CHUTHajga  IPSIMOYTOJIbHO-
MOJlyJINPOBAHHOIO [0 MHTEHCUBHOCTH CHUTHajoM c¢ wyactoro 270 I'm nans
oOecrieyeHns: BO3MOXKHOCTH H3MEpPEHUsl IMOTEPb B ONTHUYECKUX Y3Jax IpHU
HaMuuuu ~ (QOHOBOM  3acBeTkM. B pexume  u3MepeHHs]  MOIIHOCTH
MOJYJINPOBAHHOTO ONTUYECKOTO CUTHAJA, UCCIECAYEMbIM CUTHAJ MOCTYyNAaeT Ha
YCUJINTEIh  CENIEKTUBHBIA  (7), KOTOpBIA COAEPKHUT  BBICOKOJOOPOTHBIN
YCUJIUTENBHBI KacKajJ C MEepeKIIovYaeMbiM KO3(DPPUIHEHTOM YCUICHUS U
U3MEPUTEIBHBIN  BbIIpAMUTENb. Ha BbIXOAe yCWINTENs  CEJIEKTUBHOTO
(dbopMupyeTcsi OCTOSTHHOE HaMpsDKEHHE, YPOBEHb KOTOPOTO MPOMOPIMOHAICH
MOIIIHOCTA  MOJYJIMPOBAHHOIO ONTHUYECKOTO CHUTHajJa M JIWHAMHYECKU
JIUATIa30H OTPAHUYECH OJTHOM JIEKAIO0M.

[TepexmtoueHne  kod(p¢uIMeHTa  YCUJIEHHS B  BBICOKOJOOPOTHOM
YCWINTEJIBHOM KacKaJle OCYIIECTBIIACTCS II0 CHUTHajaM, IOCTYNAKOIUM C
YCTPOMCTBA ymnpaBicHUSA. B pexume u3MEepeHHs MOIIHOCTH HENPEPBIBHOTO
ONTUYECKOT0 CUTHAJIA YCUJINTENb CEJIEKTUBHBIN UCKIIOUEH U3 LIETIH, [0 KOTOPO
NPOXOJUT HCCIEAYeMbIi curHail. Ycwiurtenb Jorapupmudeckuii  (8)
BKJIIOYAETCSI B M3MEPUTEIBHYIO LENb IIPU OTCYETE YPOBHS MOIIHOCTH
ONTUYECKOr0 CHUTHajla OTHOCUTEIbHO ypoBHS 1 MBT B emmHumax «ibm». C
KOHTAKTOB  Mepekimouarenss  «ibm/BT»  cHrHaibl  mocTymamT — Ha
nuddepeHIaTbLHBIC BX0IbI aHajoro-1udpoBoro npeodpaszosarenst (ALLIT) (9).

Ha Brixomax ALII ¢popmupyercst 35pa3psanusiii iudpoBoil KoJ, 3HaYCHUE
KOTOPOT'O COOTBETCTBYET U3MEPSIEMOM ONTHYECKON MOIIHOCTH B pexuMe «B1»,
1100 B pexxume «1bM» B 3aBUCHIMOCTH OT MOJIOKEHUS TePEKITIodaTelist «OBT/w».

C ALIT uudposoit kox moctymnaer Ha ycrpoiictBo uHaukanuu (10), rae
0TOOpa)xkaeTcsi Ha KUAKOKPUCTAUIMYECKOM LHU(PPOBOM Tabno. YCTpolcTBO
VHJUKALUKA COJEPKUT TaK)KE IPYIILY CBETOJUONHBIX  HMHIMKATOPOB PEKMMOB
paboOThl ONTHUYECKOIO TECTEPA M DJIEKTPOHHYK) CXEMY YIpaBieHUs padboTon
Ta0JI0 U UHIAUKATOPOB.



