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Rezumat. Variatia grafului de structurd a retelelor de distributie si sporirea puterilor in
nodurile de generare aduc la aparitia regimurilor nesimetrice care pot fi insotite de fenomene
suplimentare inclusiv si scurt circuite de diverse forme (mono ori trifazate). Ca rezultat final
al fenomenelor respective se poate de constatat, ca se va schimba si fiabilitatea de functionare
a echipamentelor electrice respective. Articolul dat este consacrat analizei influentei
regimurilor nesimetrice asupra fiabilitatii de functionare a echipamentelor electrice.
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Abstract. In the article the analysis of the influence level current of the short circuit of the electrical
equipment. It is designed the mathematical model allowing the modeling prototype reliability of the operation
electrical equipment installed in nodes of the systems.
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BJIUSIHUE HECUMMETPUYHBIX PEXXNMOB
HA HAJEXKHOCTbDb 2JEKTPOOBOPYJIOBAHMUSI

Epxan @., [lonecky B., Jlynymop U. (I'ocyaapcTBeHHblil arpapHblii yHuBepcuteT MoJi10Bb1, Kadeapa
uiekTpUGHKALUM H ABTOMATH3AIUH CeJILCKOI0 X0351icTBA)
Moxkany A. (Karyabckuii rocy1apcTBeHHbIH yYHHBEPCHTET)

AHHoTauus. V3MeHeHHe CTPYKTYphl TeHEPHPYIONINX Y3JI0B U POCT MX YCTAHOBJICHHOW MOIIHOCTH MPUBOISAT K
TOMY, 9TO HECUMMETPHUYHBIE PESKUMBI CONPOBOXKIAIOTCS PA3IMYHBIMH SBICHUSMH BIUIOTH /10 BOSHUKHOBEHHS
KOPOTKHX 3aMbIKaHUH pa3inuyHoro Tuma (oaHodasHbie wid TpexdasHbie). B pesyabTare 3TOr0 yXyalIarTcs
ycinoBUsL  pabOThl  YCTAHOBJICHHOTO  JJIEKTPOOOOPYAOBAaHUS, 4YTO BIMUSET Ha HaJIe)KHOCTh  €T0
(hyHKIIMOHMPOBaHUA. B cTarhe MpOBeleH aHAIU3 BIMSHHUS BO3HUKHOBEHHS HECHMMETPUYHBIX PEKUMOB Ha
HAJICXKHOCTh YCTAHOBJICHHOTO AJIEKTPOOOOPYIOBAHUSL.

KiaroueBble c/I0Ba: HECUMMETPHYHBIC PEXKHUMBI, KOPOTKHE 3aMbIKaHUs (OmHO(A3HBIC WiH TpeX(asHbIe),
HAJICXKHOCTB AIIEKTPOOOOPYI0BAHUS.

Introducere
Una din problemele cheie in procesul de dezvoltare a sistemelor electroenergetice si in
deosebi a celor de distributie a energiei electrice este problema regimurilor nesimetrice ce
apar si fenomenele ce Insotesc aceste regimuri si influenta lor asupra fiabilitatii de
functionare a echipamentelor instalate. Din cele mai frecvente fenomene ce pot aparea in
sistemele trifazate ce aduc la crearea regimurilor nesimetrice sunt scurt circuitele care
insotesc regimurile normale de functionare.
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Desfasurarea problemei

Dintre toate echipamentele instalate cele mai des sunt supuse fenomenelor nesimetrice si
regimurilor tranzitorii ce apar In sistemele de distributie sunt intrerupatoarele. Anume din
aceste motive nivelul de fiabilitate de functionare si modul de functionare a sistemelor de
distributie sunt in dependentd directd de modul de functionare a Intrerupatoarelor, care de cele
mai dese ori sunt instalate la inceput de fider.

La aparitia regimurilor nesimetrice si a fenomenelor de scurt circuit Intrerupatoarele trebuie
in mod operativ sa declangeze ( timp de 4 semiperioade) circuitul electric respectiv, pentru a
pastra duritatea de functionare a sistemului respectiv. Din analiza materialelor statistice se
poate de constatat, cd cu sporirea valorilor curentilor de scurt circuit in nodurile sistemului
electroenergetic cele mai dificile conditii de functionare a intrerupatoarelor apar atunci, cind
valoarea curentului de scurt circuit constitue marimea ce se determina conform ecuatiei (1).

1, =21 (1)

Ss.c. §.c. max
3

unde [, , — curentul de scurt circuit la inceput de retea;.

S-a constatat, cd din toate regimurile nesimetrice insotite de regimuri tranzitorii cele mai
dificile la deconectare de catre intrerupdtoare sunt cele create in dependentd de viteza de
variatie a tensiunii (du/dt)si viteza de variatie a curentului electric (di/dt) in locul de
aparitie a regimului nesimetric.

Variatia valorilor respective in circuitele electrice sunt functii de variatia tensiunii
tranzitorii in nodurile circuitului electric , iar duritate de deconectare a acestor regimuri poate
fi determinata analitic prin valoarea coeficientului de duritatea care se determina conform
expresiei (2).

kp=1.,/1, (2)

unde [ gc.a - este curentul de scurt circuit asteptat in nodul electric
In - este curentul electric nominal deconectat de intrerupatorul respectiv.

In procesul de analizd a influentei proceselor tranzitorii in sistemele trifazate create
de regimurile nesimetrice unul din factorii de baza este fiabilitatea de functionare a
echipamentelor electrice ce se afla in circuitele respective., care de cele mai dese ori pot fi
determinati conform [2, 4]. In procesul de determinare a influentei curentilor de scurt circuit
si a regimurilor nesimetrice asupra fiabilitdtii de functionare a intrerupatoarelor se va reiese
din presupunerea, ca se indeplinesc conditiile descrise in [2, 4] si in asa caz frecventa de
deconectare este functie de valorile curentilor electrici deconectati si poate fi prezentatd
conform expresiei (3).

1+t

1 ¢

D.7r3)y.

M) = fUETD); At =— f @(x)dx 3)
I, %

Daca se va reiese din presupunerea cd frecventa de deconectare este o valoare

determinatd, apoi probabilitatea de functionare fara refuz a echipamentelor respective se va

determina din expresia (4).

)
pty=e?*, “4)
Probabilitatea de refuz a echipamentelor respective in procesul de functionare se va determina

din expresia (5).
qt)=1-p(t)=1-e" )
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Daca este cunoscutd probabilitatea de refuz a echipamentelor respective planificatd la inceput
de exploatare (q,) si cea reald la etapa de efectuare a reparatiei consecutive (q,) pentru

restabilirea proprietatilor tehnice, apoi se poate de determinat analitic rezerva de fiabilitate de
functionare a echipamentelor respective conform expresiei (6).

Ag=q,(t)—q, ()= (7)

unde: Ag- reprezintd cu sine valoarea posibild a probabilitdtii de sporire a refuzurilor de
functionare a echipamentelor respective pind la urmatoarea reparatie consecutiva,
AL = (A, —A,)- este diferenta frecventelor de deconectare care este functie de valorile

curentilor electrici deconectati la inceputul perioadei de exploatare (A4,) si la momentul de
efectuare a reparatiei capitale respective (4,).

Numarul de operatii a echipamentelor respective in dependentd de frecventa si
probabilitatea de aparitie a refuzurilor respective pot fi determinate analitic conform expresiei
(8).

n=nye " (8)

unde: ny — este numarul de operatii minimal posibile reglementate pentru echipamentele
respective pinad la efectuarea urmatoarei revizii si reparatii capitale, reiesind din valorile
curentilor deconectati.

Deoarece procesele nesimetrice de cele mai dese ori sunt insotite de degajare a caldurii,
care negativ influenteazd asupra proceselor de functionare a echipamentelor electrice, apoi
apare necesitatea de a verifica echipamentele respective si la duritatea termica reiesind din
conditiile reale de functionare. Pentru asa caz daca se va indeplini inegalitatea de forma (8) se
poate de constatat, cd echipamentele respective vor respecta duritatea termica.

7T .nom

Ié.nam .TO.nom 2 .[ 14A (8)
0

unde: 7, - este valoarea nominala a curentului de duritate termicd a echipamentelor

T.nom

respective; 7, ... - este durata nominala de duritate termicd; B -este integrala Jull cu
limitele de integrare de la O(zero) pind la durata termica nominalaz,, .

Un alt indicator ce caracterizeazd capacitatea si probabilitatea echipamentului respectiv in
nodul respectiv al sistemului electric este capacitatea de deconectare a parametrilor electrici
in diverse situatii posibile, atit in regim normal de functionare cit si in regimurile nesimetrice
de avarie.

In conformitate cu [4] capacitatea de deconectare a echipamentelor respective se apreciazi
reiesind din valorile nominale ale curentilor de deconexiune / si asimetria nominald a

d.nom

curentului de deconectare In momentul (/3

nom

)de deconectare, care poate fi determinata
conform expresiei (9).
i

— a.t 9
,Bnum IU.VIOW! \/5 ( )
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unde: i,, — este valoarea componentei aperiodice a curentului electric de scurt circuit in
momentul de deconectare a regimului respectiv.

Fiabilitatea de functionare a echipamentelor electrice respectiv (inclusiv si a
intrerupdtoarelor respective) in asa caz este functie de valoare curentilor electrici de
deconectare si viteza de variatie a tensiunii tranzitorii de restabilire Tn momentul respectiv,
probabilitatea de functionare fara refuz si numarul de operatii respectiv efectuate.

In mod analitic dependenta respectiva poate fi prezentati conform expresiei (10).

1 t 5 t
R() =m£1,gg(t)£(w-t+y-t)dt. (10)

Dependenta fiabilitatii de functionare a echipamentelor electrice ca functie de valorile
curentilor electrici deconectati si numarul de cicluri efectuate pentru echipamentele respective
(inclusiv si a intrerupatoarelor) instalate n sistemele de diverse niveluri de tensiune pentru
diverse perioade de exploatare (perioada 1980-2007) in diverse sisteme poate fi diferit, dar
pentru sistemul concret analizat este prezentat in tabelul 1.

Tabelul 1
Lo o (KA) 20 30 40 50 63
I o/ Lo om 0,16 0,25 0,50 0,75 1,0
N 30 25 20 12 10
R 0,996 0,998 0,999 0,993 0,991

Din analiza valorilor numerice a fiabilitatii de functionare prezentate in (tabelul 1) reiese, ca
variatia frecventei (intensitdtii) de refuz a echipamentelor electrice si probabilitatea de refuz
in timp pot fi prezentate grafic respectiv prin curbele prezentate (1) si (2) din fig.(1), care
indica ca valorile respective corespund functiilor clasice de restabilire a elementelor ce dispun
de procese de restabilire in timp.

g 3 t, 1
Fig.1. Variatia frecventei de refuz a echipamentelor electrice curba 1;
Modul de variatie a refuzurilor in timp a echipamentelor electrie analizate -curba 2

Probabilitate de functionare fard refuz este un parametru ce caracterizeaza fiabilitatea de
functionare a echipamentelor electrice (inclusiv si a intrerupatoarelor) si in dependentd de
durata de exploatare poate fi determinata analitic din expresia (11).

7j‘ﬂ(t)dt

p(t)y=e’ (11)
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Frecventa de refuz a echipamentelor electrice (inclusiv si a intrerupatoarelor) ¢(¢) se
determinad tinind cont de valorile intensitétii de functionare fara refuz p(z) si analitic poate fi
determinatd conform (13).

Probabilitatea de functionare fard refuz p(¢)a echipamentelor electrice este unul din

parametrii fiabilitatea de functionare a echipamentelor electrice in dependenta de durata de
exploatare si analitic poate fi determinata conform (12).

—j'/l(t)dt

p)=e’ (12)

Frecventa de refuz a echipamentelor electrice ¢g(¢f) poate fi determinatd tinind cont de
intensitatea de functionare fara refuz p(¢) si analitic se va determina conform (13).

t

—Il(t)dt

qt)=1-p(t)=1-e "’ (13)

Analiza procesului de functionare a echipamentelor electrice in sistemele trifazate la
aparitia regimurilor tranzitorii se poate de constatat, ca circa 25% din deconectdri se petrec in
baza regimurilor nesimetrice ce apar in sistemele respective.

Anume din aceste conditii fiabilitatea de functionare a echipamentelor sistemelor de
distributie poate fi determinatda tinind cont anume de distributia fenomenelor respective si se
va determina conform expresiei (14).

R(t)=K

K t
= J.[WT"'W“T]dT/(ISC T o) (14)
n\2rx

Concluzii.

Din cele prezentate se poate de constatat, ca procesele tranzitorii ce Insotesc
regimurile nesimetrice de functionare a echipamentelor electrice de cele mai dese ori au o
influenta directd a supra modului de functionare a echipamentelor respective care poate fi
exprimat prin fiabilitatea de functionare a echipamentelor respective.

In lucrare se propune un model matematic si un algoritm ce poate modela fiabilitatea
de functionare a echipamentelor electrice in dependentd de valorile curentilor ne simetrici
deconectati si de viteza de variatie a tensiunii de restabilire la barele echipamentelor
respective.
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THE SOLUTION OF THE CABLE EQUATIONS BY MEANS OF FINITE
DIFFERENCE TIME DOMAIN METHOD

Patsiuk V., Ribacova G.
Institute of Power Engineering, Academy of Sciences of Moldova
Moldova State University
E-mail: patsivk@usm.md, gal rib@mail.ru

Abstract. The analysis and comparison of accuracy of numerical solutions received by Finite Difference Time
Domain (FDTD) method and Godunov's method at the solution of the cable equations is carried out. It is demon-
strated, that at sudden short circuits and at transition to idling mode in numerical solutions received by means of
FDTD method for long lines with the distributed parameters appear strong nonphysical oscillations. It is shown,
that the settlement scheme offered by authors on the basis of Godunov's method is deprived these lacks and pro-
vides high accuracy for the numerical solutions received at the analysis of dynamic modes in long lines, caused
by sudden short circuits and line transitions in an idling mode.

Key words: cable equations, finite difference time domain method, Godunov’s scheme.

OBTINEREA SOLUTIILOR ECUATIILOR TELEGRAFISTILOR CU METODA DIFERENTELOR
FINITE iN DOMENIUL DE TIMP (metoda FDT)
Patiuk V., Ribacova G.
Institutul de Energetica al ASM, Universitatea de Stat a Moldovei

Rezumat. S-au analizat §i comparat precizia schemelor de calcul Finite Difference Time Domain (metoda
FDTD) si a schemei numerice de calcul propusa de céatre Godunov (metoda Godunov) la obtinerea solutiilor
numerice pa ecuatiilor telegrafistilor. S-a demonstrat, cd in solutia numericd obtinutd in baza metodei FDTT
privind procesele dinamice in liniile electrice cu parametri distribuiti apar oscilatii puternice, ce nu au
provenientd de origine fizicd. Schema modificata de calcul numeric propusa de autori (metoda Godunov) este
lipsitd de acest dezavantaj §i asigurd o precizie mai ridicatd la analiza regimurilor de mers 1n gol si de
scurtcircuit in liniile electrice, care au un caracter aleatoriu de aparitie.

Cuvinte-cheie: ecuatiile telegrafistilor, metoda FDTD, schema Godunov.

PEIIEHUE TEJIETPA®HBIX YPABHEHHUI METO/IOM KOHEYHBIX PASHOCTE BO
BPEMEHHOM OBJIACTH ( metox FDTD)
IMamoxk B.U., PeidakoBa I
Hucmumym suepeemuxu AHM, I'ocyoapcmeennulii ynusepcumem Monoogul

Annotanus. [IpoBesieH aHamM3 ¥ CpaBHEHHWE TOYHOCTU YHUCICHHBIX PELICHHH, MOJy4YeHHBIX MeTonoM Finite
Difference Time Domain (FDTD) u meronom I'ogyHoBa mpu perueHun Tenerpadubix ypaBHenuit. [TokasaHo,
YTO MPU BHE3AMHBIX KOPOTKUX 3aMBIKAaHHUSX U MPU TIEPEX0JE B PEKHUM XOJIOCTOTO XOJ[a B YHCICHHBIX PEIICHHSX
MOJy4eHHBIX ¢ oMotbio Metona FDTD niist AnvHHBIX JTHHUH C pacripeelIeHHBIMH ITapaMeTpaMu MOSIBISIOTCS
CHIIbHBIE He(pu3MUeckne oclmuinuy. [lokasaHo, 4TO MpeyioXKeHHass aBTopaMu  Ha OcHOBe MeTozna ['oxyHOBa
pacueTHas cXeMa JIMIIEeHa 3THX HEJOCTATKOB M 00ECleYMBaeT BBICOKYIO TOYHOCTB JUIS YHCICHHBIX PEICHHH,
NOJIyYeHHBIX IPU aHalM3e AWHAMHYECKHX PEKMMOB B JUIMHHBIX JIMHHAX, XapaKTEPH3YEMBIX BHE3aIIHBIMH
KOPOTKHMMH 3aMBIKQaHUSIMHU M IIEPEXOAaMH JINHUH B PEXUM XOJIOCTOT0 X0/1a.

KiroueBblie ciioBa: tenerpadnsie ypasaenus, merog FDTD, cxema ['ogyHoga.

Introduction

The (FDTD) method is a computational electrodynamics modeling technique based on
non-standard discretization of the Maxwell’s equations over the time and space variables.

The FDTD method belongs to the general class of grid-based differential time-domain
numerical modeling methods. The Maxwell’s equations are discretized using central-
difference approximations to the space and time partial derivatives. The resulting finite-
difference equations are solved in either software or hardware manner so as the computed
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fields are separated in time by a half of the discretization step. The process of the field com-
putation at the grid cells is repeated over and over again until the desired solution is fully
evolved at the required time interval.

The basic FDTD algorithm was proposed firstly in 1966 by Kane Yee [1] (The Univer-
sity of California). However, the descriptor "finite-difference time-domain" and its corre-
sponding "FDTD" acronym were originated by Allen Taflove [2, 3] (Northwestern Universi-
ty, Illinois).

Since about 1990, FDTD techniques have emerged as primary means to computational
modeling of many scientific and engineering problems dealing with electromagnetic wave in-
teractions with material structures. Its successful applications range from ultralow-frequency
electromagnetic waves in geophysics (involving the ionosphere processes) through micro-
waves (radar signature technology, antennas and wireless communications devices, including
digital devices) to visible light (photonic crystals, nanoplasmonics, solitons and biophoton-
ics). In 2006, an estimated two thousands FDTD-related publications appeared in the science
and engineering literature.

Now we are going to consider the application of the FDTD method to the telegraph
equations (which can be considered as a particular case of the Maxwell’s equations) and to
compare this technique with the Godunov’s finite difference scheme. The last one has been
successfully used by authors for numerical solution of wide range of problems modeling the
electrical energy transmission in long lines [4].

1. The finite difference scheme of the FDTD method

Let consider the twin-wire line with the length /. The current and the potential wave
propagation along the line can be described by telegraph equations

L R0 ¢ Gu0, xe[0.].150. (1.1)
ot Ox ot ox

Here the i(x,f) and u(x,?) are the current and the voltage functions in the line; L and C
are the inductance and the capacity distributed along the line; R is the longitudinal active
(ohmic) resistance and G is the shunt (transverse) conductance.

Let the electrical circuit has the following initial current and voltage distribution along
the line

u(x,0)=U(x); i(x,0)=1(x), x<[0,/]. (1.2)
Let at the initial time moment ¢ = 0 the circuit is connected to the external voltage source
u(0,t)=Uy(¢t) when x=0, >0, (1.3)
and its receiving end is closed to the active load by the resistance Rs:

u(l,t) = Ryi(l,t) when x=1, t>0. (1.4)

To apply the method, at first on the domain D = {(x,¢):x €[0,/], >0} we generate
two grids with integer ®,, and half-integer ®,, nodes. The grid step / over the space varia-

ble is calculated as 42 =1/ N, and the step T over the time variable is chosen according to the
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scheme stability condition as t=/h/a, where a =1/+/LC is the velocity of the electromag-
netic wave propagation. Thus, we have

O =1{(x,,,t,): X, =mh;t, =nt;m =0,_N; n=012,..};
(T)h‘t = {(xm_l/z,tn_l/z) Xm—1/2 = Xm —h/2, tn_l/z = tn —T/2; m = 0,N+1, n= 1,2,3,...}.

The main idea of the FDTD method is the follows: the current function i(x,#) is calcu-
lated at the integer nodes of the grid ., but the voltage function u(x,#) is calculated at the
half-integer nodes of the grid ®,, . In this case, the derivatives from the equations (1.1) can be

approximated by finite differences with second order of accuracy with respect to parameters 4
and t. In this way, we obtain the following finite difference scheme

l-n+1_-n un+1/2 _un+1/2 l-n+1 +i
Lmm oy '"“/Zh mA/2 4 Rom : " —0;m=0,N,n=0]2,..;
T
un+l/2 _un—l/Z i _l-n n+1/2+ n—1/2
c-m-A2z_“mli2  Cm PR - ”22 mA2 = 0;m=1LN,n=123,... (15
T

The equations (1.5) are to be completed by the approximations of the initial and bound-
ary conditions. In order to obtain the second order approximation for the initial condition (1.2)
we assume

G
o =1(x,); upli —[I—EC]U(xm 1/2)—ﬁ[l(xm) 1(x, )] (1.6)

The boundary condition at the input of the line (1.3) takes the form
u')y? ==l "2 +2U0 (t,15), (1.7)

and the condition (1.4) at the output becomes

-1/2 1 . TR TR -1/2
UN+1/2 :TR,L.R|:2RSZ [1 M—Mjugf—uz} (1.8)
ot

2L hL

2. The comparison of the FDTD method with Godunov’s finite difference scheme
The Godunov’s finite difference scheme for telegraph equations is elaborated and inves-

tigated in details by authors in [4]. Let adduce the main computational formulas of this
scheme. The finite difference equations for (1.1) approximation have the following form
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.n+l . n+l/2 n+l/2

n
bn—1/2"tm-1/2  Um  —Up -+ 0 .
L . + N + 0y 0 F(R=)iy10 =0;

n+ n+l/2  .n+l/2
um

1 n
127 UYm1/2 o Tl n+l n A
C - + P +Puy12 +(G=Pluy_12 =0;

2.1)

n n n n
l-n+1/2 U172 T Umtl/2 N In—1/2 *lm+1/2 .
- b

" 27, 2

n n -n -n

nt1/2  Um1/2 T Ui/ 7 Un—1/2 ~tm+1/2 .

um = t4Lp >
2 2

a=0.5(R+LG/C); B=0.5(G+CR/L); Z, =+/L/C.
The approximations for the initial conditions (1.2) take the form

ime1/2 = 1(Xp172); 12 =U(Xpi2)s (2.2)
and for boundary conditions (1.3), (1.4) we obtain

n+l/2 .n+1/2

ug ~=Ugtp2)s ip =(U0(fn+1/2)—”1n/2j/23 NTE (2.3)

.n+1/2 n .n n+l/2 n+1/2
(Rs+Z )i =uly_1yg + Zyig_1ja, uy™'? = Rgin™'2. (2.4)

The scheme (2.1) — (2.4) possesses the first order of accuracy and is monotonous, i.e.
the scheme does not admit the appearance of the nonphysical oscillation when computing the
discontinuous solution.

Let compare the accuracy of the solution of the problem (1.1)—(1.4) with the following
values of the non-dimensional parameters: L = C=1; R=G =0.48; Rg=3; /= 0.7. We con-
sider the voltage and current equal to zero at # = 0 (U(x)=0; /(x)=0) and the sinusoidal

voltage at the input point of the line: U (¢) =sin(2nt) . The computations were carried out up

to the time moment ¢ = T = 4.

The table below contains the results of the comparison of exact analytical solution for
current at the output point of the line /,(f) with the approximate solution /x(¢), obtained by
FDTD method and with approximate solution /5(#), obtained by Godunov’s scheme. There are

used the following notations: ||I F —Ia|| o and ||I G —Ia||  are the maximal values of the differ-

ences between the solutions,

Ip—1 a|| L and ||IG -1, || 5, are the corresponding mean square

deviations. The first column of the table contains the numbers of grid nodes over the space
variable.

Table
Accuracy of numerical decisions received by method FDTD and under Godunov's scheme
N l7=1a li6-1a l7=1], l6-1al,
10 0.011108 0.026568 0.013233 0.027565
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20 0.002734 0.013365 0.003232 0.013599
40 0.000681 0.006638 0.000800 0.006736
80 0.000170 0.003308 0.000200 0.003357
160 0.000043 0.001651 0.000050 0.001674

The analysis of the given data clearly illustrates the theoretical accuracy of these two
methods: the decreasing in two times of the grid step leads to the four times decreasing of the
FDTD method error and to the two times decreasing of the Godunov’s scheme error (the se-
cond order of accuracy for the FDTD method and the first order — for the Godunov’s scheme).
In such a way, for continuous solutions of the problem (1.1)—(1.4) the FDTD method is more
exact and, correspondingly, more preferable.

Now let consider the same problem, but with condition that during some period of time
at the input of the line the short-circuit occurs, i.e. the input voltage becomes zero in some pe-
riod of time: Uy(¢f)=sin(2nt) when 0<7<0.6 or 2.6<t<4 and Uy(t)=0 when

0.6 <t <2.6. The time dependences of the voltages and currents at the input of the line (x =
0) for N = 10; 20; 40 are represented in the fig. 2.1. The exact analytical solution is marked
with thick line and the solution obtained by FDTD method is marked with thin line. The solu-
tion obtained by means of Godunov’s scheme practically does not differ from the exact solu-

tion.

" al b
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Fig. 2.1. The time dependence of the voltage at the input of the line (a) and of the current when N =10
(b); N=20 (c); N=40 (d).

The given figures demonstrate that the FDTD method on discontinuous solutions leads
to the appearance of large oscillations that do not decrease with decreasing of the grid step.
But there is no reason to be surprised since as early as 1959 it was proved by Godunov [5]
that among the linear finite difference schemes with second order of accuracy for the equation
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Ou/0t + ou/ox = 0 there is no one satisfying the condition of monotony, i.e. no one that does

not lead to appearance of the oscillations when computing the discontinuous solutions.

Thus, the FDTD method, in spite of the fact that it is of second order of accuracy, can
be restrictedly applied to the telegraph equations as it does not permit the modeling of such
regimes as short-circuit and idling.

Conclusion

1. The finite difference schemes obtained by means of FDTD method and by means of Godu-
nov’s scheme are considered.

2. It is demonstrated that the FDTD method can not be applied to simulate the short circuit
and idling processes.
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INFLUENTA REGIMURILOR NESIMETRICE ASUPRA
FIABILITATII ECHIPAMENTELOR ELECTRICE
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catedra electrificarea si automatizarea mediului rural)
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Rezumat. Variatia grafului de structurd a retelelor de distributie si sporirea puterilor in
nodurile de generare aduc la aparitia regimurilor nesimetrice care pot fi insotite de fenomene
suplimentare inclusiv si scurt circuite de diverse forme (mono ori trifazate). Ca rezultat final
al fenomenelor respective se poate de constatat, ca se va schimba si fiabilitatea de functionare
a echipamentelor electrice respective. Articolul dat este consacrat analizei influentei
regimurilor nesimetrice asupra fiabilitatii de functionare a echipamentelor electrice.

Cuvinte cheie: regimuri nesimetrice, scurt circuit, fiabilitate de functionare a echipamentelor
electrice, echipamente electrice

STUDY OF THE INFLUENCE LEVEL CURRENT OF THE SHORT CIRCUIT
ON RELIABILITY OF THE BREAKERS

F. ERCHAN, V.POPESCU, IRINA LUPUSHOR
Agrarian University of Moldova
ANASTASIA MOCANU
State University of Cahul

Abstract. In the article the analysis of the influence level current of the short circuit of the electrical
equipment. It is designed the mathematical model allowing the modeling prototype reliability of the operation
electrical equipment installed in nodes of the systems.

Key words: power electric distributing systems, short circuit in power electrical systems, reliability of the
breakers.

BJIUSIHUE HECUMMETPUYHBIX PEXXNMOB
HA HAJEXKHOCTbDb 2JEKTPOOBOPYJIOBAHMUSI

Epxan @., [lonecky B., Jlynymop U. (I'ocyaapcTBeHHblil arpapHblii yHuBepcuteT MoJi10Bb1, Kadeapa
uiekTpUGHKALUM H ABTOMATH3AIUH CeJILCKOI0 X0351icTBA)
Moxkany A. (Karyabckuii rocy1apcTBeHHbIH yYHHBEPCHTET)

AHHoTauus. V3MeHeHHe CTPYKTYphl TeHEPHPYIONINX Y3JI0B U POCT MX YCTAHOBJICHHOW MOIIHOCTH MPUBOISAT K
TOMY, 9TO HECUMMETPHUYHBIE PESKUMBI CONPOBOXKIAIOTCS PA3IMYHBIMH SBICHUSMH BIUIOTH /10 BOSHUKHOBEHHS
KOPOTKHX 3aMbIKaHUH pa3inuyHoro Tuma (oaHodasHbie wid TpexdasHbie). B pesyabTare 3TOr0 yXyalIarTcs
ycinoBUsL  pabOThl  YCTAHOBJICHHOTO  JJIEKTPOOOOPYAOBAaHUS, 4YTO BIMUSET Ha HaJIe)KHOCTh  €T0
(hyHKIIMOHMPOBaHUA. B cTarhe MpOBeleH aHAIU3 BIMSHHUS BO3HUKHOBEHHS HECHMMETPUYHBIX PEKUMOB Ha
HAJICXKHOCTh YCTAHOBJICHHOTO AJIEKTPOOOOPYIOBAHUSL.

