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NpeHTuduKaunum TMnopasMmepos BUPYCHbIX,
arperauuoHHbIX U UHbIX YaCTUL, C MOMOLLbIO
aHanun3a NoToka BUPUOHOB MO CNEKTPY
cBeTopaccesiHusa u ¢payopecueHumnmn Tpebyet
npepBapuTe/ibHOWN KaIM6poOBKN U3MEPUTESIbHOIO
MHCcTpyMeHTa. Kannbposka fonxHa natm no
KOHKpPEeTHbIM reoMeTpU4eckum NpoToTUnam,
MMeIOL UM ofnpeaesieHHble pasmepbl.

OpHako pasMepbl BUPYCOB KosebntoTcs

B LUMPOKOM JAMuanasoHe AJIMH OT HaHO- 0
Cy6MUKPOMETPOBbIX pa3mMepoB. 3To co3paeT
HeonpepenieHHOCTb U3MEePeHUi A1 LIMPOKOro
psaa BupycoB. NporpammHoe obecneyeHue
LUIMPOKO BHEAPSIEMbIX ONTUHECKMX MHCTPYMEHTOB
6asunpyeTcs Ha ynNpoLLEHHOW MHTepNpeTaLmm
Teopwum paccesiHus ceeta Mu, pacnpocTpaHsas
ee nNpakTU4ecku Ha BeCb AManasoH pasmepoB
yacTuu, gaxe cy6MuUKpomeTpoBbiX. B 0630pe
paccMoOTpeHbl MeTposioruyeckue npobaemMbl
ONTMYECKO BUPOMETPUU, AaHbl NPeAsioXKeHUs
pelieHns BONpoCoOB KaIM6poBKN MHCTPYMEHTOB.

Knto4yeBble c/ioBa: BUPOMETPUS, ONTUYECKNE
A3P030/IbHbIE CHETYUKM, TMAPO30/bHbIE CHETYMKM,
AN DY3MOHHbLIM @3p030/1LHbLIN CNeKTPOMETpP
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TTpumeuarue pedakmopa -~ MeTOABl BUPOMETPHUH — 3TO METOAbI pe-
THUCTPALIUK ONTHYECKUX IIapaMeTPOB, HAXOMSILIUXCS B IIOTOKe
BHUPHOHOB, II0 CUTHA/JaM CBEeTOPACCesHHUS U IyopeclieHIUH.
BupHOH - BUpyCHAs YaCTHIIA, HAXOASIIASICS BHE SKUBOH KJIETKH.
BupHoHBI 60/BIIMHCTBA BUPYCOB He IIPOSB/ISIOT HUKAKUX IIPU-
3HaKOB OHOIOrMYecKor aKTHBHOCTH, IOKA He CONPHUKOCHYTCA
C KJIETKOH-X035IMHOM, I10C/Ie Yero 06pa3yioT KOMIITIEKC «BHPYC —
KJIETKA», CIIOCOOHBIH SKUTh U IIPOU3BOLUTD HOBbIe BUPHOHBI.
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The identification of the standard sizes of
viral, aggregative and other particles using the
virion flow analysis by the light-scattering and
fluorescence spectrum requires preliminary
calibration of the measuring instrument.
Calibration should be carried out according

to specific geometric prototypes with specific
dimensions. However, the size of viruses varies
over a wide range of lengths ranging from
nano- to submicrometer sizes. This leads to
measurement uncertainty for a wide range of
viruses. The software for widely implemented
optical instruments is based on a simplified
interpretation of the Mie scattering theory,
extending it to almost the entire range of
particle sizes, even submicrometer ones. The
review examines the metrological problems of
optical virometry and offers solutions to the
issues of instrument calibration.
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long with optical cytometry based on the analy-

sis of a fluorescent (or scattered by a cell [1, 2])

light signal, virometry methods have also
shown their effectiveness in recent years. This became
especially noticeable when using the flow virome-
try [3, 4], which was named similarly to flow cytometry
(FACS, FCM).

Editor’s note - Virometry methods are methods of recording the
optical parameters of virions in a flow using light-scattering and
fluorescence signals. Virion is a virus particle located outside of
a living cell. Virions of most viruses do not show any signs of
biological activity until they come into contact with a host cell,
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apsily C OIITHYeCKOM LMTOMeTpHer, basupyto-

IIeHcs Ha aHaIK3e ¢ryopecLieHTHOro (tubo pac-

CerMBaeMoro KJIeTKOH [1, 2]) cBeToBoro cuUrHaia,
B IIOC/IeNHMEe TOAbl CBOIO 3PPeKTUBHOCTDL IIPOSBUIU
MeTO[bI BUPOMeTPHU . OcOBEHHO 3TO CTAJI0 3aMETHO ITPU
HCII0/Ib30BAaHHUU MeTofa IPOTOUHON BUPOMeTpHH [3, 4],
IIONTYYHMBILIETO CBOE Ha3BaHMeE I10 aHAJIOTHU C IIPOTOU-
How nuToMeTprer (FACS, FCM). KoMIlIekc TeXHOJIOTHH
BUPOMETPHH — YHHUKaJIbHOE CPelCTBO aHaIH3a MHOeK-
LMOHHBIX Ipodrutert (5], aHTUTEHHBIX CIIEKTPOB [6],
KUHETU4eCcKoro aHa/lk3a BHPYCHOrO MHQUIIMPOBaHUS,
a Takke KOHOOPMAIIMOHHOM KUHETHKHM U KOMIIapa-
THBHOIO aHAJIM3a XMMH3Ma OTKIHKA, II0 CPAaBHEHHUIO
C HOPMOI peakuuH [7]. OCHOBHOH aKIeHT IIPH aHa/IH3e
JenaeTcs Ha MOJIeKYJISPHO-OHMOIOTHYecKOM aclleKkTe -
a He Ha y/IbTpaMOpdONIOruyuecKUX KM pasMepHBIX (muc-
IIePCHBIX) OT/IMYMSIX BUPYCOB.

