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OcHOBHe pIBHAHHA Audopakuil

8.3.3. Mudpaxumus Ppaynrotdepa H Ppemens. lceaeryewm Tenepb noapoSHO
JadpaxuHOHELIE uuTerpan Ppenenst — Kuapxropa (17)

U(P)=— % 55 i “f;“fﬁs]] [cos (n, r)-—cos (n, s}]dS. (22)
A

Korga sneMeHT dS npoferaer o6aacTb HHTErPHPOBaHMS, /s B obwem cay-
gae GyLer W3MEHAThCS HA OUeHb MHOTO JJIHH BOJIH; H JIO3TOMY MHOKHTE)b B
explik (r-+$)] 6yner 6GucTpo OCHKIIH-
poBaThk. KpoMe Toro, eciiin pacCTOAHHSA OT

,
oy

% ToueK Py M P [0 9KpaHa BelHKH IO
- 7 CPABHERHIO € JIMHEHLIMH pasMepaMu
Hy = 1, OTREPCTHA, TO MHOKHTEAD [cos (1, #) —
i A — cos (1, )] M3MenAeTcs 0 OTBEPCTHIO
e ﬁ/% 7 nesnavureablio. Jlajee, npeanonaras,
FAi

yTto (0 310 JMHOOAsE TOYKA OTBEPCTHA H

yrapl, oOpasopanpble auHuaME P01
Prc. 8 5. Jdudpaxuus sa oreeperan 8 mrockom  UF ¢ Py P HE CHIIKOM BETHKH, MOXKHO

3Kpane 3AMCHHUTD 3TOT MEOXKWIenb Ha 2cosd,

rie O -— yroa Mexay auHveli PP @B
HOpMasblo K 3kpany I makomen, muoxwurean 1/rs Moxno samenurs na 1/7's', rae

r’' ¥ s’ — paccTosinug or toyek F, W P 10 padana xoopamnat; toraa (22) cee-
JeTcs K
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U (P) v — 525030 ﬁ' exp [ik (r 4 5)] dS (23)
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. BosbMeM 3a Haualo AeKapToBOl CHCTEMBI KOOPAHHAT TOURY O OTBEPCTUH, a OCH
_0Ox u Oy Briepem B IVIOCKOCTH OTBEPCTHA, byacm ¢uuTarn, YTO OCh 2 HATIPAB/CHA B
CTODOHY MOJNVIPOCTPAHCTRY, B KOTOPOM HaXoaurest Touka Habaojeuus: P (puc,
8.5).
[Mycrs (X5, Yo, 20) H (X, ¥, Z) — KOOPAMHATH TOUe€K F, H P COOTBeTCTBEHHO, a
(€, M) — KOOpAHHATBI TOYKH @ OTBEPCTHS, TOTAd

ri = (X, —8F + (H—m)" + 2, }
88 = (x—&)* - (y—n) + 27,
r'® = xg - Ys -~ 23, l (25)

s =x? Lyt 2 f

r=r%—2 (%E +yom) + 8+ v, }
§%=s2—2 (xE+gym) + E2 + 0’

Mur npennosomuan, 4To JWHEAHKIE Pa3MepPhl SKPANA Madibl 10 CPABHEHHIO C 7' H §'y
H ITOITOMY MOMEM DA3JOKHTB 7 H 8§ B CrelenHbie psab no &7, wr', §/s" u n/s’;
TOTJa MOJYYHM

(24)

CilenosaTeahbHO,
(26)
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U (P) = ¢ cisﬁ Acexp [;krgf#—s )] US{ES‘ exp [ikf (E, v)] 4t dn, (28)
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e hHt, == —
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4
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To (29) MOKHO mepenucarb B BHIE
FE 1) = (o—D E+ (my—m) m+ {(;I-Jr;}) (&4 12)—

(.8 ‘};glnn)ﬂ ({54 ?!n]g } ’ (3 { )
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Mur cgenn 3azasy omnpele/IeHHsd CBCTOBOIO BOSMYIICHHA B P K BHYHCACHHIO
vwurerpata {28). Koneuno, ollo yIpocTHTCA, ecnU B f npernedpedb KBaapaTHUIILIMA
yIeHaMH W yJeHanMH 0oJee BEICOKHX NopANKOB OTHOCHTEIbHO § ¥ 1. B atom cayuae
MBI MMeeM Jieflo © duparyuet Dpayreogepd; €CAn yKe KBAAPATUUHBIMH LJAeHaN1
npeiedpedb Henb3s,— TO ¢ du@pasyued @peness. K cuactbro, 6oJee IpocToil ¢y-

yaip pudpaxuuun Ppavarobepa DPEACTABISCTCH B ONTHKE SHAYHTENALHO OGoJce

BaKHBIM. :



