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PaccmaTpuBaeTcss Bompoc 0 (GH3MYeECKOH CYIIHOCTH AaKyCTHYeCKOro Meroaa. JaHHBIA MeTOA MO3BOJAET
H3MEPATh CKOPOCTh PACHPOCTPAHCHHSI CABHIOBBIX MOBEPXHOCTHBIX BOJIH Ha YaACTOTAX AKYCTHYeCKOIO
AUana3oHa B koxke. OnucaH NPUHOMNI padoThl aKycTHYeckoro npudopa. IlpeacraBieHbl XapaKTePUCTHKH 1JIs1
OIlCHKH MeXaHHYeCKHUX CBOHCTB KOXKH, KOTOPbIe HCHOJB3YKTCH A O0beKTHBHOH IUATHOCTHKH, OLEHKH
3(peKTUBHOCTH JIeUeHUs].

KiroueBble ciioBa: CIBUTOBasi IOBEPXHOCTHAS BOJIHA, CKOPOCTh PAcIIPOCTPAHEHNUS! BOJIHBI, (PU3MUECKIE MOAEIN

ACOUSTIC METHOD IN THE STUDY OF PHYSICAL MODELS
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The question of the physical essence of the acoustic method is considered. This method allows to measure the
velocity of propagation of shear surface waves at acoustic frequencies in the skin. The principle of operation of
the acoustic device is described. The characteristics for evaluating the mechanical properties of the skin, which
are used for objective diagnosis, evaluation of the effectiveness of treatment, are presented.
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MexaHuyeckue TUHAMUYECKHe MeTobl (Hampumep, Y3U) yxe JaBHO HaIEKHO paboTaroT B
pa3IMyYHBIX 00JacTsIX MeAUUMHBL. Hapsny ¢ 3TUMU MeTogamMH B MEIUIIMHCKYIO MPaKTHUKY CTall
AKTUBHO BHEIPATHCS akyctuueckuil meron [1, 4, 5]. B akycTudyeckuil METOJl HMCHOJIb3YIOTCS
CIBUTOBbIE MIOBEPXHOCTHBIE BOHBI C yacToToM 1 — 6 kI'x [2, 5]. CkopoCTh pacnpoCcTpaHEHHS ATUX
BOJH (BO3MYILEHUI) OMpeNeisieTcsi CTPYKTYPHOM OpraHu3anueid HaJIMOJEKYJSIPHOTO YpPOBHS,
KOTOpasi HM3MEHSETCS KakK NP Pa3BUTHUU MATOJIOTUYECKOTO IMPOIECcca, TaK M B MPOLECCE €ro
JedyeHus. OTH H3MEHEHHS OOBEKTHMBHO OTpPaXaroTCsi B HU3MEHEHHWH  BEJIMYHMHBI  CKOPOCTHU
pacnpocTpaHEeHHUs] BOJIHBL. OJTO TMO3BOJSET  HEMHBA3MBHO HMX OOHApyXuBaTh M CJIEAUTH 3a
TUHAMHUKOW (PU3MOJIOTHYECKUX M3MEHEHHU. [IperMyIecTBoM aKyCTHYECKOTO METOHAA SBISETCS
TaK)K€ €ro BBICOKAs MPOCTPAHCTBEHHas W30MPaTeIbHOCTh, KOTOpAas TMO3BOJSET JIOKAJIW30BaTh
Jake HeOOIbIlINE TaTOJIOTHYECKUE OYar.

MarepuaJibl 1 METO/bI.
B crarbe nmpoaHanu3upoBaHbl MaTEPUAIIbI, TOJyYECHHBIE paHee Ha CIICUAIBHO pa3padOTaHHbBIX

(UBUYECKUX MOJENSIX, OTOOpaKAIOIIMX HEKOTOphIe cBoicTBa Koxu [3, 7, 8, 10]. AkycTHUecKuid
METO/I peajJnu30BaH Ha MPUOOpax — aKyCTUUECKHI aHaim3aTop [6, 9].

[TpunnunuanbHast GJIOK-cXeMa aKyCTUYECKHX MPUOOPOB pa3HO KOHCTPYKIIMK NPE/ICTaBIeHa Ha
puc.1.
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Puc. 1. biok-cxema akyctudeckoro mpudopa
Ha Gnok-cxeme npecTaBiieHbl:
® MHKpOTeHepaTop UMIyJbcoB (1) yacTotoi 5-6 k['11, mepeaaronuii CUTHAT Ha U3TyJaroIIHii

