I A, SBHUCMAH u OO M. TOJEC

KYPC
EN ®U3UKU

TOM It

OIITHKA,
®U3HUKA ATOMOB ¥ MOJIEKYJI,
®3UKA ATOMHOI'O AAPA
1 MHUKPOYACTHL

Ob

HW3JAHHE YETBEPTOE, CTEPEOTHIIHOE

Honyguweno Munucmepemeaos
8bictiez0 u cpedHezo cneyuarbnozo 06 pasosanta CCCP
@ Kauecmee yuebro20 nocobus Orn cmydenmos
BUICLULUX MEXHUMECKUX YueOHbLX 3a8e0eHuli

7
tJ

U3IATEJILCTBO <HAYKA»

TJIABHASI PEOAKLIYISA
OHU3UKO-MATEMATHUYECKO JIMTEPATYPH
MOCKB A 1970




530.1
3 64
YK 530

2-8-1
30-69



IpenucnoBue KO BTOPOMY H3NAHHIO . o « + « » « &

OrJIABJIEHHE

H3 npepncioBus K NEPBOMY HBRAHHIO o « v « 4 « o o o o o s o 4 o o«

'nasa

§
§
Fnas
§ 10,
§ 11.
§ 12,

Fnasa
§ 13.

§ 14.
§ 15.
§ 16.

Fnasa
§17.
§ 18.
§ 19.

[nasa
§ 20.
§ 21,
§ 22,

1*

YACTH §
ONMTHKA

I. PaseaTHe BITIAKOR HA OPHPORY CRETA « v o o+ o s o o o o o+ o
Kopnyckyasgpnas u BOJTHOBAA TEOPHH CBETA v v & « « o + . «

CKOPOOTB CBETA v v v v v v v v v v v v v o b e e v o e s
. DNeKTpOMarHuTHAast TpUpoJa CBeTa. DO3HHKHOBENHE TEOPHH
KBEZHTOB ¢ 4 o v v o o o« o » o o o o « s o o o » o o o o o o
II. PacnpocTpaneHHe M3AYMEHRA . . o o + « o o « + o & o &

Jlyancrsili notox. PoToMeTpHuECKHE BEAHYMHS M EIMHUON WX
H3MEPEHHS v v v o o 0 0 o 0 o 4 s .

Pacnpoctpanenue ceera s Heogmopom{on cpe;Le TMoatoe BHyT-

PEHHEE OTPANKEHHE « v v v & v 4 & & v o v 0 o 4 o
Hucnepcns ceera. ©asoBag M rpyNloBag CKOPOCTH . - - o .
II1. dnemenrsl reoMeTpuveckosi ONTHKA . . . . . . . . e
lpenomnenne n oTpamenne Ha chHePrUECKHX NOBEPXHOCTAX , .
[TocTpoenue n3obpamKeHHd B AeheKTH MHH3 .+ v v v & & « .« .« &
OnTHUECKHE CHETEMBI & v v v« ¢ v v v v v e a e e v e o v s
IV. Unrepdepenuns cgeTa . . . . . . . . v v v 4 4 b e e
Korepenurtble BOMHEL ., . , . . . . e e e e e e
MeTtoar HaGMOZeHus! HHTepdepentHH csera Cee e

IlpakTHueckre npuMeHenns HHTEpHEpeHLHHU, I/IHTepqpepoueTpm
V. BAndpakuns €BETA . . . . . 4 4 v v . e e e e e e e e

MpamonuneHOCTh DACHpOCTPaHeHHA CBETA 1O BOJHOBOH Teo-
puH. 3ount Ppenens . , . .
Lundpakuuonnasn peuerxa. ﬂud)paxmaonnme CIMEeRTPH . . oo
Paspemanman C10COOHOCTE ORTHYSCKUX HHCprMQHTOB e .
Duppakuna peHTreHOBCKUX Jyded , . . . . . . e e
VI. Hoasipuzauns csera , . . .
EcrecTBenHnit u HOJXHpHSORaHHbHrI CBET 4 v o « + « o » 4 o o
[Nonyuerue nonsapuaoBanubix Ayuelt ... . . , C e e e s
Hompnsaunoaﬂme NpUOOPHL H HKCIOJAL3OBAEHE nompuaoaan-
HBIX JAYHeH . ¢« v 0 v v v i i v e e e e e e e e
VII. Paccesnne u NOrAOWEHHE CBETA . . . .+ . « + « + o »
PaccesHHe €BETA . . . . 4 . v v v v e e e e e e e e
Toracwenne cesera . ., . . .

IIseta Tea. CnexTpanibnuiii cocmB nsnyqeﬂuﬂ e e e e e

14

18
20

20

30
38
47

47
50

67
67
71
78

83
83
88

103

109
109
113

. 126

133
133
139
145



4 OTJIABJIEHHE

I'nasa VIII. Onrtuka ABHKYL(HXCA Teld H TeOPUS oTHocHTeabHocrn 151
§ 23. Ilpusuun OTHOCHTENLHOCTH B KJIACCHYECKOH MeXxaHHKe H 0poG-

nema sbupa . . . . . . e e e e e e e e e e e e e e 151
§ 24. OnTuka ABHIKYIIHXCH CpeX H npoé.nema aq)upa e e e e e 154
§ 25, Onpr MafiKeMbCOHA . . .+ o & o o o « + v o v o . . . . . 161
§ 26. Ilpeo6pasoBamnus JlopeRHa . « v o & & v « v v v v W v 4 . 165
§ 27. PenaruBuCTCKaa KHHEMaTHKE . . . . « « « . . . . . . 172

§ 28. PenaTuBHCTCKas TeOPHS HEKOTOPHIX onmqecxux aenenutt . . 180
§ 29. DnemeHTH pesasTHBUCTCKON JuHamMuxkH. [lanpRefimee pasBuTHE
TEOPHH & & 4 v v 4 o s o 6 4 4 v e e e e e e e e 182

IF'naea IX. TennoBoe uaaydyewume . , . . . , . e e e e e e 192
§ 30. Henyckanue B norsioulenye csera, Tennosoe usnyqeﬂﬂe cee .. 192
§ 31. 3axon Kunpxropa. Manyuenne aGconoTno gepuoro Tesa . . . . . 196
§ 32. Pamuomecuoe usayuenne. Popmyna Ilnanka u ee ciegcteug . . . 200

§ 33. 3akoHB TenyoBOrO HBAYYEBHS . . . . .« 4 o o & + « . o o » 209
§ 34. ITupomerpel. TennoBuie HCTOYHHKH CBETA & o o o « o . o « 215

Fanaesa X. dorosnexrpuuecknit sfdekr m npapopa anexTpoMarHATHOTO
MBAYUHEHHR . o . v & v s v v s v h e e e e s e e e e 221
§ 35. doTosnexTpHYECKHI at}x})em Ypasuenne SuHmTeuHa . 0221
§ 36. IlpaxTuueckne npumenenus ¢ortoaperTa. d)orosnemeum . . 226
§ 37. KpanroBam CTPYKTYpa CBETA . . . . & v o o 4 v o o « o« . 282
§ 38. Ilpupona csera . . . . e e e e e e e e e e . . 243
I'nasa Xl. BsaumopeiicreHe H3Jy4eHHs] C BEHeCTBOM . . . . . . . . . 248
§ 39. Hapnenue ceera. OnuiTet J'[e6e1xeBa e e e e e e e e e .. 248
§ 40, JIOMMHECHEHIHSE . . . v « & = + o & & & &+ . . e .. .. 250
§ 41. doToxuMuYeckue ABnenHs. d)ororpat})nx e e e e e e . 255

YACTDH 1I
PU3HKA ATOMOB U MOJIEKYJT

Fnasa XII Monean CTPOEHMSl aTOMA . - . . v « v v v v 4 o o o » 258
§ 42. AToMuble €AHHMIUB SHEPFHH M MAacCHl . , . . . . . . . . . . 258
§ 43. Mopenu aromoe Tomcona u Pesepdopma . . . . . . . . . . . 262
§ 44. Tloerynmatet Bopa . . . . . . . . o ... ... L. . . 267
Fanasa XIII. daemenrs: KBaHTOBOR MeXaWHKH . . . . . . . . . . 274
§ 45. Judparuus saekTponos. Boaun ge Bpoétng . .. . . .. 274
§ 46. Bonnosas pyuxruns. «CooTHOIEnH S H&Oﬂp%)leJIEHHOCTEM» . . 280

§ 47. Hpexacrasnenne GH3HYECKMX BEJHUYHH ONEpaTopamMu H ypaBHe-
Hpe Hlpeannrepa . . . . . « . « .« o 0. ... ... 291
§ 48. Ilpumepsl. DekTpoH B «HULHKG» PomTop i ocumm;nop .. 297
Fanasa XIV. CrpoeHne H CHEKTPB ATOMOB . . + « & o v o &+ + o » « & 307

§ 49. Bojopononojobunift atom . . . . . 307
§ 50. CnexTpn BOJOpOAA H IIEJOUHBLIX N'ETaJIJIOB Criun :-mempoaa . 317
§ 51. MHOros/NeKTpPOHHbIE aTOMH W NEPHOAMUECKHH 3akoH Menjeneesa 327

§ 52. CneKTPH MHOTO3JERTPOEHBIX ATOMOB . . + + . « . « .+ . . . 332
§ 53. Jlazepu . . . . . . . e e e e e e e e e e e e e e e 340
IF'nasa XV. Crpoenave mosekys W KpACTAAIAMECKUX T&1 . ., . . . . . . 347
§ 54. O6mMennoe B3auMOlefiCTBYE H NPHPOZA XHMHUYECKOH cRf3d . . . 347
§ B5. YpDOBHH 3HEPIHE H CHEKTPH MOMEKYA . . « .+ + o . + . o+ . . 356

§ 56, DHepreTuuecKkHe 30HbLl KPHCTAMJIHYECKAX TeA . .. . . . . . . 361



OTJIABJIEHHE
YACTb II?
SUINKA ATOMHOIO SAIPA H MUKPOUYACTHI]
Fnapa XVI PagHOakTHBHOCTD . . v v « « v o v o « v s + o u o s »
§ 57. OrxpuThe PaiHOAKTUBHOCTH. Merogu Habmogenns vactun 6oas-
UIHX BHEPTHA . v + v . « .+ « . e e e e e e e
§ 58. 3akoHH PajHOaKTHBHKX npeapamexmu e e e e e e
§ 59. a-pacnaf ¥ TYHHEABHHA 3PDERT « . .« . & ¢« W 4 v 4 o o o &
§ 60. y-Tyun H MX B3aUMOJEHCTBHE C BEILECTBOM « » o o + & & & o+ 4
Fanasa XVII. Cocras, crpoeune w npespameHue aTOMHEX Aaep . . .
§ 61. BOM68p1(PIpOBKa fuep OHCTPHIMH 3apsKeHHBIMH YaCTHLAMH . .
§ 62. Otkputie HefiTpoHa. COCTAB BTOMHBIX fAKED o + + « + » « »
§ 63. BT-pacmal. HeHTPHHO . . . . . . v v v ¢ 4 4 v v v v ..
§ 64. JAaepuuie cuanl. [dedekr MaCCbl MO}IEJIH gapa .. . . . e
§ 65. Ycroftuupocts sijep. McekyccTBenHas pagHOdKTHBHOCTE . o . .
F'nmasa XVIII. UcnoapsoBauue SARepPHHIX npesBpameHwd . . ., . . .
§ 66. Llennas peakuusa Jenenus ;u1ep B
§ 67. Anepunie peakTOpH . . .
§ 68. Vcnonb3oBanue pa;\noaxmsnmx nponymoa ;Lenemm Meuentie
aToMel . . . . e e e e e e e e e e e
§ 69. Tepmomepﬂue peaxunu e e e e e e e e e e e e e e
Fnasa XIX. Maxkpowacruusr . . . . . . . . . . e e e e e s
§ 70. IlpoSaema smeMeHTApHOCTH MHKPOUACTHN . . . . . . . o . .
§ 71. Tunel B3aHMOMEHCTBHH . . . . . v v 4 o o + % v v v 4w w W
§ 72. YacTHupl # aHTHYACTHOB . . . o & & + = « 4 v v o v 0 0 .
§ 73. TIpeBpAMEHHS MUKPOSACTHY, . « « ¢ o & & » + + & o + + o . .
§ 74. Knaccudrrauua MHKDPOYACTHI . « » . . .
BaRMIOUEHHE . . . .. . v v 4 6 v v e e n e e e e e v e e e e

[IpeAMeTHHIA YKA3ATEAD + o« 2 ¢ s ¢ 2 ¢ o o = o s o « & o « o s C .

368

447

. 455

455

459
470

. . 482

439
491



NPEANCIOBHUE KO BTOPOMY HU3JXAHHIO

Tpetuit Tom Kypca conepKHT pasuensl GH3HKH, OLICTPO Pa3BHBAIO-
mHecs B HawH ZHH. BoT nouemy, KpoMe mpaBKH, Hocsilell XapaxTep
neGonbIIKX yayuluenuii, Kak Gbi0 cAeNaHso B NepBoM H BTOPOM TOMaX,
sfiechb nOTpeboBaNOCh JOMHCATL HEKOTOPHIE pasieltl.

JloBaBnen naparpadp, nocesleHHHY KBaHTOBLIM reHepaTopaM,
BKJIOUEHO onucanue sddexta MéccGayspa. DT AOCTHKEHHS HUSHKH
ABJAAIOTCH BECEMa MHOrOOOEWAOWUMH /1A TeXHHKH OuaHkaimero
byayumero. PuzMKa MHEpOYACTHIL pa3BHBaeTcs B HaCTOsLLEe BpeMs
cToib OypHO, YTO NOCJEAHION [JaBy KHHUIH, [OCBSILEHHYIO 3ITOH
npobjeMe, MPHINIOCH HAMOHCATh 3aHOBO.

U3 NPEAUCAOBUASA K NMEPBOMY U3JIAHUIO

HacTosmuii ToM 3aBepwaer cofoll Kypc ofileit ¢u3uKH And BTY-
80B. [lo-npexHeMy ocTajach HeH3MeHHOH ofllas yCTaHOBKa aBTOPOB,
H3JI0KEHHAS B NPeRHCAOBHHE K | ToMmy. TpeTHil TOM cOnepHT caenyio-
mue pasgens: acte | — Onruka; wacTs Il — ®usuka atoMosB 0 Mo-
Jekya; uactb [11 — PH3uKa aToMHOrO fApa H MHKPOUACTHIL.

Hekotopele pasiyaus B o6beMe Kypea ofmell hU3UKH, YMTAEMOrO
B Pas/UuUHBIX BTY3aX, NpHBeH K HeoGXopuMocTH HabpaTh YacTh MaTe-
pHajia neTHTOM. ABTOPH CTAPaJHCh, YTOOH NPH COKpalleHHH 3THX BO-
NPOCOB LeTbHOCTh M3JIOXKEeHHS oCTajbHOIO MaTeprasa He HapyluaJach.
Tax ke, KaK H AAg npeaplaymux ToMoB, Cexuust ¢usHkH JleHHH-
rpafckoro JloMa yueHblX nOMorJa opraHH30BaThb LUHPOKOE peileHsH-
poBaHHE PYKOMHCH 5TOr0 ToMa KadeapaMH (PHU3HKHM pPRAa BLICHIHX
yueOHbIX 3aBefeHuil JIeHHHIpaaa, YTO CYULECTBEHHO NOMOTJO aBTopaM
B OKOHYaTesbHOH ee Jopabotke. ABTOPH BHIPAMAIOT HCKPEHHIOW
npu3HaTtensHocts Ceknui ¢duaukos JIAY u Bcem Kadenpam M ToBa-
pHIaM, B3sBIIEM Ha cebs Tpya npouTeHHsl H OOCYXKICHHS pyKomucH.

B tperseM Tome O. M. Tonecom nanucans §§ 1-—22, 30—34, 39—
43 u 57; I'. A. Bucmanom —§§ 23—29, 35—38, 44—b6 u 58—74,

ApTtopu GyayT npHsHaTenbhbl KadenpaM GU3UKY H OTACABHBIM /-~
HaM, KOTopble MOAeNATCS ¢ HHMH CBOHMH COOOpaKeHHAMH, Hampas-
JIEHHBIMH Ha yJydllleHHe Kypca.,

. A. Sucman, 0. M. Todec



YACTDL I
ONTHKA

TITABA 1
PA3BUTUE B3IJ1/10B HA NTIPHPOAY CBETA

§ 1. Kopnyckyaspuas M BOJHOBas TEOPHH CBeTa

Bonpoc o mpHpoae cBeTa H 3aKOHAX €ro pacnpocTpateHH s CTABHICH
y®e rpeueckuMu ¢uiocopamu. B Tpakrtatax Eskaupa «Ontura» u
«Karontpuxa» (300 r. 1o H.3.) Ha OCHOBE NpejACTaBICHHS O 3PUTENb-
HBIX JyYax, HCXOASIIHX U3 riasa H Kak Obl OLLyMBIBAMIHX paccMar-
puBaeMelft npeaMet, GOPMYJHPYETCH 3aKOH npaMoaHueldisoro pacnpo-
CTpaHeHUs CBETa U 3aKOH paBeHCTBA YTJIOB MajeHHS H OTPaXKEHHS.
[TporuBononOKHLA BITIAL HA CBET, KAK Ha TOHUaIKe cJIeNKH («IpH3-
pakuy), HCMyCKaeMele CaMUMH CBeTRIUHMHCH TENaMH, H3Jjaraercs
B nosme Jlyxrpenus «O npupoge Bemetis.

IpaBunbHOH (pOpMYIHPOBKH 3aKOHA NIPEJOMAEHHS CBETA I'PEYECKUM
dunocodaM moJay4HMTh He yaaJjock. [IpoH3Beas CPaRHUTENDHO TOUHLIE
JJis CBOETO BPEMEHHU H3MEpeHUs YI/a NPeIOMJICHUS r OPH Pa3NHUHBIX
yraax nagenus i, ITromemeli yCTaHOBUJT NOCTOAHCTBO OTHOIIEHHS 3THX

i
yrios —= const (BMeCTO OTHOLUEGHHS CHHYCOB), XOTSl TaKOe NOCTOSIH=

¢TBO H He co0/1101a/l0ch B ero OMBITaX NpH COABLIMX yTiaX NafcHHs.
OTcyTCTBHE MPOMOPUHOHAILHOCTH MeXJy YUJ/OM fafeHHS W yTioM
npesgoMeHdst OblJI0 OKOHUATEJMbHO YCTAHOBJEHO apalbCKHM  YyueHbIM
AnsbrasedoMm (X1 B.), KoTophlil, KpoMe TOro, NOKa3aJ, UTO Majaromiuil
U DpEeJOMJICHHBI Jydd JeKaT B OFHOH NJIOCKOCTH ¢ NepHeHANKY /-
poM, BOCCTaBJEHHBLIM B TOUKE NAaJEHHA.

B nauane XVII B. 6blni #300peTeHEl MHKPOCKON H 3PHTENbHAS
Tpy6a; onTHueckue NpuUOOPEI NONYUHIH HIKPOKOE NpaKTHUeCKOe Npiu-
MEHEeHHE B aCTPOHOMHH d naBHranuu. COBepIIeHCTBOBAHHE 3THUX NpH-
Gopoe notpeoBasio pasBHTHS YueHHsl He TOJNbKO o0 OTpaxeHHHu (Ka-
TONTPHKA), HO H O NpesiOMJIeHH cBeTa (AHonTpuka). B 1621 v, ronnang-
ckult pHsux CHENIHyC YCTaHOBHM KOMHUYECTBEHHLIH 32KOH NpesoMse-
HUS CBETA, NPOXOAALUIEro MJIOCKYIO paHHIly pasjfena ABYX cpei. Ma-
TEMAaTHYECKAa® 3anMcChb 3TOrO 3aKOHa B BHJE OTHOMIEHU® CUHYCOB

sin i
(Eﬁ? = const) npunagnexut Jekapry. Hu xe Oriiia caenana nepsas
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NonbiTKa OGBACHHTL 3TOT 3aKOH, HCXOMAS M3 MPEACTaBJEHHS O KOpIMy-
CKyJApHOH mpHpoze ceTa.

St Bos3penus Ousu paseutu B Konle XVII B, HelotoHoM B BHJE
crpolinoil Teopuu Hcreuenus. Hrpoton npeicrasasn cebe cser cocTos-
IHM H3 MeJbYalilliHX CBETOBHIX HacTHUeK — KO P my ¢ K y J, Heny-
CKaeMbIX CBETSIIUMCA TEJOM M JIETHAIMUX C OFPOMHOH CKOpPOCTBIO.
K ana/u3y JABHIKEHHS CBeTOBHIX Kopnyckya Heioton, ecrecrseHHo,
npEMeHud CHOPMYAHPOBAHHbIE UM 3aKOHBl MEXAHMKH,

B oxnopoxuo# cpepe (BO3AyX, BOAa@, CTEKJO) Ha KOPMYCKynH He
IeHCTBYIOT HHKaKHe CHIB, HX MOTEHHHANbHAS SHEPIUs OCTAETCS Hews-
MEHHO!l, H OHH JBHXYTCH PaBHOMEPHO H
npaMoaunHe#Ho [Ipy oTpameHHH H

1Oy MPEOMJEHHH TaKOe HHEPIHAJbHOE JBHIKE-
! . uHe HapyllaeTcs H, CIEACBAaTeNbLHO, Ha KOp-
v, \{ nycKyJsl JefCTBYIOT CHJBI, COCPENOTOYEH-
i Hble Ha rpadHie pasfena AgyX cped. B pe-

syaerare paboTEl 3THX CHJ MOTEHUHAbHAA
SHepPTHsl KOPNYyCKyJBl, BTAHYTOA B faHHVIO
v, cpeny M3 BakyyMa, TMOHHKAaeTcs W NpHHH-
1 MaeT BoJiHe onpefeseHHoe 3Hauenue U<0.
_____ K13 3THX npeAacraBieHHil JIErKO BBIBECTH
3aKOHBl OTPAKEHHST H IIPEJOMJEHHA CBETa.
Ilpu ynpyrom ynape KoprnyckyJibl O nmoBepx-
puc. 1.1 HOCTb HOpMaJibHas COCTAB/IAIMAN ee CKOPo-
CTH U, MeHseT CBOH 3HaK Ha ofpaTHblli, a
KacaTejbHas cCocTaBuiolias v, H BeJHUHHA
BEKTOpPA CKOPOCTH v=]/v§—l—v§ OCTAaIOTCS! HeH3MeHHBIMH (pHc. 1.1).
Orciofa A1sl YrJIOB BHIOJHAETCA COOTHOLIEHHE

UL SR S
g0 = v, e tgi,
HJH
i'=_i1 (1.1)

T. €& yroJn najpeHuWs paBeH YyrJay oTpaxXeHUd.
Pasnuuue 3HakoB 3THX YIJIOB YKaseiBaeT Ha TO, YTO OHH OTCYUTHI-
BAIOTCA OT NEPNEHJAHKYJAAPa B NPOTHBOMOJIOKHEE CTOPOHEL.

Brisoz 3akona npenoMyieHHs 1O KOPNYCKYJASPHOH TEOPHH paccMoT-
pUM Ha npOoCTEHIleM npHMepe nepexoja Jyva U3 BakyyMma B HEKOTOPYIO
cpeny (puc. 1.2).

CxropocTb cBeTa B nycrore 0603HauHM Yepes ¢, a B cpejie — uepes v,
AHanorHuHO OTpakKeHHIO, KacaTe/lbHasl COCTAaBJAIOMAS CKOPOCTH NpH
nepexoje yepes TpaHHUIy pasiena OCTAETCH HEMSMEHHOH, T. e,

csini=wvsinr, (1.2)
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OnuiT noKaskiBaeT, YTO NpH NMEPEXOAE B IJIOTHYIO CPelly MpesoM-
JIeHHBL Jyd npHOankaeTcs K NEPNeHUuKYAsapy, r<<i, sin r < sin [ #,
C/enoBaTeNbHO, U>¢. VHBIMH CJOBAMH, KODNYCKYJBl BCEraa BTATH-
BAIOTCHl B CpeAy, MX NOTeHLHalbHAsA SHeprus nonmxkaercs (U<<0),
a CKOpPOCTb JBHIKEHHS B Cpejie CTAHOBHTCA GoJblue, YeM B MyCTOTE.
H3 sakoHa coXpaneHHsl SHePruu

o= 14U

HAXOHHM, 9TO

v= 1/02—2'-%]—=
= ]/c’+—21rrlzj—l=const. (1.3)

T. €. CKOpPOCTR CBeTa B JaHHOH cpese
HMeeT BHOJIHE ONpeNeNeHHOe HOCTOSH-
HOE 3HauelHe, HE 3aBHCAlLlee OT yrja
najeHud,

s (1.2) u (1.3) nonyuaem obuiunyio
(GOpMySHPOBKY 3aKOHA MPEJOMJEHUS
CBETA:

—.-—:=%=const=n (1.4)

~— OTHOLIEHHE CHHyca yr/ia NajeHus R Puc. 12
CHHYCY Yr/1a OpPENOMJIeHHsI €CTb BeJH-
YHHa NOCTOSHHAS, He 3aBHCAAS OT yIia MafeHHs ¥ HaskBaeMas mo-
KasaTeJeM IMpeJOMJICHHA ﬂ,aHHOﬁ cpeapr n.

B 1666 r. Hetoton nokasas, ato Gennlt CBET fABJAETCS COCTABHHIM
H CONEpMXHT «UHCTbIe 1BeTay, KamAblfi H3 KOTODHIX XapakTepHuayercs
cpoeft mpesoMaseMocteio. [Tocnennsas ocobenHocTh Obuia OObsicHEHA
HrlotoHom pasauudeM B Macce KopnycKyia. O6najast HanMeHbluefl
Maccoli, KOpHmycKyJbl (HOJEeTOoBOro cBeTa, corjiacho (1.3) H (1.4),
CUJbHEe BTATHBAIOTCA B Cpeay, JeTAT B Hefl ¢ 6oablllell cKopocThio H
CHJIbHEE MPeJOMJISIOTCS, YeM KOpNyCKYJNBI KpacHoro ceera, of/ajalo-
mue HauGoabliedt Maccofi. /L1 NpoMeKyTOUHEIX [BETOB Macchl Kop-
DyCKYJl HMEIOT MPOMEXYTOUHEIE 3HAueHHA H NPU NpeJOMJEHHM OHH
pacrnojaraiTCsl MeXIy KPacHbIM H (UOJIETOBHIM syvaMu. TakuMm of-
pa3oM, KOPNyCKyJaspHasd TeOpHs AaBaja IPOCTOe H HATJaIHOe 00bAC-
HEHUE ABJICHHS TUCHEPCHM cBeTa. JIMUIbL HECKONBKO CTONETHH cnycrd
BHISICHH/IaCh OIIMGOYHOCTh TaKOH TPAKTOBKH 9TOrO BECbMa CJOXHOTO
ApJeHHa (cM. HHXKe § 6).

Hapsany c¢ xopmyckynaspHo#i Kounennued [ekapra — Herorona
B XVII B. BosnHk;na M pa3sHBajach NPOTHBOMOJOXKHAS, BONHOBas
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teopma ['yka — [iofirenca. B «Tpakrare o csere», NpeicrasJeH-
nom ITapuxckoit Axamemun B 1678 r. u onyOnuxosannoM B 1690 r.,
[ofireHc HCXOAMT H3 MpeJcTaBjeHHA O TOM, YTO CBET €CTh Npolecc
pachpoCTpaHeHHs MPOAOJBHHIX fedopManuil B HEKOTOPOH MaTepHalb-
Ho# cpeje, MpoHM3bIBaowWed Bce TeNa, —MHpOBOM 3dHUpe.
Jlns aHanusa 3aKOHOB pacnpocTpaHeHus 3THX aedopmanuii [ofirexc
NPEAIOKH NPOCTOH H HArAsAHBIA METOXA, Ha3sBaHHbIH BIOC/JEACTBHU
npusnunom Fofirenca (r. [, §60). OruM merogom [1oi-
reHc OOGBACHUI [pSIMOJHHEN-
HOCTb pPaclipoCTpaHEHHUsT CBeTa
H BElBeJ 32KOHEI OTPAKEHHA
NpPENOMIEHHUS.

[Mockoneky npunnun lofi-
reHca M OCHOBHBlE CJEJCTBHS
#3 Hero GBINM HOAPOOHO paso-
Opanel B 1 TOMe Halero Kypcea,

,,,,A ‘/ oy 1O ISl COMOCTaBJEHHS C (1.9)
7 MBI JIHIUb HAallOMHHM BBIBOJ 3a-

yat kona mnpeaomsenus. Ilycrtb
T\ . 7 dpont msockoli BonHbt AB,
" pacnpocrpaHsiowelics B Ba-

KyyMe cO CKOPOCTbIO ¢, NMAjaer

nojp yrjoMm { Ha rpaHHIY CO

Puc. 1.3. cpenoff, B KOTOpOfl CKOPOCTb

pacrpocTpaHeHds paBHa U

(puc. 1.3). Cnycta HeKoOTOPBI

MPOMEXYTOK BpeMeHH Af, BOJHA, pacnpocTpaHAOWAsCT H3 TOYKH

B, npoiizer nyte BC=c¢ Af{ u pocruraer rpaHumnsl pasgena. 3a 1o xKe

BpeM# BOJIHA, PACHPOCTPAHSAOMAACA OT TOUKH A B CPEAE CO CKOPOCTHIO

v, npoiiner nyth AD=vA{. Hanpasaenue pacnpocTpaHeHHS (PPOHTa

goaus DC B cpene XapaKrepusyercs yrjoM npenomienus r. Ms pu-

CyHKa BHIHO, uTO cTopoHa AC ABNfeTCs OQHOBPEMEHHO FHOOTEHY30M
IBYX NPAMOYTOMBHBIX TPEYTOJABHUKOB H

__cAt oAt

sini  smmr °
Orcioza, Mocie COKpalleHHa Ha Af, noaydaem:

sin ¢ c
sinsr— 7o =const =n. (15)

Hecxonpko HHas o6mad POPMYTHPOBKA 3aKOHA PacnpOCTPaHEHHN BOJH Ghlla
nana ®epma (1601—1655). Cornacho npunununy ®epMmMa, Jyud ceera
pacrnpocTpassioTcs No OyTH, NpHBOASLIEMY K Hend B kpardalmtee Bpems. IToka-
KeM NpHMEHeHHe 5TOro npunnuna Gepma K peiiedyio TOR Ke 3ajayH 0 npeloMmie-
HHH CBeTa,
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Ha puc. 1.4 nokasan xox Ayda OT HCFOURKKA S, PAcCNOIOKEHEOrO B BAKYYMe,
70 ToukH M, pacnosoxeHHOH B cpele TOA Ipamuued pasfena. B kaxmoh cpene
KpaTuail M DyTeM 6yAeT npaMasd MHHEA, T. e.ayid SN u NM. [{na naxoxpenns
nojoxenus To4kH N oxapakTepusyeM ee PacCTOSIHHEM x OT MepHeHAMKyTaApa,
ONYIIEHHOTO M3 MCTOYHHMKA HA NJIOCKOCTH Pasjesid, M NMOACYHTAEM BPEMHA, 3aTpa<
YeHI0e CBETOM HA NPOXOMACHHE JoMaHoro nyTs SNMi

NM__V h? 4 x? V i+ {—x)3
T, ”

T

SN
=-—t . (16

Ilng naxomEeHds MuHaMyMa npoluddepenuunpyem Bupaxenne (1.6) mo x
H NpHpaBHsSeM N0JYYeHHYI0 NPOH3BOAHYIO HYJIO!
dt x [—x sing sinr
- S —— = == (), 1.7
- F 2 ([ —x)2 c v
Cl/hg+x2 ul/h + ({—x)

Herpyaro suaers, 9to yenosde (1.7) npuBOJAHT K TOMY K€ CaMOMy 33KOHY Mpesoys
Jdenust (1.5), KOTOPHE OuJa BulBeleH U3
npurupuna lofirerca.

Crnepyer OTMeTHTh, 4To npHAnAND Pep-
Ma COXpaHHN SHayeHye KO HAMEX Ahell
H TIOCJYHJ OCHOBOH IMf ana;orH4uoi,
BecbMa o6uieH GOPMYJNHPOBKH 3aKOHOB
MEeXaHHKH (B TOM YHCJe MEXaHHKH TeOPHH
OTHOCHTE/IBHOCTH H MHKPOYaCTHL — KBaH-
TOBOH MeXaHHKH).

TakuM oOpaszoM, H3 BOJHOBO#
TEOPUH TaKKe CIefyeT NOCTOSHCTBO
OTHOLIEHHSI CHHYCOB yIJa MageHust
H yrJa npejoMiaenus, Ho caask (1.5)
NoKaszaTelnsd [PENOMJIEHHS 7 CO CKO-
POCTAMH  DacnpoCTpaHeHHA mHOJy-
yaeTes O0GpaTHOM COOTHOIIe-
Huio (1.4), BEITEKaloueMy H3 Kop-
nyckyaspuoit rteopud. [lockonbky
BEJMUHHA 7 B CPejie BCETAa Gomple Puc, 1.4,
€IHHHIE!L, TO NO KOPNYCKYJspHOf
TCOPHH UZ>C, T. €. CKOPOCTb cBeTa B Cpeie AOAxHA OblThb BCeraa
GoJibliie CKOPOCTH CBETA B MYCTOTE, a M3 BOJHOBOH TEOPHH BHITEKaeT
ofpaTHOE COOTHOWIEHHE U<(.

ITo npennoxenuio Tofirenca natckuit acTponoM Pemep npodasen
onpejeneHye CKOPOCTH CBeTa M3 HaOMIOZeHHH Haj 3anasibBaHHeM
NepUoAHYECKU NMOBTOPAOWUXCS 3aTMeHHE cnyTHHKOB [OnuTtepa mpu
nepeMewiennn 3eMnu us 6nuxkaiinedl k I0nurepy B HauGosee yxanen-
HYIO0 OT HEro TouKy cBoel opOuTthl. [lo nanHeM Pemepa, ana npoxome
AEHHS PACCTOAHHA, PABHOrO pajauycy 3eMHOH opOuThbI, CBET 3aTpauHe
BaeT 0KoJio 11 Mun. (no coBpemeHHBIM, 60JIee TOUHBIM H3MEPEHHAM —o
OKOJI0 8 MHH.), uTO faJjo 3Hauenue ¢ >>225 000 xm/cex. Onpenenenne
CTO/Ib OFPOMHBIX 3HAYEHHEl ¢ ¥ U B 3eMHBIX YCJAOBHAX, AN NPOBEPKH
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coornowenu#t (1.4) u (1.5), TpeGoBano yMeHHA TOUHO MaMepATL OYEHD
MaJible MPOMEKYTKH BPEMEHH M CMOTJIO ObiTh TEXHWYECKH OCYLIECTE-
JIEHO JIHIUb COYCTA noJropa BeKa (CM. Hike, § 2).

Hrak, K kouny XVII B. B onTHKe CIOKHUJIOCH BechMa cBoeoOpas-
Hoe nojoxenue. M KopmyckyaspHas H BonHoBas TeOpHH, Mpel-
CTaBJABIUHE COOOH MPOTHBOMOJONKHBE B3TJAAb Ha MPHPOLY CBETa,
O6BACHANA OCHOBHEIE ONTHYECKHE 33KOHOMEPHOCTH ~— NpSAMOJIHHEH-
HOCTb PAacnpoOCTPaHEHHs CBEeTa B OJHOPOXHOH Cpeje, 3aKOHBI OTpaxKe-
HEA # TpenoMicHHs cBera. JanpHeHmue monwiTKH Ooslee MOJHOTO
o0bsicHeHHA HAOMIOACHHbIX (DAKTOB MPUBORHJH K GOMBLIMM 3aTpyjHe-
HusM B ofenX Teopusax. Tak, [odrenc He cMor o6bACHUTE (U3HECKON
NPHYMHE HANHYHA Pa3HbIX BETOB M MeXaHH3M H3MEHeHHs CKOpPOCTH
pacnpocTpaneHHs CBeTa B 3(Hpe, NPOHH3HBAIOIIEM Das3JUUHbIE Tena.
C apyroii cToponni, HbloToHy, And 00BACHEHHA TOrO, YTO NpPH naje-
HUM CBETA Ha TPaHHIY pasfena ABYX OPO3PaYHBIX TeJ MPOHCXOTUT
ONHOBPEMEHHO H YacTHUHOE OTPamKeHHEe H UacTHUHOE [pesIOMJIEHHE,
OPHILIOCh NPEAINONOKHTb HalH4uMe y KOPMYCKYJ fepHOAHYECKHX
CIIPHCTYIIOB» OTpaMeHHss U NpPEesIOMJIEHU .

Ocrasasock o6paTiThCA K omelty, HO onulT B XVII B, OBIa elne
BecbMa cKyjeH. M Bce xe yxe toraa Ouia o0HapyKeH neqwlil psag asJe-
nuft, nogpobHoe H3yueHue U OOBACHEHHE KOTOPLIX MpPHBEJIO BIOC/EN-
CTBHH K TPHYM(Y BOJIHOBYIO TEOPHIO.

Tak, ['pumaapam B 1663 r. snepsoie Habmiopaer sABJCHHA AUQ-
pakuuu # uHtepdepeHunu ceeta. bofiap 1 [yk ofHapyxuan okpa-
IIHBAHKE TOHKUX CJOEB BellecTsa, ofyc/oBJeHHOe HHTEpdepeHiiHel
CBETA, OTPaKEHHOro OT BepxHefl H HHKHeH NOBEpPXHOCTEH TOH-
KOl NNEHKH.

HbIOTOH KOJHUECTBEHHO HCCNEAYET BO3HHKAIOWHME TPH 3TOM HHTep-
(epeHnHOHHBIE KOabla (cM. HuKe B § 11 «koabua Heoronay). B 1662 r.
Bapronnnyc obuapyxupaer npoiiHoe syuenpenoMienne. HMayvas sto
apjenue, [ofreHC OTKPLIBAET MONSPH3ALMIO CBETA, HO HE MOXKET
JaTh MMPABHJBLHOTO ee o0BbsICHEHHA C BOJHOBOM TOWKH 3penus. Bogee
Toro, 8 1717 r. HeloTOH noKa3blBaeT, UTO NOJAPHU3ALHSA CBETA MOXKET
ObiTh 00BsICHEHA NPH NPEANIONOKENUH MOMEPEIHOCTH CBETOBLIX BOJH,
H 3TO CJYXHT apTyMEHTOM N P O T H B BOJHOBOH TEOPUH: KaK B BO3-
JyX€e MOI'YT pPacipocTpaHATbCA TOABKO NPOAOJBHEIE 3BYKOBbIE BOJIHEL
(1. 1, § 59, 61), TaK U B OUEHb TOHKOM H pa3pEXKEHHOM MHPOBOM 3dupe
HpeACTaB/sJach HEBO3MOXKHOH ynpyras AedopManisi [ONEPEUHOro
caBHra.

Orpoumuniit aBtoputer HeioToHa, Hcrnonp3oBaBuMiics €r0 MHOro-
YHCJIEHHBIME [OCJENOBATEIAMH, ¥ HEe3aBepIUEHHOCTb BOJIHOBOH Teo-
puu npuseaH x toMy, uto Becb XVIIIBex npolues nox 3nakoM xopmny-
cKyaspHofi Teopud. JIHup HEMHOTHe, HaHOOJeE IPO3OPJIHBLIE yUEHBIR
pasmenanu W pasBuUBaJM ganee Bo3spenus [ofiredHca. B uucne sTHX
yueHnix OblnH iinep H JIOMOHOCOB.



§ 1 KOPIYCKYJNSIPHASL M BOJHOBASI TEOPHMW CBETA 13

B xauecTBe OCHOBHOrO BO3pa:KeHHH MPOTHB KOPMyCKyJsipHOf Teo-
puH JIOMOHOCOB BBIABHrA€T 3KCHEPHMEHTAJBHBIH (DaKT OTCYTCTBHSA
B3auMojeficTBHA nepecekalomuxcA nydxos csera. B «Cnose o mpo-
HCXOXAEHHH cBeTay (1756 r.) OH BBOXHUT npEACTaBJIEHHE O «3bI0/IIOlLEM-
ca», T. e. KoaebarennHoM, AsiKenus dactun sdupa. Ecau Tofirenc
paccMaTpHBas CBET Kak HMIYJBbCH, PaclpoCTpaHsiomuecs B ynpy-
roM s¢upe, To JIoMoHOCOB NPHAAET BOJHOBLIM MIPEJCTAB/ICHUSM 3aKOH-
yeHHyo (OpPMy, paccMaTpHBas CBeT KaK pacmpoCTpaHeHue u nepe-
Jauy KosefaTeNbHOro mpoHecca OT OJHHX YAacTHI 3QHPa K COCENHHM.

KoneGaTennHblil npomecc XapakTepH3yeTcsa nepHogoM Koueba-
uuft 7, yactrorofft v, JNJHHOH BOJHBI A H CKOPOCTBIO paclpocTpaHe-
HHS 0. 9T BEJHUHHBI CBA3aHBI MeXRY coboil cooTHomenHeM (7. I, § 55)

A
0= =Av. (1.8)

PasznnudeM B yactoTe KonebaHnit spupa Ditnep H obbACHAET pasjauy-
HBle LBETa TeJ.

Hauano XIX B. XapakTepu3yerca HHTEHCHBHBIM DasBUTHeM Mare-
MaTHYeCKOH TeopuH KoJjeSaHHi H BOJH H YCHEIHLIM €€ NPHIOKEHUEM
K 06bsiCHeHHIO psifa onTHaecKHX sisnenufi. B 1801 r. IOur ycranasnu-
BaeT NPUHIKI HHTePdEPEHIMH H Ha OCHOBAHHH 3TOCO NPHHIHUNA 00bac-
HAeT OKPaCKy TOHKHX MJIEHOK BelllecTBa. Jta pabora OblIa HavyaJoMm
TpHyMa BOJIHOBOH TeopuH cpeTa. B 1818 r. CTOpOHHHKH KOpmycKy-
JAAPHOH TEOPUH BHIABHTAIOT B KauecTse TeMbl Ha KoHKypee [laprkckoi
Axagemun Borpoc 0 audppakmuH csera. OZHAKO MpeMHIO NoJaydaer
®penesb, AaBlHi oOBACHEHHE IM(pPaKIHH, HCXOAA M3 BOJHOBOM
teopuu. [Tonp3ysce npunuunom lofirenca u npuHNUNIOM HHTEpdepeH-
uuu Onra, Ppenens oObACHACT NPAMOIMHEHHOCTL PACIPOCTPAHEHHA
cBéTa H MaJjble OTKJOHEHHS OT I[pAMOJHHEHHOCTH ~— AudpaKiHio
(cm. Huxe, § 13). B uwactHoctH, ®peHenb mokasbiBaeT, UTO B HEHTpe
reoMeTpHuYeCKOR TEHH OT Masoro KpyrJoro 3KpaHa JoJkeH OBITh cBer,
qto ¥ OBLJIO MOATBEPIKIEHO 3KCHEPHMeHTaJbHO.

Bopbba pasropenach Mex1y CTOPOHHHKaMH TEOPHH HCTEUEHHS
{Buo) 1 BONHOBOH TeOpHH CBETa NpH OOBACHEHUH ABNCHHH noaspusa-
nu# csera. Pperenb u Aparo, Hccaenys MHTepgepeHIUIO NoNsgpH30-
BAHHOrO CBETa, O0HAPYKUIN OTCYTCTBHE HHTep(epeHNHH Ana Jyue,
MOJSIPH30BAHHBIX B3aHMHO nepneHpuKyaspHo. IOHr ofBACHUA 3TOT
¢$aKT nomnepeuHOCTHIO CBETOBHIX BOJH. ®peHeab MokKasal MexaHuue-
CKYIO BO3MOXKHOCTb nonepeunnlx Konebanuil (casura) B ynpyrux Teep-
AbIX Tenax. Bpenenne takHx cBOHCTB N/ CBETOHOCHOrO aHpa cpasy
O0DBACHUNO ¢ MPOCTOH H E€XMHON TOUKM 3PEHHS BCE MHOTOUYHC/IEHHBIE
ABJEHUA TOJAPU3AUUH CBETA, AA OOBACHEHHS KaKJOro U3 KOTOPBIX
bHo npuxoau/oce NpUMHCHIBATL BCe HOBbie H Oojiee HCKYCCTBEHHBIE
CBOHCTBa CBETOBBIM KopnyckysaMm. B sonnoBofi Teopun nocne ®pe-
HENA ocTa/iCd JMIIb OAMH TeopeTHYecKHH npobes B OOBICHEHHU
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pasaHubofi mpesoMafeMOCTH npeTHEIX JydeHl. Kpome Toro, ne 6w
MOATBEPKAEH MPAMBIM OMBITOM ocHoBHOH BhIBOX (1.5) BOAHOBOH TEO-
puH ~— 06 _yMeHbIIeHHH CKOPOCTH PacHPOCTPaHeHHd CBETa B ONTHUE-
CKH MmIOTHO# cpenie. TakHe npaAMble onbIThl OBIIH OCYLLECTBACHE! JHIIE
B cepeaure XIX B,

§ 2. CkopocTb cBeTa

[Nepas 3kcnepuMeHTasbHas pabora MO ONpefesNEHHIO CKOPOCTH
CBETa B 3E€MHHIX ycnoBuAX Obla ocymiectsieHa Puzo B 1849 r.

Ha puc. 1.5 usobpaxena cxema onelta Puso. Cser, HenyckaeMbri

HCTOYHHKOM S, oTpamaeTcss nonynpospayHoll mjactunkoft P u Ha-

npasasercs K sepkany M.

s Ha nyrtu nyua pacnonaraer-

cs ObICTPO Bpaulamuieecs

|y 3yGuaroe xomeco K, och Ko-

”k Toporo 00" mnapannesnbBa

=

ayuy. Jlyuu ceera, npoins
Uepes NPOMEKYTKH MEXAY
o 3y0bsaMH, OTPaXKaOTCHA 3€p-
Kajom M u nHanpaejafioTCH
obpatHo uepes 3yGuatoe
KOJIECO M OJIACTHHKY P K
rnasy nHabuonarens.

Ipu MennenHom spatie-
HUH KoJgeca K ceer, npoiias
uepe3 NPOMEKYTOK MeXIY
3yObsiMH, HampuMep a Ha
puc. 1.5 (nuxuuil pucyHox),
yCHeBaeT BO3BPATUTHCH Ue-
PE3 3TOT XKe NPOMERYTOK H
nonafaer B rgas nabaona-
Tensi. B Te MoMeHTHI, KOTjAa
nyTh Jyded repecekaercs
3ybuom, 3avyepHeHnad IoO-
BepXHOCTb 3y0la norjoumaer cBeT H MOCAeAHHH He monajaerT K Ha-
6monatemo. Takum obpasoM, npH Majo#l yriosoi CKOPOCTH ® Ha-
6mofaTeNb BOCMPHHHMAET MeJbKAlOWUH cBeT.

Ecnn yBeHuuBaTh CKOPOCT BPAMICHHS Kosleca, TO IpH HEKOTOPOM
ee 3HaYEHBH ©O=; CBET, MPOMENWHI Yepes npoMekyTOK @ MEKAY

syObaMH, po#ias xo sepkana M u ofpaTHo, chycTst BpeMs t=25£

(¢ — ckopocTb cBeTa, [ — paccrogHue oT Koneca K 0 sepkana M),
He nonajeT B TOT ke caMblil mpoMexyTOK, a Oy AeT nepekprlT 3yGmom /,
SaHABILEM K 3TOMy MOMEHTY MOJIOKEHHE MPoMexyTKa a. CnegoBaTenb-

W T TTT
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HO, OPH CKOPOCTH ®, B rya3 HaOmonaTeJs CBET nomajgarb BOBCE He
Gyjet (nepBoe 3aTEMHEHHE) HH OT NPOMEXKYTKA @, HH OT BCEX NOCACRYIO-

mux. Ecam umcno 3y6uos koseca paBHO 2, TO BpeMs NOBOpOTa KoJe-
1 2n
ca Ha noasybua Oyzer =g 0" [MpuparHuBas 210 Bpems KO Bpe-
1
MEHH TNPOXOXKICHHHA CBETOM pacCTOAHHSA A0 3epKana M obpaTHO, Mb
NOJyYHM YCNOBHE, fPU KOTOPOM HACTYIUT N€PBOE 3aTEMHEHHE:
20 1 2xm
¢ 2z wp°
Tpu panpuefitieM yBeJHYEHHH CKOPOCTH BPALIEHHS KoJleca ONATH
BOCCTAHOBUTCH MOsiBJIEHHE CBETA, TaK Kak CBeT, MNpoliefmuil uepes
npoMexyTok a, OyjaeT BosBpamarbcd K riasy HabmopaTess depes

cocequnii npomexyTtok b. Ilpu Hekoropoil, eme Gonbueii cKopocTH
2l
® = ®,, 32 BpeMs == - KOJIECO OBEPHETCA Ha 1Y/, 3y6ua, B nojoxe-

HHe NpOMeKYTKa a OyAeT NOAXONUTh 3y6en 2, U rnas onaTb He YBHAHT
cBeta (BTOpoe 3atemHenHe) u T. . g 3ateMHeHHst ¢ HOMeEpoM m
KOJIECO JOJIXKHO HMETH TaKyi0 CKOPOCTb BPAINEHHA ®,, YTOOHl 33 TO

xKe BpeMs f{ OHO yCreBalo MOBEPHYTHCH Ha m—- 3ylua, T.e.
m__..l—
2 2n
z O
Usmepss anaueHus o,, ©,, ..., ©, H 3Hasd paccTosiHue [, MOXKHO ompe-
JAeJINTh BEJIHUHHY CKOpOCTI/I CBeTa

20z w
c=—-———1—2—;’:. 2.1

2
©

B onetax Puzo 6Gasa [ 6wna 8,633 kM, uucno 3y6uoB 2=720 u
w -
nepBoe 3aTEMHEHHE HAcTymano npu o_—-=12,6 cex™'. Beuaucsenuoe

orclona 3uaueHHe ¢ cocrasifano 313000 xm/cex.

B nocnepyomux onetax @yko u @uso ObLT npuUMEHeH METON Bpa-
marwotmeroca 3epkana. Ceer or ucrounuka S (puc. 1.6), orpasusuinch
OT MOy NpO3pauHoll naacTHHKA P, majaeT Ha nyockoe 3epkano M, spa-
waomeecst Boxpyr oc O, MePNEHAHKYIAPHOH K NJOCKOCTH 4epTerka.
Ortpaxascy B Touke O, Jyd pajee HarnpaBifAETCd Ha HEMOABHKHOE
BOrHyTOE 3epKano N, pacnosoxkeHHoe Tak, 4TOGEI 3TOT Jyu BCerpa
najan MepueHiuKyJspHO K noBepXHOCTH N H OTpakascs MO TOMY JKe
camomy nytH B Touky O. Ecau sepkano M HEMOBHKHO, TO OTPaKEH-
HBIl OT HEro 00pPaTHO Jiyy BO3BpAILAETCSA [O CBOEMY NMEPBOHAYAILHOMY
NyTH K OJacTHHKE P, yacTHYHO OTpaxasAch OT KOTOpoH jgaeT uzobpa-
MeHHe HCTOUHHKa S B Touke S,.

ITpu Bpamenun 3epkana M 3a BpeMA, OKa CBET NPOXOJUT NyTh 2/
Mexly o0OHMH 3epKajaMi M BO3Bpalaercs o6paTHo, Bpalaioneecs
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o 2/
C YrVIOBO# CKOPOCTb ® 3epKano M mopepHETC Ha yro o=wt = o -

W 3afiMeT MOJOXEeHHe, IIOKa3aHHOe Ha yepTexe MyHKTHpoM. OrpaxeH-
HBIA OT 3TOrO SepKaja Jyu OyneT MOBEPHYT HA YroJ 200 MO OTHOLIEHHUIO
K NepBOHauaJbHOMY H facT M30GpaiKeHue HCTOUHHKA S B TOouke S,.
Hamepur paccrostiue S,S, ¥ 3Has reoMeTpHUecKHe pasmephl npHOopa,
5 MOXKHO ONpeAe]HTb Yroa

€ U BHYHCJAHTE CKOPOCTh

pacnpocTpaHeHus cBera:

e=20=. (22)

Hanbuefimee ycosepiieH-
CTBOBAHHE MeToja Bpa-
atonerocs 3epkajia no-
3BOJILIO  H3MEDHTH  Be-
JHUHHY ¢ C OyeHb GOJb-
mo#f  TouHoctero.  [lo
MOC/IENHHM JaHHBIM
¢=299793,04+0,3 km/cex.
[Tomermas na yuactke

Mexay sepramamu M
N 1py6y, sanonHenHyio sojoil, ®yko oGHapyKHJ, UTO yroa CABHra

@ BO3POC B = pasa, a, C/IeAOBATEJbHO, paccyMTaHHad O (opmyJe
(22) ckxopocThr pacnpocTpaHeHHH cBeTa B BoOJe
v OKasajlacb paBHOM 76 T € MeHbine, ueMm B mycrore. Paccun-

TaHHHIA 110 (opMmyJsam BoJHOBOH TeopuH (1.5) mokasartenp npemomie-
HHMfA CBeTa B BOIE IOJY4YHJICS pPaBHLIM

Puc 1.6.

B NMOMHOM COTJIACHH C HeMNOCPEACTBEHHO H3MEPSBIIMNMCH [0 3aKOHY
cuycoB. Takum oOpasoM, S5TOT SKCOGPUMEHT paan, Kasaaoch Obl,
OKOHUAaTeNHHOE TNOATBEPKACHHE CIPaBefiHBOCTH BOJHOBOH TeOpHH
M SaKOHUYH/ IOJYTOPaBEKOBOH CIIOD B €8 NOJb3y.

§ 3. DiekTpOMAarHHTHas MpHPOAA CBETa.
Bo3HuKHOBEHHE TeopPUH KBAHTOB

B cepennne X1X B. Hawaau oGHapyKHBaThCA (WAKTHI, YKa3nlBalo-
IIHE HA CBSI3b M AHAJOTHIO ONTHYECKHX M IVIEKTPHYECKHX sBaAeHUH,
Tak, B 1846 r, M. ®apageii nabmonajs BpalleHHE IIJIOCKOCTH MOJA-
pH3AlMH CBETA B TeJaX, NOMEIMEHHHIX B MarHuTHoe moJe. Tor xe
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dapanell Bees npeicrasieHne 00 JEKTPHYECKOM H MardHMTHOM Io-
n9X, Kak o cBoeoOpa3Hbix HaTAXKeHHAX B apupe. B dusnre nossuacs
HOBHIfl, «sjaeKTpoMarHHTHBEIfl» 3pHp. Pacnpoctpanenne 3aJeKTpo-
MarHUTHLIX oMl B 3ToM 3pUpe AOMKHO OO TaKKe MPOHCXORHTL
KaK BOMHOBOW mponecc. BO3HUK BONPOC O CBA3H MEIKAY CBETOBHIM
H 3JIEKTPOMATHHUTHBIM 3QHPOM H ONTHYECKHMH H 3JIEKTPOMarHHTHbI-
MU NpoueccaMH.

Teoperudeckue uccaenosanns [I. Makcsenna (1865 r.) o pacrpo-
CTPaHeHHH 3JeKTPOMarHHTHEIX BOAH NPHBETH €ro K BBIROAY, 4TO CKG-
POCTb X pacmpoCTpaHeHHs B MYCTOTE€ paBHA OTHOMIEHHIO 3JEKTPo-
MarHHTHON M SJeKTpocraTHueckoil eaunHu Toka (1. 11, § 32). Muoro-
YMCJIeHHEIe H3MepeHHa BeJHUHHL 3Toro oTHomeHHA (Bebep, Cronetos
U 1p.) MpuBeTH K 3Hauenuio ¢ = 3- 10° u/cex = 300 000 xa/cex, cosna-
JAIOWEMY CO CKOPOCTbIO pacnpocTpaneHus cBeTa B OycToTe. Beino
BBIIBUHYTO NPEINOJNOKEHHE O YHCTO 3J1€KTPOMarHUTHOH npHuposne cee-
TOBEIX BOJIH.

DnexTpoMarHHTHAfA TEOpPHS CcBeTa sgBANACh
CYIIECTBEHHBIM LIATOM BIiepe] B NOHHMAaHHU NPUPOJIBI ONTHYECKHX fB-
nenuii. B ¢usnuke octancs JHITL eIMHE TEKTPOMAaCHHTHBIH adup.

W w0 0w I o Ion I I W 24
. lbﬂ ”'?9 ,‘75 ,ﬁ: Ibﬂ n? _,b;a P EJ"?—II ”?-IJ
wy 3B | 30’ | 5w 3 3t | % 1an*) lswmin® 3%
%‘%ﬂ” Husrovacmomusie G0l | Paduabontss ,,_}Z’Wi o %%@m‘@%ﬁﬂ”ﬁjﬁwlmﬁm-ﬂm
Lhen ayvw
Puc. 17.

CreT 0Ka3a/Cf YacTHHIM CJIydaeM 3JIeKTPOMarHUTHBIX BOJH ¢ AJMHHOMN
Boansl oT A=400 xu (huonerosntft) no A=760 nu (Kpacurill); eaununa
AMUHB HanoMeTp (#um) paBHa 107° u. TosbKO 3TOT MHTEpBaN 3HAYEHHH
A OKa3biBaeT HeNOCPEJCTBEHHOE BO3JeHCTBHE HA HALl Va3 U ABJAETCH
cobctBerno cetoM. Opnako H 6ojee KOPOTKHE yJbTpadHOJETOBbIE
ayuan (A <400 nm) ¥ Gosee pjHHHble HHppakpachbie (A>>760 nm),
OTKphITEIe B caMoM Hauane XIX B., a Takxe H ewe Gojee fIHHHbIE
paanoBogHbl (A &1 KM) HMEIOT KauecTBEHHO OJHY H Ty Ke 3JeKTpo-
MarHuTHYIO TPHPOLY H OTJHYAIOTCH JIHUIL METOAAMH HX BO30YyXKAEHHS
H ofHapyxkeHusa. Ha puc. 1.7 npuBeseHa noJjuas IIKajga 3jeKTpoMar-
HUTHBIX BOJH, Ha KOTOPOil BHIHMBIH CBET 3aHUMaeT CPaBBIITENLHO
Y3KHH y4acToK.

Pa3sBuTHe 31€KTPOMarHUTHON TEOPHH CBETA ITO3BOJHIO HOHATE Pl
ONTHYECKUX sIBJIEHUH U BHIBECTH UX KOJHYECTBEHHEIE 3aKOHOMEPHOCTH,
Taxk, nonspusanya csera oKasajach o0yC/IOBJEHHOH MONEPEUHOCTHIO
3/1eKTPOMArHUTHBIX BOJH. BO3MOXKHOCTE SNEKTPHUECKOH NOsApH3alHK
H HamalHWYEHHH TeJ BO BHEIMHHX nONAX NO3BOJNHAA ODLACHHUTB

2 r A Sucuan, O. M Togec, 1. 111
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8aKOHOMEPHOCTH PacnpocTpaHeHHs cBeTa B 3tux Tenax. CornacHo
BAEKTpPOMAriuuTHOH TEOPHH, B cpelle C NM3JNEKTPHYSCKOH MNPOHH-
[3eMOCTbIO € ¥ MarHMTHOH NPOHHUIAEMOCTbIO W CKOPOCTR pacapoct-
paHeHHs 3/eKTPOMarHUTHHIX BoaH pasna (1. I, § 50)

c

U==—7=. (3. 1)
"
CJIeILOBaTeJ]bHO, noKasaTteJib NPEJOMJIEHHA CpeAbl paBeH
¢ —
n———--v-=1/su. (3.2)

Ilna MHOTHX NPO3pauHbIX AH3IEKTPUKOB (y KOTOpIX p 1) Obliao

MOJly4eHo Xopolilee coBmajeHte 3nauenuil n 1 Ve, noxtsepxaawoliee
BHIBOJ 3/IEKTPOMarauTHoi TeopuH (3.1). Onnako, HanpuMep, A1 cTeK-
Jla H 0COODEHHO LJis BOJbl PACXOXKIEHUE 0Ka3aJjoch BecbMa 3HAUHTEJb-
HeiM., Tak, Aas1 BOABI M3MeEpeHHe IHBJEKTPHUECKO! MPOHHIaeMOCTH
B CTAaTHUECKHX 3JIEKTPHUECKHX NONAX AaeT e=81, a moxasaresns mpe-
JloMaenus aas BHAHMoro csera n=1,33 smecTo 1/81=9. OueBnpHoO,
YTO B CTOJL OBICTPO MEpeMeHHBIX NONAX, KaKHMH ABJSIOTCA CBETOBLIE
BOJIHEI C YacToToll v=c¢/A =~ 10**=+-10"° koneGanuil B ceKyuay, 3a BpeMs
noaynepuofa 7/2=1/2v punoJjbHBIE MOJIEKY/bl BOAB HE YCIEBAIOT
NOJIHOCTHIO MOBEPHYTLCSA M0 [OJII0 H BEJHUHHA & AIfA 3THX YacToT
JOXHa ObITh MHOI'O HHKE ee cTaTHUeCKOro sHaueHus 81.

Taxkum ofpasoM, Teopuio Makcsenna, ¢opMaJbHO BBOAHBIIYIO Na-
paMeTpbl Cpefibl € M 4 B CBOM YPaBHEHHA, HYKHO OBLIO JOMOJHHUTH
CBA3bI0 3THX MapaMeTpoB cO CTPOeHUeM BemlecTsa. Bo3nuKiias B KOH-
me XIXB.3meKTpoOHHAaA TEODHA CTPOEHH S Belle-
¢ TBa M03BOJHJA NPEONONETh PAL 3aTPyAHEHHH TeopHH MaKcBenJa.
Ilepemelnasice B cpejie, nepeMeHHOE 3/IeKTPOMArHUTHOE TOJIE CBETOBOM
BOJIHEI BO30YKJAeT BhIHYKIEHHbIE KojeGaHHfA 3JEKTPHYECKHUX 3apf-
JOB, COCTaBJAIOMIMX aToMbBl H MoJexkysbl. Koseb/omuecs 3apsansl
NpeACTaBALioT coB60l MUHHATIODHEIE AHTEHKH, HCIYCKAIONHE BTOpHU-
Hble 5JeKTpOMarHUTHHE BOJHBI Toff ke caMofi yactoThl. Hajomxenue
BTOPHYHBIX ¥ MEPBHUHBEIX BOJH MPUBOIHT K H3MEHEHHIO CKOPOCTH
pacnpocTpaHeHHs CyMMapHOH BOJIHH, (OpMalbHO ONHCHIBAEMOMY
ypasHenueM (3.1). leranbHoe pa3BUTHE 3JeKTpOHHON Teopuu JlopeH-
LOM [03BOJMUJIO OOBACHHTDL 3aBUCHMOCTb € OT YacTOTH H 3aKOHOMEp-
HOCTH pacnpocTpaHeHHs! H MOTJIOUEHHS CBETa B Pa3jHyYHBIX Cpeiax.
Bnaropaps 3TOMy CTajJO BO3MOMKHBIM, H3ydas pacnpoCTpaHeHHe
CBeTa B JIaHHOI Cpefe, yCTAHOBUTH MHOTHE AETAJH CTPOSHHS BEIECTBa,
Takde, HanpuMep, Kak coGCTBEHHBIE YACTOTH KoMeGaHUH HOHOB B KpH-
cTajlIHuecKoift pelierke.

B saekTpoMarHUTHoM TEOpHH OCTaucs 3(HP KaK MHOOTeTHUECKasd
cpena, neopMalHH U HATSKEHHs B KOTOPOH M XapaKTepH3YIOT BEKTO-
pH HanpsbkeHHOCTH sjektpudeckoro (E) u MarmutHoro (H) none.
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Ocrajuchk B 3aTpyAHEHHS ¢ oObsCHEHHEM CTPYKTYpPEl camoro adupa.
Tak, HanpuMep, NONepevHOCThL CBETOBHIX BOJIH 3aCTABHJIA IPHNHCATh
ahUpy HaJHUME MOAYJSA CABHTA OPH OTCYTCTBHH MOAYJA PacTIXKEHHS,
Haxkonen, Heo6xoauMo GHAO OOBACHHUTD 3aKOHOMEPHOCTH pacnpo-
CTpaHEHHs CBETa H 3JIEKTPOMATHUTHBIX BOJNH B JBUNKYIIHXCS Cpenax.
K sromy Bonpocy, H3yueHue KOTOPOro npUBeNo B KOHIE KOHUOB K CO3-
JNaHMI0 TEOPHM OTHOCHTENBHOCTH, MBI BepHeMcsa HHxe, B ria. VIII.

C apyrof cToOpoHH!, HECMOTpPS Ha OFPOMHBIE YCHEXH 3JeKTpoMar-
HUTHOM Teopuu ceeTa, K KoHiy XIX B. HauanH HaKanjMBaTbCs HOBHE
¢akTe, TPOTHBOpEUHBINHE MPEICTABIEHHAM O BOJHOBOH mOpUpoxe
ceera. Okasa/och, YTO BOJIHOBasl (3/1€KTPOMarHWTHAA) TEOPHS H3Jy-
Yenud He cnocobya oOBACHUTEL pacnpeneieHiie SHeprul B crexTpe ab-
COMIIOTHO yepHoro Tena (cM. HHxe, r1. 1X). Auanornusele saTpyiHe-
HUA BOSHHKAN M fpH 00BbACHEHHH 3aKoHoMepHocTefl dorossexTpuue-
ckoro abgexta (cM. Huxe, . X).

Brixog us 3THX saTpyaHeduil Obin HafiieH JMIUb B caMOM Havanle
XX 8. B 1901 r. [Tn1ank nmoxasaJ, uto cnekrp abcoMoTHO YepHOro Tena
MOXKET OnITh OOBsICHEH, €CO¥ NOPEeNONOKHTb, YTO H3JAydyeHHe HCIy-
CKaercst M MOrJomaeTcss He HENpepEIBHO, Ho julb nopudamu. [Ipu
3TOM 3HEprus €, KaxjoH mopiun H3jyueHHs cBA3aHa C 4acTOTOR Ko-
Je6aHuil v COOTHOLIEHHEM

E¢ =h'V, (3.3)

rae h=6,62.-107** dxc-cex ecTh yHHBEpCaJbHasa KOHCTAHTA, BOOCAE~
CTBHH HasBaHHas nocrosguHol [Tnanka. B 1905 r. Diinmreiis ofbsicHBI
3aKoHOMepHOCTH (hoToa(deKTa, BBEAS PEACTABJEHHE O CBETOBLIX
4acTHHax — «KBaHTaX CBETa» WJH «(POTOHAX», IHEPTHA KOTOPLIX OM-
penesasiercsa cootHomenueM (3.3) M Macca pasHa

€y v h
m¢=E§=E§=E. (3.4)

PaGotel [Tnanka u Jiinwrefina SBUAHCH HauaJoM pa3BHTHS KBaH-
TOBOH (pU3HKH — HOBOH rJ1aBbl HU3HKH, HE AOMHCAHHON eille H B HalUH
aud. JautenbHuift nyTh HCCAEAOBAHHH NpHBeN K COBPEeMEHHBIM Npef-
CTaBJeHHSIM O JBOHCTBEHHOH KOpMycKyJAPHO-BOJHOBOII npHpoje
ceera. PopMyanl (3.3) U (3.4) cBA3LIBAIOT KOPNyCKy/ApHbIE XapaKTe-
PHCTHKH M3NYU€HHA, MAacCy H SHEPTHIO KBAHTA, C BOJHOBBIMM — 4acTo-
toli KonebaHuii u anunofl Bosuel. K Bompocy o mpupoje csera Mhl
ele BepHeMcs noapobhee B ra. X1, nocse getaJasHOro o3nakoMJaerHs
¢ OCHOBHBIMH 3KCnepHMeHTAaNbHBIMH pafoTaMmy, MO3BOJAIOMHUMH Cy-
JAUTB O cBOHCTBaX cBETa, M C TEOPETHUECKOH HHTeplperaiiell 3TuX
pabor.



FJTABA I
PACNIPOCTPAHEHUE HU3AYYEHHA

§ 4. Jlyunctoiii noTok. ®oTOMETPHYECKHE BETHYHHBI
H eIHHHLB HX H3MEpeHHS

Ceer MaTepualeH W Hecer ¢ coBoll ompejeneHHEI!l 3amac sHEPTHH.
[TosToMy HHTEHCHBHOCTb CBETa XapaKTePHU3YIOT B INEPBYIO OUYEpeib
BEIHUHHOH nepeHOoCHMoOH 3HepTHH. DTa 3MEKTpOMarHHTHas SHEPrud
MOXKeT OHITh U3MEpeHa MO €€ MpeBpallleHHIo B Jpyrue (GopMbl SHEpPTHE
(TenaoBy10, XUMHUECKYIO, SJEKTPUUECKYIO) B pa3/IHUHELX IPHEMHHKAX.
Paspen onTHKH, 3aHMMaOMUicAd H3MepeHHEM HHTEHCHBHOCTH CBETa
¥ ero HCTOYHUKOB, Ha3blBaeTcss poToOMETp H e .

Ias npuknafHoH CBETOTEXIHKH CyWEeCTBEHHZ HE TOJbKO OObek-
THBHA$l SHepreTHYecKasy XapaKTEpPHCTHKAa HHTEHCHBHOCTH CBETa, HO
M Mepa BO3AeHCTBHA cBeTa Ha raas nabmopjartensi. Tax, HanpHMmep,
teno, narperoe 1o 400°C, siBsisieTcst JOBOMBHO HHTEHCHBHBIM HCTOUHH-
KOM HH(ppaKpacHblXx (TENJOBHIX) Jydell, HO 3TH JYYH HEBHRHUMBI H
HHTEHCHBHOCTD HX 3PHTEJIbHOTO BOCcHpuATHs Oyjaer paBHa Hy/mo. Bia-
rojapst 3ToMy B (OTOMETPHH NPUXOAHTCA BBONUTL ABOHHBIE €IMHHILH
H3MepeHHsl: SHepreTHuec KH e (oueHHBaeMHe no OOBEKTHB-
HbIM SHEpreTHUEeCKHM XapPaKTepHCTHKaM) H BH 3y a b H B € (ole-
HuBaeMble Mo Bo3jeficTBHIO Ha rhas).

Dygem HasbiBaTh HCTOUHHK cBeTa (M3/AyuaTefib) TOUEYHHIM, €CJIH
pa3Mepbl HCTOUHHKA MaJbl M H3JyueHHe HCIYCKaeTcd pasHOMEPHO BO
BCE CTOPOHBI. ®POHT CBETOBOH BOJIHEI, HCHYCKaeMHd TakHM TOUeU-
HBIM HCTOYHHKOM, OyaeT chepuuecknM. Kak H B caydae Apyrux toued-
HHX o0BEKTOB (MaTepHanbHas TouKa, TOUEUHHH 3apsx # T. 4.), TO-
yeqHblil MCTOUHHK CBeTa — noJjie3nas abcTpaki(ud.

Bo Mporux ciyuasx Mbl BOCIpHHYMAEM CBET HE OT CAMOCBETALLIXCS
HCTOYHHKOB, a OT MPEAMETOB, OTPaXKaOMUX MJiH PaCCEHBAIOIHX CBET
NOCTOPOHHETO camocBerallerocs Hcrounuka. [lojoGHeie HecaMocBeTs-
HmHecH HCTOUHHKH CBeTa OObIYHO HasbiBaloTcs BTOPHUHBIMA. [Tpume-
pOM HECAaMOCBETSIIIErocs HCTOUHHKAa sBaseTcd JIyHa, noBEpPXHOCTh
KOTOpOIl OTpaxaeT K HaM CoJHeuHble JyYH. Ec/d moBepxHocTa Npes-
MeTa OTpaxaeT Bech Najalomuil Ha Hee cBeT (KO3(pHIHEHT OTPAKEHHS
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p=1), To Takyl0 NOBEPXHOCTh HasuBalwT abconwTHO Genof,
[MoBepxHOCTB, MOJNHOCTLIO MOIVIOWMAMOMYIO MAafalOWHA Ha Hee cBer
(p=0), naspiBalora6coM0OTHO Yep HO# (06 abcomoTHo uep-
HOM Tene cM. § 31).

IJs mpocTpaHCTBEHHBIX 3afad pacnpocTpaneHHs CBeTa Cyllect-
BEHHO MOHATHE O TEJECHOM yrie. Mepoll TesecHOro yrja sBJfeTCcs
oTHOleHHe miouand dS, ydact-
Ka, Bhipe3aeMoro KOHYCoM Ha Mo-
BEpXHOCTH cdepsl, K KBajparty ee
papuyca r, T. e.

d(ﬂ—‘:dr_EE- (4.1)
3a enuuumy TeJecHOro yria Pre. 18

NPHHAT TeJecHBH yroJ, onupao-
muiicss Ha y4acToK mnoBepXHocTd Chep, mioilajk KOTOpOTo pasHa
KBajgpaty e@ pajuyca (dS,=r"). S1a ejHMHHIa HA3bIBACTCA C T € D a-
A Y a u (cmep). HauGonbinuit Tenecubifl yron pases, O4eBUIHO, 4 crmep
(naomanp Beelt mosepXHocTH cdeprl 477%), a GesarpaHuiHas MJOCKOCTL
BHJHA H3 /oGOl TOUKM NpOCTpaHCTBa NOA yraoM 2a cmep. Kak BHHO
u3 puc. 1.8, naomanxa dS, HOpMaJb K KOTOPOH 1 COCTABJSET yroa o
- ¢ paldycOM r, OpOBeleH-
HBIM H3 TOYKH HabO/ONeHH
O, BuaHa U3 nocjepHelt nox

/ TeJIeCHBIM YyIJaoM
9 dS cos o

ds
7 < =T -4
g
= ////“’ A. DrepreTuueckue
V’ eAHUHHOU
/ JyuncerTuoit 1 o-

T 6 K. OCHOBHOH 3HeprerTu-

] ueckofi  oTOoMeTpHUeCKON

Pre. 1.9, BeJIHYUHOH ABJSETCS JyUH-

cteif moTok . 3ra BenH-

YHHA XapaKTepH3yeT 3HepPTHIo, MPOXOAAIlYi0 Hepe3 JaHHYIO NOBepX-

HOCTb 32 EIMHUIYy BDPEMEHH, H H3MepseTcs COOTBETCTBEHHO B elH-
MHIAX MOULHOCTH (8111, ape/cex).

Cuna usaydenu a. PaccMoTpuMm TOYedHBIH HCTOUHHUK S

B BHJEJMM TejecHull yroa do ¢ BepwuHoll B Touke S (puc. 1.9).

O603HauuM Jy4UCTHI NOTOK, BaKJIOUeHHLIH B TeJeCHOM yrie dw,

gepe3 dP. Torga oTHOWeHHE

d®
1= (4.3)
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HasbiBaeTcs cuaoll uanyueHHd (CHOH cBeTa)*) TOUEYHOrO HCTOUHMKA
B JaHHOM HanpasJeHud. M3 (4.3) cnenyer, 4To CH/la H3/IyYeHHsi Xapak-
TepH3yeTCs BEeJHYMHOH NOTOKA, 3aKJIOYEHHOTO B €IHHHIE TEJIECHOTO
yraa, W H3MepAETCH COOTBETCTBEHHO B &m/cmep WIH 3pe/cek-cmep.

Ecny 10TOK, MCNyCKaeMblfi TOUeYHbIM HCTOUHHKOM, paBHOMEPHbIH
BO BCEX HallpaBJIeHHAX, TO

I=

1 ®=4al, (4.4)

elo
gle

rae © — mosuelfi AYYHCTHIE [OTOK, chycxaéMbrﬁ HCTOYHHKCOM TIO
BCEM HaNpaBJieHHAM, T. €. BO BCeM TeJecHoM yriie w=4n. Ecau ke
TIOTOK HepaBHOMepeH, To diopMysa (4.4) onpenenseT CpenHION CHIY
H3/Iy4eHHS HCTOYHHKA.

Bennuina @ spasierca Aia JaHHOTO HUCTOYHHKA NOCTOSHHON H ne
MOXET GHIThb yBeJHueHa C NOMOILbIO ONTHYECKHX npHGopos. OnTude-
CKHe npubOPEI (3epKaJia, JHH36I) NO3BOJSIOT JHIUDL IEpepacnpefenuTh
NONHBIA NYYHCTHA NOTOK TO TEJEeCHOMY YTy C IeJblo NOMAy4YeHus
B HEKOTOPBIX HaNpaBJeHHAX GOJbLIEro NOTOKA Ha eMHHIY TEJNECHOro
yraa, T. e. Goaoiiefl cunel cserta. Tak, Ha-
npHMep, NpHMeHAd mapaboJiHuecKoe 3epKaio
B NPOXEKTOPaX, YJaeTcs YBE&JHYHTb CHJY
CBeTa B OZHOM OIIpeJeEHHOM HanpaBJ/eHHH
B THICAYH P43, 3a CHeT CHALHOrO ee yMeHplle-
HHSl BO BCeX JAPYTHX HampaBJ/eHHAX.

JlyuncTocTb. HHTeHCHBHOCTL H3-
JyUYeHHsl NPOTAKEHHOTO HCTOYHHKA XapaKre-
pHU3yeTcst €ro JYYHCTOCTbIO (SPKOCTBIO) B

Pxe. L.10. JauHOM Hanpasieunu B,. PaccMotpum Ha
NOBEPXHOCTH HCTOYHHKA OKOJO TOYKH N
S/ieMEHTapHYI0 IVIOWAAKy dS ¢ nopMainio n (puc. 1.10). Bean-
YHHA UDpPOGKUWH MJowmalkH dS Ha mnjockocTb L, neplnenpuxyisp-
By10 K Hanpasjenuio Habmionenus NM, Oyner paBHa dS_=dS cos @,
rie @ — yron Mexay NM u uopmanbio K nJjomagu dS. BEJIHYH-
Hy dS, Ha3HBAIOT BHAHMOH NOBEepXHOCTHIO 9eMEHTa MJIOMALH HCTOY-
HiKa dS B AauHOM HanpasJeHHU. PaccMaTpHBas cBeTsimyocs niaomaj-
Ky Kak TOUeuHnd MCTOYHMK, MOXHO 110 cooTHouenHio (4.3) onpene-
JIHTb ee CHJTy H3JyYeHHs B JaHHOM Hanpasjenud d . Bennumua
_dl, dl,
B, = d”s‘:— dScos g (4.5)

Ha3blBaeTCH JIYYHCTOCTHLIO TTOBEPXHOCTH HCTOUHHKA B JaHHOM Hanpas-
JeHnH, OHa YHCAeHHO paBHa CHJe CBETA B JaHHOM HailpaBJIeHHH, CO3-

*) Ho T'OCT BeneHs HoBHe 0603HAURHUA LJIA SHEPTETHYCCKHX eAHHHL, CTa-
prie HAa3BAaHHA NpHBeAeHH B CKOOKax.
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JaBaeMofi efHHHIeH NJOMAAH BUAHMOH MOBEPXHOCTH HCTOUHHKA, H
H3MepsAeTCsa B an/m®-cmep UIH 3pe/cek-cmu®-cmep.

JIy4HCTOCTh NPOTAXKEHHOTO HCTCYHHKA MOXKeT ObITh pasaH4yHOM
B pasHuIX HanpasJjeHuaX. OgHaro L5l TAKUX HCTOYHHKOB, Kak ConHue
H OCBEllaeMas TOCTOPOHHHM HCTOYHHKOM MaTOBas NCBEPXHOCTb, BeJH-
quta By He 3aBUCUT OT HanpaBJaeHHs HaGJoleHHA:

B, =const=8. 4.6)
M3 (4.5) u (4.6) Torpa caepyer, uTO
dl,=BdScos¢=dl,cosq, (4.7)

T. €. cuia C8ema mMAKO20 UCHMOMHUKA NPONOPYUORALLRA KOCURYCY
yeaa ¢ Hopmaavro (saxon Jlambepma) u maxcumaroHa 8 HanpPasACHUU
nopmaaw (dl). Dna cosganusi TAKHX OXMHAKOBO SPKHX BO BCEX Ha-
HpaBJEHHUSIX HCTOUHHKOB TeXHHYECKHE CBETH.Tb-
HHKH 3aKpBbIBAIOT CleNHaJbHBIME  MOJIOYHBIME o
CTeKJaMH.

[ManoTrHOoCTs, H3ayueHH4a Cae
TAmascs nosepxHocTs S (puc. 1.11) ucnyckaer
JAyuucTH#l moToK O no BceM HanpaBJeHHAM

(B TemecnoM yrae 2m), JIyuucTeif NOTOK, HC- <
nycKaeMeifl eIMHHIEH mnJ/omany,
@ . LIL
2R (4.8) Puc. 1.11

XapaKTepH3yeT IJIOTHOCTb U3Jy4eHHss (CBETH OCTh) HCTOYHHKA
U HaMepsieTcss B 8m/mM® HIH spe/cm?-cex. CBeTHOCTEL $IBJISIeTCS HHTe-
rpajbHOH BeJHYHHON H Jas HCTOU-

| HHKOB, Yy KOTOPBIX $IPKOCTbL MO BCeM

HanpasJ/eHUsIM oJHHAKOBa, CBA3aHa C
‘

‘ nocsaeeil COOTHOLIEHHEM

N A R=nB. (4.9)
Hs (4.3), (4.5) u (4.6)

®={ BScospdo=

0]

n

Pre. 1.12.

2
=BS S cos ¢ 27t sin ¢ dop,
]

TaK KakK JeMeHT TejecHOro yria do=_2xsin ¢ de (pHc. 1.12). Orciona

i

[
o rs 2
R=—S—=Bn5 2singcospdy=Basin? 9| =Bm.
0

0
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O6anyduenHOCTb. [TonsiTHe 00/ydeHHOCTH (OCBEUIEHHOCTH)
E OTHOCHTCS yKe He K HCTOUHWKaM CBeTd, a XapaKTepuayer MHTEHCHB-
HOCTb JIYUHCTOH 3HEPTHMH, Najalomeil Ha OCBEAeMYH MOBEPXHOCTD.
Beanguna E yncieHHO paBHa BeJHUHHE [IOTOKA, Majalomero ua egu-
HHLy ocBemlaeMoH nomepxuoctu (puc. 1.13), T. e.

() B,

E==33

4.10)
M H3MepseTcs B am/m? MM 3pe/cex- cmP.

Ec/M npoHsBoJIbHO ODHEHTHPOBAHHAS B NMPOCTPAHCTBE MJOLIALKA
dS ocBelliaeTcs ToueuHsIM HCTCUHUKOM O {(pHc. 1.8), To cornacuo (4.2):

dS =" da,
cosa

rJie 7 — paccTosTHHE OT HCTOUHHKA JIO MJICUIAAKH, o6 — YI'ON MeXy Ha-
npaBJeHHeM JTyuell H HOpMAJBIO K INIOMAJAKe, a do— TeJecHbIH yrod,
04 KOTOPLIM BHIHa nJjomajnka dS u3 ToueuHo-

4 ro HcrouHeka 0. OcsellleHHOCTb 3TOi MOBEPX-
' HOCTH
dd  d®cosa  [cosa
E=m=rp—=—1—, &1}

TaK Kak corjacHo (4.3) otHomenue do €CTh CH-

do
Ja cseTa HceTounMKa [.
Pue. 1.13 ®opMyna (4.11) BripaxkaeT 1Ba Tak HasbiBa-
eMHIX 3AaKOHAa OCBEIMEeHHOCTH:

1. OcsetuennocTs nomazKH 06paTHO IPONOPUHOHATBHA KBAAPATY
PAaCCTOSIHUS OT TOYEYHOTO HCTOYHHKA (3aKOH oOpaTHbIX KBaJApaToB).

2. OcBenleHHOCTs NJIOMAZKH TIPAMO NPONOPIHOHAIBHA KOCHHYCY
yriia Mexny HanpasJeHHeM JYYUCTOrC NOTCKA H HOPMAJBIO K NJOWA-
Ke (3aKomn KOocHHyca).

[IpH HanMYUN HECKOJIBKUX MCTOYHHKOB CBETA OCBEUIEHHOCTh MNO-
BEPXHOCTH paBHA CyMMe OCBellleHHOCTefi, CO3faBaeMblX KaIbiM H3
STHX MCTOYHMKOB B OTAenbHOCTU. [IpH HalHyuU GOJBIOTO NPOTIKEH-
HOI'O HCTOYHHKA JJA pacuera co3ZaBaeMON UM OCBEIlEHHOCTH Heob-
XOJMMO Pa3BHTEL ero MEICJEHHO Ha ACCTATOYHO MaJsble Y9AaCTKU ¢ CHIIOH
csera dl u npouHTerpupoBats Beipaxente (4.11) no seeit nosepxHOCTH
HCTOYHHKA.

Or a6eonorTno Gencit noBepxHOCTH (0 = 1), cCBelaeMoil HOCTOPOH-
HHM HCTOUHHKOM, OTPaKaeTcs BeCh Najaiolluil noToK d®,, .. Paccmar-
pHUBasi 3Ty NOBEPXHOCTh KaK BTODUUHBIA HCTOUHHK CBeTa, MOXHO Ha
ocHopauuu onpenenennt (4.8) n (4.10) ckKasarb, UYTO ee CBETHOCTb
paBHA OCBEILEHHOCTH

- g

R=E.
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Ecau 9Ta noBepXHOCTb HAEANBHO pacceHBaioliast U st Hee BHIIOJ-
HAeTcs 3aKoH JlamGepta, To Ha ocuoBanuu (4.9)

_R_E
B=—=—.. (4.12)
lIJIH HebebIX OTpaxKaroiux ﬂOBerHOCTeﬁ KOBQ)q)I/IILI/leHT OTpaxeHHs
— dq)orp
0= 1®yas
MeHbIlIe eJUHHULE U UX APKOCTb PDaBHA
=P
B=LE. (4.13)

[Mepeyuciennsie poToMeTpHueCKHe BeaHYHHbI (P, [, B, R, E) nawor
00BeKTHBHYIO XapaKTeDHCTHKY SHEpruu csera. KosHuectBenuoe on-
peneseHHe 3TUX BEJMYUH MOXKET OHITH BEIIONHEHO MPH NPHMEHEHHH
TaKOrO IPHEMHHUKA, KOTOPHIA OfHHaKOBO Gl BOCHpUHHMAN JIYYUCTYIO
SHEPTHIO MPH Pa3HYHLIX AJHHAX BOAH Najaiomero csBera. TakHM
HPHEMHHKOM SIBISETCST TepMo3Je~
MeHT, npeppallaomuii BCO maxa- Va
IOIIY[0 HA HEro 3HeprHIo CBeTd B
TENJOBYIO M KOJIHUECTBEHHO H3Me-
paoWHA oc/ae HIo0.

b. BusyanbHble efHHHIH

B GouiblliHHCTBE ONTHYECKHX
y3MepeHH# NPHEMHHUKOM SHEePIHH
CBETA HABJASETCA  YesoBedecKUil
rnas, a Takke (OTOYyBCTBHTEAD-
Hble CJIOH W (oTO3aeMeHTH. Bcee
3TH NpUEMHHKH He 06J1aJlaloT CIHU- . . . TP,
HAKOBOM UYBCTBHTE/ALHOCTHIO K gogpsi? %0 600 70 \5”‘7 '
AYUHCTOH SHEPTUH  DA3IHUHBIX (bt
JJIHH BOJIH U SBJSIOTCS CeNeKTUB-

HBIMH (M30HpaTenbULIME) [IpUeM- Puc. .14

HukaMu  cBeta. Kawxaplt Takoll

NpHEMHUK XapaXTepHayercd cBoel KpUBOH uyBCTBHTEJIBHOCTH K
CBeTy pasJaMuHbiX AMuH BOJH. Ha puc. 1.14 u3obpamkeHa KpHBas
CreKTPaibHOH UyBCTBUTE/NbHOCTH CPefHETO UesOBEeYecKOrs rnasa npu
IHEBHOM 3DeHMH, KOoTOpas B 3TOM cJAyda€ Ha3bIBaeTcst K p HB O i
BH AHOCTH. [lo ocu opauHar B norapHMuteckoM MaciutaGe oT/10-
eH KO3(hhHUHEHT BHIHOCTH, YCJIOBHO NPHHSATHIA 33 eMUHHIY NDH LJ1H-
ue Boausl 0,555 Mk = BB5 wM (KeNTO-3e/€Had 4acTh BUAHMOTO CIEK-
Tpa), HaubGosee ek THBHO BOCTIPUHHMAEMOI [V1a30M. Dueprus CBeTa
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¢ niunolt Bosuwi 510 #m unu 610 #m nonxkua GuITE B ABa pa3sa Gosbiie,
ueM 3Heprus csera ¢ A= 5DBS wa, 4TOOE 3pHTeJbHBIE OUYIIEHHSA
GbiH ofMHaKoBEIMH, [Ipn A <380 nm u A>>T780 nm xkoadduuueHT
BHIHNOCTH DaBeH HY.JIO.

YKasaHHBe OCOOEHHOCTH 3pHTEIbHOTO BOCHPHATHS NPUBOAAT
K TOMy, UTO CyObeKTHBHAfA OUEHKAa HHTEHCHBHOCTH CBeTa OT/IM4aeTCs
oT 06bEeKTHBHON 3HepreTHyeckod. B coOTBETCTBHH ¢ 5TUM A15 Xapak-
TEPHCTHUKH OTOMETPHUECKHUX BeJTUYHH HEOOXOIHMO BBOAHT CIIELHAb-
Able BH3yaJbHBE eJHHHUH H3MEpeHHSs, NPHIOL-
Hbi€ JHIIb JN8 BHIUMOrO cBeTa. DBBeJeHHBIE Bhlllie COOTHOLLE-
HHS Mexay (OTOMEeTpUYECKUMH BeJHYHHAMH OCTAOTCST B CHJIE H
HeoOXOAUMO JIHIIb BBECTH 3TaJOH H3MepeHHs Jia KaKoi-HHUOYIb
OfHOH H3 HUX.

CBeToBo#l MmoTOoK M cHJga cBeTa, [lepponavansio
NG MeXIyHaPOJNHOMY COPJIalIeHHI0 B KauecTBe OCHOBHOrC 6bl1 BHIOpaH
STaNOH CHMBl CBETa —MeX IYyHapogHas CcBewa. ITOT
YC/IOBHEIH 3TAJOH BBHIIOJNHSAETCH OOBIYHO B BHJE JaMIOYKH HaKaJH-
BaHHs C ONpeNeNeHHHIM Pa3MepOM HUTH NPH ONpeleseHHOH BeJHYHHE
HaKa/HBalOIIEro €€ TOKa.

3a exUHHLY CBETOBOTO MOTOKA OBl MPHHAT JI IO M € H:

lam = lce-lcmep.

TakuM o0pas3oM, JIOMeH $siBJgeTcs NPOM3BOAHOH eIMHUuEN M npef-
craBisger cofofl cBeTOBOH MOTOK, CO3JaBaeMEIl paBHOMEpPHEIM Touey-
HBIM HCTOYHHKOM ¢ CHJIOH cBera B | MexayHa-
pPONHYIO CBedy B EIMHHIIE TeJEeCHOro yIJja
(1 crepagnaue). Tak, HanpHMep, HCJHHIH CBe-
TOBOH NOTCK (BO BCEM TeJlecHoM yrie 4m), co-
3fapaeMblfl 15-BarTTHON JMaMnoll HaKaJHBaHUSA
C BOJBGPaMOBOH HHTBIO MNPH HaNpsKeHHH
220 8, pasen 101 am.

Kak Met BHuenu npH aHaause SHepreTdue-
CKHX BeJMUMH, OCHOBHOH cBeTOBOH BeJHYHHON
ABJAAETCS CBETOBOH NOTOK, a Bce ApyrHe ¢oro-
MeTpHYECKHE BEJHUYHHE ONPEeNensioTes depes
s1oT noTox ®. [TosToMy ymKe HaBHO Haspesa
HeoOXoNUMOCTb Tepexofia K TAKOMY CBETOBOMY
3TaNoHy, KOTOPHIH Okl GBI JIErKO H TOYHO BOC-
NPOM3SBONHM M SABJASJCS OBl 3TAJOHOM HENo-
CPeICTBEHHO CBETOBOTC IIOTOKd, a HE CHJL CBe-

Puc. 1.15. Ta (CBeua) MM ApPyroff mpou3BOXHON CBETOBOH
BEJIHUHHEL.

Tako#i rocynapcrsennsiii cgeroBoft srason CCCP 6mia cosmas
B 1948 r. I1. M. TuxoneesniM ¢ cotpyaHukamu. CxeMa yCTpoficTa
3TOro 3TA/M0Ha M3oOpakeHa Ha puc. 1.15. TpyGouka us naasaenoit
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OKHCH TOpHU# 2 moMewneRa B oGorpesaeMbiii cocyl 3 U3 Toro xe MaTepHa-
na, sanofHeHHBI ~ 190 e muatHuer /. IIpocTpaHCTBO Mex1y ®THM
cOCyJOM H BHEIIHUM KBapIeBbIM COCYJAOM § 3allONHEHO HacanKoh 4 Tak-
®e H3 oKHcH Topus. Cocyx 3 HarpeBaeTcs 1O TEMIepaTypHl 3aTBepie-
Banusg niatHHe (2042,5°K) u pacniaBieHHasa NJaTHHA NOALEPKHBaAET
TIOCTOSHHYIO TeMmepaTypy Hajydarteas — TpyOku 2. Hsayuariomasn
Tpy6Ka U BHYTPEHHUIl COCY H3rOTOBJ/IEHB H3 OKHCH TOPHS, OCKOJIbLKY
noc/ieiag JOCTaTOYHO TyTONJaBKa H He 3arpsA3HsieT paclaBJAeHHYIO
niaTHHy. UMCTOTa n/aTHHEI TIPOBEPSIETCS N0 TEMIepaTypHOMy KO3d-
$UIHeHTy 5JeKTPHUECKOro COMPOTHBJECHHS R.

