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AnHoTanus. PaccmaTpuBaeTcss BO3MOXHOCTb MIPUMEHEHUSI METOJ1a TIOJTHOTO BHYTPEHHETO OTpPA)KEHUs sl UC-
CJIe/IOBaHUS )KUAKO(A3HBIX Cpell Ha OCHOBE OOTYNOTOKCHHA. [IprBeeHb! pe3ynbTaThl CPaBHUTEIBHOTO aHAIN3a JaHHbBIX
npenaparos. [IpeacraBiena cTpyKTypHO-(QyHKIIMOHANBHAS CXeMa M TEXHUKO-IKCIUTyaTallHOHHbIE XapaKTePUCTHKU pa3-
paboTraHHOH pedpakTOMETPUUECKOI CHCTEMBI. B KadecTBe 00BEKTOB HCCIIEIOBAHHS MCIIOJIB30BAaHBI MpeTiapaThl Ha Oc-
HOBE OOTYJOTOKCHHA — OOTOKC, KCEOMUH M JUCHOpT. [loirydeHsl sKCcIiepUMEHTaIbHbIE Pe3yIbTaThl U3MEPEHUH KOH-
LEHTPALMOHHBIX 3aBUCUMOCTEH MoKa3aTemsl MpeJOMIICHUs B JaHHBIX HpemnapaTax. [loka3aHo, yTo TeMmepaTypHbIE 3a-
BHUCHMOCTH B OOTOKCE, KCEOMHHE U AUCIIOPTE C Pa3INYHON KOHILEHTPAIWEH TO3BOJSIOT N3MEHUTD aJTOPUTM TeMIIepa-
TYpHOU KOPPEKIMHU pepakTOMETPUUECKHUX JaHHBIX.
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Abstract. Application of the total internal reflection method for the study of liquid-phase media based on botuli-
num toxin is considered. A comparative analysis of these drugs is carried out. Structural and functional scheme, as well
as technical and operational characteristics of the developed refractometric system are presented. Botulinum toxin-
based drugs - Botox, Xeomin, and Dysport - are used as objects of research. Experimental results of measurements of
the concentration dependences of the refractive index in these preparations are obtained. It is shown that temperature
dependences for Botox, Xeomin, and Dysport at various concentrations make it possible to change the algorithm of tem-
perature correction of refractometric data.

Keywords: refractometric system, botulinum toxin, refractive index, aesthetic cosmetology, temperature coeffi-
cient, concentration
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BBenenue. [Ipenapatsl Ha OCHOBE OOTYJIOTOKCHHA (HEHPOTOKCHH) JOCTATOYHO IIUPOKO MPH-
MEHSIOTCS B COBPEMEHHOM 3CTETUYECKOM KOCMETOJIOTUH IS pacciabiieHusl MBI M pa3riiakuBa-
Hus MopiwH [1, 2]. i kKoHTpodis cocTaBa XuUAKo(]a3zHOTO Mpenapara Ha OCHOBE OOTYJIOTOKCHHA
MPEJICTaBISIeTCS NMEPCIEKTUBHBIM U aKTyaJIbHBIM HCIIOJIb30BaHUE pehpaKTOMETPUUECKUX TEXHOJO-
T'Uil, OCHOBaHHBIX Ha METOJE MOJHOI0 BHYTpEHHEro orpaxenus. [Ipumenenue pedpakromerpuye-
CKOM CHCTEMBbl HEMOCPEACTBEHHO B XMMHUYECKHX IleXax Ha (apMaleBTUYECKOM MPOU3BOICTBE MO-
3BOJISIET 00€CIeYUTh ONTUMHU3AIMIO BBIITYCKAaEMOM MPOIYKIIMH, a TAaKkKe YTUIN3AIUI0 HEKaueCTBEH-
HBIX MaTepuanos [3, 4].

