2 7 OVNOPAKUIA

CBITIIA

Ttoiizenc Xpucmian (1629 — 1695) — comano-
cokull Qisux, mamemamux, acmponom. Hapoousca
6 T'aasi. Buuscs 6 ynisepcumemax Jleiioena i Bpeoa.
Cxoncmpyroeas nepuiuii MASMHUKOBUL 200UHHUK
(1657 p). Bcmanosus 3axomu, ki usHauaioms 00-
yenmpogy cuny. J{ocnioxncyeas 3imKHEHHA NPYHCHUX
min i eueieé tiozo zaxonu (1669 p). ¥V 1678 p. pospo-
ous xeunvosy meopiio ceimna. Cihopmynroeas npum-
yun, gioomuil, sk npunyun [ otieenca. Tosicuus pso
ONMUYHUX A6ULY, BUX00AYU 3 c80€T meopii. Busuas
noogitine npomenezaniomuents. Biokpue nonspusa-
yiro ceimaa (1678 p.)

§ 27.1. sIBue audpaxuii

OpHUM 13 OCHOBHHUX 3aKOHIB T€OMETPHYHOI ONTHKH € 3aKOH NPSIMOTIHIHHOTO NOMINPEHHS
CBiTJIa B OJJHOPITHOMY CEpENIOBHIN, MiATBEP/KEHHIM SKOTO MOXE CIIY>)KUTH YTBOPEHHS TiHI
11033,y HEMPO30poi MEepeIIKoIH, sIKa 3HaXOAUTHCS HA NIIIXY MOMMPEHHS cBiTaa. [IpsiMomninii-
HICTB TOIIMPEHHS CBITJIA JIETKO MOSCHIOBAJIA KOPITYCKYJIsipHA Teopis cBiTia HeroToHa.

OpHak, 0CBIJ CBiMUNTH, 110 NPSMOJIHIHHICTH MONIMPEHHS CBITJIA HE € YHIBEpCaJbHUM 3a-
KOHOM. BiH mopymryeTscst py poXoKEeHHI CBITJIa Yepe3 JOCTaTHO BY3bKi IIIJIMHA 1 OTBOPH, a
TaKOX TPU OCBITJICHHI HEBEJIMKHUX HEMPO30pPHX NEPEIIKO/. 3 MPUHIUIIB [€OMETPUIHOI ONTHKH
BHIUTMBAE, 1[0 YAM MCHIIIMI OTBIip MiadparMu, THM MEHIIIA OyIie CBIT-
K g’ Jla cMyra Ha ekpaHi. 31aBanocs O, AKIIO OTBip 3MEHIIYBATH [0 Mi3ep-
B  HO Majoro, To MOXXHa B TakH{ CrociO OTpUMATH SIK 3aBrOJHO Malry

CBITITy cMyTy Ha ekpaHi. [IpoTe 10CBiJl 1a€ MPOTHIICKHUMA Pe3ynbTarT:

MIOYMHAIOYH 3 TIEBHOI BEJIMYMHH OTBOPY, MOAAIBIIE HOTO 3MEHIICHHS

BHKJIMKAa€ HE 3MEHILICHHS CBITJIOi CMYTH Ha €KpaHi, a ii 30UIbIIeHHS

/]
7
7
<
P
=
\\ (puc. 27.1). Ipu 11bOMy CMyTa BTpadae CBOIO Pi3KiCTh, CTAE PO3ILIUB-
SI|A  YaTOI0 i OCBITIICHOIO HEPIBHOMIPHO, HA Hill BAHUKAIOTH CBITII 1 TEMHI
NA’ KUIbLl, SIKI 3alIOBHIOIOTH 001acTh A'B'. OnmcaHe sBUIE HA3UBAIOTH
audpakmicro cBiTia. BoHo mossirae y BiixusieHHi CBITJI10BUX XBHJIBb
Bil mnpsamoniniiiHoro mnommpennsi. fBume audpaxnii BIacTHBE
OyIb-SIKUM XBIJISIM, HE3AJISKHO Bif iX mpupoau. [IpuxmipHUKH Kop-
IYCKYJISIPHOI TEeOpii CBiTIIa TPOOyBaIM MOSICHUTH BiAXWICHHS CBITJIOBUX IPOMEHIB Bifl IIPSIMOJTi-
HIIHOCTI THM, IO YAaCTHMHKH CBITJIa MPUTSATAIOThCs KpasiMu ekpaHa. Opnak, ®peHenb, ouH i3

TBOPIIB XBIJIBOBOI TEOPIi CBITIA, EKCIIEPUMEHTAIBHO CIIPOCTYBAB TaKy CIIpo0y.

Puc. 27.1

379



27 Qugppakyis ceimna

§ 27.2. llpunnun I'oiirenca-Ppenens

IMoiireHc po3risias Mponec MOUIMPEHHs CBITJIA SIK MOCTiOBHE 30ypeHHs edipy, B SIKOMY
BOHO mommproeThes. Kokna touka cBiTiioBoi moBepxHi (edipy) € camocTiiinum mxepesom
BTOPUHHHUX XBHJIb, SIKi MOIIMPIOIOTHCS 3i BUAKICTIO cBiTiIa. HoBe nonoxeHHs PpoHTY CBIT-
JIOBOT XBWII B OyIb-fiIKMH IHIIMI MOMEHT 4Yacy € OrMHAI0¥a MOBEPXHS JO TaKuX XBWIb (pHC.
27.2). lepneHaukyisipy 10 GPOHTY BKa3yHOTh HANPSIMKH MOLIMPEHHS XBUII. 3 pHc. 27.2 BUAHO
“MexaHi3M” OrMHAHHS CBITJIOBHMH XBHJIIMH Iepeliko] (a — chepHyHOl XBHIII; 6 — IIOCKOT XBHU-

E E mi). JudparoBadi mpoMeHi 3aX0isiTh B OOIACTh IeOMeT-
pu4HOI TiHi. TakuM YHHOM, BUXOISYH 3 MPHHIMITY | FOi-
TeHCa, MOXKHA JIETKO IOSICHUTH IIIJIMH Psi/L SIBUIL, 30KpeMa,
3aX0/KeHHs CBIiTJa B 00JIaCTh T€OMETPHYHOI TiHi, ajie
IIPY [IbOMY 3JIHMIIAETHCS HE 3 SICOBAaHMM IHUTAHHS IIPO
PO3MOALT €Heprii B3I0BXK XBWILOBOTO (PpoHTY. Y MpHHIK-
i [foiirenca He Gpanucs 1o yBaru ¢asoBi CITiBBIJHOLICH-
¢ —  Hs MK BTOPUHHHMH XBHJISIMH.

. Leit menornix Oyno ycynyro ®penenem, sKHH MOBHI-
CTO TIpWiHSAB TpuHIMIT [ FolireHca 1 JIOMOBHUB #Oro Ta-
KUM TBEP/UKEHHSM: BTOPHHHI JKepeJia eKBiBaJIeHTHI
TIePBUHHOMY i BOHM KOrepeHTHi. Ixni hasu Bu3Hauaro-
Thesl 30YIDKSHHSM, sIKe Ie Bil MEPBUHHOIO JDKEpErna.
Omxe, XBWIi, 110 BUXOAATH Bil BTOPHHHUX Kepe,
- 6 intepgepyrors. ChopmynpoBanuii BrIe puHIMII [ f0-
HreHca pazoM 3 JornoBHeHHSIM DpeHernst Ha3uBalOTh MPH-
Puc. 27.2 HounoMm Ioiirenca-®penens. Ha #oro ocHOBI MOXKHA
JICTAaTH PO3MOIT iHTEHCUBHOCTI TSl BUTGHOTO TIOTIIMPEH-
HsI CBITJIOBUX XBWJIb 1 IPH HASIBHOCTI TIEPEIIKOJT HA 1X IISXY.

@penens po3poOUB /1Ba METONM 3HAXOMKEHHS Aii BCIX BTOPHHHHX JDKEpen B Oyab-sKiit
TOYIII TPOCTOPY 1 JicTaB pe3ysbTaTH, sIKi 100pe y3roKyIOThes 3 eKkcriepuMeHToM. [lepmmit
Ha3HMBa€Thcsl MeToIoM 30H Dpeneusi. Leil MeTox 3aCTOCOBYEThCS /10 337a4 3 OCHOBOIO CH-
MeTpi€ro. 3HAXOPKEHHsI aMIUIITYAN Pe3yJAbTyIOUHX KOJIMBAHb 3/11HCHIOETHCS IPOCTUM aire0-
paiuanM abo reoMeTpHYHNM J10aBaHHAM. [Ipyruii — 3arajdpHul aHATITHIHUI METOA.

§ 27. 3. Meton 30u ®penens

PosristHemMo cyTb MeToy 30H @peHers i 3acTOCYeMO HOTO JUTs OSICHEHHS MTOIINPEHHS CBi-
T2 B OIHOPITHOMY cepemoBui. s
LHOTrO PO3IVITHEMO BHIIAJIOK TIPOXODKeE-
HHS CBiTJIA Yepe3 Kpyriuii oTBip (puc.
27.3). Hexait S — TOYKOBE [DKEpEIo
MOHOXPOMAaTHYHOTO CBITJa, SKE BHII-
pOMiHIOE chepHaHy XBIUTIO, AB — Kpyr-
totkh T OTBIp B HETIPO30POMY €KpaHi, SKHi
3HAaXOUTHCA Bij S Ha BijcraHi R. Tlei

OTBIp TPOIYCTHUTH JIUILIE YaCTHHY Che-

PUYHOI XBWJI, SKa TPHXOIUTH Bim S.

3rimHo 3 mpuHImIIoM [ roiireHca-Dpe-

HeJIs, [0 PeaIbHOro JpKepesa 3aMiHu-

Puc. 27.3 MO €0 BTOpMHHUX ((DiKTMBHUX) JDKe-

ped, B3STUX Ha MOBEpXHi AB. Bu3HaunMMo iHTEHCHBHICTH cBiTia B Touli P. XBHIbOBa ITOBEP-
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§ 27.3 Memoo 301 @penens

xH1 AB cumerpudHa BigHOCHO SP. Iy Takoi cMMeTpuyHOI 3amadi PpeHens 3arnpornoHyBaB
po30MBaTH XBWJILOBY TIOBEPXHIO Ha KINBIICBI 30HH, SIKi MOOyHOBaHI Tak, MO0 BiJICTaHI Bif
KpaiB IBOX CYCiIHIX 30H 70 TOUKH P Binpisusumcs Ha A/2. Jlerko Gauuru (puc. 27.3), 1o

b= 1y + k%. 27.1)

Ile o3Hauae, 110 KOJIMBAHHS, SIKI IPUXOAITH B TOUKY P BiJl aHAJIOTIYHUX TOYOK JIBOX CYCIJTHIX
30H, OyayTh 3HaXOOUTHCS B NpoTH(asi. Pe3ynbTyroui KonuBaHHS, sIKi CTBOPIOIOTHCSI KOXKHOIO 13
30H @peHens B HiIOMY IS IBOX CYCI/IHIX 30H, TAKOXK IMPOTHIIEKHI 3a (a3oro.

CrnpoOyeMO OLIHNUTH Pe3yibTYIOUY aMILIITYLy KOIUBaHb, sIKa CTBOPIOETHCS KOJMBAHHAMH, 10
TIPUXOJLITH BiJ BCIX 30H PpeHens. AMIDIITYa KOIMBaHb, SIKi NMPUXOJATh Bifl OKpeMOi 30HH, 3a-
JIEKUTH Bl IUTOII 30HH S, Bij BiICTaHi
I BiZl 30HU JI0 TOYKH P 1 BiJT KyTa o MiXK
I« 1 HOpMaJITIO 10 TIOBEPXHi 30HH (pHC.
27.4). MoxxHa JIerko MMoKa3aTH, 1o IUI0-
1 30H OpeHens € PiBHOBEIWKAMH, a
OT)KE PIBHOBENHUKI 1 aMILTITYW KOJH-
BaHb, 110 iX IMOCHJIAIOTH 11i 30HU. Tomy
aMIUTITYAd KOJNWBaHb, IO JOXOASITH B
TOUKy P Bif OKpeMux 30H, 3aJIeXaTh
JIAILE Bif BIACTaHI I B 30HU 10 TOYKA
P 1 Bix KyTa o0 MK HAalIpsSIMKOM Ha TOY-
Ky P i Hopmawwno 1 o K-of 30HuM. I3
30UIbIICHHAM HOMEpa 30HU K BifICTaHb
I 1 KYT o 3pOCTaroTh, TOMY aMILTITYI1
Puc. 27.4 ay KONMBaHb, SKi JOXOIATH 10 TOYKH P

BiJl OKPEMHX 30H, MOHOTOHHO 3MEHIITY-

FOTBCA 13 301IBIIEHHAM HOMEpa 308U K, ToOTO
a >ay, >a3>..>a >a >..

Ockinbky (ha3u KONUBaHb, SKi HNPUXOAATH B TOUKY P BiJl IBOX CYCIAHIX 30H NMPOTHIIEKHI,
TO pe3yNbTyIOYa aMILTITYIa A CyMapHOTrO KOJIMBaHHS, BUKIIMKAHOTO Ji€r0 K 30H, TOPiBHIOE:
A=a —-a,+ag—a,+..ta,. (27.2)
[Mpu naproMy K mepes OCTaHHIM WICHOM CTOITh 3HAK “—”, P HEMapHOMY — “+7.
Binp1 TouHe 3HAYCHHST aMILTITYIH A OIEPYKUMO, SIKIIO BCi HEMapHi WieHH piBHOCTI (27.2) posi-

, . .. & a; ag . . )
0’eMO Ha /Bl CKJIaIOBI. = ? + ?, az = ? + — it 1 Tomi, npu HenapHOMkaTpI/n\/IaeMo.
a a
(——a2+—)+(——a4+?5)+ ( —ak1+ )+ k. (21.3)

IMpu nmapaomy K :
a a a
(*_az“L 3)+(f—a4+—)+ (DR — R+ — Ay (27.4)
2 2 2
OCKIJIbKM aMILTITYIU 8x BiJl OKPEMHUX 30H i3 30UIbIICHHAM K MOHOTOHHO CHAIalTh, TO

MO)KHA HAOIIDKEHO BBAKATH, 10 aMIUNTYy/a KOJIMBAaHb, CIPUYMHEHa K-0I0 30HOIO, JIOpIBHIOE
HiBCYMi aMILTITY/] KouBaHb, cprantennx (K — 1)-oto i (K + 1)-oro 30Hamu:
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27 Qugppakyis ceimna

Qg | g
a, =—— +———, 275
k 5 5 (27.5)

Toni, Ha miacrasi (27.5) Bci Bupasw, 10 CTOATh B AyXkKax piBHocteit (27.3) i (27.4), nopis-
HIOKOTh HYIIIO, 1, OTKeE, IIPH HermapHoMy K

a a
A= 71 + ?k (27.6)
a rpu mapHoMy K
a
A=%+%—ak. ©1.7)

[Mpu BenuKiit KUTBKOCTI 30H aMILTITYIM KonuBaHb Bif (K —1)-oi i k-oi 30H Majio BiApi3HSIOTE-
CsI OJIHA BIJT OHOI, 3BIIKH

a,_. a
Toni piBHicTb (27.7) HaOyne BUTIIALY
a a
A="L Sk (27.7, a)
2 2
O0’ennyroun (27.6) i (27.7, a), orpuMaemo:
a a
A=2 K (27.8)
2 2

JIe 3HaK «+» BiANOBiae HemapHOMY K, a 3HaK « — » mapHomy K.
Ilpu k — o0 Bemuunna @, — 0, Tomy piBHicTh (27.8) 3a UX YMOB 3aIHILETHCS TaK:

a

A= (27.9)

OpepxaHuii pe3ysbTaT O3HA4yae, IO aMIUIITYHa, SKa CTBOPIOETHCS B TOYLI P BiKPUTUM
(pOHTOM XBHJIi, IOPIBHIOE TIOJIOBUHI aMILTITYIH, IO CTBOPIOETHCS JINIIIE OAHIEI0 EHTPATBHOIO
30HOI0. |[HTEHCHBHICTH BUIIPOMIHIOBaHHS MPOIOPIifHA KBaJpaTy aMIUTITyAd KOJWBaHb i, 3Ha-
YHUTh, CyMapHa iIHTCHCHBHICTb B TOYI[l P YHCENbHO OPIBHIOE YETBEPTHHI IHTEHCHBHOCTI, 00y-
MOBJICHOIO TTepIIoro 30H0r Dpenenst. TooTo

|~A2—a—12~ﬁ 27.10
(A = (27.10)

2 . .
ge |, =a; —iHTeHCUBHICTb, 00yMOBJIEHA IIEPLIOIO 30HOI0 DpeHes.

