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ANTIPHYTOPATHOGENIC EFFECT OF TARTARIC
ACID SYNTHETIC DERIVATIVES

Abstract. In current paper the effect of 6 compounds from tartaric acid (TA) derivatives 2 new
classes on Pseudomonas syringae and Xanthomonas vesicatoria was discussed. Cyclohexyl deriva-
tives of TA are more active than benzyl and phenyl substituted ones and their salts are more effec-
tive, than in imides. The absence of resistance transmission by plasmids and their biodegradability
by non-pathogenic bacteria of P. chlororaphis group, recommends these compounds for study, as
alternative against the multi-resistant pathogens and plant pests.

Keywords: Pseudomonas syringae, Xanthomonas vesicatoria, Resistance, phytopathogens, tar-
taric acid derivatives.
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Bazdacapsmu Camser Apmenosun,
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k.0.H., c.H.c, HITI] «Apmbuomexnorozus>, HAH PA

Muxkaeran Apam Pasmurxosud,
K.X.H., 0oyenm, 3as. rabopamopueli

Hayuonansmoiii Tlosumexnuseckuil Ynusepcumem Apmenuu (HITYA)

AHTUDOUTONATONEHHOE JENCTBUE CUHTETUYECKUX
NMPOU3BOAHbIX BUHHON KUCJIOTbI

AnnoTamms. B AaHHOI cTaTbe pacCMOTpPeHO AeHicTBHe 6 CO@AMHEeHUI U3 2 HOBBIX KAACCOB ITPOU3-

BoAHBIX BUHHOI kucaoTbl (BK) Ha Pseudomonas syringae u Xanthomonas vesicatoria. Lfuxaorexcua-

npousBopHbie BK 6oaee akTHBHDI, YeM OeH3UA- 1 PpeHUA- 3aMelljeHHbIe U COAM 6oAee 9P PeKTUBHBI,

9YEM MMHADI. OTCYTCTBI/IC IepeAaBa€EMOCTH PE3UCTEHTHOCTH K HUM ITAA3MHAAMU 1 6H0AerpaAnpye—

MOCTb HeIllaTOreHHbIMU OakTeprsimu rpymmsl P. chlororaphis, pexoMeHAyeT 9TH BelecTBa AAS H3-

Y4€HM, B KQU€CTBE aAbTEPHATHBHbIX B 60pb6e C MYAPTHPE3UCTEHTHIMH ITATOT€HAMH M BPEAUTEASIMHA

PpacTeHuUH.

Karouesbie caoBa: Pseudomonas syringae, Xanthomonas vesicatoria, pe3ancTeHTHOCTb, QUTOIMATO-

I'eHbI, IIPON3BOAHDbIE BUHHOM KHCAOTHL.

BBepenne

Kannnmaecku mrammsr Pseudomonas u Stenotro-
phomonas N3BeCTHBI YCTOMYUBOCTBIO, 000CTPSIEMON
BBICOKOH aAAIITUBHOCTBIO U IIOBCEMECTHBIM HCITOAD-
30BaHHeM aHTUOHOTHUKOB. BAaaropapsi MexXBHAOBOMY
TOPU30HTAABHOMY IIepPeHOCY TeHOB, AAHHbIe MUKPO-
OB IepeAaloT Pe3UCTEHTHOCTh ¢ pOPMUPOBAHHEM
HOBbIX, PE3UCTEHTHBIX IITAMMOB MATOTEHOB |1, c.
01167-19]. MyAbTHPe3UCTeHTHOCTD PUTOMATOre-
HOB Pseudomonas u Xanthomonas, onpepeasier Ma-
Ay10 3¢ PeKTUBHOCTD AHTUOHUOTHUKOB AASI CEABCKOTO
XO3SMCTBA M CHIDKAET IIOKA3aTeAd 0e30IacHOCTH
CEAbCKOXO3SMCTBEHHOM IIPOAYKIIMH C UX IIPUMEHe-
HUEM B ITOBBIIIEHHbIX A03aX [ 2, 482486 ]. [ToaTomy,
IIOHCK HOBBIX AABTE€PHATUB KAACCHYECKHUM CIIOCO0aM
3aIUThI PACTeHUI BeCbMa aKTyaAeH. B poanHO# paboTe
PacCMOTPEHO AeHCTBHe 6 HOBBIX IIPOM3BOAHDIX BUH-
ot kucaotsl (BK) Ha psip puronaroreHos.

MarepHaAbI H METOADI

Wcnoar3oBans! mrammbl Hanmonaasaoi Koa-
Aexiuu Muxpoopranusmos LIAM PA. Pesuctent-

HOCTb OITPEAEASIAACh CEAeKTHUBHBIMU CpPeAaMH
¢ SOMxr/mMa: Amp/amnunuasusa, Pen/nenumnma-
AvuHa, Amx/aMOKCHUIJMAAMHA, AmC/ayrMeHTHHA,
Cfx/nedukcnma, Ctx/nedprpuakcona; Kan/xana-
munuHa, Stp/crpenromunuza, Gne/reHTaMuny-
Ha, Cip/nunpoaokcanuna; Ten/TerpanukanHa,
Azm/asurpomunuaa;  Cam/xaopaMmdeHHKOAR
(“Astoria”). ITpousBopnsie BK cunTesnposaHsl mo
MeToAy, paspabortannomy B HITYA [3,8516-8521].
AHK BbipeAeHa meAOYHON IKCTpaKIjeil, 6eH3uA
xaopupoM; uccaeposana PCR u Tpancdopmarnmei,
COTAACHO CTAaHAAPTHBIM IIPOTOKOAAM (4, 12-19].
Crarucrudeckas oljeHKa IPOBeA€HA IPU MOMOINU
CTaHAAPTHBIX METOAOB [ S, 182].

PesyabTaThI

[TokasaH pa3bpoc creKTpa yCTONIMBOCTH U MYAD-
TUPE3UCTEHTHOCTh OoabumHCTBa  Xanthomonas
u Pseudomonas x pasanasbiM 13 aHTHOMOTHKAM.
AetictBue HOBBIX Mpou3BopAHbIXx BK mpuseaers
B (Tabamme 1).
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ANTIPHYTOPATHOGENIC EFFECT OF TARTARIC ACID SYNTHETIC DERIVATIVES

Tabnunua 1. — encteue nponssogHbix BK

IITramm CAS I
I 1I I11 IV \Y% VI IT III IV \Y VI C

8736 15 172 2§ 25 L L 23 23 23 23,8 L 30
8740 A 11 11 12 20 22 L 9,1 10 1L,§ 13 17 30
8744 12,1 13 15 14 18 20 14 162 19 20,1 22 30
8656 8 8 149 151 17 L |103 114 12 12,7 14 | 30
8647 182 20 19,7 204 22 L | 20 208 21 213 22 | 30
8651 B 15 16,1 18,5 20,1 25 L 15§ 155 174 18,1 19 30
8843 L L L L L L L L L L L 30

IIramMmm BAS BI
8736 + + | +/- +/-  +/- +/-]| 3 5 L L L 30
8740 A 3 S 6 6,5 7 8 S 6 6,5 7 7,2 30
8744 +  +/- +/- 4 55 6 + +/-  +/- 32 42 | 30
8656 +/- 2 38 55 6 6539 4 45 56 L | 30
8647 2,5 3 43 57 62 L + + + + + 30
8651 B | +/- + + +  +/- 34 + +  +/- +/- 3 30
8843 +/- 4 + +  +/-  +/- | + + +/- +/- 35| 30

IIItamMmm PhI PhAS
8736 + + +/—  +/- 8 + + + + + + 30
8740 A + + + + + + + + + + + 30
8744 + +  +/- 35 8 + + + + +/- 6 30
8656 + + + + + + + + +  +/- 3 30
8647 + + + +/- 6 + + + +/- 3 L 30
8651 B + + + +/- S + + + + + + 30
8843 + + + + + + + + + + + 30

Genurumud — Phl; bensurumud — BI, yuxrozexcusumud — CI, perur monoamuno corv — PhAS, bensua moto-
amuHo corb — BAS, yukaozexcur monoamumo corv — CAS; 30HbtL uneubuposanus pocma npedcmasieHvt 6 mm; A —
P. syringae, B — X. vesicatoria; L — noanwiii ausuc 3ouvt pocma, C — no3umusHoti KOHMpPoAb HA NOAHOYeHHOT cpede
(30mm), “+” — Hopmarvmbiii pocm, “+/~" — unzubuposanue menvuie 10%; konyenmpayuu seuwgecms: I —SOmkz/ma,
11— 0.001M, ITI - 0.01M, IV 0.05M, V- 0,IM, VI-0,5M

Kak mokasaAu paHHbIe, HAOOABILIHII CIIEKTP pe3u-
creHTHOCTHU nokasaau P. syringae 8736, X. vesicatoria
8647. Bpian IpOTeCTUPOBAHbL: OEH3UAMMUA, IiH-
KAOTeKCHAMMUA, GEHUAUMUA; OeH3HA, IIUKAOTEKCHA
u ¢peHna MoHoamuHO coan BK (Tabamma 1). Mu-
HMMaAbHAsl MHTUOUPYIONas KOHIJeHTpaunus OeH-
3UA- ¥ PeHUA-TIPOU3BOAHDIX (SOMKT/MA) BbIle, YeM
Y LIMKAOTeKCHA- Tpon3BoaHbx (0,01M). Monoamu-
HO coAu 3¢ dexTHBHEe UMHAOB. Bo3aMoxHO, aTO CBS-
3aHO ¢ 6OABIIel GUOAOCTYITHOCTDIO, 00YCAOBACHHOM

ruapo¢uasHocTsio. [en blaOXA-10 o6uapykeH B 1
naasmMuHOM mramme P. syringae. CoraacHo Herarus-
HBIM AQHHBIM II0 TPAaHCPOPMAIIHH, eT0 AOKAAUBAIIH
HyKAaeoupHast. OOGHapy>KeHbI MAA3MUABIL, HeCyliue
TeHbl Pe3UCTEHTHOCTH K (3-AaKTaMaM U He HeCyIIjye
TeHOB YCTOMYMBOCTH. Pe3HCTEHTHOCTD K aMUHOTAH-
KO3UAAM ¥ aM(PpEeHHKOAAM Y BCEX U3YYEeHHBIX IITAMMOB
IIPEACTaBACHA HYKA€OMAHDBIMH TeHaMH. [6,109-13].
AetictBue mpousBoanbix BK He 3aBucur ot
maasMupHOCTH. Qenma- mpoumsBoansie BK  He
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Section 1. Biology

AEVICTBYIOT Ha IITaMMBbl, COAEpIKAIlie [b-AaKTamMasy
BlaOXA-10, a 6eH3UA- 1 IUKAOT€KCHA-TIPOM3BOAHBIE
MHrU6UpYIOT X mTammsl [ 7, 15-27]. B oramuame ot
Ten-pesucrentnsix P. chlororaphis u P. fluorescens,
pocrt Ten-pesucrenTHsix P. syringae u X. beticola nu-
rH6UpyeTCs GEH3UA- U LIUKAOTEKCHA IIP OU3BOAHBIMH
BK [8,233]. Bo3MOHO, 3TO CBS3aHHO C BUAOCIEIH-
PUYHBIMU OTAMYHSIMU HYKAEOMAHDIX IIOA(PEHOAOK-
cupas 1 Apyrux ¢epmeHToB Ten-pesncreHTHOCTH.

3akaroueHnmne

BbLsiBA€HO BBIpaXKEHHOE AaHTUMHUKPOOHOE Aeil-
CTBHE HUMHMAOB M MOHOAaMHHO KOMIIAEKCHBIX CO-

aeit BK. Mx adpdexr He koppeanpyeT c HaAUdIreM
nAa3MuA B KaeTkax P. syringae u X. vesicatoria. Aei-
cTBHUe (EeHHA- IPOU3BOAHBIX MeHee 3HAYUTEABHO.
BaskHO! 0COOEHHOCTBIO COEAMHEHUN SIBASIETCS He-
BO3MOXKHOCTb I€PEAABAEMOCTH PE3HCTEHTHOCTH
IAQ3MHAAMH. JTO ACAAET UX PEKOMEHAYeMBbIMH IIPH
pa3paboTKe HOBBIX 9KOAOTHYECKHU Oe30IIaCHbIX aHTHU-
MUKPOOHBIX [IPEIIapaToB.

HccaepoBaHME TIIPOBEAGHO TIPH  IMOAAEPXK-
ke 'KH PA B pamkax mpoexroB N¢ 18T-21036,
Ne 15Ap 2e016 u mpoekra #Microbio-5133 AH®-
HO.
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INFLUENCE OF LOCAL FACTORS OF COLONIZATION
RESISTANCE ON VAGINAL MICROBIAL BIOCENOSIS

Abstract

Introduction. Today, there is a problem of improving the diagnostics of BV and establishing the
importance of molecular-genetic and immunological parameters of vaginal colonization resistance
in the algorithm for diagnostics of dysbacteriosis and bacterial vaginosis (BV). Purpose of the study
is to determine the influence oflocal factors of colonization immune resistance on vaginal microbial

biocenosis in normocenosis, dysbiosis and BV. In result the response of vaginal colonization immune

resistance with the advance of dysbiosis and BV has evolved from nonspecific resistance to cytokine-

induced responses of specific humoral immunity.

Keywords: colonization resistance, microbial vaginal biocenosis.

Introduction. Despite certain advances in the
treatment of inflammatory diseases of the female
genital organs, the prevalence of these diseases is
steadily increasing, ranging from 30% in inpatients
to 60-65% in outpatients [1, 3-6; 2].

This is one of the major medical problems and has
a significant impact on the health of millions of wom-
en of childbearing age. Despite the widespread use of
antibacterial medications, anti-inflammatory therapy,
immunocorrective therapy, and physiotherapy, in-
flammatory diseases of the uterus and appendages in
70% of cases acquire a chronic course [2, 70-3].

Along with STIs such as syphilis, gonorrhea,
trichomoniasis, chlamydiosis, and others, which are
included in the section “Sexually transmitted infec-
tions” according to the International Classification
of Diseases and Problems (ICD-10), opportunistic

pathogenic microorganisms of microbiota of the
urogenital tract are becoming of growing clinical
importance [3,30310-9; 4, 36-41].

Optional anaerobic and obligate anaerobic op-
portunistic pathogenic microorganisms, constitu-
ents of the resident microbiota of the urogenital
tract, affected by certain external and internal risk
factors, can show pathogenic potencies and trans-
form into microorganisms that are the part of the
etiologicstructure of infection and inflammatory
process [ S, 69-75; 6, 859-64].

Changes in the composition of vaginal microbioce-
nosis can be clinically manifested through various no-
sological forms of the disease: bacterial vaginitis (BV),
nonspecific vaginitis and vaginal candidiasis [ 7, 21-30].

BV is a general infectious non-inflammatory
syndrome associated with dysbiosis of the vaginal
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biotope, accompanied by an excessively high con-
centration of obligate and optional anaerobic op-
portunistic pathogenic microorganisms and a sharp
decrease or absence of Lactobacillus spp. in vaginal
discharge [8,472; 9, 3-4].

