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Solvatochromic indicators of the pyridinium N-phenolate series, also known as Reichardt's betaines, or
Reichardt’s dyes, are often used for examining not only pure or mixed solvents, but also various colloidal
aggregates, such as surfactant micelles, droplets of microemulsions etc. In order to disclose the locus of
these molecular probes within the micellar pseudophase, we recently utilized the molecular dynamics (MD)
simulations for the standard dye, i.e. 4-(2,4,6-triphenylpyridinium-1-yl)-2,6-diphenylphenolate, and three
other dyes of this family of higher and lower hydrophobicity. Both zwitterionic (colored) and protonated (cati-
onic, colorless) species were involved into the research, as these compounds are also used as acid-base
indicators for micellar systems. In the present paper, we extended this investigation further. MD modeling
was applied to another three dyes incorporated in sodium n-dodecyl sulfate and cetyltrimethylammonium
bromide micelles. The following compounds were examined: (i) the most hydrophobic dye, bearing five
tert-butyl groups, 4-[2,4,6-tri(4-tert-butylphenyl)pyridinium-1-yl]-2,6-di(4-tert-butylphenyl)phenolate, (ii) a dye
with  a hydrocarbon loop around the oxygen atom, 4-(2,4,6-triphenylpyridinium-1-yl)-n-(3,5-
nonamethylene)phenolate, and (iii) the dye with additional carboxylate group attached to the phenyl group
opposite to the phenol, 4-(4-carboxylatophenyl-2,6-diphenylpyridinium-1-yl)-2,6-diphenylphenol. The orien-
tation and solvation of the cations, zwitterions (both colored and colorless), and the anion of the last-
mentioned dye in micelles appeared to be dissimilar, depending on the molecular structure and ionization
state. The results were compared with those obtained previously for the standard betaine dye. In some
cases, the most probable orientation of the dyes in their colorless form was opposite to that of the standard
Reichardt’s dye, i.e., their OH group is directed towards the center of the micelle.

Keywords: solvatochromism, polarity, sodium dodecyl sulfate, cetyltrimethylammonium bromide, localiza-
tion, orientation, hydration, molecular dynamics simulation.

Introduction

Solvatochromic indicators of different molecular structure are widely used for examining surfactant
micelles and other self-assembled aggregates [1—4]. Pyridinium N-phenolates [5], also known as
Reichardt’s betaine dyes, exhibit a strongly-expressed negative solvatochromism and are repeatedly
utilized for the aforesaid purpose, in particular also for evaluating the polarities of micellar pseudo-
phases [6-8].

Moreover, these dyes are in fact also acid-base indicators with colored-to-colorless transition
(Fig. 1), and can serve for estimating the interfacial electrostatic potential of surfactant micelles [6,8].
In relation to this, the problem of the locus of these dyes within the micellar pseudophase is of key
importance. Unfortunately, the abilities of experimental methods, e.g., NMR spectroscopy, for solving
this problem are limited. For a more detailed review on the application and instrumental investigation
of these dyes, the reader is addressed to ref. [9, 10].
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Figure 1. Molecular structure of solvatochromic pyridinium N-phenolate dyes.
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In a set of previous papers, we made an attempt to reveal probable location and, thus, the nature of
the microenvironment of several dyes within the micelles of cationic and anionic surfactants via mo-
lecular dynamics (MD) modeling [9—-11]. Some most widely used pyridinium N-phenolates were al-
ready involved in the research project, such as the standard betaine dye |1, 4-(2,4,6-
triphenylpyridinium-1-y1)-2,6-diphenylphenolate (R' = R* = R* = C¢Hs) and three other compounds
with different hydrophilicity/hydrophobicity: 11 (R' = R* = C¢Hs; R> = H), 111 (R' = R> = C¢Hs; R’ =
Cl), and IV [R' = R? = C¢Hs; R*= C(CH,);] [9, 10]. Both colored (phenolate) and colorless (phenolic)
forms were considered in micelles. The MD simulations allow to state that the dyes with R® = C¢Hs
and C(CH;); are somewhat deeper penetrated into the micelles, as compared to the other two more
hydrophilic compounds. However, all species, both colored and colorless (protonated) ones, are situ-
ated near the water/micelle interface, with the O™ or OH groups directed toward the water phase.

