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IIpencraBiieHbI pe3yIbTaThl YNCICHHOTO MOIEIUPOBAHUST, UMUTUPYIOIIETO 3KCIIEPUMEHT 10 OOIyIeHUIO
TKaHU TOBSIKbEU MedyeHU ex vivo MOITHBIM (hOKYCUPOBAHHBIM YJAbTPAa3BYKOM C MOMOIIbIO TepareBThye-
ckoit pemetku KimmHn4yeckoii cucreMsl MR-HIFU (Sonalleve V1 3.0T, Profound Medical Corp., Canada).
PaccMoTpeHbl 1 cpaBHUBAIOTCSI HEMPEPBIBHBIN KBAa3WIMHEHHBIN 1 UMITYJIbCHO-TIEPUOANYECKUE YIAPHO-
BOJIHOBBIE PEXXUMBI OOJTy4eHUsT C OMMHAKOBOM CpemHell Mo BpeMeHN MOIITHOCThIO. OObeMHBIE TEILIOBBIC
paspylieHus CO3AaBAINCh IMyTeM MepeMeleHust (pokyca usirydaressi B ero (hoKajlbHOM MIOCKOCTH O AUC-
KPETHBIM TPACKTOPUSIM, COCTOSIIIUM M3 ABYX JIMOO YEThIPeX KOHIIEHTPUIECKUX OKPYKHOCTEH ¢ MaKCH-
MaJIbHBIM paauycoM 4 M. [TpoaHamu3upoOBaHO BIMSIHUE KPUTEPUSI KOHTPOJISI TETJIOBOI TO3BI B IIpoliecce
00JIydeHUSI U KPUTEPUSI OCTAHOBKM BO3IECHCTBUS YIbTPa3ByKOM Ha (hopMy, 06beM 1 BpeMsl CO3MaHUS TeTl-
JIOBOTO pa3pylieHus1. AKyCTUUYECKOE IoJie B TKAHW PACCUMTHIBAJIOCH C TIOMOIIIbIO ypaBHeHUsT BectepBenb-
Ta, TeMIlepaTypHoe ToJie MOACIMPOBATIOCH C ITOMOIIILIO HEOTHOPOIHOTO YPaBHEHUS TETUIOTIPOBOIHOCTH,
rpaHulIa pa3pylIeHUs ONpenessyiach B COOTBETCTBUM C MIOPOTOM TEIUIOBOI 103bl. B KBasuwinHeitHOM pe-
KUMe, COOTBETCTBYIOIIEM KIMHUYECKOMY, TeTuIoBast nUMdy3ust IPUBOIUT K YIJIMHEHUIO (DOPMBI pas3py-
IIeHus B 2—3 pa3a BIOJIb OCH YJIBTPa3BYKOBOTO My4YKa MO CPaBHEHUIO C MOMEPEYHBIM Pa3MEPOM TPAEKTO-
pun. Micnionb3oBaHUe UMITYJIbCHO-TIEPUOANIECKUX YIAPHO-BOJHOBBIX PEXXUMOB O0JIydeHUsI ¢ OTKJTIOUe-
HUEM BHYTPEHHUX OKDPYKHOCTEHl TpaeKTOpMU MO Mepe MOCTUKEHUs Ha HUX TMOPOrOoBOTO 3HAYEHMS
TEIUIOBO# O3Bl TTO3BOJISIET CYIIECTBEHHO MOAAaBUTh 3(hdeKThl TermaoBoi nuddy3nn B aKCHAILHOM Ha-
MpaBJIeHUU TyyKa 1 MOJYYUTh JOKATIU30BaHHbIE TETUIOBbIE pa3pyllleHUs 3aJaHHON ()OPMBI C COMTOCTaBU-
MO KIIMHUTYECKOMY CIIyYar0 CKOPOCTBIO TETIJIOBOM a0JIsIIIVH.

Karoueesbie croeéa: MOITHBINA (DOKYCHPOBAHHEIN YIBTPa3BYK, YIApHBIN (PpOHT, TerioBast nuddy3us, HeIr-
HeliHbie 2 heKTh, TEMI0Bas abJISILINS, YUCIEHHOE MOAeIUPOBaHUe, TeIIOBas 103a

DOI: 10.31857/S0320791922600585, EDN: CTCCNT

BBEIAEHME

B nocnengnne necaruneTuss OBICTPO pa3BUBAETCS
texHosiorust HIFU (ot anmt. a6opesuatypsl High In-
tensity Focused Ultrasound) HeMHBa3UBHOIT XUPYypIruu,
MpU KOTOPOM JIOKaJbHOE pa3pylIeHHE MOPaKeHHBIX
TKaHeil opraHa MPOUCXOIUT Oe3 XUPYPruIecKoro BMe-
[IaTeJIbCTBA TIONI JEMCTBUEM BBICOKOMHTEHCHUBHOIO
c(OKyCHMpPOBaHHOTIO yiIbTpa3Byka [1—4]. B ximHunue-
CKOM TpaKTUKE OCHOBHBIM MEXaHU3MOM paspyllie-
HUS TKaHel ¢ momolbio TexHonaoruu HIFU sasasercs
TeTuIoBast aOJISIIIMS TKAaHU NPU €€ 0OJIydeHUM KBa3u-
rapMOHMYECKMMU  YJAbTPA3BYKOBBIMU  BOJIHAMM.
IIpuHLUIT TaKOro BO3AEMCTBUS 3aKitodaeTcs B (o-
KYCHPOBKE YJIbTPa3BYKOBOTO ITyyKa B IpedIioarae-
MYIO 00/1acTh pa3pylleHUs, TJe IOIJIOIICHHAas aKy-
CTUYeCKasl DHEPrusl MepeXOduT B TEIUIO, BHI3BIBAS
TETUIOBOI HEKpo3 TKaHu [3, 5]. [Jajmee B craThe TeI-

JIOBOI HEKpo3 (a0s1111s1), BhI3bIBAEMBbIif HarpeBaHU -
€M OMOJIOrMYecKOil TKaHM, OydeM Ha3bIBaTh TEIJIO-
BBIM pa3pyIlIeHUEM TKaHU WU IIPOCTO pa3pyllieHUEM.

st co3maHmst 00beMHBIX TEIUIOBBIX pa3pylIeHUI
B kimHnuecknx cuctemax HIFU npousBoauTcs 1mo-
clienoBaTeIbHOE TepeMellleHUe eIMHUYHOTO (poKyca
U3ITydaTesisi 1o 3aJgaBaeMoii TpaexkTopuu [6, 7]. Tak, B
paccMaTpuBaeMoi B IaHHOI paboTe KIMHUYECKOMN
cucteMe MR-HIFU Sonalleve V1 3a cuet a51eKTpoH-
HOM (ha3upoBKU (POKYC TepalleBTUYECKOM pellleTKU
rnepemMeliaeTcss IUCKPETHBIM O00pa3oM IO TOYKaM,
pacMoJIOXKEHHBIM Ha KOHLIEHTPUYECKUX OKPYXKHO-
cTax ¢ paguycamu 2, 4, 6 u 8 MM (puc. 1a) [6, 10, 11].
I1pu 3TOM MOPSIOK O0TYIECHUS SIMHUYIHBIX (POKYCOB
Ha KaXI10il OKPY>KHOCTHU BBIOUPAETCS TaK, YTOOBI MO~
cJieoBaTeJIbHO O0JIydYacMble TOUKM pacIiojiarajaucCh
MaKCUMAaJIbHO NAJEeKO IPYT OT Apyra (II0Ka3aHo CXe-
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Puc. 1. (a) — Ucnonb3yemast B KIIMHUKE TPAeKTOPUS TiepeMellleHUs] eTMHUYHOTO (DOKyca, CoCTosIIast U3 4 KOHIIEHTPUIECKUX
OKpYXXHOCTel ¢ pamuycamu 2, 4, 6 1 8 mM. TlocienoBaTeIbHOCTh IEKTPOHHOTO MepeMelleHusT hoKyca peleTKh OTMeueHa
ypciaaMu. (6) — CxemMa MpOBeIeHUST YMCIEHHOTO MOAEIMPOBAHUS, UMUTUPYIOIIETO SKCIIEPUMEHT. YJIbTPa3ByKOBOM MTy4OK
cosnaetcst HIFU-pemeTkoii, cocrosimnieit u3 256 anemMeHTOB auaMeTpoM 6.6 MM ¢ pabodeii yactotoit 1.2 MIT1; nuameTp penier-
K1 paBeH 128 MM; okycHoe paccTosiHue F = 120 MM; ¢OKyCMpOBKa MPOUCXOAUT Ha IIyOUHY /2 = 2.5 cM B 00pasel] TKaH! To-
BSKbel TTeYeHU; U3IyJaTesb U oOpasell TKaHU MTOMeIleHbI B Boay. (B, T) — JIBe TpaeKTOpuu IUCKPETHOTO TiepeMelieHus Go-
Kyca yJIbTPa3ByKOBOTIO ITy4YKa: (B) — IepBasi TpaeKTopus “2, 4 MM” COCTOUT U3 2 KOHIIEHTPUYECKHUX OKPYKHOCTEM C pagnycaMu
2 1 4 MM, MeX(hOKYCHOE PACCTOSTHUE Ha KaxKIOM OKPYKHOCTU cocTaBisieT 1.56 mm; (r) — Bropast — “1, 2, 3, 4 Mm” — u3 4
OKPYXHOCTel panuycamu 1, 2, 3, 4 MM, B 3TOM CJIy4ae pacCTostHie MeXny (hOKycaMu Ha OKPYXXKHOCTSIX YMEHbIIIaeTcs B 2 pasa

(0.78 mm).

MaTHUYHO Ha ABYX BHYTPEHHUX OKPYKHOCTSIX C TIOMO-
IIbI0O HyMepaluu Ha puc. la). B 3aBUcMMOCTU OT
IJIaHUPYEMOTO pa3Mepa paspylieHHs B HPOTOKOI
0o0JIydeHMsI BKJIIO9AeTCSI OT OOHOM OO YeThIpex
OKpyXHocTel TpaekTopun. [Ipy HE0OXOAUMOCTH CO-
3MaHUs pa3pylIeHUid OOIbIIIEro pa3Mepa u3aydaTeib
nin obiydaeMasi 00JacTh IIEPeMEeIIaloTCsI MEeXaHU-
YeCKM B HOBOE MECTOMOJIOXEHIE U IIPOIIecc 00Iyde-
HMUSsI TIOBTOpsieTCsl 3aHOBO [13].

XapaKTepHbIMU ISl KJIMHWUYECKOW MPaKTUKU
HIFU ssnsioTcs IIpOTOKOJIBI HETIPEPHIBHOTO 00Ty~
YeHHUsI KBa3WJIMHEWMHBIMY BOJHAMHU C aKyCTHYECKOM
MOIITHOCTBIO YJIbTPAa3BYKOBOTO ITy4Ka B OMAarna3oHe
90—300 Bt [14, 15], npu 3ToM 00Jy4YeHHE KaxKIOTO
IMCKPETHOTO (POKyCa IMIPOUCXOINT B TEUCHME IECST-
koB muncekyHn (50 mc mist Sonalleve V1) [6, 11].
KoHTpoab co3maBaeMoro oobeMa TEMIOBOro pas-
pYLIEHUS MPOU3BOAUTCS IIYyTEM BCTPOEHHOIO
MPT-MoHUTOpMHIA, KOTOPHII OTOOpaxaeTr B pe-
XKHMe peaJbHOr0 BpeMEHU TeMIIepaTypy B 006J1acTh
paspymenusi. Ilo KpuBoil pocta TemmnepaTypbl B
KaXXIOM IIPOCTPAHCTBEHHOM BOKCEJIE 00JIydaeMOro
00BbeMa IMPOUCXOIUT pacueT TEILUIOBOI H03kI, a 3aTeM
10 ee MOPOroBOMY 3HAYEHUIO, COOTBETCTBYIOIIEMY
TTOJTHOMY HEeKpo3y TKaHU (240 3KBUBaJCHTHBIX MU-
HyT nIpu TeMnepatype 43°C), onpeneiaseTcss KOHTYP
pa3pylieHHO objtact [ 14]. O0ydeHe HAYMHACTCS
C BHYTPEHHEU OKPYXKHOCTHU, KOTOpass MHOTOKpPAaTHO
o0JIy4aeTcs 10 TeX MOp, OKa Ha Heil He TOCTUTaeTC s
MOpPOTOBOE 3HAUEHME TeIIOBOIl H03kl. Ilocie aToro
HAYMHAeTCsI MHOTOKpPaTHOE O0JIydeHUE TOUEK CIeoy-
JoIIei OKPY>KHOCTHU M T.1. XapaKTepHOEe BpeMsT 001y~

YeHUs BCE TPAeKTOPUM COCTABIISIET HECKOJIBKO JIe-
CIATKOB CeKyH7 [6, 11, 12].

