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JIlOMUHeCLeHTHas TepMOMETpPUS — CTPEeMUTENIbHO
pPa3sBMBAKOLWMNIACA HAY4YHbIV MeTOA, OCHOBAHHbIN
Ha 3aBMCUMOCTU JIIOMUHECLLEHTHbIX

M CNeKTPaJibHbIX XapaKTEPUCTUK HAHOPa3MepHbIX
u3slyyaTesnen oT TemnepaTypbl. TOYHOCTb
AaHHOro MeToja CylecTBeHHbIM 06pa3om
3aBUCUT OT UCMOJIb3yeMbIX TEOpPETUYECKNX
MoJesieil, OnucbIBaloOWUNX TeMNepaTypHoe
nosegeHue CNeKTpoB. B HacTodwen paboTe Mbl
NpMBOAUM KpaTKUIi 0630p HaLIMX HeAABHUX
pe3y/ibTaToB, CBA3aHHbIX C HOBbIMU NOAXO0AAMMU

K ONMUCAHUIO TEMNEPATYPHOrO yLIUpeHUs
CNeKTPabHbIX JIMHUA OAUHOYHbIX OpraHN4yecKux
MoJieKy/ B NOJIMMEpPHOI MaTpuLie Kak pe3y/ibTaTa
3/1eKTPOH-GOHOHHOI 0 B3auMoaencTeus. Mbl
nosaraem, YTo pacCMaTpMBaeMbI NOAXO0A, MOXET
6bITb yCMewWwHO NPpUMEHEH A5l pasHO06pa3HbIX
nepcneKTUBHbIX U3NTyvaTesien, UCNoJib3yeMbiX
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Luminescent thermometry is a rapidly growing
scientific method based on the dependence of
the luminescent and spectral characteristics

of nano-sized emitters on temperature. The
accuracy of this method depends significantly

on the theoretical models used to describe the
temperature behavior of the spectra. In this
paper, we provide a brief overview of our recent
results related to new approaches to interpreting
the temperature broadening of the spectral lines
of single organic molecules in a polymer matrix
as a result of electron-phonon interaction. We
believe that the approach under consideration can
be successfully applied to a variety of promising
emitters used in luminescent thermometry.
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ing scientific field, covering a wide range of areas

from cell biology [1] and terranostics [2] to catalytic
chemistry (3] and microelectronics [4]. In fact, we are
talking about a type of nanosensing: luminescent ther-
mometry uses nano-sized fluorescent labels, which can
be used in tasks where the use of traditional methods of
temperature measurement is ineffective or completely
impossible. The most widely used fluorescent labels are
organic molecules in shells of biocompatible polymers
[5, 6], nanoparticles containing lanthanide ions [7] and

I uminescent thermometry today is a rapidly develop-
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6uonmoruu [1] ¥ TEPaHOCTHKH (2] 10 KAaTAIUTHYECKOH
XMMHUHU [3] 1 MUKPO3/IeKTPOHHUKH [4]. PaKTHYeCKU pedb
HJeT O Pa3HOBHUIHOCTH HAaHOCEHCOPUKM: B JIIOMHHEC-
LIEHTHOM TepMOMETPHM IIPUMEHSIOTCSI HaHOpasMep-
Hble IyopecLIUpYIOlle MeTKH, KOTOpble BO3MOXKHO
HCII0/Ib30BaTh B TAKUX CUTYaLIUsIX, KOI/Ia IPUMeHeHHe
TPaAHULHOHHBIX METONOB H3MepeHHS TeMIIepaTypsl
Mas103pdeKTHBHO HJIH IIOIIPOCTY HEBO3MOXKHO. B Kaue-
CTBe (IyopecLUPYIONIUX MeTOK Haubosbllee pac-
[IpOCTpaHeHUe IIONyYWIH OpPraHUuYeckue MOJIeKYJIbI
B 0bo/o4Ykax 13 6HMOCOBMECTHMEBIX ITOTHUMEPOB [5, 6],
HAaHOYACTHIIBI, Cofiepskalliie MOHBI JIAHTAaHOUZOB [7]
M HOHBI I1ePeXOfHBIX MeTaJUIOB (8], LIeHTpBl OKpackH
B a/iMa3ax MU APYrHUx KpUcTamwiax [9, 10], monymnpoBo-
OHUKOBEIe [11] ¥ yriepogHble KBAHTOBbIE TOUKH [12].

