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B paMmkax W3BECTHBIX AHAJIUTUYECKHX PEIICHWM ypaBHEHHUS XOXJIOBa-
3abonotckoil-Ky3HenoBa paccMoTpeHa TeopeThdeckass MOJENIb HEJIUHEHHOTro
aKyCTUYECKOIO M3JIyyaTelisi C TPEXYaCTOTHOM BOJTHOM HaKayku s |-l rapMOHUKH
BOJIHBI PA3HOCTHOM 4YacTOTHI, YYWTHIBAIOUIAS IUCCHUTAIMIO WU JAU(PaKIHOHHBIE
mpoleccsl B rayccoBoM Iyuke. [IpeactaBnsii BO BTOPOM MPHOIMKEHUU BOJIHY
Pa3HOCTHOM 4YacTOThl KaK CYNEpPHO3UIMIO JBYX CHHXPOHHO U KOJUIMHEAPHO
pPacupoCTPaHSIOIIUXCSA KOMIIOHEHT ¢ OJMHAKOBBIMU YaCTOTaMHU, MIOKA3aHO, YTO €€
MPOCTPAHCTBEHHbIE U aMIUIMTYAHO-(a30Bble  XapaKTEPUCTHKH  IOMHUMO
aMIUIUTY IHO-(a30BbIX COOTHOUICHHUH B CIIEKTPE HAaKaYKU CYIIECTBEHHO 3aBUCSAT OT
TU(QPaKIIMOHHBIX U3MEHEHUH aMIUTy A U (a3 nepBUYHBIX BOH. Hanbonee siBHO
3Ta 3aBUCHUMOCTb MPOSBISETCS B pexuMme ($a3zoBOro 3ampera, Koraa mnoadopom
aMIUTUTYAHOTO Y (a30BOrO CIEKTPOB HAKAYKU MPAKTUYECKU MOJTHOCTHIO
npekparniaercs (“3ampeniaeTcsi’) TeHepalus BOJHBI Pa3HOCTHOM YacTOTHI B Cpe/ie.
Pe3ynbTarhl 4MCIEHHOIO aHaIM3a TEOPETUYECKOM MOJEIU Ul YCIOBUHM NPECHOMU
BOJbI XOPOILO COTJACyOTCS C JAHHBIMH SKCIEPUMEHTAIbHBIX HCCIEJOBAaHUM.
OO6nacTp NPAKTUUECKOTO HCIOJB30BAHUS HCCIEAYEMOTO pEXHMa BKIIOYACT
BBICOKOUYBCTBUTEIbHYIO JHATHOCTUKY HEOJAHOPOIHOCTEH cpen, OOHapyKeHHe
00BEKTOB BOJIU3M TPAHUIL pa3/ielia, yMEHbIICHHE HEMTUHEHHOTO 3aTyXaHHs U Jp.

BBEJIEHUE

[Ton pexxumoM (pa3oBoro 3ampera NOHUMAIOTCS TaKUE YCIOBUS IS aMIUIUTYIHBIX,
(a30BBIX U YACTOTHBIX COOTHOIICHUH B CIIEKTPE M3ITy4aeMOW PETYJISIPHOM BOJIHBI KOHEUHOU
aMIUIMTY/bl, TPU KOTOPBIX B IIPOLIECCE HEJIMHEHHOIO B3aUMOJICHCTBUS OKa3bIBAKOTCS
NEPEKPBHITHIMU OJUH MM HECKOJIBKO BO3MOXHBIX KAHAJIOB OTTOKA SHEPTMU U3 HAKAuKU BO
BTOpHYHBIE BOJHBL [l0100HOE BiIMSHUE aMILTUTYAHO-(DAa30BBIX COOTHOIIECHUI Ha BOJHOBBIC
IPOIIECCHl B KBaIPATUYHO-HEIMHEHHBIX cpeax 0e3 JUCIepcuy BO3MOXKHBI IS HECKOIBKHX
Pa3IUYHBIX THUIOB HMCXOAHBIX BOJIH. OJHUM M3 TaKUX CIy4yaeB SBISIETCS Y3KOIOJOCHAs
TPEXYacTOTHAasi BOJHA HAKAuKud HeJIMHEeHoro akycrudyeckoro wusmywatens (HAW) c

CUMMETPHUYHBIM YacTOTHBIM CHEKTpoM (®, —Q, ®,, ®,+), resepupymomas B cpeie

OMTapMOHWYECKYI0O BOJHY paszHocTHOW wyactotel (BPY) ¢ wactoramu Q wu 2Q.
CyIIecTBEHHO, YTO OSTH HH3KOYACTOTHBIC BTOPHYHBIC BOJHBI KAYECTBEHHO OTJIMYAIOTCS
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MEXIy co000if TO XapakTepy 3aBHCHUMOCTH OT HAYallbHBIX aMIUTUTYIHO-(a30BbIX
COOTHOIIICHHUH B CIICKTPE HAKAUKH.
[Tockonbky 2-s1 rapmonuka BPY (22 ) Bo3HMKaeT B pe3yJibTaTe B3auMOACHCTBUS OOKOBBIX

cocTaBJIAIOIMX crekTpa (o, —Q, ®,+Q), To (pa30Bble COOTHOLIEHHUSA NEPBUYHBIX BOJIH

CHOCOOHBI TOBIUATH JHUIIb Ha ee HavdanbHyto (azy. Cmydaii 1-it rapmonuku BPY (Q2)
OTJIMYAETCSA TEM, YTO 3TA BOJHA COCTOUT (PAaKTUUECKU M3 JBYX PABHOYACTOTHBIX KOMIIOHEHT,
00pa30BaBIIMXCSI B MpPOIECCe CHHXPOHHOTO B3aMMOACUCTBHUS LIEHTPAIbHOM TapMOHUKU

IEPBUYHOIO cHekrpa (,) ¢ HwkHeH (o, —Q) u BepxHel (m, +<2) 4acTOTaMU HAKAYKU.

[lpn onpeneneHHbIX aMILIUTYAHO-()Aa30BBIX COOTHOLIEHUSAX B CIEKTPE HAKAUYKH MOXKET
HACTYIIUTh YCJIOBHE, KOI/IAa aMIUIMTYIbl ITHUX KOMIIOHEHT OKaXyTCs paBHBIMH, a (a3bl
IPOTUBONOJIOXKHBIMUA. Tora HacTymaer akyCTHUECKOe “KOPOTKOE 3aMbIKaHHWE BTOPUYHBIX
HEJIMHEWHBIX MCTOYHUKOB, F€HEPUPYIOMIMX KOMIIOHEHTHI ¢ yacToTaMu (2, NpUBOASIIEE K
npekpaieHnio oopazoBanus 1-it BPY.

