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The acoustic radiation field of the piezoelectric transducer in the form 
of a one-dimensional phased array 

Eop11COB B.H., CepreeB C.C., npoKoneHKO E.H. 

Borisov V.I., Sergeev S.S., Prokopenko E.N. 

8 pa6oTe rrpe,D,cTa8JieHa MaTeManFieCKaR MO,D,eJih rrpeo6pa3o8aTeJI51: 8 8H,D,e O,D,

HOMepHOH cpa3Hp08aHHOH perneTKH. Tip08€,ll,€H pacqeT IIOJI51: H3JI)l'I€HH51: rrpeo6-

pa308aT€JI51: IIpH pa3JIHqHOM C,ll,8Hf€ cpa3 M€}1{,/J,y 3JI€M€HTaMH perneTKH, a TaK)I{€ 

pacqeT IIOJI51: H3JI)l'I€HH51: 8 3a8HCHMOCTH OT KOJIHqeCT8a 3JI€M€HT08 H qaCTOThl 

reHepHpyeMhiX KOJie6aHHH. 

The paper presents a mathematical model of the converter in the form of a one
dimensional phased array. The calculation of the radiation field of the transducer at 
different phase shifts between the lattice elements, as well as the calculation of the 
radiation field depending on the number of elements and the frequency of generated 
fluctuations. 

YJibTpa3BYKOBbie MeTO,[\bl Hepa3pyruaiOII.J,ero KOHTpOJI.H B HaCTO.HII.J,I1e 

BpeM.H HaXO,[\.HT ll111pOKOe np11MeHeHI1e ,1:\JI.H ,[\e<}:>eKTOCKOlll111 pa3JIW:IHbiX 

MaTep11aJIOB 11 113,[\eJII1H B npo~ecce 11X np0113BO,[\CTBa 11 3KCnJiyaTa~l111. 

0,[\HOH 113 BaJKHeHll111X xapaKTep11CTI1K, BJII1.HIOII.J,I1X Ha 11H<}:>OpMa~I10HHbie 

B03MOJKHOCTI1 11 ,[\OCTOBepHOCTb KOHTpOJI.H, .HBJI.HeTC.H aKyCTW:IeCKOe llOJie 

11CllOJih3yeMbiX npeo6pa3oBaTeJieH 11 ero apeMeHHbie napaMeTpbi [1, 2]. 
B nocne,[\HI1e rO,L\hi ace 6oJihrnee np11MeHeHI1e B aBTOMaTI1311poaaH

HhiX 11 MeXaHI1311pOBaHHbiX CI1CTeMaX Hepa3pyrnaiOII.J,ero KOHTpOJI.H Hax0-

,1:\.HT YJibTpa3BYKOBhie <}:>a311poBaHHbie perneTKI1 

<Pa311pOBaHHOH perneTKOH Ha3biBaiOT npeo6pa30BaTeJih B Bl1,[\e 113Jiy

qaiOII.J,I1X 11 np11HI1MaiOII.J,I1X YJibTpa3BYK 3JieMeHTOB, pacnoJioJKeHHhiX Ha 

onpe,L\eJieHHOM paccTO.HHI111 ,1:\pyr OT ,1:\pyra. Bo36yJK,L\aiOII.J,I1e 3JieKTp11qe

CKI1e 11MnyJihChi Ha 3JieMeHThi no,[\aiOT co C,L\BI1roM <}:>a3hi (apeMeH11). AHa

JIOrl1qHbie 3JieKTp11qecKI1e apeMeHHhie 3a,[\ep1KKI1 ,1:\JI.H KaJK,[\oro np11HI1-

MaiOII.J,ero 3JieMeHTa BBO,[\.HT B np11eMHbiH TpaKT. H3MeH.H.H C,[\BI1f <}:>a3hl, 

ynpaBJI.HIOT aKyCTI1qecKI1M non eM npeo6pa3oBaTeJI.H. HHor ,[\a TaKJKe 113Me

H.HIOT aMllJII1TY,L\bl Cl1rHaJIOB, llO,[\aBaeMbiX Ha pa3JII1qHble 3JieMeHTbl 11 

CHI1MaeMbiX C HI1X [1]. 
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B pa6oTaX [3-5] paCCMOTpeHbl OCHOBHbie npHH~Hilbl cpOpMHpOBaHHH 

