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OIIPEJAEJIEHUE TOKA3ATEJIA HPEJTOMJIEHUA
AKNJIKUX U TBEPJBIX TEJI

TEOPETHUYECKOE BBEJIEHHUE

HanmomHuM 3aKOHBI OTPAKCHUA M HNPCIOMIICHUA CBCTA W PACCMOTPUM XOI
nyqeﬁ IIpU ABJICHUU ITOJHOI'O BHYTPCHHCETO OTPAXKCHUA, KOTOPOC HCIIOJIB3YCTCA OJIA
OIIPCACIICHUA MokKazarejien IMPCIIOMJIICHU .

3aKoHbI OTpa:xkeHus U npejgomJienus ceera. [llokasareanb
npeJJoMJIeHUA
N3 onpiTa UW3BECTHO, 4YTO B OJHOPOJHOW MPO3PAYHOM CpEAE CBET

pacnpocTpaHsieTcs npsMoiinHerHo. OJHako, €ciy JIyd CBeTa MaJaeT Ha TPaHUIly
pazziena JByX MPO3PAayHbIX Cped, TO MPOUCXOAUT

1oNR 2 M3MEHEHUE HANPABIECHHS €r0 PaclpOCTPAHEHHUS: CBET
Ay YACTUYHO OTPAXKAETCS OT TPAHHUIBI pasfiela 3THX CpE,
- cpeaal YACTUYHO JK€ MPENOMIISETCS M IIPOXOAUT BO BTOPYIO
cpeny.
cpenall 3axkon ompadgxcenuss céema: yron maneHus |
r paBeH yrny otpaxkenus 1. Jlyd naparommii 1, mayu
3

OTPaXEHHBIM 2 M HOpPMadb K TPaHHUIIE pa3jena Cpen,
IIPOBEJICHHAs] 4Yepe3 TOYKYy MaJcHMs, JIeKaT B OJHOU
miockocTH (puc. 1).

3akon NpejlomMIenusl ceenid. OTHOMICHUE CUHYCa
yIia najieHus | K CHHyCy yriia mpeaoMiienus I 1y JByX JaHHBIX H30TPOIHBIX CPEJl B
Cllydya€ MOHOXPOMAaTHYECKOTO CBETA €CTh BEJIMYMHA MOCTOSIHHAS (HE 3aBHUCSINAs OT
yria mnajaeHus). OTO OTHOIIEHHE Ha3bIBAETCS OTHOCHUTEIBHBIM IOKa3aTeleM
IPENOMIIEHHsT BTOPOM Cpeiibl 10 OTHOIIEHHIO K mepBoi. JIyu magarommit 1, myu
IPENOMIEHHBIH 3 M HOPMaIb K TPAHULE Pasjeia Cpejl, NPOBEAEHHAs YEPE3 TOUKY
MajJicHusi, Jie)KaT B OJHOM IIOcKocTU (puc. 1). OTHOCHUTENbHBIM MOKa3aTeNb
MpEJIOMJIEHUSI ~ pPaBeH OTHOIICHHIO CKOpOCTeW pacnpocTpanenuss V] u V2

Puc. 1

MOHOXPOMATHYECKOTO CBETA B ATUX CPEIAX
sini v, .
> —const=n, =% (1)
sinr v,
Ecii MOHOXpPOMATUYECKUM CBET MAAaeT Ha TPaHMIy Cpelbl M3 BaKyyMa, TO
N0Ka3aTellb NPEJOMIICHHS CPEIBI IO OTHOIIEHUIO K BAKYYMY Ha3bIBAIOT a0CONIOTHBIM
TOKa3aTeaeM NpejaoMieHHus (MIM IPOCTO IMoKasaTesneM npernomieHus). O4eBumHo,

4yTO a0COJIFOTHBIN ITOKA3aTeIb IMPEJIOMIICHUSA CPEAbI



n=c/v, (2)

rJie ¢ — CKOPOCTh CBETa B BaKyyMe, a V — €ro CKOpocTh B JaHHOU cpene. i nByx
Cpel CO CKOPOCTSIMH PAcIpOCTpaHEHHsI CBeTa V]| W V2 aOCOIIOTHBIE TOKa3aTenn

IMPpCIOMIICHUA COOTBETCTBCHHO N, = C/V1 H n,= C/V2 . OTCI-OI[a CiaIeayCer, 4to
OTHOCHUTEJIbHBIM ITOKA3aTelIb IMPCIIOMJIICHU A BTOpOﬁ CpCAbI 110 OTHOIICHUIO K HepBOﬁ

ny, = % . (3)

Cpena, y KOTOpoH aOCOJIIOTHBIA MOKa3aTeab MpeIoMIIeHUs OO0Jbllle, CUUTAETCA
ONTUYECKH 00JIee IIIOTHOM.

IlosiHO€e BHYTpeHHEee OTPaKeHHue

[Ipy mnangeHun CBETOBOM BOJHBI HA TPAHHUILY
pazmena ABYX IPO3padyHbIX CPeN IMPOUCXOIUT KAk
OTpaX€HUEe, TaK U IPEIOMJICHUE CBETa. OHEPrus
MaJAoENd BOJHBI PaCIpPENEIACTC MEXNY OTPAKCHHOU
U IpenoMIeHHOM BosiHamu. [Ipm mepexonme ceera w3
onTHYECKH OoJsiee MIIOTHOU cpeabl | B cpeny, onTuyecku

ST\ T meHee miotHyto |l (puc. 2), nmyu cBera ynmansercss OT

- HOpMAJIM K TpaHUIle pazzena cpej (yroj mpeaomiieHus I
Oonpmie yrina magenus i). I[To Mepe yBennyeHus yria
najieHUs] PHEPTUsSl OTPAKEHHOTO JIyya PACTET, a DHEPrHs

MPEJIOMJICHHOTO Jiy4ya TagaeT. [lpu HekoTopoMm yrie majeHus inpeg:[a HAa3bIBAEMOM

MpEAENIbHBIM YIIIOM, PEJOMIIEHHBIN JTy4 OYJeT CKOJIB3UTh 110 TPAHUILIE pa3ziesia cpel
(1151 HETO yroJ mpesoMiieHus r, = /2 ). Ilpu yriax nageHusi, npeBbIIIAIOIINX inpen’

CBETOBas BOJHA NPOHUKAET B ONTUYECKH MEHEE IUIOTHYIO Cpeay BCEro Ha
paccTOsIHUE MOPAJIKA JIJIMHBI BOJIHBL, a 3aTEM BO3BpalaeTcs oOpaTHo, T.€. MpHU yriax

najgcHus 1> inpeo CBCTOBAsA BOJIHA B OIITHYCCKH MCHCC IINIOTHYIO CPCAY IIPAKTHYCCKH

HC IMPOHHUKACT, a IIOJIHOCTBIO OTPAXACTCA Ha I'paHHUIC pa3aciia CpPCI. OTO SBIICHHUE
HOCHUT Ha3BaHUEC IMOJIHOT'O BHYTPCHHETO OTPAKCHHUA.