Hutepec x pexxumy (azoBoro 3ampera 1-it BPU HAM o0yciioBieH OTKPHIBAIOIIUMHUCS
BO3MOXHOCTSIMH €T0 TPAKTHYECKOTO HCIIONB30BaHUS. B 9acTHOCTH, 3TO MOXET OBITh
JUarHOCTHKA HEOJHOPOAHOCTEH  cpenbl (Ta30Bble  My3bIPbKHM, TUIAPOAMHAMUYECKUE
BO3MYIIICHUS, TEMIIEpPAaTypHbIE U CTPYKTypHble HeogHopojaHocTH) [l, 2], oOHapyxeHue
00BEKTOB BOJIM3M W Ha TpaHMIAX pasnena (MOPCKOe JHO, TPAHMIA BOJA-BO3MYX, Ne(EKTHI
MIOBEPXHOCTH), KOHTPOJIb HEPOBHOCTEH TpaHUI] (MUKpopenbed [HA, TOBEPXHOCTHOE
BOJIHEHHE, ULIEPOXOBATOCTh TBEPJIBIX TeEN), YMEHbIICHHWE HEIUHEHHOro 3artyxaHus |[3],
aKycTuueckue usmepenus u ap. llupokoe npoaBukeHne B MpakTUKY METOJIOB aKyCTHUECKON
JMarHOCTHKH, UCIIOJIb3YIOIIUX PEXUM (Da30BOro 3ampera BTOPUYHBIX BOJIH, B 3HAUUTEIBHON
CTENEHM CAEPKUBAETCS OTPAHUYEHHBIM KOJIMUYECTBOM CBEIEHUHN MO JaHHOMY Bompocy. Tak, B
YaCTHOCTH, MMEIOIIMECS SKCIIEPUMEHTAJIbHbIE pe3ynbTaThl [1-3] He HaxomaT CcBOEro
OOBSICHEHHSI B paMKax IUIOCKOBOJHOBOM M Jpyrux ojaHoMmepHbIXx Mmoneneit HAW [4, 5].
[IpyurHaMu pacxXoxXJeHUH SBJISETCS YacTOTHO-3aBUCHUMBIA XapakTep JAUCCHUINIALUU U
TG PAKIMOHHBIX MPOLIECCOB B MyUYKE, MPUBOASIINN K U3MEHEHUIO aMIUIUTYIHBIX U ()a30BbIX
COOTHOILIEHUN B M3JIy4eHHOM MHOTIOYAacTOTHOM BOJHE Hakayku. Llenpro naHHOW paboOThI
aBIsieTcsl pazpaboTka Teopernyeckoil Mmonenn HAW, onuceiBaromieit npouecc renepauuu 1-i
BPY tpexuacToTHOI HakaukKoi C MPOU3BOJBHBIMHU aMIUIUTYAHO-(Aa30BBIMH COOTHOILIEHUSMU
IIpU y4eTe AUCCUTIAUU U TU(PaKIUU BOJIH.

1. AKYCTUYECKOE IIOJIE IU®PATMPYIOILIEN BOJIHBI HAKAYKU

Bocrnone3yemcsi  aHaTUTHYECKHMMH — PEIICHUSMH ~ ypaBHEHHS XOXJIOBa-3a00JI0TCKOM-
Ky3snenona (X3K) [5]
O|dp e op b op

p G,
ot| &x  pyce P ot 2p,cy Ot 2 P

KOTOpBIE TO3BOJISIIOT Y4YeCTh AMCCUIIATUBHOE 3aTyXaHHe, MU(PAKIUI0 TMEePBUYHBIX BOJH
(HaKayKM) U TEHEPUPYEMBIX UMH B CpeJie BTOPUYHBIX BOJH. 3[1eCh p — 3BYKOBOE JIaBJICHHUE;
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Cy> € U P, — CKOPOCTb 3BYKa, HEJIMHEHHBIM aKyCTHYECKMM MapaMeTp U IJIOTHOCTh CPEJIbI;
b — muccunatuBHBI Kod(duIHEHT cpenby; T =(f—x/c,) — BpeMs B COMPOBOXIAIOMIEH

cucTeMe KOOpAuHaT; A | = (82 / oy} +0° / 8y22) — JIAIUIaCUaH 10 MONEPEYHbIM KOOPAUHATAM.

Paccmotpenue teopernueckor monenu HAW nins BPY nposenem Ha mpumepe 3BYKOBBIX
MyYKOB BOJIH HAKayK{d C TayCCOBBIM IOMEpPEYHBIM pachpeiesieHneM aMIUMTyAsl. [‘ayccoB
3aKOH JUIsl MOMEPEYHOro pachpeneseHus yYIo0eH TeM, YTO IO3BOJSET MOJYy4YuTh 00IIue
pelieHus A1 TEepBUYHBIX U BTOPUYHBIX BOJH 4Yepe3 JOCTATOYHO NPOCTbIe (PYHKIIUH.
['pannyHOE ycnoBHe B WIMHIPUYECKOIN CUCTEME KOOPAMHAT JJII OCECUMMETPUYHBIX ITyYKOB
BOJIH HAKA4YKHU C TayCCOBBIM aMIUTUTYIHBIM U PaBHOMEPHBIM (Da30BbIM pacripeeleHUsIMH Ha
MOBEPXHOCTH TUIOCKOTO U3ITydaTesisi UMeeT BH/I:

2 2

pn(t’r’x =O)=Pn() ~eXp(—r /a )'COS((’On 't+(PnO)’ (1)
TA€ a — pajguycC M3JIydarenis; O, — 4YacTOThl IEPBUYHBIX BOJH; 7 =(1, 2, 3); F, no, —
HavdaybHble (x =0) 3Ha4YeHHWs] aMIIUTYn ¥ (a3 BOJH. 34ech r W x — TONEpeYHas M
NpozoJibHAs (OCceBast) KOOPIUHATBL, O, = M, = (coo —Q), 0, =0, H O, =0, = (030 + Q) —
HIDKHSISI OOKOBasi, IICHTPAIbHAST U BEPXHsisi OOKOBasi YacTOTHI CIIEKTpa MEPBUYHON BOJHEL. B
JanbHEHIIIEM HHJIEKCaM 7 = (1, 2, 3) cooTBeTCTBYIOT UHAEKCH “H”, “0” u “B”, cBsi3aHHbIE C
BBE/ICHHBIMH 0003HAUYEHHUAMH YacCTOT My , -

Pemenne ypaBHenuss X3K B mepBom mpuOimkeHUM s TpaHU4HOro ycnosus (1) nmaer
CJIETYIOIINE BBIPAXKEHUS JJIsl MPOCTPAHCTBEHHBIX PACHPENCICHUN KOMIUIEKCHBIX aMILIUTY]

BOJTH HaKa4kw [5]:

5 2
Blr)= e e = R -elle, (0 00, @)
e L, =ka’ /2:0)na2 /200 — JuiHA 30HBI JU(pPAaKUMM BONH Hakauku; k, =®,/c,;

0, (r, x) — IpOCTpaHCTBEHHBbIE Halberu (a3 Kaxao0il U3 BOJH, 00YCIOBJICHHBIE AU(paKiueit
myaka; i=~—-1; B, =P, -exp(ip,,) — KOMIUICKCHbIC AMILIMTYIbl HEPBUYHBIX BOIH Ha

IMMOBCPXHOCTHU H3JITYyHATCIIA, Pn(r,x) — IPOCTPAHCTBCHHBIC PACTIPCACIICHUA aMIUIUTY BOJIH

HaKadku, OOyCIIOBIEHHBIC nudpakmueit u auccunanuei. Jlmst cimydas TpexdacTOTHOM

HAKaYKN yA00HO BBECTH Ge3pa3MepHblil yacTOTHBIN napamerp @ = @, /Q), Toraa napamerpsl,

XapaKTepu3yIolye BIUsSHUE TUPPAKIUOHHBIX M JUCCUMIATHUBHBIX MPOIIECCOB, 3AMUIIYTCS:

o, =0,1-1/®); o,=0,0+/®); L,=do,/2,;