OrHolexse —i}‘i nonxuo 6niTe He Huxe 1,390. CeroBoit noTOK,

0°

HCNyCKaeMblil BHYTpeHHell mnonocTelo TpyORH 2, BHIXORHT uepes
BEpXHEe OTBepCTHe H HCMOJAb3yeTcss KaK 3TaJOH Jjs CpaBHEHHs.
ExunHna 9Toro I[OTOKAa — JI@MEH — OnpeletsieTcd KaK CBeTOBOH
NOTOK, H3JIydaeMbiff MpH 9THX YCAOBHAX ¢ mioilann 5205 X 10—1° u2,

ConocraB/ieHde 2TOH HOBOH ENHHHIBI CO «CTAPbIM» JIIOMEHOM
(ompeneNteHHEIM Yepe3 MeXIAyHAapOAHYIO CBeuy) Mokasanao, uyTto | cra-
puiit am=1,005 HoBoro am. IIpU TAaKOM ompele/ieHHM STAJOHA eIH-
HHe# CHJBI cBeTa Byjer

lcg = lam/cmep

B COOTBETCTBUH C onpelenenreM (4.3) COOTBeTCTBYIOWEH SHepreTHues
CcKOfl eAMHULILI.
. SApxrocTtbe. Cserosag emuuuna spkocty B cucreMe CH
H H T (Hm) mpencTaBasieT coGofl sSpKOCTh NOBEPXHOCTH HCTOYHHKA,
Jawouero ¢ | #* njowanu B HanpaBJeHHH HOpMajaH CHJy CBeTa B
1 MexayHaponHy cBeuy.

B coorsercteuu ¢ (4.5)

lﬂm~ﬂ
T oimtt

B cucreme CI'C B KauecTBe OCHOBHOH eIMHHIE! SPKOCTH HPHHAT
etuanb (ch); 1c6=l—l~c% H, cJaefgosateabHo, 1 ¢6=10* wum.
fipkocTe mJiaMeHH cTeapHHOBOH cBeud cocrasiser npumepuo 0,5 ¢4,
MeTaAJHYeCKOoro BOJIOCKA JAaMnbl Hakaausanus — 150200 ¢6, a
sipkocTs nopepXxHoctH CosHua — oxoao 150 000 6.

B cucreme CH ocnoBHol BU3yadpHO# eqdHHneEl SIBASIETCAC B € 4 a.
YuuTeiBasi NpHUBEJEHHblE BHINE COOTHOUIEHHS MeXJNy BeJHYHHAMH,
tdopmyay (4.12) u cxeMy CBETOBOTO 3Ta/OHA, MOXHO NaTh OKOHUAe
yesbHOe onpeeselne sToll equHuub: Coeua — aMo makas cuaa céema,
npu KOMOPOU APKOCIME NOAHO20 USAYHAMEAs Npu memnepamype 3a-
meeplesanus naamurol pagra 60 ceenam va | keadpamnstii canmumemp.
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CrReTHOCTS W ocBeweHuoeTs H3 (48 n 4.10)
CNeAYET, 4TO CBETHOCTH R H ocBelleHHOCTs E MMEIOT OJlHHAKOBHE
pasMepuocTi. [109TOMY A1 MX M3MePEHWs MOXHOC NPUMEHHATH OLH-
HAKOBhlE BU3ya/bHEIE EIMHHIE — J 10 K¢ Wi o1 Ecnm nal o
MOBepXHOCTH NafaeT PaBHOMEPHO pacnpeneneHubii no Hell cperosof
notox B 1 jiioMeH, To OCBElleHHOCTh IOBEPXHOCTU paBHa 1 aiokey (k)1

lak = Lan
n? "

Ipyrum onpenesenneM JIOKCa MOXKET C/y:XHTb PaBHOMEpHasm OCBe-
meHHOCTh cepnl paguycom B 1 m(S=4n #%), B nentpe KoTopoi
noMellled TOYeuHsl! HCTOUHHK CcBeTa B | MeXIAyHapomHyl0 CBeuy
(®=4n am). [TosTOMY NIOKC HA3BIBAIOT TAKIKE METPOCBEYOil,

[as pasanyenus o6csnauenuit no 'OCT npuusaTo HsMepATh OC-
BELLEHHOCTb B 4K, 4 CBETHOCTh — B M/ M2

[lpuMenseTca Takke eIHHHUA ¢ O T, H3MepsieMpll MOTOKOM
B 1 4m, pacnpeleneHHHIM PaBHOMepPHO mo miowaid B 1 ca®:

lam
lp=1— .
Ouesunro, ato 1 ax=10"* ¢h. [dna sopManbuofi paGoTr HeficTBYIO-
mumu nopmaMd CHMIT ycranosmenn senuunusl HeoOGxoauMofl ocBe-
HleHHoCTH pabouHuXx noMeineHHH # MecT. Tak, Ha cTONaX B yuyeGHbIX
[OMELLeHHAX OCBEIeHHOCTb Jo/KHa OhiTh He unxe 150 4k, B uepTex-
BbIX — 200 a2k, B wopupopax — 20—30 sx, Ha yanuax — 2—4 k.
Kpusas BHUIHOCTH MO3BOJSIET YCTAHOBHUTH COOTHOUIEHHS MEXAY
SHEpreTHYeCKUMHU M BH3YaJbHBIMU eMHALAMH H3MepeHus s KaXKaoH
JaHHOH AMUHBL BOJNHBI CBeTa. Tak, AAs AAMHB BOJHbL A==DBB5 Ha,
cooTsercTByIOWeli HauGoabllel YyBCTBUTENBHOCTH r/1a3a, M € X a H H-
YeCcKHH SKBHUBaJNleHT CBETAa paBeH

Ayyn=0,0015 emjam,
a ofpaTHas eMy BeJMullHa BU A HOCTH (MM CBETOBOH OTHauH)

1
= —+ =083 amem.
Jag A =510#m Beanunna BHAHOCTH B 2 pasa MeublUe, a MeXaHHue-
CKuil 9KBHBAJIEHT cBeTa B 2 pasa OoJblue:

A;1o=0,003 em/am.

[lpubops, nprMexaeMble 15 (HOTOMETP HIECKHX H3MepeHu#l u cuy-
JKaily¥e A1 cpaBHEeHHa HCTOYHHKOB CB8eTa, Ha3bIBAIOTCSI QO TOME T-
p a M H. B BH3yanbHbIX QOTOMETPAX yuUThIBaeTCA OCOOEHHOCT ra3a,
o0yCJIOBJIEHHAS] TeM, UTO OH 1103BOJISIET JOCTATOYHO TOYHO YCTAHOBUTH
paBeHCTBO OCBelleHHOCTeR (Tounee — spKOCTed) HBYX cpas-
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HHUBaeMbIX MOBEPXHOCTedl H He MOXeT JaTh KONHMYECTBEHHOH OLEHKH
COOTHOUIEHHSI OCBEIleHHOCTeH, eclH OHH pasauuibl. Hawubosee Gna-
FONPHUATHOE YCAOBME JAA YCTAHOB/EHHs DPaBeHCTBA ocBellleHHoCcTel
IBYX mnoBepxHocTell OyjneT B TOM c/lyyae, KOIA@ 3TH NOBEPXHOCTH
CONPUKACAIOTCS. H /4 ria3a KamyTes JNexanuMH B OXHO# I0CKOCTH.

TpuHIHUOBLY KOHCTPYKTHBHOrO odopMaeHHs!, obecleyUBaloIero Bbl-
IOJIHEHHE STOT'O YCJIOBHS, MOryT ObITh MOSICHEHBl U3 aHA/IM3a TaK Ha-
3biBaeMoro KyGuka Jlymmepa —
Bpoaxyna, wusoGpaxeHHOro Ha
puc. 1.16. [IBa cpaBHuBaeMEble
HCTOYHHKA S; H S, ¢ CHJIOH cBe-
ta [, u I, pacnonaraiorcs no obe
CTOpPOHBI Henpo3padHOro 3KpaHa
E, ommnakoso pacCeHBawIIEro
(MaToBOrO) M OTpaxaouiero (Ge-
Jore) ¢ obenx cropon. Paccesn-
HHH KpaHOM CBeT MajaeT Ha JBe
BCOMOraTesibHble Oenble (HHOTAA
sepKaJbHble) HoBepXHOCTH E; H
E,, or KOTOpEIX oOTpamxaercss Ha
ky6ug. Ilocnepnmit cocToUT H3
JIBYX COMNpHKAcaoWHUXCs NpsMo-
yrodabuetx npusm A n B. ['panb
npusMsl A, cooTBETCTByOWAsA TH-
noTeHyse, HMeeT cepUyecKyIo no-
BEpPXHOCTB, YaCTHUHO couludo-
BAaHHYI Ha IJIOCKOCTh, COMPH-
Kacawiyrcs ¢ MJICCKOCTbIO NPH3- Puc. 1.16.

Mpt B. TmatejabHast DpHITHGOB-

Ka mpu3M ofpa3yeT B 5TOM MecTe TaK IiasblBaeMblii ONTHY €CK U A
KOHTAaKT, T. & B 3ToM Mecte npuamsl A H B npeacTaBasior co-
6oil Kak Obl OHMH CIJIOWHOH KycoK cTekna. (BeT OT NOBEpPXHO-
cra Ey, majas Ha npusMy A B MeCTe ONTHUeCKOIO KOHTaKTa, Opo-
XonuT Oe3 mpejoM/IeHHs B JPYrylo DpU3My H JaJjee yepes ayny b
nonagaer B rj1as, JaBas BHYTpPEHHee [loJe cpaBHeHHs B BHIe Kpyra C.
OcTa/ibHble TYYH HCILITHBAIOT NOJHOE BHYTpeHHee OTPaxeHHe oT cde-
PUYECKOH TpaHd H YXOISIT B CTOPOHY.

Yacte Jyuyelt oT nosepXHocTH E, TakiKe NPOXOJIMT uepe3 onTHye-
CKHil KOHTaKT H YXOJAUT B cTopoHy. Jlpyras yacTs jgyuell Ha [JIOCKOCTH
FUMOTEeHY356! PU3MEL B HCOHITEBAeT MOJIHOE BHYTPeHHee oTpaMeHHe U
HAIPaBJAseTCs uepe3 Ty Ke Jyny B [Va3, JaBas BHelliHee T[oJje
CpaBHeHHs B Buje Koabla D, OKpyXKaloWero BHYTPEHHee TOJe.

Taxum o6pasoM, ocBellieHHOCTH o00eHX CTOPOH 3KpaHa E cpapum-
BAlOTCS TJ1a30M MPH IOMOWH ocBelleHubiX nonellt C H D, conpHkacaio-
mWUXcss APYr ¢ APYroM H JeXalldx B oJHOH mnaockoctH. M3Menss
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paccTosiHus R, 0 R, oT HCTOUKHKOB Sy B S, 10 3kpana E, nofusatorcs
HCUe3HOBEHHS PA3NHYKA APKOCTH Nojiefi cpaBleHH s, a, ClieoBaTe/NbHO,
paseHcTBa ocBeuleHHocTed, [TocKoAbKY /y4H OT MCTOYHUKOB MaAaioT
Ha 3KpaH £ HopMaabHO (cos @ = 1}, 1o, cornacuo (4.11),

1 !
itk (4.14)

Mamepssa paccrosuus Ry » R, v 3024 CHy cBeTa 9TAJIOHHOTO HCTOY-
HHKa [;, MOXKHO OTCIOZa CHpPENETHTh CHJY CBETa HCILITyeMOFro HCTOY-
Huka [,. BcrelcTBHe HEBO3MONKHOCTH H3MEHSITH PACCTORAHHS R; H
R, B oueHb UIUPOKHUX npenenax, B HEKOTODBIX KOHCTPYKHHUAX ¢oTo-
MeTpOB MPHMEHSIOT Apyrie crocolul ocjabieHud CBETOBOTO [10TOKA
B H3BECTHOE YHCAO Pa3: CeTKH, Bpallajouluecs JUCKH ¢ BHPe3aMH,
CBeTOGHJIBTPLL U 1P,

[t u3MepeHHs CCBELleHHOCTH NMpHMeHaAwTcs npubopel, Ha3blBae-
MBI 1 IO KCMEeTp aMH. B HacTosmee BpeMst IHPOKOE NpHMEHEHHE
(HanpHMep, B (hoTOrpapUYeCKHX 3KCHOHOMETPAaX) HaXOmAT JIOKCMeT-
pH, cHalxkeHHhle QoTosneMeHTaMH, OJarojaps ueMy MHCK/IOUANOTCH
cy6pexruBHble 0cobeHHOCTH HalmonaTens. OCOGEHHO WHPOKO NpUMe-
HAIOTCS CeNeHOBBE (JOTOZ/eMeHTH, KpHUBas CHEKTPaJbHOH YyBCTBU-
TeJbHOCTH KOTODHIX O/HM3Ka K KPHBOH UYYBCTBHTEJIBHOCTH r.1asa.
DoTO31eMEHT COEHHSETCS C YYBCTBHTENBHBIM [ajbBAaHOMETPOM, IMO-
Kasanhs KOTOPOr0 MOryT ObiTh HenocpeACTBEHHO NpOorpanyHpCBaHbl
B JIIOKCaX.

§ 5. PacnpocTpaHeHne cBeTa B HEOJHOpPOLHOH cpene.
[loasioe BHyTpeHHEe oTpaKeHHe

B oanoponno#i cpene cBeT pacnpoCcTpaHaeTes mpsAMONHHERHO C 10o-
cTOsIHHON cKopocThio. EciH ke cpea HeoAHOpOAHA, TO B pasHBIX obaa-

CTAX CKOPOCTb €ro pacnpoCTpaHeHH v=1—;;_}1 pas/uuHa H NpsMo/iH-
HefiHOCTb CBETOBLIX Jyyell Hapyluaercs.

[pectefimeli HeOXHOPOAHOCTHLIO ABJAsSETCH MJCCKAA TPaHMIA pas-
JeNa JByX Ge3arpaHUYHBIX OXHOPOAHBIX CPEXl, B KOTOPHIX CBET pachpo-
CTpaHsieTcsi CO CKOPOCTSIMH, PaBHEIMH COOTBETCTBEHHO Uy, M U,. Ha
puc, 1.17 nokasaHo, uto Ay4 [, nafaroumiuil U3 nepsod cpensl mox yr-
JIOM { K NepreHauKy/Jaapy, Ha rpaHune pasfena pasiBaHBaeTCd
Ha oTpameHHbi# Jyd /[, uiymuit B nepsoil cpese ¢ Toll ke CKOPOCTHIO
vy, W mpenomaeHHsll ayw [[l, pacmpocTpaHsiollHHcE BO BTOpOH
cpefe MmO yrjioM r K TOMy e MepreHAMKyJspy. Bsanmuoe reo-
MeTpHYeckoe pacrlofoKeHHe STHX Jydell onpene/isiercs TpeMs 3 a K o-
pnamMu JdekaprTa:
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1. ¥ron najeHns paBeH yray OTpasKeHHS:
U= —1, (G.h

2. OTHomeHHe CHHYCa yrJaa NajeHHs K CHHYCy yTJia [PeNoM/IeHHs
ecTb BEJWYHHA NOCTORHHAA:

sin ¢

éi—a—r-"—- const = ng,ln (5.2)

3. Jlyu namatommuit, Jyd OTpaxeHHEI! H Jyd MpeNOMJIEHHBIR

JeXaT B ORHOH MJIOCKOCTH C MepNeHIHKyJAfpoM, BOCCTABJEHHLIM

K Tpauule pasjefa B TOUKEe MaJeHus.

Hcnonbsyqa BEIBOL BOJMHOBOH Teo-

puu anajgoruuyo (1.5), MBI MOXeM HamH-

caTh, UTO OTHOCHTEJBLHBIH [OKa3aTelb
TpeoMJeHHst IBYX Cpel 7t,, paBeH

n2~l=_=—~_—l=—, (5-3)

T, €, OTHOWIEHHI0 aGCONIOTHEIX NOKa3a-
Tenefl npenoMmieHus 9THX Cpex n, =

c
==g; 110 OTHOUIEHUIO K BaKyyMy, B Ko-

TOPOM CKOPOCTb CBeTa paBHa o¢. vlc-

nonb3ys COOTHOWeHHA (5.3), MOXHO

nepenucaTh 3aKOH NpesoM/ieHHs B CHM-

MeTpUYHOH OTHOCHTEIbHO  0OeHXx b

Cpell q)OpMe: e 117.
n, sini=mn,sinr. (5.4)

W3 s108l cuMMeTpun crefyeT o6paTUMOCTh CBETOBBIX aydeit. Ecnu
o6paTHTb HanpaBaeHue ayua /7] na puc. 1.17 u sacrasuth ero nagars
[TOA TeM Ke yIVIOM r Ha MPaHUNy pasjefa, TO NMpPeJOMJEHHHIR nyy Oy-
JET pachpoCTpadsiThes B NEPBOH cpeie MOA yrioM i, T. e. nofifer oG-
paTHO BIOJbL Jyua /.

Ypasnenue (5.4) MoxXeT OXBaTHTL ¥ 3aKoH oTpaxeHHs, [locKobKY
oTpaxkeHHelii jiy4y // pacnpocTpaHsiercs B TOH e caMoil nepsoii cpefe,
HO 0O JPYTYi0 CTOPOHY MEPHEeHAHKYJASpa, TO NS Hero MOXHO ¢(op-
MaJIbHO MOJIOKHTL [IOK23aTeNb [pe/IoMJIeHHs n,=—ny, llogcTtaBnss
$TO 3HaueHUe B paBeHCTBO (5.4),noayuaeM: sin i=—sin i’, T.e, i'=—I.

s npoapayHsiX HEMOMVIOMWAIOWHX cpel Mafalmufi Ha rpagumy
pasjgena syuucTeiil moTok P, pacliennsiercs Ha IBa:

(Duan=cD°TD+ CDupen' (55)

Koadpuunent orpaxents
{

p = 0P (5.6)

nag
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moxer ObITh paccuutan 19 ¢OpMyJaM SJIEKTPOMATHHTHOH TEOpUHU
cBeTa M 3aBHCHUT OT INlOKasaTesdell mpejomiielHs OGeuxX cpex n, H n,,
yraa TajeHHs i, a TakXKe OT CTeNeHM NOMsApU3alMH  Jyua
(cM. nuxe, ra. VI). Ecan n,=n,, To p=0 ¥ rpanuua pasgeia nsyx
cpel, HMEIOWHX ONMHAKOBHE MOKA3aTe/lH MpeJOM/eHHS, CTAHOBHUTCA
HeBHAUMOH,
Ilokasarenb MpeslOMJIEHHS] BO3LyXa BO3PACTaeT ¢ erc MJ0THOCTBIO
M PasHOCTb flg,,,~— | npsiMo mponopuucHaisHa MaotTHocTH. C NOAbe-
MOM Haj, NOBEPXHOCTbIO 3eMJsH mJ0THOcTh yOmiBaer (v, I, § 2I)
K yMeHbIIAeTCH ero noKasaTtelb mpelomieHus. Jlyd ceeTa, mylleH-
HbIH BBEPX IIOJ HEKOTOPLIM VYIJIOM K TFODH3OHTY, BCTPEY3ET Ha CBOEM
NyTH ONTHYeCKH HEoQHOPOANYI0 Cpeiy ¢ HOCTeneHHO YORIBAIOWIUM
NoKasareseM TNpeIOMJICHIS,
{ Jlns ananusa npouecca pacnpocrpa-
“f - Z/J\/ lleHHS Jyya B TaKoii cpefie NpeiCTaBHM
. < cefe MbIC/IEHHO BOSIYX COCTOSUIHM H3
s psiia2 TOPUSOHTA/JBHBIX CJOEB MaJol
tTomuuusl Ax (puc. 1.18), oranuaio-
A IHEXCA APYr OT APyTa IO UOKA3aTEII0
/<\: NpeOMIEHHS Ha Myl BeTHYHHY An.
75 Or kaxjofft M3 rpaHum mHoc/enyio-
WHX JABYX choeB OYJeT mPOUCXOAHTH
Puc. 1.18. qacTMyHOoe cJafoe OTpaxkeHHe H wvac-
THYHOE Ipenom/ende (ua puc. 1.18
CTpPe/IGUKaMH MOKa3aHbl BTOPUUHO paccesiHubie Jy4d). Tak Kak mogasa-
TeAb NPEJIOMAENHS] Yy KAKIOTO MOCNe[YIOUIero CI0d MeHbIle, YeM Yy
npeasiiyniero, T B cooTBercTBHH ¢ (D.4) HAa KaxJoOH rpaHHUE yrof
npenomnenuss Gyger GoJblle yrja NageHud, H Jyd [OCTENEeHHO OT-
KJIOHSIETCA BHM3 OT CBOETO NEPBOHAYAJLHOrO HarparejeHuda. Ilepexozs
K Npejeny u 3aMelss JOMAHYIO JHHHIO KDHBOA, MBI BHAHM, YTO
HEOJHOPOJHOCTh cPelbl BEISLIBAET CHHOBPEMEHHO JIBa SBJEHHMA: Hellps-
MOJIMHEHHOCTE PacnpocTpaHeHHs CBeTa H HENpephIBHOE YaCTHYHOE ero
paccesiHie B CTOPOHEHI, Jesalomiee 3aMeTHBIM Nyu [pH HabJgO[enHy ero
co ctoponnl. Ilocsentee oGcTosiTeIbLCTBO AeJiaeT, HAMPUMEP, BUIHMEI-
MM ITOTOKH BOCXOJALIETO TEIJIOro BO3AyXa, MMEIOIIero MeHbUYo MJI0T-
HOCTb M TOHMXKeHHHI NOKasaTenb IpejoMaenus. ITUM ke obbsc-
HfieTC KaXylleeC MepuaHue 3Be3l, TaK Kak B aTMocdepe Bcerga
€CTh [epeMeXaloltecs CJI0H BO3AyXa NepeMeHHOH 1JIOTHOCTH.
HenpsiMonnneiinocTs pacrnpocTpaneéHHs cBera B armocdepe Iepe-
MEHHOH ILIOTHOCTH IIPOSIBJIAETCS B acTPOHOMHUYeCKOH pedppakiuy —
npH HaGMIONeHNH 3BE3J 110 OCTPBIMK YIVIaMH K TOPH30HTY HCKPHB.Je-
Ede jyuell, nmokasanHoe Ha pHc. 1.18, npHBOIUT K TOMY, 4TO KaKyiue-
ecs TOJIOXKEHHe HCTOYHHKA OKa3blBAeTCH HECKOJIBKO BblE HCTHHHOTO.
Y caMoro ropH3OHT2 KaMYWHACA HOJBEM CBETH/IA 3a CYeT pedpak-
unk cocTasaser 36’. B KapkKuX NYCTHIHHBIX HAH CTelHbIX palioHax
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H B NOJASIPHEIX 001aCTSX CHABHBIA OporpeB HJAH OXJAaxIeHHe BO3AyXa
y 3eMHOfl NOBepXHOCTH NDUBOJUT K MOMABJEHUIO MUpaxXell: 6iarojgaps
UCKPUBJIEHHIO Jy4ell CTAHOBATCA BHAMMbIMH i KaXyTCH OJM3KC pacro-
JIOKEHHBIMH TIPEIMETbl, Ha CaMOM Je/le pacno/CXKeHHEe JaJeKo 3a
ropusoHToM (puc. 1.19).

Ipu nepexone cBeTa M3 cpennl ¢ GOJBIIHM MOKasaTeaeM npeJjomJie-
HUA n, (onTHYecku Oonee MJAOTHOH) B CpPelly C MEHBIIHM IOKasaTesleM
n, (onTHYeCcKH Melee [JIOT-

HYI10), coraacHo (5.4): /"*"'\
sinr 7y /’__\k
Ll , VRl
sini 7, >1

H OpeJOMJeHHBIH Jyu yla-
JAsieTCsT  OT NepreHAHKy-
Jasipa. C yBenuueHueM yraa
nageHus ¢ pacTer H yroa
npejgomaenus r>i. Korza )
yroJ najgeHust A0CTUraeT HEKOTOPOro MpefenbHOrd 3HAYEHHS inpeg,
OIpEeAeNAIOULEroCsT U3 YCIOBUS:

Puc. 11.9.

. s _fa
SI dypey = - =1a,15 (6.7)
TO sinr==1, r= —g— H npeJIOMJIeHHBIH 1yY HanpasJ/ieH BROJb TPaHHIL

pasgena (puc. 1.20,a). [lpu eme
6ospuieM yrae DaleHHS > inpegs

sini>:~:—2

[}

Sinr:—’;—} sini>1. (b.8)
2

Ina Tagknx yracs najeHHs ypas-
wenue (5.8) maeT MHHMOe 3HayeHHe
yraa npejomiienus. CrelopaTenbHo,
NpH > ippex IPEJIOMJIEHHE [IPEKPa-
maercsi U OCTaeTcH JIULIL OTpaKeH-
Helfl aye (puc. 1.20, 6). 1o sBie-
HMe HOCUT Ha3BaHHE MOMHOTO
Pue. 1.20. BHYTPEHHEroO OTpaxXe-
H U 9§ — BCH 9HepPTHs cBeTa, Najaiw-
miero Ha rpaHHuY pasjiesa, IOPH 3TOM [OJHOCTBIO OTpaxkaerca oO-
paTHO B MEPBYIO CPeny.
Boauosas npupoia CBETAa NPHBOANT K HEKOTOpOMY YTOWHEHHIO W ReTanusa-
182324 ﬂBJI&HHﬁ, NPOUCXOAAIKX DNPH NOJMHOM BHYTDEHHEM OTpDAXKEHHH. HETaJleOE

TeOPeTHYECKOE HCC/elloBAHHE 3TOTO SIBJICHHS, BHNonHeHHoe A. A. DiixewBajb-
JloM, NOKAa3anNo0, 4TO NPH NOJHOM BHYTPEHHEM OTPaXeHHHW 3JeKTpoMarHuTHas
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BOJIHA MPOHHWKAET BO BTOPYIO Cpeldy ¢ aMMIHTYAO#, O9eHL GHICTPO 3atTyxatoledt B
HanpasJieHHH, NepneHAAKYJASIPHOM K rpaHune pasgena. [Ipu atom NOTOK Jyduc-
TOH 9HEPrHH YaCTHYHO 3aXORHT BO BIOPYIO CPELY W, ONHCHBAA CHALHO HWCKPHB-
neHHb#t NyTh, HA PACCTOAHUM NOPALKA NOJOBHHL JNHHLI BOJHK BHOBb BHIXOAHT
R nepsywo cpelly (pe. 1.20, 6).

. M. Maugensmram, Bu6pas B KayecTBe BTOPOH cpexs pacTeop duioopec-
UHPYIOILLEI‘O peuieCTBa, NOKa3laJja Ha oOnlTe, 4TO noro0Hoe NPOHHKHOBEHHE CBETA

Pnc. 1 21

fa MaJyio TNyGuHY BO BTOPYI Cpefy AefACTBHTenbHO MMeeT Mecto. TIpn najenuu
Ayus Ha CPaHUNy CTEKJNAHHON MPHAMbl M PacTBopa (Mgpexza > Mpacrs) MOR yr-

JAOM, MEHbIIMM yIJla [OJHOr0 BHYTpeHHero OTpaXeHHs tnpenmarcsin:ﬁcﬂ’— ,

CTekna
B pacTRope Gula BUAHA sesieHas (uayopecnenunHsa (cBedenne) Ha BceM DNyTH mpe-
JOMJIEHHOTO Jiyya, Kak 9TO NokasaHo Ha pHe. 1.21, a. Tlpw ¢ > i5,, Coien npe-
JOMJIEHHOTO Jyua B paCTBOpE HCYE3aeT, HO
oT9eTnHBO HabJlofaeTcst (JiyopecneHus
¢JI0R pacTBOpa, HEnOCPeACTBEHHO MpHJie-
ralomero K npuaMe B MeCTe OTpaXeHHd
(puc. 1.21, 62

Mycte MexAy HBYMA NpPO3pauyHbIME
TeMaMu HMeeTcs TOHKHH 3230D TOJU(HHON
MHOTO MEHble JUIHHBI BOJIHBL, 3aNOJieH-
HHft npoapaunofl cpepofi MeHbiiefl onTH-
geckofi nJjotTHocTH. Toraa npu najesuu
CBeTa Ha TrpaHHmy 3asopa nof fyriom
i> igpey NYUYHCTas JHEPrUsi, NPOXOAALAS
B 3a30p Ha paccrosuue d <€A, He ycnesa-

A
i\ eT NOBEepPHYTb MNOMHOCTbIO OOGpATHO U ile-

4 7

il N V74

[+

pefifeT Rajee BO BTOpoe TeslOo ¢ GoJibueft
ONTHYeCKO NNOTHOCTBIO. DTO  fABNEeHHe
Jerue oOHapyXKHBATb B Clyyae HHpa-
KpacHLIX Jyvell ¢ JJHHOA BOJHH NOPAAKa
HeCKOJIbKHX MHKPOHOB, [1pu Gonbinom 3a-
Puc. 1.22. aope mex Ay npusmamu A u B (puc. 1.22, a)

JIYYH HCORITHIBAKOT NOJHOE BHYTpEHHee OT-

paxeHHE OT FPaHHIH NpusMH A ¥ BO3-

AymHOTO 8a3opa H TepMosjgeMedT 7 He ofHapyxHBaer H3AyuyenHs. Ecam xe
CAenaTe TOJIMMHY BO3LYWHOTO 3a30pa MeXAy npusmamu d MeHblle MHKpOHA
(puc 1.22, 6), To AHuip YacTb JYyYHCTOH BHEPrUH HCIIEITAeT OTPaxceHWe, a OCTANb-
Has APOHJET uepes 3a30p U NpusMy B u 6yAeT 3aper HCTPHPOBAHA TEPMO3JIEMEHTOM.
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SIBneHne nOJHOrO BHYTPEHHEro OTPAaXKEHHs HCIOJb3yeTcs B pas-
JIHYHBIX ONTHYECKUX npﬂﬁopax (6MHOKMH, TIEpPHCKOIE! U Ap.), a TaKKe
AN M3MePeHHs MOKasaTeleH NpeoM/IeHHS (pedpakTomerpnr). IMoxa-
3aTe/b MPENOMIEHHS Pa3HUHEIX COPTOB CTeKAa — okoJio 1,5. [TostoMy
Opene/bHLA yros Jis rpaHHIbl CTeKIO—BO34YX cocTaBaseT i, =

=arcsin %—-—42’ H NPH OafeHuu ayyefl Ha STy IpaHHIy NOX HECKONb-

Ko O6abliEM yraoM, paB-

/ HBIM 45°, 6yner Beerja npo-

07 HCXOIHTh NMOJHOE BHYTPEH-
Hee oTpaKeHHe,

Ha puc. 1.23 uzo6paxe-
Hbl PU3MBI NOJHOTO BHYT-
Y PEHHEro OTpaykKeHHd, B KO-
TOPEIX COG/IIONEHD 3TO yCI0-
sHe. B cnyuae (a) naoBpasxe-
nue mnosepHyTe Ha 90°,

N
V

5)

Bt [ SO Y I R

!/ A A
' Paan 0>

Puc. 1.23. Pue. 1.24

B caysae (6) nsobpaxenue IepeBepHYTO 3a CUET JABYXKDPATHOrO
MOJIHOTO BHYTPEHHErD OTpaX{eHHUs1 OT OOKOBHIX rpaHefl mpuaMmsl. Ofo-
POTHOH TaKXe sBJISeTCs U NMpU3Ma (6), TAie NOJHOe BHyTPEHHee OTpa-
XKEHHE NPOHCXOAUT OT HUXKHell TPaHH NPU3MBI,

Ha puc. 1.24 nokasaHna cxeMa Xxoza Jydeil H nmoydeHHs Hsobpaxe-
HHsl B IEDPHCKOIE, NpefHasHaYeHHOM 15t HaGmeqenuil H3-3a yKPLITHA.
B npuHuHme MOxHO 6bl10 OBl JOOHTHCA TOTO Ke axpeKTa, 3aMEHHB
NPU3MBL B TEpUCKONme ABYMs HAaKJOHHBIMH 3epKanaMu. OfHaKo OpHU
OTpaKeHHH OT METa/JIHYeCKOro 3epKaja 4acTb JYYHCTOH SHEPruu
NPOHHKAeT B METa/1 H norJycuiaercs B nocaenueM. [pu mojHoM xe
BHYTPEHHEM OTPaKEeHHH TaKUe [HOTEePH 3HepTHH He Hab/oaloTCH.

B pedpakTOMeTpe Kanjs HCNBITYeMOR XUAKOCTH BBOAUTCH MEXIY
1syMsa npuamaMu ABC u DEF, H3roTOBJIEHHBIMY H3 CTEKJ1a C BBICOKHM
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nokasaTeneM mpesoMaenus (n,=1,72), U pacrekaercs MexIy HHMH
(puc. 1.25). Paccessnunlil cBeT HampaB/sieTcsl CHH3Y Ha rpaHb AB u
nonagaer Ha rpaHduy AC ¢ XKHAKOCTHIO (MOKasaTeJb MpPeIOMIEHHS
n,<n;) WOA caMbIMH pa3/JHYHBIMH yraamiu. Te u3 jydefi, KoTopble
ynagyT Ha nosepxHocts AC mog yrJoM, MeHbUIMM [PERENBHOro,
NpaKTUUECKH He OTpassaTcH, a npofiayT B MHIKOCTL U jaJjiee B IPUIMY
DEF. Te nyuH, XoTopble ynaiyT Ha CJOH XKHIKOCTH INOCH YyTJIOM,
OOJIBIIAM NpEeJeNbHOTO, Tpe-
TepnsT B npusMe ABC nosHoe
BHYTpeHHee oTpaKeHHe H BhIH-
IyT uepe3 rpans BC. B none
apenus tpyOnl T, mocTasJjieH-
HOW Ha IyTH 3THX Jyveft, Oy-
Iy T HaGnwoxaTecs ABe 00/1aCTHI
BEpXHAST — SIPKO OCBCILIEHHAA
H HHXKHSS — TeMHas.
Puc. 1.25 Bpamasa cHcTeMy IpH3M
HJH TPYOy APYr OTHOCHUTENBHO
ApyTa, 100UBAIOTCS COBMENIEHHsT TPAHHIB! MPETOMJIEHHS C TOPH30H-
TaJbHOH HUTHIO, PACOTOKEHHOH B OKYJAPHOH YaCTH 3pHTeAbHOM TPY-
Onl, H OTCUMTHIBAIOT 10 HENOIBHKHOMY KPYIy, KOTOPHIM cHaOxeH pe-
(dpakTOMeTp, BeJHYUHY YTJA i, Corsiacho (5.7), HCKoMBIl noKasa-
TeJlb NPeJOMJIEHUS MHUIKOCTH paBeH

Ry = Ay SIN {ypen (6.9)

Sporssielates:
SRR
Srieistarieles
TatA e tete:
e

%
RIS

ITocKonbKy MOKasaTesb MPEOMJIEHHS MPH3MLL 1; H3BECTEH 3apatee,
TO HEMOABUKHBIH Kpyr pedpaxToMerpa rpalyHpyroT HemocpelCTBeH-
HO B 3HAYEHHSX BEJUUUHHL 1, C
TOUHOCTBIO IO TPeThero HJiH ueT-
BEpPTOro 3HaKa mocjae 3alsiToH.
[Tokazatens npesicMJaeHHs
FHAKOCTH 3aBHCHT OT €€ COCTaBa.
[lo3ToMy, H3Mepsia C IOMOIIBIO
pedpakToMeTpa BeJHUHHY Ry,
MOXHO CYAHUTh O CTEHEeHH YHUCTO-
Thl JAHHOrQ HHAUBHYAaJ/BHOTO
BefllecTBa, a /19 OMHADHEIX CMe-
cell — onpeneATh KOHUEHTPAIHIO

pacTeopa.
B saxaiouenue jgauHore mna- .
parpacga paccMOTpHUM ellle Cay- Puc. 1.26

yafi npejoMneHus ayuel Ha ABYX

MOCJIeJ0BaTeIbHO PACIfOJIOKEHHBIX IJIOCKOCTAX B T4K HasklBaeMoH
TOHKOW DPpH3M e, usoOpaxkenHoll Ha puc. 1.26. O6osHaunM yrou
NpH BeplllMHE MPU3MbL Yepes o U yroJ MajgeHus ua nepegHiond rpaHb
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yepe3 {;. [lpesoMUBIINCE, J1yY NOHAET BHYTPH MPU3MEI OA YFJIOM #y
K NepneniuKyaapy ¥ ynajeT Noj yrJIOM ry Ha 33JHIO I'PaHb [IPHSMEL
Brifizg Hapyxy non yrioM f, K OepueHIHKyJsapy, ayd Gyzer pac-
MpOCTPaHATLCH Jajiee, OTKJICHUBIIHUCL Ha HEKOTOPHIH yroa 8 OT cBOe-
rO mepBOHayaJbHOro HanpasneHus. as pacuera yraa orknonenus 8
B npH3Me HeoOXOAMMO HCMONB30BATb 3aKOH npesaoMaeHus (5.4) nis
KaxIod U3 rpaHed, T. €.

nysini; =n, sin ry,
Ny sin ry=n, sin 1,

(5.10)

rie n, — MOKasaTe/lb MNPEJCMJIEHHS BelleCTBa NPH3Mbl, a 1;— MOKa-
3aTeJlb NMpenoMJaeHHs OKpymKaiollell cpemsl.

Byzem cunTaTh NpU3My TOHKOH U HONOKUM YI0J1 & U BCe YIJIbl Majie-
HHS U IPEJIOMJICHHS , H r, MaJIBIMH, T. €. MeHblue 5—6°. B sTOM cay-
yae Bce cHHycHl B ypaBHeHUsX (5.10) MOXHO NpaKTHUECKH 3aMEHHTH
BEJMYHHAMH CaMUX YIJ/IOB, BHIDA)KEHHBIMH B pajuanax, H Toria

[y==Rg, ¥ W iy="Ny 7"y (5.11)
rie nz,,=%f—=n — [I0KaszaTelib NpenoMJeHHsl BellecTBa IPU3ME OT-
HOCUTENBLHC cpefbl. V3 reomeTpuyeckHx mocTpoeHu# BHIHO, UTO
O=(lj~r)+Uy—r)=(n—1r +(n— 1)"2=(n_1)(r1+r2)(-5 )

M3 ycsoBus, uTOo CyMMa BHYTPEHHHX yTJOB TpeyronbHHKa ABG
paeua {80°, T. e. m, caenyer

a+(—121—r1)+ <—g——r2) = 7,

5.13
OC=f1+f2. ( )

Conoctasasis (6.12) u (5.13), HaxoMUM OKOHUATEILHO, UTO
b=(n—1)a. (5.14)

TakuMm o6pasoM, yroj OTK/CHEHHMs Jyuya B TOHKCH mpuaMe npsiMo
TIPONOPLUOHANEH YTy PAaCTBOPA NPH3MbI & U OTKJIOHEHHIO CTHOCHTE /b=
HOT'O MOKa3aTessl NPeJOMJIEHHS 1 OT eAHHUUB U He 3aBHCHT OT yrja
najeHus i.

Ecnu npu3Ma He TOHKad H CHHYCHI YTIJICB HeJb3d 3aMEeHAThH CaMHMH
yrJaMHi, TC OTKJOHeHHe BHILEJUIEro Jyya 3aBHCHUT OT yriaa najeHus,
T. €.

0=f(n—1, a, 0. (5.15)

Tpuronomerpuueckufi pacdyer noKasblBaeT, YTO B 3TOM cillydae MHHH-
MaJibHOE OTKAoHeHHe Jyda §,,, Oyler Hab/MOnaTbCA NPH CHMMETPHY-
HoM Xojne ayuell (iy=1(,). MaMepus Beanuuny §,,,, MOXHO OpelennTs
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HoKasaTedb MPEIOMJ/IeHHS TPU3MBI [0 CCOTHOIIEHHIO

sinfn %
n=— (5.16)

sin —

§ 6. ucuepcrs ceera. @a3oead H rpynmnosas cKopocTH

MepemernHoe 3neKTpoMaruuTHOE 10J€ C J1060# 4acTOTOH H3MEHEeHH
CO BpEeMEHeM pacnpocTpaHseTcst B BaKyyMe€ C OfiHo#i M TO#l ke CKo-
POCTBIO ¢. DTO OTHOCHTCS, CJEIOBATENbHO, H K BHIHMOMY CBETy BceX
yactoT (AnuH BoaH). Kaxpmofi yacroTe KosneGaHHH v COOTBETCTBYET
B BaKyyMe BIOJIHE ompefie/ieHHas JJHHA BOJIHbL

ho=1% . (6.1)

DnexTpoMarHHTHast BoJiHAa, KOJIe6aHHS B KOTOPOH MpOHCXOXAT
€ ONHOH CTPOro NOCTOSHHOH YacTeTOH v, HasbIBAeTCs M O H O X p O-
MaTHUYeCKOo#H («psHouserHofi»). EcaH MoHOXpOMaTHYECKas BOJI-
Ha nonajaeT B KaKyio-71HGO cpeqy, TC ee nojie Bo3OyKaaer BhIHYXKAEH-
Hble KoJle0aHHsl CBSI3aHHBIX 3apsifioB cpenbl ¢ TOH X e caMoH
aactoTol v.Konebmomuecs sapsipl CO3AAI0T BTOPHIHEIE 3/I€KT-
POMATHHTHbIE BOJIHBL ONSITh-TAKH TOH X e dacToTH v. Cym-
MapHag 3/eKTPOMalHMTHas BOJHA, PaclpocTpaHsiomwascs B cpele,
npejcTapasier coGok Ha/MoXKeHHe (CYNepnosHUHIO) NMEPBUHHOH H BTO-
PUYHBIX BOJH M HMEET YacTOTy v, PaBHYIO UacTOTe HCXONHOH BOJIHHI,
nanaplied Ha JaHHYIO Cpelly, HO H3MeH A €T CBOI aMn.JH-
TyAy, $a3y H CKOPOCTH pPacnpoCTpPaHEHHSS 0.

Kak Mur Bugenn 8 [ Tome (§ 54), aMINTATY /A U (as3a BLIHYKACHHEIX
KoJ1eGaHHMH 3aBHCHT OT YaCTOTHl BEIHYXKJIAIOIe#l CHJIBI v, TOYHEE OT €8
CTHOMEHHS K 9aCTOTe COGCTBEHHBIX KosieGanuil cHcTeMBl v,. B nannoft
cpefie ¢ onpefeseHHbBIMH 3HAYEHHAMH V,, MOHOXPOMaTHYECKUE BOJIHBI
pasiHYHONA YacTOTH OyAyT CO3NaBaTbh BLIHYXKJIeHHble KojeOaHHS 3a-
pAIOB C aMnAMTYIOH M hasolt, saBucsutell or v. COOTBETCTBEHHO
pasauudbl 6yAyT aMniHTyAbl H (iasbl HCNYCKAeMBIX [IPH BTOM BTO-
PHUHBIX BOJH.

CrencpatesbH0, CKOPOCTbH pPACNpPOCTPAHEHHH
Kax ol Boaun OGyneT 3aBHCETL OT ee Ya-
CTOTBL

v="Ff(v). (6.2)

HOCKOJH)KY, COTJIaCHO MaKpOCKonHuecKoli TeopHu Makcsenna,
V_ (1. I1, § 50), To 31O O3HAuaeT, yTO M AHINEKTPHUECKAs npo-
BHI2EMOCTb CPe/ibl 3aBUCUT OT YacToTs! KoJeBaHHi BHELIHEro 3JeKTpo-
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MaTHHTHOrO moast v. [Tokasartenb mpenoMseHHs! NAHHOH BOJHEI

n=f == (%) (6.3)

OKa3blBAETCs 3aBMCSUIMM OT YaCTOTH Malaiollero CBeTa U JUIMHA BOJ-
HH B cpefe

A=l b (6.4)

MeHsIeTCA AJIs KaXJOH YacTOTHI B PasjHYHOE YHCJIO pas.

ITo siBJNeHHE — 3aBHCHMOCTH NOKA3aTe s TIPEIOMIEHH S OT YacTOThI

najgaiolllero CcBeTa — HOCHT Ha3BaHHe N HUCNEPCHHU CBeETa.
IlpenoMaenHblil CBET COXpa-
HSIET Ty ¥Ke 4acToTy Koseba-
HHI v, 4TO H Tajaiomul, Ho
M3MeHsieT CKOpOCTb CBOEro
pacnpocTpaHeHH$ v, IOKa-
3aTelb NPENOMJIEHHA n H
JUVITHHY BOJIHBI A B 3aBHCHMO-
CTH OT KOHKDETHBEIX CBOHCTB
cpensl, CoBOKyMHOCTE MO- Puc. 1.27.
HOXPOMATHYeCKHX BOJIH pas-
JUYHCH yacTOTHl B mycToTe OyAeT ABHraThCA COBMECTHO C OFHOH H
TOH Ke cropocThio ¢. [Tonagas B KaKyw-au60 cpeny, OHH HauHYT ABHU-
raThCsl C pPa3/IHUHBIMH CKOPOCTSIMH, 10-Pa3HOMY NPEIOMAATECH H Pasok-
JAyTCA 1O pasjHYHEIM HalmpaBJeHHsAM — O6yAyT IUCIIEPTHPOBATH.

OnbiTHOe H3yyeHHe ABJIEHHS JRHCNEPCHH CBeTa BIEpPBBIE OCY-
wectsua Heloton B 1666 r., nponyckas «6e/biii» CBET yepe3 MpH3MY.
[Myuok sayvelt or JuHeHHOro HCTOYHMKA cBeTa S (Mleab) HanpaBAAsCS
Ha npusMy P H nocne OTKIOHeHHs nagana ua skpan E (pua. 1.27).
Ha sxpane npu atoM nabmogasnca ¢ 1 e K T p, T. €. LHpoKas NoOJO-
CKa, OKpallleHHasi B HenmpepbiBHO Yepenyiollyecs upeTa paiyrTH —
OT KpacHoro jo ¢uogerosoro. CorsnacHo gopmyae (5.14), nas Toukoi
NpHU3MBL YTOM OTKJIOHEHHH Jyyell § BodpacTaer ¢ yBeHUEHHEM oKasa-
Tens npeioMiaenus n. CnejnosaTenbHO, HauOOJMEe OTKJICH SIOIHECS
¢roseTOBBIE NYYH 00/MaNal0T MeHbIIel CKOPOCTBIO pacnpocTpaHeHHs
B CTeKJe, ueM MeHee OTK/OHAIONNECH KpacHEHe,

Ecnu cpaBHHTb Mexay COOOH CHEKTpBI, MoJyyaeMble OT MPH3M M3
PasHLHIX MaTepHaJoB, TO OKAa3bBAeTCs, YTO He TOJLKO JyYH OFHOH H
TOH Xe uyacTOTHl OTKJIOHSAIOTCA 9TUMH NpPH3MaMU Ha PasnUYHBIA yron,
HO H IIWPHHA YYaCTKOB CIIEKTPa, COOTBETCTBYIOIIHX OXUHAKOBOMY
HHTEpBAJy 4acToT v;—V,, Gyner, BooGuwie roBOps, pasanuHoH, IDTo
o3nayaeT, YToO BEWleCTBA OTIHYAIOTCH He TOJBKO NOKA3aTelsAMH Ipe-
JOMJIEHHSA, HO U ¢opMOil KpUBOH 3aBHCHUMOCTH €ro OT YacTOTHI
n=1{(v). Kak rosopar, pasusle MaTepHa/bi 06/1ajaloT pasmHUHOMN
aucnepcHed.
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Ha puc. 1.28 npusenen npumepHuIl X0 KpMBO# TaK HasbiBaeMofl
HoOpManbHOH gHcHOnepCcHHU AI7 Creksaa B BUAUMOH ofia-
ctd. OObIYHO NMOKasaTelb MPEIOMJIEHHS 1 BHIPAXKAIOT B 3aBUCUMOCTH

c
HE OT 4aCTOThI v, a OT JJHHB! BOJHbl XTAHHOT'O CBETA B ycToTe 7\.0 = v’

KaK 3TO [0OKa3aHC Ha pucyHKe, Mepol pucrepcHu siiseTcs yMeHb-
IleHHe NOKasaTeNs NpesioMJeHHs —An Ha ONpeleNenHoM HHTepBaje

—A
Iaun Boau AA. Orsomenue _AW? , BooOlle roBops, pasAMdHO B pas-

JIUYHBIX 06MacTaX cnekTpa., Kak Buguo ua puc. 1.28, mas crekna B
¢H0/eTOBOH YaCTH CHEKTpa —:E%f
Gosbllle, yeM B KpacHoOMH, U OIH-
HAKOBBIH MHTEPBAJ IMHH BOJMH AX
Oynet nocne MpeNOMJIEHHS CTEK-
JISHHOH NPH3MON NPOCTPAHCTBEH-
HO Gosee pacTaRyT B HUOACTOBOH
obsactd. [TpusMaTuueckue cnexr-
PHl TO3TOMY SBJAAIOTCA HEpAaBHO-
MEpPHBEIMH U CTeNeHb 9TCH Hepas-
HOMEPHOCTH 3aBHCHT OT COpTa
CTeKJ1a, H3 KOTOPOI'O H3rOTOBJAEHA
. 5 DipHaMa.

Pyon AR Kpace. Ecan npofomxuTh KPHBYIO 3a-
Prc. 1.9 BUCHMOCTH

n=q (k) (6.5)
B 00/1aCTb HEBHJIHMBLIX [Ja3oM yabTpathHosetoBslx (A<400 #m) u

undpaxpacHuiXx (A>780 Am) nyuedl, To aTa KpHBas GyAeT HEMOHOTOH-

noi. Hapsay ¢ ywacTKaMH HOpMaJbHOH JHCHEPCHHM, ¥ KOTOPHIX
—An .
- 0, NosSBATCA M YYaCTKH TaK HasbiBaeMoil aHOMAaJdb-

HOH AUcCOepCHH, IS KOTOPHIX

—An
AN <0,

H C yBenHdYeHHEM A IOKasaTelb NpeJoMJeHHs1 BospacTaer. JLis psina
BelecTs nofo0Ha s aHOMaJbHas AUcnepcHs HabJI0JaeTcs H B BAAHMOT
006J1aCTH CIIEKTpa.

YuacTkH aHOMaabHOH Jucrnepcit HabaofaoTces BONH3H pe3oHaHca,
KOrja 4acToTa Najamllero cBera v IpHOMHKAETCs K OJHOH H3 4acToT
co0CTBeHHLIX KosleGanHUi v, 3/JeKTPUYecKUX 3ap o8 B Belectse. C yBe-
JMYEHUEM YacTOTHl vV H npUO/IHKEHHEM ee K v; aMIINTYa BBIHYKIeH-
HbIX Kosie0anuH 5THX 3apsl0B Pe3KO BO3pacTaeT, MPOUCKOZHUT CHb-
HOe LOfJIOUIeHHEe HePrHH NepBHUHON BOJIHLL H 3alepxKa ¢ ee ofpaT-
HLIM MclycKanueM. Duaromaps sTod 3aepikKe cpeiHas CKOPOCTb




§ 61 JIHCIEPCHA CBETA. ®A30BA W TIPYAOOBAS CKOPOCTH 41

JBHXENHS (POTOHOB B CPEJie U, CHJIbLHO NajaeT, a KO(pHUIHEHT npe-

4
JNOMAeHHs n=-— KpyTo Bo3pacraer. [Ipu nepexoje sa pesoHaHCHYIO

4acToTy (Vv>V;) chnnmyna BRIHYKACHHBIX KojeGauudd KpyTo mapaer,
a {pasa pe3Kko MeHseTCA Ha NPOTHBONONOKHYIO (T. ], § 54). 3to npuso-
JMT K YMEHbBIIeHHWI0 MOIOIeHHs (OTOHOB, BO3PACTAHHUIO HX Cpel-
Hefl CKOpOCTH pacHpocTpaHeHHs H
yMeHbIIEHHI0 NOKasaTels [pesoM-
NEHHS HA Y3KOM y4acTKe aHoMa/b-
Hofi pucnepcun (puc. 1.29). Ilpm
JaJbHefeM yMeHbUICHHH A, HacTo-
Ta Majaollero cBeta Had4HHaeT IpH-
O6nuxkaThCs K CAenyiolledl pe3oHaHC-
HO® yacToTe H MoKasaTeslb IIPEJOM-
JeHusl BHOBL Bo3pacTaer. TakuM 06-
pasoM, mHpoKue o6JacTH HOPMaJib-
HOM JMCIIepCHH [MepeMexxaiorcd B

crnekTpe JAHHOrO BellecTBa. Y3KUMH 1 -2
YUYaCTKaM¥ aHOMaJIbHOH IUCHepCHH, ﬂ,=-,‘;—,.,
COOTBETCTBYIOWMMH  Pe30HAHCHLIM

YacToTaM, Puc. 1.29.

Habnonenne aHoManbHOH JIHC:
NMEPCHU NO3BOJISET onpenendars cob-
CTBEHHBIE YacTOTH! KOAeGaHHE aTOMOB M pacliudpoBaTh JReTall
crpoenust Ten. B 1912 r. J. C. PoxpectBencKuil paspabotan HHTep-
(hepeHUHOHHABI METOJ (KPIOKOB», O3BOJMBILHIE TOYHO H3MEPATH AHO-
MaJIbHYIO0 JIHCHEPCHIO MapoB H ONpele]uTh >HepTeTHUeCKHe ypOBHU
aNeKTPOHOB B aToMaX. [l NOHUMaAHHS HJEH STOMO METOJA MpeAcTa-
BHM cefe, 4TO yxke pas/JoOXKeHHBIH B CHEKTP Genwift cer (puc. 1.30)
NpeNoMIsieTcss BEUleCTBOM
OTKJIOHAETCH BHU3. YUYaCTKH
cnekrpa ¢ GOABLINM 71 OTKJIO-

Rpacy HAOTCA CHJbHee H Ha yuacr-
7 [\ Ke aHOMAaJbHOH [JHUCIepCHH
(s ApacH GopMa OTKJIOHEHHOTO CIEKTPa
\/ BOCIPOU3BOAUT KPHBYIO
Pver (6.5), KaK 3TO MOKa3aHO Ha
puc. 1.30.
Puc. 1.30.

Korna v 6au3ko x v, TO
aMnIHTyJa BBIHYXKJEHHBIX KO-
nebanull 3/eKTpUYECKUX 3aPAJ0B CTaHOBHTCH GOJBIION H yacTh MO~
rJoueHnoi cBetoBoA 3Hepruum, Gaarojaps UX B3aHMHBIM CTOJNKHOBe-
HUAM, he H3Jyuaerca oOpaTHO, a mepeXOmuT B Tensosyi. [lostomy
B 00J1acTH aHOMaJbHON NHCHOEPCHH NPOUCXOAMT CHJBHOE MOTJOUIeHHE
H NOHMIKEHHE MPO3PAuHOCTH Tl
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OueHb KODOTKHE 3JIeKTPOMATHHTHHIE BOJHH, COOTBETCTBYIOLLHE
peHTreHoBCKHM ayuaM (A 107 ° cu), UMEIOT OYenb BHICOKYIO UaCTOTY,
NPEeBHILAIOIYI0 BCE Pe30HAHCHbIE YacTOTBl 3JEKTPHUECKHX 3apsijoB
B aToMaX, MOsneKy/aaXx H KpHcraniaax. [IoaToMy Takue JiyuH NOYTH He
NOTJIONAIOTCA BEMeCcTBOM M CBOGOAHO NPOXOAAT CKBO3b OoJbllHe

TOJIH TeJ («1IPOCBEYHBAIOT»

E tena). COOTBETCTBEHHO 5TO-
My CKOpOCTb pacnpocTpaHe-

HHS PEHTTEHOBCKHX Jyuel

t=ty t~t, B BelleCTBE NPAKTHYECKH HE
OTIHYaeTcs OT CKOPOCTH

) cBeTa B NycToTe, H NOKasa-

o/ ™% 1ejb NPENOMJAEHHA MOXHO
: ! CUHTATBH paBHbLIM €JAHHHIIE,
i
o "*—~c(t‘,—to) - Hanuuwme gucnepcun npuso-
! 1

JUT K TOMY, 4YTO TIOHSTHE O CKO-
POCTH pacnpoCTpadetud sJek-

Pue. 1.31. TPOMarKUTHOrO NOJR B cpeje
TePAeT CBOW0 NPOCTOTY H ORHO-
3HATHOCTH.

B Bakyyme mofge nepeMenuoe a/JeKTPOMAarHHTHOE NOfe, 6YAL TO MOHOXPO-
MaTHYecKas (CHHYe6HJaALHAA) BOJHA MJH CYTNepHO3HUIAE HBECKOJbKHX BOJH,
PACHPOCTPANALTCA C OXHON ¥ TOH Me cKOPOCThIO ¢. CArHAM B BHAE HMNYALCA HJIEK-
TPOMArHUTHOrO MOJA, HMelomKi B MOMeBT f, mo6yl0 npousBONLHYO dopMmy,
Gyner mepeMeliaThCsl KaK eIHHOE IeJOe H K MOMEHTY ¢, BCE €ro yuacTKHM NepeMe-
CTATCA HA OJIHO W TO Xe paccToaume Ax==c(t{—i,) (puc. 1.31).

Vinas kspruma Gyler HaGMOZATLCSA YIDH DACTIPOCTPAHEHHH SJEKTDOMArHMT-
HOro 1moJiA B cpefe. Jdaxe ecan UMIyALC MepBOHAYANBHO OB OUEHE Y3KHM, TO TIO

£

t‘fy i=ff\

| |
! |
t 'l
Y e
l""“‘ﬂl{fl—tﬂj—_.i
Pue. 1.32.

Mepe ero mNepeiBHKEHNA M HaJOMEHHMA HA Hero BTOPWYHHIX BOJH, HCIyCKae-
MbiX BO3GYMASHHLIMH SJEKTPHYCCKHMH 3apAJaMH CPElH, 3TOT HMOYAbLC TOCTe-
nerno Oyner pedopMHpoBaThCa M pacmonsarscd. Kax sunro us pue. 1.32, npn
STOM BO3HHKaeT BaTpyAHeHHe! YTO HA3LBATH CKOPOCTBIO PAacIpoOCTpaHeHHd
HMITyJbCa?

OyeBujHo, 4YTO uHayanbHHB YuacTOK — GPOHT HMIY/IbCA - ABHKETCA B
cpeje, 3apfjsl KOTOPOH eme ve ycrnenn BO3GYAUTLCHA, M PacnpocTpaHsercs Kak B
E2KyyMe, T. . CO CKOPOCThIo ¢. Iloka HMIyJ/bc euie He OYeHb CHIALHO AehopMupo-
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BAJICA M PACMOJSCS, MOXKHO BBECTH NOHATHE O CKOPOCTH TeEpeMelieHns M a K ¢ H-
ManAb HOM ero aMNJWTYJR, HE€HTP A THAKECTH HIH OCHOBHON wac-
TH NepeHOCHMOH sHepruH Bceedmn sennunun 6ynyr 61uskn ppyr
K LPYFY ¥ HX MOXHO O0bellHHHTb OJHVM TOHSTHEM — CKODPOCTH CHIH a-
A a w. Ha puc. 1.32 nokasano, 4t0 w < ¢ (GPOHT BoMHE,pacnpocTpansiomufies co
CKOPOCTBIO ¢, BCEMia BHepeld YUEeHTPA TAXKECTH» BOJHE) H AHIIe B BAKYyMe
(puc. 1.31) ckopocTh JM:06Oro 3MKTPOMArHHTHOTG CHIHAJA PABRMA CKOPOCTH CBETA B
UYCTOTe ¢, TaK KAK B CHAY OTCYTCTBAS BHCTEDCHH CHIHAN BooOme He aedopMHE-
pyeTcd M BCE ero 4acTH NepeMemanTes € ORHEakoBOR cKOPOCTHIO ¢.

Hdnsa maTepHa’buoll To 4 K M MOHATHE CKOPOCTH ee ABHIKEHWS, KAK OTHOIUE
HAA %i; , HMeJo BIIOJIHe ONpene/ieBHOe H OAHO3HAuHOe 3HaueHue. 3 paccmorpen-
HHX TpUMePOB BAXHO, YTO /15 TAKOT'O
APOTAXKEHHOT O Matepuansuoro E
00beKTa, KAKOBHM fBJAgeTCA 9JIEK-
TpOMaruHTHOE MNOJe, NOHATHE CKO-
POCTH TepPEeMEIIEHHA TNOoJA HMeeT
OrpaHAYEHHY® HPUMEHEMOCTh, NO- T
CKOJbKY 32 OJHH H TOT K€ NpOMe-
KYTOK BpeMen#t Af paccrosuusa Ax, i,
Ha KOTODBIe NepeMemaiorca pasidy-
Hbl€ YY3CTKH CHrBaJa, MOTYT ObiTh

PasHuIMH. —~Z,
Peanvumnit saekTpoMarupTHi
CHTHAJ TpejcTaBaAfer coboli nabop
v

G/H3KHX MO 4aCTOTe MOHOXPOMATH-
qecKHX BOJH C INepHOAOM, MHOTO
MeHbIAM oGumell TpoAOMKHUTENbHO- Prc. 1.33
€TH cHPHaja T, KaK 3T0, HanpHMep, o
H3o0pameno Ha puc. 1.33. Pac-
CMOTPHM, UTO CAeAyer TOHMMaTh NOJ CKOPOCTbIO pAacHpOCTpaHEHUs TaKoro
QepHOJMYECKOr0 9SJeKTpPOMATHETHOTO IoiAd B cpele.

BesrpannuHo NpOTAXerHas MOHOXPOMATAYECK A BOJHA B cPejie ONMHCHBAETCH
BLIBEJICHHEIM HaM¥ B T. 1, § 55 ypasuenieM ayua (Boauul):

E=E,sin@=E, sin2nv (t-—-:-f-) . (6.6)
[oBepxnocTH oAHHakoBOH (haswl @ = coitst onpefeffoTCs H3 YCAOBHA

x
t = —=comnst
v

R
x=1v{ -+ const’, 6.7

H, C/lel0BaTeNbHO, € TeueHHeM BpeMeRH f OHH nepeMmemaioTcAd NapanisenbHo ca-
MHM ce6e co CKOPOCThIO
dx

=0 (6.8)

TakaM o6pasoM, BeJdAYAHA U, BXOAAWAT B ypaBHeHHe Boausl (6.6), ecTh cKO-
POCTbL mepeMelnenus MosepXuocTell MOCTOAKUHON Pasnl H HasnBaeTcA G a3 0B 0 &
CKOpPOCTS IO,

Jas snexTPOMarEMTHBIX BOJH, PACIPOCTPAHAWMHXCA B JanHOf cpefe, Kak
YK43HBaJ0Ch BhliIe, HaGJoAaerca AMCIepcHs, H U ecTh QYHKMAA OT ¥ COrJIacHO
(6.2). IlosroMy ecay B cpeie pACNHPOCTPAHAIOTCA ABE MOHOXPOMaTHYeCKHe BOJIHEL
C HECKOJbKO Pa3NHYHEIMM YACTOTAMH ¥, H V,, TO CKOPOCTH HX pPACHPOCTPAHEHUH



44 4, 1. ONTUKA Irx. w

v, n 0y GYIYT HECKONILRO PasaudHb. B steM cnydae eymmaproe none (ana npoere-
TH paceMaTpHBaeM BOJNHWB OAHHAKOBON ammauTyan A) Oyrer pasne

Eea Ey+E, == Asin 2niv, (t __x) + 4 sin 2“\’2(‘- i)a

U Uy
=2Acosn | (vy—wg) t— VY o] sinon viﬁt—-—l- }’_1+i§ Xj=
1= v, Uy 2 2 \v, ',

=B (%, t)sin2nv (t— -J-;-) s (6.9

rie 9epes B(x, ) oGo3magena BeJNYHHA, cPABHATENLHO MELJCHHO MeHSOMAACH
€O BpeMeneM:

B(x, t)=24 cosn [(vl—-vz) t-(ﬁ—ﬁ’i) x] 6.10)
Y1 Vg

A npeficTaBAsiomasn co60fl aMnARTYILY BOJHEL

- ViV, -
Yacrora camoit BOJIHM V= ——5— — cpeanss apndMeTHUECRasg  9acror

CRJIAJLIBAIOMMUXCA BOJH, 4 D = COOTBETCTBEHHO ee cpefliad d a3 0B a f CKO-
poerb. Hanomenne takux AsyX BoaH co3paer Gueuus (1. I, § 53) u maxcumym
aMOAHTYAH FPPYNNAEl YTHX BOJH IepeMelaeTcsi B MPOCTPAHCTBE COFIACHO ypas-
HeHHIo

cos 1T [(vl-—vz)t—-(y‘l-—v—z) x] =max =1,
Ui Ug

Orcioza moaydaeM, 410
I G2 PR Av

MV A
0 U, 1/

Vpasuenne (6.11) nokaaeizaer, 970 MaxcAMyM FPYNNH NepemelnaerTcs ¢ Io-

% t. (6.11)

. v "
CTOSHHOA CKOPOCTLIO Av/A(;) » 3aMenss ARA MaRHIX PAa3HOCTeH wacToT npye

pamlerns guddeperlnanaMy 1 IPOHABeLA NPOCTLHE NPe06pa3OBaANES, MOXHO HARTH
BTy PPYINOBYI10 CKODPOGCTB:

dv _____d(v%»):v_,__‘___‘i"__
(5) x) Tes)

3necs CKOPOCT: OAHMHOYHON BOJIHHL U paccMAaTpPHBAeTCA Kak QYHKLHA ee AaHuH A.

[78—.

dv
= U= AEX . (6.12)

o [4
Ecnun xe nepedT¥ OT CKOPDOCTH K [IOKA3aTeJI0 IpPEJIOMJEeHHR fl=-; s TO CBA3E

weKAY rpynnoBoi H ¢azoBoil CKOPOCTAMH MOXET OuTh BLHIPAMKeHA B BHJe

. (6.13)
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- dn

B ofnactd HOpMaJLHOR JHCTIEPCHH EV>O nu<v. B oGrnactH ke aHO-
dn d:
ManpHOR  prcmepcau E';<O H ¢ > v. BHYTPDH NOJOCH TOrJOIHeHHs, rie P
oYenb BENHKO, PPYNIOBAR CKOPOCTb MOXKET NPHHMMATb CKOJb YTOZHO GOJIbiuye
3HadYenyud W Jaxke CTAHOBUTLCH OTPHNATEIBHOH. B nocienneM ciaygae ofe BOJHM
E, v E, 6yayT 1BHraThCA Bilepel, 4 MaKCHMYM aMIARTY bl HX CHeHHR — fepeme-

maThel B OCPaTHYI0 CTODPOHY.

Ewe c/omxuee OKaspBAOTCHA COOTHOIUIEHHA NPH PAacnpocTpaueHHH CHrHana,
COCTOSIIHErO H3 JIHHHOrO, HO KOWEYHOrO 1[yra BOJI, #300PaKeHHOr0 CXeMaTHUeCKH
Ha puc. 1.33 npu T<t, aBuxkyueroca B pucrneprupyromeii cpepe. CaMmuil nepel-
HHU Kpal CHrHasa ABHMKETCH CO CKOPOCTHIO ¢, KaK B Bakyyme. OcHOBHaA yacTs ero
SHEPrii NIePeHOCHTCH CO CKOPOCTHIO CHrHana w<c. Pa3opad e CKOPOCTb U BU Y T-
pPu cCHFHA&Ja MOXKeT OuTh, B 3aBHCHMOCTH OT CBOHCTB AHCHEPFHpYyIOWeH cpe-
JBL, CaMOH pa3nuuHOH M JAaxKe NpPeBHIIaTh BEJAHYHRY C.

C nokasaTeseM npefoMJEHHS JaHION CPejbl CBASAHA JHIUL PasoBaf CKOPOCTh:

v=—. (6.14)

[TosToMy 1IpH aHOMaAbLHOM HHCHEpCHH BHYTPH MOJOCH MOTJIOMIEHUS BIOJHE BO3-
MOKHO 3HAYEHHE NOKA3aTeNq NPeJOMIEHH] n, Menbluee exuunbl. I1pu sTom daso-
Basg CKOPOCTL U >>¢, HO CKOPOCTb paCHPOCTPaHeHHA BCETO CHIHANa B LeJIOM H €ro
SHepPr¥H He NpeBLIIAET CKOPOCTb pacnpocTpaHeHHA CBeTa B BaKyyMe.

Bcee ckazaunoe pasee TpeGyer n06aBOuHBIX padbsAcHenu#. CorsiacHO Teopdu
OTHOCHTEALHOCTH (cM. § 27), B npupojie HEBO3MOKHO ABUKEHHE TeJ, NePeHOC IHeP -
riH # BoOGIHe mepeaya J/o60ro CHrHa/a cO CKOPOCThIO, NMPeBLyalomed CKOpoCTh
ceeTa. B cayuae anomanpuol Aucnepcin n < 1, n pasosas cxopocTh B cpeje 60b-
we ¢. OnHako $a3osasg CKOPOCTh JAeT JKINL COOTHOLIGHHE MEXAY VB A B MOHO-
XPOMAaTHYECKOH BOJIHE, HO He HMeeT CMLIC/1a CKOPOCTH DacNpoCTDaHeHHd CHrHaAa,
HeficTeuTeTbHO, MOROXPOMATHYECKasl BOAHA GeCKOHEUHA B MPOCTPAHCTBE U HMeeT
MOCTOSTHHYIO aMNAHTYyny. UToOH nepeparth ¢ Hell CHrHAJM, HeoGXOTHMO CleaTh Ha
Helt «MeTKy» — H3MERUTL B KaKOM-JMH00 MecTe ee aMIJINTY Y HIH 4acTOTY («aMIJiu-
TYAHAS» HJIH «4aCTOTHAS» MOJAY/IRNHA B pagnorexuyke, cu. 1. 11, § 54). Ho B Takom
cjayuae HOJNYYHTCA yiKe He MOHOXPOMATHUECKAas BOJIHA, 4 [1aKeT, H CKOPOCTh pdc-
NpOCTpaHeHHs METKH — cHMriaia — OyjieT Bcerxa MeHbllle MJAH pasna c¢. IIpH

dn
60MIbNX Ke 10 MOAYJI0 3HAYEHHU X ik KOrja rpynnoBas CKOPOCTL MOKET CTATh

Goabile ¢, caMo MOHSATHE IPYNNOBOH CKOPOCTH, KAaK CKOPOCTH CHrHajla, TepfAer
CMBICJT, TaK KaK B CHJIy G0JbLUIOr0 3HAYEHHA JHCIEPCHH NaKeT upe3BuiyaiiHo GHCTPo
pacnJsisiBaercd. TOuHEIE aHANH3 NMOKA3LIBAET, YTO B [IOJHOM COOTBETCTBHH C Tpedo-
BaUHAMH TEODHH OTHOCHTENLHOCTH CKOPOCTh CHrHaMa (lIepeHoca SHEPrHY 3JeKTpPo-
MAarHATHOH BOJIHOH) HHKOrza He NpPeBHILIAET C.

Kakas e cKOpOCTb CBeTa B Cpejie H3Mepa/lack IPH NPHMEHEHHH METOJOB, M3-
JOKEHHHX B § 2, MOCAYXHBIINX AJK pellleHHA HOJYTOPaBEKOBOTO CIOpA MEXLY
BOJIHOBOK H KOpNYCKYJAAPHOR TeopHei? AHA1H3 MOKA3LIBAET, UTO NPH JIOGOM METO-
Ae HM3MepeHHH CKOPOCTH CBeTa HCIIONL3YIOTCA [IPEPLIBHCTLIE CHIHAJB KOHEeUHOH
Aanan (3y64atoe KoOJeco, Bpaljaloumeecs 3ePK40 ¥ Ap.), LawoliHe He BIOJHE
MOHOXpOMAaTHUeCKYI0 BO/HY. CJenoBaTellbHO, BO BCEX STHX CAyuasx H3Mepsa/ack
He dasosas CKOpPOCTE U, BXOjfmas B cooTHouieHwe (6.14), a rpynmosas cKo-
pocTh #. 3T0 TeM GoMee CHOPaBeAJHBO, 4TO B ONeITax Puzo H DPyko HCHodAb3o-
Bajca Genblit cBeT, ABAHIOMMACS caM HAa60pOM MOHOXPOMATHUECKHX BOJIH
PHASAHUYHBIX [BETOB,

B Baxkyywe, rie HeT AHCNEPCHH, 3TH 06CTOATENLCTBA He HIPAKT POJH,TOCKO b=
Ky Tam ¢ = U = c¢. [1pyu usMepeunn xe CKOPOCTH CBeTa B cpejie AelaeTca owuGKa,
BeMM4UHA KOTOPOH 3aBHCHT OT pucmepcHy cpexbl. Jas BOXol npd A = 656 nu
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Ngse = 1,33111; npu A = 486 wm n, = 1,33712 # nupu cpeamefl AanHe BOJHH
A = B89 HM ng, = 1,33295,

hAn__ 589 —0,00801
n Ak 1,33205 170

=— 0,0156

H IPYNNOBAas CKopocTh OMINuaeTcs oT pa3osofi Bcero ua 1,5%. 3nauntennbo 60b-
Ias pasHHNA OKaswBaercd LJA cepoyriepona. OruocutelsHas AUcHepCHS AOCTH-
raeT B 9TOM cJyuae 3HAUEHHUS
A An__ 589 1,618—1,652
n AL~ 1,628 £56 — 486

=-—0,073.

Mamepas orHomrenne cxopocrell ceeta B Bosayxe (n = 1,0003) u cepoyraepoze,
MaifikenbcOH Hamen sHaueHHE E_=1,77, B TO BpeMs KaK cpeAdull mnokasartenb
u

¢ u
MIPEJIOMACHHA B CEPOYITepole f=—-= 1,63. Orciona -= 8,92, uro nocratou-

HO XOpOWIO cOBHAZAeT € OTHOLIEHHEM
Myne (6 13).

1
—— ) o} CUHT -
170,073 93, pac auHuM 110 dop



FAABA III
SJIEMEHTbHI TEOMETPHYECKOW ONTUKH

§ 7. MpenomneHue U oTpameHde HA CHEPHYECKHX NMOBEPXHOCTAX

leomerpuuecKas (nydeBast) ONTHKA MpeacTas/aser co0od mpocTod
npuGIHKeH B MeTod nocTpoeHus n3obpakenufl B ONTUYECKHX CHC-
temax. M3 Kaxpofl ToukH S cBeTsluerocs npeaMera mpoBOAAT MYyHOK
Jydefl B OTBICKUBAIOT TOYKY HX nepecedenust S’ nocjge NpoxoxAcHUA
onTHueckoll chcteMsl. M3 910l TOUKM Jy9u pacXofarcs JaJjblie, Kak
6ynro Gbl TOUKA SABJISJACE CAMOCTOATENLHEIM UCTOYHHKOM CBeTa.
ITostoMy oHa HaswlBaeTcst n3o0paxeHueM cBeTsmefics ToukH S. Co-
BOKYMHOCTb H306pa)eHHH BCeX TOueK CBeTAILErocs oObeKTa MNpefs
cTaBJsieT cobolt H300paxenne 3TOro 00bEKTa, NOTYUEHHOE C [TOMOIIBIO
JaHHON OMTHYECKOH CHCTEMBL.

I1pu mocrpoexnu H306paxeHdll B reoMeTpHUyecKofl onTHKe HCXOAAT
U3 CAelylomHX npubauxKeHui:

1. Ceer B ofHOponHOH cpele pacrnpoctpassercs mpsMOMHHeRHO
(r. e. ABJeHUAMH AubpaKIHH npenebperaior).

2. Orgesbuble TyYH PacnpOCTPAHAIOTCA HE3ABHCHMO IPYT OT Ipy-
ra (1. e. unTepdepennnesl Jyuedi mpeHeGperaior).

3. Ilpu nepexone Jyda H3 cpelnl ¢ JloKasaTesieM NpPeNOMIeHHS 7t
B Cpefly ¢ NoKasaTejieM MPeNoMJIeHHsA n’ Ha TPaHHLE pasjena BHIOJ-
HsleTcst COOTHOUICHUE

nsini=n"sinr (7.1)

MeXJY YrJIOM naleHus [ ¥ yrJjoM npenoMaenus r. OTpaxenne paccMar-
PpHBaeTCs KaK 4acTHHIH cayvalt [P eJIoMICHHS oﬁpamo B NEPBYIO Cpely
H Xop ayveil onpenensieTcs npocTol noacraﬂosxon B NOJYYeHHbIe U3
sakona npenomaenns (7.1) cooTHomenus n'=-—n. Yacruuroe oTpa-
KeHHe Jydell IPH NPeJOMJEHUN H 9aCTHYHOE MOMIOHEeHHe HX [pH OT-
paxKeHNH HE YUHUTHLIBAIOTCH.

4. JTnas npoctoTel pacder Belercd JHIIb RO JAydell, Mafaiomux H
OTPaXKAOUWHUXCH MO CTONb MaJBIMH YIJIAMH, YTO ISt HUX MOXKHO I10/Ib-
80BaTbCA MPHOAMKEHHLIMY COOTHOIIEHH AMH:

sina =~ tg a = . (7.2)



48 Y. 1. ONTHKA [tn. w

PeanbHslfl pacueT CIOMKHBIX ONTHYECKHX cHcTeM, TpeSyIOIUX BEI-
COKOH TOYHOCTH mpeoOpa3oBaHuA MYyYKOB CBeTa Il MHHUMAJIbHOTO HcKa-
XeHus u300paKeHuH, CBA3AH C YIETOM LENOr0 Psijia RONONHUTEIbHEX
(akTOpPOB, KOTOPLIMH TnpeHefperamoT B TreoMeTpHuYeckoll ONTHKe,
[IpoekTHpOBaHKe KaxaoH HOBOH ONTHYECKOH cHCTeMBl BBINO/IHAETCS
CrielHa bHBIMY MHOTOYHCIEHHBIMH KOHCTPYKTOPCKHMH H PacyeTHLIMH
oTnenaMu u Tpefyer GoablIol 3aTpaThl TPyna U BpemeHu. MeTonnl ke
reoMeTpHYecKol ONTHKH MOTYT KaTh JHUIL NPHOAMKEHHYIO ODUEeHTH-
POBKY H TJlaBHOH MX 3apauel sBJjsieTcd KaYeCTBEeHHL H aHa-
/U3 SIBJIEHHH, MPOHUCXOASAIMUX B ONTHUECKHX CHCTeMaX, H opMyiH-
pOBKa )OCHOBHbIX nousitud (Pokyc, onrtudeckas cuna, yBeJHYCHHE
uT. L),

A%

Puc. 1.34.

PaccmotpuM, ¢ 5ToH TOUKHM 3peHHUS, NPOCTeHIIHH 37eMelT ONTH-
uecKOH cHCTeMbl — cepH4ecKylo TPaHHIy pasjieqna ABYX cped. Bel-
BOJ pacuetHOiH GopmyJsl npoBeieM anrebpandeckH, T. e. OyfeM Npk-
MHCBIBATH BCEM OTpe3KaM H yrJjlaM 3HAKH B 33BUCHMOCTH OT HX Hall-
pasjeHuil. TeM caMbIM nmoJyyeHHBle Pe3ybTaTH OYAYT ONHOBPEMEHHO
NPUTONHBI KaK 1/ C/yyash MOBepXHOCTH MOMOMHTENBHOH KpHBHSHB
(BuinykJIo#), TaK ¥ A5 ClydYas OTPHUATESbHON KPHBUBHEI (BOrHYTOM).

Ha puc. 1.34 cdepuueckasn nosepxHocts AA’ panuyca R ¢ ueHTpom
B Touke C pa3jiensieT ABe CPelbl C MOKA3ATEIAMH [IPeJOMIICHUsl n U n'.
Mcrounuk cBeTta pacnojioxen B Touke S Ha paccrosiHuH SP ot atoi
noBepXHOCTH. JIyd SP nmeprneHJUKyAspeH K NOBEPXHOCTH H NPOXOAUT
Jajee, He MpeJoMJasiACh, depe3 ee UeHTp KpuBH3Hb C. [Ins noctpoe-
HUs u3obpaxeHus S’ npoBefeM MNPOU3BOJBHLIA Jyy SA, KOTOpHIi
nperoMuTCS B Touke A U nofifer nanee no Hanpasaenuio AS’. Hafigem
TOYKY MepecedyeHts 3Toro Jydua ¢ nepssiM. Ecau nonoxkenue sroif Tou-
k1 S’ He OyJieT 3aBUCETb OT yrJa @, TO 3TO 3HAYUT, YTO BCE AYYH, HAY-
ume or S K AA’, nepecekyTcs B ofHo# Touke S’, 1O ectb uTO S’ Gyzer
nsofpamedreM Toukd S. ¥Yroa najeHus ayga SA cuuTaeM MaJjbiM, Tak
4TO TOYKH B u P depTexka JO/MKHBl IPAKTUYECKH COBNAJaTb Apyr
¢ apyroM. Bricoty AB ofosnauum yepes h.
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Hanpasneuns orpeskos OyjaeM OTCUHTHIBATL OT TOuKH P, 1o Jy-
4y -— NOJIOXKUTENbHEIE, 4 MPOTHB Jyya— oTpunartesnpuoie. Cregosa-
TENbHO, PACCTOSIHME OT HCTOUHHKA 1O MOBepXHOCTH Gyner

SP ~ SB=-—F,
a pacCTOfHHE OT NMOBEPXHOCTH JO H306pamMeHus
PS8 ~ BS =-- F,

¥Yrast 6yneM orcyuteiBaTh OT npaMoft SS’ M HOpMasell K moBepx-
HocTH AA’, 10 4acoBofi CTPesIKe — NONOKHTEAbHbIE, 4 IPOTHB YaCOBOH
CTpeJKH— OTPHLATEIbHbIE,

Yron —i, kak BHemuui B TpeyroipHukKe SAC, Gyner pasen
CyMMe JBYX BHYTPEHHHMX, € HHM HE CMEXHHX YIJOB,—a H Y.
Ananoruuno yron -y paBen cymme yraop —rz H Ja'. Cre-
JIOBATENBHO,

—f{=y—a H —r=y—a. (7.3)
3ameHnsas B 3aKoHe npenomieHus (7.1) CHHYCHI MaablX YI/IOB
CAMUMH YIVIAMH, NOJAYYaeM
n(—i=n {—r). (7.4)
IloactaBum B (7.4) swaueHust yrjaos u3 (7.3):
n(y—a)=n'(y—a),
H 3aMeHHM MaJble YLJAB HX TPHTOHOMETPHUYECKHMH QYHKUHAMH:

Nh Nh ’~h- .
'YN—]?, o~ '—F—‘, a N‘F,HMEEM.

b\ (ke h
”(?’"F)—” (_E—F’)'

Cokpamas Ha h 4 coBupas 4leHnl, COfepKaliHe 712_"' B OJHY YacTh,

nojsiyuaeM OKOHYATE/AbHYIO 3aBHCHMOCTH

F F' - R ] (75)

TI03BOJIAIONYIO ONPeAESHTh HCKOMOE PACCTOAHHE OT IOBEPXHOCTH 10
usobpaxenus F', ecqH N3BeCTHH pPACCTOSHHE OT HCTOYHHKA 0
npeJoMJIAILER MOBEPXHOCTH F, panyc KpHBH3HBLI NMOBEPXHOCTH R
H TOKaszaTenu npelomieHun o6eux cpep n # n'. [lockoabky B
c/ieslaHHOM HaMH NPHOAMKEHUH BeauunHa AB =h, a 3HauuT H yroa o
COKPATHJHCh, TO BCE JYUH, HCXOAALIHE M3 HCTOYHHKA S H mpe-
noMasomEecs B 1000H TouKe A MOBEPXHOCTH, AOJIKHBI HepeceKkaTb-
cs B OMHOH m TONl Xe TOouke S, T. e. §' peficTRHTeNbHO Oyaer
usobpaennem 8.

3 T. A. 3acman, 0. M. Topec, 1. 1i}
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Pasjenus obe uactu (7.5) Ha n, npeoGpasyem ero K BHAY

1 fpy  l—ny,

Hs (7.5a) BuAHO, uTO mosnoKenue H300paxkeHust saBHCHT He oT abco-
JIIQTHBIX 3HA4YeHUH n U n’, a 0T X YaCTHOTO
nf
o =", (7.6)
npeficrasasiollero co6off OTHOCHTENbHBI MOKa3aTeNdb NPeNOMJIEHHR
BTOPOH Cpelbl OTHOCHTE/BLHO mepBoi (cM. § 5).
Kak mpuMep npuMeHeHUs ¢OIE;Myan (7.5) paccMoTpHuM ellle oTpa-
sKeHue B cepHyecKkoM sepKaJie. [lofcraBasa n'==—n u cokpamas Ha
n, nojyuaeM dopMyJy chepHyecKoro sepxaja

1 1 2 1

R
BenuuuHa f = —- HaspiBaeTcA TMaBHBM QOKYCHBIM pac-

cTo s ueM sepkana. [Ipa F=oco Gyser F'=f, T. e. napanaenbusie
Ay cXogarcd B T .J a B-

HOM pOKYycCe Ha pac-

cTosiHuE f oT 3epKaga. Ecan

-p JKe MOMECTHTb HCTOYHHK B

raaBHbR oKyce, T. e, F=],

/ 7

Sy L g 7 TO F'= 0o H nocie oTpa-
I v A XKeHHs pacxopsuufics ny-

fte oL A o
A YOK JyueH CTAHOBHTCA ma-
panmensHeM. Ha puc. 1.35
/ H3o0paKeH caydall oTpaxe-
HOA Nanekod TOYkKU S B BO-

Pue. 1.35.

reyToM 3epkadne. [Ipn atom
Bce TpH oTpe3ka F, F' u R,
BXoasmue B popMyay (7.7), CUMTAIOTCS OTPHUIATENBHBIMH U H30Gpa-
xeHue S’ pacrnonoxexo B TOH e cpefe, yTo H MCTOYHHK S, T. e.
fBJseTCS JeHCTRUTENBHBIM.

Has niaockoro sepkana R=oo 0 F'=—F, 1. e. usobpaxenue
MHHMOE H PacHoJIOKeHO CHMMETPHUHO 38 3ePKaJIOM.

§ 8. MocTpoenne usobpaxkenuit u AedeKTH JHH3

JIuH30H HasbiBaeTCHd TEJO C ONpeneeHHBIM NOKa3aTeneM mpe-
JIOMAIeHHS 71, OTPaHAYeHHOe ABYMS ChepuyecKHMH (HHOTJA WHIMHAPH-
YeCKHUMH) noBepXHocTaMu. JIMHHSA, MpoXofamas depesd LEHTPH KPH-
BH3HBl 0OEHX noBepxHocTefi, HasbiBaercy FrT1aBHON onmTHIe-
CKOoiffl OCbHIIO0 JHH3H,



§ 8} OOCTPOEHHE H30BPAXKEHHA W XEGEKTH JHH3 51

Meromp! reoMeTpuuecKOH ONTHKH MO3BOJSAIOT YCTAHOBHTH OCHOBHbI®
ONTHYECKHE XapaKTepHCTHKH NNH3 MO OTHOLICHHIO K HCTOUHUKAM (npex-
MeTaM), pacrnojoxeHHsIM BOJAH3W OT onTHYecKod ocu. PaccMoTpHMm,
B nepBylo ouepelb, TOHKYI0 JMHH3Y, y KOTOPOH paccrosinue
MeXJ1y OfpaHHUMBAOLWIAMH INOBEPXHOCTAMH Majlo M0 CPaBHEHHIO
C AMAaMETPOM JHH3H,

Ha puc. 1.36 uzobpaxena ToHKas BHINYKJIO-BOTHYTas JHH3a (Me-
HHCK), y KOTOpoi#l pannycsl nepennelt Ry M 3aauefi R, nosepxHocrei
nosoxkuTeabHbl. Pacuer Gynem BecTd B ofllleM BHje, NPHTORHOM AJd

Puc. 1.36.

nuH3 mobol GopMbl (IBOSKOBHIMYKJON, MJIOCKOBOTHYTOH # T. A.).
Tak Kak JHH32 ToHKas, TO OTCYeT PacCTOSHHE 1O npeaMera —F
H 10 u300pamKenuss —F' MO}HO BECTH NPaKTHYECKH OT OAHOH TOYKH
P—onrtaueckoro wmenTtpa Jjaass. [lokasatenu npe-
JIOMJIGHHA CPel, PAcNONOKEHHbIX Nepel H nocie AMH3H, 0003HAYHM
COOTBETCTBEHHO 4epe3 1, H 1.

Jlyun, ucXonmsimine OT HCTO4YNIHKA CBeTa S, Jexallero Ha rJaBHOH
ONTHYECKOH OCH, NpeJOMHBIIHCh Ha NepefHell MOBEPXHOCTH JHH3b!,
nepecexyress B HEKOTOpo#H TOuKe S*, pacrnonokedHOR Ha paccTogHUA
F* or ontu4eckoro tentpas Benuunna F* Moxer OMTb RalifeHa no
obuemy mpasuay (7.5):

7, R my—n n n—rm

— M
F 7 WIH = + R 8.1)

Touka S* no oTHOWeHHI0 K 3ajAHell NOBEPXHOCTH JHH3B! ABJIAETCH
HCTOUHMKOM (JeHCTBHTENbHBIM HJAH MEMMEBIM) Jyyel, NpesoM/IsOMUX-
csi Ha 3ToH nmosepxHoctd. [Tocse npenoMaenus 3TH fy4u BHOBb mepe-
ceKyTc B HekoTopoil Touke S’, aBasiomleiics OKOHYATENbHEIM H300-
PaKeHHeM HCTOMHHKA S, faBaeMbiM JuH3cil. O603Hauas paecTodHNE
OT S’ O OonTHYECKOro UEHTpa yepes —F' H BpuUMeHsid BHOBb ofiled

3*
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npasuio (7,5), moayumM

LI T e LA W W 8.2
PR R, W mTE TR 8.2)
Buiunras nousnenso paberctsa (8.1) u (8.2) H Hekiouas TEM caMBIM
BEJHGUHY F¥*, XapaKTepH3YIOIY0 [MOJOKEeHHE MpOMexyTOUHOro
H3o6paxkeHnnsa S*, noaydaeM OKOHYaTeNbHO:
Ry M M ATy 83
F’ F R Ry ° (83)
3t0 ypaBHeHHe MO3BOJSET HAHTH paccTOosHHE A0 HaobpaxeHHs —F',
ecJIH H3BECTHO PacCTOsHUE 0 npeaMeta —F, pafHychl KpHBH3HBI 00EHX
nosepxHocrefl JHH3L R; H R,, NoKasaTelb MpPeJOMJIEHHS BellecTBa
JUH3B! i H NOKA3ATENH NPEJOMJIEHHS CPef, PACHONOKEHHBIX [0 U IO-
Cae JAHH3H ny, H n,.
Iinsi THH3B, PACTNONOKEHHOH B OJHOPORHOH cpefe (HanpuMep,
B BO31yXe), Hy=0, H cooTHolleHHe (8.3) ynpomaercs:

fny ny . 1 i
FF=e—m (—x)-

BBonA OTHOCHTeNBHHIH MOKa3aTedb MPeOMACHUS nm=ni, MOX-
1

HO NPHUBECTH (POPMYAy JUH3BL K OKOHYATeJALHOMY BHAY:

11 [ 1y 1

=== D=5 )= (8.4)
Bennunua

1 1 1
(Nore—1) (7{1—?9_7 (8.5

Ha3bplBaeTest ONTHUYecKO# cHAOR numsm, a ofparHas eff
BeMHMYHHA [ —TA2aBHBM GOKYCHBM PAacCTOAHHEM.
[Myuok nmapannenbHbIX syueli, HAYMHX OT GeCKOHEUNO YIaAEHHOTO
HCTOUHHKA (F==o00), CXOAHTCA B TaK HasblBaeMOM 32 A HEeM ¢ o-
Kyce JHH3B HA pAcCTOAHHH F'=f OT ee ONTHYECKOr0 UEHTpa.
Jlyum, HCxopsmue H3 nepenuero gokyca Jaunssl (F=--f), nocne npe-
JOMJIeHHsT NOAAyT napaiienbHO TJaBHOH onTHUecKol ocH (F'=oo),

Ecnu nameparts GoKycHOe paccTosiude [ B MeTpax, TO ONMTHYECKas
CHJla JHH3BL OyJeT H3MepsiThcAd B LHOMNTpP U 5 X:

1
1 pnonrpus = —.

Tak, manpuMep, JuH3a ¢ onTHUeckodl cuaofl 10 pHonTpuii uMmeer

(boKycHOe paccTosiHHe f=% #=10 cm.
1

1
Mpu R, > i, TaBHoe hoKycHOE paccTosiHue f MOMOKUTENbHO U Mal
1 2
uMeeM coOHpaTenbHYyio JuH3y. [Ipumep Takoil coGupartenbHON
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ABOSIKOBBINYKNOH JIHH3E! (1—;— <0< 1—;—1) usobpaxen Ha puc.l.37,a.
2
Ilpu f<<0 nonyuaem pacceusaiomwy o JuaH3y. [Ipumep Taxod

paccensalolllei IBOSIKOBOHYTON JIMH3BL (% <0< 1%) npHBelieH Ha
1 2
puc. 1.37,6.

Ui o__——"

~f e
Puc. 1.37.

[yuok mapaanenbibiX Jydedl, HakJOHeHHBIX K [JaBHOW ONTHYe-
CKOM OCH MOJ MaJbiM YIJIOM &, TakKke colupaercsl B OHy TOYKY, Jie-
XKaMyo B NJJOCKOCTH, NPOXOAsAmell yepes raaBnblii hokyc @ u nepre-
JUKYAApHON K riaBHOM onTHYeckod ocu (pHc. 1.37,a). Sra niockocT s
HaspiBaeTcss GO KAaJAbHOH TIOCKOCTbIO.

Ecau onTHuecKde CBOHCTBA cPelbl Nepefl U nochae JHH3:L pasiud-
.HEI, TO MOXKHO nepenucath cooTHouweHHe (8.3) B Bule

ng My _ N ny

FE-F—~7" (8.6)

B stoM cnyuae nepensee f' u 3agHee f'’ GOKycHble paccTOsiHHA pa3s-
JAHYHB M MPONOPIHOHANBHE KO3((HUIUEHTAM OpenoMyIeHust obenx
cpen.

