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OLEHKA BJIMSIHAA CKOPOCTHOI'O 3®PEKTA B TIPOHECCAX
XOJIOJJHOH OB bEMHOM IITAMIIOBKH
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V. Conneunas, 3, Bunnuya, Ykpauna. E- mail: ira.derevenko@mail.ru

Irina Derevenko
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AnHoTanusa. OfHUM U3 HallpaBJICHUH COBEpILEH-
CTBOBaHHUSl TEXHOJIOTHYECKHUX IPOIECCOB 00pabOTKH
METaJUIOB JIaBICHUEM SBIISIETCS IMOBBILIIEHUE CKOPOCTEH
nedopmupoBanus. Ilpm aMHAMUYECKMX Harpyskax,
JIeHCTBYIOIINX Ha 3E€MEHTHl KOHCTPYKIMH, UHTEHCUB-
HOCTh Harpy30K HAacTOJIBKO BEJIMKa, 4TO B 3JIEMEHTaX
KOHCTPYKIMH MOTYT BO3HHUKHYTh IUIACTHYECKHE Jie-
¢dopmarnyu. B quHaAMUYecKuX mporeccax MiIacTHYECKO-
ro GOpPMOM3MEHEHHS, TIOMUMO YCHIJICHHS MHEPLIHUOHHO-
IO CONPOTHBICHUS Ne(OpMHUPYEMOTo Tela, IPOSBIICT-
csl, TaK Ha3bIBAEMBIH CKOPOCTHOH 3({EeKT, onpenensio-
IUH 3aBUCUMOCTb HaNpsHDKEHHOTO COCTOSIHUS OT CKOpO-
creil nedpopmanmii. CkopocTHble 3P (EKTH YUUTHIBAIOT-
csl IPH MOJEIMPOBAHUU TPOIECCOB 0OPaOOTKH MeTall-
JIOB JIaBJIEHUEM, B OCHOBE KOTOPBIX JICXKHUT YyHapHOE
JeiicTBHEe Ha 00padaThiBaeMyl0 3aroTOBKY. OKCIIEpH-
MEHTAJbHO YCTAHOBJICHO, YTO YBEJIMYEHHE CKOPOCTH
nedopManuy Ipu HOPMAJIBHOW TEMIIepaType YBEJIUUYH-
BaeT MpejeN TeKy4eCTH, KaK NpH CXKaTHH, TaK U TpH
pPacTSDKCHMM TUTACTHYHBIX MartepuanoB. IlpuBenceHsl
9KCTIEPUMEHTAIbHBIE PE3YIbTaThl BINSHHUSA CKOPOCTH
yzapa Ha mpenes TeKydecTu. M3 pe3ynbTaToB ciemyer,
YTO C POCTOM CKOPOCTH y/Aapa JTUHAMHYECKUH Ipenen
TeKyuecTH Bo3pactaeT. CremoBaTenbHO, B pacuérax
HEOO0XOIMMO YUHUTHIBATH M3MEHEHHE MEXaHMYECKUX Xa-
PaKTepUCTHK, BEI3BAaHHOE TMHAMMYECKHMH Harpy3KaMHu.
ITocTpoeHs! KpUBbIE TEUSHHS CTAJM B YCIOBUAX KBa3H-
CTaTUYECKOTO U JWHAMHYECKOTo HarpyxeHus. Omnpene-
JICHO BIIMSTHHE CKOPOCTH AedOpMally Ha BHJ KPHBOH
TeueHns. OIIEHEHO BIMSHNAE CKOPOCTHOTO 3(deKra npu
pacuérax ynenbHOM moTreHuuanbHOH sHepruu. Iloctpo-
€Hbl 3aBUCHMOCTH YJICJIbHON NMOTECHINAILHON SHEPruu
nedopmanuii B cTaTuKe W JUHAMUKE B 3aBHCUMOCTH OT
MHTEHCHBHOCTH Jedopmanuii. [lokasaHo, 4to yaensHas
MOTEHIMAaJIbHAs YHEPTUS NPH TUHAMUYECKOM Harpyxe-
HUHM OKa3bIBaeTCs OONBIIEH B CPaBHEHUH C SHEPIHEH,
3aTpayrBaeMoOil MeTalsIoM B YCIOBHAX KBa3HCTaTH4e-
ckoro HarpyxeHus. IlomydeHHBIE pe3ynbTaThl Iaro0T
BO3MOKHOCTh YTOYHHMTH JHEPTOCHJIOBBIC IapaMeTphI
MIPOIIECCOB XOJIOAHON 00BEMHON ITAMITOBKH.

KiroueBble c10Ba: KpuBasi T€UEHUs, CKOPOCTHOU
3¢ deKT, MoTeHInaIbHas SHEPIus, CTATHKA, INHAMUKA.

INOCTAHOBKA TTPOBJIEMbI

IIponeccbl X0M0MHON OOBEMHON IITAMIIOBKHA MO-
T'YT IPOTEKaTh KaK B CTATUYECKUX, TaK U B JUHAMHYEC-
CKHX YCIOBHAX Harpyxeus. OIHUM W3 HalpaBIICHUM
COBEpIICHCTBOBAHUS TEXHOJIOTHYECKHX MPOLIECCOB 00-
paGOTKH METAJIJIOB JOAaBJICHUEM SABJISICTCA IIOBBIIICHUEC
ckopocteit nepopmupoBanus [1].

HccnenoBanue noBefeHUs KOHCTPYKIUM Ipu 1H-
HaMHMYECKUX HArpyKeHHUSX SBIAETCS OIHON M3 aKTy-
IBHBIX MPOOJIEM, CBS3aHHBIX C LIMPOKUM KIJIACCOM
MpaKTUYeCKUX 3ajau [2-4]. DTu 3a7a4u CBsI3aHbl C MH-
TEHCUBHBIMH JTMHAMHYECKUMH Harpy3Kamu, IeHCTBY-
IOUIMMHU Ha 3JIEMEHThl KOHCTpyKuuil [5-9], xorma un-
TEHCUBHOCTh Harpy30K HAacTOJBKO BEJHKAa, YTO B dJIe-
MEHTaX KOHCTPYKIUH MOTYT BO3HUKHYTb IUIACTHYECKHE
nedopManuu.

B samHamMmueckmx mpomeccax —IUIACTHYECKOTO
(OpMOM3MEHEHHS, TTOMUMO YCWJICHHS WHEPIIMOHHOTO
CONPOTHUBIICHHST JIepOpMHUPYEMOro Teja, MPOSBISETCS,
TaK Ha3bIBaeMbIil CKOPOCTHOH 3((EKT, onpenesomuii
3aBUCHUMOCTH HANPSKEHHOTO COCTOSHUA OT CKOPOCTEi
nedopmanmii [10-13]. CkopoctHble 3((deKThl Y4HUTHI-
BAlOTCS NPU MOEIMPOBAHUH IIPOIECCOB 0OPaOOTKH
METaJUIOB JIaBJICHHUEM, B OCHOBE KOTOPBIX JIKHUT yAap-
Hoe JNieiicTBre Ha oOpabaThIBaeMylo 3aroToBKy [14, 15].
A Tarkke TpU TPOBEIACHUHM SKCIEPTH3, CBSI3aHHBIX C
OTIpEZICTICHUEM 3HEPTHU JIeOpMaIMU MPHU CTOJIKHOBE-
HUYW aBTOMOOwMIEH [16, 17].

AHAJIN3 NIOCJIEAHNX I/ICCJ;[EI[OBAHI/Iﬁ "
IYBJIIMKAIIUU

OKCIIepUMEHTAJIbHO YCTAHOBJIEHO, YTO YBEIHYe-
HHE CKOPOCTH Jie(hOopMalMy PU HOPMaJIbHON TeMIiepa-
Type yBEIHUYUBAET MpeJiel TeKy49eCcTH, KaK IpU CXKaTHH,
TaK ¥ MPH PaCTHKEHUH TUTACTUIHBIX MaTepuaios [5]. B
pabote [10] mpuBeneHB! TaHHBIE O BIUSHUU CKOPOCTH
nedopmanuy Ha CTaHIapTHBIE MEXaHWYECKHE XapaKTe-
PHCTHKHM MaTepHalioB: TIpefeN MPOYHOCTH M IIpesen
MPOTIOPIIMOHANILHOCTU. B 3T0i ke pabore mpHuBEIEHBI
9KCTIEPUMEHTANIbHBIE PE3YJbTaThl BINSHHUS CKOPOCTH
yzrapa Ha mpejels TekydecTu. M3 pe3ynbTraToB cienyer,
YTO C pOCTOM CKOpOCTH yaapa 70 10 m/c nuHaMu4ecKuii
Ipezen TeKy4ecTH Bo3pacTaeT B JiBa pasa (ctamb 45) u
Tpu pasza (apmko-xene3o). B pacuérax HeoOXxoaumo
YUUTHIBATh W3MEHEHHE MEXaHHMUYECKHX XapaKTEePUCTHK,
BBI3BAHHOE IMHAMUYECKUMU Harpy3kami [16].

B Texumueckoi muteparype [18, 19] npuBomsaTcs
pe3yNbTaThl IKCIEPUMEHTANBHBIX JaHHBIX, YKa3bIBalO-
KX Ha BIUSIHUE CKOPOCTH JeOpMUpPOBaHMS Ha Xapak-
TEPUCTUKH KPUBBIX TeueHus psiaa Fe n Al marepuanos.

Ha puc. 1 u puc. 2 noxasaHsl pe3ynbTaTbl UCIIBI-
TaHWH MaTepualioB, INPOBEJICHHBIC ABTOPaMH pPabOTHI
[18].
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Puc. 1. Anmpokcumariysi ¥ SKCTPAIosAus Ha Oa-
3e Mozien CBU(TA KPUBBIX TEYCHUS ITPH PACTSHKEHHUU C
Pa3IMYHON CKOpPOCTBIO CTanbHBIX JuCTOB ZstE180BH
[18]

Fig. 1. Approximation and extrapolation based on
the model Swift flow curves in tension ¢ different speed
steel sheets ZstE180BH [18]

0 02 04 08 o8 1
Puc. 2. KpuBble TedeHUs 3aBHCAIINE OT CKOPOCTH
nedopmuposanust citasa AIMgSil — F31 [18]

Fig. 2. Flow curves depending on the alloy strain
rate AIMgSil — F31 [18]

KpuBsle mosryueHsl ¢ MpUMEHEHHEM aguabaThye-
CKOW MOJIENH K pe3ysbTaTaM Ha pacTshKEHHE M CXKaTHe.
Kak crexyer 3 puCyHKOB, y cTajed yjenbHas paboTa
IUIACTUYECKOTO 1e(OpMUPOBAHHS C BO3PACTAHUEM CKO-
pocTH eopManuy pacTeT, y allOMUHHEBOTO CIUIaBa —
CHIKaeTcs, JIN0O He N3MEHSETCH.

ITOCTAHOBKA 3AJTAUN
Lenp paboTel — ompenercHuEe BIUSHHUS CKOPOCTH
nedopmaryy Ha BUA KpUBOH TedeHus o, = f (eu ) .
N3O0 KEHUE OCHOBHOI'O MATEPUAIJIA

Ecnau annpokcumupoBaTh KpUBYIO TEUEHHUS ypaB-
HeHueM JlroaBura:

o, = Aeg] (1)

To MOXHO 3amucaTh MOJENb CKOPOCTHOIO YIpOy-
HEHHS B BUJIE, IPEAJIOKEHHOM B pabote [16]:

In(0,0027+5,)
135

Koadpdrmument n B popmyne (1) m3mensercs B 3a-
BHCHMOCTH OT CKOPOCTH Ie(pOpMHPOBaHHMS CIEeoys CO-
OTHOLICHHIO:

n, =nexp[ -0,1273In(1+4,)]. (3)

A =A| 1,045+ (2

B dopmynmax (2) u (3) A — xoaddunmeHT am-
NPOKCHMANUK KPUBOW TEYCHHUS, YYMTHIBAIOUINI BIIUs-
HHME CKOPOCTH Je(OpMHUpOBaHUs; &, — CKOPOCTh HH-

TEHCUBHOCTHU Jedopmanuii, N, — Moka3aTenb CTENEHH,

YYUTHIBAIOIINN BIMSIHAE CKOPOCTH AehopMUpoBanus, A
u n B dopmyne (1) — koahunKeHTH anMpPOKCUMALIIH
KPHBOH TEYEHUs], IOCTPOCHHON 0e3 y4yera CKOpPOCTH
nedopmupoBaHus (KBa3ucTaTHYECKas AehOpMariys).
[TocTpouM KpHBYIO TeUeHHs CTald B YCIOBHAX
KBa3UCTaTHYECKOTO ¥ JMHAMHYECKOTO HarpyXeHUs,

1
HanpuMmep, npu ckopoctu 250 — .
cex

C aroii uensto B popmynsr (2) u (3) moacraBum
K03()(ULMEHTHI anMpoKCUMAIMK KPUBOM TeueHHs A 1 N
cranu 20, a CKOpPOCTh MHTEHCUBHOCTH JieopManuii &,

IPUMEM PaBHOU &, = —i B pesynbpraTe nomyunm
250 cex

s ctann 20 koaddunueHtsr 4 = 673 MIla, n = 0,15 B
YCIOBUSIX KBa3UCTATHUYECKOro  HarpyxeHus [20] u
A =731 MIla, n, =0, 0742 B ycnoBUsiX AUHAMHYC-

ckoro Harpyxenus. Ha puc. 3 mokasaHa kpuBas Teue-
HHS OCTPOCHHAS MO annpokcuManuu (1) 1 ycnoBuit
CTaTH4ECKOro — (KpHBas 1) 1 IUHAMHUYECKOTO — (KpHUBas
2) Harpy>KeHUil.

Gu, 800
MITA
700 2 =S —
| I
600 / /—____-—-—-
500 / AN
0,=673g,015
400 1 cTaTHKA
300
G, =731g, 00742
200 NHAMEKA
100
o £u

0 0.2 0.4 0.6 0.8 1 1.2

Puc. 3. KpuBas teuenus cramu 20, TOCTpoeHHas B
YCIOBUAX KBa3UCTATHYCCKOIO MW JMHAMHWYCCKOTO Ha-
Ipy>KeHUI

Fig. 3. Current curve of 20 steel , built in a quasi-
static and dynamic loading

Kak cnenyet u3 puc. 3 B yCIOBHSIX TUHAMUYECKO-
ro Harpy>keHusl Kpupas 2 pacrioyio)KeHa BBILIE KPHUBOU
1, cnenoBarenbHO, yJenbHas MOTEHLMANbHAs JHEPIUs
oKa3bIBaeTcs OOJblIe 10 CPaBHEHWIO C JHEprueH, 3a-
TpauuBaeMON METAJJIOM B YCJIOBHUSIX KBa3HCTATUYECKO-
ro HarpyxeHus. Paccumraem paborty pedopmaiu
(yzenbHYI0 TOTEHIMAIBHYIO SHEPTHIO) Ui CllydaeB
CTaTUYECKOr0 ¥ AUHAMUYECKOI0 HarpyxeHuu. J{is ato-

T'O IPOUHTETpHUpYyeM cooTHomIeHue (1):

n+l
&,

R

W, =[o,dzs, = [Asldz, = A
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IMoncraBus B (4) xoaddumuentsr 4, N m A, N

v
MOJYYUM 3HAYCHUS yHCHLHOﬁ HOTCHHI/I&HLHOﬁ OHEPTUn
B CTaATUYCCKUX U JUHAMUYCCKUX YCIIOBUAX HArpyKCHUA
JJIA pa3siIMYHbIX yCJ'IOBI/Iﬁ UHTCHCHUBHOCTHU ,He(l)OpMaHI/Iﬁ

& -

W, 700

yao
500 < //

MIlIa
400 ~ ~
300 — ~
300 ///——-—_' ].
100 -
/

0 &
0 0.2 0.4 0,6 0,8 1 1,2

Puc. 4. YaenpHasi moTeHIManpHas sHeprus aedo-
pMaHI/Iﬁ B CTaTUKC U JUHAMHUKE B 3aBUCUMOCTH OT HUH-
TEHCHUBHOCTH JehopMaIiit

Fig. 4. The specific strain energy in static and dy-
namic, depending on the intensity of the strain

Ha puc. 4 mokaszaHbl IOTy4eHHBIE 3aBHCHMOCTU
W, (e,). Kak cneayer u3 pucyHKa 3TH 3aBHCHMOCTH

J'II/IH@ﬁHBI, PACXOKIACHUC 3HAYCHUI an , [IOJIYYCHHBIX B

pe3ynbTare pacuéra Mo MPUHATON MOJIETU CTATHYECKUM
U JIMHAMUYECKOM HATPYKEHHSX JJIsl Pa3Iu4HBIX YPOB-
Heilt nedopmanuii, Haxonsates B mpeaenax 15-30%.

BBIBOJbI

1. OueHeHO BIHWAHHE CKOPOCTHOTO 3(deKTa Impu
pacuérax yAelbHOH MOTeHIHATEHOH YJHEPTUHL.
2. Iloka3aHO, YTO NMPH CKOPOCTH MHTCHCHBHOCTHU

. . 1 1
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250 cex

OHEPIrud NpU JUHAMHUYCCKOM HArpy>KC€HUU OKa3bIBACTCA
6onpmieit Ha 15-30% B cpaBHEHHM C DHEprHe, 3aTpa-
YUBAa€MOM METAJIOM B YCIOBUAX KBa3UCTATHYCCKOTO
Harpy>Ke€HHUs.

[MonyueHHbIe pe3yJibTaThl HAOT BO3MOYKHOCTD

YTOUYHUTD SHEPIrOCUIIOBBIC TTAPAMETPLI IPOIIECCOB.
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SSESSMENT OF THE EFFECT OF SPEED IN COLD
DIE FORGING

Summary. Curves flow of steel in terms of quasi-
static and dynamic loading. The influence of strain rate
on the type of flow curve. It is shown that a change is
necessary to consider the mechanical characteristics |,
caused by the dynamic loads .The effect effect when
calculating the speed of the specific energy. It is shown
that the specific potential energy is greater in compari-
son with the dynamic loading with Energy metal con-
sumed in the quasi-static load conditions. The results
make it possible to be made more precise thread-power
parameters processes.

Key words: curve flow, speed effects, potential
energy, statics, dyna.
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Summary. The food production is characterized by
high energy consumption. The quantity of energy that is
used for food production is 10 times higher than human
needs to obtain with food for vital activity. At the same
time, food technologies develop on the way of stable
growth of energy consumption. The innovative solutions
are needed to change this situation. The technologies of
directed energy action are one of these solutions. They
are characterized by the fact that energy is not dissipated
in the product but it is applied directly to the object. This
only takes a necessary to process energy. The effective-
ness of this approach is demonstrated by such processes
as an inactivation of microorganisms, raw dehydration
and extraction of target components. During yeast cell in-
activation, the energy consumption was 10 times lower
than the conventional pasteurization needs. The raw ma-
terial temperature was 32 °C. This effect is achieved be-
cause the microwave radiation in the pasteurizer influ-
enced directly on the cells. In addition, the barodiffusion
effect can be achieved by using the technologies of di-
rected energy action. In the extraction process, the target
component yield can be significantly increased because
of this effect. In addition, this effect allows you to remove
the water from the capillaries of the product without turn-
ing it into vapor. However, the maximum energy effect
from the use of directed energy technologies could be ob-
tained by transferring to the object only necessary amount
of energy. The determination of this amount requires the
creation of appropriate modeling techniques. For ana-
lyzed processes the mathematical models were obtained
by using the theory of similarity as a function of the ener-
gy acting on the process parameters. These models allow
us to design brand new energy-efficient equipment.

Key words: nanotechnologies, barodiffusion, food
technologies, simulation, energy.

INTRODUCTION

Food production is a power-intensive industry in
all developed countries [13-14]. Food technologies are
being developed by the way of stable increasing of en-
ergy consumption. The energy efficiency factor of a
food chain is less than 10% (Fig. 1).

Serious energy problems are typical for industries
with raw material dehydration. Drying is always the
most power-intensive process [15]. At the same time,
the requirements to food products safety [19] are be-
coming stricter, and enterprise operation ecological
conditions are being regulated. It is obviously that food
technologies are to be moved up to innovative principles
of solving problems of energy and ecology.

The-year-energy- The necessary-energy-
consumption-by-one- consumption?
man¥

Fig. 1. Food chain energy consumption
PURPOSE OF WORK

The purpose of the work is search of ways of de-
crease food technologies energy consumption. Solving of
assigned tasks is based on modern principles of transfer
processes organization. In Odessa National Academy of
Food Technologies “Food Nanotechnologies” the labora-
tory technologies of directed energy delivery to food ma-
terial elements [4] are used in combinations with princi-
ples of [4, 11]:

— nanoenergytechnologies;

— vacuum and wave technologies;

— barodiffusion initiation;

— mechanodiffusion phenomena.

Food products, received by offered principles, save
raw material functional properties almost fully, their
production requires less energy consumption, and deep
treatment and wasteless technologies take environmen-
tal load down to the minimum.

FOOD ENERGY TECHNOLOGIES ANALYSIS

The main process of most food technologies is
thermal treatment. This process determines the quality
of final product, energy consumption and its production
cost. Scientific and technical contradictions between in-
creasing requirements to food product quality, its energy
intensity and heat-and-mass transfer technique are obvi-
ous. A number of main food technologies solve the
problems of energy resources usage paradoxically
(table 1)

A hypothesis, that solution of these contradictions
is in field of search of new heat-mass exchange organi-
zation principles, usage of unique capabilities of com-
bined influences on transfer processes, forming the
complex combinations of motive forces, directed to ef-
ficient target components extraction, is being put for-
ward.

Hypothesizes are based on new principles and nan-
otechnologies (NT) involvement [11]. Food NT (FNT)
may be developed in two directions - revolutionary FNT
with predominant influence of chemical interaction, and
evolutionary ones — with predominant influence of
physical processes.
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Table 1. The paradoxes of energy technologies of food industry
Ne Problem Customary solutions Hypothesis
1 | The deactivation of | Energy is transferred to the whole volume | Itis possible to establish the address en-
micro-organisms of product with microorganisms ergy transfer directly to microorgaism.
2 The product Energy is supplied to an intermediate flow | It is possible to establish the address en-
dehydration that transforms water into vapor. ergy transfer directly to the water in the
products volume.
All water converts to vapor before remov- It is possible to organize the water re-
ing. moving in two-phase flow.
3 The target Dissolving of compounds and its diffusion | The additional transfer of insoluble com-
components into extract. ponents from cells and intercellular space
extraction is possible.

The first is manipulation of nanoscale elements for
assembly of artificial products (milk, meat etc.). These
technologies are based on “bottom-up” mechanism.
This direction is quite difficult and disputable. Both
modifications of separate complexes and imparting new
properties to them can be attributed to the first direction.
The second direction is control of transfer processes at
food raw nanoscale objects level, improvement of tradi-
tional production processes, products and their applica-
tions by full using of nanoscale surface effects. This
new, perspective scientific direction firstly was present-
ed by authors [6].

The subjects of researches in FNT are microorgan-
isms (from 7 nm), nanopores and nanocapillaries of
vegetable material (from 5 nm), cell walls (7...30 nm),
protein (10...100 nm), polysaccharides (1...100nm) and
water molecules (= 0,15nm). These are the objects,
which the main steps of food technologies are aimed at.
That is why biotechnology, sterilization, extraction, dry-
ing, juice output processes etc. can be organized at na-
noscale level. The principles that can be implemented
when moving up food productions into nanotechnolo-
gies will allow to decrease the energy intensity, to de-
crease considerably the level of thermal influence upon
raw materials and product, to create basically new prod-
ucts. It is presented that it is reasonably to search the
possibilities to control the transfer processes at food raw
nanoscale objects level by full using of nanoscale sur-
face effects. The paradigm and scientific fundamentals
of food nanotecnologies being elaborated at Odessa Na-
tional Academy of Food Technologies include hypothe-
sis of barodiffusion transfer from nanoscale raw materi-
al elements [5], thermodynamic scheme of nanoprocess
and heat-mechanic model of vegetable cell [3], mass
transfer kinetic model [4]. Development of FNT scien-
tific fundamentals is associated with modeling of di-
rected energy action technologies. Energetic becomes
not only a characteristic, a main result of technology,
but also a means of transfer processes in different sys-
tems elements Kinetics control. Development of tech-
nologies is to go the way of directed energy action
(DEA) and to those raw material elements, which re-
quire energy action. Even so, thermo labile elements of
material should be exposed to the minimal energy ac-
tion. Special attention is to be paid to micro- and na-
noscale structures of material.

These elements in traditional technologies are not
considered practically.

Moisture removal is one of the main tasks in food
technologies. The two principles are used: vaporization
and drying. The task of these processes is to convert wa-
ter into vapor. But energy consumptions per moisture
unit removal are quite different (fig. 2).

While energy efficiency factor of the most imper-
fect vaporization process is 85%, the one of the best
drying technologies is no more than 40% (fig. 2).

Water warming Heat losses
water evaporation

The losses witha
heat transfer media Heat losses

0
Grain
40 war ming
-

Water evaporation

Water warming

Fig. 2. The dehydration energetic

The problems of energy intensity decrease and
ready product safety increase are impotent in processes
of extraction, concentration, pasteurization etc. The use
of address energy delivery technologies, nanoener-
gytechnologies can solve the mentioned problems of
food industry in complex.

RESULTS

Drying. The reason of high energy intensity of dry-
ing is that in convective dryers the task of high mass-
transfer coefficient values achievement is solved by in-
crease of drying agent velocity. But increase of flow
rate causes the proportional increase of heat leakage.
These contradictions have no practical solution and en-
ergy efficiency reserves in convective dryers are ex-
hausted.

In convective grain dryers, as a rule, the necessary
temperature of drying agent is reached by mixing of hot
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gases with air from outside. The more is mixing degree,
the more is heat leakage with waste heat carrier. The
ways of solving scientific-practical contradictions in
drying are associated with search of new heat transfer
organization principles. The classification of innovative
approaches includes two directions: gradient and gradi-
entless. The base of new approaches is the following
hypotheses.

Hypothesis 1. Modern technique (high efficient
heat conductors — heat pipes (HP) and thermosyphons)
allow to organize address energy delivery:

— to material surface trough all volume;

— to act on boundary layer of viscous disperse
product by the heat conducting module itself.

Complex researches of such systems are made in
works [3, 15]. The design of thermosyphons and their
autonomy allow to provide the uniform heat supply to
product moving layer by the correlation of heat transfer
areas of evaporation and condensation zones.

Hypothesis 2. Using of electromagnetic energy
sources will allow organizing the targeted energy trans-
fer straightly to moisture in product and initiating the
powerful barodiffusion flow of water from product solid
phase.

While in traditional schemes temperature and
moisture content gradients do not coincide, in volume
selective electromagnetic energy supply conditions
maximal values of temperature and moisture content are
deep inside the product (fig. 3).

St

i+

b)

Fig. 3. The gradients of temperature and moisture
content: a) conventional drying; b) innovative dehydra-
tion tethnology

Exactly this factor allows to initiate powerful hy-
drodynamic flow from capillary structure under micro-
wave field condition, the mechanism of which is given
in[1, 4].

Laminar barodiffusion delivers water to the surface
of the product, and turbulent one — directly to the air
medium volume [1].

The mechanism of combined nano- and micro-
transfer of water from fibrous structure to air is ex-
plained by electrodiffusion model (fig. 4). Consecutive
series of diffusion resistances consists of the sum:

ZR = RnctRpctRwmo.-

The convectional mass output process from the
product surface to the air flow has the lowest diffusion
resistance (Ryo). The water moves inside product micro
— capillaries to the product external surface overcoming

the diffusion resistance (Rwc). The process is the con-
vectional diffusion in tightened conditions (j;). The
nano - capillaries diffusion resistance s designated as
(Rne)- It is the highest diffusion resistance because the
diffusion processes tightness is maximal.

The moisture flow from the capillaries (j,) is real-
ized under an impulse electromagnetic field (IEMF) ac-
tion. Really, it is a barodiffusion, it action is determined
by pressure rising in capillaries P. (fig. 5). Some capil-
laries, in which the vapor phase generating conditions
are formed, begin the liquid to throw out capillaries to
the external media periodically.

™) [ra

| Ru Ry |y
Re |_| Rp
a)
' Reg | Ry || Ru |
Re |_|Rp >
b)

Fig. 4. Heat and mass transfer in laminar (a) and
turbulent (b) barodiffusion
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Fig. 5. Dehumidification curves. a) conventional
drying; b) laminar barodiffusion; c) turbulent barodiffu-
sion

Specific barodiffusion flow as a liquid-vapor mix-
ture and as a fog was registered by authors visually
while experimental modeling process.

That is why drying lines look specifically. While in
traditional drying schemes periods of constant and fall-
ing velocities, in innovative dryers microwave energy
provides constant inflow of product surface by moisture
at the expense of laminar barodiffusion (fig. 5, a).

If turbulent barodiffusion regime is realized, mois-
ture is ejected directly to the air flow as a spray
(fig. 5, b). It is paradoxical, but dehydration process
goes with increasing dehydration velocity. Such pictures
are got experimentally [1]. The lowest value of drying
speed during first period of operation is explained by
that surface moisture blocks barodiffusion process that
begins to be developed when part of surface moisture is
removed.
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Fig. 6. Drying schematic. a) conventional drying;
b) infrared drying; ¢) microwave drying

A type of electromagnetic energy is also important
(fig. 6).

In traditional convective scheme drying agent gives
energy firstly to surface moisture (SM), then to dry part
of product (DP), which passes energy to water in capil-
laries (CW). This way traditional convective drying
goes (fig. 6, a), the result of which is wet vapor flow
(WV). In infrared (IR) drying (fig. 6, b) capillary mois-
ture is particularly removed by electromagnetic energy
and particularly like in convective drying [2, 20].

In microwave drying (fig. 6, c) a flow of wet vapor
and water drops from capillaries at the expense of
barodiffusion can be registered. The proportion of this
mixture characterizes dehydration process energy cost per
unit. The more is drops portion the lower is energy con-
sumption.

In convective dryer, the energy conversion is fol-
lowing. Energy conversion by the scheme “fuel — water

vapor” has efficiency coefficient 50%, and with drying
efficiency coefficient of 40 % useful energy is 8 MJ. It
is equivalent to 3 kg of removed moisture from product.

In offered dryer with electromagnetic energy sup-
ply received result (reduced to primary resource, the
fuel) is twice higher (table 2), and technically possible
level is 50 kg of moisture.

Table 2. Drying process energy transformation

Scheme  |Fuel specifiqc ~ Useful Removed
energy energy water
amount
Conventional 40 MJ 8 MJ 3 kg
Microwave 40 MJ 12-16 MJ 6 kg

The vegetables and wheat grain placed in thick layer
on the scales bracket in the centre of microwave chamber
was researched. Experimental part of research included
tests with different loads (grain weight) and different
MW-radiation power. The results of weight measures and
layer temperature were registered by computerized com-
plex [4]. During the tests series the dependences of mate-
rial dehydration speed on product load value in micro-
wave chamber, and on magnetron radiation power were
studied.

At different but constant for each test series mi-
crowave radiation power specific weight of grain
changed in limits G=1.32-5.26 kg/m’. Data about grain
moisture content was registered by electronic scales reg-
istrations and mass balance. The relations of grain mois-
ture content change at constant microwave radiation
power are determined in the result of experimental data.
At lower powers process dynamics decreases propor-
tionally.

It is ascertained that there is initial section on dry-
ing lines, which corresponds to the layer warming up
and its length changes from 0.5 to 2.5 minutes. Section
length depends on load value. After warming up section
grain layer moisture content changes almost linearly.
Drying time for the maximal load was about 7 min.

The temperature curves are also significant in
terms of demonstrating the potential of microwave heat-
ing technology. During each test a temperature of grain
layer was registered simultaneously mass change. Max-
imal layer temperature for the maximal load G = 5,26
kg/m? was 55°C, parameter reach at this value in 2,5
min after heating start at full magnetron power. With
decrease of load of microwave chamber layer the heat-
ing speed increased and at load G=1,32 kg/m®. The lay-
er temperature reached 80°C during the first minute, and
after 1.5 min the layer temperature was more than
100°C.

Power was changed by standard means, magnetron
worked in impulse regime. Gradations of power change
scale on plot correspond the values of electric power
consumed by magnetron (fig. 7).
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Fig. 7. Drying curve of wheat

Received relations show the dynamics of dehydra-
tion process and allow to estimate drying speed chang-
es. It is obvious that there is no speed decrease till the
experiment end. Also a straight relation between drying
speed and radiation power is traced. In the regime of
400 W constant increase of drying speed is observed.
These experiments confirm hypotheses and dehydration
mechanisms put forward (fig. 4, 5).

Extraction. The instant coffee, oils and cognac
production prospective on the microwave technologies
base was investigated. The coffee bean extraction mod-
ern technologies are characterized by many contradic-
tions. On the one hand there is a problem the valuable
components from beans maximal value extraction to
reach. The effective method of solving such problem is
the process temperature and pressure increasing inside
the apparatus and stepped extraction. On the other hand,
high pressure in the apparatus complicates the use of
flow-through schemes and use of stirring rod in the con-
struction. As a result modern technology of the
extraction from coffee beans is characterized by
bulkiness, laboriousness, energy intensity [3]. The
extraction from coffee beans traditional methods capa-
bilities is practically exhausted.

The microwave extractor sample has been created.
The combined electro — physical action on the extraction
process is allowing to intensify mass transfer processes in
several times It also realizes intensive and soft modes of
extraction [3]. The extraction degree of components from
beans shows a 15% growth. The pressure inside apparat-
uses is atmospheric, process temperature is not higher
than 100°C. Energy consumption is decreased by 50%.
Test samples of instant liquid coffee concentrate “JIKO”
have good taste properties [3]. In cognac production the
tests of extractor with electromagnetic intensifier have
passed successfully. In different operation regimes inten-
sity of mass-transfer increased dozens and thousands
times. The testing results confirmed the proposed me
chanism of combined extraction process and the technol-
ogy perspectives.

The relation between Sherwood number (Sh) and
numbers of Reynolds (Re), Schmidt and Bu number at
Re<2300 in extraction processes is determined

Sh = 36,58 (Re)** (Sc) ** (Bu)**. (1)

Some invited degustators discovered the great spe-
cial mention of product positive structural changing and
foremost the aromatic constituents changing. The possi-
bility of building the alcohol flavor at nanoscale level
appears.

Microorganisms’ inactivation processes.

Research of particular nanoscale objects (viruses,
cells, proteins etc.) are dealt with during decades. Con-

ceptions of self-organization, biological information stor-
age and transmission, molecular recognizing were formu-
lated at previous sciences development stages. But analy-
sis of these problems using nanotechnological approach-
es, broadening of problem scope to interdisciplinary level
will give a new powerful impulse in researches. Due to
serious fundament in chemical, microbiological and bio-
technological phenomena in food systems food nano-
technologies has serious reason to become the most per-
spective sphere of modern stage of science and technolo-
gy development.

Energy efficiency coefficient of traditional pas-
teurization is no more than hundredth parts of percent.
The scheme of energy supply is utterly uneconomical:
microorganisms receive it from heated product. The
main mart of energy is wasted on product biologically
active constituents’ quality decrease. From the positions
of food nanotechnologies, it is possible to organize se-
lective energy supply directly to microorganisms.

Efficiency of such scheme is determined by differ-
ence of dielectric characteristics of product and micro-
organism, apparatus construction, which allows to real-
ize this difference fully [16-18]. The requirements to
this apparatus are established, fatal temperatures for
wine yeast cells are reached at product temperature
32...42 °C with product treatment during 2 min. Values
of energy efficiency coefficient increased essentially
(table 3).

