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AnHoTtamms. MomudunmpoBanHsIM nHTEphepoMeTpoM Maiikenbcona—®H30 UcciIenoBaH in Vivo KOXHBIH 110-
KPOB TIAIL[IEHTOB JI0 U TI0CJIe KOCMETOJIOTHYECKHX Ipoueayp. [lokasaHna akTyansHOCTh pabOThl, TaK KaK HOJyYEHHUE J10C-
TOBEPHBIX JAHHBIX O T€OMETPUYECKUX MapaMeTpax MOBEPXHOCTH KOXKU, €€ COCTOSHUU Ba)KHO AJISI KaXKAOTO YENIOBEKa.
B kauecTBe 00BEKTA MCCIICIOBAHMSA in ViVo BBIOpaH pesibed) MOBEPXHOCTH KOXKHM BOKPYT Va3 y MAlMEeHTOB B BO3pacTe
38—45 ner. IlpuBenens! onruyeckas W (YHKIMOHAJIbHAS CXEMbl M3MEPUTEIBHONW CHCTEMBI, @ TAKXKE JaHbl TEXHHKO-
SKCIUTyaTallMOHHbIE XapaKTepPUCTUKU. [loryueHbl SKCIepIMEHTalbHbIE pe3ynbTaTsl it 10 manuentos. BrisBaeHo, uto
MOCJIe IPUMEHEHUsI OOTYJIOTOKCHHA KOXa CTAHOBUTCS OoJIee IIIaAKoM M 3JIaCTUYHOM, MPaKTHYECKN OTCYTCTBYET Bapua-
WS BBICOTHI pelbeda.
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Abstract. The skin of patients before and after cosmetic procedures is studied in vivo with a modified Michelson-
Fizeau interferometer. The relevance of the work is shown, since obtaining reliable data on the geometric parameters of
the skin surface, its condition is important for every person. The surface relief of the skin around the eyes in patients
aged 38-45 years is chosen as the object of the in vivo study. Optical and functional diagrams of the measuring system
are given, as well as technical and operational characteristics. Experimental results are obtained for 10 patients. It is
revealed that after the application of botulinum toxin, the skin becomes smoother and more elastic, there is practically no
variation in the height of the relief.

Keywords: interferometer, human skin, optical diagram, coherence length, botulinum toxin, injection

For citation: Arefiev A. V., Kurlov B. B., Kotskovich V. B., Maiorov E. E., Pushkina V. P., Udakhina S. V. Examination of the
post-injection epidermis with a modified Michelson-Fizeau interferometer. Journal of Instrument Engineering. 2022. Vol. 65,
N 4. P. 295—302 (in Russian). DOI: 10.17586/0021-3454-2022-65-4-295-302.

© Apeghves A. B., Kypnos B. B., Koyxosuu B. b., Matiopos E. E., [lywixuna B. I1., Yoaxuna C. B., 2022

JOURNAL OF INSTRUMENT ENGINEERING. 2022. VOL. 65, N 4 M3B. BY3OB. MPMBOPOCTPOEHWE. 2022. T. 65, Ne 4



296 A. B. Apeghves, B. B. Kypnos, B. B. Koyxosuu u op.

BBenenue. Ha cerogasmHuii AeHb OJIydeHHE Ka4eCTBEHHOTO A (PeKTa ABIIsIeTCS BaXKHEHIIICH
3ajadeil acrerndeckod meauuusbl [1, 2]. WccnenoBanue in vivo TOBEPXHOCTH KOXKHU ONTHKO-
3JIEKTPOHHBIMU METOJIaMHU M CPEICTBaMHU aKTyaJbHO U MEPCHEKTUBHO JUIsl KocMeTrosoruu. [lomyye-
HHUE JOCTOBEPHBIX JAHHBIX O FEOMETPHUECKUX MapaMeTpax MOBEPXHOCTU KOXKH BCET/Ia HHTEPECOBaIO
JIEPMATOJIOTOB ¥ KOCMETOJI0TOB [3, 4]. CymiecTByeT O0JIBIION CIIEKTP KOHTAKTHBIX U OECKOHTAKTHBIX
npuOOpoOB U cUCTeM sl u3MepeHus penbeda snuaepmuca. Konraktabie mpuOOpbl U CUCTEMBI MO-
3BOJIAIOT U3MEPSTH pesibed) MOBEPXHOCTH KOXKH ¢ morpenrHocThio 10 0,1 MxM. OrpanudeHue BO3-
MOKHOCTH UX MPUMEHEHHUS MPOJMKTOBAHO HU3KOM MPOU3BOAUTEIHLHOCTHIO, TPEOOBAHHUEM BBICOKOTO
YPOBHSI BUOPO3AIIUTHI, a TAK)KE OBICTPHIM BBIXOJIOM M3 CTPOSI 30HAMPYIOIIETO JIeMeHTa [5, 6].