nbe3onpeodpazoBatenb UII (5) u Ha BRIMUCIUTENBHOE YCTPOUCTBO (2);
® TIPUHUMAOIINK Mbe3onpeoopazonatensb [1I1 (6), cUrHAIBI ¢ KOTOPOTO MOCTYTAIOT B
npueMHUK (3) 1 anee — Ha BBIYMCIIUTEIILHOE YCTPOMCTBO (4);
e 1rymnsl (7), oOecrieunBaronIe KOHTAKT MPUOOpa C UCCIIeTyeMbl 00bEKTOM (8).
KoHTakTHasi MOBEPXHOCTH HIyNa UMEET pa3Mepbl 3MM X 1 MM, a pacCTOSIHHE MEXIy LIylaMu
L =3 mM. B pe3ynbrare n3ruOHbIX KoJaeOaHUil n3Tydaronero nse3onpeodpaszoparens W1 B Tonkom
MMOBEPXHOCTHOM CJIo€ OOBEKTa BO30YXKITaeTcss KOJeOaHWs, KOTOPBIE PACIPOCTPAHSIOTCS
MEPIEeHIUKYJSIPHO IIUPOKONH CTOPOHE WIyNa. B HEKOTOPBIX paboTax MX TaKoe pacHpoCTpaHEHUe
Ha3bIBAIOT TOBEPXHOCTHOW BOJHOM [2]). DTH KojeOaHHs MPUHUMAIOTCS MhE30MpeodpazoBaTeieM
I[III u panee MOCTYyHarOT B BBIYKUCIHUTENBHOE YCTPOMCTBO, B KOTOPOM OIIPENEIAECTCS 8pems

3anaz0bl8anUs umnynsca t.

Onpeoenenue epemenu 3anazovlanus

Mexny u31y4aeMbIM U PUHUMAEMbIM CUTHAJIAMU 00pa3yeTcs pa3HocTh (a3 A, puc. 2.
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Puc. 2. M3nyyaemsrii (a) 1 mpuHUMaeMbIi (0) curHaibl; AQ - pa3HOCTh (ha3 MEXTy HUMU



Bpewmst 3amazasiBanus (BpeMs pacnpoctpaneHus curnana mexay WIT u I1I1) onpenensercs mo
cootHomeHnio t = A@/w. Ilo ¢gopmyne V = L/t BeMHCHSETCS CKOPOCTh PACIpPOCTPAHEHUS
MIOBEPXHOCTHBIX CABHUIOBBIX BO3MYILIEHHMI (B AaJbHEHIIEM — MPOCTO ckopocTh V). [lomydyeHHbie
3HA4YeHHUs NPECTABIIIOTCS HAa TU()POBOM MHIUKATODE (4).

YyBCTBUTENBHOCTh aKyCTHYECKOTO METONA K MEXaHMYECKMM XapaKTEpPUCTHKAM MaTepuaia
UCCIIEIOBAINCH HA PA3JINYHBIX (PU3NYECKUX MOAETBHBIX CUCTEMAX.

[lomyuyeHHbIe pe3yabTaThI.
e Opmuopoanbie Mojenu [7]. MccmenoBanus Ha 00pa3iiax CTOMaTOJIOTMYECKUX CHIIMKOHOB

MOKa3aJio, 4TO B OJHOPOJHBIX MaTepuagax CKOpOCTh V CBs3aHa C TBEPAOCTbIO, MPEIEIOM
POYHOCTH, OTHOCHUTENIbHBIM yasnHeHueM. Habmronanach BbIpakeHHasi KOppeisauoOHHas
3aBHCHUMOCTh MeJly CKOPOCTBIO M YKa3aHHBIMU MEXaHUYECKUMU XapaKTEePUCTUKAMU
(xoapunment koppemnsiiuu umen 3HadeHus r = 0,93 — 0,99). 3tu pe3ynbTaThl
WCIIOJIB30BAHBI JIs1 HEPa3pyIIAIOIIEro METO/1a OLIEHKU MEXaHUYECKUX XapaKTEPUCTUK KOXKHU
U Ipyrux OMOJIOTUYECKUX TKAHEH.

e JIBycnoiinbie Moaenu [3, 8]. MccnemoBanus Ha IBYCIOMHBIX MOJACISIX € Pa3IMYHOM
TBEPAOCTHIO CJIOEB U MPH PA3TMYHOM TOJILIUHE BEPXHETO CI0sl. BepXHMil Cloi npeacTaBisiia
c000¥ KJIMH W3 MOJUYPETaHOBOM pe3uHbl. HIKHMI CITOH BBIMOHSIICS U3 Pa3TUIHBIX

Mmatepuanos. Ha puc.3 nmokasana Mozienb TaKOW CUCTEMBI.

Hlym

h — TonmyHa BEpXHETO CII0A

B 00JIaCTH CKaHUPOBAHHUS
Bepxuauit

CJIOH - KIIMH

Hyoxauii ciiof — mou1oKKa

Puc.3. I3mepeHnst CKOPOCTH B ABYCIIOMHOM MOJIENIN: BEPXHHM CJION — KJIIMH, HUKHUN CJIOU —
MOJIOKKA, h - TONIIMHA BEPXHETO CJI0S B 00JIaCTH CKaHUPOBAHUS

Pe3ynbpTaThl NpOBENEHHBIX U3MEPEHUN I03BOJIMIIN BBIBUTH CIEAYIOIIUE 3aKOHOMEPHOCTH:
MIPU TOJIIIMHE BEPXHETO CJI0s O60jee 2 MM CKOPOCTh V MEpecTaeT 3aBUCETh OT CBOMCTB IMOJIOKKH
U ompenensercs COOCTBEHHBIMH CBOWCTBAMU BEPXHETO CIOS; MPU MajbIX TOJIIMHAX BEPXHETO
ciost (0,5 — 2 MmM) ckopocTh V ormpenensercss 0ojee TBEPHOH MOMIOXKKON. DTH pe3ysbTaThl