CHrHaflOB flHHeMHOfO npHMOfO npeo6pa30BaTenH C cpa3HpOBaHHOM pe

rneTKOM, co,n;ep)Kall.\ero 4, 16, 64, 128 3neMeHTOB, a TaK)Ke npose,n;eHbi pac

'-leTbi p;MarpaMM HanpaBneHHOCTM B 3aBMCMMOCTH OT '-IHCna H3JiyqaiDI.l\HX 

3JieMeHTOB, pa3MepOB perneTKH H paCCTOHHHH ,li;O Hee C yqeTOM BpeMeH

HOM 3a,n;ep)KKM npM no,n;aqe MMIIYJihCOB Ha 3JieMeHThi perneTKH. 

KaK cJie,n;yeT M3 pa6oT [1-5], o6hi'-IHO ,n;JIH pacqeTa aKycTH'-IecKoro no

JIH cpa3MpOBaHHbiX perneTOK MCI10Jib3YeTCH TeOpHH ,li;McppaKI.\MM CBeTa Ha 

OIITM'-IeCKMX ,li;HcppaK~HOHHbiX perneTKaX. llpH 3TOM BbiiiOJIHHlOTCH YCJIO

BHH, IIpM KOTOpbiX nepMO,ll; ,li;McppaK~HOHHOM perneTKH npeBbilliaeT ,li;JIHHY 

BOJIHbl ,li;McpparMpyiDI.l\efO Ha perneTKe M3JiyqeHMH H Ka)K,ll;afl TO'-IKa BOJIHO

BOfO cppOHTa B IIJIOCKOCTH ,li;HcppaK~MOHHOM perneTKH HBJIHeTCH MCTO'-IHM

KOM ccpepH'-IeCKOM BOJIHbl, '-ITO He B IIOJIHOM Mepe COOTBeTCTByeT M3Jiyqe

HMlO aKyCTM'-IeCKMX BOJIH, TaK KaK 3JieMeHTapHbiM H3JiyqaTeJib aKyCTH'-Ie

CKHX BOJIH HBJIHeTCH KOCHHYCHbiM. 

B ,n;aHHOM pa6oTe npe,n;cTaBJieH '-IHCJieHHhiM aHaJIM3 oco6eHHOCTeM 

aKyCTH'-IeCKOfO IIOJIH H3JiyqaiOI.l\efO npeo6pa30BaTeflH B BMp;e cpa3HpOBaH

HOM perneTKM, pacnoJIO)KeHHOM B IIJIOCKOCTM XOY, co,n;ep)Kall.\eM 16, 32 H 64 
3JieMeHTapHbiX H3JiyqaTeJieM C nepMO,li;OM 1 MM, pa3MepaMM 0,5x10 MM, 

Harpy)KeHHbiX Ha BO,ll;y H pa6oTalOI.l\MX B HenpepbiBHOM pe)KMMe Ha pa3-

HbiX '-laCTOTax. 

PacqeTHafl cxeMa npeo6pa3oBaTeJIH B BM,n;e cpa3HposaHHOM perneTKH 

npep;CTaBJieHa Ha pMCYHKe 1. 
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PHcyHoK 1. CxeMa ~JUI pacqeTa aKycTH'IecKoro noJifl npeo6pa3oBaTeJifl 
B BH~e <f>a3HpOBaHHOH perneTKH 

HEPA3PYIUAIO~HH KOHTPOflh l1 ~HAfHOCTHKA NQ 1, 2018 



_______________________________ HAYqHbiEOYEnHKAQHH 

Pe3yJihTHPYIOI..l.\a.H CHJia p;aaJieHH.H B TOl..IKe A c Koopp;HHaTaMH X, Y, Z 
6yp;eT orrpep;eJI.HThC.H HHTerpaJioM: 

F(X,Y,z) = J~ cos<p( cos( cot-kR-\jl) )ds, 
s 

(1) 

rp;e R- paccTO.HHHe OT 3JieMeHTapHoro H3JiyqaTeJI.H IIJIOI..l.\ap;biO dS = dxdy, 

paCIIOJIOJKeHHOrO B TOl.JKe C KOOpp;HHaTaMH X, y, p;o TOl.JKH A; 

k = 2:- MO,IJ;Yllb BOJIHOBOrO BeKTOpa (BOJIHOBOe l.JHCJIO); 

