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[lpoBeneHo cpaBHEHHE [BYX MOIXOJOB K OIMCAHUIO BBICOKOYACTOTHBIX
3BYKOBBIX IIy4KOB, H3JIy4aeMbIX C(EpHUECKH BBIMYKIBIMH HU3IY4YaTeIsIMU C
pPaBHOMEPHBIM pacIlpelleICHUeM AaMIUIUTYIbl, B OCHOBY KOTOPBIX ITOJIOKEHBI
uHTerpan Poanes wu mapabonuueckoe ypaBHeHue audpakiuu. B pamkax
MOJTYYCHHBIX PEIICHUH Ha TpUMepe aMIUIUTYTHO-(a30BOH CTPYKTYpHl MO U
MIPOCTPAHCTBEHHOW JMHAMHMKH KPHBH3HBI (Da30BOro (poHTa MPOCIECIKEHBI
O0COOEHHOCTH, OOYCJIOBJICHHBIE = COBMECTHBIM  BJIUSHHEM JUPPAKIUU U
TeOMETPHUUECKOM PACXOJMMOCTH BOJIHBI.

KiroueBbie cioBa: audpakius, T€OMETpHYECKash PacXoIUMOCTh, (Ha30BBIH
(GpOHT, XapaKTEepUCTHUKA HAIPABICHHOCTH, (pa30BbIii IEHTp, 30HBI DpeHerns.

BBE/JIEHUE

Crporoe pelmieHue BOJHOBOIO ypaBHEHHS JUId 3aJadyd O 3BYKOBOM  IIOJI€
OCECHMMETPHUYHOTO H3JTydaTelsi, MPEeACTaBIAIONIEro coboi 4acTh cdepbl, COBepLIAOLICH
MyJIbCUPYIONIHE KOJICOaHUsI U pacIioyiararpiieics: B cepuueckoM 3KpaHe, MpuBeaeHo B [1],
I/Ie 3amMcaHo B BHUAE OECKOHEUHBIX pAnoB Mo mnoiauHoMaM Jlexannpa. IlomyueHHoe
BbIp@XXEHHE M3-32 CBOEH CJIOXKHOCTHM HE IMOAJAETCS aHAIW3Y U HCIOJb3YeTCs JUIIb B

YHUCJIEHHBIX pacyeTax s OrpaHMYCHHOTO WHTepBana BennuuHbl kR, (kR, <30), rme
k =w/c,, R, — BOJHOBOE YHCIIO U PajUyC KPUBHM3HBI n3iydarens [2]. s Gonbmux kR, ,

BCTPEUAEMBIX B pALE€ NPAKTHMUECKUX 3a4ad (MEOUIMHCKAas JUarHOCTHKA, HEpa3pyILIArOLIUil
KOHTPOJIb, THAPOAKYCTHKAa M Jp.) pacyeT NOJs CTAaHOBUTCS MPOOJEMATUYHBIM H3-32
HEOOXOIMMOCTH yueTa OO0JIBIIOro YKcia YWICHOB psAAa M pacdyeTa KaXJI0To U3 HUX C BBICOKON
TOYHOCTBIO.

IIpn paccMOTpeHHH BBICOKOYACTOTHBIX 3BYKOBBIX mojed (AR, >>1) MOXHO MOIyduTh

CPaBHHUTEIBHO MPOCTHIE O CBOEMY BHUAY AHAIUTUYECKUE BBIPAXKEHHs, 00ECIEUNBAIOIINE
JOCTaTOYHYIO JJI TPAKTUKA TOYHOCTb, HCIONB3ysa mnpubmmxenne Kupxroda [3-5] u
napabonuyeckoe ypaBHeHue mudpaknuu [6]. Takue pereHus Onarogaps HariasgHOCTH
dbuznyecKoil HHTepIpeTaIly MPEACTABISAIOT UHTEPEC B Ps/e 3a/1ay, BKIIOYAs UCCIEeOBaHHUE
HEJIMHEHHOr0 B3aMMOJEUCTBHUS BOJH [7, 8], T€OMETpUYECKOM AHMCHEpCHH MYy4KOB [9],
HenuHenHoM nucnepeuu [10, 11] u gp.


mailto:gavr_am@mail.ru

DNEeKTPOHHbIN XypHan «TexHuyeckas akyctuka» 2008, 3 2 (23)

Kaxk u3BectHo [1, 6], UCTIONIB3Ys MHTErPAIBHBIE METOABI PACCMOTPEHUS 3aa4M U3JTyUEHUS,
[0Jie MCTOYHUKA IMPOU3BOJIBHON (DOPMBI MOKET OBITH 3alHCAHO C IMOMOIIBI0 HHTErpaja
['enpmronsia-Kupxroga, KoOTOpbIii MO3BOJISIET BBIPA3UTh aMIUIMTYIy BOJHBI — 4Yepe3
pacopeneneHnus HOPMaldbHOW CKOPOCTH KoJeOaHHs YacTULl U aKyCTUYECKOe JaBJICHHE,
3a/IaHHBIX Ha U3JTy4YarolIe MOBEPXHOCTH. J[aHHOE pelIeHHEe CIIPaBeIMBO MPU YCIOBUH, YTO
JUTMHA BOJIHBI 3HAYUTEIBHO MEHBIIIE JINHEWHBIX Pa3MEPOB U3ITyUarolIel TIOBEPXHOCTH.

B uwactHOM cnyuae miockoro usnmydarenst uHterpan ['enemromsia-Kupxroda ceogures k
JIBYM MHTETpajiaM, 3aBUCALIUM OT paclpeesieHns HOPMaJIbHOW KOMIIOHEHTHI KOjeOaTenbHON
CKOPOCTH WJIA 3BYKOBOTO JaBiieHus. [lepBbIii U3 HUX, U3BECTHBIN Kak mHTerpan Pames [12],
oTpaxkaeT mnpuHuun [rolireHca-OpeHens Ui NPOTSHKEHHBIX IUIOCKMX HW3JIydaTelied B
KECTKOM OECKOHEUHOM 7KpaHe. PesynbTupyroiiee mojie sBIsSETCS CyNepro3uluedl BKIalI0B
BTOPUYHBIX TOUYEYHBIX HCTOYHUKOB, PACIPEICICHHBIX IO H3JIy4arolleld MOBEpXHOCTH S .
AMIUIATYZa  BJIEMEHTapHBIX  BOJH  NPONOPIMOHAIbHA  HOPMAJbHOM  KOMIIOHEHTE

KosebaTensHoil ckopoctu v, = (Oy/on) ¢ B COOTBETCTBYIOIIUX TodKax. [Ipu 3TOM moTeHIman

JUIS TIPOM3BOJIBHOW TOYKH TIOJIs, yNaJ€HHOM OT IEHTpa HM3ydareiiss Ha pacCTosHHE !,
3aIlChIBAETCS B BUJIE

1 oy exp(—ikl)
l)=— — | ——=ds.
W() 2m (énjs / (1
JI71s 3ByKOBOT'O JIaBJIEHUs] TADMOHUYECKON BOJTHBI BhIpaskeHHe (1) mpuHUMaeT BUJ
oy . v, pexp(—ikl)
l)=p,—=iop, =~ |———=ds,
p() Po o Po . _[ ] (2)

N
e y =y, exp[z'(oot - kl)] :

Ecin wu3nydaemble IMJIOCKMM HCTOYHUKOM MONyC(EpPUUECKUE DJIEMEHTapHbIE BOJIHBI
pacmpoCTpaHsIOTCs, HE M3MEHss CBOe (POpMBI, M MO3TOMY WHTErpan Panes maer TodHOE
pemeHre, TO S HEIUIOCKUX W3JIydarelield TOSBISIETCS TOTPEIIHOCTh, OOYCIIOBJICHHAs
TQpakiueil 3TUX BOJH Ha MCKPUBJICHHOW MOBEPXHOCTU. Poib nudpakiuoHHBIX 3P PEKTOB
YCWJIMBAETC MO MEpe pocTa KPUBU3HBI HU3Iy4yaroUlel MOBEPXHOCTH, YTO Ha MpHUMEpe
(GOKyCHpYIOIIEro HW3IMydaTeNis MPOsBISETCS B YMEHBIIEHWH OTHOCUTENnsHO 180° yria
packpelTusi (pa30BOro (ppoHTa 3JIEMEHTApHBIX BOJIH, MPUBOJSA K IMEPEOTPAXKEHUSAIM HX OT
BOTHYTOU moBepxHOCTHU [13, 14]. [l BBIMYKIOro M3MydyaTelns, HAllpOTUB, U3-3a TUGPaKIUU
Ha MCKPUBJICHHOM MOBEPXHOCTH YTojl PacKphITUS (ha30BOro (poHTa 3JIEMEHTApHBIX BOJH B
MPOIECCE UX PACIIPOCTPAHEHHUsI pacTeT, mpeBbimas 180°.

B OonpmmHCTBE NpakTUUECKUX 3a7ad, MCHONb3YIOIIMX BOTHYTHIE M BBIIYKIIbIE
U3JTydaTeNny, paauyc KpuBU3HbBI ( R,) u aneptypa (a ) paboueil MOBepXHOCTH MHOI0O OOJIbIIe
JUINHBI BOJIHBIL:
kR, >>1; ka >>1. 3)
Hns  ycnoBuit (3) mompaBku Ha JUQPPAKLUUIO 3JIEMEHTAapHBIX BOJH HE OKa3bIBAaIOT
CYILIECTBEHHOI'O BIIMSHUS Ha pacyeT MOJEH HEIUIOCKMX H3JIydaTesied, YTO HOITBEP)KIAeTCs
CPaBHEHMEM C pe3yJIbTaTaMHU aHalIM3a TOYHOI'O pelIeHHs [2] JUIs BBIMYKIOro M3iIydarens, a
TAaK)K€ MHOTOYMCIEHHBIMU TEOPETHUUECKUMU M JKCIEPUMEHTAIbHBIMU HCCIIEN0BAHUAMU

BOTHYTBIX M3iydareneit [13-17].

A. M. laspwusnos
OcobeHHOCTN nonsa chepuyeckn BbINMYKIOro nsnyyatens
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[lenpto naHHOM pabOTHl SBJSETCS CpaBHEHHE [JBYX TIOJXOJOB K PacCMOTPEHHIO
BBICOKOYACTOTHBIX IYYKOB C(EpUYECKH BBIMYKIBIX U3Ty4yaTelled C paBHOMEPHBIM
pacopeneneHreM aMIUIMTYZAbl, HUCHOJB3YIOINMX uHTerpan Poajmes u  mapaGonumueckoe
ypaBHeHHE JUpaKIUM, TMPOBEJACHHE Ha HUX OCHOBE aHalM3a OCOOEHHOCTEH IO,
00yCIIOBJICHHBIX COBMECTHBIM BIIMSHUEM ITUPPAKIUH M TEOMETPUUYECKOW PacXOoAUMOCTH
BOJIHBI.

