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EFFICACY OF PROBIOTIC LABS IN FORAGE PROCESSING

Abstract. It has been shown that the use of alactic acid bacterial consortium in silage production

to increase lactic acid fermentation and suppress undesirable microbial processes (decomposition),

resulting in reduced nutrient loss and higher quality forage, in addition to the enrichment of a specific

lactic acid bacterial consortium leading to increasing the protein content and the amount of amino

acids.

Keywords: probiotic, LAB, silage, protein, amino acids.

1. Introduction

Currently, cost-effective livestock produc-
tion is impossible to imagine without creating a
sustainable feed base. It’s no secret that feeding
animals with normal high-quality food contrib-
utes to the maximum development of produc-
tive qualities in young animals, and the mainte-
nance of this quality in adults. At the same time,
the current economic situation of many farms
does not allow to produce the right amount and
good quality of fodder (silage, hay, grain). Loss
of feed in the process of forage harvesting and
subsequent storage is more than 30%, so the har-
vesting and storage of high-quality forage is one

of the most important problems in animal hus-
bandry [6]. In developing countries, the use of
microbes or their biological products is attracting
more attention in various branches of agriculture.
Many efficient technologies have been developed
in science for the preparation of fodder and poul-
try feed using biological agents [3; 8].

Intestinal infections caused by opportunistic
microbiota account for a large percentage of infant
falls. As aresult of the use of various antibiotics and
chemical preparations, the microbial balance is dis-
turbed, dysbacteriosis occurs. The activity of the di-
gestive, hormonal and immune systems of animals
and birds, the metabolism of mineral substances is
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disrupted, as a result of which, mineral substances
are lacking in the body and the products obtained
from it [1; 2]. Today, alternative preparations are
considered probiotics, which contain live cultures
of symbiotic bacteria of the digestive system. They
are used as biologically active substances, have
growth-promoting, curative-preventive properties,
are safe, and are free from the disadvantages specific
to antibiotics and chemotherapeutic agents [4; 5].
The introduction of technology for the enrichment
of fodder with probiotic microbes in agriculture
will be beneficial not only financially but also from
the point of view of increasing the quality, because
the loss of fodder in the process of harvesting and
further storage of fodder is more than 30%, and
after the use of microbes — 5-10%, in addition the
use of microbes reduces the loss of young animals,
the degree of infection of animals with pathogenic
microbes, shows an anti-inflammatory effect and
also increases milk yield and meat quality.

The purpose of the work is: application of
probiotics in fodder production technology and
verification of their effectiveness.

2. Methodology

The growing of lactic acid bacteria: In the
work we used Ent. durans P13, L. acidophilus
1991, St. termophillus 103, Ent. faecium KES, St.
lactis 62 probiotic LAB bacteria. For bacterial
growth we used MRS (ISO) and MRS (Hime-
dia) broth, MRS agar (Himedia), lactoagar, nutri-
tional agar (Nutrient, Himedia, India), whey and
pasteurized, sterilized fat milk (3.6%) produced
by MYMY Company, as well as dry skim milk (fat
content: 1.5). Milk sterilization was performed
under a sterilizing device for 15 minutes under a
pressure of 0.8 mm/Pa.

The strains were stored in the collection of the
laboratory of Microbiology of Artsakh Scientific
Center.

The process of making silage in the labora-
tory

For the study we used mixed grass silage
which we gathered from two different commu-
nities: Qrasni and Aygestan.

For the preparation of the silage, weather
changes have been taken into account. Because
the grass season is limited to late spring and sum-
mer, when the weather is favorable, the work has
been done from late May to late July. The height
of the grass should be 20-30 cm. After collect-
ing the grass, the dried mass quickly was silaged
within a day with two different preparations of
lactic acid and yeast. We added 10% preparations
of consortium lactic acid (50%) and yeast (50%)
to the silosing mass.

In laboratory conditions, food (silage) af-
ter the enrichment with probiotic bacteria was
stored in appropriate containers for 45-60 days,
after which we first checked their physicochemi-
cal parameters.

Bacteriological analyses of feedstuff: Bac-
teriological analyses were carried out according
to generally accepted methods [7].

The number of viable bacteria was determined
by gradual dilution and characterized by the titra-
tion method. Microbiological parameters (fungi,
mold, pathogens) were determined according to
established methods and operating standards.

Protein determination method: Deter-
mination of protein in feedstuff is according to
GOST PA13496.4-93

Amino acid determination: Determination
of the amino acid content, thin-layer chromatog-
raphy was used, followed by calculation of the
content relative to the control data. For the quan-
titative determination of amino acids two meth-
ods of hydrolysylated samples of grass were used,
esparcet and green mass of corn. The samples after
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silaging were hydrolyzed at 1 atm 120 °C in the
following ratio: 4 grams of the test 8 ml of 4 N HCI
or 8 ml of 6 N HCl was added to the sample under
a hydrolysis mode of 130 °C for 20 min. Subse-
quently hydrolysis was selected hydrochloric acid
embodiment hydrolysis at 130 °C for 20 minutes.

Based on the results on the amino acid con-
tent in all silage samples of three regions of Art-
sakh, thin-layer chromatography was used to
transfer the selected samples to determine the

amino acid content on an amino acid analyzer
using High-performance liquid chromatography
(HPLC) systems (Semi-preparative “Avex ODS”
C18 column (8 by 250 mm, Waters and Shimad-
zu, Japan); Shimadzu LC-20 analytical C18 col-
umn (4.6 by 250 mm, Symmetry, USA, with a
detector Diode array SPD-20 a, auto-sampler).

3. Results

Microflora contamination indicators of the
prepared fodder sample are presented in table 1.

Table 1 . —Microbiological indicators of the received feedstuff

mixed grass silage
Sample of silage
Sampling Ent. durans P13L. | Ent. faecium KES
location | Control | acidophilus 1991 |L. acidophilus 1991
St. termophillus St. termophillus
St. Lactis St. lactis
Contamination of feedstuff ~ |Aygestan - - -~
with fungi Krasni - - —
Contamination of feedstuft Aygestan —~ —~ -
with different pathogen bacteria | Krasni 4.5 x 108 - -
Content of probiotic LABs Aygestan - 6.2 x 107 1.4x10°
(CFU/ ml) Krasni — 8 x 107 9.8 x 107
Table 2 . — The content of amino acids and protein in mixed
grass of Krasni and Aygestan communities
Amino acids mg / ml
Aygestan The amount P'I‘O'
lys | arg | ala | glut | val |isole | tre | met | fenilala | start | of amino ac- | tein%
ids mg/ml
Control | 0.8 | — | 16| 24 |32] 08 | 1.6 32| 04 0.4 14.4 17.0
LAB 24 | — |32] 32 |32 24 |24 |32 0.4 0.4 21.6 27.0
Amino acids mg / ml
Krasni The amount of p‘ro-
lys | arg | ala | glut | val | isole | tre | met | fenilala | start | aminoacids | tein%
mg / ml
Control 1.6 - 13224 |32 16 | 1.6 | 3.2 0.4 0.4 16.0 15.0
LAB 22 {04 (04| 32 [32] 32 |32 ]32 0.4 - 20.4 16.0

As can be seen from the data in Table 2, dif-
ferent sources of mixed grass silage in the con-

tent of some essential amino acids in the control
and experimental samples are differ. Thus, the
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enrichment of a certain consortium of silage
lactic acid bacteria leads to an increase in the
protein content and the amount of amino acids.
The content of lysine in the studied Aygestan
samples increases three times on average, and
in the Krasni sample — twice on average. Enrich-
ment of silage with LAB increases protein con-
tent by an average of 27% and essential amino
acids by 30% without the use of biological ad-
ditives.

Conclusion

Summarizing the studies, the following can
be concluded:

Enrichment of fodder with antimicrobial pro-
biotic bacteria is an innovative processing technol-
ogy in the field of silage of forage crops. Due to the
biological activity of probiotic bacteria, the growth
of fungi, pathogenic microflora is suppressed, the
quality indicators of fodder are increased and it is
the promising for use in animal feeding.
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PEDOGEOCHEMICAL FEATURES OF SILICON
IN SALT AND LIGHT SEROZEMS

Abstract. Based on our own and literary materials, the paper presents materials on the content
of silicon in the lithosphere, soil, water, plants, and also in some silicate compounds. In addition, the
contents of gross and mobile forms, as well as the number of atoms, oxides, eluvial-accumulative
coeflicients, migration and accumulation of silicon in natural and anthropogenic solonchaks, as well
as in irrigated light gray soils, are given.
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minerals, number of atoms, Earth’s crust.

FOxdawes I'yrom,
d.c.x.H., npogeccop
dokmopanmui:

Asumos Sukprcon Myxammadosuy,
Mamasnconos Hromxmcon Hoparuesuy,

Maxpamxyncaes Cyrmonxysna Axpamxynca yzau,
Qepearckuii zocydapcmeenHoiii yHusepcumem

NEAONEOXUMUHECKUE OCOBEHHOCTU KPEMHUA
B COJIOH4YAKAX U CBETJ1bIX CEPO3EMAX

AnnoTtanus. B pabore Ha OCHOBe COOCTBEHHBIX U AUTEPATYPHDIX MATEPUAAOB IIPEACTABACHBI
MATEPHAADI TI0 COAEPKAHMIO KPEMHUS B AUTOCPEepe, ITOYBE, BOAE, PACTEHHH, a TAK)Ke B HEKOTOPbIX
CHAMKATHBIX coeprHeHui. KpoMe Toro, mpuBeAeHbI COACP>KAHUS BAAOBBIX U IMOABIDKHBIX GOPM,
a TaKKe KOAMYEeCTBO aTOMOB, OKCHAOB, SAOBHAABHO-aKKYMYASATHBHbIE KO3 QUIIMEHTDI, MUT PALIK
Y AKKYMYASLIUS KPEMHM B IPUPOAHBIX M aHTPOIIOTEHHBIX COAOHYAKAX, 2 TAKXKE B OPOLIAE€MbIX CBETABIX
cepo3eMax.
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KaroueBbie caoBa: auTocdepa, KpeMHHIL, OPTOPOCPOpPHAS KUCAOTA, KAAPK, IIOABIKHDIH, BOAO-

BbI€, KpPEMHE3€E€M, MUHEPAAADI, CHANKATHbIE MIHEPAAADL, KOANYECTBO aTOMOB, 3emHas Kopa.

Kpemuunii siBAsieTCst OAHUM U3 HanboAee pac-
IIPOCTPAHEHHbIX 9AeMEeHTOB B AUTOCepe U II0-
use. [To AauHbIM BuHOTrpasosa [7], xpemuuit
cocTaBaseT 25,74%, T.e. V4 Macchl 3eMHOM KOPBI.
OTa cuTyanus CBsI3aHa C KOAMYECTBOM KHCABIX
MaCCHBHBIX TOPOA. B 6asaabrax [6] ero xoande-
CTBO cocTaBaseT 22-23%, T.e. IOYTU PaBHO KHC-
ABIM ITOPOAAM.

KpemHuit umeeT yAeAbHbIN BeC 3 MHOM KOPBI
2,33 ¥ cpepAHUI YAEAbHBIN BeC IOYBBI OAM30K
K aToMy. [ToToMy 4TO, KaKk ObIAO CKA3aHO BBIIIE,
Si cocraBaser Y4 yacTb 3eMHOM KOpbl. [eoxumu-
9eCKUI KPyroBOPOT Si 04eHb BaXKEH AASI 3eMHOM
KOPBI 1 TIOYBBI, TAK KK CBSI3aH C PSIAOM PHU3HUKO-
XMMHYeCKHX CBOMCTB IOYBbL. B yacTHOCTH, ecan
yAeAbHast Macca Si paBHa 2,33, yaeAabHasi Macca
IIOYBBI COCTABASIET OKOAO 2,55-2,70 r/cm®. Obu-
Aue Si B 3eMHOM KOpe U ITOYBe MMeeT OOAbIIOoe
TeopeTH4ecKoe U NMpaKTUIecKoe 3HaYeHHe, TaK
KaK 9TOT 9AEMEHT SIBASIETCS OAHUM U3 dAeMeH-
TOB KapKaca rmousbl. OHa 3aHUMaeT IepBoe Me-
CTO IO KUCAOPOAY B AecsaTHAeTHe BepHaackoro
u cocrabasieT 25,7% 1o Macce 3eMHOM KOpbl. [To-
HSTHO, YTO Si B CBOOOAHOM BHAE B ITOYBE He Cy-
mecTByeT. OH MOCTOSHHO IPUCYTCTBYET B BUAE
MHHEpaAOB B CHAMKAaTax U okcupax. Ero camoe
OCHOBHOE COeAMHeHNe Ha3blBaeTcCsl KpeMHese-
MoM SiO, MAM aHTUAPUAOM KPeMHUS. DTOT OK-
cup, 1o ectb SiO,, mo Bepraackomy, cocraBaser
55,3% semuoii kopsl. SiO, — cTabuabHOE coepr-
HeHUe, 1 ero HanboAee pacrpocTpaHeHHas cde-
pa—auTtocdepa u nepochepa.

ITo BeprapckoMy, B Hay9HOM AUTEPAType OH
JacTO BCTPeYaeTcs B BUAE COEAMHEHUH C KpeM-
HIeM, a30TOM, 60POM, BOAOPOAOM, YTAEPOAOM.
Taroke OBIAM HACHTUPHULIUPOBAHDI CYAbPO30AU

xpemuesema. Camoe nnTepecHoe, 9to SiF, — 10
ecTb TOPHA KPEeMHHS — TOXe IPUCYTCTBYeT
B npupoae. CoepMHEHUS C OKCHPTOPHAHOM
$opmyaoii Tomasa Al SiO,(FOH), Taxsxe cyuye-
CTBYIOT B pupoAe. Tomas — opAuH U3 AparoneH-
HbIX MuHepaAoB. CoepuHeHH Si C XAOPOM TaKKe
BCTPEYAIOTCS B 3€MHOM KOP€E, HO OHO HEYCTONYH-
BO U OBICTPO pa3Aaraercs.

TaxuMm 06pazoM, OCHOBHOII U HanboAee pac-
npocTpaHeHHON GopMoit Si ABASIOTCS ero KHc-
AopopHble coeprHeHUs. CyIecTBYIOMUI OKCHA
KPEeMHIISI SIBASIETCSI OCHOBOM AASL 0Opa3oBaHuUs
APYTHX COEAUHEHUI KHCAOPOAQ B IIPUPOAE, TI0-
sTomy npousBoaHbie SiO, B MUHEPaAOTHH H 1O~
4YBOBEACHHUM HA3bIBAIOT cHAuKaramu. Hanboaee
PacCIpOCTpaHeHHasl MX IPYIIA — COCAUHEHHS
MeTaAAOB, KOTOPBIX TaKXKe MHOro B rmouse. Ha-
IpUMep, JHCTATUT, IPEACTABASIOMUN COOO0I
MgSiO,, cuasumanur ALSiO,. Kpemuesem
Y €r0 COAM OINPEAEASIOT OHOTeOXHMHIO KpeM-
Hust. OKCHA KpeMHUS TakoKe 00pasyeT MpOCTbIe
cuAMKaThl ¢ MeTasaamu. CoepnHeHUs Si, MeTaA-
AQ ¥ KHCAOPOAQ OTIPEAEACHHO SIBASIFOTCSI COASIMH.
Taroke 6bIAM UASHTUPUIIMPOBAHBI COEANHEHUS
Si ¢ MeTaAAOM, KHCAOPOAOM U BOAOpOAOM. Tak,
CpeAU coepnHeHMH Si HanboAee pacpocTpaHe-
HBI COEAUHEHUSI OPTOKPEMHUS U MeTaKpeMHUS,
obpa3oBaHHBIE C MeTaAAaMH, ob1ast opMyaa
xoTopsix cootBercTByeT M, Si0, 1 MSiO..

K HuM oTHOCATCA coepunenus Mg, Mn, Zn
u Cu. Kpemuesem, a Tounee SiO,, obpasyer
KOMIIAEKCHbIe COCAUHEHUSI CO MHOTUMHU APYTHU-
MU IIPHPOAHBIMU OKcupamHu. K Takum okcupam
ornocarca AL O, Fe O, P O, CO,, K O, Ca0,
MgO, TiO,, Cr,0,, Mn,O, u apyrue. Caepo-
BaTeABHO, Si MOXXeT BBI3BIBATh KOHIIEHTPAILIHIO
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U AEKOHIIEHTPAIIMIO PSIAQ 9AEMEHTOB B IIOYBE.
OTO AeAaeT 3T IAEMEHThl O4YeHb Ba>KHBIMU
B OMOreOXUMUYIECKOM IJUKAE, OCOOEHHO B I[eIH
noyBa-pacrenue. [IpudarHa 9TOro B TOM, 4TO OHU
IPOSIBASIIOTCSL B OOIeM XMMHYECKOM aHaAU3e
IIOYBBI, A TAKXKE B aHAAM3€ SAEMEHTHOI'O COCTaBa

PACTEHHMI U [TOYBBL. AAIOMOCHAUKATHI SIBASIFOTCSI
OAHUMH M3 HarboAee pacrpoCTpaHEeHHBIX COe-
auHeHut Si. BepHapckuit onuceiBaeTt 06pa30}3a—
HUE AAIOMOCHAUKATOB, AAIOMUHATOB, CHAUKATOB
u AL O, - nH O, To ecTp KOpyHA, Yepes KBapiy
CAEAYIOIIUM 06pasoM.

4—
KBapI|
v ‘L
AJTIOMOCHJIMKATHI — AITOMHHATEI U
e —
CUJTHKATEI
A 4&
KOPYH]I
PucyHok 1.

