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 

Abstract:. the article is devoted to the calculation of the 

generated power in AutonomousT powerT systemsT basedT onT 

windT powerT plants,T photovoltaicT panels,T smallT hydroelectricT 

powerT plants.T TheT modelT ofT theT designedT systemT isT 

consideredT toT beT closedT andT containsT energyT storageT 

modulesT forT accumulatingT partT ofT theT power.T TheT ideaT ofT 

optimizingT theT systemT isT basedT onT theT determinationT ofT theT 

compositionT ofT the combined power generation complex, in 

which the efficiency criteria reach an extremum. 

Index Terms: wind powerT plants;T photovoltaicT panels;T 

smallT hydroelectricT powerT plants. 

I. INTRODUCTION 

Modern world industry is increasingly developing and 

reclaiming remote regionsT whichT wereT notT widelyT usedT 

previously.T EnergyT supplyT ofT productionT facilitiesT asT wellT 

asT residentialT complexesT locatedT atT aT considerableT 

distanceT fromT theT powerT gridT [1T -T 4]isT becomingT 

necessary.T TheT solutionT toT thisT problemT isT energyT supplyT 

basedT onT theT useT ofT renewableT orT alternativeT energyT 

technologiesT [5,T 6]. 
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II. STRUCTURE OF AUTONOMOUS ENERGY 

COMPLEX 

The autonomous power generatingT complexT [7,T 8],T builtT 

onT theT basisT ofT renewableT energyT sources,T consideredT inT 

thisT paper,T isT aT systemT ofT threeT typesT ofT powerT 

generatingT unitsT thatT convertT windT energyT [9,T 10],T solarT 

radiationT [11,T 12]T andT waterT flowT [13T ,T 14]T intoT 

electricalT energy,T asT wellT asT itsT accumulationT andT 

dischargeT devicesT [15,T 16].T TheT presenceT andT quantityT ofT 

eachT ofT theseT typesT ofT installationsT determinesT theT 

structureT ofT theT generatingT set,T theT structuralT andT 

economicT characteristicsT -T itsT parametersT [17,T 18]. 

 

III. STATEMENT OF THE RESEARCH PROBLEM 

TheT efficiencyT ofT theT powerT generatingT complexT isT 

determined,T inT general,T byT aT wholeT setT ofT valuesT ofT 

indicatorsT itsT performance,T reliability,T andT economicT planT 

characteristicsT dependT on:T cost,T costT ofT electricity,T 

paybackT period,T asT wellT asT allocationT area,T serviceabilityT 

andT aT numberT ofT otherT criteriaT [19,T 20].T AssumingT thatT 

theT powerT supplyT systemT ofT theT autonomousT consumerT isT 

closed,T itT canT beT statedT thatT theT sumT ofT theT powersT ofT theT 

sourcesT ofT electricT energyT shouldT beT equalT toT theT sumT ofT 

theT powersT expendedT inT receivers,T minusT theT lossesT dueT 

toT itsT transmissionT andT variousT kindsT ofT transformations.T 

EnergyT sourcesT inT thisT systemT areT windT energyT 

generatorsT (WEG),T photoelectricT convertersT (FEC)T andT 

hydropowerT generatorsT (GEG).T ReceiversT areT theT 

consumerT andT ballastT resistanceT (BR).T TheT systemT ofT 

electricT powerT accumulation,T dependingT onT theT generatedT 

andT consumedT energyT quantitativeT ratio,T canT actT bothT inT 

theT roleT ofT itsT sourceT andT receiver.T TheT taskT ofT designingT 

anT autonomousT electro-generatingT complexT canT naturallyT 

beT formulatedT asT theT problemT ofT findingT theT valuesT ofT itsT 

parameters,T underT whichT theT energyT complexT efficiencyT 

criteriaT reachT extremes.T TheT scopeT ofT theT searchT forT theT 

acceptableT valuesT ofT theseT parametersT mustT satisfyT theT 

powerT balanceT equationT ofT theT autonomousT 

electro-generatingT complexT underT consideration,T asT wellT 

asT theT designT constraintsT 

onT theirT minimumT andT 

maximumT values.T TheT 

solutionT ofT thisT problemT 
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canT beT performedT numericallyT onT theT basisT ofT 

optimizationT andT simulationT methodsT basedT onT modernT 

computerT technologies. 

