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IIPABHIIA TEXHUKH BE30ITACHOCTH B JIAEOPATOPUH

CTyoeHT MOXeT HaXOAWUTHCS B JIaOOpaTOPHUU TOJBKO B MPHUCYTCTBUU
MPENnoJaBaTeNs WIN C €ro pa3pelIeHusl.

CTyneHThI AOITyCKAOTCs K BBITIOTHEHHIO TaOOPaTOPHBIX paboT C pas-
pelIeHNs TpenojaBaTess, mnocie Oecenpl, Ha KOTOPOH BBIICHIETCS
CTETMeHb MOArOTOBICHHOCTH CTYACHTA.

CryneHt 00s3aH CTPOTO NPUAEPKUBATHCSA BCEX YKA3aHHH O MOPSAKE
BBINIOJIHEHUSI Pa0OTHI, TaHHBIX B OMMCAHUM WIN IOJyYEHHbIX OT Ipe-
nogasarens. Ocoboe BHUMaHUE JTOJDKHO YICNSATHCS YKa3aHHsAM, Kaca-
IOLIMMCSl TEXHUKH 0€30MacHOCTH MpU paboTe C AaHHBIM MPUOOPOM
WJIN YCTAaHOBKOM.

CryneHTaM 3ampeniaeTcs BKIYaTh 00IMe BEIKIFOYATEIN Ha IIUTAX.
3ampeniaercs TporaTh U MOJNb30BaThCs MPUOOPAMH, HE OTHOCSIIIMMUCS
K BBIIONHAEMON paboTte. B cimyudae oTCyTCTBHS HyXHOro mnpudopa
HEOOXOIMMO 00PaTUTHCS K TMPENOJaBATEII0 WIIH JTA00OPaHTY.
3ampeniaercss IOBOPauMBaTh KaKHE-IMOO PYKOATKH, HAKUMATH KHOTI-
K1, Ha3HAYeHUE KOTOPHIX HE M3BECTHBI UJIM HE SICHBI.

3amperraercsi nake Ha KOPOTKOE BpeMs OTXOIUTHh OT paboTaromieit
yCTaHOBKH. Ecni Hy>KHO OTOWTH — HEOOXOIUMO BBIKIIIOUUTH BCE AJICK-
TPUUECKUE TTPUOOPBHIL.

Ecmu cryneHT mcnoptun npubop (YCTaHOBKY), HadaB paboraTh 0e3
paspelieHus mpenogaBaresi, TO PEMOHT YCTAHOBKH WIIM HOKYIKa HO-
BOT'0 MpUOOpa B3aMEH UCTIOPYEHHOT'O TIPOU3BOIUTCS 33 CUET CTYICHTA.
becnopsiiok n Hanu4yue MOCTOPOHHUX HPEAMETOB Ha CTOJIE HEHOIY-
CTHMO.

Pa30uparh M BHOCHUTH JOTIOJHHUTENILHBIE M3MEHEHHS B YCTAaHOBKH HE
Joryckaercs. B ciryuae HewmcripaBHOCTH mpubopa cieayeT HeMeaJIeH-
HO COOOIMTH 00 3TOM NPEMNOAABATEII0 U HE MBITAThCS CAMOCTOATEIIb-
HO €€ YCTPaHUTb.

[To okoHuaHuK pabOThI KK/ CTYJACHT JOJDKEH MPEAbSIBUTH TPEIo-
JaBaTeNo TabIuIly C pe3yiabTaTaMH H, CAaB 000py10BaHUE, BOCCTAHO-
BUTbH MOPSIIOK HA paboveM cToJie.

3aHsaTHsA B 1a00pPaTOpUN MPOBOJSATCS C OJHON TPyNIoN (MTOATPYIIION)
B 4achl, IPeAyCMOTPEHHBIE pacnrcaHiueM. CTyAEeHTHI, POIYCTHBILIHNE
3aHATHS 110 YBKUTEJIbHOW IPUYKHE, TOJDKHBI JOTOBOPHUTHCS C TPEMo-
JlaBaTeiieM ¥ BBIMONHUTE Pa0OTy B JIOTOJNHUTEIBHOE BpeMsi, HE HApY-
mrast rpauka paboT CBOEH rPpyNIIbL.



HUSMEPEHUE OU3HYECKHUX BEJIH9UH
U OFPABOTKA PE3Y/IbTATOB H3MEPEHHHU

Odwusnka — HayKa 3KcrepuMeHTanbHas. Jlioboe ¢pusnueckoe uccieno-
BaHHE HAYMHACTCA C HAKOIUICHUS ONBITHBIX JJAHHBIX [IOCPEICTBOM H3Mepe-
HUs1 (PU3MYECKUX BEIWYMH, CBA3aHHBIX MEXIY COOO0Il ompeneseHHBIMU KO-
JIMYECTBEHHBIMU COOTHOIIEHUSAMH — 3aKOHAMHU.

dusnueckre BEJINYUHBI NOAPA3ACIIOTCA HA OCHOGHbIE U NPOU3E00-
Hule. OcHOGHble BENWYMHBl HE3aBUCUMBI IPYT OT Ipyra M HCIIOJIB3YHOTCS
JUTSl yCTAHOBJICHUSI CBSA3EH C IPpyruMH (PU3NYeCKUMH BETMYUHAMH, KOTOPHIC
Ha3bIBAIOT 71pou3600HbIMU. OCHOBHBIM BEIMYMHAM COOTBETCTBYIOT OCHOG-
Hble eOUHUYb! UsMepeHull, a TPOU3BOAHBIM — npou3600Hble. COBOKYITHOCTb
OCHOBHBIX M MPOM3BOJHBIX CIUHUI] MPEACTABISACT COO0M CUCTEMY €AMHMUIL
(bU3NUECKUX BETUYNH.

B MupoBoil mpakTHke Hanboiee MUPOKO pacHpocTpaHeHa Mexmy-
HapoaHas cucrema eawHul (CU — cuctema mHTEepHAaNMOHANbHAs). B man-
HYIO CUCTEMY BXOJAT CEMb OCHOBHBIX CIMHUI, ABC JOIMOJIHUTCIBHBIX U P
IMPOU3BOJHBIX CAWHUIL (1)I/I3I/I‘-ICCKI/IX BeanurH. OCHOBHBIMHA cAMHUuIaMmn mn3-
MEpPEHHUH SIBISIIOTCA. Memp, KUNocpamm, CeKynod, amnep, Kelb8UuH, Mob,
Kanoena, a NOTIOIHUTEIbHBIMU — paduan U cmepaouar. OCTalbHbIC €UHU-
bl H3MCpCHHI>'I BpEMCHHU, MCXAHHWYCCKHX, OJICKTPHUUYCCKUX, MArHUTHBIX,
TEIUIOBBIX, CBETOBBIX, aKYCTHUECKHX M APYTHX BETUYMH SBIISIIOTCS MPOMU3-
BOJIHBIMHU.

BmecTe ¢ eguHMIIaMU MEXIyHAPOAHOW CUCTEMBI IIPUMEHSIOTCS U
BHECHCTEMHBIE AMHUIIBI, HAIPUMED, CYTKH, JIUTP, TOHHA, TeKTap U Jp.

H3mepenue — 3T0 MpoLeCcC HAXOXKACHUS 3HAYECHUS] (PU3UUECKON Be-
JIMYUHBI  ONBITHBIM IIYTEM C TMOMOIIBIO CHCHHUAIBHBIX TEXHUYCCKUX
cpencTB. M3mMepuTh — 3T0O 3HAYUT ONPEAETUTh, BO CKOJIBKO pa3 u3MepseMas
¢du3nueckas BeIMYMHA OONbLIEC WIM MEHbIIE OJAHOPOJHOHN el (u3nuecKon
BEJIMYUHBI, IPHUHATO 32 €UHUILY (3MAIO0H).

W3mepenust knaccuUIMPYIOTCS HA MpsSIMble W KOCBEHHbIE. [Ipsimbl-
MU uzMepeHusMy Ha3bIBAIOT TaKWe, IPU KOTOPBIX NCKOMOE 3HAUEHHUE BEJIH-
YHHBI HaXOAAT HEMOCPEACTBEHHO M3 OMNBITHBIX AAHHBIX (HAmpuMep, u3Me-
pEeHue JUIMHBI JIMHEHKOM, OIpEAeIEHHEe MacChl HA BeCax, TEMIIEpaTyphl —
TEPMOMETPOM U T.1.). Koceennvimu usmepenusmy HA3bIBAIOT MU3MEPEHUS,
IIPU KOTOPBIX HMCKOMYIO BEJIMYMHY OIPENEISIOT pacuyeTHBIM ITyTEM, HC-
moNIb3ysl (hOPMYITy 3aBHCHMOCTH €€ OT NPYTHUX BEIWYHH, IMOTy4aeMbIX B
X0Jle TIPSIMBIX M3MEPEHWH (Hampumep, ONpeAeNieHre IUIOTHOCTH TeJa IO
€ro Macce U reOMETPUYECKUM pa3Mepam H T.1.).
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CpeacTBa 1 MeTOABI M3MePEHHUI

Hns m3mepenns (QU3MYECKUX BEIMYMH MCIOJB3YIOTCS pPa3iHyHbIE
TEXHUYECKUE CPEJICTBA, HA3BIBAEMBIC Cpedcmeamu uzmeperuu (M3Mepu-
TeTbHBIMU TiprOopamu). Kaxaprii m3MepuTenbHbIN TpuOop XapakTepusyeT-
cs npeodenom (MaKCUMAIBLHOW BEIMUWHON WM3MEPECHHS) U YeHOU OeleHus
(oTHOIIEHUEM TpeAETBHOTO 3HAUYECHUSI K TOJTHOMY YHCITY ACJICHUHN IIKAbI).

COBOKYIHOCTb TPaBHJI, ONPEICISIONINX MPHHIUIBI U CPEICTBA H3-
MEpeHUs], Ha3bIBACTCS Memooom usmepenus. Ha TpakThke mMUpPOKoe pac-
MPOCTPaHEHHNE MOJTYYHUIH METOIBIL:

1) HemocpeaCTBEHHOM OICHKH;

2) muddepeHImanbHbI;

3) HyseBoil.

MeTon HEmocpeCTBEHHON OLEHKH PEaNn3yeTcsl MPH NPSMBIX U3Me-
PEHUSIX.

B muddepennnanbHOM MeTOIEe HA U3MEPUTENBHBIN TPUOOp BO3MCH-
CTBYET pPa3HOCTh U3MepsieMOH U 0a30BOW (3Hau€HHE KOTOPOW H3BECTHO)
BennyuH. [Ipy Mcnonbp30BaHUM 3TOTO METOAa HE0OXOAUMO UMETh 0a30BYIO
BEJIMYUHY, 3HaAYEHHE KOTOPOI OJM3KO K M3MepsieMOl BEIMYHMHE U OIIpee-
JIEHO C BBICOKOM TOYHOCTBIO.

B HyneBoM MeTozne U3MEPSAEMYIO BEJIIMUMHY CPABHUBAIOT C BEIUYM-
HOH, 3HAUYeHHE KOTOPOH M3BECTHO, HO Pa3sHOCTh MEXKIY HHMH CBOJIUTCS K
HYJIIO IIyTeM W3MEHEHHs W3BECTHOHM BeIMYHMHBI. [IprMepoM HyneBoro me-
TOJa MOXET CIIYXXUTh HU3MCPCHUE MACChI TC€Jla Ha PblYa’XHBIX BECax. OtoTr
MeTo]] 00ecTieunBaeT BEICOKYIO TOYHOCTh H3MEPEHUI.

IMorpemiHoCTH U3MeEpeHUIl U UX KJIACCHPUKAIUA

Hwu onHO n3MepeHue He MOXKET OBITH BBIIIOJIHEHO a0CONIOTHO TOYHO.
BenencrBue psiia mpuurH (HECOBEPILICHCTBO M3MEPHTENBHBIX TPUOOPOB,
HAIllUX OPTaHOB BOCHPHSTHS U JAPYTHX (aKTOPOB) BCE M3MEPEHUS MOKHO
MIPOU3BOANTDH TOJIBKO C M3BECTHOH CTENEHBIO TOYHOCTH, IMMO3TOMY pE3YJIb-
TaThl U3MEPEHUI AAIOT HaM HE HCTUHHOE 3HAYCHHE M3MEPSEMON BENTNUH-
HBI, a JINIIb MPHOIKEHHOE, Ha3bIBAEMOE JIEHICTBUTEIHHBIM.

OTKJIOHEHUE pe3ysIbTaTa U3MEPEHUSI X OT UCTHMHHOIO 3HAYEHUS U3-
MepseMOl BEIWYUHBl X, HA3bIBACTCS aOCONIOMHOU NOSPEUHOCHIbIO U3-
MepeHus AX :

AX=|x—X

ucm | *

1)



U3 popmynst (1) cnemyer, yTo aOCOMIOTHAS TTIOTPEITHOCTh U3MEPSCT-
Cs B TeX K€ eIUWHHIIAX, YTO U M3MepseMasi BeTMYNHA U YKa3bIBAET B KaKHUX

npeaciax 3aKIFOYCHO HCTUHHOEC 3HAYCHUC Xucm ITOH BCIIMYHUHBI, TO €CTh.

X+AX> X, >X—AX

501041
X, =X T AX. (2)
B OONBIIMHCTBE CIy4acB ISl yKa3aHHs TOYHOCTH H3MEpPEHUH ym00-
Hee I0JIL30BaThCA MMOHATHEM OTHOCUTEILHOU OOorpeuIHoCTU, KOTOpas mokKa-
3bIBACT, KaKYI0 JOJIIO I/I3MepHCMOI\/'I BCJIMYUHBI COCTABJIACT a6COﬂ}OTHaﬂ I10-
IPELIHOCTE:
£ @)
X
OTHOCHUTENBHON MOTPEIIHOCTHI0 HA3bIBACTCSl OTHOIICHHE a0COIIOT-
HOM MOTPELTHOCTH K Pe3yNbTaTy U3MEPEHHUS.

OTHOCHUTENBHYIO MOTPEIIHOCTh OOBIYHO BRIPAYKAIOT B IPOLIEHTAX:

E = 2X.100%. (4)
X

[MorpemHocty KIaccuUIMPYIOTCS Ha CHCTEMaTH4ecKue, Ciydai-
HbIC U rpyObIe (pOMaxm).

1. I'pyOble HOrpemIHOCTH BO3HUKAIOT B Pe3yIbTaTe HEBHUMATEIbHON
paboTHI SKCIEPUMEHTATOPA WM IUIOXHUX yCIOBHH HaOmroneHus. Pe3ynbra-
THI, COJIEpKalIre TPYOYI0 MOTPEIIHOCTh, PE3KO OTINYAIOTCS OT OCTAJBHBIX,
Y MX HE IPUHUMAIOT BO BHUMAHUE.

2. CucteMaTH4YeCcKOH NOTPEITHOCTHIO HA3BIBACTCS COCTABIISIONIAS
MOTPEITHOCTH U3MEPEHH], KOTOpasi OCTAeTCsl MOCTOSSHHON I 3aKOHOMEP-
HO W3MEHSETCS] IPU MOBTOPHBIX U3MEPEHHSX OJHON M TOW K€ BEITHMYUHBI.
Takue morpenrHocT BO3HUKAIOT, HAIPUMED, U3-32 HHCTPYMEHTAJIbHOM 1Oo-
TpenrHocTy npudopa (yka3pIBaeTcsl Ha HEM WM B MACMOPTE) WJIM METOoJa
n3MepeHus (B3BEIIMBaHUE Tena 0e3 yueTa BhITAIKUBAIOIIEH cruiibl Apxume-
na). CrucreMaTHYeCcKHe MOTPELIHOCTH MMEIOT ONpEAeIeHHOE 3HAuYeHUE U
3HaK, OHM MOTYT OBITh YCTpaHEHBI IIyTeM BHECEHHUS TIONPaBKH, TO €CTh Be-
JIMYUHBI, TPUOABISIEMOH K MOTYYEeHHOMY NIPU U3MEPEHUN 3HAYCHHIO.

3. CnyuvaiiHasi MOTPEIIHOCTh — 3TO COCTABJISIOIIAS MOTPELIHOCTH,
M3MEHSIOLIAsICS CIIy4aiiHBIM 00pa3oM NpU MOBTOPHBIX U3MEPEHHAX OIHOU
U TOH ke BenmuuuHBL. OHa BBI3BaHA Pa3HBIMH NPUYUHAMU: HECOBEPIICH-
CTBOM HM3MEPHUTEJIbHBIX MPUOOPOB, OPraHOB BOCHPUSATHS YEIOBEKAa, METO-
JIOB U3MEPEHUH W APYTHX BO3ACHUCTBHM, HIPUYUHBI KOTOPBIX OCTAIOTCS HE-



U3BECTHBIMU ueoBeKy. CiayuyaliHble TOTPEIIHOCTH YCTPAHUTH HENb3sl, OJl-
HAKO WX MOXHO y4YECTh IIPH MIPEICTABICHUN Pe3yIbTara.

Lenpio BBIUMCICHUS TMOTPENTHOCTEH H3MEPEHUS SBISECTCS OIICHKA
TOYHOCTH PE3yJIbTaTa, TO €CTh CTEHCHHU €ro MPUOJIMKCHHUS K UCTHHHOMY
3HAQUCHUIO OINpEAENAeMON BEIUYMHBI. Pe3ynbTaTel ¢ HEM3BECTHOM TOYHO-
CTBIO TIPAKTUYECKOW IIEHHOCTH HE MPEACTABISIOT U B PSJIE CIIy4aeB MOTYT
CIY>KUTh UCTOUHUKOM aHTHHAYYHBIX 3HAHUM.

Ouenka ciy4ailHbIX HOTPELIHOCTEH NP NPSMBIX U3MeEpPeHUsAX

Ecnu uckirouuTh cucTeMaTHYECKUE U TpyObIe MOTPEIIHOCTH, TO J1a-
JKEe TIPU UCTIONL30BAHUU CPEJICTB WU3MEPEHHSI MOBBIIICHHOH TOYHOCTH Ha
pe3yabTaThl U3MEPEHHUI OYAYyT OKa3bIBaTh BIMSHUC PA3IUYHBIC CIIydaiHbIC
(akTophl, HE MOANAIOIIMECS YUETy M KOHTPOJr0. OICHKa BO3HHMKAIOIIMX
MPU 3TOM CIIyYaiHBIX MOTPENIHOCTEH OCYMIECTBISIETCS ¢ TIOMOIIBIO 3aKO0-
HOB MaTeMaTHYECKON CTATHCTHKH.

[Ipu omepupoBaHUM pe3ysibTaTaMH MPSAMBIX H3MEPEHHH, HE TpeOy-
IOIUX BBICOKOW TOYHOCTH, TOCTATOYHO PACCUMUTATh aOCOJIOTHYIO M OTHO-
CUTEJIHHYIO MTOTPEIIHOCTH METOJIOM CPETHET0 apH(YMETHIESCKOTO:

1. Haiitu cpemnee apudmernyeckoe 3HaUCHUE U3MEPSEMOM BEITHYHN-
HBI U3 N U3MEPEHUH 10 GhopmyIe:

D%
ST XX et X,

p
n n
2. OHpeZ[CJ'H/ITL a6COJ’II—OTHyIO NOrpeHOCTb KAXA0I0 UBMCPCHUS:
Axi = ch - X1| '
AX, =X, —xz‘,
AX, =X, =X,

DA, A
4 L AX FAX o AX,

AX — i=1
e n n
4. HailTu cpeHIOI0 OTHOCUTEIBHYIO NOTPEIIHOCTb:
AX,,
E=—"-100%.
X

<
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5. KoHeuHsI! pe3yabpTaT NpeaCTaBUTh B BUE:
X=(X, tAX,);
E=..%.

B ciydae oqHOKpaTHBIX M3MEPEHUIA, a TakKe KOrja MOBTOPHBIE W3-
MEpeHUsI TAI0T OJHO M TO K€ 3HAUCHHE W3MEPSEMON BETUYWHBI, ITOTPEell-
HOCTH M3MEpPEHUH MPUHUMAETCS PaBHONW WHCTPYMEHTANBbHOU (MPHOOpPHOIT)
MOTPEIIHOCTH.

HHcTpyMeHTalIbHas MOTPEIIHOCTh YKa3bIBAETCS B €r0 MaclopTe WU
Ha mkane. Ha mikamax MHOTHX W3MEpPUTENBHBIX MPHUOOPOB yKa3bIBAETCS
KJIacC TOYHOCTH. Ero ycrioBHBIM 0003HaUeHNEM siBIsieTcs nudpa, oOBeaeH-
Has KpyxkoM. Kiacc TouHOCTH ompenenseT abcomoTHY0 MPUOOPHYIO TMOo-
TPEUTHOCTh B MPOIIEHTaX OT Mpejena m3MepeHus. Ecimm mpubop He mmeer
MacropTa WiIK Ha HEM He yKa3aH KJIacC TOYHOCTH, TO B KauecTBe MPUOOP-
HOH IMOrp€IHOCTU NPHUHHUMAKOT II0JIOBUHY HauMeHbIIeH IIEHbI JCJICHUA
IIKaJIbI MPUOOopa.

Ecnu paccanranHast abCcoNIOTHAS TOTPENTHOCTD OTYYaeTCs MEHbIIE
MPUOOPHOM, TO B KaueCTBe a0CONFOTHOMN MOTPEITHOCTH U3MEPEHUI MPUHH-
MAalOT IPUOOPHYIO IOTPEUTHOCTb.

Onenka ciy4ailHbIX HOTPELIHOCTEH IPU KOCBEHHBIX H3MEPEeHUsIX

Ecin n3MepsieMast KOCBEHHBIM METOJIOM BEJIMYMHA Yy CBs3aHa C Be-
JINYMHAMH, ONPEACISIEMBIMH HPSIMBIMU U3MEPEHUSIMH X;, X,,..., X, (QYHK-
IIMOHAJIBHON 3aBUCUMOCTBIO Y = f (X, X,,...,X ), TO JUIs ONpEaeNeHus Io-

TPEIIHOCTEH MPH TaKUX M3MEPEHUSX MOXKHO BOCHOJIb30BaThea Auddepen-
UAJIbHBIM METOZIOM.
B ocHoOBe 3TOT0 METO/A JIKHUT CBOHCTBO HATYPATIBHOTO JIOTaprQma:

wW)W )

IMonueiii guddepennman norapudpma dynkumu Yy = f(X,X%,,...,X,)
OTIPEEISIETCS BBIPAKECHHEM:

d(in 0,5 x ) =k Pk, Yoy i o (6)
X X, X
rae ki, K,, ..., K, — mokasareny CTeneHu apryMeHTOB X;, X,, ..., X, .

Ortcrona ciemyer:



ﬂzkld—xl+k2%+...+kndxn. (7)
y X X, X

W3 xypca MaTeMaTHYECKOTO aHaju3a W3BECTHO, YTO Iu(depeHIHral
HE3aBHCHUMOM IepeMeHHONH X paBeH ee MpHUpallieHHto, To ectb dX=AX, u
€CJIM TIpUpAIEHUE apryMeHTa JIOCTATOYHO MaJio Juis (GyHKIuH, TO nudde-
peHnman (GYHKIUH TPUOTU3WTENHEHO PAaBEH €€ MPHUPAIICHHI0, TO €CTb

dy = Ay . C ydueToM 3T0T0, 2 Takxke BhipaxxkeHui (5) u (7) noiydaem:
AX,

n

EzﬂzklA—X1+k2&+...+kn
2 Xn
Ecnu B pesynbrare norapumupoBaHus v IudepeHIrpoBaHus B
BBIPOKEHHUH TOSIBUJICH 3HAKH «-», TO C LEJIbI0 HAXOXKICHHS MaKCUMallb-
HOW OTHOCHTEJIBHOM MOTPEIIHOCTH UX HEOOXOIUMO 3aMEHHUTD Ha «+».
Takum 00pa3oM, 4TOOBI BOCIIONIB30BAThCSl JAHHBIM METOAOM, HE00-
XO/IUMO:
a) mpoJyorapu(MUPOBaTh UCXOIHYIO (PYHKIIHIO;
0) mpoaudpepeHITUpPoBaTh MOyYeHHOE BEIPAXKEHHE JIOTapudMa;
B) 3aMCHUTb BCe 3HaKu Auddepenimana d Ha npupamieHus A ;
I') 3aMEHUTh BCE€ MUHYCBHI, OJY4YEHHBIE NPH JIOrapu(MUPOBAHUN U
mud dhepeHIIMPOBaHNY, Ha TUTIOCHI,
II) paccUuTaTh OTHOCHUTENIbHYIO IOIPEIIHOCTh KOCBEHHOTO H3Mepe-
HUSI, UCTIOJNB3YsI MOJIYUYEHHYIO0 (OPMYIly, OJCTAaBUB B HEE 3HAUCHUS BEJIU-
YHH, TOJYYEHHBIX MPH MPSMBIX U3MEPEHUsIX, U UX a0CONIOTHBIE MOrpel-
HOCTH;
€) paccuuTaTh abCOJIIOTHYIO MOTPELIHOCTh 110 GopMyJIe:
AY=E Yy
’K) OKOHYATENFHBIN pe3y/bTaT 3ancarh B BHJIE:
Y = (Yo £4Y)
E=.%.
[Mpumep. OnpenenuM MOTPENTHOCTH KOCBEHHOT'O W3MEPEHUs HIMPH-
HBI Y3KOH 1menu TudpakuuoHHBIM MeTonoM (pabota Ne®). Pacuernas dop-
MyJja UMeeT BHI:

b k-1-L ,
Xk
rae k=1, 2, 3 ... — nopsaaok 1uQppakiuOHHOI0 MUHUMYMA;

A — JIMHA BOJIHBI CBETA;
L - paccrostHue OT LIEN 0 DKpaHa;

10



X, - PacCTOSHHE MEKIY LEHTPAIbHBIM MAaKCHMyMOM W MHHHMYMOM
K - ro mopszka.
Bemnunnsr L, X, 1 A onpenenstorest B X0/1€ IPAMBIX H3MEPEHHIA.

a) Inb=Ink+InA+InL-Inx,;

6) @=%+d—i+d—L—%, %:O(k - KOHCTaHTa);
b k 4 L x Kk

Ab AL AL AX

b 41 L x

A A
r) Eb:Fb,To ecTb Eb:A—/1+A—LL+A,
Xk

rae A1, AL, AX, — cpenHHe aOCOIIOTHBIE MIOTPEIIHOCTH IPU HPSMBIX U3-

MEPCHUSX;
A, L, X, —cpenHue 3HaUYEHUS STHX BEJINYUH.

AOGCOIOTHYIO MTOTPENTHOCTH OIIPeIenM 1o (hopmye:
Ab,=E-b,.
KoneuHslii pe3ynpTaT MpecTaBuM B BHJIE:
b=(b, +Ab,)m;
E=..%.

bonee touno paccunTaThb CHy‘iafIHLIe NOrpeHOCTU MO3BOJIAIOT MC-
TOJBI MaTEeMaTHYECKOM CTaTUCTHKHU.

MaremaTnueckas 00padoTka pe3yJibTAaTOB U3MepeHuil

Ommbka pe3yabTaTa OnpeaessieTcs] He TOIbKO HETOYHOCTSIMHU H3Me-
pPEeHUH, HO U HETOYHOCTSIMU BBIYMCIICHUH. Bhruucnenns HeoOXoquMo mpo-
BOJIUTH TAK, YTOOBI UX OMMOKA ObLIa HAa MOPAJOK MEHbIIE OLIMOKHU pe3yib-
Tata u3MepeHuil. i 3Toro Heo6X0AUMO BCIIOMHHUTH MpaBUIIa MaTeMaTH-
YECKUX JCHCTBUN C MPUOIMKEHHBIMH YHCIIAMH.

3uauawumu Ha3bIBAIOTCS Bce HUQPBI KpOME HYJIS, CTOSILETO ClieBa
oT uncen. Hynb, cTosmuii MexIly 3Ha4yalmuMu nudpaMyd WK crpaBa OT
HUX, TAKKE 3HAYaIas 1udpa.

IIpumepsr:

1) 0,0105. [iBa myns cieBa — He 3Haudamue Hudpsl. Beero umcino
UMeeT TP 3HaYamux MUQPsl, B TOM YHCIIEe U HYJb, CTOSIIUA MEX]y 3Ha-
yamumu 1udpamu 1 u 5;

11



2) 5000. Hymu cnipaBa — 3Havamue. Beero uncno uMeeT 4eThipe 3Ha-
yamux U psl (HyIu TOTYyYHINCh HE B Pe3yJbTaTe OKPYTJICHUS, a TIPU U3-
MEpEHHH);

3

3) 5-10°. Yucno umeet oHy 3HAYaIIy0 nudpy, TO €CTh MPU U3MEpe-
HUSX YYUTHIBAIACH TOJNBKO THICSYM. TodHOCTh yucna 5-10° B TeicA4y pas
mensIre 5000.

Ilpasuna oxpyznenus uucen

Ecnu He Bce yncia 3aKaHYMBAIOTCS HA OJHOM M TOM K€ paspsie, TO
JUTSL YIPOUICHUS! ACUCTBHIA IO UX BBIIOJTHEHUS CIEAYET MPOU3BECTH OKPYT-
JIeHUs 10 pa3psAa Ha eAWHHIY MEHBIIETO, YeM pa3ps HauMeHee TOYHOTO
yycna no npasuiam 1, 2 u 3.

(23,2+0,442+7,247)-1,836 (23,2+0,44+7,25)-1,84
2,412 - 2,41 '

[Ipasumo 1. OxpyrieHwe DOCTUTAETCS MPOCTHIM OTOpacChIBAHUEM
udp, eciu nepBasi U3 0TOPachIBAEMbIX (P MEHbIIE, YeM 5.

ITpumep. 0,234 = 0,23.

[Ipasumo 2. Ecnu nepBas u3 orOpackiBaeMbIX 1udp Oombine, 9eM 5,
To mocnenuss mudpa ysennuusaercs Ha 1. [locnennsist nudpa yBennuusa-
eTcs TaKkKe U B TOM cllydae, KOorja nepsasi U3 oTopaceiBaeMbIx udp 5, a 3a
HEH eCTh 0JIHA WM HECKOJIBKO LU(P, OTIUYHBIX OT HYJIS.

[Ipumep. 35,856 = 35.9.

ITpaeuo 3. Ecnu orOpaceiBaeMast nudpa paBHa 5, a 3a HEll HET 3HA-
yamux udp, To OKpyriieHHEe MPOU3BOAUTCS Ha OmmKaiiliee Y4eTHOE YHCIIO.
IMocnenusist coxpansiemasi nudpa OCTaBISAETCS HEU3MEHHOW, €CIM OHA YeT-
Hasl, 1 YBCINYNUBACTCA Ha €AMHUIY, €CJIM OHA HCUCTHA.

ITpumep. 0,0465 = 0,046; 0,935 =~ 0,94.

Ilpy BBITONTHEHWH MAaTEMAaTUYECKUX ONEpalui TaKKe BO3HUKAET
HEOOXOJIUMOCTh OKPYTJICHHSI YHCEN, KOTOPOE MPOBOJAMUTCS B COOTBETCTBUH
C TpaBUJIAMH.

1. Ilpu cno>xeHUH M BEIYUTAHUM HNPUOIMKEHHBIX YMCEN CIEAYET CO-
XPaHHUTDH CTOJIBKO JAECATHYHBIX 3HAKOB, CKOJIBKO MX B MPUOIMKEHHOM JaH-
HOM C HAUMECHBIIINUM YHCJIIOM ACCATHYHBIX 3HAKOB:

[pumep. 23,2 + 0,442 + 7,247 = 23,2 + 0,44 + 7,25 = 30,9.

2. Ilpn yMHOXEHHMU W JIEJEHUHM NPUOIIKEHHBIX YUCel MpOH3Bele-
HUEC HUJIN YaCTHOEC 6y11eT HUMETH CTOJIBKO 3HaYaIlux III/I(i)p, CKOJIBKO X HUMCEC-
T HpI/I6JII/I)KeHHOG JaHHOC€ C HAMMCHBIIINM YHCJIOM 3HaYalInux III/I(i)pI

Tpumep. 30,9-1,8364~30,9-1,84 =56,856 ~56,9;

56,9:2,412 ~56,9:2,41=23,609 ~ 23,6.
12

IIpumep.



3. HpI/I BO3BCACHHUU B CTCIICHL B PC3YJILTATC COXPAHACTCA CTOJIBKO
3HavYaImumnx I_II/I(I)p, CKOJIBKO UX UMECCT BO3BOAHNMOC B CTCIICHDb HpI/I6HI/I)KCHH06
YHCJIO:

Mpuwmep. (11,38)* =129,5044 ~129,5.

4. Tlpu W3BIECYCHUU KOPHS COXPAHSAETCH CTOJNBKO 3HAYalMX D,
CKOJIBKO MX UMEET MOAKOPEHHOE BBIPAKEHHE:

Ipumep. §/5,12 =1,723~1,72.

5. Ilpu HaxokaeHun Jorapuma u3 TabiaMIl CIeayeT OpaTh CTOIBKO
3HAKOB, CKOJIBKO 3HAYAIINX (P COAEPKUT JAaHHOE YKCIIO:

Ipumep. 1g77,23=1,8878~1,888.

Yucno 3HaYaIuX HU(p OKOHYATEIBLHOTO pe3ysbTara ONMpeaesseTcs
HOPSIAKOM BETMYMHBI aOCOMIOTHOM MorpenHocTd. Takum 00pa3om, pe3yib-
TaT OKPYIJISIOT IO TOTO paspsa, B KOTOPOM HAXOMUTCS 3Hadamias nudpa
a0COJIFOTHOM OLIHOKH.

IMpumep. X=2,628 MM, AX=0,6 MM, = X=(2,6+0,6) mm.

IIpaBusa nocrpoenusi rpagukos

Bo mHOrHX ciydasx okasbpIBaeTcsl YIOOHBIM Tpadudecku Hn300pa-
JKaThb 3aBHCUMOCTbh MEXIy M3ydaeMbIMH BenuuumHamu. Ilpu 3Tom HEoOXO-
JIUMO PYKOBOJICTBOBATHCS CIIEIYIOIIMMH MPaBUIAMHU.

1. Ilpu moctpoennun rpaduka 3HaYSHHUST HE3aBUCUMOH IMEpeMEHHOI
OTKJIA/IBIBAIOTCSl MO TOPH3OHTAIBHOM oOcH (ocH abcuucc), a 3HauYeHHs
(GYHKIIMM — 10 BEpTHUKAILHOW OocH (0ocH opAuHAT). B xadecTBe He3aBHCH-
MOW MepeMEHHOM MM (PYHKIIMHA MOKET BBICTYNATh Kak caMa (pYHKIHUS, TaK
U Kakas-m1u0o ee CTeneHb WIM KOMOWHAINS HECKOIBKUX (PU3MYECKUX Belu-
YHH.

BenuunHel, OTKIaAbIBaEMBIE IO OCSM, JTOJIKHBI YKa3bIBaTHCSI BMECTE
CO CBOMMH €IUHHIIAMU U3MEPEHUH.

2. Ucxonst w3 mpenenoB U3MEHEHHUs] HE3aBUCHUMOW NEPEMEHHOW U
byHKIIMH, HEOOXOAUMO BBIOpPATh HE3aBUCHMBIC JIPYT OT JPyra MaciTaObl
1o ocsiM. ['paduk JOKEeH pacnonaratbesi B IICHTPE KOOPIUHATHON TUIOCKO-
CTH WJIU YETBEPTH.

3. [Ina ynpoueHus nocTpoeHus rpaduka yqo0HO Ha OCHOBAaHHH H3-
MEpEeHHUH COCTaBUThH TAONHMIy, B KOTOPOH Ka)XJIOMy 3HAYEHHIO HE3aBHCH-
MOH IIEpEMEHHON COOTBETCTBYET 3HAYCHUE (PYHKIUH.

4. DKcriepyMeHTaJIbHbIE TOYKH HAHOCATCS Ha rpadyK C y4eTOM IIO-
rpemrHocTeil. UncnoBsle 3HaYeHHS SKCIIEPUMEHTAIBHBIX TOYEK M MOTrperl-
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HOCTel Ha rpaduke He HaHOCATCA. BermoMorarenbHble TMHUH IS TIOCTPOe-
HUA rpaduKa, HAIpUMep, ITPHUXOBAHHBIE, TIPOBOJUTE HEIb3s, TaK KaK OHH
YXYALIAIOT HATJSITHOCTh TpaduKa.

5. Ilpu mocTpoeHuu rpaduka cieayeT pa3yMHO BHIOUPATh MACIITAOBI
10 OCSM TaK, YTOOBI SKCIEPUMEHTAIbHBIE TOYKH PACHOIarajiuch MO BCeH
KOOPAMHATHOM IIOCKOCTH. J{JIst 3TOTO, MPH HEOOXOANMOCTH, JIOITYCKAeTCs
CMEIICHHE HYJIS [0 OJJHOW M 00CHUM OCSIM.