TakuM 4MHOM, MPH BeJHKIiHA KUTBKOCTI BIIKPUTHX 30H CBIiT/I0 Bix Touku S 10 Toukn P
MOIMPIOETHCS] HI0M B MeKaX BY3bKOI0 KaHaly B3/10BkK SP, T00TO NPaKTUYHO NPSIMOJTi-
HiliHO. B pe3ynprati inTepdepeHuii HiON 3HUITYETHCS /i BCIX 30H, OKPIM MEPILOi.

Ouinumo paziycu Py 308 @penens. 13 puc. 27.4 B npunyiensi, wo R >> hy, nerko Mox-
HAa 3HAWTH, 1O

Rry

2
=k A, 27.11
Pk R + 1, ( )
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§ 27.3 Memoo 301 @penens

abo

(27.12)

Tyt R — Bigcranp Bix kepena 10 ekpaHa, Iy — BIICTaHb Bijl €KpaHa J0 TOUYKH CIIOCTepe-
KEHHS.

OueBHUIHO, IO Py OTHOYACHO € 1 pajliycoM OTBOPY B €KpaHi. 3BiICH OTPUMYEMO, IO OTBIp
paliyca p BiIKpHBAE YaCTHHY XBHJIHOBOTO (DPOHTY, Ha sIKOMY BKIamaethes K 300 Openens. [3
(27.12) 3Haxoaumo, 10 KiTBKIiCTh BiakpuTuXx 30H (4ucio K) nopisHioe

k:LZM_

27.13
A Rr, ( )

s miockoro (GpoHTY XBWJI, sSKUH manae Ha ekpad (R = o), ¢opmyna (27.13) Habyne
BUTIBITY:

k=P P, (27.14)

Ar
[HTEeHCHBHICTE CBiTNA B TOUII P MOXKHA B 0araTo pasiB ITiJICHINTH, SIKIIIO BUTOTOBUTH TAKUH
eKpaH, SIKMi OM 3aKpuBaB BCi MapHi abo Bci HenapHi 30HM @penens. BropuHHI XBuiti Bij Beix
BIAKPUTHX 30H Dpenernst OymayTh NPUXOJUTH
B TOYKY CIIOCTEPEKCHHS B OJJHAKOBiH asi i
B pe3ynbTarti iHTepdepeHnii macuiiTe onHa
onHy. Takuii ekpaH HA3UBAETHCSA 30HAJILHOIO
WIACTUHKO (puc. 27.5). Jlist 30HAIBHOT 1U1a-
CTHHKH OIMHUCYETBCST (HhOpMyIIoro (27.2), sAKio
B psIy, KWW B HEl BXOIUTH, 3AIUIIATH Wie-
HM TUIBKH O/THOTO 3HaKy. BHroToBuTH 30HAIB-
Hy IJTACTUHKY MOXKHA, SIKIIIO Ha apKy1ii Oiyo-
Puc. 27.5 6 TO Tarepy HaKpecIMTH TEMHi KUIbI, a Io-
TiM cdoTorpadyBati iX y 3MEHIIEHOMY BUT-
ssini. HupuHa BCix Kijens NOBMHHA OyTH BEJIMKA B TIOPIBHSHHI 3 TOBKUHOO XBWIi. [Tpn neBHMX
po3Mipax Kinelh IIACTHHKA 3 CBITIMM LeHTpoM (puc. 27.5, a) Gyme 3akpuBaTé BCi MapHi 30HU
XBHJIbOBOTO ()POHTY, a IUIACTHHKA 3 TEMHMM LeHTpoM (puc. 27.5, 6) — Bci HemapHi 30HH
@penenst. Taka 30HaIbHA IITIACTHHKA HA3UBAETHCSI AMILTITYTHOIO 30HANIb- /
g

HOI0 ILIACTHHKOIO. |

IIle GiNpIIOI IHTEHCUBHOCTI CBIT/Ja B TOYIl P MOXHA JTOCATTH, SKIIO -
SIKIMOCh YUHOM 3MIHHUTH (ha3u KOJIUBAHB, SIKi MPUXOAATH BiJ IBOX CYCiJ- 0
Hix 30H @peHens. Perneli mokaszas, 1o Ko Ga3w BTOPUHHUX KOJIMBAHb,
SIKi BUXOJIATB BiJl IBOX CYCITHIX 30H 3 MapHUMH (a0 HemapHUMH) HOMepa-
MU 3MIHUTH Ha T, TO IHTEHCUBHICTH CBITJA B TOYL P 301JIbIINTECS B YOTH-
pu paszu. Taka 30HAJIBHA IVIACTHHKA, 5K HA3MBAETHCS a30BOIO, BIICPIIIC
OyJia BUTOTOBJICHA aMepuKaHChKiM (izukoM P. Bynom (1868 —1955). Bin
MTOKPUB CKJIO TOHKHM IIIapOM IPO30POro JIAKy i BHTPaBipyBaB Ha HHOMY
30HAJIBHY IUIACTUHKY TaK, IO ONTHYHA TOBIIMHA HETIAPHUX 30H BiAPi3HSA- E
Jlacsl BiJi ONTUYHOI TOBIIMHU MAPHUX 30H HAa BeawuuHy A2. SIKiio taxy |
IUIACTHHKY PO3MICTHTH B TOUKY By mepreHaukynsipao SB (puc. 27.4), 10
BCl KOJIMBAaHHS, SIKi WIYTh BiJ] pi3HUX 30H, OYIyTh IPUXOJUTH B TOUKY P 3 Puc. 27.6
OJIHI€IO 1 Ti€r0 X (ha3010 1 TOMY pe3ynbTyloua aMILIITya pi3ko 3pocte, 00
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27 ugppakyis ceimna

BOHA OyJie CyMOIO aMILTITY]l BCIX HAPHUX | HEMAPHUX 30H.

Amnanoriyanii eekT MOXXHa OTPUMATH, SIKIIIO BUTOTOBHUTH i3 OJHOPITHOTO MPO30pPOro Ma-
Tepiany CTYHIHYACTY 30HAIBHY IUIACTHHKY (puc. 27.6). SIkmio ToBumHa | cXOquHKN 3a10BOIb-
HSIE YMOBI

2r 2r
§="A=""1n-1)=r, 27.15
p p (h-)=r ( )
TO
P (27.16)
2(n-1)

1 30HAJIPHA TUTACTHHKA Oyrie 3MiHIOBaTH (ha3y KOJIMBAHb BiJ CycifHiX 30H Ha 7. Jlig ¢a3oBoi 30-
HAJBHOI IIACTUHKY CKBiBaJCHTHA Jii JIIH3M, OCKUIEKH B 000X BHITAJKaX BTOPHHHI XBHWII BiJ
BCIX TOYOK XBHJIEOBOTO (PPOHTY MPHUXOASTH B TOUKY P B OTHAKOBUX (ha3ax.

8§ 27.4. Indpakuin Openens

Judpakiiifni sBUIIAa 32 CBOIM XapaKTepoM MOXKHA PO3UIMTH Ha JBa Benuki kiacu. Ilep-
i Kiaac AupakmiiiHUX SIBUII BiTHOCUTHCS 10 BHMAAKY, KOJIU MU(paKUiliHa KapTHHA
CIocTepiracThecsl Ha CKiHYeHiil BiacTaHi Bif expaHiB, siki 00MeKyI0OTh Magaw4y XBUII0. J[0
HUX HaJIeXKaTh MQUQPAKIiliHI SBUIIA, KOJM XBWILOBHH (POHT chepruHmil. SIBuUIA [IHOTO Kilacy
Briepie Oynu BuB4YeHi dpenenem i Tomy Ha3uBaroThes Audpakuico @penens. Li sBuma Bax-
JIMBI B IUIaHI TEPEBIPKH MPaBIIBHOCTI Teopii nudpakuii. J{pyruii kiac sBHII BiTHOCHTHCS /10
BUIIAJIKY, KOJIU AU(PpaKLiiiHA KAPTHHA JIOKANI3Y€ThCSI HA HeCKiHYeHHIl BincTaHi Bij expa-
HiB, AKi 00Mexy0oTh nmagawuy xsuiio. Lei Bug nudpaxuii BindyBaeTbest B mapajiesibHUX
My4Kax i3 3aCTOCYBaHHSAM ONTHYHMX iHCTPyMeHTIB. Lli sBUIIa npuifHsaTo HasuBaTh AuGpak-
uiero ®@payurodepa, ockinbku Brepure uei Bua audpakiii Oys BusueHmii Opayrrodepom’. B
pOMY Tiaparpadi po3ristHeMo audpakiiiHi sBura OpeHens Ui TesKUX BHUIAIKIB.

Judpakuis Ha kpyriiomy orBopi. Hexaii cBiTio Bix ToukoBOro /pKepena S majae Ha He-
MIPO30pHI eKpaH 3 KPYTJIMM OTBOPOM pajiiyca p. [Iudpakiiiina KapTHHa CIIOCTePIraeThCst Ha eK-
paHi E, sKuil mapaJebHUi IUTOMIMHI OTBOPY 1 MiCTHThCS Ha BijcTaHi Iy BiJ Heoro (puc. 27.7, a).
s . IIpu upomy HeobxinHe
BHUKOHAHHS YMOBH, IO

. 4P pajiyc Kpyrjioro OTBO-

— , Py p OBUHEH OYTH 3Hay-

R P ----1F HO MeHmmM R i rp.

L p = o OTBip 3a/MIINTD BiIKpH-

o im K niepmx 308 Ope-

HeJst, TIOOYIOBaHUX TS

7 Toukd P. KinpKicTh Bia-

KPUTUX 30H BUPA3UTh-
cs1 popmysioro (27.13):

1 +i).

2
k=P (=
A R

Puc. 27.7

AwmIutityna konuBaHp B Touli Py BignosinHocTi 3 (27.8) Oyne piBHa

* 1. ®paynrodep (1787 — 1826) — HimenpKuii Bi3nK, HAYKOBI POGOTH AKOTO BiTHOCATHCS
710 Gi3UYHOT Ta TPAKTUYHOI ONTHKH.
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8§ 27.4 [Jupparyis Ppenena

IIe a1 1 ax — aMIUTITyW KOJIUBaHb, SKi MPUXOIATh B TOUKY P, BIAIOBIIHO BiJ MEpIIol i ocTaH-
HbOi (K-0i) 30H, 3HaK « + » Oeperbest i HenapHuX K 1 « — » — s naprux K. [Ipu HeBenmukux
3HauYCHHAX K BelmunHA a; = ax. ToMy U HeNapHUX 3HAYeHHsX K amIntiTyna B Touni P Oyne =
~ a1, a npu napHUX K BoHa Oye piBHA HYIIO.

TakuM 4MHOM, eKpaH 3 0TBOPOM, IKHIi BiTKpHBa€ HeBeIMKe HemapHe 4nucJio 30H Ppe-
HeJIsl, He TITBbKU He MOCJIa0JII0€ CBITJI0 B TO4YIi P, a HABMAKHW, MPU3BOIUTH /10 301IbIIEHHSA
aMILTITYAM Maii’ke B 1Ba Pa3H, a iHTEHCHBHOCTI — Maii’ke B YOTHPH pPa3H.

BuzHaunty aMIutiTyay pe3yiabTyIOunX KOJMBAaHb B IHIIMX TOYKaX €KpaHa E 3HAYHO Baxye,
60 30uHu DpeHens, sKi IM BiINOBIAAIOTH, OYIyTh YaCTKOBO 3aKPHUTI HENPO30PHM EKpaHOoM. 3
MIpKyBaHb CUMETpii Ta 3aKOHY 30epeKeHHsI eHeprii OUeBHIHO, 110 KapTHHA TOOIN3Y TOUKH P
ekpaHa OyJe MaTH BUIIISA TEMHHUX 1 CBITJIIMX CMYT, SIKI YEprylOThCs, 3 LEHTpaMu B TouIi P. 3
BiJUTaJICHHSIM BiJ] TOYKH P iIHTCHCHBHICTh MAKCHMYMIB CBITJIa 3MCHIITYETHCS.

Omxe, mudpakiiiiHa KapTHHA BiJl Kpyr-

JIOTO OTBOPY € YEPryBaHHSM CBITIHX 1 TeM-
HMX KOHLICHTPHYHMX KiJielpb. B mieHTpi kap-
TvHN Oyne abo ceitia (K — Hemapwe), abo
@ @ temHa (K — mapHe) mwima (puc. 27.8). Pos-
TTOJTLT IHTEHCUBHOCTI Ha €KpaHi 3 BiJICTaH-
HIO TIOKa3aHo Ha puc. 27.7, 6 w1 HenapHo-

ro KiHa puc. 27.7, ¢ mist mapHoro K.
SIKmo oTBip BIAKPHBAE JIMILIE OAHY

a 6

Puc. 27.8 nepury 3ony Openens, To 3rigHo 3 (27.8)
MaTHMEMO, IO aMIUITyJa 1 IHTECHCHB-

A

HicTb B T4 P Oynyts Ap =3 =23y, 1, ~ (Zao)z, I, =41y, (ne ap=as/ 2 il-Binnosigno

aMILTITY/1a 1 IHTEHCHBHICTD CBiTJIa B TOYLi P NpH BiIbHOMY MOIIMPEHH] XBWII, TOOTO, y BiCyT-
HOCTI ekpaHa). TakuM YMHOM, IHTCHCHBHICTb B LICHTPi €KpaHa (To4YKa P) OTPUMAETHCS B YOTHPH
pasu OinbIoro, Hixk Oyia OM MpH BiACYTHOCTI €KpaHa 3 0TBOpoM. CBITIHX 1 TEMHUX KUIEIb IPH
poMy He BuHHUKAE. [Ipu Bigkputux nox 3ouax ®penenst (K = 2) B Toui P (K y)ke BiZoMO) BU-
HHKA€ MiHIMyM, HABKOJIO SIKOTO BHHHKAE OJIHE CBITJIE KiJIbIIE, SIKE IEPeXOAUTh B TeMue. [Ipu K =
3 neHtp audpakuiiHOl KAPTHHH OCBITICHUN Maibke Tak, sIK IpH K = 1, HABKOJIO SKOTr0 po3Milie-
HE TeMHE KiJIbIIe, SIKe TIEPEXOAUTD B cBiTiIe. IIpu K = 4 OBTOPIOETHCS KApTHHA, SIKa BUHHUKAE TIPU
K = 2, pi3HUIS TiIBKK B TOMY, 1[0 HABKOJIO LICHTPAIbHOI TEMHOI CMYTH BUHHKAE HE OJIHE CBITIIC
KiJiblle, a aBa. Po3noain inTeHcUBHOCTI Ha ekpani pu K = 1, 2, 3 1 4 B 3anexuocTi Bix | Hase-
JIeHO Ha puc. 27.9.

SIKmo oTBip BiOKpHMBAE BeNMKE YHCIO 30H DpeHers, To YepryBaHHs CBITIMX 1 TEMHHX Ki-
JIellb CIOCTEPIraeThesl TIJIBKKA Ha MEXi T€OMETPHYHOI TiHi, BCepeauHi 1i€i 00IacTi OCBITIICHICTh
MIPaKTHYHO CTaja.