IV. CONSTRUCTION OF THE MODEL AND 

CALCULATION OF THE PARAMETERS OF THE 

ELECTRO GENERATING COMPLEX 

AsT aT resultT ofT theT researchT carriedT outT byT theT authorT 

[20],T twoT groupsT ofT criteriaT thatT determineT theT 

effectivenessT ofT theT energyT complex:T economicT andT 

energyT wereT established.T AsT theT onlyT economicT efficiencyT 

criterion,T itT isT logicalT toT takeT theT costT ofT generatingT andT 

convertingT devices,T includingT theirT delivery,T installationT 

andT commissioningT (СΣ).T TheT costsT ofT usingT renewableT 

energyT sourcesT areT associatedT onlyT withT theT maintenanceT 

ofT generatingT andT accumulatingT devices,T doT notT requireT 

anyT additionalT investment,T forT example,T forT theT purchaseT 

andT deliveryT ofT fuel.T WithT relativelyT smallT amountsT ofT 

generatedT electricity,T suchT generallyT acceptedT criteriaT forT 

economicT efficiency,T suchT asT theT annualT costsT perT 

kilowattT ofT installedT capacityT andT theT costT ofT electricity,T 

areT proportionalT toT CΣ. 

TheT totalT costT ofT theT equipmentT ofT anT autonomousT 

powerT supplyT system,T takingT intoT accountT itsT installation, 

 

T canT beT foundT fromT theT expression: 

 ааhhppwwΣ NCNCNCNCC  ,  

where Сw, Сp, Сh and Сa – the cost of wind, photo, 

hydropower and accumulation equipment, taking into 

account its installation, Nw, Np, Nh and Nа, respectively, their 

number.  

TheT valuesT ofT theT parametersT Nw,T Np,T NhT andT NаT 

determineT theT structureT ofT theT electroT generatingT 

complex,T thatT is,T theT presenceT orT absenceT ofT generatingT 

devices. 

 

а 

 

b 

FigureT 1:T TheT effectT ofT theT designT parametersT ofT theT 

windT turbineT withT theT horizontalT (a)T andT verticalT (b)T 

axesT onT itsT power 

BetweenT theT designT parametersT ofT generatingT unitsT 

andT theirT power,T thereT areT dependencies.T FormulasT forT 

calculatingT theT totalT powerT ofT theT WEGT (Pw)T withT 

horizontalT andT verticalT axesT [9]: 
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where ρa – air density, kg / m3; V0 – wind speed at the 

height of the weather vane, m / s; h0 – weather vane height, 

m; k – coefficient characterizing the type of terrain and 

ground surface; ηH
weg,  ηV

weg – coefficient of efficiency of 

wind turbines with horizontal and vertical axes; ηpw – 

efficiency coefficient of power lines, communication 

systems, stabilization, etc. for wind turbines.  

InT theT formulasT (2)T andT (3)T ofT theT functionsT ofT 

КH
WEG,T КV

WEGT theT coefficientsT connectingT theT designT 

parametersT ofT theT WEGT withT theT horizontalT andT verticalT 

axes.T ForT aT WEGT withT aT horizontalT axisT andT aT verticalT 

axis,T weT willT accordinglyT have: 
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TheT minimumT heightT ofT theT WEGT mastT (h1)T isT 