1. UCITIOJIb3OBAHUE MHTEI'PAJIA POJIEA JJIAA PACUHETA I11OJIAI COEPUYECKHA
BBIITYKJIOI'O U3JIYUATEJIA

Jnst paccMOTpeHHsT OCOOCHHOCTEW TIOJIE  BBICOKOYACTOTHBIX  OCECHMMETPHUHBIX
u3nyyaTeneil ¢ cepudeckd BBIMYKIOW paboyeil MOBEPXHOCTbIO HHTEPEC MpPEACTaBIsAET
BbIBO C HMCIIOJIB30BAHUEM HMHTCTpalia Pojiest TOUHLIX aHATUTHYECKUX pemeHHﬁ Ha OCH ITy4YKa
n I[aJ'II)HGI\/'I 06J'IaCTI/I, AHAJIOTUYHBIX U3BCCTHBIM PCHICHUAM JIS IJIOCKOI'O KPYTJIOTO IMOPIIHA.
B kadecTBe 3neMeHTa miomaau ds mpuMeM Iuomaap y3koro maposoro nosica CC B, B
ds =2nR,dh, 4)
rae dh — BbBICOTA ILIAPOBOTO cJosl, puc. . YuuThiBas OCEBYI0 CHMMETPHUIO 3ajayd,
paccrosiuue / OT Mpou3BOJBHOM TOUkM (C Ha MOBEPXHOCTHU CErMEHTa cdepbl A0 TOYKU

HaOmroneHus A, Haxonsulelcs Ha akycTudeckor ocu Oz (umm Oz, ), 3aIUILETCS B BULE

lz\/u2+(z—Ro+h)2 =\/(Z—RO)2+2hz, (5)

rne  u=BC/2=+R;-(R,—h)’ =\2Ryh—h>; h, — BHICOTA pabodero ydacTka

chepuyeckoro mamydarens. s paBHOMEpHOro pacmpeneiieHds aMIUTUTYIbl WHTerpan (2)
Oepercst TouHo. [locnme momcTaHOBKM 3HA4YeHUH ds W [ A KOMILJIEKCHOW aMIUIUTYIBI
JABJICHUS TTOJTy9IaeM

hy

P(z)=iop, ;—’;E I{exp[— ik\/(z ~R,)’ +2hz :|/\/(z ~R,) + 2hz}2nR0dh =

_ PR, expl-ik(zR,)] {1 _ exp[_ (e R +22h, (=R, )ﬂ} /

rac ])0 =pPyCyV, — aMIUIMTyJda 3BYKOBOTO HABJICHUSA Ha MOBEPXHOCTU H3ITydaTCJIAd. Ecan

(6)

BOCIIOJIb30BaTbCsl KOOPAMHATOM  z;, OTCUMTHIBAEMOM OT MOBEPXHOCTU H3JIydaTelis
(z,=z—R,) u paccTosHHUEM OT TOYKM HaONIOJEHMA OO0 Kpas wu3nydarens L, Torza
BbIpakeHHe (6) MPUMET BU]
P(z) =[P, exp(~ikz, )/(1+ 2z, /Ry )] {1l —expl-ik(L - z,)]}, (7)
KOTOPBI ¢ TOYHOCTBIO [0 3HAKa Iepen z,/R, B 3HAMEHATENe COBNAAET C PELICHHEM
O’Hetina [17], momydeHHBIM C WCHOJB30BaHMEM HWHTerpana Panes mms cdepuueckn
BOTHYTOTO (DOKYCHPYIOLIETO U3Tydaress. 31eCh 0003HAYCHBI:

LZ:(zl+h0)2+a2; aZ:Rg—(RO—h0)2=2ROhO—h§;
exp(— ikzl) — TPOCTPAHCTBEHHBINH HaOer (pa3bl, KOTOPBINA MPU PACCMOTPEHUU KOMIUIEKCHON

aMILIUTY 1Bl MOXKHO OIYCTUTBh; a — pajuyc u3iydarens. TouHoe pemeHue uurerpaia Pamnes

A. M. laspwusnos
OcobeHHOCTN nonsa chepuyeckn BbINMYKIOro nsnyyatens
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JUTS1 3BYKOBOTO JIaBJICHUS HA OCH TUIOCKOTO mopInHs [12] umeet Bua

P(z)= B, exp(~ikz )l —exp|-ik(L - 2 )I}, (®)
MO3TOMY BCE TPH CIIydas: BOTHYTOT'O, BBITYKJIOTO M TUIOCKOTO M3Iy4yaTelie — MOTYT ObITh
3aMMcaHbl OJHUM BBIPAKEHUEM:

P, expl(—ikz, ) ,
P(z)=-2"—"——Yl—exp|-ik(L-z)|. 9
() - B gl ) o)
3neck g =-1 m g =1 COOTBETCTBYIOT BBIYKJIOH M BOTHYTOM INOBEPXHOCTH, IpH R, —> o0

MOJTy4E€HHOE PeLeHHe MPUHUMAET BUJ], COOTBETCTBYIOLIMI INIOCKOMY M3JTydarento (8).

Puc. 1.
Cxema HaxOXXIEHHS OCEBOTO

pacrupeCacICHUA aMIUIMTY bl BOJIHBI B IIOJIC

cheprudecKH BITYKIIOrO HU3IIydaTelis

B Beipaxenuu (7) mist pazHocTu xo11a 60koBoro ( L) u uenrpanbHoro (OA ) nyuei

L-z =z [\/1+2(1+R0/21)ho/z1 —1}

IpH YCIOBUM Z, >>h, U z, >> R, cpaBeaanBO paBEeHCTBO (L —zl) ~ h,. CnenoBarenbHO, B

IlEUH)HCﬁ o0nacTH MoJIs AMILUIMTyZa BOJIHBI Ha OCH IOJHOCTBIO OIIPCACIIACTCA BEIIMYHHOM

hy [\

Ple)= — L0 [1—exp(-ith, )] = —2D0 sin(nhojexp{i(ﬁ—nhoﬂ. (10)

" 14z, /R, 14z, /R, A 2 A

Ha (I)I/IKCI/IPOBaHHOM PACCTOSAHHUU OT U3JIYUATCIId MOAYJIb JABJICHUA NPUHUMACT HYJICBOC WU

MaKCHMaJlbHbIe 3HAYCHHSI COOTBETCTBEHHO NpH /i, /A = (0, 1, 2,...) u o hy k= (1/2, 3/2,...).

BripakeHue a1 MOIyJist aMILTUTY b1, coBrniaaaroriee ¢ (10), mpueaeHo B [2].

Bnusiane nudpakuud M TEOMETPHYECKOW PACXOJUMOCTH Ha XapaKTEPUCTHKH  TIOJIS
paccmoTpuM, 3anucaB (7) B Oe3pa3sMEpHBIX TNEPEMEHHBIX M IapaMeTpax, CBSI3bIBAIOIINX
MEXy COOOW BEJIMIHMHBI, OTIPEIEIISIONINE STH MPOLECCHI:

z,=2,/l,=2z[ka®; 8,=1/R,=ka’[2R,; A=ka/2; P, =P/P, (11)
snech [, =ka’ / 2 — nmmHa obnactu mudpakumun Ppenens; 0, — KPUBH3HA H3IIydyaTels,

HOpMupoBaHHas Ha /;. OceBoe pacnpeneneHne Al HOpPMHUPOBAHHON aMIUTUTYAbI IPHHAMAET

BHJT

A. M. laspwusnos
OcobeHHOCTN nonsa chepuyeckn BbINMYKIOro nsnyyatens
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P,(z,.4.8,) = [1 - exp(=2iw)}/(1+ 8,2, ) = 2sin(w)- expli(/2 - w)]. (12)
rac

w= A’z \/1+ 2[(1 +8,2,)/(8,z, )2]-(1 —\1-(8,/4) ) -1

JleiicTBuTENbHAs aMIUIUTY 1A U (Da3a COOTBETCTBEHHO PaBHBI

|P,(z,,4,8,) =2 |sin(w)/(1+8,2,); (13)
0,(z,,4,8,)=1/2—w+n [I-sign(sinw)]=n [3/2—sign(sinw)]—w. (14)
Enuananas ynkuus B Beipaxenuu (14)

0, x<0;
sign(x) = L x>0

YUMTBIBACT CMeHy 3Haka (yHKimH X =sin(w) mpu ee mepexoge uepes HyleBOE 3HAUCHHE.
METpBI u IpeeNsionye B u BIIMSIHHE KPUBH3HBI H3ITydaTels,
[Tapame hy/A m §,, onpenensiommue 10 12 e 3 3Iydare

CBs3aHbl COOTHOIICHHUECM

ho/x=[1— 1—(60/A)2}A2/n60, (15)
KOTOpOG JJIA A >> 80 MOXHO Hepel‘II/IcaTBZ

ho/kESO/Zn. (16)
CnenoBarenbHo, npu 9, = (0, 2m, 471,...) n 9, = (n, 3n,...) MOAYJb aMIUIMTYIBI Ha
AKyCTHYECKON OCH B JalibHEH 00JacTH TOJIS COOTBETCTBEHHO PABEH HYJIO WU JTOCTHTaeT

MakcuMmyMa. [IpM KOHEYHBIX 3HauYeHWsIX O, W 2z, ycnoBue A >>05, COOTBETCTBYET

KBa3nonTuyeckoMy rnpudmmxernto ( 4 >>1) u ceoaut pemrenue (12) k Bugy

P;1(Zn>8())E [l - eXp(— i(l +9yz, )/Zn )]/(1 + 602}1)' (17)

Jnsi HaxoXXIeHUS NTPOCTPAHCTBEHHOI'O PACMPENCICHUS aMIUIUTYAbl TapMOHUYECKOMN
BOJIHBI B JAJIbHEW 00J1aCTH T0JIsT MHTETpan Panest 3anumeM B 0003HaueHusx puc. 2. Touka O
Hayaja MpSAMOYIOJbHOW CHCTEMBl KOOPIMHAT X)Z COBMELIEHAa C BEPLIIMHOW CErMEHTa
cheprueckoil MOBEPXHOCTU H3NMydarens. Touky HaONIOAeHMs, TIe OTHICKUBAETCS IOJIE,
nojaraeM Jexamnied B IUIOCKOCTH x(Oz Ha JOCTaTOYHO OOJBIIOM PACCTOSHUU [, YTOOBI
JVMHUAU [ ¥ [,, IpOBeIeHHbIE U3 TOUKHM HAONIOAEHUS K pa3HbIM TOYKAM CErMEHTAa, MOKHO
OBLIIO CUMTATH MapajlIeIbHBIMU.