Bapro BigmiTuTH e onHy mikaBy ocoOmuBicTs. Ilpu mepemimensi Touku P B3noBx SP

N Al AN anjpa

Puc. 27.9

(ipu He3miHHOMY p) (pHc. 27.7) KUNBKICTh BiAKPHTHX 30H s TOYKH P Oyne 3MiHIOBATHCS 3
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27 Qugppakyis ceimna

MAapHOTO YMCIIa Ha HEIapHE 1 HABIaKH, BHACIIIOK YOro IHTEHCUBHICTh B Toulli P (BpewTi i B

Oyab-siKiii HIIIH TOYI eKpaHa) MepioAnYHO OyIe TO 3MCHILYBATHCS, TO 30UIBIIYBATHCS | HAB-
IaKy, TOOTO MepioAuIHO OyIyTh 3MIHIOBATHCS TEMHI CMYT'H Ha CBITJIi 1 HAaBMAKH.

- Judpakuis Ha Kpyriomy ekpa-

Hi. Po3micTMO Terep Mix jpKepe-

\ JIOM 1 TOYKOIO CIHOCTepeXeHHS P

HEIpO30pHii Kpyrmid ekpan AB (puc.

R pl |V k_= == 27.10, @), TUTOMIHMHA SIKOTO TIEPTICH M-

—=-—""Y |, P n, KymsapHa zo oci SP. fIk i B nonepen-

R I HBOMY BHIIAJKY, po3i0’eMo (hpoHT

xBWI Ha 30HU DpeHens. Ane B 1ia-

A HOMY BHIIa/IKy KPYIVIMI eKpaH 3aKpH-

D Bae K nepumx 300 Openenst. Yuco K

3aKpUTHX 30H DpeHens MOXKHa 3Hal-

a 6  TH3a hopmysoro (27.13). Amrutityna

Puc. 27.10 A, CBiTJ'IOBO'l.. XBWII B TOqu P BH3-

HAYMUThCS CITUIBHOIO JII€I0 BCIX Bij-

KPHTHX 30H, nounHaouu 3 K + 1- o

a a a a a
A =kl (TRl g TRy L (TR g+ Ky 4 27.17
p 2 ( 2 k+2 2 ) ( 2 k+4 2 ) ( )

OCKIIbKH BHUpa3n B AyKKaX MOXKHa HAOJIMKEHO MTOKJIACTH plBHI/IMI/I HYJII0, OTPUMAEMO:

A, =L, (27.18)
2
OTKe, HE3aJISKHO BiJl pO3MIpIB 1 TOJI0KEHHS HEIPO30pOro eKpaHa B IIEHTPi HOro reomMer-
puuHOI TiHi (B Touli P) 3aBxau Oyne cBiTia misiMa (MakcuMym). Bing po3mipiB Hempo3oporo
eKpaHa 3aJieKaTHMe JIMIIE iHTEHCUBHICTh IIEHTPAJILHOI CBITIION IUIAMH. SIKIIO PO3MIpH eKpaHa
Taxi, 10 3aKPHUBAIOTh BEJIMKY KUIBKICTD 30H DpeHesns, BeMInHa dy +1 Oy/ie MaJoro, a 3Ha4uTh 1
IHTEHCHBHICTB CBITJIOI IUIIMH TaKoX Oyze Majoro. 3MEHIIEHHS pO3MIpiB eKpaHa MPU3BOIUTH
JI0 3pOCTaHHS 8y +1, 4, 3HAYMTH, 1 1O 3POCTAHHS IHTEHCUBHOCTI B TOUI P.
3’sicyemo xapakTep AudpakuiiiHoT KapTHHY, KA OTPUMYETHCS Ha eKpaHi, 10 PO3MiIIeHUH
MepHeHANKYISIpHO 10 SP. O4eBruaHO, 110 O30T IHTEHCHBHOCTI CBITJIa HA €KpaHi 3aJISKUTh
ntire Bif Bigcrani | Bix menTpa kaptuau P. TIpy HEBENUKIM KiTBKOCTI 3aKPHTHX 30H 8 +1 MO
Oyne Biapi3HsTHCA BiJ a;. Tomy B Touni P iHTEHCHBHICTH Oyze MaiiKe Takolo K, K 1 IIpH Bif-
cyTHOCTI meperoponku Mix S i P. HaBkono CBIT/IIOl TOUKH B LIEHTpI €KpaHa, SK i y BUIAIKY
mudpaxnii Ha KpyrioMy OTBOpi, BUHHKHYTh KOHIIGHTPHYHI TeMHI i CBITNI Kimbld. B meHTpi
KapTUHH TIpU Oyab-sikomy K (MK mapHOMY, Tak i HEMapHOMY) OTPUMYEThCS CBIiTiIA ruisiMa. 3a-
JIGKHICTh IHTEHCUBHOCTI cBiTia | Bix BincraHi | Bix 1eHTpa ekpaHa nokazaHa Ha puc. 27.10, 6.
SIKmo Henpo3opuil eKpaH 3aKpHBa€ BENUKY KUIBKICTh 30H PpeHens, To 4epryBaHHS CBIT-
JIUX 1 TEMHHX KUIEIb CIIOCTEPIraeThCs JIMIIE Y BY3bKil 001acTi Ha MEXi reoMeTpUyHOl TiHi. B
LOMY BHUIAJKY 8 +1<< 8;, TOMY IHTEHCHBHICTb CBITJIOI IJIIMH B LIEHTPI TiHI HeBenuka. CBiTia
IUBIMA, SIKa BUHMKAE B LIEHTPI TEOMETPUYHOI TiHI HENPO30pOro eKpaHa mpu JuQpakiii cBiTia Ha
HBOMY, B JIiTeparypi otpumaia Ha3y misvu Ilyaccona. Ilikaso, mo C.JI, ITyaccon (1781 — 1840),
posrysinaoun podoty PpeHens, BUKOHAHY, BUXOJSMYM i3 IOJIOXKEHb XBHIIBOBOI Teopii cBiTIa,
3po0WB BUCHOBOK, IO ITPH ANU(PaKIlii Ha HEIIPO30pPOMY KPYIJIOMY €KpaHi B EHTpi Horo reome-
TPUYHOI TiHI 3aBX/W TOBUHHA OyTH cBiTiIa musiMa. Takuii BucHOBOK IlyaccoHy 31aBcst abcyp iHiM,
1 BiH TIOKJIaB OO0 B OCHOBY 3aIlepeueHHs] XBMIILOBOI Teopii cBiTia dpenens. Aparo HeraiHo
MIOCTaBMB €KCIIEPUMEHT 1 BUSBUB CBITIIy IUISIMY Y BiATIOBiIHOCTI 3 BUcHOBKamH Ilyaccona. Lle mie
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§ 27.4 [Jupparyis Ppenena

OLITBIIIe 3MIITHUIIO ITO3UIIIT XBIJIBOBOI TEOpii cBiTNa B Haymi. OHAK, HE TUBJITIUCH HA IIE, BiJIK-
PHTTSI CBITJIOl IUIAMU B HEHTpi MudpakuiiHOl KapTHHU BiX KPYIJIOro HEMPO30pOro eKpaHa ic-
TOpIS TIOB’s[3aJIa caMe 3 IMCHEM JIFOJIMHM, sKa MpoOyBasia BUKOPUCTATH 1€ BiIKPHUTTS, 00 3a-
MIEPEYUTH XBIIHOBY TEOPit0 cBiTia dpenens.

Mpuxaan 27.1. Mise moukosum Oocepenom ceimaa (A =5,0 - 107 x) i exparom nomicmunu
diagppaemy 3 kpyenum omeopom padiyca p = 1,0 mm. Biocmane 6i0 diaghppazmu do dicepena i
expana 8ionogiono oopisniooms R = 1,0 m i ry = 2,0 m. Ak 3minumeca oceimaenicmo ekpana 6
mouyi P, wo 3naxooumucsi npomu yenmpa omsopy, axujo diagppazmy 3abpamu?

Po3B’s130K. B pesyrvmami ougppakyii ceimna Ha kpasx omeopy oiagpaemu i inmeppepen-
Yii' MOPUHHUX XGUIb HA eKPAHI BUHUKAE OUPPAKYIUHA KAPMUHA — C8IML I MeMHI Kinbys, SKi
uepeytomucst migic coboro. [lpu ypomy mouxa P, axa € yenmpom kapmunu, Oyode ceimiorw abo
MeMHOI0, 6 3anedcHocmi 6i0 uucaa eiokpumux 301 @penena. [lapromy uucny 30H 8ionogioae
meMHa cmyea, HenapHomy — ceimiaa. Le yucino moodicha 3Haumu, CKOPUCMAasuucy GopMyIon0
(27.12) ons paodiyca k-oi sonu ®penens:

Px = @

Ocxinvru padiyc K-oi sonu p, 0opisHioe padiycy omeopy p Oiagpazmu, ompumaemo:

‘o PP(R +1p) (102 a)>(Q0m + 20m) 3 ?
AR T, @A m)(2 1)(50-107 w)

Taxum uurHom, ocKinbKu diagpaema 8iOKpusae Henapre yucio 304 Openens, axe piene 3, 6
mouyi P 6yde céimna cmyea (nisama).

LLJo6 sionosicmu na numanHs 3a0ayi, HeOOXIOHO Nepul 3a 6ce 3HAUMU Pe3YIbIYIOYY AMNIL-
myoy A, (a snauume i inmencugnicmo 1, ) 6 mouyi P, xonu ceimao npoxodums uepe3s oiagpazmy.
Bona susnauaemocs popmynoio (27.8):

a a
A=-L+ R 3)
2 2
de ay i ay - amMnimyou CeImI08UX KOIUBAHb SUNPOMIHIOBAHUX 8I0n06ioHo 1-010 i K-o10 6idkpu-
mumu 30Hamu Ppenens ¢ Hanpsamky mouxku P. Ockinbku 6 Hawomy 6unaoxy diagppaema 6iok-
pusae mpu 30nu Ppenens (K = 3), mo
a a
_& 4
2 2
Bsaorcarouu, wo a, = ay, popmyna (4) sanuwemocs max:
A=a,. (5)

OoHaxk, 8i00M0, Wo 13 30iNbUEHHAM YUcia 8iOKpumux 30 Dpenens enruduna Opyeo2o

unena ¢ popmyni (3) MonomonHo smenwyemscs, i Koau K — oo oo éenuuuna npamye 0o Hyus

(a—zk —0). Koau k =00 popmyna (3) nepenuwemocs max:

A 4

. =i;. 6)

BucHoBok. fAxwo diagpaemy 3abpamu, mo ye npuzeede 00 3MeHUICHHS 8 084 paA3u
pe3yabmyouol amniimyou ceimnosux koauganv 6 mouyi P. Ockinvku ocgimieHicms nponop-

A

o . . 2 . .
yitina keadpamy amnaimyou ceimnosux konueans (I, ~ Ay), mo inmencusnicmo smeHuUMbCs
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27 Qughpakyis ceimna

6 yomupu pasu (I, = lo/4, oe lo = al2 ).

8§ 27.5. Indpakuis ®paynrogepa

Benuke npakTiyHe 3HAYCHHS B ONTHUIN MArOTh JU(pakmiiiHi SBUIA B HapalelbHUX MpoMe-
HiX. Brieprire mie#t Bun audpaxiii, sk Mu Bxke Bigmivamy, mociigus OpayHrodep, ToMy audpax-
1S TapajenbHUX IPOMEHIB oTpuMaia Ha3By Audpakuii @paynrodgepa. OcobarBO BAIKIUBOIO €
mudpakuiss Ppayarodepa Ha OnHIN 1 ABOX HIIMHAX Ta HA MEPIOAWYHIN CTPYKTYpi 3 Oaratbox
LIIJIMH, SIKY Ha3uBaroTh AudpakuiiiHoo pemiTkoro. [IprHImnoBa cxema crioctepexeHHs -
pakuii ®payHrodepa HaBeneHa Ha puc. 27.11. Jlxepeno cpitia S (To4YkoBe MIUTHHOMOAIOHE) pO3-
TalIOBYETHCS y (OKaNbHIM rutomuHi stinsu L. TTepemkona AB (IijiMHa) BCTAHOBIIOETHCS B T1a-
pasierpHOMY ITydKy cBiTia. [ludpakiiiiHa kapTHHa crocTepiraeTbesi Ha ekpaHi E, SKUi po3mi-
HIyeTbes B (hOKaIIbHIM TUIOMMHI JIH3H L.

Sk 1 B momepenHiX BUNaIKax, 3aa4eio AM(pakilii € 3HaX0PKeHHsI pO3IOUTY IHTEHCHBHO-
CTi CBITJIa B 3QJISKHOCTI Bix KyTa audpakuii ¢. Po3mosin iHTEeHCHBHOCTI HA eKpaHi 3aJIeKUTh
TaKOX BiJl pOpMH 1 pO3Mipy OTBOpY.

OCKIJIbKH TPOCTIIIIONO TS pO3paxyHKiB € andpaxuis PpayHrodepa Ha MIMHI, TO MU 1 TI0Y-
HEMO PO3MIISAL IHOTO Kiacy AUGPakIiiHUX SBHI caMe i3 po3rymsiy qudpakiii cBiTIa Ha OmHIN
LIUTHHI.

Judpakuin Ha oxnii minuni. linHoro OyneMo Ha3uBaTH MPSIMOKYTHHUM OTBIp, SIKHHA Mae
HE3HAYHY OIMPHHY 1 IPAKTUYHO HECKIHYECHHY JIOBXHHY. PoJb minnHM MO>Ke BifirpaBaTH mpsmo-
KyTHHI OTBIp JIOBXXHHOIO B KiJIbKa MiiMeTpiB 1 mmpunoro 0,01 — 0,02 mm.

S
_/’Ll A b B '
A B A X
A ¥4
)
)
L, L
P, P; E
P"q) PO P’(b E
Puc. 27.11 Puc. 27.12

Hexaii Ha miiuHY IUPUHOIO b HOPMATBHO Ma/Ia€ II0CKa MOHOXPOMATHYHA XBHILS, TOBKHUHA
sikoi A (puc. 27.12). IMapanenbHuil Iy40K CBIT/Ia, IPOMMIOBIIN Kpi3b MIUIMHY eKpaHa, audparye
i1 PI3HUMH KyTaMH BiJl TIOYaTKOBOTO HampsiMKy. Ju¢paroBani mix pi3HIMH KyTaMH IPOMEHI
30MpaloThCs B IIEBHUX TOUYKAX €KpaHa £, po3MiIieHoro B (hoKaIbHiH MomuHi JIiH3u L.

JI1st 3HAaXOKEHHST PO3IOALTY IHTEHCHBHOCTI Ha €KpaHi CKOPHUCTAEMOCHh METOIoM 30H PDpe-
Hens. Po3i6’eM0 XBUIIbOBY MOBEPXHIO 4B, 1110 MPOITyCKaeThes MUIMHOO, Ha 30HU Ppenens, sKi
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8§ 27.5 Jluppaxyin @payneogepa

MAarOTh BUIJISIT CMYT, MapajeibHuX 10 KpaiB minuad. lnprHa KoxkHOI 30HM MOBUHHA OyTH Ta-
KOIO, 1100 Pi3HHUII X0y IPOMEHIB, LIO HIyTh Bi/ KpaiB 30HU B IIEBHOMY HAIIPSIMKY (HATIPHKIIA],
B HAIpPsIMKy @), fopiBaioBana /A / 2 (puc. 27.13). Yci 30HE B JaHOMY HAMPSIMKY BHIIPOMIHIOIOTH
cBiTI0 oHAaKoBO. [Ipw iHTepdepeHtii cBiTiIa pe3ypTyioda aMIuIi-
Tyza BiJl IBOX CYCIIHIX 30H JOPiBHIOE HYMO, 0O IIi 30HU CIIPUYH-
g HSIOTH KOJIMBAHHS 3 OJHAKOBUMH aMIUTITyIaMH, ajie IPOTHIICKHH-
Mmi 3a (asamu. OTxe, pe3yabTar iHTepdepeHLil cBiTia B Touli P,
BH3HAYMUTHCS YHCIOM BIIKpUTHX 30H PpeHens B oMy abo B
IHIIOMY HanpsaMKax. SIKmio yucno 30H @peHerns s JaHOI TOUKU

42 CIIOCTEPE)KEHHsI TTapHE, TO CBITJIOBI XBHWJI IOTacsTh OAHA OIHY 1 B
B Toulli P, BUHUKHE TeMHa IUisiMa (MiHIMyM); SIKIIO 4rcio 30H Dpe-
Hest OyJie HeTlapHUM, TO Jlisl OJIHIET 30HH 3ITMIIUTECS HE CKOMIIEH-
Puc. 27.13 COBAHOIO i MpaxiiiHa wMa B Touti P, Oyne cBiTIOK (BUHUKHE
nc. 27.