VYerpoiicTBO yrnpaBiieHHs, BXOJdllee B cocTaB npubopa, obOecreynBaeT
aBTOMATHYECKUU BBIOOp JMana3oHa U3MEPEHUsS MOIIHOCTH ONTHUYECKOIrOo
CUTHaJ]a M BKIIOUYEHHUS COOTBETCTBYIOIIMX HWHIUKATOPOB, (HOPMHUPYET
NPSIMOYTOJIbHBIA  MOJYJIUPYIOIIUI 3JIEKTPUUYECKUN CUTHA JJIs yIpPaBIICHUS
paboToii nmpeodpazosareneit CUJ u JI/I.

Yceumurens nuHeiHbd (11) oOecrieunBaeT BO3MOXKHOCTH OCYIIIECTBIICHHS
TeneOHHOM CBSI3U MO BOJIOKOHHO-ONITUYECKOHN JIMHHH.

[TonkmtoueHne  BHEMIHETO  MHKpPO(OHA  OCYIIECTBISETCS  4epes
COOTBETCTBYIOIIMI Pa3beM Ha 3aJHEW MMAHEIN WHIUKALUU.

PaccMoTpuM paboTy OCHOBHBIX (YHKIIMOHAJIBHBIX OJIOKOB MOApPOOHEE C
WCIIOJIb30BAHUEM  TMPUHIUIUAIBHBIX CXEM Ha TPUMEpPe  YIPOIIEHHOM
(GYHKIIMOHATIBLHOM CXEMBI TeCTEpa, NU300paKEHHOM Ha pUCyHKe 2.2.

®omonpeot- Yeunumens
pasoeamens —»| npeobpasosa-

meJsib

Yeunumernb

OEM/Bm / nozapugmu-

yeckul

WHOukamop  |e— AU

Pucynok 3.2 —YnpouienHas GpyHKIHOHAIbHAS CXeMa ONTUYECKOTO
Tecrepa

Cxema cocTtouT w#3 (OTONPHEMHHUKA, MPEOOPA3YIOMIETO ONTUYECKOE
U3y4eHHEe B  JJIGKTPUYECKUH  CUTHAN, JIMHEWHOTO  yCHIUTENS  —
npeoOpazoBares, JOTapu(PMUIECKOT0 YCUIUTENS | 0JI0KA MHINKAITUH.

OmvH W3  BApUAHTOB  NPUHIUNHAIBHOW  CXEMBl  YCHIIATEIS
npeobpaszoBarensi, BKiIouawomeld ¢oronpeodpazoBaTenb, MNpHUBEACHA Ha
pucynke 3.3.

10



—
Rp2 -Un
o 1 o
=3
Bbix
5 7
Ral Y > O
——o| [
N vdl 4 ||
@® H H
Ra2 R6 H | |, R1
1 =m ¥
— R2
anL Cop1
I on
O