PaccMoTpenubie CBOCTBA TOHKHX JHH3 [O3BOMMIOT FeOMETPHYECKH
CTPOHTb H306paXKeHHS NPEAMETOB, mpeACTaB/siomHe cobolt coBOKyn-
HOCThL H306paXKeHHH BceX OTHE/AbHHIX TOYeK mpeamera. Ecnu mpenmer
JUHEHHBIH, TO NPH 3TOM HOCTATOYHO MOCTPOHTH H300paxXKenHA ABYX
€ro KpaliHUX TOYEK.
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Inst HaxoXjgeHHs H300pareHHs KamIOH OTAeNbHOH TOYKH HeoO-
XOJHMO TeOMETPHUECKH NOCTPOUTH MepeceueHHe Jyued, HCXOAAMMKX
13 9TOH TOUKH, MOC/e HX IPeIOMIeHHs B JHH3e. B mpHHLHNE NPH 3TOM
JOCTAaTOUHO HAWTH nepeceuende Kakux-JHG0 ABYX M3 9THX Jydedt.
ITpakTHUeCKU Ke, ecqH H3BECTHBI TNOJOXKEHHS ONTHYECKOro LeHTpa H
r/aBHBIX (POKYCOB, JIETKO MOCTPOUTH TPH Jy4a H NPOKOHTPONHPOBATDH
ce0s1, MpoBepss, nepeceKyTcs JM Bce OHH B OJHON TOUKe.

Jnst npuMepa mHa pHc. 1.38 nocrpoeHo naoOpaeHue JHHEHHOrO
npenmera AB, nmojydaemoe ¢ NOMOMbI0 cobuparoulelt uH3EL. K3 00-
Lero nyuKa nydefl, HCXOAAMNX H3 TOUKH A, Boienum TpH Tyda:l, 24 3.

A 1 o
\ 3 -
y ? p P g
Bl
DN\W i J : v
/ 2 A
Puc. 1.38,

Jlyu I HzeT mapaJsiesibHO rJ1aBHOM ONTHYECKOHA OCH H Noc/ie IpeJoMie-
HHS MPOXORHT uUepes 3aJHHil dokyc D', Jlyu 2 npoxomur uepes nepen-
HHil rasHEIE QoKyc @ H nocsie npenoM/IeHHs MOHAET mapasienbHO
raBHOH omTHUYecKoi ocd. Hakorel, ayd 3, npoXofsiuHi depes OnTH-
uecKHH LEeHTP JMHHSH P, NPOXOIHT BOBCe He mpeaoMiasach. [lepece-
yeHHe STHX TpeXx jaydedl laeT Touky A’, sBasiomylocs H3oOpameHHEM
Kpas A npenMera. Onyckas u3 A’ nepneHAHKyAsp HA IMIaBHYIO OfN-
THYECKYIO Och, HafiieM Touky B', sBasiomyiocsi usoGpaxeHHeM BTO-
poro Kpas mpeaMera B.

Tlpepgmer AB na puc. 1.38 nomelled Ha paccroduuu F, GoibileM
raaBHOrO (oKycHoro paccrosnus f. Kak BHAHO H3 uepTexa, B 9TOM
cayuae Haofpaxenue npeamera A’B’ yBelHYeHHOe H IIepeBEpPHYTOE.
Tak kak TouKH H300pakKeHHs SBJSIOTCS MepecedyeHUsIMH CaMHX Jy-
ueil, a He HX NMPOZOMKEHHUH, TO Takoe HaoOpaxenue Oyjer peficTsH-
TEJIbHBIM.

[Mocrpoenne pucyHka 1.38 nospoasieT onpefeuTb NOMmeE P e 9-
HOe yBeNnHuyeHHe Y, jaBaeMoe JHH30H, KaK OTHOUIEHHE pas-
Mepa H3oGpaxeHHs y’ K pa3mepy mpeaMera y. M3 monobus npsmo-
YTOMbHBIX TPeyroabHHKOB AABDP~APPN, AMPD' ~NDP'A'B' 1
NABP~ APA'B' naxopum, 410

y={-=f=b_ b T (8.7)

] I§ F'—f

B 3aBHCHMOCTH OT pacrnosoXeHHsl NMpeiMeTa [0 OTHOIICHMIO K ne-
pelseMy MIaBHOMY (hOKyCy yBelHUeHHe Y MOXeT OhITh KaK Godblile,
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TaK M MeHblue eUHUIE. B nocjenneM cayyae Hsofpakenue sBJSETCS
YMEHbBUIEHHbIM.

s onpefleneHuss yr10BOT O yBeJHYEHH A JHUHSH N0-
CTPOHM NYYOK Jydell OT HCTOUHHKA S, PACMONOKEHHOTO Ha ONTHYe-
CKOHl ocH, pacxopsamHxcs nof yriaom a (puc. 1.39). Ilocae mpenomie-
HHSL B JUH3¢ OHH MNPEBPATATCHA B MYYOK Jyvefl, CXOAAIHXCA NOX
yraom a’. ¥YraoebiM yBenuuenveM A OyzeM HashiBaTb OTHOLIEHHE
TAHTEHCOB 3THX yrJioB. VI3 depTexka cienyer, uro

ige B—F F Y 8.8)

UeM Jnagbiie moJyyaeTess HsoOpamenue npepMera, teM 6oJjbllle ero
nornepeysble PasMepsl H TeM MeHblUle YTJIOBHE.

Puc. 1.39.

s BHIYHCJIEHHA NPOJXOJABHOTO yBeAHUYECHUSH
xl

X = < T. €. OTHOWEHHS NOPOJOJBHOIO pasMepa H306pa}K6HPIH x'

K [POAOJLHOMY PasMepy NpejMeTa x, 3aMeTHM, 4TO TaHTeHCH YIJOB
NPONMOPIHOHAIbHE! OTHOIIEHHIO MONepeyHblX PasMepoB y K MPOAOJIb
HeIM x, CleloBaTeNbHO,

A=% u X="=vu (8.9)

JlyaucTHi MOTOK OT cBeTAmeHCH TOYKH pacnpocTpaHsercs BO Bce
CTOPOHB!, H JHIIbL HEKOTOpasi 9acThb €ro, B 3aBHCHMOCTH OT JHaMeTpa
JIHH3Bl, NPOXOJUT Yepes nocienmnion. aobpaxenue yaaneHHoro mpes-
MeTa, nosydaemoe coOHpatomtedl /MH30H, HaXOgHTC OKOJAO (oKyca
H BMeeT JIHHefHble pasMephl

p F
y=y:7:"~“|—_'y—ﬂf~f- (8.10)

IMaowane 9T0r0 H300paMeHus
S~y ~[ (8.11)
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CseToBOff NMOTOK, NPOXONAMUA uYepe3 JHH3Y, MPONOPHHOHAJEH
NJOWAAN NONEepeYHOro CeYeHHs JIHH3big

® = E,aD* ~ D2, (8.12)

rae £, — OCBEUlEHHOCTh BXOJHOro 3pauka AB.
Orciona, coraacuo (4.10), ocBelieHHOCTh H300paxeHHS

[} D?
E=— ~ T 8.13)

NPOMOpUHOKAbHA OTHOWEHHIO KBaipaTa AHAMeTPa JHH3b K KBaApa-
Ty ee (OKYCHOTO PacCcTOsiHUS. 3TO OTHOLIEHHE & HasbiBaerTes C B e-
TocHJO#H aHH3B. Ecan BXOgHON 3pavgok orpaHdHded Auadparmod,
To niog D ciefyeT MOHMMaTbh ZHaMeTp RHadparMbl.

C nmpyrofl CTOpOHBI, ecaH npeHeOpeub NOTEpsSIMH Ha NOIVIOWeHHe
W paccesiHHe JNYYHCTOTO NOTOKA, TO SAPKOCTh U306pameHHst JOMKHa
OLITE paBHA SPKOCTH npenMera. JleHcTBUTENBHO, pacCMOTPUM yHACTOK
HOBEPXHOCTH ds MpenMera, EMelomHA ApKocTs B. B onTHueckywo cH-
CTEMY HOMAGAET OT 3Toll IVIOMANKHM JyuHcTHE NOToK d®=B.ds-dS,
rae dQ — TesecHsIH yToJ, TOX KOTOPLIM BUAHA 9Ta MO AAKa. B nuuse
(MM cucTeMe JIMH3) H3MEHSHOTCS JHHefilibie H YIJOBbie pPasMepH Tak,
uTo H306paKeHue yqacTKa ds HMeeT MJOWalb ds, H ero spKocThb

do ds  dQ 11
Bi=gras=8 % am=8 v 1 (8.14)
MOCKOJbKY OJ/IOMAfH 1peobpasyloTcss Kak KBaipaTht JUHeHHBIX pas-
MepoB, a TeJeCHBIE Ykl — KaK KBajpaThl JHHeHHbIX yrjos. VI3 coor-
Houtenus (8.8) Torma chaexyer, uTO

B,=B. (8.15)

[IpH BHIBOJE OCHOBHBIX COOTHOIEHHH A JHH3HL (8.5), (8.7)—
(8.10) u (8.13) mpennonarajoch, YTO My4OK AyYell, UCXONAMUX H3
KaxJoH cBeTAmedcs TOYKH, MOCTE NpeOMIeHNs CXOAHTCS B Onpene-
Jenno#t Touke uzobpaxenns.Takoe HaoGpaskeHHe HasHBACTCA C T H T'-
MaTHYECKHM. )

M3 paccyxaennii npeapayliero maparpaga ciefyer, 4To 310 npef-
NOJIOKEHHE BBINOMHAELTCS JHIWDb NPUGTHKEHHO A Y3KUX MyYKOB Jy-
yefi, uAymux BOIH3N TJaBHOH ONTHYeCKOH ocM (IapaKCHAJ b-
HB X Ayueid) [as yBeqHdeHHS CBETOCHJb JIHH3bLI HAXO YBeJH-
YUBATh BXOJHOH 3DauyoK M HCMOJb3OBATb JNy4H, Najawinue nox 60ib-
HIHMR YIJaMH K TOBEDXHOCTH, KOTXa npubauxente (7.2) cranoBuTCA
HETOUIEIM.

[TosToMy B pea/ibHBIX NHH32aX HalMOAalOTCA PasIHUYHBIE HCKaKe-
HUA H306paxeHds, ofpelHHsieMble o6IHM TepPMHHOM Neh e KT OB
d4 H H 3. Mbl pacCMOTPHM HeKOTODble OCHOBHbIE THHbI Xe(heKTOB JHH3.
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l. Cheprueckas aGeppauuaia Hapuc. [.40 nokasan
X0 Jydell OT HCTOUHHKa S, pacno/OXeHHOTO Ha ONTHYeCKOH ocH,
ApeJoMAsOIAXC B cobuparenbHoll JsHMH3e OGoabuwoll CBETOCHJHL

INMapakcuanbubie JaydH ne-
pecekaloTcss B TOuKe, Ha-
Xofgdmedica Ha  paccros-
HHM f, OT OmTHYeCKOro
HeHTpa AuH3bL. [ns ayyed,
GoJsiee ylasleHHBIX OT OMNTH-

uecKOH ocH, npH npesome-
HHH  JIOJIKHO OCTaBaThes
TEM Ke CaMBIM OTHOLIeHHe
cunycos yraos., Tak xKak
sina Bo3pacTaetr MelJjeH-
Hed, 49eM o, TO IS 3TUX
Nydell  OTHOIIEHHE YTJOB
BO3pacTaeT H OHU CHJIbHee
OTKJIOHSIIOTCA, MepeceKanch

f,—n-f———>k Y
8

Puc. 1.40

BO Bce OoJsee GaM3KHX TOYKax ontuueckofl ocd. Cambie Kpafinue
Jy4H [epeceKyTcs B Touke S”, u H300pakeHHeM cBerdalleficd TOY-
k# S Oyner He TouKa, a ueJnll oTpesok S'S’’. rororpesok §=f,—f,

-

<
Al
NV

/

Puc. 141,

aBJgercs MepoH cdepUyecKon
abeppaund. Jlns cobupaiomeit
qunsel §<0, a mIs pacceuBasw-
meit § > 0.

Hanuuue cdepuueckolt abep-
PaUMH fenaeT HeCKONbKO HEoupe-
JeJleHHBIMH HOHATHS (JOKyca H
(POKaNBHON MJOCKOCTH JIHH3BL.
Ha skpane, mnepneHnuKyasp-
HOM K OmTHYecKod ocH, H3obpa-
KenHe OyJler He TOYeYHBIM, a
HMeTb BHJI HepaBHOMEpPHO oCBe-
IeHHOro KpyXKa, JvaMmeTrp Ko-
Toporo OyJler MHHUMAJbLHLEIM He
y TOYKH §’, a HeckoibKo OHKe
K JuH3e,

Hdns  yMeHbuieHHs cdepHie-
CKo# abeppam iy MoKHO fHadpar-
MHpOBaTL MNYy4YOK, OrPAaHHUHBAHA

ero AyyamH, GIH3KHMH K napakcuaabHeM. ONHAKO BBeleHHE AHa-
¢parMbl cHUKAET CBETOCUJY JIHH3bL.

Hpyrum crioco6oM GopsOer co chepuueckoli aGeppanmeil ssaser-
ca KomGuHHpoBanHe coSupaiomedt (§ <<0) u paccenBatomedt (8> 0)
jaun3. [lpu 3170M MOKHO Kpafinne Jy4d CBECTH B Ty e TOUKy, 4UTO
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H mnapakcHanbuble (6=0), H yMeHbIIATL albeppauHio NPOMexy-
TOYHBIX Jyded.

Cepuueckoit abeppanueli 06Janal0oT He TOJLKO NPeOMIAIONHE
JIHH3bI, HO H OTpaKaolye HeMockHe 3epkana. [ToatoMy B npoxek-
TOpaX 4acTo HCNOJb3YIOT He cpepHUecKHe, a napabonHyecKHe 3epKana.
Ilpu nomemennn MCTOYHHKa CBeTa B (oKyce napabosonia chepHue-
cKas abeppalusi CTAHOBMTCS paBHON HY/I0 H BCe Jy4H, OTpaKeHHHE
OT BHYTpEHHeH MOBepXHOCTH napafojoHja, HAYT jajee CTPOro ma-
pannenbubiM myukoM (pHc. 1.41).

2.Acrurmaru3M Chepudeckas abeppauts siBageTCS yacT-
HHIM cay4aeM Oosee oflero sedekra JHH3, HA3LIBAEMOTO aCTHIMATH3-
MoM. PaccMorpuM mnpenomiende ayuyeff, MAymHX OT HCToYHHKA S,
Pacmo/OMEHHOTO Ha HEKOTOPOM pacCTOSHHH OT ONITHYecKoil OCH
(puc. 1.42). lo mpesnoM/IeHH s IYYH HCXOAAT H3 TOUKH S Mo paguycaM
(romouenTpHUecKHH ny4yoK), H NepmeRAHKY/ASpHbBE K HHM BOJHOBHIE
MOBEPXHOCTH SABJASIOTCS CTporo cdepuueckumu. [focne npenomiaeHust
BOJIHOBblE MOBEPXHOCTH CTAHOBSITCA IOBEPXHOCTSIMH ABOSKOH KpH-
BU3HB. Takasd MOBEPXHOCTb ABOSIKOH KPUMBHsHBI OyJIeT CXOAMTLCH
€ PA3THYHON CKOPOCTHIO BO B32aHMHO NMEPHEHAHKY/AAPHBIX HKampas-
JeHHssX. B peayabTare Ha HEKOTOPOM DacCTOSSHHH 3a JHH30M 3Ta
NIOBEPXHOCTb COBJETCS B Y3Kylo TOPH30HTaJbHYIO JeHTouKy S’. Jla-
Jee BOJHOBas MOBEPXHOCTh B BEPTUKAJLHOM HAaNpaBJeHHH Hay-
HeT pacClIHpsThCA, a B TOPH3OHTANBbHOM OYJLeT elle NpoI0JKAaTh

Puc. 1.42.

CKHUMATbCH M Ha 'HEKOTOPOM pacCTOSHMH INPeBPATHTCA B Y3KYIO
BepPTHKa/MbHYW JAuEMI0 S”. 3a §” BonHOBag moBepXHocTb Oyjer pac-
XOJHTHCS H B FOPH3OHTANLHOM H B BePTHKaJbLHOM HANpPaBJEHHsAX.

Ecin paccMaTpHBAaTh Yepes TaKyio JHH3Y CETKY, COCTOSILLYIO H3
pazuycoB H KoJell ¢ LEHTPOM Ha ONTHYECKOH OCH, TO B AJIOCKOCTH,
cooTBeTcTBYIOLIell S’, nonydarca Gostee yerTKHe H306p aKeHHA KOHLLEHT-
PHYECKMX KpYTOB, a B NJOCKOCTH, COOTBeTcTBYioWeH §'',— Gosee
qeTKoe H3o0paxenHe pafHaibHbIX JTHHHH.

s KoMIeHcalHH acTHUrMaTHsMa ©oOBHeKTHBH QoTorpaduueckux
aNnapaToB COCTABMSIOT H3 HECKOAbKHX JHMH3 C PAsJHYHOH KPUBH3HOA
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H noKa3ate/siMH npenoMJeHHd. B xopowHx ¢oroodnekTHBaX — aHa-
CTUrMaTax — NpH GOJBUIOM [OoJe 3peHHSl YCTPAHAETCs H HCKpUBJe-
HHE MJIOCKOCTH H306paXKeHHs.

Jna UMMHEHADHYECKUX JIHH3 OCEBasl CHMMETDHS INpPeJOoMJIeHHOro
nyuKa BCerfa Hapyllaercsi H MoJyuaercs acTHIMartuieckoe Haobpaxke-
HHe. [1oaTOMY NPH HAJHYHH CHJIBHOTO NPUPONHOTO aCTHTMATH3MA 71334
JJIA KOMMeHcalHY MPUMEHSIOT OUKH C IHJIHHAPHUYECKUMH CTEKAaMH.

3. KoMa, nacTopcH s PeanbHbie JUH3BI COSJAIOT HCKaMKe:
HMA H ZpYTMX THIOB, C KOTOPHIMH NpHXOoZHTCS Gopothesi. Tak, ce-
TAmAscd TOUKA, PACNONOXKEHHAs] HE HA ONMTHUECKOM OCH H MOCHLIAN0-
mas LWIHPOKUA My4YoK, AaeT WaobpakKeHHe B BHAE CBETALIEroCs MT-
HBIIKA ¢ XBOCTHKOM, [OXOXee Ha 3anaTyi0. D10 HCKameHHe HOCHT
HasBaHHe K O M bl. Pasnuunoe ysesudeHue B UeHTPe B Ha nepHde-
PHH MPHBOAUT K HCKAXKEHHIO Gop-
Mbi H3o0paxeHHs, Ha3blBaeMOMY
puctropcuei. Ina 6opuohl
CO BCEMH OTHMH HCKaXeHHAMH
OPHXOZUTCS NIPOCTHIE OJHOYHLE
NHH3bl 32aMEHATb CJOKHBIMH OI-
THYECKHMH CHCTEMaMH.

4, XpoMaTtTuyeckKkasn
aGeppanusga Hs (8.5 cre-
AyeT, 4TO ONMTHYECKAS CHAA U Mpe-
JoMJIeHHe B JIHH3e 3aBHCAT OT ee Puc. 1 43,
noxasartens MPeNOMAEHUA My ..

Creksia, H3 KOTOPLIX OOBIYHO H3TOTOBJISIOTCA JMUH3LI, 061aKa0T oNpe-
JeneHHOHM JuCHepcHelt ¥ AJIsi HHX N, . H fJIHH3B 3aBUCHAT OT AJHHLI
BOJIMBI A majgamoiero csera. [IpH naleHuu Ha JuH3y Oes0OrO CBeTa OT-
Je/bHble COCTABJSAIOUIHE €0 MOHOXpOMaTHIeCcKHeE JIyuH OyRyT hoKyCH-
poBaThcAd B PA3MHUHLIX TOYKAaX M H306paxKeHHE CTAHET OKpalleHHbIM.

Ha puc. 1.43 nokasana cxeMa xpoMaTuueckoil abeppalin B COGH-
patouedl nuHze. Ilpy HopMasbHOH IHCHEpCHH B cTeknaax chaalee Bcero

- IPeNOMJSIOTCA U UMeloT HauGonbinee GOKyCcHOE paccTosiHne f KpacHbie
JAyuH, GIHXKe Bcel0 K JHH3E pacmoNcxker (GOKYC dHOJETOBBIX Jyued,
a B MPOMEXKYTKe pacrojarawtcs GoKycel A BCeX MPOMeKYTOUHBIX
LBETOB CreKtpa. DKpaH E, noMeuleHHbll mep MeHAMKYISPHO K ONTHYe-
cKofi ocH, Oyzer naBath H300pakenye TOYKH B BHAE PALyRKHOTO KPYyK-
Ka, NMOPSROK pacmpefesieHusi OBETOB B KOTOPOM 3aBHCHT OT Pacrofo-
MKeHHs 3KpaHa.

HeioroH, OTKpeisinil AHCOEPCHIO, AyMaj, 4YTO 3aBHCHMOCTH 7
oT A Ins BCeX CTeKoJ ORMHAKOBA H XpOMaTHueckas afeppainud JHH3
HeycTpaHuMa. Kak BHAHO, HampuMep, M3 BLIBOJA GOPMYJAHI cepHue-
cKoro 3epKada (7.7), mp# oTpaxKeHu! BeJHIHHA [1QRA3aTeN MpelioMie-
HHf COKPALIALTCH H He-BXOJHT B OKOHUYATE/bHbIE BeIpaxeHus, [lostomy
HpioToH npefoXua oOGbeKTHBbLI TeNecKONoB, COCTOslHe H3 JHH3
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(pedparToprni), 3aMEHHTb 3epKajami (pedeKTOpH), ¥ KOTOPHIX Xpo-
MaTHYECKas abeppaius OTCYTCTBYET.

OCHOBEIBasICb HA OTCYTCTBHH 3HAYHTEJbHOH XpoMaiuueckoll alep-
panuu A1st rjjasa, npeicTaBasiomero cofoll COBOKYNHOCTh Pa3/HUHBIX
cpen, diJep NPeNoJOKU, YTO 3aBUCUMOCTD 71 OT A 118 Kax1o# cpenl
pasnvvHa, ¥ paccuuTas, KakKHM MyTeM MOKHO CKOPPEKTHPOBaTh Xpo-
MaTHuecKYlo aGeppailiio JuH3H. B pesyabratestoros XVIIIu XI1XBs.
Obl1 CKOHCTDYUPOBAH psll OOBEKTHBOB, y KOTOPHIX KOMGHHaukedl
cobupate/bHbIX M PAacCeHBAIOMHX JHH3, U3TOTOBJIEHHBIX U3 CTEKO
C pa3HOH jucnepcHefi, ypaeTcst COBMECTHTb (JOKycHl Jydedl Asyx
(axpomaThi) H naxe Tpex (amoXpoMaThl) Pas/HYHBIX [IBETOB H TeM
CaMblM PAKTHYECKH JHUKBHAHPOBATH XPOMATHUECKYIO aGeppanuio.

eanid pag AOMOJHHTENBHBIX HcKamenuidl 06YC/0BJEH BOMHOBOH
npuponofi csera, HHTepdepeHuuedl u Iuppakuuell. BosnHKaouie
NPH 3TOM OrpaHHYeHHs paspemalomed cnocobHOCTH
anus 6yayT paccMoTpensl B § 15,

§ 9. OnTuueckne cucremsl

s Mcnpas/enns MHOTOYHCJEHHBIX JeheKToB M300paxKeHns, co-
3AaBaeMBIX OJMHOYHOH NHH3OH, B ONTUYECKHX MPHGOPAX NPHUMEHSIOT
CHCTEMbl PA3MYHBIX JIMH3, H3MOTOBJACHHBIX H3 Pa3HBIX COPTOB CTEKJA.
O6BIYHO HCMONB3YIOTCA L €EHTPHPOBAHHB € ONTHUECKHE CH-
CTeMBbl, B KOTOPLIX HEHTPbl KPHBH3HEI BCEX MOC/EA0BATENbHBIX CepH-
YeCKHX MOBEPXHOCTedl pasjesa pacmONOXKEHH Ha OXHOH NpAMof, fB-
afoedcad onTHIECKOR OCbIO CHCTEMBI.

4 e
4 47;
8 N W
~—F ——————
#
Puc. 1.44.

Taxue XopolIO CKOPPEKTHPOBAHHBIE ONTHUECKHE CHCTEMB! GIH3KH
K HJleaqbHbIM, T. €. MOXHO NPAaKTHYECKH CUHTATb, YTO NMYydYOK Jyueil,
HCXOAAILHX U3 CBeTAllelicd TOUKH A, OC/e MHOTOYHUCTIEHHLIX IPesIoM-
Jiesuil BHYTPH CHCTeMbi cobepercst B ool Touke A’, sBasomesics uao-
O6paxenneM ToukH A. Jlyun, najawomne napannejbHO ONTHYECKOA OCH
(oT OecKOHEeYHO yJaJeHHOrO MCTOYHHKA), NOCNe NPOXOKIACHHS ONTH-
YeckOH cHCTeMbl colGepyrcsi B ofHOH Touke @,, KOTOpas, Kak H
B ciaydae oOnHOH JIMHSE, Ha3biBaeTcsl 341 HHM TJAABHHM
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doxycowm cucreme. Ha puc. 1.44 nokasano nyHkTupom, 4ro’npe-
JOJIKeHHUA NafalollMX U BHIXONAWMX Jyued B 3TOM Cjydae nepeccka-
IOTCS1 B TOUKaX HEKOTOPOH MJIOCKOCTH iy, mepueHAMKYJSAPHOH K of-
THUecKOH OcH ¥ Hocsillel HasBanwe 3ajgHel raaBHOM
HAOCKOCTH CHcTeMbl. AHalormyueiM o0pasoM MOTyT ObiTb
MNOCTPORHL! MepeJHHU#E rnaBHBl pokyc @, u nmepen
His TnaBHas naockocTh H;. Bce nyunm, ucxopsuue
u3 @y, Kak Gbl U3/1aMBIBAOTCS HA [VIaBHOH MJIOCKOCTH /1) U BBIXOAST
napanjensHo onTHYecKoill ocu. Ecam cpega Mo 4 nocae onTHueckoi
CHCTeMBl OJMHAaKOBa (Hampumep, Bo3ayx), TO o6a TAaBHHIX (OKyC-
HBLX paccrostHus P H; u $yH, OTUHAKOBHL.

Hana torko#l nuH3bl 00e TAABHLIE MJOCKOCTH CAHBAIOTCT B OJHY.
Jnst c/1oHON ONTAYECKON CHCTEMBI 3TH IIOCKOCTH PA3/HYHBL U MOTYT
pacnoJiaraThCst KaK BHYTPH, TaK H BHE CHCTEMH, HECHMMETPHYHO OT-
HOCHTENLHO ITOBEPXHOCTEH, OrpaHUYHMBAIMUX CHCTEMY.

Ec/iz u3BeCTHH HOJIOMEHHS IVIaBHLIX (JOKYCOB M [/IAaBHBIX IJIO-
CKOCTeH cHCTeMBl, TO HOCTPOeHHe H300pameHU#i HPOH3BOJMTCS aHa-
norayHo Toukoi amHze. Kax sugno us puc. 1.44, Bcs pasuuna CocToHT
B TOM, YTO paccTofiHus £ W F’' 0 mpeaMera H ero H300paeHus T0.1K-
HBl OTCUUTHIBATHCS HE OT UEHTPA, Kak B c/lyuyae TOHKOH JIHH3Bl, a OT
COOTBETCTBEHHBIX TJaBHLIX MaocKocTell. [Ipu sToMm ocraforest B cune
Bce GOpMyJLl S yBeJWYeHH#, HanpuMep:

Orciona
(F+N(F"—f)=—7j, wnmm FF —Ff+F'[=0,

u, pasgenus Ha fFF', nocae npeoGpaszoBanuil moxydaem:

L =1L 9.2)

FTF T

— COOTHOIIEHUe, BROMHE aHANOrHYHOe (hopMyJ/e TOHKOA JHH3bI (8.4).

Onrtuyeckue npubopH! IMHPOKO NPHMEHSIOTCS st pacIidpeHus
Bo3MoOxHOCTe# BusyanbHoro Habmogenusi. [lockonbKy mnpu 3TOM
H300paxKeHHst, 10/1y4yaeMble B ONTHYECKOM NpHOOpe, paccMaTpHBAOTCA
rJ1asoM, TO TpeOOBaHHs, NpeNbsiBJseMble K 3TUM H300pasKeHHsM,
3aBUCAT OT CROMCTB Yen0BeYecKOro rylasa KaK ONTHYECKOH CHCTeMSI.
He kacasch ofuleusBecTHBIX fAeTaned (U3HONOTHUECKOTO CTPOeHHs
rnasa, OTMETHM 3Jlech JIMIIb JBe ero OcOGeHHOCTH, CyUIeCTBeHHHE C
paccMaTpuBaeMoft TOUKU 3PEHHs:

1. OcHoBHOl nuH30# rjasa ABAARTCA XPYCTAJHK X, RAOMHUA H300-
pakende npexmera P na ceryartofi ofomouxke C, Kak nmoKasaHo Ha
uc. 1.45. Tloxkasarens mpesioMaeilus n CTEKJOBHIHON IKHIKOCTH,
ano/HsoWled a3 3a XpYCTaJAMKOM, OTJIH4YeH OT TOKa3aTens
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npenoMieHHa BO3AyXa {=1) nepen xpycramikoM. IlpuMenas Bul-
BelleHHYIO ISl TaKOro ciay4as ¢opMyay (8.6), umeem:

a1 _1 (9.3)

rie [ — nepennee OKyCHOE paccTosiHe XPycCTanuKa.

Jlsia rnasa Beauunusl F' # n nocrosudel. s Toro utofnl H3oGpa-

XKeHHe npenMera, HaXoXsdulerocs Ha pas/HYHBIX paccTosiHHax F or

rJjasa, nonagajo Ha cerda-

TY10 060/10UKy, Heo0XonuMo

n ¢ H3MeHeHHeM F MeHsATB B

P 7 coorsercTBuH ¢ (9.3) dokyc-

- F By = ¢ HOe paccTosiHHe XpycraJjid-

Ka f. las sroro cayxar

f— CoelMaNbHble MuIHINBL, Je-

¢opMmupyloiige XpycTasuk

Puc. 1.45, H 1O3BOJSAOMIHE 4 K K O-

MOAHpPpOBATSH raa3 B

oueHb MIMPOKHX nperenax or | F| =oo g0 mekoroporo | F |uug- ABcO-

JOTHAsA BE/MYHHA PACCTOANNS CHOTO BHJIGHHS /151 HOPMAJIBHOTO [Via-

3a coctasiser |F|,, =25 cu. ¥ BaH30pyKoro rnasa | F lga << 25 cm,
a y JAanbHO30pKOro |F,.. [ >25 cu.

2. Caer, nionagas na CeTyaTy1o 080s0uKy, BLI3LIBaET XHUMHUYECKY 0
peakumio pasoKeHHs 3PHTEJHLHOTO nNypnypa, 3aK/MIOUEHHOTO B Tax
HA3LIBACMBEIX MAJOYKAX M KOAGOYKAX, H TAKHM NyTeM pa3ipamKaer
OKOHUAHHA 3PHTENBHOTO HEPBA. ITH PasipaKeHUs NEPejAIOTCS B [O-
JMIOBHOM MOSI' M CO3JAIOT TAM 3DPUTENbHbIE OULyIIeHHs.

Ceruaras oSomouka rnasa se cnonompas. OKOHUAHUS 3PHTENBLHOTO
HEpBA HAXOMATCA HA HEKOTOPOM, XOTS H HeGOMBHIOM, PacCTOAHMH
apyr ot apyra. Ecaum #u306-

paxeHHe npegMera OGyier
CTO/Ib MaJlbiM, YTO NOKPORT
JHNIb OXMH CBETOUYBCTBHU- f U

TeJbHBIE 3/1eMeHT ceTdaTKH, £
10 rnas Gyger BocHpHHH- +
MaThb 3TOT HpeaMeT KaK OAHY Puc. 1.46,-
cBeTAllyrocsa TouRy. [Has
TOoro 9to0bl M30GpakeHHs KpafHUX ToYeK npexMeTa HOnajadd Ha
CoCellHHe CBeTOUYBCTBHTEJbHBIE 3JIeMEHTH, 3TOT MNpeAMeT JAOoMXeH
GEITb  BHJEH NOX HEKOTOPHIM  MHUHUMAJNBHBIM  YIVIOM 3pEHHs
(Pmrmzllz:;‘ 107¢ paa'

[lockonbry nas Manwmix yrnos (puc. 1,46)

o~ L, 9.4
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To a3 He OyJleT pa3nuyath jeTajell cAHIIKOM MaJHX (y<<3-10~*F)
Ha¥ canikoM yaanaeHuslx (F > 3500 y) npenMeToB H BOCHApHMET HX
KaK TOYeuHkbIe.

Jast pasauyenis GAH3KHX, HO MasbiX, HIU OOMBUIHX, HO AafeKHX,
NpefMEeTOB C/AYKAaT Pa3HYHLIe BH 3y aJ1 b H bl € ONTHYECKHE MpPHU-
6oprl. Kak mnoxasbiBaer NpUBEICHHOE PAcCMOTPEHHE ONTHYECKHX
cBOHiCTE rJjiasa, OCHOBHOH 3ajayeil BH3ya/bHEIX NPHOOPOB ABJseT-
CSl yBeJMUCHHE yTIJja 3peHHsi, NOJX KOTOPHIM paccMarpuBaerca mnpel-
MeT rJasoM. PaccMOTpUM cXeMaTHUECKH XOX NydeH U OpHHUAOH
JeficTBHs1 BU3yanbHHIX npubOpoB.

1. Jy ma mnpedcraBasier cobofl kopOTKOQOKYCHYI0O coSupaTenn-
HYIO THH3Y (MAH cHcTeMy JuH3). Maasiii npeamer A B sricoToil y nome-
WAIOT, KAK moKaszano Ha puc. 1.47, HecKoJbko 6aHKe rJIaBHOTO

C T8,
EN

25 cH

Puc. 1.47.

dokyca, Tak, 9T06b ero MuuMoe Hsobpaxennme A'B’ moayumnocsh
Ha paccTOsiHMH sicHoro Buienust 25 cm. Yronm of, nox xoropmM
BUAHO 3TO H300paKeHHe, ONpelleUTCH H3 YCA0BHSA

tga ~ 2.
g o P

Ecau 66l npeaMer HaG/i0laaCH HEBOOPYKEHHBIM IJ1a30M, TO €0 HpH-
maoch Obl MOMECTHTH HAa PACCTOsIHHE FICHOTO BHAEHHUS H OH Gbla Oul BH-
JeH TNOJ YrJOM ¢, ONPEleIAeMbIM U3 YCNOBHA

=L
tga——%.

CliefoBaTeNnbHO, YIr/A0BOe yBEJIHUCHME, IaBaeMOe Jiynoi, paBHO:

_tgd gk 25
A“tga = E=T 9.5)

YMenbinenne GOKyCHOrO PacCTOsIHUA f CBA3AHO € yBeJHUEHHEM
EPHBU3HLI H yMeHbllleHHeM paliyca KPUBU3HH (4 CAeAOBATENbLHO, H
auaMerpa) Jaynsl no gopmyae (8.9). Ilpu n . ,.,=1,5 4 Ry=—R, =R
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I IBOSIKOBRINYKJIOH JHH3b uUMeeM f= R, TlosToMy nyna npakTd-
YecKH He MOXKeT yBenuuBaTh Gojee ueM B 25—40 pas.
2.MuKpocCKOI, Kak ¥ Jyna, CAYXKHUT JIs paccCMaTPHBaHHA
OJAU3KUX, HO OUEHb MENKHX NpeiMeroB, TPeOyloluX 3sHAUNTEAbHOrO
ypennuennusi. Kak moxasano na pHc. 1.48, Muxpockonm cocTOMT H3
LBYX cHcTeM quH3 — ofwextuBa 06 u okyaspa Ok, paccTosiHue MeX-
Jy KOTOPEIMH MOXHO BappHpPOBaTh, H3MeHsd IJIUHY Tybyca.
Paccmatpusaemblil npeMer y mOMELAOT HA PACCTOSIHAE, HECKOMbs
KO MNpeBblllaioliee AaBHOe (OKYCHOE pacCTOsiHMe OOBEKTHBA [

o

Or
y r“furA/
Tt y' /(/
A

o |

Pue. 1.48.

Hsmensia gamny Ty6yca, nosydaior H3obpaxenue npeiMera y’, yse-
Judennoe B I/f; pas. 310 nuHe#ino yBenuueHHoe M30Gpaxenue pac-
CMaTpHBAlOT B OKYJsp, Kak B ayny. TakuM o6pazom, no/Hoe yraosoe
yBeJHYeHHe MHKPOCKONa PaBHO:

1 25
A‘—,_ng';;! (9.6)

H NPH A0CTaTOYHO GOALIIOM OTHOMIEHHH U/f . MOMHO nosydats ofiee
yBeaudenye nopsaixka 1500—2000 pas. PaxkTtuueckdn npegen ysesu-
YeHHsl MHKDOCKONA CTaBHTCH BOJIHOBBIMM CBOHCTBAMH cBeta (cM. § 15).

og
Fofeee Ox
ftTox
— o W —
Pue. 1.49.

3.3puTenbunas Tpyb6a (redecKon) npeaHasHaveda
Ajia paccMOTpeHHs GONBLLINX, HO YAaNeHHEIX npeaMeros, Ha puc. 1.49
IOKA33HO, 4YTO 3pHTenbHast Tpyba COCTOHT H3 AJAHHHOPOKYCHOro
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O6LeKTHEA H KOPOTKO(OKYCHOTO OKyJifpa, pacHONOXEHHBIX HA pace
croauuu nopsiaka [fos+fou-

Jlyun ot Kpafinell TOUYKM yJaJieHHOTO mpejMeTa IepecekaloT OnTH-
YECKyl0 OCb OKyJ/sipa TIOA HEKOTOPHIM YTJIOM ¢ H NalT u3obpaxkeHnue
npeamera y' B GoKasabHOH maockocTd. Kak BUHO H3 PHCYHKA, OKYJASP
npespamaer Gonblol, HO AaJleKHii OpeJMeT B MajeHbKoe, HO Giin3Koe
u3o0paxenne, He MeHsAs yraa 3penus a [lonyuensoe
u3o6paxenne pacCMaTPHBAIOT B OKyJsip, Kak B ayny. O6uee yrio-
BO® yBeJHUeHHE 3DHTE]b "
HOH TpyOLl paBHO:

0 ,
— fga’Ny'/foR::fo_ﬁ ’
A= tga Ny’/foé oK (97) \ \

Jlnsi nony4yeHus 3HaYHTENb-

HbIX yBeaHueHud HeoOXonH- 3
MO BBINOJIHEHHE YCJIOBUSI 7
Puc. 1 50.
f06>fox'

Jlas yMmenblleHHst 0OWHX raGapuros mnpuGopa B GHHOKJe
¢ NOMOILBIO ZBYX MPH3M [0JHONO BHYTPEHHErO OTPaKeHHst 3aCTaBJISIIOT
Jyud MexJy OObeKTHBOM H OKYJ/ISPOM NMPOXOJHUTH OXHO W TO JKe pac-
cTosiHMe TyJa u oSpaTHo TpH pasa (puc. 1.50). las Gonbmeil KoMnakT-
HOCTH 06e TIPH3MBI PACIIO/IaraloT BO B3aUMHO TlepNeRIHKY ASPHBIX 110
ckocTax. BunOKAp oObluHO yroTpebaserca npd HabJOneHUH IABYMS
raa3aMu. YBelH4uBas pacCTosinde Mexay OOBEKTHBAMH, Mbl KakK Gbl
yseanuupaem 6asy Mexjay raasami nobuBaeMcsa Godbilefl crepeo-
CKOTMMYHOCTH BHjeHHs (cTepeoTpy b a).

TpyaHOCTH B H3TOTOBJIEHUH OLHOPOIHBIX H TOUHO OTHLAHGOBAHHKIX
GONBILUX JAMH3 IPUBOASAT K TOMY, UTO B aCTDOHOMHUECKHX TesiecKonax B
KauecTBe OOBEKTHBA INHPOKO NpHMEHSIIOT 3epKana. Takue sepKasibHule
TENIeCKONB! HasbIBawTcsl pediiex-
TopaMu. B To BpeMsi Kax Kpyn-
HeHiuve pedPaKTOPH HUMeIOT Aua-
Merp OOBLEKTHBOB (O ABe JIHH3GLL
B KaXKJOM, T. €. NO 4Yersipe mno-
BepxHoct) 75 cu (Hlynkorckuit) n
104 cu (HMeperuil), kpynuefimni

Puc. 1.51. 3ePKaNbHBIH TeaecKon-pedaexrop
HMeeT AHaMeTp 3epKaia 5 .

[IpenMymecrsamu peduieKTopa SIBJASIOTCS OTCYTCTBHE XpoMaTuye-
ckolt aGeppaunu u cdepuueckoil aGeppanuu. [locaenHee poctHraercs
TeM, YTO 3epKajy NPHAAeTcd MOBEPXHOCTb Mapabo/oHja BpalleHus,
HsrortoBsieHne Takodl nOBePXHOCTH NMpeACTaBJAsieT 3HAUNTENbHEIE TPY Ji-
HocrH, [lostoMy OConbllioe 3HAueHHE MMEeT OTKPEITHE COBETCKOro
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yuenoro M. JI. MakcyroBa (1941 r.), mokasasmero, yto adaJjo-
FRYHEIE PE3yNbTATH MOXHO NOJYy4YHTh M C TNOMOIIBIO ChepHuecKoro
sepkaja.

Cxema Teneckona MaxkcyToBa naoOpaxeHna Ha puc. 1.51. O6bexTHB
COCTOHUT M3 MEHHCKOBOH (BBIIYKJIC-BOMHYTOH) JMH3bI J7, obaagaiowmefi
BHCOKOI CTENeHbI0 aXPOMaTHYHOCTH, H cdepHuYecKoro sepkaia 3.
HonoxurenvHasn chepHueckas abeppalidsi MEHHCKA NOJHOCTLIO KOM-
NeHCHPYeT OTPHUATEeNbHYI0 [0 3HaKy abeppanuio sepkana. Cxonus-
IQHECST JIYYH OTPaAMKAIOTCS OT BTOPHYHOIO 3epKanblia 3, HAHECEHHONO
Ha BHyTpeHHeH MOBEePXHOCTH MEHMCKA, M BHIXOJAT B LeHTPAJbHOE OT-
BepcTHe 3epkana 3. JIBykpaTHoe u3MeHeHHe HampaBJeHHs] XOja Jy-
yell, TaKk Xe Kak ¥ B OMHOK/e, YKOpPauHBaeT BCI0 CHCTEMy, De3KO
yMenbIlaeT ee rabapUTH W Bec, a C/NeJOBATEJNbHO, U HeXKelaTeJbHbIe
sl TesleCKONoB AedopMmauld mof JelicTBHeM COGCTBEHHON TSECTH.



TTABA IV
UHTEP®EPEHLIUA CBETA

§ 10. KorepenTnbpie BoAHBL

B 1. I (§ 58) 6una paccmorpena uHTepdepeRUus yOpyruax BOJH
Mano#f aMmIHTYAb. MoHoXxpoMaTHYecKas CBETOBAas BoJHA, MPUXOAA-
mas B JAHHYIO TOUKY, OnUchIBaeTcsl OOLIYHLIM ypaBHeHHeM FrapMOHH-
YecKHX KoJje0aHHii:

y=Acos ¢ = A cos (ot + @), (10.1)

rie noj y cleiyeT HOHHMATh BeNHUHHE! HANPSIKeHHOCTERA dneKTpHUe-
ckoro E u MmaruutHore H nosell, BeKTOpH KOoTopuix Konebjioresa 80
B3aHMHO NePHeHJMKYJASAPHBIX MAOCKoeTAX (eM. T. L1, § 53).

Kax ykaszano B t. lI, HanpsiKeHHOCTH 3/1€KTPHYECKOTO U MATHHT-
HOro 1oJiel MOAYMHSIOTCS NPHHEUNY CYNe P HO3 U N HH (HAlo-
®endsi) noneit. Hoatomy, ecin B ZaHHYIO TOUKY BPUXOAAT ABE€ BOJHH
OZMHAKOBOH YaCTOTHI, ONUCHIBaeMble YPABHEHUSIMH:

Y= A, cos@, = A; cos (of + @y,)
(10.2)
Yo = Ay cOS@y= A, 05 (0f +9,,),

TO pPe3yJbTHpyIOllee NoJe PaBHO HX (B OOLIEM cllydyae -— FeoMeTpHUe-
CKOIl) cymme

Y=y + Yy, = Acos(ot+q), (10.3)

H aMIJIMTYJa pesynbTHpylollero Konebanus (1. 1, § 53)
A%== A+ Az + 24,4, cos (91— @) (10.4)
Ecian qaCTOThI Ko/e6aukil B 00eHX BOJNHAX ® OJMHAKOBHL, a pas-
HOCTH (a3 @y~—@y==@;q—Py, NOCTOSIHHA, TO TAKHE BOJIHBI HA3BIBAIOTCS
KOrepeHdrT H Bl M H. [ngH HaJIOXKeHHH KOTEPEHTHBIX BOJH OHH

Aator ycrofiuusoe kosnebanme (10.3) c HeusMeuno#t aMnan-
Ty A0k A=const. Bequiuna 310l aMnJHTY R onpedensnercs ypad-
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HedteM (10.4) u B 3aBHCHMOCTH OT pasHOCTH (a3 JIeKHUT B HpeAenax
[A;— A | <A< A+ A,. (10.5)

TakuM 06pa3oM, KOTepeHTHBEe BOJHH HHTepdhepHpPYIIOT
Apyr ¢ ApyroM (oT NaTuHcKoro riarona interfere — mewars), T.e.
IAI0T yCTOHUHBOE KoneSaHue ¢ aMnnuTyA0# He 60J/blIe CyMMbl aMIJiH-
TyA MuTephepHpyowHx Boad. Ecan @—@,=n, cos (@,—@;)=—1
n A;=A,;, aMIJIATYa cyMMapHoro Kojiefanus paBHa Hy/10 U HHTEp-
depupyroiMe BOMHLI NOJHOCTBIO FAacAT APYT Apyra.

[lpn cynepnosuuud BOMH, NPUXOALMX OT f PA3/IHUHBIX HCTOY-
HHUKOB, hopmyna (10.4) pns aMnnuTy sl pe3ynsTHpYIOWero KoneGanus
MoxeT OblTh 0000UIEHA W MpUAMMAaeT BHJ

A= D A;+ 23 BA A, cos(@,— ). (10.6)
i=1 i<k

Ecsu HCTOYHHKH He CBA3aHBL APYT C APyroM M Kosebiorcd Hesa-
BHCHMO, TO Pa3HOCTH $a3 @, —@, UMEIOT pas3JjHYHble cAydaliHble 3Ha-
yenus oT 0 10 @, a KOCUHYCH cOS (P;—@,) UMEIOT C PaBHOH BepoOsITHO-
CTHI0 Kag MOJOKHTEeNbHBE, TAK M OoTpHUaTe/bHHe 3uadeHus (ot 1
10 —1). [Ipu aToM nostoxuTENbHbIE U OTPHIATENbHBIE C/1araeMble ABOi-
Ho#t cymmel B (10.6) ckoMieHcHpYIOT ApPYT Apyra H

Az= X A7 . (10.7)
1

JOna TakdX HeKorepeH THBH X BOJH BO BCeX Toukax Oynyt
CKJAZBBATHCH HX HHTEHCHBHOCTH, HPONOPLHUOHAJbHEIE KBAaApaTaM
aMIJIHTY L.

JIng KorepeHTHH X BOJHPa3sHOCTH a3 Q;—¢,= @0 —Ppo
OyZyT UMeTh B JaHHOU TOUKe BIIOJNHE ONpe/eleHHoe U [I0CTOAHHOE 3HA-
yenue M, coraacuo (10.6), cyMMapHasi HHTEHCHBHOCTb A MOMKeT OKa-
3aThCA KaK DOoJjblle, TaK H MEHbIIE CYMMBl HHTEHCHBHOCTEH OTHE/b-

n
HBIX BOMH 3 A? [Mpu oguHaKOBBIX aMnIuTYIaX A,=a B TeX TOUYKaXx,
1

B KOTOpBIe Bce BOJHLI MPHXOAST B OJWHAKOBOH cdase, Gyner Habmo-

n 2
JAaThCA Pe3Koe BO3pacTaHue HHTEHCHBHOCTHA 2= (ZA ,-> =(na)®’=n2a?
1

B n* pa3, a B JApyrHX TOoYKaX — B3auMHOe rauende. Bejaexcrsue
uHTephepeHI U Oy AT NPOUCXOAUTh Nepepacnpefejedie HHTeHCHBHO-
CTH (3HepTHH) CyMMapHHIX KoJieOaHUE B MpOCTPaHCTBE.

B ciyyae HeKorepeHTHBH X BOJH HepepacnpenejeHuil uH-
TEHCHBHOCTeH He OpOUCXOXHUT M, B cootercTsud ¢ (10.7), cymmaphasn
MHTEHCHBHOCTL KOJeGaHWil B AaHHOH Touke (SHEPrus) paBHA HOPOCTO
CyMMe HHTEHCUBHOCTSH (3HeprHH) or BceX HCTOUHHKOB.
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EcrecTBeHAbie HCTOYHUKY CBETA M3JYYAIOT IIOTOK HeKOrepeHTHHIX
BoH. OORIYHO TAKHMH HCTOYHMKAME SIBJSIIOTCH CHJBHO HATPETHIE Tena
(Connne, HUTH HAKaNa 3/1eKTPHUYECKOH NaMnouykn). DHEpPrusi TenJoBOro
IBYIKCHHR BO30YXKAAeT XAOTHYECKH ATOMBI M MOJEKYJH 3THX Tel.
3ateM BO30Y:KJEHHBIC YACTHIBl OTAAIOT CBOIO SHEPTHIO, HMCHyCKasl H3-
ayuenue. ITogpoGHee npouecc mcmycKanus cBera OyJeT pacCMOTpeH
B ra. IX—XI. Cefluac gna Hac BakHO JHLIb Clefyioulee: KaxK gl
aToM HCHOyCKaeT usjyuyeHWe He3aBHCHMO OT APYTHX.

C xnaccuyeckoil BOMHOBOH TOYKHA 3peHHs KAXKAYIO TaKylo NODHUIO
M3Jyuelusi caelyeT paccMATpPUBaTh KaK IOC/eN0BATeNbHOCTH (KLyrs)
BOMH, HMCHycKaeMblX 3a Bpems nopszxa 107° cex. Takofi uyr Bomn
npu yacrore mnopsigka 10 ey comepwkur 107%.10'®=10? Bonu, to
€CTb B BEICOKOH CTeneHW MOHOXpOMATHUEH.

EcTecTBeHHBe HCTOYHHKH COCTOAT M3 MHpHAj Xao-
THYeCKH BCOHIXHBAUIAX M NOTYXAIIMX H3JyyareJed — aToMOB,
MoJeKyJl. Hepe3 KaKAyi0 TOYKy HpPOCTPAHCTBA Ha HEKOTOPOM PAaccTosi-
HUM OT HCTOHHHKA OyJAyT HPOXOAHTL H HAKAAALIBATHCA (CyMeprnoHH-
poBaTh) LYrd BOJH, HCHyUIEHHBE Pa3HEIMM aTOMaMM HCTOYHHMKA H
MMEIOIIMe pa3Hble YacTOTH, AMIVIATYALl M HayaJjbHble dasnl. [laxe
€C/M BHIENTh (HAaOpuMep, cBeTOMHABTPOM) HCHyCKaeMble OfUHAKQ-
BHIMH aTOMaMH BOJHBEL ONMHAKOBLIX YacTOT (MOHOXPOMAaTHUecKHE),

D

Puc. 1.52.

TO PasHOCTH (a3 ¢;— @, MeXK1y OTHeJbHEIMA lyramu 6yAyT XaoTdue-
CKM H3MEHATHCS W TaKHe BOMHBl SBASIOTCH B3aUMHO HeKOQre-
PEHTHBIMH, a CNeJOBATeJbHO, HE JNAIOT ycToiuMBOil mHTepdepen-
IHOHHOH KapTHHBL

Tem Oonee HeKOTePeHTHHIMM M HE MOIYIIMMH HMHTepdepHpOBATH
Apyr € JApyrom sBJSIOTCH BOJHBI, HCOYCKaeMble BYMsi Pa3.H4-
HBIMHY €CTeCTBEHHBIMH HCTOUHMKAMH cBeTa. Bo3HHKAeT 3aKOHHBIA
BONIPOC: @ MOMHO /1M BooOumle A/1s1 CBETA CO3JATh YC/IOBHS, IMPH KOTO-
peix Habmopaduchk Gbl HHTEpEPEHIHOHHEE ABIeHHs? Kak, MoNb3yACh
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OGHYHLIMHM HEKOTePEHTHLIMH H3/yYaTelsIMH CBeTa, CO3iaTh B3aUMHO
KOTE€PEeHTHBIE HCTOUHHKU?

[Tonydenre KorepeHTHBIX Jydell OKasbnlBaeTCsi BOSMOMKHBIM, €C/IH
3aCTaBUTh BOJNHY, H3/yYaeMylo OTIe/NbHLIM aTOMOM, HHTepdepHpOBaTh
caMy c co0oid. Ha puc. 1.52 usobpaxena BoaMoxuas cxeMa Ta-
koro Metoza. Jlyu B Touke A majaer Ha rpaHHNy ABYX CpPeRH P a 3-
ABaH BaeTc A YacTb BOJHE OTPaxKaercd H Moc/e psaa nocjenyo-
IAX OTPAXKEHUH H OpesIOMJIeHHH NPUXONHT B Touky B, npoiis noMa-
uetfi 0yTh ACB c obulelt snuHo# [;. ipyras yacTs BoJIHBI npenoMaseTcs
¥ nocje psaja Mocjeayrolllix oTpaxeHud W npesioMeHHN NPHXOAAT
B Ty Xe TOUKY B no somasomy nyta AD B ¢ obweit xnntoi [, B Touke 4
ob6e yacTH BOJHBEL HMeaH OfHHAKOBYIO a3y Konebauu#t, HO B TOUKY B,
6aarozaps pasHocTH Xoxa l,—I;, OBM NPHAYT B DA3JHYHOH (ase.
Pasnocrb a3 Mexay o6eumu BoanaMu (cM. T. [, §58)

@ — @y = 21 =8 (10.8)
GyAeTMOCTOSSHHOH H He 3aBUCAMEeN OT HAYAMb-
HoH ¢aa3nw Boauel. B3aumuas korepenrnocts nyueit ACBu ADB
HE Hapyllaercs, ecld B TO4KY A NPUXOINT CBET OT ecTeCTBEHHOTO HC-
TOYHMKA. B 2TOM ciiyuae g5 Ka3KJ0T0 Lyra MOHOXPOMAaTHUECKUX BOJH,
HCIycKaeMoro APYrHM aToMOM, [IOc/ie €ro PasfBOeHHS W HPHXOoJa
B TOYKy B ocraercs Ta xe pa3nocTe ¢a3 (10.8) u unrepdepenntonnas
KapTHHA B TOYHOCTH NOBTOpSeTCH.

K ckaszanHOMy ciefyer cienaTh TPH OrOBOPKH:

1. ILyr BoaH, McnycKaeMmblfi OT/eNbHBEIM aTOMOM, MMeEeT KOHEUHYIO
APOTAXKEHHOCTL BJOJAb Jyua, [IpM OpOAO/IKATESBHOCTH HCHYCKAHHS
Ta107° cex u cxopoctH cBeta ¢=3-10° M/cex 3Ta MPOTAKEHHOCTD
nopsaka -

L=ctx~3m

[lpu paswocTd Xoza ly—I;, npeBBUAOUed MPOTSKEHHOCTs nyra L,
rojoBa myra, UAyliero no Gosiee ANHHHOMY OYTH ly, JOXOAHUT JO TOUKH
B, torpa xak xBocT Lyra, Lexmero no Gojee KOPOTKOMY OyTH Iy,
y¥Ke MHHOBAJ 3Ty TOUKY M BCTPEYAeTCs ¢ LyFaMH BOJIH, UCHYCKaeMbIX
APYTHMH aTOMaMH, N0 OTHOIIEHHIO K KOTOPHIM JAHHBIA IYr yiKe HEKO-
repented. Takum obpasoM, HHTepdepeHuUHa caMoro ¢ colboH Jyua or
€CTeCTBEHHOrO HCTOUHMKA CBeTa BO3MOXHA JIMIUb NPH HE CJIMIIKOM
GonpiuMX pasHOCTAX XO0jga, AO TeX HOp, NMOKa

l,—I, <L. (10.9)

2. Ecny ofue w3 nyuedl gacTe nyTH [, MPOXOUT B BaKyyMe, a Apy-
[y 4acTb [—B cpejie ¢ moKasaTeneM upejaoMnenns n (puc. 1.53),
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TO CJe/lyeT yuecTh H3MeHeHNe AJAHHbL BOJHE, NPOHCXOAALILEE NPH Depe-
[
Xofie cBeTa H3 BaKyyMa B cpeAy. Eci o603HauUTb yepes A,= < AJu-

Hy BOJIHB B BaKYyMe, TO, KaK floKasaHo B § 6, JiHHa BOJHB B Cpefe
yMeupliaeTcsi H Oyjer paBHa

U v M
=3
VaMenenne (asbl 3Toro Jyua npH mpoxoxjenuu nytd AB Oyper:

Ly I ly4nl

Ap=2n (T{‘”T)‘“Q“ = (10.10)
Takum 06pasoM, Aisl pacueTa HHTepHEpPeHUHOHHBIX SIBJCHHUH cyllecT-
BeH He FeoMeTpuyeckuil Xox ayua /,+J, a onrHYecKaa AJH-
Ha nyTH [,+nl, yuutHBawomas,
CKOJIBKO JJIMH BOJH YKJajbiBaercs Ha L
NyTH Jyya NpH OPOXOXIEHUH ero ue-
pe3 pasHble cpefbl. 4

3. M3 (10.4) u (10.8) cnenyer, uro

ycusienne uiaM ocnabnenue CBera npu J
HHTep(epPeHHH 3aBUCHT OT OTHOIIEHNHS Puc. 1.53.
pasHocTH xoja l,—I, K AJAHHE BOJHLL A.
Ecnu B Touky A npuxopun Genwlit cser, TO NPH OJUHAKOBOH pasHo-
ctd xofa l,—I; B Touke B pasnocts ¢a3 ¢;—¢, AN PAsJUUHBIX CO-
CTaBJSIONMX €r0 MOHOXpOMaTHUeCKHX BOJH (pasuble A) Oyner pas-
auyna. JlydH OJHMX UBeroB B Touke B OyayT ycHauBaTh JApyr
Apyra, a Jny4d JIPYrux unseros — ocnabxasite. B pesynbTare caer,
NpUXOAAHIMEA B TOYKy B, Oylier yxe He GesbiM, a OKpaileHHHM B TOT
uad Apyrodi user. Ota okpacka OyjeT pas/iMyHa B PasHbIX TOUKaAX
npocrpancrsa. VHTepdepeHnHOHHEe MaKCuMyMBl H MHHMMYMbl AJ7is
nydell pasHoro uBera 6yAyT NPOCTPAHCTBEHHO Pa3fiesientl, H Mbl GyjeM
HaOnozaTe BHTEPMEPEHNNOHHEIE CHEKTDELL.

§ 11. Meroaw HaGmojpeHus uuTepdepeHumn CBeTa

OnHcaHRLH B npefbliylleM naparpade OPUHUHMII MNONRYYEHHS KO-
repeHTHEIX JyueH pasfieneH¥eM BOJHE Ha JBe HacTH, NpPOXOAsilue
pasnUyHbe NYTH, MOXeT ObITh IPAKTHYECKH OCYINECTB/ICH Pa3NTAYHBIMY
criocofamMu — ¢ OOMOINBIO 2KPaHOB H IIejefl, 3epkad U HperoOMs-
X TeJ.

B onwte IOura (puc. 1.54) cser U3 TOUEYHOrO HCTOUHHKA
(Mas10e oTBepcTHE S) NPOXOJUT Yepes jBa paBHOYAAJEHHbIX OTBEPCTHA
A, 1 A,, sBasomExcA Kak Ol AByMS KOTePeHTHHIMH MCTOUHHEAMH.
HutepdepenuontHas KapThHa Halamodaercs Ha akpane E, pacnoao-
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KEHHOM Ha HeKOTOPOM DaccTOSiHMM napaJsulenbHo A,A,. Ycunenwe u
ocnab/ieHye cBeTa B HPOU3BOJbLHOI Touke M 3Kpana 3aBHUCAT OT pas-
HOCTH Xofa Jayde#r l—I;.

£ 3epkana PpeHenas
. npexctaBamor cobolt  jpa
; NJIOCKHX 3epKaJja, pacnoJo-
. MEeHHBIX MOJ yrJoM, GJiMa-

kum K 180° apyr x apyry
(puc. 1.58). Hcrounuk S wuc-
nycKaeT CcBeT, OTpaxai-
. iicss oT o0oUX 3epKasn H
nonajaroumuil Ha skpau E,
3aUMINEeHHBI OT npaMoro
nonajanusi xoxyxom K.
” [To 3akoHaM oTpaxeHHst
Puc 154 OT MOJIOCKOr0 3epkana (cM.
§ 7) Ayum, oTpaxeHunle OT
MepBOro 3epKaja, Kak Ol HCXOAAT M3 MHUMOTO HCTOYHHKA S,, pac-
HOJ0KEHHOrO CHMMETPHYHO HCXONHOMY HCTOYHHMKY S. AHanorudwo,
7y4H, OTPaXKeHHble OT BTOPOro 3epKaJ/ia, MOXKHO PacCMaTpHBATh UCXO-
AAWAMH M3 MHHMOTO HCTOYHHKA S,, SIBIASIOMIErocsi H300pakeHHeM
HCTOUHMKA S BO BTODOM 3epKaje. MHHMble HCTOUHHRH S; U S, B3a-
HMHO KOTepeHTHbl, ¥ HCXOAf-
e U3 HIX OYYKHA ayuell nepe-
ceKatoTcsl U MHTEpdepHPYIOT B
oBJacTH, 3alITPAXOBAaHHOA Ha
puc. 1.55. Hurtepdepenunon-
Has KapTuHa Habmioxaercs Ha
skpane E, NOMEIUEHHOM B 3Ty
o6Jactb, ¥ 3aBUCUT OT PAa3HO-
cTH Xofa Jaydedt [,—I, 10 upo-
H3BOJIBHLIX TOYEK 3KpaHa.
Axanoruyuasa HHTepdepeH-
LHOHHAS KapTHHA NOJydaeTcs
u B 6unpusme Ppe-
Hednas, uscOpaxeHHod Ha
pac. 1.56. B stoM cayuae mMuu- Puc. 1.55.
Mble KOTepeHTHble HCTOYHH-
KM S; H S, BO3HUKAIOT B pe3yiabraTe NPeJOMIeHHd B OHnpusMe.
Pacuer uHTephepeHHOHHOH KapTUHBL AN BCeX TPEX OMHCAHHBIX
NpUMEPOB MOMKET ObITb CHJBHO YTPOILeH, €C/IM PACCMATPHBATEL HE TO-
yeuHble, A JHHelHble HCTOYHHKH — Y3KHe, MapallenbHble H GJIH3KO
pacnoAoxeHnnbie ulenu, Cxema pacuera npuBejeHa Ha puc. 1.57 u
(dakTHUeCKH NOBTOpfeT pacuer, npoussenedusid B 1. 1, § 58. [Tae menmu
S ¥ S, pacnoyioKens! HepUeHAMKYNSPHO K MAOCKOCTH YcpTeka Ha
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paccrosiuuu d Apyr OT APyTa M SABJSIOTCS KOrepeHTHHIMH (peasibHBIMU
HJIH MHAMBIMH) HCTOUYHHKAMH cBeta. DKpaH E Takxe nepneHiMKYyAs-
peH K OJIOCKOCTH YepTexa M napaanened obeum mensaM. PaccyutniBaer-
¢ pasHOCTh Xoja Ayuefl 415 npousBosibHOA TOUkA M, Haxopsimefcs
HA PaccTOsIHNMY X OT LieHTpaabHol IMHUY 5KpaHa. IKpaH pacnoJaraer-
Csl Ha paccTOsHUM [ 0T mene#, MHOTO GOJbIIEM HX B3aUMHOIO PaccTos-
Hust d. W3 puc. 1.57,a umeeM:

= (xe9):
=it ()"
BLIAATAA MOYJICHHO, MMeeM: ‘;:g._:_-_:::—-—
(lg— 1) (ly +1y) = 2xd. Puc. 1.56

‘SI R —
— ——,
~ -
-~

U3 ycaosuga 13> d cnenyer, uro [, =~2/. O603Ha9HB HCKOMYIO pas-
HOCTb x01a ly—I; = 8, Hmeem:

. (11.1)

B rtex Mecrax Ha 3KpaHe, TAe 3Ta Pa3HOCTb XOja PaBHA lIeOMY
YHC/JYy BOJH MM YETHOMY HUCHY MOJYBOJIH,

6Maxc=2k%; k=0) j:li igy :E31"" (11.2)

konebalins, NPUXOZAUIME OT OOOHX HCTOYHHUKOB, CKJIAABIBAIOTCH, aM-
NMHTYIa yABaUBAeTCs, a HHTEHCUBHOCTb BO3pacTaeT B HeTmpe pasa.
B Tex Mecrax 3KpaHa, [J¢ pasHOCTb X043 PaBHAa HEUETHOMYy YHCIY
IIOJTYBOJIH,

6L1ﬂﬂ=(2k+1)%-; k=0,il, iQ’ i3,00': (11.3)

BOJIHEL OT OGOHX MCTOYHHKOB NMPHXOAAT B NPOTHBOMOMOXKHOK dasze u
MOJIHOCTBIO racsiT Apyr Apyra.

B pesyapTate Ha 3Kpane Oyner HaGJIORaTbCS CHCTEMa uYepenyio-
IMXCS CBET/ILIX U TeMHBLIX HOJIOC C MOCTENeHHLIMA MepeXojaMH, Kak
9T0 NOKa3aHo Ha puc. 1.57,6. Ma (11.1) u (11.2) HaxonuM nonoxenus
NocJ/IeIOBATEIbHBIX MaKCHMYyMOB:

xy=FA 7. (11.4)

Paccrosiuus MeXKAYy COCeIHHUMH MaKcUMyMaMH

Av=y—y=(k+ 1)A S — kAT =M+ (11.5)



74 4, 1. ONTHKA [cn. w

OCT2I0TCS HEeU3MeHHEIMH BOJb 3KpaHa. [Tockoneky I3>d, To Ax>> A

Tak, HampuMep, npH %:—- 10000 u A=0,5 #x paccrosiHue MexKAy MaK-

CHMyMaM#l Ha 3KpaHe JocTHraer Ax=5 mm U Xopolllo pasHMUHMO,

{ o
3nas  u namepss Ax, MOXHO OTCIOfa HANTH JUIMHY BOJHBI JAHHOTO

CBeTa.

Hsobpamennan Ha pue. 1.57,6 KapTHHA YepeROBaHUS CBETILIX H
TEMHBIX NOJIOC CHIPABEAJHBA HPH OCBellEHHH MOHOXPOMATHUECKHM CBe-
ToM (A==const). IIpn ocpemennu GenriM cBeroM uHTephEpPeHIUOHHAS
KapTHHA /151 Jyuedl pas/IHYHBIX UBETOB pazofijercsa. Tak Kak corsac-
HO (11.5) Ax~ A, T0 MaxcuMyMEl HauGonee KOPOTKHUX ((HOMETOBBLIX)

g
7
L z 4 éf
L %
5 2 3
g /l/ g gt ﬁMb/A? T \‘< /{MFM
g clem Y| —— !
I ’ é‘ B
it [}
/.

Puc. 1.57.

ayuefi (A=0,4 ux) OyRyT pacnosoxennbl 6auxKe, YeM MAKCHMYMEL Hau-
Gonee AAMHHBIX KpacHHIX JAyuelt (A~0,76 mk). B cepenune skpana
npu k=0 MaKCHMYMHl BCEX LBETOB COBMANYT, M MH HOJNY4UM TaMm Ge-
JyIo NoJIoCy, C/erkKa KPacHOBATYIO MO KpasM, FAe HAXOJUTCH MHHM-
MyM Aas duonetoBhix JAydeli. OfHAKO yxe nepeas cBeTaasi moJjoca
cnpaBa u caeBa (B=--1) O6yzer okpamenHo#f, Kak NOKa3aHO HA PHC.
1.57,8. Obpasytomuiici HHTephbepeHIHOUHBHA CHNEKTD
nepBoOro nopsAKaOyzer obpaiied cBoed (pHOJICTOBOH YacTh0
K cepejuHe 3Kpana. MurepdepeHnHonHbie CneKTpol Gofiee BEICOKHX
nopsaKoB ( [k| >1) Oy IyT CHJIBHO IEPEeKPHIBATH APYT APYyra.

Boabluoil npakrdueckMd HHTepec npejcraBnder HHTep de-
PeHI M B TOHKHX NNacTHHEKAaX 4 nnedkax. Pasbepem
noapobHO KapTHHY HHTepdepeHMY OT TOHKOH nocKoNapaJienbuod
AJIACTHHKA TOMUIMHOA d, U3rOTOBNEHHOH M3 HPO3pauHOro BelliecTBa ¢
noKasarteneM npenomnenus n (puc. 1.58).

Ilycte Ha 3Ty mnacTHHKY U3 BO3AYXa (%50,, ~1) NajaeT napannens-
HHIH y4OK Aydell OT yAaJ@HHOFO HCTOYHHKA MOA yIJiOM i K HepHenH-
Kyaapy. Jlyd /, najnaomui Ha 01acTHHKY B To4Ke A, 1acTayHo orpa-
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3UTCA, 2 YACTHYHO APEJNOMHTCH HOJ YIVIOM fr M BOHJeT B NJacTHHKY.
Hoiigss go Touxkn C, OH YACTHYHO NPEIOMATCA B BO3RYX, 2 YacTHUHO
OTpa3uTCA ¥ HOHZeT K Touke B. 3Hech OH ONATL YaCTHYHO OTPAUTCH
H TpeNoMHTCH ¥ YacThb Jiyya / BHAAET B Bo3AyX nox yraowm . C gpyro#
CTOPOHSBI, Ha TOUKY B NNACTHHKH MajaeT H YacTHYHO OTpakKaercd NOA
TeM e yraoM i ayd //. B pesyabTare k rnasy Habmaofartens noiiayT
BMecTe JBa Jayua: ayu [, mpo-
wenmuii myts ACB B BelllecTse
fAACTHHKH, H Jay4 I/, npoluen-
mu#i nyrs EB B BO3AyXe U OT-
paxXeHHBIH OT MIACTHHKH.

Ha ¢poure Bonnm AE o6a
A1yua uMeNu OAMHAKOBYIO a3y,
HO B Ja/bHefilueM npoLiy pas-
JMUHbie TNYTH B PasHbIX cpe-
naax. KpoMe Toro, cienyer eme
yuectb, 4to Ayu EB npu orpa- 2
KEeHHH OT oOnTHYecku Oonee Puc. 158
NAOTHOK cpesrl (BO3AyX — Hi1a-

CTHHKA) TepfeT nonsoaust (cM. T. I, § 59).C yuerom (10.10) MoxeT 6uITH
BHIUHCAeHAa O THYeCckasa Pa3HOCTDHb xoxa ayued [/ u [:
d=n (Ac+CB)-(EB+-”g)=n2£’—_2dtgr sin i—2.,

cosr

Hcnonb3ys 3aKoH mpesoMJieHds
sini
sinr

1

MOMKHO 3TO BHIpaxeHHe A & mpeoGpasobaTs Tak, WTOOH HCKMIOUUTH
TPHTOHOMETpHUECKHe (YHKIHMH yI/a r:
_2dn

. }\fo___
—&)—5;—-2dtgrn smr——2-_2dn

1—sin?r

7»0___
cos r 2

=2dncos r——z“-z‘—’ = 2ngl——sin2r———?§9=
=2dV n*—n?sin? r—% ,
HIH OKOHYATENbHO:
3= 2dV F—sin®i—2. (11.6)

[IpH ocBelileHHH NJaCTHHKY MOHOXPOMATHUECKHMM CBeTOM U Hal-
JIIOAEHHH OTPaXKEHHOTO CBeTa IJIa30M, aKKOMOJHPOBAHHLIM Ha GecKo-

HeYHOCTH (MM uepes NUH3Y), NacTHHKa 6y aeT cBeTVioH, ecnn 6=2k% .

H TEMHOH, ecsH 6=(2k+1)522. Tak xak coraacho (11.6) Beauuuna &
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3aBUCHUT OT {, n U d, TO BO3MOXKHBI pPa3JiMuHbie ciaydau. Tak, npH HaMe-
HEHHH yIJia HAaKJIOHa (Henapa/JiefbHBIH Ny4oK) ByjAeT MeHATbCH OC-
BelleHHOCTh MJACTHHKH (CBeTJble U TeMHblC JIUHHH PABHOI'O HAKJ/IOHA),
Ecny ToamuHa niactuHKY d HEORHHAKOBA, TO HA ee moBepXHOcTH 6y-
AyT Hab/mofaThcd MOJOCH!, OTBeYatollde YHMACTKaM DPABHON TOJMILMHEL
(d = const), npHyeM Te y4acTKH, AN KOTOPLIX

2d Y nT—sin?i—p=0r,
OyaAyT CBETALIMM, 3 yYacTKH, HA KOTOPBLIX
2d Y/ T —simTi— Q= (2412,

OyRyT TEeMHBIMH. B CODTBETCTBUM ¢ 5TUM CaMH CBeT/Ibl€ H TeMHHE M0~
Nochi TaKe Ha3biBaOT [OJ0CAMU PABHOH TOJIIUHEL,

[lpy ocsellenny MJoCKONapa/uieNbHOH MJIACTHHKH OenbiM CBETOM
ycaoBue MaKchyma

24V nP—sin?i— 4 =21 (11.7)

Gyaer coba0AeHo JHIIb JJisi OAHOH onpejesieHHON AJNUHH BOJHLL H Bes
HOBepXHOCTh NJIACTUHKH OKPAacUTCS B ONUH OINpeJeJeHHBH HBeT,
npHuYeM ¢ U3MeHeHHEM HAKJIOHA 3Ta OKpacKa Gyjer MeHsatbes. s
NJIaCTHHOK U NJIEHOR NepeMeHHoH TOMIMUHE (KJAHH, NOBEPXHOCTh MBI b-
HOTO Ny3Hp4, NJCHKa Mac/la Ha OBEPXHOCTH BOJBI) 3Ta OKpacka Oyzer
Ha Pa3NHYHLIX yyacTKaX pasJjuyHa.

Ile uperaM TOHKHX NJACTHHOK ¥ MJIEHOK MOXKHO CYAHTH 00 HX TOJ-
muHe U B cootBercTBUM ¢ (11.7) maMepsite nocaensioo. Tak, nsera
nobexalocTH Ha NOBepXHOCTH MeTas/a NO3BOJSIOT OHpPeJe/HTh TOJ-
uwuHy o0pasoBasliefics OKCHRHOR NIEHKH.

Ecau ¢ HukHedl cTopoHB NIACTHHKH MM NJNEHKH PacHONioxeHa
cpesa ¢ nokasateseM IIpeoMaeHus OGONBbIIHM, YeM Y BellecTBa MJjeH-
K4, T0B Touke C Ha puc. 1.58 Byger Taxxke npOUCXOAUTL NOTEPS N0J-
BOJIHEI ITPH OTPaxeHHH.B 5ToM ciyyae B NneBoit uactu pasetcia (11.7),
onpeensioulero ycjaoBHe MAKCHMYMOB, ClefyeT OOYCTHThb cJaarae-

Moe T

Ha (11.7) Bugso, 4TO NPH NOCTOSIHHEIX 3HAUEHHAX d, n H A HU3Me-
HeHHe yrJia Hal/iofieHHsi { NPHBOJMT K IiePeXOAy OT OFHOro HHTepde-
PEHUMOHHOTO MaKcHMyMa K CJACAYIOMeMy, KOrja NOpSAIOK MaKCHMYy-
Ma B MeHsiercsi Ha exuauuy. Ecau nzienka Toncrasi, TO nepexoj or
OJIHOTO HHTep(epeHiltHOHHOO MaKCHMyMa K cocelHeMy Gyner coBep-
IATLCA NPH CTOJb MaJioM H3MEHEHWH YrJa HaKJOHA i, YyTO HPaKTH-
YeckH BCH HHTepdepeHUMOHHAs KapTHHA OyJeT cMasaHa.

Hutepdepennuonnas KapTHHA OT KNHHA HEePEMEHHOH TOJIMMHEI
BniepBhle GbIIa MaydeHa eile HporTonoM. CxeMa Habnionenus Tak Ha-
suiBaeMbix KoJen HoeioToua usoOpaxena ua puc. 1.59,a.
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ITnockopbinyKNas JNHH3a OueHb GOJIBIIOTO pajMyca KPHUBH3HLL (10--
--100 ») npuxHMaercs BHINYKAOH CTOPOHOH K NJOCKOR naacTuHke
TaK, 4TO MeXJAy HMMH ofpasyercst BO3AYLIHbIA KIUH HepeMeHHO# TOJ-
muHst d. TonmMHA 3TOro K/IMHA 3aBHCHT OT PAcMOJIOXKEHHS TOUKH B,
XapaKTepH3yeMoro  pagHycoM r.

W3 npsiMOyroJIbHOrG TPeyroJbHUKA ¢
ABC uMeeMm
r?=R*— (R—d)®=
=(2R—d)d =~ 2Rd
UK s
r
d 3R (11.8)

[Myuok napansenbHLIX Ayded na-
jaer ceepxXy Ha nuH3y. Jlyu, noxo-
JAuMiE 70 TOYKH B, 4acTHYHO OTpa-
Kaercsl, 4 YaCTHUHO NPOXOAAT B
BO3AYIIHBIH KAUH (NIpaKTHUECKH Bep-
THKaJbHO, H3-32 MaJOH KPUBW3HEL
auu3pl). Orpaxkasace B Touke D or
AJacTHHKY, OH BO3Bpaliaerca o6pat-
HO ¥ HHTepdepHpyeT C JAyyoM, oTpa-
wenHuM B Touke B. Tak xax B T0Y-
Ke D npoucXoiuT orpamenHde oT om-
THYecKH OoJjiee NJIOTHOH Cpels! U Te-
psieTcsl MOJBOJHEL, TO ONTHYECKAS
pasHocTb xoja o0OHX HHTEpdepH-
PYIOIIHX OTpaMeHHHX Jyuelt Oyner

s=2d+ =2tk (119

[Ipu ocBemeHuH CHCTEeMB MOHOXPOMATUYECKUMH JiyYaMd B OTpa-
XKEHHOM cBeTe OyAyT HabJioaThbcsi TepeMeKaromHecs cBeljble H
TeMHLIe KOJbLA TOCTOSIHHBIX paguycoB r == const (puc. 1.59, &).
Pamuycel TeMHBIX KoJsiel onpefenslioTc H3 yCJAOBUsi TalleHus

8=+, e Lol

H OKOHYATE/NBHO PajHyc k-0 TEMHOrO KONbLIA DaBeH:

re=VEAR. (11.10)
Paguycel nocnenoBaTeNbHLIX CBET/IBIX KOJEll HAXORATCA H3 YC/IOBHS
A
MaKcUMyMoB 8 =2k—29 H paBHBL

ry= ]/(k--;-)xoR. (1L.11)
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CueT TeMHBIX KoJel HaydHaeTcst ¢ £ =0, T. e. OT caMoro meHTpa
uutepdepenuonHol KapTHubt, Cder CBEIJBIX KoJjell HAauMHAETCH ¢
k =1. Paguycs KoJiell pacTyT NporopiHoHaNLHO KOPHIO KBaAPATHOMY
13 UX HOMepa &, T. e. ueM JaJjiblie OT [1eHTPa, TeM 3TH KoJbLa pacrnoa-
raiorcs ryile, Kak nokasano sa puc. [.59,6.

[Ipu oceemenuu npubopa GenbiM cBETOM CBETJIbIe KOJIbla CTAHOBAT-
¢ COOTBETCTBEHHO OKpAIIeHHEIMH.

Mamepsis pajuychl KONl r,, MOXKHO (3Has pajuyC KPHBH3HHI
JUH3E R) onmpenenuTb JIHHY BOJHBE! OCBellaBllero mpubop ceera A,
H o6paTHO — HO H3BeCTHOH A HalTH pajuyC KPHBM3HHl JHH3H R.

§ 12. Mpakruueckue npuMmexenus uarepdepenunn. Hurepdepomerpns

Kak BHAHO M3 paccMOTPEHHBIX B NpejpfylleM naparpade nprMe-
pOB, HHTepdepeHUHOHHbIe fABNeHUs O0y€JOB/IEHH BOJHOBOH HPUPO-
J0ff cBeTAa M HUX KOJHYECTBEHHBIE 3aKOHOMEPHOCTH 3aBHCAT OT JJIHHEL
BOAHBL A. V3Mepsis paccTOsiHHSL MexAy HOJOCAMH B OmuTe ¢ OHIIpH3-
Mot Ppenens WaAH paauyce Kojell HhloTtoHa, MOXHO OnpelendTh
AJMUHBL BOJH CBeTOBHIX JAyuefl. TakoBa nepBad rpynma NpHMeHeHHH
HHTePGePEHUMOHERX SBJIeHHl, HMEIOIas NPHHUHOHAJBHOE 3Haue-
HHe, — AOKA3aTeNbCTBO BOJNHOBOH [IPHPOALI CBETA M H3MepeHHe
AJMHH BOJIH.

BTOpHIM NpakTHUECKHM PHMEHEHHEM HH-
TepdepeHUNN gBAAETCHd TAaK HA3EIBaEMOe
«apocreTiende onTukuy. Heso B ToM, 410
He Bech CBETOBO# NOTOK, NAAAMOMIKH Ha JIUH-
3y WM NPH3MY, NPOXORUT BHYTPhL MOCHE]-
Hefl, a wacTb ero orpaxaerca o6paruo. Cos-
peMeHHbIe TOYHBIE ONTHYECKHe NPuGOpH co-
Iepxat OOMEINoe KOMHYEeCTBO JHH3, H YacTH-
HOe OTpaKeHHe cBeTa Ha MHOTOUHC/IGHHBIX
MOBEPXHOCTAX pasjienia 3aMeTHO CHUXKAeT WH-
TEHCHBHOCTE CBETA, AOXOAALLErD JO 71432 Ha-

Pruc. 1.60. OarojaTens UM perucTpupyloulero npubopa.

IloMuMo yMeHbILEHUS SPKOCTH OKOHYaTelb-

HOTO H300paMeHNs, OTPaXeHHe CBETa OT BXOAHOro 00beKTHBa HabJiio-

JaTejabHOrO NpHOOpa B BOGHHOM JeJie AABJsdeTcd NPHUHHON eie OfHON

nenpusitioctd. Otpamenunifi o1 o0beKTHBa cBeT {«6/IHK») BO3Bpalla-

ercsl K HPOTUBHUKY, JAEMacKHPysi HOJNOKeHMe HAGMIOAaTeNbHOro
npubopa.

Iis ymeubiieHus orpaxenns csera M. B. 'peSeniiuxosnM ¢ cot-
pyRuHKamp Obljia paspaGotana TeXHOMAOTHSI OOKPHITHA HAPYXKHBIX
fIOBEPXHOCTeH JIMH3BI CHEeNHabHEIMH TOHKUMH njedkamu. Hpes Me-
TOJa NOHATHA M3 cXeMul pHc, 1.60. llepefnssa noBepXHOCTb NHMH3HL
NOKpbiTa ClelHanbHOA npospaunol naenkofl, [lpu Hanudmu nienku
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NajAOMUf CBET OTpaKaercss JBa X Abl: OT [PaHHUNBL BO3LYX - MJleH-
Ka 4 0T rpaHHIB njenrka — juH3a. [lokasarens npesnoMnenus H
ToJINMHA nneHKH d noafupamTces Tak, uyToObl 00a OTPaMKEHHBIX Jyua
6L B MPOTHBONOJIOXKHON (aze M racumam apyr apyra. [Ipu stom
nosnocTbio HMcuesalor Oquku. [lockonbky Ke npH HHTepgepeHIHH
SHEPrHs CBeTa He HCYe3aeT, a JIMUIb repepacnpejesisieTcsas B NpOCTPaH-
CTBE, TO rallleHHe OTPaKeHHOro Jyda CONPOBOXKIAETCS COOTBETCTBEH-
HBIM yBe/THYeHHEM HHTEHCUBHOCTH P eIOMJCHHOTO Jy4a, MPOXOAALIEro
BHYTPb ONTHYECKOH CHCTEMb.

J1Jisi TOro 9TO6K! YCJAOBHA OTPaKEHHS (IIOTeps TOJBOJHE) HA obenx
rpannnax pasfena OblIH OAMHAKOBBI, OKAa3aTe/lb NpeIOMJCHHS MJ/eH-
KH 7 J0J3eH GuiTh TPOMEXKYTOUHBIM MeKAy eauHHuiell 1 noxasateseM
npesioMaedys JUH3b n,. Jns B3aUMHOro rauleHHUs OTPaMEHHBIX Jy-
Yefi UX OOTHYECKAs Pa3HOCTb XoJa 2 dn RonxkHa OulTh paBHa MOJOBHHE

A
JJIHHBI BOJIHBI 2, CJIQ,IIOBQTCJH)HO, TOJLHUHA TJICHKH ONpelfeadTCss U3

2
ycnosHs

d=p-2 (12.1)

7\4
Tae A = 712 €cTh AMMHA BOJIHHL CBETA B BEIUECTBE IJIEHKH,
Pacuer noxkasuiBaer, uto Hanbojee nonHoe rauleHue Oyaer npu

yCJIOBHH, 4YTO
n=Vn,. (12.2)

Popmyna (12.1) nokaswiBaer, 9To Heab3s AOOHTHCS ONHOBpEMen-
HOro ramleHMs 451 BCeX NJHH BONH BHAMMOTrO crekrtpa. [lostomy
ycnosue ramenns (12.1) 1omxHo GuITh BBRINONHEHO, BO BCIKOM caydae,
17151 Hanbosiee BOCHPHHUMAEMOH YeNOBeTeCKAM rJia30M AAMHE BOJHE
A,=Dbbb nm (cm. § 4).

[lrenka, parowas, cornacuo (12.1) u (12.2), naunyumee «npocset-
JieHHe ONTHKH», HAHOCATCS HA MOBEPXHOCTH JIMH3BI MM obpasyerca
XMMHUECKHM OyTeM 3a CYeT BHILleJauHBAHUS YaCTH KOMMOHEHT CTeKna
Ha rayOuHy, paBHYIO YeTBePTH MAJIHHEI BOJIHBL,

Tperes rpynma npaxTHYeCKHX npuMeHeHHA HHTepdepeHuuu —
BTC MpeLH3UOHHBIE H3MEPEHUS, IMIaBHBIM 00pPa30M JIMHEHHBIX pasMe-
pos. Jlns atoro cnyxart npubopel, HasbiBaeMmble HETep dep o -
Me Tp amu. IlpuBeneM cxemaTHyecKoe ONHCAHHE HEKOTOPLIX GCHOB=
HbIX THOOB  HMHTepdepoMeTpoB.

BuurteppepomMerpe Malikeascouna, Hsobpaxed-
HOM Ha puc. 1.61, mapannenpHmi#l My4oK ayye# OT HCTOUHMKa S na-
Jaer mof yraom 45° Ha MICCKOMAPa/IeNbHYIO CTEKASHHYIO NJACTHH-
Ky. Cropora n/acTenkd, yjanewuas or S, mocepeGpexHas H moay-
npo3padHas, pasfenser ayy Ha 188 uactH. OTpaxeHHml Ayu Hjer K
3epkany S,, OTpaxaercs OT HEro W, BO3BPAMAsick OGPATHO, NPOXOIUT
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BHOBb 4€pe3 NMJACTHHKY U monajaer B 3pHTenbHylo 1pyly T. Bropoit
Jy4 UAeT K 3epKany S,, oTpaxaercs OT Hero, Bosspalllaercs o6parHo
W, OTpaxkasich OT NACTUHKY, nonajaeT B Ty xke 1py6y T, untepdepu-
pysi ¢ nepsuiM. [lepBoiii U3 aydeli ABaXKAbl MPOXOAUT BCIO TOMILY CTEK-
JsIHHOH nacTHHKH (Tyja 1 o6parHo). [TosToMy Ansi KOMIeHcaluy BO3-
HUKaoWedl pasHoCTH Xoja Hajo Ha TyTH BTOPOro Nyda NOMECTHTH
TOUHO TAKYI0 e NJIaCTHHKY U3 TOro e COpTa CTeK/a, MOKa3aHHYIo
Ha PHUCYHKe NYHKTHPOM.

Son B 3aBHCHMOCTH OT PasHOCTH
xofja oboux nydeidl 3pHTENBHOE
T none Tpy6er T OKakKeTCs CBETARM

” & mau temubM. [TpH nmepemelienun

4
s L } sepkana S, Ha paccrosidue, pas-
4( 7 E A 6 i
{ & HOE —-, Pa3HOCTb X0Aa 060HX JIy-
., A o
uell yBenHUNTCS Ha - M NpOU30i-
7 JI€T CMeHa OCBEUeHHOCTH 3pHUTe/Nb-

noro noJsi. Bosee uyBcTBHTEND-

HLIM 4BJAeTC CACLYIOIUE Me-

toi. HenopsuxHoe sepkano S,

Puc. 1.61. uyTh HakJAoHseTcd. JIyun, najao-

uiMe Ha pasHble TOUKH S,, Ipoxo-

19T pasauunbie nytd. Ilostomy B okyasipe Gygmer Habmomatecs

yKe He OZHOPOAHEIN (JOH, HO CHCTEMa NapasfielbHbIX TeMHbIX H

CBeT/BIX JIAHHH — «TOJIOCH! PaBHON TOJUMHBD, OTBEUAIOULHe PABHO-

yAa/eHHBIM OT HEOTK/OHEHHOrO MOJOKEeHNsI TouKaM 3epkana. Cwme-

menne S, BLI3OBET NepeMelleHHe 3THX MOJ0C, 3a KOTOPHIM Jerko

cnenith ¢ GOABIIOH TOYHOCTBIO. T?KHM nmyTeM Obl/l BOEpPBLIE H3MepeH

¥ cpaBHEH ¢ AJHHOH CTaHJaPTHOH CBETOBOH BOMHBI MEXYHapOIHHIA
5TAJIOH MeTpa.

B03MOXKHOCTb BHIOJHSIT TaKHe CPaBHeHHS C OYeHb BLICOKOH cre-
menblo TOYHOCTH MPHMBENA K TOMYy, YTO CBETOBYIO BOJHY clenand Te-
nepb stajsoHoM pnkHel. B cucreme CH ocHoBHas efuHMUA LUHEI
MeTp — JMKHa, paBHas 1650763,73 AnuH BOJH B BaKyyMe H3nyue-
HHs, COOTBETCTBYIOUIETO Nepexoly MeXay ypoBrsiMH 2p . u Bd (cm.
§ 51) atoMa kpuntona-86. O npumenennu HutepdepoMerpa Maiikenn-
coHa IS pelleHds NPHHUUONANBHOTO BONPQCAa O CyUIeCTBOBAHHMH
MupoBoro apupa Gyger pacckasano uuxe B ra. VIIL

Jinsg KouTpoJasi 3a WHCTOTOH 00pabOTKM MeTai/iMYecKHX NOBepX-
nocTell BeicOKoro Kaacca toudoctd B. Il. Jlunuuk paspaboran M o K-
pouuTepdepoMeTp, npecTaBAsIONHH KOMOHHALMIO HHTED-
depomerpa ¥ mukpockona (puc. 1.62), Crer or ucrounuka S nagaer
Ha pasiensiomufi KyOUK, cKjJeeHHBIH M3 1ByX npusmouex. I'unore-
Hy3Hasi TPAaHb OJHOH M3 NpU3MOUeK MOocepeGpeHa TaK, UTO YACTHUHO
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NponycKaeT, a yacTHYHO OTPaKaeT najalollde na Hee Jjyun. [lpowen-
IUHA NyYOK NonajgaeT Ha 3epKaso Z, oTpaxaerca o0paTHO K KyOHKY
M, OTpPasHBWUCHL OT nonynpospaqnoﬁ rpaHH, HJeT B MHKpockon M.
Btopo#t /y4, oTpasuBmHCh OT MOJYIPO3PauHOi CpaHH, najaer na
UCCTIeNYEMYIO MOBEpPXHOCTb H, OTPA3HBLIHCH OT NOC/IEAHEH, MPOXOIUT
uepes KyOHK B MHKpOCKOM

M, uutepdepupys c nep- AP

BLIM JyuoM. 3epkansbiie Z
HaKJOHEHO 10oJ Hebo/bIIUM
YTJIOM ¢ Tak, 4To pasHOCTb
xofa oboux aywed [,—I,

BAOJb MONS 3peHHs MHKpO- ? %
cKoMa JIHHelHo Bo3pacraer. s |

Baaronaps stoMy npH upe- - I =+ = Z
aJIbHOH TVIaIKOCTH HCOBITYe- a) | éf

MOH T[OBEPXHOCTH B MOJE +

3PEHHA MHKpPOCKONA BHJIHBI
cBETJble H TeMHble HHTep-
¢depenIHOHHbBIE ONOCh! PaB-
HOH TOJMUIHHE BO3AYILHOrO M
npoMexyTKka OT KyGHKa Jo
sepkanbua (eBas 4acTb

pHc. 1.62, 6). Ecu Ha Henbl- -/
TyeMOfl [OBEPXHOCTH ecCThb

BEICTYOBl HJIH HEpOBHOCTH,

TO B 5THX MecTax H3MeHser-

Csl XOJ BTOpPOro Jyuya M HH-

" Tep(epeHuHoHHble  [OMOCH 6)
COOTBETCTBEHHO CHBHIaloT-

¢, KaK [0Ka3aHO B cpej- Pue. 162,

nefl W mpaBoH 4YacTH pHC.

1.62, 6. MuxkpounrtepdepoMerpHuecKue MeTOAL MNO3BONHIGF OUEHHTH
yHcToTy 00pabOTKH OOBEPXHOCTH ¢ TOYHOCTHIO mopaika 0,1 A, T. e.
okoao 0,05 uk.