limitedT toT hminT (5T meters),T maximumT -T hmaxT (50T meters).T 

ThenT theT valuesT ofT theT windT wheelT diameterT forT theT 

WEGT withT theT horizontalT axisT willT varyT fromT 7.5T toT 75,T 

andT withT theT verticalT axis,T withT DT =T H,T fromT 3.75T toT 

37.5T meters.T TheT functionsT 

ofT КH
WEG,T КV

WEGT presentedT 

inT FigureT 1,T areT smooth,T 

withT noT apparentT 
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extremes.T InT otherT words,T itT isT pointlessT toT talkT aboutT 

anyT optimalT ratioT ofT theT parametersT DT (orT DT andT H)T andT 

h1,T atT whichT theT powerT PwT reachesT aT maximum.T OnT theT 

otherT hand,T ifT weT takeT intoT accountT thatT theT dimensionsT 

ofT theT windT wheelT determine,T asT aT rule,T theT powerT ofT theT 

windT generatorT and,T consequently,T itsT cost,T whichT growsT 

bothT withT theT mastT heightT andT withT theT dimensionsT ofT 

theT windmill,T thenT fromT theT economicT pointT ofT view,T theT 

variationT ofT theT parametersT determiningT theT WEGT 

numberT andT dimensions,T youT canT getT quiteT interestingT 

solutionsT thatT allowT youT toT minimizeT theT costT ofT theT 

windT farm. 

Average daily capacity of photovoltaic installations: 

              sppspppsp
H
sp SNβKηηRP  ,                

(4) 

whereT RH
ST =T EH

ST /T 24T –T averageT dailyT totalT solarT 

radiationT powerT comingT toT theT horizontalT surfaceT ofT aT 

unitT area,T kWT /T m2;T ηspT –T efficiencyT coefficientT ofT solarT 

panels;T ηppT –T efficiencyT coefficientT ofT powerT transmissionT 

lines,T communicationT systems,T stabilization,T etc.T forT 

PEC;T SspT –T theT surfaceT areaT ofT oneT solarT panel,T m2. 

InT expressionT (4),T theT actualT areaT ofT photovoltaicT 

panelsT (PEP)T isT actuallyT aT variableT parameter.T Here,T theT 

valueT ofT theT areaT ofT oneT panelT isT assumedT toT beT given.T 

TheT valueT ofT theT totalT areaT ofT allT panelsT isT determinedT 

byT theirT number.T TheT valueT ofT КspT (β)T dependsT notT onlyT 

onT theT angleT ofT theT panelT βT inclinationT butT alsoT onT aT 

numberT ofT parametersT thatT determineT theT geographicT 

positionT ofT theT installationT siteT ofT theT solarT panel,T theT 

currentT dateT andT canT beT foundT inT accordanceT withT theT 

procedureT proposedT inT [11].T FigureT 2T showsT theT 

dependenceT ofT theT changeT inT theT coefficientT ofT КH
ST andT 

totalT solarT insolationT onT theT inclinedT surfaceT RH
ST forT theT 

geographicT pointT ofT theT terrainT withT coordinates:T 

52.98°N,T 38.967°ET (villageT Troekurovo,T LipetskT region,T 

Russia).T TheT analysisT ofT theT givenT dependenciesT allowsT 

toT makeT anT unambiguousT statementT aboutT theT expediencyT 

ofT searchingT forT theT optimalT angleT ofT theT panelT tiltT forT aT 

givenT pointT ofT terrainT andT timeT period. 

 