Cpenu pasHoobpasHBIX METOJOB M3MEPeHHUs TeMIle-
paTyphl IIpU IOMOLIM JIIOMHHecCHeHIIMH [13], K KoTo-
PbIM OTHOCSITCS. BBIUKC/IEHHEe MHTEHCHBHOCTHU SIPKOIO
[IMKa B CIeKTpe, pPaTHOMeTpHs (M3MeHeHHe OTHOCH-
Te/IbHOK HHTEeHCHUBHOCTH Pa3sHBIX IIUKOB B CIIEKTpe),
HM3MepeHHe BpeMeHH (QyopecLieHIIMH 1 ee II0JIspH3a-
LM, 3HAUUTEIbHOE PACIIPOCTPaHeHHUe IIO/TYyYH/IM IIOJ-
XOJIbl, CBSI3AaHHBIE C U3MEPeHUEM CIIeKTPATIbHBIX XapaK-
TepUCTUK bechoHOHHOM nuHUH (BOJI) [14]: ee M PUHEL
U casura. TemmeparypHoe moBefeHue BOJI B 3HaUYM-
TeJIbHOM CTelleHH OIlpefeseTcsl B3aHMOAeHCTBHEM
U31y4dartens ¢ oHOHaMH [15], UTo genaeT KparHe aKkTy-
QJIPHBIM IIOMCK TEOPEeTHUYeCKHX MOJesek, CII0COOHBIX
C BBICOKOI TOUHOCTBIO IIPe/CKAa3bIBaTh TeMIIEPAaTypPHOe
noBeqeHue bOJI.

Huke MBI HPHUBOOUM KpPaTKUH 0630p HaIIMX
HeJaBHHUX pe3ynbTatoB [16,17], CBSI3aHHBIX C IIOMC-
KOM aJleKBaTHBIX MHMKPOCKOIIHYECKHX Mofeler
3JIeKTPOH-GOHOHHOTO (3®) B3aUMOIEHNCTBUS IS IIpH-
MeCHBIX MOJIeKy/Jl B IIOJIHMMEPHBIX MaTpulax. s
3TOr0 HaMHU OBUIM BIIEPBBIe HM3MeEpPeHBl TeMIIepaTyp-
HBble 3aBUCHUMOCTH IIHMPHHBI BOJI B CIIeKTpax Bo36yk-
OeHUs GryopeclieHLIHMH ONWHOYHBIX MOJIEKY] TeTpa-
TpeT-OyTHNTepprieHa (TET) B MOMKMMEPHOM MaTpHIie
nonuu3sobyTrieHa (ITMB) B TeMIIepaTypHOM [JHaIla30He
15-70 K, B KoTopom BKIajJ P B3aMMOAEHCTBHS SIBIS-
eTcsl OIpefe/sIIoIUM. DKCIIePUMEHTAIbHbIE H3Mepe-
HUS IPOBOAMJIMCh Ha YHUKATBHOM KPHOTeHHOM 3IIH-
TIOMHHECLIEHTHOM MMKPOCKOIIe-CIIeKTpoMeTpe (CM.
nogpobHocTH B [18]), MO3BOMSIOIIMM IIPH IIOMOIIH
CCD-kaMephl OJHOBPEeMEHHO [eTeKTHPOBaTh ¢Iyo-
peclieHTHble H300paskeHHs BceX OM, HaxONSIIMXCS
B €ro I0jIe 3peHHHU. B xole sKCIlepruMeHTa OCYIeCTBIIA-
7I0Ch CHHXPOHHOE CKaHHPOBaHHKe YaCTOThl IIepecTpau-
BaeMoOro ja3epa B 06/1aCTH IOITIOIIEHHS ITPHUMECHBIX
OM U [eTeKTHpOBaHHe (JIyopeclieHTHBIX H3006paske-
HHUM. BIIOC/IeACTBHMH MPU IMIOMOIIHM KOMIIBIOTEPHOTO
aHanu3a Ha QIyopecLieHTHBIX M300paskeHHUSIX pac-
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transition metal ions [8], color centers in diamonds and
other crystals [9, 10], semiconductor [11] and carbon
quantum dots [12].