ObpaTuM BHHMaHHe Ha TOT pakT, YTo HalroHab-
Hble MHCTHUTYTHI 370poBbsl CIIIA B paMKax CBOe TeKy-
IIeH ITOJIUTUKH JIeJIal0T aKILIEHT Ha CUeTHOM KOJIMYeCTBe
BHPYcoB. OCODeHHO 3T0 KacaeTcsl UCCTIefOBAaHHUH BUpyca
HIV-1, orBeTcTBeHHOro 3a maHgemuo CIIHMJa (HIV-1
OTHOCHTCSI K ITOICEMEFICTBY PeTPOBUPYCOB Lentiviridae [8]).
To ecTb 0 $akTy peub HAET O YPe3BbIYALIHO TAKCOHO-
MHYeCKH OTPpaHUYeHHOM IIOAMHOXKECTBE pe/leBaHTHBIX
AHAJIUTOB U IIpellapaToB, a TakoKe PaBHO3HAYHO Orpa-
HUYeHHOM HOMeHK/IaType BapHalluM BHpycoB [9-11].
B cuiy 3TOro roBOpHTH 00 YHHBEPCAIBHOCTH JAHHOIO
MeToZa B AUArHOCTUYeCKOH BUPYCOJIOTHM, O4YeBUAHO,
He ITPUXOAUTCS.

YHUBepCaIbHBIA MeTOJ, He MOKeT OBITh OCHOBaH
Ha CeJeKTHBHBIX (B MOJIEKYJISPHO-OHOIOTHYeCKOM
acriekTe) HOCUTENSIX. OCobeHHO 3TO 3aMe4yaHHe OTHO-
CUTCS K CyIIpaMOJIEeKy/ISPHBIM CHCTeMaM C BBICOKOM
CcriePUYHOCTRI0 KOMIUIEMEHTApHOM QHUKCAHUU,
K KOTOPBIM OTHOCSITCSI TeHeTHUeCKHe MeXaHU3MBbl BUPY-
coB. Co31aTh CHCTeMY, SKBUBA/IEHTHO PaCIIO3HAIOIIYIO
BCe THUIIBI BUPYCOB, B IPHUHIIKIIE HEBO3MOXKHO. M B 3TOM
IIPOSIBJISIETCS. OIPAaHUUYEHHOCTh MeToza. ([lompasymena-
10TCca cuctema gy JHK-, Tak v PHK-; ¢ ofHOHUTEBbIM
WIHA ABYXHUTeBBIM [JHK-TeHOMOM nubo OOHOCITHPAJIb-
HBIM MJIM JBYCIIUPa/IbHBIM PHK-reHOMOM; I BCeX
bopM KaricomepoB, T.e. GeJIKOBBIX CyOBeIMHUIL/IIPO-
TOMEpOB KaIICHJ, - BHENIHHWX BHPYCHBIX 00070UYeK;
C y4eTOM BepOSITHOCTeM OOHapykeHMsI B ITpobax Kak
HETIOKPBITHIX IOIIOTTHUTEIBHOM 000/104KO0H [viral envelope]
BHPYCOB, TaK W BUPYCOB C KCEHOT€HHBIM JIMIIHUIHBIM
cyImepKarcuaom). ITocTaHOBKA HACTOJIBKO YHHBepca-
JU3UPOBAHHON 33aflayM IIPOTUBOpPEUYHUT rileTHYe-
CKOMY MHOT000pa3Hio MOJIEKY/ISIPHOM TAaKCOHOMHH
BHPYCOB.

[TogyepkHeM, 4YTO pasMepbl BUPYCOB HAXOASITCS
B [Halia3oHe CyOBOJNHOBBIX [IMH. I[103TOMy CceJek-

=

The complex of virometry technologies is a unique tool
for analyzing infection profiles [5], antigenic spectra [6],
kinetic analysis of virus infection, as well as conforma-
tional kinetics and comparative analysis of response chem-
istry, in comparison with the reaction norm [7]. The analy-
sis is mainly focused on the biomolecular aspect, and not
on the ultramorphological and size (disperse) differences
of viruses.

It should be noted that the USA National Institutes of
Health, as part of their current policy, are focusing on the
countable number of viruses. This is especially true for
studies of the HIV-1virus, which is responsible for the AIDS
pandemic (HIV-1 belongs to the Lentiviridae subfamily of ret-
roviruses [8]). This means that the subset of relevant ana-
lytes and drugs, as well as the nomenclature of viral varia-
tions, are extremely taxonomically limited [9-11]. Therefore,
this method of diagnostic virology cannot be considered
universal.

Universal method cannot be based on selective (from bio-
molecular perspective) carriers. This statement especially
applies to supramolecular systems with high specificity
of complementary fixation, including the genetic mecha-
nisms of viruses. In principle, it is impossible to create
a system capable of equivalent recognition of all types of
viruses. This is the limitation of the method. (This implies
a system for both DNA and RNA; with a single-stranded
or double-stranded DNA genome or a single-stranded or
double-stranded RNA genome; for all forms of capsomeres,
i.e. - protein subunits/capsid protomers - outer viral enve-
lopes; taking into account the probabilities of detection in
samples of both viruses not coated with viral envelope and
viruses with xenogenic lipid supercapsid). The statement of
such universalized problem contradicts the phyletic diver-
sity of the molecular taxonomy of viruses.

It should be emphasized that the sizes of viruses are
in the range of subwavelengths. Therefore, selective fluo-
rescence methods of flow virometry are also not universal
for detecting viruses of various geometric shapes. This
is due to the indistinguishability of their optical signal
(exceptions are PALM/STORM and similar microfluorimet-
ric methods).

It should be noted that the equipment with which mod-
ern core facility centers (core facilities) [12] are equipped
has limitations. For example, the BD LSRFortessa SORP
cell analyzer is optimized for the size of lymphocytes,
monocytes and granulocytes. The method used in the
autoMACS Pro fluorescent magnetic bioparticle counter
prevents counting of single virus particles. The BD FACS
Celesta multicolor flow cytometer (available with 488, 405,
650, 355, and 561 nm lasers) is not capable of measuring

after which they form a cell-virus system capable of living and
producing new virions).
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THBHBIEe (QJIyopeclieHTHble METOAbl IIPOTOYHOH BHPO-
MeTPHHU TaKKe He 00/1a/laloT YHHBEPCAJBbHOCTBIO IS
OOHapy>keHHsI BHUPYCOB Pa3THUUHBIX I'€OMeTPHUYECKUX
$opM. ITO IPOUCXOAUT B CUIY HEPA3TMYMMOCTH OIITH-
YeCcKOro CHUTHa/la OT HHUX (MCKIOYEeHHS COCTaBIISIOT
PALM/STORM-tiofobHble MHUKPOQIyOpHUMeTpHUUECKLe
MEeTO[IbI).