 
а 

 
b 

FigureT 2:T CharacteristicsT ofT solarT insolationT atT aT 

geographicalT pointT withT theT coordinatesT ofT 52.98°N,T 

38.967°E:T changeT inT theT coefficientT KcT (a),T totalT 

insolationT duringT theT yearT (b),T dependingT onT theT angleT ofT 

inclinationT βT ofT theT receivingT areaT toT theT levelT ofT theT 

horizon 

InT expressionT (4),T theT actualT areaT ofT photovoltaicT 

panelsT (PEP)T isT actuallyT aT variableT parameter.T Here,T theT 

valueT ofT theT areaT ofT oneT panelT isT assumedT toT beT given.T 

TheT valueT ofT theT totalT areaT ofT allT panelsT isT determinedT 

byT theirT number.T TheT valueT ofT КspT (β)T dependsT notT onlyT 

onT theT angleT ofT theT panelT βT inclinationT butT alsoT onT aT 

numberT ofT parametersT thatT determineT theT geographicT 

positionT ofT theT installationT siteT ofT theT solarT panel,T theT 

currentT dateT andT canT beT foundT inT accordanceT withT theT 

procedureT proposedT inT [11].T FigureT 2T showsT theT 

dependenceT ofT theT changeT inT theT coefficientT ofT КH
ST andT 

totalT solarT insolationT onT theT inclinedT surfaceT RH
ST forT theT 

geographicT pointT ofT theT terrainT withT coordinates:T 

52.98°N,T 38.967°ET (villageT Troekurovo,T LipetskT region,T 

Russia).T TheT analysisT ofT theT givenT dependenciesT allowsT 

toT makeT anT unambiguousT statementT aboutT theT expediencyT 

ofT searchingT forT theT optimalT angleT ofT theT panelT tiltT forT aT 

givenT pointT ofT terrainT andT timeT period. 

The capacity of HPPs generated in the autonomous power 

supply system: 

 hhhgphwah NHQηηgρP  ,                 (5) 

whereT ρwaT –T waterT density,T kg/m3;T gT –T accelerationT ofT 

freeT fall,T  

m/s2;T HhT –T hydraulicT turbineT pressure,T m;T QT –T waterT 

consumptionT m3/s;T ηhg;T hydroT generatorT efficiencyT 

coefficient;T ηphT –T efficiencyT coefficientT ofT powerT 

transmissionT lines,T communicationT systems,T stabilization,T 

etc.T forT SHPP.T  
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a 

 
b 

FigureT 3:T TheT dependenceT ofT theT changeT inT theT turbineT 

powerT ofT theT PL10T modelT onT itsT impellerT diameterT andT 

theT pressureT headT atT theT riverT flowT rateT ofT 6.4T (a)T andT 

3.2T (b)T m3
T /T sT  

 

TheT parametersT Q,T HhT andT ηphT areT interrelated.T TheT 

natureT ofT thisT relationshipT isT determinedT byT theT designT ofT 

theT hydroT turbine,T itsT sizeT andT aT numberT ofT otherT 

characteristicsT [21].T AsT followsT fromT theT graphsT 

presentedT inT FigureT 3,T theT dependenceT ofT theT powerT ofT 

smallT hydroelectricT powerT plantsT (SHPP)T atT aT givenT 

currentT flowT ofT theT riverT assumesT theT existenceT ofT specialT 

zonesT (extremes,T kinks)T underT certainT combinationsT ofT itsT 

characteristicsT (model,T head,T diameterT ofT theT impeller).T 

InT thisT connection,T theT formulationT ofT theT problemT ofT 

searchingT forT optimalT characteristicsT ofT SHPPsT isT ofT 

undoubtedT interest. 

AsT criteriaT forT energyT efficiency,T weT willT consider: 

 the maximum total capacity of the generating units of 

the complex (PΣ) located on a given territory; 

 theT minimumT valueT ofT theT totalT powerT dissipatedT byT 

theT ballastT resistanceT (PΣb),T ifT theT performanceT 

conditionT ofT theT generatingT setT isT fulfilled. 

TheT choiceT ofT theT firstT ofT theT energyT criteriaT asT anT 

indicatorT ofT efficiencyT canT beT usedT atT theT stageT ofT 

performingT workT relatedT toT makingT decisionsT onT theT 

creationT ofT autonomousT enterprisesT (consumers)T inT aT 

givenT territoryT inT aT particularT geographicalT pointT ofT theT 

terrain.T TheT applicationT ofT theT secondT criterionT isT 

advisableT inT situationsT whereT theT parametersT ofT theT 

consumer'sT energyT costsT areT determined. 