Among the various methods for measuring tempera-
ture using luminescence [13], which include monitoring
the intensity of a bright peak in the spectrum, ratiom-
etry (changes in the relative intensity of different peaks
in the spectrum), as well as measuring the fluorescence
lifetime or its polarization, approaches related to mea-
suring spectral characteristics of a zero-phonon line
(ZPL) [14] (its width and spectral shift) are widespread.
The temperature behavior of ZPLs is largely determined
by the interaction of the emitter with phonons [15],
which makes it extremely important to search for theo-
retical models capable of predicting the temperature
behavior of ZPLs with high accuracy.

Below we provide a brief overview of our recent
results [16, 17] related to the search for adequate micro-
scopic models of electron-phonon (EP) interaction for
impurity molecules in polymer matrices. To do this,
we firstly measured the temperature dependences of
the ZPL width in the fluorescence excitation spectra of
single tetra-tret-butylterrylene (TBT) molecules (SMs)
encased in the polymer matrix of polyisobutylene (PIB)
in the temperature range of 15-70 K, where the EP
interaction is significant. Experimental measurements
were carried out on a unique cryogenic epi-luminescent
microscope-spectrometer (see details in [18]), which
allows to simultaneously detect fluorescent images of
all SMs located in the CCD camera field of view. Dur-
ing the experiment, synchronous detuning of the tun-
able laser wavelength in the region of absorption of
impurity SM and detection of fluorescent images was
carried out. Using computer analysis, individual SMs
were recognized in the fluorescent images, after which
the dependences of the integral luminescence intensity
of the SM on the excitation wavelength were plotted.
In this way, SM fluorescence excitation spectra were
obtained, where the accuracy of the ZPL width deter-
mining depends on the parameters of the laser (laser
linewidth, detuning step) and the signal-to-noise ratio
in the experiment.

An example of temperature-dependent spectra for SM
TBT in a PIB matrix is shown in Fig. 1. We approximated
the data using either a Lorentz contour or the sum of two
contours. The latter was due to the detection of the pho-
non sideband in the spectra at temperatures >40 K [14].
Since the true ZPL shape corresponds to the Voigt profile,
we used computer simulation of the spectrum to deter-
mine the phonon contribution to the broadening y,,(T).
The contour of the spectral line I(w,,, T) measured in
the experiment was modeled as a convolution of the
Gaussian laser profile and the Lorentzian ZPL shape,
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[I03HABA/IUCH OTAeNbHBIE OM, IOCIe Yero AJIsi HUX
CTPOHJIUCh 3aBUCHMOCTH HHTErPAIbHON HHTEHCHUBHO-
cTy cBeueHHs OM OT 4acTOThl BO30OyskmeHHs. TaKUM
obpasom 6bUTH CPOPMHUPOBAHEI CIIEKTPHI BO3OYKAEHHUS
dnyopecLieHIIMH, B KOTOPBIX TOYHOCTb OIIpefeleHHs
mupuHbl BOJI onpesenseTcss mapaMeTpaMu Bo36ykaa-
IOIIero jasepa (LIMPUHA JIA3ePHOHM JTUHUU, IIAT Iepe-
CTPOMKH) U COOTHOIIEHHEM CHUTHAI/UIYyM B KOHKpET-
HOM 3KCIIeEPHMEeHTe.

[IpyuMep TeMIIePaTyPHO-3aBUCHMBbIX CIIEKTPOB IS
OM TBT B matpuue I[IHMba nipuBemeH Ha puc. 1. DKcIie-
PUMEHTA/IbHbIE JaHHbIE MBI AlIIIPOKCUMHUPOBAIH IIPU
oMoy Jubo KOHTypa JIopeHIa, 1160 CYMMBI ABYX
KOHTYPOB. [TocienHee 65110 00YC/IOBIEHO I€TEKTHPOBA-
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where integration was replaced by summation to sim-
plify calculations:

laser?

v 2VIn2 0-0,., ’
- Z—n \/Eymerexp{ll 1112[ J }[ (

o laser

10 o T )=
¥(T)/2

0- u)ZPL)2+ (y(T)/Z)Z] ,

where ), corresponds to the laser frequency, v, is
the laser line width, y(T) is the desired ZPL width,
w,p; 18 its spectral position. Using the previously known
values of yj,¢; and wyp in the calculations, we simu-
lated spectral lines, which, like the experimentally
measured ZPLs, were approximated by the Lorentz
function. The value of y(T) when the widths of two