®dopMupoBaHrEe OTHOPOIHOTO OOBEMHOIO TEII-
JIOBOTO pa3pyllIeHMsI, COCTOSIIETO U3 MHOXECTBEH-
HBIX €MMHUYHBIX Pa3pylLIeHU, IPOUCXOOUT 3a CUET
teruioBoit quddy3un. Ilpu satom addexTsl nnuddy-
3WU TeIUIa IPOSIBIISIIOTCS HE TOJIBKO B O0JIydaeMoii
IJIOCKOCTU TPAE€KTOPUU, HO 1 B aKCHAJIbHOM HaIlpaB-
JICHUU YJIbTPa3ByKOBOTO ITydyKa, YTO OIpeaeasieT
OKOHYaTeIbHEIe (popMy U 00BbEeM paspylieHus. Ter-
JIOBBIE OOBbEMHBIC pa3pylIeHUs, HaOIomaeMbIe B J1a-
OOpaTOPHBIX 3KCMEPUMEHTaX W B KIMHUYECKOI
MpPAaKTUKE, TOTYyYeHHbIE B TpanuIMOHHBIX ist HIFU
KBa3WJIMHEMHBIX peXuMax OOJydeHHUsI, UMEIOT 2JI-
JIMTICOMJANIbHYIO0 (DOPMY U BBITSIHYTHI B aKCUAJTbHOM
HaIlpaBJICHUM B 2—3 pa3a 110 CpaBHEHMIO C OoMepey-
HBIM pa3mepoM Tpaektopuu [6, 11, 12, 16]. Cyiue-
CTBEHHOE BBITSITUBaHME (DOPMBI OOBEMHOTO pa3pyllie-
HUSI BIOJIb OCH ITy4YKa 3a cueT 3 dekToB nuddy3nn ne-
JIJaeT HEBO3MOXHBIM MOJy4eHHE JIOKAJIM30BaHHBIX
paspylieHU U MOXET TOBJIeYb HeXKeJlaTeJIbHbIC T10-
BpeXIeHUS 0IM3KOPACIIONOXEHHBIX K 3aaHHOI 00-
JIACTU KPUTHMYECKUX CTPYKTYP, TAKMX KaK KOCTU WU
cocynnl [17—19]. TlocnenHue, B CBOIO ouepelb, 3a
cueT nmepdy3nu KpOBOTOKA YHOCST TEILJIO, UTO TaKKe
YBEJIUYMBAET HEOMPEACIICHHOCTh KOHEYHOI (hOPMBI
TETJIOBOTO pa3pyllIeHUs.

s cozmaHUs TIpencKa3yeMbIX JOKAITN30BaHHBIX
pas3pylIeHn HeTaBHO OBLIO MPEMIOXKEHO UCITONb30-
BaThb yIapHO-BOJIHOBbIE UMIYIbCHO-TIEPUOINIYECKUE
PEXUMBI OOIYICHHUST, TIPU KOTOPBIX YBEIMICHHE TTH -
KOBOIl MOIITHOCTA M3JIyJaTesis COIMPOBOXIACTCS
AKYCTUYECKHNH KYPHAJ Ne 4
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NCITOJIb30OBAHMUE ®OKYCUPOBAHHBIX

YMEHBIIIeHNEM KO3 (UIIMEeHTa 3amnoJHeHUS s
KaXJIOTO U3 UMIYJIbCOB, ITOCBIJIAEMBIX B TOYKM JIMC-
KpPETHOM TpaeKTopumM mnepeMelneHust gokyca. Ilpu
9TOM CPEIHSIS IT0 BpeMEHU MOIITHOCTD ITy9Ka OCTaeT-
Csl TAaKOM ke, KaK Py O0Jy4eHUU B IPUHSTHIX KJIM-
HUYECKUX peXXUMaxX HEIIPEPBIBHOTO peXXrMa U3JIyde-
aug pemeTky [20—24]. ITpucyTcTBre BEBICOKOAMIIIN -
TYOIHOTO yagapHoro ¢poHTa B Npoduiae BOJHHI B
¢doKyce COIpOBOXAACTCS PE3KUM YBEJIMYCHUEM ITO-
JIOIIEHMSI SHEPTUHU ITy9Ka Ha 00pa3oBaBIIEMCS pa3-
peiBe [20—22]. Bricokast crerneHb (OKYCHUPOBKH
yAapHBIX (PPOHTOB B COYETAHUU C OLICTPHLIM Harpe-
BOM IIPUBOISAT K TOMY, YTO ONMHOYHBIE TEILJIOBHIC
paspyiieHus: (OpMUPYIOTCS B TeUEHHE MUJLIMCE-
KyHZ, a 3 dEKThI TeIUIOBOM 1ud@y3un B aKCUAIBHOM
HampaBJIeHUM HE YCIIeBAalOT IIPpOSIBUTHCS [23, 24].
BcaencTBue 3TOro MOXXHO TOBOPUTH 00 YMEHBIIEHUN
CTeIleHU nposBiaecHUs 3PdeKToB TeruioBoit nuddy-
3UM BIOJIb OCH ITyYKa U MOJIyYEHU XOPOIIIO JTOKAIM-
30BaHHBIX pa3pylIeHUI 3a0aHHON (DOPMBI.

Lenpio maHHO paOOTHI IBJISIJIOCH CPABHEHUE CTe-
MeHu nposiBieHus 3 dexToB nuddy3un Teria npu
00JIy4eHUH MOIIHBIM (DOKYCHMPOBAHHBIM YJILTPA3BY-
KOM B KJIMHN4YecKkoi cucteMe Sonalleve V1 B Hemnpe-
PBIBHOM KBa3WJIMHEMHOM JIM0O B UMITYJIbCHO-TICPU-
OONYECKUX yIapHO-BOJHOBEIX PEXXMMAaX OOJy4eHUS
C OIMHAKOBOWM cpemHell Mo BPEMEHU MOIIHOCTHIO.
B paGote mpoaHanIM3npoBaHO BIMSHHE HadaJabHOI
MMMKOBOII MHTEHCUBHOCTH YJIBTPa3ByKa NpH Tpex
Pa3IUYHBIX KPUTEPUSIX KOHTPOJISI HOCTUKEHMSI T10-
pOTOBOI1 TENJIOBOM 103kl BAOJIb TPAEKTOPUH 00JIyde-
HUS Ha (popMy U 00BEM ITOJIYYEHHOTO pa3pylLICHUS
TKaHU U CKOPOCTb OOBEMHOI TEIJIOBOM aOJISIIINU.
HccnemoBaHo Takske BIMSIHUC IIara MeXKAy TOYKAMU
JIMCKPETHOI TpaeKTOPHUHU Ha paBHOMEPHOCTD TeMITepa-
TYPHOTO I10JI51 B KBa3UJIMHEWHOM PEXKMME OOITydeHMUSI.

ITOCTAHOBKA 3AJAYN

Cxema MpoBeAeHUS YUCJIEHHOTO MOJEIMpOBa-
HUSI, UMUTUPYIOLIETO (PU3NYECKUN SKCIEPUMEHT
ex vivo, okazaHa Ha puc. 16. MoaenupoBaHue Npo-
BOIUJIOCH JJIs1 TEpaINeBTUUECKO PellIeTKU KIMHUYe-
ckoit cuctembl MR-HIFU (Sonalleve V1 3.0T, Profound
Medical Corp., Canada). M3nydarenem yIbTpa3ByKOBBIX
BOJIH IBJIsLIach MOIIHAs ha3rupoBaHHas pelieTka, co-
crosias u3 256 3J1eMeHTOB KPyIJIoil (OpMbI C Ara-
MeTpOM 6.6 MM, PaCTIOJIOKEHHBIX pAHIOMU3UPOBAHO
Ha ceprIecKoi MOBEPXHOCTHU ¢ arepTypoii 128 MM
" (POKYCHBIM paccTosiHueM F= 120 MM, paboyast ya-
croTa cocTapisiia 1.2 MIir [25].

YABTPa3ByKOBOI ITyYOK IIPOXOAMI Yepe3 CoIjla-
cylolIyIo cpeny (Bomay) M (hOKyCHPOBAJICS Ha INIyOMHY
h = 2.5 cM B oOpa3zell ToBsKbeil nmedyeHUu (puc. 106).
[ist monydeHust 0ObeMHBIX pa3pylleHuil (POKYC 13-
JIy4JaTtesisl mepeMellayics B ero (poKaJabHOM IJIOCKO-
ctu (x, y, 7= F) 110 IMCKPETHOI TpaeKTOPUU, COCTO-
sIeit 13 (POKYCOB, pacIOIOXKEHHBIX Ha KOHIIEHTPY -
YEeCKMX OKPYKHOCTSIX.
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B mannoi1 paboTte mjis1 MOOeIMpOBaHUS OOJIyde-
HUSI, OJIU3KOTr0 K KIIMHUYECKOMY CIydaro in Situ, ObII
BBIOpaH KBa3WIMHEWHBIN pPeXXMM C HAaYaTbHON MHTCH-
CUBHOCTBIO Ha 2yieMeHTax pentetku I, = 1.2 Br/cm?, co-
OTBETCTBYIOIIIEH HavyaJabHOM aKyCTUYECKOM MOIIIHO-
CTU yiabTpa3BykKoBoro Ityuka 105 Bt. OOmydeHue
MPOUCXOIUIO HEIIPEPBIBHO, BpeMs IepEeKIIOUCHUS
MEXAy eMMHUYHBIMU (hoKycamMu cocTasisiiio 20 Mc,
YTO SIBJISICTCS IIPEAEIbHO BO3MOXHBIM BpeMEHEM
3JIEKTPOHHO ITepe(OKYCUPOBKHM I KIIMHUYECKOM
cucteMbl Sonalleve V1. Beutn mmpoBelieHBI pacdeThl
IUIST IBYX TPaeKTOpUIA OOJIydeHUsI C LEbIO BBISIBIS-
HUSI BJIMSIHMS IIIara MEXIy TOYKaMHU IUCKPETHOM
TPAaeKTOPUM Ha PABHOMEPHOCTh TeMIEPaTyPHBIX
pacnpeneaeHui B TKaHU 00pa3iia Mpy CO30aHNU Tl -
JIOBBIX pa3pyllIeHUI OMMHAKOBOTO MONEPEYHOIO pa3-
Mepa. [lepBast TpaekTopus SIBAsIACh TPATULIMOHHON
KIIMHWYECKOM TpaeKTOpHeil M MpencTaBisiia codoit
JIB€ OKPYXXHOCTH C pamuycamMu 2 u 4 MM (puc. 1B).
Bropas TpaexkTopust Obljla IIOJydeHA TIPOCTpaH-
CTBEHHBIM MaclITaOMpOBaHUEM KJIMHUYECKOI Tpa-
€KTOPUU B IBa pa3a B CTOPOHY YMEHBIIICHUSI PacCTO-
SHUN MexXny (oKycaMHd M COCTOsIa M3 YeThIpex
OKpyXHocTel ¢ paguycamu 1, 2, 3 1 4 mm (puc. 1r).
st 00enx TpaeKTOpHiA YMCIIO TOUEeK Ha BHYTPEHHEMN
OKPYXHOCTU OBbUIO paBHBIM BOCHBMH, a Ha KaXmoi
ToCJeayIoei Bo3pacTajio elle Ha BOCEMb, TaKUM
0o0pa3oM Bcero Ha MepBOii TpaeKTOPUU pacliojiara-
Jioch 24 enMHUYHBIX (poKyca, a Ha BTopoit 80 ¢hoKy-
coB. IlocinemoBaTenbHOCTh OONIyYeHMS CTMHUYIHBIX
(¢$OKyCcOB B 000MX CIIy4asiX COOTBETCTBOBaja HyMepa-
o1y, TToKa3aHHo# Ha puc. la, 1B. IIpocTpaHcTBEeH-
HbIe IIard MexXay ¢oKycaMu BIOJb KaXXIoil U3
OKPY:KHOCTE cocTaBasuid 1.56 MM I IIepBOM U
0.78 MM s BTOpOM TpaekTtopuu. MopaearupoBaHue
yAapHO-BOJHOBBIX UMITYJIbCHO-IIEPUOINYSCKUX Pe-
XKIMOB OOJIyYeHUS, O3BOJISIONINX MOJABUTh aKCH-
aJIbHOE BHITATMBaHME (DOPMBI OOBEMHOIO pa3pylle-
HUS 1 CHU3UTH NPosIBIIeHNE 3(D(PEKTOB TEIUIOBOM (-
¢y3un, MPOBOAWIOCH MJISI IBYX HAyaJbHBIX ITMKOBBIX
MHTEHCUBHOCTE! Ha dJieMeHTax peuetku [, = 8 u
I, = 15 Br/cm?. TIpu 5TOM 11 06€ECTIeYeHUs ONMHA -
KOBOI1 CpeaHei Mo BpeMEeHU MOLIHOCTM ITydKa, Ta-
KOM Xe Kak M B KBaswiauHeliHoMm ciydae (105 Br),
JUTUTEBHOCTh BO3ACUCTBUSI Ha €IMHUYHBIN (POKYC
COCTaBJISIIA by = 3 MC st 1) = 8 Br/cM? 1 £, = 1.6 MC
st I, = 15 Br/cM?, a MHTEpBaJI MEPEKITIOYEHMST MEX-
Iy eIMHUYIHBIMU (poKycaMu ObLI TakuM ke (20 mc),
KaK B KBasWJIMHEMHOM ClIydae. YIapHO-BOJIHOBOM
PEXUM C HAaYaJIbHOM MMUKOBOW MHTEHCUBHOCTHIO HA
aneMeHTax pemerku I, = 8 Br/cM? cooTBETCTBOBAI
clIygaro o0pa3oBaHUS Pa3BUTOIO pa3phiBa B (hOoKajlb-
HOM nipocduIie BOJIHBI, a ciydail 1, = 15 Br/cm? coot-
BETCTBOBAJI peXXMMY HACHIILICHUS, IPEIeIbHO TOCTH -
XKIMOMY B MCCJICHOBATEJILCKUX 1IEJISIX B CHCTEME
HIFU Sonalleve V1. [InkoBble aKyCTUYECKHNE MOIII-
HOCTHU Te€pamneBTUYECKON PEIIETKM IIPY BHIOpAHHBIX
YPOBHSX HAYAJIbHOW MUKOBOU MHTEHCUBHOCTU [ = §
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u I, = 15 Br/cm? Ha ee anemenTax cocrasisuin 700 u
1300 BT, COOTBETCTBEHHO.