Table 3. Characteristics of nano sterilizer

Parameter Conven- Result
tional way Achieved Expected
Energy con- 0,2 0,02 2:10”
cumption,
MJ/Kg
Tempoerature, 80...100 30 10...20
C
Efficiency, % | 0,004 0,04 20...40

If only temperature factor is taken into account as
lethal for microorganisms, assigned task becomes pure-
ly thermal. But to estimate particular microorganism
temperature in time and flow motion conditions is still
unsolvable task. Conventional method of receiving gen-
eralized variables equation structure for associated tasks
of hydraulics and heat-transfer solving is dimensional
analysis method. Use of these methods in pasteurization
research is not known [5].

DISCUSIONS

Authors explain received results by that at drying
and extraction processes combination with impulse elec-
tromagnetic field action a flow from capillaries and
nanocapillaries is initiated (fig. 4, 5). The frequency of
ejections from capillaries and the number of functioning
capillaries increases with the rise of microwave radiation
power — N. Mass flow j, is determined by effective spe-
cific mass-transfer coefficient B and pressure differential
in capillary Pc and flow Pe.

Flow j, is created by powerful hydrodynamic mo-
tive force, it turbulizes the boundary layer, and can be
several orders more than classical diffusion flow j;. A
problem to represent this flow influence in classical mass
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transfer equations appears. On the basis of similarity the-
ory principles a new dimensionless group — energy action
number which takes into account electromagnetic field
action, is offered.

Correlation between radiation energy ant energy,
necessary for similar processes in conventional technol-
ogies, determines both energy efficiency of equipment
and mass transfer regime. Up to certain Bu number val-
ues laminar liquid motion regimes in solid phase canals
take place. The Bu number can show the conditions of
transition to more intensive mass transfer that is logical-
ly to be called turbulent barodiffusion regime. In gen-
eral form the number of energy action describes ratio of
energy consumption of innovation technology (Q) and
basic version (traditional technology): Bu=Q/Q,.

For analyzed processes the structures of models in
generalized variables and correlations for Bu number cal-
culation are defined by similarity theory methods (ta-
ble 4).

Table 4. Calculation models

Process Bu number Process model
Activation
and inac-
tivation of| Bu = N((VCpAtp)* | Fo=ARe" Pr" Bu
microor-
ganisms

E)t‘it(:ﬁc' Bu=N(wd?p)* | Sh=ARe"Sc"Bu*

Drying | Bu=N@Vp)? [Sh=ARe"Sc™ Pe? Buf

In relations N is radiation power; V is volume flow
of removed water; r is latent heat of phase transition; dis
determinative measurement; p is a density.

This number generalized bases of experimental da-
ta in dehydration and extraction processes successfully
[4]. It is envisaged that Bu number can appropriately
characterize energy specificity of all problems used in
DEA-technologies.

Usage of DEA-technologies in drying of food mate-
rials gives a possibility to intensify the process consid-
erably [4]. Organization of two-phase flow composed of
vapor and highly dispersed water drops from material
volume leads to the result which cannot be estimate by

Table 5. The energy efficiency of the drying equipment

traditional thermal efficiency (table 5). And Bu number
allows to give such estimation.

Base version (Nel) is for traditional convective
dryers. Modernization of dryers by thermosyphon heat
utilization system is Ne2. Dryers of third generation are
noted for that in product preheating zone address energy
delivery is realized by vaporizing thermosyphons. In
dryers (Ne4) such address energy delivery is organized
in drying zone. This decreased heat energy loss with
outgoing heat carrier essentially.

Dryers of fourth generation, in which energy is de-
livered to water in product, do not have conventional
heat efficiency coefficient at all and Bu number shows
drying technology development trends.

Formulated hypotheses are confirmed practically, the
facts, that can be explained only from nanosciences posi-
tions, exist. Such facts, received at the Department of Pro-
cesses and Apparatuses of ONAFT are: changings and
transformations of product flavoring and aromatic com-
plexes structure, products sterilization at low temperatures
etc. The cause of these facts is common — electromagnetic
field action.

In cognac production the tests of extractor with elec-
tromagnetic intensifier have passed successfully. In differ-
ent operation regimes the intensity of mass-transfer in-
creased dozens and thousands times. The testing results
confirmed the proposed mechanism of combined extrac-
tion process and the technology perspectives. Degustators
discovered the great special mention of product positive
structural changing and foremost the aromatic constituents
changing.

In food production raw materials have nanoscale
elements. These natural nanostructures determine the
quality of product and efficiency of technology. Organi-
zation and control of action on these natural nanostruc-
tures with combination of nano- and macrokinetics ca-
pabilities under process impulse-cyclical character con-
ditions opens new perspectives in food technologies.

Formulated hypotheses are confirmed by numer-
ous experiments. Conventional methods do not provide
such intensification degree as barodiffusion technolo-
gies usage does [6-10].

Moisture removing way Specific energy consump- | Thermal efficien- Bu number
tion MJ/kg cy, %
Basic convective dryers 6-8 0,3-0,38 2,6-35
Grain dryers

- basic 1* generation 4,26-6,3 0,36 — 0,5 1,85-2,7

-upgraded 1* generation 3,8-5,1 0,45-0,6 1,67-2,22
- block dryers 2™ generation 3,54 0,65 1,54

- recuperative 2 generation 2,7-2,88 0,8-0,85 1,18 -1,25
-3 generation (achieved result) 1,9 - 0,82
- 3 generation (expected result) 0,2 - 0,09
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Data received as a result of experimental modeling
allows to estimate the appropriateness of building ex-
perimental multifunctional apparatus based on micro-
wave radiators cascade [5].

CONCLUSIONS

1. For food systems decrease of consumed energy
quantity will not only increase energy efficiency coeffi-
cient and decrease product cost price but also decreases
level of heat action on product. This will bring to keeping
of thermolabile and biologically active food material con-
stituents. For example, food products and ready-to-serve
food, received by NET will answer the requirements of
functional nutrition.

2. Local action on nanoscale elements of food mate-
rial allow to give new approaches to processes in agricul-
tural sector. New scientific area in food nanotechnologies —
the control of transfer processes on nanoscale food struc-
tures phase boundary is being developed [12]. Energetic
action may become the instrument of such control. This ar-
ea is called “DEA-technologies” i.e. technologies of di-
rected (selective) energy action on aterial elements. Sub-
section of the area is nanoenegdytechnologies — technolo-
gies of targeted energy supply to food material nanoscale
elements.

3. For some nanoprocesses (fig. 4), progressing at
combined nano- and microprocesses action, it is possi-
ble to set the modeling tasks when nanoscale influence
mechanisms are obvious or predictable. Thus a powerful
instrument of nanokinetics initiation is impulse electro-
magnetic field. Exactly in IEMF conditions it is possible
to organize directed local energy supply to polar mole-
cules of food material, i.e. to implement SEA-
technologies.

4. Innovative microwave drying is special for that
drying process does not slow down even at final drying pe-
riods. It overcomes traditional convective technologies in
efficiency and productivity several times. Microwave dry-
ing of herbs, tea, spice, mushrooms, fruits, cereals, vegeta-
bles, fish, and meat is characterized by high efficiency, low
treatment time and comparative low process temperature
that provide very high integrity of healthy substances and
vitamins.
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TEXHOJIOTMH AJIPECHO JIOCTABKU
SHEPTMH B IUIIEBOI NHAYCTPUH

AnHoTaums. [Ipon3BOACTBO MUINM XapaKTEpU3Y-
€TCsl BBICOKOH 3HeproeMkocTbro. KonmuecTtBo sHepruu
moTpebsseMoii A mpou3BocTBa iy B 10 pa3 mpe-
BBIIIIAET KOJIMYECTBO HEOOXOIMMON YEOBEKY SHEPIHH,
notpedisieMoli ¢ nuuied. [Ipu 3ToM mumeBbie TEXHOIO-
T'MU Pa3BHBAIOTCS MO IyTH CTAOWJILHOTO POCTa 3HEpro-
notpedienus. s u3MeHEeHUs! CI0XKUBILEHCS CUTyalH
HEOOX0ANMBI NPUHLIMITHAILHO HOBBIE perieHust. OaHuM
U3 TaKUX PELICHMs SIBJISIOTCS TE€XHOJOTHM HalpaBlleH-
HOTO 3HepreTudeckoro aefcraud. OHU XapaKTepU3yOT-
Csl TEM, YTO DHEPTHs HE PACCEMBAETCS BO BCEM MPOIYK-
T€, a TIOABOJUTCS] HETIOCPEICTBEHHO K OOBEKTY BO3/ICH-
ctBusA. [Ipy 3TOM pacxomyercst TOIBKO HEOOXOANMOE Ha
Iporecc KOJIMYECTBO dHEPTHH. D(H(PEKTUBHOCTH TAKOTO
MOJX0/a MOKa3aHa Ha MpHMeEpe TaKUX IPOILECCOB Kak
WHAKTUBAIUS MHUKPOOPTaHM3MOB, 00C3BOKMBAHUE ChHI-
Pbi, U U3BJICUCHUC LCICBBIX KOMIIOHCHTOB. HpI/I HWHaK-
TUBAUU OPOKIKEBBIX KIIECTOK 6I>IJ'H/I 6I>IJ'IO JOCTUTHYTO
10kpaTHOE CHIDKCHHME PHEProlnoTpebIeHHs HO CpaBHe-
HUIO C TpaAUIMOHHOM mnacrepu3auueil. Temmeparypa
ceipbsi coctaBisuia 32°C. OtoT 3h(dekT TOCTUTHYT 3a

CYET TOrO, YTO MHKPOBOJHOBOE H3Iy4E€HHE B MacTepu-
3aTOpe BO3ACHCTBOBAJIO HEMOCPEICTBEHHO HA KIETKH.
Taxoke, UCTIONB3ys TEXHOJOTUH HAIPABJIEHHOTO JHEp-
TeTUYECKOTO JEHCTBHA MOKHO H0OuTHCS Oapomnddy-
3u0HHOTO 3(]dekra. IToT 3hdexT Mmo3BOILET 3HAYHU-
TENIBHO YBEIWYHUTh BBIXOA IIEJIEBOTO KOMIIOHEHTA B
npouecce dKCTpakuuu. Taxke 3TOT 3ddekT no3Bosser
yIAIUTh BOJly M3 KallWJUIAPOB NPOyKTa Oe3 mpeBparie-
Hus e€ B nmap. Ho MakcuManbHBIN SHEpreTHyeckuil a¢-
(eKT OT MCHOJIB30BaHUS TEXHOJOTHI HalpaBJICHHOTO
9HEPreTUYECKOro JEHCTBUSI MOKHO IHONYYUTH HOIBOJS
K 00BEKTY TOJBKO HEOOXOJMMOE KOJIMUECTBO SHEPTHH.
OmnpezneneHne 3TOT0 KOJIMIECTBA TPeOyeT CO3MaHus Co-
OTBETCTBYIOIINX METOAOB MOZEINpOBaHus. Jna aHanu-
3UPYEMBIX TIPOIECCOB MAaTEMAaTHYECKHE MOJEIH OBbLIH
MOJTYYCHBI ¢ MCITIONb30BAaHUEM TEOPHH MOZOOWS B BHIC
3aBUCHMOCTH YHCJIa SHEPTETHYECKOro ACHCTBUS OT Ia-
pameTpoB mporiecca. [lomydeHHbIE MOIENN MO3BOJISIOT
MPOEKTUPOBATh MPHHLUIUAIBLHO HOBOE SHEprodddex-
TUBHOE 000pyIOBaHHE.

KaioueBble cjoBa: HaHoTexHoJOruu, Gapomud-
Gy3ust, SHEPrHs, MHUIICBBIC TEXHOJOTMH, MOJCIAPOBa-
HUeEC.
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AnHoTanusi. MUKpPOOHOIIOTHYHO  CTaOWMIHHBIN
MIPOJYKT JOJDKEH OTBEYaTh TpeboBaHMAM
MIPOMBIIICHHONW CTEPHUIBHOCTH: B CTHPHIN30BAaHHOM
MPOJXYKTE JOJDKHBI OTCYCTBOBaTb MHKPOOPTaHU3MBI,
KOTOpBIE MOTYT pa3BMBaTCsS TMpU TeMIeparypax
XpaHEeHUs, YCTAHOBIEHHBIX [UI1  JaHOIO  BHIA
KOHCcepBOB. HoO mNpoMBIIUIEHHAs CTUpPWIN3AIUA He
CTaBUT CBOMM 3aJjaHMeM oOecledyeHHe IMOJHOM
CTEPWIBHOCTH  TPOAYKT, Tak Kak aOcoioTHas
CTepHIIBHOCTh MOKET OBITh TOCTUTHYTa HarpeBaHUEM U
MIPOJIOJDKUTENFHON BBIICPKKOH OaHOK 3 IPOXYKTOM
IIPU BBICOKUX TEMIIepaTypax, IPH KOTOPBIX IPOIYKT
HETIPUTOZIEH K YIIOTPETPEOIICHUIO.

ObecrieueHne 0€30MaCHOCTH TPOAYKTOB MTUTAHUS
B 3HAUUTEJFHOM CTENEHW 3aBUCHT OT  KOHTPOJS B
CBIpb€ M  TOTOBBIX  M3JEIUSAX  OKOHYATEIHHOTO
KOJIN4eCTBa BETIpEnapaToB, PaAMOHYKINIOB,
MECTUIMAOB, TOKCHYHBIX BemiecTB. Onrumuzanus
PEKUMHBIX U KOHCTPYKTHBHBIX I1apaMeTpOB aBTOKJIaBa
obecrieynBaeT JydIlIie YCIOBHS I yIAIeHUs BO3LyXa,
COKpaIaeTcst BpeMs HPOIYBKH, YMEHBIIAIOTCS MOTEPH
mapa, HCKJIIOYaeTcs IoJada IIeperperoro mapa B
aBTOKIaB M HEOOXOIMMOCTh HarpeBa, a TEKXKe
OXJIKICHUS IPOMEXYTOYHOTO TETIIIOHOCHTENS - BOJBI.
CpaBHUTENBHBIN aHAJIM3 PELENTYpPHOTO COCTaBa M
TEIUIOBBIX ~ PEKMUMOB  AaHAJIOTMYHBIX  IAIITETHBIX
NIPOJIYKTOB  CBHUIETENILCTBYET, UTO IpPEJIOXKEHHAs
pemenTtypa KOHCEpBHPOBAaHHOTO TIalITeTa M3 Msca
MHIIEEK HMMEET ONTHMAIIbHBIA COCTaB WHIPEAMEHTOB,
KOTOpBIE obecrieunBaroT cOaTaHCUPOBAaHHOCTD
XMMHUYECKOTO COCTaBa NPOAYKTa Juii  Hambojee
MOJTHOTO €ro yCBOGHHS OPraHW3MOM  HeJIOBEKa.
TemnoBoil  mpouecc — CTEpWIM3allUd  M3YYEHHBIX
aHAJIOTOB MSICHBIX IAIITETOB UMEET XKECTKOE JEHCTBHUE
Ha TPOJYKT W YBEIMYECHHYIO INPOIOJDKUTEIBHOCTh BO
BpeMeHH Ha 10-15 MUHYT, YTO B KOHEUHOM HUTOre
HEraTHBHO BIIMSIET HA IMIIEBYIO IEHHOCTH npoaykra.llo
pe3ynbTaTtaM INpOBEICHHBIX MCCIICIOBAHUN YCTaHOBIICH
ONTHMAJIGHBIN PEXHUM CTEPWIIN3AIMHU TIPH TeMIlepaType
[1, 2] 115°C wu crepummsyronieM 3¢dexre 6 yCI.

muH.Ha OCHOBAaHHU JTAaHHBIX BBIITOJTHEHHBIX
HCCIIeTOBaHUN oTIpenieNieH CpOK TOTHOCTH
KOHCEPBHPOBAHHOTO  TamrTeTyl2  MecsAleB  MpH

temrieparype xpanenus ot 0 o 20 ° C.

KiroueBbie cioBa: aBTOKJIaB, CTCpUIM3allus,
mnponecc, TeHJ'IOMaCCO6M€H, PEKUM.

INOCTAHOBKA ITPOBJIEMbI

Crepunmsanust SBIAETCS OCHOBHBIM W HambOoiee
HaJICKHBIM CPE€AU BCEX MCTOJA0B XpaHCHUS MPOAYKTOB B
HHHleBOﬁ MMPOMBINUICHHOCTH U O6HICCTBCHHOM nura-
HHUMH. COBpeMCHHLIeMeTO[[I)I pa3BUTHA JaHHOTO IMpouec-
ca 3aKJII0YaeTCsi B HAXOXKIEHUU TaKUX CIOCOOOB U pe-
KUMOB CTEPHJIM3ALMH, KOTOpble O00ECIeunBarOT Kak
HEOOXOAUMYIO JEaKTHBALMI0O MHUKPOQIIOPHI,TaK U CO-
XpaHCHHE MTUIIEBOW EHHOCTH MpoaykTa. Llenbro mpen-
CTaBIICHHBIXPKCIICPUMCHTAIBHBIX HCCIICIOBAHUN SIBIIS-
JIOCh TIOITBEPKICHHE TEOPETHYCCKUX MPEIYyCIOBUI
mpoIiecca CTePIIIN3AIlUA KOHCEPBOB, ONTHMHU3AIUS €T0
PEIenTypHOTO COCTaBa M ompeneneHne 3()(HeKTHBHBIX
PEXKUMHBIX MTapaMeTPOB HUCCIEIYEeMOTO 00OPYIOBAHH
IIPU YCIIOBUM YBEIWYEHUSA KAUYECTBEHHBIX XapaKTEpH-
CTUK HCXOAHOW mpoaykKuuu. JlaHHbIE HCClIeJOBaHUA
MPOBOAWINCE NIPU  HCHOJIB30BaAHUN O6H_IerI/IH$[TI)IX n
CTaHJAPTHBIX METOAUK, KOTOPBIC MNPHUMCHAIOTCA JIA
HU3Yy4YCHU (1)H3I/IKO-XI/IMI/I‘-ICCKI/IX )44 6aKTepI/IOHOFI/I‘IeCKI/IX
M0Ka3aTesel MSACHBIX MPOAYKTOB.

KoHCepBBI CTEPIIN3YIOT C LENBI0 YHUYTOXKEHUS
MHKPOQIIOPEI, KOTOpasi CIIOCOOHA Pa3BHBATHCS B KOH-
cepBax MpU OOBIYHBIX YCIOBUSX XPAHEHUS W BBI3BIBATH
MOp4Yy KOHCEPBOB, a TakXe 00pa3oBHIBATh MPOIYKTHI
JKM3HEAESATEIBHOCTH (TOKCHHBI), OINAcHBIC VIS JKU3HH
yenoBeka. K Takum MHUKpOOPraHnudmMamM OTHOCATCA TOK-
CHKOT€HHBIe  cropooOpasytome  aHadpoObr  CL
botulinum u ramnoctHBIe aHa’poOs! Cl. sporogenes, Cl.
putrificum, Cl. perfingens.Camble omacHble UX HUX OaK-
tepun Cl. botulinum - Bo36yanTens 6orynusma. Ciopst
OTUX KHOCTpI/I}II/Iﬁ HE TMOruOaroT IIpu MHOT04aCOBOM
kumstuernu. Cl. botulinum siBisitoTest canpoduramu u
pPa3BUBAIOTCS TOJBKO Ha HEXKUBBIX TKAHSAX, HO B IPO-
Hecce JKU3HEJESITeIbHOCTH OHM POW3BOJAT TOKCHH -
Ype3BbIYAHO  OMNACHBI  HEPBHO  MapaJUTUYECKUU
a1.01HaKo, KpOME BEpOSTHOCTH IpeObIBaHUS B KOH-
cepBax crop Cl. botulinum B cozepaHUH KOHCEPBOB
MOXET OBITH JIpyrasi THIIIOCTHAasE MUKpOdIIopa, KoTopas
MMeeT 3HAYUTENHHO 0oJiee BBHICOKYIO TEPMOCTOIKOCTB,
k mpumepy, Cl. sporogenes. Takas mocTaHOBKa 3a1ad
HCCIIeTOBaHUN 0OYCIIOBIMBACT UX aKTyalIbHOCTD W TIEp-
CHEKTHBHI IPOU3BOACTBEHHOTO BHEIPEHUSI.
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N3JIOXXEHUE OCHOBHOI'O MATEPUAIJIA

[Ipu BBIOOpE TeMMmEpaTyYpPhl U TPOJAOIKUTETBHOCTH
HarpeBa KOHCEPBOB B aBTOKJIaBaX HCXOJIST, B MEPBYIO
ouepenp, U3 TOro, YTO NMPAaBHIIBHO yCTaHOBICHHBIN pe-
KUM CTEPHIIM3ALNH TOJKEH 00eciednTh MUKPOOHOIIO-
THYECKYI0 CTaOMIBHOCTh KOHCEPBOB. PexxuM crepmin-
3allUU JOJDKEH TapaHTHPOBATh HAIJIEXKAIIYI0 CTENEHb
YTHETEHUS] MUKPOOPTaHU3MOB, OTEHIIUAIBHO BPEIHBIX
JUIA 340POBBS 4YEJIOBEKA, a TAKXKEe TeX, KOTOPhIE MOTYT
CTaTh NPUYUHON NOPUU KOHCEPBOB NpH XpaHeHuU. [Ipu
9TOM cJeqyeT Y4YMUThIBaTh, YTO TEPMUUECKOE ACHUCTBUE
JIOJDKHO OBITH MO BO3MOXXHOCTH MHHHUMAJIbHBIM IS
obecrieueHns] BEICOKMX OPTAaHOJNENTUYECKUX CBOWCTB H
MIUIIEBOM NEHHOCTH TOTOBBIX MPOXYKTOB. OmHUM W3
Hanbosee BaXHBIX (PaKTOPOB, OT KOTOPBIX 3aBUCHT (-
(DEeKTHBHOCTD CTEPHIIM3ALUY, SBISCTCA aKTHBHAS KHC-
JIOTHOCTH TPOAYKTOB. B 3aBHCHMOCTH OT 3HaUeHHs ak-
TUBHOHM KHMCIOTHOCTH pH W3MEHsAETCs IpPONOIIKHUTEINb-
HOCThb CTepuiM3alMy. B kucioll cpene TepMocCToiKue
aHa’poOBl MPAKTHYECKU HE Pa3BUBAIOTCS, a Pa3BHBAIO-
rrecsi, He SIBJISIIOTCSL TePMOCTOMKUMU. TakuM oOpaszom,
CO CHIDKEHHEM KHCIOTHOCTH NMPOAOJKUTEIHHOCTD CTe-
puM3anuyu cHuXkaercs. IIoTeHIHMalbHO OMAacHbIe IS
310pOBbsl YEJIOBEKAa MPOAYKTHl co 3HaueHuem pH 4,2-
7,0.Takum oOpa3oM maHHas 3aJada perIaeTcs IyTeM
CO3/IaHUS BEPTHKAJIBHOTO aBTOKJIaBa, B KOTOPOM HHBE-
JIUpyeTcs BIWSHHWE IIEperpeTod mapel, M, Kak clel-
CTBHE, HEOOXOIMMOCTh HarpeBa M OXJIaKACHHS IpoMe-
KYTOYHOTO TEIUIOHOCHUTEJNS 33 CUET BBEACHHS B CHCTe-
My TEINIOOOMEHHHKAa-CMEIIMBaTeNsl M  HU3MEHEHHS
HampaBJieHUs noAadu ocTpoi mapel.Ha pucyHke npen-
CTaBJieHa TPHHLUIHAIBHAS CXeMa pa3pabdoTaHHOTO
BEPTUKAJIBHOTO aBTOKJIABA.

Puc. 1. MomuduimpoBanHas cxeMa BepTHKaJIbHO-
0 aBTOKJIaBa IepUoOJUICCKOTO ,HeﬁCTBHH

Fig. 1. Scheme of the vertical batch type autoclave
with a modified design parameters

BeprukanbHelil aBTOKJIaB UMEET KpBIILIKY 1, map-
HHUPHO NPHUCOEANHEHHYIO K KOPIIyCYy 2, B BEpXHEH 4acTH
KOTOPOTO pa3MemaeTcss ceTka 3 JuIl pacCeHBaHUA
BXOJIHBIX MOTOKOB Mapbl JTHOO BOJBI; COCAUHUTEIBHYIO
neTto 4, 4epe3 0Ch KOTOPOM MPOXOAUT TepMETHICCKUI
mapHup 5; TpyOompoBoasl 6, 8 COOTBETCTBEHHO JUIA
BXOJIa M BBIXOJA TEIJIOAreHTa CO CMEIIMBAIOIIUM Tel-
J000MeHHHKOM 7; TpyOomposoas! 9,10 miist mogauu ma-

PBI U CXKATOTO BO3AyXa; eMKocTh 11 u marpyokm 12, 13
JUISl BBIBEICHHSI KOHZEHCATa;BCHTHIIbHbBIE KpaHbIl4, 15,
16, 17, 19, 21; 3armymky 18, IUPKYyIAIHOHHBII HacocC
20, TpyOomipoBosr 22, 24, 28, TepMoMeTp 23, cCoeTUHU-
TeNbHBIC MAaTpYOKH 25, 26 u ceTky 27 mmis pacmpernene-
HUSI IOTOKOB TIapBbI.

BepTukanbHBIN aBTOKIIAB padOTaeT CieIyHONIUM
o0Opazom.

[orpy»atoTKOpP3UHBI C KOHCEPBHBIMH OaHKaMu B
KopIyc 2, 3aKpbIBAlOT U T€PMETU3HUPYIOT KPBIMKY 1.
OTKpBIBAIOT KpaH 16 mis mojadu mapa 4epes3 Tpyoo-
npoBo 9 BCMENIMBAIOIIMKA TEMIOOOMEHHHMK 7, Tae
HaXOAWTCSI BOJA, KOTOpas YacTUYHO HCIApACTCS TpH
B3aMMOJIelicTBHN C ropsauM mapoM. HoBooOpazomas-
IIUHACS TIAPPETUCTPUPYETCS TepMOMeTpoM 23 mdepes
mapHup B netie 4, KpplliKy 1 moctymaer B ceTKy 3,rae
paccenBaeTCsACKUMasi BO3IyX C aBTOKJIaBa yepe3 cOop-
HUK KoHJeHcata 12 u kpan 16. Korma Beck BO3ayx
BBIMJET ¢ Kopmyca |, 3akpbIBaloT kpaH 16 U HauMHAIOT-
NoJiaBaTh Map Mo TpyOoompoBoxy 9, 4To CIOCOOCTBYET
YBEIMYCHUIO JIaBICHHS W COOTBETCTBEHHO paboueii
Temnepatypsl. llpugocTiwkeHun HEOOXOAMMBIX  IKC-
IUTyaTallMOHHBIX TapaMeTPOB JaBICHHUS U TEMIEPaTypshl
3aKpBIBAIOT KpaH 15 HOTKpbIBalOT KpaH 14 s mepe-
MEIIEHUS Mapa 4Yepe3 CMEMIMBAIOIIUI TeII000MEHHUK
7 B mHMIe Kopryca 2. Bce 3TO Bpems cTepuiM3alus
MPOBOJUTHCS B Cpe/ie HAarHETeHHON maphl. OXJakaeHue
HAYMHAIOT C M0JaYy B aBTOKJIAB JIOTIOJHUTEIBHOTO BO3-
JyXa, 9TOOBI HE IOBPEIUTH Tapy NpH IaICHUM JaBlie-
HUS B CJIEJICTBHE KOHJICHCALIUH MaphI.

ITocne OKOHUaHHS TNpPOLECCACTEPUIN3ALUN TIpe-
KpalaT MoAavyy Mnapa W MPUIOMOIIN OTKPBITHS U 3a-
KPBITHSI BEHTWIIBHBIX KpaHOB 14, 15 HaumHAIOT mopIu-
OHHO€ TPaHCIIOPTHPOBAHMUEXOJIOTHON BOJABI Yepe3 TPY-
6ompoBoa 17 k aBTOKJIaBy. BKIIOUAIOT HUPKYJISAIMOH-
HbI Hacoc 20 Ui nepeMenBaHus KOHIEHcaTa C XO-
nogHOM Bomoil. PerymupoBka motokoB 15, 14 cmoco0-
CTBYET TPAHCIIOPTHPOBKE HArPETOH >XHIKOCTH IO TPY-
OompoBoay 22 K ceTke 3 IUIA ee OpPOUICHHUSTIOTOKAMH
HaJl 6aHKamu. Harperas Bozaa, 4To mpomuia gyepes mapsl
0aHOK, cTekaeT B COOpHMK KOHZIEHcara 12, Kynxa mpo-
JIOJDKAET MOCTYNaTh M X0JIoHas Bozaa. [3-5]

Uepe3 HEKOTOpOe BpeMs HAUYMHAIOT MOCTENEHHO
BBIMTYCKAaTh M3 aBTOKJIaBa BO3AYyX IO TpybompoBoxy 29u
OTKpBIBas KPBIMIKY | BBITPYXKAIOT CETKH C OaHKaMHU.
Bony w3 emxocty ans KoHAeHcata |2 BBIMYCKAIOT IO
TpyOomnpoBoay 13 ¥ 9acTUYHOOCTABISAIOT B TPyOOIIpO-
Bozie 22. JlanpIne, pu Mojadye mapa, BO BpeMsi CIeay-
IOLIETO IMKJIA CTEPUIIM3ALUU, OCTATOK BOABI U 3aKpbI-
ThIH KpaH 19 MemaroT nonajaHuio napa B Kopiyc 2.

Takoe coueranne KOHGUrypamuii Temiao oOMeH-
HBIX JJIEMEHTOB M CHUCTEMBI OJauu OCTPOTrO Mapa JaeT
BO3MOXKHOCTb 3HAYHTEJILHO MHTEHCH (UIMPOBATH Tep-
MHUYECKYI0 00pabOTKy CBIPbsl, HCOOTBETCTBEHHO YBEIHU-
YUTh TNPOU3BOANUTEIFHOCTh YMEHBIIAs TOTPEOICHHbIE
SHEpro3aTpar Ha MPEACTABJICHHBIM TEXHOJIOTUYECKUM
nporecc. [6-9]

IIpu pacuere HEOOXOMUMOH JETATBHOCTH UIS BO3-
Oynurenelr cnemmupudgeckoro mopuu Cl.  sporogenes,
NpUMEHSEM KOHEUHYI0 (popMyity pacuera [1, 7, 4]
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Fu=D (4 +1gCG)=0.9 (4 +1g 1x100) =54, (1)
roe: D — TepmocroiikocTh MuKpoopranuzma; C —
HavallbHas  KOHIEHTpalMs  CIOp  TECT-KYJbTYp,
criop/em®; G — 06BbeM IIPOLYKTA B OHOI GaHKe.

Hcxoast U3 BBIMICOPUBECHHBIX PACUYeTOB M UMeE-
fomieiicss HHPOPMAaIUN 3apyOSKHBIX M OTEYECTBEHHBIX
YUYEHBIX JJIS aHAJOTWYHBIX TMPOAYKTOB, HEOOXoanmas
JIETANLHOCTD Il KOHCEPBOB JIOJDKHA COCTABILSITH OyCII.
MUH. (OKpPYTIICHHO 5,4 yCII. MHH. 10 ONMMKaiIIero BBIC-
IIETO IEJIOTO 3HAYCHUS ).

Jls pa3paboTKu HAYYHO 0OOCHOBAHHOTIO PEKUMA
CTepHIIN3AIUN KOHCCPBUPOBAHHBIX MAIITETOB U3 Msca
uHAeeKk (pacuera crepwiamsyromiero 3d@dexra) HCHob-
30BaId 000PYJOBaHUE U IPOU3BOJICTBCHHBIC MOIITHOCTH
000 «Kameneny — IlomoabCckuii MSICOKOMOMHAT», B
YACTHOCTH €ro CTPYKTYPHOE TMOJApa3[elicHHe — KOH-
CEpBHBIN LIEX.

HccnenoBanus MPOBOAMIKMCH C HCIOJIB30BAaHHEM
MPOMBIIICHHBIX BEPTHKAIBHBIX aBTOKIABOB MEPHO/IU-
yeckoro neictBus b6-KA2-B-2. Ilone3ysice TexHuue-
CKUMH CPEJICTBAMH H3MEPEHUs, OCYLICCTBISUIA H3Me-
pEHUSI TEMIIEPaTyphl ABTOKJIABA M MPOYKTA IS KX 0~
ro pexuma crepuwinsanui. Ha OCHOBaHUH TOJyYSHHBIX
JIAHHBIX MOCTPOWIIU TpadUKH KPHUBBIX HArpEeBaHUs aB-
TOKJIaBa, MPOAyKTa U JeTanbHocTH (puc. 2, 3 4). Co-
TJIaCHO TMOJTYUYCHHBIM MPpaKTUYCCKUM pe3yabTaTaM
onpenenwin 3pQeKT crepuauzanmMy IS KaKI0ro pe-
*uma 06pabotku (puc. 2, 3, 4)

Kf
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1 02000

1 01000

3

0,0000

Puc. 2. Jluarpamma pexxuma crepunusanuu Ne 1
npu F¢p = UxZKf = 5x0,8 = 4 yc. mun.: Kf — nepeBon-
HOW k03¢ durment; | — KxpuBas mporpesa aBTOKJIaBa; 2
— KpHBasg NpOTpeBa MPOAYKTa; 3 — KpUBas JIETaJIbHOCTH

Fig. 2. Sterilization Mode Chart at number 1 Ff =
UxZKf = 5x0,8 = 4 us. min: Kf — transfer coefficient. 1
— the curve of the autoclave warm; 2 — curve of the
product warm-up; 3 — mortality curve
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Puc. 3. Juarpamma pexuma crepunnzanuu Ne 2
npu F¢ = UxZKf = 5x1,2 = 6 yc. mun.: Kf — nepeson-
HOHM koaddunmeHT; 1 — KpuBas mporpea aBTOKIaBa; 2
— KpHBasl IporpeBa MpoayKTa; 3 — KpHUBas JIETAIbHOCTH

Fig. 3. Sterilization Mode Chart at number 2 Ff =
UxXKf = 5x1,2 = 6um. min: Kf — transfer coefficient. 1
— the curve of the autoclave warm; 2 — curve of the
product warm-up; 3 — mortality curve
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Puc. 4. JInarpamma pexxnma crepuamsannun Ne 3
npu F = UxZKf = 5x1,6 = 8 ycu. mun .: Kf — nepe-
BOJHOM KoadduimenT; 1 — KpuBast MporpeBa aBTOKJIA-
Ba; 2 — KpUBAasi NIporpesa MNpoaykTa; 3 — KpuBas JIeTallb-
HOCTH

Fig. 4. Sterilization Mode Chart at number 3 Ff =
UxZKf = 5x1,6 = 8 cond. min: Kf — transfer coefficient.
1 — the curve of the autoclave warm; 2 — curve of the
product warm-up; 3 — mortality curve

IIpu 00OCHOBAaHWH PALMOHAIBHOTO DPEXKHMMa CTE-
PUITH3AIHHA HEIOCTATOYHO TOJBKO MPOBECTH MaTEMAaTH-
YEeCKH aHaJ W3 JAHHBIX TEIUIO(PU3NUCCKUX H3MEPEHUMA
B TPOIIECCE TEPMOOOPAOOTKH, BaXKHO MPOBECTH TAKKE
MHUKPOOHOJIOTHYECKUE UCCIICIOBAHUS KaYeCTBA CHIPhS
MAIITETOB. Pe3ynpTaThl TPOBEICHHBIX HCCIICIOBAHUIA
MO KAKIOMY PEKUMY CTCPWIM3ALMUU TPEICTABICHBI B
Tabimne 1.
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Jlanable TaOmUIBI 1 CBUIETEIHCTBYIOT 00 OTCYT-
CTBHM MHKPOOHOJIOTMYECKOW KOHTAMUHALIMH ChIPbS,
KOTOPOE€ KCIOJIB30BAJIOCH Uil MPOU3BOJCTBA MSICHBIX
namrteToB [11-14].