In order to reveal the consequences of more substantial structural changes, we decided to extend
the MD studies with following betaine dyes, also used for studying micellar solutions of surfactants
[12]: V, 4-[2,4,6-tri(4-tert-butylphenyl)pyridinium-1-yl1]-2,6-di(4-tert-butylphenyl)phenolate [R' = R
= R’ = 4-C(CH3):-C¢H4], VI, 4-(2,4,6-triphenylpyridinium-1yl)-n-(3,5-nonamethylene)phenolate
(R' = R? = C¢Hs, R* = (CH,)o-), and VI, 4-(4-carboxylatophenyl-2,6-diphenylpyridinium-1-yl)-2,6-
diphenylphenol (R' = 4- O0C-C¢H,, R* = R? = C4Hs). The molecular structures are given in Fig. 2A.
For convenience, they will be denoted as RD-PhtBu, RD-cyclo9, and RD-COOH, respectively, while
the standard dye will be called RD-Ph for notation consistency. All dyes were simulated in both zwit-
terionic and cationic (protonated) forms. Due to the presence of the second acidic group, RD-COOH
can exist in third, fully deprotonated anionic form, Fig. 2B. Thus, it was simulated in all three forms.
Importantly, for this dye, it is the anionic form that is colored and solvatochromic because only this
form possesses a negatively charged deprotonated phenolate group.

RD-Ph (1) RD-PhtBu (V) RD-cyclo9 (VI) RD-COOH (VII)
B:
Ph Ph Ph Ph Ph Ph
— Kat — Kaz — —
Ph Ph Ph Ph Ph Ph
cation zwitterion anion, colored

Figure 2. A: The standard betaine dye (I) and three related dyes studied in the present work: highly hydrophobic
(V); with a hydrocarbon loop (VI); with an additional ionic group (V11). B: Protolytic equilibria of RD-COOH.

Simulation methodology

The simulations were carried out at standard conditions with the use of Berendsen thermostat and
barostat. The 3D periodic boundary conditions were imposed. Time step equaled 2 fs for cells with
SDS and 1.6 fs for that with CTAB. It appeared necessary to reduce the time step for the long-chain
surfactant because the value of 2 fs lead to accumulation of constraints errors and simulation crash.
Electrostatic interactions were computed with the PME method, while van der Waals interactions were
cut-off at 1 nm.

The initial configurations are micelles of 60 SDS monomers or 80 CTAB monomers with a solubi-
lized dye molecule inside. These numbers correspond to the aggregation numbers for these surfactants
[13,14]. For each system, three different initial configurations were prepared, and for each of them, a
50 ns simulation was performed. The first 10 ns of the trajectories were treated as equilibration and
thus omitted. GROMACS 5.0 software [15] was employed. The preparation of initial cells involved
several stages and is in detail described in our previous papers [9,10].
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The potential models for the dyes were built in the same way as the model for the standard dye
[9,10]. For deriving the atomic point charges, we followed the standard OPLS-AA methodology. It
consists of quantum-chemical computation of the electrostatic potential around the molecule of inter-
est on the Hartree-Fock level of theory in 6-31G(d) basis set in vacuum and the following fitting of it
with a set of point charges via CHELPG algorithm [16]. The RED Server was employed in order to
facilitate the process: this web-service automatically performs both steps for a given molecule, provid-
ing the final point charges to the user [17].

For the surfactants, the OPLS-AA models developed by us were taken [18,19], while for water, the
SPC model was used.

Results and discussion

For each system, the state of the dye molecule in the micelle was comprehensively characterized.
The localization of the molecule was described by means of distribution functions of the distance
(DFDs) between micelle center of mass (COM) and the O and N atoms of the dye molecule. In order
to indicate the location of the surface layer, DFDs between micelle COM and surfactant head groups S
or N atoms were plotted as well. The graphs are shown in the Appendix, Fig. Al.

For zwitterionic forms of the RD-cyclo9 and RD-PhtBu dyes, the N peak is located behind the O
one that corresponds to the inclined orientation of the molecule, having the pyridinium part immersed
into the micelle deeper than the phenolate part. This resembles the locus of the standard dye. For cati-
onic forms, peaks almost coincide or, in the case of RD-PhtBu, the opposite order of peaks is ob-
served.

The behavior of RD-COOH is quite different. Its colorless zwitterionic form is inclined having the
OH group immersed into micelle, while in both charged forms, the peaks either coincide or the O atom
is somewhat advanced toward the bulk (aqueous) phase.

RD-PhtBu is immersed into micelles notably (>0.3 nm) deeper than the other dyes, which proves
the increased hydrophobicity of this dye.