.A- p;JIHHa BOJIHhi B MaTepHaJie cpep;bi, r p;e pacrrpocTpaH.HeTC.H aKy

CTWieCKa.H BOJIHa; 

Po- aMIIJIHTyp;a aKyCTHl..lecKoii BOJIHhi Ha ep;HHHl.JHOM paccTO.HHHH 

OT 3JieMeHTapHoro H3JIYl..laTeJI.H; 

5- 061.1.\a.H IIJIOI..l.\ap;b BCeX 3JieMeHTOB cpa3HpOBaHHOH perneTKH; 

If/ - cpa3a. 

B 3TOM BhipaJKeHHH paccTO.HHHe ROT TOl.Jel.JHoro H3JiyqaTeJI.H IIJIOI..l.\a

p;biO dS = dxdy, pacrroJioJKeHHoro B TOl..IKe c Koopp;HHaTaMH x, y, p;o TOl..IKH A 

orrpep;eJI.HeTC.H cJiep;yiOI..l.\HM BhipaJKeHHeM: 

(2) 

B BbipaJKeHHH (1) Cl.JHTaeM, l.JTO OT 3JieMeHTapHoro 113JIYl.JaTeJI.H IIJI0-

1.1.\a,IJ;hlO dS 113JIYl.JaeTC.H ccpepHl..leCKa.H aKyCTHl.JeCKa.H BOJIHa, l.JTO He COBCeM 

COOTBeTCTByeT p;eHCTBHTeJibHOCTH. ,li,JI.H 6oJiee peaJibHOfO rrpep;cTaBJieHH.H 

BKJiap;a BOJIHbl, 113JIYl.JaeMOH 3JieMeHTapHbiM 113JIYl.JaTeJieM B paCCMaTpH

BaeMOH TOl.JKe IIpOCTpaHCTBa A, BBO,IJ;HTC.H K03cpcpHIJ,HeHT COS(/J, KOTOpbiH 

Yl.JHTbiBaeT HaKJIOH 3JieMeHTapHOH IIJIOI..l.\a,ll;KH K HarrpaBJieHHIO Ha pac

CMaTpHBaeMyiO TOl.JKy. 

3TOT K03cpcpHIJ,HeHT OIIpep;eJI.HeTC.H CJiep;yiOI..l.\HM BbipaJKeHHeM: 

(3) 

Torp;a c yqeTOM BhipaJKeHHH (2) 11 (3) cpopMyJiy (1) MOJKHO rreperrH

caTh cJiep;yiOI..l.\HM o6pa3oM: 
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Pact.JeT 3TOfO HHTerpaJia 6y~eM npOBO~HTb llJTeM t.JHCJieHHOfO HHTe

rpHpOBaHHH, Ha OCHOBe MeTO~HKH npHBe~eHHOH B pa6oTe (6). 
AMnJIHTy~a pe3yJihTHpyiOrn;ero ~aBJieHHH onpe~eJIHeTCH cne~yiOI.l.I;HM 

BhipaJKeHweM: 

P(X,Y,z)= 

nonyqeHHOe BbipaJKeHHe (5) ll03BOJIHeT Onpe~eJIH:Tb aMnJIHTY~Y 

~aBJieHHH aKyCTH:t.JeCKOH BOJIHW, reHepwpyeMOH ~a3HpOBaHHOH perneT

KOH, COCTOHI.l.l;eH H3 N nJiaCTHH, B JII060H TOt.JKe npOCTpaHCTBa. 

Ha pwcyHKe 2 npwse~eHo pacnpe,QeJieHwe aMnJIHTY~hi pe3yJihTwpy

IOI.l.l;eH BOJIHbl p B,QOJib OCH llbe30npeo6pa30BaTeJIH Ha pa3JIWIHbiX paCCTO

HHHHX Z OT llJIOCKOCTH perneTKH. Pact.JeT npOBe,QeH ,QJIH CJiyYaH paBHbiX 

aMnJIHTY.Q H OTCYTCTBHH C~BHra ~a3 aKyCTH:t.JeCKOH BOJIHbl Ha KaJK,QOM H3 

3JieMeHTOB perneTKH. 
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PHcyHoK 2. 3aBHCHMOCTb aMnJIHTYAhi pe3yJihTHPYIOI.I..\eH BOJIHbi 

