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B 3KCNepyMeHTa/IbHbIX YC0BUSAX UHAUKATPUCHI
paccessHUS eCTeCTBEHHbIX K/1IeTOK OT/IM4aloTCs

OT TEOpeTUYECKUX UHANKATPUC paccessHMUs YacTul,
uaeannsnpoBaHHoOM popMbl. DTO OT/IUYME ABNSETCS
K/loYeBbIM NapaMmeTpoM Npu BU3yanmsauum
XapaKTepUCTUK KNeToK, KOTOpbIi AaeT 0CTaTO4YHO
LeHHYIo nHbopmMauumio o CTpykType obpasua. Lienbto
HacToswen ny6ankauum aBnseTcs AeMoHCcTpaums
pe3ynbTaTtoB aHanusa u 3D-Bn3lyanumsaumm guarpamMmm
HanpaB/@HHOCTN, ONTUYECKUX UHAUKATPUC
MHOT0OCHbIX YI/IOBbIX FeOMeTPUN 3KCNepuMeHTa

Ha pa3HbIX TPAEKTOPUSAX U peXXMUMaxX CKAHUPOBaHUS
o6pasua, BbIMOJIHEHHbIX HA CEMEeNCTBEe YCTAaHOBOK
6€3/1MH30BOM MUKPOCKONUUN 6MOI0rM4eCcKnX
npenaparos C yr/ioBbiM pa3speweHuemM "KsaTtepHuoH".
YcTaHOBKM paspaboTaHbl KON/IEKTUBOM aBTOPOB

B paMKax AByx/seTHero rpaHta PO®U B nepuogp c 2016
no 2017 roga.

BBEAEHWE

YI/I0BBIe 3aBHCHMOCTH ONTHUYECKUX XapaKTEePUCTUK
6ronoru4eckuxX CTPYKTYp C MO3HUIUIK OHOPHU3IUKHU
MOTYT 6BITh PAaCCMOTPEHBI KaK KOPPeNIsiT HUX YIbTpa-
Mopdonoruu (yn1bTpamMopdonorus - CyOKJIeToIHas
Mopdosorus). B CuIy 3TOro OHM MOTYT HCIIOTb30-
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Under experimental conditions, the indicatrices

of the scattering of natural cells differ from the
theoretical indicatrix of scattering of particles of an
idealized form. This difference is a key parameter
that help to visualizing the characteristics of cells,
which provides valuable information about the
structure of the sample. The aim of this publication
is to illustrate the results of the analysis and the
volume rendering of the visual patterns of radiation
patterns or optical indicatrix in the multi-axis
geometries of the experiments at different scanning
trajectories and speed regimes. Such methods may
be implemented on the "Quaternion"-type setups
for lens-free imaging of biological structures with
angular resolution. This setup family has been
assembled in 2016-2017 by our group and the work is
supported by RFBR (Project No. 16-32-00914).

INTRODUCTION

The angular dependence of the optical
characteristics of biological structures in terms of
biophysics may be considered as a correlate of their
ultramorphology, whereby physical descriptors of
cells and subcellular structures correlated can be
used as the key ones simultaneously correlated
with ultrastructural (which is identical to
nanostructured) characteristics of cells, and colloid
or in general, dispersed physical characteristics of
biological media.
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BaThCsl KaK K/IIOUeBble QU3HUUeCKHEe NeCKPUIITOPHI
KJIETOK U CYOKJIeTOUHBIX CTPYKTyp, COOTHOCHMBIe
OLHOBPEMEHHO C Y/IbTPACTPYKTYPHBIMHU (4TO TOXK-
IeCTBEHHO - HAaHOCTPYKTYPHBIMH) OCOOEHHOCTSIMHU
KJIETOK, a TaKKe KO/UIOMJHBIMHU H/IH B obImem ciy-
Yae AUCIHEPCHBIMH (QU3HUUYEeCKHMH XapaKTepHUCTHU-
KaMu 6H0/IOru4ecKUX Cpef.

YrnoBasi 3aBUCMMOCTb MHTEHCUBHOCTH PacCesiHU S
cBeTa (MHAMKATPHCA) IIPeJICTaB/seT, C TOUKH 3peHUS
[O/ISIPH3aI[MOHHO-Hede/IOMeTPUYeCKOro aHaln3a
M LIUTOMETPHUYECKOro OIpefe/leHUs THUIIOB KJIEeTOK,
Hauboree KOMIUJIEKCHBIM JECKPUIITOP UX HIEHTHU-
duKaLUM, OCHOBAHHBIN HAa MHIUBUIYAJIBHBIX CBOM-
CTBax pacceMBAIOIIUX H3/1ydeHHe 4dacTHI] [1]. B aKc-
[epUMeHTa/IbHBIX YCIOBUSX eCTeCTBeHHBIe KJIeTKHU
06/1a1aI0T CyIIeCTBEHHBIMHU 11 FeOMeTpPHYeCcKOH
(cnemoBaTenbHO, MOP)OIOrUUeCcKoOM) HIAeHTUDHKA-
LMK OTKJIOHEHHUSIMHU B HMHAHKATPHUCAX pacCCesHHUS
OT aNNpPOKCHMAIMK YacTHLAMHK HAeaTH3UPOBaAH-
HOM GOPMBI C MHAMKATPUCAMU PaCCesiHHUSI, BBIUMC-
JeHHBIMU Ha OCHOBe Teopuu Mu, Metona T-MaTpHuIL
WIN JUCKPeTHBIX [JUIIONeH. OTH OTKJIOHEHHS
(MM HeBA3KH alIPOKCHMAIlUM) SIBASIOTCS TaKke
IOEeCKPUIITOPAMH XapaKTEPUCTHUK KJIETKH, IIOMHMO
mopdosoruu KJIeTKU. Mcxoos u3 aHajau3a MHIHKA-
TPUCBHI, MOKHO XapaKTepH30BaTh KOMILIEMeHTapHBbIe
IeCKPUIITOPBL. K MX YHCIy, B YaCTHOCTH, OTHOCSITCS
IokasaTesb IPeOMJIeHUS U KO03QPHULIMEHT IIOIJIo-
IIeHHs, pa3Mep, a TaKKe IONSIpU3aLIUs/IeoNspy-
3alus IydKa HU37ydeHHUs [2,3] B KJI€TOYHOM MHKPO-
cpene. Ha 6a3e KoMIIJIeKca 9TUX [TapaMeTPOB MOXKHO
IIPOM3BECTH JOCTATOYHO IIONHYIO KIACCHUHKAIHIO
YacTHUL/KIETOK [4,5].