The orientation of the dye molecules was described in terms of the distribution of the angle 8 that is
formed by three points: £ (micelle COM, dye N atom, dye O atom), Fig. 3. Values more than 90°
indicate that the molecule is inclined with the O atom pushed toward the volume phase, while values
less than 90° show deeper immersion of this atom into the micelle compared to the N atom. The latter
orientation will be further called ‘inverted’.

hydrocarbon
micelle core

surface layer

Figure 3. Definition of the angle 0 that characterizes the inclination of the dye molecules.

The distribution functions of 6, pertinent to each system, are shown in Fig. 4. The colored zwitteri-
onic form of RD-cyclo9 is oriented exactly in the same way as that of the standard dye, RD-Ph. How-
ever, this does not mean identical orientation of their protonated forms: for the former dye, the ‘in-
verted’ orientation is not observed, in contrast to the latter dye. The reason is likely that the two phenyl
rings make the phenolate part more hydrophobic than the (CH,)y chain makes. The picture with
RD-PhtBu is more complicated. The zwitterionic form can reside in the same orientation as the RD-Ph
and RD-cyclo9. However, it has a second orientation that is more populated than the abovementioned
one: the molecule is aligned along the micelle radius with the O atom directed toward the volume
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phase. Further, after protonation, the molecule inverts its orientation and relocates the phenolate part
from the surface to micelle interior.

For RD-COOH, the following picture is found. For all forms, the orientation parallel to the micelle
surface is pertinent. However, when the phenolate group is protonated, it starts to bury into the micelle
core that leads to inclination of the molecule. In the limiting case, the molecule is oriented roughly
along the micelle radius with the carboxyl group advanced toward the volume phase and the neutral
OH group immersed into the micelle; this orientation is more probable for the zwitterionic form.
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Figure 4. Distribution functions of 8. Top row: 1 — RD-Ph, 2 — RD-cyclo9, 3 — RD-PhtBu; bottom row:
1 — RD-Ph, 2 — RD-COOH. Solid curves are for zwitterionic forms, dashed curves are for cationic ones, short-
dashed curves are for the anionic one. Left: SDS micelles, right: CTAB micelles. The data for RD-Ph are from
ref. [9].

The listed information is collected and depicted in Fig. 5. Summarizing, some tendencies about the
orientation of Reichardt dyes molecules can be derived from the presented data and the data on previ-
ously studied dyes:

1. An ionized carboxylate or phenolate group always stays on the micelle surface in contact with
water molecules. This is easily explained by presence of high-energy ion-water interactions in
this case;

2. A neutral phenolic group in most cases also stays on the micelle surface. However, it can be made
immersed into the hydrocarbon core by placing large outstretched hydrophobic substituents in
ortho- position to it or by attaching a carboxyl group to the opposite side of the molecule. The
reason likely is that the carboxylic group interacts with water stronger than the phenolic one, thus
the former ‘wins’ the competition for contact with water molecules;

3. The hydrophobic part of the molecule, which does not contain ionized groups except pyridinium
ring, can be oriented differently (lay on the micelle surface or stay perpendicular to it) and sam-
ples these orientations in turn. This is somewhat counterintuitive, because a large hydrophobic
moiety is expected to immerse into the micelle interior. The explanation is that the total hydro-
phobic surface area of the micelle+dye complex is similar in both cases, and covering dye mole-
cule from water in the micelle will simultaneously reveal to water an equal area of the hydropho-
bic micelle core.
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The final point is an inspection of the local environment of the dye molecule or, in other words, its
microenvironment. For this sake, the previously described approach was employed [9-11]. The atoms
located in 0.4 nm vicinity of either whole dye molecule or its chosen atom were distributed into 3
categories, namely, micelle hydrocarbon core, surfactant headgroups, and water; the average number
of atoms in each category was computed. The proportion between the amounts of these atoms provides
general information about the medium the dye molecule is located in. The obtained numbers are de-
picted in Fig. 6.
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Figure 5. Observed preferential orientations of Reichardt’s dyes relative to the micelle surface. A: RD-cyclo9;
B: RD-PhtBu; C: RD-COOH. Gray zones depict the micelle cores and blue zones depict the Stern layer. In the
bottom row, the anion is colored, whereas in all other cases, the zwitterions are colored and solvatochromic. For
some structures, two highly populated orientations are observed and shown.
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Figure 6. Average numbers of atoms of three categories in the microenvironment of the whole dye molecule and
its O atoms. The sections of bars correspond to (left to right): the micelle core atoms (gray), the water atoms
(cyan), the headgroup atoms (orange), the covalently bonded H atom (white). The microenvironment of the
RD-COOH hydroxyl O atom is shown twice for convenience. The data for RD-Ph are from ref. [9].

