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OBIIASA XAPAKTEPUCTUKA PABOTbBI

B nacrosieii pabote npeacTaBiacHb! pe3yabTaThl HCCAENOBAHHIA, BRITIONHEHHBIX
aBTOpoM Ha  Kadenpe  akycTHkd  ¢usudeckoro  dakymsreta @ MIY
uM. M.B. JlomonocoBa B mnepuop 1991 —2011r.r. J[uccepraius IOCBSIICHA
KOMIUIEKCHOMY  TEOPETHUECKOMY M DKCIEPUMEHTANLHOMY  HCCIECIOBAHHUIO
HENMUHEHHO-IN(PAKUHOHHBIX  SBJCHHH, CONPOBOXIAKIUMX  PacHPOCTPAHECHHE
HWHTCHCHBHBIX aKyCTHYEeCKHX BOJIH C yJapHeIMU (QPOHTAMH B CPeiaX ¢ PasIMYHBIM
4aCTOTHO-3aBUCHMBIM TMOTTOLICHHEM H CTy4aiiHO-HEOAHOPOIHEIX Cpenax.

AKTYAJIBHOCTE padoThl CBsi3aHa C 6I>ICTpBIM P23BUTHEM HOBBIX MPAKTUYECKUX

MPUJIOKEHUH MOLIHOTO y/ILTPa3ByKa, B OCHOBHOM, C COBPEMEHHBIMH HpoliieMaMH B
obnactH a’poaKyCTHKH M MEOHUMHCKOH aKyCTHKHM. DTH HANpaBJICHUA ABNAIOTCA
SPKUMH NpuMepaMu obnacreil PU3NKN HEMMHEHHBIX BOJMH B cIa60HCIEPIHPYIOUIHX
cpedax, rae pe3ynasTaThl (YHAaMEHTANLHBIX HCCIENOBAHMI HAXOIAT YCIELIHOE
NpakTHYecKoe MpHMeHeHHe. B rociaegHue Tofbl INHPOKOE pAaclpoCTpaHeHHe
NIONyYHJIM HENUHEHHBIE METOMBl YJIbTPa3ByKOBOH MEIMIIMHCKOH BH3YalH3alHH H
Hepa3pyLIaoliero KOHTPOIS, OCHOBAHHBIE HA TEHEPAaLHy B CPEJE BBLICUINX FrAPMOHHUK
JIMaTHOCTHYECKUX  HMMITyJIbcOB.  VIHTEHCHMBHO  pa3BHBae€TCs  HaIpaBlcHHE
HEMHBA3MBHOI1 YIbTpasBykoBoii xupypruu (unn HIFU - obmenpuustoe coxkpaiesne
or cnosocouetanusa High Intensity Focused Ultrasound) ¢ wucmonszoBaHueM
(doxycupoBaHHOTO YJbTpa3Byka OONBIIOH HMHTEHCHBHOCTH. 3ajadd, CBA3aHHBIE C
pacrnpocTpaHeHHeM BOJIH B TypOyJleHTHOM arMocdepe, BHOBb NPHUBIEKAOT K cebe
MOBHIIEHHOE BHUMAaHHE B CBS3M C pa3BUTHEM CBEPX3BYKOBOI IPaXXIaHCKOH aBUAlIUH
u npobnemoii 3ByKoBOro yaapa. HecMoTpa Ha pasiudug B IJIAaHE MPAKTHYECKOTO
MPUMeHEHs, NepeYnciIeHHble BBIIE 3aJaud MOryT OBITH OIHCaHBl B pPaMKax
€AHHOr0 MAaTEMAaTHYECKOTO anmapaTa HENHHEIHBIX SBOJIOLMOHHBIX YypaBHEHMH
¢Gu3MKK HeJMHEHHBIX BOJIH B cpellax co cnafoii JucIepcuei.

Cnenyer BHIACTHUTH [BE BaXKHble OCOOCHHOCTH, OTIMYAIOIINE HaydyHOE
HAIpaBJICHHE, PA3BHBAEMOE B JaHHoil paboTe. Bo-niepBhix, B Heil p‘aC.CManI/IBaIOTCﬂ
CHJIBHO HCKaXKEHHBIE AaKYCTMYECKHE CHTHANbl, B3auMOJCHCTBHE KOTOPHIX
MPUHUKIHATEHEIM 00pa3oM OTIHYaeTCd OT B3aUMOJACHCTBHII KBa3MIapMOHHYECKHX
BojH. MccenoBanne aKyCTHYECKHMX BOIH C Pa3pHIBHBIMH (bporiT_aMH ABIISAETCA
ropa3szno Gosee cJIOKHOMN 3agaueii Kak B I1aHe HO-(‘:T]I)O,CHI/‘IS[ TEOPETHYECKHUX MOJeNeH,

TaK U B YUCICHHOM MOJCIUPOBAHHH. HeCMOTpH Ha TO, 4YTO IIE€PBBIE AITOPHUTMBL
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pacuera HeNHHEHHBIX JUOPATHPYIOMMX IYYKOB C HCIONB30BaHHEM YAApoO-
ynasnusaromux cxeMm thna l'ogyHoBa Oty co3fanel B 70-X rogax, MOAENHPOBAHHE
YCIIOBHIl SKCIIEPUMEHTA CTATO BO3MOKHBIM JIMIIb B MOCIEAHHE TOABL. JTO ABISAETCA
BTOpoii 0COOEHHOCTEIO aHHOIT PabOTHI: HCMONB30BAHUE THCHEHHOTO SKCIIEPHMEHTA
KaKk MHCTPYMEHTa B pCIIeHHH pPacCMATPHBAEMBIX 33Ja4 B KOMILUIEKCE C
[IPOBOAMMBIMH (H3MYECKHMH U3MepeHHAMH. Takoif moaxol u pa3zpaboTaHHbIE
YHCJIECHHBIE ANrOPHUTMBEI MOJ, KOHKPETHBIE 3KCIEPUMEHTATIbHBlE YCTaHOBKH
MO3BOJIMAH HE TOJBKO CYLIECTBEHHO PACIIMPHUTh KPYT HOMNAIOMIMXCH PEIICHUIO
3a7a4, HO H 06ecredYnTE HOBEIM, 00ee BEICOKHI YPOBEHb HX HCCIIEMOBAHMS.
HauGonee BakHBIM NIPHMEPOM TaKHX 3ajad  SBIAIOTCS  COBPEMEHHBIE
METUIUHCKHE NpPUIOXKEHHA, KaK, HalmpuMep, HeuHBAa3HBHAsI YJIBTPA3BYKOBas
XHPYPI#s C HKCNONb30BAHHEM BEICOKOMHTEHCHUBHBIX (POKYCHPOBAaHHBIX INyYKOB H
HenmHHelHaa nuarHoctHka. [pu Bo3neicTBIM YIBTPa3ByKa Ha GHONIOTHYECKYIO TKAHE
obpasyronyecs B npodHie HENMHEHHOH BOMHBI yaapHbIe (GPOHTEI UTPAIOT BAXKHYIO,
2 HWHOTAa M ompelensAomylo ponb. OAHAKO MO-NPEKHEMY HE CYLIECTBYET
OOLICNIPHHATEIX METOAOB XapaKTEPH3alMH YIbTPAa3BYKOBBIX Y/IapHO-BOJHOBBIX
TI0NEH, CO3AaBaeMBIX YCTPOHCTBAMH YIBTPA3BYKOBON XHUPYPIHH, a TAKKE IOJHOIO
TOHUMaHHU GU3NUECKHX MEXaHN3MOB BHI3bIBAEMBIX PA3PHIBHEIMU YILTPa3BYKOBEIMU
BojHaMM Ouonorndeckux oddexros. I[lornoimenne B GHONOTHYECKHX TKAHAX
OTJIMYAETCA OT KBAJPAaTUYHOTO IO YaCTOTE 3aKOHa NS KIACCHYECKHX JKHIKOCTEH,
YTO IMPHUBOJHUT K HOBBEIM OCOOEHHOCTAM B PpACHPOCTPAHCHHU Pa3pPLIBHBIX
aKyCTHYECKHX BOJH. Pa3BuTHE HENMMHEHHEIX METONOB  TAKXKe  sBIAETCA
IEPCIIEKTUBHBIM I MEAULIMHCKOH YyIbTPa3ByKOBOM auarHocTHku. HccrmemosaHue
HeNnMHEeHHO-qudpakuoHHEIX 9(deKToB B WMIYNBCHBIX TMOJAX, CO3LAaBAEMBIX
MEJUIMHCKHMH AaTYHKaMH, HeoO0Xxoanmo And 3¢(eKTHBHOrO MCIIOIB30BAHMS HMX
npeuMylliecTB. B o6nacTi a’poakyCTHKH aKTyanbHOM ABISIETCA npoGieMa OLEHKH
IIyMOBOH ©0€30mMacHOCT! B CBA3M C pa3BUTHEM CBEPX3BYKOBOH TIPAXKAAHCKOL
aspanmi. g noHnMaHus QU3NMYECKHX SBICHHH, CBA32HHBIX C PACHPOCTPaHEHHEM
MOIHOI'O YABTPa3ByKa H €ro BO3JeHCTBHS HA CPeily paclpoOCTpaHeHHs, He0GX0UMO
DPa3BUTHE ANECKBATHBIX TEOPETUYECKUX M YHCIEHHBIX MOJENEH, MOATBEPKICHHBIX B
skcnepuMenTax. C TEOPETHUCSCKOM TOUKH 3pEHHS 3TH 3a1aUH MOTYT OBITh OIHUCAHBI B
pamkax MoJjenei paclpoCTpaHEHHs HEMHEHHBIX JU(ParupyionX BOIH B Cpelax ¢

Pa3’nUYHBIMHA THIIAMH JUCCHMALYHA U B IPUCYTCTBHH HCOHHOpOI{HOCTCﬁ.
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[enu 1uccepTaNOHHOI paboThI:

Pa3zBute  TeOpeTHMYECKHX M YHCIEGHHBIX  Moeled I OMHCAHHUSA
pacHpoCTpaHeHHs Pa3pBIBHBIX aKyCTHYECKHX BOJIH 3a CIy4aiiHBIM (a30BBIM
oKpaHoM. HccrnemoBaHue CENEKTMBHOTO pa3pyIUeHHsT MONIsA TapMOHMK B
cnaboOKyCHPOBAHHOM Iy4YKe KOHEYHOH aMIUIMTYABI TIOCNE MPOXOXKAEHHS

cly4aiiHoro §ra3zoBOro cios cnenuanbHoi KoHUrypamum.

TeopeTudeckoe M IKCIIEPUMMEHTANBHOE  UCCICHOBAaHHME  CTATHCTHYECCKHX
pacnpenencHuil U CPeIHUX XapaKTePHCTHK HEJIMHEHHBIX aKyCTHYeCKMX BOJH C
yaapHbIMH (pPOHTaMH B PaclpeAeNCHHBIX CIy4aiiHO-HEOQHOPOJHBIX CpeJax ¢
yueToM AudpakuHOHHBIX 2(dexToB, OUCCHNATHBHBIX H PEJIAKCALHOHHBIX

NpoIeCcCoB, a TAKXKC MHOTOKPATHOTO o6pa301331m51 CJ'Iy'-IaﬁHBIX KayCTHK.

Pa3paGoTka acCHMITOTHYECKOrO METOJa ONMCAHHMA pPa3PBIBHBIX  PEHICHUH
JBOJIIOLMOHHBIX ~ YPABHEHHII HENHHEHHOH aKyCTHMKH C  HCIOJB30BaHHEM
KOHEYHOro cnekrpa. MccnenoBaHue 0cOOCHHOCTElH PaclpoCTPaHEHUs Pa3pBIBHEIX

AKYCTHMYECCKHX BOJIH B Cp€Jax ¢ pa3IUIHBbIM YaCTOTHO-3aBUCHMBIM IIOTTIOICHHEM.

Hccneposanne  HenuHeitHo-mndpakUMOHHEIX 3G (QEKTOB B  OrPaHHYIEHHBIX

3BYKOBBIX [TYYKaX €O CJIOKHOM MPOCTPAHCTBEHHOM CTPYKTYpPOli GIIDKHEr0 MO,

. Pa3paGorka uHCNCHHOH Mojenu M1 OMMCAHHA TPEXMEPHBIX HMITYJIBCHBIX

¢doKkycupoBaHHBIX ~NYYKOB B OHomormueckux TxaHax. Hccioemosanue
NPEUMYILECTB IIPOCTPAHCTBEHHOH CTPYKTYpPBHI MHONSA BBICIUMX TapMOHMK s

yAyumieHus Ka4ueCTBa JHaTHOCTUYECKHX H306pa>l<em«u‘71.

. Pa3zButne KOMGI/IHHpOBaHHOFO SKCIIEPUMEHTANIBHOTO H YHCJICHHOIO MeETona

KOJIMYECTBEHHOM XapaKTEPH3alMH YIapHO-BOJHOBBIX IOJNEH A1 H3MydaTenei
ynbTpa3sykoBoii xupypruu (HIFU). OmnpeneneHue napameTpoB mons B (okyce
HENHHEHHBIX YIbTPAa3BYKOBBIX [yYKOB B OHOIOrHYECKOH TKAHH.

Pa3paboTka HOBBIX NPHUHIHIIOB HEHHBA3HBHOH YNBTPa3ByKOBOH XHPYprum ¢
MCIIONB30BAHMEM Pa3phiBHBIX BoiH, Co3faHNe YMCICHHEIX MOJenei ans pacuera
nenuueiinpix noneit  HIFU-u3nyuaresedf, B TOM 4HCJIE€ MHOIO2JIEMEHTHBIX
($a3MpOBaHBBIX peleToK, B BOAe M TKaHH. Hccnenosamme a¢dexra
cBepxOBICTPOro HarpeBa H JIOKAJILHOIO KHICHHA B OHOJNOTHMYECKOH TKaHH B
dokyce uzmyyarens npu obIydeHHH B PeXXHME Pa3pHIBHBIX BOJH H (U3HYECKHX

MEXaHH3MOB BBI3BIBACMBIX IIPH 3TOM OHOIOTHYECKHX 3(b(beKTOB.
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I.

2.

HayuHnas HoBH3HA:

Pa3BuTel Mozeny Ui ONMCAHMA CTATHCTUKU HEJNHHEHHBIX BOJNH 32 CIyYaidHBIM
(ha30BBIM SXPaHOM. AHAIMTHYECKAs MoJIeNb NOCTPOEeHa Ha OCHOBE NPHOIMKEHUS
HeNHMHEHON reoMeTpuyecKkoil aKyCTHKH, B pa3paboTaHHOH YHCIEHHOW MOIENH
YUHTBIBACTCSl BIHSHUE MPOCTPAHCTBEHHBIX MaciuTaboB (a3zoBrix (mykTyaumit
9KpaHa, HeJIMHEHHBIX, AUQPAaKIHOHHBIX U IUCCHIATHBHBIX »(ddekros. [Tokazano
TEOPETHYECKH M IOATBEPKIECHO IKCHEPHMEHTANBHO, YTO HMPH HCIOIL30BAaHUH
¢m3udeckn peanuzyeMoro (a3soBoro ciuos  crlenHaNbHON  KOHGUIrypauuu
BO3MOXHO CEJIEKTHBHOE BIMJHHE Ha KaueCTBO (OKYCHPOBKH Pa3IMYHBIX

rapMOHHK B ¢1a60¢oKyCHPOBaHHOM MydYKe KOHEYHOH aMITTUATYAEL

ITonyyeno MoaMGHIPOBaHHOE YPAaBHEHHE IBOMIOLIMOHHOTO THIIA, ONHCHIBAIOLLIEE
pacnpocTpaHeHHe  HEMMHEHHBIX AKyCTHYECKMX BONH B HEOZHOPOLHOM
JBHXYHIEHCA cpeae ¢ yueToM QUIyKTyanuid CKOPOCTH Cpelbl, MONEpPEeYHBIX
HanpasJCHUKO paclpOCTPAHEHUS BONHBEI. BriepBhle MOCTpPOEHBI pellleHus It
GyHKUMI pacnpeneneHns U CPeIHUX XapaKTEPUCTHK HEMHMHEIHEIX aKyCTUYECKHX
BOJIH C pa3sphLiBaMH B CITy4aifHO HEOTHOPOAHOH MBIDKYMIEHCsS cpene npu ydere
IubpaKuyMy, MHOTOKPAaTHOrO 0OOpa3oBaHMsl KAyCTHK, BS3KOTO HOTIOIIEHHUSA H
penakcannu, a Takxe 3(QQEKTOB, CBA3AHHBIX C NMPOAONBHBIMHU U HONEPSYHBIMH
GIyKTyanussMd  HEOJHOPOZHOIO TIIONS CKOPOCTH Cpeibl. TeopeTHdeckue

PE3YIbTATHI NOATBCPKIACHLI B MOACITEHBIX @HSHHSCKI{X OKCIICpUMEHTAX,

. Ilpeanoxen, o0ocHOBaH M peanu30BaH HOBBI JKCHEPHMEHTANBHEI METOA

KaJIHOPOBKH IIMPOKOIMONIOCHBIX MUKPO(OHOB MO HEMMHENHOMY YTHMHEHHIO N-
BOJIHBI B Cpejle ¢ MOIJIOIIEHHEM H penakcauueil B BO3AYXE C HCIOJIL30BRHUEM
onpeeNeHHs JIUTENBHOCTH UMITYJIBCA MO MOJIOKEHUAM HYJIEH B €ro CIEKTpe.
ITonyyena 3aMKHyTas cHCTeMa KOHEWHOTO WYHCNA CBA3aHHBIX HEJIHHEHHEIX
YPaBHEHHH, ONMCHIBAIONAs Pa3phIBHEIC pEICHHS 3BOMIOLMOHHBIX YpPAaBHEHHMH
HENMUHEHHOM aKycTHKH; pa3paboTaHa mnpouexypa [OCTPOEHHS Pa3PHIBHOIO
npoduIs Ha OCHOBE MOXy4aeMoro pemienus. Ha 0CHOBE NOTYyYeHHBIX YHCIEHHBIX
pelcHui BRIABIIEHEI HOBBIE OCOOCHHOCTH B3aMMOJEHCTBHIl pa3pBIBHBIX BOJH B
cpenax ¢ pasu4HOH 3aBHCUMOCTBIO IOTIOWEHHA OT YaCTOTHI.