Hcnonp3oBanue pedpakToMeTpuu BO3MOXKHO B Cilydae MOJYYEHHUS JOCTOBEPHBIX M TOYHBIX
KOJIMYECTBEHHBIX JIaHHBIX MO ONTHYECKUM CBOMCTBAM IpENapaToB Ha OCHOBE OOTYIOTOKCHHA —
nokasaTesist mpesiomieHus (n) u remmneparypaoro ko3 dunuenta (dn/dT) [5, 6]. Pebpakromerpude-
CKH€ CHCTEMbI KJIACCUYECKOT0 MCIOIHEHHs U O0Iero Ha3HAueHUs B JaHHOM Cllyyae He MPUTOAHBI,
TaK Kak Mpolecc KamuOPOBKU, KOHCTPYKIUS CUCTEM M ONTHKO-3JIEKTPOHHBIE OJIOKU JTOJKHBI OBITH
aJlaTUPOBAHBI K PadoTe ¢ KUAKO(DA3HBIMU CpelaMu Ha OCHOBE OOTYJIOTOKCHHA [7, 8]. DTO 03Hauaer,
4yTO pedpaKTOMETpUUecKasi CUCTEMa MOKET MPEACTaBIATh HHTEPEC ISl U3MEPEHHs COCTaBa HEMpo-
TOKCHHA KaK B J1a00OpaTOPHBIX YCIOBHSX, TAK U Ha peabHBIX MPOU3BOJICTBAX.

[lenp HacToOsIIEH CTaTbU — HCCIEAOBAHUE ONTUYECKUX CBOMCTB JKUAKO(A3HBIX MpernapaToB
Ha OCHOBE OOTYJIOTOKCHHA C HCIIOJIb30BaHHEM pa3paboTaHHON pedpakTOMETPUUECKON CUCTEMBI IS
KOHTPOJISI pa3JIMYHbIX BOAHBIX PACTBOPOB B JIA0OPATOPHBIX YCIOBHUSX.

Pedpakromerpuueckasi cucrema. VccienoBanus KOHIIEHTPAIMOHHONW 3aBUCUMOCTH TTOKa3a-
TeJsl IPEJOMIICHUSI U TEMIEPAaTypHOro K03 uimeHTa HeMPOTOKCUHOB MPOBOAMINUCH C MTOMOIIBIO
pedpakToMeTprUUECKON CHCTEMBI, BHEIIHWN BHJ KOTOpOH mpeacTtaBieH Ha puc. 1. CTpykTypHO-
GyHKIIMOHATBHAS CXE€Ma HM3MEPUTEIBHON CHUCTEMBbI TOKa3aHa Ha puc. 2, rae / — CBETOIHOI,
2 — ONTHYECKOE BOJOKHO, 3 — ABYXJIMH30BbIA KOHJIEHCOp, 4 — MpHU3Ma MOJHOTO BHYTPEHHETO
OTpa)KeHUs, 5 — O0BEKTUB, 6 — KaHaJ Mepeayr W300pakKeHUs TPaHUIIbI ,,CBET-TE€HB ", 7 — (OTO-
MPUEMHUK, § — TEeMIEpaTypHbIA JaTYUK, 9 — KOJIOJKAa CETEBOro MuTaHus, /() — pa3beMbl TOKO-
BBIX BBIXOJIOB.
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B oTnuume OT M3BECTHBIX aHAJOTOB B pa3paOOTaHHOW pedpaKTOMETPHUYECKON CHCTEME HC-
MOJIB3YyEeTCsl TpaneneugaibHas npusMa u3 mMarepuana Y AG. CucrteMa uMeeT yBEIMYEHHYIO JIMHY
30HAMPYIOIIErO 3JE€MEHTa U OCHAIEHA TOTIOJHUTENbHBIM OJIOKOM OUMCTKU paboueill rpaHu MpU3MBIL.
Junana3on mkan npubopa Mo rMmokazaresto NpeIoMIeHHs # U KOHLEHTPALHUU k OTpeaesnseTcs: yrioM
MEXJly BCIIOMOTATENbHBIMU TPaHSAMHU onTudeckoil mpusMel. [Ipu cOopke u3menus mytem BbIOOpa
OJIHOM M3 JBYX MpejuiaraeMblX FreoMeTpHil pabouell mpu3Mbl 3TOT JUaNa3oH MOXET ObITh 3aukcu-
poBaH B npenenax n = 1,320...1,435 (Brix: °Bx < 0...50 %) 11 HU3KMX KOHIIEHTpalMi pacTBOpa
win n = 1,400...1,540 (Brix: °Bx =40...90 %) ans o01acTu BBICOKMX KOHIIEHTpauui. B cucreme mpe-

