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(57) Формула изобретения 
1. Ультразвуковой томограф, содержащий приемно-излучающее устройство, 

включающее излучающие и, по меfj:ьшей мере, один приемный цилиндрические 

пьезопреобразователи, блок усилителей излучаемых сигналов, усилитель примимаемого 

сигнала, цифреаналоговый и аналого-цифровой преобразователи, запоминающее 

устройство, блок анализа принятого сигнала и томеграфического отображения с 

дисплеем, отличающийся тем, что приемно-излучающее устройство дополнительно 

содержит расположенные вертикально и друг над другом нижнее малое акустическое 

зеркало с внешней отражающей поверхностью и верхнее большое акустическое зеркало 

с внутренней отражающей поверхностью, выполненные в виде соосных усеченных 

конусов с одинаковыми углом конуснести и высотой и различными средними радиусами 

отражающих поверхностей, при этом, по меньшей мере, два излучающих цилиндрических 

пьезопреобразователя и, по меньшей мере, один приемный цилиндрический 

пьезопреобразователь выполнены с высотой 0,8-:-0,9 от высоты из акустического зеркала, 
установлены на уровне нижнего малого акустического зеркала, а их продольные оси 

расположены вертикально и размещены по окружности с центром на оси акустических 

зеркал и радиусом R, определяемым по соотношению: 
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где Rм - средний радиус отражающей поверхности нижнего малого конического 

акустического зеркала; 

RБ - средний радиус отражающей поверхности верхнего большого конического 

акустического зеркала, 

причем излучающие цилиндрические пьезопреобразователи подключены через блок 

усилителей, блок фильтров и цифрааналоговый преобразователь к блоку цифровой 

генерации излучаемых сигналов, а приемный пьезопреобразователь подключен через 

фильтр принимаемого сигнала, усилитель и аналого-цифровой преобразователь к блоку 

анализа принятого сигнала и томаграфического отображения, к второму входу которого 

подключен выход блока цифровой генерации излучаемых сигналов. 

2. Ультразвуковой томограф по п.l, отличающийся тем, что высота конических 
акустических зеркал составляет 15-:-25 мм, а угол конуснести равен 15-:-25°. 

3. Ультразвуковой томограф по п.l, отличающийся тем, что излучающие и приемный 
цилиндрические пьезопреобразователи выполнены с диаметром 10-:-20 мм и углом 
раскрыва активной зоны 70-:-95°. 

4. Ультразвуковой томограф по п.l, отличающийся тем, что угол между осями 
диаграммы направленностей для каждой пары соседних цилиндрических 

пьезопреобразователей лежит в пределах от 30° до 90°. 
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(54) YJihTPA3BYKOBOH TOMOfPA<I> 

(57) PecjlepaT: 

J-f3o6peTeHHe OTHOCI1TC51 K o6JiaCTI1 Me.[{I1~11HCKOH 

.[{11arHOCTI1KI1 11 HarrpaBJieHO Ha C03.[{aHI1e 

ynhTpa3BYKOBoro HeJII1Hei1Horo TOMorpacjla, 

co.nep)l(aruero Manoe KOJIH'IeCTBO rrp11eMHhiX 11 

113JiyY.aiOIU11X rrpeo6pa30BaTeJieH, rrpeHMyiUeCTBeHHO 

.[{JI51 MaMMOrpacjlHH, )lecjleKTOCKOI11111 11 

Hepa3pyrnaiOruero KOHTPOJI51 pa3JII1'1HhiX o6beKTOB. 

YJihTpa3BYKOBOH TOMorpacjl BKJIIOlfaeT rrp11eMH0-

113JiyqaJOrnee ycTpOHCTBO C rrpHeMOI13JiyqaJOIU11MI1 

rrhe3orrpeo6pa3oBaTeJI51MI1, K Bxony KOToporo 

IIO.[{KJIIO'IeH KaHaJI cjlOpM11pOBaHI151 113JJyqaeMb!X 

CHrHaJIOB, a K Bh!XO.[{y - KaHaJI aHaJJI13a rrp11H51Tb!X 

Cl1rHaJIOB. llpHeMH0-113JiyqaJOIUee ycTpOHCTBO 

co,nep)I(HT, ITO MeHhiiieH Mepe, .[{Ba 113JJyqaJOIU11X 

~11JII1H.[{p114eCKI1X IIhe30IIpeo6pa30BaTeJJ51 C lli11pOKOH 

IIOJIOCOH 113JJYlfaeMhiX KO)l11pOBaHHh!X CI1!'HaJJOB 11, 

ITO MeHhllieH Mepe, O.[{HH IIpHeMHhiH ~11Jli1HJlp114eCKOH 

IThe30IIpeo6pa30BaTeJih C lli11pOKOH IIOJIOCOH 
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o6pa3oBaTeJibHoe yqpe)I(,D;eHHe Bblcmero 

rrpo<fleCCHOHaJibHOrO o6pa30BaHH51 

"MocKOBCKHA rocy,D;apcTBeHH:&IA YHHBepcHTeT 

HMeHH M.B. JloMoHocosa" (RU) 

11p11HJ1MaeMoro CHrHaJJa, IIpO)lOJihHa51 OCb KOTOph!X 

paCITOJIO)I(eHa BepT11KaJJhHO, 11 CI1CTeMy aKyCTI1lfeCKI1X 

3epKaJJ, BKJIIOlfaiOIUYIO BepT11KaJJbHO 

pacrroJio)l(eHHhie npyr Han npyroM HH)I(Hee Manoe 

aKyCTI1lfeCKOe 3epKaJIO 11 BepxHee 60JJhlliOe 

aKyCTHlfeCKOe 3epKaJJO, KOTOpb!e BblllOJJHeHhl B Bl1.[{e 

COOCHbiX yceqeHHhiX KOHYCOB C O)li1HaKOBbiMI1 yrJIOM 

KOHYCHOCTII 11 Bb!COTOH 11 pa3JJI1'1Hh!M cpe)lHIIM 

pa1mycoM. lbJlylfaiOIU11e 11 rrpHeMHhn1 

rrhe3orrpeo6pa3oBaTeJIH ycTaHOBJieHhi Ha ypoBHe 

H11)1(Hero Manoro aKycTH'IecKoro 3epKana, a HX 

Bb!COTa COCTaBJJ51eT 0,870,9 OT Bh!COThl Ka)l()l01'0 ll3 

aKyCTI1lfeCKI1X 3epKan. HcrroJJh30BaHI1e 113o6peTeHH51: 

II03BOJJ51eT llOBhiCHTh pa3pernaiOIUyiO CIIOC06HOCTh 

BOCCTaHOBJJeHI151 11306pa)l(eHI151 BHyTpeHHIIX 

CTPYKTYP M51rKI1X TKaHell rrp11 yMeHhWeHI1H 

KOJIH'IeCTBa rrpeo6pa30BaTeJJeH. 3 3.II. cP-Jihl, 3 IIJI. 
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l13o6peTeHHe OTHOCHTC51 K 06JiaCTH Me)lHI..IHHCKOH )lHarHOCTHKH H HarrpaBJieHO Ha C03)laHHe 

YJibTpa3BYKOBOrO HeJIHHeHHOfO TOMOrpacpa, CO)lep)KallJ.ero MaJIOe KOJIWieCTBO rrpHeMHhiX 

H H3JiyqaiOlli.HX rrpeo6pa3osaTenetf, npeo6pa3yiOlli.HX :meKTpHqecKyiO :mepmiO B 

aKycTwrecKyiO, KOTOpbiH rrpe)lHa3HaqeH KaK )lJI51 BH3yaJIH3ai..~HH BHyTpeHHetf CTPYKTYPhi 

5 M51fKHX TKaHeH opraHH3M3, rrpeHMylll.eCTBeHHO )lJI51 MaMMOrpacpHH, TaK H )lJ1 51 )lecpeKTOCKOIIHH 

H Hepa3pywaiOlll.erO KOHTpOJI51 pa3JIHqHhiX 06beKTOB. 