The frequency of BV in the last decade has dou-
bled and is, according to various authors, from 26%
to 40-45% [8, 472; 10].

In BV, there is a disorder of vagina ecosystem, in
which natural protective mechanisms, such as vagi-
nal microbiocenosis, synthesis of antimicrobial sub-
stances ensuring local immune protection (both at
cellular and humoral level) cease to work and allow
the amplification of different species. An important
factor in the occurrence of BVis a lack of local im-
munity — decreasein colonization immune resistance
[11,227-231;12,143-148; 13,1399-1405].

BV is characterized by a lack of systemic and lo-
cal inflammatory response, although increased lev-
els of proinflammatory cytokines IL1a and IL1p are
found in the vagina [14, 1-5], which correlates with
an increase of Garnerella vaginalis and Mycoplasma
hominis [15, 481-7].

Emphasizing the importance of the problem of
assessment of local immunity, it should be acknowl-
edged that the literature defines the need to improve
the diagnostics of BV and to establish the value of
molecular-genetic and immunological parameters in
the algorithm of diagnostics of BV and mixed infec-
tion [ 16, 231-42; 17, 223-38].

Thus, the urgent task is to study the effect of im-
munological factors of vaginal resistance and to sub-
stantiate the possibility of clinical use of laboratory
immunological tests characterizing the condition of
local immunity.

Purpose of the study is to determine the influ-
ence of local factors of colonization immune resis-
tance on vaginal microbial biocenosis in normoce-
nosis, dysbiosis and BV.

Material and methods

This study examined women aged from 16 to 64
who turnedto gynecologist for a preventive examina-

tion or with complaints of genital discomfort of vari-
ous degrees of manifestation. Subsequent observation
excluded patients who had at least one of the definitely
pathogenic microorganisms (Trichomonas vaginalis,
Neisseria gonorrhoeae, Chlamydia trachomatis and
Herpes Simplex Virus 1,2) in the material taken. Pres-
ence in the smear of more than 15-20 leukocytes,
which indicated of an inflammatory reaction, was also
the reason for exclusion from the main stage of study.

298 women were selected for the study. After ex-
amination, scraping of epithelium from the posterolat-
eral vaginal parieswas made using a urogenital probe.
The material was placed in an Eppendorf tube contain-
ing 1 ml of saline. Usingasterile Folkman’s spoon, secret
from the vaults of the vagina was collected for further
immunological and immunoenzymatic studies. Typi-
cally, amount of secret collected once did not exceed
180-300 pl. An aliquot of the secretwas brought to
1000 plusingsaline. The dilution factor was taken into
account for each sampling and was used in calculation
of the measurement resultsas a correction factor.

Molecular-genetic studies were performedusing
polymerase chain reaction (PCR) method. DNA
was extracted using a kit of reagents “Proba-GS”
(“DNK-Technologiia” LLC, RF). Amplification of
tubes with the reaction mixture was performed in the
amplifier “DTLite” (“DNK-Technologiia” LLC, RF)
using the amplification programs recommended by
the manufacturer of the reagent kit. Investigation of
vaginal biocenosiswas performed using the Femo-
flor 16 test system for real-time PCR. The method
is based on a complex quantitative assessment of
biota using non-cultivation method and comparative
analysis of specific representatives of the normo- and
conditionally pathogenic flora with the total number
of microorganisms in order to detect the imbalance
of the microflora and the degree of its manifestation
[18,109-14; 19, 80—4].

Criterion for the distribution of patients into
groups was an index of conditionallypathogenic mi-
croflora (ICPM), which was calculated as the differ-
ence between the sum of all conditionallypathogenic

8
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microorganisms and the number of lactobacilli in
lg GE/sample. In normocenosis ICPM was lower
than -3 Ig GE/sample (n = 53); ingrade I dysbiosisit
was from -3 to -1 lg GE/sample (n = 128); and in
grade II dysbiosis (BV) itwas more than -1 lg GE/
sample (n = 117), which allowed the diagnostics BV
[20, 54-7].

According to the PCR results, the following to-
tal and derived indicators were calculated: NBI =
= 1gTBM - IgLB; YObA = Ig (£100bA); SOpA =
= Ig(2100pA); SMP = Ig(S10MP); SFY = Ig
(Z10FY); ICPM = Ig ((S100bA + X100pA +
+ X10MP + 10FY) - 10LB), where: NBI — normo-
biota indicator; TBM - total bacterial mass; LB —
Lactobacilli; ObA- obligate aerobes; OpA- optional
anaerobes; MP — mycoplasma; YF- yeast-likefungi;
ICPM - index of conditionally pathogenic micro-
flora. Diagnostic accuracy of PCR studies is not less
than 92% [21, 54-7].

Using standard immunological methods, con-
tents of immunoglobulins A (IgA), M (IgM) and G
(IgG) in the vaginal fluid (test systems NVL “Gra-
num”; Ukraine), content of immunoglobulin G2
(IgG2) and secretory IgA (sIgA) (“Hema” LLC;
RF), content of lysozyme and transforming growth
factor 1p (TGF-1p) (DRG; USA)were defined; us-
ing the method of selective precipitation in a solu-
tion of polyethylene glycol, immune complexes (1K),
content of interleukins 18 (IL1p), 2 (IL2), 4 (IL4),
6 (IL6), 8 (IL8), 10 (IL10), tumor necrosis factor
a (TNFa) and y-interferon (y-INF) (“Vektor-best”
LLC; RF), content of components of complement
C3 and C4 (“PLIVA-LachemaDiagnosticas.r.0”;
Czech Republic) were defined.Leukocyte phago-
cytic activity (LPA) was defined using yeast cell
suspension (Granum NPL, Ukraine); LPA was cal-
culated as the average number of particles absorbed
by one active neutrophil per 100 cells; LPA index
was calculated as the percentage of phagocytes from
the counted neutrophils. Vaginal secretion pHwas
defined using the Kolpo-pH test strips manufactured
by Biosensor AN LLC (RF).

Regression analysis, method for detecting the ef-
fect of one or more independent (factor) variables
on a dependent variable (Statistica 10, StatSoft Inc.,
USA), has been used to determine the relationship
between the species of microbial biocenosis and the
studied factors of colonization resistance. In medi-
cal research, dependent and independent variables
reflect the mathematical interdependence of the vari-
ables, but not the cause and effect relationship of the
parameters.

Results and Discussion

Data on the dependence of microbial biocenosis
indicators from the factors of colonization resistance
are shown in (Table 1).

In normocenosis, the positive coefficients of 8
had such indicators as C3 and C4, as well as the in-
dex of phagocytosis activity ~-LPA index (p<0.0S).
In our opinion, this clearly indicates that in normal
conditions natural activity of cellular (phagocytosis)
and humoral (complement) units of nonspecific im-
munity is enough for the regulation of biocenosis.
Moreover, population of optional anaerobes is con-
trolled by the activity of complement (C4), popula-
tion of myco- and ureaplasma-by complement (C3)
and phagocytosis (LPA index), and conditionally
pathogenic microflora by phagocytosis (LPA has
a negative Bcoefficient).

In grade I dysbiosis, normal flora was maintained
by such colonization resistance factors as sIgA, LPA
index, y-INFand pH due to NBI dependences.
Moreover, the first three had negative fcoefficients,
while pH was positive. Other local factors of immune
resistancewere: sIgA, LPA index and y-INF, that is,
compounds with direct bactericidal action, whereas
pH (vaginal laxation) reflects a decrease in coloniza-
tion resistance.

Optional aerobes were controlled by lysozyme,
myco- and ureaplasmsIgA, and yeast-like fungi —
bythe increase in IgG levels. In addition, the num-
ber of microorganisms in this population inversely
depended on the increase of TNFa in vaginal secre-
tion, on the level of which, apparently, depends the
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activation of the immune system. ICPMdepended
on pH (presumably, a decrease in the acid-producing

function of LB was one of determining factors for
activation of conditionally pathogenic microflora).

Table 1.— Dependence of group and calculated indicators of microbial
biocenosisfrom the factors of vaginal local immunity in normo- and dysbiosis

Biocenosis Normocenosis grade I dysbiosis grade II dysbiosis
indicator CRI B p CRI B P CRI B )
sIgA -0.17 | 0.008
- ILPA "022 | 0.003 IL10 | -0.18 | 0.033
v-INF | -0.28 | 0.000
H -0.26 | 0.030
pH 100 | 0041 | P 3
Lyso-
OpA C, 0.54 0.001 -0.41 | 0.016 | IL1Bp | -0.28 | 0.016
zyme
ObA - - — — - IeG 0.32 | 0.013
ILPA | -0.11 0.01
M IgA -0.41 | 0.00 - - -
v C, | 020 | 003 | °% + ’
YE IeG 0.24 | 0.045
TNFa | -0.25 | 0.030
IL1 | -0.20 | 0.034
ICPM LPA | -0.39 | 0.024 pH 0.29 | 0.006 .10 | —018 | 0.038

Remark: CRI-colonization resistanceindicators; ILPA — LPA index; [ — regression coefficients; p — the prob-
ability of difference from the null hypothesis (accepted at p < 0.05); MU — mycoplasma and ureaplasma

In grade II dysbiosis, negative B coefficientswere
noted for the content of IL10 and pH in vaginal secre-
tion. As we have previously established [22, 103-7],
the level of this interleukin was of the leading value
for the formation of groups according to the analysis
of variance. Changing the sign of the { coefficient for
pH indicates an uncontrolled growth of pathogenic

microflora (pH increased as itgrew and the content of
LB decreased). Population of optional anaerobeswas
controlled by the proinflammatory cytokine IL1p,
population of obligate anaerobes increased in parallel
with the IgG level, and the ICPM was inversely de-
pendent on IL1p and IL10levels. Importance of these
cytokines is emphasized in [23, 5-12].

Table 2. — Data of the conclusionis summarized in (table2)

Normocenosis Grade I dysbiosis Grade II dysbiosis
1 2 3
IeM IeM IeM
IgA IgA IgA
IgG IgG (+) IgG (+)
IgG, IgG, IgG,
sIgA sIgA (-) sIgA
Lysozyme Lysozyme (-) Lysozyme
LPI (-) LPI LPI
LPIindex (+) LPI index (-) LPI index
CIC CIC CIC

10
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1 2 3
C,(+) C, C,
C,(+) C, C,
v-INF v-INF (-) y-INF

IL1B IL1B L1 (-)
L2 L2 IL2
L4 IL4 IL4
IL6 IL6 IL6
IL8 IL8 IL8
IL10 IL10 1L10 (-)

TNFa TNFa (-) TNFa (-)

TGF-1p TGF-1p TGF-1p

pH pH (+) pH (=)

Table 2. Significant indicators (highlighted by gray background) and signs of Bcoefficients (+/-) of the depen-

dence of group and calculated indicators of microbial biocenosisfromthe local immunity factors; CIC - circulating

immune complexes

It should be noted that, innormocenosis, coloni-
zation resistance was determined by two nonspecif-
ic effector factors of immune defense — complement
and phagocytosis. In grade I dysbiosis, the number
of effector factors were joined by lysozyme, sIgA
and pH; a factor of specific immunity appeared -
IgG, which required the formation of humoral im-
mune response involving T- and B-lymphocytes
and was mediated by interleukins, the ones impor-
tant among which were y-INF i TNFa. In grade II
dysbiosis, levels of regulatory cytokines (IL1f and
IL10) and pH acquired the leading value. Innor-
mocenosis and grade I dysbiosisobligate anaerobes
were not associated with factors of colonization re-
sistance, but in grade II dysbiosis, IgG levels in vagi-
nal secretions already had regulatory significance.
It is likely that a significant increase in the content
of obligate anaerobes led to the launch of a specific
humoral immune response.

Thus, as dysbiosis progresses, phagocytosis is
joined by such protective factors as lysozyme (con-
trol of optional anaerobes), sIgA (control of NBI,
myco- and ureaplasmas), y-INF (control of NBI)
and IgG formation (triggered by growth of yeast-
like fungi); decrease in the number of LB and in-

crease in the ICPM reflected a pH increase. It is
noteworthy that the effector factors of nonspecific
immunity for grade II dysbiosis do not show any
relationship with the biocenosis indicators, which
confirms their incapacity, that is, formation of lo-
cal immunodeficiency. Levels of IL1 and IL10 had
regulatory significance.

For a deeper understanding of the relationof indi-
vidual species of microbial biocenosis with the con-
dition of vaginal colonization resistance, calculation
of dependences in regression analysiswas performed
(Table 3).

Innormocenosis, amount of LB was regulated, in
addition to complement and phagocytosis, by the
formation of IC; Streptococcus spp.—by the level of
proinflammatory cytokines; and amount of Atopo-
biumvaginalis, being a marker of BV, increased in
parallel with increasing pH.

Number of Eubacterium spp. and Gardnerella-
vaginalis / Prevotellabivia / Porphyromonas spp.
was associated with IgA and IgG, IK and cytokines
(Y-INF, IL4, and IL6). Number of Mobiluncus spp.
/ Corynebacterium spp., being a marker for BV, was
controlled by lysozyme and Ureaplasmaurealyti-
cum + parvum by complement and phagocytosis.

11



Section 2. Medical science

Therefore, it can be noted that under normal condi-  important for streptococci, and immunoglobulins,
tions the balance of proinflammatory cytokines was ~ IRs and cytokines — for obligate anaerobes.