6. Ilocme mOCTpOEHMS HKCIEPUMEHTANBHBIX TOYEK ITPOBOIMTCS
IUIaBHAsl KpPHUBasl TaK, 4TOOBI, MO BO3MOXKHOCTH, OHA IPOXOJWJIA BHYTPU
UHTEpBaAJIOB morpeiHocTu. Cieayer 3apaHee 3aayMaTbcsi O BHIC KPUBOU
(npsiMasi, runepOosna, mapadoyia U T.J.) UCXOAS M3 M3BECTHBIX TEOPETHYE-
CKHX TIpejicTaBiIeHnit (popmyn).

Ecnau xakas-nmubo TOYKa HAXOAMUTCS B CTOPOHE OT MPOBEICHHOTO
rpadka, ToO Ha Hee ClIeAyeT oOpaTuTh 0CO00e BHUMAaHHE, BO3MOXKHO IPHU
JTAHHOM M3MepeHnH Oblia JomynieHa omuoka. Ecim 310 He Tak, TO B paid-
OHE 3TOH TOYKU MCKOMasi 3aBHCUMOCTh UMEET PE3KO BBIPKEHHYIO 0COOCH-
HOCTh. Takne 0COOCHHOCTH MPEACTABISIOT HanOonbmmii naTepec. [loaTo-
My HEOOXOJMMO BHUMATEIbHO MPOMEPUTH 00IaCTh BOJIN3U 3TOM TOUKH.

Ipumep. Iloctpoum

1.6 ] Iy MxA rpaduk 3aBUCHUMOCTH (o-
1.4 TOTOKa HACBILICHHS OT Ma-
1.2 1 JIAI0IIET0 CBETOBOTO IOTO-
101 Ka (puc.l).

0.8
0.6
0.4
0.2

B pesynbrare skcne-
pUMEHTa TIIOJIyYeHBI Clie-
OyIOUIMe 3HA4YeHUS OTHX
BEJIMUYUH C COOTBETCTBYIO-

0 T T T T

0 0.2 0.4 0.6 0.8 @, M HMMH  a0COJIFOTHBIMH  T10-
Puc. 1. I'pagux 3aéucumocmu 1, = f (D) TPEHIHOCTAMH:
Ne ombITa l,, MKA A l,, MKA D, nm AD, nm
1 0,11 0,02 0,19 0,07
2 0,21 0,03 0,39 0,06
3 0,44 0,03 0,75 0,08
4 0,64 0,04 1,28 0,07
5 0,84 0,02 1,63 0,08
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1. HapucyeMm KOOpIUHATHYIO TNIOCKOCTb.

2. Bribepem Mmaciirab TakuM 00pa3oM, 4TOOBI MaKCHMalbHOE 3Ha-
YyeHue cuiibl POTOTOKa HacklmeHus Obiio paBHO 0,9 MKA, a MakcCUMaIbHOE
3HA4YEeHHUE CBETOBOTO MOTOKA 1,7 mM.

3. O6o3HaYUM KOOPAUHATHBIC OCH.

4. HaneceM sKCIEpHMMEHTaJIbHbIE TOUYKH C COOTBETCTBYIOLIMMU I10-
TPELIHOCTSIMH.

5. IlpoBenem sKCHEpUMEHTAIBHYIO KPUBYIO TaK, YTOOBI OHA HE BBI-
XOMJIa 33 MPeAesbl IOrPELIHOCTEN.

ITo rpaduky MOKHO OTpENeNIUTh YHCICHHOE 3HaUeHIEe HCKOMOM Be-
JIMYUHBI U ee a0COMIOTHYIO MOTPELTHOCTb.

Ipumep. Onpenenenune Kouuenrpamuun C pactBopa 1o ero ontudye-
ckoit mrotHoct D . B aroii pabGore cHayama W3MeEpAETCS ONTHYECKAs
IUIOTHOCTh HECKOJIBKHX PACTBOPOB C M3BECTHOM KoHueHtpamueir C u Ha
OCHOBaHMH JAHHBIX CcTpouTcs rpadpuk 3asucumoctd D= f(C) (puc. 2).

3areM H3MepseTcs BeMHYMHA onTHdeckoi miotHoct D, pactopa Hems-
BECTHOH KoHueHTpanuu. [lycTs oHa ObuTa M3MepeHa 3 paza W OKa3auach
pasHoii 0,76, 0,78, 0,75. Cpennee 3HaueHue D o =0,76, a cpenusist abco-

X

motHas ommbka AD, , =0,01. ITo rpaduky HaXOAAT 3HAYCHHE KOHIICH-

tpatuu C,, cooTBeTcTByroOlIee cpennemy sHauennio D, . B pacemor-

PEHHOM clryJae
b 5 Ciop =1,42%. Oxoro

08 _____Yo%xe
or—1 | T~ f snauenus D, na ocu op-
0.6 ! | JMHAT OTKJIabIBAIOT

I
0.4/ ! AD,,, mo rpapuxy naxo-

> 1
o 18Cxep JAT, KaKoOW OTPE30K COOT-
0,21 L H BETCTBYET €My Ha JpPYyrou
N ocu AC,. On paseH

0,

D 04 108 10 14 C% 0,02% . OxoHuarenbHBIN
Puc. 2. Onpedenenue abconromnoii no- pe3yibTaT  3amMineTcs B
2pewnocmu 2paguuecku uge C,, =(1,42+0,02)%.
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JlaGopaTopHas padora Ne 1

OIIPEJEJIEHUE IIOKA3ATEJIA HIPEJIOM/IEHUA PACTBOPOB
IIPH IIOMOLIIU PE®PAKTOMETPA

ILlenv pabomobi: V3yunTh NPUHIUIN PabOTHI pedpakTOMETpa; Hcclie-
JIOBaTh 3aBUCHMOCTH TIOKa3aTess NPEIOMIICHHS pacTBOpa OT KOHIICHTpa-
[IUH; OTIPEJICIIUTh KOHIIGHTPAIIHIO caxapa B pacTBope.

Obopyoosanue: pedppaxromerp NPD-454, munerka, pacTBOPHI caxa-
pa pa3IUYHOM KOHIEHTpaImu, GUIbTpoBalibHAs Oymara.

OcHoBHbIE TEOpEeTHYCCKHE CBCACHUSA

Onmuxa — pasnen (U3UKW, W3YYaIOIUNA CBOMCTBA M (DU3UYECKYIO
NpUPOAY CBETAa, a TAKKe €ro B3aUMOJCHCTBHE C BemecTBOM. OmnTHKa
YCIIOBHO JICIUTCS HA TEOMETPUYECKYIO, BOJIHOBYIO U KBaHTOBYI. OCHOBY
TeOMETPHUYECKOM ONTUKH COCTABISIFOT TPU 3aKOHA: 3aKOH MPSIMOJIMHEHHOTO
pacnpoCTpaHeHHs CBETA, 3aKOH OTPAKEHHS U 3aKOH TPEIOMIICHHSI.

3akon npsamonunelinoeo pacnpocmpanenus céema: B ONTHYECKU OJ1-
HOPOJIHOH Cpejie CBET PacIpOCTPAHSIETCS MPSIMOIMHEHHO.

3axon ompadicenus céema’ MaAIOUINN U OTpaKEHHBIN JTyuHn (puc. 1),
a TaKKe MePIeHANKYJIISP K TPaHHUIe pasjena ABYX Cpell, BOCCTAHOBIICHHBIN
B TOYKE TAJCHUS JIy4a, JISKAT B OJHOM MIOCKOCTH (IIOCKOCTH TaJCHHUSN),
IPU 3TOM YTOJI OTpakeHus (y) paBeH yriry najaeHus (a).

3akon npenomaenus ceéema: TANANOIMUK W TIPEIOMICHHBIA ITy4d
(puc.1), a Takke MEepHEHIMKYNAP K TPAHUIEC pasjenia ABYX Cpejll, BoccTa-
HOBJICHHBII B TOYKE MaJCHUS JIy4Ya, JISKAT B OJHOM ruiockocTu. OTHOIIE-
HHUE CHHyca yria naaeHus (o) K CMHycy yria mpeaomienus () ecTh Benu-
YHHA, IOCTOSIHHAS JUIS IBYX JAHHBIX CPE/I:

S!ﬂ = & =Ny, (1)
sing n
rie n,, = M ornocnTenshbii noKazaTens TPEIOMIICHHS IBYX CPEJ;
1
N1 ¥ N, — aOCOITIOTHBIE TTOKA3aTENH MPEJIOMIICHHS CPEI.
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CBETOBBIM J1y4OM B TEOMET-
pUYECKON ONTHKE HA3bIBACTCS JIH-
- HUS, BAOJb KOTOPOH MPOMCXOIUT

yd pacnpocTpaHeHHEe PHEPTUU CBETA.

CormacHo COBPEMCHHBIM
MPE/ICTABICHUSAM, SBIICHHE TIpe-
JIOMJICHUS  SIBJIICTCSL  CIICJICTBHEM
W3MEHEHUSI CKOPOCTH PaclpocTpa-
HEHUS CBETa MU Tepexoie W3 OJI-
HOW cpeabl B JpYyrylo, a abcomoT-
HBII TOKa3aTeNlb MPEJIOMIICHUS pa-

TTaJaroIIiit

n, W1

n,

S\ mpenozTerHEIiT
Ty

Puc. 1.Ompascenue u nperomnenue

ceema
BEH OTHOIIICHHIO CKOPOCTH CBETa B
C
n=—
BaKyyMe€ K CKOPOCTH CBETA B CPEAE: v,

B CU abconmoTHBII U OTHOCUTENBHBIN OKa3aTeNn MPEIOMIICHHS He
UMEIOT €ANHUL] U3MEPEHHUSL.

ITpu mepexoze cBeTa U3 Cpelbl ¢ MEHBIINM [I0KAa3aTeNeM IIpeoMIIe-
HUA (onmuyecku MeHee NIOMHAsA cpeda) B CPpely ¢ OOIBIINM IOKa3aTeIeM
npesoMieHus (onmuuecku 0Oonee niomHas cpeda) yroi TMajeHUs Iyda
Oompire yrima mpenomienus (puc. 2 a). Ecnu qyd majgaer Ha TpaHHILy pas-
Jiena cpell moJ; BO3MOXKHBIM HanOONbIINM YIIoM o = 90° (Jiyd CKOJIB3UT
BJ10JIb TPAHHIIBI pa3Jiea cpel), TO OH OyAeT NPEIOMIIAThCS O YTIIOM Byeo
< 90° (puc. 2 6). DTOT yroa ABISETCS HAMOOJBIIMM YIJIOM MPEIOMIICHUS
JUISL TaHHBIX CPEX M Ha3bIBACTCSA NPeOenbHbIM Yelom nperomnenus. 3 3a-

KOHa IpCJIOMJICHHA CBETa CIICAYCT:
sin90® 1 n,

sin ﬂnpeo sin ﬂnped nl

OTKYyJla
. n
SInﬁnpe() = . (2)
n2
. (n
B s = arCSIN| = 3)
n2

Ecnm cBeT pacnpocTpaHseTcs u3 ONTHIESCKH 00JIee TUIOTHOW Cpelbl B
Cpelly ONTUYECKU MeHee IIOTHY0 (N > N,), HalpuMep, U3 CTEKJIa B BOJY,
TO COTJIACHO 3aKOHY ITPEJIOMJICHHSI CBETa YroJl PEIOMIICHHUS OyIeT OOJIbIle
yrna magenus (puc. 2 B). C yBeqnMdeHneM yIiia MaJeHus BO3pacTaeT U yroil
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NPETOMIICHHS [0 TeX IOp, MOKa MPH HEKOTOPOM yIie MaAeHHS (0=0peo)
YTOJI IpeIoOMIIeHHs OKaxeTcs paBHbIM 90° (puc.2 r). Yroi a,,., Ha3bIBaeTCs
npeoenvHuiM yenom ompadicenus. IIpu yrnax nageHus o > oy BECh Maja-
IONUI CBET TOJHOCTBIO OTPa)kaeTcs. DTO SBICHHUE TOIYYHIIO HAa3BaHUC
NOJHO20 6HYMPEHHE20 OMPANHCEHU.

ny <M My >N,

Puc. 2. Ilpedenvroe npenomnenue u noaHoe HympeHHee ompadicenue

Hcronb3ysi 3aKOH MNPEOMIIEHHsT CBETAa JIETKO IOJYYHTh YCIOBHE
TIOJIHOTO BHYTPEHHETO OTpaxkeHus. Tak Kak
sina

e Ny , TO
sin90°  n,
. n,
sina,,, =2 (4)
r']1
_ arcsin| 2 (5)
anpe() - |

nl

Taxum 06p330M, NMpEACIbHBIC YIJIBI IMPECJIOMIICHUA W IIOJHOI'0 OTpa-
KCHUA I JaHHBIX CPE 3aBUCAT OT UX rokazaTesen IIPEIIOMIICHUA.

B FeOMeTpH‘ICCKOﬁ OIITUKC HapsAAy € OCHOBHBIMH 3aKOHaMH HCIIOJIb-
3yCTCA npuryun o6pamwvlocmu ﬂyqeﬁ, KOTOpBIﬁ SIBJIACTCSA UX CICACTBHCM.
X0 ONTUYCCKHUX nyqeﬁ B IIPpAMOM H O6paTHOM HaIpaBJICHUAX COBIIAJACT.
CoracHo OTOMY MNPUHLUITY MOKHO 3aMCTUTh, YTO I ABYX CpEA IIpe-
ACJIBHBIC YTJIbI MMPECIIOMIICHUS U OTPAKCHUS PABHBI:

ﬂnpedz OGnpeo (6)

SIBIeHNE TOIHOTO BHYTPCHHET'O OTPAXXCHHA HIMPOKO HCIIOJIb3YCTCA
Ha MPAKTUKEC B TaKUX OINTUYCCKUX HpI/I60an KaxK 6I/IHOKJ'IL, MEepHUCKOII, pe-
@paKTOMeTp " 1Ip., a TAKXKE B BOJIOKOHHOM OIITHKE B CBETOBOJAX.
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Oo0ocHOBaHHNe MeTOIA

Pegppaxmomempamu (ot nar. refractus - npemomnéHuslii ¥ rped.
metreo - u3Mepsi0) Ha3bIBAIOTCS MPUOOPHI IJIsl U3MEPEHHS TMOKa3aTelel
MIPEIIOMJICHUS BEIIECTB (KUIKUX, TBEPIBIX, Ta3000pa3HBIX ).

OCHOBHOH 4acTbi0 pedpakToOMeTpa SIBISAIOTCSA IBE IPSMOYTOJIbHbIE
crexisiHHble pusMbl 11 u 12, u3roroBneHHbIE U3 OAWHAKOBOTO COpTa
crekia (puc. 3).

[Tpusmer  co-
MpHUKacaroTCsl TUIIO-
TEHY3HBIMH TpaHsi-
Mu AB u CD, mex-
Iy KOTOPHIMU HMe-
€TCSl OYEHb TOHKHUH
3a30p okoso 0,1 mMm.
B 3azop wmexny
npusMamMu  IOMe-
HIAI0T KaIulio JKUA-
KOCTH, TIOKa3aTelb
MpEeTOMJIIEHUS] KOTO-
poii TpeOyeTcs

Puc. 3. Xoo nyueti 6 peppaxmomempe ompezenuth.  Jlyd

CBETa OT MCTOYHHKA
HarnpaBJsieTcss Ha OOKOBYIO TpaHb BEPXHEW MPHU3MBI U, IPEIIOMHUBIINCE, 110~
MajgaeT Ha TUIIOTEHY3HYIO IpaHb AB. IloBepxHOCTh TpaHu 4B MaToBas, Mo-
3TOMY CBET pacceuBaeTcs U, MPOias Yepe3 UcCIe yeMyI0 KHUIKOCTb, IoMa-
naet Ha rpanb CD HIbKHEW Tpu3MBbl 107 pa3HbIMH yriamu ot 0° 1o 6mus-
kux k 90°, nmpenomisisice B npusme 112 nox yriaamu ot 0° 10 By (ipu 0051-
3aTeJIbHOM YCJIOBHHM, YTO MOKa3aTeslb MPEIOMIICHHUS >KHUAKOCTH MEHbIIE
MOKa3aTeNs MPeTOMIICHHS CTEKIA).

Kak BuaHO U3 puc.3 Henb3sl MOIYYHUTh JIyYH, CTPOTO CKOJIB3AIINE 110
BXoJHOU Tpanu CD m3MepurenbHOM npusMbl. OAHAKO, TaK KaK CIOH KUA-
KOCTH OY€Hb TOHOK, TO HabJI0AaeMblii B TaKOH cHCcTeMe TPaHUYHBIH JIy4 B
TpeOyeMbIX Ipeesax TOYHOCTH COOTBETCTBYET MPEAETbHOMY YIUIy IIpe-
JIOMJICHHUSL.

OOBIYHO U3MEPSIOT YTOJI ¢ BBIXO/A JIyda U3 MPU3MBI B BO3IYX, 3aBHU-
csamuit ot f,,.. B HampaBneHusx, 3aaHHBIX yIJIAMH, MEHBIIUMH 4EM ¢,
CBEeT He pacmpocTtpansercs. lIpoctpancTBo BHyTpH 3TOro yria Oyner
OCBELICHHBIM, a BHE €r0 — TeMHBIM. TakuM 00pazom, Tojie 3peHus pazaens-
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eTcs Ha JIBE YaCTH: TEMHYIO U CBETNYI0. [lonoskeHne rpaHuLbl pa3jiena cBe-
Ta U TEHHW OMpEACNSICTCS MPEJCIbHBIM YIIIOM TPEIOMIICHUS, KHIKOCTH U
CTEKJIa, PaBHBIM, COTJIACHO MPUHIUITY OOpaTHMOCTH JIy4YeH, MpeaeasHOMY
YOIy OTPaKeHHUs! CTEKJa W >KUAKOCTH. Takum oOpa3om m3Mepsist yroi ¢,
MOXKHO BBIYUCIHUTD YTON f,pe0=0Opess W , 3HAS ITIOKA3aTeNb MPEIOMIICHHS
MPU3MBI Ny ONPECITHUTE MOKA3aTeNb MPEIOMIICHHSI HCCIIEYEMOTO PacTBOPa
N, , ucronb3yst hopmyay (4):
n,=nsina,,,- (7)
B nefcTBUTENLHOCTH TIPU U3MEPEHHSIX HET HEOOXOAMMOCTH TIOJIh30-
BaThCs ATON (HOPMYIIOH, TaK KaKk OTCUETHas IIKaja pedpakToMeTpa yike
nporpaaynpoBaHa B 3HAYCHUSX N, C yYETOM COOTHOICHUS (7).

OnucaHue yCTAaHOBKH

B pabGote ans ompezeneHus moka3areici MpeIoMICHUS HKUAKOCTEH
ucnoab3yercs peppakromerp UPD-454 (puc.5), ontryeckas cxema KOTO-
pOro noka3aHa Ha PUCYHKE 4.

Hccnenyemoe  Bele-
CTBO 5 momeraeTcs B 3a30pe
MEXIy IOBYMS HPAMOYTOJIb-
HBIMH TIpu3MaMu 2 u 3.
Bepxusist mpuzMa 2 TOJIBUK-
Hasi. E€ HIKHAA rUnoTeHys-
Has rpaHb 4 matoBas. B pe-
(pakTOMETpE HCIONIB3YETCS
HUCTOYHUK Oesoro  cBera,
HarpaBJsieMblil 3epkaiioMm 1,
MO3TOMY BCJIEJICTBHE 3aBH-
CUMOCTH TIOKa3aTelsi Tpe-
JIOMJIEHUSI OT JUIMHBI BOJIHBI
(Oucnepcuu) npu NPOXOKJICHUHM CBETOM NPU3M 2 U 3, TpaHHIla CBETA U Te-
HU OKa3bIBacTCsl OKpalleHHOH. Bo m3bexxanwe 3TOro mepen oO0BEKTHBOM
3pUTEIBbHON TpyOBl 7 moMemaroT KomreHcatop 6. OH COCTOUT U3 JOBYX
OJIMHAKOBBIX MPU3M, KaX/1asi U3 KOTOPBIX CKJIEEHa U3 TpeX Mpu3M, obianaa-
IONIMX Pa3UYHBIMU TIOKa3aTeNs MU TIpesioMiieHus. [Ipu3mMbl monouparoT
TaK, YT00bI MOHOXPOMATHUYECKHI NIyY C JIMHOM BOJHBI A=589,3 HM He wc-
TBITBIBAN TIOCIIE MPOXOXKACHUS KOMIIEHCATOpa OTKIIOHEeHuUs1. JIyau ¢ apyru-
MU JAJMHAMHU BOJIH OTKJIOHSIOTCS NMPHU3MaMHU B Pa3JIMUHBIX HampaBllCHUSX.
[Mepemerenne Mpu3M KOMIIEHCATOPA OCYIIECTBIISIETCS C MTOMOIIBIO Maxo-
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BuuKa 8 (puc. 5), 1oOMBasiACk TOro, YTOObI TPaHMIA CBETa U TEMHOTHI Obla
Oonee peskoil. M300paskeHne TpaHUIBI pa3iena CBET-TeHb pacCMaTpUBAeT-
csi B OKyJsip 9 3purenbHoil TpyObl. Ilpu3ma 8 Ha3bpIBaeTcs MOBOPOTHOM M
UCIIONIB3YETCS Ul HANpaBJICHUsI CBETa B OKYyJp. Takke B OKYJSp BHIHA
IIKaTa Ha KOTOPOH Cpa3y HaHECEHBI 3HAUEHUS TI0Ka3aTess mperoMieHns. B
o0mmeit okaapbHON TUIOCKOCTH OOBEKTHBA M OKYJSIpa 3PUTENBHON TPYOBI
MOMEIIAIOT CTEKIISIHHYIO MJIACTUHKY, Ha KOTOPYIO HaHECeHa BU3WpPHAs JIU-
HUs (WA KpecT, o0pa30BaHHBI TOHKHMH HUTAMH). [lepemernennem 3pu-
TETbHON TPYOBI NOOWBAIOTCA COBMAJEHHS BH3WPHOW JIMHWUU C TPaHHIEH
CBET-TCHb W MO IIKaJIE ONPEACISIOT MOoKa3aTedb MPElIoMIICHHS HcCleaye-
MOM KUIKOCTH.

Buemnuit Bun pedpakromerpa UP®-454 mpencraBieH Ha PUCYHKE
5.

Puc. 5. Yempoiicmeso pegppaxmomempa UPD-454

1- m3mepuTenabpHAs IPU3Ma;

2 — OKyJIp;

3 — MaxOBHYOK MEPEMEIICHHUS [IKAJIbI;
4 — ocBeTHTENbHAS MTPU3MA;

5 — 3epKkaJio OCBELICHUS TOJIS 3PEHUS,;
6 — 3acClIOHKa OCBETHTEBHOW TIPU3MBL;
7— 3amiénka;

8 — MaxOBHUYOK KOMIIEHCATOPA.
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IMopsiniok BeINOJIHEHHSI PadOThI
1. IMoaroroBbTe TAaOMUILY JIJIS 3aIKMCH PE3YIbTATOB U3MEPCHUI:

No

pacTBopa C,% Ne i/ Ny An, E,,%

1

2

3

cpejHee

1

2

3

cpeaHee

1

2

3

cpeaHee

1

2

3

CpCAHCC

2. TloxroroBsTe pubOp K padore:

a) OTKpoiiTe 3aénKy 7 1 OTKHHBTE OCBETUTEIbHYIO Ipu3My 4
3a pykosTky 9 (puc. 5).

0) mpu MOMOIIM MUMIETKH HaHecuTe 2-3 KaIuld JAUCTUILTUPO-
BaHHOM BOJBI HA TIOBEPXHOCTb M3MEPUTEIHHON MPHU3MBI 1.
OCTOpOXKHO 3aKpONTE €€ OCBETUTENBHON MPU3MOI 4.

B) HallpaBbTE€ CBET HAa OCBETUTENIbHYIO NMPHU3MY MPU MOMOIIU
3aCJI0HKH 6.

I') IOBOPOTOM 3epKasia 5 nobeiTech HauIydlleld OCBELICHHO-
CTH TIOJIS 3pEHMS M YCTaHOBUTE OKYJSAP 2 HAa OTUETIIUBYIO
BUIMMOCTb IIIKaJIbl U IEPEKPECTHS BU3UPHBIX JIMHUH.

Il) Bpamas MaxOBHUYOK KOMIIEHCATopa 8, TOOEHUTECh MOJIHOTO
yCTpaHEHMs OKPALIEHHOCTH T'PaHUIlbl pa3zeiia CBETa M Te-
HU.
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€) C MOMOIIBI0 MaxOBHYKa IMEpPEeMEIICHHs IIKajdbl 3, TOYHO
YCTaHOBUTE MEPEKPECTHe Ha TPAHUILY CBETIOT0 M TEMHOTO
MoJjiel W TMPOM3BEOUTE OTCUET IOKazaTelNsl MPEeIOMIICHHUS
BOJBI Ny, TO TIKANIE. Omcuem doadcer pasrsimocsi 1,333.

’K) OCTOPOKHO yJaJInTe BOIy (QMIBTPOBAIFHON OyMarou ¢ 1mo-
BEPXHOCTH TIPHU3MBI.

3. INumerkoii HaHECHTE MMOOYEPEIHO HA HIDKHIOW MpHU3My | pacTBo-
PBI Pa3IMIHON KOHIIEHTPAIIUHN W, COBMEIIasl IEPEKPECcTHe C TpaHuIel pas-
Jlelia CBET-TE€Hb, OMpEeNUTe 10 IIKaNe IMOKa3aTelH MPEeIOMIICHUS N, pac-
TBOPOB. 3aNUIIUTE PE3YJIbTAThl U3MEPEHUH B TaONHUITy.

Ipumeuanue. Ilocae kaxcdoeo onvima yoanrume pacmseop Guibmpo-
8ANbHOU OYyMa2ol, 3amem npompume NPUSMbl CHAYANA MPANOYKOU CMO-
YEeHHOU 8 800¢, a 3ameM CYXOl YUCMOU MPANOUKOIL.

4. JIns KaXXIOTo pacTBOpa MOBTOPUTE M3MEpPEHHE MoKazaTess mpe-
JOMJIEHHSI em€ 1Ba pasa, 3aliChIBast Pe3yIbTaThl B TAOIHUILY.

5. B koHIe OMBITOB yJanuTe pacTBOp (MIBTPOBAIBHON OyMaroif,
3aTeM MPOTPUTE NMPU3MBI CHadalla TPSTMOYKOH CMOUEHHOH B BOJE, a 3aTeM
CyXoi 4ucTol TpsAnoukoil. OcTaBbTE BEPXHIOIO OCBETUTENIbHYIO IPU3MY 4 B
OTKPBITOM TIOJIOKESHHH.

O0padoTka pe3yJbTATOB U3MEpPEH Uit

1. Onpenenure cpeanee 3HaYeHUE Ny IS KKIOTO PacTBOpa. 3aru-
IIUTE Pe3yJIbTaThl B TAOJIHILY.

2. OnpezenuTe OTHOCHTEIBHYIO M a0COIIOTHYIO TOTPEIIHOCTH H3-
MEpEeHU N, U1 KaKAO0To PacTBOpa METOJOM CPEJHEro 3HA4YCHUs M 3aIlu-
IIUTE Pe3yIbTaThl B TAOJIHILY.

3. Omnpexpenurte cpeiHUE 3HAYCHUS OTHOCUTEIHHON M aOCONMOTHOMN
HOTPEUTHOCTEH N3MEPEHNH N, IS KaXKJ0ro pacTBOpa. 3alHIINTe pe3yibTa-
THI B TaOHUITY.

4. Tloctpoiite Tpaduk 3aBUCUMOCTH TIOKa3aTellsl TPENOMIICHHS pac-

TBOpa caxapa oT ero KoHuentpauuu N, = f (C) .

5. Onpenenure no rpaduky KoHnenrpanuo C, HEU3BECTHOTO pac-
TBOpA.

6. Onpenennute OTHOCHTENIBHYIO U aOCOJIOTHYIO MOTPELIHOCTH HU3-
mepennit Cy rpaduueckium Metogom (cM. mpumep Ha ctp. 15).

7. KoHeuHBII pe3ynbTaT MpeCcTaBbTe B BH/IE:

C,.=(C,*AC, )% E. =..%.
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8. Caenaiite BBIBOA, B KOTOPOM OXapakTepU3yHTe, KaK MOTy4IeHHBIH
pe3ynbTaT COOTBETCTBYET TAOJUYHOMY, U KAaKUMH NPUYMHAMHU MOTYT OBITH
00YCIIOBJICHBI HETIOJIHBIC COOTBETCTBUSI PE3yIbTAaTOB (CM. TIpHII.3,4).

KoHTposbHbIE BONIPOCHI

1. ChopmynupyiiTe OCHOBHBIE 3aKOHBI T€OMETPUUYECKOIN ONTHKH.

2. Uro Ha3bIBAIOT CBETOBBIM JTy4OM?

3. JlaiiTe MOHATUS aOCONIOTHOIO M OTHOCHTENHLHOI'O TOKa3aTelnei
MIPEIOMJICHHSI BELIECTBA.

4., B xakux eAWHHIAX H3MEPSIOT aOCOMIOTHBIM W OTHOCHUTEIHHBIN
nokasarenu npenomiienust B CH?

5. Kakoii yron Ha3pIBaeTcs MpeaeIbHBIM YTIIOM TPETOMIICHUS?

6. Kakoii yrosi Ha3pIBaeTCsl IPEACIbHBIM YIIIOM OTPAKECHUS?

7. B uem 3aximo4aercs sIBICHHUE IOJIHOTO BHYTPEHHETO OTPAXKCHHA?

8. B uém 3axirouaercss IpUHIUT 0OPaTUMOCTH CBETOBBIX JTy4eid?

9. KakoBo yCTpOMCTBO M MPHUHIIUI PA0OTHI pehpakTOMETpA.

10. Kak mo rpagyupoBodHOMY TpadUKy OMPEAETUTh HEH3BECTHYIO
KOHLIEHTpaLuio pactBopa?

11.Tne Ha MpaKkTUKE MOKHO MPUMEHATh pePPaKTOMETPUUECKUI Me-
TOJI OIIpEIeTICHNsI KOHLECHTPALUH caXxapa B PacTBOPax.

JladopaTtopHas pa6ora Ne 2

HCCIEAOBAHHUE KAYECTBA OBPAFOTKH ITOBEPXHOCTEH
MHUKPOHHTEP®EPOMETPOM JIHHHHUKA

Llenv paGombi: 03HAKOMUTHCS C METOJOM ONPEACICHUs] TIyOMHBI
HEpOBHOCTEH 00pabOTaHHBIX MOBEPXHOCTEH NP MOMOLIH SIBICHUS UHTEP-
(depeHuu.

Oébopyoosanue: muxkpountepdepomerp Jluanuka MUN-4Y, ucce-
JlyeMbIe 00pasIbl.

OcHOBHBIE TEOpEeTHYECKUE CBETEHUS
Onmuxa — pasfaen (U3UMKW, W3YyYarolui CBOMCTBA M (hU3UYECKYIO

MpHUPOJTy CBETa, a TaKKe ero B3anMOJEHCTBHE C BemiecTBOM. OmnTuka
YCJIOBHO JEIUTCA Ha FTEOMETPUUECKYIO, BOJIHOBYIO U KBaHTOBYI0. BonmHoBas
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ONTHKA PacCMATPUBAET CBETOBOE M3ITyYCHHE KaK YacTh IIMPOKOTO CIIEKTpa
AIIEKTPOMArHUTHBIX BOJH.

Bonnoil Ha3pIBaeTcs pacpocTpaHeHUE B MIPOCTPAHCTBE KAKOTO-THO0
HOBTOPSIIOIIETOCS CO BpeMeHeM mpoiecca (konebamenvhoeo). Daexmpo-
MA2HUMHOU 80JIHOU HA3BIBAETCS TIEpEMEHHBIE MAaTHUTHOE M DIIEKTPUIECKOE
T0JIsI, B3AMMHO TIOPOKIAIOIINE APYT Ipyra M PaclpOCTPaHSIONMAscs B IPo-
CTpPaHCTBE.

Jns BomH mo00# (hU3UYEeCKOW MPUPOJIBI, B TOM YHCIIE U CBETOBBIX,
XapaKTepHBI SBICHUA WHTEPHEPEHINH U TUDPAKITHH.

Humepghepenyuen (0T nat. inter — Mexnay, ferio — ynapsare) ceema
HA3bIBACTCS CIOXCHHUE B MPOCTPAHCTBE OJHOMN HIIM HECKOJIBKUX KOTCPEHT-
HBIX CBETOBBIX BOJH, B pe3yJibTaTe KOTOPOTO B Pa3HBIX TOYKAX ITOTO IPO-
CTpaHCTBa HAOIIOAAIOTCS YCUJICHUSI MM OCTa0JeHUs MHTEHCUBHOCTU pe-
3yJbTUPYIOIIEN BOJIHBI.

Koeepenmuocmoio B Hanbomnee 00IIeM CMBICIIE HAa3bIBAETCS COTIIACO-
BaHHOE TMPOTEKaHHE B MPOCTPAHCTBE M BO BPEMEHH HECKOJBKHX Koleha-
TEJIBHBIX UM BOJHOBBIX TPOIIECCOR.

JIBe BONHBI A671510MCA KO2EpeHmMHbIMU, €CITA OHU UMEIOT:

a) OJMHAKOBYIO (PU3UIECKYIO MTPHPOLLY;

0) OIMHAKOBYIO JAJTUHY BOJIHBI WIIK YaCTOTY;

B) QUKCHPOBaHHYIO HE U3MEHSIONIYIOCS CO BPEMEHEM Pa3HOCTh (a3.

HNHTeHCHBHOCTh CBETa HE MMEET TOYHOTO OIpENeieHUs. JTOT Tep-
MUH TPUMEHSIOT BMECTO TEPMHHOB CBETOBOH IOTOK, SPKOCTh, OCBEIICH-
HOCTb U JIp. B T€X CIIy4asx, KOT/Ia HECYIIECTBEHHO UX KOHKPETHOE COJEep-
JKaHWe, a HY)XXHO TOJYEPKHYTh JUIIH OOJBIIYI0 MIIM MEHBIITYI UX a0co-
JIOTHYIO BEIMYMHY. B ONTHKE dalle BCero unmeHcusHocmslo cgema Ha3bl-
BalOT MOIIHOCTh M3YYEHHS Yepe3 MOBEPXHOCTh €AMHUYHOM IUIOMIAAH, T. €.
SHEPTHUI0 M3MYYEHMS, MPOXOAIIYI0 332 €IMHUIy BPEMEHH 4Yepe3 IMOBepX-
HOCTh €IMHWYHOW TUIONIaau. B 3TOM ciydae enWHWIIAa MHTEHCHBHOCTH B
CU: [I]=1 Br/™m* (6amm na kéadpammwiii memp).

CBeTOBBIE BOJHBI C OAHON €IMHCTBEHHON JIMHOM BOJHBI Ha3bIBAIOT-
CSL MOHOXPOMAMUYECKUMU.

[lycTh B HEKOTOpOW TOYKE MPOCTpPaHCTBA M JIB€ MOHOXpOMATHYE-
CKHE BOJIHBI C IUKIMYECKOH YacTOTOW  BO30YXKIAIOT JBa KoyieOaHus,
npuu€M 710 TOYKH M OJIHa BOJIHA TIPOIIJIa B CPEJIe C TIOKa3aTeNeM MPeIoM-
JIeHUsI Ny IyTh S; CO CKOPOCTHIO 11, @ BTOpasi — B cpesie N, MyTh S, CO CKOPO-
CTBIO V. YpaBHEHHs KOJICOAHWM BBI3BAHHBIX 3THMHU BOJIHAMH B TOuke M
OyIyT UMeTb BUJ:
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s S
x, =4 -cosw|t—= |;x,=4,-cosm| t ——=
by L,

Amnaumyoda (MakCUManbHOE OTKIOHEHHE OT HYJIEBOTO 3HAYCHUS)
PE3YIBTUPYIONIETO KOIeOaHus ONpeAesieTCS] U3 BEIPAKEHUSL:

2 2 2
A =A"+A4,+2A4A4,-coso, (1)
r7ie 0 — pa3HoCTh (a3 KoebaHwmii, BO30YK1aeMbIX B TOUKe M:
o=w 52 5
L, U

Da3zou K01eOATEIFHOTO WM BOIHOBOTO 2apMOHUYecko2o (M3MEHS-
IOIIErocsl M0 3aKOHY CHHYCa WJIM KOCHHYCa) mpolecca Ha3bIBaeTcs BbIpa-
JKEHHE, SBIISIONIEEC apryMEHTOM KOCHHYyca Win cuHyca. COOTBETCTBEHHO,
pasHocms ¢paz — 3TO Pa3HOCTh API'YMEHTOB.

HM3BecTHO, 9TO ISl BOJIHOBBIX M KOJEOATENBHBIX IPOIECCOB MHTECH-
CHBHOCTH IIPOITOPIIMOHANIbHA KBAIPATy aMILTHTYIbI:

| =k-A?, (2)
rae koadummeHt K 3aBUCUT OT BHIa U (PU3HIECKOMN MPUPO/IBI BOJIHBI.