O6napyxen HOBBIH 3ddexT HopMUPOBaHHA M B3aUMOMACHCTBHA JIByX Pa3phiBOB

Ha OTHOM NEPUOAC BOJHEL B ONMKHEM 110J1€ TIOCKOTO NMOPIIHEBOI'O U3Ty4YaTe/s U
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B (oxanpHOH 06NAacTH CXOAAIErocs My4ka 3a CYeT MHTephepeHIUN NpAMOH H
KpaeBOii BOJH.

6. IlocTpoeHa unCIeHHas MOZEND AJIS PacueTa UMITYJIbCHBIX NOJICH YIbTPa3ByKOBBIX
JUAarHOCTHYECKUX JAaTYHKOB NPOU3BOJbHON reoMerpun. Ha ocHOBe momydeHHBIX
YUCIEHHBIX  PEIICHHH  MPOAEMOHCTPDUPOBAHBL  NPEUMYLIECTBA  METOJAA
JUAaTHOCTHKHM Ha BTOPOI TapMOHHKE H HEOOXOJHMOCThH yYeTa XapaKTEPHOTO I

6HOIOrHYEeCKHX TKaHEH JIMHEHHOro 110 YacTOTE 3aK0HA MOTIOIEHHSL.

7. Ipemnoxken, OCOCHOBAaH W MOATBEPKAEH B YHCICHHOM M (PH3UYECKOM
IKCIICPUMEHTaX HOBBIf METOZ OmpeJeNeHHs IapaMeTPOB HEJIMHEHHOTO CHIBHO
(GOKYCHPOBAHHOI'O AKYyCTUHECKOro Myuka B OHOJIOTMYECKOH TKaHH Ha OCHOBE
MOJYUEHHBIX B BOJIE pe3y/IbTaTOB MOJICTHPOBAaHHS MM U3MEPEHH.

8. PaspaboTan HOBBII YHCICHHBIH aITOPUTM U1 pacdeTa TPEXMEPHBIX HETHHEHHBIX
YIBTPA3BYKOBHIX [0l MHOTOSJIEMEHTHBIX TepaneBTHYECKHX pEIIETOK B
YCIIOBHAX 00pa30BaHus yIapHbIX (pOHTOB B obnactu ¢oxyca. [lokasaHo, 4o npu
YPOBHSIX MHTCHCHBHOCTH, IOMYCKa€MBIX A COBPEMEHHBIX PpEIUETOK, B HX
dokyce oOpa3syeTcs BEICOKOAMILUIMTYAHBIH yAapHbli poHT, Jaxe Ipu 00mydenHH
uepes  pebpa. IlokazaHa  NPHUMEHHMOCT  MOJACAM  3KBHBRJICHTHOTO

OCCCHMMECTPHYHOTO H3MTYy4YaTe)Id MUt OITUCAHUS MTOJIA PEUICTKU B obnactu (boxyca.

9. Iloxa3ano, YTO B YCJIOBMSIX, XapaKTepHEIX /IS COBPEMEHHOH KIMHHYECKOH
TIPAaKTHKH, 06pa3oBaHie Pa3phIBOB H NOMIOLICHHUE SHEPIHU BOJIHEI HA YAAapHBIX
(GpOoHTaxX IPUBOAST K JIOKAJIBHOMY HarpeBy OHONOrH4ecKOH TKaHH J0 TEMIIEPATyp
Boitle 100°C 1 BO3HUKHOBEHHIO KHIIEHHA B TEYCHHE HECKOIBKMX MMILIMCEKYH/I,

YTO 1103BOJISET PEAIN30BATH PAJl HOBBIX Ono3ddexros.

COBOKYNHOCT HAYYHBIX Pe3yJIBTATOB AHUCCEPTALMH MOXET PAcCMATPUBATHCA
KaK CYUIECTBEHHBIi BKJaA B aKTyalbHOE HAydHOE HampaBicHHE «MOIIHbE
yNbTPa3BYKOBBIE TMONS B CIy4aiHO-HEOJHOPOIAHBIX M IHCCHUIATHBHBIX Cpelax»,
BKIIOYAOmEee B cebsfd CO3JaHHE HOBBIX KOMIUIEKCHEIX —OKCIIEPUMEHTAIBHO-
TEOPETHYECKUX MOJENeil onMcanusi Pa3speIBHBIX BOJH, Pa3paboTKy METOJOB HMX
peanu3aliiy,  BHIIBIEHHE  HOBBIX  HEJNMHCHHO-IMQPAKIMOHHBIX  SBJICHHMH,
BO3HHUKAIOIMX B TypOyJeHTHON cpeae u HpH (OKyCHPOBKE YAApHO-BONHOBBIX
AKYCTHYECKHUX IYYKOB BEICOKOI MHTEHCHBHOCTH, HCCIIEIOBAHHE HOBBIX MEXaHH3MOB

YAapHO-BOJIHOBOTO BO3JCHCTBUSA Ha CpEAbl THTIA OHOJIOTHYECKHX TKaHel.
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JocTOBepHOCTL TIPEACTABIECHHBIX B JAHCCEPTALMOHHOH paboTe pe3ynbTaTOB
HOATBEPIKAAETCS COOTBETCTBHEM PpE3YNIBTATOB TEOPETHYECKAX  HCCIEIOBAHHIA
JAHHBIM TIPOBEAEHHBIX YHCHEHHEIX M (U3NYECKHX O3KCIEPUMEHTOB, a TaKKe
TEOPETUHECKUM pacyeTaM M IKCHEPHMEHTANBHEIM JaHHBIM, TIOYYCHHBIM B padoTax

IpPYTHX aBTOPOB.

HpakTHueckas 3HAYNMOCTD:

Paseuras B pabore Mopens pacrpoCTPaHEHHS HEMWHEHHOTO HMOYNbCA 3a
cnyyaiiHBIM ()a30BBIM 3KPaHOM MOXET OBITh HCHOJNB30BaHA i OBICTPOM OIEHKM
CTAaTHCTHKH aKYCTHYECKOIo IIOJNA, MCIONb3yd B KayeCTBE BXOAHBIX JAHHBIX TPH
XapaxTepHEIX Macmraba: HENHHEHHYIO UIMHY, pedpaKUHOHHYIO JTHHY ()a30BOro
9KpaHa H pasMep HeogHopogHocreidl. Cneuwanbhpelii  (asoBbli  co0il  Moxer
HCIIOJIB30BATECA I CENEKTHBHOIO BO3AEHCTBHA Ha I10JIE€ OTACHBHBIX TAPMOHHK, B
YaCTHOCTH, AJIA YNpaBIECHUsS KayeCTBOM HMX (DOKYCHPOBKH B HEJHHEHHOM IydYKe B

HEKOTOPHIX 3ajja4uax yJIBTpaZSByKOBOﬁ JAUAarHoCTUKH.

Co3ganHbIi B paboTe KOMIUIEKC IPOrPAMM Ha OCHOBE HEJIMHENHHOIO BOJIHOBOTO
YPABHEHHA 3BOIIOIMOHHOIO THIIA MOXET HCIONB30BATECA [Jisi OJHOBPEMEHHOIO
pacyera CTATHCTHYECKHUX paclpeAcleHHil, a Takke IHKOBEIX M CpPeIHHX
XapakTEPUCTHK HEJIMHEHHBIX aKyCTHYECKHX IoNield B CIaydaifHO-HEOIHOPOITHOM
aBWXYyLIeHca cpene. JIIA OJMHOYHBIX MMIYJIbCOB C YIAAPHEIM (POHTOM pasBHUTHIE
METOJBI IO3BOIAIOT MONYYaTh XAPaKTepHBIE 3HaueHHA GIYKTyaluil aMIUTHTYAbl U
IMMpMHBI  (POHTA B HEOZHOPOJHOH cpeme. OITH pPe3yNbTATH  BAXHBL I
TPaKTHYECKMX 3a/ad ajpOaKyCTHKH, MOABOAHOH aKyCTMKM M MEAMIMHCKOro
yabTpassyka. IIpoBelieHHBIC OKCIIEPUMEHTH MO PACIPOCTPAHEHHIO MOITHBIX
aKyCTHYECKHX HMIYJbCOB B TypOyINeHTHOH BO3AYIIHOH cCpene  IIOKas3aiu
BO3MOXXHOCTb HCCIIEOBaHHS (QOPMHMPOBAaHMA CIy4aliHEIX (OKYyCOB HEpPBOTO H
BBICIIIHX MOPAIKOB B JabopaTopHBIX YCIOBHSX. PaspabotanHsrit
SKCIIEPHMEHTAIBHEIN  METOM KAMMOPOBKM IMTMPOKOIONOCHBIX MHKPOGOHOB IO
HCIIMHEHHOMY YIUIMHEHHIO N-BOJNHBI C YYETOM BS3KOCTH H pENTAaKCAIHOHHBIX
ABJIEHUH MOXET MHCIOJb30BaThCA B JIAOOPATOPHBIX YCIIOBUSX [UIL H3MCPEHHS
CHNEKTPANBHBIX XapaKTEPUCTHK M3MEPUTEIBHBIX CHCTEM B BO3AYXE NPH H3MEHEHHH
UX COCTaBJISAIOIIMX, TEOMETPUH WIH HM3MEHEHHHM XapaKTEPHCTHK C TeYEHHEM

BPEMEHH.



B ob6nactu 3amau MeAMUMHCKON aKycTHKM mpejiaracMas paboTa sBisercs
OCHOBOH a1 pa3paGOTKH HOBBIX CTAHAAPTOB ONHCAHHMA MOJIEH, CO3JaBaeMBIX
yCTpoiicTBAMM HEHMHBA3UBHOI XMPYpPrHH, 4TO OYAET CNOCOOCTBOBATH IOBBILICHHIO
6ezomacHocTH M 3()(eKTHBHOCTH U, TakuMm o0pa3oMm, JainbHelmeMy BHEIPEHHIO
3TOr0 MeToma ANa JeyeHHs OosbHBIX. HenuHeiliHas MoIens AN HMILYIBCHBIX
u3nyuareneii yxe HCMOAb3yeTCs MpH KaauOpoBKe MoNeill U olpeneNcHUH HHACKCOB
6e30MacHOCTH  JAaTYHMKOB  JHArHOCTHYECKOro  yibIpa3Byka.  IlomydeHHbIe
KannOpOBOYHBIE KPUBBIE 110 M3MEHEHHIO KOd(D(UIMEHTOB KOHICHTPAIMH MO B
HEeJMHEHHOM MyuKe MO3BONAIOT PACCYMTATh IIApaMeTpsl Imoad B (oOKyce
MPOU3BOJILHOrO TOPIIHEBOTO YIBTPa3BYKOBOro ~INpeoOpa3oBarens IpH M000M
ypoBHe ero Bo30OyxaeHud. J[aHHBEIE pe3yJNbTAaThl MPEJACTABIAIOT HECOMHEHHYIO
NPAKTHYECKYI0 BAXKHOCTE M MOTYT HCINONB30BAaTHCA IS OLEHKH HETHHEHHBIX
spdexror B (GOKyce TepaneBTUUECKMX H3IMydaTencii M BEIOOpa ONTHMAJIBHEIX
ypoBHeil o0ny4yeHus. Mojens SKBHBAJICHTHOTO OCECHMMETPHYHOIO M3Tyyarens
MOXET OBITh HCIIONHE30BAHA [ KOTUYECTBEHHOH OLIEHKH NapaMeTpoB HEIHHEHHBIX
nosei, co31aBaeMbIX MHOTOJJIEMEHTHBIMU PENIETKAMH YNBTPa3ByKOBOH XHPYpPrHH B

obnact Gokyca B LIMPOKOM JUana3oHe MapaMeTpPoB M MOUIHOCTeEH H3MyHeHHS.

HoBriii Meton ompeneneHus NapaMeTpoB HenuMHeHHOro mons B Gokyce
YIBTPa3BYKOBOr0 npeoOpa3zoBaTens B MOITOIAIONIEH TKaHH HAa OCHOBE JaHHEIX,
MOTYyYEHHBIX B BOJE, MOXKET HCIIONB30BATHCA U1 NAAHHPOBAaHHA XHUDPYPTHUECKHX
npouedyp. Co3gaHHBI KOMILIEKC HpPOrpaMM pacdeTa MOJeH MHOIO3JEMEHTHBIX
pEIIETOK MO3BOJAET XApaKTepH30BaTh HENWHCHHBIE PEKHMEI OOIydYeHMs Ans
KOHKPETHBIX PHOOPOB yNBTPa3BYKOBOH XHUPYPTHH, & TAKKE MOXKET HCIIONB30BATECS

JUIA ONITHMH3aLMK KOH(UTYpauny PEeLIeTKH Ha JTale ee pa3paboTKu.

IpeackasaHHBI B MOJENMPOBAaHMM W TONYYHBUIMH TIOATBEPKACHHEC B
skcnepumente 3QpexT CBepXOBICTPOro HarpeBaHHA TKAaHHM OO TEMIEPATyp BHIIIE
100°C u BO3HHMKHOBEHHS KHIIEHHS 33 HECKONBKO MHJUIHCEKYHJ IOCIIE Havana
BO3JICUCTBUA YJIHTPA3BYKOM TIO3BOMSET BH3YyaIH3MpOBaTh 0ONacTh BO3AEHCTBHA
HIFU npu pa3paGorke KIHHMYECKHX NPOTOKONOB OONydeHHs, NpHLETHBAHHH,
MOHHUTOPMHIE BO3ZEHCTBHA B peXHMe peanbHoro BpeMeHu. IlonmyuyeHHble
NpEIBAPUTENBHbIE PEe3yNbTaTel MOKAa3bIBAIOT MNEPCNEKTHBHOCTh HMCMOJIL30BAHHA
KOHTPOJIHPYEMOrO TEIUIOBOTO M MEXaHHYECKOro paspylleHHs TKaHK B METOAax

HIFU ¢ ucnonb30BaHAeM YAPHOBOJIHOBOTO BO3ICHCTBUA.
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1.

l-l().)'IO)l(l.‘.HPlSl= BbIHOCHMbIE HA 3aIUNTY:

CraTHCTHYECKME XapaKTePUCTHKH HeNuHeiiHod N-BoNHEI 3a chydaiiHEIM
$a30BBIM JKPaHOM PACCUMTHIBAIOTCS MYTEM Ha OCHOBE DPa3BUTOM YHCICHHOM
JnpaKkIHOHHOH MOJENH N0 ROCTATOMHO AMUHHOM peamuszanuu. CTaTHCTHKA
IOJIs 34 3KPaHOM ONPENEIIECTCA aMIUTHTYIOH BOJIHBI, pedpakHOHHON AIHHON U
IIPOCTPAaHCTBEHHBIM  MacmTaboM  dkpaHa.  IIpuOmmkeHue — HeTHHEHHOIM
reoMeTpUYECKON aKyCTHKM B JaHHOH 3ajiaye cnpaBeUINBO A0 paccTosauuit 0.3 ot
pehpaKIMOHHOI JUTHHEL

Ilpu moMomM CHENMANBHOTO “’pe30HaHCHOro” ()a30BOTO CJIOA BO3MOXKHO
CEJIEKTHBHOE BO3JCHCTBHE HAa ONpPEACIEHHEIC YacTOTH! HENWHEHHON BOJNHEI,
NPHBOJAILEE, HANPHMEP, K Pa3pymIeHUIO (JOKYCHPOBKH OJHHUX CIEKTPAIBHBIX
KOMIIOHEHT c()OKYCHPOBAHHOTO My4YKa M COXPaHEHUIO HOKYCHPOBKH APYTHX.

Pa3BuTelit YHCIEHHBI aIrOpPHUTM HO3BOJSET MOAEIHPOBATL PACIPOCTPAHEHHE
KBa3HIUIOCKHX IIEPHOJAHYECKMX H HMIYJIBCHBIX aKyCTHYECKHX CHTHAIOB B
HEOJHOPOAHBIX JBMXKYINUXCA Cpegax ¢ ydeToM 3(deKToB HemHHeHHOCTH,
AudpaKIMy, NPOACIBHON M HONEPEYHOH KOMMOHEHT (UIyKTyauuil CKOPOCTH
CpelEl, BA3KOCTH M pellakcalyu. Pe3ynsTaTsl MofeNUpOBaHUs TOATBEPKACHEI B
9KCNIEPHMEHTE M KOJHYECTBEHHO BEPHO MPEACKA3bIBAIOT IIPOCTPAHCTBEHHYIO
CTPYKTYPY aKyCTHYECKOr0o 1018 B TypOYNEHTHOH JBHKYIIEHCS cCpege,
CTaTHCTHYECKHE paclpefencHus, TMNHKOBBIE W  CpefiHMe  XapaKTePUCTHKH
NapaMeTpoB Nond B YCIOBHAX MHOIOKPaTHOrO (OPMHPOBAHHUS Cly4aiiHBIX
¢oxycos.