Considering the whole molecule, the microenvironment of RD-cyclo9 is similar to that of RD-Ph in
all cases. The same is true for RD-PhtBu, except the largely increased amount of hydrocarbon around
the molecule that can be attributed to its relatively big size. The oxygen atom of RD-cyclo9 is in all
cases better hydrated as compared to RD-Ph. However, the situation is somewhat surprising for
RD-PhtBu. In its zwitterionic form, the O atom resides in roughly the same medium as that of RD-Ph,
but the protonation leads to complete isolation of water. It can be explained with the fact that the ‘in-
verted’ orientation became populated. The negligible water content corresponds to short moments
when some exposure to water takes place.

The microenvironment of the whole RD-COOH molecule remains almost constant upon change of
the protonation state or the surfactant. Quantitatively, its composition is close to that of the RD-Ph
zwitterion in SDS micelles. The carboxylic group is well hydrated in all cases, but protonation heavily
decreases its hydration. The hydroxyl group is strongly hydrated only in the anionic form when it is
dissociated. In other cases, it is forced to immerse into the micelle core because the carboxylic group,
which is located on the opposite side of the molecule, has a tendency to be situated on the micelle
surface. This tendency is stronger for the ionized COO™ group, thus in this case the OH group becomes
almost completely screened from water.

Conclusions

MD simulations of three solvatochromic Reichardt’s dyes in micelles of ionic surfactants, namely,
sodium n-dodecyl sulfate and cetyltrimethylammonuim bromide, were performed. The results show
that structural changes actually are able to drastically affect the locus of the dye molecule. The states
of RD-cyclo9 and RD-Ph are similar in micelles of both kinds, with hydroxyl group of the former
being a little better hydrated.

The state of the zwitterionic form of RD-PhtBu is also similar to that of RD-Ph, but for the latter
the orientation along the micelle radius is highly typical besides the orientation parallel to the micelle
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surface. Oppositely, in the cationic form of RD-PhtBu, the phenolate part is immersed into the micelle
core and completely screened from water.

RD-COOH in all forms can be situated parallel to the micelle surface, but in the cationic and zwit-
terionic forms, the molecule stays roughly parallel to the micelle radius with the OH group immersed
into the micelle and having negligible contact with water.

These observations should be taken into account when using the dyes of this family for examining
of surfactant micelles and related colloidal species.

Appendix
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Figure Al. Distribution functions of distances micelle COM — N, micelle COM — O, micelle COM — surfactant
S (N) for three betaine dyes in SDS (left) and CTAB (right) micelles. Solid curves are for the zwitterionic forms,
dashed curves are for the cationic ones. The short-dashed curves in the bottom row are for the anionic form of
RD-COOH. The data for RD-Ph are from ref. [9].
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B.C. ®apacoHos*, A.B. Nlebeap*, H.O. Muegnos-lNetpocsH*. ML, mogenupoBaHue 6etanHoB Paiixapara B Mu-
uennax NAB: PasnuuHas opreHTaums u conbBaTaumns KaTUOHHbIX, UBUTTEP-UOHHBLIX U @aHUOHHBLIX POPM KpacuTe-
nen B ncesgodase.

* XapbKOBCKMI HaLMoHanbHbIN yHuBepcuTteT nMmeHn B.H. KapasuHa, xumudecknin cakyneteT, nnowane Ceo-
6onasbl, 4, XapbkoB, 61022, YkpavHa