W3 Beipaxenwii (1) u (2) cniexyert:

I =1,+1,+2{1,1,-coso, (3)
CKOpOCTL 3J'IeKTp0MaFHHTHOﬁ BOJIHBI B BEIICCTBE!
c
v=-—, 4)
n

rie ¢=3-10% M/c — ckopoCTB CBeTa B BAKYyME;
N — abCOIOTHBIH MOKa3aTeNb MPEIOMIICHUS CPEJIBI.
Hcnons3ys Beipakenue (4):
S=w| 22 3 |_p| B2 51 :Q(szn2 -s;n). (5
v, U c/n, c/n ) c
[IpousBeneHue reoMeTpUUECKOW UIMHBI MYTH CBETOBOM BOJHBI Ha
a0COJIIOTHBIM TOKa3aTeNb MPEJIOMIICHHs Cpebl B KOTOPOM pachpocTpaHsi-
€TCs1 BOJTHA HA3BIBACTCS ONMUYECKOU OIUHOU NYMUL.
L=s-n. (6)
VunTeBas CBA3b MEXKIY HMUKIMYECKON 4acTOTOM () M 9acToToM (V),
@ = 27tv , u3 Beipaxenuii (5) u (6) momydnm:

5= (1, -L). (7

_T
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Pa3HOCTh ONTHYECKHX JJIMH MyTEH, IPOXOAUMBIX BOJHAMH, HA3bLEA-
emcs onmuyeckol pasnocmvio xooa (A):

A=s,n,—s;n =L, —-L,. (8)
c
VunTeBas CBA3b YaCTOTHI (V) M JJIMHBEI BOJIHEI (A): V = z, TTOJTY9UM

KOHEYHOE BhIpaKeHHE IS pasHocTH (a3 (J) KomebaHmid, BO30YKIaeMbIX B
touke M, nmoxacrasiss (8) B (7):

27
o=—"A. 9
P 9)

W3 Beipaxkenunii (9) u (3) cieayer, 4TO €CIU ONTHYECKAs Pa3HOCTb
X0JIa paBHA IEIOMY YHCIY JJIMH BOJH WM YETHOMY YHCIY ITONYBOJH, T.€

A=mA= 2m% (m=0,1,2,3...), To pa3Hocts a3 d=2mr, U KomeOaHus Oy-

IyT TPOMCXOUTH B OJUHAaKOBOW (asze. B aTom ciywae Habmromaercs uw-
mephepeHyUuOHHbIL MAKCUMYM (YCULEHUE UHMEHCUBHOCTNU C8ema).
Ecnu onrtuyeckass pazHOCTh XOAa paBHA HEUETHOMY YHCIY IONY-

BOJH: A = (2m+1)§ (m=0,1,2,3...), To ipu 3TOM pa3HoCTh a3 d=(2m+1)x

1 KonebaHus OyIyT MPOUCXOIUTH B poTuBo(daze. B aTom ciyuae Habmo-
JaeTcs unmep@epenyuonHbll MUHUMYM (ocaabaenue 00 HY1e8020 3HAYeHUs
UHMEHCUBHOCU CBEMa).

N3 Beipaxkenus (3) BUAHO, YTO MHTEHCHUBHOCTH PE3YJIBLTUPYIOIIETO
Kosie0aHus 1py UHTEP(HEPSHIIMOHHOM MaKCUMyMe 0OJIbIle YeM CyMMapHas
HHTEHCUBHOCTH OT JBYX Koiebauuii (I>1,+1,) u omnpezessieTcss pa3HOCTHIO
¢a3 (J), KoTopas B CBOIO Oo4epe/lb 3aBUCHT OT ONTHYECKOH Pa3HOCTH XOAa
JIByX BOJIH COTJIaCHO BbIpakeHHIO (9). IHTEHCUBHOCTH pe3yabTHPYIOIIEeH
BOJIHBI NIPH UHTEP(EPEHIMOHHOM MUHHMYME paBHA HYNIO M, Tak e 3aBU-
CHUT OT Pa3HOCTH (a3 WM ONTHYECKON Pa3HOCTH XOJa ABYX BOJIH.

[MpoctpancTBeHHas UHTEpQEpPEHIIMOHHAsS KapTHHA UMEET BUJI yepe-
JTYIOUIMXCSI CBETIBIX M TEMHBIX IOJIOC WM CBETIBIX M TEMHBIX Kojel. B
Cllydyae HEMOHOXPOMATHUYECKOTO CBETa CBETJIbIE MOJIOCH (KOJIbLA) OKa3bl-
BaIOTCS Paay’>KHO OKPAIICHHBIMH, TaK KaK COTJIACHO BBIpaKeHHIO (9) yciio-
BHE MAaKCHMyMa 3aBUCHT OT JUIMHBI BOJIHBI, a JUIsS CBETa KaXJIOW JUTMHE
BOJIHBI COOTBETCTBYET CBOH LIBET.
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Oo0ocHOBaHne MeTOIA

Ha sBienuu wuHTepdepeHIMN OCHOBaHa pPadOTa H3MEPHUTEIBHBIX
npuOOpoB, MONYYUBLINX Ha3BaHUE unmepghepomempul. uTepdepomeTpsl
NPUMEHSIOTCS IPU TOYHBIX M3MEPEHHSAX JUIMH B CTAHKOCTPOCHHUH W MAIllH-
HOCTPOCHHUH, JJIsI OTIPECICHIS BETMYNH HEPOBHOCTEH Ha OTHIIM(OBAHHBIX
MOBEPXHOCTIX, IJIsl OLICHKH Ka4eCTBa ONTHYECKUX MTOBEPXHOCTEH, IS MPO-
BEPKU ONTUYECKUX CHCTEM B LIEJIOM.

CymectByer MHOKECTBO
Pa3NUYHBIX  KOHCTPYKIHHA  3THX
nprOOpOB, OJHAKO MPHUHLMUN ACi-
CTBHSI BCEX MHTEP(EpOMETpOB CBO-
JUTCSL K OHHOMY: IIy4OK DJJEKTPO-
MarHuTHOTO M3IydeHus (CBeTa, pa-
JIMOBOJIH) TPOCTPAHCTBEHHO pasJie-
4 JsIeTCsl Ha JIBa WM OoJbIee KOJH-
X % Ox YeCcTBO KOTEPEHTHBIX MyuykoB. Kax-

32&3 JbIM U3 IIy4KOB NPOXOAUT paziny-
HBIE ONTHYECKHUE ITyTH M BO3BpaIla-
eTcsl Ha JKpaH, co3jaBas MHTepde-
pEeHLMOHHYIO0 KapTuHy. HWccnenys
BUJI MHTEP(PEPEHIIMOHHON KapTHHBI,
OIPEACISAIOT MCKOMBIE IapaMeTphl,

x /@F

¥ \/ 3aBUCAIINUEC OT 3TOT'0 BHJA.
\
)

Puc. 1. Onmuueckas cxema un-
mepgepomempa Jlunnuka

\ B nanno#t pabore mis ompe-
| JIENIeHNsT 4HCTOTHI  0OpabaTkiBae-
X/ / MBIX TIOBEPXHOCTEH M H3MEpEHUs
?%;/ TITyOMHBI HEPOBHOCTEW Ha HHUX HC-
MOJIB3YeTCsI MUKpPOUHTEpdepoMeTp
Puc. 2. Buo unmepghepenyuonnoii MUN—4Y xoucrpykuuu B.I1. Jlun-
Kapmunbl 6 unmepgepomempe HUKa, ONTHYECKasi CXeMa KOTOPOro
Jlunnuka MOKa3aHa Ha pUcyHKe 1.
Ilyuox myueil cBeta oOT
UCTOYHUKA TMaJaeT Ha IOJNYNPO3pauyHYyI0 CTEKIISTHHYIO TUIacTUHY P u
paszensieTcsi €0 Ha JBa, OJMH M3 KOTOPBIX IOMAAaeT Ha HCCIEIYyEeMYIO
noBepxHocTh 11, a Bropoii — Ha riagkoe sTamoHHOE 3epkayo 3;. Ilocne
OTPaKEHHSI ITH JY4YH BHOBb COCJIUHSIIOTCS HA IUIACTUHKE P M BBIXOIAT W3
MUKpoHHTEphepoMeTpa BepTHKaIbHO BHU3. OOpasyromascs B pe3ysbrare
CIIOJKEHMSI ATHX JIyded HMHTeppepeHINOHHAs KapTHHA paccMaTpUBAaeTCs B
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okymsip Ok. J[ns ynoOcTBa HaONIOICHUS HAMPaBJICHUE HHTEP()EPUPYIOIIHX
Ty4der m3MeHseTcsa 3epkaibieM 3;. JIyd 2 mpoxoaut miactuHy P maBakmsi
BBepX ¥ BHHU3. JlJi1 TOro, 4toOBbl YCTPaHWUTh BO3HHUKAIOIIYIO MPU 3TOM
Pa3HOCTh XOJla, HA IYyTH TOPU3OHTAIBHOTO Jy4da 3 YCTaHABIMBACTCS
KOMIICHCALIMOHHAsl CTEKJIsIHHAsS I1acTuHKa K mapasmiensHo miuacTuHke P
TakoW ke TonmuHbl. Ha pucyHke 1 mokazaH TOJBKO XOX LEHTPAaIbHBIX
JIy4el OT HCTOYHMKA. Pa3HOCTH Xoma nydeld B 3TOM CXEME WU BHJ
nHTep()EepPeHIINOHHONH KapTHHBI  OOYyCIIOBIIEHBI HEPABEHCTBOM  ILIed
MuKpouHTepdepomerpa u 3aBUCAT OT moBepxHocTedl Il m 3; m oT yrios,
KOTOpBIC O00pasyrT NaJaloNUe JIy4d C 3THMHU IOBepxXHOCTsMU. Eciu
UCCIIeIyeMasi TIOBEPXHOCTh 00paboTaHa ¢ BEICOKOW CTETIEHBIO TOYHOCTH, TO
nHTep(hepeHIINOHHAs KapTHHA OyIeT COCTOATh M3 CHCTEMBI MapajlIeIbHBIX
CBCTJIbIX U TEMHbIX IT1OJIOC.

TemHBIM TIOJOCaM (MHHUMyMaMm) COTJIaCHO YCJIOBHIO MHHHMYMOB
COOTBETCTBYET ONTHUYECKAS PA3HOCTh XOJa JIy4eil, paBHas % A % As 3 A H

T.1., CBeTIIbIM (Makcumymam) — 0, A, 24, 3A u 1.10. Ecnu Ha uccneayemoii

MOBEPXHOCTH UMeeTcsi 00po3IKa TI1yOonHon 1 A, TO, TaK KaK CBET MPOXOAUT
2

0OpO3IKYy OBaXKIbl, BO3HUKAET M00aBOYHAs Pa3HOCTh XOna, paBHas A.
WntepdepeHninonHas mojgoca MPH STOM HMCKPHUBISETCS W JOCTHracT
HOJIOCHI, COOTBETCTBYIOLIEH MHUHHMYMY CJEIYIOIIero nopsaka (puc. 2).
AHAJOTUYHO  MCKPUBISIIOTCS  BCe  MHTEP(QEPEHIMOHHBIE  IOJIOCHI,
HepIeHANKyIsIpHble 3Toil Ooposake. B stom cimywae HaGmomaemas
BEJINYMHA WCKPUBJICHUS OyJneT paBHa a — IIUpUHE HHTep(EpEeHIIMOHHON
MOJIOCHI, T.€. PACCTOSHUIO MEXy TonocaMmu. Eciy BenmuunHa HCKPUBIICHUS

paBHa N-a, T0 enybouna 60poszoku :% A-N. 3nauenue N MoxeT OBbITH

HaﬁﬂeHO KaK OTHOLICHHC BCINMYHMHBI HCKPHUBJICHUA b (pI/IC 2) IIOJIOC K
PaCCTOSHUIO MEXKY IOJIOCAMM A

N=l
a

CrenoBareabHO

(10)

Q|
SN
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Onucanue yCTAaHOBKH

Buemnnii Bua mukpounteppepomerpa MUN-4Y mpencrasieH Ha

pHCYHKeE 3.

1 — obGpa3er;

2 — MIPeAMETHBIN CTOJIHK;

3 — OCBETHUTEIIb,

4 — aHKa co CBeTOOMILTPAMH;

5 — BUHT HACTPOUKU PE3KOCTH MHUKPO-

CKOIIa;

6 — oxyIsIp;

7 — BUHTHl ABWXKCHHS NPEIAMETHOrO

CTOJINKA;

8 — BUHT OKYJISIPHOTO MHKPOMETPA;

9 — pyKoOsITKa 3aKpBITHS IITOPKU.

Puc. 3. Yempoiicmeo mukpourn- Uccnemyemsrit obpazerr 1 momernraer-
mepgpepomempa MUU-4Y Csl Ha MPEAMETHBIN CTOJUK 2, B LIEHTpE

KOTOPOTO HMEETCS OTBepCTHE s

CIICLMAJIbHOTO MUKPOCKOINA ¢ BHYTPEHHEH MOACBETKOH. YIpaBieHHUE pe3-

KOCTBIO MUKPOCKOIIA OCYIIIECTBIISIETCSl BpalieHueM BuHTa 5. s Habmroe-

HUSl HEOOXOIUMOM 00J1acT Ha 00pasiie 1 cToJMK 2 BMeCTe ¢ 00pa3IioM Ipu

MOMOIIM MHUKPOMETPHYECKHX BHUHTOB 7 MOXET COBEpLIATh MOCTYNATelb-

HBIE IBWKECHUS BIIEBO-BIPABO U BHepén-Haszan. CBeT mocTynaer Ha oOpasern

1 mo ontuueckoi cxeme uHrepdhepometpa (puc.l) ot ocrerurens 3. B He-

KOTOPBIX CIy4asx WHTepPEepeHLMOHHas KapThHa 4€T4e BUIAHA B MOHOXPO-

MaTHYECKOM CBETE, IO3TOMY Ha BBIXO/E€ OCBETHTENS 3 KOHCTPYKTHUBHO

MpeIycMOTpPEHa IJIaHKa ¢ Pa3IMdHbIMU CBeTOQMIbTpaMu 4. Pykostkoi 9

MIPOM3BOANTCS OTKPBITHE W 3aKPBITHE IITOPKH, OJIOKMPYIOIIEH MpomycKa-

HHUE CBETa Ha 3TAJIOHHOE 3epKaJlo.

WntepdepenninonHas kapTuHa HaOJromaeTcs B OKyJsip 6 yHHBEp-
CalbHOTO OKYyJsipHOro Mukpomerpa MOB-1-15. OkymnsipHBIH BHHTOBOMN
MHUKPOMETp CIIY>KUT JJISl U3MEPEHUs MapaMeTpoOB paccMaTpUBAEMBIX O0b-
eKTOB. BHyTpH KopItyca OKyJIsipHOTO MUKPOMETpPa PACIIOJIOKEHBI JIBE IJI0-
CKOMNapajuieNbHble TUIACTHHKHU. HemoaBrkHas IIaCTHHKAa WMEET BOCHMHU-
MUJUTHMETPOBYIO MIKaTy ¢ LeHoH aenenus 1 mm (puc.4). IlogsmwkHas mka-
Ja cHaOXeHa epeKPecTHEM U MHIEKCOM B BUJIE ABYX PHCOK (OHILTPUXOM).
[Ikana u mepekpecTre ¢ MHIEKCOM HaHECEHBI Ha OOPAIEHHBIX JIPYT K APY-
Ty TOBEPXHOCTSX TUIACTUHOK U BUIHBI B TI0JI€ 3pE€HUS OJHOBPEMEHHO.
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Puc. 4. Ilone 3penus 6 okyaapHom
muxpomempe MOB-1-15

»

\

HOI[BI/I)KHaSI IKaJia rnepeaBura-

" — €TCS MO TIONK0 3PEHUS C MOMOIIBIO
78 MUKpPOMETPHUYECKOro BUHTA 8 (puc.3).
{'] \vmumverposas Bapaban BHHTa MMeEET CTO JC/ICHHUM.

\ HIKajaa o
] 3a ogWMH TONHBIA OOOpPOT BHHTA

OWINTPUX C TIEPEKPECTHEM IepeMe-

/ mepekpectre

[IACTCSl HA OJHO JICJICHUE HETIOABUXK-
HOM IIKalbl, MO KOTOPOW OTCUMTHI-
BalOTCA IETbIeé MHUJUIUMETPHI, APOO-
HBIC YaCTH OTCUYMTHIBAIOTCS 1O Oapa-
OaHy, LleHa JeleHus KOTOPOro Co-

crasisget 0,01 MM mmm 10 MrM.

HOpﬂ}IOK BbIINMOJTHCHUSA paﬁOTbI

1. IloaroroBbTe TaOMUILY IS 3aIIHCH PE3YJIbTaTOB U3MEPEHUI:

Ne a, Aa, b, Ab, d, 4d,
E4,%
MKM MKM MKM MKM MKM | MKM
1
2
3
Cp.

2. TloaroroBbTe pUOOP K padoTe, Al ATOTO:
a) ycranosute obOpaserr 1 (puc. 3) ucciaeryeMoii MOBEPXHOCTHIO

BHHU3 Ha IPEJIMETHOM CTOJMKE 2, BKIIOUUTE OCBETUTENb 3 U
BBEANTE OPAH)KEBBIH CBETODMIBTP;

0) 3aKpoiTe MITOPKY, TIOBEPHYB PYKOSITKY 8 TaK, 4TOOBI CTpEII-

B)
r)

1)

Ka-yKasaTellb CTOsUIa BEPTUKAJIBHO;

BpalllCHNEM MHUKPOCKONNYECKOro BUHTAa 4 choKycupyinTe
pubOp Ha UCCIIEAYEMYIO I0BEPXHOCTB;

OTKpOMTE MITOPKY, MOBOpAayMBasi PYKOATKY 8 Tak, YTOOBI
CTpeJKa-yKa3aTenb CTOsIa TOPU30HTAIBHO, IPH 3TOM B OKY-
nsipe 5 T0JKHBL OBITh BUIHBI HHTEPPEPEHIIMOHHBIE TTOJIOCHI;
BpalllcHUEM BHHTa 4 yCTAaHOBUTE MHKPOCKOIl Ha Hamboiee
pe3Koe U300paxeHue MoJI0C, IPU TOM B I0JIE€ 3pEHUSI OJHO-
BPEMEHHO JIOJDKHBI OBITh OTYETIMBO BUIHBI MHTEp(EpEHIIH-
OHHAas KapTHHA U UCCIeayeMasi IOBEPXHOCTb,

31




€) mepemernias OCHOBaHWE CTOJIMKAa 2 BHHTaMH 6 HaluTte ne-
(eKT Ha TOBEPXHOCTH M OOEWTECHh TOTO, YTOOBI CIICIBI 00-
pabotku (60opo3akK) ObLIM MEPIEHANKYISIPHBI HHTEPEpEeH-
OUOHHBIM mosiocaM. [Ipr HEOOXOTUMOCTH AOTOIHUTEIHHO
OTPETYJIUPYHTE PE3KOCTH BUHTOM 4;

’K) BUHTOBOW OKYIJIIPHBI MHUKPOMETP BMECTE C OKYJISAPOM 5 U
MHUKPOMETPHYECKUM BHHTOM 7 pa3BEepHUTE TaK, YTOOBI OJHA
W3 HHATEW TepekpecTHs ObUTa HaIlpaBieHa BIONb (Tapai-
JIebHO) HHTEP(PEPEHITMOHHBIX TTOJIOC.

3. Bpamas BuHT 7, mocieqoBaTebHO COBMECTHTE HUTH IEpeKpe-
CTHS C ABYMS COCEIHMMH TEMHBIMH IOJIOCAMH M TIO Pa3HOCTH OTCUETa
MHUKPOMETPUYECKOTO BHHTA H3MEPhTE LIMPUHY HHTEP(HEPEHIHMOHHOH Mo-
JIOCHI @ (CM. puC. 2). 3alMIIUTe 3HAYCHUE BEJTUYUHBI ¢ B TaOJUILY.

4. Bpamas BUHT 7, H3MEpbTE IO PAa3HOCTH OTCUETa MHUKPOMETPH-
YeCKOro BHHTA MIMPUHY UCKPHBICHUS M3ruba b (cMm. puc. 2) mis Tex xe
IBYX TEMHBIX IOJIOC, IO KOTOPHIM MPOU3BOAMIIOCH U3MEPEHUE BEITMUUHBI 4.
3anuiiMTe 3HaYCHUE BEIMYMHBI D B TalOnuiy.

5. TNoBTopute n3MepeHus Mo MyHKTaM 3 U 4 emé aBa pasa Jis Jo-
OBIX APYI'HX COCEOHUX TEMHBIX HOJIOC.

O0padoTka pe3yIbTaTOB H3MEPEHH

1. PaccuwmraiiTe cpeiHUE 3HAYCHUS BEJIMYUH @ U D.

2. Ompenenute aOCOMIOTHBIE IOTPEIIHOCTH U3MEPEHHUS BEIMYHH d U
b MeTom0M cpenHero 3HaUYCHHUSI.

3. Ompenenute cpeaHre 3HAUCHUS A0COTIOTHBIX MOTPEIIHOCTEH JIJIs
BEJINYMH a U b.

4. Ucnone3ys Beipakenue (10) paccumraiiTe s KaXIOTO OIBITA
pas3mep Ti1youHbI 60po3aku d.

Ipumeyanue. Ilpu pacuemax npumume 1=0,55 mxm.

5. Paccumraiite cpeaHee 3HaYeHUS TTyOHHBI O0PO3AKH ).

6. PaccuuraiiTe OTHOCHTENBHYIO U a0COJIIOTHYIO TOTPEUTHOCTH H3-
MepeHUsI TTTyOHHBI OOPO3/IKH, UCTIONB3YsI BEIPAXKEHUSL:

Ab
_CA”+A_/1

Aa
E,=—%+

acp cp

L Ad, =E d,.

Ipumeuanue: npu pacuemax npumume AA=0,01 mxm.
3anuumTe pe3ysbTaThl BCeX BHIYUCICHUI B TAOIHILY.
7. KoHeuHBIH pe3yabTat MpeicTaBbTe B BUE:
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— - — 0
d=(d,tAd,)MkM; E, =..%.
8. Cnenaiite BBIBOJ], B KOTOPOM OXapaKTepU3yWTe TOYHOCTh METOJNIA

Y BO3MOXKHBIC 00JIACTH MPUMECHECHHUS Ha MMPAKTUKE U3MEPEHUST HEPOBHOCTEH
P TIOMOIIM HHTephEepoMeTpa.

KoHTpoJbHBIE BONPOCHI

1. Chopmynupyiite onpenenenne HHTEpPEPEHITNN.

2. Kakue BOTHBI Ha3BIBAIOTCS KOTEPEHTHBIMHU.

3. IlpousBenute BBIBOJ YCIOBHH HHTEP(PEPCHUUOHHBIX MaKCHUMY-
MOB U MUHHUMYMOB.

4. ChopmynupyiiTe W 3alUIIATE YCIOBHA WHTEP(EPESHIMOHHBIX
MaKCUMYyMOB 1 MUHHMYMOB.

5. OObsicHUTE BO3HHUKHOBEHHE WHTEPPEPEHIIMOHHOW KaPTUHBI B BU-
Jie TEMHBIX U CBETJIBIX II0JIOC.

6. OOBsICHUTE YCTPOHCTBO, IPUHITUI JIeHCTBHS, Ha3HayeHne M-
4y.

7. Kakum cnocobom mpu paboTe ¢ JaHHBIM HHTephepoMeTpoM, He
BHOCSI U3MEHEHUH B KOHCTPYKLHIO MPHUOOpa, MOXKHO CYILECTBEHHO IOBBI-
CUTh TOYHOCTH U3MEPEHUI?

JlaGopaTopHast pa6ora Ne 3

OIIPEJIEJIEHUE JI/THHBI CBET 0!30171 BOJIHBI METO/I0OM
AUDPAKIITHOHHOMH PEIIIETKH

Ilenv pabomer: v3yunuTh sBIEHHE NU(PPAKIUU CBETA; ONPEICITHTH
JUIMHY ~CBETOBOW BOJHBI C IIOMOIIBIO JTU(PPAKIMOHHOW pEIIeTKH
HPOXOAAIIETO CBETA.

Oébopyoosanue: ronnomerp ['®-1, tudpakunoHHas penieTka, Jamra
HaKaJMBaHMS.

OcHoBHbBIE TCOPETUIECCKHUE CBCICHUS

Onmuka — pa3gen (U3UKH, U3YYaOUIMA CBOMCTBA M (U3UYECKYIO
IPUPOAY CBETa, a TAKKE €ro B3auMOJEHCTBUE C BelecTBoM. OmnTHka
YCIIOBHO JIEJIUTCS] HA TEOMETPUIECKYIO, BOJIHOBYIO M KBaHTOBYI0. BoiHOBas
ONTHKA PacCMaTPUBAET CBETOBOE M3IYYEHHE KaK 4acTb CIIEKTpa JIEKTPO-
MarHUTHBIX BOJIH.
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Bonnoil Ha3pIBaeTcs pacpocTpaHeHUE B MPOCTPAHCTBE KAKOTO-THO0
MIOBTOPSIIOIIETOCS CO BpeMeHeM (KoiebamenvHozo) Tpouecca. Inekmpo-
MASHUMHOU 60HOU Ha3bIBACTCS IEPEMEHHBIE MATHUTHOE M DJIEKTPUIECKOE
MOJIs1, B3aMMHO MTOPOKAAIOIINE APYT APYra U PaclpoCTPaHAIONINeCs B MPo-
CTpPaHCTBE.

OnHO#M 13 OCHOBHBIX XapaKTEPUCTHUK BOJH SIBIISIETCS JUTMHA BOJHBL.

Jnuna eonnsl (A) — 3TO paccTOSHUE MEXKIY OBYMs OMMKAWIIAMU
IpyT K JIpyry TOYKaMH BOJHBI,
KOJIEOMIOMMUMHUCS B OJMHAKOBBIX
cocrosHMIX (aszax) (puc.l).

JnuHa BoOJIHBI CBsi3aHa C
IpYrol XapakTepUCTUKOH — ua-

A

¢ cmomoti (V) COOTHOLICHHEM:
v
A A=— ’ (1)
1%

IJIe 0 — CKOPOCTh BOJIHBI.

Tak kak CKOpOCTh BCex
3IIeKTPOMATHHTHEIX BOMH (¢) B BakyyMe omuHakoBa ¢=3-10° m/c, To mms
HUX BEpPHO COOTHOLICHUE:

Puc. 1. [Inuna 6onnbl

A=< )
14

Ennanna m3mepenus mmael BomHel B CU 1 M (memp). Enuaunna usz-
mepenust yactoTel B CU 1 'y (eepy).

Juist BonH mM000# (U3MUecKON NPUPOJIBI, B TOM YHCIIE U CBETOBBIX,
XapaKTepHbI SABJICHNUSI MHTepPEepeHIINN U TU(PAKIIHH.

Humepgpepenyue (0T nat. inter — Mexnay, ferio — ynapsare) ceema
Ha3bIBAETCS CIOKEHHE B MPOCTPAHCTBE OJAHOM MM HECKOJIBKUX KOT€pEeHT-
HBIX CBETOBBIX BOJH, B pe3yJibTaTe KOTOPOTO B Pa3HBIX TOYKAX ITOTO MPO-
CTPaHCTBA HAONIONAIOTCS YCWJICHUS WM OClalOjeHHs WHTEHCUBHOCTH pe-
3YJIBTHPYIOIIEH BOJIHBI.

Koeepenmnocmoio B Hanboee o01IeM CMBICIIE HA3bIBAETCSI COTIIACO-
BaHHOE IMPOTEKAHHWE B MPOCTPAHCTBE M BO BPEMEHU HECKOJBKUX Kojela-
TEJBbHBIX UM BOJIHOBBIX MPOLIECCOB.

JIBe BOJTHBI ABJSIOTCS] KOTEPEHTHBIMH, €CITH OHU UMEIOT:

a) OJMHAKOBYIO (PM3UYECKYIO IPUPOLLY;

0) OIMHAKOBYIO JUTHHY BOJHBI WK YaCTOTY,

B) UKCHPOBaHHYIO, HE M3MEHSIOILYIOCS CO BpeMEHEM Pa3HOCTh (a3.

CBeTOBBIE BOJHBI C OAHON €IMHCTBEHHON JIIMHOM BOJHBI Ha3bIBAIOT-
CSL MOHOXPOMAMUHECKUMU.
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Hugppaxyuen (ot nat.diffractus — pasnomMaHHBIH, MepeTOMaHHBIN)
Ha3bIBaETCS SIBJICHUE OTMOAHUS BOJTHAMH MPETSTCTBUN, BCTPEUYAFOIUXCS Ha
UX MyTH, U MIONaJaHue B 001aCTh TeOMETPUUECKON TEHH.

CyIIHOCTB 3TOTO SIBICHHUSI MOXKHO OOBSCHUTD C TIOMOILBIO NPUHYUNA
Toticenca-Openens: xaxnaas TOUKa, 10 KOTOPOM JOXOAUT BOJIHA, CIIY>KUT
HEHTPOM BTOPUYHBIX CEPUUECKUX BOIH, a OTMOAIONIAst 3TUX BOJH 33JacT
MOJIOKEHUE BOJIHOBOTO (DPOHTA B CIEAYIOUIMKA MOMEHT BpeMeHH. BTopuu-
HBIC BOJHBI KOI'€PEHTHBI M MOTYT, MepeceKasch, HHTEpHeprupoBaTh MEKIY
co00ii.

Bonnosvim ¢pponmom Ha3pIBacTCA TEOMETPUUIECKOE MECTO TOYEK, A0
KOTOPBIX JIOWIEN BOJTHOBOW MPOLIECC B AaHHBI MOMEHT BPEMEHH.

ITycTh BOJHA OT UCTOYHUKA S MAJACT HA OTBEPCTUE B HEMTPO3PAYHOM
3KpaHe (puc. 2a).

A SRR
s o [ W - R
B
a 6

Puc.2. Ilpunyun oticenca-®Openens

CornmacHo ['roiireHcy, Kakgas TOYKa BBLIETSEMOTO OTBEPCTHEM
yd4acTKa BOJIHOBOTO (ppoHTa (puc. 2 a) CIY)KUT UCTOYHMKOM BTOPHUYHBIX
BOJIH (B OJHOPOAHON cdepuueckux). [TocTporB orudaroinyr0 BTOPHUHBIX
BOJIH JJII HEKOTOPOTO MOMEHTa BpEMEHH, BUHO, YTO (PPOHT BOIJIHBI 3aXO0-
UT B O0JIACTh TEOMETPHUYECKOW TEHU — BOJHA OTHOAET Kpas OTBEPCTHSL.
CornacHo xoppekiun Openessi, BOTHOBOE BO3MYIIICHUE B HEKOTOPOH TOY-
ke P Ha skpaHe (puc. 2 6) MOXKHO pacCMaTpuBaTh Kak pe3yJbTaT UHTepde-
peHnn (MHTEp(EPEHIIMOHHBI MUHUMYM HJIM MaKCUMYM) 3J€MEHTapHBIX
BTOPUYHBIX BOJIH, U3ITyY4aeMbIX KaXKJbIM 3JIEMEHTOM HEKOTOPOH BOIHOBOWM
noBepxHocTH. Ha pucyHke 2 6 Takoil TOBEpXHOCTBIO SIBIIsieTCS ceprue-
ckasg moBepxHOCTh BOJHBI AOB, m3imydaeMoil TOYEUHBIM HCTOYHHUKOM S.
Pesynbrar nHTEpdEpEeHIH 3aBUCHT OT Pa3HOCTH (a3 ITUX DIIEMEHTAPHBIX
BoyH. Ecnm B paccMaTtpuBaeMyro TOUKY P 3JIeMEHTapHBIC BOJHBI IPUXOIST
¢ ¢aszamu, oTaryaroMMucs Ha 27 (wim Ha 2am, rae m = 0,1,2...), To mpo-
UCXOIUT MX B3aUMHOE ycwjeHue. B cimywae, Koraa BOJIHBI MPHUXOASAT CO
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3HaueHUsAMH (aspl, OTIUYAIONUMUCI Ha 7 (WM Ha 7+2am, rae m =
0,1,2...), To HabOMIOMACTCS X B3aUMHOE OCIabIeHuE.

Takum oOpa3zom, udpakius — 3TO CIOKHOE BOJHOBOE SIBICHUE, KO-
TOpPOE BKIIOYAET B ceOs HE TOJNIBKO OrvOaHue NMPEISTCTBUM, HO U nHTepde-
PEHIIMIO OT BTOPUYHBIX BOJH. DTO SBJICHHE MOXKHO HaOIIOAATh TOJIBKO TIPH
ompeAenEHHBIX YCIOBHAX. | TaBHBIM YCIOBHEM HaOMIOAEHUS AU(paKInn
SIBJIIETCS. COM3MEPUMOCTh pa3Mepa MPEMITCTBUS C UTMHOMN BOJIHEI.

Hewmenxnii pms3ux U. @paynrodep paccmorpen audpakuuio B ma-
paJIeNnbHBIX JTydaX (KOTJa MCTOYHHK CBETa W TOYKA HaOMIOIEHUS OecKo-
HEYHO YJaJICHBI OT MPENSATCTBHS, BbI3BaBIIero audpaxiuto). [lycts mioc-
Kasi MOHOXPOMAaTHYECKasi CBETOBas BOJHA MAaJacT HOPMAaIbHO IUIOCKOCTHU
Y3KOH IIenu ([UIMHA MIeTH 3HAYUTENHHO OOJNBINE ee IIUPUHBI) MTHUPUHON
a=BC (puc. 3). OnTryeckasi pa3HOCTh X0J1a MEXy KpaHUMHU JiyaamMu BM
u CN, uaymuMu OT mend moj YriioM ¢ K onTuueckoir ocu OFg JHH3BL
A=CD=a-sing.

Pazo6rem mens BC Ha 30HEI DpeHens, IMEOIINe BUJ IT0JIOC, Tapall-
JICNBbHBIX pebpy B mienu. [llupuHa kaxaoi 30HBI BhIOMpaeTcs (COrIacHO
Metoay 30H @peHenst) Tak, YT0ObI pa3HOCTh X042 OT KpaeB 3TUX 30H ObLia
paBHa /2. B COOTBETCTBHU C TaKUM pa30MEHNEM H3ITydeHHE BCEX BTOPHY-
HBIX BOJIH OT JIBYX COCEIHMX 30H OyayT NMPOUCXOAMTH B MpOTHUBO(da3e, a
COOTBETCTBCHHO MpPH HHTEP(EPEHIIMM TaKUX BOJH OymyT HaOIIOAAaThCS
MUHUMYMBI (TeMHBIE y4acTku). Kak TOBOpAT, BTOPHYHBIE BOJHBI COCEIHHUX
30H «TacsiT» APYT Ipyra.

Bcero na mupune menu

S A S A yMecTHTCA A _a-sin(p

gl 2 3¢ 12 A12
30H. Ecnii umciio 30H yeTHOE:
a-sing

=2m, Bce coceaHue

Al2
30HBI OyZIyT TacHUTh JAPYT ApY-
ra. [lpu osToM onTHYeckas
Jl SKPaH Pa3HOCTh XOJa MEXIY Kpaii-
F, HUMH JTydami BM w CN paBHa
YETHOMY YHCITY TOJIYBOJIH:

%

. A
Puc.3. Jugppaxyus Opaynzopepa a-sing = ZmE ,m=1,23...,

Ha 00HOU wenu 3)

HaOoaeTCs Ougpakyuonrvil munumym (TEMHas 1M0JI0Ca).
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a-sin . .
Ecnu uncno 30H HeueTHOE:! _(p:(Zm +1), TO IEUCTBHE OJHOU

Al2
U3 HUX OCTaHETCs HEMOTalleHHbIM coceqHUMH. OnTudeckas pa3HOCTh X0/1a
Mexay kpaiiHumu nydamMu BM u CN mpu 3TOM paBHa HEYETHOMY UYHCITY
TIOJTYBOJIH:

a-sin(p=(2m+1)§ ‘m=1.23..., @)

HaOMoaeTCs Ougpakyuonrvlil maxcumym (CBETIas OI0Ca).

B nanpaBnenun ¢=0 HaOIIOMACTCS LEHTPAIBHBIH MaKCUMyM HYyJIe-
BOT'O TTOPSI/IKA.

bonee uérkyro mudpakIMOHHYIO KapTHHY, Ye€M OT OJHOW MIENH,
MOYKHO HaONIOaTh Ha CHENUANBHBIX TPUOOpaX — OUPPAKYUOHHBIX peutém-
kax. IIpocmetiwan ougpakyuonnasn pewiemka NPEACTaBIAET co00I cucTe-
My HapauleNbHBIX MIeleH, pacroI0KEeHHBIX Ha PAaBHOM PACCTOSIHUH JIPYT
OT JIpyra W pa3[eliCHHbIX HEMpo3padyHbIMH y4dacTkamu. ludpakunoHHbIC
PELIeTKN M3TOTOBISIOT METOAOM HAHECEHHsS TOHKHX IITPUXOB (LIaparvH)
Ha TOBEPXHOCTH CTEKJSIHHOHM IUIACTUHKM (IPO3pavHasi pelieTka) Wi Me-
TaJUTMYECKOTr0 3epKaia (OTpakaTeiabHas pemerka). OcHO8HbIMU napamem-
pamu TUPPaKIIMOHHON PELISTKH SBJISIOTCS EpHOa nepuoo d = a + b, rae a
— MMpUHA INenH, b — mMpHHAa HEempO3pavYHOro ydyacTka MEXIy MICTSIMH
(puc. 4) 1 yKcIio miene NpUXoIAIeecs Ha eUHUILY JTHHBI N=1/d).