2 2 2
laH:a O :amo(l_ij:lao(l_ij; 1532&2100(1+ij;
2¢, 2¢, @ @ 2¢, ® 3)
2 2 2 2 2
o, = b0303 > Oy = bmHs :ao(l_ij , Op = b(DB3 :OLO(I—FLJ :
2pycy 2p,cq @ 2p,cy @
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C yueTtoM (2) BeIpaKeHUS )11 KOMIUIEKCHBIX aMILTUTYI UCXOIHBIX BOJIH TPUHUMAIOT BU:
: P r / a’ 1Y
P (r,z)= o exp| — —oy| 1—— | zL, |;
ulr2) 1-iz®/(®-1) p{ 1-izd/(d-1) 0[ cbj %

> 2 2
Po(r,z)=lplexp(— r’/a _aoZIao}; 4)

1-iz
7’2/612

. P 1Y
P = 03 - —a,| 1+— | z/,
(:2) l—izCD/(CD+1)eXp{ 1= 20)(® +1) a"( +®)200],

rae z = x/l,, . JleficTBuTENbHBIE aMILTUTY Bl M (a3bl IPH 9TOM OIHUCHIBAIOTCS (GOPMyIaMHu:

_ F expl — ’"2/“2 _ _l ZZA .
PH( ) )_\/1+22(D2/(CD—1)2 p{ 1+22Q)2/(CD—1)2 0(1 CD) loo:la
D j_rz_ z®/(d 1)

(pH(r,z):arctg(Z— — ;
a’ 1+z2°0%/(®-1)

D -1
P r*/a?
PO(I’,Z)= \/1 —izzz exp(_ 1+/22 _OLOZIao];

.z (5)
0 (r,z)= arctg(z)_a_z. St
e )
P,r,z)= 03 B B A
B(T’ Z) \/1+22CDZ/(CD+1)2 eXP|: 1+qu)2/(q)+1)2 oy o zly,

(rz):arct (—Z )—ﬁ ZCD/(CDJFI)
Pl Qot1) & 1+ 2202 /(@ +1)

VYcnaoBus mpoBOAMBILIETOCS SKCIIEPUMEHTA (TpecHast BOAA) U IMOCIEIYIOIINE pPacyeThl C

HMCIIONb30BAaHUEM MOJYYEHHBIX (HOPMYII COOTBETCTBYIOT CIICAYIOLIMM T1apaMeTpaM:
£, =f, =0,/2n=1400 (xI'y); a=9 (mm); b=427-10"(k2/ m-c);
F =0QJ2n =50, 80, 100, 120, 150 ().

2. TEHEPAIIVIA BOJIHbBI PA3HO§THOI>1 YACTOTDI I[I/I(DPAFI/IPYIOHlE\I:/JI
BUTI'APMOHUNYECKOU BOJIHOU HAKAYKHU B CPEJIE C AUCCITALIMEN

B nmpubmmxennn manoi mHenuueHocty (Re <1,Re — akyctuueckoe uncio PeliHonbaca)
BBIPOKEHHE TSI KOMIUIEKCHONW amIuiTyasl BPY, renepupyeMoit nudparupyrommum myqKom
JIByX4aCTOTHOW BOJIHBI Hakadyku (®, U ,) C IayCCOBBIM IONEPEYHBIM DPACIpPEICICHUEM
amumityx (4), umeet Bun [5]:

B, (1x) =i 2ot paar, (6)

2P
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exp| - 2r? 1+ix'L, /(L - 1,)

jc‘ —o ¥ a’ 1 _i(x - x’)/La + x,(i 2L, [lols + x/lallaz) dx’
X |le . -ax’,

0 1-i (x - x’)/La + x'(i 2L, 1yl + x/lmlaz)
rne
L, = azcol/2c0 ; 1y, = azcoz/ZcO ; L= azQ/4c0 ; Q=0,—0,; a=0,+0, —04;

7

@, = b3 20,63 a3 = bt 2pyct s g = b 2p,ct 7
3nech P, — BeIHYMHA, KOMILIEKCHO CONpSKEHHAs ¢ P ; L, — HPOTSKEHHOCTh 00IacTH
mudpaxkuuun BPY; QO — pasnoctHas yacrora; o,, o, U o, — KO3(UIMEHTH! 3aTyXaHUs

BOJIH Hakauku 1 BPU.

3. TEHEPALIA HEP\’BOIL/'I I'APMOHUKU BOJIHBI PA%HOCTHOPI YACTOTBI 5
JUOPATUPYIOUIEU TPEXYACTOTHOM HAKAYKOUN B CPEJE C JIUCCHUITALTMEN

[TepBas rapmonnka BPY (1-s BPY) u Boina cymmapnoii yactotsl (BCU), obpa3zyromuecs
NPy B3aUMOJICHCTBHM TPEXYAaCTOTHOW HAKAYKH, B TNPHUOIIKEHHUH MaJOd HEJIWHEHHOCTH
ABJIAIOTCS JIByXKOMIIOHEHTHBIMA BTOPHUYHBIMH BOJIHAMH, IOCKOJIBKY COCTOSIT M3 JIBYX BOJIH
OJIMHAKOBOM YacTOThI, pAaCHpPOCTPAHSIOUIMXCA B OJHOM HANpaBICHUM CHUHXPOHHO U
KOJUTMHEapHO, puc. 1.

Boanwsr narkauri
Boana (,'_1’,1.".'!-'0‘]}!.-‘()1.{ yacmomasi u

Boianwt !)a}””(".-””oﬁ J'”[I GHOPbIE cAPMOHUKN HARAY KU
}

-— })
Yacmonbl H B 5
- - Pas
1”{_‘_] 1“
P 20 P
1” !1 3 CH B
(B 20 13}1 _ _ !J
Ql o _ +p b
1) HB
3H
oalataola
[}
7
0 Q 2Q P [0])] Op 20y optoy 20 0ptop  20p

OtoOp

Puc. 1. CnekTpbl TpeXx4acTOTHON HAKaYKH U TEHEPUPYEMBIX €0 BTOPHYHBIX BOJIH
(BTOpOE MpHUOIMKEHHE)

B pexume 3amaHHoil Hakauku 1l-to BPY um BCY wMoxHO paccmaTpuBaTh Kak
CYIEPIO3ULMIO IBYX BXOJAIIUX B KAXKIAYK U3 HUX KOMIIOHEHT C Y4ETOM COOTHOILECHUS HUX
aMIuTya ¥ (a3, KOTOpble B CBOIO OYEpeab ONPEICNSIOTCS HadalbHBIMH aMILUIUTYIHO-
(a30BBIMH COOTHOUICHUSIMU B CIIEKTPE TPEXUACTOTHON HAKAYKU:

B, =(By, +B,,) — 1-a BPU (Q);
By =(By + B,y ) —BCU (20,).
PaccmoTpum nose kaxaoi u3 kommnoHeHT 1-ii BPY, monarasi, uro mpu ycioBuu ciaaboro

NpOSBICHUS  HENUMHEWHBbIX 3(dexkrtoB BTOpuuHas BomHa P,  oOpasyercs Ipu
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B3aUMOJICIICTBUU INEpPBUYHBIX BoMH P, u F,, a BonHa F,, o00sA3aHa CBOMM IOSBICHHEM
B3auMoJeicTBui0 Mexay F, m P,. Torma amd noiaydeHHs BBIPAKCHHM, OINHKCBHIBAIOLIUX

KaXIyI0 3 paCCMAaTPUBAEMBIX BTOPHYHBIX BOJIH, JJOCTATOYHO BOCIIOJIB30BAThCS BRIPAKCHHEM
(6) c yueTom MHACKCOB NIEPBUYHBIX BOJH. B pe3ynbrare momxydaem

. gw, Pu P ol z
P, (r,,z)=i—2——L1 -exp| ——%2 |x
QH(H ) 29003(13 0 P( O )

: T L ) N—
Xlexp[—Zaolao[Qq; ]Z} p{ l—i21CD(22iDZ(')+Z%i/(d)[_/(l(izld)b/(q)q)_/(lcg !

