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JlabopaTopHas padora no omogusuke Nel.
OCHOBBI ®U3NYECKON AKYCTHKHA U ONPEJIEJEHUE 3ABUCUMOCTH
Ilenv padbomur:
- O3HAaKOMIJICHHUE C (1)I/I3I/I‘-ICCKI/IMI/I OCHOBaMM aKyCTUKH MW OCHOBHBIMH CBOMCTBaMH
3BYKOBBIX BOJIH,
- OIMpCACIICHUE MOPOora CJIBIMMUMOCTH JJIA IIPaBOro v JICBOI0 yxa IO YPOBHIO T'POMKOCTH

3BYKOBOT'O CUTHAJIAr€HEPAaTOpa B Pa3IMUHBIX JHANIa30HaX CIIEKTPA.
- KpaTkue TeopeTnueckue cBeeHUS.

3ByKOM WJIM 3BYKOBBIMHM BOJIHAMHU Ha3bIBAIOT MPOIIECC PACHPOCTPAHEHUS MEXaHMUYECKUX
KojebaHuil B cpeaax (rasbl, >KMJIKOCTH M TBEpJble Teda). 3BYKOBbIE BOJIHBI OBIBAIOT
MPOJIOJIbHBIMU (Ta3bl, KUJIKOCTH, TBEpJbIETENa) W MOMEPEUYHbIMH (ITOBEPXHOCTHBIE BOJHBI B
KUJKOCTSAX, TBepAble Tena). B 3aBucumoctr oTGOpMBI (PpOHTA BOJHBI UX TOJPA3EISIIOT HA
miockue ©u chepuyeckue. YpaBHEHHE IIJIOCKOH MOHOXPOMATHYECKON 3BYKOBOW BOJIHBI,

PacIpOCTPAHSIONICHCS B HAPABICHUH OCH «X» MOXKET OBITh 3aITUCaHO B CJICYIOIIEM BH/IC:
x =A-sin(wyt — kx + ay),
rae

e A —amIumuTyJa KoJeOaHWi YacTHII,

L4 Wo- NUKIMYCCKasA 4aCToTa,

o w A
e  k— MOJIyJb BOJHOBOTO BEKTOPA, KOTOPBI paBeH k = 70 =—,

e (, — HayaibHad ¢a3a KoseOaHUH,
® U — CKOPOCTh PaCHpOCTpPaHEHUS BOJHBI,
e ] — [yIMHA BOJHEI.

OCHOBHBIMH CBOMCTBaMH 3BYKOBBIX BOJIH ABJIAAKOTCA OTPAXCHUC U MPCIIOMJICHHUC Ha I'paHUIC

paszaciia pa3HbiX CPEH, I/IHTCp(I)CpCHI_II/I}I OT KOT'CPpCHTHBIX UCTOYHUKOB U I[I/I(I)paKLII/I}I.

aHepFeTI/IquKI/Ie CBOMCTBA 3BYKOBBIX BOJIH XapaKTCPU3YIOTCA HWHTCHCHUBHOCTBIO, 3BYKOBBIM



JaBJICHUEM M TPOMKOCThI0. VIHTeHCHBHOCTH BOJIHBI (1) - BelM4KHa, paBHasi CpeHEMY 3HAYCHUIO
MIOTOKA3BYKOBOM HSHEPIHM 3a MEpHOJ KoeOaHWi, NMEpEeHOCHMON BOJIHOW Yepe3 eIMHUYHYIO
IJIOINAJKY, IEPHEHIUKYIIPHYIO BEKTOpY CKOpOCTH. II03TOMYy miii MHTEHCMBHOCTH MOKHO

3amucarh GopMyIy:

,_dw
~ dtdS

HMHTEHCHUBHOCTH CBSI3aHa CO 3BYKOBBIM JABJICHUEM COOTHOIICHHUEM CJIICAYIOIICTO BHAA:

I'me P — 3BykOBOE naBiieHHE,
p — IIOTHOCTB CPEIpl,
V — CKOpPOCTb 3BYKa.

I'pomkocTs L — ypoBeHBb CIIyXOBOTO OILIYIIEHHUS 3ByKa HaJl MOPOTOBBIM 3HAYEHHEM, KOTOpas

onpenensiercs mo ¢popmyiie 3akona Bebepa-Dexnepa:
I

L=Klg—,
Iy

I'ne K — xoaddunmeHT nponopuruoHaaILHOCTH,

Ir[- moporosas MHHTCHCHUBHOCTbD.

VYpoBeHb MOPOroBOH TPOMKOCTH 3aBUCUT OT YAacCTOThl, UYBCTBUTEIBHOCTU 3BYKOBBIX
peLenTopOB, LIYMOB 3JIEKTPOHHOW ammapaTypbl U OKpyxarouie cpezabl. Ilostomy oObuHO
UCIIONB3YIOT (DYHKIHUIO TOHIKEHHS YYBCTBHTEIBHOCTH ciiyxa (AL), KOTOPYKO OIpEAeNsioT B
BU/JIE PA3HOCTU YPOBHS HOPOIOBOM 'POMKOCTH Ul CPEITHECTATUCTUYECKOIO 3HAYEHUS U YPOBHS
IIOPOTOBOM T'POMKOCTH JIJISl UCCIEAYEMOTO YEI0BEKA:
AL =1Ly —L,

OTy (QYHKUUIO ONpenesoT ayanomerpamu no coorserctBytomeMy ['OCTy mnm ¢ momouibio
reHepaTopa HU3KOM YacTOTBI, K BBIXOJQY KOTOPOIO IOAKIIOUEHBl BBICOKOKAYECTBEHHBIE

3BYKOBOCITPOU3BO/ISIIINE aNMapaThl (HAYIIHUKH).

Brinosinenne padoTsl:

1. BxirouuTh HM3KOYAaCTOTHBIM T'€HEpaTOp B CeTh NepeMeHHoro toka 220 B u nmate emy



IIPOrpeTbcs B TE€YEHHE3-5 MHH, a PY4Ky PEryJupOBKH YpPOBHS I'DOMKOCTH YCTaHOBUTb Ha

HYJIEBYIO OTMETKY.

2. YCTaHOBHTH YaCTOTy KoJieOaHmii renepaTopa | k[ pydkamMu CTyIeH4YaToro mepeKirodaTens

u r1aBHoM HacTpoiiku 100 x 10 1 HajeTh HAYIIHUKY.

3. MennenHo Bpamas pydky YpPOBHS I'DOMKOCTH YCTaHOBUTH MOMEHT IOSIBJICHUS 3BYKa B
IIpaBOM WIH JIEBOM HaylmHHKE. [lepexitoueHne 3ByKa B HAyIIHMKaX MOXKHO IIPOM3BOIUTH C
MOMOIIbI0 TyMmOnepa Ha myapTeynpaBieHus. [loporoBblii ypoBeHb TI'POMKOCTH MOYHO
YCTaHOBUTH II0 €r0 HMCYE3HOBEHHUIO IIPM MEUICHHOM €r0 YMEHBIIEHHH BpAalICHUEM pPYYKH

YPOBHS TPOMKOCTH B IPOTHUBOIOJIOKHYIO CTOPOHY.

4. IlpoBecTn M3MepeHHE NOPOTOBOIO YPOBHSA I'POMKOCTH MO IIKaje reHeparopa B nb s

IIpaBOTo U JICBOT'O yXa.

5. AHQJOTMYHO IPOBECTH H3MEPEHHUs IMOPOrOBOTO YPOBHS I'POMKOCTH Ha JPYTMX 4YacTOTax
KojeOaHUN TeHepaTopa IyTeM HW3MEHEHUs IIOJIOKEHUS pPYYeK CTYNEeHYaTOM u IJIaBHOU

HaCTPOMKH:

100Tw (1 x 100); 250 Ty (10 x 25); 500 T’ (10 x 50); 2000 T'ix (10 x 200)

400 Ty (100 x 40); 6000 I’y (100 x 60); 8000 I'ix (100 x 80).
3Ha4eHMs IOPOTOBOM TPOMKOCTH (B JCJICHUSIX IITKAJIbI Te€HEepaTopa)

Z[J'Iﬂ CPpEAHECTATUCTHUYCCKOI'O YE€JIOBCKA

Yacrora, I'1g ['poMKOCTB, Uacrorta, I'1 ['poMKOCTB, Yacrora, I'11 [ ' poMKOCTB,
20 100 6 4000 4
30 18 200 5 6000 5
40 16 500 4 8000 3
50 15 1000 3 10000 4
60 14 2000 5 12000 5
80 10 3000 4 14000 7
v, I'g 100 | 250 | 500 | 1000 | 2000 | 4000 | 6000 | 8000

[IpaBwiit, b L,

JleBwiit, 1b L,




6. Pe3ynbrarthel M3MepeHWil MOPOroBOM T'POMKOCTH 3aHECTH B TaOMUIly | M OTKIIOYHTH
re”epatop ot cetu 220 B.

7. [MoctpouTs rpadukn 3aBHCUMOCTH MOPOTroBOil rpomMkocT (1b) oT norapudma yacToThI
KOJICOaHH.

KonTposabHbie Bonpockl K 1adopaTropHoii padore Nel no 6uodusnke.

OcHoBBI (PM3HYECKOIl AKYCTHMKH W OIpelejieHHe 3aBMCHMOCTH MOPOra CJAbIIIUMOCTH OT
YacTOThI.
1. HazoBute nenp u ydyeOHbIE 3a7ayd J1a0OpaTOpHOM pabOTHI, OCHOBHBIE YAaCTH W OpTraHbI

yrpaBiieHus: yctaHOoBKO#. Kak onpenenuTs 3HaueHHEe 4acTOThI 3BYKOBBIX KOJIEOaHHiT?

2. UTo Ha3BIBAETCAMOPOTOM CIBIIIMMOCTH U TIOYEMY OH CylecTByeT? B ueMm 3akirouaercs

METOJIMKA €T0 OINpeAeNICHNs B JaHHOU paboTte?

3. Kakoe nBmxeHne Ha3pIBaeTCd MEXaHMUECKUM KoJieObaHWeM U BoJHOW? Hamumure ypaBHeHUS

rapMOHUYECKHUX KOJIEOaHH U MIOCKON 3BYKOBOM BOJIHBI.

4. Yto HazpiBaeTcs MIMHOW W ¢GpoHTOM BONHBI? Kakas CBs3b CyImIeCTBYyeT MEXIY IJIMHOU

BOJIHBI, YaCTOTOM U CKOPOCTBIO €€ PacipoCTpaHEHUs?

5. Kakue BeIWYMHBI HAa3bIBAIOT MHTEHCUBHOCTBHIO U TPOMKOCTBIO 3BYKOBOW BOJHBI? HazoBute

CANMHUIBI UX U3MCPCHUA.

6. Uem oTimyaroTCs IOIIEPCYHBIE 3BYKOBBIC BOJIHBI OT IIPOAOJIBHBIX M B KaKHMX Cp€aax OHHU

MOI'yT paCHpOCTpaHHTBCH? Kaxkwne BOTHBI Ha3hIBalOT COJIMTOHAMH ?

7. Yro MOHUMAIOT MO BEICOTOM U TeMOpoM 3Byka? UTo Takoe nH(ppas3Byk u ynbTpa3Byk? Kakyro

POJIb UTPAET 3TU BOJIHBI B Ipupoae?



JlabopaTopHas padora no ouogusuke Ne2

MOJIEJINPOBAHUE ITACCUBHBIX JIEKTPHYECKHUX CBOMCTB
TKAHEN OPTAHHU3MOB

Lenvpadoomuor:

- O3HaKOMJICHHE C (U3NYECKUMU OCHOBaMH palOOTHl Ieredl IMepeMEeHHOTO TOKa,

COACPpKAMUX EMKOCTHBIC U PE3UCTUBHBIC DJICMCHTDI, XapaKTCPHBIC JJId OHOJIOTHYECKHUX TKaHefI,

- MOJYYUTh 4YaCTOTHYIO 3aBHUCHUMOCTb HMMIICAaHCa TCIHU TMCPEMCHHOI0 TOKa JId

SKBUBAJIEHTHOM AJIEKTPUUECKON CXEMbI TKAHHU.
|. KpaTkue TeopeTuyeckue cBeleHUsI.