Jluauu [ u [, ugyt nox yrioM O K ocu z B JABYX NapajUIeNbHbIX IUIOCKOCTIX xOz U
ABCD, puc. 2-a. B cuity oceBoli CHMMETPHHM 3aJjaui 110JI€ BO BCEX TOUYKAX, PACHOJIOKEHHBIX
nox yriaoM O K ocu z Ha pacctosHuu [/, Oyaer oauHakoBbIM. [IpoBeaem uepe3 ock Oy
IUIOCKOCTb, IMEPHEHIUKYJSIPHYIO paauyc-Bekropy [. OnHa nepeceder JuHUIO /),
NPOBEICHHYIO U3 TOYKHU HAOIOJCHUS K HEKOTOpoi Touke C Ha MOBEPXHOCTU CErMEHTa Ha

TAaKOM K€ paCCTOSITHUUN l, YTO U HAYAJIO KOOpAUHAT B TOYKE 0. 3,[[er
[, =1+Al=1+DC.

A. M. laspwusnos
OcobeHHOCTN nonsa chepuyeckn BbINMYKIOro nsnyyatens
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CormacHo puc. 2-6 nojydaem

Al =u,sin® + hcos® =u - coso - sin0 + (RO — R —u’ )cos@, (18)

rae u, = BC=ucoso; h=00, = (RO —1/R02 —u’ ); u=0,C, puc. 2-B. [Imomans 3memeHTa
ds B okpecTHOCTH TOUkM C paBHa

ds=CC,-CC, = Ryu-do-do.= (Rou/,/Rg —u? )-duda, (19)

rae ¢ = arcsin(u/R, ); d(pzdu/w/RO2 —u’.

Puc. 2. 'eomeTpust 3aaun py HAXOXKICHUU
3BYKOBOT'O JABJICHHS B JJaJIbHEM T0JIE Ry

cheprueCcKr BBIMYKIIOTO H3Ty9aTems

VYuuteiBas, uro /, >> Al, B 3HamMeHaTene (2) MOKHO 0e3 CyIEeCTBEHHOW MOTEpH TOUYHOCTH
cuuTars [/, =/, a SKCIIOHEHTy, IOKa3aTelb KOTOPOHW XapaKTepU3yeT NPOCTPAHCTBEHHBIN
HaoOer ¢a3bl, y100HO 3ammucaTh
exp(— ikl ) = exp(— ikl )- exp(— ikAl).

Torma ¢ yaeToM npeiesioB MHTETPUPOBAHUS 110 # M O HHTErpal Panes 3anumercs:

P(l,@):“"szOlV" exp(— ikl) j Ryudu j exp(— ikAl): doc—lwzp;l " exp(—ikl)x

0

(20)

xji(Roudu/w/Rg —uz) exp[—ik(R0 —R; —u )cose] '[exp — ikusin @ cosa.)- dot .
0

0

A. M. laspwusnos
OcobeHHOCTN nonsa chepuyeckn BbINMYKIOro nsnyyatens
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I/ICHOJ'IB?)YH HHTCIPpaJIbHOC COOTHOIICHUEC IJIA (I)YHKHI/H/I Bbeccens HYJICBOTI'O IIOpPsAaKa
2n

J.exp(— ixcosy)-dy =21 Jy(x),

0
st (20) momydaem

P(1,0) = "”pl s R exp(~ ikl) jeXp e, -k _uz)coseJJo(kusine)-udu.

2 2
0 Ry —u

€2y

[lepernumiem (21) B 6e3pasmMepHOM BHUI€, BOCIIOIB30BABIINCH 0003HaueHusIMH (11):

P e):ﬁexp 2L j ,(24u, sin ©) 24°

0 exp| —i——
L, 04/1— u BO/A) 9,

snece | =1/l =2l/ka®; u =u/a. VI3McHeHHE AMIUTUTYIbl C PACCTOSHHEM OTPAKEHO
n 0 n

2
1- 1—[%} cosO |u,du,, (22)

MHOJKUTENEM 1/, ¥ TpPOMCXOAMT MO TOMy JKE 3aKOHY, Kak B C(epHUEeCcKOl BOJIHE.

[IpocTpancTBeHHbIil Haber (a3pl OMHMCHIBACTCS TOKA3aTelIeM JKCIOHCHTHI exp(— 2iA21n) u

AQHAJIOTMYEH IUIOCKOW BOJIHE. TpeTnii MHOKUTEIb B BUJIE UHTErpaJla XapaKTepU3yeT YIIIOBYIO

3aBHCUMOCTb TOJIA, T.€. XapaKTepUCTUKY HamnpasieHHOCTH (XH) uzmydarens:

D(O.3,)=""

¢ J,(24u, sin0)
2 [ ox
0 (u SO/A)

Cornmacuo (23) Bug XH onpenensercs BoMHOBBIM pasMepoM (A) M KpuBU3HOH (O,)

2 2
—i% 1- 1—(%) cosO |u,du,. (23)
0

}'l

M3IIy4aloel noBepXHOCTU. I IydYKoB, YHOBIECTBOPSIOMIMX YyciloBuio A >>98, (wmm

R, >> a), Belpaxxenue i1 XH cBoautcs k BULY
1
D(0,5,)=2 IJO (24u, sin0)- exp[— i,u’ cos 9]-undun : (24)
0

[IpuHumast BO BHUMaHME, YTO Ul Y3KMX Iy4KOB OCHOBHas yactb XH cocpenoroueHa B
o0jacTu MajbIX YriaoB O, MOXHO BOCIOJIb30BaThCs MPUOIMKEHHBIM PaBEHCTBOM cosO ~ 1.
B pe3ynbrare npuHATHIX AOMYIIEHUH OIYy4YaeM BhIpaKEHHE

1
D(0.8,)=2 [J,(24u, sin0)- exp(-id,u? Ju,du,. (25)
0

B wactHoM ciryuae 8, =0 u3 (25) cnenyer dpopmy:na it XH kpyrioro nopuias [2, 6, 12]:
D(0)=2J,(kasin®)/kasin®.

A. M. laspwusnos
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2. PEHIEHUME ITAPABOJIMYECKOI'O YPABHEHU A 1J151 COEPUYECKU
PACXOJAIIEIOCA ITYUKA
BripakeHue, omnuchiBaromee o€ CPEPUUECKH BBIMYKIOTO H3JIydaTels, CIeIyeT W3
o0miero pemieHus mapadoJMuecKkoro ypaBHeHUs audpakuuu [6]. IS oCeCUMMETPUYHOTO
My4YKa OHO MOJKET OBITh 3amrMcaHo B (GopMe 3aBUCUMOCTH Oe€3pa3MEpHON aMILIUTYIbI

JaBIIEHUs] OT HOPMUPOBAHHBIX MONEPEYHOM (7, = /@) 1 NpomoNBHOI ( z, ) KoopauHar [19]:

. . 1 .2
2i ir’ ir 2r.r
_ n _ n0 n' n0
Pn (rn’Zn)_ —&Xp| — an (rnO’Zn - O)GXp - JO 'VnodrrtO’ (26)
Zn Zn 0 Zn n
rac ])n (rnO sZ, = 0) — TPAaHUYHOC YCJIOBHUEC, OIpCACIAOMECC pacClpCACIICHUC aMIUIUTYAbl U

¢a3el Ha W3MyHaromei aneprype. IIpenensl HHTETPUPOBAHUS OTPAXKAIOT pa3MEpPHI allePTyPHI,
OCb Z COBMAJaeT C aKyCTHYECKOM OChIO0 M3myuateinsd, puc. . HopMUpoBKHM nepeMeHHBIX U
napaMeTpoB B (26) ¥ mocIeayOUMX BeIpakeHUsAX cooTBeTcTBYIOT (11). BHe 3aBucumMocTu ot
dopmbl m3myudaTens (BOTHYTHIM, TUIOCKHMI WIJIM BBIMYKIIBI) TPaHUYHOE YCIOBHE YIOOHO
3alaBaTh Ha IUIOCKOCTH z =0 mpousBeneHueMm (QyHKuu f (r,z = O), OTpaXkaroleun
pacripesie/ieHue aMIUIMTY b, U SKCIIOHEHTBI, [T0Ka3aTellb KOTOPOM XapakTepu3yeT HadalbHYIO
¢dbopmMy BOITHOBOTO (pOHTA.

Puc. 3.
3ameHa ceprueckoro (hazoBoro

- ¢poHTa (CTIIOLIHAS JTUHUA)
napaboInYecKuM (IIyHKTHUD)

Hannaue Yy u3jydareiid KPpUBU3HBI OTHCCEM Ha IOABJIICHHUC B HpOI/ISBOJILHOﬁ Touke 1 ¢
KOOpAMHATaAMHU (r,z = O) oTcTaBaHMsA (a3bl OTHOCHTENILHO ILIEHTPAILHOM TOYKHU O(0,0),
00YCJIOBJIEHHOTO IIPOCTPAaHCTBEHHbIM HAa0eroM A, u3-3a HECOBNAICHUS H3ITydaromiei

MOBEPXHOCTH M TUIOCKOCTH 3aJaHHs TPaHWYHOTrO ycioBus, puc.3. [us cdepudeckn
BBINYKJIOrO M3JlydaTellss HayaJlbHBIA paguyc KpuBH3HBI (z =0) ¢a3zoBoro ¢GppoHTa BOJHBI

paBeH R, mo3TOMY

A(r)=CT =ST-SC=R,—+R2-r?, (27)

OTKyza Juid R, >> a cienyet BeIpakeHHE

A (r)=r* /2R, . (28)

A. M. laspwusnos
OcobeHHOCTN nonsa chepuyeckn BbINMYKIOro nsnyyatens
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[lepexon oT TouHOro 3HayeHHs A, K NPUOMIDKEHHOW 3amucu (28) COOTBETCTBYET 3aMEHE
cdeprueckoil moBepxHOCTH MapabononaoM. B myukax, riae BeImonHseTcs yciosue R, >>a,

9Ta 3aMeHa HE MPUBOJUT K CYIIECTBEHHOW ommbke. B mrockoctn z =0 momepedyHoe
pacrnipeaenenue (aszbl ¢ yuetom (27) u (28) umeeT BU

Aglr,z =0)= ¢(0.0) - ¢(r-0) = -2, (r) = ~(24°/3, ) | 1-1- 1,8,/ 4 | (29)

A(p(r,z = O) = —/’crz/ZR0 =-7’3,. (30)
[Tnockomy u3nyuarento (R, = ) B Belpakenun (29) coorBerctByeT d, =0, mosTomy A

TUTOCKOTO, C(PepHUECcCKOro BBIMYKIOrO M BOTHYTOTO H3Jy4areieid yMmecTHa eauHas Qopma
3aMyuCcy IPaHUYHbIX YCIOBUM:

Pz =0)= B s CJesslinolr 02 RsClesoir, fa)- 1=k [Fs - on

P(r,z=0)= P, f(r)explighr® /2R, ), (32)
rme g = (— 1) , g=1 m R, —> o COOTBETCTBYIOT BBIIIYKIOMY, BOTHYTOMY H IUIOCKOMY
uznyyatento (9). Bepaxenus (31) u (32) B 6e3pa3mepHoil 3anucu:

1z, =0)= 10, Joxp{ (24°)g8,) [1=1=(r8,/4) |} 3

P,(r,.2, = 0)= /(. Jexplir g3, ). (34)
3anuch TpaHUYHOTO ycioBus B Buje (34) paHee HUCHOIb30Balach HpPU PacCMOTPEHUU
mudpakuuu choKycupoBaHHBIX U 1e(hOKYyCHPOBAHHBIX rayCCOBBIX ITYUYKOB [6, 8].