The total power PΣ in the time interval T: 
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TheT totalT powerT dissipatedT byT theT ballastT resistanceT PbT 

inT theT timeT intervalT TT isT determinedT byT theT dependence: 
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TheT efficiencyT ofT anT autonomousT complexT basedT onT 

alternativeT energyT technologiesT isT associatedT withT theT useT 

ofT notT alwaysT stableT sourcesT ofT energy,T theT authorT 

proposesT toT introduceT aT safetyT factorT KsT toT assessT theT 

safetyT ofT consumerT electricalT power,T theT valueT ofT whichT 

determinesT theT probabilityT ofT aT situationT whenT theT energyT 

supplyT ofT theT consumerT inT fullT isT impossible.T TheT valueT 

ofT KsT isT calculatedT byT theT followingT formula: 
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InT expressionT (8),T PaT isT theT capacityT ofT theT 

accumulatingT system,T andT PCT isT theT powerT ofT theT 

consumer.T TheT accuracyT ofT theT calculationsT inT 

accordanceT withT formulasT (6)T -T (8)T willT dependT onT theT 

consideredT timeT intervalT T.T TheT existingT databasesT ofT 

meteorologicalT observationsT coverT aT periodT ofT severalT 

decades,T whichT guaranteesT aT sufficientlyT highT accuracy. 

WeT formulateT theT designT ofT anT autonomousT powerT 

supplyT systemT asT aT taskT ofT minimizingT nT ofT objectiveT 

functionsT (criteria)T F,T F2,T ...,T FnT thatT areT componentsT ofT 

theT n-dimensionalT vectorT {F},T whoseT valueT dependsT onT 

mT variableT parametersT X1,T X2,T ...,T XmT orT ofT theT vectorT 

{X}T andT reachesT aT minimumT forT XT =T XT *.T TheT domainT 

ofT admissibleT valuesT UxT ofT theT vectorT XT isT theT setT ofT 

equationsT andT inequalitiesT connectingT itsT components.T 

Thus,T inT theT generalT case,T inT orderT toT determineT theT 

structureT andT parametersT ofT anT electroT generatingT 

complex,T weT have 

                             *

UX
XFXF

x
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min .                              (9) 

AtT thisT stageT ofT theT research,T weT willT considerT theT 

followingT twoT variantsT ofT theT problemT ofT calculatingT theT 

parametersT andT structureT ofT theT electroT generatingT 

complex: 

 WeT haveT aT territoryT withT aT givenT configuration,T 

area,T landscapeT andT 

geographicalT 

location.T ItT isT 

requiredT toT 
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determineT theT structureT andT parametersT ofT anT 

autonomousT powerT generatingT complex,T which,T atT 

aT minimumT cost,T generatesT aT maximumT amountT 

ofT energyT forT aT certainT periodT ofT time. 

 TheT configuration,T area,T terrain,T geographicT locationT 

ofT theT territoryT ofT theT generatingT complexT andT 

characteristicsT ofT consumptionT ofT energyT generatedT 

byT itT areT determined.T ItT isT requiredT toT determineT 

theT structureT andT parametersT ofT anT autonomousT 

powerT generatingT complexT thatT allows,T atT aT 

minimumT cost,T toT ensureT theT generationT ofT aT 

sufficientT amountT ofT electricityT duringT aT certainT 

periodT ofT time. 

Thus, in (9) we have a vector {F} of dimension 2 whose 

components in accordance with (1): 

           ааkhppww NCNCNCNCF 1 ,           

(10)                         

and F2 for the first variant in accordance with (6): 
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and F2 for the second variant in accordance with (7): 
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Variable parameters, components of the vector {X}, in the 

general case will be: 

 for WEG – Nw, D, h1 and H, if the WEG is with a vertical 

axis (2), (3); 

 for the PEC – Np (4); the angle of the PEC installation, 

as it was shown above, can be optimized, Figure 3, 

outside the solution of the problem (9); 

 for dam hydropower plants – Nh, D, Hh (5); 

 for power storage systems, this is the number of batteries 

connected in parallel. 