TkaHu opranu3Ma COCTOSIT U3 CTPYKTYPHBIX 3JIEMEHTOB - KJIETOK, OMBIBAEMBIX TKAaHEBOM
KUIKOCThIO0. TKaHeBast )KUAKOCTh M IIUTOIIa3Ma KIETOK XOPOIINUE MPOBOIHUKHU IEKTPHUIECKOTO
Toka. OHU pa3AeNieHbl TUIOXO MPOBOISAIIUM CJIOEM - KJIETOUYHBIMU MeMOpaHamu. Kpome 3Toro B
KJIETKaX BCTPEYAOTCS M MAKPOCKOMMYECKHE OOpa30BaHUsA, COCTOSIIHE U3 Pa3InYHBIX
COEJIMHUTENIbHBIX 000JI0YeK U MEPeropoJok ¢ OonbluM comnpoTuBieHueM. OHHM NPUAAIOT
TKaHAM EMKOCTHBIE CBOWCTBA, KOTOPHIECYIIECTBEHHO BIMAIOT Ha 3JEKTPONPOBOAHOCTH H,
COOTBETCTBEHHO, Ha MPOXOKJICHHE HEPBHBIX MMITYJIbcOB. Hambosee mpocThie SKBHUBaJIEHTHbBIE
ANIEKTPUYECKHE CXEMbl IIeTeld MEePEeMEHHOTO TOKa, MOJEIHPYIOIIME 3JIEKTPUYECKHE CBOICTBA

ydaCTKa TKaHH!, IIPCACTaBJICHBI Ha pHUC. 1.

B R C.
e 5) # ;z“ }~«
5 g B :

Puc. 1. DxBUBaJIEHTHBIC SJIEKTPUUYECKUE LIETIH IEPEMEHHOTO TOKA JUIsl OMOJIOTHYECKUX TKAHCH.
A) niens ¢ mocnenoBareabHbIM coenuHeHneM C u R;
b) uens ¢ mapannensubM coeauaennem C u R ;
B) nens ¢ KOMOMHUPOBAHHBIM COEIUHEHUEM.
Jlnst MoienMpoBaHus LEenH MOJIKI0Ya0T K HU3KOYaCTOTHOMY T'€HEpaToOpy MNEPEMEHHOTO

TOKa, 3./1.C. KOTOPOTO U3MEHSETCA 110 TAPMOHUYECKOMY 3aKOHY:
£ =g sinwt

TA€ €g- aMIINIUTYAHOEC 3HAYCHHUE O.1.C.



- IUKIMYECKas 4acToTa.
3akon Oma Juig ydacTKa IIEMU IMEePEeMEHHOro TOKa 3alUCBIBAIOT Ui 3()(HEeKTUBHBIX

3HAYCHUN TOKa U HAaIps>KCHUA Ha YU4aCTKC!

U
b.

[ne Ly - 9pdextuBrOE 3HAYEHUE CUITBI TOKA,
U, — 2hbeKTHBHOE HATIPSHKEHHUE,

Z — TOJTHOE 3HAYEHUE yYacTKa LENH MePEeMEHHOTO TOKa (MMIIEIaHC).

Jlst mociienoBaTebHOM 1eNu MepeMEHHOro Toka (pHc.l, a) uMIenanc pacCYUTHIBACTCS

o hopmye:

Z = R% + X2,

rj1e R — akTHBHOE COTIPOTHBIICHHE yJacTKa,

Xc — eMKOCTHOE COTIPOTUBIICHHE KOHICHCATOPA.

KOHI[CHC&TOp B ICIIAX MOCTOSIHHOI'O TOKA SABJISACTCA MECTOM pa3pbiBa LCIIKM, HO B LCIIAX
INEPEMEHHOTO U UMITYJIbCHOT'O TOKOB - 3TO IMPOBOJHHUK C PCAKTHUBHBIM COIIPOTHUBIICHUEM, KOTOPOE

paccyuThIBaeTCs 1o hopMyIie:

BHCKTpI/ILIeCKaH CXEeMa JJ1d U3Yy4CHH 3aBUCUMOCTH HMIIEAaHCa HOCHe,HOBaTeHBHOﬁ Oernu

IICPEMECHHOTI'O TOKA B 3aBHCUMOCTHU OT YaCTOThI 1 EMKOCTH KOHACHCATOpA IPUBCACHA HA pI/I02

—r

A (~) bl Cof CafCul OL.0
TSR by

0R

Puc.2. Cxema ycTaHOBKH AJIsl U3YUEHUS] UMIIEAaHCA IS EPEMEHHOTO TOKA.
C1=0,05 Mx®d; C2=0,5 Mx®; C3=5 MxP; C4=20 mxd; R=2 xOm

33,[[3‘-16171 pa6OTLI SABJICTCA ONPCACIICHHUEC 3aBHUCHMMOCTH Ha KOHACHCATOPE OT YaCTOThI

KoJIeOaHU I reaeparopa il pPasHbIX 3HAYCHUNM E€MKOCTU KOHACHCATOPOB U PACUCT BCIIMYUHLBL



HMIICAaHCa OTUX YYaCTKOB.

BoinosiHenne padoThbl.

1. BxmounTh reHepaTop HHU3KOYACTOTHBIX KoJeOaHW M ociuuiorpad B CeTh HMEPEMEHHOTO
toka 220 B. B Teuenue 3-5 MuH clienaTh BBIACPKKY JJIs MPOTPEBAHUS TIPUOOPOB.
2. YCTaHOBHTH MEepeKiIoyaTess 010ka KoHaeHcaropos B nojoxenne 0,05 Mxd.
3. YcraHoBHTH YacTOTy Kosebanuii reneparopa 200 [' pydkaMu CTYNEeHYATOTO MEPEKITIOYCH U

¢ mHOXxwuTessiMu X1, x10, x100 u maBHoU peryiauposku (1x200).

Tabmuia 1.

Yacrora, I'm | 200 500 1000 2000 4000 8000

0,05 mx®d

0,5 mx®d

5 Mx®d

20 Mx®d

Hanpsioxenue
B JIEJI.LIKAJIbI

4. Pydkamu perynupoBKM HaIpsDKEHHUS TEHepaTopa M YpPOBHS BXOJHOTO HAMpPSKEHUS
ocuwuiorpada yCTaHOBUTh Ha SKpaHE CHHYCOUIY € aMIUUTYynod 20 MM MO BEpTUKAJIbHOM
1IKane, MpeJBApUTEIbHO MPOBEAs MPOLEAYPY CHUHXPOHU3ALMU IyTeM I0J00pa 4YacTOThI

pa3BepTku ocumiiorpada u remeparopa.

5. [IpoBecTr M3MEpeHUsT aMIUTUTY/bl HAINPSDKEHUS Ha KOHACHCATOPE B JCJICHHSIX IIKAJIbI
(MM) ¥ 3aHecTH pe3ynbTaT B TaOuuiy 1. Pydkamu cTyneHYaTol ¥ TUIaBHOW YCTaHOBKU YacTOTHI
KOJICOaHMIl TeHeparopa IMOCIeN0BaTeIbHO ycTaHoBUTh 4actoThl 500 T'ip (10x50), 1000 I'iy
(10x100), 2000 I'm (10x200), 4000 I'p (100x40), 8000 I'y (100x80) m mMpPOBOAUTH M3MEPEHUS
aMIUTUTYAbl KoJIeOaHW Ha 3KpaHe ocuwuiorpada B ACICHHUAX BEPTHKAIBLHOW IIKAJIbl C
OJIHOBPEMEHHOU 3aMUChI0 PE3yabTaTOB B TabmuILy. [Ipu 3TUX U APYrUX MU3MEPEHUSX MOJIOKEHUE
py4YeK perylupoBKU HAMpsDKEHUs TeHepaTopa M YPOBHS BXOJHOTO HANPSDKEHUsS ocuuiiorpada
JIOJI’KHO OCTaBaThCs 0€3 M3MEHEeHHs. beryiue ociumiorpaMmMbl HAMPSHKEHHST MOKHO YCTPAHSITh

10/100POM YacTOThI Pa3BePTKH OcHMILIOrpada.

6. He mMeHsst oioskeHUsT pydeK perylvpoBKH HAIpsKEHHs reHepaTopa U ocuuuiorpaga
MIOCIIEIOBATEIbHO YCTAHOBUTH MEPEKII0UaTeNlb 0J0Ka KOHAEHCATOPOB B nosokeHue 0,5 Mk®d u

Apyrue, npoBoas MpH 3TOM U3MCPCHUA aMIIIMTYJbl HAIIPAKCHHUA Ha KOHACHCATOPEC IJId BCCX




BBIIIC YKA3aHHBIX 4YacCTO. P€3y.HBTaTLI U3MECPCHHUA HAIIPSXKCHUA B ACJICHUAX HIKAJIbI 3aHCCTH B

Tabmuiy 1.

1. [IoCne mpoBeneHUs M3MEPEHUIN HAIPSDKEHUs Ha BCEX KOHICHCATOpPAax Ul YKa3aHHBIX

BBIIIIC YACTOT KOJICOAHHIA TeHEPATOP U OCIMILIOrpad OTKIIOYHTH OT CETH TIEPEMEHHOTO TOKA.

8. [IpoBenuTe pacyeThl MUKIMYECKUX YACTOT KOJIeOaHU HapsDKEHUs 10 hopMyIe:
w = 2mv,
rJe V — JacToTa Kojiebanui B 11,

Y €MKOCTHOTO compoTuBiieHus KouaeHcaropa 0,5 mx®d mo dhopmysne:

¥ 1
¢ wC
9. Paccuuraiite 3HaueHHs UMIIEaHCa U TaHTE€Hca cBUra (a3 MexIy KoJieOaHUSIMU TOKa U

HanpsHKEHUs B MOCIIEIOBATEIBbHOM 1IENMU ISl BCEX YaCTOT M YKa3aHHOM €MKOCTH KOHJIEHcaTopa

Z= |R?+X¢;t _Xe
C’g(p R

10.  TToctpoiiTe rpaduk 3aBUCHIMOCTH HAMPSDKEHUSI HA KOHJIEHCATOPE OT JIorapru(mMa 9acTOTHI

o gpopmynam:

INEPEMEHHOTO TOKA.

KonTpoJibHbIE BONPOCHI K J1adopaTopHoii padore Ne 2 mo 6modusuke.
MOJIEJIUPOBAHUE TTACCHBHBIX DJIEKTPUYECKUX CBOWMCTB TKAHEM
OPI'"AHU3MOB.

1. HazoBuTte uenb u yueOHbIe 3a7auu JabopaTopHOi paboThl. Kakue mpubopsl BXOIAT

B cocTaB ycTaHOBKHU? Kak ocyliecTBisieTcs yrpaBieHue ux paboToit?

2. U3 Kakux 3J1e€MEHTOB COCTOST SKBUBAJICHTHbBIC paarnoCXeMbl IS OMOJIOrNYECKNX TKaHeH Ipu

pa60Te B ICIIIX IICPEMCHHOI'O TOKa?

3. KaKYIO BCIIMYMNHY HA3bIBAKOT C€MKOCTHBIM COIIPOTUBJICHUEM H HMIICAJAHCOM Y4YaCTKa LCIIU

MEPEMEHHOTO TOKa?

4. HazoBure MMpoBOIAIIME U  HCIPOBOIAAIINC MMOCTOSTHHBIM 3J'IeKTpI/ILIeCKI/II7I TOK 4YaCTHu

OMOJIOTHYECKON KICTKHU?

5. KakoBa npupoaa SJICKTPUYCCKOIO TOKa B MCETAJUIAX, MOJYIIPOBOJHHUKAX, BJICKTPOJIUTAX U

O1oIOTHYECKUX MeMOpaHax?

6. HO‘ICMy CMKOCTHOC COIIPOTHUBJICHUC KOHACHCATOPA HA3BIBAIOT peaKTI/IBHLIM? Kakue Toku

Ha3bIBAIOTCA TOKaMH CMCIJ_ICHI/I}I?



7. UYto Ha3bIBACTCAIIOTCHIIMAJIaMU IIOKOs U I[ef/'ICTBI/ISI B OHMOJIOTMYECKUX KIIETKAX M TKAHAX?

JlaGoparopHasi padora no ouopusuxe Ne 3

OINIPEAEJIEHUE PASMEPOB BUOJIOTUYECKUX OBBEKTOB METOA0OM
JAUPPAKIINU CBETA JIABEPA

Llenv padbomeur:

- O3HAKOMHUTBCA C HNPUHIOUIIOM I[GflCTBHSI JIa3CPHBIX MCTOYHHMKOB CBCTA U ABJICHUCM

JU(PaKIUK Ha HEMTPO3payHON AU(PPAaKIIMOHHON PELIeTKE;

- OMMPEACIIUTb PasMEPLI 4YaCTUL JTUKOIMOAHUSA MCTOIOM JII/I(l)paKHI/II/I CBC€Ta OT JIa3€pPHOI0

HMCTOYHHKA.
I. KpaTkue TeopeTnyecKkue CBeJIeHUsI.

Judpakuueir cBeTta Ha3bIBae€TCs SIBJICHHE OTKIOHEHMUS CBETOBBIX JIyded oOT
MPSIMOJIMHENHOTO PaCIpPOCTPAHEHUS B CPENlAaX C PE3KO BBIPAKEHHBIMHM HEOJHOPOIHOCTSMH, €CIIN
UX pa3Mepbl CPaBHUMBI C JJIMHON BOJIHBL. Judpakiueil Takke Ha3pIBAIOT SIBJICHUSI, CBA3aHHBIE C
3aX0X/IEHUEM CBeTa B 00JaCTh I€OMETPUYECKOM TEHM, M JIPyrue, KOTOpbIe COMPOBOMXKAAIOTCS
oOpa3oBaHueM AU(PAKIUOHHBIX KAPTHH B BUJE ONPEIEIEHHOIO paclpeAeiIeHNss MAaKCUHMYyMOB U

MHUHHUMYMOB HHTCHCHUBHOCTHU CBETA.