BAOJib OCH llbe3onpeo6pa30BaTeml Ha pa3JIH9HbiX paCCTOf!HHf!X 
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H3 npHsep;eHHoro pHcyHKa BHp;Ho, qTo np11 H3MeHeHHH paccTOHHHH 

OT 0 p;o 140 MM Ha6mop;aiOTCH OC~HJIJIH~HH p;aBJieHHH aKyCTHqecKOM BOJI

Hhl, qTQ COOTBeTCTByeT 6JIH:>KHeM 30He nhe3onpeo6pa30BaTeJIH, a Ha pac

CTOHHHHX, 60JihliiHX 140 MM, Ha6JIIOp;aeTCH MOHOTOHHOe yMeHhllleHHe aM

nJIHTY,LJ;hl pe3yJihTHpyiO~eM aKyCTHqecKOM BOJIHhl, qTQ COOTBeTCTByeT 

p;aJihHeii 30He. 

XapaKTep H3MeHeHHH aKycTHqecKoro noJIH B 3aBHCHMOCTH OT cp;s11ra 

4>a3 Ha cocep;HHX 3JieMeHTaX <Pa3HpOBaHHOM peiiieTKH MO:>KHO npocJiep;HTh 

Ha pHCYHKe 3. 
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a- C,ll;BHf cpa3 Memp;y 3JieMeHTaMH <f>a3HpOBaHHOM perneTKH 0°; 6- C,ll;BHf cpa3 Memp;y 

3JieMeHTaMH <f>a3HpOBaHHOM perneTKH 30°; B - C,ll;BHf cpa3 Memp;y 3JieMeHTaMH 

cpa3HpOBaHHOM perneTKH 60°; r - C,ll;BHf <f>a3 Memp;y 3JieMeHTaMH cpa3HpOBaHHOM 

perneTKH 90°; ,ll;- C,ll;BHf cpa3 Mem,n;y 3JieMeHTaMH cpa3HpOBaHHOM perneTKH 120°; 
e - C,ll;BHf cpa3 Memp;y 3JieMeHTaMH <f>a3HpOBaHHOM perneTKH 180° 

PHcyHoK 3. Pampe,n;eJieHHe aMnJIHTY,D;hi pe3yJihTHPYIO~ei1: aKyCTH'IeCKOM BOJIHhi 

B OCeBOM llJIOCKOCTH cpa3HpOBaHHOM perneTKH npH pa3JIH"IHOM C,ll;BHre <f>a3 

Memp;y 3JieMeHTaMH perneTKH 
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Ha 3TOM p11cyHKe rrp11BeAeHo pacrrpep;eJieHI1e aMIIJII1TYAhi pe3yJihTI1-

PYIO~ei1 aKycTw-IecKoi1 BOJIHbi B p;aJihHei1 30He Ha paccTO.HHI111 200 MM OT 

perneTKI1, cop;ep:>Ka~ei:f16 3JieMeHTOB, ,li;JII1HOH BOJIHbl 113JiyqeHI1.H 1 MM, B 

ocesoi:f IIJIOCKOCTI1 XOZ, rreprreHp;I1KYJI.HpHoi1 p;JII1HHoi1 cTopoHe 3JieMeHTOB 

perneTKI1. H3 p11cyHKa 3 Bl1p;Ho, l-J:TO u,eHTpaJibHbiH MaKCI1MYM aKycTwie

cKoro rroJI.H cMe~aeTc.H OT oc11 rrhe3orrpeo6pa3osaTeJI.H no Mepe ysenwie

HI1.H C,li;BI1ra cpa3 Ha pa3JIJ11IHbiX 3JieMeHTaX perneTKI1, qTQ COOTBeTCTByeT 

OTKJIOHeHI110 aKyCTI1qecKOH OCI1 IIbe30IIpeo6pa30BaTeJI.H OT rreprreHp;I1Ky

JI.Hpa K IIJIOCKOCTI1 perneTKI1. Ha1160Jihrnee OTKJIOHeHI1e Ha6JIIOp;aeTC.H rrp11 

