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The results of low-frequency oscillations identification in the Re-
public of Kazakhstan power grid by using a Wide Area Measurement
System are presented and an algorithm for damping low-frequency
oscillations is proposed in this paper. Analysis of weakly damped
inter-area low-frequency oscillations revealed a constant mode with
a frequency range of 0.3—-0.4 Hz. It was determined that at these
low-frequency oscillations, the amplitude of active power fluctuations
along the transmission line was 150 MW with a duration of 9 mi-
nutes. The modal analysis calculation of the Republic of Kazakhstan
power system model in the «DigSilent Power Factory» software
shows the dangerous low-frequency oscillation modes having a damp-
ing ratio is 2.2 % and an eigenfrequency 0.328 Hz. These oscillation
modes identified by the real data and in the developed model indicate
the incorrect tuning of power system stabilizer parameters at power
plants. Tt is necessary to retune the power system stabilizer parame-
ters whenever changing the system’s and mode’s configurations.

An analysis of existing power system stabilizer tuning methods was
performed, and revisited residue method was determined as sufficiently
effective. Thus, the developed algorithm for identification and damping
of low-frequency oscillation consists of three tasks. The first task is data
collection from the Wide Area Measurement System and Supervisory
Control and Data Acquisition system and updating the calculation
model based on the current status of equipment (generators, transfor-
mers, transmission lines, etc.). The second task is the identification of
dangerous electromechanical oscillations and modal analysis based on
information obtained in real-time. The third task is tuning the power
system stabilizer parameters for damping dangerous low-frequency
oscillation modes based on the revisited residue method.

Keywords: identification of oscillations, WAMS, power system
stabilizer, damping, residue method.
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The paper presents new approaches and principles for iden-
tifying the conditions of stability disturbance based on detecting



dangerous disturbances in the early stages using information about
changes in regime parameters and their Rate of Change. As a mode
parameter, the mutual voltage angle between the controlled 500 kV
substation and its Rate of Change was selected in the study. It is
suggested to take the values of the mentioned parameters from
the Wide Area Measurements System (WAMS). The relevance
of the research is due to the need to improve the efficiency and
eliminate the drawbacks of existing revealing devices of regime
automatics, which will reduce the number of accidents due to
disturbances of the power system stability. The proposed principle
of predicting stability violation is based on using the provision of
Lyapunov’s stability theory, according to which the assessment
of stability is carried out by the total system energy consisting
of kinetic and potential. In contrast to the existing principles of
detecting stability violation, where the exit from the stability area
is determined by the main parameter (potential energy), the
prediction principle allows evaluating stability by its rate of
change (kinetic energy), which provides the early detection of sta-
bility disturbance.

Calculations were performed on modeling power surges in the
North-South interconnection of the Kazakhstan Unified Energy
System in the «DigSILENT Power Factory» software on the mo-
del, which was verified by real perturbations in the power system
according to the WAMS data. The calculations confirmed the
effectiveness of the proposed principles and the possibility of using
WAMS data for detecting emergency power surges on transit power
networks in the initial stage.

Keywords: mutual voltage angle, emergency control sys-
tem, synchrophasor measurements, electric power systems stabi-
lity, WAMS.
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Flexible AC transmission systems that are built by using mo-
dern advances in power electronics are key components of smart
grids. The object of research is a thyristor-controlled reactor, which
is used as part of a static reactive power compensator to control the
reactive power in the transmission and distribution electrical net-
works of power supply systems. It is proposed to use two-operation
semiconductor gates in the regulator, which made it possible to
obtain qualitatively new adjusting properties. The analysis of reac-
tor power under the mode of phase control of the conductive state
of gates by setting the moments of their closing time was carried
out. Analytical expressions for angular power characteristics of the
main harmonic were derived. It was revealed that by regulating,
based on the phase principle, the conductive state of ideal semicon-
ductor gates, which are switched on in series with ideal inductance,
along with the adjustment of reactive power, the phenomenon of
consumption of active power from the grid at the main harmo-
nic is observed. It is shown that the reason for this is artificially
obtained, with the help of semiconductor gates, active-inductive
nature of the angle of displacement of the main harmonic of the
current in the reactor relative to the voltage of the power supply.
The study results prove the effect of adjusting the active power
by a thyristor-regulated reactor. Research involving a virtual
model illustrated the adjustment of the active power component of
a synchronous generator by the effect on the rotor speed during
gate adjustment of reactor power. The active power resource
obtained in the process of thyristor adjustment of the reactor is
commensurate with its installed capacity.