Hago ydects, uTO obopymoBaHHe, KOTOPBHIM OCHa-
IleHbl COBPEeMEeHHEIe LIeHTPHl KOJJIEKTHBHOIO IIOJIb-
3oBaHms (core facilities) [12], mmeeT orpaHHUYeHHS.
Hampumep, xiertouHelr aHanusatop (cell analyzer)
BD LSRFortessa SORP ONTMMU3HPOBAH II0[ Pa3sMepHI
TUMQOLIMTOB, MOHOLIUTOB M TPaHyJIOLMTOB. MeTon,
3a/I0’KEHHBIM B MarHUTHBIN GIyopeClieHTHBIM CYeT-
9K buodactull autoMACS Pro, IpemnsiICIByeT CUeTy
ONVHOYHBIX BUPYCHBIX YacCTHIL. MHOIOLIBETHBIM IIPO-
TouHbIH LuTOMeTp BD FACS Celesta (c KoMITIeKTaLMen
JasepaMHK Ha JaWHax BoiH 488, 405, 650, 355 u 561
HM) He HMeeT BO3MOXKHOCTH H3MepsITb CTPYKTYPHI,
[opsiika PasMepoB BHUPYCHBIX M HHBIX I'eHeTHYEeCKHX
4yacTul,. Hamo y4HUTHIBaTh ITIOMEXH H3-3a [IapasUTHBIX
bIIyopecLieHTHBIX CUTHA/IOB, BBI3BAHHBIX U3/Ty4eHHeM
Y®-nuanasoHa (romobHble 3pdPeKTHI yske HabTIOAATHCH
paHee mpu paboTe ¢ YO-MUKPOCKOIIAMH).

Ho ecnu Bupychl 061agatoT MOPHOIOTHUeCKUM pas-
nuanreM (in adjecto - pa3THUYAIOTCS reOMETPHYECKHM
THIIOM KaIlCHAA, bekosoil 0boAouku eupyca), TO WHIHKA-
TPHCBI PaCCeSTHHS CBETOBOTO IIOTOKA OyyT TOKe pas3iu-
YaThCsi MekAy cobori. Korma Karcuasl BUPYCOB UMEIOT
CIHMpaJIbHBle, HKOCa3gpHUecKHe, IIPOAOITOBaThle
MU KOMIUIEKCHBIe QOPMBI, 3TO OTpa’KaeTcsi Ha opMe
MHAUKATPUCHL paccesHUsi. IIpaBda, CTOUT YYHUTHI-
BaTb, YTO 3TH Pa3/IMUMsI MOTYT YBePeHHO Hab/II0qaThCs
TOJIBKO B ITPHOOPaX, ITPOIIEIINX KaTHOPOBKY.

A TIponienypsl KaTHOPOBKU IS TAKUX U3MEpPHTe/b-
HBIX CHCTeM IIPe[CTaB/SAI0T Co6OM OTHe/MbHBIN Hayd-
HBIF BOITPOC. [|J1s1 Ka/IMOPOBKY IO/IKHBI OBITh BEIOPAHBI
TeCTOBble YacTHILIbI, afleKBaTHbIe [10 TeOMeTPHUH U pa3-
MepaM HCCelyeMbIM BUPYCaM. B Ujeasie OHH JO/IKHBL
061asaTh aBTOMOPH3MOM K TeOMeTPUYeCKHM Ppas-
MepaM BHPYCHBIX 4acTul. Hampumep, ObITH BHpY-
COM TOH >Xe MOPQOIOrHMH, HO HHAKTHBHPOBAHHOIO
W/IN HeIlaTOTeHHOI'0 THUIA, JIM60 6bITh ToMeoMOPOHOL
K HeMy. Mopdusm, He obeCrieuyHBAIOIIUI B3aHMHO-
O HO3HAYHOI'O0 COOTBETCTBUSI MEXKAY CTPYKTYPOM HCCIe-
AyeMoro M KaanbpoBOYHOro BHpyca (KaaubpOBOYHOL
YaCTHIIBI) He BIIOJIHE JOCTATO4YeH /ISl UAeHTUOUKALIUH .
IlpyyrHa B TOM, YTO HECOOTBETCTBHE MOXKET CTaTb
HCTOUHHUKOM IIOSIBIeHUsI apTedaKTOB B PacIIKPPOBBI-
BaeMoH JUPPaKIIMOHHOM KapTHHe (CM. PUCYHOK).

Ho B MeToze IPOTOYHOM BHUPOMETPHH YacTHLL [IPH
COXPaHeHUH HIEeHTHYHBIX IPYII CUMMETPHUHU y Kajlu-
6pPOBOYHBIX M M3MepsieMbIX YaCTHIL KaIHOpoBKa C HX
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structures of the order of the size of viral and other genetic
particles. Interference due to parasitic fluorescent signals
caused by UV radiation (similar effects have already been
observed when using UV microscopes) should be taken into
account.

However, if viruses have a morphological difference
(in adjecto - differ in the geometric type of the capsid, the
protein envelope of the virus), then the light flux scattering
indicatrices will also differ among themselves. When the
capsids of viruses have spiral, icosahedral, oblong and com-
plex shapes, this is reflected in the shape of the scattering
indicatrix. It should also be taken into account that these
differences can be constantly observed only in calibrated
devices.

Calibration procedures for such measuring systems rep-
resent a separate scientific issue. Test particles that cor-
respond in geometry and size to the viruses under study
should be selected for calibration. Ideally, they should be
automorphic to the virus. For example, to be a virus of the
same morphology (i.e. geometry), but inactivated or non-
pathogenic type, or be homeomorphic to it. The morphism
that does not provide a one-to-one correspondence between
the structure of the studied virus and the calibration virus
(calibration particle) is not quite sufficient for identifica-
tion. The reason is that the discrepancy can become a
source of artifacts in the decoded diffraction pattern.