[Mpu mudpakumu OpayHrodepa Ha METH pacnpee’cHUe HHTSHCHB-
HOCTH Ha 3KpaHe ONpeessieTCs HalpaBiIeHHeM TU(parupoOBaHHBIX JTyUeH.
DTO 03HAYaeT, 4TO MepeMelIeHNe e NapalielIbHO caMoil ceGe BIIeBO
WM BIPABO HE U3MEHUT AUPPAKIUOHHON KapTuHbl. ClieI0BaTeNbHO, €CIH
nepeiT OT OJJHOM I KO MHOTHM (K AU(PAKIIMOHHOW pelieTKe), TO TH1-
(pakIMOHHBIE KAapPTUHBI, CO3JaBaeMble KaKJOH IMIETbI0O B OTAEIBHOCTH,
OyayT onnHaKoBbIMH. J{n(pakiinOHHAS KapTHHA Ha PEHIeTKE ONpPe/eNsIeTCs
KaK pe3yJbTaT B3auMHON HHTep(EPEHIIMY BOJIH, UIYIIUX OT BCEX MIEIeH, T.
€. 8 OUDPAKYUOHHOIL pewemKe OCYWeCmBIAemcs MHO20IyYesas unmepge-
penyus KOTePEeHTHBIX TU(parupoBaHHBIX ITyYKOB CBETA, UIYHIMX OT BCEX
LIEJIEH.
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Haiinem BeIpaxenue s

OTIpeAeTIeHNs [IMHBI BOJHBI C

MTOMOIIIBIO TG PAKITHOHHON

NMCV:: pemetku. Ilycth miockas mo-

MC=d HOXpOMaTHYECKas BOJHA Maja-

CD=A=d -sing €T HOPMaJIbHO K IIIOCKOCTH
peweTku (puc.4).

Tak Kak LIeau HaxonsT-
cs IpyT OT Apyra Ha OJMHAKO-
SKpaH BBIX PacCTOSHUSAX, TO Pa3HOCTHU
> B Xo0Jla JIydel, UAYIIHX OT JBYX

Puc. 4. Xo0 nyueiti 6 ougppakyuonnoi COCENHUX IIeNer, OyayT s
Pewuemxe JJAaHHOTO HaIpaBlIeHUS ¢ OAU-

HAaKOBbl B Mpenenax Bcell Au-

(hpaKIoOHHON pelIeTKu:

A=CD=(a+b)-sinp=d-sinp. B Tex HanpaBleHWAX, B KOTOPHIX HU OIHA

JIHH3a

U3 IIeel He paclpoCTpaHseT CBET, OH He OyAeT pacIpOCTPaHATbCA U MIPU
JBYX IIEJSAX, T. €. 2NAGHble MUHUMYMbL UHMEHCUgHocmu OyAyT HaOIoaaTh-
Cs1 B HAIIPABJICHUSIX, ONPEACIISIEMBIX YCIOBHEM:!

a-sin(p=2m§ym:1,2,3---- )

Kpome Toro, BcienacTBue B3auMHOM HWHTEPEPEHLINH CBETOBBIX JIy-
Yeil, MOChIIAEMBIX ABYMsI ILEJISIMH, B HEKOTOPBIX HAlpaBJIEHUSX OHU OymyT
racuTh JAPYT NIpyra, T. €. BO3HHKHYT JIOTIOJHUTEIbHbIE MUHUMYMBI. DTH
JOTIOJTHUTENNbHBIE MUHUMYMBI OyayT HaOMIOIaTbcs B TEX HANpaBICHUSX,
KOTOPBIM COOTBETCTBYET PasHOCTh Xoja aydei A/2, 3A/2, ..., MOCHIIAEMBIX,
HanpuMep, oT KpaiiHux neBbix Touek M u C oOeux meneil. Takum obpazom
yeaogue 0ONOIHUMENbHbIX MUHUMYMOS C YIeTOM (5):

d~singo=(2m+1)%,m:0,1,2,3.... (6)

Hao0opot, neficTBHe OAHON Ieau OyaeT yCHIUBaTh JCHCTBUE JIPY-
TOM, eCIIH.

d.sin¢:2mg,m=0,1,2,3.... (7

T. €. BeIpakeHue (7) 3aJaeT ycrosue 2nagHblx MAKCUMymos NuGpaKkInoH-
HOW pEIeTKH.

[MpuHATO CUUTATBH, YTO ONTHYECKWHA MPUOOpP pa3pelnwt JABE JTHHUU
CIIEKTpa, €CII U300paKEHUS ITUX JIMHUHA B CHEKTPE, TOITYIEHHOM C ITOMO-
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IIBI0 JaHHOTO MpuOOpa, BUAHBI pa3nenbHo. Eciu n300pakeHHs OBYX JH-
HUI CIIMBAIOTCS B OJHO, TO TOBOPAT, YTO MPHOOpP MX HE paspermmit. OnHu 1
TE K€ JIMHUU CIIEKTPa MOTYT OBITh Pa3pelieHbl OJHUM PUOOPOM U HE pas-
peUIeHbl IPYrHUM. JTO CBSA3aHO C IIMPHHOW MAKCHMMYMOB MHTEHCHBHOCTH
3TUX JIUHUH.
1 0y [lo npennosxenuto Penest, mpu-
! HATO CYMTAaTh pa3pelICHHE TOJHBIM,
\pe3yﬂbmu- KOTZla MaKCHUMyM HHTEHCHBHOCTH OJ-
e . HOHW W3 JIMHMI COBNAMACT C MHHHMY-
Hocmb MoM apyro# (puc.5). Dto yciaosue mo-
JAy4nIo Ha3BaHue xpumepuu Penes.
Ecnmm  MakcuMyMBl  pacnosararorcs
Onke, YeM TIoKa3aHHbIe Ha PHCYHKE 5,
TO M300paKEHUs JIMHUN A; U A, CMBa-
IOTCSI B O/THO — JINHUU HE Pa3peIaroTcs.
Paspewaroweti  cnocobnocmvio  (paz-

¢

Puc. 5. Kpumeputi Penes

. . A
pewaiowel cunol) MPUHATO HA3bIBaTh BEIWYMHY R = —, TI€ A — CpeaHss
oA

JUTMHA BOJIHBI IBYX Pa3pelllaeMbIX JIUHUH; 04 — HanMeHbIIasi pa3HOCTh JBYX
JUTMH BOJTH, KOTOPBIE el pa3pemaroTcs TaHHBIM TpUOOpOM (COOTBETCTBY-
et kputeputo Panest). Paspemraromas ciocodnocts B CU siBisieTcst BeTan-
HOW Oe3pa3mepHoil. Uem oHa Oourbliie, TeM Oosee OIM3KHUe 110 ATWHE BOJHBI
JUHUM CHOCOOeH paspemmTh npubop. Paspemaromas crnocoOHOCTb Tu-
(paKkIMOHHON PEeNIeTKH MPOMOPIMOHATIbHA TOPAIKY CHEKTpa M U YUCTY
mesneit N 1 onpenensercs BeIpaKeHHEM:

R=m-N. (8)
O0GocHoBanue MeToAa

Yrasl, 101 KOTOPHIMU HAOMIONAI0TCS AU(GPAKIUOHHBIE MaKCUMYyMBbI
BCEX TMOPSJIKOB OT IEJU U OT TU(PPAKIMOHHON PENIeTKH, HAYMHAS C ITEPBO-
TO0, 3aBHUCST OT JUTMHBI BOJHBI CBETa COTJIACHO BhIpakeHMsM (4) 1 (7). Kaxk-
JIOW JUIMHE BOJIHBI COOTBETCTBYET CBOW LIBET, MO3TOMY, €CIIM LIETb WU JAH-
(paKkUMOHHYIO PELIETKY OCBEIaTh HEMOHOXPOMATHYECKHM CBETOM, TO
MaKCHUMYyMBbI, Ha4MHAas C IEPBOTO, COOTBETCTBYIONIME PAa3HBIM JUIMHAM
BOJIH, OyIyT BU/IHBI 11OJl Pa3HBIMHU yTJIaMH H, CIe0BaTeNbHO, OyIyT pasne-
JieHbl Ha 3KpaHe. Habronaercst Tak Ha3bIBaGMBbIH OUPPAKYUOHHDLL CHEKMP.
MakcruMyM HyJIEBOTO TIOPSIJIKA PACIIOI0KEH JIJIsl BCeX JUIMH BOJH B HaIpaB-
JIEHHH COOTBETCTBYIOIMM yriay ¢= 0°, mo3ToMy B CIIEKTp He pasiaraercs.
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Tak Kak HyJIeBOW MakCHUMYyM DPAacHoiI0XKeH B LIEHTpe OU(paKIHOHHON Kap-
TUHBI, OTHOCUTEIBHO €ro yI0OHO MPOWU3BOIUTH M3MEPEHUS yriia Mudpak-
UM UL IMHAH TUQPAKIHOHHOTO CIEKTPa, HAXOMAMIUXCS B MaKCHMyMax
apyrux nopsako (m=1,2,3...) Usmepsas yron auppakuvud U TONB3YSCH
BbIpakeHUsIMA (4) 1 (7) MOXKHO OTIPEAETATh JUIMHBI BOH CBETOBOTO W3ITY-
YEeHUs, COOTBETCTBYIOINIHME Pa3HbIM IBeTaM. OHAKO, TIPU TUPPAKIIUK CBETA
Ha OJHOM menn AudpakIHOHHBIE MAKCUMYMBI HEJIOCTATOUHO pe3ku. boree
4yéTKass TUPpaKIUOHHAS KApTHHA MOTYYaeTCsl TPU TMOMONIH JTUPPAKIIUOH-
HBIX PEIIETOK. B 3TOM cityuae Juis HaXOKICHUS JUTHHBI BOJHBI UCIIONIB3YIOT
YCIIOBUE TJIaBHBIX JU(PPaKIHMOHHBIX MaKCUMYMOB AM(PAKIIMOHHOW PerIéT-

ku (7) U3 KOTOPOTO CIIEAyeT:
P d-sing

m
Takum 0Opa3om, u3 BeIpakeHus (9) BUIHO, YTO I U3MEPEHUS IITH-
HBI BOJIHBI CBETa HEOOXOJAUMO OMPEIECIUTh Yol TUPPAKIUK ¢ B COOTBET-

CTBYIOIIEM HOMepe TUPPAKIIHOHHOTO CIIeKTpa M.

,m=0,1.2,3.... 9)

Onucanue yCTaHOBKH

s usmepeHus yria
IUQpakIul ¢ HPUMEHSETCS
TOHHOMETp, YCTPOICTBO KOTO-
pOTOo TIPECTaBIECHO Ha PUCYH-
Ke 6.

OnTHYeCKUMH YacTsAMH
TOHUOMETpa SBJSIOTCS  KOJI-
numatop 1 u 3puTenvHas Tpy-
6a 2. Kommmartop ciyxuT
JUI CO3JIaHMs NapauleIbHOTO
myda cBera. OH COCTOUT W3
Hapy)XHOTo Tybyca ¢ 0OBeK-
TUBOM U BHYTPEHHETO TyOyca
C BXOJHOW IIEJIBIO, YCTaHaB-
nBaeMoi B (OKaILHOMU IJIOC-
KOCTH OOBEKTHBA. 3pUTENbHAS
TpyOa 2 mMeeT 00beKTHB 3 U
okyisip 4. OHa MOXKET IMOBOPAYMBATHCSI OTHOCUTENBHO JTMMOA 5, KOTOPHIi
npeAcTaBiIsieT co00i TOPU30HTAIBHO PACHOJIOKEHHBIN JHCK, HA KOTOPOM
HaHeceHbl rpagycHble neneHus. OTHOBPEMEHHO €O 3pUTEIbHON TpyOoil
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MIOBOpAYMBAETCA HOHUYC 6, 3aKpEIICHHBIH HEMOABMKHO K Tpyoe. [Ipu mo-
MOII HOHUYCA TPOU3BOJUTCS OTCUET MOJIOKEHUS TPYyOBl 2 OTHOCHUTEIHHO
aumba 5. C nuMOOM IEHTPUPOBAH CTOJHMK 7, HA KOTOPOM DPAacHOIOKeHa
JUQpaKIOHHAs perieTka 8.

Jlyd cBera, MpOIIEIIINK MIeTh KOJUIMMATOPA, BBIXOIUT W3 HETO Ma-
paJuIenbHBIM ITydkoM. Jlamee, mpoxons depe3 An(pakIuOHHYIO PELIETKY H
00BEKTHUB 3PUTENBHON TPYOBI, Ty4r COOMparoTcsa B (OKAIBHOM MIOCKOCTH
00BEeKTHBa, JaBas M300pakeHHe IIeNN KoJumMmaropa. B mome 3penns oky-
Jsipa OTHOBPEMEHHO BHIIHBI BEPTHKAIBHO PACIIONIOKEHHAs BH3UPHAS HUTDH
U JedcTBUTEeNbHOE H300pakeHue mmenu. llepemeras 3puTenbHy0 TpyOy,
MOYKHO COBMECTHTH BU3UPHYIO HUTh C JIIOOBIM U3 JU(PPaKIHOHHBIX MAKCH-
MyMOB. B kauecTBe HCTOUHHKA cBeTa B pabOTE MCIIOIB3YETCs JIaMIla HaKa-
JIUBaHUA.

OTcuer MOKa3aHWI yriaa ¢ MO MIKale TOHHOMETPa MPOU3BOAUTCS
creyronmM 00pa3om. ['pagycbl © MUHYTBI OTCUUTHIBAIOTCS IO OCHOBHOM
mIKase JJuMo0a, 10 JISJICHHIO0, PacIiooKEHHOMY HAIPOTHB HYJISI HOHUYCa. A
Jpyroe JejeHue HOHWYCa, COBIABIIEE C JIIOOBIM JAelIeHHeM IuMOa, yKa3bl-
Ba€T, CKOJIbKO MUHYT AOMNOJHUTCIIBHO HAAO0 B3ATH IO HOHHUYCY. Taxum 06-
paszoMm, ISt OTIpeesIeH s OKa3aH!s YIila ¢ Hy)KHO K TIOKa3aHUIO 10 JTUMOY
(B rpagycax u MHHYTax) 100aBUTH MOKa3aHUs TOHHOMETpa MO HOHHUYCY (B
MUHYTaxX).

Ha pucynke 7 nmokaszaHo 3Haue-

Coenaguilie Oenenia OCHOEHOH HHUC yTJIa, COOTBETCTBYIOLICC 8 rpany-
WKATLL U HOHUYCA
1

cam 47 munytam. Hynp HOHHMyca pac-
MIOJIOXKEH JIeBee HyJIs IMMOa Ha § moJI-
HBIX JICJIEHUH M MPOXOAUT Majoe Je-
JIeHWe, 3HAYUT, MOKa3aHWe MO JUMOY
cooTBeTcTBYEeT 8 rpagycam 30 MuHY-
TaM. B n1eBoil yacTu HOHUYCA ¢ OJJHUM
U3 JieJieHnd JIuMOa COBMeIaeTcs ero
ceMHajIaToe JejeHHe. 3HAYduT, K
nMeronmmMest 8 rpaaycam 30 MUHyTaM
npubasnsiercsa eme 17 muHyT. M3me-

Puc.7. Omcuem no wkane 2o-
HuomMempa

PSAEMBII YTOJl COOTBETCTBYET 8°47'.
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IHopsinok BbINOHEHNs PadOTHI

1. IloaroroBrTe Ta6m/1uy AJId 3a1MCU pe3yJIbTaTOB I/I3MepCHI/II\/'IZ

1-it mopstmok crrextpa (M = 1)

j“l M! E;J

IIBer , ' - =
gDO q’npas (pje« ¢ sme 10'9 M 10'9 ‘M %

JIMHHUH

duosneToBuIN

Cuunii

I"omy6oii

3enéHbi

Kenrorit

OpaHXeBBbIii

KpacHsrit

2-ii opsiIoK criekTpa (M = 2)

duoneToBbIit

Cuunii

I"ony6oit

3enéHbIl

Kentorit

OpaHXeBBIii

Kpacubiit

2. BxirounTe jaMIly HakaJlMBaHMS M HAIpPaBbTE CBET Ha IIENb KOJI-
numatopa 1 (puc.6).

3. Monyunte 4€TKyr0 AUMPAKINOHHYIO KapTHHY (€cITH HEOOXOIMMO
00paTUTeCh K MPENoAaBaTeNIo 3a IOMOIBIO).

4. AKKypaTHO IOBOpa4MBas 3pUTEIbHYIO TPYyOy 2 M clels 3a TeM,
4TOOBI BMECTE C Heil He TTOBOpPAYMBAJICS KOJIMMATOp 1, cOmocTaBbTe HUTh
OKymsipa 4 3puTeNnbHON TPYOBI 2 (puc.6) ¢ NEHTPOM HYJIEBOTO MU(PAKIIH-
OHHOTO MakcuMyMa (HE OKpallleH). 3aluiIuTe B TaOJIuIly OTCUeT ¢, MO
mKane JuM0a U HOHHYCa, COOTBETCTBYIOLIMH MakCHMyMy HYJEBOTO IIO-
psnka.

5. MemieHHO TIOBEPHHUTE BIPABO 3PUTENBHYIO TPYOy 2 M COBMECTH-
T€ HUTh C CepeANHON (PHOIETOBOM JIMHUH B CIIEKTPE MEPBOTO Mopsiaka (M =
1). BanummTe noKazaHUE @, MO MIKaJTE TMMOA U HOHHYCA B TaOJHUILY.
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6. I[ponenaiite M3MEepeHHS ISl OCTAIBHBIX JIUHUHA CICKTPa TIEPBOTO
MOPSIJIKA YKA3aHHBIX B TaOIHIIe. 3alUIIUTE COOTBETCTBYIOIINE TIOKA3aHHS B
Ta0IuILy.

7. TlpousBemure M3MEPEHUS MO MYHKTY S5 IS JTUHHHA CIICKTpa Tep-
BOTO MOPsIIKA YKa3aHHBIX B TAONHIlE, Bpallias 3pUTEIbHYI0 TPYOY BICBO OT
HEHTPAITBHOTO MaKCHUMyMa. 3alHIIUTe MMOKa3aHUe (%, 1O IIKalle JIuMOa 1
HOHHYCA B TaOIHUILy.

8. AHaJOTMYHBIC U3MEPCHHUS BBITIOIHHUTE IS CIICKTPa 2-T0 MOPS/IKa,
3aIMCBIBAs MOKA3AHUS (06 U (e 1O IIKAJIE TUMOA U HOHMYCA B TAOJIHILY.

O0padoTka pe3yIbTaTOB U3MEPEHHU I

’ . _ ro_
¢npa6 - ¢0‘ ' Q'te(; - |¢,’l€8 ¢0|
pa3HOCTh OTCUETa, COOTBETCTBYIOIIYI0 MakcuMyMy 0-ro U 1-ro mopsnakos
JUIS TMHUM CHEKTpa yKa3aHHbIX B TaOIUIIC.

wnpae + wﬂee

1. Berauciure o dopmynam @, . =

2. Bpruncnure no popmyine ¢ = U 3aIllUIIUTE B TaOIUILY

cpeliHee 3HavYeHue yria Audpakiuy s JTHHUHN CTIeKTpa YKa3aHHbBIX B Ta0-
JHLe.

3. Ompenenurte (cM. IPHUI.5) U 3aMUIIATE B TaONHIly 3HAYCHUS CH-
HYCOB YTJIOB TU(PPAKINH [Tl YKa3aHHBIX JIMHUH CIIEKTpa.

4. Beraucnute o ¢popmyne (9) nauHYy BOMHBI A Ul YKa3aHHBIX B
TabJLe TMHUNA CIIEKTpa TMepBoro u BToporo mopsaka (Mm=1 u m=2). [pu
pacuerax npumute d=10"m.

5. PaccuuraiiTe OTHOCHTENBHYIO W aOCONIOTHYIO IMOTPEUIHOCTH HM3-

MEpEeHHsI KaXI0H JUTHHBI BOJIHBI 110 hopmynam (g = 17; Vi 0,005):
EJF% T AL=E, 1.
®»

Ipumeuanue. Ilpu 6vi6o0e opmynvl pacuema OMHOCUMENLHOU NO-
2peuHocmu GbL0 YUMeHo, Ymo npu Maavlx yeiax Sing =~ @.

E, =

6. KoHeuHBIi pe3ysbTar npeCcTaBbTe B BUJIE:
A=(A+A)um; E, =..%

7. Cpnenaiite BBIBOJ, B KOTOPOM OXapakTepU3yHTe KaK MOITyYEHHbIE
JIAHHBIC JUTHH BOJIH COOTBETCTBYIOT TaOIMYHBIM (CM. TIpHJI. 6).
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KoHTpoJbHBIE BONIPOCHI

Haiite monarue audpaxuu.
KakoBo rnaBHoe ycnoBue HaOmoAeHUs T pakinu?
Chopmynupytite mpuntmmn [ roitrenca-Openens?
KaxoBo ycioBue pa3buenus Ha 30061 Openens?
Haiite onpenenenue TUPPaKIMOHHON PEIICTKH.
Uto Ha3BIBaeTCS MEPHOIOM TUPPAKITNOHHON PEIICTKH?

7. Kax mepuon mudpakIMOHHON PEIIeTKH CBS3aH C KOJIMYECTBOM
HITPUXOB Ha €AWHUILY JUTMHBI PEHICTKU?

8. OOmsicHUTE MOCIENOBATEILHOCTh YEPEIOBaHMs IIBETOB B -
(paKIIOHHOM CIIEKTpE.

9. B yem cymHocTh kKpuTepus Penes?

10. IToyemy nudpakiMOHHAs pelIeTKa pasjiaraet OeNbIii CBET B
criekTp?

11. Kak ompenenuTh HauOONBIIHMNA MOPSIOK CHEKTpa AM(PpaKkInoH-
HOU penIeTku?

IZEELE NS

JlaGopaTopHas paGora Ne 4

OIIPEJIEJIEHUE KOHLEHTPAIIUHU BEIIIECTBA B PACTBOPE
DOTOIJIEKTPOKOJIOPUHMETPOM

Ilenv pabomer. M3yunTh SBJICHHUE TOTJIONIEHUS CBETA MPHU MPOXOXK-
JEHUU €Tr0 4Yepe3 BELIECTBO; O3HAKOMUTHCA C YCTPOHCTBOM, MPHUHLMIIOM
JIercTBUSL (POTORNEKTPOKOJIOPUMETPA U HOIYUYUTh HABBIKM PAOOTHI C HHUM;
OTIpEJICNINTh KOHICHTPAIIUIO BEIECTBa B PacTBOpe (poToMeTpHYecKHM Me-
TOJIOM.

Oébopyoosanue: doroznexrpokosnopumerp KOOY-4 ¢ npunaanex-
HOCTSIMH, PaCTBOPBI UCCIIEYEMOTO BEIECTBA PA3IMYHON KOHIIEHTPAIIHH.

OcHoBHbIE TEOpETUYECCKHE CBCACHUSA

IIpn poxokaeHNH CBETa Yepe3 BEUIECTBO BCET/la MMEET MECTO 4a-
CTHYHOE ero mnoriomeHue. [lorepst sHeprun cBeToM OOBACHSETCS MpeBpa-
IIEHUEM €€ B pas3yinuHble (HOpMBI BHYTPEHHEH SHEPIUU BEIIECTBA HIIH
SHEPTHUI0 BTOPUYHOTO M3nydeHus. [lornomenne cBeta MOXET MPUBOIUTH K
HAarpeBaHUIO BEILECTBA, MOHMU3ALUU, BO30YKICHHIO aTOMOB MU MOJIEKYI.
JI71sl KOMMYECTBEHHOM OLIEHKHU 3TOrO IMpoLEecca UCIOIb3yeTCs OHATHE HH-
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TEHCUBHOCTH cBeTa. Mumencusnocms céema (1) He UMeeT TOYHOTO Ompe-
JieNieHHs. DTOT TEPMUH MPUMEHSIOT BMECTO TEPMHHOB CBETOBOW IOTOK,
SIPKOCTh, OCBEILICHHOCTh M Jp. B TE€X CIydasX, KOTJa HECYIISCTBEHHO HX
KOHKPETHOE COJIEpXKaHUE, a HY)XHO MOJYCPKHYTH JIUIIb OOJBINYIO WA
MEHBINYIO UX a0COJIOTHYIO BEMUMHY. B onTHKe Yale BCero uHmeHcueHo-
cmbio céema Ha3bIBAIOT MOWHOCb U3YYeHUs, T. €. SHEPTUI0 U3Ty4CHUs,
MPOXOIAIIYIO 32 CIUHHIYY BPEMEHH Yepe3 MOBEPXHOCTh CAMHUYHOU ILIO-

Bt
maau. B atom cinyyae B CU eaunHuIia ”HTEHCUBHOCTH: [I ] =1—2 (6amm
M

HA KAOPAMHbLU Memp).

[lornomenue cBera B BEIIECTBE OMMCHIBAECTCS 3aKOHOM, COIJIACHO
KOTOPOMY MHTEHCUBHOCTb CBETa MY MPOXO0XKIECHUH BEIIECTBA yMEHbIIACT-
Cs C PACCTOSTHUEM 10 3KCIIOHEHTE:

I=1,-e™", (1)
rae |, — MHTEHCHBHOCTB IAJAIOLIETro CBETA;
| — UHTEHCHBHOCTH CBETA, MPOIICAIIETO CION BEIIECTBA TOMIIMHONU X
(puc.1.);
e=2,72 — ocHOBaHME HATypaJILHOTO JIoTapupma;
kK — K03(GHUIMEHT MOTTIOMIEHH s, 3aBUCSIIMN OT JJIMHBI BOJHBI 1131210~
IIero CBeTa, XMMUUYECKOM MPHUPOJIbI U COCTOSHHUS BEIIeCTBa U HE 3a-
BUCSILUI OT MHTEHCUBHOCTH CBETA,
3HaK «-» yKa3bIBaeT Ha yOblJIb HHTCHCUBHOCTH.
3akoH  OBT  DKCHEPUMEHTAIHHO
yCTaHOBJICH ()paHIly3cKHM y4eHbIM [Ibepom
E Byrepom, mo3nHee BBIBEIEH TEOPETUUECKU
v v HeMelukuM ydeHbIM HMoranHom I'enpuxom
JlambepToM W TO3TOMY  Ha3bIBaeTcCs
X saxonom Byeepa-Jlambepma.

ITpu X =% u3 dopmynsr (1) ciaemyer,

|
4TO TO =e~2,72. Takum obOpa3oM, K0Igh-

Puc. 1. Hoznowenue céema ~ Puytenm noznowenus, CBETa BEIIECTBOM
sewjecmeom €CTb BEIMYMHA, 0OpaTHas TOJILUHE TaKOro

CJIO HAaHHOI'0 BCHICCTBA, IPH IMPOXOKACHUN
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KOTOPOTO MHTEHCHBHOCTH CBETa 0cabeBaeT B € pa3. B a3Tom 3akmouaercs
dusmuecknii cmpica koddduumenta nornomenns. B CU: [k]=m"" (vemp

8 MUHYC NEPBOU CMEeNneHlL).

BemrecTBa HEOAMHAKOBO MOTJIOLIAIOT CBETOBYIO 3Hepruto. Ilpo3pau-
HOCTP BEIIECTBA XapaKTepU3yeTca KO3pduyueHmom nponyckanus T , paB-
HBIM OTHOIICHHUIO MHTEHCUBHOCTH CBETA IPOIIICIIIIECTO Yepe3 TaHHbIA 00pa-
3ell, K 'HTeHCHUBHOCTH TaJaf0IIero Ha Hero CBeTa:

T= T (2

0
[Ipu wpeanbHON MPO3PAYHOCTH, CKOJBKO CBETA BXOIUT, CTOJIBKO U
BBIXOJMT, T. €. | =1, n 7 =1. Eciu oOpasel coBepiIeHHO HE NIPO3payeH, TO

Ha Bbixoze | =0, a koapdunuent npomyckanus 7 =0.

Koaddumment npomyckanusi 3aBUCHT OT JUIMHBI BOJHBI, T. €. 00pa-
3€Ll MOKET OBITh MPO3PAauYHBIM ISl OHUX AJIMH BOJIH U HETIPO3PAYHBIM IS
npyrux. B CU koagguyuenm nponycxanus ne umeem eOunuy usmepenus.

I[HSI OIMMCaHHuA MNOTJIOIICHUA CBETA MPUMCHACTCA TAKIKE OTHOIICHHC
Iy

I
MaJArOUN Ha HETO CBETOBOM MOTOK. OIHAKO MpH CHIBHOM IHOMJIOIICHHN

IMMOKa3bIBAOIICC, BO CKOJIBKO pa3 HMCCICAYEMOEC BCUICCTBO ocrabisieT

I
(I'<<1,), 1pobs I_O MIPUHAMAET OYeHb OOJIBIITNE YNCIIOBbIe 3HaueHus. [1o-

I
ITOMY yI[O6H6€ HCIIOJBb30BATh HEC CaMHU 3HAUCHUA TO , d UX J'IOFapI/I(l)MI:I.

BenuuwHa, paBHas JECATHYHOMY JOTapu(My OTHOIIEHUS WHTEH-
CHUBHOCTH CBETa IaJalolIero Ha JaHHbBIA 0Opasel, K MHTEHCHUBHOCTH IMPO-
LIEILIETO Yepe3 HEro CBETa, Ha3bIBACTCS onmuueckol niomuocmoro D

D:Igll—o. 3)

C yuerom BelpaskeHUs (2), modgydaem:
D=|g1 wm D=Igz™* 4)
T

Kak u koaddunmeHT TponycKaHus, onmuueckas NiIOMHOCMb He
umeem eounuy uzmepenus ¢ CH.

Ecnu mornorutenem SBISIETCS PacTBOp Kakoro-auOO BEIIEeCTBAa, TO
TMIOTJIONIEHNE cBeTa OyIeT 3aBUCETh OT KOHIeHTparuu pacteopa C . Koad-
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(GUIMEHT MOTJIONICHUS, 3aBUCUT OT YHCIa MOJICKYJ, PACIONOKCHHBIX B
pacTBope Ha eIUHHMIIE JUTHHBI ITyTH CBETOBOTO MYyYKa, TOATOMY

k=A.C, (®)
rae A — xosddurmenT noriomenus ceera 1%-ro pacTBopa BelIecTBa.

DTa 3aBUCHUMOCTH ObLIa AKCIIEPUMEHTAIBHO MPOBEPEHA HEMEIKUM
ydeHbiM ABrycToM bepoM m HaszwiBaeTcs 3axoHom bepa: koddduueHT mno-
TJIOIIEHHS Pa30aBIICHHOTO PAcTBOPa MPONOPIIMOHANIEH €0 KOHIIEHTPAIIHH.

B KOHIICHTpUPOBaHHBIX pacTBOpax 3akoH bepa HapymraeTcs u3-3a
BJIMSIHUST B3aUMOJCHCTBHSI MEXKIy OJM3KO PACIOTIO0KEHHBIMH MOJICKYIaMK
TIOTJIOMIAOIIETO BEIECTRA.

C yuetom Beipaxkenus (5) hopmyna (1) mpuaumMaer By

|=1,-e ", (6)

3aBucuMocTb (6) Ha3bIBaeTcs 3akoHom byeepa-Jlambepma-bepa: wH-
TEHCHBHOCTH CBETa MPU MPOXOKACHUH PACTBOPA BEIIECTBA YMEHBIIAETCS C
PACCTOSIHUEM TI0 SKCIIOHEHTE M 3aBUCHT OT €Tr0 KOHIICHTPAIUH.

Oo0ocHoBanue MeToAa

Ha siBneHun morjomieHusi cBeTa OCHOBAH METOJ ONpENEICHUs] KOH-
LEHTpaIH BEIIEeCTBA B OKPAIIEHHBIX pacTBOpax. st aToro ucnonp3yorcs
crienuanbHble TPUOOps — PoTodNEeKTpoKOIOpUMeTphl. [lornomenue ceeta
B HUX OOBIYHO XapaKTepU3yeTCsl ONTHYECKOH IIOTHOCTBIO Wil Ko duiu-
€HTOM IIPOIYCKaHHS, CBSI3aHHBIX MEXIy COOOH COOTHOIIEHUEM (4).

Koaddumment npomnyckanus, corjacHo 3akoHy byrepa-Jlambepra-
bepa u ¢ yderom BbIpaxeHus (2) 3aBUCUT OT KOHLEHTpAalMU BELIECTBA B
pactBope:

r=e " (7)

PaccmoTpum BuJ 3TOM 3aBUCHUMOCTH iJI1 ONTHYECKOW TJIOTHOCTH.

[ToncraBuB Beipakenue (7) B hopmyiy (4), moxydaem:

D=Ige**.
Iny y
W3 MaTeMaTHKH U3BECTHO, 4T0 Iy =—" u Ine’ =y, mosromy:
A-C-x
= 8
23 (8)

CpaBuenue BoipakeHHi (7) u (8) MOKa3bIBAET, YTO OINTHYECKas
TUIOTHOCTh HAXOJIUTCS B 0oJiee MPOCTOH JIMHEHHOW 3aBHCUMOCTH OT KOH-
nentpanuu. CienoBaTe’abHO, B35SB HECKOJIBKO PACTBOPOB C U3BECTHOW KOH-
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LEHTpAIUEN, MOXKHO ONpPENENNTh 7, 3aTeM D u mocTpouTh rpagynpoBOU-
Helii rpaguk D = f(C), mo3Bonstomuii mo 3KCIEPUMEHTAIBHO YCTaHOB-

JICHHOW ONTHYECKOH TUIOTHOCTH OINPEICITUTh HEN3BECTHYIO KOHIICHTPAIHIO
BEIIIECTBA B PACTBOPE.

Onucanue yCTAHOBKH

KonmopumeTrpsl — npubopbl, ¢ TOMOIIBIO KOTOPBIX MTPOU3BOISATCS OII-
TUYECKHE W3MEPEHHS C HCIOJIb30BAHHUEM CBETOBBIX IOTOKOB pa3lNUYHOU
JUIMHBI BOJIHBL. Ha3zBaHue 3THX MPUOOPOB MIPOMCXOAUT OT JIATUHCKOTO CJIO-
Ba COlOr, 4TO B MepeBo/Ie HA PYCCKHIA S3bIK O3HAYACT IIBET.

K®O — konopumerp QOTOINEKTPUIESCKUI OJHOIYYEBOH MpeaHAa3HA-
YeH U1 M3MEpeHHs Kod(p(HUIHMEHTOB MPOIYCKaHHS MPO3pPayHBIX CpeXl B
BUJMMOMN 00JIACTH CIIEKTpa.

Ontuyeckas cxema npudopa KOO nokazana Ha pucyHke 2:

Pacmeo- DK
K pumens
—_—— Co i} [iVe]) MKA

S e I — I"l_
de=— ‘l if Pacmeop —-:—'II {

=
J
J

Puc. 2. Onmuueckas cxema ghomoanexmpoxonopumempa

Ha »T0#f cxeme S — MCTOYHUK CBeTa — 3JIEKTpUUYECKas JIaMIIOUKa,
HUTh HAKAJIMBAHUS KOTOPOM MMEET HEMPEPBIBHBIN CIIEKTP U3JIyYEHUs, T.€.
M3Ty4aeT BO BCEM JMAala30He JIJIMH CBETOBBIX BOJIH.

K — xoHzeHcOp — cucTeMa U3 JIBYX IUIOCKO-BBIMYKJIBIX JIMH3, C TIO-
MOIIbIO KOTOPO# (opMHpYeTCs MapajuleibHbI CBETOBOM MOTOK — CBETO-
BOH JIy4.

Janee Ha myTu atoro ny4a Haxoaurcsi cBeropunsTp CO. B mpubdope
K®O umeercst 060iiMa U3 mecTr CBETOQUIBTPOB; IOBOPOT 3TOH 000HMBI U
BBEJICHUE B CBETOBOI JIyd HYKHOTO CBETO(QHIBTPA OCYLIECTBIAETCS C Ma-
Henmu npubopa pykosaTkoit «llormorurenun». Kaxapii u3 cBeToGHILTPOB
MMEET CBOIO PabOYyI0 JUIMHY BOJIHBI, U CKBO3b HETO MPOXOIUT HAMIYUIINM
00pa3oM CBET HMEHHO 3TOH JUIMHBI BOJHBI, & OCTAJIbHbIE MOTTIOIA0TCS.
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[Hanee mo xoxy idyda cieqyeT KroBeTHOe oTaeneHue. [lox ero kppim-
KO NMOMEUIAI0TCS JBE KIOBEThI. B 0HOM U3 HUX — UCCIENyEMBbI pacTBOpP B
JIpyroi — BELIECTBO, SABJISIOIIEECS pacCTBOPUTEIEM B 3TOM pacTBope. [lepe-
kitouatens «KroBeTel» Ha maHenw mpuOopa UMeeT ABa pabourX IMOJIOKe-
Hust. C ero MOMOIIBIO B CBETOBOM JIyd BBOAMTCS HY>KHasi KIOBETA.