JTyCMOTpPEHA BO3MOYKHOCTD TIEPECTPOUKH THana3oHa U3MepeHuit (1o KOHIEHTpaIlu pactBopa A°Bx).
T€XHMKO-9K0nﬂyamaL;uOHHble xapakmepucmuku u3fwepumeﬂbyoﬁ cucmemal
Pabounii quana3oH KOHIICHTPAITHA:

TTO 71 weenttentienteenteete ettt e st et e bt et e e eee e e b e b e nbeenaees 1,320...1,435/1,400...1,540

O °BX, %0 cveeiieiiiiiieceeee e 0...50/40...90
Paboune npenensl korneHTpanuii A°Bx, % .............. 40
TlorpemHocTs U3MEpEHUI:

AN e +0,0005

APBX, %0 e +0,2
Tun TemmepatypHO KOMICHCAIIH U3MEPEHHUH ... ... aBTOMaTHYECKast
Jlnana3oH U3MEHCHHUS TEMITCPATYPhI

KOHTPOHPYEMOH CPembl, °C ....oovvvvvriieerieeveennen. 0...140/0...250
IorpemnocTs onpeaenenus remneparypsl, °C +0,5
TOKOBEIE BBIBOJBL, MA .......cceeeiurrreeeeeeeeiinrreeeeeeeenennnes 4—20
Macca, HE OOIIEE, KT .......ccouveeeeureeeeeeeeeeereeeeeneeeeennns 8,2 KT
[a0apUTHBIC PAZMEPBL, MM........ccverreererenreeneennrennnenenas 450x180x180
[Turanue npudopa:

HANPSDKEHUE, B 220

YACTOTA, LI oo 50

O0bekT ucciaenoBanns. OObeKTaMH HCCICIOBAHUS CIYKWIH MpernapaTbl Ha OCHOBE 0OTYJI0-
tokcuHa — 0oTokc (CIIA), kceomun (I'epmanust) u qucnopt (@pannus) [9, 10] (mpemapatsl ObuH
IpeOoCTaBlIeHbl OAHOM M3 KocMeTojoruueckux knuHuk Cankt-IletrepOypra). B pabore He craBu-
Jach 3aJja4a CPaBHUTEIBHOIO aHAJIM3a JaHHBIX MIPENapaToB, UCCIEAOBAIUCH UCKIIOUUTEIBHO ONTH-
YeCKHe CBOMCTBA KUAKO(]A3HBIX Cpesl.

BoTokc — ountieHHbI OOTYTHHUYECKUH TOKCHH THIIa A B KOMIUIEKCE C CHIBOPOTOYHBIM Ye-
noBeyeckuM anbOymuuoM (0,5 mr) u Hatpuem xsnopuaom (0,9 mr). botoke obnanaer orpaHHuEeHHOR
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nuddy3ueit 1 Mo3BOISIET MOJIYYUTh KaueCTBEHHBIM 3(PGEKT B TPYTHOMAOCTYITHBIX 00JIACTAX BBEIC-
HUs. DTO MO3BOJIIET N30€KaTh OCIOXHEHHUH, MOOOUYHBIX A(()EKTOB, a TAKKE COXPAHUTH €CTECTBEH-
Hoe BbIpaxeHue iuna. OIHAKO cojepkaHue albOyMHHAa B TaKOW KOHIIEHTpPAIMU IMOAYEPKUBAET
CUJIbHOE B3aUMOJIEHCTBUE Ipemnapara ¢ OMOJIOrHYeCKUM OOBEKTOM, IO3TOMY YEM MEHBIIIE alb0y-
MHHA, TeM cuiIbHEee YD EKT.