KiaroueBble c/I0Ba: HECUMMETPHYHBIC PEXKHUMBI, KOPOTKHE 3aMbIKaHUs (OmHO(A3HBIC WiH TpeX(asHbIe),
HAJICXKHOCTB AIIEKTPOOOOPYI0BAHUS.

Introducere
Una din problemele cheie in procesul de dezvoltare a sistemelor electroenergetice si in
deosebi a celor de distributie a energiei electrice este problema regimurilor nesimetrice ce
apar si fenomenele ce Insotesc aceste regimuri si influenta lor asupra fiabilitatii de
functionare a echipamentelor instalate. Din cele mai frecvente fenomene ce pot aparea in
sistemele trifazate ce aduc la crearea regimurilor nesimetrice sunt scurt circuitele care
insotesc regimurile normale de functionare.
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Desfasurarea problemei

Dintre toate echipamentele instalate cele mai des sunt supuse fenomenelor nesimetrice si
regimurilor tranzitorii ce apar In sistemele de distributie sunt intrerupatoarele. Anume din
aceste motive nivelul de fiabilitate de functionare si modul de functionare a sistemelor de
distributie sunt in dependentd directd de modul de functionare a Intrerupatoarelor, care de cele
mai dese ori sunt instalate la inceput de fider.

La aparitia regimurilor nesimetrice si a fenomenelor de scurt circuit Intrerupatoarele trebuie
in mod operativ sa declangeze ( timp de 4 semiperioade) circuitul electric respectiv, pentru a
pastra duritatea de functionare a sistemului respectiv. Din analiza materialelor statistice se
poate de constatat, cd cu sporirea valorilor curentilor de scurt circuit in nodurile sistemului
electroenergetic cele mai dificile conditii de functionare a intrerupatoarelor apar atunci, cind
valoarea curentului de scurt circuit constitue marimea ce se determina conform ecuatiei (1).

1, =21 (1)

Ss.c. §.c. max
3

unde [, , — curentul de scurt circuit la inceput de retea;.

S-a constatat, cd din toate regimurile nesimetrice insotite de regimuri tranzitorii cele mai
dificile la deconectare de catre intrerupdtoare sunt cele create in dependentd de viteza de
variatie a tensiunii (du/dt)si viteza de variatie a curentului electric (di/dt) in locul de
aparitie a regimului nesimetric.

Variatia valorilor respective in circuitele electrice sunt functii de variatia tensiunii
tranzitorii in nodurile circuitului electric , iar duritate de deconectare a acestor regimuri poate
fi determinata analitic prin valoarea coeficientului de duritatea care se determina conform
expresiei (2).

kp=1.,/1, (2)

unde [ gc.a - este curentul de scurt circuit asteptat in nodul electric
In - este curentul electric nominal deconectat de intrerupatorul respectiv.

In procesul de analizd a influentei proceselor tranzitorii in sistemele trifazate create
de regimurile nesimetrice unul din factorii de baza este fiabilitatea de functionare a
echipamentelor electrice ce se afla in circuitele respective., care de cele mai dese ori pot fi
determinati conform [2, 4]. In procesul de determinare a influentei curentilor de scurt circuit
si a regimurilor nesimetrice asupra fiabilitdtii de functionare a intrerupatoarelor se va reiese
din presupunerea, ca se indeplinesc conditiile descrise in [2, 4] si in asa caz frecventa de
deconectare este functie de valorile curentilor electrici deconectati si poate fi prezentatd
conform expresiei (3).

1+t

1 ¢

D.7r3)y.

M) = fUETD); At =— f @(x)dx 3)
I, %

Daca se va reiese din presupunerea cd frecventa de deconectare este o valoare

determinatd, apoi probabilitatea de functionare fara refuz a echipamentelor respective se va

determina din expresia (4).

)
pty=e?*, “4)
Probabilitatea de refuz a echipamentelor respective in procesul de functionare se va determina

din expresia (5).
qt)=1-p(t)=1-e" )
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Daca este cunoscutd probabilitatea de refuz a echipamentelor respective planificatd la inceput
de exploatare (q,) si cea reald la etapa de efectuare a reparatiei consecutive (q,) pentru

restabilirea proprietatilor tehnice, apoi se poate de determinat analitic rezerva de fiabilitate de
functionare a echipamentelor respective conform expresiei (6).

Ag=q,(t)—q, ()= (7)

unde: Ag- reprezintd cu sine valoarea posibild a probabilitdtii de sporire a refuzurilor de
functionare a echipamentelor respective pind la urmatoarea reparatie consecutiva,
AL = (A, —A,)- este diferenta frecventelor de deconectare care este functie de valorile

curentilor electrici deconectati la inceputul perioadei de exploatare (A4,) si la momentul de
efectuare a reparatiei capitale respective (4,).

Numarul de operatii a echipamentelor respective in dependentd de frecventa si
probabilitatea de aparitie a refuzurilor respective pot fi determinate analitic conform expresiei
(8).

n=nye " (8)

unde: ny — este numarul de operatii minimal posibile reglementate pentru echipamentele
respective pinad la efectuarea urmatoarei revizii si reparatii capitale, reiesind din valorile
curentilor deconectati.

Deoarece procesele nesimetrice de cele mai dese ori sunt insotite de degajare a caldurii,
care negativ influenteazd asupra proceselor de functionare a echipamentelor electrice, apoi
apare necesitatea de a verifica echipamentele respective si la duritatea termica reiesind din
conditiile reale de functionare. Pentru asa caz daca se va indeplini inegalitatea de forma (8) se
poate de constatat, cd echipamentele respective vor respecta duritatea termica.

7T .nom

Ié.nam .TO.nom 2 .[ 14A (8)
0

unde: 7, - este valoarea nominala a curentului de duritate termicd a echipamentelor

T.nom

respective; 7, ... - este durata nominala de duritate termicd; B -este integrala Jull cu
limitele de integrare de la O(zero) pind la durata termica nominalaz,, .

Un alt indicator ce caracterizeazd capacitatea si probabilitatea echipamentului respectiv in
nodul respectiv al sistemului electric este capacitatea de deconectare a parametrilor electrici
in diverse situatii posibile, atit in regim normal de functionare cit si in regimurile nesimetrice
de avarie.

In conformitate cu [4] capacitatea de deconectare a echipamentelor respective se apreciazi
reiesind din valorile nominale ale curentilor de deconexiune / si asimetria nominald a

d.nom

curentului de deconectare In momentul (/3

nom

)de deconectare, care poate fi determinata
conform expresiei (9).
i

— a.t 9
,Bnum IU.VIOW! \/5 ( )
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unde: i,, — este valoarea componentei aperiodice a curentului electric de scurt circuit in
momentul de deconectare a regimului respectiv.

Fiabilitatea de functionare a echipamentelor electrice respectiv (inclusiv si a
intrerupdtoarelor respective) in asa caz este functie de valoare curentilor electrici de
deconectare si viteza de variatie a tensiunii tranzitorii de restabilire Tn momentul respectiv,
probabilitatea de functionare fara refuz si numarul de operatii respectiv efectuate.

In mod analitic dependenta respectiva poate fi prezentati conform expresiei (10).

1 t 5 t
R() =m£1,gg(t)£(w-t+y-t)dt. (10)

Dependenta fiabilitatii de functionare a echipamentelor electrice ca functie de valorile
curentilor electrici deconectati si numarul de cicluri efectuate pentru echipamentele respective
(inclusiv si a intrerupatoarelor) instalate n sistemele de diverse niveluri de tensiune pentru
diverse perioade de exploatare (perioada 1980-2007) in diverse sisteme poate fi diferit, dar
pentru sistemul concret analizat este prezentat in tabelul 1.

Tabelul 1
Lo o (KA) 20 30 40 50 63
I o/ Lo om 0,16 0,25 0,50 0,75 1,0
N 30 25 20 12 10
R 0,996 0,998 0,999 0,993 0,991

Din analiza valorilor numerice a fiabilitatii de functionare prezentate in (tabelul 1) reiese, ca
variatia frecventei (intensitdtii) de refuz a echipamentelor electrice si probabilitatea de refuz
in timp pot fi prezentate grafic respectiv prin curbele prezentate (1) si (2) din fig.(1), care
indica ca valorile respective corespund functiilor clasice de restabilire a elementelor ce dispun
de procese de restabilire in timp.

g 3 t, 1
Fig.1. Variatia frecventei de refuz a echipamentelor electrice curba 1;
Modul de variatie a refuzurilor in timp a echipamentelor electrie analizate -curba 2

Probabilitate de functionare fard refuz este un parametru ce caracterizeaza fiabilitatea de
functionare a echipamentelor electrice (inclusiv si a intrerupatoarelor) si in dependentd de
durata de exploatare poate fi determinata analitic din expresia (11).

7j‘ﬂ(t)dt

p(t)y=e’ (11)
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Frecventa de refuz a echipamentelor electrice (inclusiv si a intrerupatoarelor) ¢(¢) se
determinad tinind cont de valorile intensitétii de functionare fara refuz p(z) si analitic poate fi
determinatd conform (13).

Probabilitatea de functionare fard refuz p(¢)a echipamentelor electrice este unul din

parametrii fiabilitatea de functionare a echipamentelor electrice in dependenta de durata de
exploatare si analitic poate fi determinata conform (12).

—j'/l(t)dt

p)=e’ (12)

Frecventa de refuz a echipamentelor electrice ¢g(¢f) poate fi determinatd tinind cont de
intensitatea de functionare fara refuz p(¢) si analitic se va determina conform (13).

t

—Il(t)dt

qt)=1-p(t)=1-e "’ (13)

Analiza procesului de functionare a echipamentelor electrice in sistemele trifazate la
aparitia regimurilor tranzitorii se poate de constatat, ca circa 25% din deconectdri se petrec in
baza regimurilor nesimetrice ce apar in sistemele respective.

Anume din aceste conditii fiabilitatea de functionare a echipamentelor sistemelor de
distributie poate fi determinatda tinind cont anume de distributia fenomenelor respective si se
va determina conform expresiei (14).

R(t)=K

K t
= J.[WT"'W“T]dT/(ISC T o) (14)
n\2rx

Concluzii.

Din cele prezentate se poate de constatat, ca procesele tranzitorii ce Insotesc
regimurile nesimetrice de functionare a echipamentelor electrice de cele mai dese ori au o
influenta directd a supra modului de functionare a echipamentelor respective care poate fi
exprimat prin fiabilitatea de functionare a echipamentelor respective.

In lucrare se propune un model matematic si un algoritm ce poate modela fiabilitatea
de functionare a echipamentelor electrice in dependentd de valorile curentilor ne simetrici
deconectati si de viteza de variatie a tensiunii de restabilire la barele echipamentelor
respective.

Bibliografie

1. Hexknenaes b. H. Koopaunauust u onTumMu3anust ypoBHEH TOKOB KOPOTKOTO 3aMbIKAHUS B
AJIEKTPOIHEPreTUUECKUX cuctemax, M.: Dueprus, 1978., 151 c.

2. Epmesny B.B. O npunnumnax ¢opmMupoBaHus CHCTEMOOOpa3yOIMX CceTeid,
00BEIMHEHHON YHEPrOCHCTEMBI C YUYETOM YPOBHEH TOKOB KOPOTKOTO 3aMbIkaHwus //CO. TOKII.
Ha Il Bcecoros. cosenl. no ycroiunBocTy U HaxexHocTu 3Heprocuctemsl CCCP. JI., 1973.
3. Epxan @®. M., HexnemaeB b. H. Toku KOpOTKOro 3aMblKaHUS M HAAECKHOCTh
sHeprocucreM. Kummnes: [lItunnna, 1985. c. 207.

26



PROBLEMELE ENERGETICII REGIONALE 1(12) 2010

4. Epxan @. M. ®@aKkTophbl, BIUSIONIME HA 3HAYEHUS] YPOBHEW TOKOB KOPOTKOT'O 3aMbIKaHUS B
anekTposHepreruueckux cucremax Mssectus BY3o0s CHI “Ouepreruka”, Munck, 2005, Ne
6,c. 7-12.

Erhan Fiodor Mihail, doctor habilitat in tehnica, profesor universitar, sef catedra Electrificare si automatizarea
mediului rural, Universitatea Agrara de Stat din Moldova.
Intersele stiintifice se afld in planul analizei fiabilitatii sistemelor de distributie si alimentare a consumatorilor cu
energie electricd §i determinarea influentei regimurilor nesimetrice asupra fenomenelor respective.
Autor si coautor la peste 160 articole striintifice si lucrari metodico-didactice dintre care se por evidentia 2
manuale, 3 brevete de inventie, 2 monografii stiint;ifice si o serie de articole stiintifice publicate in reviste
recenzate, raporturi la Conferente Unionale, Internationale si republicane.

Epxan ®eonop MuxaijioBu4, IOKTOp XaOWiInWTaT TEXHHYECKHX HAyK, Mpodeccop, 3aB Kadeapon
OnekrpuduKalMl W aBTOMATH3alMH CEJIbCKOTO0 XO03sicTBa ['OCYAapCTBEHHOrO arpapHOr0 YHHBEPCHUTETa
MonnoBsl. Haydnbie nHTEpECH HAXOIATCA B IUIOCKOCTH HAJEKHOCTH PACTIPEACTUTENBHBIX U MMATAIOMINX CUCTEM
u BIIMAHUA HECUMMETPHUYHBIX PECKHUMOB Ha COOTBETCTBYIOIIIUC SIBJICHUA.
ABTOp 1 coaBTop Oosice 160 HayyHBIX W METOIUYECKUX PAa0OT cpemu HuX 2 (nBa)ydeOHHMKA 3 aBTOPCKHE
CBUJIETENBCTBA 2(1BE)HAyYHbIE MOHOTpAa(hHUK U HayYHbIE CTAThH OIyOJIMKOBAHHBIX B PELEH3UPYEMBIX JKypHaax
W JO0KIaJaX Ha pa3Iu4HBIX BcecowosHbx, MexayHaponusix u PecrmyOnukaHCKAX —KOH(DEPEHIUSX.
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THREE-STAGE SYNCHRONOUS OVERMODULATION CONTROL
OF FIVE-PHASE INVERTERS

V. Oleschuk, G. Griva, R. Prudeak, A. Sizov

Resume. Novel three-stage algorithm of synchronous PWM control of five-phase inverter in
the zone of overmodulation has been proposed and investigated. It provides smooth transition
from linear modulation range to the ten-step operation mode of five-phase system at the
maximum fundamental frequency, with full DC-bus voltage utilization. Simulations give the
behavior of five-phase system during synchronous PWM control in the zone of
overmodulation.

Keywords: five-phase voltage source inverter, synchronous pulsewidth modulation, increased
output frequencies, smooth linear output voltage control.

TREI ETAPE DE REGLARE SINCRONA INVERTORUL CU CINCI FAZE
IN ZONA DE SUPRAMODULARE

V. Olesciuk, G. Griva, R. Prudeak, A. Sizov

Rezumat. Este elaborat si cercetat un algoritm original de reglare sincrona prin trei etape a invertorului cu cinci
faze 1n zond de supramodulare, ce asigura trecerea lentd de la zond modulérii lineare la tensiunea fazale de iesire
cu zece trepte a frecventei maximale de iesire a invertorului. Sunt enumarate rezultatele modelarii regimurilor de
baza ale functiondrii sistemelor de conversie cincifazate in zona frecventelor majorate de iesire.

Cuvinte cheie: invertor de tensiune cincifazat, modulatia impulsurilor in durata sincrond, frecvente majorate de
iesire, reglare liniara a tensiunii de iesire.

TPEXSTAITHOE CUHXPOHHOE PEI'YJIMPOBAHME MSITU®A3HBIX MHBEPTOPOB B 30HE
CBEPXMOAYJISILUU

B. Onemyk, k. I'pusa, P. [Ipyasik, A. Cuzon

AnHoTanus. Pazpaboran u nccieoBaH OpUTHHAIBHBIN aITOPUTM CHHXPOHHOTO TPEXATAITHOTO PETYIUPOBAHMUS
nsaTH(a3HOTO WHBEPTOpPA B 30HE CBEPXMOJYJIILIUH, 00CCIEUMBAIOUIMN TUIABHBIN MEPEXO0Jl OT 30HbI JIMHEWHOMN
MOJYJIALUH K JIECSITUCTYNIEHUYATOMY BBIXOJHOMY (ha3HOMY HaNpsDKEHHIO Ha MaKCHMaJIbHOM BBIXOJHOW YacToTe
uHBepTopa. [IpuBeaeHBI  pe3yiabTaThl  MOZEIMPOBaHUS  0a30BBIX  PEXKMMOB  paboThl  msiTH(hA3HON
Hpeo6pa3OBaTean0171 CHUCTEMBI B 30HC ITOBBIIIICHHBIX BBIXOJAHbBIX YaCTOT.

KaroueBbie cioBa: martudasHeli HWHBEPTOP HANPSHKEHUS, CHHXPOHHAS IIMPOTHO-HMITYJIBECHAS MOJYJISIIHS,
MOBBILLIEHHBIE BBIXOAHBIE YACTOTHI, IMHEHHOE PETYIMPOBAHNE BBIXOJIHOTO HAMPSKEHUSI.

I. INTRODUCTION

Multiphase power electronic converters and ac drives are a subject of increasing interest in
the last years due to some advantages compared with standard three-phase systems, especially
in the field of high power/current applications. In particular, multiphase topologies of electric
drives allow reduction of amplitude and increasing the frequency of torque pulsation, and also
reduction of the rotor harmonic losses in electrical machines. Multiphase inverters and
converters allow dividing of the controlled power on more inverter legs, reducing the rated
current of power switches [1]-[2]. Between different multiphase solutions the more interesting
and addressed ones are the five-phase and six-phase power conversion systems [1].

In particular, five-phase adjustable speed drives on the base of five-phase inverters are
now ones of the most suitable topologies of multiphase drives for such perspective fields of
application, as electric vehicles, ship propulsion, aerospace, etc. So, space-vector-based
control and modulation methods and techniques for five-phase systems have been developed
intensively during last period [3]-[9]. Five-leg voltage source inverters for five-phase drives
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are characterised by additional degrees of freedom for their control in comparison with
conventional three-phase systems. At the same time it is known, that almost all versions of
standard space-vector modulation are based on asynchronous principle, which results in sub-
harmonics (of the fundamental frequency) in spectrum of the output voltage of inverters, that
are very undesirable in drive systems with increased power rating, operating at low switching
frequencies [10],[11].

In order to avoid asynchronism of standard space-vector PWM, novel method of
synchronized PWM has been recently proposed and developed for control of three-phase
inverters [12], three-level converters [13], open-end winding induction motor drives [14],
symmetrical six-phase traction systems [15] (including overmodulation control of split-phase
drives [16]), five-phase inverters with operation in linear modulation range [17],[18]. So, this
paper present results of the development of this new PWM method for synchronous control of
five-phase inverters in the zone of overmodulation.

II. SYNCHRONIZED SPACE-VECTOR PWM FOR A FIVE-PHASE SYSTEM IN A
LINEAR MODULATION RANGE

Basic topology of power circuit of a five-phase voltage source inverter with a star-
connected load with the neutral point n is presented in Fig. 1 [7]. In particular, in the case of a
five-phase motor as a load, the five stator phases a, b, ¢, d and e are distributed with a spacing
of 72°.

Space-vector pulsewidth modulation is one of the most suitable control techniques for
five-phase systems. Similar to three-phase space-vector PWM, it can be developed for a five-
phase system, as shown in Fig. 2 for a period of the fundamental frequency [8]. In particular,
Fig. 2 shows the basic ten large (1, 2, 3,4, 5, 6, 7, 8, 9, 10) and ten medium (1°, 2°, 3°, 4°, 5°,
6,7, 8,9, 10°) switching vectors for a five-phase inverter in accordance with conventional
designation (in brackets) of switching state of every switch of the inverter, where “1”
corresponds to the switch-on state of the corresponding switch of the upper group of switches
of the phases a - e. This control scheme includes also two zero switching states (00000 and
11111), providing zero voltage at the outputs of the inverter.

Although total number of available voltage space vectors in five-phase inverter is equal to
32, the using only of the mentioned above 22 vectors (ten large and ten medium active
vectors, plus two zero vectors) allows minimum number of switchings in inverter and
minimum switching losses, combined with good spectrum of the phase-to-neutral voltage

[61.[8].

Wdo2 — a \"L '\ \ \‘u \l.
- o !
Vdel2 " AN

Fig. 1. Topology of a five-phase voltage source inverter [7]
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Fig. 2. Basic voltage vectors of five-phase inverter

In order to provide synchronisation of the process of vector PWM, a novel approach has
been proposed for synthesis of the output voltage of three-phase inverters [12]. The main
principles of this method have been recently developed and modified for synchronous space-
vector PWM control of five-phase systems in linear modulation range [17]. In particular, with
application to five-phase inverters, one of the basic ideas of the method of synchronized PWM
is in continuous synchronization of the positions of all central active switching signals g, in

the centres of the 36°-clock-intervals (to fix positions of the f3,-signals in the centres of the

36"-cycles), and then — to generate symmetrically around the centres of the 36°-clock-intervals
all others active f -signals.

It is necessary to take into consideration during this process, that in the linear modulation
region the total duration of each /3 -signal consists from four parts ( 7/} + 7/] +0 ] +0 ] , see Figs.

4-5), corresponding to four voltage vectors (two large vectors and two medium vectors) [6].
So, all these sub-signals, together with notches between the f -signals, have to be generated
symmetrically around the centres of the 36°-clock-intervals too.

To provide continuous synchronization of the output voltage of five-phase inverters, by
analogy with three-phase converters [12], the scheme of synchronized PWM includes, as an
important control parameter, boundary frequencies Fj, transient between control sub-zones,
which are situated on the axis of the fundamental frequency F of the system.

Table I presents basic control functions for five-phase voltage source inverter with
synchronized PWM during linear modulation zone, which are compared here with the
corresponding PWM functions for standard three-phase inverter. It is assumed, that both
three-phase and five-phase systems operate under standard V/F control; 7 - width of sub-cycle,
I - number of notches inside a half of clock-intervals in Table 1.
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TABLE 1.
BAsiC CONTROL FUNCTIONS OF SYNCHRONIZED SCHEMES OF PWM
fC OntFOI Tlfree-phase Five-phase inverter
unction inverter
Modulation m=F/F
index m
Boundary E = 1 F = —1
frequencies 'o6i-Dr "10Qi-r
transient
between E = 1 E - 1
control sub- i-1 — . i-1 .
ol 6(2i-3)r 10Q2i -3)z
Coefficient of K. =1- F- Fi
synchronization s F,—F
The central
active B = 1.10mz p = 1.2Imr
switching state
Active ﬁj:ﬁlx ﬂj:}/}+7/}+§}+5}:
switchingstates | 1(j—1)z] 1.6183, cos[(j —1)r]
Border active ﬁﬂ:ﬂl x ﬂl'=1'618ﬂ1 x
switching state cos[(k —D7]K, cos[(k —D7]K,
The minor part |y, = S, ,,[0.5—
of active . O, +0,"=0.3824;_
switching states | 0.9 tan(i —k)z] KTk Ik
Switch-off
states (zero ﬁj :T_(ﬂj+ﬁj+1)/2
voltages)
Boundary _ 9 "
switch-off state Ai =4= (T - ’8 ) KS

As an example of operation of five-phase inverter with synchronized PWM in linear
modulation range, Fig. 3 presents switching signals (pole voltages V, - Ve) for the phases a —
e, line-to-line voltage Va5 and phase-to-neutral voltage Van on a period of the fundamental
frequency F.

Fig. 4 and Fig. 5 show more in details switching state sequence and the pole and phase
voltages of five-phase inverter for the 2" and the 3™ control sectors. Switching states
correspond here to the designations presented in Fig. 2.

Fig. 3. Basic voltages of five-phase inverter in linear modulation zone
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Switching state sequence

Fig. 4. Switching state sequence and basic voltage waveforms of five-phase inverter with
synchronized PWM in the second control sector.

Switching state sequence

Bl Ty B Ve b iy opW o Wy oyl

Fig. 5. Switching state sequence and basic voltage waveforms of five-phase inverter with
synchronized PWM in the third control sector

As an other example of operation of five-phase inverter with synchronized PWM at the
boundary of linear modulation zone, Figs. 6-7 show basic voltage waveforms and spectra of
the line and phase voltages of five-phase inverter at the fundamental frequency F=41.3Hz,
modulation index m=0.826 in the case of scalar control mode. The switching frequency is 3
kHz.

va || LT I

7 | OO L L I
ve JUTITTTTTTTTTTTTTTTTOUAMAALALLLLLLLLLLLLLER
va [LLLLLLLOIUOOTTTPTTTT T ITTTOUALLLL L]
ve JLLLLLLLLLLLLLLLEAATTeT T evnnn

Fig. 6. Basic voltage waveforms of five-phase inverter at the boundary of linear control range
(F=41.3Hz, m=0.826)
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Fig. 7. Spectra of line and phase-to-neutral voltages of five-phase system at the boundary of
linear control range (F=41.3Hz, m=0.826)

III. THREE-STAGE CONTROL OF FIVE-PHASE SYSTEM WITH SYNCHRONIZED
PWM IN THE OVERMODULATION ZONE

Converters’ control in the zone of overmodulation has some specific peculiarities [19]-
[22]. Due to features of five-phase systems, rational PWM control of five-phase inverters in
the zone of overmodulation, from the boundary of linear control range until the maximum
fundamental voltage (at ten-step control mode) can be based on three-stage control scheme.

A. Maximum Modulation Index

Modulation index is an important parameter of control scheme of PWM inverters. For
power conversion systems with standard scalar V/F=const control, the modulation index m is
characterizing both the normalized fundamental voltage and the normalized fundamental
frequency. In particular, for five-phase inverters with V/F control the modulation index m is
defined as

m= F/Ften-stepzvllvlten-step ( 1)

where V1 is the fundamental voltage, and Vien-step 1s the fundamental voltage generated at ten-
step operation, which is characterized by the maximum Fien.step fundamental frequency. So, the
maximum modulation index M=Meen.sep=1 can be achieved only at the ten-step operation
mode.

B. The First Stage of Synchronous Overmodulation Control

It is known, that the maximum fundamental peak line-to-neutral voltage of five-phase
inverter at ten-step operation is 0.6366Vgy. [9]. At the same time it is known, that the
maximum achievable peak phase-to-neutral voltage of five-phase system (with high-quality
control based on optimal combined application of medium and large space vectors) is limited
by 0.5257Vq [6]. So, in order to obtain linearity of the fundamental voltage versus frequency
characteristic of five-phase system with standard scalar control during the whole control
range, scaled coefficient equal to 0.6366/0.5257=1.21 should be used in PWM scheme for
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determination of duration of active switching states (in particular, see the corresponding
equation for the basic central active switching state duration £, = 1.21mz in Table I).

In accordance with (1), the modulation index, corresponding to the boundary of linear
control range and the overmodulation zone, can be determined as

Movt = 0.5257/0.6366 = 0.826 )

In particular, if the maximum fundamental frequency Fien-step=50Hz, the threshold
fundamental frequency F_,, which characterizes the beginning of the zone of overmodulation

ovl °

of five-phase inverter with scalar control, is equal to F_,, = Moy1 Fren-step=41.3Hz.

The first stage of synchronous overmodulation control of five-phase inverters is
characterized by smooth transition from the control scheme, based on combined application of
all medium and large space vector (in total 22 vectors, including two zero vectors, are used in
this scheme), to the control scheme, based on ten large vectors and two zero vectors. Taking
into consideration the fact, that the largest fundamental peak phase-to-neutral voltage, which
is characterizing the boundary of this overmodulation sub-zone and corresponds to the radius
of the larges circle that can be inscribed within the decagon (see Fig. 2), is equal to 0.6155Vq.
[6], the second threshold modulation index in accordance with (1) is determined as

Mov2 = 0.6155/0.6366 = 0.967 3)

The second threshold fundamental frequency F_,,, which characterizes the upper limit of

ov2 >
the first control stage in the zone of overmodulation of five-phase inverter with scalar control
(Ften-step:5OHZ), IS equal tO F = movz Ften-gtep:48.34HZ.

ov2
In order to provide smooth transition to the PWM scheme with ten large space vectors,
basic control correlations include during the first overmodulation sub-zone special linear
coefficients of overmodulation Ky, (4), connecting modulation index m with two threshold
indices Mgy1 and Mey2

Kov1 = 1- (m - movl)/( Mov2 — movl) 4)

So, during the first control stage of the overmodulation zone, between the fundamental
frequencies F,, andF_,, a smooth linear decrease of widths of the J,' and 6," active

signals ([17], see also Table I) is observed in accordance with (5):
0,'+6,"=0.382p,_,, K, (5)

Fig. 8 (F=43Hz, m=0.86) and Fig. 9 (F=46Hz, m=0.92) illustrate smooth synchronous
voltage control of five-phase inverter during the first control stage of the overmodulation
zone.