MAaKCHMYM).
AHaTHYHO Il yMOBH MOJKHA 3HAUTH Tak. Pi3HUIS X0My MK IPOMEHSMH, IO ITOLIAPIOIOTH-
cs1 Bin kpaiB onHiel 30au @penens, nopipHioe (puc. 27.13):

. A
Ssing =—,
? =5
abo
2bsing = N4, (27.19)

ne S =b /N — mmpuna onniei 30au Openens, b — mupuna winuay, N — KiTbKicTb 30H OpeHers.
Skmio uncno Binkputux 30H @penens napue (N = 2k, ne K # 0, k = 1, 2,...), To 3 (27.19)
OTPUMAEMO YMOBY MiHIMYyMIB!

bsing = iZK% = +kA. (27.20)

Skuro uncno Bigkputux 308 @penens nenapue (N = 2k+1, ne k =0, 1, 2,...), To i3 (27.19)
OTPUMAEMO YMOBY MAKCHMYMiB:

bsing = + (2k +1)%. (27.21)

3HaK « — » Bi/INOBiIa€ MPOMEHSIM, III0 MOMIMPIOIOTHCS BiJI IIIJIMHY ITiJ KyTOM — @ 1 30mpa-
I0TbCS B TOULli, CAMETPHYHIH P, BiTHOCHO TOYKH Py,

3ayBaxxumo, 10 J00yToK DSin ¢, sxuii Bxoauts B (27.20) i (27.21), € He wio iHIIe, SK Pi3HU-
51 X0y MK IIPOMEHSIMH, LI0 WAYTh Bix KpaiB miimman (puc. 27.12). Takum uunOM, i3 (27.20) i
(27.21) BugHO, MiHIMyMH BUHMKAKOTH B THX HANPSMKAX, J¢ Pi3HULA X010y KpaiiHix mpome-
HiB piBHa MapHOMY YHCJIy NIBXBWIb 200 WiTOMY YHCTY XBHJIb, 3 MAKCHMYMH — Jie Pi3HHIIS
X0y IPOMEHiB piBHA HEMAPHOMY YHCJIY MIBXBHJIb.

Yucio k HasuBaroTh opsiakoM AudpakuifiHoro Makcumymy (Miimymy). Omke, nudpaxuiii-
Ha KapTHHA, 110 YTBOPIOETHCS BiJI OHI€T IIIJIMHY IIPH OCBITICHHI il MOHOXPOMAaTHYHUM CBITIIOM,
Ma€ BUIIISAJ CBITJIMX 1 TEMHUX CMYT, SIKi 3MIHIOIOTh OJJHA OJHY, 1 PO3TAIIOBaHMX 110 OOMJIBI CTO-
POHH LIEHTPAIBHOI CMYTH, SIKA BUHUKAE B HAmpsMKY ¢ = O (Touka Pp) i € HaiOUIbII iHTCHCHB-
Hoto. Lo cMyry Ha3WBalOTh HEHTPAJIBLHIM MAKCHMYMOM HYJIBOBOTO MOPSIAKY: KOJUBAHHS,
SIKi CHPUYUHSIOTHCS B TOU NI Py BciMa 30HAMH IITNHH, 3/TiHCHIOIOTHCS B O/IHii das3i.

I3 (27.20) BumHO, 110 i3 3MEHIIIEHHSM [UPUHH [UTHHY BIICTAHb MK [IEPIIMMH MiHIMyMaMu
b pakniifHol KapTuHU 3pocTae i mpu b ~ 1 Ha expaHi He Oye )KOIHOr0 MaAKCHMYMY, OKPIiM LICH-
TPaJILHOTO, IIMPUHA SIKOTO NPSMYE 0 HECKIHUEHHOCTI 3 TIOCTYIIOBHM CIIaJIOM iHTEHCHBHOCTI Bif
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27 ugppakyis ceimna

HeHTpa 10 kpaie. [loganbine 3MeHIIeHHs D MpH3BOAUTE 10 MOHOTOHHOTO 3MEHILICHHS OCBITIIE-

I HOCTi expaHa. B pocmimax 3 mudpakiii cBimia, sk

MPaBUIIO, BUKOPUCTOBYIOTh LIUIMHH, IIHPUHA SKUX

b >> J. 3a wiei yMOBH HEHTpaIbHUNA MAKCHMYyM CTa€
BY3BKHM 1 SICKDaBUM.

[HTeHCHBHOCTI  MakCUMyMIB  BIITHOCATBCS — SIK

o lkeg i lgop ©...=1:0,045:0,016:.... Axmo mu-

L (paryrode CBITIIO HEMOHOXPOMATHYHE, TO MaKCUMyMH

=2hb b 0 b 2Wb sing  3abaprieHi B Pi3HI KOMBOPH YEPE3 3AIEKHICT TXHBOTO

Puc. 27.14 TOJIOKEHHS Bl HomkuaK xBuii (Sing =+ kA /b ). Ha

puc 27.14 naBeneHO pO3MOALT OCBITIICHOCTI IpH aud-
paKIii Ha OHIN IITUTHHI.
Po3moztinn iHTEHCHBHOCTI Ha €KpaHi B 3aJIEXHOCTI Bi KyTa qudpakuii MoXXHa po3paxyBaTH
3a (hopMyIIOI0:

sinz(%singo)
I(p = Ioﬂ‘b_iz, (2722)
~——sin
(/1 )
abo
.2
sin“u
l, =1 Rt (27.23)

Ie u = TSIn(p , @ — KyT mudpaxuii,ly — IHTeHCHBHICTD IaJaf0yoro Ha MUMHY cBiTina. [Ipn
@ = 0 (k = 0) inTeHCHBHICTH CBiTiIa Oy/e 3aBXK/I1 MAKCUMAIIBHOIO OCKIIBKH
. sin(®sin )
sinu

lim 0 lim =1
u—0 p—0 7Sin(p
A

Tomy, Buxomstuu i3 (27.22), inteHcuBHICTh B LeHTpi ekpana (¢ = 0, k = 0) 3apxau Oyzne
piBHa inTencuBHOCTI naarouoro ceitna (1,9 =1y).

Mpuknan 27.2. Busnauumu nabausiceno inmencusHocmi eémopunnux maxcumymie (K =
=1, 2, 3,...) npu oughpaxyii ceimna na 0OHII WiluHI.

Po3B’si30K. /s 3naxoooicenns inmencugHocmeil nooiunux maxcumymie gopmyny (27.22)
nepenuuemo max:

sin® @(Zk +1)i
A 2b

2
Bb(zmn ’1}

sin{(Zk +1) ”}
| =1 2
® 0 . 2
[(2k +1)2}

: )

=|0

2

* Tyr BHKOpHUCTaHO yMOBY au(pakiiiinux MakcuMyMmis (27.21): sing = (2k +1) % .
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8§ 27.5 Jluppaxyin @payneoghepa

36I0KU

I
| - 0

[ . 2
2k +1)—
(7]
Ipuk =1, 2, 3 ompumyemo:

I =0~ 00451, (k

- 1),
¢ 22,2 )

|
| =-—2 =00161,, (k = 2),
@ 617 0 ( )

o
I, o1 0,0063 1, (k
Takum 4uHoOM, 8 NEPUIOMY NICTISL YEHMPATbHO20 MAKCUMYMI 30cepeddceno auue 1/22 (abo
4,5 %) inmencusnocmi yeHmpaibHo2o OUMGPAKYIUHO20 MAKCUMYMY, HACMYNHI MAKCUMYMU Wje
crabui (puc. 27.14).

3).

Mpuknan 27.3. Uinuna wupunow b = 0,1 mm ocsimmoemvcs scosmum ceimnom (A =
=6-10" M). Busnauumu wupuny yenmpanerno2o makcu-
J l J J MYyMY 6 OUMPaxyitHiil KApmuHi, KA NPOeKmyemovcs 3d
00NOMO20k0 H3U, PO3MIWEeHOI be3nocepeOHbo 3a Wiu-
— | — 1L HOIO, HA eKPaH, wjo 3Haxooumocs Ha eiocmani L = 1,5 m
" 810 JIH3MU.

Po3B’s130K. [Jenmpanvruii Makcumym 3aumae oonacms
MIdHC HAUOTUNCYUMU OO0 HbO20 NPAGUM [ TLGUM MIHIMYMA-
mu, giocmans mioie skumu | i & wupunoro yenmpanvriozo
maxcumymy (puc. 27.15). Minimymu inmencuenocmi npu

L ougppakyii ceimna 6i0 0OHIET WINUHU CNOCMEDIearOmMbCs
[0} nio Kymamu ¢, AKi susHasaiomocs ymoeoio (27.20):
bsinp = kA4, (1)

0e b — wwpuna winunu, 2 — ooeocuna ceimnosoi xeuni, K =
=1, 2,3, ... — nopaook minimymy. ¥ oanomy eunaoky k = 1.
Biocmans midic 06oma minimymamu eusnaqumo i3 puc. 27.15:

/\ )

; E | = 2Ligy @
Bpaxysasw, wo npu manux xymax Ooughpaxyii

Puc. 27.15 tgp ~sing, a sing = ki/b (ous. popmyny (1)), popmy-

aa (2) nabyoe sunsioy:
-7
|=2LE&=2a5Mﬁ§lELl=13102M
b 107

Judpakuisa Ha aBox minuHax. Hexail mapanenbHUi MydoK CBITJIA Maa€ HOPMaJIbHO Ha
HEIPO30pHi eKpaH 3 [BOMA iICHTHYHUMH IIUIMHAMHE [IUPUHOIO D, po3minenuMu Henpo3opum
OPOMIXKKOM HMIAPUHOIO @ (puc. 27.16). OCKiIbKY MIIIMHY iJEHTHYHI, TO CTBOPIOBaHI Ha eKpaHi
mudpakmiiHi KapTHHE KOXKHOIO LIUTMHOIO 30KpeMa OyayTh OJHAKOBHMH. HamnpsiMku, B SKHX
BUHHKAIOTH MiHIMyMH BiJ] OKPEMHUX IIIJINH, BU3HAYal0ThCs popmyioro (27.20) bsinp =+ k 4,
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27 Qughpakyis ceimna

a MakcuMyMmu — (opmyioro (27.21)
bsing = +(2k +1)%.

[pwu omHOUACHIH i 000X IHMH JUdpaKIiiHa Kap-
TUHA BUSIBUTHCS CKIIA THIIION0, HiX TIPH 3BUYaHHOMY HaK-
JaaHHI KapTHH BiJ JABOX NIUIMH. B JaHOMy BHMAAKy
KOKHY HIJIMHY MO’KHA PO3IJISIAATH SIK CAMOCTiliHe
JAKepeJI0 KOrepeHTHHX XBWIb, fIKi iHTepdepyBaTu-

b a b MyThb. BHACHiIOK IbOTO 3HANIYTHCS TaKi HANPSMKH, B

M M, SKUX IS0 OMHI€] IMIIWHA IACHINTD A0 1HIINOI, BUHHUK-

I I HYTb TaK 3BaHI T'OJIOBHI MakCUMyMH. MoxJuBi 1 iHIm

ot oy HaNpsIMKH, B SKUX KOJMBAHHS, IO WIYTh BiJl OKPEMHUX
: s .

IIUJTHH, B3aEMHO TIOTaCATHCS | BHHUKHYTB JTOJTATKOBI MiHi-

Mymu.” OUeBHIHO, IO JONATKOBI MiHIMyMH 3 HyJIHOBHM

3HAYCHHSM IHTCHCHBHOCTI OyIyTh CIOCTEPIraTucsi B THUX
HaIpsIMKaX, SIKAM BiJITIOBIIa€ Pi3HAUL X0y, SIKa piBHA He-

Puc. 27.16 . .

MapHOMY YHCITY [TiBXBWIb (uB. § 26.3):

M,F = MM, sing = £ (2k +1)%, k=0,1,2,. (27.24)
J1ist ofHi€T MIUTMHA T ACHINTHCS 1HIIOKO, SKIIIO
M;F =MM;sinp=+kA, k=0,12,.. (27.25)

IMo3HaumBum cymy a+b=MM); depes d, yMOBH 10AaTKOBHX MiHIMYMIB i FOJIOBHUX MaKCH-

MYMIB 32Ty THCS TaK:

. A
dsing = £ (2k + 1)5 (momatkoBi MiHIMyMH), (27.26)

dsing = +kA|(romoBui Makcumymn). (27.27)

3Har0ui YMOBU BUHWKHCHHS MIHIMYMIB BiJl OKPEMOi IIiIMHH, JOAATKOBUX MiHIMyMIiB Ta
TOJIOBHMX MAaKCHMYMIB BiJl JIBOX IIIJIMH, MOKHA CKJIACTH TIOBHY KapTUHY AUGPAKIi BiX ABOX
urimH. BoHa BH3HAYA€THCS 13 YMOB:

norepeaui Minimymu bsing = +A, + 24, +31,...,

A, iEA, iEA, e
2 2

N

JIONATKOBI MiHiMymn dSing = *
ronoBHi Makcumymu dsing = 0, + A, + 24, +31,...,

TOOTO, Mi’K TOJIOBHUMH MaKCHMyMaMH PO3MITIIYEThCSI TOJATKOBUI MiHIMyM. Bincranp Mixk 1mep-
BHHHAMY MiHIMyMaMu (BiZ OJHI€T IIIIMHM) 3aJI€KUTh BiJ MHUPUHA miMHA b. B 3amexHoCTI
BiJI CriBBiHOWIERHS @ 10 b Mixk 1BOMa nepBunHMMH MiniMymamu (Bin —A/b no +4/b) moxe

PO3MICTHTHCS pi3HA KUIBKICTh TOJOBHAX MAaKCUMYMIB, SIKY MOXXHa PO3paxyBaTH 3a (POPMYIIO0

n = 2% L L (27.28)

* MiHIMyMH BiJl OKpEMHEX IIUIMH 3a]IMIIATECA HA CBOIX MICIAX, OCKUIBKH B IIMX HAIPAMKAX
Hi OJIHA 13 LIUIKH CBITJIa HE ITOCUIIAC.
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8§ 27.5 Jluppaxyin @payneoghepa

1 Hanpuxknaz, sk b = g, ton = 3,
sxmo b = af2, Ton =5, sxmo b = a/3,
To N = 7,1t Hapuc27.17 HaBencHa
KpHBa pO3IIOUTY 1HTEHCHBHOCTI TIPH
Ju(paKIii Ha TBOX MapajeIbHUX IITi-
JIMHAX MIHMPUHOIO b, po3MileHux Ha
Biactani a = 2b. IlyHkTupHa KprBa
XapaKTepu3ye pO3MOJIiJI IHTCHCHBHOC-
Ti Tipy TUPAKIIIT HA OJTHIHA IIUTHH.

Po3mozin iHTeHCHBHOCTI Ha eKpa-
Hi B 32JIGKHOCTI BiJ KyTa Aupaxiii
HAa JIBOX IIUTHHAX aHAJITHIHO BUpA-
XKaeThCs popMymoro:

.2
SN U os2y,  (27.29)

I, =1
@ 0
u

ta2

u

b . d . o
Ie u = %Sln(p , L = %Slngo . MHOXHHK Sl B (27.29) xapakTepu3ye po3MOAia iHTeH-

CHBHOCTI B pe3ynbraTi qudpaxuii Ha oxHii minuHi. Voro iHoxi Ha3uBaoTh AMpPaAKIiiiHUM

MHOKHHKOM. JIpyruil MHOXKHHK cos?v BpaxoBye iHTEp(EPEHIiI0 MiX ITydKaMHt Bifl OKPEMHX
mianH. Moro Ha3uBaioTh iHTepdepeHiHHMM MHOKHUKOM.