Pucynoxk 3.3 —IIpuHuunuanbHas cxeMa yCHIUTeNsA-ipeoopa3zoBaTes

Cxema pabGoraer craeayronmuMm obpazom. C doroanona VD1 Tok,
ODKBUBAJICHTHBIM  BXOJHOMY  OINTUYECKOMY  CHUTHaldy, IOJaeTrcs  Ha
WHBEPTUPYIOIIMI BXOJ oOmepanuoHHOro ycuiuTens D1, koTopelii oxBadeH
nenplo obpatHoW cBs3u Roc. Onepanmonubni ycwmrenb (OY) B gaHHOM
cllydae MPEeACTaBiIsIeT cCOOOW YCHIMTENh TOKA, KOTOPBIM MpeoOpaszyeT Maublil
BXOJHON TOK ¢oToaumona B HampspDkeHue. JImsi ycTpaHeHus BIMSHUS TOKa
cMmernieHns (BBI3BAHHOTO acUMMETpued peanbHOH cxembl OY) HEoO0XoauMmo,
YTOOBI COTIPOTUBJICHUE 000ux BXOJIOB (MHBEPTHUPYIOMIETO u
HEMHBEPTHUPYIOMIETO) OBUIM PaBHBI [0 OTHOIICHHIO K 00memy rnpoBoay. C sToi
IEIbI0 MEXKIYy HEMHBEPTHUPYIOIIMM BXOJOM M OOIIUM IMPOBOJIOM BKIHOYACTCS
oamancHoe compotuBieHue RO. Kak wuspectHo, peanpHbii OY umeer npu
HYJICBOM CHTHaQJIE HEKOTOpPOE IIOCTOSHHOE HamnpshKeHue, OO0yCIOBJICHHOE
pazbaiancom BHYTpH cxembl. [IoaTOMy BBeeHa BHEIIHSIS OallaHCUPOBKA HYJIA,
KOTopasi ocymiecTBisieTcs pesuctopamu R1 m R2, Tak kak 3TO cMmelieHue, 1o
CyTH, OMpEeaeNIIeT OCHOBHYIO MOrpeIHocTh npuodopa. ConporusneHuss Ral u
Rn2 cocraBisitoT AENUTENbh HANpsDKeHUs, HEOOXOAUMBIN 1jisi obOecredeHus
pexnma cMmemieHus Ha ¢oToauoae. Hamnuume HampsoKeHUS —CMEIICHHS
MO3BOJIIET MOBBICUTh YYBCTBUTEIBHOCTh (hoTOompuemMHHKa. Inementsl Rl,
Rb2, Chlu Ch2 npencraBnsitor co60it GUABTPHI O MUTAHUIO.
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Pucynok 3.5 —IIpunnunuanbHas cxema niu@poBoro 6Jioka

Jlanee curHasl MOCTYMAeT Ha KOHTAKThI Mepekimouarens «ibm/Bt» u Ha
yeunutenb Jorapubmudeckuit (YJI). VJI Brirouyaercs B U3MEPUTEILHYIO 1IEIh
IPU OTCUETE YPOBHS MOIIHOCTH ONTHYECKOTO CUTHAja OTHOCUTENHbHO YpoBHs 1
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MBT B eqununax «ibm». [IpunnunuansHas cxema YJI MoXeT ObITh ITOCTPOCHA
o cxeme, nu3o0pakxeHHOU Ha pucyHke 3.4.J[na nmoaydeHus JorapupmMuyuecKoi
XapaKTEPUCTUKU  YCHIIMTENS  HEOOXOAMMO  HMMETh  YCTPOMCTBO  C
Jorapu(pMUUYECKON XapaKTEPUCTUKON M BKIIIOUUTH €0 B IIEMb OOpAaTHON CBSI3U
OVY. VYecrpoiictBoMm, 00JafaloOmMUM TaKOW  XapaKTEPUCTUKOU,  SIBISETCS
IIOJTYTIPOBOHUKOBBIN p-n  mepexon. B IIPEI0KEHHOU cXeMe
Jorapu(pMHUUECKyl0 ~ XapaKTepUCTUKy  oOecredywBaroT  P-N mepexoiabl
tpamsuctopoB VTl wu VT2, [lng  ydAyylleHHs  XapaKTepUCTUKU
jorapupmMuydeckoro mnpeobpazoBanus mnpumeHeH auon VD1, VYcwmmrens,
BBHITIOJIHEHHBI Ha MHUKpocxeme D2, HeoOXoauM Il PEryJIHpOBKH MaciiTada
norapupmuueckoro mnpeobpazoBanuss — 100 mMBt Ha nexkamy wusMeHeHHS
BxoAaHoro HanpspkeHus. Koaddumuent ycunenuss OY D2 omnpenensiercs
BenmmuuHON compotuBiieHuss R3. C koHTakTOB mepekiovarens <«abm/Br»
CUTHAJIBI MTOCTYIAIOT Ha aHajoro-uudposoi mpeodbpaszosareisb (ALIT). C ALIIT
nudpoBO KOA MOCTyHNaeT Ha YCTPOMCTBO MHIUKALIMM, TIE OTOOpakaeTrcs Ha
nrdpoBom Tabgo0. Bapuant cxemsl mudpoBoro 6s0ka, Bkirodaromero AL u
nudpoBoe Tabno mpuBenaeH Ha pucyHke 3.5. Ha muddepeHnmanbabie BXOIbI
ALII nomaercst HanpsiKEHUE SKBUBAJIEHTHOE BXOJAHOMY ONTUYECKOMY CHUTHAITY.
AmHanoro-1udpoBoii mpeodpa3oBaTesb OTHH(PPOBHIBAECT BXOJHOE HANIPSDKCHHUE U
dopMupyeT Ha BbIXOAAX HUQPPOBOM KOJ, 3HAUYEHHE KOTOPOTO COOTBETCTBYET
U3MEPAEMON ONTUYECKOW MOIIIHOCTH.