Table 3.- Dependence of indexes of microbial biocenosisby species
on factors of local vaginal immunity innormo- and dysbiosis

Biocenosis indicator Normocenosis Grade I dysbiosis Grade II dysbiosis
CRI B p CRI B p CRI B p
1 2 3 4 S 6 7 8 9 10
TBM LPI 0.35 | 0.027 1C -0.31 | 0.005 | IeG 0.28 | 0.039
C, 0.56 | 0.001 C, -0.41 | 0.001 1L8 -0.22 | 0.025
Normobiota
LPI 0.37 | 0.019 ILPI 0.30 | 0.023
. IC 0.36 | 0.039 1C -0.22 | 0.017
Lactobacillusspp. C 026 | 0013 - - -
C. | 0.3 | 0.001 : ' '
4 TNFa | -0.19 | 0.031
Optional anaerobes
Enterobac— lysozyme | —0.34 | 0.046
teriaceaespp. €, | 03970028 v-INF | 044 | 0.015 -INE| 046 | 0.020
Staphylo-coccusspp. - - — IL8 0.37 | 0.007 - - -

IL2 | 037 | 0028 | IgA
Strepto—coccusspp. iig :ggz 8832 0.27 | 0.007 - - -
TNFa | 0.32 | 0.049
Obligate anaerobes
ILPI | -5.58 | 0.002 IL2 0.39 | 0.020
pH 0.36 | 0.017 IL6 -0.34 | 0.033
IeA | —0.31 | 0.038 _ _
_ IC | -0.39 | 0.035
Eubacte-riumspp. Y INF | ~043 | 0.008 - IL8 | -0.28 | 0.004

IL4 | -0.37 | 0.034

Atopobiumvaginalis IgG | 033 | 0.012

Gardn/ IeG 0.36 | 0.020 - -
Prevot/ slgA | 0.35 | 0.035 _ _ _ _
Porhphyr IL6 | -0.41 | 0.007

LPI -0.46 | 0.028 | IeM | -0.25 | 0.033
Lachnob/ v-INF | -0.40 | 0.018 | IgA 0.38 | 0.035
Clostrspp. ) - B IL4 | 042 | 0020 | IgG | 0.27 | 0.042

slgA -0.51 | 0.034
Meg/Veilon/Dialspp. C 044 | 0.011 IgA 022 | 0.025 | IeG | 0.35 | 0.009

Mobilun/Coryneb. lyso- _2.57 | 0.015 ILPA 0.35 | 0.037 - - -

spp- zyme
lysozyme | 0.45 | 0.006
Peptostreptococspp. IL6 | -0.34 | 0.048 L6 2035 | 0.023 - - -

i i chi IeG, -0.27 | 0.021
Sneathia/Leptotrichia/ ~ _ ~ g e 027 | 0.041
Fusob. spp. TGF-1B | 0.24 | 0.022
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1 | 2 | 3| 4| s | 6 | 7 | 8 | 9 | 10
Myco-, ureaplasmasand yeast-like fungi
Ureaplasmaurea+parv IliA _0(;590 88;; slgA -0.41 | 0.007 - - -
IL10 IgM | -0.32 | 0.005
0.010 | -0.20 | 0.046
Mycoplas— 043 | 1gG, | 024 [0.019
mahom-+gen - - - IL6 0.19 | 0.039
IL8

TGF1f| -0.26 | 0.007

Candidaspp. - - - TNFa | -0.25 | 0.030 - - -

Notes: ILPA — LPA index; B regressioncoefficients; p —probabilityofvariation from the null hypothesis (ac-

cepted when p < 0.05)

In grade Idysbiosis, amount of LB, in addition to
non-specific immune factors, was also determined
by the level of TNFa. For conditionally pathogenic
microorganismsnon-specific effector factors of colo-
nization resistance (lysozyme, y-INF, phagocytosis),
and modulating immune factors (proinflammatory
and regulatory cytokines), were also important.

Interestingly, it is IgG2 was the regulating factor
for microorganisms of Sneathia spp. / Leptotrihia
spp. / Fusobacterium spp. groups. Representatives of
this group were not observed under normal condi-
tions [24, 36-41], appeared only indysbiosis and are
pathogenic. The data obtained showed that a specific
immune response to this group was formed only in
grade I dysbiosis.

Amount of Ureaplasmaurealyticum + parvum
was inversely dependent on the level of sIgA, My-
coplasma hominis + genitalium-onthe content of
IL10, and yeast-like fungi —on the level of TNFa. It
should be noted that for this group of microorgan-
isms, this dependence was the only. Candida spp.was
found in 85% of cases in an amount of not exeeding
3,219 Ig GE/sample even under normal conditions.
Such a prevalence may be a resultof a lack of actual
dependenceon the factors of colonization resistance
indysbiosis.

In grade II dysbiosis, number of LB decreased
sharply and did not show any relation with the fac-

tors of colonization resistance. Of all the optional
anaerobes, only enterobacteria had y-INF feedback.
Immunoglobulins prevailed among obligate anaer-
obesrelations, which, in our opinion, testifies to the
antagonistic relationship of the forming colony of
conditionally pathogenic microorganisms and the
defense mechanisms of the immune system. Numer-
ous relations have been demonstrated by the Myco-
plasma hominis + genitalium group: inverse — with
IgM, IgG2, and TGF1f, and direct — with proinflam-
matory IL6 and IL8.

We can clearly see the evolution of the immune
response in the dysbiosis progression on the example
of change of relations of Atopobiumvaginalis, which
is the marker microorganism for BV (see Table 2).
Innormocenosis, its number inversely depended on
the LPA index and increased with increasing pH (al-
kalinity); in grade Idysbiosis, it directly depended on
IL2 and inversely — on IL6, i.e., its increase caused
an immunomodulatory cytokine response; and in
degree Ildysbiosisit had a direct relation to IgG —an
indicator of specific humoral immunity.

This example, as well as generalizations of other
cases, demonstrated that the response of the immune
system with progression of BV evolved from non-
specific resistance to cytokine-induced responses of
specific humoral immunity. This fits to the classical
paradigm of immune reactivity, but it should also be
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taken into account, that in grade IT dysbiosisBV and,
as shown by this study, a local vaginal immunode-
ficiency, which, in fact, is the cause of BV, are pres-
ent. This position justified the direction of further
research: analysis of the role of the body’s immune
reactivity at the systemic level and of the state of hor-
monal regulation.

Conclusions

1. Innormocenosis, vaginal colonization resis-
tance was determined by two nonspecific effector
factors of immune protection: complement and
phagocytosis.

2.In grade I dysbiosis, the number of effector fac-
tors were joined by lysozyme, sIgA and pH; a factor
of specific immunity appeared - IgG, which required
the formation of humoral immune response involv-
ing T- and B-lymphocytes and was mediated by in-

terleukins, the ones important among which were
v-INF i TNFa.

3.In grade II dysbiosis, levels of regulatory cyto-
kines (IL1p and IL10) and pH became of the leading
value.

4. Innormocenosis and grade I dysbiosisobligate
anaerobes were not associated with factors of colo-
nization resistance, but in grade II dysbiosis, IgG
levels in vaginal secretions already had regulatory
significance. As dysbiosis progresses, phagocytosis
is joined by such protective factors as lysozyme (con-
trol of optional anaerobes), sIgA (control of NBI,
myco- and ureaplasma), y-INF (control of NBI)
and IgG formation (triggered by growth of yeast-like
fungi); decrease in the number of LB and increase in
the ICPM reflected a pH increase. Levels of IL1f and
IL10 had regulatory significance.
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RESEARCH RESULTS OF INTERMEDIATE
LEAKS OF A ROTARY ATOMIZER

Abstract. In rod sprayers, the working fluid pumped out of the tank during operation and pumped

under pressure is first supplied to a control distribution system, where it regulates the pressure and

amount of working fluid per hectare in accordance with the norm.
Keywords: sprayer, tip, boom, rotation, fluid, loss.

Asaresult, the corresponding part of the working
fluid per hectare is directed to the nozzles by means
of hoses and pipes leading to the spray nozzles at
the selected pressure. The rest of the working fluid
is returned and poured into the tank of the sprayer
working fluid [ 1; 2; 3; 4]. Reduced - this selected po-
sition of the control valve is maintained throughout
the entire spray period. At the same time, the select-
ed working speed does not change during the entire
spraying period in order to ensure the rate of working
fluid per hectare. In multi-product and multi-section
sprinklers, the working fluid pumped from the pump
is supplied to a distribution valve installed after the
pressure relief valve. The distribution valve block has
a common crane at its inlet and a crane block with
the number of spray rod sections up to the shoulders
at the exit. The output of each branch installed in the

distribution block of the branches belongs to one
corresponding section. When the pump is running
and the valve is open, the working fluid is supplied
to the stem in the compartment and its nozzles, and
the nozzles are sprayed.

When the valve is closed, the working fluid re-
maining in the hoses between the valve and the noz-
zles, as well as the holes in the nozzles, are directly
connected to the atmosphere, and the nozzles have
not one but several in each section, due to the differ-
ence in level between the nozzles, the vibration Due
to the centrifugal force on the side, the liquid mass
inside the pipe flows through the nozzle holes and is
lost. In real life, most of these losses occur during a
turn. The determination of the scale of these reliable
losses is an important condition for justifying the
proposed check valve, which can prevent such losses.
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Purpose. Determine and justify the amount of
working fluid that is lost in the atomizer due to cen-
trifugal force from the nozzles during rotation in the
atomizer.

Work methodology. During rotation of the
spraying device — (tractor — spraying machine) at
both ends of the field in the headland there is a flow
of working fluid from the spray nozzles. However,
in this case, the pump does not work and does not
create pressure in the system. We conducted theo-
retical and experimental studies to determine the
true amount of additional fluid flow. The slowdown
was determined when the device turned on flat as-
phalt to determine whether there were losses only
due to centrifugal force, without the effect of bumps.
To do this, the test sprayer was sprayed with plastic
cellophane bags on the spray nozzles, then the trac-
tor returned. At the end of the circle, the tractor was
stopped, and the amount of fluid collected in the
bags of cellophane was divided by the turnaround
time and compared with the fluid flow rate for 1 sec-
ond, where it usually stopped. The experiment was
carried out in 5 repetitions. The experiment was re-
peated in the same way, spraying a cotton field five
times. The experiment was conducted on the right
and left columns of 1-bar, 3-bar and 5-bar nebulizers.
The spraying unit operated at a speed of 0.5, 1.0, 1.5,
2.0,2.5and 3.0 m/s.

Laboratory device and its work.

Alaboratory device was developed to determine
the legitimacy of a fluid flowing out of nozzles with
different speeds under the influence of centrifugal
force. Here the Salafan bags 8 were dressed, and ex-
periments were carried out at the ends of the rod,
which were driven by two electric motors 1 with a
gearbox simulating the rod.

The device has an integrated reservoir S on one
side of the rotating rod. When the tap “k” is open, the
liquid (water) reaches the ends (1,2, 3,4, 5) through 6
pipes. Under the influence of centrifugal force during
rotation, the fluid tries to move away from the center
of rotation of the pipe with inertia from the axis 0-0,

and the system is under pressure, and the fluid flows
from the ends. The more fluid gets into the bags, the
more it moves away from the center of rotation.

Unit unemployment during the working day oc-
curs mainly during the lunch break, when the worker
fills the unit tank with working fluid and its prepara-
tion, when for some reason there is a malfunction in
the sprinkler, when the organization stops and so on.

The intensity and magnitude of the work flow
caused by vibration during movement, when the
sprayer moves without spraying inside the field,
when the sprayer is in the middle of the field, goes
to the edge of the field and eliminates the problem.
when the layer moves, as well as the centrifugal force
at both ends of the field, losses occur both due to
vibration and the additional influence of time on
movement. occurs throughout the spraying process.

Conclusion

It was found that:

1. The amount of fluid flowing from the ends
during rotation is equal to the algebraic sum of the
amount of fluid flowing from each end;

2. The total intensity of the fluid flowing through
the nozzles during rotation is the ratio of the amount
of fluid flowing per second to the total flow rate and
time spent on the rotation process.

3. In an atomizer with the same width, when the
speed of rotation of the unit increases during the
rotation process, the total average amount of fluid
flowing in the void and the flow rate vary depending
on the square of the rotation speed.

4. In an atomizer with the same width, when the
radius of rotation increases, the total average amount
of working fluid flowing from the nozzles and the flow
rate increase in proportion to the law of straight lines.

It was determined that the amount of working flu-
id flow and loss, as well as the average flow rate of the
working fluid increase with increasing speed of the de-
vice. This occurs both during movement and rotation.

Laboratory, laboratory and field studies show
that the amount of liquid flowing out of the spray
nozzles increases as the working fluid freely flowing
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out of the nozzles in the spray device moves away
from the center (on both sides, left and right). In the
last rod, the amount of fluid flowing from the end is
maximum, and the amount of fluid flowing from the
middle end is minimal.

Sprinklers In single-jet, three-beam and five-
beam sprinklers, the amount of working fluid flow-
ing from the end closest to the center of rotation of
the rod is minimal, and the amount of fluid flowing
from the farthest end is maximum.

Since the rotation speed of the spray device
increases during rotation at various speed modes

(at speeds of 0.5; 1.0; 1.5; 1.0; 2.0 and 3.0 m/s), the
amount of fluid entering the total space increases
with increasing speed.

As the rotation shifts from the center, the work
flow, which flows in vain from the ends, is proportion-
al to the speed of rotation, and the maximum volume
of flow occurs at the farthest end (right and left).

In all cases when a check valve is installed on each
of the spray nozzles: during stops and turns there is
no idle flow of the working fluid. This allows you to
effectively use the working fluid. Productivity rises
and pollution is prevented.
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HOPMUPOBAHHbIA HATYPAJIbHbIN PHA.
NMOJIMMNAPAMETPUYECKOE KOOAUPOBAHUE

Annoranms. B pabore paccMaTpuBaroTCs MOAUIIApaMeTPHYECKUe KOABL, POBEPOYHbIe KOMOU-
HaIlMK KOTOPHIX pOPMHUPYIOTCS Ha OCHOBAaHUU HE OAHOT'O KOAOBOTI'O, 2 HECKOADKHX, CBS3aHHbIX C HUM
KOAOB QYHKITMOHAABHOM 3aBUCUMOCTDIO. JTa 3aBUCUMOCTb MEXAY COCEAHUMHU KOAOBBIMU CAOBAaMU
BBOAUTCSI HCKYCCTBEHHO ITOCPEACTBOM HOPMHMPOBAHUS 9AEMEHTOB HaTYPaAbHOTO PsAA IIPeABApH-
TEABHO BHIOPAHHBIMHU LjeABIMU HATYPAAbHBIMU YHCAAMU.

KaroueBpie cAOBa: HOpPMUPOBaHHbIN HATYPAAbHbIN PsIA, OAHO- U IIOAMIIApaMeTPUIeCKUe KOADI,
COBOKYTIHBIM KOA, AYyaAbHasl KPATHOCTb, UACHTUPHUKATOPBL.

ITocraHoBKa 3apaun II0CAEAOBATEABHOCTD Pa30HMBAETCSI HA OTAEAbHBIE HAO-
MHoroo6pasue IOMeXOyCTONYUBBIX KOAOB AGAUT- KU C AOOaBAEHHEM K K&XAOMY OAOKY OIIPeASACHHOTO
CsTHa ABaKAACCa: OAOYHBIE KOABI M HETIPEPBIBHbIE KOABL.  YHCAQ IIPOBEPOYHBIX CUMBOAOB. KOAOBBIE KOMOUHA-
B 6A04HBIX KOAAX ITepepaBaeMasi MHGOPMALMOHHASL LU KOAUPYIOTCSI X AGKOAHPYIOTCSI HE3aBHCHMO APYT
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OT ApyTa. B HenpepbIBHBIX KOAAX, HA3bIBAEMBIX TAKKE
LIeTTHBIMH, PEKYPPEHTHBIMH, KOHBOAIOLUOHHBIMH UAH
CBEpTOYHbIMY, TIepepaBaeMast HHPOPMAIMOHHAS T10-
CAEAOBATEABHOCTD He PaspeAsieTcs Ha 6AOKH, a Tpo-
BepOYHbIE CUMBOABI Pa3MEMIAIOTCS B OTIPEACACHHOM
nopsiake MexAy napopmarrorasvu [ 4. TIpoueccst
KOAMPOBAHHUS U AEKOAUPOBAHHUS TAKKE OCYIIECTBAS-
IOTCSL B HETIPEPbIBHOM PeKUMe.

