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Poboma € ¢ppazmeHmom HLP kagpedpu mepanesmuyHoi cmomamornoaii YMCA «Po3pobka namoeeHemu4yHol npoghinakmuku na-
mOoJs102iYHUX 3MIH y MOPOXHUHI poma ocib i3 8HympiwHiMu xeopobamuy (OepxxasHull peecmpauitiHuti Ne 0121U108263).

BeTyn

BigTogi, sk J1. Mactep BMCMOBMB MPUMNYLLEHHS,
L0 3axBOPHOBaHHA Ntogen i TBapuH, NOAiGHI Ao
FHUTTS | 6poaiHHSA, BUKNUKAIOTECS NEBHUMU TUNaMu
MikpoopraHiamiB, a P. Kox Bigkpvs i BuBuuB 30ya-
HUKIB TSDKKUX iHPeKUiiHMX XBopob nioauHu 1 3a-
KrnaB OCHOBY HOBOI Hayku — Mikpobionorii, Mmeguuu-
Ha 3BepTae MoCWUneHy yBary Ha BUBYEHHS MIiKpO-
OHMX OpraHisaLin Ha NoBepXHi Tina NAWHKU i B No-
poOXHUHax Tina. Lle nutaHHa akTyansHe 1 goci. To-
MYy HaMBaXruMBiWOW NpobnemMolo cyvacHoi mean-
LUMHM € BUBYEHHSA MiKpOriopw MOACHKOro opraHis-
My. BBaxaloTb BUBY4eHUMM He Binblue 5% Mikpobi-
OTWU noanHKn. JIIogCbKOMY OpraHiaMy BnacTvMBa Be-
nuka Kinekicte 6iotonis. MikpoopraHiamu KOXHOro 3
HUX € CaMOPEryrioYo CUCTEMOLO, SKi B Koonepa-
Lii 3 MakpoopraHiaMoM BUKOHYIOTb B3aEMHO KOPUC-
Hi pyHkuii. MakpoopraHiam i horo Mikpodnopa B
HOpMIi — Ue cknagHun 6araTodyHKLUiOHanbHUA An-
HamiyHMn ey6ios. bioLeHo3n BCix noacbkux GioTo-
niB HEPO3PMBHO MOB'sA3aHi Mk coBoIo, | 3MiHa B 0a-
HOMY BWKMMKaE 3MiHW B iHWMX. Lli 3MiHW MOXyTb
NpU3BOOMTU OO LUKIANNBMX HACMIAKIB 4NS MaKpoop-
raHismy.

Y cTtomartonorii icHye akcioma, WO Kapiec 3y6iB
Mae iHdekuinHy npupody. Hanbinbw kapiecorex-
HUMW MiKpoopraHiamamn BBaxaloTb Streptococcus
mutans i Lactobacillus, siki HanexaTb A0 NOCTINHUX
npeacTaBHUKIB oparnbHOi Mikpodnopu. Bukopucro-
BYIOTb METOAM OULHKN PU3UKY BUHUKHEHHSI Kapiecy
3a BMICTOM Kapi€COreHHUX MiKpoopraHiamis y mno-
POXHUHI poTa [1].

Ane HOBITHIMM OO0CNIIKEHHAMN NEPEOLIHEHO 3Ha-
YEHHS1 NoACbKOI MikpobioTU: BBaXalOTb, LLO MIKPOOHI
acouiauii, Ak NOCTINHO BEreTyloTb Y NOPOXHUHI poTa,
€ «bionoriyHum Gap'epomM» Ans MIKpOOpraHiamiBe, LLO
HaXo4sTb 0 HEl i3 30BHILLHBOrO cepeaoBuLla, a Ta-
KOX MOCTIMHUM CTUMYFMATOPOM MiCLIEBOrO iMYHITETY
NMOpPOXHMHK poTa. Lle eBontouiiHo BUpobneHun, disi-
OrnoriYHo HeobXigHWI cnocib 3axucTy Big, iHdekuii [2].
ToMmy BWMKOHaHO Cy4vacHi gocnigXeHHs Mikpobioue-

HO3iB, SAKi NOB'A3aHi 3 BM3HAYEHHAM MiKMiIKPOOHMX
B3aEMOfiN TXHIX yyacHukiB. 3asHadveHi poboTu Bu-
3HayaloTb Ui B3aEMWHM SK iHriBytodi, iHBepTYyoui,
CTUMYTOtoYI 1 iHAndepeHTHiI [3-5].