Teopust npuéopos UPD-22 u UPD-23

Jns n3MepeHus IokaszaTenel IpesIoMIICHUS

BEILIECTBA  CIy)KaT  MpUOOpbI,  Ha3bIBa€MbIe
peppaxmomempamu («peppakis» IEPEBOTUTCS
KakK MIPEJIOMIICHHE). [TpuHIMI JEUCTBUSA

pepakTOMETPOB, HCMOJb3YEMBbIX B HACTOSIIUX
3ajlayax, OCHOBAaH Ha  OMNpEIENICHUH  yIja
MPEJIOMJICHUSI CKOJIB3SIIECTo Jiyda (Yrosa majeHUs
90°), wuaymero BAOAbL  TPaHMIBI  pasjela
UCCIIEyeMOM Ccpejlbl C HEU3BECTHBIM ITOKa3aTeaeM Puc. 3




MpeIoOMIIEHUSI N U CPeAbl C U3BECTHBIM MOKazaTeneM mpesiomiieHust N, mpu yciaoBuu,
yro N > n. ['maBHON yacThio pedpakToMeTpa SBISETCS HU3MEPUTENIbHAs MpU3Ma C
IPEJIOMJISIIOLIUM YTJIOM , U3TOTOBJICHHAS] U3 CTEKJIA C MoKa3aresiaeM npesomiieHus N
(puc. 3). Ecnu BemiecTBO ¢ HEM3BECTHBIM MOKa3aTeJeM MPEIOMIICHUS N 3aMoJIHSET
IPOCTPAHCTBO HAJl BEPXHEH TrpaHbiO MPU3MBI, TO Uil CKoJb3smero jayda LK
COTJIaCHO 3aKOHY MPEIOMIICHUS

nsin90° = Nsin| |,
WU
n=Nsinl, 4)

rne | — mnpenenbHbl yron npenomieHus. @Popmyna (4) JI€KUT B OCHOBE
BBIUMCIICHUS N JIJIST BCEX THITOB pEPPaKTOMETPOB.

B 3a0aue Ne74 wucnonbzyercs pebpakromerp HUPD-23, y KOTOPOro
M3MEpUTEIbHASA IPU3Ma SIBISETCS MPAMOYTOIbHOU (pHc. 4 ), T.€. €€ MPETOMIIAIOIIHA
yrox ¢ = 90°. Jns ckomp3asimero jyda LK cnpaBemirBo cootnomenue N sin (90° — 1)
= sin i. Orcroma cos | = (sin 1)/N, rae | — yroa Mexay HOPMaJbl0 K BEepTHKAJIbHOU
rpaHl HM3MEPUTENHHOW NPU3MbI M BBIIICAINIAM W3 MPHU3MBlI JIy4oM (TOKa3aTenb

IpEIOMIICHUS BO31yXa 3/€Ch IPHMHAT 3a eAuHuIy). Tak Kak sinl=+1-cos’l , TO
N?—sin®1
N :
[ToacTassist 3TO BhIpakeHue B (4), moxydum Gopmyiy

n=+N?=sin’l , (5)

N0 KOTOpOH, 3Has Tokazarenb mnpejomiieHus N BemiecTa
U3MEPHUTCIIbHOM TPU3MbI M H3MEPUB YIOJd |, MOXKHO
ONMpENENUTh MOKa3aTedb NPEJOMIEHUS N HEU3BECTHOTO
BemectBa. B mpubope NPD-23 BeriecTBO OCBEIIACTCS TTOUTH
napajulelibHbIM IMYYKOM Jy4yed, NaJarolluX Ha BEPXHIOO
rpaHb Opu3Mbl 0oJ yriaom 90°, mo3ToMy B MOJIE€ 3pEHHS
BHJIHA CBETJasl IOJIOCKA, PE3KUMU BEPXHUU Kpaul KOTOPOU
COOTBETCTBYET JIyyaM, MaJarolIuM MOl MPEAEIbHbIM YIiIOM
Puc. 4 (puc. 4).

B 3a0aue Ne74a ncnonwsyercs pedpakromerp HPD-
22, y KOTOPOTO U3MEpUTENbHAS TIPU3Ma UMEET OCTPHIN MPETOMIISIONINA yToa ¢ (CM.
puc. 3). B atom cityuae hopmyia ajis onpeaencHus N yCIOKHIETCS U UMEET BUJT

n=sinp+N®—sin’i +cosgsini . : (6)

3mech | — Yroj MeXIy HalpaBiICHHEM MPEIOMHBIIETOCS MO MPEACIbHBIM YIIIOM
Jyda TMOCJe BBIXOJA €T0 M3 MPU3MbI U HOPMAJIBIO K TpaHu nmpusMbl. U3 xoxa nmydeit
(puc. 3) BuIHO, 4TO JIO0OH JTyd , MAJAONIMK HA MPU3MY MO YoM MeHbie 90°, mo
BBIXOJIC W3 NPU3MBI OYJET COCTaBIATh C HOPMAIbIO K €€ TpaHH yrojl Oosbiie I.
[ToaTOMy mpu OCBELIEHWHM OT MCTOYHHMKA, NAIOIIETO JYyYd C Pa3IMYHBIMU yTIaMu
najeHus (4To uMeer Mecto B uHTepdhepomerpe MPD-22) B GpoKambHON MIOCKOCTH

sinl =

6



TuH3E JI OyJeT BUIHA pe3Kasi TpaHuIla pasjiena MKy CBETIbIM U TEMHBIM MOJISIMU
(cBeTyIoE TMOJIe COOTBETCTBYET JIydaM, MaJalolliM Ha BEPXHIOIO T'paHb MPU3MBI 0]

yIJI0M MeHbIe 90°).
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Onucanue npudopa