C AUIl uudpoBoii Kox TOCTymaeT Ha YeTBIpEX paspsAIHBIN
KUJKOKPUCTAJUIMYECKUM ~ MHAUKATOpP. MECTONON0OKEHneM — 3arsTod  Ha
uGpoBOM TalJIO YNPABISAIOT ABA JOTHUYECKUX AJIEMEHTA <«UCKIIIOYAIOIIee MITH»
(Mukpocxema D1). Ha oObenuHEHHBIC BXOJABI €€ AJIEMEHTOB IMOJIAH CHTHAI C
gactoToi okosio 601 ¢ Beixona F mukpocxemsl D2. [Tpu noruueckux HyJIsIX Ha
JIPYTUX BXOJaxX 3JEMEHTOB OHHM TMOBTOPSIOT 3TOT CHUTHAJN, HAmpsDKEeHUE Ha
AIEKTPOJAX 3amlsAThiX CHUH(pA3HO HANPSHKEHUIO OOIIETro 3JEKTPOoJa M 3amsiThie
noraimensl. Eciu Ha Bxoa oHoro ux snemeHToB D1 nmogaercst noruueckast «1»,
TOT DJEMEHT HayuMHaeT WHBepTUpoBaTh curHan 601, HanpsbkeHue Ha
AIIEKTPOJIE COOTBETCTBYIOUIEH 3amsTO M Ha OOIIEM AJIEKTPOJE CTAHOBSTCS
npoTuBOGa3HbIMH, 3amsTas BeicBeunBaercs. Pesuctop RO u xonpencarop C5
SBIIAIOTCST YacTOTO3aJal0IKMMU 3lieMeHTamu reHepatopa. Kongencarop Cl u
pesuctop R8 - snmemenTs mHTErparopa, koHaeHcatop C2 paboraer B 1enu
aBTOKOppeku. C4 CayKuT IJs 3alOMHHAHHUS 0Opa3IOBOT0 HAMPSHKCHUS.
Lens R6,C3 ciyxut mist punsTpanuu BxoaHoro Hanpsoxenus ALTL.

4. YkazaHusi 110 IKCIUTyaTAIlHH NPUGopa

4.1 Tlepen wHavanoM pabOTbl O03HAKOMBTECh C PACHOJNIOKCHHUEM U
Ha3HA4YCHHEM OPraHOB YIIPABJICHHs U KOHTPOJISI Ha TMEepeHei 3aJHel 1 MaHemsx
(cm. Tabmuy 3.1).
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4.2 ITpubop obecrieunBaeT CISAYIONINE PEKUMBI padOT:

U3MepEeHne B eAMHUIAX «BT» 1 «1bM» cpeaHel MOIMHOCTH HEMPEPHIBHOTO
U MIPSIMOYTOJIBHO MOTYJIUPOBAHHOTO yacToToi 2701 onTHYecKkoro n3mydeHus
Ha jquHe BoJHBI 0.85MKM;

U3ITy4eHUE HETPEPHIBHOTO HEMOAYTMPOBAHHOTO ONTHYECKOTO CUTHAJA;

U3Ty4YeHUE ONTHYECKOr0 CHUTHala MPSAMOYTOJbHO MOAYJIMPOBAHHOTO
gactorout 27011z,

W3MEPEHHUE ONTUYECKUX MOTEPh B CBETOBOAHBIX TPAKTAX.