IIpu OTKpPBITOH KpBIIIKE KIOBETHOTO OTAEIEHUS XOA pabodero cBe-
TOBOTO JIyya Ha (oTodeMeHT nepekpbIT mropkoil 1. UmenHo B 3ToMm co-
CTOSIHMM NpHOOopa (KphIlIKa KIOBETHOI'O OTAETICHUS OTKpHBITA, a mTopka I,
HA000POT, 3aKpbITa), IPOU3BOAUTCS YCTAHOBKA HYJIS Ha ILKaje MUKPOaM-
nepMeTpa MKA; JUIs 9TUX LieJied Ha MaHe I Mproopa MpeaycMOoTpeHa pyKo-
ATKa «Y CTaHOBKA HYJISD».

Hanee mo cxeme pacmomaraercs ¢oromerpudeckuii knmnH OK. On
NpeCTaBIsIeT cO00i CTEKISIHHYIO TUIACTHHY KIMHOBUAHOW (opmbl. C mo-
MOIIbIO pyKOATKH «YcraHoBka 100» oH MOXeT BABUraThCsl B pabO4Hii CBe-
TOBOM JTy4, 0cTabIIsisl €ro B OOINBIIEH WM MEHBIIIEH CTETICHH.

B ¢dotosnemente @D sHEprus CBETOBOTO MOTOKA Ipeolpa3yercs B
JNEKTPUYECKYIO0 pa3HOCTh MOTEHNHaNoB. B maHHOM mpubope npuMeHeH
CCJICHOBBIH (TIOTYIIPOBOIHUKOBBIN) (POTOIICMEHT.

3aKIIOYUTENbHBIA 3EMEHT CXeMbl — MHUKpoamiepMeTp MKA. Ero
MOKa3aHUsl TPOIOPIUOHATBHBl HWHTEHCHUBHOCTH CBETOBOTO IOTOKA, JO-
CTHTIIEro (POTORIEMEHT.

Bremnuit By (oToanekTpokonopu-
METpa W €ro OpraHbl yHpaBieHUs H300pa-
JKE€HBI Ha pUCYHKE 3:

1 — kpbllIKa KIOBETHOIM KaMephl;

2 — pykostka «[lornmorurenny;

3 — pykositka «K1oBeThI»;

4 — pykosartka «¥YcranoBka 100»;

5 — pykositka «¥YcranoBka 0»;

6 — MUKpoamIepMeTp;

7 — BUHT KOPPEKTOpa MUKpOAMIIEpMETpa.

Tymbnep BkmoueHus: npudopa B ceTh
HaxXoJIUTCA Ha ero 3aaHer creHke. [IpuHumn

Puc. 3. Bnewnuii 6u0 $o-  paGoTsl nprbOpa 3aKIH0YACTCS B M3MEPCHHUH
MOo3EKMpoKoropumempa OTHOIIEHUSA IBYX CBETOBBLIX IIOTOKOB: IIPO-
HIEJIIEr0 Yepe3 pacTBOPUTEINs (B HAIIEM Cllydae — BOAY) M MPOILIEIIIETO
yepe3 uccieayembii pactBop. Kaxxaplii cBeTOBOWM MOTOK CO3/IaCT B IENU
¢doroanemenTa cBoit PoToToK. OTHOIIEHHE ITHX TOKOB (MJIM YMCIIA Jeje-
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HUH 10 IKaJIe MUKpOamIepMeTpa) OyJeT paBHO KOA(PQHUIIUCHTY MPOITyC-
KaHUS HCCIICAYeMOTO BEIIeCTRA!

T=—o0),
NO
rae N —9mcio neneHuil Mo mkajge MUKpOaMIIepMeTpa MpH pacTBOPHUTETIE,
N, — 4MClI0 JeleHui 1o IKajle MUKpPOaMIepMeTpa MPU HCCIIETyeMOM

pacTtBope.
C momoInpio (HOTOMETPHUYECKOTO KIMHA MOXHO MEHSATH BEIUYUHY

TOKa U I ynoocta orcdyera ycraHoButh N, =100. B sToM cirydae xo3¢-
(GUIHEHT MPOITyCKaHHUs HCCIIEAYEMOr0 pacTBOpa OydeT OmpenessiThes I10
dopmyie:

rT=—"0:. (€)]

IMopsinok BeINOJIHEHUsI pad0OThI

1. TloaroroBpTe TaOMUILY AJIS 3aIHICH PE3yTHTATOB!

Tabmuma 1
C,% No N T D AD
1
2
2 3
cpejHee
1
2
6 3
cpejHee
1
2
8 3
cpeHee
1
X 2
3
cpeHee
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2. Jlo BxitOYeHHUs! MpUOOpa B CETh YyCTAHOBUTE MUHUMAIIBHYIO UyB-
CTBUTENFHOCTh TpHuOOpa, Bpamas pydky «YcraHoBka 100» mpoTHB daco-
BOMW CTPEJIKU 10 yIopa.

3. IlpoBeprTe COOTBETCTBHE HYJIEBOTO MOJOKEHHUS! CTPEIKH MHUKPO-
aMIepMeTpa, Ipu HEOOXOOUMOCTH OTPETYIMPYHTE €ro BUHTOM / KOPpEK-
Topa (puc. 3).

4. Baeawute 3eNeHbII MOTIOTHTEND «3» pyKosTKoH «llormotutenuy.

5. BxirounTth mpudop B CETh.

6. Otkpoiite kpbIKy 1 (hOTOINMEKTPOKOIOPUMETPa M JOCTAHBTE
KIOBETOJIEpKATEb.

7. UsBnekute kroBety «PacTBopuTenby, 3anoiHuTe ee Ha 2/3 oObe-
Ma BOJOU U yCTAaHOBUTE HA MECTO. Y CTAHOBHUTE KIOBETOJEp)KaTelb B (hOTO-
KoJopuMeTp. KpbIliKy KIOBETHON KaMephbl HE 3aKphIBAMTE.

8. PykosiTkoii 3 «KIoBeTb» pacroNokuTe KIOBETY C pacTBOPUTEIEM
Ha IyTH CBETOBOI'O IMOTOKA.

9. VYcraHoBUTEe HyNb MO INKajJe MHUKpPOAMIIEPMETPa PYKOSTKOH 5
«YcraHoBka 0.

10.3akpoiiTe KpbIIKY 1 KIOBETHOTO OTHENEHUS W PYKOSTKOH 4
«YcranoBka 100» ycTaHOBUTE CTPEIKY MUKPOAMIIEPMETPA HA COTOE Jeiie-
HUE.

11.OtkpoiiTe KpbIKy 1 KIOBETHOW KaMepbl M JAOCTaHBTE KIOBETO-
Jepxaresb. M3BnekuTe MyCcTylo KIOBETY, 3alloJIHUTE ee Ha 2/3 oObema nc-
CJIEyeMbIM PacTBOPOM HAaMMEHbLIEH KOHLEHTPALUU U yCTAHOBUTE Ha Me-
CTO.

12.TlocraBbTe KrOBeTOAepkareiab B GoToKomopumMeTp. Pykostkon 3
«KroBeTbI» pacnonoXuTe KIOBETY C UCCIIEAyEMbIM PaCTBOPOM Ha ITyTH CBe-
TOBOTO MOTOKA. 3aKPOUTE KPBIIIKY KIOBETHOM KaMephl.

13.TIponsBeanTe OTCYUET IO IIKaIe MUKpoaMIiepMeTpa 6 u 3anummre
N B Tabmuiy 1.

14. OtkpoiiTe KppiKy 1 KIOBETHOH KaMepbl U JOCTaHbTE KIOBETO-
nepxareiib. M3BieknuTe KIOBETY C HCCIIeyeMbIM PACTBOPOM H CIIEHUTE €ro B
0aHOYKY C pacTBOPOM TOH k€ KOHIeHTparuu. [IpoTpuTe KioBeTy, 3amonHu-
Te ee Ha 2/3 o0beMa CIIeIYIONIUM PACTBOPOM U YCTAHOBUTE HA MECTO.

15.ITocTaBbTe KroBeTOAEp)KaTeNnb B (oToKoIOpUMETp. PykosTkoi 3
«KroBeThD» pacIoyioKnUTE KIOBETY C HCCIIELyEMBIM PacTBOPOM Ha NYTH CBe-
TOBOTO MOTOKA. 3aKPOUTE KPBIIIKY KIOBETHON KaMepHl.

16.1IponsBeauTe OTCUET MO ILIKAIEe MUKpoaMIiepMeTpa 6 u 3anummre
N B Tabmuny 1.

17.Ilponenaiite myHKTHI 14 — 16 ¢ OcTaIbHBIMU PAaCTBOPaMH.

51



18.IIpoBeauTte elie 1BE CEPHUHU OIBITOB IO ITyHKTaM 14 — 16 co Bcemu
pacTBOopaMH, HayMHasg C pacTBOpa HaWMeHbIed KoHieHTpanuu. He 3a-
OyabTe CIUThH TOCIEAHUHN PacTBOP.

19.BrikitounTe mpudOp U3 CETH.

O0padoTka pe3y1bTaTOB U3MEpPEeHU

1. Ilo 3nauenussM N Ui BceX ONBITOB ONPENEIHTE 7, UCHOJB3YS
¢dopmyny (9). 3anuimmte pe3ynbpTaTsl B TadIUIy 1.
2. Tlo Tabnuue 2 onpenenute D uis Bcex 7 (cM. puM.) U ee cpel-
Hee 3HaYeHHue, Pe3yJIbTaThl 3aHeCuTe B TaduiLy 1.
Tabnuua 2

D | 000 | 001 | 002 | 003 | 0,04 | 0,05 | 0,06 | 0,07 | 0,08 | 0,09

0,0 | 1,000 | 0,977 | 0,955 | 0,933 | 0,913 | 0,891 | 0,871 | 0,851 | 0,832 | 0,813

0,110,794 | 0,776 | 0,759 | 0,741 | 0,724 | 0,708 | 0,692 | 0,676 | 0,661 | 0,646

0,2 | 0631 | 0,617 | 0,603 | 0,589 | 0,575 | 0,562 | 0,549 | 0,537 | 0,525 | 0,513

0,3 0501 | 0,490 | 0,475 | 0,468 | 0,457 | 0,447 | 0,437 | 0,427 | 0,417 | 0,407

0,4 | 0,398 | 0,389 | 0,380 | 0,371 | 0,363 | 0,355 | 0,347 | 0,339 | 0,331 | 0,324

05| 0,316 | 0,309 | 0,302 | 0,295 | 0,288 | 0,282 | 0,275 | 0,269 | 0,263 | 0,257

0,6 | 0,251 | 0,245 | 0,240 | 0,234 | 0,229 | 0,224 | 0,219 | 0,214 | 0,209 | 0,204

0,7 10199 | 0,195 | 0,191 | 0,186 | 0,182 | 0,178 | 0,174 | 0,170 | 0,166 | 0,162

0,8 | 0,158 | 0,455 | 0,151 | 0,148 | 0,145 | 0,141 | 0,138 | 0,135 | 0,132 | 0,120

090126 | 0,123 | 0,220 | 0,117 | 0,115 | 0,112 | 0,110 | 0,107 | 0,105 | 0,102

1,0 | 0,100 | 0,098 | 0,095 | 0,093 | 0,091 | 0,089 | 0,087 | 0,085 | 0,083 | 0,081

Ilpumeuanue. B nepBom croslue TabIUIbl JaHbI 3HAYECHUS! ONTHYE-
ckoii otHoct D wepes 0,1, a B BepXHel CTpOKE MOMEIIEHBI €€ COTHIE
nonu. Ha mepeceueHnn CTPOKH CO CTOJOIOM MPHBOMSTCS COOTBETCTBYIO-
mue 3HaueHus: KoddduuueHta npomyckanus. IIpu OThICKaHMM 3HAYEHUH
ONTUYECKOW IUIOTHOCTH, COOTBETCTBYIOIIMX 3HA4YEHUsIM Ko3(dduumentos
nponyckanus, MeHbmux 0,081, cHavyana yBenu4bTe JaHHBIA KOA(POUIUEHT
nporyckanus B 10 pa3, 3aTeM HaiiuTe 3HaUEHUE ONTHUYECKOW TUIOTHOCTH,
COOTBETCTBYIOILIEE MTOTYYCHHOMY KO3((UIIMEHTY NMPOIMYCKAaHHUS, U K 3TOMY
3HAYCHUIO TIPUOABLTE EIUHUILY.

3. Paccumraiite /s Bcex 3HaueHWid D ee aOCONIOTHYIO MOTpeli-
Hocte 1o opmyne AD=D,, —D HaiinuTe cpeanee 3HadeHne AD ,

e |5
pe3ybTaThl 3aHeCUTe B TaOIUIy 1.

Ipumeuanue. Ecin B pesynpTare pacuera aOCONIOTHOW MOTPELIHO-
CTH ONITUYECKOW TNIOTHOCTH MOTyYaeTcst Hylb, To npumure AD =0,01.
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4. Tlo cpegHnM 3HAYCHUSM ONTHYECKOU IIJIOTHOCTH Dq) IUIST BCEX

M3BECTHBIX KOHIECHTPALMA C y4eTOM aOCONIIOTHOH ee MOTPelIHOCTH IOo-
cTpoiite rpaayupoBounsiii rpadguk D = f(C).

5. OrMmeThTe Ha rpaduke TOYKY, COOTBETCTBYIOIIYIO CPEIHEMY 3HA-
YEHUIO ONTHYECKOH MIIOTHOCTH PAacTBOPa HEM3BECTHON KOHIICHTPALIUH.

6. OtMmeThTe Ha rpaduke HHTEPBAI CpeaHEH aOCOIFOTHOH IOrpeli-
HOCTH ONTHYECKOH IUIOTHOCTH PacTBOpa HEU3BECTHOM KOHLIEHTPAIIHH.

7. Omnpezaenute 1o rpaduKy 3HadeHHEe KOHIEHTpaluu pacteopa C

OITYCTHB MEPIEHINKYIISAP Ha COOTBETCTBYIONTYIO KOOPAHHATHYIO OCh.

8. Omnpenenure no Tpaduky abCOTIOTHYIO MOTPEUNTHOCTh KOHIICH-
Tpauuu pactBopa (cM. mpuMmep Ha cTp. 15).

9. Ompenenute OTHOCHUTENBHYIO IOTPEIIHOCTH OIPENENeHUsT KOH-
[EHTPAIUH HEU3BECTHOTO pacTBopa 1o Gopmye:

E. =25 100%.
T C

X

10.Pesynprar sanmmmure B Buge: C=(C, £AC )%, E. =..%.

11.CnenaiiTe BBIBOJ IO pe3yJibTaTaM pabOoTHI.
KoHTposbHbIE BONIPOCHI

1. Yro Ha3pIBaeTCs SBICHHUEM IOTJIOMICHHS CBETA BEIIECTBOM?

2. Yto Takoe MHTEHCUBHOCTH cBeTa? B KakuxX eIuHUIax OHa WU3Me-
pserca?

3. KakuM 3aKkOHOM OIUCHIBAETCS SIBJICHUE TIOTJIOMICHUS CBETa Bellle-
ctBoM? CHopMyITUpYIHTE €ro U 3alUIINTEe MATeMaTHYECCKH.

4. B yewm 3akimouaetcs (U3NIECKHA CMBICT KO3(duImenHTa morio-
meHusi? B kakux eAMHUIAX OH U3MEPAETCs U Kak 0003HavaeTcs?

5. Uro HaszwiBaeTcs ko3¢ ¢uimeHToM npomnyckanus? B kakux emm-
HUIIaX OH U3MepseTCs U Kak 0003HadaeTcs?

6. Yto Takoe onTHuecKas MIOTHOCTH? B Kakux equHMIIAX OHA U3Me-
psieTcst u Kak o603Havyaercs?

7. Chopmynupyiite u 3anuimTe 3akoH bepa.

8. Cdopmynupyiite u 3anummure 3aKoH byrepa-JlamGepra.

9. U300pa3ure ONTHYECKYID CXeMy (OTOIICKTPOKOJIOPUMETPA H
pacckaxuTe Ha3HAYEHUE €r0 OCHOBHBIX YaCTEH.

10.B uem 3aximoyaeTcsi METOJ, ONpEIETeHNs] KOHLEHTpAUK Belle-
CTBa B pacTBOpE (HOTOIEKTPOKOIOPUMETPOM.
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JlaGopaTopHasi pagora Ne 5

OIIPEJEJIEHUE KOHOEHTPAIIUU CAXAPA
B PACTBOPE CAXAPUMETPOM

Llenv pabomoi: U3yIUTH O0IINE 3aKOHOMEPHOCTH TIOJIIPU3AINH CBE-
Ta; O3HAKOMHUTHCS C YCTPOWCTBOM WM MPHHIUIIOM PabOThl CaxapuMETpa;
OTIpeZIeTTUTh KOHIIEHTPAIINIO caXxapa B PacTBOPE W YENBbHYIO MOCTOSHHYIO
BpaIlleHus caxapa.

Obopyoosanue: caxapuMeTp, KIOBETHI C paCTBOPaMH caxapa.

OcHoBHbIE TEOpeTHYCCKHE CBCACHUSA

CBeToBOE M3ITy4YeHUE SBIISETCS YacThO IIMPOKOTO CIEKTpa 3JEKTPO-
MAarHUTHBIX BOJIH. JJIeKMpOoMacHUmMHOU 60]HOU HA3BIBACTCS NEPEMEHHOE
MAarHUTHOE U 3JIEKTPUYECKOE IMOJISL, B3aUMHO MOPOXKAAIOIIMNX APYr Apyra U
pacrpocTpaHsAlIasca B MPOCTpaHCTBE. M3 3IEKTpOMarHUTHOW TEOpUU
CBETa CJIEAYET, UTO CBETOBBIC BOJIHBI nonepeyHvl. B KaXK0i TOUKe Ha JIn-
HUU PacIpOCTpPaHEHUs] TAKOH BOJHBI, MEPIEHANKYISPHO HAIPABICHUIO €&
pacrpocTpaneHus (NOTMepEK) COBEPINAIOT KOJICOAHUS JIBE GeKMOpHble Xda-
pakmepucmuKy; HANpPSHKEHHOCTh JJIEKTPHYECKOTO TONA E W HMHIYKIHS

MarauTHOro 11015 B . Bexroper E u B B3anMHO MEPHEHIUKYIAPHBI MEXIY
coboii (puc. 1).

BexTop HanpspKeHHOCTH 3JEKTPUUECKOTO TI0MIS HAa3bIBAIOT C8EeMOBbIM
6exmopom, Tak Kak ¢u-
3uonioruueckoe,  (oroxu-
MHUYEcKoe, (OTOIEKTpHU-
YECKOE U JPYrUe IEHCTBHS
CBETa BBI3HIBAIOTCS KOJIe-
OaHUSIMM 3TOTO BEKTOpA.
I'ma3 denoBeka Tak e

Puc. 1. Cxema snexmpomacHumnoui 0aHbl BOCIIPUHUMACT TOJIBKO
ANIEKTPUYECKYID  COCTaB-

JISIFOILYIO AIEKTPOMArHUTHOW CBETOBOM BOJIHEI.

Ceer mpencTaBisier coO0OH CyMMapHOE 3JIEKTPOMAarHUTHOE HM3Tyde-
HUE MHOXKECTBAa aTOMOB HMCTOYHHKA CBETa. ATOMBI H3Ty4alOT CBETOBEIE
BOJIHBI HE3aBUCUMO JPYT OT ApYyra, IO3TOMY CBETOBas BOJHA, U3JIydaemas
TEJIOM B IIEJIOM, XapaKTEPU3yeTCsS BCEBO3ZMOXHBIMU PAaBHOBEPOSTHBIMHU KO-
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neOGaHUSIMU CBETOBOTO BeKTOpa. CBET CO BCEBO3MOXXHBIMH HATPABICHUSIMH
KoJIeOaHU# CBETOBOTO BEKTOPA Ha3bIBaeTCs ecmecmeentvim (puc. 2 a).

ConHile, JaMIbl HaKaJlMBa-
HUS, PTYTHBIC JIAMIIbI, JIAMIIBI JTHEB-
HOTO CBETa SIBJISIOTCS UCTOYHUKAMHU
ectecTBeHHOro cBeta. CBeT, B KOTO-
pOM HampaBJcHHS KOJeOaHUH CBe-
TOBOTO BEKTOpa YIOPSIOYCHBI Ka-
KUM-TTH00 00pa3oM, HA3bIBACTCS 1O-
aspuzosannvim (puc 2 6). Ecnu xo-
ne0aHus CBETOBOTO BEKTOPA MPOMC-
XOJSIT TONLKO B OMHOW TUTOCKOCTH,
CBET HA3bIBAIOT HJIOCKONOAAPU3O-
sanuviM. [ImockocTh, B KOTOPOH
MPOUCXOST KOJICOAHUSI CBETOBOTO BEKTOPA, HA3BIBACTCS MIOCKOCHbIO HO-
nspusayuu (puc.3).

[Nonspuzaiysi cBeTa MPOUCXOAUT NPU OTPAKCHUU CBETA OT MOBEPX-
HOCTH JTUDJICKTPUKOB, MPHU MPEIOMJICHHUA B HHUX, a TaKXe MPU MPOXOXKJIe-
HHUH CBETA Yepe3 HEKOTOPbIe KPUCTAILTHI (KBapIia, TYpMaIrHa, UCIaHICKOTO
mmara). OJTH BELIECTBA, Ha3BaHHbBIC nosipuzamopamu (nonspoudamu),
MPOIYCKAIOT KOJeOaHusl, mapajule]dbHble TOJBKO OAHOW IMIOCKOCTH (TLIOC-
KOCTH TIOJISIPU3AIMK), W MOJHOCTBIO 3a/IePXKUBAIOT KOJICOAHUS, MEPICH U~
KYJISIPHBIC TOH MIOCKOCTH.

E

-

E

- ——————— >
o

Puc. 2. Konebanus ceemosoco
6EKMOPA 8 €CNECMBEHHOM (@) U
noaspuzosanHom (6) ceeme

IIpu IIOIIaJaHUH

€CTeCTBEHHOI0 CBeTa Ha
TpaHMLly  JU3JEKTPHKOB
(puc. 4) mpeIoMIIEHHBIN U
OTpaKeHHBIE CBETOBBIE
BOJIHBl OKAa3bIBAIOTCS 4Ya-
CTUYHO  TOJIIPU30BAHHBI-
MHU.
CreneHp NONApU3aLUU OT-
PaKEHHOTO JIyya MEHSETCS
npu HW3MEHEHHWH yria Ta-
nenus. CymiecTByeT yroiu

nnhipsndron AoNIoTU

Puc. 3. Ilonapusoeannas éoana u nioc-
KOCMb NONAPU3AYUU
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NajeHus, TpH KOTOPOM
OTPa)KEHHBIM Jy4 OKa3bl-
BAaeTCs MOJHOCTBIO TMOJIfA-
PU30BaHHBIM, a TIPEIOM-
JICHHBIN MaKCHMaJIbHO
BO3MOXXHO. DTOT yTOJI Ta-
JICHUsI Ha3bIBACTCA )2ioM
noAHOU noasApusayuY I
yenom bpiocmepa o).

VYron bprocrepa MOXHO
OTIPENICNIUTD IO OOHOUMEH-
Homy 3akxony bpiocmepa: ecnm yronm mameHust paBeH yriy bprocrepa, To
OTPa)KEHHBIM U IPEJIOMIICHHBIA JIydd B3aUMHO IEPIECHIMKYJSPHBI, NpU
9TOM TaHTEHC YTJIa TIOJIHOW MOJSPU3aIMK PABEH OTHOLICHUIO a0COIIOTHOTO
MOKa3aTens MPEIOMICHHS BTOPOW cpenbl K aOCOIIOTHOMY MOKAa3aTero
MPEIOMIICHUS IEPBOM:

Puc. 4. Honapusayus ceema npu ompadice-
HUU U NPeIoMIeHUU

n
_ 2
tgaEp - (1)
nl
rae N, 1 N;— abCOMIOTHBIE TIOKA3aTeNH MPEIOMIICHUST BTOPO U TIEPBOM cpelt

COOTBETCTBEHHO.

I'ma3 He oT/IMYaeT eCTEeCTBEHHBIN CBET OT MOJISIPU30BAHHOTO, TIO3TO-
My TIOJIIPU30BAHHBII CBET OOHAPYKUBAETCS IO SIBICHUSM, CBOWCTBEHHBIM
TONbKO eMy. [lonmsipu3oBaHHBIA CBET MOXKHO ONPEAEIUTH HPU MOMOIIH
oObraHOro mosspusaropa. Ilonspuzaropsl, npeaHasHauYEHHBIE I HCCIe-
JIOBaHMS TMOJIAPU30BAHHOTO CBETA, HA3BIBAIOTCS aHAJM3aTOpaMH, T.€. OIHH
U TOT K€ HOJSAPOUA MOXHO HMCIOJIB30BaTh U Kak MOJISIPU3ATOP, U KaK aHa-
JM3aTop.

Ionsipuzanust cBeta B MOJSIPOMJAX MOAUMHSETCS 3aKkoHy Manioca:
€CJIM €CTECTBEHHBIH CBET MPOXOIUT 4epe3 JBa MOJSIPU3YIOMHUX MpHodopa,
TUIOCKOCTH TIOJIAPU3aLMU KOTOPBIX PAcHojararoTcsi ApYyr K Ipyry IHOA yr-
JIOM ¢, TO MHTEHCHUBHOCTb CBETA, MPOIYIIEHHOTO TaKoi cucteMoi (puc. 5)
Gy/eT MPOMOPIHOHATEHA COS ¢, TIPH STOM B MEPBOM IOJISPH3ATOPE CBET
TepsieT MOJIOBUHY CBOEH MHTEHCUBHOCTH:

ecm

1
Izz-l .cos’a=1,-cos’ &, 2

rae | — MHTEeHCHBHOCTD TMOJIIPU30BAHHOTO CBETA, MPOIIEIIIETO MOJspH3a-
TOP W aHAJTU3aTOoD;
locn — THTEHCUBHOCTH €CTECTBEHHOT'O CBETA;
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|0 — UHTCHCUBHOCTD IMOJAPU30BAHHOI'0 CBCTA, MPOMICAIICTO MMOJAPU3ATOP,
o — Yyroj MEXAy IJIOCKOCTAMHU IMOJIIPpHU3AMU aHAJIM3aTopa U IOJIApU3aTopa.

Puc 5. IIpoxooicoenue ceema uepes cucmemy noasipu3amop-aHaiu3amop

Eciu miockocTd mosspu3aiiy aHaIn3aTopa U moJisipu3aropa mapaji-
nenbHEI (=0, 7, 27), To U3 3akoHa MaJroca ciemyer, 9To 4epe3 aHan3a-
TOp MHOPOXOAUT CBET MAKCUMAJIbLHO BO3MOKHOM HMHTeHCUBHOCTU. Ecim
TUTOCKOCTH TIOJISIPU3AIMN aHATH3aTopa U MOMAPU3ATOPA MEePIECHANKYIISAPHBI
(=72, 37/2), TO uepe3 aHATM3ATOP CBET MPOXOIANTH He OYIET COBCEM.

WVHTEeHCHBHOCTh CBETa HE MMEET TOYHOTO OMPEACICHUS. DTOT Tep-
MHH TPUMEHSIOT BMECTO TEPMHHOB CBETOBOH IMOTOK, SPKOCTb, OCBEIICH-
HOCTB M JIp. B TE€X CJIydYasx, KOTJa HECYIIECTBEHHO MX KOHKPETHOE COaep-
JKaHWE, a HY)KHO MOJYEPKHYThH JIMIIb OOJBIIYIO WIM MEHBIIYI0 HX abco-
JFOTHYIO BEJIMYMHY. B ONTHKE Yalle BCEro uHmeHCUSHOCMbvio céema Ha3bl-
BAIOT MOIIHOCTh HU3JIyYESHHUS Yepe3 MOBEPXHOCTh SAMHHUYHOM TUTOIIA/H, T. €.
OHEPTHUI0 M3JIYy4YCHHUSA, NPOXOJAAINYI0 3a CAUHUIY BPEMCHH 4YC€PE3 IMOBEPX-
HOCTh CIMHUYHOU IUIOMAAX. B 3TOM ciiydae equHHWIIA WHTCHCHBHOCTH B
CU: [11=1 B/™M* (6amm na keadpammsiii memp).

ITpy IPOXOXKAEHUM MOJAPU3OBAHHOTO CBETA Yepe3 HEKOTOPhIE KpH-
cTayybl (KBapl, KMHOBaph M JIpyrHe), a Tak *e 4Yepe3 pacTBOPHI caxapa,
MOYEBHHBI, OCJIKOB TUIOCKOCTh KOJICOAHU# MOBOPAYMBACTCS HA HEKOTOPBIH
yroi @. DTO sSBJIEHHE HA3BIBACTCS 8PAUCHUEM NIOCKOCIMU KOLeOAHUT oS-
puzoeanno2o ceéema. BelecTBa, Bpallaioliie IUIOCKOCTh MOJIAPU3AIINH,
Ha3bIBAIOTCS] ONMUYECKU AKMUGHBIMUL.

s GONMBIIMHCTBA ONTHYECKH aKTUBHBIX KPHUCTAUIOB OOHAPYKEHO
CYIIECTBOBAHHE JBYX MOIM(DHUKAIMH, OCYIIECTBIISIONINX BpaIeHUE II0C-
KOCTH TIOJISIPU3AIMK 10 9acOBOM CTpeiike (IIPaBOBPAIIAOIIME) W MPOTHB
(;eBoBpalaromre) i HabIroaTels, CMOTPSIIETO HABCTPEUY JIydy.

B pacTBOpax yrois moBopoTa IJIOCKOCTH IMOJSIPH3AIIMH MTPOTIOPIIHO-
HaJICH TOJIIIMHE PAacTBOpa M KOHIEHTPAIMU ONTHYECKH aKTHBHOTO BEIlle-
CTBa:
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p=¢,1-C, 3)
TJie @, — YAeTIbHAS TIOCTOSTHHAS BpaIICHHUS;
| — TommuuHa pacTBOpa,;
C — KOHIIEHTpaIIXs ONITHYECKH aKTHBHOTO BEIIECTRA.

Qu3uueckuii cMulcl YACIBHON NOCTOSHHON BpalleHUs 3aKIIF0YAETCA
B TOM, YTO OHA TOKAa3bIBAET, Ha KAKOH Yroj IMOBOPAYHMBAET IUIOCKOCTB TIO-
JISIPU3AIMHA OTNITHYECKH aKTUBHOE BEIIECTBO ¢AMHHYHON KOHIICHTPALINH MPH
MPOXOKICHUN CBETOM EJMHUYHOW JUTMHBL. B 00meM ciydae oHa 3aBUCHT
OT TeMIIepaTypbl pacTBOpPa U OT JJIMHBI BOJHBI MPOXOMAIIETO Yepe3 pac-
TBOD CBETa.

Enununia uamepenust yaenbHoi moctosHuo Bpamenus B CU: [pg]=1
pan/m% (paduan Ha memp-npoyenm).

B mpou3BOACTBE MIMPOKO KCIONIB3YyeTCS MexayHapoaHas caxapHas
mikana, B kotopor 100 °5=34,62 ° yrinoBeiM. C y4eTOM 3TOr0 €IUHUIA U3-
MEPEHUs YICIIbHOM MOCTOSHHON BpAIICHUS MOXET OBITh MPEACTABICHA B
Buze: [¢o]=1°S /Mm% (epadyc caxaproii wikanvl ha memp-npoyenm).

Oo0ocHoBanue MeToAa

SIBeHMe BpallleHUs IUNIOCKOCTH KOJICOaHUM MOJISIPU30BAHHOTO CBETA
WCIIOJNIB3yeTCA JJIs ONpeNeNeHNs] KOHIIEHTpallud ONTHYEeCKH aKTHBHOTO Be-
IIECTBA B PACTBOPAX IPH MOMOIIYM NPHOOPOB, HA3bIBAEMbIX NOLAPUMEMPA-
mu. TonspuMeTpsl, mKaja KOTOPBIX MPOTpagyupoBaHa B eAMHULAX Mex-
JIYHapOJHOW caxapHOM IIKAJIbl, HAa3bIBAIOTCS CAXApUMEmMpamu.

OmnpeneneHue KOHLEHTpPALUU PACTBOPOB caxapa IpU MOMOIIY MOJIs-
PUMETPOB M CaxapuMETPOB IMPUMEHSETCS MPU MCCIEIOBAHUIX B CEIBCKOM
XO3SICTBE, B JTA0OpATOPHIX XUMHUYECKOH, MUIIEBOU, HE(YTIHOW TPOMBIIII-
JIEHHOCTH.

IIpocTteimuit noasipumMeTp (puc. 6) COCTOUT U3 ABYX MOJSAPU3ATOPOB,
MCTOYHHUKA CBETAa U YCTPOMCTBA I U3MEPEHHS YTIJIOBBIX BEJINYHH.
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UCMOYHUK

@ ceema

noaapusamop

ONMuUYecKu
AKMugHoe
geujecmeo

asaiusamop

Puc. 6. Cxema npocmetiwezo nonspumempa

[Monsipu3aTopsl mepen Ha4aloM HW3MEpPeHUIl yCTaHABIMBAIOT TaKHM
00pa3oM, 4TOOBI HX TUIOCKOCTH TOJISIPH3alMU ObUIH B3aMMHO MEPIICHANKY-
aspHbl. [Ipu 3TOM cBeT uepe3 cucreMy HONAPU3ATOP-aHAIU3ATOP HE IMPO-
XO/IUT, U HaOIIOaTeNb BUIUT TEMHOTY. ECIM MexXmy IBYMS MONSpU3aTO-
paMU TOMECTHUTh ONTHUYECKH aKTHBHOE BEIIECTBO, TO TIOJIC 3PEHHS IPO-
CBETIIACTCSA. JTO MPOUCXOIUT MOTOMY, YTO aKTUBHOE BEIIECTBO MMOBOPAYH-
BaeT IUIOCKOCTH TOJISIPU3AINY CBETA, BRIIICANIETO U3 TIEPBOTO MOJISPU3ATO-
pa Ha yroi ¢. B pe3synbraTe, 4acTh cBeTa MPOXOAMUT aHAIN3ATOP, H HAOIIO-
JIaTellb MOXKET 3TO 3aMeTUTh. YTOOBI CHOBA TIOJIyYHTh TEMHOTY, HYXKHO I10-
BEPHYTh aHAJIM3aTOP MPOTUB HAMPABJICHHUS BPALICHUS TUIOCKOCTH IMOJISIPH-
3al[MM Ha YTOJI PaBHBIM YTy BpamleHUs ¢. YTOJI TOBOPOTa aHAM3aTopa
JETKO MOAMAETCS M3MEpPEeHUIo. 3Has YAETIbHYI0 MOCTOSHHYIO BpPAIIEHUS
BEII[ECTBA M TOJIIMHY PacTBOpa ONTHYECKH aKTHBHOTO BEIIECTBA, MOXKHO
1o gopmysie 3 onpenenuTh KOHIIEHTPALUIO PacTBOPA.

YacTo mpu M3MEpEeHUSX KOHIEHTPALWH ONTUYECKH aKTHBHBIX Be-
IIECTB B PacTBOpAx y/elbHas MOCTOSHHAS BpAICHUS HEM3BECTHA. B 3TOM
cllydae B3sSB pacTBOP M3BECTHOW KOHIEHTpamuu C,., STOTO K€ BEIeCTBa,
OIIPEAECIISIOT MOJISIPUMETPOM YTOJI IIOBOPOTA IIOCKOCTH TOJISIPU3AINHN STHM
PACTBOPOM @55, @ YAEIBbHYIO HOCTOSIHHYIO BpPAllE€HHs (), BBIYUCIAIOT W3
bopmyssl (3):

g, =B @
C,. 1

Jlis HaXOoXKJIeHUs] KOHIIEHTpallud Heu3BecTHOro pactsopa C,, ¢ Io-
MOIIIBIO TIOJIIPUMETPA ONPEICIISIOT YroJl BPAICHUs IUIOCKOCTH TOJIsipU3a-
[IMM CBETA 3TUM PacTBOpoM ¢,. Mcnonb3ys dopmyssl (3) u (4), pu ycio-
BUH PAaBEHCTBA TOJIMHBI pacTBOpoB |, onpenensitor C, mo popmyie:
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c =c .. (5)

X use
use

[Ipu TakoMm ompeneneHUN KOHIEHTPAIIMW HEU3BECTHOTO PACTBODA,
KaK BUAHO U3 (opMyisl (5), 3HaHWE YHCICHHOTO 3HAYEHHUS yNETbHON TO-
CTOSIHHOM BpAI[CHHSI M TOJIIUHBI CJIOs, BPAIAIONIETO ILIOCKOCTh MOJISPH-
3alliM BELIECTBA, HEOOA3aTENBHO.

Onucanue yCTAaHOBKH

B pabote s onpeneneHus yaenbHON MOCTOSHHON BpaIlleHHs caxa-
pa W ero KOHIIEHTPAIlMH B PacTBOpPE HUCIOIB3YETCS CaxaphuMeTp YHUBEP-
canbHbiii CY-4. IlpuHnunuaibHas cxema caxapuMeTpa Ipe/iCcTaBlIeHa Ha
pUCYHKeE 7.