B pedpakromerpe HPD-23 ucnonb3yroTCs MPSIMOYTOJIbHbBIE U3MEPUTEIIbHbBIE
NpU3MBbI, 3aKpervisieMble Ha cTojiuke npubopa. Ilpu ompeneneHuu mnokKaszaTens
MPEJIOMIICHUSI TBEPJbIX TEJI W3 HUCCIEAYyEeMOTO BEIIECTBA H3TOTOBISIOT KYOUK C
XOpOIIO OTMOJUPOBAHHBIMU TpaHsAMH. [l COOMIOEHHS] ONTHYECKOrO0 KOHTaKTa

MEXKJy TPAHBbK) H3MEPUTENBHOM MNPU3MBI M HUCCIELYEMBIM
BEIIECTBOM IIOMEIIAIOT KAIUIK0 JKUIKOCTH, IIOKa3aTelb
MpEeJIOMJIEHUsT KOTOpOl  Oouibllle, YeM I[OKa3aTenb Il
PEIOMIIEHUSI MCCIIEAYEMOIrO BEIIECTBA, HO MEHBIIE, YEM
[I0Ka3aTejlb  IPEIIOMIICHUS  WU3MEPUTEIBHOW  IPU3MBIL.
BBenenne Mexay HCHBITYEMBIM BEIIECTBOM M IIPU3MOU
[1apaJUICJIBHOTO CJIOA JKUAKOCTH HE OKA3bIBACT BIUAHUA HA
xoJ Jyuedt B cucteme. [loatomy okxoHuarenbHast popmyra
(5) nmna omnpeneneHuss — MoKazareds  MPEIOMIICHHS
HCCIIEyeMOro  BemecrBa ocraercs Tou  xe. Ilpwm
ONPENEIICHUM  TOKAa3aTessl  MPEOMJIEHUS  KUIAKOCTEU
YHOOTPEOISIIOT U3MEPUTENIBHYIO MPU3MY C MPHUKICECHHBIM K
HEW LWIMHAPUYECKHM COCYAOM, B KOTOPBIA HAJIMBAIOT
ucciaenyeMyro  Kuakocte. He ocranaBnmBasice  Ooliee
JeTalbHO Ha ONTHYecKol cxeme MP®P-23 (c HEW MOXKHO

O3HAaKOMMTHCSI 10 ONMCAHHIO, MMEIOIIEMYCsl y JabopaHTa), ONHIIEM Ha3HAYECHHE
pyuek ynpaBieHus npubopa. BHemHuii Buj pedpakTomerpa MoOKazaH Ha puc. S.

5 7
,"'iqu||7\5\\\‘\
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_ O OPNO N AW = O

Puc. 6

JIumO momemntaercsa B koxyxe 1. Jnsg muTaHus TamMIovku
MOJICBETKH 2 pedpakTOMETp TMOJKIIOYAETCI K CETH
MEPEMEHHOT0 TOKa Yepe3 MOHIKAIOIINI TpaHchopMaTop.
Bpamenuem omnpaBel 3 OKyJspa 3pUTENBHOM TPYyObI
OOUBAIOTCSI YETKOTO M300paKEHUsSI KpecTa HUTEH B IMOJIE
3penus TpyOwl. I'pyboe BpaimieHue TpyObl MPOU3BOIAUTCS
BPYYHYIO Tpu OCBOOOXIAeHHOM BuHTe 4. I[lnaBHoe
BpaIcHUEe TPYObl OCYIIECTBISCTCS TPH 3aTSIHYTOM BUHTE
4 BpameHueM rojoBku 5. Bpamias ompaBy 6 okyispa
OTCUCTHOTO MHUKPOCKOIA, MOXKHO TIOJYYHUTh YETKOE
n3o0paxkeHue mkanbl guMoOa. [Ipu momomu MaxoBuuka /

IMPOU3BOAUTCA OTCUET COTBIX U THICAYHBIX HOHefI rpaagyca 1o mkajie aMmoOa.



OTcueT M0JI0KeHM S 3PUTETbHOM TPYObI

B nosie 3peHust oTcueTHOro MUKpocKona (puc. 6) BUAHBI TpaaycHasi miKaiga
LEHOHN neneHus 1°; BepTUKaidbHAas HENOJBM)KHAS IIKaJa, JECITh NEJICHUN KOTOPOM
PABHAIOTCS OJHOMY JEJICHHIO T'PaJyCHOW IIKAJIbI; ABOMHBIE CIIMPAJH, IIar KOTOPbIX
paBeH OJHOMY JICJICHUIO HEMOABMIKHOM IIKalbl (IecAaTod JoJjie Tpaayca) u
pacmoJIoKEeHHas CBEpXy Kpyrosas mkaia. [Ipu mepemenieHnn ABOMHOW Cnivpaivd HA
OJIHO JIEJICHHE BEPTUKAIBHOM HEMOJBUKHOM HIKAJIBI yKa3aTeIb Ha KPYTrOBOM IIKaJe
npoberaer 100 nenenuit. CrenoBaTenbHO, OJHO JIEJIEHUE KPYTOBOM IIKANbl PaBHO
0,001 rpanyca.