Tabauua 1. PesympTatel MUKPOOHOIIOTHIECKUX
HCCIIEI0BAaHUH ChIPbSI

Table 1. The results of microbiological tests of
raw materials

Muxpooprasms- kypka M'sco
MBI, KOTOPBICOBI- CBUHHAS WH/IIOKOB
MMOOHAPYKEHBI B [~ haxr | Hopma | (akt | HopMa
MIPOAYKIIUH
[arorenssre, B HE
HE HE BHI- | HE JI0-
T.4. CAJIbLMOHEJ- Jio-
BBISIB. SBJI. ITyCK.
Jbl, B 25 T. IyCK.
L. HE HE HE BBI- | HE J0-
monocytogenes, | BEIsB. Jio- SIBJI. | IYCK.

3HauynTeIbHOC BHUMAHWC TIPH BBHITIOJHEHUH WC-
CJIeJOBaHUI MPHUBIEKAIOCh K W3YYECHUIO TAKOTO ITOKa-
3aTelst KaKk aKTHBHOCTh BOJBI. B OCHOBHOM B IHIIEBBIX
MPOAYKTaX 3HAYeHUE AaKTHUBHOCTU Bonbl Bbimie 0,95.
BonbIMHCTBO MUKPOOPTaHU3MOB PA3BUBAIOTCS MPHU aw
HUXE 3TOTO YpOBHA. B TpOBENEHHBIX HCCIEIOBAHUAX
3HAaYCHHE AKTUBHOCTH BOJBI BO BCeX 00Opas3lax Haxo-
mutes B mpenenax 0,96-0,97, yTo cBUAETENBCTBYET O
BBICOKOM YPOBHE CTaOWJIBHOCTH KauyecTBa MaIITETOB,
MPONICANINE TEIUIOBYI0 O0pabOTKy MpH pa3IHIHBIX
CTepIIIN3AIHOHHBIX dPPEeKTax Ha MPOTsDKeHNH 4, 6 U §
ycir. muH. [15, 16].

B mocnenHuMX Hay4YHBIX MyOJIMKAIUSAX MO OHOXH-
MHUH THIIEBBIX TPOIYKTOB YacTO BCTPEUYACTCS TaKOM
[OKa3aTejdb KaK OKHMCIHNTEIbHO-BOCCTAHOBUTEIbHBIMN
MOTEHIMAN (PeJOKC-TIOTEHIIHAT).

YCTaHOBIIEHO, YTO BO BPEMS OKHUCIHUTEIBHBIX HITH
BOCCTAaHOBHUTEJBHBIX PEAKIUI HU3MEHSETCS DJIEKTpHUe-
CKHI TOTEHIIMAJl BEIIECTB, OKHMCISIOTCS HMJIM BOCCTa-
HaBIUBAIOTCS: OJHO BEIIECTBO, OT/IaBasi CBOM DJIEKTPO-
Hbl U 3apsikKasiCh TOJOXKHUTEIBHO, OKUCISETCS; IPYroe,
npuoOpeTras AJIEKTPOHBI M 3apsKasCh OTPUIIATENHHO,
BOCCTAaHABIIMBAeTCA. Pa3HOCTh ANEKTPHYECKUX MOTEH-
LMAJOB MEXAy HHMMH W €CTb OKHUCIHUTEIbHO-
BOCCTAHOBUTCIbHEIN TOTEHIIAAIT WITH penokc-
noteHuyan. Perokc-nmoreHuuan sBiseTcss MEPOH XUMHU-
YeCKOH aKTUBHOCTH 3JIEMEHTOB WMIIM MX COCIMHCHHUHA B
00paTUMBIX XHMHUYECKHAX MpOIleccaX, CBSI3aHHBIX C H3-
MEHEHHUEM 3apsjia HOHOB B pacTBopax. Yem BbIle KOH-
[EHTPalns KOMIIOHEHTOB, CIOCOOHBIX K OKHCIEHHIO,
TEeM BBINIE TOKa3aTelb pefoKC-MoTeHInana. Takue Be-
[IeCTBa, KaK KACIOPOJ U XJIOP, OTKPBITHIE IO MPUHSATHUS
3JIEKTPOHOB M MMEIOT BBICOKUN 3JIEKTPUYECKHUI MOTEH-
[IAaJl, COOTBETCTBEHHO, OKHCIIUTEJIEM MOXET OBITh HE
TOJIBKO KUCIIOPOJ, HO U APYTUe BELIECTBA, B YaCTHOCTH,
XJIOp, a BEIIecTBa THIA BOAOPOAA, HAOOOPOT, OXOTHO
OTHAIOT DJIEKTPOHBI U MUMEIOT HU3KHUHI 3IEKTpUYECKUi
noteHIman. HanOonmbIyr0 OKUCIUTENBHON CIIOCOOHO-
CTBhIO 00JIa/IaCT KUCIOPOJ, BOCCTAHOBUTEIHHOMN - BOJO-
pOJl, HO MEXIy HUMH PAacCIOJIararoTcs U JpyTHe Bellle-
CTBa, TPUCYTCTBYIONIUE B TMPOAYKTE MEHEe HHTECHCHB-
HO, BBITIOJHSIIOT POJIb TO OKUCIIHUTENEH, TO BOCCTAHOBH-
TENeHn.

3HaueHne OKHCIIUTEIIbHO-BOCCTAHOBUTEILHOTO
MOTEHIMAaIa sl KaXIOW M3 MPEICTaBICHHBIX PEaKIUH
MOXET MMETh KaK IMOJOXKUTEIBHOE, TaK U OTPHUIIATEIb-
Hoe 3HadyeHHe. OKHCIUTENbHBIE TPOIECCH CHIDKAIOT
MOKa3aTelb KHCIOTHO-IIETOYHOTO pPAaBHOBECHUS (UeM
BBILIIEPEOKC-IOTEHIMAN, TeM Hike pH), BoccraHOBH-
TeNbHBIE — CIIOCOOCTBYIOT moBbIIeHNI0 pH. B cBoro
ouepens pH BimsieT Ha BEIWYMHY pPENOKC-TMIOTEHIMANA
[12, 13].

W3BecTHO, YTO peOKC-TIOTEHLIHAN CBUAETEINb-
CTBYET O BO3MOXHOCTHU NPOTEKaHUs B MpPOIECcCe XpaHe-
HUSl OKHCIIUTEIbHBIX NPOLECCOB B IHIIEBBIX MPOIYK-
Tax, Ha 4TO HEOOXOAMMO OOpaTHTh BHHMAaHHWE IIPH HC-
CIIEJIOBaHUSAX ITOTO IMOKa3aTels B MPOLECCe XpaHEHUs.
OpHaKo HEOOXOAMMO OTMETUTh, YTO JIAaHHBIH IOKa3a-
TEeNb HE SBIAETCS MHGOPMATHBHBIM B IIporiecce o0doc-
HOBaHMS PA3IMYHBIX CTEPWIN3AIMOHHBIX 3((EKTOB,
TaK Kak IOJIydCHHBIC 3HAUCHUS €r0, a TaKKe IepeKuc-
HOTO, KHCIIOTHOTO M THOOapOHWTYpOBOrO YHCIa HAXoO-
JITCSL Ha OJHOM YPOBHE. AHaJOTMYHOCTh TEXHOJOTH-
YEeCKOro Mpolecca, €ro IMpOAOJDKATEIHHOCTH, HCIIONb-
3yeMoro 000pya0BaHusl 00yCIOBIMBAIOT HICHTUIHOCTD
peakuuil B3aUMOJEUCTBUS KUCIOPOAA U IPUCYTCTBYIO-
IIMX BEIIECTB B MPOJYKTE N0 CTEPHIIM3AINH, YTO MOJ-
TBEP>KAAETCSI PABHOM CTENEHBIO OKHCIUTEIBHBIX IPO-
neccos [17, 18].

Yrto Henmb3sl cKa3zaTb 00 M3MEHEHUSX BUTAMHHOB
rpynnbsl BB nponecce TemnioBoid 0OpabOTKH B 3aBHCH-
MOCTH OT ypOBHsI TEIJIOBOH Harpy3ku. ConepikaHue BU-
TamuHa Bl ymensmunocs Ha 50% npu cTepminsyro-
meM 3¢ dexTe 8 ycir. MHUH. 10 CPaBHEHUIO ¢ 4 yCII. MUH.,
B2 — na 52,8%, PP — na 12,1%, 4T0 CBUAETENLCTBYET O
CHIKEHUH BUTAaMUHOB TPpyNIbl B npu yBenmyenun rer-
JIOBOW Harpy3KH B HCCJIClyEMBbIX MallTeTax.

Crepunmzanust sBiIsieTcsl BOKHEHIIIMM MIPOIIECCOM,
OTIpeNIeNAIONNM KauecTBO KoHcepBoB. KoHcepBHsl cTe-
punu3oBanu npu temmeparype 115° C. Ilpu Takux BBI-
COKHX TeMIepaTypax 3HAYHTEIbHO BO3pacTaeT CKo-
POCTB THIPOJIN3A COCTABIIAIONINX KOMIIOHEHTOB MsCa, B
TOM 4YHcle OeNKOB, a TakKe MPOUCXOIUT pacmaj Mpo-
JyKTOB THAPOJM3a, B TOM YHCIE aMHHOKHCIOT. Cre-
MIeHb THPOJIM3a BO3pAcTacT C IOBBIIICHUEM TeMIlepa-
TypBl U YBEJIMYEHUEM MPOAOIDKUTEIBHOCTH CTEPUIN3a-
mun. [pu crepunmzanum npoucxoauT Ooliee TiryOokast
JlecTpyKIusi OEJIKOB, O YeM CBHIETENLCTBYIOT PE3yJib-
TaTbl HWCCIENOBAaHWN TIpUBEACHHbIE Ha JHarpamme
(puc. 5,6, 7)

Kak BHIHO M3 TpeACTaBIEHHBIX PHCYHKOB, C yBe-
JMYEHUEM TETJIOBOM HArpy3KH KOJMYECTBO CBOOOTHBIX
aMUHOKHUCJIOT Bo3pacTaer ¢ 8,26 mo 10,2 r/100r, uro
CBUIETENIECTBYET 00 yBEIMYEHHH CKOPOCTH THIPOIIH-
THYECKOT0 pacmaga OeIKOB B MPOJIYKTE IIPH BO3pacTa-
HUH OPOAOIKUTEIBHOCTH HATPEBAHUSL.

IIpu HarpeBaHuu BO BIAXKHOM cpeje 10 TeMiepa-
Typsl cBblie 100 °C yckopsitoTcst mponecchl THAPoIn3a
TPUIIMLEPUAOB U HACBIIIECHHBIX HANIOJHEHUEM YJBOEH-
HBIX CBSI3€Hl pajiuKanoB XKUPHBIX KHUCIOT THAPOKCHUIIb-
HBIMU TpynnaMmu. BcneacrBue 4acTHUHOrO pachajaa
KHpPa yBEINYNBACTCS KOINYECTBO CBOOOTHBIX >KUPHBIX
kucyoT. [Ipu yBenuueHnn TEII0BOM HArpYy3KHU — CTEpPHU-
nu3anoHHoro 3ddexra ¢ 4 10 8 ym. muH. (puc 5, 6)
BO3PAcTacT KOJINYECTBO MXHUPHBIX KUCIOT B MPOAYKTE C
12,5 no 14,6 %.
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Ta6auna 2. JKupHOKHCIIOTHBIN COCTaB MAIITETOB
IIPH Pa3HBIXCTEPIITU3ANOHHBIXA (PP EeKTax

Table 2. Fatty acid composition of pastes with
different sterilization effects

ConepkaHHEIKUPHBIX
KHUCJIIOT, %
HaumenoBanus Crepuimsytouuii epexr,
yC. MUH.
8 6 4
MupucTuHOBas 2,6 2,9 2,4
IlentagexanoBast 0,5 1,0 0,7
ITaneMuTHHOBAS 23,8 25,2 24,1
ITansMUTOIEMHOBAS 2,7 3,3 3,3
MaprapuroBas 1,0 1,3 1,0
CreapuHoBas 16,5 14,4 15,1
Oneunosas 35,0 36,9 38,2
JInnoneBas 79 6,9 7,1
JlinosnenoBa 0.6 1,0 0,9
HonanexanoBas 1,3 0,4 0,9
ApaxuHOBas 0,4 0,1 0,1
BerenoBas 0,1 0,1 0,1
Jloko3orekcareHOBast 1,0 15 0,6
IMTHXK 14,6 13,0 12,5

[Tpy MUKpPOCTPYKTYpHOM HCCIIEIOBAaHUH 00Pa3LOB
ramrTeTa 1ocjie TepMUIecKoi 00paboTKHM Ha MpOTSDKe-
HUH 4 yc. MuH. (pUC. 5) YCTaHOBIEHO, YTO 00pa3ell xa-
pakTepu3yercss IUIOTHOH KOMIIOHOBKOH CTPYKTYPHBIX
aseMeHToB (apma. OcHOBHas Macca (apiia IpeacTaB-
JICHa MEJIKO3EPHUCTON OEITKOBOI Maccol, CO3JJaHHOH B
pe3ynapTaTe MEXaHHYECKOTO W3MEIbUEHHUS MBIIICTHON
TKaHU. B cTpyKType Menko3epHHCTON OeNKOBOH MacChl
PaBHOMEPHO paclipeieneHbl (parMeHThl MBbIIICYHOH
COEMHUTEIIFHON TKAaHH, )HUPOBbIE KaIuld (pa3MepoM 5-
10 MKM.), YaCTHYKH CIICIHiA, PACTUTEILHOTO OeJIKa.

BenkoBble YaCTHUKM IJIOTHO B3aUMOCBSI3aHBI IPYT
¢ rpyroM. Menko3epHucTas OeKkoBast Macca MPOHN3aHa
MEJIKUMH MHKPOKAMWULIPaMH C YETKO OYEpUYEHHBIMH
rpaHunamu pasmepom 120-200 MxM.

MukpocTpykTypa 00pasloB Hamrera Mocjie Tep-
MHUYECKOi 00paboTKM Ha NpPOTSHKEHHMH 6 yC. MHH.
(puc. 6) xapakTepu3yercs HEKHMpPa3phIXJIEHHBIM B
CpaBHEHHH C TPEABIIYIINMHI 00pa3aMi, KOMIIOHOBKOH
CTPYKTYPHBIX 3JE€MEHTOB. MUKPOCTPYKTYpHBIE H3Me-
HEHHUsS KOMIIOHEHTOB, YTO BXOJST B COCTaB MPOIYKTa
XapaKTepU30BATUCh TOMOTEHHU3AINENH CTPYKTYpPHI SAIep,
MBIIIIEYHBIX BOJIOKOH W (PparMeHTOB COECTUHHUTEIBHON
TKaHH. belKoBble YaCTHYKKM MeHee IUIOTHO B3aMMOCBSI-
3aHBI APYT ¢ Apyrom. Memnko3epHucTas OenkoBas Macca
pa3phIXJIcHa MUKpOKanuwisipamu  pasmepom  350-
450 MKM., MEcTaMH B3aHMOCBSI3aHHBIMH APYT C IPYTOM
[19, 20].

VYBenuueHne BpPEMEHH TEPMHUUECKOil 00pabdOTKH
0 8 yc. MUH. IPUBOJUT K MOCIEAYIOLIEMY Pa3phIxiie-
HUIO CTPYKTYPHBIX 2JIEMEHTOB (hapiua, MEIKO3EpHHUCTAs
OenkoBasi Macca MPOHM3aHA OTICIBHBIMH  OOJBIIUMHU
MUKpoKanuisipamu pazmepoM 400—500 MkM.

BBIBO/JIbI

AHanu3 NOJMy4YeHHBIX AAHHBIX IOKa3all, 4TO BO3-
pacTaHuEe TEPMHUYECKOTO JCHCTBHSA NPHBOIUT K pas-
PBIXJIIEHHIO CTPYKTYPHBIX 3JIEMEHTOB (hapiua B Pe3yiib-
TaTe CHW)KEHHSA CTENECHH B3aMMOCBS3M OCIKOBBIX dYa-
CTHYOK. Pa3mMepsl MUKpPOKaIMIUISIPOB, KOTOpPBIE MPOHHU-
3BIBAIOT Maccy ¢apiua, Bo3pactatoT 10 400-500 mMxm.
YBenu4YeHHe Yuciaa U pasMepoB MUKPOKANWILISIPOB CBSI-
3aHO C YBEJIMYCHUEM KOJMUYECTBA cIa0b0 CBSI3aHHOM BIIa-
rH B npoaykre. OnHako HEOOXOIMMO OTMETHTh, YTO
TEIUIOBOK OOpabOTKU MpU CTepUIn3yIoueM 3(PQeKTe
4 yc. MHH. HEJIOCTaTOYHO, TaK KaK OOHapyXHBaIOTCS
OTZETIbHBIC HEXKENATEIbHBIE MUKPOOPTaHU3MBI.

YunTeIBast pe3yabTaThl MPOBEICHHBIX HCCIIEA0BA-
HUH ¥ HEOOXOIUMYIO JIETaNbHOCTh Fy; = 6 yc. MUH., Iie-
71ec000pa3HO NPUHATH ONTHUMAIBHBIM PEXHUM TEILIOBOH
o0Opabotku mpu temmneparype 115 °C u crepmmusyro-
meM dQexTe 6 yc. MHH.

Jlnst peanu3auuy NpencTaBIeHHBIX UCCICAOBaHUI
Obuta pazpaboTaHa MPUHIMIHAIbHAS CXeMa M CKOH-
CTpYUpPOBaHa JKCIIEPUMEHTAIbHO-IIPOMBILJICHHAST MO-
JIellb CTEPUIIN3aTOpa BEPTUKAIBLHOTO HCIIOJIHEHUS, KO-
TOpas MO3BOJIMJIa MUHUMH3HPOBATh TEPMHUUECKOE ACH-
CTBHE Ha TEXHOJIOTHYECKYIO CpEry.
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RATIONALE FOR OPTIMUM MODE
STERILIZATION MEAT PATE

Summary. Mikrobiologichno stable product must
meet the requirements of industrial sterility: in
stirilizovannom product should otsustvovat
microorganisms that can evolve at storage temperatures,
set for canned food of this species. But industrial
stirilizatsiya puts his task to ensure complete sterility of
the product, since the absolute sterility can be achieved
by heating and prolonged exposure cans s product at
high temperatures at which the product is not suitable
for upotretrebleniyu.

Securing food largely depends on the control of the
feedstock and the final products of the final number of
veterinary preparations, radionuclides, pesticides, toxic
materials. Optimization of operating and design
parameters of the autoclave provides the best conditions
for the removal of air, reducing the time the purge,
reduced vapor loss, excluded the supply of superheated
steam into the autoclave and the need for heating and
cooling tekzhe intermediate heat carrier - water.
Comparative analysis of prescription composition and
thermal conditions similar pashtetnyh products indicates
that the proposed formulation of canned foie turkey
meat has the optimal composition of ingredients that
provide a balance between the chemical composition of
the product to the fullest of its assimilation by the
human body. Heat sterilization process studied
analogues of meat pates has a hard effect on the product
in time and increased duration of 10-15 minutes, which
ultimately negatively affects the nutritional value of the
product. The results of the studies is set at the optimum
temperature sterilization mode 115°C, and the
sterilizing effect of 6 cond. min. Based on the data of
the research is defined shelf life of canned pashtetul2
months at a storage temperature of 0 to 20°C.

Key words: autoclave, sterilization, process, heat
and mass transfer, mode.






MOTROL. Commission of Motorization and Energetics in Agriculture — 2016. VVol.18. No.8. 23-27

ONNPEAEJIEHUE TUHAMUNYECKUX XAPAKTEPUCTUK MEXAHUYECKOI'O
OBE3BOXXHUBAHUA UTHCYJINHOCOJAEPKAIIEI'O CbIPbA BUBPAIIMOHHO-
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Annotanusi. OG0CHOBaHO CIOCOO MEXaHHYECKOTO
00€3BOXKHMBaHHSI MHCYJIMHOCOAEPIKAIIETO ChIPhS 32 CUET
npuaaHus pabounM OapabaHaM IIAHETApPHOTO JIBHIKE-
HUSI ¥ JIOTIOJTHUTEIILHOTO KOJIEOaH!UsI B TOPU30HTAIILHOM
wiockoctu. OmpeneneHo 3Ha4eHHe AaBJICHUs, BO3HU-
Karomero B 0OapabaHe BHOpAIMOHHO-TUIAHETAPHOM
YCTaHOBKH, NPOBEACH CPaBHUTEIBHBIN aHAIN3 BIUSIHUI
BUOPAIIMOHHOW COCTaBILFOLICH HA BEJIMYUHY 3TOTO
JaBJCHHs B 3aBHUCHUMOCTH OT YIJIOBBIX CKOPOCTCH ABH-
JKEHHs BoIuiIa ¥ OapabaHa M OT CTEICHH €r0 3arpy3KH.

KaioueBble cioBa. WHCYNIUH, 00€3BOKHBaHUE,
BUOpOIIaHETApHOE ABHIKEHUE, JBWKYIIas CHJA, JIaB-
JICHUE.

ITOCTAHOBKA TTPOBJIEMBI

HNHcynuH sBIA€TCS OJHUM W3 BaXXHEWIIMX JieKap-
CTBEHHBIX MPENapaTroB, OT KOTOPOTO 3aBUCIT KHU3IHU
MUJUTIOHOB JIFoAel Bo BceM mupe. Ero mpomsBomsT w3
MO/DKETYIOYHBIX JKelle3 KPYIMHOTO pPOraTtoro CKOTa,
CBUHBH WM MTYYHBIM CIIOCOOOM C ITIOMOYBI0 TCHHOM
umkenepu [1-4].

W xots cefiwac Bce Ooibllle M OONBIOIE OTOACTCS
MpeIoYTeHIHEe UCKYCCTBEHHOMY HHCYJIHHY, TIPOHU3BO/I-
CTBO KMBOTHOTO MHCYJHHA HE Mpekparnaercs (0codeH-
HO CBHUHHOTO) B CHJy JOCTYIHOCTH U JIEHIEBU3HBI ChI-
pbs, a TakXKe MPU COBPEMEHHBIX CTEMEHSIX OYMCTKH OH
BBI3BIBAET MEHBIIE MOOOYHBIX 3(PQPEKTOB y MaIMEHTOB
[1, 3, 4].

M3 Bcell CIOXHOM NEMOYKH TEXHOJIOTHYECKOTO
mpoliecca IMOyYeHUs] WHCYJIMHA BBIACIHM CTaTUI0 OT-
JleJIeHUs. CBOOOIHOM (M HeCBOOOMHOI) BIAard OT IPO-
MEXYTOYHOTO CBIPbS WA KpHCTAUIOB. s 3TOTO
00BIYHO TIPUMEHSIOT IIEHTPU(YTUPOBAHHE, CEMapaIHIo,
pexe pocroe ¢puinbTpoBaHue [4].

IIpuMeHeHre OOBIYHBIX HEHTPU(YT C OJHUM Bpa-
miaonmMed  6apabaHoM, TA€ NPOIYKT IOABEpraeTcs
BO3JIEHCTBUIO TOJHKO IEHTPOOEKHOW CHIIBI, B COBpE-
MEHHBIX YCJIOBHSIX SIBIISIETCSI IOBOJBHO 3aTPaTHBIM, TaK
Kak paboune eMKOCTH 3THUX MAIIWH JOJDKHBI OBITH J0-
BOJIBHO OOJBIIMMHU W PO3TOHITHCS O 3HAYUTEITHHBIX
YIIOBBIX cKOpocTell BpameHus [5, 6]. Mcnoas3zoBanue
HEHTPU(YT C TUTAHCTAPHBIM U OJHOBPEMEHHO BHOpH-
pYIOLIMMCS JBIXKECHHEM pabounx OapaOaHOB MOKET
CYIIECTBEHHO HMHTCHCU(UIIUPOBATE H KAYCCTBEHHO
VIIYYIINTE TpoLecc 00e3BOKUBAHMS, 3HAYUTEILHO YBE-
JUYUBAs JBIOKYIIYE) CHIIy MEXaHUYECKOTO OTIKATHSA,
9TO 00YCIIOBJIMBAET aKTyaJIbHOCTh U TIEPCIIEKTUBY JIaH-
HBIX UCCIIeIOBaHMi [7].

AHAJIU3 TIOCJIEJJTHUX UCCJIEJJOBAHUI 1
IYBJIMKALIUIA

AHanu3 mccnenoBaHuil B 001acTH 00C3BOKUBAHHUS
BJIQXKHBIX JIUCIICPCHBIX MAaTCPHAJOB IOKA3bIBACT, YTO
9TO JOCTAaTOYHO CJIOXKHBIM TEXHOJOTMYECKHH IpoLecc.
Ha ero mporexaHwe BIHSIOT NpeXkAe Bcero (U3UKO-
MeXaHHUYECKHEe CBOMCTBA MPOAYKTa, TaKWe KaK Hadajb-
Has BIQXHOCTB, YIPYTOCThb, BS3KOCTH, IUIACTHYHOCTH,
BHYTPCHHE TpPEHHE MEXIy YacCTHUIAMH TBEpIou (hazbl,
aare3usi, KOre3us U APYTHe CBOMCTBA, a TAK)Ke XapaKTe-
PHUCTHKH M PEXHUMBI pabOThl TEXHOJIOTHYECKOT0 000py-
nosaHus [7, 8]. Ilpu aTOM B Iporiecce yAajaeHUs Blaru
CTPYKTYPHO-MEXaHUYECKAE U TEXHOJIOTUYECKUE CBOM-
CTBa MPOJYKTa MOTYT M3MEHATHCS B OOJBINUX Ipese-
nax. JTO ONpeAesseT CI0KHOCTh UCCIEIOBAHUS (HIIb-
TPAIMOHHBIX PEOJIOTHUYECKUX CBOMCTB TEXHOJIOTHYE-
CKOTO CHIPBSI M caMoro mpoiiecca B nemnom [8-10].

Taxke cieqyeT OTMETHTh, YTO CPAaBHHUTENBHO JIET-
KO ynmamsercs CcBOOOTHAasS M KaMMIUIIPHO-CBS3aHHAS
BJIara TP HCIIOJIE30BAaHUH MEXaHWYECKOTO OT)KaTHsi, a
JUTS M3BJICUCHUST aOCOPOIMOHHO-CBA3aHHON U OCMOTHY-
HOW KHIKOCTU HYXXHO HPWIOKUTH 3HAYUTEIBHBIC YCH-
st [11-13].

Jlist yMEHbILIEHHsT CONPOTHUBIICHUS, KOTOPOE BO3-
HHUKACT B MPOIIECCE JBUKCHUS KUIKOCTH 110 MHUKPOIIO-
paM MpOJYyKTa, ChIpbe MOXKHO 00paboTaTh TEIIOM WU
JIOTIONTHUTENBHO €ro CTPYKTypHupoBath [10, 14, 15].

INOCTAHOBKA 3AJJAY1

Ornenka 3 ()eKTHBHOCTH M 00OCHOBaHHE criocoba
oTIpeJieTIeHHe ABWXKYILICH CHIIBI MEXaHHMYeCKOro o0e3-
BOXKUBaHHUsSI HHCYJIMHOCOJEPIKAIEro ChIPbsl 3a CUET
CPAaBHUTEIBHOTO aHAIM3a U ONpPEAEICHUs IBIKYLIEH
CHIIBI IEHTPOOEKHOTO, IIEHTPOOEKHO-TUIAHETApHOTO,
BUOPAIIMOHHOTO W BUOPAIlMOHHO-TUTAHETAPHOTO JEH-
CTBHUSL.

Jst pemieHust JaHHOW LEAW OBUIM TOCTaBIECHBI
CIIEYIONIHE 3aaqu:

— IIPOBECTH CPABHUTEJIHHBII aHAU3 [IEHTPOOEIKHO-
ro, BUOPAIIMOHHOTO, IIAHETAPHOTO W KOMOWHHpPOBaH-
HOTO BHOPOIUIAHETAPHOTO TEXHOJIOTHYECKOTO JACHCTBH
B IUIAHE UHTEHCUBHOCTH CO34aBa€MOr0 CHJIOBOTO MOJIS;

— BbIOpaTh NPUHIMITHAIBHYIO CXEMY M JKCIEpH-
MEHTAJILHYI0 MOJIENb YCTAHOBKH JJIsi KOMOMHHpPOBAaH-
HOTO BHOPOIIAaHETAPHOTO 00€3BOKH-BAaHHS WHCYJINHO-
COJIEPKALIETO CHIPBS;
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— ONpEeAeNuTh NBIXKYIIYI0 CHIY MEXaHHYECKOro
OTXKATHS AJISl MPEIICTABICHHBIX BBIIIC CIIOCOOOB TEXHO-
JIOTHYECKOTO AEWCTBUS HA TPOIYKIIHIO;

— OLEHUTHh 3aKOHOMEPHOCTH M3MEHEHHsI CO3/1aBae-
Moro B paboueil 30HEe JaBICHUS OT KHHETHYECKHX Xa-
PaKTepUCTHK UCCIEAYEMBIX TEXHUUECKUX CHCTEM.

N3JIOXXEHUE OCHOBHOI'O MATEPUAIJIA

B maGoparopur BHHHHIIKOTO HAIIMOHAJIHHOTO ar-
papHOTO YHUBEpPCHTETa pa3padOTaH KOMILIEKT 000py-
JIOBAHMS ISl MEXaHUYECKOTO 00E3BOKHBAHUSI IPOAYK-
LMK MUIIEBOM M TepepadaThiBaloIIeii POMBIIIIEHHO-
CTH, AL KOTOPBHIX XapakTepHO JMOO BHOpannoOHHOE,
00 HEeHTPOOEeKHOE, JTUOO MIIaHEeTapHOE TEXHOJIOTHY e-
CKoe Bo3JelicTBHe, MO0 nx KomOuHarwms. [Ipu neHTpo-
OC)KHOM BO3JICHCTBHM POCT JIBMKYILECH CHIIBI Mpoliecca
ompenensieTcs KOHCTPYKTHBHBIMHU IapameTpaMu pabo-
YHX OpPTraHOB M YIJIOBOH CKOPOCTH WX BpaimieHus. Buo-
paloOHHOEe NEeHCTBHE IO3BOJIET 3a CYET 3HaKoIepe-
MEHHBIX YCKOPCHHH B 30HE KOHTaKTa CYLIECTBEHHO
YBEJINYUTh MHTEHCHBHOCTH CHIJIOBOTO Toiis. [lnmanerap-
HBIA PEeXUM JIBWKCHHUS PabOYMX OPraHOB B CIIC/ICTBUE

0COOCHHOCTEH KMHEMAaTHKH MEXaHHW3Ma JacT BO3MOX-
HOCThb 3HAYUTENBHO ITOBBICHTH NMOTEHIHAJ MEXaHUYe-
CKOTO BIIMSIHHS Ha 00pabaThIBAEMyIO TIPOTYKIIHIO.

[Ipennomaraercs, YTto KOMOWHAIWs JeicTBHI
MIPEJCTAaBICHHBIX BHIIIE (PAaKTOPOB cO3daeT Hambolee
OmarompusTHBIE YCIOBHS U 3()()EKTHUBHOTO MEXaHU-
YEeCKOro 00€3BOKMBAHUSI yIIPYTO-TUIACTUYECKO TPOAYK-
MM B IUIaHE KaK MHTCHCU(HUKALUKN CUIOBOTO BIHMSHUS,
TaK M YMEHBIIECHHS CTEHCHHU IOBPEXKNAEMOCTH HCXOI-
HOTO CBIpbs [16].

OnmHUM U3 pe3ysbTaToB 3THX padoT sBUJIAch BHO-
palMOHHO-TUIAaHETapHas MalllWHa, NPUHIUIHAIbHAS
CXeMa M BHEIIHUN BHJ KOTOpPOM MOKa3aHbl Ha puc. 1
[17-20]. OTamuurensHON OCOOEHHOCTHIO JaHHOM Ma-
IIMHBI SIBIIETCS BO3MOXKHOCTH pabouero Gapabana of-
HOBPEMECHHO BpAIATBCS BOKPYr COOCTBEHHOW OCH,
LEHTPAIBHON OCH M BBINOJIHATH KOJNEOAHHUS B TOPH30H-
TaJbHOU IIOCcKOCTU. KpoMe Toro, B yCTaHOBKE UMEETCS
BO3MOXKHOCTb HE3aBHCHMOTO PErYJUPOBaHHS YIJIOBBIX
CKOpOCTEH BpallleHHs KOHTEHHepa M BOJAWIIA, YTO I03-
BOJISIET B IIMPOKKX MpenesiaX BEIOMpaTh PeXXUMBI ee pa-
0OTBHI.

Puc. 1. BubpaunonHo-1iaHeTapHasi MallvHa: ¢) IPUHIUIKAIIbHAS cXxeMa; 6) BHeWHui Bun; 1, 12 — npuBoHbIe
nBurareny; 2, 13 — ynpyrue mydtsr; 3, 8 — KIMHOpeMeHHas repenada; 4 — BeJJOMBIi IIKUB NPUBOAA; 5 — MyCTOTEJIBINH
Bay; 6 — BOMIO; 7 —IIPUBOAHON Basl KOHTeHHepa; 9 — konTeliHep; 10 — ynpyrue smementsl; 11 — nebanancs; 14 —

LEHTPaJIbHBIN Ball; 15 — [IeHTpabHbIN HIKUB

Fig. 1. Oscillation-planetary machine: a) principle scheme; 6) appearance; 1, 12 — drive engines; 2, 13 — resilient
muffs; 3, 8 — wedge-belt drive; 4 — driven pulley; 5 — hollow shaft; 6 — carrier; 7 — drive shaft of the container; 9 — con-
tainer; 10 — elastic elements; 11 — unbalances; 14 — central shaft; 15 — central pulley
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Juns orpenerneHust IMHAMUYECKUX XapaKTEPHCTHK
npu  00e3BOXKHMBAHMM MPOAYKIMH B BHOPAaLMOHHO-
IUIAaHETapHOM MallMHE PACCMOTPHUM CXEMY HOKa3aHHYIO
Ha puc. 2.

N

Puc. 2. PacuetHas cxema JUisl ONpPEIENICHUsI ABU-
KyIIeH CHJIBl BHOpAIIOHHO-TUIAHETAPHOTO O00E3BOXKH-
BaHUA

Fig. 2. Calculation scheme for determination the
motive force of oscillation-planetary dewatering

Brienum BHYTpU 1mI1apa NpoAyKIUHU, HaXOAsIIeH-
cs1 B GapabaHe, 3eMEHTapHBIN CIIOH TOJIMHONW dr Ha
pacCTOSHUU I OT €ro OCH BPAICHUS M ONPEACIUM IS
CpaBHEHHs JaBJICHHE, KOTOpoe OyAeT co3laBaThCci Ha
STOT CJIOH TPH TOJBKO BpaIlaTeIIbHOM JIBIKCHUH Oapa-
06aHa (0Obl9HOE TIEHTPU(YTUPOBAHHE), IPH TOIBKO
IUTAaHETAPHOM  JBIDKEHHH ¥ TIPH  BUOpAIMOHHO-
IUTAHETAPHOM €ro JBIDKCHHH. Macca BBIACICHHOTO
KOJIBIICBOTO IIapa paBHA:

dm=2zrdr-H - p, Q)
rze: p — IWIOTHOCTh NPOJYKIMHK; H — BhICOTA I1apa Ipo-
JTYKIIHH.