CMBICT TepMHHA 'KOMIIJIEeME@HTAapHBIH AeCKpPHII-
TOpP' B HAHHOM Cjy4dae C/lefyeT TPaKTOBaTh KakK
[IOJIy4eHHe HepasfelHuMBIX 10 QU3UYeCKUM KpHU-
TEePUSM IIapaMeTpPOB B paMKax eJIHUHOIO 3KCIIePH-
MeHTa Ha OAMHOYHBIX UAEHTHOUIIHMPYeMBIX YaCTH-
Lmax/knerkax. Ilo pe3ynrbraTaM 3SKCIIepHMEHTA
PerucTpupyeTcs U KapTUpyeTcs (B CMBICIIe, a/IeKBaT-
HOM aHIIMMCKOMY TePMHHY "MaIMHT - oToOpaske-
HHe OHTOJIOTHH) TO UK MHOe KJIAaCCUPUKAIIMOHHOE
MHOKeCTBO. IIpH 3TOM OHO B3aKHMHO-OJHO3HAYHO
COIIOCTABIISIETCSI HOCUTENSIM JAHHBIX CBOMCTB, I103BO-
Nss OTHECTH ero K TOMY HJIM HHOMY CeMeMCTBY
KJIeTOK/ 4YacTull. KieTka/4acThlLa oIpefensieTcs
He KaKHMIM60 OJHHM I1apaMeTpPOM, a COBOKYIIHO-
CTBIO ITIAPaMeTPOB (TO, YTO B TOIIOJIOTHM HA3bIBAETCS
"Torma M TOJIBKO TOrAA, KOoraa' MM "Korma' Bce TOUKH
IIpUHAJJIeKaT JAHHOMY MHOKeCTBY).

EcTecTBeHHO, HHAHMKATpUCAa MOXeT CTPoO-
HTbCSL He TOJNBKO JJISI pacCesiHUS IyuyKa Ha KJIeTod-
HOI CTPyKType, HO WU AJs1 OTpakeHHs [6] - paBHO
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The angular dependence of the intensity of
light scattering (indicatrix) represents, in terms
of polarization and nephelometric analysis and
cytometric determination of cell types, the most
complex descriptor of their identification, based
on the individual properties of radiation-scattering
particles [1]. In the experimental conditions,
the natural cells have deviations (essential
for the geometrical (and hence morphological)
identification) in the scattering indicatrices from
approximation by the idealized- shape particles
with scattering indicatrices, computable based on
Mie theory, T-matrix method or discrete dipoles.
These deviations (or approximation disparities) are
also the descriptors of the cell characteristics, in
addition to the cell morphology. Proceeding from
the indicatrix analysis, it is possible to characterize
complementary descriptors, which include, in
particular, the refractive index and the absorption
coefficient, size, as well as the polarization/
depolarization of the radiation beam [2,3] in the
cellular microenvironment, based on the complex
of which a relatively complete classification of
particles/cells can be made [4, 5].

The meaning of the term "complementary
descriptor” in this case should be interpreted as
the receipt of the parameters, non-separable by
physical criteria, in a single experiment on single
identifiable particles/cells, the results of which
are used to record and map ("mapping” - ontology
matching) any given classification set in a one-
to-one correspondence with the carriers of these
properties, the assignment to which of any given
cell/particle is determined not by any of these
settings, but rather by a set of data parameters (as it
is referred in the topology "if and only if" or "when"
all points belong to a given set).

Naturally, the indicatrix can be plotted not only
for beam scattering on the cellular structure, but
also for reflection [6], as well as the scattering
indicatrix can be fixed or calculated using reflection
factor references [7]. The concept of relative
scattering indicatrix [8] allows us to extend the
concept of indicatrix to any formats of measuring
radiation, reflection, transmission and scattering.
Currently, not only abroad, but also in Russia, the
term "fluorescence indicatrix” is used in a standard
way [9].

In a certain approximation, it is possible to
compare the indicatrices of optical characteristics
to radiation patterns in radioelectronics (or the
corresponding projection of directograms in the
physics of radio waves propagation), determining
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Kak U HMHAUKATpHCa paccessHUS MOXeT (QUKCHPO-
BaTbCSl MM BBIYMCISITBCS C HUCIIOAb30BAaHHEM 3Ta-
JOHOB Ko3dduliMeHTa oTpakeHUs [7]. IloHsATHe
OTHOCHTE/IBHON HMHAMKATPUCHI paccesiHus (relative
scattering indicatrix) [8] mo3BonseT pacmpocTpaHUTD
IIOHSITHe UHAUKATPHUCH Ha JIIobble popMaTsl H3Mepe-
HUN HU3/1y4eHHUs], OTPakeHUs, IIPOIYyCKaHUS U pac-
cessHUS. B HacTosIee BpeMs He TO/IBKO 3a pybeskoM,
HO W B POCCHHM CTaHJIAPTHO HCIIONb3yeTCs TepMHUH
"MHIUKATPUCH dprayopecueHInu" [9].

B HEKOTOpOM IIPUOIHKEHUH MOKHO COIIOCTABUTH
MHAUKATPHUChl OINTHUYECKUX XapaKTepUCTHK AHa-
rpaMMaM HaIlpaBIeHHOCTH B paJHO031eKTPOHUKe
(1o COOTBETCTBYIOIIEl ITPOEKLIMU AUPEKTOrPaMM
B (H3MKe pacHpoCTpaHeHUS PafHoOBONIH). HMHAU-
KaTPUCY MOXKHO OIpeleNUTh KakK QYHKIHIO, Ipel-
CTaBJISIONIYIO IIPOCTPAHCTBEHHOE (B Ueane - B 06B-
eMe, a He Ha [UIaHaPHOM ITPOeKIUH) pacIipesie/ieHHe
MHTEeHCHBHOCTH H3JIy4eHHUS Ha BBIXOZe HCClefye-
Moro obpasua. ITo pacnpeseseHHe IIpeCTaBsIeTCs
B popMe BeKTOPHOH JHAaTPaMMBbl, B KOTOPOH Pafuyc-
BeKTODOB HMHTEHCHBHOCTH XapaKTepH3yeTcsl [IJIH-
HOU U HaIlpaBJIeHHeM KapTHPOBAaHUS C 3aJaHHBIMH
YIJIOBBIMU KOOPAMHATaMHU (HallpUMep — B KBaTepHHU-
OHHOM $opMe MM yInax Jijepa). B TakoM ciydae
dyHIaMeHTa/lbHOe 3HAaUeHHe A1 aHaAKu3a U dacert-
HOHM KJIAaCCUUKALIMH MW HASHTUUKALUH (QUH-
TepIPUHTHUHIA) KJIETOK B 3THUX KOOpJAHHAaTaX MOXKeT
HUIPaTh He TOJIBKO YIJIOBOE PpacIpefieieHHe pacce-
SIHHOT'O KJIETKOM M3JIy4eHUs, HO U YIJIOBbIe U IIOJIS-
pU3aLlMOHHBIE O0CODEHHOCTH COOCTBEHHOTO H3IIy-
YeHHS OKpallleHHON KM COAepsKalllell HaTHBHBIE
xpoModoprI KIeTKHU. [IpefjeIbHEIM C1y4aeM JaHHOM
3aflauu OyJeT IpaKTHYeCcKH KOTepeHTHOe pacIIpo-
CTpaHeHHe H3/yuyeHHs 6elKoB ¢ GIyopecleHTHBIMU
CBOMCTBaMHU, TaKuX Kak GFP (3enmeHbIEt dayopec-
LIeHTHBIH Oenok) [10,11], B KJIeTKe IIPU HAHOCEKYHA-
HOM HaKauke. CjeflyeT pa3/lnyaTh ero ¢ IPOTHUBOIIO-
JIO>KHBIM C/1ydaeM, KOIZa MMeeT MeCTO HOpMaJbHOe
pacmpefeneHHe HMHTEHCHBHOCTH HM3/Iy4eHHUS - 3TO
CBOMCTBEHHO SBJIeHHUIO OHONIOMUHECLeHIIUH, BO3-
HUKAIIeH BHE YCJIOBHM HMIIY/IbCHOM HaKa4KH.
Takoi pe3ynbTaT CBOMCTBEHEH OOBIYHOM TIOMHHeC-
LIeHTHOM MUKPOCKOITHH [12].