ConbBaToOXpoMHbIe MHAMKATOPBLI psaa nupuanHuin N-cheHoNsaToB, Takke M3BeCTHble kak GeTauHbl Palixapara
unu kpacutenu Panxapara, 4acTo UCMOMb3yTCA ANA U3YYEHUS He TONMbKO YMCTbIX UMM CMELLAHHbIX pacTBOpU-
Tenen, HO Takke M pasHOODOpa3HbIX KOMMOMAHBLIX arperatoB, TaKMX Kak MULLENbl NOBEPXHOCTHO-AaKTUBHBIX Be-
LLeCTB, Kanav MUKPO3IMYNbCuii 1 Ap. YTobbl BbISBUTE NOKaNU3aLumto 3TMX MOMEKYNSPHbLIX 30HA0B B MULIENSAPHON
ncesgodase, Mbl He4aBHO MCMOMNb30BaNy MonekynspHo-guHammyeckoe (M) mogenvpoBaHue Ans ctaH4apTHO-
ro kpacutens, 4-(2,4,6-TpudernnnupuanHnn-1-un)-2,6-guderHundeHonata n Tpex APYrux KpacuTenem 3Toro
cemelicTBa ¢ 6onee BbICOKOM M HWU3KOW rmapodobHOCTLI0. B nccnegoBaHum Gbinm paccMOTPEHbI Kak LBUTTEpP-
WOHHbIE (OKpaLLEHHbIE), TaK N NMPOTOHUPOBaHHbIE (KaTUOHHbIE, BecLBeTHbIE) POPMbI, MOCKOMbKY 3TW COEANHEHNS
TaKkKe MCMonb3ylTCsA B Ka4eCTBe KMCMOTHO-OCHOBHbIX WHAMKATOPOB AN MULENNSAPHBLIX cnucteM. B HacToswen
paboTe Mbl NPOJOIXUAM 3TO uccnegosaHve. M mogenmpoBaHne BbIfIo MPUMEHEHO AN eLle TPex Kpacutenen
B Muuennax H-gogeuuncynbdara HaTpusa n LeTUNTpUMeTUnamMmMoHuin 6pomnaa. beinv nccnegosaHbl cnegyto-
Lme coeguHeHust: (i) cambln rnapodOOHbIN KpacuTenb C NSTbH TPeT-0yTUNbHbIMY rpynnamu, 4-[2,4,6-Tpu(4-TpeT-
6yTundennn)nmpuanHmnii-1-unl-2,6-au(4-tpet-6yTrndenun) dperonsT, (ii) kpacuTens ¢ yrneBoAOPOAHON NeTnen
BOKpYr aTtoMa kucropoga, 4-(2,4,6-tpudeHnnnupnanHnia-1-un)-+- (3,5-HoHameTuneH)deHonaT u (i) kpacutens ¢
OOMOMHUTENBHOW KapOOKCUINBHOWM rpynnomn, NPUCOeaNHEHHOW K BGEH30MbHOMY KOmbLy, NMPOTUBOMOMNOXHOMY dhe-
HonAaTy, 4-(4-kap6okcunatodennn-2,6-amdeHnnnupruanHnn-1-un)-2,6-gudenunderHon. OprneHTauus n conbea-
Taums KaTUOHOB, LIBUTTEP-MOHOB (Kak OKpaLLEHHbIX, Tak U 6ecLBEeTHbIX) U aHNMOHa MOCIeAHero KpacuTens B Mu-
Lennax okasanicb MHOroobpasHbiM/, B 3aBUCUMOCTU OT CTPYKTYPbl MOSIEKYS U COCTOSIHUSA MOHMU3auun. Pesynb-
TaTbl CPaBHMBANWCL C pedynbTaTamu, NOMyyYeHHbIMU paHee AN CTaHA4apTHOro MHavkaTopa. B HekoTopbix cry-
Yasix Hanbonee BeposTHas OpueHTaums KpacuTenen B nx becuseTHol dhopmMe NPOTUBOMOMOXKHA NO CPaBHEHWIO
CO CTaHAapTHbIM nHAnkatopom Paiixapara, T.e. ux OH-rpynna HanpaBneHa K LeHTpY MULensbl.

Knio4yeBble cnoBa: COJ1bBaATOXPOMW3M, MOJTIAPHOCTD, ,u,o,qeu,mncyan)aT HaTpu4, 6pOMVI,El uetTmnTpumeTunnam-
MOHUA, NoKann3auuna, opueHTauud, rugpartaumna, MonekynapHo-guHammn4yeckoe moaenmpoBaHue.

B.C. ®apadoHos*, O.B. Jlebigb*, M.O. Myegnos-letpocan*. M mogentoBaHHs GeTaiHiB Pavixapara y miue-
nax MAP: BigMiHHa opieHTauis i conbBaTauisa KaTiOHHUX, LBITEP-IOHHMX i aHIOHHMX hopM BapBHKMKIB y NceBoogda-
3i.