However, in the flow virometry, if identical symmetry
groups are maintained for the calibration and measuring
particles, calibration of the measuring system is possible
with their help. A textbook example: a rotavirus with icosa-
hedral symmetry is effectively approximated by a spherical
pattern due to the large number of capsomeres (a capsomere
is a repeating group of virion structural protein molecules that form an
ordered capsid structure). In the language of fractal geometry
this is called pertiling [13].

The developers of scanning flow spectrometers (BioUniS-
can, Novosibirsk) state that in order to determine the char-
acteristics of particles, it is necessary to solve the inverse
problem of light-scattering. This problem is nontrivial even
for the case of observation of spherical homogeneous par-
ticles of the sublong-wavelength range. Preliminary cali-
bration of the system is as much know-how as the control
algorithm/measurement protocol.

It is well known that the sizes of viruses in different
taxonomic groups differ by orders of magnitude: from 20
to 300 nm. Although some members of the Filoviridae fam-
ily with negative single-stranded RNA are up to 1.4 pm in
length and 0.08 pm in diameter. And in Pandoravirus sp. and
Pithovirus sp., the level of genome compaction, in principle,
physically allows going far beyond the micrometer bound-
aries 1.0-0.5 pm / 1.5-0.5 pm, respectively.

This implies a qualitative difference in metrology and
analysis principles for these qualitatively different groups.



[IOMOILIBIO M3MepHTeIbHOM CHCTeMBbl BO3MOXKHA. Xpe-
CTOMAaTHHHBIM IIPUMep: POTaBUPYC, UMEIOIIUH HKO-
Ca3ApHUYeCKY0 CHMMETPHIO 3QPeKTHBHO aAIIIPOKCH-
MHPYeTCst CPepUYeCcKUM IaTTEPHOM B CH/Y OOJIBIIOro
KOJIMYeCTBA KaIlCOMEPOB (Kancomep — nosmopAauanca
2pynna moAeKkyA cmpyKmypHozo beaka eupuoHa, obpasyem ynopsoo-
deHHyro cmpykmypy kancuda. Umo, nepexods Ha A3biK ppakmans-
Holl 2e0Mempuu, umeHyemcs Kak nepmatiaute) [13].

Pa3paboTYMKK CKAHUPYIOIIUX ITPOTOYHBIX CIIEKTPO-
MeTpoB («BioUniScan», HoBocHOMPCK) KOHCTaTHPYIOT,
YTO [JISI OIpefleleHHs] XapaKTePUCTHK YacTHIL, Heob-
XOIUMO pellaTh OOPAaTHYIO 3a/aydy CBETOPACCESHMUS.
3ajaya HeTpHUBHa/IbHasl Jaxke /ISl Caydast Habmrome-
HUSI chepHUecKMX TOMOTeHHBIX YacCTHI, Cyb6mJIMHHO-
BOJTHOBOTO IMarla3oHa. [IpefBapyTebHas KaTHbpoBKa
CHCTeMBI SIBJISIeTCS TaKMM JKe “HOy-Xay», KaK H yIIpaB-
JISIOMIUY QJITOPUTM / ITPOTOKOJT U3MEPEeHHU M,

OO6Imer3BeCTHO, YTO pa3Mepbl BUPYCOB B Pa3HBIX
TaKCOHOMHYECKHX TPYIIax OTIHYAIOTCS Ha MOPSOKU
BemH4YHH: OT 20 mo 300 HM. XOTs HEKOTOphble IIpemd-
CTaBUTeIU ceMeHcTBa Filoviridae ¢ omHOILIeIIOYeUHOM
PHK oTpHLIaTeNpHOH IOMSPHOCTH HMEIT IIHHY J0
1,4 MKM 1ITpH TIonepedyHMKe 0,08 MKM. A y Pandoravirus sp.
u Pithovirus sp. ypoBeHb KOMIIAaKTH3aLlUM TIeHOMa,
B IIpuHLUIe, QU3MUUYecKH [OIYCKAeT BBIXOA OajIeKO
33 IpaHULBl MHKpoMerpa 1,0-0,5 mkm/1,5-0,5 MKM
COOTBETCTBEHHO.

M3 dero ciefyeT KaueCTBeHHOE Pas3/IH4iKe MeTpo-
JIOTMU U IIPUHLIMIIOB aHAJIM3a IS 3THX KaueCTBEHHO
OT/IMYHBIX IpymIm. HecMOTps Ha paclpocTpaHeHHOoe
yIIpOIlleHHe, CBOAYMOe K S9KCTPaIloNAlMK HHTepIIpeTa-
LM TeOPHHU paccessHUA cBeTa MU IpaKTH4ecKH Ha BeCh
OUaIa3oH pa3sMepoB YacTHL, (BKIOYash AUPPAKIIUIO
dpayHrodpepa Kak 4aCTHBIHM CJTydak), XOPOIIO M3BeCTHA
HeIIpaBOMEePHOCTb TEOPUH MU IIPU Ma/IbIX [TapaMeTpax
OUGPaKkLUK. BBIYMCIHTENbHBIE BO3MOXKHOCTH, obe-
CIledrBaeMble TeopHer MU, [OIYCKAIOT IIPUMeHeHHe
OZHOTO MeTofia/a/IrOpUTMa PAcueToB /1Sl aAJUTHUBHOIO
CIIeKTpa AUCIIePCHOCTH, TO eCTh pa3MepoB YacTHII,.

BBICKa>keM THIIOTe3y, YTO 3Ta IKCTPAIIOJISALIUS B paM-
KaX M3MEPeHHM HHJUKATPHUC CBETOBBIX ITYYKOB, IIPO-
IIeIIINX CKBO3b IIOTOK C BUPYCAMHU, SIBISETCS 3abmysk-
nenueM. Ilo ¢akTy, IONIydaeTcsi, YTO YacTb ITPOOBI
¢ Bupycamu 6yzneT obcurTaHa HellpaBU/IbHO. [I0SICHUM
3TO yTBep>KIeHHe.