Hpuknan 27.4. Cxinoku 20106HUX MAKCUMYMIE MICHIUMbC MIJC 080MA NEePEUHHUMU MIHI-
MyMamu, SIKi GUHUKAIOMb npu Ougparyii ceimiaa na 0eox wyinunax, skuo: a) d = 2b; 6) d = 3b; 6)
d =6b; 2) d =7b?

Po3B’a30K. Kinvkicms 20108HUX MAKCUMYMIG, 5KI GUHUKAIOMb MIdC 080MA MIHIMYMAMU
npu ougparyii Ha 080x WINUHAX, U3HAUAEMbCS 3a popmynoio (27.28):

n=22+1
b
Tooi: a)d=2b=a+Db; a=bh; n=2—+1=3

p)d=3b=a+b; a=2b; n=2%3+1=5,

6)d=6b=a+b; a = 5b; n=2%+1=11,

2)d=7b=a+bh; a=6b; nzz%b+1=13.

Judpakniiina pemritka. Po3rmsin nudpaxiii Ha TBOX IIUTHHAX TOKA3Ye, IO B IHOMY BH-
MaJKy TUPpaKIiiiHi MAKCUIMYMH CTAalOTh OUTBIN BY3bKHMHU, HiX Y BUNAIKY onHiel mimman. Ode-
BHIHO, IO TIPpH 301IBIICHH] YHCIIA IIIJIFH II¢ SBUILE CTA€ MIC YITKIMM. SIKIIo po3MipKOBYBaTH
MoIOHO IO BWINE BUKIAACHOTO, 3HAWIEMO, IO MK JBOMAa TOJOBHHMH MaKCHUMYMaMH TIpU
TPHOX HIUTHHAX PO3MICTATHCS JIBA JONATKOBI MiHIMYMH, TIPH YOTUPHOX MIUTHHAX — TPU JOJATKO-
Bi MiHiMy™mH 1 T.1. [Ipu N miinmuax Mix JBOMa roJOBHUMH MakcuMyMmamu posmictsatees N — 1
noaaTkoBi MiHiMymH. [Tpy IbOMY iHTEHCHBHICTB TOJIOBHIX MaKCUMYyMiB 3pOCTaE.
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27 Qugppakyis ceimna

Cuctema N napaneJbHUX IMTHH PiBHOI IIMPHHM, PO3iJIEHHX OTHAKOBHMH HeNpPO30-
PHMMHM NPOMiKKAMH, HA3UBAETHCS AUPPAKLIHOI0 PEIIiTKOIO.

Hexait Ha Taky cuctemy i3 N IIiIMH HOpMAJIBHO Ma/Ia€ TAPAIEIbHUI Ty4oK cBiTia (puc.27.18).
NluprHy UIHHA TO3HAYKMO Yepe3 b, MuprHy MPOMIKKY MiX IUTHHAME 4Yepe3 d. Beandnna
b 4 d = b + a Ha3mBaerbes

CTAJION pelliTKkH. AHajo-

l l l l l l 1 TIYHO BUMAAKY AU(paKii

A Ha JTBOX MIUTMHAX PO3MOILT

¢ A iHTeHCHBHOCTI Ha eKpani
CIOCTepesKeHHsI BH3HAYA-

A €ThCSI CYKYNMHIiCTIO JBOX

niponieciB: Tudpakiriero cBi-
TJIa HA KOKHIH i3 1iJauH
Ta iHTepdepeHuicio cBiT-
ga Bix N mimmmn. Tyt MaTnMemo cnipaBy 3 Tak 3BaHOI0 HaraTonmpomMeHeBoOI0 iHTepdepeHmicio,
iHTepEPEHITi€0 TPOMEHIB, IO HTYTh BiJ 0araThoX IIUTHH.

HeBakko MOMITUTH, IO CBITIOBI KOJNWBAHHS, SKi WAYTh BiJl Pi3HUX HIUIMH B HANPIMKY
@ = 0, MarOTh OTHAKOBI aMILTITYH 1 Pa3u. 3HAUNTh, BCI BEKTOPH aMILTITYl HATIPABIICHI B3IOBXK
OJTHI€1 JTiHIT 1 pe3ysIbTyI0ua aMILTITY/1a B HANpsIMKY ¢ = 0 nopiBHIOE:

E(p=0 - NEOl’

Puc. 27.18

ne Eo; — aMIniiTy1a KOJWMBaHb, 10 NPUXOAATE Bix omHiel mimwmaN, N — KUTBKICT IUTHH TU}-
pakuiiiHoi pemritku. [HTEHCHBHICTE MAKCHMYMY B HampsMKy ¢ = O (IHT€HCHBHICTb IIEHTpAIIb-
HOTO TOJIOBHOI'O MaKCHMYMY)

| CN2E§ = CN?I,, (27.30)

=0 =

ne C — xoedimienT nponopuiitHocTi, |y — IHTEHCHBHICTB CBiTJIA, III0 BUIIPOMIHIOETHCS OJIHIEIO
IIiMHOIO B HanpsaMKy ¢ = 0. Takum ynHOM, y Bunaaky audpakiii Big N miTnH iHTEHCHBHICT
LEHTPAJBHOrO MakcuMyMy (B HanpsiMKy ¢ = 0) pocte npsmMo IponopLiiHo KBajapaTy yucia N
iHTephEepyIOUNX MPOMEHIB (YUCIA MIIHH).

YMOBOIO BUHUKHEHHSI TOJIOBHUX MakCHUMYMIB OUYEBHIHO €:

dsing = tki,| k=012,... (27.31)

ne d sin ¢ = A — pi3nuIs X0y IPOMEHIB, 10 WIYTh Bijl TOYATKY ABOX CycimHix mimH (puc. 27.18).
IaTeHcHBHICTE K-rO rOnoBHOr0 MakcuMymy audpakuidHol pemiTky 3 N mianHaMu

.2
1= 1oN2 2 E (27.32)
u
Jns HyneoBoro roioBHoro Makcumymy (kK = 0, ¢ = 0) Iimwzl, ToMy Qopmya
u—>0 U
(27.32) nabyne BursiLy:
leeo = 1oN 2. (27.33)

®opmyia (27.33) cnienagae 3 popmyoro (27.30) 3 TouHicTIO 10 KoedilieHTa MPOMopLUiiHOCTI
C. MiX TOJIOBHUMH MakCHMyMaMH po3MicTsaTbess N — 2 1o1aTkoBi MaKCUMyMH BiJ KOXKHOI 13
IILTHH, TOJIOKEHHS SIKAX BU3HAYAETHCS yMOBOIO (27.21):

dsing = +(2k +1)%.
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8§ 27.5 Jluppaxyin @payneogepa

ne b — mpuHa winuH, ane IXHsA IHTEHCHBHICTh 3HAYHO MEHIIA BiJl iHTEHCHBHOCTEH IOJIOBHHX
MakcuMyMiB (puc. 27.19) i i3 301IbIICHHSIM YKCIa IIIHH X IHTCHCUBHICTH 3MECHIIYETHCSL.
YMOBOIO 10JATKOBUX MiHIMYMIB €!

dsing = (k +%)z,, (27.34)

ne k=0, £1, £2,... — mopsmok audpakuiiinoro makcumymy, P = +1, +2, £3..., (N - 1), N —3a-
rajibHa KiJbKICTh IMUIMH. [3 aHaii-
3y (27.34) merko 3poOUTH BHCHO-
BOK, II[0 MDK CYCI{HIMH T'OJIOBHUMH
MakcuMyMmamu posMingyersest N — 1
MiHIMyMIB.

Posnonin iHTeHCHBHOCTI B AU()-
paroBaHOMY CBIT/Ii HABEJICHO Ha PHC.
27.19. mma N = 8. Mix cycigHiMu
TOJIOBHUMH MaKCUMyMaMU{ PO3MIIITy-
erbest N—1=7 momaTkoBUX MiHi-
MymiB Ta N — 2 = 6 o/IaTKOBHX MakK-
cnMyMiB. BinHOCHI iHTEHCHBHOCTI
TOJIOBHUX 1 JTOJJATKOBUX MAaKCHMY-
k k+1 MmiB 3amarorecsa yuciamu 100; 5,0;

Puc. 27.19 2,25: 1,6; 1,6; 2,25; 5,0: 100.

I'onoBHI MakcuMyMu

JlomaTKoBI MakCHMyMU

Sxmo BpaxyBaty, mo U :%sin(p, a sing :% (muB. dopmyny 27.31)), To popmyna

(27.32) nepenuiierses Tak:

2(zbk /d)

2,2 SN
I, =1,N“d 22,2 (27.35)

I3 (27.35) BuaHo, o [, ~ 1/ k?, a e o3Hauae, wo i3 3POCTaHHAM TOPSIKY Audpakiii (drcia
K) iHTeHCHBHICTB BiATIOBIJHOTO MAKCUMYMY Pi3KO 3MEHIITYEThCS.

Taxum unHOM, TIpy AUpaKiii WIOCKOI XBHJI Ha MpaBHIbHIN cTpykTypl 13 N mimmH iHTeH-
CHBHICTH MAKCHMYMiB Iu(PaKiiiHOl KapTHHH Opsivo mporopiiiua N’ i o6epHeHo nporopiiiiaa
k2. PiskicTs MaKCHUMyMIB BI3HAYAETHCSA YUCIOM THianH N.

CyuacHa mudpakniiiHa penrTka sBIsie cCOOO MEPIONUYHY CUCTEMY BEITHYE3HOI Killb-
kocTi 6oposzen (Big 100 mo 2400 Goposen Ha 1 mMM) meBHOroO Hpodiiko. SIKIO 3aMiCTh IILTHH
Ha PEMIITII 3HAXOMATHCS AOOpe BiAOMBAarOWi MUISHKH, a 3aMiCTh HEMPOHHKHUX NIISTHOK — JIi-
JISIHKH, SKi J00Ope MOrTIMHAIOTH CBITJIO, TO Y BIZOMTOMY CBITJII BiJl TAaKOi PEIIITKH TakoX Oyxe
crocrepiratucs AudpaxmiiHa KapTuHA, SKa aHaJOTiYHa 0 KapTHHHU B IPOXiTHOMY CBiTii. Pe-
IITKY, AKi Ai0TH y Bif0NTOMY CBiT/Ii, HA3WBAIOTHCH BiqOMBHUMM. SIKIIIO HENMPOHHUKHA Yac-
THHA PELITKU J100pe BiIOMBA€E CBITIIO, a IIUIMHA JOOpE MPOIYCKae, TO PEIIiTKa MOXE OJHO-
YacHO JisTH B SAKOCTI MU(pakmiifiHOl PelnTKy SK B MPOXiAHOMY, TaK 1 y BiZOMTOMY CBITIi.
OueBHIHO, IO TIEPIOT 060X PENTITOK OIHAKOBHIA, 4 BEMINHA d i b MIHSFOTBCSA MiCIISIMH.

JudpaxmiifHi penriTKH BUTOTOBIITIOTH HA CKIITHUX 200 METAIIYHIX TIACTHHKAX. OYEBHIHO,
110 CKJISTHI PEIIiTKA MOXKYTb JUSITH SIK Y BIIOUTOMY, TaK i y IIPOXiAHOMY CBITIi; METaJIi4Hi — TiJIb-
K{ Y BiTOMTOMY CBITJII.

SIKIIO BTACTUBOCTI PEIIITKY MEPIOANYHO 3MIHIOIOTHCS TUIBKM B OJJHOMY HamlpsIMKY, TO Taka
pelIiTka Ha3MBA€ThCS OAHOBHUMIPHOIO, a00 JiHiiiHOIO0. SIKIIO X MEpiOAMYHICTh PEUITKH Mae
Miclie B IBOX a00 TPbOX HAIPSIMKAX, TO Taka PEIIiTKa HA3UBAETHCS BIIIOBITHO ABO- i TPMBHMIp-
HO0. OCTaHHIO e HA3UBAIOTH MPOCTOPOBOIO.
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27 Tughpakyis ceimna

SIKmo pemriTka BHOCHTH IIEPiOANYHI 3MiHU B aMIUTITYly XBHJII 1 HEe BIUIMBAE Ha ii a3y, To
Taka AudpakiiiiHa pemiTka Ha3UBAETHCS AMIIIITYTHOI0. AMIUTITYTHOIO PEIIITKOIO € PelliTKa,
B SIKOI IUIOIIMHA KOXHOI [IIJIMHK CIIBMagae 3 miomuHowo penritku (puc. 27.20). Pemritka, sika
BHOCHTSH IE€P10ANYHI 3MiHH y a3y XBWII, aje He BIUTMBAE Ha ii aMIUITyly, Ha3UBaeThCs (hazo-
BOIO (puc. 27.21). IcHYIOTh PELIiTKH, SIKi 3JaTHI OJHOYACHO 3MIHIOBATH SK aMIUTITYAy, TaK i
¢a3y. Taki pemiTku Ha3UBAIOTh AMILTITYAHO-(ha30BHUMHU.

B 70-x poxax XX cT. po3pobieHuii HOBHil roorpad)ivHu METO ] BUTOTOBJICHHS TH(paK-

d
- _l.__.l _ [ [ [ |
d
Puc. 27.20 Puc. 27.21

LifHUX pemiToK. B 1ipoMy MeToai miaKiIaaKa, sika HOKpUTa MIapoM CIEeHiaIbHOTO CBITIONYTIIH-
BOTO Marepiaiy, OCBITIIOETHCS IBOMA ITydKaMH KOT€PEHTHOIO JIa3€PHOTO BUIIPOMiIHIOBAHHS, B
00J1acTi IepeKpUBaHHS KX YTBOPIOETHCS CTalllOHApHa iHTep(epeHIiiiiHa KapTHHA 3 CHHYCOi/1a-
JILHUM PO3IIOJIJIOM iHTEHCHBHOCTI, 3MIHIOIOYH IPH IbOMY CBITIOUYTJIMBHH IIAp Y BiJTOBITHOCTI
31 3MIHOIO IHTEHCHBHOCTI B KapTuHi. [Ticis BimmoBiaHOT 00pOOKH i HAHECEHHS Ha IiAKIaIKy Bifl-
OMBArOYOro MOKPHUTTSI OTPUMYEThCS BifiOMBatoua ronorpadivna ¢asosa andpakxuiiiHa pemriTka 3
CHHYCOIJIEHOIO ()OPMOIO IITprXa. Teopist Takoi PEIIiTKY MOKa3ye, 110 BiJl CHHYCOiTaJIbHOI pe-
IIITKA YTBOPIOETHCS TUTHKK HEHTpainbHuil ronoBrmil MakcumyM (K = 0) i ronoBHi Makcumymun
nepuioro nopsiaky (kK = £1).

Hpuknan 27.5. Bupaxysamu kymu, wo 6i0nosioaroms 20106HUM OUDPAKYITIHUM MAKCUMY-
mam 1-020 i 2-020 nopsaokie ona ceimaa 3 doexucuramu xeunb Ay = 4,0 - 10" mi =70- 107 u,
sKwo Oudparyitina pewimia micmums 10° wmpuxie na 1 m.

