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OILIHKA ACUMETPII IIOTOKY PIJIMHU ITPU BUMIPIOBAHHI If BUTPATU
TA KIJIbKOCTI

Kopobko I.B., Bonuncora A.B.
Hayionanonuit mexniunuu ynigepcumem Yxpainu « Kuigcbkuti noaimexnivHutl iHCmumympy,
m. Kuis, Ykpaina

Onucani  pe3yriomamu OYiHKU acumempii npoghinio  weuokocmel HNOMOKY pIiOUHU 8
YUNTHOPUYHOMY MPYOONPOBOOT Npu GUMIPIOBAHHI ii 8UMpamu ma KilbKocmi. 3anponoHo8ano HoGull
niOXi0 00 BU3HAYEHHS CIMYNEHIO ACUMEMPIi BUMIPIOBAHO20 cepedosulyd Ha NiOTPYHMI eHepeemuyHol
OYIHKU NAUHHO20 cepedosunyd.

Pospobneno memoouxy oyinku acumempii nOmoKy, CnpuduHeHoi MiCyesuM ONOpOM NeB8HO20
Muny, 6HACIIOOK BUHAYEHHS MOMEHMY PO3CIAHHA IMNYIbCY HOMOKY HO OiaMempanbHUx xopoax
nonepeuHo2o nepepizy ma iHmezpanbHoi OYiHKU, K CepeoHbo20 K8AOPAMUUHO20 BIOXUNEHHS G0
€epeonbo20 3HAUEHHS MOMEHMY PO3CIAHHA IMIYIbCY 0CECUMEMPUUHO20 NOMOKY O KONCHO20 NO-
nepeunoco nepepizy. Memoouky po3pobneHo i3 Memow OYIHKU GNAU8y dacumempii Nomoky Ha
MEmpONO2IUHI XAPAKMePUCMUKY 8UMIPIOBATIbHUX NEPEeMBEOPIosayie sUmpamu 01 3a6e3nedents ix
eghexmusnoi pobomu.

Knwuosi cnosa: sumiprosanvHuii nepemeoprogay eumpamu, 0OOHOPIOHICMb NOMOKY, eHepze-
MUYHA OYIHKA, MOMEHM PO3CIAHHI IMNYIbCY NOMOKY, 2i0pasIiuHuLl onip.

Bceryn. ITocranoBka npodJiemu

Ha po6oty BumiproBanbHUX mneperBoptoBadiB Butpatu (BIIB) 3nauHuii Bruus
Mae€ TUI NpoduIo MOTOKY. | sAKII0 aMiHapHi, TypOYyJIeHTHI Ta MepexiiHi MOTOKU Ha
ChOTOJIHI JOCUTH JI€TaNbHO JOCIIKEHI, TO MUTAaHHS BIUIMBY acHUMETpli MOTOKY Ha
MeTpoJioriuHi xapakrtepuctuku BIIB 3anmumaerscs aktyansbHuM. ['ooBHUM 3aBiaH-
HSM € po3poOKa 1HTErpajbHOTO MOKA3HMKA, 32 SKHUM JOCHUTh TOYHO MOKHA OIIIHUTH
aCUMETPII0 Ta HEOTHOPIAHICTH TIOTOKY.

AHaAJI3 OCTAHHIX IMyOJIiKaALin

[Ipu mpoektyBanHi BIIB Ta nmocmijkeHHI iX METpPOJIOTIYHMX XapaKTEPUCTHK B
OCHOBHOMY BHUKOPHCTOBYIOTh OCECUMETPUYHY MOJI€Nb TYpOYJIEHTHOTO MpOQLI0 MO-
TOKY sIKa HE 30BCIM TOYHO BiJI0Opa)ka€ CYTHICTh 1 XapaKTep pO3MOLIy IIBUIKOCTI B
nonepeyHomy mnepepizi. Y poborax [1], [2] mponoHYIOThCS YTOYHEH1 aHATITHYHI
3JIKHOCTI MPODLITF0 PO3MOALTY HIBUIKOCTI, III0 OTPUMaHI eMIIPUYHUM HUISIXOM.

Ha metponoriuni xapakrepuctuku BIIB piauau Ta rasiB cyTTeBUM BIUIUB MalOTh
TiApOIMHAMIYHI TTOKa3HUKH TJIMHHOTO BUMIPIOBAHOTO CEPEIOBHIIIA.