Hcronb30BaTh YHIPOLIEHHBIE PACYeThl BO3MOKHO
TOJIBKO B CJy4ae, KOIJa pedb MJET O MOHOLMCIIepC-
HBIX K&THOPOBOYHBIX CPeIax, HAIIPHMeP CIIeLIHATBHBIX
narekcax. OHM 067aJaloT TOMOCKETACTHYHOCTBIO CTa-
THCTUYeCKUX paclpele/eHUH. Ho IIpU pacCMOTpPeHHUH
Cpel, B KOTOPBIX COI€PKATCs OTAe/IbHbIe YACTULIBI, Pa3-
JWYaOIKecss KaK I10 CTaTH4YeckoM TeOMeTpPHH, TaK
M II0 JUHAMHUYeCKHM MOPPOMETPUUECKHMM IIapame-

BIOPHOTONICS @

MpuyuHb! nosieneHus apmegdakmos npu UcnoAb308aHUU
Kanu6poeoYHbIX AdMeKCHbIX Yacmuu,: d — pasauyus Kaneab no
pamepam (2emepoducnepcHOCMb) U OMKAOHeHUe ux popmbi
om c¢epuveckotl; b - caunanue yacmuu, mexdy coboli u ux
adze3us k cy6cmpamy (azpezambl u3 dayx Yacmu, cucmema
UHMepnpemupyem Kak 00Hy YoAUHeHHYH Yacmuuy); ¢ - Hanu4ue
AONHyeWUX U depopmupOBaHHBIX 8 npouecce IKcnAo3uu AuUbo
uMnAO3UU Yacmuy,

The reasons for the appearance of artifacts are defects of the cali-
bration latex particles: a - differences in droplet size (heterodis-
persity) and deviation of their shape from spherical; b - adhesion
of particles to each other and their adhesion to the substrate
(aggregates of two particles are interpreted by the system as

one elongated particle); c - the presence of burst and deformed
particles in the process of explosion or implosion
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TpaM, IIPOSIB/ISETCSl IeTepOCKeNaCTUYHOCTb pacIipesie-
NeHUsl. ITO NMPHUBOOUT K HedPPeKTHBHOCTH OLIEHOK,
TaK KaK HEBO3MOXKHO 3apaHee 3HAThb 3HaYeHMSI KOH-
LIeHTPAaLluK OTAENbHBIX YaCTHULL U BKIaJ B AUPPAKLIU-
OHHYIO KapTUHY JUCIIePCHBIX GPaKIUH (MK pa3sMepoB
YIBTPACTPYKTYPHBIX M MMKPOCTPYKTYPHBIX €IHUHHUII
6riomareprana). B fMHAMMKe OHHM OT/IMYAIOTCS OT Olle-
HOK, BBIIIOJIHEHHBIX KaK II0 CTaTH4YeCKOK reOMeTpHH,
TakK U 10 AUHAMHYECKHMM MOPPOMeTPHUUeCKUM I1apa-
MeTpaM. ITH KpUTEpHU B HOPMe PeaKLHU SIBJISIOTCS
HECTAlIOHAPHBIM KOPPeJISiTOM 00Ier PeakTHBHOCTH
IIPOTOIIA3MBl/ BUPOILIA3Mbl U PACIIPOCTPAHEHHUS BO3-
Oy>kneHus B Hel [14, 15]. A KBaJMMeTPHUYeCKHM Beco-
BOM KPUTEPUH B TaKUX 3a/ladaX BBIYMCIUTb TPYLHO
B CWIy PasId4ui reoMeTpuil («$popm-$paKTOpoB»)
YaCTHII.

[OBOPAT, YTO “eC/TH BCe YACTHUIIBI B IIpobe Goiblie,
4yeM JJIMHA BOJIHBI CBeTa, 4acTh Teopuu dpayHropepa
OOMUHMPYeT B TeOpUHM MU IIpU pacyeTax pa3sMepoB
yacTul». Ho, yuuTeIBasi aHU30MeTpHYeCKHe YacTHIIbI
(K KOTOPBIM OTHOCSTCSI U BHpYCHI - Te ke Filoviridae
C HeBepOSTHBIM KO3PHUIIEHTOM «IIPO3eHXHMMHOCTH?,
KaK Ha3blBaJIoch OBl 3TO CBOKICTBO B C/Iydyae LIUTOMeE-
TPHH KJIETOK PacTeHUH, 10 TaxTamksaHy: 10 1,4 K 0,08),
TOBOPUTb 00 OOBEKTUBHOM YHCIEHHOM BBIPKEHHH
yKa3aHHOT0 JOMHUHHPOBaHHUS (0cobo - 6e3 yueTa opHeH-
TalluK), He IPUXOAUTCS B OONBIIMHCTBE PAKTHUECKU
peasih3yeMbIX CllydaeB.

MamuyHHoOpenIaeMble abCTpaKTHBIE MOZENH, ITPHU-
MeHHMBIe [ BBIYMCIEHUs paclipelie/leHUH, basupy-
I0TCSL Ha JOIYyLIeHUH O chephueckor dpopme UaCTHII.
[TosToMy pacrpefesieHHe YacTHIL 110 pa3Mepy, IOIy-
yaemMoe B pe3y/ibTaTe aHa/lM3a, Ha CaMOM Jejie SIBJISi-
eTCs pacrmpefie/ieHHeM «3KBHBaJIEHTHBIX COEPHUECKHX
YaCcTHI]», a He peabHBIX YacTHL, aHaituTa. (Hamom-
HHUM, 4YTO KIacCHuecKas 3ajada 3/1eKTPOAHUHAMUKH,
pemenHas B 1908 romy I'yctaBom Mu, pelaercs pas-
JIo’KeHHeM 3/1eKTPOMarHUTHOIO I10JIs Ha chepriecKkue
TapMOHHUKH).