Poy(ry-2)=1i 0 o I Lo -exp[— aolaozjx

1+iz'/2(® -1) } (8)
dz';

2p,co®@ ¢ o’
exp {_ 5 1+iz'/2(® +1) } )
y jexp[_ ey ] (@ + 1)2,} "1-20(z = 2)+ 2 i/ (@ +1) + z0/(@ +1)] | o
) "l @ 1-020(z - 2') + 2[i/(® + 1)+ z0/(D +1)] ’

e 1y =r/a; Oy =0 oy — o =20, (1-1/®); o =0y + o, — o =201+ 1/®);
L,=1,/2®; a,=0, / ®* . 3jech COMVIACHO BBEJECHHBIM OOO3HAYEHHAM JUIS HAYabHBIX

aMIIJIMTY /I BOJIH HAKaYKH CIpaBeUIMBLI cooTHOmenus P, = F),, P, =F, u F,=F,,.

s ympoleHuss TOCIEayIoNMX MpeoOpa3oBaHUid TOJydeHHBbIE BbIpakeHus (8) u (9)
3amnuIreM B 0000IIIEHHOM BUIIE:

B (. 2)=Pu BD,(r,.2); (10)
B,(r.2)= Po B,D,(r,,2), (11)

rae D, (rH,z) u D, (rH,z) — MHOXHTEIH, OTPAKAIOIIUE MPOCTPAHCTBEHHBIE PACTIPEACTICHUS
amrutyn U (a3 xkommoneHTt 1-ii BPY, yuwrthiBaromme HeNMWHEWHBIC, MUGPAKIIUOHHBIE
JUCCUITATUBHBIE MPOIIECCHI.

3anuiieM TpexX4acTOTHOE BO3MYIIEHHE Il Hakadyku (1) HAa MOBEPXHOCTH HW3IIydaTels
(z =0) B BemecTBeHHOH (hopMme

p(‘)(t, Ty,Z = O) =P, cos(mHt + (pH)+ A ~c0s(coot + (p0)+ P, ~cos(c03t + (pB). (12)
Torga, NpyUHAB yCIOBHE aTUTUBHOCTH MOJIEH IBYX KOMIIOHEHT, BhIpakeHue 1is 1-it BPU B
MIPOU3BOJILHOM TOYKE MPOCTPAHCTBA MOXKHO MPEJICTABUTH B BUIEC

pQ(tﬁrHaZ)= PQH(”H’Z)'COS(QI —kozlyy + @, — (PH)+

+]"QB(rH,z)-cos(Qz‘—szl60 + @y —(po): (13)
=P,P,D,(r,,z) cos(Qt —kyzl,, + 0B, )+ P,P,D,(r,,z) cos(Qt —kozly +0+B,),

e ko =Qfcys 9=y =0+By; @ —9, =0-B; o
ez((PB_(PH)/Z; BO:((PH+(PB)/2_(PO' (14)
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3neck @, , ¢, U ¢, — HadadbHbIe (a3bl (z = 0) BOJIH HaKa4KK; [3, — HadaJIbHOE 3HAUCHHE
(ha30BOro MHBapUaHTa, OTPAKAIOLIETO (PAa30BYIO CTPYKTYPY TPEX4acCTOTHOIo KoyebaHus [6].
HerpynHo yOenuThbes, 4To B IIIOCKOM TPEXYAaCTOTHOM BOJIHE MAJIOW aMIUTUTY/Ibl BeIHYMHA 3
HE 3aBUCUT OT BPEMEHH M IPOXOJUMOr0 paccTossHus. B Beipaxkenusax D, (rH , z) u D, (rH , z)

pa3faenuM aMIUTUTYTHYIO U (pa30BYIO COCTABIISIOIIHE:

DH(rHaZ)ZDH(rHaZ)'eXp[i(PQH(rﬂsz)]; (15)
DB(rH’Z):DB(rH’Z)'exp[i(pQB(rH?Z)]’ (16)
rne D, (r,,z) u D,(r,,z) — MOTYTH TPOCTPAHCTBEHHBIX MHOXHTENEH; ¢, (r,,z)

Qg (rH,z) — mudpakironueie Habern (a3 y kommoHeHT 1-it BPY. Yuuteas (15) u (16),

BeIpakerne (13) MOKHO MepenucaTh B BEIIECTBEHHOM BHIE
PQ(I:’”H:Z): Poz{ KHDH(’”Hoz)' COS[Qt —kozlpy +0 B, + (PQH(FHﬂz)]_'_

+ KD, (r,,2) cos|Qt — kozlyy + 0+ By + 0, (1, 2)] f=
(17)

= E)Z\/(KHDH )2 + (KBDB )2 +2K,K;D;; D, 005[2[30 + A(PQ(rHsZ)] x

x cos[Qt — koloyz + g (7, 2)]s

rae K, :PH/PO 3 Ky :PB/PO 5 A(PQ(FHﬂz):(pQB(rHﬂz)_(pQH(rH’Z)'
Bennuuny (xQ(rH , Z) 3aITUIIeM B BHJIC CYMMBI

aQ(rH,z)=9+(xl(rH,z),

rac

KBDB(FH’Z)Sin((pQB + BO)+KHDH (rHi'Z)Sin((PQH _Bo)
KBDB(VHsz)COS((PQB + BO)+KHDH(FH’Z)COS((PQH _Bo). (18)

Torna Beipaxkenue (17) ais 1-it BPU npunrmaeT okoHYaTeIbHBIN BU

tgal(rH’Z)z

pQ(t’ rH’Z): Poz\/(KHDH )2 + (KBDB )2 +2K, KDy, Dy COS[2BO + A(PQ(FH’Z)] X
(19)

X cos[Qt —kolyyz+ 0+ ocl(rH , z)] .

[TomyuyeHHble BbIpaKeHUS UIs amIuUTyabsl U ¢a3sl 1-it BPU MoHO 3HAuMTENBHO
YIPOCTUTB, €CJIM NPUHATH BO BHUMAHME, YTO IIPU MCIOJIB30BAHUM Y3KOIOJOCHOW HAaKa4yKH

(Q << ®,) crpaBeIUBBI CIEIYIOUINE COOTHOIICHHS:

(PQH(rHaZ);(PQB(rHaZ); (20)

Dy (ry,2)= Dy(ry.2). 1)

A. M. laspunos
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O‘ICBI/IZ[HO, 4TO IIpu @ — 00 YacTOTHI HAKAYKH HACTOJBKO MajlO0 OTJIMYAFOTCS MCKIY CO60ﬁ,
YTO MOKHO I'OBOPUTH JII HUX O PABCHCTBC ):[I/I(i)paKL[I/IOHHBIX U TUCCUITAaTUBHBIX IMPOLCCCOB.
B PE3YJIbTATC MPOCTPAHCTBCHHBIC PACIPCACIICHUA aKyCTHUYCCKUX moJiei BTOPHUYHBIX BOJIH
PQH )41 PQB C IOCTaTOYHOM IS MPAaKTUKU TOYHOCTBIO TAKKC MOKHO CHHUTATh PABHBIMH.