P rasoBoM HHTeppepoMerTpe, H300paKeHHOM Ha
puc. 1.63, NapanienpHulfl NyYyOK cBeTa OT HCTOUHHKA S pasfensiercs
auabdparMoil D Ha 1Ba nyuyka, NPOXOAALIHX 4epe3 jBe KIOBETH ONH-
HakoBOH AJHHHI [, 3anonHsieMble pasHbIMH rasaMu. [lyukH BHOBb C€O-
GupatoTcst JHH30H L M uHTepdepupyloT Apyr ¢ ApyroMm. OnTHuecKad
pa3HOCTb XOJ2 B 3TOM cjyuyae paBHa

d=nd—nl=(n,—n)l, (12.3)
rpe 1 — N0KasaTellb MpeoMJIEHHs! 3TaJOHHOTO, @ fI,— HCIbITye-

Moro rasa. HHTepdepennrnonnas KapTHHa B BHJE BePTHKaJbHLIX
noJqoc Haémo)lae'rcsa nocjse npeaoMJieHdsa NYYKOB B Bepmxanbuoﬁ

*

4 1. A. 3ncman, O, M. Togec, 1. 111
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uBAHHApHUecKoft nuH3e B, pacnajoxeHHOA NePNEHANKYJIAPHO K 4ep-
texy. HacTte nyukoB nocie auapparMe BReT B BO3nyXe Hall KiOBETa-
MH H AT HHTED(EPEHLUHOHHEE NOJOCK B BepXHeil 4aCTH DONS 3peHus
LHARBAPHYECKOR AHH3W (pHc. 1.63, 6). [lpu no&n uRTepdepeHuyon-
Hble NOJOCH NYYKOB, MPOUIEAIIKX Yepe3 KIOBETY, CABHUCaNTCs OTHO-
CHTEJBbHO 9TAJOHHBIX MOJOC H MO BEJHUHHE ITOTC CABHra MOXHO
ONpeReqHTb PA3sHOCTb N,— M. TakHUM NyTeM MOXHO H3MepsiTh Pas-
HOCTH B NOKasaTe]siX NPEJOMIEHHs C TOYHOCTbIO AO CEJLMOTO 3HaKa

Al ”kﬂ#&:ﬁ&ﬂﬂ L ’

L) FRTILAD CRMTY) 1\ 3 ‘f
s S
4 I P

& g
J,/p\ el i
g W Ll
. 4
Puc. 1 63

nocne sanstoid. [lockoabKy HokasaTesqb nNpeoMJeHHs n, (TouHee,
n,—1) nponopuuonasex MJAOTHOCTH rasa H 3aBHCHT OT ero XHMHYec-
KOro CocTaBa, TO TAKHM NyTeM MOXKHO H3MepATh He6OAbIIKe KOHIEHT-
palliH npuMeceli B rase, a TakKe H3MEHEHHS ero IaBJieHUs H TeMnepa-
TYpHl.

HaMepeHHs ¢ mOMOIIbIO Ta30BOro HHTEpdepoMeTpa MOXKHO BECTR
H KOMIEHCAUHOHHBIM MeToAoM, [Lisi 3TOro Ha nyTH Ayuell, NpoXoAaniux
yepe3 rasoBHie KIOBETH, C [OMOILBI0 MHKDPOMETPHUeCKOro BHHTA BBO-
JSTCS CTeKJAHHbIE MJIacTHHKH K, KOMneHCHpylolive BOSHHKINYIO pas-
HoCcTh XofZa 8 W Bosppamiaiollie CIABHHYTYIO HHIKHIOIQ CHCTEMY TMO-
Joc A0 cOBNajJeHHs ¢ BepxHel sTajonnofi. [Ipn sToM JeneHus MHK-
poMeTpHyeckoro BuHTa M MOryT OMiTh OTTpajyHpoOBaHLl Herocpen-
CTBEHHO B H3MeHeHMHX HOKa3aTend NPIOMIEHHA K —n WIH B NPO-
IeHTaX OT KORUEHTpauuHu HcclepyeMol npumecH. Ecid wcnbiTyeMbid
ras ¢ Npy¥Mechbio HenpepLBHO NMPOCAcbiBAETCSt Yepe3 KIOBETY, TO TaKHM
nyTeM MOMHO CJI€IHTb 32 H3MEHEeHHS MU ero KOHLEHTPalHH C Teye-
HHeM BpeMeHH.

[Ipusefennnie TpUMepH JajeRO He UCHYepNLIBAIOT BceX BO3MOXK-
HOCTel M MHOrOUHC/IEHHBIX FPaKTHUeCKHX npHMeHEHHA HHTepdepeH-
IHH B COBpPEeMeHHOH TeXHHKe H JIHIb RJJIOCTPHPYIOT OCHOBHHE Ha-
DpaBJi€RHsT 3THX NpPHMEHEHHH.



TJIABA V
IHOPAKLUS CBETA

§ 13. IlpsmoanHeliHOCTL PACHPOCTPAHEHHUS CBETA
no soaHoBoit Tecpuun. 3oHbl Ppenens

B 1. I, § 60 xpaTKO ynoMHHaNOCh O ABJEHHAX ARMpPaKIMH, T. e.
He[pAMOJHHEHHOM paclnpocTpaHeHHH BOJH, OrHOaHHH HMH IIPensiTCT-
BHH M NDOHHKHOBEHHH BOJHHI B 00JlacTh reoMerpuvecko#i teHu. Ilo-
CKOJIbKY CBET TpeAcTaBiaseT coOofl 3/1eKTPOMarHuTHYIO BOJIHY, TO LISt
HEro TakKixke AOJNIKHH HAOMIORATHCA Bee AHGPaKUUOHHBIE SBJEHHS.

IMoanblii pacuer mpomecca pacnpoCTPAHEHHS CBETOBBIX BOJH Ype-
6yer noApoOHOTrO MaTeMaTHUECKOTO aHaJ H3a BOJHOBHIX DelleHHH Rud)-
¢depeHUNaNbHEIX YpaBHeHHH JBHIKeHHS 9JeKTPOMarHUTHHIX MOJEH R
BEIXOJMT 3a MpejeJnl BTy30BCKora Kypca ¢uauku. [laxe camMu ypas-
HEHHA 3JEeKTPOMarHuTHoro nojis (yparHeHHst Makcpenna) OblJH BHI-
BeJieHB HaMH JHINb B opMe HHTerpalbHLIX cooTHowenui (r. 11, ypas-
nenua (6.4), (33.11), (34.4) n (44.11), (49.18)), a He B BHIEe 3KBHBAJIEHT-
HBIX HM JuddepeHIHaNbHEIX YPaBHEHHH B YACTHHIX NPOH3BOXAHBIX,
Tem Gonee BHIXOAHT 3a pAMKH Hallero Kypca MaTeMaTHUeCKHHl aHaJH3
TOUHBLIX DemeHHH 3THX ypaBHeHH, JajleKo He JJg BceX c/yyaeB 10
KOHUa BHIYHCAeHHBIX. OfHaxko /A NOHAMAaHUS MeXaHH3Ma audpak-
LHOHHBIX SIBJEHHH H HX NPHOMHKEHHOrO pacieTa HeT HeoGXOAHMOCTH
NPHBOAUTL NOJHblE BOJHOBBlE YPaBHEHHA H HX TOUHHIE peIUEHHS.
Ilpupoia © OCHOBHbIE KaueCTBEHHHe 3aKOHOMEPHOCTH AHQPAKUHH
cBeTa MOTYT OlTb YCTAHOBJIEHH! C MOMOILBIO ABYX HPOCTHIX OCHOBHBIX
PEHIHTIOB:

l. Hparuun Fwofirenca. Kaxgan Touka ¢pouta BOMHH
ABJIETCA HCTOYHHKOM BOJH, PAcnpOCTPAHAIOMHXCS € XapaKTePHOH Aas
JaHHOH cpeabl CKOPOCTHIO .

2. 3akoR uutepdhepennmuu. Bce roukn dpoura
BOJIHBI KOJIEOJIOTCA € OJBHAKOBOH yacToTOH ¥ B oAMHaKoBOH dase H,
CJIeIOBaTENbHO, IPEJICTaB AT COG0H COBOKYMHOCTb KOT€PEHTHBIX HCTOY-
nukoB. PacnpocTpanssce Bnepen, BOJHEI OT BCeX KOTEPEHTHEIX HCTOU-
HHKOB HHTeppepHPYIOT APYTr C APYToM. Ilna pacuera pe3yJabTaroB

4%
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uX HHTepdepeduny ciaelyeT NMpPHHSTE BO BHHMaHHe, UTO B [POU3-
BOIbHYIO TOURy M nepex GpoHTOM OHH NMPHXOAAT, MPOHAA pasiHUHbe
paccrosiius H, cjenoBaTeJbHO, Oyjny4H COOTBETCTBEHHO CABHHYTLI
no dase.

Manoxenntie Beilie sjieMeHTapHble cOofpameHns He TMO3BOJAIOT
N0Ka3aThb, IOYeMy BTOpPHUHbIE HCTOYHHKH, JieKalllie Ha (POHTE BOJHBI,
AAIOT BOJIHY TOJBKO BIIEpEA H He JaloT BOJHH Hasajl. IT0 o6eTosTeb-
CTBO CJIEJlyeT HMeTb B BMAY; [0Ka3aTeJbCTBO ero Jaercs B TOUHOH
TeopHH.

[Tpurnun Tiofirenca ¥ 3aKOH HHTep(EPEHUMH [03BOJAIOT NPoaHa-
JH3UPOBATh BCE OCHOBHHIE AM(paKuuoHHble ssaenud. [lockonbky To-
ueK (QpoHTa, SABJAAWMIMXCA KOTEPEHTHHIMH UCTOYHHKAMH HOBHIX BOJH,

Puc 1 64.

BecuHcieHHOe MHOKECTBO, TO pacyeT MHTepdepeHilMH, B NPHHHHMNE,
CBOAMTCS K JOBOJIbHO POMO3AKOMY HHTerplpoBanuio. s ynpouue-
HHSl 3TOro WHTerpHpoBaRHs PpeHesneM Obl1 npeAjoXeH H3FUIHBIA
MeTod pasfesieHHa ¢GpOHTa BOJHBI HAa 30HH], TAK YTC BOJIHBI OT COCEX-
HHX 30H NPHXOAAT B TOUKY Hal/iofeHHs B NPOTHBONMOMOXKHOA dasze
u ocnabasior Apyr Apyra. C stuM MeTodoM 30H P peH e s Ml
NO3HaKOMHMCS NOpH aHaAH3e BaxHeflllero NPMHOMNHAALHOTO BO-
npoca: KakK BOJHOBaA TeopHa o0bACHAET NpaKTHUECKYIO NpAMOMHHEH-
HOCTb pacnpoCTpaHEHHMH cBeTa M KaKOBbl T'DPaHMUBLI TNPHMEHHMOCTH
32KOHOB TeoMeTpPHUECKOH ONTHKH, OCHOBaHHHX Ha 3ToR npAMOJIH-
HefiHOCTH,

ITycts S ecTs ToueyHbIH HCTOUHMK MOHOXPOMaTHUECKOTo CBeTa B
oanopoauoi cpege. Ilo npuuunny Toiirenca or Hero pacnpocTpaHsier-
Csl BO BCe CTOPOHBI cpepHUuecKas BoHA. B HeKOTOPLIM MOMEHT BpeMen#t
¢poHT 3To#l BOJMHBL 3aHHMaeT noJaoxenue @ (puc. 1.64). PaccMorpum
NPOH3BONBLAYIO TouKy M nepen ¢poHTOM H COEIHHHM ee npsAMoH JH-
uHefl ¢ HCTOYHHKOM S,
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Eciu O cBer pacnpocrpaHsics NPAMONHHEAHO BIOJAb Ay4a
SPM, 1o foctatouno Obino Ob MOCTABHTL Ha €ro NYTH CKOAb YreAHo
MaJinll 9KpaH 1, ytoGel B Touke M Oblia monHast TeMrora. Baaropaps
BOMHOBOW NpHpOae cBeTa B Touky HabmojeHunss M OpPHXOIAT BOJHEL
HE TOJILKO OT TOYKHM P, HO U OT BCeX OCTa/blibiX ToueK (ponta P,
npaBla B Das3nIHYHBIX ¢asax.

Ilns pacuera pesy.abTaToB HuTepdepeHinH PpeHeab NpeAIOKH
npoBecTH paj ciep ¢ weHTpami B Todke M H pajuycaMH, cooTser-
CTBEHIIO paBHHIMI

MN,=MP +%, |

A
MM=MM+%=MPH7,| 431

MNy=MN,+ 4 =MP +3 1,

TeM caMbiM ¢ponT BOJHE P pa3obheTc Ha Pk KOMBIEBHIX 30H, 3a-
IITPHXOBAHHEIX Uepe3 ofHy Ha puc. |.64. Boanw, npuxoasmue 8 M or
TOueK KamJoH nocienyioliell 30HB, CABMHYTH MO OTHOLIEHHIO K BOA-
HaM, NPHXOAAIHM OT COOTBETCTBYIOIMIHX TOUEK Npenbiayllell 30HH, Ha

X T. €. HaXoAATca B IPOTHBOMNGJ/IOKHBIX cpasax, H HX aMIOJMUTYABl IpH

HHTep(bepeHllI/IH BBIUHTAKOTCH. SaHyMep €M BeJHYHHBI CYMMapHBIX
AMIVIHTYA BOJH, NPHXOJAMHX B TOYKY OT Kaxjof []OCJIellleUleﬂ
3OHBI:

Ay, Ay Ay Ay, Ay A, ...

Brnaropapst pasiuuMio B paccTOSHMAX 30H A0 TOUKH HaGMIoNeHHdA H
B yrJax, noj KOTOPbIMH BHAHBI 3TH NJoWaaku B3 M, BEeTHUHHEI 3THX
aMOJMTYI MOHOTOHHO yOLIBaloT:

Ay> A >A,>A,> ...

B KkauectBe pOMyCTHMOro nNpHOJHIKEHHS MOXKHO MNPHHATH, UTO
aMONMTYAE KoJMeGauvs 0T HeKOTOpod k-# soHul Ppenens A, pasua
cpeaHeMy apugMeTHUECKOMY OT aMIVIHTYJA NPHMBIKAIOMIKX K Hed 30H:

Ak:flk;l';;fl_kil_ (13.2)

[MosHas aMnJanTyA2 BOJMHB, OpHXOAsAMEH B TouKy M, paBHa cymme
aMIJIATY], cO3JiaBaeMblX KamxI0H oTnenbHol soHod, [IpH sTOM aMnau-
TYIRl OT BCEX YETHHX 30H HaJO CUHTAThb C OJAHHAKOBBLIM 3HaKOM (Ha-
NpHMEp, NOMOXKHTENbHLIMH), 2 aMIJIHTYALl BOJH OT BCEX HeueT-
HbIX 30H (NPHXOAAIUHX B MPOTHBONOJOKHOH (ase) — ¢ oOpaTHHM
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sHakoM. TakuM obpa3som,
A=A0~Al+ As—‘A8+ Aa—' A5+..n (1303)
Henonbaya cootHowenue (13.2), MOXKHO 3T0 BeIpaKeHHe NpeACTaBUTD
B BHAE
A A A A A A
=24 (F— A+ P (F— A+ F )+ m P 189

N v

=0 0

o A
TaK KaK OCTAaBUIafCHA YacTh OT aMIVIATYHH mocjeiHeR 30HH - Th

NpaKTHYECKH HHYTOKHO Mala.
TakuM ofpasoM, cyMMapH3s aMIJIETYla OT BO3JeACTBHA Bcero

A
¢poHTa P B Touke HaGmoaenna M paBna A = = Tv €. 9KBHBA/IEHTH2

rnoJoBHHe BozJedcTBHa HyResol 30HH Dpenens.

He cneayer npu atoM AyMath, 410 B M NpHXOAMT CBET OT BCeX
TOUEK MOJOBHHBI Hy/N€BOH 30HBI PpeHesnst, OCTajbHble XKe YJYaCTKH
¢porTa P, unrepdepupys, racar apyr apyra. Ecan Ha nyTH cBeta or
TONEUHOTO HCTOUHHKA NOCTAaBHTL He CIHLIKOM 60abluoRt Kpyrialfl K-
paH 2 TaK, uToOb NepneHARKyANAp, ONyUleHHLA Ha Hero U3 HCTOUHHKA
CBeTa, MPOXOLHJ uepe3 ero LEHTP, To B Touke M no-npexxseMy Gyzer
cBeT, XOT H MeHbpllell HHTEHCHBHOCTH.

[leficTrTeNbHO, NpoBeAd yepes kpaill skpanva 2 menul MN , Mb
MOMeM APOHM3BECTH JeseHue (QpouTa, HauMHas oT Touku N, Ha Takue
#e 304kl Ppenens, Kak H panee. [TopTopas Bce paccy#ieHHd, Jerko
y6eauThCsl, UTO A1 HIEa/bHO KPYTJIOTo 3KpaHa 2 CyMMapHas aMILiH-

Tyia B M Gyger A'=§2—°, rAe A, ecTb aMuAHTYJAa OT HOBOH Hyile-
BoH 3onbl, orcuuTeBaeMoll ot N . Ilo Mepe yBennueHns pa3mepoB aK-
pana 2 peqnuuna A’ Gyner yOuiBaTh, HO TOuka M ocTaeTcs Bceraa
ocBeleHHOH TpaKTHYEeCKH 1O TeX NOP, NMOKa 3KpaH He 3aKpoer Aoc-
TATOYHO OoJbINOro uHceja 30H ®peHenas., JInb B 3TOM MoOCaeRHeM
cllyyae cTaHeT CNpaBeAJMBHIM NONOMKEHHE ['eOMETPHYECKOH ONTHKH,
YTO NMpenATCTBHE, NepeKkpuiBaloulee aydy SM, jact B Touke HaGiioje-
HHSl OTCYTCTBHE cBeTa (reoMeTpHuecKas TeHb).

Bonee toro, ecau, HanpuMmep, crenaTbh «30HHBIA sKpaHs 3, co-
CTOAWMIl U3 PANA KOJel, 3aKPHIBAIOIINX BCce HedeTHnle (HIH Bce der-
Hble) 30HH PpeHens, TO cyMMapHad aMIVIHTYAa

A=Ay+ Ay -+ Ayt ... (13.5)

oKa3miBaeTca jJaxke GoJbluel, yeM NpY OTCYTCTBHH BCSKOTO 3KpaHa,

Henenne dponra Bosne © Ba 30Hbt Ppeness ABJSETCH OTHOCHTENb-
HHM H 3aBHCHT OT paccTosHHst 0 ToukH Habmonenus M. To, urto
B LEHTpe reoMerpHYeckofl TeHH OT MaJIOTG KPyriIOro SKpaHa AOJPKEH
Habmaonatbest CBET, ObA0 CHAYa/a BbIBEACHO HHCTO TEOPETHYCCKHM



§ 13] NPAMOJHHEAHOCTD PACNPOCTPAHEHHA CBETA 87

NyTeM H JAHIDH 33TeM MOATBEPKIAEHO IKCNCPUMEHTANbHO B CTIEIHANLHO
NOCTABMAEHHBIX OMbITaxX.

Mposenenuslii aHaJH3 BONpOca O NPSMOJHHEAHOCTH pacnpoctpa-
HEHHS CBETOBBIX BOJIH JaeT BO3MOXHOCTb OLEHHTb [PaHHUbI npuMe-
HEMOCTH 3TOro mounatds. Ilpenebperats k-
(paKIHOHHEIMH SBJEHWRMH H paccMaTpH-
BaTb €BET PacnpoCcTPaHSIOMEMcS [P AMOH-
HeflHO BAOJb Jyuel, HCXONAINMX OT HCTOY-
HHKa, JONYCTHMO JIHIIb, €cJH pasMephl 3K-
paHa BeJHKH [0 CPaBHEHHIO C pa3MepaMH
3o Openens. Hem kKopoue NIHHA BOJHBI A, M,
TeM MeHbllle pa3Mephbl 3THX 30H B TeM TOUHee
MOKHO NOJIb30BATHCA NPHOAHIKEHHBIMH MO-
HATHAMHE Jy4eBol (reOMeTPHUECKOH) ONTHKH.
Tak Kak 1JWHbBI BOJH BHIHMOTC cBeTa OUeHb
Manan, nopsaaka 0,4—0,8 mk, To npu Ha- My
6II0REHNAX MAKPOCKONMYECKHX TeN STHMH Puc. 1.65.
npHGIHKEHHSIME MOXXHO [10J1b30BaThCA C J0-

CTAaTOYHOH JJIsl NPakKTHKH TOYHOCTbio. ONHaKO NpH YMeHbUIEHHH
pasMepoB HaGMIORAEMBIX TeJl HaYHHAOT NPOSBAATLCH AH(BPaKUHOH-
— T Hble SBJICHHS.

B t. I, §60 yxa3uBanoce, yro 6aa-
rojiapst ZHPPaKUNN Helb3A paccMaTpH-
l BaTk 6erymyio BOJHY KaK COBOKYII-
HOCTB PacIpOCTPaHAOMHBXCH jaygell #
(HU3MIeCKH HEeBO3MOXHO BHUIGMHTL HF
L 5Toll COBOKYNHOCTH Y3KHA nyuok ay-
yefi. OcTanoBHMCR Ha STOM BOTIpOCe
HeCcKOAbKO nojpobHee.
z) 5) Ha puc. 1 65 nsobpamena chepi-
Yeckad BOJIHA, najaiomas Ha 3Kpad ¢
y3KHM KPyrauM oTBepcTHeM. IocTpons
nepneHARKYyJAspHEe K POHTY JyuH,
MBl JOJKHE CKa3aTb, YTO 9acThb Jaydelt
3aZlep:KHUTCH 5KPaHOM H 9epe3 OTBep-
crHe npofifer yskuit, clerka pacxons-
muica nyuok Jaydefi. B Ttoukax M; n
M, Bceria 6yaer cBeT, a B Napasielb-
HbIX 3KPaHy MJOCKOCTAX, NMPOXOASMIHX
yepes 3TH TOYKH HAGAOAeHHA, H30Opa-
m JeHHe OTBepCTHsl OyaeT HMeTb BHJ
7 KPYraoro csersoro MsATHA, OKpyXeH-
My W HOTO RNOJHOX reoMeTpHUeCKoil Teublo.
Ecan orsepcTie Man0, TaK 9TO DO
OTHOLIEHRIO K ToukaM My 1 M, B uem
yKAajpBaeTcss HeGOJABIIOE WHCJIO 30H
@DpeHens, To 3Ta NPOCTas reoMeTpu-
uecKasl KapTHHa O6yJAeT BeCbMa AajeKa OT AeHCTBHTENILHOCTH. B 3aBHCHMOCTH oOT
pPAacnoHoKeHHsS TOUKM HaGAOLEHHS MOMET 0Kas3aThCH, 4To B M, BOAHEH, NpHXOAn~
mHe OT Pa3JHYHHX yJaCTKOB (HPOHTA, raciT ApYyr Apyra, a B cocegHell Toyxe N
Toft e naockocrn (puc, 1.66, ) ycunusaor Apyr apyra. B pesyaeTate B 3TOf

Puc. 1 66.
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NNOCKOCTH MK GyleM HaGAORATL B HeHTPe T€MHOE MATHO, OKPYKeHHOE CBETAbIM
KOBLUOM, C (OCJAEAYIOLUHMH MEpeMexaioHMHCA CBETNBIMH 4 TEMABIMH KOAbUAMHE
(puc. 1.66, 6). [MepensnyyBwucs B Touky M,, Mbl u3MenuM aucao son Ppenens,
U B LEHTPE OKAXeTCA CBET/0Ee NATHO, OKPYKEHHOE NepeMe}aioUUMHC TeMHbI-
MH H CBETJBIMU KOJNbILAMH.

He caepyer Aymath, 4TO AAS NMPOABJAEHHs TaKMX ZRPPAKIUOHUBIX ABJACHHR
pasMepsl OTBEPCTHA AOJMKHE ObITh 06A3aTeNbHO CPaBHHMB! ¢ AAHHOH CBeTOBOR
soaEn. Ilpouseenem coorsercTByiowuii pacuer (pue. 1.67). Ilycrs pammyc or-
BepctHs OA=R, a paccTonHHe OT TOUKH HAGAIOIEHHA 10 NeHTpa oTsepeTua MO=h.
Jlnas nonydenus AMDPAKUMHOHHON KApTHHBL He-
06x0aHMO, uTOOB B OTBEPCTHH YKJaJLIBANHCH
xoTd 6w ABe 30Hb ®peHend, 1. e. paccrosnue
or M 1o kpas orpepcTHa ObLIO

MA=H+?—2£‘.

W3 apsmoyronnHoro 1peyronsuika OAM
TOrfa nedayvaem

RPes (M4 M)E—hE= (204 h) h == 28R

BJH

R2

h=z. (13.6)

M Mpu R = 0,5 cm 0 A= 5-1073% cs naxonum

o1cI0na
0,25 -
=2 105 =2.5.10% em =2
Puc. | 67. 11—2_5'10_5 0,025.10% =2,5.10% cm =25 m.

HMaumu ciioBamMu, npu nuaMerpe OTBEPCTHS B | cm yKe HA PACCTOAHHH B HECKONBKO
AeCATKOB MeTpoB GyHeT HaGMioAaTHCA APKO Bhipa:KeHnas AHGPAKIHHOHHAA KapTUHA
H HeNlb34 GYIeT CYHTATHL CBET, NpOoUIeALIHH uepes OTBepCTHE, PACHpPOCTPaHS IOWHMCS
np aMoJdu el Ho,

§ 14. Nudpakuvonnas pewerka. Jndpakunodibie CHeKTPH

PaccMoTpensble B npeasiaylleM naparpage npaMeps MoKashiBaioT,
YTO JHGPaKIHONHAsL KapTHHA CYyUlecTBEHHO 3aBUCHT OT LJIMHbLL BOJHb
cpera, ornbalollero npenaTcrBHs. [109ToMy B ciyuyae HEMOHOXPOMATH-
yeckoro (HanpuMep, Oesoro) cBera gHdpaKUHONHbLIE MAaKCHMyMbl HH-
TEHCHBHOCTH A/ Pa3MHUHBIX IJIHH BOJH OPOCTPaHCTBEHHO pasolayT-
cf, BOSHHKHYT AH PP a KU HOHHDBI € CN€KTp bl. ITH guDpak-
ILHOHHBIE CMNEKTPH HMEIOT TO CYyHiecTBeHHOe NPeHMyIlecTBO nepej pac-
CMOTPEHHBIMH B § 6 DpH3MaTHUECKUMHU COEeKTpaMu
(nonyyaeMbIMH BCJIEICTBHE IHCIIEPCHH JMyvell B HPH3Me), UTO B3aHMHOE
pacrnoJ/ioKeiye IBETOB B HUX HE 3aBUCHT OT CBONCTB MartepHasioB, U3’
KOTOPBIX M3TOTOBJSIOTCS YKpaHbl ¥ LiedH, a onpenenserca OfHO3HAY-
HO AJIHHAMH BOJIH H3JyueHHWs M FeoMeTpuell npubopa, clefoBaTeqLHO,
MOXeT OblTh PACCYMTAHO H3 NPOCTHIX TeOMeTPHYECKHX CoolpakeHHH.



§ 14 IMOPAKUHOHHAY PEWETKA. NHOPAKUUOHHHE GREKTPH 89

[MonydyeHHe W aHAJU3 CIEKTPOB HIPaIOT OTPOMHYIO POJb B Teope-
THYeCKOH M NMpHKJaHOW onThke. MayueHHe cneKTpor HcOycKaHHUs H
MOrJIOMEeHHsT BELLeCTB [103BOJSeT YCTAHOBHTb SHepreTHUeCKHe ypOB-
HH H TOHUYalinHe geTasu cTpoeHHs aToMoB (cM. § 52). 3HaHue Xe cnekT-
pOB aTOMOB H MOJEKyJl Pas/HUYHBIX XHMHMUECKHX COEIHHEHHH Mno3Bo-
JsIET NPOBOJHTD CNEeKTpPaanbHBH aHaJmn3 T. e ycraHas-
JHUBATb COCTaB HCC/IEAyeMbIX Tes, B

TOM YHCJ€ H BeCbMa yjaJfellHblX OT Hac 7 —]
nefecnbix Ted. py Ar_' J
OnuuM 13 HaHGoJjee pacnpocTpa- /7
HEHHBIX nNpHOOPOB s TNOJYUYEHHS : /3
CNEKTPOB C MOMOILbIO JHGDPAKUHH $IB- /2

asercds AudpaKUHOHHAsS D e-
mertkKa., uppakuuoHHbe pellleTKH
OLIBalOT OpO3pauHble H OTpa)aTeNb-
unie. [TepBEle npeacraBasioT coboit no-
C/eOBATENBHOCTL NapasjesibHbIX Lie-
Jeft paBHOH IUMPHHBI, pPa3je/eHHbIX
TaKKe paBHBIMH M0 IIHPHHE Henpo-
3pauHbIMH TpoMexyTKaMu. B orpaxa-
TeJbHBIX pelleTKaX LIeJTH 3aMeHeHbl
3€PKaJbHBIMH [0JOCKaMH,

Yarre Bcero npHMeHsOTCR npo3pay-
Hble PELeTKH, B KOTOPHIX Oapasnens- g) . £
Hbie [IeIH JleXaT B OJHOH IJIOCKOCTH. M
Hayuenue storo npubopa Mbl HauHem
C aHa/lH3a OCHOBHOTO €ro 3/1eMEeHTa,
T. €. CHauaja pacCMOTPHM A H ¢ p a K-
UHIO OT OJQHON wmean,

ITycTe DJIOCKas BOJHA NajaeT nep-
MeHAHKY/IAPHO Ha 3KpaH, B KOTOpPOM Puc. 1.68.

BEMeeTcsl JJHHHAA y3Kasd LieJb UIHpPH-

Ho#t a (puc. 1.68). Korza ¢poHT BOJHE [OHJET 10 WledH U 3aiiMer
nonoxerHe AB, TO Bce ero TOYKH ABATCS HOBBIMHM HCTOUHHKaMH BOJH,
pacnpoCTPaHSAIOMIMXCS BO BCe CTOPOHH Bnepejs oT Wemn.

PaccMoTpHM BOSTHEI, paclpoCTpaHAOWHeCs OT TOYeK IJIOCKOCTH
AB B HanpaBJ/elilH, COCTABJAIONIEM HEKOTOPHIR Yrog ¢ ¢ epBOHAaYab:
HeIM. TIpu HaOuloZeHHWM HX [Ja30M, aJanTHPOBaHHBLIM Ha GecKoHey-
HocTh (MM Yepes TpyOy), COOTBETCTBYIOUmIME JYUH [OC/IE UpeaoMae-
HHSl XPYCTaJHKOM COHAYTCA B OfHYy TOUKY Ha ceryaTKe H OYIyT MH-
TepdepHpoBaTh APYr c APYroM. MOMKHO TakXe [OCTaBHTb JIHH3Y,
napaniesnbHyio naockocth AB, u Torga, Kak IioKkasaHO Ha TOM Xe
PHCYHKe, 3TH NapajjenbHHIE Jyud MOCAe NPeJOMIeHHs COHAyTCs B
HeKoTopoH Touke M B ¢oKanbHOH nJockocTH JHH3EL. Pacnosarasi e
37O (ORaNbHOH naocKOCTH 3KpaH E, MOXKHO Ha HeM HaGJaoaaTe
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pe3yNbTaT UHTepepenuiy AAS BOAH, PACAPOCTPAHAIOMMUACA OT L{eH
HOJ PA3AHTULIMH TPOHSBONLHLIMH YTAAMH § K NepBOHAYATLHOMY
HaTPaBAEHHIO.

OnyctuM u3 Toukd A nepnesaukyaap AC Ha HanpasieHHe BHXe-
nensoro nyuka saysefi. Toraa or nacckoctd AC ¥ panee no QoKans-
Hofl maockoctd £ napaigespHble Jy4dH He MEHSIOT cBoel pasHOCTH
xona. PasHocTp xoxa, onpejensoomas yCIOBUs WHTepdepeHilHH, BO3-
HMKAeT JIMIIb Ha NyTH OT HcXoauoro ¢pouTa AB xo naockocts AC u
pasiHyHa AJA pasHbIX Jyueil.

Ias pacueta mHTepdepeHUHH BCeX ITHX AyueHd NpHMEHHM MeTOX
son Ppenens. [las 910ro MplcaeHHO pa3jenuM JuHHio BC Ha pAA oT-

A .
Pe3KoB JMHOKW - . Ha paccrosnnn BC = asin ¢ ynomHTes

_asing

Z—'T/é— (14. 1)
TaKHX oTpe3KoB. [IpoBoAs H3 KOHI[OB 3THX OTPE3KOB IHHHH, Tapasneb-
Bele AC, no Berpeun uX ¢ AB, Mpl pazoObeM (DPOHT BOJHBEI B LIETH
Ha P NOJOCOK OJHHAKOBOA IUMPHHEL. DTH IIOJOCKH H SBJAIOICA B
JIaHHOM cayyae 30HaMH ®peHens, HOCKOJAbKY COOTBETCTBEHHBIE TOYKH
5THX MOJIOCOK SIBJAIOTCS HCTOUHHKAMH BOJH, NOXOAAIIUMX MO AaHHOMY
HanpaBJeHRio 10 TOUKH HalOjofeHHst M Ha 3KpaHe c B3aHMHOH pas-

A
HOCTBIO X0Ja -5-.

M3 npHBesieHHOrO MOCTPOEHMA CJelyeT, UTO BOJHH, HAYHIHE OT
KaxJblX JBYX coCedHH X 30H Ppenena, npuxomar B Touky M
B MIPOTHBONOJOXKHOH (ase H racaT apyr apyra. Ecjanu npu TakoMm noct-
POEHHH UHCJIO 30H OKaXeTcs YeTHbIM, z =2k (Fhe k — uenoe yucio,
HE paBHOE HYJI0), TO KakJas mapa COCeJHHX 30H B3aHMHO [IOTacHT
JIpyT Apyra H NpH JaHHOM yIJe ¢ Ha 3KpaHe 6yJeT MHHHUMYM OCBe-
IEHHOCTH. YTJbl (¢, COOTBETCTBYIOUIHE 3THM MUHHMyMaM OCBelleH-
HOCTH, HaXOATCH H3 YCJIOBHA:

A SN Q= 2% - (14.2)

B npoMexkyTKaXx Mexjay MHHMMyMaMu O6yayT HalalopaTbesl Mak-
CHMYMbl OCBEll€HHOCTH NpPH yrjaX @, onpejleifseMblX M3 yCIOBUs

aSin Qyaee= 2k + 1) . (14.3)
Iast atux yrioB ¢pour AB pasbupaercs Ha HeUETHOE UHCJIO 30H

Openens z =2k 4+ 1 4 onHa U3 30H OcTaHercs HemoramleHHOH. AM-
. 1
NJHTYAa B 3TOM cjly4yae OyJeT cOCTaBJSThb LOJIO ~aF]> @ HuTeH-

CHBHOCTb ~ oT CyMMapHOi/’I aMIJIHTY Abl, CO3JaBaeMoOH BCeMH

1
(2R~ 1)?
3oHaMH ¢poHTa AB.



§ 14 RHASPAKUHOHHAY PELIETKA. NHOPAKLUHOHHWE CHEKTPH 9

Uentpanbnmit MakcuMyM Oyler pacnofioxed B Touke O nportus
neutpa wend, Ilo ofe cTopoHbl OT HErO MHTEHCHBHOCTh GYAET €HAjATh
IO HEPBOTrO MHHHMYMa,.a 3aTeM HOABIMETCH RO CJeJYIOULEro MaKCH-
MyMa ¥ T. A., KakK 9To H300pameno na puc, 1.68,6. Ha sakpaue E 6y-
Ay¥ HaGMoRaTbCA, KAk 5Te NOKa3aso Ha puc. 1.68, s, nmepemexaro-
IMeCs CBETJIHIE M TEMHHE M0JIOCH C HOCTENEeHHLIMH MepeXofaMH
Mexay HBMH. llenTpannsas noaoca Gyaer uamGosee spKoft, a oc-
BeilleHHOCTb GOKOBLIX MAaKCHMyMOB GyAeT yObiBaTb OT LEHTpA K fie-
pHbepun.

[Hupyna u 4Hcao 37THX nosoc OYAYT 3aBHCETh OT OTHOLICHHS MIH-
HBE BOJIHB A X HIHDHHe Hlesid @. [lelicTBHTeNbHO, TaK KaK NpefelibHOE
BO3MOXHOE 3Ha4YeHHe CHHY-
ca yriia HaOMOACHHS @ paB-
HO €JHHHILE, TO MAKCHMAMAb-
HOE BO3MOXHOE 3HaueHHe ke j
yucaa son Ppenens npu Ha- \

6/0AcHHE  BAOJAL  ULiedAH
6yzaer

Zyauc = & . (144)

Ecnir menp ouens y3-

Kas, a<€ ), TO BCA NOBEPX-
HocTb AB saBAsercs JBlb
HeOOJIbIION WacTblo OfHOH
30HB U KOJe0aHHR OT Bcex
ee Touek GyayT mo mobomy 777777 TSI
HanpaBJEHRIO pPaclpocTpa- Puc. 1.69
HATbCH [OYTH B OXHHAKO-
BOil paze. VcioBue mMuHuMyMoB (14.2) He cMOXKeT OHITh BHINOJHEHO
Jaxe JJIS CaMoro MeHblllero sHauyeHHs & ==1 ¥ Bo Bcex TOUKaX 3Kpa-
Ha Oyger cBer. Takas meab fABJAA€TCA INPaKTHUECKH TOYEYHHIM
(TouHee, /HMHEeHHBIM) HCTOUHHKOM, H BONHa 0T Hee OyRer pacnpocr-
PaHATbCH NPaKTHUECKH OAWHAKOBO BO BCeX HANMpPaBJeHHAX, KaK no-
KasaHo Ha pHc. 1.69.

Ecan 1meab odenp WHpOKas, a>> A, TO yKe nepBuli MHHHMYM
OyleT COOTBETCTBOBATh OYEHb MajOMY OTKJOCHEHHIO OT NpsAMOJIHHef-
HOr0 pacnpocTpaHeHnusl MOZ YIJoM

(@um=arcsin = x X g1, (14.5)

Cnenytomuit MuUHUMYM OyJeT NPH YT (Pg)pu & 2% HT. A Bpesynn-

TaTe MPOXOXKJCHHS Yepe3 TaKyk LIKPOKYIO ILelb (HPOHT BOJHLI NPH-
HEMaeT BMJ, nokasanuumil Ha pHc. 1.70. LlesTpanbHas YacTb BOJHBI
Gymer npaktHueckH nJjockod. Flog oueHb MaJLIMH YIAaME (9)us
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K NepBOHAYANBHOMY HaNpaBJEHHIO pacupocTpaHenns OGyayT pacno-

JIOXKEHbl Y3J0BblE [JIOCKOCTH, 8 MEXAy HUMH cnabble MaKCHMyMbl.

Ha skpaHe Mbl yBHIHM FeoMeTpHyeckoe H300pakeHHe wiesH, OKaiM-
JIEHHOC N0 KpaaM TOHKHMH NepeMeKaroumBMH-
csl TeMHBIMH M CBETJILIMH nojiockaMH, Pac-

| OpenejeHHe HHTEHCHBHOCTH OCBEUICHHOCTH
usobpaxenns ¢ HeOOJBIWHMH IU(PaKUHOH-
HLIMH MaKCHMYMaMH [0 KpasM T0Ka3aHo
wa puc. 1.7L.

/j} YeTko BLIpaKeHHble WIHpOKHe AnppaK-

y,]
=

) UMOHHBIE MakKCHMyMbl M MHHHMyMbl OYAYT
Ha6/IIoHaThCs JNHUIL B NPOMEXYTOYHOM Cly-
yae, KOrAa UIHPHHA LIENH BCErO B HECKOJb-

KO pa3 npeBblilaeT AJUHY BOJHB H 2., [IO-

psika 3—5.

[lpu ocBellleHMH MieAH MOHOXpOMaTHUe-
CKMM CBETOM 1H(paKUHOHHBIE MaKCHMYMEI
IJisi pa3iHYHbIX uBeToB pasoiigyrca. Kak
Buggo us (14.3), ueM MeHbllle A, TeM nojx

Pue. 1.70. MEHBILUMH YIJIaMH PacnosoXeHb! AndpaKiH-
OHHbie MakcHMyMbi. Ha puc. 1.72 cnjow-

HOH JIHHHEH UOKa3aHo pacrpele/eHHe  HHTEHCHBHOCTH Hanbo-
Jiee KOPOTKHX (DMOJIETOBLIX BOJMH, 2 NYyHKTHpPHOH JMHHell —pac-

npenesieHde  HHTEHCHBHOCTH HanboJee
LNMHHBIX KpacHweiX BoaH. Kak BHMAHO H3 [
pHCYHKa, B HeHTp 3Kpana Jyuyd Bcex uUBe- ——~f——j—.

10B MPHXOAAT COBMECTHO — €CJIH [1e/h OCBe-
wasach OGelbIM CBETOM, TO H306paeHUe B
ueHTpe Takxe OyjeT GeanM (CJerka KpacHo-
BaThiM 0 KpaaMm). Cupaea W cJjeBa OT HEHT-
paabHOro MakcuMyMa OyayT HabmozaThes
AndpaKUHOHHBEC CHEKTpPH Nep-
BOTO, BTOPOTO M T. . NOp 5 1 K a, ofpa-
uieHHble (HONCTOBLIM KpaeM K meHTpy. [lpu
z~ 3—D MaKCHMyMHl pa3/IMUYHLIX UBETOB
OyAyT WIHPDOKHMH H MOLYT YacTHYHO [epe-
KpHIBaThCH.

s yBennyeHHa HHTEHCHBHOCTH U Bonee
UeTKOro pasjefleHHS UBeToB cJeiyeT Boc- .
nO/Ib30BAaThCA He OAHOH wmenab, a pesofl Pue. 1.71.
AMPppaKuUMOHHONR pemerTroH#.

HNocnenuss npencrasaser coboli pal napaanenbHLIX Meneit oguHaKo-
BOW IUNMPHHBI @, PasjeeHHbIX MeXAy co0Oi HeNPO3PAYHBIMH TpOMe-
#yTKaMu mupuHo#t b. CymMa

at+b=I (14.6)

LLIS1 77 L/
et J
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Ha3biBaeTCd MNEPHUHOAOM HJAH ODOCTORHHOHD AMDpPp2aK-
UHOHHOHRH pemiertTkKH.

KOHCTPYKTHBHO nH(paKnHOHHAA peleTKa MOXeT GhiTb otopMae-
Ha Pa3sfUYHLIM 0Opa30M, B 3aBUCUMOCTH OT [JIMHBl JH(parapyiolwHx

77 W™\
// \\
/ \ :
~J / \fpacy. Pami)
\\ // \
J \

\

N

7 |||

Apacs, 'Ww\ benuid /ﬂmﬂ. Y e,
Crenmg T nopadud

Puc 1.72.

poad. [lja BHAMMOrO cBeTa KJacCHYccKHH cnocol 3ak/ouaercs
B HaHECEHHH Ha NPO3PAYHYI0 CTEKJASHHYIO ILIaCTHHKY C NOMOILBIO
JEe/HTeNhHOR Maluidubl pAAa TOHKHX  napajjienbHbIX UITPUXOB.

Peseu (anMas) mepeMelltaeTcss ¢ AOMOULbIO  MUKPOMETPHYECKOro
BHHTa H BbLIPE32€T B Jja-

CTHHKE PAA Y3KHX napal- \_Lj_l_ R N U U O
NeNbHBIX KAHABOK OJWHAKO-

BOH IHPHHB b Ha paBHBIX ”’E

pacCTOAHHAX 2 ApYyT OT ApYy- t /

ra (puc. 1.73). TosepxHocthb

cTeKNa BHYTPH KaHaBOK, S—‘"‘r el el L"’]
obojpannaa anMasoM (HJx

BLITPaBJICHHAS M/J12aBHKOBOl {
KHC/IOTON), CTAHOBHTCA Ma- Puc 173

TOBOH, H 3TH KaHaBKHU sB-

AAOTCA  HEMPO3PAYHLIMH MPOMEKYTKAMH, DPa3lesioOuluMH ydacTKH
C HEHAPYUIEHHOA MOBEPXHOCTBIO ~—«UIE/H» DEIleTKH,

PaccMoTpaM n/IOCKYi0 MOHOXPOMATHUECKY!O BOJHY, NalaioLLyo
HOpMaNbHO Ha pellleTKYy, Kak u3o0paxeno Ha pHc. 1.74. Kaxpas us
napaJjJjiefbHblX LieJell pellleTKM NaeT Ha 3KpaHe E audpakuuounyio
KapTHHY, NOKasaHHYI0 Ha puc. 1.74,6 uyHKTHpPOM (audpakuns ot
OAHOH IeJM paccMaTpHBalachb B Hauale JaHHOrO mNaparpaga,
cM. puc. 1.68, 6). Jiuuza L coSupaer napannenbHble Ay4H, Haylide ot
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pcex niesefl NOX yriAoM ¢ K raasRofl onTHueckofl OCH, B OIHY ¥ Ty e
Touky M ¢okaabrofl mjockocTH. IlpH mapanienbHocTH BceX iiemei
andpaknHoHHOd pPEMeTRKM H CcTPOrofl OXHHAKOBOCTH HX DaSMepoB
aMaanTyapl Konelaunuit, cosjaBaeMeiXx B Touke M kampoR fe’abio
B OTAENbHOCTH, OyAyT OAMHAKOBbI. TIpaKTHUECKH OXHHAKOBBIM OyheT
B pacnpejeneHHe BLOJb SKpaHAa HHTEHCHBHOCTEH H aMILIMTYAR Kove-
6anuii, DPUXOAAMMHNX OT KamJIOH IeJH.

£

- FR—

lsmf

E 4 L ITT7 T ST T 77T 71T (T, 770717

M
Puc. 1.74.

Ha nenrpanibHOil JHHMH 5Kpana (nmpoXoisied dYepes r/aBHEIA
dokyc aunssl 0) JyY”, HIyWHe OT BCex Iiened, cxonsates Ges ponoa-
HHTeNLHOH PasHOCTH Xoja, T. €. NPUXOAAT B OJHHaKOBOH dase. [lpu
9TOM HX AMOJIHTYXH MPOCTO CKJIaanBawTcsd, M B caydae N ofHHaKo-
BEIX Ilefelt aMIJUTYAa cyMMapHoro KoaeGaHHs OynmerT B N pas,
a uuTeHcupHOCTb B N2 pas Gojiplue, YeM B clyyae OAHOH WieJH.

Jlyun, uayuue ot pasHuIX WeJelk NOX yrjaoM @, OTITHYHBIM OT HyJ14,
cxoasites B Touke M, npofiis pasnuyHble MyTH H HMes pasjiHUHbIE
(hassl KoneGanuii; onk GyAyT AaBaThb NPH HHTephepeHuHy GoJee CIoX-
HYI0 KapTHHy. Paccmorpum ABe cocenuue menn. s puc. 1.74, a Bug-
HO, 4TO Jy4H, HAyllHe OT COOTBETCTBEHHEIX TOYeK 06eHX uiene#t (kpail-
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HEX, DeHTPaNbHbIX, NPOMEKYTOURLIX), HMEIOT OfHY H Ty Xe PasHOCTb
Xoma
b=lsing (14.7)
tsing

H NPHXONAT B Touky M co casUroM daset p=2—— . Taxofi e
TOUHO cABHT a3kl Y OyleT MeXAYy KoneGaHHAMH, MPHXOAALIHEMH OF
Tpernell enu H BTOpPOH, 4er-
BRepToil H TpeThel, U T. A.

Peakoe Bo3pacranue am-
MIUTYAB  PEe3yAbTHPYIOUIEro
¥onebaHus Oyner B Tex Cayda-
X, KOTJa aMIJIATY Bl Kojeba-
HEll oT Bcex mened A4; Ha-
nNpapJeHsl  OJMHAKOBO, T. €.
AMEIOT CABHT a3bl, Heabii KpaT-
ubtit ot 2t (puc. 1.75, a), ¥ro
COOTBETCTBYeT Pa3HOCTH XOja
MeXJy COCEeNHHMH IeasMu 8,
KpaTtuol YeTHOMy UHCJY MOy~
BOJIH:

1$in gy = 2k & =k,
k=0,41,4£2,£3, ..,

Ycanosite (14.8) xapaKTepHsyer
NOAOKEHHS I'J1aBHBI X Ma K-
CHMYMOB JubpakuHOHHOH
pewerku. [lpw yraax @, yros-
JeTBOPHIOIHX 9FOMY YCJAOBHIO,
A= NA, B HHTEHCHBHOCTb
IudpakuHORROR KapTHHH BO3-
pacraer B N* paa no cpasie-
HHIO € nudpaknnell or oxHOM
IHEJH.

Jna ananusa pe3yabTatros HH-
TepepeHLUHH OT BCeX IleJeR npHme-
UM KDYTOBYIQ [HAarpaMMy croxe-
HUS KoneGaHuil, BBeljeHHYO B T. |
(§ 53, puc. 4.10). Ha puc. 1.75 noxa3ano reoMeTpHyuecKoe C/0KeHHe BEKTOPOB A;.

fipu cHnpHOM BO3PACTAHMM HHTEHCHBHOCTH B I/1aBHOM MaKCHMYMe IUHDHHA
ero craHoBHTCH Manoft. JeficTBuTenpHO, ecAM Mbl CABHHEMCS B CTOPOHY Ha
Manpit  yrod AQ, To Mexay KaxAok mnapof medefl NOSBATCE CABHr ¢asm

Aw:Qﬂ%ﬂx?n%i H NpaAMas JNHHUs, H3o6paxeHHaa Ha puc. 1.75, a,

(14.8)

Puc. 1.75.

HAUHEeT CKJAAJAbIBATLCH B MHOrOYronbHHK. KaxX sl OTAE/bHBIH BeKTOp NMOBepHETCA
OTHOCHTEJILHO NPENBAYL(ero Ha OJHH H TOT e yroa AY. AMOAHTYZa Pe3yabTH-
pywuero xojefanus A ABAAETCH 3aMblKalouiel MHOCOYrOABHHKE, MOCTPOEHHOTD
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u3 sektopos A;. Ecnn nonxoe ancao mesned N ouedb BEJAMKO, TO MHOTOYTO/AbHHK,
Jaxe npr maaom capure $has MexAy COCEANHMH IEAAMH, HECKONBKO pa3 obepner-
¢ BOKPYr ueHTpanbHOf Touky O K Pe3yJLTHPYIOMME BeKTOp A no BeaHunHe Gyler
61130k K Ay, T. €. B pe3ysnbTaTte uHTephepeHIHA CymMmapHad amnnmyna\'ﬁyneT
no NopARKY 8eJHYHHH TakoH ke, KaKk oT OAHOH wmenw. Ecam cymmapHLIH yroa
OTK/IOHEHHS NMPH 00X0Ae MHOrOYrONMLHUKA

NAp =27, (14.9)
TO MHOTOYIOJILHHAK 3aMKHETCH, KaK NoKasano Ha puc. 1.75, ¢, u peSlebTprlOUlAaﬂ
Ag

aMnauTyna ofparutes 8 HyAb. ¥Ycdaosue (14.9) nocje nopcranoBryu Ay “QQTET

H npeob6pasoBaHHN NaeT MOJOXKeHHMe OauXKalllero MUHHMYyMa HHTEHCHBHOCTH:
A ~ 14.10
CPMHH“-m ( 10)

H, TEM CaMbiM, YIJIOBYIO IDHPHHY I'TaBHOMO MaKCHMyMa.

Mpu nanbheiiiem po3pacTaHUyM yriia ¢ MHOroyroJibHHK He 3aMKHeTCA U CyM-
Mapuad amnauryna A Gyner so3pacrarth d yOHBATb, HO BENHUMIIA BO3HHKAIOLIHX
ApH 3TOM NOGOUYHBIX MAaKCHUMYMOB OyleT CPaBHUTENbHO OUEHDb Mana
Jio Tex nop, HOKa Mbl He Aofi/leM 110 clefly ioLlero IaBHOTG MakCHMYyMa, onpeaese:
moro 43 ycaosna (14.8).

M HTeHCHRHOCTE TAABHBIX MaKCHMYMOB

A?=N2A2 (14.11)

npAMO NPONOPHHOHAJNLHA HHTEHCHBHOCTH ANGDPaKONK OT OAHON menu Af npu
$=0Q,, rpaQuK KOTOPOH NaH NyHKTUPOM Ka puc. 1.74, 6, u KBanpaTy uHcna menel.,
Haoépamaa cnaolHO# JIMHUER Ha TOM XKe PHCYHKE HHTEHCHBHOCTb cymmapﬂoﬁ
AH(paKunOHHOR KapTHHH OT BCed peiueTkKH (YMEHpIIEHHY0 8 MacliTabe B N?
paa), Mbl BHJHM, UTO OHA COCTOMT H3 HHTEHCHBHWX Y3KHX IJIaBHBX MAaKCHMYyMOB,
BeJHYHHE KOTOPLIX 3@BUCHT OT UX PACIONOXKEHHNA, ME)Klly r1agHbBIMH MAKCUMYMaMH
pacnofioxensl CEPUR He6ONL WHX NoGoUHBIX MAaKCHMYMOB, HHTEHCH BHOCTb KOTOPBIX
OTHOCHTEJBHO TeM Melbile, ueM 6odbiile oblIee uyeno wenaed N.

C ypenuuenneM N Bo3pacTaeT YeTKOCTb NH(MPAKuHOHHOH KapTu-
Hbi — YBENHYHBAETCS HHTEHCHBHOCTh H yMeHbILaercs WHPHHA TNiaB-
HbIX MakcuMyMoB. Bcsenctene uHTepdepeninH nPOUCXOIHT Nepepac-
npefie/leHHE SHEPTHH B MPOCTpalicTBe, M 3Ta SHEPTHs KOHUEHTPHPY-
eTcs BO Bce GoJsiee y3KOM HHTepBade yraos Ag . MutencuBnocts MaK-
cumyma A? pacter nponopuHoHasnbHO N2, OnHAKO cyMMapHbiil CBe-
TOBOH [OTOK
2 A
L NI
B COOTBETCTBHH € 3aKOHOM COXpaHEHHMS 3SHeprHH NpolopuHOHAjen
uncay weneit N B mepsoft crenenu.

[TonuepkHeM, 4TO XOTS NONOKEHHE INIABHBIX MaKCHMYMOB peller-
KH HE 32aBUCHT OT ZHCAA Wenedl, HaaHuHe 6oMbIIoro ypeaa wejell ouesb
cymecTBeHHo: 1) fpKocTh KamAoH JHHMH pacTeT, corsacHo (14.11),

Kak N2, 2) mupuHa KaxIoH nHHuH yOwBaeT, cornacho (14.10), kKak

1

N' TeM caMuiM YBEJHUHBAETCHA TOYHOCTL [IPOH3BOIHMLIX HSMepeHHI‘;I.

JIOBONBITHO OTMETHTL, 4TO €cAd HPH MudpakuHu oT onHofl mwesH

A2Ag,= N4} b —varh (14.12)
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yca0BHe MakcuMymMoB (14.3)
asing=(2k+1) 5

COOTBETCTBYET H e Y € TH O My 4HC/y 30H PpeHens BHYTPH IN2AH, TO
Ana Bcell PEINETKH B UEIOM yCJOBHE [VIaBHHIX MakcHMyMoB (14.8)

lsinrp:?k—;—

COOTBETCTBYeT Pa3HOCTH XOa OT PasHbIX Wiejiefl, paBHOll Y e THOM Y
YHCJAY MOJYBOJH.
Huorna npuxoaurtcs nabnwogats audpakuHio 0pH yC/JIOBHH, KOTLa

o "
Hanpasjenhe NajamwolliX Ha pelleTKy JyYe€H cOCTaBJsleT yroja '6‘9&—,2-

C TNOBepXHOCThi0 peuleTKH. Torma, kak sto BuaHo u3 puc. 1.76,
PasHOCTh XOfa MeXAy JydaMH
OT JBY X COCENHHX wmeneil, onpe-
Jensiomas  [MOJ0XKeHHe [JaB-
HBIX MaKCHMyMOB, paBHa:

lcosp—Icost=
= [ (cos p—-cos ),

H MakKCUMyMbl AN H3Jy4YeHHA
C INHHO# BOJHBL A OyAyT onpe-
AeAATHCA yraaMu P!

I (cosp,—cosT) =FkA. (14.13)

Ecsan Ha nMppaKuHOHHYIO pelieTKy 6yJer naaaTh HEMOHOX pOMaTH-
yeckull cBeT, TO AHDPAaKUMOHHbIE MaKCHMyMhl 15 Jydeit pasnoro
BETA NPOCTPAaHCTBEHHO pasolayrcsa. Hyneso makcuMmyM (k= 0)
JJIsl BceX AJIMH BOJIH OyaeT coBnajarb NpH ¢ =0, HO yKe MaKCHMyMul
nepsoro nopsiika (& =1) 6yayT Ana QHOJETOBLIX Jyuell PacnosokeHb!
GJMKe K UeHTpy, YeM 15 KpacHelX. Mexny HHMMH pacnonoxarcs
MaKCHMyMBl HPOMEXYTOUHBIX LBETOB, H Mbl OyieM Habmoaate I U ¢ -
PaKNHOHHBH COeKTpP nepBOro nopsanaka. Mexny
HYJEBEIM M MepBbIM NOPAAKAMH PacnosokeHa NPaKTHUECKH TeMHast
30Ha oueHb cJabbix noOOUHBIX MakcHMyMoB. Takas ke TeMHas 30Ha
pacnoJioxeHa MexX1y KpacHBIM KOHIIOM CNEKTpa MepBOro nopsaika
H (HOJIeTOBBIM KpaeM CleKTpa BTOPOro NOpsijiKa.

ConocraBasist puc. 1.77 ¢ puc. 1.72, Mul BugmM, uto Gaarogaps
y30CTH AHQPaKUHOHHEIX MaKCHMyMOB B CJydYae DeIIeTKH Das/iHuHbie
1BeTa [OYTH He HaKJajbBaloTcA Apyr Ha apyra. Crnekrtp nosayvaercs
TeM BoJiee yeTKUM, uyeM OoJbiie weneft N CORepxKHT perierka. MakcH-
MaJbHOe YHCJIO HabmolaeMbiX IHGPaKIHOHHBIX CIHEKTPOB Onpeleis-
ercs H3 YCJOBHS, 4ToOH sinm @, <<, T. e.

Puse <1 - (14.14)

Puc. 1.76.
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Hz ycnosus
sin @, = £+ (14.8")

BHAHO, YTO CHHYCH YIJIOB B CEKTPe JAaHHOrO NOPAAKa 1IPAMO nponop-
LLHOHaALHLl AJARHAM BOJIH, T. €. AHDPAKIHOHHbIE CIIEeKTPhl, B OTIHUHE

Cnexmyp I nopd
Cnexmp I nopnika
Puc. 1.77.

OT MpH3MaTHyecKHX, Bcerja OAMHAaKOBH M pasHoMmepHni. [lomeiras
nH(pakuKoHHylo pemieTky D Ha CTONHK roHHoMeTpa (pHc. 1.78) H
ocBellasl ee NMYyUKOM MapaJfeNbHbX Jydyell yepes LMe/b KOJIAHMATOPA

Puc. 178,

K, MOXHO, HW3Mepisi YTol ¢, MNOJ KOTOPHIM BUJAHB! JAaHHBIE Jy4H
B 3pHTenbHYIo TpyOy 7, TOYHO HallTH HX AJIHHY BOJHBI A.
Oudpaknuonnsie pelileTkH uMeior ofbiuro or 100 o 500 menei
Ha MHJAIUMeTP, T. e. TNepHof [~ 102 mk. Jlyumiwe pelleTKu
copepxar Jo 1800 wenel ma MHITHMETp, TNPH oblell AnHHE IO HE~
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CKOJNIbKHX CaHTHMeTPOB, TaK 310 obllee 4Hcno mesefl Aocturaer 105,
OrpaxaTenbHasi pellieTKa H3TOTOBJAETCH NpoLApanbiBaHHEM MNa-
pajnenbHBIX LITPHXOB Ha sePKaJbHOM noBepXHocTH. Ee TeopHs, mo
CyIleCTBY, He OTJIHYaeTcs OT TeOpHHM IIPO3PAUHOH pPeIleTKH.

Ina nrekoropnix ofsactefl creKTpa CTEKJC HeNpospauHo (HampH-
Mep, yJabTpatHoNeTOBEE AyuH). B 5TOM ciyyae HYXKHO NMOAb3OBATHCS
KBapleBOH ONTHKOH H oTpamaTeqbHbIMH pellleTKaMu, Eme jyume,
eclH MOXHO o0oiitHch BooOHIe 6e3 JIHH3. JTOTO MOKHO AOCTHTHYTh,
3aMEHAs TJIOCKYI0 OTPaKaTeJbHYIO PelieTKY BOTHYTOH.

Ecau menn oinHakosodl MHPHHE @ PACNIOJNOKEHE BAOJL pelieTKi
GecnopsjouHOo, TO IPH HANOMKEHHY OAMHAKOBLIX JH(PAKIHOH-
HBIX KapTHH OT KaxJOH miead B3aMMHble CABHTH ¢as GyAayT pacnpe-
AeJieHbl XaoTHYECKH. Torfa HX HHTEHCHBHOCTH OyAyT NpOCTO cKJajbi-

BATbCA KaK JIafA HeKOI‘epeHTHbIX HCTOYHHKOB, B COOTBETCTBHH C
(10.7), u

A*=NA? (14.15)

BO BceX TouKaxX SKpaxa. MIHBIMH cioBaMH, B 9TOM cayuae AH(paKIKOH-
Has KapTHHa OCTaHeTcsl TAKOH e, KaK H OT OJHOH HieJqH, HO ee HH-
TEHCHBHOCTb BO3pacTaer NIPONOPHHOHANBHO YHcay mietefl N.

§ 15. Paspemaioman cnocoGHOCTS ONTHYECKHX HHCTPYMEHTOB

B § 8 ykaseiBasioch, UTO BOJHOBas NPHPOAA cBeTa CTAaBHT ofpeje-
JEHHBIH npefies NOJyYeHHIO CTHTMAaTHYECKHX H306pamenufi. Hsobpa-
XKeHHe ceeTsaulefics TOUKH JOMKHO BcerJa fpeAcTaBiaTh coboit nud
DaKUHOHHYIO KapTHHY, HHTEHCHBHOCTb KOTOpOH pacnpejeseHa

Puc 1.79.

B HeKOTopo# HeBoJbmof ob6nacTy npoctpanctBa. PasbepeM ator Bon-
poc Ha NpHMepe nocTpoeHns HaobpaxeHHs B TOHKOH JIHH3e, MOKa-
sapHoit Ha puc. 1.79.

OGosnaunM pajHyc KPHBH3HbI MepejHell nosepXHOCTH JMHH3E R,
a 3ajneli — R, H ee nokaszatenb mpenoMieHus n. ToueuHbiii HcTOY-
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HHK S, pacmosioxeHHBH Ha paccTosHHH F OT ueHTpa aunse O, wc-
nyckaeT chepuueckyio BOJHY. Bxoasmmne B nMH3Yy yuacTKH ¢poHTa

c
3aMepTAgITC s ( = < C) .B pe3yanTaTre 3TOr0 3aMel/1eHH s y41acTKH,

APOXOAsAIIHE ¥ KpaeB JHH3H, BBIAAYT HADYXKY paubllie, yeM Y4acTKH,
HlyllHe nocepep#He, W (POHT BOJHBI CTaHET BOFHYTHIM — BOJHA
CTaHeT cXoaam e ¢ a.

B Hekotopyio Touky S’, Haxozsulylocs Ha paccTOAHAH £ OT uedt-
pa JHMH3BI, BOJHBI, NPOXOAMBIIHNE Uepe3 pasHhIe YaCTH JHH3L, NPHIAYT
B OJHHAKOBON ¢hase, H B Hell Oymer HabniofaTbca IH(PPaKUHOHHbIN
MaKCHMYM. ¥YCJOBHGM MaKCUMyMa $BJSIETCS PABEHCTBO ONTHYECKHX
nyTefl HeHTPAJbHOrO ¥ Kpaluux ayuefi, T e. OAHHAKOBOCTb BpeMeHH
NPOXOKIEHHA CBeTa BAOMDb 3THX Jyuefl (Tak HasplBaeMasg Tay T O-
XPOHHOCTB):

SM+n(MO+ON) + NS’ =SA+ AS’
HJIH
Fd(n— DNYMO+-ON)+ F'=8SA+ AS

H nocje npeoGpasoBanuil
(SA— F) +(AS' — F') = (n— D) [(R,— 0;0) + (Ry— 0,0)]. (15.1)
Jns Manbix yrioB H3 npsiMoyroapHoro tpeyronbHuka SAQ crenyert:

h*=(SA?—F*=(SA—F)(SA+ F) =~ (SA—F).2F

HJIH
h?
2_!5 .

AnanornunnM  06pasoM  BLIYMC/IAIOTCS M OCTa/bHble BXOZRALLME
B (15.1) pasnocTH MeXJy FMOOTCHY3aMH M KaTeTaMd COOTBETCTBEHHbIX
IPAMOYTONbHBIX TPEyTrOJbHHKOB:

hZ

AS'—F ~ 10, R—00x

SA—F =~ (15.2)

h?
IR, "

hd

T R;— 0,0~

(15.3)

2

Hoacrasasa (15.2) 4 (15 3) & (15.1), nocne cokpalicHus Ha %nony-

YadeM OKOHUYATeJbHO

1 1 I 1
pt == (g4 x) (154

D10 COOTHOIIEHHe coBnajaeT ¢ BhiBencuHoll B § 8 MetonaMu reo-
MeTpHUECKOH ONTHKM ¢GopMyJoi nuH3el Pasauuile B 3Hakax npu f
# R, o6yc/oB/eHo TEM, UTO Mbl 37leCbh paccMaTpPHBaJ/IH YacTHBIA Ciay-
yafi JBOSKOBHINYKJOH JHH3bl H PaCCYHTHIBANM BCE PACCTOAHHA apHd-
MeTHUecKH, Ge3 yyera uX HanpasjeHu#t v 3Hakos Copnanenue (15.4)
c (8.4) nokasbiBaeT, 4TO TOUKa S’ aABAseTCA H300paXeHHEM HCTOYHH-
Ka 8, MoJydeHHbIM C [OMOIIBIO JIHH3bL.
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BonnoBoi pacuer MOKaskBIBAeT, OJHAKO, 4TO H3obOpamenue S'—
He Toyeurnoe. Touka S’ ecTb TONBKO HO/OKEeHHe MAaKCHMyMa
OCBELLEHHOCTH 9KpaHa E, moCTaBJEHHOTO MNEpIeHANKYJSPHO K OCH
SS’. B cocemnux ¢ 8’ Tourax, 6narofaps AM(paKUHM, BOJHEl FacsiT
APyT Apyra JAMillb YaCTHYHO H OCBEIIEHHBIM Ha KpaHe” OKa3biBaeT-
cA NATHBILKO HEKOTOPOTO pajaHyca 7, OKPYMKeHHOe uepejyiouid-
MHCSl TEMHBIMM H CBETJILIMH KOJIbLAMH,

Pagnyc nuhpaKuHoOHHOro Kojbla oll-
pefiesifieTcss U3 yCJAOBHS, UTOOLI B €ro
kpafiHux Toukax S” MPOUCXOLHUJIIO B3AKM-

HOe railieHHe BOJH, MPHXOAAMMX IO My-
M AS”, BS” H oT BCeX OCTAJMBHEIX TO- ,

YeK OKPYXKHOCTH JHH3B. HMHTepdepenuus [ o

~r
OoT ABYX ToueK A u B 6blia paccuuTana -
uamy panee B § 11. Pacuer unrepdepen- Puc 1.80.

UM OT BCeX TOUEK BOJHOBOIO (bPOHTA

3HauuTe/bHO 6OJee 'POMO3JOK, HO €ro pPEe3yabTaT OTNHYaercs of
(11.5) anmib uucaoBeM MHoxHTeneM. Jlasa GeckoHeuHO yJAajeHHOro
HCTOUHHKA (MapaJfenbHBIX A0 JMH3Bl Jyyed):

r=061AL=1202 71, (15.5)
rne D=2h — puamerp oObexTHBa. Pacnpejenenve HHTEHCHBHOCTER
AudpaKIHOHHON KapTHHB BOKPYT ToukH §' nokasaxo na puc. 1.80.
V3/10Bble IUHUH, MOKa3biBAIOUIHe MHHHMYMb! HHTEHCHBHOCTH Ha (poH-
Te BOJIHHI, jaorcs Ha puc. 1.79 nyskTHEpoM.

9

Puc. 1.81

Bennuuna r XapakTepH3yeT pa3zpeliaiolilyio ¢noco0HOCTb JIMH3LL.
Ecau nenrtpsl H3o0paxenuil AByX CBeTALIUXCA TOYEK NpelMera oka-
KYTCS Ha PacCTOSIHHM A JIpyT OT Apyra, MeHblleM r, TO UX AH(paKud-
oHHble NATHA COABIOTCA B OZHO, KaK nokasaHo Ha puc. 1.81,a, u nu-
KaKoe alibHelilliee NOBLIUIEHAE YBEJHUEHHS HE CMOXKET UX Dasfe/iHTb.
Jluwb HauuHad ¢ A=yr nocepejyHe MOJyyaeTcs MpoBas B HHTEHCHB-
HOCTH, T. €. pasgendomas IupaKuuoHHble nATHa Oonee TeMHad
nonoca (pHc. 1.81, 6).
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Ilns yBennuenus paspemwaioulefi cnocoGHOCTH (T. €. yMeHbUIEHHSA
pazuyca XuGPaKIMOHHOTO KOJAbUA r}) O0BEKTUBEl TEJECKONOB AeJAAi0T
BO3MOXKHO Gosblinx puaMmerpos D. Kak suano us (15.5), apyrum
IIyTeM YyBeJIHUEHHMS paspeliaioillel CH/B fBAfIETCS yMeHbilieHHe JJH-
Hbl BOJIHBI A. B 0o/lee KOPOTKOBOJIHOBBIX JiyYaX MOMKHO pasjiHYHTDH
Gosiee Menkue JAeraiH npeaMera. OXHAKO OUeHb KOpPOTKHE YJIBTPa-
(HONETOBBIE JyYH He BOCNPHHHMAIOTCS TJIA30M H NOJYVUEHHOE H300-
paxeHHe JO/KHO HabJ0aThCsl ¢ NOMOMIBIO CHEHHaJhHOIO 9KpaHa,
cBersilierocs (hayopecuupyIoilero) MmoA JeHCTBHEM yabTpadHolero-
BBIX Jyued, HAH ¢HKcUpoBaThesl ¢ororpaduyeckodl naacTHHKOH.

Mpu wabmogeuuu MenkHx OuolordueckKnx o6BLEKTOB B OOBIUHOM
MHKpOCKOnNe, Hapaly ¢ HENOCTATOYHOR paspeliaioiieil cnocOGHOCTHIO
NIOC/IEHETO, BO3HHKAIOT AONOJHHTeNbHHe TpyAHocTH. HabmonaeMbie
B BHIHMMOM CBeT€ TIpermapaThl HELOCTATOMHO KOHTPACTHBI BCNEACTBHE
OTCYTCTBHS y HHUX [OJOC TNOIJIOINEHHS B BHJIHMMOM cBere. B yabTpa-
duoNeTOBON Ke YacTH CMNeKTPa OHH HMEIOT [10JOCH NOIVIOMEHHS.

E. M. BpymGepr non pykosoxctsoM C. M. BaBunoBa ycoBepiuen-
CTBGBa/l MHKPOCKON AJS1 HaG/IOAeHHR B Y/JbTPa(hHONETOBOM CBETE,
NPHMEHHB NPO3PavYHYIO AJsi 9THX jJydell KBapueByio onTuky. [Ipenapat
doTorpadHpyeTcs B Tpex JA/JMHAX BOJH B yabTpadHoseTe (C MOMOUILIO
cnenHanpHo pa3paboTanHuX (UALTPOB). 3ateM 3TH oTorpaduH BoC-
AOpOH3BOAATCA B YCJIOBHBIX BHUJHMMBIX [{BETAX.

Hns BusyanbHbix Habmonenuit Obia paspaboraH apafOrHYHbIH
meron. B oxyasp ysabTpaduoieTOBOrO MHKPOCKOmAa, B IJIOCKOCTH
JleHCTBHTeNIbHOIO H300paxeHus npenapara, NOMEMAEeTCs CuelHanb-
HbIfl 3KPaH, Ha KOTOPbIH HAHOCHTCHA CMech TpeX BellecTs, quiyopeciy-
PYIOUUX pa3iu4YHbIM BHAUMBIM CBeTOM (TpeX OCHOBHBIX TOHOB) H
o0najaomHux Kaxaoe H36HpaTeNbHLIM [MOTJIOMEHHEM B YJbTpadmo-
JeToBoM cBeTe. Ha TaxoM sKpaHe npH OcBellleHHMIIpenapaTta OJHOBpe-
MEHHO MO/IHBIM YJAbTPaGHONETOBBIM CIEKTPOM OylyT moy4aThCs LBET-
Hble H306pakeHHus, NOJNOGHLIE TeM, KOTOPblE MO/IYHAIOTCS € TTOMOUIBIO
TpexuserHoll dotorpadun. IleficteMe nopobuoro sxpana umeer O,u3-
KyIO aHAJIOTHIO ¢ JEHCTBHEM CeTYaTKH HAUIero rjasa, KOTopas Takxe
a8HaJH3HUPyeT NAJaIOIHA Ha Hee CBETOBOH MHOTOK ¢ HOMOILBIO Tpex
THNOB IEHTPOB LBETOBOH UYYBCTBUTEALHOCTH.

Eme 664bluyi0 paspeaiomyio CHIy MOXKHO Oblio Obl MOAYYHTH
¢ 1oMollblo ellle 60Jee KOPOTKUX PEHTTEHOBCKHX Jydefi. OfHako 3TH
AyuH o0/anaoT oueHs GoAbINOR BpoHHKaloued cnocoBHOCTHIO U NpPO-
XONAT 4Yepe3 BElIeCTBO, NOYTH HE npesioMJassich. IloatoMy mas HHX
HeNIb3si CO3/aTh NPEJOMJIAIOIHX JIMH3 H NIOCTPOHTD COOTBETCTBYIOLLME
OUTHUEeCKHe nPHOOPHL.

TlpumepHo Tako#l xe AnnHOR BOJNHB, KaK PeHTTeHOBCKHE JIyYH,
00aJa10T TIOTOKH 3J/IeKTPOHOB TIPH COOTBETCTBYIOIHX CKOPOCTSX.
[TosToMy 3neKTPOHHBIA MHKDOCKOI, cXeMa KOTOporo omucara B T. I,
§ 38, o6nanaer oueHn BHICOKOH paspemalouledi cnocoGHOCTBIO.
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§ 16. Hudpakuus peHTIreHOBCKRX Jyued

B 1895 r. Pentren ofHapyXHJ, YTO NPH 3JEKTPHYECKOM paspsjie
B BAKYYMHOH TpyOKe BO3HHKAeT H3JyueHHe, HeBHJIHMOe ZAs INasa
H croco0HOe HPOHHKATH yepe3 Hempo3payHble Tena. ITH JyuH, Has-
BaHHole PentrenoM X-ayuaMmH, BhI3hIBAlOT (yOpeCHeHiHI0 (BHAH-
MOe cBeueHHe) HeKOTOPBbIX Ted M NeHCTBYIOT Ha
¢$oTONNACTHHKY, KaK H Jy4YH BHAUMOro CBeTa.

HansHeiimge HccaenoBaHHS MOKAa3adH, YTO
9TH JyUH, [IONy4HBUIHE Ha3BaHHUe pPeHTTeHOB-
CKHX, BO3HHKZIOT npu OGoMGapjiupoBKe Belie-
cTBa OLICTPLIMH sJjeKTpoHaMH. YeM OGojbie
IHEepPTHs 3JeKTPOHOB, TeM (O/iblune TOJINH Be-
IeCTBa MOr'YyT [pPOHM3LIBATE pPEHTTeHOBCKHE
JAyuH. B coBpeMEeHHBIX peHTreHOBCKHX TpyOKax
MHUIeHbI0, 06CTpennBaeMoil SJeKTpOHAMH, SIB-
JsieTcs TYTOMJIaBKas MeTaAauyueckas NJacTHH-
Ka — AaHTHKATOA», PACMOIOKEHHas NOX YTIOM
45° x notoky sJjexkTpoHoB (puc. 1.82). Cko-
POCThL 3JIEKTPOHOB, YJapAOIHXCA 00 aHTHKa-
TOL, ONpelelsieTcs NPHIOKEHHOH K Tpy6Ke
Pa3HOCTBIO NOTEHIHAJOB,

Pan yuenelx, B ToM 4ucae cam PenTreH, Bbl- \BY
CKa3bIBaJH MPEANONOKEHHS, UTO PEHTIeHOBCKHE o= |
Jy4d TpeAcTaBAfioT cobol 3/1eKTpOMarHUTHOE
u3JyueHHe, BO3HHKaOllee MPH 3aMelJieHUU B Puc. 1.82.
BelllecTBe GLICTPBIX 3JEKTPOHOB; OJAHAKO JIOKA-
3aTh 3TO B TeUeHHe MHOMHX Jer He ylasajocb. IIpaspa, 6blio ycra-
HOBJIEHO, YTO PEHTIEHOBCKHE JYYH HE OTKJIOHSIOTCA B 3JE€KTPUUECKOM
HJH MarHUTHOM nose. C apyrofi cTOpOHBI, OueHb Gpocasoch B T/iasa
T0 06CTOATENBLCTBO, YTO NMOTOK PEHTIEHOBCKUX Jyueil BO MHOrux or-
HOIleHUSIX TOJ00EH MOTOKY KOPNYCKY/A: AUGpaKIHOHHbIE SBJAEHHUS,
HHTep(epeniuo, NpesoMJeHHe Ha rpaHHiUe pasjena cpej BHauane
HaOaofaTh He yAaBajoch. PeHTreHOBCKMH Jyd JI0 MOJHOrO NOrJo-
IEeHUS PACOPOCTPAHAACA MPaKTHUECKH NPAMOJHUHEHHO, Kak MOTOK
Kopnycky/. B pesyabTate HeyaauHbIX NONLITOK OOHapyXUTh BOJHO-
BbI€ ABJEHHS MHOU'He YueHble, B TOM UHcjie caM Pentren, npHILIH
K 3aKJIOUEHHI0, UT® PEHTIeHOBCKHE Jy4H TNpeAcTaBasioT coboil mo-
TOK OBICTPHIX KOPMYCKYJ.

Has toro utobpl OOHApYyXHUTH AMGBPaKIHIO, HeoO0XoaHMO, 4TOOLL
pasMepel Iuenell U nperpaj, o6pasyomHX NPaBHIABHYIO peLIETKY
Ha NyTH BOJiH, OBINH He CAMIIKOM BEJHKH 0O CPaBHEHHIO C AJHHOH
BOJIHbI. DTO HEMOCPEACTBEHHO eNeflyeT ¥3 GopMyasl penleTkH: [sin ¢ =
= kA. IIpu I >> A mMbl GyneM HMeTb Bceraa sin ¢ ~ ¢ ~0, Takuto Ha-
KaKoro OTK/oHeHus Habjonathes He Ovper.
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Ecsin pentreHoBckie Jydd — 3J/IeKTPOMarHHTHBEIE BOJHH, TO OT-
cyTCTBHE AU(PAKUHHM 03HAYAeT, BO3MOXKHO, UTO JJIHHA 3THX BOJH TakK
MaJsia, 4To OObIYHbIE pEIUeTKH AJad oOHapyXeHHs IHdPaKUUH HENpH-
rognel. Ho eciu Hesb3s M3rOTOBUTH pPeIUETKH O CTOAbL Madjo#l mnoc-
TOSIHHOM [, TO 3aTO OHH HMEIOTCSH B IPHPOAE — KPHCTaNAAbl, B KOTOPHIX
aTOMHl (UOHBI) pacmo/ioKeHbl B oueHb crporoM nopsake. Ilpasia,
pelerka 3Ta 6ojiee c/0KHAA, 4eM Ta, KOoTopas ynorpebiasiercs B ofl-
THKe,— 3TO HE OfHOMepHas pellleTka, a NPOCTPAaHCTBEHHasd, Tpex-
meprad. B orauyne oT oDLIYHLIX ONTHYECKHX AH(PaKIHOHHEIX pelue-
TOK, OTA&JbLHbIM pPaCCEHBAIOWUM SJEMEHTOM $fIBJIseTcs aToM (HOH)
HIH MoneKyAa Kpuctajna. Kak H omuHouHas ilenb, Kaxablil atoM
CO3/3aeT Ofpeje/eHHy0 ARPPAKUHOHHYIO KapTHHY, 3aBHCAILLYI0 OT
€ro CTPOeHusd, T. €. OT pacnpeiesnends BHYTPH HEro NMJAOTHOCTH 3JeKT-
puueckoro sapsiza. Ho 5Tu pacceuBaromue /eMeHTHl 06pa3yioOT He
OJHOMEPHYIO TMOCJeI0BaTe/NLHOCTE, a TPEXMEpPHYIO.

[Tepsuie Meroanl pacuerta AudpakuuH OT O6BEMHON pelIeTKH Aan
Jlays. OH HCXOauA U3 TOTO, YTO OOBLEMHYIO PEIIETKY MOMKHO paccMmarT-
pHBaTb KAK COBOKYNHOCTb JHHEHHBIX.

PaccMoTpuM, 1S OPOCTOTHl, KPHCTald, y KOTOPOTo aTOMEl (HOHbI)
HaXOATCH B yrJaax napaJjnenenunenos ¢ ANHHOR pebep a, b, c. Brige-
JUM [eMoYKy aTOMOB, pacho/OMEHHHIX BIOJAb ocH x. Kakzae# atom
npencrasiaser co60f LeHTP, HA KOTOPOM MPOHCXOAUT paccesiHHe PeHT-
TEHOBCKHMX Jydel, T. €. KaxJpll aTOM — 3TO HCTOYHUK BTOPUUHOMN
cepudecKolt BOAHBI, a BCS LeNo4Ka dABAdeTcs JUHeliHOH pemer-
KOH ¢ nepnosoM a. To e MOXKHO cKasaTb O ieNoYKax aTOMOB, Je-
MamMX BAOJL (M napad/enbho) ocH y (nmepuoa b) M BROAL OCH 2
(nepuog c).

Ina gamjol JUHEeAHOA pelleTKH MOXHO HanucaTb ycjosue Rud-
paknuu, Taknm o6pazoM, AHGPAKLHA MOXKET HMETh MECTO, ec/H OT-
KJOHEHHBIA JIyY YJROBJETBOpAET TpeM HesaBuCHMEIM yejosusMm. Ho
Hanpap/eHHe Jiyda B NDOCTpPaHCTBE ONpefe/sdeTcd ABYMs YI/1aMu
YHC/IO YCMOBHH, KOTOpble HEOGXOAHMO YyAO0BJIETBOPHTb, 0 O J1 b LI e,
ueM 4ucaAo NepeMeHHBIX. B oflmeM cinyuae yCa0BHs OKa3blBAIOTCH
HeyJOBAETBOPEHHBIMU u utpakuun He Habmopaercs. Ecam Mono
XpoMaTuuecKHH Jy4Y majaerT Ha [POH3BONLHO PACNOJIONKEHHBIN
KpHUCTand, TO OOBIMHO OH NPOXOAUT 0e3 OTKJOHEHHS; OTKIOHEeHHe
B pesy/bTaTe AH(pPaKIUH BO3HHKAET JHHIb NPH CJAYYAHHOM yAaYHOM
PachoONOKEeHUH KpHCTaLa.

ILas toro ytoObl HaBepHAKA MOJAYYHTh AMPPAKIHOHHYIO KapTHHY
PR NPOU3BONLHOM TOJIOKEHHH KPHCTaJ/a, MOMKHO BOCIOJNB30BATHES
He MOHOXPOMATHYUECKHM H3JIy4eHHeM, a HelpPepLIBHLIM HJAH, KaK ero
MPUHATO Ha3LIBATL, 6 € /1 bl M PEHTreHOBCKHM CIEKTPOM, KOTOpBI
HCIYCKaeTcss peHTreHoBckod Tpy6xoil. Toria st NaHHBIX YCJIOBHE
OMmuiTa BCErja HallgyTcsa TakWe NJIMHBI BOJIH M3 CIIEKTPA, KOTOpbIE yIOB-
JIETBOPAOT YCJOBUAM JAuDPAKIUH.
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CoBepuleHHO 2KBHBaJIEHTHbIE QopMynaM Jlays, HO ropasjc Gonee
ynobubie 1151 aHa/K3a, opMy sl 6614 AaHsl HesaBHcHMO 1O, B. Byab-
dom u Y. F.u Y. JIl. Bparramu. Merog, npensoxensbli HMH, COCTOUT
B CJeLyoIeM

Pacemorpum nsockoctn 1, 11, [11, ..., B KOTOPBIX JIEXKAT aTOMbl
kpucrasna (puc. 1.83). O6o3nauuM yros Mexy HanpasJeHHeM Najaio-
wero Jy4a 4 nockoeteio (11, /11, .. .) uepes . Mbl MOKEM CHHTATH,
YTO OT MJOCKOCTH { 4aCTh Jiydued MPaBUJLHO OTPA3HJACL, TAK YTO OT-
paxkeHue jiyda / MpOMCAOAUT TaKxe moa yrsom &. B cuay Toro gaxra,

Puc 1 83

YTO pPEHTreHOBCKME Jyun obnafator Gosbiuofl npoHuKarouled cnoco6-
HOCTbIO, CJeJyeT, UTO OTpameHHAd HYaCTb COCTABJAET HHUUYTOXKHYIO
JoJto OT npouweauero jyda. CreiosaTteNbHO, HHTEHCUBHOCTB Jyuel,
najalolux Ha niockoctd f, f1, 11, IV, ... OyzeT mpakTHYecKH
OJAMHAKOBa, M OTpameHunle ayyn I, 2, 3, 4, ... OyAyT UMeTb Kak oG-
(lee Hanpag/ieHHe, TaK M OJHHAKOBYI0 HHTEHCHBHOCTb JITH Jy4H
GyayT Mexay coboit WntephepupoBaTh, NpuueM pPe3yJbTaT HHTEpde-
PeHUMKM ONPEAeUHTCsl HX PA3HOCIBIO XO[a, PaBHOH, KaK 3TO BHIHO
H3 pucynka, 2dsm .

Takum oO6pasoM, MaKcHMyMbl 6yayT HMETb MeCTO AJs1 YIJIOB, yaO-
BiersopAomwKx yeaosrio 2d sind = kA. Hanuune ne aByx, a orpom-
HOro MHOMKECTBA OTPAXKAMWUIMX IJIOCKOCTEH CKaeTcd TOUHO TaK Ke,
KaX ¥ Ha/JHuue He JBYX, HO MHOXKECTBA ulesefl AMpaKUHOHHOH pe-
IIETKH: MaKCHMyMBl OCTAHYTCSl HZ CBOMX MecTaX, HO CTAHYT 3HauH-
TeqibHO Gosiee ocTpbiMU. [IpakTHYecKH oTpamenue Jydedl Oyner UMeTh
MeCTO TOJ b KO IJ8 HanpasJjeHud, yJIOB/JAETBOPSIOMHX GOpPMy.Jie
Byasgpa — bparra:

2dsinO=FkA, k=1, 2, 3.... (16.1)

«CeTyatble NJAOCKOCTH», B KOTOPBIX JelKaT aTOMbl KpHCTaJl1a B KO-
TOpLle cAyKAT CcBOEOOPA3HBIM 3EPKA/IOM JAf PEHTIEHOBCKHX JyueH,
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MoryT OHTb NpOBeleHH B KPHCTaJJe HE TOMAbKO napafifielibHO rpa-
HAM, HO ¥ PAsJuuHBIMHU APyr#MH cnocobamu (puc. 1.84). Mag raxpaoi
TaKO# CHCTEMbI IJIOCKOCTEH HeOGXOAMMO HanucaTh hopmyJin Bynbda —
bparra. Cpasy owesupso, 410

e yvi HHTEHCHBHOCTb ~ OTPaKEHHbIX

N ayued (ecau ycaosusi (16.1)

— YHOBIETBOP g10TCH) Gy eT onpe-
N W\ NeNATHCA TEM, Kak rycro Jje-
AT 4TOMBl B JaHHOH CHCTEMe
ceTdaThiX mJockoctell H Kak

/ // \ CUJIBHO aTOMbl JIAHHOTO COPTa

777 PaccedBalOT  PEHTTeHOBCKHE
- Jy4u.
Puc. 1.84. Ecad 6b peHTreHOBCKHE

Jy4H OblJIH BHAMMBI, TO BO3HU-
Kalolllasi KapTuHa AH(GpaKUMH npejcTaBissa Obl CHCTEMY NPaBHIbLHO
PacnoJIOKEHHBIX MATEH OT OTPAKEHHOTO NOJA Pa3HLIMH yrJaMH Najaio-
UIEro y3Koro ny4ka Jjydei, npHdeM 3TH NgTHa Oblyid Obl pa3HOro UBeTa:
KaMJo0€e U3 HUX BO3HHKJIO B pe3ynbTaTe NHppaKuuH Jyda APYToil ANHHLI
BOJHLI. HO 5TH JTy9H HeBHAHMMEL, a Ha JOTONIACTHHEKE BCE IATHA HMEIOT
yepHBIl 11BeT. 3T0 OUeHb 3aTpyAHseT pacmudposky kapTuHsl. [lo-
3TOMy GLIIH NMPEINOKEHH TPH cnocoba HAGMOfAeHUST AH(PAKIHH MOHO-
XPOMaTHYECKHX DPEHTTeHOBCKHX Jyueil:

1. MoxHO HanpaBJsAThL HA KPHCTAaA He NapaienbHbil, HO pacxo-
JAIMHECS My4oK Jyded, ofpasyomux ¢ IaHHHMH ceTYaThiMH NOBEDX-
HOCTSMH pa3jdyHble Vribl HNajeHHs.

2. Moxuo Bpamath (MM KauaThb)
KpHCTaJNJ, Ha KOTOPHIA Majaer napaig-
Jeabublil nyvox ayueit. [Ipu HekoTopbix
€ro noJOXKeHUusX ycaoBusa Byabpa —
Bpsrra ynosnersopsiioTcst, H Mbl 1oJy-
9UM JHOPAKUHOHHYI0 KapTHHY.

3. BMecTo o0AHOro Bpailawomerocs
KPHCTa/Ia MOXKHO B35ATh KpPUCTAAJaHYe-
CKHH MOPOILOK, COCTOSIMH H3 OrpOM- .
HOT'O MHOMKECTBA PasJuYHO OPUEHTHPO- Puc. 1.85.

BaHHHX KpHCTaJANUMKOB. B cuay Gecrno-

pAXOYHOH OpHEeHTalMH KPHCTAJANHKOB OUeBHJIHO, 4TO CPEJH HUX BCEraa
HafilyTcs Takue, A KOTOPBIX AHDPAKIHOHHBIE YCAOBHS GYAyT BbI-
nonHensl. JIH@pakuuoHHAs KapTHHA B 3TOM CAyuae MMeeT BHI KOJjell
C ILleHTPOM B TOUKe, B KOTOPYIO NPHXOAMT HEOTKJIOHEHHbLIH ayy (cM.
prc. 1 B KoHue KHHTH). .

3To MOMKHO NOHATH U3 CJAERYIOUWHX coobpaxenui. [Tycrs nokasan-
Hoe Ha puc. 1.85 pacrnonomxeHue KPHCTAJNIHKA jaeT mpOAHQparupo-
BaBWHA JyY nox yraoM ¥ x aydy nagaiomeMy. IlpeacraBum cebe,
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YTO BCsl 3Ta KapTHHKa Bpamaercsi BOKpyr ocu OO'. Ilpr stom npo-
nudparupoBaBlunil yu OyleT ONHCHBATE KOHYC C pacTBopoM O,
a CJEf OT Hero Ha (HOTOMIACTHHKE, NOCTABJIEHHOH NepneHAUKY/IspHO
Kk 00’, 6yner umern QopMy OKPYHKHOCTH. B MenrokpHcramnnueckos
CTPYKTYpe (OPOIIOK, METa/la H T.A.) HMEOTEH KDHCTa/VIMKH, OpHeH-
Talusi KOTOpHIX OTBeyaeT noBopory puc. 1.85 oxona oew 00 na
moboit yroa. CnenosatesnHo, /OSOMY HanpaB/ieHHIO AHGPAKUHH NpH
yrnorpeGaeHuy MOAHKPHCTANIA OTBERAeT OKPYMKHOCTh.

JTOT METOJ HCCIIeJIOBaHH$t KPHETaAA0B BechbMa yJoGeH M HMIMPOKO
NpuMeHHM, TeM 0oJiee, 4TO JaJeKO He BCErjla HM3yYaeMoe BelleCTBO
MoXer ObITh NMOJNYYEHO B BHAE MOHOKpHCTalna. Tak, cTaib npefcras-
Jisier cobOft MOAHKPHCTAWI C OYeHb MANbIMH H NPOH3BOJBLHO OPHEHTH-
POBaHHBIMH MOHOKDHCTA/LTHKAMH.

[llupokoe npPaKTHYECKOE HCNONb3OBAHHE PEHTFEHOBCKHX Jyued
CBSI3aHO ¢ HX BHICOROR NpoHmKawmeR crnocoGHocTEIO. B Texuuke
PEHTTEeHOBCKHE JYYH YacTOo HCHOAB3YIOTCS IS TIPOCBEUHBAHMA HeTa-
Jef, A oOHApyXKeHHR B HUX pasaxusmix jedextoB. [docTurmyras
B HalH AHH BO3MOMXKHOCTH NOJYYaTh DEHTTCHOBCKHE JYYH IPH TOPMO-
HEHAH 3JeKTPOHOB, YCKOPDEHHHIX TOJAMH B JAECATKM W Aaxe COTHH
MH/ITHOHOB BOJIbT, IO3BOJISIET IIPOCBEMMBATH METALUTHYECKHWE Tpen-
MeThl TONMMHOA RO JecATKOB CaHTHMeTpoB. OTPOMHYIO POdb CHITpatH
PEHTTeHOBCKHE JIYYH B HCCACNOBAHHH CTPYKTYPH BeleCTRa.