Benuka KinbkicTb NpuKNagHUX i TeopeTU4HUX
NUTaHb Pi3HUX HayK BUPILIYIOTLCA 3a AOMNOMOro
MaTematuki. Mexi Matematvkm i MaTemMaTu4HMX
MeTOZIB Y PiI3HOMaHITHMX rany3six Hayku 6esnepep-
BHO poswuplotloTees [6;7]. MaTtematudHi metogum
3aCTOCOBYIOTbCA B BioNoriYHMX Haykax, 3okpema B
MeOuuuHi, Ansg cTaTUCTUYHOI obpobkn MaTepiany
AK KiNbKiCHi. Ane HUMKW MOXHa onucaTtu i SAKiCTb,
TOOTO OyHKLO.

MeTta poboTn — po3rnsan MOXMMBOCTI NOAaHHS
B3aEMMH MK acouiaHTamu oparnbHoro GioTtony 3
BMKOPUCTaHHAM MaTemMaTU4HOro aHanisy.

Marepianamu cnyryBanu gocnigjxeHHs kaden-
py TepaneBTUYHOI cToMaTonorii, kadeapu Mikpobi-
ornorii i Bipyconorii 3 imyHonorieto YMCA, pxepena
nitepatypu, noe'a3aHi 3 JOCNiMKEHHAM MiKpodno-
pu. BukopuctaHo mMetoamu: 6ibnioceMaHTUYHWIA
aHanis, mMaTemaTu4Hi MeToau 3 BUKOPUCTaHHAM
OHNaWnH- KanbKynsaTopa.

OcHoBHa YacTuHa

Y npupogai 6akTepii He iCHYOTb BiJOKPEMMEHO,
BOHW YTBOPIOIOTbL MiKpOOHI cniBToBapucTtea [8], 30K-
pema Ha NOBEPXHi 1 Y NOPOXHMHAX Tina NioguHU, —
Mikpobiomun. BnactmeocTi 6akTepin i IXHIX yHKLIA Y
MPUCYTHOCTI iHWWX MIKpOOpraHiaMiB MOXyTb Bigpis-
HATUCS Bif CNOCTEpPEeXyBaHUX Yy YUCTUX KynbTypax
[3]. OgHum i3 BUAIB CMMBIOTUYHUX B3aEMUH € aHTa-
roHiam. BnacTtusocTi, Wo npossnsaTbea bakTepis-
MU B MOro npoLueci, € MexaHiaMoM (popMyBaHHS 1
YHKUiOHYBaHHST MikpOGiOMiB. AHTaroHiaMm — Tun
CUMOBIOTUYHMX BIQHOCUH MiX OpraHiamamu, yHacni-
OOK SIKMX OAMH 3 y4acHUKIB B3aEMOAiN OTpUMYE BU-
6opye npaBo B 60OpOTLOI 3a iCHYBaHHSA 3a paxyHOK
KOHKYPEHTHUX BMaCTUBOCTEN: BUCOKUX POCTOBUX i
afjanTauinHUX MOXIUMBOCTEN, NPOAYKYBaHHS aHTW-
BioTuyHMX peyvoBuH [9]. Li akocTi 3gaTHi WKiANMBO
OiATU Ha OpraHi3aM-xassiH, WO Bkadye Ha Heobxia-
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HiCTb AOCnioXKeHHs1 BNacTUBOCTEN GakTepill B yMo-
BaX MiKMiKPOOHUX BigGHOCHH.

Ha nigcrasi pesynbTtaTtiB AocrnigXeHHs MikpoOi-
OLeHO3y MOPOXHMHWM poTa B oci6 monogoro BiKy
npu pisHUX 3HayeHHsAx iHgekcy KIIB [10] Hamu

oTpumaHo rpadikv. Kpusi, Lo BigobpaxatoTb 3MiHM
KINbKOCTi NpeAcTaBHUKIB OpanbHOro MikpobioueHo-
3y Npu pi3HNX 3HaYeHHsX iHaekcy KIB, 36iraTbes
3 (hpparmMeHTamn 3pocTaHHsA bGionoridyHmx 06'ekTiB
(kpuBa [Mipna) [11] (puc. 1).

