2 8 NONAPU3ALIA

CBITIIA

B nonepennix po3ainax HaMu po3ITIsHYTI sIBHIA iHTEepdepentii i qudpakmii, siki 0dymoBite-
Hi XBIJIBOBOIO TIPUPO/IOIO CBiTIA. B 115b0MYy pO3/1iJ1i pOITISTHEMO IIIE OJIHY BasKJIMBY 1 KOPUCHY BIiac-
THBICTh CBITJIa, SIKA IOJIATAE B TOMY, IO CBITJIO MOXKHA IOJSIpU3yBaTH. [CHYBaHHS monspu3anii
TaKOX MOJKHA TTOSICHUTH, IPUITYCTHBIIIH, 1110 CBITJIO € XBHJISL, 200, TOYHIIIIE, OIepeyHa XBUJIL.

§ 28.1. [lonepeyHicTh CBITIOBUX KOJIUBAHD

CBiTII0 SIBJIsIE COOOKO CIIEKTPOMATHITHI KOJMBAHHS. 3BiICH O€3M0CepeTHhO BUTUIHMBAE, IO CBIT-
70Bi xBwIti ioniepeydi. CripaB, BCS CYKYIHICTh 3aKOHIB €JIEKTPOMArHETH3MY 1 €IEeKTPOMarHiTHOL
{HyKIii Bejie 10 BUCHOBKY, 110 3MiHA B Yaci HAIPY)KEHOCTI eJIEKTPHIHOTO 1O E - CynpoBomKy-

€ThC MOSIBOXO 3MIHHOI'O MArHITHOIO ITOJISt H HarpAMJICHOT O MECPIICHAUKYIIAPHO 10 BEKTOpa E y 1
HaBIIaKW. Take 3MiHHE eJ'IGKI‘pOMal"HlTHC NOJIC HC € HCPYXOMUM Y HpOCTOpi, a HOIIMPIOETBCA 31

IIBUJIKICTIO CBITJIA B3JIOBXK JIiHii, IIEPIICHMKYIISIPHOI JI0 BEKTOPIB EiH, YTBOPIOIOYH €IIEKTPO-
MarHiTHi, 30KpeMa, CBiTI0BI XxBwii. OTXKe, TpH BEKTOpH E,Hio (LIBHAKICTD TIOIIMPEHHST) B33€EM-
HO TIEPIICH/MKY/ISPHI | YTBOPIOIOTH PABOTBHHTOBY CHCTEMY. [HAKIIE Ka)KydH, HAIPSIMKH BEKTOPIB E
i H TICPICHAMKYISIPHI JI0 HATIPSIMKY TOLIMPEHHS, TOOTO e/IeKTPOMArHiTHa XBIUTSL ToriepedHa (puc. 28.1).
SIKIIIO 3a/1aHO HAIIPAMOK OJHOTO {3 BEKTOPIB, HANPHKIAL, BEKTOPA E , TO HAIPIMOK BEKTOpA

E H BmsHaunThCs ofHO3HAUHO. OHAK “XpecT” BEKTO-
piB E i H moxxe Oytn opieHTOBaHMI BiJHOCHO HAIl-
/ PSIMKY TIOILIPEHHS JOBLIBHO.
/7 B Ko)kHOMY OKpeMOMY BHIIa/IKy iCHY€E Ta 4H iHIIA
/ G

opienrtawis Bekropis E i H i, omke, HanpsMoK mo-
IIMPEHHS HE € BICCIO CHMETpii eJIeKTPOMarHiTHHUX
XBWIb. Taka acUMeTpisi XapaKkTepHa JUIsl ONEPEIHUX
XBWIb, MTO3JIOBXKHI K XBIJII 3aBKIM CUMETPUYHI Bij-
Puc. 28.1 HOCHO HANPSMKY Mommuperns . OTiKe, aCUMeTpist Bizt-
HOCHO HANPSIMKY MOIIMPEHHSI i € Ti€I0 03HAKOIO0, SIKA Bipi3HA€E norlepet;ly XBWIIO Bi/l 10310B-
skHBOi. [{fo 03HaKy i Oy70 BUKOPHCTAHO I EKCIICPUMEHTAIEHOTO BCTAHOBJICHHS ITOIIEPEYHOCTI
CBITJIOBHX XBWJIb 33/I0BI'O JIO TOTO, SIK OYJIO BCTAHOBJICHO iX €JIEKTpOMAarHiTHy IPHPOY, Jie More-
PEUHICTH OUEBHIHA.
MoykHa JOCHTB JIETKO €KCIIEPMMEHTAILHO BCTAHOBUTH BiZIMIHHICTH MK MOTIEPEYHIMH 1 T103-
JIOBXKHIMHU XBHIIIMH. [10sSICHIMO 11¢ Ha HAOYHOMY MeXaHiuHOMY TpuKiazi (puc. 28.2).
Bixyui 1o MOTY311i XBHITI BUTBHO MPOXOJSTH Yepe3 BEPTHKATBHY WUMHY (puc. 28.2, a). Sxumo -
nmHy nioBepHyTH Ha 90°, TO KONMBaHHs Gy/IyTh HOralieHi moBHiCTHO (puc. 28.2, 6). T10310BKHI K XBHIT
B 000X BHNa/IKaX MPOXOIUTHMYTb Yepe3 IIUTMHY BUIGHO 1 HISIKUX 3MiH HE 3a3HABATHMYTh.

H

* HO3HOB)KHH XBHUJIAL Ma€ O,I[HaKOBi BJIACTHBOCTI B pi3HI/IX HallpsIMKax, NCprCHAUKYIIAPHUX
J0 HAIIPSIMKY MOIINUPCHHS.
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8§ 28.2. [IpupooHe i nonspuzoeamne ceimio

3p0o3yMijIo, IO IS eKCIIEPUMEHTATHHOTO BUSBIICHHS aCHMETPii CBITIIOBUX XBHIIb ITOJTIOHI
MEXaHIYHI IIITHHA HETPUIATHI.

e

Puc. 28.2

ExcrieprMeHTaabpHe TOCHIIKEHHST aCHMETPii CBITJIIOBHX XBHIJIb MOXe OyTH 3[iiicCHeHe 3a J0-
TIOMOT'OI0 CHCTEMH, SIKa B CBOIO UEPry TaKOXX Ma€ BIIACTUBICTh acMMeTpii. Takol cHCTeMOoro Mo-
K€ CIY)XKUTH KPHUCTaJl, SIKMH BOJIOJi€ aHI30TPOITHUMH BJIACTUBOCTSIMHU. | HiHCHO, TIPOXO/PKEHHS
CBITJIa Yepe3 Takuil KpUCTa i OyJI0 MepIuM SBHIIEM, Ha ITiICTaBI SIKOTO OYJI0 BCTAHOBJIEHO IIO-
TIEPEYHICTh CBITIOBUX XBUIIb.

T'toiirenc (1690 p.), BuByaroun Binkpury E. Baproninom (1669 p.)” BractuBicts icmanacs-
KOT'O HINIATy PO3JBOIOBATH CBITJIOBI MpOMeHi (ITOBiliHE TIPOMEHE3aIOMIICHHS), SIKi IIPOXOUITH
Yyepe3 HbOTO, 3HAWIIOB, IO KOXKHMHN 3 LUX IPOMEHIB IMOBOINTH ceOe NP MPOXOPKEHHI Kpi3h
JIPYTHHA KPUCTAJ iCIAH/ICHKOTO IIMATy iHAKIIe, HDK 3BUYaliHi IpOMEHi. A came: 3aJeXHO Bif
opieHTawii KpUCTAIiB OAWMH BiIHOCHO OJJHOTO KOXXHHI 3 IPOMEHIB, PO3/IBOIOIOYHCH Y PYTOMY
KpHUCTai, Ta€ TBa MIPOMEHI Pi3HOI IHTCHCUBHOCTI, a MPH JEIKUX OPIEHTAIIAX — TUTBKH OJHUH
npoMiHb (IHTEHCHBHICTB JPYTOro IPOMEHs PiBHA HYIIO). [ TOMreHC He 3Mir MOSICHATH BiJIKpPUTE
M siuiie. emo mizHinie Heroton (1704 p.), oOMipkoByroun Bimkpurtst 'toiirenca, 38epHyB
yBary Ha aCHMETpIiIO CBITJIOBUX XBHIIb.

Binbme uix yepe3 100 poki ¢panmysskuii Gizuk Mamoc (1775 — 1812) y 1808 p. Bimk-
PHB CXO0XIi OCOOJIMBOCTI B CBITJIi, BiJONTOMY BiJl HOBEPXHi CKJIa. J[JIs TO3HAYEHHS ITUX OCOOIH-
BoCTeii cBiTIa Maitioc BBiB TepMiH mossipu3anist .

[Ticnst BcTaHOBIIGHHS Y CBITJIa XBHJIHOBOI IPUPOAN SIBUIIE MOJSIpU3alii cBiTiIa i j1ami pere-
JbHO BuBYajochk. Jlocmigun Aparo i @penens Hal iHTepQEpeHIi€l0 NOIIPU30BaHNX IPOMEHIB
(1816p.) crmonykamu FOHra BHCIOBHTH MPHUIIYIICHHS HPO IMOIEPEYHICTh CBITIOBUX XBHUIIb.
@penens, HezanexHO Bix FOHra, TakoX BHCYHYB KOHIICIIIII IO IONEPEYHOCTI CBITJIOBUX XBHIIb,
BCeOIYHO OOTPYHTYBABIIHM ii YMCICHHHMH BaXKIMBUMHM Aociizamu. KoHmenmito monepeyHocTi
CBITJIOBMX XBHIIb DpeHelb MOKJIaB B OCHOBY HOSICHEHHS SIBUILA TTOJISIpH3alii CBiT/Ia Ta MoaBii-
HOTO ITPOMEHE3aJIOMJICHHS B KpUCTaNaX.

§ 28.2. [lpuponHe i mosisipu3oBaHe CBIiTJIO

EnexrpoMarHiTHi XBWIi, SIK CKa3aHO BHIIE, rorepeyni. OfHaK, pa3oM 3 THM CBITJIOBI XBHIIi B
3BUYaWHUX yMOBAX HE BHUSBIISIOTH aCUMETPIi BITHOCHO HANPSMKY IOIMPEHHS MpoMenst. Lle 3ymos-
JICHO THM, 110 CBITVIOBI XBUJII, SIKi BUIPOMIHIOIOTECS TUIAMH, € PE3YJIBTYIOUNMH THX OKPEMHX XBIUIb,
I1I0 BHIPOMIHIOIOTBCS HOro atoMamu (eeMeHTapHuME BibpaTopamu). OCKiIbKA OKpeMi aToMu 6e3-
TIepepBHO 3MiHFOIOTH CBOIO IIPOCTOPOBY OPi€EHTAIIIO, TO 3MIHFOFOTECS 3 BEJTMKOIO YaCTOTORO 1 HAIPSIM-

* Bapronin Epasm (1625 — 1698) — narcekuii (i3uk i MateMaruk.
** INonApu3amis — HaJaHHs, HAOYTTA IEBHOI Opi€HTAIi1, IOJIAPHOCTI.
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28 Ionapusayis ceimaa

KU KOJIMBaHb BEKTOpa E OKpEMHX XBHJIb CBITIIOBOTO ripomenst (puc. 28.3). Bexrop E Gararo MUTBSIP-
Ipomine, B pasiB 3a CEKyHIy MiHs€ HAPSMOK CBOIX KOJIMBaHb. TOMY B pe3yIBTyIO-

E Yiif XBIUT KOJIMBAHHS Pi3HHX HAIPSIMKIB IPEZCTABIICH] 3 OTHAKOBOIO IMOBIp-

HicTio. Take CBITIIO BUIPOMIHIOIOTH TTOSyM s, €JIEKTpUHHi Ayra i jamma, CoH-

1Ie Ta iHmI pKepena cBimia. OnvcaHe CBITIO Ha3MBAETHCS PUPOTHUM 200

Heno/ISIPU30BaHNM. TakuM YMHOM, B IIPHPOHOMY CBIiT/Ii KOJIMBAHHS BeK-

Topa E piBHMX HaNpsIMKIB IIBUAKO i 6e3/1a/THO 3MIHIOIOTH O/THE O/THOTO.
Puc. 28.3 OjHak, MOXHA OTPMMATH CBITJI0, B IKOMY BeKTOp E KoJuBa-

€ThCSI B OJIHOMY €IHHOMY HAanpsaMKy (Bektop E jexurn B oamiii
miionuHi). Take CBiT/I0O HA3UBAETHCS IJIOCKO a00 JiHiiiHO monsipuzoBanum. [Lionmua, B

SIKill KOIMBAETHCS CBIT/IOBHIl BeKTOP (BeKkTOp E ), HA3MBAETHCS MUIOIMHOI0 KOJIMBAHE (PHC.

28.4). IlnoumHy, NEPHEHIUKY/ISIPHY /10 TUIOLIMHH ITnomuHa -7

i [

KOJIMBaHb, IPUUHATO HA3UBATH IIOLLMHOIO I10- KOJIMBaHb ,/ |
e . . 7 =
aspusanii (B cuny icropuunux npuyns). Ceitio, \/’ E

SKE BUIIPOMIHIOETBCSI B €JIEMEHTapHOMY akti (eme- -7 == —--1%---= -
MCHTapHUM BHIIPOMIHIOBAYEM), 3aBXKIHM JIHIHHO
noyisipu3oBane (puc. 28.5).

MakpocKoItiuHe JDKEpeIo CBITIIa, SIK MPaBHIIO, .
TIPE/ICTABIISIE COOOI0 XAaOTHYHY CYKYITHICTD eleMe-
HTapHHUX BUIPOMiHIOBauiB. ToMy B OKpeMHX eleMeH-
TapHUX aKTaX BUIIPOMIHIOETHCS CBITIIO 3 PI3HOIO T10-
TSIpU3AI€to (3 pi3HUMHE a3UMYTaMU JIHIHOT HOJSIPHU-
samii). B mioMy i OTpHMYeTbCS HEIOJISIPU30BaHE Puc. 28.4
cBiTIO0. IcHYE 1€ 1 Tak 3BaHEe YaCTKOBO MOJISIPH30Ba-

He CBIT/10, Y IKOr0 KOJIMBAHHS CBiTJIOBOI0 BEKTOPA BiA0YyBalOThLCH Y BCiX MOMKIMBHX HAIl-
PAMKAX, ajie IKHICH OIMH i3 HUX mepeBakae Haj inmmmu (puc. 28.6).

