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BO3JIENCTBUE HU3KOYACTOTHOI'O YJIBTPA3BYKA
HA BUOJIOTUYECKYIO TKAHb

B.M. I'opmikosa

MITY um. H.D. baymana, Mocksa, Poccuiickast ®@enepauus
e-mail: v_gorshkova@mail.ru

B nocneonee epemst ynompazeyrkogoe gozoeticmesue s6isemcst Haubonee pacnpocmpa-
HEHHbIM Cnocobom eo30eticmaust Ha Kkoocy. [lpusedeno meopemuueckoe onucamue
detlcmeusi YIbmpaseyKa Ha COU HCUOKOCMU, HAXOOAWeUCs HA NOBEPXHOCTU KOMICU.
Ha ocnoge smo2o onucanusi 6binOIHEHbL IKCHEPUMEHMANbHbLE UCCLEO08AHUSL U PA3-
pabomana mexHonio2usi OYUCMKU KOJICU C NOMOWbIO VIbMPA38YKd. YcemanoeieHo,
YUMo 2mMa MexHoN02uUss NO360ISEeM YMEHbULUMb TMOTUWUHY PO20BO2O CILOS, YBEIUYUMb
MOMUWUHY HCUBBIX CLOEE INUOEPMUCA, YOAIUMb VUACMKU 2UNEePKEPAmo3a, d maxice
BbIPOGHSIMb MOH KOJICU.

Knroueevie cnoea: oumncrtka KOXH, YJIBTPa3BYKOBOE B03,H€I7'ICTBPI6, OuosiornyecKas
TKaHb.

IMPACT OF LOW-FREQUENCY ULTRASOUND
ON BIOLOGICAL TISSUE

V.M. Gorshkova

Bauman Moscow State Technical University, Moscow, Russian Federation
e-mail: v_gorshkova@mail.ru

The ultrasound skin treatment has recently become the most widely used method in
facial therapy. The paper gives a theoretical description of the ultrasound impact
on the skin surface liquid layer. Based on the description, the authors carry out
research and develop skin-cleaning technology with the help of ultrasound. This
technology helps reduce the thickness of a corneal layer, increase the thickness of
living epidermal layers, remove epidermolytic hyper keratosis from the skin, and even
out the skin tone.

Keywords: skin cleaning, ultrasound impact, biological tissue.

B 3aBucumocTH oT croco0a BO3ASHCTBHS HA KOXKY Pa3IMYarOT Mexa-
HUYecKoe (yaalieHue dnuaepMuca — aepMadpasus), Xumuueckoe (Bo3aei-
CTBUE XMMHUYCCKUMH TIperaparaMu, Harmpumep, GPyKTOBBIMHA KHCIIOTAMHU,
TPUXJIOPYKCYCHOM KHUCIIOTOW, (pEeHOJIOM M JIp.), Ja3epHOE M B IOCIEIHEE
BpeMs yibTpasBykoBoe (Y3) BozaericTeus [1-3].

Llens Hacrosimield pabOTBI — TeOpeTHYeckoe O0OOCHOBaHME (HUBHUKO-
XMUMHAYECKHX MPOIECCOB OYHCTKA KOXH C TIOMOIIbIO HHM3KOYaCTOTHO-
ro ynerpasByka. [Ipu Y3-ouncTtke (MUIMHIE) MPOBOAMUTCA BO3ZCHCTBHE
V3-konebanuii Ha CUCTEMY JIEKAPCTBEHHOE BEIIECTBO B pacTBope (Teb,
KpeM )—Ononorndeckasi TKaHb (Koxa — pOTOBOM cloil u anuaepMuc) (4, 5].
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CraTnyeckoe paBHOBecHe INMY3bIPpbKa B IOKOSIIIENCS KUJAKOCTH.
JInst onucaHusi CTaTUYECKOTO PAaBHOBECHS My3bIpbKa B MOKOSAIIEHCS KU-
KOCTH BBEJIEM cIeIylole 0003HaYeHHUs: JaBJICHUE, CO31aBaeMOE OKpY-
JKaloIIeH KUIKOCTbIO, Ha ITOBEPXHOCTD ITy3bIpbKa (KaBepHE) P; naBieHUE
HACBIILIEHHBIX MAPOB B My3bIpbKe F; AaBieHUE Tra3oB Bo3nyxa Pr; xoad-
(HUIHMEHT TOBEPXHOCTHOTO HATSKEHUS 0.

[Tpeanonoxum, 4To My3bIpeK MpencTaBisieT coboil chepy paguycom R.
OueBuaHO, HAa TIOBEPXHOCTH pas3ziesa cpe]] MMeeT MecTo OallaHC JaBlICHHH,
OIHCHIBAEMBIN PaBEHCTBOM:

20
P:PH—FPF—E. (1)
Cornacho (1),
— ecnu
P>PH+PF—2EU, (2)
TO TY3BIPEK CKUMACTCS,
— eclu
P<PH+PF—QEU, 3)

TO TY3BIPEK yBEININBACTCS.
B cootBercTBUUM ¢ HepaBeHcTBaMu (2), (3), U3MEHEHHE pa3MepoB ITy-
3BIPbKa MOXKET MPOUCXOIUTH B PE3YJIbTaTe BO3JCHCTBHSI BHEIIHUX JIaBJie-

2
uuit f(R,T). ostomy u3 (1)—(3) cnenyer, uto f (R, T) = P—PH—i—Pr—i—EJ.