beckoHTaKTHBIE CHCTEMBI, K KOTOPBIM OTHOCSITCSI OIITUKO-3JIEKTPOHHBIE TPUOOPHI U KOMILIEK-
ChI, UCKJTIOYAIOT yKa3aHHbIC HeJAoCTaTKH. PaboTa 3TUX mpuOOpPOB M CUCTEM OCHOBaHA Ha cOope u
00paboTKe CBETOBBIX CHUTHAJIOB, OTPAKEHHBIX OT MCCIEIyeMOM moBepxHOCTH. Hambosee mepcnek-
TUBHBIMHM B 3TOM Kjacce MpUOOPOB SIBISIOTCS MHTephepoMeTprUuecKHe, B YaCTHOCTH, MOAUDUIIH-
POBAaHHBIE CUCTEMbBI C UICTOYHUKOM HU3JTy4€HUS, OTPAHUYECHHBIM BPEMEHHON KOT€PEHTHOCTHIO [7, 8].
3TO HOBOE B OINTUKE HAIIPABIIEHUE AaKTUBHO PAa3BUBAETCS B ITOCIETHUE TOJIbI.

Bpaun-xKocMeToIorH ¢ OMOIIBI0 XMMUYECKUX MpenapaTtoB (0OTYJIOTOKCHHA) pa3TiaKUBaIOT
MOPUIMHBI, BOCCTAHABJIMBAs MOBEPXHOCTh KOKU M 0OecreynBas MaKCUMAJIbHBIN 3CTETUUYECKHM (-
dekt [9, 10]. abekunoHHOE BBEICHHE OOTYJIOTOKCHMHA Yepe3 OMMpeAesICHHOE BpeMs (HECKOJIbKO
CYTOK) YCTpaHSI€T BBIPAKEHHOCTh MOPILMH U yJIyd4IlllaeT TOHYC U TEKCTypy Koxku. B sctetnueckoit
KOCMETOJIOTUH HCIOJIb3YeTCs] KOMIUJIEKCHAs! KOPPEKIMsI MHBOJIIOIMOHHOTO WM3MEHEHUS KOXU IS
Ka)KI0ro MalyeHTa B OTASIbHOCTH. MIHIMBUIyabHBINA MOIX0/T TO3BOJIAET N0100paTh ONTUMANIbHbBIE
myTH perieHus mpodiem [11, 12].

[ToaTomy 1enbi0 paboThl SBUJIOCH MCCIENOBAHUE in Vivo MOAUGUIMPOBAHHBIM HHTEp(Epo-
MeTpoM Maiikenbcona—®u30 3nuaepMuca NaMeHTOB J0 U MOCJIe KOCMETOJIOTHYECKUX MTPOLELYP.

Metoa u 00beKTHI HccaenoBanusi. B padote nccnegoBaiics penbed MOBEPXHOCTH KOXKU BO-
KpYT TJIa3 y MalMEeHTOB B Bo3pacte 38—45 eT 10 1 mociie KOCMETOJIOrMYeckux mpoueayp. Bee na-
[IMEHTHI UMENH OeJbIi OTTEHOK KOXU U npokuBaiu B CaHkT-IleTepOypre.

[Ipn KOCMETOJOTHYECKHUX MPOIEaypax MalMeHTaM BBOAMICS OotynoTokcuH [13, 14]. Usme-
peHus MOBEPXHOCTH KOKU ObUIN MPOBeIeHbl MOAU(GUIIMPOBAHHBIM HHTEphepoMeTpoM Maiikenbco-
Ha—®DU30 Uepe3 ceMb CYTOK I0CIIe TPOLEAYPHI.

HccnenoBanne Mmukpopenbeda OHoIOrHIecKux 00BEKTOB 0€3 MPUMEHEHUsI MHBEKIIUNA U C UX
IPUMEHEHHEM IPOBOAMIIOCH pa3paboTaHHBIM MOIUGUIMPOBAHHBIM HHTEeppepomMeTpoM Malikeinb-
coHa—®Du30, oNTUYECKAs cXeMa KOTOPOTO MpecTaBieHa Ha puc. 1 (¢ — OJOK, COCTOSIIMI U3 UH-
tephepomeTpa MaiikenbCcoHa: S — MCTOYHUK H3IydeHUs, I, 5, 7 — OOBEKTUBBI, 2 — CBETOJICIH-
Teb, 3 — KOHTPOJHpyeMasi TOBEPXHOCTh, 4 — OIMOPHOE 3epKajio, 6 — auadparma, § — Kamepa,
Gl — crexnsannas mnactuHa, Pp—P; — u3menenue penbeda; 6 — unrepdepomerp duzo: P — mo-
BEPXHOCTh OMOJIOTHYECKOTO OOBEKTA).