AT |

[Tnomuna
nospu3anii

/I
1

|
J

[Tpominb
E

f—
ci

Puc. 28.5 Puc. 28.6

§ 28.3. Mossipu3anis npu BiA0MBaHHi i 3210MJIeHH] CBiT/Ia HA MeKi JIBOX JlieJIEKTPUKIB

Bynb-sxuit mpucTpiif, 32 TOMTOMOTOFO SIKOTO MOYKHA OTPHIMATH TIOJISIPU30BAaHE CBITIIO, HA3HU-
Ba€ThCS MoJisipu3aTopoM. JIiHIHHO MONSIPU30BaHE CBITIO HAHMIPOCTIIIE MOXKHA OTPUMATH TIPH
BiJJOMBAHHI CBIT/JIA BiJl MIOCKO MapajeibHOI MITACTHHKYU JieNeKTpuKa (HAMPUKIA/, Bifl CKISHOI
IUIACTMHKY). BHKOpHCTaHa TAKAM YMHOM CKJISHA IUIACTMHKA € HOJAPH3aTOPOM CBiTIA .

*Lle#t cnoci6 nonsipuzarii Biakpue Mamoc y 1808 p. Bin BUNIaIkoBO MOMITHB, 110 PU TIOBEPTAH-
Hi KpHCTaIa HAaBKOJIO ITPOMEHS, BiZIOMTOTO Bifl TOBEPXHI CKJIA, IHTEHCUBHICTH CBITJIA MIEPIOIMYHO
3MIHIOETHCS (I ICUITIOETHCS 1 ITOCNIA0IOETHCS), TOOTO, BIIOMBAHHS Bijl CKJia Jii€ HA CBITJIO MOi0-
HO JI0 TIPOXO/PKEHHsI HOTO uepe3 KpucTall TypMaliHy.
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8§ 28.3 lonspusayis npu 6i06USAHHI | 30IOMAEHHI CEIMILA HA MEICE 080X OLeNeKMPUKIE

SIKIIO KyT MaAiHHA Ha MEXY MOIUTY JBOX JiCNCKTPUKIB (HANPUKIIAJ, MOBITPSA-CKIIO, TOOTO Ha
MOBEPXHIO CKIISTHOI IUTACTUHKH) BiIMiH-
T N\ T | o HUH Bifl HYJIS, TO BIIOWTWIA 1 3ayomite-
HMI1 IPOMEHI € YaCTKOBO TTOJISIPH30BaHi.
VY BigOuTOMy NpOMEHI IepeBaKaTh-

n, /2 n,
I, i 7, MYTh KOJMBAHHS €IEKTPUYHOIO BEK-
Topa E , sIKi nepneHMKyIIpHi 10 1I10-
’ Y mmHY naainas (Ha puc. 28.7 ui KonmBa-

HHS TIO3HAYEHi TOUYKaMHM), a B 3aJIOMJTe-
HOMY IPOMEHI IEePEeBAKATUMYTh KO-
Puc. 28.7 Puc. 28.8 JUBAHHS, MTApayeIbHI TUIONIMHI MaliH-
Hsl (Ha puc. 28.7 BOHHM 300pakeHi IBOC-

TOPOHHIMH CTPLIKAMH).
Crynisae nossipu3anii 000X MPOMEHIB 3JICKUTH Bix KyTa nmamiHHs. [Ipn KyTi nagiHHs, sKui
33/I0BOJIBHSIE YMOBI

tgry = 22 =, 28.1
gry 21
n

Iie Ny i Ny — BIATIOBITHO a0CONFOTHI MOKA3HHUKH 3aJIOMJICHHS TIEPIIIOTO i APYTOX0 CEPEIOBHII, Npy —
BIZTHOCHHH MOKAa3HUK 3aJIOMJICHHS APYIOT0 CEpeOBHUINA BiTHOCHO NEPIIOTo, BiJOUTHII IPOMiHb
MOBHICTIO TOJSIPU30BaHui (BiH MICTUTh TUTBKH KOJIMBAHHS, IIEPIICHIUKYISPHI 1O TUIOLIMHHM I1a-
ninas (puc. 28.8)). CryniHp mossipu3aliii 3aJOMIICHOTO MPOMEHS TP BHKOHaHHI yMoBH (28.1)
Jlocsirae HaWOLTBIIOro 3HAYSHHSI, OJTHAK, IIel IPOMiHb BCE IIIE 3aJIMIIAETHCS MOISPU30BAHUM Ti-
JIbKH 9aCTKOBO.
CriBeinHomenns (28.1) Hocuthk Ha3By 3akoHy Bprocrepa. Kyt Iy HasuBaetbcst Kyrom Bprocre-
Ppa, abo KyToM MOBHOI noJisipu3aii Bixdutoro npomenst. Jlerko nepeipury, 110 IpH Ma iHHI CBIT-
Ja i kyrom bprocrepa, BinOuTHii i 3a/10MIIeHHI IPOMEH] B3aEMHO TiepIieHIMKYIsipHi (prc. 28.8).
Sk yxe BigMmivasoch BHIIE, IPH HaiHHI CBiTJIa MiJ KyToM bprocrepa nmossipusamis 3aoM-
JICHOTO TIPOMEHST MaKCHMAIIbHA, ajie JaIeKo HE MOBHA (Ui 3BUYAHOrO CKIia
CcTyIminb nomsipu3aii ckaagae ~ 15 96). SIkuio 3aioMiIeHuif i, 3Ha9UTh, 4acT-
A KOBO ITOJISIPU30BaHUH IPOMIHb MAATH IPYroMy, TPETbOMY 1 T. JI. 3aI0MJIe-
HHSIM, TO CTYIiHb HOJIApH3aLii fioro 3pocte. Jlociia nokasye, sKIIO MpH Ha-
niHHI g KyroM Bprocrepa cBiTiio npomyctutr uyepe3 8 — 10 miacTuHOK, TO
HE TIJIbKY BIIOWTHH, aje 1 3aJI0MJICHUI MPOMiHb IPAKTUIHO OyIyTh ITOBHiC-
TIO TIOJSIpU30BaHi. HanpsiMKK KOJIMBAaHb €NEKTPUYHUX BEKTOPIB y BiTOUTOMY
1 3aJIOMJICHOMY NIPOMEHSIX OyAyTh B3a€MHO MEpIEHIUKY/IApHI. TakuM 4u-
HOM, Ipyna IJIACTMHOK, SIKY NPHUiiHATO Ha3uBaTu cTomno CToJieToBa,
MOKe CIIYKHTH B SIKOCTI MOJISIpU3aTOpa.
A SIK eKCIepHMEHTAJIBHO IIEPEeKOHATHCS B TOMY, IIO CBITJIO, BinOuTe
P mix xkyrom bprocrepa, ailicHo niHiiHO monspusoBaHe? [yt mbOro MoXHA
CKOPHCTATHUCSI 1HIIOI0 TAKOIO X IUIOCKO IMapajiesIbHOI0 TUIACTHHKOIO, po3Mic-
THUBIIH ii Ha IUIAXY HEPBHHHO BiOMTOrO MPOMEHS TaKOX I1iJl KyToM bproc-
Puc. 28.9 Tepa, aje B TAaKOMY MOJOKEHHI, 100 KOMIIOHEHTa eJIEKTPUYHOTO BEKTOPA,
sika Oya MmepHneHMKYISIPHORO 10 TUIONIMHY MaiHHS HepIIol INIACTHHKHU (puc.
28.8), crana mapajenpHO0 10 IUTOIIMHH Ma (iHHs qpyroi mwiactuaky (puc. 28.9). Skmio mwiactus-
KH PO3MIIIEHI JOCTaTHEO TOYHO, TO IHTEHCHUBHICTE BiIONTOTO TIPOMEHS BiJ JAPYTOl IITaCTHHKA
Oyze piBHa HyI0. [Ipy TakOMy BiTHOCHOMY PO3MILICHI J1Ba TONsApH3aLiliHi pwiaay (Y HAIoMY
BHIIA/IKy TUIACTHHKHY) HA3UBAIOTh cxpemeHnmvu. Tlepumii npucrpiii (mepury miacTHHKY) npmii-
HSATO HA3UBATH MOISIPU3ATOPOM, a IPYruii — anamizaTopom. [ToBepHyBmm mactuaky Ha 90°
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28 Ionapusayis ceimaa

Puc. 28.10

HaBKOJIO OCi, sIKa CHIBIIaIa€ 3 HAIPSIMKOM IPOMEHS MDXK ILIac-
THHKaMH, OTPUMAEMO TapajieJIbHe PO3MIIEHHS IUIACTHHOK
(mpucrpoiB). TTpu bOMY iHTEHCHBHICTB JIBidi BiIOMTOrO mMpo-
MEHS BiJl IJIACTHHOK OyJie MakcuMaibHa. Ha 1iboMy nmprHImIi
IPYHTYETBCS Jisl HE3aCTy>KEHO 3a0yTOro MOJSIPU3ALiHOIO MPH-
nany HepenbGepra (puc. 28.10).

[punan cxnagaeTbes 3 OBOX J3epkan Z; 1 Z, (m3epkana
MOXKHA 3aMiHHUTH IUIOCKO HapalelbHIMHK IUIacTHHKamu). Ha
J3epKajio Z; majae CBITJIOBMI NMPOMIHb MPUPOIHOIO CBIiTIA 1
BOHO MOXKE IIOBEPTATHCSI HABKOJIO OCi, 3MIHIOIOYH TP [IEOMY
KyT HaJiHas npoMeHs. JI3epkaiio Z; CIyXHdTb MOJSPU3aTOPOM.
CBITJIOBHIA IPOMiHb, BiTOUTHIA BiJ A3epKania Z;, SIKUHA € JacT-
KOBO a00 MOBHICTIO MOJSIPU30BAHNM, TIAJIa€ Ha JI3epKajio Zy,
sIKe MOXKe obOepTarucs sk HaBkono oci O,0,', Tak i HABKOJIO
oci 0303, [I3epkano Z, ciayxuts aHaiizatopom. Ha cromuky T
MOJKHA PO3MIILILYBAaTH MPO30pi 00 €KTH Ui 1X JOCHIHKEHHS
abo mia gocmimkeHHS cBiTia. Skmo mepkama Z; i Zp
PO3MICTHTH TaK, K TIOKa3aHo Ha puc. 28.10, To iHTEHCHBHICTH
BIIOMTOTO BiJ A3epKajia Z, mpoMeHst Oyzie piBHa HYIIIO.

BimoMo, 110 iHTEHCHBHICTE BiIOMTOrO BiJl TOBEPXHI Jie-
JIEKTPHKA CBITIOBOTO MPOMEHSI HEBENHKA (HABITH P BUKO-
HaHHI yMOBH Bprocrepa), ToMy MeTox moysipu3auii npu Bij-
OvBaHHI 1 3aJIOMJICHH] y TIPOCTOMY BHTJISIII HE 3HAWIIOB IIH-
POKOTO 3aCTOCYBaHHS.

Hpuknang 28.1. 17i0 axum kymom o 0o 2opuzonmy nogunno 3naxooumucs Conye, wob ceim-
710, 8i0bume 6i0 NoBepxHi 600U 03epd, OYN0 JHIUHO NOTAPUZ0BAHUM?

Po3B’s130k. [[Jo0 ceimno, 6i0bume 8i0 noepxui 600U, OYI0 JHIIHO NOAPUSOBAHUM, HEOD-
XIOHO, W0O COHAYHI NPOMeHI nadanu Ha nosepxHio 8oou nio kymom bpocmepa. Tooi, ckopuc-
maswuco gopmynoio (28.1) i noxknasuu n, = 1,33, ompumaemo:

tgry; =n, =133, rz =531°.

Tooi oo = 90° — 53,1° = 36,9 °. Conye nosunno 3uaxooumucs nio kymom o. = 36,9° do eopuzon-

- IMoBiTps

Boxna

my (puc. 28.11).

Puc. 28.11 Puc. 28.12

Mpuxaan 28.2. 3uaimu kym bpocmepa (kym noenoi nonspusayii) npu 6i0busamnmi céimaa
610 nogepxui 6oou (i3 nio soou) (puc. 28.12).
Po3B’si3ok. Crxopucmaemocs 3108y 3axonom bprocmepa (28.1). Tooi:

tgry =

nnoe _ 1 .
n . 133’
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8§ 28.4. Onmuuna anizomponisi: noosiiHe nPoMeHe3a10MICHHSL

§ 28.4. OnrruuHa aHi30TpOMNisi: MoABiiiHe MpPOMeHe3a10MJIEHHS

B GaraThox mpo3opux cepefoBHIaX IMIBHIKICTH CBITIa OJHAKOBA Yy BCIX HampsiMKax. Taki
cepeIOBUIIA HA3UBAIOTHCS i30TPONMHUMH. AJie B IESKUX KPUCTATAX 1 pO3YMHAX IIBHUAKICTH CBIT-
JIa B Pi3HMUX HampsMKax pizHa. Taki cepeoBHIa HA3UBAIOTHCS AHI30TPONMHUMM. SICKpaBUM TIpo-
SIBOM ONTHYHOI aHI30TPOIII] € SBUILE TOBII{HOr0 NPOMEHE3AJIOMIICHHS. PO3AiIEHHS] KPHCTAJIOM
npoMeHsi Ha 1Ba npomeHi (puc. 28.13). Le sBuiwe, sk BigMivaiocs Buie (8 28.1), Oyo Binkpu-