lb ypOBH51 TeXHHKH H3BeCTHO ycTpOHCTBO )lJI51 IIOJiyqeHH51 )lByMepHbiX aKyCTHqeCKHX 

H306pa)f{eHHH "no CJI051M" - YJihTpa3BYKOBOH TOMOrpacp, CO)lep)KallJ.HH IIOCJie)lOBaTeJibHO 

COe)ll-fHeHHbie rrpHeMOI13JiyqaTeJih, 6JIOK yCHJieHH51 H KOMMyTaQ11H, aHaJIOfO-I..~HcppOBOH 

10 rrpeo6pa30BaTeJib, 6JIOK o6pa60TKH 11HcpOpMaQ11H, BKJIIOqaiOlli.HH 3aiiOMHHaiOlli.He H 

cyMMHpymmHe ycTpotfcTBa, H yCTpoticTBO oTo6pa)f{eHH51 - mnyaJIH3ai..~HH (RU 2002451 C 1, 
A61 B 8114, 1993 ). OcHOBHhiM He)lOCTaTKOM )laHHoro peweHH51 51BJI51eTC51 HCIIOJih30BaHHe 

O)lHoro o6mero rrpeo6pa3oBaTemi )lJI51 H3JiyqeHH51 H npHeMa, qTo Tpe6yeT nocT051HHoro ero 

nepeMemeHH51 H ycnmKH51eT KOHCTPYKQHIO TOMorpacpa. 

15 KpoMe TOfO, H3BeCTeH YJibTpa3BYKOBOH TOMOrpacp, CO)lep)f{allJ.HH IIOCJie)lOBaTeJibHO 

COe)li1HeHHbie aHTeHHYIO peweTKY 113 rrp11eMOH3JiyqaiOlli.I1X IIbe30rrpeo6pa30BaTeJieH, KOTOpyiO 

pa3Melll.aiOT B BaHHe C HMMepCHOHHOH )f{H)lKOCTbiO, MHOfOKaHaJibHhie rrpHeMOIIepe)lalOlli.HH 

6JIOK H aHaJIOfO-QHcppOBOH rrpeo6pa30BaTeJih, 6JIOK yCHJieHH51, 6JIOK rrpeo6pa30BaHH51 H 

OTo6pa)f{eHH51 Ha 6a3e QMcpposoro KOMIIbiOTepa, rrporpaMMHposaHHbiH Ha BbiiiOJIHeHI1e 

20 npeo6pa3oBaHI151 <l>yphe (US 5305752 A1, A61B 8/00, 1994). TipH JTOM aHTeHHa» peweTKa 

COCT011T 113 60JihlllOf0 KOJII1qeCTBa IIbe3orrpeo6pa30BaTeJieH, COe)li1HeHHhiX C JJieKTpOHHhiM 

6JIOKOM qepe3 MHOfOCTyrreHqaThiH KOMMyTaTOp, qTO cymeCTBeHHO YCJIO">KH51eT BCIO CXeMy 

11 BHOCHT )l0IIOJIHI1TeJihHhie ITOMeXI1. 

TaK)f{e H3BecTeH ynhTpa3syKosotf TOMorpa¢, co)lep)KallJ.I1H rrp11eMH0-113Jiyqammee 

25 ycTpOHCTBO, BKJIIOqaiOlll.ee H3JiyqaiOlli.He 11, ITO MeHbllleH Mepe, O)li1H npHeMHhiH 

QHJIHH)lpHqecKI1e IThe3orrpeo6pa3osaTeJIH, 6noK ycHJIHTeJieti H3JiyqaeMhiX CHrHaJIOB, ycHJIHTeJih 

rrp11HI1MaeMOfO CHTHaJia, QHcppoaHaJIOfOBhiH 11 aHaJIOf0-Q11cppOBOH ITpeo6pa30BaTeJII1, 

3aiTOMJ1HaiOlll.ee ycTpOHCTBO, 6JIOK aHamna ITp11H5ITOf0 Cl1fHaJia 11 TOMOrpacpHqecKOfO 

OTo6pa)f{eHH51 c )lHCITJieeM, (RU 2145797 C1, A61B 8/08, 2000). Tip11 JTOM )lJI51 CHH)f{eHH51 

30 KOJIHqecTBa npHeMOH3JiyqaiOIUHX rrpeo6pa30BaTeJieH )laHHhiH TOMOrpacp CHa6)1(eH 

IIOBOpOTHhiM CTOJIOM C rrporpaMMHhlM yiTpaBJieHHeM, qTO YCJIO)f{H51eT KOHCTpyKQI1IO H 

ysen11q11saeT Maccora6apMTHhie xapaKTepMCTHKH TOMorpacpa. 

TexHHqecKHH pe3yJihTaT, Ha non_yqeHHe KOToporo HarrpasneHo H3o6peTeHHe, 3aKJIIOqaeTc51 

B C03)laHHH KOMITaKTHOH KOHCTpyKQHH YJihTpa3BYKOBOrO TOMOrpacpa, pa6oTaiOlll.ero Ha 

35 npHHQHITe HeJIHHetiHoro B3aMMO)leHCTBH51 )lByx HJIH Tpex HeKOJIJIHHeapHbiX ynhTpa3BYKOBhiX 

BOJIH, o6eciTeqi1BaiOIUefO BhiCOKYIO pa3pewaiOlli.YIO CIIOC06HOCTb BOCCTaHOBJieHH51 H 

BH3yaJIH3aQHH ITpeHMymecTBeHHO sHyTpeHHetl cTpyKTYPhi M51fKHX 6HonomqecKHX TKaHetl 

H BHyTpeHHHX )lecpeKTOB pa3JIJ1qHb1X 06beKTOB C HH3KHM ypOBHeM wyMOB 11 ITOMeX, 

yxy)lWaiOlli.HX H306pa)f{eHHe, rrpH cyrueCTBeHHOM yMeHbWeHI1H KOJIJ1qecTBa 

40 rrpHeMOH3JiyqaiOIUHX JJieKTpOaKyCTHqecKHX ITpeo6pa30BaTeJieH, npeo6pa3yiOlli.HX 

:;meKTpHqecKyiO 3HeprHIO B aKyCTHqecKyiO. 

PeweHHe noCTasneHHOH 3a)laqH c )lOCTH)I(eHHeM 3a5IBJieHHoro pe3yJihTaTa o6ecrreqHsaeTC51 

TeM, qTo B YJibTpa3BYKOBOM TOMOrpacpe, CO)lep)f{allJ.eM ITpHeMHO-H3JiyqaiOlll.ee ycTpOHCTBO, 

BKJIIOqaiOlll.ee H3JiyqaiOlli.He 11, ITO MeHbllleH Mepe, O)lHH IIpHeMHhlH QHJIHH)lp11qecKI1e 

45 rrbe3oiTpeo6pa3osaTeJIM, 6noK ycHJIHTenetf InnyqaeMbiX c11rHaJIOB, ycHJII1TeJib rrp11HHMaeMoro 

Cl1rHaJia, Q11cppoaHaJIOf0BbiH 11 aHaJIOfO-QHcppOBOH rrpeo6pa30BaTeJII1, 3aiiOMI1HaiOlll.ee 

ycTpOHCTBO, 6JIOK aHaJIM3a IIp11H51TOf0 CHrHaJia H TOMOrpacpHqecKOfO OT06pa)l(eHH51 C 

)lHCIIJieeM, COrJiaCHO H306peTeHI1IO rrp11eMHO-H3JiyqaiOlll.ee ycTpOHCTBO )l0IIOJIHI1TeJibHO 

cw 3 
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co.uep)I(HT pacnono)l(eHHhre sepn1KaJihHO H .upyr Ha.u .upyroM Hmlmee Manoe aKycTHLiecKoe 

3epKano c BHernHel1 oTpa)l(aiOmel1 nosepxHOCThiO H sepxHee 6orrhrnoe aKycTH4ecKoe 3epKano 

C BHyTpeHHeH OTpa)l(aiOlll,eH nosepXHOCTblO, BbiiTOJIHeHHbie B BH.Ue COOCHbiX yceqeHHhiX 