Fig. 10 presents basic voltage waveforms of the five-phase inverter with synchronized
PWM at the upper boundary of the first stage of inverter control in the zone of
overmodulation (F=48.35Hz, m=m,,=0.967). It is necessary to mention, that during all
stages of overmodulation control of five-phase inverters there are inevitable distortion of
output voltage spectra [6],[9]. But and in this case all presented in Figs. 8-10 voltage
waveforms have quarter-wave symmetry during over-modulation control, and its spectra do
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not contain even harmonics and sub-harmonics, that is especially important for high
power/high current applications.
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Fig. 8. Pole voltages V, — V,, line and phase voltages V4. and Vap, of five-phase system at the
first part of the zone of overmodulation (F=43Hz, m=0.86)
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Fig. 9. Pole voltages V, — V., line and phase voltages V4 and Vg, of five-phase system at the
first stage of the zone of overmodulation (F=46Hz, m=0.92).
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Fig. 10. Pole voltages V, — V., line and phase voltages V4. and Vap, of five-phase system at the
boundary of the first stage of the zone of overmodulation (F=48.35Hz, m=0.967)
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C. The Second Stage of Synchronous Overmodulation Control

To provide full utilization of the available DC-bus voltage in five-phase systems, it is
necessary to carry out smooth transition from the control scheme, based on ten large space
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vectors application, to the ten-step mode. In this case, the next (second) stage of the
overmodulation control is connected with smooth decrease until close to zero values of
durations of all notches. By the analogy with three-phase inverters, where value of the
corresponding threshold modulation index corresponds to the medium part of the
corresponding zone of overmodulation, for five-phase systems the rational value of the third
threshold modulation index (and relative value of the third threshold fundamental frequency
Fovs) can be determined as: Moy3=(Mien-step™Mov2)/2=(1+0.967)/2=0.984, Foy3= 0.984F ch-sicp- In
particular, if Fien-siep=50Hz, Fo3=49.2Hz.

Basic PWM correlations (6) and (7) include special linear coefficient of overmodulation
Koz (8) in this control sub-zone, connecting modulation index m with the threshold
modulation indices Mgy, and Mgy3. So, realization of control functions (6)-(8) provides smooth
synchronous decrease of durations of all notches (6) together with simultaneous increasing of
widths of the total active f—signals (7) until the maximum duration, equal to the duration of

sub-cycle 7 .
Ay =le = (B + B1.)/ 21K, (6)
B =7cos[(j-1K,, ] (7)
Kovz = 1- (M = Mov2)/( Moy — Mov2) (8)

As an illustration of the PWM control in the second overmodulation sub-zone, Fig. 11
presents basic voltage waveforms of the five-phase inverter with synchronized PWM
(F=48.75Hz, m=0.975). The switching frequency is 3kHz.
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Fig. 11. Pole voltages V, — V¢, line and phase voltages V4 and Vay, of five-phase system at the
second stage of the zone of overmodulation (F=48.75Hz, m=0.975)

D. The Third Stage of Synchronous Overmodulation Control

At the boundary frequency between the second and the last (the third) stage of
overmodulation control of five-phase inverter there are no notches between active switching
states, and total durations of these f—signals include only the y -signals like a minor part of
total active switching states (see Figs. 4-5). Fig. 12 illustrates this control stage and shows
basic voltage waveforms of the modulated five-phase inverter at the third threshold
overmodulation frequency (F=F3=49.2Hz, m=mg;3=0.984).

In order to provide smooth final pulse dropping process of five-phase system with scalar
control, with smooth transition from the PWM control mode to the ten-step mode, the third
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coefficient of overmodulation Kgys (9) is applied for equations (10)-(11), providing smooth
decrease until zero of the widths of the y -signals in this control sub-zone:

Kova=1-(M-Moys)/ (mten—step—mov3): 1-(m-Moy3)/ (1-Moy3) )
7 = By 0.5-0.809tan[(i - )rl}Ko,q (10)
7 =56 (4 +pB)IFK.K,, (11)

Fig. 13 shows the pole, line and phase-to-neutral voltages of five-phase system operating
in the third sub-zone of the overmodulation region (F=49.6Hz, m=0.992). The switching
frequency is 3kHz. The presented voltages have quarter-wave symmetry, and its spectra do not
include even harmonics and subharmonics. Fig. 14 presents basic voltage waveforms of five-
phase inverter at the maximum fundamental frequency F, ., =S0Hz, at the ten-step operation

mode (M=1).

The proposed algorithm of synchronized modulation of five-phase inverter with standard
scalar control mode provides both full utilization of the DC bus voltage in the system and
linearity of the fundamental voltage during the whole control range. Fig. 15 illustrates this fact
and presents variation of magnitude of the first harmonic of the phase-to-neutral voltage
versus modulation index m.
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Fig. 12. Pole voltages V, — V¢, line and phase voltages V4. and Vg, of five-phase system at the
third threshold overmodulation frequency (F=49.2Hz, m=0.984)
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Fig. 13. Pole voltages V, — V, line and phase voltages V4. and Vg, of five-phase system at the
third stage of the zone of overmodulation (F=49.6Hz, m=0.992)
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Fig. 14. Pole voltages V, — V, line and phase voltages V4 and Vg, of five-phase system at the
ten-step operation mode (F=50Hz, m=1)
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Fig. 15. Magnitude of the fundamental phase-to-neutral voltage versus modulation index of
five-phase inverter with synchronized PWM

IV. CONCLUSION

Novel three-stage algorithm of synchronous PWM control of five-phase inverter in the
zone of overmodulation has been proposed and investigated. It provides smooth transition
from linear modulation range to the ten-step operation mode of five-phase system at the
maximum fundamental frequency. The presented control scheme provides both full utilization
of the DC-bus voltage of the system at the maximum fundamental frequency and linearity of
the fundamental voltage during the whole control range. The spectra of the phase-to-neutral
voltage of five-phase power conversion systems with algorithms of synchronized PWM do
not contain even harmonics and sub-harmonics in the zone of overmodulation, which is
especially important for high power/high current applications.
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ACHHXPOHHASA MAILIIMHA
C MACCUBHBIM ®EPPOMATI'HUTHBIM POTOPOM

N KOHAEHCATOPHBIM BO3bY X XKJIEHUEM
boipaansu A.C.

AHHoTanus. B cratbe paccMOTpeHa aCHHXPOHHAsI MallliHa C MAaCCUBHBIM (peppOMAarHUTHBIM
POTOPOM PaA3JIMYHOTO KOHCTPYKTHBHOI'O MCIIOJHEHUs, YJIY4YIIAIOIHUM €€ 3HEPreTU4YEeCKUe
nokaszarenu. llpuBeneHbl pe3ynbTaThl pa3pabOTKM U SKCIEPUMEHTAIBHBIX HCIBITAHUN
ACHHXPOHHOM MalIMHBI, paboTalomel B reHepaTOPHOM PEKUME MPH MOHMKEHHON CKOPOCTH
BpAILLEHU MAacCUBHOTO (eppoMarHUTHOro potopa. Ilokas3aHel ycioBHS M BO3MOXKHOCTHU
CO3/IaHUsl ACHHXPOHHOTO TeHeparopa C KOHJACHCATOPHBIM BO30YXIEHHEM Ha OCHOBE
ACUHXPOHHOH MAaIllMHBI C MACCUBHBIM POTOPOM.

KiroueBble cj10Ba: acMHXpPOHHAs MalllMHA, MAacCCUBHBIM POTOp, I'E€HEPATOPHBIM PEKUM,
ACHHXPOHHBII reHepaTop, KOHAEHCATOp BO30YKICHHUS.

MASINA ASINCRONA CU ROTOR MASIV FEROMAGNETIC
SI EXCITATIE CAPACITIVA
Béarladean A.S.

Rezumat. In articol se examineaza masina asincroni cu rotor masiv feromagnetic realizat in diferite constructii,
care permit Imbunatitirea indicilor energetici ai ei. Sunt prezentate rezultatele elaborarii si incercarilor
experimentale a masinii asincrone care functioneaza in regim de generator cu turatii reduse a rotorului masiv
feromagnetic. Se explicd (argumenteaza) posibilitatea si conditiile de realizare a generatorului asincron cu
excitatie capacitiva in baza masinii asincrone cu rotor masiv.

Cuvinte cheie: magina asincrona, rotor masiv, regim de generator, generator asincron, condensator de excitatie.

THE ASYNCHRONOUS MACHINE
WITH THE MASSIVE FERROMAGNETIC ROTOR
AND CAPACITOR EXCITATION

Birladean A.S.

Abstract. An asynchronous machine with a massive ferromagnetic rotor of the various designs, improving its
energy indicators is considered. Elaboration and experimental tests results of the asynchronous machine working
in a generating mode at the lowered speed of rotation of a massive ferromagnetic rotor are presented. Conditions
and possibilities of the asynchronous generator creation with capacitor excitation on the basis of the
asynchronous machine with a massive rotor are shown as well.

Keywords: asynchronous machine, massive rotor, generating mode, asynchronous generator, excitation
capacitor.

BBenenue

ACHHXpOHHAs MalIMHa TpexX(a3HOTro HCHOJHEHUS MPOCTOM KOHCTPYKIMH, BBICOKON
HaJIeKHOCTH U OTCYTCTBUEM CKOJIB3AIIMX KOHTAaKTOB, HanOoJiee MMUPOKO MPUMEHseMas Ipu
CO3JIaHUH AJIEKTPOIIPUBOIOB B PA3IMUHBIX 00IaCTAX TEXHUKH.

B 3aBucMMOCTH OT KOHCTPYKTHBHOI'O MCIIOJHEHHS ACHHXPOHHBIE MAIMHBI UMEIOT P
MOIUGUKAIMA ¥ CHEIHMAIM3HUPOBAHHBIX MCIOMHEHUH Il oOecmeueHHsl pas3IndHbIX
9KCIUTyaTallMOHHBIX TPeOOBaHUM 3JIEKTPONpPHUBOJOB. PexnmaMu ux pabOTbl MOTYT OBITb:
JBUTaTEJIbHBIM, TE€HEPATOPHBIA U  BJIEKTPOMAarHUTHOIO TOpMo3a. Takue  pexuMbl
IIPEJICTaBIISIIOT ONPENEICHHBIA HHTEPEC B PAJIE IPAKTHYECKUX CITy4aeB.

OnHako B HOBBIX OOJIACTSX MPUMEHEHHMS ACHHXPOHHBIX MAIIMH MPEIbIBISIOTCS
HOBbI€ TEXHHYECKHE TpeOOBAaHHUs, AJS PELICHUS KOTOPbIX HEOOXOANMMO CO3JAaHHE HOBBIX
WCIIOJIHCHUM MAallUHbI, B TOM YHUCJIE U POTOPOB, CO CIELUAIBHBIMU XapAKTEPUCTUKAMU M
napaMeTpaMH.
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OnHUM U3 TaKUX MEPCHEKTUBHBIX TEXHUYECKUX PEIICHUH SIBISIETCS aCHHXPOHHAs MalllHA C
MacCUBHBIM (DEppPOMAarHUTHBIM POTOPOM, KOTOPBIH MO KOHCTPYKTUBHOMY HCIIOJHEHHUIO
MOJKET OBITh TJIAJIKUM WM 3yOdaThiM. VccnenoBanus 3JeKTpUYECKUX MAIlliH B 3TOW 00J1acTH
IMMOKa3aJid, 4YTO HAWITYy4YIIHUX PE3YJIbTATOB MOKHO AOCTHYL 3a CYUCT HEpcxXxonaa OT IJIaAKOro
MacCHBHOTO pPOTOpa K 3yOuaToMy C ONTHUMaJIbHOW 3yOIIOBOM 30HOWM W TOPIEBBIMH
KOPOTKO3aMKHYTBHIMU KOJIbLIAMH BBICOKOM AJIEKTPOIPOBOAUMOCTH.

B nmanHOW paboTe paccMaTpuBarOTCA  YCJIOBHUS — TMPAKTHUYECKOW  peaTu3aiuu
ANEKTPUUECKON PEIyKIHH CKOPOCTH BpaLIEHUS POTOpa ACHHXPOHHOM MAIlMHBI TPH €€
pabore B pa3nuyHBIX pexkumax. [loaTomy HMXKe paccMaTpUBAIOTCS KOHCTPYKTHUBHBIE
OCOOCHHOCTH MAaCCHBHBIX POTOPOB M BO3MOKHOCTH TOJYYEHHsS] TOHMKEHHOW CKOPOCTH
BpallCHUS.

1.KoHcTpykTHBHOE McnIOJIHEHHEe GeppPOMArHUTHBIX POTOPOB AM

MaccuBHble (heppoMarHUTHBIE POTOpPHI. AcCHHXpOHHas MamuHa (AM) ¢ MacCHUBHBIM
dbeppomarauTHeiM poTopoM (M®P) 3anmmaer ocoboe Mecto. OHa orimuaercs or AM
TPaJWLIMOHHOTO MCIIOJIHEHUS HE TOJbKO KOHCTPYKLIMEW poTopa, HO U (OpPMOIl OCHOBHBIX
XapaKTePUCTHK M 3HAUCHUH TEXHUYECKHX MapaMeTpoB. DTO OOBACHSAETCS BECbMa CIO0KHBIM
XapaKTepPOM JJIEKTPOMArHUTHBIX MpoueccoB, mpoucxoadamux B MOP, B Tom uucie u B8 AM
[1].

['magkuii MaCCUBHBIN pOTOP MIPEACTABIISIET COOOM CTUIONTHOM (peppOMArHUTHBIN TIIaIKHI

LWIMHAP, KOTOPBIM BBIIIOJIHEH M3 MAarHUTHOIO MaTepuala C BBICOKMMHM 3HAYEHUSIMU
MarHuTHOM TPOHUIIAEMOCTH U 0e3 oOmoTrok Ha HeM. I[lpu sToM MO®DP saBmsercs
OJIHOBPEMEHHO MAarHMTONPOBOJOM U INPOBOJHUKOM BHUXpPEBBIX TOKOB AM. 3necwk ciemyet
OTMETUTH, YTO AM c rimagkum MOP umeer nuzkue 3nadueHust KIIJ u cos ¢ B HOMHUHaNBHOM
pexxuMe, 0coO0EHHO B JMama3oHe Majod U cpeaHeil momHocTd. [lo3ToMy mcmonb3oBaHuE
rabaputra AM 1o MOIHOCTH cocTaBsieT Bcero aub 40+50% [2, 3].
VYiydieHue mapaMeTpoB U XapaKTepUCTUK I1agkoro M®P BO3MOXKHO IyTeM: IPUMEHEHUS
TOPLEBBIX KOPOTKO3aMKHYTBIX KOJIEI] BBICOKOW 3JIEKTPONPOBOJHOCTH (MeIb, OpoOH3a,
JaTyHb), coenuHsaeMbix ¢ M®P naiikoil, cBapkoil WM HaIJIaBKON; YMEHBUIECHHUs] aKTUBHOMN
JuHbl M@®P 1o cpaBHEHUIO C JJIMHOM MakeTa CTaTopa; W3MEHEHUS KOHCTPYKTHUBHOMU
reoMerpu TopuoB M®P. AHanus3 pe3yipTaTOB TEOPETUYECKOTO M 3KCIEPUMEHTAIbHOIO
WCCIICIOBAHUIN PA3JIMYHBIX BapUAHTOB riagkoro MO®OP mnokaszan, 4TO BbIlIE€yKa3aHHBIE
ucnonHeHus: MOP obOecrieunBaloT JIMIIb YaCTUYHOE YIyYllleHHe pabouyMux XapaKTepHCTUK U
sHepreTnueckux mokaszarened AM [1, 2]. 3yOuaTelii MacCHBHBIA POTOpP BBITOJHSACTCS C
YAaCTUYHO WJIM TOJIHOCTBIO CKBO3HBIMHM IPOJOJIBHBIMM Ta3aMH Ha mnoBepxHocth MOP B
npenenax akTUBHOM 30HBI AM. [la3bl MOryT OBITH OJHO- WM JBYXCTYNEHYATHIMH 110
mpuHe. CyIlecTBEHHOT0 yiy4lieHus napamerpoB M®P MOXHO AOCTUYB NPU ONTUMAIBHOMN
3y04aToCcTH, T.€. pOTOP JOJIKEH UMETh OIPEIEICHHOE YUCIIO Ma30B Z; MPU UX ONTUMAaTbHON
mmpuHe u ryoune [4, 5]. KpoMe Toro, KOHCTpyKIMs KOHIEBBIX YacTeil 3ybouatoro MOP
(BM®P) npomkHa oOecnieunTh MHUHUMAJIbHBIC 3HAYCHUS AKTUBHOTO UM HWHIYKTUBHOTO
COMPOTUBIICHUN POTOpA MPU COOTBETCTBYIOMIUX pekuMax AM. DTo OOBsCHsSETCS TeM, 4TO
KOHCTPYKTUBHOE HcrnosHeHue 3M®P oka3biBaeT CyIeCTBEHHOE BIMSHUE HA MOKAa3aTeNu U
XapakTepucTuku AM.

2.AcuHXpoHHbIii reHepaTop ¢ M®P 1 NOHNKEHHOI CKOPOCTHIO BPalleHUS

Ha ocHOBaHMM aHanM3a HAYyYHO-TEXHUYECKOW JINTEPATYpPbl MOXKHO CHENATh BBIBOJ O
TOM, 4TO BO3MOKHOCTH AM ¢ MO®P emie naneko He uMcueprnaHbl. DT MAIIUHBI MOTYT OBITh
WCITOJIB30BAaHbl M KAK TUXOXOJHBIE JBUTaTEIN WJIA I'€HEPATOPbI C MOHUKEHHON CKOPOCTBHIO
BpALLEHUs pOTOpa MpU 3y0UaToi KOHCTPYKIMM MacCUBHOIO portopa [6, 7]. B nanHOM ciydae
crarop AI' HuUYeM He OTIIMYaeTcs OT craropa oObrdHOW AM, KOTOPBI COCTOUT M3 MaKeTa,
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HAaOpaHHOTO U3 JIMCTOB JIEKTPOTEXHUYECKON CTaji, B Ma3ax KOTOPOIo pa3MelleHa 0ObIuHas
TpexdaszHas odMoTka, a porop Al mpexacrasisier coboit 3M®P. Ilpu 3ToM yuciO Ma3oB
poTopa Z, HEe pPaBHO YHUCIYy Ma30B cTraropa Z;, a pa3sHOCTb Z; - Z;, OT KOTOPOW 3aBUCHUT
CKOPOCTb BpallleHUsl pOTOPa, SIBJISIETCS YACIOM YETHBIM M PaBHBIM YHCIy IIap IMOJIKOCOB — 2p.
B sTOoM ciyuyae ckopocTh BpallleHUs poTopa ornpeaensercs no hopmyie:

n:Zz—ZI.6Of1, 00 ‘ 1)
Z, p  MuH

N3 dopmynbl BUIHO, YTO COOTBETCTBYIOIIEE YBEIWYCHUE Z; W Z; TPHUBOJUT K
CYILLIECTBEHHOMY YMEHBIIIEHUIO CKOPOCTH BpalleHUsI pOTOpa.

Takum oOpa3om, TeHepaTOpHbI pekuM AM B JaHHOM ciiydae paOOTaeT 1Mo MPUHITUITY
BSaHMOﬂCﬁCTBHH 3y6L[OBBIX TapMOHUK I10JIA, BCJICACTBUC YCr0 IMOJYYACTCA Majlasd CKOPOCTb
BpamieHus: poropa. Takoil mpuHIUI padoThl AM Ha3BIBACTCS 271eKmpuieckol pedyKyueti
ckopocmu epawjerusi. 1lostomy Takue AM He HYXXIAIOTCS B MEXaHUYECKUX PEIyKTOpaX.
Hanpuwmep, B ciiyuae AM ¢ asyms nomtocamu (2p=2), nipu ;= 50 Tmu Z, = 26, Z; = 24,
CKOpOCTh BpalIeHUsI pOTOpa OyIeT paBHA

n:26_24-60'502230, 06 ‘ @)
26 1 MUH

CrnenoBaTenbHO, MPaBUIbHBINA BBIOOP COOTHOIICHMS YHCIA MAa30B U UX Pa3MEPOB MpHU
3y04aTOM pOTOpEe B 3HAUYMTEIILHOW CTEMEHU ompenensieT cBoicTBa TuxoxomaHoro Al'. Kpome
TOTO, TPYJIOEMKOCTh M3rOTOBJIEHUS THUXOXOAHOro Al ¢ pa3melieHHMeM Ha OKPYKHOCTH
poTOpa OMNpPEAENICHHOrO0 YHCa 3yOIIOB OrpaHHYeHA TEXHOJIOTHUYSCKHMH COOOpaKCHHUSIMH,
TONIIMHONW 3y0a M €ro »SJIEKTPOMAarHUTHOM Harpy3koil. [loaTomy, »snekTpomMarHutHas
penykius ckopoctu BpameHus 3M®P orpaxkaercst Ha pabounx xapakrepuctukax AM, a Al
uMeer cnenyromue Hepoctatku: Hu3kue KIIJ[ u cosg, manbiii Bpamaromuii MOMEHT U HU3KHUI
KOA(P(UITUEHT UCIIOJIB30BaHHS Ta0APUTHON MOIITHOCTH MAIIHHEI.

3.Acno/iHeHHe ACHHXPOHHOr0 TreHepaTopa ¢ M®PP wu KOHIEHCATOPHBIM
BO30Y:K/IeHHEM

Pexkonctpykuus cepuiiHoii AM B COOTBETCTBUU C TpPeOOBAHHMSIMH W3TOTOBJICHUS
TUXO0XOAHOro Al 3aKitouanach B 3aMEHE MIMXTOBAHHOTO KOPOTKO3aMKHYTOro poTtopa 3MPP
¢ TopueBbIMH KOpoTko3aMKHYThIMH KoJbllaMu (TK3K) u3 menu. [Ipu 3TOM ObLT BBITIOTHEH
pAa cnenupUUecKuX pacueToB, XapakTepHbIX Juist 1aHHOro Al', paboTaroiiero B aBTOHOMHOM
pexume. /g ucnonnenus AI' c 3SM®P 6b11 ucnionb3oBan cepuitnbiii AJl Tuna 4AMS0A2Y 3,
TEXHUYECKHE JaHHbIE KOTOPOIo Mpe/ICTaBIeHbI B Ta0uIe 1.

Taoauua 1. Texunueckune 1anabsie AM

HomuHansHas MOIIHOCTE, KBT 1,5
HomuHanbHOE nMHEHOe HanpsikeHue, B 380
HomunanbeHbli Tok ¢azbl, A 33
CkopocTb BpalieHust potopa, 00/MuH. 2850
KIL, % 81
COos @ 0,85

KonctpyktuBuele U oOMoTouHble aaHHble AJl, dopmMa M reoMeTpuyeckue pa3mMepsbl
[1a30B MPUBEIEHBI B [8], YTO MO3BOJIAET PACCUUTATh KOHCTPYKTHUBHBIE pa3Mepbl MaCCHUBHOTO
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poTopa, ONMpEeeIuTh JIEKTPOMAarHUTHBIC HArpy3KHM M MarHUTHBIE HANpPsDKCHHUS B 3yOIlax W
sspMe 3M®@P, yunThiBasi HEU3MEHHOCTb BEJIMYMHBI MHAYKIIMU B BO3AYIIHOM 3a30ope AM [9].
EMKOCTh KOHACHCATOPOB BO3OYXKICHHUS, MPUMEHSCMBIX KAaK HCTOYHHK PEaKTHBHOMN
momHoct Al', ompenensercs ¢ yderoM ucxoaHbix gaHHbIX AJl 4AMS0A2Y3 u mno
CIeayomUM cooTHOEeHus M [10]:
- MPOBOJUMOCTH (ha3bl B HOMUHATHHOM PEKHUME

FI_A:£: 0,0150L;
U, 220 Om
- OTHOCHUTEILHOE 3HAYCHNE €MKOCTHOM MpoOBOANMOCTHU
b _C0SQ  sing 0,85 N 0,52 =0,6633L.

SN Y 3 N Om

W3 3TUX COOTHOILEHUI ClEeqyeT, YTO BEIMUMHA eMKOCTU Bo30yxaenus Al mpu pabore
Ha aKTUBHYIO HArpy3Ky paBHa
_ b,, _ 0,0099 1
o 314

rJle eMKOCTHas MPOBOJAMMOCTh b,, = y-b,, =0,015-0,6633=0,0099 1/O0m.

0° ~31,7ux®,

4.IIpouecc camoBo30y:xkaeHuss AI' ¢ MacCHBHBIM POTOPOM

CamoB030yxaeHne AI' BO3MOXKHO ITpH 0OECIIEUEHNHN ONPECIICHHBIX YCIOBUMN: HAaJIUune
OCTaTOYHOTO HaMarHW4MBaHUs B (EPPOMArHUTHOM MACCHBHOM pOTOpE, ONpeieieHHas
BEJIMYMHA EMKOCTH U 4acTOThI BpalieHust potopa. CiaenoBaTesnbHO, IPYU PACUETHOM BEIMYNHE
eMKocTH BO30Y)IeHUS Cgo; = 31,7 MKD U CKOPOCTH BpAIIECHUS BbIIIE KPUTUYECKOH 3a CUET
HEOOXOJUMOr0 OCTATOYHOTO MArHUTHOrO NOTOKAa D, B OOMOTKE CTAaTOpa CO3J4aeTCs
(HaBozuTcs) Hebonbwas DJIC, mox aelcTBueM KOTOpoi B KoHAeHcATOpe Cgp; MOTEUYET TOK
Ic, yewnuBaromuii ocratounbiii noTok B AM. Onnako Al MoxeT BO30yIUTBCS TOJIBKO IPU
ONpeNlelIeHHOW HadaiabHOM BenuunmHe £E,,, W COIVIACOBAHHOM €€  HalpaBJIEHUH C
HanpsDKEHUEM TeHepaTopa W IMpH YCIOBUM, YTO FE,., OOJbIIEe HaNpsKEHUS HAa €MKOCTH
B030yx1eHus. IlpencraBnser uHTepec 3HaueHHWE HaNpsHKeHUH (as3pl reHepatopa Ha
XOJIOCTOM XOJAYy TPH CHHXPOHHOM CKOPOCTH poTopa 0e3 eMKOCTH BO30Yy>KAEHUs, KOTOpBIE
UMeEI ClIelyIollne JIMHEeHHbIe 3HaYeHNUS:

U]2: 1,2 B; U23: 1,17 B; U31 = 1,19 B.

IIpu coeauHeHuun B 3Be31y OOMOTOK IeHepaTopa C H30JIMPOBAHHON HEUTpaibio U
MOJIKJIFOUEHUEM €MKOCTU BO30YKIEHHS K OJHOW M3 (a3 JMHEHHble HanpsbkeHus (a3 uMmenu
CJIEIyIOIIME 3HAYEHUS:

U;2=4,0B; U,; =4,0 B; Us; = 2,25 B ipu Cyp; = 40 MxD,
U;2=2,5B; Uy;=2,5B; Us; = 0,8 B ipu Cyp; = 60 MKD.

B nanHOM ciyyae, BeTMUYMHBI HAMpsDKEHUN OY€Hb HE3HAUMTEBHBI, CIIEOBATEIBHO,
nporiecc camoBo30yxkacauss Al ¢ 3M®P moxer He mnpomsoiitn. CoOOIMHMB pPOTOPY
reHepaTopa 4YHUCIO OOOpPOTOB BBIIIE CHHXPOHHOH CKOPOCTH Ha XOJIOCTOM XOAy, €ro
BO30YKIIEHHE HE MMEJIO MeCTa Jake MPU YBEIHMYEHHH eMKOCTH BO30yxkaeHus ¢ 30 mo 60
MK®. CnenoBarensHo, camoBo30yxaeHue Al' ¢ 3M®P BO3MOXHO NHUIIL B 3TOM clyuae,
koraa HavanpHas DJ[C Oynetr uMeTb HEOOXOAMMOE 3HAUYCHHE VISl CO3/IaHMsI B KOHJICHCATOPE
BO30Y’KJICHHUsSI €MKOCTHOTO TOKa — OMEpPEeXarolfii TOK, KOTOpBI moaMarHuuuBaeT AM u
criocooctByer yBenmumuennto OJIC B obmotrke cratopa Al. Takum  o0paszowm,
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3JICKTPOMArHUTHBINA TIEPEXOTHOM MPOIECC CaMOBO30YKIEHHUS MPOUCXOAUT 10 T€X TMOp, MOKa
O/1C reneparopa 0ombllle HaMpsHKEHUS HAa KOHAEHcaTope. V3 M3I0KEHHOTO BHITEKAET, YTO
nporecc camoBo30yxnaenuss Al ¢ 3M®P He obOecrneunBaeTcsi M3-3a MaJIOW BEJIMYMHBI
OCTAaTOYHOT'O HAMAarHWYMBaHUs B (epPOMArHUTHOM cpejie 3y04aToro MacCUBHOTO pOTOPA.