KoneuHo, B mpupoAe peakIfu HAYT TAAAKO
B 00€ CTOPOHBI, TO eCTb U3 KOPYHAQ B UTOTe MO-
XKeT 00pa3oBaTbCs KpeMHe3eM. DTOT IIPOLiecc
o4eHb BakeH B Ipupope. OcobeHHo B 6uoreo-
xuMuH arromusus. [ToHITHO, 4TO 0c0b60€e MecTo
B UCTOpHUU Si 3aHMMAaeT AAIOMUHUH, TaK KaK CO-
eArHEeHUs Si C AAIOMUHMEM OOABIION TPYIIIBL,
Ha3bIBAEMOM AAIOMOCHAMKATAMH, IIUPOKO pac-
IIpocTpaHeHsbl B AuTocPepe u nouse. I1lo Bep-
HAACKOMY, AAIOMOCHAUKATBI COCTABASIIOT O0Aee
70% maccp1 AuTOCepbl. AANFOMOCHAUKATBI MOTY'T
UI'PaTb OCHOBHYIO POAb B [IOUBE AASI TPYIIII, HA3bI-
BAaeMBIX IOAYOKCUAAMH, U MOT'YT OBITH OCHOBOM
aast obpasosanms AL O,, Fe,O,, Cr,O,, Mn,O,,
Ti,0,. 3T OKCUADL UTPAIOT POAb AHTUAPHAOB
B JKU3HU. DTU aHTHAPHADIL, B YACTHOCTH arpe-
TaTHBIA OKCUA-CHAAUMAHUT, OOpasyIOmuUics U3
Al O, uSiO,, pearupytot ¢ coaoit mo Bepraacko-
MY CAEAYIOLIUM 00pa3oMm:

Na,CO,+ALSiO =Na, AL SiO +CO,;

KpemHuit npuHHMaeT ydacTHe B KauecTBe
IIOCTOSTHHOTO CITyTHUKA B IIOYBEHHOM PacTBO-
pe, TeHeTUYECKHX CAOSIX, QUABTPAIUOHHBIX BO-

AAX U PaCTHUTEABHOCTHU AAHAIIA(TA ITYCTBIHHOMN
06AacTH, 0COOEHHO IeOXMMUYECKOrO0 KacKapa
U 3aMKHYTBIX U 9A€MEHTAPHBIX FeOXUMHYECKUX
AaHAmA(THBIX 6AOKOB. B pe3yAbTaTe ruppoansa
PSIAQ MUHEPAAOB, OCOOEHHO AAIOMOCHAUKATOB,
obpasyrorca SiO,, SiO, - nH O u pasandsbie
HOHbI U Apyrue ¢popmer. OH Takke 0OpasyeTcs:
B pe3yAbTaTe MHHEPAAU3ALUU PaCTUTEAbHBIX
OCTaTKOB. B ¢BsI3H C 9TUM ITOYBBI TPOIHNYECKUX
PaNiOHOB OTAMYAIOTCS BBICOKOM CTEIIEHBIO Ae-
CHAUKATHU3ALUK PsSAQ MUHEpPaAOB. MuHepaabl
KPEMHISI OTAUYAIOTCSI CBOUM OOHAVIEM B IPU-
poae. IToaTomy BO Bcex AaHAIIAPTHHIX OAOKAX
OH Y4YacTByeT B Pa3HOM Ka4eCTBe 1 KOAUYEeCTBe.
Ho B palioHax c 3aCyIIAUBBIM KAUMAaTOM CPEeAU
APYTHX MUTPUPYIOLINX IAeMEHTOB OH HAXOAUTCS
B COCTaBe ITOAYMHEHHBIX 9AEMEHTOB, T.€. €r0 KO-
AMYECTBO CBSI3aHO C KOAMYECTBOM APYTHX BOAO-
PaCTBOPUMBIX M MUTPUPYIOMIUX 9AeMeHTOB. Ta-
KUM 00pa3oM, B IPOAYKTaX [TOYBOOOPA30BaHNS,
B COCTaBe POAYKTOB BbIBe TPUBAHI ITIOCTOSIHHO
IPUCYTCTBYET U IPUCYTCTBYeT pa3HOe KOAMYe-
cTBO Si. AOCTaTOYHO IIOKA3aTh, YTO IPHIUHA
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3TOTO 3aBUCHUT OT PACTBOPHUMOCTH dAeMeHTa Si
B BOAE, TIOUBEHHDIX I TPYHTOBBIX BOAAX.

OTO cBs3aHO ¢ 0OpasoBaHMEM OPTOKpPEM-
HUEBBIX, METAKPEMHHEBbIX CAAOBIX KHCAOT U UX
B3BeCell U PACTBOPOB HEKOTOPBIX KPEeMHHI-
oprannyeckux coepunenuit [13, 32, 31]. ITo
AQHHDBIM Hay4YHBIX MCTOYHUKOB, SiO, mpucyt-
CTByeT B QHABTPAIMOHHBIX BOAAX U 03€PaX B KO-
andectBe 10-50 Mr/A, a B OTAEABHBIX CAyYasix
200 mr/A. Ilpu aToM obpaTuM BHIMaHMe Ha TO,
4TO PAaCTBOPUMOCTD M MUTPALIOHHbIE CBOMCTBA
KpeMHe3eMa B IIIeAOYHOM Cpeae, 0COOEHHO Ipu
pH = 10-11, cocraBastror o0 100-200 mr/a. ITo
AQHHBIM [2] BUAHO, 9TO PacCTBOPUMOCTDb KPeM-
HeseMa 3aBucHT oT pH Hapsiay ¢ Temneparypoi,
T.€. mocAe Toro, kKak pH npesbimaer 10 mpu tem-
nepatype 22 °C, ero pacTBOPUMOCTb pPe3KO BO3-
pactaet u poocruraer 800-1000 mr/A. Koneuno,
B ITIOYBE TaKasl CUTYallus TPYAHO peaAn3yeMa, Tak
KaK psiA COAe OKa3bIBaeT MOAOKUTEABHOE U OT-
puIaTeAbHOE BAMSIHUE Ha pacTBOpUMOCTH SiO,.
BoaopacTBopuMble COAM IPUCYTCTBYIOT B pas-
HOM KOAMYECTBe U KayecTBe B II0YBAX Pa3HOMU
3aCOA€HHOCTH, II03TOMY U 3 PeKT byaeT coOT-
BETCTBYIOLIUM.

OTHOCHTEABHO YCTOMYMBBIM COEAMHEHH-
eM KpeMHUsI, 6e3yCAOBHO, SIBASIETCSI KBapLj, €ro
KOAMYECTBO B IIeCYaHbIX PpaKI[UsiX AOCTHUTAeT
40-90%, a B HEKOTOPBIX cAyvasix u Bbime. Ko-
AMYECTBO KBaplia OIpeAeAsieT MeXaHHYeCKUi
COCTaB IIOYBBI, TO €CTh €CAU €0 KOAMYECTBO AO
S55-70%, nau ecAr KOAM9ECTBO PU3NIECKON MYT-
HoCTH A0 30-45%, TO TaKHe MOYBBI HA3BIBAIOTCSI
CpeAHerecyaHbIMU TI0 MEXaHHYECKOMY COCTaBY.
U, B 3aBUCUMOCTH OT THIIA AU THIIA [TOYBbI, OT-
HOCSITCS K YHCAY HanbOAee IIAOAOPOAHBIX IIOYB
IO 3TOMY IIOKA3aTeAI0, TO e€CTb 33 TUIIUYHYIO
CepO3eMHYIO CPeAHECYTAMHHUCTYIO IPUHUMAAU
KpeAuTHBII 6aaa 100. CaepyeT Takoke OTMETHUTD

MaAOpacTBOpUMOCTb kpeMHeseMa (SiO,) B Boae,
yro npusoautcs A. C. Opaossim [17] u onucer-
BAETCsI CACAYIOIIHM 06pa3oM:

SiO,+H, 0 <> Si(OH), o6pasyer oproxpem-
HeBylo kucaory (H Si0 4) B )KMAKHX PacTBOpax
B BUAe€ MOHOMepoB. EcAn koHIleHTpanus pac-
TBOpa copepxkut 6oaee 140 mr/a SiO, To opTo-
KpeMHeBasl KUCAOTa IIPUHUMAeT MOHOMEPHYIO
dopmy:

OH OH

| |
HO—Si— O - Si — OH

| |

OH OH

OTa KUCAOTA OYeHb CAaDa, ee YyCTOMIUBOCTb
HEBBICOKQ, II09TOMY B 3aCYIIAMBBIX KAUMAaTHYe-
CKHUX PailOHAX, 0COOEHHO B ITyCThIHHBIX PAlIOHAX,
OHa ObICTpO IpeBpamtaercs B KpeMHeseM. Kpome
TOT'0, HA ACTHAPATAIHIO OPTOKPEMHHEBOM KHCAO-
ThI [IOAO’KUTEABHO BAUSIET HEIITPAAbHAS U CAabast
1I[eAOYHOCTb IIOYBBI ITyCTHIHHOM 00AACTH.

PacTBOpHMOCTb KpeMHe3eMa Aydlle BCe-
IO IPOSIBASIETCS B OCHOBHOM B KHCABIX CPEAAX.
KpeMHe3eM Taxoke OTACASIIOT OT AAIOMOCHAUKA-
TOB B PEe3YAbTaTe CAOXKHBIX 'MAPOAUTHYECKUX
npoueccoB. B obmem cayuae mpouecc otae-
A€HUSI KpeMHe3eMa OT ITOYBEHHBIX CHAMKATOB
HA3BIBAETCS AeCHAMKaTHpoBanueM [17]. SiO,
MEAAEHHO BBIII€AQYUBACTCS B IIOYBAX C KHCABIM
IIPOMBIBHBIM BOAHBIM PEXHMOM, HO B 3aCyIIAU-
BBIX KAUMATHUYeCKUX ITIOYBAX IIOYTH UCKAIOYALTCS
IIPOMBIBHOM BOAHBIN PEXXHM IIPH ITOAUBE CEAb-
CKOXO3SHCTBEHHbIX KYABTYP, TO €CTb B 9TOM CAY-
Jae KpeMHe3eM BbIMbIBACTCSI O4eHb U OYeHb MAAO.

Ocobyro 61OreOXMMIIECKYI0 POAD B SKH3HU
UIpaeT KPeMHHUIA, 0e3 KOTOPOTO XKUBbIE CYILIIeCTBA
JKUTDb He MOTYT [6]. 97% GOABIIMHCTBA TOPHBIX
IIOPOA M MHHEPAAOB COCTOSIT M3 KPEeMHHUCTBIX
craukaros [7]. B 19 Bexe, mocae npucyrcrsus Si
B PACTHTEABHBIX TKAHSX, OBIAU OOHAPY>KEHBI I10-
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BbILIEHHE [IPOAYKTHBHOCTH PACTEHUIA, €T0 3aLHT-
Hble CBOICTBA, NI3MEHUAOCH HAYYHOE U [IPAKTHIe-
ckoe oTHoIIeHue K Si, T.e. K Si. OTANYHUTEABPHOM
0CO6EHHOCTBIO Si SIBASIETCS TO, YTO CPEAU U3YYeH-
HBIX 9AEMEHTOB OH He OKa3bIBaeT OTPULIATEABHOTO
AEVICTBUSL Ha PACTEHHE U €TI0 AOAOPOAKE, AQXKE
iy u36bITKe ero Bouse [ 13]. B neaom curyanms,
MUTPaLyisl ¥ HAKOTIAeHUE Si B GMOAOTHH U CeAb-
CKOM XO3SICTBE, OCOOEHHO B IIOYBEHHOM U pac-
TUTEABHOI [IeIH, U3y9eHbl HeAOCTaTouHO. Ero
POAb B CEABCKOM XO3SIICTBE TAKKE HEAOCTATOIHO
usyueHa. Bepxuee, HIDKHee 1 ONITIMAABHOE KOAH-
YeCTBO 3TOTO 9AEMEHTA B CEAbCKOXO3ACTBEHHBIX
PACTEHUSX, €CTECTBEHHON PACTUTEABHOCTH, T10-
YBe U ee MPOPHAE BCe eIlje XKAYT CBOETO PelIeH s
AAS OOABIITMHCTBA ITOYB.

Komneuno, Si moraomaercs u3 moussr [20; 21]
B CTPYKTYPY PACTEHUS. M YPOXKail, T.€. paCTeHHeE
oAy4aet Si B OCHOBHOM U3 [IO4BbI M BOABL Berpe-
YaeTcs B KBapLe, aMOPPHOM AUOKCHAE KPEMHHS
Y [IOAEBbIX IIIATAX: OPTOKAA3e, aHOPTHTE, Bep-
MUKYAWTE, CMEKTHTE, KAOAUHE, [TAATUOKAA3E U AD.
PactBopuMOCTh Si B MUHEpaAax OYeHb HH3Kasl,
TO €CTh OH IIPAKTUYECKU HEPACTBOPHM, IOITOMY
¢ 6MOreOXUMUIECKON TOUKH 3PEHUsI CYMTAETCS
HeakTuBHbIM [ 24; 25]. B BoAe pacTBOpHMMBI TOABKO
MOHO- Y TIOAUKPEMHHUEBbIE KUCAOTHL.

ITo Bepraackomy, 6e3 HETo He MOXeT Cylie-
CTBOBaTbh HU OAUH OPTaHuU3M B 6uocdepe. Si sB-
ASIETCS. HEOOXOAVMBIM SAEMEHTOM AASL pOpMU-
POBaHMS KAETOK U MX TKaHEM, ¥ B TO e BpeMs
SIBASIETCS KAPKACHDBIM SAEMEHTOM AASI IIOYBBL BoT
oYeMy pu 0O6MAKH Si B II0YBE PEAKO OLIYIAeT-
cs1 ero AeQUIUT y HEKOTOPBIX BUAOB PACTEHHIA.

[ToABM>KHOE KOAUYECTBO KPEMHHS HEBEAHKO
u cocraBasier 1-3% oT 061Iero ero KOAUYECTBa
[5, 3, 1]. Teoperuyecku SiO, MOXeT IIOIAO-
mwarbcs pacTenneM B Bupe SiO, u npeTepreBars
NPEBPAIEHYs], B PE3YABTATE YErO IIOAYYAETCS

amMop¢HbIi Si. Si B TAKOM COCTOSIHUM ITOIIAAAeT
B II0YBY [I0CA€ OKOHYAHHSI XKX3HU PACTEHMUI U Ha-
KATIAMBAeTCs B €€ BEPXHEN 9acTh. DTOT IPOLecc
6oAee XapaKTepeH AASI THAPOMOPPHBIX I0YB [4].

1010 I
5 [P
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10t | T
-
. |
= H4SiO4 |
3
2 10
I
S dieo
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x 10°° ol |5
: 2l
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PucyHok 2. @opMbl KDEMHMEBOMN
KMCNOTbI B NPUPOAHbIX BOAAX

Koneuno, 6aaaHc Si B mouBe 3aBUCHUT OT IIPO-
I1eCCOB MOYBOOOPA30BaHMsI, €e MAaTepPHHCKOIO
II0AQ ¥ BUAQ TTIPOM3PACTAIOMIMX B HEN pacTeHMIL.
Ha Bpicokuit ypoBeHb akTUBHOCTH Si B 1jeIU T10-
yBa-pacTenue ykasbiBaa Kosaa B.A. [13]. B pe-
AABHOCTH TEOPETHUYECKU B IOYBEHHOM PacTBOpe
IPUCYTCTBYIOT MOHOKpEMHUEBasl U IMOAUKPEM-
HUeBas KHCAOTbL. MOHOKpeMHHeBas KHCAOTA
copepxUT oAuH Si. OH HUMeeT CAeAYIOMUI BUA:
H,SiO, — oprokpemHuneBast KNCAOTA, 9Ta KUCAOTA
XMMHMYECKH IPUCYTCTBYeT B Bupe SiO, — aHNOHa,
a MeTakpemuuesas kucaora H SiO, B peaxux cay-
vasix. baOymxun B. M., Marsees I M., MuepAa0B-
[erpocsn O.I1. ommceiBaeT caeayomumM o6 pasom
[1]. TTo cyTH, MOHOKpEMHUEBbIE KHCAOTHI SBASI-
I0TCSI IPOM3BOAHBIMH KPEMHHEBBIX MHHEPAAOB,
UX MAaKCHMaAbHAsI PACTBOPHMOCTD B HOPMaAbHBIX
ycaoBusix cocraBasier S0-60 mr/a. OTa curya-
IIMsl COOTBETCTBYeT aMOpP(HOMY KpeMHe3eMy,
a PaCTBOPHMOCTb KBapIja COCTaBAsIeT 2—4 MI/A.
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MexaH13M AABACHHS O4€Hb CAOXKEH 1 COCTO-
T M3 HeCKOAbKHX cTaamit [ 1]. B caoxkHO# cricTeMme,
T.€. B [TI0YBE, KOAMIECTBO Si-COAepIKAIUX KUCAOT
CBS3aHO C KOAUYECTBOM aMOP(HOT0 KpeMHe3eMa.
B 3aBucMMOCTH OT IOYBEHHOM CPEAbI M YCAOBHI
KpeMHHeBble KUCAOTBI MOT'YT pearupoBaTh C Ts-
XKeABIMU MeTasAaMy, TakuMHu Kak Fe, Ca, Min, Mg,
Al, Pb, c o6pasoBaHueM pa3sAMYHBIX CHAMKATOB.
Teoperndecku Si caMTaeTCS AKTUBHBIM dA€MeH-
TOM B 00pa30BaHUHU AAIOMOCHAUKATOB. B TO xe
BpeMsl OH CHIDKAeT IOABIDKHOCTD AAFOMMHIISL.
ITopBrokHBIH SiapcopOupyeTcs Ha IOBEPXHOCTU
AAIOMUHHS U CTAHOBUTCS 6apbepoM AAS IIOCTY-
TIACHUS AAIOMHHUS B pacTenue | 14].