Keywords: thyristor-controlled reactor, two-operation semi-
conductor gate, static reactive power compensator.
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Wind energy is a commercially proven and rapidly developing
type of electricity generation. Wind power plants with a vertical
axis are more attractive and better suited for use in cities and urban
environments where wind flow is less predictable compared to wide-
spread wind power plants with a horizontal axis of rotation. This
makes them a much better choice for both ground installation and /or
for mounting on buildings and roofs that would otherwise limit the
installation of higher horizontal turbine structures.

The paper describes an experimental study of the drag force
and its coefficient for wind turbines with a vertical axis of rotation.
The object of the study is a laboratory model of a wind turbine
with blades made in the form of rotating cylinders with a fixed
blade. Experimental studies were carried out in the T-1-M wind
tunnel, measurements of aerodynamic force were carried out using
three-component scales. A distinctive feature of the work is the

combined use of the lifting force of the cylinders, as well as the
lifting force of the fixed plate. Due to this solution, when comparing
with existing wind turbines with a vertical axis of rotation, it was
found that the wind turbine in question prevails by 25-100 % in
the number of revolutions. The dependences of the drag force on the
flow velocity and the drag coefficient on the Reynolds number from
1-10* to 4-10* are obtained. An uncertainty analysis was also carried
out in order to determine the uncertainty by type A, B and the total
uncertainty, from which it was found that the measurement error
was 1.13 %. The field of the practical application of the results
obtained in laboratory studies will be useful in the development of
prototypes of wind turbines with a vertical axis of rotation.

Keywords: acrodynamics, flow, combined blade, flow velocity,
drag force, thrust force.
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The object of research is the shape of the blade of a vertical-axis
installation. The problem solved in this work is to find the optimal
shape of the blade for a wind power installation for operation at low
wind speeds or in areas where its flow is limited. In the course of the
work, the interaction between each blade option and the wind flow
depending on the shape of the blade was considered. With the help
of a reduced model of the wind turbine, a flat blade, a blade with
a «pocket», and a blade with a «pocket» and a slit were tested. The
test results prove the effectiveness of the designed and manufactured
blade with a «pocket» and a slit. This was confirmed by the study
results, according to which, during the experiment, the number of
revolutions of a wind turbine with blades made with a «pocket»
and a slit was the largest. In comparison with flat-shaped blades, the
increase was 20 %, and, in comparison with blades with a «pocket»,
the increase was 10 %. In order to compare wind turbines that have
flat-shaped blades and blades with a «pocket» and a slit, experi-
mental studies and calculations of the power factor Cp were carried
out. A flat-blade wind wheel has Cp;=24; a blade with a «pocket» —
Cpy=>52.9; a blade that has a «pocket» and a slit — Cp3=58.7. There-
fore, one can assume that the power generated by the wind wheel
with the above blades is also the largest, P3=98 W, compared to two
other shapes of blades: flat, P;=32.3 W; with a «pocket», P»=88.2 W.
It would increase during the test time from zero speed to reaching
a constant rotational speed.

The studies confirm that the wind wheel, which has blades with
a «pocket» and a slit, has the highest speed of rotation over the entire
period of time when measurements were performed.

Keywords: wind power, blades with slit, rotational force of wind
wheel, vertical axial wind turbine.
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The object of this study is the operating parameters of the anaer-
obic digestion unit. The study aims to increase the potential of biogas
production. The task to select the optimal parameters of the working
process of anaerobic digestion has been solved.

A model of cumulative biogas and methane output in the process
of anaerobic waste digestion has been constructed, which is concep-
tualized using the method of artificial neural network. The model is
built on the basis of 11 process-related variables, such as hydraulic
retention time, pH, operating temperature, etc.

The plant parameters, leading to the highest volume of biogas
production, were selected. It was determined that the optimal
amount of biogas can be brought to 90 %, which exceeds the max-
imum value obtained from factory records by 12.6 % to 700 m3/t.
Working conditions that led to optimal methane production were
defined as the temperature of 39 °C, the total solids of 4.5 %, the
organic percentage of 97.8 %, and pH 8.0.

It was found that biogas production is the highest at tempera-
ture within the thermophilic range while the local maximum is
achieved in the mesophilic temperature range.

The model built serves to determine the optimal operating
parameters for maximum biogas production and could be used to
optimize biogas production productivity using limited experimental
data. The model also makes it possible to predict the performance of
anaerobic digestion under untested conditions.

It is possible to practically use the developed biogas production
model when monitoring the operation of the anaerobic digestion
unit, to increase the efficiency of the process, and when adjusting the
working conditions of the methane tank.

