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AHOTALIA Jlocnioscenns nanpaeiene Ha NOKPAUEHHs MEXHIYHUX XapaKmepucmuk po3yuHoHacocis, a came o6 ‘emuoeo KK/, axuil
€ OOHUM 3 OCHOBHUX napamempie pobomu ybo2o 061a0HaHHA. [Jo8edeHO, WO 3MIHA KIANAHHUX 8Y31i8 3 KVIbKOGUX HA mapinuacmi
NO3UMUBHO 8NIUBAE HA pOOOMY po3uUHOHAcocA. Takod 8udineHi OCHO8HI KOHCIPYKMUGHI 0COOIUBOCMI HOBO20 YCMOKMYBANLHO2O
mapinuacmozo Kuanaua, a came: diamemp ciona, eucoma niowamms, éaea. Haeedeni meopemuyni 3anesicHocmi Onsi 6USHAYEHHS
PO3MIPIB, W0 00360J5I0Mb GUHAUUMU IX PAYIOHANbHI 3HAYEHHs OJIsl POZYUHOHACOCA OYOb-K0i npodykmusHocmi. Pezynbmamu
NPOBEOCHUX eKCNEPUMEHNIE NPeOCMABIIeHT YUCETbHO MA 2PAQiuHo, Wo 00800UMb GIPHICIb ECIX 3ANPONOHOBAHUX PIleHb.

Knrwuoei cnosa: pozuunonacoc, knana, 06 emuuit KKJJ, mapinuaCmuii kianau

RESEARCH VOLUMETRIC ENERGY CONVERSION EFFICIEENCY
DIFFERENTIAL PUMP DEPENDING ON THE DESIGN VALVE UNITS
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ABSTRACT The relevance of mortar pump is confirmed widespread use at the construction site when working with solutions
of different mobility. The aim of this study is to improve the technical characteristics of the differential mortar pump, such as
volumetric energy conversion efficieency, due to the change of valve units. Establishing that the suction valve is in quite difficult
conditions, therefore requires rational determination of the size of components. For rapid assessment of the values of the diameter of
the seat, height and weight lifting valve proposed methods of their analytical assessment on the value of the average real solution
filing mortar pump through the valve. Obtained dependences quite good agreement with the theoretical estimate parameters plate
suction valve and allow them to determine rational values for any mortar pump performance. For research to determine the actual
volumetric energy conversion efficiency versus time working with different mobility solution used differential mortar pump vertical
plunger a flow RNP 2-4 (from the beginning of the ball valve, and then plate), which was part of the experimental setup. Because the
values of volumetric energy conversion efficiency mortar pump, depending on the type of valve units, clearly presented as graphs.
Depending on the valve mobility solution works with some delay, so the more stringent energy conversion efficiency solutions rather
low. Based on a comparative analysis of performance of the mortar pump with ball valves and investigated, concluded some
improvement process parameters latter, by the use plate valves. In particular, high suction ability reduced resistance to hydraulic
flow of the pump and valve weight.

Keywords: mortar pump, diameter saddle, height lifting, weight valve, volumetric energy conversion efficieency, plate valves.

Beryn Haifyactime Juii TpaHCHOPTYBAaHHA pPO3YMHIB

TpyOomnpoBogamMu 3aCTOCOBYIOTBCS MIEPEBAKHO

VY OyniBenbHIH TPOMHUCIIOBOCTI MPH CHOPYIUKEHHI
OynmiBemb K INPOMHCIIOBOTO, TaK 1 IIMBUIBHOTO
NpU3HAYeHHS! [0 YBEpTi 3arajbHOi TPYJOMICTKOCTI
CTaHOBJIATH pOOOTH, TOB’SA3aHI 3 BHKOPHCTAHHSAM
OymiBeTBHIX PO3UYHHIB: IITYKaTypHi pobortn,
VIAIITYBaHHS HAJIMBHHUX  MIUIOT, 3aMOHOJIYyBaHHS
CcTHKiB OyniBenpHHX eneMeHTiB Tomo. Lli poborm
MPOBOJSATHCS 3 BUKOPHCTAHHSM IITYKATYPHHX CTAaHLIM 1
arperaris, FOJIOBHHM BY3JIOM SIKUX € po34nHOoHacocu [1].