M3 oTOro ckaaablBaeTCs TeOpeTHYeCKUit
BBIBOA, UTO Si-yAOOpEeHMs MAM HEKOTOPbIE IOA-
BIDKHBIE COCAMHEHHSI MOT'YT CHHU3UTb YPOBEHb
TokcnuHocTH Al B mouse. Teoperuyecku yBeAu-
JyeHHe KOAMYeCTBa MMOABIDKHOTO Si B ITOYBe yBe-
AMYHBaeT PaCTBOPUMOCTS B ImouBe pocaros Ca,
Fe, Al, poaxxe ecAn OHa 4acTH4YHas, TO €CTb yBe-
AMYMBAaeT KOAMYECTBO MOABIDKHOTO dpocdopa,
KOTOPBIN MOXET OBITh YCBOEH pacTeHUEM., XOTs
u Heboabio. I Tpu aTOM HermoABIKHBII pocdHop
JaCTUYHO IIpeBpaIlaeTcs B IOABIDKHBIN pocdop.
CaeapyeT OTMETHUTD, YTO YBeAMYEHHEe KOAUYeCTBa
MIOABIDKHOTO Si B [TIOYBe OAHOBPEMEHHO ITPHBO-
AUT K OHOpeMeAHAlUi OTPABAEHHBIX II0YB 32
CYeT CBSI3bIBAaHMS TOKCUYHBIX TSDKEABIX METAAAOB.
Si B mo4Be AOCTaTOYHO, B OOABIIMHCTBE CAyYaeB
6oAbIIle HOPMBI, HO MOTPeOHOCTHU PacTeHUH He
yAoBAeTBOpstoTCA. Toabko 1-3% 13 HUX ITOA-
BUDKHBI 110 CPaBHEHMIo ¢ o6mum [11,28].

ITo paunbmvm FO. H. Boarsauukoro [ 8], B mpo-
1iecce II0YBO0OPa30BaHMUs Si AKTUBHO BBIMBIBAET-
Cs U3 BepXHUX, TOYHEee BePXHHUX CAOEB ITOA3OAHU-
CTBIX ITOYB. BOT mmoyeMy pacTeHnsIM He0OXOANM
MTOABIDKHBIH Si B KMCABIX U CHABHOIIJ@ AOYHBIX I10-
4BaX. B BemecTBax 1o4Bbl, B €e aTOMHOM CTpoe-

HHM, AaTOMaX U HOHAX MBI MOJKEM OIIPEACAUTD Takl-
HBI ¥ IIPHYMHBI TAOAOPOAHS 1TOUBBL ITockoabky
BeIJeCTBA, aTOMbI U HOHbI B II0YBE He Ty>KAbI II0-
4Be, OHU SIBASIFOTCSI COCTAaBHBIMU JaCTSIMH [TOYBEH-
HOTO TeAd, HAKOIIUTEASIMU S9HEPTHH 1 ee HOCUTe-
ASIMU. DHePIHsI TOYBBI OTIPEACASIET €€ BHADIL, BUADI
U IIPOAYKTHBHOCTb. ATOMBI, HOHBI, XUMHUYECKHUe
BelleCTBA He SIBASIFOTCS UY>KAOH, OecrioAe3Hom
MaTepuei AAS TeA, B KOTOPBIX OHU CYIeCTBYIOT.
XUMMYEeCKUI COCTaB IIOYBbI, KaK U 3eMHOM KOPbI,
CBSI3aH C TOYHBIM CTPOEHUEM aTOMOB, TO eCTb KO-
AMYeCTBOM U Ka4eCTBOM aTOMOB, TOYHOE CTpoe-
HUE OIIpeAeAsieT COCTOSIHYE ITOYBBL

YcraHOBAGHO, UTO pacmpepeAeHHe U HAKO-
naeHue Si B mouyBax coctaBasgeT 200-350 r/kr
B rAMHUCTHIX T04Bax U 450—480 r/Kr B mecyaHbIx
nousax [ 13]. Si siBASeTCS OAHUM M3 9A€MEeHTOB,
COCTaBASIIOIIUX CKeAeT IOYBBL. V3-3a cTabuabHO-
CTH COeAMHEHUM C Si IIOABMIKHOCTD Si OTHeceHa
K MHEPTHOM rpymme B Kaaccuuranuu [ 15; 16;
19]. B moyBeHHOM pacTBOpE BCEraa IPUCY TCTBY-
IOT MOHO- U IOAUKPEeMHHEeBbIe KUCAOTBI i KpeM-
Heopranuyeckue semecrsa [ 30; 33]. SiO, — pac-
TBOPSIETCSI B BOAE B MHUHMMAaABHOM KOAHYECTBE
2—4 Mr/A, MakcCuMaAbHOE MOXeT 6bITh S0—
—60 mr/A Mexanusm pacrBopenus mpoct: SiO, +
+ 2H,0 > H SiO, oprokpemuuesas KucAoTa.
PacTBopuMOCTD KpeMHe3eMa pe3KO CHIDKAeTCsI
cyAbdartamu, bukapOoHaTaMH U ObecrieunBaeT
OCAKAEHHUE C IIIEAOYHO3eMEAbHBIMU MeTAAAAMU
u okcupamu [23; 27]. B nupkyasiuu kpemHese-
Ma OOAbIIOe 3HAYEHHE UMEET er0 TOKCHIECKOe
COeAMHEHHUE, T.e. a3po3oan Si0O,, BrI3bIBarOmue
Y KHMBBIX OPTaHH3MOB 3a00A€BaHUE «CUAHKO3>,
KOTOpOe, K CO’KAACHUIO, ellle MAAO U3y4eHO B Ha-
yke [22;23; 26].

IToraomaromast CHOCOOGHOCTD MAAOTYMYCH-
POBAHHBIX ITI0YB ITyCTBIHHBIX PAalOHOB HEBEAUKA,
TaK KaK B UX MUHEPAABHOM COCTaBe IPe00AAAAIOT
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KAOAMHUT, TAAAAY3HT, CAFOABIL, XAOPHTBI, a HX IIO-
TAOTHMTEAbHAS CIIOCOOHOCTD cocTaBAsieT 2—15 Mr-
9KB. TOABKO B HEKOTOPBIX CAy4asiX OHA BBIIIIE.

B mpupoaAHBIX paccoAax ¥ BTOPUYHBIX Pacco-
AAQX OCHOBHBIM HCTOYHUKOM KPEeMHHUS SBASIETCS
KpPeMHUI B IPOCAYUBAIONINXCS BOAAX U MATePUH-
ckux nmopoaax. Kpome Toro, BepxHuii caoit opo-
[IaeMBbIX II0YB Oboraaercs SiO, 3a cuer B3Be-
IIeHHBIX BeIll[eCTB, COACPXKAILTUXCS B IIOAUBHOM

BoAe. CaMBIM OCHOBHBIM U PaclpOCTPaHEHHBIM
coepnHeHueM Si sBasteTcs, 6esycaoBHo, SiO , T.e.
kpemHe3eM. Ho oH, T.e. Si, copep>xutcs B Kaoau-
HUTe, TAAAAY3UTe, MOHTMOPHAAOHHUTE, CAIOAAX,
xaopurax u Apyrux. Ha ocHoBanuu auteparyp-
Hbix paHHbIX [ 18] 1 [23; 29] oTHOCHTEABHO yCO-
BepIIEHCTBOBAHHASI aBTOPAaMH Iiellb AeHCTBUA
OMHChIBaeTCs cAeaytomum obpasom (puc. 2).

KpemHuit

T~

5 Yactmubl atmocdepHOM nbian
NPUPOAHbIX
B mnHepanax un
B nogsemHbix v rp. Bogax / vOpHBIX NOROAAX \
AmopdHoe
MOHOKpemMHMeBaa KMCI0Ta pd Kpuctannsi
MonMKkpeMHueBasa KMcnoTa buoreHHas Monesble wWnaThl,
¢ / ~ cnaa, KaoJMHUT U
T.4.
HeopraHnyeckmue KOMNAeKcobl pacteHune KMBOTHOE
OpraHunyeckme
>
KOMM/IEKCbI v OpraHoMuHepanbHble
KOMMNEKCb

PucyHok 3. CxemaTtunyeckas Lenodka AencTBma KpeMHUA B naHawadTax

B ocnoBe memnm ABMXKEHHS AeXaT BaAOBOE
U MOABI)KHOE KOAMYecTBa Si, YHMCAO aTOMOB
B 100 r moussl, koAnuecTBO SiO,, 9AI0BHAABHBIN
xooppunuent Haxomsenms (DAK) Barosoro
Si, kouyentpanusa Kaapka (KK), pacnpepene-
une Kaapka (KP) u pApyrme xoaudecTBeHHbIe
MOKa3aTeAn U KO3QPUIIMEHThl. DTa CUTYalLHs
npeacraBaeHa B (Taba. 1). CoraacHO AQHHBIM
TaOAMIIbI, KOANYECTBO Si B 001IIeM U IIOABIDKHOM

KOAMYECTBe CyleCTBEHHO Pa3AUYaeTCs B IpoPu-
ASIX eCTeCTBEHHBIX OOAOT, OpOLIAEMbIX CBETAO-
CepBIX II0YB U BTOPHYHBIX HOAOT.

B npupoanbix coaonuakax (yuactox 3A)
ob1ree KOAMYECTBO Si HEYKAOHHO U ITOCTEIeH-
HO CHIDKAETCS B IIOYBEHHOM ITpoduAe, MpuieM
CHIDKEHHUE ITPOMCXOAUT B peaeAax ot 27,11 ao
22,20%. B cayyae opomraeMbIX BTOPHYHBIX CO-
AoHYaKOB (yyacTok 1A) HabAIOAQIOTCS MHbIE
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yCAOBUS, T.€. IPOPUAD KOACOAETCS B IIPEAEAAX
29,10-33,12%. MakcuMaAbHOE KOAUIECTBO Ha-
6aropaercst ipu S0-87 cm u cocrasastet 33,12%.
HanmMeHnbiiee KOAMIECTBO IIPUXOAUTCS HA CAOM

XOAOBO#t YacTUB 0poIIaeMbIX CBETAO-CephIX MO-
yBax (paspes 1c) o6muii Si koaebaeTcs B ipepe-
Aax caoeB 0-100 cM, B reHETHYECKHUX CAOSIX CO-
craBaseT 32,6-34,10%.

Tabnuua 1.— KpemHe3em B CooH4YaKkax 1 CePO3eHHbIX Mo4Bax

Pasp.| TIay6mma, | Basosoe, | [TopBmwxnbiii, Mmr/ | KosewecrBo | .
N‘—’P yCM % kr 100 r. mous |aromos n-10% SIOZ'% IAK | KK Kp
COAOHYAKY B €CTECTBEHHBIX YCAOBHSIX
30—;?6 27,11 7,7 5,83 57,92 1,37 | 0,92 1,09
s 26,13 6,6 5,62 5583 | 1,32 | 0,88 | 1,13
aa | 74107 25,30 9,9 5,44 54,06 | 1,28 | 0,86 | 1,17
L7160 24,60 9,4 5,29 52,56 | 1,24 | 0,83 | 1,20
22,20 12,7 4,77 4744 | 1,12 | 075 | 1,33
I'pynrosue
; 20,20 - - - - -
BOABL, MI'/ A
OporaeMbie BTOPHYHbIE COAOHYAKH
303__3530 31,10 16,3 6,69 66,45 | 1,57 | 1,05 | 095
087 29,10 14,6 6,26 62,18 | 1,47 | 099 | 1,01
A | sr129 33,12 12,9 712 7077 | 1,67 | 1,12 | 0,89
129208 31,20 11,6 6,71 66,67 | 1,57 | 1,06 | 0,95
31,8 11,1 6,84 6794 | 1,61 | 1,08 | 0,93
I'pynrosue
- 22,10 - - - - -
BOABI, MI'/ A
OporraeMblie CBETAbIE CEPO3EMBI
0-10 33,71 5,8 7,25 72,03 1,70 | 1,14 | 0,87
’ 10-40 34,10 52 7,33 72,86 | 1,72 | 1,16 | 0,86
40-80 33,60 49 722 71,79 | 1,70 | 1,14 | 0,88
80-100 32,6 4,10 7,01 69,66 | 1,65 | 1,10 | 0,90
2c 0-20 30,61 10,2 6,58 65,41 1,55 | 1,04 | 0,96
3c 0-20 28,10 10,8 6,04 60,04 | 1,42 | 0,95 | 1,05

CymmapHslit Si B IOACTHAOYHOM CAO€ cAabOC-
MBITBIX CBETAO-CepPbIX ouB cocTaBasier 30,61%
(paspes 2c), a B BbiIeAOYeHHBIX TTOYBaX — 28,10%
(paspes 3c). O6mee koandecTBO Si MaAO BAHSIET
HA €ro TMOABIDKHOCTh B HOPMAABHBIX YCAOBISIX,
HO 9T CUTYAIHs, [T0-BUAMMOMY, CHABHO OTAMYA-
eTCs B 3aCOAEHHDIX 1 OPOIIAeMbIX CBETAO-CEPBIX
[IOYBAX.

KoandyecTBO MOABIXKHOTO Si B IIPUPOAHBIX
COAOHYAKAX COCTaBAsieT 6,6—12,7 mr/Kr, 4TO 3Ha-

YUTEABHO HIKE, YeM BO BTOPMYHbBIX COAOHYAKAX.
OcHOBHOM IPUYKMHOM TAKOM CUTYAIIUHU SBASIETCS
BTOPUYHOE 3aCOACHME M3-32 BAMSIHHUS TIOAMBHOM
BOABL U €€ HAaHOCOB, II09TOMY KOAUYECTBO pac-
TBOPUMOTO Si B BOAE BBIIIIE.

Ho B opomaempIx CBeTAO-CepbIX MOYBaX
KOAUYECTBO ITOABIDKHOrO Si mo4TH B 2-3 pasa
MeHble B cA0six 0—100 cM, uem B Apyrux. Takoe
IIOAOXKEHHUE OOBSICHSIeTCS PAa3ANIHEeM KX, TO eCTb
reHe31ca N3y4aeMbIX I104B, MATEPHHCKOTI'O ITOAQ.
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MaTepHuHCKHEe TOPOABI IPUPOAHBIX U BTOPUY-
HBIX CAQHIIeB XapaKTePU3YIOTCS AAAFOBHAABHBIMU
U IIPOAIOBUAABHBIMU OTAOXKEHHUSIMH, @ MAaTePHH-
CKHe TIOPOABI CBETABIX CEPO3€MOB — CKeACTHBIM
IIPOAAIOBHEM.

Kak yka3bIBaAOCDH BbIllle, HAAWYHE BAAOBOTO
U IOABIDKHOTO Si B S0-87-caHTUMeTpOBOM cAO€
BTOPHYHBIX OTAOXKEHHI OTHOCUTEABHO BEAHKO,
COeAMHEeHUs Si paCTBOPSIIOTCS B BOAE AXKe IIPU
HEOOABIIOM X KOAUYECTBE, & 3HAYUT, IOA BAHSI-
HUeM OPOIIeHHS ero MOABIDKHAs GopMa mepe-
XOAUT B 9TUX TAYOUH U aKKYMYAUPYET IIPU 9TOM
22,10 r $UABTPALIIOHHOM BOABL/A. Si ABIKETCS
BBEpX C QUABTPALIMOHHON BOAOM B 3aCOACHHBIX
parioHax u mopaHnMaeTcsa A0 S0-87 cM, 1 sIBAsIeT-
CsI OAHO¥ M3 IIPHYMH 06pa3oBaHus 6oraroporo-
BBIX CLIeMEHTHPOBaHHBIX CAOEB B 9TOT CAOM. baa-
rOAQps MOABIDKHBIM popMaM Si OTPHUIIATEABHO
3apsDKEHHbIE KOAAOUABL OOAAAQIOT [jeMEHTUPY-
IOIUMH CBOMCTBaMu [9].