T0 B 1669 p. Epasmom BaproniHom Ha KpucTaii iclaHaChKO-
ro mmary (CaCOs).
_I_I_I_E [Tpu moaBiiHOMY pOMEHE3aJI0MIICHH] O/IMH i3 IIPOMEHIB
3aJI0BOJILHSE 3aKOHY 3aJIOMJICHHS 1 JISKUTH B OZIHIN TUIOMIMHI
/// O 3 TmanarovuM OpOMEHEM Ta HOPMAILTIO, [IOCTABIECHOIO B TOUKY
nagines. Llelt mpoMiHb Ha3WBalOTH 3BUYANHHM 1 HA PUCYH-
Kax HOoro no3Ha4aroTh MaJIOr0 OykBOIO 0. /17 iHIIoro mpome-
Hsl, SIKAH HA3MBAETHCS He3BHYAMHUM (HOTO ITO3HAYAIOTH Ma-
71010 OYKBOIO €), BiHOWIEHHs  SiN I/Sin K He samumaersest cra-
JIM TP 3MiHI KyTa T jiHHS.
Puc. 28.13 Kpim Toro, He3BHYaliHU IPOMIHb HE JISKHUTH, SIK Ipa-
BWJIO, B OJHIN IUIOIIMHI 3 MaJalouydM IIPOMEHEM 1 HOPMaJUIIO O 3aJIOMJIIIOI0U0i MOBEpXHi. Y
OyIb-KOTr0 KpHCTaja, SKU BOJIOJI€ BIACTHBICTIO MOABIHHOTIO IPOMEHE3aJIOMIICHHS, ICHYE,
NPHHAMMHI, OIMH HANPSAMOK (3ayBa)KMMO, II0 MOBa e PO HANPSIMOK, a He [P0 OKpeMy Jii-
HIf0), B3JOBX SKOTO 3BUYANHUI 1 HE3BUYAWHMI POMEHI HOMIMPIOIOTHCS IIPOCTOPOBO HE PO3-
JIUISIOUNCH 1 3 OHAKOBOIO IIBUAKICTIO. Llel HanpsIMOK Ha3MBA€THCS OMTHYHOIO BiCCIO KpHC-
Taja. SIKIIo NpoMiHb CBITIIA MAJA€ HAa KPUCTAI MEPIEHINKYIISIPHO /10 TOJIOBHOI ONTHYHOI Oci,
TO 3BUYANHUI | HE3BUYAHHMI MPOMEHI TaKOXX IPOCTOPOBO HE PO3JIUIAIOTHCS, ajie MOIIMPIOIO-
TBCS 3 PI3HUMH MIBUAKOCTSAMHU. Y BCIX HINMX HarpsMKax 3BHYalHWH 1 HE3BUUAHMIT pOMEHi
IIPOCTOPOBO PO3IUIAIOTHCS 1 TOIIMPIOIOTHECS 3 PI3HUMH HIBUIKOCTSIMH. bynp-sika miommHa,
sIKa IPOXOANTD Yepe3 ONTHYHY BiCh KPHCTAJIA, HA3UBAETHCS TOJIOBHUM IepepizoM abo rosios-
HOI0 TJIOIMHOI0 KpHcTana. JlocmipKkeHHs 3BUYaifHOro 1 He3BUUYaifHOIO IMPOMEHIB TOKa3allH,
110 001/1Ba MPOMEHI MOBHICTIO JIIHIHHO MOJISIPU30BaHi Y B3A€EMHO IIEPIICHIUKYISIPHUX HAIpsIM-
kax (puc. 28.13). IlnommHa KOJIUBAHbL 3BHYANHONO MPOMEHS NMEPIEHAMKY.ISIPHA 10 r0-
JIOBHOTO Mepepi3y Kpucraga. Y He3BHYAWHOMY NMPOMeEHi KOJIMBAHHS CBITJIOBOT0 BEKTOPa
3AiHCHIOETHCA B IUIOIIMHI, sIKA CHiBNAaJa€ 3 roI0BHUM TNepepizom. Ilicis Buxony i3 kpucra-
J1a 00u/IBa IPOMEHI BiZIPI3HAIOTHCS OMH BiJl OAHOTO TUTBKU HANPSIMKOM TOJISIPU3ALIii.
SBuIie MoJBIHHOTO MPOMEHE3AIOMIICHHSI MOYKHA TIOSICHUTH, NTPUHHSBIIN HACTYITHE TIPHITY-

LIEHHS. IIBHJKICT CBITJIA 3aJIEKHTH BiJl HANPSIMKY Opi€eHTalii BekTopa E BigHOCHO onmTHYHOL
oci kpucTana. Sk BuaHO i3 puc. 28.13, 3BMuaiHuil IPOMiHb MOISIPU30BAHUI TEPIICHANKYIISIPHO

JI0 OIITUYHOI OCi (BeKTOp E KONMBA€THCS IEPIEHANKYISIPHO 0 OITHYHOL OCi), TOMY HOTO IBHI-
KICTh O/IHAKOBA y BCIX HAIpsIMKax, OCKUIBKH y BCIX HaNpsIMKax ITOJSIPH3ALlis 3aJIMIIAETHCS TIep-
MEHANKYISIPHOIO 70 ONITHYHOI Oci. Y He3BMYaiHOTo MPOMEHs € KOMIOHEHTH ITOJIIpH3aliii K ma-
pasIeNbHi TaK i MepreH UKy SIPHI IO ONTHYHOI OCl 1 TOMy HOTO IIBUJIKICTh ITOIIMPEHHS HEOIHa-

KOBA B PI3HHX HAIPSMKAX. SIKIO HAIPSMOK KOJTHBAHHS CICKTPHIHOrO BekTopa E (HesBuuaii-
HOTO MPOMEHS ) TIEPIICHIUKYISIPHIUIA 10 ONTHYHOI OCi, TO HOTO MIBHIKICTH JOPIBHIOE MIBUIKOCTI
HOIIAPEHHS 3BHYAHHOTO IpoMeHs ( U, = Uy ). Y BCIX iHIINX BUMajKax IIBHAKICTb MOMIMPEHHS
NpOMeHs e OyJie MEHILIOKO (B JESIKUX KpUCTaiaX OUTBIIO), HiXK IIBHKICTh MONIUPEHHS IPOMEHS 0
i mocsrae MiHIMyMy (MakCHMyMYy) HIpH HalpsMKy BEKTOpa E, napasenbpHOro ONTHYHIN oci. B
3QJIeKHOCTI BiJI TOTO, siKa i3 mBHaKocTeit ( v, abo vy ) Oinblia, Po3pi3HAOTH AoxaTHI ( L, < Ug)

i Big’emni ( v, > v, ) KpHCTAIH.
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28 Ionapusayis ceimaa

Benuauna no =c/ Uy Ha3HUBA€TbCAd ITOKA3HHMKOM 3aJIOMJICHHS 3BHYAHOTO MNpOMCHH, a

ne =c/ Ve MNOKAa3HHUKOM 3aJIOMJICHHA HE3BUYAKMHO-

Ta6ms 28.1
r0o poMeHs. TakuM YMHOM, IMOKa3HUK 3aJIOMIICHHS

Ny OZHAKOBHH Y BCIX HAIIPSIMKAX, TO/I SIK ITOKa3HUK
Kpucran No Ne 0 ¥ BeIX HanpiM
3aJIOMJICHHS Ny PI3HUH B pIi3HUX HampsMKax. Sk
Jin 1,309 1,313 MIPaBWIIO, 3HAYCHHS Ne MPUBOJATE IS IPOMEHS e,
Ksapit 1.544 4553 SIKHHA TIONIHPIOETHCS TICPIICHAUKYIISPHO IO ONTHY-
Kabiur 1.658 1.486 HOI OCi 3 HaNPsIMKOM KOJIMBaHHS BekTopa E mapa-
. JIEJILHO OITHYHINA Ocl. I'0/10BHI 3HAYEHHS [OKA3HU-
Jonomit 1,681 1,500

KiB 3aJIOMJICHHS Ng 1 Ne IS ISSKUX KPUCTAIB Ha-
Bezieni B TaGmimi 28.1 (A = 5890 A).

§ 28.5. Monsipu3aniiini npucTpoi

JIy1s1 iepeTBOpEHHS IPUPOIHOTO CBITIIA B JIHIMHO MOJISPU30BaHE BUKOPUCTOBYIOTH TIOJISIPH-
3amiiHi mpuctpoi. OKkpeMi i3 HUX BHINE y)K€ PO3IVISTHYTI, OHAK IIi MPUCTPOI HE 3HAWIIIIN IPO-
KOr0 MPaKTHYHOTO 3aCTOCYBAaHHS BHACHIZOK Mayoi iHTEHCHBHOCTI BiIONTOrO i 3aJIOMJIEHOIO
npoMeHiB. Tomy, uis IepeTBOpEeHHs IPUPOTHOTO CBIT/A B JIHIHHO MOJISPU30BaHE OUIBII JOIb-
HO BUKOPHCTOBYBATH I0JIBIHHE IIPOMEHE3ATIOMJICHHS], OCKLIBKH MPOMEH] 3BHYaiHNH 1 He3BUYali-
HUH, SKi P IIbOMY YTBOPIOIOTECS], TIOBHICTIO JIIHIHHO MOJISIPU30BaHi 1 ITicIst BUXOAY i3 KpUcTasa
TIOIINPIOIOTHCS MTAPAJIEIBHO OIMH 0 OHOTO. 3aJIHIIAETHCS JIMIIE OWH 13 HUX 3aKPUTH 1 3/1a€Th-
cs1, 3a/1a4a po3B’sI3aHa.

OpHak, 11eii MpOCTH PO3B’SI30K HAIITOBXYETHCS Ha TPYAHOILI, ITOB’s3aHI 3 THM, IO JIiHIHHE
PO3XODKEHHS POMEHIB J[y’Ke MaJlle, BHACIIIIOK YOro PO3AUIMTH iX HE Tak npocto. Tomy Kopwuc-
TYIOTBCSI HE TIPOCTHMHU KPHCTaJaMH, a iX KOMOIHAINISMH, SIKi Ha3WBAIOTHCS TOJSAPU3AMiHHIMUI
npu3MamHy. SIK mpaBwWiIO, Il BUTOTOBJICHHS MOJISIPU3alifHAX MPU3M BHKOPUCTOBYIOTH 1CIaH/-
CBKHMH IITAT, 1HOMI KBapIl i HATPOHHY CENITPY, IO 3HAYHO 3/ICIIEBIIIOE BAPTICTh MOJISIpU3aLiii-
HUX IIPUCTPOIB.

Po3pi3HAIOTE OTHOIIPOMEHEBI 1 IBOIPOMEHEBI MPU3MHU. I3 MepImx BUXOIUTH TUIBKU OJMH
ITyYOK JIIHIHHO TOJISIPU30BAHOTO CBITIA, 13 APYIUX — JBa, MOJSPHU30BAHUX Y B3aEMHO IEPIICH-
JKYJISIPHUX IUIOIIMHAX, ITyYKH.

Ipusma Hikons. [lortnanacekuii pisuk Yinesam Hikons (1768 — 1851) y 1828 p. Brepiie
3aIpONOHYBAB MONAPU3ALiiiHY IIPU3MY, SKa BiHOCHTBLCA JIO MPU3M MEPIIOro TUIy. Ii ckopo-
YEeHO Ha3MBAIOTh NMPOCTO HikoseM. [IpuHim, 3anpononoBannii HikoneM, cTaB 0JJHAM i3 OCHO-
BHHX B KOHCTPYKIIi1 OJSIPU3AIiHHIX TPHUCTPOIB (IPUIaIiB).

Cxematnune 300pakeHsst npu3mu Hikoss HaBeneHe Ha puc. 28.14. Bona sBisie co0oro mpus-
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Puc. 28.14
Puc. 28.15

My i3 iCJTaHACHKOTO IIITaTy, sKa po3pi3aHa 10 MaJiil JiaroHai i cKiieeHa KaHaIChKUM Oalb3aMoM.
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8§ 28.5. lonspuzayivini npucmpor

TMoka3HuK 3a7I0MJICHHSI KaHAJICbKOro Oainb3amy (N, 5 = 1,55) Mae npoMikHe 3HAYECHHS MK TTOKa3-
_ HAKOM 3aJIOMJICHHs1 3BH4aiiHoro (Ng = 1,658) i HessuuaitHoro (N, = 1,486) npomeHis y mpusmi (No>
Nes. > Ne). ToMy, Ha MEXi CKIICIOIOYOTO MPOIIAPKY 3BHUANHHIA POMIHb ITaJ1a€ i3 GUIBII ONTHYHO
T'YCTOTO CepelOBUINA HA MEHII ONTHYHO I'yCT€ 1 NP BiMIOBiIHO BHOpaHOMY KyTi MajiHHS
criocrepiraeTbcsi HOro MOBHE BiIOMBaHHS, TOOTO, Yepe3 NMPU3MY 3BUYaiHIH IPOMiHb HE IPOXO0-
nmuth. [licns BigOWMBaHHS BiJ KaHAJACHKOTO 0allb3aMy BiH IMaja€ Ha 3a40pHEHY OOKOBY ITOBEp-
XHIO TIPU3MH 1 TTOTIMHAETHCS Heto. He3uuaiiHui npoMiHb pH Oyab-sIKOMY KyTi TaaiHHS 1po-
XOAUTH Kpi3b Npu3My. TakuM 4MHOM, i3 IPU3MHU BUXOIUTS JIIHIHHO MOJISIpH30BaHe CBiTiO. [e-
OMETpisl IPU3MH BUOMPAETHCS TaK, 100 3a0€3NeYNTH BUKOHAHHS YMOBH MOBHOT'O BiIOMBaHHS

3BHYAHOTO IPOMEHS B IIPH3MI.

IIpusma ®yko (puc. 28.15) nobGynoBana sk i npuzma Hikosist, TUTbKH KaHAJACEKUHA Oalib3am
3aMiHEHHH TOBITPSHUM TIPOIIAPKOM. 3aBASKH IIbOMY 1i MO’KHa BUKOPWUCTOBYBATH ISl JTOCIIJI-
KEHHs ynbTpadioneToBOi AUISTHKY CHEKTpa, Toxi K rmpu3Ma Hikorst He mpuaaTHa uis i€l MeTH,
OCKIJTBKM KaHaJChKHH Oanb3aM CHIIBHO TorimHae yibrpadioner. Kpim toro, nmpusma dyko Bia-
pi3HsETHCS BiJ npr3Mu Hikomst e 1 TiM, [0 NOKa3HUK 3aJIOMJICHHS TIOBITPSHOTO IIPOIIAPKY
MEHIIINIA 32 TIOKa3HHUK 3IOMJICHHS 000X MPOMEHIB Ny 1 N,, BHACIIOK YO0 IIOBHE BiAOMBAaHHS BiJ
IUTOIIMHA Po3pi3y B mpu3mi Dyko 3aiHCHIOETHCS il MEHITMMH KyTaMH, a camMa MpU3Ma 3HAYHO
KOpOTIIA, a, 3HAYMTh, 1 AemeBia 3a npumMy Hikons.

Jlo nBonmpoMeHeBHX MPH3M BiJHOCHTECS npu3Ma Bomnacrona (puc. 28.16). Cxnanaerses
BOHA i3 IBOX KYCKiB iCIIaHACHKOT'O IIMATy, SIKi BUPi3aHi HapajeIbHO ONTHYHIM OCi 1 CKIICEH] TaK,
mo0 ixHi oci Oynu B3aeMHO HepHeHANKYISIpHI. ONTHYHA Bich NMPU3MU 2 NEPIEHIUKYIISIPHA 10

IUTOLMHY PHUCYHKa, a ONTHYHA Bich mpm3smu 1 mapa-

) Oo OO OO Oo nenmpHa 1. [IpoMiHb CBiTNA, SKHUI ng,gae Ha BXiJHY TIO-
000 O BEPXHIO [IPH3MH, MOIMPIOETCA B Hiff §e3 PO3BOCHES,
20 0 o OCKIJIBKH 00M/1Ba TPOMEHi, 3BUYAMHMI | He3BMHAHHHI,
MIOIIMPIOIOTECSL B NPU3Mi B OJHOMY HAmNpsIMKy, ayie 3

O 00 € . .

oo pisaMHu mBuaKocTAME. [lepexonsun i3 mpmmu 1 B

L mpusMy 2, 0OWIBa TIPOMEHI MIHAIOTBCS MICISIMU,
\\o

3BUYANHUI IIPOMIHb CTa€ HE3BUYAWHMM 1 HaBIAKH.
TakuM YUHOM, OJMH MPOMiHb (3BUYalHUI B mpu3mi 1)
| MIEPEXOANTH 13 CEPEOBHINA 3 TTOKa3HUKOM 3JIOMJICHHS
No B CEpeIOBHIIE 3 MOKA3HUKOM 3aJIOMJICHHS N, 1HIINNA
(He3BuuaiiHmMii B ipu3Mi 1) — i3 cepenoBumia 3 N, B cepe-
JoBuIIe 3 Ny. B icmanacekomy mmari Ny > N,. 3Ha4YNTS,

Puc. 28.16 MIepIINi MPOMiHb MEPEXOIUTh i3 ONTHYHO OiIbII Tyc-
TOTO CepeIOBUIIA B ONTHYHO MEHII T'ycTe, APYTHH — HaBIAaku. B pe3ysnbrari ofuMH IPOMiHb Ha
MEXK1 3aJIOMUTECS BrOpY, a JPYTMil — Ha CTUIBKH X BHU3, i3 NPU3MH CUMETPHYHO BUHIYThH Ba
JIHIAHO MONSPU30BaHi TPOMEHI.