[Tpu paBHOMEPHOM pacHpeeI€HUN aMIUIUTY bl

f(rn)={

10 TIOBEPXHOCTH BBIITYKJIOTO M3JIydaTelsis u3 BeipakeHus (26) ¢ yuerom (33) u (34) cnenyer

; .2 \1 .2 2 5
24
P(r,z)= 2i exp{— ir, Jj'exp _ Mo | 4 jn 1— 1_(1"”080} y
z z p _A

0 n 0" n0

I, mpu r, <1;

0, mpu 7, >1

n n

x JO (2]"” rnO /Zn )rnOdrnO = (35)

= (2i/Zn )exp(— irnz /Zn )j. eXp[_ (irnzo /Zn Xl +9,z, )1]0 (2rnrn0/zn )rnOanO .

0
BI[OJ'IB OCH IIY4YKa KOMIUICKCHAA aMILIUMTYyda JaBJICHHA OIMHMCBIBACTCA BBEIPAXKCHUEM

. .r 42 \1 2 2 2
0
pn(o’zn)zﬁexp[_ 126/1 Jjexp _; Tao 24 1_[1@,;0) rodr., =

z 0 z d,

n 0 n

= (i/z, Jexp(-i24/5, )j exp{— i[x/zn — (247 /5, W1-(5,/ A)sz}dx ~ (36)

0

| {1_exp{_i(l+802n)}}:ZSin[(l+802n)/22n]exp{i[£_1+802nﬂ.
1+93,z, z 1+3,z, 2 2z

n n

[TpubnmxenHoe BoIpaskeHue B (36) MOMyYeHO NpH yCIOBHU A >> §, U MOJHOCTBIO COBIAIAET

C aHAJIOTUYHBIM pernieHueM uHrterpana Panes (17).

A. M. laspwusnos
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3. AHAJIM3 AMIUIUTYJIHO-®A30BOIM CTPYKTYPhI ITIOJIA
Cornacue peIHeHI/Iﬁ Hapa60J_H/ILIeCKOFO YPaBHCHUA U HUHTCrpaia Panes moxxHO BUACTH Ha
Rl(rn = O’ZnX u (p(?(rn = O’Zn)’

puc. 4-a u puc. 4-6. 31ech Ke TOYKAaMH OTMEUEHBI Pe3yJIbTaThl pacueTa Mo MPUOIKEHHBIM

npuMepe paccuyuTaHHbIX cornacHo (36) u (12) 3aBucumocreit

BeIpakeHHsIM (36) u (17), U3 KOTOPBIX IJIsi IEWCTBUTEIBHONW aMIUIUTYABI M a3kl HA OCH
TOJTy9YaeM:

P0.2,) 2 [2/0+ 8,2, )] fsinf(1+5,2,)/2z,] =

=(1/z,)- {fsin(1+ 8,2, )22, ]/1(1 + 8,2, )/22, ];

0,(0,2,)= /2~ (1+8,z,)/2z, +n{l —sign[sin((1+8,z, )/2z, )]} =
= {3/2 —sign[sin((1+ 8,2, )/2z, )|} - (1+ 8,2, )/2z, .

Cornachao (38) obmias BenuunHa ¢$a3zoBoro Habera Ha OCH IydKa (pa(O, z”) SBIISIETCS CYMMOM

(37)

(38)

HENpepbIBHON  QyHKIMH @, (O,Zn ) , OTpaxaromied AudpakIMOHHBIE TPOLECCH, |
CTyneH4aTol QyHKIUU @, (O,Zn ), onuchIBatolIei nHTepepeHuo 300 Openens, puc. 4-B:

Pa (O,Zn):n/Z—(l+80 Z, )/2Zn ) (paz(O,Zn)Zn{l—sign[sin(l+802n )/2211]}‘ (39)
YuuteiBas, 4YTO TJIABHOC 3Ha4YcHHWE (a3pl HM3MEHSICTCS B HWHTEpPBAJC [—1800;1800] ,
npucyrctBue B (38) HHTEp(EpPEeHLUMOHHOW KOMIIOHEHTHI @, (O, zn) COTIPOBOXKIACTCS
OTrpaHHMYEHUEM Juara3oHa M3MEHeHMH oOumei ¢aszpl ¢, (O, z”) npenenamu [—900;900] ,

puc. 4-6. JlaHHas 0COGEHHOCTb, a TAKKe coBnaaenue 3apucumocteit ¢, (0,z,) mpu 3HaueHMIX
(80 + 2nn), rie n — LeNble YWCIa, CBOMCTBEHHA U3Iy4areiasM C pPaBHOMEPHBIM
pacnpeneeHneM aMIuuTy eI, kpusble (1, 3) u (2, 4) Ha puc. 4-6. CoracHo (37) amruntyna
BOJIHBI B OnmkHeN obnactu nois (z, <1) mpuHHUMaeT HyJeBoe 3HaueHHe, a JUPPaKIUOHHBIN
Haber ¢asbl @, (O,Zn) paBeH (1 - 2n)1t /2 B TOYKax Ha OCH, KOOPAMHATHI KOTOPBIX PABHBI
z, :1/(2nn—60), n=1, 2, ..

31ech xKe oceBasi 3aBUCUMOCTb [NIABHOT'O 3HaYCHUS (as3bl @, (0, zn) [IPETEPIEBAET Pa3phIBbI
pazmaxom 180° mexnmy +90° u —90°. CnemyeTr OTMETHTh, 4TO B Iydyke Imiockoro (0, =0)

MOpHIHA aHaJIOTMYHbIC 0COOEHHOCTH AJid aMIUIATY bl U (I)aSBI MMPOSBIAIOTCA Ha TCX IKC

PAcCTOSIHUSIX, YTO M JUIS BBIIYKJIOro m3mydarens ¢ O, =2nn [12]. Haubonee ynanenHas
Touka, rme P, =0, mmeer xoopmuHary z, =1/(2n—3,). Ilpu 8, — 27T COOTBETCTBEHHO
UMeeM z, —> .

Hapsmy C OTMCYCHHBIMH 06HII/IMI/I 3aKOHOMCPHOCTAMMU IMOBCACHUSA OCCBBIX pacnpeneneHHﬁ
AMINIMTY bl W (1)33];1 IIJIOCKOTO H BBIIIYKJIOI'O H3J1yaneneﬁ MCXKAY HHMU HMCIOTCA U
CYHICCTBCHHBIC pa3JInvus. B YaCTHOCTH, 3TO KaCaCTCAd KOOpAWHAT MAKCUMYMOB aMIUIUTYAbl 1

TOYCK MPOXOKACHUA YCPC3 HOJIb I''ITABHOTO 3HAYCHHA (1)33171, YTO COOTBCTCTBYCT IPUHATUIO

TP paKkMOHHBIM Haberom Qassl @, (O,zn) 3HAYEHHH N7 B TOYKAX

z, =1/[2n+1)n-3,], n=1,2, ..

A. M. laspwusnos
OcobeHHOCTN nonsa chepuyeckn BbINMYKIOro nsnyyatens



DNeKTPOHHbIN XypHan «TexHnyeckas akycTtuka» 2008, 3 11 (23)

Ecnu anig miaockoro mopuiHs KOOPAWHATBI MaKCUMYyMOB aMIUTUTYIbl U HyJed ¢azbl
COBIMAJIAIOT, TO Y BBIMYKJIOrO U3Iy4yaTess 3TO YCIOBHE HE BBIMOIHIETCS, YTO MOKHO BHUJIETh

Ha [pUMepe MOCIEIHEr0 MakCUMyMa

P (0, zn)| 1 HamboJiee YJTAICHHOTO HYJS (PYHKIHH

©,(0,z,), puc. 4-r.

|75 (z)] i @ (z4), 2pao.
Py fir)=1
r=0 90
ka =2A =200
{ry)=1
- 'fr,. 20
ka =2A =200
= or
-45 -
-90
0 | |
0.1 1 Zn 10 0,1 1 z, 10
a) 0)
i (z.lr]s < f}_ -
180 P P 4 i [Py (20| fr) =1 @,(-,,). T
2 r =0 apad.
ka = 200 —90
0 - -—= — 8y =2
2 -
1. (Puz {:n) 1 45
N
80F -1 2.3 0u ) H
r.’? = 0 I | . ¥ s o ]
360 Ka =200 1.&=m 4 8,=10 0 0
o 2.8;=0; 5.8,=20
3.00—11:; L. |Pil(2ﬂ)| -45
- 540 [ 2 {pa (ZI'J)
—- 90
zn’i
! 1 1 —
0,01 0,1 1 10 0,01 0,1 1 Zy 10
B) r)

Puc. 4. OceBble pacnpeaeneHus aMIUTUTY bl U (pa3bl IPU pa3HbIX 3HAYCHUSX KPUBHU3HBI
cepruecKy BBIITYKJIOTO U3TydaTens

Baxxnoi XapaKTepHCTHKOﬁ C(bepnqecm/l pacxogdmerocsa Imy4dka ABJISICTCSA 3aBUCHUMOCTDb
AMINIMTY bl BOJIHBI Ha aKYCTH‘ICCKOﬁ OCH OT KPpUBU3HBI U3JIy4daTesl, pUc. 5. HpI/IBC,[[eHHaH K

CAUMHUYHOMY paCCTOAHUIO aMIIJIMTyda BOJIHBI

P,(0,z, )| -z, OCHHJUIUPYET 10 Mepe pocTa O,,,
nmoo4YepeaAHo IMpUHHMAaA HYJCBBIC W MAKCHUMAJIbHBIC 3HAUCHHUA, IIOJOXKCHHUEC KOTOPBIX
OTHOCHUTENIBHO ocH O, (UKCHpyeTcs ¢ YBEIMYCHHEM paccTosHUs, kpuBas 3. Takoe

MNOBCACHUC SABJIACTCA CICICTBUEM anre6pa1/1qec1<0ro CYMMUPOBAHHA BKJIaJIOB 30H (DpeHenﬁ.
BKJIaILBI COCCIHUX 30H HpOTI/IBO(ba?)HLI, MMO3TOMY AABJICHUC 3aBUCUT OT TOI'0, KAKOC UX YUCIIO

A. M. laspwusnos
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yKJIaAbIBaeTCsl Ha cQepuyecKkol MOBEpXHOCTH wu3nydarens. Ilpu yeTHOM wyucie 30H
aMIUIMTYy/la Ha OCH paBHa HYJIO, a MpU HEYETHOM OHa MakcuManbHa. B cdepuuecku
pacxoaseMcs rayccoBoM Iyuke [ 18] aHamornyHas 3aBUCUMOCTh HE COJIEPKUT OCHUIUISINN
13-3a JOMUHUPOBAHUS LIEHTPAIBHOUN 30HBI DpeHes.