[Tpu ycnoBuu (20) cootHomenwue (18) MOXKHO mepenucarh B BUIE

K,D (r ,z)—K D (r ,z)
~ t B—~B\'H H—H\H t —
o 2% o 2D [ 2 KDy )) P 2)
=(PQH(rHaZ)+Y1(rH’Z)'

Ecnu npunsath, uto Hapsny c (20) BeimosiHsAeTCs M paBeHCTBO (21), Toraa B BeIpaKeHUH
i (aser 1-it BPY (22) ucue3aeT 3aBUCUMOCTD OT AUDPAKIIMOHHBIX M3MEHEHUH aMILTUTY
[IEPBUYHBIX BOJIH:

K,-K
—L 1 e, =(PQH(rHaZ)+Yl- (23)

ocl(rH,z)z (pQH(rH,z)+ arctg X K
B H

CornacHo (23) ucnonb30BaHUE Y3KOIMOJOCHOW HAaKauykKy MPUBOJUT K TOMY, YTO (pa3oBas

cTpykrypa mnons 1-ii BPY ¢ TOYHOCTBIO O NOCTOSHHOIO CJIAraeéMoro 7Yy, IOBTOPSET
TPOCTPAHCTBEHHOE pacTpenenenne (asbl OTAETBHO B3ATOH KOMIOHEHTEI: @, (1, ,z) wim
Pz (rH,z). Bennuuna casura ¢asel y, He 3aBHCUT OT IPOCTPAHCTBEHHON KOOpAWHATBHI U

onmpeacIsICTCA TOJIbKO OTHOMICHUEM HAaYaJIbHBIX aMIIJIUTY OOKOBBIX COCTaBJIAIOIIUX CIICKTpa

Hakauku P, /P, = K, /K, ¥ Ha4anpHOM BeIMIMHON (Hha30BOro HHBApHAHTA [, .

3aMeTI/IM, 4TO BTOpPOC CJlaraCMoOC B BBIPpAXKXCHUU (23) NPUHUMACT KOHCYHOC 3HAUCHUC B

cllyyae acMMMeTpuM aMmIumityaHoro (K, # K,) u ¢aszooro (3, #0) crnekTpoB HaKaykKH.
Hanporus, B ciyuae K, =K, paBeHCTBO 7Y, =0 BBIIOJIHIETCS BHE 3aBUCHUMOCTHU OT
BeJIMUUHBl [3,, U TpocTpaHCTBeHHble HabOern ¢aspl 1-ii BPY (xl(rH,z) OIPELEAI0TCA

TudpaKkIMOHHBIMU (Da30BBIMH HAOETaMHU B OTACIIBHO B3SITOM €€ KOMIIOHCHTE:
O(‘l(rH’Z)z(pQH(rHﬂz)E(PQB(rH’Z)' (24)
MexaHu3M HOSBIEHUs JONOJHUTENIBLHOrO ciaBura ¢aspl Yy, HPOWLIIOCTPUPOBAH Ha
npuUMepe BEKTOPHBIX JUarpaMM, OTpaxkaronmx mnporecc (opmupoBanus 1-it BPU
BXO[SIMMM B €€ COCTaB KOMIOHeHTamu FP,, u F,;, puc.2. Ilockonbky
Py, ~(P,P,=P’K,)u Py,~(P,P,=P’K,), 10 B ctydae K, = K, JIMHBI BEKTOPOB P, U
P,, Taxxke paBHBI, a UX cyMMa (BEeKTOp F,) mpH J1t000M 3HaueHHH (ha30BOro MHBAPHAHTA
COXpaHseT CBOE HallpaBJIeHHE Hen3MeHHbIM (yroa 0 ), puc. 2-B. Ilpu K,, # K, HepaBeHCTBO
aMIUIMTYJ KOMIOHEHT P,, u F,, TNPUBOJUT K MOSBICHUIO JONOJHUTEIHLHOIO MOBOPOTA
BeKTOpa P, Ha yroia vy,, puc. 2-a u puc. 2-0. BunHo, uto B cimyuae K, >> K,, UMeeT MeCTO

Y, =By, anpu K, << K, nomydaem v, —>(—[30).
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Pop << Pop,
\ p P >> Pgn, (Kg << Kp);
1 @ (KB >> K[[); ])g;[; Y11= (_ Bi]) M

Y1 = B[r

AN Pou = Pgg,
N (Ku=Kg);
Pop S y1=0

Puc. 2.

BeKTOpHBIe AuarpaMmel,
HIUTIOCTPUPYIOIIHE BIUAHNUC

COOTHOHICHUSA aMIIJINTY ] KOMIIOHCHT

P, n P,; Ha BeJIMYMHY HAYaJIbHOU
¢assr 1-it BPY

/
Pon /

B)

Vurem cootHomenus (20) u (21) B orHomeHun ammiauTyael 1-ii BPY, uro npuBoaut k
CJIEAYIOUIEMY BBIPAKECHHIO:

Po(ry»2) = B2D, (ry, 2 WK + K2+ 2K, K, cos(2B,) - (25)

OueBugHo, uto nmpu K, = K, TPOCTPAaHCTBEHHOE pacmpeaeieHue ammutyast 1-i BPY

IMMOBTOPSACT aHAJIOTHUYHOC IMOBCICHUC OJIHOH U3 ee KOMITOHCHT, HAIIPUMCP DH (I’H , Z),

PQ(VH’Z)zZB)ZKHDH(VHvZ)'COS(Bo)’ (26)

a a0COJIIOTHOE €€ 3HAuCHHE HAIlIpAMYIO 3aBUCUT OT Ha4YaJIbHBIX (I)aBOBLIX COOTHOILICHUM B

CIICKTPC HAKA4YKH, T.C. OT BECJINIHNHBI (1)8.30B01"0 HWHBAapUaHTa BO .
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4. YUCJIEHHBIN AHAJIN3 TEOPETUYECKOM MOJIEJIU

O cmpaBeanmuBOCTH OTMEueHHBIX gomymenudd (20) u (21) MOXHO CyauTh IO

MPOCTPAHCTBCHHBIM PACIIPCACIICHUAM aMIUIATYd U Ha0eros (bas OTACIBbHBIX KOMIIOHCHT 1-1

BPUY, paccunranusiM 1o BeipaxkeHusM (8) u (9), puc. 3 u puc. 4. Habmronaemble pa3nudus

Mexay P, (r,,2) u Po(ry.z), @au(ry.z) m 0g(r,,z) ssismores cnexncrsuem

HCCOBITAACHUA BOJIHOBBIX Ppa3MCpPOB M3JIYUATCIId I BOJIH HAKAa4YKU, YYAaCTBYIOIIHUX B

TCHCpAllU 3THUX KOMIIOHCHT, KOTOPLIC, KaK BHUIHO, YMCHBLIIAIOTCA C YBCINMUYCHUCM )]

(xpuBsie 1 u 2).

p P
}l.lfl.[%-"iF QBmax 1
1 ¢ 2

0,75

Poy — nuHuA
Pop — Toukn

Ku=Kg
r=0

I
D =

oo

L0, /Q
L0y /Q

0,5

3 5]
‘IEEII.]i”’Lzllmux

l.we /Q=10
2.0,/Q=20
Py — nHUA

Pgp — TOUKH

6)

10 I/a

Puc. 3. OceBbie u mornepevyHbie pacpenaeseHrs aMIUTATy ] KoMIoHeHT 1-it BPY
npu K, = K, ¥ pa3nnuasix 3HadeHusx O = @, /Q

0,5
2
0,25
1 1 1
0 5 10 15 z
a)
Apq,
3+ opao
K=1
1 r=0
1. o .-"Q =10
2 F 2. o /Q2=20
2
l L
| 1 |
0 5 10 15 Y/

(%]