B kauecTBe MCTOUYHMKA U3TYYEHHs] UCTIOIB30BAJICS AUO OEIOro CBeTa C AJITUHOM KOTepeHTHO-
ctu [, # 2—3 MkM. CuctemMa nocTpoeHa Ha OCHOBE HMHTepdepomerpa MailkenbCoHa, B KOTOPOM

OJIHO U3 3€pKajl 3aMEHEHO CTEKJISTHHOHN TUIACTHHKON M KOHTPOJIUPYEMBIM 00beKTOM. M300parkeHus
MJIOCKOCTEH omopHoro 3epkaia R u oobekta Gl nmpoenupytores B mudpoByto kamepy. Kamepa cdo-
kycupoBaHa Ha MmiIockocTh Gl. Tlnockoctu R 1 Gl HaxoasTCs Ha OJUHAKOBOM PACCTOSHUU OT HC-
TOYHMKA S.

[Tockonpky HHTEPPEPEHIIMOHHOE 110JI€ UMEET BUJ KApTHUHBI CIEKJIOB, (ha3a KOTOPBIX MEHSET-
csl ciIy4aiiHbIM 00pa3oM, pacdeT (a3oBbIX XapaKTEPUCTHK TepsieT cMmbici. [loaToMy BMecTo nu3MeHe-
HUA (a3bl pETUCTPUPYETCS JTUITL (PaKT MOsIBICHUS HHTep(epeHIIMOHHON KapTuHkI [15, 16]. Beaen-
CTBUE MaJIOW JJIMHBI KOT€PEHTHOCTU UHTEP(EPEHIIS MPOSIBISIETCA TOJIBKO JIJIS T€X 3JIEMEHTOB M0-
BEPXHOCTH 00BEKTA, KOTOPBIC OIM3KH K IIIOCKOCTH Gl. DTa 061acTh M300pakeHUs ACTEKTUPYETCS U
3alIOMUHAETCs B Mpoliecce MepeMeieHnsl 00beKTa BJI0JIb OCH Z.
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Urak, B paboTe paccMOTpeHa BO3MOKHOCTh MCIOJIB30BaHUS pa3paboTaHHOrO HHTEpphepoMeT-
pa s KOHTPOJIA KauecTBa MOBEPXHOCTH. Vcronb3yeTcss METOAMKA U3MEPEHUSI TOJILUHBI BO3IYIII-
HOTO 3a30pa MEXJy KOHTPOJIMPYEMOIl OHOIOrMYecKOi MOBEPXHOCTHIO M MOBEPXHOCTHIO CTEKIISH-
HOM TUTaCTHHKH 110 cxeme uHTeppepomerpa duzo [17, 18].

Pa3paboTannblii nHTEphEpOMETp HCKIIOYAaeT (QUIYKTYallMIO MOKa3aTelsl MPEJOMIICHUS U He-
KOHTPOJIMPYEMBIE CMELIEHHSI OTHOCUTEIBHO U3MEPSAEMON MOBEPXHOCTU. YacTh U3IIy4eHUs U3 ABYX
KaHaJIOB UHTEepepomeTpa MaiikenbCcoHa HAPaBJsIETCs B BUJIE IBYX OTOKOB M3JIy4eHHUS C OTpeie-
JICHHOM ONTHYECKON pa3HOCTHIO XOAa K U3MEPSIEMOMY BO3AYIIHOMY 3a30py, 00pa3yrolemMy UHTEp-
depomerp @uzo. B pesynbrare cmemieHus B uatepdepomerpe MallkenbCOHA TOSIBISETCS MaKCH-
MYM KOHTpAacTa pe3ylbTUPYIOIIUX WHTEP(HEPEHIIMOHHBIX M0JIOC, YTO COOTBETCTBYET TOJIINWHE KOH-
Tponupyemoro 3asopa. CBeToBble MOTOKM H3 JABYX KaHaJIOB HHTepdepomerpa MaiikeabcoHa
O00BEIMHSIOTCS. HA CBETOJICNIUTENIC M HANPABIAIOTCA K M3MEPSEMOMY BO3AYLIHOMY 3a30py — HH-
tepdpepomerpy Puzo. OTpakeHHBIC OT MEPEAHEH U 3a/IHEH TOBEPXHOCTEH BO3YIITHOTO 3a30pa JIydn
MOTYT MHTep(epHpoBaTh JHIIL B MaJOH OOJIACTH Pa3HOCTEH ONTHYECKUX IMYTEH, ompenensieMoit
JUIMHOW KOTE€PEHTHOCTH MCTOYHMKA M3iIydeHHs. I1oaToMy MakcHManbHBI KOHTpacT UHTEphepeH-
IIMOHHOTO TIOJIsI, PErUCTPUPYEeMbIil HU(PPOBOM KaMepoii, OyJeT JOCTUTHYT IpU PaBEHCTBE JUIMH OII-
TUYECKUX MyTEH JBYX OTPa’KEHHBIX CBETOBBIX BOJIH.