B ynapHO-BOJTHOBBIX peXUMax OOJydeHUsT MOIII-
HOCTh TEIJIOBBIX MCTOYHUKOB KOHIIEHTPUPYETCS B
MeHbIIeM 00beMe BOKPYT (poKyca Mo CpaBHEHUIO CO
ciydyaeM OOJydeHUsT KBa3UTapMOHUYECKUMU BOJTHA-
mu [20]. OcHOBBIBasiICh Ha 3TOM (paKTe, UIST MOJICIIN -
poOBaHMs Mpoliecca co3naHus 00bEMHOTO TEIJIOBOTO
pa3pylleHUsI B yOAPHO-BOJHOBBIX peXUMax Oblia
BBIOpaHa BTOpasl TpaeKTOpHsI OOJydeHUS C YMEHb-
IIIEHHBIM II0 CPaBHEHMIO C KIIMHUYECKUM CJIy4yaeM
MPOCTPAHCTBEHHBIM IIaroM (puc. 1T), IIpu 3TOM B
TpaeKTopHuIo ObLIa M100aBIeHa LIEHTPaIbHAS TOYKA.

BnusitHue KpuTepusi OKOHYAaHMS BO3IEHCTBUS
VJIBTPa3ByKOM Ha CTerNeHb MpOosiBIIeHUsT nuddy3un
TeIJjia B KBa3WJIMHEITHOM, a 3aTeM U B yIapHO-BOJHO-
BBIX peXHUMaX, aHAJIU3UPOBAJIOCh IO pe3y/ibTaTaM
MOJIEJIMPOBAHUSI TPeX MPOTOKOJIOB OOJIyYeHMUsI, OT-
JINYME KOTOPBIX 3aKITI0YAJI0Ch B PA3IMYHBIX KPUTE-
PUSIX KOHTPOJISI TETJIOBOM JO3HBI:

1) IlpoTokon 1 (KIMHUYECKUIT): 00TydeHUE KaxK-
JIOif OKPY>KHOCTHU IIPOMUCXOIMUT OO TEX ITOp, IMOKa Ha
Hell He OyeT JOCTUTHYTO IMMOPOroBOe 3HAYEHUE TeIl-
JIOBOM 103bI, MOCJIe JOCTUXKEHUSI KOTOPOTO HAaUYMHA-
eTcsl 00IyueHHUe ClIeyIolIeii OKPY>KHOCTH.

2) Ilpotokon 2 (C OTKJIIOYEHHWEM BHYTPEHHMX
KPYTOB): 00JIydeHe HAYMHAET IPONCXOIUTD IO BCEM
OKPYKHOCTSIM TPaeKTOPUHU, OMHAKO T10 Mepe TOCTU-
JKEHMSI TETUIOBOU 103bl BHYTPU KaxKI0To Kpyra Mmpo-
W3BOIMTCS ITOCTeNOBaTEIbHOE OTKITIOYEHUE BHYT-
pPEHHUX KPYTOB.

3) Ilporokon 3 (KOHTPOJb TEIUIOBOIM MO3bI Ha
BHEIIIHEM KpyTe): o0JydeHre IIPOMCXOIUT II0 BCEM
OKPY>KHOCTSIM TPAeKTOPHUH JI0 TEX TTOP, TIOKA TIOPOTO-
BOE 3HaYC€HME J03bl HE OYAET JOCTUTHYTO Ha BHEIII-
HEM Kpyre.

ITo pesynpraTam MomeaIupOBaHUS ObLIN TTOJIyde-
HbI 3HaUY€HUsI OOBEMOB TEIJIOBBIX pa3pylieHuit V u
CKOPOCTU OOBEMHOM TerioBoit absiuuu. I1pu aTom
CKOPOCTb TEIJIOBOI a0JSIIMKM pPacCUYUTHIBAIACH KaK
OTHOIIIEHUE 00beMa pa3pyllIeHUsI KO BpEMEHU 00Ty~
YeHUsl, a 00bEeM pa3pylIeHUs OMNpeaessyics Mocie
OCTBhIBaHMS 0Opasiia mo 0671acT, B KOTOPOU TEMI0-
Bas J103a AOCTUIJIa MOPOroBOro 3HavyeHus. Bpems
OCTBIBAaHMSI B KaXKIOM peXMMe OOJIydeHUS oIlpele-
JISJIOCh MOMEHTOM TMPEKpPAIIeHUS YBEIUUYEHUST pa3-
MEPOB TETIJIOBOTO pa3pyllleHUs 3a CYET MPOA0JIKAIO-
1Ieiicsl mocjie OKOHYaHUs BO3AeUCTBUS Ouddy3nmn
TeruIa.

YN CIIEHHAA MOJEJb
Yavmpaseykoeoe nose u menaoevie ucmounuxu

®dokycupoBKa yIbTPa3ByKOBOIO ITIy4yKa B BOJE, a
3aTeM B 00pa3iie TOBSKbEl IIeYeHU OIMCHIBAJIACh C
TTOMOIIIBIO MOIM(UIIMPOBAHHOTO YpaBHeHUS BecTep-

IMECTOBA u np.

BEJIbTA, YYUTHIBAIOIIETO HEJMHEMHBIE M IU(paKIm-
OHHBIE 2((DEKTHI, a TAKKe TOIJIOLISHUE B TKaHU [22]:

82 82 2 83
ZP _Spap4 53 P+ B9P,1(p)., ()
Jdtoz 2 2p¢y 0T 2¢; 0T

rme p=p(x,»,2,T) — HaBICHMUE, A:82/8x2+

+ 82/8y2 + az/azz — oneparop Jlamaca, 7 — Koop-
IWHATa, BOOJb KOTOPOM MPOMCXOAUT (POKYCHUPOBKA
nmyyka, T = t—z/ ¢, — BpeMsI B COTTPOBOXIAOIIIEt CU-
cTeMe KOOpIOWHAT, TapaMeTpsl ¢, 3, py 1 d — CKo-
pOCTh 3ByKa, KO3(POUIIMEHT HEINMHESHHOCTH, TUIOT-
HOCTb cpeabl U KO3 GUITUEHT TEPMOBI3KOTO TTOTIIO-
IIEHUSI B Cpele, COOTBETCTBEHHO. 3HaueHMUsI
YKa3aHHBIX (DM3NYECKUX TTapaMeTPOB IIJIsT BOILI ObI-
7 paBHBbI P, = 998 kr/M, ¢, = 1485 m/c, = 3.5, a wist
TKaHM TOBSDKbeii riedenu p, = 1050 kr/m>, ¢, = 1580 m/c,
B =4.0 [24, 26, 27]. KoahbduiiMeHT TepMOBSI3KOTO
TOIJIOIIEHUST B 00euX cpenax ObL1 BBIOpaH OqUHAKO-
BBIM U cocTaBisn O = 4.33 x 107° m?/c.

B nomosHeHue K TEPMOBS3KOMY ITOTJIOLIEHUIO
JUJTS1 pacyeTa TOTJIOIIeHMSI B TKAHU TeYeHU UCTIONb-
3o0Bajics ornepatop L(p), KOTOPBI COOTBETCTBOBAJ
JIMHEHOM 3aBUCUMOCTH OT YaCTOThI KO3 dUlIMeH-
Ta TOMIOLIeHUs1, paBHoro 8.43 mM~! Ha wacrtore
1.2 MTIt, 1 morapupmMudecKoMy 3aKOHY IUCIIEPCUN

(c(f)- co)/co = (cooco)/(nzfo)ln(f/fo) [20, 22].

MonenupoBanue ypaBHeHusI BecrtepBenpra (1)
MPOBOJIMJIOCH C UCTIOJIb30BAaHUEM YUCJIEHHOTO aJIro-
puTMa, pa3BUTOIO paHee B padote [28], a 3aTeM Heon -
HOKPAaTHO MNPUMEHSEMOTO Uil Pacuye€TOB MOUIHBIX
VJABTPA3BYKOBBIX TOJEN Pas3IUYHBIX MEIULIMHCKUX
usnyyarenei [22, 25, 29, 30]. st mocTaHOBKHU rpa-
HUYHOTO YCJIOBUS MCMOJb30BaIaCh MOJIEJb UIeaIH -
3upoBaHHOU pemreTku Sonalleve V1 [25], roe cHaua-
Jla TpaHUYHbBIE YCJIOBUS 3a1aBaIMCh Ha cheprUeCcKOii
TMOBEPXHOCTH PELIETKU B BUJIE PABHOMEPHOIO pac-
MpeneyieHusl KojaedaTeIbHOM CKOPOCTU Ha ee 3Jie-
MEHTaX, a 3aTEM C TTOMOIIbIO MHTerpasa Pases nepe-
HOCWJIMCh Ha TJTIOCKOCTb, KacaTeJbHYIO K LIEHTPY U3-
Jryyates.

PesynbpraTel MomenupoBaHust ypaBHeHus (1) mc-
MOJIb30BAIUCH JJISI HAXOXIEHUSI MPOCTPAHCTBEHHO-
ro pacrnpeneaeHus: IIIOTHOCTHU MOITHOCTU TETLJTOBBIX
WCTOYHMUKOB Q(X, y, 7) B TKaHU mnedeHu. JIjis aToro
npoduib NaBIeHUSI B KaXI0W TOUKE MPOCTPAHCTBA
CHayvaJia MpeNCcTaBIIsSIICS B BUIE PA3JIOKEHUST B DS
dypre, a 3aTeM HaXOIWIIACHh MTOJTHASI MHTCHCUBHOCTD
BOJIHBI / KaK CyMMa MHTEHCUBHOCTEI BCEX FTApMOHUK
(Nparm < 800) ¢ KOMIUIEKCHBIMY aMIUIMTYJAMU JABJIE-
HUs. MOIIHOCTh TeTIoBbIAeeHUsT () B cpelie 3a cUeT
MOIJIOLIEHUSI PHEPTUM BOJIHBI PACCUUTHIBANIACH KaK
CKOPOCTb YOBLJIM MHTEHCUBHOCTU TIPU BBIYUCIEHUUN
oreparopa HeJIMHEUHOCTU U TIOMIOIIEHUST Ha KaX-
JIOM II1are CeTKH dz [24]:
AKYCTUYECKHNH KYPHAJ Ne 4
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0(x,y,2) = - HEPZHEN T2 -
dz
TernoBble UCTOYHUKH PACCUUTHIBAJIUCH B y3J1axX
IIPOCTPAHCTBEHHOM CETKM C MOINEPEYHbIMU IIaraMu
dx =dy = 0.025 MM, TIpoOJBbHBIM 11aroM dz = 0.1 MM
1 BBIBOAWINCH B OKHE pa3zMepamu [—8, 8] MM 1o
ocam x u y u [100, 140] MM o ocu z.

