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1 Kadeapa oproneandeckoit croMaToA0rnu u 1 poBbIX TeXHOAOTMIT, Poccniicknit yHusepcuteT Mmeaunnsl, Mocksa, Poccurickas ®eaepanms

2 /laGopaTopust MUKPOOHOT DKOAOTUH YeaoBeKa, ['ocyapcTBeHHbIN HaydHbIiT 11eHTp Poccuiickoit Peaepariunm — VIHCTUTYT MeAMKO-O1M0A0TIIECKIX TpobaeM
Poccuitckoitr akageMun HayK, Mocksa, Poccniickas ®egeparniys

3 /labopaTopust MOAEKYASIPHO-O1M0A0TIIeCKX nccaejoBannit, Poccuitckuit ynusepenrter Meauiuisl, Mocksa, Poccnitckas Peaepariyst

4 Kadeapa nponegesTiky TepaneBTuIeckor croMmatoorun, Poceniicknit yausepeuteT MeAnnnnsl, Mocksa, Poceniickas Pegepars

5 Kadeapa muxpobuoaornu, Bupycoaornu, uMmmyHoaorny, Poccniickuit yuusepenurer Meauiuasl, Mocksa, Poccniickas ®egeparyst

Llenb uccnepoBaHua: oLEHUTb NOBTOPAEMOCTb NOMYKONUYECTBEHHON LUMPPOBOM METPUKM POCTa NPU YYETE KOMOHUIA Ha CEKTOPasIbHbIX YallKax U
onpenenuTb NPaKTUYecKnin pabounii AuanasoH eé npumeHeHus Ha mogenu Candida albicans.

Matepuan u metogpbl: cyTouHas Kynbtypa Candida albicans BbipalmBanacb Ha MACONENTOHHOM arape, CTaH4APTM3UPOBanacb No MyTHocTn Ao 0,5
eAvHML No WwKane Mak-®apnaHga, v roToBUaach cepus pa3seaeHuin, COOTBETCTBYIOLMX YPOBHAM YC/I0BHOW MCXOAHOM Harpysku 10°, 102, 104, 10° n
108. BbinonHanca cektopanbHbiid noces 100 MK/ Ha YallKKM C MACOMENTOHHbLIM arapom ¢ nocaeaytoulei nHkybauuei npu 37°C 8 TeueHme 24 yacos (no
TPU HE3aBMCUMbIX NOBTOPA Ha ypoBeHb). LindpoBoii y4éT NnpoBoanuaCca METOLOM aBTOMATU3MPOBAHHOTO Pacno3HaBaHUsA U3obpaskeHuit Ha Nnpubope
Scan 500 (Interscience, Saint Nom-la-Bretéche, France; Bepcus MO 6.3.8.0) B pexkume obuiero cuéta ¢ GUKCMpPOBAHHbIMM NapameTpamm o6paboTKu.
Mpu HanMuMKn apTedaKToB BbINOMHANACL KOHCEPBATUBHAA ONepaTopckas KOPPeKLusa NyTéM yaaneHUsa HEKOIOHU3UPOBAHHbIX MUKPOOPraHW3MamMm
06bEKTOB. B KayecTBe 3aBUCHMOI NepemMeHHOM 1CNob30Banack MeTpUKa U — CKOPPEKTUPOBAHHOE ONEPATOPOM YMCI0 PACMO3HAHHBIX KONOHW (LUT.)
B pexkume obuero cuéta («Total count») npu pUKCUPOBaHHbLIX MapameTpax 06paboTKu.

Pe3ynbratbl: pacnpeseneHuna nokasatens U pas3iMyanvcb Mexay ypoBHAMM YCNOBHOMN UCXOAHOM HAarpy3Ku; pasnnumna bblim cTaTUCTUYECKU 3HaYUMBbI-
Mu no H-kputeputo Kpackena-Yonnuca (p=0,012). MoBTopsemocTb 3aB1cesa OT AMana3oHa: NPy HU3KMX YPOBHAX GUKCUPOBANNCD Hy/IeBble 3HAYEHUA
1 BbicOKas BapuabenbHocTb (CV 173,2% ans 10° n 102,4% ana 102), Toraa Kak Ha yposHe nopsaka 10* pas6bpoc 6bin muHumanbHbim (CV 6,1%). B
BbICOKOM [IMana3oHe He BbiiBNEHO NMPOCTOM MOHOTOHHOM 3aBUCUMOCTM U OT HOMMHANbHOTO YPOBHSA Harpy3ku. Y4cno yaanéHHbIX OnepaTopom HeKo-
NOHMaNbHbIX 06bEKTOB BapbUpoBaso oT 0 A0 99 Ha YaluKy.

3akatoueHue: uuodpoBoii nokasatenb U creayeT paccmMaTpyBaTh Kak CTaHAAPTU3MPOBAHHbIN LUGDPOBOM CHET (PUKCUPOBAHHbLIE HAaCTPOVKM pacros-
HaBaHWA C ONepaToPCKOW KOPPEKLMEN), NPUTOAHDBIN ANA CPAaBHUTENbHbBIX CONOCTaBNAEHUI KKOHTPOIb — IKCNEPUMEHTY NPU HEM3MEHHOM NPOTOKONE.
MpaKTUYeCKMi pabounii OpUeHTUP B YCIOBUAX AaHHOW MOAENN COOTBETCTBOBA NopsaaKy 10%.

KnioueBble cnoBa: Candida albicans, nodcyém mukpobHbix KonoHUl, KomnbtomepHas obpabomka u3o0bpaxeHull, 80cCnpou3so0UMOCcMb
pe3ynbmamos, MUKpobuosozudeckue memoosl, noces (Mukpobuonoaudeckuli).

Ana yntuposaHua: Xapax AH, KonecHukos MO, Kepacos CH, Anamosckuit BB, OranecaH AC, Llapés BH, ApyTioHos C/l. LinppoBoit nosyKonnyecTBeHHbI
LUndPOBOM YHET KONOHUI Ha CEKTOPA/IbHBIX YaLLKaX: MOBTOPAEMOCTb NPM Pa3HbIX YPOBHAX MHOKYMtoMa (Candida albicans). BecmHuk AguyeHHsl. 2026;28(2):471-
9. https://doi.org/10.25005/2074-0581-2026-28-2-471-479
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Objective: This study aimed to evaluate the repeatability of a semi-quantitative digital growth metric for colony counting on sector plates and to determine
its practical working range using a Candida albicans model.