OnpeneneHue TMOJOXKEHUS 3PUTEIBHON TpyObl MPU IMOMOIIA OTCYETHOTO
MHUKpPOCKOINA TMPOU3BOJUTCA CJIEAYIOIKUM o00pa3oM. Yucino wenbiX TpagycoB
ONpENENSIeTCS IO IUTPUXY TPaAyCHOM IIKaJIbl, KOTOPBIA HAXOAUTCSA B IpEIenax
HETIOJIB>KHOM BEPTUKAIIBHOM IIKaiabel (Ha puc. 6 orcuer gaer 12°) Jlecarvie nonu
rpagyca OIpPEACISIIOTCS YHCIOM LEJbIX JICJICHUW HEMOJABM)KHOM BEPTHUKAIBHOU
IIKAJIBI, KOTOPBIE YK€ MPONAECHBI IITPUXOM TIpagycHou mkansl. Ha puc.6 mrpux,
IMOMEUCHHBINA 12°, HAXOAUTCS HIDKE ACICHUS HEIOABMKHOM IIKAIbl, 0003HAYCHHOTO
mudpor 2, yro oszHavdaer 0,2 . Jnsg ompesdeneHuss 4acTH AETCHUS HEMOJBHUKHOM
IIKaJIbl CIY>KUT CIHUPAIbHBIM MUKpoMeTp (HOHMYC). C moMomipio MaxoBuika / (cMm.
puc. 5) BpamarT ABOWHBIE CIHUpald B JIIOOOM HAMpaBJICHUU 1O TEX MOp, MOKa
IPafdyCHbId IMITPUX HE 3aMET CUMMETPUYHOIO IMIOJOKEHUS MEXKIY JIHHUSMH
JBOMHOW CIHpAJIA; TOTJA yKa3aTellb KPYroBOW IIKalbl MOKa)XET HA HEH 3HAYCHUE
COTBIX, TBICSYHBIX U JCCATUTBICSUHBIX JOJIed Tpagyca (AECATUTBHICIYHBIE OJIU
OTCUMTHIBAIOTCA Ha ria3). Ha puc. 6 mojoxkeHne KpyroBol IIKaJbl COOTBETCTBYET
orcuery 0,0725°. Takum 006pa3om, IPUBEICHHOE HA PUC. 6 PACTIONIOKEHHUE BCEX KA
B I0JIE 3PEHMSI OTCUETHOTO MHKPOCKOMA JaeT JJISi MOJIOKEHUSI 3pUTENIbHON TpYyOBbl
orcuet yrna [2,2725°.

N3mepenus
Bxnroyaror yepe3 NOHMXKAIOUIMK TpaHc@opMaTop JAMIIOYKY MOJCBETKHU.
HacTpanBaroT 1o riaszam OKyJIsIpbl 3pUTEIbHON TPYOBI M OTCYETHOTO MUKPOCKOIIA.

Hy.JieBoii oTuer

YcTaHaBnuBarOT ONITUYECKYIO 0Chb
00BEKTHBA 3PUTEITHLHON TPYOBbl MEPHEHAUKYIISIPHO
BEPTUKAJIBHOM TPAaHU WU3MEPUTEIIBHON MPU3MBI.
Jns sToro, ocBoboauB BUHT 4 (cMm. puc. 5),
BpaualoT TpyOy BPYYHYIO JI0 TOSIBICHHS B TIOJIE
3p€HUs  OTpaXEeHHs KpecTa HUTeH U 10
BO3MOKHOCTH OJIM>KE€ COBMEUIAIOT OTpPaXKEHHUE ¢
CaMUM KpEeCTOM. 3aTsHyB BHUHT 4, BpallleHUEM
TOJIOBKH S T0OMBAIOTCSI TOUHOTO COBMeleHus. Ecu Takoro cCoBMeIleHusl CAeNaTh
HE yJaercd, TO J0OMBAIOTCA CHUMMETPUYHOIO PACHOJIOKEHUS HM300paxeHus
OTHOCUTEBHO KpecTa (puc. 7,a). IIpon3BoaAT OTCUET HYJIEBOTO MOJIOKEHHUS TPYOBI,
MOJIB3YSICh OTCYETHBIM MUKPOCKOTIOM, H 3aIACHIBAIOT OTCYMTAHHOE 3HAUYCHHUE Ij.




Onpez(e.ﬂemle nmoxKka3arteJis NMpeJaoMJIICHUA ) KUAKOCTH

3akperisaiioT B pedpakTOMETpPE H3MEPUTEIIbHYIO MNPU3MY CO CTEKJISTHHBIM
LUJIUHAPOM Ha BEPXHEW rpaHH. Y CTAHABIMBAIOT MCTOYHHMK CBeTa (Ta30pa3psIHYyIO
HaTPUEBYIO JIaMIy) W IpPH I[OMOIIM BCIOMOTATENIbHOW OTPa)KaTEIbHOM INPU3MBI
HaIIPaBJISAIOT IMy4YOK CBETA BJIOJIb TPAHULIBI pa3/iesia MEXIy UCCIEyEMbIM BEIIECTBOM
U U3MepUTeNbHOU npu3Mor. OTnycTUB BUHT 4 (CM. puC. 5), BpaIllalOT 3pUTEIHHYIO
TpyOy U noOuBaroTCsi, YTOOBI B HEE MONAIM NPEJOMJICHHBbIE B H3MEPUTEIIBHOM
npusme Jyud. Ilpy 3ToM B mone 3peHHs TpyObl BUAHA JKeATas MoJoca
MOHOXpPOMAaTHYECKOTO CBETa, COOTBETCTBYIOIIEro JuHuu Hatpus D. HaBoast uentp
KpECTa HUTEM Ha BEPXHIOIO PE3KYI0 I'PAHUIY MOJIOCHI (puc. 7,0), MOJB3YACH IS
TOYHOM HABOJAKHU TOJOBKOM 5 mpu 3arsHyToM BuUHTE 4. C IOMOUIBIO OTCUETHOTO
MHUKpPOCKOIIa OTCYHUTHIBAIOT IIOJIOKEHUE 3pUTENbHOM TpyObl. OTCUET NPOU3BOJAT
IATh pa3, cOMBas KaXKIblil pa3 HABOJKY M MpoBOAs ee 3aHoBO. HaxomsaT cpennee
3HA4YEHHUE YTJIa i, , ONPEIEIIOMIErO NOJI0XKEHUE TPYObl. Pa3sHOCTH 3HaueHHMI YIIIOB i)

W i) JIa€T BEMMYMHY yTIa i, Bxoasmero B Gopmyiy (5). 3Hast yrod i, no tabmmue s

U3MEPUTETBHOW TPU3MBI C JJAHHBIM TIOKa3arejeM mpenomiieHus N, mpuiaraeMoit K
npudopy, OTPENENSIOT TOKa3aTeNb MPEIOMIICHUS UCCIIeTyeMON KHUIKOCTH [ TaOIHIIBI
COCTaBJICHBI HA OCHOBaHUU GopmyItsl (5)].