CTporo roBOPS, YieHb BTOPOre H 6oJiee BhICOKHX IOPALKOB HCYE32XT TOJLKO
B NPEAeNbHOM Ciayuyae 7' —-oo0 0 §'—-o00, T. €. KOTLA N HCTOUHMEK, H TOUKAa HalJlo-
JIeHAA HaXodATcA B OeCKOHEUIOCTH (Torjha lano LONYCTHTh, YTO H MHOMUTCL A
repes HHTerpaioM CTPEMHTCA K GECKOHEUHOCTH TaK e, KakK r's’, OnHaxo o4eBH[HO,
YTO BKJAJ UWIEHOB BTOPOrO HOpALKA B HHTErPAJd HEBEJIHK, ECJIH

i 1 l om)? A
Lh| () Gy —ibbma?_(Erm?| oo (o
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MowHO cpa3zy Xe VKa3aTh ONPCACICHHBIE YCJAOBHA, NPH KOTOPHIX (52) yAch-
JerpopaeTesi. JIaa 3TOro BOCNOJb3yeMCA HepaBeHCTBOM  wija (1§ - mym)? <2
(I3 -}- m?) (82 -+ ?) M, BCIIOMHUB, UTO [, my, [ B m* He IPEBRIIAIoT e I, [0-
JIy4uM, 4TO (32) VIOBJNETBOPSALTCS, €C/IH

Irr |>{§2+12}Mauc 5 l g |> {Eg‘i"?j}mnuc i (33)
HJH eCJdH
1, 1 1A
phg=0 o Bom, b mL e (42

Ycaopug (33) MO3BOJATIOT OIECHUTH PACCTOAHUA 7" B 8, IPH KOTOPHIX TPHMEHHMO
npubmkenne Ppaynrodepa. Yeiaosua (34) osnauaror, wro Judparuus Ppayiro-
(epa HMEeT MeCcTOo M TOrjla, Korfa Todxka HaOJoICHHS HaxX0jHTCs B IIOCKOCTH,
apanJefdbHol IIOCKOCTH OTREPCTHS {(IPH VCJIOBHHM, 4YTO TOYKA HAOMICLECHHS H
VICTOUHHK CBeTa JOCTatoaHo SIH3KN K OCK 7. 3MecCh CJIenyeT PaznuuaTh ABa cJayuasi.
Eeau £ oTpHOAaTeNbHo, TO NANA0NIHe Ha OTBEPCTHE BOMROBLIEC (POHTH HMCKYT BOT-
HYTOCTh B HAIIPABICHHM DACcOPOCTPANCHIIN H Toyka P, aABJAgeTca NCHTPOM CXOXK-
JeHHA, 4 He PacXOxIEHHA Najaioiliedl BOJHBI. JOT CAyYal OueHh RIKCH 494
IPAKTUKM, TaK KaK OCYLIeCTB/SeTCH B LPOCTPAHCTBE M300PaeHHH XOPOLIO KOp-
PErHPOBAHHOA HENTPHPOBAHHON CHCTEMEI, H300DaxKamoUled TOYeYHBIH HCTOYHHK,
PACLOAOKEHHDIH HEJAICKO OT GCH.



Ondppakuia $payHrodepa

B cayvae andpakiun ®paynropepa YeThipC BesiHIHHB [y, Mg, [, M BXOUAT B
(31) TosbKO B KOMOUHAIHH
p=Il—I,, g=m—m,. (35)

CnenosatesibHO, B TOH 06JacTH, I CNPaBeIHBO YHOMAHYTOE BLIIE NMPHGIM-
KeHpe, KapTHHA HE HSMEHHTCA, €CH OTBEPCTHE CMECTHTCA B CBOCH COOCTBEHHOM

IJIOCKOCTH.
3anuiueM HHTerpaJ, onuchHBammHi audpaxuuo Ppayurodepa, B BHIE

UP)=C MS‘E { exp [— ik (8 -+qm)] B an; (36)

anect C -— BenwyMHa, Crosiiad nepep uarerpasoMm (28). C onperenserca wepes
BEeJHUHHE], CBA3AHHbIE C NONCKEHHAMH HCTOUYHHKA H TOYKH HAONIOACHUA; OAHAKO
Ha NpaxTHKe 4acTo yHoOHee BHIDAKATb €€ 4epe3 Apyrue Beauuuhni. Ilycrs F —
NoJHZsH SHEPTHA, Najanilas Ha orpepcrue. [1o 3akoHY coXpauenusi sHEPIHH BCA
SHEPrHHA, JOCTHIANILAs IVIOCKOCTH HaO/HOAeHUSA, JO/IKHA paBudThbcA £ NO3TOMY