Methods: A 24-hour culture of C. albicans grown on meat-peptone agar was standardized to 0.5 McFarland units. Serial dilutions were prepared to
achieve initial inoculum levels of 10°, 102, 10%, 10°, and 108 CFU/mL. Sectoral seeding (100 pl) was performed on meat-peptone agar plates, followed by
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incubation at 37°C for 24 hours (three independent replicates per level). Digital counting was performed using automated image recognition with the
Scan 500 automatic colony counter (software version 6.3.8.0; Interscience, Saint Nom-la-Breteche, France) in "Total Count" mode with fixed processing
parameters. Non-microbial artifacts were manually removed to ensure count accuracy. The primary dependent variable was the U-metric, defined as the
operator-corrected number of recognized colonies.

Results: The distributions of the U index differed significantly across initial load levels (Kruskal-Wallis H-test, p=0.012). Repeatability was range-dependent:
low levels exhibited zero values and high variability (CV: 173.2% for 10° and 102.4% for 10%), while the 10*-level showed minimal variance (CV: 6.1%). At
high ranges, the relationship between the U-metric and nominal load was non-monotonic. The number of artifacts removed by the operator ranged from
0to 99 per plate.

Conclusion: The U-metric serves as a standardized digital count — combining fixed recognition settings with operator correction — suitable for "control vs.
experiment" comparisons using a consistent protocol. For this specific model, the practical working range was approximately 10* CFU/mL.

Keywords: Candida albicans, microbial colony counting, automated image processing, reproducibility, microbiological techniques, culture methods.
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BBEOEHUE

KonnyectBeHHan OLEHKA KM3HECNMOCcObHOM MMKPOOHOWM Ha-
rpy3ku (kak npasmno, B KOE/CFU) octaérca 6a30BbiM MHCTPYMEHTOM
3KCNEPUMEHTAIbHOM M NPUKNALHON MUKPOBMONOrMM NPU CPaBHEHUN
YCNOBWI KyNIbTUBMPOBAHMSA, OLLEHKE aHTUMMKPOOHbIX BO3AENCTBUIA U
KOHTpOJ/1e KOHTaMMHaLMK maTepuranos [1, 2]. Hanbonee pacnpoctpa-
HEHHbIM NOAXOA OCHOBAH HA CEPUIMHbBIX Pa3BeAEeHMUAX C BbICEBOM Ha
arap M nNocneayoWwmm NOACHETOM KOMOHUM, OAHAKO TOYHOCTb TaKoW
OLLEHKM OTPaHMUMBAETCA KaK CTaTUCTUYECKMMU KonebaHUAMM Ha 3Ta-
Max pasBeAeHna 1 NoCeBa, TaK U TPYLHOCTAMM CYETA Ha YallKe npu
04YeHb MaJIOM YMC/E KOMIOHWI MW NPK MJIOTHOM POCTE U YaCTUYHOM
cnmanum (3, 4]. Boibop c4ETHOro AmanasoHa, rae KONOHUM 40CTaTou-
HO MHOTFOYMCNIEHHbI AN YCTOMUMBOM OLLEHKM, U NPU STOM OTAE/IbHblE
KOMIOHWM COXPAHAKT PAa3NNYUMOCTb, MO3BONAET YMEHbLUNTL Heormpe-
[LenéHHoCcTb n3mepeHus [5, 6].

Py4HOW NOACYET TPYAOEMOK M 3aBUCUT OT ONepaTopa, YTo CTu-
MY/IMPOBANO Nepexos K LMdPoBOIM CbEMKE ¥ MPOrPaMMHOMY aHa -
3y U306paXKeHW [7]. ABTOMATUYECKMIA CYET MOXKET AEMOHCTPUPOBATbL
XOPOLUYIO COMMAacoOBaHHOCTb C PYyYHbIM, OAHAKO B PYTUHHOW NpaKTUKe
pe3ynbTaT YyBCTBUTENEH K KAyecTBy M300pakeHua M napameTpam
06paboTKM (3KCMO3MLMA, KOHTPACT, MOPOr CErMEHTaLLMM), a TaK*Ke K
apTedakTam — 61MKaM, KOHAEHCATy, HEOAHOPOAHOCTAM CPeabl U He-
KOIOHWaNbHbIM 06BEKTAM, KOTOPble MOTYT OLWKMBOYHO Knaccuduum-
poBaTbCA KaK KonoHum [8-11].

Mo 3Toi NpuyMHe Ha npakTKe LMPPOBOM MOACYET HEPeaKO
[LOMOHAKT PEaMEHTUPOBAHHbBIM ONEPATOPCKUM KOHTposieM. B nc-
CnegoBaHMAX, NOCBALLEHHbIX BaMAALMW aBTOMATUYECKMX CYETYMKOB,
MOKa3aHo, YTO CTaHAAPTU3MPOBAHHAA KOPPEKTUPOBKA OMepaTopom
MOBbILIAET COMMACOBAHHOCTb C PYYHbIM MOACYETOM, OCOOEHHO Mpu
3HAUMTE/IbHbLIX MAOTHOCTAX pocTa [12]. CnepoBaTenbHO, LUMPPOBYHO
METPUKY LLenecoobpasHO paccMaTpPMBaTb HE KaK «YUCTbIN» BbIXOZ, asl-
rOPUTMA, @ Kak pesy/bTaT CTaHAAPTU3MPOBAHHOM NPoLLeaypbl, BKKO-
yaroulen GUKCMPOBAHHbIE HACTPOMKK perncTpaumm u obpaboTku, a
TaK¥Ke OMMCaHHOe MPaBW/IO BMELLATE/NbCTBA OMepaTopa, NOATBEpIK-
[LEHHOE OLLEHKOM BOCMPOMU3BOANMOCTH.

Ocobyto aKTyasbHOCTb 3TO UMEET A1 YaLleK Nocne CeKTopab-
HOTO MOCeBa, rae N306paKeHne M3Ha4YasIbHO HEOAHOPOAHO MO NAOT-
HOCTM pocTa U GOHyY, a [oAA NOrpaHMYHbIX 06bEKTOB U apTedakToB
00bl4HO BbllWeE. B KAMHUYECKOW MMKPOBMONOMMM UMEHHO NOCEB CO
LUTPMXOBbIM/CEKTOPA/IbHbIM pPacrpeaeneHMem LMPOKO UCMO/b3yeT-
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INTRODUCTION

Quantitative assessment of viable microbial load, typically
expressed in colony-forming units (CFU), remains a fundamental
tool in experimental and applied microbiology. It is essential for
comparing culture conditions, evaluating antimicrobial efficacy,
and monitoring material contamination [1, 2]. The most com-
mon approach involves serial dilutions, agar plating, and colony
counting. However, the accuracy of this method is constrained
by statistical fluctuations during dilution and plating, as well
as the inherent difficulty of counting plates with either sparse
growth or high-density, confluent colonies [3, 4]. Identifying an
optimal counting range in which colonies are numerous enough
for stable assessment yet remain distinct is critical to reducing
measurement uncertainty [5, 6].