PaspaGotanHelii Merox  abComOTHOH  KanMOPOBKH  HIMPOKOMOMOCHBIX
MHKPOGOHOB B Ta3aX, OCHOBAHHHI HAa YHCIEHHOM pAacyéTe M HM3MEPEHHH
HENUHEHHOro ynnuHeHHs N-BONHEL NO IIONOXKEHHSAM Hylleil B e& Cmekrpe,
MO3BOJIAET ONPEAEIATh YyBCTBUTENLHOCTD MUKPO(OHOB B YCIOBUAX NMPOSBICHUA
3¢ }exTOB BI3KOCTH H peslakCalliy CpeaLl.

ITomy4eHHblE KONMYECTBEHHBIC [AHHBIE YHCIEHHOTO MOJIENUPOBAHMA JJI
KOppeKlMr Ko3((QUIHEHTOB KOHIEHTPAIMM M HACHIUICHHSA YIBTPa3ByKOBOTO
nons B (oKyce HENMHEHHOTO My4Ka IO3BONSAIOT PACCYHTHIBATH PA3IMYHBIE
XapaKTEPUCTHKHY HEIMHEHHO-HCKAXKEHHBIX Mpoduieii BOJMHEI B  HIHPOKOM
HHTCDBAJC MApaMETPOB M  MOIMHOCTEH  (POKYCHPOBAaHHEIX  MOPIIHEBBIX
npeoGpasoBareieii, HCIIONB3YIOIUXCSA B YCTPOHCTBaX YIBTPa3ByKOBOH XHPYPIUH.
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6. HurepdepeHius npsMo M KpacBo BOJNH B OrPaHHYCHHBIX My4Kax,
CO31aBaeMbIX IUIOCKHMH H ()OKYCHPOBAHHBIMH MOPIIHEBHIMH HCTOYHHKAMH,
NIPUBOJNT K (POPMHPOBAHHUIO ABYX YAapHBIX QPOHTOB HA OJHOM MEPHOJE BOIHBI
TIPH €& PacIpOCTPAHEHHH B PEXKUME PA3sBUTHIX PA3PHIBOB.

7. 3uaueHHs PasuIHYHBIX HAPAMETPOB aKyCTHYECKOro moiisi B (okanbHol obnacTn
u3nyyareneil ynsTpa3ByKOBOH XMPYPTHH B YCJIOBHAX OOMydeHHS TKAHH MOXHO
OIpe/ICUTh Ha OCHOBE pa3pabOTAHHOIO HOBOTO METOAA MEPEHECEHUS NaHHBIX
HM3MepeHnil aKyCTHYECKOro TOJIs B BOAE HA MOIJIOWIAIOIUE Cpeabl (HENnMHeliHoro
JUpeiTUHra), OCHOBAaHHOTO HA MAacIITaGHPOBAHUH JaBICHHUs Ha H3NTydaTene.

8. B mpodure Bonuel B QoxanbHOl oOnacTH mMyuyka B OHONOTHYECKOH TKaHH
obpasyercs ynapuolii ¢poHT ¢ ammmurynoit 60-100 MIla, yro mpuBoguT K
CBEpXOBICTPOMY JIOKAIGHOMY HAarpeBaHMIO TKAHH 1O TEMIIEPaTyphl KHICHHA H
¢$hOpMHPOBAaHHIO MAPOTa3oBHIX MONOCTEHl B TeUEHHE HECKOJBKHX MHILUTHCEKYHI.
INornowenue Ha pa3psiBe, pacCUNTHIBAEMOE Ha OCHOBE TEOpPHH CIabBbIX YAapHBIX
BOJIH, JIaCT OlIEHKY BPEMEHH BOSHUKHOBEHHS KUIIEHHA B TKAHM C TOYHOCTHIO 10%.

9. PaspaboTaHHBIi HOBBIi YHCICHHBI/I ANTOPHTM TIIO3BOJLIET PACCYMTHIBATH
TpeXMepHbIe HEeNHHEHHbIE nons COBPEMEHHBIX MHOTO3JIEMEHTHBIX
TEPANEeBTHYECKUX PELIETOK C JIOKAIN30BAHHEIM 00pa3oBaHHEM  YAApHBIX
npoduneii. IIpd OOCTIXKHMBIX YPOBHSX MOIIHOCTEH PEIIETOK HEIMHEiHBIe
a¢dexTl TpUBOAAT K POPMUPOBaHUIO pa3psiBOB B poduie BoiHbl B dokyce ¢

amMiuTynoit 60-100 MIla naxe nmpu GoKycHpOBKeE depe3 TPyHYO KIETKY.

Anpo6anns pa6oTsl

OcHOBHBIE DPE3yJbTaThl UCCIEAOBAaHMI, INPEACTABIEHHBIX B AHCCEPTALHH,
JOKJIANBIBAANCE U OOCYXAQINCHL HA CIEAYIOMMX TNpOouibHBIX  HaydHBIX
koHdepenmmsx: International Symposia on Nonlinear Acoustics (Bergen, Norway,
1993; Nanjing, China, 1996; Goeitingen, Germany, 1999; Moscow, Russia, 2002;
Stockholm, Sweden, 2008), Bcepoccuiickux ILIKonax-ceMHHapax «BomHOBBIE
SBICHUS B HEOJHOPOAHBIX cpemax» (1998, 2000, 2010, m. KpacHosumoso,
Mockosckas 061.), IEEE Ultrasonics Symposia (Seattle, USA, 1995; Sendai, Japan,
1998; Montreal, Canada, 2004; Vancouver, Canada, 2006; Rome, Italy, 2009); World
Congress on Ultrasonics (Berlin, Germany, 1995), Intern. Congresses on Ultrasonics
(ICU, Santiago, Chile, 2009; Gdansk, Poland, 2011; Intern. Congresses on Acoustics
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(Seattle, USA, 1998; Rome, Italy, 2001; Madrid, Spain, 2007; Sydney, Australia,
2010), French Congresses on Acoustics (Lousanna, 2000; Lyon, 2010); Joint
Congress CFA/DAGA, 2004, Strasbourg, France; Meetings of the Acoustical Society
of America (exerouHo ¢ 1993 r.), Congress of World Federation for Ultrasound in
Medicine and Biology, Florence, Italy, 2000; Forum Acusticum (Budapest, Hungary,
2005); 14" Intern, Congress on Sound and Vibration 2007, Cairns, Australia; ceccusax
Poccuiickoro axycrudeckoro obwecrea (1997, 2000, 2001, 2004-2011), 2-i mexa.
koH}. «PyHmaMmenramsHEle npobnemsbr ¢usukm» (Caparos, 2000); XII Illkone
«Henunrelinele Bomuer — 2004», Huxunit Hoeropox; Intern. Symposia on
Therapeutic  Ultrasound (Chongqing, China, 2001; Lyon, France, 2003;
Kyoto, Japan, 2004; Boston, USA, 2005; Oxford, UK, 2006; Seoul, Korea, 2007;
Minneapolis, USA, 2008; Aix-En-Provence, France, 2009; NY, USA, 2011); Mexx.
cummosuyMax «MRI-guided Focused Ultrasound Surgery», Washington, D.C., USA,
2008 m 2010; Ultrasonics International (Granada, Spain,2003), Espasmiickux
KOHIpeccaXx IO MEAMIHMHCKON ¢u3nke M mHKeHepun «MeguuuHCKas (H3UKa»
(Mocksa, 2001 u 2005), mexn. xoudepenuun «Progress in Nonlinear Science»
(Hmwxuuii Hosropon, 2001), 2-it mexn. xoudepenuun «Frontiers of Nonlinear
Physics», Hinxauit Hoeropon, 2004, mexa. cummnosnymax “Topical Problems of
Nonlinear Wave Physics” (Hmxuuit Hosropon, 2003 u 2005); TpexcTopoHHeM
pyccko-¢paHIy3cko-TepMaHckoM  cemuHape  “Computational  Experiment in
Aceroacoustics”, Cpernoropck, 2010; Mexa. xoudepenmuu «Advanced Metrology
for Ultrasound in Medicine» Teddington, UK, 2010; Mexa. OHKOJOTHYECKOM
HayyHo-00pasoBarensHoM (opyme «Onkoxupyprus-2010. B Gyaymee uepes HOBEIE
TexHonorum», Mocksa, 2010; JIoMOHOCOBCKUX YTeHUsX, Mocksa, MI'VY, 2011.
Marepuansl AuMCCEpPTallMH Takke MNPEACTABIUIMCh HAa CeMuHapax Kadeapsr
aKycrtuku ¢msnueckoro ¢akynsrera MY, Akycruyeckoro macturyta mM. H.H.
Annpeesa, Wncruryra ob6meii ¢usuxkn PAH, Hay4uHo-HCCIEHOBATENLCKOTO
BLIYHCIHTENBHOrO IEHTpa H (aKynbreTa yHIaMeHTaNbHOH MenuuuHsl MIY; Ha
CeMHMHapax CIeRyIONUX 3apyOexHBIX HaydHeIx HHcTUTyTOB: The University of
Texas at Austin, Austin, USA (1993, 1996), Applied Physics Laboratory, University
of Washington, Seattle, USA (1995-2011), Dept. of Physics, Potsdam University,
Potsdam, Germany (1999, 2002), Physics Dept., Royal Marsden Hospital, Sutton,
UK (1999), Université du Maine, Le Mans, France (2000), Dept. of Aerospace and
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Mechanical Engineering, Boston University, Boston, USA (2000), Institut National
de la Santé et de la Recherche Médicale, Unité 556, Lyon, France (2002, 2006), The
University of Tokyo, Tokyo, Japan (2003), Ecole Centrale de Lyon, Lyon, France
(2003); xak mpUrNalIeHHBIE JEKIMH Ha HayYHBIX MEXAYHApOAHEIX MIKoaax «Linear
and nonlinear acoustic wave propagation in heterogeneous media: modern trends and
application», Les Houches, France, 2008; «Therapeutic Ultrasound» (Cargese,
France, 2007, 2009, Les Houches, 2011); na xonrpecce World Federation for
Ultrasound in Medicine and Biology, Vienna, Austria, 2011.

Oy6aukanun

OcHoBHBIE pe3yNLTATHl  OTPaXKEHHI B HevYaTHRIX paboTaX, MOJHOCTHIO
COOTBETCTBYIOLIUX TeMe ANccepTauui: onybnukosano 37 cTaTel B pellcH3NPYEMBIX
HAy4YHBIX JKYpHAJIaX, BKJIIOUYEHHEIX B NEpedYeHb BEAYIUMX NMEPHOAHYECKHUX H3JAaHHMN
BAK, B uncne koTopeix «AKycTHUYeCKMH XKypHaim», «Bectnnk MockoBckoro
yuupepcutera. Cepus 3. ®wusmka, actpoHoMmusa», «HsBectua PAH. Cepus
¢du3uueckan», «Physics of Wave Phenomena», «The Journal of the Acoustical
Society of America», «IEEE Transactions on Ultrasonics, Ferroelectrics, and
Frequency Control», «Ultrasound in Medicine and Biology». Kpome Toro, mo
MarepuanaM paGoTel omyOnukoBaHo Oomee 50 crartei B cOOpHHMKax, TpyAax

KoH¢epeHnuii 1 Oonee 60 TE3COB NOKNAIOB.

JIMuHbli_ BKJIAJ ABTOpPA

Bce m3n0)KeHHBIC B JUCCEPTAIlNH OpPHTHHANBHBIE TCOPSTHUECKHE H YHCIEHHBIE
PE3YALTATH MOJNYUYEHBI TMYHO aBTOPOM, TGO NPH €ro HEMOCPEACTBEHHOM YJacTHH.
BeiGop 3aga4, Mojeneii M METOZOB HCCNICAOBAHMI OCYLIECTBIICA aABTOPOM.
OpHruHanbHble 3KCIEPUMEHTANBHBIE Pe3yNbTaThl HOMYYEHBI NIPH ONpeAesatomei
PO aBTOpPa B TNOCTAHOBKE OJKCIHEPHMEHTOB B KOMIUIEKCE C IPOBOJHUMBIMH
TCOPETHYECKAMH HCCICAOBaHHAMH, B 006paboTke U 0OCYXIESHHH IIOTy4aeMbIX

JAHHEIX, IOArOTOBKE MyOnauKanuii.

CTpyKTYpa 1 00bEM AMCCEPTALHH

JliccepTalis COCTOMT W3 BBEICHHA, CEMH IN1aB, 3aKIIOUCHHS, IPUIIOKEHUH H
cnucka JuTeparypesl. Pabora usmoxkena Ha 323 crpaHmnax u cojepxur 169

pucynkos # 1 TaGmuiy. Circok nuTepaTypsl Bkiatodaet 331 HaHMeHOBaHHE.
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KPATKOE COJEPXKAHUE TUCCEPTALIUHN

Juccepraums COCTONT U3 CIEAYIONIUX Pa3leIOB:
IIpeaunciioBue
Beenenne

I'naea 1. Henunelinste B3anMoaciicTsus nunooOpa3HEIX BOMH U YAAPHBIX
HMILYJIBCOB 32 CTy4aitHbIM Ga30BEIM S9KPaHOM

Inaga 2.PactipocTpanenne HeTUHEHHBIX aKyCTHYECKUX CHTHAJIOB B CIy4aHHO-
HEOJHOPOAHOI ABIOKYLLEics cpene: YHCNEeHHbIH 1 Qu3ndecKkuii
SKCTICPUMEHT

I'maBa 3. ACHMITOTHYECKHI CHEKTPAIIBHBINA MeTO1. PaspriBHEIE BOJIHEL B Cpeax ¢
PA3JIMIHBIM YaCTOTHO-3aBHCHMBIM ITOTJIOICHUCM

I'nasa 4. Hemueiinsie B3auMoaeiicTBUs pa3phIBHBIX BOJIH B OIKHEM MOJE
YJIBTPa3BYKOBOTO H3JTydaTens

I'nasa 5. Henuuelinble UMNyIBCHBIE NOJS MPAMOYTONBHBIX (POKYCHPYHOLIHMX
H3JIy4daTeneil IMarHoCTHYECKOTO YIbTPa3ByKa

I'napa 6.Uncnennstii u Gu3nuecKkuii IKCIEPHMEHT B 331a4aX XapaKTEePU3aLIK
HENUHEHHBIX MoNei HCTOYHUKOB YNBTPA3ByKOBOM XUPYPrun

T'nasa 7. YipTpa3zByKoBas XMpyprus ¢ HCHOJIE30BAHHEM BHICOKOAMIUTUTYIHBIX
pa3pLIBHBIX BOJH

3akiroueHue
Ipnaoxenusn

Jluteparypa

Bo Beenenun obcyxnaercss akTyalbHOCTh TeMBI HCCIICOBaHHil, NPUBOIATCS
LenM, HayyHas HOBM3HA, INIPAKTHYeCKas INEHHOCTh paboTel M 3auIMILAEeMEIE
HOJIOKEHUs, JadTcs KpaTKas aHHOTalHs coep:kaHus rnas. B BBogHOM maparpade
Kaxpol M3 7 OPHUrHMHANBHEIX TJIaB AHCCEPTALMH DPHUBOIUTCS 0030p NUTEpaTyphl H
00CyXIaeTcss COCTOSHHUE NMPOGIIEME!, COOTBETCTBYIOIIEH HCCIEAOBAHHAM IaBhl. B
3aKIIOYMTENBHOM Taparpade KakAOH W3 TJaB NPHUBOIATCS KpAaTKHE BBIBOABI M
00CY)XmaroTCsl MEepCHeKTHBEl JanbHeHIIMX WcCnefoBaHHi, B 3aKIIOYEHHMH K
JMCCEpPTAlMH COpPMYIIHpOBaHEl OCHOBHBIE IONy4YeHHBIE B paoTe pe3yJbTaThL
Janee npHBeneHH! NMPHIOKEHHUA, B KOTOPBHIX ONUCHIBAIOTCS DPa3jIMYHBIE KOHEYHO-
Pa3sHOCTHBIE  YHCIICHHBIE  aJTOPHTMEI  DEIIEHHS  MONENBHBIX  HETMHEHHBIX
SBOJIIOLIMOHHEIX YpaBHEHHiH, pa3paboTaHHEIX U HCHOJB30BAHHBIX NPH BEIIOJIHEHHH

paboTel. B KOHIIE NPHBOAUTCS CITHCOK LIUTHPOBAHHOM JINTEPATYPEI.
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OpuruHanbHass 4YacTh  AMCCEpPTAllMd  BKJIIOYaeT B cebid  HECKOJBKO
B3a)IMOCBSI3aHHBIX LIUKJIOB McciefoBaHui. [IepBelit 3 HUX omucaH B raBax 1 —2 u
NOCBALIEH HCCICIOBAHUSM CTAaTHCTHYECKUX CBOWCTB CIy4aiHBIX aKyCTHUECKHX
nojeu, coaepxaumx yaapHele QpoHTh. OCHOBHBIMH OCOOCHHOCTAMH 37€Ch
SIBIISIETCS paCCMOTPEHHE MHOTOMEPHBIX aKyCTHYECKHX IOJIeH, OJHOBPEMEHHBIN ydeT
HENWHEHHBIX U JUPPAaKUMOHHBIX SBJICHUH, MHOTOKPATHOTO IPOXOXKICHUS
HEJIMHEWHOH BOJIHBI uepe3 oOpasyrouuecss CilydyailHble KayCTHMKH, BO3MOXKHOCTB
OJHOBPEMEHHOT'O pPacyueTa W3 IMOJYYEHHBIX YHCICHHBIX PEIIEHHH CTAaTUCTUYECKHX
pacripenesieHli, MUKOBBIX M CPEJHHUX IapaMeTpOB aKyCTHYECKOTO MOJIS.