PO3YMHOHACOCH 3 CAMOJIFOYNMH KYJIHOBUMH KIIAIIaHAMH,
SIKI OKpIM BiZJJOMUX MO3UTHBHUX SKOCTCH MAaIOTh i HU3KY
ICTOTHHX HemoiikiB. Po0oTa KymbOBHX  KIJIamaHIB
CYIIPOBO/UKYETHCSA 3HAYHUMH 3BOPOTHHMH BTpaTaMu
pO34YMHY, HE BHUKIIOYAIOTHCS BHITAIKH iX 3aBHCAHHS Yy
TYCTHX PO3YHMHAX, BOHU CHJIBHO CTYKAalOTh MpPU MOCAIIl
Ha Cimjgo, M0 BHKJIMKAE IIBUIICHE CIPAIFOBAHHS
pobouux moBepxoHb. [0 TOTO K, 3aCTOCYBAHHS KYJIbOBHX



KJIaTaHiB 301TbITye 00'€EM IIKIITTMBOTO TPOCTOPY poOoUoi
kamepu [1, 2, 3].

Merta poboTn

JlaHe JOCHIIDKEHHS NPHCBSYCHE IOKPALICHHIO
TEeXHIYHIX XapaKTepUCTHK IudepeHITiaTbHIX
po3unHOHacociB, a came 00’emHoro KKJI, wepe3 3miny
KJIATIaHHUX BY3IIiB.

Tomy BHUCyHyTa HaMu iies BHUKOPUCTAaHHA Yy
PO3YMHOHACOCI, [0  TNPONOHYETHCS,  TapilyacTUX
KJIATaHIB TMOBWHHA 3HAYHOK) MIpPOK MOJIMIIUATH SK
eKCIUTyaTalliifHi Tak 1 TEXHIKO-CKOHOMIYHI  HOro
NoKasHUKK. HaHam morysa, TapinyacTi  KiamaHu
MOBUHHI  TpamioBaTH 3  OUIBIIOI0  e(pEeKTHUBHICTIO
HOPIBHSHO 3 KyJIbOBHMH.

BukJjiag ocHOBHOTO MaTepiaiay
OCHOBHHM  MapaMeTpoM, LI0  XapaKTepH3ye

ehexTUBHICTH poboTH po3unHoHacoca € KK/, 3arampHuii
KK]I Bu3HauyatoTh TpH ckIamoBux [1, 4] :

nmz = 770(7 ' ’73 .’7,\1&\' ' (1)
ae 1., — o6’ emunit KK/I;
n, — rigpasniaauii KKJI;
7, —Mexaniuanit KKJI.
Mexaniunuit  KKJ[  3amexuTs Big — cKiIamy

KiHEMaTH4YHOT CXeMH PO3YMHOHACOCa Ta JUIl KOHKPETHOTO
MeXaHi3My € BeIHMYMHOI0 TmocTiiiHolo. Tomy He Oyxe
PO3TIISIATHCE.

O0’emunit Ta rigpasmiuauii KK]I 3amexatb Binx
0aratboxX (aKTOpiB: YacTOTa PyXy poOOYOro oprana,
napaMeTpiB KJIallaHHUX BY3JiB, PETYJIIOBaHHS Mojadi
Hacoca, KOHCTPYKILil HaCOCHOT KOJIOHKH [5, 6].

[ligBHIICHHS TiAPaBIIiYHOTO OMOPY KIAMAHHUX

BY3JiB  pPO3YMHOHACOCA NPHU3BEAC [0  3HIDKCHHS
rigpasniunoro KKJI, a Takos 10 3MEHIIICHHS KoedilieHTa
HaTlOBHEHHA po06odoi kaMmepu. MOXIMBHH pO3pUB
CYHIBHOTO IOTOKY, M0 CIPUYAHHUTH JIO IOSIBU
rigpoyaapis Ta 3HmwKeHHo 06’ emuoro KK/ [7, 8].

Tobro, oO0’emumii 1 rigpaBmivamidn  KKJ]
po3dMHOHAcOca 31€01IB110TO 3aJI€XKaTh BiJ

KOHCTPYKTUBHHMX IIapaMeTpiB KJAllaHHUX BY3JiB Ta
YacTOTH pyXy poOodoro opraxa, siki Oe3nocepenHbo
BIUIMBAIOTh HAa CTifiKy poOOTYy Hacoca 3 MIHIMaIbHOIO
IMITYJIBCHICTIO ITOJIa4i Ha JKOPCTKUX po3umHax [1, 9].