Manual counting is both labor-intensive and prone to op-
erator bias, prompting a shift toward digital imaging and soft-
ware-based image analysis [7]. Although automatic counting
can correlate well with manual counting, its performance in
routine use is sensitive to image quality and processing settings
(e.g., exposure, contrast, and segmentation thresholds). Arti-
facts such as glare, condensation, environmental inhomogene-
ities, and non-colony objects may also lead to misclassification
and inaccurate colony counts [8-11].

Consequently, digital counting in practice is often supple-
mented by regulated operator oversight. Validation studies for
automated counters have demonstrated that standardized op-
erator adjustments improve consistency with manual counts,
particularly at high growth densities [12]. Therefore, digital
metrics should not be viewed as "pure" algorithmic outputs, but
rather as the result of a standardized procedure involving fixed
recording/processing settings and clearly defined rules for op-
erator intervention, supported by reproducibility assessments.

This approach is particularly relevant for sector-streaked
plates, where growth density and background are inherently
heterogeneous, and the frequency of border objects and arti-
facts is typically higher. In clinical microbiology, quadrant streak-
ing is the standard technique for isolating colonies. Ongoing re-
search into automated inoculation and streaking highlights the
urgent need to standardize seeding patterns to ensure reliable
digital interpretation of growth [13, 14].
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A KaK PYTUHHDIA NPUEM AN NONYYEHWA U30IMPOBAHHbIX KONIOHWIA, U
1ccnef0BaHNsA No aBTOMATU3ALMM MHOKYAALMM U LUTPUXOBAHMA NOA-
UEPKMBAKOT 3HAYMMOCTb CTAHAAPTU3ALMM PUCYHKA MOCEBA A/19 Noc/e-
JytoLelt MHTepnpeTaumm pocta [13, 14].

[lnA cTOMaTon0rMu Takas 3aZia4a UMeeT [OMNOHUTENbHbIV Npu-
KNagHOW cmblcn, nockonbKy Candida albicans 0THOCUTCA K MUKPOOp-
raHM3mam, cnocobHbIM 06MTaTb Ha CIM3UCTON 060NI0UKE NONOCTU pTa
1 NPY U3MEHEHWU NIOKANbHbIX YC/I0BUIA y4acTBOBATb B ONMOPTYHUCTH-
YECKOM MOPaXKEHNU, @ B OPTONEAMUYECKON CTOMATONOMMM e€ 3HaueHue
ycunmeaetcs cBasblo Candida-copepKalimx GBUONNEHOK C KOHCTPYK-
LIMOHHbIMM Ba3UCHBIMU MaTEPUaNaMu MOTHbIX CbEMHbIX 3y6HbIX Npo-
Te30B M CIM3UCTON 060/104KOI NpoTe3Horo noxa [15, 16]. Mostomy B
HacToawew pabote C. albicans ucnonbaosaHa He TONbKO KaK yao6Has
TECT-KyNbTypa A1 0TPaboTKM LUdPpOBOro yYETa, HO M KaK peneBaHT-
Has 419 CTOMATONOMMK TEeCT-CUCTeMA, B KOTOPOW OCOBEHHO BaKHbl
BOCMPOW3BOAMMOCTb CYETA U COXPAHEHWE HEM3MEHHOO MPOTOKOA
nocesa, MHKYbaLMM 1 perucTpaLmu.

LLENb UCCNEQOBAHUA

OueHKa BOCMPOM3BOAUMOCTH MONYKOAMYECTBEHHOM LindpoBoi
METPUKM POCTa, MOJTy4YaeMoit Npu y4éTe Ha YaLluKax Noc/e CeKTopab-
HOro nocesa.

MATEPUAN U METOAbI

IKCnepuMeHTanbHOe WCCNeoBaHNE BbIMOHEHO ANA OLEHKU
NOBTOPAEMOCTU MONYKONMYECTBEHHON LMPPOBOA METPUKM POCTa,
noayyaemoi Npu y4éTe Ha YallKax nocne CeKTopasbHOro nocesa. B
KauecTBe MOAeNM NPUMEHANACh CepUs NOCNe0BaTeNbHbIX pa3Bese-
HWI UCXOAHON MUKPOBHOM cycneHsuu, GopmMupyoLLMX NATb YPOBHEN
YCNOBHOM UCXOAHOM Harpy3ku: 10°, 10%, 104 10° n 102, Ons Kaxaoro
YPOBHSA BbIMOHANIOCH TPU HE3aBUCKMMBbIX NOBTOPA, BCero 15 yaluek.

TecT-KynbTypoi Cny»Kuna cyTouHas Kynbtypa Candida albicans,
BblpalleHHaA Ha MAconenToHHOMm arape. KynbTypa pecycneHampo-
Bafnacb B GM3MONOrMUECKOM PacTBOpe M CTaHAAPTU3MpOBanacb Mo
MyTHOCTM g0 0,5 eamuuu, no Mak-®apnanay. na nonydyeHns ogHo-
POAHOW CycreH3uy maTepuan nepemeLLnBasnca Ha Boptekce V-3. Kox-
TPO/Ib MYTHOCTU BbINOJHANCA C UCMO/Ib30BAaHUEM CTaHAAPTU3UPOBAH-
HbIX MPOBUpPOK 1 AeHcuTomeTpa DEN-1 (Biosan, Latvia).

M3 cTaHAapTU3MPOBAHHOM CyCMeH3WM roToBMAach cepua no-
CNnefloBaTeNbHbIX pa3BeAeHNi B dpusmonornyeckom pacrteope. Moces
OCYLLECTBNANCA CEKTOPaA/sbHbIM MeToZoM. M3 Kaxaoro passeseHuA
6panocb 100 MKA M HAHOCMAOCL HA MACOMENTOHHBIN arap, B MPOeK-
Lmu nepsoro cektopa. lanee crepunbHoii bakTepuonormyeckoi net-
NEN AaHHbIN 06bEM B3BECK pacrpeaensncs paBHOMEPHO Mo BCeM no-
BEPXHOCTM MepBOro CEKTopa. 3aTem, NPOKaMBAHUEM METAN MEXAY
KaXXObIM MOC/NeAyIOWMM 3TanoM, OCYLLECTBAANOCh pacnpeaeneHune
BM/IOTb 10 YETBEPTOro CeKkTopa. YalKku nomeLanucb B TepmMocTaT ¢
nocneaytoLeit MHKybaumeit npu 30°C B TeyeHue 24 Yacos.