Po3B’s130K. T1051001cen st 20106HUX MAKCUMYMIG 8U3HAUUMO i3 ymogu (27.31):

sing = I% =kNyA,
oe d =1/Ny — cmana Jupparyiinoi pewimku. Jns maxcumymie 1-020 nopaoky k = 1. Tooi
sing, =1(40-107 a)(10° 1) =040; ¢, =236°,
sing,, =1(70-107 m)(10° 1) =0,70; @, =444".
Jns maxcumymis 2-020 nopsoxy K = 2. Tooi
sing, =2(40-107 m)(10° u)=080; ¢, =531,
sing,, =2(7,0-107 u)10°x ) =1,40.
Markcumymy 2-020 nopsaoky onsi , = 7,0 - 107w ne icnye, ockimku Sin g He moorce Gymu 6inb-
we oounuyi. Maxcumymu Oinblu BUCOKUX NOPAOKI6 MAKONC He BUHUKAIOMb 3 MIEL HC NPUYUHUL.
8§ 27.6. Indpakuiiinuii cnextp

TMono)xeHHsT TOJOBHUX MAaKCHMYMiB, SIKE BU3HAUYa€Thesi yMOBOIO d Sin ¢ = K A, 3anexutsb
BiJl JIOBXXMHH XBWJI A. BUKITIOUEHHS CKJIaja€ JHIIe TOJIOBHUH MakCUMYM HYJIbOBOTO ITOPSIIKY,
TIOJIOXKEHHS SIKOTO BiJ JOBXKMHM XBWJI HE 3aJICKUTh. SIKIIO Ha AudpakmiiiHy pemniTKy najaae
CKJIaJIHE CBITJIO, TO KOJKHA XBWIIS Bezie ceOe HezanexkHo. ToMy CBITIIOBI XBMIII Pi3HHUX JOBKHH
B (hOKaJIbHIH TUIOIMIMHI JITH3H, PO3MIIIEHO] 3a TU(paKIifHOIO PEIIiTKOIO, 30epyThCs B Pi3HUX Mic-
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§ 27.6 Jupparyitinuii cnekmp

wsix. [l kokHOTO A Mae micie He ouH JudpaKIifHmid MaKCUMyM, a JeKUIbKa, SKi BH3HAYA-

10TbCst unciioMm K. KoxHoMy 3HaueHHIO K BiIIOBifaroTh MakCHMyMH BCiX JOBXXHH XBHIIb, SIKi

BXOISATH B JOCHIDKyBaHHi y4oK. CYKyNHIiCTH FOJIOBHHX MaKCHMYMIB IpH JaHoMYy K Ha3u-

BaTh qudpakuiiinum cnexrpom. Besnuuny K npuiiHsaTo Ha3uBaTi mopsyikoM aupaxiiii-

HOTO creKTpa. SKuio nudpakuiiiHy pentiTKy OCBITUTH OLTMM CBITIIOM, TO KOXKHHH MOPSIOK CIIEK-

Tpa Oyzie 3a0apBieHUi B Pi3HI KOMBOPH paiayry, pUIoMy Tak, 110 BHYTPIIIHiH Kpaii fioro 3adapsire-

HUiA B (ioyeToBHUI KOJIip, a 30BHILIHII — B yepBoHuii (puc. 27.22). 3HaueHHto K = 0 Bignosinae

S MaKCHMyM B HanpsiMKy ¢ = 0

2; (HyTbOBUH MAKCHMyM) INisI

L, BCiX 3HaueHb A. Tomy B 1B0-

————————— I.P. MY HaIpsIMKy 30€pyThCsl XBU-

JIi BCIX JTOBXKUH, TOOTO HYJTHO-

BUH CIIEKTp € OinM 300paxe-
HHSIM JDKepera.

CHekTpu nepuoro, Apy-
[ roro 1 T.JI. TIOpSZKIB PO3Mi-
¢H b b 1 g 9 | —3  LIYIOThCS CUMETPUIHO II0 00U-

L1 |;| (I iy I JBa O0KK HYIHOBOTO. I3 3poc-

a TaHHSM TOPSIIKY CIEKTpa Bij-

Puc. 27.22 CTaHb MiX BiI[lj[OBi,HHI/IMI/I -

HISIMHA CIIEKTpIB 3pOCTa€, a

CIIEKTPH BHILIHMX MOPSAKIB OYNHAIOTH HAKJIANATHCS OMH HA OIHOTO. 3 SIKOT'O MOPSIKY MOYMHAIOTH

MIEPEKPUBATHCS CIIEKTPU 3AJICKUTh BijJl CIIEKTPAJIbHOI OIHOPIHOCTI CBITIA, TOOTO Bif pPi3HMII

KpaliHiX JIOBKHH XBWIb HOro cKiamoBuX. Tak, npu audpaxnii BUANMOTrO Jiara3oHy COHSIHOTO
CBITJIa YACTKOBO TIEPEKPUBAIOTHCS YIKE CIIEKTPH JPYTOro 1 TpeThoro mopsyakie (puc. 27.22).

Ockinpku SiN @ He MOKe OyTH OUIBIIKMM 33 OJUHHUIIO, TO HOPSIOK CIEKTPa € OOMEKCHIM.
Towmy, i3 (27.31) BuIUTHBaE, 10

k < E (27.36)
A
Takum ynHOM, unM MeHItre d (CTasa pelniTky) npy 3aJaHOoMY A, THM MEHIIIEe TPAaHIYHE 3HAYCH-

Hs K. TIpu moctatHpo MasoMy d BUSBUTHCS MOXIIUBUM JIMILE CIIEKTp mepuioro mopsaky (K = 1).

3BiJicH BHAHO, IO AW(PaKUidHAIN CIIEKTP MOXE CIOC-

TEPITaTUCS TITBKH JJIS JOBKWH XBIIH A, SIKI MEHIII 3a

Jlxepeno . , d (4 < d). SIxkmo 4 > d , To ymoBa (27.36) BUKOHY€ETBCSI
CBiTIIA KOHlMaTOpﬂ PemriTka . _ .

BITIa i IR tineku st K = 0. B maHoMy BHIIa Ky peliTka He po3K-

s IR JIaia€ CBITJIO B CIIEKTP, @ MPOCTO MPOITycKae Horo B Ha-

TIPSIMKY TTa T HHSL.

Ockinbku au¢pakmiifHa perriTka, Mpyu HaiHHI Ha
Hel CKJIaIHOTO CBITJIA, PO3KIIA/IA€ HOro B CIIEKTp, TO il
LIIMPOKO BUKOPHCTOBYIOTH B Li SIKOCTI B CHEKTPOCKOM_
— ONTHYHOMY IIPHWIAJI JJIsI TOYHOTO BUMIpIOBAHHS JI0B-
KHMH XBHJIb.
Oxo CxeMa CIeKTpOocKoIa HaBesieHa Ha puc. 27.23. CBit-
JI0 BiJl /pKepena S depe3 By3bKY IIIJIMHY S Homnajgae B

Puc. 27.23

komiMarop. IllinmnHa 3HaX0mMUThCS B (DOKANBHIN MIOMWHI JTiH3M L, ToMy Ha mudpakmiiHy pe-

* € CTIEKTPOCKOIH, JIE B SKOCTI JIACTIEPCYFOYOTO €JIEMEHTa BUKOPHUCTOBYETHCS TIPU3MA, KA TAKOXK
PpO3KIazae Oiyie CBITIIO B CIIEKTD.
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27 Qughpakyis ceimna

LIITKY MaJaroTh HapajenbHi npoMeni. Pyxoma 30poBa Tpyba mo3Bossie GoKycyBaTH MPOMEHI.
CriocTepirad Hi4oro He M0OAYUTH A0 THX Mip, TOKK TPyOa HE BUSIBUTHCS i KYTOM ¢, IO Bin-
noBijae qudpakuiinomy Makcumymy. Kyt ¢ Moske OyTi BUMIpSIHUI 3 Ty)Ke BUCOKOIO TOUHICTIO,
110 JIO3BOJISIE 3 BUCOKOIO TOYHICTIO BU3HAYUTH JOBXKUHY XBUJII JIiHil 3a opmyroro (27.31):

_ dsing
k )

ne k — mopsimok mugpakiii (Makcumymy), d — mepiof] perriTKy.

Sxmo qudpakiiHAil CHEKTp PKepeia He CIIOCTEPIraeThes Bi3yallbHO, a (DIKCYEThCs], HAPHK-
JaJl, Ha TUTiBII, BIATIOBITHWI TIPIIA] HA3WBAETHCS HE CHEKTPOCKOIOM, a CHEKTPOMETPOM, XOoua
o0nzBa TEPMIHH 1HOZI BUKOPHCTOBYIOTECS SIK CHHOHIMU. [Ipmiay, siKi TO3BOJISIOTH TAKOXK BHUMi-
PIOBAaTH iHTEHCHBHICTB CBITJIa 3 TAHOIO JIOBKMHOIO XBUIJI, HA3UBAIOTHCS CIEKTPOGOTOMETPaMHM.

A

Hpurnan 27.6. Ha ougparyiiiny pewtimxy HOPMATbHO RAOAE NYHOK C8IMIA 8I0 2A30P03-
PpsAOHOT mpyoKu, HanoeueHoi eeniem. Ha sky ninito 6 cnekmpi yemeepmozo nopsoKy Hakiaod-
emucs uepsona ninis 2enio (l, = 6,7 - 10° ex) cnexkmpa mpemwvozo nopaoxy?

Po3B’s130Kk. [lonodicenns OyOv-aKoi ainii 6 Qugppakyitinomy cneKmpi MOJ’CHA 3HAUMU, CKO-
PUCMABUUUCH YMOBOIO 20JI08HUX MAKCUMYMIE.

dsinp=kA Q)
36I0KU
%_ (2)
d
Tym Ky = 4, ky = 3, 1 — 0osorcuna ceimnosoi xeuni, ska dac niniio 8 uemeepmomy nopsaoKy oug-
pakyiinozo cnekmpa. OcKinbku, 32i0H0 yMmogu 3a0aui Sin @ =sin g, , mo

-5
4 _3% _ ,_36710°)
d d 4

Yepsona ninis 2enito 6 cnekmpi 3-20 nopsoKy HAKIAOAEMbCS HA 3eJien) NiHio 6 cnekmpi 4-
20 NOpAOKY.

sing, = ktlj—}“ i sing, =

=5025-10"" .

Hpuknan 27.7. Ceimno, wo nadac nopmanvHo Ha oupparyitiny pewimky 3 Ng = 10000
WmMpUx/cm, CMEOPIOE 8 CNeKmMpi nepuLo2o nopsiOKy mpu ninii nio kymamu 31,2°; 36,4°; 47,5°. AHxi
006IUCUHU XBUTb BIONOBIOAIOMb YUM JIHIAM?

Po3B’130K. /Josoicunu x8umb, o 8ionogioaroms HaseoeHuM Kymam ou@paryii, sHaioemo
i3 YMOBU MAKCUMYMIE:

P dsing . 1)
k
Ockinvku d =1/Ng , mo popmyna (1) nepenuwemocs max:
sing
A=""" 2
o @)
Tooi:
2y =332 5180.10° cn=5180-107 as;
0“1
_sin36,4°

) cm=5934-10"° cu=5934-107 u;

ooy
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8§ 27.7 /lucnepcis i po3dinvha 30amuicme Ouppakyitinol peuimxu

_sin475°

- em=7372-10° cn=7372-10" .
(101

3

§ 27.7. Incnepcis i po3aijibHa 31aTHICTH TUpaKLiliHOT peuniTKH

BayxnBuME XapaKTeprCTUKaMK AU(PAKIIHHOI PEITKY, SIK 1 IHIINX CIEKTpaJbHUX araparis,
€ 1i qucnepcist Ta po3AiIbHA 3ATHICTB.

Jucnepcis Bu3Ha4ae KyToBy (a0o JiHiiiHY) BiicTaHb Mixk 1BOMa CHEeKTPAILHUMMU JIi-
HisiMH, SIKi BiAPi3HAIOTHCS 32 JOBKAHOK XBHII A.

KyrtoBa nucnepcin D, Bu3Hauae, sk IIBUIKO 3MIHIOETHCSI KYTOBA BiJICTAHb MK JIBOMa CIIEK-
TpaJIbHUMH JIIHISIMH TIPY 3MiHI JJOBKUHW XBHJIL:

_de
¢ da’
Iie dg — KyToBa BiJICTAHb MK CIICKTPAJEHUMU JTIHISIMH, SIKi BIAPI3HAIOTHCS 32 JOBKUHOK XBHITI
Ha dA (puc. 27.24).
Jl1st 3HaXOMKEHHST KYTOBOI AHCIIepcii MpoaudepeHItIoEMO TI0 A YMOBY TOJIOBHHX MaKCH-
MmyMmiB (27.31), BpaxOBYrOUH, IO ¢ 3AJICKHUTb Bij A:

do
dcosp—— =k,
i
3BiIKH
. _do_ kK (27.37)
dA dcose
B mexax manmx kytiB €0S ¢ = 1. Toni
k
D, = g (27.38)

et HaOmmkeHH BUpa3 3py9HO BUKOPUCTOBYBATH IUIS OIIHOK, aje Hi B SKOMY pa3i He
JUTSI TOYHHUX PO3PAXYHKIB.
Ipu 3apaniii mmpuHi mWiauan aucnepcisa gudpakuiifHoi pemriTkl THM OiTbIna, YuUM
MEHINIA BiICTAHB MikK JABOMA cycimHiMu miimmHamu. J[s 30UTbIICHHS TUcTiepcii HEoOXiTHO
YaCTillle HAHOCHTH IITPUXH (IIUTHHHK).

L Ockinprkn d =1/N, 9¥ciI0 U{NHH Ha OMHHULI

JIOBXKUHU, TO

D, ~kN,, (27.39)

abo

D, ~k—, (27.40)

ne | — noxxuHa poboyvoi HiystHKY pewriTku, N —
{ s 3arajbHe YUCIIO IIiJTUH peHIi”l.“KI/I:
/ Jl 3ayBakUMO, IO TIPY OIIHII JUCTiepcii Baxk-
JIMBUM € YMCJIO IITPHXIB HA OMUHUII JOBXUHA No,
a He X 3arajbHe uncio N.
I3 (27.37) BUAHO, 1O BUTIHO MPALIOBATH Y
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27 Qughpakyis ceimna

BHCOKHX ITopsiakax mudpakuii, ockineku D, ~ K. Ane cnix mam’sTaTH, M0 MaKCUMAaIIBHHUIL 110-
. . . d
pstnok qudpakiii 1 gaHol pernitkn oomexenuid (K < T ¢dopmyina (27.35)). Tak, HanpuK-

naj, sxmio pemritka Mae No = 1200 urrpuxis/mm, TO Hpw i1 OCBITIEHH] YepBOHHM CBITIOM (1 =
=6,5- 107 &) MOXHA BECTH CIIOCTEPEKCHHS JIHIIE B MEPLIOMY HOpSIKY. B Grmmsbkiii indpa-
4epBoHiit 001acti (4 ~ 1 mrm) Taky peIiTKy BUKOPUCTATH HEMOXKITHBO.

JliniiiHol0 1MCHIepCi€l0 HA3MBAKOTH BETHYNHY

dl
—

da
ne dl — minifiHa BificTaHh MK JIBOMa MaKCHUMyMaMHd OJIHOTO i TOTO YK MOPSIKY JJISI XBUJIb, SIKi

BIZPI3HSIOTHCS Ha dA. 3HalieMo 3B’ 30K MiX JIIHIHHOIO 1 KyTOBOIO ucnepciero. [Ipu HeBenmukux
KyTax MOkHa 3armmcatu (puc. 27.24), mo

I (27.41)

dl ~ fdg, (27.42)
ne f— gokycHa BincTans Jin3u L. Po3ninuemm mpay i By yactunu (27.42) Ha d, oTpuMaeMo:
a_¢de a6o Dy =fD,. (27.43)
dA dA
BukopucroByroun (27.38 i 27.39), maemo:
D =f gz fkN,. (27.44)

Ha npakTuIii 4acTo KOPUCTYIOThCS MOHSTTAM 00epHeHO] JiHiiHOT mucnepeii dA/dl i Bupaxa-
1076 1i B A/Mm.