* XapkiBcbkuii HauioHanbHWi yHiBepcuTeT iMeHi B.H. KapasiHa, xiMiyHMIA dpakynbTeT, MangaH Ceoboau, 4,
Xapkis, 61022, YkpaiHa

ConbBaTOXpOMHI iHAMKaTopKu pAay nipuanHin N-cbeHonaTiB, Takox Bigomi sik 6eTailn Palixapara abo 6apBHMKK
Palixaparta, 4acTo 3acTOCOBYHOTLCSA AN AOCMIOAXKEHHS HE TiNbKM YNCTMX abo 3MillaHWX PO3YMHHUKIB, ane TakoXx i
Pi3HOMaHITHMX KOMOIQHUX arperatiB, Takmx SK MiLenu noBEepXHEBO-aKTUBHUX PEYOBUH, Kpanfni MiKpoemynbCin
Towo. LLlo6 BusiBUTU NnokanisaLito LmMx MONEKYNsSPHUX 30HAIB Y MiLensipHin ncesgodasi, My HelloaaBHO 3acToCy-
BanM MeTo4  MOJIEeKyNspHO-AMHAMIYHOrO  MOAENIoBaHHSA  Ans  craHgaptHoro  6GapBHuka,  4-(2,4,6-
TpudeHinnipuanHini-1-in)-2,6-audenindeHonaTy Ta TpbOX iHWNX GapBHUKIB LbOro CiMencTea 3 BinbLIOD Ta MEH-
LUOO rigpodoBHICTIO. Y gocnigKeHHi po3rnsaHyTi Sk 3abapBneHi, Tak i NPOTOHOBaHi (kaTioHHi, 6e36apBHi) dopmu,
OCKINbKM Ui CMOMYyKN TakoX BUKOPUCTOBYKOTBCA AK KMCMOTHO-OCHOBHI iHAMKATOpU AN MiLensipHux cuctem. Y
OaHin poboTi MM NpoOoBXMM Le AocnimkeHHsa. ML moaentoBaHHsl 3acCTOCOBaHe ANsl Le TPboX GapBHUKIB Y Mi-
uenax H-gopeumncynbdaTty HaTpilo i LeTuntpumeTunamoHin 6pomigy. JocnimkeHi HacTynHi cnonyku: (i) Haw-
Oinbw  rigpodobHun  BapBHUK, WO  MIiCTUTb N'ATb  TpeT-OytunbHux  rpyn, 4- [2,4,6-Tpu(4-TpeT-
OyTundeHin)nipuaunHin-1-in]-2,6-gu(4-tpet-6ytundeHin) deHonsT, (i) 6apBHUK i3 BYrneBOAHEBOK NETNel Ha-
Bkoro atoma OkcwureHy, 4-(2,4,6-TpudeHinnipnaunHin-1-in)-H-(3,5-HoHameTnneH) deHonaT Ta (i) 6apBHYKK i3 go-
0ATKOBOK  KapOOKCUNBHOK — FPynow, MpuedHaHo A0 OGEeH3eHOBOro  Kinbus  HaBNpoTU  cheHonATy,
4-(4-kapbokcunartdeHrin-2,6-gudeHinnipuanHin-1-in)-2,6-gnderindeqHon. OpieHTauis | conbBaTauis KaTioHiB,
LBiTEp-ioHIB (SIK 3abapBrieHnx, Tak i 6e3b6apBHMX) Ta aHiOHY OCTaHHLOrO GapBHMKA B Milenax BUSIBUNNCS Pi3HO-
MaHITHUMW 3anexHOo BiA4 MONEKYNSAPHOT CTPYKTYpW Ta CTaHy ioHi3auii. Pe3ynbTaTn nopiBHioBanucs 3 pesynbrarta-
MM, OTPUMaHMMM paHille Ans cTaHaapTHoro 6apBHMKa. Y Aeskux Bunagkax Hambinbll BiporigHa opieHTauis 6ap-
BHUKIB y ixHix 6e36apBHUX cdhopmax NpoTunexHa o cTaHdapTHoro GapBHuka Pavixapara, To6To ix OH-rpyna
cnpsiMoBaHa [0 LieHTpY Milenu.

KniouoBi cnoBa: conbBaTOXpoMi3M, MONSIPHICTb, AofeunncynbdaT HaTpito, Bpomig LeTUNTpUMETMNAMOHItD,
nokanisauisi, opieHTauis, rigpatadid, MonekynspHo-guHamiyHe MOAentoBaHHS.
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