HCIOJIb30BAHbI AJId OMPCACIICHUS PACIIOJIOKCHUA YIINIOTHCHUA T10J KOXKEi.



e ApwmupoBanHble Mojienu [3, 8, 10]. UccrnenoBanusi aHM30TPOMHBIX CTPYKTYP,
MIPEACTABISIIONIUX COOOM JKEeTaTHHOBBIC T'eJIN, HATIOJHEHHbIE (ApMHUPOBAHHBIE)
JAaBCAaHOBBIMU HUTAMH. [loyyeHHBbIE pe3yabTaThl CBUACTEIBCTBYIOT O TOM, YTO HAJTUYHE B
CHUCTEME aHU3O0TPOMHBIX CTPYKTYP OKa3bIBAIOT BIMSIHUE HA CKOPOCTH V: OHAa BO3pacTacT B
TOM HaIlpaBJI€HUU, B KOTOPOM OOJIBIIIE BBIpAYKEHA aHU3OTPOINHUS. DTU PE3yIbTaThl
MCIIOJIb30BaHBI JJIsl OLEHKU HATSHKEHUS B KOXKE, JUISl ONpeIeIeHUs ITepepacipeieeHHs
MEXaHUYECKOTO HAIPSKEHUS B KOXKE.

e VBiaxxHeHHBIC MosienH [7]. MiccnenoBanue BIUSHUS BIIATH, COJIEpKaIIeiicst B 00pasiax
(TIOpHCTHIE PE3UHBI) MTOKA3aJI0, YTO C YBEIHMUECHHUEM COJCpPKAHU BJIard B 00pasie CKOPOCTh
CHUXAETCS. DTU pe3ybTaThl MCIOJIB30BAHbI JIJIsl OLICHKU OTEKa B TKAHAX, YBIAXKHSIIOLUIUX
CBOMCTB KOCMETOJIOTUYECKUX CPECTB.

HNmepsieMble BeJTHYHHBI
B MoAenbHBIX U MEIUKO-OMOJIOTHYECKIX UCCICOBAHMSIX aKyCTHUECKUM MPHOOpOM

U3MEPSIOTCA CIIEIYIOIINE BETUYHUHBIL:

V — ckopocTh B 00BEKTE,

V'y, Vx — CKOpOCTH BO B3aUMHO-IIEPIICHAUKYJIAPHBIX HAIPABICHUSAX,

Vi — CKOPOCTb B HOPMaJIbHOM TKaHH,

Vi — CKOpOCTh B IATOJIOTUYECKOM TKAaHHU,

Vo — CKOPOCTBH 10 KaKOTO-JINOO BO3ECHCTBUS,

Ve — CKOPOCTB ITOCJE BO3IECHCTBHS.

Buvtuucnaemvie xapakmepucmuku

[Io monyyeHHBIM MPU CKAHUPOBAHWM 3HAUYEHUSM CKOPOCTH BBIYMCISIOTCA CIEAYIOLIUE
XapaKTePUCTHUKHU:
1. TMHAMIKa U3MEHEHUsI CKOpOCTH V B IIpoliecce Bo3aeicTBus, (Jieuenus), V = f(t);

2. pa3HHIIa 3HaYCHUH CKOpPOCTEH, MU3MEPEHHBIX 10 U MOCJE KaKOro-Iubo BO3IEHCTBHS (JICUCHHS):

AV = V10 — Vic (umu Hao00poT); (1)
3. pa3HuLIa CKOPOCTEHN B yyacTKax BU3yaJlbHO HOPMAJIbHOM M NATOJOTMYECKH U3MEHEHHOW KOXKU:

AV =Vn — VHs; (2)
4. koapdunreHt akycruyeckoit annzorponuu K= Vy/Vy -1, 3)

KOTOPBI MOXET ObITh, Kak MmosioxkuteabHbIM: (K+) mpu ycnosuu Vy > Vi, Tak u
orpunatensubiM (K-) nmpu yenosun Vy < Vi.

BriBoabI.
HccnenoBanusi, poBEJCHHBIE C HWCIMOJIB30BAHMEM  CICIUANBHBIX (U3NYSCKUX MOJIEIEH,

MO3BOJIMJIM  BBISIBUTH OCHOBHBIC (DAKTOpBI, BIUSIOINIME  HAa CKOPOCTh PAaCHpOCTPaHEHUS

MIOBEPXHOCTHBIX BOJIH. OHu J0CTOBEpPHO TOKa3aldM, 4YTO CKOPOCTb  paclpOCTpaHEHUS



MOBEPXHOCTHBIX CABUTOBBIX BOJIH 3BYKOBOI'O (aKyCTHUECKOIO) JMara3oHa OOBEKTUBHO OTpa)kaeT

0COOEHHOCTH MEXaHWYECKUX CBOMCTB MaTepUaJIOB.
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