BAOYHbIE KOABI IOCAEAHHE TOABL CTAAH IMUPOKO
IPUMEHATHCS B CUCTeMaX oOMeHa MHPOpMAIHeiL.
[T0CKOABKY TIPH KOHCTPYUPOBAaHHHU MPOBEPOYHbIX
KOMOUHAIUIT UCTIOAB3YIOT CTPYKTYPY OAHOTO KO-
AOBOTO CAOBR, CO3AQHHE UX PEACTABASIET AOBOAD-
HO CAOXXHYIO TIPOLIAYPY. Aake AASL IPOCTOTO KOAR
XoMMHHIra TIPOBEpOYHas KOMOMHAIIMU BKAKOYAET
B cebs1 YeThIpe JTama: OMpeAeACHHE HEOHXOAHMOTO
KOAMYECTBa KOHTPOABHBIX Pa3pSAOB; ONpeAEAeHUe
PACTIOAOKEHHUS TIPOBEPOYHBIX GUT B PE3YABTHPYIO-
el 3aKOAMPOBaHHOI TOCAEAOBATEABHOCTH; OTIpe-
A€AeHUe TPYTIIIbl, KOTOpble KOHTPOAUPYIOT POBe-
pOYHbIE OUTHI; pacdeT 3HAYEHHS] KOHTPOABHBIX GHT.
Takoe IOAOKeHHe OOBIACHSIETCS TEM, YTO KOHTPOAD-
Hble GUTBI HOAYYAIOTCS Ha OCHOBAHUU UHPOPMALIUY,
3aA0KEHHOH TOABKO B OAHOM KOAOBOM caoBe [ 1; 3].

B AaHHOI#t paboTe paccMOTpeHa BO3MOXHOCTb
TIOAyYeHHMS TPOBEPOYHbIX KOMOUHALIUII HE TI0 OAHO,
a HECKOABKHM PSAOM CTOSAIIMM GAOKOBBIM KOAQM,
MMeroNUX GpYHKIIMOHAABHYIO 3aBUCHMOCTD MEXAY
co6oit. B aToM caydae MOXHO KAACCHPHIUPOBATDH
GAOYHDIE KOABI HA OAHO-M TIOAMTIAPAMETPUYECKHE.
OpHOMapaMeTpUYecKUMHU GAOKOBBIMH KOAQMH SIB-
ASIFOTCSL KOABIL, IPOBEPOYHAS KOMOUHAIIMS KKAOTO
6AOKa KOTOPBIX GOPMHPYETCSl HA OCHOBAaHUU €TI0
BHYTpPEHHe! CTPYKTYpPbI U TIOAUTIAPAMETPUIECKHU-
MU GAOKOBBIMH KOAAMH, TIPOBEPOYHAS KOMOUHALIHS
KOTOPBIX pOPMHUPYETCS 10 AAHHOMY GAOKY M MHO-
JKECTBOM COCEAHUX KOAOBBIX CAOB QYHKITHOHAABHO
3aBUCSIIIIX MEXAY COOOIL.

3a cuer TOro, YTO MPOBEPOYHAS KOMOUHAIMS
CTPOMTCS MO HECKOABKUM KOAOBBIM CAOBaM, TIOBBI-
maercst MKHPOPMATUBHOCTD MX BBI6Opa U YIIPOLIAET-
Cs1 AATOPHTM MX HaxOKAeHH [ S; 6 ]. OAHOBpeMeHHO

HX MOXXHO IIPEACTABHUTD IIeABIM YUCAOM 0e3 3HakKa.
B aTOM cAydae OHU SIBASIOTCS 9A€MEHTaMH OTpe3Ka
HaTypaAbHOro psiaa. HarypaApHbIe YrAcAa — 9HCAQ,
BO3HUKAIOIMe IIPH CYETe (HanpnMep, 1,2,3,4,5,6,
7,8,9...). [TocaepaOBaTeABHOCTD BCEX HaTypaAbHbIX
qrCceA, Ha3bIBAeTCsl HATYpaAbHBIM psiaoM. Hap ane-
MeHTaMH HaTyPaAbHOTO PSIAQ MOT'YT ITPOU3BOAUTLCS
OIIepaIHY CAOKEHUS], YMHOKEHHSI, BO3BEACHHS B CTe-
[IeHb, A TAK)KE BBIYUTAHHE U AEACHHE C OCTATKOM.

B paboTte mokazaHo, YTO IpU HOPMHPOBAHHUU
HATYPAaAbHOT'O PSIAQ HAU €IO OTPE3KOB ITOAYYAIOTCS
PE3yABTaTBI, KOTOPbIe MOXKHO UCIIOAB30BATh IIPH CO3-
AQHHU IIOAUTIAPAMETPUIECKUX OAOIHBIX KOAOB.

HopMupoBaHne HaTypaAbHOTO PSIAQ H AHAAH3
NOAYYEHHBIX Pe3yAbTaTOB

Ha60p K0AOBBIX CAOB, TOAHOCTBIO OIHMCHIBAIOIIHX
COOO1IIeH e COCTABASIIOT ero aAdaBuT. Beiopars aada-
BUT COOOIIEHNsI BOBMOXKHO I10 Pa3HBIM KPUTEPUSIM.
OaMHaKOBBIe KPUTEPUH BCeX KOAOBBIX CAOB aAQaBUTA
06pasyroT 061K TapaMeTp KOAOBbIX cA0B. Ecan B ko-
AaX aAQaBHTa MPUCYTCTBYET HECKOABKO PA3AMIHbBIX
IIapPaMeTPOB, X HA3bIBAIOT OAMIIAPAMETPUYECKIMH.
113 6eCcKOHEYHOrO MHOXKECTBA Pa3AUYHBIX KOAOB CO-
00IIeHusI CAeAyeT BRIOMPATh TaKue, IapaMeTphl KO-
TOPBIX TO3BOASIIOT IIPOBEPSITD IIPABHABHOCTD KXKAOH
KOAOBO KOMOMHAIINH, a TAKKe HCIIPABASTb KaHAAD-
Hble omu6Ku. I1HOrAa 0AHOTO mapaMeTpa AAS 9TOM
IleAu ObIBaeT HEAOCTATOYHO U IIPUXOAUTCS UCIIOAD-
30BaTh HECKOABKO [TAPAMETPOB COCEAHHX KOAOB OAHO-
BpeMeHHO. [ToHATHO, 4TO HA6OP TaKUX ITAPAMETPOB
MOXeT IIOAHOCTBIO 3aMEeHUTb KOAOBOE CAOBO, KOTOpOe
B AAHHOM CAy4Yae MOXXHO He IIepeAaBarh.

AASL peaAn3aIuy IIOAMIIApaMeTPUIECKHX KOAOB
MEXXAY COCEAHUMU KOAOBBIMU KOMOMHAIIHSIMHU AOAX-
Ha CYIIleCTBOBAaTh QYHKIIMOHAABHAS CBS3b, KOTOPAs
B OOBIYHOM CcOCTOSIHUM He Habaropaercs. Ee Hapo
BBOAUTD HCKYCCTBEHHO. AASI KOAOB, IIOCTPOEHHbIX
Ha 6a3e HATYPAABHOTO PSIAQ TAKAasI CBSI3b IIOSIBASIETCS
U HOPMHPOBAHHUHU €TI0 IAEMEHTOB IIPOCTHIMU UAH
COCTaBHBIMH I[€ABIMU YN CAAMHU.

OcHOBHBIE CBOMCTBA pacCMaTPHUBAaEMBIX KOAOB
TMIPOSBASIIOTCS B CAy4ae AeAeHus! (HOpMUPOBaHHs)
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KaXKAOTO 3AEMEHTa OTPe3Ka HaTyPaAbHOTO psiaa (ko-
AOBOIT KOMOHHAITUM) Ha OAHO H TO K€ I[eAO€e IHCAO
nopmy (L). Hopmoit MOTYT cAyUTb AlOOblE, He
TOABKO IIPOCTHIe YncAa. [Tocae HOpMupoBaHus aae-
MEHTBI HATYPAABHOTO PSIAQ PUOOPETAIOT CBOKCTBA,
KOTOpbIe MOXXHO HCIIOAb30BaTh B KauecTBe Iapame-
TPOB IOAUIIAPAMETPHIECKHIX KOAOB.

Pe3yApTaTOM HOPMHPOBAHHS 9AEMEHTOB OTpe3-
Ka HaTYPAABHOTO PSIAQ, TIOAYYAeTCSI ACHCTBUTEAD-
HO€ YHCAO, COCTOSsIIee U3 ABYX JacTel: HeIIOAHOTO
qacTHOTO (MOAYASI) Ml OCTaTKa OT AeAeHHs (OCTaTKa).
AAs HOpMHPOBaHHBIX 9A€MEHTOB B Ka4eCTBe OCTaTKa
HCIIOAB3YeTCSI TOABKO IIepBbIe TPU 3HAKa ITOCAE 3aILs-
TOH, €CAM OHH UMeIOTCA. Bo3HHKaroIye Ipy 9TOM 3a-
KOHOMEPHOCTH IIPUAAIOT UM HOBBIE CBOFICTBA IIOA€3-
HbIe IIPH KOAMPOBAHHU AUCKPeTHON HHPOPMAITHH:

— 9AEMEHTHI HaTYPAAbHOTO PsIAQ NIPEBPAIaOT-
Cs1 B AGFICTBUTEAbHbIE YHCAQ, COCTOSINIE U3 MOAYAS

M OCTaTKa,
n=70.84
G =5 Gl = 1"1

10 6,364
10,143 6,455
10,2586 6,345
10,426 6,636
10,571 6,727
10,714 6,818
10,857 6, 205

11 T
11,143 7.091
11,286 7.182
11,429 T.273
11,571 7,364
11,714 T.455
11,857 7,545

12 T7.636

— OTHOCHTEABHO MOAYASI B OCTaTKOB HOPMHPO-
BAHHBII PSIA MAY €70 OTPEe3KU Pa30UBAIOTCS HA YIaCT-
KM OAMHAKOBOM AAMHBI PAaBHOM pa3Mepy HOPMbI, yc-
AOBHMCSI Ha3bIBaTh UX [TUKAAMU;

— IIOCA€ HOPMHPOBAHUS MOAYAb CTAHOBUTCA B L
pa3 MeHblIIe HCXOAHOTO IJ€AOTO YHCAQ;

— BO BCeX IIMKAAX HOPMHPOBAHHOT'O HAaTypPaAb-
HOTO PSIAA U B €r0 OTPe3KaX OCTATKU IIOBTOPSIOTCA
U OIIPEAEASIOTCS TOABKO pa3MepPOM HOPMbI;

— MOAYAU 9A€MEHTOB COOTBETCTBYIOT IOPSAAKO-
BOMY HOMEpPY IJUKAAQ B HOPMHUPOBAHHOM HaTypaAb-
HOM psIAY, HAUMHAS C IEPBOTO €ro 9IAeMeHTa;

— APYT OT ApyTa IIMKABI OTAEASIIOTCSI HOPMHPO-
BAaHHBIM 9AEMEHTOM C HyA€BBIM OCTaTKOM.

OTH CBOMCTBA MOXKHO IIPOCAEAUTDb AASL HOPMH-
POBaHHBIX KOAOB.

Ha ( pHUCYHKe 1) IIPUBEAEHbI IIPUMePBI ABYX ITH-
KAOB HOPMHPOBAaHHOI'O HATYPAABHOTI'O PSAA AASI ABYX
Pa3AMYHBIX HOPM U ABYX Pa3HBIX IIO AAUHE BBIPE3OK.

k=56..70
G(k) = ; Gl{k) = %

& 5,001
8.143 5.182
8.286 3,273
8.429 5.364
8.571 5455
8.714 5,545
8,837 2,036
9 5,727
9,143 3,818
9,286 5,909
9.429 [
9.571 6,091
9.714 6,182
9,857 6,273
10 6,364

PucyHok 1. LLlnknbl HOPMUPOBAHHOIO HATypasbHOr o psaa
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3aecb G(n) u G(k) - pesyabrar HopMuposanus, L=
=7111- pasmep HOpMbI, 1 ¥ k — OTpe3KH HOPMUPOBAH-
HOTO HaTyPaABHOTO PSIAQ, 3 KOTOPBIX BbIOPAHBI LIH-
KAbL [TapamMeTpbl pHUBEACHHBIX ITMKAOB CACAYIOIIHE:

G(n),L=7,n="70...84;
Gl(n),L=11,n=70...84;
G(k),L=7,k=56...70;
GIl(k),L=11,k=56...70;

OAeMEeHTbl HOPMHPOBAHHOTO HATYPaABHOTO
psiAQ MOT'YT OBITh UCIIOAB30BAHbI B Ka4eCTBe [IOAU-
IapaMeTPHYECKUX KOAOBBIX CAOB. OTMeTHM, 4TO
TAKUMH JK€ CBOMCTBaMU OYAYT 06AaAaTh KOABIL, CO-
CTaBA€HHbIE U3 BapHAIlMU HOPMHUPOBAHHbIX IAEMEH-
TOB HaTYPaABHOTO Psiad [2]. AAS mpoBepku 3TOro
IIPEATIOAOXKEHHSI OBIA PACCMOTPEH HECKOABKO 9K-
30THYHBIN 10 CTPYKTYP€ YHCAOBOM <« COBOKYITHBIM
KOA>». B 9TOM KOA€ KaXKpO€e KOAOBOE CAOBO SIBASIET-
CsI IPOU3BOAHBIM OT YHCAOBOTO HATYPAaABHOTO PSIAQ
U pOpPMHUPYETCsI IPOCTHIM CAOKEHUEM eTO dAeMeH-
ToB. Hampumep, koA ¢ MOpsAKOBBIM HOMEPOM n=35
MIOAYYaeTCsl, KaK Pe3yAbTaT CyMMHPOBAHUS AeCATHY-
HbIx unceA S(n)=1+2+3+4+5=15. Takum o6paszom
Ka)KAO€ IIOCAeAyIolee KOAOBOE CAOBO PeKyPPEHTHO
IIOAYYA€eTCSI U3 [IPEABIAYIIIETO IIOCPEACTBOM AODaBAe-
HISI O4€PEAHOTO 9AEMEHTA HaTYPAABHOTO PSIAQA.

PaccMOTpHM ABa BaXKHBIX CBOMCTBA COBOKYITHBIX
KOAOB, KOTOpPbIE ACTKO IIPOBEPSIOTCS IKCIIePHMEH-
TAABHO.

Ilepsoe csoticmso. MHOXeCTBO KOAOBBIX CAOB Ha
HEKOTOPOM HHTEPBAAE UX AAMH 1 OYAyIH COOTHe-
CEHHBIMH K AI0OOMYy IleAOMy urcAy L o6s13aTeAbHO
AQIOT OAHY MAM HECKOABKO AYaABHBIX KPATHOCTEH.
Ayaabhbie kpatHocTH D (mapHble KpaTHOCTH) — 3TO
IIOIIAPHO PaCIOAOKEHHBIE PE3YABTATHI ACACHHS CYM-
MapHOT'O KOAOBOTO CAOBA C KOAHYECTBOM 9A€MEHTOB
n Ha L 6e3 ocrarka. [Ipu aeanteasix L He60AbIIOTO
3HAYeHHs OHH BCTPEYAIOTCS AOCTATOYHO dacTo. [To-
9TOMY TaKHe KOAOBbIE CAOBA YAOOHO HCIIOAB30BATh
Ha ITPaKTHUKe.