[[I/I(bpaKHI/IIO CB€Ta IMOoApasACJIAIOT Ha [ABa BHAA B 3aBUCHUMOCTH OT YCJ'IOBI/Iﬁ

HaOJIIOECHUS:

- ,Z[I/I(l)paKLII/ISI CDpeHeJ'ISI B CXOAIIUXCA JydaX, KOI'’Ja HCTOYHUK U DOKpaH A

HaOII0/ICHUS] HAXOAATCSA Ha KOHKPETHOM PACCTOSTHUM OT 0OBEKTa,
- nudpaxus Opaynrodepa B napauieabHbIX JIydax.

Jns nHabmonenuss audpakiuoHHON kapTuHbl DpayHrodepa OOBIYHO HCIOJIB3YIOT
coOuparomue JMH3bl UK BOTHYTHIE 3epKasia. B HacTosmel paboTe Uisl ompeeNieHus: pa3MepoB
MHUKPOOOBEKTOB HCIIOIB3YETCSI METO/, OCHOBaHHBIN Ha cBolcTBax nudpakinuu dpayHrodepa c
Ja3epHBIM HCTOYHUKOM cBeTa. Jlazepwpl SBISAIOTCA MCTOYHUKAMU MOHOXPOMAaTHYECKOrO,
KOT€PEHTHOTO M Y3KOHAIPABJIEHHOTO CBETOBOIO IMOTOKA, KOTOPBIE HAEATBHO MOAXOAAT s
noA0OHBIX M3MepeHui. [IpuHIMI nelcTBUS Jla3epa OCHOBAH HA CBOMCTBAX WHAYIIMPOBAHHOTO
M3JIy4eHHs] aTOMOB MW MOJIEKYJ aKTHUBHOM cpeAbl C HMHBEPCHOW  HACEJIEHHOCTBIO
SHEPreTUUecKuX ypoBHeW. MIHBepcusi HACEIEHHOCTEH YpPOBHEH SHEPrUu JIOCTUTAETCS B XOJIE

NpOBCACHUA ONPCACIICHHBIX MNPOLCCCOB- HAKAYKH (HpOHyCKaHI/IC TOKa, CBE€TA, XHMMHYCCKUC



peakuuu M T.1.). AKTUBHas cpela MOXKET HE TOJbKO YCHJIMBATh IPOXOJSIIEEe Yepe3 Hee
U3Iy4YeHHEe, HO M OBITh T'C€HEPaTOpPOM CBETOBBIX MMITYJAbCOB. /Il 3TOro akTHUBHYIO Cpeny
MIOMEUIAIOT B ONTHYECKUI pe30HATOp, COCTOSIINMI U3 ABYX U Oojee 3epkai. B pabore npumenex
nazep, pabodeil cpenoil KOTOpOro SIBISETCS ra3oBas CMECh TelMs M HEOHAa B COOTHOIICHHUH
okoJio 1:9. MlHBepcus HaceIEeHHOCTH aTOMOB HEOHA CO3/AaETCs MMYTEM CTOJIKHOBEHUI C aTOMaMu
reNusi, KOTOpble HaXOIATCS B JIOJITOXXKHUBYIIEM (METacTaOMJIBHOM) BO30YXICHHOM COCTOSIHUU
IpU TPOIYCKAaHUU 3UIEKTPUUYECKOTO TOKAa uepe3 cMmech. llpuHuumnuanbHas cxema Tra3oBOIo
JIa3epHOro UCTOYHUKA MTOKa3aHa Ha puc.l.

3, ¢ s Th 3.
{ ST — - = "1‘ :

Puc. 1

Ha3epLI HallllLId IIUPOKOC€ MPUMEHCHUEC B MCIUIMWHE ITPU MPOBCIACHUN XUPYPIrUUCCKHUX

onepanuii odraabmMonoruu, GU3no- U pedaekcoTepanuu.

Konctpykius ycranoBku st HaOmonenust audpakimun®dpaynrodepa ¢ mgazepom
npuBeieHa Ha puc.2. JIazep yCcTaHOBIIEH Ha CTOMKE | M MOJKIIIOYAETCs K CETH MEPEMEHHOTO TOKa
220B. Jly4 na3zepa mpoxoauT yepe3 OOBEKT 2 W BCIEACTBHE NUPPAKIIMU HA dKpaHEe 3 cO3/aeT

TU(PPaKIHMOHHYIO KAPTUHY B BUAE MAKCUMYMOB M1 MUHUMYMOB OCBEIIIEHHOCTH.

Puc.2 Cxema KOHCTPYKIIMM YCTaHOBKHU.

Il. BoinosiHeHue padoThI.

1. BkirounTh a3ep M YCTaHOBUTb Ha IYyTH Jyda CTOHKY C JepXKaTejeM IpOo3pavyHoil
T(PaKIMOHHON pelIeTKH, IUIOCKOCTh KOTOPOIl J0JKHA ObITh MepHeHIuKyIspHoi nydy. Ha
paccrostauu 20 - 30 cM OT pelIeTKH YCTAaHOBHUTH HKpaH JUIsl HaOIrofeHUs JU(PpPaKIUOHHOM

KapTUHBI C 3aKpPCIVICHHBIM Ha HEM JIMCTOM oenoi 6yMaFI/I.

2. HYTCM HEOOIBIINX MONCPCYHLBIX HCpCMCH_ICHI/Iﬁ PCHICTKU TIOJTYIUTH HanOoJiee 4YEeTKOE

I/I306pa)KeHI/IC HH(I)paKHHOHHOIZ KapTUHBI Ha 3KpaHC B BUJAC LCHTPAJIBHOIO III/I(I)paKI_II/IOHHOl"O



MakKCUMyMa HMHTCHCUBHOCTH  HYJICBOI'O nopdaaka MW TOPHU3OHTAJIBHO  PACIIOJIOKCHHBIX

MaKCUMYMOB 1u?2 MOPpAAKOB CUMMCTPHUYHO IO OTHOICHHUIO K ICHTPAJIbHOMY.

3. Ha OGenom mmcre Oymaru, KOTOpPBIM 3aKkpeIsieH Ha 3KpaHe, OTMETUTb DPYYKOM MecTa
PacroJIO’)KEHUsT MAKCUMYMOB HYJIEBOIO THOpsAKa (LEHTPaJbHOr0) M APYrUX CHUMMETPUYHO

PacroJIOKEHHBIX MAaKCUMYMOB 1-2 OPSIKOB.
4. 3meputh paccTosiHUE OT IU(PaKIMOHHON PELUIETKH 10 SKpaHa JIMHEHKON L1B MMm.

5. 3aMeHUThb CTOMKY C IU(PPaKIIMOHHOW pEHIeTKON Ha CTOWKY C JepiKaTelieM MOpOoIlKa
JIUKONO/US, TIEPEBEPHYTh 3aKpeIJICHHBbIH JUT Oenoil OyMaru Ha DJKpaHe M IPOBECTU

Ha0JI0/IeHNE MOJTYYeHHONW TU(PPAKIIMOHHON KapTUHBI B BUJIE CBETJIBIX U TEMHBIX KOJIEII.

6. He u3aMmensiss paccTostHUS OT Jepikareis JTUKOMOIus A0 dKpaHa, pydykod OTMETUTh Ha Oymare
MOJIOKEHHE IIEHTPAIbHOTO JU(PAKIMOHHOTO MaKCUMyMa U CEepeAMHY IEepBOr0 TEMHOTO

TU(PPaKIIMOHHOTO KOJIbLIA.

7. VIaMepuTh pacCTOSIHHE OT JeprKaTessl JUKOTMOAUS 10 dKpaHa JIMHEHKON LoB MM, BBIKITIOYUTH

Ja3ep U CHATH JINCT OyMaru ¢ 3KpaHa.

8. PaccunTtath AnuHY BOJIHBI U3JIy4Y€HU Ja3epa, UCIOJIb3Ys 1aHHble JucTa 1 mo dhopmyre:

d-sin
A==
k

rae d — nepuon audpaxiuonHoi perrerku, d=0,009mm,

12 +x2

. X
¢ — yrona nudpakinuu, sing = ﬁ

K — mopsiiok aubpakiHOHHOTO MaKCUMyMa,

X — pacCTosHHE OT LEHTPaJIbHOI'O I[I/I(bpaKI_II/IOHHOI‘O MakKCuMyMa 10 MaKCUMyMa 1-u 2-

OPAAKOB COOTBECTCTBCHHO.

9. I/ICHOHLBYH JaHHBIC JIMCTa 2, a MMCHHO, H3MepeHHLII>i JIMHEMKON B MM paauyc mepBOTO

TCMHOTO HH(bpaKHHOHHOFO KOJIbI1a 1o (bopMyne:

A R
D=122-——, sing =

sing /12 + R?

Paccunrath cpeanuit muametp yactuuek smkomoaus (D).

KonTpoabHbie Bonpockl K 1adopaTropHoii padore Ne3 no Ouodusnke.

OITPEAEJIEHUE PA3MEPOB BNOJIOTMYECKUX OBBEKTOB METOJOM



JUOPAKIINU CBETA JIASBEPA

1. HazoBuTe 1enb U ydeOHbBIE 3aJa4d JaHHOW JIA0OpaTOPHOW padOThI, a TaKke MPHOOPHI U

MPUCTIOCOOTICHHUSL.

2. Kakue mnpospauHble cpeibl Ha3blBalOTCA AaKTHUBHBIMU? [IpyM KakoM YCIOBMM NPOMCXOIUT

MOTJIOLIEHUE, TPOCBETICHUE U YCUIIEHUE CBETA, IPOXOSILIEr0 Yepe3 Takyto cpeny?

3. IlokaxuTe NPUHLUIHAIBHYIO CXEMY YCTPOMCTBA Ta3oBOro Jiazepa. Kakue BUIIbI HaKauku
AKTUBHOM CpeJIbl MPUMEHSIFOTCSI B TEXHHUKE?

4. Kakoe siBeHue Ha3bIBAIOT Audpakiueit ceera? Kakoii Bua qudpakiuu cBeTa UCIOIb3yeTcs 3
naHHOM padoTe? Kakoe ycTpoicTBO Ha3bIBaeTCs MM(PPaKIIMOHHON penieTkon?

5. ChopmynupyiiTe yciaoBHUE TIABHBIX AUPPAKIIMOHHBIX MAaKCUMyMOB I MPO3pavyHOi

PEHICTKU B MapalJICJIbHBIX JIydaX. Kaxwue MAaKCUMYMbI Ha3bIBAOTCSA MOOOYHBIMU?

6. Urto mpexacraBusieT coOoi AU(paKIMOHHAS KapTUHA IMOC]E MPOXOXKJIEHUS CBETOM TOHKOTO

ci10s yacturl Juxornoaus? Kak oObACHUTE MEXaHU3M €€ BOSHUKHOBEHUS?

7. B uemcocrout crnoco0 ompezeneHuss pa3MepoB YacTHUL, UCHOJB3Ys AJIS 3TOTO JIaHHBIE IO

mudpakIMOHHON KapTuHEe?

JlaGopaTtopHas padora no ouodusuke Ned

MO/JIEJINPOBAHUE ITPUHIMUIIA JJEMCTBUS 3PUTEJIBHBIX PEIIELITOPOB.