B neskux kpuctanax, ae Ma€e Micle MoJBiiiHe IpOMEHE3aI0MIICHHSI, OJIMH i3 IIPOMEHIB TIOT-
JIMHAETHCS crulbHinIe. ToO0TO, B TAaKMX KpUCTajaxX MOIIMHAHHS CBITJA 3aJISKUThH Bill HANPSMKY
KOJIMBAHHSI CBITJIOBOTO BEKTOpa MpoMeHst (auizorporrist orunans). Lle siBuiie Ha3uBaeThes JIi-
HilfHUM auxpoizmom i Oyio Bigkpuro I1. Kopase B 1809 p. Ha minepai, sikuii OyB Ha3BaHHI
KOpAi€EpUTOM.

CuIIbHEM TUXPOI3MOM BOJIOJIIE KpUCTaJl TypMalliHy, B IKOMY 3BHYalfHHI POMiHb B Oara-
TO pa3iB CHJBHIIIE TOIJMHAETHCS, HDK He3BUUaiHuid. [nacTnHka TypMasiHy TOBIIMHOIO B
1 MM TIpaKTUYHO TMPOITYyCKAa€ TiAbKM HE3BMYAMHUI NMPOMiHb, MOBHICTIO HOTJMHYBLIM 3BHYAM-
Huil. Taka [UIACTHHKA TYPMAIiHY MOXE CIY)KHTH IIOJSPU3YIOYAM IPUCTPOEM (HOISIPHU3ATO-
pom). HemonikoM TypMaltiHy € Te, 1110 BiH BOJIO/Ii€ CEIEKTUBHUM (BUOIPKOBUM) MOTTTHHAHHSIM.

e sickpasirie BUABJICHHUI AUXPOI3M MAIOTh KPHCTAIIN CIPYaHOKHCIOro HOaXuHiHy (repara-
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28 Ionapusayis ceimaa

TUTY), sKi ipy ToBIHHI 0,3 MM TOBHICTIO MOTTIMHAOTH OJIMH i3 poMeHiB. Kpucraiu repamatury
nyxe Maii. Tomy, 00 moOyryBaTH NOISPU3ATOP 3 BEIMKOIO TUIOMICIO TIOBEPXHi, 3aCTOCOBYIOTh
LIEITYJIOi/THI TUTIBKH, B SIKi BBEJICHO BEJIMKE YHCIIO OIHAKOBO OPIEHTOBAaHMX KPHCTAIMKIB Trepara-
TuTy. Taki IUIBKY HA3UBAIOTH MOJIAPOIAAMH.

8§ 28.6. Anani3 ainiiino moasipu3oBaHoro citiaa. 3akon Mamoca

Sk yxe BiIMIYaioch BUIIE, TPIJIATH, SKi IPU3HAYCHI TS OTPUMAHHS JIiHIIHO TOJSpHU30Ba-
HOT'O CBiTJIa, HA3MBAIOTH MOJsIipU3aTopamMu. [ ananizy cryneHs noispusanii CBiT/ia BUKOPHC-
TOBYIOTH Ti X caMi MPHUCTPOi, IO 1 ISl OTPUMAHHS JIHIHHO MOJIAPU30BaHOrO CBiTIa. OfHAK, B
LIbOMY BUIAJKY X Ha3UBAIOTh AHAII3aTOPaAMHU.

Hexaii Ha IUISIXY TOMIMPEHHS ITyYKa PUPOIHOro CBITIA po3MilieHui nossipusarop Py (puc.
28.17). Ilicis monsipuzaTopa CBITJIO JiHIHHO Tossipu3oBaHe. Jlai BOHO Najiae Ha mosipu3aTop P;

, , gy (aHamizarop) i, MPOHILOBLIM Yepe3 HbO-

P, P,(A) ro, majsae Ha ekpan E (expaH criocre-

/\ / \ /\ pexenns). ExcrepuMeHTH  TIOKa-

I, I, I, 3yIOTh, IO I1HTCHCHBHICTh CBiTJIA
TTiCIISl POXOJKEHHS Yepe3 MoJIsipu3a-
Top P; He 3MIHIOEThCS TIpH 00epTaHHI
MOJIsIpU3aTopa HAaBKOJIO  HAIMPAMKY
nommpeHHs npoMers. Lle € npsmum
HACITIZKOM TOro, IO B HPHPOIHOMY

o
Q

Puc. 28.17

CBITJII )KOJTHUH 13 HANIPSMKIB KOJIMBaHb BekTopa E He nepeBaxkae. O4ueBUIHO, 10

lp = %kp|o, (28.2)

ne 1, — IHTeHCHBHICTD IPOMEHS MicIst OJsIpu3aTopa, /o — IHTEHCHBHICTh 11aJal0u0r0 IPOMEHS
HPHUPOJHOTO CBITNA, a K, — KoedinieHT Mpo30pocTi Homspru3aTopa.
P} , [HTeHCHBHICTH MONAPU30BAHOTO CBITIIA, SIKE NMPOMILIO Yepe3 aHali-
4,  3aTop, 3AIEKUTH Bill KyTa o Mi’K TOJIOBHMMH ILIOIIMHAMH aHajizaropa (¢
i - a') i mosipusaropa (p — p') (puc. 28.18).
Hexaii E, —ammiiTyna eieKTpHuHOro BEKTOpa JiHiiHO MONspH30-

SN

BAHOT'O ITPOMEHS, SIKMH ITPOWIIOB Yepe3 nossipu3atop. Ha Bxoxi B aHa-

J'IiBaTOp Heﬁ BCKTOP PO3KJIIAIA€TLCA HAa ABAa BCKTOPU El y SIKHAM TNICPIICH-

JUKYJISIPHUNA 10 TOI0BHOI IUIOIIMHY aHani3aropa, i E, , skuii napane-
JILHUI TOJIOBHIN MJIOMIKHI aHasi3aTopa. I3 puc. 28.18

E,=E,sina i E,=E,cosa. (28.3)

[Nepmii i3 HUX HE MPO¥iIe Yepe3 aHaIi3aTOpP, OCKIJIBKU BiH IEPICHINKY-
JSIPHUH IO TOJIOBHOI IUIONIIMHH aHajiizaTopa. IToBHICTIO mpoiine uepe3

Puc. 28.18 aHaji3atop Bekrop E, . fIkio aHani3aTop HOBHICTIO IPO30pUiA, TO amil-

JiTyza eNeKTpUYHOro BekTopa E, 11 cBitia, sike npoiinuio yepes aHai3aTop, JOpiBHIOBaTUME
E,=E,=E, cosa. (28.4)

OCKiNbKY iHTEHCHBHICTS CBiT/IA mpornopwiiina keaapary ammmitym (I ~ E?), TO BUKOpHC-
TOBYIOUH criBBifHOmEHHS (28.3), oTprMaemo:
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8§ 28.6. Ananiz ninitino nonspuzosanozo ceimna. 3axon Mamoca

I, =1,c0s%a. (28.5)

B 3aranpHOMY BHIIQJIKY B mpaBy 4acTuny Gopmyiu (28.5) tpeba mie BBecTH KOedillieHT mpo-
30pocTi aHamizaTopa. Tomi

I, =kyl,cos’ a. (28.6)

CriBBinHonieHns (28.5) i (28.6) HocsaTh Ha3By 3aKkoHy MaJoca. EkcriepiMeHTanbHO el
3aKOH OyJI0 MiITBEpLKEHO Aparo.

IIpu o = 0, TO6TO, KOJH TONOBHI MIIOMIIMHY TOISPH3ATOPa i aHATI3aTOpA NApaneNbHi COS o =
=11 l, = I, T00OTO, OCBITIEHICTH eKpaHa Oyne MakcumMaibHa. [Ipu o = 90°, T06TO, KOIM TONOBHI
ILTOIIMHH MOJISPH3ATOPA i AHANI3ATOPA B3AEMHO TIEPICHIMKYISIpH], C0S° ¢ = 0, i OCBIT/ICHICTS eK-
paHy piBHa Hymi0. B 11boMy BUNaIKy TOBOpPSITH, SIK YK€ BiIMI4aJIOCs BHUILE, IO HOJISIPU3ATOP 1
aHaIi3aTop CXpEIIeHi.

SIxkmo B popmyy (28.6) 3amicts |, migcraBuTH Horo 3HaUeHHS i3 Gopmymnn (28.2), To BoHA
3aIUIIEeTHCS TaK:

l, =%kpkalocosza. (28.7)

CBiTIIO, B SIKOMY KOJIMBAHHS OJJHOTO HANPSIMKY TI€PEBaXKaloTh HAJl KONMBAHHIMH 1HIIMX Hall-
PSMKIB, Ha3UBAIOTh YaCTKOBO MOJISIPU30BAHMM. YacTKOBO IOJIIPU30BAaHE CBITIIO 3aBXKIM MOX-
Ha ysaBuTH c00i (mpuHaiiMHi, GOpPMAIBHO) SIK CYMIIIl MPUPOIHOTO i JIHIIHO IOJISPH30BAHOTO
CBiTia. SIKIIO MPOIYCTUTH YaCTKOBO IOJISIPU30BaHE CBITIIO Yepe3 aHaJli3aTop, TO P ITOBEPTaHHI
aHai3aTopa HAaBKOJIO HANPSMKY TOIIMPEHHS IPOMEHS IHTCHCHBHICTh CBIiT/Ia Ha BUXO/I i3 aHasIi-
3aTopa Oyjie 3MIHIOBATHCH B MEXKaX BiJl Imax 1O |min, TpraoMy tiepexis Bif Imax 10 Imin (i HaBmaKm)
OyIie 3I1HCHIOBATHCS TIPH TIOBOPOTI IPHJIa Iy HABKOJIO MpoMeHst Ha KyT a = 90°.

YacTKOBO MOJSIPH30BAHE CBITIIO XapaKTEPHU3YETHCS BETMUMHOIO, SIKA HA3UBAETHCS CTyIeHEM
noJsipuzanii P, sikuii BU3Ha4a€eThCst POPMYIIOLO:

P = Imax — Imin ) (28_8)

Imax +|min

st miHiitHO mospu3oBaHoro cBitna Iy, = 0, a, 3Haunts, P = 1, a6o P = 100 %; misa mpu-
pomHOro cBitna lma = Iyin, @ P = 0.

Mpuxaan 28.3. /[éa noaspuzamopu opienmosani nio kymom o. = 45° 6ionocHo ooun 00Ho20.
Axa wacmuna inmencusnocmi ceimaa npotioe uepes HOIAPUIAMOPU, AKUO HA NePUUIL NOTAPU3A-
mop naoac nenoaapusoeawe ceimno inmencusnocmi lo. Bmpamoro ceimna na nocnunanms snex-
mysamu.

Po3B’s130K. [nmencusnicmo ceimaa, sxe npoxooums uepes ooudea noAAPU3AMOPU, 6U3HA-
yaemovcs 3akonom Mamoca (28.7):

., =%kpkalocos2 a,

e lo — inmencusHicms nadaO¥020 Ha nepuiLil NOIAPUIAMOP RPUPoOHo2o ceimaa, K, i K, — giono-
8I0HO KoehiyieHmu nPo30pOCmi NOIAPUIAMOPA | AHANIZAMOPA, 0. — KYHL MINC ONMUYHUMU OCSL-
mu nonspuzamopa i ananizamopa. Ockinvku, 32i0Ho ymosu 3adaui K, = K, =1, mo

I, :%Iocosza =%Iocosz45°=0,25|o-
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28 Ionapusayis ceimia

ITumencuenicms ceimaa, wo npotuwio yepes cucmemy, OOPIBHIOE YemEepmill YACMUHI IHMeH-
CUBHOCI NAOAOH020 C8IMIA.

Hpuknan 28.4. /[lea norspuzamopu opicHmosani max, wjo nponyCcKarwms MakCUMym ceinid.
Ha sxuii kym nompioHo nogepuymu 0OuH i3 noiApuU3amMopis, wobd iHMeHCUBHICMb C8IMd, uo
npotide uepes cucmemy, SMEHUUIACA 8 08 PaA3U?

Posw’s130k. Tonapuzamopu nponyckaioms MakCumym c6imiaa, AKWO 80HU PO3IMIUjeHT napa-
JenvHo. InmencueHicmy c8imaa, nponyujeHo20 maKow CUCMemor

|1=%|0cosza=%|o. @)
Tym o =0°, cos?0=1.

Toseprysuiu 00un i3 noaapoidie Ha Kym a., iHmencugnicms |y, 32i0H0 ymosu 3adaui, 3men-
wunacs 6 06a pasu. Tooi 6oHa cmawe pigHOIO:

I, = %1 = IIO. #)
3 dpyeoeo boky
Izzélocosza. ®)
Hpupisnsewu (2) i (3), ompumaemo:
%Iozélocosza. 4

36i0KU COS% o = % cosa = 0,71, « =45°.

Hpuknan 28.5. Cmynine nonapusayii yacmxogo noagpusosarnoco ceimaa P = 0,25. 3uatimu
BIOHOWEHHS. THIMEHCUBHOCMIE NOAPUZ0BAHOI CKIIAO0B0I Yb020 CEIMIA 00 IHMEHCUBHOCTE NPUPOO-
HOI CKIA008OL.

Po3B’s130K. OckinbKu 4acmko80 NOAPUZ0BAHE CEIMIIO MOJICHA CODI YAGUMU SIK CYMIL RO~
PU308aHO20 | RPUPOOHO20 CEIM.IA, MO IHMEHCUBHICMb MAKO20 CEIMIA BUPAZUMBCS MAK -

=1, + 1oy, (1)

oe I, — inmencugHicmo noaapuzoeanoi ckiadogoi ceimaa, 1,, — inmencusHicms npupooHoi ckia-
0060i ceimaa.