Bmopoe csoiicmeo. AAsl COBOKYITHBIX KOAOB CYIIie-
CTBYeT TaKasl 3aKOHOMEPHOCTb, UTO, HAYMHAS C AIO-
601 AyaABHOI KPAaTHOCTH, OCTATKH OT AAEHM Iie-

ABIX YHCEA 3TUX KOAOB S(11) Ha peanTeAb L A0 M ITOCAE
CaMOT0 YHCAQ, [T0O MHOXECTBY IOPSAKOBBIX HOMEPOB
N SBASIFOTCS CHMMETPHYHBIMH U TIOIIAPHO PaBHBIMU
MeXAy co6011. PekoMeHAyeTCcst AAUHY HOPMBI L BbI-
OupaTh paBHOI pa3Mepy 6A0Ka KOAOBOTO CAOBA. 3Ha-
YeHHs OCTAaTKOB COXPAHSIOTCS IO BCeMy MHOXECTBY
HOMEPOB KOAOBBIX CAOB 11.

OTH CBOMCTBA SIBASIIOTCS HACHTUYHBIMU AAS
CBOWCTB OTAEABHBIX d9AEMEHTOB HOPMUPOBAHHOI'O
HaTypaAbHOro psiaa. OHU MMO3BOASIIOT KOHCTPYHPO-
BaTh U APyTHe IIOAUTNIapaMeTpUIeckre KOABI Ha OCHO-
BaHMM HOPMHUPOBAHHBIX 3A€MEHTOB HaTyPaAbHOTO
psaa. Hanpumep,

— KOAOBBIE CAOBA SIBASIFOTCSI CYMMOM ABYX HAH
HECKOABKHUX ITOAPSIA CAGAYIOIIHX SAEMEHTOB PSIAQ;

— KaXXAOe IIOCAeAyIoIee KOAOBOE CAOBO PeKy-
PEeHTHO 06pa3yeTcs 10 IPHHIIUITY TPeX IOAPSIA CAe-
AYIOIIX 9AeMeHTOB: 123;456... nan 123k;456k ...,
rae k — HEKOTOPBIiL [JeABIN AU APOOHDII K09 Pu-
rreHT. MOXXHO IIPUAYMaTh U 0OOCHOBATb U APYTHE
AATOPHUTMBI IIOAYYeHHUSI KOAOBBIX KOMOMHAIIUIL, KOTO-
pble B paboTe He pacCMATPUBAIOTCSL

NaeHTHPHKATOPBI NOAHIAPAMETPHYECKHX
KOAOB

HaenTuduxaropsl noAunapaMeTpudeckux Ko-
AOB MOTYT CTPOUTbHCSI HA OCHOBAaHUH OCOOEHHOCTeM
KaK OAHOTO, TaK M HECKOABKHMX (YHKITHOHAABHO
CBSI3aHHBIX KOAOBBIX CAOB. B WyacTHOCTH, MAEHTH-
¢uKaTOpaMu pacCMOTPEHHbIX BbIlIe KOAOB MOTYT
CAY>KHTb: 1) meaas 9acTb HOPMUPOBAHHOI'O YHCAQ
(kopa); 2) 3HaueHMS HECKOABKMX UHCEA OCTATKa;
3) cocepnme Pa3HOCTH MAM COCEAHHME AMHEHHbIe
peobpasoBaHIs (pa3HOCTI/I, CYMMBI U T.A.) ABYX
VAU HeCKOABKHX COCEAHHX CAOB; 4) AMHelHbIe Ba-
pHalMK YKa3aHHBIX Napamerpos. Ilo HUM MoxHO
OOHAPYXXUTb KaHAAbHbIE OIIUOKU M BOCCTAHOBUTD
nepeAaHHOE KOAOBOE CAOBO.

BriBoAbI

1. MicnipaBasiromue omoKu KOMOUHAIMu nud-
POBBIX KOAOB MOYKHO ITOAYYUTH, UCIIOAb3YsI BHYTPeH-
HIOIO CTPYKTYPY TOABKO CaMOTO KOAOBOTO CAOBa
(TpaAnupIOHHblﬁ MeTOA) MAM AOTIOAHHTEABHO HC-
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IIOAB30BaTh PYHKIIMOHAABHBIE CBA3U C COCEAHMMHU
TaKUMH 5Ke KOAAMH, ITPUMeHsIs1 0COOEHHOCTH HOP-
MHPOBAaHHOTO HaTYPAAbHOTIO PSIAQ.

2. ITpu HOpMHPOBAaHUH BMECTO IJeAOYHUCACHHOTO
HATYPAaAbBHOTO PsiAa 00pasyeTcst psiA AECTBUTEAD-
HBIX YHCeA, UMEIOIUX MOAYAb B ocTaToK. Orpanu-
YHUBAIOTCS TpeMs nudpamu nocae samnsaroir. Oco-
6EHHOCTHI0 HOPMUPOBAHHOTO HATYPAABHOTO PsIAd
SIBASIETCS IEPHUOAMYECKAsl IOBTOPSAEMOCTD I10 BCeH
€ro AAMHE, a TAaKXKe OTAEABHBIX OTPE3KOB OCTaTKOB
9AeMEeHTOB Ha HHTE€PBaAaX HOPMbL. DTHU OTPe3KHU 00-
Pa3yIOT IIMKABL

3. LTMKABI pa3AeASIIOTCS MeXAY COO0F 9AeMEHTOM
C HYAEBBIM OCTAaTKOM.

4.1]eAast 9acTb KOXKAOTO 9IAEMEHTA ITUKAAQ HOPMHU-
POBAHHOTIO HATYPAaAbHOI'O PSIAQ PaBHA IOPSAKOBOMY
HOMEpY LIUKAA.

S. Taxue KOABI C MCITPABASIIONIMMH dA€MEHTaMU
AETKO KOAUPYIOTCS K ACKOAUPYIOTCSL.

6. Bapuanuu HOpMHUPOBAaHHOTO HATYPAABHOTO
PSAQ MTO3BOASIIOT ITOAYYMTD HOBbIE KOAOBbIE TIOCAE-
AOBaTEAbHOCTH C HOBBHIMHM MAM AOTIOAHMTEABHBIMH

CBOMCTBAMH, KOTOpPbIe MOI'YyT MCIIOAb30BaTbCS AASL
MOAyYeHHsI UCIIPABASIIOIINX OIIHOKH KOMOMHALIUIL.
Tak B COBOKYTIHBIX KOAAX ITUKABI COAEPKAT dA€MEeH-
THI C CAMMETPUYHBIMUA OTHOCUTEABHO IIEHTPA ITUKAQ
ocTaTKaMH. MOAYAU COCEAHHX 9AeMEHTOB OKa3bIBa-
I0TCS IPUTOAHBIMU AAS TIOAY9EHHSI AOTIOAHUTEABHbBIX
IIapaMeTpOB.

7. COBOKyTIHbIE KOABI SIBASIIOTCSI TIOAMIIApaMe-
TPUYECKMMH, UTO MOXKET CAYXXMTb BaXKHBIM PaKTO-
POM AASL UX UAEHTUPUKALIUH.

8. OpHOBpeMeHHOe HCIIOAb30BaHNEe HECKOABKUX
IIapaMeTPOB COBOKYITHBIX KOAOB YBEAHYMBaeT Bep-
HOCTb 0OMeHa AQHHBIMU.

9. Bo3MO>XHbI pa3AMYHbIE METOABI PeaAU3aLIUU
KOAOBBIX ITapaMeTpPOB.

10. IToAunapaMeTpUIHOCTb COBOKYIIHBIX KOAOB
YAOOHO HCIIOAB30BaTbh NPH PEAAM3AIMU 3AIUTHI
MHPOpPMAIMK OT HECAHKIMOHMPOBAHHOTO AOCTYIIa
Y MOTYT HAallTU TPHUMEeHEHUe AASl AAPeCallui HOBBIX
IIPOILIECCOB.

11. KonkpeTHas peaAnsalus KaKAOro Iapame-
TPa ONPEAEASETCS MOAb30BATEASIMH.
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TECHNOLOGIES FOR CULTIVATING CHLORELLA

Abstract. The article discusses methods for pretreating stagnant water by saturating it with ozone,
which provides almost complete disinfection of water from pathogenic factors for the grown chlorella,
including Rotatoria rotifers. During the experiments, semi-industrial bubble columns were developed
and manufactured for the treatment of chlorella in pools with carbon dioxide and for pretreatment
of water with ozone before loading chlorella.
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NMPUMEHEHUWE O30HOBbIX N MUKPOMY3bIPbKOBbIX
TEXHOJIOTM ANA KYJIbTUBUPOBAHUS XJIOPEJbI

Annortanms. B craTpbe paccMaTpuBarOTCs CIIOCOObI IIpeABAPUTEABHOM 0OPaOOTKH CTOSMUX BOA
C IIOMOIIbIO HACBIIIIEHHS €€ 030HOM, KOTOpOe 00ecIeunBaeT IPAKTHIECKU IOAHOE 00e33apaXkKuBaHye

24



THE USE OF 0ZONE AND MICRO BUBBLE TECHNOLOGIES FOR CULTIVATING CHLORELLA

BOADI OT IIATOT€HHBIX PAKTOPOB AASI BHIPAITMIBAEMOI XAOPEAADI, B TOM YHCAE OT KOAOBpaTok Rotatoria.

B xoae ImpoBeAeHHBIX 9KCIIEPHMEHTOB Pa3pabOTaHbl K U3TOTOBAEHBI ITOAYIIPOMBIIIACHHbIE 6apOOTaX-

Hble KOAOHKH, AASL 0OPabOTKM XAOPEAABI B OacceliHaX YTAGKHCABIM Ta30M U AASL IIPEABAPUTEABHOM

06paboTKH BOABI O30HOM IIEPEA 3arPy3KOM XAOPEAABL.

KaroueBbie cAoBa: BOAa, O30H, BOAOPOCAD, XAOP€AAQ, OUMCTKA, KYABPTUBHPOBAaHNE, KOHLIEHTpPAa-

s, MUHEPAABL.

OrpoMHbIi HCCAGAOBATEAbCKHUI HHTEPEeC YUeHBIX
BCEro MHpPa K XAOPEAAE OIPeAEASIeTCs], TIPEXKAE BCETO,
OoraTefiIM COCTaBOM BCETO CIIeKTpa OGuoAormde-
CKHl aKTHBHBIX BELIECTB, BbICOKOI MX KOHI|eHTpaIjei
U CPaBHUTEABHO IPOCTOM TEXHOAOTHEN IOAYIEHMS
OOABIIIIX KOAUIECTB ee OOMACChL. DTH IIPEUMYIIeCTBA
AQBHO OIIPEAEAVAY LIHPOKOE IIPHMEHEHIE XAOPEAADI
B Pa3AUYHBIX OOAACTSIX AESITEABHOCTH Y€AOBEKa: Me-
AWLIMHA, CEABCKOE XO3SIFICTBO, IIUIeBast IPOMBIIIACH-
HOCTb, TApPIOMEPHST, OYUCTKA CTOYHBIX BOA U AP.

XAopeAra — 3TO OAHOKAETOYHASI 3€AeHAsI BOAO-
POCADb, HaliAeHHAsI B CTOSIMUX BOAAX, 6Orarsix op-
raHMYECKMMH BeleCTBAMU M BO BAQXKHOM IIOYBE.
Hanboaee pacipocTpaHeHHBIMY BUAAMU SIBASIFOTCS
Chlorella vulgaris, obuTaromasi B BOAe Ay)X, KaHaB
u npypoB u Chlorella infusionum, noceasrorasics
B COCYAQX C BOAOY, ITIOKPbIBasl 36ACHOBATHIM HAAETOM
MX BHYTPEHHIOIO IIOBEPXHOCTD. AAd mpolijecca $oTo-
CHHTe3a XAOPeAAe TPeOYIOTCSI TOABKO BOAQ, AHOKCHA
YTAE€POAQ, CBET, @ TAKOKe HEOOABIIOE KOAMIECTBO MHU-
HEPAAOB AASI PA3MHOXKEHUSL.

BAaroaapst BBICOKOMY COAEpKAHHIO BUTAMUHOB,
XAOp€AAa BO MHOTHX CTPAHAX CTAAd BOCTPeOOBAHHOM
IUIeBON AOOABKOM, TaK KaK yAydIIaeT IHIeBape-
Hue, 00€eCIIeYrBaeT XUPHBIMU KHCAOTAMH, YKPEIIAS-
€T UIMMYHHUTET,  IT0 COAEPXKAHUIO HeAKa IPEKPACHO
3aMeHsIeT MSICO U AaKe nureHurly. CymecTByIOT TaK-
K€ IIPAKTUKA HCIIOAB30BAHUS B MEAMLIHCKHUX [JEASIX
IpU A€YeHUH BUPYCHBIX 3a00AeBaHUI UAY BBIBEAE-
HUU TOKCHHOB. 10 cBO€l MUTaTeAbHOCTH 3Ta BOAO-
POCAB He YCTYIaeT MSICY U 3HAYUTEABHO IIPEBOCXO-
aut mmenunyy. Ecau B nmmenune copepxurcs 12%
6eaka, TO B xAOpeAAe ero 6oaee 50%.

ITATUMUKPOHHbBIE KAETKH XAOPEAABI IIPOXOAST
Yepes KEAyAOK M KHIIEYHHUK, He PAcCTaBasICh C IO-

AOBHUHOII 6eAKa mpoTenHa. I'pyIina yyeHbIx U3 mrara
He6packa (CIIIA) caoerara BBIBOA: Halll TUIEBapH-
TEAbHBIN TPAKT He B COCTOSIHUU PAa3PYIIUTD KAETOY-
Hble CTEHKU XAOPE@AABI U B3ATb BCe IIOAE3HOE, YTO 3
HUMH CKPBITO. B HacToOsimIee BpeMst pa3pabaTbIBaioT-
CsI AECSITKH CIIOCOO 0B pas3pyIeHIst 000AOUKH KACTOK
XAOPEAABI, B TOM YHCAe C IPUMEHeHHeM O30HOBBIX
TEXHOAOTHI, TaK 4YTO MOXKHO PaCCUUTHIBATDh Ha pele-
HIe 3TOM ITpo0OAeMbI B OAMDKAIIee BpeMs.

AASI ICCA€AOBAHUS PEaKIIUU XAOPEAABI 06paboT-
Ky BOABI O30HOM, A TAKoKe e€ PeakKIjuIo Ha HacChlIe-
HIe YTAEKHUCABIM Ta30M OBIAM HCIIOAB30BAHBI: pac-
IPOCTPaHEHHBIH BUA xAopeaas! -Chlorella vulgaris,
a TakKe IMAAHKTOHHBIM ImTaMM xaopeAaasr MIOP
Ne C-111, xotopsiit 661 BeipeaeH Boraanoseiv H. 1.
B 1977 roay uz Hypexkckoro Bopoxpanuanma. OpHa
U3 IPOOAEM KyABTHBUPOBAHIS XAOPEAABI — 3TO 3a-
muTa e€ oT kKoaoBpaTrok Rotatoria. KoaospaTky,
Iomaaast B 6acceilH ¢ KyAbBTUBUPYEMOI XAOPEAAOI
CITIOCOOHBI MMOAHOCTBIO YHUYTOXUTD BeCh ypOXKait
xAopeAAbl. FIcrioAp3yst xaopeaAy B KauecTBe KOpMa,
KOAOBpaTKa 0OpeTaeT IpKO OPAH)XEBBI IIBET.