BaroBoe 1 MOABIXKHOE KOAUYECTBA KPeMHIS
IIPEACTABASIIOT 00011 yricao aromoB B 100 r rmo-
uBbl, KoAM4ecTBO Si0O.. B yactHOCTH, YKCAO aTO-
MOB B 100 r mo4BsI Ha mpo¢uAe MONePedyHOro
ceuenus 3A cocrasasiet 4,77 - 1023-5,83 . 1023.
OTOT mMOKa3aTeAb 3HAYUTEABHO BbIlIE B HoAee
MMO3AHUX BTOPHYHBIX IIOYBAX U OPOIIAEMbIX
CBETAO-CepBIX IIouBax. B cBeTAO-cepbIx moyBax
oHa cocraBaser 7,01 - 1023-7,33 - 1023. Ilo
3TOMY ITOKA3aTEAI0 BTOPHUYHbIE CIIAMIKU SBAS-
IOTCS IPOMEKyTOYHbIMY YrcAaMu. KoandecTBo
SiO, obpasyercs MpOMOPIUOHAABHO ObIeMy
KoAndecTBy Si. MBI MO>XXeM BHUAETDb 3Ty CHTY-
anuio U3 AaHHBIX Tabaunpl. Kak u caepoBaso
OKMAATD, 60Aee BricOKHe 3HaveHus SiO, cooT-
BeTCTBYIOT cepo3eMaM. UTo ke KacaeTcs APyTUX
MeAOreOXMMHUYEeCKUX MToKa3aTeAel, To ecTb KK
YBEAUYUBACTCS C yBeAUYEHHEM BAAOBOM CyMMBI
U B 1eAOM KoAebaeTcs B mpeaesax 0,75-1,16, To

IIPOTUBOIIOAOXKHBIE 3HAYEHMS MPEeACTABAEHbI
KT. Hanboaee BbIcOKHE ITOKA3aTEAN AAAIOBH-
AABPHO-aKKyMYASTUBHOTO KO3$PUIIHEHTa COOT-
BeTCTBYIOT cepo3eMaM. B 1jeaom nmouru Bce mo-
YBOTeOXHMMHYEeCKHe TI0Ka3aTeAH COOTBETCTBYIOT
KOAMYECTBY BAaAOBOTO Si, TOABKO KOAUYECTBO
MIOABIDKHOTO Si B CBETAO-CEPBIX I0YBAX HEMHO-
ro HapylIaeT 3TO IIPaBUAO, TO €CTb IIOABIKHOE
KOAMYeCTBO BAAOBOTO Si MeHbIIle, YeM B APYTUX
IIOYBAaX 10 CPABHEHUIO C ADYTUMU IIOYBaMH. Ta-
KO€ ITOAOXKEHHE OOBSICHSIETCSI TEM, UTO TeHEe3HC
9THX IIOYB Pa3HBIM.

BriBoAbI

1. TTo Mepe yBeAnYeHHUS COAEPIKAHUSI CBOOOA-
HOTO M KPEeMHEe3eMHUCTOTO Si B CTPYKType ITOYBBI
CHIDKAETCsI ee IOTAOTHTEABHASI CIIOCOOHOCTS,
T.€. Io4uBbL [ Ipu aTOM CHIKaIOTCS ero ToHyIIHe
U Habyxaromue CBOMCTBA, 0OAEr4aeTCs] MEXaHH-
JecKasi CTPYKTYPa, IIOBbIIIAETCS BOAO-, BO3AYXO-
U TeMIlepaTyponpoHulaeMocTs. IlosepxHoCTb
CpPaBHEHHMsSI COKUMaeTcCsl. 3apsiA KOAAOUAHBIX 4a-
CTUI] CTAHOBUTCS OTPULJATEABHBIM, TaK KaK CAIO-
AQ M KAOAMHUT OTHOCATCS K OTPUIIATEABHO 3a-
PSOKEeHHBIM MUHEpaAaM.

2. Bo BHYTpeHHHX CAOSIX IIOYBBI BMECTE C MH-
HEPAAM30BAaHHOM BOAOM I10 HAIIPABAEHHMIO K MC-
[IAPUTEABHBIM OapbepaM OpPTOKpeMHeBasl KHC-
AOTa ABIDKETCSI B PallOHE ITyCTHIHM, OCOOEHHO
Ipy 00pa30BaHUU KOHYCOB, U IIPH AOCTIDKEHUU
HCIIAPUTEABHOTO Oapbepa TepsieT BOAY U ITpeBpa-
maetcs B SiO, 6yaeT mpeopoaeH.

3. M3-3a 06pa3oBaHUs COABL B IIOYBEHHBIX
caosx pesko nosbimaercs pH ao 10-11, u B Ta-
KOH CpeAe YBEAUYHBAeTCsI IIOABIDKHOCTD Si U OH
nepeMelaeTcs U3 BHYTPEHHUX CAOEB B ABOMHbIE
Gapbepsl 1 3acTpeBaeT B bapbepax., B pe3yAbrare
YBEAMYHMBACTCSI KOHIIEHTPAIUs Si ¥ ero CoeArHe-
HUI, XOTSI © MEAAEHHO, 9TO YCAOBHE CKa3bIBaeTCsI
Ha MeXaHU4eCKOM CTPOEHHH ITOYBbL.
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THE HYPER-SONIQUE VORTEX RAMJET PROPULSION

Abstract. Apply an artificial spinning vortex in the engine, a new kind of ramjet could be made
out to work from M1 to M10 by centrifugal force in theory. This efhicient method can provide high
quality push power for many types of supersonic vehicles. The compress course has been solved under
some simplifies in this article too. Although it is simple, it’s a way to have a look at the result of this
special engine until more accurate solution is get.

Keywords: supersonic, vortex, spin, ramjet, engine.

Drawing 1. Concept design of spinning ramjet

The key difficulties for ramjet working would
be overcomed by this amazing method: Flow
through (a set of ) fixed fan(s) or twisted tunnel(s),
the air entering the engine with high speed (esp.
M1 — 10) can form an exciting spinning vortex,
and compress the peripheral part into high pres-
sure and high density. This would create perfect
condition for the air combine with the fuel inject-
ed into the combustor (see the drawing 1, please).

After burning, another (set of ) fixed fan(s) or
twisted tunnel(s) would lead the gases get rid of
the spinning state back to common line flowing
again. Then the gasses accelerate in an De Laval
nozzle to reach its top speed and rush out the end
of the engine finally.

In both of the courses the gasses return to
common line flowing and accelerating in the
Laval nozzle, the engine would get the power of
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pushing force and the more faster of the air enter-
ing, the more eflicient it can works well!

Like all of the supersonic cases, some shock
waves would occur besides the engine’s struc-
tures, esp. near the edges of the blades of the
front fixed fan(s). However, its disturbance to
the engine would be secondary — since it’s just a
boundary surface of sudden change of the fast-
flowing state (eg. the state of speed etc.). So, in
order to simplify, it will be ignored the influence
of the shock waves in this article.

The most urgent question is about the effects
of spinning compress: Could it has a too low or
too high pressure, density, flowing speed and
temperature?

To answer this, the following part would sim-
plify the spinning course and establish a set of
equations for solving.

Because of the engine is designed for superson-
ic working, the velocity of the gas is rapid, and in
comparison of this, the speed of heat transferring
appears slowly. Based on this fact, the first hypoth-
esis can be given: The fluid in spinning could be
thought as adiabatic — The temperature’s change
would be caused by the pressure’s work only:

AM(%kT)=—pdV

(1)
Moreover, the work pdv would cause the

gass(es)’ kinetic energy increasing. When it is
the only way:

(1)

Nd[%mvzj =pdV
Combine with (1) and (1°) can get:

d(%kTJ:—d(%nnﬂj (2)

Overall consider of the fluid’s mechanics
equation, the constancy of the number of par-
ticles and the gas’ state function, the equations
set (ref. 1) for spinning would be gained as:

2
momentum: nm-— = dp (3)
rodr
number: dnV)=0 (4)
state: p=nkT (5)
adiabatic: Nd (lkTTj =—pdv (1)
energy: d(lk—TqL%mvzj =0 (2)

Next is the main steps of a way to solve

the set of equations, and its solution result:

Step 1: From (4) get: d7V __dn (6)

n
Step 2: Take (6) and (5) into (1), and note

that n="Y. Sign:
\4

C =1
T2

0

(7)

The footnote O represent the original state
(or the start state). Then could solved out:

n=| 2|12 =CT?
T()E

Step 3: From (2) could get: %kTJr%mvz =C
(C is a constant) (9)

Step 4: From (9): mv® =2C —ikT (10)

Then take (10), (8) and (S) into (3), it could
be solved out at the end:

2i
2 2
T:R+@%[P(3T ]
ik r

The total solution result is:

2i
: o
T=T,{1+ 1—(1")2
ikT, r

n=n,(T/T,)*

(8)

(11)

(11)

(8)
(12)

(13)

p=py(TIT)"

1

1 1+2/i
V=Vl —
r
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Especially, from the above result could still
get the limit values of the spinning compression
(when L islittle enough):

T

The following table is some calculation results
under the standard atmosphere condition for an
engine with the structure character of % = Lin

different altitude and speed (the ﬂowirgg alzong

T mv,
—| =1+— (14) i .
T e KT, the axis is overlooked):
2 i
n mvy
) =(1+0y2 15
L=+ (15)
2 i
p mvy 5+
_ = l + — 2 16
o v = ( l.kTO) (16)
V] =0 (17)
Table 1.
b %, Y ~0.6095 , air molecule m =29 x 1.667 x 10"kg, k = 1.380649 x 10> J /K, i=$
r v,
aom/ s
Hkm (Sound T K pokg/m3 pOIOSPa M1 vom/s vm/s| TK | pkg/m? |p10°Pa
velocity)
0 340. 288.15 1.225 1.013 1. 339.2 1.841 1.792
3 328.58 268.65 | 0.9091 | 0.7011 3. 696.3 | 9.836 19.66
6 31643 249.15 | 0.6597 | 0.4718 4. 954.2 18.94 51.87
10 299.46 223.15 | 04127 | 0.2644 4.5 1022. 18.55 54.44
20 295.07 216.65 | 0.08803 | 0.05475 6. 1596. 12.97 59.44
32 303.13 228.65 | 0.01323 | 0.00868 8. 2822. | 7.077 57.30
¢ it are helicoid. Compare to the common flow
i through the engine directly, it has just length-
/) ened the time of gasses staying in the engine
I
¥y several times — seca times, a is the angle be-

fuel
inject
hole

Drawing 2.

Improved combustor.
In fact, this spinning compression engine
isn’t perfect, even though the streamlines in

tween the flow speed vector and the axis line.
It's still a very short period for the fuel’s com-
plete burning in the combustor with so high-
speed flowing, much more of the fuel would be
wasted.

To solve this problem, an efficient improved
combustor could be used - it's just needs to make
out one or some ‘circular groove(s)’ on the col-
umn surface of the combustor (see Drawing
2, please.) — which can be called as ‘stationed
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ring(s)', and inject the fuel from the bottom or
innermost space of it.

By this method, except few particles escape
out through diffusion, most of the fuel injected in
the groove(s) would spin there round and round
until takes chemical reaction with the air rush in
or diffuse inside.

Since the oxidizing agent of the engine comes
from the air in the atmosphere, the total propul-
sive agents consuming rate of the engine would be
much less than the rocket engine to produce same
pushing force, let the relative specific impulse raise
to near 5000.S as many air engines done. For the
same reason, the craft’s take-oft weight to trans-
port an unit mass of the effective load would be

So the spinning engine could provide for a
huge amount of supersonic air-space crafts an
efficient kind of pushing power and save much
weight for them.

Conclusion:

The solution result (formulas: (8), (11),
(12), (13)) and the calculation examples all
shows that: 1. The speed reducing rate of the
air in the bottom of the combustor is decided
by the r /r only. 2. If the velocity of the flight
could be controlled well on different altitude,
then the temperature and the pressure can be
kept in fair range of the structure’s material
bearing ability. 3. The engine can work to a high
M count (~10) finally.

reduced to ~ 1/10 in the same time.
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DESIGN OF LI-ION BATTERIES FOR
PORTABLE ELECTRIC TRANSPORT

Abstract. During the work, the designs of traction batteries for portable electric transport were

considered and analyzed. Serious flaws have been revealed that battery manufacturers carefully hide.

The inability of balancing BMS boards to prevent long-term effects of overcurrent on elements has

been theoretically proven. The next task of our research was the design and manufacture of the first

Li-ion battery, which in its design was similar to factory analogues. During the operation of the bat-

tery, the inability of the BMS board to regulate the charge current was practically observed. After

analyzing the shortcomings of the first Li-ion battery prototype, they concluded that it was hopeless.

The production of the second Li-ion battery, taking into account the shortcomings of the previous

prototype, and its operation did not meet the expectations of the authors. And she also pointed out

her hopelessness.

Keywords: Li-ion batteries, balancing BMS boards, overcurrents, service life.

The rapid development of society and pro-
gressive population growth in the 20" and 21
centuries have led to significant environmental
problems. Internal combustion engines (ICEs)
and industrial facilities, which are the cause of
greenhouse gas emissions, pose a considerable
danger to the environment. Mankind is mak-
ing a lot of efforts to solve the issue of global
warming. One of the main achievements of
civilization in the 21* century is the beginning
of the process of replacing internal combustion
engines with engines with zero greenhouse gas

emissions, such as electric ones. Electrification
of transport is one of the important measures to
overcome the climate crisis.

In parallel with the conversion of traditional
transport (cars, buses, cars, trucks) to electric
traction, there is a rapid development of por-
table electric transport, such as: scooters, bicy-
cles, quad bikes, maps, scooters, motorcycles,
gyroboards, gyroscooters, unicycles, etc. Previ-
ously, the problems faced by consumers when
using portable electric vehicles were analyzed

[1].
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Section 2. Transport

As you know, the main unit of electric trans-
port is a battery (AB), which has a limited num-
ber of cycles. ABs gradually lose their capacity,
degrade, fail and as a result require partial or
complete replacement. The most popular now
are batteries with Li-ion cells of standardized
sizes. The variety of modern lithium-ion batter-
ies for electric bicycles is due to a wide range of
technical characteristics. They differ in nominal
voltage, capacity, current output, the presence
of a hard case, and standard sizes. But there is
one thing that connects all lithium-ion batteries
regardless of their technical characteristics. This
is a design flaw that leads to rapid degradation of
elements and a noticeable loss of battery capac-
ity. The fact is that the set of lithium-ion batteries
that form the battery is located in the case, and
each element is welded to another with the help
of ametal tape. It is clear that it is extremely dif-
ficult to disassemble such a structure, and it is
completely impossible to diagnose each element
after the battery has been used. The manufactur-
ers assure that the balancing BMS board installed
on the battery prevents deep discharge and fully

controls its charge, each battery is charged to
100% and does not suffer from excessive over-
heating. Earlier [1] we theoretically described
the helplessness of the BMS board in balancing
AB assemblies, and now we will tell about our
own experience of using a Li-ion battery together
with a BMS board and its consequences.

Battery N 1. The idea to build our own Li-
ion battery came to us while browsing the range
of electric bike kits. We were impressed by the
price/capacity ratio and the significant amount
of negative customer feedback. It was decided
to manufacture its own Li-ion battery for 21
A*h with a nominal voltage of 36V, using Li-ion
cells “18650”. The purchase of elements with a
declared capacity of 3.3 A*h was made on the
AliExpress trading platform. The design of the
battery included 10 serially connected assem-
blies of 7 cells each. Thus, the battery consisted
of 70 Li-ion cells. To protect and “balance” the el-
ements in discharge and charge modes, a 10S36V
BMS board [2] was connected according to the
diagram in (fig. 2). Balancing wires of the BMS
board in (fig. 1) in red insulation.

Figure 1. The first 21 Ah, 36 V Li-ion battery with BMS board

Design features:

o “18650” cell holders in the form of honey-
combs, which were purchased on AliEx-
press, were used;

« honeycomb holders were additionally
equipped with bronze threaded bushings
(glued with epoxy glue);
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« branches from the elements are made
with a flexible wire PV3 1*0.75 with the
help of soldering to the element and press-
ing with a copper, tinned tip towards the
assembly;

« each element could be disconnected
from the assembly for the purpose of
diagnosis and recharging, for which a

screw connection on the assemblies was
used;

« the hams of the assemblies were made of
strip bronze, had an open design for the
possibility of voltage measurement and
separate recharging of the assemblies;

« prompt replacement of defective or “sick”
elements was not foreseen.
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Figure 2. Battery connection diagram to the BMS board 10S36V

Operating experience.

1. After the first ten cycles, a rapid decrease
in the battery voltage during discharge and, as
a result, a reduction in mileage due to the op-
eration of the deep discharge protection in the
bicycle controller became noticeable. The mea-
surements showed that one of the assemblies
discharges more than the others. During charg-
ing, the voltage on it did not even approach 3.8
V (approximately 20% charge), while the volt-
age on other assemblies was at the level of 4.25
V. The balancing function in the BMS of the

board worked, the charger stopped the charge
mode, because the total voltage of the battery
reached the maximum 42 V. After the charg-
ing cycle was stopped, the “healthy assemblies
were recharged to 4.22-4.23 V, while the “sick”
assembly remained at the level of 3.8-3.9 V. It
became obvious that the BMS board is not able
to equalize the resistances of the assemblies to ac-
ceptable values at a charge current of more than
1 A. Observation of the “sick” assembly also in-
dicated its significant self-discharge, somewhere
at the level of 0 .01V per hour. Compensation
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Section 2. Transport

for this defect required individual recharging of
the assembly immediately before the trip, which
in turn increased the number of manipulations
and time and caused certain inconveniences. So,
the BMS board with a nominal balancing current
of 30 mA turned out to be absolutely helpless at
charge currents of 1 A and above.

2. The mass and dimensions of the battery
turned out to be too large for its placement on
the bicycle trunk.

3. The battery capacity turned out to be exces-
sive for a motor-wheel with a power of 350 W
and for a cyclist weighing 70 kg. The battery was
discharged to 10...15% of the remaining capac-
ity only after 2—3 long trips.

It is clear that the reason for the deviation of
the parameters of the “sick” assembly is the deg-
radation of one or more elements of this assem-
bly. The equalizing charge of the assembly is not a
panacea, since the distribution of the charge cur-
rent between the parallel elements is predicted to
be uneven. That is why the processes of under-
charge and overcharge of elements in the assem-
bly remained and caused their rapid degradation.
In the design of the battery under consideration,
there was a possibility of separating individual

\
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elements for diagnosis and recharging, but it was
used only a few times. A significant number of
operations to control the condition of the ele-
ments, the difficulty of replacing faulty elements,
the potential danger of creating a short circuit
during maintenance, and the huge labor cost of
manufacturing became decisive in recognizing
such a design as a failure.