Lenv pabomeur:

— OsHakoMJICHHE C pa60T0171 (bOTOBJIeKTpI/I‘IGCKI/IX IIPUEMHUKOB CB€Ta Ha BHCIIHCM

dhoTtorddexre;

— OnbITHas TpoBepKa 3aKOHOB BHeEMIHEro (GoTodddekra.

l. KpaTKI/Ie TCOPCTUYCCKHUEC CBCACHUSI.

dotosnekTprueckuM 3((HeKToM Ha3bIBaeTCsl MPOLECC B3aUMOJCHCTBUS 3JIEKTPOMArHUTHBIX
BOJIH (CBETa) C BEIECTBOM, B pe3yJbTaTe KOTOPOro 3Heprus (POTOHOB meperaeTcs 3EeKTPOHaM
BeniecTBa. [ TBEpABIXTEN U KHUAKUX Cpell pa3inyaroT BHEIHHNA (POoTOrPdeKT, npu KOToOpoM
NorJIomieHrue (OTOHOB COMPOBOXKAACTCS BBIJIETOM 3JIEKTPOHOB C TOBEPXHOCTH 3a IPEJEIIb
BElIeCTBa W BHYTPEHHUH (OTOAPQEKT, MpH KOTOPOM DSJIEKTPOHBI OCTAIOTCS B BEILECTBE,
U3MEHSSl CBOE PHEPIreTHUECKOE COCTOSTHUE (TIOJIyPOBOAHUKH). Bo3HuKkHOBEeHUE (HOTO 3.1.C. TIpH
OCBELICHUU P-II TNepexoja B IOJIYIPOBOJHUKAX HAa3bIBACTCS BEHTUJIBHBIM (OTOIDPEKTOM,

KOTOpLIfI HameJl IMAPOKOC MPUMCHCHHUC B TCXHUKE U COJIHEYHOH OHCEPI'CTUKCE. q)OTOB(I)(I)eKT



TaKKC€ MOKET Ha6JHOI[aTBC$I IJId BJICKTPOHOB BHCIIHHUX W BHYTPCHHUX 000/I04€K aTOMOB H
MOJIEKYIL.
st BHentHero GoTodddexTa UCTIONB3YIOT ypaBHEeHHE DWHIITEHHA, KOTOPOE OTPaXKaeT 3aKOH

COXpaHEHUs SHEPTHH JIJIs1 (POTOMPOIIECCOB, M UMEET CJICIYIOIINI BU/I:

2
MVinax

hv = A, + 2

rae Asux — paboTa BbIX0/1a JIEKTPOHA,
hv — sneprus goToHa,
M — Macca 3JIeKTpoHa,
Vmax — MAKCUMaJIbHOE 3HAYE€HHE CKOPOCTH BBIJIETAIOIUX (POTOIIEKTPOHOB.
JIJ1s Ka)k0ro BEleCTBa CYIIECTBYET FpaHUYHAsl YacTOTa CBETOBBIX KOJeOaHUM
(moporogast), HxKe KOTopoi HoTodPheKT HE MPOUCXOANT. 3HAYECHUE ITOU YACTOTHI

OTIPENIEeTISIETCSl BEIMYMHON pabOTHI BBIXOA.

Uucmo (hOTOINEKTPOHOB, TPUXOJAIICeCSs Ha OJUH IO Ha MOBEPXHOCTH (OTOH,
o 4
Ha3bIBAETCSl KBAHTOBBIM BBIX0JIOM (oTodddexTa. OOBIYHO KBAHTOBBIN BbIXOJ cocTaBisieT 107

pacTeT ¢ yBeITMYEeHHUEM YacTOThI KOJICOaHUH.
YerpoiicTBo mpocTeiimiero ¢poTodaemMenTa Ha BHenTHeM (poTodrddexTe nmokaszano Ha puc. 1.

Kak mpaBuio, oH coctouT u3 cepuueckoro OamioHa 1, mpo3payHoro Ijisi COOTBETCTBYIOIIEH
o0nacTu CHeKTpa, ¢ JABYMS METaNIMYecKUMU 3nekTpoaaMu. OOBIUHO, CBET BO3JCHCTBYET Ha
TOHKUN (OTOANEKTPUYECKUI CIIOM M3 IIENOYHBIX METAUIOB MM UX CIUIaBOB, KOTOPBIN
HAaHOCHUTCA Ha BHYTPEHHIOIO MOBEPXHOCTh CTEKJIIHHOTO OallJIoHa 2 U COEAMHEH C BHEIIHUM
anekrpoaoM — karonom (K). Jpyroii snektpon B BUAE MAJICHBKOTO KOJbIAa WM IIapUKa
3HAaXOIUTCS B LEHTPE CTEKISTHHOW cdepbl ¥ MPUCOECTUHEH K APYroMYy BHEUIHEMY JJIEKTPOAY —

a”ony (A).

Puc.1. Cxema npocroro (oTodaemMeHTa.

HpI/I OCBCHICHUHN MTOBCPXHOCTU (I)OTOKaTOI[a CBETOM C YaCTOTOH KoJIcOAHWI BHIIIIE HOpOFOBOﬁ



IIPOMCXOJUT BBIPBIBAHUE JJIEKTPOHOB C IIOBEPXHOCTH, HUMEIOIIMUX HAIPABICHUE BEKTOPA
CKOPOCTH IEPIEHAUKYIIIPHOIO IIOBEPXHOCTU. B pe3ynbrate OHM JOCTUralOT aHOMAA U SBJISIOTCA
MPUYMHON BO3HUKHOBEHUS (0oTO03.1.Cc. ECin BHELHIS 1enb aHoia ¥ KaToa Oy/eT 3aMKHYTa, TO
B IIENH BO3HUKAET (POTOTOK, KOTOPBIM MMEET HEBBICOKUME 3HAUEHUS U ISl €r0 PEerucTpaunuu
HYXXHBl YyBCTBUTENIbHEE NpUOOpHI. BenmnumHy (GOTOTOKA MOXKHO TOBBICHUTH, €CIH HAa aHOJ
MIOAATh IOJIO)KUTEIbHBIA MOTEHIIMA OT BHEIIHErO0 MCTOYHMKA TOKa. OJHAKO yBEJIMYEHHE TOKa
MPOUCXOTUT OO0 HEKOTOPOTO MAaKCHUMAJIBHOTO 3HAUeHHs, KOTOpOe Ha3bIBaeTCsl (HOTOTOKOM

HACBIIIEHUS, TPU KOTOPOM BCE BBIPHIBAEMBIE CBETOM AJIEKTPOHBI JOCTUTAIOT aHoAa (puc.2).

77}4/\ )
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Puc. 2. BonbT-amnepHas XxapakTepucTuka poTo3JIeMeHTa.

[Ipu mojmave Ha aHOJ OTPULIATEIHHOTO MOTEHILMANA UCTOYHHUKA TOKA MPOUCXOTUT CHIDKEHUE
3HaueHus: ¢ototoka a0 0. Hampspkenue mpu koTopoMm (OTOTOK MpeKpariaercs Ha3bIBaeTCs
3a/Iep’KUBAIOIIKUM TMOTeHIaoM. (Cxema YCTaHOBKM JUIsl U3ydeHHUs paboThel (oTOorIEeMEeHTa

MpUBEIeHa Ha pHC. 3.

220B[ >
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Puc.3. Cxema ycranoBku ¢ potosnemernrom @19.

Ocgenienre (GoTOITEMEHTa OCYIIECTBIISIETCS JIaMIloW HakanuBaHus oT cetu 220 B uepes
TpaHchopMaTop, KOTOpPbIE YCTAHOBIIEHBI B 3aKphITOM Kokyxe Onoka 1. IlapamnenbHbiit
CBETOBOI MOTOK (OpMHUPYETCs JIMH3AMHU M, MPOMIs yepe3 CBETO(QMIBTP 2, MONAAaeT B OKHO
¢dorosnementa ®19, ycTaHOBIEHHOTO B CBETOHENPOHMIIAEMOM KOXyXe 3. VYIpaBiieHUE
CXEMOW 3IJIEKTPUYECKOTO MUTaHUsA (OTORIEMEHTAa HAaXOJUTCA B OTHENbHOM Onoke 4, Ha

NEPCAHIO0 MMAaHECIIb KOTOPOIr0 BHIHCCCHBI HpI/I60pBI AJIT UBMCPCHUA HANIPSOKCHUA U (I)OTOTOKa C



nu(poBON MHIUKAIMEH M ¢ KHONKAMHU YCTAaHOBKH aHOJTHBIX MOTEHIMAJIOB B MPSIMOM «t» H
oOpaTHOM « - » HampaBieHud. Ha xopmyce Onoka 3 UMEIOTCS PYyYKHYCTaHOBKH (DOTOTOKA Ha

HYJIEBOE 3HAYE€HHUE IIPU OTCYTCTBUU OCBEIECHUS (POTONIEMEHTA.

I1. BermosHeHue paboThI.

1. Bxirounts B ceThb mepemeHHoro toka 220 B 0nok 4 u npoBepUTbh HyJEBbIE MOKAa3aHUS
npudopa «0000» B u «000» MkA. Ilpu Hanmumm nokasanus GOTOTOKA MPHUBECTH UX B HYJIEBOE
MOJIOKEHHUE PYYKaMyCTaHOBKHU HYJIS «IPy00» U «TOYHO» Ha Ojoke 3.

2. YcraHoButh cBeTo(uiabTp Ne4 650ka 2 ¢ ATMHON BOJIHBI IPONYCKaHUs 578 HM U 4acTOTOM
5,19x10% I'i, koTOpast MeHbIIIe TIOPOTOBOii, U TIOC/e BKIOYeHHs B ceTh 220 B 6roka mammsl 1
yOeuThCs B

otcyrcTBUM (oTOTOKa. DOTOTOK AOKEH OBITh paBHBIM (0 M Mpu mojgadye Ha (HOTOIIEMEHT
MOJIO)KUTEIBLHOTO TOTEHIIMaNa MNpH MPSAMOM BKIOUYeHUMM KHomkamu 10 5-10 B. Knomkamm
CHIDKEHUSITIOTEHIIMAIa CHOBA YCTAHOBUTH HYJIEBbIE NTOKA3aHUS.

3. YcranoButh cBetopmibTp Ne3 ¢ jynMHOM BOJIHBI TpomyckaHus 546 HM M 4YacTOTOMN
5,49x10* T'm, xoTopas BbIIIe MOPOTOBOM 4YacTOTHI M 3amMCaTh TNOKAa3aHUA (POTOTOKA MpH
HYyJIEBOM 3HAYCHHUH MTOTCHIINANA.

4. TlocnenoBarenbHo uepe3 1 B mpoBecTu mpu  «IpsSMOM» BKJIIOUCHHH YBEJIMYECHUE
MOJIOKUTETBHOTO ToTeHIana 10 10 B u 3anectu B Tabnuiy 1 moka3zaHusi MUKpoamMIepMeTpa.
CHu3UTh HampsDKEHUE A0 Hy/lIsl I NEPEeKIIOYHUTH KHOIKOW IOJIAPHOCTH HAIPSI)KEHUS Ha

«oOpaTHOEY.

UB |0 +1 +2 +3 +4 +5 +6 +7 +8 +9 +10

I, LA

5. IlocnegoBareabHO qcpe3 0.1 B IMPOBECTHU YBCIIMYCHUC O6paTHOFO HAaIpsKCHUS 10 HYJICBOT'O
3HAa4YCHUA (bOTOTOKa. HOJ'Iy‘ICHHBIe PE3yJIbTaTbl U3MCPCHUA (bOTOTOKa 3aHCCTHU B Ta6J'II/II_Iy 2.

YMEHBIIUTH O6paTHOC HAaIMpsOKCHUE 10 HYJS, OTKIIFOYUTH omoku 1 u 4 ot cetu MEPEMECHHOTO

Toka 220 B.

U,B 0 -0,1 -0,2 -0,3 0,4 -0,5 -0,6

I, LA

6. IlocTpouTh BOJIBTAMIIEPHYIO XapaKTEPUCTHKY (HOTOIEMEHTa Jisi cBeTOpHIbTpa Ne3



KonTpouabHbie Bonpockl K 1adopaTopHoii padore Ne4 no Ouodusnke.

MOJEJUPOBAHUE MPUHIIUIIA JEACTBUS 3PUTEJBHBLIX PEHEINITOPOB.

1. HazoBure 1menp u y4deOHBIE 3aJayul JaHHOW JabopatopHoil pabotel. Kakoe ycTpoicTBO
HCIIOJIb3YETCS B padOTE B KAUECTBE MOJIENIN 3PUTENBHBIX PELIENITOPOB?

2. Kakue sBneHMs Ha3bIBalOTCS BHEIIHUM M BHYTpeHHUM Qorodddexkrom? B dem cocrout
OTJINYME BEHTUIBHOTO (p0TOA((eKTa OT BHEIIHETO U BHYTPEHHET0?

3. Hamummre ypaBHenune DiiHmTeiHa A1 BHemHEro Gortosddekra. Kakoit pusmdeckuii 3akoH
OTpa)xxaeT 3TO ypaBHEeHUe?

4. Ilouemy cymecTByeT rpaHuyHas (IOpOroBasi) 4acToTa CBETa, HM)KE KOTOPON BHELIHUI
¢doToad ekt He Bo3HUKaeT? Kak 3Ta yacToTa cBs3aHa ¢ pabOTON BbIX0/1a AJIEKTPOHOB?

5. IlpuBeaure cxemy ycTpoiicTBa (OTOIEMEHTa W METOJUKY OIpEAeNeHUs] €ro BOJIbT-
aMITEPHONXapaKTEPUCTUKH.

6. Kapoii ¢poToTOK Ha3BIBAETCS TOKOM HACHIIMICHUS W MOYeMy OH Bo3HHWKaeT? UTo Ha3bIBaeTcs
KBaHTOBBIM BBIX0JIOM (OTO3PeKTa U OT 4ero OH 3aBUCHUT?