4.3 Heobxomumblii  peXHM  H3MEpPEHUS  MOUIHOCTH  M3JIy4YCHHUS
yCTaHABIMBAETCS KHOMKAMHU TMEPEKIIOYEHUS! PEKUMOB, PACMOJIOKEHHOTO Ha
nepeaHel manenu npubopa.

[Tpu u3MepeHHH MOIIHOCTH B €IMHHIAX «1bMm» Ha MHIUKAaTOpe mpudopa
WUHIUIUPYETCS 3HAYCHHWE MOLIHOCTH u3nydeHus P [abwm], umcnenHo paBHOe
YPOBHIO H3MEPSEMOl MOITHOCTH B JeIuOenax IO OTHOIICHHWIO K YPOBHIO
momHocTH 1 MBT. CoOoTHOIIIEHHE MEXTy MOUTHOCTHIO M3ITYYCHHS B CIMHHIIAX
«abm» P [nbm] u P [B1] onpenensercs hopmynoii:

P[BT] j

PlabwM] = 10'9(10_—3& (4.1)

4.4 Tloncoenuuenne wucrtounuka w3nyuenuss CHUI wu  JII «
dboTonpeodpazopatento PII nponu3BOAUTCS ONTUYECKUM KabesieM ¢ TUaMeTpOM

HaKoOHeYHUKa 2.5 MM. Pyukoit «™ 0 < KOMITCHCUPYETCSA TEMIEPATYPHBIA YXO]I

HYJIEBOW TOYKH OTCYETA MPH HAKATOM KHOIIKE « » U OTHKAaTOU KHOIIKE

«BKNOTKN (35, Curman Ha BXOZ (doTtonpeobOpazoBaressi MOAACTCS TOCIE
YCTaHOBKH HYJIS.

4.5 Ilepen HawasioM pabOTHI CJIETYET MPOBEPUTH HATEHKHOCTh 3a3EMIICHUSI.
3a3emyieHHe TPOW3BOAUTH PaHBIIE IPYTHX MPUCOCTUHEHHUH, OTCOEIUHEHHUE
3a3eMJICHHS — TMO3ke Bcex orcoenuHeHuil. [Ipm wmcmonp3oBanmm mpubOpa
COBMECTHO C JpPYrMMH TpHOOpaMH, B YAaCTHOCTH, C BHEIIHUM HCTOYHHUKOM
MUTaHMsI, HEOOXOIUMO 3a3€MIIUTh BCE TPHOOPHI.
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O6o3Ha4yeHne

HasHaveHune WcxopHoe
oprana nonoxxeHue
ynpasneHuns
Jl. Bkn

KHonka - BKroYeHne nutaHns
M o
MHpgukaTop - uHaukaums paspsina 6arapen
MMTAHVE
( NuavkaTop (KHonka) - nHavkaums (nepeknoveHne
M3MepeHnss AnanasoHoOB)
BbIXOA4a BHM3 3a AnanasoH
n3mMepeHus
PEX MHavkaTop - MHAnKaumsa BbiXoda B
AnanasoH namepeHus
) NuavkaTop (KHonka) - nHavkaums (nepeknoveHne
M3MepeHnst AnanasoHOB)
BbIXOA4a BBEPX 3a AnanasoH
n3mMepeHust
mW, pW, nW NHankaTop - nHankaums eguHuL, n3amepsaemMonm
MOLLLHOCTH
[ 2 O | Pyuka - yctaHoBka Hyns B npubope CpegHee
-e Pasbem - nogkntodeHus kabenem “K5” ®1-0.85 MoakntoueH
G> Pasbem - nogknoyveHns kabenem “K4” CAL, NO
BKJT/OTKJ1 G» KHonka - nepekrntoyeHne pexvma pabor, Bkroye- OTKN
HWe UCTOYHUKa uanyyvenus CUO, NA
\"’I/O KHonka - nepeknioyeHve ananasoHoB namepeHust: | MponssorbH.
py4YHOe 1 aBTOMaTU4ecKoe
n I/ —_— KHonka - nepekntoveHne pexmnma pador: [Npon3BonbH.
NPAMOYrofibHO MOAYNIMPOBAHHOE
1 HeMoaynupoBaHHoe
dBm/W KHorka - nepekntoyeHve pexvma namepeHust MNpon3BornbH.
MOLLIHOCTM B eguHuuax “obwm” n "Bt”
MopkntoyeH