Battery Ne 2. The goal of creating a new Li-
ion battery design was the desire to obtain an AB
with the possibility of rapid analysis to the level
of a single cell. This would make it possible to ap-
ply a combined charging cycle, which means a
preliminary charge of the entire battery assembly
to the level of 50%, quick disassembly of the bat-
tery and subsequent recharging of each element
in the charging station. This method of charging
was supposed to make it impossible to overcharge
the elements and provide the possibility of opera-
tional control of the parameters of each element
according to the indicators of the charging station.

This time we decided to design a battery for
15 A*h, 36 V. The battery consisted of 10 serially
connected assemblies of S elements each. Thus,
the AB consisted of 50 elements of the “18650”

type.

| & L

oo@

e @

Figure 3 — Second Li-ion battery for 15 A*h, 36 V assembled and top view

For individual charging of 50 cells on the AliEx-
press trading platform, they purchased 3 universal

charging devices (hereinafter ZP) “MIBOXER
C8” [3] (Fig. 4) for 8 cells each. Functionality:
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1. LCD screen, which displays the param-
eters of each element (charge level in percent-
age, voltage, charge current, charge time, inter-
nal resistance and capacity transferred to the
element).

2. The presence of a combined charge algo-
rithm (stage 1 — maintenance of the specified
charge current, stage 2 — stabilization of the volt-
age upon reaching the upper level on the ele-
ment).

3. Availability of 8 independent channels.

4. Automatic determination of the type of
batteries, disconnection of the slot in the event
of a short circuit, signaling of a malfunction of
the element and installation of the element in the
slot with reverse polarity.

5.Manual adjustment of the charge current of
a separate cell in the range of 0.1... 1.5 A, which
allows you to charge small capacity elements.

Figure 5. Charging station based on “MIBOXER C8” for 24 elements

Let’s go back to the battery. Design features
(Fig. 6):

1. Already known honeycomb holders are
used.

2. Copper strips and foiled fiberglass are used

as assembly bars.

6. Charging deeply discharged batteries with
ultra-low current followed by switching to a com-
bined cycle.

Figure 4. Charger (ZP) “MIBOXER C8”
Three ZPs were mounted on a box-type ply-

wood frame and received a rather compact charg-
ing station for 24 cells (Fig. 5) with the possibil-
ity of expansion to 32 cells. In the middle of the
frame, 220 V sockets and power supply units of
the ZP were placed.

3. We used elastic elements purchased on
AliExpress (steel springs on a steel holder),
which were soldered to the conductive bronze
layer of fiberglass.

4. The electric circuit of each element should
be formed as a result of contact with the material
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Section 3. Physics

of the bars of the upper and lower bases of the
cassette.

Already the first cycles of operation of the bat-
tery revealed a number of shortcomings.

1. Unstable capacity return.

2. The difficulty of assembling the battery,
namely, putting the upper base on the upper edg-

E; - =
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3. Unsatisfactory aesthetic appearance and
the presence of rather sharp protruding parts.

4. The need to remove the battery from the
bicycle every time.

If 2—4 defects could be explained and attrib-
uted to the pilotability of the design, then the
first one had signs of an engineering error.

An excessive number of contact connections
are used in the design of the current-carrying
parts of the battery. Each element was in contact
with the current-conducting parts of the bases,
which included: steel springs, rolled in steel,
nickel-plated holders, soldered to a bronze layer
of foiled fiberglass; copper plates with tin solders,
connected to each other with copper wires by the
soldering method, etc.

The second mistake was the use of cell hold-
ers. The spread of the honeycomb cell caused a
fairly tight insertion of the element. The holes in
the honeycomb holders of the upper base were

i,

Figure 6. Upper and lower bases of the AB cassette

es of the 50 elements installed in the lower base.
They had to get into their cells at the same time.
Pulling the upper and lower bases through the

threaded pins required their compression with a
force of at least 20 kg, which had to be done on
the floor, “riding” the battery.

drilled to a larger size and conical shape for self-
centering of all elements and to achieve accept-
able values of the compressive force of the bases
(according to the criterion of their rigidity) and
reliability of contact at the poles of the elements.
However, it was not possible to achieve satisfac-
tory results in improving the reliability of the
electrical contact, especially in the lower base of
the cassette. Too much variation in the values of
transient resistances in the circuits of individual
elements and, even, the complete “non-connec-
tion” of an element affected the participation of
each element in feeding the load and led to the
constant failure of the elements due to current
overloads in the discharge cycle.

Another problem arose later. After each trip,
all elements were charged. However, after stor-
ing them for several days and re-installing them
in chargers, a tendency to increase the number
of cells with a high level of self-discharge was re-
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corded. Inspection of such elements revealed a
change in the color of the film insulation around
the positive pole (Fig. 7). The dissection of the
film insulation in the places of color change indi-
cated the depressurization of the elements, the re-
lease of electrolyte along the rolling, which caused
a short circuit between the poles of the elements.

Cleaning and restoration of insulation gaps
made it possible to “bring back to life” most of
the damaged elements (those that could con-
tinue to be used as part of the traction battery
based on the value of the residual capacity). The
elements that were connected to the assemblies
through small transition resistances ended up in
the mode of long-term current overload. This
caused them to overheat, increase internal pres-
sure and leak electrolyte or fail completely.

Figure 7. An element with a high level of self-

discharge through a layer of dried electrolyte

Having analyzed the main problems of the
second AB prototype:

« low reliability and lack of protection
against ingress of moisture;

« danger of short-circuit of the entire as-
sembly of elements due to leakage of elec-
trolyte from at least one element to the
lower base of the cassette, which threatens
to catch fire;

« time-consuming process of filling the bat-
tery with elements, etc.

Thus, after analyzing the shortcomings of
the first Li-ion battery prototype, they conclud-
ed that it was hopeless. The production of the
second Li-ion battery, taking into account the
shortcomings of the previous prototype, and its
operation did not meet the expectations of the
authors. And also pointed out its futility, that is,
they came to a conclusion about the futility of
further modernization of such a structure. There-
fore, we came to the conclusion about the need
to create our own Li-ion battery design, which
will be the goal of further research.
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RESEARCH ON ELECTROPHYSICAL PROPERTIES IN KMnO -
DOPED “KOMOLOT-79” GRADE OF COTTON FIBERS

Abstract. The main purposes of the research were the studying of the dependence of the current
strength on voltage and temperature, the effect of doping time on the conductivity and photoconduc-
tivity of models of mature doped cotton fibers (CF) “Komolot-79” doped with KMnO,. The study
was performed in the temperature (298 to 360 K) and voltage range (0 to 100 V). It was observed
that the CF model doped with KMnO, was significantly higher than the non- doped model. It was
found that the current flowing from a CF model doped with KMnO, follows the Ohm’s law. It was
also analyzed that the development of photoconductivity under the influence of ultraviolet radiation
of a model of CF doped with KMnO, indicates that the photoconductivity is mainly associated with
the development of a network electron-hole pair. The obtained results revealed the activation energy
of the deep layer formed by doping CF with KMnO,.

Keywords: Mercerization, cotton fibers, electrical conductivity, photoconductivity, I-V charac-

teristics, diffusion.
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RESEARCH ON ELECTROPHYSICAL PROPERTIES IN KMn04-DOPED “KOMOLOT-79" GRADE OF COTTON FIBERS

Introduction. Electrical conductivity in poly-
mers has been extensively studied over the past
two decades to understand the nature of charge
transport in these materials [1-2]. In the recent
days, the physical properties of natural fibers have
been researching. The reason for this is the discov-
ery of the semiconducting properties of CF [3-5].

It was found that the physical properties of CF
are mainly determined by the surface of layer — the
cuticle. In diverse varieties of CF, the cuticle has
different physical properties. Therefore, expand-
ing a grade of researches allows us to reveal the
general rules of the electrophysical properties of
fibers and reveal the mechanisms of electronic
processes occurring in the fibers, as well as to de-
velop discrete elements of electronic equipment.

The physical properties of different types of CF
have been researched [4—6]. However, the electro-
physical properties of “Komolot-79” grade of CF
have not been researched. This article describes
some results of a study of the electrophysical prop-
erties of the “Komolot-79” grade of CF doped
with KMnO,. The mechanism of conduction is
mainly defined by the mobility and concentration
of the charge carriers. The doping processis a vital
factor in controlling of the permeability of poly-
mers [ 7; 8]. Depending on the chemical structure
and the way that it reacts with the macromolecular
matrix, the additives diminish the resistance of the
polymers to variable levels [9].

As we know that the photoconductivity of
KMnO,-doped “Komolot-79” grade of cotton
fibers has not been informed in the literature.
This article shows the electrophysical results of
pure and KMnO,-doped “Komolot-79” grade of
cotton fibers treated with hydroxide solution.

Experimental Part. Initially, the fibers were
separated from the ripened cotton of seeds in par-
allel. The approximate number of parallel fibers

is 4000—-6000 and the length is 6 mm. Initially,
the fibers were separated from the ripened cot-
ton of seeds in parallel. The approximate number
of parallel fibers is 4000-6000 and the length is
6 mm. The CF passes a cleaning and stabilizing
stage before starting the doping process. The CF
is washed in distilled water at 80 °C for 20 min.
After washing, the CF was kept in a bath with
20% of NaOH aqueous solution at 18 °C for
2 min. After removal of the CF from the bath, the
excess of NaOH that does not form a chemical
bond is completely washed oft with water and the
models are dried under standard conditions [10].
This process increases stability of CF and input
of permeability. The CF increases diffusion efh-
ciency with these two impacts. The mercerized CF
was placed in a bath containing a 1.5% aqueous
solution of KMnO, within 20 min. After the mod-
els were taken out of the bath, they were doped at
75 °C within 1,2, 7 hours.

Ohmic contacts were created by a superposition
of graphite powder with liquid glass. The resistivity
of ohmic contacts is 100-200 £ esm. The length of
modelis 6 mm. Experiments show that an increase
in the diffusion time from 1 hour to 7 hours, the
current flowing through the model at U = 100 V
increases from 8 nA to 75 nA (Fig. 1). This is ap-
parently due to the interaction of KMnO, with the
surface layer —the cuticle, the thickness of which is
= 1 ym with the nominal diameter of the CF equal
to 15 pm. Extremely small currents were obtained
in pure CFE. The current never exceeded 10 A up
to a voltage of 100 V. The I-V characteristics of the
model was measured at low current levels (in nano-
amperes) using a DMM 6500 electrometer under
dark and ultraviolet light (at 254 nm). The measure-
ments were completed in the model between the
ohmic contacts at a temperature of 298 to 360 K
and a voltage in the range of 0 to 100 V.
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Section 3. Physics

Results and Discussion. It was studied that
the voltage of dependence of the current strength
(in the dark and under light at 254 nm) and the
effect of doping time on the conductivity of pure
and KMnO, doped models of mature named
“Komolot-79” cotton fibers. We can see that the
value of the current is very small when we apply
voltage to an undoped model (Fig 1-1). It was
observed that the diffusion process increased the
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permeability of the model (Fig. 1). I-V charac-
teristics are linear in the forward and reverse di-
rections. In the (Fig. 1) shows that the typical
I-V characteristics of the undoped (straight line
1) and doped KMnO, at different diffusion times
(straight lines 2-4) CF. As can be seen from the
graph below; it was observed that the permeabil-
ity of the model was increased by growing the
diffusion time by 1, 2, and 7 hours.
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Figure 1. I-V characteristics of undoped (pure) (1) and KMnO,-doped “Komolot-79”
grade of CF (2,3 and 4), at different diffusion times, hour: 2-1.0; 3-2.0; 4-7.0
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Figure 2. I-V of KMnO,-doped “Komolot-79” grade of CF at t =75 °C for 7 hour.
Direct 1 — darkness, 2 — under illumination with light with hv=5.0 eV

I-V characteristics were measured in the
dark and under ultraviolet radiation in the

normal condition. An OBN-60 (hv = 5.0 eV)
lamp was used as source of the light. In the fig.
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3 we can see that in the dark (1) and under
ultraviolet light (2) the 1-V feature is linear.
When we increased the voltage from 0 to 100V,
it was observed that the result obtained un-

60 -

lg(1) (A)

der ultraviolet light varied by 30 nA from the
result obtained in the dark. Under ultraviolet
light (254 nm), the photocurrent (PC) rose to
98 nA at 100V.

2,8 3,0

3,2 3.4

1000/T (K)

Figure 4. Arrhenius plot, temperature dependence of electrical conductivity of “Komolot-79”
cotton fiber mercerized by NaOH and doped with KMnO, at t = 75 °C for 7 hour. U = 50V

This indicates that the photoconductivity is
mainly related to the development of the elec-
tron cavity pair. The improvement of photocon-
ductivity in CF can be explained by the doping
with KMnO, [7; 8].

Temperature current features KMnO,-
doped “Komolot-79” grade of CF studied the
temperature dependence of electrical conduc-
tivity to better understand the mechanism of
conduction.

In the Figure. 4, we can observe an increase in
current with increasing temperature at a voltage
of SOV given to the model. In this case, the tem-
perature coefhicient of electrical conductivity is
positive, and this is a feature of a semiconductor
material. This feature of CF has been observed
by other scientific groups [11]. It was found that
the activation energy of KMnO,-doped “Komo-

lot-79” grade of CF is 0.52 eV through the tem-
perature dependence of electrical conductivity
(law of Arrhenius).

Conclusion. In conclusion, it was studied
that the electrophysical properties of undoped
and KMnO4 doped CF. According to the analy-
sis of the experimental results, the doping of
“Komolot-79” CF mercerized with NaOH with
KMnO, increased the permeability by several
10 times and the doping time depends on the
permeability. A sharp increase in the conductiv-
ity of CF doped with KMnO, is associated with
a growth in the concentration of charge carriers
in CF. The insertion molecules settle into the lat-
tice defects of the polymer and form a deep layer
in the restricted zone, resulting in the formation
of free charge carriers even at room temperature
and providing permeability. The permeability of
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mechanism of undoped CF is mainly explained
by the Poole-Frenkel permeability of mecha-
nism. As well as, the formation of photoconduc-
tivity under the influence of ultraviolet radiation
indicates that the photoconductivity is mainly
associated with the formation of a network elec-
tron-cavity pair and is explained by the order of
charge transfer between KMnO, molecules and

polymer networks possible. Accordingly, the
results showed that the activation energy of the
deep layer formed by doping CF with KMnO,
was determined. Nowadays, the study of electro-
physical properties of natural fibers is not only
to create a new type of semiconducted sensi-
tive sensors, it is also important to create “smart
clothing actuators”

References:

1. Giines S., Neugebauer H., Sariciftci N. S. Conjugated Polymer-Based Organic Solar Cells. Chemi-

cal Reviews —107.2007.- 1324 p.

2. Abd El-kader F.H., Osman W.H., Ragab H.S., Shehap A. M., Rizk M. S., Basha MAF ] Polym

Mater —21.2004.- 49 p.

3. Zakirov A.S., Yuldashev Sh.U,, Wang H. ], Lee J. C., Kang T.W,, Mamadalimov A. T. Study on
electrical transport and photoconductivity in iodine-doped cellulose fibers. ] Mater Sci — 46.

2011.- P. 896-901.

4. Xabubyanaes I1. K., Mamapaaumos A. T., Illepmaro M. Hexoropsie mpo6aeMbl MOAUPUKALIUH
pusndecknx cBONCTB XAONKOBBIX BOAOKOH. YPOK.— T. 1.— N2 6. 1999.- C. 465-479.

5. Oksegendler B. L., Mamadalimov A. T., Otazhjnov Sh. O., Turaev B.E., Usmanov T. A., Khaki-
mova N. K. and Kadirov Zh. A. Features of the Photoconductivity of Iodine-Doped Cotton Fibers
[lluminated in the Fundamental Absorption Range. Technical Physics Letters,— Vol. 28. — N 7.

2002.-P. 581-583.

6. Typaesb.D., MamadalimovA.T., Typrynos T.T., Ycmanos T.A. MccaepoBaHIe BAUSHUS

06pabOTKH MOBEPXHOCTHU XAOIIKOBBIX BOAOKOH Ha UX dAeKTpUdYecKue cBoicTBa. Aokaaasr AH

PY3.— Ne 3.2004.- C. 48-52.

7. MacDiarmid A. G.,, Mammone R.]., Kaner R.B., Porter S.]. The Concept of Doping of Conduct-
ing Polymers: The Role of Reduction Potentials [and Discussion]. Phil. Trans. R. Soc. Lond. A

-314,1985.-P. 3-15.
8. Aleshin A.N. Adv Mater - 18.2006.- 17 p.

9. Kholmuminov A. A., Matyakubov B. M. Anisotropic properties of nanofiber porous materials of fi-
broin silk and cotton cellulose // Modern Physics Letters B,— Vol. 35.— No. 02. 2021.- 2150276 p.

(Scopus, Cite Score 1.70, IF = 1.224).

10. Francis J Kolpak Mark Weih John Blackwell. 1978. Mercerization of cellulose: Determination of
the structure of Mercerized cotton. Polymer — Vol. 19. — Issue 2. February,— P. 123-131. URL:
https://doi.org/10.1016/0032-3861(78)90027-7.

11. Abou-Sekkina M.N., Saafan A. A., Sarkan M. A., Ewaida M. A. Effects of tempering time and tem-
pering temperature of caustic mercerization on the spectral and electrical properties of Egyptian

cotton fibres ] Therm Anal - 31. 1986.- 791 p.