Corinebacterium

= Str. y-haemolyticus

Candida

KMNB=0 KMNB<6

KMNB=6

Puc. 1. Budosut 3micm mikpobiomu pomoeoi piduHuU 8 ocib i3 pi3HOr iHmeHcusHicmio kapiecy, Ig KYO/mn

Hawe pocnig)keHHsa aHTaroHiCTUYHOI aKTUBHOCTI
(AA) npepncrtaBHMKIB OpanbHOro GioTony crocysa-
nocs KinbKox MiKpoopraHiamis, WO MatoTb pidHi da-
31 3pOCTaHHsA. TakoX Ui MikpoopraHiamun Hanexatb
00 Pi3HMX rpyn BRAMBY Ha opraHiam noauHu. Bigo-
MO, LLO A0 NpeacTaBHUKIB HOPMOMopn Hanexarb
Taki MikpoopraHiammn sk  kopuHebakTepii, Str.
mutans, a Takox rpnéu pogy Candida.

KopuHebakTepii yTBOptotoTh BiTamiH K — dpaktop
pocty Garatbox OakTepin. BoHu 3gaTHi 3HWXKyBaTU
OKWCHO-BIAHOBHWI MOTEHLian, CTBOPKYN TUM Ca-
MUM YMOBW A5si 3pOCTaHHs aHaepobis. Ane 3a nes-
HMX YMOB Lii MiKpOOpraHiaMu 3gaTtHi BUKNUKaTU MeHi-
HriTK, abcuecn MO3Ky, MEPUTOHITW, eHOoKapauTw,
iHpeKuUii BEPXHIX | HWKHIX AMXanbHUX Wnsxis, ypa-
XEeHHS WKipw, cencuc Towo. Str. mutans, KU Ha-
nexutb go Str. y-haemolyticus, € aHTaroHiCTomM rHu-
nicHMx GakTepiii, a TakoX NPOAYKYE PEYOBUHU, SKi
iHFiOYIOTb PO3MHOXEHHST iHLUMX CTPENTOKOKIB i aKTu-
HOMILeTiB. 3a NEBHUX YMOB BiH CTae KapieCOreHHVM.
Opixoxononi6Hi rpnbun pogy Candida cuHTe3yoTb
BiTaMiHWN, HeoOXiaHi Ans 36inbLUEHHs NakTobaKTepil.
BoHu TakoX € eTionoriYHMM YMHHWKOM KaHAMOo3Y
Cnn3oBoi 0DOMOHKM MOPOXHUHU poTa i BXOAATb A0
cKragy acouiauin napogoHTONaTtoreHHol N nepiogo-
HTONaToreHHol mikpodpriopw [3; 12-15].

Po3paxyHok npoBoaunu 3a aganTtoBaHOK HaMu
dopmynoto [16] Ha oHnanH-kanbKkynaTopi [17]:

AA = (Ns + N —N;)/ Ny) x 100%,

ae AA — aHTaroHiCTMYHa aKTUBHICTb Mikpoopra-
Hi3MiB; Ny — KiNbKiCTb KOSMOHIN MiKpoopraHiamis npu
Husbkomy KIB; N, — KinbKiCTb KOMOHIN MikpoopraHi-
3MmiB npu Bucokomy KrB; N, — KinbKiCTb KOMOHIA Mi-
KpoopraHi3miB y i3ionorivHin Hopmi.

OTpumaHi pesynbTtaTtu

Micna 0BYMCNEHHA Ha OHMalH-KanbKynaTopi
Oyno OTpUMMaHO 3HadeHHs Ans KopuHebakTepin:
npu KrNB<6 AA=98,18%, npu KINB=6 AA=85,18%.
PospaxyHku gna Str. y-haemolyticus, 4o sKux Ha-
nexutb Str. mutans, panu Taki pesynbTatu: npu
KMNB<6 AA=111,67%, npu KIB=6: AA=119,40%.
O6uncneHHs gns rpubie poay Candida nokasano
npu KrNB < 6 AA = error, TO6TO NOXMOKY ob4mcreH-
Hs. Mpwn KMNB = 6: AA = 205%.

O6roBopeHHsA

3rigHo 3 obuncneHHam, AA kopuHebakTepin 3i
3pocTaHHAM KIMB 3MeHLwyeTbes, TOOTO iIXHS Aisinb-
HICTb NpUrHiYyeTbCs. 30BCIM iHWa cuUTyalis CTocy-
eTbcs Str. y-haemolyticus, AA siknx 3pocTae 3i 36i-
nbweHHAM KIMB. Omxe, 3i 3pOCTaHHAM iHTEHCUBHO-
CTi Kapiecy Len TUn MikpoopraHiamis nodYnHae Aomi-
HyBaTW Hag OeAKMMU NPeacTaBHUMKaAMW OparibHOI
mikpobioTtn. Logo rpubis pogy Candida, noxmubka
npv KB < 6 nos’si3aHa 3 Tum, wo npu KrNB = 0 Bo-
HM BiACYTHi B GioleHosi. [Jani, 3i 36inbweHHam KIMB
akTuMBHiCTb Candida Tex 3poctae. BoHa 3HayHO 6i-
nblle BupaxeHa, Hixx AA Str. y-haemolyticus. Llen
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haKT CBiAYMTb NPO CNPUATANBI YMOBW NS PO3BUT-
Ky ApixmpKronogibHux rpmbis.