Po3xinbHa 31aTHiCTH. Bemika qucniepcist ONTHYHUX TPUIAIB € HeOOXiTHO, ajie IIe HE €
JIOCTAaTHHOK) YMOBOIO IUTSL PO3AUTEHOTO CITOCTEPEKEHHS TBOX OMM3BKO PO3MIIICHIX JTiHIH. 30Kpe-
Ma, HasBHICTh 3HAYHOI AUCTICPCIi II1e
He 3a0e31euye MOXIIMBOCTI po3iie-

HOTO CITOCTEPEKEHHS JIBOX
OMM3BKUX  CIIEKTPAJIbHUX JIHHIH 3
JIOB)KMHAMU XBHWJIb A 1

A'=A+AA. Sk npuknan, Ha pHC.
27.25 mokazaHi [Bi TIapu MaKCH-
MYMIB pi3HOI IIMPHUHM, PO3BEICHNX
HA OJIVH 1 TOH ke KyT. B omHOMY BU-
nanky (puc. 27.25, a) pe3ysibryroua
KpUBa J03BOJISIE CIIOCTEpIraTé Mpo-
B MK MakCHMyMaMmH, B iHIIOMY
(puc. 27.25, 6) ninii CripuiMarOTHCS
SIK ofHa. TakuM YMHOM, TIPH ONTHIH i
Til ske Ecnepcii po3iieHHs B Tep-
Puc. 27.25 [IOMY BHIAJKY (d) HOCTATHBO KOHT-

pactHe, a B Jpyromy (6) — B3araii

BiZICYTHE. 3BIJICH BHIUTHBAE, IO 3[JATHICTH PEIITKH PO3IUIATH CIICKTPAJbHI JiHIi 3 JOBKHHAMUA
XBWJIb A 1 A" BU3HAYA€ThCS HE TUIHKH BEJIMYMHOIO IUCTIEPCii, a i IMUPUHOIO0 JU(PAKIIHHAX MaKCH-

MYMiB.

400



8§ 27.7 /lucnepcis i po30inbHe

JI1st XapaKTepUCTHKY 3/1aTHOCTI NIPHiIay NpH JlaHii ucnepeii po3pi3HATH 1B OJIM3BKO po3-
I MiIEH] JIiHiT, BBOIATHCS MOHSATTS

do p0§ai.ﬂbﬂo'1' CHIH, a§0 PO3/ALIb-
HOI 31aTHOCTI. J{7151 KiJTb-
\ 7 KICHOI ~ XapaKTepUCTHKH 1BOro
e TOHATTA  BBEIEMO  KpHTEpiid
\\</ A pO3I[]i'I€HH$I, 3aTpOIIOHOBAHOTO Pe-
A JIeEM .
J . Bignosiano PeJiero, aBi cne-
= = KTPAJIbHI JIiHii 0THAKOBOI iHTEeH-
do’ ?  cuBHocTi i 3 oqHAKOBEME cHMe-
Prc. 77.96 TPUYHHMH KOHTypaMu OyIyTh

Po37iJieHHMH, SKIIO KyTOBA BilI-
craub dp Mixk HuMu Oyae nopiB-
HIOBATH KyTOBiii BiicTani dp  MisK roJOBHHM MAKCHMYMOM i HAOIHKIUM 0 HHOIO MiHi-
MyMoM (puc. 27.26). SIKIIO BUKOHYETBCS LI KpUTEpiil, TO HEBaXKKO IiApaxyBaTH, IO OpIHHATA
MiHIMyMy ckiazae 0,8 Bix MakcumansHOi opauHaru. [lopymmenns kpurepito Penest npu3BoauTs 110
CIIOCTEPEKEHHS ONHI€T JIiHIT 3aMiCTh IBOX.

Po3ainbHo0 cuii010 (200 31aTHICTIO) HA3UBAIOTH

_ A
A

ae 04 = A, — A, — pi3HUL AOBXKUH XBUIIb, 110 BIANIOBIAAIOTE MAaKCUMYyMaM, UL SIKUX BHKO-

(27.45)

pHUCTOBYeEThCs KpuTepii Pestest, a A — cepenHst JOoBXKMHA XBWIL, sIKa BiNIOBIa€ LIEHTPY MPOBAILY
B PE3YABTYIOUOMY KOHTYPI.

JL1s1 3HaXOMKEHHS pO3/AiIBHOT 3aTHOCTI ANPPAKIIHOI PEIIITKH CKOPHCTAEMOCH YMOBaMHU
MakcuMmyMiB (27.31) i minimymiB (27.34). Hexaii MakcuMyMy BHIPOMiHIOBaHHS 3 TOBXKUHOO
XBMIIL /41 BiAnoBigae KyT Audpakiii @p,, , @ MAKCUMyMY BUIIPOMIHIOBAHHS 3 JOBXHHOIO XBUII

/2 = KYT @} - YMOBH BUHHKHEHHS MaKCHMYMIB K-Oro MOpsiJKy 3aMyIIyThes TaK:
dsingq,, =ki,, (27.46)
dsingp, =kAi,. (27.47)
YMOBOIO HAHOIMKYOTO CIpaBa JI0 TOJIOBHOTO MAaKCHMYMY JOBXKHHU XBWIII A3 MiHIMyMY €:

dsing,. = ki, +%

(muB. G-y (27.34), me P = 1).
SIKIo BUKOHYEThCS KpUTEpiit Penest, T0 @, = @pmin - 3BLIKKH MaeMo

ki, + % ki,

abo
M, (27.48)
A=A

* Peaeii Jlzon Binbsim (1842 — 1919) — anrniiicekuit pisuk, naypear HobGemigebkoi npemii
(1904 p.) 3a BiAKPHUTTS aproHy i BUBYCHHS OO BIACTUBOCTEH.
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27 Qugppakyis ceimna

Sxmo noxnacty, mo 64 = A, —A;, To UL PO3AUIBHOL 31aTHOCTI AU(PaKLiiiHOI peIiTKY
3HaXOJMMO

_ A
SA

Tyt A — noBXXHHA XBWII, SIKa BiJIIOBI/Ia€ IIEHTPY NMPOBAITY B PE3yJIbTYIOUOMY KOHTYPI.

3 (27.49) BuruuBae, 110, HA BIAMIHY BiJl JUCIIEPCii, sKa 3aJIGKUTh BiJl YKCIIa IITPUXIB HA O/IU-
HUII JOBXWHU penritka Ny, po3IiibHA 31aTHICTh BU3HAYAETHCS 3arallbHAM YUCIOM IITpuXiB N.
Trrmmvu croamu, 9mM Oisbine Ny (YHCII0 TIITPHXIB HA OJMHMIN JOBKAHH), THM OUTBIIHI KyT, Ha
SIKFHA PO3BOMATHCS JBa ONU3BKi 32 JJOBKWHOIO XBHJII MAKCUMYMHU BHIIPOMIHIOBaHHS, a YUM OiJ1b-
me N (3araibHe YKCII0 WITPHXIB), THM BOHH Pi3Kili. SIKIIO 3a/iaHe YHCIIO [ITPHUXIB HA OJUHUII
noxunn Ng (ToOTO 3amana crana periTku d), To po3ainpHa 3naTHicTs R Oyze 30inburyBaTucs i3
30UIBIICHHSIM JTOBXHHU poOouoi obnacti. ToMmy, 1uist 30i1bIeHHST R cTapaloTbesi BUTOTOBIISITH
JMUQPAKIIiiHI PENITKA BEIUKUX PO3MIpiB, poboda obiacTh Skux ckianae 8 — 15 cM, a iHomi Ha-
BiTh 20 cMm.

KN. (27.49)

Hpuknan 27.8. Crinexu wmpuxie Ha 1 cm nogunna micmumu ougpaxyiiina peuimea wupu-
nowo | = 4,0 cm, skwo eona doszsonsie pozdinumu 6 nepuiomy nopaoxy (K = 1) doeacunu xeunw
Ay =4187,23 i A, = 418741 mxcm.

Po3B’s130K. 3a susnauenuam

R= A , @
=X
A
de A= % — cepeoHs 008AUCUHA XBUII.
3 dpyeoeo boky
R=KkN =KIN, )

de N = INgy — 3aeanvra kinvkicms wimpuxie pewimxu, No — KitbKicmos wmpuxie Ha 00uHuYi 006-
arcunu, | — wupuna pewimru. Tooi

L KIN,, 3)
-
3BIAKH
N S 41873210 cu _ cgqg Mmpuxis
°7 (2Kl (418741-10%cu — 4187.23-10 ca)(1)(4,0 cn) em

Hpuxuan 27.9. JKosme ceimio nampiro, sikomy ionogioaroms 008xcuru xeuni Ay = 589,00 wu
i A2 = 589,59 nm, naoae na ougparyiiny pewimxy, wjo mae No = 7500 wimpux.Jem. Busnawumu: a)
MAKCUMATLHUT NOPSOOK OUPPAKYLi Ol HCOBMO20 CEIMIA HAMPIIO; 0) KVMOGy OUCNepciio Ougpax-
YIHHOL pewimKu; 6) WupUHy peutimKu, HeoOXiony Ol PO30UIeHHs. 6KA3AHUX JIHII HAMPITO.

Po3B’s130k: a) Makcumanvhuii nopsadok cnexkmpa oast Ay = 589,00 um eusnauumo 3 ghopmy-
au (27.31) 3a ymosu, wo maxcumanvnuil kym sioxunents (Ougpaxyii) ne modice Oymu Gitvuum
sa w2 . Tooi:

dsin”
2 133.10°%m

© 589.107 m

=225,

kmax ﬂ,
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8§ 27.8 /luppaxyisn na 080- i MPUGUMIPHUX CIIPYKIMYPAX

_lem lem

ded="" = =133-10" e =133-10"° .
N, 7500

Taxum wurnom, makcumansHui nopsook K., =2, ockinexu K € uucno yine.
6) Kymosa oucnepcis eusnauacmucs popmynoio (27.37)
_do __k
" di  dcosp’

de ¢ — kym Qudhparuyii. xwgo epaxyeamu, wo c0s@ = A/1-sine , sinp = kA/d,a d = /N,
mo

_d_(p _ kN, _ 2(75~1O'5) pao 320.10°3 pao
T2 oiP2NZ (1o (22)(5897)(75-10°%)7 T Hm
_ 01834 Kym.zpao 1100 Kym.x6
HM HM

8) Heobxiona posdinbra 30ammuicmo

A 58930 nu

= = =1000.
oA 0,59 nm

LIJo6 docsemu maxoi po30ineHoi 30amuocmi, noste uucio wmpuxie N pewimxu noguHHo
oymu (32i0no gpopmynu (27.49))

N=R 1000 g4
k
Hlupuna pewtimku, HeoOXIOHa 01 PO30LNeHHs JIIHI HamMpito
l=d.N= =% 667102 cu
N, 7500

Tumnosi nudpaxuiiiHi penriTku MaloTh NIMPUHY JEKITbKAa CAHTUMETPIB 1 TOMY JIETKO PO3i-
JSIFOTH KOBTY JiHIFO (yOner) Hatpito. Judpakuiiina pemitka goxusoro | = 3,0 cm mictuna 6

N =IN, = (3 ¢eam)(7500 em™)=22500 mrpuxis, a ii posmineHa 3xaTHicTh Gyma G piBHOIO
R =kN =2(22500) = 45000 .

§ 27.8. Indpakuis Ha 1BO- | TPUBUMIPHUX CTPYKTypax

Buue (8 27.5) mu po3risiHyiu audypakiiiro Iiockoi XBUIIl Ha IpaBrIIbHii cTpykTypi i3 N ma-
pajenbHuX mHH. Taky CTpyKTypy 4acTo Ha3UBAIOTh OAHOBHMIPHOIO 1H(ppakuiiiHo0 periT-
KOK0. SIKIIo Bich X-iB HampsMIICHA HEPIEHAMKYIIAPHO N0 IIUIMH, TO iHTepdepeHLiiiHi edeKTH
CIIOCTEPIraTUMYThCSI TITBKHU B [[bOMY HAMPsIMKy. B HampsiMky oci Y-iB (Bich Y-iB J€KHTH B IUIO-
LIWHI OIUTHH 1 apajenbHa M) HisIKHX 1HTeppepeHIIHHIX e(EeKTIiB HE CIIOCTEPIracThes.

LixaBum € posmrsaa qudpakiii Ha OUIBII CKIaHUX CTPYKTYpax, HalpUKIal, Ha ABO- i Tpu-
BHMIPHHX PeIiTKAX (CTPYKTypax).

[Tix ABOBMMIPHOIO pemIiTKOI0 OyAeM0 PO3yMiTH TaKy pelliTKy, B sIKiii IITPUXHU HA IO-
BePXHi HaHeceHi Y B3a€MHO NepNeHANKY/JISPHUX HANPAMKaX. Taka penriTka xapakTepusye-
Thes ZiBoMa rnepiogamu dp i dy (puc. 27.27). SIKIIO NPUITYCTUTH, IO CBITJO Ha PELIITKY Maxae
B3JIOBX OCl Z, TO yMOBa BUHHKHEHHSI TOJIOBHUX MAaKCHMYMIB ISl BUIIPOMiHIOBaHHS 3 JIOB1JIb-
HOIO JIOBKMHOIO XBHJII B HANPSIMKY OCi X-1B 3aIUIIETHCS Y BUTIISIL
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27 Qughpakyis ceimna

d,cosa = kA (27.50)
AmnasioriyHa yMoBa BUHHKHEHHSI TOJIOBHIX MaKCHMYMIB B HaNpsIMKy oci Y-iB MaThMe BUIJISII
| d, cos 8 =k, 4, | (27.51)
7 Z
0 X
[ [/ /) o X
[ [/ /)
[ L[/ /][] ‘y
[T 77777777 ¥
d,
Y
d,
Puc. 27.27 Puc. 27.28

ne Ky 1 kp — wini yncna, o i ff — IONOBHIOBaJIbHI KyTH, TOOTO KYTH MiX AU(ParyrOYuMH MpoMe-

Puc. 27.29

Puc. 27.30

usmu 1 ocsimu X 1Y (puc. 27.28), A — 10BXKHMHA XBWII MaJaI040r0
CBITIA.

SIKIIO MPHITYCTUTH, IO JBOBHMIpHA PEIIITKAa MICTHThH BEIHKY
kinbkicte wTpuxiB (N; i N;) B 000X HampsMkax, TO MaKCUMyMH
OyIyTh IyXKe TOCTPi i B HAX 30CEPSTUTHCS BCS CHEPTis CBITIIOBHX
XBWIb, SKi OuparyoTb. B pe3ynbrari Ha €KpaHi OTPHMA€eThCS
JmdpakiifHa KapTHHA y BUIVISl YiTKHX, CHMETPUYHO PO3MIILICHHX,
cBimmx wisM (puc. 27.29). 13 puc. 27.29 BumHo, 1m0 Mudpakitiiai
MaKCHMyMH PO3MIIIEH] B MICIISIX MEPETHHY NepeadadyBaHUX CBIT-
nux cMmyr (J1iHi), sKi MOBUHHI 6 JaTH KOXKHA 13 2-X CHCTEM IITPH-
XiB. SIKIIO CBITJIOBMH ITy4OK IOXHJIO NAJIa€ HA JBOBHMIpPHY PEILiT-
Ky, To yMOBH MakcumyMiB (27.50) i (27.51) HaOynyTh BHIJISIY:

d; (cosa —cosay) = kll,}

(27.52)
d,(cos B —cos fy) = koA,

IIe 0 1 ffp — BIATIOBITHO KYTH MK [TaIAIOYMMHE TIPOMEHSIMH 1 ocsiMu X
Ta Y.

TpuBuMipHy (POCTOPOBY) PeUIiTKY MOKHA CO0i YSIBHTH SIK
cucTeMy ABOBMMIPHUX pelriTok 3 nepiogamu d; i dy, po3mimennx
NepHeHuKYJISIPHO 10 oci Z 3 nepiogom, piBHuM d;. SIKII0 KOXKHA
JIBOBUMIpHA PEIIiTKA JOCTaTHRO MPO30pa, TO HAa KOXHIN 13 HUX Oy-
nyTh BuHuKaTH Korepentri npomeni I, 11, I i T.x. (puc. 27.30), sxi
YTBOPIOIOTH KYT Y 3 Biccio Z. HanpsiMkam, B SIKMX ITOBHHHI criocTepi-
raTHUCS MAKCUMYMH TH(paKiil, 3aJ0BONBHSIIOTH TaAKI YMOBH:

di(cosa —cosay) = kA,
d,(cos B —cos ;) = kyA, (27.53)

ds(cosy —cosyy) = Ksd.