B CBSI3M C 3THM CyIIeCTBeHHOe 3HaudeHHe MJIs
BCeX MeTO[O0B, HCIIO/Nb3YIOIIHUX B KaueCTBe METPOJIO-
TUYeCcKOro KajaubpoBOYHOIO CHIHaJa YIJTIOBblE pac-
npefeneHUsl ONTHYeCKHX I[apaMeTpPOB, SBISeTCA
a/leKBaTHOCTh I'eOMeTPHUU CKaHHPOBAaHUS ('TOHHO-
MeTPUYEeCKOro ONTHYeCKOro TPaKTa') AHUAarpaMme
HaIlpaBJIeHHOCTU Ha BeIXofe obpasua. B muToCcuer-
YMKax JJIS 9TOr0 OOBIYHO HCIIONB3YIOT HECKOJIBKO
crocoboB. OOMH M3 HHUX - PedyKLHS YHCIa II03H-
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the indicatrix as a function, determining the
spatial (ideally, in volume, not in planar projection)
radiation intensity distribution at the output of the
studied sample, represented in the form of a vector
diagram with a proportionality of the radius-vectors
of parameter intensity in the mapping direction
with given angular coordinates (e. g., in quaternion
form or Euler angles). In this case, the fundamental
value for the analysis and facet classification or
identification (fingerprinting) of cells in these
coordinates can be expressed not only by the angular
distribution of the radiation scattered by the cell,
but also by the angular and polarization features of
the intrinsic radiation of a stained cell or containing
native chromophores cell. The limiting case of this
problem will be the practically coherent propagation
of radiation of proteins with fluorescent properties,
such as GFP (green fluorescent protein) [10, 11], in
a cell under nanosecond pumping; the opposite
case is the normal distribution of bioluminescence
beyond the conditions of pulsed pumping, which is
inherent in the results of conventional fluorescence
microscopy [12].

In this connection, the adequacy of the scanning
geometry ("goniometric optical path") to radiation
pattern at the sample exit is essential for all
methods using the angular distribution of optical
parameters as a metrological signal. In cell counters,
this usually involves either reducing the number
of data collection positions up to two positions,
which is fraught with loss of the main array of
relevant information, or detectors on a rotating
optomechanical/mechatronic lock, which gives the
problem of non-synchronous scanning (sometimes
leading to the impossibility of comparison and
colocalization of measurement data in a multi-
angle rendering of a non-stationary particle/cell),
or discrete arrays of detectors that give a discrete
display of descriptors, both in angular and spatial
coordinates. Despite the importance of this problem
(since the angular position of the minima gives
the possibility of calculating the properties of
particles/cells along with the ratiometric indices
of intensities at the angles of the maximum and
minimum), it has not been satisfactorily solved
to the present time, since, usually, the proposed
constructive solutions have a palliative nature,
worsening certain target technical characteristics
while improving others. There are no solutions
for scanning trajectories of complex shapes,
such as surfaces of the third order, as well as for
displacements in non-standard coordinate systems,
as shown by deep automated bibliographic analysis;
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LM cbopa JAaHHBIX (BILIOTH IO ABYX IMO3ULIHM, YTO
ypeBaTO IIOT€Per OCHOBHOI'O MacCHBA peleBaHTHOM
nHbopMaLuH). [Ipyron - mpHMeHeHHe NeTeKTOPOB
Ha BpallalpolieMcs ONTOMexaHH4YeCKOM/MeXaTpOH-
HOM ¢HKcaTope (4To co3zmaeT npobreMy HeCHHXPOH-
HOT'0 CKAHHPOBAaHHUS, BeAYIIYI0 HHOIA K HEBO3MOXK-
HOCTU COIIOCTaB/Ie€HHSI M KOJOKaAHM3aLUKU JAHHBIX
M3MepeHHU! IIPU MHOTOYIJIOBOM peHIepHUHIe HecTa-
LIMOHApPHOM 4YacTHUIbI/KJIeTKH). CAeAyOmMHMN CIIO-
cob - MCIONp30BaHHe NUCKPETHBIX MACCHBOB JeTeK-
TOPOB, AAIOIMIHUX JUCKPeTHOE, KaK II0 YIJIOBBIM, TaK
M II0 NPOCTPAHCTBEHHBIM KOOpPAMHATaM, oTobpa-
>KeHHe JecKpHIITOPOB. 3aZjada 3Ta BaXKHO, TakK KaK
yIJIOBOe II0JIOKeHHe MHUHHMYMOB JaeT B II0A06HBIX
MeTogax (Hapsify C paljMOMeTpPHUYeCKHMMH II0Ka3a-
TeJIsSIMHU HHTEHCHBHOCTEHM Ha yIJaX MaKCHUMyMa
Y MHUHHMYyMa), BO3MOKHOCTb BBIUMC/IEHHS CBOKCTB
YacTUL/K/IeToK). OmHAKO HECMOTPS Ha ee BasKHOCTD,
[0 HacTOsILI[ero BpeMeHH OHa 0CTaeTcsl HeyOBJIeTBO-
PUTe/IbHO PellleHHOH. [IpUYrHa KPOeTcsl B TOM, 4YTO
B OCHOBHOM Macce IIpejijlaraeMble KOHCTPYKTHBHBIE
pellleHHs] MMeIOT Ma/ZIMaTUBHBIA ~ YXy[ IO
OfHHU Lle/ieBble TeXHHUYeCKHe XapaKTepUCTHUKHU IIPU
yIy4IleHUH OPYIHX - Xapakrep. [UIsi TpaeKTOpHH
CKaHUPOBAHUS CJIOKHOM QOPMBI, TAKHUX KaK IOBEPX-
HOCTH TPeTbero Mopsifka, a Takke IlepeMelleHHI
B HeCTaHJAPTHBIX CHUCTeMaX KOOPAHUHAT, KaK IIOKa-
3bpIBaeT INIyOMHHBIN aBTOMAaTH3WPOBAHHBIN OHONH-
orpaduyUecKUM aHaAMU3, pellleHUI HeT. Bonee Toro,
masxke B paboTax, rme ciemoBasio 6Bl OCYIIECTBIISITH
cornacoBaHHoe (o reoMeTpuu obpasma) CKAaHHUPO-
BaHHe, TaKOM 3aflauM, KaK IIPaBHJIO, He CTABUTCH.
B HTore ymyckaeTcst KaueCTBEHHO HOBBIM IIACT AaH-
HBIX, MPeACTaBISIOMMN o060l yHHKa/IbHBIE B KOM-
II7IeKce eCKPUIITOPEl, B3aHMHO-OHO3HAYHO COIIO-
CTaB/IsleMBble C TeOMEeTPHel TOro MJIM MHOro obpasia
(MopdH3MBl, B TEPMHHOJIOTHH TEOPUHU KaTeropHI),
IIpoeLIipyeMBble Ha er0 FeOMeTPHUIO, BC/IeICTBHE Yero
XapaKTepU3yoIlue ero C MO3HUIIMOHHOM MU YIJIOBOM
YyBCTBUTE/IBHOCTHIO.