Kceomun — 00TyIMHHYECKHUH TOKCHH THNA A B KOMIUIEKCE C CBIBOPOTOUYHBIM YEJIOBEUECKUM
anpoymuHoM (1 mr) 1 caxapo3oii (4,7 mr). Huskas mosiekyssipHas Macca KOMIICHCUPYETCS] BRICOKUM
conepxanueM anbOymuHa. [IoaTOMy MO BO3/IEHCTBHIO B TKaHSIX KCEOMHH OJFKe K OOTOKCY, OH 00-
nagaet MATkuM d¢hdexTom U cpenHeit crenenplo nuddy3un B TKaHIX. Ero ucmnonb3yroT st Kop-
PEKLUK BEpXHEM, CpeHEd U HIDKHEN YyacTed juna. OpueHTUpOoBOYHO 1 en. kceomuHa paBHa 1 ef.
0oToKCa.

Jucnopt — OOTYIMHUYECKUN TOKCHH THUMAa A B KOMILUIEKCE C CHIBOPOTOYHBIM YelloBeye-
ckuM ansoymuHoM (0,125 mr) u makto3oit MmoHoruapat. OH XxapakTepusyercs 06oJjiee HU3KOM Mo-
JEKYJISPHON Maccoil M BBICOKOW CrOCOOHOCTHIO nuddy3un B coceaHue TkaHnu. Huskas KOHIICH-
Tpanus anbOyMuHa CYIIECTBEHHO YBEIUYHMBAET JeCcTBUE Mpenapara. ENWHUILIBI aKTUBHOCTH AMC-
MopTa HE MOTYT CPaBHUBATHCS C €IMHULIAMU OOTOKCA: OPUEHTUPOBOYHO 1 e1. OOTOKCa COCTaBIsAET
2,5...3 en. nucniopra. Takum oOpa3om, pacueT J03bl U CIIOCOOBI BBEACHUS ATUX IPENapaToB pas-
JUYAIOTCA.

JKcNnepUMEeHTAIbHbIe pe3yJbTaThbl. Pe3ynbTaTel M3MepeHuil KOHIIEHTPAIMOHHBIX 3aBUCH-
MOCTEH Tokazarens npenomiieHus n(k) B mpenaparax 00TOKC, KCEOMHH M TUCIIOPT MPHU JUATIA30HE
temriepatyp 7 = 25...35 °C na A = 589 HM nipu pa3HOH KOHIIEHTpauu k = 5...35 €. mpeacTaBIeHBI
MOJIMHOMAaMH TPEThel CTeNeHH:

— 11t OoToKCca

n(k)y=—0,0000000248%*+0,0000285k*+0,000823 7k + 1,333; (1)
— JJIs1 KCEOMHUHA

n(ky=0,000002904*+0,0000003 10£*+0,003125k + 1,333; )
— U1 JucnopTa

n(ky=—0,00000003 184*+0,00000334%*+0,001005k + 1,333. (3)

PesynbpTaTel unTepnonsmuu mo ¢opmynaMm (1)—(3) KoHIEHTpaMOHHBIX 3aBUcUMOCTeEl 1(k)
obsutn He xyke An < 0,0005, 9TO COOTBETCTBYET 3asBJICHHOW MOTPEITHOCTA U3MEPEHUI TOKa3aTes
MPETOMIICHUS.

[ToaTMHHOCTD JTaHHBIX TMOJATBEPXKIAETCS CPaBHUTEIBHBIM aHAJIN30M PE3yJIbTaTOB H3Mepe-
HUH C UCTIOJIB30BaHUEM pa3paboTaHHON pedpaKTOMETPUUYECKON CUCTEMBI U JaHHBIX, OJYYEHHBIX
aTTeCTOBAaHHBIM pedpakToMeTpuuecKuM pudopom ,,.Jkcrept npo‘ [11—14]. PesynapTarsl cpas-
HUTEJIBHOTO aHalIN3a U3MEPEHHBIX U PEKOMEH/IOBAHHBIX IOKa3aTesel MpeJIoOMIICHHS B 3aBUCUMO-
CTH OT KOHIEHTpAIUH XUAKO(PA3HBIX Cpel Ha OCHOBE OOTYJIOTOKCHHA MPEACTaBIEHbl Ha puc. 3:
a — O0TOKC, 6 — KceoMHuH, 6 — aucnopT. Kak BuaHO U3 rpaduKOB, pacyeTHHIE 3HAYCHUS
Y HE3aBHUCHUMBIC PE3yJbTaThl U3MEPEHUN NAIOT MOTPEIIHOCTh, He mpeBbimaromyo An = 0,0008.
[TonydyeHHass HOTPEIIHOCTD MOJHOCTHIO YIOBIETBOPSIET NOTPEOHOCTSIM MPaKTUYECKOU pedpakTo-
METpHH.