Ecsqu uM3BecTHa A/iHHA BOJHB DPEHTTEHOBCKHX Jyueli, TO HC JRH-
¢bpakiHOHBON KapTuHe, NMOJyYyaeMoll ¢ HX IOMOINBIO, MOXKHO pripeje-
JUTh CTPYKTYDY Kpucrania. Ha srom ocropad MeTon u3yueHud CTPyx-
TYPbl BeI(eCcTBa, MNONYUYMBINHA HA3BAHHE pPEHTreHOCTPYKTY p-
HOTO aHaJdu3a.

C apyro#t CTOpOHB!, NOIb3YACh Y€ H3YYEHHBIMH KPHCTAIIAMH,
MOKHO N0 AH(bPaKDUOHHON KapTUHE YCTAHOBHTHL CHEKTPajbBHE €oc-
TaB pPEeHTIeHOBCKOIO H3JyueHHsi J00oro ncrounnka. Takum ofpasom,
NpH yKa3aHHO# MeTopuke HeoGXOIHMO HMETh He3aBHCHUMEIE JaHfinie
Xors 6bl I ofHOro kakoro-nu6o KpHcTaaia. Ecsii H3BecTHa CTpyK-
Typa KPHCTANIHYECKOH peweTKH, TO, 3Haf Bec ofpa3ia KpUCTalia
H Bec OTAeNLHBIX 2TOMOB (T.e. aTOMHBII Bec W uHeqo Aporazpo),
MOXHO ONpENe/NUTb YHCJAO0 aTOMOB B KPHCTalJIe H, CIEOBATelbHO,
paccrosiiusg Meany HuMHd. Tax, KpUCTaaa noBapeHHoH COId ABHO HMeeT
KyOHUeCKyI0 PpemeTKy, B Vy3Jax KOTOpol HaXoAsTcs [o0UepekHo
wounl Na* wu Cl™. Tlocrosunas pelmeTKH, BbUNCIEHHas YKasaH-
HEM 06pasoM, oOKasbipaeTcs paBHoH d=2,81.10"'x. 3ra pewerxa
H HCNOAb30Bafach BHayale AJA «KaiRGpPOBKHM» PeHTreHOBCKKX Jyuedi.

B nanpHefimeM yaanock nodyunTe AHQPAKHHIO peHTTeHOBCKHX
Jiydefl OT OOBIUHBIX AUDPAKIMOHHEIX penierok. Jias 3TOrO MOXKHO
HCTIONB30BaTL  CPABHHTENIBHO TPYGYI0O  OTpakKaTeNbHYI0  PEleTKy
(200—300 wTpHXOB Ha MHLIUMETP), HO MPUMEHS CKOMB3SUA BAOID
ee MOBEPXHOCTH Jyu. B pesynbraTe Gb/IH MCOpaBJieHbl RONYIIEHHHIE
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pauee IOIPEMIHOCTH B OIpejie/IeHUH NOCTOAHIIBIX pellleTOK KPHCTanAJoR,
a Takxe GU3AUECKHX KOHCTAHT, OIUHOKH B ONpPEAENeHHH KOTOpHX NpH-
BEJIH K STHM NOTPEHIHOCTSAM.

B ciyuae XUAKOCTH audpakuus OT BCEX OJHHAKOBBIX MOJIEKYJ
NPOMCXOANT C Da3sNHUHLIMH M HENpPepLiBHO MEHSomUMHCA (azaMH.
['naBHEIE MaKCHMYMBbl C HHTEHCHBHOCTBIO, BO3pacraiomieil B N? pas,
B 9TOM cayuae Habsroaarbest He 6yAyT. Tak ke Kak u npu Gecriops-
JIOUHOM paclipejiesieHuH mefed, npu AMDPAKIAH PEHTIEHOBCKHX Jydel
OT XHAKOCTH Gy7eT HabJ0AaTbes KAPTHHA, Onpefesisemasi CTPYKTypoi
OTAeNLHOR  MOJEKYJbl, HO yCWIEeHHas [IPONOPLHOHANLHO 0bmeMy
uncny Mosekya N.

B cayuae 60nbmuX, AOCTATOUHO AHH3OTPOMHBIX MOJEKYJN AH(ipaK-
IMOHHAS KapTula, jaBaeMas XWAKOCTbIO, HauyHaeT NOXOIHTH HA Ty,
KoTopass NOJyYaeTcs Ha MeNKOKpPHCTalJHUeckOM MarepHaie. 3710
0o6CTOATENLCTBO YKA3bIBAET HA HA/MHu{e B TAKUX KHIKOCTAX «OJMK-
Hero TMOPsAKa» — OTHOCHTE/ABHO [IPAaBHILHOrO, YMOPSAJOUEHHOro pac-
HOJMOKEeHHST OMH3KHX MoJeky/ad. B KpHcTaniax Takoe pacHo/iOxeHHe
cOXpaHgeTcsl Ha CKOJib YroAHO GOMBIIHX paccTOsiuusAX. B EuakoceTax
NPaBUILHOCTb PACMOJIONKEHHST HAa OOJNbHIMX PAaCCTOSHHSAX HApyluaercd,
B CHJIy Uero XHIKOCTb MOKHO CHUUTATL MEJKOKDPHCTANNHUYECKHM TEJIOM,
B KOTOPOM, O/{HaKO, rpaHHubl KPHCTAAJNHKOB HE OUepueHBl TaK YeTKO,
Kak B TBeEPAbIX TeNax, H KOTOPLIE CO BpEMEHEM MEHSIOT KaK CBOHM
pasMephbl, TaK H OTHOCUTEJbLHYIO OPHUEHTauwIo.

Ha puc. 1.57 Buano, uTo uudopManHs O HAJHYHH JBYX KOTEPEHTHHIX IIeJEBHIX
KCTOUHUEOB 3dafiucaHa B Bujie HHTep(bepeHLlI{OHHOﬂ KapTHHLI Ha Beefl TJIOCKOCTH BKpaua,
CJIe)lOBaTEJIbHO, B3anMHoEe pacloJoXeHHe HCTOYHHKOB H HX pacCTOfiHHe Jio 3Kpava
MOXKHO BOCCTAHOBHTL, Haxke uUMesd B paclopDAXKEHHH TOJMLKO 4acTb 3anycavHoM HHTED-
depenuyoHHoll XapTHHBI, XapakTepH3ywollleH pacnpejefieHHe HHTeHCHBHOCTeR KoJjela-
HUl B jJowmiegiieM J0 9KpaHa fprHTe CBETOBOH BOJIHEL, ONpEREeNsieMBbIX COOTHOUIEHHEM
aMnauTyA H das HaNOKWBUIKXCH ADPYT Ha JAPYra BOJK 0T o6OMX HCTOuHHKOB. Ecuam
3aMeHNTh 9Kpan (OTON/ACTHHKON, TO pacnpefelieHHe NOUEPHEHHA Ha Hell NpPeACTaBHT
Kax Obl «3aMOPOMKEHHYI0» KapTHHY 3TOTo (ppoHTa.

Hns nonyueHns mopoGHOR rosorpaMMBE (OT I'PeYecKOro FOJIOC — Bech,
ue.m:lﬁ) OT KaKoro-jaubo o6bekTa ero OCBELAlOT H3JYUEHHEeM OT KOrepeHTHOro HCTou-
HHKA M PaccedHyl0 BOJMHY 3acTaBJMIOT HHTepdepHPOBaTh B IJIOCKOCTH (oTOmJIAC-
THHKH C BTOpOﬁ BOJIHOK OT TOro Xe HCTOYHHKA, OTpa)KeHHOﬁ NoJ, HeKOTOPLIM YTrJoM
OT TIJIOCKOrO 3epKafia (3TaJOHHHIE NYyYoK).

ﬂ.ﬂﬂ pacmmbposxu Ha NpOfIBNEHAYKD ToJorpaMMy Haji0 HanlpaBHTb TOT iKe€ HTa-
JIOHHEI TIyuoK cBeta. [Tpoiiga uepes oGpaiieHHYIO roJorpaMMmy, QPOHT BOJHEl HCIHH-
TaeT Ha NOYEDHEHHAX COOTBETCTBYIOUHE ocaalJeHHsa BOCNPOH3BEILT paclpejeliende
aMIaIuTyA H Qa3 3aMOPOKEHHOHR BOJIHBL,

TaxoBa onna M3 cXeMm cospeMeHHOH FoJiorpad ¥ 4, T.e. Ge3/HH3OBOIO BOCHPO-
n3BelleHHsl TPOCTPAHCTBEHHOrO H3oGpaxenusa npeaMera, Ha stoM nyTu cefiuac jocrur-
HYTBl OrpOMHBIE YCNeX¥ He TOJbKO B BHAHMOM JHAaNa30He, HO H ANS PaayoBOJH
M Jlaxke PEHTTCeHOBCKHX leqeﬁ. B xauecTee KOrepeHTHBIX HCTOYHHKOB IIHPOKO
HCNONL3YIOTCS COBpeMelHble JasepH (cM. Huke § 53).



FJIABA VI
NOJsIPU3ALUS CBETA

§ 17. EcrecTBeHHbli M nModsipyu3oBanHbid CBer

Kak 6bisi0 BeiBefieno B 1. 11, § 53, meproguuecku Kosebmomusics
3JIeKTPUUECKHHA AunoJb P (f) MCMyCcKaeT BO Bce CTOPOHBI 3JjieKTpoMar-
HUTHBIE BOJIHBI, KaK 3TO nokasaHo Ha puc. 1.86. Bouausl, mayilue
BJOJbL palHyca-BekTopa r, o6/iajanT TeM
CBOHCTBOM, UTO 3jIeKTpHUecKHH BekTop E
JIEXHT BCErja B [JIOCKOCTH, Cofepxkalied
p u r, a MarauTHelH BeKTOp H nepnen-
JHKYJApeH K 5ToM IJIOCKOCTH.

BaauMHas opueHTauus sektopoB E,
H u r (HAM BeKTOpa CKOPOCTH BOJIHHL V|ir)
Ooljia BoiBegeHa B T. (1, § 50. Ha puc.
1.87 uzobpaxen «MOMEHTAJbHLIA CHUMOK»
TaKoro Jyya. M3 uepreka BuaHO, YTO BO
BCeX TOUKaX BAOMNL Jyda KojebaHue Bek-
topa E npoucxoautr B onHOH M TOR XKe
MJAOCKOCTH, npoxojsilied depes /aiyd H HO- Puc. 1.86.
cAmeil Ha3BaHHe NJAOCKOCTH Ko
anebanwui llepneHfukyaapHass Kk Hell NNOCKOCT, B KOTOPOR
xonebnerca MarHuTHHA Bektop H, Gbina yc/ao0BHO Ha3BaHa 0 O C-
KOCTHI mNoOJApH3IalUHU,

Jlyu, uzobpameHHBIH Ha puc. 1.87, HocuT HasBaHMe nJ 0 C K O-
(miM AMHellHO)NMONAPU3OBAHHOTO.

IMonepeuynocTs CBETOBLIX BOJMH # CYUIECTBOBAHHE MOJSIPU30BAHHBIX
JdydeH ObIAM YCTAHOBJEHH ellg [0 BO3HHKHOBEHHS 3J/€KTPOMArHHT-
HOll TeopuH ceera. Ilpu 3TOM JIHTENBHOE BpeMsl ILJIAa AHCKYCCHSA, B
KaKOH M3 9THX ABYX MJIOCKOCTel NPOUCXOAAT NonepeyHsle [ehopManuy
sHpa. Jluwe nocne co3aaHUs 5NeKTPOMArHHTHON TEOPHH CBETA CTajlo
ICHO, YTO KonieGanus MPOUCXOAAT B O0eHX B3aHMHO MeEPNEHAHKY./Isp-
HBIX TJOCKOCTSX, HO KOJeOGAIOTCA B 3THX TMJIOCKOCTAX Pas3HH e
pextopsl E u H. Boaee toro, B 1. 11, § 50 Geiito nokasawo, uto xone6-
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molleecs 3/1eKTprueckoe noie E o6ssatenbHo cosnaer koneboueecs
MarHuTHOe moje H u obpatHo. Boana, B KoTopol kojebneTcst JHILb
oaun 43 BekTopos E uan H, HeBoO3MOXHa.

E

flnocKocms Konelanud

fnacrocmes RORApESaYLL

d

Puc. 1.87.

[MockonbKy na sjeKTpuuecKUe 3apsambl cpelrl, B KoTopoll pacnpo-
cTpansiercs CBeT, AeHCTBYET B NMepByi0 OUepelb 3JEKTPHUECKHH Bex-
Top E, To nmpu u306paXKeHHH MOAAPH3OBAHHHX JyYeHd Mbl GyleM OT-

E
aq | D
4
4 —=0
E
H

Puc. 1 88.

MeuaTh JUIIb HappaBaeHHe Koyebanufl
3TOTO BEKTOpa, He 3a6hiBasi 00 06sa3aTelb-
HOM CYIIECTBOBAHUH NEPHNEHANKYAAPHOro
emy Bexktopa H. Ha puc. 1.88, a mokasa-
Ho o6osnavenue (d4epTOUKOH) syua, moss-
PH30BAHHOIO B IIJIOCKOCTH, NEpPHeHNHKY-
JAPHON K TIJIOCKOCTH YepTexa, a Ha pHC.
1.88, 6 — cooTBeTcTBEHHO (TOUKOMl) Jyua,
HOASIPH3OBAHHOIO B NJAOCKOCTH YepTemka.

SnekTpoH, Bpawawiuiics no opbure,
KaK yxkasoiBajoch B T. I, § 46, obnanaer
MarHUTHBLIM MOMeHTOM p.. Ecau pamuyc
opOUTHl HAM CKOPOCTB OyIyT NyJabCHPO-
BaTh, TO MOAYYUTCS KoJeGmwomuics Mar-

HHTHWH JAUNOJb, TaKXKe H3Ay4yalouluHd 3JeKTPOMATHHTHME BOJHHL.
KoneGanus 3j4eKTPHUECKHX 3aPsAX0OB B H3JjydaiolleM aTOMe He Bcerja
MOryT GbiTh CBeJEHH K MpocTefiiieMy clyyaio KoieGiolerocs: IHmo-
as. KpoMe 1Hmo/M bHOT O BO3MOXKHO KBaJAPYNOJbHOE (UeTHIpe
He COBNafaolHX CUMMETPHYHHIX 3apsja) U 60see CHOKHbE THIH H3-
ayuenuil. B oToM cayuae H3NyuaeMmblli cBeT yxe He OyJeT MOAApH30-
BaH B O/HON onpeJlesieHHON NJIOCKOCTH OTHOCHTEIbHO Jly4a H €ro MoX-
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HO NpPelCTAaBHTh KaK CYMMY JIBYX MOJISiPH3OBEZHHLIX B3aHMHO nepReH-
JBUKYJSpHO ayuefl ¢ 3aKOHOMEPHO CIABHHYTBIMA da3zamu. Ilpoctefi-
IIBM clyyaeM TaKoro HeVIOCKONOASIPH30BAHHOTO JMyya OyZdevy Jayd4,
NoONSAPHBOBAaHHBEA NO KPyTy.

]

-

[lpegcrasum ceGe, 4T0 B JAHHOM HaNpPaBJeHHHM V pacHpocTpaHsds
I0TCS JBe IJOCKONOJSiPH30BaHHbIE BOJHH OJHHAKOBOH aMIUIHTYAbI
A,=A,=A, capanyTble no dase na 90°, Kax NoKasaHo Ha puc. 1.89, a.

YpasHenus sTHX KoaeGauufi B Touke M Oynyr

E,=Acosat

(7.1
E,=Acos (mt +-§-) = A sin of.

Pesynwtupyiomnft sextop E Oyner paBeH reoMerpuyeckoi cyMMe saek-
TPUYECKHX BEKTOPOB OGEHX BOJIH:

E=E,+E, (17.2)

M3 puc. 1.89, @ BugHo, uTOo yroa ¢, xKoropuii Bektop E cocraBiser
¢ ocbio X, onpelensercd, coraacso (17.1), Kak
E Asinot

== =
tga_E,‘“Acosmt_tgmt’

o= of. (17.3)
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Bennyunna xe pektopa E

E=V EX+E = AV o5l + sintol = A (17.4)

ocTaercst NOCTOAHHOM.

M3 (17.3) n (17.4) caenyet, uto B Touke M KoHell 371eKTPHIECKOTO
BekTopa E pasHoMepHO spalllaercs no kpyry. Tak e, oueBHIHO, Bpa-
laeTcs M He roKa3aHHbl Ha depTexke MarHuTHuA Bektop H | E.
B cocepueii Touke Ayua 570 BpauleHHe Oy ieT COOTBETCTBEHHO CABHHYTO
no (:ase U NpU «MOMEHTAJBLHOM» CHHMKe KoOHIb BekTopoB E (u H) 6y-
AyT pacno/ioXeHsl 10 cnupaid BOKPYr Jyua. C TeueHueM BpeMeHH
BC 3Ta «CNHPaJb» BEKTOPOB OyjAeT PaBHOMEPHO CMellaThCAl BAOJL
cBoefl ocu (puc. 1.89,6).

To, uTo npH CcOXKEHHH B3aUMHO NMEPNeHIUKYJAPHEIX KoJebanui
MOXKET MOJNYYHThCAl BPaLleHHe, a NPHM C/AOKEHUH BDalleHUH Moxker
CcHOBA MOJYYMThCs KojefaHue, yiKe ykasmBanoce B T. I, § 53.

Ecau aMnanTyns o6edx B3aMMHO NEPEeHAHKYNAPHBIX BOAH OyAyT
pasauunbl: A, 72 A,, TONOJAYUHTCH 3NN UNTHUYECKH NOJA-
pU3OBaHHBH Jayu — KoHen Bekropa E OyneT OmNHCHIBaTh
JJIUIC.

EcrecTBeHHble HCTOUHHKH CBETa COREpIKAT OrpOMHOE YHCJAO aTo-
MOB M MoOJIEKyJ, BO36GYKIEHHBbIX B pasjiuyHoOl creneHd, OIUHaKOBO
5030ysKeHIIble aTOMbl H3JYYalOT CBeT ONHOH M TOH € 4acTOThi, HO C
caMbIMM pa3/jHYHBIMH Haua/abHKIMH Qazamu (cM. § 10) u ¢ pasaHuHOH
opueHTallell MJIOCKOCTH MOJAPH3alUM B npocTpancTee. B pesyabra-
Te B €CTECTBEHHOM MOHOXpoMatuuecKoM Jjyue sekrop E (1 H) B kax-
JOF TOUKE HENpEpLIBHO U XAOTHUECKH MEHSIeT CBOE HanpaBsjeHHe B
JIOCKOCTH, NepneHaHKyasgpHo#t nyuy. Pasgaras sToT BeKTOp Ha 1Be
B3AMMHO NeEPHeHAHKyasipHble coctaBasiomue E  u E , Mbl TeM caMbiM
MOEM NPEJICTABUTD €CTEeCTB e H HBb a yd ’kak HanomenHe
JBYX Jjydeil, NOJIpU30BAHHBIX BO B3aHMHO NEPNEeHIMKYMISPHLIX MJoC-
KocTsx, Oanako ¢ a 36 000X Jyuell HenpepbiBHO H XA0THUECKH MEH -
IoTcH U He ¢cBA3adbs ApPpYTr ¢ ApyroM B arom npunyu-
NHaJbHOE OTJIHUME eCTECTBEHHOTO Jyua OT JydeH, MOJNPH3IOBAHHEIX
o KPyry, MO SJJIMICY MIAH UHLIM, O0Jee CJIOKHBIM, HO 3aKOHOMep HBIM
obpasoM. Eciau kakuMm-1u60 obpasoM pazfenuTs ob6a jyua, a 3aTeM
CBECTH MX B OJHY MJOCKOCTb, TO OHH He 6y11yT ulTepdepupoBarTh,
TaK KakK fBASIOTCS HEKOTePEHTHLIMH,

O6was MHTEHCHBHOCTB BOJIHBI NPONOPHHOHAIbLIA KBajApary am-
AAuTY AR, M3 reoMeTpHuecKoro cOOTHOIIEHUS

=EL+E, (17.5)

B 5TOM cJydae cjeiyer, YTO HHTEHCHBHOCTb eCTECTBEHHOro Jyda pas-
Ha TPOCTO CyMMe HHTeHcHBHOCTefl OOOHX MOAAPU3OBAHHBIX Jyued,
Ha KOTOpble OH MOXeT OLITh PasJioxkeHd. BBHAYy XaOTH4HOCTH BenHiH-
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BB B HATpaBJ/ieHus BEKTOPa E, ¥yHTeHCUBHOCTH ﬂy‘{Eﬁ, nojspru3osaH-
NX B J00LIX ABYX B3aUMHO TMEePHEHIUKY/ASAPHHIX TJOCKOCTAX, B
cpejHeM OAMHAKOBLI H

Ey=E}= E5. (17.6)

Hrak, ni060f ecTecTBEeHHB A JAyYy CBE€Ta HEe MO~
aAsipu3oBkan., Kak ke MOXKHO, UMest JUllb €CTeCTBeHHble HCTOY-
HHKH CBeTa, BHLAEAATL M3 OOMIEro MOTOKAa JAYUH, IMOJAPH30BAHHHIE
BOJHe omnpejaeNeHHbIM o0pa-
30M?

[TokaxkeMm 3TO cHa4vaja Ha
Mexaunueckoit anajsoruH. Ha
puc. 1.90 uzobpamena ynpy-
rasi HuTh, HATAHYTaf MEXIY
NBYMSl OUeHb GIM3KHMH MKecT-
KUMH napajjelbHBIMH  T13ac-
THIiKaMH, B Touke S pacnono-
JKEH HCTOUHHK, CO3/latolHi Mo~
nepeuHnie Kosebauud, pacipo-
cTpaHAwUMecss BAOAb HHUTH.
Ecau naockocTs Konebanufi
napanajeisHa njaactuHam P
(puc. 1.90, a), T0o Takde none- Pué. 1 0.
pedHble BOJHB TPOHAYT MEKAY
NJACTUHAMH, He 3afepXKHBafch. ECJH XKe NJ0CKOCTh KoJebannii nep-
nenaukyJasgpHa nJactudam (puc. 1.90, 6), To nocnennue Gyayr mpe-
NSITCTBOBATL TNOMEPEYHbIM Koe0aHHAM HHMTH M HE NpOmycTAT Ta-
KY10 BOJIHY.

AHanornuHble yC/I0BHSI MOXKHO CO3JaTh H AJIst CBETOBLIX BOI, €C/IH
NPONYCKaTh CBET uepe3 cpeny, CTPyKTypa 4 cBoitcTBa KOTOpOfl B pas-
JIMUHBIX HANpaBJeHWsX, NMepHeHAUKyAApHbIX Aydy, pasaununsl. Jlpy-
THMH CJIOBaMHM, 5Ta CPEJa A0JXHA OblTb a HH 30T P O 1 H a. TakuMy
cpelaMl Jis CBeTa IBJASIOTCS MPEHMYINeCTBEHHO KpHCTaJJidecKHa
Tejla C HEBLICOKOH CTENeHbIo CHMMETpHH.

§ 18. Noayuenke noaapusoBaHHbIX Jyueil

IeficTBUTENBHO, NPH NPOXOXKAEHUH CBETA Yepe3 HEKOTophle KpHC-
TalAdbl YNAeTCH NPOCTPAHCTBEHHO pasle/iuTh eCTECTBEHHLIH Jy4 Ba
BBa TOJSIPU30OBAHHEIX, BHAEAUTb M HCC/AENOBATH KAXKAME H3 HUX B
OTIENBLHOCTH. ITOT Crocol 6Bl U HCTOPHUECKH MepBLIM.

Ecau XpHucTann aHH3oTpPONeH, TO ero Au3JeKTpHYecKHe NPOoHHIIae-
MOCTH NO KOOPAMHATHBIM OCAM, HanpuMep €, W &, MOIYT OHTb pas-
AnyubiMH (puc. 1.91). Paznnunbl 6yayT B MoKasaTeNd NpPeJOMJIEHRs

5 I.A. 3ucman, O, M, Toaec, r. 111
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n.=Ve, 1 n=Ve, @ =1, cm. dopmym (3.1) u (3.2)) ans nyued,
NO/MAPH3OBAHHBIX BAOJb KOODAHHATHLIX OCEH C 3JIEKTPHYCCKHMH BeK-
topamu E, u E,. Ecau B BakyyMe nan opsopoanof cpese ofa nyua
JABHIaJHChb COBMECTHO, TO NpH NAajeHHH HA TaKoOH KpHCTalJl OHH
npenoMATC TOA Ppas3HbIMH yrJaMH M [MPOCTPAHCTBEHHO PasoHAyT-

csi. OTo sABJEeHMe HOCHT Ha3BaHHe

ABoHHOrO JydenpeJaou-
5 NeHHs.

O6a ayua GyayT UMeTh pasjiHyHble

[
& Yy CKOPOCTH PaclpOCTPaHEHHA U,= - H
I co S RS c *
-M__,,.%;;‘z U,=— U COOTBETCTBEHHO PAa3JHYHYIO

ONTHUECKYIO ANHMHY nyTH. BosxuKaio-
[iHe BCJAEICTBME 3TOrO SIBIEHHS He
MOr'yT GbITh pa3o6paHbl METOJAMH JTyde-
Boil OnTHKHM W TpebyioT AJId CBOEro
L NOHHMAHHA [DHBJIEYEHHS BOJHOBBLIX

/

Puc. 1.91 npelcTaBieHul U 3HaHUS BCeX JUdJeK-
TPUUECKHX  XapaKTepHCTHK JdaHHOro
KpHCTaAa.

Ananus pacnpocTpaHeHHs 9NeKTPOMATHUTHBIX BOAH B omeM cay-
yae Mpou3BONBHOIO YIfia MajleHus BOJHBI Ha CpaHully KPHCTaaja M
NPOU3BOJILHOH OPHEHTAUHH STOH rPaHMIE OTHOCHTENLHO KPHCTAJIO-

rpaduueckux Ocedl BecbMa rpoMo3fok. OrpaHHUMMCS C/iydaeM Tak
Ha3bIBAEMBIX O 1 H O O CH Bl X Kpucrai-

JI0B, B KOTOPBIX MMEETCS OJHO HanpasJie-
HHE pACNPOCTPaHEHHs CBeTa, MPH KOTO-
poM He HabmojaeTca ABOHHOro Jydenpe-
JloMJieHHs. DTO HalpasJeHue HasbiBaeTcst
‘onTHYeckOo® OCbHIO KpHcTaana.
Insa stoit ocu A4 AuanekTpuyeckue npo-
HHIIA€MOCTH BO BCEX NepneHIHKyJsApHBIX
K Hefl HanpaB/EHHUSX ONMHAKOBHI! e, =
=¢,=¢,. Ecau BHemn s rpanb kpucTaina
> Puc, 1.92,
Bblpe3aHa NepneHARKYASIPHO ONTHYeCKOH
OCH, TO Jy4, MajaruUfi HoOpMalbHO,
6yneT pacnpocTpaHATECS B KpHCTAlle C OXHHAKOBOH CKOpOCTBIO
vo=-%, He3aBUCHMO OT ero nosspusauuu (puc. 1.92). Takoro
THNIA OAHOOCHHM KpHCTaANIOM sIBJARETCH, HaNpHMep, HCIaHACKHA wnar,
Yy KOToporo fiBjieHHe JBOHHOrO JydenpejomiieHHs HaGmonanu
snepseie B 1669 r.
Ikng mcaanpckoro mmnata AMSJeKTPHUECKHE HPOHHIAEMOCTH € BO
BCEX APYIrUX HANPABJeHUEX, He NepHOCHIUKYNSPHHX ONTHHECKOR
OCH, MeHbIUl¢, UeM &,, 8 CKOPOCTb PACPOCTPaHEHHs Pa3/HYHBIM 0O-




N
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4 o
pa3soM HOJAPH3OBAHHBIX BOJIH U= Ve 6oablue, 4eM v,. Takol Kpuc-
e

Tan1 Ha3uBaeTrcs OTpHIM AaTeJ b HH M B Kpucraije ksapua
8>>8; a U< U, H OH fAIBASAETCS NMPHMEPOM NOJOKHTEJbHOTO
OAHOOCHOT O KpHCTalia.

Paccmorpum eme uzoGpakenubifi Ha puc. 1.93 cayvalt nopmann-
HOTO WaJeHUs ecTeCTBEHHOro CBeTa Ha OTpUHATeJbHLIi KpHCTadn,
rpaHb KOTOPOro HE MNepneHAUKY/JSpHAa K ONTHYECKOH OCH H 3Ta OCh
AA nexur B naockoctdH ueprexa. s HaxXomAaeHHs (poHTa BONHH

/ /-/\ H
Puc. 1.93.

BHYTPH KpHCTanna NpHMeHHM mnocrpoenue [oirenca pasjenpHo K
BOJIHAM, NMOANPHSOBAHHLIM B IIJIOCKOCTH YepTexa H NePHeHAUKYAsipHO
K 95TOH mJIOCKOCTH.

BoJHa, NoJgpH30BaHHAN B NJOCKOCTH uYeprexa (JIydH, oTMeueH-
Hble TOYKaMH), nofifa IO MOBEpXHOCTH KpHcTamsja, Oyner Aazee pac-
MpOCTPaHsATbCs BO BCE CTOPOHH! OT TodeK ¢pouta M u M’. B moGom
H3 -9THX HanpasJeHHH 3jeKTpuuecKuil sekTop BosHbl E nepnenpuxy-
JSPEH K oNTHUeCKOH ocH AA H CKOPOCTh pacnpoCTpaHeHHs OJBHAKOBA
H paBHa 0,. [TosToMy H3 Touek M u M’ Hazo npoBecTH mosycdepsi
pazuycoM v,Af i orubatomtas ux 0O’ naer nonoxeHue GpoHTa B KpHC-
TaJle CNycTss mpoMexyTok BpeMeHd Af. M3 ueprexka BuAHO, 4TO
¢pOHT OCTaeTCs MJOCKHM H Jydd He U3MEHSIOT CBOETo HampaBJieHHS.
JtH AyYH HasblBaloTcd OOGLIKHOBEHHBH MHU.

Boana, noasipu3oBaHHas MeprneHAMKYAAPHO K NMJOCKOCTH YepTeka
(nyun, ofo3HaueHHBIE UePTOUKAMH), B KpHCTanJje PacnpocTpaHsercs
BoJiee CJOXKHLIM 00pa3oM. B pasubix manpaBiaeHHAX oT Touek M uau
M’ sneKTpHueCKMii BeKTOp pacmpocTpaHsioulerocst Jyda Gyjer co-
CTaBASATH pa3jiHYHble YIABl C ONTHYECKOH OCBIO M AJSl HHX GyAyT

st
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pasubiMu & u 0. [Ipumensis nocrpoenue Tofirenca, us touek M u M’
B 3TOM CJiyyae HalO0 NPOBOAMTH He Mojycdephl, a MHOAy3/NHICOHIBL,
Ha puc. 1.93 nokasausl HX [epeceueHust ¢ MJOCKOCTBIO HYepTeKa.
Otpesku oT Todek M u M’ mo 3THX 3JAAHHCOKLOB vA{ pa3nHyYHH MO
Pa3HBIM HalpasJ/eHUsIM 1 HMelOT MHHHMAJbHYIO VIMHY U,Af B Hampas-
aenud AA, Tak Kak g sToM Hanpabaenud sekTop E nepnenauxynspen
K OCH H CKOPOCTb paBHa U;. B 3THX TOUKAX 3J/HICOUA By ieT KacaThCs
chepst paguycoM vy Af. Ina 1nosoxUTebHOTO OZHOOCHOrO KpHucTadda
(kBapl) sanuncous GyleT KacaTbes cepbl HE CHApYXKH, KaK Ha pHC.
1.93, a usayTpn.

OrnGaroimas 3//IRTNICORAOB TpefcTasaseT cofoll mirockoeTs HH',
nzobpamenHyio Ha puc. 1.93 toHKoH snunued. Jra BOMHA, OJHAKO,
o pARY CBOHCTB CYLIECTBEHHO OT/MYaeTCs OT BOJHB OO0’ U Ha3biBaeT-
¢t HeoOHM KHOBEeHHOI

s neobuikHoBenHOH BoiHb! Ayuu MH UM H' yxkene nepnoen-
LUKYJsapHBb K gpouty soausl {{H'. Kone6anue B Touky H' npu-
XORHT paHblie BCero He no HopMaid M“H’, a no ayuy M'H’. Bhonn

ayua MH wanpasaen u sektop [lofintuura S=+= [E x H], xapaxre-

pHU3yIOWAH NOTOK 37€KTPOMAarHHTHOH SHEPTHH, MepeHOCHMOH cBe-

toBoit Boanoit (T. II, § 50). Takum oOpasoM, AAf 3TUX JAydedl npH

HopMaJipHOM najeHHd (i = 0) yros npejoMieHHs He paBeH HYJIO

(r #0) ¥ He BHINOJHAETCS OCHOBHOH 3aKOH TpEJIOMJeHUS — 3aKOH
cunycos (7.1).

HeoGbikuoseunocts ayda MH nposisasiercs ewe B ogHoM ofcros-

TenbCTBE, Baarojaps anu30TPONUH MEXMOJEKYJSAPHbIX CHA B KPHC-

Tajjie, CMEIEHH s COCTABJSIONIUX ero aje-

KTPHYECKUX 3apfAJioB HE BIOJHE COBINa-

JAI0T ¢ HampaBJeHHEM BbI3bIBAIOLUIEro HX

A pHeniHero noss E anektpomarautHo#t soi-

s Hol. HamnpaBJieHHs BeKTOpa NMOAAApH3al{H

/ P u BexTOpa 3JIEKTPOCTAaTHYECKOH HHAYK-

/ niy D =E-+4nP neMHoro oOTKJOHAWTCSH
A or HanpaBiaenus Berropa E. Ilpu stom

HeCKOJbKO HapyllaeTcsi  MONepeuyHocThb
3JIeKTPOMaTHHTHOM BOMHMbI, TaK Kak mnep-
HEHAHKYAAPHBIME K INIOCKOCTH TMOJAPH-
3aunyu OkasblBaloTCH He o06a BekTopa E H
Prc. 1.94. D, Kak B H30TPOMHOM JU3JEKTpHKE, a
Jauils BexkTop D.

Takum 06pa3oM, ecid Ha MJAACTHHKY, BBIPE3aHHYIO H3 KPHCTajdja
TaK, KakK ykasaHo Ha puc. 1.93, nanaer HOpMaibHO €cTec T-
BeHHBH R JAyY, TO OH pacllenuTcs Ha JBa Jdyda — o 6 bl K H O-
BeHHB X M HeoGH KHOBEHHEBIH, KaK 3To MOKA3aHO Ha
pue. 1.94.
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OGBIKHOBEHHBIH JIyd NPOXOAMT HE NpPEOMASASChH H He H3aMenasn
cBoero Hanpasnaenusi. HeoObikHoBeHHBIH Jyd4 BHYTPH KpHCTaana
OTKJIOHAETCA, a MO BBIXOJAE WJET napanelbHO OOLIKHOBEHHOMY, HO
CMEIAeTCs] OTHOCHTE/bHO [OCHeIHEro TeM CHJAbHee, 4YeM Gonblye
ToMlliHa naactuHkH. O6a Jyya noAsipH3oBaHbi BO B3aUMHO MepreH-
AHKYJSIPHBIX MNJOCKOCTSX.

Ilpu Bpailenuy NIacTHHKH BOKPYr OCH, coBnajawuleil ¢ o6biKHO-
BEHHBIM JIyYOM, NOCJAEAHHH OCTaeTcs Ha MecTe, a HeOOblKHOBEHHLI
Jy4 Bpaulaercss BOKPYT' HETO, OMHCLIBasg BHYTPH KPHUCTaJja KOHYC,
a 7O BbLIXOJe W3 HEero -—— UHJIUHAIP.

Tlpu usmenenmn yraa nagewus (i %=0) npejomsitcs oba nyua,
onHako no-pasHoMy. Ilnsg oOblkHOBeHHOrO Jyda OyneT BbITOIHSITHCH
3aKoH cunycos (7.1) 4 nokasa-

TeAb NpeOM/IeHHA 11, OCTAETCA P 4
nocTogHHbM.  [IpenoMnenue
1neoOLIKHOBEHHOTO J1yda HOCHT  g)

OoJsiee cnoXHBIR XapakTep, ero —=
noKasaTesab MpeIOMJEHHS A, 4
3aBHCHT OT yryia NajJeHHs ( U p

paBeH 1, JINLIb IPH pacnpocTpa- ”L_P@—
HEHHH BJOJb ONTHHECKON OCcH.

[Ipu npoxoxpeHHH CKBO3bL

JAM3JEKTPUK CBET YACTHYHO Mo- Pue. 1.95.
raomaercs  (moapofuee  cM.
HiXKe B ciaelywouwel rJaBe) # ero HHTEHCUBHOCTb YMeHbIIaeTcs.
B anusorponHoM KpHCTa/ise mHornouleHHe OyjneT 3aBHCETh OT o©pH-
eHTalNH MJIOCKOCTH NMONAPH3alHK, T. €. OOhKHOBEHHLIH U HeoObiK-
HOBEHHLIH nyuu OyayT noraomarncsi B pasHoR crenenu. 1o siB-
Jleitne JIOCHT Ha3BaHWe A M X po U 3Ma, B kpucraaie TypMa/n-
HA JIHXPOHU3M HACTOJIBKO CMJLHO BbIPaxKeH, 4YTO HeOoObKHOBEHHHIH
AYY MPaKTHYECKH MONHOCTLIO NOrJOULAeTCs YiKe NpH TOMHHe nJa-
CTHHKH oKojio | mam. EctecTBenunlél AydY, nanaimuil Ha NJAaCTHH-
Ky TypMmaninHa, BLIXOZMT U3 Hee [OJHOCTBHIO [OJISIPU3OBAHHHIM B O~
HOM HanpasjeHud. Takasd naacTMHKA Ha3LIBAeTC N OJ AP 1 3 as
TOD OM.

Byznem usobpaxaTh moisipH3aTop B BHAE MAACTHHKH CO HITPHXOB-
KoM, napaJ/yiesibHOH MJIOCKOCTH KoJieGaHuil 2JIeKTPHUECKOro BeKTopa
nponyckKaeMelx noaspusatopom ayueil. Ha puc. 1.95 nokasano, kak
0py HajeHdy eCTeCTBEHHOrO CBETAa HAa NOAAPH3ATOP M3 MOCAEAHEro
BLIXOAHT MOJAPH3OBAHHBIA /Y4, HHTEHCHBHOCTH KOTOPOrO, B COOTBET-
cTBuU ¢ (17.6), papna 10J10BKHE HAYANbHON (TOYHEE — NAKe MEHbIUE,
BCJGACTBHE DPa3/IMUHBIX OOMJIOUWEHHH W OTpaskeHWH Ha nmyTH Jayva).

Hro6bl y6ensiTecsl B TOM, HYTO NOJyHEHHBLI JIyd MOJISPU30OBaH, H
BLISICHUTD HanpasJenue noaApH3aniy, NOCTABHM Ha ero MyTH JaJiblle
BTOPYIO TaKylO XKe HNOAAPU3YIOWYI0 NAACTHIKY, 1a3LIBAEMYIO B 3TOM

-
-
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ciysae aHaJAH3aTop oM Ecam mIoCKocT# nponyckaHas ous-
pu3aTopa M aHAJH3aTOpa Napa/liebHBl APYr JAPYyry, TO MNOJSApH30-
BaHHLIM CBET NpOHAET uyepe3 aHaiH3aTOp, TMOYTH He CHHIKas CBOeh
HuTeHCHBHOCTH (pHc. 1.95, ). Ecam e nJjockoeTH noasipusaTopa
H 2HANU3ATODA NePHEHIMKYNADHB ApYr apyry (puc. 1.95,6), 10
aHaJH3aTOP MOJHOCTBIO NOTacHT HAjAoMKA Ha Helo NoAApH30BaAHHLIR
ay4. B 3TOM coiyyae roBopAT, UTO MOJANPU3ATOP M aHANH3ATOP C K p €-
mexmbl. B npoMexyTousslX cyyasnx HHTEHCHBHOCTDb CBeTa, MPOoIIeIero
uepes cucTeMy, Gyjer 3aBECeTb QT OPHEHTAUMH aHaJH3aTopa OTHOCH-
TeJbHO MOJAPH3aTOPa U HMeeT 3HauenHe /, Haxopsueecd Mexnxy I,
u HyseM. PasbepeM stor BoO-
Mpoc HECKOJBKO RoApobuee.
O6o3HaunM aMIJTHTYY 3ve-
KTPHYECKOTO BeKTopa Jy4a,
NpoWEeAIIero Yyepes noJAfpH3A-
top, Oykso#t E,. Ilmockocrs
aHaju3atTopa A noRepHyTa OT-
HOCHTEJIBHO MJIOCKOCTH RNoJis-
pusatopa P ma yroa a (pHc.
Puc. 1.96. 1.96). Pasnoxwum Bexktop E, Ha
IBE COCTAaBAfIOLIME: mapalf-
JeNbHYI MNJ0CKOCTH anajiusatopa (E|) H nepneHgMKyAsipHYIO K Hed
(E)). 2T0 COOTBETCTBYET Pa3JiOKEHHUIO BOJHbI, Koaebjomelcs B 1i10-
ckocth Ej, Ha ABe BOJHBI, NOJSiPH3OBAaHHBIE BO B3aHMHO NEplieHAHKY-
JASIPHBIX MJIOCKOCTAX M KoJebJjiouiuecs B OfiHHaKoBo# ¢ase. Oxna u3
nux Ey npo#iger uepes awmannsartop, a nepnenaukyaspras E; nora-
cures. M3 pue. 1.96 suaHo, uTO

E =E,cosa. (18.1)

OrnotllenHe HHTEHCUBHOCTeH MNPONOPLHOHANLHO OTHOWIEHHIO KBaj-
paToB aMILIHTYX

EZ
L 20 costa
fo  E?
H, CJ/ef0BATENBHO,
[=1,co8%. (18.2)

Ypasuenke (18.2) Belpaxaer 3ak0oH Manioca:

HumercusHocms ceema, npoweduieco 4epes anarusamop (I), pasHa
URmeERcusHocmu caema, npoweduieeo uepes noaspusamop (I,), ymHo-
ocenHol Ha Keadpam KOCURYCa yeaa (o) MewoOy aHaiudamopom u
NOARPUIAMIOPOM.

[Ipu ToncThx nnacTHHKax B [, HaZO BHOCHThL NONPABKY Ha yac-
THUHOE MOTJOUIeHHE (a TaKKe H OTpaxenie) IpOXOAsUIEro Jyda.

EcrectBenrbtil ay4, npoxojs Yepes AByJiydelpeaoMisionufi Kprc-
TaJA, pasjenserc® Ha ABa Jyyd, IOJAAPH3OBAHHLIX BO B3aHMHO [tep-
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MEeHJMKYBAPHLIX NJIOCKOCTsIX. Kosnebannsa B 9THX MIOCKOCTAX HCMyC-
KalOTCSi Pa3sAMYHBIMH aTOMaMM HCTOYHHKA CBETa B DA3HOE BPEMS M
He HMelOT MOCTOSIHHON pa3HocTH as. [losTomy 062 pasjeneHHulX Jyda
HeKorepedTHH. Ecin ¢ novompo aunss L ceecrn sTR ayun
B OJIHYy H Ty e TOUKY 5Kpana E, TO MX HHTEHCHBHOCTH mPOCTO CJIO-
®aTCsi H He OyIyT naBaTb HHTep(EPeHIHONHBIX KapTHH.

Ecau xe na asynpesoMasiomuit kpucraan Gyler naaaTs Jyd, n o-
AAPH3O0BAaHHD H NOL NPOU3BOJLHEIM YIJOM K NAOCKOCTH Ma-
aendst (puc. 1.97), T0 COOTHOMmEHHS MeMAy pPasje/eHHBIMH Jy4YaMH
GyayT cytectsenno nuniMH. KaneGauns B o6evx BofHaX RpeacTanBfis-
10T CO60H PasJioXeHHe OMHOro M TOro Ke KoneGaHHS HA IBA B3aUMEO
HepHeHHKYASPHLIX, aHA0-
rMYHO MOKA3aHHOMY Ha pHC. L £
1.96. Cnenopareablo, 2TH Z

BOJHEI B3aHMHO KO- // - —+ ;l

repeHTHB ®  MOFYT
HHTEpgepHpoBaTh HAPYr ¢ Y
JpyroM.

Ecau cBect 3TH 1Ba na-
pannenpHeIX nyda (puc. 1.97)
¢ noMoWb snuH3H L B 0J-
HY H Ty XK€ TOUKYy 3KpaHa, To KojebaHus B HHX OCTaHyTCH B3a-
HUMHO [epNeHAUKYNIPHHMH, HO MOABHTCA pasHocTh a3, obycnos-
JIeHHas pas3JjyYHeM 1noKasarelell MpeioMiaeHHs 1A OObKHOBENHO-
r0 H HeOGBIKHOBEHHOrO Jyya BHYTPH Kpucrannaa. OntHueckull xorn
OGLIKHOBEHHOrO Jiyua paBeH n A, rie n,— ero noxasaTejb MNpesioM-
JieHUs, @ A — TOMIIHHA KPHCTANIHYeCKOH njacTHHKH. st Heobsik-
HOBEHHOrO JyYa BHYTpPH MJACTHHKH [OKa3aTeldb MpeJoMJeHHs 7
3aBHCHT OT OpHeHTauuH onTHueckofl och. Ecau onTtuueckas och fna-
paijenbHa nepeaHedl TIPaHH NJIACTHHKH, TO [epoMeTpHYecKHH HAyTh
3TOH BOJHEI TOXE A, a ONTHYECKUH XOJ COOTBETCTBEHHO paBeH f,A.

TakuM 06pasoM, moaHas pasHOCTh XOAa paBHa

S=nA—nA=(n,—n,) A, (18.3)
H XapaKTep noasipu3alHH CBEJNEHHOTO Ha 3KPaHe Jiyya 3aBHCHT OT

COOTHOILEHHA Mexay 8 M nauHOH Boaum A. Ecau 8 KpartHo mnesomy
YHCHAY T10J1Y BOJH

Puc. 1.97.

A A

TO CBEJEHHLIH NyY MoJspH3oBaH JHHEHHO, NpU R 4eTHOM 3Ta MOJSPU-
sallisl napajjienbHa HCXONHOMY Jydy [0 ero najeHus Ha KpucTasi,
a npu k HeueTHOM — nepnenAuKyasapHa. Ecau

8=(2+ 1), (18.5)
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TO NMpH PaBHBIX aMIIMTYAAX CBEJEHHbIH JyY HMeeT Kpyrosyio MoJjs-
pusauwnio. B obileM xe cayyae npoH3BONBHON & cBeneHHBIA syd CTa-
HOBUTCS SJIIHIITHYECKH MOJAApU30BaHHLIM (cM. T. 1, § 53, puc. 4.12).

B cayuae nenanAckoro lumarta, Koraa ontudeckas och AA napad-
JejbHa TPaHM TJIACTHHKH, n, UMeeT MHUIHMA/bHOE BO3MOXKHOE 3Ha-
YeHHe M TOJIUIHHA MJIACTUHKH, Jaiolledl Pa3sHOCTb Xoja B YeTBePThb
BOJIHBI, Oylner

A 5,35.107 o 1o,
A0,25—4(na___nﬂ)_ 4(],66—1,49) —8'10 MM——O,S MK.

IJist carons! 110KasaTenu NMpeoMJeHHs B3aUMHO NepreHauKy.isp-
HBIX jydefl OTAMUAOTCS JIWIlbL B YETBEPTOM 3HAKE rocJje 3ansTtol u

Ay 25 = 0,035 mm =35 mx.

IBosikonpesoMasOUIHe KPHCTAAMB, TaK e Kak H H30TPONHbIE
resa, obnajaior JHcrepcHeil, T. e. NokasaTe/nHd NpesoMiaeHus o6biKHO-
BEHHHIX U HeOOBIKHOBEHHBIX Jydell 3asHCHT OT AJUHE BOJHBL Najalo-
mero ceera. [IpH JaHHOH OpHeHTANHH NJTACTHHKH TOMHHA Ay .5 AR
ayyeli pasHoro upera 6yner HeCKOABKO pasnnuHa. [TosToMy npu uH-
TepGepeHIlHH HEeMOHOXPOMATHUEeCKUX (OesblX) MOJISPU3OBAHHLIX JIY-
yell ycnoBUs HHTEpdEPEHUHUH AJ18 Pa3HLIX UBETOB OYAYT HECKOMBLKO
pasfgHYHBl ¥ WHTepdepeHiMOHHAA KapTHHa OyAeT oKpaiieHa.

$iBJieHUe NONAAPH3ANHH CBETa HMeeT MeCTO H NPH OTPaMEHHH HJH
npesoMJEHHH CBeTa Ha TpaHHIEe ABYX IM3jeKTpHKoB. [lis nojnoi
HJIH 4aCTHYHOH NOJASPH3ALHH €CTECTBEHHOTO J1yYa HeoBXonHMa a H H -
30TpPONMS yCAOBHH pacnpocTpaHeHHd Basogko-
NPEJOMIAIOMIAX KPHCTAAAAX T2 aHH30TPOINHUS UMeeTcs BO Beell ToMule
KpHctaada. [Ipu oTpaxenHH ¥ npejoMJIEHHH CBETa HA [PaHHIE ABYX
cpexn, Jaxe ecjd obe cpelbl ONTHYECKH H3OTPONHBI, HAJHYHE BIOJHE
ONpEJIEICHHOrO MONOXKEHHS MJOCKOCTH NajeHHs Jyda caMo ro cefe
CO3/1aeT AHKH3OTDOMNMNIO YCAOBHH pacrpocTpaHeHHs. VHBIMH cioBamu,
YCJOBUSA OTPANKEHHH H NPENOMJIEHUSs JyUell, MOJAPH30BAHHBIX B IJIOC-
KOCTH TafeHHust M TMepHeHAMKYASPHO K mocjenHedl, pasjiHyusl, a
OMPANCERHOL U NPEIOMACHHBIL Aydu 8Ce20a 8 MO UMM UHOL cmeneru
NOAAP L30BAHDL.

Inga ananusa 3Toro Bonpoca BepHEMCS K 3aKOHAM OTPAMKEHHS H
npenoMaeHns, paccMoTpedssiM B § 5. M3 BonHOBOH npHpoael cBeTa
C/eAyIoT, B caMoM obimem Buae, coorHomrenHs (5.1) u (5.2) ans yraos
oTpameHHs u npenoMmienus. Kakas yacTh CBeTOBOH SHEPTHH OTPA3HT-
csi, a Kakas TpOWHJET B NPeJOMJSIOUYI0 Cpely, MOXHO yCTaHOBHTL,
JIHIIb YYUTHIBASi 9JIEKTPOMATHHTHYIO NMPHPOJY CBETA M KOHKPETHBIE
5AEKTpHUECKHe CBOWCTBA TpesoMnsiouled cpeisl. Paccmorpum sty
3a7aqy HEeCKoJbKo mojpobiee.

[TycTs M3 BaKyyMa Ha MJOCKYIO TPaHHIly AMSJEKTPHKA [oj yTJioMm
i najaeT NJocKas BoJIHA ¢ 3JeKTpHYecKHM BekTopoM E;, moasapuso-
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BaHHASt B [LIOCKOCTH, MNEpMNEHAWKY/SPHOH K IJIOCKOCTH MajeHus
(r. e. Bektop H, nepreHuKy1speH K MJIOCKOCTH NajeHus). J1a BoaHa
UACTHYHO OTPA3HTCS TOJL TAKHM e YoM i, a YaCTHYHO MPeJOMHTCH
MOX yOAOM r, Kak nokasaxo Ha puc. 1.98. Cpeny GyjaeM cuntath He-
MaruHTHO# (1 =1) u o6sajaniel IM31eKTPUUECKOl NPOHHIAEMOCTbIO
e. OTpakeHHasn W MpPEJOMJIEHHAs BOJHB NOAAPU30BAaHBL B TOH Xe
[JIOCKOCTH, UTO H MAaJamoias, H aMIJHTYAb 3/JeKTPHUECKOro BEKTOP?
5THX BOJIH 0603HauMM cooreercTenHo depes E; v E,. Bexropu H,,
H; u H, neprenauky/sipHbI K MJIOCKOCTH YEPTeXKa M CBA3AHHL C 3JeK-
TPHUUECKHMH BEKTOPAMH COOTBETCTBYIOUIHX BOJIH COOTHOLICHHSIMH,
puiBefeHnsiME B T. 11, § 50.
Yran r u i CBA3aHBEl COOTHOLLIEHHEM

sint

Gy =n (18.6)
JpsaeKkTpHYECKas NPOHALAEMOCTb CPEb!
BLIpaXkaeTcsl yepe3 [0KasaTelb MpesioM-
JIeHH S

g=n2 (18.7)

Ha rpanune pasjena BaKyyM —— JH3/1€KT-
PHK YHCJIO JHHUA TONA MeHseTcs CKad-
koM. [Ipu 3TOM, B COOTBETCTBHM C (pOpMY-
JAMH 3JCKTPOCTATUKH, BLIBEJCHHLIMH B Puc. 1.98,

t. 11, § 11, DomxHA BHIMOMHATLCS He-

NPEpPHBHOCTb KACATENbHbIX COCTABJAIOMUX 3JEKTPHYECKOTO HOJs

E; sax = Ef cpenw (18.8)

H HOpMaJIbeIX COCTABJISIIOMIH X BeKTOpa S.TIEKTpOCTaTH"-IECKOﬁ HHILyK-
uug D = eE, 1. &

1-E, s =2E, CpeABt® (18.9)

DneKTPHUECKOE TOJie B BaKyyMe CKJ/ajplBaeTcs H3 mojedl maga-
jome# H OTPaKeHHOH BOJH, a B AHJIEKTPHKE €CTb TOJLKO 3JeKT-
PHUSCKHME BEKTOP MpeJoM/IeHHOH Boanul. 3 puc. 1.98 Buamo, uto
KacaTeJpHble COCTABASAIOUHE [OJYUYalOTCH YMHOXKEHHEM BEJHUHH
BEKTOPOB Ha KOCHHYCBHI, a2 HOPMAa/lbHLIE— YMHOMEHHEM Ha CHHyCHl
COOTBETCTBYIOIMX Yr/0B. Y4HTHBas OpHeHTaunuio Bektopa E; no-
JyquM:

E,cosi—E;cosi=E_cosr, (18.10)

a jas HOPMANMbHHX, yuyuThiBas (18.7):
E,sini+ E,;sini=n2E_ sinr. (18.11)

Cornacuo (18.6) nsinr=sini u TnOCHCIHEE pPABEHCTBO MOXHO
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cokpatHth Ha sind, Torja
Ey+ E;=aE,. (18.12)

Tpu ypasuenns (18.6), (18.10) u (18.12) nossoasioT onpeaeanTs
TPH MCKOMHE BeJHURHE r, E; n E, W BbIpa3suTh Hx uepes 3ajaHuble i,
nu E,. Pewass 3TH ypaBheHHsi, MOXHO HaHTH KO3QDUHHEHT OTpa-
KEeHHs, T. €. OTHOLIEHHE MHTEHCHBHOCTEH OTpaKeHHOH M Hapamuiei
BOJIH

E} .
RL=E%=f(ﬂ, i) (18.13)

AAS cpelibl C MAHHBIM NIOKas3aTejieM IPeJIOMJIEHHS 7t B 8aBUCHMOCTH
0T yria nafleHus {. STa 3aBUCHMOCTL OblJla BOEPBbIe BRIBeJeHA
@®peHeneM U3 FUNOTE3H YRpYyroro sQupa ¢ HEKOTOPHIMH HONOJIHH-
TeNbHNMHI JOTyIIe HAAMH.

Jlerko yGenuThcs, YTO NPU HOopMaabHOM naieHuu (i==0, r=0)

—1\¢
Ri=(51)% (18.14)
. 1 4
a NpPH CKOJb3dUleM NaJeHHH (l—‘) '—2—)
Ry — 1. (18.15)

AHanu3 nanee NMOKaspiBaer, 4TO 3aBHCHMOCTh R | OT { HEMOHOTOH-
Hafd ¥ OpPH HEKOTOPOM 3HAUEHHH i = iy OTPaKEHHOrO J1y4a HeT BOBCE
(Ry=0). Jlns HaxOXAeHHA 5TOTO KPHTHYECKOTO YTJa BepHEMCSH
K MCXONHOI cHcTeMe ypaBHeHHMHA W nonoxum B HHX E;=0, Torza

sini
sinr~
E,cosi=E,cosr (18.16)
it
E,=nE,.
[Mepennmem sTH ypaBHeHAs B BUJE
E;, cosr sini
TR e == f] == — .
E, cosi sins

TpHroHOMeTpHUECKOe PAaBEHCTBO
coss __sini

cosi sinrs
HMEET OCHOBHOE pellleHHe
cosr=sini u cosi=sinr, T e itr=g5. (18.17)

TMoacrasaasa stu cootHolleHdsn B (18.6), HaxoxuMm:

sinf{ sini .
n‘———r-—:——.:tgl,
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T, €
tgiu=n. (18.18)

IIpn ananorHuHOM aHa/IH3€ OTpAXKEHHA JIyyedl, NOJSAPH30BAHHLIX
B IJIOCKOCTH nagmeHus, us puc. 1.99 suano, urto Bexkropul E4, E; u
E, nanpaeneuwl napajarens- p -
HO TpaHHle pa3jena H He

14
a8
g6
a4
a2
1 1 ] ' 1 l. '*Z
0> wt 2t Wt 60 & W

Puc. 1.100.

Puc. | V1.

HMeIOT HOPMAJNLHLIX cocTaBaswomux. YpasHeuue (18.9) Torza naer
npoctoe Tokzecrso 0 = 0 H JOMKHO GbITH 3aMEHEHO COOTBETCTBYIO-
UHM paBeHCTBOM HOPMAajbHHX COCTAB/ASIOMNX BEKTOpa MarHHTHOH
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HHAYKLAKM. B pesynnTate pacueroB OKasbBa€TCH, 4YTO Ko3(dHUIHEHT
OTPaXeHHs BOJIHbI, MOJSIPH3OBaHHOH B INMIOCKOCTH TNajeHHs,

R =g(n, i), (18.19)
HONOTOHHO BO3pacTaeT ¢ yrJOM MajeHus, HH NPH KAKHX 3HAYEHHSAX

. . s i
i ne obpamaercsi B Hyab, a B NpefelbHLIX caydasax { =0 # ==
coBnajaer ¢ R, . 3aBHcuMocth Ry W Ry oT i H30-

N Gpaxena ua puc. 1.100.
fUTR Ypasuenne (18.18) BuipakaeT Tak HasbiBaeMul
N 3akoH Bpiwcrepa. Ecanm ma rpaniuy am-

3/1eKTpHKa noft yriioM Bpioctepa i = iy nagaet ayu,

NOJiISiPU30BaHHbLIL NEPNEHANKYASIPHO K MJIOCKO-

CTH majeHusi, TO OH UEJIHKOM TpeJOMHTCS

{puc. 1.101, @). Ilpu nazeHHH MOA TeM ke yrJOM

Jydya, MOJNSIPU30BAHHOINO B NJIOCKOCTH TaJleHHs

i - (puc. 1.101, 6), NpOHCXOAHT HaCTHUHOE OTpakKe-

~ 7 HHe M YacTHYHOE mpejoMieHHe. Hakonen, ecau
X

N

- noja 3THM XKe yrjaoM mnajaer €CTeCTBEeHHbI Jyd

R (puc. 1.101, 8), To oTpaKeHHBIH JyY noJsipHsoBaH

- NONHOCTH©, a NpPeJOMJIeHHBH ~—Y9acTHY HO.

Iostomy yroa i, ompeneasiemelii no dopmyne

Pue. 1.102. (18.18), HasniBaeTcs yraioM nNoaHO# mo-

As1pH3anuH HenoaBuxHoe sepkalo I, Ha

KOTOpOe MajaeT ecTeCTBeHHBIH Jyd noj yrioM Bproctepa, sBasercs

NONSIDH3ATOPOM, a 3epKajo 2, Bpallamuleecs BOKPYr Jyda Tak, 4TO

€ro HOpMaJ/ib COCTaBJseT BCE BPEMs C NOAAPH3OBAHHLIM JYUOM TOT XKe

yroa i ,— aHaauszatopowm (puc. 1.102). las crekaa ¢ n=1,5 yroa noa-
HOH DoJApH3aUNM paBeH

i,=arctg n=1rctg 1,5 & 56°.

Ha puc. 1.103 nzob6paxena ctona CroaeToBa, coCTos-
mas M3 psija TNapajjienbHulX TNJ1aCTHHOK, OPHEHTHPOBAHMLIX MOX

XXX
 LLLLLLS

Puc. 1.103.

yraoMm BpiocTepa K majawoweMmy Jaydy. Ha kaxpo#t rpanmue ua-
CTHYHO OTPAXKAOTCH TOJBKO JY4H, NOAAPH3OBAHHEE B MJOCKOCTH
najeHHs, H B pe3y/btaTe MHOrOKPATHEIX MpeJOMAeHHH BboIXoAsUiHi
n3 CTONhLl JAy4Y MPAKTHYUECKH TNOJHOCTbOIO HNOAApPpH3OBAaH B
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MJIOCKOCTH, MepueHjHKyJApHOR K IJIOCKOCTH nNageHusa. Kpowme
MOMSPH3AIMN MPH OTPaKEHHH U TPH TNPEJOMJICHHH, YIOMSIHEM
ele 0 NOJSAPH3AUUH NMPH paccessHHH cBeTa,
Ha pue. 1.104 nsofpaxen ectecTBeHHBIH J1y4, nafalouiyil Ha KaKyio-
aubo nuiuuky [1. Tloa neficTBueM 3/1eKTPOMArHUTHON BOJIHBL 3JIEKT-
pHYecKHe 3apsijbl MOJNEKy/ MNBIJIMHKA NPHAYT B KoJeGaTenbHOE ABH-
JKeHHe H HauHyT M3/1y4arb BTOPHUHLIE BOJHBI BO BCEX HalPaBJEHHSX.
Kak ykaspiBanoch B T. I, § D3, HHTeHCUBHOCTbL HM3nydYeHHs BAOAbL
ocH aunoas pasHa Hymo. [lostoMy ans ayua [, Hayuero nepnenju-
KyJASIPHO K MajalolieMy B MJIOCKOCTH uepTe:ka, GyayT OTCYTCTBOBATD
BOJIHBI, WHCIyCKaeMble JHMONSIMH, KOJAeOJIOWHMMUCS BAOJb 3TOCO
Jyda, H OH MOJHOCTLIO NMOJSPH30BaH B IJIOCKOCTH deprtexa. AHano-
THUHO, Jy4 2, TAKKE NepnenHKyJApPHbLIA K najaoueMy, HO pacnpocT-
paHsiiomdfics nepneHAHKy/AAPHO K UEPTEXKY, TOXKE TOJHOCTLIO MOJ-
pU30BaH, HO €ro TONAPH3aUHA MNepPNeHAHKYNsipH4 K NOJSPH3AUMH
ayua /. Takum obpa3oM, cBer, pacce-

SIHHBIH MBITHHKAMH B HampasJGHUfX,

NepreH UKyAADHBIX K [OEpPBHUHOMY !

Jdydy, Bcerja MOMHOCTbIO TOJNSPH30-
BaH. B ocra/bHBIX HaNpasJeHHAX pac-
ceAHHLIH cBeT OyHer JHIUL YacTHYHO
HOJISIPU30BAH.

Te ke coobpaskeHUs, KOTOpLIE Mbl
HCTIONL30BaNH it OOBSCHEHUS MOJs- 2
PH3aUMN NPH DACCESHHH, NO3BOJSAIOT
HOHATL 3akOH BpilocTepa. Bosepama-
sick K puc. 1.10], a, MbI BHAHM, 4TO CO- Pue
rnmacuo  (18.17)  oTpaxeHHbniffi  Jyy
nepreHnKyaspeH K MOpejoMiaeHsoMy. Ho oTpaeHHBIH Jyu Bos-
HHKaeT 3a CYeT BTOPHYHLIX BOJH, CO3J3aBaeMbiX AUMOJAMH, KO-
AebaomuMics B ausaekTpuke. QOcu koaeGanufi THX aHnoned Ha-
npasaennt 0o Bos0yxpawouieMy HX Bektopy E,, OepHeHAHKY-
ASIPHOMY K TpPeJIOMJCHHOMY Jydy W JexalleMy B IJOCKOCTH
najeHus.

i

M3 ycnoBus [+ r =5 ciieflyeT, YTO OTPAaXKeHHbIH J1yY (TOKA3aHHLI
NYHKTHPOM) HampaBJeH mnapafafaenbHo E., T. €. BIOAL OCH 3THX AH-
noje#, U er0 MHTEHCHBHOCTh AOJKHA DAaBHATHLCH HYJIIO.

HopMaabHbifl yenoBeuecKHH a3 OOLIUHO OAHHAKOBO BOCHPHHH-
Maer NoJAPU30BAHHEIE U HEMOJASPH3OBAHHbLIE Jyud. Jlulib HeOOALIONH
NPOLEHT JoJeH CMOCOOeH OULYTHTh pasiindie MexAy eCTeCTBeHHLIM H
MoJIAPU30BaHHLIM cBeToM. [loaTOMy Ans KOJHYECTBEHHBIX H3MepeHuf
NONAPH3AUHH H ee NMPaKTHYEeCKOTO MCMOJb30BaHHS KOHCTPYHpylOTCA
pasnduHble NpHGOpLI, AefcTBHe KOTOPLIX OCHOBAHO HA HPHHUMNNAX,
pa3oOpaHHEIX B AAaHHOM naparpade.

1.104
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§ 19. MoaspusaunonHsle NpuGopbl ¥ HUCNONB3OBAHHE
NOASIPU3OBAHHBIX AyqeH

Jasi M3roToBNeHUsT MOJSPH3ATOPOB M AHAJM3ATOPOB HA MPAKTHKE
IPUMEHSIOT JBOSKONpeaoMAsioulse KpicTaain. W3 MonoxpHcraimos
HCNaHACKOTO IIMATA H3TOTOBJSIOT TAK Ha3blBaeMhie 1 p H 3 M bl H #-
KoJasa (WIH HpocTO — H ¥ K o a1 ¥). Huxons npexacrasnser coboit
JBORHYIO NPH3MY, CK/EEHHYIO B POMEKYTKe KaHaJcKuM Ganb3amoM.
TlpuaMbl BRIKAJIBIBAIOTCH M3 KPHCTaMIa NOJ TaKHMH yraaMH, urolbl
HeoObLIKHOBEHHKIH Jyd, NMajaolldfi Ha MepeiHiold rpaHb, MPOXOAHJ
HaCKBO3b, NMPAaKTHUeCKH He npepomissch (puc. 1.105). O6bikHOBeH-
HEI N1y4 OPH 9TOM NPEJOMJAETCA U NAJaeT Ha npocaofiKy KaHajAcKoro

07 \\\ /
14

L '0 T T 1
22°

Psc. 1.105.

Ganb3ama npoj GonbliuM yraom i. [lokasatenb NpeNOMACHHS Kaes
ng Menbpllle T0Ka3aTelfd MpeJoM/IeHHA OOCBIKHOBEHHOTO Jy4a 7,

e . n
TaK 4TO Sin l>-n—6; STOT Jiy4 HCHObITRIBACT MOJHOE BHYTpPEHHee oTpa-
°

JKEHHE M BBIXOAHMT 4epes GOKOBYI0 FpaHb NPH3MBI, Ile 3aTeM NOJIHOCTHIO
norJ0Iaercs.

[lonspusaTOpoM siBASETCH M NJIACTHHKA H3 QUXPOMYHOrO KPHCTa.1-
Jia, HanpHMep TypMaJsiiHa, B KOTOPOM OGLIKHOBEHHBIH Jyu morolma-
ercsi MOMHOCTBIO HA PACCTOSHHM nopsaaka | mu. Ognako TypMajuu B
HEKOTOpOH 00MacTH JJIHH BOJMH 3aMETHO MOTJIOMAET M HeoGhIKHOBEH-
upiit syu. IlpH ocBemenuu GenniM CBETOM Takafi MIACTHHKA MPOMYyC-
KaeT 3e/IeHO-KETHIE JIYYH U ABJIAETCH OJHOBPEMEHHO M MOMSPH3ATO-
poM H cBeTopHALTPOM. Eme curbnee norjomaer oZHH M3 Jyueii
CEpHOKHC/IbIA MOA-XHHHH (repanaTuTt). Ocaxias Ha UJJIYJOHAHYIO
IJIEHKY OJHHAKOBO OPHEHTHPOBAHHblE KPUCTAAIMKH repamaTHTa Toj-
wHHOA ~0,1 mm, MOXKHO MOSYHUTH MOASIPHU3ATOP C GOJBIIOHE nOBepX-
HOCTbIO, Ha3blBaeMbli MOJ AP OH JOM.

KpHrcraninl pasnMUHBIX BEWIECTB CO3JAI0T Pa3jHYHOE MO BeqHYH-
HEe M HaMpaBJIeHHIO JBOHHOE JyuempesoMieHHe (B UACTHOM cilyuae,
NaCl, paBuoe 0). [Tostomy, mpomyckasi yepes HHX NOJIAPH3OBAHHLIA
CBET H M3Mepsid ero UsMeHeHHe M0c/e MPOXOXKICHUA, MOKHO onpese-
NATh ONTHUECKHE XaPaKTePUCTHKH H3yYyaeMBIX KPHUCTAJJIOB H MPOHS3-
BOAMTE MuHepa/joruueckKMd ananus. JHaa aToro npumensercs
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noJsApH3SAULUOHHBIA MHKpDOCKoN, Opocrefiliag cxema
KoToporo HsoGpasxeHa Ha puc. 1.106.

Toasipusatop P BEIAeNsieT U3 eCTECTBEHHOTO CBeTa MapaJijiebHbli
nysok noasipuzosaHusiXx Jaydeit. [lonspusoBanubii ceer npoxogur
uepe3 ToHKH#A wing I uccaenyeMoro MuHepasa, a 3aTeM mocie aHa-
ausatopa A nonajaet B cobcrBenHo MuKpockon M.

Cser, nepBoHaua/JbHO TOASPU3OBaHHBIH B HEKOTOPOH MJOCKOCTH,
pasjaraercsi HcCleAyeMbIM KpHCTal/JIOM Ha JBa Jyda, NONSpH30BaH-
HbIX BO B3aHMHO NepreHAHKYJSPHHIX MJIOCKOCTSX H PacnpoCTpaHsAo-
MHUXCA ¢ pasAHYHOH CKOpOCThiO. AHa/jH3aTop
BHAeAsieT H3 OGOMX Ayued KoneGaHMSA, NPOHC-

XOJSAIHE JUIIb B TOH MJOCKOCTH, KOTOPYIO OH

nponyckaer. TJOCKOMBKY 5TH JyYH MOJy4YeHbI "

H3 OJHOTO MO/ ISP H30BaHHOTI O HCXOX-

HOTO, TO OHY KOTEPEHTHBI H JaloT HHTepdepeH-

IIMOHHYIO KapTHHY, 3aBHCAILYIO OT ONTHYECKO# .
N

pasHoCTH Xojfa (n,—n,)A BHYTPU KpHCTaaja.

~
Taxk Kak nokasaTe/ld NOpeaoMieHHs oBoUX Jy-

yell 7, H N, 3aBUCAT OT JJIHHH BOJIHBEI, TO 3Ta ]
KapTHHa omnpelejeHHuM ob6pa3oM oKpalleHa. -
ITocTopoHHHUE BKJIOUEHHS B MHHepase ofJana- A
JOT IPYFHMH ONTHYECKHMH XapaKTePHCTHKAMH,

Jlal0T MHaye OKpalieHHYIO HHTephepeHIHOHHYIO z
KapTHHY M JIerKO DPasJHYuMBl B 110Je 3pEeHUS d
MHKDOCKONA. ==»

OnTuHueckas aHW3OTPOOMSI B Teje MOXKeT

GbITh CO3/jaHa ¥ HCKYCCTBEHHO, C TTOMOILBIO pas-
JHUHBIX BHEWIHHX BosjefcTBHi. OOLIYHOE CTEK- T
J0 aMopgHO ¥ M30TpPOnHO. EcaM noasepruyTon
KyCOK CTeK/1a ONHOCTOPOHHEMY HamnpsiKeHHIO £
{puc. 1.107), TO B HanpaBsjeHHH JEHCTBHs CHJ =
F crekno C coxMercs, a B nepneHAHKyadp-
HOM — paciudpHTca. Daarojapsi takofi aHH- Puc. 1 106.
30TpOnHd AeOpPMAUHH CTEKNO CTaHET ONTH-
YyeCKH AHH3OTPONHLIM, B CH/ABHO neOPMHPOBAHHBIX yHacTKax mno-
Jy4uT cBOACTBA ABOAKONPEIOMJSIOUIETO KPUCTanaa U Oy/ieT U3MeH T
NOIAPH3AIMIO IPOXOAALLEro Uepe3 Hero cBera, HampHMep npesparian
JAHAEAHO NONAPHIOBAHHBIA Jyu B NONSPU30BAHHLIA MO Kpyry uad
no 9AIHICY.

Ecau crexao csobogno ot AedopMmanitil, To NpH CKPEILEHHBIX O~
pusatope P u ananusatope A Ha 3xpane E Gyler MoaHas TeMHOTa.
Ecau crekno C pehopMHPOBAHO, TO JNy4H, HAYILHE OT MoJspH3aTOpa,
OpoXoAs JedOPMUPOBAHHBIE YYAaCTKH, HU3MEHAT CBOIO NOJIAPH3ALHIO
H B jajpHefiiiem He OYAYT MONHOCTLIO TFacUTHCH aHahu3aTopoM. Ha
sKpaHe E rosBaYCf B COOTBETCTBYIOHMX MecTaX CBETJIbE NATHA,
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HHTEHCHBHOCTb M OKPacKa KOTOPHLIX XapaKTePH3yIoT cTeneHb AediopMu-
POBAHHOCTH OTHEJbHBIX YHacTKOB.

DTUM METOAOM MOXKHO OOGHApYMWTh OCTAaTOuHbE AedOpMALHH,
BO3HHKAMIOWMe B CTeKJNHHBIX JeTalsX npu 3akaanke. llupokoe
npUMeHeHHe [OJYUHJ B HacTodllee BpeMs ONTHHUeCcKHH Me-
TOJA UCCAEAOBAHHMA HaNpPAXEHHH Ha NPO3PaUHbIX
Mojensix. Mojenb KOHCTPYKUHH H3rOTOB/AIOT U3 MPO3PAauyHOro H30-
TPOMHOTO BEllleCTBA H HArpyXKarmT CHIaMHK, NPONOPIHOHANBHBIMH CH-
JaM, Kotopele OyayT jeficTBOBaTh Ha npakTtuke. Bosnukawouue B
MonenH JedopMaliM JeAaioT COOTBETCTBYIOIHE YHUACTKH aHM30TpON-
HeiMH. TIpocBeunBas Mojenb MNOASPH3OBAHHLIM CBETOM, HampHMep

IS
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e

no cxeMe, HsobpaxkenHol Ha pHe. 1.107, MOXHO onperenHTs JedopMa-
ILViH 4 HAaIPsi2KeHHs B MOJE/IH, a 3aTeM MepecyuTaTh HX Ha MPOEKTHpYe-
MY KOHCTPYKIHIO.

OnTHuecKyi0 aHHU3OTPONHMIO JH3/JEKTPHKA MOXKHO CO3aTh, BO3-
JeHCTBYS HAa Hero He TOJNBKO MEXaHUUECKHMH, HO H D A € K T P M-
YeCKHMH culaMp. 10 sBJeHHe HOCHT HasBaHHe S PpeKTa
K e p p a. Ilpn noMeliennn JM31EKTPUKA B CHJABHOE BHELIHEe 3/IeKT-
puueckoe noje E., nmoaspusyeMocTh (OpueHTALHOHHAS CMOCOGHOCTS
MOJIeKYJISIDHBIX JHIIOJell) B nanpasJ/eHHMHM E_ , CTAaNOBHTCH HECKO/b-
KO OTJIHYHON OT NOJAAPH3yeMOCTH B MepHeHANKyJAAPHOM HaNpaBaeHHH,
T. €. g, ¥=&,. B OonTHYecKOM OTHOLIEHNH TAKOH IHIEKTPHK BeaeT cels
KaK OJHOOCHBIl KpHcTaJa (JaeT ABOHHOE JyuyenpesoM/eHHe) He3aBH-
CHMO OT TOTO, RBJAETCR OH TBEPABIM, KHAKHM HJAH ra3oobpasHuiM,

Ha puc. 1.108 cxemaTnueckn u3o0paxena Tak HasbiBaeMas siueil-
ka Keppa. JKugxuii HutpoGeHzon 3anoJHsAET NPOCTPAHCTBO MEKAY
NNacTHHAMH KoHjeHcatopa K, K KOTOPOMY MOXKeT GhiThb MPHJIOKEHO
HanpsxenHe U, . Ota npo3paunasn avefika noOMellleHa MeXAy CKpeiieH-
HbIMK HHKOASIMH P u A. B orcyrcteue nodas (U,,=0) uutpobenson
H30TPOMNEH, CBET OT HCTOYHHKA S MOJHOCTbIO TFACHTCA CKpelleHHbIMH

Puc. 1.107.
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HHUKOJISIMH M He JoXoauT Ao ¢orosneMenta . [Ipu BRIOUEHUH BHEl-
HEFO MOAN HHTPOOEH30J1 CTAHOBHTCA JBOSIKONPEIOMJSIONHM H CBET
AOXOJAMT J0 (hOTO3/1eMeHTa aHAJNIOFMYHO MPHMepaM, MpUBeJileHHHM pa-
mee Ha pHc. 1.106 u 1.107.

Tlpu BHIK/IOYEHHH MO MOJASPH3AUHS H ABOAKOMpPEOMJASIOmAs
crnioco6HOCTb HUTPOOEeH301a HCue3aloT He MTHOBeHHo. [1psiMuie usMepe-
HHS TIOKa3aJ/H, UTO BpeMs [enoJ/sipU3alluH cocTaBsieT okoao 10720 cex.
Taxkoli mpoMeKyTOK BpeMeHH JOCTaTOYeH jjasi Toro, uTtoGbl depes
fuefiKy K (hOTO3JEMeHTY MpouLio GOJblIO2 YHCAO CBETOBHIX BOJH,
nepuoj KoneGanui kotopuix nopsgka T, ~10~1* cex, Ho ouenb MaA
MO0 CPaBHEHHIO C MCMOAb3VEMLIMM B TEXHHKE HHTEepBajaMH BPEMEHH.

+ F—

r———f———n

| |

S)\' e r~_7| 1 !' | 4 -

e i K ! A

R I @
__16_____‘

Puc. 1.108.

[Noatomy suefixa Keppa mHpPoOKO HCMoab3yeTcsi B KauecTBE MPAKTH-
yeckH OesplHepUHMOHHOrO 3aTBOpPa A/ CBETOBBIX Jyued MpH cBepX-
CKOpOCTHBIX oTocheMKax. C moMoiublo TaKoH fueliKH MOryT GbiTh
OCYILECTBJICHB MPepLIBaTe/Id CBETOBOFO MyyYKa € 4acTOTOA MpepoiBa-
HHsI, onpefeasieMol 4acToToil H3MeHeHust Uy, W BO MHOTO pa3 Golib-
e, ueM y MeXaHWUeCKHX NpepuBaTesiell ¢ JBHKYILHUMHCA YACTSMH.
3amensan B onbiTe Puso (§ 2) Mexannueckull npepeiBaTenh AYeAKOil
Keppa, MOXHO Pe3KO yKODOTHTbL HEOOXOJWMBLIH NMyTh Jyya H MPOH3-
BECTH M3MepeHHE CKOPOCTH cBeTa B JabOPaTOPHBIX MaclutabaXx.

W3 fpyrux npuMeHeHHA MOJAPH3OBAHHLIX JyueH yrmoMsiHeM O
BO3MOKHOCTH GOpbOBI ¢ HX MOMOIILIO CO CJAENAIHM AeficTBHEM aBTO-
MOGHALHBIX (hap Ha BojauTes el BCTPeYHbIX aBToMalnHH. Ecau B sako-
HOJATE1bHOM MOPAAKE CMOTPOBHIE CTEKJa H cTekJa B (apax 3aMeHHTh
RBOJIIPOUAMH, OPHEHTUPOBAHHEIMH 0] OJHHAKOBRHIM yraom 45° K ro-
PU30HTAJH, TO NOASPOUAL pap uAyiiled MamHULI ODHEHTHPOBAHHK ep-
NEHIHKYAAPHO (CKpeileHbl) OTHOCHTEeNbHO TNOJAPOHIOBR CMOTPOBOIO
CTeKJia BCTPEUHOH MallMHEl H NOJIHOCTBIO TaciT CBET, CJAeNSAMHA Faasa
BOAMTeNAs. 10, 4TO jopora MPH 3TOM OCBEHiaercsl NOJApH30BAHHLIM
CBETOM, 1€ HrPAeT CyIeCTBEHHOH PONIH, TaK KaK 3TOT CBET PAcCeMBaeTc st
OT BCeX MEJKMX HEepOBHOCTEH M NenoJisipusyercs.

HaxoaaT MHOTOYMC/AEHHEIE NPUMEHeHHs H JIyIH ¢ APYTHMMH THMa-
MH NOJNAPH3AlLHK, HaNpPHUMep KPYroBOH H 3JJIHOTHYECKOH.
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Jlyuu, noaspusoBaHHBIe NO Kpyry, B KoTopuix Bektopul E ¥ H
BpamaioTcs B Jt € B O oTHOCHTenbHOo Habmopatens (puc. 1.109, a)
H Bpamaiorc® BH p a B o (puc. 1.109, 6), moryt pacnpocrpansathes
B BellecTBe, B 3aBHCHMOCTH OT CTPOEHHS MOCHEAHEro, C pasjHy-

H Bl M H CKOPOCTHMH U, H U,

/ O\ (aHAJOrHIHO pa3TUYHIO CKO-

pocTefl pacnpocTpaHeHHs B

KpHCTaldnax aydedt, JuHeAHO
P 8 NOJIAPH3OBAHHBIX BO B3aHM-

HO NepreHAHKYIAPHBIX NV10-
CKOCTSIX).

[ycts 1Ba myua, nojsapwu-
30BaHHBIX MO KPYTy C Mpo-
THBOMOJ/IOXHLIMH  Hanpas-

Pre. 1.109. JICHHAMH BpallleHHsi H UMel0-

WHX OJAHHAKOBYIO AMIJIUTY-

1y, pacupocTpaHsioTcs copMecTHo. [Ipu cioxenun TakuX Bpamienuii 8
KAaXKA0H TodKe Jyua nonydaercs aunefinoe konebanne, Ecau 6bl CKo-
pOCTH U, H U, OblM OMHAKOBH, TO OpHEHTAlMs NJIOCKOCTH KoseOanuii
BAO/H JTyya OcTaBajach Gkl OAHHAKOBOH U B BEIECTBE PACTIPOCTPAHST-
cA MJIOCKOMOJISIPH30BAHHBIA Jyd €O CKOPOCTEIO U = U,=U,.

Ipu v,5v,, ecmn Ha BXxole B cpeny (pHc. 1.110, a) dasw
oBorx KpyroBulX Jyueil onu-
HAKOBH MO BeJH4UHE, TO
cymMmapHbifi BekTop E JIH-
nefiHo KoJe6jercd B ILIO-
cxoctit AA. Tak Kak v, U,
TO JO HEKOTOPOH TOUKH
BHYTPH Cpeasl B ZaHHbIH
MOMeHT npaBas BoJiHa AOH-
JeT C HEeKOTOpLIM OTCTaBa-
HUEeM B ¢pase OTHOCHTE]b-
Ho Jeeofi, N ee BeKTop Oy-
JeT MOBepHYT BNPaBO Ha
GoJswHiA yroj, u¥eM vy Jxe-
Bo#i BonELl Baeso. FIpu cao-
JKEHMM  3THX  BEKTODOB Puc. 1.110.
nJ10cKoCTh kosebanki E no-

BepHercs BipaBo Ha yrox Y (cM. puc. 1.110, 6) otHocutennno A4,
npu4eM

Dﬂ Dﬂ

8

——— Y,

9)

-]
o -

2l 25l 2
wlv “”:-—}X(nn“nn”;‘“l» (19.1)

Un Uy

rae I — nyTh Jyda B cpelie, a & — KO3(xpHUUHEHT, XapaKTepH3YIOmuH
Bpamiehse MAOCKOCTA MNOJAAPH3ALMM HA eAUHHMIY AJAHHBL NyTH.
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TakuM ofpaszoM, MIoCKOCTh Kojebauuil Jauuefino NONiPH3OBAH-
HOTO JlyYa IO Mepe NPOXOXIEHHS €ro Yepes CPeay ¢O 3HAUEHHIMH
n,==n, 6yJeT HeNpepLIBHO MOBOPAYMBATHCA B NMPOCTPAHCTBE. ITO HB-
JeHde BpamMeHHs MNJOCKOCTH NOAsApPH3alHUH B
ocHosHOM 06yc/lOBNeHO HaNHUMEM oNpene/esHoll ACHMMETDHH B
CTPOEHHH OTAE/]bHBIX MOJIEKYJ cpefnl H

yroJjl NoBopoTa P NpsiMO NPONOPUHOHAJICH
YHCJY 3THX MOJeKyJ Ha NyTd Jyda. Be-
mecTBa, fJalolige Bpallleide MJIOCKOCTH
nOJAspH3alUHE, HAa3bIBAIOTCA ONTH Y e-
CKH aKTHBHHRMH

B HeKoTOpHIX KpMcTanjax, HanpuMmep
B KBapue, ONTHYECKass aKTHBHOCThH o006y~
c/IoBJIeHa OCOGEHHOCTSAMH CTPOSHHA caMo-

ro KpHCTaala, a HE cocTagasiomux ero  felud fipslond
2y wlapy

Mmosekya. Ha puc. 1.111 nsobpaxenst gpa

KPHCTa/JIMKa KBapua, OJHHAKOBHE IO Pre. L1111

cBoefi KpHCTA/HYECKOH CTpyKType H

OrpaHEHHI0, HO AHTHCHUMMETpHUYHB e, ABJSIOUHECH 3epKanb-
HuM H306paxenueM onuH jpyroro. IlnacTHHKM, BblpesanHme u3
OHOTO H3 3THX KPHUCTAJJIOB, BpaIAOT [LIOCKOCTb MOJAPH3aNHH
BOpaso (n,>n, ¥ a,.>0), a NJacTHHKM, BbIpe3aHHble M3 Apyroro,

»—%%% =l

Od P

Puc. 1.112.

JAl0T TaKoe Xe BpalleHHe BJeBo (a_=—a ). las yeTKoro Haboxe-
HHSl 3TOTO SIBJICHUS M/IOCKOMOJSPH3OBAHHBIHA /1YY JOJJIKEH BXOJHTb B
KpHCTaJJ BJAOJb ONTHUECKOH OCH, T. €. B TOM HampaBJIeHHH, B KOTO-
POM_OTCYTCTByeT AROHIHOE Jydenpe/oM/IEHHE.

BemecTBa ¢ CHMMETPHYHBIM CTpOEHMEM MOTYT CTATh ONTHYECKH
AKTUBHLIMH MPH NOMEIEHHH UX B CH/BbHOE BHEIHee MarHHTHOE 1oJje
Hy, @Gddberr dapapgeasq) -
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B pactBopax onTHYeCKM aKTHBHBLIX BELUECTB BPallleHHe MJIOCKOCTH
MoAspHU3aliH MPOMOPIHOHANLHO AJHHE [ IYTH Jiy4a H KOHILEHTPALHH
pacTBopa

Y= fic! (19.2}

[TostoMy siBnenne BpalleHWs NJAOCKOCTH NOJAAPH3AUMH HALIIO WHPO-
Koe MpHMEHEHHEe B MPOMbILIJICHHOCTH A9 H3MEDeHHs W KOHTPOAS
KOHHEHTPALUHH ONTHYECKH AaKTHBHLIX pacTBOPOB

Ha puc. 1.112 npupenena cxema noayTeHesoio noisipuMeTpa
I/l H3MepPeHns KOHUEHTPaillli PaCTBOPOB caxapa (caxapuMeTpa)
Tpy6KH ¢ HCILITYEMBIM PacTBOPOM R MOMEMIAIOTCS MeXIy ABYMS HM-
koisMu P n A Ananusatop A paspenieH Ha JBE NOJIOBUHDLI, MpHYeM
Kamkjas H3 HHX crocoOHa NponycKaTh JyyH, NOASPU3OBaHHLE B MJO-
CKOCT$IX, OTAHYAIOUIHXCS HA HeKoTopwil yroit (0T 1° g0 5°) Stu ayun
nOMajaioT B Pa3sHbie MOJOBHHEL MO 3peHus TPyOu 7', OcBEIEHHOCTD
KOTOpHIX cpaBHHBaercs rJuasom (puc. 1.112, g). Korana ua ananusa-
TOp OyZeT najate Jayy, NOPHU30BAHHBIA B MJIOCKOCTH, Aeasilell yroa
MexAy MJIOCKOCTSMH aHaJH3aTopa NonoJjaM, To 06e NOJOBHUHBI [OJS
6yayT ocBelleHB ONHHAKOBO (caydall 2— nojayTeHb), B MPOTHBHOM
Ke cayuae onHa Oyjer TeMmHas, a japyrasi csetyiasi (caydam /[ u 3,
puc. 1.112, 6)

Has onpenedenus yraa nosopora P ynotpebisiioT CHenHAIbHbH
KOMIeHcaTop, KOTOPhIfi COCTOMT M3 mJaacTHHKH D mpasospalnaiomero
KBapna ¥ [BYX CKOJNL3AUMX APYT OKOJIO Apyra Kauuwes C, H C, je-
BOBpaMIAOMEro KBapua, o0pasyomHX NJacTHHKY NepeMeHHO# ToJ-
muebl. CMelleHHE KIMHbEB MOMXKeT GbiTh TOYHO OTCUHTAHO MO [KaJae
MHKPOMETPHUECKOro. ycTpoficTBa.

[lpu orcyrctemn pacTBopa, Korja npoHsBejeHa YCTAHOBKA Ha
fMOJNYTeHb», OTCUET MO IKaJe PpaBeH HyJio. Peryinpysa nosoxesie
KIHHDbEB (TOMUHUHY repeMeHHOH NIaCTHHKH), MOKHO KOMNIEHCHPOBAThL
MOBOPOT IJIOCKOCTH NOJSIPH3AUKH, BbI3BaHHBIA BBEefAEHHEM pacTBopa
caxapa, H H3MEpHTb KOHHENTPaUHIO [OC/EHEro Mo KaJe.



rMABA VIl
PACCEAHUE U NONIOIIEHUE CBETA

§ 20. Paccesune csera

Ilnockasi Bosina, pacrnpocTpaHsiiomascsd B oJHOPOAHOH cpele, oc-
Taercs maockod. OfHAKO ecJH cpefla HEOJHOPOJHA H B He#l HMeloTcs
BKJIIOUEHHS C JPYFHMH ONTHYECKWMH CBOHCTBaMH, TO KpOME BOJIHHI,
pacnpoctpaHsiomefics B mepBOHAYaJEHOM HANpaB/ACHHH, MOSABJSIOT-
Cs1 BOJIHBI, paccesiHHble B CTOPOHBI. DTH BOJHBI yHOCAT ¢ cobo#i ompe-
HeNEHHYIO NOJI0 SHEPrHH H TeM CaMbIM MOCTENeHHO yMeHbIIaloT 3Hep-
THIO MHepBOHAYANBLHOTO Jy4a.