JL T=15K A T=20K T=25K
L 1 L 1 L 1 L 1 L 1 L L 1 L 1 1 1 1 1 L 1 1 1 1
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
A T=30K J\ T=35K A T=40 K
1 1 1 L 1 L 1 1 1 1 1 1 1 L 1 1 1 1
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| n | n | n | n | | n | | n | n | n n | n | n | n | n |
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Laser frequency detuning (cm™1)
Puc. 1. Cnekmpbl 8036y>kdeHust payopecueHuuu 00UHO4HOU monekyabl TET 8 mampuue MBa npu pasAudHblx memnepamypax.
Fig. 1. Fluorescence excitation spectra of a single TBT molecule in a PIB matrix at different temperatures.
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HHeM B CIIeKTpax IIpU TemIiepatypax > 40 K poHOHHOro
Kpbula [14]. Tak Kak HcTHHHas dopma BPJI cooTser-
cTByeT mpodumio $orrra, Ons ompeneneHUs GOHOH-
HOro BKIAAA B ymupeHue Y, (T) Mbl HCIIOIb30BAIH
KOMIIBIOTEPHOE MOJeJIMpoBaHue CIreKrpa. KoHTyp
H3MepseMOl B SKCIIePHMeHTe CIeKTPaJbHON JIMHUU
I(w},6er, T) MOZEMHPOBAJICA KAk CBEPTKA I'ayccoBoro Ipo-
buns nasepa u JlopeH1ieBoi Gopmel BDJI, rae UHTETpU-
pOBaHUe /ISl YIIPOIIeHHs pacdyeToB 6bII0 3aMeHeHO Ha
CYMMHPOBaHHE:

I((’O laser’T )=
2
_y 22 exp 41n2[w_wlaser] Y(ZT)/Z 2| (D,
© nﬁylaser laser (m_wZPL) +(Y(T)/2)

LI O),5er COOTBETCTBYET YACTOTE JIA3€Pa, Yi,g0r ~ LIMPHHA
nasepHoX TUHUH, Y(T) - MicKoMas KUpKUHa BOJI, w,p —ee
CIIeKTPaJIbHOe II0JIOKeHHe. LICIIonb3ys IIpH BBIYKCIIe-
HHUSIX 3apaHee M3BeCTHbIe BETUUMHEL Y eor U Wyzpy, MBI
MOJE/IMPOBA/IH CIIeKTPaJIbHbIe TMHHHU, KOTOpbIe TaK Ke,
KaK M 3KCIIePHMEHTIbHO HU3MepeHHble BOJI, amnmpok-
CUMUPpOBAINCh QyHKIMel JlopeHla. 3HadeHue Y(T),
[P KOTOPOM IIHPHHBI ABYX JIOPeHLIeBbIX IIPOodUIIeH,
COOTBETCTBYIOIIMX PeajbHO H3MepeHHOMY K MOZeNb-
HOMY CIIeKTpaM, COBIAIalIH, 6paiock 3a HCKOMOe.

TOYHOCTh H3MepeHHs TeMIIepaTyphl IIPU IIOMOILIM
JTIOMHHECLIEHTHON TepPMOMETPHUH O4YeBHAHO 00yC/IOB-
JleHa HCIIOIb3yeMBbIMH TeOpeTHUeCKUMH II0AXOJaMU
IJIsL ONIMCAHUS TeMIIepaTypHOIo IOBefeHUs CIIeKTPOB.
B ciydae, Korza peub 3axoguT 06 9P B3aMMOIEHCTBUH,
KaK IIpaBHJIO, IIPUMeHseTCd TPaJAULKMOHHBIN IIOIXOZ,
pacCMaTpHUBAIOIIMKM TeMIlepaTypHOe yIIHpeHHe BOJI
KaK pe3y/lbTaT C1aboro B3aWMOMEHCTBHUS H3/IydaTess
nubo € aKyCTHYeCKUMH (GOHOHAMHM (XOPOIIO H3BeCT-
HBIM 3aKOH YIIMPeHUs yph(T)~T2)) [19], nmubo c otmenn-
HBIMH KBa3MJIOK/IM30BaHHBIMK MozaMHu [20], Korga
[IPOTHO3KPYeTCs KBa3H3KCIIOHEHIIUA/IBHBIE XapaKTep
ymupeHHs. Ha Halll B3IVISZ, TaKOM ITOAXO[ He MOXKET
CUMTaThCSl [0 KOHLA YyJAauHBIM. Bo-IlepBBIX, COBep-
IIEeHHO He OYeBUIHO, YTO HMeeT MeCTO HMeHHO c1aboe
90 B3aMMOJeNCTBHe, BO-BTOPBIX, pacCCMOTpeHHe ILIOT-
HOCTH KosebartenpHBIX cocTossHUM (IIKC) maTteprana
KaK B paMKax MofienH [Jlebasi, Tak U B BU/le eITUHUYIHOM
Moznpl JlopeHIIeBoM (GOPMBI Ka’KeTCs H3IHIIHE YIIPO-
IIeHHBIM K He OTPa’KAIOIIMM CBOMCTBA PeasIbHBIX TBEp-
JOTeJIbHBIX M3/IydaTesIeH.