Opnak, Tak sk oO0’emanii KKJ[ BpaxoBye
TiApaBIiYHAN CYNPOTHB NMPOTOYHO! YAaCTHHH, TO MOXHA
Horo paxyBaTH OCHOBHHM B SIKOCTi KPHTEPiI0 pOOOTH.

Ajke ansl  3MEHIIeHHS 3BOPOTHUX  BHTOKIB
HEOOXiTHO 3MEHIIHNTH /0 PaIliOHAIBHOTO PO3MIp HIUTHHH
Ta CiJyla, BUCOTH HIiAHATTS Ta MacH BCMOKTYBaJbHOTO
knanana [10].

Jnst oniepaTHBHOI OLIIHKK PiBHS 3HAYEHB JiaMeTpa
cimma d., BucoTH mmigHATTS h i Macu KjamaHa m, HaMu

3ampoTNIOHOBaHa METOAWMKA I1X aHaJITHYHOI OIIHKH 3a
3HAUEHHSIM CepenHbol AIHCHOI Mojadi PO3YMHY Kpi3b
KJIanaH po34nHOHacoca.

VY upoMy BHNAJKy PEKOMEHAYEThCS BU3HAYATH
JliaMeTp OTBOPY CiJula KJanaHa 3a TaKolo 3aJIeKHICTIO:
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Puc. 1 —. Cxema mapinuacmoeo xnanaua :
a —n1ocKo20, 6 —KOHIYHO20
PamionanpHy ~ BHCOTY  MiIHATTA KJIarmaHa
MPOTIOHYETHCS PO3PAXOBYBATHU 33 TAKUM BHPA30M:
2
a-d
h=——"F—., ®3)
4-(d,+2-b)
e b — mupWHA OMOPHOI MOBEPXHI TapiKU

KJIanaHa;

a— Koe(ilmieHT, IO BPaxOBYE CHIBBIIHOIICHHI
IUTONI IIUTMHY 1 OTBOPY CiIUia KJIamaHa, 3HAYCHHS KOO
BCTAHOBIIIOETHCSI HA  OCHOBI ~ HABEACHHX  HHUXKYE
€KCIICPUMEHTIB.

Jlyis KOHIYHOrO KiamaHa 3aiexHicts (3) HaOyme
BUTJISITY:

2
= L, (4)
4.d; -cosa
JIe 0 — KyT HaXwily IOCaJKOBOI MOBEPXHI Cimia
kianana (puc. 1).
Bary kmamaHa TIpONOHYETBCS OIIHIOBATH 3a
PIBHSHHSIM, KT

c.cep.
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JIE Pp — TYCTHHA PO3YHUHY, pp = 194 kr-c?/m?;
K — koedilieHT 3MiHM MIBHUAKOCTI MOTOKY k =



V /v 3HAUYEHHS SKOTO BH3HAYAETHLCA HA OCHOBI

C.Cep. u.cep. ®
EKCIICPUMCHTIB.

Sanexuocti (2), (3), (4), (5) nocurs moGpe
Y3TO/DKYIOTBCSI 3 TEOPETHYHOIO OI[IHKOIO HapaMeTpiB
YCMOKTYBaJIbHOTO TapilMacTOro KiamaHa i TO3BOJIIOTH
BHU3HAYHTH iX pamioHaNbHI 3HAYCHHS IS PO3YMHOHACOCA
OyIb-AKOI MPOAYKTHBHOCTI [5, 6].

Orxe, IUTS MiATBEPHKCHHS BHCYHYTOTO
CTBEPJUKEHHS, 1[0 BUKOPUCTAHHS TapiTdacTUX KJIAIaHIB B
po3unHOHacoci 30LmpmMTh 3HaueHHs 00’ emHOro KKJI
OyJl0O TIPOBEIEHO Cepil0 EKCHEPUMEHTIB, B SKHX OyJo
BUKOPHCTaHO JBa BHIOM KJIAallaHHUX BY3MIiB (OKpeMo
KyJIBKOBI Ta TapimyacTi 31 3MEHIICHHSM MIKiJUIMBOTO
00’eMy BCMOKTYBAITbHOT KaMEpH).