YY&T pocTa BbINOMHANCA Ha aBTOMATUYECKOM aHaM3aTope Koo-
Huit Scan 500 (Interscience, Saint Nom-la-Breteche, France) ¢ ncnonb3so-
BaHMEM NPorpaMmmMHoro obecneyeHms sepcum 6.3.8.0 B pexkume «Total
count». Bo Bcex onbiTax NPUMEHANNCH €AMHbIE MapameTpbl aHaNK3a:
anametp yawku 90 mm, pacnpenenérHblii o6bém 0,1 ma, ApKocTb 55,
aHanusmpyemas obnactb 79% (anametp nsmepsemoit obaacti 80 mm).

Mocne aBTOMaTMYECKOro pacno3HaBaHWA eAWHCTBEHHbIN one-
paTop NPOBOAMA BU3ya/bHYIO BEpUPMKALMIO O6BEKTOB HA Hanuumne
apTedaKToB, B OTHOLIEHUM KOTOPbIX OCYLLECTBAAN KOHCEPBATUBHYHO
KOPPEKLMIO NYTEM yAaNeHUA HEKONOHWaNbHbIX 06beKToB. B cayya-
X, KOT4a aBTOMaTUYeCcKoe Pacrno3HaBaHWe He [aBajio KOPPEKTHOro

In dentistry, this task carries significant practical weight, as
Candida albicans is a key inhabitant of the oral mucosa and can
act as an opportunistic pathogen when local conditions shift. In
prosthodontics, its relevance is further underscored by the asso-
ciation of Candida-rich biofilms with both the base materials of
complete removable dentures and the supporting mucosa [15,
16]. Consequently, C. albicans served in this study not only as a
practical model for digital colony counting but also as a clinically
relevant test system. For such applications, ensuring reproducibil-
ity in counting and maintaining standardized protocols for inocu-
lation, incubation, and registration is essential.

PURPOSE OF THE STUDY

The objective of this study was to evaluate the reproduc-
ibility of a semi-quantitative digital growth metric derived from
colony counting on sector-seeded plates.

METHODS

An experimental study was conducted to evaluate the re-
peatability of a semi-quantitative digital growth metric derived
from colony counts following sectoral inoculation. A series of seri-
al dilutions of the initial microbial suspension was used to model
five levels of conditional initial microbial load: 10°, 10%, 10%, 108,
and 10%. Three independent replicates were prepared for each
level, resulting in a total of 15 plates.

The test organism was a 24-hour culture of Candida albicans
cultivated on meat-peptone agar. The culture was suspended in
sterile saline and standardized to 0.5 McFarland turbidity units.
To ensure homogeneity, the suspension was mixed using a V-3
vortex mixer. Turbidity was verified using standardized reference
tubes and a DEN-1 densitometer (Biosan, Latvia).

Serial dilutions of the standardized suspension were pre-
pared in sterile saline. Inoculation was performed using the sec-
toral streak method. A 100 pL volume from each dilution was ap-
plied to the first sector of a meat-peptone agar plate and evenly
distributed with a sterile inoculating loop. Sequential streaking
was then performed across subsequent sectors using the same
loop to obtain progressive dilution up to the fourth sector. Plates
were incubated at 30°C for 24 h.

Colony counting was performed using the Scan 500 auto-
matic colony counter (software version 6.3.8.0; Interscience, Saint
Nom-la-Bretéche, France) operating in Total Count mode. Iden-
tical analysis parameters were applied in all experiments: plate
diameter 90 mm, inoculated volume 0.1 mL, brightness level 55,
and analyzed area 79% (measurement area diameter 80 mm).

Following automatic recognition, all detected objects were
visually reviewed by a single operator to exclude artifacts. Con-
servative correction criteria were applied, and only clearly non-bi-
ological objects were removed from the count. When automatic
recognition failed to provide an accurate result, manual counting
was performed and documented in the analysis report. Objects
were excluded only if they demonstrated characteristics consis-
tent with one of the following artifact categories: optical image
defects (including glare, overexposure, or pronounced brightness
gradients), mechanical or foreign particles, technical elements
(including sector boundaries or plate edges), or non-biological
medium textures incorrectly segmented by the software as colo-
nies. Ambiguous objects were retained and counted as colonies.
For each plate, the number of excluded objects (D) was recorded,
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pesynbTaTta, UCMoNb30BaACA PyYHOU MOACYET, UTO GMKCMPOBANOCh B
OT4YéTe aHanM3a. OBbEKTbI YAANANMCH U3 CYETA TOMBKO MPU HaNUYUK
NpW3HaKoB apTedaKTa, OTHOCALLMXCA K OAHOM U3 KaTeropuii: ontuye-
CKuI fiedeKT n30bpakeHns, BKAOYAA BAVK, 3aCBET MM BbIPAKEHHDI
rpaAMeHT APKOCTM; MEXAHUYECKMIA MW NOCTOPOHHWUIA OOBEKT; TEXHU-
YECKUI 3/1eMEHT, BKKOYaA rPaHuLLy CeKTopa AW Kpait Yallku; Heburo-
JIorMyecKan TekcTypa cpefbl, GparMeHTMPOBaHHAA aNrOPUTMOM KaK
«KONOHUAY. COMHUTE/IbHbIE OOBEKTBI HE YAANANNCH U YYNUTHIBANNCH
KaK KONOHWUW. [INf KaAoW YaLlKX PerncTpupoBanoch YMCno yaane-
HWit D, nocne yero B CTaTUCTUYECKUIA aHaNN3 BKIHOYANOCh CKOPPEKTH-
poBaHHoe 3HayeHue U.

CraTMcTUYecKUit aHanus. [Ina onucaHua AaHHbIX paccyuTbiBa-
JIUCb MeAMaHa U MEXKBAPTUAbHbINM padmax. Pasnuuusa pacnpenene-
HWit nokasaTtena U mexay ypOBHAMM UCXOAHOM HarpysKu oLeHWBanu
H-kputepuem Kpackena-Yonnuca, ypoBeHb 3HaUMMOCTM NPUHUMANCA
npu p<0,05. Bocnpon3soaMmMOoCTb METPUKM OLLEHMBANACh NO BHYTPU-
rpynnoBomy pa3bpocy 3HaYeHUl MeXay He3aBUCMMbIMM NOBTOPaMMU
BHYTPW KaXk[0ro ypoBHA Harpysku. CTaTUCTUYeCcKMe pacyéTbl BbINos-
HAanuch 8 Minitab 22.3.1.