34


https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Serap++G%C3%BCnes
https://www.researchgate.net/scientific-contributions/Robert-J-Mammone-80203571
https://www.sciencedirect.com/journal/polymer

PROCESSING OF PHOSPHORITES CENTRAL KYZYLKUM

Section 4. Chemistry

https://doi.org/10.29013/EJTNS-23-2-35-40

Mamadjonova Rashida,

Star. Lecturer at the Department of Chemistry

and Chemical Technology Fergana Polytechnic Institute,

Republic of Uzbekistan, Fergana
Khamrakulov Zokhidbek,

Vice-Rector for Research and Innovation Fergana Polytechnic Institute

Dehkanov Zulfikaxar,

Doctor of Sciences, prof. the Faculty of Chemistry,

Namangan engineer-technology institute
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Abstract. It was carried out on the basis of the nitric acid method of decomposition of phospho-

rites of the Central Kyzylkum. Nitrocalcium slurry is divided into liquid and solid phases, the stages

of neutralization of the liquid phase by organic substances are studied. The optimal conditions for

the technological process were found: chemical processing of high-carbon phosphate raw materials,

neutralization of liquid fertilizers and processing into nitrogen-phosphorus-potassium fertilizers.

Keywords: phosphate rock, nitric acid, liquid phase, nitrogen-phosphorus-potassium fertilizers,

organic solvent.

Introduction

In the world, the most important factors
determining the role of agriculture in the coun-
try’s economy include the quantity and quality
of food consumed by the population. The main
prospect for the development of agricultural
production is associated with an increase in
crop yields through the introduction of the latest
technologies for tillage, and, of course, the inte-
grated use of mineral fertilizers and plant protec-
tion products. In conditions of acute shortage of
water resources, liquid and suspended complex

fertilizers with stimulating activity can eftec-
tively prove themselves, which can dramatically
increase the yield of crops, when dripped as a
foliar or root top dressing, where they are easily
absorbed by plants.

For the production of phosphate fertilizers, an
important problem is the provision of high-quali-
ty phosphate raw materials. Currently, for the pro-
duction of phosphorus-containing fertilizers, the
main raw material is granular phosphorites of the
Central Kyzylkum. The average sample of phos-

phorites of the Jerooy-Sardara deposit contains

35


https://doi.org/10.29013/EJTNS-23-2-35-40 

Section 4. Chemistry

(wt.%): 162 P,0,; 46.2 CaO; CaO: P,O_ =
= 2.85;17.7 CO_; 0.6 MgO; 2.9 (Fe,0,+AL 0,),
1.5 (K,0+Na,0); 2.65 SO ; 1.94F; 0.1Cl; 7.8
insoluble residue. These phosphorites “suffer”
from alow content of phosphorus (16.2% P,O,,
and should be at least 24.5%), the presence of
carbonates (17.7% CO,, and should be no more
than 8%), chlorine (0.1%, and the allowable stan-
dard is 0.04%) and an increased content of the
calcium module (CaO: P,0_-2.85, and the rec-
ommended one is 1.6), which are unacceptable
for sulfuric acid extraction. A high calcium index
causes a large overrun of the acid reagent during
the decomposition of raw materials.

To obtain high-quality phosphorus-contain-
ing fertilizers from the Kyzylkum phosphate
raw material, it must be enriched. Therefore,
the Kyzylkum Phosphorite Plant carried out
the enrichment of this raw material, consisting
of the following stages: crushing, screening,
separation of the mineralized mass, washing
from chlorine, drying to a moisture content of
6-7% and instant roasting to remove CO, [1-
3]. Since 2020, KFK has been annually produc-
ing three types of phosphate raw materials: 400
thousand tons of washed calcined phosphorus
concentrate, 200 thousand tons of washed dried
concentrate and 200 thousand tons of phos-
phate rock.

Of these, only washed calcined phosphorus
concentrate is the only feedstock suitable for the

production of ammophos (10% N, 46% P,O.).
WDC is sent to Kokand for the production of
simple ammoniated superphosphate (1.5% N,
12.5% P,0,), and nitrocalcium phosphate fertil-
izer (10% N, 16% P,0O,) is obtained from phos-
phate rock in Samarkand.

Objects and Methods of Research

For the development of a technology for ob-
taining a liquid complex fertilizer, information
on the chemical and physico-mechanical prop-
erties of phosphorites of the Central Kyzylkum
is important. Since the raw materials used, sub-
jected to nitric acid decomposition, are powdery,
their physical and mechanical properties change
significantly with increasing moisture content
and density. This circumstance causes a num-
ber of difficulties in the design and operation of
delivery systems inside the factory transport, si-
los, dosing units. These indicators include bulk
density, angle of repose, fluidity, disperse com-
position, hygroscopicity and moisture capacity.
These indicators were determined by the meth-
ods described in the methods [4-11].

Three types of phosphate raw materials
were chosen as the object of study: ordinary
unenriched phosphate rock (UPR), washed
dried concentrate (WDC) and washed cal-
cined phosphate concentrate (WCPC) from
phosphorites of the Central Committee. Their
chemical and dispersed composition are given
in (Table 1 and 2).

Table 1.— Chemical composition of samples of Kyzylkum phosphorites

Types ofpho?phate Content of components. wt.% CaO:P O
raw materials P O_| CaO |ALO |Fe O |MgO| F | CO, | SO, | mo. 203
UPR 18.70 | 47.52| 095 | 0.73 | 1.79 | 2.0 |17.23| 3.27 | 5.27 2.54
WDC 25.62 5217 | 1.1§ | 0.63 | 1.20 | 2.27 | 2.10 | 1.34 | 6.78 2.04
WCPC 26.08 |51.47| 1.02 | 0.31 | 0.89 | 3.41 | 995 | 1.59 | 2.49 1.92
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Table 2.- Disperse composition of the feedstock

UPR WDC WCPC
Particle size, mm Exit,% Particle size, mm Exit,% Particle size, mm Exit,%
+1 1.4 +2.0 0.6 +1 1.4
+0.5 2.9 +1.0 0.6 +0.63 1.9
+0.315 10.1 +0.5 2.5 +0.4 2.4
+0.25 S.1 +0.315 3.4 +0.315 7.0
+0.16 16.1 +0.20 12.2 +0.2 8.3
+0.10 12.2 +0.16 13.2 +0.16 41.1
+0.065 13.9 +0.10 25.7 +0.1 26.6
+0.05 21.6 +0.05 36.0 +0.05 8.5
-0.05 16.7 -0.05 5.8 -0.05 2.8
Initial mass 100 Initial mass 100 Initial mass 100
Table 3.- Physical and mechanical properties of Kyzylkum phosphorites
) ) Indicators
Properties of phosphate raw materials UPR WDC WCPC
Initial humidity, % 1.23 0.27 0.92
Free bulk density, ¢/cm? 0.89 1.21 1.23
Density with seal, ¢/cm?® 1.37 1.52 1.56
Slope angle, deg. °37 18’ °39 28’ °28 32’
Dissipation, sec. Evenly. without any difficulty
Hygroscopic point, % 58 SL.S 59.2
Moisture capacity, % 7.6 4.9 6.2
pH 10% suspension 8.67 11.92 7.07
""" o Ie-:l ' ' A
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Figure 1. X-ray of unenriched phosphate rock
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In (table 3) shows the physical and mechani-
cal properties of raw materials. As can be seen
from the table, all indicators of the initial phos-
phorites are quite consistent for their processing
into qualified phosphorus-containing fertilizers.

The hygroscopic point of WDC turned out
to be equal to 51.5% and this value is explained
by the presence of a hygroscopic substance,
CaO, in its composition. X-ray patterns of phos-
phate raw materials are shown in (Fig. 1-2).

542
268

Figure 2. X-ray of the washed dried concentrate

Interplanar distances 3.43; 3.16; 2.79; 2.71;
1.936; 1.877; 1.837 and 1.780A belong to fluoro-
carbonate apatite, and 3.03; 2.29; 1.908A calcite,
3.32A belongs to quartz.

Results and its discussion

During the decarbonization of phosphate
raw materials, along with carbonates, the phos-
phate mineral also dissolves with the formation
of water-soluble monocalcium phosphate and
phosphoric acid according to the reactions:

CaCO, + 2HNO,—Ca(NO,), + CO, T +H,0
CaF(PO,),+8HNO,—Ca(H,PO,),+H PO, +
+4Ca(NO,), +HE T

Before neutralizing the forming nitric acid
phosphate extract by centrifugation, the insolu-
ble residue was removed. Then the clarified acid
mixture was neutralized with monoethanol-
amine, diethanolamine and triethanolamine to
pH =3.2.In the process of ammonization, the in-
teraction between monocalcium phosphate, cal-
cium nitrate and monoethanolamine occurs with
the formation of a liquid nitrogen-phosphorus-
calcium suspension according to the reaction:
Ca(H,PO,), + Ca(NO,), + HO(CH,) NH, —

—HO(CH)NHHPO+ (1)
+CaHPO, +Ca(NO3)2
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H PO, + HO(CH,),NH, =
=HO(CH,),NH_H PO, (2)

Ca(H2P04)2 + Ca(NO3)2 +
+ (HOCHZCHZ)ZNH - (3)
- (HOCHZCHZ)ZNHZHZPO R
+ CaHPO, + Ca(NO3)2

Ca(H,PO,), + Ca(NO,), +
+ (HO-CH,CH, );N —
~» (HOCH,CH,) NHPO +CaHPO, + (¥
+Ca(NO,),

The result is a suspension of dicalcium phos-
phate, calcium nitrate and monoethanolamine
phosphate. Further, the neutralization products
were mixed with ammonium nitrate, ammophos,
urea and potassium chloride at various mass ra-
tios in order to obtain liquid calcium-containing
NP- and NPK-fertilizers of grades 1:1:0.5; 2:1:0.5;
3:1:0.5 and 1:1:1; 2:1:1; 3:1:1 respectively.

After that, the suspension was mixed with am-
mophos pulp at a ratio of FCF: Ammophos = 4:
1, which served as a basic solution, then ammo-

nium nitrate and potassium chloride were added
here in order to obtain balanced liquid NPCa-
and NPKCa-fertilizers with a given ratio of N:
P,O,and N: P,O_: K O. Then into balanced lig-
uid NPCa- and NPKCa-fertilizers in the amount
of 1-1.5% of the total mass. The results of the
chemical analysis of finished products are sum-
marized in (Table 4).

It can be seen from it that with the same con-
tent of ammophos and potassium chloride, an
increase in the proportion of ammonium nitrate
leads to an increase in the amount of nitrogen
from 8.77 to 15.11% and from 6.74 to 13.15%,
respectively, for NP and NPK grade HUS. At the
same time, the content of phosphorus and potas-
sium is reduced to 6.82-4.77%; 9.09-5.11% and
6.12-4.41, respectively, for the indicated types of
housing and communal services.

The composition of these fertilizers contains
an element digestible by plants — calcium in the
range of 3.12-5.12 and 6.52-10.63%.

Table 4.— Composition of experimental batches of suspended
NPCa- and NPKCa-fertilizers on a model laboratory unit

Brand type N | PO. | CaO | KO | MgO | HO
N:P O With the ratio of IKF: Ammophos=4:1
1:1 8.77 9.09 S5.12 - 0.08 43
2:1 11.71 6.27 4.63 — 0.03 43
3:1 15.11 S.11 3.12 - 0.03 43
1:0.7 12.84 9.21 5.07 — 0.07 43
N:P O:KO With the ratio of IKF: Ammophos=4:1
1:1:1 6.74 6.82 10.63 6.12 0.20 40.20
2:1:1 10.17 5.90 8.35 5.14 0.10 41.37
3:1:1 13.15 4.77 6.91 4.41 0.05 42.14
1:0.7:0.5 13.03 10.69 6.52 5.62 0.18 40.26
Conclusion phos, and potassium chloride has been shown.

Thus, the possibility of producing NPCa and
NPCa fertilizers based on nitric acid processing
of MSEC in the presence of monoethanolamine
with the addition of ammonium nitrate, ammo-

It can be concluded that they can be recom-
mended as HCS for use during foliar processing
of cotton and grain crops.
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INHIBITOR PROTECTION BY PIPELINE IN OIL WELLS

Abstract: The oil industry is the largest consumer of corrosion inhibitors. It uses vast quanti-

ties of these materials in production and ends with the use of petroleum products by the consumer.

Corrosion inhibitors are widely used due to the corrosive nature of liquids, most commonly water

and gases. In the application of corrosion inhibitors in the petroleum industry, a number of specific

corrosion problems can be identified. Many of them arise during oil production.

Keywords: inhibitors, corrosion, oil-gas wells, protection, water-oil factor, electrochemical

destruction.

The literature on the use of corrosion inhibi-
tors in oil production is extensive, but the advent
of high molecular organic corrosion inhibitors
has revolutionized the oil industry. It turned out
that wells abandoned after the short-term opera-
tion due to pumping equipment failure now made
sense to use until the water-oil factor in the fluid
being pumped made them uneconomical [1].

The widespread use of organic inhibitors has
had a noticeable impact on overall oil production
and the industry.

Neutral wells include: flowing oil wells,
pumping oil gas wells, and gas condensate wells.
For neutral spouting wells, possible types of cor-
rosion are electrochemical and galvanic corro-
sion, stress corrosion, electrolytic corrosion, and
erosion corrosion.

In the case of pumping wells, oxygen corro-
sionis also added. Consider the factors that cause
corrosion in each case.

Electrochemical corrosion depends on the
composition of liquid and gas. First, it concerns
water composition as an oil-water system’s most
corrosive active phase.

The amount of water, its composition, the
nature and amount of dissolved gases, pressure,
and temperature all change and have a decisive
influence on the intensity of corrosion.

The water that comes with the oil is a salt
brine with 1-10% NaCl content. It may also con-
tain calcium, magnesium, barium, sulfates, and
other water components. The pH of this brine is
affected by the presence of acetic acid, carbon di-
oxide, and dissolved gases, and the brine is usual-
ly slightly acidic. Because of pressure differences
in the wells, gases are released from the brine, so
its pH at the wellhead is higher than at the bot-
tom. Measuring the pH at the wellhead does not
indicate the degree of corrosion at depth. Initial-
ly, there is little water in the well and corrosion
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is negligible. The water content increases as the
well is operated, and the system becomes more
corrosive. Carbon dioxide is the leading cause of
corrosion in neutral wells [2; 3].

The presence of carbon dioxide accelerates
the formation of complex parts of scale and deep
holes with sharp edges.

Aliphatic acids such as formic and acetic
acids may be present in the solution. Although
these acids are relatively aggressive, they have
little effect on corrosion because of their low
concentrations compared to the attention of
carbon dioxide and salts in the brine. At low
carbon dioxide pressures, wells are highly cor-
rosive due to high concentrations of fatty acids
(converted to acetic acid) [4].

The temperature of the fluid in the well var-
ies widely and depends on the depth of the well.
Fluctuations from ambient temperature up to
120 °C are considered normal for all wells. The
temperature significantly affects corrosion be-
cause the dissolution rate increases significantly
with temperature. Another factor is the wetting
ability of the oil. The degree to which metal is
wetted by water varies, and the protective film
of oil is destroyed at some critical value for each
well of the water-oil factor.

These considerations mainly refer to electro-
chemical destruction because it is the leading
cause of corrosion and is characteristic of all types
of wells. Galvanic and stress corrosion is related to
the nature of the metals being destroyed. Galvanic
corrosion in a borehole does not only occur when
two dissimilar metals are present. It can be caused
by cracks in the rolling scale and the relationship
between the corrosion products and the metal.

Electrolytic corrosion occurs under the influence
of external superimposed current and manifests in
the external destruction of casing and flowlines.

They are subject to the same type of corro-
sion damage as fountain corrosion. In addition,
oxygen corrosion can also occur in them.

When operating with open interstitial space
and a low fluid level, oxygen enters the well and
causes corrosion that is difficult to protect against
with conventional inhibitors.

Gas-operated wells are more susceptible to
corrosion than pumped wells due to high tem-
peratures and low and low pH values at the bot-
tom of the well. The presence of water exacer-
bates corrosion. The design of gas pressure wells
makes it challenging to use inhibitors below the
interstitial space and gas valves. In gas-conden-
sate wells, the volume of workovers and tank fail-
ures is increasing. The danger posed to operat-
ing personnel exacerbates the importance of the
problem. A gas-condensate well releases conden-
sate from saturated steam when the temperature
and pressure drop. Corrosion in gas-condensate
wells occurs as deep pitting caused by acidic gases
dissolved in water droplets condensing on pipe
changes. Below, the condensation zones of pipes
can be untouched by corrosion because there is
no water phase. In addition to electrochemical
corrosion, ring corrosion, and erosion-corrosion
occur in gas condensate wells [5].

Ring corrosion occurs below and above the
dislocated pipe ends and appears as a ring inside
the pipe. The erosion process occurs mainly near
the restrictor, where flow rates and turbulence
are higher than usual. Carbon dioxide is the lead-
ing corrosive agent.

Oil wells are referred to as acid wells. Corrosion
in wells that emit hydrogen sulfide is a severe prob-
lem — even a tiny corrosion rate increases as the life
of the sound increases. Often through-corrosion
and the buildup of corrosion products in the pump
will require replacement. Depending on what, the
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well produces oil or gas, then sour wells oil or gas,
then sour wells are divided into oil and gas wells.

The following processes can occur in oil wells:
electrochemical corrosion; sulfide stress corrosion
cracking; erosion corrosion; hydrogen embrittle-
ment and bubble formation; microbiological cor-
rosion; condensation in the inter pipe space; gal-
vanic corrosion; electrolytic corrosion [6].

Inhibitor protection is the most effective and
technologically simple technology of pipeline
integrity assurance that supplements activities
on reconstruction and replacement of pipelines.

Inhibitors are easy to use with existing water
injection technology.