Onpenenenne InmoKa3arTeJisi NpeJJoOMJICHUA CTCKJIA
B sToMm ciyyae B kauecTBe 00pa3lioB UCHOJB3YIOTCS KyOUKH, U3TOTOBJICHHBIE
U3 UCCIIEyEeMbIX COPTOB cTekia. CTEKISIHHOM Majloukod Ha padouylo rpaHb KyOuka
HAHOCST Karuiio anbhpaMoHOOpoMHa(pTaINHA, TOKA3aTeb MPEIOMIIEHU KOTOPOTo Np

= 1,6588 mpu 20°C, m ycraHaBIMBalOT KyOMK Ha TOPU3OHTAIBHYIO TMOBEPXHOCTH
U3MEPUTENBHON Tpu3Mbl. KyOuK W M3MepuTenbHas MpU3Ma JODKHBI ObITh XOPOIIO
NPUTEPTHI JAPYT K JAPYry. B ocTanbHOM TOPSAOK H3MEpPEHHs TOT e, 4TO U TpHU
OTIPECTICHNH TTOKA3aTesl MTPETOMIICHHS KHUIKOCTH.

IJKCIIEPUMEHTAJIBHASA YACTD 3AJIAYU Ne 74a
Onucanue npudopa

Pedpakromerp HPD-22
tuna AOOe TmpeaHa3HauYeH
JUIsi  OBICTPOTO M3MEpEHUs
MOKa3aTeaed MpeIOMIICHUS
JKUJIKOCTEH, HO  MOXET
YIOTPEOISITHCS 5 IS
W3MEPEHUS MoKa3zaTreyen
MPEJIOMJICHUSI TBEPBIX TE,
a TaKXe IS OINpeaesICHUs
CpenHen TACTIEPCUU
BEIIECTB.




VYopouieHHast onThueckas cxema pedpakToMeTpa IOKa3aHa Ha pHC. 8.
OcHoOBHOI JeTanbio pedpakToMeTpa SBISETCS CTEKISHHBIN mnapamwienenunen 1,
cocrosini U3 AByX npusm I u I, U3roToBIEHHBIX U3 OMHOTO copTa crekiia. [Ipusma I
MMEET XOPOILO OTIIOJIMPOBAHHYIO TPaHb A151 U SABISAETCS U3MEPUTENBHOM, a IpU3Ma

II umeer MatroByrO rpaHb A2B2 W SABIAETCS OCBETUTENBHOW. s u3MepeHus

[IOKA3aTelsl MPEIOMIICHUS KUAKOCTH HECKOJIBKO €€ Kallellb IOMEIIACTCS B IIeJIb
Mexy npusMaMu. IIydok cBeTta OT Kakoro-imbo MCTOYHUKA C MOMOILBIO 3epKana 2
HAIIPaBJISAETCS HAa OCBETUTEIBHYIO IIpU3MY. Beiencreue paccesHus cBeTa €€ MaTOBOU
IIOBEPXHOCTBIO B  HCCIEAYEMYIO JKUIAKOCTh JIy4Yd BXOIAT MO PA3IUYHBIM
HarpaBiaeHussM. Cpeau 3TUX JIydeil UMEIOTCA Jy4YH, CKOJb3AIIUEe BIOJIb IpaHu 4151

npu3Mbl [, KOTOpbIE, MPOXOId B ATy MNPU3MY, MNPEIOMISIOTCS TMOJ NPEACIbHBIM
yraoM. YTJIbl %Ke TMPEeIOMJICHHUS] OCTAlIbHBIX Jyuel Oolibllie mpeaenbHoro. Beiias us
M3MEPUTEIBLHOMN MTPU3MBI, CBET MIPOXOJIUT YEPE3 JIBE AUCIIEPCUOHHBIE TPU3MbI AMUYHN
npsimoro 3penuss 3 u 4 (0 Ha3HAYCHHH ATHUX
npu3M OyAeT CKa3aHO HIXKE) M TOoNajgaeT B
3pUTEIIbHYIO TPYOy, COCTOSIIYIO U3 0OBEKTHBA 5,
OKyJIsipa 6 M OTCUETHOTO NPHCIOCOOJICHUS 7,
pacnoJIOKEHHOT0 B (DOKAJbHOM  IUIOCKOCTHU
o0bekTBa. B 3TON MIOCKOCTHM CBET 00pa3yeT
CBETJIOE W TeMHOe moist (cM. puc. 3 Ha cTp. 3).

OtcueTHOE  MPUCHOCOOJIEHUE  NPEACTABIIET  COOOM
CTEKJISIHHYIK IUIACTMHKY. Ha OJHOM 4YacTh 3TOM IIJJACTMHKU HAHECEH KpecCT,
COBMEIIAEMBIN IIPU U3MEPEHUAX C TPAHULEH pa3Jiesia TEMHOIO U CBETJIOro noJjen. Ha
JIPYTYIO YacTh TUIACTUHKY MPU MTOMOIIU JTUH3BI 8 U
npu3Mbl 9 mpoekTHpyeTcss  U300paKeHue
npo3paunoit mkanel 10, koTopas ocBemaercs Ot
KaKoro-nu0o  MCTOYHUKA  IMYYKOM  CBETa,
HarpasisieMbM 3epkasiom 11. Takum oOpaszoMm, B
MoJIE 3pEHHs] OKyJsipa BUIAHBI OJHOBPEMEHHO
KapTWHA, OO0pa3oBaHHas CBETOM, MPOIIEAIINM
yepe3 M3MEPUTENIbHYIO0 MpU3My, U H300pa’keHue
mkansl. [lapannenenunen 1 cBg3aH ¢ MIaCTUHKOM,
Ha KOTOpOM HaHEeCeHa WIKajla, MEeXaHUYeCKOu
nepenauet. Ilpy ero moBOpoTE MTPOUCXOAUT

Puc. 9

nMepeMenieHre  MKaibl W,  CJIeJ0BaTEIbHO,
MepeMeInieHne ee M300paKeHUsT B TOJEe 3pPEHUs Puc. 10
OKyJIsIpa. Kouctpyknus npubdopa

IIPEyCMaTPUBAET, YTO IIPU COBMEILIEHUM KpPECTa C TPAaHUIIEH pa3fena CBETIIOIO U
TEMHOIO TIOJIEW YyKas3aTelb IIKaJIbl II0Ka3bIBAET Cpa3dy 3HAYEHHE II0Ka3aTess
IIPEJIOMIICHUS UCCIIEYEMOIO BEILIECTBA JIsI MOHOXPOMAaTHYECKOTO CBETA, ¢ JIMHOU
BOJIHBI, COOTBETCTBYIOIIEH >KenToW TuHUM HaTpus D.