AHau3 pe3yJbTAaTOB H BbIBO/IbI

AcuHxpoHHbIll reHepatop ¢ M®P moxeT HaaexHO BO30yIuThCS U paboTaTh Ha
AKTUBHYIO Harpy3Ky IpH OINpeNeJICHHOM HACBHIIIEHUU €r0 MAarHUTHOM IeMH, YTO 00eCeuuT
€My OIIPEIEICHHBIM 3alac PEeakKTUBHOM MOILMHOCTH, KOTOPBIM COCPEAOTOYEH B KOHTYpPE
HAMarHW4YUBaHUS, B TOM 4YHCIIe, B €r0 MAacCHUBHOM pOTOpE, KOTOPbIH IOHKEH 00sanaTh
XOpOILIMMHU MarHUTHBIMHM XapaKTEPUCTHUKAMHU M 3JIEKTPUUECKUMHU NapaMmeTrpamu. Pe3ynpTaTsl
AKCTICPUMEHTAIBHBIX HcclenoBaHnid Tpexdasznoro Al' ¢ 3ybuateim M®P npu paznuanoi
BEJIMYMHE EMKOCTH KOHJEHCAaTOPOB BO3OYXKACHHUS TIOKa3bIBalOT, YTO OIPEIEIEHHOE
reomeTpuueckoe ucrnoiaHeHue 3M®DP tpebyeT npoBeneHNs ONTUMHU3AIMOHHBIX PAcueTOB U
OTpeNIeICHHON peanu3auuu 3yOIl0BOM 30HBI poTOpa s HOpMalbHOW paboTel AM B
TEHEPATOPHOM PEKHME.

AHanu3 pe3ynbTaTOB [0 BBHINOJIHEHHOW HAayYHO-TEXHHYECKOW paboTe MO3BOJISIET
CHENaTh CIEAYOUIUE BBIBOIBIL:

- ucnonHenne Al ¢ 3youateiv M®P He 103BOJISIET OCYIIECTBUTH YJCKTPHUECKYIO PEAYKITHIO
CKOPOCTH BpaLEHUs pOTOpa MPH OIpeIeIeHHBIX 3y0UaThIX 30HaX TOJIBKO POTOPa;

- 4acTOTa BPALLEHUs] pOTOpaA TEHEPATOpa OIPEAEIAETCS PA3HOCTBIO Z; - Z;, KOTOpas AOJKHA
OBITh YETHBIM YHCIJIOM, PAaBHBIM YUCITY Tap MOJI0OCOB aCUHXPOHHOM MAaIlIUHbL;

- pasHuna Z- Z; NoJKHa ObITh YETHOM;

- MIAKETBl CTaTOpa U POTOpPA, BBHIIOJHEHHBIE U3 IMIMXTOBAHHBIX JINCTOB JIEKTPOTEXHUYECKON
CTaJIi ONPEAEIEHHON TOJIIINHBI, 10JKHBI UMETh OTKPBITHIE Ma3bl.

W3 BBIIEU3I0KEHHOTO BBITEKAET, YTO HCIIOJIHEHUE pabOTOCIIOCOOHOIO TUXOXOAHOIO
AI" BO3MOXHO ITpH BBIIIOJIHEHUH NIEPEYUCIEHHBIX BBIBOJOB U PEAJIN3allUU CTaTOpa U poTopa ¢
orpezieIeHHBIMU 3yOIIOBBIMU 30HAMU U OTKPBITHIMU Ta3aMHu.
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Gradul de reducere a gazelor cu efect de sera

in scenariile de dezvoltare a surselor de energie electrica ale Republicii Moldova
Ion Comendant, d.s.t., icomendant@gmail.com;
Sergiu Robu, colab. st., Institutul de Energetica al ASM, sergiu.robu@asm.md

Rezumat: Pentru noile conditii a pietei energiei electrice sunt calculate si evaluate variantele de
acoperire a cererii de energie electricd pentru R. Moldova pana 1n anul 2033, iar pentru sase scenarii
alese se analizeaza si se determina gradul de reducere a GES.

Cuvinte cheie: surse de electricitate, acoperirea cererii de energie electricd, emisiile de GES.

Greenhouse Gas reduction for scenarios of power sources development of the Republic of Moldova

Ion Comendant, Dr., icomendant@gmail.com;

Sergiu Robu, scientific researcher, Institute of Power Engineering of ASM, sergiu.robu@asm.md

Abstract: For the new power market conditions, Moldova power sources development options up to 2033 are evaluated,
and for the six scenarios selected the greenhouse gas reduction impact is determined.
Keywords: power sources, supply of electricity demand, greenhouse gas emissions.

YpoBeHb yMeHbIIIeHHsI BLIGPOCOB MAPHUKOBBIX FA30B B CHEHAPHIX PA3BUTHS IeHEPUPYIOIIHX MOITHOCTE
Pecny0mkn MosjgoBa
Komengant U. T., 1.1.H., icomendant@gmail.com;
Poby C.I'., u.c., Mucturyt snepretuku AHM, sergiu.robu@asm.md

AHHOTanus. J[715 HOBBIX yCIOBUI YHEPreTUUECKOTO PHIHKA PACCUUTAHbI CLIEHAPUU MOKPBITUS CIPOCA Ha IJIEKTPOIHEPTHIO
Pectiybimmkn Mongosa 1o 2033 rona. [yt miecTy clieHapHeB NMPOAHAIM3UPOBAH M OIPEAETICH ypOBEHb YMEHBIICHHS
BBIOPOCOB MTAPHUKOBBIX T'a30B.

KiroueBble ¢10Ba: HCTOYHUKH JIEKTPOIHEPTHH, CIIPOC, BHIOPOCH! MAPHUKOBBIX I'a30B.

1. Introducere

Sectorul electro-energetic este una din principalele ramuri generatoare de emisii a gazelor cu efect

de sera (GES), fapt, care 1l face sd fie plasat in centrul atentiei atunci cand se cautd solutii de reducere
a GES. Determinarea celei mai rezonabile dintre acestea nu este o lucrare deloc simpla, dat fiind ca
numadrul variantelor de dezvoltare a surselor care se cer a fi examinate in acest sens este destul de mare
si determinat de multitudinea factorilor care influenteazd scenariile de dezvoltare a surselor de energie
electrica: tipul si pretul combustibilului, tehnologiile existente de producere a energiei electrice,
capacitatea interconexiunilor de a importa energie, capacitatea de plata a energiei de catre consumatori,
nivelul securitatii energetice urmat a fi asigurat, pronosticul consumului, etc.
Cautarea celui mai potrivit scenariu de reducere a GES, insd, nu se efectueaza Tnainte de lucrarea
consacrata alegerii scenariilor dupa alte criterii, decat ecologic, cum sunt cel economic, tehnic, de
securitate, criteriul de mediu tratandu-se ca unul ordinar. De obicei studiile de acest gen au ca obiectiv
principal gasirea celei mai bune solutii din punct de vedere economic, factorul ecologic fiind
reprezentat printr-o exigenta de ne depdsire a limitelor prestabilite de emisii admisibile (LEA). Adica,
aplicarea criteriului presupune cd cheltuielile aferente scenariului respectiv cuprind deja in sine si
costurile ecologice, precum, de fapt, si celelalte costuri: tehnice, de securitate, sociale, etc. in conditiile
in care variantele de dezvoltare a surselor alese, din start nu depasesc LEA, este evident cd se va da
prioritate acelei solutii, care, pentru alte conditii egale, ea se va distinge printr-un grad mai mic de
emisii a GES.

Articolul de fatd si are ca obiectiv analiza si formularea, in primul rand, a acelor optiuni de
dezvoltare a surselor de energie electrica care, pentru conditiile Republicii Moldova, se disting printr-
un rationament economic si social evident, iar odata stabilite - identificarea acelui scenariu din randul
celor economice si social avantajoase, care asigurd o maxima reducere a emisiilor gazelor cu efect de
sera.
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A. Optiunile de dezvoltare a surselor de energie electrica

Asa dar, care sunt acele scenarii de dezvoltare a surselor pentru Republica Moldova, in conditiile in
care: preturile la combustibil continue sd fie in crestere, cel al gazelor naturale urmand sa atingd
valorile pietei vest-europene catre 2011, conform contractului semnat intre Republica Moldova si
concernul rus GAZPROM; pretul energie electrice de import inregistrdnd o crestere continue, ne
oprindu-se, cu certitudine, in anii ce urmeaza la cel atins recent; chiar dacd avem o descrestere a
consumului de energie in ultimii ani, cauzat atat de recesiunea economica, cat si masurile de reducere a
pierderilor de energie, consumul de energie pe viitor va continua s creascd, avand in vedere
ascensiunea economica asteptata, lucru, care ar putea pune in dificultate acoperirea cererii, chiar din
sursele din import. Raspunsul la ntrebarea pusa mai sus 1l vom cauta aplicand urmatoarea metodologie
de calcul.

2. Metodologia de calcul

In calitate de instrument de calcul in acest studiu se utilizeazi Modelul ENPEP elaborat de Agentia
Internationald a Energiei Atomice. Acesta permite de a efectua toatd gama de analize privind
dezvoltarea surselor de energie electrica, inclusiv legate de determinarea efectului de reducere a GES
in complexitatea implementarii retehnologizarilor si constructiei de noi centrale din sistemul energetic.
Cu aplicarea modelului WASP, parte integranta a modelului ENPEP, se alege in regim de optimizare
sursele de energie electrici necesare a fi construite sau retehnologizate in perioada analizata.
Rezultatele obtinute din acest studiu pot fi transferate automat in modelul IMPACT (tot parte
componentd a ENPEP) destinat pentru determinarea emisiilor nocive ale centralelor alese de studiul
WASP.

Calculele necesare atingerii obiectivelor formulate au fost efectuate in baza datelor initiale
prezentate mai jos.

3. Datele si conditiile initiale luate in calcul
Au fost identificate si aplicate urmatoarele informatii de intrare pentru modelele de calcul WASP
si IMPACT:

3.1. Prognoza curbei de sarcina

La elaborarea prognozei cererii de energie electricd s-a luat in consideratie: ritmul cresterii
economice, inclusiv a produsului intern brut real; tendinta consumului de energie electricd din ultimii
ani; reducerea pierderilor de energie in reteaua de transport si cea de distributie, inclusiv diminuarea
consumului de energie fard evidentd, inlaturarea cdruia duce la caderea cererii; tendinta majorarii
factorului de sarcind a sistemului, datorita eficientizarii consumului de energie §i cresterea cererii de
energie vara, drept consecintd a majorarii utilizarii climatizoarelor; aplicarii in viitorul apropiat a
tarifelor zonale si a celor binoame, toate indreptate spre aplatizarea curbei sarcinii de consum.

Prognoza cererii de energie electrica obtinuta este prezentata in Tab. 3.1.1 si reflecta doar consumul
de energie aferent teritoriului situat pe partea dreapta a raului Nistru.

Tabelul 3.1.1. Pronosticul sarcinei electrice

Anul | Puterea |Cresterea/Puterea|Crestereal Cererea |Cresterea/Factorul
maxima, puterii minima, puterii de |cereriide| de
MW | maxime,] MW | minime, | energie, | energie, |sarcina,
% % mil. % %
kWh
2005 751 233 3.464 52,7
2006 | 776 3,3 241 3,3 3.661 5,7 53,9
2007 | 793 2,2 240 -0,4 3.827 4,55 54,3
2008 | 812 2,4 249 3,6 3.860 0,87 55,2
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2009 | 832 2,5 255 2,7 3800 -1,56 56,1
2010 8353 2,5 263 2,9 4.000 5,3 56,9

2011 | 871 2,1 267 1,6 4.200 5,0 58,0
2012 | 889 2,1 272 1,9 4.450 6,0 59,0
2013 | 0915 2,9 276 1,7 4.700 5,6 59,5

2014 | 945 3,2 283 2,2 4.950 5,3 59,8
2015 | 975 3,2 288 1,8 5.126 3,6 60,0
2016 | 1.006 3,2 297 3,1 5.310 3,6 60,3
2017 | 1.040 34 305 2,8 5.502 3,6 60,4
2018 | 1.062 2,1 317 4,1 5.700 3,6 61,3
2019| 1.098 3,4 324 2,1 5.899 3,5 61,3
2020 | 1.140 3.8 334 3,1 6.106 3,5 61,1
2021 | 1.177 3,2 344 3 6.319 3,5 61,3
2022 | 1.212 3 348 1,2 6.541 3,5 61,6
2023 | 1.241 2,4 362 3,9 6.763 34 62,2
2024 | 1.276 2,9 374 3,3 6.979 3,2 62,4
2025 | 1.310 2,6 385 2,9 7.189 3 62,7
2026 | 1.342 2,4 394 2,5 7.368 2,5 62,7
2027 | 1.372 2,2 410 3,9 7.538 2,3 62,7
2028 | 1.405 2,4 421 2,7 7.711 2,3 62,7
2029 | 1.436 2,2 429 2 7.889 2,3 62,7
2030 | 1.472 2,5 435 1,2 8.070 2,3 62,6
2031 | 1.505 2,2 440 1,3 8.252 2,3 62,6
2032 | 1.540 23 449 2 8.445 2,3 62,6
2033 | 1.575 2,3 458 2 8.640 2,3 62,6

3.2 Alte date si aspecte luate in calcul
1. Alaturi de curba de sarcind mentionatd s-a luat in consideratie conditiile si indicii dupa cum
urmeaza: rezerva de putere in limitele 10 — 40 %; Ratd de actualizare -10% anual; Realizarea
planurilor de casdri a centralelor proprii existente si constructia de noi linii de interconexiune cu
sistemele energetice vecine Republicii Moldova; Perioada de studiu: 2005-2033; Caracteristicile
tehnico-economice a sistemului energetic actual; Pretul combustibililor pe piata internationald, in
special a evolutiei pretului la gazele naturale in R. Moldova, dupd cum urmeaza (calculate in
conformitate cu principiile stabilite in Contractul de furnizare Republicii Moldova a gazelor naturale
de catre concernul rus GAZPROM):

Tabelul 3.2.1 Prognaza pretului la gaze naturale
Anul u.m. 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2020 | 2033

Pret | dolari/mie | 2323 1263,9 | 249 | 260 | 270 | 290 | 310 | 330 | 330 | 330
gaze mc

2. Dat fiind ca preturile la energia din import este greu de prevazut cu certitudine, calculele au fost
efectuate pentru mai multe valori ale acestui parametru: 4,5,6,7 centi-kWh.

3. Sursele existente corespund celora reflectate in Tab. 3.2.2., fiind scoase din functiune pe parcursul
perioadei de analiza - conform perioadei de viata a acestora.

Tabelul. 3.2.2. Lista grupurilor existente

Denumirea Capacitatea, MW
Nodul Hidroenergetic Costesti 16
CET-2 Chisindu 3x45
CET-1 Chisinau 1x10
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CET-1 Chiginau 1x7
CET-1 Chisinau 1x23
CET Nord 1x10
CET Nord 1x10
CET-uri a fabricilor de zahar 6x3
CET-2 Chisinau 3x25
Import Ukraina 13 x50
4. In calitate de candidati in analizi au participat centrale moderne de generare, considerate ca
tehnologii de varf in domeniul producerii energiei electrice. In randurile acestora se inscriu si
grupurile de mica capacitate (5-30 MW) de tip cogenerare, cele specificate in Strategia energetica,
in vigoare din august 2007. Dat fiind ca interesul fatd de centralele nucleare si cele pe carbune
ramane a fi in centrul atentiei in randul specialistilor, factorilor de decizie $i nu numai, grupurile
respective de asemenea au participat in calcul.
Astfel, in calitate de grupuri candidati, luati in studiul de optimizare, au fost alesi cei reflectati in
Tab. 3.2.3 /3,4,5,6,7,8,9/, inclusiv:
= un grup nuclear de 633 MW (corespunzator celui de la CNE Cernavoda, Romania, cu preturi:
= 1500$/kW (cel mai probabil, dat fiind ca infrastructura este deja construitd) si 2000$/kW, pret,
= des intalnit n sursele de specialitate;
= grupuri pe carbune, pretul la combustibil fiind egal cu 120 $/tond, puterea calorifica
=  6300kkal/kg;
= ciclu combinat de mai multe puteri si caracteristici;
= turbine pe gaze de mai multe puteri si caracteristici;
O participarea de centrale mici, cu capacitatea unitara de 5 MW, total 40MW, 1000 $/kW,
= randamentul - 45%;
Tab. 3.2.3. Lista grupurilor candidat
Grupuri Investitii Puterea Randamentul, | Perioada | Perioada
specifice nominala, % de de viata,
actualizate, MW constructie, ani
$/kW ani
GTRR, Turbine pe gaze Rolls-Royce 500 51 35 2 25
CBIN, Grup nou la CET-1 544 10 41 | 25
CB2N, Grup nou la CET-Balti 495 37 36 2 25
CCSS, Ciclu combinat 738 100 3 25
Stewart& Stivenson 52
CCWE, Ciclu combinat Westinghouse 715 179 3 25
Electric 52
CETS, CETuri de mica capacitate 1041 5 45 1 25
CETM, Ciclu combinat propus de 870 135 2 25
firma ceha 52
CC2M, Ciclu combinat ABB 704 202 52 3 25
GCAR, Grup pe cdrbune 1732 180 36 5 30
5. Dat fiind ca importul de energie joaca un rol foarte important in acoperirea cererii de energie

pentru Republica Moldova, evolutia puterii de import a fost reprezentatd in trei scenarii, care
reflectd o diminuare a energiei importate pana la 5-7% catre anul 2013 si pastrarea acestui nivel
panad la finele perioadei de analizd (descrestere acceleratd a puterii din import); b) o diminuare a
energiei importate pana la 50% catre anul 2013 si pastrarea acestui nivel pana la finele perioadei de
analizd (descrestere lentd a energiei din import); c) satisfacerea din import a necesarului de energie
in legatura cu lipsa constructiei de centrale noi pe teritoriul tarii pana la finele perioadei de analiza.

6. S-a presupus ca catre 2008 se va construi 1/3 din interconexiunile noi planificate de Strategia
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Energetica a Republicii Moldova, adica cu Ucraina si Romania, citre 2013 — punerea in
exploatare a celorlalte 2/3 din interconexiunile planificate;

4. Calculele si analiza rezultatelor
Total au fost examinate 4 optiuni de dezvoltare a surselor de energie electrica:

1)
2)
3)
4)

acoperirea cererii din sursele proprii

acoperirea cererii doar din import

acoperirea cererii prin combinatia optiunilor 1) si 2)

acoperirea cererii prin impunerea constructiei grupului nuclear si alegere libera a celorlalti
candidati

Multitudinea factorilor mentionati mai sus care influenteaza posibilele evolutii de acoperire a cererii de
energie electricd au dictat necesitatea efectudrii de calcule pentru mai bine de 40 variante de
dezvoltare a surselor de energie electrica, prin surse intelegandu-se si cele din import. Sarcina analizei
a constat in determinarea acelei variante care ar fi cea mai rezonabild pentru conditiile Republicii
Moldova. In vederea determindrii acesteia, variantele calculate au fost examinate la urmatoarele
aspecte:

4.1. La capitolul ,,Investitii si Cheltuieli”

1.

Compararea variantelor aferente optiunilor 1-3 de mai sus au ardtat ca cele mai ieftine din
punct de vedere a cheltuielilor total actualizate (CTA) sunt acelea din optiunea 2, pur import,
pentru toate preturile la gaze si energie de import alese in calcul. Aceasta optiune asigura si cel
mai mic efort investitional actualizat: de circa 110 milioane $, vizavi de cca. 400 milioane $ in
optiunea 1, acoperirea cererii din sursele proprii, si 273 milioane $ in optiunea 3, acoperirea
cererii prin combinatia variantelor 1) si 2).

Atat variantele din optiunea 1 — acoperirea cererii din sursele proprii, precum si din optiunea 3
— combinatd, se bazeaza pe utilizarea de centrale electrice tip ciclu combinat si altele, de
capacitate mica, care ar putea fi bazate pe alte tehnologii, dar toate orientate la utilizarea
gazelor naturale, fapt care duce la dependenta masiva de sursele de gaze din est, in acest mod
afectand substantial securitatea energetica a tarii.

Grupul nuclear nu este ales in nici unul din cele 3 scenarii, motivul fiind urmatorul. Grupul este
de mare putere, din care motiv, el, avind o probabilitate de iesire din functiune, duce la
incalcarea limitei tehnice a parametrului LOLP (Lost of Load Probability- Probabilitatea
pierderii puterii). Bundoara, in primele 10 luni ale anului 2006 in Ucraina, la cele 4 centrale
atomice, au avut loc 30 de opriri ale blocurilor nucleare, fapt care a dus la diminuarea
producerii de energie cu aproape 2 miliarde kWh (aproximativ atata livreaza anual Union
Fenosa in Moldova consumatorilor sdi). Dupd cum e stiut, conform normativelor CSI,
consumatorii pot fi lipsiti de energie pe intreg an in marime nu mai mare de 2 zile (conform
normativelor occidentale — 2 ore). In cazul impunerii grupului nuclear, aceasti durati depaseste
10 zile. Cu alte cuvinte, 1n situatia cand grupul nuclear ar iesi din functiune 1n timpul iernii §i ar
lipsi puterea necesard pentru importul celor 633 MW (grupul nuclear de 700 MW elibereaza in
retea doar 633 MW, 67MW fiind utilizati pentru consum propriu) disparuti, consumatorii ar
ramane pe o perioadad indelungata fara energie. Considerand, totodata, ca s-ar fi gasit aceasta
putere, sau ca tara este gata sa indure astfel de sacrificii, a fost calculatd optiunea, prin care
modelului WASP i se impune constructia grupului nuclear, care va intra in functiune in anul
2015. Conform rezultatelor obtinute, din multitudinea conditiilor propuse (pret la gaze, pret la
energia importatd, investitii specifice ale grupului nuclear, etc.), optiunea cu grup nuclear este
mai ieftind decat optiunea acoperirea cererii din sursele proprii, fara grup nuclear si optiunea 3
(acoperirea cererii prin combinatia optiunilor 1) si 2)) doar in urmatoarele situatii:

a) Pret gaze 210 $/1000m3, pretul energiei de import 4 centi/kWh, pretul grupului nuclear

1500 $/kW (diferenta maxima in CTA = 61 milioane $);
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b) Pret gaze 210 $/1000m3, pretul energiei de import 5 centi/kWh, pretul grupului nuclear
2000 $/kW (diferenta maxima in CTA = 22 milioane $);
c) Pret gaze 250 $/1000m3, pretul energiei de import 4 centi/kWh, pretul grupului nuclear
1500 $/kW (diferenta maxima in CTA = 92 milioane $);
d) Pret gaze 250 $/1000m3, pretul energiei de import 5 centi/kWh, pretul grupului nuclear
2000 $/kW (diferenta maxima in CTA = 54 milioane $);
Totodata, realizarea acestor din urma scenarii, legate de constructia grupului nuclear, cere
substantial mai multe investitii, decat in celelalte variante: 1689 milioane dolari (grup nuclear 1500
$/kW) si 2450 milioane dolari (grup nuclear 2000 $/kW), fatd de maxim 970 (ne actualizate) milioane
dolari in variantele fara participarea grupului nuclear. Este important de mentionat ca, in timp ce in
variantele fara participarea grupului nuclear investitiile in constructia de centrale sunt aproximativ
uniform repartizate pe perioada de analizd (pana in 2033), in varianta cu grup nuclear, grosul
investitiilor revine celor 6 ani de constructie a acestuia si este egal cu aproape 1 miliard de $, in cazul
grupului cu investitii specifice de 1500 $/kW si 1,4 miliard de $ (411 $/cap de locuitor al republicii), in
cazul grupului cu investitii specifice de 2000 $/kW, sume extrem de mari pentru o asa tara mica, cum
este Republica Moldova. Dat fiind ca tara se distinge printr-un risc investitional pronuntat, atit
creditele, cat si investitiile venite de la investitori se asteapta a fi eliberate cu termene restranse de
recuperare, fapt care va duce la scumpirea substantiala a energiei. La toate perceperea unui credit din
partea statului de cca. 1 miliard de dolari pentru constructia grupului nuclear de 633 MW va face tara
si mai riscantd, datd fiind suma foarte mare si pericolul intdrzierii sau incapacitatea intoarcerii
creditului. In variantele sus analizate, rata de rentabilitate a investitiilor a fost luata egala cu 10%, iar
perioada de amortizare — 30 ani, adici perioadei de viatd a grupului nuclear. In realitate, insa, un credit
sau o investitie de nivelul unui miliard de dolari nu vor fi eliberate, presupunem, decat cu o perioada
de amortizare nu mai mare de 15 ani, fapt care si va duce la scumpirea palpabila a energiei.

4. Grupurile candidat pe carbune alese pentru calcul au fost respinse de modelul de optimizare ca
fiind prea scumpe. Amintim, pretul grupului carbune a constituit 1400 $/kW, iar pretul la carbune
120 $/tona.

5. Este de mentionat cd optiunea de acoperire a cererii in baza importului de energie se distinge prin
cheltuieli (ne actualizate) mult mai mici decat celelalte optiuni 1n analiza, diferenta fatd de optiunea
1 (balansare din sursele proprii) si Optiunea 3 (combinatd) constituind 1,1 - 2,6 miliarde dolari
SUA, in dependentd de pretul la gaze si pretul energiei de import, majorandu-se cu cresterea
pretului la gaze si micsorandu-se cu cresterea pretului energiei de import.

4.2. La capitolul ,,Pretul energiei produse”

Pretul mediu anual al energiei produse de un grup ales in una sau altd variantd depinde de mai multi
factori, cei mai importanti fiind: pretul combustibilului; cheltuielile de exploatare; costul de capital,
dependent, la randul sdu de perioada de recuperare a investitiilor si rata de rentabilitate asupra
investitiilor; randamentul grupului; nivelul incércarii grupului, inglobat in varianta respectiva de
dezvoltare a surselor, adica, grupul, alaturi de celelalte grupuri alese de modelul de optimizare, nu
poate produce mai multa energie, decat modelul 1i stabileste pentru acoperirea cererii de energie, etc.
Pornind de la acesti parametri au fost examinate preturile la energia electrica produsa de:

a) grupul nuclear 700 MW, mentionat mai sus.
b) grupul pe carbune 200MW (la bare eliberand 180MW), descris mai sus.
c¢) grupul ciclu combinat I00MW pe gaze.
Pentru toate aceste grupuri au fost calculate preturile de producere pe parcursul primilor 15 ani de
functionare, avand 2 oportunitati de investitii:
A) grupul sau centrala electricd respectiva este construitd de un investitor privat, care
aplicd o ratd de rentabilitate de 10% asupra investitiilor efectuate;
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B) grupul sau centrala electrica respectiva este construitd in baza unui imprumut de stat
preferential, rata de rentabilitate asupra cdruia, impreuna cu procentul pe credit, este in
jurul de 5%.
In calitate de variante de incdrcare a grupurilor au fost alese 2 versiuni: Perioada de utilizare a puterii
maxime (Tm) — conform valorilor calculate de modelul computerizat de optimizare, precum si 8000
ore (adicd, functionarea grupului la capacitatea maxima, practic, pe parcursul intregului an), iar pentru
grupurile pe carbune, aditional analizate mai jos s-a examinat si cazul cu Tm = 5000 ore (incarcare
mult probabila 1n legaturd cu forma ne uniforma a curbei sarcinii de consum, caracteristicd
R.Moldova). In urma analizei calculelor efectuate pentru conditiile enumirate au fost trasate
urmatoarele concluzii:

6. In cazul impunerii grupului nuclear in calcul, pentru conditiile: 15008/kW investitii in grupul
nuclear, pretul la gaze pentru celelalte centrale alese fiind de 250 $/1000m3, iar investitiile fiind cerute
a fi recuperate in 15 ani, grupul nuclear se incarca slab n primii 15 ani: de la Tm = 4081 ore in anul
2015 pana la 6769 ore in anul 2029, fapt care duce la scumpirea energiei, pretul variind de la 10,8
centi/kWh in primul an de functionare pand la 4,2 centi/kWh in anul 15, media ponderata fiind de 6,1
centi’kWh in cazul rentabilitatii investitionale de 10% si 4,8 centi’/kWh in cazul rentabilitatii
investitionale de 5%. Daca insa centrala nucleard reuseste sa-si vanda surplusul de energie, pe care
aceasta este 1n stare sd o produca, adicd ea ar functiona cu un Tm=8000 ore pe an, atunci pretul
energiei mediu ponderat in cei 15 ani de analiza va deveni 4,7 centi/kWh 1n cazul rentabilitatii de 10%
si 3,7 centi’/kWh 1n cazul rentabilitatii de 5%.