Hajmo ckasaTh, 4TO TpexMepHble GOTOMeTpPH-
YecKHe MHIHUKATPUCH HCIIONB3YIOTCA yKe ¢ 1970-X
romoB [13] mast xapaKTepHU3alUM yAAJeHHBIX 06B-
eKTOB M YYHUTBHIBAIOTCSI B MeTOJAX OITHYECKOH
TPUAaHTynsnuu [14]. PaguallMOHHBIN, B TOM UHCIIe
KOBeKTHUBHO-JIyUUCTBIHM, IIepeHOC TellJla B obbeMe
MHKPOTeTepOreHHOM Cpefbl BBIYMC/ISIETCS TOBKO
C HCIIONb30BaHHEM HHIUKATPHUC, UMEIIUX COOT-
BeTCTBYIOIIYI0 MeTpUKy [15], mAis dYero MoxeT
HCIIONIb30BaThCd TeXHHKA TPexMepHOIo aHasaM3a
Ha HMHAMKaTpucax [16]. C 1960-x rofoB H3BeCTHEI
pellleHHSI ypaBHeHHUS IepeHOCa H3JIy4ueHHUs MAJs
MHJIUKATPUC PacCesiHUS, CHIBHO OTAMYAIOUIHUXCS
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moreover, even in the researches where a consistent
scanning (according to the geometry of the sample)
should be performed, this problem is not usually
posed. As a result, a qualitatively new layer of
data is missing, representing descriptors unique in
the complex that are one-to-one comparable with
the geometry of a given sample (morphisms, in
the terminology of the category theory) projected
onto its geometry, thereby characterizing it with
positional and angular sensitivity.

It should be mentioned that three-dimensional
photometric indicatrices have been used since
the 1970s [13] for the characterization of remote
objects and are taken into account in the methods
of optical triangulation [14]. Radiation, including
convective-radiant, heat transfer in the volume of
a microheterogeneous medium is calculated only
using indicatrices having a corresponding metric
(15], for which the technique of three-dimensional
analysis on indicatrices can be used [16]. Since
the 1960s, the solutions of the radiation transfer
equation for the scattering indicatrix, which is very
different from the spherical one, are known [17].
However, most authors try to reduce the geometry
of model systems to a spherical form, based on
the computational features of the solution of the
inverse problem, at least in the first approximation
(18-23]. The scattering indicatrices of ellipsoidal and
spheroidal (ellipsoid of revolution) particles, which
degenerate into a sphere when all three semi-axes
are equal are considered less frequently [24, 25]; even
more rarely, cylindrical particles in the Wentzel-
Kramers-Brillouin [26] or Rayleigh-Hans-Debye [27,
28] approximations; the studies on particles of the
toroidal (and more complex) form are individual
and exotic [29]. In this case, as a rule, the geometry
of the particle is taken into account, but the
possible scanning geometry of the given experiment
is not included in the calculation, which quite
significantly limits the nomenclature of possible
particle geometries. A paradox of the optimality of
hematological analyzers is known which consists in
the fact that in using a standard system analyzing
the scattering of radiation in two solid angles
(2-6°, 8-15° of the polar angle), the hematological
analyzer is not optimal for measuring normal red
blood cells, but is suitable for measurements of
the parameters of the spherical erythrocytes [30],
i.e. the cells different from the native form that
arise either in the process of sample preparation
(spherizing with preservation of volume by the Kim-
Ornstein method) or as a consequence of anomaly
(spherocytosis associated with defects in the
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oT chepudeckon [17]. OmHaKO reoMeTpHUH MOJeJIb-
HBIX CHCTeM, HCXOAs K3 BBIUMCIHUTENbHBIX 0COOeH-
HOCTel pelleHHs 06paTHOM 3aJayu, OONBIIMHCTBO
aBTOpOB, II0 KpaKMHeH Mepe, B IIepBOM IIPHOIH-
SKeHUH, MBITaeTCsl CBeCTH K chepuueckon dopme
(18-23]. Pexke paccMaTpHUBAIOTCSI HHAMKATPUCHI
paccesHMs 3/UIMIICOMITANBHBIX MU CHeporJaNTbHBIX
(annuImcous BpallleHHs) YacTHL], BBIPOXKAAIOIIMXCS
B cbepy, Korga Bce TpHU IIOTYOCH PaBHBHI [24,25]; eme
peke - LMIMHIPHYECKUX YaCTHI] - B IpUOIMKe-
HUAX BeHTuens-Kpamepca-bpunniosHa [26] uau
PanesTaHca-Jlebas [27,28]; eIUHUUYHBIA U 3K30THUe-
CKHMI XapaKTep HOCAT paboThl IO YacTHULIAM TOPOU-
nanpHOM (1 6osee cioxkHOM) GopMbl [29]. IIpu 3TOM,
KaK IIPaBHJIO, YUMTHIBAETCS TeOMeTPHS YaCTHILIBL,
HO He BXOAHUT B pacyeT BO3MOXKHasl TeOMETPHUS CKa-
HUPOBAaHHUS JAHHOTO 3KCIIePUMeHTa, YTO JOBOJIBHO
CYIleCTBEHHO OIrPaHHUYMBAaeT HOMEHKJIATYypy BO3-
MOKHBIX TeOMeTPHH 4acTull. M3BecTeH mMapamoKc
ONTHMAaJILHOCTH IeMaTo/JIOTMYeCKHMX aHaIUu3aTOPOB,
3aK/IIOYAONIUICS B TOM, YTO IIPH HCIIOJb30BAHHUH
CTaHAAPTHBIX CHUCTeM, AHA/JHU3UPYIONIHUX pacces-
HHUe M3JIyueHHUs B [Ba TeJleCHBIX yIia (2-6°; 8-15°
IIOJISIPHOTO YIJIa), TeMaTo/JIOTHUeCKUI aHa/U3aTop
He SBJISeTCS ONTHMAJbHBIM [JI1 H3MepeHHS HOp-
MaJIbHBIX 3PUTPOLMTOB, HO IOAXOLUT /ISl H3Me-
PeHHs [apaMeTpoB CPepH30BAHHBLIX 3PUTPOLMTOB
[30], TO ecTh KJI€TOK, OTJIMYHOI OT HATUBHOK GOPMBI,
BO3HHUKAIOMHUX TU60 B Ipolecce MpobOmOAroTOBKU
(chepusanus ¢ coxpaHeHHeM oObeMa MeTOHOM
KI/IMa—OpHLLITeﬁHa), JTU60 KaK clefCTBUeE [1aTOJIOTUU
C pacIUIBIBUATOM 3THOJOTHel (cdepollnTo3, CBSI3aH-
HBIH C fedpeKTaMHU ITTHKOJIHUTHYECKOIo IIyTH U Aedu-
uuToM ATQ®; HacnencTBeHHBIM cHepOLIUTO3, CBS-
3aHHBIA C IIOTEpPer 4acTH MeMOpaHHBIX JTHIIH/IOB;
pPeakTHUBHEIe CPepOLIMTO3bl IIPH MeAHKAMeHTO3HOM
OKHCJIeHUH CYIbQUTHUAPUIBHBIX TIPYII; IapoK-
CHU3MajbHas HOYHasi reMOIVNIOOMHYpHS; Jerpaja-
MU MeMOpaHBI U yTepsl Tesel] [elHIQ NpHU IPoO-
XOXKAeHUH 3PUTPOLIUTOB Yepe3 cejle3eHKy, a TaKxKe
TPaBMBbl 3PUTPOLIUTOB IIPHU CTOJKHOBEHHUSIX C BHY-
TPUCOCYAUCTHIM GubpHHOM). B pesynbraTe 3TOro
3BPHUCTHYeCKAsI/IUAarHOCTHYeCKasl LIeHHOCTDb pe3yiib-
TAaTOB IOAOOHBIX LIUTOMETPUUYECKHUX H3MepeHUH
KPUTHUYeCKHU MOHMXKaeTcsi. CllefjoBaTelbHO, Heobxo-
JHMa NPUHIMIIMAJIBHO HOBAsl TeXHHUKA H3MepeHHH
M BHU3yaJM3alUUK OHONOTMYecKUX CTPYKTYp M IIaT-
TePHOB B3aHMOJEHCTBYIOLIEr0 ¢ HUMH H3/1y4eHHUSs
IIPH Pa3/JIMYHBIX TPAEKTOPHSAX U YIJIOBBIX PeKKMMax
CKAaHHUPOBaHMS, JAWOWas BO3MOKHOCTH KOMIIEHCH-
poBaTh AedeKThl U BO3MOKHBIE apTedaKTEl C yUeTOM
HM3MeHeHM MHTeHCUBHOCTH CHUIHaJIa Ha BCeX yIJIax
ckaHa buonoruyveckoro obpasua.
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glycolytic pathway and ATP deficiency; hereditary
spherocytosis associated with the loss of a portion
of the membrane lipids; reactive spherocytosis with
drug oxidation of sulfhydryl groups; paroxysmal
nocturnal hemoglobinuria; membrane degradation
and loss of Heinz’s bodies when red blood cells
pass through the spleen, as well as erythrocyte
injury in collisions with intravascular fibrin). As a
result, the heuristic/diagnostic value of the results
of these cytometric measurements is critically
reduced. Therefore, a fundamentally new technique
for measuring and rendering biological structures
and patterns of interacting radiation with different
trajectories and angular scanning modes is needed,
allowing for compensation of defects and possible
artifacts, knowing the change in signal intensity at
all scanning angles of a biological sample.