Temnepamypruoe none

HOJ’[Y‘-ICHHI)IC B pE3YJIbTATC aKyCTHUYCCKOI'O pacyec-
Ta IPOCTPAHCTBCHHLIC PACIIPCACICHUA ITINIOTHOCTU
MOIIHOCTHU TEIIJIOBLIX MCTOYHMKOB Q B TKaHMN HC-
IIOJIB30BaJIMCh [OJIA HaAXOXICHHUA TEMIIECpATypHOTO
II0JIA TP MOACJIMPOBAaHUM HCOOHOPOIHOI'O YypaBHEC-
HHA TCIJIONPOBOAHOCTHU:

T _ YAT + Q’ (3)
ot C,
rae 7 — temneparypa, t — BpeMsl, )}, — KoapduuueHT
TeMIEPATypONpPOBOAHOCTU, C, — TEMI0EMKOCTb

ob6pazina, Q — INIOTHOCTh MOIITHOCTH T€TIOBBIX HC-
TOYHUKOB B TKaHU, PACCUYUTAHHBLIX Ha OCHOBE
ypaBHeHNd BectepBenbra. 3HaUueHNS GU3NIECKIX
napaMeTpoB B ypaBHEHMM (3) COOTBETCTBOBaIU

TKAHW TeYeHU ¥ GbLTM paBHBI } = 1.93x107 MZ/C,
C, =3.06x10° 1x/(m’ °C) [22, 24, 26, 27].

Anroput™m pelieHus1 ypaBHeHus: (3) moapoOHO
omnucat B paborte [24] u BKJIto4as B ce0s1 UCII0JIb30Ba-
HUE aHAJIUTUYECKOTO pEIIeHUs] YpaBHEHUS TEIIO-
MMPOBOIHOCTH B k-TIpocTpaHcTBe:

T (k,2) = Ty (k) exp (—4n2kzxt) +
O(k)
47k’ Cy,

[l —exp (—4n2kzxt)], @

rne T (k,1), Ty (k), O (k) — npoctpancTBeHHbIe Dy-
PHE-CIIEKTPHI oT COOTBETCTBYIOIIIUX BCJIMYUH

T (x,y,2,1), Ty(x,»,2), O(x,¥,2),aTy(x,y,27) — Ha-
yajibHOE pacrnpeaeieHe TeMIepaTyphl B paccMaTpu-
BaeMoM o0OBbeMe. Ilepexombl MeXmy AeKapTOBHIMU
KOoOpAMHATaAaMU ¥ K-TIpOCTPaHCTBOM OCYILECTBIISI-
JIUCh C TOMOIIIBIO OTlepalinii ObICTPOro mpeodpazoBa-
Hus @Oypwe (BI1D), Bxoagmux B CTaHAAPTHYIO 6110~
mioteky FFTW g3pika mporpammupoBanust Fortran.

Pentenue ypaBHeHUsI TeruionpoBomHOCTU (3)
MPOMCXOAuJIo B ABa 3Tana. CHavajla ¢ UCIOJIb30Ba-
HueM penieHus (4) B redeHre 20 MC pacCYUTHIBAJIOCH
TeMIIepaTypHOE MoJjie B eIMHUIHOM (POKyce, TpuIeM
B pacyeT BXOAWJIM €ro HarpeB 10 MOMEHTa BpEeMEHU
theat ¥ JATBbHEIIIIEe OcThIBaHMe. [lociie HaXoXIeHus
HarpeBa eIMHUYHOTrO (hoKyca, MPOBOIUJICS pacyeT
00BEMHOTO TEIJOBOTO pa3pylleHUs] OT HadyalbHO
temrieparypel 7, = 20°C. CBOICTBO JIMHEHHOCTH
ypaBHeHMs (3) MO3BOJIMIO HE3aBUCUMO HOOABJISITh

AKYCTUYECKMU XYPHAJT  Tom 69 Ne4 2023

3apaHee pacCUMTaHHOE pelleHue IS TeMIepaTyp-
HOTO TIOJISI IPY €AVUHUYHOM BO3ICUCTBUM B pa3HbIe
TOYKM TPASKTOPUU C BpeMeHHBIM Imarom 20 Mc, paB-
HBIM BpeMeHU INepeMelleHus: ¢oKyca Mo TpaeKTo-
pyM 00JTy4EeHUSI, YTO CYILIECTBEHHO ONITUMMU3NPOBAJIO
IINTEIIbHOCTh pacueToB. Ilociie okoHuaHUsT 00JIyde-
HUS MOJEJIMPOBAJICS MTPOLECC OCThIBAaHUS 00pasiia B
TedueHHe 12 ¢ IJIs HavYaIbHOI MMMKOBOIT MHTEHCUBHO-
cru I, = 1.2 Br/em?, 10 ¢ s I, = 8 Br/em? u 7 ¢ mis
1, = 15 Br/cM? U1 ydeTa yBenudeHus: 00beMa paspy-
IIEeHM 3a cYeT IMpomorKaromeiicsa nnd@y3nn TenJa.

Penrenue nj1s teMIrepaTypHOTO OJIS ETUMHUIHOTO
BO3IECUCTBUSI pAaCCUUTHIBAJIOCH C IIaramMu dx = dy =
= 0.025 MM u dz= 0.1 mm. PanHee ObLI0 TOKa3aHO, YTO
IS KOPPEKTHOTO OMUCAHUSI TEMIEPATYPHOTO MOJs
00BEMHOTO pa3pylIcHUs ITOIIePEYHBI pa3Mep 4urc-
JIEHHOTO OKHA €IMHWYHOTO BO3IEiCTBUS JOIKEH He
MeHee, YeM B IBa pa3a MpeBhIIIAaTh JUAMETP BHEIII-
Heit okpy:kHOCcTH TpackTopun [31]. Ucxons n3 sToro,
eIUHUYHOE BO3ACUCTBUE PACCUUTHLIBAIOCH B OKHE
pa3mepamu [—8, 8] MM o ocsim x u y u [100, 140] mm
1o ocu z. Jyisi panpHeiIero pacyera TeMIiepaTyphbl
MpY 00beMHBIX pa3pylLIEHUSIX BO u3dexkaHue apdex-
Ta HAJOXCHMs YacTOT IpU B3sgThU orepaunii BITM
pa3sMepbl IPOCTPAHCTBEHHBIX OKOH IMOAOUPATIUCH Ta-
KMM 00pa3oM, YTOOHI Ha TPaHUIIe OKHA HE ITPOUCXO-
IO MOBBIIIEHUS TeMITepaTyphbl. PelieHue 11st 00b-
€MHOTO pa3pylleHHUs1 6palioch B ITOIEPEUYHOM OKHE
[—15, 15] mMm.

Tenaoeas dosa

B xauecTBe KpuUTEepus TEIJIOBOTO HEKpO3a TKAaHU
HCIIO/Ib30BaJIach MHTETpajibHasl BEJIMUMHA TEIIOBOiA
JTO3bI:

Theat

figo = jRSG'O_T("’)dt > 1.76, 5)
0

rie  koadduuueHt R, TNpPUHUMaET 3HayeHUE
0.5 nmpu 7' (r,t) 243°C u 0.25npu T'(r,7) < 43°C
[32], 54, — OOBIYHO MCTTONB3YEMBIIA B BLICOKOMHTEH-
cuBHbIX pexumax HIFU BpeMeHHOI »KBUBaJeHT
MOPOTOBOM pa3pyllarolleil TEIJIOBOU N0O3bl, COCTAB-
Jsmonieit 240 MuHyT nipu TeMiieparype 43°C, u pas-
HBII 1.76 ¢ B ciy4yae ero ornpeaeieHus OTHOCUTEIbHO
temmieparypbl 56°C [1, 14, 24, 33]. [TonpoOHEIit anro-
PUTM MOJIEIMPOBAHUS TETIJIOBOIA JO3BI OMIMCAH B pa-
6ore [24]. IIpocTpaHCTBEHHBIE OKHA, UCITOJIb3yEeMEIC
IIpU pacdeTe pacHpenciacHUs eIMHUIHOM TEIUIOBOM
JI03bI, COOTBETCTBOBAIM MPOCTPAHCTBEHHOMY OKHY
IIpU pacyeTe pacHpeneaeHUsT TeMIIepaTypbl B OOU-
HOYHOM (POKYycCe.



422 IMECTOBA u np.
(a)
0, Br/mMm? T,°C
20 24
- 0.5
10 0.4
§ 0.3 22
< 0 0.2
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0, Br/mm3 T, °C
100 90
=
S 50 55
S,
0 20
T,°C
120 120
=
S 60 70
=0 Iy = 15 Br/cm? 20
0 3 6 9 12 115 119 123 114 116 118 120 122
T Z, MM Z, MM

Puc. 2. [Tpoduiu nasnenust B poxyce (JeBblit CTONOEI), MPOCTPAHCTBEHHBIE pacnpeneeH s TNIOTHOCTU MOILIIHOCTH TeIIO-
BBIX ICTOYHMKOB B TKaHU (CpeIHUI CTOJIOE1) Y TEMITepaTypHbIe pacrpeneaeHus (IpaBblii cTon0e1]) HA MOMEHT MepeMeleHUst
dokyca (20 Mc) B aKCHaAJIbHBIX (X, Z) IVIOCKOCTSIX My4YKa 171 (a) — KBa3UTapMOHMNYECKOTO pexKrMa 00JIydeHUSI C MHTEHCHUBHO-
CTBIO Ha 3JIEMEHTaxX pemeTkn [y = 1.2 BT/CMZ, (6) — pexuma ¢ hopMHUpPOBaHMEM Pa3BUTOrO paspbiBa (/) = 8 BT/CMZ) u (B) —
pexunMa HaceleHust (I = 15 BT/(:M2). YepHbIM KOHTYPOM 00603HaYeHa 00,1aCTh, BHYTPU KOTOPOIi TEIJIOBast 103a MpeBbIcUIa

CBO€ IIOPOroBO€ 3HAYEHUE IIOCJIE€ OCThIBAHUA 06pa3ua.

PE3YJIbTATHI
1. Akycmuueckoe none

Ha puc. 2a—28 (JieBbIii cTOJIOEL]) MPEACTaBICHBI
paccuMTaHHbIE C MOMOIIBIO ypaBHeHUsI BectepBeib-
ta (1) npodmmm naBnenusa B poxyce HIFU-pemier-
KW, COOTBETCTBYIOIIME HayajJbHBIM MMUKOBHIM WH-
TEHCUBHOCTSIM Ha ee aemeHTax (a) I, = 1.2 Br/cm?,
(6) 1, = 8 Br/cm?, (B) I,= 15 Br/cM? ipu (hOKyCHPOB-
Ke B cepeauHy obOpaslia TKaHW TeUYeHU Ha NIyOuHY
2.5 cm.

PexuM ¢ HaualbHOI MHTEHCUBHOCTHIO 1) = 1.2 B1/cM?
COOTBETCTBYET KBa3WIMHEHHOMY pacIpocTpaHe-
HUIO, OTpeAeIsieMoOMy IO KPUTEpUIO Ilepexona He
6osiee 10% sHepruu BOJIHBI B (pOKYCe B BBICIIIME Tap-
MOHUKHU B okyce usirydareirs [34]. B atom ciaydae B
npoduae BOJTHBI YK€ TIPOSBISIETCS aCMMMETPUI-
HOCTb, YPOBE€Hb MUKOBOTO MOJOXUTEJIHHOTO IaBJie-
HUS CTAaHOBUTCS BBIIIIE, YeM IMKOBOTO OTPHUIIATE]Ib-
HOTO, OMHAKO HeJWHENHBIE 3((EKTHI ellle He SIBIISI-
IOTCSI CYIIIECTBEHHBIMU JIJISI TETJIOBOTO BO3JEMCTBUS
(puc. 2a). [1o mepe yBeIn4eHUS IIMKOBOIT MHTCHCUB-
HOCTHM Ha 3JIeMeHTaxX pelIeTKN (POKaJIbHBIN ITPOdMITH