[Ipu oTpaskeHHH ABYX Jyueill OT I'paHUI] BO3IYIIHOTO HMpoMexyTka (puc. 1, 6) obpasyrorcs
Jqy4d CBeTa a, a', 6, O', OTpakeHHBIE OT M3MEPSEMOM MOBEPXHOCTH U OT OMOPHOW MOBEPXHOCTH
CTEKJIIHHOW miacTuHbl. IHTepdepupys nomnapHo Mexay coO0i, OHU 00pa3yloT CIIOKHYIO HHTepde-
PEHIMOHHYIO KapTUHY. Kak TOJIIBKO OCH CBETOBBIX Jyuel a' M 6 cOBIAAYT, ONTHYECKask Pa3HOCTh X
X0Jla CTaHEeT PaBHOW HyJIO U OyaeT chopMHUpOBaH MHTEP(EPEHLMOHHBIM CUTHAN IPU OTPAHUYEH-
HOM KOT€pPEHTHOCTH OCBEILEHUS.

W3mepurenbHas cucreMa COCTOMT MX JIBYX OJIOKOB, OJIMH U3 KOTOPBIX SIBISIETCS UHTEpQEpo-
meTpoM MaiikenbcoHa, a BTopoil — unTeppepomerpom @uzo. B cucreme HysneBas pasHOCTh X012
PETUCTPUPYETCS IO KPUTEPUIO MAKCUMyMa KOPpENALUU MHTEp(EepeHLMOHHBIX CHUTHAJIOB. B mpo-
1ecce 00pabOTKU CUTHANIOB MCTOJIB3YEeTCS METOJ BBIYUTAaHMs (POHOBOM COCTaBISIONICH HAa OCHOBE
MOJIU(HUIIMPOBAHHOTO METO/Ia YIIPaBIIsieMoro ()a30BOr0O C/ABUTA.

TeXHUKO-IKCILTyaTallMOHHBIE XapaKTEPUCTUKN U3MEPUTEIIBHON CUCTEMBI:

— MOTPENIHOCTh u3Mepenuii o, = 0,03—0,1/, ana 6 = 0—30°;

— JMana3oH U3MepeHuil penbeda nosepxuoctu 0—4 mMm;

— 4acToTa U3MEpPEHU 46 TOUEK B CEKYHIY;
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— PacCcTOSTHUE OT ONTUYECKOTO 3padka J0 NoBepXHOCTH 120 MMm;

— rabapuTHbie pazmepbl 250%250x180 mm.

JKcnepUMeHTaIbHbIe pe3yJbTaTbl. OYHKIIMOHANbHASL CXeMa MCCIIEA0BaHUs in VIVO MUKPO-
penbeda MOBEPXHOCTH KOXKHU TMpeAcTaBieHa Ha puc. 2 (I, 11 — nuoxasl 6emoro ceera, 2 — MHKPO-
00BEKTUB, 3 — CBETO/CTUTEND, 4 — 00BEKT; 3, 7, 8§ — 3epkana; 6, /2 — doTonpueMHbIC YCTPOICTBA,
9 — monynsTop, 10 — nudpakiMoOHHBIE PEMIeTKH, /3 — MAaTIUK CKOPOCTH, /4 — OJIOK IEKTPOHHOU
00paboTKu curHanos, /5 — TuiockonapasuienbHas miactuHa, PC — xommbiotep, M|—0O; — minnHa
OTIOPHOTO TIJIeYa).
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Puc. 2