MATERIALS AND METHODS

The aim of this publication is to illustrate the results
of theanalysis and the volume rendering of the visual
patterns of radiation patterns or optical indicatrix
in the multi-axis geometries of the experiments
at different scanning trajectories and speed
regimes. Such methods may be implemented on
the "Quaternion"-type setups for lens-free imaging
of biological structures with angular resolution.
This setup family has been assembled in 2016-2017
by our group and the work is supported by RFBR.
Measurements in spherical geometry were carried
out on a five-axis system similar to that described in
[31] for rendering in the coordinates adequate to the
sphere, even though the cells in the sample could be
of arbitrary shape [32]. If in the standard methods of
analyzing the particle size distributions according
to scattering indicatrices the measurements were
made in the presence of speckle/speckle noise [33],
then for this type of instrument, the speckle was
also an informative signal. The rendering algorithm
was based on obtaining a gradient map of the laser
beam signal before and after passing through the
biological sample. Indicatrices/radiation patterns
were obtained by extrusion of the isophotes from
the surface of the coordinate projection grid to a
radius-vector proportional to the intensity of the
signal (according to the definition given in the
introduction). As a source of coherent radiation,
DPSS (diode-pumped solid-state laser) was used to
scan the yttrium orthovanadate crystal with an
NIR diode (A = 808 nm); in this case, the doubling of
the orthovanadate frequency (A = 1064 nm) occurred
on KTP (KTiOPO,), resulting in the scanner output
beam with A = 532 nm. Scanning at different speeds
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MATEPUAJIbI N METO/1 bl

Llesnpl0 HACTOSIIIEM NYOIHMKALMU SIBISETCS HEeMOH-
CTpaLlus Pe3y/JbTaTOB aHaAM3a U 3D-BHU3yalH3alUHU
OUarpaMM HaIlpaB/lIeHHOCTH, ONTHYeCKUX HHIU-
KaTPUC MHOTIOOCHBIX YIJIOBBIX FeOMETPHUM 3KCIIEepH-
MEeHTa Ha PasHBIX TPaeKTOPHUSIX MU pPeKHMaX CKa-
HUpoBaHHUS o6pasma, MMIIJIEMEHTHPOBAHHBIX
Ha CeMeNCTBe YCTAaHOBOK 6e3MH30BOM MHKPOCKO-
Uy 6MONOrMYeCcKUX IIperapaToB C YIJIOBRIM paspe-
meHueM "KBaTepHUOH', pa3paboTaHHBIX KOIIEKTH-
BOM aBTOpPOB B paMKax [BYyXJIeTHero rpaHra POOU
B nepuop ¢ 2016 mo 2017 rox. M3mepeHus B chepu-
YeCKOH reOMeTPHUH BeIHCh Ha MSATHOCHOM CHUCTEME,
Iof0OHOM OIKMCAaHHOM HaMHu B pabore [31], mpm
BHU3yaqM3allMH B KOOpPAHMHATaX, afleKBaTHEIX cdepe,
HeCMOTPSI Ha TO, UTO KJIeTKH B o6paslie MOIIH ObITh
npousBoabHON GopMbl [32]. Eciiu B CTaHAAPTHBIX
MeToJaxX aHaMM3a paclpesie/leHUH pa3MepoB YacTUIL]
[0 MHOMUKATPUCaAM paccessHUS H3MepeHHs BelHCh
B IPUCYTCTBHUH CIeKJIOB/CIeK/I-IIyMOB [33], To mis
OAHHOTO THIIAa IPUOOPOB CIIEKJ SIBJSUICS TaKXke
HUHQOPMATHUBHBIM CHUTHAJIOM. AJITOPUTM BH3yalH3a-
MK 6a3UpoBasICsS HA MOAYUYEeHUU KapThl IPafiHeHTa
CHUTHaJa JIa3epHOro Iy4YKa A0 U II0C/e IIPOXOXKIe-
Hus depe3 bronoruvyeckus obpaser. MHIUKATPHUCHL/
JUarpaMMBbl HaIlpPaBJIeHHOCTH II0JNy4Ya/lHCh IIyTeM
3KCTPY3UH H30QOT C MOBEPXHOCTH KOOPAHMHATHOM
IIPOeKLIMOHHON CeTKH Ha PpaJHyC-BeKTOp, IIPOIOp-
LIMOHAJIBHBIN HMHTEHCUBHOCTH CHIHana (COIJIacHO
JAHHOMY BO BBeJleHUHU OIlpefie/IeHHUIO).