W3BecTHO, 9TO B OOBIYHO HEHTPHU(YTE AaBICHHE,
KOTOpOE CO3[aeTcs Ha 3TOT CJIOHM MPOIYKIUH, MOXKHO
OTIPENICITHUTE 110 POopMyIIe:

p=%pa)12(r22—r12), (2)

TZie: @y — yIJIoBasi CKOPOCTh BpalleHHs OapabaHa IIeH-
TpuQyru.

IIpu mylaHeTapHOM JBIKEHHH pabouell eMKOCTH
pabouee naBieHHE Ha YKa3aHHBINA CIIOW MPOAYKIUHU OY-
JIET OTIPEAEIATHCS IEHTPOOSKHON CHIIOH BCIIEACTBHE e
BpaleHus BOKPYT cOOCTBeHHOW ocH F,; u eHTpoOek-
HOW CHJIOHM OT BpallleHWsl BOIWIA ¢ KOHTeHHepamu F,.
[pu sToM, yuutsiBas (1), mmeem:

dF,, = 22Hpw?rédr u
dF,, = 22Hpw? (R +r)rdr, (3)
rae: @, — yriioBas CKOpPOCTb BpalllCHUA BOJAUJIA.
Torga cymmapHas cuiia JaBieHus Oy1eT paBHa:
dG =dF,, +dF,, = 2zHpw?r’dr + @)
+27Hpw? (R+r)rdr.

[JaBnenue, co3jaBaeMoe Ha MPOAYKLIUIO (BBLIE-
JICHHBIH KOJIBIIEBOH CJIOM), PaBHO:

dG
dp=—, 5
P=-5 ®)
rae: S=2arH — OokoBasi MOBEPXHOCTHb KOJBIEBOTO

nujiHApa.

Torna:

dp = pw?r?dr + pwf (R+r)dr . (7)

Hurterpupysi MaHHOE PABEHCTBO, MOJNYYHM BBIPA-

JKEHHE IJId CPEIHEro MaBJeHUs IPH ILEHTPOOEKHO-
HJIaHeTapHOM OGBSBO)KPIBaHI/II/I:

1
p.= Ep(wf "‘6022 r22 - r12)+ Pa’zzR(rz - rl)' (8)

Ecnu ogHOBpEeMEHHO ¢ TMJIaHETapHBIM JBUKEHUEM
OapabaH yCTaHOBKH OYIET COBEpIIaTh KOJICOAHUsS B TO-
PU3OHTAIILHOM TUIOCKOCTH, TO Ha BBIJEJICHHBIN CJIOH 3a-
Ipy3ku OyneT 1eHCTBOBAThH AONMOJHUTENbHAS CHUIIA:

dFsuﬁ = mt)a)lzeﬁ’ (9)
r
U JOIOJIHUTEJIbHOC JaBJICHUE:
2
mawe (1 1
py === == |, (10)
21\

rae: m, —Macca aucOajaHca; e — SKCIEHTPUCHTET.
CymMapHOe JaBiieHHEe BHYTpH OapabaHOB BHOpa-
[MOHHO-TUTAaHETaPHOI MalIuHbI OyJeT paBHO:

1
P=p+p, ZEp(wf+w§)(r§—rf)+ (11)
mole (1 1
+ p@?R(r, — 1)+ Z(jfzi-l| [E_EJ

Ha puc. 3 noka3saH rpauk 3aBUCUMOCTHU NOJTyYa-
€MOT'0 JaBJICHUS OT COOTHOLICHMS YIVIOBBIX CKOPOCTEH
BpalieHus paboyeld eMKOCTH M Boawia. ['paduk mnoka-
3bIBACT yBEJIMYCHUE JABICHUS OT YBEJIUYCHUS YKa3aHUX
YTIOBBIX CKOPOCTEM.

Taxke OBIIO MCCIEIOBAaHO BIMSHHE BHOpAlMOH-
HOTO JIBIDKEHHS PabodmX €MKOCTEH Ha JaBJIeHHE, CO-
3[1aBaeMO€ Ha TEXHOJIOTHYECKYIO 3arpy3Ky (12):

1 maoke (1 1
Ep(a’f+wzzxrzz_r12)+pa)zzR(rz_r1)+ ;7;)1_' '[rl_rzj

o, 1
£ Ep(wf +w22)(r22—r12)+pw22R(r2—r1)

Puc. 3. 3aBucuMocTs naBiieHUS BHYTpU OapabaHa
OT COOTHOWICHUSA YTJIOBBIX CKOpOCTGfI BpalicHus pa60-
gyeil eMKOCTH B BOaHUIIa

Fig. 3. Dependence of pressure inside the drum
from the ratio of the angular speeds of the working ca-
pacity and carrier

VYBenuueHue JAaBJICHUS B 3aBHUCHUMOCTHU OT CTCIICHU
3arpy3ku 0apabaHa MmokazaHo Ha puc. 4; OT U3MEHEHUS
YIJIOBOM CKOPOCTH BpallleHUs! BOJWJIA — HAa PUC. 5 U OT
M3MEHEHHUs YIJIOBOW CKOPOCTHU BpallleHUs KOHTEHHepa —
Ha puc. 6.



26 Heopo anamapuyx, Heops Jlunoswiii

Puc. 4. BrusiHre cTemeHW 3arpy3Ku KOHTEHHepa
Ha M3MCHEHHE JaBIICHHUS B PE3yNbTaTe €ro BUOpAIHOH-
HOI'o IBU>XKCHUA

Fig. 4. Influence of the degree of container loading
on the change of pressure as a result of it oscillation mo-
tion

w2

Puc. 5. BiusHue yrioBoil CKOpPOCTH BpalllEHUS
BOJWJIa HA UIBMCHCHUC TAaBJICHUA B PE3YJIbLTATE €TI0 BUO-
PpaMOHHOT'O ABUKCHUS

Fig. 5. Influence of the angular velocity of the car-
rier on the change in pressure as a result of it oscillation
motion

A

1.05

wl

Puc. 6. Bnusiane yrioBoW CKOPOCTH IBIKEHHS
KOHTeﬁHepa Ha UBMCHCHUEC NABJICHUA B PE3YJILTATC €TO
BI/I6paLH/IOHHOFO JABHMKCHUS

Fig. 6. Influence of the angular velocity of the con-
tainer on the change of pressure as a result of it oscilla-
tion motion

Kak BugHO n3 rpadukoB BiMsHHME BHOpanuu Ha
YBEJIMUYCHUE JABJICHHUS YMEHbBIIAETCS C YBEIMYCHHEM
CTEITEHU 3arpy3Kd U C YBEIMYEHUEM YTIIOBOH CKOPOCTH

BOJMJIA, a C YBEJIMYEHHEM YIJIOBOW CKOPOCTH KOHTEH-
Hepa BHaYalle YBEIMYHWBACTCA, IIOTOM INPAKTHICCKH HE
MEHSETCS.

BBIBO/IbI

1. TlpencraBneHs! 3 QEKTHBHBIE TEXHOJIOTHYEC-
KHE CXEMbl pealu3aluy O00E3BOXHBAHHUSA YIPYro-
IUIACTUYECKOH TMPOAYKIMU 3a TaKHUMHU KPHUTEPUSIMH
OLIEHKH KaK MPOHM3BOJUTEIBHOCTh, YHEPro- U MaTepHa-
JI03aTpaThl, TIOBPEXIAEMOCTb HCXOTHOTO CHIPBSL.

2. PaszpaboraHa mpuHIMNHMAJbHAs cXeMa U IKC-
NeprUMEHTaNbHasE MOJENb BHOPOIUIaHETAPHON MAaIIUHEI
JUIsl 00€3BOKMBAHUSI MHCYJIMHOCOJIEPIKAILETO CHIPhS, B
KOTOPOH peann3oBaHa KOMOWHAIMS MHpPEACTABICHHBIX
BBIIIE CHJIOBBIX ()aKTOPOB BO3/EHCTBUSL.

3. OmnpezeneHo naBJiIeHHE, BO3HUKAIOIIEE BHYTPH
OapabaHa, KOTOpBI  cOBepIIaeT  BHOPAIIMOHHO-
IUTaHETapHOE JBIKECHUE.

4. Tlomywensl rpaduveckne 3aBHCHMOCTH BIHUS-
HUSA KUHEMATHYCCKUX XapPAKTCPUCTUK HUCCICAYEMbIX
TCXHUYCCKUX CUCTEM Ha JABMXKXYIIYIO CHIIY JaHHBIX
HPOLIECCOB, KOTOPBIE 0TOOPAKAIOT:

— YBCJIMYCHHUEC MOaBJICHUA Ha TEXHOJOTHYCCKYIO
3arpy3Ky C YBEJIHYEHHEM YIJIOBBIX CKOPOCTEH IIBHIKe-
HUS BOAMJIA U pabodero 6apabana;

— BIWSAHHE BHUOPAIMOHHOW COCTABISIOIICH Ha
JaBleHWEe BHYTpH OapabaHa, KOTOpas C yBEIMICHHEM
YTIIOBOHM CKOPOCTH ABMKEHUS BOJIMIIA €T0 YMEHBIIIACT;

— yBeJMYEHHE AABJICHUS OT BUOpAIMOHHOM coc-
TaBIIONICH C YBEJINYEHHEM CTETICHH 3arpy3ku (¢ yme-
HBIICHHUEM [1);

— BBIpABHUBAHUC BJIMAHUA BI/I6p3L[I/IOHHOﬁ CcocC-
Tapistomedt Ha ypoBHe 10-11% c yBenuueHuem yrio-
BOI CKOPOCTH JBUXKECHUS KOHTEHHEpA.
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DETERMINATION OF DYNAMIC DESCRIPTIONS
OF MECHANICAL DEHYDRATION OF
NHCYJIMHOCOAEPXAIIETI'O OF RAW

MATERIAL BY OSCILLATION-PLANETARY
METHOD

Summary. In this article was grounded method of
mechanical dewatering raw material containing insulin
by giving workers the drums of planetary motion and an
additional oscillation in the horizontal plane. During re-
search was determined value of the pressure vibration
occurring in the drum of the oscillation-planetary
equipment, was comparatived analysis of influence of
oscillation constituent is conducted on the size of this
pressure depending on the angular velocities of the car-
rier and the drum and its degree of loading.

Key words: Insulin, dewatering, vibroplanetary mo-
tion, motive force, pressure.
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Annoranus. O00CHOBaH cI10co0 ITO3BOJISFOLIMI
CYIIECTBEHHO TOHM3UTH YHEPrOEMKOCTh MpoIecca Mo-
HOCJIOHHON CYIIKH 3€pHOBOM MPOMYKIHMH HH(pakpac-
HBIM H3ITyYCHHEM B XOJZl¢ KOTOPOTO 3epHO IIpHU BHOPO-
TPAHCIIOPTUPOBAHNM MOHOCJIIOEM C HCHIPEPBIBHBIM 10/~
OpachiBaHHEM Ha BHOPOJOTKE PABHOMEPHO 00JTy4aeTcs
U HarpeBaeTcsl CO BCEX CTOPOH B 30HE TEIJIOBOIl oOpa-
0O0TKH, 1OCJIE Yero MporpeToe 3epHO 0OAYBAIOT XOJIO[-
HBIM BO3/IyXOM IIpU BHOPOTPAHCIOPTUPOBAHUH €rO C
HENpEephIBHBIM 110I0packiBaHHEM Ha BHOPOJIOTKE C OT-
BepcTusMH. J{st oOecriedeHrsT MUHUMAJIBHBIX 3aTpar
SHEPTHH HAa TPUBOJ BHOPOIOTKOB MOHOCIOWHOW CY-
IIAJIKA UCTIONB3YeTCS X PE30HAHCHBIA pekuM paboTEHI.
B cymmnkax Takoro Tuma O4YeHb BaXKHO O0ECHICYUTH
paBHOMEpHOE MPeOBIBAaHUS OTACIBHBIX YacTHIl 3epHA B
30HaX C Pa3TUYHBIMH TEXHOJIOTHYECCKAMH XapaKTepH-
CTHKaMH (IIPOTpeB JIydaMH U MPOAYyBKa BO3LyXOM) BO3-
JIEUCTBUS Ha chlllyuuil matepuan. M3 storo cruenyer,
YTO MPU M3MEHEHUH YacTOThI KoJieOaHUH BHOPOJIOTKOB
HeO6XOI[I/IMO MOCTOAHHO UBMEHATH U aMIUIMUTYY, TAKUM
00pa3oM, YTOOBI CKOPOCTh BHUOPOTPAHCHIOPTHUPOBAHUS
3epHOBOM MPOTYKIIUU MOHOCJIOEM I10 BUOPOJIOTKY Obliia
HEM3MECHHOW W TEXHOJOTHYeCKH oOycnoBieHHOW. [lo-
STOMY TpPH CO3JaHWH CXEM YIPAaBJICHUS JaHHBIMH CY-
OIMJIKAaMH  pelIeHa 3afada CTaOWIM3alid CKOPOCTH
BHOpOTIEpEMEIICHUS YaCTHIl CHITyYero 3¢pHOBOTO Ma-
Tepuana. Pa3paboTaHa m HaydyHO OOOCHOBaHa CHCTEMa
ABTOMATUYCCKOTO YIIPaBJICHUSA TCXHOJOTMYCCKHUMU I1a-
pameTpaMu BUOPAIIMOHHON MOHOCIOWHOM CYIIMIIKH TIe-
peMexarolerocs: HarpeBa HH(PaKpacHbIMH Jy4aMH KO-
TOpas MO3BOJISET, B pe3yibTaTe 00paTHON CBS3M MO 4a-
CTOTE M aMIUTUTyZAe KojeOaHWi BHOPOIOTKA, CTaOWMIN-
3MpOBaTh CKOPOCTh BHOPOTPAHCHOPTHUPOBAHHS CHIITY-
Yei 3epHOBOW MPOAYKIIUH MOHOCIIOEM IO BUOPOJIOTKY,
a TaKKe IOCTOSHHO IIOAJCPKUBATH TEXHOJIOTHICCKH
ONTHMAJIGHBIE TapaMeTphbl KosiebaHui BUOPOJIOTKA MpH
MHUHHAMaJIbHBIX JHEpro3arparax Ha BHOPOIPHBOJ IpH
obecrieueHNM BHOPOTPAHCHOPTUPOBAHKS C HEIPEphIB-
HBIM TI0/10pachlBaHUEM W TPOBOPAYMBAHKEM 3EPEH TPOIYK-
LMK B MOHOCIIOE.

KiroueBble c10Ba: BHOPOJIOTOK, pE30HAHC, MOHO-
cJ10i, BHOPOTPAHCHIOPTHPOBAHHUE, aMILTUTY/A, YaCTOTa,
BO3MYIIAIOIIAs CHJIA.

ITOCTAHOBKA ITPOBJIEMbBI

B cenbckoX03sICTBEHHOM MPOHM3BOJICTBE CYIIKA
3epHOBOW MPOIYKIMH €CTh OJHUM W3 Hamboliee 4acTo
HCTIONB3YEMBIX W YHEPTOEMKHX IIPOILIECCOB, UTO JeacT
aKTyaJbHBIMH BOIIPOCHl COKpAIIEHUS HHEPrOEMKOCTH
paboThl 3epHOBBIX CYMIMIOK. JlOCTUTHYTH 3TOTO BO3-
MOXXHO MYTEM BBIOOpPA COOTBETCTBYIOILIEH TEXHOJOTUHU
NPU HMCIOJIB30BAHUM JIOIOJIHUTENBHBIX (DaKTOpPOB HH-
TeHcuukanuu npouecca cymku [1]. [Tockonbky uH-
TEHCUBHOCTbH CYIIKH 3aBHUCHUT OT YCJIOBHH TeIJIOMacco-
oOMeHa B cHCTeMe, a MMEHHO OT IIepeHOCa Telula W
MAacchl BHYTPHU Tella M Ha TpaHHIe pasnena ¢a3 To Io-
BBEICHTh €€ MOXXHO B OCHOBHOM 3a CYET yBEIHYCHUS
MOIITHOCTH TEIUIOBOTO MTOTOKA WIIH 34 CYET MOBBLIMICHHUS
TUHAMAYHOCTH BHEITHETO CHJIOBOTO IIOJIA WM BCIEH-
CTBHE YBEIMYCHHS IUIOMIATN KOHTAKTa B3aMMOJCH-
cTByroIMX a3z [2, 3].

Cyl11ecTBeHHO TTOHU3UTh SHEPTOEMKOCTH Mpoliecca
CYIIKHU 3€PHOBOM MPOAYKIIMH MO3BOJISIET CII0c0O BUOPO-
MOHOCJIOWHON CYIIKH HWH(ppaKpacHbIM H3Iy4eHUeM [4,
5] npu KOTOPOM 3epHO MPH BHOPOTPAaHCTIOPTUPOBAHUU
MOHOCJIOEM C HeMpPepPhIBHBIM MO0paCchIBAHHEM Ha BHO-
POJIOTKE paBHOMEPHO OOIydaeTcs M HarpeBaercs co
BCEX CTOPOH B 30HE TEIUIOBOH 00paOOTKHU, TOCIE Yero
MPOTPETOE 3€PHO OOMYBAIOT XOJIOTHBIM BO3IYXOM IpPH
BHOPOTPAHCIIOPTHPOBAHUH €r0 C HEMPEePBIBHBIM MO~
OpacwIBaHHEM Ha BHOPOJIOTKE C OTBEPCTHSIMH.

ITockonbKy KadecTBO M IMPOU3BOIUTEIHHOCTD
mporiecca CyIIKH MPH JaHHOM CIIOCO0e CYIIECTBEHHO
3aBHCHUT OT BPEMEHHU M PaBHOMEPHOCTH Harpema 3epHa,
a JUIs yMEHBIIEHHUsS 3aTpaT SHEprMM Ha €ro BHOpoO-
TPaHCIIOPTHPOBAHUE, BUOPOJIIOTKU JOJKHBI paboTaTh B
pE30HHACHOM pexume [6, 7], BOBHUKAET BOMPOC CTabu-
TU3aIHA CKOpPOCTH MOHOCIIOWHOTO BHOpO-
TPAHCHOPTUPOBAHUS ChITy4Yel 3€pHOBOM MPOAYKIUH HA
BHUOPALMOHHBIX JIOTKAaX CYIIHIIKH.

IToaToMy, OU€HBb Ba)KHO B CYILIMIKaX TAaKOrO TUMA
o0ecrieunTh paBHOMEpPHOE NMPEeObIBAHUS OT/IENBHBIX Ya-
CTHII 3€PHA B 30HAX C Pa3IMYHBIMH TEXHOJIOTMYECKUMU
XapakTepuCTUKaMH (TIPOTpeB JTydaMu M MPOTyBKa BO3-
JTyXOM) BO3AEUCTBHS Ha CHIIYYMH MaTepual, a 3TO He
BXOJIUT B 3aJlady TOJbKO BHOpomepememnieHus. [loatomy
IIPH CO3JIaHUH CXEM M YCTPOWMCTB YIIPABICHUS TaHHBIMH
CYIIMJIKaMH TIPUXOTUTCA pemaTh 3aJaddl 10 CTaOwmiIu-
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3aliU CKOPOCTH BHUOPOIIEPEMEIICHUSI YaCTHIl CHIY-
9ero 3epHOBOTO MaTepHaa.

AHAJIN3 ITOCJIEAHNX HCCJ}EHOBAHHVI 41
IIYBJIMKATIUN

M3BecTHO MHOTO BHOpOMAIInH, padOTArOMNX Ha
NPUHOUIE BHOPALMOHHOTO TIEPEMENICHUS CHITydYero
Marepuaia, B YaCTHOCTH M3BECTHBIX 3apyOEXHBIX MpO-
u3Boautened Venanzetti Vibrazioni (Mramus), Comessa
(®panums), Allis Chalmers (CIHIA), peanusyromux 1ie-
JIYI0 TaMMy TEXHOJIOTHYECKHX IpOIeccOB. M3BeCTHEI
BUOpOMAIIHMHBI C pa3/ieiecHHeM padovero opraHa Ha 30-
HbI (cexkuun) [8-11], obwast mmrHa pabodero oprana Ta-
KHUX BHOPOMAIITIH MOXET JOCTHTaTh 110 25 M.

KonctpykTtuBHas cxema BHOPaIMOHHOW MOHO-
CIIOIHOM CYIIMIIKM TIepeMeKaloIIerocss Harpesa nHppa-
KPacCHBIMH JIyJaMH TPeCTaBIeHa Ha puC. 1.

Marmmna paboraet cieayrommmM obpasom (puc. 1).
IIpyn BkIrOYEHHMHM NPUBOAHBIX 3JeKTpoaBurarene 11
OHU HAYMHAIOT BPAIlATbCs HABCTpe4yy APYr IPYry B
Ka)XJJOM BHOpOINPHUBOJE, YTO IPUBOJUT K JWHAMHUYE-
CKOI CHHXPOHM3alluU UX BpAllCHUs, B PE3YJIbTATE YETO
TeHepUPYIOTCS TIOCTyNaTeIbHbIe KoJeOaHus JIOTKOB 4 U
5 yrioM f K MJIOCKOCTAM HMX pabouux nopoxek. Ilox
JIEWCTBHEM 3THX KOJEOaHUH, ChIMydas MPOAYKIHS, IO-
JaeTCsl Yepe3 3arpy3ouHbIil ok 14 pacnpepensercs
MOHOCIJIOEM Ha IIOBEPXHOCTH JIOTKOB M HAUMHAET Iepe-
JIBUTAThCS BIOJb JOTKOB. [Ipndem, ¢ momompio neda-
JAHCHOTO TpPY30B, YCTaHABIMBACTCS PEXHUM BHOpPO-
TPaHCIIOPTHPOBAHUS C HENIPEPHIBHBIM 100paChIBAHNEM
ChIIIy4el NPONYKLHHU, YTO IPUBOJUT K XAO0TUYECKOMY
NIPOBOPAYMBAHMUS YACTHUL NMPONYKLHUHU IIPU UX IEpeMe-
IICHHUH BJOJIb JIOTKOB.
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Puc. 1. KoHcTpykTHBHasI cxema BHOPAIMOHHOMN
MOHOCJIOMHOM CYHIUJIKM T€PEMEKAIOIIEeTrocss Harpena
nHppPaKpPaCHBIMH JTy9aMHU

Fig. 1. Structural scheme of the vibrational of
monolayer dryer of infrared rays intermittent heating

HenpepsiBHOE ~ XaoTHueckoe  NPOBOPAaYMBAHUE
rpaHy’ ChITy4eldl MPOAYKLUUH MPU NEPEMEIEHUH BIONb
TEPMHUYECKOT0 JIOTKA 4, HaJ KOTOPHIM HaXOJSATCS Tep-
MoreHepaTtop 12 crocoOCTByeT paBHOMEPHOMY HMX 00-
JYYSHHIO CO BCEX CTOPOH MH(PaKpacHBIM H3ITyUCHHEM,
KOTOpOE MPOHHUKAET Ha OTNPEeIEHHYIO IIyOuHy | MpH-

BOJUT K HMHTCHCHUBHOMY OBICTPOTO M PaBHOMEPHOTO
IporpeBa rpaHyJ1 NPOAyKIHH.

ITocne mpoxXoXAEHUSI TEPMUYECKOTO JIOTKA, MPO-
rpeTas ChIydas MPOAYKIHS Mojaercs depe3 OapabaH-
HYI0 KpbUIBYATKy 15 Ha KOJOCHUKOBBIE JIOTKH 5, TIe
obxyBaeTcs aTMOC(EpHBIM BO3yXOM, KOTOPHIH HarHe-
TaeTca BeHTWIATOpoM 16. IIpu 3TOM HapymaeTcs pas-
HOBECHOE COCTOSIHME BJIaTd B IpaHyJax, JaBJIeHUE Ma-
POB BOJIBI B HUX CT@HOBHUTCSI OOJbLIE 3a MapHUalibHOE
JIaBJICHUE TTapOB BOABI B BO3JyX€ U BJlara Ha4YMHAET UH-
TEHCUBHO BBIJCIISTHCS U3 TPAHYJI CHITydel MPOAYKIHH.
[TepemernieHne Tpanys Chllly4del MPOIYKLIUH BIOJIb KO-
JIOCHUKOBOTO JIOTKA, TAKXKE COIIPOBOXKIACTCA UX HEIpe-
PBIBHBIM XaOTHYECKUM IPOBOPAUYMBAHUEM, UTO CIIOCOO-
CTBYET pPaBHOMEPHOMY OOIyBaHHMIO TPaHYl1 MOTOKOM
BO3/yXa, a CJIEI0BATEIHHO OTBOMY OT HUX Biaru. Obpa-
OoTaHHas MPOAYKIWS oxaeTcs B OyHkep 6. [TockonbKy
nH(ppakpacHOE H3TyYEHHE IO3BOJIAET CO3JaTh OYCHB
WHTEHCUBHBIM TEMJIOBOH IOTOK, 4YTO CIIOCOOCTBYET
OBICTPOMY TNPOTPEBAaHHUIO T'PaHyJl HPOIYKIHH, a Ipo-
Lecc yIajleHus W3 HUX Biard TpeOyeT 3HAYMTENbHO
OoJIbIIIEr0 POMEKYTKA BPEMEHH, TO CKOPOCTh BHOpPO-
TPAHCHOPTUPOBAHUS HAa KOJOCHMKOBOM JIOTKE ycCTa-
HaBIJIMBAETCS MEHBIIIE.

3HAUUTENbHBIN BKJIAJ B Pa3sBUTHE YNPaBIIEMBIX
BHOPALMOHHBIX TEXHOJIOTHUECKUX MAIIMH OBUI CHeNaH
TaKUMH y4eHBIMH Kak boxkko A. D. [12] (pa3Burue Teo-
pUM  YUpaBiEHHWA AICKTPOMAarHUTHBIM  BHOpOMpH-
npoBoaom), Ceparok JI. U. [13] B TeopeTndeckue OcHO-
Bbl IIPOEKTHPOBAHMS YIPABISIEMOro J1e0aaHCHOTO
BuOponpuBoaa u denucos I1. M. [14, 15] B mpakTude-
CKO€ Pa3BUTHE U B COBEPIICHCTBOBAHUE MX KOHCTPYK-
A,

CucteMbl ynpaBieHHs] BUOPOIIpUBOJaMHU ¢ 00part-
HOW CBS3BIO IIPU YNPaBICHHM HECKOJIBKUMH IapaMer-
paMu BHOPONIPHBONOB OZHOBPEMEHHO, a TaKKe ajarl-
THUBHbIE BUOpPAIIIOHHBIE TEXHOJOTWYECKHE MAIIMHBI C
00paTHOW CBSA3BIO 110 YACTOTE M aMIUINTY/E KOJIeOaHUH
pabodero oprana pa3paboTaHbl M IIOJPOOHO PaccMOT-
peHsI B paborax [16-18].

OnHako ocTaéTcs HepeuleHHOH mpobiema paspa-
0OOTKM M TEOPETHYECKOro 00OCHOBaHHUSI pOOOTHI aBTO-
MaTHYECKUX CHCTEM YIPABICHHUS PEryIUpyeMbIMH Je-
OaaHCHBIMU BHOPOIPUBOIAMH MO3BOJISIFOIUME CTa0OH-
JIM3UPOBAaTh CKOPOCTh MOHOCJIOHHOTO BHOpPOTpaHCIOp-
TUPOBAHMA CHINTyYeidl 3epHOBON MPOAYKIMHM Ha BHOpa-
IIMOHHBIX JIOTKAX.

INOCTAHOBKA 3AJJAYN

Pa3paboTate MeTon cTaOMIM3aMKH CKOPOCTH BHO-
POTPAHCIIOPTUPOBAHHKS ChIMTyUYei 3epPHOBOM MPOIYKIIUU
Ha BHOPAIMOHHBIX JIOTKAX MOHOCIOEM IPH HETpephIB-
HOM TOJ0pachIBAHWU W IMPOBOPAYHMBAHUH 3EPECH MPO-
IYKIHUA )11 00ECIIeYeHHsT TOYHOCTH COOJIFOJCHUS OTI-
THMAJIbHBIX [TAPAMETPOB U KA4E€CTBA CYIIKH.

N3JIOXXEHUE OCHOBHOI'O MATEPUAJIA

st obecriedeHus MUHUMAJbHBIX 3aTpaT dHEPIUu
Ha TPUBOJI BUOPOJIOTKOB MOHOCJIOHOHM CYIIMIKH HE00-
XOJIMMO peajn30BaTh X PE3OHAHCHBIN PEXUM PabOThI,
IPU KOTOPOM 4YacTOTa (¥, BO3MYIIAIOMIEH CHJIbI pa3BHU-
BaeMoOil BHOpPOBO3OyIUTENIMH BHOPOJIOTKOB Oyner
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COBIIAJIaTh C YacTOTOH ., MX COOCTBEHHBIX (cBOOOI-
HBIX) KOJICOaHUH.

B ob6mactu pesonanca (w, =~ @, HampaBlICHUS
BO3MYILAIOIICH CWJIBI M CHJI HMHEPIHUH OT JIBHXKCHHS
BHOPOJIOTKA COBIAZAIOT M €0 yNpyras CHCTEMa cama
HECMOTpPS Ha BHELIHWE CHJIBI MPHIAcT Macce M, HEoO-
XOIMMOE yCKOPEHHE, 3a CUET LUKJINYECKOTo Ipeodpa-
30BaHUS OTEHUUAIBHON SHEPTUU YIPYIrOd MOABECKU B
KHHETHYECKYI0 SHEPTHIO BUOPOJIOTKA U HA00OPOT, a 3a-
TpaThl BHEIIHUX CHJI (dHEPTrHs HPHBOJAA) PacXoayeTcs
TOJIBKO Ha TPEOI0JICHNE CUII CONIPOTHBIICHUS U TPEHHUSI.

B npouecce paboThl BUOpaMOHHONH MOHOCIOWHOM
CYIIMJIKM Macca ChIITy4ero 3epHOBOT0 Marepuajia Haxo-
JISIIIErocsl Ha BUOPAIIMOHHBIX JIOTKAaX MOCTOSHHO M3Me-
HSETCSl BCJICJCTBHE HM3MEHEHUsI CTEICHU 3aIrlOJHEHHS
JIOTKOB, BI&XKHOCTH 3€PHA €TI0 pa3MepoOB HAJIMYUS IpHU-
Meceil M T. 1., 9TO IPUBOANT K MU3MEHEHHIO Macchl KO-
TeOTIOMUXC 9acTe BHOPOJIOTKa M, W COOCTBEHHOH
(pe30HAHCHOM) @, YacTOTHI KOJEOaHWH KOTOpas, Kak
u3BecTHO [13], onpenensercss U3 3aBUCUMOCTH:

1)

£
rme: ¢, — KECTKOCTD YIPYTOil MOABECKH BUOPOIOTKA.

ITostomy B mporecce paOOTH BHOPOCYIIMIKH Ya-
CTOTy KOJeOaHWM BHOPOIOTKOB HEOOXOANMO IIOCTOSH-
HO HM3MCHATh W TMOJCTPAWBATh IOJ MCHSIOUIYIOCS Ya-
CTOTY MX COOCTBEHHBIX KoyieOaHuil. OHAKO, TIPH ITOM
OyneT M3MEHSTCS U CKOPOCTh BHOPOTPaHCIIOPTHUPOBA-
HUsI 36pPHOBOM HPOJYKIMH 10 BUOPOJIOTKY, a CieJoBa-
TENBHO BpeMs ¢€ mpeObIBaHMs B 30HE OOpaOOTKH WH-
(pakpacHBIM U3IyYECHHEM, YTO NMPHUBEAET K N3MEHEHHIO
TeMIepaTyphl €€ HarpeBa 3epHa M HApYIICHUIO TEXHO-
JIOTHH CYIIKU M Ka9eCTBA BHICYIIICHHOW TPOTYKITHH.

W3 »sTOTO CnemyeTt, Y4TO MpU M3MEHEHWUH YacTOTHI
KoJIeOaHNH BHUOPOJIOTKOB HEOOXOTUMO IMOCTOSHHO W3-
MEHSATh U aMILUTUTYAY, TAKAM 00pa3oM, 9TOOBI CKOPOCTh
BUOPOTPAHCIIOPTHPOBAHUS 3CPHOBOI MPOAYKIUH MO-
HOCJIOEM TI0 BUOPOJIOTKY ObljIa HEM3MEHHON M TEXHOJIO-
THYECKH 00YCIIOBICHHOH.

IIpemyoskeHHBINT METOA CTAOMIM3aIMKd CKOPOCTH
BHOPOTPAHCIIOPTUPOBAHUS B ChHIMy4el 3epHOBOM Mpo-
JIYK-IIAM MOHOCJIOEM TI0 BUOPOJIOTKax Oaszupyercsi Ha
oOecrieueHHbIE paBeHCTBA (CTaOMIBHOCTH) BO BpEMEHHU
CKOPOCTH BHOPOTPAHCIIOPTHPOBAHUS VC TP JFO00H 3a-
rpy3Ke BHOpPOJIOTKa Ha pabodeit (cOOCTBEHHOM, pe3o-
HAHCHOI) dYacToTe ero KkoieOaHuil. JlaHHasT CKOPOCTB
cornacHo [6, 7, 19, 20] paBna:

v, =kAw, cosﬂ—igsma, 2
A
rae: w, u A, — 3aJJaHHbIe TEXHOJIIOTHYECKH ONTHMAJIbHbIE
mapaMeTpsl (YriaoBasi CKOPOCTh M aMILTUTYZAa) KojeOa-
HUIl BUOPOJIOTKA; 00 — yroJl HaKJIOHa K TOPH30HTY BHO-
POJIOTKA; f — YTOJI HanpaBjIeHHus KoJeOaHuii BUOPOIOTKa
K TOPH30HTY; , _ Awisinf _ ko3¢ unreHT BUOpaIK-
gcos a

OHHOI meperpy3ku (pexuma), K — crnpaBo4yHblil K03¢-

(ULMEHT, 3aBUCSLINNA OT XapaKTEPUCTHK TPaHCIIOP-
TUPYEMOro Marepualia u padodeil MOBEPXHOCTH BUOPO-
JIOTKa.

JlaHHBIH METOA MO3BOJSIET NOCTOSHHO MOJAAEPKHU-
BaTh PE30HAHCHBIN PEXHM pabOTHl BHOPOJIOTKA Oiaro-
Japsi KOPPEKIUH 9acTOTHI (g, @ TIPH PE30HAHCHOW dHa-
CTOTEe BUOPOJIOTKA MPOBOJUTH CTAOMIIM3AINIO CKOPOCTH
BHOPOTPAHCHIOPTHPOBAHHUS 3€PHOBOW TMPOAYKIMH MO-
HOCJIOEM IIyTeM KOPPEKINH aMIUINTYABI KojaeOaHui pa-
O0oyero opraHa Ay uYTO OOEClEYMBACT MUHHMAJbHEIC
SHEpro3aTpaTbl Ha BUOPONPHUBOJ JIOTKOB NPU HEU3MEH-
HOM ONTHUMAJILHOM 3HAa4€HUU TEXHOJIOTMYECKHUX Mapa-
METPOB CYILIKU.

Ha puc. 2 m3o0pakeHa (yHKIHMOHAJIbHAs cXeMa
ABTOMAaTHYECKOH CHCTEMBI CTaOMJIM3alUH CKOPOCTH
BHOPOTPAHCHIOPTHPOBAHUS CHIMyYeil MPOMLYKINH MOHO-
CJI0eM Ha BHOPOJIOTKAX.