C,li;BI1re cpa3 180°, HO rrp11 3TOM B03HI1KaeT ,li;OIIOJIHI1TeJibHbiH MaKCI1MyM, 

paCIIOJIO:>KeHHbiH CI1MMeTp11qHQ OCHOBHOMy, OTHOCI1TeJibHO OCI1 IIbe30-

rrpeo6pa30BaTeJI.H, KaK 3TO B11AHO 113 p11CYHKa 3, e. llp11 C,li;BI1re cpa3bl Me:>K

p;y 3JieMeHTaMI1 perneTKI1 1/J = 30° (p11CYHOK 3, 6) yroJI HaKJIOHa p;l1arpaM

Mbl HarrpaBJieHHOCTI1 113JiyqeHI1.H qJ = 5,9°, rrp11 1/J = 60° (p11CYHOK 3, B) -

qJ = 9,8°, rrp11 1/J = 90° (p11CYHOK 3, r) - qJ = 14,5°, rrp11 1/J = 120° (p11CYHOK 

3, p;) - qJ = 19,4°, rrp11 1/J = 180° (p11CYHOK 3, e) - qJ = 29,9°. 3aBI1CI1MOCTb 

yr Jia HaKJIOHa p;11arpaMMbl HarrpaBJieHHOCTI1 OT C,li;BI1ra cpa3bl Me:>Kp;y CO

cep;HI1MI1 3JieMeHTaMI1 perneTK11 rrpep;cTaBJieHa Ha p11cyHKe 4. H3 p;aHHoro 

p11CYHKa CJiep;yeT, qTQ IIp11 yseJII1qeHI111 C,li;BI1ra cpa3bl Me:>Kp;y COCep;HI1MI1 

3JieMeHTaM11 perneTKI1 OT 0° p;O 180° yroJI HaKJIOHa p;11arpaMMbl HarrpaB

JieHHOCTI1 yseJII1qi1BaeTC.H OT 0° p;O 29,9°, rrp11qeM 3Ta 3aBI1CI1MOCTb HOCI1T 

JII1HeHHbiH xapaKTep. 
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PMcyHoK 4. 3aBMCMMOCTh yr Jia HaKJIOHa ~MarpaMMhi HanpaBJieHHOCTM 

OT C~BMra <Pa3bi Me)K~y COCe~HMMM 3JieMeHTaMM perneTKM 

XapaKTep 113MeHeHI1.H aKycTI1qecKoro rroJI.H 113JiyqeHI1.H cpa311posaH

HOi1 perneTKI1 113 16 3JieMeHTOB B 3aBI1CI1MOCTI1 OT qacTOTbl rrpep;CTaBJieH 

Ha p11cyHKe 5. Cp;s11r cpa3 BOJIH Me:>Kp;y cocep;HI1MI1 3JieMeHTaMI1 perneTKI1 

paseH 30°. 
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PHcyuoK 5. PacnpeAeJieuwe aMnJIHTYAbi pe3yJibTHPYID~eii aKyCTH'IeCKoii BOJIHbi 

B OCeBOH llJIOCKOCTH ¢a3HpOBaHHOH perneTKH npH pa3JIH'lHbiX 'laCTOTax 

PacqeThi noKa3aJIH, tJTO npw qacToTe H3JiyqeHH51 5 Mru; (pwcyHoK 5, a) 

yroJI HaKJIOHa ,ZJ,HarpaMMbl HanpaBJieHHOCTH paBeH 2,86°, npH tJaCTOTe 2,5 
Mru; (pwcyHoK 5, 6) - 5, 71°, npw qacToTe 1,5 Mru; (pwcyHoK 5, s) - 9, 93°, a 

npw qacToTe 0,75 Mru; (pwcyHoK 5, r)- 19,29°. 
H3 pwcyHKa 5 cJie,D,yeT, tJTO c yseJIHtJeHHeM ,D,JIHHhi BOJIHhi, T.e. 

yMeHbllleHHeM tJaCTOTbl, Ha6JIIO,D,aeTC51 yseJIHtJeHHe yr Jia HaKJIOHa ,D,Ha

rpaMMbl HanpasJieHHOCTH pellleTKH. TaKJKe Ha qacToTax 2,5 11 5 Mru; 
Ha6JIIO,D,aeTC51 ll051BJieHHe ,[I,OllOJIHHTeJihHbiX HeCI1MMeTpHtJHbiX MaKCH

MYMOB. 