Oco6muBy yBary BIUIUBY acMMETpli MOTOKY Ha poOoTy ynbTpa3BykoBux BIIB
MPUAUISIOTH ¥ CBOiX poboTax Puuaros, Tepemenko, ['pero, I1. Myp, I'. bpayH Ta iH..
[Ipore B ganux poOoTax TMIABUINEHHS TOYHOCTI Ta KOMIICHCAIlS BIUIMBY
HEPIBHOMIPHOCTI MPOQiII0 MOTOKY Ha PoOOTY yabTpa3zBykoBoro BIIB 3miicHIO€ThCS
[IUISIXOM ONTHUMI3aIlii BUMIPIOBAIBHOI KaMepH NEPETBOPIOBAYA, Bapialli€r0 KUIBKOCTI
KaHaiB 30HIyBaHHS Ta iX po3TauryBaHHsIM. 71 SIKICHOTO BHW3HAYCHHS BIUIMBY
HEPIBHOMIPHOCTI PO3MOALTY MNpodiat0 MBUAKOCTEH Ta acuMeTpii MOTOKy B [1]
MPOTOHYETHCS MOPIBHIOBATH CIOTBOPEHUN MPOPisib 3 1/1€albHUM 3a JeKUJIbKOMa I0-
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Ka3HUKaMH. Y TpUBEIEHUX poOOTax HE TMPUAUICHO JOCTAaTHROI yBaru 1o
y3araJibHeHO1 OIIHKU BEJIMYMHHA HEOTHOPITHOCTI MOTOKIB PiJIMH 1 Ta3iB.

Came BIJACYTHICTh KOMIUJIEKCHOTO MIJAXOAY O OIIIHKA aCUMETpii TUIMHHHUX
MOTOKIB JIJIi CHCTEM BHUMIPIOBAHHS BUTPATH Ta KUIBKOCTI PIAMH 1 ra3iB BH3HAYAE
aKTyaJIbHICTh JaHOI pOOOTH.

IHocTaHoBKa 3aBAaHHSA

AHaJli3 METO/I1B OILIIHKH TiPOJIUHAMIYHOT HEOITHOPITHOCTI MOTOKIB PIUH J103BO-
JIUB 3p0oOUTH Taki BUCHOBKH [1]- [3]: acuMeTpu4Hi MOTOKHU, sIKI (POPMYIOTHCS TICIs
MEeBHUX MICIIEBUX OIIOPIB, MOXHa OIMHCATH 3a JONOMOrow Oa3ucHHX (YHKIIN
Canami; omniHKa BIUIMBY acuMeTpii 3a yotupma ¢aktopamu [2] (dbakTop npodisro,
dakTop TypOyJIeHTHOCTI, (paKkTop acuMeTpii, KyT 3aKpydyBaHHs) HE JIa€ KOMILICKC-
HOTO TMOKa3HUKA HEPIBHOMIPHOCTI MPOQiIi0; MOPIBHAHHS CIOTBOPEHOTO MPOQiIIo 3
171ealIbHUM BHOCUTbh METOAMYHY MOXHOKY, OCKIJIBKU TYpOYJIEHTHUIA OCECUMETPUUHHIA
podiib MOXe OyTH OTIMCaHUH PI3HUMHU aHATITUYHUMH 3aJICKHOCTSIMU;

Metoro  poboTH €  OOIpYHTYBaHHS  MOXJIMBOCTI  OIIHKA  BEJIUYUHU
HECUMETPUYHOCTI IUIMHHUX TOTOKIB PIAMHU 1 Ta3iB BU3HAYCHHSAM I1HTETPaIbHOL
CHEPTreTUYHOI XapaKTEPUCTUKHU MOTOKY.

Bu3HayeHHSI eHEPreTMYHOI XAPAKTEPUCTHKH TMOTOKY B IONEpPeYHHX
nepepizax BUMIPIOBAJIBHOI0 KAHAJY NPUJIATIB

OnHuUM 13 TIIXO/IB 10 BUBHAUYCHHS CTYIICHS aCUMETPIi MOTOKY B TPYOONPOBO/II €
HOro eHepreTuyHa OLIHKa.