'—l6 7

8
—
1 2 3 %
4
Puc. 7. llpunyunuanvnas cxema noiymeHnegoz2o caxapumempa
HcenenyeMoe BEIIECTBO S5 NMMOMEUIAETCS] MEK/Y ITOIYTEHEBBIM I10JIs-
pHU3aTOPOM, COCTOSALINM U3 ABYX IMOJIOBUH 3 u 4, u aHanuzatopoM 6. [Ipo-
MyCKaHHE aHaJIM3aTopa MEHSAETCS B COOTBETCTBHHU C 3aKOHOM Mastroca Mmpu
U3MEHEHUH yIJ1a MEKAY IIOCKOCTBIO MOMISIpU3aIiy aHaIu3aTopa 6 U mioc-
KOCTBIO MOJISIPU3ALINY TTAAI0IIEro Ha HETo CBETa.
Hcnonb3oBaHue IOIyTEHEBOTO
11 11 I noJsipuzaTopa 3 u 4 00yCIIOBICHO TEM,
O YTO YCTaHOBKAa OOBIYHOTO MOJSPU3a-
TOpa Ha TEMHOTYy HE MOXET OBITh
a) 6) 8) OCYILIECTBJICHa JOCTaTOYHO TOYHO. B
IMOJIYTCHEBLIX IIOJIApU3aTOpax IIPOU3-

Puc. 8. Buo nona 3penus 6 caxa-  BOAWTCS YCTaHOBKAa HE Ha TEMHOTY, a
pumempe c noiymeHesviM nojisl-  Ha PABEHCTBO OCBEILIEHHOCTEH JBYX
puzamopom nonoBuH moned 3penus [ um I

(puc. 8a). I'ma3 yenoBeka OYCHb YYBCTBHUTEJICH K HAPYIICHUSM PaBEHCTBA
OCBEIIIEHHOCTEH JIBYX COCeNHUX ToJiel (puc. 8 6, 8), IOSTOMY C IIOMOIILIO
MIOJIyTEHEBOTO YCTPONCTBA MOJIOXKEHUE TUIOCKOCTH TOJSIPU3AIMUA MOXKET
OBITH YCTaHOBIICHO C TOpa3/io OOJIbIIeH TOYHOCTHIO, YeM MyTEM YCTaHOBKH

MOJISIpU3aTopa Ha TEMHOTY.
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W3mepenne yria BpalleHUs CBOJUTCS K IMOBOPOTY IJIOCKOCTH IMOJIA-
pHU3ALMY aHAJIU3aTOPa IO BU3YAJIbHOI'O BBIPABHUBAHUS SIPKOCTEH IBYX MO-
nosuH ToJist 3penus | u Il (puc. 8 a), HabnrogaeMbIX B 3pUTENBHYIO TPYOY 7
(puc. 7). 3mepsieMblii YToJl CYMTBIBAETCS CO IIKAIBI OTCYETHOTO YCTPOU-
ctBa 8. KoHJIeHCOp 2 CITY)KHUT ISl CO3/[aHuUs MapaJuIeIbHOTO MyYKa CBETa OT
HCTOYHHUKA 1.

[Tepemerienne AByX MOJIOBHH mojsipu3aropa 3 u 4 (puc. 7) Apyr oT-
HOCHTENBHO Jpyra (GUKCHUPYETCS MO OTCUHTHIBAIOIIEMY YCTPOHCTBY, IPO-
rpagyupOBaHHOMY B €IMHHMIIAX MexXTyHapOIHOUM caxapHOW IIKaJblL.

CHATHE TOKa3aHWM 10

0.05'S OTCUHTBIBAIOLIEMY YCTPOUCTBY
E]
i MOsICHSIETCST Ha pucyHke 9.
100 75 -0+ 50 751
' 1 I'pamychl OTCUMTBHIBAIOTCS TIO
“ ’II' OCHOBHOM  HIDKHEH  IIIKaJie

30
(muMOy), HmecAThie M COTHIE

JOJH — 110 HOHUYCY, PacIoiio-

JKEHHOMY HaJ| OCHOBHOM IIKa-

Puc. 9. Cuamue nokazanuii c omcuumei-  yoil. Ha pucynke 9 mokazaHo

8aiOWe20 YCmMpocmea caxapumempa MOJIOKEHNE OCHOBHOM MIKAJIbI

1 HOHHUYCA, COOTBETCTBYIOIIEE

orcuety +19,55°S (Hynp HOHHMYyCa pacroJioKeH MpaBee IIKaiabl Ha 19 mo-

HBIX JIeJICHUH, U B MPaBOH YacTW HOHMYCA C OJHUM W3 JAEJCHUHN ILIKAJIbI

COBMELIAETCs ero oAuHHaauaroe aenexue. Lena nenenus nonuyca 0,05 °S.
Ha mikane HoHMyca (BepXHAA IIKaNa) YKa3aHbl yKe COThIE I0JIU Tpajgyca.

Buemnnit Bug caxapumerpa CY-4 u ero opraisl yHIpaBJIeHUs] H300-

paxkens! Ha pucynke 10.

|....'|'.u|}.mH..u.nlf 0 .huwft',m ||

1 — oKyJsIp OTCUMTHIBAIOLIETO
YCTPOMCTBA;
2 — u3MepuTeNnbHas TOJIOBKA,
3 — KIOBETHOE OT/EJICHNUE;
4 — moBOpoTHAsI 000HMa;
5 — OCBETUTEIBHBIN y3el;
6 — KHOTIKa BBIKITIOYATEIIS;
7 — py4Kka pe3ucropa;
5o 8 — pyKosITKa KIIMHOBOTO KOM-
./Jw IIEHCATOoPa;
9 — 3puTenbHas Tpyoa;
10 — kroBeTa C pacTBOPOM.

Puc. 10. Yempoticmeo caxapumempa
Ccy-4
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Ilopsinok BhINOTHEHHS PAadOTHI

1. IloaroroBrTe Ta6m/1uy AJId 3alMCU pe3yJIbTaTOB I/I3MCI)CHPII711

Ne | Quser | APuser | s | A9y | Cxy | AC,, | Ecy, ¥, Ago, | Epo,
wo| S S S| S| % | % | % | Su%| Sm%| %
1
2
3
4
5
Cp.

2. TloaroroBwpTe yCTaHOBKY K padoTe:

a) ycTaHOBUTE pyuky pesuctopa 7 (puc. 10) B kpaiiHee momosxe-
HHE BpaIlleHUEM MPOTHB YaCOBOHM CTPEJIKH JI0 YIIopa;

0) BKITFOUUTE ITHYP AJIEKTPOIUTAHUS caxapuMeTpa B CETh;

B) BKJIFOUMTE KHOITKOW 6 OCBETUTEID;

I') ycTaHoBUTE 000iMY 4 B mosioxkeHne «C» (CBETOQUIBTD);

1) YCTAaHOBHTE OKYJISIP 3PUTENBHON TPyObl 9 Ha MaKCHMAaIBHYIO
PE3KOCTh M300pakeHUsI BEPTHKAIBLHON JIMHUM pa3ziena Moje
CpaBHEHMUS,

€) YCTaHOBHUTE OKYJISIp OTCUYETHOrO YCTpoiicTBa 1 Ha MakcHMalb-
HYIO PE3KOCTh M300pa)KCHUs ITPUXOB U (P MIKaJIBl U HO-
HUYCAa;

) YCTAHOBUTE PYUKOH pe3UCTOpa 7 TaKyrO SIPKOCTh TIOJIS 3pEHHS,
IpU KOTOPOH HanOoJee YeTKO BOCIIPHHUMAETCSI pa3HHLA B SIp-
KOCTH TOJIEH CpaBHEHUs, €CIIM CMECTUTh HOHMYC Ha OJIHO Jie-
JICHHE C HYJICBOTO MOJIOKEHUSI.

3. CMOTpst B OKYJISp OTCUMTHIBAIOILErO YCTpOHCTBa | mpoBephTe

HYJIEBOW OTCYET, PHU HEOOXOAMMOCTH COBMECTHUTE HYJIEBOE JICJICHHE OC-
HOBHOMW IIKAJIbl C HYJIEBBIM JICJICHUEM HOHMYCHOM IIKAJIbI, BPAIlICHUEM PY-
KOSITKH KJIMHOBOTO KOMITeHcaTopa 8.

4. YcraHoBuUTE KIOBCTY C pacTBOpOM HM3BECTHOU KOHOCHTpaluu B

KIOBETHOE OTIEJIEHUE 3.

5. Bpamennem pyKosSTKH KIHMHOBOTO KOMIIEHCAaTopa 8 MpOoTHB Yaco-

BOM CTPEJIKM ypaBHANUTE APKOCTH MOJICH CpaBHEHHS COTJIACHO PUCYHKY 8 a.

6. HpOI/BBC,Z[I/ITe OTCUET IOKA3aHUH 110 IIKAaJIe U HOHHYCY COTJIaCHO

pucyHKY 9.
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7. 3anuimTe 3HAYCHUE (),,; B TAOIUILY.

8. YcraHOBHTE KIOBETY C PacCTBOPOM HEU3BECTHOW KOHIICHTPAIIUHU B
KIOBETHOE OT/EJICHHUE 3.

9. Bpamennem pyKoATKH KJIMHOBOTO KOMIIEHCAaTopa 8 MpoTHB Yaco-
BOW CTPEJIKH YpaBHAUTE SIPKOCTH MOJICH CPaBHEHHMS COTIIACHO PUCYHKY 8 a.

10.TTpoun3BeauTe OTCUET MOKA3aHUH MO MIKAIEC U HOHUYCY COTJIACHO
pHUCyHKY 9.

11.3anumure 3HaYCHHUE @, B TAOJIUILY.

12.TToBTOpUTE M3MepeHus 1o myHkTam 3-11 emé 4 pasa.

O0padoTka pe3y1bTaTOB U3MEpPEeHU

[To popmymne (5) onpenenure C, U KaXKAOTO OIIBITA.
Onpenenure cpeaHee 3HAYCHUE (56, Oy, C.

Omnpenenute A¢,;, 1 Ap, METOIOM CPEAHETO 3HAUCHHUS.
Onpenenure OTHOCUTEIBHYIO M a0COJIOTHYIO MOTPEIIHOCTH W3-
mepernit C, o hopmynam:

Ec. :%4‘%; AC =E.-C,.
Duse P,
5. 3anmmuTe pe3ynbTaTh B TaOIHITY.
6. Ilo dpopmyne (4) ompenenure @, It Kaxaoro omsita. [lpu pacue-
tax npumure 1=0,189 m.
7. Omnpexenute cpenHee 3HAYCHUE (.
8. Omnpenennure OTHOCHTENBHYIO W aOCOJIOTHYIO MOTPENIHOCTH H3-
MepeHui ¢, 1o Gpopmynam:
E(p0 = % + A_I
Duse
ITpu pacuerax npumute Al=0,001 m.
9. 3amummTe pe3ynbTaThl B TAOJHILY.
10.KoHeuHBIi pe3ynbTar NpeacTaBbTe B BUJIE:

C.=(C, +AC,_)%;

cp xcp

E. =.%

x

AqDO = (¢Ocp iA(”Ocp) QS/M% ;
E, =..%.

)
11. CnenaiiTe BBIBOJI IO MPOICTIAaHHOM padoTe.

el NS

Ay =E, -9,.
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KoHTpoJbHBIE BONIPOCHI

[Nonsapusanueii ceera Ha3bIBaeTCH. .. ?
B gem oTimune ecTecTBEHHOTO U MOJISIPH30BAHHOTO CBETa?
Kak oTanuuTh €cTeCTBEHHBIN CBET OT MOJIIPU30BAaHHOTO?
VYkaxuTe crocoObl HOTy4eHHsI MOJSIPU30BAHHOTO CBETA.
Kaxoit yron naseiBaetcst yriom bproctepa?
Chopmynupyiite u 3anuimmTe 3akoH Maioca.
BpamenneM miockocTy MoMspU30BaHHOTO CBETA Ha3bIBACTCA. . .7
OT 4ero 3aBUCHT YToJI OBOPOTA MIOCKOCTH MOJISIPH3aLUH?
. Kakue BemecTBa Ha3bIBarOTCS ONTHYECKH AKTUBHBIMU?
10 OT KakMX IapaMeTpoB 3aBUCHUT YIOJI IIOBOPOTA MJIOCKOCTH TOJIfA-
puzanun?
11.Kakwue sBIeHHS MTOJI0KEHBI B OCHOBY TMOJISIpAMETpa?
12.Pacckaxute IpUHITUT TEHCTBHS OISIPUMETPA.
13.B uém oTinuMe noJiipuMeTpa U caxapuMerpa?
14.Yto Ha3LIBalOT MHTEHCHBHOCTLIO CBETA, M B KAKUX €IMHHUIAX OHA
u3mepsercs B CU?

©CoNooA~WNE

JlaGopaTopHas padora Ne 6
H3YYEHUE CIIEKTPOB HCIIYCKAHHA HAI'PETBIX TEJI

Ilenv pabomoer. M3yuuTh TUHEWUYATHIA CIEKTP HCIyCKaHHUS PTYTH,
ONPEAETUTh HEN3BECTHOE BELIECTBO METOAOM CIIEKTPAIILHOTO aHAJIN3a.

Obopyooeanue. MOHOXpPOMATOp YHHBEpCalbHbI YM-2, pryTHas
nammna [1PK, namna ¢ uccnenyemMpiM U3ITydeHUEM.

OcHoBHbIE TEOpETUYCCKHE CBCACHUSA

Cnexmpom ucnyckauus Ha3bIBAeTCS COBOKYIHOCTbH JJIMH BOJIH (4a-
CTOT), HAa KOTOPBIE MOKET OBITH PA3JIOKEHO CIIOKHOE M3TyueHHE, UCITyCKa-
€MO€ BEIIEeCTBOM. /3/1yueHue — 3TO TPOIIeCC UCITyCKAaHMsI U pacipoCTpaHe-
HUSI SHEPTUU B BUJIC BOJIH M YACTHIL.

CriekTphl UCIycKaHusl 00pa3yroTcs B pe3yibTare Mepexoia eKTpo-
HOB B aTOMax C OJTHOTO YPOBHsI SHEPTHUU Ha JIPYTOH.

CocrosiHUE 2JIEKTpOHa B aTOMe onuchiBaeTcsi ypaBHenueM [IpeanH-
repa. [IpumMeHeHne ero Kk aToMy BOJOPOAA MO3BOJISIET MOJYYHUThH BhIpake-
HHE JJ11 BO3MOXKHBIX 3HAaY€HUI SHEPTUU:
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— mee4 .i (1)
" T ghe nt
rme M, € —Macca | 3apsil JIeKTPOHa,
h — mocrostnuas Ilimanka;
&, — TIEKTpUUecKas MOCTOSHHAS;
n=1, 2, 3, ... — rIaBHOE KBaHTOBOE YHCJIO (HOMEP OpOUTAIN JICKTPO-

Ha).

3HaK MHHYC TIOSIBIISIETCS B CBSI3U C COTJIAILICHUEM O TOM, YTO SHEPIHUs 3JIeK-
TpoHa Ha OOJBIIUX PACCTOSHUAX OT SApa paBHA HYIIO.

Bripaxkenue (1) mo3BosisieT onpenensTh YHEPTHI0 JIIEKTPOHA B CTa-
[IMOHAPHBIX COCTOSHUSX, T. €. COCTOSHUAX, B KOTOPBIX aTOM HE H3ITy4aeT.

Uro0ObI aTOM Haval U3IydaTh, €T0 HAJ0 MEPEBECTH B 8030VHCOeHHOE
cocTosiHue. s mepeBoja aToMa B BO30Y>KIEHHOE COCTOSHHE eMy Heo0Xo-
JUMO cOOOmMUTH 3Hepruto. Ilepexon aToma B CTallMOHApHOE COCTOSIHUE C
MEHBIIEH SHepruel OyneT COMpOBOKAATHCS M3ITyYCHHEM KBaHTa, OIperie-
JSIEMOTO BBIpa)KEHUEM:

hv=E, —E (m>n) 2

no
I7Ie V —4acToTa U3JIy4eHHUS,
E, u E, —»>3Heprus ypoBHell c HomepamMu N 1 M.

Keanmom Ha3bIBacTCd MUHUMAJbHAsE OPLMS HEPTUH, KOTOPOU 00-
JaJaeT CBETOBAs YacTHUIIA — OMOH.

IloncraBuB 3HaueHust >Hepruu w3 BeIpaxkeHus (1) B (2), momyuum
(bopMyIty, O3BOJISIONIYIO PACCUUTATh 3HAUYCHUE SHEPrUu (POTOHOB B CIEK-
Tpe U3IyYeHHs aTOMa BOAOPOJIA!

me* (1 1
hv=—-°_.| =—— 1|, (m>n 3
v 8h%g} (nz mzj (m>n) @)

C
win (C y4eToMm Vv :Z’ r1e C — CKOpPOCTh CBETa B BaKyyMe€) BO3MOJKHBIE

3HAYEHHS COOTBETCTBYIOIIMX JJTHH BOJIH (A ):

1 1 1
TRA'[FW]’ @
e4
rie R, = 8hgj — nocrostHHas Punbepra ms aroma Bojopoa.
0
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[ony4yennoe Beipaskenue (4) HazpiBaeTcs hopmynoit bansmepa. Uucnennoe
3HaueHHe NOCTOsHHOM Pundepra B CU: R, =1,097-10" m™ (memp 6 mumnyc

nepeoii cmeneit).

[ToxcraBnsist pa3nuyuHble 3HaYeHUs N ¥ M B dopmyiay (4), MOKHO
paccuuTaTh BC€ UIMHBI BOJH HU3IYYEHHUS] BOAOPOAONOAOOHBIX aTOMOB (T.€.
aTOMOB ¥ MOHOB C OJTHUM 3JIeKTpoHOM). [Ipu 3TOM miHHBI BOJH 00pa3yroT
CheKmpanvhvle cepuu, COOTBETCTBYIOLINE KaXXIOMY 3HAYEHUIO N.

Cepus ciekTpaidbHBIX JIMHUM, OTBEUAIOUINX 3HaYeHUI0 N =1, Ha3bl-
BaeTcs cepueit Jlaiimana. JIuHum 3TON cepuu pacmoOXKeHBI B yIbTpaduo-
JIETOBOM 00JIaCTH CTIEKTPa 3JEKTPOMArHUTHBIX H3ITyUCHHH.

IIpu N=2 pa3nuuHble 3HAYEHUs] M NAIOT AJIUHBI BOJH, OOJIBLIMH-
CTBO M3 KOTOPBIX PACIIOJIOKEHO B BHIUMOH OOJIACTH CIIEKTpa. DTa Cepus
HasbIBaeTcs cepueil bansmepa.

Jluanm octanmpHBIX cepuit (s N=3, 4, 5, ...) mexar B uHpaxpac-
HOW 00JIaCTH CIIeKTpa W Ha3bIBatoTCs cepusmu [lamena, bpakkera, [1dhyrna
COOTBETCTBEHHO.

HaGop ypoBHeli SHepruu MOXeET ObITh MOKa3aH Ha 3HEPreTHUCCKON
nuarpamme (puc. 1). [1o BepTHKaIM OTKIIBIBAIOTCS JUCKPETHBIC 3HAYCHHUS
snepruii E,. I'opuszoHTanmbHble mpsiMble (UKCHPOBAHHBIX 3HaueHUd E|

0003HaYar0T CKa‘-IKOO6pa3HBIC NepeXoabl JJICKTPOHA B aTOME€ H3 OAHOIO
CTAallMOHAPHOI'O COCTOSHHUSA B APYTOC. CTpCHKI/I BHHM3 O3HAYarOT UCITYCKaHUC
KBaHTa CBCTA C COOTBCTCTBYIOIINM YMCHBIICHUCM SHCPTUU aTOMA.

CHQKTpaﬂBHBIe NEepexoabl BO3BMOKHBI CTPOr0 MEKAY ONPCACIICHHbI-
MH YPOBHSIMU DHEPTHU. Huxakmux MMPOMEKKYTOYHBIX INEPECXOAOB B aTOMEC
OBITH HE MOXKCET, T. €. HC MOXCT OBITH M KBAHTOB CBETA C MNPOMEIKYTOYHBIMHA
3HAYCHUAMU SHCPIUH, a 3HAUYUT U ITPOMEIKYTOYHBIX 3HAYCHHH YacTOT.

n E 5B

T T -0.38

S~ g

T
I MCegm TIdyHna ’ -0,54
ll\ Cepust BpakkeTa -0,85
A’
37 Cepus [Nammena 1151

2 AL i
“ Cepus batsMepa 3,40

1 Cepu JlaliMana

-136

Puc. 1. Duepeemuueckas ouazpamma 31eKmpoHHbIX Nepexo008
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ATOM BoZIOpoJa sIBIIsieTCA Haubosee mpocThiM aToMOM. CIEKTPHI U3-
Jy4eHUs] JPYTruX aTOMOB MOTYT TaKkKe OBITh Pa3/iesIeHbl Ha CEPHH, OJHAKO
3aKOHOMEPHOCTH, KOTOPBIM OHM [TOTYHHSIOTCS, TOpa3Ao CIOKHEE.

CnekTpel HUCHYCKaHHS JENSATCS Ha JHMHEHYaTble, MOJOcaThle U
CIUIOLIHBIE.

Jluneiiuamole cnekmpul UCIYCKAOT BO30Y>KICHHBIE aTOMBI I'a30B U
napoB MeTauioB. OHU COCTOSAT M3 PE3KO OYEPUEHHBIX LBETHBIX JUHHM,
pa3AeICHHBIX TEMHBIMU IPOMEXKYTKaMH.

Ilonocamvie cnexmpbl UCIYCKAIOTCS BO30YKICHHBIMU MOJICKYJIaMH
BemiecTB. OHM TOXO0KM Ha JIMHEHUYaThle, HO BMECTO JTMHUK HaOIOAAIOTCS
L[BETHBIE TI0JIOCHI, 3aHUMAIOLIIEe HEKOTOPBIN AUaNa3oH JUIMH BOJIH.

Harpetsie 10 BBICOKOH TemmepaTypbl TBEpIbIE Tela H3Iy4arOT BO
BCEM JHAaIa30HE AJIMH BOJH U JAIOT CHIOWHOU CHEeKmpP.

O0ocHoBaHue MeTOAA

JInneuartsie CIICKTPHI pa3HbIX XUMHUYCCKUX 3JICMCHTOB OTJIMYAIOTCA
JIpyr OT ApYyra IO YUCIY U PACIOJIOKEHUIO JIMHUN. [[Is KaXK10T0 BelecTBa
JIMHENYaThl CIEKTP UHIUBUIYAJICH U HET JBYX OJMHAKOBBIX JIMHEHUYATBIX
CIICKTPOB IJId pa3HbIX BCIICCTB. DTO CBOWMCTBO HCIOJIB3YCTCA B CIICKTPAJib-
HOM aHaJu3e.

CnexmpanvHbiM aHanu30M HA3BIBaeTCS (U3UIECKUNA METOJ Ompere-
JIEHUSI XUMHUYECKOT0 COCTaBa BEIECTB IO UX CIEKTPaM.

PasnnuaroT Ka4eCTBEHHBIN M KOJIWMYECTBEHHBIN aHaIN3. 3agadei xa-
4ecmeeHHo20 CNeKMpPAaIbHO20 AHANU3A SIBISIETCSl YCTAHOBJIEHUE BCEX XU-
MUYECKHX JJIEMEHTOB, M3 KOTOPBIX COCTOHUT HCCIeAyeMbrid oOpaser. OHa
pemacTcd MmyTeéM U3MEPCHHA NJIMH BOJIH CICKTPAJIBHBIX JIMHUN H3JIYUYCHHUA
BCILICCTBA U OTOXKACCTBJIICHUA UX II0 Ta6HI/IHaM C OIIpE€ACIICHHBIMU XUMUYC-
CKUMHU 3JIEMEHTaMH. B 3amauy xonuuecmeennozo cnekmpanvHo20 auaiusa
BXOJUT ONPENEICHUE KOHUEHTpPAlU XUMHUYECKHUX 3JIEMEHTOB, COJAEpKa-
UXCa B BEHIECTBEC — UCTOYHHUKE U3ITYUCHUS. OTOT aHanu3 IIPOU3BOJUTCA
MyTeM U3MEPEHUS WHTECHCUBHOCTEH CIEKTPAJIbHBIX JIMHUN NaHHOTO HJie-
MEHTa U MOCIEAYIOMIETO CPABHEHUSI UX C MHTEHCUBHOCTSIMU TEX K€ JTUHUMI
B 00pa3max ¢ U3BECTHON KOHIICHTPAIMEH TOTO JKe dJIEMEHTA.

CrieKTpasibHBIN aHaTN3 B IMOAABIISIONIEM OOJIBITUHCTBE CITy4aeB TOY-
Hee, ObICTpee M UyBCTBUTEIbHEE XUMUYECKIX METOJIOB M IIOATOMY IIUPOKO
IMPUMECHSCTCA B COBPEMEHHOM IPOU3BOACTBE U B HAYYHBIX MCCIICAOBAHUAX.
Oco0yi0 pojib UrpaeT CIEKTPAIbHBIM aHaIW3 B acTPo(H3HMKE: 3/1eCh 3TO
€IMHCTBEHHBIN 3KCHEPUMEHTAIbHBI METOJ| ONpEACNCHUS XUMHUYECKOrO
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COCTaBa B CTPOEHMH 3B€3/1. B ceNbCKOM X034HCTBE, HAIPUMED, ONPEACIAIOT
KOJIMYECTBO MUKPOIIEMEHTOB B ITOYBE, PACTCHUAX U KOpMaXx.

Pa3znuuaroT aTOMHBIM M MOJIEKYJISIPHBIM CIIEKTpalbHBIM aHanu3. B
000MX cly4asx aHaJh3 MOXET MPOBOJUTHCS IO CIEKTPaM H3Iy4eHHs H
TOTAAa OH Ha3bIBACTCA IMUCCUOHHBIM. AHAIM3 IO CIEKTPaM IIOIJIOMIECHUS
UMEHYETCS abCOpOYUOHHBIM.

CriekTpbl HM3My4YeHHS! aTOMOB OOBIYHO TOJNYYAIOTCSI MPH BBICOKOM
TEeMIIEpaType UCTOYHHMKA CBETA, MPU KOTOPOH MPOMCXOIUT UCIAPEHHUE BeE-
IIECTBA, PACILEIVICHUE €0 MOJIEKYJ Ha OTIENIbHBIC aTOMBI M BO30YyKAECHUE
aTOMOB.

OueHb 4acTo OKa3bIBaeTCA BaXKHBIM, YTOOBI B MpOIIecCe aHan3a MO-
JIEKYJIbl HE U3MEHSIM CBOEH CTPYKTYpHL. B 3TOM cilydae CHEKTpBI Tydlle
u3y4arb B noraouieHuu. [Ipu abcopOLMOHHOM aHalu3e CBET OT HCTOYHHKA
CO CIUIOIIHBIM CIIEKTPOM IIPOITyCKAIOT Yepe3 UccleayeMoe BemecTso. 1lpu
3TOM 4acTh CBETOBOM SHEpruu OyneT n30MpaTebHO MOTJIOMATECS aTOMaMH
WIN MOJIEKyJlaMH BellecTBa. B pesynpTare Ha (pOHE CIIIOIIHOrO CIEKTpa
MOSIBATCS TEMHBIE JINHUU U MOJ0CH! nornomenus. 1o nonoxenuto, crpyk-
Type u Ko3(pPHUIIUEHTY MOTIOMEHHS dTUX JTUHUNA MOXHO Y3HaTh COCTaB M
CTPOEHHE UCCIEAYEMOTO BELIECTBA.

Onucanue yCTAHOBKH

i criekTpaiabHOro aHajau3a MCIONbB3YIOT CHelHaNbHble TPHOOPHI —
CIIEKTPOCKOIIBL, crieKTporpadel. Cnexmpockonsi TO3BOJISAIOT HAOIIOAATh
UCCIIEIyEeMBbIH CHEKTP, cnekmpozpagul — 3anuchiBaTh ero. OZHUM U3 BUJIOB
CHEKTPOCKOIIOB M CHEKTporpad)oB SBISIIOTCI MOHOXPOMAaTOpPBl — CIEK-
TpajbHbIE TPUOOPHI, NMpeJHa3HAYCHHBIE Ul BBICICHUS MOHOXpOMAaTHYe-
ckoro u3nyueHus. [lo crocoOy MomydeHus CHeKTpa CIeKTpalbHble Mpruoo-
PBI AensaTca Ha QU pakMOHHbBIE U TUCTIEPCHOHHBIE (Tpu3MeHHbIe). PaboTta
JTUQPaKIMOHHBIX TPHOOPOB OCHOBAaHA HA SIBJICHUH TU(QPaKIUK CBETa, pa-
60Ta MPU3MEHHBIX — Ha SBJICHUH TUCTIEPCHUH.

Lucnepcueii céema Ha3bpIBa€TCA 3aBUCUMOCTD IMOKA3aTeNsl MPEIOM-
JIeHUs BEIECTBa OT JJIMHBI BOJHBI Hajaromero usnyuenus (puc. 2). C yue-
TOM 3TOTO M3 33aKOHA IIPEIOMIIEHHs CIEIYeT, YTO COCTaBJIAIOLINE Oesblil
CBET BOJIHBI Pa3IMYHbBIX UIMH, OyIyT OTKJIOHSATHCS MPU3MOIl Ha pa3HbIE yT-
JIBI, YTO NMPUBEAET K MOSBICHUIO CIIEKTPA.
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KpacHBbIi

SKENTHIN

dHoneToBsIit

=
=

Puc. 3. Onmuueckas cxema mono-
xpomamopa YM-2

90°

Puc. 4. Xo0 nyueii céema uepes
npusmy Aooe
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B at10i1 pabore nmpumeHsieTcs
MPU3MEHHBI YHHUBEPCAIBHBIM MO-
HOXpoMmatop YM-2, onrudeckas
CXeMa KOTOpOro IpeJCTaBleHa Ha
pucyske 3.

CBeT OT HCTOYHHKA IPOXO-
JIUT Yepe3 BXOAHYIO wienb 1, ycra-
HOBJIEHHYI0O B (hoKyce 0OBeKTHBa
KOJIZIUMAaToOpa 2, CO3JAIOLIEro Ia-
paINIENbHBIM My4YoK M, Jajiee, Ha
JUCHEPTUPYIOMUN  3JIEMEHT
npmMy A06Oe 3, CKIeeHHyH wu3
Tpex MpHU3M, OJIHA U3 KOTOPBIX H3-
MEHSET HampaBieHHE BXOJSIIETO
ay4a Ha 90° (puc. 4).

Ha BxongHOU rpaHu mpu3Mbl
B CHJIy JUCHEPCUH JIy4Hd pa3iud-
HBIX JJIUH BOJIH MIPEJIOMJISIOTCS TI0-
pasHOMY, U TOJIBKO MapajulesIbHBIN
My4OK CBETa OJHON JIJIMHBI BOJHBI
BBIIIET U3 MPU3MBI BJOJb ONTHYE-
CKOHM OCH NIPHUEMHOHN YacTu Mpuodo-
pa. lloBoporoM mHpU3MBI MOKHO
BBIBECTH Ha ONTHYECKYIO OCh IpPHU-
0opa MoCIenoBaTEeIbHO JIyYH BCEX
JUIMH BOJIH.

AXpoMaTHUECKHIl BBIXOJTHOU
00BbeKTHB 4 mpoenupyer u3ydae-
MBII CHEKTP B OKYJISIp 3pUTEIbHOU
TpyOHI 6.

[nst BbLmeneHus nay4a, WUIy-
HIEr0 BOJb ONTUYECKON OCH MpHU-
O0opa, B (OKAIBLHOW IUIOCKOCTH
00BeKTHBa KaMephl YCTaHaBINBa-
eTcsl uraa 5, CUIydT KOTOPOH BH-
JIEH 4epe3 OKYJsIp BMECTe ¢ HM300-
POKEHHUSAMHU CHEKTPATbHBIX JTHHHUNA

(puc. 5).



Puc. 5. Buo nons 3penus oxyasipa ¢ Habopom
CHNEKMPANbHbIX JUHUL U USTIOU-YKA3amenem

Puc. 6. Buewnuil 6uo monoxpomamopa

Oommit B
MOHOXpoOMaropa |
€ro OpraHel yIpaBs-
JIeHWsl TOKa3aHbl Ha
pucyHKe 6.

Ceer oT wuc-
TOYHMKA TONaJaeT Ha
BXOHYIO IIEJb KOJI-
mumartopa 1, mupuny
KOTOPOl MOKHO U3-
MeHsITh OapabaHom 2.
Hns MEePEKPBITHS
CBETOBOTO  TOTOKa,
WAYIIET0 B  MOHO-
XpoMarop,  MEXAy
BXOJHOW INENBIO H
00BEKTHBOM  KOJUIU-
MaTopa yCTaHOBJICHA
LITOpKa, 3aKpbIBae-
Masi TIOBOPOTOM pyd-
Ku 3 Ha KopIyce
mpubopa (Ha pydke
Haamucun  «OTKp» —
«3akpy). Buyrtpu

MOHOXpOMaropa
HaxomuTcs AMcCHep-
rupymomas npusma 4,
yCTaHOBJICHHAasi  Ha

CTOJIMKE (Ha PUCYHKE HE MOKa3aH), KOTOPBI OBOPAYMBACTCS C MOMOIIBIO
pryara BpamieHueM Oapabana 5. Ha Gapabane HaHeceHBI JIeeHus sl Tpa-
JYHPOBKH MOHOXpoMaropa 1o cnekrpy (umkana 6). bapaban cHabxeH yka-
3areneM 7. OOBEKTHB KOJUIMMATOpa MEepeMEeNIaloT MOBOPOTOM BHHTA 8 cO
mkanoid 9. M3yyaemslii cnextp HaOmronmaercs B okymsap 10 B ompase 11
3pHUTENBHOM TPyObl. OCBEIIEHHE UITIBI-yKa3aTellsl OCYIIECTBIISACTCS JTaMITOH
HaKaJMBaHHs Yepe3 CMEHHbIE CBETO(QHIBTPHI B PEBOJILBEPHOH ompase 12
(pacronoskeHbl HajJ OKYJsipoMm). [ peryJMpoOBKM OCBEILCHHMS yKa3aTels
Ha OCHOBaHMH NpHOOpa ycTaHOBJIEeH peoctaT 13 ¢ BhIKIItoUYarenem 14.
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IHopsinok BbINOHEHNs PadOTHI

1. HOI[I‘OTOBI)TG Ta6m/1uy IJIA 3alTMCHU PE3YJIbTAaTOB!

Tabmuna 1
DeMeHT lBer muauu  |[{nmaa BomHBl A, HM| OTcuer OapabaHa
¢$uoaeTOBBII 404,7
(hHOJICTOBBIH 407,8
CUHUH 4347
CUHUH 435,8
roayoon 491.,6
3eJICHBIN 546,1
Pryrs (Hg) JKEIITBIA 577,0
JKEIITBIA 579,0
OpaH)XeBBIT 612,0
OpaH)KeBBIN 617,6
KpacHBIN 623,2
KpacHBIN 690,7
Uccnenyemsrit

2. Ha penbce BOMM3M BxomHOU mIeidi YM-2 yCTaHOBHTE KOXKYX C
pTyTHOU namnoi. Bxuirrounte 6110k muTanus namnsl B ceTb 220 B, Tym6nep
Onoka mepeBeanTe B nojokeHue «Bxumy. s 1oCTHXKEHHST MaKCUMaIbHOM
SPKOCTH PTYTHOH JIaMITbl TOTpeOyeTcs HeKoTopoe BpeMs (3-5 MuH).
BHUMAHME! Pmymnas namna napsoy ¢ 6UOUMbIM CEEMOM U3LYYAEm
yaempaghuonem, 8pedHvill 01 2aa3. Bo usbexcanue 0dco206 cemyamiu
enasa, 1amna noMewena 6 Henpo3padnbli GYmisap ¢ OKOUKOM, HanpaeieH-
HbIM 6 CMOPOHY wjenu MoHoxpomamopd. Pmymuas namna - mowmviil uc-
mounux cgema. Bo epema pabomuer 6 namne paszsusaemcs 60avuioe dagie-
HUe, NOIMOMY 00pawamscsi ¢ Hell ciedyem 0CmMopOdICHO.

3. TocraBbre mropky 3 B nojoxkenue «OTKp». Y CTAaHOBUTE BUHTOM
8 Ha mxane 9 doxycupoBku o0bekTrBa aeneHue «10». C nomouipo MUK-
POMETPHYECKOT0 BUHTA 2 YCTaHOBHUTE IIMPUHY BxoaHo# memu 0,01 — 0,02
MM.
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4. BxutounTte OJOK MUTAHUS UIJIbI-yKa3aTels B CETh (HAXOIUTCA 3a
MOHOXpPOMATOpOM), TyMOyep OJoka NMHUTaHUS TIEpEeBEANTE B IIOJIOKEHHE
«Bxm».