[IpuBeneM BbIpakeHUE JJIs1 BO3JCHCTBYSI BHEIIHUX JaBIeHUN [ (R, T) OISt
3akoHa MenneneeBa — Knaneitpona:
f(R,T):—P+PH+%—%U, (4)
rne B = const > (; 7" — a0OcontoTHast TeMIieparypa.
Ha ocHoBanuu (4) HaliieM MakcuMaibHOE (KpUTUUECKOE) 3HAYEHHE pa-
nuyca Ry, my3bIpbKa, a u3 (1) — kputudeckoe nasnenue P, = P(R) } ReRyy’
[Tpu ¢ukcupoBannbix 3HaueHusx P, P, Ry (HauanbHBIA paauyc Iy-
3pIpbka), 0 numeeM max f(R,T) = f(Ry,T). Bo Bcex cimyuasx paamyc

R
R, ABISETCS pELIEHNEM YPaBHEHHS
of (R, T)
—— =0. 5
R )

N3 (5) u (4) cnenyer, 4To

3BT (2/3)0\ /?
o=\ o——; Po=PF, —2(~L2) .
fi 2 o P < BT >

Yei0BHusl CXJI0NBIBAHMSA FA30BOr0 My3bIpbKa. OIpenenuM yciaoBUs,
IIPU BBIIIOJIHEHUU KOTOPBIX Ia30BBIN Iy3bIPEK KaBUTHPYIOIIEH JKUIKOCTU
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(Mexxamiedl Ha TOBEPXHOCTH) cXJjombiBaeTcs. Kak yxke ObLIO OTMEYEHO
BBINIE, IS mMy3bipbKka (chepa pammycom R), KOTOPbIA HaXOAWUTCSA B MO-
JIOXKEHUH PaBHOBeCHs, cripaBeminBo Boipaxenue (1). [Ipeamonoxum, 4to
YCTaHOBHJICSI CTAIIMOHAPHBINA PEKUM KaBHTAIIMH; Ta3 COBEPIICHHBIN H €ro
IUJIOTHOCTh TOCTOSIHHA; JKHUAKOCTh HECKMMAeMa, W30TPOMHA U OJHOPOI-
Ha; TEYEeHHE KHMIKOCTU CTAIMOHAPHOE M OE3BHXPEBOE; pa3Mep My3bIph-
Ka MEHSIETCSl TOJIBKO BCIEACTBUE U3MEHEHHst ero paaumyca R. O603Ha4nM
u (t) = dR(t)/dt — ckOpOCTh U3MEHEHHUsI paanyca.

B pabote [6] Ob1710 yCTaHOBIIEHO, YTO TIPH MEPEUNCICHHBIX BBIIIE TPE/I-
THOJIOXKEHHSIX CKOPOCTH U(t) YIOBIETBOPSIET YPAaBHEHHUIO

_p<d_u_§u2>:Poo_Ptu (6)

IJe p — IUIOTHOCTb ra3a; P, — JaBlieHHEe Ha CTEHKY ITy3blpbKa B MOMEHT
BpeMeHH t; P, — JaBieHue B yJaJIeHHOHN TOUKe.

20 BT
B stom ciyuae ¢ yaerom dopmyns (1) 3amumem P, = P, — il R
2 BT
O6o3Haunm nasnenue Kak f (R,T) = — (Poo — P+ EU - ﬁ) U3 (6)

caenyer, uto, eciu Of (R,T)/OR = 0, 10 u (t) = 0. [ToaTomy

3BT\ 2
Ro={37%) -

JKcnepuMeHTAalbLHOe NOATBep:kIeHne. Hannuue my3bIpbKoB IPUBO-
JUT K TOMY, 4TO KHJIKOCTh CTAHOBUTHCA CokuMaeMoil. [locnennee o3navaer,
YTO €€ IUIOTHOCTh 3aBUCUT OT JaBieHus. [IpubamkeHHO MOXKHO MPHUHSTD,
YTO 9Ta 3aBUCUMOCTD JInHEHHA. Takol GakT TEOpPETUYECKH U IKCIIEPUMEH-
TaJbHO yCTaHOBJIEH B pabote [4]. CrnenoBaTenbHO, B pe3ysbTraTe B3auMo-
JEHCTBUSI KJIETOK POTOBOTO CJIOSI 1 MUKPOITY3bIPBKOB, ITOCJEIHUE CXJIOMbI-
BAIOTCSl, B pE3y/IbTaTe Yero B MECTE UX BO3ACUCTBUS 00pa3zyeTcs U30bITOU-
HOE (MHKPOJIOKAJIbHOE) JaBJI€HHE, KOTOPOE MPUBOAUT K OTIIETYIIUBAHUIO
MEpPTBBIX (POTOBBIX) KJIETOK.