ITpepBapuTeabHast 06pabOTKa BOABI O30HO-BO3-
AYLUIHOH MAH O30HO-KUCAOPOAHOM CMECHIO IIPUBOAUT
K IIOAHOMY YHHYTOXXEHUIO KOAOBPATOK, ITOMABIINX
B €MKOCTD, KyAQ IIPEATIOAATAETCSI 3ACEAUTD KyABTYPY
XAOPEAABI M Pe3KO YBEAIHBAeT 00bEM BhIpalIBae-
MOM XAOPEAABI.

Heo6x0AMMO OTMETHTD, YTO O30HOBbIE TEXHOAO-
TUU SIBASIFOTCSL CPAaBHUTEABHO ACIIEeBBIMH, TPAKTHYe-
CKU He TPeOYIOT PACXOAHBIX MaTepUaAOB (MCXOAHBIM
Y KOHEYHBIM CBIPbeM SIBASIETCSI OOBIYHBIF BO3AYX HAU
KHCAOPOA, ). DHepreTHdeckKue 3aTPaThl HA TeHepa-
ITUI0 O030HA HEe3HAYUTEABHBI (AO 20-30 Br*yac Ha
1 rpaMM 030Ha), UTO ABASETCS BaYKHBIM TEXHUYECKHM
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u aKoHOMH4ecKuM ¢pakTopoM. Co3paHMe MPOCTHIX,
HAAEXHBIX FeHepaTOPOB 030HO- KICAOPOAHBIX U 030-
HO-BO3AYIIHBIX CMeCel AAS 3aAa4 ITPOMBIIIACHHOCTH
U MOOHABHBIX FeHEPATOPOB AASI IOAEBOTO IIPHMeHe-
HUS IPEACTABASIET COOO0I aKTYaAbHYIO IPobAeMy.

Ho, 4T06bI 9¢$peKTHBHO pacTBOPUTD O30H (uam
YTAEKUCABIi1 Ta3) B BOAE HEOOXOAMMO pa3paboTarb
CrieljMaAbHble KOAOHKH, C FeHepaluel IIy3bIpbKOB,
pasmepoM cymecTBeHHO MeHee 1 Mm. ITpu ucroas-
30BaHUU OOBIYHOIO OOOPYAOBAHMs, HAIpPHMep,
AP PY3HBIX KaMHeH, HCIIOAb3YeMbIX B aKBapHyMaXx,
ITy3bIPHU ITOAYYAIOTCSI PAa3MEPOM CYILIECTBEHHO OoAee
1 mm (A0 S Mm). KoandecTBo pacTBopéHHOTO rasa
3aBHCHUT OT pa3MepoB ITy3bIpbKOB. YeM MeHbIIe pas-
MepBbl, TeM 00AbIIle CyMMapHast KOHTAKTHASI TAOIIAAD
rasa c >XUAKOCTbIO. [ToaToMy 6biAM paspaboTaHbl
YCTPOICTBA C FeHepaTOpaMU MUKPOITY3bIpbKOB, TI0-
3BoAsiOIUe 9P PEKTUBHO PACTBOPATD O30H B BOAE.

Hanpumep, mukporyssips ¢ papuycom 10 MM
MOAHHMAETCSI CO CKOPOCTBIO MPHOAN3UTEABHO S0
MKM/ CeK, ADYTHMU CAOBAMH, BCIIABIBAEeT Ha 3 MM 3a
MHHYTY. Takas MepA€HHasl CKOPOCTDb IIOABEMA TIpU-
BOAUT K 06OABIIIeMy BpeMeHHU IpeOBIBaHUS B BOAE
H, II09TOMY, K 60Aee BBICOKOMY ra30BOMY HAChIIIe-
HHUIO, KOTOPO€ CBSI3aHO C OOABIIIE! yAeABHO IAOIIA-
ABIO IIOBEPXHOCTH Pa3AeAa.

IIpu ymeHbIIeHNH Pa3MepOB ITy3bIPbKOB CKOPOCTD
yMeHbIIIaeTCsl BHAYaAe IPONOPIIMOHAABHO KOPHIO
KBaAPaTHOMY OT pa3Mepa, a IP1 AMaMeTpe ITy3bIpbKa
MeHble 1 MM, TPONOPLMOHAABHO KBAaAPATy AMaMeTpa
mysbipbka. KoaduipeHT Maccomneperoca o6paTHo
IPOIOPLIMOHAAEH AUAMETPY ITy3bIpbKa.

CaepoBaTeabHO, 3P PEeKTUBHOCTD PACTBOPEHHS
rasa B BOAE IPSIMO TPOIOPIIMOHAABHA TPeThell CTe-
IIeHH OT AUAMeTpa ITy3bIpsl (AAs cTOKCOBBIX mysblpet,
ABIDKYIIIUXCSI B AAMHHAPHOM peXHMe BCIIABITHS).

M3smeHeHne pa3MepoB Iy3bIPbKOB C 2—4 MM AO
AECSITKOB MHKPOH B

IoTIepevYHUKe YBEAMYUT PaCTBOPHUMOCTD Ia30B
B BOA€ B ThICSIYU pa3. bes paspaboTku u mpuMeHeHs
TEXHOAOTHH T'eHepalliy MUKPOITy3bIPbKOB, AASL TOTO
9TOOBI IOAYYUT KOHI[eHTparuio 030Ha 0,5-1,0 Mr/a,

HOTpebyeTCsi GOABIION, IPOMO3AKHUIT O30HATOP (B Ae-
CSITKH KHAOTPaMMOB BecoM). AAS KOMITAKTHOTO MO-
OMABHOTO 030HATOPA IIOAYYEHUE ITOM KOHIIeHTpa-
LIMM O30HA B BOAE aOCOAIOTHO HEAOCTHIXKUMO, €CAU
HCIIOAB30BaTbh AASI T€HEePALIUHU ITy3bIPHKOB OOBIYHBII
AV Py3HDII KaMeHb (npnMeHﬂeMmﬁ B aKBapnyMax).

BbiAu pazpaboTaHbI CIIeHaAbHBIE PACIIBIAUTEAN
AASL TeHepaIlii MUKPOITY3bIPbKOB.

CaeayeT oTMeTHTD, uTO KOHIleHTparmsa 0,5 Mr/A
030Ha ABASETCS MUHUMAABHOM, AASI TOAHOTO 00€e33a-
PXUBAHHS BOAI OT IATOI€HHBIX MUKPOOPTaHU3MOB.

C ucnoAp3oBaHNEM TeXHOAOTUU MHKPOITY3bIpb-
KOB MOXKHO 00€CIIeYUTDb PacTBOpeHUe MPAKTUIeCKU
100% yraexucAOro rasa, He0O6XOAUMOTO AASI MUKPO-
BOAOpPOCAeH (XAopeAAbl, CHI/IPYAI/IHI)I). WsBecTHO,
ato y Bopopocau Chlorella vulgaris npu sedurure
CO2 npekpamaeTcs $OTOCHHTES3, YMEHbIIAeTCs KO-
AMYECTBO XAOPOQHAAA U 3aIIACHDIX BEIIECTB, B YaCT-
HOCTH YTA€BOAOB, Ooaee ueM B 1,5 pasa.

H3BecTHO, YTO IIPEeCHOBOAHBIE BOAOPOCAH, B OT-
AWYHe OT MOPCKUX BOAOPOCA€, CIIOCOOHBI TIOTAO-
IaTh CBOOOAHYIO yraeKkucAoTy. [Ipu nHTeHCHBHOM
KyABTUBHPOBAHUU HACBIIIeHHe CYCIIEH3UH BOAO-
POCA€iT BO3AYXOM, 0OOTaleHHBIM YTAEKHUCABIM Ia-
3oM (c KOHIIEHTpaljel B BO3AyXe — He MeHee 2,0%),
II03BOASIET IIOBBIMIATD IPOAYKTUBHOCTD XAOPEAABI AO
25-28 r cyxoro BemectBa ¢ 1 oM B cyTku [3].

B HameM caydae, B €MKOCTH C XAOPEAAOH TTOAQ-
BaAM OAAAOHHBIN YTAEKHCABIN Ia3 IT0 S MUH YeThl-
PEXABI B ACHDB, B TeUeHUe 6-TH AHElH, CO CKOPOCTBIO
100 aAM? /4, HCITOAB3YSI HACDIIEHIIE BOABI YTAEKUCABIM
ra3oM, C IIOMOIIIbIO FeHepaTOPOB MUKPOITY3bIPHKOB.
CaeayeT caeAaTb BBIBOA, UTO IPHU ITOAAYE CO2 HH-
TEHCHBHOCTb POCTa XAOPEAABI YBEAUYHBAAACD H0Aee,
4eM B 3—4 pasa.

AAd U3yYeHHs BO3ACHCTBHA PacTBOPEHHOTO
B BOA€ 030HA ObIAa pa3paboTaHO YCTPONCTBO (pn-
CyHOK 1) AAS U3yUeHMs 06paboTKU 030HOM MHKPO-
OHOAOTHYECKIX 0ODBEKTOB H XAOPEAABL.

13 6aaroHa ¢ KICAOPOAOM 1 uepe3 peayKTop 110-
AQETCs KHCAOPOA B PeaKTOpP 030Ha 3, TOAKAIOUEHHDIH
K BBICOKOBOABTHOMY OAOKY ITUTaHHUS.
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3 peakTopa, reHepUpyIOLIero 030H B KOPOHHOM
paspsipe, 3 030HO— KHCAOPOAHAsL CMech 1o PTopo-
IIAACTOBOM TPyOKe 4 MOABOAUTCS K PACIIBIAUTEAO
Iy 3bIPHKOB O30HA B BOAE 6 (Har[pHMep BUXPEBOI reHe-
parop MnKporrysmpbKOB), Pa3sMemEHHOMY B COCyAe S.

ITy3bippkyt 030HOBO-KHCAOPOAHOM CMeCH IIOAHH-
MasiCh B BOA€, pacTBOpstoTCs B Hell. IIpu aTom oHM
IepeAAIOT B BOAHBIN pacTBOp YacTh 030Ha. Kucao-
POA ¥ He paCTBOPHUBIIMFICS B BOAE O30H I10 BHIBOAHOM

02+0L,,/if8 |

TpybKe 8 BHIAYBAeTCS BBITSDKHBIM BEHTHASITOPOM 9
Hapy>XXy Aa0OpaTopuH.

OcseruteapHoe ycrpoicTso 10 obecreunBaer
aoctarouHoe ocemenne aag USB — mukpockorna,
3aIMCBIBAIONIEr0 Ha KOMIIbIOTepe 12 mporieccsl,
IIPOUCXOASIINE C XAOPEAAOM IIOA ACICTBUEM O30Ha.
Muxkpockon 06AapaeT H6OABIINM PabourM paccTosi-
uueM (A0 SO MM) MO3BOASIIOIIUM PETHCTPHPOBATD
¢u3HIecKre MpOoIecchl BHYTPH EMKOCTH S.
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+ |
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12-20xB
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PucyHok 2- KOHCTpYKUMS YCTPOCTBA AN n3y4eHns oopaboTkm
0O30HOM MUKPOBOMONOrMYECKNX OOBEKTOB N XJIOPENJIbI

1 — 6arron ¢ KucAopodom, 2 — 8bICOK0B0ALMHYLL OAOK NUMAanus ¢ 06pamHoii ces3vt0, 3 — peakmop 030Ha,

4 — ¢moponracmosas mpybxa 0As nodauu 6 600y 030H080 — KUCAOPOOHOLL cMect, S — EMKOCMb ¢ 800HOIL 838€Cb10

XAOpeAAbl, 6 — paCnbiAUMEAb NY3bIPLKOB 030HA, 7 — NY3bipbKi 030HA, 8 — 8b1600HAS MpYbKa, 9 — BLIMIICHOTLL BeH-

muaamop, 10 — oceemumervroe ycmpoiicmeo, 11 — USB — muxpockon (uru cKopocmHas eudeokamepa ), 12 -

Komnwtomep

AaHHOE YCTPONCTBO MO3BOASIET H3Y4aTh AUHAMUKY IIOBEAEHHS ITy3bIpei B BOAHOM PacTBOPE U B BOAHOM

B3BeCH XAOpeAABL. EcTecTBeHHO AAS ONTHYECKON IMIPO3PAYHOCTH BOAHOM B3BECH, HCCAGAOBAHUS AOAKHBI

IIPOBOAUTHCS IIPH CHABHOM pa36aBAeHUH MUKPOOHOAOTHIECKOrO Iperapara.
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A METHOD TO IMPROVE EFFICIENCY OF ATHERMAL
POWER PLANT AND ITS IMPLEMENTATION DEVICE

Abstract.In the modern world, electricity plays an important role. Its consumption increases every
year. A significant part is produced at thermal power plants. The average power plant burns about
600 tons of coal per hour. There are thousands of such power plants in the world. Experts know that
almost half of the fuel burned is used to pollute the environment and heat the atmosphere without
producing useful energy. This is how the existing loop works.

The article provides links to theoretical conclusions of various scientists on statistical thermo-
dynamics, space-time thermodynamics, and kinetic physics. Based on theoretical assumptions, a
simple technical solution is proposed that allows you to change the existing cycle. The new cycle will
approach the ideal Carnot cycle known since 1824.

This allows you to almost double the efficiency of thermal power plants. As a result, you can burn
half as much fuel, reduce emissions of carbon dioxide and combustion products, and useless heating
of the atmosphere completely stops. At nuclear power plants there will be half the amount of radioac-

tive waste. This will possibly improve the environment and slow down climate change.

Keywords: heat power engineering; Carnot cycle; increase in efficiency; reduction of air emis-

sions; stabilization of climate change; innovative heat power technology.

The invention relates to the field of heat-power
engineering, and can be applied in thermal, nuclear
and combined gas turbine power plants.

The flow chart of the classical power generation cy-
cle at thermal power stations is the following (Fig. 1).

Water is supplied to the steam boiler (hereinaf-
ter SB) (102) by the feeding pump (hereinafter FP)
(101) under pressure P (113) and temperature T1
(114). In Russian power plants, the pressure at the
inlet of steam boilers is 3.4 MPa, 8.8 MPa, 12.75
MPa, 23.5 MPa or, correspondingly, 35 kg/cm?,
90 kg/cm?, 130 kg/cm?, 240 kg/cm?. These values

are standard. In other countries these parameters
may differ.