Pretul energiei produse de grupul nuclear se micsoreaza si mai mult daca perioada de amortizare a
investitiilor, adica perioada de recuperare a acestora, se mareste de la 15 la 30 ani, cu alte cuvinte, pana
la perioada de viata a grupului nuclear, care, de fapt, conform surselor existente, ar putea fi si 40 ani.
Pretul mediu ponderat in primii 15 ani devine egal cu 5,8 centi’/kWh in cazul rentabilitdtii
nucleara reuseste sa-si vanda surplusul de energie, pe care aceasta este in stare sa o produca, adica ea
ar functiona cu un Tm=8000 ore pe an, atunci pretul energiei mediu ponderat in cei 15 ani de analiza
va deveni 4,4 centi/kWh in cazul rentabilitatii de 10% si 3,1 centi/kWh 1n cazul rentabilitatii de 5%.
Din cele relatate putem concluziona ca preturile energiei nucleare intalnite in tarile cu traditii in acest
domeniu nu pot servi ca repere pentru a trage concluzia despre avantajul centralelor atomice pentru
Republica Moldova. Astfel, pretul energiei nucleare in Ucraina este de cca. 1,7 centi/kWh, in Romania
— 3,6 centi/kWh, preturile date fiind determinate de multi factori, majoritatea dintre care avand
referinta la prezenta industriei nucleare in tara, resursele de combustibil nuclear proprii, specialisti,
materiale si echipamentele respective, etc. Toate acestea lipsesc in republicd cu desdvarsire, cu
exceptia doar a unor materiale de constructie, fapt care impune de a efectua majoritatea achizitiilor de
pe piata mondiala.

7. Pretul energiei produse la grupul nuclear este mai mic decat cel aferent de ciclului combinat doar
atunci, cand pretul la gaze constituie mai mult de 250$/1000m3.

8. Dat fiind ca centralele pe carbune nu au fost alese de modelul de optimizare si nu a intrat in nici
unul din variantele determinate in urma calculelor cu modelul WASP, grupul pe carbune a fost
examinat separat, pentru mai multe conditii: diferit nivel al investitiilor si pret la carbune, randamentul
fiind ales de 40%. Rezultatele sunt urmatoarele:

Energia produsa de grupurile pe carbune este destul de scumpa, dar ar putea fi mai ieftind decat cea
produsa de grupurile ciclu combinat, la pretul gazului de 250 $/1000m3. Avand in vedere ca rezervele
de gaze naturale sunt limitate pe glob (conform estimarilor, acestea ar ajunge cel mult inca pentru 30-
40 ani), pretul acestora va continua sa creasca, fapt care face ca grupurile pe carbune sa fie preferate in
fata ciclului combinat. Mai mult decét atat, grupurile pe carbune pot fi construite astfel ca ele sd poatd
functiona pe mai multe tipuri de combustibil, inclusiv pe gaz si pacura, fapt care permite ca tara sa nu
fie dependenta doar de un singur tip de combustibil. Sigur, constructia grupurilor pe carbune ridica mai
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accentuat problemele ecologice, decat cele bazate pe ciclu combinat, si acest aspect va trebui tinut in
calcul atunci, cand se hotaraste care tip de centrala trebuie construita.

4.3. La capitolul ,,Caror surse de dat preferinta”
Republica Moldova este o tard mica, fara resurse energetice, suprapopulata pe intreg teritoriu, cu o
economie sdraca, cu o crestere a puterii anuale necesare de cca. 40, maxim 60 MW in urmétorii 25 ani.
Aceste caracteristici impun a da preferintd centralelor:

a) de micd capacitate, maxim de 200MW

b) care cer cat mai putine investitii initiale

c) care permit a utiliza mai multe genuri de combustibil

d) care permit a scoate din folosinta cat mai putine terenuri si resurse de apa

e) care se construiesc 1n perioade de timp restranse, daca nu mici

f) care asigura un pret cat mai mic pentru energia produsa

g) cere au un impact ecologic cit mai mic
Satisfacerea tuturor acestor exigente nu este in stare nici una din grupurile mai sus examinate: nuclear,
ciclu combinat pe gaze, grup pe carbune. Totodata:

9. Grupul nuclear este cel mai apropiat sa indestuleze conditiile in discutie, daca el ar fi fost construit
nu in R. Moldova, ci la CNE Cernavoda, iar participarea cu investitii ar fi fost efectuatd nu pentru
intreg grup nuclear de 633 MW, ci doar pentru cca. 200 MW. In situatia cind varianta participarii
R.Moldova la constructia grupurilor nucleare se exclude, ar putea fi examinata optiunea constructiei
CNE pe teritoriul republicii, cu grupuri de capacitate micd. Astfel de practica existd in lume. Bundoara,
in China este construit un grup de 288 MW, in India 2 grupuri a cate 212MW. Insi, diminuarea
capacitatii grupurilor nucleare ridicd nivelul specific al investitiilor, si asa foarte mare. Nu trebuie de
uitat ca perioada de constructie a unei centrale nucleare, sau a unui grup, este in realitate substantial
mai mare, decat cel din proiect. Astfel, n studiul de fata s-a ales perioada de constructie a grupului 633
MW, egald cu 6 ani. De fapt, insa, trebuie de asteptat — cca. 10 ani, lucru care duce la Inghetarea
investitiilor foarte mari, cu repercusiuni importante asupra pretului energiei produse. In conditiile
constructiei unei centrale nucleare, cu grupuri de cca. 633MW, se va cere de avut contracte de lunga
duratd pentru puterea de rezerva de cca. 700MW, pentru situatia cand grupul nuclear ar iesi din
functiune pe parcursul iernii, lucru extrem de greu de asigurat, avand in vedere ca tarile vecine, de
unde energia urmeaza a fi importata in astfel de situatii, ar putea singure sa fie deficitare. La toate, este
necesar de a dispune de capacitate suficientd a interconexiunilor cu térile vecine, egald cu cca.
700MW, tinutd inghetatd doar pentru cazurile de refuz a grupului nuclear. Chiar dacd s-ar reusi de
semnat un acord de acest gen, republica va trebui sd plateasca aditional pentru puterea de rezerva
mentinutd, cca. 1-1,5 centi/kWh, raportat la energia produsd de grupul nuclear discutat, fapt care
madreste respectiv pretul energiei nucleare, examinat mai sus.

Odata cu constructia centralei nucleare, de asemenea, se va cere de solutionat problema deseurilor-
pe de o parte, pe de alta, la acelasi capitol — de acumulat resurse financiare pentru inchiderea si
conservarea centralei (pentru aproximativ 800 ani) dupd expirarea perioadei de viatd a acesteia.
Conform mai multor surse, pentru acumularea resurselor financiare necesare acestor scopuri se cere
majorarea pretului energiei produse pe perioada de functionare a centralei cu pana la 10%. Este
adevdrat, faptul ca centrala nucleara nu este producatoare de CO2, aceasta permite de a vinde carbonul
ne produs si astfel de compensat scumpirea energiei atomice mentionate.

Cel mai mare neajuns a centralelor atomice, insa, este faptul ca ele pot deveni o sursd de catastrofa,
imposibil de depasit in cazul unei explozii ne controlate la unul din grupurile acesteia, asa cum a avut
loc la CNE Cernobal in 1986. In legitura cu aceasta, societatea civila ar putea protesta impotriva ideii
constructiei centralei, fie la faza initierii constructiei acesteia, fie ulterior.

10. Al doilea tip de centrale care se incadreaza in exigentele tarii Republicii Moldova sunt cele bazate

pe carbune. Resursele combustibilului dat, conform estimarilor specialistilor, se evalueaza la un
consum pe o perioada de cca. 400 ani. Centralele date pot functiona pe mai multe genuri de
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combustibil, lucru, care face republica a nu fi vulnerabila fata de tipurile de combustibil utilizate
pentru producerea energiei electrice. Constructia centralei pe carbune, Insd cere dezvoltarea unei
structuri adecvate de transport a carbunelui, fie din Ucraina, fie din Australia, fie din alta tara, fapt,
care impune investitii aditionale. Centralele pe carbune aduc un impact ecologic negativ mai insemnat,
decat cele pe gaze, bazate pe ciclu combinat. Ne catand cd investitiile in grupurile pe carbune sunt
insemnate si ar putea sa se apropie de cele atomice, posibilitatea constructiei de grupuri la capacitati
relativ mici, de 150-200MW, permite a diminua impactul ratei de rentabilitate asupra investitiilor, in
comparatie cu cel nuclear, si a face ca grupurile pe carbune sa fie mai Incarcate pe parcursul perioadei
de viata a acestora.

11. Centralele electrice bazate pe ciclu combinat si utilizarea gazelor naturale, fiind mai ieri cele mai
solicitate pe piatd, incep sa-si piarda preferinta datoritd cresterii pretului la gaze, lucru, care, pentru R.
Moldova este agravat si prin faptul ca combustibilul dat este livrat, practic dintr-o singura sursa, fapt,
care deloc nu contribuie la ridicarea securitdtii energetice a tarii. Totodata, trebuie recunoscut ca din
toate sursele de energie electrica, ciclul combinat are cel mai mic impact investitional 1n pretul energiei
produse, egal cu 10-20%, fata de 50-76% in cazul grupurilor nucleare si 15-60% 1in cel pe carbune.
Aceasta este determinat atat prin investitiile specifice, aproape de 2 ori mai mici, cat si perioadei mult
mai scurte de constructie a lor, cele de proiect masuratd in jurul de 2-3 ani (5-6 ani — grupurile
nucleare, 4-5 ani — grupurile pe carbune).

12. In studiul efectuat au fost incluse ca grupuri candidat si centrale mici de tip cu cogenerare. Puterea
unui grup a fost stabilita de 5 MW, iar numdrul maxim de grupuri permis a fi alese de modelul
computerizat de optimizare a fost fixat la nivelul de 8. Investitiile specifice 1000$/kW, randamentul
42%, combustibil — gaze naturale. In urma calculelor, toate aceste grupuri au fost incluse in variantele
de dezvoltare a surselor in R. Moldova, dar doar cu conditia ca timpul utilizarii puterii termice maxime
a acestora depaseste 4300 ore. Aceasta se explicd 1n principal prin faptul, cd o crestere a cererii se
indestuleaza prin incarcarea totald a centralelor mici, fapt care asigurd functionarea acestora la
randamentele maxime de pasaport si totodatd nu se Ingheatd investitiile, lucruri care se Intampla in
situatia grupurilor de mari capacitati, care pe parcursul primelor ani de producere a energiei sa
functioneze la o capacitate mult mai mica, decat cea de proiect.

13. Pornind de la cele enuntate mai sus, cele mai rezonabile variante de dezvoltare a surselor se
considera acelea, care corespund optiunii 3, adica celei care combind in sine In proportii rezonabile
importul de energie, care acopera cca. 50% din cerere, si constructia de centrale electrice pe gaze pe
teritoriul republicii.

Avand ca reper aceastd din urmd concluzie, pentru efectuarea studiului de mediu, urmat in
continuare, dintre variantele optiunii 3 a fost ales unul, corespunzétor pretului energiei de import, egal
cu 6 centi’/kWh, varianta, determinata prin exercitiul de optimizare si care va fi tratat in continuare ca
cel mai indicat scenariu (HAS, High Alternative Scenario) in analiza de mai jos privind determinarea
gradului de emisii a gazelor cu efect de sera.

B. Identificarea scenariului care asigura o maxima reducere a emisiilor gazelor cu efect de sera

In vederea determinirii scenariului de dezvoltare a surselor cu cele mai pronuntate reduceri de GES au
fost supuse 6 scenarii de dezvoltare a surselor de energie electrica in Republica Moldova, numarul
acestora fiind nu intdmplator. In primul rand, se cere a avea scenariul de bazi, numit BLS (Base Line
Scenario), fata de care vor fi comparate oricare alte scenarii luate in calcul. In al doilea rand, se cere a
dispune de solutia care corespunde in cea mai mare masurd conditiilor reale a economiei tarii si
imprejurarilor in care ea se dezvolti. In studiul de fati aceasta poarti numele de HAS (High
Alternative Scenario), indicat mai sus, determinat ca variantd mixta de dezvoltare a surselor de energie
electrice, avand pozitia intermediara intre scenariul de dezvoltare a surselor bazat, practic, exclusiv pe
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acoperirea cererii din sursele proprii, importul reprezentand doar circa 5-7 % din energia necesara, si
scenariul bazat, practic, exclusiv pe acoperirea cererii din import, ponderea caruia ajunge pana la 85-90
%. Adicd, ponderea importului in scenariul HAS este de cca. 50%. E de mentionat ca varianta HAS
are riscul sa nu se realizeze, din motivul necesitatii unor investitii importante, greu de atras la
constructia de centrale. De aceia este rezonabil a cerceta o solutie care ar corespunde HAS, dar care s-
ar realiza cu investitii mai mici, dar pierzand, evident, in randamentul producerii energiei electrice.
Scenariul dat este cel cu abreviatura MRS (Medium Realistic Scenario), avand numarul trei in analiza.
Pe langa aceste trei optiuni descrise, se examineaza si cele trei scenarii stipulate in Strategia de
dezvoltare a energeticii Republicii Moldova pana in anul 2020, publicata oficial pe 17 august 2007.
Toate scenariile in discutie, intr-o forma mai detaliata, sunt prezentate in Tab. 4.3.1.

Tab. 4.3.1. Scenariile de dezvoltare a surselor de energie electrica

Nr. | Denumirea | Descifrare Caracteristicile scenariului
scenariului
1 HAS High Alternative | Combina in sine varianta acoperirii cererii exclusiv din sursele proprii de
Scenario energie combinati cu cea care corespunde acoperirii cererii exclusiv din
import, ales ca optim din posibilele solutii a scenariilor intermediare
2 BLS Base Line Corespunde scenariului care serveste drept reper de comparatie pentru
Scenario oricare alte scenarii luate 1n studiu, adica cele cunr. 1, 3, 4, 5, 6 specificate.
Presupune o imbunatatire partiald a randamentului centralelor electrice
locale CET-1, CET-2, CET-Nord, fara a se construi alte careva centrale
electrice noi, cu exceptia punerii in functiune a centralei electrice de
termoficare de la Ocnita (CETO), practic deja construita. in calcule, CETO
intrd 1n functiune 1n anul 2008. Cresterea cererii va fi indestulata din
import.
3 MRS Medium Realistic | Corespunde unei variante de mijloc, intre scenariul 1 si 2 de mai sus.
Scenario Acesta este ales in regim de optimizare, avandu-se in calitate de grupuri
candidati sirul din scenariul HAS, dar care se disting printr-un randament
mai scazut, egal aproximativ cu 42% si pastrarii nivelului importului de
energie la valoarea de aproximativ 50%. Scenariul dat este aproape de cel
real, deoarece corespunde punerii in aplicare a unor grupuri de producere a
energiei electrice tip turbine pe gaze, in loc de ciclu combinat. Turbinele pe
gaze se disting prin simplitatea si o durata foarte scurtd (maxim un an) de
instalare a acestora, lucru mult atractiv pentru Republica Moldova, unde
incertitudinea evolutiei pietei energiei electrice este destul de pronuntata si
o decizie privind constructia unei centrale se cere a fi luata cat mai tarziu si
de aceia punerea in functiune a grupului respectiv trebuie efectuat in
termene cat mai scurte.
4 A corespunde Scenariul presupune pastrarea capacitatilor centralelor existente pe tot
scenariului parcursul perioadei de studiu si totodata constructia de mini CET cu
Strategiei generare distribuitd, puterea totala a carora catre anul 2020 atingand
energetice: 179MW.
,Dezvoltarea
limitata de
capacitdti noi”
5 B corespunde Scenariul presupune pastrarea capacitatilor centralelor existente pe tot
scenariului parcursul perioadei de studiu, constructia de mini CET cu generare
Strategiei distribuita, puterea totald a carora catre anul 2020 atingand 179MW si
energetice: extinderea CET-1, CET-2, CET-Nord cu 296 MW catre 2020 (Extinderea
,,.Dezvoltarea CET-1 cu 24 MW si CET-Nord cu 72 MW si a CET-2 cu 200 MW
medie de intre 2015 si 2020)
capacitati noi”.
6 C corespunde Scenariul presupune pastrarea capacitatilor centralelor existente pe tot
scenariului parcursul perioadei de studiu, constructia de mini CET cu generare
Strategiei distribuita, puterea totald a carora catre anul 2020 atingand 179MW,
energetice: extinderea mai intensiva a CET-1, CET-2, CET-Nord, adica extinderea
,,Dezvoltarea CET-1 cu 24 MW catre anul 2010; extinderea CET-Nord cu 72 MW
extinsa de catre anul 2015; extinderea CET-2 cu 200 MW catre 2020.
capacitdti noi”.
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5. Rezultatele tehnico-economice

In rezultatul calculelor efectuate au fost determinate cheltuielile total actualizate ale tuturor
scenariilor mai sus mentionate, structura acoperirii cererii de energie de catre acestea, investitiile
necesare realizarii scenariilor, costurile pentru achizitia combustibilului pe parcursul anilor de analiza,
considerandu-se cd pretul energiei de import constituie 6 centi’/kWh. Informatia respectiva este

oglindita in Fig. 5-1, 5-2, 5-3 si Tab. 5-1.

A ) O N D
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Fig. 5.1. Dinamica cheltuielilor total actualizate cumulative, $ SUA

Tabelul. 5-1. Structura energiei produse si consumate in cele 6 scenarii

Anul 2007 2010 2015 (2020 2025 2033
Cererea de putere maxima, MW 793 853 1975 (1140 1310 |1575
Energia consumata, GWh 3827 14000 [5126 6106 |7189 8640
HAS 700 700 (500 |500 |600 650
BLS 700 800 1900 1050 |1250 (1550
. MRS 700 700 1650 750 850 950
Puterea importata, MW 700 1650 800 900 [1050 |1350
B 700 650 |750 750 950 1250
C 700 700 |850 850 950 1100
GWh 2771 3060 2980 2583 |3603 (3986
HAS |% din total 73 77 58 42 50 46
GWh 2924 13322 4315 (5020 |6102 [7553
BLS |% din total 76 83 84 82 85 87
Energia GWh 2924 3060 2754 (2392 3446 |4171
importata MRS |% din total 76 77 54 39 48 48
GWh 2924 2852 (3869 4258 |5341 (6793
A % din total 76 71 75 70 74 79
GWh 2924 2852 3477 3866 4652 (6103
B % din total 76 71 68 63 65 71
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GWh 2924 2703 3220 [2606 (3664 |5107
C  |% din total 76 68 63 43 51 59
GWh 903 940 2065 [3448 3510 [4577
HAS |% din total 24 24 40 56 49 53
GWh 903 678 736 |]1012 1012 |1012
BLS |% din total 24 17 14 17 14 12
GWh 903 1940 2263 3606 3635 4361
Energia produsa| MRS % din total 24 24 44 59 51 50
pe gaze naturale GWh 903  [1148 1181 1772 [1772 |1773
A % din total 24 29 23 29 25 21
GWh 903  [1148 |1541 2132 2428 2428
B % din total 24 29 30 35 34 28
GWh 903  [1297 |1831 [3425 |3451 |3458
C % din total 24 32 36 56 48 40
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Figura 5.2. Evolutia investitiilor ne-actualizate in dezvoltarea surselor de energie

cost combustibil, min USD
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Figura 5-3. Evolutia costului anual al combustibilului pentru producerea energiei electrice
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Analiza informatiei de mai sus permite a concluziona ca din punct de vedere economic cel mai
scump este scenariul HAS. Totodata, acesta asigura cea mai inaltd securitate energetica. Si invers, cele
mai mici cheltuieli totale actualizate, precum si cele mai mici investitii le intdlnim la realizarea
scenariului BLS, care, pe de altd parte se distinge printr-o securitate energetica mult scazuta, importul
energiei din totalul necesar atingdnd 83% catre anul 2033. Din figurile prezentate se evidentiazd si
urmatorul aspect: cu cat retehnologizarile §i grupurile noi, participante in scenariu, se disting prin
randamente mai inalte, cu atat volumul de investitii este mai mare (Fig. 5-2).

6. Evaluarea gradului de reducere a emisiilor de GES in cele 6 scenarii.

Dupa examinarea celor sase scenarii de dezvoltare a surselor de energie electricd din punct de
vedere economic si de securitate energetica, in continuare vom purcede la analiza acelorasi scenarii din
punct de vedere a emisiilor de gaze cu efect de sera.

Avand drept date de intrare rezultatele calculdrii celor sase scenarii mai sus examinate,
aplicandu-se Modelul IMPACTS, au fost determinate emisiile gazelor cu efect de sera, utilizandu-se
urmatoarea formula:

E co2eq. = Eco2 T E cra *21 + E n2o * 310,
unde:

E 02 ¢q. — emisii de GES exprimate in CO, echivalent prin potentialul global de incalzire pentru
un orizont de 100 ani;

Ecoz — emisiile de CO;

E CH4 - emisii de CH4;

E noo— emisii de N>O.

In Fig. 6.1 este prezentata evolutia emisiilor CO2 echivalent pe parcursul anilor de analizi
pentru scenariile de dezvoltare a surselor de energie electrica in cauza. Dupa cum se observa, cu unele
exceptii pentru anumiti ani, nivelul minim de emisii se Inregistreaza in varianta BLS, iar cel maxim —
in varianta MRS. Insi, aceasta nu inseamna ca varianta BLS este cea mai reusiti din punct de vedere a
reducerii de GES, explicatia fiind prezenta unei ponderi importante a importului de energie in
satisfacerea cererii, lucru caracteristic, de fapt, pentru toate variantele examinate. Importul de energie
nu aduce emisii pe teritoriul tarii. lata de ce, in vederea distingerii celei mai rezonabile solutii de
reducere a GES, se cere examinarea nu a valorilor absolute de emisii GES, dupa cum este reprezentat
in Fig. 6-1, ci a celor specifice, adicd a volumelor de emisii revenite 1 kWh (notat in continuare prin
VES) produs de centralele electrice locale in scenariile corespunzatoare. Valorile respective sunt
oglindite in Fig. 6.2.
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Figura 6.1. Emisiile de GES in scenariile examinate
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ValoareaVES, g. CO2eq/ kWh

------- HAS = = MRS ===-BLS ——A B —=—C

Fig. 6.2. Evolutia VES pe parcursul anilor de analiza

Dupa cum se observa din Fig. 6.2 cel mai avantajos scenariu de reducere a GES 1l reprezinta cel
denumit HAS. Acesta este si cel mai rezonabil si din punct de vedere a securititii energetice. Insa,
dupa cum s-a mentionat deja, este si cel mai scump. Scenariul BLS este cel mai dezavantajos din punct
de vedere a reducerii de GES. Este si cel mai inferior din punct de vedere a securitatii energetice, insa
este cel mai ieftin. Celelalte variante ocupa pozitii intermediare

In vederea evaluarii gradului de reducere a emisiilor de GES 1n scenariile examinate vom utiliza
datele din tabelul 6.1, unde sunt prezentate valorile mai multor caracteristici care ne intereseaza.

Tab. 6.1. Estimarea gradului de reducere a emisiilor de GES in cele 6 scenarii

Parametrii Unitatea de | HAS | MRS | BLS | A B C

masura

Cheltuieli total actualizatey mil. § SUA 2338 | 2585

(CTA) 2811 | 2727 | 2143 2620

[nvestitii ~ totale,  ne-{ mil. § SUA

actualizate (IT) 797 | 422 | 268 | 457 | 686 | 686

TOTAL energie produsa

de propriile centrale in anii

2005-2033GWh GWh 76387 76824| 26893/41699|52521(73196

Volumul de gaze naturale  mil. m’

consumate* 1083 | 1981 | 282 | 457 | 774 | 774

Volumul de pacurd  mii tone

consumata 616 | 616 | 616 | 616 | 616 | 616

Costul combustibilului, nel mill. $ SUA | 6708 | 7074 | 2622 | 3431 | 5576 | 5730

actualizat

Volumul emisiilor de Tg

CO2eq (VE) 35,14 | 41 [15,43| 21,3 |27,25|35,48

Indicele VE/IT kg/$SSUA 44,1 | 97,2 | 57,6 | 46,7 | 39,7 | 51,7

Indicele VE/CTA kg/$SSUA 12,5 1150 | 7,2 | 9,1 | 10,5 [13,5

59



PROBLEMELE ENERGETICII REGIONALE 1(12) 2010

Emisiile specifice (VES) |g CO2eq/kWh| 460,1 | 533.6 | 569,1 [510,8|518,7 |484,8
Diferenta D=VESDIs -
'VESx g CO2eq/kWh| 109,1 | 355 | 0,0 | 58,3 | 504 | 84,4

Reducerea de GES Tg 8,3 2,7 00 | 24 | 2,6 | 6,2
*1 tcc = 786.6339 m. cub

Asa cum deja ne-am convins mai sus, prin compararea valorilor absolute de emisii a scenariilor
examinate nu poate fi determinat nivelul reducerii de GES (Rggs) a unui scenariu fata de altul, dat fiind
ca scenariile se deosebesc prin volumul energiei produse la centralele locale. De aceia corect va fi ca
reducerea de GES a unui scenariu fata de BLS sa se determine aplicandu-se urmatoarea formula:

Rees = (VESpLs-VESx)*Epx,

unde VESg; s — emisiile specifice de CO2 echivalent pentru scenariul BLS, exprimate in g CO2
echivalent/kWh;
VESx - emisiile specifice de CO2 echivalent pentru scenariul X, exprimate in g CO2
echivalent/kWh;
Epx - energia produsa de centralele locale in scenariul X

Valorile VESg; s, VESx, Epx, precum si rezultatul calculului Rggs este prezentat in Tab. 6-1. Din acest
din urma tabel putem constata ca cea mai semnificativad reducere de GES se inregistreaza in scenariul
HAS - 8.3 Tg CO2 echivalent, urmat de scenariul C cu 6.2 Tg CO2 echivalent, scenariul MRS cu 2.7
Tg CO2 echivalent, scenariul B cu 2,6 Tg CO2 echivalent, scenariul A cu 2,4 Tg CO2 echivalent.

Trebuie de mentionat ca reducerile in cauzad trebuie tratate pentru fiecare scenariu in parte, nu
comparate Intre ele, dat fiind cad fiecare dintre scenarii au diferite volume de producere a energiei
electrice.

Daca vom cauta sa gasim sensul formulei de mai sus, va trebui s constatim ca ea reflectd cazul
prezentei unui scenariu BLS, specific pentru fiecare scenariu in parte, nu comun pentru toate
scenariile. Comund este doar cantitatea de emisii GES revenitd 1 kWh. Adica, in cazul comparatiei
scenariului X cu BLS, scenariul BLS realizeazd producerea aceiasi cantitdti de energie ca si in
scenariul X, pastrand la unul si acelasi nivel, ca si pentru alte scenarii, nivelul de emisii GES revenita 1
kWh produs.

Concluzii

1. 1In scopul identificarii celei mai rezonabile solutiei de dezvoltare a surselor de energie electrici
pentru Republica Moldova au fost supuse analizei mai bine de 40 de variante de acoperire a
cererii de energie, alese in regim de optimizare si care cuprind o largd gamd de combinatii a
grupurilor candidat si centralelor existente. In rezultat a fost aleasa varianta, numita HAS (High
Alternative Scenario), care ocupd o pozitie intermediara intre optiunea de dezvoltare a surselor
bazate, practic, exclusiv pe acoperirea cererii din sursele proprii, importul reprezentand doar
circa 5-7 % din energia necesara, si optiunea bazata, practic, exclusiv pe acoperirea cererii din
import, ponderea céruia ajunge pana la 85-90 %. Cu alte cuvinte, in varianta HAS, 50% din
cerere este acoperita din import, iar celelalte 50% este acoperita de sursele existente la moment,
si grupurile noi urmate a fi construite, dupd cum urmeaza: ciclu combinat pe gaze -
3x100CCSS, 2x179CCWE si centrale mici pe cogenerare SxSCETS. Aceasta varianta, alaturi
cu alte cinci:
BLS (Base Line Scenario), fatd de care au fost comparate celelalte scenarii luate in calcul;
MRS (Medium Realistic Scenario), care repetd HAS, insa se distinge prin investitii mai mici,
dar si randament de producere a energiei mai scazut; trei scenarii stipulate in Strategia de
dezvoltare a energeticii Republicii Moldova pand in anul 2020, au fost supuse examinarii spre
gasirea acelei variante, care asigura cea mai inalta reducere a GES.