P, (80)] 2 P (z)] 1. 8y=0 5, 0p=4n
1 [ 1 2.8 =n  6.80=2n+04
_f'(}',,) =1 3. ?_‘!n =3n 7. 8{1 =2n-04
7 =0 e, 4.8=2n 8.8,=2n+0,
9. 8p=2m -0,
102 . =20 0b5loex.
l.z,=1 N
i 2.2,=2
051 ¢ 3.z, = 10
2 TOUKH: Z, = 100
104
flr)=1 <
=01 40 0Bloe A
NN i
I ~ \1 “pn
0 2n 4n By 6m 1 10 100 1000

Puc. 5. 3aBUCUMOCTH aMILTUTYIbl HA OCH, Puc. 6. OceBble pacnipeneneHus: aMIUIUTY 1bl

HpI/IBeI[eHHOI;'I K CJMHUYHOMY PaCCTOSAHUILO, BOJIHBI ITPU PA3JIMYHBIX 3HAYCHUAX KPUBHU3HDbI

OT KPHMBU3HBI U3JTy4daTCJIsd H3J1y4aTeiIsa

B naneneit obnactu nomns (z, >>1) oceBble 3HaU€HUs AMIUIMTYIbl U JU(PPAKIUOHHOTO

Habera ¢a3bl CTPEeMSTCS K 3HAUCHUSAM
P,(0.2,) 2 (z,) [sin(8,/2)/6,/2)]: (40)
(Pal(O’Zn);(n_So)/z- (41)

CornmacHo (40) mnst 3HayeHWid O, =27mn aMIUIMTyJa BOJHBI Ha paccTosHMsAX z, =10

NpakTU4ecku paBHa Hyto. [lomoOHas cuTyanust HEBO3MOXHA JUIsl IUIOCKOTO TTOPIIHS,
IIOCKOJIbKY JIaBJI€HHE Ha €ro OCH B JaJibHEH 00JacTu MOoJis ONpeneseTcsl UCKIIOUUTENbHO
nepBoil 30HON @penens. Jlns wmzmyyarens B BHUAE CHEPUUYECKOTO CErMEHTa KOJIUYECTBO

«hazoBbix» 30H N ompenensiercss KpuBH3HON ero mosepxHoctd: N =8,/m. Ilostomy
HyJIEBbIE 3HAUEHUS aMIUIMTYAbl 37€Ch MOTYT JAOCTUraThcs Kak B OmmkHel (z, <1), Tak u B

naneHel (z, >1) 3onHax qudpakuuu. B oTnudne ot rayccoBoro cepuyecku pacxoasiierocs

nyuka [18], rme mpu yBEIMYEHHMH KpPUBU3HBI H3JIydarollell MOBEPXHOCTU BBIIOJIHSAETCS

yciaosue ¢, — 0, aOcomoTHoe 3HaueHHE IU(PPAKIMOHHOTO Habera (aspl U3Iydaress C
paBHOMEpPHBIM paclpeneieHiueM amIuuTyabl (41) B gambHeld 00macTHM TONSL  pacTer
IPONOPIHOHANEHO O, , pUC. 4-B.

B oxpectHocTH 3HaueHuit O, =2mn crpykrype mnons (37) mpHUCYIIM XapaKTepHbIE
ocobeHHocTH. {151 cpaBHEeHHs Ha puC. 6 B JBOMHOM Jorapu(MHUUECKOM MaciTade KpuBoi 1

IIOKa3aHa 3aBHCUMOCTb

Pn(O,zn) IUIOCKOTO TIOPIIHS, HAKJIOH KOTOpoil B obmactu z, >1

A. M. laspwusnos
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coctaBisier —200h Ha AeKaxy W3MEHEHHUS PACCTOSHUS, YTO COOTBETCTBYET IOBEICHUIO
aMIUTUTYIBI B Cc(PepUUECKH pPACXOSIICHCS BOJHE. 3aBHCHMOCTH 2 W 3 COOTBETCTBYIOT

OCEBBIM pacIpeAeTICHUSIM aMIUITUTYIbl MpH O, =7 U O, = 37T, KOTOpHIE HA PACCTOSHHIX
z, 210 mpakTH4ecKku MOBTOPSIOT MOBeAeHUE KpuBoi 1. B cmydae &, = 2mn HaKIOH KPUBBIX
4 u 5 paBen —400F5/0ek . 3ameTnM, 4TO HEOONBIIMM PACCTPOMKAM O, OTHOCHUTENBHO 277

COOTBCTCTBYKOT CYHICCTBCHHLIC H3MCHCHUSA (I)OpMH KPpHUBBIX, KOTOPbIC KAaYCCTBCHHO

pa3IuuHBl B 3aBUCHUMOCTU OT 3HaKa NpHpameHus Ad, :(i 0,1 i0,4). Tak, mpu Ad, >0

3aBHCUMOCTH 6 U 8 IPUHUMAIOT HAKJIOH U (opMy, aHaToruuHble kpuBoit 1. [Ipu Ad, <0 Ha

KpUBBIX 7 M 9 MOSBISETCSS MUHUMYM C HYJIEBOM aMIUIUTYAOU, MOJOKEHUE KOTOPOro

CMEIIAETCS B CTOPOHY M3JIydaTels 110 Mepe pocTa |A80|. YMeHbIlIeHHe KPUBHU3HBI PUBOIUT
K TOMY, YTO yXe Ipu O, <5 3TOT MHUHHMYM OKa3bIBaeTCsi B mpenesiax OJNVKHEH 30HBI

wanyvarens (z, <1), puc.7-a. VU3 HaOmronaeMblx H3MEHEHUH

PH(O, an CIIENyeT, 4YTO
aHOMAJIbHO OOJIBIION HAKIOH KPUBBIX 4 M 5 1IpH &, —> 27n SABIAETCS CIEACTBUEM yJaleHUS

KOOPIMHATHI MOCJIEIHET0 MUHUMYMa B OECKOHEUHOCTb.
Bce sTans! Tpanchopmalinyu 0ceBOro pacnpeesieHusl aMIUIUTY 1bl, IOKa3aHHbIE Ha pUc. 6 1

puc. 7-a, TIOBTOPSAIOTCS NMPH M3MEHEHHH O, B Ipejaenax Jo00oro MHTEpBajia, paBHOTO 27.

HepI/IOI[I/I‘-IHOCTb MMOBTOPCHHA OCHOBHBIX 3JICMCHTOB CTPYKTYPBI IIOJII BHUJHA Ha HNPUMEPC

gerwipex 3aucumocteii |P, (0, zn) , paccumraHHbIX s O, = (2n— 1), puc. 7-6. Oriuums

COCTOSIT B CKOPOCTH YOBIBaHMSA oOrudaromieil ocuwuisanui, kotopas cornacHo (37)

onuceiBaercs Gynkuueit 1/ (l +602n). [Ipu sTOM oceBble pacnpeneneHus ¢a3bl (pa(O, zn) JUISL

paccMaTpuBaeMBbIX CIIy4yaeB MPAKTUYECKU COBMAAIOT, puc. 4-0.

[¥]

1P, (:u)lﬁ_ [Pz

fr) =1 ) =1
by o “ )

b3

0

0,1 1 ;10

Puc. 7. IlnHamuka 0ceBOro pacnpeiesieHus] aMIUTATY bl B 3aBUCUMOCTH
OT KPUBU3HBI TOBEPXHOCTH BBIYKIIOTO U3ITydaTemst
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Jliss HaXxOXKIIEHHs YTJIOBOTO paCIpE/IeiICHUsT KOMIUIGKCHOW aMILTUTYAbl TapMOHUYECKOM
BOJIHBI B JJaJIbHEH 00J1aCTH TIOJISl HET HEOOXOIMMOCTH, KaK B cllydae MHTerpaja Pames, 3aHOBO
paccMaTpuBaTh 3alady C TMPHUBICYCHHUEM YIPOIIAIOIIETO TOMyIIESHUsI O TapajieIbHOCTH
MPUXOANIUX Jyded. JloCTaTOuHO BOCHOIB30BAaThCS OOmMM pereHueM (35), rae cuemyer
NEePEHTH OT JIMHEHHOW KOOPAMHATHI 7, K YIIIOBOMY apryMeHTy O, HCHOJB3ysl COOTHOILCHHE
r,=Az tg0, u ydecTb AOMONHUTENBbHBIH HaOer ¢a3pl OOKOBOrO JIyda OTHOCHTENBHO
[EHTPAIBHOTO:

AQ = kA, = k(\/zz +r? - z)= 22,1A2(w/1 +g70 - 1). (42)

Jnst  cnmabopacXoAsmIuxcsi IMydYKOB, IOJIE KOTOPBIX CKOHIIEHTPUPOBAHO B TMperenax
HEOOJIBIINX YTJIOB (7 << z ), COOTHOIICHHE (42) MOXKET OBITh 3aIMCAaHO B BUJIC

A(p(e,zn); z, A7 g’ 0. (43)
3ameHa KOOpAUHAT CBOJUTCA K (bOpMaHBHOﬁ nponecaype noCpeacTBOM 3arrcu
Pn (G’Zn ) = P}’l (rn - G’Zn )exp[iA(p(e’Zn )] 4