AKwo Ha WAXy YACMKO0 NOJAPUIOEAHO20 CEIMAA NOCMABUMU ROJIAPUIAMOP, MO NPU Neg-
HOMY 11020 ROLOJICEHHT uepe3 1bo2o npotide makcumym ceimaa (Oue. § 28.6):

1
ImaX:Ip+§Inp. 2
[icna nosopomy nonapuzamopa na kym 90° nonapuzamop nponycmums MiHiMyM céimaa:
1

Iminzilnp- (3)
Hani, xopucmyrouuce gpopmynoio (28.8), snaiioemo, wo
I, + 1I - 1I
|3=|ma><_|min= P an anz IP
Imax"'lmin |p+£|np+%|np I +|np



8§ 28.7. Inmepghepenyis nonspuzoeanozo ceimua

36I0KU

§ 28.7. InTepdepeHuis MOJSIPU30BAHOTO CBIiT/IA

Sk y»ke HEOMHOPA30BO BiAMIYaIOCh, iHTEpEPCHIIiS ABOX XBIIb HAHOLTBIT e(DeKTHBHO 3Tii-
CHIOETBCSI Y TOMY BUIQJKY, KOJIM HAIPSIMKH KOJIMBAaHb Y B3a€MOJIIOUMX ITydKax CITiBIIJArOTh.
[Tpn HaxnagaHHI ABOX KOTEPEHTHHUX NPOMEHIB, MOJSIPU30BAHUX Y B3AEMHO IEPIICHIUKYIISIPHAX
HanpsiMKax (HATPHKIIAJ, 3BUYAMHMI 1 He3BUYaWHUIT MPOMEHI, SIKi YTBOPIOIOTBCS B OJJHOBICHOMY
KpHUCTaI), HisSKOI iHTepd)ePEHIIIHOI KApTUHH, 3 XapaKTePHUM UISl Hel YepryBaHHSIM MaKCHMY-
MiB i MiHIMyMiB IHTEHCHBHOCTI, He criocTepiracthcs. OHAK, HAMIPSIMKU KOJIMBAaHb TBOX TOJSPH-
30BaHUX y B3A€EMHO NEPICHANKYISIPHUX HAIPSIMKAX CBITIOBHX IPOMEHIB MOXXHA 3BECTH B OJIHY
wronyHy. [IpakTH4HO TakWili BUNAaIOK MOKHA 3AIHCHUTH, PO3MICTHBINN MDK IOJPU3aTOPAMHU
P11 P, miockonapaienbHy KpUCTaniyHy miacTuHKY AB (puc. 28.19).

Hexaii mnactunka 4B BUpi3aHa i3 0HOBICHOTO KpHCTalla HapalebHO IO ONTHYHOI OCi 1 po3-
MillleHa Tak, sIK ITokazaHo Ha puc. 28.19. [pumycTumo, 1o nonspusaTopu cXpelieHi 1 Ha cucre-
My Majiae napajieabHUH My4oK cBiTJIa. B IpoMeHi, sSKuii MpoHIIoB yepe3 nossipu3aTop P, enexr-
PUYHUIA BEKTOP 3IiHCHIOE KOJMBAHHS B HANPSMKY IUIOLIMHK T'OJIOBHOTO Mepepi3y (ONTHYHOL Oci).

AmmiTyna nux KonuBaHbs Ha puc. 28.20 mpencraBiieHa BEKTOPOM E°. Hexaii 00" — HaINpsIMOK

P,
o ’
B A %
// N //
o’ (0} 0 N/
l/ElU |El?:
- : > |
1 P,
© P, P, o _1:0 /7 o "
E. ., E..
A o,”
Puc. 28.19 Puc. 28.20

IUTOLIMHY TOJIOBHOTO TIepepi3y I1acTuHKH AB. [IpoMiHb, IomaBny B INIACTHHKY AB, po3i0’€ThCs
Ha /IBa IPOMEHI — 3BUYAHMI 1 He3BUYalHUH, SKi OyIyTh IOIIMPIOBATUCS B OAHOMY HAIIPSIMKY,
aJie 3 pi3HUMH MBHAKOCTSIMU. ENeKTpuuHmii BEKTOp HE3BMYAHHOTO ITPOMEHS 3711 HCHIOE KOJIMBaH-
H B HanpsiMKy OO, a 3BUMalfHOT0 B HAIPSIMKY, NepreHauKysipaoMy 1o OO'. Tlo3Haunmo Bek-

TOp aMIUTITYIM 3BHYAfHOTO MIPOMEHS Yepes El% , @ HE3BHYAITHOTO — 4epes Eloe . Bextop E% e
. =0 - ~0 o . .
PE3YIBTYHOUHMM BCKTOPOM BCKTOPIB Elo 1 Ele . HKIHO TOJIOBHHU TICPEP13 IIIIACTUHKU OO0' ckia-
Ja€ 3 T'OJIOBHUM Hepepi30M MoJrsipru3aTopa KyT d, TO
E) =E%sina,
0 o (28.9)
E. =E cosa.

Mijk KOJNMBAHHSAMH [HX [POMCHIB (3BUYAMHOTO i HE3BMYAWHOI0) 3 aMILTITYIaMK El% i Eloe
BHUHUKHE PI3HHLI XOIY
A =(n,—ny)d, (28.10)
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28 Ionapusayis ceimia

abo pizHuns ¢as
5= ZT”(n0 —n.)d, (28.11)

Iie Ny 1 N, — BIITOBI THO TIOKa3HUKH 3aJIOMJICHHSI 3BUMAaHOTO 1 He3BUYAHOTO IPOMeEHiB, d — TOB-
IIWHA IDIACTHHKA AB, Ao — TOBXWHA CBITIOBOI XBIIII Y BAKYYMi.

Jpyruii HIKOJb MPOITYCTUTS JINIIIE KOJIMBAHHS, SIKi SBISIOTH COOOO MPOEKIIT KOIUBAHb El%
i Eloe Ha HalpsIMOK OIITHYHOI OCi mossipu3aropa P;. BekTopn aMInmiTy X KOJIMBaHb 300pare-

Hi Ha puc. 28.20 crpinkamu Ego i Ege . I3 puc. 28.20 i3 BpaxyBauusam (28.9) maemo:

EJ =E. cosa = Esinacosa,
207 o (28.12)
Ea =E>sina = E%sinacosa.

TakuM 9YHHOM, aMIDTITYIH Ego 1 Ege 3a BeJMYUHOIO piBHI. OOMIBa KOJMBAHHS BUHUKIH 13

OJTHOTO 1 TOTO X JIIHIHHO MOJSIPU30BaHOTO KOJIMBAHHS EC, TOMY BOHHM KOTEpPEHTHI 1 MOXKYTb iH-
TepdepyBati. OCKUIBKN BEKTOPH Ego iE ge HanpsMJIEHI B IPOTHIISKHI CTOPOHH, TO M)XK KOJIH-
BaHHSAMH, 1110 IM BiJINOBiTal0Th, KPiM Pi3HUII (a3, sKa BU3HAYAETLCS CIIiBBiqHOIIeHHsM (28.11),
€ 1€ 10JIaTKOBa pi3HUL (a3, siKa AOpiBHIOE 7. TakuM YnHOM, cymMapHa pisHULs (a3 Oyne

0, = 27ﬂd(n0 - ny) + 7 (28.13)

Slxkmo 6; = 2kz , ne k — nine gmcno, To 06HABa KOIMBAHHS MaKCHMAJBHO MiICHIATH ONHE
OIIHOTO, 1 TIOJIe, TP PO3IVISAAHHI HOTo Yepe3 cXpelleH] HiKOJ, BUSBHUThCS MPOCBITIEHUM. [Ipn

PP, 6, = (2k + )7 xonmBaHHS MOBHICTIO ITOTACATH OIHE OJHOTO, i II0-

JIe BUSIBUTHCSI TEMHHM.
SIKIIo TONOBHI mepepi3u (ONTHYHI OCi) MONSIPU3aTOpPIB PO3MIC-
TUTH TIAPATICTHFHO OJIUH J0 OJHOTO, TO, SIK BUIHO i3 puc. 28.21,
EJ =E2 cosa =E®cos? a,
(28.14)
EJ =EQ sina=E’sin? a.

O6uBa Bektopn Egy i Ej5., B bOMy BHIAKY, OHOIO Ha-

MPSIMKY, 1 pi3HUOS (a3 MiXK BiAMOBIAHMMH M KOJMBaHHAMH JIOPiB-
/ HIOE:

0, = 27ﬂd(n0 - n,), (28.15)

Puc. 28.21 TOOTO, BiAPI3HAETHCS B J; HA 7.

3

. . T . .
[Ipu Oynp-skOMy 3HAYCHHI KyTa @, KpiM @ = + —,+ =+ ) +esy @MILTITYAH Ego 1 Ege Te-

4
Tiep He piBHI 32 BEIMYMHOIO 1, 3HAYNTD, TIPH >KOIHIH TOBIIMHI INTACTHHKY KOJIMBAHHS HE MOXYTb
TIOBHICTIO TIOTaCHUTH OJHE OJHOTrO, TOOTO 32 Ii€l YMOBH B MiHIMyMax He Oyze IHOBHOI TEMHOTH.
[Tpu Oynb-sikiit TOBOIMHI IUTACTHHKH, PO3MIIIEHOI MK MapaleNbHUMH TOJSpU3aTOpaMH, IoJe

. . . V3 3
BUSIBUTHCS OUTBII-MEHIII TPOCBITIICHUM. TiIbKY IpH o = + T + RS [PH [ApaIeNbHHUX 10~

420



8§ 28.8. Llimyuna anizomponis

JSIpU3aTopax, aMILTTYIN Ego i Ege OyayTb piBHI oHa OfHii. B mpOMy BHIIaIKy IIIacTHHKA,
sIKa BBEZIEHAa MIXK HOJIIPU3aTOPAMH, MOXE ITOBHICTIO MTOraCUTH CBITJIO.

Sxuo Ha mactuHKY AB mapae niHiiHO monspr3zoBaHe Oijie CBITIIO, TO MPU CHOCTEPEKEH-
Hi 4epe3 ApYyrui MOJSpU3aTop IUIACTUHKA 3/1a€ThCs 3a0apBieHo0. SIKmo obepTaTH HaBKOJIO
npoMeHs npyruit (abo nepmmit) noyspu3aTop, 3a0apBIICHHS IACTHHKY 3MiHIOBaTHMEThCA. Lle
TIOSICHIOETBCSL THM, IO JJISI PI3HUX MOHOXPOMATHYHMX CKJIQJOBHX OLJIOrO CBiTJIa 3HAYEHHS

5. = 2 q .
2= (n, —n,) , AKe BU3HAYAE Pe3yNbTAT iHTepdepeHmil, HeOHAKOBE.

SIkuro ToBumHA 0 IIACTHHKY B PI3HUX MICIIX HEOAHAKOBA, a Ny — N, = CONSt, TO i 3Ha4eHHs
0 TaxkoX pizHi. ToMy IpH crocTepexXeHHi Takol IJIACTUHKY Yepe3 JPYTHi HIKOJIb B MOHOXpOMa-
TUYHOMY CBiTJII Ha ii TOBEPXHI BUAHO CUCTEMY CBITIIMX i TEMHHUX iHTep(EpPEHIIHHUX CMYT, SIKi
BiJITIOBIIAIOTh AUTSHKAM TUIACTUHKY OJJHAKOBOI TOBIIMHK. B Oi10My CBITIII I IDTACTHHKA HAOM-
pae XMMEPHOTO PI3HOKOJIPHOTO 3a0apBiIeHHs, IPUYOMY KOXKHA pi3HOKOJIIpHa iHTepdepeHLiiina
niHist (i30XpoMara) IIPOXOJUTE Yepe3 Ti TOUKH IUTACTHHKH, JI¢ 1l TOBIIMHA OJHAKOBa. AHAIOTIIHA
KapTHHA CIIOCTEPITA€ThCS B IDTACTHHII, TOBIIMHA SKOi CKpPi3b OJHAKOBA, aJic 3aTe Pi3Hi Pi3HUII
MOKA3HMKIB 3aJIOMJICHHA Ny — N,. B 1[boMy BUMajKy i30XpOMaTH CHOMYYaroTh TOUYKH, JUIS SIKHX
pi3HwMII Ny — N, OJTHAKOBI.

Onucane siBuIE iHTEpQEpEHIIii MOIIPU30BaHUX POMEHIB Oyo BusiBieHe y 1811 p. Aparo i
Ha3BaHO XPOMATHYHOIO MOJISPH3AILIEI0.

§ 28.8. llITyyna aHizoTponis

B GisbmrocTi Ipo30puX PEYOBHH 130TPOIHICTH ONTHYHHUX BIACTHBOCTEH € HACIIIKOM Xao-
TUYHOTO PO3TALITYBaHHS MOJEKYII, 3 SIKUX BOHU CKiIanaroTecs. CaMi MoseKynu abo rpymu Mo-
JIEKYJl MOXKYTh OyTH aHI30TPOITHUMH, ajie TaKka MiKpOaHI30TpOIIisl 3HUKAE MPH CTATUCTUIHOMY
YCEpEAHEHHI Xa0TUYHOTO PO3MO/ALTY 1 TEIIIOBOr0 PyXY MOJIEKYII.

JlocBin moka3zye, 1o OHOCTOPOHHIHM 30BHIIIHII BIUIMB MOXKE TIPU3BECTH 1O BIOPAAKYBaH-
Hsl (Opi€EHTOBAHOrO MEPErpyIyBaHHs) MOJICKY, IO € NPHYMHOK BUHUKHEHHS aHi30TpoIIil pe-
4OBMHU. TakuMH 30BHILNIHIMHU BIUIMBaMH MOXYTh OyTH MeXaHiuHi aedopmanii, enexTpuyHi i
MAarHiTHi 1o,

AnizoTponis npu MexaHiuHux aedopmanisax. Y 1813 p. nimerpkuit Gizuk T. 3eeoek (1780 —
1831) i y 1815 p. mornanacekuii ¢izuk J{. Bprocrep (1781 — 1868) BusiBruiy, 1110 mosiiiHe mpo-
MEHE3JIOMJICHHS] MO)KE BUHHKATH B TIPO30PUX 130TPOITHUX TUIaX MpPH X MeXaHiuHii nedopmarii.
e sBrIe oTprMaio Ha3By INTYYHOI ONTHYHOI aHi30Tpomii, a60 ¢oTonpy:kHOCcTi. Mipoto orTuy-
HOI aHI30TpoMii, sIKa BUHUKAE MPH eopMallii, MOXKE CITYyKUTH Pi3HHUIS TTOKa3HHUKIB 3aJIOMIJICHHS
3BHYAHOTO 1 HE3BMYANHOTO MTPOMEHIB N, — N,. JloCTiqHI TaHi OKa3aiy, Mo ONTHYHA aHI30TPO-
Iisl, sIka BUHUKAE NIPH OJHOBICHIN MexaHivHii nedopmanii (0IHOCTOPOHHIN po3TAT a00 CTUCHEH-
HsT), IIPSIMO MIPOTIOPIIiHA TPUKIIAICHIN HATIPY3i:

ny, — N, =Ko, (28.16)
ne K — xoedilienT mpomopIiiHOCTI, KU XapaKTepHHi Ui JaHoi pedoBunu (crana bprocrepa),
o = F/S - mexaniuna Hampyra, N, — NOKA3HHUK 3IOMJIEHHS 32 HANPSIMKOM MPUKIAIEHOI CHIIH

F, a N, — IOKa3HMK 3aIOMJICHHS B3JIOBX HAIPSIMKY, IEPIEHANKYIISIPHOTO TUIOMIMHI PUCYHKA i

cui F . JedopmoBaHe Ti0 Bege cede, 3 TOUKH 30py ONITHYHUX BJIACTHBOCTEI, SIK OHOBIC-
HHIl KPUCTAJ, ONTHYHA BiCh IKOr0 CHIBMAIa€ 3 HAMPAMKOM NPHUKJIAJAEHO] cliin. TakuM 9u-
HOM, B iIe()OPMOBAHMX TiJIaX BHHUKAE NMOABiliHEe MPOMeHe3A710MJIeHHSI.