Keywords: biogas plant, artificial neural network, biogas yield
potential, anaerobic digestion.
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INEHTUDIKAIIA TA 3STACAHHA HU3bKOYACTOTHIX KOJIMBAHDb HA OCHOBI JAHIX WAMS TA IIEPEIVIAHYTOT'O
METOAY 3A/TUMIIKIB - YACTUHA I (c. 6-17)

Anur Bektimirov, Om Malik, Almaz Saukhimov, Eugene Didorenko

Haseneno pesyibsrati izeHTndikalii HUSbKOYACTOTHUX KOJIMBAaHb B ejeKTpoMepeski Pecry6aikn Kaszaxcran 3a IOMOMOIOIO MIMPOKO-
30HHOI BUMIPIOBATLHOI CHCTEMH Ta 3alPOINIOHOBAHO AJITOPUTM AeMII(pYBaHHS HU3BKOYACTOTHUX KOJMBAHb. AHAMI3 CMa0KO 3aTyXaloumx
MI)K30HAJIbHUX HI3bKOYACTOTHUX KOJIMBAHb BUSBUB CTaly MOy 3 AianazonoM yactoT 0,3—0,4 I BusnaveHo, 1o npu nux HI3bKOYaCTOTHUX
KOJIMBAHHSX aMILTITy/[a KOJUBAHb aKTHUBHOI 1oTysKHOCTI B3tosxk JIEIT cranoBuia 150 MBt tpusazictio 9 xBusit. Po3paxyHOK MOJAIbHOTO
amasizy mozesi eneprocucremu Pecriy6rmikn Kazaxcran y mporpamuomy sabesnevenni «DigSilent Power Factory» nokasye nebesnedni HU3b-
KOYACTOTHI PEKUMHU KOJIMBaHb 3 Koedimientom saracanus 2,2 % i Baacuoio yacrororo 0,328 It Lli pexxumu kosmBanb, izentudikoBani 3a
peaNbHUMK IAHUMHU Ta B PO3POOJICHIN MOJIEI, CBIZYaTh PO HEKOPEKTHE HAJIAIITYBaHHSsI apaMeTpiB cTabijiizaTopa eHeprocucTeMu Ha eJieK-
Tpoctaniigx. HeoOxiano nepenactpoioBatu mapamMeTpu crabisizaTopa eHeprocucTeMu Mpu KOXKHIl 3MiHi KoHdIrypariii ciucTeMu Ta peskiumy.

[TpoBesicHO aHaui3 ICHYIOUMX METO/IB HAJalITyBaHHS CTabLIi3aTopa €HEeProcUCTeMU Ta BUSHAHO JOCTATHBO €(DEKTUBHUM MOBTOPHO
POBIJISTHY THIT MeTO/ 3a/UIIKY. TAKUM YUHOM, PO3poGJIeHIH aJropuT™ ixeHTH(IKaiii Ta geMi(yBaHHs HU3bKOYACTOTHUX KOJUBAHb CKJIaja-
€ThCs 3 TPHOX 3aza4. [lepuiumM 3aBIaHHAM € 306ip JaHuX i3 cucteMu TI06aIbHOTO BUMIPIOBAHHS Ta CHCTEMH JUCIETIEPCHKOTO KOHTPOJIIO Ta
300py JIAHUX Ta OHOBJICHHS PO3PAXyHKOBOI MOJIE/I HA OCHOBI MOTOYHOTO CTaHy OOJaHaHHsT (TeHepaTopH, TpaHC(hOPMATOPH, JIHIT eJ1eKTPO-
nepezaui Tomo). JIpyre 3apnanns — izentudikariis Hebe3neyHnX eJeKTPOMEXaHIYHIX KOJUBaHb | MOAAIbHUIT aHasli3 Ha 0CHOBI iH(OopMartii,
OTpUMaHOI B peasbHOMY vaci. Tpere 3aBianHst — HaJTAlITyBaHHsI apaMeTpiB cTabiizaTopa eHeprocucTeMu Jist AeMidyBanHs HeOe3meTHnx
HU3bKOYACTOTHUX PEKUMIB KOJTMBAHb HAa OCHOBI METO/IY TIEPETTITHY TOTO 3aJINIIKY.