KOHYCOB C 0)],11HaKOBbiMI1 yrnOM KOHYCHOCTH H BbiCOTOH 11 pa3JIWIHbiMH cpe,UHI1MI1 pa,IJ,HycaMH 

5 OTpa)l{alOlli,HX nOBepXHOCTeH, np11 3TOM, no MeHbWeH Mepe, )l,Ba H3JiyqaiOlli,HX l.(I1J111H,Up11LieCKHX 

nhe30rrpeo6pa30BaTemi H, ITO MeHbWeH Mepe, O)l,HH rrpHeMHbiH l.(I1JlHH)l,pWieCKHH 

nhe3onpeo6pa30BaTeJib BbiiTOJIHeHbi C BbiCOTOH 0,8+0,9 OT BbiCOTbl H3 aKyCTHLieCKOrO 3epKana, 

ycTaHOBJieHbl Ha ypOBHe HI1)1(Hero MaJIOrO aKyCTHLieCKOrO 3epKana, a 11X npO,IJ,OJlbHbie OCI1 

pacnono)l(eHhi sepT11KanhHO 11 pa3MemeHhi no oKpy)I(HOCTI1 c l.(eHTpoM Ha oc11 aKycTI1LieCKHx 

10 3epKan 11 pa.u11ycoM R, onpe.uen51eMbiM no cooTHorneHI1IO: 

R=(O 8+1 2) Rr; RM 
' ' 2(Rr;- RM)' 

rne RM - cpe.UH1111 pa.u11yc oTpa)l(aiOmel1 nosepxHOCTH H11)1(Hero Marroro KOHI1LiecKoro 

15 aKyCTI1LiecKoro 3epKana; 

RE- cpe.UHHH pa.u11yc OTpa)l(aiOmel1 nosepxHOCTH sepxHero 6orrbrnoro KOHI1LiecKoro 

aKycTI1LiecKoro 3epKana, 

npHLieM 113JiyqaiOlll,l1e l.(I1J111H,IJ,p11LieCKHe nhe30npeo6pa30BaTeJII1 nO)l,KJliOLieHbl qepe3 6JIOK 

ycHJIHTenen, 6JIOK cp11JibTpOB 11 l.(11cppO-aHaJIOrOBbiH npeo6pa30BaTeJib K 6JIOKY QHcppOBOH 

20 reHepaQH11 H3nyqaeMhiX cl1rHanos, a npHeMHhiH nhe3onpeo6pa3osaTenb nonKJIIOqeH qepe3 

cp11JibTp np11HI1MaeMOrO Cl1rHana, YCI1J111TeJib H aHaJIOrO-Q11cppOBOH npeo6pa30BaTeJib K 6JIOKY 

aHaJIH3a np11H51TOrO Cl1rHana 11 TOMOrpacp114eCKOrO OT06pa)l(eHH51, K BTOpOMY BXO.UY KOTOpOrO 

nO,IJ,KJIIOLieH BbiXO)l, 6JIOKa l.(HcppOBOH reHepaQI111 113JiyqaeMbiX CHrHaJIOB. 

KpoMe TOrO, BbiCOTa KOHI1LieCKI1X aKyCTI1LieCK11X 3epKaJI COCTaBJI51eT 15-:-25 MM, a yrorr 

25 KOHYCHOCTH paseH 15-:-25°. 

30 

flpe,IJ,nOqTI1TeJibHO 113JiyLiaiOlll,l1e 11 npHeMHbiH l.(I1JIHH,I1,p11LieCKHe nbe30npeo6pa30BaTeJIH 

BbiiTOJIHeHbl C ,UHaMeTpOM 10-:-20 MM 11 yrrrOM pacKpbiBa aKTI1BHOH 30Hbl 70-:-95°. 
flpH 3TOM qTO yroJI Me)I(,IJ,y OC51MI1 ,llHarpaMMbi HanpaBJieHHOCTeH )l,J151 K3)1{)],0H napbl 

coce,IJ,HI1X QI1JI11H.UpHqecKHX nhe3onpeo6pa3osaTene11 rre)I(HT s npenenax oT 30° .uo 90°. 
3a51BJieHHOe HCnOJib30B3HI1e B np11eMHO-H3JiyqaiOlll,eM ycTpOHCTBe, no MeHbllieH Mepe, 

.UBYX H3JiyqaiOlli,I1X l.(I1J111H)l,p11LieCK11X nbe3onpeo6pa30BaTeneJ1 C W11pOKOH nOJIOCOH 

H3JiyqaeMbiX KOLlHpOBaHHbiX YJibTpa3BYKOBbiX Cl1rHaJIOB CJIO)I(HOH 33)],3HHOH cpopMbl (I1111pi1Ha 

LI3CTOTHOH nOJIOCbi COCT3BJ151eT 0,3+ 1,0 OKT3Bbl) H, no MeHbWeH Mepe, O)l,HOro np11eMHOrO 

l.(HJ111H,I1,p11LieCKOrO nhe3onpeo6pa30BaTeJISI C I1111pOKOH nOJIOCOH np11HHMaeMOrO CHrHaJia B 

35 COLieTaHHH C CHCTeMOH sepTHK3JlhHO pacnOJIO)I(eHHbiX KOHHLieCKHX aKyCTI1LieCKHX 3epKaJI, 

KOTOpbre o6ecneqYJsaiOT cpopMHposaHHe yrrhTpa3ByKosoro nrrocKoro rryLIKa yrrhTpa3BYKOBhiX 

BOJIH nepB114HOrO o6nyqeHH51 C llHlpHHOH, nepeKpbiBaiOlll,eH JIHHeHHbiH pa3Mep 

TOMorpacpHpyeMoro nsyMepHoro ceqeHH51 opraHa, npH 3aHsneHHOI1 cxeMe pacnono)l(eHI151 

113JiyqaiOlli,HX 11 np11eMHOrO l.(I1J111H)l,p11LieCKI1X Tibe30rrpeo6pa30BaTeJieH peaJII13yeT rrp11HUHn 

40 HeJIHHei1Horo B3aHMo.ueH:cTBHSI .usyx HeKOJIJII1HeapHbiX ynhTpa3BYKOBhiX sonH, o6ecneq11saeT 

B03MO)I(H0CTb perHCTpal.(11H YJibTpa3BYKOBOrO pacceHHHOrO B TOMOrpacpHpyeMOM 06beKTe 

(npeHMylll,eCTBeHHO B 6110JIOrHLieCKOH TKaHH) nOJI51, nopO)I()l,eHHOrO 113MeHeHH51MH 

HerrHHei1Horo napaMeTpa o6beKTa (Heni1Hei1HhiH napaMeTp- 3TO serrH4HHa, xapaKTep113YIOma51 

CBOHCTBO cpe,Ubl, B KOTOpOH pacrrpOCTpaH51lOTC51 YJibTpa3BYKOBbie BOJIHbl, reHep11pOBaTb 

45 HeJII1HeHHO pacce51HHYIO BTOp11LIHYIO YJibTpa3BYKOBYIO BOJIHY Ha qacTOTaX, OTJIHqHbiX OT 

LiaCTOT rrepBHqHbiX BOJIH) 11 Hecymero HHcpOpMal.(I1IO 06 H3MeHeHHH BeJI114HHbl HeJIHHeHHOrO 

napaMeTpa BTOpOrO nOp51,llKa, LITO rrpH cymeCTBeHHOM yMeHhWeHHH KOJIHLieCTBa H 

reOMeTpHLieCKHX pa3MepOB rrpHeMOH3JiyqaiOlli,HX 3JieKTpOaKyCTH4eCKHX 

CTp. 4 
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rrbe3orrpeo6pa3osaTenet1 rro3somieT rronyLJHTh Ha 3KpaHe .LJ:Hcrrne51 rrepcoHanbHOro 

KOMIIbiOTepa BhiCOKOKaLJeCTBeHHYIO .LJ:ByMepHyiO KapTHHY KOJIHLJeCTBeHHOfO pacrrpe;::J:eJieHH51 