B pC3YyJIbTATEC MMOJIy4acM

P,(0,z,)=(2i/z, )explid’z, (2«/1 +tg? 0 -2 —tg’ e)Jx
1 44
Xjexp{—(irnzo/zn)-[l+2Azzn(l— \/1_(’31080/‘4)2 )/Sornzo}} J0(21310Atg9)-rn0drno. 4y

0

C yuerom nonymenuit (43) u R, >> a Belpaxenue (44) ynpomaercs:

. 2
i,

1
J.exp = (1+802n) JO(ZrnOAtgG)'rnOdrno . (45)

0 n

I)n(e7zn)5 2

i
Z}’l

I[JBI HAaXOXJCHUA XapakTCPUCTUKU HAMNPABICHHOCTU HAJIOXKUM YCJIOBHE ZzZ, — O Ha
KOOpAUHATY TOYKU Ha6HIOIleHI/IH, TOorga

.1
P, (9, z, ) = 22_1 IeXp(_ isornzo) Jo (ZrnoA tg 9)- Fodl - (46)
n 0
OxonuarenbHOe BeIpaxkenue st XH umeet Bujg
P(0,8 1 ,
D(0,3,)= % =2 _([exp(— 8,12 ) J,(24r,, 1g0)- r,odr, . (47)

Bripaxkenust (44) — (47) cnpaBeanuBbl JUIsI MaJbIX YIJIOB O, MOCKOJBKY IOJYYEHBHI B
pamMKax KBasuonTHYecKoro npuOmmkenus. [lostomy 0e3 CymecTBEeHHOW MOTEPH TOYHOCTH
MOKHO BOCIIONIb30BaThCsl 3aMeHOM tg 0 ~ sin 0, 11 yrios 0 < 15° ommbka He npesbicHT 1%.
C yderom 5TOil 3ameHbl BbIpaxkeHUS (46) u (47) NpPaKTUYECKH COBIAJAIOT C paHee
NOJYYEHHBIMU peIleHUsIMUA uHTerpaia Panes (24) u (25) ansg amMmiauTyAsl B AaidbHel obnactu
nonst u XH.

Ammuutyaasle u ¢azoBele XH cdeprudeckn BBIMYKIOrO H3JIydaTelis, pacCCUUTAHHBIE C

ucrnonb3oBaHueM (47), mokazanel Ha puc.8. Jlnsg cpaBHeHUS KpHBOW 1 MoOKa3zaHbI

XapaKTepucTuku Kpyriaoro mopmHs (0, =0). B mnpuBeneHHBIX 3aBUCHUMOCTSIX |D(6)|

aMIUTUTyZa HOPMUPOBaHA Ha BEJIUYMHY Pn(e =0,0, = O). VYBenuuenue O, B mpenenax ot

A. M. laspwusnos
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HyJI1 1O 27T CONPOBOXKIAETCA BBIPOKIACHMEM OCHOBHOIO JemnecTka amiuntyaHoil XH u
(opMHpOBAaHHEM Ha €r0 MECTe MUHMMYyMa C HYJICBOW aMIUIMTYI0H, puc. 8-a. Habmronaembie
3/1eCh HM3MEHEHUS SBIAIOTCSA CIEACTBUEM HMHTEPPEPEHIMH U TOCIEAYIOUIe B3auMMHOM
KOMIICHCALIMM BKJIAJ0B IEPBBIX ABYX 30H DpeHerns B HanpaBiaeHuu ocu. [IpumedarenbHo, 4To
Onmarojapsi KpUBH3HE W3JIyYalolleil MOBEPXHOCTH BIMSHUE BTOpOil (a30Boil 30HBI Ha
(dbopMHpoBaHUE MPUOCEBOI 00JIACTH JATBHETO IMOJIS HE MPEKPAIaeTCs ¢ POCTOM PacCTOSIHHUSA,
KaK 3TO UMEET MECTO Yy IUIOCKOIO MOPLIHS.

VrioBble 3aBHCHMOCTH aMIUTUTYIbI W (a3l Juisd ycnoBuit O, =2nm u 9, :(Zn—l)rc,
OOBEIMHAIOINX CIIy4aud pa3MeLIeHHs Ha IOBEPXHOCTH HM3JIydaTesss YETHOrO M HEUETHOTO

yucia 30H Openens, npuseaeHsl Ha puc. 8(-1,-¢) u puc. 8(-B,-r). Ha |D(6] MIPOCIICKUBACTCS
noBTopsitouiasica ¢ poctoM n (n=1, 2,...) 3aKOHOMEPHOCTb (POPMUPOBAHUSI MHUHUMYMOB U

MaKCHMYMOB aMIUIUTY/IbI Ha OcH Iy4ka (6 = (), 4TO COOTBETCTBYET TAKUM Ke IKCTPEMyMam

Ha 3aBUCUMOCTH |Pn (801 -Z,, pUC. 5. YMEHbBIIEHNE HOPMUPOBAHHON aMIUIMTY bl B IIPUOCEBOU

o0JyacTu mpu yBeIMYEHUH 7 OOYCJIOBIEHO MepepacipeeleHHeM H3Iy4aeMOl MOIIHOCTH B
0oJiee MIMPOKOM YTIIOBOM CEKTOpPE MPOCTPAHCTBA U MOCTENEHHOW yTPaTO HANpaBICHHOCTH
U3-32 YCUJICHHSI POJIU T€OMETPHUYECKON pPACXOIMMOCTH B CpPaBHEHHH C JIU(PAKIMOHHBIMU
IIPOLIECCAMMU.

Bun c¢asoeix XH mus 8, #0 ©Ha puc. 8(-0,-T,-1) CBHIECTEIBCTBYET O TOM, 4YTO
TCOMETPHUSCKUN IEHTp u3nydarens (Touka O Ha puc. 2-a) HE sSBIACTCA €ro (pa3oBbIM
IIEHTPOM, €CJIM TakoBOW cymiecTByer. KpuBoit 1 B Buae cTymeHuaTtodl QyHKIUH IS
CpaBHEHMsI IIOKa3aHa 3aBHCHUMOCTb @, (9) IUIOCKOTO MOPIIHS, ¥ KOTOPOro (ha3oBbIil LIEHTP
CYIIECTBYET M COBIMAJaeT C HayaloM cHucTeMbl KoopauHat r0z. OTBeT Ha BONpPOC O
CyllecTBOBaHMHM  ()a30BOr0  ILIEHTpa y  BBIIYKIOrO  H3JIy4areias MOXHO  HalTH,
BOCTIOJIb30BABIUINCH MPOLIETYPOil OTBICKAHUS €0 KOOPIUHATHI.

Jomyckas cymectBoBanue $pazoBOro HeHTpa, IOMECTHM €r0 B CHITy CHMMETPHUH 3a7aud Ha
ocu myuka. Jlyig onpeneneHHOCTH IOJIOKUM, YTO OH pacIHoJIOKeH ciieBa oT Touku O Ha
pacctosiaun Q, puc. 3. CorjiacHoO omnpeaenieHuto Gpa3zoBoro MeHTpa [2] yriioBas 3aBUCUMOCTb
da3pl  OTHOCHUTENBHO HMCKOMOM TOYKM Ha (UKCHPOBAHHOM DPACCTOSHUM  JOJDKHA
OTCYTCTBOBaTh. B mucxomHoM BeIpakeHuu (35), 3amuMCaHHOM OTHOCHUTEIBHO JIMHEHHOM

nonepeunoit koopmuuatsl P (r.z ), Ims mepexoma K yITOBOH IEPEMEHHOH ydTeM
YIAIEHHOCTh (Pa30BOrO IIEHTPA OTHOCHTEIBLHO Hayaja KOOpAMHAT Ha Beauuuny O W
Pa3HOCTh X0/1a MEXK/Ty [IEHTPATBHBIM M OOKOBBIM (HAYLIMM IO YIIoM 0 K ocu Oz ) dydaMmu:
A=\(Q+z) +r* =(Q+z)=r*/[2(0+2)],

e (r, Z) — KOOPAWHATHI TOYKU HAOTIOACHHUS.
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1‘0 [ - Lﬁ.sﬂ]l | 6[, _ . P (9)‘. <'-,pﬂ'(}. 1
|D(8.80)] = |7, (0,0)] 2. 8 = 0,5 (Touku) 180 1.3 =0
?,2 360=2 2.50=0,5
4.80=n 3.80=2
3 5.80=5 90 4.8 =m
) 6. 8= 2n 5.80=5
6. 50 =2n
0,5 — fri'ra) =] U o
ke =200

-]

— 180 ka =200
0 B : 3 - I | l
-4 -2 0 2 0, zpad. -4 -2 0 2 08, zpad.
a) 0)
LoF- P (0,5, 0, (0), 2pao. 1
10,59 =000 180
|‘Dn ( B )| | . 1
\ 1.86=0 / |
2.0p=m / |
3.80=3 /
90
4.8,=5 |
/
0,5 0 IL
|
|
~90 |
|
|
— 180 /
08 | ! 1
—4 -4 -2 0 26, epad.
r)
LO- |2, (68,8)| ©4(0), 2pao. 1
|DX(6.,60)| = TP,0.0)] 180
1.8;=0
90 2. an =T .
1 3.0y = 3m /
I B 4.8, = 5m J
i
0.5 0 - /L
— 9{] f—
Sl =1
ka =200
- 180
0 W] | l 1
—4 -2 0 28, gpad. -4 -2 0 2 B, zpad.
hiy) e)

Puc. 8. AMmuutyiHbIe U (Da30BbIe XapaKTEPUCTUKU HAPABICHHOCTH
IIPY Pa3HBIX 3HAYECHUAX KPUBU3HBI U3IydaTels
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[pubinrkeHHOE PABEHCTBO CIPABEUIMBO B IIPHOCEBON obiacTu, rie r/ (Q + z) <<1, 3necw

JIOTIOJTHUTENBHBIN Ha0er (a3bl OOKOBOTO JIyda paBeH
KA=r2 )0, +2,), (48)

e O, =0/, = 2Q/ ka® . VrioByio 3aBuCHMOCTB (pazbl BOJHBI MOJKHO 3allUCaTh 4epe3 ee

nornepeyHoe pacrnpeaeiaeHue 1 3Hauenne kA us (48):
(pﬁ(e’zn’SO): [(p(?(rn = O’Zn’SO)_(pa(rn’zn’SO)]_kA =
= [arng (rn = 0’ Zn > 60 )_ arng (rn ’Zn ’60 )]_ 807’"2 /(Q/RO + 6OZVI ) >

rie 0, =0/ (ROSO). B ommume ot rayccoBoro mnyyka [18] mpu paBHOMEpHOM

(49)

pacnpene’eHuu aMILIMTY Ibl HAUTH aHAJIMTHYECKOE peleHue s arg P, (r z 80) HE ynaercs,

n’><n’>

nostomy 3aBucumocts Q/R; = f (80) paccuMThIBaeTCs YHMCIEHHO M3 YCIOBHUS, YTO
¢,(0.2,.8,)=0.