Jnst mpoBefeHHS JTOCHIPKEHb MIOA0 BU3HAYECHHS
niticaoro 06’emHoro KKJI B 3a5exHOCTI Bix 9acy poboTH
IPH PI3HUX PYXOMOCTSIX PO3YMHY OYII0O BHKOPHCTAHO
mudepeHIiadbHu  pO3YMHOHACOC 3  BEPTUKAIBHUM
nporouHuM turyHxepom PHIT 2-4, sxuit BxoauB 1o

CKJIaJly eKCIePUMEHTANbHOI YCTAHOBKH CXeMa Ta
30BHIIIHIN BUTIIAL SIKOi HaBeIeHI Ha puc. 2.
B poOouiii kamepi Ta NOPOXHHHI ILTyH)Kepa

BMOHTOBaHI CaMOJiI04i TapiyacTi KJIalmaHu 3 T'YMOBUMH
yiutinbHeHHsIME (puc. 1). BOHHM, K MOKa3aHO HIKYE
TEOPETHYHHM aHaJi30M, €(QEKTUBHO CIIPALBOBYIOTh 1
LIJTBHO 3aUMHSAIOTHCS, MAIOTh Maily BHCOTY Haj CiJUIOM Y
3aKpUTOMY CTaHi, 3MCHIIYIOYM UM O0'€M MIKIiJIHBOTO
pocTopy po0ov0i KaMepH, 1o 3ade3nedye MiIBUIICHNN

o0'emanit KKJI Hacoca 1 XOpomry BCMOKTYBAlbHY
30aTHICTb.
Jlo cxiamy  eKCHepHUMEHTAIbHOI  YCTAaHOBKH

BXO/IUTh PO3YNHOHACOC, SKUH HEOOXIZHO JOCIIDKYBAaTH
Ta BHUNpOOyBanbHUH cTeHA. BumnpoOyBanbHuil CcTeHI
CKJIQJIa€ThCsl 31 3MilllyBaya ITHEKOBOTO THITy 3 €MKICTh
Oynkepa 250 Mm% Biibll aKTHBHE TepeMillyBaHHs
pPO3UMHY BiJOYBA€THCSA 3aBIIKH TOMY, IO CTPIYKOBI
BUTKHM LIHEKOBOTO 3MilllyBaya MalOTh PI3HHH Hampsm
HAaBUBKMA  Bim  cepeaunu.  [IpuBOA  3MilryBaya
3IIMCHIOETBCS BiJl aCHHXPOHHOTO €JIEKTPOJBHUIYHA depe3
KJIMHOTIACOBY TIepefady Ha 4YepB’sSYHHH pemyKTop Ta
yepe3 My(Ty Ha IIHEKOBHH Basl. | 0TOBa pO3UMHHA CyMiII
MOTpAIUIsie 10 PO3YMHOHACOCA Yepe3 THyYKuil maTpyooxk,
mo 3’eaHye OyHKep 3MillyBaua 3 BCMOKTYIOYOIO
KaMepolo po3uMHOHacoca. Jlo HarHiTampbHOTO marpyOKa
IUIAXOM  IIBUJAKO3 €MHOTO  3’€IHAHHA  IPUETHAHO
IYMOTKaHUHHUIT posunHomnpoBin. [lpu HeoOXigHOCTI
CTBOPEHHSI JIOJJATKOBOI'O HABAHTAXXCHHS € MOXIIUBICTh
30UIbIIEHHST  JIOBKMHHM ~ Marictpajli 32 paxyHoK
BCTaHOBJICHHS  JIOJATKOBUX  CEKIliif. PO3YHMHOMPOBIiK
3aKiHYY€ThCSA MATPYOKOM, IO TMOJA€ PO3YHMH Yy MipHHH
LWITIHAP, SKAH MAa€ MICTKICTh O KOHTPOJBHOI MiTKH 60
M3, Jnst 301IbIIEHHS TOYHOCTI MPOBEICHHS
EKCIIEpUMEHTIB MipHAa €MKICTh BHKOHAaHa Yy BHUIJIIL
BHCOKOT'O IIWJIH/PA, a il MICTKICTh /IO MITKH BCTaHOBJICHA
LIJIIXOM 3allOBHEHHS €MKOCTI BOHOK 00’emoMm 60 i1 Ta
JIOJIATKOBO ~ TepeBipeHa BaroBUM METOJOM  LUISXOM
sanuBa”ug 60 KT BOOH.