7. Kakyio BelnMUMHY Ha3bIBAIOT 3aJIEPXKUBAIONIMM MOTEHIMAIOM U KakuM CrocoOOM ero
MO>KHOOIPEIETUTD?

JlaGopaTtopnas padora no ouodgusuke NeS.

OIIPEAEJIEHHUE CIIEKTPA INOI'JIOMEHUSA CBETAIIEI'OCSA
INOJIMMETU/IMETAKPUJIATA

l. Kpartkast Teopusi.

(DOTOMeTpI/ILIGCKI/Iﬁ aHaliu3 10 CICKTpaM IIOITIOMICHHWA OCHOBAaH, Ha HN3MCPCHUU
HHTCHCHUBHOCTH II0JIOC IIOIVIOICHHA, KOTOPBIC OIPCACIIAOTCS YHUCIIOM KBAHTOBBLIX IIEPCXOJA0B B
CANHUIY BPEMCHHU MOJICKYJI HJIM AaTOMOB IIOTJIOMIAIOHICTIO BCHICCTBA. IlornomenuemM cBeTta
HAa3bIBAKOT SBJICHUC YMCHLUICHUC DSHEPIHUU CBETOBOM BOJIHBI Iopun €€ pacClpoCTpaHCHUHU B
BCIICCTBC, MNPOUCXOIAIICC BCIICACTBUC npeo6pa30BaHI/I;1 SHEpPrunM BOJIHBI BO BHYTPCHHIOIO
OHEPTUI0 WM B SHCPIrUr0 BTOPHUYHOTO H3JTYUCHUS, MCHBIICTO HUMCHOIIYIO HHOM CHGKTpaHBHHﬁ

COCTaB UJIK HAIIPpABJICHUS paCIIPOCTPAHCHUS.

B PE3YIbTATEC TOTJIOIICHUA CBETA MOTYT HPOUCXOAUTH NPOHCCChbl HAIrp€BaHUA BCUHICCTBA,
HOHMU3alHud aTOMOB H MOJICKYII, (I)OTOXI/IMI/HICCKI/IC pCaKknuu, (I)OTOJ'IIOMI/IHCCI_ICHI_II/ISI n T.1.
Ilormomienye cBeTa HE CTOUT CMEIIMBAaTh C SBICHHEM CBETOBOM BOJHBI B ONTHYECKH

HCOHHOpOHHOﬁ Cpeac, BCJICACTBUC paACCCAHUS CBCTA.



JlonmycTuM Ha cpelty B BUJIE CJI0s TOJIIKMHOM | majaeT HOpManbHO CBETOBOM ITy4OK
MHTEHCHBHOCTBIO JO(cM. puc. 1) Mo Mepe NMpoXoKACHUs] HHTCHCUBHOCTH OYy/I€T YMEHBIIATHCS 1O

AKCIOHEHIMATLHOMY 3aKOHY.BbiOepeM paBHOMEpHBIH Cltoi cpe/pl TouHo#H dl.
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Puc. 1

[Mpupamienue (ymeHblieHHe)uHTeHCHBHOCTH 3TuM croeM dloGo3naunm uepes dJ,
KOTOPOE MPOMOPIHOHATBHO TOIMIMHE ci1osi |l MHTEHCHBHOCTH BOJHBI J. 3amuiieM 3T0 B BUIE

dJ= - KJdI(1). rme K — ko03hdUIHEHT MpOMOpIHOHATBHOCTHA (ITOKAa3aTeb IOTJIOIICHUS).

WuTerpupyem 370 ypaBHEHHE 110 TOJIIMHE CI0S U MOTYyYUM

#=—fl(dl

ITocne unterpupoBanus InJ= - Kl+ const. KoncranTy Haxoaum U3 ycIoBus, 9to npu 1=0

J=Jo. U torga const=InJo. [Janee numiem, 4ro

In] = —Kl + Inj,

OKOHYATCJIIbHO UMCEM

J=Jo-e™ ()

910 BBIPA’KCHUC HA3bIBACTCA 3aKOHOM Byrepa-HaM6epTa. IIokazarenp mHOIIOIICHUS

YUCJICHHO PpaBCH TOJJIOHUHE CJIOA CpCAbl, IIOCIC IMPOXOXKACHHUA KOTOPOIrO0 HWHTCHCUBHOCTD



yMeHblIIaeTcs B €=2,72 pas.

3nauenue K 3aBHCHT OT 4aCTOTHI CBETa, XUMHUYECKOW MPHUPOJIBI U COCTOSIHUS BEIIECTBA.
JIJis HEKOTOPBIX BEIIECTB MPHU JOCTATOYHO OOJBIIUX WHTECHCHUBHOCTSX CBETa HAOIIOJaeTcs
OTCTYyIUICHUE OT 3akoHa byrepa-JlamGepra; ko3¢ PUIMEHT MOTiomeHus: yopBacT ¢ pocToM JO,
910 OOYCJOBICHO M3MEHEHHEM 3aCelICHHOCTe OCHOBHOTO M BO30YXIEHHOTO YpPOBHEH
KBAHTOBOM CUCTEMBI.

Jns  pa30aBiIeHHBIX PAaCTBOPOB TOTJIOUIAIOIIEIO BEHIECTBA B  HEMOIJIOIIAIOIIEM
pacTBOpHTENE BBITIONHIETCS MPOCTOe cooTHomeHne (3akoH bepa) K=a-C, roe o - moxazaTens
nornomenusi, C - KOHIIGHTpaIusi pPacTBOPEHHOTO BemiecTBa.llodToMy JuIsi pa30aBIEHHBIX

pacTBOpOB crpaBeiuB 3akoH byrepa-Jlambepra-bepa

J=Jo e *(3)

[Ipn OonpmMX KOHIEHTpALUsAX 3akoH bepa HapymaeTrcs, Tak Kak H3-3a BIIMSHHS
B3aUMO/JICHCTBUSL MEXJy OJIM3KO pacCHOJIOKEHHBIMH MOJIEKYIaMH PAcCTBOPEHHOTO BeIeCTBa
BEJIMYMHA 0L HAUMHAET 3aBUCETh OT KOHIIEHTPALMK PacTBopa.

3aBucuMocTh K OT 4acTOTBI CBETA MM JAJIUHBI BOJIHBI Ha3bIBAIOT CIIEKTPOM IOTJIOICHHS,
KOTOPBI MOXET OBITh JIMHEHYaThIM, IOJOCATBIM WM CIJIOIIHBIM CHEKTPOM MOTJIOIIEHHUS.
CenekTuBHOE TMOIJIOIIEHUE MNPUBOJUT K BO3HUKHOBEHHIO OKpAackKM BeLIeCTBAa (KpacHUTENH,

MuHepaisl). U3 popmynel (2) Hatinem koddduimeHT nornomennsK

1 Jo
K = TlTlT

Ouenp uyacto KusmepsioT B 0OpaTHBIX caHTHUMeTpax (cM’). B HEKOTOpHIX cliydasx

1

- J
KOS(b(bI/II_[I/IeHT MOTJIOIICHUS JOCTUraeT HECKOJbKUX ThICAY CM . BenmuumHa D= 1970 -

Ha3bIBACTCA ONTHYECKOMU IUIOTHOCTBIO, KOTOPYHO 3allMChIBAIOT B BHJC D =ECI , rac E —

¥ MOJIb
MOJIAPHBIX IIOKA3aTCJIb IMOTJIOMICHUA, C- KOHOCHTpaUus B m, |- TOJIIMHA B CM.

Ecmu C Opare B MaccoBbIX mpoleHTax, To D=aCl, rae o - mokazaTenb MOTIOMIEHUS.
D
Konnentpanuto C MoxkHO onpenenuts no gopmyne C = o (4), ecnu W3BECTHA BEMYKMHA O JIJISI

COOTBETCTBYIOILEN MOJIOCHI TIOTJIOIIECHHUSI.

KonnuecTBeHHOE oOmpeneneHne KOHILEHTPAalUK BElIecTBa IO CIEKTpaM IOIJIOLIECHHUS
MOKHO TPOBOJUTH, €CIM BEIIECTBOPABHOMEPHO PACHPEIEICHO MO0 00BeMy, MOTJIOIIAOLINE
MOJIEKYJIBI M aTOMBl HE M3MEHSIOT XapakTepa B3auMOICHCTBUHUIPYT € APYrOM U CO CPelIoH B

npeaciiax M3JydaCMbIX KOHHCHTpaHHﬁ, CBETOBOM MOTOK OCIIA0JIIeTCs TOJBKO 3a CUer



norjomeHuss (OTOHOB M HE BBI3bIBacT (oToxmMmuueckux mpeBpameHuii. [lo cmekTpam
MOIJIOIIEHUST MOXHO ONPEACIIUTh KOHLIEHTPAUWIO BELIECTB B CMECSX, €CIIM H3BECTHBI
MOKAa3aTeNM TOTJIOLIECHUS OJUIS PA3JIMYHBIX JJIMH BOJIH WM [0 KpalHeW Mepe Ui JIBYX
3HAYEHU JJIMHBI BOJIHBI CBETA.

EcnUKOMITOHEHTBI CMECH HE B3aHMOJCHCTBYIOT MEXIy Cc000H B pacTBOpe, TO
ONTUYECKass IUIOTHOCTh CMECH pPaBHA CyMME€ ONTHYECKHX IUIOTHOCTEN KOMIOHEHTOB. JlJist
JIBYXKOMIIOHEHTHOW CMECH

D =D+ D, = a,C;l+ a,C,l

B KadecTBE puMepa Ha prc. 2 mokaszal cnektpD = f(4), a myHKTUPHOHN IMHUEH

Puc. 2

o6o3navensl 3aBucumocti Dy = f; (1) u D, = f, (1) 1715 KOMIIOHEHTOB CMECH.
J1s 3HaYEeHUSAAIMOXKEM 3aIucaTh

D' =D;+ D; =E|C;l+ E;C,l !
J1s 3HaUeHUs A2aHAJIOTMYHO 3aIHIIEM

N3mepssa Drpu 1ByX AnMHAaX BOJH A1 M A2 U 3Has MOJISIpHBIE KOO GUITUEHTHI
TorJIoIeH s KoMoHenToB Ej, Ey, E; 1 E,, oCIe PEelIeH:s] CHCTEMbl YPABHEHHIT MOKHO
Hautu C1 u Ca.
Kpartkoe onucanmne ciekrpogoromerpa CP-46.
Cnexrpodporomerp CD-46 npeanazHauyeH AJs MOJTYyYSHHsI CIEKTPOB MOTJIOMIECHHS

KHUJIKAX U TBEPJBIX BELIECTB yIbTPapHOIETOBOM, BUAUMON U OMkHeH nHppakpacHoil obnactu
B uHTepBae AauH BosiH 200-1000 M. Ilpu ucnonszoBanuu aertepuenoii tamisl (200-600 HM)

u namisl HakanuBanug (600-1000 um). Cxema nokaszana Ha puc.3
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o H Puc.3

brioxu muTaHus M CTAOMIM3aTOPBI HAMIPSKEHHUSI M TOKA HCTOYHUKOB CBETA HAXOJIATCS B
oTceke 1, a MoHOXpoMaroppacmojoxeH B Kkopryce 13. Peiuarom 2 ocymiecTBisieTcs
MEPEKITFOUECHUE NCTOYHUKOB CBETa, OJHOBPEMEHHA PYydKOi 4 HEOOXOMMO TPOU3BOJUTE CMEHY
(dboTodmeMeHTOB Ha (DHUOJETOBYI0O M KpacHyr oOmacte «D» um «K». YcranoBkam3ydaeMbIx
0o0pa3l0B MPOU3BOAUTCA B KIOBETHOM OTIEJIEHUH Tociae MoHoxpoMmartopa. KroBeTHoe
OTJICJICHMEe WMEET TePMETHYHYI0 KpbImKy 3. JIJiMHA BOJIHBI CBETa, MpoIycKaeMas
MOHOXPOMAaTOpPOM, YCTaHABIMBAETCS C TIOMOINBIO MaxoBWka 7/ Ha Tabmo 8. Pyukoir 5
OTKpPBIBAETCSl IUTOPKA BBIXOJHOW IIETH, MIMPUHA KOTOPOU(PUKCUPOBAHOYCTAHABIUBACTCA
pPYUYKO 10 u AMeEET 3HAYECHUS 0.5; 1.0; 1.5; 2.0; 2.5; 3.0
MM.DOTOTOK,BbIpabaThIBaeMbIi (DOTOIIEMEHTAMUYCHITUTESIMU(UKCUPYETCS] HA UHAUKATOPHON
naHenu 1MGpPOBOro MILIMBOJBTMETpPA 12 W Ha aucruiee Mukpornporeccopa 11 Pyukoin 14
OCYILIECTBIISIETCS] CMEHa 00pa3oB B KIOBETHOM OT/ENIEHUH, KOTOPbIE MOTIEPEMEHHO BBOJSATCS B
CBETOBOM  KaHall. MHuUKpoIpoueccop, BCTPOSHHBIH B  KOpIyc Npudbopa, MOXKET
3allOMUHATh3HAYCHUSI HAIPSIKEHUSI, MPOMOPIMOHAIBHBIE CBETOBOMY IOTOKY W IPOBOJIUTH
omepanuu pacdyera Kod(DOUIHMEHTANPONMYCKaHUS «T» U ONTUYECKON mIOTHOCTH «D».
3HaueHuss ATHX  BEIUYMH  MOXHO  TMOJYYUTh Ha  JUCIUIEE  MHKpPOIpOIEccopa.
[Ipubop Brimrouaercs B ceTh 220B kHOMKOM 9 T mporpeBaeTcst B TeueHUH 15+20 MUHYT.