PE3YNbLTATbI

BbinonHeHo 15 He3aBUCUMbIX U3MEPEHUIA LMPPOBOIN METPUKK
U Ha nAaTV ypoBHAX YCIOBHOW UCXOZHOM Harpysku 10°, 102, 104, 10°
10%, no Tpu noBTOpa Ha ypoBeHb. Mo onucaTeNbHbIM XapaKTepUCTH-
Kam MPOCNEXKMBANOCH pas3fiesieHne HU3KOrO M BbICOKOTO AMana3oHa
3HayeHuin. Ana 10° megmara U coctasuna 0 [0; 5], ans 102—-11[1; 28],
a HaumHas ¢ 10* 3HayeHus U nepexoaunu B obnactb coteH. Meau-
aHa U coctasuna 330 [310; 350] npm 104 155 [144; 225] npn 10° n
321 [259; 323] npu 108. Ans yposHa 100 aBa v3 Tpéx NOBTOPOB Aa/M
3HayeHwue U=0, 4To oTpakanoch Ha pacnpegeneHnuy BHyTPU rpynmbl.

Pa3niMums BbIfBNEHbI HE TOJIBKO B MeAMaHaX, HO U B NMONOKEHUN
KBaPTWAbHbIX rpaHuL,. MexKBapTuabHble MHTepBanbl gaa 10° n 10?
pacnonarannch HUXKe MHTepBanoB ypoBHeit 104 10° 1 108, B BbicoKOM
ZmanasoHe nHTepBan s 10° [144; 225] He nepeKkpbIBanCcA ¢ UHTEP-
Basiom ans 108 [259; 323], Toraa Kak uHTepsansl 10* [310; 350] u 108
[259; 323] yacTMYHO NepeKpbIBaNUCH (pUC.).

PacnpepeneHna nokasatena U cTaTUCTMYECKM Pasnnyanuchb
MeXAy YPOBHAMM UCXOLHOW Harpysku no H-kputepuio Kpackena-Y-

and the corrected colony count (U) was used for statistical anal-
ysis.

Statistical analysis. Data were described using the median
and interquartile range (IQR). Differences in U-index distributions
across initial load levels were assessed using the Kruskal-Wallis
H-test, with p<0.05 considered significant. Reproducibility of the
metric was assessed by analyzing intragroup variability among in-
dependent replicates within each microbial load level. Statistical
analyses were performed using Minitab version 22.3.1.

RESULTS

Fifteen independent measurements of the digital metric U
were performed across five initial inoculum levels: 10°, 102, 10%,
108, and 108 with three replicates per level. Descriptive statistics
revealed a clear separation between low-range and high-range
values. At the 10° level, the median U was 0 [IQR: 0-5], and at 10?
the median was 11 [IQR: 1-28]. Beginning at the 10* level, U val-
ues increased to the hundreds: the median U was 330 [IQR: 310-
350] at 10%, 155 [IQR: 144-225] at 10°, and 321 [IQR: 259-323] at
108. Notably, at the 10° level, two of the three replicates yielded
U=0, influencing the intragroup distribution.

Significant differences were observed in both the medians
and the interquartile ranges (IQRs). The IQRs for the 10° and 10
levels were positioned entirely below the intervals for the 104,
108, and 108 levels. Within the high range, the interval for 108
[144-225] did not overlap with that of 108 [259-323]; however,
the intervals for 10* [310-350] and 108 [259-323] exhibited partial
overlap (Fig.).

The Kruskal-Wallis H-test revealed significant differenc-
es in the distribution of the U index between initial load levels
(p=0.012). The effect size (€2=0.879) indicated that the U index
was significantly dependent on the initial load level.

Repeatability within each level, assessed via three indepen-
dent replicates, varied across the ranges. The coefficient of varia-
tion (CV) was 173.2% for 10°, 102.4% for 102, 6.1% for 10%, 25.2%
for 108, and 12.1% for 102. At the 10° level, the interpretation of
the CV was limited by the occurrence of zero values across repli-
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onnuca, p=0,012. BennunHa addekta coctaBuna £2=0,879, uTo yKa-
3bIBa/I0 Ha BbIpaXKEHHYO CBA3b Nokasatens U ¢ ypoBHEM UCXOAHOW
HarpysKku.

[OBTOPAEMOCTb METPUKM BHYTPU KaXKAOr0 YPOBHS, OLEHEHHaA
o TPEM HE3aBMCUMbIM NOBTOPaM, bblna HeoguHakosol. Koadduum-
eHT Bapuauum coctasun 173,2% ana 10° 102,4% pna 10% 6,1% pona
10% 25,2% ona 10° 1 12,1% ona 108, Ana 10° uHtepnpetauma CV 6biia
orpaHMyeHa 13-3a HyneBbIX 3Ha4eHMI U B MOBTOpPaX, NO3TOMY AaHHbI
rMoKa3aTe/lb Ha STOM YPOBHE CefyeT TPAKTOBATb C OCTOPOXKHOCTBIO.

Yncno obbEKTOB, YAANEHHBIX OMNEpPaTopoOM KaK HEeKoNOoHWasb-
Hble, D, OTIMYANOCh MEXKAY YPOBHAMM WM AEMOHCTPUPOBA/O Bblpa-
¥eHHbI pasbpoc. Ana 108 D coctasuno 37 [30; 39], ansa 10° oHo go-
cturano 41 [41; 43], ona 10* oHo coctasnano 48 [41; 54], ans 102 oHo
ysennumnsanock go 83 [62; 99], a ana 10° npuHmumano 0 [0; 87]. Poct
D npu HM3KKX 3HaYeHuax U oTpakan yBenmdyeHue Aonm aptedaktos
pacno3HaBaHus B YCA0BUAX CNaboro pocta u HeOAHOPOLHOTo GoHa,
KOrga aBTOMATUYECKMIM aNrOPUTM Yallle BblAENSET HEKONOHUA/bHbIE
06beKTbI.

OBCYXOEHUE

BbI6op ceKkTopasbHOro nocea bl 06YC/I0BNEH TEM, YTO B 3TOW
MOCTaHOBKe NOACYET KONOHUI M3HAYaIbHO BbINO/HAETCA B YCNOBUAX
HeoHOPOAHOro NosA pocTa. Ha ofHOM YallKe CcOCyLLeCTBYHOT 30HbI
C Pa3NNYHOW MIOTHOCTbIO, @ NMPW BbICOKON NAOTHOCTU KONOHUK CO-
NpUKacatTca U YacTuuHo camsatotea [15]. Ha umdposoit pesynbtat
[ONONHUTENBHO BAWAIOT TPaHMLbI CEKTOPA, HEOAHOPOAHOCTU Cpe-
[bl, 6IMKM U KOHAEHCAT, a TaKKe MeJIKUe 3/1eMeHTbl M300pakeHus,
KOTOpble aAropuUTM CMOCOBEH MHTEPMNPETUPOBATL KaK KOMOHWUU, YTO
0COBEHHO XapaKTEPHO A7 CeKTopasibHbIX Yawek [9, 10, 16]. MoaTto-
My U B flaHHOI paboTe cnefyeT TPAKTOBATb HE KaK MPAMYIO OLLEHKY
KOE, a KaK CTaHZapTVU3MpPOBaHHbIV LMGPOBOI CYET, BKNIOYAKOLLMIA aB-
TOMaTu4ecKoe 3HaueHue «Total count» 1 onepaTopckyto KoppeKkuuto,
NPUroAHbIN ANA CPAaBHEHWUIM NPU HEM3MEHHbIX YCIOBUAX NOCEBA, WH-
KybaLmmn 1 CbEMKM.