3aXnM N3mMepuUTENbHOrO 3a3eMIieHNs
(3apHAsa naHernb)
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4.6 Ilpu pabote c mpeoOpaszopatenem JIJ[-0.85 He nmomyckaTh mpsMOro
MOTaJJaHusl B IJ1a3a M3JIYYCHHUS C BBIXOJa MpeoOpazoBaTeNss WM ONTHYECKOTO
Ka0est, MOJKIIIOUEHHOTO K mpeoOpa3oBaTeltio.

5. IHopsiioK BHINOJIHEHUS PadOThI

5.1TloaroroBka k pabote

5.1.1 Ilpucoeaunure mpuOOp K BHEIIHEMY WCTOYHUKY mnuTaHus b5-47,
pPEIBApUTEIILHO YCTAHOBUB Ha TMEpeaHEH TMMaHeTu WCTOYHHWKA IMHTAHUS
BBIXO/IHOE HanpspbkeHue 12 B u motpebinsemsrii Tok 0.5A.

5.1.2[IpucoenuHuTre 3aKkUM 3a3eMJICHUSI K KOpITycaM UCTOYHUKA MUTAHUS
U TecTepa (HaXOAMTCS HA 33 JHUX MaHEsIX TPUOOPOB).

5.1.3 YcraHoBUTE OpraHbl YHpaBJICHHS, HACTPOUKH U TOJAKIIOUYECHHS B
HCXOJ/IHOE TOJIOKEHUE, TpUBeIeHHOEe B Tabnuie 3.1.

5.2IloaroroBka K NpoBEJACHUIO U3MEPEHUIM

52.1 Tloaknrouure K 0JIOKY  WHIUKAIUU Kabenem «K5»
doTonpeodpazoBarens DI u kadenem «K4» mpeodpazoBarens CUJL nmm JI/I.

5.2.2 BxiroynTe BHEIIHWA WCTOYHUK TMHUTAHHS. 3aTE€M HAa ONTHYECKOM
tectepe nepekmouarens [IMTAHUE nocrasere B nonoxenne BKJI, npu 3Tom
JIOJDKEH BKJIFOUUTHCS OJTMH U3 CBETOMO/IOB MHIUKATOPA PEKUMA U3MEPECHUA.

5.2.3]1o npoBeaeHNs U3MepEeHut mporpeire mpudop B Teuenne 15vuH.

5.2.40mnpo0byiiTe paboTy mpudopa 1o CIeAYIOIMNM MPU3HAKAM:

NPU  TIOJOKEHHH «OTKJI» MEPEKIIOYATENsS PEKUMOB pabor «EKIOTH O,

Ha)KaTOW  KHOIIKE U OTKPBITOM  ONTHYECKOM  BXOJE
dboTonpeobpazoBaresns, HaIPaBJICHHOM Ha HCTOYHHK CBETa, HA ITU(POBOM TabJI0
npubopa WHAWUIUPYIOTCS 3HAYCHHWE MOIIHOCTH W3JIyYeHUs, IOMABIIETO B
(doTonpUEeMHUK Yepe3 BXOJHOM pa3beM,;

NIpU BKIFOUEHUH O BXOJHOMY pazbeMy (poTompeobpazoBatens DI Beixoma

npeobpazosarenss CUJ wmu JIJI u monoxennn BKJI xHomkm «BFVOTEA G»
nepeKouaTeNsi pexxuma padoT, Ha HUPPOBOM HHAMKATOPE HHIUIUPYETCS
3HaUYEHUE MOIMHOCTH W3Iy4YeHUs, TOCTymapmed B (POTOMpUEMHUK C
npeodpazosarenes CU wmm JI/I;

Opy  TEPEKIIOYEHUU  KHOIKHU 3HAYEHWE  MOITHOCTH,
UHIUIEpYyeMoe Ha UG POBOM TabI0, JOHKHO U3MEHUTHLCS IPUMEPHO B 2 pasa.