Puc. 2 — Cxema excnepumenmanvhoi ycmaHogku.
1 — mexaniuna 3miwysanona ycmanoska
winexoso2o muny; 2 — pozuunonacoc PHII 2-4, 06 emnuii
KKJ] sixoeo eusnauaemucs,; 3 — po3uuHonposio 0s
MPAHCNOPMYBAHHA PO3UUHY, 4 — MIDHA EMHICID.

BusHaueHHS pyXOMOCTI pO3UMHY HEOOXimHOI
KOHCHCTEHIIIi IPOBOAMWIOCH 32 JOTIOMOTOI0 MpWIIafy Uis
BHU3HAYCHHS PYXJIUBOCTI OymiBenmpHUX po3uuHiB 3a [OCT
5802-84, mikana npuiany Mae Mexi 1...14 cm.. OuunriieHHs
MIpHOi ~ €MKOCTi  3/iHCHIOBaNOCH 32  JJONOMOTOIO
CIeLialIbHOrO IIKpeOKa, SIKUi Mae JTiaMeTp 3aKpyrieHol
YaCTHHU TaKMW CaMMU K 1 BHYTpILIHIN JiaMeTp MipHOTO
muiHapa.  Yac  3amoBHEHHS — KOHTpOJIIOBAaBCS 32
nonomoroto cekynaomip C/1-800, nina nmoxinku 0,1 c.

Hns MPOBEICHHS EKCIIEPUMEHTY
BHKOPHCTOBYBAJIM BaIHSHO-IIIAHI OyiBelIbHI PO3UMHH
Pi3HOI pyXOMOCTI, sIKi 3a3BMYail BUKOPHCTOBYIOTBCS JUIS
MIPOBEJCHHS  ONOPSAIKYBaIbHUX  poOiT.  Po3umnn
BUTOTOBIUTMCS 13 MICKYy Ta BamHAHOTO TicTa Yy
cuiBBimHOMmeHHI 1:3. [l HeZOMyIIEHHS YCKIATHEHb Y
poOOTI PO3YMHOHACOCY IMICOK Ta BamHAHA CYMINI
HpOLiKyBaJlacsk Kpi3b CHUTO 13 PO3MIPOM HPOXIiTHOTO
OTBOpY 5 MM. BuXimHI KOMIIOHEHTH IMIiCIs 3Ba)KyBaHHS
3aBaHTaXyBajucss y OyHKep 3MmimryBada 1  micis
JIOZIaBaHHS  BOJM  PETENbHO  MEpeMilllyBalucs 10
YTBOpEHHS OmHOpimHOI cymimi. HeoOXimHy pyxomicTsk
pO3uMHy 3a0e3ledyBajy MUIIXOM JIOJaBaHHA BOAW 13
HACTYIHHM TepeMimryBanHsaM. OCKiTbKH B poOoTi Oyim
BHKOPHCTaHI PO3YMHHU PI3HOT PYXOMOCTi, HA MEPIIOMY
€Tami BHTOTOBIISBCS OUIBII JKOPCTKHH PO3YMH 3
pyXoMicTio 8 cM, a TOTIM TMPOBOIWIA HEOOXiITHUI
EKCIICPUMEHT 3 [UM PO3YUHOM, JOIAa0Yd HEOOXITHY
KUJIBKICTh BOJH 1 MiJBUIIYIOYN HOTO PYXOMICTh 10 9 cM i
BHILIE.

s cTBOpeHHS yMOB poOOTHM Hacocy, SKi
HaOJIKEeH1 10 BUPOOHWYUX, O HATHITAJIHHOTO MaTpyOKa
PO3YMHOHACOCY MPUETHYBAIN KOMIUIEKT I'YMOTKAHUHHUX
pYKaBiB  HEOOXiTHMX JIOBXHMHH 1 Jiamerpy, sKi
JIO3BOJISIFOTE OTPHMATH HEOOXiTHWIA THCK Ha BUXOII 13
Hacocy. 3acTOCOBYBanucsi pykaBa niamerpoM 50 u
32 mMMm. JloBkMHa pykaBiB oOupamacs 3  TakuM
pO3paxyHKOM, 100 THCK po3unHy OyB He Hmxue 0,8
Mlla. Ilpn 1mpOMy Ui PO3YHMHIB 3 PYXOMIcTIO 8 cM