Bu3HaumMo KiIbKICTh PyXY P1AMHM, IO MPOXOAUTH KPi3b KUBUM Mepepi3 MOTOKY.
JI71s IbOTO BUAUIMMO B IEpepi3i eeMeHTapHy iomaaky dS, Kpi3b Ky 3a OJUHHIIIO
4acy MPOXOAUTh Maca BUMIPIOBAHOTO CEPEIOBUIIA B KITBKOCTI

dm=p-v-dS, (1)
7€ p — I'yCTHHA BUMIPIOBAHOTO CEPEIOBUILA;

V — MUTT€BA MIBUAKICTH BUMIPIOBAHOTO CEPEIOBHIIIA.

BpaxoByroun 3anexHicTh (1) KUIBKICTh PYXy PIIMHU, IO MPOXOIUTH Kpi3b €je-
MEHTapHY IIomaaky dS, Mo)KHa BU3HAYUTH 32 BUPA30M

dJ =p-v?-dS. (2)

BianoBimHO KiNBKICTh PYyXy piauHA (CyMapHUW IMITyJbC) MOXHA HaBECTH

3aJIEKHICTIO:

J:jp-VZ-ds. (3)

Bupas (3) npencrasmnsie co6010 iHTErpaqbHy €HEPTETUYHY XapaKTEPUCTUKY TOTO-
Ky Y BUIJIAIl CyMapHOTO IMITyJIbCY MOTOKY [3].

OCKUIbKM KUIBKICTh PYXy PIAUHM PO3PaXOBYETHCSA 3a MIMCHUM 3HAYCHHSIM
IIBUIKOCTI B TIOTOIlI, TO BOHA OyJie OUIBINOI0, HIK po3paxoBaHa 3a ii CepeIHIM 3Ha-
YEHHSIM.
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3aJie’)kHO BiJl PO3MOAUTY IIBUIKOCTI B TEpepi3l MOTIK MOXKe OyTH OUIbII KOM-
MaKTHUM 200 po3MUTUM. Mipa KOMIAKTHOCTI MTOTOKY XapaKTePU3YEThCSI MOMEHTAMHU
PO3CISTHHS IMITYJIbCY MTOTOKY Y BUTIIAII [4]:

1
o =] (y=¥o) pviay. @
y

1
czyzjj(x—xo)zpvzdx, (5)

1€ Xo, Yo — KOOpJAMHATH LIEHTPA MIOTOKY;
X, y — INIMHHA KOOpAUHATa TOYKU MOTOKY.
[IBUAKICT, TOTOKY PIAMHUA MOKHA BHPA3UTH SK JOOYTOK MaKCHUMAaJIbHOI

IMIBUJKOCTI V,.,, Ha 0a3UCHY (YHKIIIIO V(%j [4]:

r
V=v_-V (Ej , (6)

ne R — pajaiyc TpyOoonpoBoay;
I — BificTanb Bijg 1eHTpYy Tpydomnposoay (r/R=0...1).
BpaxoByroun 3anexHicth (6), Bupaszu (4) ta (5) HaOyayTh BUTTISIY:

G§=VJ—"‘j(y—yo)ZV(y)2 dy; ©)
0% = [(y = yo) V(X" x. ®

X

. o . o . r
OCKUIbKU PO3TISAAETHCS KPYIMA MWIIHAPUYHUA TPyOONpoOBia, TO X :E Ta

[Ipu eHepreTwuHiii OIHII CTYNEHIO AaCUMETPii TMOTOKY pPIAUHU PO3pPaXyHKH
MOMEHTIB PO3CISIHHS IMITYJIbCIB TTIOTOKY B Tepepi3ax MPOMOHYETHCS MPOBOIUTH TI0 4
— X JiaMeTpalibHuX Xopaax (puc.l).

Koxna xopJia 3MiIIeHa BIJTHOCHO

v /T IIONEPEAHBO1 HA KyT % J1J1s1 OCECUMETPUYHOTO

npodiIr0 10 KOXKHIHN 13 XopA rpadiku po3noauTy
H p MIBUAKOCTEN OyAyTh OJU3BKUMHU OJUH 10 OJHO-
ro. [Ipote ns acumeTpudHOro POdLIIF0 TOTOKY
rpadiku po3noAUTy MBUIKOCTEH OYIyTh 3HAYHO
BIIPI3HATHCS, a BIANOBIZHO 1 IS KOXKHOTO

7 i nepepizy  3HAYEHHS  MOMEHTIB  PO3CISTHHS
/ IMITYJIBCIB TOTOKY OYIyTh PI3HUMHU.
Puc. 1. PosranryBanHS XOpA Ha puc. 2 300paxeHo TpUBUMIPHY MOJEIb

npodiato PS5 3a Canami [5], 1m0 onucyeThCs BU-
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pazom:

V

max

v| — 1 1
ARJ_ (1—ng +0,6813-L-(1—L)9 &% (sin 0)?,
R R U R

e 0 - KyT moBOpOTY BUMIpPIOBAJIbHUX KaHAJIB Y TPyOOIPOBO/II.