B 0bnactv HU3KMX Harpy3ok CY€T daKTUUecKku onpenenserca
eAMHMYHbIMKM 0BbeKTamMu, MO3TOMy fae HebonbluMe cryyaiHble
pasnnuma M3obpakeHna HauMHaOT 3aMeTHO MEHATb UTOroBOe 3Ha-
yeHue nokasatena U. OTHocuTenbHbIN pa3bpoc Bo3pacTaerT, a BKIA4,
bOHOBbIX A€Tanew, NorpaHNYHbIX 06EKTOB M 0COBEHHOCTEN pacnos-
HaBaHWA CTAHOBMUTCA COMOCTaBMMbIM C BK1aA0M COBCTBEHHO MMKPOD-
HOrO POCTa, YTO COMMACYETCA C U3BECTHOM OCOBEHHOCTBIO YHETa MasIbIX
umncen KOMIOHWM, KOrfa Aaxe Npu KOPPEKTHOM pa3BeseHuM 1 nocese
BapuabenbHOCTb MeXay MOBTOPaMM 3aKOHOMEPHO YBENMYMBAETCS,
MOCKO/IbKY MyacCOHOBCKME KonebaHusa npu 2-5 KonoHusAX AatoT 60/b-
LU0 OTHOCUTENbHBIN pa3bpoc [19, 20].

B NpoTMBONO/NOXKHOM YacTU AnanasoHa orpaHuyeHne Gopmupy-
€TCA Y)Ke MHaye, NOCKO/bKY NPU BbICOKOM Harpyske Bo3pacTaeT 4o
COMPMKACAIOLLMXCA U CAUBAIOLLUXCA KONOHWM, OTAENbHblE 0ObEKTbI
XyXe pasfensatTca anropuTMoM, U UTOTOBbIN CYET BCE CubHee 3a-
BUCWT OT KauyecTBa cermeHTaLmMu. B nofobHbIX YCI0BMAX 06BEKTHDIN
NOACYET MOXKET HEA0YUUTbIBATD POCT M 3aHMMKATb OLLEHKY MAOTHOCTU
[9, 19, 21]. MoaTomy CBA3b YPOBHA UCXOAHOW HArpy3Ku CO 3HAYEHW-
Amn U nNpoABnAeTcA He TONbKO B M3MEHEHUM Camoro c4éTa, HO U B
M3MeHEHWM ero NoBTOPAEMOCTH.

BaXHO yuWTbIBaTb, YTO B BbICOKOM [Mana3oHe B HACTOALLEM
McCNeaoBaHNM He HaboAanoch NPOCTOV MOHOTOHHOW CBA3W MEX-
Zly YPOBHEM UCXOAHOM Harpy3ku v 3HaueHuamu U. Mpu 10° meavaHa
OKasanacb Huxe, yem npu 10* n 102 3710 cBA3aHO ¢ Tem, yto U oT-
paKaeT YNC0 KOMIOHMI, KOTOPbIE OCTAKOTCA Pa3AeIMMbIMU A1 anro-
puTMa B pexxunme «Total count», u npu ceKTopanbHOM NoceBe 3aBUCUT

cates; consequently, this metric should be interpreted with cau-
tion.

The number of objects removed by the operator as non-co-
lonial (D) varied across levels and exhibited a wide distribution.
For 108, D was 37 [IQR: 30-39]; for 105, it reached 41 [IQR: 41-43];
and for 10%, it was 48 [IQR: 41-54]. At lower inoculum levels, D
increased to 83 [IQR: 62-99] for 102 and 0 [IQR: 0-87] for 10°. The
higher D values at low U levels suggest an increased incidence of
recognition artifacts under conditions of sparse growth and het-
erogeneous backgrounds, where the automated algorithm more
frequently misidentifies non-colonial objects.

DiscusSION

Sectoral seeding was selected for this study because it in-
herently creates a non-uniform growth field. Different growth
densities coexist on a single plate; at high densities, colonies
frequently touch or partially merge [15]. Furthermore, digital
analysis is influenced by sector boundaries, media inhomoge-
neities, glare, condensation, and minute image elements that
algorithms may misinterpret as colonies, a common challenge
with sector plates [9, 10, 16]. Consequently, the U metric in this
work should not be viewed as a direct estimate of CFU. Instead,
it represents a standardized digital count that combines auto-
mated "Total Count" output with operator correction, suitable
for comparative analysis under strictly controlled seeding, incu-
bation, and imaging protocols.

In the low-load region, the count is primarily determined
by individual objects; thus, even minor stochastic variations in
the image can significantly affect the final U value. Consequent-
ly, relative dispersion increases as the influence of background
noise, edge artifacts, and recognition features becomes com-
parable to the microbial growth itself. This finding aligns with
the established characteristics of low-density colony counting:
even with standardized dilution and inoculation, inter-replicate
variability naturally increases because Poisson fluctuations in
counts of only 2-5 colonies yield substantial relative variation
[19, 20].

Conversely, at high microbial loads, different limiting fac-
tors emerge. The increased frequency of adjacent and coales-
cent colonies hinders the algorithm's ability to resolve individual
objects, making the final count highly dependent on the quali-
ty of image segmentation. Under these conditions, automated
counting tends to underestimate the true extent of microbial
growth and, by extension, the overall colony density [9, 19, 21].
Thus, the initial microbial load influences not only the absolute
U value but also the inherent repeatability of the measurement.