Jl/15 BUPYCOB, Pa3IHYaIOIUXCS [0 MOPQOIOTHH
Y TeHeTH4eCKOMY HJIM 3BOJIIOLMOHHOMY II0JI0KEHHIO,
reoMeTpUYecKHe OTKIOHEHHS OT chepsl OymyT pas-
MUYHBIMU. [103TOMY 3)PeKTHBHOCTh 3KBHBAIEHTHBIX
M3MepeHUI OymeT OTIHMYATBhCA IUISI CHCTeMaTH4ecKH
Pas3IHUYHBIX BUPYCOB. [OBOPUTH 06 YHHUBEPCATBHOMH TeX-
HOJIOTUU “QYHKIHMOHA/TPHON BUPOMETPHUM» B TaKOM
Cy4ae HEBO3MOXKHO, IIOCKOJIBbKY pPa3Mepbl HOMEeH-
KIaTypel fAake Haubonee pacrpocTpaHeHHBIX HIIM
pe/IeBaHTHBIX [/IsI UHOPEKIIMOHKCTOB BHPYCOB 3KCTpe-
MaJIBHO BapbUpYIOT. ClIefl0BaTeNbHO, AUPPAKIMOHHbIE
IIpeiesibl U FPaHULIbI OIITHMYMOB IIPHMEHHMOCTH TOTO
WM MHOTO MaTeMaTH4YecKoro IOoAXofa, B TOM YHC/Ie
OTJIMYHOIO OT TeOpUH MU, BapbHUPYIOTCS TOXKE.
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Despite the widespread simplification, which amounts to
extrapolation of the Mie scattering theory interpretations
practically to the entire range of particle sizes (including
Fraunhofer diffraction as a special case), it is well known
that the Mie theory is not suited for small diffraction
parameters. The computational capabilities provided by the
Mie theory allow the use of one calculation method/algo-
rithm for the additive spectrum of dispersion, that is, par-
ticle sizes.

Let us hypothesize that this extrapolation within the
framework of measurements of the indicatrices of light
beams that have passed through a virus flow is a mistake.
This means that part of the sample with viruses will be cal-
culated incorrectly. Let us explain this statement.

It is possible to use simplified calculations only when
it comes to monodisperse calibration media, for exam-
ple, special latexes. They are homoscedastic. As for media
containing individual particles that differ both in static
geometry and in dynamic morphometric parameters, the
heteroscedasticity of the distribution appears. This leads
to inefficiency of the assessments, since it is impossible
to know in advance the concentration values of individual
particles and the contribution to the diffraction pattern
of dispersed fractions (or the sizes of ultrastructural and
microstructural units of biomaterial). In dynamics, they
differ from the assessments performed both according to
static geometry and according to dynamic morphomet-
ric parameters. These criteria in the reaction norm are a
nonstationary correlate of the general reactivity of proto-
plasm/viroplasm and the propagation of excitation in it [14,
15]. And the qualimetric weighting criterion is difficult to
calculate in such problems due to the differences in the
geometry (“form factors”) of the particles.

It is said that “if all the particles in the sample are
greater than the light wavelength, then part of Fraunhofer
theory dominates Mie theory when calculating the particle
sizes”. However, after taking into account the anisometric
particles (which include viruses - for instance, Filoviridae
with an incredible “prosenchymness” coefficient, as this
property would be called in the case of plant cell cytometry,
according to Takhtadzhian: up to 1.4 to 0.08), an objective
numerical expression of the indicated dominance is out of
the question (especially, without taking into account orien-
tation) in most realized cases.

Machine-solvable abstract models for calculation of dis-
tributions are based on the assumption that the particles
have spherical shape. Therefore, the distribution of the
particles by size obtained from the analysis is actually the
distribution of the “equivalent spherical particles” and not
of the actual analyte particles. (It is worth reminding that
the classical problem of electrodynamics, solved in 1908 by
Custav Mie, is solved by decomposing the electromagnetic
field into spherical harmonics).
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A  OyHKUMOHANbHAasg aKTUBHOCTb BHPYJIEHTHO-
PasnIUYHBIX GOPM, KaK IIPAaBHJIO, CPABHUTEIBHO C1abo
KOpPpeHpYyeT C yCpeAHeHHOM MOop)OIOoTrhen, BEIYHCI-
€MOU B X0[ie ITOTOYHOM 06paboTKU JAHHBIX C JETEKTOPa
IIPOTOYHOIO YCTPOMCTBA. [lasKe MPHU NPHHATHH [OIY-
IIeHUsI, YTO KM3MepeHHsI BUPYCOB BeOyTCsl He Ha JHC-
IIePCHBIX HOCHUTENISIX, a B abCTPaKTHOM IIyCTOHM cpene
C OTCYTCTBHEM a[ICOPOHPYIOLINX areHTOB, KaJIUOpPOBKa
M3MepUTeIbHON CUcTeMbl bymeT HeapdekTHBHA [16].
ECy roBOpUTh 0 HELOCTATOYHOCTH MHGOPMALIUU ISl
GYHKUKMOHAIPHON UASHTUGUKALIMH, TO CJIefyeT TaKKe
YIIOMSIHYTb, UTO TeopuUst Mu TpebyeT 3HaHHS KO3~
GUIIMEHTOB IIpelOMJIEHMSI U IIOIIONmeHUs obpasra
(04eBUIHO, HEUAEHTUYIHOIO /ISl PA3HBIX [TOT€HIINAIb-
HBIX BHUPYCOB) U “IHCIIEPCHOHHOM Cpefbl», KOTOpas
B HAaTHUBHOM C/Iy4ae TaKKe XapaKTepH3yeTCsl HeKOTO-
POM HeoIlpele/IeHHOCTbIO, IIOCKOTBKY HeoOXOAHMO
AHATU3UPOBATh 00PA3LIbI U3 PA3TUYHBIX CPeL,.

OueBH[HO, YTO B Cy4yae aHAJIM3a HAaTHBHBIX Cpel,
BO3MOSKHOCTH OKPAIIMBAHMS BUPYCHBIX YacTHL (0co-
OeHHO WHAKTHBHPOBAHHBIX), TAKKe CYIIeCTBEHHO
OrpaHHMYeHBl. JTa MeTOAHKA KCIIONb3yeTCsl A/l OKpa-
muBaHUs SyBR green-1 [17, 18]; He GUKCHPOBaHHBIX
Ha [OUCIIepCHBIX YacTHULAX (HaHO30JI0Ta etc.) ubo
B arapo3HbIX MMMOOMIM3YIONIUX MIapuKax [(19]; mis
3KCIIPeCCHH (GIyopecLieHTHBIX 0elKoB, He MoIudH-
LIMPOBAaHHBIX T'eHEeTHYeCKH, I10Cje IPOHHKHOBEHUS
B KIeTKy (20, 21].