KOJAKHO BHIOJIHSTHCS HOPMUPYIOIEe YCIOBHE _
VU, 9 pdpdg=E; (37)



H ¢. ¥ PaBHEHHE (00) MOXHO 3alHCaTh TENCPb B BHAE HHTCTpajsa @ypLe

U, p=(aE wexp [— 2 GErow|dsan, . @8
re G— Qyrryus 3pauxa ¥), onpeaenseMas Kak
G (&, n)mconst (C) B TOYKaX OTBepPCTHS, } : (39)
GE, =0 R TOUKaX BHE OTBEpPCTHS,

a uHTerpas Gepercsi 1o BceH (&, M)-NIOCKOCTH,
Ilo tecopeme Ilapcenasisa aaa dypbe- npeoﬁpaaoBaHHH 18] umeem

BIG{Q, m [ d’;‘dﬂ=(1—) XSIU(_;}, *_ﬂ l2dpdyg, (40)
HaY, uchoabsy4 (37) B (39) M ofo3Hayas miollalb OTBepcTHs yepes D,
s E=ICPD, 0
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Torpa, ocHOBHOH HHTErpan, ONHCHIBAKIMME Andpakmuo PpayHrogepa, npHEH-
Maetr Buj

U, ) =1 1/ %5 | Vexp [— it (ot + gm)] 2 am. (43)

Crneayer ofparurTh BHHMaHue, yro HHTeHcHBHOCTh [, = |U.(0, 0)|* B uenrpe Kap-
THHDI, Tie p—g=0, paBHa
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Oudpakumna GpayHrodepa Ha
KPYrnom oTBEPCTUK
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2 Lle cuHyc kyTa BioXuneHHs.

2], (kaw) \°

w=p?+q
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HecKoAbKO HEPBBIX MAKCHMYMOBE H MMHHMYMOB (YHKLMK 10
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— X 323 -.._,\ ! __
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1 , (2.!1(::} s 47 ;
¥ N g5 1—i\ . 4
= yL
] ' a4y =
0 1 Maxcumym 71 \ .
1,220r—=3,332 0 Munnmym ’ \
1,630n=>5,136 0,0175 MaxcamyM a3
2,233 =7,016 | 0 Munumym
2,679 =8,417 0,0042 Ma¥cHMyM 4z \
3,238m-= 10,174 0 Muenvy™ 77
3,699x=11,620 0,0016 MakcumyM f \-\
L ———
g 7 254 5 657 882

TTonoxkeHUST BTOPUYHBIX MAKCHMYMOB OTIpe-
JIAITCA  3HAYeHHAMI X, YIOBJETBODAIOUIHMH  pye 8.11. Nuppakuun PpayHO-

YPAaBHCHHIO depa H2 EPYLJIOM OTBEPCTHH,
d [J, % 0 I'pabrr GyHKIHNL
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Po3ainbHa 30aTHICTb

A

Po3ginbHa 3gaTHicTb Teneckona o =1.22—

D

Oko D=1.5-6 mm 0=0.4"-1.5’ Teneckon D=5 m a=0.028".

Po3aainbHa 3gaTHICTb MIKpocKona 5/

0'=—,Y'=wD'=
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v’ a’ 0’
7 A A
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| n'o’ nsin 0

¥
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Puc. 8.31. K Teopus paapeinaromedl cHIEI MHKPOCKOMNA. }\v
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EninTuyHIn oTBIp
Us (9 ) =bC §§ exp [ 16 (up¥ +qn')] &' dn’ = wU, (up, @) (22)

Ay
O1cloNa CAeAYCT, UTO eCAil OMEECINUE CUMMEMPUMHO DACULUPASINCA 8 KAKOM-2Uub0
HUNPARIEHUU 8 |\ PU3, Mo QuihparyuonKaa Kapmure Ppayreodepa cocumaemes 8 mom
HCe HANPABACHUL € W Pa3, 4 UHITEHCUBHOCHTE 8 HEKHMTOPOIL 1MoYKe HOSOLU KapMUHEL
CAAROGUMECA 8 W pas 002bUe UHMEHCUGHOCITIY 68 COOMBEMCIMBYIOELL FROYKE NePeOH -
HQIbHOL  KapmuHed, Vcnonniva 3toT pe-