BOJIHBI KCKaXaeTcs ¢ MOCJIeayonuM ¢oopMUpOBaHU -
eM yaapHoro (opoHTa (pa3phiBa), IpUYeM pa3pbiB Ha-
YyrHaeT (pOpMUPOBATHCS B BEpXHEI YacTu IIpopuiIs,
a 3aTeM HMKHSISI TPaHMIIA pPa3pbiBa MOCTEIIEHHO CMe-
1aeTcs “BHU3” U YXOAUT B 00J1aCTh OTPULIATEIBHOTO
nmasiieHus [35]. I1pu HayalIbHOM ITMKOBOIT MHTEHCUB-
Hoctu I, = 8 BT/cM? HIKHSS TPaHKIIA Pa3phiBa HAX0-
JIUTCS BOIMU3U HYJIEBOTO YPOBHS HaBieHuUs (puc. 20),
YTO SIBJISIETCS OTJIMYMTEIBHON OCOOEHHOCTBIO TaK
Ha3LIBAEMOTO Pa3BUTOrO paspbiBa [36]. Ciyyaii hop-
MHUPOBaHUsI pa3BUTOIO pa3pbiBa UHTEPECEH TEM, UTO
JIJIsI HETO OTHOLLIEHUE aMIUIMTY bl pa3pbiBa Ay, (CKay-
Ka IaBJICHUS Ha yoiapHOM (ppoHTE) K HAaYaIbHOM aM-
TUTUTY/E 1aBJICHUSI BOJIHBI Ha U3JTy4yaTesie p, 10CTUra-
€T CBOETr0 MakcuMyma, T.e. (pOKyCUpPOBKaA SIBJISIETCS
Hamnb6oee 3¢ dekTuBHOIM [36]. B aTOM Ciyyae 3Haude-
HUE aMIUIUTYIbl pa3pbiBa U MUKOBOIO IMOJIO0XKUTEIb-
HOTO JaBjieHUsl coBmnaaaoT. [1pu nanbHeilemM yBe-
JIMYeHNW WHTEHCHMBHOCTHM Ha 3JIEMEHTaxX pEIIeTKH

pOCT OTHOLLIEHUS Ag,/Py 3aMEIIISIETCS U MOXHO TOBO-
PWTB O HACTYIUIEHNM peX¥Ma Hachiierust (1, = 15 Br/cm?,
puc. 28B) [37].
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JJ1st HavaJIbHBIX MMKOBBIX UHTEHCUBHOCTEM [, = §
u I, = 15 Br/cM? aMIUIMTYIbl pa3pbiBa COCTABUIIN
Ay, =90 u Ay, = 120 MIla, cooTBercTBeHHO. Teope-
TUYECKasi OlIEHKa BpPEMEHU BCKMUIIAHUS TKaHU

tooil = (6p§ch,,A T ) / (BfoAfh) IIPU UCIIOJIb3YyEMBIX B
pacuere mapaMeTrpax TKaHU U TOCTUTAEMbIX aMILIH-
TyAax yIapHOTo (hpoOHTa COCTABIISIET £, = 2.9 MC AJist
I, =8 Br/cm? u 1.2 mc st I, = 15 Br/cm?. Takum 06-
pa3oM, B paccMaTpUBaeMBbIX B JaHHOI paboTe yaap-
HO-BOJIHOBBIX PeXMMax 0OJyueHMsI BCKUTIaHUE TKa-
HU U COMyTCTBYyIollee (GOPMUPOBAHME TEIJIOBOTO
paspylLieHu sl CJIeAyeT OXKMAATD yKe B TeUCHUE BpeMe-
HU Harpesa f,.,, eIMHUYHOro okyca.

PacrnipeneneHust nJ1OTHOCTA MOIITHOCTH TEIIOBBIX
UCTOYHUKOB Q (puc. 2, cpeaHuii cTOJIOCI) CyIle-
CTBEHHO OTJIMYAIOTCSI B Cilydae KBa3WJIMHENHOTO
HarpeBa (puc. 2a) UM yIapHO-BOJHOBBIX PEXHMMOB
(puc. 20, 2B). MakcumanbHOe 3HaUYeHUe Q B ciydyae
paszButoro paspsiBa B 200 pa3 mpeBbIIIIaeT COOTBET-
CTByIOIIEe 3HAUY€HUE B KBa3WJMHEMHOM cilydyae, a B
pEeXMME HAChIIIEHUS aHAJIOTUYHOE OTHOIIICHUE YBE-
JmumnBaeTcs 1o 414 pas.

Bo Bcex Tpex ciydasx pedpakiims yiabTpa3ByKoO-
BOTO TIydyKa Ha TpaHUIle BOJa—TKaHb MPUBOAUT K
CMEIIEHNI0O MaKCUMyMa IIOJISI U3 T€OMETPUISCKOTO
dokyca F= 120 MM B CTOPOHY K M3JTyJaTeJII0 Ha 2 MM.
IlonepeuHble M akcualibHbIE pa3Mepbl TEIIOBOTO
IATHA, paCCYMTAHHBIE 10 YPOBHIO €~! OT MUKOBOTO
3HAYEHUS, COCTAB/STIOT 1.2 X 1.2 X 7 MM IIpu KBa3u-
JIMHEeTHOM HarpeBe (puc. 2a, CpegHUii CTOJOel) U
3HAUYUTEJbHO MPEBBIIIAIOT COOTBETCTBYIOIIME pa3-
Mepbl B YIapHO-BOJHOBBIX pexumax (puc. 20, 2B,
cpemHuii ctonoen). B caydae hopmupoBaHus pa3Bu-
Toro paspbiBa I, = 8 Br/cM? momiomieHne akycTude-
CKOIi 9HEepruy TKaHbIO JIOKAJIM30BAHO B OUEHb MAJIOM
ooneMme (Bcero 0.3 X 0.3 X 2.7 MM IT0 ypOBHIO e~! OT nu-
KOBOTO 3HaueHUs). JlaHHas JoKanu3aiuusi OObsSICHS -
€TCsI TIPUCYTCTBUEM YyIApHBIX (P)pOHTOB B IIpoduie
BOJIHBI, KOTOPBIE IIPUBOISIT K OCTPOM (DOKYCHPOBKE
aKyCTMYeCKOTo TIois U 3(P@PEeKTUBHOMY ITOIIOIIC-
HUIO aKyCTUYECKOU 3Hepruu B (hoKaJabHOI 00JIacTu
MaJibIX pa3MepoB. OMHAKO MIPpU JaJbHEHIIIEM yBeIr-
YeHUU WHTCHCUBHOCTU Ha »BJIeMEHTAax peIIeTKU
yaapHblii GpoHT dopmupyercsi B Oosiee IIUPOKOM
o0BeMe BOKPYT (DOKyca, 4TO IIPUBOIUT K YBETMUCHUIO
00J1aCTH TETUIOBBIX MICTOYHUKOB (pHUcC. 2B). XapaKTep-
HbIe pa3Mephbl TEIIJIOBOTO MATHA IS peXKMMa HachlIle-
Hus I, = 15 Br/em? coctasnsiior 0.4 X 0.4 X 3.6 MM.
Takum o6pa3zoM, HaOIIOOAeTCsI HEMOHOTOHHOCTh
W3MEHEHHUSI pa3MepoB 00JIaCTU ITOBBIIIEHHOTO ITO-
[JIOLLIEHUSI HEPTUX BOJHBI. BakHO OTMETUTD, UTO B
OTJIMYUE OT MPWIOXECHUIA TUCTOTPUIICUN C KUIIEHM-
eM [31, 36, 38], rme OCHOBHYIO pOJIb UTPAET BHICOKAS
aMIUIUTYyaa yaapHoOro ¢bpoHTa, IJIsl TTOJydeHUs Tell-
noBbeix HIFU-pa3pyiieHuii B ynapHO-BOJHOBBIX pe-
XKHMaX CYIIECTBEHHBIM SIBJISIETCS TakKxKe OObEM BO-

AKYCTUYECKHNU KYPHAJ Ne 4

TOM 69 2023

423

Kpyr ¢oKyca, B KOTOPOM IIPOM3OILIO (DOPMUPOBA-
HY€ pa3pbIBOB.

2. Temnepamypnoe nosae eOUHU4HO20 8030elicmaust

YucneHHBI pacyeT ypaBHEHMS TETUIOIIPOBOI-
HocTU (3) ¢ uMcnojib30oBaHUEeM peleHus (4) moxa-
3aJT, 9YTO JUIST OOJIyIeHUS eIUHUIHOTO (pOKyca B KBa-
3MJIMHEITHOM peknMe HarpeB obOpaslia oT Havyajb-
Hoit TemniepaTypbl 7, = 20°C cocTaBiisieT mopsiaka
4°C B TeKyllleM eIMHUYHOM (hOKYyCe K MOMEHTY Ha-
yana o0JiyuyeHus ciaenymoomero (20 Mc), mpudemM 10-
CTMXXEHUSI TTIOpOTa TETIJIOBOI MO3bI HE TIPOUCXOIUT
HU B OmHOI Toyke (puc. 2a, TpaBblii cTOJIOEL).
B ymapHO-BOJTHOBBIX peXMMaX OCTaTOYHBII HAarpeB
K MoMeHTY BpeMeHu 20 mc cocTasisieT 93 u 126°C B
cnydae I, = 8 u I, = 15 Br/cm? (puc. 26, 2B, IpaBblit
CTOJI0e1]), COOTBETCTBEHHO, a pa3Mephbl TeMIlepaTyp-
HBIX IISITEH TOBTOPSTIOT COOTBETCTBYIOIINE pa3sMephl
TETIOBBIX MCTOYHUKOB. [Ipy 3TOM 3a Bpems 3ieK-
TPOHHOTIO TlepeMellieH!s (poKyca pelIeTKU IMTPOUCX0-
IUAT (pOpMUPOBAHNE SMIMHIYHBIX TETDIOBBIX pa3pyllle-
At ¢c pasMepamm 0.25 X 0.25 %X 2.310.4 X 0.4 X 3.5Mm
st I, = 8 u I, = 15 Br/cM?, cooTBETCTBEHHO (pUc. 26, 2B,
MpaBblii CTOJIOEIT).

Takum oOpazom, 06ojee ocTpas (GOKycMpoBKa
yIapHbIX GPOHTOB, COMpOBOXKAaroIIasics 3hheKTUB-
HBIM MOIJIOIIEHUEM aKyCTUUEeCKO SHEPTUHU, MO3BO-
JISIET MOJIYYUTh OBICTPOE EMMHUYHOE MPeNcKa3zyemMoe
JIOKaJIM30BaHHOE TEIJIOBOE pa3pyIlIeHUe HEOOIbIIIO-
ro pa3Mepa c He3HaYUTeJIbHbIMU 3(ppeKkTaMu TeT1o-
BoMt nudPy3nn.

3. Iloayuenue obsemHoc0o paspyuleHus
8 K8A3UAUHEIIHOM pedicume 001y1eHus

Pesynbratel 001ydeHns o0beMa TKaHU B KBa3UW-
JIMHEITHOM peXXMMe C MCIIOJIb30BaHUEM TPagULIMOH-
HOM KIIMHWYECKO TPaeKTOPUU U3 ABYX OKPYKHO-
CcTe ¢ pagmycaMu 2 U 4 MM TIpeAcTaBIeHBI Ha pyuC. 3
B BUJI€ IPOCTPAHCTBEHHBIX TEMIIEPATYPHBIX pacIipe-
JelIeHUA B MOMEHT OKOHYAHWSI HarpeBa IJisl Tpex
YKa3aHHBIX BBILIE TIPOTOKOJIOB OOIYUSHUS.

B ciiydyae oOnydeHMs 1o mpoOTOKOAY 1, MCTIOb3y-
€MOMY B KJIMHUYECKOW MPaKTUKe, s JOCTUXEHUS
IMOPOTroBOro 3HAUYEHUS TEIJIOBOM A03bI MOTpeboBa-
JIOCh CHavajia coBepiiuTh 41 00xod 1Mo BHyTpeHHel
okpyHocTtu (2 MM), a 3aTteM 24 pasa OOJyYUTh
BHEIITHIOK OKPY>KHOCTB (4 MM). 3a BpeMsi 00 Ty4eHUsT
14.24 ¢ ¢popMa pa3pylieHUsI B aKCUAJILHOM HaIllpaB-
JICHUU HECUMMETPUUHO “BBITITUBAIACch” 3a cUeT -
dekToB TeruioBol nuddy3nn: akCUuaabHbIA pa3Mep
abJIMpPOBaHHOTO 0O0bEMa MOCIE OCTBIBAHUS COCTABIUI
16.8 MM, 4TO B 2.4 pa3a IpeBbILIAET AKCUAJIBHBINI pas-
Mep eIUMHUYHOTO TerioBoro msitHa (7 MM), a CKO-
POCTb TETUIOBOM abisaumy coctaBuiaa 2.2 cM3/MUH,
YTO COOTBETCTBYET U3BECTHBIM UMCJIIEHHBIM U DKCIIE-
PUMEHTAJIbHBIM JaHHBIM [12, 39].
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Puc. 3. [IpocTpaHCcTBeHHbIE pacnpeneeHus TeMIepary-
pbl TIpU OOJIyYEHUUM 110 TPAEKTOPUM, COCTOsIICH U3
2 OKpYKHOCTei ¢ panuycamu 2, 4 MM B MOMEHT OKOHYa-
HUsI OOJIydeHUsI TKaHU TIpY HaYaJIbHONH MHTEHCUBHOCTH
Iy =12 BT/CMZ. YepHBIM KOHTYpOM OOO3HaueHa 00-
JIacTh, BHYTPUM KOTOPOIi TEeIUIOBasi 1032 MPEeBbICKIIA CBOE
MOpPOroBoe 3HaUYeHMe Mocjie OCThIBaHUsI oOpa3ua. Bepx-
HUIA psIT COOTBETCTBYET OOIYYSHUIO MO “KIIMHUYECKOMY”
MPOTOKOJIY, CPETHUI sl — MO MPOTOKOJY C “OTKIIIoYe-
HUEM BHYTPEHHUX KPYroB”, a HVXKHUIM psIi OMUCHIBACT
MPOTOKOJI ¢ “KOHTPOJIEM TEIJIOBOM A03bl Ha BHEILIHEM
Kpyre”. Ha Kaxxmom mpocTpaHCTBEHHOM pacIipeleIcHUN
TeMIlepaTyphl TTOKa3aHbl BpeMsi OKOHYaHMWs HarpeBa u
MOCTUTHYTAasi CKOPOCTh OOBEMHOI TEIJIOBOM a0JIsSILIMU.