Ocobo CnokKHO UAEHTHOUIIUPOBATh, AHAIH3UPO-
BaTh M M3MePSTb B eCTeCTBEHHOM Cpefie PaCIIpocTpa-
HeHUsI MHGEKIIMOHHbIe BHUPYCHble areHTHl, KOTOpbIE
[lepefaloTCsS  a3pPO30JIbHBIM (BO3LyIIHO-KAIIeIbHBIM)
nyreMm. K TakoBeIM, u3 Haubosee H3BeCTHBIX, pac-
IIPOCTPAaHEHHBIX M JerkoguddepeHIHpyeMbIX 3a60-
JIeBaHUM, O00/MaJalOIIUX BBIPASKEHHON 3THOJIOTHEH,
OTHOCUTCS cymeCTBeHan?I wiacT uHbekuui. Ero pac-
CMOTpeHHe HauuHaeTcsi ¢ OPBH (Upper Respiratory
Tract Infections; URTI), obpenuHsmolmero B cebe
PecIIMpaTOpHO-CUHILIMTHAIBHYI0 BHPYCHYI0O HHOEK-
LIMIO, PUHOBUPYCHYIO M aJeHOBHUPYCHYIO HMHQEKLIHH.
[Tpofo/DKaIoOT psifi BUPYCHI IPHIIIA/ IaparpuIlna, KopH,
3MUAEeMUYecKoro IMapoTUTa, afeHOBHPYCHOM HHbeK-
IIUU U T. 1.

OmpeneneHre BUPYCOB 6e3 KyJIbTHBALIUKM MOXKET
OBITH peasr30BaHO TOJIBKO B AODMOTreHHOM cpelie HX
pacrmpocTpaHeHHUs. IlosToMy [ HHQeKLHH, Iepe-
JAIOIIMXCS BO3AYIIHO-KaIleJbHBIM (23p030/IbHBIM)
IyTeM, HeoOXOAMMO BHeIpeHHe MeTona, obecrievu-
BaIOIIero aHaIM3 C 3aXBaTOM YaCTHI] B eCTEeCTBEHHOH
aTMocdepe.

B To ke BpeMsI, KaK IIPaBHJIO, B PU3NOTOTHUYECKUX
a3po30/IX pa3Mep Kallelb MOKET CyLIeCTBEHHO IIpe-
BBIIIATh CaMH pa3sMepbl BUPYCOB. OJHAKoO M B CTaH-

=

For viruses that differ in morphology and genetic or evo-
lutionary position, geometric deviations from the spheri-
cal shape will be different. Therefore, the effectiveness
of equivalent measurements will differ for systematically
different viruses. In this case, the universal technology
of “functional virometry” is impossible, since the size of
the nomenclature of even the most widespread or relevant
viruses varies extremely. Consequently, the diffraction lim-
its and the limits of the optima of applicability of one or
another mathematical approach, including the one that
differs from Mie theory, also vary.

The functional activity of different virulent forms usu-
ally correlates relatively weakly with the averaged morphol-
ogy calculated in the course of in-line processing of the data
from the flow device detector. Even if it is assumed that the
measurements of viruses are not carried out on dispersed
media, but in an abstract empty environment with the
absence of adsorbing agents, the calibration of the mea-
suring system will still be ineffective [16]. Regarding the
information insufficiency for functional identification, it
should also be noted that Mie theory requires knowledge of
the refractive and absorption coefficients of the sample (dif-
ferent for different potential viruses) and the “dispersion
medium”, which in the native case is also characterized by
some uncertainty, since it is necessary to analyze samples
from different environments.

It is apparent that in the case of the analysis of native
media, the possibilities of staining viral particles (espe-
cially inactivated ones) are also significantly limited. This
method is used for staining SyBR green-I [17, 18]); not
fixed on disperse particles (nanogold, etc.) or in agarose
immobilization beads [19]; for expression of non-genetically
modified fluorescent proteins after penetration into the
cell [20, 21].

It is especially difficult to identify, analyze and mea-
sure aerosol-transmissible infectious viral agents in the
natural transmission environment. These, of the most
famous, common and easily differentiated diseases with a
pronounced etiology, include a significant number of infec-
tions, such as URTI (Upper Respiratory Tract Infections),
which combines respiratory syncytial virus infection, rhi-
novirus and adenovirus infections; influenza/parainflu-
enza, measles, mumps, adenovirus infection, etc.

Determination of viruses without cultivation can be
realized only in the abiogenic transmission environment.
Therefore, for aerosol-transmissible infections, it is neces-
sary to introduce a method that provides analysis with the
capture of particles in the natural atmosphere.

At the same time, the droplet size in physiological aero-
sols usually can significantly exceed the size of the virus.
However, the virus aggregation effect is also apparent
in standard virometry. Therefore, the “viral aggregome-
try” method is implemented in standard flow cytometers
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NapTHOM BHPOMETPUH H3BecTeH 3Q(eKT arperanjuu
BHUPYCOB. [103TOMy Ha CTaHJAPTHBIX IIPOTOYHBIX LIATO-
Metpax (FACS) peanusyeTcs MeTOAHKA <BHUPYCHOM
arperoMeTpuu». MMeHHO C ee IIOMOIUBIO IIPOXOAHT
JeTeKTHpoBaHHe HSV-1 M psama Apyrux arperupyio-
IIMX BUPYCHBIX YACTHL] C pa3MePaMHU arperaTos BhIIIe
rnpenesna 300-500 HM.