. Brinmonaenue paboTer

1. YcTaHOBUTH MepeKItoYaTeNb HICTOYHHKA cBeTa criekTpodoromerpa CD-46 B mosoxeHne
«H», a doTtosnextpuueckuit nmpueMHuk (dotornemeHnt) B monoxenue «K». Illropka oknHa
¢dboTOodNMEMEHTa JODKHA OBITh 3aKPBITOM, T.€. pydyKa YIPaBICHUS IITOPKONM HAXOIUTCS B
TIOJIOKEHHH «3aKp.».

2. Bxurounts npubop B ceth 220 B KHOMKOW «CEeTh» MyTeM ee HakaTus U JaTh MpUoopy
nporperbes B Teuenne 15-20 muH.

3. [Ipy 3aKkpbITON IITOPKE OTKPBITh KPBIMIKY KIOBETHOTO OTIEICHUS U YCTaHOBHTH

ACPIKATCIIb C UCCICAYEMbIM o6pa3u0M 1 u 06p3.3L[0M CpaBHCHUA 2B HaIlpaBJIAOIAC TIJIaHKH.



[IpoBepuTh yCTaHOBKY JepKaTels IYTEM NEPEKIIOUEHUS COOTBETCTBYIOIIEH pYyYKH B
nosioxxenue 1 u 2.
4. 3aKpbITh  KpBILIKY KIOBETHOTO OTAEICHUS, PYYKOH YCTAHOBKM JJIMHBI BOJIHBI
MIPOITyCKaHUsI MOHOXpOMAaTopa BbICTaBUTh 3HaueHUue 460 HM, YCTAaHOBUTH LIMPHUHY BBIXOJHOM
LIeJIn MOHOXpOoMaTopa
o. Bximrounts peructpupytomuii npubdop B cetb 220 B TymOnepoM «ceTb» U MpH 3aKPBITOH
IITOPKE PYYKaMH YCTaHOBKHU HYIISI «TPY00» U «TOYHO» OCTOPOKHO JJOBECTH TOKa3aHUs prudopa
70 MUHUMAJIBHOTO 3HAUEHUS CO 3HAKOM «+» MM «-». JTO 3HaY€HHE HAJO0 3amucarh B KauecTBa
HYJIEBOTO OTCYETA.
6. OTKpBITh WTOPKY (POTOPIEMEHTA M TOOYEPETHO YCTaHABIMBATh oOpasmbsl 1| u 2 B
CBETOBOW KaHaJ MOBOPOTOM PYYKH, HE OTKPBIBasl MPU ATOM KPBILIKY KIOBETHOTO OTIEJICHHUS.
[Tokazanus mpubopa sl UCCIeayeMOoTo 00pasia CBETAIIErocs MmoauMeTuiIMeTakpmiara Ul u
oOpasma cpasHenus: U 3ammcate B Tabmuiry 1.
1. AHaIOTMYHO MPOBECTH U3MepeHus: GoTosac st 00pa3uoB 1 u 2 ansg Apyrux 3HaUYEHUN
JUIMH BOJIH, KOTOpbIe yka3aHbl B Tabnuue 1. [lomyyeHHbIe pe3ynbTaThl 3aHECUTE B TaOIUIy U
BBIKJTFOUHUTE MIPUOOPHI.

8. IIpoBectu pacuersl KO3QPHUIIMEHTOB MOTJIONUIEHUS CBETALIETOCS MOJIMMETUIMETaKpuiIaTa
JUIsL BCeX JUIMH BOJIH, YKa3aHHBIX B TaOmuie 1, mocTpouth kpuByio 3aBucumoctd K B cm™ ot

JUTHHBI BOJIHBI (HM)

A, HM | 460 480 500 520 540 560 580 600 620

U, MB

Uz, MB

K,em?

KonTposibHbIE BOPOCHI K J1adopaTtopHoii padore NeS no ouodusuke.
ONPEJAEJIEHUE CIIEKTPA IOI'VIOIEHUS CBETALUETOCSL
MNOJIUMETUJIMETAKPUJIATA
1. Coopmynupyiite nenp 1 ydyeOHble 3a/1aui JaHHON paboThl, JaiiTe Ha3BaHHUE OCHOBHBIM
OJ0KaM U pydykaMm ympasieHus criektpoporomerpa CO- 46.
2. Kakue neiicTBUs HEOOXOIMMO BBINMOJHATH U MOATOTOBKM Mpubopa Kk paborte, B
nporecce paboThl U MPH 3aBEPIICHUH.
3. Kakoe sBiieHHe Ha3bIBAIOT IMOIJIOIIEHHEM CBETa M I0YEMY OHO BO3HHKAaeT IIpU

MIPOXOXK/ICHHH CBETOBOTO MOTOKA Yepe3 Cpery?



4. Cdopmymupyiite 3akoH byrepa-JlamOepra mnms xkuakocteid M TBepAblx Ten. Kakyro
BEJIMYUHY Ha3bIBAIOT KO3()(HUIIMEHTOM MOTIIOIIEHUS Cpeabl?

5. Cdopmynupyiite 3akoH byrepa-Jlambepra-bepa s uctuHHBIX pacTBOpoB. Kakyio
BEJIMYMHYHA3BIBAIOT ~ ONTUYECKOHW IUIOTHOCTBIO M MOJIIPHBIM KO3 (UIeHToM
SKCTUHKITUN?

6. UYro Ha3BIBAETCIACIIEKTPOM IIOTJIOMICHHUS BEIIECTBA M KAKUE BUIBI CIEKTPOB MOTJIOMIECHUS
MOJIEKYJ ObIBaeT?

7. B uem COCTOMT OTIMYHME CIIEKTPOB IMOTJIOMICHUSI OOBIYHOTO IMOJIMMETHIMETAaKpHIaTa OT
CBeTsIIerocs?

JlabopaTtopnasi padora no 6mopusuke Ne 6.
ONPEJAEJEHHUE JUCITHEPCUU OIITUYECKOI'O BPAIIIEHUS PACTBOPA
CAXAPO3BbI.

Ileny padomer: O3HAKOMHUTBCS C YCTPOWCTBOM KpyroBoro mnosiipumerpa CM,
METOJUKAMH OIpe/eieHHs] KOHIEHTpPAllM M JUCHEPCUH ONTHYECKH aKTHUBHOIO BEIlecTBa -

caxapo3bl B BOJJHOM paCTBOPE.

Oobopyoosanue: mtonspuMerp | C HaTpUeBOW JaMIOW W MOJSAPUMETP 2 C JaMIOU

HaKaJuBaHUs, HA0Op CBETO(PHILTPOB, ONITUYECKUE KIOBETHI C pAaCTBOPOM caxapa.

1. Kparkue cBegeHHs M0 KJIACCHYECKOI TEOPHH ONTHYECKOH aKTUBHOCTH BelllecTBA.

OnTHYeCcKOM aKTUBHOCTHIO HA3bIBACTCSA CBOMCTBO KPHUCTAJIJIOB W MOJICKYJ IIOBOpa4YuBaThb
IUIOCKOCTh  IIOJIApHU3alluH JIMHEWHO IMOJIAPU30BAHHOI'O CBE€Ta II0 MEPE pacClpoOCTpaHCHUA.
Z[I/ICHepCI/ISI ONTUYCCKOI'O Bpalll€HUA - 3aBUCHMOCTH YIJIa IMOBOPOTa IJIOCKOCTH IIOJApHU3alluA
CB€Ta B BCIICCTBC OT AJHMHBI BOJIHBI MJIM YaCTOTHI. HI/ICHGPCI/IH ONTHUYECKON aKTMBHOCTU TaKKe
KaK W JUCIICPCHA ITOKa3aTcCisd IPCIIOMIICHUA 06YCJ'IOBJ'I6HLI SIBJICHUEM IIOTJIOIICHUSI cBeTa. B
OpraHu4Y€CKUX  MOJICKYJIax HpH‘lHHOﬁ OIITHYCCKOI'O  Bpalll€HUA Yalllc BCCro OBIBAIOT
ACUMMCTPHUYCCKUEC AaTOMBbI YyIJIepoJa. I/I3MepeHI/I${ JUCIICPCHHA ONTUYECKON AaKTUBHOCTH
NIPUMCHAIOTCAH npu ONpeCACIICHUU CTPOCHUA CJIOXKHBIX MOJICKYII, KOMIIJIICKCOB
MCTAJUIOPraHUYICCKUX COCI[I/IHCHI/II\/’I, a TaKKe 6I/IOHOJ'II/IMepOB - 6CJ'IKOB, HYKJICUHOBBIX KUCJIOT. 3
KPHUBBIX HOUCIICPCUU OINTHYCCKOTO BpPAIICHUA BBIYUCIAIOT CTCIICHL CIIMPAIIBHOCTU 6GHKOB, B
YaCTHOCTH, IJId TPpUIICHHA OBLIO MOJIYYCHO 3HAYCHUC OKOJIO 16 %. I[J'I}I CBETa B BHUJE ILJIOCKOM
BHCKTpOMaFHHTHOﬁ BOJIHEI KOJICOAHHS BCKTOPOB DJJICKTPUYECKOIO W MAr"HuTHOI'O moJiei
IIPOUCXOJAT B HAIPABJICHUAX MNEPICHAUKYISIPHBIX HAIPaBJICHUIO €€ PaclpOCTpaHCHMs, T.C.
QJICKTPOMATrHUTHBIC BOJIHEBI TTOIICPCYHBIC.

B ecrectBeHHOM cBeTe pru XaOTHUYHOM CIro HU3JIYYCHUHU aTOMaMH BCHICCTBA HAIIPABJICHHUC



KoJie0aHUl BEKTOPOB IMOCTOSIHHO M3MEHSETCS, TOITOMY TOBOPAT O PaBHOW BEPOSTHOCTH JIHOO0OTO
3 HamnpaBieHMM KkojeOaHui. C MOMOLIBIO CHEUUAIBHBIX YCTPOMCTB - ONTHYECKUX
MOJIIPU3aTOPOB MOXKHO BBIJICIHTH W3 €CTECTBEHHOW CBETOBOW BOJIHBI TOJIBKO BOJIHBI C
OTIPE/ICTICHHBIM HaIpaBJICHUEM KOJICOaHUI BEKTOPA AIEKTPUIECKOTO MOJIsi (CBETOBOTO BEKTOPA).
Takue BOJHBI HA3BIBAIOT MOJIIPH30BAHHBIMU W TOAPA3ACISAIOT HAa IIOCKOTOJSIPH30BAHHBIC,
YaCTUYHO-TIOJIIPH30BAHHBIE M BOJHBI C KPYrOBOW TMOJIApH3alMed WM  IHPKYJISPHO-
MOJIIPU30BAaHHBIE, 4 €CTECTBEHHBIC CBETOBHIC BOJHBI HA3BIBAIOT HETOJISIPH30BAHHBIMU WIIA
Jenoysspu30BaHHbIMU. Ha puc.] moka3aHbl MOJIENIN Pa3IMYHO MOJISPU30BAHHBIX CBETOBBIX BOJIH.

[imockonoisipu30BaHHBIE BOJIHBI MHOTIA HA3bIBAIOT BOJIHAMU C JIUHEWUHOW MOJIIpU3ALUEN

Tl

<24

0) IJIOCKO-TIOJIAPU30BaHHAS ~ B) YaCTMYHO-TIOJSIPU30BAHHAS  T') BOJIHA C NMPABOM U JICBOU
Puc.1. Moaenu nonsipru30BaHHBIX CBETOBBIX BOJIH.