3YABTAT, MOMKHO, BAUPHME)D, ¢paszy HallTH / T, / i
Kaptuny anudpaxkiuni Ppavarodepa or 3a- ﬁm&gpr:mm
JAUNTHUECKOIO OTBEPCTHA HJH OTBEPCTHUs L /ﬁ

B BHIE NapananeforpaMMa COOTBETCIBCHHO
H3 KapTHHbl JHOpPaki(HH OT Kpyra HIH
I Hmopfmﬂbﬂuﬁa(ppﬂa ne. 8 14pynm-:a3aﬁ Avgoariny
P#IMO} ' pic. o. HER KEATGHT
CAVUdAl  JUGQPAKOHH HA 3JJIHOTHYECKOM

OTBEPCTHH.

Puc. 8.14. Cpasnenue andparupr Ppayi-
ro(epa Ha KPyrjioM M JIJHITHYECKOM OT-
BEP CTHSIX.

TapnbikoB KorepeHTHas onTuka
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Oudppakuis PpayHrodepa Ha WinnHi 3aBLUMPLLKA 2a I
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1P =Y (P = (Spe) (R, (1)

rjie, corniacyo (8.3.44), I, — C2?D* == EDfA* — VHICHCHBHOCTh B IIEHTPE KAPTHHHL,
E — mnonuast sneprug, H4NA0MAg HA OTBEPCTHe, a

D =4 ab— nnomanb npsMOyTOJbHHKA. 7
Tadéauuma 8.1 -’;-'f?_
I1aTb NepBEX MaKCHMYMOE yHKUHH 449
sin x\?2 B
— g4
v ( % ) -
47
- =M3
X y= (51; 1)2 .C’?E ';i' (.‘I')J
45
0 ] B
1,430 == 4, 493 0,04718 44 ’
3,470 =10, 40 0,00834 ’
4,479 —=14,07 0,00503 Y. B
I : 4{ - h
papuK QYHKUHH ¥ == (Sinx/x)® npuBeJeH Ha PHC, - [\J
|

8.9. Ona uMecT TyiaBrhill MakeuMyM y = lupu x =10 T o7
M MHHHMYMEI, PaBHBIC HYI0, [PH X == 41, - 2m,

4:3m, ... 2JTH MMHUMYMBL Dasfe/fioT BTOPHYHBIE Py 89 Jndparuis dpayn-
MAKCHMYMEI, IHOMQKCHIE KOTOPLIX olIpefcjdercs KOp-  rogepa Ha npsamoyreAbEOM OT-
HAMH ypaguHenus: {gx—x=0 {(cm. Tabn. 8.1). 3nua- BepCTHH.

YeHHS KOPHEH aCUMNTOTHUECKH IPHOAMMKAOTCA K B&IM-  Fpadux GyExons g= ( siu x)ﬂ,

LAE AR a).Y e —— 1{9}‘}1 ] ]‘]'1'.{1'[9 TUFIFEY FFF oo LTEOTTEVYI LT TTA% 7T % FTTT % T, A
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@® nr. 67. Pacnpenenenne cBera npu gaddpars=
OHH OT NPAMOYTOJIBHAKA,

«CBeTOBBIE TOPHI», JeiKalllle MeKIY NPAMBMH MITHA-
MYMOB, H300paskeHsl B BHJEe YeDHHIX Hpy:HHoB., HX
peiicTBUTENbHAA (opMa, ecTeCTBeHHD, ONHKE K
npAMoYroneaOil. ®opMa U nogoxieHNe BHIZLIBAIOILE-
ro auQ@palHodKw OTBEPCTHA YHA3AAA HA YepTeme
ciepa (MacmTal He BhHMep:<aH, TaKk KaKk pasMeph
auddparuuorHOH HEDTMHH]II OpHrHHaja He Ccpas-
HIIMBL),




CNYTHUKN MAPCA — ®OBOC U AEMMOC

B MEPEBOMAE ®OBOC — CTPAX, AENMOC — YXAC.