B nmnepBoii riaBe HCCIEAYIOTCS CTAaTHUCTHYECKHE CBOMCTBA HEIMHEWHBIX
aKyCTHYeCKUX MOJIeH 3a ciiydaiHbIM ()a30BBIM SKpaHOM. Pe3ynbTaThl JaHHOH IaBbl
OCHOBaHbI HA aHANHM3e AHAIUTHYECKUX pEUICHHH, MOJyYaeMbIX B INPHUOIIKEHUU
HeNMHeWHOM reomerpuueckoid akyctuku (HI'A), a Takke YHCIIEHHBIX DPEIIECHUIN

ypaBuenwuii XoxioBa-3abonaorckoi (X3)

dlgp & & b p| ¢
5. A 2P5- e A, 1)
0t| Ox pyc, OT 2pyc, OT 2
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_12p ___5_ﬁ( :)
o of DoCa O

)
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N i i
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¢ ! :

3Byka, b — BA3IKOCTE, M — N roi—x/e N ! !
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1 1 X

MO TIOTEepPEeYHBIM KoopauHaTaM. Ha

0 X=X, X raxe — D%y

puc. 1 IIPOMJITIOCTPUPOBAHA  pye 1, I'eomerpus 3amaunm O pacnpoOCTpaHEHUH
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paccrosiHueM, Tne oOpasyercs OOJBIIMHCTBO INepBhIX KaycTuk. CraTHcTHKa
[apaMETPOB aKyCTHYECKOIO IO B JAHHOM 3ajaue OIpelelsieTcsl HadalbHOH
Mopmynsuuer ¢a3zel BonHBI OeCKOHEYHO TOHKUM (a3oBeIM croeM. BHauane 3amada
HCCIIEeAYEeTCsl aHAIWTHYECKH, wucnonb3ys npubmmkenne HI'A. Ha  ocHoBe
[IOJy4EHHOTO aHAJUTHYECKOI'O pELIeHHs [JI1 CXOAMMOCTH JIy4eH 3a BKpaHOM
pacCUMTHIBAIOTCS W aHAIU3UPYIOTCS (QYHKLIMH pacrlpenelieHHs W CpeaHue
XapaKTEPUCTHKHA aMIUIUTY[bl MEpHOIUYEeCKOM mNuiuoobpa3Hoi BomHBL (§1.2) wu
onuHo4yHoro N-mmmynbca (§1.3). PaccmarpuBaroTcs Mopenu ILIHMPOKOTIONOCHOTO M
Y3KOMOJOCHOTO 3KPaHOB C TayCCOBCKOW CTaTUCTHUKOM CXOOMMOCTH JIydYeH.
INomy4yeHHble peIIeHHsA NO3BOJAIOT ONMCATh CTATHUCTHKY MOJA HAa PACCTOAHHSIX IO
00pa3oBaHus NEPBBIX KayCTHK.

[Hanee, 94ToOb1 yyecTh qudpakunoHHbie 3G (HEKTH U IPOXOXKICHUE BOJIHBI Yepe3
obuactu cirydaHbIX GOKYCHpPOBOK, B §1.4 3anada nccienyeTcs YUCICHHO Ha OCHOBE
ypaBHenusa X3 (1). PaccmaTtpuBaercs mozens (ha3oBOro 5KkpaHa C IayCCOBCKHM
CIIEKTPOM, CBOMCTBa KOTOPOTO 3a7al0TCS OBYMSI XapaKTepHBIMHU
NPOCTPAaHCTBEHHBIMU MaciuTabamu. OHUM M3 MacmTaOoB SBISETCS JTUHA
pedbpakuun x, xoropas B mnpubmmbkenun HI'A omnpepensercs CTaTHCTHKOM
CXOAMMOCTH Jy4ed. Jlpyrum macmraboM B IUGPAKIMOHHOH MOIETH SIBISETCS
KOppe/lAUMOHHAas AJAMHA 5KpaHa / WIM XapaKTEepHBIH pa3Mep HEOJHOPOIHOCTEH
JKpaHa, KOTOpBIH He y4HuThiBaercs B Mojenu HIA. HenunelHas qiuHa X,
ompeieNseTcsl Kak pacCTOsIHHE, Ha KOTOPOM aMIUTUTY/a TIOCKOH N-BOJIHBI C JUTMHOM

A ¥ HadaJbHOH aMIUTUTYIOH py g il P.=p./p,

3

ymeHpliaetci B +2 pas. Ha
OCHOBE THIIOTE3BI PrOIUIHOCTH
MO  pesysibTaTaM  YHCIEHHOTO
MOJIETMPOBAHUS C  JUTHHHBIMH

peanuzanuaMu GazoBOro IKpaHa

4 2 1Ba 40
(puc ) PACCUMTBIBAIOTCA () 5 100 60 300

X=X

bynxumn PaclIpe/ICHCHIA, Puc. 2. ITpumep PacCYUTaHHOTO YHCJIEHHO

CpellHI/Ie 3HadeHus] U ZH/ICHepCI/IH TIPOCTPAaHCTBEHHOI'O pacnpeeIeHus IIUKOBOI'O
IIOJIOXXHUTEIBHOIO  J1aBJICHUS N-BOJIHBI 32 (ba30BB1M

AMILIUTY OBl Cny‘iaﬁHoro nons N- 3KpaHOM ¥y, HU300paXKEHHBIM ciena.

BOJIHBI 32 SKpaHoM. PedpakuuonHas jnmHa OSkpama X, =634, pasmep

HEOJHOPOAHOCTEH / = 61, HennHeHHas 1nuHa X, = 8x, .
O6cyxnaercst BIIUSIHUE

14



We,) x/x,=0.25 x/x, =1 x/%,. =1
6 T T s 13
a) ! 6) I la=15 85 ¢
: 5, == [
5 1 =—lfA=6 i Y
. ==HIA NG
3 31
0 b N
0 | 2 | 2 | 2
P.=p./po P.=p./po P=p./po

Puc. 3. OyHkumn pacnpeeleHus IIHKOBOTO NOJIOXUTEIBHOrO AaBiieHus N-BOJHEI 32 (a3oBLIM
9KPaHOM, IIOJIyYCHHBIE YHCICHHO Ha OCHOBEe NM(paKUHOHHOM Moxenu X3 s pa3nUUHBIX
NPOCTPAaHCTBEHHBIX Pa3MepOB HEOIHOpOIHOCTeH skpaHa (/A = 1.5, 3, 6) u aHanmuTHYECKHe
pewenus sydeBod Mmonenun HI'A  (cepblie kpuBble). LITpUXOBBIE JMHHHM COOTBETCTBYIOT
pacrpesielieHusIM JUIl HelMHEHHOH ruiockod BoaHbl (O-(ynkuuu). CpaBHEHHE MPOBEICHO JUIS
paccrosiauii x/x,= 0.25 (a), 1 (6) u 2 (B) 3a 9kKpaHOM NpH X, = 634 U HENUHEHHON AMHHE X, = 4x,.

HeJIMHEeHHBIX 3¢ dexToB Ha ycusenne 1ubo ocnalleHue o B Cry4aiHbIX (Gokycax,
a TaKKe BIWAHHE Pa3MEPOB HEOLHOPOAHOCTEH Ha 3PPEKTHBHOCTE (HOKYCHPOBOK.
Pe3ysbTaThl MOJAGIUPOBAHMS CPABHUBAIOTCS C AHANMTHUECKMMH PEILICHHAMH, YTO
ITO3BOJISIET C/IENATh BBIBOZA OO0 OrpaHMYEHHSX IpuUMeHHMocTH npubmmkenus HIA
(puc. 3).

Iocnenusist 4acTh r1aBbl HOCBSILIEHA HCCIEAOBAHUIO HAEH O MPUHIUIHAIBHOH
BO3MOXKHOCTH HCIIOJIb30BaHHSI PE30HAHCHOTO (Da3oMOMyIHMPYIOMIEro cnos i
(§1.5).

HckyccTBeHHOE BBEIEHHWE PE30HAHCHOHM MMCIEPCHH SIBIAETCS albTepPHATHBON HIee

M30UpATENIbHOrO  BO3JCHCTBUST HAa TapMOHHKH HEJIMHEHHOW  BOJIHBI
PE30HAHCHOrO TMOTJIOUICHHsS C ILeIbl0 BO3AEHCTBHSA HA KacKaJHbIH IpoLecc
nepeTeKaHusi 3HEPTUH BOJHBI BBEPX 110 CNIEKTPY MPU PaCIpPOCTPAHEHUM HEIMHEHHON
BOJIHBL B ciaboucrneprupyiomeit cpeme. OTa 3amada HcchemyeTcs B pabote
TEOPETHYECKH U IKCIIEPUMEHTAIBHO Ha puMepe (POKYyCUPOBKH HEIMHEMHOIO IyyKa
yepe3 (usnMuecku peaqu3yeMblii (a30BBIH OKpaH CHELHMAIBHOH KOH(QUIypaluH.
O6cyxaaercsi BO3MOXHOCTb HW3MEHEHHs KauecTBa (DOKYCHPOBKM Ppa3IM4YHBIX
rapMOHHK B IIyYK€ MpPU MOMOIIM PE30HAHCHBIX (Da30BBIX HCKAKEHUH, BHOCHMBIX
(ha30BBIM CITOEM.

Bo BrOpoii riaBe paccMaTpHBAIOTCA YHUCICHHAas M (u3nyeckas MOJEINH,
IO3BOJIAIONIHE HCCENOBAaTh CTATHCTHKY HEIHHEHHBIX aKyCTMUYECKHX IIOJEH B
TypOyaeHTHOM aTMocdepe ¢ yueToM d(dhexToB Tudpaxuuy, BI3KOCTH, pelaKcaluy,
a TaKKe BIMSAHUS NPOJONBHOH U INONEPEYHOM K HANpPaBIEHUIO BOJHBI KOMIIOHEHT
CIy4alHOW CKOpOCTH cpelpl. BHauane ONWCBIBAETCS TEOPETHYECKas MOZIEIb,
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OCHOBAaHHas Ha MOAM(HUIMPOBaHHOM YpaBHCHHMH broprepca M yduThIBaroImas
BIMAHNE cepHIecKoH PacXolUMOCTH BOJIHEI, HEMMHEHHOCTH, OTMOIEHNS 3a CYeT

BA3KOCTH 1 TCIJIONIPOBOAHOCTH, a TAKKE PEJIaKCALIHOHHBIC TPOLICCCHI:

d & 9 b 9'p &
6—p+p_—3p—£+——3 Pi3a,
rorpeey 0T 2pyey” 077 44

T
9 Iexp(—(r—r')/rv —@idr', (3)
or 2, or'

IlpuBonsTca pe3yabTaThl NpeaBapUTENBHBIX pacueToB (§2.2) ¥ u3MepeHHit
(§2.3) mennueitnsix chepuyecku pacxoasmmxces N-BoSH B ORHOPOAHOI atMocdepe.
Ha ocHOBe mOMy4YeHHBIX IAaHHEIX HAXOAATCS XapaKTepHEIE MNPOCTPAHCTBEHHBIE
MaciTabbl TIPOSABJICHUSA HENUHEHHBIX 3¢QeKToB, pelakcauun H TEPMOBA3KOrO
NOTNONIEHUS B YCIOBHAX Oonee CIOXHBIX H3MepeHHil B TypOYJNEHTHOM IOTOKE.
Omnpenensiorcss OCHOBHBIC apaMeTpht N-BOIH [UIs1 CTATHCTHYECKUX HUCCIIENOBaHUM H
BIHMAHHE OTPaHHYEHHOCTU IOJIOCH YYBCTBHTEIBHOCTH M3MEPHTEIBHOM CHCTEMBI Ha
orpesieleHe 3THX mnapaMerpoB. ONHCHIBACTCA HOBBIH MOAXOHA K ONPENCICHHIO
JUINTENTBHOCTH N-BONHBI, ¢opMa KOTOPOH MCKakaeTcsd MNpPH pPEerucTpauuy, H
pazpaboTannsiii B paGore MeTon KalMOPOBKH LIMPOKONOJOCHBIX MHKPOQOHOB B
TIOTJIOLIAOMIEH cpeJie, OCHOBAHHEIH Ha HETHHEHHOM yITUHEHNH UMITyIbca (§2.4).

Jns TeopeTHYecKOoro OMHUCAHHS pacnpocTpaHeHHA N-BOJHEI M CTaTHCTHKH
aKyCTHYECKOTO IIOJI1 B HENMHHeHHOH TypOyJeHTHOH cpele IpeNIokKeHO HOBOE
JBOJIFOIIMOHHOE  YpaBHEHHE, YYHTHIBAIOIIES BEKTOPHBIE CBOMCTBA CKOPOCTH

JBrKeHus cpenst (§2.5):

Q1% Actu, p 1, g o PO G,
171

= . 4
or|ox @ or o 2pox| 2P @)
3mecs u, - MPOZOMbHAA KOMIIOHEHTa CKOPOCTH cpefie, U, = (u,,u,) nomepeunse

xoMIoHenTsl n V, =(3/dy,0/dz). Ob6cyxnatores obmue cpoiicTBa cUMMeTpHii
peleHnit monyueHHoOro ypaBHeHus. Cpesia ¢ BEKTOPHBIMH HEOQHOPOAHOCTAMH Jallee
MOAENHpYETCH Kak Habop ciaydaliHO OpHEeHTHpOBaHHEIX Dyphe MO ¢ rayCCOBCKHM
cniekTpoM. UucneHHo uccienyercst BnusHue 30dexToB caydaiiHex (OKYCHPOBOK,
HEJIMHEHHOCTH, TOTJIOIIEHHs, MUPPAKIMY, Pa3NHYHBIX COCTABIAIOMINX CKOPOCTH
cpenpl Ha MCKaxeHHe GopMBl N-BOJHBI M CTATUCTHKY MapaMeTPOB aKyCTHUYECKOTO
moNs B mojie BeKTOpHO#U TypOymentHocTH (§2.6). Ha prc. 4 mpuBeneH mnpuMmep
pacyeTa NpOCTPaHCTBEHHBIX pacrpeaeneHui GuyKTyamii 1pogoibHoi KOMIIOHEHTHI

CKOpPOCTH cpeIbl M TUKOBOIO ITOJIOXUTEIBHOTO JABJICHUA aKy CTHYECKOT'O ITOJIA.
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5 -0.03 -002 -001 0 0.01 002 003

2 25 3

Puc. 4. Ilpumep NpoCTPaHCTBEHHBIX DACIpPEAENEHHN NPOJOJBHOM KOMIIOHEHTHI CIIy4alHOIo
I0J11 CKOPOCTH CPEJIbI € TAYCCOBBIM SHEPTETHYECKHUM CIIEKTPOM (a) H ITHKOBOTO IOJIOXKHTEILHOTO
[IaBJICHUSI B aKyCTHYECKOM IIOJie PacHpOCTPAHSIOMIEHCS B TaKoil cpele HMCXOMHO IUIOCKOM N-
BOJIHBL. XapakTepHbli MacmTad GuykTyaruii ckopocTH cpeisl L =44, cpeqHss KBapaTHYHas

CKOPOCTB Uyms = 0.01cq, x, = 204

XapakTepHble HCKaxeHHS Tpoduis

BOJIHBI TIpU TIPOXOXOCHHH 4YE€pE3

cnyqaﬁHyio KayCTHUKY IIOKa3aHbl Ha pHUC. 5: HaOJIIOIA0TCS BOJIHBI C 3aKpPYTJICHHBIM

IOJIOXKUTEJIbHBIM MOJIYyIIEPUOJOM, BOJIHBI C HECKOJIBKUMH YIapPHBIMH (l)pOHTaMI/I,

U-BomHBI, ®  BOJNHBI C  JUIMHHBIMHU
IUGpPaKkIMOHHBIME  XBOCTaMHU. Pe3ysbTarsl
MOZICJIMPOBAHUSI CPAaBHUBAIOTCS C JaHHBIMH
(GHU3UYECKOr0  IKCIIEPUMEHTa, B  KOTOPOM
HU3MEPSIIOTCSI CTAaTUCTUYECKHE XapaKTEPUCTUKHU
TypOyJEHTHBIX TIOJEH CKOPOCTH CpEIbl U
napameTpoB TeHepUPYEeMbIX HCKPOBBIM
HACTOYHUKOM BBICOKOAMIUIUTYAHBIX N-BOJIH B
TypOynentHoM motoke (§2.7). OmnuceiBaercs
paspaboTaHHas JKCIIEPUMEHTAIBHAS
YCTQaHOBKA W M3MEPEHMs, IIPOBEIEHHbIE B
Beiciieid  WH)keHepHOW 1ikone  T. JInoHa
(®paHuus) nMo pacupoCTPaHEHHIO N-BOJIHBI B
TypOyJIEHTHOM TOTOKE. O6cyxaroTcs
OTIMYMS N0 CPABHEHHMIO C IIPOBEJAECHHBIMHU
paHee MOJIEIbHBIMH 9KCIEPUMEHTAMHU.
VBenuyeHne xapaKTEepPHBIX MacIITaboB HOBOM