¥ U] .

Puc. 2. TpuBumipna mozens npodimto PS5

Ha pwuc. 3 HaBeaeHi rpadiuHi 3aJIeKHOCTI PO3MOALTY MIBUIAKOCTEH IO
JlameTpaibHUX Xopaax (puc. 1).

——l-l —=—Il-ll -l =——IVv-1v

1,3

| | N S - ! /‘—‘\\
m 1 1

TS

L g8
0,7 -
v/vo
0,6
g5

0,4

+—a,34

| 6.2 - ||
J ‘ 0.1

1,1 -1 -0,9-0,8-0,7-0,6-0,5-0,4-0,3-0,2-0,1 0 0,1 0,2 0,3 0,4 0,50,6 0,70,80,9 1 1,1
r/R

Puc. 3. Po3noain mBuakocteit npodinto PS5 mo xopmax

OCKUIBKM MOMEHTH PO3CISIHHS IMITYJIbCIB MOTOKY BUPAKAIOTh MOTO €HEPreTUUHY
XapaKTEPUCTUKY, TO MPU ACUMETPli MOTOKY iX 3HAYEHHsA OyIyTh 3MIHIOBATHUCS B
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3aJIeKHOCTI Bif il BenwuuHH. [IpW CHUMETPUYHUX TOTOKAX MOMEHTH PO3CISTHHS
IMITYJIBCY MOTOKY OYyTh 3HAYHO MEHIIMMH HIJK 32 aCUMETPUYHUX.

J1y1st mepeBipKu JaHOTO TBEPXKEHHS OyJH MPOBEEHI TOCHTIKEHHS CUMETPUYHUX
Ta aCHMETPUYHUX MOTOKIB PIIUHU, IO MPOTIKAE MO TPYOONPOBOAAX 3 KPYIJIUM TO-
MIEPEYHUM IIePEPI30M.

TeopeTnuHi  JOCHIIKEHHS  TIAPOJMHAMIYHUX  XapaKTEPUCTUK  IMOTOKIB
3MIMCHIOBANIUCS JJIsl IUJIMHHOTO BHUMIPIOBAHOTO CEPENOBUIA PIAUHHU, MPOPUIb
MIBUAKOCTI SIKMX OMHUCYETHCS TAKUMHA MaTeMaTHIHUMU MOJICTISIMHU:

a) 31 CTETIEHEBOIO 0a3UCHOI0 (PYHKIIIEIO:

r
6) npodbins Tpero [3]: — 2 =1,1523+0,09211- In[l—%)+0,1858-®(%},
Vv

max

A€
4 3 2
@(%j:—o,553035.(3 +1,606606-(%) -1,878203.(%) +0,604417-(%j+01002689?

B) mpodinb PS5 3a Canami.

Taki npodini onucyoTh TypOyJIEHTHY MOJENIb PYXy PIAMHHU, OCTaHHIM 3 YITKO
BUPAXEHOI acuMeTrpiero. Pe3ynbraTh po3paxyHKIB €HEPreTMYHOIO KpPUTEPIIO
HaBeJeHl B Ta0II. 1.

Tabmuug 1. Pe3ynbrat po3paxyHKiB €HEPreTUYHOTO KPUTEPIt0

ITepepis
Mpodins -1 -1l -1 V-1v
1/9 17,876 17,876 17,876 17,876
I'pero 17,919 17,919 17,919 17,919
P5 19,757 20,164 17,876 19,861