Kimouosi cnosa: inenrudikaiis komusanb, WAMS, crabiznizatop eneprocucremu, aeMidyBaHHs, METO/ 3aJHIIKIB.
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MIIBUIEHHA EOEKTUBHOCTI ABTOMATU3AIIIT PE;KUMIB 3 BUKOPUCTAHHAM CUHXPO®A3OPHUX
BUMIPIOBAHb JIJISI BUABJIEHHSI MOPYIIEHD CTIAKOCTI (c. 18-26)

Alexandr Gunin, Karmel Tokhtibakiev, Almaz Saukhimov, Anur Bektimirov, Eugene Didorenko

VY poboTi mpeicTaBieHi HOBI THAXOANM Ta MPUHIUIM BU3HAYECHHS YMOB TTOPYIIEHHsT CTIHKOCTI HAa OCHOBI BUSIBJIEHHS HEOE3MEYHUX M0~
pyIIeHb Ha PaHHIX CTaisgX 3 BUKOPUCTAHHSM iH(MOpPMAIIi Mpo 3MiHy PEKUMHUX MapaMeTpiB i MBUAKOCTI iX 3MiHu. B sKrocTi peximMHOTO
rmapamerpa y JOCJTiKeHHI 00paHo B3aEMHUIT KyT HAIIPYTH MixK Keposanoio migcraniiero 500 kB ta mBuakicTio ioro 3minu. 3HadeHHs 3a-
3HAYEHUX [TAPaMETPiB POIIOHYETHCS OPaTH 3 CUCTEMI MOHITOPHHTY nepexifnux peskumMis (CMIIP). AKTyaibHiCTb JOCITIIZKEH S 3yMOBJIEHA
HEOOXIHICTIO TiABUIIEeHHS e(EeKTUBHOCTI Ta YCYHEHHsI HEIOJIKIB ICHYIOUMX [IPUCTPOIB BUSIBJICHHS PEKMMHOI aBTOMATHKU, 0 103BOJUTD
3HU3UTHU KiJTBKICTh aBapiii yepe3 MOPYyNIEHHS CTiIKOCTi €HeprocucTeMn. 3alpOIIOHOBAHMIT TIPUHITUI TPOTHO3YBAHHS TTOPYIIEHHS CTIHKOCTI
3aCHOBAHMIT HA BUKOPUCTAHHI TIOJIOKEHHsT Teopii cTiitkocTi JIsmyHoBa, 3TiZiHO 3 SIKMM OIliHKA CTIIIKOCTi TIPOBOIUTHCS 32 CYMApHOIO €HEPricio
CHCTEMH, 10 CKJIAJAEThCS 3 KiHeTHYHOI Ta moTeHmiiiHoi. Ha BifMiHy Bi/l iCHYIOUMX IPUHIINIIB BUSABJICHHS MOPYUIEHHS CTIHKOCTI, e BUXi/
3 06J1acTi CTIHKOCTI BUBHAYAETHCSI OCHOBHUM MapaMeTpoM (MOTEHIHHOI0 eHeprieio), IPUHIKIT TPOrHO3yBaHHsI I03BOJISIE OIIHIOBATH CTili-
KICTh 32 IBUAKICTIO ii 3MiHU (KIHETUYHOI eHepril), 110 3a6e311euye PAaHHE BUABJIEHHS TIOPYIIEHHSI CTIHKOCTI.

Bukonano pospaxyHku 3 MojesioBamist ctpubkiB Hanpyru B IliBmiuno-IliBaennomy o6'eananni eaunoi eneprocucremn Kasaxcramy
B nporpamuomy sabesnedenni «DigSILENT Power Factory» na mMozesni, anpo6oBaHiii peaJlbHUMHU TIOPYIIEHHSIMU B €HEPrOCKCTEMI 3a JaHu-
mu CMIIP. Pospaxynkn miarBepauin eeKTUBHICTD 3aITPOTIOHOBAHNX MPUHIINIIB Ta MOKINBICTh Bukopuctanns gannx CMIIP pra susas-
JIEHHST aBapiifHUX CcTPUOKIB HAMPYTH B TPAH3UTHUX €JEKTPOMEPEKAX Ha TOYATKOBOMY €Tarli.

Komo4oBi ciioBa: B3aeMHUIT KyT HAlpyru, IpPOTHaBapiiiHa cucrtemMa, CHHXpOoha3opHi BUMIPIOBAHHSI, CTIHKICTD eJIEKTPOEHEPTeTHYHIX CHC-
Tem, CMIIP.