Notably, a non-monotonic relationship was observed be-
tween the initial inoculum level and U values at the high end.
The median U at 10° was lower than at both 10¢ and 10%. This
result occurred because U reflects the number of objects the al-
gorithm can separate in "Total Count" mode. At 10%, a significant
portion of growth consists of isolated colonies within the count-
ing zone. At 10° growth shifts primarily toward dense streak
bands, where crowding causes colonies to merge into fused
structures that the algorithm then recognizes as fewer, larger
objects. As the load increases to 108, isolated colonies reappear
in the counting zone, leading to another rise in U. Therefore, U
should be used as a comparative metric within a specific work-
ing range under a fixed protocol, rather than as a direct calibra-
tion tool across all load levels [9, 19, 21].
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OT pacnpegeneHna pocta No PUCYHKy Wwrpwmxa. Ha yposHe 10* 3Haun-
Te/lbHaA YacTb PocTa NPeACTaBaeHa U30/IMPOBAHHBIMU KOJIOHUAMM B
CYETHOI 30He, MO3TOMY aNrOPUTM PErUCTPUPYET BO/bLIOE YNC/IO OT-
[enbHbIX 06bEKTOB. Ha ypoBHe 10° ocHOBHas A0/ pocTa CMeLLaeTca
B NJIOTHbIE MO/OChI LUTPKXA, F4e KONOHWM PacnonaratoTcs CKyYeHHO U
YaCTMYHO CIMBAIOTCA, MOSTOMY HECKObKO KOIOHU GOPMUPYIOT CK-
Tbl€ CTPYKTYPbl M PAacno3HatoTCA KaK MeHbLUIee YUCIo 06beKToB. Mpu
ZanbHenwem yBesmyeHnn Harpysku ao 10% B cuéTHol 30He BHOBb
nosBAseTca 60/bLle N30MPOBaAHHbIX KONOHWI, YTO COMPOBOKAAETCA
poctom U. Mo3atomy U KOPPEKTHO MCNonb30BaTh Kak CPaBHUTENbHYIO
MEeTpVKY B BblbpaHHOM paboyem AuanasoHe npu GUKCMPOBAHHOM
NPOTOKO/1e MOCEBA M YYETA, @ HE KaK OCHOBY /1A NPAMOW KannbpoBKu
no BCeMy AManasoHy Harpysok [9, 19, 21].

MpaKTMYeCKM 3TO 03Ha4aeT HeobXOAMMOCTb BbIOOPa UCXOAHO
KOHLLEHTPALMK, NPKU KOTOPOM POCT Y¥Ke BbIPAXKEH U YCTOWYMBO pac-
NO3HAETCA, HO CUAHME eLLE He AOMUHUPYET. B ycnoBuax HacTosLwero
NnpoToKona Haunbonee cTabunbHble 3HaUYEHUA MOYYEHbl HA YPOBHE
nopaaka 10* (CV=6,1 %). ,na BbIOpaHHOM TECT-CUCTEMbI 3TOT PE3Y/b-
TaT MMEET He TO/IbKO METOAMYECKOE, HO M NMPUKIAZHOE CTOMATOo/0-
rMyeckoe 3HadyeHue, nockonbky C. albicans cBsazaHa ¢ MUKpobuoTo
NONOCTU PTa, NOPAXKEHUAMM CAN3UCTON 060/104KM U GOPMUPOBAHH-
€M B1ONNEHOK Ha KOHCTPYKLIMOHHBIX MaTepuanax 3ybHbIX MpoTe30B U
NevyebHo-npodunakTUyeckmx annapatos [15, 16]. Bmecte c Tem, pabo-
YMiA AMaNasoH He ABNAETCA YHUBEPCAIbHbIM M MOXKET CMeLLATbCA Npu
M3MEHEeHUM MUKPOOPraHu3ma, cpelbl AW YCNOBUIA KyNbTUBMPOBA-
HWA, NOCKONIbKY MOP)ONOTMA KONOHMI, CKOPOCTb POCTA U CKNOHHOCTb
K C/IMAHUIO ONpesenstoT Pasfe/MMOCTb 0OBEKTOB Ha M306paKeHUn
[9, 12]. B aTux ycnosuax 3HauyeHue nopagka 10* cnegyet paccmatpu-
BaTb KaK NPaKTUYeCKWii OpUeHTUP ANA BblOpaHHOW TecT-cucTeMbl
C. albicans, a Tak»Ke KaK CTapTOBYIO TOUKY A/ HACTPOMKM Nocaeayto-
LLMX CPaBHUTE/IbHbIX 3KCMEPUMEHTOB.

LindpoBoit NoacUET KONOHUIA Ha NPaKTUKe PeaKo OCTaéTcA non-
HOCTbO aBTOMATMYeCKMM. B AaHHOM NpOTOKONE KOPPEKLMA 3aKio-
Yanach B yAaNeHUn 06bEKTOB, He ABNAIOLLMXCA KONOHUAMM, NPU STOM
yucno yaaneHuin GUKCMPOBANOCh ANA KaXKAOW YallKW. B oTaenbHbIX
M3MepeHUAX UCK/KYaUCh AeCATKU 0OBEeKTOB, YTO MOKa3blBaeT 3a-
METHY0 ,0/1t0 GOHOBbIX CTPYKTYP Ha M306paKeHUM 1 UX MOTEHLMa b-
HOe BAWAHWE HAa UTOrOBbIV CYET. AHANOrMYHble HabNoAEeHUA NPUBO-
[ATCA B BANNJALMOHHbIX UCCNE0BAHMAX aBTOMATUUYECKMX CHETUMKOB,
rAe Ha BbICOKMX NAOTHOCTAX NMONHOCTbIO aBTOMATUUYECKUI PEXUM pa-
60TaeT Xxye, a KOPPEKTMPOBKA ONEPaTOPOM MOBbILIAET coracue ¢
PY4YHbIM NoacyéTom [12].

[na ceKTopasnbHbIX YalleK W BbICOKMX MAOTHOCTEW nepcrek-
TUBHBIM HanpaBieHWeM ABNAETCA Nepexos OT NOACYETA OTAENbHbIX
0OBEKTOB K OLeHKe nnowaamn pocta. Mpu NAoTHOM pocTe cavsHUe
CHW)XaeT HaAEXHOCTb 06BEKTHOTO CYETa, TOrAa Kak NaowaaHble me-
TPUKM MOTYT BbiTb 6oNee yCTOMYMBLIMM NPK YCNOBUM OAMHAKOBOTO
BPEMEHMW MHKY6aLMK 1 cTabunbHOM CbEMKM. Moaxoabl K OLEHKe po-
CTa MO NNIOLAAMN U Pa3Mepam KOJIOHMI Mo M306paKEHUAM ONUCaHbI
B IMTEpAType U NPUMEHAIOTCA NPU aHaaM3e pocTa B LUMPOKOM Aua-
nasoHe Na0THOCTeMN nocesa [21-23]. B pamKax AanbHenwel paboTbl
LlenecoobpasHo ConocTaBuTb BOCMPOM3BOAUMOCTb U 1 niowwaaHbIx
METPUK Ha TeX e CEKTOPasIbHbIX MOCEBAX M OLEHUTb, PACLLUMPAET /N
NAoLWaAHan oLeHKa paboumnii AManasoH, rae CAnAHWE KONOHUIA orpa-
HWMYMBAET 0ObEKTHbIN NoacyéT [21, 22].