5. BkimounTe MOACBETKY UIJbI-yKa3aTelsl BbIKIouaTeneMm 14, ycra-
HOBHUTE KEJAeMbIil CBETOQHILTP TTOBOPOTOM OIPAaBhl 12 M OTperynupynTe
SIPKOCTB TIOJICBETKU peocTaToMm 13.

6. HaGmronas uepes OKyJsip 3a CIIEKTPOM, BBIBEIUTE C IOMOLIbIO Oa-
pabana 5 B mojie 3peHust HanOolee APKYIO KeITyI0 ABOWHYIO JIMHUIO (IIyTI-
JIeT) ¥, IOBOpPAuMBasi ONpAaBy OKYJsIpa, IOJYYHTE HETKOE H300pakeHue
CIEKTPaJIbHOW JIMHUU M WIJbI-yKa3arensd. lIpu mnpaBuinbHOU HacTpolike
npubopa Bce TMHHUMU CIIEKTPa AOJDKHBI OBITH POBHO H SIPKO OCBeLICHHL. Eciu
JKENTHIA AyONeT He HaOIoMaeTcs, HE0OXOAUMO M3MEHUTh IIHPUHY BXOJ-
HOU ILIeJTM C TOMOIIBI0 MUKPOMETPHUYECKOTO BUHTA 2.

7. HaBenute uriy-yka3aTelb Ha MEPBYIO cripaBa (HUOJETOBYIO JIU-
HUIO ¢ TIOMOIIbI0 OapabaHa 5, yCTAaHOBUTE yKa3aTeNb / B HAYajo IIKAaJbI
Oapabana.

8. Orrpagyupyiite MoHOXpomaTop. s 3Toro, Bpamias GapabaH 5
BO BCEM MHTEpBAJIC €0 X0/a, OTMEThTE U 3aHecUTe B Tabmuily 1 momoxe-
HHE yKa3aTess / 10 IKajie 6 1 BceX HHTEHCUBHBIX CIIEKTPaJIbHbIX JIMHUH
C yKa3aHHOW JUIMHOW BOJIHBI (puc. 7). Ilpu rpaayupoBKe KaKAyrO CIEK-
TpaJbHYIO JIMHUIO BBICTABISHTE HANPOTWUB WIJbI-yKazaTens. [logBoanThb
KaXIyl0 JIMHUIO K yKa3aTelio CIEAYeT TOJBKO C OZHOM CTOPOHBI, YTOOBI
n30eKaTh MOTPENTHOCTH 3a cUeT JrodTa Oapadbana.

K o X 3 g C @

77.0 5461 4916

Puc. 7. Cnexmp pmymu

9. BeiximounTe pTyTHYIO JIaMITy.

10.YcraHOBUTE HANPOTHUB BXOIHOM IIEIM MOHOXPOMATOpa JIaMIly ¢
UCCIIETyeMbIM UCTOUHUKOM H BKITIOUHTE €€ B CETh.

11.Bpamenuem Gapabana 5 nepeBeanTe ero yka3aTeiab IPUMEPHO Ha
CepeIMHY IIKAJIBI.

12.BpanienueM BHHTA 2, YCTAHOBHUTE IMHPUHY HICTH, IPH KOTOPOH
HaOJII01aeTCsl YeTKUI CIIEKTP.
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13.bapabanoM 5 ycTaHOBHTE UIITy-yKa3aTellb 4yTh IIpaBee HaOmrona-

€MOT'0 CIICKTpa.

14.Bpaienuem Gapabana 5 BeIBEAUTE MOCICIOBATEILHO, HAUUHAS C
KpaliHel IpaBoi, yka3aHHbIC CTPEIKaMU Ha PUCYHKE 8 JIMHUH HA yKa3aTellb

Y 3aITUIIUTE OT4eT OapabaHa B Tabmmiry 1.

P A R
T T P I

Puc. 8. HUzyuaemwiti cnexmp

15.BBIKTFOUATE BCE IIEKTPUIECKIE TPHOOPHL.

O0padoTka pe3yJbTATOB H3MEpPEHUIl

1. IlocTpoiiTe rpagynpOBOYHYIO KPUBYIO (3aBUCHMOCTH OTCUeTa Oa-

pabana ot jumHbI BosHbl) N,

= f(4).

2. Tlo rpamynpoBOYHON KPHBOH OMpEICIUTE AJMHBI BOJIH JIMHUHA HC-
CJIelyeMOr0 HCTOYHHKA M 3aHECUTE Pe3yNIbTaThl B TabUIy 1.
3. CpaBHuTE MOJyYEHHBIE 3HAUYEHUS C NPUBEIECHHBIMU B Tabiuue 2
U OIIPENIENNTE, KAKOMY 3JIEMEHTY OHU COOTBETCTBYIOT.
4. CpenaiiTe BHIBOJ, B KOTOPOM HAIMIIUTE, IOYEMY CIEKTP UMEHHO

3TOro 37eMeHTa Bol Ha6J'IIOILaJ'II/I.

Tabmuua 2

OJ1eMeHT

JnvuHa BomHEI A, HM

Heon
Ne

640
638
614
594,5
585,2
540
533
503

Hatpuit
Na

616
615,4
539,0
539,6
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MIPOJIOJDKCHUE TaOIHIIBI 2
DJIeMEeHT JmHa BOTHBEI A, HM
Tenuii 706,5

He 658
586
502
492
471
447
403
389

KOHTpOJ'IbeIe BOITIPOCHI

. Uto Ha3bIBaeTCs CIIEKTPOM UCIYCKaHUs?
. Kakoro Buja ObIBarOT CIIEKTPHI?
. OOBsICHUTE IPOUCXOKACHUE CIIEKTPOB.
. OOBsicHUTE YCTPOUCTBO M MPUHLMII padOTHl MOHOXPOMATOPA.

5. B dem 3akirodaercs rpanydpoBKa MOHOXpOMATOPa, M Ul KaKUX
Helneit NCnoib3yeTcs TpalynpoBOYHbIH rpaduK?

6. Haueprure 3HEpreTHUECcKylo AuMarpaMMy aromMa BOAOPOJAA U IIO-
KaXHTE CTPEJIKaMU IIEPEX0/Ibl, COOTBETCTBYONME cepusaM Jlaiimana, bainb-
Mepa, [TameHa.

BN -

JlaGopaTopHas padora Ne 7
HCCIIEJOBAHHE BAKYYMHOI'O @®OTO3JIEMEHTA

Lenb padomwr: 03HAKOMUTHCS C YCTPOMUCTBOM U MIPUHIUIIOM €U~
CTBHSI BAKYYMHOTO (POTORIIEMEHTA; M3Y4UTh BOJIBT-aMIIEPHYIO U CBETOBYIO
XapaKTePUCTUKU BaKyyMHOT'O (DOTO3JIEMEHTa; ONPEAEIIUTb TyBCTBUTEIIb-
HOCTB (hOTORJIEMEHTA.

Oobopyooeanue: nadoparopusiii ctena «lccnenosanne ¢GoTode-
MEHTa.

OcHoOBHBIE TEOpPeTHYECKHE CBEAeHUs

SAsnenue porosrpdexra (homosghghexm) BOZHUKAET MPH B3AUMOJICH-
CTBHH BEIIECTBA C MAJAIONIMM HA HErO SJIEKTPOMATHUTHBIM HU3TYYCHHUEM.
PaznuyaroT BHETHMI U BHYTPeHHUH HOTOIPPEKT.
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Brewmnum ¢homoaghpexmom HazpIBaeTCs SIBICHUE BBIPBIBAHUS 3JIEK-
TPOHOB M3 BENIECTBA MO/ JICHCTBHEM ITaJJAIOIIETO Ha HErO CBETa.

Buympennum gomosgpghexmom HazpIBaeTCs SBICHHE YBEITUUCHUS
KOHIICHTPAIIMK HOCHUTEJICH 3apsiia B BEIICCTBE M YBEIMYCHUS DIICKTPOIIPO-
BOJIHOCTH BEIIIECTBA MO/ IeHicTBUEM cBeTa. YAaCTHBIM ClIy4aeM BHYTpEHHE-
ro ¢otoddexra SBISICTC 8eHmubhbll pomoapgexm — IBICHUE BOZHUK-
HOBCHHMS TOJT JCWCTBUEM CBETa JICKTPOABHKYIICH CHIIBI B KOHTAKTE JBYX
Pa3IUYHBIX MTOJYTIPOBOHUKOB WITH MOJYTIPOBOIHUKA U METaIA.

Baemmamit  doTodddext
o611 oTKpEIT B 1887 1. I'. 'epuem,
a MccuenoBaH aeTanpHO B 1888-
1890 tr. A. I'. CromeroBbIM.
OOBsCHUTH 3aKOHOMEpPHOCTH
BHemHero ¢oroaddekra ynaa-
jgock B 1905 rony A. DiHIITEH-

HY.

CTOneTOB MPOBOAMI CBOHU
OTIBITHI HA YCTaHOBKE, CXeMa KO-
TOpOY MOKa3aHa Ha pucyHke 1. B
CTCKJISTHHBIN OaJJIOH, U3 KOTOPO-
ro BBIKaYaH BO3IYyX, IOMEIIa-
JMCh J1Ba dnektpoaa — katoxa (K)

+

| 1]
1 1

Puc. 1. Cxema ycmarnosxu 011 Habio-

OeHust HeuHe20 pomosghghexma

I u avon (A4). K karoay moaBoaui-
CSl OTPHUIIATENBHBIN MOTEHIUAN, K
aHOLy  —  IOJIOKHMTEJbHBIM.

Iy t—--- BuyTps GajioHa uepes KBapiie-

BOE CTEKJIO, MPOITYCKAIOIIEE YiIb-
TpaduOIETOBOEC U3ITyYECHHE, CBET
momagan Ha karop (K). ITomasae-
MOE Ha JJICKTPOJBI HAIpsHKCHUE

__/ U3MEHSJIOCh  TTOTEHIHOMETPOM
Us 0 Uy U (1) m u3MepsIIOCh BOJIBTMETPOM
(V). Mox neiicTBreM cBeTa KaTox

Puc.2. Bonom- amnepnas xapakmepu- ~ MCIHYCKaIl SJICKTPOHBI, KOTOPBIC

cmuka npu eHewnem pomospghexme  3AMBIKAIN LEIL MEXKIY SJIEKTPO-
JnaMu, U1 Muumamnepmetp (MmA)

¢uKcupoBan HaaW4YMe TOKAa B LEMH, HA3BaHHOTO ¢omomokom. Ilo moiy-
YEHHBIM 3HAUEHUSM CHJIBI TOKA M HAIMPSDKEHUS MEXKAY 3JEKTPOJAMU CTPO-
wicst rpadguk 3aBucuMoct cuiibl ortoroka or Hampsokenus | = f(U),
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Ha3bIBAEMBIN gosbm-amneprol xapakmepucmuxou. CxeMaTHYHBIN rpaduk
BOJIBT-aMITEPHOM XapaKTepUCTUKH IPpH BHeITHEM (hoTodddekTe moka3an Ha
pUCYHKE 2.
[Ipu OTCYTCTBUU HANPSHKEHUS MEXKIY ICKTPOAaMH (POTOTOK OTIIH-
YeH OT HyJL. DTO MOXHO OOBSCHUTH HAIMYHEM Y HEKOTOPBIX (HOTOAIEK-
TPOHOB TPH BBUIETE KHHETHUECKOW SHEPTUU 0€3 YCKOPEHHUS UX dIEKTpUYe-
ckuM miosieM. [Ipu yBenuueHWM HANPsHKCHUS MEXIY KaTOIOM M aHOIOM
(OTOTOK TaK e YBEIMYUBACTCSA. DTO CBSI3AHO C TEM, UTO NPH yBEIHUCHUN
HANpPSDKEHUS YBEUYNBACTCS CKOPOCTh BBIOUTHIX M3 KaTona ()OTOIIEKTPO-
HOB U 32 €IMHUIY BpeMeHH Bc€ OoJbliiee WX KOIMYECTBO JOCTUTAET aHOa.
[Ipy HEKOTOPOM 3HAUYCHHMHU HANPSDKCHUS MEXIY 3JIeKTponamu (Hanpsioice-
nuu Haceiuygenuss (Un)) crma GoToToKa mepectaet 3aBUCETh OT HAIPSHKEHHS
U ocTHraeT 3HaueHus moka Hacviujenus (1 ). Cuna GoroToka HackIICHHS
OTIpeJIeIIsIeTCS BHIPaKEHUEM:
_ Onax 1)

L, ,

t
rae O, = N-€-1 — MakcuManbHbIl 3apsij, MEPEeHOCHMBIIl (HOTOINEKTPO-

HaMU;
N — gncino (HoTOIIEKTPOHOB, BBUIETAOIINX C MTOBEPXHOCTH OCBEIIae-
MOTO MeTajljia 3a €ANHUILY BPEMCHHU;
€ — 3apsi ANIEeKTPOHa;
t — Bpems.

Ilpu ¢oToTOKE HAChIEHHS! BCE JIEKTPOHBI, MOKMHYBIIME 3a 1 ce-
KyH/y TIOBEPXHOCTb METalIa, 3a 3TO e BpeMs MomnajaroT Ha aHox. [Tosto-
My 1o cuiie ()OTOTOKA HACHIIMIEHUS] MOXKHO CYIUTh O YHCIEe (OTOIIEKTPO-
HOB, BBUIETAIOIIUX C KaTO/A B €AUHUILY BPEMEHH.

Ecnu kaTog coemuHHUTH € TOJOXKHUTENBHBIM TOJIIOCOM HCTOYHHKA
HaNpsDKEHUS, a aHOJ| — C OTPHULIATENBHBIM, TO B 3JIEKTPOCTATUIECKOM IT0JIe-
MEXIY JIEKTPoAaMH (OTOIIEKTPOHBI OYyIyT TOPMO3ZUTHCS, a cuia (OoToTO-
Ka YMCHBIIATHCS NPU YBEIMYCHWH 3HAYEHHUS HTOTO OTPULATEIHHOrO
HanpspkeHus. [Ipu HEKOTOpOM 3HAUCHHWH OTPHUIATENBHOTO HANpPsDKEHUS
(U3), Ha3BaHHOM 3a0eporcusarowum HanpsiceHuem, POTOTOK MpeKpaIaeT-
cs1. [Ipu sTom pabota 3a1epKUBAIOLIETO HJIEKTPUUECKOTO MOJIs paBHA Mak-
CUMaJIbHOMY 3HaUCHHIO KHHETUYECKOM SHEPTruu (POTOIIEKTPOHOB!

m-v?
— max 2
— (2)

CrnenoBaTenbHO, 3Has 3a/Iep KUBAIOLIEE HANpPSDKEHHE, MOKHO HAWTH Mak-
CHMaJTbHYI0 KHHETUYECKYIO DHEPTHIO (DOTODIIEKTPOHOB.
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Ha ocHOBaHWU BBISBICHHBIX 9KCIIEPUMEHTANBHBIX 3aKOHOMEPHOCTEH
CroneroBeiM ObUTH C(HOPMYTUPOBAHBI 3aKOHBI BHeHIHero Qorodddexra,
MOJY4MBIINE Ha3BaHUeE 3akoH06 Cmoaemosa.
1. ®OTOTOK HACHIIICHUS MPSIMO MPOTIOPIIMOHANICH A IAI0IIEMy CBe-
TOBOMY TIOTOKY.

2. MakcuMmalbHasi CKOpOCTh (POTOAIEKTPOHOB OMPEIEISCTCS] YacTo-
TOH CBETa M HE 3aBHCUT OT €r0 HHTEHCUBHOCTH.

3. Jlns KaxIoi TOBEPXHOCTH CYNIECTBYEeT MUHUMAJbHAS YacTOTa Vg
(MakcuMainbHas JJTHHA BOJIHBI o) Ha3bIBaeMasi KPACHOU cpanuyell
omosgpgexma, pu KOTOPOH elie BO3MOXKECH BHEIIHUH (HOTO-

addekr:
A ;
V()_ h 1 ( )
c-h

rine A — paboTa BBIX0Ja AJIEKTPOHA;
¢ — CKOPOCTb CBETa;
h=6,625-10"** J-c — nocrosuuas Ilnanka.
[Tpu yactoTe v<vy ¥ JUIMHE BOJHBI 4> Ay HOTOIPPEKT OTCYTCTBYET.

[onsitre kpacHas rpanuna GorodddexTa moxyunna cBoE Ha3BaHHUE
OT TOTO, YTO M3 BHIUMON YAaCTH ONTHUYECKOTO CIIEKTPa MMEHHO KPaCHBIN
LBET 001a/1aeT HauOOJIbIIEH JJIMHOM BOJIHBI M HAUMEHBIIIEH YaCTOTOM, XOTS
JUTSL Pa3HBIX MaTEpPHAaJOB 3Ta BEJTMYMHA MOKET MPUHUMATD Pa3JInvHbIC 3HA-
YEHUS JITTMH BOJH U YACTOT, HE OTHOCSIIMXCS K KPACHOMY IBETY.

Jnist Toro 4ToOBI DJEKTPOH MOT MOKHHYTH BEIECTBO M BBIUTH B
OKpYy>Kalolllee MpOCTPaHCTBO, EMY HEOOXOIMMO COOOIIMTH SHEPTHUI0, paB-
HYIO DHEPTUU CBSI3UM JJIEKTPOHA C KPUCTAIUTMYECKOHM pemeTkoil. DTy sHep-
THIO0 Ha3bIBAIOT pabomoii évixooa (A). Benuurta paboThl BIXOa 3aBHCHUT
OT XMMHYECKOH MPUPOJIBI BEIIECTBA, COCTOSHHS €r0 TMOBEPXHOCTH H JIPY-
rux ¢pakropo. Enunniia msmepenus padbots Beixona B CU 1 [k (dorcoyan).
Yacto paboTy BBIXOJA BBIPAXKAIOT B 2ekmpod — eonvmax (9B),
15B=1,6-10" JIx.

Bropoii u Tpetuii 3akoHbI (HoTodhdeKTa HeIb3sT OOBSICHUTH HA OCHO-
BE BOJIHOBOM TEOPHUH CBETa, MOATOMY A. DUHIITENWH MOKa3aj, YyTo SIBICHUE
dotoaddekta U ero 3aKOHOMEPHOCTH MOT'YT OBITh OOBSICHEHBI HAa OCHOBE
MPEVIOKEHHON UM k6éanmoegou meopuu pomospgpexma. CormacHo DitH-
HITEHHY, CBET MCITyCKAeTCs, PaclpoCTpaHseTcsl B MPOCTPAHCTBE U IOTJIO-
IIaeTCs BEIIECTBOM HE HENPEPHIBHO, KAK CUNTAJIOCH paHbLIe, a OTACIbHbI-
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MU TIOPIUAMH (KBAHTAMH) U OTH MPOLIECCH HYKHO PacCMaTphBaTh KakK MO-
TOK JIOKAJM30BaHHBIX B TPOCTPAHCTBE JAMCKPETHBIX CBETOBBIX YACTHII,
JBIDKYIIUXCS CO CKOPOCTBIO PACHPOCTPAHEHHS CBETA.
[Ipu B3auMoEHCTBIM C AIICKTPOHOM BEIIECTBA CBETOBAsl YaCTHIA —
@omon OTIACT EMY CBOIO SHEPTHIO, HA3BIBAEMYIO KGAHIMOM:
E=h-v, (5)
ITo DfiHmTelHY, KK KBaHT TMOTJIONIAETCS TOIBKO OJHUM JJIEK-
TPOHOM, MOATOMY YHCIIO BBIPBAHHBIX (DOTOIIECKTPOHOB JOJDKHO OBITH MPO-
MOPIIMOHATIFHO CBETOBOMY MOTOKY. (1-if 3aKkoH GoTo3ddekTa).
Ecmu saeprust porona Gopire win paBHa paboTe BhIXOAA:
hv> 4, (6)
TO BO3MOXKEH BBIXOJ| DJICKTPOHOB 32 MpPEJeNbl BENIECTBA. DTOT MPOIIECC
OIMCHIBACTCS 3aKoHOM DuHwimetina: ipu GporodddexTe s3Heprus mamaromnie-
ro Ha BEIIECTBO (POTOHA PACcXOAYETCsl Ha BBIPhIBAHKME JICKTPOHA M3 BEllle-
CTBa M Ha COOOIICHUE eMy KWHETHYeCKOH sHepruu. MaTemaTuueckas 3a-
MUCh JJAHHOTO 3aKOHA HOCUT Ha3BaHWE ypasHeHust JUHwmelna 01 pomo-

aghghexma

2

hv=A+m'%, )

2
m-o
rge ——% — MaKkCHMalbHas KMHETHUYECKas SHEPrus OCBOOOIUBILIErOCS

3JIEKTPOHA;
M — mMacca (OTO3JIEKTPOHa;

Umax — MaKCHUMaJIbHast CKOPOCTb BbBUICTA (1)0T03H6KTp0Ha.

Ha sBneHun BHemHero ¢orosd-
(dexTa OcCHOBaHO JeiicTBHE (OTORIEK-
TPUUYECKUX TIPUOOPOB — ghomosnemen-
moe (cokparenno D) u pomoymuo-
4 N A4A arcumeneu. GOTORIIEMEHTOM HA3BIBACTCS
pubop, B KOTOPOM BO3JIEHCTBHE dHEP-
TUH ONTHYECKOTO JHMAIa30Ha BBI3BIBACT

x HM3MEHEHHUE €T0 JICKTPHUYSCKUX CBOMCTB.
PaznmuyaroT BakyyMHBIE W Ta30HAIOJ-

a) §) HEHHBbIC ()OTOIIEMEHTEI.
Puc.3. Yempoiicmeso (a) u BakyymHBIM ($hoTodrIIEMEHTOM
yenosnoe uzobpasicenue (6) (puc.3 @, 6) Ha3pIBalOT (HOTOIIEKTPOH-
BAKYYMHO20 (homosiemenma HBI PpUOOP, BA AIIEKTPOJA KOTOPOTO —
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KaToJ W aHOJ TMOMEUICHHI B CTEKISHHYIO KOJ0y, B KOTOPOH co3/aeTcs Ba-
Kyym mopszka 10 — 10°TTa (110 cpaBHEHHIO ¢ HOPMATBHBIM aTMOC(HEPHBIM
nasnenrem 10° ITa). BakyyM co3gaéres s TOro, 9TOOBI MOJIEKYJIEI BO3Y-
Xa He MPEeMsITCTBOBAJIM MOTOKY 3JMEKTPOHOB, JETAMMX K aHoay. PoTokaTo-
oM (K) dorosnementa (puc.3 a) sABISETCS TOHKUHM CIIOW CBETOYYBCTBH-
TEJILHOTO MaTepraa, HAaHECEHHOTO Ha BHYTPEHHIOK MOBEPXHOCTH KOJIOBI.

OO0buHO B (OTODIEMEHTAX MNPUMEHSIOT CepeOpsSHO-KUCIOPOIHO-
[E3UBBIE, CYpPbMSHO-TIC3MBBIE W MHOTOIIEIOYHbIe (PoTokaToapl. B doTo-
3NIEMEHTaX, MpeIHa3HAUYCHHBIX ISl paboThl B yIAbTPA(PHOIETOBOM CIEKTpE
M3JTy4eHUsI, NHOT/Ia UCTIONB3YIOT CYphMSHO-KallMeBble (OTOKATONBI. AHOA
(4) doroamemMeHTa BBIMOJHSAIOT U3 HUKEJSl B BUAC MPOBOJIOYHOTO KOJIBIIA,
NETIN WM TOHKOW METaNTMUECKOW CETKH, YTO MO3BOJSET CBOOOIHO MpO-
MmycKaTh cBeT Ha (oTokaToa. BeiBoabl hoTokaTona u aHoaa oGOpMIISIIOT B
OJTHOM HJTH JIBYX pa3HECEHHBIX [JOKOJISIX.

OJHUM M3 OCHOBHBIX MapaMeTpoB (OTOIIEMEHTA SBISCTCS €0 4)6-
CMEUMENbHOCb.

Iy

D

rae |y — cua poToToka HACHIICHNUS;
@ — CcBETOBOM MOTOK, BHI3BABIIUM 3TOT TOK HACHIIIICHHUS.

Enuanmia m3mepeHuss dyBcTBUTENbHOCTH (poTosmementa B CU 1
A/nm (amnep na niomen). OnHAKO, U3 32 MAIBIX 3HAYEHUH (POTOTOKOB 3TY
BEJIMYMHY OOBIYHO M3MEPSIIOT B MHUKpOaMIlepax Ha JJFOMeH (MKA/JIM).

PaznuuaroT HHTErpaIbHYIO U CIEKTPATBHYIO YYBCTBUTEIBLHOCTH (O-
TOdJeMeHTa. Mnmeepanvhas 4yecmeumenbHOCHb XapaKTepU3yeT CIoco0-
HOCTh (DOTORIIEMEHTA pearupoBaTh Ha BO3ACUCTBHE CBETOBOI'O IOTOKA
CIIO)KHOTO W3NydeHusi. CnexmpanibHas u4y8CmeumenbHOCmy OIpPEeIseT
cuity OTOTOKA MPH BO3ACHCTBHMHA MOHOXPOMATHYECKOTO CBETOBOTO MOTO-
ka. VlHTerpanbHasi 4yBCTBUTEILHOCTh BAKYYMHBIX (POTOIIEMEHTOB OOBIYHO
He npesbimaeT 150 MKA/M.

JInis yBeNMYEHUS] YYBCTBUTEIBHOCTH (JOTOIIEMEHTOB BHYTPh KOJOBI
BBOJSIT HEOOJIBIIOE KOJTMYECTBO T'a3a, yalle BCero aprona. Takue ¢oroase-
MEHTBI Ha3bIBAIOTCSl Ta30HANONHEHHBIMU. MlOHU3aIMsT MOJIEKYJ ra3a dJeK-
TPOHAMM, JIETSIUMH C KaToJia, IPUBOJIUT K YBEITMUCHUIO TOKA, TEKYIIETO B
1enu GoTo3IeMeHTa.

®DOTOIIEMEHTBI HAILTH MIMPOKOE TPUMEHEHHE B TEXHHKE, HaIpH-
Mep, IPUMEHSIIOTCS JUTSl CAMTHIBAHUS 3BYKa, 3aIIICAHHOTO HAa KMHOTUIEHKE B
BUJI€ CNICHUATLHON JOPOXKKM, 00JIagaromeil pa3IuyHON MPOHULIAEMOCTHIO
i cBeta. Tak e (hOTO3IEMEHTHI IUPOKO HCIOJB3YIOTCS B (hoTopene —
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HpI/I60an BKJIIOYAOMIUX HJIU BBIKIIIOYAIOMIUX SJICKTPHUYCCKYIO LCIb IIOL
BOSHCﬁCTBHCM U3MCHAIOIICTOCA CBCTOBOI'O ITOTOKA. <I)0T0pene INUPOKO HC-
IMOJIB3YIOTCA B CUCTEMAX aBTOMAaTU3alluN (aBTOMaTI/I‘-ICCKOG OTKPBITUC IOBC-
peI71, BKIIFOYCHHEC HOYHOI'O OCBCIICHUA U I[p) " OXpaHbI.

O0ocHoBaHue MeTOAA

Ecimn x ¢orosnementy, Ha (pOTOKATOA KOTOPOTO MANaeT CBETOBOM
MOTOK, MPHUJIOKEHO MOJOXUTEILHOE aHOJHOE HAINpsDKEHHE, TO B IIEMH I10-
ABUTCS POTOTOK. BHJ 3aBHCHMOCTH TOKa OT HANpPsDKEHUS MEXKIY aHOJOM U
KaToJOM MpeJcTaBieH Ha pucyHke 2. [locTpouB BosbT-aMIEpHYIO Xapak-
TEPUCTHKY (POTOITEMEHTA MOXKHO ONPEICITHUTE JIJIsl HErO HAMPSYKCHUE U TOK
HachleHns. Eci mocTpouTh BONBT-aMIIEpHBIE XapaKTEPUCTUKHU IS pas-
HBIX CBETOBBIX TIOTOKOB, TO IO MOJIyYCHHBIM 3HAYEHUSIM TOKOB HACHIICHHSI
BO3MOXHO MOCTPOUTh C8EMOBYI0 XAPAKMepUCmuKky gpomoanemenma (3aBu-
CHMOCTb TOKOB HACBIIEHHS OT cBeToBOro noroka: |, = f(®)) u tem ca-

MBIM IIPOBEPUTH NEpBhIN 3aK0H CTosieToBa. Ecnu nepsriii 3akoH CToneToBa
BBITIOHSIETCA, TO CBETOBAs XapaKTEPHUCTHUKA UMEET BUI BOCXOZSIIEH Mpsi-
MOH. TeXHUYECKU CBETOBOM IIOTOK MO>XHO U3MEHATHh HECKOJIBKUMH CIIOCO-
06amu. Camblii TpoCTOl COCO0 M3MEHEHHS CBETOBOTO MOTOKA — IIAHOMEp-
HOE ToMelIeHus! (POTORJIEMEHTa Ha Pa3INYHOE PACCTOSIHUE OT MCTOYHHKA
CBETA.

3Hast YMCIEHHbIE 3HAUEHUs] TOKOB HACBIIICHHUS MPU Pa3TUYHBIX H3-
BECTHBIX 3HAYEHHUSAX CBETOBOI'O IOTOKA MOKHO, HCIONbB3Ys BbIpaxkeHue (8)
OTIPEIEJINTh YyBCTBUTEIBHOCTH (POTORIIEMEHTA.

Onucanue yCTAaHOBKH

B nanHoli pabote st nccnepoBanus (GOTOIEMEHTa B BUJIE CTEHAA
coOpaHa crenuanbHasi YCTaHOBKA, JJICKTPUYECKash cxeMa KOTOpoi mpuBe-
JIeHa Ha PUCYHKe 5. B yCTaHOBKY BXOJAT: OJIOK MHUTaHUS 1, TOTEHIIIOMET]
2, ¢orosneMeHT 3, UCTOYHHMK cBeTa 4 C OTAENbHBIM OJIOKOM MUTaHUS 5.
Jliss KOHTpOJISl HANPSDKEHUST UCTIONB3yeTcs BoiabTMeTp 6. Cuia ¢doroToka
perucTpupyercst B 1end MukpoamrepmerpoMm 7. KOHCTpyKIHsS yCTaHOBKH
BBHINIOJIHEHA cieaytomumM oopasoM. C omHON CTOpPOHBI (puc. 6) crennals-
HOM CBETOHENPOHHUIIAeMOM TpyObl 1 3aKkperieHa KOpoOka 2 ¢ pa3sMeniéH-
HbIM B Heill dotoanementom CLIB-3 (cyppmsiHO-11e3uBBIH BakyyMHbIit). C
JIPYTOil CTOPOHEI TPYOBI HAa TIOJIBHKHOW TPYOKE C JIMHEHKOW 3, 3aKpericHa
namIia (Ha puCyHKe He TTOKa3aHa).
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Puc. 5. Dnexmpuueckas Puc. 6. Buewnuii 6uo
cxema 1abopamopHoil 1abOPamopHOU YCMaHOBKU
VCMAHOBKU

Paccrosaue ot namnsl 10 GoTORIEMEHTa MOXKHO W3MEHSTh, BABUras
WM BBIIBUTAs TIOJIBIDKHYIO TPYOKy c nuHeikoi 3. Ilpm momomu moTeH-
UOMETpa, pydka 4 KOTOpPOro HaxXOAWTCS Ha JIMIEBOW MaHETU YCTaHOBKH,
MOYKHO HW3MEHSTh HamlpsDKEHHE MEXAy OJJIeKTpogaMu (OTodJeMeHTa.
Hampsoxenne Ha oTtosnemente u cuia GoToToka GUKCHUpPYIOTCS mudpo-
BBIMHU BOJBTMETPOM 5 ¥ MHKpOaMIIEpMETpoM 6.

opsinox BeiNoJIHEeHUsI pad0OThI

1. IMoaroroBbTe TAOIHUIIBI JIJIS 3AIIUCH PE3YIbTATOB U3MEPCHUM:

Tadmuma 1
Ne i/ Uu,B I, MKA
rn=0,10m r,=0,15m r3=0,20M
1 0
2 2
3 4
4 6
5 8
6 10
7 15
8 20
9 25
10 30
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Tabnuna 2

ru I, MKA @D, 1m K, MKA/mMm MKZX;’HM E, %
0,10
0,15
0,20
cpenHee

2. Ybenurech, 4TO pydka noreHnuomerpa 4 (puc. 6) HaXOIUTCS B
KpaiiHeM JIeBOM IIOJIOKEHUH, a BBIKJIIOYATENIb IUTAHU { yCTAaHOBKU HAXO-
JUTCS B 1TOJI0XKeHUU O (BBIKITIOYEHO).

3. YcranoBure uctouHuk cBeta Ha pacctosaue 0,10 M ot doTosme-
MEHTa 110 JIMHEWKe 3 CTeHa.

4. TlogxmrounTte CTEHA J1a00paTOpHOH ycTaHOBKH K cetn 220 B.

5. YcraHoBUTE TEpEKIIOYATENb MPEICIOB BOJIBTMETPA 5 B MOJIOKE-
aHue «200» (DCV) (u3mepeHune HampsHKEHUS B IETH MTOCTOSIHHOTO TOKA JI0
200 BOJIBT).

6. YcraHoBuTe MepekiroyuaTe]b MPeaesioB MHUKpoamrepMmerpa 6 B
nonoxkeHue «200 w» (DCA) (u3mMepeHue CHIIBI TOKa B IEMH MOCTOSHHOTO
Toka 10 200 Mukpoammep).

7. TlepexmounTe BHIKIIIOYATENb MUTAHUS { YCTAHOBKH B TIOJIOXKEHHUE
I (BkitOUEHO).

8. IlpousBenute m3MepeHHe CHiIbl (OTOTOKA B LEMH COOTBETCTBY-
tonie HarpspkeHuto () BONBT. 3aHecHTe pe3yIbTaT U3MepeHus B Tadmuiy 1.

9. Bpamas pyuky moTeHIMOMeTpa 4 1O 4YacoBOW CTpellke M ycTa-

HaBJIMBasi HEOOXOAMMBIE 3HAUECHUS HAINPSDKEHUS, IPOU3BEIUTE N3MEPEHUS
BEJIMYMHBI (POTOTOKA JIsl BCEX 3HAUEHUM HANPSIKCHUS YKa3aHHBIX B TaOIU-
e 1. 3anummTe pe3ynbTaThl H3MepeHuit B Tabmuiy 1.
Brumanue! Ilpu cHITAN OKa3aHUN C IUPPOBBIX MPHOOPOB 3HAYESHHS KO-
Ne0II0TCSl Ha YPOBHE JECATHIX J10JICH, BBUAY BBICOKOM UyBCTBHTEIILHOCTH
npu6opoB. [ToaToMy TpU CHITHUU TIOKa3aHUH CIIelyeT 3alUChIBATh CPEIIHUE
3HAYCHUS HAMIPSDKEHHS U POTOTOKA.

10.IToBTOpHTE M3MEpeHuUs N0 yHKTaM 8-9 mist paccrostauit 0,15 M u
0,20 M. PesynbTaThl H3MepeHuii 3aHecuTe B Tabuminy 1.
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O6paboTka pe3yJbTaTOB U3MepeHuit

1. Tlo manHBIM Tabauubl 1 MOCTPONTE BOJNBT-aMIIEPHBIE XapaKTepH-
cTukE (oToNIeMenTa B 01HOM cucTeMe koopmunar [ = f(U) ans paccro-
sauii r = 0,10; 0,15; 0,20 m.

2. PaccunraiiTe 3Ha4EeHHs CBETOBOI'O MOTOKA @ JJIs1 PaCCTOSIHHM I =
0,10; 0,15; 0,20 m o opmyse:

i-S
O =—+  (1m) (momen),
r
rze | — cuia cBeTa HCTOYHHKA,;
S - uromazgp kaTona.

Ipu pacuérax npumute i = 0,9 k1 (kanden) u S = 1,8-10° M2 3anu-
HINTE Pe3yIbTaThl BBIYUCICHUH B TAONHUILY 2.

3. Ilo mocTpoeHHBIM TpaduKaM ONpeleNuTe BETUYUHBI TOKOB
HACBIIIEHUS |, IPU Pa3IMYHBIX PACCTOSHUSAX, COOTBETCTBYIOIIMX PA3IHY-
HBIM 3HAYEHHSIM CBETOBBIX IOTOKOB. 3alHIINTE PE3yIbTaThl B TAOIUILY 2.

4. Tlo ¢dopmyne (8) ompenenuTe UyBCTBUTENBLHOCTH (hoTORIEMEHTA
JUTSI CBETOBBIX TIOTOKOB, COOTBeTCTByrommux paccrosamsam 0,10; 0,15;
0,20 M. 3anummTe pe3ynbTaThl B TAOIHUITY 2.

5. Omnpenenure cpegHee 3HAUYECHHE YYBCTBUTENBHOCTH (HOTOIIEMEH-
Ta. 3aIUIIUTE Pe3yJbTaT B TA0JIHUILY 2.

6. OnpenenuTe METOAOM CPEIHETO 3HAYCHUS! a0COJIOTHYIO M OTHO-
CUTEJIbHYIO TIOTPEITHOCTH M3MEPEHUs YYBCTBUTEIBHOCTH. 3alUIIUTE pe-
3yNbTaThl B TaOIUITY 2.