B 1uupkynspHO-NONApU30BAHHONW CBETOBOM BOJHE SJCKTPUYECKUM W MarHUTHBIN
BEKTOPBI BPAIIAIOTCSI BOKPYT HApPaBIECHUS PACIIPOCTPAHEHHUS 110 YaCOBOM CTPETIKE UM MPOTUB C
YacTOTOW BOJIHBI, TIOATOMY MX Ha3bIBAIOT BOJHAMH C MPaBOW WJIM JIEBOM LUPKYISPHON WU
KpyroBoi nonsipuszanueii (puc.l, r). Koner, snexTpuyeckoro BeKTopa mpu 3TOM B IPOCTPAHCTBE
CHUPATICBUAHYIO TpaeKTopuio. I[lI0CKO-TONspU30BaHHbIE CBETOBBIE BOJHBI MOJYYarOT C
MOMOIIIBIO POCTHIX MOJISIPU3ATOPOB: KpUCTAIUIMUECKUe npu3mbl [ 'ana, Apenca, Bomnactona u
Jp., W3TOTOBJEHHBIX M3 KPUCTAUIOB KalbIMTa U MOJUMEPHbIE MNOJSIPOUAbl. YacTuuHas
MOJISIpU3allks CBETa BO3HUKAET IPHU OTPAKEHUU OT MOBEPXHOCTH AUDIIEKTPUUECKUX MATEPHATIOB.
[Ipu mageHun ecTECTBEHHOIO CBETA Ha IPaHUIly pasjenia JUAJIEKTPUKOB moj yriioM bproctepa,
OTPaKEHHAss BOJIHA CTAHOBUTCS  IUIOCKO-TIOJNSIPU30BAaHHOW, a TMpEJOMJIEHHas  BOJIHA
YaCTUYHO MOJISPU30BaHHON. UTOOBI ONIPEIEIUTh COCTOSIHHE MOJISIPU3alliK CBETOBOTO MOTOKA, HA
MyTH CBETOBBIX JIy4eld YyCTAaHABIMBAIOT aHAJIM3aTOp, KOTOPBIM SBISETCS OOBIYHBIM

NOJIApU3aTOpOM B OIIPaBE, MO3BOJISIONIEH BpaliaTb €ro BOKPYT HpOI[OJ'IBHOﬁ OCH. HCpCIlKO



omlpaBa CHa0)XX€HAa OTCUETHBIM YCTPOWCTBOM B Buie Jumba ¢ 360 rpaaycHON MIKaJoOW,
MO3BOJISIFOIICH YCTaHABIMBATH 3HAYCHUS YTIIOB, COOTBETCTBYIOIINX MAKCUMYMY WJIH MUHHUMYMY
MHTCHCUBHOCTHU TPOLIEIIEr0 Yepe3 aHaInu3aTop cBeTa. Ecnu Ha aHanu3aTtop magaeT IUIOCKO-
MOJISIPU30BAHHBIA CBET C WHTCHCHUBHOCTBIO lo, TO HMHTEHCHBHOCTH TIPOIICIIICTO Yepes3

aHAIIM3aToOP CBETA PACCUUTHIBAETCA 10 (hopMyJie, KOTOPYIO Ha3bIBAIOT 3aKOHOM Maimoca:
I =1, cosp
Ine lo - MHTEHCHBHOCTB CBETA, MAIAIONIEr0 Ha aHATU3aTOP;

| — MHTEHCHUBHOCTH CBE€Ta, MPOLIEAILIEro 4Yepe3 aHaiau3aTop Oe3 yuyera MoTephb

SHEPruM Ha OTPaKEHUE U MOTJIOLICHUE;
( — YroJ MEeXy HalpaBJIEHUSIMU IPOMYCKaHUs aHAIM3aToOpa U MOJIIpU3aTopa.

Ecnm yronm mexnay HanpaBlIEeHHSIMHU NMPOIyCKaHUsS NOJSIpU3aTOpa M aHainm3aropa paseH 0
wm 180 rpamycam, TO HHTEHCUBHOCTD CBETA, IPOIIEAIIETO ATy CHCTEMY OyIeT MaKCUMaIIbHOM,
npu yrie 90 wiun 270 rpaaycoB MHTEHCHUBHOCTH Ipoiueaniero ceera Oyner pasHa 0. IToatomy
MHOT 1A MCIIOJIB3YIOT TEPMHUHBI IAPAJUIEIBHOTO WM CKPELIEHHOTO MOJIOKEHUS MOJIIPU3aTOPOB.

Ontuyecku - aKTUBHBIE CpeAbl 00JIaal0T CHOCOOHOCTBIO NOBOPAYMBATh HAIpaBIECHUE
KoJIe0aHUH JIEKTPUYECKOT0 BEKTOpa MO Mepe paclpOCTPaHEHUs 3JIEKTPOMArHUTHOW BOJIHBI IO
4acOBOM CTPEJKE WIH IPOTUB, €CIIM CMOTPETH IO X0y €€ PacHpocTpaHeHMs. Takue BemecTsBa
Ha3bIBAIOT JIEBO- MJIM IPAaBOBPAILAIOIIMMHU ONTHYECKU - AKTUBHBIMHU CpeJaMH. JTO CBOMCTBO
IPOSIBIIACTCA IIPU INPOXOKICHUM CBETa YEpPe3 KPUCTAUIBI, JKMIKOCTH WIH PacTBOPBL
Ontuyeckol akKTUBHOCTBHIO OOJIAZal0T, KaK MPaBUJIO, HELELTPOCUMMETPUYHbBIE KPUCTAILIbI MU
MOJIEKYJIbI, IIPY 3TOM OJHO M TOXK€ BELIECTBO MOKET UMETh 00€ ONTUYECKU aKTUBHBIE (OPMBI.
Monekynbl IpaBo- W JIEBOBPAILAIOUINX BEIIECTB SBJSIOTCS 3€pKalbHBIM OTOOpaXKEHUEM Jpyr
apyra. 3epKalbHO CHMMETPUYHBIE KpHUCTAIJIMYECKUe (POPMBIHA3BIBAIOT SHAHTHOMOPQGHBIMHU.
Ecnu B pacTBOpe NMpUCYTCTBYIOT 00€ ONTHUYECKH aKTUBHBIE (DOPMBI B paBHBIX KOHIEHTpALUX,
TO OOIIEero BpalleH!s IIOCKOCTH MOJIAPU3ALMU CBETA HE TPOUCXO/IUT.

Hepenxo ontuyeckn akTUBHBIE MOJIEKYJIBI MMEHOT pa3HblEe XUMUYECKHE CBOMCTBA JUIA
ONTUYECKUX aHTHUMOJOB. Hampumep: mpaBoil M JeBOW ONTHYECKON aKTMBHOCTHIO 00JalatoT
KpUCTAJUIBl KBaplia, pacTBOpel caxapa MU T.A. B Kpucramiax yroia moBOpoTa IUIOCKOCTH
MOJIAPU3ALMNA IIPONIOPLIUOHANIEH PACCTOSHUIO, KOTOpPO€ IIPOXOJMUT CBET B Kpucramie. B
pacTBOpax 3TOT YroJl IPONOPLUOHANIEH €lIe U KOHIICHTPALMU PaCTBOPEHHOTO BELIECTBA
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Ha nepeantoro manens npubopa BbIHECEHA pydKa IMOBOPOTA IJIOCKOCTH MPOIYCKAHUS U

HIKajia (J'II/IM6) C IABYMS HOHHUYCaMH, IO KOTOPBIM MOXHO HPOBCCTH TOYHOC H3MCPCHUC YIJia



IIOBOPOTA IUIOCKOCTH mouigpu3auuu. OTCUYETHYIO IIKaJlly U HOHHUYCHl MOYKHO HaOJ0JaTh B
MaJICHbKUE JIYIIBI, PACIOJIOKCHHBIE CJI€BAa M CIPaBa OT OCHOBHOIO 3PUTEIIBHOTO OKYJIIpa.
HaGnromaemast B OKynsp cBeTOBas KapTHMHA HABOJUTCS HA PE3KOCTh BpALICHUEM BTYJIKUA Ha

TpYyOKe OKYJIsIpa.

CBeT OT JIaMIIbl, PO Yepe3 ONTUYECKUN KOHACHCOP U MOJISIPU3ATOP, SBISETCS TIOCKO
- TIOJIIPU30BAHHBIM C BEPTUKAIBHBIM PACIIOJIOKEHUEM IUIOCKOCTH ToJisipu3anuu. s Oomee
TOYHOTO, OIPEAEICHHUS yria MOBOPOTA IUIOCKOCTU MOJAPU3AUUA ONTHYECKH AKTUBHOIO
BellecTBa B MpuOOpe NPUMEHEHO pa3jelieHue TOJisi 3peHHs Ha JIB€ 4YacTH BBEJICHHUEM B
ONTHYECKYI0 CXEeMy TOJISIpUMETpa XpoMaTh4decKod (a30BOM  KBapIeBOW  IUIACTHHKH,
MMOBOPAYMBAIOIIEH TJIOCKOCTh MOJIAPU3ALMNA HAa HEKOTOPBIM yroji B Mpeneaax OJHOW MOJIOBUHBI
MOJIsl 3pEeHHS. YIydlIeHHE TOYHOCTH JOCTUTaeTCs TeM, YTO HEOOXOJMMBIE OTCUETHI YIJIOB
BBITOJIHSIIOTCSI TTyTEM YpaBHUBAHUA SIPKOCTEW JBYX MOJOBHUH MOJA 3peHUs OKyisipa. Takum
oOpa3oMm, MpH BpalleHUH aHAIW3aTOpa MOKHO HAONI0AaTh MOOYEPEJHOE TallleHHEe WU
MPOCBETJIEHUE JIBYX MOJOBHUHOK TOJIS 3p€HUA. Y paBHUBAHUE SIPKOCTEN 3TUX MOJOBHH CBETOBOTO
MOJII MPOUCXOJTUT MPU MPOMEKYTOUHOM IMOJIOKEHUU aHanu3aropa. [Ipuyem Hago 3HATh, 4TO
TaKMX TIOJO)KEHUM Yy aHamM3aTopa JBa: OJHO COOTBETCTBYET MAaKCUMAJIBHOW SIPKOCTH MOJIS
3peHus, a apyroe - MuHUManbHON. Hanbosnee TouHble 0TCUYEThl OyayT MOJy4eHbl TOJBKO B TOM
clly4ae, €Cly YpPaBHUBAHME SPKOCTEH IMOJOBHUH IOJISI 3pEHUS BBINOJHAETCA NPU MUHUMAJIBHOMN
OCBEIIEHHOCTH. Takoe MOJ0KEHHE aHAJIM3aTOpa COOTBETCTBYET TAaK HAa3bIBAEMOMY «HYJIEBOMY
OTCUETY» WM HYJEBOW TOYKE g OTcyeTa. Ecam Mexay XpoMaTH4ecKOW IUIACTUHKOW H
AQHAJIM3aTOPOM MTOMECTUThH ONTUYECKH aKTUBHOE BEILIECTBO, TO HACTPOCHHOE Ha HYJIEBYIO TOUKY
CBETOBOE ToJie OyJaeT HapylmIeHO W HEOOXOJMMO MOBEPHYTh aHAJIM3aTOpP HAa HEKOTOPBIA Yrod,
YTOOBl CHOBA YPOBHSATH SPKOCTH IOJIOBUHOK TOJSl 3pEHUS B MHUHHMYME OcCBelleHHocTu. [lpu
yCTaHOBKE TPYOKH B KIOBETHOE OTAEJICHHE MPOUCXOIUT U3MEHEHUE ONTHYECKOro IMyTH JIy4el U
W3MEHEHHE PE3KOCTH U300pakeHHsl TMoJisi 3peHus. HapylieHue pe3KkoCTH BOCCTaHABIMBACTCS
BpAIlleHHEM BTYIKHU OKyIspa MmoJispuMmerpa. Pa3HocTh NBYX moKa3aHuii o 1uMOy OyneT paBHa
3HAUEHUIO YTiia MOBOPOTAa IJIOCKOCTH MOJIAPU3ALUU CpEbl, Haxojsmelica B TpyOke. Pacuer

KOHICHTpalUU OINITUYCCKHU aKTHUBHOT'O BEIIECCTBA B paCTBOPEC IPOBOJUTCA IO cpopMyne
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I'ne C — KoHIeHTpalus BemecTa B %, macc.,
| — inHA TPYOKH B IeIIUMETpax,
() — yroJi BpallleHUs IJIOCKOCTH MOJSPU3ALIMU B rpajiycax,

0, — yJleNbHas MMOCTOSTHHAS BpallleHus B Tpaj/am- %.