BaxnmBo BinMiTHTH, IO iHTEp(EpeHIiHI MaKCUMyMH MOX-
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8§ 27.9 /luppaxyisn penmeeri8CoKux npomeHie

JUBI He Juis Oyab-sIKMX JOBXWH XBWib. CrpaBa B TOMy, 1o mopsia 3 ymoBamu (27.53) s
JIOBUTFHOTO HATIPSMKY Y TPOCTOPI aBTOMATUYHO TTOBUHHI BUKOHYBATHUCS IIE JBI TCOMETPUYHI

YMOBU:

2 2 2
C0S“ oy + COS + CoS =1,
, Fo ) Yo (27.54)
COS“a +Cos” f+cos”y =1.

Li criBBIAHOMICHHS HAKIIAIAIOTh TICBHI OOMEXCHHS 1 Ha HATIPSMKH, 1 HA JOBXKHUHY XBIWJIi, B
SIKi#i criocTepiraeThes audpakiiiiina kapTuHa. Bukirodaroun i3 piBmstab (27.53) i (27.54) o, Sy,
3a yMOBY, O ¢y = ) = 7r/ 2, yo =0, 3HaX0UMO CHIBBiIHOLIECHHS

k222 . k322 L (dg + ket )? _
df  d d;

1 (27.55)

sIKe BU3HAUa€ JIOBXKHMHY XBWII A, 0 Ja€ qudpakniifiHi MAaKCHMyMH Ha IPOCTOPOBIH permriTii
TpH 33J]aHOMY HampsiMi nagatodoro ceimia. SAxmo d; = d; = d; = d, To 13 (27.55) orpumaemo:

—2dk,

Sk +kZ+k2

(27.56)

Omxe, Ha IPOCTOPOBHX PEIIITKaX HE BiJ BCIX JOBKHH XBUJIb MOJKHA OTPHMATH MAaKCUMYMH.
Ipu ocBiTIEHHI TPOCTOPOBOI PELIITKY BUIPOMIHIOBAaHHSM i3 CYIIJIEHAM CIIEKTPOM 3aBXKAM 3Haki-
JIETHCSI TaKa JIOBKWHA XBHJI, sIKa 3aJJOBOJIbHUTH BCI YMOBH AU(PAKIIil.

[TpakTr4HO 3AIHCHUTH TPOCTOPOBY PEIIITKY JUISl BUIMMOT'O CBITIa JOCTATHBO CKJIAAHO. Jliist
ehexTHBHOI Aii qupaKiiHOl pernTKy HeoOXiaHO, 100 ii mepioay Mau po3MipH 3a TOPSAKOM Ta-
Ki, 5K i IOBKMHA XBWIII. J1JI1 BUIAMMOTO CBITJIA TIEPiOJ PEIIiTKA TOBUHEH CTAHOBHUTH ~ 10" em.

8§ 27.9. Indpakuisi peHTreHiBCHKHX MPOMEHIB

st cniocrepexenns audpaknii Ha OyIb-SIKUX MPaBWILHUX CTPYKTYpaxX CTajla PEIIiTKY TTOBU-
HHa OyTH CITIBPO3MIPHOIO i3 JOBKMHOIO Najaro4oi xBmiti. ToMy Bumagok audpakiii Ha TpruBUMIp-
Hiii (MpOCTOpPOBIii) periTii MOXKHA IPAKTUYHO 3IHCHUTH T PSHTTCHIBCHKOTO Jlialla30Hy eleK-
TPOMArHiTHUX XBIJIb Ha KpHCTAIaxX TBEPAMX TLI, SIKi € NPUPOIHUMH IIPOCTOPOBUMH PEIIiTKAMH.
D JloBXKHHa XBWIb PEHTTEHIBCHKOTO Jiana3oHy TOro X I10-
] PAIKY, IO 1 Mepiof] KpUCTATIYHOI IPaTKU TBEPAUX TiJl.
ATOMH 1 MOJIEKYJIN B KPHCTaJl pO3TAIIOBaHI y BUTJIISII
MIPAaBUIIBHOI TPUBUMIPHOI PEIIITKH 3 MEePiofoM HOPSIKY
107 — 10® cm. Skmo HA TaKuii KpHCTAT HATIPABHTH
— IIy4OK PEHTICHIBCHKUX IPOMEHIB, TO KOXXKHHH aToM, i3
SKHX CKJIQJAEThCSl KPHUCTATiUYHA TpaTKa, BHUKINYE
mudpakmito peHTreHiBChbKHX mpoMeHiB. Jlo Takoro

E BHUCHOBKY Aiiimos y 1912 p. Bigomuii HiMEUbKUH (i3HK-
Teopernk M. Jlaye® (1871 — 1960). Jlaye BuKopuCTaB
ymoBH (27.53) 111 BUSHAUCHHS KAPTHH, 1O BUHUKAIOTH
Puc. 27.31 npy TUdpaxiii peHTTeHiBCbKUX IPOMEHIB Ha KPHCTAJIid-

HUX cTpykrypax. Cxema npocminy Jlaye 3 nudpaxumii

PEHTTeHIBCHKOTO BUIIPOMIHIOBaHHS HaBezieHa Ha puc. 27.31. Kpucran K ocBIT/IIOETECS pEeHTTeHi-

* 3a BigxputTsa mudpakiii pertreniscekux npomenis Jlaye B 1914 p. 6y ynocroenuii HoGernis-
CBKOI npeMii 3 (i3uKH.
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27 Qughpakyis ceimna
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BCHKAM  BUIPOMIHIOBaHHSM 3  HEIECPEPBHUM
CICKTPOM, SIKC BUIPOMIHIOETHCS PEHTTCHIBCHKOIO
TpyOoro S. BumpowmiHIOBaHHS, SKE 3aI0BOJBHSE
yMmoBi  (27.55), mudparyrounm Ha KpHCTATIYHIN
rpaTii, Ja€ Ha eKkpaHi E BIMNOBITHY MUMPAKIIHHY
KapTHHY, SKa HA3WBAE€ThCS Jayerpamoro. Ha pruc.

& i :u O ‘e .‘, .}‘ 27.32 HaBEJICHO mudpakmiiny KapTUHY
’ .
.

Puc. 27.32

(7mayerpamy), sika BHHHKAE MPH PO3CISTHHI pEHTre-
HIiBCBH-

KUX TIPOMEHIB Ha KpucTaji Oepuiiro. AHaji3 Jlayerpa-
MH JI03BOJISIE OTPUMATH 1H(POPMAIIIIO TIPO KPUCTATIUHY
CTPYKTYpY, B3a€MHE pO3TaIllyBaHHs aTOMIB ab0o MoJie-
KyJ 1 BUSHAUUTH JOBKHHY PEHTTCHIBCHKOTO BHIIPO-
MIHIOBaHHS, SIKIIO BiZlOMa CTPYKTypa KPHUCTaII4HOI
TpaTKy, Ha sIKii 3MifcHIoBamacs mudpakiis. OnHak, Ha

NPaKTHL, SK HpaBwio, Qopmynoro (27.55) He kopucTyroThcs. Pocifichkuil (isuk-kprcTagorpad

10.B. Bynsg

I'. Bperr (1862
KO 1 CHH), He3a-
TUQPPAKILIO BiJ
crocoOoM, HiK

aTOMHY  IUI0- — — 00— —0 — -0— —O- —
PO3MIIIYFOTHCS

peHtre- Puc. 27.
KyTOM

(1863 — 1925) i amrmiiiceki Gizuku
- 1942) i JI. Bperr (1890 — 1971)" (Gats-
nexHo, B 1913 p. mokazaiy, Mo BU3HAUYUTH
KPHUCTAJIIYHOI TPATKH MOXKHA MPOCTIIINM
croci6 Jlaye.
IMpoBeneMo B KpHCTali JOBUIbHY
o——o—o-Il muny I, Ha skili J0CTaTHLO TIycTO
aromu (puc. 27.33). SIkmio Ha Hel magae
33 HIBCBKUIA TIpoMiHe MO, TO TiA TUM Xe
BUHUKHE BimOuTHH npomiak ON. B

TOMY X HanpsIMKy BUHUKHYTb IIPOMEHI, sIKi Bi/1i0 I0ThCS BiJl IHIIMX TUIOLINH, MApaJIeIbHUX 110

rwrontway 1. Ili mpomeHi KorepeHTH i
onuH oxHOTO. 3 puc. 27.33 BUIHO, I
IUTOLIHAMH, €

B pe3ynbTati inTepdepenuii miacmiaTe abo nocnadisiTh
0 PI3HHUIL X0y MK NMPOMEHSIMH, BIIOUTHMHU CyCiIHIMHU

A=AQ0"+0'B=2A0"=2dsin#,
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Puc. 27.34

ne d — BimcTaHe Mik aTOMHHUMH TUIONMHAMH. [HTEpde-
PCeHIIiiHE TiACHICHHS Oy/e 32 YMOBH, IO Pi3HUIS XOAY
€ KpaTHOIO JOBXHHI XBHJI:

2dsiné = kA, (27.57)

ne k=0, £1, +2, ..., 0 — KyT HaxwWIy NaJAI0YOr0 MPOMEHS
1o aroMHOI wionmad (KyT KoB3anus). @opmyna (27.57)
HocuTh Ha3By (opmynau Byawda-Bperra. Ilpu Oyap-
SIKOMY KyTi KOB3aHHsI 6 1 mopsiaKy BigOuBanHs K 3aBxau
3HAMIYTHCS TOBKWHH XBWIb A, SIKI 33JI0BOJIHATH YMOBY
(27.57).

B xpucTani MoXHa TIPOBECTH BEIHKY KUIBKICTH aTOM-

HUX TApAICIBHIX IUIOMMH B Pi3HUX Harpsiviax (puc. 27.34). Onpak eeKTHBHUMY € JIMIIE Ti [UI0-
IIIMHY, Ha SKUX aTOMH PO3MIIIEH T0CTATHBO TyCTO. TiJIbKH Bi/f TAKMX IUIONMH yTBOPIOIOTHCS MaK-

* T. Bperr i JI. Bperr 3a Benukuii BKIa

Jl 'y BUBUCHHS CTPYKTYPH KPHCTAJIIB 3a JIONIOMOI'OI0 PEHT-

reHiBChKUX MpoMeHiB yaocroeni HoGeniBepkoi npemii 3 ¢izuxu (1915 p.).
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8§ 27.9 /luppaxyisn penmeeriCoKux npomenie

CHMYMH TIOMITHOI iHTEHCHBHOCTI. 3a foromororo ¢opmynn Bysbda-bperra Bupinrytorscs i 3a-
Jadvi: a) 3a BiZOMOIO JIOBKHHOIO XBHJII PEHTTEHIBCBKOrO BHIIPOMiHIOBaHHS, BH3Hauaroun 6 i K,
MOXKHA BHPaxyBaTd MIKIUIOMMHHY Binctanb (. Po3B’s3KkoM IMi€i 3aqadi 3aiiMacThCsl peHTreHOCT-
PYKTypHuii anani3; 0) 3a Bimomum d, BusHauaroun 6 i K, MOKHA pO3paxyBaTH JOBXKHHY XBII A
IaJ[al040r0 PEHTTCHIBCHKOIO BHUIIPOMIHIOBaHHS. L{M 3aliMaeThCs PEHTreHiBCbKa CHeKT-
PpocKomis.
Jesixi Giomoriuni 00°€KTH, HANPUKIIa, OUIKY, HyKJICTHOBI KUCIIOTH, TeMOTJIO0iH, OKpeMi Bipy-
CH, MOXXYTh KPHCTaJIi3yBaTUCs], TOOTO YTBOPIOBATH TaK 3BaHi Oioyoriuni kpucramu. Taki KpucTain
IHOJIl YTBOPIOIOTHCS Y TMPUPOAHMX YMOBAX, alie, SIK MPaBHIIO, IX BHPOILIYIOTH INTYYHO JUIS BCTa-
HOBJICHHS CTPYKTYPHHX CKJIJI0BHX iX Makpomoneky:. 3 mieto meroro Ha Mexi 20 — 30-x pokiB XX
cromitrss  Oyll0  BHUKOPHCTAaHO  PEHTTEHIBCHKUI
KK, T CTPYKTYpHHIA aHani3. Big MoHOKpHCTaiiB OUIKIB Oyiu
orpuMmaHi Oarari Ha JMQpaKmiiHi MaKCUMyMH
pertrenorpamu. J{oOpi kpuctamm OunkiB marote 50 i
OLTbIIE MTOPSAKIB IMPPAKIIHHNX MaKCHMYMIB.
BuBueHHS TPOCTOPOBOI CTPYKTYpH OlOJIOTTIHHX
KprcTaiB (06’ €KTiB) CKIIAIAETHCS i3 TPHOX KOMIIOHEHT:
1) npenapariBHOi poGOTH 1O OYUCTLI i KpUCTaTi3amii
00’€kTa; 2) pPEHITCHIBChKMIA eKcrepuMeHT (BriacHe
SHATTS  PEHTITCHOTpamH); 3) PpO3paxyHOK PpEHT-
TeHOTpaMH. 3ayBa)XMMO, IO PEHTTEHOCTPYKTYpPHIi
JocmipkeHHst  OlonoriyHnx  00’ekTiB € Habarato
CKIIATHIINAMHY, HDK 3BUYaWHMX KpucTaniB. HaBememo
Puc. 27.35 TUIBKA OIWMH XapakTepHHWil (akT. 4Yac XWTTI Oio-
JIOTIYHOTO 00’€KTa T Yac eKCIIEPUMEHTY OOMEXEHHUH
Yepe3 pajialliifHi MomKOMKEHH 00°ekTa. PasoM 3 THM, pEHTTEHOCTPYKTYPHHI METOI IIHPOKO
BUKOPHCTOBYETHCS JUTsI BUBYEHHS! Ol0JIOTYHMX MOJIEKYI 1 CHCTeM: Ha puc. 27.35 HaBesieH] peHTre-
Horpamu GinkiB. CaMe 3a JIOMOMOTOIO IIHOr0 MeTofy aHrmiiichki dizuxu M. Vinkine (1916 — 2004) i
@p. Kprk (1916 — 2004) Ta Gioximiku Jhx. Yorcon (1928 p.u.) i P. @pankin (1920 p.H.) BeraHOBIIH
npoctopoBy crpyktypy JHK. V 1962 p. [Ix. Yorcory, M. Yinkiacy i ®@p. Kpuky 3a BcTaHOBICHHS
MOJIEKYJIIPHOI CTPYKTYPH HYKJICTHOBHX KHCIJIOT 1 ii poii B mepenadi iHpopMarii B KUBii IpHpo/Ii
Oyna npucymkeHa HobemiBcbka mpemis 3 (i3ionorii i MeAUIHA.
Jlaypeat HobeniBcbkoi mpemii 3 disiomorii i memuman (1963 p.) A. Xomkkiu (1914 p.H.) mpo-
BiB PEHTTEHOCTPYKTYPHHMIA aHai3 neHitiHy. [1i foro kepiBHUIITBOM OyIia TaKOXK BU3HAYEHA JTy>Ke
CKJIaJIHa TIPOCTOPOBA aTOMHA CTPYKTYpa OiJIKOBOro TOPMOHY — iHCYITiHY. PEHTTeHOCTpYKTYpHI J0c-
JIJDKEHHS OYZIOBH CKIIATHUX O10JIOTIYHO aKTUBHUX MOJICKYJ KPHCTANB JTAFOTh 3MOT'y BCTAHOBUTH
3B’S130K MK 0107I0T1YHOIO (DYHKIIEIO0 MOJIEKYI 1 iX OyHTOBOIO.
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