JNOBXKHMHA pykaBa cTaHoBwiaa 10 M, a Ui pO3YUHIB 3
pyxomictio 10 m 12 cm — BigmoBigHo 16 i 80 M.
JlonaTkoBe perynioBaHHS THUCKY HOZAadvi 3/iHCHIOBaNU 3a
JIOTIOMOTOI0  CIHELIAILHOTO  3aTHCKHOTO  IIPHCTPOIO.
3ayBaXMMO, 10 PEryJIOBaHHS THUCKY 3aTUCKHUM
NIPUCTPOEM pyKaBa JJIsl 3ar00iraHHsl YTBOPEHHS B MicIi
3aTHCKaHHA MicyaHoi MPpOOKK NMPOBOIMIM JIMIIE Y MalluX
MeKax.

HanoBHeHHsT MipHOi €MHOCTI BimOyBaeThcs [0
MOMEHTY IOCSTHEHHs PiBHA PO3YMHY JIO0 MO3HAUYKH, IO
Bianosigae 06’emy 60 aM%. SIK TiNbKU piBEeHb PO3UMHY
JIOCSITHE 3a3HAYEHOT MMO3HAYKH, CEKYHIOMIpP BUMUKA€ETHCS,
a marpyOOK pykaBa IEpeBOAUTHCS B OYHKep 3MillyBaua.
[Micns 3nuBY po3umHy B OyHKep 3MillyBada MipHa
€MHICTh PETENBHO OYHUIYETHCS BiJ] 3JIMIIKIB PO3UUHY 32
JIOTIOMOTOI0 CIELiaIbHOTO MIKpeOKa 1 Jai MPOBOAUTHCS
HACTYITHMH 3aMip 4Yacy 3aloBHEHHs MipHOi eMHocTi. Ha
KOXKHHH PYXOMOCTI PO3YMHY IPOBOAMIOCH HE MEHILE
I’ SITH 3aMipiB, IO € JOCTaTHIM.

Bemmuuny o6’emnoro  KKJ[  po3umHOHacoca

BH3HAYAJH 3 3aJICKHOCTI AIMCHOI IMOavi 10 TEOPETHYHO1,
%

;= Q -100 (6)

in

ne Q, — milficHa mojava Hacoca, IKy BU3HAYar0Th

3a 9acoM t 3amoBHEHHS PO3YMHOM MipHOI €EMKOCTI,
m3/ro.

Q=" (")

e Q, — TeopeTHUHa Mojava Hacoca, Mm3/ron

n

T N2
=Z.D>.H.—,
Q’ﬂ n 60

2 (8)

ne D, — niamerp mopmHs pozunHOHacoca, D, =1
AM;

H _ genmumma xo1a mopiHs, IM;

N _ 4pcno moABiHHKUX XOJ(iB HOPIIHS B XBUIIMHY.

Jlns  cOpOLIEHHS  PO3PAaXyHKiB  IiJACTaBMMO
3HaYeHHs IapaMeTpiB pO3UMHOHAcOCA Ta CTEHAa 3a
JIOTIOMOTOK0, SKOTO MPOBOAWINCH NOCIHIKEHHS, OTXKE
npu D, =1 am, H =0,6 am, n =152 x8 4, V, =60 M

Q = 60-3600 _ﬁ
°  t1000 t
Q, :ﬂ.f ~O,6~@:4,2955,
4 1000
. ﬁ 100 50,285 100

OO0roBopeHHs pe3yJIbTaTiB

[IpoBeneHi eKCIEpUMEHTANbHI JOCTIKEHI 3a
HAaBE/ICHOIO BHUIIIE METOAWKOIO JTAIH TaKi pe3yJbTaTH, SKi
HaBeneHl B Tabnumi 1.