Ananus (49), npoBeJCHHBIH B IIMPOKOM AMANa30He 3HAYEHUH O, MOKa3all, YTO JOOUTHCS
paBeHCTBa @, (6, ZH,SO)Z 0 B mpexmenax XoTs Obl OCHOBHOIO JienecTka amIuurtyaHoit XH
HEBO3MOXKHO. DTO CBHUJETENBCTBYET, 4To mpu O, #0 a3oBelii HEeHTp y cdepudecKu
BBINYKJIOT0 M3JIy4aresist OTCYTCTBYeT. [l orpaHndeHHON yacT (poHTa B LIEHTPE ITyUyKa 3TO
PaBEHCTBO BBINOJIHACTCS BCET/a, 32 HCKIIoYeHneM O, = 2nn . [Ipu 8, # 2mn HpoHT BOIHBI B
pUOCeBOi 00acT umeer cepuueckyro HopMy, ero paanyc KpUBH3HBI, HOPMHPOBAHHBIN
Ha pajinyC M3Iydarole MoBepXHOCTH R, CYIIECTBEHHO 3aBUCHUT OT O,, pHC. 9. 3HaueHUS
d,, MPHU KOTOPBIX KpHBas MepeceKaeT ropu3oHTanbHyo ock (8, =0, &, =3n, §, =51 u
T.J1.), COOTBETCTBYIOT PACHOJIOXKEHUIO (Pa30BOro LEHTpa Ul LIEHTPAJIbHOM 4YacTH IydyKa B
Hauane Koopauuar, Touka O wHa puc.3. Ilpu 8, =2mn, xorna dynkums Q/R, = f (80)
HCIIBITHIBACT O€CKOHEUHBIN pa3phIB, BOJIHA CTAHOBUTCS KBAa3UIUIOCKOM. 3mMeHeHue 3Haka Q
Ha pa3pbiBe OTpakaeT CMeHy (OpMbI y MPUOCEBOTO y4acTKa (POHTA: OT BBIIYKIIOTO
(9, < 2nm) x mnockoMmy (0, = 2mn ) u gajee K BOTHyTOMYy (O, > 2nm).

40 T lITI P” U’r_' — 0 :”} 1. Iy = {}UU{H ..

..0,00012

2.z,=0,015..10
20
0,5
Y P R fr)=1
¥ 8y =20
0
-20
-0,5
—40
. _ Re P, (r, = 0; z,)
— 60 1 l I 1 | | 1 1
0 b In 0 0.5 1 1.5 2 ——

Puc. 9. 3aBucumocts xoopauHatel pazoBoro  Puc. 10. l'omorpad oceBoro pacnpenenenus
LEHTpA JJIs IPUOCEBOW YaCTH BOJTHOBOTO KOMIUIEKCHON aMIUTUTYAbI BOJTHBI
(bpoHTa OT KPUBHU3HBI H3ITydaTEIS
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Kak u B ciyyae miockoro usiydaress, rogorpad oceBoro pacrpeieiaeHusi KOMILIEKCHON
aMIUIUTYAbl cPepUUEecKr PacXOAsILEerocs Mmy4yka JIeKHUT B MpaBoOM MOIYIUIOCKOCTH, puc. 10.
OH npencraniisieT coO0i 3aKpy4HUBAIOIIYIOCS MPOTUB X014 YaCOBOI CTPENKU CIUPaib, MOIIOC

KOTOPOM CMEIIAeTCs BOJb JECHCTBUTEIBHON OCH U3 TOYKHM C KOOPAMHATAMHU (l; 0) B TOUYKY
(0; 0) [0 Mepe pocTa PaccTOsHUS z,. Bce BUTKM MPOXOAAT yepe3 OOy TOUKY (O; O),

KOTOpast OAHOBPEMCHHO ABJIACTCA ACUMIITOTHYECKOM TOYKOM CIIMpaJIn. Ha wmampix

paccrosHusX (z, <0,001) xkpuBast umeeT BUJ OKPY’KHOCTU €IUHUYHOIO Paguyca ¢ LEHTPOM
(1; 0) U COBHNAJaeT Mo BUAy c rogorpagom miockoro nopuss [19], koropeii npu z, =0

UMEET CYIIECTBEHHO 0co0yro Touky (36). Benmumnna O, BIMsSET Ha CKOPOCTh 3aKpy4YHBAaHUS

cnimpainu roxorpaga. OceBble pacnpeaeICHUs aMILTUTY bl U (a3bl Ha PHUC. 4 B3aUMOCBSI3aHbI
C W3MEHEHHEM JUIMHBI M HAKJIOHa BEKTOpa, IOCTPOCHHOTO W3 Hayajga KOOpIUHAT
KOMIUIEKCHOM TUTOCKOCTH K BBIOPAHHOH TOYKe Togorpada.

4. TTIPOCTPAHCTBEHHBIE U3MEHEHMA KPUBU3HBI ®A30BOI'O

OPOHTA BOJIHbBI

OpauM u3 HamboJsiee HArJSIIHBIX CIIOCOOOB TPENCTaBIICHUS AUMPAKIMH BOJIH SBISETCS
UCTIOJIb30BaHUE TPaUICCKOro M300paKeHUsI TPOCTPAHCTBEHHOUM TpaHchopMaiuu (ha3oBOTro
¢ponTa. BMecTo paccMOTpeHHs HETTOCPEICTBEHHO AMHAMUKHU (DOPMBI BOJIHBI, YTO JAET JIUIIb
Ka4eCTBEHHYIO XapaKTEPHCTUKY Ipolecca, 00paTuMcs K MpeIoKeHHOMY B [6] criocody ero
KOJINYECTBEHHOT'O OIMUCAHUS TIOCPEICTBOM aHaIM3a KpUBU3HBI (poHTA. J[1s ee HaXOKACHUs
BOCIIOJIB3YEMCSI  COOTHOIICHHEM, CBS3BIBAIOIIMM PAa3HOCTh (a3 MexXIy IJIOCKOH U
cepruveckoil BOJHON B IIOCKOCTH, MEPIICHANKYJISIPHON HAIPaBIICHUIO PAaCIPOCTPAHEHUS, a
TaKXKe MOMEePEYHbIM pacupeaeseHneM Tu(pakoHHON (a3sl B Audparupyromem myyke

A(Pﬁ(rn’zn ’60): (Pa(rn = O’ZVI’SO)_(‘l)a(l/'n’Z)z’SO)E rn26 : (50)
3mece 8=1[,/R= ka® / 2R — KpuWBHW3HA, HOPMHUPOBaHHAs Ha JUIMHY oOjacTu TupaKIUU
@penensi; R — panuyc KpuBH3HBI (poHTa BOJHBEL [lpubmmkenHoe paseHcTBO (50)

CHpaBEeUIMBO JUIs IPHOCEBOM obnactu my4uka (7/z << 1), rae cdepudeckuii GpPOHT MOKHO
3aMEeHUTh MapabonuueckuM QpoHTOM. B oriamume oT rayccoBbix mnyukoB [18, 19] mns
cepruyecky BBINMYKJIOr0 M3JIydaTellss C paBHOMEPHBIM paclpe/ieIeHUeM aMIUIUTYbl HalTh
aHAJIMTMYECKOE pellleHue s KpUBU3HBI (pa3oBoro ¢ponTa He ynaercsa. Ilostomy pacuer
IPOCTPAHCTBEHHBIX 3aBUCUMOCTEH KPHUBMU3HBI IIPOBEAEH C MCIIOJIb30BAaHHMEM COOTHOLICHHUS
(50), rne o, (O,zn,SO) u o, (rn,zn,SO) HAXOMATCS Kak apryMeHT obOmiero pemenus (35). Ha
puc. 11 mokasaHbl OCEBBIE DACIpPENCIICHUS] KPUBU3HBI (DPOHTA BOJHBI Ha PACCTOSHUSAX

z, >20,06. AnamormuHo kpyriomy mnopmHio [19] mpu 8, <2m B oOmactu audppakuuu
Openens (z, <1) 3aBucumoctu S(rn = O,zn) UMEIOT OCCKOHEYHBIC Pa3phIBbI, KOOPIUHATHI
KOTOpBIX Zz, =1/ (2m1:—80) COOTBETCTBYIOT YETHOMY YHCIY ()a30BBIX 30H Ha MOBEPXHOCTH

u3nydarens. Paauyc KpuBH3HBI (PpOHTA B 3TUX TOYKAX OCH YCTPEMIIACTCS K HYJIO: 371€Ch
BOJIHA CKaYKOM M3MEHSET CBOO (popmy ¢ BeimykJioi (6 > 0) Ha BorHyTyH0 (8 < 0).
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T & T & 1. 8y =0 (ToukH)
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6)

Puc. 11. OceBsle pacnpeneneHus: KpuBU3HBI ppoHTa BOIHEI (z, > 0,6 ) mpH pasHBIX d,

Hanpotus, B MecTax NMPOXOXKICHHUS 3aBUCUMOCTBIO 8(O,zn) HYJIEBOTO 3HA4YeHUsi Gopma
ydacTka poHTa MPUOCEBON 00JIACTH ITy4YKa U3MEHSICTCS IOCTETICHHO U B 00PATHOM ITOPSIIIKE.
B oOKpecTHOCTH TOYeK € KoopauHatamu z, =1/ [(Zn + l)n—So] B BoJHE (opmupyercs
TUTOCKUH y4acTOK ()pOHTA. ITO MOJOKEHHE COOTBETCTBYET HEYETHOMY YMCIY (Pa30BBIX 30H.

C nmpoaBwkeHHWEM BIoJb z, TpaHchopmanus ¢GpoHTa BOJIM3U OCH MHOTOKPATHO

n

IOBTOPACTCA, ITOCIIC Y€ro Ha pacCTOAHUUN Z, >1 3TOT mponeccC BbIPOKAACTCA B MOHOTOHHOC

YMEHBIICHUE KPUBHU3HBI J0 HYJIS. 3aBEPIIAFOIIUI 3Tall SBISICTCS OTPAKEHUEM HEMPEPHIBHOTO
pocTa panuyca chepuvecKr PacXOIsIIEHCs BOJHBI MOCTIE 3aBEpIICHUS TU(PAKIIHH.