VYaenpHas IOCTOSTHHAS BPALICHUS 3aBUCUT OT TEMIIEPATYpPhI M JUTHHBI BOJIHBI CBETA, T.C.
MMEET MECTO JUCIIEPCUs yIASIbHOTO BpaimieHus. [103ToMy OMH U TOT )Ke PacTBOP MOXKET OBbITh
MpaBO- WJIM JICBOBPAIIAIONIMM B PAa3HBIX JHMANa30HaX CIEKTPa, a U3MEPEHHE Yriia MOBOPOTa
IJIOCKOCTH TOJISIPU3ANANA HEOOXOMMO MPOBOIUTH B MOHOXpOMATHYECKOM cBere. Yarie Bcero
JUIS J3THX TEJNeH WCIONB3YIOT CBET HATpUeBOH mammbl. [loJpUMETphl TPUMEHSIOT JUIS
OTIpEJICIICHUs] KOHIIEHTPAIMU PAa3IMYHBIX OPTaHMYECKUX BEIICCTB B TBEPIBIX MPOIYKTAX HWIIH
pacTBopax, HampuMep, ONPENAENAIOT COJIEp)KaHHE Kpaxmalla B 3epHOBOM ChIpbe. Jlisi 3Toro
MPOBOJAT TOHKHM IMOMOJ 3€pHA U 5 T TTOMOJIa TIOMEIIAT B MepHYI0 koyiI0y Ha 100 mi. [Totom
Tyga a00aBiasioT 50 MIT COJSHOM KHCIOTHI, conaepkamieii 1,124 BecoBwix yacteir HCI.
Copep’uMoe KOJIOBI TIEPEMEITUBACTCS U CTABUTCSA Ha 15 MUH B BOISHYIO KUIISIIYIO BaHHY IS
ruaponmn3a. [locie oxmaxaenust pactBopa no +20°C x Hemy mpubansercas 5 mi 2,5%-ro
pacTBopa MOJIMOJICHOBO-KHCIIOTO aMMOHHMS JUIsi  OCaXJeHHs OenkoB. Jlamee B pacTBOp
no0aBseTCs AUCTU/UTMPOBAHHAS BOJIA JI0O METKH, XOPOIIIO B30AITHIBACTCS M (QUIBTPYETCS Yepes
00e300JIeHHBIN QUIBTP ¢ cUHEH JeHTol He MeHee 3 pa3. DuabTpaToM HAIOJIHAIOT TPYOKY JUIs
PacTBOpPOB TOJIIPUMETPa, KOTOPYIO HAJ0 YCTAaHOBUTH B TOJSAPHUMETP HE IO3JHEE TPUIIATH
MUHYT MOCJe NPUrOTOBJICHHUS, TaK KaK B JAajbHEHIIeM pacTBOp 3aMeTHO MyTHeeT. OnpeseneHue
KOHLIEHTpAllMM KpaxMajia B pacTBOpPE BBIMOJHIIOT IO AaHATUTHYECKONM KpPUBOM WK

PacCUMTHIBAIOT MO0 U3BECTHOMY 3HAYEHHIO YJIEJIbHOMN MOCTOSIHHOM BpAalleHU .

2. OnucaHue ycTpPoiicTBAa ONTHYECKOTO MOJISIPpUMeETPa.

Onrtudeckas cxema nosisipumerpa CM-2 npuBeneHa Ha puc.2. M3MepeHue yrioB BpallleHUs
IJIOCKOCTH TOJISIPU3ALMK TPOBOJUTCS BHU3yajdbHO MO JUMOY B Tpajycax M IBYM HOHHYCam,

KOTOPBIC BXOJAT BCOCTAB KOHCTPYKIIHNH aHAJIN3aTOpPAaA.
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Puc. 2. Ontrueckas cxema nossipumerpa CM-2.



1- Hcrounuk cBera; 2 - cBETOQMIBTPHI, 3 - OCBETUTENbHas JUH3a; 4 - mojspusarop; 5 -
XpoMmaTudeckas (pa3oBasi INIACTUHKA; 6-3alIUTHOE CTEKJIO; 7-TpyOKa C pacTBOPOM; 8- HOKPOBHOE

cTekyo; 9 - ananuzarop; 10 - 3purenpHas TpyoOka.

Bce aneMeHTBI 3TOM CXEMBbI 3aKJIFOUYEHBI B KOPITYC, B KOTOPOM UMEETCS KIOBETHOE OT/EIICHUE
C BEpXHEH KpBILKOH, KOTOpas HeoO0XoauMa JJjisi YCTAaHOBKM TPYOKHM C STaJOHHBIM U

HCCIIEyEMbIM PACTBOPaMH.
3. Tlopsiaok BbINOJIHEHHUS] padOTHL

1. Bxmounts monspumerp 1 B ceTh nepeMeHHoro Toka 220B  wu  mocne
HETIPOJAOKUTEIIBHOTO MPOTPEeBa HATPUEBOHM JIaMIbl B T€UCHHUE 3-5 MUHYT BpaIICHUEM BTYIIKH
OKyJIsipa C OJHOBPEMEHHBIM HaOJIOJICHUEM CBETOBOro mojii 0e3 TpyOKH € pacTBOPOM B
KIOBETHOM OT/ICJICHHH YCTAaHOBUTH €0 Ha PE3KOCTh. [Ipu 3TOM B oKyIspe OyneT HaOmIroaaThCs
YETKOE KOHTPACTHOE N300pakeHHUE JICBOTO M MPABOTO TOJIS 3PEHUS PA3IMIHON CBETUMOCTH.

2. Bpamennem ananmm3aTopa ypaBHATH SPKOCTH OOEUX TIOJIOBUH TIOJIA 3pPEHUS C
MHUHUMAJIBHOU CBETHUMOCTHIO. [locie 3Toro moboe HE3HAYMTEIbHOE BpAICHHE aHaIM3aTopa
MPUBOJIUT K PE3KOMY H3MEHEHHIO PABEHCTBA CBETHMOCTH TIOJIOBHH IIOJS 3PEHHUS, KOTOPHIC
Ha3bIBAIOT MOJSIMUA CpaBHEHHS. Takoe IMOJI0KEHHEe aHaTu3aTopa Ha3bIBAIOT HYJIEBBIM, a OTCUET
TI0 TIIKaJjIe JIMMOA - HYJIEBBIM OTCUETOM.

3. OmpezeneHne HyJEBOrO OTCYETa MO MIKaje JUMOA BBIMOJHUTH C IMYCTHIM KIOBETHBIM
OT/ICJICHUEM WJIM C TPYOKOH 3aroJHEHHON NUCTUUTMPOBAHHOW BOJOW. YCTaHOBKY OJWHAKOBOMH
OCBEIIICHHOCTH TI0JICH CpaBHEHUS BBIIIOJIHHUTH 5 pa3, MOBOPAYMBAs aHAIU3ATOP MO W MPOTHB
4acoBO# cTpenku. OTCYEThl MPOBOJAUTH MO OCHOBHOMW IIKaye JiuMOa u o HoHuycam. CpemHee
3HAQYEHHE TI0 OTCYETaM SBJSIETCS 3HAUYEHHWEM HyJIeBoro ortcuera. Ilo KpyroBoul mikaie
OTIPEICNIUTh LEIOEUYHCIIO IPAyCOB, KOTOPOE JUIsl HYJIEBOTO OTCYETa JOJHKHO COOTBETCTBOBATSH 0,
a 10 HOHMYCaM OIPeAeTuTh 100aBKy K 3ToMy unciy. Ouudposke HoHHyca 20 COOTBETCTBYET
no6aska 0,20 rpamyca u T.1. OTCUeT MO HOHHYCY COOTBETCTBYET TOMY JEJICHHIO, KOTOPOE
HaWIydlmuM oOpa3oM COBMHaiaeT ¢ JeJeHHeM OCHOBHOW mkaibl. J[06aBka HOHHMYcCa MpHU
MPOBEJACHUHU TOUHBIX U3MEPEHUH SABISECTCA CPEIHUM 3HAUEHHUEM OTCUYETOB 10 MIPABOMY U JIEBOMY
HOHHYCY IIKaJIbl TUMOa.

4. B KIOBeTHOE OTIENEeHHE YCTaHOBUTH TPYOKYy C pacTBOPOM caxapa H3BECTHOU
KOHIIEHTpAllMd W Bpamias TPyOKy OKyJspa CHOBa JOOWTbCA PE3KOTO H300pakeHHs TMoJien
cpaBHEeHMs. MeJIeHHBIM BpallleHHeM aHaIM3aTopa MO WIM MPOTUB YacOBOUM CTPENKHU JOOUTHCA
OJIMHAKOBOM SIPKOCTH T0JIeH cpaBHeHUA. [IpoBecTn 0TCUeT HOBOTO MOJIOKEHUSI aHAJIU3aTOpa 10
OCHOBHOM mIkane nmuM0a u 1Mo HOHUYCY. [IOBTOpUTH HaXOXKJEHHE OTCUYETOB MO HOHHYCAM HE

MeHee 5 pa3, Bpallas aHajinu3aTop 1no U IMPOTHUB 4acoBoOi1 CTPCIIKHU. Haiitu CpeaHCC 3HAUYCHUC



orcyera Mo JUMOy M HOHUYCaM il TPyOKHM C pacTBOPOM HM3BECTHOM KOHIIEHTPALUH M YTOJ
IIOBOPOTA IJIOCKOCTHU MOJISIPU3ALIMN JUIsl HETO. 3anucaTh 3Ha4eHHE TOJIIMHBI CJI0Sl pacTBOpa Npu
3TOM, KOTOPOE YKa3aHO OLU(PPOBKOM HA TPYOKE B MM.

5. PaccuuTarh 3HaueHHE YACIbHOM MOCTOSSHHOM ONTHUYECKOW aKTUBHOCTH PacTBOpa caxapa
B Ipan/% M.

6. IloMecTHThr B KIOBETHOE OTJEJICHHE CTEKISHHYIO TPYOKY C pacTBOPOM HEH3BECTHOM
KOHLIEHTPALIMU U ONPEJEIUTh CPEAHEE 3HAUECHUE YIJIa IOBOPOTA IIIOCKOCTH HOJISPU3ALIMU 3TOTO
pactBopa, aHanornyHo 1. 4. Ilocie mpoBeneHHs HEOOXOAMMBIX H3MEPEHHI MHOJSpPUMETP C
HATPUEBOM JIAMITON BBIKIIOYHUTD.

7. BkimouuTh nosispumerp 2 B ceThb nepeMeHHoro Ttoka 220 B, B KOTOpPOM HMCTOYHHUKOM
CBeTa SIBJIsSIETC BOJIb(paMoBasi JlaMIla HaKaJIMBaHUs, W3Ty4arollas CBET B IIMPOKOM JUana3oHe
JUIMH BOJIH U JUIS pacTBOpa C M3BECTHOW KOHLIEHTpalMed caxapo3bl MPOBECTH M3MEPEHHs Yriia
MOBOPOTA IUIOCKOCTH MOJIAPU3aLMU JUIsl pa3HbIX cBeTO(MIbTpoB. M3MepeHue yrioB moBopoTa
BBITIOJIHUTH MPHU YCIOBHH MOJIy4YE€HUSI MUHUMAIbHON OCBEIIEHHOCTH TIOJISl 3pEHHSI B OKYJIsIpE.

8. IlpoBecTn pacueT KOHILIEHTpallMM HEM3BECTHOIO pacTBOpa caxapa B BOJE U BBIYMCIUTH
a0COTIOTHYIO U OTHOCUTEJIbHYIO MOTPEITHOCTH OJIYYEHHOTO pe3ysbTaTa.

9. IlocTpouTh 3aBUCHMOCTH yIia HOBOPOTA IUNIOCKOCTH MOJISIPU3ALUU PACTBOPA CaXxapo3bl OT
JUTMHBI BOJIHBI TPOITyCKaHMs cBeTopmiabTpa (KpacHbii — 0,65 mMkM, opamkeBbii — 0,6 MKM,

xenTeiid — 0,57 MM, Toy00it — 0,5 MKM).

4. KoHTpoJibHbIe BONPOCHI K JIadopaTopHoii padore Ne6 no 6mopusnke.
OINPEAEJIEHUE JUCITEPCUU OIITUYECKOI'O BPAIIEHUSA PACTBOPA CAXAPO3bI

1. HazoBure menb M OCHOBHBIC Yd4eOHBIE 3aJaudl 3TOW JIabOpaTOpHOW paboThHI, maiiTe
KpaTKOE€ ONMCAaHNE YCTPOICTBA ONTUYECKOTO TOJIIPUMETPA U €T0 Ha3HAYeHHE.

2. Kaxkoe siBieHMe Ha3bIBACTCS ONTUYECKOM aKTHBHOCTBIO BemlecTBa? Ha3oBuTe OCHOBHEIC
MPUYHHBI €TO0 BO3HUKHOBEHHUSL.

3. Uro Ha3BIBAIOT JUCIIEPCHEN ONITHYECKOTO BPAICHHS U KAKOBAa METOAUKA €€ ONpPEACICHUS
B pabore.

4. Kakue ycTpoiicTBa Ha3bIBalOTCS MOJSApU3aTOpaMu (HOJISAPOHMIAMH), M Ha YeM OCHOBaH
NPUHLMT UX JercTBusA?

5. Cdopmynupyiite 3akoH Manroca M MOKaKUTE BO3MOXKHOCTh €r0 HCIOJIb30BAaHUS B
npubopax.

6. Ilokaxure cBsI3b MEXKIY JUCIIEPCUEH ONITUYECKOTO BPAIIEHUS MOJIEKYIN U UX CTPOCHUEM.

7. JaiiTe 0OOBSCHEHHE SBJIEHUIO ONTUYECKONH AKTUBHOCTH U JUCIEPCHH ONTHYECKOTO

BpalllCHUAA.