Ha noBepXHOCTH KOH (pOTrOBOIO €JI051) €CTh MHOTO HEPOBHOCTEH THIIA
TpewuH. [Ipy 3an01HEHNN UX KUAKOCTHIO B TPELIMHAX OCTAETCs BO3IYX.
Kpome Toro, uepe3 mOBEpXHOCTh KUAKOCTU 3a cueT Iuddy3un Mpoucxo-
JUT pAacTBOPEHHUE Ta30B B HEW, pa3BUBAETCS KaBUTAusa. Takum oOpazom,
B pe3ylibTare B3auMOJEHCTBHS KJIETOK POTOBOTO CJIOS M MUKPOITY3BIPHKOB
MOCIIEIHUE CXJIOMBIBAIOTCS, MIOATOMY B MecTe Y3-BO3ACUCTBUS CO3/1aeTCs
U30BITOYHOE JaBIEHUE, KOTOPOE MPUBOAMUT K OTIISTYIINBAHUIO OPOTOBEB-
X (MEPTBBIX) KJIETOK.

PoroBoii cioii siBIsSieTCS HECMaYMBaeMOM MTOBEPXHOCTHIO [2, 3]. OTme-
TUM, YTO KPUTEPUN KaYyECTBEHHOI'O OTIIETYIIMBAHUS OPOrOBEBLIMX KJle-
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TOK — CMauMBaeMOCTh MOBEPXHOCTH, KOTOPYIO MOXKHO OIHCATh CIEIYIO-
MM 00pa3oM: yCTh 07 — MOBEPXHOCTHOE HATSDKEHHE HA TPaHUIIEe pa3zena
KOXa—BO3/1yX, 0o — IOBEPXHOCTHOE HATSHKEHUE Ha TPaHUIIE pa3jiesia KoxKa—
pacTBOp, 03 — MOBEPXHOCTHOE HATSDKEHUE HA IPaHUIE pasfielia pacTBOp—
BO3IyX, ) — KpaeBOH yroi.

YcrnoBue cMauuBaEMOCTH TIOBEPXHOCTH UMEET BUI 07 = 09 + 03 COs 0.
Ecmu 6 < 90°, To moBepXxHOCTh cMauynBaemasi, eciau 6 > 90°, To moBepx-
HOCTb He cMaunBaeMasi. CienoBareiabHO, IOCIe MPOBEACHUS Y 3-0UNUCTKU
MOBEPXHOCTh KOXKHM CTAHOBUTCSI CMaYUBAaEMOI1, YTO MIO3BOJISIET CIIENIATh BbI-
BOJ1 00 3(pPeKTUBHOCTH TAKOTO BO3ICUCTBHUS.

JlanbHel1re TeopeTHIeCKUue UCCIEAOBAaHUS MOTYT ObITh OCHOBAHbBI Ha
s dekTe “pacKIMHUBAIONIETO” TaBICHUS, BOSHUKAIOMIETO B TOHKUX CIIOSX
xuakoctu [7, 8.

Ha ocHoBe TeopeTHuUeCKMX M 3KCIIEPUMEHTAIBHBIX HCCIECIOBAHUN B
MI'TY um. H.D. baymana Obuta pazpaboTaHa TEXHOJOTHUS OYUCTKHA KOXKH C
MOMOIIIbI0 HU3KOYACTOTHOTO yJbTpa3ByKa [4].

VibpTpa3BykoBasi OUUCTKA KOXKU OCYIIECTBIIETCS IPU COBMECTHOM BO3-
nercTBur Y 3-KojeOaHW HU3KOW 4acTOThl (26,5 KI'1[) MHTEHCHBHOCTHIO
0,2...0,8Br/cM? B HENPEPHIBHOM PEXHMME U PACTBOPOB (AHTHCENTHKOB,
HarpumMmep, KaneHayna, (5. .. 15)%-ub1it AHA xucnotocteto pH =3...5
(pacTBOp Q-TUJIPOKUCIIOTHI)) HA CUCTEMY pacTBOp (Teib)-Ouomoruveckas
TKaHb (poroBoil cioi koxu). C nomouipto ¥Y3-reHeparopa U UHCTPYMEH-
TOB, pa3paboranHbix B MI'TY um. H.O. baymana, yka3zaHHasi T€XHOJIOTUs
s dexTuBHA U aTpaBMaTUYHA, MO3BOJISIET YMEHBIIUTH TOJIIUHY POTOBOTO
CJI0S1, YIAJINTh YYacTKH FUIepKeparo3a, yBEIUYUTh TOJIIIUHY KUBBIX CIIOEB
SMUIEPMHECA, BBIPOBHSITH TOH (I[BET) KOXHU.
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