HpI/I VICIIOJIb30BAHUM HCTOYHHKA O€loro ceeTa B HSMGPHTGHBHOﬁ IIPpHU3ME
IMPOUCXOAUT AUCIICPCHUA CBETA. B pE3yIbTATE, I'paHulia pasaciia CBETIOTr0O U TEMHOI'O

10



MOJICH, BUJIHAS B OKYJISIP, OKA3bIBAETCS, BOOOIIE TOBOPS, OKPAIICHHONW W Pa3MBITOM.
JInst ycTpaHeHUsI OKPaCKH TpaHUIIbl pa3jienia Mojel ClyKaT JUCIIEPCUOHHbBIC MPU3MBbI
npsimoro 3peHus. Kaxnas u3 atux npusMm (puc. 9) coctaBieHa U3 TpEX MPU3M: JBYX
KpallHUX, U3TOTOBJIEHHBIX M3 ONTHYECKOrO0 CTEKJIa C MaJjloil aucrepcuent (KpoHa), u

CpemHel — U3 CTeKJa ¢ 0obIIol aucnepcuei (dhauaTa). Beixoasmuii 13 Takou
CHUCTEMBI CBET OKa3bIBAECTCS PA3JIOKEHHBIM B CIIEKTp. [Ipenomusiromue yriasl npusm
nofo0paHbl TakK, YTO JIy4, COOTBETCTBYIOIIMH HEKOTOPOM IJMHE BOJHBI (OOBIYHO
JUIMHE BOJIHBI JKENTOMN JIMHUM HaTpus D), mpoxoauT cucteMy 0€3 OTKIOHEHHUSI.

[Ipy NpoOXOXKIEHMM CBETA IIOCIECIOBAaTEIBHO 4Yepe3 [JBE AUCIEPCHOHHBIC
npu3mMbl 3 U 4 OKOHYATENIbHAs JAUCIEPCHs] 3aBUCUT OT OPHUEHTALMU HPU3M I10
OTHOLIEHUIO JIpyr K Ipyry. Bpamas omHy M3 IpU3M BOKPYI OCH, WIAYIIEW BAOJb
HEOTKJIOHEHHOI'O JIy4a, MOXXHO IIOJYyYUTh JIIOOYI0 JTUCHEPCHUI0 OT HYJIEBOM 10
JBOMHOW N0 CpPaBHEHUIO C AUCHEPCHEN OJMHOYHOW mNpu3Mbl. TakuMm o0paszom,
IIOBOPOTOM OJHOW M3 JUCIIEPCHOHHOM MPHU3M MOXHO KOMIIEHCUPOBATH AUCIEPCHUIO
CBETA4, BO3HUKIIYIO B W3MEPUTEIIBHOW IIPU3ME, H, CJIEAOBATEIbHO, YCTPAHUTH
OKpPAacKy M pa3MbITHE FPAHMIIBI CBETIIOTO U TEMHOIO IOJI€i, HAOMI0JaeMbIX B OKYJISIP.

Buemnuii Bug npubdopa npexacrasiieH Ha puc.10 u 11. OH cocTouT uU3 Kopmyca
1, 3puTenbHOU
TPYOBI 2, ¥ U3MEPUTENHHOM rosoBKU 3. 3MepuTenb-
Hasi TOJIOBKA COCTOMUT M3 JABYX JIUTHIX MOJyLIapuil. BepxHee monymapue 3aKperieHo
Ha [IApHUPE M MOXKET OTKUIbIBaThca. B Hewm
HaXOJUTCS OCBETUTENbHAs Npu3sMa. B HmwkHeM
NOJIYIIAPUM HAXOAUTCS M3MEPUTENIbHAsT MpPU3MA.
[IoBOpPOT TONOBKH, NPOUCXOISAIINNA COBMECTHO C
nepeMeleHueM IIKaJIbI, POU3BOIUTCA
BpamieHueM wmaxoBuuka 4. Ha ocBeTUTENbHYIO
OpU3My CBET HaIpaBisieTCs MPU MOMOIIM 3epKalia
5, a Ha mIKajxy — Ipu oMoy 3epkana 6. [ToBopot

IIPU3MBI KOMIIEHCATOpa JIACIIEPCUA
U3MEPUTEIIbHON MPU3MBI IIPOU3BOAUTCS BpalllCHUE-
Puc. 11 HueM MaxoBuuka 7. I1o moka3zanusM mKaiabl KOM-
MeHcaTopa 8 BBIYMCIACTCS BEJIMYMHA JUCIIEPCUU
HCCJIETyEMOTO BEIIECTBA.

N3mepenne mokazare/is NPeJIOMJICHUS KUJAKOCTH
VY cTaHaBIMBaIOT UCTOYHUK CBETA (HACTOJIBHYIO JIAMITY) TaK, YTOOBI CBET majiaj
Ha 3epkajia 5 U 6 (MOTyT OBITh MCHOJIB30BaHBI W JABE Jiamribl). [Jisiist B OKyJsip
3pUTETHLHON TPYOBI, BPAIICHUEM OTPaB 3epKall TOOMBAIOTCSA SPKOM W PaBHOMEPHOM
OCBEIICHHOCTH OIS 3peHusl. Bparias onpaBy okyJsipa, GOKYCHPYIOT €ro Ha KpecT U
n300pakeHue mkaibl. OTKUIBIBAIOT BEPXHEE MOJyIIApUE U3MEPUTENLHOMN TOJOBKU U
HAHOCSAT C MOMOILBIO CTEKJISIHHOM NAaJIOYKU HA MMOBEPXHOCTh U3MEPUTEIBHON MPU3MBI
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HECKOJIbKO Kamejab HCClenyeMon KUAKOCTU. (OCTOPOXKHO 3aKpbIBAIOT TOJOBKY.
Uccnegyemast  KUAKOCTh  JOJDKHA  TOJHOCTBIO  3allOJHUTH  3a30p  MEXKIY
U3MEpPUTETFHON M OCBeTUTEIbHOM mnpu3Mamu. CMOTps B OKYJSp, BpalaroT
MaxOBHYOK 4 ¥ HAXOJST IPaHUILy pasjiena CBETJIOr0 U TEMHOro mnosjeil. Bpamenuem
MaxOBHYKa / YCTPaHAIOT €€ OKpacKy. C MOMOIIbI0 MaxoBUYKa 4 yCTaHaBIUBAIOT
KpPECT BO3MOXKHO TOYHEE Ha TpaHUIIe pa3jiena MoJied U CHUMAIOT IO [IKaJie 3HaUeHHe
nokasareyiss MperomyieHus (MHACKCOM JUIsl OTCYeTa CIY)KUT HEMOJABUKHBIN
rOpU30HTANBHBIN WITpUX). Llenble, AecsAThIE, COThIE U THICSYHBIC JIOJIM OTCUUTHIBAIOT
M0 JICJICHUSIM IIIKaJbl, & JCCATUTHICAYHbBIC OLICHMBAIOT Ha ria3. Illkana mokasatens
npejomiieHust paccuntana Ha 20°C.