BubparmonHas cymmika 1 COCTOUT U3 HETIOIBIIK-
HOM pambl 2, Ha KOTOPYIO IPHU INOMOIIM YNPYTUX 3Jie-
MEHTOB 3 yCTaHOBJEH BHOpONOTOK 4. JleOamaHCHBIH
BHOOTIPHUBOJI JIOTKA COCTOWUT M3 3JIEKTPOJIBUTATEIs 5 H
COEAMHEHHOTO C HUM IIPH MTOMOIIH JIaCTUYHOH MY(THI
nebanmancHoro Baya 6. Ha BuOposioTke 4 3akperuieH
JTaTYUK BUOpammu 7, KOTOPBIM COETUHEH C BXOJAOM Jie-
TeKkTopa caBura ¢as 8, 0JOKOM CHHTE3a 9 U JIEMEHTOM
cpaBHeHus ammunTyabl 10. Beixon anemenTa cunte3a 9
COEJIHEH C 3JIEMEHTOM CpaBHEHUS aMIuTyasl 10. Bel-
XOJ JIeTeKTopa caura (a3 8 coeMHEeH co BXOJOM dJIe-
MeHTa cpaBHeHHs capura (a3 11, a Ha BTOpoil BXOX
3JIeMeHTa cpaBHeHus capura (a3 11 mocrymaer 3amaH-
HOe 3HaueHme ciasura (az or 3amatumka 12. Bwixox
3JIEMEHTa CpPaBHEHMS 4acTOThl 11 coemuwHeH ¢ peryns-
TOPOM YacCTOTHI IUKIMYECKON BO3MYyIIaromei cuisl 13,
a BBIXOJI 3JIEMEHTa CpaBHEHUS aMIuuTyasl 10 - ¢ pery-
JSATOPOM aMIUTUTY/BI [IUKJINYECKOM BO3MylIamomeil cu-
nel 14. Beixozs! anemMenToB 13 u 14 coequHeHs! co BXO-
JIOM ycmiuTens 15, BBIX0J KOTOPOTO COEIUHEH CO BTO-
pPBIM BXOJIOM JIETEKTOpa casura (a3 8 u BUOPONIPHUBO-
JIOM BHOpAIMOHHOH Cymiku 1. /IBa ocTambHBIE BXOIBI
3JIEMEHTa CHHTE3a 9 COeIMHEHBI C HJIEMEHTOM 3aJadd
TEXHOJIOTUYECKH ONTUMAIIBHBIX TTApaMeTPOB KojIeOaHnit
BHOpoIOTKa 16.

ABTOMaTHuecKass CHCTeMa YINpaBIeHHEM BHOPO-
MPUBOZIOM BHOPOJIOTKA padoTaeT cIeayIomKuM 00pa3oM.
WNudopmanus o konebaHusx BUOPOJIOTKA 4 OT AaTUYHKA
BHUOpaImu 7 B BUJE 3JEKTPUUECKOT0 CHUTHAJIA TIOCTyma-
€T Ha BXOJ] JIeTeKTopa casura (a3 §, a Ha BTOpOH BXOJ
JTAHHOTO JETEKTOpa MOCTyIaeT CUTHAI OT OJIoKa ycuile-
HUus 15, KOTOpBIM THTaeT BUOPOMPHUBOJ BUOPOIOTKA.
AMIIUTYa CHITBI, KOTOPYIO pa3BuBaeT BHOponpuBox F
3aBUCHUT OT CTATHYECKOTO MOMEHTa Ae0ajlaHCOB OTHO-
CHUTEJIFHO OCH NPUBOIHOTO Baja W YaCTOTHI BpAIECHHS
nocaegHero [16] u MoxeT U3MEHSATCS IyTeM peryiu-
POBKM CTaTHYECKOrO MOMEHTa J1e0alaHCOB OTHOCH-
TEJIbHO OCH MPUBOJHOTrO Baya [21].
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ChIMTyYeil MPOAYKIIMU MOHOCIIOEM Ha BHOPOJIOTKAX

Fig. 2. Functional scheme of the automatic speed stabilization system during vibrotransporting free running grain

products by vibration trays of monolayer

Wrak, Ha nBa BXOMa nerexkropa cusura ¢as 8 of-
HOBPEMCHHO IMOCTYIAIOT: CUTHAJI, HOPAMO HNPOIOPHH-
OHAJBHBIN [UKIMYECKOI Bo3MyMIaomux cuie F, u cur-
Hall KOTOPBIA MPSIMO MPOMOPIHOHANICH KOJIeOaHUSIM
MEXaHUYECKON KOJICOTIOMIeNCs] CUCTeMbl (BUOPOJIOTKA
4), Ha BBIXOJE JAeTekTopa caBur (a3 8 dopmupyercs
CHUTHAJI KOTOPBIA MPOTIOPIHOHATICH CABUTY (a3 MexIy
JIByMS 3TUMH KOJIeOAaHUSIMHU +p. YUUTBIBAs, 4TO MPH pe-
30HAHCHBIX KOJEOAHMIX CHBUT (pa3 MeXIy HUKIHYEC-
KOI BRIHY’)KJaro1eil cutoi F u xonebanusmu paboyero
oprana, paseH ¢ = /2 (90°) [22], MOXHO TIO BETUYHHE U
3HaKy curHana (yria + Ag) onpeaeanTh Ha CKOJBKO U B
KaKyl CTOPOHY MeXaHH4ecKasi KOJIeOIoIasics cucremMa
BUOposioTka 4 orouuia ot pesoHanca. [loatomy curnan
¢ BBIXOJIa JIeTEKTOpa caBura (a3 8 mocTymaer K aiie-
MEHTy cpaBHeHHs 11 rae ompenemnsiercsi COOTBETCTBHUE
YCIIOBUSI pe30HaHca BUOPOJIOTKA U Ha BBIXOJE DJIEMEHTA
CpaBHEHUS TOSBISIETCS] CUTHAJ pacxXoXJeHus + Ay, Be-
JIMYMHA KOTOPOTO YKa3bIBaeT Ha BEJIMYMHY OTXOXKICHUS
pexuma KosiebaHuii BHOPOJIOTKA 4 OT PE30HAHCHOTO, a

3HAK Ha HaIlpaBJICHUEC OTKJIIOHCHUA. DTOT CUTHAJI IO-
CTYyINAeT B PEryJITOP 4acTOThbl LUKINYECKON BO3MYILA-
fomieit cuibl 13 r/1e Ha OCHOBAHMHM KJIACCHYECKHMX 3aKO-
HOB TEOPHUH aBTOMATHYECKOTO ympaBieHHs (HOopMHDY-
€TCsl 3aKOH 110 KOTOPBIM NPOBOAMUTCS KOPPEKIHUS 4acTo-
Tl IUKJINYECKON BBIHYXJIAIOIIEH CHIIBI BHOPOIIPHUBOJIA
JoTKa + Aw.

Hrak, poct Macchl BUOposoTka 4 ¢ 3epHOM pabodero op-
raHa 3 Ha BeMMuMHY +4M TPHUBOIMT K YMEHBIICHHIO Ha
OTIpeIeNIEHHYFO BEJIMUMHY COOCTBEHHOH PE30HAHCHOW YacToTa
BHOPOJIOTKA - (0. U €70 MEXaHMIecKas! KOJICOMOMIAsiCS CHCTe-
Ma OTOHMJIET OT PE30HAHCa, a Yroj cBura (a3 CTaHeT, HalpH-
Mep, paBHBIM ¢ = 91°, Mo3TOMY HEOOXOIFIMO TIPOBOAUTH KOP-
PEKIMIO YacTOThl IMKIIMYECKOH BBIHY)K/Asl CHIIBI B CTOPOHY
yMeHblueHus (-4w) 10 Tex Top TIOKa ¢ He cTaHeT paBHbIM 90°
n Ap = 0, a eci HanpuMep, yroi crprra (a3 CTaHeT paBHbIM
® = 89° TO KOPPEKLIMIO YaCTOThI IMKITNYECKON BBIHYKIAOLIEH
CHJTBI HEOOXO/IMMO TIPOBOJIUTH B CTOPOHY YBEJIMUYEHHS ee Ya-
CTOTBI I10KA ¢ CHOBA HE CTaHeT paBHbIM 90°.
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VYewmrens 15 ycunuBaeT CUTHaM OTKOPPEKTUPOBAH-
HBIN 371eMEHTOM 13 ¥ MOCTOSIHHO 00ECIICYNBaeT BUOPOJIOTOK 4
CHHYCOMJIILHOM BBIHYK/Iasi CHIIOH, 4acTOTa KOTOPOH (), TI0-
CTOSIHHO OTBEYAeT COOCTBEHHON PE30HAHCHOW YacToTe BUOPO-
JIOTKA TIpH JIFOO0# ero 3arpyske. Takim 00pa3oM 3rieMeHTH 7,
8,11, 12, 13 u 15 cocTaBIsIOT OMH KOHTYP YIPABJICHHS, KOp-
PEKTHpYeT YacTOTy BBIHYXKAAIOMIEH CHIbI BHOPOIPHBOIIA
TprOIIDKast U yIEpKuBast e¢ B TIpefiesiax COOCTBEHHOM pe3o-
HAHCHOM 9aCTOTHI BHOPOJIOTKA 4.

Onementsl 7, 9, 10, 14, 15 u 16 cocTaBmsoT BTOpoi KOH-
TYp YIpaBjeHUs, KOTOPBIA MpeHasHayeH yisi oOecriedeHus
TIOJIIEPYKKN TEXHOJIOTUYECKN ONTHMAIBHBIX TapaMETPOB KO-
nieOaHnii BUOPONIOTKA 4 Ha 3aJAHHOM OIICPATOPOM YPOBHE.
DTOT KOHTYp YNpPABJIEHHS! SIBISICTCSI BTOPUYHBIM M TIPOBOJIAT
KOPPEKLMIO aMILTUTYIIbI BEIHY>KIAIOIIEH CHITbI BHOPOIPUBO/IA
Ha Ka)KIIOi HOBOW COOCTBEHHOM Pe30HAHCHOH 4acToTe BHOpPO-
JoTKa 4 TOIIEp)KHBAsi CKOPOCTh BHOPOTPAHCHIOPTHPOBAHHS
3epHOBOM TPOIYKIMM HA 3aJaHHOM TEXHOJIOTMYECKH OITH-
MaIGHOM ypOBHE. I1epBHYHBIM SIBISICTCS. KOHTYpP YHPAaBIICHHS
YacTOTOH BHOPOIIPHBOZA KOTOPBIH OOECIIEUNBAaET PE30HAHC-
HBII peKUM pabOThl M MUHUMATGHBIC SHEPro3aTparkl, a BTO-
PUYHBIN KOHTYP TOJIEKO MPOBOJMT ONTHMH3ALIHIO TIAPaMETPOB
BHOPALMOHHOTO MOJI C IIEJbI0 COOMIOMCHHS TEXHOJOrYe-
CKHX ONTUMATHHBIX [1apaMeTPOB PadOThI BUOPOCYIIHIIKH.

BTopHuHbIii KOHTYp YIpaBieHHs aMIUIMTYI0M KoJeba-
HUI BUOpOJIOTKA 4 paboTaeT CIeAyOIMM 00pa3OM: CHTHAT
KOTOPBIH MPONOPIMOHANIEH IBIYKEHIIO BUOPOJIOTKA 4 MOCTY-
TIAET OT JATYHKA BHOPAIMK 7 B JIEMEHT CHHTe3a 9 1 3JIeMeHT
cpaBHenus 10. DnemeHT cuHTE3a 9 npenHa3Ha4YeH IS OIpe-
JIETIeHUs] HEOOXOAMMOM BENMYMHBI aMIUIUTYIBI KOJIeOaHHH
BHOpONOTKa 4 Ha 000 JacToTe (B TAHHOM Clydae Ha co0-
CTBEHHON PE30HAHCHOW BHOPOJIOTKA) FICXOLT U3 YCIIOBUS TOU-
HOCTH COOJIOZICHUSI TEXHOJIOTMYECKUX PEKUMOB PalOThI
BHOPOCYIIIIIKH.

Ecrmm, Hanpumep, HEOOXOAMMO TMOJAEPKUBATH HEH3-
MEHHON CKOPOCTh BUOPOTPAHCTIOPTUPOBAHMS 3€PHOBOM MPO-
JIYKITAH V,; Ha KaXJ0i HOBOM PE30HAHCHOI 4acToTe BUOPOIIOT-
Ka wq, TO B OJIOKe CHHTE3a 14 POXOaUT onpe/iesieHus Tpedy-
€MOTO 3HAUEHHS] aMIUTUTY/IbI KOJIeOaHHH BHOPOJIOTKA UCXOI
13 PaBEeHCTBA:

g?-cos’a
k-A, -o,cos -/1—7=
Ao, c08f A .w5 -sin® B
g?-cos’a A3)
=k-A, w0080 1-—————~
P 'B\ Al -wf-sin® B

Ortkyzna, TpeOyeMoe 3HaueHHe aMIUTATYIBl KoJeOaHUi
BHOpoIOTKA Ay, OyZIeT paBHBIM:

Jo? ot sin? f—wlg? cos® a + g7 cos’ a + g’ wl s’ a (4)
N T :

A

i, sin B

TpeOyemoe 3Ha4YCHWE AMIUIATYABI KoseOaHWil BHOPO-
Jotka Ay, KOTOpoe 00ECTIeYMBAET 3a/IaHHOE TEXHOJIOTHYECKH
ONTHMAJIBHOE 3HAYEHNE CKOPOCTH BHOPOTPAHCIIOPTHPOBAHMS
Ve MOHOCIIOEM TIpH JIAHHO# Macce 3arpy3k padodyero opraHa
TIOCTYyTIaeT Ha OJoK cpaBHeHws 10, TIie TIPOXOIUT CPaBHEHUS
TpeOyemoro 3HaueHus: Ay aMIUHTYIbI KoJeOaHul pabodero
opraHa 1 JISHCTBUTEIIHHOTO 3HAYECHMS aMIUTUTY/Ibl KoneOaHni
pabouero oprana Aq ¥ 3HAYCHHE HEOOXOMMMOW PA3HHUIIBI aM-
IUMTY/ KoeOaHuii pabodero opraa + 44 1oyaercs Ha pery-
JISITOP aMIUIATY/Ib BOMYLIAIOLIEH IMKJIMUECKON CIITbl 14, rie
Ha OCHOBAHUH BEJIMYUHEI TIOTPEIHOCTH + A4 U pa3paboTaH-
HBIX ONTUMAIBHBIX 3aKOHOB YNPAaBIEHUS (OPMHUpYETCs
YIIPaBJSFOIINI CUTHAT HA BHOporprBoz 6. B BubponprBoze 6

IMyTéM PETYJMPOBKM CTaTUYECKOr0 MOMEHTa 71e0alaHCoOB
OTHOCHUTEIIFHO OCH TIPHBOJHOTO BaJla, M3MEHSCTCSl 3HAUCHUE
aAMIDTUTY/IbI IIMKITIYCCKON BBIHYKIArOIIeH critbl + AF B HE0O-
XOIMMYIO CTOPOHY M Ha HEOOXOIMMYIO BENMYHHY KOTOpas
BO3/ICHCTBYET KOJEONFOIIMIACS BUOPOJIOTOK, YTOOBI CBECTH TTa-
pametp 44 ma Beixone memenTa 10 mo myms (44 = 0). Takas
KoppeKuysi + AF oCyIIECTBISIETCS IOCTOSIHHO, KAK U KOPPEK-
st + Aw KOTOpasi HarpaBlieHa Ha TO, YTOOBI TIOAIEPKMUBATh
TIOCTOSIHHBIM BO BpeMeHH cooTHorterwe Ap = 0.

C nomoripio Or1oka 16 TPOM3BOIMTCS BBOJ 3aIAHHOTO
TEXHOJIOTMYECKH ONTHMAJILHOTO 3Ha4€HUsl CKOPOCTH BHOpO-
TPaHCIIOPTHPOBAHWS V,, ITyTeM BBEIICHHS 33 JIaHHBIX THAMUYC-
CKHX [TapaMeTPOB (v;, A; BUOPO-JIOTKA 4 1 €ro reOMETPHYECKHX
XapakTepUCTHK @, ff. CKOpOCTh BUOPOTPAHCTIOPTUPOBAHUS U
XapakTep TPaKTOPHH YacTHI] TPAHCIIOPTHPYEMOH ChITydero
3€PHOBO¥ MPOJTYKIAH 3aBHICAT OT IAPaMETPOB BIOPAITIOHHOTO
BO3/IEHCTBISA [7-9], B 94aCTHOCTH YIJIOB HarpaBJICHUS KOJeOa-
HUH f (B CpeIHEM JaHHBINA YoM Y BUOPOJIOTKOB COCTABIISIET OT
= 8-40°, yBermrdeHrie yIiia HarpasieHUs KoJieOaH A CHIDKaeT
CKOPOCTh BHOPOTPAHCIIOPTUPOBAHMA U YIJIa HAKIOHA paboue-
TO OpraHa ¢ K TOpPH30HTY OObMMHO (coctamisier a = 8-10°
MOZbEM paboyero opraHa Ha OIMH IPaIyC YMEHBIIAET CKO-
POCTb BUOPOTPAHCTIOPTUPOBAHKS ISl 36PHUCTBIX MaTepUalioB
Ha 2-5%, a P YMEHBIIICHUH Ha OJIMH TPAJTyC - YBEINUUBACTCS
Ha 3-10%), Qu3HUYCCKHX CBOWCTB TPAHCIIOPTUPYEMOIO Mare-
puana U paboyeli MOBEPXHOCTH BHOPOJIOTKA, U €IIie psia (ak-
TOPOB, KOTOpBIE HETIOCPEICTBEHHO 3aBUCST OT TEXHOJIOTWH,
peamiByeTcs B IAHHOH BHOPOMAIITHHE.

[pu BBemeHMM ONOKOM 3amaHus 16 TeXHOMOrHMdec-KHX
TIApaMeTPOB @, Ay, a, 1 cuHTe3e Ay HEOOXOMMO YIUTHIBATH
TAkKKE W TO  OOCTOSTENBECTBO, YTO UL BHOPO-
TPaHCTIOPTHPOBAHKS CHITyqeH 3epHOBOI MPOMYKIIMH C HeTpe-
PBIBHBIM To710pachIBaHueM (4To TpeOyeT JaHHask TEXHOJIOTHS
CYIIIKH HH(PPAKPACHBIM H3TyYCHAEM) HEOOXOMMMO YTOOBI KO-
3(uIeHT BUOPAIMOHHOM TIeperpy3ku A ObUT OOJBIIE ¢/U-
aup! [7-9]:

2 .
A, w5 sin
1:Lﬂ>1
g cos

OObIUHO, /17151 OOJIBITUHCTBA BUOPOJIOTKOB A= 2...6.

Ecm A < 1, T0 BUOPOTPAHCTIOPTHPOBAHKE CHITYUCH 3ep-
HOBOW TMPOYKIMH TI0 BUOPOJIOTKY OY/EeT OCY-IIECTBISTHCS
0e3 moopackIBaHKs U IPOBOPAYKBAHIS, YTO MPUBE/ET K MPO-
IpeBy 3epHa HHPPAKPACHBIMH JIy4aMH TOJIBKO C OJIHOM CTOPO-
HBIL, & CJIE/IOBATEFHO K HEPABHOMEPHOCTH TIPOTPEBa M yXy/I-
IICHUIO KAYeCTBA CYIIKHU a TAKKE K CHIKCHUIO €€ MHTCHCHB-
HOCTH.

©)

BBIBO/IbI

Pa3paboranHas ¥ HaydHO OOOCHOBaHHas CHCTEMa
aBTOMATHUYECKOTO YIPABJICHUS TEXHOJIOTUYEC-KUMU T1a-
pamMeTpaMu BUOPAIIMOHHONH MOHOCIOWHOW CYIIHIIKA I1e-
peMeKaromerocss HarpeBa WHQPAKPACHBIMH JIy9aMH
MO3BOJISIET, B pe3yNbTaTe OOPaTHOM CBSI3U MO YaCTOTE H
aMIUTUTYAE KOoJeOaHU! BHOPOJIOTKA, CTaOWIH-3UPOBATh
CKOpPOCTh BHOpPOTPAHCIIOPTHPOBAHUS CHIMTYYCH 3epHO-
BOM MPOAYKIMU MOHOCJIOEM IO BHOPOJIOTKY, a TaKXkKe
MIOCTOSIHHO MOAJIEP’KUBATH TEXHOJIOTMUECKH ONTHUMAallb-
HBIC TMapaMeTphl KoJeOaHWi BHOPOJOTKA TpPU MUHU-
MaJbHBIX JHEPro3aTparax Ha BHOPONpPHUBOI Ipu obec-
MEYCHNH BUOPOTPAHCTIOPTHUPOBAHUS C HENPEPHIB-HHIM
MOOPackIBaHIEM M TIPOBOPAYMBAHKEM 3EPEH MPOAYKIH B
MOHOCIIOE.
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VIBROTRANSPORTING SPEED STABILIZATION
OF FREE RUNNING GRAIN PRODUCTS

Summary. The method that substantially reduces
energy intensity of the process of drying grain products
by monolayer infrared radiation is confirmed in the arti-
cle in the course of which the grain during vibrotrans-
porting by monolayer is tossing on the vibrating tray
evenly irradiated and heated from all sides in the heat
treatment zone, and then heated grain is blown on cold
air at during its tossing vibrotransporting on the vibrat-
ing tray with holes. To ensure the lowest consumption
of energy resonant mode is used on the monolayer’s
tray transmission. In this type of dryer it is very im-
portant to ensure a uniformly grain location in separate
zones with different processing characteristics (heating
rays and air blowing) of grain products. From this it fol-
lows that a change in the oscillation frequency vibrating
trays results into the necessity to constantly change the
amplitude, so that the rate of grain production vi-
brotransporting by monolayer on the vibrating tray was
unchanged and technology driven. Therefore, by
schemes creation to manage these dryers the problem of
stabilization of the speed of vibrotransporting grain
products is solved. Designed and scientifically proofed
system of automatic control of technological parameters
of vibrational monolayer dryer of infrared rays intermit-
tent heating which allows as a result of the interaction
between the frequency and amplitude of oscillation vi-
brational tray to stabilize speed of vibrotransporting free
running grain products within vibration tray as well as
always maintain a technologically optimal oscillation
parameters of the vibrating tray with minimal energy
consumption on the vibratory drive, while ensuring a
continuous vibrotossing and rotating the grain produc-
tion in the monolayer.

Key words: vibration tray, resonance, monolayer,
vibrotransportiong, amplitude, frequency, disturbing
force.
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MODEL OF MACHINE WITH ACTIVATOR FOR VIBRO ABRASIVE TREATMENT OF
THE DETAILS OF AGRICULTURAL MACHINERY

Ruslan Gorbatiuk
Vinnytsya National Agrarian University
St. Sonyachna, 3, Vinnytsia, Ukraine. E-mail: ruslangorbatyuk@gmail.com

Summary. The feature of vibro abrasive treatment
is a free kinematics connection between an instrument
and details, that is exists complication in providing with
the stable beforehand set technologically optimum in-
fluence of abrasive grains on treated details at the varia-
ble parameters of working chamber of vibroabrasive
machine. For to solve this problem the structural elec-
tromechanical model of vibromachine for adaptive vi-
broabrasive treatment of details of agricultural and pro-
cessing machines was developed. The offered machine
is able to provide minimum energy expenses on the vi-
bro drive of vibroabrasive machine due to providing and
maintenance of the permanent resonance mode of op-
erations of working chamber.

Key words: vibroabrasive treatment, adaptive
control, energy saving vibro drive, resonance regime of
work.

INTRODUCTION

With the increase of requirements for the quality
of products of mechanical engineering and instrument-
making, the growth of amount of finishing — stripping of
the details is observed. Most labour intensive is treat-
ment of details of the complicated configuration, by
cavities of asymmetric form.

According to existed classification, based on the
principle of power influence, the methods of the, chemi-
cal and combined treatment are distinguished. Thus ad-
vantage is given to the methods of treatment, based on
the use of flexible instruments and mediums — vibro
abrasive treatment [1-6], tumbling , centrifugal-abrasive
[7], centrifugal, stream-abrasive, magnetic abrasive [8],
to treatments by the compressed streak of abradant, ul-
trasonic treatment, treatment by mechanical abrasive
brushers and leaf-typed circles, some methods of treat-
ment with a plastic deformation , by metallic blades in-
strument, thermo oxidizing and electrochemical treat-
ment ( processing).

A lot of operations on trimming clean and finish-
ing — stripping up treatment, first of all, removing of
burrs, rounding and processing of borders, until recently
time was carried out by hand, and hardly exposed to au-
tomation and became a serious obstacle in subsequent
growth of the labor productivity. Complication and va-
riety of forms of surfaces which must be treated, com-
plicate the creation of universal kinematics schemes of
equipment and proper instruments. In this connection,
during the development of methods of trimming clean
up treatment often the advantage is given to the use of
flexible environments and instruments ( [9] which elim-
inate high conditions to exactness of relative orientation
of treated detail and instrument. In addition, here, as a
rule, secured the treatment of all the surfaces of details
and is possible simultaneously the treatment of plenty of
details, which provides a high productivity. Advantage

of flexible environment and the instruments appears al-
so in intermutation of the elements, conjugation of inter-
face of contiguous surfaces of the details, while main-
taining their perpetuity and continuity. This is achieved
by formation of a transition element with a minimum
radius between adjacent surfaces.

On the development of finishing polish and finish-
ing—stripping treatment and the methods of treatment
were defined scientific and practical groups and their
associations, the systematical work [10] in technology is
conducted, created the equipment, work environments
and tools. Thus, in the sphere of vibration technology
(vibro abrasive treatment) a complex of works on re-
search and technology development (processes) is exe-
cuted for to implement them in the industry with the
production and supply of equipment, working environ-
ment and process liquids. The use of vibrating action
[11] during the vibro abrasive treatment enables gives
an opportunity along with the increase of intensity more
evenly to treat the production, to optimize the process
vibro treatment.

ANALYSIS OF RESEARCHES AND
PUBLICATIONS

The machines with the free kinematics connection
between an instrument and the details is provided by
the printing-down of all of the surface of the details ,
that allows effectively to treat both internal and exter-
nal surfaces of the details. At the same time, these ma-
chines [12] are different from other analog machines by
simplicity of structural implementation and lightness of
automation of the process of production and provide
enough high performance of work. The process of
treatment takes place under the action of freely granular
working environment. In general case a working envi-
ronment contains hard and liquid stuffs. Hard stuff
shows by itself a cutting and deforming instrument or
environment which prevents a mutual collision and
clinging of the details. Liquid stuff is utilized for
providing of delete of products of wear of the details
and working granules, moistening and cooling of tech-
nological loading, intensification of the process of
treatment (chemical and superficial active matters),
storage of technological properties of hard stuff (for ex-
ample, for prevention of “contamination by fat” of abra-
sive granules).

Absence of hard kinematic connection between the
details and the instrument predetermines equable treat-
ment of surfaces of the same type of part blanks (in the
places of transition from one surface to another more in-
tensive treatment is observed), but eliminates possibility
of the managed influence on geometrical sizes and form
of the details. In this case the parts of the mossy (granu-
lar) fill continuously flows around the surfaces of the
details, leading to micro cutting, plastic deformation and
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promotes the realization of cleaning, polish - finishing
and fortifying operations. For the effective, uniform and
comprehensive treatment of the details in the absence of
the hard kinematic connection between the details and
an instrument it is necessary to provide three basic con-
ditions: to give to the working environment the suffi-
cient level of kinetic energy; to create the maximal dif-
ference of speeds between the details which are treated
and by the abrasive granules of working environment; to
provide regular and intensive shuffle of details and
working environment.

The analysis of literary sources, patents and charts
of methods of the intensification of the processes of vi-
bro abrasive treatment, allowed to determine the basic
directions of development of vibro machines construc-
tions for intensification of the trimming - stripping of
the details in a freely granular environment in default of
hard kinematic connection between the details and the
instrument.

10

Fig.1. A structural decision of device for vibro
abrasive treatment of details

Among the class of machines for vibro abrasive
treatment [12] as most perfect and most perspective for
subsequent development should be noticed the structural
decision (fig.1) [13] of machine for vibroabrasive treat-
ment of details. This vibromachine [13] (fig.2) refers to
the vibro machines for trimming - stripping of details in
a freely granular environment with a cylinder partly
flexible working chamber which is equipped with the
mobile motion activator of working environment.

One of differences of the construction (fig.1, 2)
presented below, there is a presence of unbalanced vibro
drive of the motion activator of working environment,
that allows to intensify the treatment of surfaces of the
details.

The increase of intensity of vibro treatment in the
given vibromachine is achieved by the increase of the
size of the impulses which are passed to the working
environment and mutual rate of movement of granules
of working environment and treated details. The treated
details with a working environment 14 through vent 15
are loaded in a container 1. Electric motor 8 through an
elastic coupler 6 passes revolving moment on a shaft 11
with debalances 12. The activator 10 vested to the con-
tainer 1 on a elastic hanger 9, carries out a hesitating
motion the trajectory of which is close to the circle.
Simultaneously with an activator 10 through an elastic
coupler 6 from an electric motor 7 which gives to the
container 1 vibration motions. The given vibro drive
gives an activator 10 and to the container 1 vibrations,
frequency and amplitude of which can change ( in wide
limits, that additional energy which is given by an acti-
vator 10 and by a container 1 to the working environ-
ment 14 with the details is added adjusting in a wide
range, that it is important for the choice of the optimum
of treatment of those or other details and materials.

In addition, by regulation of rotation frequency of
vibrodrive of activator 10 and container 1, it is possible
to attain that activator 10 will vibrate in ant phase with a
container 1. It will allow, at large enough amplitudes, in
a few times to increase dynamic pressure of working
environment 14, that will allow to intensify the process
of vibro treatment. Layers of working environment and
details 14, that are placed near the surface of container
1, move in the direction opposite to the direction of ro-
tation of shaft 3 vibro exciters of container 1, and layers
of working environment and details which are placed
near the surface of activator 10 move in the direction
opposite the direction of the rotation of shaft 11 vibro
exciter of activator 10. Consequently the layers of work-
ing environment and details, which are located near the
surface of container, move towards the layers of work-
ing environment which is round an activator 10. Such
character of motion of working environment and details
increase the productivity of the process of vibro treat-
ment due to the increase of speed of the relative mutual
moving of granules of working environment and treated
details. Intensity of the mutual moving of working envi-
ronment and the details which are located in the central
part of container relatively of the same working envi-
ronment and details which are located in peripheral part
of container is also increased due to the vibrations of
elastic cheeks 13 of container 1. After the completion of
the process of vibro treatment the working environment
14 and the treated details unload through a neck out-
come 16.
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Fig.2. A general view of machine for vibro abra-
sive treatment of the details

Structural decision [13] thanks to antiphase motion
of activator 10 and container 1 allows effectively to
force (to intensify) moving of granules of working envi-
ronment and treated details, however don’t allows to
manage the size of energy which is transfered to the
working environment from an activator and container.
In other words at the different weights of loading with
the details of vibro machine container (Fig. 2) will be a
different amplitude of oscillations of the working envi-
ronment (at constant frequency of oscillations of con-
tainer and activator), and this will affect on the change
of the specific work of the field of the container of vi-
bro machine [13]. Two variants are possible as a result
of this: the increase of specific work of the oscillation
field will lead to the surplus surveying of metal from the
surface of the details (as a result of polishing and
smoothing) and in the case of reduction of the specific
work of the oscillation field of container we will not get
the products of the set quality for the given time of
technological process. Another significant disadvantage
of this machine for vibro abrasive treatment is impossi-
bility to provide and support resonance regime of the
work which in its turn does not allow to get minimum
energy consumptions on vibrodrive of vibro abrasive
machine [13].

THE PURPOSE OF THE RESEARCH

The purpose of the work is the development of
structural electromechanical model of vibromachine for
adaptive vibro abrasive treatment of the details. Which
will be able to provide minimum energy consumptions
on vibrodrive machines for vibroabrasive treatment due
to providing and maintenance of the permanent reso-
nance regime of work of operating chamber and will
have a possibility of power-handling of the oscillation
field (on resonance frequency of vibromachine) for
providing of stable beforehand set value of specific
work of the oscillation field of container. That would al-
low at different mass loading of the working container
by treated details to get the set technological effect (the
set class of roughness of the surface of details during
polishing and grinding, the set size of descale from the
surface of the detail, during taken off of wire-edges and
finish — felling treatment, the set strengthening of sur-
face by plastic deformation) at minimum energy con-
sumptions.

/ 8
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Fig.3. A structural electromechanical model of os-
cillation technological machine for adaptive vibroabra-
sive treatment of details

THE RESULTS OF RESEARCH

For realization of self-adjustment of the vibration
system of machine for vibroabrasive treatment of the
details on permanent resonance regime of work, it is
necessary to apply the method of adaptation to the reso-
nance mode of work of, which is described in the work
[14]. For stabilization of the specific work of the oscilla-
tion field of working chamber of vibromachine it is nec-
essary to apply two distantialy — controlled debalanced
vibrodrives. On the base of which it is expedient to real-
ize the technique of stabilization of technologically op-
timum parameters of the oscillation field of vibration
[15, 16]. On the basis of the above enumerated methods
of controlling and stabilizing of parameters of the vibra-
tion field and the effective method of passing of im-
pulse to the working environment, which is realized in
the work, synthesized the structural electromechanical
model of vibration technological machine [13,15] (fig.
3 and fig.4) for adaptive vibro abrasive treatment of de-
tails.

Fig. 4. The structural diagram of location of an op-
erated synchronous debalanced vibrodrive of container
and activator in a machine for adaptive vibroabrasive
treatment of details

On fig. 3 and fig. 4 the electro mechanics model of
oscillation technological machine for adaptive vi-
broabrasive treatment of details. is represented. This vi-
bromachine consists of resiliently set on the springs of a
18 container 1, which is filled with a working environ-
ment 2 and by treated details 27. In the underbody of
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container 1 a shaft 3 is placed of the lower guided de-
balanced vibrodrive 4, which has possibility [18] remot-
edly to change the eccentricity of centre-of-mass de-
balances on account of an angle S£A; between them.
The shaft 3 through an elastic 6 [19, 20] is connected
with an electromagnetic powder-like coupler 12 [21,
22], and it is connected with an electric motor 7. In the
central part of container 1 placed on springs 8 the cen-
tral body 9 (activator), which consists of shaft 10 and
debalances 11 which have a possibility [18] to change
distantly the eccentricity centre of mass. Shaft 10
through an elastic coupler 13 [19, 20] is connected with
an electromagnetic powder coupler 15 [21], and it is
connected with an electric motor 14. Activator 9 is
connected with a container 1 with the help of elastic
walls 16. From above the container 1 a loading chamber
is roared 17, and from below unloading chamber 28. To
the load chamber 17 (or to upper part of container 1)
Stiffly fastened the sensor of vibration 19 which is con-
nected with one of the of the detector phase shear 20
with the one of of block of technologically optimum (
parameters 22 and with one of of comparator 23.

a,. (mum)

Fig. 5. The connection between the vertical com-
posite o, of amplitude of vibrations of the container 1
and the angle g between the centers of mass debalances
of controlled debalanced vibrodrive

The second of comparator 23 it connected with
one of outputs of the block with technologically opti-
mum parameters 22, and the second output of the block
with technologically optimum parameters 22 is connect-
ed with one of of comparator 21. The second i of com-
parator 21 is connected with the output of detector of
change ( of phases 20, and the output of comparator 21
is connected with one with the of the block of correc-
tion of frequency of extorted force of vibrodrive 24. The
output by the of the block of correction of frequency of
extorted force of vibrodrive 24 is connected with elec-
tric motors 7, 14 and is connected with one of of detec-
tor of phases shear 20 and the of block of correction of
phase of extorted force of vibrodrive 26. The outputs of
the block of correction of phase of extorted force of vi-
brodrive 26 are connected with electromagnetic powder
couplers 12 and 15. The output of comparator 23 is
connected with the entrance of the block of correction
of amplitude of extorted force of vibrodrive 25, and the
output of this block is connected with the guided de-
balances 5 and 11.