B paccmaTpuBaeMBIX AOBYX APYTMX IIPOTOKOJIaX
0o0JIydeHUE O TPaeKTOPUU HaUMHAeTCs OOUHAKOBO:
JIBe OKPY>XKHOCTH o0ydaroTcst mo odepenu 30 pas mo
MOMEHTA JOCTUKEHMSI IOPOTOBOr0 3HAUYECHUS TEILIO-
BOI I03BI HA BHYTPEHHEN OKPYKHOCTHU. 3aTEM B ITPO-
TOKOJIE 2 HCKIII0YAJIOCh IlepeMelleHne ¢okyca I10o
BHYTPEHHEN OKPY:KHOCTH, a BHEIUIHSISI OKPY>KHOCTh
o0JIyJajach ele 5 pa3 10 JOCTVKEHMsI Ha Heil mopora
TEIUIOBOIT 1O3kI. B IIpoToKoJjIe 3 KOHTPOJIb TEIIOBOM
J103bI MPOU3BOAMIICS TOJIbKO Ha BHEIIIHE! OKPY>KHO-
CTH, TTO3TOMY OOJIydeHMEe MPOJOJIKaIOCh IO Bcel

IMECTOBA u np.

TpaeKTOPUU, B pe3yJibTaTe Yero CyMMapHO ObLIO CO-
BeplieHo enle 4 o6xoaa Mo BHEITHEW OKPY>KHOCTH U
5 mo BHYTpeHHel. B maHHOM cily4ae JOIOJTHUTEIb-
HOe BO3AeiCTBME Ha LIEHTPalIbHYIO 00JacTh ITOCIEe
¢dbopMupoBaHUs B HEll TETIJIOBOTO HEKPO3a IMPUBOAUT
K IeperpeBy LIEHTPAJILHOM 00JIaCTH pa3pyLIeHUS U K
MOBBIIIEHHON cpeaHel TeMIepaTrype B 00J1acTu pas-
PYILIECHUS TIO0 CPABHEHUIO ¢ KIMHUYECKUM TTPOTOKO-
JioM (63 mpotus 59°C). CneacTBUEM 3TOTO SABJISIETCS
IOCTIDKEHME OOJIbIIIEro o0beMa pa3pylieHUs ¢ 6ojiee
CUMMETpUYHOI (opMoii m GoJiee BBICOKOI CKOpPO-
CTBIO TEIJIOBOM aOJISIUU IT0 CPaBHEHMIO C O0JIyde-
HHEM IIO OPYruM IIpoTokojaM (Tadm. 1, croibelr
“TpaexkTopus 2, 4 MMm”).

INpenmnosioxeHue o BBITO/E Meperpena LieHTpa 00-
JIydaeMoii 061aCTU [IJIsl TTOBBIIIEHUSI CKOPOCTH TEM-
JIOBOI a0JISIIIMK TKaHW 00CY>KIAJIOCh paHee B padoTax
[6, 11]. KauecTBEeHHO JaHHOE MPEAIOI0KEHNE MOX-
HO OOBSCHUTH TEM, YTO OOJIBIIYIO YaCTh BpEMEHU Ha-
rpesa (okojo 10 ¢) mpoucxoguT IMOCTENEHHOE IIPO-
rpeBaHMe 3aJaHHOro obObeMa A0 (GopMUpPOBaHUSI
TEIUIOBOTO pa3pylleHUs, T.€. Ha 3TOM OTpPe3Ke Bpe-
MEHHU “MTHOBEHHAsI CKOPOCThH” TEIUIOBOM aOJISIINM
paBHa HyJI10. 3aTeM, II0 Mepe pocTa TeMIepaTyphl 10
56—58°C mponCcXOaUT TeIIoBast abJISLVS 3afaHHOTO
o0beMa 3a ceKyHabl. [1pu aToM yBemmueHne BpeMeH!
BO3JICMCTBUSI Ha YK€ NPOTPETYIO WJIM JaxKe pa3py-
IIeHHYI0 00JacTh OKa3bIiBaeTcsd 3(P@MEKTUBHBIM C
TOYKM 3PEHUSI CKOPOCTH aOJISILMK, TOCKOJBKY 3a
cueT 1udPy3un Temnsa IpoOUCXOaUT abJISILUS COCe-
Heil mpeaBapuTelIbHO Harpetoil obnactu. C yueToM
TeOMETPUM 3aJa4yd, HAUOOJbIIEMY BIUSHUIO IIPO-
necca nuddy3un Tenaa Ipyu BO3ICUCTBUU Ha pas-
JIMYHBIE TOYKU TPACKTOPUM MOABEPXKEHA LEHTPaIb-
Has 00J1aCTb TPAEKTOPUM, TTOSTOMY €€ IIeperpeB B CO-
BOKYITHOCTM C 0OoJjiee UIMTEJIbHBIM BpeMeEHEeM
0o0JIydeHUsI 3aJaHHOIO O0ObeMa YBEJIMYMBAET CKO-
POCTB a0ISIINN.

YMeHbIIIeHNEe TIPOCTPAHCTBEHHOIO IIara MeXIy
eAMHUYHBIMU (DOKYyCaMHM B JIBa pa3a C COXpaHEHUEM
MaKCHMaJIbHOIO ITONEPEeYHOro pa3Mepa TpacKTOpUU
npuBelio K 6oJiee paBHOMEPHOMY HarpeBy o0Jydae-
MO 0071aCTH IIJIST KaXKIO0TO U3 TPeX IMPOTOKOJIOB 00-

Tabomuna 1. [TapameTpbl 001ydeHUsT 00pasiia TKaHU TOBsSIXbeil eYeHW B KBa3WJIMHEHHOM peXUMe ¢ Ha4aJIbHOM IMUKO-
BOI1 MHTEHCHBHOCTBIO Ha 3JIeMEHTAaxX pelerku [y = 1.2 BT/CM2 10 KPYT'OBBIM TPAeKTOPUSIM 1151 3 IPOTOKOJIOB. NV; — KO-
JINYECTBO COBEPIICHHBIX 0OXOMIO0B IO OKPYKHOCTH C paguycoM i MM. CKOpPOCTb TEILIOBO aGISIINY pacCYUTHIBAJIACh KaK
OTHOILLIEHNE MOJYYEHHOTO 00beMa pa3pylleHUs] KO BpeMeHU BO3IeCTBUSI. V' — KOHEUHbI 00beM MOJydeHHOTO pa3py-

LIEHUS
TpaexTopus 2, 4 MM; LIar 2 MM Tpaexropus 1, 2, 3, 4 mm; mar 1 Mm
Iy=1.2 Br/cm? CKOPOCTb, CKOPOCTb,
N, N, 3p V, Mmm3 N, N, N3 N, 3p vV, mm?
CcM°/MUH CM°/MUH
ITporokon 1 41 24 2.215 526 11 9 8 8 2.270 514
ITporokon 2 30 35 2.283 610 7 7 9 13 2.284 566
ITporokoin 3 35 34 2.368 651 11 11 11 11 2.787 817
AKYCTUYECKHWM KYPHAJ TOM 69 Ne 4 2023



NCITOJIb30OBAHMUE ®OKYCUPOBAHHBIX

nyyenus (puc. 4). Ilpu obiydyeHNMH MO IIPOTOKOIY 3
HaO 0JaJIMCch HanboJiee 3aMeTHbIE OTIMYMS 1O -
KOBOI1 TeMmepaType 1 (popMe: MUKOoBas TeMIepaTypa
Bo3pocina ¢ 68 1o 82°C (cpemgHsist 1o obyacty ¢ 63 10
70°C), TerioBoe paspylleHre TIPUHSLIO 00JIee CUMMET-
PUYHYIO BJUIMIICOMAANBHYIO (OpMY, YBEJINYWINCH
00beM paspyiuenus (817 nmporus 651 mm?) U cKOpocThb
TEII0BOi abaumu (2.8 mpotus 2.4 cM?/MuH).

AHanu3 KoJMYecTBa COBEPIIEHHBIX 00X0moB N,
MO0 KaXXI0M U3 OKPYKHOCTE TpaekTopuii (Tadm. 1)
mokKaszajl, 4To IS KJIMHUYECKOIo ITpoTokoja 1 xa-
paKTepHO yMEHbLIEHUE NV, 10 Mepe YBEJIUYECHUSI pa3-
Mepa OKpPYKHOCTH, 4YTO OOBSICHSIEeTCS >(deKTamMu
terutoBoit nuddy3un. O6paTHast TEHASHIIMS Ha0I10-
JTaeTCs IS IIPOTOKOJIA 2, a IJIsk IIPOTOKOJ1a 3 KOJIMJe-
CTBO COBEPIIEHHBIX 00X0J0B /NV; ONMHAKOBO MIJIsI BCEX
OKPY>KHOCTEH.

C TOYKM 3peHHUSI CKOPOCTU OOBEMHOI TEIIOBOI
abJISIIUU 1 BEJIUYMHBI KOHEYHOTO 00beMa MOTydyeH-
HOI'O TEIJIOBOrO pa3pyllecHUsI HauOoee BBIMTPHIIII-
HBIM IJISI KBa3WJIMHEHHOIO ClIydasl 0Ka3aycs IpOTO-
KOJI 3 ¢ MCIOJIb30BaHMEM BTOPOI TpaeKTOPUU 00Ty~
YEeHUS C YMEHBIICHHBIM IIPOCTPAHCTBEHHBIM II1arOM
(tadm. 1, “Tpaekropus 1, 2, 3,4 mm”). I1o cpaBHEHHIO
C KIIMHUYECKUM cliydaeM (mpoTokoi 1, “TpaekTtopus
2, 4 MM”) BBIUTPBILLI B CKOPOCTU COCTaBUI 26%, a 00b-
€M TTOJIy4eHHOTO pa3pylleHusT yBeJIMUnIcs Ha 55%.

CrouT TakKe OTMETUTD, YTO aHAJIOT IIPOTOKOJIa 3,
3aKITIOYAIOIIUIACS B MOCIEAOBATEILHOM OOJyUYeHUU
BCEX TOYEK TPACKTOPUU U MHOTOKPATHOM ITOBTOpE-
HHUU TaKUX IOJHBLIX 00XOI0B, MCIIONbL3YeTCS B KJIU-
Huuyeckoil cucremMe HIFU Sonalleve B 3agayax ru-
MEPTEPMUU, TAE LEbIO SIBJISIETCSI pPABHOMEPHOE MO/I-
JIep>XaHue TemriepaTypbl B auamnaszoHe 40—45°C
BHYTPHU 3aJJaHHOTO 00beMa B TeYEHUE IIUTEIBHOIO
BpeMeHH (rmopsiaka yaca) [13].

TakuMm 06pa3zoM, pe3yIbTaThl YUCIEHHOTO SKCIIe-
pUMeHTa MokKa3aju, 4To 1) rmpu ob6aydeHun TKaHU B
KBa3WJIMHEMHOM pexume nuddysus Teria Urpaet
CYIIECTBEHHYIO pPOJIb B (hOPMUPOBAHUN KOHEYHOI
¢GOpMBI OOBEMHOTO TEIJIOBOIO pa3pylIeHUs BIOJb
OCH pellIeTKU; 2) YMEHBIIeHNE ITPOCTPAHCTBEHHOTO
1ara TpaekKTOPUM MO3BOJISIET MOIYYUTh Gojiee paB-
HOMEpPHBII HarpeB; 3) I KBa3UJIMHEITHOTO pexXnMa
00JIy4yeHMsI Han0o0Jiee BHIMTPBIIITHBIM C TOYKM 3pEHUS
CKOPOCTH TETUIOBOM a0JISILIMK Y OJTYYSHUSI CUMMET-
PUYHOM (POPMEI pa3pyIllIeHUS SIBISIETCS IIPOTOKOJI, B
KOTOPOM O0JIy4eHME BCEX TOUEK TPACKTOPUU IIPOMC-
XOIUT IO MOMEHTA JOCTVKEHMSI TTOPOTOBOIT TEIIOo-
BOI O3Bl HA BHEIITHEM KpYyTe.