Cyuacni CAE/CAD cucteMu J03BOJISSIOTH IMPOBOJMTH MOJIEIIIOBAHHS MPOXOJI-
’KEHHS MMOTOKY Yepe3 pi3HOMaHITHI MiCIIEBl ONIOpU. AJie B TAKOMY BUIAJKy OTpUMaHi
pe3ynbTaTH MOJEIIOBaHHS JUCKpeTHI. IIpu o0poOIi ekcrnepuMeHTaIbHUX JTaHUX
JOULIBHIIIE EPEHTH B IHTErpaJibHOT OLIIHKY J0 OI[IHIOBAHHS 32 CyMOI0. 3BHYalHO,
OpU TakuX OOYMCIEHHSX JACIIO 3HMKYEThCS TOYHICTH OLIIHIOBaHHS, SKa HE Mae
CYTT€BOTO BIUIUBY Ha PIMIeHHS. Tak Mpu OIIHIII MOMEHTIB PO3CISIHHS Ta CyMapHOTO
iMynbey ctpymeHs mo 100 Toukax mpodumo (mis mpukiamy mpodias  1/9)
BIIMIHHICTB MK po3paxyHkamu ckianae 0,34%.

Y TakoMy BHMNaIKy BUpPa3d [UIsl BU3HAUYEHHS CyMapHOro iMmynbcy (3) Ta
MOMEHTIB po3cisgHHs (4) Ta (5) HaOyAyTh BUTITISIAY:

J:Zn:vﬁpr; (7)

i=1
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2 n

Gizv\"]‘i-Z(Xi—XO)z-vf-p-Ax, (8)
i=1

1€ AX — KpOK, MIX i-TUMU 3HaY€HHSIMHU IIBUJIKOCTI B HAMPSMI JllaMeTPaIbHOI XOP/IH;

N — KUIbKICTh TOYOK.

[Tpy MoaentoBaHHI MPOXOKEHHS MOTOKY 4Yepe3 Pi3HI MICLIEBI OMOPH Ha BXOI
JOCJTKYBaHOT TUISTHKH 33JJa€ThCSI OCECUMETPUYHUHN TTOTIK.

[HTerpanbHa eHepreTuyHa OIiHKa CTYIEHsI aCUMETPIi MOTOKY, BUKJIUKAHOI BIJIO-
BIJIHUM MICIICBHM OITOPOM, BH3HAYA€THCS BIAHOCHO OCECHMETPHUYHOIO Ipodiaro Ha
BXO/11 TOCJTIJI)KY BaJIBHOI JITISTHKH.

CepenHe 3HaYEHHS MOMEHTY PO3CIIOBaHHS IMIYJIbCY Ha BXOA1 AOCIIIKYBaHOI
TISTHKA Oy/ie BU3HAYATHUCS 32 BUPA30OM:

_ 1
—_— sy 9
Oo m;col ( )

e M = 4 — KUIbKICTh XOP/I, 10 SIKUM 3/I1MCHIOETHCS OIlIHKA.

Innexc «0» o3Hayae, 110 PO3MIISIAAETHCS TOYATKOBHUM BX1HUHN TIepepis.

CepenHe KBaApaTHYHE BIIXUICHHS Bl CEpeIHBOrO 3HAYCHHS CUMETPHUYHOTO TIO-
TOKYy Oyjie BUBHAUATHCS 32 BUPA30OM

18 2
m i
JIe | — HOMep mepepi3y B3JA0BK 0Ci TPYOOIPOBOTY.

OmauM 13 HAWMOTYXKHIMIUX NPOTPAMHUX  TAKETIB JJII  MOJCIIOBAHHS
rigpoguHamigyaux mporieciB CAE/CAD cuctemu Ha ChOrojHi € cepenoBuine Ansys
Fluent. CepenoBuiie Ansys Fluent 103Bosie BUpilIyBaTy MIMPOKHUI CIIEKTpP 3aBIaHb
00YHMCITIOBAJIBHOI TIAPOJUHAMIKH, Ta TIPOBOJUTH MOJCIIOBAHHS SIK CTATUYHUX TaK 1
JTUHAMIYHUX MPOIIECIB.

MopemoBanns B cepefosuin Ansys Fluent CFX mpoBoauiocst ajis mpocTopoBo-
ro KoJiHa (puc. 4).

VmoBHMi niamerp TpyOompoomy Dy = 32 MM. BXiIHOIO BEIMYMHOIO €
MIBUKICTh MOTOKY PIAMHU, TPO(]1IIb AKO1 po3noAiIeHui 3a 3akoHoM ['pero [2].