B KaudecTBe MCTOYHHKA KOIePeHTHOIO M3/yue-
HUS [P CKAaHHUPOBAHHUH HCII0Nb30Baiu DPSS (TBep-
IOOTeNbHBIM jIa3ep C AHMOAHOM HAaKaduKOHM) C HaKady-
KOM KpHCTajljla OpToBaHazaTa UTTpusa NIR-AHomomMm
(A=808 HM). [IpH 3TOM YABOEHHE YACTOTHI U3/TyUeHHU S
oproBaHazarta (A=1064 HM) mpoucxonuao Ha KTP
(KTiOPO4), B pe3syabTaTe 4Yero BBIXOZHOM JIyd CKa-
Hepa 1Mes A=532 HM. [IpOM3BOAM/IN CKAHHPOBAHHE
Ha pa3sHBIX CKOPOCTAX U QU3NUeCKHUX TPaeKTOPHUSX,
cobmiofasi ycaoBHe IIOJHOTO IIPOXOAA TeOMeTPHUHU
obpasna U IOBEPXHOCTH IIPOEKIIUH 32 BpeMs IIONIY-
dyeHHs Kagpa Ha KMOII-uume - 3a HUCKIHOYEHHEM
[0Jly4eHUs] MMIIYIbCHBIX XapaKTepPUCTHK Ha OHK-
CHPOBAHHOH TOYKe IPOeKLHUU (KaK 3TO IIOKa3aHO
Ha pHC. 1). Bloc/leICTBUHU ITPOU3BOAKIIN BHU3yalH3a-
LU0 B LMIJIHHIPUYECKUX KOOpPAHUHATaX U AJIS TOIO-
JIOTMYeCKOT0 CPaBHEHHU S — Ha Tope.

PE3YJIbTATDI

Ha puc. 1 npuBefieH ONOPHBIM CIIeK/I-BBIUTEeHHBIH
(KOHTPACTUPOBAHHBIM) CHUIHaJ, XapaKTepHU3ylo-
IIHUH 03K LIMIO JIA3ePHOTO Iy4YKa Ha cdepe ¢ yIIoBOU
IIPOeKIJMH B HEKHH IIPOM3BOJBHBIM MOMEHT Bpe-

and physical trajectories was performed, observing
the condition of complete passage of the sample
geometry and the projection surface during the
frame acquisition time on the CMOS chip, except for
obtaining impulse responses at a fixed projection
point (as shown in Fig. 1). Subsequently, the
rendering was performed in cylindrical coordinates
and, for topological comparison, on the torus.

RESULTS

Fig. 1 shows a reference speckle-subtracted
(contrasted) signal that characterizes the position
of the laser beam on the sphere from the angular
projection at some arbitrary time point without the
preparation. The sweep of this beam during the
scanning gives the projection of the sample. An
example of an analysis of a calibration dispersion
medium on a chip with a projection to the
hemisphere is shown in Fig. 2, which demonstrates
the noise of diffuse scattering on the sample
particles. The more the system is coarsely dispersed,
the more pronounced its component (blue and violet)
is different from the background (i. e. red) shade, as
can be seen in Fig. 3.

By introducing a rather clearly localized cellular
structure on the projected chip (here - a fragmented
biopsy sample), one can observe a localized response
in the regions correlated with this structure
(violet part of the projection on the RCB map in
the pseudo colors in Fig. 4). A similar pattern is
observed for other scanning trajectories and in other

Puc. 1. OnopHbili cneka-gbiymeHHbIl (KOHMPACMUPOBAHHBIL)
MZHOBEHHbIL UMNYAbCHbIL CU2HAA, XapaKmepu3ytowul no3u-
LU0 Ad3epHo20 ny4Ka Ha chepe

Fig. 1. Reference speckle-subtracted (contrasted)
instantaneous pulse signal characterizing the position of the
laser beam on the sphere
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MeHHM IpH OTCYTCTBYIOLIeM IIpeliapare. Pa3BepTka
JaHHOTO Iy4YKa IIpU CKaHHPOBAaHUMU [aeT IMPOeK-
nuio obpasma. IIpuMep aHaaM3a KaJIHOPOBOYHOM
OUCIIePCHOM Cpefbl Ha YMIIe C IPOoeKILHer Ha IOoIy-
cepy IpHBesieH Ha PUC. 2, KOTOPBIHU JeMOHCTPHPYeT
myM AuGPY3HOro paccesHUS Ha YacTHIIAX obpasua.
YeM 6oree rpybo-mucriepcHasi cucreMa - TeM Hosee
BbIpa’keHa ee OTIHM4YHas 0T GOHOBOTO (T.e. KPaCHOrO)
OTTeHKa coCTaB/sAwoomas (CUHAsS U droneToBas), Kak
MOXKHO BUJETh Ha PHUC. 3.

BBoass Ha IMpOeLMPyeMBIH YHI JOBOJIBHO
YeTKO JIOKAaJIM30BAHHYIO KJIETOYHYI CTPYKTYpY
(3mecp - OparMeHTHPOBAHHBIN obpa3sel] 6HOICHH),
MO>KHO Hab/I0faTh IOKaTM30BaHHBIHA OTK/IHK B 06J1a-
CTSIX, COOTHOCHMBIX C 3TOM CTPYKTYypoH (CHpeHeBO
OKpallleHHasl 4YacTh HpoeKIHH Ha RGB-kapTe B IICeB-
IoLBeTax Ha pHC. 4). AHAJIOTMYHAasl KapTUHA Habo-
JaeTcs U IPU APYTUX TPAEKTOPUAX CKAHHUPOBAHUS,
U B APYyTuX KOOpAMHaTax (UMIHHIPHUYECKHX - KakK
KOHTPaAUKTOPHBIM IPHMep, IIOCKOJBKY ajJbTepHa-
THUBHOE MCII0/Ib30BaHMe CPepUYecKUX U LHIHUHIPU-
YeCKHUX KOOPAMHAT, PaBHO KaK U aJbTepHATHBHOE
OIKCaHHe B IepeMeHHBIX JMjepa WM JlarpaHxka
B TEOPHH BPALIAIOIIUXCSA ONTHYECKHUX HCTOYHUKOB,
KaK IIpHMep KOTOPbIX MOIYT OBITh PacCMOTPEHBI
3Be3[bl, aHa/JIM3HUpyeMble II0 HX CIeKJaM, SBJIsd-
eTCsl KJIACCUYeCKUM [JIsl COIOCTaBAeHMs IO0A00HBIX
TeXHHUK). Tak, Ha PUC. 5 U 6 NPHUBOAATCS PEKOH-
CTPYKLHUHU I/ KaJIHUOPOBOUHBIX I'e€TEePOreHHO-IHC-
IIePCHBIX CUCTeM, cheprUyecKure MPOeKLHUH KOTOPBIX
JaHBl Ha PHC. 2 U 3 COOTBETCTBeHHO. COOTBETCTBY-
OIIKKN GopMaT BHU3yaJH3aLUK A1 GpParMeHTHPO-
BaHHoOro obpa3sia 6HoIICHY NIpHBeeH Ha puc. 7. Kak
MOKHO BHETbh, chepuyecKas M LHMIHHIPHYECKAS
IIPOEKL MU JAIOT JOCTATOYHO LIeHHYI0 KHGOPMAIIHIO
0 CTPYyKType obpasua.