7. KoHeuHBII pe3ynbTar NpecTaBbTe B BUE:

k=(k,, Ak, ) MxA/m; E =..%.

8. 1o COBOKYNMHOCTH 3HAYECHHU CBETOBBIX MOTOKOB W COOTBETCTBY-
IONUX VM TOKOB HackimeHus |, (Tabmuia 2) mocrpoiite rpaduk 3aBUCHMO-

cu | =f ((D) U IIPOBEPHTE CIPABEIMBOCTb NEpBOro 3akoHa CroieTo-

Ba.

9. CpemnaiiTe BBIBOJ, B KOTOPOM OTpa3uTe KaKUMH HMPUYHMHAMH MO-
IyT OBITh BBbI3BAaHbI OTJIMYMS IMOJYYCHHBIX 3HAYCHHH HMHTCIPAJIbHOM 4yB-
CTBHUTENBHOCTH (DOTOBIEMEHTA OT TAaOIMUYHBIX (CM. TIPWIL. 7), KaK MOJIy9eH-
HBI TpauK CBETOBON XapaKTEPHUCTHUKH COOTBETCTBYET IEPBOMY 3aKOHY
CroseToBa ¥ 4eM MOTYT OBITh BBI3BAHBI OTKJIOHEHHS OT HETO.
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KoHTpoJbHBIE BONIPOCHI

1. B uem 3akitouaeTcs siBlicHUE BHenTHero Gotoaddexra?

2. OOBsSICHUTE, UCTIONB3YsI YpaBHEHHE DUHINTEWHA, BTOPOU M TPETHIA
3aKkoHBI poToaddekTa.

3. Onumwure yCTpOHCTBO BaKYyMHOI'O (POTORJIEMEHTA, MIPUHIIMII €T0
JeHCTBUS U 00JIACTh PUMEHEHHUS.

4. Tlouemy QorokaTonsl, o0IyIaeMble BUANMBIM CBETOM, HE MOTYT
OBITH M3TOTOBJICHBI U3 TAKUX METAJUIOB KaK BONb(paM, HUKEIb?

5. Uro Ha3wiBaeTcs KpacHO# rpanuiedl GotodddexTa u OT Yero 3a-
BUCHUT e€ 3HaueHue?

6. B gyem mpuumHa «cTapeHus» (HOTOAIEMEHTOB?

7. KakoBbI XapaKTepHble 0OCOOCHHOCTH BOJBT-aMIIEPHOM XapaKTepH-
CTHKH BaKyyMHOTO QOTO3IIeMeHTa?

8. KakoBbl IpUYMHBI BOSHUKHOBEHUS TOKA HACHIIIICHHS?

9. Kak 3aBucuT cuia Toka HaCBIIIICHUA OT BCJIIMYMWHBI ITaJAOIICIrO Ha
(OTO3IEMEHT CBETOBOTO TIOTOKA?

JlabopaTopHas paGora Ne 8

H3YYEHHWE ITPHHITHIIA JEHCTBHA JTA3EPA H ETro
IIPUMEHEHUE JIVIA OIIPE/IEJIEHHUA IIIHPUHBI Y3KOH ILI[E/TH

Llenv pabomyui: 03HAKOMUTHCS C MPUHIUIIOM JICHCTBUSI TBEPAOTEIb-
HOTO M Ta30BOTO JIa3€POB, ONPEACINUTh MIMPHHY IIENU TP ITOMOIIH Jyda
Jasepa JUPPaKkIMOHHBIM METOJIOM.

Obopyoosanue: TenNii-HEOHOBBIN J1a3ep, pa3ABHKHAS IIEIb, JTHHEH-
Ka, 9KpaH.

OcHoBHbBIE TCOPECTUIECCKHUE CBCICHUS

H3nyuenuem Ha3bIBaeTCA MPOLIECC MCITYCKaHMS M PACHPOCTPAHEHUS
SHEPI'UH BEIECTBOM B BUJIC BOJH U YaCTHII.

B ocHOBe H3NMy4eHHs JIGKHUT KBAaHTOBAsI TEOPHUSI aTOMa, TPEIOKEH-
Hast B 1913 r. marckum ¢uszukom Humbcom Bopom u Gasmpyromasics Ha
JIBYX IMOCTYJIaTax.

Iepsvuii nocmyaam bopa (nocmyaam cmayuoHapHvix COCMOSIHULL): B
aTOME CYILIECTBYIOT CHIAYUOHAPHbIE (He USMEHAIOWUECs 60 BpeMeHU) Co-
CTOSIHHSI, B KOTOPBIX OH HE M3Ny4aeT 3Heprur. CTallMOHAPHBIM COCTOSHHUSIM
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aToMa COOTBETCTBYIOT CTAaI[MOHAPHBIC OPOUTHI, MO KOTOPBIM JBUXKYTCS
AIIEKTPOHBHI.

Bmopoti nocmyaam bopa (npasuno wacmom): TIpU NEpexoje 3JCK-
TPOHA C OJJHOW CTAI[MOHAPHOIN OPOUTHI HA JPYTYIO MPOUCXOTUT U3ITYUCHUC
(nm ToTIIOIIEHHE) OHOTO (POTOHA C DHEPTHUCH, paBHOW pa3HOCTH DHEPIHI
COOTBETCTBYIOIINX CTAIIMOHAPHBIX COCTOSIHUM, T.C.:

hv=E,-E, , (1)
rae h=6,62-10"* Ik - ¢ — mocrosuHas ITnanka;
V —4acToTa U3JTyueHHs;
E, — Heprus cTalMOHAPHOTO COCTOSHHS 110 H3ITyYeHNS;

E,, —9Heprus cTanuoHapHOTO COCTOSIHHS IIOCIE U3y 4CHHUSL.

IIpu E, > E,_ npoucxoaur msnyderne porona (mepexon atoma us
COCTOSIHUS ¢ OOJbIIEH SHEprUel B COCTOSHUE ¢ MEHBLICH SHEpTUei, T. e.
MEPEeX0/] AEKTPOHA ¢ OoJiee YIAICHHOM OT spa OpOUTHI Ha OoJsiee Onm3Iie-
xkamyto), npu E < E_ — ero mornomenue.

PaccmoTpuM cymiHOCTh n3nydeHus. [1ycTh 3IEKTPOH B aTOME MOXKET
HAXOJUTBCSL B COCTOSIHMSAX 1 U 2, XapakTepusyemsix sHeprusimu E, u E,
COOTBETCTBEHHO (puc. 1). UTOOKI mepeBecTH ANEKTPOH ¢ ypoBHs 1 Ha Ooiiee

BBICOKHU DHEPreTHYecKuid ypoBeHb 2 (puc. la), eMy HeoOXoauMo c000-
IIUTH SHEPTHI0, coriacHo popmye (1).

2 En 2 En 2 T Em
hv hv v | AR
aVaVeg VAV i B
1 En 1 By 1 ~
a) [lornomenne 6) CioHTaHHOE B) BeiHy X neHHOE
M3y YCHIEe HTIyYeHUe

Puc. 1. HOZJZOW@HM@ U usiydernue ceema e6euyecmeom

OpHako 4yepe3 HEKOTOPBIM MPOMEXYTOK BpeMeHH 0e3 Kakux-Iuoo
BHEIIHUX BO3JEHCTBHIA MPOM30MIET OOpaTHBIN IMEpexoJ]l C MCIYCKaHHWEM
¢dorona (puc. 10). Takoii porecc Ha3bIBACTCS CHOHMAHHBIM U3LYYEHUEM.
ITockonbky paznuyHbIE aTOMBI M3IIy4arOT HE3aBUCHUMO JAPYr OT Jpyra,
CIIOHTaHHBIE U3ITYYCHHUS SBISIOTCS HEKOTEPEHTHBIMH.

BepHyTbcsi B HEBO30YKICHHOE COCTOSIHUE aTOMbI MOTYT W JIPYTUM
nyteMm. Ecnu Ha aToMm, Haxoasmuiics B BO30YKIEHHOM COCTOSHUM 2 JIeH-
CTBYET BHEIIIHEE M3IIy4YE€HHE C YaCTOTOM, yJOBJIeTBOpstouIel yciaosuo (1),
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TO BO3HHMKAET BBIHYACHHBIN (MHIyLIMPOBaHHBIN) MIEPEeX0] B cOCTOsIHUE | C
M3IyYeHHEM JOTIOTHATENBHOTO (hOTOHA TOMH ke dHepruu (puc. 1 B). Bo3nn-
Karolllee B pe3yibTaTe TakUX MEePeXO0B M3ITYUYEHHE HA3bIBAECTCS GbIHYIHC-
OeHHbIM (UHOYYUPOBaHHbIM). 1 TaBHOW OCOOCHHOCTBIO TaKOT'O H3ITyUCHUS
ABJSIETCS. TO, YTO M3JIy4yaeMbI «HOBOPOXKIECHHBIM» ()OTOH aOCOIIOTHO HE
OTIIMYHM OT TEepBUYHOTO (poToHA. OH MIMEET Ty ke 4acToTy U (azy, Te ke
MOJIAPU3AIMI0O U HAINpPaBJICHUE IBWKEHUS, T.. BBHIHYKICHHOE HU3IydeHHE
ABJISIETCS. MOHOXPOMATHYECKUM, KOT€PEHTHBIM, ITOJIIPU30BAHHBIM.

OObIYHO TOXA [EMCTBHUEM BBIHYKICHHOTO H3JIyY€HHS INPOUCXOIAT
OJTHOBPEMEHHO KaK IEepeXO/bl AIIEKTPOHOB B BO30YXKAEHHOE COCTOSHUE,
TaKk M MHAYLMPOBAaHHBIEC MEPEXO0Jbl HA HIKHUHA SHEPreTUUECKUH YPOBEHb.
BeposTHOCTh BBIHY>KACHHBIX MEPEXONOB «BHH3» M «BBEPX», T.€. BEPOAT-
HOCTb BBIHYKJIEHHOT'O HCITyCKAaHHS U MOTJIOIIECHHUS, B BEIIECTBE OJIMHAKOBA
Y MIPOMOPIIMOHATBHA YUCITy aTOMOB Ha COOTBETCTBYIOIIMX IHEPIeTUIECKUX
YPOBHSIX.

Yucno aTtoMoB, 00JalaroIIMX ONpPEIEICHHBIM 3HAYCHUEM SHEPTUHU
(HaxoIIMXCSl HA OINpPENEeNICHHOM JHEPreTHYECKOM YPOBHE), HA3bIBACTCS
HACENeHHOCMbIO OAHHO20 YPOBHS dHEP2UU.

B cucremax, HaxoQsIIMXCS B COCTOSTHUM TEPMOIMHAMUYECKOTO PaB-
HOBECHSI, HACEJICHHOCTh YPOBHS ¢ OOJIBIIICH SHEPrHel BCeria MEHBIIE, YeM
HAaCEJIEHHOCTh YPOBHS C MEHbIIEH 3Heprueil. [IoCkonbKy BEpOSATHOCTH BbI-
HYXJIEHHBIX [IEPEXO0JI0B «BBEPX» U «BHU3» B BEILECTBE OJMHAKOBA M IIPO-
NOPLMOHAJIbHA YHCIY aTOMOB HA COOTBETCTBYIOIIMX 3HEPreTUYECKUX
YPOBHSIX, TO BBIHYKJCHHBIX TIEPEXOJIOB «BBEPX» Bcerja OyleT OoJblie,
YeM IEPEeXOA0B «BHHU3», W BEIIECTBO Bcerga OynaeT Oojblie MOIJIoLIath,
yeM u3ny4athb. g Toro, uyToObl cpema oOnagana CBOWCTBOM YCHIIMBAThH
najiaroniee Ha Hee M3ITy4eHUe, He00X0IUMMO CO3/IaTh HEPaBHOBECHOE COCTO-
SH€ CHCTEMBI, MPU KOTOPOM HACEIIEHHOCTh BEPXHETO IHEPreTHYECKOro
YpOBHs OOJIbLIE HACEJICHHOCTH OCHOBHOIO. Takoe COCTOSHHE BElIecTBa
HA3bIBACTCS UHBEPCUOHHLIM COCMOAHUEM WIH COCTOSHHEM C OTpHIla-
TEJIbHOW TEPMOJMHAMUYECKON TEMIIEPATYPOIl.

VY onpeneneHHBIX BEIECTB UMEIOTCS S3HEPTETUUECKHUE YPOBHH, CIIOH-
TaHHBIM MEPEeX0A ¢ KOTOPbIX Ha OCHOBHOW C M3iIyuyeHHEeM (POTOHOB MMEET
BEPOATHOCTh B JECATKH THICSY pa3 MEHbIIE, 4eM ¢ OOBIYHOTO BO3OYKICH-
HOT'O YPOBHSI SHEPrHH. DHEPreTHYeCKre YPOBHU aToMa ¢ OOJIBIIMM BpeMe-
HEM XM3HHM YeM Ha HeCTaOMJIbHBIX, Ha3bIBAIOTCA MemacmabunrvHuimu. Co-
3/1aBas WHBEPCHUIO HACEJICHHOCTH Ha METAcTa0MIBHOM YpPOBHE, MOXHO
HaKOMHUTH OOJIBIIIOE YUCIO aTOMOB B WHBEPCHOM COCTOSIHMM (HaKa4arh).
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Takyro cpeay MOXHO HCIOIB30BaTh JUIS 3HAYUTEIHLHOTO YCHIICHUS, Maja-
IOIIETO Ha Hee M3ITyUeHUsI.

[IpakTHueckoe NPUMEHEHUE TEOPHU BBIHYKICHHOTO W3ITyUYCHUS
OCYIIECTBJICHO B ONITHYECKUX KBaHTOBBIX reHepaTopax (OKI') wmm azepax.
TepmuH «iazep» 00pa30BaH W3 HaYABHBIX OYKB aHTIHHCKOHM ¢passl: Light
Amplification by Stimulated Emission of Radiation — ycunenue csera ¢
TTOMOIIIBIO BBIHYKICHHOTO H3ITyUeHUS.

BaxxaedmmMy U3 CyIIeCTBYIONIMX THUIIOB JIA3€POB SBISIFOTCS TBEPIO-
TeJbHBIE, Ta30BHIE, OIYIIPOBOHUKOBEIE U KUAKOCTHBIE (B OCHOBY TaKOTO
JICJICHUS TIOJIOXKEH TUT aKTUBHOW CPEIbI).

Jlazep 00s13aTeNbHO UMEET TPU OCHOBHBIX KOMIIOHCHTA!

1) axmusnyio cpedy, B KOTOPOH CO3IAIOTCS COCTOSIHHSI C WHBEPCHOMU
HACEJICHHOCTBIO;

2) cucmemy nakauxy (yCTPOWCTBO JUIS CO3JAHUSI MHBEPCHU B aKTHB-
HOM cpejie);

3) onmuueckuil pezonamop (yCTPOHCTBO, BBIACISIONICE B MPOCTPaH-
CTBO M30MpaTelIbHOC HAIpaBJICHUE Mydyka (OTOHOB U (popMHpyIO-
11ee BRIXOASIIHMN CBETOBOH My4OK).

PaccMoTpuM TipuUHITMT AEUCTBUS TBEPIOTENBHOrO Nasepa (puc. 2),
aKTUBHOM Cpelioil KOTOPOTO SIBJIAETCS CTEPXKEHb | M3 CUHTETHYECKOTO PYy-
OuHa (OKUCH ATIOMUHKS C OUYEHb MAJIOH MTPUMECHIO XpOMa).

g
—4

@Jt

Puc. 2. Yempoticmeo pyounosoeo nasepa

ITnockonapanenbHble TOPLBI CTEPXKHS 2 U 3, BBIIOJHSIOLINE POJIb
ONTHYECKOTO PE30HATOpa, TIIATENHFHO OTHOJIMPOBAHBI M TOCEPEOpPEHBI
HACTOJIBKO, YTO TIEPBBIH MMOJIHOCTHIO 3epKaJieH, a BTOPOU MPOIMYCKAaeT OKOJIO
10% wu3nyuenus. PyOMHOBBIN cTEpKeHb OKpPYKEH CIUPAIBbHOW HMITYJIbC-
HOW Jammoil 4, sipKO BCHBIXMBAIOIIEH CHHE-3€J€HBIM CBETOM (Jlamma
Hakaykn). CBET JIaMITbl IEPEBOIUT aTOMBI XpPOMa C SHEPTETHYECKOTO YPOB-
Hs 1 Ha ypoBeHsb 3 (puc. 3), ¢ KOTOPOro Yepe3 HEKOTOPOE BpeMsl 3TH aTOMBI
CHOHTaHHO M O€3bI3Ny4aTeNbHO MEPEXOAST Ha METaCTaOMIbHBIA yPOBEHD 2
(HeboupIoe YncI0 aTOMOB MEPEXOAT cpady Ha yposeHb 1). Ha yposue 2
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CO3/1aeTCs 3HAYUTENbHAS MEPEHACEIIEHHOCTh 0 CPABHEHHUIO C YPOBHEM 1,
T.€. BO3HHMKaeT MHBEpPCHAas HACEIEeHHOCTh ypoBHeW 2 — 1. Temeps moOoii
(OTOH, BO3HUKIIWN B pyOMHE B Pe3yJIbTaTe CIIOHTAHHOTO HM3JIYYCHHUS Ha
nepexoqie 2 — 1, BBI30BET BHIHYXJICHHOE M3JyYeHHE TAaKOro ke (OTOHA.
OHu, B CBOIO 04Yepe/Ib, MOPOJIST SlIe JBA, OTH YEThIPE MOPOJIAT €IIIe BOCEMb
U T.J.

3 ~ )
wmam{blﬂ mepexon
2 E,
3enéHblii cBeT
BO36YKIEHHS KpacHelii cBeT
HHIYLHPOBAHHOTO
H3ITy9eHns
1 E

Puc. 3. Ilpunyun oeticmeus pybunosozo nazepa

IlepBoHa4yaIbHO OOJIBIIMHCTBO (DOTOHOB OYIET MOKHIATH KPUCTAILI
yepe3 ero OOKOBBIC CTEHKH, IIOKa B PE3yJIbTaTe CIIOHTAHHOTO U3IYUYCHHS HE
BO3HHUKHET ()OTOH, JICTAIIUI CTPOTO BIOJL OCH KpucTauia. IMEHHO OH BbI-
30BET IMOSBJICHUE TAKHUX K€ (POTOHOB BBHIHYKICHHOTO MU3JyUYeHHsI, KOTOPBIC
UCHBITHIBAS MHOTOKPATHBIC OTPAKEHUS OT 3€pKajl Ha TOPIAX CTCPIKHS,
NPUBEAYT WX K JIABUHOOOPAa3HOMY HApacTaHHIO, T.€. K BCIIBIIIKE BBICOKO
KOTEPEHTHOTO MOHOXPOMATHYECKOTO MOJISIPU30BAHHOTO CBETA.

B razoBeix ja3epax MHBEPCHAs HACEICHHOCTh YPOBHEH OCYIIICCTBIIS-
€TCsS DIIEKTPUYECKUM paspsjoM, BO30YyXKIaeMbIM B Taszax. PaccMoTpum
YCTPONCTBO M MPUHIIUI IEHCTBUS Ta30BOT0O TeJIMH-HEOHOBOTO Jia3epa.

3

Puc. 4. Yempoiicmeso 2azoe020 nasepa

AKTHBHas cpena IpEeACTaBIseT cCOOON CMech reliis W HeoHa 3aKa-
YEHHYIO B ra3zopaspsanyto Tpyoky 1 (puc. 4). ATOMBI HEOHa SIBISIIOTCS U3-
JTy4aromuMy (pabodrMH), aTOMBI TeIHsS — BCIIOMOTaTeIbHBIMU, HEO0OX 0T~
MBIMHU JIISl CO3J[aHWSI MHBEPCHOM HACENIEHHOCTH aTOMOB HeoHa. Omnrude-
CKUM PE30HATOPOM SIBIISIOTCS [Ba 3€pKalla, MEPIEHIUKYIISIPHBIE OCH TPYO-
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KH, OHO M3 KOTOphIX (2) chepuueckoe, npyroe (3) — modympospadHoe
wiockoe. Mexnay osiektpopamu (4) TpyOKH IPUKIAIbIBACTCS BBICOKOE
HaInpsHKCHUE 715l BO30YKIICHHUS ra30BOTO pa3psijia B CMECH.

Ha pucynke 5 n300pakeHbl SHEPreTHUECKHE YPOBHU aTOMOB HEOHA U
renus. [Ipu amexTpuaeckoM paspsize B TpyOKe BO30YKIAOTCS U MEPEXOIST
B COCTOSIHHE 2 aToMbl renus. [lepBolii BO30YXIEHHBI YpOBEHb 2 Telus
COBHAJAET C SHEPreTUUECKUM ypoBHEM 3 aToMoB HeoHa. I[lo3Tomy, coyna-
pSIACH ¢ aTOMaMHU HEOHA, aTOMBI TeNUs MepelaloT UM CBOIO SHEPTHIO U Iie-
PEBOIAT X B BO30YK/IEHHOE COCTOSIHUE 3 C HHBEPCHOM HACEIEHHOCTHIO.

2 E 3 - E;

< @H‘ranm’m Tepexon
2 =t 7

. KpacHslit cBeT
A=632,8 HM |MHOYUHPOBAHHOTO
H3ITy9eHHs
e — 1 E
He Ne

Puc. 5. Duepeemuueckue yposnu amomoe neona u 2enus

CIIOHTaHHBIN NEPEX0A OTIACNIBHBIX aTOMOB HEOHA C SHEPIeTUIECKOro
YPOBHA 3 Ha ypOBEHb 2 BBI3BIBACT JIABUHOOOPA3HOE MOSIBICHUE HOBBIX (O-
TOHOB, KOTOPBIE PE30HATOPOM (POPMHUPYIOTCS B MYYOK JIa3epHOrO U3Iyue-
HUSL.

Jlazeps! SBIAIOTCS CaMbIMH MOILIHBIMM HMCTOYHHUKAMH CBeTa. MoIi-
HOCTh UMITYJIbCA JIA3EPHOTO M3IYYECHHUS! COCTABISET JCCATKH MHJUTMOHOB
BaTT, & TUIOTHOCThH MOTOKA SHEPTUU (MHTEHCHBHOCTH CBETA) B CTO THICAY
pa3 MpeBOCXOAUT MHTEHCUBHOCTH M3mydeHus: ConHua. C MOMOIIbIO ONTH-
YEeCKHX JIMH3 W3JIy4YeHHUE Jlazepa MOXKHO C(OKYCHPOBaTh, TEM CaMbIM €Ile
YBEITMYUB €r0 WHTEHCUBHOCTb. Jlazepbl MIMPOKO HCIOJB3YIOTCS B CAMBIX
PasInYHBIX 00JacTAX HAyKH M TEXHUKHA. DTO CBapkKa MHKPOOOBEKTOB,
CBEpJICHUE M Pe3Ka CBEPXTBEPABIX MATEPHAJIOB, YCKOPEHUE XOJa XUMHUe-
CKUX pEaKIiif, mepegada CBETOBBIX CHUTHAIOB Ha CBEPXJIANBHUE PACCTOs-
HUSI (KOCMUYECcKasi CBSI3b), IJ1a3HAsl XUPYPIrus U T.J.

OnucaHue yCTAHOBKH

B nannoit pabore OKI' ncnosnb3yeTcs B KauecTBe MCTOUYHHKA CBETA

JUTS TIONTyYeHus! AU(PAKUMOHHONW KapTHHBI OT Y3KOW LIENH (CYTh SIBICHHS

nudpakiy onucaHa B jgabopatopHod padore Ne 1). Cxema yCTaHOBKH

npuBeaeHa Ha pucyHke 6. Ceet ot nasepa 1 magaer Ha mesnb 2. [Ipu sTom

Ha 3KpaHe 3 ¢ MHJUIMMETPOBOH CeTKOW HabromaeTcsa JudpakIoHHas Kap-
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TUHA B BUAC YCPCAYIOIIUXCSI MUHUMYMOB U MAaKCUMYMOB MHTCHCHUBHOCTHU

CBETa.
B uentpe skpana HabmromaeTCs caMblil SPKHUN IEHTPaNbHBIA MaKCH-

MyM. TeMHbIE Yy4acTKH, MPUIETAIONINE K HEMY, Ha3bIBAIOTCA MUHUMYyMaMHU
1-ro mopsika, 3aTeM HIyT MAaKCUMYMEBI 1-TO MOpsiIKa u T.1.

Puc. 6. Cxema sxcnepumenmanvHou yCmaHo8KU
O0ocHOBaHHE METOA

ITonoxeHne MUHUMYMOB U MAaKCUMYMOB TU(PPaKIMOHHON KapTHHEI
X, (puc. 6), onpezenseMble OTHOCUTENBHO IIEHTPAILHOTO MaKCUMyMa 3a-
BUCST OT JJIMHBI BOJHBI, IIMPUHBI ILEJIM U PACCTOSHUSA OT LIEJU A0 IKpaHa.
Takum 00pa3oM, MO U3BECTHOM JUIMHE BOIHBI A M U3MEpeHHbIM L u X, ,

MOXHO OIPEAEIUTh IUPUHY LIEIIH.
YcioBre MUHUMYMOB JH(PaKIIMOHHON KapTHHBI 33/1a€TCs ypaBHE-

HUEM:
b-sing, =kA4, (2
rae A — JUTAHA BOJTHBI TAaroNIero H3ayIeHus,
k=1,2,3, .. — MOpsAI0K MUHUMYyMa;

b — mmpunHa meny;
@, — YroJl MEeXJy HalpaBJIeHHEM Ha MAaKCHMyM HYJICBOTO MOpPSIKA U

MUHUMYM K -ro mopska.
U3 (2) cnenyer

L
sing,

3)
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0O003HaUMM PACCTOSHHE OT CEpelINHBI LIEHTPAILHOTO MaKCUMyMa JI0
cepenyHBl MHHEMYMa K -ro mopsigka gepe3 X, , L — paccrosHue ot menn
1o 3kpaHa. 13 prucyHka 6 nomydaem:

X
tgp, = Tk . 4)
Tak kak a1 ManbIX yriaoB tge, ~Sing,, TO ¢ y4eTOM BBIPAXKEHHS
(4):
. X
sing, = T“ : ®)
[Mocne noacranoBkyu BeipakeHus (5) B popmyiy (3), umeem:
kAL
b=—"-. (6)
X

IMopsinok BeINOJIHEHUsI padOThI

Buumanmue! [lpu pabome ¢ razepom HeobX00UMO ROMHUMb, YMO NONAOA-
HUe J1a3epHO20 JIy4ad 8 21d3 ONACHO 05 3peHust!

1. IMoaroroBbTe TAOIHUILY JJIs 3AIMCH PE3YyIbTATOB:

Tabnnna
Ne LM | AL,Mm k X M | AX,M | bm | Abm | E,%
1 3
2 0,9 5
3 7
4 3
5 0,6 5
6 7
7 3
8 0,3 5
9 7

2. C nomoripio JiabopanTta mim npemnoaasatens Bkitounte OKI. s
3TOrO BKJIIOYMTE B ceTh 220 B ceTeBoll mIHYp MCTOYHMKA NUTaHUA. Pyuky
nepeKyrouaTessl «TOK Jjiazepay IepeBeAuTe B mosioxeHuun V. Bxirouwnte
nepeKyrouaTelb «CeTh» W «HaKal» Ha WCTOYHUKE MHUTaHUs, TPH ITOM
JIOJDKHBI 3aTOPEThCS JIAMIIOYKA «CEThY M MOSIBUTHCS TeHEPaIIus.
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3. Tonyunte yeTKyro TU(PAKIHOHHYIO KapTHHY Ha dKpaHe, yCTaHO-
BHB PAcCTOSHHE MEXK/TY IIeb0 1 3kpaHoM 0,9 M, IIpH 9TOM IUIOCKOCTH Mie-
JI TOJDKHA PACTIONaraThesi MePIeHIUKYISIPHO JIydy Jia3epa.

4. Tlo MUJULTUMETPOBOI CETKE U3MEpbTe PacCTosHue X, (puc. 6) s
3, 5 u 7 munumymoB (k=3, 5, 7) u 3aHecuTe pe3yybTaThl B TaOIHILY.

5. TMoBropure myHKT 4, He MEHSISI IIUPHHBI WIENH, SIIe Ba pa3a s
paccTosHU, YKa3aHHBIX B TaOIHUIIE.

6. 3anecure 3Hauenus Ax, u AL B taGnumy.
7. BwixmrounTe masep.

O0padoTka pe3yJbTATOB H3MEpPEHUIl

1. Jlns Bcex ombIToB 10 (opmyite (5) onpemenuTe mupuHy meau b,
npussB A =(632,8+0,1)-10°m.

AAl AL AX,
_+_

2. Tlo dpopmyne E, = 7+ -100% ompenenute OTHOCH-
Xk

TCJIbHYIO MMOTrPEIIHOCTD JJI1 BCEX H3MCp€HPII71.

E
3. ITo popmyne Ab=-—2—.b paccuuTaiite 3HaYeHHs AOCOMOTHOM
100%

HOTPEITHOCTH JIJIsSI BCEX M3MEPEHH.
4. 3aHecuTe pe3ysIbTaThl BCEX BBIYHMCIICHHUN B TAaOIHUILY.
5. 3amummmTe myummii pe3ynsrar B Buae b=(b+Ab)m, E =..%.

6. Caenaiite BBIBOJ 110 pe3yJIbTaTaM paOOTHI.
KoHTpoJbHBIE BONPOCHI

1. OnumunTe MexaHU3M BO3HUKHOBEHHS CHOHTAHHOTO M BBIHYKJICH-
HOT'O M3JIy4eHHs aTOMOB. YKa)KUT€ OCHOBHBIE CBOMCTBA BBIHYKIEHHOTO
W3ITyYEeHHS.

2. Kakoe cocTosiHME HAa3bIBa€TCSI COCTOSHHEM C MHBEPCHOW Hace-
JIEHHOCTBIO?

3. JlaiiTe onpeseneHne MOHSITHS METACTaOWIIBHBIA YPOBEHb SHEPTUU
aToMma.

4. Onumwure ycTporcTBO U puHiun aericteus He-Ne - nazepa.

5. Omnummure ycTpOHCTBO W MPUHIUI JEHCTBHS pyOMHOBOTO Jlazepa.

6. KakoBo Ha3zHaueHHe pe30HATOpPA B I'a30BOM Jiazepe?
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IIpunoxenue

1. OcHoBHBIE U3NUECKUE TOCTOSHHBIE (3HAUECHUSI OKPYTJICHHBIE)

dusnyeckas BeIMINHA O6o3naduenne | YwcioBble 3HAUCHUS
YckopeHne cBOOOIHOrO MafgCHHS g 9,81 m/c?
I'paBUTAIHOHHAS TOCTOSIHHAS G 6,67 - 10 m*/(xr-c?)
INocrosinHast PunGepra R, 1,097 10" m™
ITocrosinnas bonsiiMana k 1,38 - 10 /K
3apsi AIeKTPOHA, IPOTOHA e 1,6 - 10° Kn
Macca 31eKTpoHa Me 9,11 - 1030 kr
Macca nporoHa m, 1,67 - 107" xr
CKOpOCTb CBETa B BAKYYME c 3-10° mlc
[Mocrosinnas Credana- 5,67 - 10° Br/(m” -
Bonbivana K%
IMoctosuuas Buna b 29-10°m-K
ITocrossunas [Tnanka h 6,62 - 10> Jx-c
DNIeKTpUYeCcKas MOCTOSHHAS €0 8,85-10" @/m
MarauTHas IoCTOSTHHAS Lo 12,56~ 10" Tu/m

2. llpucraBku 111 00pa30BaHUs KPaTHBIX U IOJIbHBIX €IUHUIL

[Ipucras- |OtHome- |OO6o3naue- |[IpucraB- |OTtHOmE- |OGo03Haue-
KH KpaT- |HHE K OC- |HHE PYCCKOE€ |KH J0Jb- |HHE K OC- |HHE PYCCKOe
HBIX €JIU- |HOBHOMH HBIX €/IU- |HOBHOMH
HUI] CIMHULIS HUI] CAVHHULIC
JKCa 10% ] e 107
aTa 10" II CaHTH 10 c
Tepa 10" T MUJLTH 107 M
rura 10° r MHUKPO 10° MK
Mera 10° M HaHO 10° H
KHWJIO 10° K MTUKO 10 I
TEKTO 10° r demrto 10" ¢
JeKa 10" na aTTo 10 a
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3. TTokazarenu npenomieHus (N) BOIHBIX PACTBOPOB Caxapo3bl pa3-
nyHo# koutentpanuu (C,%) npu 20°C

C,% n C,% n C, % n C, % n
0 1,33299 4 1,33879 8 1,34476 12 1,35093
1 1,33442 5 1,34026 9 1,34629 13 1,35250
2 1,33586 6 1,34175 10 1,34782 14 1,35408
3 1,33732 7 1,34325 11 1,34937 15 1,35568

POB caxapo3bl 0T KOHIeHTpauuu mpu 20°C

4, Fpa(pm( 3aBUCUMOCTHU IOKA3aTCIIA IIPCIIOMIICHUA BOJHBIX PACTBO-

1,95

0
o

NokasaTens npenomaesna N

Q 10 20 30 40 50 60 70 B0 90 100
KoHygHTpayns pacreopa, %
5. Tabmuia cuaycoB

Cunycol Ionpasknu
0 10 20 30 40 50 60 [1]2[3]4]|5|6][7]8]9
0| 0,0000| 0,0029| 0,0058| 0,0087| 0,0116| 0,0145| 0,0175| 3| 6| 9] 12| 15| 17| 20| 23| 26
1| 0,0175| 0,0204| 0,0233| 0,0262| 0,0291| 0,0320| 0,0349| 3| 6| 9| 12| 15| 17| 20| 23| 26
2'] 0,0349] 0,0378] 0,0407| 0,0436| 0,0465| 0,0494| 0,0523| 3| 6| 9] 12| 15] 17| 20] 23| 26
3’| 0,0523| 0,0552| 0,0581| 0,0610| 0,0640| 0,0669| 0,0698| 3| 6| 9| 12| 15| 17| 20| 23| 26
4| 0,0698| 0,0727| 0,0756| 0,0785| 0,0814| 0,0843| 0,0872| 3| 6| 9| 12| 15| 17| 20| 23| 26
5] 0,0872] 0,0001| 0,0929] 0,0958| 0,0987| 0,1016| 0,2045| 3| 6| 9] 12| 14| 17| 20] 23| 26
6| 0,1045| 0,1074| 0,1103| 0,1132| 0,1161] 0,1190| 0,1219| 3| 6| 9| 12| 14| 17| 20| 23| 26
71 0,1219] 0,1248] 0,1276] 0,1305| 0,1334| 0,1363| 0,1392| 3| 6| 9] 12| 14| 17| 20] 23] 26
8’| 0,1392| 0,1421| 0,1449| 0,1478| 0,1507| 0,1536| 0,1564| 3| 6| 9| 12| 14| 17| 20| 23| 26
9’| 0,1564| 0,1593| 0,1622| 0,1650| 0,1679| 0,1708| 0,1736| 3| 6| 9| 12| 14| 17| 20| 23| 26
10| 0,1736] 0,1765| 0,1794| 0,1822| 0,1851| 0,1880| 0,1908| 3| 6| 9| 11| 14| 17| 20| 23| 26
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Ilpumeuanue.

Ymobvl ombickams CUHYC HEKOMOPO2o Yeid, 6 nepeom cmonbye vloupa-
emcsl Yucio 6 epadycax, a 8 vacmu mabauybl pacnoioNCeHHoU ceepxy Yuc-
J1080e 3HayeHue 6 oecsimkax munym. Ha nepeceuenuu cmpoxu u cmonbya
Haxooumcst pezyibmam. s HAX0HCOeHUs. 3HAUEHUTI CUHYCO8 eOUHUY MU-
HYym K 08yM NOCNeOHUM yugpam pezyromama HeobX00UMO HpubaAsums
3HAYeHUe cOOmeemcmayiouel NONPasKu.

6. CoOTBETCTBHE LIBETOB UIMHAM BOJIH M 4aCTOTaM B BUAUMOM JHa-
Ma30He ONTHYECKOIr0 CIIEKTpa

IBer Hnﬂig-g?ﬂHHH’ Yacrota, 10 ** Ty
KpacHprii 760-620 395-484
OpanxeBbIit 620-585 484-513
Kentori 585-575 513-522
JKenro-3enensrit 575-550 522-545
3eJIeHbIN 550-510 545-588
["osty6oii (Cune-3eneHslii) 510-480 588-625
Cunwuit 480-450 625-667
duoneToBbIN 450-380 667-789

1. I/IHTeraIIBHaH YYBCTBUTCIIBHOCTh HEKOTOPBIX BAKYYMHBIX U Ir'a30-
HAITIOJITHCHHBIX q)OTOSJ'IeMeHTOB

NHTerpanbHas 4yB-
Mapka ¢porosnemenTa CTBUTEIILHOCTD,
MKA/IM
CIIB-3 80
CIIB-4 80
O®-15 145
O-16 100
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