60



PROBLEMELE ENERGETICII REGIONALE 1(12) 2010

2. Cazul Republicii Moldova este deosebit in tratamentul problemei determinarii reducerii de
GES. In conceptul traditional, evaluarea reducerii gazelor cu efect de seri se efectueazi prin
comparatia volumului emisiilor de CO2 echivalent a unui oricare scenariu cu volumul
emisiilor de GES inregistrat in scenariul liniei de baza, adica BLS. Dat fiind ca republica
importa o cantitate foarte Tnsemnata de energie electrica (in prezent-mai bine de 70% din
totalul cererii de energie electricd) si politica de import masiv de energie se va pastra si pe
viitor, dupa cum subliniaza Strategia energetica a tarii, iar importul de energie, conform
metodologiei Natiunilor Unite, nu implica In tara importatoare emisii de CO2, variantele de
dezvoltare a surselor de energie electrica examinate in studiul de fata, inclusiv a BLS, nu pot fi
comparate intre ele dupd volumul emisiilor de GES, inclusiv fatd de BLS, deoarece cantitatea
energiei produse pe teritoriul tarii este diferitd de la un scenariu la altul. Acest fapt face ca in
scenariul BLS, din studiul de fata, sa se Inregistreze cel mai mic volum de emisii de gaze cu
efect de serd, contrar logicii obisnuite. Adica, in acest scenariu urma sa se obtina nu cel mai
mic, ci cel mai mare volum de emisii GES, dat fiind ca el se distinge printr-un randament de
producere a energiei electrice cel mai redus, adicd mai mic, decat in celelalte scenarii
examinate.

In vederea depasirii acestei situatii se propune ca determinarea reducerii de GES pentru
scenariile examinate de dezvoltare a surselor de energie sa se efectueze cu aplicarea indicelui
specific de reducere a CO2 echivalent, adica n baza volumului de emisii revenit 1 kWh produs
de centralele electrice locale. Intr-un astfel de tratament, volumul energiei electrice produse de
centralele locale a fiecdrui dintre scenarii pare a fi egal cu volumul energiei produse in
scenariul BLS, ales pentru comparare. Pornind de la o astfel de abordare, constatam
urmatoarele reduceri de GES 1n scenariile examinate: scenariul HAS - 8,3 Tg CO2 echivalent,
urmat de scenariul C cu 6,2 Tg CO2 echivalent, scenariul MRS cu 2,7 Tg CO2 echivalent,
scenariul B cu 2,6 Tg CO2 echivalent, scenariul A cu 2,4 Tg CO2 echivalent. Este de
mentionat ca In scenariile A, B, C se promoveaza punerea in functiune de insemnate capacitati
de centrale electrice cu cogenerare (179 MW), putini probabile a fi realizate din cauza lipsei In
tara de sarcind termica de lungd durata pe parcursul anului, fapt care ne impune sa tratdm cu
atentie scenariile date.

3. Si din punct de vedere a nivelului de emisii revenite 1 $SUA, scenariul HAS este preferabil in
fata celorlalte scenarii de dezvoltare a surselor in Republica Moldova. Bineinteles, daca se ia in
consideratie probabilitatea micd de prezentd a sarcinii termice adecvate pe teritoriul republicii,
care ar putea justificatd promovarea centralelor electrice cu cogenerare distribuitd. Daca insa
astfel de sarcind ar putea exista, in vederea constructiei unei capacitati totale de 179 MW,
atunci dupa criteriul ,,cele mai mici emisii revenite 1 $SUA”, invingator ar deveni scenariul B.
Astfel, scenariul B acumuleaza 39,7 kg/$SUA, iar HAS — 44,1 kg/$SUA, cel mai dezavantajos
fiind scenariul MRS cu 97,2 kg/$SUA.

4. Atat dupa reducerea de GES, precum si dupa criteriul ,,cele mai mici emisii revenite 1 $SUA”,
dupd cum ne-am convins mai sus, scenariul HAS este cel mai preferabil. El este cel mai
atragator si din punct de vedere a securitdtii energetice, dar nu si dupa pretul energiei electrice
produse. Bundoard, daca vom considera ca pretul mediu al energiei electrice din import ar fi de
50 $/MWh, atunci pretul mediu actualizat de producere a energiei electrice pe toatd perioada
de studiu in scenariul HAS ar constitui 69,2 $/MWh, iar in scenariul MRS — 63,9 $/MWh.
Astfel ca promovarea unuia sau alt scenariu de dezvoltare a surselor in Republica Moldova va
trebui efectuat si de pe pozitia capacitatii populatiei de a suporta un tarif mai avansat pentru
energia electrica furnizata acestora.
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ACUMULATOR CU FRIG NATURAL SI INSTALATIE CU VID
PENTRU RACIREA LAPTELUI iN REPUBLICA MOLDOVA

Cretu Victor
Universitatea Agrara de Stat din Moldova
e-mail: v.cretu@uasm.md

Rezumat: Pe baza cercetarilor teoretice si experimentale a procesului de racire a laptelui, a
fost elaborat modelul matematic al acumulatoarelor cu frig natural si instalatiilor cu vid ce
permit de a determina dependenta regimurilor de functionare ai instalatiilor nominalizate de
parametrii mediului ambiant.

Cuvinte cheie: Utilizare de energie, sistem ecologic cu frig natural si vid.

THE NATURAL COLD ACCUMULATOR AND VACUUM INSTALLATION FOR MILK COOLING
IN REPUBLIC OF MOLDOVA
Cretu Victor
Agrarian State University of Moldova
e-mail: v.cretu@uasm.md

Summary: Based on theoretical and experimental research of the milk cooling process was elaborated
mathematical model of accumulator with natural cold and vacuum installations, which allows determining the
operating system installations, mentioned from environmental parameters.

Keywords: Use of energy, ecological system with natural cold and vacuum, vacuum installation.

AKKYMVYJISITOP ECTECTBEHHOI'O XOJIOJA U BAKYYMHAS YCTAHOBKA JJIs1
OXJAXKIEHUS MOJIOKA B PECITYBJUKE MOJIJOBA
Kpeny B
I'ocynapcTBeHHBIN arpapHblil yHuBepcuTeT MoJia0BBI
e-mail: v.cretu@uasm.md

AnHoTanusi: Ha OCHOBaHMM TEOPETHUYECKMX M SKCIHEPUMEHTANBHBIX HMCCIEJOBAHUI IpoIecca OXJIaKICHHS
MoJIoKa OblUla pa3pa0oTaHa MaTeMaTHuecKas MOJeNb aKKyMyJIsiTOpa €CTECTBEHHOI'O XOJIoJla M BaKyyMHBIX
YCTaHOBOK, MO3BOJISIFOIIUE OMPEACTUTh 3aBUCUMOCTH PEKUMOB PabOThI YKa3aHHBIX YCTAHOBOK OT MapaMETPOB
OKpY>Karoulei cpepbl.

KaioueBble cia0Ba: 53KOJOTMYECKHE CHUCTEMBI C ECTECTBEHHBIM XOJIOAOM UM BaKyyMOM, €CTECTBEHHBIE
AKKyMYJISITOPBI X0J10/1a.

Introducere

Sistemul ecologic cu frig natural si vid la racirea laptelui consta din acumulatorul cu
frig natural (instalatie sezonierd) si instalatia cu vid, ce exclud utilizarea diferitor tipuri de
freon.

Totodata, instalatiile mentionate permit esential de a reduce consumul de energie
electrica la racirea laptelui de la 30 kWh/t, pana la 2...23 kWh /t. Pentru racirea laptelui pana
la temperatura necesard de pastrare +6 °C se utilizeazi acumulatorul cu frig natural la
temperaturile aerului atmosferic t < 6 °C si instalatia cu vid lat > 6 °C. In scopul reducerii
consumului de energie electrici pentru t > 6 °C, ricirea laptelui se efectueazi in doui etape.
La prima etapa se utilizeaza acumulatorul cu frig natural ce permite de a raci laptele de la
32...34 °C, pani la 15...17 °C, iar la etapa a doua se utilizeaza instalatia cu vid ce permite de a
raci laptele pina la temperatura necesara de pastrare.

In figura 1. este prezentati schema functionald de automatizare a procesului de ricire a
laptelui pentru ferme cu efective de pina la 100 capete.
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Fig. 1. Schema functionald de automatizare a procesului de racire a laptelui.

1 — rezervor-termos pentru lapte; 2 — supapa de retinere; 3, 18 — pompa pentru lapte universala (,, HMY — 6”);
4,20, 21, 22 — ventilele electrice; 5, 29, 31, 34, 36, 38 — traductoare de temperaturd; 6, 7 — traductoare de nivel; 8
— vacuum-regulator electric; 9 — recipient pentru lapte; 10 — pompa de vid de baza; 11 — ventil de reglare
termicd; 12 — condensator; 13 — pompa de vid auxiliara ; 14 — malaxor; 15 — dispozitiv cu flotor; 16 — releu de
timp; 17, 33 — racitor 1n flux; 19, 39 — conducta pentru lapte; 26, 27, 30, 37 — ventile mecanice; 23 — traductor de
gheatd; 24 — ventilator; 25 — acumulator de frig ; 28, 32 — pompe de apa ; 35 — sonda cu apa subterana.

Schema functionald de automatizare a procesului de racire a laptelui functioneaza in
felul urmator. In timpul rece al anului, la conectarea manuald a pompei pentru lapte (18), prin
blocul de dirijare, este conectat declansatorul demarorului magnetic DM5,ce pune in migcare
pompa (28), care pompeaza apa din sondad (35), spre racitorul in flux (17), unde laptele se
raceste pind la temperatura de 17 + 1°C. Apa, fiind supusa incalzirii, este utilizatd pentru
necesititile tehnologice ale fermei. In acelasi timp, de catre blocul de dirijare, prin
declansatorul demarorului magnetic DMs, este pusd in miscare pompa (32), care furnizeaza
apa din acumulatorul de frig (25) spre racitorul in flux (33), unde are loc racirea laptelui pana
la + 6 °C. Laptele racit este acumulat in rezervorul-termos (1), pastrindu-se pina la
transportare.

In timpul cald al anului, la conectarea manuala a pompei de lapte (18), prin blocul de
dirijare, este conectat declansatorul demarorului magnetic DM>, ce pune in functiune pompa
(28), care pompeazd apa subterand din sonda (35), In schimbatorul de cédldurd (17), unde
laptele se raceste pina la temperatura de 17 + 1°C. Apa calda este utilizata pentru necesitatile
tehnologice ale fermei. Laptele racit preliminar este acumulat in rezervorul-termos (1), de
unde, sub influenta vidului format de pompele (10 si 13), pe portii, nimereste in recipientul
(9), in care se raceste. Laptele racit se evacueaza cu ajutorul pompei (3). Procesul se repeta.

In baza cercetarilor teoretice si experimentale a procesului de ricire a laptelui a fost
elaborat modelul matematic al acumulatoarelor cu frig natural si instalatiilor cu vid.

Modelul matematic elaborat permite de a aprecia parametrii constructivi — tehnologici ai
instalatiilor nominalizate, precum si dependenta lor de parametrii mediului ambiant
(temperaturile aerului atmosferic si a apei, durata perioadei reci a anului etc.).

Legea integrala a repartizarii probabilitatii a starii temperaturii t(°C)aerului atmosferic
F(t) formati pe baza datelor meteo pentru Republica Moldova [17.
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*in copaternitate cu M. Cusnir

F(t)=0,32+ 0,027 - t + 0,0006 - £, la nordul Republicii Moldova.
F(t) = 0,3 + 0,026 - t + 0,0006 - *, la centrul Republicii Moldova. (1)
(t) = 0,28 + 0,025 - t + 0,0006 - t*, 1a sudul Republicii Moldova.

Utilizand aceste formule este posibil de ardtat cad durata utilizarii instalatiilor nominalizate
calculate conform sistemului de ecuatii (1) este urmatoare (Tabelul 1).

Tabelul 1. Durata utilizarii instalatiilor nominalizate calculate conform sistemului de ecuatii (1).

Acumulatoare cu frig natural Instalatii cu vid
160 zile nordul Republicii Moldova. 205 zile nordul Republicii Moldova.
151 zile centrul Republicii Moldova. 214 zile centrul Republicii Moldova.
142 zile sudul Republicii Moldova. 223 zile sudul Republicii Moldova.

Consumul specific de energie electrica al instalatiilor nominalizate la racirea laptelui:
- Acumulatorul cu frig natural in perioada rece a anului — 2 kWh/t;
- Instalatia cu vid in perioada calda a anului — 21...23 kWh/t;
- Instalatia cu frig natural si instalatia cu vid in perioada calda a anului — 11...12 kWh/t.
Reducerea puterii electrice a instalatiilor elaborate In comparatie cu instalatiile
frigorifice cu compresor: acumulatorul cu frig natural - de cca 7ori, instalatia cu vid - cel putin
cu 20 %.
Instalatia cu vid:
—regim de racire a volumului de lapte integral
ty T

t 19,7(T -273)

urS609e T - R, KT

— regim de racire consecutiva pe portii a volumului de lapte cu amestecul portiilor de
lapte racit si cald:

rz(cm+cvmv)Rﬂ.[ xdT ; 2)

thi T
t 19,7(T-273)

urs609e T —R,KT

unde 7 si 7; — durata de racire a volumului de lapte integral si, respectiv, pe portii (1),

xdT; 3)

r,=(a+cm,; + cvmv)Rﬂj

S; ¢ si ¢, — capacitatea termica a laptelui si, respectiv, a materialului vaporizatorului; m i m; —

n
masa cantitatii de lapte racit integral si, respectiv, pe portii (m :Zmi ), kg; m, — masa
i=1

vaporizatorului, kg; R, — constanta universala pentru gaze, J/(kmol x K); r — caldura medie de

transformare a apei in abur; S — debitul nominal al pompei cu vid, m’/s; K — coeficientul

racire a laptelui.
Expresiile prezentate intercoreleazd parametrii instalatiei (masa laptelui racit m,,

capacitatea calorica a materialului vaporizatorului C, ) si constantele termofizice (capacitatea

termica a laptelui Cp, cdldura din etapa transformdrii apei in vapori I', densitatea vaporilor

apei p').
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Concluzii

1. Pentru acumulatoarele cu frig natural s-a stabilit:

- consumul specific de energie electrica se micsoreaza pind la nivelul de 2 kWh/t, iar
puterea electrica se reduce de 7 ori fatd de instalatiile frigorifice cu compresoare;

- mai efectiv este regimul de dezlocuire a apei reci, ce permite de-a asigura
functionarea acumulatoarelor pina lat < 6 °C la un raport minim al volumelor de api si de
lapte egal cu 3...4;

- 1n linie cu racitorul capacitativ divizarea acumulatorului cu apa in 3 sectii, cu racirea
consecutivd a laptelui de la fiecare sectie, este rationald din punct de vedere al micsorarii
volumului acumulatorului;

Conform datelor experimentale, la un numadr al sectiilor egal cu trei si temperatura
laptelui 12..28 °C raportul volumelor apei si laptelui este practic minimal. Totodati in
comparatie cu acumulatorul cu o singura sectie volumul total se micsoreaza de 1,7 ... 2,9 ori.

- parametrii constructivi ai acumulatorului cu apa permit de a asigura racirea laptelui
pina la temperatura necesard de pastrare + 6 °C, ricirea apei in intervalele de timp intre
mulsori §i minimizarea consumului de metal la confectionarea lor.

- pentru a mari viteza de racire a apei in acumulator este necesar de a folosi
pulverizatoarele electromecanice cu discuri ce permit de a cobori temperatura apei pind la
temperatura mediului ambiant. Durata de racire a apei la utilizarea pulverizatorului cu discuri
cu caneluri fatd de cele netede este considerabil mai mica (aproximativ de 2 ori).

2. Pentru instalatiile cu vid s-a stabilit:

- instalatia cu vid permite de a raci laptele pind la temperatura necesard de
pastrare +6 °C la un consum specific de energie electrica 21...23 kWh/t. Racirea laptelui
efectuatd in douad etape de la acumulatoarele cu apa si apoi de la instalatiile cu vid permite de
a reduce consumul specific de energie electrica pina la 11 ..13 kWh/t 1in perioada calda a
anului.

- puterea electricd a instalatiei cu vid se micsoreaza cu cel putin  20% fata de
instalatiile frigorifice cu compresoare.

- durata utilizarii instalatiilor cu vid in timp de un an este respectiv 205; 214 si 223 zile
la nordul, centrul si sudul Republicii Moldova.

- durata de racire a laptelui consecutiv pe pozitii a volumului de lapte cu amestecul
pozitiilor de lapte cald si racit este cu 10 ... 15 % mai redusd decit racirea volumului de lapte
integral.
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K MNPOBJEME NOBBINIEHUA BEJIUYUHBI U TOJ0OBOM
PABHOMEPHOCTHU IOJIE3HOH TEILJIOBOH HATPY3KU
TEILJIODJIEKTPOLIEHTPAJIEA T'OPOJIA KUIIMHEBA

Maxkcumyk E.Il. (Hucmumym npuxnaonou ¢usuxu AHM, 2. Kuwunes)

AnHoTanus. [IpennoxxeHbl Mephl 10 MOBBIMIEHHIO 3PPEKTUBHOCTH UCIIOIB30BaHUS TOTLTUBA
Ha ropoackux TOLl. Iloka3zaHo, uyTo mpuMeHeHHE aOCOPOIMOHHBIX XOJOJMJIBHBIX MAaIlTuH
MO3BOJIAET MOJIE3HO UCIOIb30BaTh U3JIMIIKY TEIJIOBOW 3HEPIUH, KOTOpble UMetoTcs Ha TOLL
B TEIUIBIN Nepuo roaa. B pe3yabTare MoOBbILIAIOTCS PABHOMEPHOCTh MOTPEOICHHSI TETIIOBOM
9HEepruu, >PQPeKTUBHOCTh HCIOJIB30BAHUS TOIUIMBA M SKOHOMHUUYecKue mokaszarenu TOLI.
PaccMoTpeHbl BO3MOXKHBIE TEXHOJIOTMYECKHUE CXEMBI M TUIIBI 000PY10BaHMSL.

Karouesbie cioBa: TOLl, abcopOLnOHHBIE X0I0AUIbHBIE MAIIMHBL, TPUT€HEPALIUS.

ONE OF THE WAYS TO RISE THE EFFICIENCY OF THE KISHINEV TOWN HEAT AND POWER
STATIONS
Maximuk E.P. (Institute of Applied Physics of the Academy of Sciences of Moldova)

Abstract. Methods to rise the efficiency of fuel using at town heat and power stations are discussed in detail. It
is shown that application of hot water/exhaust absorption chillers allow to use heat energy surplus especially in
warm season. As the results, the consumption of heat energy from the power stations is more constant during the
year, the efficiency of fuel using is higher, and economics is better. Different technological schemes are
discussed in detail.

Key words: heat and power stations, hot water/exhaust absorption chillers, threegeneration.

PRIVIND CHESTIUNEA MAJ ORARII SI A OMOGENITATII ANUALE A CONSUMULUI DE
CALDURA A CENTRALELOR TERMICE ALE MUNICIPIULUI CHISINAU
Maximuk E.P. (Institutul de Fizica Aplicata, or. Chisinau)

Rezumat. Au fost propuse masuri de majorare a eficientei consumului de combustibil in cadrul centralelor
termice (CET) urbane. A fost demonstrat cd aplicarea chilerilor de absorbtie in scopul asigurarii obiectelor de
diverse destinatii cu frig, permite utilizarea caldurii in exces, inregistratd in cadrul CET-urilor, in perioada
calda a anului. Ca urmare, creste atit uniformitatea consumului de energie termicad si eficienta utilizarii
combustibilului, cit si nivelul indicatorilor economici ai CET-urilor. Au fost studiate toate schemele
tehnologice si tipurile de echipament posibile.

Cuvinte cheie: CET, chilerilor de absorbtie, trigenerarea.

1. BBenenue

B Hacrosmee BpeMs MHOTHE HPOMBIIIICHHBIE NPEINPUITHS OTKIIOYWIACH OT
LEHTPaJIN30BaHHOW CHCTEMbl TemjocHaOxkeHus r. KummHeBa M o00ecrneyuBalOT CBOU
HOTPeOHOCTH B TEMJIOBOI 3HEPrUM C MOMOILIbI0 aBTOHOMHBIX UCTOYHUKOB. B TO e Bpems
HOBBIE OOBEKTHI YacTO CTPOSTCS C WHAMBHIYaJbHBIMH CHCTEMaMH TeTUlocHaOxeHus. Bce
9TO CBUIETEIBCTBYET O TOM, YTO IIOJIE3HAs TEIUIOBas HAarpys3ka TEIUIOJIEKTPOLEHTpalen
r.Kummuesa (TOLl-1 u TOI-2) ycraHOBWJIach 3HAUUTEIBHO HIKE IPOEKTHOM U B
OmwkaiiiieM OyaylieM CyIIECTBEHHO HE TNoOBbIcUTCsS. Bmecte ¢ TeMm, oOecrneueHue
HHEPreTUYECKOW Oe30MacCHOCTH W pa3BUTHE HKOHOMUKH Pecnybmukun MongoBa TpeOyroT
YBEJIMUYEHUS IPOU3BOACTBA 3JeKTpuueckor sHepruu Ha TOLl-1 u TOL-2. B cnoxusmunxcs
YCIIOBUSX [UIsl YBEIMYEHUS MPOU3BOJACTBA AIIEKTPUUYECKOW HHEPrUM HEOOXOIMMO HaWTH
MI0JIE3HOE MIPUMEHEHHUE TEMJIOBOM DHEPIMM, KOTOpas NPOU3BOAUTCS MOMYTHO. JIuib B 3TOM
cllydya€ MOXHO MMHHUMHU3HpPOBATh 3aTpaTbl U OOECHEYUTh OTHOCUTENBHO HHU3KYIO
ce0ecTOMMOCTh MMPOU3BOJUMOM 3JEKTPUUECKOM SHEPTHH.
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He menee BaxHOH sBiseTCs 3aJaya MUHMMM3ALUU Tapu(a Ha TEIJIOBYIO SHEPIHIO.
OrpoMHyI0  COIMAbHO-DKOHOMHMYECKYI0O  3HAYUMOCTh  3TOTO  Mapamerpa  TPYJIHO
HepeoLeHuTh. Jl0CTaTOYHO OTMETHUTh, YTO B HACTOSIEE BPEMs OH BIMAET HE TOJIBKO Ha
YPOBEHb JKU3HH TOPOJCKOTO HACEIEHUS U KOHKYPEHTOCHOCOOHOCTH BBIMyCKaIOLIeHCs
IPOAYKIUH, HO U Ha COLMAJIBHO-ITOJUTUYECKYIO CTAOMIIBHOCTh B TOCYAAPCTBE.

Pemienne mepeunciieHHBIX BBIIMIE 3a7ad JOJDKHO OBbITh KOMIUIEKCHBIM. OIHUM U3
MH)KEHEPHBIX PELICHUH SBIISETCS HUCIOJIb30BAaHUE TEIUIOBOM SHEPrHMM Ul INPOU3BOJACTBA
X0JOAa C TOCHEAYIOIMIMM €ro MPUMEHEHHEM B CHCTEMax XOJIOJOCHAOKEHUS 3OaHHul
pa3MYHOrO HA3HAYEHUs, HalpUMep, B CHUCTEMax KOHJIMIMOHUPOBAHMSA BO3/yXa,
XpaHWIUIIAX (pPyKTOB U OBOILIEH, CUCTEMAaX OXJIAKICHUS TEXHOJIOTHYECKOro 000py10BaHMUS.
[Ipennaraemoe TexHUYECKOE pelIeHHE O0ECIEYMBAET I0JIE3HOE HMCIOIb30BAaHUE H3JIMIIKOB
TEIJIOBOM SHEPrUM B TEYEHHE BCEr0 TroJia, TaK KaK OXJaKICHHE TEXHOJIOIMYECKOIo
o0opymoBaHus HeoOXxomuMo W B 3uMHee Bpems. OIHAKO OCOOCHHO BaXXHO TO, YTO
rapaHTupyercsl noTpebiieHue Temia B TEIUIbIi Mepuoj roja, npuuyeM oO0beMbl MOTYT OBITh
OUYEHb BEJIMKHU U COU3MEPUMBI € TEIIOBOM Harpy3koi TOL| Bo BpeMst OTONUTENBHOIO CE30Ha.
B pesyabrate  pocta o0mero mnoTpeOieHHs TEIJIOBOM SHEpPrMM U €ro ToJ0BOH
PaBHOMEPHOCTH TOBBICUTCA A(P(EKTUBHOCTh HCIIOJNB30BAaHUS  TOIUIMBA,  YIIyYIIATCS
SKOHOMHYECKUE MOKa3aTeNIN TEIIOTCHEPUPYIOIUX MPEINPUATHI, BOSHUKHET BO3MOXKHOCTh
MUHHMHA3ALIUHU Tapr(OB Ha TEIUIOBYIO U SJIEKTPUIECKYIO DHEPTHIO.

Peanuzanus mnpeaioKeHHOW KOHIETILIMM BO3MOXKHA Ha OCHOBE IPUMEHEHMS
COBPEMEHHBIX a0COPOLIMOHHBIX OPOMHUCTOJUTHEBBIX XOJOAWIBHBIX MAIlWH (YWIJIEPOB)
HENpsIMOT0 HarpeBa, UCIOJIBb3YIOUIMX B KAaueCTBE OCHOBHOI'O SHEPreTUYECKOr0 MCTOYHUKA
TOPSIYYIO BOAY, Iap MM TETUIO OTXOJSIINX TBIMOBBIX T'a30B.

2. AGcopOuMOHHBIE OPOMMCTOINTHEBbIE X0JI0AHIbHbIE MAIIMHBI

W3BecTHO, 4TO paboTa MHOTHX XOJOJWJIBHBIX MAallMH OCHOBaHA Ha TMPUHIUIE
UCHIApUTEIBHOIO OXJaXKIeHus. Paboyast )KuAKOCTh, HUPKYJIUPYIOLIAs BHYTPU XOJIOAUIBHOM
MalIMHBI TI0 3aMKHYTOMY KOHTYpY, IOMNaJaeT Ha TEII0O0OMEHHYIO IMOBEPXHOCTH TpPYO,
BHYTPU KOTOPBIX OXJIaXJaeMmash BOJa JBMXKETCS, HCHapsercs M OTOMpPAET TEIMJIOBYIO
SHEPruio. 3aTeM, C TOMOINBI0 MPOMEXKYTOUYHOTO TETUIOHOCUTENS TEIIoBas HHEPrus
NEPEHOCUTCS K TpaZpHe, OTKYa OTBOAMUTCS B aTMOchepy.

AOGcopOIOHHBIE OpPOMHCTOJIIUTUEBBIE XOJOAWIBHBIE MAIIMHBI 1O MPUHIHUITY
NeHCTBUS  KiIacCU(PUUUPYIOTCST ~ HAa  OJHOCTYIIEHYAThIE, JIBYXCTYTICHYAThIC u
TpPEeXCTyTEeHYAThIE.

[Ipuntun paGoThl OJHOCTYINEHYATHIX MAIIMH MOXXHO PacCMOTPETh Ha MpPUMEpE
xonoauabHbIX MamuH THna SYBDH mnpousBoactBa wurtanbsHCKoW ¢upMbl “Systema”,
HCIIOJB3YIOIIMX B KAUECTBE OCHOBHOI'O YHEPTOHOCHUTEIISI TOPSIYYIO BOJLY C TEMIIEpATYpOH 75-
120 °C.

['peromas Boga moctymaet B reHeparop 1 (puc. 1), rie HarpeBaeT BOJIHBIN PacTBOP
LiBr. bnaromaps HU3KOMYy [aBIE€HUIO B TeHEpaTOpe MNPOUCXOAWT HCIApPEHHE BOJIbI W3
pacTBopa U oOpa3oBanue napa. Ilap moctymaer B KOHAEHCATOp 2, OXJIAKIAIOIIMICS BOJOM,
MUPKYJTUPYIOLIEH B KOHTYpE IpafupHHu (HE MOKa3aHa).

OOpa3oBaHHBI KOHJEHCAT HAIMPABISETCS B HCIAPUTENb 3, TAE C TIOMOIIBIO
CHEIHMAbHOM CHCTEMbI OpolIeHHs 4 B JUCTIEPTHPOBAHHOM BHJIE OMBIBAET TEILNIOOOMEHHYIO
MOBEPXHOCTh TPYO 5, BHYTPH KOTOPBIX IUPKYJIHPYET oxyaxnaemas Boja. llomanmas Ha
TEII000MEHHYI0 TOBEPXHOCTh TPYO 5 YacTh KOHAECHCAaTa UCHapsAeTCs, OTOMpas TEIIOBYIO
sHepruto. Jlpyras dYacTh CKamjuBaeTcss B NOJJOHE 6, OTKyJa HacocoM 7 TOBTOPHO
HAMPAaBISETCS B CUCTEMY OpOIIeHUS 4.

OOpasyromuiics B ucmapuTese 3 BOJSHOW IMap mocTymaer B abcopbep 8. 3mech oH
KOHJCHCHUPYETCSA 32 CYET OXJXKIACHHUS BOION KOHTypa rpagupHu. OJHOBPEMEHHO 37eCh
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IPOUCXOIUT a0COpPOLMS BO/IBI KOHIIEHTPHPOBAHHBIM pacTBOpoM LiBr, KoTopslil mocTymaer u3
remeparopa 1. CkonmBmmiics B HWXKHEH dYactu abcopOepa BoaHblii pactBop LiBr
HAaIpaBJsieTCs 1O IBYM HampaBieHusM. OfiHa 4acTh IMOCTYMAeT B CHCTEMY aBTOMATHUECKON
OYKCTKH 9 ¥ BO3BpaIaercsi B abcopoep.