LleiM ©U3MepeHHH JIETKO BU3YaTU3HUPYIOTCS U I10[-
[AI0TCA MaIIMHHOMY OIIO3HAHUIO (IIpU IPUMeHeHUH
IIPOrPAaMMHBIX CPe/ICTB MAIIMHHOIO 00yueHMs CTe-
peoMeTpHUecKoM UAeHTUPUKALMK CTPYKTYyp) MoCIe
bunprpauuu AUPPy3HOTO/IUCIEPCHUOHHOIO IIyMa
Ha cpeprUecKHUX M LMUIHHIPHYECKHUX IIPOEKLIMSIX.
CyliecTBeHHO MeHee ONTHMHCTHYHO pelleHHe
(c mosMIUM HAeHTUPUKALUU) NpobreMbl HAEHTHU-
¢GHKaUMK Ha Tope, TaK KakK IIOSABJISETCS Iepecede-
HHe JIy4el 1 Kpocc-3alllyM/IeHHe KaHaJIOB. 3a4acTyIo
TpeXMepHBble JIy4YeBble BH3YyaJIM3allUM, I10J00HbIE
IIOKAa3aHHBIM Ha PHC. 2-7, ABAAIOTCS IBPUCTHUYE-
CKH 6ecCMBICIEHHBIMU U HHUYEro He TOBOPSIIIMMU
o mpupozme obpasua, B CHUIy TONOJIOTHYECKUX ITPU-
YMH, KOIJIa 4aCTh MPoeKI UK C obpaslia OKa3blBa-
eTcs BHYTPU Topa. JTO ke NMPHUBOSUT K OMIMOKAM
B IIpoliecce KaTHOPOBKHU, Korja KaaubpoBKa BefeTcs
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Puc. 2. Busyaausayusi cmpykmypbl paccesiHusl 0as Meakoou-
cnepcHoll Kaaubposo4Holl cmecu (npeobaadatom cy6MuUKpoH-
Hble yacmuubl). Cepudeckas zeomempus npoekuUU

Fig. 2. Rendering of the scattering structure for a finely
dispersed calibration mixture (submicron particles
predominate). Spherical geometry of the projection.

coordinates (cylindrical as a contradictory example,
since the alternative use of spherical and cylindrical
coordinates, as well as an alternative description
in the Euler or Lagrange variables in the theory of
rotating optical sources, e.g. stars, analyzed by
their speckles, is a classic for comparing similar
techniques). Thus, Fig. 5 and 6 show reconstructions
for gauge heterogeneous-disperse systems, the

Puc. 3. Busyanuzayus cmpykmypsl paccesiHus 08 2py600u-
cnepcHoli KaAu6posoyHoLli cmecu (8 HAAUYUL MAKXKe MUKPOH-
Hble U deKamMUKpOoHHble 8 waelipax pacnpedererull yacmuupbl).
Copepuyeckas 2zeomempus npoexkuuu

Fig. 3. Rendering of the scattering structure for the coarsely
dispersed calibration mixture (in the presence of micron and
decamicron particles in the trails of distributions). Spherical
geometry of the projection.
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II0 JIOKHO-OTpHUIlaTelbHOMY GOHY, a HaJTUYHUe B HEM
He BU3Ya/lM3HPOBAHHBIX CTPYKTYP He yUUTHIBAETCH.
MoOXXHO TOKa3aTh C AOCTAaTOYHOM TOYHOCTBIO 3TOT
3¢ dexrT Ha mopensax. Ha puc. 8-a moxkasaH MmaTTepH
JJIS1 TeTepOJUCIIEPCHOM Cpefibl C pABHOMEPHOM Cefu-
MeHTallHel B TOPOUJAJIBHOM ITpoeKuu. Ha puc. 8-b
IIOKa3aH IIPOEelLMPOBAHHBIN Ha TOp HATTEPH JIOKa-
JHU30BaHHOro obpasna (Ta >ke HOTAIHUs IICeBIOIBe-
TOB, YTO M Ha pHUC. 4, puc. 7). A Ha pucC. 8-C, KOTO-
PBIFL MO>KHO OBl 6BIIO B JAHHOM ITPOEKIIUH IIPUHSTH
32 abCONMIOTHBIN HONMb KATUOPOBKHU, TOT ke obpa3ser
bparMeHTHPOBAHHOM OHOIICKH, HO MEHBLIEro pas-
Mepa U CMellleHHBIH (B IPOCTPAaHCTBe PeTUCTPUPYIO-
IIel KaMephl).

Tak Kak TpeXMepHBIM PpeHAEepHUHI 3aHHMaeT
CyLlleCTBeHHOe MaIllMHHOe BpeMs, A/ IPOoCMOTpa
¢ MacmrabupoBaHHeM U BpalleHHeM BHYTPeH-
HUX IPOeKLIUM Ha Tope OH He ONTHMaJeH IIpHU
KanubpoBKe B YCIOBUSIX OBICTPOro 3KCIIEPUMeHTa
Ha >KHUBBIX KJIeTKaX, OCa’KAAIOMMXCS KOJIIOUAAX
U T. 1. [IoaTOMy, 4TO6BI M36es5KaTh OIHOOK OIIeparopa,
MBI He MOKeM IIPU3HAaTh TOPOHZAJIbHBIE IIPOEKILHHU
CTOJIb >Ke 3BPUCTHYeCKH LIeHHBIMH, KaK U chepHdye-
CKHe HJIM LUIHHIpHUYecKHe. B HTororoe (roToBs-
Imeecs /15 6MOKO/UIOMIHOM XMMUH U JIa3epHOH bro-
bU3KKY) IPOorpaMMHOe obecriedeHHe BU3yaTHU3aIUsl
Ha Tope He HHTEIPUPOBAHO I10 3TOM IIPUUYHHE.

OBCY>XXAEHUE

TakuM obpasom, co3maHa MHOIOYIJIOBAasl CHCTeMa
CKaHHUPYIOIEro KapTHPOBaHUS OHOTOrHYeCKUX
06pasloB B Pa3IHMYHBIX TeOMeTPHUSIX, KaueCTBEHHO
OTAMYAKOMmAscs KaK OT AUPPAKIMOHHBIX CTPYK-
TypOMeTpPOB IpOLIJIOro [34], perucTpHpOBaBLIMUX
CTPYKTYpBl C IIOMOLILI HMHAMKATPHUC pacCesHHUS,
TaK U OT COBpeMEHHBIX YCTPOHCTB [ U3MepeHUM
YaCTHUI] B HaHOAMAIa30He [35], mpeskae Bcero reome-
TpHel MPOeKLUHH U Pa3MePHOCTBIO BH3yaJIM3allHH.
HeobxomHMMO OTMeTHTb, YTO CTepeoMeTpHYecKHe
YCTaHOBKHU CeMeHCTBa "KBaTepHUOH" He UIeHTHUYHBI
CTaHAAPTHBIM 3D-CKaHepaM /JuarpaMM HaIlpaB-
JIeHHOCTH JIa3e€PHOIo H3/1y4eHHUs [36,37], MOCKONBKY
aHATHU3UPYIOT ITapaMeTPrl 06pasLoB (KIeTOK, KOJIIO-
MJHBIX YaCTHII), a He cCOBCTBEHHO Iy4Ka, HCIIOIb3Y-
€MOro TOJIBKO B Ka/JTHOPOBKe C IOC/IeIyIOIUM BBIYH-
TaHHeM NPOQUIIS HIH B CIEK/I-0IO0CPefOBaHHBIX
MeTofaX aHajaM3a OHONOTHUYEeCKUX CTPYKTYP
Ha 4YHIIe, YTO, OAHAKO, He HCK/II0YaeT IIOTPebHOCTH
OAHHOIO THIIAa YCTAaHOBOK B ja3epax €O CTabMIBHO
CKaHHUpYIoIel AUarpaMMOI HaIlpaB/leHHOCTH [38]
WJIM HCIIONb30BAHUU CIIelMaTN3UPOBAHHBIX aKyCTO-
ONTHYECKUX epIeKTOPOB AJisi obecriedeHUs CKaHHU-
poBaHus. MMeromuecs know-how mo3sonsiior opra-
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Puc. 4. JTokanu3o8aHHbIl 4emKo duppepeHUuUpo8aHHbIl
(cupeHeso okpauieHHas Yacms npoekuuL) om ¢oHa (kpac-
HbIl) U dudPy3Hoz0 Wyma (keamblll) nammepH KAemMoYHol
cmpykmypbl (ppazmeHmupo8aHHO20 06pasua buoncuu).
Cepuyeckas zeomempus npoexyuu