OnHaKo MCIOJb30BaHUE KBa3UJIMHEHOTO PeXu-
Ma BHE 3aBMCUMOCTU OT MPOTOKOJIA OOJIyYeHUs He-
U30€XKHO MPUBOJIUT K “BBITSATUBAHUIO” (pOPMBI pas-
pylieHuss B 2—3 pasa BAOJIb OCH YJIbTPa3ByKOBOIO
My4yKa Mo CPaBHEHUIO C pa3MepOM €IMHUYHBIX TeIl-
JIOBBIX MCTOYHUKOB. JlaHHasi OCOOEHHOCTb JeJlaeT
HEBO3MOXHBIM CO3[IaHue IMpPeNcKa3zyeMbIX JOKau-
30BaHHbIX B aKCUAJIbHOM HaIlpaBJI€HUU OOBEMHBIX
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Puc. 4. [IpocTpaHCTBEHHBIE paclpeaesieHUsI TeMIlepaTy-
pbI TIpU OOJIYyYeHUWM IO TPAeKTOPUHU, COCTOsIeit u3 4
OKpYXHOCTe# ¢ paguycamu 1, 2, 3, 4 MM B MOMEHT OKOH-
YaHMsl 0OJydeHUs] TKAHU NPU HavyaJlbHON MHTEHCUBHO-
cm Iy = 1.2 BT/CMZ. OmnmcaHne pUCyHKa aHAJOTUIHO
TIONIUCH K pHC. 3.

TEIJIOBBIX pa3pylleHUil U MOXKET NPUBOIUTH K II0-
BpEXIEeHUIO OJIM3JIeKAIX KPUTUIECKUX CTPYKTYP.

4. Iloayuenue obsemH020 paspyuieHus
8 YOapHO-80/NHOBbIX PENCUMAX 001YHEeHUs

st iomaBiieHUST YIIMHEHUST (DOPMEBI 0OBEMHOTO
pa3pylieHusT U COMYTCTBYIOIIETO ITOJIyYEeHUSI TOH-
KHX, XOPOIIO JIOKAJIM30BAaHHBIX pa3pylleHUi B JaH-
HOI1 paboTe ObUIM PACCMOTPEHEI yIapHO-BOJIHOBBIE
UMITYJIbCHO-TIEPUOINYECKHE PEXUMBI OOTydeHUSI.
ITocKonbKy, B OTJIMYME OT TPAAULIMOHHBIX KBAa3UJIM-
HeliHbIX pexxumoB HIFU, ucnonb3oBaHue ymapHO-
BOJIHOBBIX PEXXMMOB ITO3BOJISIET ITOJIyIUTh OMMHOYHOE
paspyllieHe MaJIoro pa3Mepa B pe3yJibTaTe OMHOKpAT-
HOTO BozaeicTBus (puc. 26, 2B), TO s MIOOABIICHUS
3¢ PeKTOB TeIutoBoit TN Py3n pacCMOTpEeHME Tpa-
€KTOPUM C YMEHBIIIEHHBIM MPOCTPAHCTBEHHBIM II1a-
TOM SIBJISIETCS allpUOpPU HauOOoJiee BBIMIPHILIHBIM.
PesynbpTaTel MogeanpoBaHus OOJyIeHUS TKAHU IJIsI
JIBYX YIAapHO-BOJHOBBIX PEXUMOB C HavyaJlbHBIMU
MUKOBBIMU MHTEHCUBHOCTAMU 8 1 15 Br/cm? 1o Tpa-
€KTOPUH C YMEHBIIICHHBIM II1arOM ITOKa3aHbl Ha pUC. 5
IIJISI TPEX PACCMOTPEHHBIX paHee IPOTOKOJIOB.

B ciiyuae passutoro paspbisa (1, = 8 Br/cm?) Hau-
0oJiee BBIMTPBILIHBIN IS KBa3WJIMHEWHOTO ciayvast
MpOTOKOJA 3 oOKaszajicsi HauMeHee OINTUMaJIbHBbIM
(puc. 5, HXKHUI psid, cieBa) C TOUKU 3pEHMUS JIOKa-
JIN3allMy TETJI0BOTO pa3pyllleHusi: ero (hopMa BbITSI-
HyTa B aKCHUaJbHOM IMJIOCKOCTH B 3.8 pa3a 1o cpaBHe-
HUIO C COOTBETCTBYIOIIMM pPasMepoM EIUHUYHOTO
paspymenus (8.8 mporus 2.3 mm). Hapsimy ¢ atum
JIOTIOTHUTENILHBIN TIeperpeB HEeHTPaITbHON 00JIacTh



426

8 Br/cm? T,

<

1.45 cm?/MuH

IMECTOBA u np.

15 Br/cMm? T, °C
t=3.42 80
42 c 60

«{0) 2

3.10 cm®/MunH 20

1=6.62c¢c

1.52 cm3/Mun

BbiurpbiHbIii

1=388c 23
i} 0

2.98 cm®/MuH . 20

r=28.10c

2.23 cm3/MuH

ITpotoxkoi 3 |ITporokosn 2| ITportokoir 1

—10 0

X, MM

10 100 110 120

7, MM

130 140

- 80

t= 3'42&@ M 0
w

2.97 cm®/Mun .;g

120 130 140
Z, MM

—10 0

X, MM

10 100 110

Puc. 5. [IpoctpaHCTBEHHBIE paclipeaesieHUs TeMITepaTyphl IPY yIapHO-BOJHOBOM O0JIyY€eHUY C HAaYaJIbHON MMKOBOI MHTEH -
CUBHOCTBIO Ha 3JIeMeHTax pelietku 8 Bt/cm” (ciieBa) u 15 Bt/cM” (cripaBa) o TpaeKTOPUM, COCTOSIILICH U3 4 OKPY>KHOCTE ¢
pamnycamu 1, 2, 3, 4 Mm. OniicaHre pUCYHKA aHAJIOTUYHO TOAMMCH K puc. 3.

MO-TIPEXXHEMY TPUBOAUT K TOCTUKEHUIO HaubOJIb-
I11e¥1 CKOPOCTH TEIUIOBOI a0sisiimy (Tabot. 2, ctomber “87),
ONHAKO HE YIOBJIETBOpSIET LieJW MoAaBleHUST 3¢h-
dexToB TeruioBoii nuddy3un. B AByx 1pyrux nporo-
Kojax (MpoToKoJbl 1, 2) oOjydeHUe BHYTpPEHHEM
OKPY>XHOCTU IPOUCXOAUT MEHbIIIEE KOJIMYECTBO pas,
B pe3yabTaTe 4ero “BBITATUBaHUS” (GHOPMBI HE TIPO-
UCXOIUT (pUC. 5, BEpXHUI U cpemnHuii psiabl). Bausi-
HHue 3QdeKkToB TermnoBoil auddy3nn 3HAYUTEIIHLHO
MoJIaBJIsSIeTCsl: aKCUAJIbHBIN pa3Mep OObEeMHBIX pa3-
pyiieHuit (3.2 Mm) Bcero B 1.4 pa3a npeBbIIIIaeT COOT-
BETCTBYIOLUMI aKCUAJIbHbIII pa3Mep €OUHUYHOIO
paspyuieHus (puc. 20), a popma pa3pylieHUiA CTaHO-
BUTCS OoJiee JTIOKAJIM30BAaHHOM U MpencKa3zyemMoli o
CPaBHEHUIO ¢ KBa3WJIMHENWHBIM ciydyaeM. [1pu atom
CKOpPOCTb TEeIJIOBO# abJsiliuU Tpu OOJydeHUU TI0
MPOTOKOJIy 2 OKa3ajach BbIlIE, YeM B Ciiydae MpOTO-
KoJja 1, a CTEeHKM pa3pyllIeHHUsI pOBHEe.

B pexume HacHIIEHWsI ¢ HAYAJbHOM ITMKOBOI
MHTEHCUBHOCTBIO 15 BT/cM? MOIIOLIEHNE SHEPIUA
VJIBTPa3ByKOBOTO ITy4Ka Ha 00pa30oBaBIINXCS pa3phi-
Bax IPOUCXOAUT B 00JIACTY, MPEBHILIAIOLIEH 10 CBO-
1M pa3MepaM TeTJIOBble UCTOYHUKU, COOTBETCTBYIO-
e ciydaio I, = 8 Br/cM?, mosTomy 1Sl MoaydeHust
OOBEMHOIO TEIJIOBOIO pa3pylleHUusT TpebyeTcs
MEHbIIIee BpeMsl OOJIy4eHUSI U MEHbIIIee KOJIMYECTBO
00XOIOB II0 OKPYXXHOCTSIM TpacKTtopum (Taba. 2).
Crout Takke oOpaTuTh BHUMaHUE Ha TO, YTO B 3aBU-
CUMOCTH OT IPOTOKOJa JUOO BHYTPEHHSS, JIMOO
BHEIIHSSI OKPYXXHOCTh CYMMapHO OOJIy4aloTcs TpU
pasa, a ocTajbHbIe IO aBa (Tadi. 2, crojdel “157).
CliencTBUEeM 3TOTO SBJISIOTCS TTOXOXKECTh (DOPMBI
paspylieHus1, MoJydYeHHO# B mpoTokoiax 1, 3 ¢ Tpex-
KpaTHBIM OOJIydeHUEM BHYTPEHHE OKPYXXHOCTH, a
Tak>XXe KaueCTBEHHOE OTJIMYYME pa3pyllIeHs B ciyJyae
MPOTOKOJA 2, OKa3aBIIErocs HanboJjee BBIUTPHIII-
HBIM JJIsl yIapHO-BOJHOBOTIO Bo3neiicTBus (puc. 5,

Tabomuna 2. [Tapametpsl 06yyeHUsI oOpasiia TOBSIKbell TTIeUeHU B yIapPHO-BOJHOBBIX UMITYJIbCHO-TIEPUOIUYECKUX Pe-
JKMMax ¢ Ha4aJIbHbIMU TMKOBBIMU UHTEHCUBHOCTSAMU Iy = 8 u [ = 15 Br/cM? 1151 3 mpoTokoioB o6ayueHus. Dokyc u3-
Jly4yaTesisl IepeMelacs o KpyroBoil TpaeKTOpUHU, COCTOSIIEH U3 4 OKPY>XKHOCTel ¢ paguycamu 1, 2, 3 u 4 Mm. N; — Ko-
JINYECTBO COBEPIIEHHBIX 0OXOI0B MO OKPYKHOCTU C paguycoM i MM. CKOpPOCTb TEIJIOBO# abIsILIMK pacCYUThIBAJIACh KaK
OTHOIIIEHUE TTOTYYeHHOTO pa3pylleHUsT Ha BpeMsl BO3AeHCTBUSA. V' — KOHEUHBII 00beM MOJydeHHOTO pa3pyIIeHUs

8 15
I,, Br/cm? CKOpOCTb, CKOPOCTb,
o B/ N | M| N Ny 3p Vo | Npo| Ny | Ny | N, 3p V, mm?

cM’/MUH CM°/MUH
ITporokor 1 3 3 4 3 1.45 133 3 2 2 3.10 179
[Tportoxkoi 2 3 3 4 5 1.52 167 2 2 2 3 2.98 192
ITpotoxkon 3 5 5 5 2.23 302 3 2 2 2.97 169
AKYCTUYECKHWM KYPHAJ TOM 69 Ne 4 2023
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crupana). IIpoTokoi 2 mo3BOIMII MOAABUTH “BBITSITH-
BaHUEe” (POpMBI OOBEMHOTO Pa3pylLICHUSI U YMEHb-
IIMTh MpPOSBICHUE TeIuloBoil muddy3uun. Tak, pe-
3yJbTaThl PACYETOB MMOKA3aJIM, YTO aKCUAJIbHBII pa3-
Mep oO0beMHOro paspymeHus (3.6 MM) MOBTOpSIET
COOTBETCTBYIOIIMI pa3mep (3.5 MM) €IMHUYHOTO
paspymeHusi. OTKII0O9eHNE BHYTPEHHUX OKPYXKHO-
CTel B IIPOTOKOJIE 2 B TeUCHME OOJIyYeHUS TI0O3BOJIU -
JIO MOJy4YUTh OoJiee paBHOMEpPHOE TeMIIEpaTypHOE
pacmpeneieHne Oe3 IeperpeBa LICHTPaJIbHOM 00JIa-
CTH, KOTOPBII HAOII0HAJICS B ITpoTOKoaax 1, 3.