[t obbsicHeHHsI HAblIIOaeMOro TeMIIepaTypHOIO
ymnpenus B®JI OM TBT B 1K Be Hamu 611 ITpefijIosKeH
HeCKOJIBKO HHOH BapHaHT OIIHMCAaHMS, OCHOBAaHHBIM
Ha NpHMMeHeHHUH ob1meli Teopuu I B3aMMOJEHCTBUS,
paspaboranHor U.C.Ocampko [21]. [JaHHBIA MOOXOL,
II03BOJISIeT pacCMaTpuUBaTh JP CBSA3b /OGO CHIIBI,
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Lorentzian profiles corresponding to the actually mea-
sured and model spectra coincided, was taken as the
desired one.

The accuracy of temperature measurements using
fluorescent thermometry is determined by the theo-
retical approaches used to describe the temperature
behavior of the spectra. For the case of EP interaction,
a traditional approach is usually used: It considers the
temperature broadening of the ZPL as a result of weak
interaction of the emitter either with acoustic phonons
(the well-known broadening law y,;,(T)~T2)) [19] or with
individual quasi-localized modes [20], when the quasi-
exponential law of the broadening is predicted. In
our opinion, this approach cannot be considered com-
pletely comprehensive. Firstly, it is not at all obvious
that it is the weak EP interaction that takes place; sec-
ondly, consideration of the density of vibrational states
(VDOS) both within the framework of the Debye model
and for the case of a single mode of the Lorentzian
shape seems overly simplified and does not corresponds
to the real solid-state emitters.

To unravel the observed temperature broadening
for SMs of TBT in a matrix of PIB, we proposed another
explanation, based on the general theory of EP interac-
tion developed by I. S. Osadko [21]. This approach allows
one to consider EP coupling of an arbitrary strength
based on VDOS of arbitrary shape. By means this the-
ory, we were able to give an acceptable explanation of
all the experimental data obtained only by considering
the so-called resonant vibrational modes [22]. In fact,
such vibrations result from the hybridization of the
eigenmodes of the impurity molecule and the normal
modes of the matrix. We have shown that, taking into
account the VDOS for solids under study, it is possible
to explain various types of broadening y,;(T) using only
two fitting parameters.

An example of a successful description is shown in
Fig. 2. To calculate, the following system of equations
was used:

1 -
va(T)=5= 1, In{L+n(0)[n(0)+1](U, - U, f Ty (o)1, (0)}do,
n(w)= [exp(hm/kT)—lT,

Ty, ((’)) =Tppp (“))/([1 - Uo,lgpm (0’)]2 + [UO,IFPIB (w)]z )’
Qp(w) = (2/11:)_|.:\11"P1B(\/)/((03 —vz)dv,

Tpip (@) = 10Dy () / J‘OMO‘)ZDPIB (0)do. &)

Here Iy, pp)(®) are spectral phonon functions cor-
responding to the spectrum of resonant modes for the
ground (0) and excited (1) electronic states of the SM, as