Fig. 4. Localized clearly differentiated (violet part of the
projection) from the background (red) and diffuse noise
(vellow) pattern of the cell structure (fragmented biopsy
specimen). Spherical geometry of the projection.

spherical projections of which are given in Fig. 2 and
3, respectively. The corresponding rendering format

for a fragmented biopsy specimen is shown in Fig.

7. As you can see, the spherical and cylindrical
projections provide valuable information about the
structure of the sample.

Puc. 5. Busyaau3sauusi cmpykmypbl paccesiHusi 01 Menkoou-
cnepcHoll KanubposodHol cmecu (npeobaadarom cy6MuKpoH-
Hble Yyacmuubl). LlunuHOpu4eckas zeomempust npoekuuu

Fig. 5. Rendering of the scattering structure for a finely
dispersed calibration mixture (submicron particles
predominate). Cylindrical geometry of the projection.
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HHU30BaTh TaKHe H3MepeHHs U Ha bonee mpocTtom
aIIapaTHOM YpPOBHe, OJHAKO 3TO SIBJISIETCS TeMaTH-
KOM PerucTpalluy HWHTeJIeKTYaabHOM CO6CTBEHHO-
CTH U OIlpefie/IeHHO CTaHeT IIpeiMeTOM C/IelyIOIMMX
CTaTeH.
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Puc. 6. Busyanuzayus cmpykmypsl paccesiHus 0s 2py600u-
cnepcHoli KaAu6posoyHoli cmecu (8 HAAUYUL MAKXKe MUKPOH-
Hble U deKamMuUKpoHHble 8 waelipax pacnpedererull yacmuupbl).
LluauHopuyeckas zeomempusi npoekuuu

Fig. 6. Rendering of the scattering structure for the coarsely
dispersed calibration mixture (in the presence of micron and
decamicron particles in the trails of distributions). Cylindrical
geometry of the projection.

The measurement targets are easily rendered and
can be machine-recognized (using software tools
for machine learning of stereometric identification
of structures) after filtering diffuse/dispersion
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HbIl) u duddy3Hoz0 Wyma (keamblli) nammepH KAemo4Hol
cmpykmypbl (GpazmeHmupo8aHH020 06pasua buoncuu).
Lluaundpuueckas zeomempus npoekuuu

Fig. 7. Localized clearly differentiated (violet part of the
projection) from the background (red) and diffuse noise
(vellow) pattern of the cell structure (fragmented biopsy
specimen). Cylindrical geometry of the projection
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Puc. 8. TopoudanbHble npoexyuu peyapbmamos usmepe-

HUU € Ad3epHbIX 6e3AUH308bIX CKAHUPYHOUUX MUKPOCKONO08
cemelicmaa "KeamepHUoOH": a — 2emepoducnepcHas cpeda

€ pagHomepHoU cedumeHmatuell 8 mopoudanbHol npoexyuu;
b - nokanu3oseaHHbIl Ha Yune-npoekmope o0bpasey, buoncuu;
C = UCMO4YHUK A0XKHOOMPUL,AMeAbHO20 pe3yAbmama 6 ycno-
8USIX KAAUBGPOBKU No HeguduMomMy npenapamy 60 8HYMpeH-
Hell npoekuuu mopa

Fig. 8. Toroidal projections of measurement results from
"Quaternion"-type laser lens-free scanning devices: a -
heterodispersed medium with uniform sedimentation in the
toroidal projection; b - biopsy specimen localized on the chip-
projector; ¢ - source of false negative result under calibration
the conditions according to the invisible preparation in the
inner projection of the torus

noise on spherical and cylindrical projections.
The problem of identification on the torus is
significantly less optimistic, from the standpoint
of identification, due to the intersection of the rays
and the cross-noise of the channels. Often, three-
dimensional ray renderings, similar to that shown
in Fig. 2-7, are heuristically meaningless and do not
say anything about the nature of the sample, for
topological reasons, when a part of the projection
from the sample is inside the torus. This also leads
to errors in the calibration process, when calibration
is carried out on a false-negative background, and
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the presence of non-rendered structures is not
taken into account. This effect can be shown with
sufficient accuracy on models. Fig. 8-a shows a
pattern for a heterodisperse medium with uniform
sedimentation in a toroidal projection. Fig. 8-b
shows a pattern of a localized sample projected on
a torus (the same notation for pseudocolors as in
Figure 4, Figure 7), and Fig. 8-c, which could be
taken as the absolute zero of calibration in this
projection, shows the same sample of a fragmented
biopsy, but smaller and biased (in the space of the
recording chamber).

Since 3D-rendering takes significant computer
time, it is not optimal for scaling and rotating
internal projections on the torus when calibrated
in a fast experiment on live cells, colloids deposited,
etc. Therefore, in order to avoid operator errors,
we cannot recognize toroidal projections as
heuristically valuable as spherical or cylindrical
projections. For this reason, the final software (for
biocolloid chemistry and laser biophysics) does not
have rendering on the torus integrated.

DISCUSSION

Thus, a multi-angle system for scanning mapping
of biological samples in different geometries is
created, qualitatively different both from the
diffraction structure meters of the past [34]
registering the structures using scattering
indicatrices, and from the modern devices for
measuring particles in the nanoscale [35],
primarily by the geometry of the projection and
the dimension of the rendering. It should be noted
that the stereometric "Quaternion"-type setups
are not identical to the standard laser radiation
pattern 3D-scanners [36, 37], since they analyze the
parameters of the samples (cells, colloid particles)
rather than theactual beamused onlyin calibration
with subsequent subtraction of the profile or in
speckle-mediated methods of analyzing biological
structures on a chip, which, however, does not
exclude the need for this type of setup in lasers
with a stably scanning directivity pattern [38] or
using specialized acoustic and optical deflectors
for scanning. The available know-how makes
it possible to organize such measurements on a
simpler hardware level, however this is the subject
of registration of intellectual property and, in part,
the subject of the following articles.
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