OrpaHunyeHus uccnefosaHua. Mpu MHTepnpeTaLymn pesybTaTos
CNeAyeT yuUTbIBaTb OrPaHMYeHNs An3aliHa. Ha KaK40M ypoBHe Harpys-
K1 6bl/10 MO TPY HE3ABMUCUMbIX MOBTOPaA, MO3TOMY OLEHKM pa3bpoca u
BWA pacnpeseneHnin YyBCTBUTENbHbI K €4MHUYHBIM 3HaYeHnam. Kpome
TOrO, OLEHWMBaNACh BOCMPOMU3BOAMMOCTb KOHKPETHOW LMdPOBOM Me-
TPUKM NpK GUKCMPOBAHHOM NPOTOKONIE CbEMKM 1 06pabOTKM, NO3TOMY
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From a practical perspective, these findings emphasize the
need to select an initial concentration at which microbial growth
is sufficiently pronounced for reliable detection. Nevertheless,
colony coalescence has not yet become the dominant limiting
factor. Under the current protocol, the most stable results were
achieved at an inoculum level of approximately 10%, yielding a co-
efficient of variation (CV) of 6.1%. For the selected test system,
this observation carries both methodological and clinical rele-
vance to dentistry. Candida albicans is a critical component of
the oral microbiota, implicated in mucosal lesions and in biofilm
formation on the surfaces of dental prostheses and orthodontic
or preventive appliances [15, 16]. However, this optimal work-
ing range is not universal; it may shift depending on the specific
microorganism, culture media, or cultivation conditions. Factors
such as colony morphology, growth rate, and the inherent ten-
dency toward coalescence influence the resolution of individual
objects in digital images [9, 12]. Accordingly, the 10* concentra-
tion range should be regarded as a practical reference point for
this C. albicans test system and a baseline for the optimization
and standardization of future comparative experiments.

Digital colony counting is rarely fully automated in profes-
sional practice. In our protocol, manual correction involved re-
moving non-colonial artifacts, with dozens of objects excluded
in some instances. This fact highlights the substantial impact of
background structures on the final count. Similar findings in val-
idation studies indicate that fully automated systems underper-
form at high densities, and that standardized operator interven-
tion is essential to improve agreement with manual counts [12].

Finally, for high-density sector plates, transitioning from
object counting to growth-area estimation is a promising alterna-
tive. While confluence reduces the reliability of individual object
counts, area-based metrics are often more robust, provided in-
cubation and imaging are standardized [21-23]. Future research
should compare the reproducibility of U with area-based metrics
on the same sector plates to determine whether the latter can
extend the reliable working range beyond the limits of colony
confluence [21, 22].

Study limitations. Several design limitations should be con-
sidered when interpreting these results. First, because three in-
dependent replicates were performed at each inoculum level,
the estimated variance and distribution patterns are sensitive to
individual outliers. Second, the reproducibility of the U metric
was assessed using a specific, fixed imaging and processing pro-
tocol; therefore, the transferability of these findings to different
instruments or software settings requires further validation. De-
spite these constraints, the U metric demonstrated acceptable
reproducibility on sector plates within this protocol. This finding
supports its use as a semi-quantitative indicator in comparative
"control vs. experiment" studies, provided that inoculation, incu-
bation, and image-processing conditions remain constant and are
accompanied by mandatory operator correction.

CONCLUSION

An assessment of the repeatability of the semi-quantitative
digital growth metric U on sector plates demonstrated that, with
fixed automated counting settings and operator correction, the
U index effectively differentiates among initial load levels. At low
loads, measurements remain unstable and occasionally yield zero
values in individual replicates; conversely, in the medium-to-high
range, U demonstrates significantly higher consistency. The most
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NepeHOCMMOCTb BbIBOAOB Ha Apyrve Npubopbl 1 HACcTPOIKK Tpebyet
OTZeNbHOMN NPOBEPKM. HECMOTPA Ha OrpaHUYEHNs, B JAHHOM MPOTOKO-
Ne meTpuka U eMOHCTPMPOBana Npuemaemyto BOCpPOM3BOAMMOCTb
Ha CEKTOPaNbHbIX YallKax. 3TO N03BO/IAET UCMOb30BaTh U Kak mony-
KOJIMYECTBEHHbIV NOKa3aTeb A1 CPaBHUTE/bHbIX MOCTAHOBOK «KOH-
TPO/Ib — 3KCMEPUMEHT» NPY HEU3MEHHBIX YC/IOBUAX NOCEBA, MHKYBaLmm
1 06pabOoTKM M306paKeHUI U C 06A3aTENBbHBIM YYETOM KOPPEKLMN.

3AK/TIOMEHUE

OueHKa NMOBTOPAEMOCTU MONYKOAMYECTBEHHOW LndpoBoi me-
TpuKK pocTa U Ha CEKTOpasibHbIX YaLlKax MoKasana, Yto npu GpuKcu-
POBaHHbIX HACTPOKKax aBTOMATUYECKOTO MOACYETA U OMEPATOPCKOW
KOppeKLMM nokasatesb U No3BoAsET pasnnyaTb YPOBHM MUCXOLHOW
Harpysku. Mpu HWU3KMX HarpysKax U3MEpeHUs OCTaloTcAa HecTabuib-
HbIMW, BKNOYaA Hy/1EBble 3HAaYeHMNA B OTAE/IbHbIX NOBTOPAX, TOr4a Kak
B lMaNa30He CPeAHUX U BbICOKMX Harpy3ok U AemoHCTpUpyeT cylue-
CTBEHHO bosee ycToiumBbIe 3HaUeHWs. Hanbonee Bocnponssoaumble
pe3ynbTaThl NMOAYYeHbl Ha ypoBHe nopaaka 10% KoTopbli Lenecoo-
6pa3HO paccMaTpuBaTb Kak pabounii OPUEHTUP A8 NMOCAELYHOLMX
CPaBHUTE/IbHbIX 3KCMEPUMEHTOB NPY HEM3MEHHOM NPOTOKO/IE MOCce-
Ba, MHKYbaL MW 1 LMdPOBOro aHanu3a.

reproducible results were achieved at an inoculum level of ap-
proximately 10%, which serves as a reliable benchmark for subse-
guent comparative experiments utilizing a standardized inocula-
tion, incubation, and digital analysis protocol.
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