ChangesT inT theT valuesT ofT variableT parametersT areT 

possibleT onlyT withinT certainT limitsT establishedT byT theT 

characteristicsT ofT theT territoryT ofT theT locationT ofT theT 

powerT generatingT complex,T asT wellT asT takingT intoT 

accountT theirT interconnection. 

V. CONCLUSION 

Thus,T theT workingT capacityT ofT anT autonomousT powerT 

complexT dependsT onT theT quantitativeT ratioT ofT windT 

generators,T photoelectricT converters,T hydroelectricT 

generatorsT andT accumulatingT devicesT thatT determineT itsT 

structure,T andT theirT characteristics.T TheT parametersT ofT theT 

structureT ofT theT autonomousT energyT complex,T theT 

characteristicsT ofT theT generatingT devicesT andT theT 

propertiesT ofT theT functionT ofT theT consumer'sT useT ofT 

energyT areT interrelated. 

TheT effectivenessT ofT theT autonomousT powerT supplyT 

system,T asT studiesT haveT shown,T isT determinedT byT theT 

valuesT ofT twoT mainT criteria:T theT costT andT capacityT ofT theT 

energyT complex,T asT wellT asT theT valueT ofT theT auxiliaryT 

characteristicT -T theT safetyT factor.T InT accordanceT withT 

expressionT (9),T theT calculationT ofT anT autonomousT powerT 

supplyT complexT isT theT taskT ofT multi-criteriaT optimization,T 

theT purposeT ofT whichT isT toT determineT itsT structure,T 

characteristicsT ofT generatingT devicesT and,T possibly,T 

parametersT ofT theT functionT ofT theT consumer'sT useT ofT theT 

generatedT energy,T withinT theT frameworkT ofT aT rationalT 

ratioT ofT costT andT energyT indicatorsT ofT generatingT 

capacities. 

ToT realizeT theT possibilitiesT ofT computerT modelingT ofT 

autonomousT energyT complexesT (AEC)T builtT onT theT basisT 

ofT renewableT energyT sources,T theT computerT programT 

"AlternativeT EnergyT TechnologiesT (AET)"T wasT developedT 

[20],T whichT allowsT bothT solvingT problemsT ofT simulationT 

ofT theseT complexesT andT optimizingT theirT structureT andT 

theT parametersT inT accordanceT withT (9)T -T (12). 

REFERENCES 

1. ZatsepinaT V.I.,T ZatsepinT E.P.,T TeleginT V.V.,T "ElectricityT supplyT ofT 

consumersT usingT renewableT energyT sources",T NewsT ofT HigherT 

EducationalT InstitutionsT ofT theT ChernozemT Region,T 2013,T NoT 2,T pp.T 

33-35.T  

2. ShkradyukT I.E,T TrendsT inT theT developmentT ofT renewableT energyT 

sourcesT inT RussiaT andT theT world.T Moscow:T WWFT Russia,T 2010. 

3. LarinT V.T TheT stateT andT prospectsT ofT renewableT energyT sourcesT inT 

Russia.T M.,T 2006. 

4. CetoshnikovaT L.M,T Non-traditionalT renewableT energyT sources.T 

Chelyabinsk:T SUSU,T 2010. 

5. RenewableT EnergyT PolicyT NetworkT forT theT 21stT Century:T 

renewablesT 2012T globalT statusT report,T 2012.T  

6. ShpiganovichT A.N,T TeleginT V.V,T "EnergyT savingT usingT autonomousT 

sourcesT onT theT basisT ofT alternativeT energyT technologies",T NewsT ofT 

higherT educationalT institutionsT ofT theT ChernozemT region,T 2011,T NoT 

4,T p.T 15-20. 