YCTaHOBKH, LIHUPUHBI TYpOyJIEHTHOTO ClIOs,
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CKOPOCTH IIOTOKa M [JINTENBHOCTH N-BOJIHBI TNO3BOJWIH BBIIBUTh BIHSAHHE
CIIy4aHHBIX KayCTHK Ha CTAaTHCTHKY MapaMeTPOB aKyCTHYeCKOH BOJHEI, 00€CIeYUTh
MHOrokpaTHoe (opMHpOBaHHe CHOy4YaiiHBIX KAyCTHK, a TaKKe YMCHBIIUTH
OTHOCHUTEJILHOE BIAMSHHE AUCCUNIATUBHEIX 3(GEKTOB, CBA3aHHBIX C TEPMOBA3KUMH U
peNaKCanmMoOHHBIMH ~ Me€XaHW3MamMHu  nornomeHus.  [IpoBoaurcs — cpaBHeHHe
CTATHCTHHECKUX PACTIpE/IeNe Ui pasiNyHbIX apaMeTpoB N-BOJHEL B TypOyJICHTHOH
cpefie, MONYYECHHBIX B MOJACIUPOBAHUM H H3MEPEHHBIX B JKCIIEPUMEHTE, NAeTCA
OILICHKA BEPOSITHOCTH BHIOPOCOB aMIUIHTYX AaBlEHHA B TypOyJIEHTHOI cpeae.
Tpetha rnaBa auccepTanuy NOCBAMIEHA PA3BHTHIO HOBOI'O ACHMIITOTHYECKOrO
CTEKTPANBLHOTO MOAX0Aa /11 MOJACIHPOBAHHMA AKYCTHYECKMX BOJIH C pa3phIBAaMH B
HEJIMHENHHBIX CPEAax C IPOU3BOJIBHBIM 3aKOHOM IOIJOIIEHHS M COOTBETCTBYIOIIEH
eMy Jjucnepcuell ckopocTH 3Byka. OCHOBHasg HIes METOJa 3aKIIOYaercs B
HCTIONB30BAHHH M3BECTHOH BBICOKOYACTOTHOH aCHMIITOTHKH CIIEKTPa Pa3sphIBHBIX
dynxumii, S(®) ~ 1/, B cucTeMe CBA3aHHBIX YPAaBHECHMI UM B3aUMOEHCTBYIOIMX
FApMOHHUK U NPH BOCCTAHOBIICHHUU Pa3pBIBHOTO PEIIEHHA: BBICOKOYACTOTHAS 4acThb
CIIEKTPa Pa3phIBHOH BOJIHBI 3aMEHACTCA aHAIUTHYECCKAM BBIDAKEHHEM I CIIEKTpa

munoo6pasHoii BosHEl (puc. 6). B §3.2 o6cykaarTcst M3IBECTHBIE U3 JMTEPATYpHI

NPUMEPHI, B KOTOPBIX
a) vV C
BBICOKOYACTOTHBIE ~ ACHMIITOTHKH 1 »
Pa3spbIBHBIX dynkunii N 0.1
HCIIONB30BATHCH Kak ‘ "
1 . 0 “ngllluuup........
KOCMETHYECKas: IIpoueaypa IpH co
BOCCTAHOBIECHHH II0 KOHEYHOMY "
CHEKIPY BpeMeHHBIX (yHKIHil ¢ l
OCOGCHHOCTB}O Tnna lllllll!l“'lllll,llllllllu
MaTeMaTH4YeCcKoro  paspbiBa. B clm
n
JAHHOH  paboTe  MpemsoKEeHO
0]
HCIIOJIBE30BATH aCHMIITOTHKY 0.1
mMI00o6pa3Hoi BOJHBI HE TONBKO -1 " 0 l"“ —
-n 0 n 0 10 20 30
Ha JTane BOCCTAHOBJICHHUS 0 n

paspeIBHOTO  mpoduid, HO  H Puc. 6. IIpencranenne npoduns (cnesa) u crmexrpa

HEMOCPEACTBEHHO IPH pPEMCHUH (cripaBa) ORHOTO NepHoia pa3phIBHOM BOMHEL (2) B
. BHAE CyMMBI mnooGpasHoil Bonnei (0) M miaBHOTO
HEJIMHEHHOTO BOJIHOBOTO  ppoduns (8): ¥=Vi+ V.
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ypaBHeHus. [IpMHIMI MOCTPOEHHS 3aMKHYTOH CHCTEMBI CBA3AHHBIX HENHMHEHHBIX
YpaBHEHMII IS KOHEYHOr0 YHCiIa TrapMOHHMK omuchiBaeTcs B §3.3 Ha mnpHMepe
pelicHUs  ypaBHEHHs NpOCThIX BOJH. CpaBHeHHE YHCIEHHBIX  PELICHUH,
OMHCHIBAIOMIUX 3BOMIOLUI0 INPOQUIA MCXOAHOH TapMOHMYECKOH BOJHBEL, C
H3BECTHBIMH AHAUTUTHYECKUMH pe3y/lbTaTaMH MOATBEPXKIAET, YTO pa3paboTaHHBII
NOAXOJ MO3BOJSET C BLICOKOM CTENeHbI) TOYHOCTH MOJENHPOBATh PACIPOCTPAHEHHE
Pa3pHIBHBEIX BOIH NPH MOMOIIM OTHOCHTENBHO HeOOJNBIIOro yHciaa rapMoHuk (30 —
50). O6o0mesne pa3BUTOr0 MeToJa Ha ciiydaii, Koraa B npoduiie BOJHEBI, HApALY C
paspeIBOM, COAEPXKHTCI OCODEHHOCTH CICAYIOUIErO IOpAZKAa B BHAE PpaspEBa
MPOU3BOAHOH, NMPUBOAMTCI B §3.4 Ha IpHUMEpe pacnpOCTPaHEHHS OJMHOYHOIO
UMIOyNeCa ¢ yAapHbIM  ¢ponrom. JlanpHelinmiee pasBUTHE METOAA YUHTHIBaeT
MPUCYTCTBHE ABYX pa3phIBOB HA OIHOM nepuoje BonHel (§3.5). [ins pemenus 3azaqu
O pacnpocTpaHEHHWH HeIHHEiHOH BOJIHEI B cilabonoriomaiomeii cpene B KauecTBe
MOJIENIM HCIIONB3yeTcs ypaBHeHue Bioprepca u acummroTHka Pest, ONMUCHIBAIOIIASL
CTPYKTYPY yaapHoro ¢poHTa koHeyHoi mupuusl (§3.6).

Hanee paspaGoTaHHbIi acHMOTOTHHECKHII NOAXOXN HCHONB3yeTCs  AJA
HCCICAOBaHNA DPsila PaHEEe He PEIICHHBIX 3a4au O BIHSHHUU PA3IHYHBIX BHIOB
YacTOTHOTO 3aKOHa MOTJOUIEHHS M JHCHEPCHH Cpelsl Ha  3BOJIOLHIO
paclpoCTpaHsSIOIIMXCA B TakoH cpele paspeiBHBIX Bo3Mmymenuil. B §3.7
paccMaTpuBaloTCs 0cOOEHHOCTH PaclpoCTPaHEHUs] HETHHEHHBIX BOJIH B CPENax co

CTCIICHHBIM YaCTOTHBIM 3aKOHOM IIOIJIOICHMA, ONM3KUM K J'IPIHCI‘:XHOMy. Takas

3 | Goptp

25 |-

1 Il S
0 0.05 0.1 0.15 02 025 03

Puc.7. Hmwnocrpanus BAHAHHA [IOKasareqd CTENEHH 77 B 3aKOHE  MOTICIUCHHA
a(f)=a,{f 1/ Y’ na pacnpocTpanenne UCcXoHO TApMOHHYECKOH BOMHLL B HEHHElHOI cpene.

a) npoduie BOTHEL Ha paccTosHHM oox = 0.5. 6) 3aBHCHMOCTD 3(dexTuBHOrO x03dhdurMeHTa
MOTIOWEHH &4, =—(d1/dx)/ 21 or paccrosuud, rae I — mnoaHas HHTCHCHBHOCTB BOJIHBL

3uauenus napametpos: fy = IMI'L, 0y=0.038 em’), x, = 1/15as,.
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3aBUCUMOCTH 3aKOHa MOTJIOIICHHS THIIUYHA, K IPUMEPY, U1 MATKHX GHONOrHYecKux
TkaHeil, Uccrenyercs BIHsHUE ABYX MapaMETPOB B CTENICHHOM 3aKOHE IOTJIOIEHUS
Ha 3BOMIONUMIO MpoduIs, CTPYKTypY yAapHoro ¢poHTa M MOTJIOLICHHE JHEPTHH
BOJHEI (puc.7). [TokassiBaeTcs, yTo KpyTH3HA (POHTA BOJIHEI YMEHBIIAETCA C POCTOM
7. Ha manplXx paccTOSHHAX z=0O¢X MOMIOIIEHHE DJHEPTHHM BONHBI pACTET IIPU
YBEJIIMYEHHUH 7], OMHAKO CTAHOBHUTCA MeHee 3(dekTuBHBIM mocre hopMHpOBaHHS
yaapHoro dponTa. TIpHBOIMTCS TEOPETHUECKAS OLEHKA YCTONYMBOCTH PaspBIBHOIL
CTPYKTYpPHI yAapHOTO (pPOHTA BONHEI (MAaTEMaTHYECKOTO Pa3phIBa) B TAKUX CPENax.

B §3.8 pemaercs 3anauya o BIMAHHM CEIEKTHBHOIO 10 YacTOTe MOMIOLIEHHS Ha
BTOPOi1 rapMoHuxe Ha (OpPMHpOBaHUE U JBOJIOLHUIO pa3priBa B Npoduie HCXOTHO
rapMoHHueckoil BomHbel. B §3.9 wuccnenyiorcs 5¢dexTst HacbmeHHs Tnpu
PaAcHpPOCTPRHEHUN AaKYCTHHECKUX BONIH B aKTUBHON cpefe, T.€. B Cpele ¢ YaCTOTHO
3aBHCHMBEIM  YCHUITEHHEM, XapakTepHEIM JUI1 TepPMOAaKyCTHYCCKHX JBHTaTeneil.
YHCNEeHHO OIMHCBHIBAETCA NpPOLEcC CTa0MIH3aINM IapaMeTPOB AKyCTHHECKOTO IOost
3a CYEeT YCHJIEHWs HeMuHeHHHIX dddekroB, o06pazoBaHus paspelBOB H
COOTBETCTBYIOIETO HeMHHEHHOro moryomeHns. Moandukanus acCHMITOTHYECKOro
METOJa AN YHCJICHHOTO MOJENHMPOBAaHHS HENHHEHHEIX aKyCTHYeCKHX HYYKOB ¢
yaeToM audpaknnoHHbIX 3¢ dekToB onuchiBaeTcs B §3.10. 3mech A1 ONTHMH3AIHH
anroputMa TaKxKe BBOJUTCSA HpOCTPaHCTBEHHO-HEOTHOPOIHAS ceTka,
COOTBETCTBYIOIas reoMerpun Audparupyomero mydka. B kadecTse npumepa
paccCMaTpHBalOTCA Pa3phIBHBIC peHICHHs AJIA MyYKa HCXOAHO rapMOHUYECKHX BOJH C
rayCCOBCKOH IMPOCTPAaHCTBECHHOH alloN3aLUci.

UYeTBeprasi TrjaBa [OCBAIICHA YHCICHHOMY W  3KCHEPUMCHTAIBHOMY
HCCIIEJOBAaHUIO HeJUHEHHO-A1DPaKIIMOHHBIX 3¢ dexToB B Ty4Kax
OCECHMMETPUYHBIX [OPIIHEBEIX M3MydaTenell co CIOXHOH OCUMIUIUpPYIomEi
NPOCTPAHCTBEHHOH  CTPyKTypoil OmmkHero momd. OCHOBHEIE — mapamerpsl
pa3paboTaHHOTO I PELICHUS JAHHOM 3a4a4d YHCAEHHOTO ajJrOPUTMAa ONHCAaHHl B
§4.2. AnropuT™ OCHOBaH Ha MHTerpupoBaHUH ypaBHeHHs X3K (1) B cnekTparsHOM
NpeJCTaBIeHNH H ONTHMH3UPOBAH JUIA MOJEIHPOBAHWA PELICHHUA ¢ yOapHBIMH
¢poHTamu. B KayecTBe rpaHUYHOrO YCIOBHSA PACCMATPHBAETCS IIOCKHIA TIOPUIHEROI
usnydatens. B §4.3 Ha ocHOBe pa3BUTOro anropuTMa MOBOIATCH TECTOBHIE PACUETEI

AU IPOBEACHHOTO paHEE JKCIEPHUMEHTA XU CPABHEHUEC ITONYyYaE€MBbIX YHCIICHHBIX
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Puc. 8. TIpoduiin BOJHBI, pacCYHTAHHBIEC (CBEPXY) W H3MEPEHHBIC (CHM3Y) Ha OCH ITy4yKa Ha pasMYHBIX
PACCTOSHUSAX OT u3aydaTens (z/zogp = 0.16 (1), 0.18 (2), 0.24 (3), 0.32 (4)), nmocTpUpyIOIWHe MPOLUECC
o0pa3oBaHus U B3aUMOJICHCTBHS JIBYX Pa3pbIBOB. B cpeiHeM psy MoxasaHbl pacHpeieIeHHs aMILTUTY bl
JIaBJICHHUS B JIMHEWHOM IyuKe (TEMHBIE 00JIaCTH COOTBETCTBYIOT G0osiee BHICOKMM JaBIICHUAM).

pelIenuii ¢ JaHHBIMH W3MEPEHHUM JJIsi TapMOHHK U PAacYETOB C HCIOJIb30BaHHEM
JpYroro He3aBUCHMOro airopurMa. Jlajiee HpOBOAHUTCS IETANBHOE HCCIIEN0BAHHE
0coOeHHOCTeH HEeNUHEeHHO-IU(PAKIMOHHBIX SBJIEHUI B Ilydke, KOrJa yIapHbIE
¢pontsl 06pasytorcst B GmkHel 30He m3mydarens (§4.4). B aToit yacTn ocHOBHOE
BHUMaHHE YAEIETCS 0COOCHHOCTSIM HCKa)KeHHsT MPOQHIS BOIHEBI, 00pa30BaHUIO H
9BOJIONMK  pa3phlBHBIX  (poHTOB.  PaccMaTpuBarOTCs ~ Takue  BaKHBIC
METPOJIOTHYECKHE XapaKTepPUCTHKU aKyCTHYECKOrO IOJIs, KaK NMHMKOBbLIE 3HAYCHUS
JIaBleHUsT B Tpoduie BONHBL, HHTEHCHBHOCTh M IIOJNHAs MOLIHOCTb ITy4Ka.
O6cysxaaercss OOHApYXEHHBI B YHCIEHHOM MOJCIHPOBAHME HOBHIH 3ddexT
(opMUpOBaHMS JIByX paspblBOB HAa IepHOAe BONHBI B OIMKHEM MOje
audparupyroniero mydka. Jus MOATBEPXKIEHUS TMONYyYEHHBIX B YHMCIICHHOM
9KCIIEDMMEHTE  HOBBIX  PE3yJbTaTOB  IIPOBOAUTCS  OKCIIEPUMEHT,  KOTODBIA
omuceiBaercss B §4.5. Ilpumep, WLIIOCTpHUPYIOMIMIT sBIeHHE O0Opa30BaHMs JBYX
(GpOoHTOB B po(dHIIe BOJIHBI B pacyeTax H U3MEPEHUAX, IPUBOIUTCS Ha pUC. 8.
IIsiTasi TJIaBa MOCBSIIEHA WCCIEIOBAHMIO HEJIMHEHHBIX UMITYJIbCHBIX IIOJIEH,
C03/1aBaeMbIX NPSMOYTOJIEHBIMU (hoKyCHpPOBaHHBIMU U3ITy4aTensiMu
JMarHOCTHYECKOrO yJIbTPa3Byka, pabOTAlOIMMU B pPEXUME BU3yalM3alMd C
WCTIONB30BAaHWEM BBICIIMX TapMOHHMK. B paboTe NOCTPOEH HOBBIA YMCIIEHHBIH
QITOPHUTM, KOTOPBIH sIBJIsieTCsl 0000IEHNEM H3BECTHOH KOHEUHO-Pa3HOCTHOM CXEMBEI

Ha OCHOBE ypaBHEHUA X3K gist OCECUMMETPUYHBIX UMITYJIbCHBIX ITY4YKOB B CpEAC C

21



BSI3KOCTBIO M TEIUIONPOBOAHOCTHIO. Moaudukanus pa3paboTaHHOTO B TaHHOW YacTH
JUCCEPTALMHU AITOPUTMA BKJIIOYAET B ce0sl yYET IMPOU3BOJIBHOTO YaCTOTHOI'O 3aKOHA
HOIVIOLIEHHs], COOTBETCTBYIONIEH [MCIIEPCHMHM U  TPOM3BOJIBHOH TeOMETpUH
M3IyYaTess, He OrpaHMYCHHOM YCIOBHEM aKCHalbHOH cummerpud. B § 5.2 maercs
IIOCTAHOBKA 3afadyd U OOOCHOBBIBAETCS €€ aKTYaJbHOCTh Ui JUArHOCTHYECKUX

YIABTPAa3BYKOBBIX CHCTEM. HpI/IBOZII/ITCH OCHOBHOC YpaBHCHHC!