CpaBHeHME OBYX YAapHO-BOJTHOBBIX UMIIYJIBCHO-
MEPUOAUYECKUX PEXKMMOB OOJIydEHUSI ¢ HavyaIbHbI-
MU IIMKOBLIMUA MHTEHCUBHOCTAMMU 8 U 15 B1/cM? no-
Ka3ajao, YTO MpU YBEJIWYEHUU HadyaJIbHON MUKOBON
MHTCHCUBHOCTU Ha 3JIEMEHTaX PELIETKN CKOPOCTh
TEIUIOBOI aO/ISIIMK yBEJIMYMBAETCS, a IIPOSBIEHUE
addexToB nudPy3un Temnjaa oT HarpeBaeMoil ooJia-
CTH B OKpYyXKalolllie CJIOM TKaHU B aKCHaJbHOM Ha-
NpaBJeHUM YMeHbIaeTcs. s obonx pexXXnMoB 00-
JIydeHUsI HanboJsiee BBIUTPBIIIHBIM SIBJISIETCSI TIPOTO-
KOJI 2, MO3BOJISIONINI MOJYYUTh NpeacKa3dyeMble 110
dopme 00beMHBIE TETUIOBEIC pa3pyHICHUS C pE3KUMU
KpasiMy U TIpSIMBIMM TIEPEAHUMU CTeHKaMu. B aTom
cliyuae 0OBEMBbI ITOJIYYECHHBIX pa3pylIeHUil, BpeMeHa
BO3IIECHCTBUS Y CKOPOCTHU TETIJIOBOI aOJISIIIMA COCTABM-
JIM, COOTBETCTBEHHO, 167 MM, 6.62 ¢ u 1.52 cm?/MuH
s I, = 8 Br/em? u 192 mm3, 3.88 ¢ u 2.98 cm?/mun
st I, = 15 Br/cm?. CTOUT OTMETHTD, YTO B pacCMar-

puBaeMoM pexume HachimeHus (15 Br/cm?) ckopocThb
TEIJIOBOI abIsIny ObUIa B 2 pa3a BhIILIE COOTBETCTBY-
IOIIEl CKOPOCTU B pEXMME pa3BUTOIO pa3pbiBa
(8 Br/cm?) u B 1.4 pasa BbIlIE, YEM B KIMHAYECKOM
kBaswiMHeiiHoM pexume (1.2 Br/cm?), mostomy
HaunboJiee BBIMTPBILIHBIM SIBJISIETCS O0JIydYeHUE B pe-
JKMMeE HACHIILLIEHUS.

Takmm o6pa3zom, OBIITIO MOKAa3aHO, YTO MUCITOIB30-
BaHUE UMMYIbCHO-TIEPUOINIYECKUX YIAPHO-BOJHO-
BBIX PEXMMOB OOJIyYEeHHUSI C OTKIIIOUEHUEM BHYTPEH-
HUX OKPYKHOCTEM TPAaeKTOPUU MO MEPE TOCTKEHUS
Ha HMUX TTOPOTOBOTO 3HAYEHUS TETLIOBOM MO3bI O3-
BOJIIET INOAABUTH 3(P(eKThl TermaoBoil mud@y3un
BIIOJIb OCH YJIBTPa3BYKOBOTO ITy4Ka W MOJYYUTh XO-
pOI1I0 JIOKAJIM30BaHHBIE TEIUIOBbIE pa3pyllIeHUs 3a-
JTaHHOM (hOPMBI C COIIOCTABUMBIMU KIIMHUYECKOMY
ClIyJalo CKOPOCTSIMM TeIUIOBOM abismuun. s xiam-
HU4YecKoi cucteMbl Sonalleve V1 peanu3aiusi Takoro
OOJIy4eHUsT IIpENCTaBJIsIeTCsI HaubOoJice BBIMIPBIII-
HOM IIpM MCHOOJb30BAHUM MPENEIbHBIX IHMKOBBIX
MOIIITHOCTEN CUCTEMBI.

BbIBObI

Ha ocHoBanum IIOJIYYEHHBIX PE3YyJbTaTOB MOIYT
OBITH COCJIaHBbI CIICOAYIOIIME BBIBOBI:

1) ucronb3oBaHMe KBa3WIMHeHHOro pexkuma (105 BT),
XapaKTEPHOro IJIs1 KJIMHUYECKOUW TIPAKTUKU in Situ
paccMoTpeHHO B maHHoU pabore HIFU-cucremsr,
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BHE 3aBIUCHUMOCTH OT IIPOTOKOJIA OOJTyISHUS ITPUBO-
JIUT K YIJIMHEHUIO TETIOBOTO pa3pylleHUs BIOJIb OCH
Imy4yka B 2.5 pa3a 110 CpaBHEHMIO C aKCUAJILHBIMU pa3-
MepaMM TETUIOBBIX MCTOYHMKOB M C TOIIEPEUYHBIM
pa3sMepoM TPaeKTOPUU; MaKCHUMajbHasi CKOPOCTH
TEIUIOBOI a0JISILUU Y HAaNOOJIbIINI 00beM TEIJIOBO-
To paspylIeHHUs IOCTUTAIOTCS IIPU OOJIydeHWU TIO
TpaeKTOPUU C YMEHbIIIEHHBIM I1aroM (1 MM) 1 KOH-
TPOJIEM TEIUIOBOM 03bI TOJILKO Ha BHEIIHEI OKpYX-
HOCTH;

2) B yIapHO-BOJHOBBIX MMITYJIbCHO-TIEpUOIUYE-
cKux pexumax (nmukoBbie MomrHocTr 700 1 1300 Bt)
3a cYeT OBICTPOTO HAarpeBaHUS MOIABISCTCS “BBITS-
rMBaHue” 00BbEMHOIO TEIJIOBOTO pa3pylleHUs BIOJIb
OCH IIy4Ka; CKOPOCTb TEIUIOBOI a0JISIINK IIPU 00Ty~
YeHUM II0 TPACKTOPUU C YMEHBIIEHHBIM II1aroM
(1 mm) yBenmnuuBaetcs B 1.4 pa3a (1300 Br) 1o cpas-
HEHMIO C KIIMHUYECKNM KBa3MJIMHEHBIM PEXXMOM,
a TEIUIOBYIO I03y MNPEANOYTUTEIBHO KOHTPOJIHUPO-
BaTh Ha KaXXJI0W OKPYKHOCTU TPaeKTOPUU, OTKIIIO-
Yyasi BHyTpEHHIE OKPYXKHOCTH 110 Mepe TOCTHKEHUS
Ha HUX IIOPOTOBOI0 3HAYEHUS AO3bI;

3) ripu BIOOPE yIapHO-BOJHOBOTO peXXrMa 00J1y-
YEeHUsI BaXKHO YUYUTHIBATh, B KaKOii 00JIaCTU BOKPYT
doKyca IIporcxoauT (PopMHUPOBaAHE Pa3PHIBOB, IT0-
CKOJIbKY JJ1s1 mofaBieHUs 3(h(HEKTOB TENIOBOU Tud-
¢by3un cyliecTBEHHYIO pOJib UTpaeT pa3mMep enMHUY-
Horo paspylieHus. B kimmHanueckoit cucteme HIFU
Sonalleve V1 HanbGosnbliiee ycKOpeHUe TEIJIOBOI a0-
JISILIMU U TIoJTydyeHue HauboJiee TpeackasyeMblX Jo-
KaJIM30BaHHbIX TEIUIOBBIX Pa3pylLIeHUN C PE3KUMU
KpasiMU IOCTUTaeTCsl B MAaKCUMAJIbLHO JTOCTMKUMOM
10 MUKOBOM MOIIIHOCTU YIapHO-BOJTHOBOM pEXUME.

3AKJIFTOYEHHME

B pabote nokasaHa NepCHeKTUBHOCTD UCTIOIb30-
BaHUSI yIapHO-BOJHOBBIX PEXHWMOB IJIsI OBICTPOTO
MOJYYEHUSI MPEIcKa3yeMbIX M JIOKaJIU30BaHHBIX
O0OBEMHBIX TEIUIOBBIX Pa3pylIeHUI OMOJIOrnyecKoit
TKaHU C MOJABJICHHBIM 3P (EeKTOM TEIUIOBON mud-
¢y3un BIOJIbL OCH U3TydaTesisl 1T0 CPpaBHEHMIO C KBa-
3UJIMHEMHBIM ciiydaeM. B pexxumax, 6JIM3KUX K KIIU-
HUYECKUM, IJIsI MOJyYeHUSI CUMMETPUYHOTO pas3py-
meHus obbeMma mnopsiaka | cM® ¢ Haubosblueit
CKOPOCTBIO abJII1IMU TTOPOTOBOE 3HAYECHUE TETIOBOI
O3Bl HanboJjiee BBIUTPHIIIHO KOHTPOJMUPOBAThH Ha
BHEIITHE OKPY>KHOCTHU TPACKTOPUH OOJIyIeHUS.

JJ1s1 OBICTPOTO IMOJIyYSHUSI XOPOIIIO JIOKATU30BaH -
HOro Majioro oobema paspyienus (0.2 cm?®) B popme
CJIOSI TOJIIIMHOM OKOJIO 4 MM PEKOMEHIYeTCs 001y~
4aTh TKaHb B yIapHO-BOJIHOBOM pPeXMME I10 TpaeK-
TOPUU C YMEHBIIEHHBIM IIarOM U OTKJIIOUYEHUEM
BHYTPEHHHUX OKPYXHOCTEil B Mpoliecce KOHTPOJIS
TEMJIOBOM 103bI. Takoii ITOIX0d MMO3BOJISIET MOJTYIaTh
npenckasyemble (POpMbl TEIIOBOTO pa3pylleHUsl ¢
pe3kuMu Kpasimu. OgHako, HecMoTpst Ha 9 DEKTUB-
HOE MOJaBICHUS TPOSBICHUS 3(P(GEKTOB TEINIOBOM
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mddy3nn B aKCHAIILHOM HaIIpaBJIeHUH, (pOpMUPO-
BaHNE 0ObEMHOTIO Pa3pyllIeHUS U3 CIIMSIHUS eAUHNY -
HBIX (POKYCOB B IIOIIEPEYHOM HAaIIpaBICHUU BCE eIle
MPOMCXOMUT 3a cueT muddy3nn teruia. JJaHHBI ac-
MEeKT OyIeT y4TeH NMpU MPOBEACHUY JaJIbHENIITNX UC-
cJIeIoBaHUil, B KOTOPBIX IUIAaHUPYETCs UCCIIEN0BaTh
0o0JTydeHMe TI0 PaBHOMEPHO 3aMloJIHEHHOU (oKyca-
MU TPACKTOPUM PA3TUIHON FeOMETPUU C OMHOKpAT-
HBIM yIapHO-BOJIHOBBIM BO3IEHCTBUEM Ha KaXKIbIA
dokyc. Kpome Toro, mis co3maHus 0ObeMHBIX Tell-
JIOBBIX pa3pylleHUil, COMOCTAaBUMBIX IO pa3Mepy C
KJIMHUYECKUMU (HECKOJIBKO CM3), IpENCTABISETCH
MEPCIIEKTUBHOII  pa3paboTKa  yIapHO-BOJHOBBIX
IIPOTOKOJIOB TTOCIOHOTO 00yJYeHHsT TKAHMU.

B kauecTBe IIpakKTUYECKMX peKOMEH AL U3 pe-
3yJbTaTOB JAHHOI paboThI CIEAyeT, YTO OOIyYeHIe
OUOJIOTUYECKUX TKaHEeil B MUMITYJbCHO-TIEpUOANYE-
CKOM yJIapHO-BOJIHOBOM PeXUMeE C UCTIOIb30BaHEM
MaKCUMAJIbHO JTOCTMIKMMOI TMKOBOM MOIIHOCTHU
HIFU-ncrounnka nMeeT HECOMHEHHBIE TTIPEUMYIIIE-
CTBa U MOXET OBbITh OCYILIECTBUMO B CYIIECTBYOIIEH
kmHn4eckoit ycraHoBke HIFU Sonalleve. Takcke
ITaHHBINA pe3yIbTaT MOXET OBITh OOO0OIIEH Ha IPyTHUe
xnuHunueckue cucteMbl HIFU, mogooHbie Sonalleve.

ABTOpPHI BBIpaxarot omarogapHocTh JI.P. I'aBpm-
JIOBY 3a LICHHBIC 3aMeYaHMs MpPU OOCYXIAECHUU pe-
3yJBTaTOB PAaOOTHI.

Pa6orta BeITTOTHEHA ITpU (PUHAHCOBOM MOAACPXKKE
rpaHTa PH® Ne22-72-00047.
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