7. TeleginT V.V,T "ModelingT ofT powerT supplyT systemsT inT theT jointT 

operationT ofT alternativeT andT traditionalT energyT sources",T CurrentT 

trendsT inT science,T technology,T education,T 2016,T pp.T 113-114. 

8. TeleginT V.V,T ShpiganovichT A.N,T "SystemsT ofT autonomousT powerT 

supplyT basedT onT alternativeT energyT technologies",T Elektrika,T 2012,T 

No.T 2,T pp.T 17-20. 

9. KharitonovT V.P.,T AutonomousT wind-electricT installations.T M:T GNUT 

VIESKH,T 2006. 

10. TeleginT V.V,T "ResearchT ofT theT efficiencyT ofT theT autonomousT powerT 

supplyT complex",T Energy,T electromechanicsT andT energy-efficientT 

technologiesT throughT theT eyesT ofT youth,T TomskT PolytechnicalT 

University,T Vol.2,T 2016,T ppT 202-206T  

11. VissarionovT V.I,T SolarT powerT engineering.T MT .:T PublishingT houseT 

MEI,T 2008. 

12. AlferovT Zh.I.,T AndreevT V.M,T RumyantsevT V.D,T "TrendsT andT 

prospectsT ofT solarT photovoltaicsT development",T 2004,T VolumeT 38,T 

No.T 8,T pp.T 937-948.T  

13. KazhinskyT B.B,T Free-flowT hydroelectricT powerT stationsT ofT lowT 

power.T Moscow:T Gosplanizdat,T 1950..T  

14. KartanbaevT B.A,T ZhumadilovT K.A,T ZazulskyT A.A,T GuidelinesT forT 

constructionT andT operationT ofT microT hydroelectricT powerT stationsT 

(microT HPPs).T B:T "DEMI",T 2011.T  

15. ShpiganovichT A.N,T TeleginT 

V.V,T "EnergyT flowsT inT aT 

closedT powerT supplyT systemT 

withT deepT dischargeT 

batteries",T NewsT ofT TulaT 



Calculation of Parameters of Energy Flows in a Closed System of Electricity Generation based on Renewable Sources 

 

39 

 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  Retrieval Number: I30070789S319/19©BEIESP 

DOI: 10.35940/ijitee.I3007.0789S319 

 

StateT University.T EngineeringT Sciences,T 2016,T No.T 12-3,T pp.T 40-46. 

16. TeleginT V.V.,T "PowerT BalanceT inT theT ElectricityT SupplyT SystemT ofT 

ConsumersT UsingT RenewableT EnergyT SourcesT (RES)",T ActualT 

DirectionsT ofT ResearchT inT theT 21stT Century:T TheoryT andT Practice,T 

2013,T No.T 1,T pp.T 141-144. 

17. TeleginT V.V,T "DesigningT ofT autonomousT consumerT powerT systems",T 

TheoreticalT andT AppliedT ProblemsT ofT ScienceT andT Education,T 2015,T 

p.T 124-125. 

18. ShpiganovichT A.N,T TeleginT V.V,T "ParametersT ofT OptimalT PowerT 

SupplyT SystemsT withT AlternativeT EnergyT Sources",T NewsT ofT highT 

educationalT establishmentsT ofT Chernozemie,T 2016,T NoT 3T (45)T стр.T 

39-43. 

19. TeleginT V.V,T "OnT theT assessmentT ofT theT electricT potentialT ofT 

renewableT energyT sourcesT inT aT givenT locality",T Society,T ModernT 

ScienceT andT Education:T ProblemsT andT Prospects,T 2012,T 115-117. 

20. TeleginT V.V,T "ComputerT modelingT ofT theT efficiencyT ofT usingT 

alternativeT energyT systems",T NaturalT andT TechnicalT Sciences,T 2012,T 

No.T 5T (61),T pp.T 309-312. 

21. KrivchenkoT G.I.T HydraulicT machines:T TurbinesT andT pumps.T MT .:T 

Energia,T 1978. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