PaccmotpuM ciayudadl pe3kofi HEOAHOPOJHOCTH — YACTHUKY JAH3JEK-
TpUKa ¢ MOKasaTejeM MPeJOMJEHHS n B BOzAyxe. Taxue UacTHUKH,
HanpHMep COJH, caxa, HOcATCS B Bo3AywnoM Oacceilne ropojios,
co3jaBas NPOMBbIULIEHHBIE AbIMBEI. Mennuafilie Kanenbkd BOAHI, 06-
pasyloiHecsl NP MepeoXJaKJeHWW HACLINIEHHOrO MapaMH BO31yXa,
co3/al0T TyMaHbl. [l MacKHPOBKH BaXHBIX 00bEKTOB M MepeBHKe-
HHH BOMHCKHX CHJI CO3JaloTcsl CNenHassHble AbIMOBbie 3aBechl. MH-
TEHCHBHOCTh CBeTa, pPacceMBaeMOro TaKHMH a3PO30JbHLIMH CHCTEMA-
MH, Kak NpaBHJIO, MpEACTaBAseT cO00H CyMMy MHTEHCHBHOCTEH pac-
CesIHHSI COCTABJ/ISIOUIMMK WX OJMHOYHBIMM YacTHIlaMH. JIuIIb npu
GoJibILOA MPOTSIKEHHOCTH a3p030J8 HeoOXO0IMMO YUHTHIBATL MHOTO-
KpaTHOe paccesiHHe, T. €. BO3MOXKHOCTB TOTO, YTO CBeT, paccestHHhil
ofHOM wacTHueld, A0 BBIXOJa 3a Mpefennl cHcTeMbt OyjeT BHOBbL pac-
cesiH JApYyCHMH HacTHILAMH,

XapaxTep paccesiHWn OJMHOYHOR uacTHueil 3aBHCHT OT COOTHO-

WEHHA MeXJAYy ee paauycoM 7 W AJVMHON BOJIHBEI PacceMBaeMoro CBeTa

r
A. B 3aBMCHMOCTH OT BeJAMUHHBI o cjaefyeT pasauvath TPH pasanyHble

A
obiacru:
I. g Gonpminx uactun npH r>>A Habmdlogaercs YHUCTO T e o-
MeTpuueckoe paccesaHHe. [lajaomufl na pasnsie yuacr-
KH MOBEPXHOCTH YaCTHIbI CBET OTPAXKAETCA OT HUX MOJ Pas3JHYHLIMH
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yraaMu (puc. 1.113). [IpaktHuecks MOXKHO CYMTATh, 4TO Bech CBET,
NajlalolHA Ha MepeiHIOn NOBePXHOCTh KPYMHOH vacTHUW s ==2mr?,
pacceuBaeTcs B ctopoHn. Eciu B epunMue ofbeMa cpeisl HMeercs
N pacceHBaOWMX YACTHI[, TO NPH NPOXOXKAEHUH MEPBUUHLIM MyIKOM
B cpene nytH Ax u3 ayunctoro notoka @, pacceuBaercs B CTOPOHBI
noas

AD oo = Dy, N Ax. (20.1)

2. AHajmu3 paccesHMsA CBera OUYEHb MEJKHMH YacTHUAMH [IpH
r<€\ 6b1 npoussenen Paneem. B nmepHoauueckn koseGmiomeMcs
€ 49acTOTOH v 3JIeKTpHUYecKOM noje mnajawoumed BoJHbl En.; BO3HH-
KamoT BLIHYKIEHHBIE Kojyeba-
HHUSl CBA3aHHBIX 3apAfOB, CO-
CTaBIAOMWKNX YacTHIY. Bekrop
noaspusandy P mnpomopuuo-
HaJeH nomo (1. 11, § 10):

e—1
0k = o dn 8gE g =

n?—1
= F(;‘i_d'l_- EOEllaJl' (20.2)

p = KBQE

H HOJHBIA ZHUNOJBHBIA MOMEHT
YACTHLBI (c obbeMom V=

_4 3
—"gﬁf )
n ——1
Prc. 1113 P,= VP“— BOB,,M (20.3)
U3MEHAeTCHd C TOH 3Ke 4YacToToH ’V:—; . TaKOﬁ KoJebaouuics

QHTOJL K3/1yYyaeT 3/1eKTPOMAarHUTHLIE BOJIHBE,, MHTEHCHBHOCTb KOTO-
puiX, Kak mnokasaHo B T. II, § B3, nponopuuoHanbHa

Pl
S~ E*~ (¥*P))* ~ 77 (20.4)

W DasjMYHA B PasHbIX HaNpapJeHHAX OTHOCHTENbHO OCH FHNOAS,
Yuurmsas {20.3), nmeem

__12 2 1)y
S~V g~ WS (20.5)

Tounwlit pacuer, npousBelleHHul Pajeem, faer ans Ayyucroro mo-
TOKa, PacCesiHHOTO HacTHIAMH BO Bce CTOPOHBI Ha myTtH Ax:

Ay, = Dy 2‘;?3 NV® (" “‘) Ax. (20.6)

nt+4-2
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3. las uactHi, pasMepbl KOTOPBIX CPaBHUME! C JAJHUHON BOJHLI
r & A, OCHOBHBIM fABjfieTc AMPpPpaKHHOHHOE paccesHHUE
B stoM cayyae Ko3D)HIHEHT pacCesiHHA CTAHOBHTCS BechMa CJOXK-
HOHl H HEeMOHOTOHHOH (QyHKIMeH OT n, r H A.
Koagpuuuenr paccesHus onpepeasercs mo ¢GopMmy.ie
1 AD
— pacc
Koace = T Ax " (20.7)
[Tepeunciensbie BRIBOABI MOKA3LIBAIOT, UTO PAacCesHHE CBETa Jbl-
MOM HJIH TyMAHOM 33BHCHT H€ TONBKO OT Macchl AbIMOOODPAsyIOLIErc

”

4sgg

A

Lecz

/'*“'?

Puc. 1114,

BemecrBa M, npuxoasiuefics Ha eIMHULIY o0beMa CPeabl, HO H OT
creneHd APoOeHUs 4acTHI, T. €. OT HX painyca r. OBosHauad njor-
HOCTb HACTHIL 4epe3 p, HMeeM

M=NpV=—‘31nr3pN. (20.8)

Orcrofa YHCAO YacTHIL B eiHHHUe 00beMa N 3aBHCHT OT MX CpejHero
pagdyca r:

M
= (20.9)

r3

N~

Ias kpynsblX yacTHl, B 00JaCTH reOMeTpHYECKOTrO paCCestHHs
MackKHpyomaa ¢cn0co6HOCTL AB Ma, paBHAA K03}-
duuMeHTy paccefHHAa Ha eJMHULY Maccel, Oyger coriacHo (20.1),
(20.7) u (20.9)

K, Ns 1 1 ,
—‘p/ﬁc‘::M‘NFrZNT (20.9)

H yOnBaeT ¢ p 0CTOM pa3Mepa YacTHI.
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JIns Meakux yactuy B 001acTH P3JIEEBCKOrO PaccesiHHA, COrIacHO
(20.6) u (20.9),

2
Kpwe AV Srom s, (20.10)

H MacKHpylomas cnoco6HOCTh yOLBaeT ¢ YMEeH bl e H HeM pas-
Mepa 4YacTHL.

MakcuManbHAA MacKupylOWas cnocofHOCTh AOMKHA AOCTHraTheA
NpH OPOMEXKYTOUHLIX pa3Mepax 9acTHil, T. €. B 00/1acTH AHDPaKIHOH-
Horo paccesinusi. Ha pac. 1.114 noxasan npHMepHbIA X0 3aBUCHMOCTH

%—“EBO BceX TpeX o0JacTAX BeIHYHH pajHycoB HacTHu. Criaxupas
KpHBYIO B JHppaKkuyHOHHON oOnacTdH (NYHKTHPHAA JNUHHA Ha pHC.
1.114), Msl BHIMM, UTO MaKCHMYM pacCesiHHsl JOCTHTaeTcs B 00JacTH
pa3MepoB MOPSAKA JAJMHHBI BOJHEL. [l BHEHMOrO CBEeTa 3TO COOTBeT-
CTByeT 4acTHuaM c paauycoM ~10-° cu.

JlpiMpi, COCTOSIIIME M3 CTOMb MeNKHX YacTHI, ABJAIOTCA KOBOJILHO
yeroitunBeiME, [leficTBUTENBHO, KOPJA YAaCTHYKA TAKOTO pa3Mepa oce-
JAeT B CnpKOHHOHA aTMocdepe, TO OHA NMajaeT PaBHOMEPHO ¢ HEKOTOpof

CKODOCTbLIO U, IPH KOTO Ofl €e BeC myg = — g3 ABHOBEMINBACTCH
p 3

CHJIOf COMPOTHBAEHHS Bo3JyXxa. Mcnonb3ys Jua pacuera 3akoH Crok-
ca (1. I, § 28), umeem:

0 -% nrig =6nrmo,
OTKYJA )
v=3r@%. (20.11)

Mpu r ~ 1075 cm, g =980 culcek®, Py =l e/em® w1 1, =~
~~ 2-10-%2/cm-cex nonmydaeM:
Upeen = 1074 cm/cex.

IIpu cTonb HHUTOKHOM ckOpocTH ocefands (Ha | cu 3a 3 Yaca) nepe-
memenre obaaka geima Gyjer, B OCHOBHOM, OMNPEASNATLCA BETPOM,
BOCXOASIIUMH M HHCXOAAIIMMYA MOTOKaMM B aTMocdepe, a He BO3fedl-
CTBUEM CHJIBI THMKECTH.

Ecau npomyckaTh my4oK mapaJielbHbIX Jy4ed uepes OiHOPOAHYIO
Ccpery, HaTpHMEp uepe3 yHCTYIO BOXY, TO nabmionaTenb, pacnonoken-
Hbli cOOKy, 9THX Jyuell He 3aMeTHT. HanuBasi B BOJy HEMHOro oge-
KOJIOHA, Mbl CO3/]alHM «MYTHYIO CPeldy» 3a CueT 00pa30BaHHsT 5MYJAbCHU
U3 MeJpuaHllIHX KaleleK OAEKOJMOHA B BOJe (aHA/JIOFHYHO MOJIOKY,
SABJIAIOWEMYCs SMy/bcHell MelpualliMx Kanejiex xupa B Boxe). Ta-
Kas MyTHas cpela HauHeT pacceMBaTh CBET H, TeM CaMbIM, MyThb mep-
BOHAYAJbHLIX Jiyuell cTaHeT BUAWMBIM cOOKy (pHe. 1.115). 1o sasse-
HHe HOCHT Ha3Bauue sdpexta THHIaAA U NO3BOJsET OOHAPYXKHBATH
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yAbTpaMHKPOCKONUUECKHe HYacTHILI, pa3Mep H (OpPMYy KOTOpPHIX, 3a
MX MajocThlo (7 <€A), HEmoCpeACTBEHHLIM HaOJIOZEHHEM Hesbas
obHapyxuTh. B morounom merone b. B. [eparuna, nabmogasa c6oky
B MHKDPOCKOI BO31yIUHLIHA MOTOK, HeCyWH# y/abTpaMUKPOCKONHUECKHe
YACTHLBI, MOXKHO MepecuHTaTh MOC/AEIHHe 5O BbI3bIBAEMbIM HMH
BCMLILIKAM PacCesiHHOTO CBeTa.

Ha puc. 1.115 ykasana nonsipusallisi CBeTa, paccesaHHOro B Ha-
NPABJICHHUAX, MEPIEHAMKYAADPHBIX K MEPBHYHOMY NYyUKy, Xapakrep
KOTOpOH Ob1 pazobpan Boime, B § 18, EcaH moMecTHTh Hajl KIOBETOH
¢ Bonoft 3epkano Z, TO MOKHO ONHOBpeMeHHO HaO/IONATh paccesiH-
HEle JyYH, TOJISIpH30BAHHBIE BO B3aHMHO MePUEHIHKYJAPHBIX I1J0C-
KOCTAX. YUTOOH yGeAuThCH B UX MOJSPU3AUMH, HCXOAHBIA My4oK cJie-
JyeT NpOnyCTHTh Yepe3 noasApu3atop P. Bpaillas 3TOT nosispH3aTtop

Z

Puc 1115

H HCK/IOYas TeM CaMbiM ORHO H3 HaNpaBJieHdidl NOAAPH3aUHH HCXO.-
HOFO My4yKa, MOXKHO Ha0/I0JaTh NONEpeMeHHOe ralileHHe OZHOro U3
JBYX HabmofaeMuX 0OTOKOB PaccesiHHOrO cBera (0T KiOBeTbi H Of
3epKafa) C OJHOBPEMEHHLIM YCHJCHHEM Apyroro.
Ocpeniasi KIOBETy He MOHOXPOMAaTHUECKHM, a GeslbIM CBETOM, MOX-
1o y6eiuThcs B CIOpaBeAJHBOCTH 3akoda Panes. B coorsercrsun
¢ (20.6), cunbHee Bcero 6ynyT paccenBaThcs Hauboaee KOPOTKHE BOJI-
Hel U HabmonaeMuifi cOOKy My4YOK cBeTa, HAyuUlHH B MyTHOH cpepe,
Gymer KasaTbcs G/egHO-ToNyObIM. Bnaronapa HHTEHCHBHOMY pac-
CesHHI0 KOPOTKOBOJHOBOH 4aCTH, NpowiemHtii HepaccesiHHLIM NyYOK
GyJeT OTHOCHTe bHO O0OralleH AJMMHHOBOJHOBHIM H3JyYeHHEM, H Ha
skpane E (puc. 1.115) Gyzer nabmonaTecs He 6Genoe, a KpacHOBaTO-
KeJlToe MATHO.
TlopoOuuie xe 3¢peKTh HAaGMIOJAOTCH OPH PACCESIHHH CBeTa B at-
Mocepe, Aax¥e B OTCYTCTBKE KaneneK TyMaHa WJH 3HAYUTENLHOTO
KOJMIMYeCTBAa MBLIMHOK H JBIMOBBIX uacTHI. Heoanopoznocts camoit
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BO3AYLIHOH Cpeibl B 9TOM cayuae obycaosnena GiyKTyansaMH njoT-
HOCTH 32 CYeT XaOTHYECKOT0 MOJEKyJaspHOro ABMxeHHA (cM. T. I,
§ 16). IlonspusyeMocTe M AH3JEKTpUYECKad BOCHPHHMUHBOCTL BO3-
JAyXa » TPONOPUAOHANBHE! €TO MJOTHOCTH H QUIYKTYHPYIOT ORHOBpE-
MeHHO ¢ nochefdeli. Kak nokaszaa JI. . Mangenpintam, na sTuxX
HenpephBHO BO3HHKAIOUIMX H PacClajaloBRIHXCsl ONTHYECKHX HeomHo-
POJHOCTSX € PasMepaMM, MHOTO MeHbIMMH A, NPOHCXOAHT pacces-
HHe coiHeyHoro ceera. Hcrmonpsys nponopuHOHaNbHOCTL KBaApaTHU-
HOl GAYKTYalHH YHCNA HACTHI (M NpesiOMJIsSIEeMOCTH CPeIsl) cpesHeMy
MHCAY MOCJAeNHHX, MOXKHO, anajorrano (20.6), paccudTaTe cyMMap-
Hulf KoadpHIMERT paccestHHsi TaKOH cpejpi:

8?2 —1)?

Kdm-—-——g—‘ﬁ—*, (2012)
rae N — cpenee uucno Monekys B enHHHue 00beMa.

Ha puc. 1.116 nokasaHo cxeMatHueckH paccesnne jaydedi Conrna

C B atMoctepe seman 3. K nabmiogatento A, ofpalieHHOMY JIMIOM

BBEPX, DPHXOAAT TOJABKO

— Rpecr Jy4H, paccesiHHble B aTMO-

‘o PPN A ™ DUON ctepe, B COOTBETCTBHH ¢

- — s ' (20.6) n (20.12). 3akon Ps-
7%-)-

3 / 8 Jed (KN xla) NOKa3LIBAET,

' % 410 310 6YAYT rAaBHEIM 00-

pasoM cHHe-HOJICTOBHIE J1y-

Puc. 1.116. ud, H TEM CaMbiM BMOJHE

00BbsACHSIET MPUYHHY FO N Y-

6oro uBeta Heba. lo nabimwogarens B poxoast jHIIbL Mps-

MHIE, HepaccesAHHble JyYH. Bo BpeMs yTpeHHefi (Bocxox) u Beuephel

(3axon) 3apH mpAMbe Jy4H NPOXOAAT O4eHb GOMBLIOR NYyTh B aTMO-

cepe, TaK YTO CHHe-(pHOJIETOBAas HacCTb CMeKTpa OyieT MpaKTHUECKH

Haueao pacceana. MMenHno 3TuM ofcrositenbeTBOM H 0BYycnoBaeH

KpacHol## nmBetr CoaHpna npu ero 3akKarTe HAU
BOCXOe.

Pacceanue cBera, npoHcxoasimee Ha (AYKTyauusX MJAOTHOCTH,
ocofeHHO Xopollo HabmojaTh NMPH KPUTHUECKOH TeMmepaType rasa
(upxocTH). B kpuTHUecKOfi TOuKe BSHEPrHsl MOJEKya IKHAKOCTH
NPAKTHYECKH HE OTJHYAEeTCH OT 3HEepPrHH MoJjeKyn mapa (cMm. 1. I,
§ 41). B cuny sroro GpAYKTyauMH NOTHOCTH BeILECTBA CTAHOBATCS
odeHb GOJBIIMMH M paccesHHe cBeTa B cpejie pe3Ko Bospactaer. fB-
JileHHe HOCHT HasBaHHe KpPUTH Y ECKOH omanmecuennuu,
AnafnoruuHblf 3ypeKT HMeeT MECTO H MPH CMElleHHH HeKOTOPHX XKHi-
kocre#t. [Ipu Temnepatype Bbilie HeKOTOpoH XapakrepHo# TeMnepa-
TYpHl 115 3THX XKHAKOCTeH (HasniBaeMOR KDPUTHUECKOH TeM-
nepaTypol cMelieHHSHd) XUIKOCTH IOJNHOCTbIO CMelu-
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BaioTcst, o6pasys TeM CaMEIM ONTHYECKH ONHOPOAHYIO cpeny. [IpH TeM-
nepaTypax HH¥e KPHTHUECKOH TeMIepaTypsl CMEIMICHHA HauHHaeTcs
paccaoerne xuakocred. Ilpn KpHTHYeCKoH TeMmeparype COCTOsHHE
CMeCH TAKOBO, YTO JIeTKO BO3HHKAIOT MeCTHhle OTKJIOHEHHs — pac-
CIOSHHA M CHOBA CMeliteHHA. JTH QUYKTyanun NPHBOAAT K PE3KOMy
yBeAHYEHHIO paccesHHs cBeTa, Jerko HabjogaeMoMy NpHE RKOCTHXKe-
HUH KpPHUTHYecKOfl TeMIepaTypht CMelleHHs.

baaroraps aToMHO-MOJEKY/ASPHON CTPYKTYpe BCeX TeJd, MPHHIH-
MUANBHO HY OXHO BEIECTBO He SB/AETCH ONTHYECKH abCOIOTHO OJHO-
ponubim. -Pasmeprl atoMos B moneky. (10-°—10-1° x) Becbma MaJibl
o CpaBHeHHIO ¢ JAIHHAMH BoaH BHAMMoro csera (10-8—10-7 u),
HO yXe CaMo HajlHuie TAKHX MHKPOHEOJHOPOAHOCTeH sBJsercs MpH-
4HHON BOBHHKHOBEHHH PACCEAHHOTO CBETa. JTO TaK Ha3HIBaeMOe M O -
NeKyYyAsApHOEe paccesHHe cBera, B cooTBeTcTEHA ¢ (20.6)
u (20.10), cpaBrUTeNbHO MaJIo HHTEHCHBHO, HO BIOJHE JOCTYMHO AJA
HabaoaeHnR u HamepeHuH. KoukpeTHble 3aKOHOMEPHOCTH MOJIEKYAsIp-
HOTO paccestHH® Goslee TECHO CBA3aHEl CO CTPYKTYpOH cBeTa (CM. HEKe,
ria. X1} u peransamu cTPOSHHSA aTOMOB M MoJiekya (cM. B uactH II).

§ 21. Moraouenue ceeta

CeeroBast BoJHa HeceT ¢ co6Od MOTOK SHEPrHH 3JeKTpOMarHuT-
Horo noxfA. Ilpn B3aMMogeHcTBHH € UACTMLAMHU BelecTBa HEKOTOpaf
JONS 9JeKTPOMATHUTHON SHepPrHUM NOIJIOMAEeTCH NMOCJAeAHHMH W [epe-
XOAUT B 3HePruU10 KoJNeGaHHH 3J1eKTPHYECKHX 3apsiiOB B aToMax H
MoJekyAax. B HieaapHO#l opHOpONHOH cpege mMepUOZHYECKH KOJI1€6-
JIOMHeCA AUMOJNH H3JYHAIOT BTOPHYHBIE 3/EKTPOMATHHTHHIE BOJIHH
TOH JKe YaCTOTH, KOTOPH€, HHTepdepHpys ¢ NepPBHUHOM, H3MEHSIOT

c 4
ee (pa30ByI0 CKOPOCTh PAaCMPOCTPAHEHUS U = —- =ve HO MOJIHOCTHIO
£

BO3BpallaioT NPH 3TOM BCI0 NOIJIOINERHYIO JOMI0 €€ SHEPrHH.

B peantHoM Tene He BCS SHePrus KOJIeO/IOIMUXCS SJIEKTPHUECKHUX
3apAfOB HcMycKaeTci 00pPaTHO € 3JEKTPOMArdHTHHIMU  BOJIHAMH,
a 4acThb ee NepeXoiuT B Apyrue GopMbl SHEPIUH H TVIABHEIM 00pa3oM B
TerioBylo. Bo30yxieHHblE aTOMbl H MOJeKyJIN B3aUMOACHCTBYIOT
CTaJKHBAIOTCS JAPYr ¢ APYroM. IIpH 5THX CTOIKHOBEHHAX 5HEPTHA KO-
ne6aHuil 3MeKTPHUECKHX 3aPsJI0B BHYTPH aTOMOB MOXET NepeXoiWTh
B SHEpPrUIO BHEIIHHMX XAOTHUECKHX JBHMMKEHHH AaTOMOB B [LEJIOM.
B MeTa/Nax sJeKTPOMAarBMTHAs BOJIHA NPHBOAUT B KojeGaTenbHoe
JIBMKeHHe CBOOOHbIE 3JIeKTPOHB!, KOTOPbie 3aTeM MPH CTOJKHOBEHHSX
OTAAI0T HAKOMJIEHHHH H30LITOK SHEPTHH HOHAM KpHCTaAJIHHecKO#
peilleTKH ¥ TeM caMblM HaTPeBaloT NOc/eiHiol. B HeKoTopHX crydanx
SHePTHsl, MOTJIOUIeHHAs MOJEKYJOf, MOXKeT CKOHUEHTPHPOBAThECA Ha
ONPEAE/JICHHOR XHMHUECKOH CBA3M H NOJHOCTbIO 3aTPaTHTLCH, Ha
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pa3puiB 3TOH CcBA3M (HOTOXMMHUECKHME peaKIHH, T.e. peakuul, npo-
HCXOfsillle 33 cYeT SHEpPrHH CBeTOBOH BOJIHbI).

[pu Hanuuuu 3HAUHTENLHOH ONTHYECKOW HEONHODOJHOCTH CPEjbl
(ObLTHAKY, (UIYKTYalNHM MJIOTHOCTH) OMNpeAeNeHHas 4acTbh 3JEKTpo-
MarHHTHEIX BOMH, H3/yYaeMbiX 0GPaTHO BO30YXIEHHHIMH aTOMaMH
M MOJIeKY IaMH, SiBJISIETCSI HEKOrepeHTHOH MO OTHOWIEHHIO K MEPBHUHKIM
BOJIHaM H PacceWBaeTcs BO BCe CTOpoHbl. B pesy/abTaTe Takoro pacces-
HHS SHeprHus MepBHUHOrO MyuYKa cBeTa MOCTENEeHHO yMeHblllaeTcs, Tak
JKe Kak H npd HeoOpaTHMOM nepexofe SHEPTUH Bo3OyKAEHHLIX aTo-
MOB B Jpyrue ¢opMul 3HEPIHHU.

PaccMoTrpuM unpokuil my-

| |
E" ! i 40K napamenbﬂbéx ayued,
! acnpocTpaHsioliuiicis B no-
Ll ,/ LA : P+dP gnomgxowl.)eﬁ cpene (puc. 1.117).
== [ 7,1 ' OGo3HauHM HavalbHYO HHTEH-
|z +— 1 CHBHOCTE JMY4HCTOr0 NOTOKa B
! [ - naockoctH x = 0 uepes D,.
e i ; [pofinn B cpeme nyThb x, JTyuH-
— - HEAN CTHIfl MOTOK 3a cueT norJoiie-
- —\ HUA W paccesiids CBeTa 0CJa-
——] - T N 6asiercd M €ro  HHTEHCHB-
f i \ Hoctb ®(X) CTAHOBHTCH MEHbD-
/zj ! | e nepBoHayansHol @,. Bh-
z ez o JenuM Janiee y4YacTOK cpexnl

TouHOM dx. MIHTEeHCHBHOCTD

Pue. 1117 noToka, MnOpoiueillero MyTh

x+dx, paBuasa ©®-+dP, Gyner

ewle Menolle, ueM D, 1, e. dP <<0. Bennuusa —d®P npencrTaBIseT

coB0# JIyUHCTHIA MOTOK, MOFNOUEHHbIH 1 PacCesHIbIA HA yyacTKe dx.

Otla, oYeBHJAHO, TPONOPHHOHANLHA TOJILMHE ITOrO yyacTKa dx H
UHTCHCHBHOCTH TAJalomero Ha 3T0T ydacToK cBera O(x), T. €

—d® = KD dx. (21.1

Koshduivent npomnopuHotaabHocTH K HasbptBaercs K03 p ¢ H -
HHeHTOM oOchaabaeHHs s AYUYHCTOH sHeprHH H
3dBHCHT OT KOHKPETHHIX cBOHCTB moraowmaiouled cpeabt. Beanuuna
K ckaajpiBaeTcs U3 KoagpHIHEHTa «MCTHHHOTO» MOrJIOILEHHS H KO3d-
(pHnHeHTa paccessHHsA

K=K oy + Kpacer (21 2)

lMepewft H3 uux (K,,.,) XapakrepusyeT A0/ MOT/IOUIEHHOA JyUHCTOH

nopa

do .
IHEePruu -——5) Ha eJMHHIle MJIHHbI MyTH (dx =1), nmepewenwei

s ApyrHe QOPMBI 3Hepruu, B OCHOBHOM B Temjosyio. Bropo#t (K, .)
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aHAJIOMMYHBIM 00pPa3oM XapaKTepHU3yeT JOJI0 3Heprdd NepBHYHOrO
My4Ka, YHECEHHYIO C DacCestHHbIM CBETOM BO BCE CTOPOHbI.
Pasfensis nepemenneie u unterpupys (21.1) -

(Dd(D x

MOXKHO HaHTH OKOHYATE/JbHOE BhIPAMKEHHUE /I MHTEHCHBHOCTH CBETa,
MpowWegli €T O CPely ONPEASJNCHHOR TOJNUHHBI X:

D (x) = Qe Kx, (21.3)
nocsuee HasBaHMe 3akoHa byrepa—Jlam6epra. Ha
puc. 1.118 mpusenen rpacdux stofi 3aBucumoctu. Kosppuumenr K

P
!

|

|

| ! I
Toe e s 3zy5

Puc. 1.118.

HMeeT Pa3MepHOCTb o6paTHOH IJauHBL {(M~! HJAM cu~') H HA3LIBaercH

. 1
JHHEAHBIM Ko3(HuinenTOM ocnabnenus cBeToBoro notoka. [lpu x, = ®
1

~-KZ @

D=0, K=-E‘3, (21.4)

T. €. Be/JIHUMHA X, XapaKTepU3yer co0oH paccTOsiHME, Ha KOTOPOM Jy4H-
CTBIi MOTOK yOulBaeT B ¢ =2,7182 ... pa3a. Ha puc. 1.118 nokasano,
4TO X, OJHOBPEMEHHO XapaKTepH3yeT paccTOSiHHe, HAa KOTOPOM CBer
MOMNIOTUJICA Obl 110JHOCTEIO, ec/iH Obl abcoaoTHOE norJouienne (—dd)
He yOBIBa/NO N0 Mepe CHMKEeHUS MHTEHCHBHOCTH T1POXOAALUEro MOTOKA
(@). Ha pucyHKe OTMeueHa ellle TaK HasbiBaeMass AA M HA HOJO -
BHHHOTIO ocnalaeHusd x,; ONperelseMass U3 YCJIOBHA

Kx 1

D 08 =D,

Jlorapupmupys 310 paseHCTBO, HMeeM
In2=Kxy,lne=Kxg
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2 0,693
Ko = e =2 (21.5)

[Ipn mpoOXOXIEHHH NYTH X=X, ; HHTEHCHBHOCThH NPOLUEALIETo CBeTa
yOniBaeT BABOE ((I)——(I)o> npu x = 2x, s— €lle BABOe ((I)_—-(I) )
H T A

Hns partHoro Bewectsa koshunueHT ocnabiaenus K obnmgHO
NPONOpIHOHAJEH €r0 NJAOTHOCTH . TOraa MOXHO BBECTH BMECTO
JHHEHOrO MacCOBHIH KO3(hPHIUHENT OcaabneHusn

K,:% [f-"i o "-‘iJ (21.6)

2 K2

u npeoOpasoBaTh 3akoH Byrepa—JlamGepra K BuAy

K
O =D, ¢ ¥ =De-Keox, (21.7)

[Tpou3seneHne px mpH 3TOM XaPaKTepPH3yeT MAacCy MNOrJIOmAIoUero
BemecTsa, NPHXOAALLYIOCH HA eAMHHUY MJOLLAAH NPOLIEUIero Nydyka

K2 k2

W M=)
[lpu noriouleHHM CBeTa BeNIeCTBAMH, PaCTBOPEHHLIMH B NMPAKTH-
YeCKM He MOIJIOUIAIonieM pacTBOpUTee (HaNpuMep, B 4YHCTOM Boe),

Koa(pdunueaT ocnableHUsa YyacTO NPONOPUHOHAJNEH KOHUEHTPAailHH
pacTBopenHoro Bemectsa C

K¢=7=const. (21.8)

B tex cayuasx, KOrjza sSTa NpONOPHHOHAJBHOCTD BHNOJHAETCH,
cootHoienune (21.8) masnBaoT 3akoHOM Depa. Hna Takux pactso-
pPOB 3aKOH Byrepa—JIaMGepTa OpUHHMAaeT BHJ

K
O =0, € =@ e KcCH, (21.9)

H BeqnunHa Cx XapaKTepH3yeT KOJHMYECTBO MOJIEKYJ PACTBOPEHHOro
BelHEeCcTBA, MPUXOAMALeeca HAa CAHHHNIY OJOMANN NPOUIEIUEro ny4Ka.
Wamepsa morsomieHye cBeTa CJI0EM TaKOro PacTBOpa ONpeleeHHOI
TONMUHHGL ¥ H sHafd Kod(duuueHt ocnabnenus Kg MOXKHO OTCIOAA
HalTH KOHHEHTPALHIO pacTBOpa

g (21.10)
3akon Byrepa — Jlambepra ¢ COOTBETCTBYIOWMMH 3HaYeHusaMH K

B NpHHIMIE NPHMEHHM JJ/Ifl BCero AHANa3OHA SJEKTPOMATHHTHBIX H3-
JAyueHHH — BHLMMOro cBera, WH(}PAKPaCHHX H YJbTPadHONETOBHIX
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Ayuefl, paiHOBOMH, PEHTTEHOBCKHX H y-ny4eit. OfHaKo 1pH ero npak-
THYECKOM TIPHMEHEHHH cJelyeT YYHTbIBAaTb, YTO MO PAAY NPHUYHH OH
HMeeT JTHIIb NpUO/IMMXKeHHBIH XapaKTep.

Bo-nepshix, nponopudoHasbHocTh (21.1) mMexay —d® u ¢ pan
paccesiHHbIX Jy4yeH cnpaBelVIHBA JULIL NPH OJHOKPATHOM PaCCesiHHU K
AJst y3KHX myukoB. Ha puc. 1.119
1I0Ka3aHO, Kak B cjyuyae IK-
POKOro nydyxa 4acTh paccesHHBIX
Jayqeil #3 OGOKOBOH YacTH mydKa
MOXeT JOIO/HATENbHO [OHacThb
Ha BeHTpaJbHbll NPHEeMHHK H
KaK Tyla e IONAajalT HEKOTO-
phle MHOTOKDaTHO pacCesHHHE
Jy4H. ITH o6CTOsITe/bCTBA 0CO-
GeHHO BajKHO YYHTHIBATb KO/JH4Ye-
CTBEHHO JUisl PEHTICHOBCKHX H
y-Tydedl, KOTOpbie OUeHb c1abo Puc. 1.119.
NOTJOLIAIOTCS BelleCTBOM H JIA
KOTOPHIX Josig paccesiuus B oOmleM ocaal/eHuH Majalomero HydYkKa
3HauMTeJbHA.

Bo-sTopbiX, KO3(HUHEHTH MOrJIOLIEHHA H DPAcCesHHs SaBHCAT
OT QJHHBI BOJHH cBeTa A H 3akoH Dyrepa — JlambepTa MoxeT GoiTh
CNpaBejiMB JMLIbL s CTPOTO MOHOXPOMATHYECKOTD H3JYydeHHSH.

Ira Jucnepcus BeIMUHHE K

P CTAHOBHTCSl OCOOEHHO CHJIb-
A HOfl BOAK3H pe30OHaHCa YacTo-
THl N4J1A10L1ero cBera C Yacre-
TaMH cOBCTBEHHBIX KoJebaHui
3JeKTpHYecKHX 3aps/iOB B aTo-
max. Ilpy 3TOM pesko B803-
pacTaloT aMIVIATY[bl BbIHYX-
JIeHHHX KoaeOaHHl 3apsjaoB u
yBeHYHBaeTCs  BepOSITHOCTH
nepexopa MX SHEPrHH B IHE-
THIO XaO0THYECKOTO TEMJIOBOro
- ABHKeHusi. Takum ofpasom,
Puc. 1.120, H3/yUeHHe DPa3JHYHBIX IJIHH

BOJIH Ha OJHOM H TOM Xe IyTH
NOTJIOMWAeTCH B Pa3/MYHOR CTeneHH, a JAy4YH ¢ 4acTOTaMH, GJH3KHMH
K DE3OHAHCHOHM, NPAaKTHYECKH OOIJOMWIITCS B CJI0€ OYeHb Masoil
TOJILLHHBI,

Hns noscHeHMs BO3MOMHBIX OCJONHEHHH BCAEACTBHE JHCHEPCHH
Ha pyc. 1.120 nokasasbl KpUBbe MOMJIOMIEHN ST H3TyYeHHSI, COCTOALLErO
U3 ABYX B Pa3JHUHOH cTeNneHM NOr,joumaeMblX yacToT: Q=@+ Py, u
K;>> K,. Tloraomenue KaxA0ro H3 NOTCKOB MOHOXPOMATHYECKHX

Dy
@y}

—
S Eﬁ'\.
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Jydell MOKazaHO HAa 3TOM PHCYHKe NPOCTBIM U ABOHHHLIM IYHKTHPOM,
a MOIVIOWEeHHE CYMMapHOrO AOTOKa — chtouinofl jgunuedi, Ocnabie-
HYe CyMMapHOro MOTOKa C TOMUHHOM

@ (x) = Dg,e™ X" 4 Dy 45" (21.1H

NPOUCXONHT CYLIeCTBEHHO HHaye, YeM B CJiyyae BLINOJHHMOCTH 1IpPO-
croro sakouwa DByrepa — Jlambepra (21.3).

Hesaryxawmas, rapMoHAYeCKW (T e. 7O 33KONY CHHYCa MAM KOCHNYCa)
KOJIEGMOIIAACA NJOCKAA 3/MEKTPOMACHHTHAA BOJHA OMHCHIBAETCH YpPaBHEIIHEM
ayua

E=Eocosm<t—~z—)=50cosm(t—'-‘ci‘). @1.19)

Huorna, nosbsysch M3BEeCTHLHIMH COOTHOLICHHAMH LJS KOMIJIEKCHBEIX uHCes
e =cos ¢+t sing, (21 13)

SaNWCHIBAIOT YPABHEHHE JAyua B KOMNJAeKcHOl (hopme

" l—-n—{

Er—Ey (-%) @1 14
Dra cUMBOAMYECKAsh 3aNKCh O3HAYAET, YTO Ha CaMOM Jelle Bamo Gpath JMILs
BelIeCTBEHHYIO YacTk BHpamenns (21 14), 1. e. dopmy (21.12).

TIpH rpoMO3fKMX pacueTaX NPOUECCOB PacnpoCTPaHEnHs, OTPAXKeHMs, npe-
JAOMAEHWsT H NOTVIOMEHNS NMJIOCKUX BOJAH YAROGHO BO BCEX HPOMEMYTOUHHIX Bbi-
KAafKaX NOJb30BATHCA HE TPHroHOMerpmuecko#t dopmoit (21.12), a Gonree yRoG-
HOH CHMBOJMHYECKOH moKazatejbHol ¢opmod (21.14). JImwme B camoM KoHue,
NocAe MOAYYEHHs! OKCHUYATEABHOTO pe3yJbTaTa B BHAE KOMILIEKCHOTO BHIpaXKe-
HHdA, Hajo OTOPOCHTbL €ro MHHMYIO YacTh M OCTABHTH JRb BEIECTBEHHYIO.

TpH TakoH CHMBONHUECKOHM SanmUCH [OrAOmMaIOHIHe CPEAH MOryT GHIThH
ONMCaHbl BBEJCHHEM KOMNJAEKCHOTO NMOKAa3aTedf NPEeNOMACHHA

n*=n (1—oy) (21.15)

Moncrasnsa (21 15) s (21 14), nonyuum ypagHeHWe BOJHH, pacnpoCTpandio-
meiics B NOIJONAWIER cpeje, B CHMBOJKYECKO#R (opme:

(on 0y X nx
w0f = X+t —x -2y, w0 (t——)
E*=E,e ¢ ¢ T=Fe ‘e er, (21.16)
Tpu npeo6pasosannsix O6nao yureno, sro 12 =-— 1 4 B cpene
¢ 2me
A=0T=—"="—,
no ne

Tlepexonss or cxMBosuueckoro Bupamess (21 16) k pemecTeeHHOMY

‘231’)(—&“ nx
E=FEy €os ® t——c— , 21 17)
M TIOAYYaEM BOAHY C 3aTyxawiied, [0 Mepe NPOABMKEHHH, AMIAUTYAOR
X
_2’-;%*
Ese X . [ocKONbKY JAYHUCTHIA NOTOK MPONOPUHOHAJEH KBALPATY HANPAKEH-

woctH noaa (@ ~ E?), 1o mn3 (21.17) caemyer, uTO HHTEHCHBHOCTL BOJIHHI
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yObisaer ¢ paccTORHHEM DO SaKOHY:
4y,

OW=De * . 21.18)

TMonyueHHO® COOTHOWeHWe BHpamaer 3akoH Dyrepa—Jlambepra (21.3) u

cesA3niBaer Koadduunent norsomenns K ¢ MuuMoll 4acTbio NOKA3aTeds NpenoM-
NEHHA 3

4my,  4mny
= e 21.19
= 21.19)
Lns merannos B cayuae BupnMoro ceera n¥ > 1 #
1 Ay
x"_f_‘l_nﬁ <X, (21.20)

T. €. CBeT MOFJOmMAercs B TOHKOM CJIOoe, MEHbIEM JIJIHHH BOJHH, [paKTHYeCKH
Hanesgo. B ausimexTpurax BeanuyHa ) oObLIYHO OYeHb Majna M 3aMeTHOE ROTJO
menxe HaGmonaercs JuwWb BO0AM3H pe3oHaHCHHX wactoT (§ 6) Bnpouem, aas
HEJOT0o PAAA JANAJNEKTPHUKOB pPE30HAHCHHIE 4aCTOTH J€xXaT B BHAWMOH 06JacTH
H TaKHe BelmecTBa TaKike HENPospauyHml i BHEHMOTO CBETa.

§ 22. Ligera Ten, CnexTpaiabHWR cocTaB H3JyYeHMs

Liger Tena npepcras/sieT cofol onpeje/ieHHYI0 CYyOBEKTHBHYIO Xa-
PAKTEPUCTHKY JYYUCTOTO NOTOKA, MAYIRErO OT TeJad H I0CTYNalomero
B Hall r71a3. B ocHoBe ee JIexXHT 00beKTHBHOE CBOACTBO JAHHOTO [IOTO-
Ka — ero CneKTpajbHbil CcOCTaB.

Ho HeKOTOpOR CTeneHH aHaNOrHYHbIE COOTHOILEHHS Mbi HMeEJH
B akyctuke. B T. I,§ 6] orMeuasoch, 4TO OCHOBHLIM ()H3MYECKHM Xa-
paxTepHCTHKaM 3ByKa (4acToTa, cHJa SByKa) OJHO3HAa4HO COOTBeT-
CTBYIOT ONpeje/icHHEIe (PHSHOJOrHYECKHe XapaKTepHCTHKH ero BOC-
ApUATHA (BbICOTa TOHA, POMKOCTb 3BYKa). B ciyuae cBeTa mo paay
NpPHYHH TaKoH OJHO3HAYHON CBS3H MeXJy CIeKTpa/bHbIM COCTaBOM
AaJaoMmero H3/NyJeHHsi H Bol3biBaeMbIM UM OILylleHHEM LBeTa HeT.

Cnenyer oT/indaTh Tela CaMOCBeTfIlHecsd OT Heca-
MocBeTsamH X c 1. ColHile, MeKTpHYeCKas JlaMNa HaKa/UBaHHs,
paspsazHad TpyOKa, CBETAINASCA THUJYINIKA, CHEHa/bHbie CBETAllHE-
€S COCTaBbl /ISl HOKPHITHSA HHbepONIaTOB YacoB H APYTHX NPHGOPOB,—
BCe 9TO IPHMEpLl CaMOCBETAMUXCS Te, B KOTOPHIX [POHCXOIHUT Hes
npepeIBHOE NPeoGpasoBaHHe SHEPTHH TEIIOBOTO ABMIKEHHSA, JIEKTPH-
yecKol, XHMHYECKOl MM 9SHepPTHH NPOJAYKTOB PaaHOAKTHBHOro pac-
naja B SHEPTHIO HajNydaeMblX CBeTOBLIX BoJIH. CrexTpa/ibHHE cOCTaB
H3JYUEHHA CAMOCBeTSHIMXCA TeJ BMNOJHE ONpeleleHHbIH W 3aBHCHT
OT HX COCTOfIHHST B JaHHb! MOMEHT, HATIpHUMEP OT TeMnepaTyphl Ha-
KaneHHOro Teda. [locTosHCTBO creKTpaiibHOTO COCTaBa HS/ydeHHd

06y c/I0BJHBAET ONpefie/leHHBI MX LBET NPH HEMSMEHHHIX YC/IOBHAX
ucnycKaHHs.

6 1. A 3ueman, O. M, Togec, 7. 111
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HecamocBersimupeca Tea NPaKTHUECKH He H3JIydaloT BHIMMOro
CBETa M B OTCYTCTBHE BHEIIHEro HCTOYHHKA IPEICTaBAAOTCT HaM
MPOCTO YepPHLIMH. ITH Tesa MOTYT HaNpaB/fATbh B HaWl IJia3 Jy4YHCThIl
[IOTOK, HAYIIKE OT KaKOro-HMGyIh CBeTAUIerocss HCTOYHHMKA,— OTpa-
WEHHBIl OT HMX TOBEPXHOCTH, paccesHHLIH MMM WJM TPOMIeAIinii
cKBO3b UX ToMty. CneKTpasibHBIH COCTaB ITOrO IOTOKAa GyjieT 3aBH-
ceTh KaK OT CNeKTpaJ/JbHOro COCTaBa NaJaolliero Ha TeJIo BHEUIHero 13-
JIYUEHHS, TaK M OT CNOcOOHOCTH Tea B PAa3IMUHON cTeneHH OTpamaTth
¥ NOIJIOWATh pasHble y4yacTKM 3Toro crekrpa. [lostomy nser HecaMo-
CBETALIErocs TefNa 3aBHCHT He TOJbKO OT €ro ONTHYEeCKHUX CBOHCTE,
HO M OT TOro, KAKUM CBETOM OHO ocbellaercs. Tak, HampHMep, eCJH
JlaHHOe TeJI0 CHOCOOHO OTPaXKaTh TONBKO JYYH KPACHOTO liBeTa, TO IpH
OCBEIEHHM €ro 3eJeHBIMH Jy4aMH OHO He OyJeT HHMYero oTpaxarb
H IPEACTaBUTCS HAM NPOCTO YepHLiM. EcC/AH 3Ke 3TO Tejo ocBemarh
OeJ/TbIM CBETOM, COIepIKallHM B CBOEM cocTaBe KpacHble JIYUH, TO OHO
OTPasHT TOJbKO NOCJElNHHE ¥ OyJeT NpeiAcTaBAsThCS HaM KPacHBIM,

KoanyectsenHofi XapaKTepHCTHKOH JyumctToro mnoroka @ gBijs-
€TCs NOJHAs JHEPrHsl, MepeHOCHMas MM yepes eIMHMIY IIOMANH 3a
eIUHUIY BpeMeHH (8m/m%, cM. § 4). DTa sHeprus npexctasaser coboil
CyMMy 3Heprufl, nepeHOCHMBIX 3JIeKTPOMarHHTHBIMH KoJeGaHHAMH
Pas3iMYHEIX JJAHH BoJH A. IlpH 3TOM riasoM BOocTIpHHHMMaeTcs JHIIb
9Heprusi BOJH BHIMMOIO CBeTa, JIHHB KOTOPBIX JIEXAT B HHTEepBase
OT Aguon 400 HM 10 Aypacn =760 Ha.

PasnenuM Bech 3TOT HHTEpBAJ Ha 3JEMeHTapHEE YYacTKH OT A Jo
A=-d). Jlyuucroiii notok d®),, mepeHocHMELIfl 3/1eKTPOMAarHUTHEIME BOJI-
aMH, IJIMHBl KOTOPHIX J€XaT B JAaHHOM YYacTKe, [pONOPIHOHANEH
ero mmpuhe dh:

d®, = f (A) dh. (22.1)

Koadduunent nponopuuonansuocta f(A), npencrasasiomuit cobofi
JAYYHCTHIA NOTOK, IPUXOAINMICA HA €IHHUIY HHTEPBaJa IJIMH BOJH,
pa3/ HueH B pasHBIX y4YacTKax cmeKkTpa. Takas KpHBas CHeKTpasb-
HOTO €OCTaBa JAJIs HEKOTOPOTO KOHKPETHOro H3JydYeHHs HapUCOBaHa
Ha puc. 1.121 B koopgunartax f(A) u A. [lnowmanp 3amTpUXOBAHHOM
HakpecT mojocku f(A)dA HM300paxkaer BeNMUMHY 3/E€MEHTapHOIo Jy-
YHCTOrO MOTOKA B JAaHHOM MHTepsase NMH BoaH 4dP). [Toanwmit ay-
YHCTLI MOTOK B BHANMOU 0GAacTH KOMMYECTBEHNHO OMPEAENSETCS HH-
rerpasnoM

;'Kpacn ;'Kpacn
Op=_§ d= [ f(1)an, (22.2)
;'cimon kdmon

a Ha puc. 1.12]1 mnsobpasaercs cyMMapHOH 3allITpHXOBAHHOI IJIO-
maneio. [lyHKTHpOM Ha ToM e PHCYHKE IOKa3aHO MPOJOJ/IKEHHe
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KpUBOH pacnpellefeHUs CNEKTPaabHOro cocrasa f(A) B obiactb He-
BUAHMBIX I'V1a30M yJAbTpadHO/IETOBRX H HHPPAKpPacHLIX Jayueii,
¢dopMma KpHUBOU CNEeKTpaJbHOrO pacmpeaenenus f(A) saBHcuT OT
NPHPOABI U3JAYHAIOUIEro Te€Na H ero COCTOSHHSA.
Bos6yxneHHble aToMbl (ojHOaToMHBIE rasel He, Ne, maper nexorto-
peix mertananos — Na, Hg) ucnyckaioT MuHeHYaThie CHEKTP bl

J
0 } F(A)dA =0 Py

ﬂ Quea 'ﬂdﬂ

}

Axpagy
PHC. 1.1211

Ha puc. 1.122 usobpamxen cnekrpaipHbelfi cocTaB cBeTa, H3jydae-
MOro mapaMu HarpHs, BO3GYXKJIEHHLIMH B dJeKTpHUecKOl xyre. tor
CHEKTP COCTOHMT M3 ABYX OUEHb y3KHYX, OJM3KHX APYT K IPYyry MHTEH-
CHBHBIX /HHHH, PaCHONONKEHHBIX
B Xe1TOH YacTH chmekTpa. )

Bo30y:KeHHbIe MOJIEKY 1Bl HC-
OYyCKalOT NOJo0caThie CeKT-
p ui. CepuM oueHb OMU3KUX JHHUHA
IPYNOUPYIOTCH  HA OTHEALHBIX
yyacTKaX CHeKTpa H 3amojHAIT
enble MOJOCH, KaK MOKa3aHo Ha
puc. 1.123.

HaxkaJjennsle TBepable Tesa He-
NyCKaloT COJOMHONR CIeKTP !

i 1 1
THOA, U300paKEeHHOTO HA pHC. 7 TR BT A
1.121. C Bospacrauuem rteMmnepa-
TYpbl UHTEHCUBHOCTH H3JIyuYeHHSs Puc. 1.122.

PasHBIX YYacTKOB BO3pacTaeT B
pas3/IMYHOH CTeneHM M MeHsercss Besi iopma Kpusoit f(A). ITogpoGuee
K 3TOMY BOIpOCY MBI BepHeMcsi HUXKe, B ra. [X.

Takum o06pa3oM, cneKTpaJ/bHBI COCTaB BHIUMOrO H3JydyeHHs Xa-
paKTepHayeTcss HE OIHHM KaKuM-AHOO 4McaoM, a Bcell Qyuxuued

6*
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/(A), 7. e, GeculCJeHHHIM MHOXECTBOM €€ sHaYeHHHl npu BceX AJIHHAX
BHJUMHIX BOJIH

Agmos <A << Aypacae (22.3)

®yuKuuio f(A) MOXKHO KOJMYECTBEHHO H3MEPHTb, NPONYyCKas H3Jy-
ueHHe Yepes CleKTPaJbHblil annmapart (npHsMy, AH(DPAKUHOHHYIO pe-
Werky) H NPOCTPAHCTBEHHO pasageadd Jyud pas-
NUYHBIX AAHH BosaH. OjHaxo B Hall a3 Bce 3TH JYYH OPHXORAT
COBMECTHO H BH3HBAIOT B HeM OMlylllehHue OJHOTC O O (-
pelleneHHOro uBeta,
Cnyxosoil anmapaT YenioBeKa npeAcTaBser cobofl aHa nH 3 a-
T O P, COCTOSILIUN U3 GOBIIOro YHcsa 3JTEMEHTOB, HACTPOCHHBIX B pe-
30HAHC, BOCTPHHUMAIOWHNX H BBIAC/AIOWHX OTAe/bHEIE YaCTOTHl aKyC-
THUYeCKHX KoneOauuii (ToHa).
7(3) Takas CTPyKTypa OpraHos
A c/llyXa BO3HHKJAA BCIEACTBUE
TOTO, 4TO B NPUPOJE 3ByYalHe
TeJla B 3HAUATE/ILHOH CTEHeHH
COBEpLIAlOT  TapMOHHYECKHe
Kosnebanusi ¢ onpejeseHHLIME
COGCTBEHHBIMH 4acTOTaMH |
H3JAI0T 2BYKH Onpele/eHHBIX
TOHOB.
CoexrpaJbHBIR COCTaB CO-
»>A HEIHOTO H3JyMeHHs, JIOXOAs-
Hiero. yepes amMochepy JHo
3eman, uMeeT  Xapakrep,
Oauakufi K H300paeHHOMY
Ha puc, 1.121, usMeHsieTcs B 3aBHCHMOCTH OT BPEMEHH CYTOK H
at™MochepHBIX ycIOBHH H He npeacTaBaser co0of COBOKYNHOCTH He-
GOBLIOrO YHCAA OTACABHBIX MOHOXPOMaTHYecKUX BOJIH., B cuay aThx
YCJIOBHE SBOJIIOIMA OPT2HOB 3PEHH S MOLVIA HO NYTH, OTJIHYAIOLIEMYCsT
OT 3BOJIIOUUH OPraHOB C/1yXa, H OCHOBHbE CBETOUYBCTBHTE/IbHbIE dJie-
MeHTH riasa (KoJ60YKH H NajoYKH) He S BJASAIOTCHA aHajH-
3aTOpaMHU, HacTPOSHHBIMH B PE3OHAHC C OnpeJle/IeHHBHIMH dac-
toraMi H3ayueHusi. [lpuxonamufi or ompejiesieHHOrO yyacTka Tesa
B Hall rJa3 JYYUCTHIH NOTOK JAHHOTO CHEKTPAJbHOrO COCTaBa, Ofl-
pexenseMoro BHAoM GyHkuuu f(A), BeISBIBaeT onpejie/i€HHbIE XHMH-
yecKHe IpeBpalleHHA 3pHTEJbHOTO IHypmypa M CO3JaeT B Mosry
eflMHOE BrieuyaT/IeHHe IIBeTa JaHHOro yyacTka. [Ipu sToM, BBUay ompe-
Je/IeHHBIX (DU3MOJIOrHYEeCKHX CBOMACTB r/1a3a, CBA3b MEXIY CIEKT-
paJIbHBIM COCTABOM H3JIy4eHHs M OLLYLICHMEM OIpeNeieHHOro uUBeTa
HeonHosHauna, Tak, HanpuMep, Ha puc. 1.124 usobpaxeHn HeThipe
PasJMUHBIX CNEKTPaNbHLIX PacHpeie/eHus — JIHHeAdaThiX H Ccrjou-
HbIX,— BBHISBIBAIOIUX, KAK [OKAa3biBaeT OMNbIT, OJMHAKOBOE BETOBOE

Puc. 1.123.
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omymenue, (ITo ocn opauHAT OTKAAABIBAIOTCS OTHOCHTE/BHEIE MHTEH-
CHBHOCTH.)

IIBeroBoOe 3penye UrpaeT OrpoMHYIO POJib B Pa3/IHYEHHH MHOTOYHUC-
JeHHBIX Jerasefi npexMeroB. B XyjpomecTBeHHOH M KpacouHOH npo-
MBIIIJIEHHOCTH CYILECTBEHHO BOCHPOM3BOLHTH BIIOJHE ONpele/eHHbIe

478

A,mx

05 -
45
p Qo488 qmws

et W 4

10

s S

F N 4

8 w4 Q48 CR 0% 000 0% Qg
Pac. 1.124.

IBeTa H OTTEHKH M JaBaTh HX KOJIHYecTBeHHble XapaKTepHcTHRH. [lia
Ka4ecTBEHHOT0O H KOJHYECTBEHHOrO XHMHUECKOro aHajHsa HpHMe-
HAIOTCS pa3/HYHble [BETOBhie peakinHd. Bce 3tH ofcTosITennCcTBA
HACTOATENIbHO TPcSoBaNH  JaTh KoOJHYECTBeHHBIE XapPaKTePHCTHKH
I3eTOBEIX OLLYIEHKH M TeM caMHM JaTh HaCTOAULYIO HaydHyio Gasy
IBETOBENCHHIO H WBETOBbIM H3MepeHHsAM (KOJIOPHMETPHH).
Heranpubifi MeXaHH3M LBETOBOrO SpeHHS: HE YCTAHOBJEH JO Ha-
CTOfIINEro BpeMeHH. DKCIePHMEHTANbHEIE ONpPefe/IeHHsT B KOJOPHMeET-
puH, TaK Xe KaK W B (OTOMETpHM, OCHOBAHK Ha BH3yaJbHOM CpaB-
HeHHH JBYX COCEJHHX OKpalleHHBIX moJsell 3peuna, Ecau rias
nepecTaer pasiAuyaTh IPaHUNy MeXAy OOOHMH HOJAMH, To 00a iBeTa
opuHaxossl. MiMea B cBoeM pacnopsikeHuH ajbOOMBI I[BeTOB, cOJep-
Xamine cOTHH NEPEHYMEPOBAHHBIX OTTEHKOB, KONOPHCTH HMEIOT BO3-
MOXHOCTH CONOCTEBJATL H TOYHO YKasbiBaTb HyXHBle IBeTa.
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MonpoGunle n3MepeHHs NOKasaln, YyTo, UMes B CBOEM paclopsKe-
HHH TP H Kakux-nubo 1 B € T a, BHIOPAHHBIX 32 OCHOBHH € (Ha-
npUMep, CHHHH, XKeNThifl M KpacHBIi), MOXHO H X cMelleHHEM
nonyuurtsr Awwbo#t apyro#t user. Ecin o603HauuTeh
ocHoBHble 1seta Yepe3 X, Y H Z, 7o moGoit nser 7 npencraBasercs
HX CyMMOH ¢ ofnpeje/eHHBIMH KO3(hdUIlHeHTaMU

T=xX4yY +22Z. (22.9)

Beoasa ocu koopaunat X, YV, Z, moxuo Toria mauuui pser T H306-
pasHTb TOUKOH ¢ KOOpAMHATAMH (X, Y, Z) B TPEXMEPHOM HPOCTPAHCTBE,
B 3TOM CMEiC/Ie TOBOPAT, YTO [{BETHOE 3PEHHE HMeeT TPH MIMEPEHHMS,
Ora TpeXMepHOCTh IBETHOTO SPeHHs IIHPOKO HCHoJb3yercsl B [BET-
HOR dororpaduu ¥ TeAeBUAEHHH H, NMO-BHIHMOMY, CBSI3aHA ¢ HAMUYH-
eM TpeX THUNOB BOCMPUHUMAIOLIAX [BeTa KOMIOHEHT 3PHTEJBLHOrO
nypnypa M omnpeleneHHLIM XapaKTepoM OOBEJIMHEHHS B MO3Ty pasi-
paeHUHl OKOHYAHHI 3PHUTE/BHOTO HepBa.

Kak mokaseiBaer puc. 1.124, anga BocOpoH3Be#eHHsl OLHOrO H3
OCHOBHEIX [IBETOB HeT HEOGXOMMMOCTH BBIJIEAATH CTPOro MOHOXPOMATH-
YECKYIO BOJHY, 2 MOXKHO NOIb30BaThes J0ObIM H3 CHEKTPa/NbHLIX pac-
npejiesienni, co3faloUlLX OIMHAKOBOe LBeToBoe omyillenne. ClieLyer
TAKKE OTMETHTb, YTO YHCTO MOHOXPOMATHYECKHE CBETOBLIE BOJIHbBI
(1Bera pajxyTH) He HCUEPMBIBAIOT BceX BO3MOKHBIX [BETOB, ONpejese-
MplX ypasHerueM (22.4). Kom6uuHpys, coryacHo 3TOMy NpaBuiy,
TPH OCHOBHEIX i1BeTa, X, Y H Z, MOXHO NOAy4YaTh mypnypiieie lBera,
He COOTBETCTBYIOLIME HH OJAHOMY H3 IIBETOB pafyTH.



FJTABA VI
ONTHKA ABHXYIIHXCA TEJI U TEOPHS OTHOCUTEJ/ILHOCTH

§ 23. IlpuHUHN OTHOCHTEJIBHOCTH B KJACCHYECKOH MeXaHHKe
u npobaeMa adupa

Henbsg nu npujgats NMoHSTHIO cKopocTH abCoMOTHOE 3HaueHMer
KnaccrHueckas MexaHHKa OTBeyaJsa OTPHIATEbHO Ha 3TOT Bonpoc. Ho
OH BO3HHMK ONATb B CBSI3M C pa3sBHTHEM ONTHKW H 3/1EKTPOIMHAMHKH,

Kak craBunace npoGjeMa B MeXaHHUKe?

OcHOBHO# 3aKOH K/aCcCHYECKOH MeXaHHKH (MexaHHKHM [anuges —
Helorona) ycranasiuBaer cBg3b MexAy Maccoii MaTepHaJbHOH TOUKH

m, UCIBITBIBAEMBIM €l0 yCKOpeHHeM w=%’ H JeficTBylomell Ha Hee
cusoit F;
dv

31eck vV €CTh CKOPOCTh MaTepHa/LHOH TOYKH, OTCUHTBIBAEMAasi B HEKO-
TOpO# CHCTeMe oTcueta ¢ KOOpAHHATHBIME ocaMH XY Z (puc. 1.125).

14
S
x
fpr———
7 X ’
o " X
Z —-—)..Uu
Z 7
Pue, 1.125.

PaccMOTpUM JIPYrylo CHCTEMy OTcdYeTa C KOOPAHHATHHIMH OCSIMH
X'Y'Z', nBuxymyIocss OTHOCHTE/BHO MEPBOH C HEKOTOPO# MmocTosAHHOM
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CKOpOCTBIO V, BroJes ocH 0X:
v, == const. (23.2)

CKOpOCTb TOUKH 1 OTHOCHTEIbHO HOBOH CHCTEMBI OTcueTa V' ecThb BeK-
TOp, PaBHBI DPa3HOCTH BEKTOPOB V H V!

V' =v—v,. (23.3)
Huddepenunpya (23.3) u yunrsieas (23.2), nonydaeM, 4o

dv’  dv
Tii_ = a‘z y (23.4)

T. € YCKOpeHHe TOUKH, HsMeDeHHOE B ABHKymleficsa cucreMe X'Y'Z',
B TOYHOCTH TA&KO€, KaK M B «HernoapHkHOM» cucreMe XY Z. Ioacrarnsia
(23.4) 8 (23.1), MoxkHO yGenuTbes, 4TO BTOpPOH 3aKOH HblOToHa B A8H-
KymeHca cHcTeMe

m%. —F (23.5)

HMEET TOU HO TAKOM e BHJ, Kak 4 B ucxoauofi (23.1), mo-
CKOJIBKY B KJlacCHYecKOH MeXaHHKe Macca Tesla CYHTa/fach HeM3MeHHOR
(m=const), a cuaa F B o0enx cucreMax MpHHHMAJAach OJHHAKOBOH.

B yactHOM cay4ae oTcyTcTBHA BHemHeR cHael (F==0) MaTepHaxs-
11af TOYKa B HCXOJHOH CHCTEME HaXONUTCS B NIOKOE HJH JBHIKETCH C NOo-
CTOSIHHOH CKOpOCThio (v==const) paBHoMepHO U npsMoanHeitHo. Taxoe
IBHXKeHHe HashiBaeTcs HHepuL HaabHB M Hs (23.3) »n (23.2)
TOrja cjejyeT, YTO ¥ B HOBOH cHcTeMe OHa OyleT JBHraTbCH IO HHEp-
uan (v'=v —v,=const).

CucreMnl orcueraXYZ u X'Y’Z’, B KOTOpbIX OCHOBHOH 3aKOH AH-
HaMHKH HMeer cooTBeTcTBeHHO BHE (23.1) u (23.5), ABuxyiuecs apyr
OTHOCHTEJIBHO JIpyra paBHOMePHO H NpsAMoJHHeHHO (v,=const), Ha-
3LBAIOTCA HHEPIH U AABHBHMHE cHcTeMaMu, Conocraasas
(23.1) ¢ (23.5), Mbl BHIUM, YTO OCHOBHOM 3aKOH JBH¥KeHHs KJjaccCH-
yecKOoH MeXaHMKH OJHHAEKOB BO BceX HHepDIHaJbHBX CHCTEMaXx.,
OnvHakoBbl OGyIyT BO BCeX HHEPIHMAJbHBIX CHCTEMax H Bce ero
CJEACTBAS.

ATO NOJONKEHHE — 30KOHbE MEXAHUKI OOUHAKOBbL 80 8CEX UHEPYUANG-
HblX CUCHMeMAX — HOCHT Ha3BaHHe TNpPpHHIHIOIA OTHOCH-
TeanbHocTn Nanunes.

O6o3HauuM KOOpJMHATHL ABHKYyLleAcs TOYKH B HCXOJHOH CHCTeMe
orcdera XYZ (puc. 1.125) B HekOTOpHIl MOMEHT BpeMeHH [ yepes X,
y W 2, KOOPAHHATH 3TOll e TOYKH BO BTOPOH MHepIHajabHOH cHCTeMe
X'Y'Z' B TOT e caMblii MOMEHT BpeMeHH f'={-— COOTBETCTBEHHO
uepes x’', y’' ¥ 2. OpauHaTel U annJHKaTH TOUKY B ofeux cHcTeMax
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OJRHHAKOBHL, A aberrechl pPaBHOMEPHO cMelaoTCa APYT OTHOCHTEJNBHO
Apyra co CKOPOCTBIO Uy, T. €.

X' =x— 0y, x=x"+ vy,

y’=y' y=yl)
2 ==z, z=2', (23.6)
o=t t=¢.

CootHouleHna (23.6) cBaA3bIBaloT MexAy co0oH KOOpJHHATHI H BpeMs
NPOH3BOJBLHON MaTepHa/bHOH TOYKH B HHEPUMAJNbHBIX CHCTEMAaxX OT-
cuera S U S’ W HoOcAT HasBaHHe npeoOGpasoranHuf [ auau-
nea*).

M3 npHuHUHENA OTHOCHTENBbHOCTH [ajuJjed clelyeT, YTo B paMKax
MEXaHHKH TMOHSITHE CKOPOCTH HE MOXeT HMeThb aOCOJIOTHOT'O CMBICTIA.
IMousTHe cHcTeMbl oTcdera aGcoMmOTHO TMOKOAUlEHCH HJAH abCOMIOTHO
ABHKYIlleHcs JHIIEHO cMbicia. B paccMOTpeHHOM Bhiie mpuMepe Gec-
CMHBICJIEHHO CTABHTb BONPOC — KAaKOBA 1K€ €HA CaMOM Jese» CKOPOCThb
paccMaTpHBaeMoil MatepHanbHolt Toukn: v’ uaH v. OGe KooppuHat-
Huie cucreMsl (XY Z) u (X'Y'Z’) juHaMH4YeCKH COBeplIeHHO paBHOpaB-
Hbl **), HY OJlHAa U3 HUX He MOxXkeT ObiTh Bhlje/leHa KaK NPeHMyLecTBeH-
Hasl, B KOTOpOH CKOpocTH Mor O 6biTh NpHAaH aGCOMOTHBIA CMEICA.
Pu3uuecKHUd CMBICT HMEET JHIIL NOHSITHE OTHOCHTEJ bH O
CKOpPOCTH, CKOPOCTH OZHHX CHCTEM OTCUETa HJIH TeJ OTHOCHTEJb-
HO JPYTHX CHCTeM OTcdYeTa HJH Tell.

OnHako HeT JIH BO3MOXHOCTH NpHIATh abCOMIOTHBIH CMEICA HOHSA-
THIO CKOPOCTH, BhIAJiA 32 paMKH MexXaHHKH? Ecau cyliecrsyer adup
KaK BCETPOHMKAIOUIaA MaTepHaJbHasi CPela, HOCHTEIbHHIA 3JIEKTpO-
MarHUTHBIX BOSMYIIeHHil M, B 4aCTHOCTH, CBETOBLIX BOJIH, TO CKOPOCTH
(noxoi0) MoxeT OBITh NPHIAH A0COMIOTHBIH CMBICA, KAK CKOPOCTH (io-
KOIO) IO OTHOUIEHHIO K adupy. CucTeMa oTcueTa, CBA3aHHASA C HpUPOM,
NOJYYHT APEHMYLIECTBeHHOS 3HAY€HHE IO CPaBHEHHIO CO BCeMH ApY-
THMM MHEepUHAJABHBIMA CUCTEMAaMH, H CKOPOCTh MAaTepHaJbHOH TOUKH
B 270k cHcteMe Oyler aABAATbcA a6 CONITHOR CKOPOCTH IO
TOYKH B mpocTpaHcTBe. To 06CTOATENBCTBO, YTO APUPOLA 3¢Hpa Heno-
HfITHA, HE SABJAAETCA CyLISCTBEHHBIM /s JaHHOH wyacTHOM 3amay.
Bonpoc 0 cKOpOCTH nepeMelieHHs TeJl N0 OTHOLIEHHIO K 3¢HPY HMeeT
HeNoCpeCTBEHHBIH (hM3HYeCKHHA CMBIC/, HE3aBHCHMO OT MPHPOB! 3¢hu-
pa H ero yacTHnx cBofcTB. EcaH 9TO Tak, TO JOMKHHI CYLLECTBOBATE

*) IlpH npousBonbHOM HanpawJeHHH ocefi ¥ NPOH3BONLHOM HaNpaBJeHHH
BEeKTOpa CKopocTH mpeoGpasosaHHe [anuzesn, Aawomee mepexoj OT OAHON HHep-
IMHAJIBHOH CHCTeMH K ADYrofl, HMeeT BHEA 1’ = ry—vVyf ¥Ynpomenunifi BHp npeo6pa-
sopanuft Tamunes (23.6), ofycioBieHHHH NPOCTEHIIHM BHGOPOM HalpaBJeHUf
ocefl, MOMEHTA Hauana orcueTa BpeMeHH H HaNpPaBJeHHA BEeKTOpa CKOPOCTH, He
CHHXaeT OGUHOCTY NOCHeRYOMHEX PacCyKACHHH.

*%) To ecTb 33KOHH JIHHAMHKH B HHX HMEIOT ORMH # TOT Ke BUJ H BCEe Me-
XaHHyecKkue ABJCHHA NPOTEKAIOT OAHHAKOBO.
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croco0bl H3MepeHud 3Tofl aGcoioTHOR CKOPOCTH HJIM, KaK OblJIO IpH-
HATO TOBOPHTL, OOHAPYXKeHHs «3UPHOTO BeTpa».

[Moucku ahupHOTO BeTpa U H3yyeHHe BCeX CB3aHHLIX C 3THM BO-
IPOCOM MpOGAEM CHIlpali OrPOMHYIO POJb B PasBUTHH (u3uku. OTpH-
llaTeNbHBIA Pe3y/IbTaT 3THX [OHCKOB IPHBEJ K KOPEHHOMY NepecMoTpy
NOHSITHH NPOCTPAHCTBA M BpEMeHH, Pea/iH30BaHHOMY B cO3JaHHOH DifH-
wreliHoM TeopHHu oTHocuTeabHocTH (1905r.). Ilepsue
¢dyHIaMeHTa/IbHBIE Pe3y/bTaThl B TOM HaNpaBJeHHH ObLAM I0.Yy4YeHEl
NpH H3YYeHMH 5JeKTPOJAHHAMHYECKHX M ONTHYECKUX sBJeHHH. 3a-
TPYAHEHHS 3JeKTPOIHHAMHKH IBHNKYIIHXcH Tesd yXKe OTMeuasjuch B
1. 11, § 39. B caenyrouinx xe naparpadax Mbl OCTAHOBHMCS Ha OITH-
UecKHX NpobJeMax, CBA3aHHHX ¢ 3HPOM.

§ 24. OnrTuxa ABMKYIHXCS cpef M npodaema adupa

BonuoBas TeOpHMA cBeTa NPHBENa K BO3HUMKHOBEHHIO B (PH3HMKe
nousiTia 00 adHpe Kak 0 BcempoHUKawinefl cpege, B KOTOpo#H Moryr
pacmpocTpaHsATbCA yOpyrue BO3MYyLIEHHsT M BOJHBL. 3JTa cpeja
JonmkHa 06/1ajaTh HHYTOXHO MaJiof IIOTHOCTbIO, YTOOK! HE CO3/1aBaTh
3aMEeTHOTO COTNPOTHBJECHUS JBHIKEHHIO HeGeCHBIX Tes, He OOHapyHxeH-
\{OF0 MHOTOBEKOBBLIMH HAaO6JI0/ICHUSIME aCTPOHOMOB,

YcraHoB/eHHasl NpH H3yYEHHH NONAPH3AIMOHHLIX fBJEHHUH IONe-
pPeYHOCTb CBETOBAIX BOJH 34CTABHJA CYUTATH QUMD HECKHUMAEMBIM H
CNOCOOHBIM HCIBITHIBATH JIHWb ynpyrde negopmanuu casura. O6o-
3Hayas 4yepe3 G MOAyJb CJABHra M 0 — IJIOTHOCTb 3¢Hpa, NoaydaeM
(r. 1, § 56} ana cRopocTH CBeTa BHipameHHe

o= 1/§ (24.1)

Cser pacnpocrpaHsercs He TOJbKO B IYCTOTe, HO MPOXOIUT yepes
pasJIndHble IPo3payHble Tena (cTek/o, BoAa, Bo3ayX H T. A.). Caeno-
BaTe/bHO, 9Hp 3amOMHAET HE TOJALKO MeKIJIaHETHOE MPOCTPAHCTBO,
HO H 3aKkJ/ioueH BHYTpH Ten. CKOpOcTh cBeTa B cpelle MeHbIIe ero
CKOPOCTH B NPOCTPAHCTBe MexJy redaMmH. CiaejoBaTe/]bHO, CBOHCTBA
shupa B TeJax HsMeHsoTcsd. BosnelicTBys Ha 3aKJIOYEHHBIH BHYTPH
HHX 3(QHp, Tesa YMEHbLIAWT ero ynpyroctb G HAH yBEJIHYHBAIOT €r0
HJOTHOCTb .

TaKoBEI BKpaTie OCHOBHEIE NPEACTaBIEHUA O CBOHCTBAX MHPOBO-
ro s¢upa, K00b! 00BACHABINHE GONBIIMHCTBO ONTHYECKHX SBJIECHHH,

BosHUKHOBeHHE DJEKTPOMATHHUTHOH TeOpPHHM CBeTa He H3MEHHJO
cymecrsa npo6aemel. OfHH H3 OCHOBOMOJIOXKHHKOB TEOPHH 3JEKTPO-
MmarHerusMa — Qapazneft — npencrasana cebe saeKTpHYECKOe H Mar-
HHUTHOE N0/ KaK onpeneseHHOro poja aedopmantn sgupa. Makcsenn,
OTKa3aBIIHUCh OT MOIBITOK MOCTPOSHHST MeXaHHYecKOH Mopienn spupa,
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paccMaTpHBadl OOBENHHEHHBIE HM YPaBHEHHS SJI€KTPOMAarHHTHOTG
NoJisl KaK ypaBHEHHs, ONMCHIBAIOIMHE cBOficTBA 3TOrO >hHpa.

TaxuMm o6pa3oM, B 3/eKTPOMArHUTHOH TEOPHH HU3MEHHJHCH JHIIL
YaCcTHOCTH, HO OCTA/10Ch HENPHKOCHOBEHHBIM OCHOBHOE NIpeACTaBieHHe
O CyllecTBOBaHHH 3hHpa, 3amOJHSIONIEro Bce MHPOBOE NMPOCTPAHCTBO
BHe ¥ BHYTDH TeJl.

Wrax, npruMem, 4To cBeT pacnpocrpanserca B s¢upe. Eciv ato npen-
HoJoXeHUe cpaBeilBo, TO HPH JIBUAKEHHH HCTOYHHKA, HalJ0aTend
HJIM NPO3PAYHOro Teja CBETOBOM CHTHAJ MO OTHOIIEHHIO K HHM Oyner
pacnpocTpansiThCs HHAYE, YeM N0 OTHOUIE-
HHIO K HEMOABHMMHBEIM TesaM. Hamepss
OyTH M BpeMeHa PacnpOCTPAHEHHUS CHTHa-
JIOB B JIBHXKYIIMXCS CHCTEMaX, MOMKHO
6b10 OBl onpefenHTs abCOMOTHYIO CKO-
pPOCThL HX JBHIKEHHSl MO OTHOUICHHIO K
adupy. Pa3bepeM TpH rpynnel nof0GHBIX
ONTHYECKHX SIBJCHHH.

1.3Besnnaa abeppauusd.
PaccMoTpHM, Bo-nepBLIX, KaK CKa3bBaeTcs
JBHIKEHNE N0 OTHOIIEHHIO K Jydy CBeTa
Ha BHIMMOM NOJOMKEHHH HCTOYHHKA CBeTa.
Bnepseie Ha 310T 3¢hcheKT 0OpaTHA BHHMA-
e Bpaanedt (1728 r.) npu HabmoneHHH
cMelllenn# 3Be31 Ha HebecHo#l cdepe, BLI3-
BaHHBIX TOIMYHBIM JBHIKEHHEM JeMJIH.

[lycts nyu cBera pacmpocTpaHsiercd
OT 3Be3gsl S K BXOJHOMY OTBEPCTHIO
teneckona A (WS NPOCTOTH TedecKon H300pakeH B BHAE TPyOW
C BXONHBIM M BBEIXOAHbIM orBepcrusima A u B). Ha puc. 1.126, a
npejcTaBAeH cayuail, Korja TelecKon HeNOJBHKEH JHGO IBHMKETCs
BJIO/b Jyua cBeta, Kax BHIHO M3 pHCyHKa, Jy4 CBeTa, npoljs mocie-
JOBATEMbHO CKBO3b OTBepeTva A M B, jocTHrHeT (oTOm/IacTHHKH P
W jact Ha Helt caen. Ha puc. 1.126, 6 npencTaB/ien ciyyail, Korja teje-
CKOM JBHKETCS NepneHidKy/aspHO K Jydy CBeTa €O cKopocTeio U.
Jlyu cBera pacnpocrpansiercs Bjoab npamoit SAQ. Ecan Gul och Tene-
cKoria 6bl14 napaJisenbHa 9Tol IPaAMOit, TO CBET, NPOLeIHH B OTBep-
ctie A, He npomren 6w oTBepcTHs B: orBepeTHe B coBnajnano 6wl ¢ O
B MOMEHT NpOXOXKJeHUus cBeTa Yepe3 A. Ho 3a BpeMs JBHKEHHA cBeTa
BAOAL TpyOH OTBepcTHE B cMectuaock Gbl OT Toukd O Bnpaso. [lpn
AJHHE TPyObl { 1 CKOPOCTH CBeTa B Hell ¢ BpeMs NPOXOXKACHHS CBETOM
TpyOel Af paBHO

ta
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Puc. 1.126.

A0
At =—

l -
R — (24.2)

noc/IefiHee PaBEHCTBO UMeeT MecTo B CHJy KpailHeil MajiocTH yria Aq.
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Beauuuna cMelilenis As npu ckopoctd Tpy6ul U pasna
As=UAt =Y (24.3)

Ilns Toro utolbl cBer, mpomwenwni uepes A, mpomen 3ateM B,
HYXHO HaKJOHHTh TPyOy TaK, 4TOObl B MOMEHT NPOXOXKJEHHS CBETa
yepes A Touka B orcrosna or O Ha As cieBa, KaK 310 MOKa3aHO HA
puc. 1.126,6. B sToM caydae Hiymuil cBepXy Jy4 CBeTa H JBHXKYlieecH
cneBa oTBepcTHe B ofHoBpeMeHHO coligyTcs B TouKe O M ma ¢oro-
niaCTHHKe GyeT MOAyYeH cjej| 3Be3fpl.

B paccMaTpHBaeMOM cllydae OCh Te/€CKONa OKa3blBaeTCsl HaKJOH-
HOH K HCTHHHOMY HanpaeJjeHHio ayya cBeta SAO nox yriom Ag. B cu-
Jy MalocTH 3TOro yraa (Tak Kak Beerja U<€c¢) MOXKeM CYHTaTh
Agp ~sin A ~ tgAg. [losromy

rp=5=Y_ YU, (24.4)

cl ¢

3se3la, pacroioxenHan Ha HeOecHoOl chepe B Hanpas/ennn AS, 6yjer
B pesysbTaTe IBUMEHHA TelecKona BHAHMa B HampaBieHun AS’ nop

YoM Aq>=7 K HCTHHHOMY MOJOXKEHHIO.

Yepes nosroza Bektop opGHTANLHONR CKOPOCTH 3eM/TH MEHAET SHAK,
cleoBaTelbHO, MEHsAET 3HaK U yron A¢. MisMepsas oTKIOHeHHS n0JO-
WeHui 3pesjl, o6ycnoBJeHHbe paccMOTPeHHRIM addpextoM, Bpaznefi
Halllel 4151 CKOPOCTH CBETa BeJIHUHHY, BecbMa GJIHSKyI0 K MCTHHHOM:
¢=303 000 xm/cex.

OrMeTHM cpasy e, 4TO BOaMOHOCTH HalOmoneHus abeppaluH
spe3x o0yc/lOBJieHa He HCTHHHOM CKOPOCTbIO 3eMJIH OTHOCHTENLHO
3pe3] HAH adHpa, a TOJLKO H3MEHEHHeM HanpaBleHHs CKo-
poctu 3emian.

B camoM jene, Kakoe moJoxeHHe 3Be3lbl Ha HeGecHoH cepe Mbl
MOXeM OTMETHTb KaK HCTHHHOe, He o0ycioBieHHoe abeppauueii?
EjvHcTBeHHOE, 9TO MOMHO OTMETHTb, 3TO H3MeHeHHe abeppalud,
06yc/I0BIeHHOE H3MEHEHHEM CKODOCTH caMofl 3eMJIH npH ee JBHXKe-
HHH 1o opbure.

Haunane aGeppaunn MoxHO 0GBLACHATL H ¢ KOPNyCKy/AsApHOH, H ¢
BOJHOBOH TOYeK 3penHst. Ho pesynbTathl oObacHeHHss OyayT pas-
JUYHBL.

Kopnyckyaspuas TeopHus CBer ecto NMOTOK KOp-
NyCcKyJ1, NOKHAAOUHX HCTOYHHK CBETA CO CKOPOCTHIO ¢ 110 OTHOIIEHUIO
K HeMy. K HEM npuMenHMM 3aKoH cloxerHs ckopocreil. ITo pesysibra-
TaM abeppauHH MOXKHO, CJELOBAaTe/NbHO, ONPENeIUTh OTHOCHTEJ b-
Ny CKOPOCTbL HCTOYHHKA cBeTa U Habaiojxa-
T ea 4. [lonarue abcomorHoll CKOpocTH cMbic/ia He uMeer. [IpHnHD
OTHOCHTeNBHOCTH [ajuiesi ocraercs B cCHJe.
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Boanosasa tTeopus [las ee uHTepnperanuH npHrofied
ToT e puc. 1.126, Ho TonbKo Brosb npsMoft SAO cilenyer npeacTaBuTh
cebe He MOTOK JeTSAUMX KOPIYCKYJ, HO Y3KHH (OAHAKO He UCKAKEHHbIH
B OoTBepcTHH A nudpakiueil) noTok BojH. OT/1HYHe B TPaKTOBKe GyJer
B cjelyolieM. Boannl, nmoKupawoliie HCTOYHHK, DPaclpoCTPaHSOTCA
B Hecylledl cpejle B COOTBETCTBHH C ee cBoficTBaMH. M X ckopocTs mo o1-
HOLIGHHIO K cpeae (3Hpy) MOCTOSHHA M He 3aBHCHT OT CKOPOCTH HC-
TOuHHKA. AGeppauns onpejensercs CKOPOCTHIO TeJECKO-
NanooTHOWEHHUIO K 3¢ upy. AGcomorHas cKopocTh (CKO-
POCTb [0 OTHOLUEHHIO K 3¢dHpy) MMeer cMeica. [Ipunuun orHocurenb.
HOCTH OKa3blBaeTcsl HEBEepHEIM.

2.9ddbexr Jonnmepa. Axycrnueckuit apdexr Homnepa
paccMotper B 1. 1, § 57. B cayyae JBHKEHHS BJO/AL OAHOR npsaMoil
HMeeM cieyiomee, [1ycts vy—4acToTa HCTOUHHKA BOJIH, U — CKOPOCTb
BOJIH OTHOCHTE/ILHO HecylleH cpefbl, &, — BeJHYHHa CKOPOCTH Hab/io-
JaTessi OTHOCHTE/NBHO CPelbl, {,—BeTHUHHA CKOPOCTH HCTOYHHKA BOJH
OTHOCHTe/IbHO cpellel, B npusojumofl dopMyne Bepxuuil sHak (B 4uc-
JHTE]e H 3HaAMeHaTese) Gepercs, €clH fApH JBHKEHHH HabaojaTens
HJIH UCTOUYHHKA NMPOHCXOAHT HX cONMIKeHHe, HUXKHHIA SHAaK OTBeyaer
yAaleHuo, v — HabJroflaeMasi gacrora:

v=vo§§;‘;:. (24.5)

Ecau ckopoct#t naGmopaTenss u, W HCTOUHHKA 1, OTHOCHUTENHHO
cpenpl MHOTO MeHbIIe U, T. €. €CJH

Ll 2Ll (24.6)

dopmyaa (24.5) ynpomaercst. C TOYHOCTEIO 0 4JIEHOB BTOPOTO NOP AAKA
OTHOCHTEeJIbHO MAaJbIX BeqMyHH (24.6) HMeeM:

v, (1 i) (24.7)

OGo3nauas 4epe3 u BENHYUHY OTHOCHTENbHOH CKOpOCTH COJIHMKe-
HHA HabmofaTeNsl ¥ HCTOUHHKA U = U, +u,, NONydaeM:

v=vo(1 + -‘;-), (24.8)

rfie sHakK mioc 6eperca npu cOaHKEHHH, MAHYC — IPH B3aHMHOM yAa-
JIEHUH MCTOUHMKA H HaOmofatens. Takum obpasoM, B ciayyae (24.6),
T. €. MajbiX CKOpocTedl HMCTOYHMKa BOJNH M HaOmopartens, sgepexr
Honnepa mosBo/isieT ycTaHOBHTH JIMIIbL OTHOCHTENBHYIO HX CKOPOCTb,
HO He CKOPOCTb 110 OTHOIICHHIO K cpeje.

[TynkosckoMy actponomy A. A. BenononsckoMy npHHaIIERKHT
HJlesa Hcnogb30BaTh 3dipext [lonsnepa A HSMepeHHA OTHOCHTENbHLIX
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JyueBblX (T. €. HampaBJEHHBIX N0 JYYy 3DEHHs) COCTABJAIMIUX BeK-
TOpa cKopocTH 3Be3d. Jaa 310ro HyXHO GBIIO YCTaHOBHTb, HMEET JIH
MecTo 3pdert Joniepa B onTHKe, H IPOBEPHTL NPUMEHUMOCTH HopMy-
Jabl (24.8). OnmiT B 3eMHBIX yCJAOBHAX OblI nocTaBjeH Besonoabckum
B 1900 r. Besononscrufl yBeanuus appeKTHBHYIO CKOPOCTb HCTOUHHKA
3a CUeT MHOTOKPATHOIO OTPa¥KeHHs CBeTa OT ABMKYIUMXcH 3epKal.

Cxema npuGopa usofpaxena Ha pac. 1.127. JIpa xoseca ¢ yKpensieHHEHMH Ha

HHX 3epKanaMi Z BpauaioTcs B NPOTHBOMOJOKHEIX HaNlpaBAeHUAX ¢ 60ap iI0d CKo-
poctblo. MerToumuk csera S HenoppHxKen. Ecau AHHeAHas CKOPOCTb 3epKal

S

Z} 12

.

7o ,

Pue. 1.127.

paBHa v, a 1 — YHCJO OTPAXKEHHH OT Ka:KJOTO N3 3ePKaj, TO cyMMapHulll sddekr
ux JeHcrBHN GyAeT TAKHM, Kak eCAH Obl HCTOMHHK NepeMemaJcs II0 OTHOLIEHHIO
K CHEKTPOCKONYy cO CKOPOCTbIO W, pPaBHOH

w=2nv, (24.9)

[TokasanHoe Ha pHCYHKe HallpaBJeHHE BPAmeEHUT OTBEYAET CAyHAI0 NPHONUIKEHHS
HCTOYHHKa, 06paTHoe — YJaleHHIO,

B nanbHefilleM aHaJOTHYHBEIE OMNBITH! MHOTOKPATHO MOBTOPS/HCH.
OHH NoATBEpKAAJH NPHUTONHOCTH (GopMyJnt (24.8) npu HeHsMeHHOM
cobmofennn yenosusa (24.6).

Honnep-adxpext no caMofi cBoeit mpupoje, Kasanoch Obl, MOXKET GLITh
HCTOJKOBAH JHUWb B paMKaX BoJNHOBOH reopud. Ho, xax yxe nonuep-
KHBaJoCh, B cHay ycjoBHil (24.6) adbdekr mo3Boasn CyIHTh JHIIbL
00 OTHOCHTE/NBHOU CKOPOCTH HCTOYHMKA cBeTa M Halsiimojarens, HO He
JlaBaji BO3MOXKHOCTH peUIHTh MOCTABJCHHYIO BhIllle 3a/jaUy: ONpeleuTh
CKOPOCTb JBHIKEHHS OTHOCHTEJbHO 2¢upa. M3-3a orpomuoft Benunnbl
CKOpPOCTH CBeTa OblJIO TeXHHYecKM HEBO3MOXKHO BHIHTH 3a paMKH
ycjaosrit (24.6).

Pa6otn Benonoanckoro npulecan Goanioli ycnex acrposoMHH, Ouu nosso-
JHAY HALEKHO onpelensiTh AyUYeBhle CKOPOCTH HeGeCHHX TeNA, CKOPOCTH BblﬁpOCa
rasoB HeyCTOHYHBHIMH 3Be3/laMH (CHOBHIMH» H «CBePXHOBLHIMH»), CKOPOCTH pacllH-
PEHHsl H CHKATHs NyJbCHPYWLUIHX 3Be3]l («uepeHi»), JAyueBHe CKOPOCTH 061aKOB
MEH3BE3LHOro rasa H 1. X. Bo Bcex 3THX paﬁoTax H3MeEpdeTcs 4acToTa AHHHU Ho-

r10mWeH A KaKoro-JHGO 3neMeHTa. 3ateM OHa CPaBHHBAeTCs ¢ YacTOTOH TOH IKe
CNeXTPanbHON AHHHH, NoayueHHOH! B 1a60PATOPHHIX ycAoBHAX. IlAA JOCTUXKeHHS
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BHICOKOH TOYHOCTH 0064 CHEKTPa — CIIEKTP 3Be3Jlsl ¢ ARHHAMM NOTJIOLEHHA K
cmexTp (MCIYCKaHHsA) d/eMeHTa, NHHAH BOTJAOMEHH KOTOpPOro ofHapyXHBawOTCH
B CIIEKTpE 3Be3/inl, oTorpadupyioTcs HA OfHY NJACTHHKY. TakHM obpasom KocTa-
raercs BHICOKAS TOUHOCTH B Olpeledenid AV — v—v,. [IpH nabawofendn panuo-
JIOKAIHOHHKLIMH MeTONAMH 3a ABHIKCHHEeM HCKYCCTBeHHLIX CIYTHHKOB H KOCMHUuec-
KHX pakeT ekt Honnepa no3BoasieT ¢ BHCOKOH TOUHOCTBIO OMpENeNsTh X Jy-
ueBYyI0 CKOPOCTE.

3. YBaeuenHne osdupa BemecTBoM. OnHT
® u 3 0. OxHoBpeMeHHO ¢ NPoG;1eMOf JABHIKEHUS TE 1O OTHOUICHHIO
K 3QUpY BO3HHMKJIAa M Apyras mnpobieMa -- BO3MOXKHOE yBJeueHHe
s¢pHpa IBHAKYUIMMHCA TelaMi. Kak ynoMHHaJOCh B HavaJjle maparpa-
tha, BeluecTBO BO3LEHCTBYET Ha 3aKJIOUEHHLIA B HeM 5(QHp, H3MeHAN
CKOPOCTb pacnpocTpaHeHus csera. Ecan BelliecTso ABUXKeTca B adupe,
TO OCTaercs JH 3PHD COBEPUIEHHO HEMOIBHMIKHEIM, YBJEKaeTcs JH OH
BELeCTBOM H ecqaM yBJAEKaercs, TO B KaKoH cremeHH?

{ﬁoﬁa
A A P12
g | ——

1 et e

\
/ A S—— B
\VI Y 8odn

I
Puc. 1.128.

Ilns 0TBETa HA 3TOT BONPOC C/IeLOBAJIO POU3BECTH H3MepeHHe CKo-
POCTH CBETA B ABUKYLIMXCA cpenax. TaKo# onblT Gbij NOCTABJAEH BIIEp-
Bole ®u3o B 1851 r., 3aTeM noBTOpeH ¢ BBHICOKOR TOUHOCTLIO Mafikesb-
conoM B 1887 r. Ha puc. 1.128 usobpaxkena ycraHoBKa MafiKenbcoHa.
Jlyuu cBeTa OT MCTOUHHMKA S pacmendsiorcss MJIOCKOMNapaienbHONH
CTEKJISIHHOU M1acTHHKOM Ha JBa Ny4YKa, OTPaXaeMelX 3epKaiaMu Z; H
Z, B TpyObl ¢ Bojlo#t. OHu JBUIKYTCS 110 TPyOaM 0 BCTPEYHEIM Hanpas-
JIGHHSIM, 3aTeM 4acThb ayya /, mpoiueaiiasi CKBO3b IIACTHHKY, H 4acThb
I1, oTpaxeHHas OT Hee, HAYT MapasinelbHO, TaK YTO MOKHO Hab,1r01aTh
ux uurepdepennno. Habaonas sHavase HHTephEPEHIHOHHYIO KapTH-
HY TIPH HENOJBUXXHOH BOJE, a 3aTeM U3MeHeHHs 3TOH KapTHHLI 10 Mepe
yBeJIHYeHHS] CKOPOCTH BOABI, MOMKHO CYJMTb O N00aBOYHOR pasHOCTH
Xo7a, BO3HHKaIONIeH B CHJAY TOro, YTO OAHH JAYY JBHIKETCS MO Teye-
HHI0, JpYrod — npotus. OnelT nokasa/, YTO NpH CKOPOCTH cBETa B
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- 4
HeMOABMKHOA Boje U = — (n — NOKa3aTe/b NpeJoMJeHHs BOAH) H
NpH CKOPOCTH BOIB U CKOPOCTb CBETa B Meli w papia

w——--u-l-v( -——l-)=—n€-+v(l~%). (24.10)

n*

Ecan 65l 3pup coBeplieHHO HE yBJEKa/cs CPelod, TO CKOPOCTh cBera
B ABHXKYILelcsa cpele He JoMXKHA Obl OTIHYATbCHA OT CKOPOCTH CBeTa
B HENOABHIXHOH cpejie: w LOMKHO Ob1to Obl papHATECA ¢ Ecau 6wl adup,
3aK/I0YEHHBI B Tese, mepeMelllacs BMECTE C HHM, TO CKOPOCTb CBeTa
N0 OTHOUIGHMIO K cpefie NOMKHA Obl paBHSTbCA u, & CJeloBaTteNbHO,
VIS W ToJyunJoch Obl sHaueHHe w = u+v. Popmyaa (24.10) Gbiia
MCTOJIKOBAaHA B TOM CMBICJIC, UTO HMEET MECTO «YaCTHYHOE YBJICUEHHE»,
teM Goabiiee, yeM Goablie n. Teoperuueckuit BeiBoX hopMyJnl (24.10)
6Ll chenaH Jdiib MHOTO MO3e W ¢ WHON TOYKH 3penus (cM. § 28).

Bce paccMoTpeHHbIe BEILIE ONEITH TPeO0B2/IH CBOSTO HCTOIKOBAHHA.
Ho nns takoro tonKoBaHHus HeoOxozuMo Onuio cdopmynupoeath 3a-
KOHBI 3JIEKTPOMATHETH3Ma #JIH XOTA Obl ONTHKH NBHKYIIHXCH Cpel.

Panee yxe ykashiBajoch, YTO NPH3HAaHHE HENOLBHIKHOTO 3(Hpa
pJeder sa co6of OTKA3 OT YCTAHOBJEHHOrO B MEéXaHWKe NPHHEHUIA OT-
HocuTennHocTH, [loHaTHEe ckopocTH mpHOGpeTaeT abCOMIOTHLIN CMEICI,
a pasjHyHble HHEepPUHAJNbHbIE MaTeépHaJ/ibHble CHCTEMBl yike HepaBHO-
HpaBHbI, TaK KaK 00/1aZai0T PasHEIMH CKOPOCTSMH MO OTHOLIGHHIO K
sipupy. I'unoresa o MONHOM yBJAEHeHHH 3(Hpa cracasa NpPHHUMO OT-
HOCHTE/IbHOCTH — DaBHONpaBHe BCeX HHepUHaJ/bHBIX cucTeM. Hefcr-
BHTEAbHO, €C/IH KaXKJ0€ MaTepHaJbHOE TeJO YBJEKaeT HeJHKOM Bech
3aK/I0YeHHBIA B HeM 5(Hp, TO mpolecchl B KaXKJAOM H3 HHX I[OJYH-
HSIIOTCA TeM e 3aKOHaM, 4To H B JIIOGLIX ApYrux.