Posmictumo cxisiny miacturKy CIT Mik cxperueHrmu nossipusatopamu Py i P, (puc. 28.22).
IMoku ckio He KedopMoBaHe, Taka CHCTEMa CBIiTIIa HE MPOIYCTHTH. SIKIIO CKJIO MiyiaTi aedopma-
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28 Ionapusayis ceimia

i (HapUKIIaJ, OIHOBICHOMY CTHUCKY a0o
CII pO3TArY), TO CUCTEMA TPOITYCTHTH CBITIO, 1
| Ha eKpaHi Oy/ie criocTepiraTcst KapTHHa i3
! P, KOJILOPOBUX cMYT (IIPH OCBITJICHHI CHCTe-
T s MU OUTUM CBITJIOM), OCKIJIBKH Ng 1 N, 3aie-
0—’_&,\_— AR S /Z/ KaTh Bil JOBKHHH CBITIOBOI XBIT. KoskHa
' TaKa CMyTa BiJIIOBi/Ia€ OMHAKOBO Ae(opMo-
i BaHMM MicIsiM miactiHkd. OTxe, 3a xa-
I pPaKTepoM PO3MIllIeHHS] CMYT MOJKHA CY-

)

JUTH IPO PO3MOALT HANIPYT B IJIACTHHI.
Pizaumg a3 Mk 3BUIaiiHIM 1 HE3BU-
Puc. 28.22 YalHUM TTPOMEHSIMH, SKi BHHIIUIN i3 TD1ac-
THUHKH, BUPA3UTHCS (PopMyIIoro

2 2
o, = 7d(n0 -ny) = 7dko-, (28.17)

ne d(n, —n,) = A — onTuuHAa pizHUIK X0y. [Ipn crIagHimmX nedopMarisax, HaIpUKIaL, TpU
ABOCTOPOHHBOMY PO3TSTY 260 CTHCKY, 3Pa30K CTA€ ONTHYHO IBOBICHUM.

Ity4yne noaBiiiHe MpoOMeHe3aIOMIICHHS (MeTO] (POTOMPYKHOCTI) BUKOPUCTOBYETBCS IS
BUSIBJICHHSI 1 BHBUCHHS 3QJIMIIKOBUX HANMPYT B MPO30pHX Tinax (KiHECKOMAax, Pi3HUX JaMIiax
TOILIO), SIKi MOXYTh BUHUKHYTH IIPY MOPYIICHHI TEXHOJIOTIT BUTOTOBIICHHS.

AHi3zorponis B esekTpuuHomy noJi. B 1875 p. mornanncekuii dizuk x. Kepp (1824 —
1907) BusBMB, 1110 B pifvHAX i aMOP(GHUX TBEPAMX TijaxX IIif JI€I0 EIEKTPUIHOrO OIS BUHHU-
Kae rozBiiiHe mpoMeHe3anomiieHHs. e sBume HasnBaioTh edpextom Keppa. B 1930 p. edexr
Keppa crocrepirascs i B razax. IlpunimmnoBa cxema Juist crioctepexxenus edekry Keppa B pi-
JUHAX HaBeneHa Ha puc. 28.23, e P i P, — cxpemieHi moispusatopy, a KK — Tak 3BaHa KOMip-
ka Keppa: kioBeTa 3 JoCii/DKYBaHOIO PEYOBHHOIO, B SIKY 3aHYPEHO OOKJIQJIMHKH IIOCKOTO KOH-

KK JEHCaTopa.
P, V BigcyTHOCTI 3apsiiiB Ha OOK-
JIaJJMHKaX KOHJEHCATopa CBITJIO 4e-
pe3 cucrteMy He IPOXOJHUTh, OCKLIb-
KU mosnsipu3aropu Py i P, cxpenieHi.
BBiMKHEHHS 30BHILIHBOTO EJIEKTPH-
YHOro TOoJsl (3apsaka KOHACHCATO-
pa) BUKIIMKAE MOJSIPU3ALIIO PiIHHE
MK OOKJIAAMHKAMH KOHJIEHCATOpa,

Puc. 28.23 BHACIIJIOK 4Or0 pimyHa HabyBac BIac-
THBOCTEH OZHOBICHOTO KPHCTAIA 3 ONTHYHOIO BiCCIO, HANPSIMJICHOIO B3/IOBXK 30BHILIHBOTO €IEKTPHY-
HOTO T10J1s. Pi3HMII MTOKa3HUKIB 3aJIOMJICHHS N, 1 N, TPOTOpLIifHA KBapaTy HANPY>KEHOCTI TPHK-

ownn

JageHoro mois E :
2
n, — ng= kE~, (28.18)
ne K — xoediwieHT mponopiifHoOCTi.
BHaciok KBapaTHYHOT 3aJIeKHOCTI Ny — N, Big E , mojaBifiHE pOMEHE3aIOMIICHHS B €JIEK-
TPUYHOMY T10JIi BiJi HANIPSIMKY OJISI He 3AJIeKUTh.

Ha nursixy d (d — goBxuHa [U1aCTHHE KOHIEHCATOPa) MiXK 3BUYAHHIM 1 HE3BUYaHHUM IIpO-
MEHSIMH BUHHKa€ pi3HULS (a3

5 = 27”01(“0 -n,) = ZT’TolkE2 = 27BdE?, (28.19)
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8§ 28.8. LlImyuna anizomponis

xe d(ng —n,) = A - ontuuna pisauus xoxy, B =k/A, — ta 3Banuit koediuient (crana) Kep-
pa. Pisaumo a3 o moxxHa 3HaiiTi 3a normomoror komreHncaropa babine K (puc. 28.23), a 3Ha-
YUTb, 1 3HalTH pisHUIO Ny — N, .Koedinient Keppa o6epHEHO NPONOPLIHHO 3a/1€KUTh BiJ TEM-
TiepaTypy PeYOBHHHU 1 IOBXKMHH CBITIIOBOI XBHII A.

Jnst 6imbrmocti pimuH N, > N,, TOMY B €ICKTPAYHOMY IOJIi BOHU BEIYTh ceOe sIK TONATHI
oIHOBicHI Kpuctanu. Ssumme Keppa mMoxHa criocrepiraté i B 3MiHHOMY €JIEKTPHYHOMY ITOJI 1
HAaBITH ITiJ1 JI€H0 TOJIS CBITJIOBOI XBHIIL.

Edexr Keppa HOSICHIOETECSI ONTHYHOIO aHI30TPOITIEI0 MOJIEKYI PiTUHU. Y BiJICYTHOCTI I10-
JI51 MOJIEKYJIM OPIEHTOBAHI XaOTHYHO, TOMY PiIMHA B IJIOMY HE BHSBIISIE€ ONTUYHOI aHI30TPOIIii.
Haxrananust crutbHOTO TOJISI BUKJIMKAE JIESIKY TIEpEBa)kalody Opi€HTAIiF0 MOJIEKYJ, a e O3Ha-
Yae, 110 SKUICh OJIMH HANPSIMOK B CEPEOBHILI BUSBHUTHCS HANPSIMKOM HaHO1IbIIO] OIS PU30-
BaHOCTi. TOMY i IIBUAKICTH HOMMPEHHS CBITIOBUX XBWIb Oy/€ 3aJIe)KaTH BiJ] HAPSIMKY KOJIH-
BaHHS CBITJIOBOTO BEKTOPA B CEPEAMHI CEPEeIOBHINIA.

Edexr Keppa npaktnaHo Oe3iHEpIiifHIN: TPUBAJIICTH MIPOLIECIB IIEPEX0/Ly PEYOBHHH B €JICK-
TPUYHOMY IIOJIi 13 aHI30TPOITHOTO CTaHy B 130TPOIHUN 1 HABMAKH, ITICIS 3HUKHEHHS IOJIS, HE
nepesuutye 10° — 10 ¢. Tomy, noxaroun Ha 0GK/IAMHKY KOHACHCATOpa KoMipku Keppa 3mi-
ury Hanpyry U (0 < U < Ug), MoxHA MOIy/IIOBaTH iHTEHCHBHICTD CBITIIA, SIKE IIPOXOUTH de-
pe3 aHamizaTop, BIANOBITHO 10 KonuBaHb Hanpyru. Llei npuniun Bukopucras ILI. Tarep y
TIepIIiil cucTeMI paJsIHCHKOro 3ByKOBOTO KiHO JUIs 3aIncy 3BYKY Ha Kinomismi. Komipky Keppa
B ITO€JHAHHI 13 CXpEUIEHHMH MOJISIPU3aTOPOM 1 aHAJI3aTOPOM BUKOPHUCTOBYIOTH SIK IMIBHUAKO/I-
I0YHH CBITJIOBHH 3aTBOP.

Hpuxnax 28.6. [eosanommoouui Gionociunuii 3pazox moswunoio d = 1,65 - 10 cu mae
nokasnuru sanomaenns N, = 1,331 i n, = 1,322 ons ceimna 3 doexcunoro xeuni 4 = 5800 A. Sxa
PiBHUYA (Da3 UHUKHE MIJC 36UYANIHUM | He36UYAUHUM NPOMEHIMU NICI NPOXOOICEHHS iX ue-
pes3 yeti 3pazok?

Po3B’si30k. Cropucmaemocs ghopmynoro (28.17):

_ 2(314)(1,65-107° 4)(1,331 — 1,322)
58-:107" m

5, = %’Td(no “n,) = 16078 pao = 9213°.

ITy4yna auizorponis B Marnitnomy noJi. Y 1907 p. ¢panmysski ¢isuku E. Korron i
X. MyTOH BUSIBIIIM SIBUIE BUHUKHEHHS ONITHYHOI aHI30TPOII{ PEYOBUHH IIiJ] BIUIMBOM CHJIEHOTO
maruitaoro moist (edexr Korrona-Mytona). Pi3HHI MOKa3HHUKIB 3aJIOMICHHS. PEYOBHHE IS
HE3BMYAHHOIO 1 3BUYaWHOTO ITPOMEHIB, SIKi ITOMIMPIOIOTHCS IEPIICHIUKYIISIPHO 10 HANPSMKY OI-

THYHOI 0ci, TOOTO BeKTOpa H 30BHINTHEOTO OJHOPIIHOTO MATHITHOTO ITOJIS, BU3HAYAETHCS (HOp-
MYIIOK0, aHasIorigHoro Gopmyani (28.18) mst epexry Keppa:

n, — N, = CAH?, (28.20)

ne C — craia Korrona-MyToHa, sika 3aJI&KNTh Bl IPUPOIN PEUOBHHH, JOBXHHH CBITIOBOI XBH-
mi A i remniepatypu. Edexr Korrona-MyToHa criocrepiraiy y pedoBuH, B SKUX aHI30TPOITHI MO-
JIEKYJIM MaroTh MOCTiiHI MarHiTHi MOMeHTH. HakiajaHHs JOCTaTHHO CHIIBHOTO MarHiTHOTO IO-
JIs1, SIKE JIi€ Ha MarHiTHI MOMEHTH MOJICKYJ, OPI€HTYE IX TICBHUM YHHOM BiJJHOCHO I[LOTO 30BHIIII-
HBOTo 1oy, OpieHTallist aHI30TPOITHUX MOJICKYJI MPU3BOANTH A0 HOSBH aHI30TPOIIT BCOTO cepe-
JIOBUIIA, SIKE MOXKHA CITOCTEPIraTH 3BHYaiHNM MeTooM. Cxema JI0Ciiay aHaJIoriyHa cXeMi, sKa
3aCTOCOBYETHCS TSI CTIOCTEpeKeHHs siBuiIa Keppa.

Jls cocrepexxenns edekry Korrona-MyToHa HEO0OXiTHO CTBOPIOBATH CHJIBHI MarHITHI TTOJIS
y BeuKHX 00’eMax. B HiTpober3oi, Hanpukitaz, momirenomy B Marsitae mone H=1,7- 10" A - m
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28 Ionapusayis ceimaa

Ha nwpixy | = 0,1 m Mixk 3BUYaitHAM 1 He3BMYAIHAM MPOMEHSMHU BHHUKAE pisHHLL (a3 Ag = 3,21°,

§ 28.9. [loBepTaHHs IUIOIMHY NMOJISIPU3alii B KPUCTANAX | aMOPGHUX pevyoBHMHAX

1.V 1811 p. ¢ppanuysskuii dizuk . Aparo (1786 — 1853) BusiBuB, 1110 IIpH IPOXODKEHHI JIi-
HilHO TOJISIPM30BAHOTO CBITIIA KPi3b KPUCTA KBApILy B3I0BXK HOro ONTHYHOI OCi IIONIMHA OIS~
pH3alii IoBepTaeThCsl HABKOJIO HANPSMKY MOLIMPEHHS NPOMEHS Ha AESKUH KyT . SIkiio mac-
TUHKY KBapiyy K, BUpi3aHy NepreHIuKyIIpHO A0 ONTHYHOI OCi, PO3MICTUTH MDK CXpEnICHUMHU
Hikossivu (puc. 28.24), To mone 30py Ha expadi E, sike 6yino TeMHUM, cTaHe cBiTiauM. J[iis moBHO-

K rO 3aTEMHEHHSI MOJIS 30pY IPYruil HiKoNb (aHa-

N.(P) biiley E J3aTOp) MOTPIOHO IIOBEPHYTH HABKOJIO HAIPSIM-

Ky TIOLIMPEHHS MPOMEHS HA KYT (9, SIKMHA piB-

I HUA KyTy HOBOPOTY IUIONIIMHHU MOISpU3amii

cBitia. [Ipu npomy He Gaiiryxe, B SIKHii OiK 110-

BepTaeThcsa aHamizartop. [Ipm neskux coprax

KBaplly aHami3aTop HEoOXiIHO TmoBepTaTu

Puc. 28.24 BIIPaBO, TOOTO 32 TOAMHHHKOBOIO CTPLIKOIO, &

TIPH 1HIIMX — BIBO, MPOTH TOJJMHHUKOBOT CTPUTKHU. [TomambIi TOCTiPKEHHS TIOKA3aITH, 10 KBapII

HE € €JUHUM TUIOM, 37[aTHUM IIOBEpPTaTH IUIONMHY nosisipu3amii. Taky » BIacTUBICTH MaroTh i

JesIKi THIII KpHCTasiyHi TBepi Tiia (KiHOBap, BUHHA KHCJIOTa, Kam(opa), YHCTi PIAMHU Ta AesKi

PO34YHHH (BOAHHI PO3YHH LYKPY, aMiHOKHCIIOTH, TTFOKO3H, BUHHOI KUCIOTH TOIIO). PeuoBHHH,
siKi 31aTHI MOBEPTATH IIOLIMHY MOIsIpU3aNii CBiT/Ia, HA3MBAIOTh ONTHYHO AKTHBHUMH.