H3MeHeHHti Hemmet1Horo rrapaMeTpa BToporo rrop51.LJ:Ka s B11.LJ:e yqacTKOB o6oeKTa c pa3JII1LJHOI1 

51pKOCThiO. IJpH HaJII1'-Il111 TpeThero 113JiyLJaiOlll,ero U11JII1H.LJ:pWieCKOf0 IIbe30IIpeo6pa30BaTeJI51 

5 MOHOXpOMaTH'IeCKOfO HJIH lllHpOKOIIOJIOCHOfO YJibTpa3BYKOBOf0 CHrHaJia peaJIH3yeTC51 

IIpHHUHII HeJIHHeHHOfO B3aHMO.LJ:eHCTBH51 TpexHeKOJIJIHHeapHbiX YJihTpa3BYKOBbiX BOJIH H 3a 

cLJeT 3Toro o6ecrreLJHsaeTC51 B03MO)I(HOCTh perl1cTpaUHH ynhTpa3syKosoro pacce51HHoro s 

TOMOrpaqmpyeMOM 06beKTe ITOJUI, ITOpO)I(;::J:eHHOfO ITOJIHhiMH 3HaLJeH1151MI1 HeJIHHeHHhiX 

rrapaMeTPOB 06beKTa 11 Hecymero 11Hcp0pMaUHIO 0 ITOJIHOH BeJIH'IHHe HeJI11HeHHbiX rrapaMeTPOB 

10 BTOporo H TpeTbero ITOp51;::J:Ka, YTO IT03BOJI51eT ITOJiyLJHTh Ha 3KpaHe .LJ:I1CIIJie51 .LJ:ByMepHyiO 

KapTHHY KOJIHLJeCTBeHHOfO pacrrpe;::J:eJieHH51 YI1CJieHHhiX 3HaLJeHHH HeJIHHeHHhiX rrapaMeTpOB 

s BH.LJ:e yqacTKOB c pa3JII1LJHoti 51pKOCTbiO, xapaKTepmyiOlliHX BHyTpeHHIOIO CTPYKTYPY 

OpraHOB (HaiipHMep, M51fKHX 6110JIOfWieCKI1X TKaHeH) HJIH .LJ:ecpeKTOB HCCJie;::J:yeMOfO 06oeKTa 

rrpH Hepa3pywaiOmeM KOHTpone. IT pH 3TOM 3Kcrrep11MeHTaJihHO orrpe;::J:eneHHOe 3a51BJieHHOe 

15 COOTHOWeHHe reOMeTpH'IeCKHX rrapaMeTpOB U11JII1H.LJ:p11YeCKI1X 3JieKTpOaKyCTHLJeCKHX 

113JiyLJaiOllii1X 11 I1p11eMHOf0 rrpeo6pa30BaTeJietf 11 CI1CTeMhl aKyCTHYeCKHX 3epKaJI, H 11X 

B3aHMHOe paCIIOJIO)I(eHI1e 51BJI51eTC51 OIITHMaJibHhiM H o6ecrreLJI1BaeT 3cpcpeKTHBHOe rrpoBe;::J:emte 

npol..(ecca TOMOrpacpHH pa3JII1YHhlX 06beKTOB (lliHpHHOH .LJ:O 25 CM H BhiCOTOH .LJ:O 25 MM), 

npe11Mylll,eCTBeHHO MaMMOrpacpHH, C BhiCOKOH pa3pewaiOllleH CITOC06HOCThiO (0,5-:-2,0 MM) 

20 11 HI13KI1M ypOBHeM WYMOB H ITOMeX. 

Ha <l>11r.l rrpe.acTasneHa 6JIOK-cxeMa yJihTpa3ByKosoro TOMorpacpa; Ha <I>Hr.2- cxeMa 

I1pHeMHO-H3JiyqaJOlllefO ycTpOHCTBa, aKyCTWieCKI1e 3epKaJia, BH,ll c6oKy; Ha <f>l1r.3 - CXeMa 

I1pHeMHO-H3JTYLJaiOlll,ero ycTpOHCTBa, aKyCTI1YeCKI1e 3epKaJia, BH,ll B IIJiaHe. 

YJihTpa3BYKOBOH TOMOrpacp C;::J:ep)I(I1T rrpHeMHO-l13JiyYaiOlllee ycTpOHCTBO 1, BKJIIOYaiOlllee, 

25 ITO MeHbilleH Mepe, ,llBa sepTHKaJihHO ycTaHOBJTeHHhiX H3JiyYaiOlll,HX I..(HJIHH,llpHYeCKHX 

Ilbe30rrpeo6pa30BaTeJI51 2 H 3, rrpeo6pa3yiOIUHX 3JieKTp11YeCKYIO 3HepmiO B aKyCTWieCKyiO 

(3neKTp11YeCKI1e c11rHaJihi s aKyCTHYeCKI1e ynhTpa3BYKOBhie 11MIIYJihChi mnyYeHH51), c wHpoKot1 

IIOJIOCOH H3JiyqaeMhiX KO,llHpOBaHHhiX Cl1rHaJJOB - 11MITYJihCOB 113JiyYeHH51 11, ITO MeHhilleH 

Mepe, O,llHH BepTHKa.JlhHO yCTaHOBJieHHhiH npHeMHhiH UHJTHH,llpHYeCKHH ITbe30IIpeo6pa30BaTeJih 

30 4,_ rrpeo6pa3YIOllii1H aKyCTI1YeCKYIO 3HepmiO B 3JieKTp11YeCKYIO (HeJIHHeHHO pacCe51HHYIO 

BTOpHYHYIO YJihTpa3BYKOBYIO BOJIHY B 3KBHBaneHTHhiH3JieKTpHYeCKI1H Cl1fHan), C WHpOKOH 

IIOJIOCOH npHHHMaeMOfO CHfHaJia, rrpO,llOJibHa51 OCh KOTOpblX paCIIOJIO)I{eHa sepTHKaJibHO, 

H CHCTeMy aKyCTI1LJeCKHX 3epKaJI, BKJIIOYaiOIUYIO BepT11KaJihHO paCITOJIO)I(eHHhie ,llpyr Ha,ll 

.apyroM HH)I{Hee Manoe aKyCTHYecKoe 3epKarro 5 c BHewHei1 pa6oqeJ:1 OTpa)({aiOmet1 

35 nosepxHOCThiO 11 cpe.aHHM pa.LJ:HycoM RM=65-:-95 MM H sepxHee 6onhwoe aKycTHYecKoe 

40 

3epKaJIO 6 C BHyTpeHHeH pa6oYeH OTpa)l{aiOlll,eH ITOBepXHOCThiO H cpe,llH11M pa,llHYCOM 

R 6=] 00-:-160 MM. IJpH 3TOM H11)1(Hee MaJIOe aKyCTI1YeCKOe 3epKaJIO 5 H sepxHee 60JihWOe 

aKyCTHYeCKOe 3epKaJTO 6 BbiiiOJTHeHhl B BH,lle COOCHhiX yceYeHHhiX KOHYCOB C O.LJ:I1HaKOBhiMH 

yrnOM KOHYCHOCTH «8», COCTaBJI5110lll,I1M l5-:-25°, H BhiCOTOH «H», KOTOpa51 COCTaBJI51eT 15-:-25 

MM, YTO o6ecneYI1BaeT 3a CYeT .LJ:BYX ITOCJie,llOBaTeJibHhiX aKyCTHYeCKHX OTpa)l{eHHH 

ynhTpa3BYK0BhiX BOJIH, H3JiyqaeMhiX 113JiyYaiOIU11MI1 UHJIHH,llpHYeCK11MI1 

IIbe30IIpeo6pa30BaTeJI51 2 11 3, OT HH)I(Hero MaJIOfO aKyCTHYeCKOfO 3epKaJia 5 H OT BepXHero 

60JihlliOfO aKyCTHYeCKOfO cpOKYC11pyJOlll,efO 3epKaJia 6 C03;::J:aHHe B 30He TOMOrpacpHpOBaHH51 