Apg,
2pad

K=1

z=10
l.w, /=10
2.0, /Q=20

10 ['f'fi'l

Puc. 4. OceBble n onepeyHkle paclpeaeieHus pa3sHOCTH JU(PaKIMOHHBIX Haberos (a3
y kommnoHenT 1-it BPU nipu K = K, /K,, ¥ pasnmuunbix 3Ha4eHnsx @ = o, /Q

A. M. laspunos
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Brnusiare (a3oBeIX COOTHONICHHI B CHEKTPE TPEXYaCTOTHOW Hakayku Ha mojie 1-it BPY
MOKa3aHO Ha PHC. 5, T/Ie B KayecTBE MapaMmeTpa BHICTYIAeT HadallbHOEe 3HaueHHe (ha30BOTO
UHBapHaHTa 3. AMIUIUTYJHBIH CIIEKTp HAa4aJIbHOIO BO3MYIIEHUS cuMMeTpuueH (K, =K, )

M OCTaeTcsl HEeM3MEHHBIM JUIS BCEX TPUBEIEHHBIX 3aBUCHMOCTEH. MakcUMalbHOE 3HAYEHHE
ammmutyna BPU mpunumaer npu B, =0, m,..., #T, KOTJa KOJJIMHEAPHO M CHHXPOHHO
pacmpocTpaHsomuecss BodHbl P, ¥ P, cuH}a3Hbl (¢ TOYHOCTHIO 1O MANOH BETHYHHBI
AQ,,) 1 IPOHCXOIUT X croxkenue. HaoGopor, B ciyuae B, = /2, 31/2,..., (2n+1)n/2 u3-

3a HPOTUBOIIOJIOKHBIX (1)33 9THW BOJIHBI B3aWMHO BBIYUTAIOTCA, NPUBOASA IIPAKTUYCCKH K
MpeKpaiieHuto reaepamnuu 1-it BPY.

Takum 00pa3om, Npu U3MEHEHHH (A30BOr0 WHBAPHAHTA OT HYJNsS A0 7/2 TPOMCXOIUT
MOCTeTNIEHHOE CHIXEeHUE 3((PeKTUBHOCTH HenumHeWHoW reHeparuu BPY or MakcumanabHO
BO3MOHOT'O 3HaueHUs (A1 (PUKCHUPOBAHHBIX NAPAMETPOB MCXOJHOIO BO3MYILEHUI ®©,, D,

Py u K, ;) 10 HEKOTOPOrO MUHUMyMA. J[aHHas 3aBUCUMOCTb OT [}, UMEET MEPHOANIECKUI

XapakTep, 4YTO BUAHO U3 BbIpakeHUs (26), M XOpOILO COINIacyeTcsl C pe3yibTaTaMu
3KCHEepUMEHTa [7].

!}Q hn!.lmux ( BH:O) l. [}" — {}1 T f)n f{’;lm"x (B”:O) l. |3|] =0,
N B 't 2 o=
3, B” — 37{:"‘4 ®o JQ =10 ®n Q=10 3. [3” = 3]"[’4
;| 4. Bo=3n/8 Ku =Ky Ku =Kz 4. Bo= 3Tt.-".H
0.75 5. Bo=5m/8 r=0 075+ z=10 5. Bo=5n/8
g 6. o= 2

0,25

Puc. 5. OceBrle n nonepeynslie pacupeneneHns aMmnTy sl 1-ii BPY
npu K, = K, ¥ pa3In4HbIX 3Ha4EeHUIX (a30BOro MHBapHUaHTa 3

Henonnas xommencamust 1-it BPU npu B, =7n/2, 4T0 BHAHO HA NPUMEPE KOHEYHBIX

3HAYCHUW €€ aMIUTUTYAbl (KpUBbIC 6 Ha pHC. S), TPOHUCXOIAWT B pe3ylbTare YacTOTHO-
3aBHCUMOTO XapakTepa IU(PPaKIMOHHBIX M JTUCCHUIIATHBHBIX TNporeccoB. HecmoTps Ha
OJM30CTh YaCTOT BOJIH HAKAa4YKH, BKJIAJ] STHX MPOIECCOB OTIMYACTCS ISl KOMIOHEHT P, U
P, , uTO BUIHO Ha puc. 3 u puc. 4. Habmogaemoe Ha puc. 5 HecoBNnaJieHUe KpUBBIX 2 U 3, a

TakXke KpHUBBIX 4 M 5, MOCTPOEHHBIX NPU OAMHAKOBBIX pacCTpoilkax (a3oBOro MHBapHaHTa

OTHOCHTENBHO [3, = T/2, MPOMCXOAUT W3-3a HEpaBeHCTBA MU(MPAKIHOHHBIX HaOeroB (a3

Poy (FH’Z) H (PQB(rH’Z)'
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C yBenuueHneM 4acTOTHOro napamerpa @ mpu yclnoBUM ®, = const IIMPUHA CIEKTpa

BOJIHBI HaKa4yKW CYXKaCTCiA, MNPHUBOAA K YMCHBIICHHIO pa3n1/11n/1171 B IIPOCTPAHCTBCHHBIX

paclpeaciICHusX IIEPBHYHBIX BOJH € YaCTOTaMH ®,, ®O, H 0p. OTO B CBOIO ogyepeab

MPUBOANT K Ooyiee CTporoMy BbITIONTHEHHUIO paBeHCTB (20) u (21). B pesynbraTte ypoBeHB
octatrounoro nojis 1-i BPU B pexume ¢azoBoro 3ampera mo mMepe pocta BeIuduHbl @D
JIOCTAaTOYHO OBICTPO CHaJacT, CTpPEeMsICh K Hymo, puc. 6. B pamkax paccmarpuBaeMoit
TEOPETUUECKONH MOJENIU 3TO COOTBETCTBYET IMEPEXoay OT BbIpaxkeHHUs (19) mist aMmiuTyast

BPY, yunThIBaoIIero HepaBeHcTBO moneil P, (r,,z) m B, (r,,z), k Gomee mpocromy

COOTHOIIIEHUIO (25), TAe ATH pa3Iuyus CTAHOBSTCS IPpeHeOpekuMo ManbIMu. Ha monepedHbix
pacmpeneneHusx, puc. 6-0, TMPOCIEeKUBACTCS  TpolecC  “‘ypaBHUBAHHS ~ YTJIOBBIX
3aBUCHUMOCTEH TMoyield NBYyX KOMMOHEHT mpu @ > 20, 4To MposBIAETCS KaKk B OBICTPOM
YMEHBIIICHUH OCTAaTOYHON aMIUIUTYbl, TaK M Ha TpPUMEpe MOCTENEHHOTO0 HCUE3HOBEHUS

XAapPaKTCPHBIX CTYIICHCK Ha OOKOBBIX CKaTax XapaKTCPUCTUKU PQ (I’ "y )

Po IPopas (P =10 Po IPopae (P =10
b @ /1 ( ) 1. D =0, /Q=10 1 F o /P camas ( ) Lo- ®0/Q=10
Bo=m/2 2 d=15 2. w0 /Q=15
Ky =Kg 3. db=20 3.00/Q=20
r=0 4. d =30 ) 4. 0,/Q=30
0,75 5. ¢ =40 0,75 - 5. 0, /Q=40
Bo=m/2
0.5 05 Ki =Kg

z=10

Puc. 6. OceBbie u monepevHbie pacnpeneneHus aMiuTyasl 1-it BPY B pexume
azosoro 3anpera (B, = n/2) npu K,, = K, u pasnndubix 3Hadenusax ® = m,/Q

bonee neranpHO MexaHu3M “‘3anpeta’ renepauuu 1-ii BPU moxHO npocnenuts, co3naBas
HEeOOIbIIINe U3MEHEHUS! AMIUTUTYIHBIX U ()a30BBIX COOTHOIIEHUI B TPEXYaCTOTHOW HaKayKe.