In the steam boiler SB, the water is heated (heat
Q, is supplied) and vaporized (heat (Q, is supplied),
saturated water steam is directed to the steam super-
heater RH (103), where the steam is superheated up
to temperature T 2 ~ 545 °C (heat Q, is supplied). The
superheated steam is directed to the turbine, the high-
pressure cylinder HPC (104), the processed steam,
under the temperature higher than the saturation
temperature and decreased pressure, is supplied to
the intermediate steam superheater SS l( 105). In the
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intermediate steam superheater the stem is heated up
to temperature ~ 545 °C (heat Q, is supplied) and di-
rected to the next turbine stage, the medium pressure
cylinder MPC (106). The processed steam in MPC,
under the temperature higher than the saturation tem-
perature and even lower pressure, is supplied to inter-

103

104 106

mediate steam superheater SS_(107).In SS_the steam
is again superheated up to the temperature of ~ 540 °C
(heat Q, is supplied) and directed to the next turbine
stages, low pressure cylinders LPC (108). Depending
on the plant capacity, there are usually from 2 to 6 low
pressure cylinders.
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Figure 1.

Intermediate superheating of steam allows to in-
crease the average heat supply temperature, and the
process of steam expansion in the turbine ends in the
area of higher dryness of steam, therefore the operat-
ing conditions for the turbine setting area are lighter.

The Carnot cycle without intermediate steam su-
perheating and the Rankine cycle with intermediate
steam superheating are applied.

The steam processed in the turbine, under P (109)
from 1.7 kPa to 4.2 kPa, temperature T,(110) from
15 °C to 30 °C, (point of the right saturation bound-
aryon T - S diagram, Fig. 2) [3] (under such pressure
and temperature the steam has specific volume Vs

from 77.97 m*/kg to 32.93 m?/kg and condensation
heat r from 2465 kJ /kg to 2430k]/kg [3]) (these val-
ues will be required later for calculations), is supplied
to condenser C (111), where it is fully condensed
with transition to the liquid phase and giving r (con-
densation heat from 465 kJ/kg to 2430 kJ/kg, heat
-Q,) to the cooling water. The liquid phase remains
in the condenser for approximately 20 seconds. Each
kilogram of steam requires from 50 to 80 kg of cool-
ing water, the heat of which heats up the atmosphere.
Up to 45% of the heat supplied within the cycle is ir-
retrievably lost in the condenser.
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The condensate pump CP (112) is located ap-
proximately 2 m from the condenser. CP pumps wa-
ter from the condenser, increasing pressure to 1.4 or
1.5 MPa, which water is supplied to de-aerator (116);
under this pressure the boiling temperature is 196 °C
or 198 °C. The condensate remains in the deaerator
approximately for 20 seconds, then it is supplied to
the feeding pump FP, which increases pressure up
to P1(3.4 MPa, 8.8 MPa, 12.75 MPa, 23,5 MPa, the
higher the pressure, the higher the water boiling tem-
perature), with T practically being equal to T, the
cycle is repeated. The distance from the deaerator to
the feeding pump is approximately 60 m. If the con-
densate is fed by-passing the recuperative heads un-
der the average flow speed of 2 m/s, the condensate
reaches the feeding pump within 30 seconds. In the
equipment rated operating mode, water reaches the
feeding pump from the condenser within 70 seconds.

The real flowchart is more complicated, only the
basic equipment is described.

Water is a practically incompressible liquid, there-
fore the energy consumption for pressure increase are
insignificant, the equipment is rather compact.

The mechanical work required for increasing wa-

ter pressure can be calculated using the formula:
L=P*dv  [1,P.20] where

L - is mechanical work.

P - is water operating pressure created by the
feeding pump (FP) at the inlet of the steam boiler
(SB 3.4 MPa, 8.8 MPa, 12.75 MPa, 23.5 MPa).

dV, change of the water volume, is practically = 0,
therefore the work L is insignificant.

According to the second law of thermodynam-
ics, all mechanical work L can be converted into heat
[energy] Q, while heat [energy] can be converted
into mechanical [energy] only with irreversible loss-
es, therefore L and Q are equal terms with one unit
of measurement, i.e. J, representing different forms
of the same energy [1, P. 8,9].

A disadvantage of this cycle is irretrievably lost
heat, up to 45% in condenser C, along with cooling
water. The diagram of the cycle in question in T-S
coordinates is presented in (Fig. 2).

1-2 Increasing of water pressure up to the op-
erating level by the feeding pump FP. (3.4 MPa, 8.8
MPa, 12.75 MPa, 23.5 MPa).
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The distance between points 1 and 2 is very small
due to incompressibility of water. These points prac-
tically match.

In the diagram the distance between the points
is increased on purpose in order to show that this
process exists.

2 -3 Water heating to the boiling temperature
under operating pressure in the steam boiler SB.
Heat Q, supply, the water boiling temperature de-
pends on the operating pressure.

3 -4 Water evaporation in SB, area of saturated
water steam, boiling process. Heat Q, supply.

34  Point 34 on the diagram indicates the
point of water transition to steam without boiling,
for single-flow units operating at above-critical pres-
sure Pc = 22.114S MPa.

4 -5 Superheating of dry steam in steam super-
heater SS. Heat Q, supply.

34 - 5 Superheating of dry steam for single-flow
units.

5-6 Steam workin the high-pressure cylinder
HPC. Decreasing of pressure and steam temperature
above the saturation temperature.

6 -7 Superheating of dry steam in SS .Heat Q,
supply.

7-8 Steam work in the medium pressure
turbine cylinder MPC. Decreasing of pressure and
steam temperature above the saturation temperature.

8 -9 Superheating of dry steam in SS,. Heat Q,
supply.

9-10 Steam work in the low pressure turbine
cylinder LPC. Decreasing of pressure and steam tem-
perature to the saturation temperature.

10 -1 Steam condensation in condenser C by
cooling water, transition to the liquid phase. Remov-
al of heat — Q, = r from 2465 kJ/kg to 2430 k] /kg.
Permanent loss of heat with cooling water giving
heat to the atmosphere.

Then, the cycle is repeated.

The work which can be obtained within the cycle
is proportional to the area of the pattern limited by
lines1-2-3-4-5-6-7-8-9-10-1.

Patent GB 0002528830 10.02.2016 describes
a method of increasing pressure of processed and
not yet saturated steam at the turbine outlet using
accelerating nozzles together with the compressor
followed by superheating without transition to the
liquid phase and repeated supply of steam to the tur-
bine for effective work.

A disadvantage of this method is in significant
power consumption for pressure increasing of non-
saturated steam.

Patent US 6357235 19.03.2002 suggests us-
ing pre-compressed atmospheric air to increase
pressure of non-saturated steam without transition
into the liquid phase followed by superheating, and
supplying steam to the turbine.

A disadvantage of this method is in significant
power consumption for increasing pressure of non-
saturated steam, which will be demonstrated below.

In the T - S diagram, the cycle will be limited by
lines 4 — S — 6 — 4, and the cycle itself will include:

6 -4 Increase of non-saturated steam pressure.

4 -5 Superheating of steam.

5 -6 Work of steam in the turbine.

Then, the cycle is repeated.

The area of the pattern limited by lines 4 - 5 - 6 -
— 4 is by far smaller than the area limited by lines 1 —
~2-3-4-5-6-7-8-9-10-1 (of the cycles
in use), which means that it is impossible to obtain
a bigger amount of work.

The work is proportional to the area limited by
the cycle’s lines.

We will now look at the work needed to be per-
formed for compression of 1 kilo of steam in accor-
dance with patents GB 0002528830 10.02.2016 and
US 6357235 19.03.2002.

P =3.4MPa (3400 kPa) Lowest operating pres-
sure used in cycles.

V,~0.005m/kg Specific steam volume at t
545°C

V, =32.93m’/kg Specific steam volume at t
30°C
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L =P *(V,-V,). The work needed to be per-
formed for compression of steam using any method
[1,P.20].

L=P, *(V,-V,) = 3400 kPa *(0.005 m’/kg -
3293 m’/kg ) = - 111945 kJ /kg

Work and heat are equal terms [1, P. 8, 9].

The work providing steam compression us-
ing any method (irretrievably lost energy),
L =111945kJ/kg >> r from 2465 k] /kg to 2430k]/
kg, greatly exceeds the heat of condensation which is
irretrievably lost in the condenser for classical cycles.

Therefore, the efficiency of the cycles presented
in the above-mentioned patents will be lower as
compared with the existing cycles.

The proposed technical solution is aimed at
significant increase of the power generation cycle
efficiency at thermal, nuclear and combined gas
turbine power plants using Carnot and Rankine
cycles by significantly reducing the amount of
heat irretrievably lost in the condenser by chang-
ing part of the existing cycles with the suggested
new cycle.

This aim is achieved by a fundamentally differ-
ent solution to the technical problem of reducing the
heat loss in the condenser and significant improve-
ment of the heat cycle efficiency.

Itis found, in particular, that saturated water steam
starts to condense if its pressure is slightly increased
above the saturation pressure level. In this case, the
supersaturated steam transits to the liquid phase [1,
P. 215, 256, 257]. In compliance with the invention
idea, it is proposed to perform the heat cycle using
the existing equipment with the existing parameters
up to point 10 in the T — S diagram, where the steam,
fully worked off inside all of the turbine cylinders, is
directed to the condenser where the pressure level is
to be increased above the saturation pressure level and
the cooling water circulation through the condenser
is to be gradually stopped. Transition of steam into
the liquid phase will occur because the pressure in the
condenser will be higher than the saturation pressure.
The steam condensation heat will remain in the cycle.

The condensation process will be self-adjusting.
Saturated water steam is vaporized and condensed
at constant temperature and pressure T = const and
P = const [1. P. 212, 247; 2, P. 194, 195, 196]. The
process is self-adjusting.

The excess pressure needed to be created in the
condenser can be determined using the tables of
M.P. Vukalovich.

Part of the thermodynamic table for water and
water steam properties in saturated condition [3].

Table 1.
t P V' \' Change of pressure by 1 °C
°C kPa m’/kg m’/kg kPa
15 1.7041 0.0010008 77.970 0.1129
20 2.3368 0.0010017 57.833 0.1487
25 3.1663 0.0010030 43.399 0.1937
30 4.2417 0.0010043 32.929 0.2496

The table shows that the required excess pres-
sure is under 0.2496 kPa, such a small pressure in-
crease will reduce the cycle efliciency by no more
than 0.01 %.

The thermodynamic aspects of the proposed
invention are corollary of the mathematical proof
presented by Nobel prize winner Lars Onsager,
who in his work “Thermodynamics of phase

transitions” laid the foundation for the 4™ law of
thermodynamics, which was later confirmed by
experiments, and of the fact that the specific heat
capacity of components during phase transitions
goes to infinity. This means that the condensate
specific heat capacity during the phase transition
is enough for the steam kinetic energy to trans-
form into the internal energy without significant
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temperature increase. A similar proofis presented
by M.P. Vukalovich [1, P. 238].

In terms of static thermodynamics, the required
amount of condensed steam must have enough la-
tent heat of condensation/vaporization for increas-
ing the condensate temperature and reverse partial
evaporation that would create equilibrium under
new pressure.

However, the process is not static and must be
considered in terms of kinetics physics [4], and as
Lars Onsager proposed, thermodynamic processes
ought to be regarded within space-time coordinates.

During isobaric-isothermal first-order phase tran-
sition (which is the condensation/vaporization pro-
cess) the Gibbs free energy is minimal, and its change
is equal to zero. This means that all the body (con-
densate) energy is spent on the change of its aggre-
gate state and discontinuous change of the physical
parameters, e.g. density is increased by 30,000 times
and more, specific heat capacity is increased almost
twofold [1, p. 108-150]. The relaxation time for phys-
ical parameters of the body (the time it takes for the
physical parameters to match the empirical values)
[S; 6] can be determined according to the formula

Tsec=17?/x

Where Tsec— relaxation time sec

L — area m?

x — heat diffusivity ratio under first-order phase
transition, for water 0.143*10 ° m?/sec

Assuming that the condensation nucleus (con-
densate droplet) [1, P. 215] has the shape of a ball
with a 1 mm radius (0.001 m), its area is

L = 4*7*R?
L=4%3.14*(0.001 )?=12.56 * 10 m?
Tsec=12.56*10"°m?/0.143*10°m?*/sec = 87.8 sec

As calculated above, the condensate travel time
to the feeding pump is 70 sec, and the relaxation time
of the condensate physical parameters is 87.8 sec.

If the condensate passes through the feeding
pump that creates the operating pressure at the steam
boiler inlet, before the time of relaxation, the tem-
perature increase and partial evaporation of feeding

water start at the inlet or inside the steam boiler. If the
relaxation process takes place upstream of the feed-
ing pump, then the process is impossible. However,
placing the feeding pump as close to the de-aerator
as possible, or finding other technological solutions
would allow implementing of the proposed cycle.

Let us review the proposed cycle within T — S
coordinates, (Fig. 2).

At the beginning, it is necessary to launch the
above-mentioned classical cycle with the loss of la-
tent heat of condensation/vaporization and reach
the equipment rated operating mode. The classical
cycle will create deep vacuum in the condenser and
condensation nuclei [ 1, P.215]. During transition to
the proposed cycle the process will be fully repeated
up to point 10, then it will pass through the follow-
ing points:

10-11 insignificant pressure increase above
the saturation pressure level, in the diagram the dis-
tance between the points is increased on purpose to
show that this process exists [ 1, P. 215, 256, 257]

11 - 12 phase transition from the vaporous state
to liquid phase, points 1 and 12 will practically match
because water is uncompressible (points 1 - 2). Re-
moval of heat — Q_ =r from 2465 k] /kg4 to 2430 k] /
kg will not occur.

12 -2 Increasing of water pressure up to the
operating level by the feeding pump FP. (3.4 MPa,
8.8 MPa, 12.75 MPa, 23.5 MPa).

The distance between points 1, 12 and 2 is very
small because water is uncompressible, they practi-
cally match.

2-3
ture under operating pressure in the steam boiler SB.
Supply of heat Q, is not required as the condensate
internal energy T,, >> T , the calculation is given

Water heating to the boiling tempera-

below, the water boiling temperature depends on the
operating pressure.

3-44 Partial water evaporation, area of satu-
rated water steam, supply of heat Q, to point 44 is not
required as the condensate internal energy T, >>T,
the calculation is given below.
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44 —4  Complete water evaporation in SB, area
of saturated water steam, boiling process. Supply of
heat Q,, << Q,, the calculation is given below.

34 Point 34 specifies the point of water
transition to steam without process of boiling on
the diagram, for single-flow units operating at above-
critical pressure Pc = 22.1145 MPa.

4-5
perheater SS. Heat Q, supply.

34-5 Superheating of dry steam for single-

Superheating of dry steam in steam su-

flow units.
5-6
der HPC. Decreasing of pressure and steam tempera-

Steam work in the high-pressure cylin-

ture above the saturation temperature.

6-7  Superheating of dry steam in SS . Heat
Q, supply.
7-8  Steam work in the medium pressure

cylinder MPC. Decreasing of pressure and steam

temperature above the saturation temperature.
8-9

Q, supply.