Ha pwcyHKe 6 npe,D,cTaBJieHo 113MeHeHwe aKycTHtJecKoro noJI.H 

11311Yl.JeHH51 B 3aBI1CI1MOCTI1 OT KOJIHtJeCTBa 3JieMeHTOB ~a3HpOBaHHOH 

pellleTKH npH C,[I,BI1re ~a3bl MeJK,D,y COCe,D,HI1MH 3JieMeHTaMI1 60° 11 tJaCTOTe 

1,s Mru;. 
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PactieThi noKa3aJIH, "'TO yroJI HaKJIOHa AHarpaMMhi HanpasJieHHOCTH 

perneTKH H3 16 3JieMeHTOB (pHCYHOK 6, a) COCTaBJI5IeT 10°, perneTKH H3 32 
3JieMeHTOB (pHCYHOK 6, 6) - 10° H perneTKH H3 64 3JieMeHTOB (pHCYHOK 

6, B)- 10°. 
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PHcyHoK 6. Pacnpe,l\eJieHHe aMnJIHTY.L\hi pe3yJihTHPYIOll.l,ei1: aKycTHt.IeCKOH 

BOJIHbl B OCeBOH UJIOCKOCTH <Pa3HpOBaHHOH perneTKH B 3aBHCHMOCTH 

OT KOJIHt.IeCTBa 3JieMeHTOB 

113 pHCYHKa 6 BHAHO, "'TO yseJIH"'HHHe KOJIHYeCTBa 3JieMeHTOB 

<Pa3HpOBaHHOH perneTKH BeAeT K HapyrneHHIO CHMMeTpHHH AHarpaMMhl 

HanpaBJieHHOCTH, HO npH 3TOM He BJIH5IeT Ha yroJI ee HaKJIOHa. Y 
<Pa3HpOBaHHOH perneTKH, COCT05lll\eH H3 64 3JieMeHTOB, Ha6JIIOAaeTC51 

«pa3JIO/KeHHe» ~eHTpaJibHOfO MaKCHMyMa Ha HeCKOJihKO, cpaBHHMhiX no 

aMnJIHTyAe C OCHOBHhiM. 
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XapaKTepHbie oco6eHHOCTH aKycTHqecKoro noJI.H H3JiyqeHH.H cpa3Hpo

BaHHoii perneTKH H3 16 3JieMeHTOB C ,ll;JIHHOH BOJIHbl H3JiyqeHH51, paBHOH 

1 MM, Ha pa3JIWIHOM paCCTO.HHHH OT TIJIOCKOCTH peiiieTKH npocJieJKHBaiOT

C.H Ha pHcyHKe 7, r,n;e npHBe,n;eHo TpexMepHoe pacnpe,n;eJieHHe ,n;aBJieHH.H 

aKyCTHqecKHX BOJIH p (B OTHOCHTeJibHbiX e,LJ;HHHI.~ax). 

Ha pHcyHKe 7, a npHBe,n;eHo pacnpe,n;eJieHHe aMnJIHTY,LJ;hi ,n;asJieHH.H 

aKyCTHqecKHX BOJIH B TIJIOCKOCTH, OTCTO.H~eif OT peiiieTKH Ha paCCTO.HHHH 

5 MM. BH,n;Ho, qTo B 6JIHJKHeii 30He Ha6JIIO,n;aeTc.H Heo,n;Hopo,n;Ha.H CTPYKTy

pa aKyCTHqecKOrO TIOJI.H C MaKCHMaJihHbiM 3HaqeHHeM ,n;aBJieHH.H aKyCTH

qecKHX BOJIH no Kpa.HM perneTKH. 

Ha pHcyHKe 7, 6 npHse,n;eHo pacnpe,n;eJieHHe aMnJIHTY,LJ;hi ,n;asJiemm 

aKyCTHqecKOH BOJIHbl B TIJIOCKOCTH, OTCTO.H~eif OT peiiieTKH Ha paCCTO.H

HHH 140, aHa pHcyHKe 7, B- B TIJIOCKOCTH, OTCTO.H~eif OT peiiieTKH Ha pac

CTO.HHHH 200 MM. 