BucHoBkK

MaTtemaTnyHi MeToan MOXHa 3acTOCOBYBaTU B
MeOUUUHI NS XapakTepuUcTUKU B3aEMUH MiX npea-
CTaBHMKaMK 6ioToNy MOPOXHWHU pPOTa NHOAUHMU.
CvMBioTWUYHI BiQHOCUHM BcepeauHi oparnbHoro Gio-
LEeHO3y MOXYTb MPOSABAATUCH Y BUINSAAi aHTaroHis-
My. AHTaroHiCTU4Ha aKTUBHICTb MK acoujiaHTaMu
opanbHoro 6ioTony MoOXHa oxapakrepusyBaTi Mo-
KasHukoMm. Lilo MeToauKky MOXHa BUKOPUCTOBYBaTU
Npu BMBYEHHI OYHKUIT npeacTaBHUKIB Mikpobiomy
NOpOXHUHM poTa. OByMcrneHHs BKasye Ha Te, Lo B
NigBULLEHHI iIHTEHCUBHOCTI Kapiecy BUHEH He OfuH
acouiaHT MikpobioLieHo3y, a HaliMOBIpHiLLE — KiNnb-
Ka npegcTaBHUKIB. [1PONOHYEMO BUKOPUCTOBYBAaTU
obuncneHHs nokasHuka AA B nikyBaHHi Kapiecy 3a-
cobamn BNAMBY Ha opanbHUi MikpobioueHos. Ta-
KOX oBumcneHi gaHi npo AA MOXyTb MaTu NPOrHoC-
TUYHY LiHHICTb.
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Pe3srome

MaTtemaTnyHi MeToaM 3aCTOCOBYIOThL Y BiONOriYHNX HayKkax, 3okpema B MeguuuHi. HUMmM MoxHa onucaTtw i
KINbKIiCTb, | AKICTb, TOBTO (yHKLUItO.

MeTa po60oTH — PO3rnsAHYTM MOXITMBOCTI NOAaHHA B3aEMOBIAHOCUH MiXX acouiaHTaMu opanbHoro Giotony
3 BUKOPUCTaHHAM MaTteMaTU4YHOro aHariay.

Marepianamu cnyxunu gocnigxeHHs kadeap YMCA, opxepena nitepatypu, Nos'a3aHi 3 40CAIOKEHHAM
Mikpodoriopu. BukopuctaHni metoau: 6ibniocemaHTMYHUA aHani3, MaTeMaTU4Hi METOAM 3 BUKOPUCTAHHAM OH-
nanH-kanbkynatopa. JocnigkeHHa aHTaroHiCTUYHOI akTuBHOCTI (AA) npeacTaBHWKIB opanbHoOro Giotony
CToCcyBanocs Kifbkox MikpoopraHiamis, npegctaBHUKIB HOpModriopu: kopuHebakTepin, Str. Mutans, a Takox
rpubis pogy Candida. Ha nigctaBi pesynbTatiB JOCNIOKEHHSA MiKPOBIOLIEHO3Y MOPOXHWMHWM poTa OTPUMaHO
rpadpikun. Kpusi rpagpikie 3biratoTecs 3 oparmeHTamm 3poctaHHs BionoriyHmx ob'exTiB (kpusa Mipna).