The machine for adaptive vibroabrasive treatment
of details works as follows. The treated details 27 with a
working environment 2 through a chamber 17 are load-
ed into the container 1. In the process of launching of

the machine for adaptive vibroabrasive treatment of de-
tails on frequency of work @ (which does not equal to
the natural resonance eigen frequency ay of the vibra-
tional system of device of container 1 which is fll with
the details with certain general mass) electric motor 7
passes a rotation moment to the electromagnetic powder
coupler 12. Coupler 12 on a command from the block of
correction of phase of extorted force of vibrodrive 26
passes this rotary moment to the elastic coupler 6, this
coupler 6 passes to a rotary moment of the shaft 3, that
results in the rotation of debalances 5 (with the variable
eccentricity of centre of mass) the guided debalanced
vibrodrive 4. As a result, container 1 starts to realize the
vibrations ellipsoidal trajectory from the real amplitude
ay (Fig. 5). The vertical component a, of the amplitude
of vibrations of container 1 (in the given case at con-
stant ) is determined by the value of the angle S be-
tween the centers of mass of debalances 5 on the shaft 3.
Along with the container 1, details 27 and the working
environment 2 varies activator 9 (the central body), but
activator 9 ranges always to meet the container 1.

Such a character of vibration of the activator 9 is
conditioned by the fact, that after engaging of the con-
trolled debalanced vibrodrive 4 by an electromagnetic
powder coupler 12 through the interval of time At the
block of correction of phase of extorted force of vibro-
drive 26 starts ( turns on) an electromagnetic powder
coupler 15. As a result she (15) transmits rotary moment
from the electric motor 14 (which works on the same
frequency o as the electric motor 7, but rotates in the
opposite direction to it) to the elastic coupler 13, shaft
10 and driven debalances 11. Due to delay of starting of
controlled debalanced vibrodrive - activator 9 on lapse
of time At upper controlled debalance 11 begins to ro-
tate with a frequency w in the opposite direction at that
time when the lower controlled debalances 5 which are
located in the upper point of the trajectory. Taking into
account the fact that o of electric motors 7 and 14 have
the same mass and dynamic characteristics of the top 11
and bottom 5 controlled debalances, in the steady re-
gime after the starting we get their synchronous move-
ments with some given phase. That is in the process of
synchronous work of motors 7 and 14 they (debalances
5 and 11) will meet at the moment when the lower de-
balance 5 will be at the top point of the trajectory, the
upper debalance top 11 in the lower point of the trajec-
tory. At such motion (on meeting) of container 1 and ac-
tivator 9 to the working environment 2 the energy is
passed in the figure of the shock impulses. Thus the im-
pulses which are transmitted from a container 1 to the
environment 2 clashes with impulses which are trans-
mitted from an activator 9 to the working environment
2, that is why general energy which gets working envi-
ronment 2 equal to their sum. Also such a character of
motion of container 1 and activator 9 creates the meet-
ings streams of granules of working environment 2 and
processing details 27. According to [13,15] the layers of
working environment 2 and the details 27 which placing
near the surface of container 1, moving in the direction
opposite to the direction of rotation of the shaft of the
controlled debalanced vibrodrive 4, and layers of work-
ing environment 2 and the details 27 which are placed
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near the surface of the central body 9 (activator) such a
character of motion of the working environment 2 and
the treated details 27 activates the technological process
of vibroabrasive treatment of he details in a machine at
the expense of the mutual speed of shifting of the grains
of the working environment 2 and treated details 27.
After the starting of the mechanism (time 2-3 se-
conds) for adaptive vibro abrasive treatment of the de-
tails in the initial frequency @, during the stabilization
of the vibration of the container, that is in the deter-
mined regime, the sensor of vibration 19 receives in-
formation about the dynamic parameters of container 1,
in particular : amplitude a,(t), frequencya)p (t) and

phase g(t), his vibration in the next form
ay (t)-sin(w, -t£&(t)) - The given information comes to

the detector of the phase shear 20, the block of techno-
logically optimal parameters 22 and comparator 23. The
second input of phase shift detector 20 receives the in-
formation sin((w, £A,)-1) about the corrected on the val-

ue +A (valid at this stage) the frequency of the work

of the controlled debalanced vibrodrives (5, 11) con-
tainer 1 and activator 9.

In other words in a block 20 in accordance to [14]
we have comparison of two harmonious signals for the
presence of the shift of phase of vibrations of container
1 relative to extorted cyclic force of the controlled de-
balanced vibrodrive of device for the adaptive vibro
abrasive treatment of the details.

In other words, a block 20 of the detector of the
phases shift conducts the permanent monitoring of reac-
tions of the container 1 on a revolting factor (extorted
cyclic force). According to [14] at the forced vibrations
these signals have identical frequency, and at resonance
phase g(t) of amplitude of vibrations of container 1

will build on for adaptive vibroabrasive treatment of
the details falls behind on an angle z/2 from the ampli-

tude of cyclic extorted force of the controlled de-
balanced vibrodrive.

In such a way , the change of the mass of the de-
tails 27 by which the container 1 is loaded (charged) and
the working environment will cause a change in its own
resonance frequency of the device for adaptive vi-
broabrasive treatment of the details, and that at a con-
stant (fixed) frequency of the controlled debalanced vi-
brodrive o,(t) cause [14] changes the angle of phase

shift between the container 1 and cyclic extorted vibro-
drive force.
That is why, while correcting (+A ) the frequen-

cy w,(t)of the extorted cyclic force of the controlled

debalanced vibrodrive device for adaptive vibroabra-
sive processing of the details one or another way you
can draw up from its own resonance frequency and thus
change the magnitude of the phase shift between the
container 1 and vibrodrive (5 and 11). Based on this in
the comparator 21 the comparison of the phase shift be-

tween the current at a frequency o, of controlled de-

balanced vibrodrive with the necessary optimal (from
the energy point of view) value shift lagging —r/2.

Optimum value comes from the comparator
block technologically optimal parameters 22, where the
operator entered vibromachine. In the result of compari-
son of the information in the comparator 21, we get the
value, the value +A, indicating how much vibrative sys-

tem (container 1) deviated from the resonant mode, and
its sign (+A,) indicates to what side the vibrating sys-

tem of vibromachine departed from the resonant mode.
On the basis of the magnitude and the sign+A _ in the

block of the correction of the frequency o, of the ex-

torted vibrodrive force 24 on the basis of the laid down
in it controlling laws (implemented in the classical
functions) the determination of the magnitude and the
direction of correction+a_ of the frequency of the ex-

torted force of vibrodrive.
Corrected frequency o,(t) £A, of the extorted vi-

brodrive force will converge over time to its own reso-
nance frequency @, of the container 1, owning to the

operation +A , until g (t) =, ()+A,, that will not

become equal &=-7/2.

Adaptation of frequency of the guided debalanced
vibrodrive (5 and 11) for the resonance frequency of the
mechanical  vibrating system of vibromachine
(t) = @, (1) £ A, allows to provide the permanent res-

onance mode of operations of container 1 at arbitrary (to
different) mass of his load (will build on for adaptive
vibroabrasive treatment of details) as by a working envi-
ronment 2 by treated details 27.

Resonant mode of the device for the adaptive vi-
broabrasive processing of the details ensures minimal
energy costs of the vibrodrive for the implementation of
the technological process.

A constructive decision given on the fig. 3 and fig.
4 allows to realize not only energetically optimal regime
of work of the machine for adaptive vibroabrasive
treatment of the details but also to set technologically
optimal regime of work at minimum energy expenses on
a vibrodrive.

A necessity and expedience of the realization (for
control and stabilization) of technologically optimum
parameters of vibroabrasive treatment of details is con-
ditioned by the vibroabrasive treatment must be done at
set (determined) period of time at given dynamic pa-
rameters of the container 1. Under the dynamic parame-
ters of container 1 it is possible to understand the ampli-
tude and frequency of his vibrations. Inobservance of
these dynamic parameters of container 1 during the set
interval of time for vibroabrasive treatment of the de-
tails is the reason for violation of technology of treat-
ment of details. Uncontrolled rejection of the dynamic
parameters of the container 1 during the time of techno-
logical treatment in a less side will be a reason for ob-
taining of other from the set class of roughness of sur-
face of details (at polishing and grinding), other size of
remove of the metal, from the surface of the detail (at
taken off of the wire-edges and at finish - stripping
treatment). In such case the prepared products (treated
details 27) on the merits will be defective. Rejection in
the greater side of dynamic parameters of container 1
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during the time of technological treatment in general
can result in destruction of the details by the way of
grinding (this vibromachine can be examined also as a
vibro mill and dryer [22-24]).

On the basis of investigations [25-27] it is reason-
able for the criterion of evaluation of dynamic parame-
ters of the device for adaptive vibroabrasive treatment
of details to take specific work A =a?xa’ of the vibra-

tive field (working environment) of container 1 or inte-
gral criterion (specific power) I, :a)ixaj for the esti-
mation of the equivalence of vibrations of different fre-
quencies. Sergiev A. P. showed in his work [28], that
the removal of metal at vibroabrasive treatment of de-
tails remains permanent at the preservation of the value
regardless of value a;f)xaj without depending on the

significance of the amplitude and frequency. Physical

maintenance of specific work of the vibration field
A =a’xa; can be understood from the general deter-

mination of work (A=Fxs ), in general the work is
equal to the result of the power F on moving S . Taking
into account, that the force is expressed as the product
of mass on an acceleration (F =mxa) and taking note
that during vibrating motion of vibromachine in a con-
stant mode of moving of container 1 in general is de-
scribed by an expression a, -sin(a, -t).- Taking the se-
cond derivative from moving and putting him in expres-
sion of the work we will get (mxa, xa;,f)-ad .

Going out from the calculation of necessary ampli-
tude of vibrations a, on this resonance frequency o,
(@, = a)p) it is expedient to conduct from next correla-
tiony =[a)fxa§]/a)§ , Where o and a, the optimum pa-
rameters of the vibration field are beforehand set from

the technological point of view for vibroabrasive treat-
ment of details in a container 1. Parameters , and a,

(the time of treatment is at such mode) entered by the
operator of vibromachine directly into block of techno-
logically optimum parameters 22, where also goes the

information about the actual value of amplitude a, and
resonance frequency of vibrations of container 1
w. = w. from the sensor of vibration 19 in a next form
0 p
a, -sin(w, 1) -
As a result of treatment of information from the
sensor 19 the block of technologically optimum parame-

ters 22 conducts permanent determination (shortchang-
ing) of necessary value of amplitude of vibrations a_,

for to provide the constant value of specific work
(Ap :a)ixaj =const ) of vibrational container 1 on this
(to new) resonance frequency @, during the time of

treatment set by an operator. Information about the nec-
essary value of amplitude of vibrations a  constantly

comes to comparator 23 where compared to the actual
the value of amplitude a, .

As a result of comparison we get +A_ size (and di-

rection) on which it is necessary to make correction of
vibration amplitude of correction of container 1 for to

ensure sustainability of specific work of vibration field
(A, = w}xaj =const) within a specified time of vibro

treatment. The values (and the direction) of correction
of vibration amplitude of the container 1 +A_ is trans-

ferred to a block of correction of amplitude of extorted
force (controlled) debalancial vibrodrive 25. The block
(25) on the basis of the laws of controlling outted into it
(realized on classical function) implements the correc-
tion A, of the angle value g between eccentricity cen-

ters of mass of debalances 5 and 11 (fig. 4), that leads to
the change of value of the amplitude of cyclic extortial
force of controlled debalance vibro drive for vibro abra-
sive treatment of the details. In the result of the change
(reduction, extension) of the value change of cyclic am-
plitude of extortial force of controlled debalancial vibro
drive change the amplitude of vibrations of container 1
(fig.5) on the side which provides the stability in the
time of specific work of his (1) vibrational field.

Application in a structural decision (fig. 3 and fig.
4) of another control loop of adaptation of revolting fac-
tor (amplitude of cyclical power of vibroO drive) allows
to get the stable in time value of specific work of the vi-
brational field of container 1 and in that way provides
valuable realization of technological process of vibro
abrasive process of details 27 [29].

Stability of specific work of the vibrational field of
container 1 during time of technological treatment is the
pledge of obtaining of the set class of roughness of sur-
face of details (at polishing and grinding ), set size of
extraction of metal, from the surface of detail (at taken
off of burrage and at finishing — felling treatment)[30].

CONCLUSIONS

The structural electro mechanics model of vibrom-
achine was developed for adaptive vibro abrasive treat-
ment of details. Which realizes minimum energy ex-
penses on vibrodrive of machine for vibro abrasive
treatment of details due to providing and maintenance of
the permanent resonance mode of operations of working
chamber.

During work in the mode of minimum energy ex-
penses the structural decision of device for vibroabra-
sive treatment of details allows to control the energy of
the vibrational field (on resonance frequency of vibrom-
achine) for providing of stable beforehand set value of
specific work of the vibrational field of container.

That allows at variable mass of loading of working
chamber (container) by the details to get the set techno-
logical effect (set class of roughness of surface of de-
tails at polishing and grinding, set size of extraction of
metal from the surface of the detail at taken off of bur-
rage and at finishing — felling treatment, set strengthen-
ing of surface with plastic deformation and so on) at
minimum energy expenses.
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MOJIEJIb BUBPOMAILMHBI C AKTUBATOPOM
JUISI BABPOABPA3BVMBHOI OBPABOTKU
JETAJIEN CEJIbCKOXO3SMICTBEHHOM

TEXHUKU

AnHoranusi. OcoOeHHOCTBIO BHOpoaOpa3sMBHOM
00paboTkn pneTanei B CBOOOTHO TpaHYTUPOBAHHON
cpene sABIsIeTCS CBOOOJHOE KMHEMAaTHYeCKOE COeIHHe-
HHE MEXJy padO4YMM HHCTPYMEHTOM M JETaJsIMH, 4TO
YCIIOXKHSIET oOecrieueHre cTabuIbHOT0, Hallepe | 3a1aH-
HOT'O, TEXHOJIOTMYECKH ONTHMAJILHOTO BO3JIEHCTBHS a0-
pa3uBHBIX 3epeH Ha 00paboTaHHbIE AETaNHM IpH Iepe-
MEHHBIX NapaMeTpax pabodel Kamepbl BUOPAIMOHHOM
MammHbL. [ permenus 3toi mpoOieMsl OblIa paspa-
0oTaHa CTPYKTypHas O>JEKTpOMeXaHH4YecKas MOJeib
MIPUBOJa BHOPOMANIMHEI IJIsI aJaNTHBHON BHOpoadpa-
3UBHOW 00pabOTKH NeTajeil CeabCKOXO3IHCTBEHHOW H
nepepabartbiBaromieii TexHukd. [Ipennmaraemas MamuHa
cnocoOHa 00eCTIeYuTh MUHUMAIBHBIC 3aTPaThl SHEPTHH
Ha MPHUBOJ 33 CYET KOHCTPYKTUBHOT'O DPEIICHHS CUCTe-
MBI IIPUBOJA, YTO MO3BOJIACT B aBTOMATHYCCKOM PEKU-
M€: IPOBOAUTH aJalITUBHBIC HaCTpOﬁKH " NoAACPKaHUuC
BO BPEMEHH PE30HAHCHOTO pexuma paboThl KOHTeHHe-
pa (ImycToTenoro pabo4yero opraHa) He3aBHCUMO OT Ma-
CCBI €r0 3arpy3KH CPEIOH M JeTasIMU B TCUCHHE BCETO
[UKJIa BHOPOOOPaOOTKH; NMPOBOAUTH alalTHBHBIC Ha-
CTPOMKH W MOAJEPNKAHUI BO BPEMEHH 3aJaHHOTO TEX-
HOJIOTHYECKH ONTHMAJIBHOTO 3HAYCHHS IApaMeTPOB BH-
OparroHHOTO TOJIA (YAEIBHON PabOTHI, YAECTHHON MO-
IIHOCTH) B IIYCTOTEJIOM KOHTECHHEpe 3arpyKeHHBIM
Cpelol U NMeTaasIMH B TEUCHHE BCErO IMKJIAa BHOPOOO-
paboTKH; TPOBOIUTH YIpaBICHUS HarpaBieHUueM U ¢o-
PMOIl TpaeKTOpPUM JBIMKEHHUSI 3arpyKEHHOT'O Cpeibl M
JeTayieil B MyCTOTEJIOM paboueM opraHe IO 3apaHee
OTIpEe/ICNICHHON MoJIb30BaTeseM (OmepaTopoM) mporpa-
MME B TEUCHHE BCETO IMKJIa BHOPOOOPaOOTKH.

KiroueBbie cioBa: BuOpoadbpasuBHas 00paboTKa,
aJlaNTHBHOE yIpapJeHHE, Heprocoeperarmui BUOpo-
NPHUBOJI, PE30HAHCHBIN PEXUM PaOOTEL
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AHHoTanusi. B pabore mpencraBieHHH CHCTEMBI
KOHTPOJIS 3arPY3KH €IEKTPOTPaKTopa, Onaroxapsi KOTo-
pO¥i YBETMYHBACTCA CPOK CIYKOBI aKKyMYIISITOPHOI Oa-
Tapen W YBEIUYUBACTCS MEXK3apsIHOE BpeMs paboThI
ENIEKTPOTPAKTOPA TIPH BBHINOIHECHUH arpoTEXHOJIOTHYE-
CKHX OIepanuii 3a CueT paloHaIbHOTO HUCIIOJIb30BaHUA
anekTpuyeckoit 3Heprun. OcHaleHne TPaKTOPOB COOT-
BETCTBYIOLIMMH CPEJCTBAMH ONEPATHBHOI'O KOHTPOJIS U
yIpaBJeHUs ABUIaTeNIeM MO3BOJISIET YMEHBIIUTh 3aTpa-
ThI 3Hepruu 10 20%.

B crartee mpuBeICHUM Pe3yNbTaThl MPEABIIYIIHX
HCCIIEOBAaHUH SKCIEPUMEHTAIBHOTO 00pasna eIeKTpo-
TpakTopa XT3-2511, a Takke yCTaHOBJICHO, YTO Ha ce-
TOAHSIIHUKA J€Hb IOJYYaloT IIUPOKOE pPacIpoCTpaHe-
HHUE 3JICKTPOABUTATENN BEHTWIBHOTO THMA A JJICK-
TpoTpaHcnopTa us-3a Beicokoro KITJ mo 95% wu Bo3-
MOJKHOCTBIO IIPOTPaMMHPOBaHMs KOHTpOJJIepa Ha pas-
JIMYHOE HANPSHKCHUE U Pa3INYHbIE PEKUMBI PAOOTBHI.

KaioueBble ciioBa: enekrpoTpakrop, OOpTOBOI
KOHTPOJUIEP, TEXHOJIOTHYECKHE OTepaluu, 31eKTpudu-
Kalys, ODJIEKTPOJBHUIATEINb, 3JEKTPOAKKYMYJISATOPHBIH
MIPUBO/I.

INOCTAHOBKA TTPOBJIEMbI

Ha coBpeMeHHOM 3Tame pa3BUTHS 4YeJIOBEUYECTBA
HanOosnee yIOOHBIM U MEPCHEKTHBHBIM BUIOM YHEPTUH
SIBIISIETCSL DJIEKTPUUYECKAsl SHEPT U, KOTOpas B SHEPreTH-
4ecKOM OaJlaHCe MHpa BBIXOAHT Ha BTOPOE MECTO IMOCTe
HEPTH.

B cTpykType 3aTpaT »HEpruM Ha CeJIbCKOXO03sii-
CTBEHHOE MPOU3BOJICTBO OOJIbINIAST MX YAaCTh MPUXOIUT-
cs Ha MOOWJIbHBIE TEXHOJOTHYECKHE MPOIECCHl pacTe-
HUEBOJICTBA U TOATOMY OOecTieueHue MEXaHHU3UPOBaH-
Horo pacteHueBoacTBa HE nckomaembiMHM BUIaMH TOTI-
JIMBA SIBJISIETCS UPE3BbIUAMHO aKTYyaIbHBIM.

AHAJIN3 ITOCJIIEAHUX HCCJ;IEI[OBAHHPI nu
IIYBJIIMKAIIUU

BbazoBble mpeanochuIKy 11e71eco00pasHOCTH Tepe-
BOJIa MOOMJIBHOW CEJIbCKOXO3SHCTBEHHOW TEXHUKH Ha
eKTpoTATY [1] mpencTaBiens! Ha puc. 1.

YpoBeHb aKTUBHOT'O Pa3BUTHS MHPOBOT'O COOOIIIE-
CTBa B IEJIOM HA CETOIHS IIPEBBIMIAET BO3MOXHOCTH
miaHeTsl [2] 3emust B oOecreueHr TPaJauIuOHHBIMU
BHJAMH TOTUTHBA (yroib, He(Th, Tra3) U HEUTpaTU3aIH
OTXOJIOB >KH3HEAEATENBHOCTH 4elloBeKa. B pacuere Ha
OJIHOTO JKUTENS IUIAHETHl TOAOBBIC 3aTPaThl DHEPTHH

cocraBmaroT okoo 70 I'JIx (axBuBanent 1,6 T HedTn),
a 3aTpaThl PHEPTUHU Ha [3] OIMH TeKTap CeIbCKOXO03Si-
CTBEHHBIX YIOAWH B Pa3BUTHIX CTpaHaX NPHPABHHUBAIOT-
csa kx 0,8 T HedTH.

Mpeanocbinku nepexoaa
MTA Ha aneKkTpoTary
e 3 s
dHepreTMyeckuit JKoHOMMuecKan apdek-
Kpusnc TUBHOCTb
(. J (. J
( )
MNepcneKTUBHOCTL AfepPHON Konornyeckme
SHepreTUKu npo6nembi
(& J (& J
) ( N
JocTaTouHbI ypoBeHb Hu3KuMi1 TeXHUYeCKUi
aneKkTpudMKaumm cena yposeHb [IBC
(& J (& J

Puc. 1. ba3oBble NpeAnoCchUIKM NEpeBoda MO-
OMJIBHOM CEIbCKOXO3IMCTBEHHON TEXHHKM Ha DJICKTPHU-
YECKYIO TATY

Fig. 1. The basic background for the transition of
mobile agricultural machinery to electric traction

YKpanHa OTHOCHTCSA K SHEProJe(pUIUTHBIM CTpa-
HaM, TIOCKOJIBKY HOKpHIBaeT [4] cBOM MOTPEeOHOCTH B
9HEPromnoTpeOIeHUH 3a CYeT COOCTBEHHBIX PECYpPCOB
JIMIIb HAaIOJIOBUHY ¥ UMIIOPTHPYET 75% HEeo0X0IuMOoro
obbema mpupoaHOro rasa u 85% ceIpoil HedhTH H
HedrenpoaykToB. To ecth, obecneueHns MEXaHU3NUPO-
BaHHOTO pacreHueBojacTBa HE mckomaempiMu Bumamu
TOIUIMBA JUIl YKpawWHBl BONPOCAM 3JHEPIreTHYECKOH H
HallMOHAJIbHOI 6e30MacHOCTH.

DnexkTpuuKaius TEXHOJOTUYECKUX TPOIECCOB
pacTeHUEBOACTBA TIO3BOJIUT MOBBICUTH 3()(HEKTHBHOCTD
MPOM3BOJICTBA 32 CYET PACHIMpEHHs (YHKIMOHAIbHBIX
BO3MOXKHOCTEH MAaIIMHHO-TPAKTOPHBIX arperaTtos, IO-
BBIIIICHUE KadecTBa BBHIMOJHEHHUsS pabouux IPOIECCOB,
yIIydIIeHne YCIIOBHH TPyJa M LEJOTo psjia IpyTuX TeX-
HUYECKHX, DKOJIOTHYECKHX W COLMAIBHBIX (HaKTOpOB
[5]. To maHHBIM HWCclemOBaHHUN AIEKTPHOUKALUST MO-
OMJIBHBIX ITPOIIECCOB MOXKET YMEHBIIUTH B 3,5-4 pasa
yAeIbHbIE KalUTAIOBIOXKEHUS U B 2,7-4,6 pa3 skcmiya-
TAI[IOHHBIE PACXO/bl B MPHUBOJAX XOJOBBIX CHCTEM Ma-
IIMHHO-TPAKTOPHBIX arperaTtoB, a Kakmasl MCIIOIb30Ba-
Ha KHWJIOBATT-4ac 3JIEKTPOIHEPTHUH IO3BOJISET HKOHO-
MUTH 30-50 T YCIIOBHOTO TOIIIUBA.

EnextpoTpakTopsl 00ecnednBarOT BHICOKOE Kade-
CTBO BCHAIIKH, KyJIBTHBALlMM W TIOCEBa 3a CYET CTa-
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OMJILHOTO TIOJICPKAHMS 3aJaHHOH TITyOUHBI 00pabOTKH
U TI0CEBa CEMSH NPH MOCTOSTHHOW CKOPOCTH ABM)KEHHS
arperara u BbICOKOM yCTOMYMBOCTU K MIEPETPY3KE TATO-
BBIX 3JIeKTpoaBurarteneii. OHU MPOCTHI B yIIPABICHUH H
9KCIITyaTally, HE HYXIAIOTCS B IOJBO3€ TOIUIMBA B
mporiecce pabOTEL. JTO 00ecHeyMBaeT IMOBHIIICHUE
npou3BoauTENbHOCTH Tpyaa (10 30%) M yMeHbLICHHUE
00beMOB PabOT IO TEXHHUYECKOMY OOCITYKUBAHUIO H
PEMOHTY.

AHanu3 MUPOBBIX LIEH HAa pa3jIMYHbIC BHIBI SHEP-
I'MU TIOKa3bIBAaeT, YTO B CTpaHaxX, SYHEPreTHKa KOTOPBIX
0azupyercst Ha TPAJAULMOHHBIX OPTaHWYECKUX HOCHTE-
JSIX, CTOUMOCTB 3JIEKTPO3HEpPTuu B 3-4 pasa BBIIIE, a B
CTpaHaX, II¢ pa3BUBACTCS SACPHAS SHEPIeTHKA - MpakK-
THYECKH OINHAKOBA C IIEHOH >KUAKOTO TOIUIMBA WIIH Ta-
3a. [IpudeM aOCONIOTHOE LEHA BIIEKTPOIHEPTHH B TIO-
CIIEAHUX MOYTH B ABa pa3a MCHbIIE. YKpaWHa TaKxKe
OTHOCHTCS K CTpaHaM 3HEpPreTHYecKas MEepPCIEKTHBA
KOTOPBIX CBSI3bIBAETCS C SIEPHON 3HEPreTUKoi [6].

Cenbckast MECTHOCTh YKpauHbI YK€ UMEET 10CTa-
TOYHO HACBHIIICHHYIO 3JeKTpudeckyto ceTh 0,4-20 kB
(oxono 700 Tteic. Km) uepe3 koropyro morpebisiercs
Tonbko 10 10% 3Hepruu, BhIpAOATHIBAEMON 3JICKTPO-
cranimamu. [Ipraem 3arpyska 3Tux ceTel 3HaYUTEIBHO
MEHbUIE palMOHATIBLHOTO [7].

B »Tux ycnoBuwsAx oueBHIOHA IIEIECO00Pa3HOCTH
MaKCHMaJIbHO BO3MOXXHOTO IIEPEBOAA CEIbCKOXO35H-
CTBEHHOTO IIPOM3BOJCTBA, B TOM YHCIIE€ M MOOMIBHBIX
arperaTtos, Ha IOTPEOJICHHE 3JIEKTPUYECKONW SHEPTHH.
[Tpu sTOM, HEBBICOKAsl €AUHUYHAS MOIIHOCTH MOOMIIb-
HOro arperara (ontumanbHOW cuutaercs ao 100 xBr)
no3BoiisieT 3(pEeKTHBHO HUCIONBL30BaTh KaK paccpemno-
TOUEHHYIO LEHTPAIN30BAHHYIO AJIEKTPUYECKYIO JHEp-
THI0, TaK ¥ MaJOMOLIHbIE MCTOYHUKH SHEPTrUH - OHO-
TOIUIUBO, BeTep U cojHie [8,9,10].

CxuraHue MCKOIAeMOTO TOIUIMBA IMPUBOANT K akK-
KyMYJIUPOBaHHIO B aTMOC(epe pasIMIHbIX XUMHIECKUAX
COCAVMHEHUH, SBIIAIOMNXCS TNPHIMHONW ITAPHUKOBOTO
s¢dekra, BbIMAAEHHE KUCIBIX NOXKJICH W MHOTO Hera-
THUBHOTO BO3JICHCTBUSI HA OKPYKAIOLIYIO CPELy.

Huzkuil TexHuueckuili ypoBE€Hb TPAKTOPHBIX JABH-
rateneit BHyTpeHHero cropanus ([IBC) ompenensercs,
B TIEPBYIO Ouepe/ib, HU3KUM KOI(D(GHUIUESHTOM IMOJIE3HO-
ro geuicteus - okoyio 30%, Torma Kak 3HAYCHHE ITOrO
ko3(dunreHTa Il AIEKTPUUECKUX JABHIaTelied co-
crasiset 6onee 90% [11,12,13,14].

[NOCTAHOBKA 3AJJAYN

ObecnieunTh 3P PEKTHBHOE HCIIONB30BAHUE DJICK-
TPOTPAKTOpa MpPU BBHIOJHEHHH TEXHOJOIMYECKHX OIle-
panuii B paCTeHUEBOJICTBE.

N3JIOXKEHHUE OCHOBHOI'O MATEPUAJIA

[TpoGemaMu MCTIOJIB30BAHUSI AIEKTPOTPAKTOPOB B
pPacTeHHUEBOICTBE SBJSIETCSI HU3Kasi YCTOMUUBOCTD DJIEK-
TponBurateneii k meperpy3ke (tam rae JIBC mpocto
ocTaHaBIMBaeTcad 0e3 OCOOBIX IOCIIEACTBHUH, 3IEKTPHU-
YEeCKUil — cropaeT) M OTCYTCTBHE (IIOKA) aKKyMYyJISITO-
poB, KoTopele OBl obecneumnn paboOTy MAaIIWHHO-
TPAKTOPHOTO arperara Ha MpoTsbkeHuH [15] Bceit pabo-
Yyel CMEHBI.

Heo6xoauMOCTh JTOCTYHHOTO M OJHO3HAYHOTO
BOCIIPUSITHSL OOJBIIOTO 00beMa MHGOPMAIMH IS Ole-

PaTHBHOTO NPHMHATHS PEIICHUI IpH ynpasieHHn pado-
TOH 3JIEKTPOTPaAKTOpa TpeOyeT CHeuabHON pa3paboT-
KU HHQOPMAIIMOHHOW CHCTEMBI.

BricokoaddexrrBHas pabora MAaIInHHO-
TPaKTOPHOTO arperatra Ha 0a3e 3JIEKTPOTPAKTOpA BO3-
MO>XXHa IIPU CTPYKTYPHOM M IapaMeTpUUYECcKOl ajanra-
[IMM aBTOMAaTHYECKON CUCTEMBI KOHTPOJIsI paboThI arpe-
rara B COOTBETCTBUHM MEHSIOIIMMCS YCIOBHUSIM €ro pa-
60TsI [16-20].

C sTo# 1enplo pa3paboTaH OOPTOBOI KOHTPOILIED
C JJIeMEHTaMH CaMOHACTPOHKH (pHC. 2).

60 62 63 [&]

Puc. 2. Cxema G0pTOBOr0O KOHTpOJUIEpPA C DIEMEH-
TaMH CaMOHaCTpOI}'IKPII 1 — OJIOK aHaJIN3a BEIYUCIEHHS U
(bopMHpOBaHUS YIPABIAEMOT0 CUTHANA; 2 — JATYHK TO-
Ka; 3 — JaT4YWK HANpsDKCHWS, 4 — JaTYWK BKIIFOUYCHHOM
nepenayn; 5 — matauk o0OpOTOB; 6 — TpadIUeCKuit
muctiei; 6.1 — Tabmo Ha mepexiToYeHHE Ieperad,
6.2 — Tabmo 3apsAma aKKyMyJSATOpa 3JIEKTPHUECKON
sHeprud; 6.3 — TabIo COCTOSHUS HATPY3KH AJIEKTpHUe-
ckoro papurarens; 6.4 — Taba0 CKOPOCTH JABHIKCHHS
ANIEKTPOTPAKTOPA; 7 — JUHAMHUK 3BYKOBOTO CUTHaIa; 8 —
CHJIOBOC pelic

Fig. 2. Scheme of board controller with self-tuning
elements: 1 — analysis block of calculation and for-
mation controlled signal; 2 — current sensor; 3 — voltage
sensor; 4 — sensor enabled transmission; 5 — speed sen-
sor; 6 — graphics display; 6.1 — board for switching
transmission; 6.2 — board of status charging of battery
of; 6.3 — board of load state electric motor; 6.4 — board
speed of electric tractor; 7 — speaker sound; 8 — power
relay

BopToBOli KOHTpOJIIEp BBIMONHSICT CICTYIOIIUC
GbyHKINU:

— pacueT M aBTOMAaTHUYECKYI0 KOPPEKIHIO Palu-
OHAJILHOHM 30HBI CKOPOCTHBIX M HAarpy304HBIX PEKHUMOB
paboThI IBUTATETIS;

— aHaJIN3 CKOPOCTH, CTENEHH U MPOJODKUTEINb-
HOCTH BBIXOJIa IEHCTBUTENILHBIX PEKHUMOB pabOThI 1BU-
rareiisi ¢ pallMOHAJILHOM 30HBI, HA OCHOBE 4Yero GpopMu-
POBaHMSI KOMaH/T Ha NIEpeKIIIOUYEHHE epesiad U KoJInye-
CTBO CTYIEHEH, 4yepe3 KOTOphIE HYKHO MPOBECTHU Iepe-
KJIFOUCHHE;

— aHaIM3 CKOPOCTH, CTENCHHM M IPOJIODKUTENb-
HOCTH BBIXOJIa JICHCTBUTEIBHBIX PEKHUMOB pabOThI JIBU-
rareisi ¢ pallMOHAJILHOM 30HBI, HA OCHOBE 4ero (popMu-
POBaHUS KOMaH/ Ha OTKJIIOYEHHE IBUTATENs OT MCTOY-
HHUKa TUTaHHS.