DOI: 10.15587/1729-4061.2023.277908
AHAJI3 MTOTYKHOCTI TUPUCTOPHO PETI'YJIbOBAHOI'O PEAKTOPA 3 IIOBHICTIO KEPOBAHHUMUA
HANIBIIPOBITHUKOBUMU BEHTUISIMMU (c. 27-35)

€. 1. Denis, 0. M. CiBakoBa

Tiyuki cucremu miepeadi 3MiHHOTO CTPYMY, HOOYAOBaHI 3 BUKOPUCTAHHSIM CyYaCHUX JOCATHEHDb B Taly3i CHJIOBOI €JIEKTPOHIKH, € KJIO-
YOBUMK KOMIIOHEHTAMH IHTEJIEKTya bHuX Mepek. OO’€KTOM [TOCIIIPKEHHsI € TUPUCTOPHO PETYJIbOBAHUIT PEaKTop, SIKUil BUKOPUCTOBYIOTh
B CKJIQJIi CTATUYHOTO KOMIIEHCATOPA PEAKTUBHOI MOTY)KHOCTI /IS PeryJIIOBaHHS PEaKTUBHOI MTOTYKHOCTI B TIepelaBaIbHIIX Ta PO3IO/ITBHIX
€JIEKTPUYHNX MEPEKax CUCTEM eJIEKTPOIIOCTAYaHHs. 3allPONOHOBAHO BUKOPUCTATH B PETYJISITOPI IBOOIEpalliiiHi HalliBIIPOBIITHUKOBI BEHTH-
JIi, 0 JT03BOJTHJIO OTPUMATH SIKiCHO HOBI PETyJIIOBaIbHi BIAaCTUBOCTI. [IpoBezeno anasi3 moTys;KHOCTI peakTopa B pesknMi (ha30BOTO KepyBaH-
HSI IIPOBI/IHUM CTAaHOM BEHTUJIIB 33/laHHAM MOMEHTIB Yacy ixX 3akpuBaHHsg. OTpPUMAaHO aHAJIITUYHI BUPa3y /IS KYTOBUX XapaKTEPUCTHUK I10-
TYKHOCTI 32 OCHOBHOIO TAPMOHIKOT0. BUSIBIIEHO, 1110 peryJmiooyn 3a (hazoBUM IIPUHITMIIOM IPOBITHUM CTAHOM i/IeaTbHUX HATTiBIIPOBITHUKOBUX
BEHTUJIIB, sIKi YBIMKHEHI MOCJIiIOBHO 3 i7IeaTbHOIO0 1HAYKTUBHICTIO, IOPSIJl 3 PETYTIOBAHHSIM PEAKTUBHOI TIOTYKHOCTI CIIOCTEPITAETHCS SIBUTIIE



CHOXMBAHHA 3 MEPe’Ki KUBJICHHS aKTHBHOI MOTYKHOCTI 32 OCHOBHOIO TapMOHiKoI0. [okasano, 110 IPUYNHOIO BKAa3aHOTO € IITYYHO OTPH-
MaHui 3a J0MOMOroI0 HaliBIIPOBIAHMKOBUX BEHTUJIIB aKTUBHO-1HyKTUBHUIT XapaKkTep KyTa 3CyBYy OCHOBHOI TapDMOHIKM CTPyMYy B peaKkTopi
BIJIHOCHO HANPYTH JuKepesa skupiaenHs. HaBegeno peaysbraTtn JOCTiKeHH, SKi 0BOJATD €(eKT PeryaioBaHHsa aKTUBHOI ITIOTY>KHOCTI THPH-
CTOPHO PeryJibOBaHUM peakTopoM. J{octizKeHHsAM Ha BIpTYaJIbHIil MOJIeJIi IPOiJIIOCTPOBAHO PEryJIIoBaHHS aKTUBHOI CKJIQJIOBOI ITOTYKHOCTL
CHHXPOHHOTO IeHEepaTopa BIIMBOM Ha 4acTOTy 00epTaHHs POTOpA IIiJ| Yac BEHTHJIBHOIO PEryJIioBaHHs HOTYKHOCTI peaktopa. OTpumanuii
B IIPOIeCi TUPHCTOPHOTO PETyJIIOBAHHS PEAKTOpa PeCypc aKTUBHOI MOTYKHOCTI CHIBMiPHUI 3 HI0T0 BCTAHOBJICHOIO TTOTY KHICTIO.