Hamnpssmok moBepTaHHS IUIOIIMHM MOJSIpU3alii y pi3HUX Tid HE OJHAaKOBHH. B 3amexxHOCTI
BiJl HANIPSIMKY TTOBEPTAHHSI IUTOIIMHY TIOJISIPU3aliil ONTHYHO aKTHBHI TiJla ITOIUISIOTHCS Ha TIpa-
BO- 1 J1iBOITOBEpTatoyi. SIKII0 AMBUTHCH HA3yCTPiY MPOMEHIO, TO B MPABONOBEPTAIOYUX Tilax
IJIOLIMHA MOJISAPU3alLil MOBEPTAETHCS 32 TOIMHHUKOBOIO CTPITIKOIO, 2 B JIIBONOBEPTAIOYNX
— NPOTH FOIMHHUKOBOI CTPiJKK. HanpsMok moBepTaHHs IUIONIMHY NOJSPU3aLlii He 3aJIeKNUThH
BiJl HaNpsIMKY MOLIMPEHHS IPOMEHS B ONTHYHO aKTHBHOMY CepelloBHINI. TakuM YHHOM, SIKIIO
IUTOIIMHA TOJIIPU3aLii B ONTHYHO aKTUBHOMY CEPEIOBHIL TTOBEPTAETHCS, HAIIPUKIIA, BIPABO,
TO TP 3MiHI HaNpsAMKY ITOIIMPEHHS CBITJIa HAa MPOTHJICKHHUN BOHA TaKOX OyJie MOBEpTaTucs
BrpaBo. OHAK, HaNPSIMKK [TOBEPTaHHS “‘BIpaBo” i “BIiBO” BIJHOCATHCS IO PI3HHUX CIIOCTEpira-
YiB: 10 KOJKHOTO 13 HUX, 32 BU3HAYECHHSIM, CBITJIO IIOBUHHO HaOmmwkaTich. OO’ €KTHBHO, HE3AJICK-
HO Bij1 BUOOpY criocrepiraya, MOBEPTaHHS BiIOYBA€THCSI B MIPOTHIICKHI HANPSIMKH, SIKIIIO TIPOMeE-
Hi TOMIMPIOIOTHCS HA3yCTPid OJMH OAHOMY. SIKIIIO 3MYCHUTH CBITJIO NPOWTH TyAW 1 Ha3al, 3My-
CHBIIHM HOT0 BiIOWTHCS Bi J3€pKaiia, TO IUIONIMHA MOJpU3aliii IIOBEPHETHCS 0 CBOTO HOMepe/-
HBOTO HAIPSIMKY.

Jlesiki oNTHYHO aKTHBHI TiNla iCHYIOTH y JBOX MOAW(DIKamisx (HampuKian, KBapil): oaHa i3
HHUX IIOBEPTA€ IUIOLIUHY NOJISIpU3alii BIpaBo, Apyra — BJ1iBo. Take SBUIIE HA3UBAETLCS CHAH-
TOMOP(iZMOM.

EnanTomop®izM 3ycTpidaeTbesi y KpUCTANIB, SIKI HE MAlOTh LEHTPIB 1 TUIOIIMH CHMETPIi.
O6unBi Momuikamii Bipi3HAOTECS OIHA BiJl OMHOI 30BHIIIHBOIO (POPMOIO 1 BHYTPIIIHEOIO
CTPYKTYpPOIO. 3a CBOEKD CHMETPI€I0 BOHU BIiIPI3HAIOTHCS OIHA BiJl OJHOI MPUOIM3HO TaK, 5K
TIpaBUid TBUHT BiJPI3HAETHCA BiJl JIiBOTO. JlesKi piAWHY, HATIPHUKIIAJ, BUHHA KHCIOTA, TAKOXK 3Y-
CTPIYarOThCS B ABOX MOU]IKAITisIX.

B onTr4HO aKTUBHUX KPUCTAIIYHMX TiIaX KYT () IOBOPOTY IUTOLIMHY MOJISpHU3anii MPOHOpLiii-
HUH TOBIMHI d mIapy pe4OBUHH, MPOUICHOTO CBITIOM:

o =ad. (28.21)

O<—0'

Koediuient a B (28.21) Ha3uBa€eThC NMUTOMHM NMOBEPTAHHIM i YHCEJIBLHO JOPiBHIOE KYTY
MOBOPOTY ¢ IVIOIMHH MOJSAPU3aLii IAPOM ONTHYHO AKTUBHOI PeYOBHHM OJMHHYHOI TOB-
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8§ 28.9. Ilosepmanns naowunu noaspusayii 6 KpUCMaiax i aMoOp@OHUX PeHOSUHAX

uMHE (TOBUIMHA LIAPY PEYOBMHH BHMIPIOEThesl B MiTiMerpax). [TutomMe moBepTaHHs BUpa-
)KAETHCS B KYTOBHX rpajycax Ha mimimerp (rpam/mm). KoedimieHT o CHIIBHO 3aI€KuTh Bil mpu-
POJIM PEYOBMHH, JIOBXKWMHHU XBHWI 1 TemrepaTypu. Tak, KBapIoBa INIACTHHKA BOJIOMIE TTATOMUM
MIOBEPTAHHAM, PIBHAM s 4epBOHOro cBimia 15 rpag/mm, s sxoBToro — 27 rpay/mm, st cu-
HbOro — 33 Tpag/mm, mis ¢pioneroBoro — 51 rpag/mm. st NesKuX piKUX KPUCTaIIB o MOXE Csi-
ratu 1o 4 - 10* rpam/mm. TakyM 9IHOM, TOBEPTAHHS TUTOIIMHY TTOJIIpU3aIlii B KBapIl OyJie Haii-
MEHIIINM JUIsl IPOMEHIB 3 BEJIMKOIO JJOBKMHOIO XBHITI 1 HAHOUTBIIINM 3 MaJIOIO JTOBXKHHOIO XBHIIL.
[Ty nosicHIOeThCS 3a0apBIICHHS KBAPLIOBOI IUIACTUHKY NP OCBITIICHHI 11 O1/1MM CBITIOM. 3BifcH
BHIHO, IO JUIA JaHOI TOBXKWHM XBWJI BEJIMYMHA KyTa ITOBOPOTY TUIOLIMHHM TOJIIpu3anii nIporop-
ifiHa JHIe TOBIIHHI IUIACTUHKA. BapTo BIAMITHTH, 10 MTOBEPTAHHS TUIOIIMHY TTOSPU3AIlii Ma€e
Micue i y BUNajKy, KOJdH CBITJIO NTaIa€ Ha KPUCTAT HE B3IOBXK, a MiJl KyTOM JIO HOr0 ONTHYHOL
oci. BuBuartn #oro B iboMy BUTIaKy, 0€3 CyMHIBY, BayKue, OCKUIbKH Ha SIBHIIE IOBEPTAHHS I1JI0-
LIVHHM TTOJISIpHU3allii HaKIIaJaeThes sIBUILE MOABIHHOTO TpoMeHe3aiomiienHst. 1lle Baxxye criocrepi-
TaTH [e SIBUIIE Y ABOBICHUX KpHCTalaX, OCKUIBKH IMOBEPTAHHS IUIOMIMHHM MOIpU3anii Moxe Oy-
TH PI3HUM B3JIOBX KOXXKHOI 13 ocell. HaperTi, BUsBIIEHO JIesKi KpHCTAIN KyOi4HOI CHCTEMH, SIKi HE
BUSIBILSIIOTH TIO/IBIHHOTO [POMEHE3aIOMIICHHSL, ane € onTuyHo akTuBHuMH. Lle kpucranu NaClOs;
i NaBrOs. Benmurina noBepTaHHS B TAKUX KPHCTAJIaX HE 3aJICKUTD BiJl Opi€HTAalii KpHCTaia.

2. JlocmimKeHHS 32 JOMTOMOTOFO OLTBIN YyTIIMBUX METO/IIB TIOKA3alH, IO SBUIIIC IOBEPTaH-
HS IDIOIIWHY TOJSIPU3allii € JOCTATHRO MOIIUPEHUM 1 BIIACTUBE 0araThOM HEKPHUCTAJIYHAM Ti-
mam. [lo ix 9mcira HaiexaTh YUCTI PiAWHY, HAPHUKIIAM, CKATIHIAP, PO3YHMHN 0araTh0X pEUOBHH
B HEAKTHBHUX PO3YMHHHKAX (HAIPUKIIAI, BOJHUN PO3UMH IYKpPY), Tapa i rasu. CroroHi Bimo-
Mi THUCSYi aKTHBHAX aMOP(GHIX PEYOBHH, SIKi BOJIOIIIOTH Pi3HOIO MIOBEPTAIOYOI0 3aTHICTIO, BiJj
JIy’e Majoi 10 TyKe BEIUKOI.

st po3unniB dpaniry3skuit ¢izuk bio XK. b. (1774 — 1862 p.) y 1831 p. BcTaHOBHB, IO KyT
MOBOPOTY TUIOMIMHY MOJSPU3aLii NpsMO TpomopuiiHuil ToBiuHI mapy d i koHuenrtpauii C
ONTUYHO aKTUBHOI PEUOBHHH, TOOTO

¢ = [a]Cd. (28.22)

KoedinienT nponopuiitHocti [a] XapakTepu3ye IpUPOLY PEYOBUHHU 1 HOCUTH Ha3BY CTAJIO
noBepTaHHA. BiH 3aJIeXnTh BiJ| TOBXHMHU XBUII 1 ciabo Bix remnepatypu. J{iast OUTbIocTi pe-
YOBUH [¢] 3MEHIIYETHCSI 13 3pDOCTAHHSM A, ajie € PEYOBHHH, Ui sKHX [a] 3pocTae i3 3pocran-
HIM A (aHOMaJbHa 00epTaibHa AUCIIEPCis).

Crasa noBepTanHsi [¢] po34nHeHOI pe4OBHHH BU3HAYAECTHCS BeJMIHHOI0 KyTa (B rpaxy-
€ax) MOBOPOTY IUIOIIMHM MOJSIpH3aLii, sSIKMii BUKJIMKAHMII IIAPOM PO3YHHY TOBIIMHOK B
O/IMH IeLUMETP, IPH KOHIEeHTpauii po3unny B 1 r/em’. J[Ist BOIHOr0 PO3UHHY LyKpY i AKOBTOr0
cBitya mimii Hatpito (A = 589,3 um), [a] = 66,5 rpax/(am r/em®) mpu Temmepatypi t = 20 °C.

AMOp(QHI PEUOBHHH TAKOX ICHYIOTH y IBOX MOH(pikawisx — mpaBo— i J1iBooOepTarodi.

3. Slxuwio Ay qaHOT peYOBHHM BiJIoMi [], MOBXHWHA XBWII 1 TemmepaTtypa (iX MOXKHa JIETKO
BU3HAYWTH), TO CHiBBigHOUICHHS (28.22) MOXXHA BUKOPHCTATH JUIS BU3HAYCHHS KOHIICHTPALLT
PO3YMHEHOI ONTHYHO aKTHBHOI PEYOBHHU. SIK BiKE BiJ3HAYAIOCH, [0] BUpaxaroTh B rpamycax,
d — B meummerpax, C — B F/CMs; TOJI crany [a], Ik 1 y BUNAJKy KPUCTATIYHUX Tij, HA3UBAIOThH
MUTOMHM NOBEPTAHHIM.

OCKUIBKH LM METOJ IMIBUAKHWHA 1 HaAIHHUNA, TO BIH CTaB OCHOBHMM METOIOM KiJIbKICHOI'O
BH3HAYEHHS KOHIIEHTpallii peYOBHH ITPpH BUPOOHHITBI LyKpy, kKamdopH, HiKOTHHY ToIo. [Ipnia-
M, SIKi IPM3HAYCH] JUTS UX IiJIeH, Ha3WBalOTHCS MOJISIPUMETPAMHU 200 IyKPOMeTpPaMHu.

* 3aexkHICTD 0 BiJ A HA3MBAIOTH 00EPTAIBLHOIO UCHEPCIEIO.
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28 Ionapusayis ceimia

Hpuknan 28.7. Mixc 06oma napaneibHuMu ROAAPUAMOPAMY HOMICIMULU KEAPYOBY NAAC-
munky moguwunoio d = 1 ywm, supizarny napaiensro onmuuniit oci. Ilpu yvomy nrowuna noispu-
3ayii MOHOXPOMAMUYHOO CEIMIA, IKe NAOAE HA OPY2ull NOIAPUIAMOD, NOBEPHYIACS HA KYM @ =
= 20°. Ipu axii MiHiManbHITl MOBWUHI NIGCMUHKY CEIMIIO He Npotide Yepes3 Noapu3amop?

Po3B’a30K. /[ mozo, wob ceimio ne npouuiio yepes opyeull noaspuzamop, HeooxioHo,
wWoo Keapyosa niacmuHKa nogepHyia niowury nospusayii na kym = 90°. Tooi

0, = ad;,
36I0KU
@
d; = dpip = L )
o
0e o — numome no8epmarnisl, ke eusHayumo iz popmynu (28.21):
a="2.
d
Tooi
90°)(1
dmin = ©0)A ) = 4,5 um.
20°

Mpukaan 28.8. [fykposuii posuun konyenmpayii Cy = 0,3 2/cm® nosepmae niowguiy nons-
puzayii MOHOXpOMamuuHo2o ceimna Ha Kkym @1 = 25°. Busnauumu xonyenmpayiio Cy po3uuHy
6 IHWLIl maxitl dce mpyoyi, AKWo GIH nogepmae NIowuHy noaapusayii na g, = 20°.

Po3B’s130K. Cropucmaemocs opmynoro (28.22) i sanuwemo ii 0ns 060x 6unaoxis:

¢, = [a]Cyl, 1)
P, = [a]Cyl, @)

oe [a] — numome nosepmanns, | — dosacuna mpyoru.
Hooinumo nounenno gopmyny (2) na popmyny (1) i snaitoemo, wo

@,C; _ (20°)(300 2/ )
(] 25°

=240 k2| m°.

C2:

4.V 1846 p. M. ®apaneii BitkpuB HaI3BUYAHO BaXXJIMBE SBUIIE, SIKE BIIEPIIE 3aCBII1yBAJIO
PO 3B’SI30K MDK ONTHYHHMMHU 1 €JIEKTPOMarHiTHUIMH TporecaMy. BiH BUSBHB MOBEpTaHHS IUIO-
LIMHY TIOJSIpU3allii B ONTHYHO HEAKTUBHMX PEUOBHMHAX IIiJ] TI€I0 MarHiTHOro MO 3a 00pa3HUM
BupazoMm Dapasest, iiomy Brasiocs “HamarHiTuTi” cBiTio. Lle sBuie Ha3uBaioTh edextom Papa-
Aest 200 MATHITHIM MOBEPTAHHSM IUIOIIMHY TOJSIPU3anii.