9TU OrpaHHUYEHUS] MOTYT OBITh IIPeO/OIeHbl IPH
WCIIONb30BAHMM JIa3ePHBIX a3pPO30JIbHBIX CIIeKTPO-
MeTpoB. Bcrieck MHTepeca K aspo30/IbHBIM H THIPO-
30/IbHBIM ONTHYECKHUM CYETHBIM CHCTeMaM I10SIBHJICS
B 1970-x romax [22]. Torma M3y4aauch CybOMHKPOHHBIE
YaCTULIBI KapKoH (apUAHOM) 30HBl M BapHallMU a3po-
30JIbHBIX IIapaMeTPOB B BBICOKOTOPHBIX YCIOBHAX
C IIOBBIIIEHHOM HMHCO/SLIMEN M IIOHIDKEHHBIM JIaBjie-
HueM [23, 24]. TIo3ske, B 1980-e rozsl, a3p030JIbHbIe CYET-
yuKd JKynaHoBa paboTanu Ha BeHepe Ha COBETCKHMX
KROCMHUYeCKUX amraparax BETA-1 u BE[A-2 [25]. C ux
IIOMOIIBIO ITPOBOAMIIH U3yUeHHe CTPYKTYPhl 06/IaUHBIX
CJI0eB M PasMepHoOe paclipefie/ieHHe a3po30Jisi BeHepH-
AHCKOM aTMocdepsl [26, 27], U3y4ald MeXaHH3M BO3-
HUKHOBEHHSI 00JIauHBIX C/10€eB [28].

MrdysroHHEBIe a3PO30JIbHEIE CIIEKTPOMETPEI JKyia-
HOBa C COABTOPAMH OCYILIECTB/ISIOT U3MepeHHe CIIeKTpa
pa3sMepoB B [JHalla3oHe OT Pa3sMepa MOJIeKY/ISIPHBIX
K/IaCTepoB [0 [0/lell MHKPOHAa, TO eCTb MOIYT OBITh
ONTHUMHM3UPOBAHBl 111 OONBUIMHCTBA BHPOMETPH-
YeCKUX 3a/la4, He HKCIIOIb3YIOIUX (GIyopecleHTHBIX
MeTok U rpanyn (beads). Hampumep, MopuduKaius
2702 ocy1IeCcTBI/IsIeT MOHHUTOPHHT B IxarasoHe 3-200 HM,
XOT4 CyILeCTBYeT BO3MOKHOCTb PaCIIKPeHMsI BePXHEro
IouarnasoHa A0 N-MHKPOHHBIX MacIITaboB (BILIOTH A0
10 MKM).

OnTHYecKHe MeTOIbl BUPOMETPHH CyOMHKPOHHOTO
AHala3oHa MMEIOT BBICOKHMM IIOTEHIIUAI B PelleHHH
33Jla4 aHa/IM3a NPUYUH GOPMUPOBAHMUS CaMOOPIraHMU-
3YIOIIMXCS BUPYCHBIX CTPYKTYp MM dacTul [29, 30],
MarHUTHBIX THOPUIHBIX «MeTa/JIOPraHUYeCKUX”
BUPYCHBIX 4YacTul [31]). Bonee Toro, nasepHyn aspo-
30/IbHYIO CIIEKTPOMETPHIO MOXKHO HKCIIO/Ib30BaTh IIPH
pelleHHUHU BOIIPOCOB BBDKMBAEMOCTH I'eHeTHYeCKOIo
BHUPYCHOIO MaTepHajla B KOCMHUYECKHX YCIOBHSX,
a TaKkKe K CMeXKHBIM ITpobreMaM KOCMHYeCKOM 61o-
JIOTMM /acTPOBHONIOTUH U T.H. «KOCMHYecKoro abuore-
He3a» Ha Oase 30/IBHBIX YacTHUIL (32, 33] UaK BUPYCHO-
OIOCPeNOBaHHOKM IIaHCIepMHUH (TMO0 acTpO307BHOrO
nepeHoca (34, 35]) 1 MHBIX IIpobieM ra3opasHoM 3K30-
6uosnoruu [36, 37].

3AKJ/TIOMEHUE

OnTHYecKHue MeTOAbl BHUPOMETPHU CyOMHKPOHHOIO
AHama3oHa MOTYT OBITh C YCIIEXOM HMIUIEeMEeHTHPO-
BaHBI B JIIOOBIX Cpefiax, 6JIarONpHUSTCTBYIOMIKNX Pa3MHO-
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(FACS). The detection of HSV-1 and a number of other aggre-
gating virus particles with aggregate sizes above the limit
of 300-500 nm is achieved due to this method.

These limitations can be overcome by using laser aerosol
spectrometers. A surge of interest in aerosol and hydrosol
optical counters appeared in the 1970s [22]. At that time,
submicron particles of the torrid (arid) zone and varia-
tions of aerosol parameters were studied in high-altitude
conditions with increased insolation and decreased pres-
sure [23, 24]. Later, in the 1980s, Zhulanov’s aerosol coun-
ters operated on Venus on the Soviet spacecrafts VECA-1 and
VEGA-2 [25]. They were used to study the structure of cloud
layers and the size distribution of the aerosol of the Venu-
sian atmosphere (26, 27], as well as the mechanism of the
formation of cloud layers [28].

Zhulanov’s diffusion aerosol spectrometers measure a
spectrum of sizes ranging from the size of molecular clus-
ters to fractions of a micron, that is, they can be optimized
for most virometric tasks that do not involve fluorescent
tags and beads. There is a modification for monitoring
particles with a size of 3-200 nm. This modification allows
expanding the upper limit up to 10 microns.

Optical methods of virometry in the submicron range
have a high potential in solving problems of analysis of the
causes of the formation of self-organizing virus structures
or particles [29, 30], magnetic hybrid “organometallic” viral
particles [31]. Moreover, laser aerosol spectrometry can be
used in survival studies of viral genetic material in space
conditions, as well as in related problems of space biol-
ogy/astrobiology and so-called “space abiogenesis” on the
basis of sol particles [32, 33] or virus-mediated panspermia
(or astrosole transport [34, 35]) and other problems of gas-
phase exobiology [36, 371.

CONCLUSION

Optical methods of virometry in the submicron range can
be successfully implemented in any environment that
favors or prevents the replication of viral material. And
the issues of the selection of calibration particles in laser-
aerosol-spectrometric studies are solved differently if the
principles of dynamic light-scattering are used.
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