Kom04oBi coBa: THPHCTOPHO PeryJsibOBaHMIT PEaKkTop, ABOOIEPAITHNI HATIIBIIPOBIIHUKOBHUII BEHTHJIb, CTATHYHIIT KOMIIEHCATOD peak-
THUBHOI MOTY>KHOCTI.
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BU3HAYEHHS AEPOJUHAMIYHUX XAPAKTEPHICTHK BITPOBOI EJJEKTPOCTAHIIIT 3 BEPTUKAJIBHOIO BICCIO
OBEPTAHHS (c. 36-43)

Nazgul Tanasheva, Akmaral Tleubergenova, Ainura Dyusembaeva, Amangeldy Satybaldin, Elmira Mussenova, Asem Bakhtybekova,
Nurgul Shuyushbayeva, Sholpan Kyzdarbekova, Saniya Suleimenova, Ardak Tussypbayeva

Birpoeneprerinka € KOMePIHHO MePEBIPEHNM BUAOM BHPOOHUIITBA €JEKTPOEHEPTI], IO MIBI/IKO PO3BUBAETHCS. BiTpoBi eexTpoctantii
3 BEPTUKAIBHOIO BiCCIO € GiIbIT TIPUBAGIMBIMI i Kpallle MiAXOAATD JJisi BAKOPUCTAHHSI B MiCTaX Ta MiCHKOMY CEPEIOBHUII 3 MEHII Trepena-
YyBaHUM [TOTOKOM BITPY B IOPIBHSHHI 3 TIOIIMPEHUMHU BITPOEIEKTPOCTAHIIIAMHU 3 TOPU3OHTAIBHOIO Biccio oOepranHs. Ile po6uth ix Habarato
KPAIIIM BapiaHTOM SIK JIJIsl HA3€MHOI YCTaHOBKH, Tak i/a6o [UIsl yCTaHOBKH Ha OY/IiBJISIX i 1axax, 1o B iHIIOMY BHUIAIKY 0OMEKYBaIo 6 ycra-
HOBKY O1/Ib1lI BUCOKHMX FOPU30HTAILHUX TyPOIHHUX KOHCTPYKILiil.

¥ pobori ornrcano ekcriepuMeHTagbHe A0CIIUKEHHs CHIIN JI0O0BOTO O1opy Ta il KoedilieHTa st BITpOreHepaTopiB 3 BEPTUKAIBHOIO Bic-
cto obeprants. O6’'€KTOM JOCTIIKEHHS € 1a60paTOPHA MOJIENb BITPOreHEPATOPA 3 JIOMATSIMHE, BUKOHAHVMI Y BUTJIsII 06€PTOBUX IIUITHPIB
3 HEPYXOMOIO JI0NaTTo. EKCIIepuMeHTatbHi 10CTiUKEHHS TPOBOMIINCS B aepoanHaMiuHiil Tpy6i T-1-M, BUMiploBaHHS aepOMHAMIYHOT CHJIH
BUKOHAHI 3 BUKOPUCTAHHSIM TPUKOMIIOHEHTHUX Bar. BiaMiHHOIO pricoio po6oT € KoMOiHOBaHe BUKOPUCTAHHSI THAROMHOI CHJIM TIMJTiHAPIB,
a TAKOX IIHOMHOI CHJIM HEPYXOMOI ITUTH. 3aB/IsIKN TAKOMY PillleHHIO [IPU [OPIBHSHHI 3 iCHYIOYMMU BiTPOreHepaTopamMi 3 BEPTUKAIbHOIO
BicCio 0OePTaHHS BCTAHOBJIEHO, 10 PO3TJISTHYTHI BiTporenepartop mepeBaxkae na 25—100 % 3a kizpkictio 06epTiB. OTpuMano 3a1eKHOCTI
cusin 1060BOTO OIIOPY Bijl WBUAKOCTI HOTOKY Ta KoedilienTa 1060B0ro onopy Bia uncaa Peitnosbaca sin 1-10% 1o 4-10% Takosxk nposeneno
aHaJIi3 HEBU3HAYEHOCTI /ISl BUSHAYEHHST HEBU3HAYEHOCTI 3a THIOM A, B Ta 3arajbHOI HEBU3HAYEHOCTI, 3 SIKOTO BCTAHOBJIEHO, IO TIOXUOKa
BuMipioBanHst craHoBuTb 1,13 %. O61acTh MPAKTIYHOTO 3aCTOCYBAHHST PE3YJIBTATIB JAGOPATOPHUX IOCTi/KeHb Gyjie KOPUCHA TIPU PO3POOILi
JOCJTIIHUX 3Pa3KiB BITPOTEHEPATOPIB 3 BEPTUKAIBHOIO BiCCIO 0OepTaHHL.