PabGoTa GopTOoBOrO KOHTpOJUIEpA ACITUTCS Ha JIBE
gactu. llepBas oOecrmeumBaeT WHAWKALMIO PEKHMOB
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pabOTHI AIIEKTPOABHUTATENS U OTPakaeT PEKOMEHIOBaH-
HBIE PEKUMBI B COOTBETCTBHH C YCIOBHSIMH PaOOTHI
€JIEKTPOTpakTopa (TO €CTh MEePEeKIIoUeHHEe Tepenad),
BTOpas 4acTh OTpaXkaeT OOIIyr0 WHPOPMALHIO: COCTOS-
HHE 3apsifa aKKyMYJIATOPOB SJIEKTPHUECKOW IHEPTHH,
COCTOSIHHE HArpy3KH 3JCKTPHUUECKOTO ABHTATENS, CKO-
POCTh JBIDKEHUS AJIeKTpoTpakTopa. IlepexmoueHue ne-
penayd OCYIIECTBISIETCS CIIAYIOUIMM 00pa3oM: CHHMa-
€TCsl aHaJOTOBBIH CUTHaJl C OECIPOBOJHOTO JaT4YHKa
ToKa Ha 3¢ eKTe XoJula B BUJIE HANPSHKEHHS, KOTOPOE B
JlabHEHIeM 0JJaeTcsl Ha BXOJ aHaJOTrOBO-IH(POBOTO
npeoOpa3oBaTeiss BCTPOCHHOTO B OJIOK aHanu3a, Trie
YKa3aHHBIH CHTHAJN TIEPECUUTHIBACTCS B COOTBETCTBY-
foliee 3HaUYeHHE TOKa COTJIACHO TapHpOBOYHON Tabiu-
upl. OZHOBPEMEHHO C ONPOCOM JaTyhKa TOKa, OJIOK
aHaN3a BEIYUCICHUS M (OPMHUPOBAHUS YIPABISIEMOTO
CHTHAJIa OTIPAIINBACT MATIYMK BKIFOYCHHOW Iepenadn, u
aHATM3UPYET ero IMOKa3aHWsi Ha TpPeAMET BKIIOYCHHS
neperaud U 0O0OpOTHI JBUraTeis. 3HAYCHUIO OT MTHO-
BEHHOI'O 3HAuUeHHUs TOKa M BKJIIOUEHHOHN Imepenauu, a
TaK)Ke OT YCTaHOBJICHHBIX I'PaHuUI] paboYHuX ITUANa30HOB
[0 TOKY, KOTOpBIE TaK)Ke BIIUTHI B OJIOK aHajIHM3a BbI-
yucieHus ¥ (OPMUPOBAHUS YIPABISIEMOr0 CHUTHaja,
MOCTICTHIHA CO3/1aeT PEKOMEHAALNH TI0 TEePEKITIOYCHHIO
TEKyIIel mepenadn B ciiydae Mayoil 3arpy3Kd, WM Ie-
peTpy3KH. A B ciiydae HaXOKIEHHS MTHOBEHHOTO 3Ha-
YeHHUs TOKa B Ipeenax padodero amamnazoHa GopMupy-
€TCsI PEKOMEH/IAITNS OCTABJIATH ONPEICICHAYIO Iepe/a-
gy 0e3 W3MEHCHHH, COOTBETCTBEHHO OTpaXKacTcs Ha
rpadgu4eckoM JuCIUiee, TO €CTh MEePeKIII0UYeHHe nepe/ia-
gn. Kpome Toro, TMHaMHUKOM ITOJIa€TCsl COOTBETCTBYIO-
IIMHA CUTHAJ B ClTydae MPEBbIIICHUsS HOMUHAJIBHOIO TO-
Ka JuIsl IepeKIIoYeHus Ha OoJiee HU3KYIO Tepenady, a B
cilyyae KpalHUX MpEesoB 3TOM Mepenayu IMpekparie-
HUS JanbHeWIe paboThl, A MpeloTBpaIleHUs Tiepe-
TPY3KH OJJeKTpoaBurarensd. Eciam He yMeHbIIaeTcs
Harpy3ka Ha 3JCKTPOJBUTATENb, BEHIINIE YKa3aHHBIMHU
METOJaMH{, dYepe3 TMPOMEKYTOK BpPEMEHH KOTOPHIH
MpeJBapUTEIFHO MOXKET HACTpamBaThCs, OJOK aHAIHM3a
BEIYUCIICHUSI ¥ (POPMHUPOBAHUS YIIPABIIEMOTO CHTHAJa
00eCTOYHBaET JICKTPOIBUTATEIH C IIOMOIIBIO CHIIOBOTO
perne.

Ha numeBoit cTopoHe OOpPTOBOrO KOHTPOJIIEPA,
BIIMCAHHOTO B IIUTOK NPHOOPOB TPaKTOpa, pa3MelleH
IyJIBT YNPaBJICHUS ¢ KHOIKAMHU BBI30Ba MH(OPMAINH,
KOHTPOJIBHBIMH JaMIIaMH U HH()OPMAIMOHHBIM TabIIo.
Jns mpuBiedeHUS BHUMAHHUSA TpPaKTOpUCTa K 0c000
BaXHOH wWH(QOpMAIMK, KOTOpas BHICBEUMBACTCS Ha
MyJbTe, CpabaThIBacT 3BYKOBOW CUTHAIL.

Kontpomrep gopmupyeTr Takume KOMaHIBI MO pa-
UOHAIEHOMY YIPABICHUHU TPAKTOPOM:

— OCTaHOBHUTH TPAKTOD;

—  HCKJIIOYHUTH NEKTPOABUTATEIb;

— TepeKITIoYUTh Niepenady BHu3 Ha 1,2,3 mepena-
qu;

— MepeKIIounTh Nepemady BBepx Ha 1,2,3 mepe-
JTaYH.

OcHamleHue  TPakTOpPOB  COOTBETCTBYIOLIMMU
CPEACTBAMHU OMNEPATUBHOIO KOHTPOJIS W YIIPaBICHHS
JIBUTaTeJIeM, TPAHCMUCCHEH M HABECHBIM YCTPOWCTBOM
MO3BOJISIET YMEHBIIUTH 3aTpaThl 3HEprun A0 20%.

BBIBO/IbI

1. D) PeKTHBHOCTD CEIILCKOTO XO3SMCTBA B JlaiTh-
HelmeM OyJeT B 3HAYUTEILHOW CTEIICHH OIPENEIIAThCS
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INFORMATION SERVICE OF EFFECTIVENESS
OPERATION OF ELECTRIC TRACTOR

Summary. The article deal with electrical load
monitoring system of electric tractor, through which
prolong the service life of the battery and increases time
between recharging batteries of electric tractor when
performing agriculture operations through rational use
of electricity. Such instrumentation of tractor as
equipment of operational control and management
system of engine can reduce energy consumption up to
20%.

Analysis of the previous research was based on the
study of scientific and technical information in the field
of mobile power on electric-battery drive. Found that
currently the ventilated electronic motors for electric
transport become widespread because of high
propulsive efficiency up to 95% and programmable
controller for different voltages and different modes of
operation. The developed experimental model of
elektric traktor HTZ- 2511E which time of work
without recharging batteries is up to 5 hours on
transport works.

Key words: electric tractor, board controller, tech-
nology operations, electrification, electric motor, elec-
tric-battery drive.
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Streszczenie. Automatyzacja systemu klimatyzacji
wymaga rozpoznania dynamiki wszystkich jego
elementow. W  niniejszej pracy  poszukiwano
najlepszego modelu dynamiki wymiennika gruntowego
wspolpracujacego z pompa ciepta. Do budowy modeli
wykorzystano metode identyfikacji parametrycznej i
baze danych pomiarowych hybrydowego systemu
zasilania energia odnawialng rzeczywistego obiektu
hotelowego. Znajomos$¢ parametrow dynamicznych
wymiennika jest potrzebna do opracowania algorytmu
sterowania pracg pompy, ktorej zadaniem jest
przygotowanie cieptej wody uzytkowej.

Slowa kluczowe: pompa ciepta, wymiennik
gruntowy, wlasciwosci dynamiczne, hybrydowy system
zasilania, modelowanie.

WSTEP

W procesie  przygotowania cieptej wody
uzytkowej, ale 1 klimatyzacji budynkéw, coraz
powszechniej wykorzystywane s3 niestandardowe
systemy ogrzewania (chtodzenia) wykorzystujace
pompy ciepta. Praca pompy ciepla, zardowno przy
produkcji ciepta jak i chtodu, wymaga zastosowania
wymiennika ciepta. Jego zadaniem jest wymiana energii
miedzy zréodtem a odbiornikiem, przy odseparowaniu
obwodoéw medidw posredniczacych tej wymianie.
Wymienniki  ze  wzgledu na  powszechnos¢
wykorzystywania sa jednak zrdznicowane
konstrukcyjnie, co wynika zarowno z budowy, uzytych
mediéw  posredniczacych, jak 1  konkretnego
przeznaczenia [13, 15, 16, 21]. To oznacza, ze zwykle
réznig si¢ dynamika swojego dziatania. Niezaleznie od
zastosowania wazna jest mozliwos¢ wpltywu na prace
wymiennika i wspolpracujacej z nim pompy ciepta,
polegajaca na sterowaniu intensywnoscia przeptywu
strumienia energii [17, 18, 19, 20, 22]. Dla kontroli
prawidtowos$ci dziatania np. systemu klimatyzacji
niezbedne jest wykonanie ukladu regulacji =z
odpowiednim algorytmem tej regulacji. Opracowanie
takiego algorytmu wymaga znajomos$ci wlasciwosci
dynamicznych wszystkich elementow sktadowych
uktadu [14]. Juz na etapie doboru typu wymiennika
przydatne sa wigc metody i narzgdzia pozwalajace na
okreslenie dynamiki pracy, wstgpne oszacowanie
efektow oraz wybor optymalnego rozwigzania
konstrukcyjnego. Do realizacji tego celu
wykorzystywane jest modelowanie [1-3, 6, 7].
Budowane modele moga mieé¢ charakter analityczny
(modele matematyczne, fizyczne, mieszane) lub
dyskretny [1, 2]. Kazdy z modeli ma wady i zalety.
Wybdr modelu zalezy od celu dla jakiego jest tworzony,

a zwlaszcza dostgpnos$ci narzedzi informatycznych,
dzigki ktérym mozliwe jest jego wykorzystanie w
badaniach symulacyjnych.

METODA BADAN

Autorzy do badan dynamiki wymiennika
gruntowego wykorzystali bazg danych pomiarowych
hybrydowego systemu zasilania energia odnawialng
opisanego w [4, 25, 27], ktérego schemat przedstawiono
na rys. 1. System sklada si¢ z baterii stonecznych
kolektorow plaskich i prézniowych, pompy ciepta z
wymiennikiem  gruntowym, dwoch  szeregowo
potaczonych zbiornikow cieptej wody uzytkowej i
zbiornika o pojemmosci 2 dm® petigcego rolg
magazynu niskotemperaturowej energii dla pompy
ciepta. Wymiennik gruntowy jest wykonany z rur
polietylenowych o $rednicy 40 mm, w ksztalcie litery U,
umieszczonych w 6 odwiertach o glebokosci 30 m
kazdy, w 2 rownoleglych galeziach po 180 mb (razem
360 m).

Jako narzedzie w procesie modelowania
wykorzystano biblioteke System Identification Toolbox
z pakietu Matlab [11, 12]. Do modelowania
zastosowano metod¢ identyfikacji parametrycznej [8-
10, 24], wybierajac jeden z proponowanych w Matlab-ie
typow modeli (ARMAX, OE, modele procesowe) i jego
strukture, zapewniajacy najlepsze dopasowanie do
rzeczywistego  przebiegu  sygnalu  wyjsciowego.
Struktura modelu jest zwigzana m.in. ze stopniem
wielomianu licznika i mianownika transmitancji
opisujacej zalezno§¢ miedzy sygnatem wejSciowym
(temperatura wlotowa medium do wymiennika Tj,), a
sygnalem wyjsciowym (temperatura medium na
wylocie z wymiennika T,y). Przyjeto zalozenie, ze
mamy do czynienia z modelem SISO (Singl Input Singl
Output) typu ,,black-box” (rys. 2).

Zaleta takiego modelowanie jest uzyskanie
korzystnej postaci modelu jako transmitancji dyskretnej
lub po zastosowaniu dodatkowego przeksztatcenia
transmitancji operatorowej o najprostszej strukturze,
przy wzglednie dobrym odwzorowaniu rzeczywistego
obiektu. To pozwala dla znanego sygnatu wejsciowego
wyznaczy¢ przebieg sygnatu wyjsciowego.

W procesie identyfikacji wymiennika gruntowego
wykorzystano nastgpujace modele: ARMX (Auto
Regressive Moving Average with Exogenous Input),
OE (Output Error) i model procesowy P1DZ. Na rys. 6
poréwnano przebieg rzeczywisty nagrzewania si¢
czynnika i symulacje z wykorzystaniem powyzszych
modeli.
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Rys. 1. Hybrydowy system zasilania [4]
Fig. 1. The hybrid power system [4]

temperatura na wlocie
wymiennika

G(s)

temperatura na wylocie wymiennika

Rys. 2. Model SISO wymiennika gruntowego
Fig. 2. Model of SISO ground heat exchanger

WYNIKI BADAN I ICH ANALIZA

Wykorzystana baza danych pomiarowych w
modelowaniu  dynamiki  wymiennika gruntowego
dotyczyla hybrydowego systemu zasilania
przedstawionego w [4, 25, 27]. Jest on monitorowany w
systemie pracy ciaglej, a wyniki pomiardw z 57
punktow (glownie temperatury, ale takze przeplywy)
rejestrowane i zapisywane sg co | min. (rys. 1).
Budowane modele oparte sa na wynikach pomiaréw z 2
wybranych dni 10-11 maja 2010 r. W ramach
prowadzonego wtedy eksperymentu  wymuszono
zwiekszone obcigzenie cieplne systemu hybrydowego
(wigksze zapotrzebowanie na ciepla wodg), uzyskujac
dtuzsze okresy pracy pompy ciepta i wigksza zmiennosé
temperatur  wejscia/wyjscia wymiennika. Przebieg
zuzycia wody odzwierciedla czerwona linia na
rysunkach 3a i 5a, odpowiadajaca iloSciom impulsow
rejestrowanych przez wodomierz (2,5 dm%impuls).
Pozostale dwie krzywe to przebieg temperatury,
odpowiednio na wlocie i wylocie wymiennika. Na
wykresach z rysunkéw 3b i 5b przedstawiono przebieg
temperatury wyjsciowej (out) wymiennika odnoszac go
do przebiegow uzyskanych na podstawie badanych
modeli. Dopasowanie modelu okreslono za pomoca
dwoch wskaznikow [8, 9, 10]:

= =53
L]
P

] [eohopemon ]
-
== )

o T
= ol

— Best Fit - im wigksza warto$¢ tym model
doktadniejszy, (Best Fit)mx=100;

— FPE - Final Prediction Error, okreslajacy
przewymiarowanie modelu; im mniejsza warto$¢ tym
mnigjszy blad.

Tablica 1. Parametry dopasowania modeli i ich
transmitancje dla przyktadowych danych pomiarowych
z10.05.2010r

Table 1. Parameters fitting models and their trans-
fer functions for sample data from 10.05.2010

Mod|Best|FPE
el | Fit

Transmitancja G(s)

0,001652s +1,313e —008

0e227 ¥ —
s°+0,00286s +1,139e — 007

OE227
85,98
0,0340597

amx2218 g% 0,003039s +5,517e —007

s? +0,005691s + 4, 735e — 007

AMX2218
84,79
0,01967

_s125 0,5078s +0,0001338
s+0,0001138

P1DZ e

P1Dz
78,54
0,0775681

W tabeli 1 pokazano parametry dopasowania
modeli i ich transmitancje dla przyktadowych danych
pomiarowych z 10.05.2010r. prezentowanych na rys.
3a. Na rys. 3b przedstawiono wykresy dopasowania
modeli do wynikéw rzeczywistych. Odpowiednio w tab.
2 i na rys. 5 zaprezentowano wyniki z dnia 11 maja
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2010 r. W obu przypadkach model typu ARMAX
oddaje najlepsze dopasowanie, charakteryzujac sie¢
najmniejszym bledem FPE i dostatecznie dobrym
wskaznikiem BestFit.

Odpowiedz modeli na wymuszenie skokowe
pokazano na rysunkach 4 i 6. Charakterystyka skokowa,
podobnie jak transmitancja operatorowa odzwierciedla
charakter dynamiki wymiennika. Ich przebieg wskazuje
poczatkowo dziatanie opozniajace, nastgpnie silnie
rozniczkujace 1 przechodzace w inercyjne. Na
wykresach, ze wzgledu na tak ujeta skale czasu, nie jest
bezposrednio widoczne opdznienie, ktore wskazuje
transmitancja operatorowa. Poszerzenie poczatkowego
przebiegu odpowiedzi pokazatloby te wtasciwos¢
dynamiczng wymiennika. Jest ona zwigzana z faktem
zadziatania pompy obiegowej i wprowadzenia w ruch
medium roboczego. Badania powtarzano kilkakrotnie i
dla roéznych przeptywoéw czynnika. Uzyskiwano
podobna dynamike cho¢ z réznigcymi si¢ parametrami.
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r
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5
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Rys. 3. Badania wymiennika gruntowego, dane z
dnia 10.05.2010: a) dane pomiarowe; b) poréwnanie
modeli

Fig. 3. Studies ground heat exchanger, the data of
10.05.2010: a) measurement data; b) comparison of
models

From: u1
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Rys.4. Odpowiedz skokowa modeli dla badan z
dnia 10.05.2010 r

Fig. 4. Step response models for the study of
10.05.2010
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Rys. 5. Modelowanie wymiennika gruntowego na
podstawie danych z dnia 11.05.2010: a) pomiary; b)
poréwnanie modeli z przebiegiem rzeczywistym tem-
peratury czynnika na wylocie

Fig. 5. Modelling of ground heat exchanger based
on the data of 11.05.2010: a) measurements; b) compar-
ison of the models with the course of the actual tem-
perature of the outlet
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Tablica 2. Parametry dopasowania modeli i ich
transmitancje dla przyktadowych danych pomiarowych
z11.05.2010r

Table 2. Parameters fitting models and their trans-
fer functions for sample data from 11.05.2010

Model| Best |FPE Transmitance G(s)
Fit
g = 0,0006734s +2,303e — 008
o881 L | amx22110 e - S*+4,30%e
N il P s? +0,001359s +1,895¢ — 008
X 7 1
= =
< o
[{=)
N <]
A 1885 S | popz e 20,00075255+2, 718e 008
& 3 N s®+0,001547s + 2,239e — 008
o
=)
<
2 =
N (874 5 _ss0s  0,000613s +2,025¢ — 008
N TR | 0e229 e ;
e 3 | s®+0,001217s +1,66e —008
O =3
o

Amplituda

P20z i
——— am@2110
05229

Czas (sec) %107

Rys. 6. Odpowiedz skokowa modeli dla pomiarow
z dnia 11.05.2010

Fig. 6. Step response models for the measurement
of 11.05.2010

PODSUMOWANIE

Metoda identyfikacji parametrycznej, w trybie on-
line, mozna monitorowaé¢ dynamike pracy wymiennika
gruntowego. Wyznaczone wyzej modele, na podstawie
rzeczywistych wynikow pomiaréw, sa modelami
dyskretnymi. Mimo, ze sa tu opisane postacig
transmitancji ciaglej G(s), to uzyskano je z dyskretnego
zapisu sygnalow wejscia/wyjscia, odczytywanych co 1
min. Najlepszym dopasowanie charakteryzuje si¢ model
typu ARMAX i ten autorzy zalecajg do stosowania dla
wymiennikow gruntowych.

Znajomo$¢  dynamiki  wymiennika  ulatwia
opracowywanie algorytmow sterowania pracg systemu
grzewczego/chtodniczego opartego na  wspolpracy
pompy ciepta z wymiennikiem gruntowym. Moze by¢
bardzo przydatna w diagnostyce samego wymiennika.

Charakterystyki skokowe pozwalaja okresli¢ state
czasowe i dopuszczalny czas pracy pompy i czas
regeneracji wymiennika.

W dalszych planach autoréw przewidywane jest
powtorzenie badan dla innego wymiennika gruntowego,
o réznigcych si¢ parametrach konstrukcyjnych, zarowno
wertykalnego jak i horyzontalnego, zrealizowanego
rowniez w innym klimacie. Przewidywane jest rowniez
poszerzenie badan o modelowanie analogowe, na
podstawie ktorego bedzie mozliwe symulowanie
dynamiki pracy wymiennika, przez zmian¢ parametrow
konstrukcyjnych i eksploatacyjnych. Bedzie tez
mozliwa walidacja modeli dyskretnych z analogowym,
przez poréwnanie postaci transmitancji operatorowych.
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AnHoTanus. [IpennoxeH ycoBeplIeHCTBOBAHHBIM
METOJI AMAarHOCTHPOBAHUS PYJIEBOTO YIPABICHUS HIap-
HUPHO-COYJICHEHHOH KOJECHOW MAaIIWHBI, CyIIECTBEH-
HO BJIMSIOIIETO Ha 0€301acHOCTh €€ HCIOIb30BaHus, Ha
OCHOBE HCIIOJIb30BaHMS YIJIOBBIX YCKOPEHHH CEKLUH B
IUIOCKOCTH JIOPOTH B KauecTBE TUATHOCTHUYECKOTO Ma-
pamertpa. [losyueHa 3aBUCUMOCTD I ONpEAETICHUS yT-
JIOBBIX YCKOPEHHUU AJIA Cllydas IPOU3BOJIBHON YCTaHOB-
KM JBYX JaTYMKOB MOOWMJIBHOTO pPETUCTPAlMOHHO-
HM3MEPUTENIEHOI0 KOMITIEKCa Ha MaIlliHe, YTO MO3BOJIS-
€T TOBBICHTh TOYHOCTh M3MEpeHHH. B cooTBeTcTBHU C
MPEATOKEHHBIM TI0AX0A0M Oblla pa3padoTaHa Mpo-
rpaMMa-MeTOinKa AWarHOCTHPOBaHUS pPaboTocroco0-
HOCTH PYJICBOTO YNpPAaBJICHHSA Ha MpPUMEpE MIapHUPHO-
COWICHEHHBIX KOJIECHBIX TpakTopoB. IIpoBeneHs skc-
NepUMEHTAIbHBIE HWCCIIEIOBAaHMS 110 JHarHOCTHPOBa-
HUIO PYJIEBOIO YIPABICHHUA KOJECHBIX MAIIMH C pa3-
muaHOK HapaboTkoit (ot 30 mo 6000 yacoB paboThHI).
[Tomy4yeHHBIE ¢ MOMOIIBIO MOOMIBHOTO PETUCTPAIOH-
HO-U3MEPUTENIFHOI0 KOMIUIEKCA JTMHEHHBIE YCKOPEHNH,
JUIA TIOBBIIIEHUS TOYHOCTH, (HIBTPOBAIUCH C IIOMO-
mplo GuiibTpa bartepBopTa. Pe3ynbraTel 3KCHEpUMEH-
TAIBHBIX MCCIICAOBAHUM Ha TPAKTOpax C PasIMIHOU
HapaOOTKOW OINMCHIBAIOTCSl 3KCIIOHCHIMAIBHBIM 3aKO-
HOM paclpefielIeHus CilydalHbIX BenuuuH. CpaBHEHUE
MOJTYYSHHBIX PE3YJbTaTOB Ul MAaIIWH C CYIIECTBEH-
HBIMHM HapaOOTKaMHU C HOMHHAJILHBIMA 3HAUCHHUSAMH JIU-
arHOCTUYECKHX MapaMeTpPOB, MMOTYyYCHHBIMH AJIST HOBOI
MAIIMHBI, O3BOJSIET OICHUTh TEXHUYECKOE COCTOSHHE
THAPOOOBEMHOTO PYJIEBOTO YINPaBICHHS B IIPOIECCe
sKcIuTyaTaruy. IIpoBeieHHbIE SKCIIEpUMEHTAIBHBIE HC-
cJeloBaHUs MOKa3alu, 4YTo Mpu HapaboTke 1o 6000 va-
COB JMAarHOCTHYECKHH TMapaMeTp & MOXET yMEHb-
matkes 10 15%. Ilomydennsle pe3yapTaTel MOTYT OBITH
HCTIONB30BaHbI IIPH PEMOHTE M AKCIUTyaTaI[lH IapHUP-
HO-COWICHEHHBIX KOJICCHBIX MAIIUH.

KioueBble cjioBa: METOA, yIJIOBOE YCKOPEHHE,
paboTococoOHOCTh, PYJIEBOE YIpaBICHUE, IAPHUPHO-
COUYJICHEHHBIH.

INOCTAHOBKA TTPOBJIEMbI

B nHacrosiee Bpems, Mpy 3KCIUTyaTalUU MaIlUHbI,
paboThI 10 MOANEPKAHNIO U BOCCTAHOBIICHUIO ee pado-
TOCHOCOOHOTO COCTOSIHMSI XapaKTepH3YIOTCS 3HauH-
TENBHBIMU 3aTpaTaMu TPYyHa, MAaTCPHATbHBIX U JICHEK-
HBIX CpeAcTB. HempaBWibHO BBIIOJHEHHas OOKaTKa,
HapymIeHHe PEKUMOB PabOTHI, EPUOTUIHOCTH U IIOJI-

HOTHI MPOBEACHUs PaboT MO TEXHUYECKOMY OOCITYKH-
BaHMIO M PEMOHTY, OTCYTCTBHE HEOOXOAMMOIrO UHCTPY-
MEHTa W TPHUHAICIKHOCTEH, NPUMEHEHHE TOIUIMBA W
CMa304HBIX MATEPHAIIOB HU3KOTO KAYeCTBA MOBBIIIAIOT
WHTEHCUBHOCTh BO3HHKHOBEHHUS OTKa3oB, TpPeOyIOT
0oJBIINX 3aTpaT Ha obecreueHue paboOTOCIOCOOHOTO
COCTOSAAHHMA MalllH, UX arperatoB U CUCTEM.

B ycnoBusix sKcIuTyaTalMu KOHTPOJIb U obecreye-
HHEe pabOTOCHOCOOHOCTH CHCTEM, BIMSIOIIMX Ha Oe3-
OIIACHOCTDH HUCIIOJIB30BaHUA KOJICCHBIX MAIlIWH, ABJIAIOT-
Csl OJIHUMHU W3 MPUOPHUTETHBIX 3amad. K Takum cucre-
MaM, B MEPBYIO 04epe/ib, OTHOCATCS PYJIEBOE YIpaBlie-
HHE M TOpMO3Has cuctema. [Ipu oTKa3ax B pyJeBOM
YIPaBICHUH BO3MOXKHO BO3HHKHOBEHHE aBaAPHIHBIX CH-
Tyaluii, B TOM YHCIE U TPHUBOMASAIIAX K OIMPOKH/BHIBA-
HHIO KOJIECHOM MariuHbl. [IJis mapHUPHO-COUIEHEHHBIX
MalllvuH, KOTOPBIC OCYHICCTBJIAIOT ITOBOPOT ITPU OMOLIN
THIPOOOBEMHOI0 PYJIEBOTO YIPABICHHUS IIyTeM B3auM-
HOTO CKJIQJBIBaHMsI CEKIIMA, €ro padoTOCIOCOOHOCTHh
BIHACT KaK Ha yCTOﬁ‘IHBOCTL JBHKCHHUA, TaK H Ha
YCTOWYMBOCTbH MoJiokeHus. [loaTomy pazpaboTka u co-
BEPIICHCTBOBAHWE METOJOB OLIEHKH PaboTOCTIOCOOHO-
CTH PYJIEBOrO YIPABICHHS IIAPHUPHO-COUICHEHHBIX
MAIIMH SIBIISIOTCS aKTyalbHBIMU.

AHAJIN3 ITOCJIIEAHUX I[OGTI/DKEHI/Iﬁ nu
IYBJIMKAIIUN

UzBectHbl paboTel [1-13], cBs3aHHBIE C OIICHKOI
HaJC)KHOCTH M Pa3pabOTKOM METOJ0B 00ECTICUCHHS BBI-
COKMX SKCIUTyaTallUOHHBIX CBOMCTB MalIMH. B HUX OT-
paXeHBI OCHOBHBIE TIOJIXOJIbI K 00ECTIEUCHHUIO HAIEKHO-
CTH KaK MallvHbI B 11esioM [1-4, 6, 7], Tak 1 OTAETBHBIX
arperatoB u cucteM [5, 8-10]. M3BecTHO, YTO 3aTpaTsl
3a BCE BpeMs OKCIUTyaTallud MAITWHBl 3HAYUTEIHHO
MPEBBILIAIOT COOTBETCTBYIOIIME 3aTpaTbl HAa €€ H3ro-
ToBieHre. OOHMMHM W3 CHCTEM MaAIlMH, 00JaJalonux
HEJOCTaTOYHBIM YPOBHEM HAJI€KHOCTH B SKCIUTyaTa-
LUY, SBJSIOTCS TUApaBiInueckue cucreMsl [14-16]. Tak,
B pabote [17] ObUT pOBENICH aHANIN3 HAJCKHOCTH TH/I-
POOOBEMHOTO PYJICBOTO YIIPABICHHS, KOTOPOE IMpHMe-
HSETCS Ha IMIAPHUPHO-COUJICHEHHBIX MallnHaX. ABTO-
paMu YCTaHOBIIEHO, YTO CHIDKEHHE NaBJicHHS paboueid
JKHUJKOCTH HIKE TpPeOOBAHHMA TEXHUYECKHX VYCIOBUH
SIBJISIETCSI OTIPEENISIONIMM TapaMeTPOM COCTOSTHUS TH/I-
pOIIPHUBO/IA PYJIEBOTO YNPABICHHS, KOTOPBIN BIUSET Ha
€ro HaJIeKHOCTb.
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B pesynbTaTe mpoBEeAEHHBIX HCCIEAOBaHUN pado-
TOCHOCOOHOCTH B PANOBOH AKCINTyaTallly ISITH TPaKTO-
pos cepru XT3-170 npu mapadotke 1o 6000 gacoB ObI-
T o0HapyXeHbl 26 HeucmpaBHOCTEeH u oTka3os [17]:
CHIDKCHHUE JAaBJICHUS >KUAKOCTH B THAPOIPHBOAE HIKE
3HAUEHHH, MPEIyCMOTPEHHBIX TEXHWYECKUMH YCIIOBH-
smu (C[I), 3acopenue runponpusona (3I7), aBrokoneda-
Hust U peiBku (AP); Hapymenue perynupoBok (HP) u
npyrue HewcnpaBHoctd (JIH), kK KOTOpBIM OTHECEHEI
MEXaHWYECKHE TOBPEKACHHS, NOATEKaHWe padouei
XKHJKOCTH, BEIOPOC JKUIKOCTH U TIEHBI Yepe3 caryH Oa-
Ka u T.0. HeucrpaBHOCTH M OTKa3bl pacrpeeseHsl Mo
arperataM T'HIPOOOBEMHOTO pYJIEBOTO YIIPABICHHA:
oowvemusrnii Hacoc (OH), macoc-mozatop (HJ), ycumu-
tenp notoka (YII), ruppounmuaapsr (') u gpyrue ar-
peratsl (JA), K KOTOPBIM OTHECEHBI TPYOOIPOBOIHI,
oOpatHsIe Ki1anass! (puc. 1).
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Puc.1. Pacnipenienenue HeMcpaBHOCTEN U OTKa30B
IHAPOOOBEMHOTO  PYJIEBOTO  YIpaBlEHUS  BBIOOPKH
TpakTopoB cepuu X13-170 3a 6000 yacoB paboTHL: a —
10 BUJIaM; 6 — TI0 arperaraM

Fig.1. The distribution of faults and failures of hy-
drostatic steering control of tractors KHTZ-170 sample
series during the 6000 hours of operation: a — by types;
b — by units

CHmKeHHe HaBICHWS B THIPOIPHUBONE PYJICBOTO
yIpaBJICHUs CYNICCTBEHHO BIUSCT Ha BpeMs ero cpada-
THIBAHUS NPH TIOBOPOTaX PYJIs, YTO HEraTUBHO CKAa3bI-
BaeTCs Ha OC30MACHOCTH MCIIOJIh30BAHUS TAKUX MAIIIWH.
[Ipu oTkazax pyJjaeBOro ynpaBieHHUs] BOZMOKHBI JOPOXK-

HO-TpaHcnopTHbIe npouctectsus (ATII), cBa3anHbIe C
MOTEPEN yIpPaBISIEMOCTH U YCTOWYUBOCTH TPU JIBHXKE-
Hun. OTKa3 CHCTEMBI B TaHHOM CIIy9ae IPOHUCXOIUT Ha
OTIpEeNIeICHHOM BPEMEHHOM IPOMEXKYTKE U COIPOBOXK-
JTaeTcsl MOTepel MaBIIEHUS, IIOATOMY OIIEHKA HAJIEKHO-
CTH pabOTHI BO3MOXKHA B MpOIlECCe SKCILTyaTaIlll Ma-
IIMHBI WU TP IPOXOKACHUH TEXHHYECKOTO 00CITyKH-
BaHus (TO).

B pabore [18] mpeanoxkeH sKcmpecc-MeTon Iua-
THOCTHPOBAHMS PYJEBOTO YHPABJICHHUS IIAapHUPHO-
cowleHeHHbIX MamiH. OH OCHOBaH Ha OLICHKE JIMHEH-
HBIX YCKOPEHHH M BpEMEHH OJIHOTO MoBopoTa. J{ns sto-
IO  HCIONB3YeTCS  MOOWIBHBI  PETUCTPAIIMOHHO-
m3mepurenbHpiil kommmieke (MPUK) [19] ¢ cootser-
CTBYIOIINM TIPOTpaMMHBIM oOecriedeHreM. B paborax
[20-22] npeutoxkeHsl pa3nHyHbIe CXEMBI IS ONpe/iee-
HUS KHHEMaTHYECKHUX IapaMeTpoB CpPEACTBA TPAHCIIOP-
Ta TPH MPOU3BOIFHONW YCTAHOBKE JATYMKOB B IUIOCKO-
CTH JIOPOT'H.

IIpennoxxenusiii sKcrpecc-meron [18] mo3BonsieT
OLICHUTL OTKJIIOHEHHE IHArHOCTUPYEMBIX IIapaMETPOB
TpaKTOpa, HaxoAAUICTroCA B OKCILIyaTalluh, OTHOCH-
TENbHO MX 3TAJOHHBIX 3HaueHud. OJHAKO yKa3aHHBIN
MOIXO HE MpeAyCcMaTpUBaeT OMpEACICHHE OTHOTO W3
Ba)XHEHIIINX MapaMeTPOB pabOTHI pyJICBOTO YIIPABICHHS
[IAPHUPHO-COWICHEHHBIX MAIlHH — MTHOBEHHBIX YTJIO-
BBIX YCKOPEHHI UX CEKIU B INIOCKOCTH JIOPOTH.

Takum 00pa3oM, 3HAYUTEIFHOE KOIMIESCTBO OTKA30B
PYJIEBOTO YIIPABICHUS U OTCYTCTBHE JOCTYITHBIX METO-
JIOB JTUArHOCTUPOBAHHUA €I0 Ba)KHEHIIINX mapamMeTpoB
MPUBOJUT K HEOOXOAMMOCTH JajbHEHIIero uccienoBa-
HHUS BOIPOCa OIGHKH PabOTOCHOCOOHOCTH PYJIEBOTO
YIpaBJIEHHs MAaPHUPHO-COWICHEHHBIX MAIIUH B YCIIOBH-
AX SKCIITyaTalyu.

ITOCTAHOBKA 3AJIAY1

Lensro uccnenoBanus sBIAETCS COBEPIICHCTBOBA-
HUE METOJa JUAarHOCTUPOBAHUS PYJIEBOrO yIpPaBICHHS
HIAPHUPHO-COUYIEHEHHON KOJECHOM MAaIllMHBI HA OCHO-
BE€ MHCIOJIB30BAaHUSl YIIOBBIX YCKOPEHMH CEKLIMH B
IUIOCKOCTH JIOPOTH B KauyeCTBE JUATHOCTHYECKOrO Ma-
pametpa. [ TOCTHXKEHUsSI TIOCTAaBJIEHHOM 1€ HeoO-
XO0aAUMO:

- peUInTh 3amavdy OIPCACIICHUSA YIJIOBBIX YCKO-
pEeHUil CeKUMH NpU MOBOPOTE B IUIOCKOCTH AOPOTH C
y49eTOM OCOOCHHOCTEHl KOHCTPYKIMH MIapHHUPHO-
COYJICHCHHBIX MAIlIUH,

— IIPOBECTH OJKCIEPUMEHTAIbHOE OIPEACICHUE
napaMeTpoB pabOThI PYJIEBOTO YIPABJICHUs IApHUPHO-
COWICHEHHBIX MaIlIMH C pa3InYHON HapaOOTKOM.