YJihTpa3BYKOBOf0 rryYKa nepBHYHOfO 06JiyYeHH51 MaJIOH TOJllliHHhl (.llO 20 MM) C IIJIOCKHM 
45 BOJIHOBhiM cppOHTOM, HMeiOlll,I1M B rOpH30HTaJibHOM HarrpaBJieHHH WHpHHY .LJ:O 25 CM B 

rrpe.aenax scero 11ccne.LJ:yeMoro o6beKTa, 11 cpopMHposaHI1e rrocne aHa.rrori1YHoro .asyKpaTHoro 

OTpa)l{eHH51 OT BepxHero 60JThlliOf0 aKyCTI1YeCKOfO 3epKaJia 6 H OT HH)I{Hero MaJIOfO 

aKyCTI1YeCKOf0 3epKaJia 5 peri1CTp11pyeMOf0 YJihTpa3BYKOBOf0 CHfHaJia, KOTOpbiH IIOCTynaeT 
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Ha npHeMHhiH L{HJIHH)J,pHt:leCKHH Dbe3onpeo6pa30BaTeJib 4. 
KpoMe Toro, npHeMHO-H3nyt.Iaioruee ycTpoi:fcTBO 1 .uonoJIHHTeJihHO co.uep)I(HT, no MeHhrnei1 

Mepe, O)J,HH sepn1KaJibHO ycTaHOBJieHHhiH H3Jiyt.IaiOIUHH L{HJIHH.UpHt.IeCKHH 

Dbe3onpeo6pa30BaTeJib 7, C03)J,aiOIUHH MOHOXpOMaTHl.JeCKHH HJIH IllMpOKODOJIOCHhiM 

YJibTpa3BYKOBOH CHrHaJI. npH 3TOM H3Jiyt.IaiOIUHe H npHeMHhiH IIhe30npeo6pa30BaTeJIH 2, 
3, 7 H 4 yCTaHOBJieHhi Ha ypoaHe HH)I(Hero Manoro aKycTHt.IecKoro 3epKana 5, npwieM 

npo.uonhHhie ocH nhe3onpeo6pa3oBaTenei1 2, 3, 7 H 4 pa3MeiUeHhi napanneJihHO ocH 

aKyCTW:IeCKHX 3epKaJI 5 H 6 Ha OKpy)I(HOCTH, L{eHTp KOTOpOH paCIIOJIO)I(eH Ha OCH aKyCTHYeCKHX 

3epKaJI 5 H 6, a pa.UHYC R KOTOpOH onpe.uemieTC51 ITO COOTHOilleHMIO: 

R=(0.8+1.2) R6 RM 
. - '2(R - R . ' 

ii M) 

r.ue R- pa.uHyc oKpy)I(HOCTM, Ha KOTopoi1 pa3MemeHhi rrpo.uoJibHbie ocM UHJIMH.UPHt.IecKMX 

nhe3orrpeo6pa3osaTeneti; 

15 RM - cpe)J,HHH pa.UHYC OTpa)l(aiOIUeti DOBepXHOCTH HH)I(Hero MaJIOfO KOHH4eCKOfO 

20 

25 

30 

35 

aKyCTH4eCKOfO 3epKaJia 5 (RM=65795 MM); 

R:o- cpe.uHm1 pa.uHyc oTpa)l(aiOmeti rroaepxHOCTH aepxHero 6oJibiiioro KOHHYecKoro 

aKyCTWieCKOfO 3epKaJia 6 (R::o= 1007160 MM). 

npH 3TOM L{MJIHH)J,pH4eCKMe Dbe30IIpeo6pa30BaTeJIH 2, 3, 7 H 4 BbiiiOJIHeHbl C )J,HaMeTpOM 

10720 MM H YrJIOM paCKpbiBa aKTHBHOH30Hbl 70795°, a HX BbiCOTa «h» COCTaBJI51eT 0,870,9 
OT BbiCOTbl «H» Ka)I()J,QfO H3 aKyCTH4eCKMX 3epKan 5 H 6. 

KpoMe TOfO, yron Me)I()J,y OC51MH .[(HarpaMMbl HarrpaBJieHHOCTei1 )J,JI51 Ka)I(.[(OH naphl 

coce)J,HMX nbe3onpeo6pa3oBaTenei1 (2-4; 4-7; 7-3) Jie)I(MT B rrpe.uenax OT 30° .uo 90°. 
B KaLiecTBe UHJIHH.UPHt.IecKMX M3nyt.IaiOIUHX rrhe3orrpeo6pa3oBaTenei1 2, 3, 7 

(npeo6pa3yiOll(HX 3neKTpMYeCKYIO 3HeprHIO B aKyCTHl.JeCKYIO) H L{HnHH.[(pHt.IeCKOfO npHeMHOro 

rrbe3onpeo6pa3osaTen51 4 (npeo6pa3yiOmero aKycTHLiecKyiO 3Heprmo B 3JieKTpH4eCKYIO) 

MoryT 6biTb MCIIOJih30BaHbl IIbe30KepaMMl.JeCKMe rrpeo6pa30BaTemi (TMrra: QTC, T.e. 

L{HpKOHaT-TMTOHaT CBMHL{a, MnM l(TnC, T.e. IJ;MpKOHaT-TMTOHaT 6apM51 CBI1HUa). 

K BXO.UY npHeMHO-H3nyqaiOIUero ycTpOHCTBa 1 IIO)J,Kni04eH KaHan Ql0pM11pOBaHH51 

H3JiyqaeMbiX CHrHaJIOB, KOTOpbiH CO.[(ep)I(HT nocne.[(OBaTenbHO 3JieKTpMt.IeCKM BKJIIOl.JeHHbie 

6JIOK 8 L{MQlpOBOH reHepaiJ;HH H3nyqaeMbiX CHTHaJIOB, IJ;HQlpO-aHaJIOfOBbiM rrpeo6pa30BaTeJib 

9, 6noK 10 QlHJibTpos H3JiyqaeMhiX cHrHanoB, 6noK II ycMnHTeneti H3nyqaeMbiX cHrHanos, 

BbiXO)J, KOTOpbiX IIO)J,Kni04eH K IJ;MnliH)J,pM4eCKMM H3nyqaiOIUHM IIbe30IIpeo6pa30BaTeJISIM 2, 
3 H 7 npHeMHO-H3JiyqaiOIUero ycTpOMCTBa 1, rrp11 3TOM K BbiXO)J,y npMeMHO-H3Jiy4aiOIUero 

ycTpOHCTBa 1 I10)J,KJII04eH KaHan aHaJIM3a rrpMH51TbiX CMrHaJIOB, KOTOpbiM CO)J,ep)I(HT 

IIOCJie)J,OBaTeJibHO 3JieKTpMt.IeCKM BKni04eHHbie QlHJibTp 12 npHHHMaeMOfO CHrHaJia, BXO)J, 

KOTOporo IIO)J,KJII04eH K IIpHeMHOMY IJ;HnHH.[(pHt.IeCKOMY Dbe3onpeo6pa30BaTeJIIO 4, YCHJIJ.1TeJib 

13 npHHHMaeMoro cHrHana, aHanoro-uH<Ppoaoti rrpeo6pa3osaTeJib H 3anOMHHaiOmee 

40 ycTpOHCTBO 14, 6nOK 15 aHaJIM3a IIpMH5ITOf0 CMfHana M TOMOrpaQlH4eCKOfO OT06pa)l(eHH51, 

K BTOpOMY BXO)J,y KOTOporo IIO)J,KniOt.IeH BbiXO)J, 6noKa 8 IJ;MQlpOBOH reHepaiJ;MH H3JiyqaeMbiX 

45 

CMrHaJIOB. 

npHeMHO-H3Jiy4aiOll(ee ycTpOHCTBO 1 pa3MeiUaiOT B BaHHe 16, 3aiiOJIHeHHOH 

HMMepCHOHHOH )I(H)J,KOCTbiO, nnOTHOCTb KOTOpOH COOTBeTCTByeT cpe)J,Heti DJIOTHOCTH 

HCCJie)J,yeMOfO 06beKTa, HanpMMep BO.[(OH. 