5.31IpoBeaeHue n3mepeHui

5.3.1TloakmroynTe BOJMOKOHHBIN ATAJOHHBIN CBETOBOA Nel K BBIXOIHBIM
pazbemam uznyuarenss CUJ u dporonpeodpazonarens DII.

5.3.2I1pousBeaute yctaHOBKY HyJis (cM. 11.4.4).

5.3.3/3mMepbTe MOIIHOCTH U3My4YeHus, nocrynatomero B OI1 B equHunax
«Bt» u «1b/mM», 3aHecute naHHbe B TabmuIy 5.1.
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Tabmuma 5.1.

Tum uzmn. Ne En. H3mepenHass MOLIHOCTD

kab. | u3M.
Br

1 nb/m
Ccnj Br

2 1nb/m
Bt

1 nb/m
JIA Bt

2 nb/m

5.3.4 llopaiire Ha Bxon CUJl mpsMOyroibHO-MOAYJIHPOBAHHBIA CHUTHAI,

HaXKaB KHOIIKY « », 1 moBTopute 1. 5.3.3.

5.3.5 [loakirounTe BOJIOKOHHBIM CBETOBOJ C MOTEPsMU Ne2 K BBIXOJHBIM
pazbemam uznyuarenss CUJ u dporonpeodpazonarens DII.

5.3.6 Tlosroputre nm. 5.3.3 - 5.3.4.M3mepenus mis cBetoBoga Ne2
IIPOBOJUTH HE MEHEE D pas.

5.3.7Bwmecto m3nmyuarens CU/] moaxmounts u3nydatens JIJ] u mpoaenats
nm. 5.3.1 — 5.3.6.

5.3.8 Ilocme mpoBeneHUs U3MEPEHHM HEOOXOAMMO  BBIKIIOYHTH
OTNTHYECKUH TECTEP U UCTOUHUK BHEITHETO MTUTAHUS.

5.3.9 IlpousBecTn CTaTHUCTUYECKYI0 O0OpabOTKY SKCIEPUMEHTAIBHBIX
JAHHBIX M OMPEJEUTh MOJIHOE 3aTyXaHUE W3JIYICHHUS B BOJIOKOHHOM CBETOBOJIE
¢ norepsimu Ne2 o popmyie (1.2).

6. Conep:xaHue oTyeTa

6.111enb paboThI

6.2 CTpykTypHas cXxeMa YCTaHOBKM C KpaTKMM OITMCAaHMEM OCHOBHBIX
0JIOKOB.

6.3 Pe3ynpraThl skcniepumenToB no mn.4.3.1 - 4.3.7.

6.4 Cratuctuyeckas 00paboTKa 3KCIEPUMEHTATbHBIX JaHHBIX.

6.6 Pacuer 3aTyxanus o ¢popmyne (1.2).

6.7 BriBobI IO pe3ynbTaTaM padoThI.
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/. KOHTPOJIbHBIE BONPOCHI

1. Ha yem OCHOBaH JABYXTOYEYHbI 0€300JOMHBII METOA H3MEPEHMS
3aTyXaHus?

2.Ha yem ocHOBaH NMPUHIUN JIEHCTBUS ONITUYECKOTO TecTepa’?

3. O0BsICHUTH Ha3HAUEHHUE OJIOKOB MO CXEME AIEKTPUUECKON
cTpykTypHOU mpubopa OMK3-76.

4. Kakve BeIMYMHBI MaKCUMaJIbHOW M MUHUMAJIBHOM MOIIHOCTH MOKHO
U3MEPUTH ONTHYECKUM TECTEPOM ?

5. Kak ¢ momouplo ONnTu4Yeckoro TecTepa IPOBEPUTh HCIPABHOCTH
ONTUYECKOTO BOJIOKHA?
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