N3Mepenne mokasareJisi NpeJIOMJICHUS TBEPAOIO Tejia

[Tepen paboToil BepxHee MoTyIIapue U3MEPUTENbHON TOJOBKU OTKUBIBAIOT U
opu  JanbHedmied — paboTe  U3MEPUTENbHYIO  TOJOBKY  HE  3aKpBIBAIOT.
Conpukacaromuecs MOBEPXHOCTH o0Opa3la U HM3MEPUTENbHON MPU3Mbl HNPOTHPAIOT
CHUPTOM U 4YUCTOM canderkoid. (s coOMtoeHUs] ONTHYECKOrO0 KOHTAKTa MEXIY
I'PAaHBI0 M3MEPUTENBHOW IPU3MBI U HCCIEAYEMBIM BEIIECTBOM ITOMENIAIOT KaIlIko
KUJKOCTH, I[IOKa3aTellb MPEJIOMJIEHUS KOTOpOMl Ooubllle, YeM IOKa3aTellb
MPEJIOMJIEHUSI U3MEPUTENILHOM MpU3Mbl. BBenaeHue Mexay o0pa3suoM U MNpU3MOU
MapajyieIbHOrO CJIOS KUIKOCTH HE OKA3bIBACT BIMSHHUS HA XOJ JIy4ed B CHCTEME.
OOBIYHO AJI ATOM LEIU CIY>KUT MOHOOpoMHadTanuH. Kamio KUIKOCTH MOMEIIA0T
Ha TMOJUPOBAHHYIO IMOBEPXHOCTH OOpaslia MpH IMOMOIIM CTEKJISHHON MaJIOUKU C
3aKpYIJIEHHBIM KOHUOM. HakmaneiBator oOpasen; NOJMpPOBaHHOM TpaHblO Ha
U3MEPUTENIbHYI0 MpU3My TakK, 4YTOObl €ro MmaToBas TIpaHb, oOOpasyromas c
MOJIMPOBAHHOM TPaHbIO OCTpoe pedpo, Oblia oOpaileHa K HCTOYHUKY cBeTa. [lpu
YCTaHOBKE 00paslia MIOCKOCTh €r0 CONPUKOCHOBEHHUS C U3MEPUTENbHOM MPHU3MON
JOJDKHA NPUHUMATh PaBHOMEPHYIO OKpacKy. M3MepeHue mokazaress MperaoMIICHUs
Jlajee MPOU3BOJUTCS TaK ke, KaK U B CIIydae KUJKOCTH.

N3mepenue cpegHed Tucepcuu
Mepoit aucrepcur MOXKET CIOYyKHTh CPeOHss oucnepcusi NE — NC
XapaKTEPU3YIOIasi W3MEHEHHE IOKa3aTess MNPEJTOMIEHUsS BEIIECTBA B MpENEax
BHAMMOIi yacTu criektpa (NF 1 NC — 3HaYeHus MOKa3aTesIs MPETOMIEHHUS IS IJTHH

BonH AF = 6563 A% u AC = 4861 A°, cOOTBETCTBYIOIIX KPACHOH M CHHEil JTHHISM

BOJIOPOJHOTO crieKTpa). s m3MepeHuss cpeaHed TUCTIePCHH KUAKUX W TBEPIbIX
BEIIIECTB HCCIIENYEMbIii OOBEKT YCTaHABIMBAIOT TaK K€, KaK U TPU U3MEPEHUU
moKazaTesst TmpeoMieHus. HaxoasT mokazaTenb NpeIoMIICHUs, KOTOPBIM 3/1eCh
Oynetr oOo3HayaTbCs N[ , Tak Kak pePpakTOMETp JacT 3HAYCHHE IOKa3aTes

MMpCIIOMIICHHA OJIA OJIMHBI BOJHBI, COOTBGTCTByIOIJ.[CfI JKEJITOM JIMHUM HaTpus D.
I[I/ICHCpCI/IH OMnpeACIsICTCA OTCUCTOM IIOJIOKCHHA IIPHU3Mbl KOMIICHCATOpPA II0
mkajie 8 IIPpHU IIOJIHOM YCTPaHCHHMHM OKpPACKH I'paHUIBI pasgciia MoJIeH C ITOMOIIIBIO
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MaxoBuuka [/ (puc. 11) um xapakrtepusyercss 4YucCIOM Z JENEHHA I[IKaJbl
KomneHcaropa. Eciu mocne ycrpaHeHMs] OKpacKy BpallaTb MaxOBHYOK / B Ty K€
CTOPOHY 10 IPOTHBOIIOJIIOKHOIO, HO PaBHOTO (MJIM MOYTH PABHOIO) 3HA4YeHHs Z, TO
rpaHula pasjena BTOPUYHO MoJyduTcss OecuBeTHOM. Ilpum u3MmMepeHusax ciemyer
IPOU3BOAUTh HE MEHEE IISITH OTCUETOB C JBYX CTOPOH WIKaJlbl KOMIIEHCATOpa U
HaXOAUTh CpEeJHEE apUPMETHUECKOE BCEX H3TUX OTcueToB. i1 M3MEpPEHHOIO
3HaYeHMs MOKa3aTelsl NpeJoMIIeHus: ND HaxolAaT no Tabiu.l Benuunubl 4 u B. Ecin
TAKOro IOKazareisl B TaOJMUIE HE OKAXKETCsA, TO BEIWYMHBI 4 W B moiydaroT
MHTEPIIOJIMPOBAHNEM, MOJb3YSICh TaONMIEH MPONOPLUUOHAIBHBIX dacTed. Jlus
HOJy4YEHHOTO 3HaueHus1 Z HaXOAT 110 Ta0u.2 BeUuuHy ©. [{nst 1poOHBIX 3HaueHui Z
BEJIMUUHY G ONPEICISIOT TaKKEe HHTEPIIOIMPOBAHUEM IIPU TTIOMOIIM TOH K€ TaOIUIIbI
IpONOpLUMOHANIBHEIX vacTel. HeoOxomumo yuuthiBaTh, uto miig Z Oosbiie 30
BEJIMYMHA G PUHUMAET OTPULIATENIbHbIE 3HaueHus. 1o HaliieHHbIM BemuuHam A, B
U C BBIUMCISIIOT 3HAYEHHWE CpeaHEed aucnepcuu: n. —n. =A+Bo . Ilpumep 3anmcu