Puc. 1. Cxema omgHOCTyIIeHYaTON aO0COPOIIMOHHOI OPOMUCTOIUTUEBOM XOIOIUIBHON
MalIuHbI MPOU3BOJICTBA UTATBIHCKOW PupMBI “Systema”

Bropas uacte cHauana HampaBiseTcss B TemiooOMeHHMK 10, rne HarpeBaer
KOHILIEHTpUpOBaHHbIN pacTBop LiBr mepex ero mocrymienueM B abcopbep 8, a 3areM
noctynaer B reHepatop 1. Takum oOpa3oM OCYHIECTBIISETCS 3aMKHyTas LMPKYJISILMS
IOTOKOB BHYTPH OJHOCTYyIEHYaTOH aOCOpPOLMOHHOM OpOMHMCTOIUTHEBON XOJOJMIBHON
MAaII1HBI.

[TpuHiun paboThl JBYXCTYNEHYATHIX MAalIMH MOXXHO PacCMOTpeTh Ha NpUMepe
xojnoamibHbIX MammH Tuna SYBS mpousBoxctBa  pupmbr - “Systema”  (puc.  2),
UCIIOJIB3YIOUINX B KAUECTBE OCHOBHOIO 3Heprorocurens nap nasiaenuem 0,3-0,9 Mlla.

I'perommii map mocTtymaer B BBICOKOTEMIIEpATYpHBIM TeHepaTop 1, rae Harpesaer
BOJIHBIN pacTBop LiBr. OOpa3oBaHHbIl ap MOCTYMAET B HU3KOTEMIIEPATyPHBINA IreHepartop 2,
[/l HarpeBaeT U BBINAPUBAET CIA0OKOHLEHTPUPOBAHHBIM BOAHBIM pacTBOop LiBr. U3
HU3KOTEMIIEPATyPHOT0 F'eHepaTopa nap IMOCTyNaeT B KOHAEHCATOP 3, KOTOPBIN OXJIaKIACTCs
BOJIOW, IUPKYJIUPYIOLIEH B KOHTYPE TPaJUpPHH.

OOpa3oBaHHBI KOHJEHCAT HAIpaBiseTcss B HcHapurenb 4, TAe € MOMOLIbIO
CHEIHaIbHOM CHCTEMbI OPOLIEHUS 5 B JUCIEPIrUPOBAHHOM BHJIE OMBIBAET TEINIOOOMEHHYIO
HOBEPXHOCTh TPYyO 6, BHYTpPH KOTOPBIX LUPKYJIHUpYyeT oxyaxnaemas Boja. [lomanmas Ha
TEIJIO0OOMEHHYIO0 TOBEPXHOCTh TPyO 6 uYacTh KOHJIEHCATa UCIapsieTcs, oTOupas TEIJIOBYIO
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sHepruto. Jlpyras 4acTh KOHIEHCAaTa CKalUIMBAaeTCs B MOAAOHE 7, OTKyJa Hacocom 8
MOBTOPHO HAMPABJISIETCS B CUCTEMY OPOLICHHUS 5.

OO6pazyromuiicss B ucnapuresie 4 BOASHOM map moctymnaer B abcopdep 9. 3mech oH
KOHJICHCHPYETCSl 3a CUeT OXJaKICHUS BOJOW KOHTypa rpaaupHu. OJHOBpPEMEHHO 37eCh
MIPOUCXOAUT a0COpOIMsS BOJBI KOHIIGHTPUPOBAaHHBIM pacTtBopoM LiBr. Cxonusmiuiics B
HIDKHEH dactu abcopOepa BoaHblii pactBop LiBr Hampammisiercs mo TpeMm HampaBiICHUSM.
OnHa YacTh MOCTYMaeT B CHUCTEMY AaBTOMAaTHUYeCKOM ouMcTku 10 u BoO3Bpamaercs B
abcopOep. Bropas yacTh HampaBisieTcs CHayajla B HU3KOTEMIIEPATypPHBIH TETIO0OMEHHUK
11, re HarpeBaeT KOHIICHTPUPOBAHHBIN pacTBOp LiBr mepen ero moctymienueM B abcopoep
9, a 3areM HarpeBaeTcsi B KOHJEHCATOpe TpEIOIIer0 TMapa W TMOCTyMaeT B
HU3KOTEMIIEpaTypHBIi  TeHepaTtop 2. TpeTbs dYacTh CHayaja HampaBlseTcs B
BBICOKOTEMIIEPATYPHBII TEMI00OMEHHUK 12, TIe TakkKe HarpeBaeT KOHIICHTPUPOBAHHBIM
pactBop LiBr mepen ero mnocrymienuem B abcopbep 9, a 3areM TOCTyMmaer B
BBICOKOTEMIIEpaTypHblii reHepatop 1. Takum 00pa3oMm, OCYIIECTBISIETCS 3aMKHYTas
HUPKYJISLUS T[OTOKOB BHYTPH JABYXCTYIEHYAaToNH aOCOpOLMOHHONW OpOMHCTOIUTHEBOM
XOJIOIUIBHON MAIIUHBI.

Puc. 2. Cxema aAByxXcTyneH4YaToi aOCOpOIMOHHON OPOMUCTOIUTHEBON XOJIOAMIBHON
MalllHbl IPOU3BOJCTBA UTANIBIHCKOM (hrupMbl “Systema”

bnaronaps omnucaHHOMy NpHHLMIY pa0OThl, aBTOMAaTU3UPOBAaHHOM CHUCTEME
yIpaBJICHUS, YaCTOTHOMY PEryJHpPOBAaHUIO BCEX 3JIEKTPUUECKUX JBUTATENEH HACOCOB, a
TaKXKe ILEeJOMYy pALy JIpYIMX TEXHHUYECKHUX PELIEHUH pPacCMOTpEeHHble a0COpPOLMOHHBIE
XOJOAMIBHBIE MAIIUHBI HMMEIOT LENbIi  psAg  NPeUMMYINeCTB 10 CpPaBHEHHIO C
KOMIIPECCOPHBIMH XOJOAWIBHBIMU MamMHaMHu. [Ipexne Bcero, oHu obecnednBaroT Oonee
BBICOKYIO 3()()eKTHBHOCTH B IIMPOKOM JTHANA30HE HArPy3KU U HU3KUH ypOBEHb MOTPeOIeHUS
BIIEKTPUYECKON SHEPIHUHU.

PaccMOTpUM BO3MOKHBIE TEXHOJOTHUECKHE CXEMBbl MPUMEHEHHsS a0COPOIMOHHBIX
OpOMHUCTOJIMTUEBBIX XOJOIWIBHBIX MAIIUH JUIS HCIOJb30BAHUSA H3JIHULIKOB TEIUIOBOU
sHeprun Kummnesckux TOLI.
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3. IIpon3BOACTBO X0J101a HEMOCPEACTBEHHO Y MOTpeduTe s

['opsiuass Boja MO CyIIECTBYIOHIMM TEIUIOBBIM CETSM MOCTYHAaeT K MOTPEeOUTENsIM
(puc. 3), Y KOTOpBIX YCTaHOBJICHBI aOCOPOLMOHHBIE OpPOMHCTONHMTHUEBBIE XOJOAMILHBIC
MamuHbl, Hanpumep, tina SYBDH wmu SYBH npouwsBoacTBa wuTanmbsHCKOW (GUPMBI
“Systema”. Wcnonb3ysi JaHHYIO TOPSYYI0 BOJAY B Kaue€CTBE OCHOBHOI'O SHEPTrOHOCHUTES,
XOJIOMMJIbHBIE MAIIMHBI BbIPa0aTHIBAIOT XOJOJ. XJIQAOHOCHTEJEM SBISETCS BOJA C
napametpamu +7/14 °C, KOTOpasi UUPKYJIUPYET Yepe3 THApaBINUECKU HE3aBUCUMBIA KOHTYP
XOJIOAWJIBHOW MAITUHBI U HAMpPaBJISETCS B CUCTEMY KOHAMIIMOHUPOBAHUS BO3[yXa WM HA
TEXHOJIOTHYECKHE HYK]IbI TOTPEOUTENS.

r-r-——--"""""""""="-"=-"=-"="="="=-"="="—"="—"=—=-- 1
|

| MoTpefuTens Mz 1 T ———— :
I . I
T —{ Tennoeoll — T1 — I
T2 —H nyHET — T2 —4 I
I Ha xonogocHadkeHwe |

| | CTaHuMa
| xunn:g- — 1 — :
I — X2 — I
| CHaf®EHN A |
- e e e e e e e e e e — = a
rr——=-—-""""""""""""""=-"—"=-"="—"="="—"="—"="—"=-—"=—"=-—==- |
: MoTpebiuTens Me 2 Ha oTonneHMe :
| - |
T3L T1 T1 — Tennogal — T1 —3 |
T2 - 12 L MR — T2 — Ha x0nogocHaGHeHE :

CTaHuMAa
: Ly w1 |
*Onog0- I |
Mopoackad TENNOESA CETh : CcHab#eHMA :
- e e e e e e e e e e — = a
rr——=-—-""""""""""""""=-"—"=-"="—"="="—"="—"="—"=-—"=—"=-—==- |
: MoTpeduTens M2 3 Ha oTonneHKe :
I . - I
L — 71 — TennoBol [— T1 — I
T2 | MYHET — T2 — Ha zonogocHabxeHmne :
| [ CTaHumA |

— 1 —

| -
I XOnog0 W :
| CHab®eHM A |
- — - _ 4

Puc. 3. Cxema mpou3BoACTBa X0JI0Ja Y IOTpeduTenen

bnaronapst MCcro/Ib30BaHUIO CYLIECTBYIOIIMX TEMJIOBBIX CETEH KamUTaJIbHbIE 3aTPaThl
Ha XOJIOJIOCHAOX€HHWE MUHUMAIbHBI U CBOJATCS, IJIABHBIM 00pa3oM, K YCTaHOBKE
a0COpOLIMOHHBIX XOJOAMIBHBIX MAalIMH. B oTiMuMe OT TpaauIMOHHBIX TEXHOJIOTUM
X0JOAOCHA0XKEeHNsT HA OCHOBE KOMIIPECCOPHBIX XOJOIWIBHBIX MAIIMH B JTaHHOM Ciydae
o0miass yCTaHOBJICHHAs 3JIEKTpHUYECKash MOIIHOCTh oOopynoBanus B 8-10 pa3 MeHble.
3ayacTyr0 3TO HUCKJIIOYaeT HEOOXOAMMOCTb DPEKOHCTPYKIMHM WJIH CTPOUTENIBCTBA
NEKTPUUECKUX MOJCTAHIUH, YTO 1aeT SKOHOMUIO KalMTaIbHbIX 3aTparT.

CoxkpallleHrue SKCIUTyaTallMOHHBIX PacXoJ0B HACTOJBKO BEJIMKO, YTO JUISI KPYIHBIX
00BEKTOB I0J10Basi SKOHOMHSI MOXKET JAOCTUraTh HECKOJBKUX JIECATKOB THICSY €BpO B roi. B
tabnuue 1 mpeacraBiieHbl JaHHbIE TEXHUKO-3KOHOMHYECKOTO CPAaBHEHHS JIByX BapHUaHTOB
UCTOYHUKOB TEIUIO/XOJIOIOCHAOKEHUSI yXKe 3allpoeKTUpoBaHHOro B TI. KumunHese
aJMMHHUCTPATUBHOIO 37aHMsl ¢ MOTpeOHOCThIO B Teruie 1620 kBT u moTpeOHOCTHIO B X0J10/1€
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1160 xBT. Mcrionp30BaHHbIE B pacueTax Tapudbl COCTABIISUINA: AJICKTpUUecKas sHeprus — 7,4
eBpoueHTa (1,33 nes) 3a 1 xBt. u; npuponnsiii raz — 233 espo (4192 nes) 3a 1000 v Tlo
pe3yibTataM CpaBHEHHS BUIHO, YTO MPUMEHEHHE a0COPOIMOHHBIX XOJOIWIBHBIX MAalluH
Ooiee BBITOJIHO, TaK Kak B TEUEHHE TPEX C IOJIOBUHOM JI€T pa3HUIlA B CTOUMOCTH
000pyI0BaHUs KOMIEHCUPYETCS] HU3KUMH JKCIUTyaTallUOHHBIMU pacXoJaMu, a JajbHeiIas
IKCIUTyaTaIys 0oecreurnBaeT SKOHOMUIO 0K0JI0 30 ThIC. €BPO B TOJI.

B pesynbrare BHEApEeHUA JAHHOW  TEXHOJIOTMYECKOM  CXEeMbl  BO3HHUKAET
MHOTOKpaTHbIH 3(dext. Ilorpedutens mpu MHHMMAIBHBIX pacxojax MOJy4aeT OYEHb
3(QPEeKTUBHYI0O M DKOHOMUYHYIO CHCTEMY XOJojocHaOxeHus. [Ipom3BoauTe s TEIUIOBOM
SHEpruu obecrneynBaeT Oojee MOTHOE UCTIOIb30BaHUE MTPOU3BEICHHON TEIIOBOM YHEPTHH U
PaBHOMEPHYIO KPYTJIOTOJAUYHYIO 3arpy3Ky TEIUIOTEHEPUPYIOMIET0 000pyI0BaHHS, YTO BEJIET
K COKpAIEHUIO CpPOKa OKYMaeMOCTH OOOpYyJOBaHUS M TMO3BOJISIET CHU3UTh Tapud Ha
OTITyCKaeMYI0 TEIJIOBYIO SHEPTHIO.

4. Tlpou3BoacTBo xoJ101a Ha TIL]

[ToMMMO pacCMOTPEHHOHM BBIIIE TEXHOJOIMYECKONM CXEMbl BO3MOXKHA W Jpyras,
YUUTHIBAIONIAsE ~arpapHyl0 HANpaBICHHOCTh AKOHOMHKH PecrnyOnmkum MongoBa u
notrpebHocTh T. KuimHeBa B XpaHWIMINAX CEIbCKOXO3sMCTBEHHON mnpoaykuuu. [lanHas
KOHLICNIIUS IIpeyCMaTpUBaeT IPOU3BOACTBO XOJoJa HemocpeacTBeHHO Ha TOIl ¢
pasMelleHHeM Ha Npuierarolieil TeppuUTOpUN XpaHWIMIL, HarpuMmep, (ppyKToB U oBoOIIEH

(puc. 4).
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Puc. 4. Cxema npousBocTBa X0y10/a Ha Tepputopun TIL]

TexHonornueckue TpeOOBaHUS K TeMIepaType XpaHEHHs HEKOTOPHIX BHUJIOB
CEIIbCKOXO3SMCTBEHHOW TMPOMYKIIMM  TaKOBHI  (Tabmwma 2), dYro aOCOpOIMOHHBIC
XOJIOMMWIbHBIE MAIIWHBI BIIOJIHE MOTYT OBITh HCIOJNB30BAaHBl B KA4eCTBE HCTOYHHKA
XOJIOZOCHAOKEHUS.

Jlng npousBoacTBa xonoaa Ha TOLl MoryT ycTaHaBIMBaTbCSA:

- abcopbOrmonnsie MamuHbl TUNa SYBDH dupmer “Systema”, paboraromue Ha ropsiaei
BOJIC TeMIepaTypoii He Hike +70 'C;

- abcop6mmonnsie MammHbl TUTIa SYBH, paboTtaromme Ha ropsdeit Bojie TeMnepaTypoi He
nmke +140 °C;

- abcopoumonnsie MamuHbl TUIIa SYBE u SYBDE, paGoraromniye Ha OTXOIAINUX TBIMOBBIX

razax;

- abcopOumonnbie MamuHbl TUa SYBS, paboratomue Ha nape gasineruem 0,3-0,9 Mlla;

- KOMOMHHMpOBaHHBIE a0OCOPOLMOHHBIE MAamMHBI (GuUpMBl “Systema”, paboraromme Ha

ropsiueit Bojie U JOTOJHUTEIHHO OCHALICHHBIE Ta30TOPEIOYHBIM OJIOKOM.
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OTt60p Terna u3 padboynx KOHTYpoB TOL] MOXKET OCyIIECTBISTHCS:
- IIYTEM 0T6opa OTXOJAIINX OBIMOBLIX I'a30B KOTJIOB U HCTIOCPCACTBCHHOT'O HAIIPABJICHUA UX
B a0COpPOITMOHHBIEC XOJIOIUIHHBIC MAIIIUHBI;
- 3a CUYCT YTWJIM3allUU TCIJIa OTXOAAIIHUX ABIMOBBIX I'a30B, HAIpEBa FOpSI‘ICﬁ BOJbBI U ITOAa4YU
9TOM BOJBI B a0COPOIIMOHHBIEC XOIOAUIbHBIC MAIIHHEI,
- MyTeM MOoAa4Yu B aOCOPOIIMOHHBIE XOJIOIMIbHBIE MAIIMHBI CETEBOM MM 00OPOTHOM BOJBI.

Ta6auma 1. PacueT OCHOBHBIX TEXHHMKO-d)KOHOMHUYECKHX IOKa3aTeled A BhIOOpa
HMCTOYHHMKOB TEILJIO M XOJIOJOCHA0KEHUS JIJIsl aIMUHUCTPATUBHOTO 37]aHUs C TIOTPEOHOCTHIO B
teruie 1620 kBT u noTpeGHOCTHIO B X0moae 1160 kBT

Ne Bapmanr 1 Bapuanr 2
n/n Ororienne u OTorueHne BOASHOE OT COOCTBEHHOI
Haunmeno- KOHTUITHOHUPOBAHUE — KoOTeabHOH. KonnunmonupoBanue
BaHUe a0COpONMOHHBIE YHJLIEPBI U | 4Yepe3 (haHKOMIIBI OT KOMITPECCOPHBIX
danxoiiabl. Te xxe yniepsl XO0JIOAWJIbHBIX MAIIIUH

ABJIIAIOTCA UCTOYHUKOM TCIlJIa
JJIA TOpSYCro BO,I[OCH3,6)KCHI/I$I

1. | CroumocTh 370,1, w3 HHX: 271,2, W3 HHX:
OCHOBHOTO - XOJIOAWIBHBIC MAITHHBI - XonoauibHBEIC MamuHE! 210,5;
obopymoBaHUs, 320,4; - kotennHas 60,7.
TBIC. €BPO - rpanuphu 23,8; CTOMMOCTb THAPOMOJIYJISI U 3aIIOPHO-
- TIMKOBBIE KOTJIBI 25,9; pEryJIMPYIOIIEeH apMaTyphl OJIMHAKOBA
- CTOUMOCTH JJIA O6OI/IX BapruaHTOB
TUAPOMOJTYJIS U
3aIopHO-
peryJupyrolen

apMaTypbl OIMHAKOBA
1151 000MX BapUaHTOB

2. | MakcumanbHBIN 167,0 196
4acoOBOM pacxonl
rasza, M°/4

3. | YcraHnoBnaeHHas 32,0 394,0
3JIeKTpUYecKas
MOIIIHOCTh, KBT

4. | T'omoBoit pacxon 405,5 381,6
rasa, TEIC.
M /ron

5. | 'omoBoii pacxon 103 488 589 392
3JIEKTPUUECKOMN
SHEPTHUU,
kBT.u/rog

6. | Obmme 102,1 132,5
9KCILTyaTalu-

OHHBIE PACXOJIBI
B I'OJI, TBIC. €BPO
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Tabauna. 2. TeMmmeparypa XpaHEHHs HEKOTOPBIX BHIOB CEIbCKOXO3MCTBEHHOU
IPOAYKIMH
HanmenoBanue Temmeparypa HaumenoBanue Temmeparypa
XpaHEHHS, °c XpaHEHHS, °c
ArnenbCUHbI or +4 no 7 AHaHachl or +7 no 13
['peiindpyTs ot +10 go 13 baknaxansl or+7 no 10
JIumoHbI ot +10 no 15 Kaprodens ot + 3 no 4
Jlaiimb1 +10 [Tepen cTpy4YKOBBIT ot +7 o 10
banansl +14 Tomarsl 3eneHbIE or +11 mo 13
Manro or +12 o 13 TeikBa or +1 no 15
BriBoabI
l. Kpome JOPOTOCTOSINX IIPOEKTOB 1o CTPOUTEIILCTBY HOBBIX

TETUIOAJICKTPOLICHTpalIe Ha JAPYTHX, albTepPHATHBHBIX MPUPOJHOMY ra3y, BHJaX TOIUIMBA
CYIIECTBYIOT BO3MOXKHOCTH TIOBBIIICHHS OJHEpreTHUecKor Oe3omacHocTH PecryOmukn
MonnmoBa 3a cuer 0Oojee BBICOKOM 3((EKTUBHOCTH HCIOIB30BAHUA HMIIOPTUPYEMOTO
IPUPOTHOTO Ta3a W CHIDKCHHS TOTPEOJCHUS DJIEKTPUYECKOM SHEPruM Uil  HYXK[
xonoaocHaOxkenus. OAUH U3 CIOCOOOB 3aKIIIOYACTCS B MCIOIB30BAHUU TEIUIOBOW SHEPIUU
JUISL TIPOU3BOJICTBA XOJIOIA.

2. TexXHUKO-IKOHOMHYECKHE PACUYEThl MOKa3bIBAIOT, YTO MPUMEHEHHE a0COPOIIMOHHBIX
MAIlIMH, UCTIONB3YONINX B KAYeCTBE OCHOBHOTO 3HEPIETUYECKOT0 UCTOUHHKA TOPSIYIO BOAY
WIA TEIIO OTXOAALIMX JbIMOBBIX Ta30B, IeJIecO00pa3HO M JaeT 3HAYUTENIbHBIN
sKoHOMUYecKkuit 3 dext. s OompIINX 3MaHNI OH MOYKET JOCTHTaTh HECKOJIBKHX JIECSITKOB
TBICSY €BPO B TOJI.

3. B kxauecTBe OCHOBHOTO O0OpYIOBaHHS AJISI PELICHUS PACCMOTPEHHBIX BBIIIE 3a/a4
MOTYT OBITh PEKOMEHIOBaHBI, HAapuMep, a0COPOLMOHHBIE XOJOAWJIbHBIC MAIIMHBI THIIA
SYBDH, SYBH, SYBDE, SYBE, SYBS npousBoacTBa utanbsackon pupmsl “Systema”.
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TRANSCRITICAL CO; HEAT PUMP WITH EXPANDER-EJECTOR
CYCLE

SIT B., TIMCENCO D., SIT M.

Abstract. Heat pump with expander — ejector cycle, method of this cycle control of this cycle
and the scheme of the heat pump with the second loop are presented in this paper.
Key words: heat pump, automatic control.

POMPA DE CALDURA PE DIOXID DE CARBON iN REGIM TRANSCRITIC DE LUCRU CU
CICLUL DETANTOR-EJECTOR
Sit Boris, Timcenco Dumitru, Sit Mihail
Rezumat. Este demonstrat, ci la utilizarea detantorului in componenta pompei de caldura pe dioxid de carbon
COP se majoreaza ca urmare a alegerii corecte a coordonatei punctului de lucru la intrare gazului in detantor.
Totodata este inadmisibil de a diminua eficienta exergetica a instalatiei cu pompa de caldurd conditionata de
cresterea pierderilor de presiune in schimbatorul intermediar de caldura. Alegerea caracteristicilor de debit prin
supapelor de reglare a pompei de caldura se face tindnd cont de functionarea racordata a acestor supape.
Cuvinte cheie: pompa de caldura, sistem de dirijare.

TEIIJIOBOM HACOC HA ANOKCHUIAE YI'JIEPOJA B TPAHCKPUTHYECKOM HUKJIE PABOTBI
MO CXEME JETAHIAEP-9)KEKTOP
[Iut B.M., Tumuenxo [I.B., [llutr M.JL.
AnHotanus. PaccMoTpeH TemoBoil Hacoc Ha IOHOKCHAE yriepoda B TPAHCKPUTHYECKOM IHKIE pabOTHI IO
cxeMe JaeTaHnuep-»KekTop. [IpuBemeHa MeTOmUKa BBIOOpAa PETYTUPYIOMINX KIANAHOB S JaHHOH CXEMBI
TEIJIOBOI'O Hacoca.
Ki1roueBble cji0Ba: TEIUIOBON HACOC, aBTOMAaTHUYECKOE YIIPABIICHHE.

1. Introduction

Application of heat pumps (HP) in the industry makes up a very small part from the total
heat pumps amount [1]. Energy intensity decrease of the food industry production is now the
purpose of innovative development in this area. So, for example, heat pumps using low grade
heat from technological processes in winemaking practically are not applied, though examples
of heating of a part of a factory premises from ground source heat pumps (USA). We had
been offered earlier the scheme of HP use in winemaking [2] where HP is used
simultaneously at cooling of fermenters and at the processing of wines by heat or at the
sanitary processing, later the same heat pump is used in technological process of wine
processing by a cold and simultaneously at hot water preparation (sanitary processing of the
equipment, hot water for personnel needs). This heat pump is used at work of distiller after
the end of the period of wine processing by cold, or in the absence of a distiller for the
bleeding of heat from the boiler flue gases (serving for the preparation of steam and hot water
for the technological process needs) with the purpose of fuel utilization factor increase of the
boiler. Expander use is possible, in the last case, in a heat pump loop what raises its energy
and economic efficiency. Heat pump station should be supplied with the replaceable gas
coolers and evaporators, and also to have a second loop (intermediate heat carrier contour). It
is discussed in this paper a cycle of the heat pump with the expander and ejector and HP work
conditions at variable heat load assuming the use of linear control laws, and also an adjustable
electric drive of the compressor. The use of ejectors for heat pumps on carbon dioxide is
described in different works [3-6]. But common use of expander and ejector was not
considered in heat pump till now.
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2. Heat pump scheme and its control

It is shown at the Fig.1 heat pump with the expander — ejector scheme for a case of hot
gases heat utilization. The scheme works as follows.

The subcritical CO, enters the compressor 1 in state point 1 (see Fig.2) after the internal
heat exchanger 3, to which gas goes from the separator 8 at the state point 12. The
compressed gas enters the gas cooler 2 at the state point 2. The supercritical CO; is then
cooled in gas cooler to the state 3, passes the internal heat exchanger and leaves it in the state
point 4.

The supercritical CO, goes through control valve 4, to the additional heat exchanger 5,
where the liquid is heated from the state point 5 to state point 6 by means of hot gas. It is
shown by means of the dashed-line that the gas is moved through the heat exchanger 5 by the
means of the fan 11. The hot gas goes after the heat exchanger 5 to the evaporator 10. Further
the refrigerant from the heat exchanger 5 enters in the expander 6 where it extends up to a
biphasic state point 7. This gas-liquid mixture enters on a working ejector input 7 where after
an exit from a nozzle it comes to the state point 8 (Fig.2). Saturated vapor from the evaporator
10 in the state point 15 arrives on the second ejector input 7 in which case it extends to the
biphasic state 9. Further in the ejector mixing chamber at constant pressure gas mixture
occurs with the biphasic state in 8 and with a state point 9 up to a state point 10. Further
refrigerant from the state point 10 isentropically passes in ejector’s diffuser, to state point 11.

For the maintenance of a normal mode of expander work it is necessary to stabilize
coordinate in point 6 of the thermodynamic cycle. The temperature in a state point 6 is
stabilized by the automatic control system of the low grade heat carrier flow rate, and the
pressure of the compressor is stabilized by the control valve 4 (see Fig. 1). Let’s consider
combined work of the valves in this system.

@

—— |

15 14

ll -

Fig. 1. Schematic of expander—ejector heat pump cycle
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We will write down the equations establishing dependencies between pressures before and
after the compressor and the flow rate through the control valves.

(1) dpy +dpg = py — P14 — P5-13 = Py

2) Gy =Cyy+dp,
(3) Gy =Cyyv/dpy

4) G,=U-G,

(5) Ps—13=Ps5s — P13

It 1s accepted the following nomenclature: dp'j —pressure drop across the control valve
number j (Fig.1), p, - pressure in the i point of the loop, U —entrainment ratio of ejector and

G, — flow rates on the ejector working input and on the ejector second suction input. Cy,,

C,,— the flow coefficients, are dimensionless values that relate to a valves flow capacity.

Superscripts correspond to the variant of compressor output setting.

It is necessary both gas cooler pressure stabilization in the system, and pressure
stabilization on the exit of the evaporator. We will consider how the refrigerant flow rate
through the evaporator and gas cooler will change at the refrigerant pressure disturbance in
the heat pump loop.

From the equations (2 — 4) it is possible to obtain a rule for choice of the valves trims for
given heat pump taking into account entrainment ratio of the ejector. As in the part of the
expression (7) in brackets, obtained from expressions (1) and (6) is always more than one, it

follows that it is always possible to choose such values U,Cy,,Cy, which also satisfy to
certain technical requirements to the ejector’s entrainment ratio and control valves design.