Ha puc. 7-a moka3zaHo ceMeHCTBO OCEBBIX pacmpeneneHuit F, (z), paccuMTaHHBIX U psAa
3HAYeHUH (ha30BOr0 MHBAPHAHTA B OKPECTHOCTH P, =7/2. AMIUIUTYIHBIE COOTHONIECHHUS
K =K, /K, non0upannch u3 ycuoBHs MOTyYCHHs HyJICBBIX 3HAYECHHI aMIUTMTY bl BuHo,
YTO paBHbIC 10 BEJIUYMHE IpHUpAIlEHUs MHBapuaHTa AP, == 09" u + 1,1° MPUBOJAT K
Ka4eCTBEHHO pa3JIMYHOMY IOBEJIEHHIO P, (z), yKa3blBasg Ha TPUCYTCTBHE KOHEYHOTO
3Ha4YeHus Habera Qa3 A(pg(r,z), BEJIMYMHA U 3HAK KOTOPOTO ONpEAENSIOTCS Audpaxiuent

Iy4yka U He 3aBHCAT OT f3,. OTMeTHM, 4TO (POPMUPOBAHHE U U3MEHEHUE MECTOIOJI0KECHUS

A. M. laspunos
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JIOKaJIBHOM 00J1aCTH C HyJIEBOM aMILIUTY/I0H HAa OCEBOM paclpeeeHru aMIuuTy bl 1-it BPU
MOCPEACTBOM HE3HAYUTENIbHBIX WU3MEHEHUH CUMMETPHUM aMILUIUTY]] OOKOBBIX COCTABIISIOIINX

cnektpa Hakauku (1...2%) u ¢asosoro umBapuanta (AP, <3°) mnabmopanocs B

JKCIIepuMeEHTe [8].

P(l H,f_zm;lx ([j[|=0) 1. B(.=9{]”L K=1 ’“!.2 |.Z:7,|1BU=(I
2' Btl - )U.{)"l }\' - I,(B ‘P‘..'In'.l\ {Bfl e 0) 2.z= :"l s E’U = K}‘L")”
C Ko ] 3. Bo=289,1"; K=1,03 3.2=5 Py=889"
" K=Ky /Kg y B“ 89, o 1 4 o= 10 i q
0,03 ®0/Q=10 4. Po= 91.]“; K=1,02 0.02 - 4.2=10; By=889
=0 5 Pe=889" K=1,02 1
6.By=914" K=1 P 0
7. By =88,6" K=1 (Pq 20) K=102

oy Q=10

0,02 H
0,01
\\
0,01 ™~ ~
A ~
\ \__5 \\/7 —_——
ALY \( ~ _,,_,.-—"‘""-F:_...—r'-“-‘_'_'_r
3)‘\\ \‘\ /,—‘tk’____--“' —_——
N~ TS T -7 0
0 5 10 15 z -20 -10 0 10 20 r/a
a) 0)

Puc. 7. OceBrle 1 nonepeunslie pacupeneneHus aMmutyast 1-it BPU B pexume
¢a3oBoro 3ampera nNpu U3MEHEHUH aMIUTUTYJHBIX U ()a30BBIX COOTHOIICHHUHA
B CIIEKTpE HaKaYKU

WutepdepeHonHbii  xapaktep GopMHpoBaHUs pe3yibTupytomero mons 1-ii BPY,

IPE/ICTABISIONIEr0 co0OM HE YTO MHOE, KakK cymneprnosuuuio noneit P,, u F,;, BUAEH Ha
npuMepe MONEepPEYHbIX paclpeieleHuil aMIuIuTyasl B, (rH), pacCUMTaHHBIX ISl TpeX
pacctosiHuit oT m3nydarens (z =5; 7,1; 10), puc. 7-6. JlokanpHBI MaKCUMYM Ha KpUBOl 3 B
MIPUOCEBOM 00JIACTH MydKa Ha MAJIbIX PACCTOSIHUIX OT u3nyuatens (z <7,1) neMoHCTpupyer
JOMUHUPOBaHWE KOMIOHEHTHl F,, Haa P,,. Ilpu r, >2 curyanus oOpaTHas, T.e.
P,, > P,;. Ha paccrosnun z=71 u r, =0 aMImiauTyabl KOMIIOHEHT OKa3bIBaKOTCS

paBHBIMH, B PE3YJIBTATC YETO IMPOHUCXOIUT UX ITOJIHOC B3aMMHOC BBIYUTAHHUE U O6p330BaHI/Ie

HYJIEBOM TO4YKH, KpuBasg 2. Ha paccrosmusax z >7,1 HepaBenctso F,, > F,; HMeeT MeCTO
IpU JIIOOBIX 7, , KpuBas 4. [y cpaBHEHUS aOCOMIOTHBIX 3HaUeHUH aMmuTyasl 1-it BPY npu
pasHbIx pexumax paborsl HAW kpuBoil 1 mokasano pacmnpenenenue F, (rH) npu B, =0 c
yderoM  MHOXuTens  1/20.  DKClepuMEHTAlbHbIe  3aBHCHMOCTH,  aHAJOTHYHbBIE

pacmpeneneHusM Ha puc. 7-0, ObuTH moTydeHbl B padote [8].

5. AMIUIMTY JHO-®A30BbIE XAPAKTEPUCTHKM ITEPBOM TAPMOHMKU BPY

v

AmruutyiHO-(ba3oBeie  Xapaktepuctuku (AD®X) 1-t BPU mnpencraBnsior  coOoi
3aBUCUMOCTh €€ aMIUTHTYIbl OT BEJIWYHMHBI ()a30BOTO MHBAPHAHTA TPEXYACTOTHOW BOIHBI

Hakauku f3,. A®DX, paccuuransHele coryacHO (19) anst pa3HBIX 3HAYEHUH YaCTOTHOTO
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napamerpa ® =®,/C) OpU YCIOBUM CHMMETPHH HAYaJIbHOrO AMIUIMTYJHOTO CIIEKTpa
Hakauku (K, = K, ), mokazaHsl Ha puc. 8-a. 3aBUCUMOCTH F, ([30) HMEIOT SIBHO BBIPa)KEHHBIN
NIEPUOMYECKUN XapakTep ¢ MUHHMyMamu npu 3, = 7/2, 37/2,.. U MakcUMyMamu TpH
B, =0, m,... HecioxHo yOenuThCs, 4TO MPHU U3MEHEHUH B IIMPOKUX Mpefesax pasHOCTHOU

gacToThl () (mwmm mapamerpa @) ADX 10CTaTOYHO XOPOIIO OMHUCHIBACTCS YIPOIIEHHBIM
BBIpaKeHHEM (26). DTo cormacyercs cO CiaydaeM B3aUMOJICHCTBUS OJHOMEPHBIX BOJH H
pe3ybpTaTamMu dKcrepuMenta [9].

I“E..! ﬁjumux [I'_))“:O) . P=w,/ Q=10 1'“{2 | d=10

1 2. 0 Q =15 P gnax (Bo=0) 2 =20
3.(!Jr1."'Q_20 0.03 3
Ky =Ky 4.0,/Q2=30 e

z=10
r=0

/Q =80

2@y

0,02

0,01

\/ 0 )
0 90 18 270 Po, apao. 86 88 90 92 By, opao.