.6JIOK IJ;HQlpOBOM reHepau;MM M3nyqaeMbiX CMrHanOB 8 KOHCTpyKTHBHO 06be)J,MHeH C 

IJ;HQlpOaHaJIOfOBbiM rrpeo6pa30BaTeneM 9 M BKniOt.IaeT MMKpOCXeMbl CeMeMCTBa 

nporpaMMHpyeMoti norMKM A1tera MAX, KOTopa51 co3.uaeT IJ;HQlpOBhie KO.UHpoBaHHbie 

IllMpOKOIIOJIOCHbie MO.[(ynHpOBaHHbie CHfHaJibl, pa3nH4Hbie )J,n51 Ka)I()J,QfO U1HpOKOIIOJIOCHOf0 

cw. 6 
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113Jly'-laTemi. <f>HllbTpbi 6JIOKa 10 113Jly'-laeMbiX Cl1fHaJIOB C06paHbi Ha )li1CKpeTHhiX :meMeHTaX 

(KaTyiiiKI111H.UYKT11BHOCTI1, KOH.UeHC3TOpbi) B Bl1)le MHOfOK3CK3)lHOH I13CCHBHOH CXeMbl. 

Y CI1Jli1TeJll1 113Jly'-laeMbiX Cl1rHaJlOB 6JlOKa 11 co6paHbl Ha )l11CKpeTHhiX :meMeHTaX 

3JleKTpOHI1KI1 - M11KpOCXeMaX, BhiXO.UHhiX TpaH311CTOpax, BhiXO)lHhiX comacyiOIIIHX 

5 TpaHccflopMaTOpax. <DI1JlbTp 12 I1p11HI1MaeMOfO Cl1fHaJla C06paH 113 HeCKOJlhKI1X KaCKa)J.OB 

ITOJlOCOBhiX $11JlbTpOB M -TI1ITa. Y CI1Jli1TeJlb 13 I1pi1H11MaeMOf0 Cl1fH3Jla C06paH Ha 

ManoiiiyM5IIIII1X orrepa1..1,110HHhiX ycl1n11TeJI51X. AHanoro-I..J,11cflposol1 rrpeo6pa3osaTenh 11 

3aiTOM11HaiOIIIee ycTpOHCTBO 14 peaJli130B3Hhl T3KI1M o6pa30M, '-ITO )laHHbJe C aHaJlOfO­

I..J,11cflpOBOf0 rrpeo6pa30BaTeJl51, BXO.U51lllefO B COCTaB MHOrocflyHK1..1,110HaJihHOH ITJiaThl c6opa-

IO Bhmo.ua .uaHHhiX NI pxi-6115, rrepe.uaiOTC51 B pe)I(I1Me peaJihHoro speMeHI1 Ha )l(eCTKI1H .UHCK 

rrepCOHaJlhHOfO KOMIThiOTepa, 11CITOJlh3yeMOfO B Ka'-leCTBe 33ITOMI1HaiOIIIero ycTpOHCTBa. 

bJlOK aHaJll13a I1p11H51TOf0 C11fHaJla 11 TOMOrpa$11'-leCKOfO OT06pa)J{eHI151 15 peaJli130BaH C 

rrOMOWhiO rrepcoHanhHOro KOMIThiOTepa, KOTOphiH yc11neH conpoi..J,eccopoM TESLA C 1 060, 

11CITOJlh3YIOIIIeM TexHonori1IO CUDA. I1p11 3TOM .UJI51 OTo6pa)l(eHH51 pacnpe.ueneHI151 

15 HeJli1HefiHOf0 rrapaMeTpa 11 11TOfOBOfO TOMOrpaqmqecKOfO OT06pa)J{eHI151 11CI10Jlh3YIOT 

.U11CI1JleH 17 nepcoHaJihHOfO KOMIThiOTepa. 

3a51sneHHhiH ynhTpa3ByKosotf TOMorpacfl pa6oTaeT cne.uyiOIIII1M o6pa30M. 

ToMorpa¢11pyeMhiH opraH, Harrp11Mep, .UJ151 rrpose.ueHI151 paHHel1 )ll1arHOCTI1KI1 

.U06poKa'-leCTBeHHhiX 113JlOKa'-leCTBeHHhiX HOB006pa30BaHI1H M51fKI1X 6110JIOfl1'-leCKI1X TKaHeH 

20 IIOMeWaiOT B pa6o'-lyiO 30Hy rrp11eMH0-113JlY'-IaiOIIJ.ero ycTpOHCTBa 1, pa3MellleHHOf0 B BaHHe 

16 c 11MMepci10HHOH )K11LJ.KOCThiO. oJIOK 1..1,11¢posol1 reHepa1..1,1111 113rryqaeMhiX c11rHanos 8 
cflopM11pyeT KO.U11pOBaHHhie BO speMeHI1 I..J,11cflpOBhie III11pOKOIIOJIOCHbie Cl1fHaJihl 3apaHee 

113BeCTHOH CJlO)I{HOH cflopMhl, C III11p11HOH '-laCTOTHOH IIOJlOChl 0.3-:-1,0 OKTaBhl, Harrp11Mep, 

MO.UYll11pOBaHHbie Cl1rHaJibl B B11.Ue 611HapHOH nceB)lOCJiyqaJ1HOH cfla30BOH 

25 I10CJle)lOBaTeJlbHOCTI1 { 0; 1t} , pa3Jli1'-IHOH )lJl51 K3)1()l0f0 113 III11pOKOIIOJIOCHhiX 113Jly'-laiOIII11X 

1..1,11Jl11H.Up11'-IeCKHX rrpeo6pa30BaTenetf 2, 3 11 7 (111111 MOHOXpOMaTI1'-IeCKI1H Cl1rHaJl )lJl51 

113ny'-laiOmero rrhe3orrpeo6pa3osaTeJI51 7), KOTOphie npeo6pa3yiOTC51 B aHanorOBhiH c11man 

C ITOMOWhiO I..J,11cflpo-aHaJIOfOBOf0 npeo6pa30BaTeJI51 9, IIO)lBepraiOTC51 '-!aCTOTHOH cfl11JlbTpai..J,I111 

C IIOMOllihiO cfl11JlbTpOB 113JlyqaeMbiX Cl1rHaJlOB 10, YCI1JII1BaiOTC51 C IIOMOIIIhlO YCI1Jli1Tenel1 

30 113Jly'-laeMhiX Cl1rHaJlOB 1111 IIO)laiOTC51 Ha 113Jly'-laiOIU11e 1..1,11JII1H)lp111IeCKI1e 3JICKTpOaKyCTI1'-IeCKI1e 

rrbe3orrpeo6pa3osaTenl12, 3117 rrp11eMH0-113rryqaiOIIJ,ero ycTpoiicTsa 1, KOTOpbie reHep11pyiOT 

ynbTpa3BYKOBbie Cl1rHaJlbi-11MITYJlhChl, HarrpaBJieHHbie Ha TOMOrpacfl11pyeMbiH OpraH 

(11ccnenyeMhiH o6beKT). I1p11 3TOM BOJJHosoe none OT Ka)J{.uoro H3JJyqaiOmero 

I..J,11Jl11H.Up11'-IecKoro rrhe3orrpeo6pa3oBaTen51 2, 3 11 7 rrocne aKyCTI1'-fecKoro OTpa)J{eHI151 OT 

35 HI1)1{Hero MaJJoro KOHI1'-fecKoro aKycTI1'-IecKoro 3epKana 5, rrona.ua51 Ha sepxHee 6onhiiioe 

KOHI1'-IeCKOe aKyCTI1'-ICCKOfO cflOKYC11pyiOIIIee 3epKaJIO 6, C03)laeT YJlhTpa3BYKOBOH rry'-IOK C 

ITJ10CKI1M BOJlHOBhiM cflpOHTOM, 11MeiOIII11M B rop1130HTaJlhHOM HarrpasneHI111III11p11HY 15-:-25 

eM s npenenax scero TOMorpa¢11pyeMoro opraHa (11ccne.uyeMoro o6beKTa). ITocne 

aHaJlOrH'-IHOfO, HO o6paTHOfO, )lByKpaTHOfO OTpa)l(eHI151 OT BepxHero 60JlbiiiOf0 