KirouoBi ciioBa: aepoHamika, moTik, KOMGIHOBAHA JIOTATD, TIBU/KICTD MTOTOKY, CUJIA JIOG0BOTO OTIOPY, CHJIA TSTH.
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BU3HAYEHHS MOJIEJII JIOTIATI BITPOEHEPTETUYHOI YCTAHOBKH /17151 PAIIOHIB I3 MAJIOIO IIBUIKICTIO
BITPIB (c. 44-52)

0. 10. IOpuenko, O. B. Panuyk, I. B. Bapcykosa, M. I0. Casuenxo-Ilepepsa, O. B. Isuenko, B. M. Konoauenxo, /1. I. @ecenxo

Ob6’ekrom nocaikeHtst € hopMa JIonari BepTHKaIbHO-0ChOBOI yCTAaHOBKU. [IpoGiema, 110 BUPIMIYEThCsE B POOOTI, TOJISITAE Y MONTYKY
ONTUMaBHOT (POPMU JTOTATI BITPOEHEPTETHYHOT YCTAHOBKH JIJIst POGOTH 3a MaJIOl IMBUAKOCTI BITPY ab0 Ha AINSHKAX, 1€ HOTO TOTIK € 0OMexe-
HUM. Y X0/li poGOTH PO3IJISTHYTO B3a€MO/III0 KOJKHOTO 3 BapiaHTIB JlonmaTell 3 MOTOKOM BITPY B 3aJIe;KHOCTI Bil popmu jronari. 3a 101MoMoron
3MEHIIIEHOI MOJIeJI BITPOYCTAHOBKHU TIPOBEICHO BUTIPOOYBAHHS MIOCKOI JIOTIATI, JIOMATI 3 «<KapMAHOM» 1 JIOTIATI 3 «KAPMAHOM» Ta IILIMHOW.
Otrpumani pesyJbraTi BUIIPOOYBaHb AOBOAATH €(hEKTUBHICTH CIIPOEKTOBAHOI Ta BUTOTOBJIEHOI JIONATI 3 «KapMaHoM» Ta mtiuHoio. Ile miz-
TBEPIIKEHO PE3YJIbTaTaMU MIPOBEIEHOTO MOCI/PKEHHS, 3TIIHO SIKHX 32 Yac eKCIIEPUMEHTY KiJIbKicTh 00ePTiB BITPOTYPOIHU 3 JIOMATSIMU, BUTO-
TOBJIEHNMH 3 «KaPMaHOM» Ta IIJIMHOK HaiOiIbIma. Y TOPIBHAHHI 3 TonmaTssMu ocKoi dpopmu 36impmenns Ha 20 %, i y NopiBHAHI i3 Joma-
TSAMU 3 <KapMaHoM» 306isbiteHHs Ha 10 %. 3 MeTOIO TOPiBHSIHHSI BITPOYCTAHOBOK, SIKi MAIOTh JIOTIATI TIOCKOI (DOPMHU Ta JIOTIATI 3 «KapPMaHOM»
Ta IIIJITHOI0, IPOBE/IEHO €KCIIEPUMEHTANIbHI IOC/I/UKEeHH 1 po3paxyHku KoeditienTta rnoryxuocti Cp. BiTpokosieco 3 MI0CKOI0 JIONATTIO Ma€e
Cp1=24, 3 TomaTTIO, siKa Ma€ «kapman» — Cpy=>52,9, 3 lonarTio, sika Mae «kapMmany i miyinay — Cps=>58,7. Tomy MokHa BBaKaTH, 1110 i OTYK-
HICTB, SIKY PO3BUBAE BITPOKOJIECO 3 BUIIE 3a3HAYCHUMU JIONATSIMHE, TaKOK HaiiGinbiuia P3=98 Bt, B mopiBHsHHI i3 1BOMA iHIIMME (hopMamMu
Jomareit: mrockoo — P1=32,3 B, i 3 «kapmanom» — Py=88,2 Br. Boma 3pocratimMe mpoTSIroM Yacy BUIIPOOYBAHHS Bifl HYJIbOBOI MIBH/IKOCTI
JI0 PO3BUHEHHST CTAJIOl NIBUIKOCTI 06€PTAHHSL.

ITpoBeieHi TOCTIPKEHHS T ATBEPIKY 0T, 110 BITPOKOJIECO, SIKE MA€ JIOTIATI 3 «<KapMAaHOM» Ta IIIJINHOI, MA€ HAUOLIBITY MBUAKICTH 0Oep-
TaHHS Ha BCbOMY ITPOMIXKKY 4Yacy, KON TIPOBOMJINCS BUMiPIOBaHHS.