Poct KpuBU3HBI MOBEPXHOCTH M3ITy4aTessl MPUBOIUT K CMEIICHHIO KOOPIUHAT Pa3phIBOB
byHKINN 8(rn =0, Zn) Ha Oojee yjajeHHble paccTosHusi, puc. l1-a. 3nmecs cobmomaercs
3aKOHOMEPHOCTbB, IPOSIBJIIONIASACS Ha OCEBBIX pacIpeIeiCHHsIX TUPPAKIIMOHHOTO Habera
da3pl, puc. 4-6. B monreepxkaeHue 3Toro Ha puc. 11-0 MOXHO BHUIETh, YTO OOIIMIA BH]

3aBUCUMOCTEH 6(rn =0, zn), pacCUMTaHHBIX JJIs OTIMYAIOLIMXCS MEXIy co0oil Ha 27
3HaueHUH O,, TPAKTUYECKH TOBTOpseTca. HabmomaloTcss Wb HE3HAYUTEIbHBIC
KOJINYECTBEHHBIC OTIMYUS B aOCOJMIOTHBIX 3HaueHUsX oO. Haubonplimx 3HaYeHU 3TH
OTIMYMS JOCTUraloT Ha rpaHuue obsactu gudpaxuuu (z, <1) Mexay 3aBUCUMOCTSIMH,
cootBeTcTBYyOIMMHU O, =0 u 271, puc. 12.

ITo mepe Toro, kak BeIM4YMHA O, MPHONMKAETCS CHU3Y K 3HAUCHHAM 277, KOOPAMHATA

HanOoJiee YJAJCHHOTO OT W3Iy4aTesds pa3pbIBHOTO YYacTKa Ha OCEBOM 3aBHCHUMOCTHU
KpuBH3HBI (KpuBble 4 M 5 Ha puc. 12) ycrpemiusiercs B OeckoHEYHOCTHh (KpuBas 3). Ota
0COOEHHOCTh CBSI3aHA C IMOJIHOW KOMIIEHCAlMel BKJIaI0B (Da30BBIX 30H M CONPOBOXKIACTCS
NOSBICHUEM Ha OCH IIydKa JIOKaJbHOIO MHHMMYyMa C HYJEBOW aMIUTUTYAOH, puc. 6.

HesHauutenbHble pacCTPOMKH BENWYMHBI O, OTHOCHUTEIBHO 271  COIPOBOMKAAIOTCS

JO0CTATOYHO OONBIINMU HM3MEHEHHUSIMU KOOpAUHATBI 3TOI'0 pa3pbiBa, YTO HNPCACTABIIACT
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UHTEpEC B psjie NMPAKTHUECKUX 3ahay (M3MEepeHMs], AMarHocTuka u ap.). g usnnydarens c
3aJaHHOil  reomerpuei Qgopmbl  (a, R,) MECTONOJOXEHHE TaKOHl TOYKH MOYKHO
YCTaHABJIMBAaTh WM W3MEHSTh, IE€pPECTpauBas 4YacTOTy M3JIy4aeMOIo TI'apMOHHMYECKOIO

CUTHAJIa. AHAJIOTUYHAsT BO3MOXKHOCTH (POpMHpOBaHUS 00JAaCTH C HYJIEBOW aMIUIUTYAOH B
noJie Oeryieii BOJIHbI, paHee ObLIa pean30BaHa B HEIMHEHHBIX W3TydaTessiX, padoTaromuX B

pexuMe (a3oBOro 3ampera BTOPHYHBIX BoimH [20-22]. 3amerum, uto mpu 9, = 27mn
HOSIBJIEHHE TOA00HBIX OCOOCHHOCTEH B AanbHeil obmactu moinst (z, >1) mpuHIMIIHATBHO

HEBO3MOXXHO U3-32 JOMHUHHMPOBAHHUS pPACIOJIOKEHHOM 10 Kpaw M3JIydaTesss HE4YeTHOU
¢da30Boii 30HBI, KpUBbIE 6 U 7.

or JTHHHA: l f“ ié
fir) =1 ~Zn=
TOYKH; 3.2,=10
Sirg) = expi—r,0) 4.z,=20
Zy -0.5 r =0 Sy
9 I |
| 10 =100 0 2n an
Puc. 12. OceBble pacnpeieneHust KpUBU3HbI Puc. 13. 3aBucMMOCTb KpUBU3HBI (hpOHTA
(I)pOHTa BOJIHBL BOJIHBI OT BEJIMYMHBI O 0

Ha puc. 13 npuBeneHsl 3aBUCHMOCTH KPHBU3HBI ()POHTA BOJHBI OT BEIMUYMHBI O, VIS
U3IydaTesieil ¢ paBHOMEpPHBIM (CIUIOIIHAS JMHMS) U TayCcCOBBIM (TOYKM) paclpenesieHuEM
ammmutyasl. U3 mosenenns dymkmmu 8(3,) BHAHO, 4TO 3a mpeienamu GMKHEH 0GMacTH
audpakuun (z, >1) aMIIIMTYAHOE paclpejelieHHe M KPUBHU3HA M3IydaTellsl MOCTENEeHHO

yTPAuuBaIOT CBOE BIIMSHHUE 1O MEpe pocTa paccTosinusi. VCKirodeHue COCTaBIAIOT JIMIIb

HeOOoJIbIIIMe yYacTKH B 00JacTH W3MEHEHHs apryMeHTa, NPWIETaole K 3HAYCHUSIM

d, =2mn. 3a ux mpenenamu mpu yciuoBuu O,z, >>1 KpuBH3HA BOJHOBOrO (pOHTA B
IPHOCEBOM 06JIACTH MyYKa ONMCHIBAETCS IPOCTHIM COOTHOIIEHHEM: O = 1/z, .

[Tonepeunsle pacnpeneeHNns] KPUBU3HBI ()POHTA BOJHBI AT PAa3HBIX O, HAa PACCTOSHHAX
z, =1 u z, =10 npuBenens! Ha puc. 14. [Ins cpaBHEHHS OTMETUM, YTO B TayCCOBOM ITyYKe

PaBEHCTBO S(Fn)=const BBIIIOJIHSIETCS IIPU JIFOOBIX 3Ha4YeHHAX O, M Ha Bcex z,. Jnd

U3Jlydarelid ¢ paBHOMEPHBIM PaCIPEACICHUEM aMIUIATYbl 3TO YCIOBUE CIPABEMJIUBO JIUIIb
B OrpaHUYEHHON obsiacTu mpocTpaHcTBa. OHO BBIMOJHIETCS TOJIBKO B OKPECTHOCTH OCH

ny4yka M Ha JOCTaTOYHO OOJBLIMX PACCTOSHMAX, I'Zle IU(PPAKIHMOHHBIE MPOLECCHl MOXKHO
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cuuTaTh 3akoHUMBIIMMHCA (z, >>1). Ilomepeunsiii pazmep obmacTtu, rie S(rn)zconst,

omnpeaeaeTCsA MNONCPEYHBIMU KOOpAWHATAMU, TIA€ 3aBUCHUMOCTb P, (I’n) JJIs1  TJIaBHOI'O

3Ha4YeHus1 AUQPaKIMOHHOrO Habera (as3bl HCHBITHIBACT pa3pbiB. B kauecTBe mpumMepa Ha
puc. 14-6 npuBenensl kpusbie 1-3.

______ 1.8, =10

T 5 _-'1 "'-I 2. 8(] =4
N : 3.0, =4.5

: A 0 =4,

4 57 % 4.8,-5
g 5.0p=5.5
. f) By =2m

. . — \"\ ,
SUra) | . 4\/

Zg = " s

|
(e

-2 -1 0 1 2

Puc. 14. Ilonepeunsle pacnpeneneHust KpUBU3HbI (ppoHTa BOIHBI U1t z, =1 n z, =10

OnHako nake Ha OONBLIMX PACCTOSIHUSX BONM3M 3HAYeHHH O, = 27N TOCTOSHCTBO

KPHUBU3HBI B HCHTpaHLHOﬁ JaCTH NOIMNECPCUHOI0 CCUCHUA ITyYKa OKA3bIBACTCSA HCBO3MOXKHBIM

(kpuBble 4—6), 4TO COTNIACYETCS C 3aBHUCUMOCTSIMHU 8(80) Ha puc. 13. B y3koMm uHTEpBaie

3Ha4YeHHH O, (GopMa BOJHBI B IICHTPAIBLHON YacTH ITy4yKa MPETEPIeBACT y)Ke OTMEUaBIIUECS

CWIbHblE  H3MeHeHMsT  (KpuBble 4-6 Ha  puc. 14-0), KOTOpblE  CONPOBOXNKIAOTCS
TpaHnchopmanmei GpoHTa C BHITYKIOTO HAa BOTHYTHIH U HA00OPOT.

Ilpi CoBMeCTHOM paccMOTpeHmH 3aBucuMocteii 8(8,) u 8(r,) HecnoxuO yBHEETH
CBSI3BIBAIOIIYIO MX 3aKOHOMEPHOCTb. B oOnactu 3Hauenuit O, u z,, rae 1 QyHKIUH 8(80)
BBITIOJIHACTCS yCIIOBUE 8(80):const, CIpaBeUINBO U PABEHCTBO 8(131):const. Amnanus
IOKA3bIBAET, 4YTO O5Ta B3aUMOCBS3b BBIIONHACTCS Kak I O, <27, TaKk U IpU

2nn <9, <2n(n+1).
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BbIBO/IbI

B pabore comocTaBieHbl peuieHHs, OMUCHIBAIOIINE I10JIE OCECUMMETPHUYHBIX ITyYKOB
cheprueckd BBINYKIOIO M3JIyyaTelis C pPaBHOMEPHBIM pacIpelieIeHUeM aMIUTUTYIbI,
MOJlyYEHHBIX C HCIOJb30BaHWEM uHTerpana Panes u  mapaboinyeckoro ypaBHEHHS
mubpakiun. [lokazaHa HIEHTUYHOCTH IOJYYEHHBIX pELIEHUH Uit ci1abopacXosuxcs
BBICOKOYACTOTHBIX TyuykoB. Ha mnpumepe ammauTynHo-(a30BOM CTPYyKTypbl MOJS U
MPOCTPAHCTBEHHOW  JWHAMHUKU  (ha3oBoro  ¢GpoHTa  MPOCIEKEHBI  OCOOCHHOCTH,
00yCJIOBJICHHBIE T€OMETPHUYECKON pPacXoIUMOCThIO. JlaH CpaBHHUTENIbHBIA aHAIHM3 C IOJIEM
TOPITHS ¥ C(HePUIECKH PACXO/ISIIEIOCs TayCCOBOTO MydKa.
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