Bl 6 _ 08 gl 500, B

or| oz pocgpar 2| |’ )

rIe AWCCUIIATUBHBIE CBOWMCTBA Cpenbl 3aJal0TCS JIMHEHHBIM OIEpaToOpOM Z(p),
OTBEYAIOLIMM 3aJlaHHOMY 3aKOHY YaCTOTHOMY IMOTJIOLIEHUs u aucnepcuu. CTaBiaTcs
IPaHUYHBIE YCIOBHSA, OOCYXTAIOTCS CBOWCTBA CHMMETPHH PELICHHH ypaBHEHUS
OTHOCHTEJIbHO ITOBOPOTA IIy4YKa, IO3BOJIAIOLIME IO OAHOMY IIOCTPOEHHOMY PELICHHIO
NOJy4aTh CEMEWCTBO pPEIIEHHH IpH IMOBOPOTE OCH H3JIyyaTelds B IUIOCKOCTH
CKaHUpOBaHuA. B § 5.3 ananu3upyroTcs pe3ysnpTaThl YHCICHHBIX pAacyeTos,
TOJIYYCHHBIX C MCIIOJL30BAHHEM HOBOI'O aJlrOPUTMA, Ui THIIMYHOH YIBTPa3BYKOBOM
(da3upoBaHHOH pemleTKd Mapku P4-2, HCHONB3yeMO B AMArHOCTHYECKOH

yibTpasBykoBor cucteme Philips

HDI-5000 B pexume lchic| ¥
BHU3YaIM3aLHH Ha BTOpOH 21

rapMoHHKe.  Pemetka  uMeeT 14

IPSMOYTONBHYIO dbopmy c " ‘ ' ‘ c(7)
pasmepami  20MM  n 13mM,  ,/p 20 4 60 8 I~ ab

pabo4asg  4acToTa  COCTaBISIET 4
1.55 MI';, pokycHoe paccrosiHue 2
B OJIHOM ITOCKOCTH (PUKCHPOBAaHO |

u cocraBmser 80MM, a B

—T— T
IUIOCKOCTH CKaHHpPOBAaHHUA MOXKET Ar 0
4

u3MeHAThCA oT 60 MM 10 120 MM.
Puc. 9. 3aBucuUMOCTH aMIUIMTYA IEPBOM M BTOPOi
rapMOHHUK OT PacCTOSHUS BJIOJIb OCH ITyuKa z (BEpXHHUii
HCIIONB3YyETCSI KJIACCUYECKHI Tpaduk); NPOQHUIN ¥ CHEKTPhl BOJIHBI, PACCUUTAHHLIC

. Ha PAacCTOSHMHU z = 64 MM, I TMHEHHOH (CIUIOMIHBIE
KBAJIPATUIHDBIM IO HaCTOTE 3aKOH  jyppy) w  kBajpaTMuHOM  (IlyHKTHpHBIE JIHHHH)
3aBHCHMOCTEH IIOIJIOLIEHMSI OT 4acToThl. (DOKyCHEIE
paccrosaus F, = F, =80 mMm.

I[JIS[ MOJEIINPOBaHUsA B BOOC

MOrIOIIEHHS, 00y CIIOBIEHHBII
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BS3KOCTBEO M TCIUIOMPOBOAHOCTBIO  cpexpl. JUIst  OHONOrMYecKoi  TKaHU
CPaBHHBAIOTCS ~ PE3yNbTaThl  MOJETHPOBAaHHUS C  OOBIYHO  HCIOJIB3YEMBIM
KBaZpaTHYHBIM W XapakTEpPHBIM JUI1 TKaHEH JIMHEHHBIM II0 YacTOTe 3aKOHOM
nornomenus. [IpuMepsl Momy4aeMbIX YHCICHHBIX Pe3y/bTaTOB MOKa3aHEI Ha puc. 9.
OOCyXIaroTcsi OTIMYMsA B pe3ylbTaTaXx pacdeToB C pa3lWYHbIMH 3aKOHAMHU
NOIJIOLIEHNs, HEJOOLEHKA YPOBHS BTOpOil M Ooee BBICOKMX TapMOHHK TIpH
HETOYHOM ONVCAHUH MOIJIOMIEHHS B TKAHH.

CpaBHMBAIOTCS IPOCTPAHCTBEHHBIC PACIPEIEICHHs BTOPOH TapMOHHKH,
reHepupyemMoil B My4YKe 3a CUeT HEeJIMHEHHBIX 3(P(EKTOR MpH M3Iy4YeHHH OCHOBHOM
YaCcTOTHI, C JUHEHHBIM MMy4KOM Ha yJBOeHHOW yactore (puc. 10). AHanu3upyroTcs
OCHOBHBIE IIPEHMYIIECTBa HEIMHEHHOTO MeToda IIOCTPOSHMS H300paxkeHuil Ha
OCHOBE BTOPOH TapMOHUKH: OTCYTCTBHE ONMKHErO IO, MEHBLUIMH YpOBEHb
6GOKOBBIX JIETIECTKOB, Oojiee y3kag W jiuHHasg (okxanbHas obnacts. IlpuBoxsrcs

IPUMEPBI PaCUETOB IS 0oJsee CIIOXHBIX HEJIMHEHHBIX METOAO0B C UCII0JIb30BAHUEM

0,6

2
_ 04+
T, 11 T -
g =0,24
2 a 9 7] 0)
g © 09
100

80

60
E
"

40

20

0 T T

-10 0 100 1 2 -10 0 100,0 0,2 0,4 0,6
X, MM Cy/Cy(z=0) X, MM Cy/Ci(z=0)

Puc. 10. TlpocTpaHCTBEHHBIE pAcCIpeNeNieHds BTOPOH TapMOHMKH B  CJIy4ae W3Jly4eHHs
HMITyJIbca YABOCHHOH 9acTOThl (a) M BO3HHUKAIONIEH B Cpele NpH HEIWHEHHOM
pacIpoCTpaHeHHH HUMITyJibca OCHOBHOM dactoThl (6). CnpaBa u cBepXy OT KakI0ro
pacrpesiesieHst IPUBEJICHbI COOTBETCTBYIONINE 3aBUCHMOCTH AMIUIUTY/bI BTOPOH rapMOHUKH
BIOJAb ¥ [EPIEHAUKYJSIPHO OCH H3idydarens Ha pacctosuun z =80 MM (Fy =120 mm,
F, = 80 mM). JIuneiiHbli MaciiTab ¢ BOCEMBIO PaBHBIMH YPOBHAMH.
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MHBEPTUPOBAHHUA HMIYJbCa M MOAYJALUH €ro aMIUINTYIbl, T03BOJISIOIINE
HNOAYEPKHYTh IPEUMYNIECTBA HEIMHEHHOTO 3BYKOBHIEHHS. AIEKBAaTHOCTH U
TOYHOCTH IIOJYYa€MBIX B YMCIEHHOM 3KCIIEPUMEHTE PE3y/JbTaTOB MONTBEPIKIACTCS
HOTy4YEHHBIMH KaJHMOPOBOYHBIMM JAaHHBIMU HM3MEPEHHH aKyCTHYECKOro IOJS Ui
paccMaTpUBaeMOro AUAarHOCTUYECKOTrO AaTYHKa.

B miecToii riase pa3spabaThIBa€TCs HOBBIH IIOAXOJ K XapaKTePH3aUH MYIKOB,
CO3/aBa€MbIX B BOJE H3Iy4yaTeIsIMA MOIIHOTO (POKyCHPOBAHHOIO YIIbTPa3ByKa
COBPEMEHHBIX YCTPOMCTB /Il HEMHBAa3UBHOH YIIbTPa3ByKOBOH XUpPYpruu. B oTnuune
OT TpaJHUMOHHBIX METPOJOTMYECKHX METOAOB, HAaHHBIA IIOXOJ OCHOBAaH Ha
KOMOHMHAILIMM H3MEPEHUH M YHCICHHOTO MOJICIHMPOBAHHUS YJIBTPa3BYKOBOTO MOJISL.
OcHOBO#1 JaHHOTO MOAX0/a TIOCIIYXKUIIK Pe3yJIbTATHI HCCIIEA0BAHHH, IPOBEICHHbIX B
rnaBe 4, KOTOpBIE IIOKa3alHd, 4YTO YHCJICHHBIH OKCIIEPUMEHT MOJXKET CIIYXKHTh
5 (}exTUBHBIM [OMONHEHNEM, a YacTO W HaAeKXHOM 3aMeHOM ropasmo Oouee
TpyZoeMKuX usMepeHuil. IIpy 3TOM pe3ynbTaTbl YHCJIEHHOTO JKCIIEPUMEHTA,
JHMIIEHHOTO OIPAaHMYEHHUH H3MEPHUTEIHHBIX CHUCTEM, MOTYT JaX€ MPEBOCXOJIHUThH II0

TOYHOCTH JaHHBIC, IoJIy4aeMbIC B

dU3MEECKOM SKCTIEpPUMEHTE. ' ————
© —— O’Hun
- s | R | s
OnucaHue OCHOBHBIX YDABHEHHil, 3 A
5 KCNepuMeHT
TPaHUYHBIX YCIOBUH MW (QHU3HYECKUX &
©
(=4
NapaMeTpoB UL MONEIMPOBAHHS 2
=
YIBTPa3BYKOBBIX ~ IMydKOB B BOJE S

30 35 40 45 50 55
npusoautcss B § 6.2. Ilpumenenwue

MeTona TUTSt XapaKTepu3anuu
HEIMHEHHBIX (oKyCHpOBaHHBIX
YIBTPa3BYKOBBIX HOJIEH MPEICTaBIEH B

§ 6.3 Ha nmpumepe tunuunoro ms HIFU

aMnnuTyaa oasneHuns
o o © e
N B O ®

H3lyyaTens ¢ paguycom 21 mw,

(bOKyCHLIM pacCTosiHuEM 444Mm m paccTosHue nonepek ry4ka B (hokanbHOM MIocKocTn (Mm)

yacrorod 2 MIu.  TIlepBeiii  mmiar =
Puc. 11. CpaBHeHHE paclpefiesieHuil  aMIUTUTYIbI

IpeIIaraéMoro roAxoaa 3akjJrYaeTcs B~ AaBIeHHs  BIONb  OCH  JIMHCHHOrO mydYka M
HEPIEHAUKYIAPHO OCH B (HOKAIBHOM IIOCKOCTH,

HCIIOJIb30BaHUH IIOJTYYE€HHBIX B M3MEpEeHHBIX B BOJAE M PAaCCYMTAHHBIX Ui MOJIEIH
TMOPIIHEBOro  )OKYCHPOBAHHOTO — M3JIyHaTeNs
SKCIIEpUMCHTE PE3YJIBTATOB  ychonp3oBanmeM MapaGONMYECKOTO  MPHOIIKEHHS

(XK u auanutuueckora nemenus ()’ Huna

CKaHUpPOBaHMWsI  NOISI B PEXHUME
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JTMHEHHONW (OKYCHUPOBKH IydKa, IPU HEGOIBIINX YPOBHSAX PaGOTHI U3IydaTens, s
[IOCTAaHOBKH I'PaHUYHBIX YCJIOBHH B 4yHcieHHOW Mozenu. Ha puc. 11 nmokasaHo, 4ro,
BappUpysl anepTypy NOPIIHEBOTO INpPeoOpa3oBaTelsi, MOXHO JOCTATOYHO TOYHO
anmpoKCHMHPOBATh  (hOKANbHYI0 O00NAcTh peanbHOrO H3NTydarTens, HCHONb3ys
napabonuyeckoe npubmmkenue. JlanpHelinee 1eTanbHOe UCCIeJOBaHUE IIaPAMETPOB
ot B pabodyeM Auana3oHe MOITHOCTEN M3TydaTels Kak B IMHEHHOM PEXHME, TaK U
B YCJIOBHAX CHIABHOTO HPOABJIICHHUS HEMHHEHHBIX 3((eKToB, B Boxe U NPH 00IydeHHH
TKaHH, TPOBOAMUTCSI B UHCIEHHOM OKCIepUMEHTe. TOYHOCTH pEe3yJIbTaToOB
TECTUPYETCS C IOMOLIBIO CPAaBHEHUS! OTEIBHBIX HauOO0JIee BaXKHBIX PACCUMTaHHBIX U
HU3MEPEHHBIX N1apaMETPOoB 1011, K IIpUMepy, Ipoduiiei BOIHLI B HOKyce U3IIydaTelis

(puc. 12).

p, Mlla

40- 2)

20+

o ‘
-20+ T T T T T T 1
25 30 35 40 45 50 55 60
f, MKC

p, MlIla

0
422 424 426 428 430 0 5 10 15 20 25
t, MKC £, MI'y

Puc. 12. CpaBHeHHE pe3ynbTaTOB H3MEPEHHIl (CIUIOIIHBIE KpHMBBIE) M 4YHCIEHHOIO

MojieNMpoBanusl (IIyHKTUPHBIE KPUBBIE) [UIS BOJIHBI B (hoKyce: (a) — u3MepeHHbIi curnai; (6)

— JBa mepuoja B npodwie BOJHBI MEXAy BEpPTHKAJIbHBIMU JIHHMAMH Ha rpaduxe

W3MEPEHHOr0 CHTHala U (B) — COOTBETCTBYIOMIMA UM CIIEKTp. 31eCh p,— aMILIUTYyJa n-i
apMOHMKH HCXOHOM BOJIHBL, p = po npH z = 0, HauaybHas aMmuTyaa gasinenns 0.4 MIla.
Jlamee B YHCIEHHOM O3KCIEPUMEHTE TMIPOBOAMUTCS HCCIEHOBAaHUE U3MEHEHUs
K03()(HUIMEHTOB KOHIEHTPAIM ¥ IPEAENbHBIX 3HAUCHUN pa3MuHbIX IIapaMETPOB
aKyCTHYECKOr0 IIOJsi NpU HENMHEHHOH (OKYCHPOBKE B IIMPOKOM JHAaIa3oHe
3HaYeHWH pasmMepoB, dactoT u pabounx mourHocTedt HIFU-um3mywareneit (§ 6.4).

XapakTepHsle OCOGEHHOCTH MPOCTPAHCTBEHHBIX PACIPEAETICHUH HENWHEHHBIX
25



YIBTPa3BYKOBBIX ITy4yKOB paccMmarpuBarorcs B § 6.5. OOCyXHarTCsi OCHOBHBIC
3¢ eKTH, MPOSBIAIOLIMECS O Mepe YCHICHHS HaJyalbHOM AMIUTUTYIbI Iy4YKa:
CHJIbHAsl IPOCTPAHCTBEHHAS JIOKATM3ALHK NUKOBOTO IOJOXXUTENILHOTO NaBICHUS W
o0pasyloLuXcsd  yAapHBIX  (pPOHTOB,  pacuidpeHre  0OJACTH  THKOBOIO
OTPHULATEIBHOIO [ABJICHHUS, CMEILECHUE MUKOBBIX AABIEHHH BJOJb OCH U JPYTHE.
BiMsHHE NpOCTPaHCTBEHHON anoM3al[iy 11011 Ha H3JyJaTesie Hcciemayercs B § 6.6
Ha NPUMEpE rayCCOBCKOI0 U MOPIIHEBOTO HCTOYHUKOB.

Hawnbonee CnoxHBIH ¢ TOYKH 3pEHHS YHCICHHOIO MOJCIHPOBAHMS Cilydal
UCCIEOBAHUSI TPEXMEPHBIX Pa3pBIBHBIX IOJIEH, CO3MaBAEMBIX MHOTOIJIEMEHTHBIMU
IOBYMEPHBIMH (ha3supOBaHHBIMU peLIeTKaMu, paccMaTpuBaeTcs B § 6.7. Jlns pemenus
IAHHOM 3aJaud Ha OCHOBE ypaBHeHHs BectepBemsta (2) pa3paboTaH HOBBIA
YUCIEHHBIM anropuT™, KOTOPHIA HE MMEST MHUPOBBIX aHANOrOB. [IpeqioxeHsr u
fosee MPOCThIE MOJENH SKBUBAJICHTHOTO IOPIIHEBOrO H3JIy4aTelsl AJs OIHCAHUS
HEJIMHENHBIX 3((eKkToB B (OKATBHON 00JIACTH PEILETKH, KOTOPhIC OIMKCHIBAIOTCSA B
§ 6.8. Croocobbl 3amaHHMs TPaHUYHBIX YCIOBHH I NPEIIOKEHHBIX MOJeIeH
Pa3IMYHOM CTENEHM CII0KHOCTH IOKa3aHbl Ha puc. 13. Mcnons30BaHKe yIpOIIEHHBIX
IOAXO0/0B IO3BOJISIET CBA3aTh PE3YJIBTATHI IPSIMOTO MOAEIUPOBAHU MOJIEH PELIETOK,

¥, MM pelerka VB X3 plp

max

Puc. 13. BepxHuil psaa: rpaHu4HbIE YCIOBHS JUIA O€3pa3sMEpHOM aMIUIMTY/bl JaBJICHUS
pewieTky (a) ¥ ABYX SKBHBAJIEHTHBIX M3nyuateneil (6, B) B miockoctu z = 0. Hiwkuuil psan:
reOMETPHsA 3aJlaHHs FPAaHUYHBIX YCJIOBHH M/ COOTBETCTBYIOIIUX AM(DPAKIHOHHBIX MOJENEH:
(a, 6)— ypaBuenue Becrepsensta (YB), (B) — HenuueiiHOe napabonuyeckoe ypasaenue (X3).
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KOTOpbI¢ Ha CEroflHAIIHHI JIeHb ABIAIOTCA YHUKAIBHEIMH, ¢ Oonee pealnn3yeMbIMH
pe3ynbpTaTaMH pacueToOB M H3MEpeHmii And 0Ooiee NPOCTBIX OCECHMMETPHYHBIX
KoH(Urypanuit H3mydaTesnei.