Currently, most oil and gas fields are at the
late stage of development when the production
rate is decreasing, and the water cut is increasing
dramatically.

Such fields are characterized by significant
complications in oil production, collection, and
treatment associated with the formation of per-
sistent oil emulsions, inorganic salts, mechanical
impurities, and corrosive destruction of equip-
ment and oil pipelines. Increasing the corrosive
activity of water produced together with oil is a
serious problem at this stage. This is where in-
hibitor protection technology is needed.

Implementing inhibition programs requires
several times less money than replacing pipelines.

Corrosion inhibitors are molecules of organic
matter that attach to the surface of a steel pipe.

Corrosion inhibitors are designed to reduce
the aggressiveness of gas and electrolytic media
and prevent active contact between the metal
surface and the environment.

This is achieved by introducing an inhibitor
into the corrosive environment, resulting in the
solvation activity of its ions, atoms, and mole-
cules decreasing sharply. In addition, their ability

to assimilate electrons leaving the surface of the
metal during its polarization also decreases.

A mono- or polyatomic adsorption film is
formed on the metal, which significantly limits
the contact area of the surface with the corro-
sive medium and serves as a reliable barrier that
prevents the course of self-dissolution processes.

The inhibitor must have good solubility in the
corrosive medium and high adsorption capacity
both on the juvenile metal surface and on the
films of different natures formed on it.

Adding an inhibitor at the inlet to the pipeline
makes it possible to protect it along the entire
length over a distance of up to several 100 km.

According to the mechanism of action, inhibi-
tors are divided into adsorption and passivation
inhibitors. Passivation inhibitors cause the forma-
tion of a protective film on the metal surface and
promote the transition of metal to the passive state.

Passivators are most widely used to combat
corrosion in neutral or close-to-neutral environ-
ments, where corrosion occurs primarily with
oxygen depolarization.

The mechanism of action of such inhibitors
varies and is determined mainly by their chemi-
cal composition and structure.

Several types of passivation inhibitors exist, for
example, inorganic substances with oxidizing prop-
erties (nitrites, molybdates, chromates). The latter
is capable of creating protective oxide films on the
surface of the corroding metal [7]. In this case, as a
rule, there is a potential shift towards positive values
to the value corresponding to the release of oxygen
from water molecules or hydroxyl ions.

The formed oxygen atoms are chemisorbed
on the metal, which blocks the most active cen-
ters of the metal surface and creates an additional
potential jump that slows the dissolution of the
metal.
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The chemisorption layer that emerges is simi-
lar in composition to the surface oxide. A large
group consists of passivation that forms insoluble
compounds with ions of corroding metal.

The salt residue, formed in this case, if it is
dense enough and well adheres to the metal sur-
face, protects it from contact with the corrosive
medium. Such inhibitors include polyphos-
phates, silicates, and carbonates of alkali metals.

A separate group is composed of organic
compounds, which are not oxidizing agents but
contribute to the adsorption of dissolved oxygen,
which leads to passivation.

These include sodium benzoate and sodium
salt of cinnamic acid for neutral media.

In water, the inhibiting effect of benzoate on
iron corrosion is not observed. Particles of adsorp-
tion inhibitors (depending on the structure of the
inhibitor and the composition of the medium, they
may be in the form of cations, anions, and neutral
molecules), interacting electrostatically or chemi-
cally with the metal surface (physical adsorption or
chemisorption, respectively) are fixed on it, which
leads to inhibition of the corrosion process [8].

Consequently, the effectiveness of the inhibit-
ing action of most organic compounds is deter-
mined by their adsorption capacity in contact with
the metal surface. As a rule, this ability is large
enough due to the presence of atoms or functional
groups in the molecules, providing active adsorp-
tion interaction of the inhibitor with the metal.

Such active groups can be nitrogen, sulfur, ox-
ygen, and phosphorus groups that are adsorbed
on the metal due to donor-acceptor and hydro-
gen bonds. The most widespread are inhibitors
based on nitrogen-containing compounds.

The protective effect shows aliphatic amines
and their salts, amino alcohols, amino acids, azo-
methines, anilines, hydrazides, imides, acryloni-

triles, imines, nitrogen-containing S-membered
(benzimidazoles, imidazolines, benzotriazoles,
etc.) and 6-membered (pyridines, quinolines,
piperidines, etc.) heterocycles.

Compounds containing sulfur atoms in the
molecule are of great interest. These include thi-
ols, polysulfides, thiosemicarbazides, sulfides,
sulfoxides, sulfonates, benzamides, thiocarba-
mates, thioureas, the sulfonic acids, thiophenes,
sulfur-containing triazoles and tetrazoles, thiocy-
anates, mercaptans, sulfur-containing aldehydes,
keto sulfides, thioesters, etc.

Of the phosphorus-containing compounds,
thiophosphates, pyrophosphates, phosphorami-
des, phosphonic acids, phosphonates, dialkyl, and
diaryl phosphates are used as corrosion inhibitors.

Oxygen has the lowest protective properties
in the series of heteroatoms: oxygen, nitrogen,
sulfur, and selenium, but oxygen-containing
compounds can be used to create highly effec-
tive inhibitor compositions.

Pyranes, pyrene, dioxanes, phenols, cyclic
and linear esters, allyl alcohol esters, benzalde-
hydes and benzoic acids, alcohols, furans, diox-
olanes, acetals, etc., have found application.

Inrecent years in the development of corrosion
inhibitors, there has been a tendency to use raw
materials containing transition metals, complexes
based on them, and complex-forming compounds
that interact with transition metals present in the
electrolyte or on the protected surface [9].

It is proved that based on such compounds
and complexes, using catalyst production wastes
and spent catalysts as raw materials, it is pos-
sible to create highly effective environmentally
friendly inhibitors of corrosion of carbon steels
in aqueous media.

Compounds and complexes based on or-
ganopolymolybdates, aromatic and aliphatic

a4



INHIBITOR PROTECTION BY PIPELINE IN OIL WELLS

amines, hydrazides of some organic acids, and
triazoles, including Zn, Ni, Al, Co, and their salts,
are among the most studied ones.
Chemisorption of complexes on a steel sur-
face occurs due to the interaction of the complex
anion, which is formed during the dissociation
of the complex in aqueous media, with the elec-
trons of unfinished d-orbitals of iron.
Unfortunately, the reagents used do not al-
ways provide a sufficiently high protective effect.
This may be due to the solubility (dispersibil-
ity) of inhibitor in formation fluids, the low degree
of its compatibility with formation waters, and im-
proper selection of reagent for specific conditions.

Usually, in practice, this problem is solved by
increasing the reagent dosage, which only some-
times gives the desired effect.

Consequently, it is necessary to create new in-
hibitor compositions which could provide a high
protective effect in a wide range of application
conditions or to improve the quality of existing
compositions.

Thus, to solve the complex problems associ-
ated with the corrosion destruction of equip-
ment and pipelines, it is necessary to create new
inhibitor compositions or use physical methods
of exposure to corrosive environments, or com-
bined chemical and physical processes.
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EFFICIENCY OF THE EVACUATED FRACTAL SOLAR COLLECTOR

Abstract. The paper proposes a new type of solar collector and the principle of its operation.
The calculation algorithm of the efficiency of the proposed vacuum fractal solar collector (EFSC)
is shown. Estimates of the dimension of the fractal structure of toroidal absorbers are given. It is
noted that the frontal arrangement of toroidal absorbers, at a given fractal dimension, on a parabolic
concentrator increases the efficiency of using solar energy in collectors generating thermal energy.

Keywords: solar fractal collector, absorber made of polymer torpedo tubes, tests in non-stationary
mode, absorber area, aperture area.
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KO9®DULMEHT NOJIEBHOINO AENCTBUA BAKYYMUPOBAHHOIO
DPAKTAJIbBHOIO COJIHEHHOIO KOJIJIEKTOPA

Annoranms. B paboTe mpesaaraeTcss HOBBII TUII COAHEYHOTO KOAAEKTOPA H IIPUHIUIL €70 pado-

b1. [l0Ka3aH pacdyeTHsIt aAropuT™ KoadPuimenta noaesnoro Aenctsus(KITA) npearoxeHHOTro

BaKyyMHOTO QpaKTaAbHOro coaHedHoro koarekropa(BOCK). IlpuseaeHa, oeHKH pa3MepHOCTH

ppaKTaAbHON PACIIOAOXKEHHBIX TOPOUAHBIX abcopbepoB. OTMedaeTcs, YTO PppaKkTaAbHOE PACIIOAO-

JKeHHe TOPOUAHBIX abcopbepoB, Ipu 3apaHHOM PPAKTAABPHON Pa3MEPHOCTH, Ha MAPabOAHIECKOM

KOHLIEHTpPATOpPE ITOBbIIIAET 3(1)(1)6KTI/IBHOCTI) HUCIIOAB30BAaHUS COAHEUHOM 9HEPI'NU B KOAAEKTOPAX BbI-

pabaTbIBaroIye TEIAOBO SHEPI UL

KaroueBble CAOBa: COAHEUHBIH pPAKTAABHBIN KOAAEKTOP, 20COpOep U3 ITOAMMEPHBIX TOPOUAHBIX

Tpy0, UCIIBITAHNUS B HECTAILIMOHAPHOM PeXXUMe, IIAOIIAAb abcopbepa, arlepTypHasi IAOLIAAD.

BBeaenne. AGcopbepsl 1 UX PaCIIOAOXKEHUS
B COAHEYHBIX KOAAEKTOPAX SIBASIFOTCSI OAHUM H3
OCHOBHBIX 9AEMEHTOB KOHCTPYKIIMU COAHEY-
HBIX KOAAEKTOPOB, OT KOTOPOTO 3aBHUCST KaK
9HEepreTHYeCKHe, TaK 1 9KOHOMHUYECKHe ITOKa-
3aTE€AM COAHEYHBIX CHCTEM TENAOCHAOXKEeHMUS.
ITpumensiemble B HacTOSsIIIee BpeMsi KOHCTPYK-
1111 26COpOepOB BBITOAHSIOTCS B OOABIIMHCTBE
KOAAEKTOPOB 13 MeTaAAOB. IIpu aToM, Kak mpa-
BHAO, IIPUMEHSIIOTCSI AOPOTHE BHABI MaTepua-
AOB — MeAb, HEpXKaBeIoIIlasi CTaAb, peXe — MeHee

AOpOTHe, HalpuMep AAIOMUHHEBbIE CIIAABBL
OTO yAOPOXKaeT KOAAGKTOPHI M yBeAUYUBAeT
ux Bec. Bo3MOXXHOCTH IO CHM)XXEHUIO UX CTO-
MMOCTH ITpakTHdecku ucyepnansl. C apyroi
CTOPOHBI, OHU PACIOAOXEHBI B KOAAEKTOpax
B IIAOCKOCTHOM NPOEeKIUH, TaKasi KOHCTPYK-
Il HAMHOTO yMeHbIIaeT 3¢ PeKTUBHOCTDb HC-
IIOAb30BaHUS COAHeUHOM aHeprun. Co3panue
KOHCTPYKIIMI1, OCHOBAHHBIX HAa HCITOAb30BAaHUU
IIOAMMEPHBIX MAaT€PUAAOB SABASETCS IepCIeK-
TUBHBIM HAIlpaBA€HUEM AAAbHEHIIero pas3sBu-
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THUSL HU3KOTEMIIePaTyPHBIX COAHEYHbIX TeXHO-
aormit [1].

Ecan pacnoaoxxuts abcopbepsl CKOHCTPY-
HPOBaB HX B BUA€ TOPOHAAABHBIX IIOAMMEPHBIX
TPyO U PaCIIOAOKUTH UX PPAKTAABHO Ha Mapa-
OOAMYeCKHIT KOHIIEHTPATOP, TOTAQ ITOAYYUTCSI
(paKTaAbHBII COAHEYHbIN KOoAAeKTOp [2]. B Ta-
KOM KOAAEKTOpe MOSIBUTCSI BO3MOXKHOCTD 6oAee
3¢ PeKTUBHO HCIOAB30BAThb COAHEUHYIO dHEp-
T'HIO, YeM Ha TAOCKUX KOAAeKTOpax [3].

AneprypHasi NAOIAAb TAKOTO KOAAEKTO-
Pa CAY>KMT OTpa’kaTeAeM IPOLIeAIINX depes3
U MUMO abcopbepoB coaHeuHbix Aydeit. OT-
paXkeHHbIE AYYH AOIOAHHUTEABHO HarpeBaloT
KOAAEKTOPHbIe TPYOBl, PaCIIOAOKEHHBIE B BUAE
¢pakraroB. OTpakeHHbIE COAHEYHbBIE AYIH
PoKycHUpyIOTCS Ha 4eTBepTOM {paKkTase, TeM
cambiM Ha 3ToM O CK coaHeuHbIe AyYH HCIIOAD-
3yeTCs ABOXKABL

HepaocTaTkoM Takoro KOAAEKTOpa SIBASETCS
MaAasi 9Q GeKTUBHOCTD, KOTAQ OKPY>KaIoIasi TeM-
neparypa HIDKe HyASL.

ITeabro paboThI 1BAsIeTCS paspaboTka Gppak-
TAABHOTO COAHEYHOTO KOAAEKTOPA C OOABIIMM
K03¢$PUIIMEHTOM IIOAC3HOTO ACHCTBUSA IIPYU HU3-
KUX TeMIIePaTypax OKpYy>Kaloljel CpeAbl.

Mertop pemenns. Kak n3BecTHO, KAUMaTH-
Jyeckoe 000OpyAOBaHUe, HANPSIMYIO IIpeobpasy-
Iolljee S9HEPIHI0 COAHEYHOIO CBeTa B TEIAO, Ha-
3BIBAETCSI COAHEYHBIM KoAAeKTOpoM. [Ipubop He
BbIPA0aThIBaeT IAEKTPUIECTBO, KAK KAACCUYECKas
COAHeYHas 6aTapesi, a TOABKO COOHMpaeT, KOHIIeH-
TPUPYET U IIepeAAeT TENAO B CUCTeMY OTOIIACHHMS.
B xayecTBe TermaoHOCHTEAS BHICTYIIAeT BOAQ, He-
3aMep3aromas XXMAKOCTb HAU BO3AYX.

I'AaBHBIM AOCTOMHCTBOM arperaToB Ha3bIBalOT
IIPAKTUYeCKH IOAHOE OTCYTCTBHE TeIAOIIOTeph
B IIpoljecce dKCIAyaTalnuu. Takoe AOCTOMHCTBO
obecrieunBaeT BaKyyMHasl CPEAQ, SIBASIFOIIASICSI

OAHMM U3 CaMbIX Ka4eCTBEHHBIX €CTeCTBEHHbBIX
usoasitopos. HyaeBast TemaonpoBopHOCTD Ba-
KyyMa MeXXAy BHyTpeHHeIl U BHELIHel TPyOKOi
obecrieunBaeT COXpaHHOCTD Temnaa. Koadpuriu-
€HT IIOA€3HOI'0 AEVICTBUS TaKOM CHUCTEMBI B Te-
IIAO€e BpeMsI ropa Hanboaee Bbicokast. Ecau sxe
MOPO3BI POAEPIKATCA HECKOABKO AHEM, a COAHILe
He CyMeeT NPOOUTHCS Yepe3 MAOTHBIH CAOM 00-
AQKOB, BOAQ B TPYOKaX IIPEBPATUTCS B A€A,  9TO
MOJKeT IIPUBECTH K Pa3pbIBY BHYTpeHHel TPyOKu
Y BBIXOAY M3 CTPOSI BCETO KOAAEKTOPa.

IIpeasaraeMplii BaKyyMHUpPOBaHHBIM (Qpak-
TaAbHBIA COAHEYHDIN KOAAEKTOP COAEPIKUT BaKy-
YMHUPOBAHHBIH [1apabOANIECKUI KOHIIEHTPATOP
14, cieniaAbHPBIN MEXaHHU3M C AaBTOMATHYECKUM
YIIPAaBA€HUEM, CACASIUM 3a TPAEKTOPUEHN ABU-
JK€HMSI COAHIJA KaK IIO BBICOTE, TaK U IIO YTAY
a3uMyTa B TeYE€HHE BCEro CBETOBOTO AHS OT
BOCXOAQ AO 3aX0Ad 7, KOHTPOAAEPOM 9 U TeIAo
pacrpepeanTeseM 13, 0b6ecriednBarOIUIL TOAY-
YeHHEe TEIIAOBOM BOABI Pa3AUYHOM TEMIIEPATYPhI
15 (pucynok 1).