[. Tepu u36pan uMeHHO 3TOT myThb. OH nomelTajcd Ha OCHOBE
SNEKTPOIMHAMHKH MaKcBe/ia NOCTPOHTh 3JEKTPOJUHAMHKY IBHXKY-
BIMXCH TeJl, BHOJHE YBJEKaloUHX B cBOeM ABMKenuu sdup. OnHa-
KO B 3TOH TeopHH, KaK H CJENOBAJNO OXKHIATH, 3Be3iHas abeppauHs
He JOMKHA Oblaa 661 BOSHHKATH BOBCE, & J/151 CKOPOCTH CBeTa W B [BH-
mymefica coO CKOPOCThIO U Cpelle NOJYyYaaoCh BEIPAKEHHE W = U0 —
NOJHOE YBJEYeHHe, HTO INPOTHBOPEYHJIO pesy/]bTaTaM  ONKITOB
Puzo (24.10).

CoszaTenn 9/JeKTPOHHOH TeopHu BelllectBa JIopeHi molies no Apy-
romy nyTtu. OH npejnouen NpHSHATL HEMOABHKHLIA 9(DHDP H OTKa3aThCA
OT [pHHINIA OTHOCHTEAbHOCTH. He ocTanaB/HBafACh Ha BCTPedEHHBIX
EM TPYJHOCTSX, YKaIKeM, YTO B STOT MYTb 0Ka3a/ICA HeBepHbIM.

3anaua Gbina pemena A. JiHITeAHOM mOC]e YAHBHTENbHBIX MO
TouHocTH pabor MafikenbcOHA, H3Y4aBLIero 3aBHCHMOCTb CKOpPOCTH
CBeTa OT JBIJKEHHS MaTepHAJIbHBIX CHCTEM, B KOTOPHIX 5Ta CKOPOCTDb
onpeaeasercs.
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§ 25. OnubiT Maiikeancona

Ilns obnapyxeHHs 3aBHCHMOCTH CKOPOCTH CBETA OT ABHIKEHHS H3-
MepHuteabHoro npubopa Mafikenncon Hcnoabzosan HHTephepOMETp,
onvicanublil B § 12, UrtoGsl pasobpatbest B Hiee onbita, ofpatiMca K
YIPOUEHHOH cXeMe XoJa Jqydell B npubope
(puc. 1.129). (g,

3anava COCTOUT B TOM, 4TOSH! ONPEALTHTD
ofyc/0BJeHHYIO JBHXeHHeM mnpuGopa pas-
HOCTb XOAa HHTephepHPVIOWHX Jyded [ u 2.

DTa pasHOCTb XOAA MOMET BO3HHKHYTD
MEXKAY TouKoll, B Kotopoil nyuu [ u 2 pazge-
JHUJHCD, W TOUKOH, B KOTOPOH MyTH HX ONSTh
caHanch. CnenoBaTenbHO, HCKOMas pasHoCTb

Xona BO3HMHKaeT Ha nytd Jayuvedr 0Z,0 1142
u 0Z,0.

ByneM ucxomuTh, Kak 3to fenan Malikenn- .
COH, U3 T'HMOTE3H HemoABHIKHOrO 3dHpa, no U

OTHOLIEHHIO K KOTOPOMY CBeT pacnpocrpa-

HseTcs CO CKOpocThio €. IlpeanonoxuM, yTto Puc 1129

npu6op OPHEHTHPOBAH TaK, YTO OH NepeMe-

AeTCH OTHOCHTEJLHO 3dHpa B HanpaBieHHH OZ;, CO CKOPOCTbIO U.
BrraucsiuM BpeMs A¢, 3aTpaiHBaeMoe JydOM CBETa Ha NPOXOKAECHHE

nyta 0Z,0. [py geuxeHnn B HanpasseHHH OZ, nyY ABUIKETCH RO OT-

HOIIRHHIO K 3HDY CO CKOPOCTHIO ¢, HO NPHOOD ABHKETCH B TOM Ke Ha-

npaBJeHHH co cKopocTsio v. CrenoBaTeNbHo, CKOPOCTH Jyda MO OTHO-

weHHio k ApuGopy paBHa c¢— U H nyTs 0Z;, RJAUHOK [, NPOXOJHTCH

3a BpeMs —— . [lpu 1BHKeHHH OT Z, k0 ny4 IBHXKETcA HaBCTpedy
npu6opy, H ero CKOpPOCTb OTHOCHTELHO npuGopa pasHa ¢ + v. [lyTe
OZ,0 6yner npofineH 3a BpeMs

4 i 2le 2 1 (25.1)

Aty =c—v+c+v Y R _v¥’
e}

uTo OTBeuaer MPONAEHHOMY JyYoM MyTH (O OTHOWIEHHIO K 3GHPY)
21
$;=CAly =——j. (25.2)

-2

c?

Ecan 661 nprGop NOKOHJICS OTHOCHTENbHO 3(Hpa, NYTh JyHa cBeTa
6uin 61 paBed 2/. MHOXHTeNB o0ycJIoB/IeH ABHKeHHEeM npubopa

2
1

c?
OTHOCHTEABHO 3(upa.
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JL1st Toro uTo6BI BEIUHC/AHTE MYTH BTOPOro J1y4Ya, HapHCyeM moJIoxKe-
uust Touky O u 3epxana Z, Als TpeX MOMeHTOB BpemenH (puc. 1.130):
HavaJbHOrO, KoTHa ayd mokuzaer O (touku O 4 Z,), MoMenTa, KOria
Ayd JocTHraeT 3epKaia (oJoxeHHe sepKaja OTMeYeHo Z,, MCTOUHHKA

0"), ¥ moJioXKeHHs, KOTJa JIyd CBeTa BO3Bpa-
28 waercst K HCTOUHHKY (MOJIOXKeHHE HCTOYHHKA
&2 orveueno 0, sepkana Z,). Jlyu csera mpo-
xoguT nyTh OZ,=l, CO CKOPOCTHIO ¢ 3a TO
e BpeMsi, 3a KOTOPO€ HCTOUHHK MPOXOZHT
nmyts 00" co ckopocTsio v. OTcioa clenyer,
4TO

e

o0 v

=7 (25.3)
3uasn orHomenne Katera 00’ K runoTenyse /y
U aauHy BToporo Katera 0'Z,=I, JAerko
HaXOAUM:
0" !
L= (25.4)

Puc. 1.130. ]/ 12
02

CnenoBaTeNbHO, BECh NYTh S,, NPOfJeHHBIR NyYoM cBeTa, paBeH

e e . S ol

’

= VL o e S o e —

8, = . (25.5)

ObycrosnedHass JBuXeHHeM npuopa pasHocTh Xofa nyuell As

paBHa
1 1
As=g,—5, =2/ i = . (25.6)
=)
v \2 1 v? 1 _ 1 v?

Hpﬂ (T) <1 HMeeM T__T_a_zl—}—zi, 7—;—;‘1,\/1—}-72-@'“,

c? )
¢/1e0BaTENbHO,

Asm 1Y (25.7)

Tlo upee Malike/bcoHa, o6HApPYIKHTD 5TY PAa3HOCTH Xo4a, o0yC/I0B-
JIeHHYI0 He TeoMeTpHell mpubopa, HO €ro JABIKEHHEM, MOXHO, €CJIH

MejJleHHO Bpauarb npubop. [Ipy moBopore Ha—”z—-nyqn 1 un2
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MEHSIOTCA MecTaMi H oOycJloBleHHAs JBHXKCHHEM pasHOCTh XOJa
MeHseTcAnpH nopopore Ha 2As:

205 =2 . (25.8)

[Tpu addexTusHOM nmyta ayda [==30 m (ZOCTHTHYTOM MHOTOKparT-
HbIM OTpaKeHHeM) H v, PaBHOHA CKOPOCTH 3eMJH [pH ee opOHTanbHOM
asuxenud (30 xu/cex), monyuaem 2As=0,6 mx — BelHUHHY NOpsiKa
IJHUHBL BOJIHBI KPAacCHOro CBera, JIErKo H3MepHMylo HHTepdepeHIHOH-
HBIMH MeTojaMi.

Onerr Maiikenscona (1881—1887 rr.) MHOrokpaTHO NMOBTOpSIJCH.
K 1927 r. 6bina ROCTHIHYTa TOWHOCTH, IPH KOTOPOH MOxHO Obliio 6bt
0GHAPYXHTh CKOPOCTh 110 OTHOLIEHUIO K 3pupy B 1 xm/cex. Yuurnias,
YTO 33 NOJTOAA CKOPOCTb OPGHTANBHOIO IBHKEHU ST 3eMJIH MeHsercs Ha
60 km/cex, oueBupHO, uTO 3hPeKT 3pupHOro Berpa, ecaH O H
TONBKO OH HMeJ MecTo, 6ol 6ol o0HapyxeH. OfHaK 0
ONBTH HPHBEJH K Hy/JleBOMY pes3syabTarty.

[TonbitTka cBsi3aTh Hy./1eBOH pe3yabTaT onuiTa MaliKenbcoHa ¢ sa-
BHCHMOCTBIO CKOPOCTH CBeTa OT CKOPOCTH HCTOYHMKA OKasajlach Heco-
crosiTenbHOH. He rosops yxe 0 ToM, 4TO OHa BO3MOXKHa TOJABKO B KOp-
OycKyJsipHOH TeopHH, clexyeT ykasaTb HA [PsAMOe 3KCHepHMeHTaJlb-
Hoe ompoBep:keHue 3ToH rHnoressl. M3BecTHO, uTO 3HauuTeNbHas
yacth (~20%) 3Be3x mnpexcraBaser coboil neoifiubie 3se3gnl. Obe
3B€37bl BpalllaioTcsl BOKPYT ofmiero LeHTpa Mace ¢ BechMa GOMbIIMMH
ckopocTaMHi, lleHTp Macc mepeMellaeTcsl PaBHOMepHO H  NPAMOJH-
Hefino. Ecau 6bl cKOPOCTb CBETa 3aBHceNa OT CKOPOCTH HCTOYHHKA, TO
CBeT OT Kax/JIof M3 3Be3 NpHXou/ Obl Ha 3eM/i0 3a pasHoe BpeMs.
Bugumoe mnonoxeHHe Kaxiofl U3 3Be3n B NPOU3BOJNbHBIHL MOMEHT
BpeMeHH OTBeuaJo Obl, BOOOLIE TOBOpS, PAa3HBIM NOJOXKEHHSM LEHTpA
Macc, UTO HUKOrfa He Habaiofaercs.

PesynbTaTe! 3THX, a Tak:xKe MHOTHX APYTHX ONKITOB BHICOKOH TOY-
HOCTH MOXHO pe3joMHpOBaTb CaeiylomUM ofGpasoM.

Cropocmp  pacnpocmpanenus 3ieKmpoMacHumAbl 803MyLieHuUl 6
BaKYyMe, cBema 8 MOM HuUCAE, OOHO U MA Jice 80 BCEX UHEPUUANbHBIX CU=
CMeMax OmCHEMQ, He3qBUCUMO OM UX OmMHOCUMEAbHOLX cKopocmell.

Tem caMeIM JoKa3aHO HA ONbITE, YTO:

1. Hpunyun omuocumeasvHocmu, ymeepocdarowutl pasHonpasue
6CEX MAMEPUANbHOLX UHEPUUAAbHBIX CUCTEN, 6Eper He MObKO 8 npede-
40X MEXAHUKU, HO DACHPOCMPAHACHICA U HQ 8CE IAEKMPOMASHUNIHbIE
u, MoxcHO Oymams, 8000ULe Ha 6ce A8AEHUA npupodsl. B yacTHOCTH, mo-
HATHS a6COMOTHOH CKOPOCTH HJIH aBGCOMIOTHOIO MOKOS JIMIIEHEl CMEIC~
J1a 4 MOMKHO TOBOPHTb JIMllib 06 OTHOCHTENBHON CKOPOCTH MaTepHaJb-
HbiX Tesl (APYT OTHOCHTEJNbHO JpYra).

2. IMocTosIHCTBO CKOPOCTH CBETA B J1I0OBIX HHepILHA/NbHBIX CHCTEMAX,
HEe3aBHCHMO OT HX OTHOCHTeNbHOH CKOpOCTH, NOKA3BIBAET, 4YTO K
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ckopocmi céema 00biHbLE SAKOH CAONCEH U CKOpOCMell HenpumeHus.
210T daKT TpefyeT pasHKaJbHOrO nepecMoTPa HallUX mpeACTABJEHHH
O HPOCTPaHCTBE H BpeMeHH.

Bropoii nyHkT 6yieT cneuuaJbHO pacCMOTPEH B C/IeAyioLleM napa-
rpade.

Cefiuac e MOCMOTPHM, K KaKHM SaKJIIOUCHHAM o mpupoie 3adHpa
MOXHO NMPHATH HAa OCHOBAHUH CKa3aHHOrO.

Ecnu 661 agup cylnecTBoBas KaK HOCHTeNb 3J/eKTPOMarHUTHEIX BO3-
MyIeHHi (cBeTa B TOM YHCJE), TO CKOPOCTb HX pacOpocTpaHeHHs (CKo-
poCTb CBeTa) saBHceNa GuI oT CKOPOCTH mepeMellleHHsl MaTepHaJbHo#
CHCTeMbl, B KOTOpOH HabJofaeTcs 3Ta CKOPOCTh, 1O OTHOMIEHHIO K 3H-
py. dpyruMmu caoBamu, cyiecrsosas 66 agupHbifl BeTep, CKOPOCTb KO-
Toporo Goia 66 #3MepuMa. OTcyTCTBHE 3TOrO 3(XpeKTa NPHBOAHT K 3a-
KAI09enyIo, Y10 3 HP —HOCHTEJADb 3JAEKTPOMATHHT-
HblX BO3MYMEeHHuid—B NpPUHPOAE OTCYTCTBYET
HanomuuuM, 4To runoresa nmosnHoro yBaedeHus: 3QHpa MaTepHaJbHEIMH
TeNlaMH He MOKeT CHACTH 3Hp, TaK KaK MpOTHBOPEUHUT onkuiTy (3B€3d-
HOH aGeppauuu B onbity Pu30).

dnekTpoMaruuTHele nods (CBeT B TOM YHCJIE) JOKHB paccMarpH-
BaThCA He Kak jedopManHM HeKoedl HecylleH cpelnl (3cupa), HO Kak
CaMOCTOSITe/TbHbIE MaTepHa/NbHbIE cy6eTaHuUMH. 310 06CTOATENLCTBO
(MaTepHaJ bHOCTD 3MIEKTPOMArHHTHOrO MOJIA) OTMEUA/NOCh YkKe BO BTO-
pOM TOMe Kypca. ) \

Crnexyer oTMETHTb, YTO K 3THM 3aK/IOYeHHAM HayKa MpHILJA He
cpasy. Bulru npeanpHHATE MmonbiTKH «cnactd» 3dup. Tak, Pummxe-
paiba npeanosioxuA, a JlopeHl nbiTajcss o00CHOBATL 3TG NPeANOJO-
KeHHe, 4TO pa3sMephl BCeX Ted, JBHKYLIHXCS OTHOCHTENbHO 3upa, co-

vﬂ
KpaLalotTcs B HanpaBJeHHH JBHIKEHHS B OTHOIICHRH ]/ I—5. Jlerxo

BHJETh, YTO TaKOE NPEANoNoKeHHe cPasy «o0DbICHACTs OTPHIATENbHBIH
adekr onbita Maiikenbcona. JleficTuTenbHO, ecnH cokpauledue Jlo-
perna — PuuhKepa/inia HMeeT MeCTo, To B (25.2) BmecTo ! cnenyer
2

MOCTaBHTh BelHUHHY [ = ]/ l—% H TOrZa §; OKaMKeTCs B TOYHOCTH
paBHBIM Sy, T. €. As OyzeT paBHO HYJIO (3HaUEHHE S; NPH COKPAILEHUH
He H3MEHHTCs, TaK KaK BulpaxeHHe (25.3), caykaimee AIs onpenene-
HHSA S, ocTaeTcd B cHae). Kak OyneT mokasaHO janbllle, H3MeHEHHe
MaciiTaboB Tenl NPH HX OTHOCHTEJNbHOM JABHIKEHHH JeHCTBHTEIBHO
uMeeT Mecto. OfHako caMa no ceGe rHIoTe3a coKpalllenns JlopeHna —
®upKepabia He IPUBOAHT K AaMbHeHIHM (U3HYECKHM CAEACTBUSIM.
OrBeprasi NPHHUKN OTHOCHTENLHOCTH H yTBepPXAas, UTo abCoOMIOTHOE
JBHXEHHE NO OTHOUICHHIO K 3(hHPY HE TOJNbKO HMeeT CMBICH, HO H CKa-
3EIBAETCS HA pasMepaXx TeJ, OHA BMeCTe C TeM NPHUBOIMT K BLIBORY, 4TO
Ha6M0JATh 9TO ABHMKeHHe HeBO3MOXKHO. DdHP H3 peanbHol cyOCTaH-
UHH MpeBpamaercs B Heuto HeHal/mofaeMoe.
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B crenyiomem naparpade OynerT nokasaHno, YTO ONBIT NPHBOXHMT K
1e00XOHMOCTH NepeCMOTPETb H NPUBLIYHbIE TPEACTABJIEHH S O BpEMEHH.
Pemennem Bcex atux npobiieM yenosedecTso o6s3ano Sfumrefiny.

§ 26. MpeoGpasosanus Jlopenna

INlokaxeM, Bo-IepBLIX, UTO Haklennulfi Ha onbiTe haKT MOCTOSIH-
CTBa CKOPOCTH CBETa TPeGYET epecMoTpa He TOJIbKO NPHBHIUHLIX IIPES-
CTaBJIEHHH O TeOMETPHH MHPa (BO3MOMKHO HMelolllee MECTO COKPAIIEHNe
Jlopedua — dungxkepanbja), HO H npeACTaBJeHHH © BpeMeHH.

PaccmorpuM jse HHepHHA/bHEIe CHCTEMBI oTcdeTa: S ¢ ocaMu XY Z

¥ HauajsoM B Touke O u S’ ¢ ocamu X'Y’Z’ ¢ mauajoM B Touke O,
Bce coorBercTBYIOIME OCH ma-
paanesibikl, KaK MOKa3aHO Ha y
puc. 1.131, ¥ ocu X u X’ coBna- A
JaioT (AJ1s1 AICHOCTH PHCYHKa OHH
11ecKOJIbKO cMelienst). CucreMa S’ ><
JBHIKETCS] OTHOCUTENBHO S BHpa- ‘o \
B0, BIOMIL 0cH X co cKopocTsio v. 4 K [fl, 8
BpeMena ¢ u ¢’ B obenx cucremax » el
OTCUHTBHIBAIOTCSH OT MOMEHTA, KOTa A g |6
Toukd QO H O’ coBnagaau. Ilpu
t=¢'=0 B Hayale KOOpIMHAT
(ofmeM B 3TOT MOMEHT BpeMeHH!) &
NPOHCXOAHT BCIHIIKA CBeTa H z
CBETOROH CHrHaJ HaUYHHaeT pac- Puc. 1.131.
NPOCTPAHATbC BO BCE CTOPOHBI.
CocpefioTounM cBoe BHHMaHHe Ha ocsiXx X H X', BIO/Mb KOTOPHIX NPO-
HCXOHAHT OTHOCHTENbHOe MepeMellleHue cucreM S u S'. OTtMeruM Ha
ocH X gaBe TouKH A H B Ha paBHOM paccTOsIHHH [ CpaBa H c¢iieBa OT
Hauaja koopauuat 0. TouHo Tak xe orMeTHM To4KH A’ ¥ B’ Ha ocu X'
Ha TaKOM e paccrosHud ot O’ cnpaBa H CleBa.

PaccMotpuM, B KaKofl nocjiefoBaTebHOCTH BO BpeMeHH CBETOBOH
curnan 6yper pocturate touek A, B, A’, B’. TIpu 3T0M MBI ROMKHEL
6yneM, B COOTBETCTBHH C ONBITOM, HCXOJHTb H3 MOJIHOTO PaBHONPaBHSA
o6enx cucreM (IPHRIHII OTHOCHTENBLHOCTH) H H3 TOTO, YTO CBeT B 00eux
CHCTeMaX pPacipoCTpaHsiercd C OAHHAKOBOR CKOPOCTBRIO BO BCE CTOPOHBI
(OpHHIMN TNOCTOSIHCTBA CKOPOCTH CBeTa).

PaccMoTpHM nocoiefoBaTeNlbHoCTs COOBITHI B cHCTeMe S.

CaetoBo#l CHTHAJ 37ech JOCTUTAET Touek A H B uepe3s ofuHaKoOBOE
BpeMs i=l/c.

Hnaue 6yjger o6cTosSTh A€o ¢ OTMEUEHHBIMH TOYKaMH Ha ocH X',
Touka A’ ZBHKeTCS HaBCTPEYY Jyuy cBera H OyJeT IO3TOMY ocBellleHa
panbmle, Touka B’ ynansercs or yva ceera H OyJeT ocBellleHa MO3Ke
BceX. Takum o6pasoM, [oC/eNoBaTENbHOCTD BO BpPEeMeHH COGHITHH —
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nonajaHyd Jyya CBeTa Ha TOUYKH — Gyner TaKoi:

cBeT gocTHraer Touky A’ pamblie Beex;

» » touek A u B ogHOBpeMeH-
HO B MOMEHT t=? , TMo3xe (26.1)
yem A

) » ToukH B’ elle mnoaxe.

PaccMoTpuM Tenephb nocJefoBaTeNBHOCTh COOLITHI B cHCTeMe S'.
Caer pacnpOCTpaHseTcs BO BCe CTOPOHbI C OIHHAKOBOH CKOPOCTHIO C.
Touek A’ u B’ cBeToBO# CHrHAJ ZOCTHTHET OJHOBpEMeHHO, Uepes BpeMs
{
t'=—. Touka B gsuxercs HaBcTpeyy Jydy CBera, MOITOMY CBETO-
Bofl cHrHan JocTHTHET ee paHbine. Touka A ygpasasercs oT Jyua
CBETa, M CBETOBOH CHIHAJ mpUAET K Hell mosxe.
[ocnenoBaTtensHOCTE cobRITHE OyaeT cnepyoled:

CBET JOCTHTHET TOUKH B paHbIIe BCEX;

® » touek A’ ¥ B’ opHOBpeMeH-
[
1o, B Momemt’=—5-, HO No3- (26,2)
e, deM B;
» » TOYKH A moaxe Bcex.

Pasunna B csoaxax (26.1) u (26.2) pasutenbHa ¥ NPOH3BOLHT OUeHb
CHJIbHOE BriedaT/eHue. JleHcTBHTeNbHO, BCe paccMaTpHBaeMble B HHX
COOBITHS — JOCTHIKEHHE CBETOBLIM CHI'HAJIOM TOH HJIM HHOH TOYKH —
o6beKTHBHE H He MOTYT 3aBHCeTh OT clocoba HX perdcrpanni. Kakas
e TOYKa 3peHHs mpaBHabHA® B Kaxoll u3 cucreM, Sunu S’, perucrpa-
uust GakToB OTBeYaeT OOBLEKTHBHOMY XOAY COOHITHI?

Becb uesoReuecKH# OHBIT B IieloM (MeXaHWYecKHe, ONTHYecKie,
3JIeKTPOMATHHUTHEIE H 1p. ABJEHHS) CBUIETENLCTBYIOT O CHpaBelJH-
BOCTH NPUHLHIOA OTHOCHTEJbHOCTH: 3aKOHB NPHPOJILI
OJHHAKOBbl BO BCeX MHEPIHAJNbHBIX CHCTEMAX OTCUETa H HU OFHA H3
HHX He fIBJIsieTcs rnpeuMylllecTBenno, abcomotHoll. Henb3ss cuutars,
4TO OfHA M3 ABYX PacCMOTPEHHuIX Ha puc. 1.131 uHepuuaJ bHBIX CH-
cTeM, HampuMep cucTeMa S, alCOMIOTHO HeMOJBUKHA U NOITOMY <HA
caMoM Jiesie» CBET jocTHTaer Touek A ¥ B ofnospeMenHo. Bee uHep-
nHaJbHble CHCTEMBI DABHONpPABHH, HO OLZHOBPEMEHHOCTH
H moclejgoBaTelbHOCTh COOHTHHE B HHUX pas-
AuuHa. [IoCcTOSHCTBO CKOPOCTH cBeTa BO BCeX MHEPIHAaNbHEIX CH-
cTeMax CBfI3aHO C TeM, UTO NPHU Nepexofe OT OAHOH cHeTeMbl K ApYroi
MEHSIOTCA He TOJNbKO PACCTOSIHHSI ABMKYIUMXCS ToYeK, HO M e H 1 -
eTCd W TedeHHUEe BPEeEMeHH B pPa3aHHEHX CHCTeMaAX.

C MOMeHTa CBOETO BBeJeHHS B HAayKy M 10 Hauaja XX B. MOHATHe
BpeMeHH He aHaJH3HPOBAJOCh. B uacTHOCTH, cuHTaIOCh, UTO €LH-
Hoe ¥ MOHOTOHHO TeKyllee BpeMs OJHO H TO e Ansa Bcell Bcenennofi.
A10 06CTOATENBCTBO KA3ad0Ch CTO/Ab OUEBHAHBIM, YTO jaXe HE OroBa-
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puBanoch Kak cnenHaipHbld mocrynar. Jlums B 1905 r. A, Ditnmreiin
ONpOBepT ITO YCTAHOBHBIIEECH TPEACTABJEHHE O BPeMeHH.

WVnes Sfinmrefia cocTout B cienyioumeM. [IpuMem B KauecTse oc-
HOBHEIX HOCTYJIATOB TEOPHH C/eAyiollHe ABa NOJIOMKEHHS:

l.lpuHOuUD oTHOCHTeabHOCTH. B omuude or
NpHHOMNA OTHOCHTenbHOCTH [anunes OyzeM cYHTaTh 3TOT NMPHHOUI
YyHHBepcCaadbHB M, T.€ OTHOCAUHMCS K Ji0GbIM 3aKoHAM NpH-
pozpl. DTO 3HAYHT, UTO He TOIbKO MeXaHHUeCKHe, HO H 4i00bie a81eHUs
NOOUUHAIOMCR  O0UHAKOBbLIM  3QKOHAM 6 UHePYUANbHbLX CUCHeMax
ome4ema.

2.[lpuHOHEN NOCTOAHCTBA CKOPOCTH CcBeTa
B BaKyyMe B JOOHX HHepILHAaAbBHHX cHCTE-
M a Xx. TIpUHSB 3TH MOCTYJ/IATH, ONPABJAHHbIE BCEM HMEIOIHMCS OIbI-
TOM eCTeCcTBO3HaHHS, HeoOXOAHMO HalTH npasHJIbHLIEe Tpeo O p a -
30BaHHA KOOPJLHHAT WU BpPeMEHH NpPH Iepexole OT
OJHOI WHepUHaNLHOH cHCTeMBl K Apyroil. OueBHAHO, YTo raidu/eescKuH
3aK0oH npeoGpaszoBaHus KoopjaHHAT (23.6) HeBepeH, TakK KakK H3 Helo
cpasy ciefyer (npH AuddepeHIHPOBAHHH NepBbIX BhIpaMeHHH 1O f)
3aKOH cJIOKeHHUA cKopocTed (23 3). ITOT 3aKOH HECOBMECTHM CO BTO-
PHIM TIOCTYJATOM TEOPUH — TIPHHIHIIOM IOCTOSIHCTBA CKOPOCTH CBETA.
PaccMoTpeHHEIH Bhile MpUMep MOLTBEPKLAeT NPABUILHOCTD TOTO, YTO
H BpeMs NPH Nepexoje OT OfHOH HHepuMaJabHOH cHCTeMsl K Zpyrod
JOJIKHO mpeolGpasoBhIBATHCS,

3ajaua 3aKJaOUaeTcs] B OTBICKAHWH NMPABUJIbHBEIX 3aKOHOB nmpeobpa-
30BAHHS KOODJHHAT H BpeMeHH NPH Mepexoje OT OFHOH HHepLHAIbHOR
CHCTeMBb! OTCYeTa K Apyrofi. ITH npeobpa3oBaHHs MOTYT ObiTh HalxeHbl
Ha OCHOBE JBYX HCXOJHBIX MOCTYJATOB TEOpHH.

[IpuMem pacnosiokeHue oceil ¥ HanpaB/JeHHe OTHOCHTeJNbHOH CKO-
POCTH cHCTeM oTcdeta S ¥ S’ TakuM, Kak Ha puc. 1.125. OGosmaunm
JIMIIb BeJIHYHHY OTHOCHTENbHON CKODOCTH CHCTEM He ¥y, a IJIs KparT-
KocTH npocto v. Byxem orcuuTHBaTH BpeMs B cHcTeMax S B S’ ¢ Toro
MOMEHTA, KOI'la HauaJ/la KOOpJMHAT coBnajanu: {'=¢=0npu x'=x=0.

PaceMoTpuM, Bo-mepBHIX, Ipeo6pasoBaHHs KOOpAHHAT X H X,
BAOJMb KOTOPBIX MPOHCXOJHUT OTHOCHTENBHOE IlepeMellleHHe CHCTEM.
[IpeanonoxumM, 4To NpaBHJbHOe NpeocbpasoBaHHe KOOPAHHAT OTJIH-
4aercst OT ranuieeBckoro (23.6) MHOXKHUTENEM ¥:

=y ((x—ovf), x=y(E —0vt). (26.3)
ITonuepxHeM, 4To PaBEeHCTBO MHOXHUTeaAs Yy B ofeHx
bopMynax ¥ TOX JeCTBEHHB® BHJ 3aKoHoB npeob-
pasoBaHUsa o0O0A3aTeNbHB: TEM CaMLIM VAOBJICTBOpAeTCs Tpe-
GoBaHHe TepBOrO MOCTyNaTa — NOJHOEe paBHONpaBHe
o6benx cHCTeM OTCUYeTa.

YuuTeiBasi, 4to v'=—uv, nepenuieM (26.3) Tak:

"=y(x—vf), x=y(& o). (26.4)
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Ins oTbickaHHst 3HAYeHHs1 y MpHGerHeM KO BTOPOMY HOCTyJaTy.
PaccMotpHM pacnpocTpaHeHHe (ppOHTa CBETOBOrO CHrHasa, HauaBlle-
ro cBoe ABHKeHHe BAOJL OCeH X W X' H3 Hayasla KOOpAMHAT 3THX CHCTEM
B TOT MOMEHT, KorJa oHH coBnajau. OGosHauas KOOpAHHATE H BpeMs
$poHTa CHIHANA GePe3 X ., f.o ¥ Xenrs foxs COOTBETCTBEHHO HMeeM,
COFJIaCHO BTOpPOMY MNOCTYJaTy:

Xour=Cloyy H xt’:ur = th,:ur- (26.5)
[oacrasass (26.5) B (26.4), nonyuum:
Cténr = Y (C'—v) tcm" cnr 'y (C+ U) tcm-. (26-6)

’
Toacrarnas nanee fcpr U3 MepBoOro ypaBHeHud (26.6) Bo BTOpOE
H COKpamas Ha f,,, HaXOAHM HCKOMOE 3HAaYeHHE MHOXKHTEIA v:
V=2 =t e (
Mpl BHIGHpaeM B 3TOM BHIPaXKEHHH 3HAK ILIIOC, YTO O3HAYaeT Ho-
NPOCTY COXpaHeHHE HANpaBJeHHs OTCUeTa BIOJb ocelt x H .
[oncrasnas sto sHayenne y B (26.4), HaXoAHM 3aKOH Ipeobpa3o-
BaHHSl KOOPAHHAT X H X':
—ut x +ot
K=, PR A L
V1—v¥/ct Vi—o¥c

TMepefizem Tenepb K OTHICKAHHIO 3aKOHOB NpeoGpasoBaHHs Bpe-
ueHn. OTMeTHM BO H3GerkaHHe HeJopasyMeHHH, uto dopmynn (26.6)
He #BJAIOTCSA 5THMH 3aKOHAMH: OHH OTHOCATCH JHIIb K pacCMOTPEH-
HOMY 49acTHOMY CJydalo— paclIpoCTPaHeHHio (POHTA CBETOBOTO
curHana. [ing HaxoxpeHn 3aKOHa peobpa30oBaHus BPEMEHH MOXHD
nocTynaTs Tak. MckmouuM p3 ypaBHeHHH (26.8) KoopAHHaTy X',
NOJCTAaBHB BO BTOpOE ypaBHeHWe 3HaueHWe x', CJeLyIOlmee H3 Mep-
Boro. Mbl monyudM ypaBHEHHe, ONpefensiomiee 3aBHCHMOCTb ¢’ OT
tH X

(26.8)

x=y[y(x—uot)-+ot'},
OTKYAa
x v?

’ X 1
t =Yt-—";' ('y——;) ='Yt—FY'E§.
OxoHYaTeNLHO
’ v
t =y(t-——7,x). (26.9)

Aunanoruyno moncrapisig 3Had€HHE X U3 BTOPOTO ypaBHeHHs (26.8)
B MepBOe, HAXOIHM BhIpaxeHue f uepes £ u x';

=y(i’+§;—x’). (26.10)
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B Hanpas/eHuu ocell y H y cmemeHus He npoucxoiut. CooTHo-
HIeHHSl MEXZAY § H § OT BpeMeHH He 3aBHCAT, TAK KakK 3TH OCH
NepHOeHANKYJIsApHE K BEKTOPY OTHOCHTeNbHOH cKopoctd. CnenoBa-
TEJIbHO, eAMHCTBEHHBIE COOTHOMIEHHS, KOTOpHle MOTYT HMETh MECTO
B COOTBETCTBHH C MNEPBHIM TNOCTYJATOM, 3TO

y=ny u y=ny. (26.11)

Orciona n=+4 1. Coxpanssa HanpasJeHHs orcyeta IO OCAM,
BLIGHpaeM MoJOWHTelbHBIH 3HaK. Bce ckKasaHHoe B paBHO# Mmepe
OTHOCHTCHl K OCsIM 2 M 2'. 3HauuT, B HampaBJAeHHUAX, TNep-
NeHNHKYJNIPHHX K BEKTOPY CKOPOCTH, KOOPAHHATH
npeo6pasyiorcs TOXJECTBECHHO.

HUrak, nonyuennbie npeoGpasoBants (cucreM oTcuera pHc. 1.125%)),
HOCsIlMe HasBaHHe npeobpasoBanuil JlopeHlla, HMeIOT BHA:

npeobpasoBaHuf npeobpasoBaHHA
S-——b—S' Sl'——*S
¥ = x—uvt P x 4ot
Vi—ui/a’ Vi—vice’
Y=y, y=y, > (26.12)
f=2, 2=27,
, t_-zf,’—x t t’+c%—x’
o Vl —~vifc? = Vi’

Ot npeobpa3oBaHus KOOpAHHAT ObLIM BHepBhLle NMoJyueHs Jlopen-
1IOM H3 CJIeyIolnX coobparkeHui.

QUEeBHHO, YTO 3aKOHEI 3/IEKTPOAHHAMHKH (KaK H MeXaHHKH) AOTK-
Hbl HMETb OJHH W TOT e BHJ BO BCeX HHEPLHANbHBIX, PaBHOMPABHHX
cucreMaXx orcdera. OnHaKo ypaBHeHHSI MHKPOCKONHYeCKOH 3JIeKTpO-
IMHaAMHKH MeHSIOT cBo0 (OpMy NpH TaJjH/eeBHX npeoOpasoBaHHAX
KoopauHat. JlopeHIl HCKas TakHe Npeo6pa3oBanHs KOOPAHHAT, KOTO-
prie coXpaHdaau OH HeH3MeHHBRIMH YpaBHeHHs MHKpOCKONHYecKoit
anekTporuHaMuky. Ilonydennrie M npeoGpasosanus (26.12) ynosmer-
BOPSAIOT MOCTARJIEHHBIM TPeGOBAHHSM, HO COZepKaT He TOJIBKO mpeod-
pasoBaHHsI KOOpAMHAT, HO H BpPeMeHH.

Opnako JlopeHn Obl yBepeH B paBHJBLHOCTH cTapofi JOTME! O TOM,
4TO BPEMs BO BCEX CHCTeMax oTcyeTa JO/IKHO Tedb ofHHaKoBo. ITosrto-
My npeoGpa3oBaHHe BpeMeHH OH cyesl (PHKTHBHBIM, a CJe0BAaTeNLHO,
H Bce npeobpasoBanust (26.12) aulleHHBIMH (H3MUCCKOTG CMHICHA.

*) B o6mem cayuae npoH3BoAbHO HanpasienHbIX ocefi npeoGpasosanua Jlo-
peHIa HMeIoT oMb BUA. [a Hamnx uenefl JocTaToYHO NPHHATOrO Ha puc.1.125
yaoGHOTO pacnoONOXKeHHst ocefi B uaNpABIeHHsT OTHOCHTENLHOH CKOPOCTH cu-
CTeM OTCYeTa.
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Jlume DiHIITelH cyMea NOHATH, YTO Peub HACT 00 H ¢ TH H H B X
BpeMeHax HHepUHaJbHB X cuCcTeM SuS’,u BoBec-
TH BCE BhHITEKalOUlHe OTClofa clencTsHs. Beauuwuna ¢ ecmo peasbroe
gpems cucmemol S, t' — cmoab ste pearvroe spems cucmemor S’ [lo
npejnoxenno DiHmTelina, cootHowenHs (26.12) u Guim Ha3BaHB!
npeobpasoBaHusiMu Jlopenua.

Ot npeofpa3oBaHHUA JO/KHBI 3aMeHHTh coBol0 TpoTHBOpeyallHe
B oblleM cayuae onelTy npeobpasosanns [aauies (23.6). Oxguako ato
He O3HauaeT, uTo Ipeolbpasosanust ["anunes sceria HesepHul, [Ipeo6-
pasopanus JIopedna sepubt npH 71 10 6 bl X, KaK MajblX, TAK H CKOJb
yrofHo GoNbLIMX, BOSMOXHBIX B NpHpOJe ckopocTsx. Ho npu mansix

v
CKOPOCTSIX (10 CPaBHEHHIO CO CKOPOCTbLIO CBeTA), T. €. KOrJa v “Zc, F< 1,
[

02
UJeHaMH, CONEpHKalUMH — H 7, B (26.12) MoxHO mpeneGpeun, H
npeoOpasosalus JlopeHna mepexoadt B npeobpasosauus [anmies.
3nauHT B TOH 06/1acTH, B KOTOpPO¥ OHH Obl/H yCTAHOBJEHH OMBITOM,
T. €. JAAS CKOPOCTel, He HPEBHINAIOMHUX THICAY KHJIOMETPCB B
ceKyHly, mpeoOpasoBaHusi 'ajuness BepHbl, SBJASANCHL INpPeNebHBIM

caydyaeM %-—» 0) obmux npeobpasoauuil Jlopexna.

Oco6edHo BaxKHEIM fBJSAETCS Celyiollee OTIHYHe npeobpa3oBaHHi
JlopeHna ot npeobpasosanuii I'anunes. B paMxax npeobpasopaduil
[anuies pacCTOAHHE MEXKAY ABYMs COOLITHSIMH €CTh aBCOIOTHAS BesH-
yuHA. JTO PACCTOAHHE He MeHsieTcsl IIpH NepeXoiaX OT OZHOMA CHCTeMbr
orcuera K Apyroff. To xe OTHOCHTCSI H K OPOMeKYTKY BPEMEHH MEKAY
STHMH COOBITHSIMH,

U3 npeobpaszosanuil Jlopenna cienyer, 4To Kak pPacCTOsIHHe, Tak
H MPOMeXyTOK BPeMeHH MeXKAy ABYMsI COCBITHAMU MEHSIIOTCS IPH Nepe-
xolle OT OBHOH cHcTeMmbl orcuera K Apyrofi. Ilpu stoM oxaspiBaercd,
YTO NPOCTPAHCTBEHHHIE H BpEMEHHble OTHOWIeHUs CcOOLITHH yiKe He
HesaBHCHMBI. B 3akon npeo6pasoBaHMsi KOOPAHHAT BXOJHT BpeMs, B
3aKoH npeoOpasoBaHUsl BpPEMEHH — [POCTPAHCTBEHHble KOOPAHHATHL
YcraHaBnuBaeTcsl B3aHMOCBA3b NPOCTPAHCTBA H BpeMeHH.

CymecTseHHo, uT0 abCOMOTHEIE BeTHYHHbI He ncuesaloT. Ho, Kak
Oy zeT noxa3aHo, aBCoJIOTHEIE, T. €. He 3aBHCALLHE OT CHCTeME! OTCUETa,
BeNHUHHLI, XapaKTepusylollHe MpPOCTPAHCTBEHHO-BPEMEHHYIO CBA3b
coObITHI, NOCTPOEHHI H3 OTHOCHTE/NbHLIX — PACCTOSHUE U NpoMe-
KYTKOB BpPEMEHH.

[losicanM reomeTpHueckd obHapyxHMBaeMylo npeo6pa3soBaHHAMY
JlopeHiia B3aUMOCBSI3b IPOCTPAHCTBA H BpeMenHd. PaccMoTpuM Ha mioc-
KOCTH TOUKH a M b, pacCTOsIHHE MexJy KOTOphIMH paBHo [ (puc. 1.132).

INpoexkuun oTpeska ab Ha KOOPZHHATHbIE OCH, CKaXeM x,—X,, He
OCTAIOTCSl HEH3MEHHBIMH MpH Npeobpa3oBaHMAX KOOpAMHAT. B wTpu-
XOBaHHHIX KOOpJAHHATAX 3TO NPOeKUHUH

x,',—x; = Xy X4 y},-—y; F=Yp~— Yy
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St NPOEeKUHH reoMeTPHYECKH €CTh BeJIUYHHBEI OTHOCHTEJbHEIE — OHI
3aBUCSIT OT BbIGOpa CHCTEeMBI KOODJHHAT. Ho abcomoTHas reoMeTpH-
yeckast Be/IMUHHA, XapakKTepusyiollass B3auMHOe INOJIOXKeHHe ToueK
aub— paccTosiHHe MEXAYy HHMH I8 BbhIpaxaeTcst 4Yepe3 3TH OTHOCH-
TeJbHLIE BeJHUHUHbI:

12 = (xy— %)% + (45— Yo)? = (X5 —%2)2 + (yp—ya)?.  (26.13)

Broipaxenne (26.13) He MeHsierca npH npeobpasoBaHHSIX AeKapTOBLIX
KOOpDAMHAT, XOTA €ro cjaraeMsle H3MeHSIOTCS.

Paccmotpum teneps asa coboitia A ¥ B. Kaxjoe H3 HUX XapaKTe-
pu3yeTcsl B HHepUHANLHOH cHCTeMe S TOUKOH B MPOCTPAHCTBE, B KO-
TOPOH 3TO CcOOLITHE TPOH3OIINIO,
C KOODJIMHATOH — X, M X5 H MO-
MEHTOM, KOTJd OHO NPOH30LIAC, —
t, 4t B cucreme S paccrosinve
X MeXJy COOBITHAMH

Xx=xp—x, (26.14)
a BpeMs MexJy HHMH
tZtB"—tA. (26.15)

B HbIOTOHOBOH MeXaHHWKe H

BeJHUMHA X, M TPOMEXYTOK Bpe-
MeHH ! COXpAHSINCL NPH Hepexo-
Jax OT OJHOH HHepUHAaALHOH
cucremnl K gpyroil, Teopus orHo-
CHTENLHOCTH  TOKasbiBaer, 4YTO
B JeHCTBHTENBHOCTH 3TH BeaHUYH-
Hbl (pacCTOSTHUE MeXAY TOYKaMH oz
B TIPOCTPAlCTBe H [POMEXKYTOK
BpeMeHH MexJly COOBITHSIMH) OT- Puc 1132
HOCHTENIbHB H 3aBHCAT OT CH-
CTeMbl OTCYETa, B KOTOPO#H onH onpenensiotest. Kak yxe yKasblBaJIoch,
3TO He 03HAYAET, YTO B TEOPUH OTHOCHTEIbHOCTH HeT aGCOMIOTHEIX OT-
Hotmenn#. HaoBopoT, Teopusi OTHOCHTE/NbHOCTH yCTaHABJIHBAET BeJH-
YHHEl, XapaKTepuaylollne aGCcOMIOTHEE, He 3aBHCSLIHE OT CHCTEM OT-
cueTa OTHOLIEHH S, HMeloUecs B IIPHPOJE.

Tako#l abcomoTHOH BenHUHHOH, cBs3biBaollefl nsa cobunitds A 0
B, sBnsteTcst HHTEePBaAN S,p OnpelelseMblil caegyomuM o6pasoM:

Sap=1C* (tp—1,)2 —(xp—X,)%. (26.16)

UurepBas Mexay ABYMS COOLITHSIMH He MeHsieTcsl NIpH Iepexoje OT
ONHOH HHepUHaNbHOH cHcTeMsl S K gpyrofi S’

c? (t;;——t;l)z-—(){;g——x;[)z =0l lg—14)—(xg—x4)% (26.17)
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T. €. OH OoCTaeTcs HeH3MeHHEIM NpH npeobpasoBanusax Jlopenua, B yeM
MOXKHO yGEZHTLCS HEMOCPeACTBEHHO, 3aMeHfs, HampHMep, UITPHXO-
BaHHbIE BeHYHHE [cJleBa B (26.17)] uepes HeIUTPHXOBAHHEKIE € TOMOMILIO
(26.12). Ho mpoMexXyToK BpeMeHH MeXAy COObITHSIMH, paccTOsiHHE
MeXXJy HMMH MEHAIOTCS IIpH nepexofe oT S K 8', KaK MeHswoTca (X015
¥ 1O IPyTOMy 3aKOHY) cOCTaBJsiiollie oGBIYHOrO BEKTOpa IpH npeol-
pasoBaHHsAX JeKapTOBBIX KoopAHHAT.

B paccMoTpenHoM BbIlle MpHMepe TaKHUMH coOLITHAMH OblIH, Ha-
npHMep, B cHcTeMe S:

CobbiTHe 0 — ucnycKaHue CBETOBOTO CUTHaJsa H3 TouKH O (MOMeHT
BpeMend { =0, goopaunara x=0).

CobriTHe B — nmpHXOJ CBETOBOTO CHTHAJa B TOUKY B (MOMEHT Bpe-

{
MeHH { =, KOOpAHHATa x= I).
HnTepran, cBssblBaOWUl 3TH cOOLITHA, paBeH HYJIO:

SoB=C? (-El—)z——-l“‘=0.

B cucreMe 8’ u pacctosiune Mexay cobuitHamu O 1 B 6yjer HHbIM,
U BPEMs MeX1y HHMH H3MEHMTCH, HO HHTepBaJ OCTAHETCH HEH3MeH-
HBIM —— paBHBIM HYJIO.

Kak MeHsIOTCH AJMHHBL H NPOMEXXYTKH BPeMeHH NPH nepexofe ot
onHofi MHepLUHaMbHOH CHCTeMHEl KOOPAHHAT K ADYIOH, T. e. IpH Npeol-
pasoBanusnx Jlopenua, 6yner mokasaHo B ciexyiolleM naparpade.

§ 27. PeasiTUBACTCKAS KHHEMATHKA

MexaHuKy (3/1€KTPOAHHAMHKY), OCHOBAHHYIO Ha MPHHUHNE OTHO-
CHTEJBHOCTH, OJHHAKOBOCTH CKOPOCTH CBETa BO BCEX HHepLMAaJbHHX
cucTeMax u npeoGpasoBanHsx JIopeHua, NPHAATO HA3LIBATL peJa s -
TuBHeTcKo# (0T natuackoro relativ — orHolenue). gakonu
PeNATHBHCTCKOA MeXaHUKH B OOIleM cjrydae CYIMEecTBeHHO OTJIHYAKOTCS
OT 3aKOHOB KJaccuueckofi MexanHkH [amunes — HeloroHa:

1. B knaccugeckofl MeXaHHKe CYHTAIOCE, YTO TeJa MOT'YT ABHTATLCA
¢ J06bIMH, CKONb YroHo GoabIIHMH cKopocTsMH, OfHaKo yXe H3
npeobpasopannii Jloperna (26.12) BHpHO, 4TO oOmANOCUMEAbHbE
CKOPOCILL MEA UMEIOM 8EPXHIOI0 2panuLy

v<ec. (27.1)

v2
E{)

I'Ipu 0> ¢ 3HaMenarTe/ld, paBHbiE -‘/1 —_ CTAHOBATCH MHHMLIMH

H KOODAHHATHL X' H {* TepsloT (PU3HUECKHH cMbICL.
2. Meuxcywuecn meaa usmensom ceou pasmepul. Jas pacuera
STOTO WSMEeHEHHA PacCMOTPMM TBepAbH CTEpKeHb, PacMoOKeHHuIN
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Bronb ocd O'X’ u ppuxywmHiica BMecTe ¢ cHcTeMolt orcuera S
(puc. 1.125), OTHocHTeNbHO 3TOH CHCTeMbl CTepiKeHb MOKOHMTCH, ero

KOHILI MMEIOT HeH3MEeHHEIe KOOPAHHATH X; U X, H JJIHHA CTepkKHs
14 ’ ’
ly=Xx;— x, =const; (27.2)

INTPUX NOKasbiBaeT, uTo ATHHA [ H3Mepsiercs B cucreMe orcdera S,
UHIIEKC HYJ/h — UYTO B JAHHOH CHCTeMe OTCYETa CTePXKEeHb MOKOHTCS.
ByneM Temepp M3MepsATH AJIHHY 3TOrO CTEPKHA B CHCTeMe OTCUeTa
S, OTHOCHTeJbHO KOTOPOH OH JBHKETCS C MOCTOSTHHOH CKOPOCTBHIO U.
Ins 3TOro HeoGXOAHUMO H3MEPHTb KOOPAHHATHI €ro KOHUOB X; M X,
B cuCTEME S B OXMH H TOT Xe MOMEeHT BPeMeHH 5TOH
cucTeMHu f. U3 npuMepa, pasobpanHoro B mnpeibliylleM maparpa-
e, cenyer, uTo 9TH coborTHs 6yAyTB cHcTeMe S’ HEONHOBPeMeHHBIMHU]
Hcenonbsysn npeobpaszosanus Jlopenua (26.12), umeem:

Xg—1ut xy—uot Xg— Xy

. . . l
08 P P 0’
Vig V=g V-5 Vs
.rae | — HCKoMasl JJIHHA CTepxHs, usMepsieMasi B cicteMe S. Orcrona

caenyer, YTo AJHHA CTePKHS [, JBHKYLLErocst cO CKOPOCTbIO ¥ OTHO-
CHTEJIBHO CHCTEMBI OTCYETa S, CBA3aHa € JJINHOA HEeNOABHKHOIO CTEPK-

Hs1 I, coOTHOLIEHHEM
=i,y 1-%. (27.3)

Ha cummerpuu npeoGpasosaunfi JlopeHua ciefyeT, 4To ecau Obl
CTEpHEHb JJIHHOH [, TOKOHJCH B CHCTEME S u My H3Me-
paau Gbl KOOpAMHATHI €ro KOHHOB B ABH XK yMe#ca cHCTe-
M e S’ B OjHH H TOT3Ke MOMEHT BPeMeHH 80t CUCTeMH! ', TO ero I/H-
Ha !’ Mo oTHOIIeHHIo K [, yKOpOTH/Iach Ol B TO Ke UHCIO pas:

v=t, Y 1-5 (27.3)

— paBHONpaBHe CcHCTeM, TpeOyemoe NPHHIHIOM OTHOCHTEJNbHOCTH,
crporo cobmiofaercsi. YOeIHTLCS B 9TOM MOXHO HENOCpeNCTBEHHbIM
pacuetoM, mogOGHBIM NpHBEXZEHHOMY, YTO Mbl H PeKOMeHAyeM YHTa-
Tem0. B HanpaBieHHsX, NepHeHAUKYJSAPHBIX K BEKTOPY CKOPOCTH
(0Y, 0Z), namenenu#t pasMepoB Tejl He [POHCXORHT.

’ ’ ’
ly=xy—x; =

2
[pu Maneix cKopoceTSX aBHKeHHS (v <K () ]/1 "“ZT >1,u pens-

THBHCTCKHMH COKDAIleHUSMH AJHH ABHKYILUXCS Tel MOXKHO npeHel-
peun. TaK, pelsTHBHCTCKOE COKDalleHHe AHaMmeTpa 3eMJH B Hampas-
JIEHHH ee JiBHXeHHs Mo opbute mpu ckopoctH 30 km/éac TakoBo, 4TO
yMeHblleHHe pHaMeTpa cocraBasier Bcero 6,5 cm. [IpH v, 6iH3KoM K ¢,
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3To COKpallleHHe CTAHOBUTCS CylleCTBeHHHIM, Tak, mpH OTHOCHTEIbHOM
E)
CKOPOCTH JBYX HHEpLIHA/bHLIX CHCTEM U= -‘/?C = 260000 kum/cex

S _ . )
]/ l—v—z == ]/%=-1§ M Merp, MOKOsAUlMiicA B ONHOH CHCTeMe,
c

Oyjer UMeTb B APy roi Ammy%

B COOTBETCTBHH C TMPHHIHIOM OTHOCHTeJbHOCTH 3TH COKpalleHHS
B3aHMHB, Kamamil HabsogaTenb, CB3aHHBIR ¢ OXHOH M3 3THX CH-
CTeM oTcyera, OyJeT HAXOAUTb MeTp, MOKOAIMUICS OTHOCHTENbHO Hero,
BABOE Gojiee AJIMHHBIM, YeM MeTp, NpOoJeTaloWHi MHMO CO CKOPOCTBIO

Y

M.

a) Y

X’

0=26-10%nfees

Puc. 1.133.

260 000 xka/cex (peyb HRET O MeTpax, PACHOJIOKEHHEX B Hampas/JjeHHN
BeKTOpa OTHOCHTEJbHOH CKOPOCTH; METPhl, PACHOJIONKEHHBIE OPTOro-
HANLHO 5TOMY HaNpaBJieHHIO, He MeHSIOTCS).

Ha puc. 1.133 n3o6paxkensl chepa ¥ Ky6 B CHCTEME, OTHOCUTETBHO
KoTopoli oun mokositest (puc. 1.133, a), u B cucreme, oTHOCHTENbHO
KOTOpOH OHHU JBHKYTCS €O cKOpocThio v = 260 000 xt/cex (puc. 1.133,6).
[ipn TakoH CKOpPOCTH NpPOJOJNBHBIE PasMepnl TeJ YKOpauHBaloTCA
B/IBOE U 1lap nmpeBpallaeTcs B CIVIIOCHYTHIH a/MHNCOHA, a Ky6 — B na-
panjenenunes. JIloOOREITHO, YTO JHIB Yepe3 54 rofa nocie OTKPHITHS
aTHX 3bdektos (8 1959 r.) Opu10 o6HAPYKEHO, YTO peub HALT TOJBLKO
06 HeTHHHON dopMe Tes B 3alaHHOMH CHCTEMe KOOPAMHAT, HO He ©
BULHUMOH uXx bopwMme.

Pasniune BpeMeHH NPOXOXKAEHHUS CBeTa OT PAa3HBIX TO4YeK Teja
Hale0 KOMIEHCHPYET H3MeHeHHe ero pasmepos. Teslo He MeHsieT B H-
JMMO# ¢opMbl, HO NpeicTaBJsieTcs] HeCKO/IbKO NOBepHyToIM. Buau-
Mas QopMa Te MeHsiach Obl, ecad Obl NpaBU/BLHBIMH GblNH 3aKOHBL
MexaHuKH HploToHa, T. €. MCTHHHBIE PA3Mepbl Tesl He 3aBHCENH OT UX
OTHOCHTEJIbHON CKOPOCTH, a K CBETY OBl NPHMeHHM 3aKOH CJOMEHHS
cKopocTel.



§ 27) PENSTHBHCTCKAST KMHEMATHKA 175

CKOpOCTH TaKOTO HOpsiiKa, MPH KOTODBIX COKpallleHHe pa3MepoB
JABHXKYIIMXCSE MaTepHa/bHLIX YaCTHI, CTAHOBHTCSI 3aMETHbIM, HOCST
HasBaHHe DeJSITHBHCTCKHX CKOpPOCTeH, H B HacTosllllee BpeMs
OHH JIOCTHLHYTBHI B KPYIHBIX MaciTabax B 1aGopaTopHOH mpakTHKe H B
HOBLIX TIPOMBILIINIEHHbIX annapaTaX. Tak, B siZepHBEIX peaKTopaX aTOM-
HBIX 3JeKTpocTaHnufl OnicTpble HeATPOHBI ABHKYTCS CO CKOPOCTSIMH,

2
IJ1s1 KOTOPBIX 1—;%:0,997, T. €. COKpalleHHe JJIHH HOpPAIKA

0,3%. J11s npoToHOB, yCKOpeHHBIX CHIIXpOdasoTpoHoM B F. Jly6na

“ v?
noj, Mocksoi, ]/ 1 —F & % . Jloa Jerkux 4acTHI — 37eKTPOHOB —

v? 1
MPH MEHBIIHX SHEPTHAX MOJYYaioT ]/1—5‘? A g5+ «CHIlbHO pedsl-

THBHCTCKHE» YaCTHUBEI MDPHXOILALHUX Ha 3eMs0 KOCMHUECKHX leqefr’l

-
02
HMEIOT ]/ l—cT =~ 1077 ¥ UX npoJoJbHEIE pa3Mephl COKpaUlaioTCs B

10 MunuoHOB pas.

Jns GBCTPO JeTAUMX 3apsHKEHHBIX YacTH nogobHOfl NpoaobHON
JehopManiH NoABepraeTcs U CONPOBOXKAAIOUIEE HX 3JeKTPOMarHHTHOE
none. Ha pue. 1.134 wnsobpaxeHsl JHHHM TOASL M IOCTOSIHHOTO

0=3,6-10% m foex o~p
Puc, 1.134.

noreHnuasa (¢ = const) sexTpuueckoro no.Isi «TOUEUHOTO» 3apsja,
KOrja OH HernoasH:keH (pHc. 1.134, a), ApHKeTess ¢ He CAHWKOM 6OJE-
ot cKopocTeio (puc. 1.134, 6) B co CKOpOCTHIO, OUeHb OnM3KOH K
ckopoctd csera (puc. 1.134, 6). Ecau B mepBoM caydae mose chepu-
YeCKH CHMMETPHYHO, TO B MOC/TeJHEM OHO NMPaKTHYECKH CXKHMAaercs B
«JIeTIeLIKY», NeprneHAHKyAsIPHYIO K HanpaBJ/eHHIo ABHKeHHs.

Sty nedopManHio 371eKTPOMATHHTHOTO [OJSI MOXKHO OOHApYXHUTh
Ha oneTe. «CHILHO PensITHBUCTCKAsSy dacTHHa OyleT B3auMOZeHCTBO-
BaTh C HemoJBUKHBIM NPOOHBIM 3apsIioM §°, MOMEllleHHEIM Ha ee MYyTH,
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JHUIb B TeUeHHE oYeHb KOPOTKOTO BpeMeHH, Korja wieneka» CHJIOBBIX
JHHHA npoxoauT yepes ¢'. OcHOBaHHbIN Ha 9THX NpeACTABJICHHUAX TOU-
HEIH pacuer siBeHHI H3JyUeHHs PeATHBHCTCKHMH YacTHUaMH PH HX
MPOXOXKIEHHH B BEUleCTBE MPUBOXUT K Pe3ysbTaTaM, XOpOlIo cOBHa-
JaIOMHM C ONLITOM. JTO fIBJASETCH NPSAMBIM 3KCNEpHMEeHTaNbHBM MOJ-
TBepKAEHHEM NPaBH/BHOCTH BbIBOJOB TEOPHH OTHOCHTENLHOCTH O CO-
KpalleHUH IJIHH NPH ABUKEHHH.

3. B Osuscywpelica cucmeme USMEHSEMCA X00 MeHeHUs BPEMEHLL.
Mycrs B HekoTopo#t TouKe X, nBHKyWefics cucremu O'X'Y'Z' npo-
H30IL/IH ABA MOC/EAOBATENbHbIX COGBITHS B MOMEHTHI BpeMeHH 1, H ;.
Ilns npocToTs GyxeM roBopuTh O MOKAa3aHHAX YacoB, NMOMELEHHBIX B

TOUKY X, H HemoJBHXKHEIX OTHocHTeslbHO S’. IlpoMexxyToK BpeMeHH
UexRy 3THMH cobuiTHsiMu B S’ paBeH

Aty=t,—1,. (27.4)

PaccmatpuBas 3TH coOhITHS B HHepUHANLHOA chcTeMe S, OTHOCH-
TeNbHO KOTOPOH Yachl ABHKYTCA €O CKOPOCTbio U, HEOOXONHMO Y4ecTh,
yto o6a coOpTHS 6yayT MPOUCXOZATH B Pa3/iHYHBIX TOYKAaX C HEKOTO-
PEIMH KOOPJAHMHATaMH X,y H X,,. [103TOMYy A NpoMexyTKa BpeMeHH
MeXJy 3THMH cobbitHaMH Af B cHereme S umeeM, coriacHo (26.12):

Af=t,—t =
2 1] . 2
bttt Lhtg t,—1 At, 27.5)

o v"— v = v ol
V-5 V-3 1/’—25 ]/I’Eﬂ‘
M3 (27.5) BuaHo, 4To B HeMOABHKHOA cHCcTEMe 3TH JiBa cOOBITHA GYAYT

pasfelieHbi TPOMEXYTKOM BpEMeHH B ]—/_—3——-—; GoabiinM. Crens

’

1Y

c?
M3 cucreMu S 3a JBHKYIIHMHCH OTHOCHTEJIbHO Hee YacaMy, MBI obHa-

1
PYMXHM, YTO 3TH YacH HAYT MelleHHee. Tak, NpH —m=——=
v
l/"”c’f

B TO BpeMfl KaK Hallll yachkl OTMeTSIT IPOMEXYTOK BpeMeHH B [0 MHH,,
GLICTPO ABHXKYIIHECS Yackl OTMETST BCEro JHLIb OZHY MHHYTY.

[pu GoabLIMX OTHOCHTEABHBIX CKODOCTSIX pa3idiHe B TEUCHHH
BpeMeHH MOXeT OHTb CKoJb yrojHo GoJbuiHM.

[peacraBum cebe 3Beany, HaXOAAMLYIOCH OT 3eMJTH HAa PACCTOHHH
1000 cBeToBHIX JIeT (T. €. Ha TaKOM PacCTOSIHHH, YTO CBET OF 3Be3JH JA0-
xopuT g0 3emmu 3a 1000 ner). [IpencraBum cebe, nanee, 4To yaamoch
peanHu30BaTh (haHTACTHUECKHH NPOEKT H OTIPaBHTb K 3BE3Jie paKery

o 2
€O CKOpOCTbio, OJH3KOH K CKOpPOCTH CBeTa, ]/1——:?=0,001.
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[o semubim wacam pakera 6yzer JdereTs K speafe 1000 ner. Ho aast
MaTepHaNbHOM! CHCTeMbl — PAKETHI H NYTEUIECTBCHHHKA B HeH — myTe-
IlecTBHE 3afiMeT Bcero ofMH TojA. EC/AH NMyTelleCTBEHHHK, 10/1ETeB 1O
3Be3/ibl, OBePHET K 3eM/le W MPOAOJIKHT CBOE MyTellleCTBHe ¢ TOH Xe
CKOPOCTHIO, TO OH NIOTPATHT Ha BO3BpalleHHe ellle OJHH TOJA, B TO BpEMs
kak Ha 3eMae npoiizeT eme 1000 ner. B pesysabrare, noctapes Ha ABa
roja, NyTellleCTBeHHHK BepHeTcs Ha Jemao yepes 2000 ser nocae oT-
npasJenus B nyTh. [loueMy B 1aHHOM cilyuae HapyluHJlach CHMMETPHSA
B Ipoueccax Ha pakere H Ha 3eMae?

3eMiist 33 BPeMs MyTellecTBHs OCTaBajaCb HHepUHanabHOR
CHCTeMOH, B TO BDeMsl KaK pakera €lo He Oblja: sl TOTO uyTObBl BEp-
HYTbCsl K 3eMile, ABHraBlIasca K 3B€34€ paKeTa AOMKHa Oblia HCHH-
TaTh yCcKOpeHHe. DT0 M YHHUTOXKHJIO paBHONpaBHE, KOTOpoe uMeerT
MeCTO JIHIUb /il HHepUHAJbHBIX CHCTEM. .

Pacuer noxaseiBaer, 4To npu moJjerax B npejeiax COJMHEYHOM CH-
CTeMbl PesISITHBHCTCKHE 3dxpeKTHl CKaKyTCS JIHIIL B BHJE MaJjbiX MO
npaBokK. Ho noner naxe x 6mxkafinieft ot Cosnua 3pesfe — o Llenras-
pa — yiKe HeoOXOXMMO PACCUMTHIBATD MO PENTHBHCTCKHM GOpMyTaM.
HelicTBUTeIbHO, MOJIET C BHIK/IOUEHHHIM JABHTaTeNeM (N0 MHEpIHH)
K 3T0il 3Be3fe jaxe npHu ckopoctd B 1000 km/cex norpebosan Obi
1365 ner. [lpu nmociostHHO paGoraiomleM Asuratene *), coobilaiouieM
Kopa6aio yckopenue 10 a/cex? (camoe OpHUBLIUHOE AJs1 3KHNAXKA),
K [eJId Ha NepBOil NOJOBHHE NYTH H OT uesH (TopMosdllee) Ha BTOPOH
HOJNOBHHe NyTH (CKOPOCTh OT/IETa, KaK H NpHJeTa,— HyJb), BPeMs
nyTemtecrsis Gyzer 3,6 roxa. Ilyreimectsue k a LleHTaBpa u o6paTHo
noTpebyer 7,2 rojia, B To BpeMs1 Kak Ha 3emuie npoiiner Gonee 10 jer.

[lyTtemectsue K ranaktuke AHgpomens! H ob6patHo norpebosano 6ul
IpH TOM e ycKopenuH 51,8 roza, a npu yckopenuu 30 u/cex® — Beero
18,66 roga — 310 mo coGCcTBeHHOMY BpeMmenu Kopabasi. Ho Ha 3eMae
npd oM npounto 6u 1,5 Muanuona Jer. Hanbaefllllee ysenHueHHe
paccTosiHHS MaJlo MeHsieT BpeMsl MyTellleCTBUSI, TaK KaK cpeiHasa 4acTb
MyTH NPOXOJHTCS CO CKOPOCTHIO, G/IM3KOIT K CKOPOCTH CBeTa, 33 BeChbMa
MaJjioe coGCcTBeHHOe BpeMsi Kopalis.

TakuM o6pasoM, pesIITHBHCTCKAsl KHHEMATHKa NO3BOJIsIET MyTelle-
CTBOBaTh B Gyayliee (HO He B npoloe!) U MOKa3bIBaeT, UTo HeT 00jacTH
BCeJIeHHOH, KOTOpast He AOCTYMHA MPSIMOMY OCBOEHHIO HeJOBEYECTBOM.
IpaBna, Te, KTO OTNpPABAT Mex3Be3nublii KopaG/b B NYTh, HHUETO He
y3HAIOT o ero oTkpuTHSAX. Ho uepes mMHoro ner 06 aToM y3HAIOT HX
HOTOMKH.

JKCNepHMeHTAJbHO H3MEHEHHe TeueHHs! BPEMeHH NPOBEepeHo Ha
GHICTPO pacmajaiolIMXCsl YacTHIAX, HampHMep P-Me30oHax, o0pasyio-
MHXCS B BEPXHHUX cj1oaX arMoctepn (cM. moppobuee ri. X1X, § 73).

*) KoHeTpyKuus Takoro AsuraTenss — Aelio GyAymero, 3iiech Mu ofCyiiaem
JAHIIL OPHHIHNHANRHYIO BOIMOXKHOCTL MEXK3BE3HEX NYTEIIECTBUH AJg UeN0BeKa,

7 T. A. 3ucman, O. M. Toaec, 7. ill
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Henonsxueifl 1-Me30H NpeBpamiaeTcst B ApyrHe 4acTHUb! (37eKTPOH
HJIH NO3HTPOH — B 3aBHCHMOCTH OT 3HaKa CBOEro 3/eKTpHYECKOro 3a-
paja — H 1Ba HEHTPHHO) B cpexHeM uepes 2,2[-1078 cex.

Ecnu 65 TedeHHe BpeMeHM B cHCTeMe OTCHeTa Me30Ha COBNAialo
¢ TeyeHHeM BpeMeHH B cHcTeMe 3eMJiH, TO JaxKe INPH CKOPOCTH CBETA
J-Me30H npoliles 65 NyTb:

§=3-108.2,21.10"% =663 #,

T. €. HUKorfa He cMor OBl HOCTHTHYTbL HHMKHHUX CJI0eB aTMocdepsl.

B neficTBHTENbHOCTH Ke N-Me30HB! HabJI0JAIoTCs HA YPOBHE MOpsA
H jaxe Ha GoJbinofl ry6rHe nox BoioH u B maxrax. [IpoHcxoaut ato
B CBSI3H C PeJIITHBHCTCKHM H3MEHEHHEM X0/ia BpeMeHH, 00y CJ0B/1EHHBIM
OrPOMHBIMH CKOpPOCTAMH Me30HOB. CeKyHIBI Mexay oOpa3oBaHHeM H
pacnajioM Me30HOB N0 3eMHALIM 4aCcaM OTBeyaloT CTOMHJIIHOHHEIM TOJAM
CeKYHJBI [l Me30HOB B CBSI3aHHBIX C HHMH CHCTEMAax OTCdeTa, T. e.
HX «coOCTBEHHOTO BpeMeHH».

4, PeNATHBHCTCKHHN 3aKOH CHNOXKEHHUHHA CKO-
pocTed. Ilycts B cucreMe orcueTa S’ MaTepHa/bHast ToYKa JBHU-
¥KeTcsl BHOJb OCH X' C NOCTOAHHON CKOPOCThIO U:

g‘,- =u. (27.6)
CucreMa S’ asuKeTcsl OTHOCHTE/ILHO CHCTeMBI S B TOM e HampasJe-
HHHM cO CKopocThio v. OnpelenuM, YeMy paBHa CKOPOCTb MaTepHallb-
HOH TOUKH W OTHOCHTENBHO CHCTeMH S, T. €. HeMy paBHO
=7. (27.7)
JIq1s1 yupolllenust BHIYHCIeRHA MBI TONOXKHIH, 4TO MpH £ == {'== 0 Mare-
pHanbHas TOUKAa HaXOJUTCS B Hauaje KOOpPAHHAT, NpHUeM x = x’'=0;
yaoOubifl BEIGOp Hauasn OTCYUeTa HE MeHseT CyTH Aena.
Vimeem cornacuo (26.12):

PR o P (27.8)

TMoxactasnas (27.8) B (27.7), moayuaem:

_ X _ x ot
t ;f'+:’T A
Jenaum duchauTenb W 3HaMeHaTenb Ha ('
p
. 7Tt
w=—z;-=——'q.
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xl
Ho, cornaco (27.6), - ecTb CKOpoCcTb # TOYKH B cucteme S,

Crano GbITb, HCKOMasi CKOpPOCTb TOUKH @ B CHCTeMe S Bulpaxkaercs
yepe3 CKOpOCTb « B cHcreMe S’ U OTHOCHTEbHYIO CKOPOCTb CHCTEM ¥
creiyomumM obpasom:

u-tv
w——'._...d

= (27.9)
145
Taxum o6pasoM, paBeHcTBO (27.9) BHpaxaeT coGol pelsiTHBHCT-
CKUH 3aKOH CJOXKEHHS OJMHAKOBO HANpaBJEHHLIX CKOpocTefi.

ITpu maneix ckopoctsix u<€c, v<€c UMeeM %’<1 i
w>u-+tv, (27.10)

T. €. PENSATHBHCTCKHI 3aKOH CJIOXKEHHS CKOPOCTER MepeXonuT B 00bi4-
neift, KaKk 3Toro # c/jAefoBaJJio 0XKHJaTh.

Ilycts pBuxymasics B S’ mMarepuajpHasg TOUKa eCTb YacTHILA
H3JyyeHHsI —GoToH, 06nafalomuil CKOpoCcTbio ¢BeTa: u = c. IloKa-
XKEM, UTO B cucTeMe oTcueta S (OTOH COXPAHHT TY KE CKOPOCTb
(T. €. 4TO wW=) ¥, CAeNOBATEJbHO, PENATHBHCTCKHI SaKOH ClIOXKe-
HHs CKopocTefl YZAOBJETBOpSET MNPHHLMNY MNOCTOAHCTBA CKOPOCTH
csera. IlopcraBnsas B (27.9) u=c, umeem:

v
c+v I+
e A T
cv 142
1 +02 T c
T. €. NpH U =2C BeJyUHHA W=, YTO U Tpe6GOBAJOCH 10Ka3aTh. [To«
KaxKeM jaJjee, 4TO OPH CJOXKEHHH IBYX CKOPOCTEH, Kaxuas H3 KOTO-
pbIX CKOJb YrOAHO GJH3Ka K CKOPOCTH CBeTa ¢, pe3y.JbTHpYyHInas
cKopocTh w OyJet Bcerga MeHbplUe c.
15 noKa3aTesheTBA COCTABHM Pa3HOCTb ¢ — @ H npeobpasyeM ee,
nonn3yscs (27.9):

—w=c—AEe ¢ - = cle—w) (e=p)
c—w=c 1+ﬂ_ca+uv[02+uv c(u+40))= R
2

U3 nonydeHHOro BhipaxkedHs BHJAHO, YTO OOKA 4 M ¥ MeHblIe UeM ¢,
3Ta pasHOCTL MOJIONKUTENbHA, T. €. w MeHble ¢. Crago OvTb, CKOPO-
CTH CBeTa Heb3sl JOCTHTHYTh INPH CJOXKEHHH CKopocTeHl, MEHBIUHX
CKOpOCTH ¢. BO3MOxKHAsi CKOPOCTb LOCTHTAeT CROEro MaKCHMAJbHOTO
SHa4YeHHs W = ¢, JHIb eC]AH U == C WJIH V== C.

U3 3THX BHIpaweHHH ClaexyeT, 4TO CKOPOCTb CBeTa ¢ SBJfAETCA
npefenbHOH OTHOCHTEIbHOR CKOPOCTBIO JBHIKEHHS, HEJOCTHRKHMOH
JJis 4acTHLU, BEIIECTBA,

7*
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Bce H3MoxkenHOE BBHIILE MOKA3LIBAeT, YTO 3AKOH6! PEASMUBUCIICKO U
MeXaQHUKU 8 npedeabHoM caytae maneix ckopocmell (v<Z.c) nepexodam
8 3aKoNeL Kaaccuveckold mexanuku. Knaccuueckast Mexauuka [annnen—
HeoTona Gblia ycTaHOB/IEHA ONBITHLIM RYTEM sl ABHYKEHHH Maxpo-
CKOMHMYECKHX Tesl CO CKOPOCTSIMHU, MaJIbIMH IO CPaBHEHHIO CO CKOPOCThIO
cBeTa ¢. B 9TUX npefleax ee 3aKOHbI OTPAXKAIOT 0OBEKTUBHEIE 3aKOHO-
MepHOCTH NPUPOZALI, H BCe HX CJIeACTBHSA C JOCTATOUHON /s NPAKTHKH
TOYHOCTSHIO NIOATBEPKAAIOTCH Ha ONBITE.

O npuMeHHIMOCTH 9THX 3aKOHOB B 60Jlee HPOKHX NMpejefaXx MOXKHO
CYAHTb JIMLIb Ha OCHOBaHUH ombiTa. [IpuBejenHble B HacTOsAel T1aBe
pe3yJIbTaThl [10Ka3bIBAIOT, YTO OMBIT OMPOBEPTaeT TAKYIO BO3MOXKHOCTD
B ciyyae GopmHX cKopocTedl. TeM CaMbIM KAGCCUHECKAR MEXAHUKA
He omeepeaemcs, O AULULb 02PAHUMUBAEMCA OnpedescHHOIMIL npedesamt
NPUMERUMOCTIU: CTyYasIMH, KOTAa OTHOCHTEJIbHEIE CKOPOCTH Tesl MHOTO
MeHbllle CKOpocTH cseTa. OHa BepHA Kak 4acTHbifl cayuait obuieit Mexa-
HUKH DHHIITellHa — caydall MaJbiX CKOpoCTeid.

§ 28. PeasTuBHCTCKAA Teopus HEKOTOPHIX ONTHUECKUX SBJCHMI

B § 24 paccmaTpHBANHCL HEKOTOPHIE ONTHYECKHe ABJEHHA B ABHKYIMXCA
cpellax, CBA3aHHblE ¢ HEMH NPoGAeMH «3HPHOTO BeTpas, H ORI NOCTABAEH BONPOC
0 NPHMEHUMOCTH MNPHHIKNA OTHOCHTENbHOCTH B onTuke. OnmT Malikenscona
(§ 25) moxTBepAMA crpaBeAJHBOCTh STOrC NPHHIHIZ, H MOXKHO, BO3BPATHBIIHCDH
Ha3aj K § 24, paccMOTpeTh, KaK TEOPUSA OTHOCHTENBHOCTH O06bACHSAET 5TH ABJSHHS.

Taxofi aHa/IH3 MOKa3bIBaeT, YTO 3Be3Has abeppauus K sddexrt Honaepa onpe-
ACASIOTCS TOMNLKO OTHOCHTEJNbHO R CKOPOCThIO HCTOUHHKA H HaGiofaTels.
Tlpusesem Gosee feraipHefi pacueT RAKHOrO AN NPAKTHUECKHX NPHIOKEHuH
spderra Honaepa.

Ilycts HCTOYHHMK MOHOXDOMATHUYECKHX BOJIH HaXOZHTCA B Hadalle KOOPAHHAT
cucteMsl S’ H IBHIKETCH BMeCTe C Heil €O CKOPOCTBIG U BAOJIb OCH ¥ OTHOCHTEBHO
CHCTEMH S, OTHOCUTENbHO KOTOPOH HeNOABHKEH HabmiogaTesb. B MOMeHT #'= =0,
KOorja OCH KOOPAHHAT O6EHX CHCTeM COBNAAAIOT, HCTOUHHK Hauyal KoJebatbes H
HCIYCKa'Th MOHOXpoMaTHYecKHEe BoJHH. KoneGanHsA sqeKTpHUYECKHX 3apafoB (mu-
noJjiefl) B MCTOUHHKE, B CHCTEME, B KOTODOfi OH HENOABHMEH, IPOHCXOAAT O CTPOTO
rapMOHHUECKOMY 3aKOHY

p=p,sinat’, (28.1)

[ ’ ’
Te ©,=27v, # v, — "HacToTa cOOCTBEHHHX KoJeGanuil HCcTOunHKA B cucrene 8.

HMcnymenusie HCTOYHHKOM 9JeKTPOMATHHTHHE BOJHEL (CReT), pacmpocTpaHd-
HCb BO BCE CTOPOHEI, JOHAYT AC HeKoTopo TOUKH ¢ aGemuccoll X' CHyCTs HeKoTopoe
r

1
BpeMa T = < ¥ KONe6aHUA 3eKTPOMArHHTHOrO MHodd B 3TOA TouKe SyayT
sanasauiBaTs N0 ¢ase;

4

E,H=Asin (o; (t'—1)=Asino, (t'—%—>=A sin¢’, (28.2)

PaccMoTpUNM cOGHTHe, COCTOflIEe B TOM, YTO B JaHHOR TOYKe NpPOCTPAHCTBA
£ B JaMHEIH MOMEHT BpeMEeHH COCTABJSIOIIUE NOJA PABHE HYJ0. DTOT daKT He 3a-
BHCHT OT TOrO, B Kaxoff cHCTeMe OTCueTa NPEACTABJCHE KOODAMHATH M BPeMs cO-
6urnst. CoGuTHe GyZleT 0CTaBAaTLCS HEH3MEHHHIM NPU nmpeobpasonanuax Jloperna.
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Ho papeHCTBO HYJIO NOJA IPA JaHALIX 3HaYeHASX KOODAMHAT U BPEMEHH Ompefe:
Asietca sHauennem Gasu @, OTCOAA cAenyeT, UTO Pasa ceemoeod e0anet Ocmaenca
HeuIMeH kol npu npeobpasvsanunx Jlopenya. Hannmem ypasHeHHe, BLIPAaKAIOMES
pasenctso $as sonnul (28 2) B cucremax S ® §’, nonaras, 4To NpPH nepexofe OF
S ¥ S’ MendTcH He TOMBKO KOOPDAMHATH, HO ¥ 9aCTOTA BOJHEL

x f, X

Yurtoisas {26 12), moxno naiita o. Moxctasass & (28 3) suayenns ¢ 8 x’, noay-
YHM:

t 1Jc
, X = 1 x—ul
=T Vicde < Vi—oe
m:(ﬂo =m0 =
X
— X t—x
c c
. x<1+i)
o ’(’+7>‘ :
= [ —1
v3 fm X
1—"?.2 c
v v
e , L+

=0, =uw, —_—
v v -2
V(-2 (+5) c

3HaKy npH OTHOCHTEAbLHOM CKODOCTH © B NAHHOM C/yuae COOTBETCTBYHT CONH-
WeHHIO HCTOUHKKa ¥ nabawaarens. Ecnu e oHn pacxonsrca, 1o 3HaK HpH U HAO
B3MeHHTb Ha o6paTHHIA, 1 OKOHYUATENLHO {Mepexons or ® K v) nMeem:

v
I+ vy
o — == 28 4)
0t
V-3
Ilpy v € ¢ MoxHO npeHe6peds KBAAPATHYHHIM 4JCHOM B 3HAMEHATENE, W

v:::v;(l—i-%). (28 4%)

V="V

YTO COBHAAAET € TOYHOCTHIO jo ofo3nauenuit ¢ popmynoi (24 8), sniBefcHnofl 3

aKyCTHAUECKOH aHallorMU M HcHonb3oBaBuieficd BesomonbckuM B  acTponoMa-

vecknx Habmionennsnx. [IpasnarHocts moanofl pensTHeHcTCKOR dopmyas (28.4),
2

M 14
yauThBawmen KpaJpaTHYHbC 9JAeHL TOPAAKA (-c—) . OblJ1a J0OKasaHa BecbMa

TouHnMH onumtams . Ajinca B 1938 r.

Wsmenenne gactoTnl GyfeT MablofaThest U B TouKe, ANA KOTOPOR MCTOYHUK
JABHXKETCS HNEPHeHJUKYJIAPHO K JY4Yy CpeTa. B stoMm cayuae H3MEHEHHd MacuTa-
Gor seT, H 3deKT oGycloBJEH USMEHEeHHEM CKOPOCTH TeueHHs BpeMenm. Pacuer
NoKa3LBaeT, 4YTo B 5TOM cJyuae

p2

v=v, l—5. (28.5)
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O10 ymeHblICHHe HabMIOZAEMON YaCTOTH HCTOYHHKA, ABHIKYILEroCH NMeplenfHKy-
JASPHO K Jydy cBeTa, 06yc/I0B/IEeHHOE H3MeHeHHeM TeUeHN BPeMeHH B ABHXKY Mefics
cHCTEMe, Takke GHAO NMOXTBEPKAeHo B onuTax Afipca.

3aKOHH PeISTHBHUCTCKOH KHHEMaTHKH OOBSCHAIOT H Pe3yJabTaTh onuToB OH-
80, KAa3aJi0Ch, YKA3HBABIWIAX HA YaCTHUHOE yBeJdHdeHue aupa semecreoM (§ 24).

B peficTBuTespHOCTH pe3yabraThl onbiToB PH30 ecTh NpOCTOE ClEACTBHE pens-
THBIICTCKOI'O 3aKOHa cJoXeRiud ckopocTell. CKOPOCTL CBETa B HEMOABHXKHOM cpefe
¢ nokasaTteJeM NPeJOMJEHHS /i paBHA

c
u=- (28.6)

Ecau ckopocTs mepememennst cpefpl (BoAw) paBlia v, TO LA Pe3yAbTHPYIOUEH
CKODOCTH, COT/IacHO DeJATHBHCTCKOMY 3aKOHY CJlOXKeHHH ckopocTeit (27.8), mo-
JdydaeM:

¢ n
v 4— |

W) = U+Zv= ::TCZ- 1C) . (28.7)
e M g

Boipaxenue (28.7) a1 w sB/isieTcs TOUHMM. Y UHTHBag KPafHIOW Ma/oCTh BEJH-

v
YHHH ?- B OnBlTax d’Pl30, €ro MOXHO YyNPOCTHTb U C TOYHOCTHIO A0 MaJIBIX C/jdrae-
2

v
MBIX TOpAKaA LE. NOJIOXHUTB:

wgf_(1+£‘i_i)=i+u(1—a’§), (28.8)

uTO COBMajnaer ¢ pesynasTaToM (24.10), nonyuennnm DH3o0.

§ 29. IdnemeHTH PeNsITHBHCTCKON AHHAMHKH.
JaabHeiiinee pa3BuTHE Teopuu

[IpHHUMO  OTHOCHTENBHOCTH — 3TO OPUHLHN, YTBEPKAAIOUIMA
€LUHCTBO 3aKOHOB NMpHpoasl BO Beeil Beenennoft. B uactHocTH,
OTCIOfIa CJAEAYeT, UYTO MaTeMarHiecKue HOpMYJHPOBKH (PHIHIECKUX
3aKOHOB HE 3aBUCAT OT ABHKeHHA HabMogaTens U JOKHEL UMETh OfUH
H TOT 1Ke B[ BO BCEX HHEPUHAJBHBIX CUCTEMaX. DTO OTHOCHTCS, KOHeU-
HO, U K 3JEKTPOJAUHAMUKE H K ONTHKe, a B MEXaHHKE JOMKHO OTHO-
CHTBCH HE TOJAbKO K KHHEMATHUECKUM, HO M JHHAMHYECKHM 3aKOHAM.

Ocnosuoit 3axoi aunaMuku HoioTona

d
m & =F, (29.1)

OJHAKO, HE YJIOBJIETBOPAET IPHHIHUIY OTHOCHTeNbHOCTH, [IpH nepexone
OT OHOH HHEPUUAIBHOH CHCTEMBI K APYTOft KOOPAMHATE U BpeMs mnpe-
obpasyiotcst B cooTseTcTBHII ¢ (26.12) u npu nocroancrse m u F
ypasHenue (29,1) nepecraer 6biTh cripaBeaauBLIM. JIMIUL P MablX
ckopoctsx (v<Z c) npeobpasosanns Jlopenna (26.12) B npegene nepe-
XoiAT B npeofpaszosannsa lannnes (23.6) n BTopoit sakon Hniorona
B opMe (29.1) craHoBUTCA OpAKTHYECKH TOYHBIM,
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YTo6hl yA0BAETBOPATL TPeGOBAHUAM NPHHIMNA OTHOCHTEJABLHOCTH,
PENSATHBHCTCKHE yPABHEHH A JHHAMHKHA JOJKHbL HMeTh Goslee COXKHBIH
BHJ M JIMILIL B DIpejene NpH ManablX CKOpPOCTAX NepexoinTs B (29.1).
He ocraHaBnuBasch Ha METOAAX HAXOXKAEHHA pelsTHBUCTCKHX ypas-
HEHHUH, yKaxeM TOJIBLKO, 4TO NpH Mepexoie H3 OJHOH HHepuHaNbHOH
CHCTEMEI B IPYTYIO AO/DKHBI COOTBETCTBYIOMWUM 00pa3oM npeo0pasoskl-
BaTbCH KOMIOHEHTHI BEKTOPA CHJBl H JOMNHA H3MEHATHLCH Macca.

HekoToprie OCHOBHBIE NON0XKEHHS H BHIBOJBL PeNATHBUCTCKON IHHA-
MHKH OPHBOJMAHCH B T. I, § 9 OpH paccMOTpEHHH CPaHHI NPUMEHH-
MOCTH KJaccuyeckoll Mexanuku, TloBropuM BKparie 3TH Pe3yJbTaThl
¢ HeGONLUIMMH JONOJHEHH AMH:

1. Macca ABHXKYLIErocs Tena #71 3aBHCHT OT €r0 CKOPOCTH U M MHHHU-
MajbHa B CHCTEME oTCYeTa, B KOTOPOH Teso NOKOHTCH (Macca NOKOs),
STa 3aBHCUMOCTR, HMelollas BHJ
my

V-5

m=

, (29.2)

i

6bliia BHepBble nonydeHa JIOpeHOM 115 31€KTPOHOB M IIPHIIHCHIBAIAC
MM BO3pAacTaHHIO Macchl (MHEPIHU) 3AEKTPOMATHUTHOIG QNS JBHXKY-
1erocs 3JAeKTpoHa. JAHIUTeHH noxasaJ, 410 (29.2)— coBepiieHHO YHH-
BepcasibHLIA 3aKOH, He 3aBHCAMMH OT YacTHHIX cBOHCTB HacTHIL,

2. CseroBble HacTHUBl — (OTOHB, O KOTODHIX HoapoOHee OyJeT
HATH peub B cAefyolUX IaBax, ABHKYTCH CO CKOPOCTBIO CBeI2 B Ny~
crore, v = ¢, IlpuMendas x goronaM (29.2), noayyaem:

My my

M= e == T, (29.3)
Vi-s

c2

Tax xak QOTOHLI HMEIOT KOHe4YHylo H, BooOOHIe TOBODPS, Pas3/JIHYHYIO
Maccy, TO CJefyerT CUHTaTh Maccy foKod (OToHA 71, TOMAECTBEHHO
pasHoli Hymo. Torga oTHOWIEHHE

MaTeMaTHYECKH sBJfeTcd HeONpeJeaeHHbIM H MOXKET NpPHHUMATh pas-
JUUHbIE 3HAYEHHS, KOTOPbIe ONpEJIe/IeHH Janee.
3. Yacrtuis BelllecTBa U CBETA MaTepHaJbHBE U 06aafaioT Maccoil.
OnHako MexAy HHMM MMEETCSl CyLleCTBEHHAs KauecTBeHHas pasHHUIA.
YacTHibl BelllecTBa HMEIOT «<Maccy NMOKOsi» H MOT'YT ABUraThCs C JIio-
OLIMH CKODOCTSIMH, BCErfa MEHBLINMH CKOPOCTH CBETa B NYCTOTE:

my*=0 u O<sv<c (29.5)

Yacrunpl cBeTa HE HMEIOT Macchl NOKOA H MOryT ABHUlATbCS TONBKO
CO CKOPOCTLIO CBETA:

mo=0 H U=¢(, (29-6)
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Ecan 6u oTon ABHrancs ¢ MeHblled CKOPOCTBIO U< ¢, TO, COTaaC-
Eo (29.2), ero macca

0
md,_—.————-:o

Uﬁ
1/ 1—G

ofpatuaack Obl B HY/b, T. €. TaKoll GoOTOH He MOr OHl CyIIleCcTBOBATS.
Tarkum o6pazoMm, (oTOH, He HMes MaccChl MOKOS M, HMeeT TOJLKO
Maccy ABMXKeHHs, H TO TOJbKO Korjia OH JBHIKercs CO CKOPOCTBIO C.

4 o
PaCHPOCTpaHEHI/Ie CBETa B Cpele COo CKOPOCTBIO U=-r—l- , MeHblIlleH

CKOPOCTH CBeTa B MYCTOTE ¢, HE 03HAYAET YMEHbIIEHHS CKOPOCTH ABH-
KeHHS caMuX ¢oToHoB. ['py6o 3TOT GakT MOXKHO TOJIKOBaTh TaK. Kax-
Ibifl OTHEeNBHEIH (OTOH JIETHT CO CKOPOCTBIO ¢, HO NPH BCTpeue C aTo-
MaMH cpezibl KaKk Obl NOTJIOMWAeTCs HMH *), a 3aTEM CHOBA HenycKaerced.
Baarojaps HaNHUYHIO TAaKHX COCTAHOBOK» Cp e X H I CKOPOCTh
cBeTa B Cpefe ¥ OKa3blBaeTcsl HHiKe CKOPOCTH ABHKEHHS (OTOHOB c.