40 aKyCTI1'-feCKOfO 3epKaJla 6 11 OT HI1)1{Hero MaJlOfO aKyCTI1'-feCKOfO 3epKaJla 5 rrp011CXO)li1T 

rronanaHI1e pacce51HHoro TOMorpa¢11pyeMhiM opraHoM (11ccne.uyeMhiM o6beKTOM) 

aKyCTI1'-ICCKOfO Cl1rHaJla Ha rrp11eMHhiH 1..1,11Jli1H)lpH'-IeCKHH I1hC30IIpeo6pa30BaTeJlb 4. 
Tip11eMHhiH 1..1,11JlHH)lp11'-IeCKI1H IThe30IIpeo6pa30BaTeJib 4 H3CTpOeH Ha perHCTpai..J,I1IO Cl1fHaJla 

sR(t), Heni1Hei1Ho pacce51HHoro OT scero TOMorpa¢11pyeMoro opraHa (rrpoiiie)liiiero '-Iepe3 

45 11CCJle)lyeMhiH OpraH). )J,JI51 Me)li11..1,11HCKOH )ll1afHOCTI1KI1 M51fKI1X 6110JIOrH'-IeCKI1X TKaHeH 

(HarrpHMep, )1.1151 yJJhTpa3ByKosotf MaMMorpa$1111) 3Ha'-feHH51 pa6o'-IHX qacTOT 113nyqaeMhiX 

III11pOKOIIOJlOCHhiX Cl1fHaJJOB 11 rrpHHI1MaeMOf0 CHfH3Jia, rrpe)liiO'-ITHTeJihHO, )l0JI)I{Hhl Jle)l{aTh 

B )lHarra30He 0,7-:-3,0 Mri..J, ('-IaCTOTa MOHOXpOM3TI1'-feCKOfO CHfHaJia MO)I{eT, HarrpHMep, 
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cocTaBJUITh 2,2 Mf~). 
I1pHHHMaeMhll1 OT TOMOrpaqmpyeMOfO opraHa I1p11eMHhiM ~11Jli1H)lpW-IeCK11M 

Ilbe30ilpeo6pa30BaTeJieM 4 pacce5IHHhiH Cl1rHaJI SR(t) Ha KOM611Ha~I10HHhiX IIaCTOTaX 

(KOM611Ha~HOHHbie IIaCTOThl rrpe)lCTaBJI5IIOT C060H CYMMapHbie HJII1 pa3HOCTHbie KOM611Ha~I1H 

IIaCTOT 113JiyqaeMbiX Cl1fHaJIOB) IlOCJie rrpe,llBap11TeJihHOH aHaJIOfOBOH <l>11IIhTpa~l111 B <l>HJihTpe 

12 np11HHMaeMoro cHrHarra 11 yc11rreHHS1 B yci1JII1Terre 13 np11HHMaeMoro cHrHarra rronaeTcsr 

Ha aHaJIOfOB0-~11cppOBOH rrpeo6pa30BaTeJih C 3ai10MI1HaiOIJJ.I1M ycTpOHCTBOM 14 11 )laJiee C 

3aiTOMHHaiOlllero ycTpOHCTBa 14 IIO)laeTC51 Ha 6JIOK aHaJIH3a I1p11H51ThiX CHfHaJIOB 11 

TOMOrpacpHIIeCKOfO OT06pa)l(eHI151 15. 0)lHOBpeMeHHO Ha 6JIOK aHaJII13a I1pi1H51ThiX Cl1fHaJIOB 

IO 11 TOMOrpacp114eCKOf0 OT06pa)l(eHI151 15 IlO)laiOTC51 Bee 113JiyqaeMhie Cl1rHaJihl C 6JIOKa 

~HcppOBOH reHepa~l111 113JiyqaeMhiX Cl1fHaJIOB 8, Ha OCHOBaHI111 KOTOphiX Cl1HTe3HpyeTC51 

15 

CHrHaJI cpaBHeHl151, rrpOIIOp~110HaJihHhiH rrp0113Be)leHI1IO: 

sc(t)-s 1 (t-'tctel)xs2(t-Tctel+~T), 

rne sc(t) - cHrHan cpaBHeH115I; 

s1 (t), s2(t) - )J.Ba nepBH4HhiX KO)l11pOBaHHhiX Cl1fHaJia B MOMeHT BpeMeHH t C yiieTOM HX 

HCKa)l(eHHH B IlpHeMHO-H3JIY4aiOllleM TpaKTe; 

~1- B3aHMHhiH BpeMeHHOH C)lBHT Me)l()ly 3Tl1Ml1 Cl1rHaJiaM11; 

Tctel- 3a,llep)I(Ka BpeMeHH Ilp11eMa pacce5IHH0f0 Cl1fHaJia OTHOCHTeJihHO BpeMeHI1113JIYl.J:eHH51 

20 nepBOrO CHrHarra, IIpH4eM nape 3Hal.J:eHHH (~T, Tctel) O)lH03Hal.J:HO COIIOCTaBJI5IeTC51 TOl.J:Ka C 

KOOp)lHHaTaMH (x,.y) BOCCTaHaBJIHBaeMOfO )lByMepHOfO pacnpe)lerremtsr HeJIHHeHHOrO 

napaMeTpa. 

25 

IlpH 3TOM B 6JIOKe aHaJIH3a IIp11H51ThiX CHTHaJIOB 11 TOMOrpacp11'-IeCKOf0 OT06pa)l(eHHSI 15 
OCyiJJ;eCTBJI5IeTC51 B3al1MHO-KOppeJI51~110HHOe cpaBHeHHe I1p11H5ITOrO CHrHaJia SR(t) C CHfHaJIOM 

cpaBHeHHSI S()(t) (HCilOJih3YIOIJJ;ee 6hiCTpOe npeo6pa30BaHHe <Pyphe), 'ITO II03BOJISieT IlOJIY4HTh 

Ha 3KpaHe )li1CITJie51 17 )lByMepHyiO KapTHHY KOJII1l.J:eCTBeHHOf0 (IIp11 HaJII141111 

rrpe,llBapHTeJihHOH Tap11pOBKH-KaJI116pOBK11 CTerreHH 5IpKOCT11) pacrrpe,lleJieHl151 H3MeHeHHH 

HeJIHHetl:Horo napaMeTpa BToporo nop5IJJ:Ka B BH)le y'-laCTKOB HccrrenyeMoro opraHa c 

30 pa3JIH4HOH 5IpKOCThiO. flp11 HaJIH411H TpeThero 113Jiy'-laiOru.ero IlJIOCKOrO 

3JieKTpOaKyCTH'-IeCKOf0 rrpeo6pa30BaTeJI51 5 MOHOXpOMaTHl.J:eCKOfO 11JII1lli11pOKOIIOJIOCHOf0 

yrrhTpa3BYKOBoro cHrHana o6ecrrel.J:HBaeTc51 B03MO)I(HOCTh perHCTpa~J-m yrrhTpa3BYKOBoro 

pacce5IHH0f0 B TOMOrpacpHpyeMOM opraHe IlOJI51, IIOpO)I()leHHOrO IIOJIHhiMH 3Hal.J:eHH5IMH 

HeJII1HeHHhiX napaMeTpOB HCCJie)lyeMOfO OpraHa M Hecyru.ero HH<l>OpMa~HIO 0 IlOJIHOH 

35 BeJIHLIHHe HeJIHHeHHhiX rrapaMeTpOB BTOporo H TpeThero I10p5I)lKa, '-ITO II03BOJI5IeT IlOJIYLIHTb 

Ha 3KpaHe )lHCITJiesr 17 )lByMepHyiO KapTHHY KOJIMl.J:eCTBeHHOrO (rrpH HaJII14HI1 

rrpe,llBapHTeJibHOH TapHpOBKH-KaJIH6pOBKI1 CTerreHI1 5IpKOCT11) pacrrpe)leJieHH51 411CJieHHbiX 

3HaLJ:eHHH HeJIMHeHHhiX rrapaMeTpOB BTOporo 11 TpeTbero I10p5I)lKa B BH)le Y1-IaCTKOB C 

pa3JIH4HOH 5IpKOCThiO, oTo6pa)l(aiOIJJ.HX BHyTpeHHIOIO CTPYKTYPY HccnenyeMoro opraHa 

40 (HarrpHMep, M5IrKHX 6HOJIOfHl.J:eCKHX TKaHeH) C BhiCOKOH pa3pernaiOru.el1. CilOC06HOCThiO 

(0,572,0 MM). 