9¢$PeKTUBHOCTD UCIIOAB30BAHUS COAHEYHOM
anepruu BOCK pocTuraercs teMm, 4TO mpsiMble
AYYH COAHIIA ITOIAAQIONINX HA [TAPAOOANYECKYIO
alepTYpPHYIO IMAOIIAAb Yepe3 BaKyyMHPOBaH-
HYIO IIOBEPXHOCTD OT yAQpa IPOYHOTO GpoMo-
CHAMKATHOIO CTeKAQ 2, 3aKPEIACHHbIN CUAUKO-
HOBBIM YIAOTHHUTeAeM 1 K mapaboanyeckomy
KoHIleHTpaTy. CoAHeYHbIe AyIH HA IEPBOM TO-
propaAbHOM dpakTase 3, paCIIOAOXKEHHBIH B Ba-
KYyyMHPOBAaHHOM I1apabOAOHAHOM allepTypPHOM
IPOCTpaHCTBe 14, UBHYTPH OOLINTBINA AAFOMU-
HHEBBIM a6COPOEpPOM C BBICOKOCEAEKTUBHBIM
MOKPBITHEM 8, HarpeBaloT BOAY BHYTPU TOPOUA-
Horo abcopbepa. Ilpu aToM TermaoBsle oTEPU
nepBoro ppaxrasa OyAeT AOIIOAHUTEABHBIM HC-
TOYHHMKOM TEIIAOBOM SHEPIHH AASI BTOPOTO Pppak-
TaAa 4 M T.A., @ OTPaXKeHHbIE COAHEYHbBIE AYYH U3
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aIepTypPHOM [TAOIAAU OYAYT GOKYCHPOBATHCS HA
IIEpPBOM TOPOHMAHOM abcopbepe 3 u OYAYT cay-
J)KUTb OYE€PEAHOU AOIIOAHMTEABHOM TEIIAOBOM
sHepruen. PacroosxeHre TOPOMAHBIX GPaKTaAD-
HBIX a0copbepoB obecIreunBaeT OAyYEHUE Te-
IIAOBOI1 BOABI Pa3AMYHOM TeMieparypsl 16. ITpu
9TOM XOAOAHAS BOAA C ITOMOIIbIO Hacoca 11 mo-
AQETCsI Ha TOCACAHHM TOPOMAAABHBIN QPaKTaAD-
HbIi1 abcopbep 6. Boaa, Harpeas, mOAHUMETCS

ropatvas soJaa

o
—

X0JI0IHAA BOJA

e

PucyHok 1. O6Lwuin B1ug, BakyyMmMpoOBaHHOIO GpakTanbHOrO COSIHEYHOrO KOIeKTopa

771=P‘/151_D (1)
rAe, P — pa3sMepHbIN MHOXXUTEAD, CBOM AASL KaXK-

OTOT BUA F€AUOYCTAaHOBKHU ITPEACTABASIET CO-
6oil baTapelo MepapXUYeCKU PACIOAOXKEHHBIX
TOPOMAHBIX (PAKTAAOB HA IAPAOOAMIECKOM
KOHIIEHTpaTe, Ha KOTOPOM POKyCHPYeT COAHed-
HYIO 9HEepPIHIO Ha TOPOUA, PACIIOAOKEHHBIN Ha
PoxycHoi Touke KOHIeHTpaTa. KoHCcTpykius
TaKOM YCTaHOBKU IIPOEKTUPYETCS IIPU 3aAAHHOM
¢pakTasbHOM pazmepHOCcTH D.

Ans onteHku aTOro KoappuimenTa Aaa BOCK
BBOAUM (paKTaspHyio pasmeprocts D [2].

Tak, B o6mem caydae ecau KITA past mepBoro
¢ppakTaa ) IPOU3BOABHOTO TOPA CTEIIEHHBIM 00-
Pa3oM 3aBUCHUT OT MacmTaba u3MepeHus &

11

yepe3 TOPOUAAAbHBIE PppaKTaAbHBIE TPYOBI 5,4
AOXOAUT AO ppaKTaAd, HaXOASIerocs Ha Gpokyce
anepTypHOMH MAOIIAAU KOAAGKTOPa 3 U U3 3TOH
PpaxTaspHOrO abcopbepa CHHUMAETCS TEIAAst
Boaa. Temreparypa Boaa B KOXKAOM PpPaKTaAb-
HOM abcopbepe OyaeT pasanynort. Temmneparypa
BOABI KOHTPOAUPYETCS C TOMOIITbIO KOHTPOAAEpa
¥ [IOAQETCS B TEIIAOOOMEHHUK 12, KOTOpPBIiL KOH-
Tpoaupyercs AaTuukom 10.
\ iy 4

AOro QppaKTaABHOTO TOPOMAQ, D — ppakTasbHas
paszmepHOCTb. IIpu 9TOM 04eBUAHO, YTO KaK BCS
abcopbepHasi MAOIIAAD, TaK 1 AF0Oast 0611as 1AO-
mapb O CK 06AaAaI0T OAHOI U TOM 5Ke pPAKTAAD-
HO¥ Pa3MepHOCTbIO. Takoe CBOMCTBO MPUITHCHI-
BaeT CBOMCTBO TaK Ha3bIBaeMOe CaMOIIOAOOue
(ckeAMHI, MacIITabHAst HHBAPUAHTHOCTD) | 3;
6]. Camonopobme 03HadaeT, 9TO KaK Bce ab-
copbepHas IAOIIAAb, TaK U AIOOOI ee yIacTOK
(0bmas maomaab abcopbepa) 06AAAAIOT OAHOI
U TOM Xe (PpaKTaAbHOM pasMepHOCThIO. Ecan
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1] YBEAMIUTD B A pas, TO AASL U3MePEeHUS HOBOM
AAUHBI A7) AOCTATOYHO HCIIOAB30BATh MACIITAO,
paBHbIi A §, T.e.
An=P-(A8)". (2)
VcxoAst U3 9THX COOOPaXKEHHUIT, €CAH IIOCMO-
Tpets Ha koHcTpykiuio OCK (pucynok 1), To
BHAHO, 9TO a6COpOepsI pacIioAOKeHBI HepapXu-
4eCKH caMo ToA0OHbIMU TopaMt. Ecau Mb1 6epem
MacIITaboM pasMepsl TepBOro GppaKTara OTKyAQ
BBOAUTCSI XOAOAHASI JKUAKOCTB, TO IIPH 3AAQHHOM
DuP, i-aucao dppaxrasros, KITA Broporo ¢ppax-
TaAa onpepeasercs o opmyae (2). Toraan aas
BTOporo ¢pakrasa 1, =P, -n'"", AL TpeTbero
$pakrasa n, =P -(n'"" )1_D . Aast @CK xoadpdu-
I[UEHT ITOAE3HOTO AEHICTBHUS MAM TeNAOBasi 9¢-
$eKTUBHOCTD 6YACT PaBHBIM 7] = 7], +1], +1], +1],.
TenaoBas 9 PpeKTUBHOCTD MAU KOS PUITHEHT
noaessoro peiicteus (KITA) BOCK, kax u aas
APYTHX COAHEYHBIX TEIIAOBBIX YCTAaHOBOK, OIIpe-
AEASIETCSI M3 OTHOILIEHISI [IOAE3HO ITOAYYEHHOM
snepruu (Q ) MapAromero Ha GPOHTAABHYIO
IIOBEPXHOCTh CyMMAPHOTO COAHEYHOT'O HU3AyYe-

mus (Q ) [4], re.

Q
— Shon. 3
= (3)

B cBoio ouepean sHavenne (Q ) ompepeas-
eTcst pacxopoM (G) U PasHOCTBIO TeMIIepaTyp,
HarpeBaeMOil B AAQHHOM KOAAEKTOPE BOADI
(At=t,, —t,), T.e

8blX

Qn(m = GCP (tBblx - tB“l ) (4)
TAE, Cp — YA€ABHAS TEIIAOEMKOCTD TEITAOHOCHUTEAS
(HampuMep AASL BOADI) Cp=4,1868 kAx/ (xr°C);
t Wt — COOTBETCTBEHHO TeMIIepaTyphl rops-
Yero TEIIAOHOCHTEAS Ha BBIXOAE U3 KOAAEKTOpPa
U UCXOAHOT'O XOAOAHOTO TEIIAOHOCHUTEAS Ha BXO-

A€ B KOAAEKTOD;
G=G, A ()
TAE, Gya — AEADBHBII1 (T.€. OTHECEHHDII K eAUHHIIe
IAOIIAAN pPOHTAABHOM ITOBEPXHOCTH KOAAEK-

TOpa) PacXop HarpeBaeMoil BOAI YePe3 AAHHBII
KoarekTOp; A =A + A, + A + A, - naomaap a6-
copbepa BOCK.

3uavsenne Q . B OTHOLIEHWH (1) ompepeas-
eTCsI U3 BBIPKEHUS

Qnob = qnob ’ A (6)
Qnoo = quB +qzz? (7)

TA€, q,,; — TOBEPXHOCTHAS MAOTHOCTb ITOTOKA
CYMMapHOTO M3Ay4eHHs], IIAAAIOIero Ha ppoH-
TAABHYIO OBEPXHOCTb KOAAeKTOPa; ¢ +q°"Y
— COOTBETCTBEHHO IIOBEPXHOCTHbBIE MAOTHOCTHU
npsimoro (np) u AudGPy3HOTO COAHETHOTO UBAY-
YeHHs], ITAAAIOIero Ha GPOHTAABHYIO ITOBEpX-
HOCTb KOAAEKTOpA.

[Moacrasass (4), (S) u (6) B orHOMIeHNUH (3)

ITOAYIHM

n= Gyacp(tsmx _tsx) (8)
oo

rae, G 0~ YAEABHBIN (T.e. OTHECEHHbIN K eANHUIIE

IAOIAAY POHTAABHOM IIOBEPXHOCTH KOAACKTO-

pa) pacxop HarpeBaeMOM BOADBI Yepe3 AAHHbBIN

KOAAEKTOP;

PucyHok 2. NonnmepHas Topou-
nanbHasa abcopbepHas Tpybda

rae, R — paccrosiHue ot meHTpa obpasyromei
OKPY>KHOCTH AO OCH BpamjeHus abcopbepa;
1 — paauyc obpasyroleit OKpy>KHOCTH abcopbepa;

50



EFFICIENCY OF THE EVACUATED FRACTAL SOLAR COLLECTOR

¢, b — oxpy>xHOCTB; V — 06bEM TOPOUAAABHOTO
abcopbepa; A — maomaab abcopbepa.

dopmyaa nAOIAAY TIOBEPXHOCTH abcopobe-
pa 110 pasuycam

A=4 °Rr

3Hasi OKPY>KHOCTU TOpA, MOXKHO BBIBECTH
GOpPMYABI AASL GOABIIIETO M MEHBIIETO PAAYCOB
abcopbepa, COCTaBHB CHCTEMY ypaBHEHUI U Ipe-

06pa3oBaB ee AASI HAXOXKAEHUS PAAHYCOB.
c+b b—c
c=2n(R+r); b=2n(R-r); R= ;=
(R+7); (R=r); R==—=;r="r
Bbr4rcAMB papUycChl Yepe3 OKPY>KHOCTH a6-

copbepa, MOXKHO PacCYUTATh IAOMIAAD IOBEPX-
HOCTH abcopbepa u 06beM, IOACTABUB B CTaH-
AapTHBIe GOPMYABI BBIPAKEHUS, IIOAYIEHHBIE
AASL PAAYCOB.

2 2
A:47r2Rr:b 4C ;

2 2
V =271%Rs? :w;
32r

Ha pucynke 1 abcop6Oepbl IpeACTaBAEHBI HO-

Mepamu 6- a,,S-a, ,4-a;,3-a,,. IlepBbiit abcopbep
6- a,, BTOpoit abcopbep S-a,, Tpernii abcopbep
4- a;, yeTBepThIi abcOpbep 3-a,. Ham nssecTHbI
paauycsi R, R, R, R,
R =0.35m;R,=0.30 M R =025 ;R = 0.20 u;
r=10.032 m;
Aaaee BbluHCAsIEM TAOIIAAD A, A), A5 A,
KaXAOTO0 abcopbepa.
BBIYMCASIEM [IAOINAAD A, TepBoro abcopbepa
A, =47m°Rr=4*3.14"*0.35*0.032 = 0.22°
BBIYMCASIEM TIAOIIAAb A, BTOpOro abcopbepa
A, =4m’Ryr =4*3.14**0.30%0.032 = 0.190°
BBIYMCASIEM TIAOIIAAD A, TpeTbero abcopbepa
A, =47n°Ryr =4*3.14>*0.25%0.032 = 0.16 »°
BBHIYUCASIEM TIAOIAAD A, YeTBepToro abcopbepa
A, =4m’Ry;r=4*3.14°%0.2070.032 = 0.13

a

G .C (t,  —t
n= ¥0 p( 8bIX BX) (9)
100

G, — YACABHBIH (T.e. OTHECEeHHBI K eAMHHIIE TIAO-
maAM PPOHTAABHOM TIOBEPXHOCTH KOAAEKTOPA)
PpacxXoA HarpeBaeMOM BOABI Y€pe3 AAHHbBINA KOA-
AEKTOP; PacXOA HarpeBaeMoil BOABI IIEPBOro a0-
copbepa pasen G, , =0,36xe/c
pacxop HarpeBaeMOM BOABI MEKAY IIePBbIM U BTO-
pbIM abcopbepamu paBeH

G,,, =0,33ke/c
pacxop HarpeBaeMOM BOABI MEKAY BTOPBIM U Tpe-

a,yo0

THUM a0copOepamMu paBeH
G ,=0,30ke/c

pacxop HarpeBaeMOM BOABI MEXAY TPeTbHM

a,y0

U 4eTBepTHIM abcopbepamu paBeH

G 0,27«ke/c
Cp — YAeAbHAsI TEIIAOEMKOCTD TEIIAOHOCUTEAS
(Hanpumep, AASL BOADI) Cp= 4,1868 kAx/ (xr°C);
9,00 — TOBEPXHOCTHAsI IMMAOTHOCTb IIOTOKA

a,yo0 =

CYMMapHOTO M3Ay4eHHs], IIAAAIOIero Ha ppoH-
TaABHYIO IIOBEPXHOCTb KOAAEKTOPA, 7.5kBT/49ac
t ut — COOTBETCTBEHHO TeMIIePATypPhl I0-
8blX 8Xx

PSTIEro TEIAOHOCHUTEAS Ha BBIXOAE M3 KOAAEKTOpa
1 ICXOAHOTO XOAOAHOTO TEIIAOHOCHTEAS Ha BXO-

Ae B KOAAGKTOpE;
— Oor. — Oor.
t,. =25°C; t, =20°C;

Aaaee Borancasiem KIIA 1,.1, Mo, Mg, KOK-

Aoro abcopbepa
_ Gupo €yt ~t) _ 0,367 4200(25-20) =1.008
@ 0o - 7500 o
GayoCy(tam —ta)  0,33%4200(25-20)
T’u = 2 = :0924
: Do 7500
G C _ * —
p = GanCo (faus —fax) _ 0,304200(25-20) _ 0.84
3 Do 7500
- Gy yiCp (o —Tox) _0,27%4200(25-20) _ 0756

) oo 7500
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Section 5. Electrical engineering

Aanaee BprancaseM KITA 1o Bakyymupo-
BaHHOTO QPAKTAABHOTO COAHEYHOTO KOAAEKTOpPa
Moy, Mg, +1a, T,
Npock = =
4
_1,008+0,924+0,84+0,756

4
BriBoapbl. B pabore paccMOTpeH IpHHITHIT

=0,882

paboThl HOBOTO THIIA COAHEYHOTO KOAAEKTOpPA
Y AATOPUTMHMYECKYe OCHOBBI OIIPEACAEHHS €T0 KO-
s duimenTa NoAe3Horo AercTsus. IIpu aTom re-
AMOYCTaHOBKa UMeeT a0CopOephl U3 ITOAMEPHBIX
TOPOHAAABHBIX TPYO pacIoAOXKeHHbIe GPAKTAAD-
HbBIM 00pa3oM Ha IMapaboAnYeCcKOM KOHIIEHTpaTe.

Takasi KOHCTPYKILUSI TeAMOYCTAaHOBKU 00e-
crieyrBaeT 9P PEeKTUBHO MCIIOAB30BATh COAHEY-
HYIO HHCOASITHIO.

ITo pesyabTaTaM HCIBITAaHHM B BBIHYXKAEH-
HOM pe)XXHMe HarpeBa COAHEYHBIM H3AyUYeHHEeM
pu HyaeBoM pacxope Boabl, KITA mpepsoxen-
Horo BOCK 651a Boicokum. McnbrTaHust mpoBo-
AVIAHCD ITPH TIOAXOASIIITMX BHEITHHX YCAOBHSX ITO
CTaOMABPHOCTU COAHEYUHOTO U3AYYeHUsS U TeMIIe-

paType OKpy>Karoleil cpeAbl. BaskHbIM sBAsIeT-
CsL TAKOKe TO, UTO C IIEABIO IOKA3aHUS OOABIIOTO
noae3Horo aAerictsust BOCK npoBoananch akc-
MePUMEHTBI B YCAOBUSX HU3KOM TeMIIepaTypbl
OKpy>Karoleil cpeabl. Pe3yAbTaTsl ObIAM YAOB-
AeTBOPUTEABHBIMHU.

OCHOBHBIMHM BEAWYMHAMHU, BAMSIOIMIUMU Ha
TO4HOCTD onpepeseHnst KITA sBAsiIOTCS: AQHHBI®
0 TeNAOPU3NIECKHX CBONCTBAX MaTepPHaAa TOPO-
HAQABHBIX TPY0 abcopbOepa, IPOAOAKUTEABHOCTD
HHTepBaAa HarpeBa, CTAOMABHOCTD BHEIIHUX yC-
A0Buit (MHTEHCUBHOCTDb OOAYIEHHS KOAAEKTOPA,
HalpaBA€HHE U CHAA BeTpa, TeMIlepaTypa OKpy-
xaroeit cpeapl). [l0aTOMy Mpu MAAHUPOBAHUU
9KCIIEPUMEHTA B)KHO HMETb AOCTAaTOYHO TOYHBII
IIPOTHO3 IIOTOABI ¥ IPABUABHO €T'0 HCIIOAB30BaTh.
B AaAbHefIIIEM IPEACTABASIETCSI HEOOXOANMbIM
YCAOBHEM IIPOBECTH CpaBHEHHE pPe3yAbTaTOB
OIIpeAeAeHHUs MTPOITyCKATEABHO — IIOTAOIATeAD-
Hot ctocobHocTH BOCK ¢ maockumu coaneu-
HBIMHU KOAAEKTOPaMH.
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