) Dy CepenHe 3HauYCHHS IIBHJAKOCTI BIJMOBIIAE
HOMIHAJBHINA BUTpaTI Q Ta BU3HAYAETHCS 32 BU-
pazom:

- 4
V= Qz. (11)
nD,

JIJ1st IpOCTOPOBOIO KOJIIHA HAWHOUIbII Xapak-
TEpHUMHU OYyIyTh Mepepizu 0e3nocepeaHbo Micis
S . HIEpPETHHIB.
ay/ Ha puc. 5 mpuBeneni rpadiku po3moairy
MIBUJIKOCTEH IO XOpAax.

Puc. 4. TIpocTopoBe komiHO

96 Bicnuxk HTYY “KIIT”. Cepia IIPHJIA/IOBY/IYBAHHA. — 2013. — Bun. 45



Ananimuuyne ma exon02iune npuiadooyoy8anns
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0,016 -0,006 0,004 0,014 0,0162  -0,0062 0,0038 0,0138
KoopauHara, M Koopaunara, M
a) 6)
Puc. 5. IIpodim posnoaury meuakocrei Ha Bigcrani 7Dy (a) Ta 10 Dy (6) Big mo-

4aTKy TpyOONpoBOIY

Sk BuAHO 13 puBeaeHUX TpaikiB y TaHUX Mepepi3ax, HasBHA 3HAYHA aCUMETPIist
MOTOKY Ta HECHIBMAJIHHS MIBUIKOCTEH MO Xophax. Y pe3ylbTaTi NpPOBEICHHS
pPO3paxyHKIB OyJM OTPHMMaHI YMCJIOBI 3HAYEHHS MOMEHTIB PO3CISTHHS IMITYJIbCIB TIO-
TOKY Ul BCIX IEpepi3iB, 10 po3MilleH] Ha BiacTadl Dy oquH Big oxHOrO.

Ha puc. 6 mpuBenena rpadiyHa 3aJeKHICTh MOMEHTIB PO3CISTHHS IMITYJIbCY
B3JIOBXK TPYOOTIPOBOSTY.

0,013
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0,011
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o2 0,009
0,008
0,007
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0,005
01234567 8 91011121314151617 181920212223 242526272829 30313233

L

Puc. 6. Po3noais 6 no JoBXkuHI TPyOOIPOBOTY

Sk BUIHO 13 pHUBEACHOrO rpadika 3HAYEHHS CyMapHOrO MOMEHTY PO3CISTHHS
IMITyJIbCY TIO YOTHUPHOX XOPJAAX 3pOCTA€ B MOPIBHAHHI 3 Or0 CyMapHUM 3HAYEHHSIM
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JUISL CUMETPUYHOTO MpOoGII0 MpU CIHOTBOpPeHHI moToky. Ilikm Ha puc. 6
BIJIMOBI/IAal0Th HAMOUTBIIIOMY 3HAUYEHHIO aCUMETPIi, 110 3yMOBJIEHA 3TUHAMHU MPOCTO-
POBOTO KOJIIHA.

BucHoBku

OnHUM 13 MOKJIMBUX MIAXOMAIB J0 OIIIHKU CTYIEHS acUMETpIi MOTOKY € BU3Ha-
YEHHS 3MIHU KIHETUYHOI €Heprii, 10 XapaKTepu3ye Mipy NEepeHECEHHsI MaCH TIOTOKY,
3a IONOMOTOK0 MOMEHTY PO3CISIHHSI IMITYJIbCY MOTOKY.

3anpornoHoBaHa METOMKA OLIIHKU CTYIEHsI aCUMETPIi MOTOKY J103BOJIsIE OTpUMa-
TH KOMIUIEKCHUM MOKAa3HUK acUMETpii B mepepi3li BUKOPUCTOBYIOYM JUCKPETHI 3HAa-
YeHHsI IIBUKOCTEH MO0 YOTHPHOX JlaMEeTPaTbHUX XOPIax.

[IpencraBieni pe3yabTaTH KOMIT IOTEPHOTO MOJICIIOBAHHS MPOXOIKEHHS PIIUHU
Kp13b MICIIEBHIA OTIP — MPOCTOPOBE KOJIIHO, M0 MiATBEPIKYIOTh TEOPETUYHI JaHi.

[lomanpmmni  gochimkeHHss OyAyTh TOB’A3aHI 3  OLIHIOBAHHSIM  BIUTUBY
HECUMETPUYHOCTI IMOTOKIB PiJIUH Ta ra3iB Ha €()eKTUBHICTh BUMIPIOBAHHS X BUTPATH
Ta KUTBKOCTI.
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