§ 37. THOOPARKIAA ®PEHEJA OT MmMEJH

[Iyre K Teopunm wmcroil xapdpannnn Qpesens Ou maMe-
gen yxe B § 34, m. 4. OH HecKOnbKO ciIOKeH W He Bcerfa
Befier K menu. Toury mepecedenns D (pmr. 72) nmmumm, co-
eNUMHAIOMEe: MCTOYHAK cBera P’ m Touky Habmiogenna P
¢ IJIOCKOCTRIO fuadparmel S, GepyT 3a Hadamo KoopamHart &, 7,

a =

~e(P)
®ar. 72, K muddparnur Operena or menn,

KOTOpHIE XapaKTepnayIoT Toukn oTBepctns auapparmul. Torpa
Gynem uMeTh a=ay, B=0B;, T="1, (¢ Bos 7, XapaxTepmayior
Hanpasieane P’'D; a, B, y— nampasienune DP), u B Bripa-
sernn (34.13) pna Passt © BrmagaoT MTMHEHHEE YWIEHH.




U (P) ~ [[explikf (¢,n) Hedn

/& 11)=(la—l)§+(mu—m)n+%{(;l;+§7) (B2 12) —

Ghtmal Grml ) 3

| =1g =sind
m:mo =O
N=Ny =C0SO  Kf (§,H)=AE§2+Bgn2

A:g(1 1jcos 0, B_g(1+1j
Ar S Ar S

d-a ~ 7 T ]
U(P)~ [ exp|iA-¢? daj exp iB§n2

—d-a | _ - _

f(E,1m) = %G+9(§2 cos? &+ n2)




F(w) = \jvexp(i gtz jdr =C(wW)+I1S(w)

C(w)= | COS(E’C j

Cnipanb KopHto

dt, C(w) = jsm

\/5 0

KyT Haxuny 2

IHTerpanu d®peHens

(2 2de

F(—w) =—-F(w)

9P| _ 1= |dF | =[aw
dw

ds (w) =t9(£W2j
dC(w) 2

R_1 = TW

TC
W2



U (P) ~ [F (WZ) . |: (W1)]F (\/Eh) 3ommepdenb OnTuka

Wy =V A(d -a)wy =VA(-d -a)

W2 — W1 — COﬂSt

HamanboBaHo L
ans andopakuii
dpayHrodepa

1(P) ~ |F (wp) - F(wy)|” =
= (C(wz) —C(wy)* +(S(W2) - S(wy) )



D ur. T4 Onpepenmense Arfdparomm or nONynaocKOCTH OpHE
moMomy cnupass Hopaw,

|-t | Fewn-F-o0)

'-'I' (i I 2‘ -; 4 w5
feom. mews lparuya menu

5 2

©ar. 75. Avmneryna |v| nosagl noaynaocKOCTH,

1[)




OndppakuivHa rpaTtka

1786 amepukaHCcbknn actpoHom [esig Pittepxayc. Teopis 1821, ®payHrodgep




d(sine—siny) =mA

_de m _sing-siny
® di» dcoso \.COS @




®OTOH (P,.Py.P,); hV B —

LUITPUXWN NapanenbHo p — — — hk, rj — hk
X. C

p'=p =

PiC + Py + Py = Py + Py + P;

p;< = Py
d(sing—siny) =mA
sin(p—sin\y:m—k: Py _ Py

d P P
pA h




d+b
U ~ [ exp(-ikpg)de j exp(—ikp&)dE + j exp(—ikp&)dE +

2d+b (N -Nd+b

+ [exp(-ikpg)de+...  [exp(-ikp&)de j exp(—ikp&)dE x
2d (N-1)d

X (1 reikdp | g=2lkdp | o=Sikdp e_(N_1)'kdp ): uuJ,

b -
. d
U, = [exp(-ikpg)dg T
O " "-_ﬁﬂ S—
N—1 1_ o-iNkdp - “
_ —ijkdp _ 1—€
U2 — Z € = 1 “ikdp P
j=0 —€
N 1_e—idep 1_eidep 5 -2
|2 — U2U2 — ikd ikd = £ @
1— e_' P 1— e' P Puc. 3.25

2 e NKdp _giNKdP 4 cog(Nkdp)  sin?(Nkdp/2)
2 g kdp _glkdp q1_cos(kdp)  sin?(kdp/2)




(—,?-; f - ;':%) ,m- i ﬁ' 7 (7 2:' ﬁ) "?;



~ sin“(Nkdp/2)
sin®(kdp/2)  kdp—2m=

kdp = 2MT, % d (Sin 0 —sIn \|j) — 2M7m  TonoBHi Makcumymu

>N2

I

d(sing—siny) =mA

o 2d _ _2dN 2L
yCiAHi MiHIMyMU ‘m‘ < < _
sin(Nkdp/2) =0 max-— A A A

d(sing—siny) = (m+%jx

(m+%jx:m(x+5x):>x=m|\|8x Sh
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