a 6 

10 

B 

a- 5 MM; 6- 140 MM; B- 200 MM 

PHcyHoK 7. Pacnpe~eJieHHe aMnJIHTY~bi ~aBJieHH51 aKycTw-IeCKHX BOJIH 

B nJIOCKOCTH Ha pa3JIH'-IHOM paCCT051HHH OT perneTKH 

H3 pHCYHKOB 7, 6 H 7, B BH,LJ;HO, qTo aKycTHqecKoe no11e H3JiyqeHH.H 

peiiieTKH npH yBeJIHqeHHH paCCTO.HHH.H OT TIJIOCKOCTH H3JiyqeHH51 HMeeT 

pa3HhiH xapaKTep ,LJ;JI.H ,n;syx opToroHaJihHhiX nJiocKocTeii XOZ H YOZ, nep-
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neHp;I1KynHpHbiX nnOCKOCTI1 perneTKI1. YrnoBOH pa3Mep OCHOBHOrO ne
neCTKa p;11arpaMMbl HanpasneHHOCTI1 Ha paCCTOHHI111 140 MM OT nnOCKO

CTI1 perneTKI1 (p11CYHOK 7, 6) no nonOBI1HHOMY ypoBHIO B nnOCKOCTI1 XQZ 
paseH 15, 3°, B nnocKOCTI1 YOZ- 6, 8°, aHa paccTOHHI111 200 MM OT nnocKo

CTI1 113nyqeHI1H peiiieTKI1 (p11CYHOK 7, B): 2°- B nnOCKOCTI1 XQZ 11 19, 3°- B 

nnocKOCTI1 YOZ. Cnep;osaTenhHO, c ysenw-IeHI1eM paccTOHHI1H oT nnocKo

CTI1 113nyqeHI1H np011CXO,ll;I1T C}')KeHI1e OCHOBHOrO neneCTKa p;11arpaMMbl 

HanpasneHHOCTI1 Bp;Onb nnOCKOCTI1 XQZ 11 ysen11qeH11e OCHOBHOrO ne
neCTKa B nnocKOCTI1 YOZ. 

3aKJiroqeuue 

B pe3ynhTaTe nposep;eHHhiX 11ccnep;osaH11H: 6hina nocTpoeHa MaTe

MaTI1qecKaH Mop;enh npeo6pa3oBaTenH Ha <}la311posaHHOH perneTKe 11 no

Ka3aHo, qTO aKyCTI1qecKOe none 113nyqeHI1H <}la311pOBaHHOH perneTKI1 np11 

HenpepbiBHOM pe)KI1Me pa60Tbl B 6ni1)KHeH 30He HOCI1T CnO)KHbiH xapaK

Tep C Han11q11eM 6onbiiiOfO q11cna noKanhHbiX MI1HI1MYMOB 11 MaKCI1MYMOB. 

B p;anhHeH: 30He <}lopM11pyeTcH aKycTI1qecKoe none 113nyqeHI1H B s11p;e op;
Horo Hai160nbiiiero MaKCI1MyMa B6nl1311 aKyCTI1qecKOH OCI1, paCXO,ll;I1MOCTb 

KOTOporo pa3nl1qaeTCH B p;Byx OpTOfOHanhHbiX nnOCKOCTHX, Op;Ha 113 KO

TOpbiX napannenbHa 6onbiiieH OCI1 perneTKI1, a BTOpaH nepneHp;I1KynHpHa 

eM, 11 pHp;a p;ononHI1TenhHbiX MaKCI1MYMOB, 11HTeHCI1BHOCTb KOTOpbiX 

MeHbiiie 11HTeHCI1BHOCTI1 OCHOBHOfO MaKCI1MyMa. Ysen11qeH11e q11cna 3ne

MeHTOB perneTKI1 Bep;eT K ysen11qeHI1lO npOTH)KeHHOCTI1 6ni1)KHeH 30Hbl 11 

Cy)KeHI1lO OCHOBHOrO neneCTKa p;11arpaMMbl HanpaBneHHOCTI1 B Hanpasne

HI111 OCI1 X, HO np11 3TOM yron HaKnOHa p;11arpaMMbl HanpasneHHOCTI1 He 

113MeHHeTCH. 

YMeHbiiieHI1e qacTOTbl KOne6aHI1H Bep;eT K ysen11qeHI1lO yr na HaKnO

Ha p;11arpaMMbl HanpasneHHOCTI1 113nyqeHHH 11 nop;asneHHIO p;ononHI1-

TenbHbiX MaKCI1MYMOB aKyCTI1qeCKOfO nonH. 
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