Puc. 8. AMmuntyaHo-¢da3osblie xapakrepuctuku 1-it BPUnpu K, =K,
z=10, r =0 u pasnuunbix O = ®,/Q

Bnusinue nudpaxium nposiBisieTcs TaaBHBIM 00pa3oM B o6iactu MEHUMYMOB ADX, uTto
oTpakeHO Ha puc. 8-0. BuaHo, uTto nomomHUTENbHBIE HaOeTH (a3, BbI3BaHHBIC AU(paKIren
Iy4Ka, MPUBOJAT K CMEIICHUIO MAHMUMyMa B CTOPOHY MEHBLIMX, YeM [, = 7/2, 3Ha4eHuit
(da3oBoro MHBapHaHTa. BenuumHa 3TOro CMELIEHHs BO3pAaCTaeT IO MeEpE YBEJIUYECHHUS
4acToThl ), OTpaXkash YCUIUBAIOIINECS Pa3Inuus TU(PpaKkIIMOHHBIX TpoiieccoB (HaderoB (a3)
y BOJIH HAaKauyK{ C 4YacTOTaMH ®,, ®, U ®,. B moATBepk/aeHHe AaHHOTO BBIBOAA OOpaTHM
BHMMaHHE Ha TOT (aKT, uTo OMKe Beex K B, = /2 Haxomutcs munumym y ADX 1-if BPY,
reHepupyeMoil Hambonee y3komoiocHoi Hakaukoil (@ =80). [Momumo cmemenus ADX
BIOJIb TOPH3OHTAIBHONW OCH NpH yMeHblieHnH O =®,/C) pacTer W amIUIMTYja BOJIHBI B
00J1aCTH MMHUMYMa. OTO SBJISIETCS CIIEACTBUEM YCWJIEHHUS Pa3iIMuUil MPOCTPaHCTBEHHBIX
pacrpesiesieH il aMmnTy 1 komronent 1-it BPU P, (r,,z) u By, (r,,z), KOTOpEE B CBOIO
ouepeib 00YCIOBIEHBl POCTOM OTIMYUHN MEKIY MOJSIMH NEPBUUHBIX BOJH [8]. AHamoruuHble
cMmeneHnst MUHUMYMOB ADX 1pHu U3MEHEHUH Pa3HOCTHON YacTOTHI SIBHO MPOCIIEKHUBAIOTCS B
skcnepumenre [10].

[TockonbKy pexuM (a30BOTO 3ampeTa MpeAroaracT 0JHOBPEMEHHO OallaHC aMIUTUTYI U
Oananc ¢a3 (19) B paccmarpuBaeMoil TOUKe MPOCTPAHCTBA, T. €.
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PH(rHaZ)'DH(rHaZ):PB(VHaZ)'DB(rH’Z); (27)
2By + A0 (1, 2) =, (28)

TO HEBBIIIOJIHEHHE OJHOI0 W3 ATUX YCJIOBUM OyIeT NMPHUBOAMTH K KOHEUHOMY 3HAYCHMIO
amrmutynbl 1-it BPU B obmactn munmmyma ee ADX. Tak, Hanmpumep, NMpu BBITOTHECHUH
ycioBus (28) HEpaBEHCTBO MEXy aMIUIUTYJaMH KOMIOHEHT P, U F,, NPUBOIUT K TOMY,
yTto AD®X npuHUMaeT BUJ, OKa3aHHbIN Ha puc. 9. [Ipu 3T0M MeCTOONOKEHNE MAKCUMYMOB
U MUHHUMYMOB XapaKTEpUCTUK MPAKTUYECKU HE MEHSIOT CBOETO IMOJIOKEHHS OTHOCUTEIIBHO

ocu B, . CrulomHBIMU JIMHUSAMH U TOYKaMH Nokazanel ADX, oTHOCAIIMECS K ClTydasiM, KOTr/ia

aAMIUIUTY 16l OOKOBBIX COCTABJISIFOIIMX B CIIEKTPE HAKaYKU, OCTaBAsIChb HEPABHBIMU JIPYT APYTY
(K, # K;), noouepeJHO JOMUHUPYIOT APYT HaJ APYrOM, COXpaHsAs MEXIy coOOW paBHBIE
cooTHoweHus. [Ipy 3TOM pasnnumns Mex1y KpUBBIMH, IOKA3aHHBIMU CIUIOIIHBIMH JIMHUSAMU U
TOYKaMH, U3-3a BIMSHUS TUPPAKLUU BECbMa Majbl, YTO MOATBEPKIAET Pe3ysbTaThl pacueTra
s aByx apyrux moxaened HAM — wmogenn BectepBenbta v Mojenu “pynopHOro”
HenuHenHoro usnyyarens [10].

llr)\Q H".lm:m b=wp,/Q=10
1 z=10
r=0
075 Puc. 9.
AMIUTUTY THO-(a30BbIC
K=025ud xapaktepucTuku 1-it BPU npu
05 K=05n2
3.K=0,8u1.25 ®=10,z=10,r=0m
4 K=l pasmunbix K =K, /K,
025
4
0 90 180 270 Bo , apao.
3AKJIFOYEHUE

B pamMkax NpoBeIEHHOr0 pPAacCMOTPEHUs MpEeAJIoKEeHa Teoperudeckas monaens HAU,
YUUTBIBAIOIAs TUPPAKINIO U TUCCUTIAIINIO TIEPBUYHBIX U BTOPHUUYHBIX BOJH MPU HETUHEHHOM
reHepauuu 1-ii BPY TpexuacTOTHOI BOJIHOM Hakadykd € CHMMETPUYHBIM YacCTOTHBIM
CHEKTPOM U MPOU3BOIBHBIMH aMIUIUTYTHO-(a30BBIMH COOTHOLICHUSIMH, B paMKaxX KOTOPOM
1. mpocnexxeHo BIUSHME aMIUIUTYZHOTO M (a3oBOro
1-i  BPY,

OCHOBHBIE 3aKOHOMEPHOCTH, IpUCyIe ApyruM mozaensm HAU;

CIICKTPOB HaKa4YKH1 Ha

IIPOCTPAHCTBEHHBIE  XaPAKTEPUCTUKU KaueCTBEHHO IOATBEP KAAIoIIee
2. Ha IpUMepe NPOCTPAHCTBEHHBIX XapakrepucTuk 1-i BPU u Bxoamsmux B ee cocTtaB
KOMIIOHEHT TOKa3aHO, 4TO AU(paKIOHHbIE HAaOberd (a3 ¥ U3MEHEHUs aMIUIMTY]l BOJH
HAKa4yKH OKa3bIBAIOT CYIIECTBEHHOE BIMSIHUE Ha peau3aliio pexxuMa $pa3zoBoro 3amnpera,

MIPENATCTBYS [TOJIHOMY ToaBiieHnio BPY;
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3.

WCCJIEIOBAaHO BIIMSHUE YaCTOTHBIX COOTHOIIeHUH (mapamerp @ ) Ha MpOCTpaHCTBEHHbIE
pactipeaenenus u ADX, nmoaTBEpAMBINEEe YCUICHUE POJIU AUPPAKITMOHHBIX MPOIIECCOB
Ha popmupoBanue noss 1-it BPY mo Mepe pacmipenus crieKTpa HaKavku;

BBISIBJICH PsIT 3aKOHOMEpPHOCTEH B moBenaeHnu 1-ii BPU, BeI3BaHHBIX mudpakiyen myJka,
KOTOpBIE COTTIACYIOTCS C Pe3yJIbTaTaMH SKCIIEPUMEHTA.
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