[Ipu nuHAMUYECKUX UCCIEIOBAHUAX, K KOTOPBIM OTHOCATCS U3MEPEHHUS in Vivo, HE0OX0IUMMO
00ecreynTh HE3aBHUCUMOCTh PE3YJIbTaTOB OT BO3MOXHBIX CMEIICHUH KOHTPOJIUPYEMOW MOBEPXHO-
CTH 3a BpeMs cKaHupoBaHusl. [Ipoiie Bcero 3To OCyIIecTBUTh, €CIM B KauecTBE 0a30BOil MIIOCKOCTH
OTCYETA UCII0JIb30BaTh IJIOCKONAPAJIIENIbHYIO TJIACTUHY, KOTOPasl )KECTKO MPUKPEIUIEHa K KOHTPO-
JUPYEMON NOBEPXHOCTU. B 3TOM citydae M3MeEpsieMON BEIMYMHOU SABIISECTCS 3a30p MEXAY ABYMs
YKa3aHHBIMH [TI0BEPXHOCTSIMH.

B skcniepumenTe 1uI0ma b aHAIM3UPYEMOT0 y4acTKa IIOBEPXHOCTH KOKU paBHA 4x8 mm. 13-
MepeHHs] TPOU3BOIMWINCH MOTOUEYHO ¢ yacToTol 46 I'u. [l obecrieuenus: cbema MHPOpPMALIUU C
TaKOT'0 y4acTKa ObLIO M3TOTOBJIECHO CIIELUAIBHOE YCTPOHCTBO MEXAaHUYECKOTO CKAHUPOBAHUS U3Me-
PUTEIBHON FOJOBKH: JIMHEHHO — MO OAHOM KOOPJIMHATE, 10 CUHYCOUAAIBHOMY 3aKOHY — IO JpY-
roit. J{ist rpaduueckoi BU3yanu3auy pe3yabTaToB U3MepeHuil Oblia paspaboTana mporpamMmma Spe-
cial InterferometeR.

Ha puc. 3 npuBeneHsl pe3yabTaThl 3KCIIEPUMEHTAILHOTO MCCIEIOBAaHUS in vivo penbeda 1o
IIPOBEJEHUS KOCMeToornueckux npoueayp y 10 nanuentos B Bozpacte 38—45 ner. Ha puc. 3, a
npezcTaBieH oOpaboTaHHbIil mporpammoii Speciall InterferometeR ¢parmMeHT moBepXHOCTH KOXKH
BOKPYT I'J1a3 10 uHbeKuu. Ha puc. 3, 6 mokazaHo u3MEHEHUE aMILTUTY/Ibl CUTHAJIA TIPU MIepeMelne-
HUU 30HAUPYIOLLIETO NATHA 110 IOBEPXHOCTU KOXKH 10 KOCMETOJIOTHYECKUX MPOLIETYP.
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Ha puc. 4, a nokaszan ¢parMenT snuaepmuca nocie BBefeHus 6orynorokcuna. Ha puc. 4, 6
NpUBe/IcHa 3aBUCHMOCTh aMILTUTY bl CUTHAJIA IPU KOHTPOJIE MECTA HHBEKIIHH.
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[IpoBensi cpaBHUTENBHBIN aHAIHM3 TPAPUICCKUX 3aBUCUMOCTEH, MOYKHO CHCJIATh CIIETYIOIIHMA
BBIBOJI: OOTYJIOTOKCUH H3MEHSIET F€OMETPUYECKHE MapaMeTphl MOBEpPXHOCTH Koxku. Koxka craHo-
BUThCS OoJiee TaJKoW, M BapHallMs BBICOTHI peibeda He HaOIoAaeTcs, TO €CTh MOPILUHBI ,,pac-
MIPaBJIAIOTCA .

3akiarouenue. [IpoBeeHHbIE HCCIeIOBaHUS MIPEACTABISIOT 3HAUMMbIN UHTEpeC KakK Ui Jep-
MaTOJIOTUHU, KOCMETOJIOTUH, TaK U JJIsl ONTHYECKOro MpudbopocTpoeHus. JlaHHble 10 MUKpOpeIbedy
MOBEPXHOCTU OMOJIOTHYECKOTO 00BEKTa MOTYT OBITh MOJIE3HBI IPH Pa3pabOTKE METOJIOB M CPEICTB
JUIsL KOPPEKTUPOBAHUS MHBOJIIOLIMOHHBIX MPOSIBICHUN cTapeHHsl KOkH. Pe3ynbTaTrsl paboThl Liene-
CO000pa3HO MPUMEHATD JUIsl CPAaBHUTEIILHOTO aHallu3a in Vivo MPU UCTHOJIb30BaHUU JPYTUX B3aHMO-
JIOTIOJTHSIEMbBIX TEXHUK Ha 3IHJIEPMIUCE.
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