Jlist criocTepe)keH s SIBUIA MOYKHA CKOPHCTATHCS €JIEKTPOMAarHiToM, B3IOBX OCl SIKOTO Tpo-
CBEpUICHO IMIIHAPHYHMI KaHa, SIK 1€ TOKa3aHO cCXeMaTWyHo Ha puc. 28.25. EnexTpomarHiT

A A AAn AAAAAT | PO3MIILYETHCS MK MOJSIPH-

g 7r| P, ) ) H K ( (( ( ( [%1 » saropamu Py i P,, a pocii-
HA e : | JDKyBaHa ONTHYHO HEAKTHB-

NL’A / ku Ha pedoBHHAa K BBOIUTHCS
L \ / VY YU MDK TIONIOCAMH Marfity. Y
BUIIAJIKY BiJICyTHOCTI MarHiT-
=||||||= HOro nousi (eneKTpoMarHiT
BUMKHEHUIA) TIPU CXPEILICHHX

Puc. 28.25 nossipu3atopax Py i P, cBit-
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8§ 28.9. Ilosepmanns naowunu noaspusayii 6 KpUCMALax i aMOP@OHUX PEHOBUHAX

JI0 Yepe3 CHCTeMy He PpoXoauTh. [Ipy BBIMKHEHHI eJIEKTPOMAarHiTy CcTeMa IMpOCBITIIOETECS BHAC-
JIJIOK TTOBEPTaHHS ILIOIIMHN NOJSIpU3allii JIHIHHO ITOIIPU30BaHOTO CBITJIA MiJl I€F0 MAarHITHOTO
TIOJIS.

KinpkicHi 3akoHu sBUIIA nociiaus me cam Papajeii, a OiibII MOBHO 1 cucTeMHO — Bepre.
Jlocitim rokasaiy, o KyT ¢ MOBOPOTY IUIOLIMHHM TOJISIpU3alii MPOIOpIiHHIA JOBXKUHI NIISIXY
d cBiTyIa B pEYOBHHI 1 HANPY>KEHOCTI 30BHIIHHOTO MArHITHOTO ITOJI 00 MarHiTHIN iHAyKLii B
B PCUYOBHHI!

o = VdB. (28.23)

ne V — crama, sika XapakTepHa JUIsl PEYOBHHHU 1 HOCUTH Ha3BYy cTasoi Bepne, abo marniTHoi
odepraabHoi 31aTHOCTI. KoedimienT V 3anexuTs Bil NpUpoaAN pedoBHHH, 11 PI3MYHOTO CTaHy
1 1OBXHUHU XBwiI. YuciioBi 3HaYeHHs V HEBEIHUKI.

SIKIo TiNla MaroTh MPUPOJHY ONTHUYHY aKTUBHICTH, TO IIPW BHECEHHI 1X B MartiTHe moje ix
MIPUPOIHA 3[ATHICT [TOBEPTATH IUIOMIMHY IOJISIPU3ALIil TOJa€ThCs 10 31aTHOCTI MOBEPTATH, sIKa
BHHHKIIA T11/1 BIUTHBOM MarHiTHOTO TIOJISL.

JlocTaTHBO BEJMKE MOBEPTAHHS CIIOCTEPIraeThesl B AY)KE TOHKHX Inapax (epoMarHiTHHX
MeTaiiB (3a1i30, HiKelb, K00abT). Tak, 3aai3Ha wiiBka TOBIUHOK 0,1 MKM B MarHiTHOMY I10-
i 3 ingykiiero B = 1,26 - 107 T noseprae miommiy nonspu3anii #a kyr 20°. Kyr mosopory B
(hepoMarHiTHUX PEIOBHHAX NMPONOPLIHHNI HAMArHiueHOCTI PEYOBUHHM 1 TOMY HE I IKOPSETHCS
criBBigHOIICHHIO (28.23).

Pi3Hi Tiia TOBEepTaIOTH IUIOMIMHY HOMISIpU3aLii B pi3HUX HanpsiMkax. IIpaBonoBepraioun-
mu 260 nozutuuumu (V > 0), HA3MBAKTH PEYOBUHH, AKi NOBEPTAIOTH MUIOUIMHY MOJISAPH-
3amii BOPaBo JJA cmocTepiraya, sikMii JUBUTHCH B310BK MATHITHOro mous. PedoBuHn,
SIKi OBEPTAKOTh IVIOLIMHY MOJSAPH3alii B MPOTWIEKHOMY HANPAMKY, Ha3UBaIOThCS JIi-
ponoBeprawyumu a6o Herarusaumu (V < 0). Bei HeraTuBHI peYOBUHHU MICTSITh IIapaMarHit-
Hi atromMu. OTHAK, YAMAJIO TTAPAMATHITHUX TiM i, OUTBIIE TOTO, BCi AiaMarHiTHI TiJIa XapaKTepH-
3YIOTECSI ITO3UTHBHUM ITOBEPTAHHSIM.

Hampsimok moBepTaHHSI KOKHOI JaHOI PEYOBHHHM BHU3HAYAETHCS JUIIE HAMPSIMKOM Mar-
HITHOTO MOJIA i He 3aJIe)KMTH BiJl HANPSIMKY MOIIMPEHHs cBiTia. L{uM MarHiTHE moBepTaHHS
BIZIPI3HSAETHCS B MPUPOIHOTO TIOBEPTAHHS, HAIPSMOK SIKOTO 3aJICKUThH BiJ TOTO, SIK MH HOTO
CIIOCTEPIraEMo: B3IOBXK UM HA3YyCTpid CBiTIIOBOro myuka. L{g oOctaBuHA 03BOJISAE 30UTHIINTH
KyT TIOBOPOTY IIPH MarHiTHOMY ITOBEPTaHHi, SKIIO 3MYCHTH CBITJIO 0araTOKpaTHO BiIOWTHCS Bij
BHYTpILIHIX MOBEPXOHb 3pa3Ka, sKi Uil 30UIbIICHHS BigOMBarO4oi 3[aTHOCTI MOCPiOMIOTh (3a

i BUKITFOUCHHSM MICLIb BXOAY 1 BUXony), (auB. puc. 28.26).
E— Lle#t npuitom, 1o peui, Oy 3anporoHoBaHuii camum Da-

P pajieeM.
/——/' Benmuuaa MarHiTHOTO MOBEPTaHHS, TaK CaMo, SK i

//’ MIPUPOITHOTO, 3AJCKHUTH BiJ JOBXUHHU XBWJII 1 JCIIO Bif
— TEMIIEPaTypH.
——

Ssumie ®apajes € Ge3iHepLUIHHNM, Yac 3aMi3HEHHS T
Pic. 28.26 ~10° ¢, sk i ana edexry Keppa (mus. § 28.8). e mae
He. 29, 3MOT'y BUKOPHCTOBYBaTH edekt Dapanest Ui CTBOPEHHS

TOYHUX ONTHYHUX 3aTBOPIB Ta JUI MOIYIIALII CBITIIA.

Hpurman 28.9. Byszvkuii nyuox aiHIUHO NOIAPUZ0EAHO20 CEIMILA NPOXOOUMb Yepe3 Npaso-
nO8EpMalowy ONMuYHO AKMUGHY PEHOBUHY, AKA 3HAXOOUMbCS 8 NO3008ICHLOMY MASHIMHOMY
noni (puc. 28.26). 3uaiimu Kym, na AKuil NOGEPHEMbCA NAOWUHA NOIAPUAYIL CEIMI08020 Ny~
Ka, Wo 8UIWO8 3 peHOoBUHU, AKWO 008JICUHA MPYOKU 3 peuosunoio pigua L, cmana nosepmanms

o, cmana Bepoe V, inoykyis macrnimnoeo nois B .
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Po3B’s130K. Beauuuna kyma nogopomy niowunu noaspuzayii 6 0anomy unaoxy eusHaua-
€MbCst 080MA YUHHUKAMU . NPUPOOHUM NOBEPMAHHAM

@y =La, @
ma no8epmMAaHHAM NIOWUHU NOJAPUZAYIT NIO BNIUBOM MASHIMHO20 NOJIA
@ aon = VLB, )
Takum yurom,
P = Pup + Pusaon- @)

Ockinvku c8imio 6 pewosuni npoxooums wisax L civ paszie (puc. 28.26), mo seruuuna xyma
npupooHo2o nosopomy eusrawumvcs gpopmyaoio (1), 6o nosepmanns nrowunu nospusayii, npu
3MIHI HANPAMKY NOWUPEHH NPOMEHsl, SMIHIOEMbCA Ha npomunediche. Hanpamox dice nosepman-
Hsl WIOWUHU NOJAPUZAYIL N0 GNIUEOM 308HIUHBO2O MACHIMHO20 NOJISL 80 HANPAMKY NOULUPEHHS
CBIMJIA He 3a1edCumb, I MOMY 8eIUYUHA KYMA NOBOPOMY NIOWUHU NOAAPUIAYLL MASHIMHUM NOJIEM

= VLBN, 4)

(/JI’WLIZH
deN=17.
OcKinbKu npupoOHe | MaeHimHe NOGePMAaHHs NPOMULEHCHI 3a HANPIMKOM, MO OCMAMOYHA
dopmyna 0 3HAX00IICEHHA BeIUYUHU KYMA NOBEPMAHHsL HAOYOe 8uisdy:

@ = aL — VLBN = (a — VBN)L. )

§ 28.10. 3acTocyBaHHs moJsipu3anii cBiTiia

[Nonsipn3zoBaHe CBITIIO IIMPOKO 3aCTOCOBYETHCS B HAYII 1 TEXHiIl, 30KpeMa, IJIs peryJIoBaH-
HS iHTCHCHUBHOCTI CBiTJIa aBTOMOOITBHUX (ap, TaCiHHS CBITJA, M3EPKAITBHO BiOUTOTO BiJl TajI-
KHX TIOBEPXOHb, JTOCIIJDKESHHS MOJIApH3aifHOi (POTOUYTAMBOCTI (DOTONPOBIAHMX MaTepiatiB, BU-
MIpIOBaHHsI OKa3HUKIB 3JIOMJICHHS TOLIIO.

[IpencraBinsie iHTEpec 3aCTOCYBaHHS IOSPU30BAHOrO CBiTIa B GioJiorii. 3okpema, sBUIIE
TIOBEPTAHHS IUIOLIMHY TTOJISIPU3aLlii 32aCTOCOBYIOTh JUISl BU3HAYEHHS KOHLICHTpAIi] PO3UMHIB Ta
JUISL TOCHIDKEHHS CTPYKTYPHHX TIEPETBOPEHb B MOJIEKYJISIpHiH Oio¢i3uii.

Uumano Oi0OTIYHUX CEPEIOBHII, YACTKOBO a00 MOBHICTIO, aHI30TPOITHI 1 B Till 4w iHIIIN
Mipi BOJOMIFOTH MOIBIHHUM MPOMCHE3aJIOMJICHHSAM. 3HAYHUM TIOJIBIHHUM TPOMEHE3aIOMIICH-
HSIM BOJIOAIIOTh, HANPHKJIAJ, XJIOPOIUIACTH NEIKHX BUIIMX pocinH. CaMe 3a JOIOMOToIo Ii€l
BJIACTHBOCTI BIIepIe Oyl0 BCTAHOBIJICHO aHi30TPOIHY, INIACTHHYACTy OyJOBY XJIOpOIUIACTIB.
3a J01oMOororo MeTo Ty OABIHHOTO MPOMEHE3aJIOMIIEHHS B TIOTOL OYJI0 JOCIIHKEHO CTPYKTY-
py daroBux 4acTuHOK, 30kpema yrnakoBku JJHK B darax.

YcmimHo as JOCiPKEeHb B 010J10Tii BUKOPUCTOBYETHCS SBHIIEC MUXpoi3My. Tak, 3a momo-
MOTOI0 JMXPOi3My BUBYAJIACh KOPCTKICTh moBikHOI crmipam JIHK B 3amexHOCTI Bij 30BHINI-
HiX yMOB (TeMmrieparypH, KOHIEHTpaIli Tomo). [[uM MeTomoM MOXKHA TIOMIYaTH HEBEIHKI 3Mi-
uu crpykrypu JJHK npu ynerpadioneroBomy i peHTIeHIBCBKOMY ONPOMiIHEHHI, NPH BIUIMBI
YIBTPa3BYKOM TOIIIO.

Jlist mocnipKeHHs MPo30pHX O10JIOrYHUX 00’ €KTiB BUKOPUCTOBYIOTH MOJISIpH3aliiiHi MiKpo-
ckom. Tak, nesiki TkaHuHH (M’$30Ba, KiCTKOBA, HEPBOBA) BOJIOAIOTH ONTHYHOK aHi30TPOIIEN0.
Tomy, KO Takuii 00’€KT PO3MICTUTH MK CXPEUICHHUMH HOJIIPU3aTOPOM, KU PO3MIIILY€ETHCS
riepe]; KOHICHCOPOM, 1 aHaji3aTopoM, pO3MIIIEHUM B TYOyCi Mi>K 00’€KTHBOM 1 OKYJISIpOM, TO
OyIyTb BUJHI TIJIBKHU Ti BOJIOKHA, aHI30TPOIIIS KX 3MiHIOE TTOISIPU30BaHE CBITJIO.

[NonspuzoBane CBITIO MOXKHA BUKOPHCTOBYBATH 1 B MOJICJIHAX yMOBAx JUISl OLIHKH MeXa-
HIYHMX HaIIpyT, sSKi BAHUKAIOTh B KiCTKOBHX TKaHWHaX. L{e# MeTon IpyHTyeThCs Ha B (hoTo-
npyxHocti (nuB. § 28.8). I3 po30poro i30TPOIHOr0 MaTepially, HAIPUKIIAM [UIEKCUTIIACY, CTBO-
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8§ 28.10. 3acmocysanns nonspuzayii ceimia

PIOIOTH MOJZIENb KICTKH. B cXpelieHnx mossipuzaTopax BOHa HETIOMITHA, OCKUIBKH CBITJIO Yepe3
cucTeMy He poxoauTh. [IprKianeHe HaBaHTAKEHHS BUKIIMYE MTOSIBY aHI30TPOII] TUIEKCHTIIacy, i
eKpaH BiJ[pa3y MPOCBITUTHCS. MOSBUTHCS XapaKTepHa KapTUHA y BUIJISIL CMYT 1 IUISIM. AHAJI3y-
I0YH 10 KAPTUHY, a TaKOX ii 3MiHy IIpH 30UIbIIEHH] 200 3MEHIIICHH] HaBaHTa>KeHHsI, MOXHa po-
OWTH BUCHOBKH ITPO MEXaHiYHI HAIIPYTH, SIKi BAHUKAIOTH B MOJICT], 4, 3HAYMTH, 1 B HATYPI.
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