KpoMe TOro, 3a5IBJieHHOe arrnapaTypHoe BhiiTOJIHeHI1e ynhTpa3BYKOBoro TOMorpacpa c 

~l1JI11H)lpH4eCKHMI1 npeo6pa30BaTeJI51Ml1 2, 3, 4 11 7 I1p11eMH0-113Jiyl.J:aiOru.ero ycTpOHCTBa 1, 
peaJIH3YI01llero rrpo~ecc HeJII1HeHHOf0 TOMOrpa<l>11pOBaHH51 BTOporo 11JII1 TpeTbero I10p5I)lKOB, 

45 o6ecrre4HBaeT B03MO)I(HOCTh IlOJIY4eHH51 Ha OCHOBe TeX )l(e 3KCI1epHMeHTaJibHhiX )laHHhiX B 

BH)le rrpHH51ThiX HeJIHHeHHO pacce5IHHhiX CHfHaJIOB Ha KOM6MHa~HOHHhiX 1-J:aCTOTaX, 

HCilOJih3yeMbiX )lJI51 cpopM11pOBaHH51 TOMOrpa<l>Hl.J:eCKHX H306pa)l(eHI1H pacnpe)leJieHI151 

HeJIHHeHHhiX napaMeTpOB HccnenyeMoro opraHa, o6ru.el1 KapTI1Hhi KposocHa6)1(eHM51 opraHa, 
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a TaK)I{e HanpaBJieHH51 H BeJIHliHHbi CKOpOCTH KpOBOTOKa ITO BOCCTaHOBJieHHOH ceTH 

KpOBeHOCHblX COCy)lOB. 

<l>opMyna H3o6peTeHH51 

1. Y JibTpa3ByKOBOH TOMOrpacp, CO)lep)l{all.lHH npHeMHO-H3JiyiJaiOI.llee ycTpOHCTBO, 

BKJIIOIJaiOlllee H3JiyiJaiOlllHe H, no MeHbllieH Mepe, O)lHH rrpHeMHblH IIHJIHH)lpHIJeCKHe 

nbe30npeo6pa30BaTeJIH, 6JIOK yCHJIHTeJieH H3JIY1-IaeMbiX CHfHaJIOB, YCHJIHTeJib IIpHHHMaeMOrO 

CHrHaJia, IIH<flpoaHaJIOfOBbiH H aHaJIOfO-IIH<flpoBOH rrpeo6pa30BaTeJIH, 3aiiOMH.HaiOlllee 

ycTpOHCTBO, 6JIOK aHaJIH3a npHH51TOf0 CHfHaJia H. TOMOrpaqmiJeCKOfO OT06pa)J(eHJt51 C 

JO )lHCnJieeM, OTJIHqaiOlllHHC51 TeM, qTO npHeMHO-H3Jiyqmomee ycTpOHCTBO )lOIIOJIHHTeJibHO 

conep)I{HT pacnono)l{eHHhre sepTHKaJibHO H npyr Han npyroM HH)J(Hee Manoe aKycTHqecKoe 

3epKaJIO C BHeWHeH OTpa)l{aiOllleH nosepXHOCTbiO H BepxHee 60JibWOe aKyCTH.lieCKOe 3epKaJIO 

C BHyTpeHHeH OTpa)l{aiOllleH nOBepXHOCTbiO, BbiiTOJIHeHHbie B BH.)le COOCHbiX yceqeHHbiX 

KOHYCOB C O)lHHaKOBbiMH ymOM KOHYCHOCTH H BbiCOTOH H. pa3JIH.qHbiMH cpe)lHHMH pa)lHyCaMH 

15 OTpa)J(aJOlllHX nosepXHOCTeH, npH 3TOM, no MeHbllieH Mepe, )lBa H3JiyliaiOlllHX IIH.JlHH)lpHqecKHX 

nbe30npeo6pa30BaTeJI51 H, no MeHbllleH Mepe, O)lHH npHeMHbiH IIHJIHH)lpHqecKH.H 

nbe3onpeo6pa30BaTeJib BbiiTOJIHeHbi C BbiCOTOH 0,8~0,9 OT BbiCOTbl H3 aKyCTHlieCKOfO 3epKana, 

ycTaHosneHbi Ha yposHe HH)I{Hero Manoro aKyCTHqecKoro 3epKana, a HX npo.n:onbHbre ocH 

pacnono)l{eHbi sepTHKaJibHO H pa3MemeHbi no OKPY)J(HOCTH c u,eHTpoM Ha ocH aKycTHqecKHx 

20 3epKan H panHycoM R, onpenenHeMbiM no cooTHorneHHIO: 

25 

30 

35 

40 

45 

R =(0 8-:-1 2) Rr, RM 
' ' 2(R6 - RM) ' 

r)le RM - Cpe)lHHH pa)lHyc OTpa)l{aiOllleH noBepXHOCTH HH.)J(Hero MaJIOfO KOHH.lieCKOrO 

aKycTHqecKoro 3epKana; 

R6 - cpe)lHHH panHyc OTpa)l{aJOmeti nosepxHOCTH sepxHero 6onbrnoro KOHHliecKoro 

aKycTHqecKoro 3epKana, 

npHqeM H3JiyqaJOlllHe IIHJIHH)lpH.qecKHe nbe3onpeo6pa30BaTeJIH nO)lKJIIOlieHbl qepe3 6JIOK 

YCHJIH.TeJieH, 6JIOK <fJHJibTpOB H IIH<flpoaHaJIOfOBbiH rrpeo6pa30BaTeJib K 6JIOKy IJ,H.<flpOBOH 

reHepaiiHH HJJiyqaeMbiX CHrHaJIOB, a npHeMHbiH nbe3onpeo6pa30BaTeJib ITO)lKJIIOlieH qepe3 

<fJHJibTp npHHHMaeMOfO CHfHaJia, ycHJIHTeJib H aHaJIOf0-IJ,H$pOBOH npeo6pa30BaTeJib K 6JIOKY 

aHaJIH3a npHH51TOfO CHrHaJia H TOMOrpa<fJHqecKOfO OT06pa)J(eHH51, K BTOpOMY BXO)ly KOTOporo 

nO)lKJIJOqeH BbiXO)l 6noKa IIH<flpoBOH reHepaiiHH HJJiyqaeMbiX CHrHaJIOB. 

2. Y JibTpa3ByKOBOH TOMOrpacp IiO n.l, OTJIJiqaJOLUHHC51 TeM, liTO BbiCOTa KOHJiqecKHX 

aKyCTHqecKHX 3epKaJI COCTaBJI51eT 15~25 MM, a yron KOHYCHOCTH paBeH 15~25°. 

3. YJibTpa3BYKOBOH TOMorpacp no n.l, OTJIHqaJOlli,HHC51 TeM, liTO HJJiyqaJOlli,H.e H. npHeMHbiH 

IIHJIHH)lpHqecKHe nhe30npeo6pa30BaTeJIH BbiiTOJIHeHhi C )lH.aMeTpOM J 0~20 MM H yrJIOM 

pacKpbiBa aKTHBHOH 30Hbl 70~95°. 

4. YJibTpa3BYKOBOH TOMOrpa<fl no n.J, OTJIHqaJOlli,HHC51 TeM, qTO yron Me)J(,n:y OC51MH 

)lHarpaMMbi HanpaBJieHHOCTeH )lJ151 Ka)l{)lOH napbl COCe)lHHX IJ,HJ1l1H)lpHqecKHX 

nbe3onpeo6pa3oBaTenetl Jie)I{HT B npenenax OT 30° no 90°. 
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