well as the spectrum of normal modes of impurity-free
PIB (PIB). Dpp(w) - VDOS of pure PIB, U, ; - quadratic cou-
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npyuyeM ucrons3yst ITKC mpou3BonbHOM GopMbl. MBI
IPUIUIM K BBIBOAY, YTO AATh IIpHemMseMoe OOBsCHe-
HHe BCeX IOJy4eHHBIX 3KCIIePHUMEHTA/IBHBIX NAHHBIX
BO3MOXKHO TOJIBKO B PAMKAaX PacCMOTpPeHHS T.H. Pe30-
HaAHCHBIX KoyebaTe/bHBIX MOZ, [22]. PaKTHUeCKU TaKHe
KoslebaHUS SIB/ISIOTCS CJIefCTBHEM MOPUIU3ALIUU Cob-
CTBEHHBIX MOJ IIPUMeCHON MOJIeKYy/Ibl i HOPMaJIbHBIX
Mo, MaTpHIIbl. HaMu 6b110 [TOKA3aHO, UTO, IPUMeEHSIs
IIPH BEIYKC/IEHMSIX U3BecTHYIO ITKC /15 mcciemyeMoro
MaTepHana, MOKHO OOBSICHHUTh pasHOOOpa3HbIe THIIBI
ywuperus Yy (T), HCIIONB3yst IHILb BA [IOATOHOYHbIX
mapaMeTpa.

[IprMep YCIIEMIHOIO OMMCAHMS MOKa3aH Ha PHC. 2.
J1J14 BBIUMC/IEHM S KCTI0/Ib30BAIMCh C/IeIy0IIast CHCTeMa
YPaBHEHHH:

v(T)= 5 [, Infi+an(o)[n(0)+ 1](U, - U, Ty (o)1 (o)} do,
n(0)=[exp(ro/kT)-1]",
2 (©) = T (0)/{[1- Uy @0 (0) ] +[ UpaTis ()] ),
Qpip(0) = (2/7) | VT (v)/ (@ =2 ) v,

oy (0) = TEOJDPIB(('O)/J:(DZDPIB (0)do. 2

3nech Ty ) pip)(®w) — criekTpasbHble GOHOHHBIE QYHK-
LI, COOTBETCTBYIOLIHE CIIEKTPY Pe30HAHCHBIX MOT,
mu1st ocHOBHOTO (0) ¥ BO30yskIeHHOTrO (1) 37IeKTPOHHOTO
COCTOSHUIM NpHUMecHOM OM, a TaKkKe CIeKTpy HOp-
ManbHBIX Mop, HecripumecHoro ITHBa (PIB). Dpp(w) -
IIKC 6ecripumecHoro ITHMBa, U, ; - KOHCTaHThI KBaJpa-
THYHOM CBSA3HU. M3 CHCTeMBI yp. 2 CJlefyeT, YTO, 3Has
Dpjp(w) 1 mcronbsys U, ; B Ka4decTBe BapbUPyeMBIX
IIapaMeTPOB, MOXKHO BBIYMCIHUTH HCKOMYIO 3aBHCH-
MOCTb Ypu(T).

XOTsl HAIIM Ppe3yabTaThl HAMNPSMYI0 OTHOCSTCS
K OpraHUYecKHUM MoOJIeKyJaM B IOJIHMEepHOM
MaTpHlie, MBI I10JIaraeM, YTO OHH MOIYT 6bITh 0600-
IIleHbl Ha MIHMPOKUN KPYI JTIOMHHECLIeHTHBIX MaTepH-
anoB. Tak, Hanpumep, IpH U, ;-0 1 D(w) ~ w* paccMa-
TpUBaeMas MOAe/b CBeJeTCSI K XOPOLIO H3BECTHOMY
3aKkoHY Ypp(T)~T?. Kyna Gonpliuy MHTepec, OfHAKO,
IIpe[CTaB/ISAIOT CJIydau, Korga D(w) MoskeT OBITh IOy~
YeHa M3 IE€PBOIIPUHIIMIIHBIX pac4yeToB. HemaBHue
nyOMHMKalMK, IOCBSIIeHHble aHantudy S B3au-
MOZEHCTBUA IJIs1 LIEHTPOB OKPacKu B alMasax [23]
U fedeKTaM B IeKCaroHaJbHOM HHUTpHZAe bopa [24],
[OKAa3aJIM, YTO TaKas 3aJavya I[IPUHLIUIIHNAIBHO
peanusyema.