BucHoBku. MaTemaTuyHi MeTOAM MOXHa 3aCTOCOBYBaTW B MEAMLUHI ANs XapakTepucTUKN BIGQHOCUH MixX
npegcTaBHMKamMmn GioTony NMOPOXHUHM poTa NoauHU. CUMGIOTUYHI BiAHOCUHM BCepeauHi opanbHoro Gioue-
HO3Y MOXYTb NPOSABAATUCH Y BUMMA4I aHTaroHi3aMy. AHTaroHiCTUYHY akTUMBHICTb MK acoliaHTamu oparbHOro
BGioTony MOXXHa oxapakTepu3dyBaTh NokasHUKOM. Lito MeToamky MOXHa BUKOPUCTOBYBATU NPU BUBYEHHI QoyH-
KUiT npeacTaBHUKIB MIKpOBiOMY MOPOXHUHKU poTa. OBYMCIEHHS BKa3yloTb Ha Te, WO B MiABULLEHHI iHTEHCKB-
HOCTI Kapiecy BUHEH He oAuH acouiaHT MikpobioLeHo3y, a HaniMoBIpHiLLe — Kinbka npegcTaBHUKIB. [1ponoHy-
€MO BUKOPUCTOBYBaTU 0OYMCNEHHS nokasHuka AA B nikyBaHHI kapiecy 3acobamu BNnvBYy Ha oparibHUA Mik-
pobioueHo3. Takox obumncreHi gaHi npo AA MOXyTb MaTh NPOrHOCTUYHY LiHHICTb.

Knro4oBi cnoBa: kapiec 3y6iB, opanbHMin GioTon, MikpobioLLeHO3, aHTaroOHICTUYHA aKTUBHICTb.
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CALCULATION OF INTERMICROBIAL INTERACTIONS OF ORAL
BIOTOPE

Zaitsev A.V., Kotelevskaya N.V., Boychenko O.M., Nikolishin A.K.
Poltava State Medical University, Poltava, Ukraine

Summary

A large number of applied and theoretical questions of various sciences are solved with the help of
mathematics. Mathematical methods are used in the biological sciences, in particular in medicine. They can
describe both quantity and quality, ie function. The aim of the work is to consider the possibility of presenting
the relationship between the associates of the oral habitat using mathematical analysis. The materials were
the following: the studies of the Department of Therapeutic Dentistry, Department of Microbiology and Virol-
ogy with Immunology UMSA, sources of literature related to the study of microflora. Such methods as biblio-
semantic analysis, mathematical methods, online calculator were used. Based on the results of the study of
the microbiocenosis of the oral cavity in young people with different values of the CPV index, graphs were
obtained. The curves that reflect the changes in the number of representatives of the oral microbiocenosis at
different values of the CPV index coincide with the growth fragments of biological objects (Pearl curve). The
study of antagonistic activity (AA) of the oral habitat concerned several microorganisms with different growth
phases. To calculate the relationship between microbial relationships, representatives of the normoflora were
selected: corynebacteria, Str. mutans as well as fungi of the genus Candida. These microorganisms belong
to different groups of effects on the human body. Corynebacteria form vitamin K - the growth factor of many
bacteria. They are able to reduce the redox potential, thus creating conditions for the growth of anaerobes.
But under certain conditions, these microorganisms can cause meningitis, brain abscesses, peritonitis, en-
docarditis, infections of the upper and lower respiratory tract, skin lesions, sepsis and others. Str. mutans,
which belongs to Str. y-haemolyticus, is an antagonist of putrefactive bacteria and also produces substances
that inhibit the increase in other streptococci and actinomycetes. Under certain conditions, it becomes cario-
genic. Yeast-like fungi Candida synthesize vitamins needed to increase lactobacilli. They are also an etio-
logical factor of candidiasis of the oral mucosa. The calculation was performed according to the formula
adapted by us on the online calculator.

According to calculations, AA corynebacteria decreases with increasing CPV, ie their activity is sup-
pressed. A completely different situation concerns Str. y-haemolyticus, AA which increases with increasing
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CPV. That is, with increasing caries intensity, this type of microorganism begins to dominate some members
of the oral microbiota. For fungi of the genus Candida, the error at CPV < 6 is due to the fact that at CPV =0
they are absent in the biocenosis. Further, with increasing CPV, Candida activity also increases. It is much
more pronounced than AA Str. y-haemolyticus. This fact indicates favorable conditions for this and the sup-
pression of yeast-like fungi of other associates microbiota.

Conclusions. Mathematical methods can be used in medicine to characterize the relationship between the
biotope of the human oral cavity. Symbiotic relationships within the oral biocenosis can manifest themselves
in the form of antagonism. Antagonistic activity between oral habitats can be characterized by an indicator.
This technique can be used to study the function of the microbiome of the oral cavity. The calculation indi-
cates that not one associate of the microbiocenosis, but rather several representatives are to prone for the
increase in the intensity of caries. We propose to use the calculation of AA in the treatment of caries by
means of influencing the oral microbiocenosis. Also, calculated AA data may have prognostic value.

Key words: dental caries, oral biotope, microbiocenosis, antagonistic activity.
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