Pazpursle B 3aKIIOUMTENFHOH ceAbMOH rjlaBe JHccepTald MOAXOAB H
TIONyYeHHbIe Pe3yNbTAaThl HAMpaBICHRI Ha co3faHue (hH3HYECKUX OCHOB HOBOTO
HanpaBjcHUS B HEHHBAa3HBHOH yNbTpa3sBYKOBOH XHPYPrHH C HCHNOJAB30BAHHEM
YZapHOBOJIHOBOrO BO3JEHCTBUA. BhINONHEHHe JaHHOI 4YacTH paboTHl TaKKe
BKMIOYaeT B cebsi KOMIUIEKCHOE WCMONB30BAHHE YHCIEHHOTO U (hM3HYECKOro
sKcnepuMenToB. B § 7.2 npuBOAATCH OCHOBHLIC ypaBHEHWS, IPAHUUHBIC yCNOBUH,
du3nyeckre U Ge3pasMepHbIe YHCIICHHBIE MapaMeTps! JUT Mojenuposadus. B § 7.3
MpeAcTaBACH  HOBBIH  MeToJ  ONpeleieHHs  TapaMeTpoB  HEJIHMHEHHOro
YIBTPa3BYKOBOro mnojs B ¢okalnbHON 00macTé Mydka B TKAaHH MO M3BECTHBIM
Kanu6pOBOUYHLIM J2HHEIM, NOJYyYEeHHBIM B Bome (aupeiitusr). Merox ocHoBaH Ha
MacINTaOUpOBaHHM AMIUTHTYA JaBIEHHA Ha H3dydaTene JAidd KOMIICHCALUH
TIOTJIONIEHHsST B TKaHU, KOTOpoe s cuibHO tokycupyrommx HIFU-usnyuareneit
YUYMTHIBAETCA IIPH PACHPOCTPaHEHNWH 10 (GoKyca B JIHHeHHOM NpHOMIKeHHH. MeTox
TIPOBEPSETCS B YHCIEHHBIX PACUETAX, MPOBEACHHBLIX B BOJE M B TKAHH B IIHPOKOM
[Mana3oHe JaBIEHNI HCTOYHMKA U JIMHEHHBIX KO3(hdUuUEeHTOB (oKyCHpOBKH, a
TAK)Ke B OKCIIEPUMEHTE ¢ MOMOLIBI0 cpaBHeHHs mnpodunell BonHbl B Qokyce,
H3MEPEeHHBIX B BOZAE U 3a 00pa3noM Suosorndeckoil TKaHH (IIe4eHH).

B § 7.4 paccMaTpuBaiOTCS CKaHMPYIOIUME PEXKHUMBI CO3JAHUS TEIJIOBBIX
paspymienuii B GHomormdeckoii TkaHu B ¢opme monoc. B MoaenupoBaHuH u
9KCIIEpUMEHTE  AEMOHCTPUPYIOTCS  HeOMHeHHbIE 3(dexTs, NpHHUMNIMAILHO
peanusyeMble TONBKO B MNpPHUCYTCTBHH pa3peiBoB. B mnepByro ouepenp, 3TO
CYIIECTBEHHOE YBENHYCHHE pa3MepoB o00ONacTH paspynieHMs IO CPaBHEHHIO C
o0IIydeHHeM B PSXHUMaxX rapMOHHYECKHX MM cl1ab0 NCKaXKCHHBIX HENMHEHHBIX BOJIH
H  BO3MOXHOCTH BHU3yaiuM3alMu oOsacTd oOdydeHUs C  HCHOJNIB30BAHUEM
JVATHOCTMYECKOrO YJIsTpasByka B pexnme B-monpl. B § 7.5 Gonee aeramsho
HCCIEAYIOTCA (M3MUeCKUe MEXaHU3MBl ycHIeHUs 3(¢eKTHBHOCTH BO3AEHCTBHA H
NOBLIIIEHHOH 3XOr¢HHOCTH B TKaHH B TAaKHX peXuMax obmydeHms. B kagectse
dbaHTOMa TKAaHM HCHOIB3YeTCs NpPO3pauHplii relh C IapamMeTpamu, OIH3KHMH K
TKAHH, HO OTIMYAIOIINIiCS MeHBITUM Kodddunnentom nornoienus. IIpozpauHocts
Telld MO3BONSET UCIIONB30BATh, HAPAAY C YJIBTPa3BYKOBEIMH METOAAMH, ONTHYECKYIO
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a) 6) B)

Puc. 14. Pe3ynpraThi MOACIUPOBAaHUS W H3MEPEHHs akyctuyeckoro mnosst HIFU-
u3NIyyarens yactotod 2 MI'n B reneBoM ¢aHTome TKaHH. (a) - paccuuranssie (X3K) u
U3MEPEHHBIE C IIOMOIIBIO ONTOBOJIOKOHHOTO ruapodona (FOPH) npodunu nasnenus B
¢okyce npu ammiuTyne Ha uctouHuke: po=0.048 MIla (JIMHEHHBIA MydYOK, BEPXHUH
rpaduk) u po=0.44 MIla (B npoduie BonHE B dokyce obpasyercs ynapHblii GpoHT,
HIWKHUHA rpaduk); (6, B) - pacCunTaHHbIE POCTPAHCTBEHHBIE PACIIPEAENIEHHS THKOBBIX
JaBJICHUM, NHTEHCUBHOCTH U TEILIOBBIX MCTOYHHKOB B IUIOCKOCTH OCH Imy4ka. KoHTyps!
COOTBETCTBYIOT YPOBHsM -1, -3 1 -6 n1b 0T MakcuMyMa KaXKz0ii H3 BETHYHH.

BU3yaJIM3al[ii0 U3MEHEHUI B (DOKaNBbHOM obsacTu Imyuka B oOpasie. Boree cinaboe
IIOTJIOIIEHHNE YNBTPAa3BykKa B Tejie IPUBOAUT K YCHIIGHHIO OTHOCHUTEIBHON pPOJIH
HEeTMHEHHBIX 3(P(ekToB npu (GOpMHUPOBAHHH Pa3PHIBOB, MOCKOJBKY MOIIOIIEHUE
SHEPIUHM BOJHBEI Ha Pa3pblBHOM (DpOHTE HE 3aBUCHT OT JHMHEHHOro Kod(d¢uuuenra
norjaouieHus B cpene. Mccimemyercss NpOCTpaHCTBEHHAas CTPYKTYpa pasIdYHBIX
[1apaMeTpOB I10JIsl, OTBEYAOIIUX 3a pas3iuyHble 0noaddexThl. ITokaspiBaeTcs, 4TO
IIpy 00pa3oBaHUM Pa3phIBOB B (JOKyCE H3IIydarTelisi HarpeB CPe/bl yBEINUMBAECTCS B

JIECATKM Pa3 M CTAHOBUTCS CYLIECTBEHHO OoJiee JOKATH30BaHHBIM I10 CPABHEHHIO C
JIMHEHHBIM IyuykoM (puc. 14). OOJacTh NHKOBOTO OTPHIATENBHOTO JaBIICHH,
HaIpOTHB, yBEIWYMBACTCS U CMEIAECTCS B CTOPOHY H3iIydarens. B ducieHHoM u

(1)I/I3I/I'-ICCKOM SKCIICPUMEHTAaX ITOKa3bIBACTCS, YTO BOSHUKHOBEHHUE SIPKOI'O
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9XOTCHHOTI'O MISITHA HA TUArHOCTUYECKOM
yIBTPa3ByKOBOM H300pa’KE€HUH CBSI3aHO
C HarpeBOM Cpelbl yAapHBIMU BOJHAMH
Ji(e) TEMITePaTypPhI KHTICHUS u
00pa3oBaHHEM NAapOra3oBLIX IIOJIOCTEH
MUJUTAMETPOBBIX Pa3MEPOB — CHIIBHBIX
pacceuBatesnei JIAATHOCTHYECKHUX
uMIysecoB. Ha 6O0JbIIMX MOIIHOCTSIX
TIOBBINIEHUE 9XOT€HHOCTH Ha
YIABTPa3BYKOBOM H300paKeHUH
PETHCTPUPOBAJTIOCH YK€ Ha IEPBOM JKe
KaJipe BHICOCHEMKH, T.€ MEHBINE, YeM
3a 30 Mc oOmydeHus. DTOT BPEMEHHOM
HHTEpBAJl I[OYTH Ha ABa TMOpsaKa
MCHBIIIC TPpagUuIUOHHOT' O
HIFU, B

KOTOPOro  OXXHIAAETCSA  3HAYUTEIBHOE

BpEeMEHH
o0nyueHus: B TEYCHHE
MTOBBILIEHHE TEMIIEPATyPhl TKaHH.
Crnenyer OTMETHTB, 4TOo
nabmogaemsie panee B HIFU addexTsl,
BbI3BAHHBIE TMOSIBIEHHEM IIy3BIPHKOB,
OOBIYHO HE CBS3BIBAJM C HarpeBOM

TKaHH Pa3pbeIBHBIMHU BOJIHAMHA a0

TeMIepaTyp  KHMIEHHA M 4acTo
ouIM604HO 00BACHSIIN
BO3HMKHOBEHHMEM  TOJ  JeWCTBHEM
OTpULIATENILHON ¢azel BOJIHBI

kaBuranued. OOHapyXeHHbIH 3(hdeKT
CBEpXOBICTPOrO HArpeBaHUsl IeJIEBOTO
(anToMa ¥ 00pa3IOB TKAHU yAAPHBIMU
BOJIHAMH HCCIIEIyeTCs TEOPETHUECKU U
sKkcnepuMeHTanbHO B § 7.6.  Jlna

cpaBHeHHS DS(QEKTOB KaBUTAMH U

Puc. 15. Kanpsl BBICOKOCKOPOCTHOH CHEMKH
HarpeBa TeNneBOoro  obpaslia TKaHW  [pU
aMILTUTY e JIABIICHUS Ha u3Jydarene
po=0.44 MIIa. Kourypst —3 MIla u —6 MIla
JUIi  NHKOBOTO  OTPHIATENBHOTO  JaBJICHHA
(crutoiHsle JIMHHH) COOTBETCTBYIOT
MUHUMAQJIBHOM ¥ MaKCUMaJbHOH TpaHHUIaM
[opora KaBUTaluH B reyie. BHAHO mpakTHYecKu

MTHOBEHHOE  00pa3oBaHHE  KaBUTAIMOHHBIX
y3bIPHKOB B GoJIbIIOM obbeme,
COOTBETCTBYIOLIEM  MpPEBBILCHHIO  IOpora

KaBUTAllUd U JIOKAJM30BaHHOE BCKHMIIAHUE B
toxyce mocne 9 Mc 06IydeHHS.
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KHUIIEHUS B 3KCIEPMMEHTE HCIOJb3YIOTCA OIOIHUTEIBHBIE METOABI PETHCTpAIMU
Iy3bIPHKOB C MOMOIBIO BBICOKOCKOPOCTHOH CBhEMKH B rene (puc. 15), perucrpauuu
HEJIMHEHMHOIO PAcCesiHUS HarpeBalolleil BOJHBI B BHAE BBICOKOYACTOTHOTO
IIMPOKOIIOJIOCHOTO LIyMa U M3MEPEHUA (DIyKTyalHi HalpsDKEHHS Ha H3JIydatesie 3a
CYeT OTpakeHHs (OKYCHpPOBaHHOH BOJHBI OT My3bIpbkoB. O6CyxnaroTcs
NEPCIIEKTUBBI MCIIONB30BaHUS yJAPHOBOIHOBBEIX TONEH M 00pa3oBaHMS IMY3BIPHKOB
KUIIEHHWs Ui pa3spabOTKH HOBBIX HOAXOAOB K KOHTPONUPYEMOMY TEIUIOBOMY H
MEXaHUYECKOMY Pa3pyLICHHIO TKAHH.

B §7.7 wuccnemyrorcsi O0COOEHHOCTH OCYLIECTBIEHHS yIAPHOBOJHOBOIO
BO3AEHCTBUS HA TKaHb IPH OOJIYYEHHH Yepe3 rPyIHYIO KIETKy TaKUX OpPraHoB, Kak,
HanpuMep, Nev4eHb U CepAe. YPOBHU JaBICHUS, KOTOPBIE Peaar3yeMbl Ha IIPAKTHKE
C Y4€TOM OIrpaHMYEHHH Ha HayallbHy}0 MHTEHCHBHOCTbH U3JIydyaTels, OTPaXKEHHE U
MOMJIOICHUE 3HEPIMH BOJIHBI IIPU PACHOpOCTPAaHEHUH YNbTpa3Byka uepe3 pelpa,
MOTyT OBITH HENOCTaTOYHBI Uit GOPMHUPOBaHUS Pa3pheiBOB B (hokyce. Kpome Toro,
1OCJIe  NMPOXOXKAEHHMS  YJIbTpPa3ByKa 4epe3 peryJsipHyl0 CIPYKTYypy peGep
Habmogaercs 3bdext pacmerienus Qokyca (puc. 16). Ilpu 3TOM 3a cuer
[IEpepaclpeseeHus DJHEprHU IIydka B OOKOBBIE MAaKCHMYMBI HPOUCXOIHUT
JIOTIOIHUTENBHOE yMEHBIICHHE HHTEHCUBHOCTH B OCHOBHOM (okyce. B paGote
IIPOBOJUTCSI YMCICHHBIM JKCIIEPUMEHT C HCIIOJIb30BAHWEM pa3BUTOrO  JUIs
TEPaNeBTUYECKUX  PEIIETOK  alropuTMa, IOKa3bIBAIOINUNA  NPHHIUIHAILHYIO
BO3MOXHOCTb ~ OCYWIECTBJIEHHMS  YJAPHOBOJIHOBOTO  pEXHMa  0OOJIydYeHwus.
MonenupoBanue HPOBONUTCS Ui IBE30KOMIIO3UTHOM pemeTku (puc. 16,a) ¢

4yacToToH 1 MI'li, cocTosmeit u3 254 aneMeHToB arameTpom 7 MMm. Jluamerp

be

OCHOBHOM
thoxyc

paciiernieHne oxyca

Puc. 16. (a) (a) BHemHuil Bua ycrpoiicTBa pelueTku: | — OTBEPCTHE s JMACHOCTUYECKOTO
NaTYHKa, 2 — MOBEPXHOCTh PELIETKH, COCTOSIIAA U3 254 3JIEMEHTOB, 3 — 3aliMTHas MeMOpaHa.
(6) Cxema (OKYCHPOBKH YJIBTPa3ByKOBOIO IIy4Kka C IOMOWBI0 (pa3MpOBAHHONW aHTEHHOM
pewerku (1) uepes pebpa (2) B cmoi Tkanu (3). (B) Dororpadum paspyuwenuii B obpasie
Guonoruyeckoil TkaHH B (OKAIBHOM OOJACTH MCTOYHMKA TPU OONyYeHHH B TPUCYTCTBHH
(antoma B Tedenne 10 ¢ u uHTeHCHBHOCTH 2.5 BT/CM” Ha 9/IEMEHTaX PELIETKH.
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Puc. 17. IIpodunu BOJHBI B TKAHH, PaCCUMTAHHbIE B OCHOBHOM (hokyce (a) u noGounsix (6)
(oxycax npu pa3IMYHBIX YPOBHSX MHTEHCHMBHOCTHM Ha 3JIEMEHTax pemeTku: fo=2.5 Br/cM?,
20 Br/cM?, 40 Br/em®. [Tpodus (0) cOOTBETCTBYET Cllyyalo JMHEHHON (HOKYCHPOBKH.

pemetkn 170 MM, pokycHoe paccrostHue 130 MM, AMaMeTp OTBEPCTUA B LEHTpE UL
YCTAaHOBKHM JuarHoctudeckoro mpeobpasoBatenss 40 wMM. JIONONIHUTENBHBIM
MPEeUMYIIECTBOM HCIIOJIB30BaHHUS PEXHMMa yIapHOBOJHOBOIO BO3JEHCTBUS 3/€Ch
TaK)Ke SBIAETCS yMEHbleHHe BiusHHe 3¢pdexra pacmeruieHus ¢okyca, T.€.
MOBBIIIEHUE JIOKATBHOCTH BO3AEHCTBUS (POKYCHPOBAHHBIM YJIBTPa3ByKOM Ha TKaHb.
DT0 OOBACHAETCA TEM, YTO KOTrJa B LEHTPAJIbHOM (okKyce oOpasyercs yAapHBIN
GpoHT ¥ 3 PEKTUBHOCTh HATPEBAHUS TKAHH CHIIBHO BO3pacTaeT, Mpo(huiIb BOIHBI B
GOKOBBIX (DOKyCax OCTAaeTCs elle IMPaKTUYeCKH HEHCKAXKEHHBIM H JONIOIHUTEIEHOIO
TEIUTOBBIACICHUA HE TPOUCcXoauT (puc. 17).

Janee orMmeuaeTcs, 4YTO pa3BUTHIHE B paboTe mMOIXOA K HCIOJIB30BAHUIO
YIaPHOBOJIHOBBIX PEXUMOB BO3JIEHCTBUS HAa TKaHH yXKe IMOCIYXHJI OCHOBOH UL
Hosoro Hampasienust B HIFU, nonyunsiero zassanue «boiling histotripsy”. CyTh
MIPEUIOKEHHOTO HAIIPABIEHUS! COCTOUT B TOM, YTO MEXAHUYECKOE Pa3pylIeHHE WU
OMyJIbCH(UKALNA TKAHH MOXKET JOCTUTATHCS MPH €€ OBICTPOM JIOKAJIBHOM IEPErPEBE
JI0 TeMIIepaTypbl KHIICHHS U B3aUMOJICHCTBHIO YIBTPa3sByKa C 0OpasyIOMUMHUCA B
TKaHW TApOra3oBBIMH TOJOCTAMHU. JlabHelnee pa3BUTHE JAHHOIO HaIpaBIICHUs
MpPENICTaBIAeTCS 0€3yCI0BHO NEPCIEKTUBHBIM JIJIsl KIMHUYECKOM ITPAKTUKH.

B 3aknrodeHuH NPUBOAATCS OCHOBHBIE PE3ylbTaThl paboThl. B mpunoskeHusax
OMHKCBIBAIOTCSI OCOOEHHOCTH pPa3pabOTaHHBIX YHUCIEHHBIX alropuTMoB. B KoHIE

JUCCePTaLliK TOMENIEH CIIMCOK LIUTUPYEMOM JTUTEPaTyphl.
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OcHoBHBIE Pe3yJIbTAThI ANCCEPTANMOHHOM padoThI
1. HccnenoBaHB! CTATHCTHHECKHE CBOHCTBA HEMUHEHHBIX aKyCTHUYCCKMX

noneit ¢ pa3pbIBaMH JUTA pa3NHYHEIX Moneneii CIy4aiiHO-HeOAHOPOAHEIX Cpel.