KiiouyoBi ciioBa: BiTpoeHepreTuka, JoIaTi 3 miJrnHoIo, 00epToBa CHJIa BITPOKOJIECA, BEPTUKAIBHO OCbOBA BITPOYCTAHOBKA.
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OIITUMI3AIIS BUPOBHUIITBA BIOTA3Y 3 BUKOPUCTAHHAM IITYYHOI HEMPOHHOI MEPEXKI (c. 53—64)

b. M. Komapucra, I. M. /I:xurupeii, B. 1. Beumior, O. B. SIsopoBcbka, A. B. Aunpeesa, K. C. Bepesenko, 1. B. Memepskosa,
0. 0. Bosk, C. 10. [loxkmuna, I. {. Maiinancpkuii

O06’ekTOM 0CTiIKEHHS € po60Yi TapaMeTpu yCTaHOBKM aHAePOOHOTO 30pOKyBaHHsL. J{OCIIKEHHS TIOJIATAE B MiIBUIIEHH] MOTEHITIATY
BupoGHuUIITBa Giorasy. Bupiireno 3aBaatts miabopy onTUMATBHUX TapaMeTpiB POGOYOTO MPOTIECY aHAEPOOGHOTO 36POIKYBaHHS.



P03po6iieHo MOJIeNTh KYMYJISITHBHOTO BUXOAY 6iorasdy Ta MeTaHy B IIPOIieci aHaepOGHOT0 30PO/IKYBAHHS BiIXOIIB, KA KOHIIENTYaIi30BaHa
Ha METO/Ii MITYYHOI HeHPOHHOI Mepeski. Mozesb mobyoBaHo rpyHTy0unch Ha 11 3MiHHUX, TTOB’SI3aHUX 13 MTPOIECOM, TAKUX SIK Ti[paBIivyHIil
vac yrpumanisi, pH, po6oua Temmeparypa, inii.

Byno nigibpano mapaMerpu YCTQHOBKH, 1[0 IPU3BOJATD 10 HABUIIIOTO 06’6My BUPOOHUIITBA 6101‘asy. Busnaueno, 1110 ontuMaibHa Kijib-
KicTh Giorasy Mosxe 6yTn goBeeroro 10 90 %, Mo MepeBuTIIye MakcMaTbHe 3HAUEH T, OTPIMane 3 3aBOICBKIX 3armciB Ha 12,6 % 10 700 v /T.
Poboui ymMOBH, sIKi IPU3BEJIN 10 ONTUMAIBLHOTO BUPOOHUIITBA MeTaHy, Oy/iu BU3HadeHi sik Temreparypa 39 °C, 3arajbHa KiJlbKiCTh TBEPAUX
pevosuH 4,5 %, Bizcotok opraniku 97,8 % i pH 8,0.

Busigiieno, 1o BUpOGHUIITBO 6ioTasy € HABUIINM 3a TEMITEPATYPH B MeKaX TePMOMITBHOTO [iamasomy, a JOKATBHIH MAaKCHMYM JOCSITa-
€TbCs 32 Me30(iIbHOTO Jlialla30Hy TeMIleparyp.

Pospobiteria Moziesb CIyTy€ ISl BUSHAYEHHST ONTHMATBHIX eKCIUIYaTAIliHHNX MapaMeTpiB sl MAaKCUMAIbHOTO BUPOOHUITBA Giorasy
Ta MOKE BUKOPUCTOBYBATUCH JIJIsI ONTHMIi3allii MPOAYKTUBHOCTI BUPOOHUIITBA (Giorasy 3 BUKOPHCTAHHSIM OOMEKEHUX eKCIePUMEHTATbHIX
fanrx. Mojiesib TaKOJK A€ MOKJIUBICTD TIPOTHO3YBATH MPOYKTUBHICTh aHAePOOGHOTO 30POJIKYBaHHSI 32 HEMEPEBIPEHNX YMOB.

[IpakTiyHe BUKOPHCTAHHS PO3p006JIeHOi MOesni BUPOOHUIITBA 6iorasy MOMKJINBE MPH MOHITOPUHTY POGOTH YCTAHOBKH aHAePOOHOTO
30pOJKYBaHHSI, VIS M ABUILCHHS ¢(DEKTHUBHOCTI IPOIECY Ta P KOPUIYBAaHHI YMOB POOOTH METaHTEHKA.

Kirouosi ciioBa: 6iorazoBa ycTaHOBKa, MITYYHA HEHPOHHA Mepeska, TTOTEHIal BUXOAY Oiorasy, anaepoGiHe 30pO/KyBaHHSI.