Pabora BhIIIONIHEHa B paMKax Tembl [3 MIITY mnpu
nogmep>kke  MMHMCTEpPCTBa  IIpocBemleHus PO
(AAAA-A20-120061890084-9). ABTOpBI SIBISIIOTCSL 4JIe-
HaMH Beflylllel Hay4HOR mKo/sl PO (HII-776.2022.1.2).
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Puc. 2. SkcnepumeHmanbHo usmepeHHvle 3HadeHust Y,,(T)
(Kpy>kKU), a makke meopemuyeckoe onucaHue npu NOMou4u
cucmembl Yp. 2 (KpacHas cnaolwHas kpueas). Ha ecmaske:
OyHKUUS Tppp () (cuHue auHus u wmpuxoeka), T y(w) (opan-
XKesble AUHUS U LWMpPUX08Ka).

Fig. 2. Experimentally measured values ofyph(T) (circles), as
well as a theoretical description using the system of Egs. 2
(red solid curve). Inset: function T'pp (@) (blue line and shad-
ing), T o(w) (orange line and shading).

pling constants. From the system of Egs. 2 follows that
using Dpp(w) and vary U, ; we can calculate y,(T).

Although our results directly relate to organic mol-
ecules in a polymer matrix, we suppose that they can be
generalized to a wide range of luminescent materials. So,
for example, with U, ;» 0 and D(w)~®?, the model under
consideration will be reduced to the well-known law
yph(T)~T2. Of much greater interest, however, are cases
where D(w) can be obtained from the first-principles
calculations. Recent publications devoted to the analysis
of EP interactions for color centers in diamonds [23] and
defects in hexagonal boron nitride [24] have shown that
such a task is fundamentally feasible.
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B Mockse ¢ 15 no 17 Hos6ps npowen nepabii
(opym-BbICTABKA HOBLIX MATepuanoB 1 Tex-
Honoruit  «AMTEXPO». B pamkax Aenosou
nporpammbl Gopyma 6bla MpOBeAEH KOHKYpC
WHHOBALMOHHLIX Pa3paboToK. [MaBHLIA npu3
B obnactu «HayyHole pa3paboTkum B 06macTu
HOBLIX MaTepuanoB M TEXHOMOTWI» MOAYYUA
HINM «MHxekT». KomnaHusg «HMM «WuxekT pas-
paboTana v CepuitHo BbIMYCKAET 0TeYECTBEHHbIN
MONYNPOBOAHWMKOBLIM TEXHONOMMYECKUI nasep
PLD-6 C MOLLHOCTLIO S1A3€PHOMO W3NyyeHns 6
KBT. Jlasep uCnonb3yetcss B HOBLIX TEXHONOrW-
Yeckux mnpoueccax TepmMoobpaboTku, mognudu-
Kawuv NOBEPXHOCTH, B HaNAaBKe. Jla3epHblil yy
KakK TeXHONOrn4eckuit WHCTPYMEHT MO3BOASET
C03/2BaTb HA NOKaNbHOW MOBEPXHOCTU AeTanu
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KOHLIEHTPaLMIO TEMMOBOA 3HEPTUN B LUIMPOKOM
[AMana3oHe MOLHOCTER.

Cpeau  pasnnyHbIX CMoco6OB MOBbILIEHWS
WM3HOCOCTOMKOCTU feTaneit (nernposaHue, 06b-
€MHadg W nna3MeHHas 3akanka, pa3inyHbie
METOZbI HanbiNeHUs U T.[.) TEXHONOrMA Nasep-
HOrO  TEPMOYMPOYHEHNs  3aHUMaeT ocoboe
MeCTo. TeXHONOTMM Na3epHOT0 TEpPMOYMpOYHe-
HUS UIMEIOT NPENMYLLECTBA MO CPABHEHNIO C ApY-
TUMU METOZAMM 3aKankiu. B OTAMumMe 0T Knac-
CUYeCKMX NPOLLeCCOB TepMOYNPOYHEHUS Harpes
Mpy N1a3epHOiA 3aKaske ABASETCS He 0GLEMHLIM,
a NOKaNbHBLIM MOBEPXHOCTHLIM MPOLECCOM, 4TO
MUHUMU3MPYET MOBOZKM M Zedopmauum obpa-
OOTaHHLIX AeTanedl. YNpouyHeHue fiydoMm mony-
MpOBOAHUKOBOrO Nla3epa OCYLECTBAsSeTCs 6e3

ONNABJEHNUS NOBEPXHOCTM — 3TO MCKAOYAET
N3MEHEHWE LIEPOXOBATOCTU M HEOBXOAMMOCTb
B Mocnefyloleil MexaHoo6paboTke (wandoske,
NOAMPOBKE).

https://amtexpo.ru
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