1.1. Pazsura Momens cnydaiiHoro $azoBoro osKpaHa [id  HEJIMHEHHEBIX
Nua006pasHBIX BOMH M OAMHOYHBIX N-HMIynbcoB. B pamkax npuOnmxenus
HEJIMHEHHOH reOMETPHYECKO aKyCTHKM IOIYYEHBI aHATHUTHUYECKHE PeIleHHs,
ONKCBHIBAOIIME CTATHCTHKY aKyCTHYECKOTO IMONA 33 3KpaHOM. C MOMOIIBIO
YHCJICHHOTO MOJENMHPOBaHHA pelieHa AudpaKuMOHHAs 3ajaya C  ydYeToM
pPa3NUYHBIX TPOCTPAHCTBEHHBIX MACINTA00B HEOMHOPOOHOCTEH SKpaHa H
TPOXOXKASHHS HEIMHEHHBIX BOJH uepe3 Ciy4aliHble KayCTHKH, IOJy4eHa

OLCHKA rpaHHul] IPUMCHUMOCTH TCOMETPHYCCKOI0 mojaxoaa.

1.2. Tlokazana  TEOpETHMYECKH M  TOATBEPKACHA  3KCHCPUMEHTAIIBHO
NpPHHIMIHATEHAA BO3MOXKHOCTh HM3OMpPATENBHOTO BO3MCHCTBHSA CIy4aifHOro
($a30oBOro 3KpaHa Ha TapMOHMKH HelMMHeiiHo# BonHbl. IlokazaHo, 4TO mpH
($OKYCHPOBKE YJIBTPa3BYKOBOTIO IIyYKa KOHEYHOH aMIUIMTYEI 33 CHENHAIBHEIM
($a30BEIM CIIOEM MOXXHO MONYYHTH M30MparenbHOe paspyiiende (GOKYCHPOBKH

OCHOBHOH rapMOHHUKH H ONIDKaHfIINX HEYCTHBIX FAPMOHHK.

1.3. TTonyyeno MoaudHUMPOBaHHOE IBONIOLUMOHHOE YPABHEHHE /I ONMCAHHS
pPacnpoCTPaHEHHsA HENWHEHHBIX aKyCTHYSCKMX BOJIH B  HEOAHOPOIHOMH
Asmxymetica cpefe. UACIEHHO M 9KCIEPHMEHTANBHO HUCCIEA0BaHa CTATHCTHKA
nonas N-BonHel B TypOyneHTHOIf cpeae B YCIOBHAX MHOTOKPATHOI'O
¢dopmupoBanns kayctuk. IlokasaHo, YTO HenuHeiHble 30QEKTE NPHUBOIAT K
6onee yeM YETHIPEXKPATHOMY YBEIMUYEHHIO aMIUIMTYABI AaBJeHHA B 00IacTax
(OKYCHPOBOK JlaXKe Ha PACCTOSHHUSAX HECKONBKHX HENMMHEHHBIX [UTHH, a BIHIHHE
HOMepeyHbIX  (UIyKTyauMH CKOpOCTH  YCHJIMBAeTCHd TpPH  YBENHYEHUM
XapaKTEePHBIX NPOCTPAHCTBEHHBIX MacITaboB TypOyIeHTHOCTH.

1.4, B 4HCIEHHOM BKCIIEPHMEHTE MOKA3aHO, YTO YMEHBLICHHE aMIUIUTYIbl N-
BOJIHBI, TEHEPUPYEMOI HCKPOBBIM HCTOYHHKOM B BO3[yX€, B PaBHOH CTENECHH
3aBHCHT OT HEJIMHEHHBIX, PeJIaKCallHOHHBIX MPOLECCOB M BA3KOCTH, B TO BpeMs
KaK YIOIMpeHHe ee NpoQUIIs ONpeAeNseTcs TONBKO HeNHHEHHBIMU 3bdexTamMu.
Hcnone3ys OaHHBIA pe3ynbTaT, NPEANONKEH U PEanu3oBaH METO] KaTHOPOBKH
LIMPOKONOIOCHBIX OAaTUYHKOB B YCIOBHAX MNpPOSBiIEHHS 3((EKTOB BA3KOCTH H
penakcaudd IO HENWHEHHOMY YIHHEHHIO N-BOAHBI € HCHONB30BAaHHEM
OTIpENENEHNS TUTEIBHOCTH HMITYJIBCA 10 MOJIOKEHUAM HyIeH B ero crekrTpe.
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2. Pazsur HOBBIf acHMOTOTHYCCKMH METOJ pEIIEHHS 3BONIOLHOHHBIX
ypaBHEHHH HenMHeHHOH aKyCTHKH, AONYCKAaIOUIMX pa3pbiBHBIE pelneHus. Metox
OCHOBaH HAa HCNOJB30BAHWH HM3BECTHBIX BHICOKOYACTOTHEIX ACHMIITOTHK CHEKTpa
pa3peiBHBIX QyHkiuil. Ilomyyena 3aMKHyTas CHCTEMa CBA3aHHBIX HETMHEHHBIX
YpaBHEHHI [T KOHEYHOTO YHCIIA TAPMOHHUK, OITUCHIBAIONIAs PELIEHUA C pa3pbIBaMH.

2.1. HccrrenoBanbl 0CoOEHHOCTH MPOARICHHUS HEMHHEHHEIX 3ddekTOB B cpefax
C 3aKOHOM IOTJIONIEHU, OJIM3KUM K JIHHEITHOMY M0 Hactore. ITokazaHo, 4To mpu
pacnpoCcTpaHeHHH HCXONHO TapMOHHYECKOH BOJNHBI B TAaKoH cpene yAapHBIi
¢poHT oOpasyeTcs pamsblle, SABIAercs Oonee Y3KMM H COXPaHAET YAAPHYIO
CTPYKTYpY IONBILE, YeM B KJIACCHYECKHX CPENaxX ¢ KBaJPaTHYHBLIM IO 4acToTe
nornomenueM. IlokasaHa npUHUMMHANBEHAs BO3MOXHOCTE HCIOJB30BAHMS
HEJIMHEHHBIX UMITYJIbCHEIX CHTHAIOB C YAApHBIM ()POHTOM IS AHATHOCTHKH
MapaMeTpoB  CTENICHHOTO 3aKOHa MorIoweHus  cpeasl.  Hccnenopana
yeroiunBocTe GeckonewHo y3koro ¢gpoHTa (pasphisa) B cpefaxX ¢ paznHYHBIMH
CTeNeHHBIMH 3aKOHAMH IOTJIOIIEHHS. IToKa3aHo, YTO pa3phIB YCTOHYMB, €CIH
k03¢bdUIMEeHT NOrTOMEHHs Ha BEICOKMX YacTOTAaX pacTeT He ObICTpee, HeM MO

THHEHHOMY 3aKOHY.

2.2. HcenenoBaHo BIMSHHE CENEKTHBHOTO MOIJIOLIEHHUS BTOPOM MapMOHWKH Ha
HeNMuHeiHble S3QQEKTH MPH PacTPOCTPaHEHUH TIOCKOH MEPUOANYECCKOM BOJIHEL
TlokazaHo, YTO CEJIEKTHBHOE IOTJIOIIEHHE 3aJePKUBACT, HO HE Npe0TBpalacT
obpazosanue yzxapHoro ¢ponta. Ilpy 3TOM B J0pa3phIBHOM PEXHME
OPOMCXOANT JIOHONHUTENIBHOE [OTJIOMEHHI0 JHEPrUH BOIHBL, a IIPH
o0pa3soBaHHMM pa3pblBOB, HANpPOTHB, YMEHBIIEHHE AMIUIMTYXEl pa3phiBa,
COOTBETCTBYIOIICE YMEHBIICHHIO HEMMHEHHOIO MOTJIOMIEHUS SHEPrHH BOJIHEL
IIpoHCXOANT TAaKKE XapaKTepHOE HCKaXKeHHE NMpoQHiIs BOJHEL IOJNOMKCHUE

yaapHoro GpoHTa yAaNeHO OT MOJI0KESHHI MAaKCHMyMa JJaBIICHHUSL.

2.3. UccnenoBansl  >ddekts!  HenuHeiiHOH — cra0win3aluH — mapaMeTpoB
aKycTHueckoif  BOJIHBI B  aKTHBHBIX CPEJAX C  XapaKTCpHBIM  JUis
TEPMOAKYCTHYECKHX YCTAHOBOK YCHIEHHEM B BHIE KOMOHHALIMH IOCTOSHHOTO
N0 YacToTe M TPONOPLHOHANBHONO KOPHIO W3 dYacToTH. IlokaszaHo, 4TO
3¢ dexkTuBHOCTE  yCHIEHMS W aMIUIUTyJla  YCTaHOBHUBINEHCA  BOIHBI
YBEJINYHBAIOTCA NpH Goyiee CUNBHOM IIOTJIOMIEHHH U JUCHEPCHH Ha BBICOKHX
9acTOTaX CIEKTPa BOJHEL
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3. Pa3BHuT HOBBIit KOMIUICKCHEIT METO/] XapaKTepH3aIMH 10JIeli, CO3AaBaEMBIX
MEMIIMHCKHMH [peo0pa3oBaTelsiMH MOLIHOIO YIbTpa3ByKa, codeTarouuii B ceGe
MIPEUMYIIECTBA (PU3HYECKOTO H YHCIECHHOI'O SKCIICPHMEHTA.

3.1. llpeackasad B MOJENHPOBAHHY M IOATBEPXKAEH B 3KCHEPUMEHTE HOBBIi
HenmuHeHo-MubpaknHoHHbIi  3dexT GOpMHpOBAHHA ABYX pa3sphiBOB Ha
TEPUOJIE BOMHEL B QIIINKHEM TI0NIE MTY4KA, CO3MABACMOr0 U3NyUaTeNeM ¢ Pe3KUMHU
rpananamy. Takasg spomonus NpodHIs CYyLIECTBEHHO OTAMYACTCA OT Cilyyas
IJIOCKOIA BOJIHBI M 0OBACHACTCA HHTepdhEpeHHell mpAMOii H KpaeBoii BONH.

3.2. PazpaboTan HOBBIH YHCIEHHBIH ANCOPUTM  JUIA  MOACTMPOBAHHS
TPEXMEPHBIX HMITYJIbCHBIX YJIBTPa3BYKOBBIX MYYKOB B HeJMHeiHOH cpene ¢
NPOU3BOJBLHBIM YAacTOTHBIM 3aKOHOM MOIJOLeHNA. Pesynsrathl pacueros
NPOAEMOHCTPHPOBAIM MPEHMYIIECTBA HCIONB30BAHUA BBICUIHX TAPMOHHK VIS
YIyqIIeHMs KadecTBa BH3yanmsanuM TkaHed. IIoka3aHO KOJNHYECTBEHHOE
COOTBETCTBHC JAHHBIX MOZEC/IMPOBAHHS B BOAE pe3y/ibTaTaM KanuGPOBOYHBIX

PI3MCpCHHﬁ, NPOBCACHHBIX N4 THIIHYHBIX THarHOCTUHYCCKHX JAaTYHKOB.

3.3. IlokasaHO, YTO pE3yNBTATBl HHCIAEHHOTO JKCHOEPHMEHTA HA OCHOBE
ypaBHeHHd XoxJoBa-3a00N0TCKOH € TpaHUYHBIM  YCJIOBMEM B  BHIE
(GOKycHpYIOIIEro MOPINHEBOrO0 HCTOYHHKA MOIYT HCHOIB30BaTBCA s
onncanus (okalbHOM 0OJACTH peanbHBIX H3NMydarenedl Ui yIbTpasByKOBOI
XHPYpPIrHH, MPOCTPAHCTBEHHOE pacnpesclieHue KojeGaTeNsHOM CKOPOCTH Ha
HOBEPXHOCTH KOTOPHIX SBISETCH ropa3no 6omee CAOKHBIM,

3.4. Ha ocHoBe ypaBHEHHs BecTeppenbTa passuta HOBas 4YHCJIEHHAsA MOAEIb
JUId  ONUCAHHA  TPEXMEPHBIX  HENMHEHHBIX  NONEl,  CO3MaBacMBIX
MHOTO3JIEMEHTHBIMH ~ YIBLTPa3ByKOBBIMU  TEPANeBTHUECKHMH  PEIIECTKAMHU.
Iokazano, 4TO A7 XapakTepHBIX PEKHMOB HX JKCIUIyarauud B (okyce
HPONCXOAMT 00pa3oBaHKE YAApHBIX ()POHTOB ¢ aMIAMTy 0 60-100 MITa,

3.5. Ilony4eHBl KONHYECTBCHHBIE MHAHHBIE JUI1 KOPPEKUHWM [apamMeTpoB
HENHHEHHOro monsd B ¢oKyce A1 pa3siHYHBIX MOPUIHEBBIX Mpeo0pa3oBaTeneii.
Toxazano, uTo ¢ yBenmMuUCHHEM aMIUIMTYABl [aBICHUS Ha M3Jlydarese
KO3 OHUHEHTEl KOHLICHTPAUUH I NHKOBOIO HOJIOXKMTENHLHOrO JABIAECHUS H
HHTEHCHBHOCTH M3MEHAIOTCS HEMOHOTOHHO. MaKCHMYMBI KPHBBIX YCHJIEHHS
COOTBETCTBYIOT Hauanmy (opmupoBaHHA ymapHOro ¢poHra B mpodHie BOJIHBI
B6ansn dokyca. KoodhdunmeHT KOHIEHTpaIMK AMs NUKOBOTO OTPHIATENLHOTO

AaBJICHUA MOHOTOHHO yﬁblBaeT IIpH YBCINYEHHU UCXOXHOM AMIITHTYABI BOJTHEI.
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4. Wccnepoanbl  3(¢eKTH!  yZapHO-BOJIHOBOTO  BO3AeiicTBUS  Ha
6nonoruyeckne TKaHU B PEKHMAX, UCHONB3YIOIINXCS B YILTPA3BYKOBOH XUPYpPIUH.

HOJIY‘ICHLI CICAYIOUINE PE3YIbTATHL.

4.1. IlpennoxeH H MOATBEPXKACH B YHCICHHOM H (QM3HYECKOM 3KCHEPHMEHTAX
HOBEIil METOJI OmpeieNieH!s IapaMeTPoOB aKyCTHYECKOT0 1o B OHOIOrHYeCcKOH
TKaHH [J11 MOUIHBIX OKYCHPOBAaHHHEIX YILTPa3BYKOBEIX noneil. [Toka3aHo, 4TO
i u3nydareneit ¢ GompuMu Ko3ddUIeHTaMH JNHHEHHOro YCHJIEHHA B
dokyce mDapaMeTpel aKyCTHYECKOr0 ITONsi MOryT OBITH MONyYeHH U3
Pe3y/IETATOB MOJENHUPOBAHHS UITH H3MEPEHHIi B BoJie ¢ TouHOCThI0 10%. Meton
JaeT JOCTOBEPHEIE PE3y/IbTATH KaK B PEXHME (POPMHPOBAHHUA pa3pblBOB, TaK M
B PeXHME Pa3BHTHIX Pa3pLIBOB.

4.2, Tpencka3an B MOZCIMPOBAHNM H NOJATBEPXK/CH B JKCrepuMeHTe ekt
CcBepxOHICTpOoro HarpeBaHHs TKaHH J0 Temnepatypsl 100°C B Teuenue
HECKONIbKHX MHJ/UTMCEKYHI IpH BO3NEHCTBHU YNBTPa3BYKOM B pPeXHUME
pa3sBUTHIX yaapHEIX (poHTOB Gomsmioii ammautyast. IlokaszaHo, 4TO mpH
HMITYJIGCHO-TIEPHOANYECKOM  BO3MeHCTBMM  Ha  OHOJIOTMYECKYH)  TKaHb
HMITYJIbCAMH MHUTHCEKYHAHOI ANMMTENBHOCTH C AMIUINTYJOH pa3phiBOB B
¢oxyce 40 MIIa u Bblme, BO3MOXHO KpPaTKOBPEMECHHOE BCKHIIAHHME TKaHH,
NpUBOJANICe K €€ MEXaHHIECKOMY pa3pymieHuio 0e3 BHIMMEIX TEIUIOBBIX
stdexToB. YIapHO-BONMHOBOH peXUM BO3AEHCTBHS NO3BOJSET CYNIECTBEHHO
yBennunTh O0BEM pa3pyllieHuss npH CKaHupylomieM OONy4YeHHH, NOBBICUTH
3¢ deKkTHBHOCTL ¥ 6e30MacHOCTh BO3ACHCTBUS NpH 0o0NydeHHuHn depe3 pebpa, u
obecreunBaeT  BO3MOXHOCTb  YJIBTPa3sBYKOBOH  BH3yanM3aumH  oONacTH

BO3/1efiCTBHS B PEXKHME PEalIbHOIO BPEMEHH.

4.4. PaspaCoTaHHble KOMIUIEKCHBIC METOABI XapaKTepPH3allMH HEIWHEHHBIX
noneil HUCTOUHHKOB MOIIHOrO (HOKYCHPDOBAHHOTO VIBTPa3Byka B BOJE,
HeMMHEHHOT0 AUpeHTHHra ANA ONpeleNeHHsa MapaMeTpoB Nowell in siftu, u
METOa, MONYYHBLIEro HasBaHue «boiling histotripsy” I KOHTPOJIHPYEMOro
MEXaHNYEeCKOro M TEIUIOBOrO BO3/ICHiCTBHSA HAa TKaHb, SIBNAIOTCS OCHOBOW HOBOTO

HApAaBIIEHN B HEHHBA3UBHON YNbTPA3BYKOBOIl XUPYPTHH.
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