Tabmums 1 — Pesyneratn BU3HAUYEHHS 00’ €MHOTO
KK]I nudepenmiansHuil pO3YHHOHACOC 3 BEPTHKAIHLHIM
poToYHKM IryHkepoM PHIT 2-4

PyxomicTs po3unny, cM 8 10 12
Po3umHO 100,6; 62,0; | 52,6;
HAcoc 3 Hac 95,6; 61,6; | 53,5
KVIIEKOB 3aIIOBHEHHSA 96,8; 61,8; 51,0;
yHMH €MHOCTI, C 96,6; 62,6: 54,7
94,8 61,8 53,0
KJIallaHa
. KK, % 50 80 95
Po3uunto 79,0 59,6; 53,6;
Hacoc 3 Hac 80,2; 60,9; 52,8,
rapirgac 3aII0BHCHHS 79,5; 58,1; 50,8;
fHMH €MHOCTI, C 81,3; 59,2; 52,2:
78,1 59,0 | 534
KJIallaHa
. KKJT, % 63 & | o5
n.% A
100

90 /
0 e
w0/
50 c/

8 10 12

OK, cMm

Puc. 3 —I'paghix 3anexcrnocmi 06'emnoeo KKJJ.
PO3UUHOHACOCA BIO PYXIUBOCHIE POZHUHY:
1 — nacoc 3 mapiruacmumu Krananamu,
2 — Hacoc 3 KyIboGUMU KIANAHAMU

Amxe orpumani 3HaueHHs 00’emHoro KKJ|
PO3YMHOHAcOCa, 3aJISKHO Bij THINA KIANAHHUX BY3JIB,
HarJSIIHO NpeACTaBIeHl y BUIIsiAL rpadikiB Ha puc. 3. B
3aJIeKHOCTI Bl PyXJIMBOCTI PO3UMHY KJIallaH Mpalioe 3
NIEBHAM 3alli3HEHHSM, TOMY Ha OUIBII JKOPCTKHX
posunHax KKJI nocuTh HU3BKHI.

BucHoBku



Ha migcTaBi MOpiBHSUIBHOTO aHali3y TOKAa3HUKIB
poboTH po3uMHOHAacoca 3 KyJNbOBUMH KJIAaHaMH 1
nocnimkyBaHoro (tabm. 1, puc. 3), Hamu 3poOneHui
BUCHOBOK IIpO TIEBHE TIOJIMIIEHHS TEXHOJIOTIYHUX
rapaMeTpiB  OCTaHHBOTO, 3YMOBJIEHE 3aCTOCYBaHHSIM
TapiT4acThx KJIanaHiB. 3okpema: TIi/IBUILIEHA
BCMOKTYBJIbHa 3JIaTHICTh, 3MEHIIEH] TipaBIiYHUIA Omip
IPOTOYHOT YaCTHHHM HAcoca 1 Maca KilamnaHa.
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AHHOTAILIHA Hccredosanue HanpagneHo HA yayduleHue mMeXHUYecKux Xapaxmepucmuk pacmeopoHACOCO8, d UMEHHO
obvemnozo KIIJ[, komopulii a61semcss 0OHUM U3 OCHOBHBIX NAPAMempo8 pabomvl 3mo2o 060py0osanus. [[okazano, ymo 3ameHa
KIANAHHBIX Y3]108 C WAPOBbIX HA Mmapeibyamble NOIOXCUMENbHO Glusdem Ha pabomy pacmeoponacoca. Taxce 6vi0eneHbl 0OCHOBHbIe
KOHCMPYKMUGHbIE 0CODEHHOCU HOB020 8CACHIBAIOWE20 MAPENbYAmo20 KIanaud, a UMEeHHO: ouamemp ceoid, 8blcoma NOOHAMUS,
sec. Ilpusedennvie meopemuueckue 3a8UCUMOCTU O ONPeOeleHUs pPA3ZMepos, NO3BONANOUWUX ONpedeIums UX PAyYUOHATbHbIE
3HaueHus 05 pacmeoponacoca n06ou npousgooumenvHocmu. Pezynomamol npogedennvix IKCHEpUMEHMO8 NpeoCcmagietbl
YUCTIEHHO U epaghuiecku, Ymo 00KaA3vleaem npasuibHOCMb 6ceX NPeoONCEHHbIX PeuleHUll.
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