C Uon)
(6) Apy =————=—Apy
(Gi2)
P N
(7) A 10 (C”z) - b4
(Gi2)

It is necessary for the equation 7 to have the solutions at certain entrainment ratio values,
that expression in brackets of the equation 7 to be constant at the constant gas flow rate
through the compressor or to vary to satisfy the expression 7 at change of the pressures in
loop points, starting from state point 4 and finishing at state point 14. There is a considerable
difference of pressures in the line after the control valve number 4 and the valve trim of this
valve becomes essentially nonlinear irrespective of, whether the valve has the linear or equal
percent trim rangeability. It is necessary to take this into account while designing the pressure
control system of the compressor and of the evaporator.

Let’s set the value of the mass flow rate G, <G, at the constant value of p, . In this case
the system equations will be the following.
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®) G =Cri\ldp)
©) Gy=Cya s

The solution of the system will be.

" Py
(10) dpy =——54
UG

(Cpp)°

It is necessary for the system to have the solution taking into account (8) and (9)
that Cy,, > Cpyy, u Cpy < Cprsy .

It is shown thus that the decision of the equations (8) and (9) always exists. For normal
work of the valves control system it is necessary to provide a solving system (8) (9) at the
current values of temperatures and pressures of the refrigerant in states points 4 ...14 of the
thermodynamic loop of heat pump system and demanded heat load.

Let's consider a thermodynamic cycle when there is no regenerative heat exchanger, and
the gas superheat before of the compressor is ensured by the separate heat exchanger. In this
case it is necessary to make separate exergetic analysis to choose, what is more effective from
the point of view of energy expenditures: to have two resistances to refrigerant flow or one,
having increased the resistance for a gas through the superheater before the compressor.

This stream enters the gas-liquid separator 8, where it is divided into saturated liquid and
saturated vapor streams. The liquid stream enters at the state 13 into the control valve 9,
which is connected with the evaporator 10.

The pressure-enthalpy diagram is built in accordance with [8, 9]. Here heat pump station
heat efficiency factor will be: COP,,=8,68. If to assume that isentropic efficiency of the

expandern, =0,7, and electric generator efficiency 7, =0,8, than new heat pump system COP
(COR,,, ) will be equal to:
coP,,, = (hz —hl)'COPold _
(hy = —(hy = hg) - 11,714)
~ (63,12-33,57)-8,68 256,36 _
(63,12-33,57—(112,98-99,03)-0,8-0,7 21,74

11,8

So, COP growth will be 35,9 %. Overall consumption of energy by the installation will
depend, considering the change of capacity of the ventilator for overcoming of aerodynamic
resistance of the heat exchanger 5, on the compressor capacity and additional capacity of the
ventilator. It is necessary to tend therefore in each specific case to choose the heat exchanger
5 with a minimal aerodynamic resistance, at the account of restrictions on its cost and
dimensions. G — quality of vapor.

The increase of the compressor output occurs with a very small inertia (inertia of the
frequency converter constitutes tens milliseconds). The change of level of a liquid phase in
the evaporator occurs in accordance with the first order differential equation [7]. The level of
the intermediate heating carrier will change in the intermediate heat exchanger according to
algorithm of an intermediate contour functioning.
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The temperature on an exit of the intermediate heat exchanger will change according to
the lag effect of this heat exchanger depending on change of the heating agent flow rate
through the heat exchanger and the heat transfer surface area.

Let's consider the heat pump dynamics on the condition of set point change on produced
heat capacity if fermentation process intensity changes. The control signal appears to increase
the flow rate of heat pump refrigerant at the increase of the value of fermenting liquid
temperature and of the speed of change of its temperature.

PRESSURE-ENTHALPY DIAGRAM

16

14

12

10-

PRESSURE, MPa

1
-850 -300 -250 -200 -150 -100 -50 0 50 100
ENTHALPY, kJ/kg

Fig. 2. P-h diagram of expander—ejector heat pump cycle

Table 1
Coordinates of the basic points (NN) of heat pump thermodynamic cycle with expander,
ejector and intermediate heat exchanger

NN | t,°C | pMPa %G h s, kl/kg n p,kg/mz
kJ/kg
1 20 4.50 | 100.00 -63.12 -0.882 0 116.96
2 | 7532 ] 8.00 |[100.00 -33.57 -0.832 0.95 166.12
3 [30.00 | 8.00 |100.00 | -222.79 -1.467 0 702.06
4 |25.16 | 8.00 |[100.00 | -243.27 -1.535 0 775.27
5 12442 7.50 |100.00 | -243.55 -1.534 0 770.28
6 37,00 | 7.50 | 100.00 -99.03 -1.060 0 252.55
7 [ 11.00 | 4.61 85.50 | -112.98 -1.060 0 243.30
8 3.00 3.77 8140 | -119.07 -1.060 0 256.53
11 |10.00 | 4.50 87.1 -140.21 -1.142 0 331.16
12 | 10,0 4.50 100 -81.43 -0.938 0 124,37
13 10 4.50 0.00 -281.09 -1.651 0 861.10
14 | 7.50 4.23 3.00 -281.09 -1.650 0 854.50
15 10 4.50 100 -83.86 -0.954 0 135.16
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The level of two-phase mixture increases in the evaporator as well. The liquid temperature
on an evaporator exit decreases because of heat-transfer surface area increase from the
working heat pump agent to the evaporator second loop contour (contour of the intermediate
heating agent). The level in the intermediate heat exchanger increases because of the increase
of the set-point of its level controller simultaneously with level growth in the evaporator (as it
is necessary to increase transferred heat capacity from heat pump through the evaporator in
intermediate heat pump contour).

3. Conclusions

1. The use of the expander in a heat pump on carbon dioxide allows increasing its COP in
case of the rational choice of a working point of the input of the refrigerant in expander.
Thus should not decrease exergetic efficiency of heat pump station in whole.

2. The choice of flow coefficients of control valves in the heat pump should be defined
from a condition of the maintenance of their common work.
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YK 621.1.016:004

TEPMOINHAMMUNYECKAS ITPUPOJA HHOOPMALINN
IHomosa T.M.
(Oodecckuil HAYUOHALHBL NOJUMEXHUYECKUL YHUBEPCUMe)

AHHoTanusi. CTaTbs COJCPXKUT CBEICHUS 1O NMPUMEHEHHIO TEPMOAMHAMHYECKOTO METOZA
Ui aHanu3a 3¢ QexTuBHOCTH MHPOPMALMOHHBIX MpoueccoB. CpaBHeHHE HH()OPMAITMOHHBIX
U TepMOAMHAMHYECKHX  IIPOIECCOB MPUBEIO K OCHOBOIOJIATAIOMIEMY BBIBOLY 00
HHEPTeTUUECKON MpUpoie HH(POPMAIIHH.

KiaroueBbie ciaoBa: undonwms, r3dpdextuBHOCTD, aHeprus, dKkcepreruueckuit KIIJ, motepu
HKCEPIHH.

CARACTERUL TERMODINAMIC AL INFORMATIEI
T.M.Popova
(Universitatea Politehnica Nationala din Odesa)
Rezumat. Articolul include informatii referitor utilizare a metodei termodinamice pentru analiza a eficientei a
proceselor informationale. Comparare a proceselor informationale si termodinamice a dus la concluzie principala
despre esenta energetica a informatiei.
Cuvinte cheie: eficienta, anergia, randamentul exergetic, piederi de exergie.

THE THERMODYNAMIC CHARACTER OF INFORMATION
T.M.Popova
(Odessa National Polytechnic University)

Annotation. The article includes data concerning application of one of the universal method of the modern
science based on fundamental thermodynamic laws to analyze the efficiency of the information processes.
The comparison of the information and thermodynamic processes brought the author to the basic conclusion of
the energetic character of information.
Key words: efficiency, exergetic performance, loss of exergy.

Kakas wHayuHas teopus oOomurack 6e3
BO3PAKCHHUS CKETHKOB?
W3 nabnromenuii aBTopa

Beenenue

Kak u3BecTHO, HayKa — 3TO HEKUI 00bEM MOCTOSIHHO PACTYIIMX 3HAHWM, [JI1 OCBOCHUS
KOTOPBIX TPEOYIOTCS J1Ba OOCTOSTEILCTBA:

e oBiaZcHUE (PyHAAMEHTAIHHBIMU MOHATUIMHU U TEPMUHOJIOTHEN HAYKHU;
e BEIOOp ONTUMAJILHOTO MapIpyTa IPOABUKECHUS K KOHKPETHO
chopMyIUPOBAHHOM IICITH.

Koneny e XX m nHauvano XXI Beka XapakTepu3ylOTCS «HAaBOJHEHMEM» HAay4HBIX
CBEJICHUM, BO MHOT'OM HEIOHATHBIX HE TOJBKO IPOCBEILNEHHBIM YMTATEISAM MU KOJUIEraM
BBICIICH KBaTU(UKAIMKM, HO U CAMUM aBTOpaM MoHorpaduii, crateil, nzo0pereHuil. Ananms
COCTOSIHUSI HayKH IO JAHHOM TEMAaTHKE I103BOJISET KOHCTAaTUPOBAaTh, YTO 3aKOH I€pexona
KOJIMYECTBA B Ka4eCTBO - BEYCH W HeompoBepxkuMm [1,2,3,4,5], a Hambonee mporpeccUBHbBIC
UJeu «BUTAIOT B Bo3ayxe» [6, 7]. Ilomck pamwoHanmbHBIX cpeiactB U (Gopm oOMeHa
uHpoOpManuell Bcerga CBs3aH € MPOOJEMON KOMITAKTHOTO, SKOHOMHYECKH BBITOJIHOTO
MIPEJCTABICHUS 3HAHUM.
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CoBpeMEHHOE HACBIIIEHHOE COCTOSHWE TaKUX 3HAHUW B ATOM 00JACTH TPHBEIO K
BO3BPATy UCXOAHBIX (OPM, MMOCTYJIATOB, 3aKOHOB. O1HaKO 0OIIast KapTHHA IPOTrPECCUBHOTO
oOpaleHus K ICTOKaM JI0JDKHA OBITh 000CHOBAHHOM, SICHOM, JOCTYITHOM JJIsl TIOHUMAaHUSL.

ABTOp mpeasiaraeT HOBBIA, €IWHOOOpa3HBI CHOCOO CpaBHEHHS (DYHKIIMOHHUPOBAHUS
TEePMOJAMHAMHYECKUX U MH(POPMAIIMOHHBIX CHCTEM, XOTS TPYAHO MPEACTABUTH B HBIHEITHEM
MHpE T0JIOKEHHE, KOT/Ia C HOBOM TEOpHeW MOTYT Cpa3y COIJIaCHUThCS KaKHe-THOO yUeHbIEe,
Jla’ke Ha/IelIeHHbIE YyBCTBOM PEabHOCTH.

MeTtoauyeckue NpeanocblIKi

O6wee 1 TepMOIMHAMUYECKUX M HH(OPMAIIMOHHBIX CUCTEM COCTOUT B CIIEIYIOIIEM:

- OHHU co/iepKaT JBa U 0osee 00BEKTOB;

- TPOLIECCHI, MPOTEKAloIIUe B HUX, OJHOCTOPOHHE HampasieHbl. Bce 310 roBoput 00
ACUMMCTPHUYHOCTH, H606paTI/IMOCTI/I 3THUX HBHGHHﬁ;

- B3aUMOJICHCTBHME UCTOYHUKA U NMPHUEMHUKA SHEPIHM - TaKOE )K€, KaK y MCTOYHHUKA U
npuemMHKa uHPopmanuu (puc.l). OmHaKoO B MEPBOM cllydae OHO COIPOBOKIAETCS POCTOM
SHTPOIINH, a BO BTOPOM - YBEIMYEHHEM HH(OMNH COOTBETCTBYIOIIUX CUCTEM.

TepMOIlIIHﬂMII‘IECKHe H IIH(I)OpMaIIIIOHHLIe CHCTCMBI

Hcro4nEK
HH(pOpMATHA

Hcrounnk
JHEpPTHH

IlpaeMEAEK
nHopManHH

IIpreMEAK
YHEPTHH

H3MeHeHHE YHT POIHH H3Mmenenne HH(QONHA
CHCT MBI CHCT eMbI

IMorepn 3kcepran

Puc. 1. Pa3po3HeHHbIe IOHATHS JHEPruu U MHGOpMaun

JU1s KaueCTBEHHOTO CPaBHEHUS 3TUX SBJICHUN BO3MOXKHO MPHUMEHEHME JIF0OOro MeToa
aHasiornu. Hanbosnee 3 peKTUBHBIM B 3TOM OTHOIIEHUHU, C TOYKU 3PEHUSI aBTOpA, SBISETCS
TEPMOJMHAMMUYECKUI MeTOJ|, OasUpyIOIIMICS Ha OCHOBHBIX 3aKOHAaX  TEXHUYECKOM
TEPMOJNHAMUKH.

Texuuueckas tepmoauHamuka (TT/]) — Hayka o B3ammornpeoOpa3oBaHUAX TEIUIOTHI U
paboThl, a Takke O cBOMCTBax pabouux Ten. DyHIaMEHTaJbHbIE IOJOKEHUS 3TOM HayKH
JTAaBHO MPOBEPEHBI HA OCHOBAaHUU TEOPETUUECKUX U IKCIIEPUMEHTAIbHBIX TaHHBIX.
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Temnora — HeopraHu3OBaHHas, HEYNOPAIAOYECHHAs, XaoTHYeckas ¢opMma >SHEpruu
(mBmkenuss marepun). OHa B KOHEYHOM HTOIE€ pAacCEMBACTCA, HU3Iy4asCb B MHPOBOE
IIPOCTPAHCTBO.

Pabota - opranuzoBaHHas1, ynopsaoueHHas popMa SHEPTHH (IBHKEHUS MAaTEPUH).

PaGouee Teno — BewmwecTBO B KMJIKOM, TBEPAOM, TIa3000pa3HOM COCTOSHHH,
HETOCPECTBEHHO MPUHUMAIOIIEE YIACTHE B YHEPIeTUUECKUX NTPEOOPA30BAHUSAX.

MzomupoBannas tepmoauHamudeckas cuctema (MUTC), Bcerma cocrosimias U3 ABYyX H
Oosee pabounx Ten, He OOMEHHUBAETCS HHU TEIJIOTOU, HU padoToil ¢ Apyrumu Tenamu. Bue ee
HaXOAMUTCS OKPYJKarolas cpefia HEOrpaHMYEHHOM EMKOCTH.

TepmoauHamMuyeckuii MeTo]] 6a3upyeTcsi HA COBMECTHOM HMCIOJIb30BAaHUU JABYX 3aKOHOB
TTJ, ernHOOOpa3HO MPUMEHSEMBIX K JIFOOOMY 3HEPreTHYECKOMY OOBEKTY WJIM MPOIIECCY B
npezenax 6aJaHCOBOTO KOHTYPA.

bamaHCOBBII KOHTYp — 3TO YCIOBHAas TIpaHMIA, 4Yepe3 KOTOPYI IPOXOIAT
UH(POPMALIMOHHBIE, MaTepHAJIbHbIC, YHEPIeTUUECKHE U IKCEPreTUUECKUE TOTOKH.

O6a 3akona (IlepBwiif 1 BTopoii) ocHOBaHbI Ha MCXOMHBIX MOCTYyJaTaX, MPUHUMAEMBIX
0e3 Toka3aTenabCcTBa Ha 0a3e MHOTOJIETHETO OIbITA YEeJIOBEYECTRA.

Crnenyet 00paTuTh BHUMaHHUE HA MTPaBUJIO 3HAKOB JJIs1 TEIUIOTHI U padoTHI [8]:

TerutoTa cunTaeTcs MONOKUTEIBLHOM, KOT1a OHA K TEJIy MOABOJUTCS, U OTPULIATEIIBHOM -
KOI'/ZIa OHA OT TeJla OTBOJUTCS.

PaboTy, Hao0OpOT, CUMTAIOT OTPHULATEIBHOM, KOTAa OHAa K Tely MOABOAUTCA
(3aTpaumnBaeTCs), U MOJOKUTEIBHOM - KOI/1a OHa OT TeJa OTBOJAUTCS (COBEpILAETCS).

Hayuynas unes.

[To aHa;mOTMM MOXKHO MPHHATH TAKOE )K€ MPABUIIO 3HAKOB Il MH(POPMAIIUN U 3HAHUSL.

WNHdopmannio MOXKHO CUUTATh MOJOKHUTEIbHOM, KOrJja OHa K CyObEKTY MOABOAUTCS, U
OTpHULIATENLHOM - KOTJ1a OHA OT CyOBEKTa OTBOAUTCS.

3HaHue, HA00OPOT, CUUTAETCS OTPULATEIBHBIM, KOT/Ia OHO K CyOBEKTY MOABOAMUTCS U
MOJIO’KUTENBHBIM - KOT/Ia OHO OT CyOBbEKTa OTBOJUTCS.

OOBEKT — 3TO TO, YTO OCYLIECTBISIET JIeHCTBHE (HApUMEp, COJIHIE, MPENnoJaBaTeb).
CyOBeKT — 3TO TO, UTO TOJBEPraeTcsi BO3ACHCTBHIO (HaprMep, KaMEHb IPEETCsl OT COJHIIA,
CTYZEHT BOCIIPUHUMAET HH(POPMALIMIO, IPEBpalliast €e B 3HAHUE).

ITo MHEHHUIO aBTOpa, HHPOPMAILUS - 3TO SHEPTUSI.

[TepBast momeITKa onpeneneHus 3Heprum Oblia npeanpuHsaTa 6onee 150 ner Hazan. Ee
paccMaTpUBaId KaK MCTOYHMK JBIKYIIUX CHJI U MEpY JIBUKEHUS BceX (hOpM MaTEpHH.

HNudopmanronHoe nose, OKpy:karoliee 3eMiIto, MMTaeT €€ BCEMU BO3MOKHBIMU BUAAMU
SHEPTUU: TPABUTAIMOHHON, OMOJIOTHUECKOM, XUMUIECKOI, MEXaHUIECKOA.

Kaxip1ii %H1BOI 1 HEXKMBOIM OOBEKT SABISIETCS HOCUTENIEM HH(POPMALINH, T.€. SHEPIHH.

be3 nokazarenbcTBa, MO aHAJIOTUU C MPEIBIIYIIUM, MOKHO TPUHSATH 38 Nepeblll 3aKOH
ungopmonozuu Cleayouee yTBepxKIeHue:

Cymma MH(OpPMalLMOHHBIX MOTOKOB Ha BXOJ€, HAllpUMEp, B KOMIIBIOTEp, PaBHSAETCS
CyMMe MH(OpPMAIMOHHBIX TOTOKOB HA BBIXOJE U3 HETO

ZJBX = ZJ(i'blx (1)
Bmopoii 3axon ungopmonozuu MOXKHO TPEICTaBUTh B TaKOM BHJE: CymiecTBytoT
byHkMr WHPOPMAIIMOHHOTO COCTOSHUS — HWH()ONMUSA W CTeneHb WH(OOPMUPOBAHHOCTH

CyObeKTa, CBs3aHHBIE MEXIy COOOH B paBHOBECHOM HH(GOpPMAIMOHHOM  Ipolecce
CIeayomuM o0pa3oM: U3MEHEHHE WH(OMHUU OTACIBHO B3SITOrO CyOBEeKTa PaBHO OTHOIIECHHUIO
UH(POPMALIMU K CTENICHH €ro HH(POPMUPOBAHHOCTH:

dS=57/¢, )
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re: dS — GEeCKOHEYHO Malioe H3MEHEHHE unponuu, kJx/0ur,
6J —dIeMeHTapHOe KOJIUYeCTBO HHpopManuu, kJx,
¢ — - cTeneHb UHPOPMUPOBAHHOCTH, OUT.
[TpoTtekanue m060r0 UHGPOPMAIIMOHHOTO IpoIecca — HeOOPATUMO M COTIPOBOXKIACTCS
pocToM HHQOTHH U30JIUPOBAHHON MHGOPMAITMOHHON CHCTEMBI

ds-c>0. (3)

Nudopmanus u Temaora, B oTMurMe 0T WH(GOMUU U SHTPONUH, — (DYHKIIUH TIporiecca, a
He cocrosiHUs. OHM HE MOTYT YBEIWYMBATHCS WIM yMEHbINAThCA. OHU JMOO MOABOISATCS,
1m0 - oTBOIATCS OT cyOBekTa [§].

B cnywyae OTCyTCTBHS HMX W3MEHEHMS IPOLIECCHl COOTBETCTBEHHO HA3BIBAIOTCA:

M30MH(ONMMITHBIN U U309HTPOITHBIH.

C ToukM 3peHHs NpeaplAyluX ucciaegoBaHui astopa [9, 10, 11, 12], uzMmenenue
SHTPONUH TEPMOJMHAMHUECKON CUCTEMBI SIBJISETCS YACTHBIM CIy4aeM U3MEHEHHsI HHPOMHH,
U TorJa uH(GOpPMAIHs CIIY>KUT OOOOIIEHHBIM TMOHATUEM JUIS SHEpTruu (puc.2).

3Heprernqe CRafd CHCTeM A

Hcrounnk HH(OpManaH
(3Heprun)

IlpaeMEHEK HEQOpPMAIAH
(3HeprHH) CACT eMBI

I3Menenne HHQONHA
(HTPOIIHH) CHCTEMEI

Ilorepn
IKCeprul

Puc. 2. O0001meHHoe NOHATHE: HH(POPMALUS — IHEPrus

Kak n3BecTHO, t00ast 3Heprust O COCTOUT U3 JIBYX YacTeil: akceprun £ U aHepruu A

D=E+4. 4)
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DKceprusi — 3TO 4acTh PHEPrHH, KOTOPYI0 MOXHO HPEBPATUTh B IMOJIE3HYIO paboOTy B
YCIOBHAX 00pAaTHMOTO B3aMMOACHUCTBUS C OKpY’KalOIIeH Cpeoil HeOrpaHUYCHHOM eMKOCTH.

AHeprus - 3TO 4acTb PHEPrUH, KOTOPYIO MPEBPATUTH B MOJE3HYIO pabOTy HEBO3MOMXKHO
HU NPU KaKUX YCJIOBHSX.

[lo anamormm ¢ npeabIAYIIAM, JIETKO BBECTH IIOHATHE JOKCEPrUM W aHEPIHH
uHpopmanuu. [Ipu 3TOM cTapble 3aKOHOMEPHOCTH HE OTMEHsIOTCA. OHM CTAaHOBSTCS, Ha
OCHOBaHUU 3aKOHOB JIEYKIMH, YACTHBIM CIIy4aeM OOILIUX HOBBIX 3aKOHOMEPHOCTEH.

Okceprust HHGOPMAIMHM — 3TO MaKCUMAJIbHAsl €€ YacTh, KOTOPYIO MOXKHO MPEBPATHTH B
3HanHue, T.¢. nHOpMaIus B 3HaHKE MTPEBPAIIACTCs YaCTUYHO.

AHeprus uHQOpPMAIMH - 3TO 4YacThb MHGOpPMAIUU, KOTOPYIO MPEBPATUTh B MOJE3HOE
3HaHNME HEBO3MOKHO HM IIPU KAKUX YCIIOBHUSX.

Kak moka3piBaeT oOmbIT, SKceprus HHPOpMAMM HempepblBHO Tepserca. C  Hei
oOpaImarmTcss CHOHTaHHO W HEd(PPEKTUBHO, HEIKOHOMHO HCIIONB3YysS (DMHAHCOBBIC,
YyeloBeYeCKUe, ColuanbHbie cpenctBa. OOMeH uHGoOpManuend MPOUCXOAUT MPU OTPOMHBIX
HOTEPSIX AKCEPruu MHPOpMaIu, KOTOPbIE CIEAYET BCAUECKH COKPAIIATh.

Oco0OeHHO TOTEpH JKCepruu HWHGOPMALUKA TOBCEMECTHO HAOMIOAAIOTCS TpH
IPOCIYLUIMBAaHUKM U IPOCMOTpE paauo- U Tenenepeaad. OrpoMHYIO JONI0 U3 3TUX MOTEPh
COCTaBJISIET peKiiama.

C MHHHUMAaJIBHBIM TIOJIE3HBIM () (HEeKTOM, TIPU 3aTpaTe 3HAYUTENBHBIX CPENICTB, PeKIaMa
nenaerT OeCKOHEYHO HEOOpaTUMBIM MPOLECC BOCHPHATHS CBEICHHUI, HaNpaBlIEHHBIX Ha
(uHAHCOBBIN yCIIeX.

[Ipu >TOM OecmoNie3HO TPATUTCS SJICKTPUYECKAs SHEPTHUs, CTAHOBSTCS JIHIIEHHBIMU
3/IpaBOr0 CMbIC/Ia YCHUJIMSI MHOTOYMCIIEHHBIX CO3JaTesiell pPEeKJIaMHOTO pOJIMKa, Kpajaercs
BpeMsl y 3puTelel, mpepbiBaeTcs AeiicTBrUe (hrUIbMa MM O3HABATEeNbHOM Mepeaayn.

U B TO )€ Bpems uHPopmalus He TepsieTcs. Ee HaaneXuT S3KOHOMUTbD, T.K. TEPSAETCS €€
skceprus. ToapKo 3a 3KCepruto HHGOPMAIUHU U CIEAYeT MIATUTh!

Ecnu mpencraBuTenn yKpaumHCKOW HayKd — 3aJyMaroTCs HaJa 3THM, TO BO MHOTHX
OTpacJIsSIX HAPOJHOTO X03sIcTBa YKpauHbl MOKHO OyAeT T0OUThCA 3HAUUTEIHLHOW YKOHOMUU
NEPBUYHBIX 3HepropecypcoB. Ilox 3TUM yrioM 3peHus HEOOXOIUM MEPECMOTP Pa3BUTHS
MHOTUX HAayK [UIsl BBISBICHHUS ~ ONTHUMAIbHOTO (DYHKIMOHHPOBAHUS  OTpacied ux
IPUMEHEHUS.

[Tyt sxoHOMUU WHGOPMALIMK U HAXOXKACHHE COCO00B yBenuueHUs 3((HEeKTUBHOCTH
MH(POPMAIMOHHBIX TPOIIECCOB COCTABIISAIOT HANIPABIICHUE ANBHEHIINX HCCIIEJOBAaHUH aBTOpa
[13].

BriBoabI

1. TepmoauHaMu4ecKuil METOJI, 110 AHAJIOTUU NMPUMEHEHHBIN I aHAN3a HEOOpaTUMBIX
MH(QOPMALMOHHBIX TIPOILIECCOB, TO3BOJMJ YCTAaHOBUTH JSHEPreTUYECKYI0 MPUPOIY
uHbOpMaIUH.

2. HayuHoe 3HaueHHE yTBEP)KICHUS, YTO MH(POpPMAIUsS - 3TO SHEPrUsi, U OHa 0000IIaeT
BCE PA3HOBUJHOCTU JTOrO MOHATHUS, COCTOMT B NPUBJICUECHUH BHHUMAHUS KO
BCSYECKON SKOHOMUHU HH()OPMAITIH.

3. BBox HOBBIX noHatuil «Oxceprus uHpopmamuu» u «llorepu skceprum
uHpOpManum» OOOCHOBBIBAET HEOOXOJUMOCTh BHEIPEHUS KOHKPETHBIX MeEp IO
paLMOHATIBLHOMY HCIOJIb30BAHUIO HH(POPMALIMOHHBIX PECYPCOB.

4. IloBcemecTHas W LeJeHamnpaBieHHass Oopb0a ¢  MOTEPSAMU  DKCEpPruu B
UHQOPMALIMOHHBIX CHCTeMaX YKpauHbl  MOXXET HPUBECTH K  OUIYTUMOMY
(MHAHCOBOMY U COIIMATIBLHOMY DPE3YJIbTaTy.
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«OHepreTHUecKue XapaKTePUCTHUKH MHOTOKOPIYCHBIX BBIMAapHBIX ycTaHOBOK». T.IlomoBa okomo 50 ner
padotaet B OnecckoM HanmonansaoM [lonutexuudeckom Yuupepcurere. C 1975 rona - B JOJDKHOCTH IOLIEHTA
kadeapel TEOpEeTHUYESCKOW, OOINEeH W HEeTPamuIMOHHON »HepreTHkd. OCHOBHOC HAaNpaBlIcHHE HAy4YHOU
nestesibHOCTH: [IpuMeHeHne OCHOBHBIX 3aKOHOB TEXHHYECKOW TEpPMOAMHAMHUKH AJs aHanu3a 3PQeKTHBHOCTH
TEpPMOJMHAMHUYECKUX M MH(OpMaoHHBIX npoueccoB. T.IlonoBa — aBTOp Oo0Jiee COTHM HAayYHBIX M Hay4HO-
METOMUECKUX padboT. Cpenyu HUX - HECKOJIBKO MYJIBTUMEIMHHBIX YUEOHUKOB JUIS TUCTAHIMOHHOTO O0Y4eHHS
ctynenToB. O0nMacTh HAyYHBIX HHTEPECOB: DHEPreTHKAa, WHPOPMATHKA, MEAATOTHKA W TICHXOJIOTHS BBICIICH
IIIKOJIBI, STHUKET, ICIIEPAHTO.
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