PE3YJILTATOB UBMCPCHUA U HAXOXKICHUA CpGI[HGﬁ JUCIICPCHUU ITPHUBCICH HUKC.
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Tadauubl 115 onpeae/ieHUs1 CpeHei Jucrnepcuu

Ta0muna 1 TaOmura 2

Np A A B A Z o A Z

1.300 | 0.02437 | -6 | 0.03168 | -13 0 1.000 | -1 60

1.310 | 0.02431 | -6 | 0.03155 |-14 1 0999 | -4 59

1.320 | 0.02425 | -5| 0.03141 | -16 2 0.995 | -7 58

1.330 | 0.02420 0.03125 | 3 0.988 | - 57
-5 -17 10

1.340 | 0.02415 0.03108 | 4 0.978 | - 56
0 -5 -19 12

1.350 | 0.02410 0.03089 5 0.966 | - 55
-5 -20 15

1.360 | 0.02405 0.03069 6 0.951 | - 54
-4 -22 17

1.370 | 0.02401 0.03047 7 0934 | - 53
-5 -24 20

1.380 | 0.02396 0.03023 8 0914 | - 52
-4 -25 23

1.390 | 0.02392 0.02998 9 0.891 | - 51
-4 -27 25

1.400 | 0.02388 0.02971 10 0.866 | - 50
-4 -29 27

1.410 | 0.02384 0.02942 11 0.839 | - 49
-4 -30 30

1.420 | 0.02380 0.02912 12 0.809 | - 48
-4 -32 32

1.430 | 0.02376 0.02880 13 0.777 | - 47
-3 -34 34

1.440 | 0.02373 0.02846 14 0.743 | - 46
-3 -36 36

1.450 | 0.02370 0.02810 15 0.707 | - 45
-3 -37 38

1.460 | 0.02367 0.02773 16 0.669 | - 44
-3 -39 40

1.470 | 0.02364 0.02734 17 0.629 | - 43
-2 -41 41

1.480 | 0.02362 0.02693 18 0.588 | - 42
-3 -43 43

1.490 | 0.02359 0.02650 19 0.545 | - 41
-2 -45 45

1.500 | 0.02357 | -1 | 0.02605 | -47 20 0.500 | - 40
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1.510 | 0.02356 0.02558
-2
1.520 | 0.02354 0.02509
-1
1.530 | 0.02353 0.02457
-1
1.540 | 0.02352 0.02403
0
1.550 | 0.02352 0.02346
0
1.560 | 0.02352 0.02287
0
1.570 | 0.02352 0.02225
1
1.580 | 0.02353 0.02160
1
1.590 | 0.02354 0.02092
2
1.600 | 0.02356 | 2 021021
1.610 | 0.02358 | 3 | 0.01947
1.620 | 0.02361 | 4 | 0.01869
1.630 | 0.02365 | 5 | 0.01786
1.640 | 0.02370 | 6 | 0.01698
1.650 | 0.02376 | 7 | 0.01605
1.660 | 0.02383 0.01506
8
1.670 | 0.02391 0.01400
9
1.680 | 0.02400 0.01286
11
1.690 | 0.02411 0.01162
14
1.700 | 0.02425 0.01025

46

21 0.454 | - 39
47

22 0.407 | - 38
49

23 0.358 | - 37
49

24 0.309 | - 36
50

25 0.259 | - 35
o1

26 0.208 | - 34
52

27 0.156 | - 33
52

28 0.104 | - 32
52

29 0.052 | - 31
52

30 0.000 30
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36.8

37.6

39.2

40.0

40.8

41.6

43.2

45.6

47.2

49.6

52.0

54.4

41.4

42.3

44.1

45.0

45.9

46.8

48.6

51.3

53.1

55.8

58.5

61.2

\‘
o

74

/8

83

88

93

99

106

114

124

137
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/11741788388 )93]99 106|114 | 124 | 13.7

142 1148|1156 166 |17.6 | 18.6 | 19.8 | 21.2 | 228 | 248 | 274

2131222 12341249264 |27/9|29.7|318| 342 | 37.2 | 411

28.41296(31.2 332352372396 424 | 456 | 49.6 | 54.8

355|37.0(39.0415]44.0|46,5|49.5|53.0| 57.0 | 62.0 | 68.5

42.6 | 444 146.8 | 49.8 528 |55.8 594|636 | 684 | 744 | 82.2

49.7 518|546 |58.1|616|651]693|742] 79.8 | 86.8 | 95.9

56.8 159.2 1624|664 |704|744|79.2|848| 91.2 | 99.2 | 109.6

O OND|OTPBWIN|F-

63.9 1 66.6 | 70.2 | 74.7 | 79.2 | 83.7 | 89.1 | 95.4 | 102.6 | 111.6 | 123.3

Ipumep

Onpeaesenue cpeiHeH JUCIIEPCUA

OTcueTsl Mo MIKaje KOMIIEHCATOpa

ITo ogHoM ITo mpyrou
CTOpPOHE

41,7 42,1
41,7 42,2
41,6 42,0
42,0 41,9
41,8 41,9

Cp. 41,8 Cp. 42,0

Oo6mee cpennee: Z =419

Boga mpu 20°C, np = 1,3330. [Ipu nomoru Tabiuil mosyJaeTcs:
A4=0,02418, B =0,03120, c =—-0,584n. —n. = A+Bo =0,02418 — 0,01822 =
0,00596.
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