9-10 Steam work in the low pressure cylin-

Superheating of dry steam in SS_. Heat

der LPC. Decreasing of pressure and steam tempera-
ture to the saturation temperature.

10-11 insignificant pressure increase above
the saturation pressure level, in the diagram the dis-
tance between the points is increased on purpose to
show that this process exists.

Then, the cycle is repeated.

The area limited by lines 12 (1) =2 -3 -44 -4 —
-5-6-7-8-9-10-11- 12 (1) matches al-
most exactly with the classical cycle which means
that the work will be the same.

The area limited by lines 1 - 12 -11-10 - 1is
proportional to the work needed to be performed
for the phase transition of steam into water, irre-
trievably lost energy. The mechanical work and
heat are mutually convertible, presenting different
forms of the same energy, one unit of measure-
ment, J [1, P. 8,9].

“Enthalpy I refers to a single-value function of the
system’s condition” [ 1, P. 38].

“Entropy S refers to a single-value function of the
system’s condition” [ 1, P. 38].

Maximum mechanical work which can be ob-
tained in the reversible (cyclic) heat process

LOmax.zll_IZ_T’*(SI_SZ)ZL

of expansion [1,P.91,P. 110] does not depend on the
method the process was performed [ 1, P. 444 ], as the
enthalpy and the entropy do not depend on the pro-
cess implementation but only depend on the original
and final condition of the working fluid, the system’s
enthalpy and entropy refer to a single-value function
of the system’s condition [1, P. 38, P. 71, P. 78].

Efficient mechanical work which can be obtained
in the reversible (cyclic) heat process will always be
less by the value of working fluid compression.

L efficient = L expansion — L compression [1,P. 59]

Mechanical work of compression L = P*dV
[1,P.20].

Efficiency =L efficient / L expansion = (L expan-
sion — L compression) / L expansion

An example of a cycle efliciency calculation for
1 kilo of steam is presented below.

The work needed to be performed for the phase
transition of steam into condensate.

The process occurs at constant temperature t
from 15°C 30 °C

Steam saturation pressure P from 1.7 kPa 4.2 kPa

Specific steam volume Vs from 77.97 m?®/kg
32.93 m’/kg

Specific volume of water (condensate) Vw from
0.001 m*/kg0.001 m*/kg

Specific condensation heat r 2465 kJ/kg 2430
kJ/kg

Irretrievably lost work

L=P*dV=P*(Vw-Vs)

L = 1.7 kPa * (0.001m3/kg — 77.97 m*/kg ) =
-133kJ/kg

L = 4.2 kPa* (0.001 m*/kg - 32.93 m*/kg ) =
-138k]J/kg

Heat remaining in the cycle

Qc=r-L=2465kJ/kg - 133 k] /kg = 2332 k] /kg
Qc=r-L=2430K]/kg - 138 kJ /kg = 2292 k] /kg
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The heat lost in the condenser of the classical
cycle r is ~ 45%, the lost energy (work) in the pro-
posed cycle L ~ 2.5%.

Thus, the efficiency of the proposed cycle will be
higher by ~ 42.5 % (45% — 2.5%) than the efficiency
of the classical cycle.

Additionally please find below the calculation for
point in TS diagram for pressure P =3.4 MPa (for
higher pressure the water boiling temperature will be
higher) and for temperature of processed steam t 30 °C.

Operating pressure P, 3.4 MPa

Water boiling temperature at this pressure Tb
241°C

Steam generation heat Q, Qs 1759 kJ/kg

Water temperature at the inlet of the steam boiler
SBT,30°C

Medium water heat capacity Cw 4.2 kJ/ (kg*K)

Heat required for heating 1 kg of water to
Q,=Cw* (Tb - T,) boiling temperature Q, no need
to supplyQ, =4.2KJ/(kg*K) * (241 - 30) =886 k] /kg
as the heat remaining in the cycle will be enough

T,, will correspond to T,

Heat remaining in the cycle Qc 2292 kJ /kg

Heat remaining for partial evaporation

Qe=Qe-Q,
corresponds to point 44 in T — S diagram.

Qe =2292 kJ/kg — 886 kJ /kg = 1406 kJ /kg

Heat needed for complete evaporation

Q,, = Qs — Qe 1 kg of water in the proposed cycle.

Q,, = 1759 kJ /kg - 1406 kJ /kg = 353 k] /kg

Q,, =353kJ/kg << Q, = 1759 k] /kg

In accordance with the laws of statistical ther-
modynamics, thermal balance should be kept after
a time period required for relaxation of condensate
physical parameters.

I”30 - I’241* (1 -X ) + I”241 "X

Where: 1", | — is enthalpy of saturated steam at
the saturation boundary at the temperature of 30 °C.

I',,, —is enthalpy of feed water at the saturation
boundary at the temperature of 241°C.

[",, —is enthalpy of saturated steam at the satura-
tion boundary at the temperature of 241°C.

X - is a steam dryness factor.

The remaining heat Q,, Q,, Q,, required for su-
perheating of steam, is supplied the same way as in
the classical cycle.

The calculations presented show that the con-
densation heat r from -2465 kJ/kg to — 2430 k] /kg
islost under the classical cycle in the condenser, rep-
resenting roughly — 45% of permanent loss.

The permanent loss under the proposed cycle
(work for compression of fluid L compression). L from
-133 kJ/kg to —138 kJ /kg, is significantly lower, repre-
senting roughly from —2.4% to —2.6% (~ 0.025) of per-
manentloss, as the process is developed under very low
pressure in the condenser, practically in vacuum, which
was preliminary created under the classical cycle.

L efhicient = L expansion — L compression
[1,P.59].

Mechanical work of compression L = P*dV
[1,P.20].

Efficiency = L efficient / L expansion = (L expan-
sion — L compression) / L expansion

Assuming that L expansion = 1 (with obtained
parameters I S), L compression will be 0,025.

Efficiency = (L expansion — L compression) / L
expansion = (1-0.025) / 1=0.975(97.5% ) < 1.

Thus, the proposed cycle improves the power
plant efficiency by 42.5%.

There are many versions of the second law of ther-
modynamics [ 1, P. 56, P. 99], “this great principle of
nature is still far from being known and, consequent-
ly, the story of the second law of thermodynamics is
not over yet” [ 1. P. 97]. However, all agree that heat
energy cannot fully be converted to the mechanical
energy withoutloss [ 1. P. 58], “second-order perpe-
tuum mobile” is impossible, efficiency of the thermal
engine shall be < 1 (< 100% ) [1, P. 57].

A question concerning thermal efficiency may
arise.

In order to answer this question it is necessary to
recall the original formulation of the Carnot’s theo-
rem known from the only one of his works (the rest
Carnot’s manuscripts were burnt).
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The original formulation of the Carnot’s theorem
(term “efficiency” was also for the first time applied
by Carnot). “Thermal efficiency of a reversible cycle
refers to the ratio between the efficient external work
L produced by the engine performing this cycle
and amount of heat Q, from hot fluid: Efficiency
t=L/Ql» [1,P.62].

The temperatures are not listed in the original
formulation, and are derivative for the cycle with
extraction of the latent heat of condensation.

The obtained efficiency is the highest among
other known engines [1, p. 376-424), in 1824 Sadi
Carnot presented mathematically approved evi-
dence that the efficiency of the reversible thermal
engine is the top limit of an action efficiency.

In the 1930 of the last century, Richard Feyn-
man, a Nobel Prize winner, was among the first sci-
entists to suggest the existence of a monothermal
cycle, and in the 19605, Lev Landau, a Nobel Prize
winner, substantiated theoretically the combined
and monothermal cycles.

There have been written a lot of articles about
Carnot but his work is still relevant. Only nearly two
hundred years after his publication an idea appeared
to come as close as possible to his cycle of conver-
sion of heat energy into mechanical, and further, into
electrical energy.

Let me remind you of the essence of the cycle
proposed by Carnot. The cycle consists of two adia-
bats and two isotherms, please point out this fact.

In T - S diagram it looks as follows, (Fig. 3).

T4

1sotherm
i .
adiabat adiabat
< L
isotherm S
>
Figure 3.

Two adiabats (without supply and extraction of
heat).

Two isotherms (processes with constant tem-
perature).

This is the ideal Carnot’s cycle to which it is pos-
sible only to approximate.

Let us review, using the T — S diagram, the mod-
ern cycles for conversion of heat energy into me-
chanical energy with water being a working fluid.

Fig. 4 schematically represents the cycle for real
conversion of heat energy into mechanical energy
without intermediate superheating of steam. The
cycle consists of two isotherms and ONE adiabat.
For implementation of this cycle, it is required to
provide supply of heat Q, to heat up the working
fluid (water) to the boiling temperature, extraction
of boiling/vaporization heat, which reduces the cy-
cle efficiency.

Let us review the cycle proposed in the article,
(Fig. S). The cycle consists of two isotherms and
TWO adiabats, which makes it most similar to the
ideal Carnot’s cycle! Process 1 — 2 does not require
heat supply — an adiabat.

The internal heat of condensation/vaporiza-
tion remaining in the cycle is enough, judging by
the calculations, to provide heating of the working
fluid (water) up to the boiling temperature and its
partial evaporation. An insignificant mechanical
work, which is equivalent to heat amount, is spent
on condensation of the working fluid (saturated wa-
ter steam). The ideal Carnot’s cycle passes through
points 1 - 2" — 3" - § — 1, the proposed cycle passes
through points 1 -2 -3 -4 - S - 1. If the cycle area
limited by the lines passing through points 3 -4 -3’ -
— 3isrotated by 180 degrees along the horizontal and
vertical axes, and points 3’ and 2’ (the areas marked
with an asterisk) are aligned, then the area of the pro-
posed cycle will cover the significant part of the area
of the ideal cycle limited by the lines passing through
pointsl — 2" — 2 — 1. Here we can make a conclusion
that the work of the proposed cycle will be close to
the work of the ideal cycle as in T — S diagram the
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area limited by the cycle lines is proportional to the
work. In terms of kinetic physics, the process is fea-
sible. The cycle efficiency is rather higher than of the

existing cycles and lower than 1, which corresponds
to the second law of thermodynamics.

Ta
150therm
adhabat
+Qu_
Not adiabat™
5
-r
1sotherm
*s
Figure 4.
T4
Qs
isotherm \
2 3
adiabat adiabat
‘/1
1sotherm
»
S

Figure 5.

The cycle is not in contravention of the first law
of thermodynamics as the heat is supplied, and is not
contradictory to the second law of thermodynamics

as a part of energy is irretrievably lost during transi-
tion of heat energy to mechanical and the efficiency
< 1, is not contradictory to the third law of thermo-
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dynamics as the temperatures of absolute zero are
not obtained, and is consistent with the fourth law
of thermodynamics.

A device designed for pressure increasing can be
either external, equipped with a drive from its own
electric motor, and mounted on the condenser inlet
fitting, or installed (integrated) on the shaft behind
the end turbine stages on all LPCs. Under develop-
ing of new turbine models this device can be includ-
ed into the design, it is desirable to use an ionizer.

One of the version will be represented by a de-
vice operating as a fan. The fan blade configuration
can be different, the optimal configuration shall take
into account the steam flow continuity, as well as the
integrity of the turbine blade.

It is proposed, during a scheduled preventive re-
pair of the turbine, to replace the blades on the end
turbine crown of all the LPCs with the fan blades of
the required configuration and, correspondingly, to
replace the nozzles. The relevant parts shall be manu-
factured beforehand. Many designs of turbines im-
plement a symmetric root fixing to the turbine shaft
allowing to install it in inversed manner (rotated by
180 degrees) relatively to the working blades.

This modification will allow to create excess
pressure in the condenser by the end crowns of the
rotating LPC turbine, the turbine power will insig-
nificantly decrease but the cycle efficiency will sig-
nificantly improve.

The layout of the modified power plant with im-
proved efficiency, with fan blades on the end turbine
crown for increasing pressure in the condenser, is
presented in (Fig. 1).

For implementation of the proposed technical
solution, prior to proceeding to the work with the
proposed cycle it is necessary first to launch the
existing classical cycle, as described above. With
the condenser turned on and irretrievably losing
heat with cooling water. When the turbine starts
to rotate at the operating frequency, there will be
condensation nuclei created in the condenser and
rated parameters of processed steam P_ achieved:

pressure from 1.7 kPa to 4.2 kPa, temperature T,
from 15 °C to 30 °C and condensation heat r from
2465 kJ/kg to 2430 kJ/kg (these parameters refer
to points of the right boundary of saturated water
steam [3]), then it is possible to proceed to the
proposed cycle. With these parameters, the water
steam does not follow the equation for ideal gas pa-
rameter condition [1,P.235,254; 2, P. 194,195, 196].

The fan under operation will insignificantly in-
fluence the condensation process, as the full-flow
vacuum will be created by cooling water, and, dur-
ing the turbine superheating and starting, when the
turbine shaft is rotating for several hours, there
will be no any effect, low parameters of water steam
saturation boundary will be achieved.

When the operating parameters are achieved, it
is necessary to reduce the flow rate of cooling water
smoothly through the condenser C and fully stop
its circulation.

The process of steam condensation at the cost
of cooling water will be interrupted. This will lead
to increase of pressure P in the condenser due to
the operating fan. When pressure P, reaches the level
slightly exceeding the pressure saturation value at
the operating temperature, the condensation process
will resume [1, P. 215, 256, 257] (See abbreviated
as [1]. M.P. Vukalovich was the founder of the first
thermodynamical laboratory and experimentally
researched thermophysical properties, inter alia, of
water and water steam).

There will be noloss of heat in the condenser with
cooling water (cooling water circulation through the
condenser is stopped), consequently, the heat will
remain in the cycle.

In the steam boiler SB heating and evaporation
of water require significantly less heat if compared
with the classical cycle. This fact allows a substantial
efficiency improvement of the cycle proposed.

Prior to proceeding to a new cycle, it is necessary
to calculate the thermal balance of the steam boiler
taking account to the increased water temperature at
its inlet, specifically for single-flow units and NPPs.
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Besides, proceeding to the proposed cycle shall cover
only one turbine, the next turbine is allowed to be
converted to the cycle only after completion of the
transition process for the previous one. When cal-
culating the transfer function influencing the reduc-
tion of fuel supply to the steam boiler, it is necessary
to include a transport delay. Compliance with these
requirements will allow to ensure effective and acci-
dent-free operation of the power plant.

The practical implementation of the proposed
cycle will not require significant expenses, all the
necessary components can be manufactured before-
hand, using the technology and materials similar to
those for the turbine blades. Fixing to the turbine

shaft does not change, the modification can be per-
formed during a scheduled preventive repair of the
turbine, all the rest equipment and interfaces remain
the same. As scheduled preventive repairs and re-
place of turbine blades are performed constantly at
thermal power stations all over the world, transition
to a new power plant operating cycle can be imple-
mented in a rather simple manner.

The supposed cycle reduces fuel consumption by
nearly 2 times, consequently, decreasing volume of
emissions and atmosphere heating by the same num-
ber of times, which will benefit the ecology and cli-
mate. Radioactive waste produced by nuclear power
plants will be reduced by nearly 2 times.
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