Juana3zon Temnepartyp ObUT orpanndeH B nipeaenax 7' = 25...35 °C, kak ¥ peKOMEHA0BAHO JIJIs
ACTETUYECKON KOCMETOJIOTHH. B 3TOM nuamazoHe TemmepaTypHbie 3aBUCUMOCTH 71(T) ObutH OJIM3KH
K JUHEHHBIM. ['paduk 3aBUCHMOCTH TemreparypHoro kodddunuenTa dn/dT B TOM nuama3oHe OT
KOHIIGHTpaIluK Xukoda3HeIX cpen npu k < 35 exn. npeacrasieH Ha puc. 4. 3aBucumoctu dn/dT nins
00TOKCa, KCEOMHHA U JUCIIOPTA COBMAIAIOT C MOTPEIIHOCThIO0, OJU3KON K MOTPEIIHOCTH U3MEPEHU I
An = 0,0008. KoHmeHTpalnOHHbBIE 3aBUCUMOCTH dn/dT ObUIA CYIIECTBEHHO HEIMHEHHBIMH. DTOT
pe3ysbTaT 3HAa4MM IpU ONpeAeSICHUH allfOpUTMa TEeMIIepaTypHOil KoppeKiuu pedpakromeTpude-
CKUX JIaHHBIX.
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B nmpumenenun k TemrepaTypHbIM 3aBUCHMOCTSM #(71) B OOTOKCE, KCEOMHUHE U JUCIIOPTE C
pa3IMYHON KOHIIEHTpAIuel k TeMriepaTypHas KOMITeHcanus 1Mo Brix Manosa¢dhekTuBHA BCISACTBUE
HEJIMHEHHOTO XapakTepa KOHIIEHTPAIMOHHBIX 3aBUcUMOcCTed dn/dT. 3aBucumoctu dn(k)/dT xwun-
KOo(ha3HbBIX Cpejl MPeICTaBICHbI KBaIpaTUYHBIM MTOJIMHOMOM:

dn/dT=-0,01011k*+2,9011k + 109,11. (4)

Jlyg Bcex BEIEeCTB ATH 3aBUCHMOCTH MPAKTUYECKU COBIAAaIN. Pe3ynpTaThl pacueToB, BBIIOJ-
HEHHBIE HAa OCHOBaHUH (POpMYIIHI (4), MpeCTaBIEHBI Ha pUC. 4 CIUTONIHOW JTUHUCH.

3akarouenue. [IpencraBienbl pe3yiabTaThl SKCIEPUMEHTATBHBIX HCCIEAOBAHUNA ONTUYECKUX
CBOMCTB kHJIKO(Da3HBIX MpernapaToB Ha OCHOBE OOTYIOTOKCHHA ISl KOMIIEHCAI[MM MOPIIMH B 00-
nactu ria3. [lomyyeHbl JaHHBIE O 3aBHCHUMOCTSIX MOKa3aTelss MPEIOMIICHHs] OT KOHLIEHTPAIUH HC-
clenyeMoro BemiecTBa. BaxkHoit siBnsieTcss nHGOpMaILys 0 TEMIIEPaTypHOI 3aBUCUMOCTH OT pa3iny-
HOM KOHIIEHTpAI[MM BEIIECTB, TaK KaK IMOSBISETCS BO3MOXKHOCTh M3MEHEHUs alropuTMa TemIepa-
TYypHOU KOppeKUUU pedpakTOMETPUUECKUX JaHHBIX. Pe3ynbTarhl McCciea0BaHUs MPEACTABISAIOT HH-
Tepec Ui SCTETHUECKON KOCMETOJIOIHH, a TaKXKe JIsl ONTHYECKOro MPHUOOPOCTPOECHUS.
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