4. Tlpu mornomennu artoMoM ¢oToH, obnafaiolluil maccodl my,
ncuesaer. OgHAKO APH 9TOM He NPOHCXONHT HCUE3HOBEHMS MACCHl, TAK
KaK Macca Bo36yXJEeHHOro aToMa BO3PAacTaeT POBHO HA Ty e CaMyio
BenuyHHy m,. IIpu oOpaTHOM H3/yueHHH CBeTa Macca BO3HHKIUEro
¢oTOHA B TOUHOCTH paBHA YMEHBINEHHIO Macchl H3/IyYHBHIErO aToMa.
3TOT fpHMep H LeJbld pAx APYTHX caAydaeB B3aHMHOrO IpeBpaileHus
MaTepHaJbHBIX YaCTHI, C KOTOPbIMH MBI MO3HAKOMUMCS B AaJbHeHUINX
rAasax Kypca, OKA3HBAET, YTO HE CYLIECTBYET HellpPOXOZHMOM rpa-
HHIbI MeXIy PasHBIMH ¢popMaMH MaTepuH. MarTepusi MOXKeT U3MEHSATh-
cf M NepeXojHTh M3 OfHUX dopM B xApyrHe. ITpu aTuX nponeccax yacts
HJIH BCSA Macca MOKOSL MOXKeT NMEPeXOAHTh B Maccy JIBHKeHHS H o6paTHO,
Oxnako nosHas Macca M BceX ydacTBYIOIIHX B STHX NpeBpalieHHUAX
MaTepHa/JbHEIX YacTHI OcTaercs NocTOsTHHOM ., JI/ist 3aMKHY TO# CHCTeMBI,
yepes rpaHHuB! KOTOPOH He NepPeXOAST UaCTHUB BelllecTBa MJIH CBeTa
H He oOMeHHBaiOmeHcs SHEPTHeH C OKPYKAIOIMHMM TellaMHu,

M = const. (29.7)

5. ®u3HuecKyo NPUPORY YBEJIMUEHHSI MACCEl €O CKOPOCTBIO MOKHO
o o v\2
NOHATH, €cJH paccMOTperb CAydal MaJbIX CKOPOCTeH. [Ipn (-c-) <1

*) VcTHHHOR NOIVIOMEHHE MOXET HMETh MeCTO TONLKO A%A (DOTOHOB HEKOTO-
pHix onpegeneHtux yactor (cM § 50—52), no Ha THX wacToTax Cpeia AaKTHBHO
nor/iomaeT H, clefoBaTelbH0, BoOGILE Henpospayna. B nanHoM clyuyae peus ujger
06 0co60M, ¢RUPTYa/LHOM» NOTVIOILEHHH — HCOYCKAHAHM, cHenadrIeckoM KBanTo-
BOMEXaHAUecKOM sherTe, ¢ KOTOPHM MOXKHO TO3HAKOMUTELA ¥ Kypcax KBaHTOROH
MeXaHHKH,
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dopMyny (29.2) MoxHO *) NpHOGNHKEHHO NPEACTABHTh TaK:

1
1 o? PR
mzmo(l—}-—z—c—a):mo-!————c—-mo—l- . (29.8)
TMonydenHoe BhIpaKeHHe HMeeT npocTofl busuyecKuit eMpica. Jobaska
K Macce NoKosi 06yc/IoB/IeHa KHHETHUECKOH sHepruedl Tena K M pasHa
3TOH KHHETHYECKOH 3HepruM, JNejeHHOM Ha KBaJApaT CKOPOCTH CBeTa.
Tot xe dpusnueckuft cMbica HMeeT 106aBKa K Macce B ciydae GonbmuX
cKopocTel, Korza npeo6pasobanne (29.2) K Buay (29.8) HEeBOSMOXKHO.
Ho xuHeTHuYecKas 3HeprHs B 3TOM C/y4ae BbIpaxaercss HHaue (CM.
Jganee popmyny (29.16)).

B cayuae cHCTeMH B3aHMOJefiCTBYIOMIMX YACTHIL CBOIO JNOJIO B Mac-
Cy Bceff CHCTeMbl BHOCHT He TONBKO KHHeTHUecKasl 3HeprHs YacTHI, HO
H [OTEHIHAJbHAS SHEePrHs WX B3aHMofefCTBHS. ,

O603HauUM KHHETHYECKYIO 3HepTHIO i-H YacTHUH CHCTEMBI Uepes
K;, a noreHnuanbHyio SHeprHi0 B3aHMOJeHcTBHA i-fi H k- — uepes
U,,. Toraa xuHetHueckas M NOTeHUMA/IbHAS SHEPTHS CHCTEMBI YaCTHIL

E pasna:
E= ZK +5 EZU,,, (29.9)
L&k

(mosoBMHKA NHepel BTOpofl cyMMoil yuHTBIBaeT, UTO KaxAas 3Heprus
B3auMoJleficTBUA MeKAy i-f W k-it qacTHIlelt MOABIAeTCS B Hell ABAKIH,
B Buze U, u Uy,).

O6o3Hayas Maccy NnoKos i-i yacTHUE Yepes m,;, NOayuuM Ajas Mac-
cel M Bcefl cHCTeMEI:

M=Zmo,+§.-. (29.10)
i

Ecau cucrema H301HUpOBaHa, TO €€ IMOoJIHafd Magca COXpaHseTcd:

M= g+ 5 = const. (29.11)
i

— 1 (12
*) Paanaras sesHunHy l/‘l 2 c? B PpAA MO CTENeHSIM

2 4

v v
Maznolt B&JAUIHHBL ah oT0paceBas wWieHH Tt Gosee BRICOKHKX CTeNenef, moay4nM

"— 1 v2 3 pt 1 v®
(1——) _—1+2c2+804+16d’+"'"“1+203'
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®opMyaa (29.11) ecTp 3aKOH cOXpaHEHHA MAcChl B TeOPHH OTHOCH-
TeJBHOCTH. ETo OTVIMYHe 0T KNacCHYecKOro 3aKOHA COXpaneHHs Macch!

E o
X mgy; = const COCTOMT B HAJHUHH Y/eHa —7» KOTOPEI# MOXeT GbITh KaK
I

HONOMKHTENBHBIM, TAK H OTPHILATENbHBIM. DHEPTUH CHCTEM, C KOTOPHIMH
NPHXOJHIOCE HMETh JeJ0 B PaMKaX KJIaCCHYECKOH MeXaHHKH, C/AHILIKOM
Masbl, YTOOB MOXKHO GBIIO 3aMeTHTh 06yc/IoBIelIHOe SHepTHelt H3MeHe-
Hue Macchl, MaMeHenHe sHepru# Ha | 3pe oTBeUaeT H3MEHEHHIO Macchl

1 1
Ha -, 107%° 2, JKOYJB «BeCHT» COOTBETCTBEHHO 7-10716 ke, Ho B

(msHKe dJIEMEHTAPHBIX YaCTHIL YUeT 3HEPTHH OUeHb cyllecTBeH B GaJa-
Hce MacCH. Taxk, noTeHUManbHas JHEPTHSA CBSI3H YacTHI[ B aTOMHOM
aape (U;;<<0) cronb sHauumTenbHa, 4TO Macca SAPa 3aMETHO MeHbIie
CYMMBl Macc BOWIMIHX B AP0 dacTHI {«iedeKT Macchin, cM. § 64).
DnexTpoH, ycKopeHun# fojem B 300 MaH. BOJBT, o6Jajaer, 3a c4eT
HaJNM4Msl KHHETHYeCKOH 5HeprHuH, Maccoft, Kotopas B 588,5 pas npesbl-
11a€T MaCCy NOKOs 3JeKTPOHaA.

Taxkum ofpa3oM, KiaccHyecKHM BaKOHOM COXpaHeHHs Macchl (Oea
yueTa HepPruH CHCTEMBI) MOXKHO NOJB30BAThCS JHLB B CAYYae MajabiX
sueprufi. Tak, KocMHueckasd pakeTa ¢ Maccoil NOKOS m,=1 TOHHA NpH
ckopoctd B 12 xm/cex umeer Maccy m=1 tonna +8-10"%¢, 1. €. 3a cuer
NOJYYeHHOH 3HEPTHH ee Macca BospacraeT MeHee yem ua 0,001 2 —
KJlaCcCHUeCcKasl MEXaHHKa 3/ech BIIOJIHE NpHUMEHHMA.

Ecan Boipaxenue A noaHoH Macesl cHeTeMbl (29.10) yMHOXKUTE HA
KBaJpaT CKOPOCTH CBeTa ¢, TO NOYyYHM peNsTHBHCTCKHH 3aKOH coXpa-
HeHHa aHepTHH W 3aMKHyTOft cHCTeMsI:

W = Mc*= 2 my,c?+ E = const, (29.12)

CnaraeMple m,c® HMeOT c/leAyOMHUH (USHUECKHH CMBICA, 31O —
cofeTBEHHAA SHEPrHA HJAH SHEpTHs INOKOS YacTHI, o0/ajaoliiux Mac-
caMu ;.

Co6crBeHHas aHEPrHsA coXpaHdercd (KaK H Macca NoKos) 3a Kax-
Joit uacTHIlell, IOKA OHA He npeBpallaeTcs B Apyrue yactuosl. Orciona
MOKHO CHIeJIaTh BEIBOJ O mpefiesiaX OPUMEHHMOCTH KJIaCcCHYECKOro sa-
KOHA COXpaHeHHH HHepTHHM 3aMKHYTOH CHCTEMBI:

1
i ixrk
Ecnu B paccMaTpiBaeMoil 3aMKHYTOM cicTeMe He NPOUCXOAHT Hpe-
BpAllleHH#l 3JeMEHTAPHHIX YacTHI, TO B CyMMe Emmc2 Bce YJIeHbl
i
ocTaioTcs 6e3 u3MeHeHHit 1 caMa CyMMa ocTaeTcs nocTosigHol. Ho Toraa

u3 (29.12) crenyer nocrosucTBo £, T. e. KnaccHueckuil 3aKOH coxpa-
Henus 3Hepruu (29.13), B obineM cayyae, KOrja B CHCTEME NPOHCXOLAT
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ApeBpallleHds 3JeMeHTapHbIX YacTHN, MOKHO MOJL30BATHCH JHUIb
PEJATHBHCTCKHM 3aKOHOM COXpPaHeHHs 3Hepruu (29.12).

OueHb cylIECTBEHHO TO 06CTOATENBCTRBO, YTO PE/IATHBUCTCKHE 3aKO0-
HH coxpaHenus Maccel (29.11) u sHeprun (29.12) He asasioTca He3aB I«
CHMBIMH: JI000M M3 HEX MOXKHO PaccMaTPHBATh KaK C/1e/ICTBHe APYTOro,
TAK KaK OHH CBA3aHLl COBEPUIEHHO YHHBEpCaJbHLIM OTHOLLEHHEM

W = Mc. (29.14)

Kaxnas n3 Mopudpukanui (29.11) nau (29.12) eaunoro sakona coxpa-
HEeHHs COJNepIKHT H Macchl M 2HEPrHH,

O6wee Bripaxenue (29.14) no3ponsier NErko BEIYHCIHTE BLIPAKEHHE
KHMHeTHUeCcKOH SHePruM yacTHIl, Maccy H MMNY/asc GOTOHOB.

Tax, nonnas sHeprus ABHKYIUeHCH yacTHubLl paBHa mc®, A

m= ___._ﬂ“__ .
2
V-5
CrnenoBaTenbHO, 3Ta 3HEPLHSA
m Z
W= . (29.15)

Tak Kak myc® ecTb coGCTBEHHAs JHEPTHS, TO JUIA ONpefeeHHs KHHE
tayeckoil sueprud K cnexyer us W BbidecTs myc?:

1
K =W —myc*=myc* [ —e=—=—1\. (29.16)
v
Q V-5
1o BhIpaxeHHe, BepHoe g NIOOLIX CKOpocTed, NepexojiuT B K/accH-
uecKoe NpH %< 1. Mcnone3oBas B (29.16) pa3/oxenne, NpUBEIEHHOD
B NpuUMedyaHuHu k crp. 185, Haxoaum

K= moe* (145 F—1) = my. (29.16a)

[pumenas (29.14) x ¢oTony, HMeeM, yuuThiBasg, 410 W, =hv:
hv = m,c?, (29.17)
OTKyJa Macca (OTOHa 1, PaBHa
My==rg e (29.18)
HMnynbe yacTHUH ecTh NpoM3BeleHHe Macchl Ha ckopocTh., Caenosa-
TeJbHO, 119 (POTOHA HMeeM:
h
T (29.19)



188 u, 1, ONTHKA [ra. viu

Cnenyer OTMETHTHL BCTpedaollHecs B JHTepaType HelnpaBUJIbHbE
TOJIKOBAHH#A PelsTHBHCTCKOIO 3aKOHA COXPaHEHHH 3HeplMH — Macchl.

Yacto MoKHO OBLIO BCTPETHTH YTBEPMKACHHS, YTO COrIACHO TEOPHH
OTHOCHTEJIBLHOCTH MMEeT MeCTO [IpeBpalleHHe MacChl B SHEPTHIO H SHEp-
rud B Maccy. OnH ommnboynsl. {edcTBHTeabHO, cornacho (29.11) u
(29.12), u Macca ¥ 3Heprusa 3aMKHYTOH CHCTEMBI coXpansioTes. Hro Ke
B JNeliCTBHTe/]bHOCTH MOXKET HMETh MecTo? I1pu npespamennsx aneMen-
T2PHBIX YaCTHL MOXKET YMEeHbLIATECH MJH YBEIHYHBATHCH CyMMa Mace
MOKOS YaCTHIL Zm(,,, a B COOTBETCTBHH C 3THM YBe/JHUUBATHCH WJIM

T

YMEHBIIATECH CYMMa KHHETHUECKOH M NoTeHIHaAbHOR 3HEePriH OCTalb-
HbIX JaCTHIL CUCTEMBI.

PensiTHBHCTCKH 32KOH B3aMMOCBA3H SHePTUH M Macchl (29.14)
nposepeH Ha OFPOMHOM ONBITHOM MaTepHaJse (bU3HKA Anpa H 2jeMeH-
TapHbIX 4acTHU). OH MoxeT ObITb NONOMKEH B KauecTBE HCXOJHOTO
focTyJlaTa B OCHOBY YAaCTHOFO NMPHHIHIA OTHOCHTEIBHOCTH (BMeECTe C
HPHHIUAOM 3KBHBAJEHTHOCTH BCEX HHEPIHAJbHHIX CHCTEM OTCYeTa)
L3aMeH MocTysaTa (TaKiKe B3ATOrO M3 QNBITA) O MOCTOSHCTBE CKOPOCTH
cBeTta. B 3aToM cayuae NOCTOSHCTBO CKOPOCTH cBeTa Oy 6T NONyUYEHO H3
TEOPHH KAK OJHA H3 TeOpeM, CJAEeNYIOmHX M3 YKasaHHBIX HCXOAHBIX
NOCTYJIATOB TEOPHH.

6. Cornacuo HbpioToHy, NpOCTPAHCTBO €CTH NYCTOE BMECTH/IHIIE
ccex ren. CBoficTBa npocTpaHCTBA onpenensioTes reoMerpueli EBkiangaa
H He 3aBHCAT OT JABMIKEHHS MaTepHa/bHLIX Tel. BpeMs Teuer MOHOTOH-
HO H OJMHAKOBO JJIst BCEX Tes APHPOABL H He 3aBHCHT HH OT 5THX TeJ
(OT HX NBHKEHH$), HU OT NPOCTPAHCTBA.

JuanektuuecKuit MaTepHasusM onpefensieT OPOCTPAHCTBO U BpeMs
Kak (OpMEI CyillecTBOBAaHHS MaTepHH.

OueBHAHO, YTO HBIOTOHOBCKHE OMpeie/eHU A IPOCTPAHCTBA U BpeMe-
H+ NPOTHBOpEYAT 3TOMY OnpelieeH 1o, TaK KaK MPOCTPaHCTBO U BpeMs
OKashIBAIOTCS OTOPBAHHLIMH OT MaTepHH H He 3aBHCAT OT ee cBOHCTB
H OT ee JABHIKEHHS.

B uacTHOM NpHHIMIIE OTHOCHTE/NBHOCTH CJielaH nepsslfi War K npa-
BHJIHOMY NMOHHUMAHHIO NPOCTPAHCTBA M BPEMEHH. ¥ CTaHOBJEHA 3aBH-
CHMOCTB NIPOCTPaHCTBEHHHIX OTHOLUEHHI, a TAK:Ke PasMepoB Ted OT HX
OTHOCHTEJKbHOI'O JiBHikeHHf. To Ke OTHOCHTCA H KO BpeMeHH —
HalileHa CBA3h MEKAY CKOPOCTBIO T€UeHHS BPEMEHH B PasHbIX MarTe-
PHAJBHBIX CHCTEMZX, OTHOCHTEJIbHAS AJHTENBHOCTL IPOMEKYTKAE Bpe-
MeHH MeXAy COCBLITHSMH B 3aBUCHMOCTH OT OTHOCHTEJILHOIO IBHIKEHHH
3THX CHCTeM. YCTaHOBJEHA B3aHMOCBA3b MNPOCTP aH-
CTBa H BPEeMEHH.

YTBepKAeH npHHUMI OTHOCHTENbHOCTH — PaBHONpABHE BCeX
MHEPIHAJLHBIX CHCTEM B [IpHPOJE, HHBIMH CIOBAMH, €IHHCTBO 38KOHOB
NPUPOJLI BO BCEX MatepHajbHBIX CHCTeMaX (HHepIHaJ/ibHBIX), BO Beell
Bceenennoit.
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KnueMarnueckve M IHHaMHYeCKHe BLIBOAB M3 4acTHOIO ApHHIKHOA
OTHOCHTE/IBHOCTH NI03BO/IH/H OODBSACHUTS 1IeNBIH PAX 3aKOHOMEpHOCTeH,
HE HAXOIMBILHX paHee 00BbsACHEHNA, H NPeACKas3aad pAj APYTHX, HeHs-
MeHHO MOJTBEpPIKJABUINXCS ONBITOM. HecMoTps Ha OFpOMHHIE pocT
of/iacTH HcceA0OBaHMH, oXBaueHHBIX M3HKOH 3a BpeMs, mnpollefuiee
¢ MOMeITa CO3JJaHH s YacTHOTO NPHHUKNA OTHOCHTRIBHOCTH, 0 CHX NOP
He M3BECTHO HU OJHOTO (paKTa, KOTOPHLIH MPOTHBOpEUH. Obl eMy.

YnoMsiHeM ellie, UTO ApUMEHEHHE TeOPHH OTHOCHTEbHOCTH K KBaH-
TOBOR TEOPHH N03B0AHN0 00bACH!IT (6e3 BCAKHX 100aBOYHBIX ApeRo-
JIOXKeHHH!) Ha/THUKHe COGCTBEHHOTO (CMHHOBOIO) MeXaHHueckoro v mar-
HHTHOTO MOMEHTOB 3JE€KTPOHA M NPHBEJO K BO3MOKHOCTH BHUYHCIHTE
TEOpeTUYeCKH YHC/IeHHbIe 3HAUEHHS STHX BEJIHMUHH, NPHUEM [OJydeH-
HBElE Pe3yNbTaThl COBMAJH C ONLITHBIMH C BBICOKOH CTeMeHbIO TOYHOCTH.
To e OTHOCHTCA KCTHHOBBIM M@ X a HH Y e C K H M MOMeHTaM Bcex
JPYTHX 2JeMeHTapHLIX 4acTHIL.

PensiTUBHCTCKHE YpaBHEHHA KBaHTOBOH MeXaHHKH MO3BOJHJIH
00BACHHTD CYILECTBOBAHHE AHTHUACTHH (AHTHIJIEKTPOHA, HA3BAHHOrO
NO3HTPOHOM, AHTHMPOTOHA, AHTHHEHTPOHA), MX cBoficTBa, Npouecchl
06pasoBaHMs H YHHUTOXKEHHs (QHHHMTHJALHMM) dacTim (cM. § 72).

TeopHs OTHOCHTENBLHOCTH He OrpaHHYHBaeTCd ONHHM &4aCTHLIM
OpHHUHAOM», Ga3HPYIOMMMCS HA PAcCMOTPEHHH HHepHHAJBHEIX CH-
creM. Diinmrefin ofpaulaer BHEMaHHe Ha TO, UTO AIBJIEHHA B MaTepHa/lb-
HOl cHCTeMe, HCHBIThIBAOLLeH OCTOSTHHOE ycKOpeHHe, GynyT npoHCcXo-
ANTHh TaK Ke, Kak ecau Obl cHcTeMa HaXOQHMJACh B fIOCTOSHHOM MOJe
tarotenns. PaboTel B 2TOM HanlpaB/eHHM 3aBEpINAOTCA CO3gaHHeM
o6itell TeoOpHH OTHOCHTEJbHOCTH, BKOTOPOH NpPHH-
A0 OTHOCHTENLHOCTH PaclpocTpaHsercss Ha Jiobse yCKOpPeHHble CH-
creMbl. BmecTe ¢ TeM 0611as TeOpHA OTHOCHTENBHOCTH COAEPXKHT T € O-
pPHIO TATOTEeHH . B atoil TeopHH, B YACTHOCTH, NOKa3aHA TOK-
JECTBEHHOCTbh MacC MHEpTHOH H FpaBHTALMOHHON (X0 3TOr0 PaBEeHCTBO
Macc HHEpTHOM M rpaBHTalHOHHOH He OBUIO OOBACHEHO M, MOATBEpK-
JlaeMoe MHOTHMH H3MepeHH MM, pacCMaTpHBAJIOCh KaK NPUATHRIA Clop-
npus). B ofuieil TeopHH OTHOCHTENIBHOCTH ycTaHABAUBARTCS ellie Gonee
rny6okas, yeM B YaCTHOM MpPHHILKNe, CBA3b MEXKAY MatepHel u fpo-
CTPaHCTBOM — BpEMeHeM.

SfinmiTefiH ycTaHaBJAHBaET, YTO NPOCTPAHCTBO SIBJIAETCS EBKJIHJIO-
BbIM JIHIIb OPH OTCYTCTBHH MacC, APHBONSIIMX K MOSBJEHHIO mOJA
tArorenus. Hanwuue Macc npHBOJHT K H3MeHEHMIO NPOCTPAHCTBA H
BpemenH. IlpocTpaHCTBO CTAaHOBHTCHA HEeBK/WAOBLIM, npHoGperaer
KpuBu3Hy. JIBHKeHHe TeJ MO HHEpPUHHM B TAKOM MPOCTPAHCTBE yXKe
NPOUCXOAUT HE NO NPAMBIM, KaK B mnpocTpaHcTse EBknupa *), a no

*) Hns Toro utoGH mpefcTasuTh cefe 5To, PACCMOTPHM HNBYXMEpHOE Npo-
CTPAHCTBO HE IVIOCKOE, a € KPHBU3HOM, HanpHMEp MOBEpXHOCTh chepul B Takom
MpocTpaHCTBE (T. €. HA MOBEPXHOCTH ChepH) ABAKEHUE MO MHEPUHH NPOUCXOLHT
He 7o npAMoil, a no Ayre GonbLUIOrO Kpyra.
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HEKOTOPHIM KpHBHIM. OTK/NOHeHHe OT (PAMOJHHEHHOTO JBUMKEHHA
(oBycnoBeHHOE KPHBH3HOH ApPOCTPAHCTBA, BHI3BAHHOH HAJHYHEM
Macc) TpakTyercs Kak JelcTBHe moJjs TATOTEHHS (3THX Macc). Takum
06pa3oM, IBHKEHHE B NOJIe TArOTEHHS He ecTb COOCTBEHHO JBHIKEHHe
noj feficTBHEM CHJI, 4 ABUIKEHHE [10 HHEPIMH B IPOCTPAHCTBE ¢ KPHBH3-
noil, o6ycjoBIeHHON HaIHYHEM TATOTEIOMUX Macc, OTKYAAa H CIeRyeT,
4TO Macca HHepTHas H eCTh Macca MPaBHTAIHOHHAS H HX COBMajicHHE»
He cayuaiino. B obaacty AefictBAs Mace (10 00bIYHOH TePMHHONOMHHE —
B [10Jie THATOTEHHUS) MeHAeTcs M CKOPOCTb TeueHHs BpeMenn. Uem
Gosblie moJje TATOTEHHsI, TeM MeLJjeHHee TeueT BPEMs.

Huepuunansiasa cucreMa ecTh moHsiTHe aGcrpakTHoe. JIioGbie Tena
OpUpOAR HAXOAATCA NOZ JNEHCTBUEM CHJI, T. €. He SABJIAIOTCA HHep-
IIHAJBHBIMH CHCTeMaMH orcuera. [He cyliectByer Tes1, KOTOphle He Ha-
XOAHJHCh OBl B mone TAroreHHs. PacnpocrpaHeHHe npHHIMOA OTHO-
CHTEJIBHOCTH, T. €. YCTAHOBJICHHE eIHACTBA 3aKOHOB MPHPOAB! BO Beel
Bceenennolt, 1nst mo6blX peanbHBIX, T. €, HAXOAAMHXCS B HOJ€E TATOTe-
HHA H YCKOPEHHBIX TeJ, SBJSETCS BeJHUAHIIMM JCCTHIKEHHEM TeOpHH
Dftnmrefina. CToNb Xe BaXKHLIM ABJASETCA YCTaHOBJICHHE OpPraHuyuecKof
CBA3H MEXJy OCHOBHOH XapaKTepHCTHKOH MaTepHa/NbHBIX TeJ — HX
Maccol — H CBOHCTBAMH NPOCTPAaHCTBA U BpeMEHH, JTO OIPOMHBIH 1ar
BIEpEeJ [0 CPABHEHHIO C HbIOTOHOBBIMH NPENCTABJEHUAMH, B KOTOPHIX
NpPOCTPAHCTBO, BPpeMsi H MarepHsa MeTagu3HUeCcKH pa3posHeHbl H CBOH-
CTB2 MaTePHH He CKa3biBAIOTCHA Ha CBOHCTBAX NPOCTPAHCTBA H BpeMeHH.

KakoBul 3KcnepHMeHTasbHble OBOocHOBaHHS oOllell TeOpDHH OTHO-
CHTEJIBHOCTH?

OnbiTHBIE KENJIEPOBH 3aKOHbLI JBHMKEHHS [JIaHET JIer/IH B OCHOBY
[IbIOTOHOBA 3aKOHA BCEMHPHOro TaroreHus. COrnacHo 9TUM 3aKOHAM,
NJAHEeTH ABUKYTCS IO 3JJIHNCAM, B OHOM M3 JOKYCOB KOTOPOTO HaXo-
autes Conune. OfHako ellle B NPOMJIOM BeKe OBl1a yCTaHOBJIEHA OCO-
GenHocTh B nBHxeHun Onmkanmedi k ConHny miaHeTsl MepkypHus.
Nepurenunit (Gauxkafimas K CoaHny TOUKa opOuTH) MepKypHs He Hero-
IBHKeH, HO HoBopauuBaercs Ha 43" 3a 100 jeT *). 3T0 ABJEHHE He
HaXOAHJIO YJAOBJETBOPHTENBHOFO OOBSCHEHHS.

Pacuer op6utel Mepkypus no dopmynaMm obuiefi TEOpHM OTHOCH-
TeNbHOCTH Jan (6e3 BCAKHX AONOJHHTENBHBIX NPEeANoJoXKeHuH!) ans
nosopora nepurenuns 43" sa croserne. ns BeHepsbl cMellleHue mepure-
aug cocraBaser 8" sa cro jer, ans 6onee panexux or Condna niaHer
CMeIIeHHe TaK MaJlo, 4To JIEKHUT 33 fpeAe/IaMH JOCTHTHYTOA TOUHOCTH
HabawoieHui,

Y u3 3aKOHOB HBIOTOHOBOH MeXaHHMKH H H3 0Olel TEOPHH OTHOCH-
TEJIBHOCTH CJeAyeT OTKJOHEHHe jyyeli cBeTa B rnoje TaAroteHus. Ho
OTKJIOHEHHe, TpejcKashiBaeMoe ofmed TeopHed OTHOCHTETBHOCTH,

¥} Hmeercs B Bugy ocofennocts XABHMKeHHT Mepkypus, He cBoAnMan K H3-
BECTHRIM paHee NPUYHHAM — BO3MYLEHHMAM CO CTOPOHBI APYrHX MAaHET,



§ 29] 9NEMEHTH PENATHBUCTCKON NMHAMHKH 191

poBHO BBoe Go/blie HbIOTOHOBCKOro, HabaropeHns, npousBeneHHbIE
Haj 3Be3JlaMH, CBET KOTOpHIX NpPOXoiuT BGnusm noBepxHocTH ConHna
(TaknHe HaO/MIOfeHHs YyJAaeTcsd NPOBOAMTH JHIUL B MOMEHTBHI HOJHBIX
COJIHEUHBIX 3aTMEHHH), TOATBepPAUJH IPAaBHIALHOCTL NpelcKasaHHs
SitHiurefina.

CornacHo ofmieff TeOpHUH OTHOCHTELHOCTH, BpeMsi B MOLIHBIX
noNAX TArOTEHHMS (T. e. 3aMETHO HEeeBKJMAOBOM MpPOCTPAHCTBE) Teuer
MezsleliHee, DTO SHAYHT, UTO MENJIEHHee [BHIKYTCS 3JEKTPOHBI B aTo-
MaX, MeHbMle YacTOTBl HCHYCKaeMOrO H3JyUeHHs: BeCb CIHEKTp CMe-
maeTcs B KPACHYIO CTOPOHY (SHHIUTEHHOBCKOE «KPacHOE TpaBUTAILHOH-
HOe CMellleHHe»). 3Be3Npl, NOJy4YHBIIHE Ha3BaHHe OesblX KapPJHKOB,
o6/afaioT cpefHeli NJIOTHOCTbIO BELIECTBA JO HECKOJBKHX TOHH Ha
1 cu®, T. e. NNOTHOCTBLIO, B MUJIJIHOHBL Pa3 NIPEBOCXOASIIEN MJIOTHOCTh
ofpiuHelx Tes. Ob6aanas Maccod nopanka macest Cosuna, OHH 1O pas-
mepam 6au3ku K 3emne. Ha noBepxnocTH OGesibix Kap/HKOB yCKOpe-
HHe CHJBl THAMXKECTH B MUMIHOHBI pa3 Ooablue, HeM Ha NOBEPXHOCTH
3eman. Jins MX CHEKTPOB KpacHoe T[PaBHTAlHOHHOE CMelleHHe He
TONLKO OOHADYHKEHO, HO XOPOLIO H3MEPHMO, HAXORHTCA B HOJHOM
COOTBETCTBHH C TeopHeH M CJAYMKHT cefiyac ONHMM H3 cnoco0oB ofipe-
JesieHHs1 MacC TAKHUX 3Be3l.

Jo cux mnop He H3BeCTHO HH OfHOr0O (aKTa, KOTOPHIA NPOTHBO-
peuns Ont ofIIeH TEOPHH OTHOCHTEILHOCTH.

YacTHelll NpHHIULO HrpaetT OrPOMHYIO po/b B COBpeMeHHOU (u3HKe.
¥YpoBnerBopenne ero ycaoBHHA —o0g3arespHblii KPUTEPHH OPaBHIb-
HOCTH PaccMarpHBaeMBIX NOJIOXKEHHH.

O6masa Teopusi OTHOCHTEILHOCTH NpHBAEKaeT K cefe B HANIH JAHH
Bece Gonblouit uHTepec. [lpoBefeHHble ¢ ee TNOMOWLIO TeOpeTHUeCKHe
HCC/IeOBAHHS T0KA3a/H, 4TOo GOJbIIHE MAacChl BellecTBa MOTYT OTZAa-
BarTh 3a cueT PaGOTH I'PaBHTANNOHHEIX CHA B JECATKH pa3 OOJbIIYIO
IHEpTHIO, YeM 3a cyeT TepMOSMAEpPHHIX peakuud. He uckiroueHo, uro
HMEHHO TAaKOB MeXaHH3M OTHAaYH W3JydYeHHs THUTAHTCKOH MOILHOCTH
OTKPBITEIX B 1963 r. KocmHHUecKHX OODEKTOB «CBepx3Be3fy HJH (KBa-
3apOB», CBETHMOCTL KOTOPHIX HA JB& NOPSAAKA BHIlle CBETHMOCTH Ta-
JIAKTHK.

Ecth oOCHOBaHHS JyMaTb, 4TO 0Omas TEOPHS OTHOCHTEILHOCTH
OyneT wWrpars BEIyULyi0 pOlb H B OyAymied TEOPHH MHKPOYACTHIL.



FTABA IX
TENJIOBOE H3MYYEHME

§ 30. Hcoyckanue u nornomenue ceera. Tennosoe H3nydeHue

Ecnu Ha KaKoe-aub0 Teso najaer noTox uanyuenus P, (puc. 1.135),

TO 4acThb noToKa P, <P, orpaxaerca or NOBEPXHOCTH Te.na 00paTHO:
OT rAaAKo# noaepxaocm 3epKa/bHO, a OT MaroBod — judpy2HO BO
Bce cTopoHbl. [IpH He canmkoM GosblION TOMIIMHE Tena yacTh NaAaio-
ero CBera NPoUJieT HACKBO3bL M 33 TeloM GyJler HabGaoaaThes MOTOK
n3nyqeﬂnﬂ D pox <P, HaKoner, yacTb noToKa, NpoHHKAaIOLLErO B TJIO,
OyheT noraowaTthest YacTHIAMH

NOCTENHET0 H NpeBpamaTthed B
JIpyTHe (OPMbI 3HEPrHH, B KOHed-
HOM cyere —8 Terio. O6o3Ha-
Yast 3Ty 4acTo yepes D, ., MOXK-
HO cocraBHTh oOmMH OajaHc
\\ SHepTruu:
\\ Pren 2 Dy =D, Oy + Dypox- (30.1)

Pasnenus ofe yactu 3T0T0 paBeH-
cTtBa Ha Py, noayuum:

Puc. 1 135. °“’+ “°”+ Do . (30.2)

©
bespasmepHoe orHOUIEHHE p = q;’“’ HA3bIBAETCS JYyUeOoTPAKATONb-
0

HOH WJIM POCTO OTpaaTeNbHOH CHOCOGHOCTHIO Tena (Koa(pHIUeHT

O o

orpaxenHs). OTHoIeHHe ¢ =—!‘&’%‘ HA3BIBACTCS JIYYENOr0MaTe AbHOM
0

i)
cnocobHOCThIO Tesa. Hakownen, orsomenne D= &‘)P"* MOXKHO Ha-

3BaTh JIyuenponyckatesbHOl CIHOCOOHOCTBIO Tea. Coracko (30.2),
STH TPH KO3(xpHIHeHTa CBA3aHB MEXAY co0O0H COOTHOMIEHHEM

1=p+a+D. (30.8)
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Beanuuka D, XapakTepusyiouas npo3pauHoCTb TeJa, 3aBHCHT OT
toamusubl nocaennero. Ilpu mocraTounolt TonmuHe m060e TEJO MpaKe
TUYECKH Henpospauuo (cM. § 21). BoabluHCcTBO TBepabIX Tenn Henpo-
3pauHO yiKe NPHU CPABHHTENBHO Heboubliof TonlMHe. B atoM caydae
MOXHO CYHTaTh, yT0 D = Q0 H

=p--a. (30.4)

OrpaxaTtennHas cocoGHOCTb P TAKOro TeAa 3aBHCHT OT ero crpoe-
HHs M COCTOSIHHSI M OT XapaKTepa oOpaboTKH NOBepXHOCTH (rnajkas
K MatoBas). M3 ypashenus casu (30.4) caenyer, 4To Jy4Yenorso-
mareJbHas cnocofHOCTb Te/la @ OZHO3HAUHO CBA3AHA C P H onpexensd-
ercsl TeMu Ke aKToOpaMH.

Ecnn wactora xonebauufl najaiouieft 31eKTPOMAarHUTHOH BOJIHBL v
coBIlafaer ¢ OJHOH H3 cOGCTBEHHBIX YacTOT KouebaHNH 3JeKTPHUECKHX
3apsJI0B, COCTABASIOMMUX TeJIO V,, TO HACTYIHT PE3OHAIIC U aMIVIHTYjAa
KoJsieGanui 5THX 3apsAoB CHJIbHO BozpacTeT. C yBelHUeHHEeM aMITUTY-
abl KoneGanuil Bo3pacTaet BepOsTHOCT Nepexofa X 3HePruH B Tero-
BYIO DU cToNKHOBeHHAX. [TosToMy B obnacTH, 6/H3KOH K Pe30HaHCy,
yBeAHUHBaeTCd KoabpUIHEHT OOLEMHOrO IOrJIOUWEeHHs
M TaKHe BOJIHH TPOHHKAIOT B TEIO Ha OYeHb MaJayio rayGuuy (§ 21).

C npyro#i cTopoHbl, yBeJIHUeHHe aMIJUTYAB NPHBOANT K yCHJEH-
HOMY H3/Iy4eHHI0 KONeGIoImHMHCS 3ap A aMH 3JIeKTPOMArHHTHEIX BOJH
TOHl JKe YacToThl BO BCE CTOPOHH H, B WAaCTHOCTH, B HANPABJIEHHAX,
NPOTHBONONOXKHBIX PacHPOCTpaHEeHNio najawiied Boausl. [loaToMy B
pe3oHaHCHOH 06JacTH yBeJHYHBaeTcH KO3(M(QUUHEHT OTpAXKEeHHs p H
MOJIHOE NOTVIOIEHNE TOBEPXHOCTRIO Tea, T. €. JyYeforaouaTebHas
cnoco0HOCTE @, MO X EeT CHH X aThc a. Tak, npu oTpameHus
3/IeKTPpOMArHUTHHX BOJH, 00JaAalouiiX HelpephIBHLIM CIIEKTPOM, OT
NOBEPXHOCTH KaKoro-1uf0 HOHHOTO KpHCTajsna HpeHMYIIecTBeHHO
OTPAKAIOTCS BOJHHL Pe30HAHCHLIX yactor. [Ip# MHOrokpaTHOM OTpa-
HEHHUH OT OJHOTO H TOrO e KPHCTa/l/a BHIXOAAMME AyYOK COAEpKHT
NpaKTHUeCKH TOABKO 3TH YacTOTH (OCTATOUHbIE JYUH).

[IpuBenenusiit npuMep nOKasblBaeT (H3HUECKOE PasjHuHe MeXay
06beMubIM K03(xpHITHEHTOM NorJIoueHd 1 K M TyyenorsaoliareabHol cno-
coGHOCThIO NOBEPXHOCTH Teqa a. KpoMe Toro, us Hero BHIHO, 4YTO JAyue-
forJouaTenbHas cnocoGHOCTh Teja 3aBHCHT OT HacTOTH v Majalolle-

Cc
TO H3JYUeHHs H/H OT ero AJHMHBI BOJHB A = — - O003HaYHM yepes a,,r

JIyYeNor/IoMaTe bHy0 CIOCOGHOCTD Teqla i H3JAyUeHHS JNAHHOH Aj1H-
HbHI BOJIHBL A mpu Temnepatype T, XapakrtepHusyioulefl cocTognue Tela.
OrpaxaTtenbyyo cnocoOHOCTE Tea NpH ToH Ke TeMnepaType M Ajd
TOH 3Ke JJIUHBI BOJAHBL 0603HAUUM COOTBETCTBEHHO yepes Py, 7. Toraa co-
orHomenue (30.4) MoxXHO mepenucaTh B BHJe:

o r=1—a, (30.5)
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3aBHCHMOCTD &, H PA,7 OT AMTHHBL BOJTHEL A 00yc/I0BIHBaeT OKPACKY
ocBemaeMulXx Tes1, Kak ykaseiBasoch B § 22, ecsm kKakoe-muGo Teno
HHTEHCHBHO TOIJIOWIAET BCe Najailiie Ha HEro JIyud, KpoMe, HampH-
Mep, 3e/eHBIX (A, =500 HaM), TO NpH OCBEUlEHMH ero GelbIM CBETOM
OHO GyJeT OTpaxKaTh TOJNbKO 3€/1eHble JNYUH, T. €. HMETb 3€/1€HYyI0 OK-
packy. Cieflyer OTMETHTE, 4TO NPH OCBEIIEHHH TAKOro TejJa MOHOXpo-
MATHUECKHM, HO He 3eJI€HBIM CBETOM, TAKOe TeJ0 HHUEro He oTpaxKaer
H GyJeT OpeicTaBAsTLCS NPOCTO UEPHBIM.

Teno, Kotopoe abcOJMIOTHO HE MOrJoWaJo Obl H3/NydyeHHE H IOJ-
HOCTBIO OTpakKaJo BCe Majaiouiie Ha HEro JNy4u

a4, =0 o p, =1 (30.6)

flaspiBaercd ab6coJTHO 6enmM TedaoMmM HabmogaeMuit
[IBET TAKOTO TeNa HOJHOCTHIO ONpEefENseTcs CIeKTPadbHBIM COCTABOM
OCBelIAOUIEr0 ero U3JjIyuyeHud,

Teso, MOJHOCTHIO NOTVIONIAKIIEE BCe Majamollee Ha HETo Hasyye-
HHe, Ha3bBaeTcd a 6CONKWTHO YepPHBM TedoM Hng ab-
GOJIIOTHO 4epHOTO Tena

@, ;=1 u p, 1=0. (30.7)

[Tpn ocBelleHHH TAKOro Teja NOCTOPOHHHM HCTOYHHKOM CBETAa OHO
ne Gyjaer HHUEro OTpaXKaTh M HpexcTaBUTCA HAM depHbIM. Hampumep,
JUIst CasKy B BHAUMOH obnacT ay, r 20,99, uto H 06yc0BAUBACT HepHHIH
uper nocsaepHefi. Bce Xe caxy Henb3d cuuTath abCOIOTHO UYEPHBIM
TesoM BooOlle, TaK Kak B HHpakpacHofl o6nacTy crieKTpa ee noraoia-
TejbHAs1 CNOCOOHOCTL YMEHBILIACTCS.

Teso, norjomarenbHas cnoco6HOCTh KOTOPOTO MeHbIle eqMHHIIE,
HO OJHMHAKOBa AJd BceX JJHH BOJIH:

a,, p=const < 1, (30.8)

HA3BIBAETCI CEPHIM TéeJ oM.

Hapsay ¢ oTpameHHeM U NOIVOMEHHeM Hajafoliero Ha HUX H3ayye-
HHS BCE Tesla CaMH crocoGHB HCIYCKATh 3/IeKTPOMarHHTHbIE BOJHBl —
ceTuTbes. TIpHUHHBI TAKOrO cBeueHHs MBorooGpasuul. Kycok caxapa
c1a60 CBETHTCA NMpH pacKajnBaHUu. I1pH pacuechiBaHHH BOJOC B TeM-
HOH KoMHarte HabmoaaioTcs cBeralMecs HCKOpKH. [as B pa3psannoi
Tpy6Ke CBETHTCS IIPH HPOXOKIEHHH 3/IeKTPHUeCKOro TOKa. CreKisH-
Had crenka 5Tofl TpYGKH HMCIycKaeT 3e/eHOe cBeueHHe MOoJ NeficTBHEM
yAapoB 31eKTpoHOoB. Kycouek docpopa, OKHCASIOMMACA HA BO3AYXE,
CBETHTCS BCJEICTBHE NPOTEKalollell XHMUuecKol peakKlWH H T. 1. Bcee
3TH c/1y4aH CBeYeHHs TeJ NPH PA3/IHYHOM BHEIIHeM BO3JEHCTBHH Mbi
o0benuHseM o oOmUM Ha3BaHHeM JIOMHUHECI e H I H H.

B oTixude OT siBJeHHH JIOMHHECHEHIHUH, céedeHue mes npi ux
HO2pesaru HOsbIBAemca MEMNEPANY PHIM LA MENI0BLIM USAYHeHUEM.
B artoM cinyuae 3Heprus BHYTPEHHHX XaOTHYECKHX TelJIOBBLIX ABHKe-
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uuii yactun Tena (npu T >>0° K) HenpepbslBHO NEPeXOiHT B 2Hepruio
HCIYCKAaeMOT0 3JIEKTPOMarHHTHOrO H3nyueHHs. B HacTosmel riase Mol
pPacCMOTPHM 3aKOHHI 3TOrO TENJIOBOTO H3Jy4YeHHH.

OcHOBHO¥ KOJHYeCTBEHHOH XapaKTepHCTHKOH TeI0BOTO H3Jjyue-
HHS Tesia ABASETCA efoN yyeHcnycKaTtedbHadg cnocoo6-
HOCTb ey T. € Nyd4ucTas 3HePTUSA, HCIycKaeMasl eMHHIeH NOBepX-
HOCTH TeJla 3a €AHHHIY BpEMeHH (Ipe/cm®-cex Man Oxc/m*- cex=ém/m®)
HpH TemmepaType Tena T. Dra SHEPrHs YHOCHTCHA C BJIEKTPOMATHHT-
HBIMH BosJHAaMH pasianuHofi anuHbl (0 <CA<Coo0) M 19 U3NYYEHUS
HefecoobpasHto MNOJNHYKW JAYy4YeHCNYCKaTENbHYIO
cnoco6HOCTHL Tela €, pPacuNeHUTb HA COCTABHBIE YacTH
10 OTHOIIEHHUIO K PA3JHYHBIM JJIHHAM BOJI.

Dueprus 3/1eKTPOMArHHTHBIX BOJH ¢ ANHHOH BOJHBI OT A 0 A-t-dA,
HCycKaeMas eJHHHIeH MOBepXHOCTH M3Jyyaloulero Tela 32 eJHHHLY
BpeMeHH, NPONOPLHOHANbHA BeJHUHHE BBIJIEJIEHHOIO MHTEpBana JJIHH
BOJIH:

de;= e, o dh. (30.9)

KosdupunHeHT NpPONOPIHOHANBHOCTH €3, 7 €CTh JyUYeHcHycKaTeabHas
cnocoGHOCTh Tena NpH JaHHOA temneparype T W AAA NaHHOH JJUHB
BOJIHBI A, H HMEET pa3MepHOCTh 8m/ mE- mw=8m/u® (T. e. paccunTEIBaeTCA
HA eJUHHUIY HHTEpBasa JJHH BOMH dA=1).

IMonnas nyyencnyckaTenbHas CNOCOOHOCTh TeNla €, CKaAbiBaeTcs

H3 3/eMeHTapHbIX deg, T. €.
A=
er= {de,= | ¢, an, (30.10)
A=o
The HHTEerpan pacnpocTpaHeH Ha Bech GecKOHEUHBIM MHTepBaJ BCEBO3-
MOMHBEIX JJIHH BOJH.

TlpuMepsblil BHA cleKTpadbHON XapakTepUCTHKH TEIJIOBOTO H3Jy-
yeHusd e;, r NpH HeKoTopoii Temneparype T naoOpaxkeH Ha puc. 1.136.
3amrpHxoBaHHas HAKPECT OJOCKA HMEeT oAb e, r dh M Ipeicras-
Jjsier co6oll sHeprHuio de,, H3Iy4aeMylo B JaHHOM HHTEPBaJe JJIHH BOJIH
dh. [losHas JayuencnyckaTenbHas CHOCOGHOCTL e, H3o6paxaeTcd Ha
puc. 1.136 Bcell 3amTpHXOBaHHOH NAOMAAbIO.

C poctoM TeMneparypsl yBeJHYHBAeTCS HHTEHCHBHOCTB TelJIOBOTO
JIBHKEHHs YacTHI| Tejla U BO3pacTaeT SHeprus, MaJjgydyaeMmas TeJoM ¢
3/7eKTpOMarHuTHEIME BonHaMH JwoObiXx A. [lostomy mpm T'>T Bea
CIeKTPalbHAS XapaKTepHCTHKA TelJIOBOro H3JyYeHHMd NONHHMaeTcd,
Kak 3T0 M300paxkeHo Ha pHc, 1.136 nynktapoM, Bospacraer npH 3TOM
I NJ0omajxb NOjJ KPHBOH &, ,, T. €. NOJHAs Jy4YeHCcHycKartelbHas
cnocobHOCTB Tena e,. Ilpu abcosmorHoM Hyle TeMaepatypul (T=0°K)
TeNJIOBoe ABHMKEHHE OTCYTCTBYET H

31,0—:—-0: (30.11)
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T. e, TeJl0 He MOKET Jasiee YMeHbIIATh CBOefl 3HEPTHH U efQ TenjoBoe
H3JIyUeHHe Rnpexpalllaercs.

Kaxnoe Teno npu pamnoll teMmepartype Xapakrepuasyercs cBoOefi
KPHBOH JyueHcnycKaTelbHOH CNOCOGHOCTH B  PasAWuHLIX YacTAX
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CeKTPa &, ; M CBOHM 3HAUEHHUEM MOJHOH (WJIH HHTErpajbHOM) Jyde-
HclycKaTesbHOM cnoco6HocTH e,. Kak ykasbiBanocs B § 22, KuAKOCTH
M TBepAble TeJa JAIOT CMNJOUIHOH CIEKTP HCMYCKAaHHs, aHAJOTHUHO
usobpaxenHoMy Ha puc. 1.136, a HarpeTble rasel u napsl HCIyCKaOT
JuHeAuaThie U mOJocaThie CreKTpHL.

§ 31. 3akon Kupxroda. Hsnyuenne alconoTHo HepHoro Tena

[Ip# TensoBOM M3Ny4eHHH SHEpPrHs TENJOBOTO ABHMKEHMA B Tese
nepexofuT B 3HEPTHI0 MCMNycKaeMbiX 3J1eKTPOMArHHTHHIX BOJH. [Ipu
NOTJIOIIEHHH CBeTa MPOHCXORUT oOpaTHEIH nponecc nepexofa Jay4ucTol
3HepTHH B TENJOBYIO 3HEPTUIO Tea. B 06ouX cilyyasx B3aHMHEIE npe-
BpalleHHs TernJIoBOH W Ny4YHCTOH SHEPrHH NPOTEKAIOT Yepe3 NpoMexy-
TOUHYIO CTaJHI0 KoneGaHus 3JeKTPHYeCKHX 3apajoB B Tene. [lostomy
JlyueHcIryCKaTesibHas U Jdydenor/omare/btas cnocodHocTH Tena obyc-
JIOBJIEHEI OJIHFMH H TeMH e JeTalsIMH ero CTPOeHHS H TECHO CBA3aHH
Ipyr ¢ apyroM. Jlas ycraHOB/IeHHS 9TOH CBA3H [IPUMEHHMBI TePMOJH-
HaMH4YeCcKHE MeTOIbl HCC/IeIOBaHHA.

TpeacTasum cefe MPOHSBOJBHOE TeNO B BHAE GeckoHeunofl OfHO-
ponHoit naactuuel 1 (puc. 1.137). PacnonoxuM napa/nensHO eMy Ta-
KyIO e IJIAaCTHHY 2, Bhipe3saHHyio H3 abcosieTHO uepHoro Tena. Ilpu
AaHHOH TeMnepatype T HeuepHoe Te0 XapaKTepH3yeTcs OnpeneseH-
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HOH JAyYencllycKaTeJbHOH COCOGHOCTBIO €, H COOTBETCTBEHHO IOJIHOH
Jy4enor/ouarteabHOil CnocoGHOCTRIO 7. 15 a6cOMIOTHO uepHoro Tea
a=1, & ero JyueucnyckareqbHyi0 CHOCOGHOCTB, B OTJIHYHeE OT BCeX
ApyruX Tesi, 0003HayuM Gosbluol GyKsoit E .

Ecau B npoctpancTse Mexay miactuxamu I 4 2 co3gate a6eosior-
HBIH BAKYYM, TO OHH 6y AyT 0OMEHHBATHCS SHEpPTHeH TONLKO ¢ OMOLLIO
usnyyenus. [Ipu TakoM 4HCTO AyYHCTOM Temdao-
obMeHe o0a Te/la uepes HEKOTOPOE BPeMSI IPHAYT
B TEPMOJHHAMHMUECKOe PaBHOBECHe H HX TeMie-
patypul cpaBHsAOTCH. B panbHelimeM mydHcras
SHepTHsl, HenyckaeMas KaK7apIM TeloM, NOJIKHA
B TOUHOCTH PaBHATHCH dHEPTHM, IMOTJIONAeMOi
UM 3a TO e BpeMs. Eciu OB NpH OAMHAKOBHIX
TeMrnepaTypax Tesq HCOYCKaHHE He PaBHS/IOCh
NOrJIOMEHHIO, TO OJHO M3 3THX Tes Hadajao G6bl
Harpeearthbcsi, a JAPyroe -— ocTelBaTh. B aToM
ciyyae NOTOK Telia mnepexogui Obl oT Go-
Jee XologHoro Tena K Gosee ropsuemy. Kak
Ml BHFenn B T. I, § 36, Takofi mpomecc
CBSI3aH C YMeHbIUEHUeM B3SHTPONHH CHCTEMB H Puc 1137
CaMOMPOH3BO/ILHO MNPOUCXOAHTE HE MOKeT.

3aMeTHM, YTO HaJMUHe MeXAy [JIaCTHHAMH a3 MOMKET 3a cueT
TeflJIONPOBORHOCTH YCKOPHTH JOCTHIKEHHE PaBHOBECHOTO COCTOSIHHUS,
HO HHKAK He CKAaXeTcs Ha OKOHuaTeldbHOM paBHOBecHH. Temmeparypa
rasa B KOHIE NIpPOllecca CTaHerT paBHOH TeMmnepatype oOeHX MNJ1AacCTHH
H ero HaJHuYHe HHKaK He H3MEHHT yCJOBUIl TenjoBoro GanaHca.

Coctasum npu paBHoBecud (T,=T,=T) Ganauc Nyyucroit anep-
THH JUIS KaxJofl M3 nnacTuH. B cuny nojHolt cMMMeTpHM HX pacnosio-
KEeHHUS! MOXKHO AAA yNpOUeHHS BBIK/JIAJOK CYMTATh, UYTO KaXKAasA eAH-
HHI2 NJIOLANM OJHOH H3 [IJIaCTHH HAXOAMTCH B PaBHOBECHH C Paciofo-
EeHHOW HenocpeACcTBEHHO NPOTHB Hee eNHHHYHOH NJIOUmaJKoH BTOpOH
OJIACTHHEIL.

JI/if HeuepHO! MIacTHHBHI NMOTOK JYYHCTOH 3HepTHH, HchycKaeMOR
eJMHHIEH NJOMAAH 32 €NMHHIY BPeMEHH, paBeH e, 3a To 1Ke BpeMs
Ha 3Ty IJIOWAZKY Najaer JyuyHcTas 3Heprug E,, UcnylleHHas eAHH-
ne#l niomanu abcoMmoOTHO uepHoro Tena. M3 atoft BenHuuHLl, OxHAKO,
JHILbL Jons @, E, norsomaercs HeuepHOH maacTHHOH [/, a ocTalbHad
yactb (1—ap)}E, orpaxaerca o6partro. CnenosaTenbHo,

ey=a,Er. (31.1)

Epunnna niomaan a6comoTHo 4epHO miacTHHBI 2 McmyCKaer 3a
eAMHHIy BpeMeHH. HOTOK Jy4HcTod sHeprum E,. 3a 3T0 e BpeMs Ha
9Ty NJOMAAKY CO CTOPOHEI HedepHO! MJIACTHHBI NPHXOAUT U3JTyYeHHASN
HocaeJHell 9HEPrHs e, H OTpaxenHas oT Hee sHeprus (1—a,)E,. Bes
3Ta NPHINERIAS SHEPTHsA NOJHOCTHIO HOTIoMAeTcsl a6COMOTHO YEPHBIM
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TesoM (@=1) u, ciexoBaTe/]bHO,
E,=e;+(1—ay)E, (31.2)

Mz obonx ypasuesuit (31.1) u (31.2) BriTeKaer oxHo U TO XKe COOT-
HOLIeHHe: .
e
ETF=TE=ET' (31.3)
OrHowenre NoJHOH JydeHcnyckaTeabHOH crnocoGHOCTH A0 60T 0
TeJla K €ro Jy4eor/ollaTeabHO# cIocOOHOCTH NPH JaHHOH TeMneparty-
pe ecTb BeJIHYMHA NOCTOAHHAS, paBHAS JyueHclyCKaTeIbHOH croco6-
HOCTH abCoJ/II0THO UepPHOTO Teja OpM ToH ke caMol TeMuepartype.
3710 cooTHOlIeHHe Obij0 TeopeTHdecKH BhiBeneHo B 1860 r. Kupx-
rodoM H npeKpacHo NOATBEPAUIOCE HA onbiTe. EC/H NOMecTHTE MeX Iy
paccMaTpHBaeMBIMH IJIACTHHAMH CBeTOMHABTP, NPONyCKaoWuH JHlb
Y3KHfl yYacTOK IVIHH BOJH dA M MOJHOCTHIO OTpaikKaiowHii Bce 0CTab-
HEIE, TO MO}KHO TOUHO TaKHM Xe myTeM [0Ka3aTh COPaBeJIHBOCTE 3 a-
Kona Kupxroda He TOAbKO JIS HHTerpajibHBIX BeJTHUHH, HO
H A8 AH(depeHUHANbHAIX, T. €, YCTAHOBHTb COOTHOIUEHHE
et Enr

A N (31.4)

Omroulerte Aydeucnyckamensroll u no2A0LaMeAbHot cnocobrocu
015 robocx mea npu odunaxosold ux memnepamype T u 048 00HOd 1 moi
oce DAuHbL B0AMbL N 00UHAK0BO u He 3asucum om npupodel 3MUx mea.
Jmo omHowerue ABAsemcs yHusepcaabHotl ByHKyuel OAuHbL 80AHbL U
memnepamypo. 4 pAsHo AYHEUCRYCKaMeapHotl cnocobHocmu abCoAMHO
yeprozo meaa E,, ;.

IMockonbeky 4715 a6colIOTHO YepHOTo Teja ¢ =1, a Aas ApPyTHX Ten
%,z <1, To u3 (31.4) BmTeKaeT BecbMa BaxHOe yTBepxiaeHue. Many-
uenne, KOTOpOe TeNO CUJbHEee MOrJOoMlaeT, CH/IbHEE H HCAyCKaeTcsd.
Ilpn naHHOH TeMuepaTtype

&, 1=, 7By, 1 <<E,, 1o (31.5)

T. €. TenJoBoe HajyueHHe abCOJIOTHO UEPHOIO Tela BO BceX 4YacTax
CIeKTpa HHTEnCcHBHee, YeM AJisi HeYepHOro Te/a, HArPeToro 1o Toi ke
caMofl TeMfepaTyphL.

BosbMeMm Genyio ¢gapdopoByo TapeiKky H HaHeceM Ha Hee KaKoH-
Jau6O y30p, 3aUepPHHUB OT/eJbHBIE YHaCTKH €e NoBepXHOoCTH caxeli. [1pu
KOMHATIION TeMmepatype COOCTBEHHOE TENJIOBOE M3JyYeHUe TapeskH
Gyner npexeGpexkuMo cnalboiM. HUTobbt BHAETE 3TY Tapeaky, HaM MpH-
JeTCS OCBETHTb €€ CBETOM OT KaKOro-Ju60 NOCTOPOHHETO ropsyero He-
TOYHHKa cBerta (psexTpuueckas Jamnouka, Connne), Torxa nokpeiteie
caxefl yuacTkH OyayT CH/AbHEe BCero NorjollaTte Majaomui CBET, H
Mbl YBHIUM uepnHifi y3op Ha 6enoM gone (puc. 1.138, a).
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HarpeeMm a3ty Tapeaxy o teMoepatypsi~1000° C u nepenecem ee
B TeMHYI0 KOMHATy, IOKa OHA HE OCThiNa. B OTCcyTCTBHE NOCTOPOHHHX
HCTOYHHUKOB CBET2 MBI YBHIMM COOCTBEHHOE TeNJIOBOE H3JyueHUe Ta-
penxu. Torma, mo saxony KHpxroda, sauepHeHHbie yyacTKH OyxyT
CH/ILHEe BCEro H3aydaTb, H Mul
yBHIAUM sIpKu#l cBeTalMiACsa y3op
na Gonee TycKJOM (oHE OCTaJb-
Hoft yact# Tapenku (puc. 1.138,6). “7)
[pu nawnoit Temneparype T
a6CoIOTHO YepHOe TeJIO SABJISeTCs
Haubosee CHJBHBIM H3JyyaTesieM
pa gwobofl gjMHe BOJHLI H CYM- Puc, 1.138.
mapHo. Jlas npoBepKH  3TOrO
YTBEPKAEHHS M IKCIEPHMEHTANbHOIO HCC/IENOBAHHS YHHBEPCA/b-
noit gyukuun E, ; B. A. MuxenbcoH NpeloKHJ BECEMA NPOCTYIO
M OCTPOYMHYIO MOZenb abconmoTho 4epHoro Tena. Takoii Mojenbio
ABjsercd MaJleHbKoe OTBEpCTHe B CTEHKe [0JOCTH, CAeNaHHOH Hu3
alo6oro Matepuana (puc. 1.139). Jlyy, najarommuit n3asHe Ha OTBED-
CTHe, nOHaAeT BHYTPb NOJOCTH H, NMpexje ueM Bhifith o6paTHO HApy-
Ky, HCIBITAT MHOTOKpATHOE OTPaXeHHE OT CTeHOK. M3 uero Obl HH
GbIIM CAeNaHbl BHYTPEHHHE CTEHKH NOJIOCTH, NPH KaXJAOM OTPaKeHHH
Ayua Beersa Gyzer NPOUCXONUTh YaCTHUHOE NOT/IOIEHIIE €r0 SHEPTHH.
[MostoMy nociie MHOTOKPaTHOTOG OT-
paxeHuss HHTEHCHBHOCTb BBIXOJM-
mero ofpatdo Jay4a Oyjer NpakTH-
yecKH paBHa Hy/0. TakuMm o6pasom,
. 3r00TBepCTHe OyieT NpaKTH-
UecKHM IIOJHOCTBIO NOIMOIATh Bee
najalouie Ha Hero Ny4H H B J1 -
eTcsd abCOMIOTHO YEPHBIM
TEJOM.
! 3T0 OTBEpCTHE MOXKET U3/YyYaTh.
Ecnau MBI HarpeeM CTeHKH IIOJIOCTH
% IO HekoTopoH TteMmepatypnl T, TO
OHH Ha4yHYyT HCOYCKaTh 3JEeKTpo-
Puc. 1.139. MarHUTHOE H3jlyyeHHe. JT10 Hs/Iyye-
HHe OyJeT pacnpocTPaHATbCA BHYT-
PH [OMOCTH, YaCTHYHO OTPamKasch OT CTEHOK, YAaCTHYHO NOIJOIASACH
nocaeiHuMH. B pesynbTaTte BHYTpH HOMOCTH yCTAHOBHTCS PaBHOBECHE
MeXAy HCOYCKaHHeM M NOTJIOUEHHEM, M OHa 3afOJHHTCS 3JIeKTpo-
MarHHTHBLIMU BOTHAMH DASHOH AJIHHBI, NONSIPH3ALHY H MHTEHCHBHOCTH,
Xa0THYECKH JBHXYIIHMHCH BO BCE CTOPOHBI.
CBojicTBa 3TOrO0 paBHOBeCHOTO H3/yueHHsT OyAyT pasobpaubl
nogpoGHee B cnefyiomleM maparpade. 34ech e OTMETHM, YTO, BHI-
X0As 4epe3 Majioe OTBEPCTHe, OHO OyjeT ONPCAe/NATh CEKTPaJbHYIO

NN
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XapaKTePHCTHKY NOCJNENHEro, T. €. JIyYeHCIIyCKaTeJbHYIO CIocoG-
Hocts E, ;. aTOro 2a6cOomoOTHO YepHOro TeNa.

CKOHCTPYHpPOBaB OMHCAHHYIO Bblllie MOJe/b, MOXKHO H3MEpHTb U3-
Jy4yenue, BHIXOJsIIEe U3 OTBePCTHS B nosoctd. Hanpasass ato usny-
yeHHe Ha YYBCTBUTE/NBHBIH TePMO3/IeMEHT UK GOJIOMETp, MOXKHO H3Me-
pHTHL HHTErpajibHOe H3j1yueHHe E,. Pasnaras npeapapuTesnsHo, C IO-
MOMIBIO NPH3MbI HIH JHOPAKOMOHHOH pelleTKH, 3TO H3JydYeHHe B
criektp (puc. 1.140), MoxHO feTajbHee H3YUHTh CIEKTPAJBHEIA COCTaB
TEN/I0BOr0 H3/1y4yeHHsl U HaHTH Ha onuTe ¢yHKuHo E, ;.

N

Puc. 1.140,

Conocrasnenue 3THX TeOPETHYECKHX BBHIBOOB C pe3yabTaTaMH nps-
MbIX UgMepeHHHl N103BOIIO, KaK Mbl YBHANM B CJefyiolleM naparpade,
MPOM3BECTH JeTa/IbHYIO IPOBEPKY 3aKOHOB PacnpOCTPaHeHHS CBeTa H
B3aUMozeficTBHA ero ¢ BemectsoM. [IpH aTOM BHisicHHJACH Denwli pAz
HOBHIX, PaHee He H3BECTHBIX HAM CBOHCTB CBeTa.

HacroarenbHas Heo6XOZMMOCTh TEOPeTHUYECKOrO H SKclepHMeH-
TanbHOrO M3yueHHss ¢yukuuu E, , BHIBHrasace H NOTPeGHOCTAMH
npakTaku, B 1872 r. A, H. JIoABITHH CKOHCTPYHpOBaJ JaMIly HaKaJu-
BAHHA B CTeKNAHHOM 6ajilioHe C yroJbHBIM cTepxeHbKoM. B 1876 r.
I1. H. A610ukos usobpes cBoo AyroByio Jsamny. B 1894 r. A. H. Jlo-
ARICMH TONYYM/I NaTeHT HA JIaMNy HaKaJMBAaHHA C BOJb}pPaMOBOH
uHTBI0. IlHpoKoe TpUMeHeH e STHX Tell/IOBBIX HCTOYHHKOB CBETa H pas-
BHTHE CIOEKTPaNbHOrO aHalH3a noTpeCoBaiM OT (PMSHKOB CO3JAHHS
[IpPaBUJBHLIX PacYeTHHIX (GOPMyJI H yKa3aHHUN IPAaBHJBHBIX H Hepcek-
THBHBIX NyTell pasBUTHA OCBeTHTENHHOH TeXHHKH.

§ 32. Pasnosecnoe uaayuyeune. dopmyna Ilnanka u ee caeacreus

PaccMOTpHM 3aMKHYTYIO NOMOCTh BHYTPH TBEpPJAOro Tesa, HarpeTo-
ro 1o Hekotopoll Temnepartypst T. CTeHKH nojioctd OyRyT H3jaydaTs,
OTpamaTh ¥ NOrJOWATh 3JCKTPOMAarHHTHLIE BOJIHBEL, H B pesyJbraTe,
KakK OTMeuajiock B § 31, BHYTPH NOJOCTH YCTaHOBHTCA BHOJHE Onpe-
JeJIeHHOe P a BH O B € C H O € H3JyueHHe. JT0 H3JIydeHHe GyJer Xa-
paKTepH30BaThes cpeaHell 06beMHOM NIOTHOCTBIO aHepriu w(T") dxe/m®
U OTpeNe/eHHbIM CHeKTpasibHbBIM CocTaBoM. CpefHsisl nJI0THOCTh 3HEp-
THH 3/1eKTPOMATHHTHHIX BOJIH B HHTepBase oT A fo A--dA Gyner upo-
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NOPUHOHAJbHA 3TOMY HHTEpBaJy
dw=w(A, T)dA, (32.1)
M MOJHAS IJIOTHOCTb SHEPIHH MOJyYaeTcsi HHTETPHPOBaHHEM

@©

w(T)={w@, T)dnr. (32.2)
0

XapaKTepHCTHKH paBHOBeCHOTO H3nydyenus w(A, T) u w (T) He 3a-
BHCSIT OT MaTepHasa H cBoHCTB cTeHOK noJoctd. ITo sakony Kupxroda,
€CJIH KaKoH-HHOYAb YYacTOK CTEHKH HUMeJ NOBBILEHHYIO (WJIH MOHH-
KEHHYIO) JIy4eHCIyCKATeIbHYIO CIOCOOHOCTE &), 40151 HeKoTOpoil JnHEL
BOJHLL A, TO OH COOTBETCTBEHHO CHAbHee (HaM cjalee) norjouan 6ui
TOT K€ CaMblif yuYacTOK cnextpa. B pesyabrarte, paBHOBecHe MeXIy
STHM y4YacTKOM M H3/JyYeHHEM YCTaHaBJHBAJOCh Obi IPH TOH e caMoH
CNEKTPaJNbLHOH MAOTHOCTH H3/JyUeHHS, KaK ec/H Ohl CTeHKa Oblia cle-
JlaHa H3 aGCOTIOTHO YEPHOTO TeJa.

JeficTBUTENBHO, NYYHCTHIA NOTOK JaHHOH MMHHBL BOJAHE P, T),
najanmuii Ha CTeHKY, NOrIOWAeTcs YaCTHUHC B COOTBETCTBHH C e@
MOTrJI0IaTeILHOH CNOCOOHOCTBIO 4, . [IPH paBHOBECHH NOrMOIMEHHBIA
noToK @,y P(A, T) 10/1KeH B TOYHOCTH PaBHATLCS JyYHCTOMY NOTOKY,
HCIIyCKaeMOMY CTeHKOi, T. e.

0, OR T)=¢, ,. (32 3)
Or1ciona
e, T
‘D(A, T)=m= El, ™ (32.4)

T. €. CHEKTpasbHBifl COCTAB PaBHOBECHOTO H3/Jy4YeHHsS He 3aBHCHT OT
MaTepHaja H ONTHYECKHX XapaKTepPHCTHK cTeHKH. Jliobbie Tena, moMe-
1iaéMEI€ BHYTPb NOJOCTH H JOCTUFIIHE BCJIEACTBHE JYUHCTOrO TEMI006-
MEeHa paBHOBecHOH Temnepatypsl T, He MeHSIOT H COCTaBa PaBHOBeEC-
HOTO H3JIy4eHHs B NOJOCTH. B YACTHOCTH, TaKHM TEIOM MOXKET ObITh
u Jio00H ras, 3aMOMHSIOMHKA MOAOCTb.

[MoMecTHM BHYTPB [OMOCTH 6e/yI0 TapeKy ¢ 3a4€PHEHHEIM Y30POM-
paccMaTpHBaBLIYIOCS B NPeAblAyLIeM naparpacde. 3auepHeHHbIE H He3a -
yepHeHHHIe yyacTKH OyayT 06/ajaTh PasHYHOH MNOTJOMATeNbHOH H
HCIyCcKaTeRbHOR crocobnocThio. JIy4HCTHIE NOTOK, HAYLIHE OT Kax10ro
V4acTKa MOBEepXHOCTH, OYJeT cKJAalbBaThesl H3 cOOCTBEHHOTO H3myye-
HHA e, ; U OTpaxeHHoH Aoau (l—a, ;) NajfaAOMEro Ha NOBEPXHOCTH
paBHOBecHOro Hanydewus Ej ,. Mcnoabsys (32.3), MoxHO nokasars,
4TO CyMMapHblH NOTOK, HAYLIIHH OT Ka)JIOro y4acTKa, paseH

e, rt(1—a, D Ey, r=ay, 1B, r+(1—a, ) B\, p=E;, ¢
H He 3aBHCHT OT JyYEHCHyCKATENbHOHR U NOTIOWATEbHON criocoGHOCTH

ITOTO yyacTKa. 3a4epHeHHEle yYacTkH Oyay T cHAbLHEe NMorviomarh naja-
Iollee HM3/yueHHe, YeM He3auepHEeHHbie, W MeHbIIe ero OTPaxKaTh,
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o 3aTo GyAyT 2aBaTh Oo/lee HHTEHCHBHOE COOCTBEHHOR H3NYUEHHE &), 7.
B pesyabTate, ecM IOCMOTPETH 4YeDe3 OTBEPCTHE B NOJOCTH, TO HH
y30pbl Ha (hoHE Tape/lKH, HH CaMa Tapejka Ha QOHe CTEHOK NOJOCTH
He OyyT BHAHBI, BCE YYaCTKH MOBEPXHOCTH OyLyT IpeicTaBasiThCs
OJIMHAKOBO CBETJIBIMH.

[MpuMepnl ¢ Tapeako#, pacCMOTPEHHHIE B JAHHOM H IIPEIHI1yLIEM
naparpacax, MOKA3HIBAIOT, YTO Mbl HMeeM BO3MOXKHOCTb Pa3judaTh
TIpefMeTh, TOJBKO €ClH IONb30BaTbhCd HepaBHOBECHLI M H3-
AyvenueM. Tak, npH HaGMONEHHU B OOBUHBIX YCIOBHSIX Mbl MMeEM 1eJ10
¢ TeJlaMH, TeMIlepaTypa KoTOphIX KoJuebaeTcs B npefenax 260—300° K,
B TO BpeMsi KaK TevnepaTypa Hanayuatonie nosepxnocts Connna paBHa
npumepro 6000~ K, a packanennodl HUTH 3/eKTPHYECKOH JaMIbl —
oxogqo 2000° K.

PaBHOBecHOe H3J1yUeHHe B IOJIOCTH NpeacTaBsieT coboit MaTepHanb-
HYIO CHCTEMY 3JIEKTDOMATHUTHBIX BOJH, ABHXKYUIMXCHA XaOTHYECKH H B
ITOM CMHICJIE IO HEKOTOPOH CTeHeHH HAMOMMHAIOUX HRealbHHA ras,
paccmatpuBasiufics B T. 1. To 06CTOSATeNsCTBO, 4TO BOMHbI, I1ajalo-
IMe HA CTEHKY, YaCTHYHO NOFJOMAIOTCS, BHOBb HCNYCKAIOTCA M OTpPa-
KA1, He MEHAET CBOHCTE PABHOBECHONO H3JYYEHUS H ero OCHOBHOM
XapaKTepPHUCTHKH — IVIOTHOCTH PHEPTHH Ba eMHMUY HHTepBana JJHH
BosH. [TosToMy [1J1s1 aHAJIN3a CBOACTB PaBHOBECHOIO H3/Ty4eHHs MOKHO
NPHMEHSATb CTATHCTHYECKHE M TePMOJHHAMHYECKHE METOAB!, aHaJoruy-
Hble NPUMEH#ABLUINMCS TIPH aHa/H3€ HAeaJbHOro rasa.

ChenaeM B CTeHKe NONOCTH HeOOMbiNOe OTBEpCTHE Momaiasio dS.
V3nyuenve naHHOTO HHTepPBAJa IMHH BOJH dA ABUXeTCA BO BCe CTOPO-
Hbl XaoTHUecKH. [Ljisl ynpolleHHs pacyela OyjeMm cuHtaTh (KakK H gisi
njeaJbHOrO Tasa), YTO B HanpaBJ/ieHHH, NePNeHiHKYAsAPHOM K OTBep-
cruio, Oyaer fBHraThed 1/3 STHX BOJIH, MPHYEM NMOJIOBHHA U3 HHX Oyner
IBUTaTbCS OT OTBEPCTHS BHYTPHL IIOJIOCTH, @ OCTaJbHAs 4acTh BBIXO-
JATb HAapyXy. 3a BpeMa df 4epe3 OTBEPCTHE NJIOMAABIO dS TOrAa Bhii-
YT BCE BOJIHBI, 3aKNI0YEHHbIE B UHIHHJDE ¢ MUIOWAbI0 OCHOBaHAS dS
H BbICOTOH ¢ df (TJe ¢ — CKOPOCTH CBeTa), ABHKYUIHeCs 110 HanpasJe-
HHIO K [JIOIMAJKE. ITH BOJIHBI HecyT ¢ co00i0 aHeprHio, KoTopas H3ly-
YaeTcst OTBEPCTHEM HapyxKy:

1 i
5 —3——w(7k, TYdSc dt.

BoJiee TouHOE HHTErpHPOBaHHE 110 BCEM HANPABJIEHHAM pacnpocTpa-
HeHMs M3/1yUEHHS JaeT Pe3y/bTaT, HECKOAbKO OT/IHUAIOMINACS UHC/IeH-
HbIM MHOXKHTeJdeM, TTOTOK 3HEprHH uepes MJOLIAAKY OKasblBaercs
PAaBHBIM

Taw(h, T)dSdt.

C apyroli CTOPOHbI, 3TO OTBEPCTHE SABJAETCS a6CONIOTHO YEPHEIM TeJI0M
u ga Bpems df ¢ uomann 4S nomKHO usnydatecs E,, ,dS dt.
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IMpupaBHHBas 9TH JiBa BbIPaMKEHHs JJIS SHEPTHH, H3/yYaeMOH oTBEp-
CTHEM, H COKpaulad Ha NpoH3BeleHHe dS df, nonyyaem

E, ;=5w(}, T), (32.5)

T. €. JyYeHCIIyCKaTeNbHas cHOCOOHOCTL abCOMIOTHO YePHOTO T€/1a OfHO-
3Ha4YHO CBfA3aHa C IJIOTHOCTbIO 3HEPTHH DPaBHOBECHOTO H3JYyUEHHS H
OTJIMYaeTCst OT NOoCaAefHell JHIIEL NOCTOSHHBIM PasMepHbIM MHOXKHTE-

neM % . MHTerpupys o6e yactu paseHcrTsa (32.5) no A,M0OXKHO NONYUHTE

aHaMOr HUHOE COOTHOIIEHHe MEXKIY MOJHOM JyYeHClycKaTeabHOH cro-
COBHOCTBIO afCOMOTHO YEPHOTO Te1a H IIOJMHOH MJOTHOCTBIO SHEPTHH
PABHOBECHOT'O U3JydeHHs:

E,==< w(T). (32.6)

Taxum obpasoM, 3ajadya 0 HaXOXKAEHHH YHHBepcaJbHOH (bYHKIUK
E,r CBeJIACh K 3ajlaue CTATHCTHYECKOH (DM3HKH — HAXOXKJEHHIO CHeKT-
paJbHOTO pacnpelefeHHs SHeprdy PaBHOBeCHOro Haaydenus w (A, T).
OnHaKO MHOTOUHCJ/IEHHBIE MONBLITKH BbIBECTH TEOPETHUECKH 5TH 3aBUCH-
moct# BrAoTh 10 1900 r. okaHYHBaJHCH Heyja4yaMu, XOTs psifi Kaye-
CTBEHHBIX COOTHOMIEHUH y/1a/10Ch IPH 3TOM MOJTYYHTb, HCXOASI H3 3aKO-
HOB KJACCHUECKOH (U3UKH — TePMOAMHAMMKH, 3/JeKTPOIHHAMHKH.
Tak, HCXOASl H3 COOTHOIUEHHS MEXJAY [JIOTHOCTHIO 3HEPrHH 3/1eKTpo-
MarHUTHbIX BOMH M JaBJeHHeM cBeTa, BLITEKABIIEro H3 3/1eKTPOAHHA-
mukY, boabuman B 1884 r. uxcTo TepMOJHHAMUHYECKHM ITyTeM 0Kasag
NPONOpPHHOHANBHOCTh NMOMHOH JydYeuclyckaTedbHoH crocobuoctH a6-
COJIIOTHO YepHOro Teda 4eTBepTol CTeneHH ero abCOJIOTHOH TeMiepa-
Typbl, T. €.

E,=oT* (32.7)

HecronbKo paHee, B 1878 r., 310 cooTHOmEHHe OBJI0 NONYYEHO U3
onsita CredanoM H nostomy (32.7) nojyyujgo HasBaHHe 3a KOHa
Crepana—Boanbumana. Ilpu sarom Credan omnBoyno nosa-
raj, 4YTO 5TO COOTHOMIEHHE CIIPaBeIUBO AJs JIOObIX TeM, a He TOMbKO
Insi a0COMIOTHO YePHOro TeJa, ¢ KOTOPHIM OH, KCTaTH, H HE 3KCHepH-
MEHTHPOBaJ.

TepMoaHHAMHYECKHI BBIBOJ HE CMOT JaTh BEIHUHHY MOCTOSTHHOTO
MHOXHTeas: B 3akone Credpana—DBosbuMana 1 ee npuuLtoch onpese-
JsITh Ha OMbITE.

Eme Menbilie CMOTJIa JaTh TEPMOJHHAMHKA /1 OnpefeneHusi CreKT-
paJbHOrO paciipejiesieHHsl paBHOBeCHOro uaayuyenus. M3 uncro tepmo-
JHHAMHUECKHX cooOpaKenHi BHH NoKasaj, 4TO JOJ/KHO BBINOJIHATHCH
COOTHOLLEHHE

AT
E, =0, (32.8)
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rae f(A-T) ectn HexoTOpas GyHKIMHS 1IPOUSBENEHHSA JIHHB BOJHH HA
aGCOMIOTHYIO TEMIIEPATY DY, ONPERENHTb BHJ KOTOPO#l ¢ OMOLLBIO ORHOM
JUIIb TEPMOJIHHAMHKH Heab3st. M3 (32.8) BHITeKano, 4To MaKCHMyM
Ek, T
dh
KOTOPOHl JJIHHE BOJMHB Ayaxe, KOTOpasl CBA3ana ¢ aBCOMIOTHOMH TeMIle-
patypoli T COOTHOIWEHHEM

o d
JydeucnycKaTeNbHOR cnocobHOCTH ( —_—.0> HAaXOJKTCH NpH He-

Ayaxe' T =const. (32.9)

TaxuM 06pa3oM, € POCTOM TeMIepaTypbl MAKCHMYM JyYeHcnycKaTelb-
HOIT CrIOCOGHOCTH 26COMIOTHO YEPHOTO TeJIa CMEllaeTCcsl B CTOPOHY foJee
KOPOTKMX AJHH BonH. Pasenctso (32.9) noayunao HaspaHue 3aKOHa
cMelienns Buna. BennuuHa KOHCTAHTH B 3aKOHE BuHA M3 TepMOJRHHA-
MHKH TaKie He Morja ObiTb OmpeleneHa M ee OUpeielH/H H3 OMbITa.

B 1887 r. B. A. Muxe1bCOH OPHMEHHUJ METOb CTATHCTHUECKOH (bH-
3UKM K TOMY MaCCOBOMY KOJIJIEKTHBY 2JIeMEHTapHHIX HagayuaTenell, Ko-
TOPHIM sIBJsieTcsl Harpetoe Teno. ClenaB JomylleHue, YTO HHTEHCHB-
HOCTb H3Jy4YeHHS aTOMOB B JJAHHOM CIEKTPaJbHOM HHTepBaJe Mponop-
{HOHA/IbHA KBAaZPaTy YAaCTOTH KOJeGaHMs (aHAJNOTHYHO SHEPTHH rap-
MOHHYecKH Kosebmomelcs Touks, cM. T. 1, § 52), MuXeabcOH moNyyHI
opMyny, Kotopasi B OOUIMX 4HepTax oTBedada BHLY KpUBOH Ej ,,
OJIHAKO He COBNajaja ¢ nocjenHefi.

BuH npenioxui HHTEPNOASUUOHHYIO dopMyay BHIA

«
E,, r=5€ 7, (32.10)

\ IOB/IETBOPSIOLLYIO TePMORHHAaMu4YecKoMy ycrosuio (32 8). 3ra dop-
MyJia IIpH JOMXHOM BLIGOpE MOCTOAHHLIX & H P nMpUBOAM.IA K XOpoule-
My COBNajJieHHio B 061aCTH KOPOTKHX BOJIH, HO aBaJa npeyMeHbILeH-
Hbie 3HadeHus B ob6aactu OGosbIIHX A.

Bosee crporasi nmonniTka Teoperuyeckoro BuiBofa E, . Oblia cnena-
Ha PajieeMm. Ou HCXOAMT H3 PACCMOTPEHHS CTOSYHX 3/eKTPOMATHHTHEIX
BOJIH B 3aMKHYTOl nonoctH. Onpene/ssoch YUCAO0 He3aBUCHMBIX BOJH
B JAHHOM HHTepBase dA, a 3aTeM K 9THM BOJIHAM MPHMEHSJACH KNACCH-
yeCcKHi 3aKOH O PABHOMEPHOM paclpejle/ieHiH SHEPrHM MO CTeneHsaM
ceoGoael. Kaxpoit HesarHCHMOH BOJHE NMPHIHCHIBAJIACH CTENEHb CBO-

1
Goapl ¥ cpefHss SHEPTHS, paBHAsN —2—kT. B pesyabraTte M 651710 MO-
JY4eHO BblpaKeHHe

E,, ;=24 (32.11)

T. €. Hen3BecTHas GyHKuHA B (32.8) uMeer BHJ
f(A-T)=2nckA-T. (32.11)
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Kpusas Panes usobpamena Ha puc. 1.141 nunuert /. Hnrepnons-
UHOHHASL KpuBas BuHa — nuuuedl 2 (ncnonbayercs JorapHbMuyecKHi
MaciTab). KpyxoukaMu Ha TOM K€ pHCYHKe HaHECeHB! 3KClIepuMeH-
Ta/ibHBlE TOUKH AJIA TOH e TeMnepaTyprl. M3 puCyHKa BHIHO, YTO HpPH-
MEHEHHE K PABHOBECHOMyY H3JyYEHHIO 3aKOHOB KJ1aCCHYECKO# 3JIEKTPo-
AMHAMHKH W CTATHCTHKH JaeT IPaBHAbHOE 3HaueHue masi Ej, r aumsb
B 06/1aCTH GOJbIIHX J/THH BOJH.

J151 KODOTKHX BOJH B yJbTpa- Epr

tpHoneToBON 06IaCTH H nanee
JAyYeHcnycKaTenbHas Ccrnocob-
HOCTb ab6COJIIOTHO YePHOTro TeNa
He BO3pacTaeT J0 GecKoHeYHo-
CTH, a, HanmpoTus, yObIBaeT 1o
HYJIS.

®opmyna Panesa npusogut
K abcypAHOMY pe3yqbTary H
JJ1s1 MOJHOM JyYeHCIyCKaTelb-

HOH cnocobrocTH. HMurerpu- !
pyst Buipaxenue (32.11) mo A, 2
noJjyyaem:

E; =§Ex,Td?\ =
b

- 2nckTS 0;—?;=oo,
0

T. €. [OOJHAs Jydeucnycka- . 7
TeJbHas  cHOCOOHOCTH  afco-
JIIOTHO UYEPHOT'0 TeJa JOMXKHA
ObiTb GeCKOHeYHO 6oJibLIoi!?

Bce 311 3aTpyAHEHus, NOAYYHBHIME B HAYKe 06pa3Hoe HauMeHOBa-
HHe «yJabTpadHOJEeTOBOR KaTacTpodbl», YKa3hiBAJH Ha HAJHYHE B Teo-
pPHH KaKHMX-TO KOpeHHHX RedekrToB. OueBHIHO, 3JEKTPOMarHHTHAZ
TEOPHS CBETA CTAHOBHTCS HENMPHMEHHMOR 11 H3/ydeHUs C KOPOTKHMH
IJIHHAMH BOJIH H KaKHe-TO ee NPHHIHIHAJIbHBIE [OJ0KEHHS JOMKHBL
OBITB MepecMOTPEHHI.

dtot nepecMorp Obiit npoussened M. Tlnaukom. B 1900 r. ITaank
NOKa3aJ, UTO NPAaBUHJIbHOE BhpaKeHue A By r MOXHO NONyUHTh, JIHIIb
NPeNnONOKHE, UTO u3AyueHue UCNYCKAEMCS MEeAQMU He HenpepbisHo,
HO 8 eude omQeavubix nopyut. IFHepeusn xaxcdol maxod nopyuu —
KBAHMQ USAYHEHUR — NPONOPULOHAALHA €20 HACmOome;

Puc. 1.141.

e=hv=--, (32.12)
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rie h — yHHBepcaJbHafl IOCTOSIHNAS, OAMHAKOBAS [0 BCeMy CHEKTPy,
MOJyuYHBIIas BNOCTEACTBHH HazBaHHe 1OCTOSHHOMH [Inanka.
Mz (32.12) moxno onpefeauts pasMepHOCTE noctosinnofl [Inanka:

_ el o
(h] = Ok doic - cex.
BenuulHel TaKOH pasMepHOCTH: SHEPTHS X BPeMSi — HOCAT HasBaHue
«efCTBHU I,

IMpeanosoxenHe [Inanka HaxoguTcad B pe3KOM npOTHBOPEUHHM C 3a-
KOHAMHM KJaccuyecKoit (usHKH., B kaaccuueckoil ¢usnke Bce BelHYH-
Hbl — 3HEPTHf, HMIYJbC, AeHCTBHE ~— MOTYT HMETb HPOH3BOJILHEIE,
CKOJ1b Y[OJHO MaJible 3HAYEHHs, MOTYT MEHSITbCH IIJIABHO, HEIPEPLIBHO.
CorsacHo 3THM npejcTaBNEHUSAM, H TellJIOBOe H3JAyuyeHHe JOJIMKHO HC-
NyCKaTbCs TeJaMH HelpepblBHO, MNONOMHATHCS JIOGLIMH MOPIHAMH,
Onnako u3 STHX npeficTaBieHHH BoiTeKaer dopmyaa Panes (32.11),
npHileniasi B NPOTHBOPEYHE ¢ OMBITOM B 00.1aCTH KOPOTKHX BOJIH H
BLICOKMX UACTOT, KOra BenduHHa kBanta (32.12) cranoesutcest Gonblioi
H HeJb3sl NpeHeOperaTb RMCKPETHOCTbIO mopuuii Haayuenus. Ecre-
CTBEHHO, YTO JJ151 OYeHb KODOTKUX BOJIH BCell SHEPTHH TenJoBOro JBH-
JeHH Tea HeJoCTATOYHO, YTOGB OHO MOT/IO HCHYCTHTL XOTs Obl OAHH
Takoil KBaHT. TaKoBO, BO BCSIKOM Clydae, KauecTBeHHOe OfbsicHeHHe
najieHHst HHTEHCHBHOCTH H3Jy4eHHs BpH A — O H paspemieHue yabTpa-
(hHONeTOBOH KaTacTpobl KJaccHIeCKOH (DU3HKH.

Hcxona us npeanonoxenns (32.12) o 1ucKpeTHOCTH HCNyCKaeMoro
H3JIyYeHHA U NOMb3YsICh CTATHCTHYECKMMH MeTonaMHu, TInank Teoperu-
YeCKH BbIBEJ BbIpameH e s By 7, IOJHOCTBIO COBNAAAIONIEE C ONBLITOM.

IlpuBepem Goiee NpocToil BHIBOA 3TOr0 BHIPAXKEHHH, AaHHEIH BHOCAEACTBUH
DiinmreiinoM.

Tlpu nornouleHuy u HCIYCKAHHN aTOMAMH CTEHKH KBaHTa AV MeHsercd CKad-
KOM 5Heprufi aToMa oT HeKOToporo snauenus Ey 1o E; H o6paTtHo, Tak uTo

E;—E =hv. (32.13)

Q603naunM yepes Ny UHCJIO ATOMOB B JAHHOM YUacTKe CTEHRKH IOJIOCTH, 3al0JHEH-
HOIl M3JyueHHeM, o6najawoux sHepruei Ey, a uepea Ny ~— uncao atromos, obna-
paomux smepruefi B;. Beanunua E, Goavlite, uem Ej, H N, eCTb YHCJAO aTOMOB,
SHEPTeTHYECKH BO3 6y K J € H H Bl X [I0 OTHOWNCHHIO K N,

B 1. 1 ykasuBanoch (cM. §§ 20—21), 4To npH CTaTHCTHUECKOM DAaBHOBECHH
THCIO aTOMOB, O0NajaIOUUX JaHHKM 3HauyeHneM sHeprnd E, 3aBUCAT or nocaenres
110 9KCHOBEHUHANLHOMY 3aKoHY Doanmmana, T. e.

a2

&y

Ny=Ne *T
s, I (32.14)
Nz =Noe kT
u
Ey,~E, hv he
+

—f%:e T kT g kTR (32.15)
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Hasxunuue pasHosecHoro HanydeHHd c Toff xe Temneparypolt T me wapyiaer
JTAHAMHTECKOr0 PAaBHOBECHS MEXJLY ATOMAaMH, HaXOAAIMMHCS HA PA3NANYHBIX SHep-
reTHUecKHX ypoBHAX Ey 1 F,. Uncrio aToMOB, MepeXoMflHX ¢ BEPXHETO YPORHS
Ha HHXHHA ¢ ACTYCKaHWeM KBAHTOB H3JyueHHMd J4HHOR uwacTOTH v (MIH  JJIHHH

¢
BOJIHBL ?u.:—v-) AOJXHO PABHATECA YHCAY TOMOB, MEPEXOAALIUX C HUKHEIO YPOB-

fig Ha BepXHMH ¢ MOIJIOMEHHEM TAKHX XKE KBAHTOB 34 TO Xe BPeMd.

TofcunTaeM KOJMYECTBO 3THX NPOTHBOMOJNOMHBIX AKTOB B OTAe/bHOCTH, IIpn
9TOM cCllejlyer YUMTHIBaTh, 4TO, COIMJIACHO 3aKOHAM 3JIEKTPOAWHAMHKH, 3JEKTDO-
MAarfdrHag BOJIHA, MAjAOmMAA Ha KOJeGMOmuHcs IUN0Ab, B 3aBHCHMOCTH OT COOT
HomeHUa $a3 UX KoJeGaHHMH MOXeT KaK YCHJHBATh KOJeGaHWA AMITOJNSA, TaK W
TOpMO3UTh HX WHEIMA CJIOBAMH, H3JyYeHHe, MAJlAIONIEE HA ATOM, MOXKET 3ACTABJIATS
nocJiefHHil He TONBKO MOIJIOMAaTh, HO H MCIYCKAaTh COOTBETCTBYIOMIHE KRAHTH
syuepruu. 310 06CTOATENBCTRO NPHBOANT K TOMY, YTO BO3GYKACHHBIE ATOMH C BHEp-
rueit E; mepexojdT, noj JedcTBheM NMaialoniero Ha HHX H3/yueHAd, Ha HUKHWUKE
yposelb Ej.

Kpome roro, Kak Buepmble yKasad OHnmTediH, Bo36yXKIeHHBHE aTOMBl MOTYT
HenycKaTs GOTOHH H CaMOMPOM3BOJNBHO HJIH ¢CIIOHTAHHO», €3 BCAKOro RO3AeiicT-
BuA u3BHe [lepexo] Ha BepXHMil sHepreTHuecKnit ypoeeds Gea norJomenusa goro-
Ha, T. €. CTOHTAHHO, KOHEYHO, HEBO3IMOMEH.

Konnuecrso BO30YKACHHBIX aTOMOB, NePeXONANIHX 334 EAMHHIY BPEMEHH ¢
BePXHEro ypoBHA HA HHXHAN CNOHTAHHO, MPONOPUHOHANBHO HX HATUIHOMY YHCIY
N, npaBHo AN,, rie A — coorBercTRYROIIHH KO3bDOHRUNEHT NPONCPUHOHATILHOCTH,
KosduecTBO aTOMOB, NMEPeXOAAIINX € BEpXHEro ypoOBHA HA HUKHME ImOJ, BO3jeil-
CTBHEM H3JIyueHHs, OYEBHAHO, NIPONOPUNCHANLHO H URCAY BO3GYXKICHHEIX ATOMOB
N ¥ nJoTHOCTH BHePrum majpawmero nanyuenns w (A, T). Corsnacuo (32 5), nenn-
ynna w (A, T) mpomopunonanbra Ea, T 1 YHCHO BHHYXACHHLIX TEPEXOIOB BO3GY K-
IeHHBIX aTOMOB Ha HW)KHHE YPOBHH 33 eAMHALY BpeMeHH paBHo B,, N,FA,T, rae
B,,1— coorBercTByOmHA#H KOapdUIHEHT BepOATHOCTH mepexoja. [losHoe uucno
CaMONPOH3BONLHLIX H BEIHYXJEHHBIX IEPEXOJOB M TEeM CAMHIM IOJIHOE YHCJIO HC-
MyCKAEMLIX B eMHHIY BpeMeHN dOTOHOB pPaBHO:

ANy By 1NoEy, 1. (32 16)

AtoMBl, HaxoJfAlIHecd HA HIXKHEM SHePreTHUeCKOM ypoeHe E;,