N3JIOKEHUE OCHOBHOI'O MATEPUAJIA

Jln1st OBBIIEHHS TOYHOCTH OLIEHKH paboTocroco0-
HOCTH PYJIEBOTO YIPABIECHUS MPEIIOKEH YCOBEPILEH-
CTBOBaHHBIH METOJl, OCHOBaHHBI Ha ONPEAEICHUU yI-
JIOBBIX YCKOPEHMH CEKUUIl IIapHUPHO-COWICHEHHOU
KOJIECHOM MAIIMHBI B INIOCKOCTH AOPOry. I 5TOro Ha
KXYl CEKIMIO yCTaHABJIMBACTCS 1O 2 AaTYWKa JIU-
HEWHBIX YCKOPEHUM.

Ha puc. 2 mpuBeneHa NpUHIMMNHAIBHAS CXEMa HX
YCTaHOBKH Ha MalllUHE.
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Puc. 2. Cxema pacnosoxeHus: JaTYMKOB Ha Iap-
HUPHO-COWICHEHHOM MallluHe

Fig. 2. The arrangement of sensors on the
articulated machine

PaccmoTpuM ompeneneHne mapamMeTpoB JABHKEHHS
Ha MpHUMepe 3aIHEH CeKIUU MallvHbL. Bpamenue kax-
JIOW CEeKIMU OCYIIECTBISIETCS BOKPYT COOCTBEHHOTO
LEHTpa — CEepPeIuHbl MOCTA, IBUKEHUE KOTOPBIX IpPH
MIOBOPOTE CEKIUIl B MIOCKOCTH JOPOTH OCYIIECTBIAET-
cs Baoab ocu OX. CwmenienueM Ttouek O; u O, BIOJIb
ocu OX mpu MOBOPOTE CEKLUi NpeHeOperaeM Bciel-
CTBHE MAJIOCTH YIJIOB CKJIaJAbIBAHUS MAIIUHEI.

Jlis OIeHKH TEXHHYECKOTO COCTOSHHS PYJIEBOTO
yIpaBJIeHUs] HE0OXO0IMMO YCTAaHOBUTH MAIIMHY Ha POB-
HON TOPH30HTAILHON CyXOH MOBEPXHOCTH C ac(asibTo-
BBIM WJIN OETOHHBIM TOKPBITHEM, IIOBEPHYTH PYJb ~OT
ynopa o0 ynopa” ¢ MaKCUMaJabHOI HHTEHCUBHOCTBIO HE
MeHee 3 pa3 B Kaxayr CTOpoHy. Hacrora Bo3mymiaro-
LIET0 BO3JEHUCTBUS HAa KOJIECHYIO MalIMHY IPH 3TOM CO-
crapisiet 0,2 I'u. MPUK B pexxuMe peanbHOro BpeMeHU
3aIIUCBIBAET BEJIMYMHBI NPOJOJIBHBIX Gy M OOKOBBIX dy
JIMHENHBIX YCKOPEHUH B INIOCKOCTU Joporu. Ilpu stom
MOTPENIHOCTh M3MepeHuil He mpeBbimaer 4%. Ilomy-
yeHHble ¢ nomolpio MPUK nuneiinble yckopeHus, 1ist
MOBBIIIEHUS] TOYHOCTH, QWIBTPYIOTCS C IIOMOIIBIO
¢mreTpa batrepBopra [23]. [lanee numHelHBIE yCKOpe-
HUSl TIEPECUUTHIBAIOTCS MO COOTBETCTBYIOIIEH 3aBUCH-
MOCTHU B YTJIOBBIE YCKOPEHUS, KOTOPBIE YCPEAHSAIOTCS C
HCTIONB30BaHUEM U3BECTHBIX METOJ0B MAaTEMAaTUUECKOM
CTaTUCTHKH.

KommnonenTs! yckopennii Touek A u B (B KoTOpBIX
YCTaHOBJIEHbI JTATYUKH YCKOPEHUM Ha 3aJHEel CeKUUu
IAPHAPHO-COYJICHEHHON MaIlIWHBI):

K k
ay=é,,, ag=dg 1)

n 2 n 2
A =0l , g =0y . )

KommnonenTs! yckopenuii Touek A u B B Hanpase-
HUM KoopauHaTHbEIX ocell O,X u O,Y omnpenenstorces mo
dopmyam:

a, =a,cosa,+aksina, =

) )
=IA02(co -cosaA+g-S|naA)
a, =ascosa,—ahsina, =
: (4)
2 -
:|A02(8-COSaA—a) -smaA)
ag, =—ap CoSay +agsina, =
: O]
=IBOZ(—w2-cosaB +g-smaB)
g =—ak cosa, —aj sina, =
(6)

= g, (6-COSay +@? sinary)

Cpenuue 3HaYCHHS KOMIIOHCHT YCKOPCHUH TOYek A
u B o ocsaim O,X 1 O,Y B 3TOM cliy4ae COCTaBJISIOT

_ 1
ay :E(aAY +aBY):
1
:sz(lez COSO(A _IBO2 COSO-/B)+ ) (7)

1 . .

- 1
ax :E(an +agy )=
:%g(IAO2 -cosap —lgo, ~COSaB)—. (8)

1, . .
_Ew lao, -SiNap +1go, -sinag

B ypasnenusix (7) u (8), npu ycnosun Y, <0 u

YB > 0 (cormacHo puc. 2)
lno, "COSatp —lgo, -COSag =—Yp =Yg, (9)
lao, -SiNap +1go, -Sinag =X+ Xg.  (10)

U3 Beipaxxenuii (7) u (8) cocraBum, ¢ yuetom (9) u
(10), cucremy ypaBHeHHIA:

ay :_%"02 '(YA +YB)+

QD

+1-g-(XA+XB);
° (1)
ay :_5'5'(YA+YB)_

1
——~a)2 (XA+ XB)‘
2
Pemas MOJYYCHHYIO CUCTEMY, OIIpEACINM AHUArHo-
CTHYECKHUi mapameTp (BeIMYHHY YIIIOBOTO YCKOPEHHS B

IUIOCKOCTH JIOPOTH):
(aAY +agy )'(XA+ Xg)-
P _(an +agyx )'(YA+YB) . (12)
(YA+YB)2 +(Xa+ XB)2
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Takum 06pa3oM, B pe3yibTaTe MCCIICIOBAHUI TOIY-
YeHa 3aBUCHUMOCTb JUIS ONpENEICHNS JUarHOCTUYECKOTO
rapameTpa B BUJE YIVIOBBIX YCKOPEHUH CEKLMH B IJIIOCKO-
CTH JOpPOTM & Ui Ciydas HPOHM3BOJIBHONW YCTAaHOBKH
JIBYX AaTYHKOB.

B cootBeTcTBUM € INPEUIOKEHHBIM MOAXOJ0M OBLIO
MIPOBE/ICHO TMArHOCTHPOBaHKE pabOTOCIIOCOOHOCTH pyJIe-
BOTO YNPaBJCHHS HA TPHUMEpE MIapPHUPHO-COWICHCHHBIX
KOJIECHBIX TpakTopoB. Ha puc. 3 mpexacraBieHsl mecta
KpeTJICHNs JATYNKOB Ha MOTypamMax CEKIIIH.

Puc. 3. YcranoBka parunkoB MPUK na mapaup-
HO-COYJICHCHHOW MAIlIMHE: a — Ha TIepeIHEeH CeKINu; 6 —
Ha 3aJHel CEKLUU

Fig. 3. Installation of MRIK sensors on the articu-
lated machine: a — on the front section; b — on the rear
section

PesynbraThl mpeacTaBiIeHs! B BUAE TpaHUKOB yT-
JIOBBIX YCKOPEHUH B IUIOCKOCTH aoporu (puc. 4). Pe-
3yJIBTaThl MPOBEACHUS SKCIEPHUMEHTAIBHBIX HCCIIE0-
BaHMH Ha TPaKTOpax C pa3IN4YHOIl HapabOTKOil mpen-
CTaBJEHBl B BUIE TpadMKOB IMATHOCTHYECKUX Iapa-
MeTpoB & (puc. S).
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Puc. 4. I'paduku aMarHOCTHYECKUX MapaMEeTPOB PYJIEBOrO YIPABICHUS LIAPHUPHO-COUWICHEHHON MallMHBI C
Hapabotkoii 6000 yacos
Fig. 4. Graphics of the articulated machines steering diagnostic parameters with operating time of 6000 hours
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Puc. 5. I'paduku auarHocTHYecKnx MapaMeTpoB PYJIEBOI'O YIPABICHUS LIAPHUPHO-COUWICHEHHBIX TPAaKTOPOB B
PA3JIMYHOM TEXHUYIECKOM cocTosiHuM: | — Hapabotka 30 yacos; 2 — HapaboTtka 6000 yacos

Fig. 5. Graphics of the articulated tractors steering diagnostic parameters in different technical conditions: 1 — op-
erating time 30 hours; 2 — operating time 6000 hours
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VIIPABJIEHIA IITAPHUPHO-COYWJIEHEHHOU MAIIIMHBI

Crarucruueckast 00paboOTKa MOJy4YEeHHBIX Pe3yJib-
TaTOB MO3BOJIMJIA OMNPCACIIUTL CPCAHUC YITIOBLIC YCKO-
peHuA CeKHI/Iﬁ B TIJIOCKOCTU OOPOru, KOTOPBLIC MNPpEI-
cTaBjeHbI B Ta0. 1.

Tab6auua 1. Pe3ynpraTs! craTrcTHYECKOH 00pado-
TKH OKCIIEPUMEHTAJIBHBIX JaHHBIX

Table 1. Results of statistical processing of exper-
imental data

TpaxTop JuarnoctTuueckuii na- Kpurepuit
pamerp &, ¢’ Std. Err.
Hapa0oTka 0,18 0,004
30 gacos
HapaboTKa
6000 gacoB 0,16 0,004

Pe3ynbTaThl SKCIIEPUMEHTATBHBIX HCCIICIOBAHMUI
Ha TPaKTOpax C pasiHIHON HapaOOTKOW OIMMCHIBAIOTCS
9KCITOHEHIIHATBHEIM 3aKOHOM pACIIPE/ICNICHUS CITyJaii-
HBIX BeJWuWH. Ha puc. 6 mpencraBiieHa THCTOrpaMma
pacrpesielieHust YTIIOBBIX YCKOPEHHHM IS TpakTopa ¢
HapaboTkoit 6000 yacos.

,

YactHoCTH

s

s L
3 i 1 2

Vraosoe yckopenne, ¢

Puc. 6. T'ucrorpamMma pacnpeeseHusi yrioBbIX
YCKOPEHUI NIPH CKJIAJAbIBAHUU TPAKTOPA

Fig. 6. The distribution histogram of the angular
acceleration during the tractors folding

CpaBHeHI/Ie MOJIYYCHHBIX PE3YJIbTATOB IJId MalllH
C CYHICCTBCHHBIMU Hapa6OTKaMI/I C HOMUHAJIbHBIMH
SHAYCHUAMU AUArHOCTHYCCKUX MapaMETpPOB, IOJTYUCH-
HBIMHW JIs1 HOBOM MallWHBI, ITO3BOJIMT OUCHUTH TCXHH-
YECKOe COCTOSIHHE THAPOOOBEMHOTO PYJICBOTO YIPAaB-
JICHUs LIAPHUPHO-COWICHEHHBIX KOJIECHBIX MAIIMH B
nporecce 3KCILTyaTaluH.
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IMPROVING OF THE ARTICULATED VEHICLE
STEERINGS DIAGNOSING METHOD

Summary. The improved method of articulated
wheeled vehicle steering diagnosing that significantly
affects on the safety of its usage, through the usage of
angular accelerations of the sections in the road plane as
a diagnostic parameter is proposed. The dependence for
determining the angular accelerations for the case of
arbitrary installation of two sensors of the mobile
registration-measuring system on the machine, which
improves the measurement accuracy, is obtained. In
accordance with the proposed approach was developed
the program-method of diagnosing steering performance
on the example of the articulated wheeled tractors.
Experimental studies on the diagnosis of wheeled
machines steering control with different operating time
(from 30 to 6000 hours of operation) are held. Obtained
by using the mobile registration-measuring system
linear acceleration, for improved accuracy, were filtered
by using the Butterworth filter. The results of
experimental studies on tractors with different operating
time are described by the exponential distribution law of
random variables. Comparison of the obtained results
for machines with significant operating time with
nominal values of diagnostic parameters, obtained for
the new machine, allows evaluate the technical state of
the hydrostatic steering during its operation.
Experimental studies have shown that at an operating
time about 6000 hours the diagnostic parameter & may
be reduced to 15%. The obtained results can be used at
the repair and operation of articulated wheeled vehicles.

Key words: method, angular acceleration,
operability, steering, articulated.
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AnHoranusi. OTMEYEHBI OCOOCHHOCTH pealn3a-
OUN TPOCKTOB BO3JCNIBIBAHUS ITOYBHI U IIOCEBa CEIb-
CKOXO3SMICTBEHHBIX KYJIBTYp. B WacTHOCTH, 3TH TpOECK-
THl pacCMaTPUBAIOTCS HA YPOBHE TEXHUYIECKOH OCHACT-
KM U TIpeaMeTa TpyAa (pacTeHHd M MHUTATEIBHOTO CIIOS
MOYBBI) KaK TJIABHOW TPYMIBI COCTABISIONINX, KOTOPHIE
O] IEHCTBHEM arpoMeTeOpOJIOTHYECKUX YCIOBHUIl co-
BOKYIIHO BIIMSIIOT Ha OOBEMBI MOJyYCHHOI NMPOIYKINH.
AKIIEHTHpYeTCSl Ha Ba)KHOCTH ydeTa arpoMEeTe0pOJIOTH-
YECKUX YCJIOBMH, TEMIIOB POCTa U PA3BUTUS PACTECHUH,
WX BIUSHUS Ha COOTBETCTBYIOIINE pabOTHI BBHIpAIIUBA-
HUS, a TaKKe Ha MapaMeTphl TEXHHUYCCKOW OCHACTKH
MIPOEKTOB.

PackprITBI OCOOCHHOCTH BIHSHHUS arpoMeTeopo-
JIOTUYECKUX YCJIOBUM Ha CPOKH BBIIIOJIHEHUS MEXaHU-
3UPOBAaHHBIX TEXHOJOTHMYECKHUX MPOIECCOB IOJIEBOI-
CTBa U PUCK TMOKa3aTesei ux 3QPeKTHBHOCTH.

Brigenena mpeaMeTHas COCTaBISIONIAS 3TUX TPO-
LIECCOB, OMMCAHBI €€ OCOOEHHOCTH M 3aBHCUMOCTH TEM-
II0B M3MEHEHHUS KauyeCTBEHHBIX IOKa3zaTeslel oT mJei-
CTBUSI arpoMereoposiornyeckux yciaosuil. Ha stom oc-
HOBaHWU, OOOOIICHHBI IPEANOCHUIKA BO3HUKHOBCHHUS
M3MEHYUBOCTH CPOKOB Hayayia U JUIMTEIbHOCTH BBINOJI-
HEHUSl COOTBETCTBYIOIIMX MEXAaHU3UPOBAHHBIX TEXHO-
JIOTHYECKUX IMPOIECCOB, KOTOPhIE (POPMUPYIOT IMOKa3a-
Tenu Y3PPEKTHBHOCTH TIPOCKTOB.

O003Ha4YeHBl UCTOYHUKHY TOIYYCHHUS JTaHHBIX, Me-
ToAWKa UX 00pabOTKH M METoIMKa (OPMUPOBAHUS CTa-
TUCTHYECKNX 3aKOHOMEPHOCTEH Ui MOJEIHPOBAHUS
arpoOMETEOPOIOTHIECKAX YCIOBUH mepnona (yHKIHO-
HUPOBAHHSA COOTBETCTBYIOIIUX TEXHOJOTHYECKUX CH-
creM. IlpuBenmeHbl pe3ynbTaThl 00pPaOOTKH JTaHHBIX
HAOJIOICHUIT METCOCTAHIIUI OTHOCHTCIBHO BIUSHHUS
arpoMeTEOpONIOTHYECKUX YCIOBHH Ha €CTECTBEHHO

MPEeIOTIPEICTICHHBIE CPOKM  BBITIOJIHEHUST TIOJICBOJYE-
CKHX MEXaHN3UPOBAHHBIX TEXHOJIOTHYECKHUX TPOIIECCOB
BECEHHETO U JIETHE-OCEHHETO MEePHO/IOB.

BrinonHeHO MO/IeTMpPOBaHKE BIUSHUS arpOMETE0-
POJIOTHUECKHUX YCIOBHH BECEHHETO U JIETHE-OCEHHETO
MepHo/ia Ha CPOKU M JUIUTENBHOCTh €CTECTBEHHO pas-
peuieHHOro (OHAA BPEMEHHM Ha BBINIOJIHEHHE COOTBET-
CTBYIOIINX  MEXaHHU3UPOBAaHHBIX  TEXHOJOTHYECKUX
npoueccoB. IIpencraBieHsl pe3yabTaThl MOJEIHPOBA-
HUSI 1 0OOCHOBAaHHBI CTATUCTHYECKUE 3aKOHOMEPHOCTH
3TOTO ITOKA3aTeNs Ul COOTBETCTBYIOIIETO KaJleHJapHO-
TO nepuoja.

KnioueBble c0Ba: TOJIEBOJCTBO, arpoMeTeopo-
JIOTHYECKUE YCIIOBHS, U3MEHUMBOCTh, MOJIEIMPOBaHHE,
TEXHHUYECKas OCHACTKA, HPOEKTHI, TEXHOJOTHUECKUE
cuCTeMBI, 3(pPEeKTHBHOCTS.

ITOCTAHOBKA ITPOBJIEMBI

O¢dekTHBHOCTS TMONEBOTYECKUX MEXaHU3UPO-
BaHHBIX TeXHOJorHmYeckux mporeccoB (MTII) cenbcko-
XO3AHCTBeHHBIX ToBaponpomspoauteneit (CXII) 3aBu-
CHUT OT COTJIACOBAaHHOCTH COCTaBHBIX COOTBETCTBYIOIINX
texHonornueckux cucreM (TC) [1, 13, 16]. Ora corna-
COBaHHOCTb JJOCTHMTAeTCs IIPH COOTBETCTBHU MEXIY
o0beMaMu paboOT U MapaMeTpaMy TEXHUYECKOH OCHACT-
ku MTII TC, npu KOTOpBIX COOTBETCTBYIOIIUI mepe-
4eHb pabOT HEOOXOIMMO BBINIOJIHUTH B YCIIOBHSIX €cTe-
CTBEHHO OTrpaHMYEHHOro ()OHAA BpeMeHH. DTOT (OH.A
BPEMEHH TIPEIONPENeIeTCs TEMIIAMH pOCTa W Pa3BH-
THSI CEIbCKOXO3AMCTBEHHBIX PACTEHHUH, COAEp:KaHHEM
MEXaHU3UPOBAHHBIX PaOOT (TEXHOJIOTHUYECKHX Olepa-
mui). OH Takke 3aBHCHUT OT arpoMeETEeOPOJOTHUECKUX
YCIIOBHH, KOTOPBIEC OTIPEIENIAIOT TEMITBI POCTa M pa3BH-
THUSI PACTEHUH, a TaKKe BO3MOXHOCTb Pa0OTHI TEXHUKH
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Ha TIOJISIX B CIICACTBHE HEONArONpHATHBIX IOTOMHBIX
ycioBuid. MojienupoBaHue dTUX "eCTeCTBEHHBIX" Tpo-
LIECCOB JIGKUT B OCHOBE OLICHWBAHHS ITOKa3aTenei 3¢-
(hEKTHBHOCTH TEXHWYECKOH OCHACTKHU JUIA BBITIOIHEHHS
MTII ¢ yyeToM cTOXaCTUYECKOTO BIIUSHUS arpoOMeETE0-
pornormdecknx ycinoBui. OTCyTCTBHE TaKMX MoJelel
SBISIETCST  TPOOJIEeMO, KOTOpasi CHIDKaeT 3(pQeKTHB-
HOCTb yIPaBJICHUs MOJIEBOTYECKUMHU IPOSKTAMHU.

AHAJIN3 TIOCJIEJJHUX UCCIEJOBAHUM 1
IYBJIMKALIUIA

3HAUUTENBbHOE KOJMYECTBO TMOCIEIHUX HAyUYHBIN
MyONIUKauil OTHOCUTEIFHO HMCCIICIOBAHUS TOJICBOIYC-
ckux TC [4, 7, 12, 15, 17-19], 6a3zupyercs Ha HCIIOIb-
30BaHMHU METOAA CTATUCTHYECKOr0 MMHTAIIMOHHOTO MO-
NENIAPOBAHMS, I TaK HA3bIBAEMOTO MeToma MoHTe-
Kapmo [14, 20]. Otor MeTon maeT BO3MOXKHOCTH "BOC-
[IPOU3BOJIUTE" € IOMOIIBIO COBOKYNHOCTH MOJENEH
MIPOU3BOJICTBCHHBIC YCIIOBHS (DYHKIIMOHHPOBAaHUS TEX-
HUYeCKOM ocHAacTKU. OH MOCTPOEH HAa OCHOBAHUU MOTO-
Ka 3aKa30B (TpeOOBaHUIT) Ha BBINOJHEHUE MEXaHU3UPO-
BaHHBIX Pa0bOT, KOTOPBIM JaeT BO3MOXHOCTh Y4YE€CTh
CTOXaCTHYECKOE BIMSHHE arpoMeTEOpPOIOTHYECKUX
YCIIOBUH Ha BPEMEHHBIE XapaKTEPUCTUKH ITUX 3aKa30B,
0TOOpa3UTh UX M3MEHYMBOCTH B pa3pe3e ONpeAeiIcHHO-
ro KaJICHAApHOTO TepHOda BPEMCHH, OIICHUTH BIIUSHUC
Ha mokasarenu >¢pdextuBHOCTH MTII ¢ coOTBETCTBY-
Iolel TeXHUYECKOW ocHacTkoil. OnHako, Ans paspa-
OOTKM TaKHMX CTATHCTHYECKMX MMHTAIIMOHHBIX MOJEIEH
M HUX HUCIOJb30BaHHUS JUIS HCCIEIOBAHUN I10JIEBOIYE-
ckux TC HeobxoauMo BIaleTh 3aKOHOMEPHOCTSIMH
BIIUSTHUSI arpPOMETEOPOJIOTHUECKUX YCIOBUIA Ha COCTOS-
HUE KYyIbTYpBI, TMOYBBI, TEMIIbI W3MEHEHHUS HX Kaue-
CTBEHHOTO COCTOSIHUS, & TaKke Ha COOTBETCTBYIOIINE
BpeMEHHbIE orpaHndeHus BoinoaHeHuss MTIL. Jlns aro-
ro HEOOXOAWMO  BBIMOJHUTH  MPOU3BOJCTBEHHBIE
HaOIIOICHUS], CHCTEMAaTU3UPOBaTh U 00paboTaTh UX pe-
3yJIBTaThl, 00OCHOBATH COOTBETCTBYIOIIUE CTaTUCTHUE-
CKHe 3aKOHOMEPHOCTH JIJIsl OTOOpaKeHUS B CTaTUCTHYE-
CKMX HMMHUTamMOHHBIX mozensx TC, a clexoBaTenbHO
BEITIOJTHEHHE KOMITBIOTEPHBIX IKCIIEPUMEHTOB.

[NOCTAHOBKA 3AJJAYN

Lenp cratbu — 0000MUTE PE3yIbTATHl MIPOU3BOJI-
CTBCHHBIX Ha6J'[}O]leHI/II\/’I nu CMO}ICHI/IpOBaTL BJIIMSIHHUC ar-
POMETEOPOJOTUYECKUX YCJIOBUH Ha CPOKM M TEMIIbI
peimosHeHuss MTII noneBoacTBa.

N3JIO)KEHUE OCHOBHOI'O MATEPUAIJIA

OcobenHocThi0 TONeBogueckux TC sBiseTcs TO
YTO COCTOAHHUE MpPEAMETA TpyJda B 3HAYUTEIILHOM MEpEe
3aBUCHUT OT arpoOMeTeopOJIOTHYecKor cocTaBsitouieil. B
4acTHOCTH, mpeaMeroM Tpyaa TC BeIpamiuBaHUs CElb-
CKOXO3SMICTBEHHBIX KYJBTYp SIBISCTCS TLIONOPOIHBII
CJIOM MOYBBI U pacTeHHe Ha moJje. MIX KauecTBEeHHOE CO-
CTOSIHUE, (PU3UKO-MEXAaHHYECKUE CBOWCTBA, a TaKXKe
TEMIIbI U3MCHCHUS ITHX MMOKa3aTeNieii BO BPEMEHHU 3aBU-
CAT OT BJIMSIHUSI arpOMETEOpOsIOrnyeckux ycioBui. Ta-
Kasg HEympaBisieMas CYITHOCTh IpeaMera Tpyaa ¢op-
MHpPYET OCOOCHHBIC TPeOOBaHUS K CpOKaM W TeMIlaM
BoinostHeHUst MTTI, a Takxe onpenensieT coaep:kaHue u
11eJIeCO00PAa3HOCTh BEHITIONHEHHS OTAENBHBIX TEXHOJIO-
THYSCKUX OMEpayii. DTO TaKXKE BIUSACT HA IMapaMeTphl

TEXHUUECKOH OCHACTKH cooTBeTcTBYtomuX TC U cToxa-
CTHYHOCTH MoKa3atenei sapdexrusroctu [11].

Vyer neicTBUs arpoMETEOPOJIOTHIECKUX YCIOBUM
BO BpEMs HCCIECIOBAHUS BIHSHUS COCTABISIOMIHUX ITO-
neBomguecknx TC Ha mokazarenu 3(PQPEKTHBHOCTH WX
MIPOEKTOB TPOHUCXOANT HAa OCHOBE MOZICIHPOBAHUS Ka-
JICHJIApHBIX CPOKOB M TEMIIOB POCTAa M PA3BUTHUS CEllb-
CKOXO3SIIICTBEHHBIX KyJIbTyp. B wacTHOCTH, arpomereo-
posoruueckue ycioBus (GOPMHUPYIOT CPOKHM Hauana Be-
CEHHEro M 3aBepUICHHs] OCCHHEro Iepuoaa padoT, a
CII€JIOBAaTENIbHO U TEMIIbI BBINOJHEHHUS COOTBETCTBYIO-
mux MTTI [7].

[Ipu panHeM Haudane BECHBI TEMIIBI IPOTPEBAHUS
MTOYBHI SABJISIOTCS HE3HAYUTENbHBIMH [11], 94TO0 00BEK-
TUBHO (OPMHPYET CPABHUTEIHHO OOJNBIIYIO UIUTEINb-
HOCTh €CTECTBEHHO pasperieHHoro Gonaa Bpemenu (t,,)
Ha BBINIOJHEHHE BECEHHE-TI0NIeBBIX paboT (puc. 1).

[Ipu Takux ycloBHAX, TEXHWYECKas OCHACTKa (KO-
TOpasi, B YaCTHOCTH, pPacCUMTaHa Ha BBIOJHEHHE OIpe-
JIETICHHOTO 00beMa paboT AJIsl CPEJHUX CPOKOB Havaja
BecHbI) obecrieunT BhinmoiaHeHnne MTII BoBpems ¢ mpo-
CTOEM TEXHUKH M3-32 OTCYTCTBHs paboThl. [lpm mo3n-
HEll BecHe TeMIIBI MPUPOCTa TeMIIEPaTyphl BO3IyXa SIB-
JISFOTCS. BBICOKMMH, YTO TIPEIOIIPEesieT OBICTPOE Mpo-
TpeBaHHWE TOYBHI W 3HAYUTEIBHOE COKpAICHHUE IJIH-
TenpHOCTH 1,5. B 3TOM cirydae, BeceHHe-TIONEBEIE pado-
THI HEOOXOIUMO BHIMIONHATE ObicTpo. [Ipu nmeromeiics
TEXHUYECKOH OCHACTKE, PacCUNTAHHOW Ha CPETHIOK0
JUTATENEHOCTH t,5, 9TO HEBO3MOXHO AOCTHYb, UTO MPEJ-
OIpeieisieT HeCBOeBpeMEHHOCTh BbinojHeHuss MTII u
CHIDKEHHE UX dPPEKTUBHOCTH.

Temmbl pocTa U pa3BUTHS PACTCHUS B CIETYIOLINX
¢deHonornyeckux azax TakKe 3aBHCAT OT JeiCcTBHA
arpoMeTeOpOIOTHYECKUX YCIOBHH, B YACTHOCTH OT BJa-
I'M, TeMIeparypsl U ()OTOCHHTETHYECKU-aKTUBHOM pa-
quaru [3, 6]. IX 10cTaTOYHOCTD MM HEJAOCTAaTOK aHa-
JOTHYHO OyAeT OTpakaThCs HA Pa3BUTHH pPACTCHUH,
cpokax u Temnax BermonHeHus MTII, a cnemoBarensHO
1 Ha YPOXKANHOCTH.

CrnemyeT OTMETHTB, YTO arpoMETEOPOIOTHYECKUE
YCIIOBHS TaK)Ke BIHAIOT HA pa3BUTHE OOJE3HEH W Bpe-
nurened pacteHuid. B yacTHOCTH, MHOTO OCaJKOB Mpei-
ompenenseT Ype3MEepHyI0 BIAKHOCTh PACTEHUHN, CTUMY-
JUpPYyeT pa3BUTHE COPHSIKOB, BpPEIUTENCH, IIECeHH M
Oonesnedi. B srom cimydae, HEOOXOIUMO BBIMTOJHUTH
MTII u3 XxuMHUYeCcKOM 3alUThl paCTEHUN B TOM WJIK WH-
HOHM KpaTHOCTH, YTO IPEAONPEENICHO CPOKaMH U 00be-
MaM{ BO3HHMKHOBEHHS COOTBETCTBYIOIIMX OoOJie3HEH M
BpeauTeneil.

BecoMbIM sBIIsIeTCSl Tak)Ke BIMSHHE arpoMeTeopo-
JIOTHYECKUX YCIOBUN U Ha JTale CO3PEBaHUs CEIbCKO-
XO3UCTBEHHBIX KYJNbTYp. B WacTHOCTH, HEOIAronpusT-
HBIE TIOTO/HBIE YCJOBHUS B IEPHOJ CO3PEBAHMS 3EPHO-
BBIX IPUBOJIAT K MOJIYYCHUIO 3€pHA HU3IIETO (KOPMOBO-
ro) kagectBa. OHM BIUSIOT HAa BBIOOP TEXHOJIOTHH KOM-
6aifHOBOH yOOpKH yposkas (TIpsSAMOTo WiH ABYX(a3HOTO)
Ha 3Tarne (GOPMHUPOBAHUS 3€pHA, a TAKXKE €ro IMOJCHIXa-
HUS Ha TPOTSHKEHUH MOJIOYHOM, BOCKOBOM M IIOJHOM
CHENIOCTH.
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Puc. 1. AI‘pOMeTCOPOJ'IOFI/I'-IeCKI/I u Hpe[{MeTHO-GHOJ‘IOI‘I/I‘IeCKI/I NpeaonpeaAcJICHHBIC CPOKU MEXaHU3UPOBAHHBIX
TEXHOJIOT'MYECKUX MPOLICCCOB B BECCHHE-JIeTHHUI nepuon: a) CcOOBITUSA PpoOCTa U pa3BUTHUA paCTeHI/Iﬁ; 6) CPOKH U TEMIIbL
BBIINIOJIHECHHUA TCXHOJIOTHYCCKUX onepaunﬁ; T(},n — BpE€Ms Havajia (1)I/I3I/I‘-IGCKOI‘/‘I CIEJIOCTU MOYBLI B BECEHHUH nepuon, CyT-
KU; At — JUIMTCJIBHOCTD IMPOTPE€BaHUA MOYBLI Jid Havdaljla MOCEBa KYJIbTYPhI, CYTOK; 7.7, Ty T Typ To — COOTBETCTBCHHO
BpeMsI HadaJia IoceBa, KyIIeHHUs, POCTa cTeOsl, KOJOMECHHS, IBETCHUSI M CO3PEBaHUS KyIbTYPBI, CYTKH; U,t,y, 1, — co-
OTBCTCTBCHHO arpOTCXHUYCCKU-OIITUMAJIbHAA MJIUTCIBbHOCTD onepauﬂﬁ II0CEBA, XHMHAYECKOH 3allIUThI paCTeHI/Iﬁ u
yOOpKH YpOXKasi, CYTOK; Ty, Ty, Tys — COOTBETCTBEHHO BpEMs Hadaia IMOTeph YpOoxKas B pe3yJbTaTe HECBOEBPEMEHHOTO
II0CEBa, XHMHAYECKOH 3allIUThI paCTeHI/II\/'I u y60pKI/I, CYTKHU; t,; — JUIMTCJIBHOCTD BCIreTallUU PACTCHUA, CYTOK.

Fig. 1. Agrometeorologycal and biological predefined terms of the mechanized technological processes in a
spring-summer period: a) events of agricultural culture height; 6) terms and rates of technological operations; 7," —
moment of physical soil ripeness beginning in a spring period, day; 4t — duration of soil warming to the temperature of
culture sowing, day; .77, 70,7 — accordingly moment of sowing beginning, bushing out, appearance of tube,
earing, flowering and ripening of culture, day; t,.t,.t,, — accordingly agrotechnical-optimal duration of technological
operation of sowing, chemical defense of plants and harvesting, day; z,.7..7.; — accordingly moment of harvest losses
beginning through the sowing delay, chemical defense of plants and harvest, day; t, — duration of culture vegetation,

day.

HebnaronpusiTHoe BIHSHHAE arpoMeTeopOIIOTHYe-
CKHX YCIIOBHH MOXKET TaKKe OTPAa3UTHCS HAa TeMIaX BHI-
nosHeHuss MTII. B  4acTHOCTH, BO3HMKHOBEHHE
HEHACTHBIX IPOMEXYTKOB B TEPHOJ BBHITIOJHCHHUS TEX-
HOJIOTUYECKUX OTEpaIuil MpeIonpeeNseT uX MpruocTa-
HOBKY, M3MEHEHHUS CpPOKOB 3aBEpIIeHMs, a CleaoBa-
TETBLHO MPENONpeeNiseT PUCK TEXHOJOTHYECKUX IIO0-
Tepb, YMEHBIICHHE YpOXKas M CHIKEHHS 3(PPEKTUBHO-
CTH IIOJICBOJICTBA.

OtrocutenbHo MTII, KoTophle BBIMOJHSIOT B
JIETHE-OCCHHHUH TePUOM, UX JIUTEIBHOCTD TaKXKe arpo-
METEOPOIIOTHIECKU-TIPEIMETHO orpaHuueHHa. Ha oc-
HOBAaHHWU 3TOTO TPUPOIHOTO SBICHUS (QopMupyercs
IUTATENBEHOCTE (1,)) €CTECTBEHHO pa3pemieHHoro (GoHma
BpeMeHu Uit cootBercTBytomx MTII, B uwacTHOCTH,
BO3JIEJIBIBAHUS TIOYBBI M TIOCEBA O3UMBIX KYJIBTYP.

VYuer atux ocobenHocteiit TC MexaHU3UPOBAHHOTO
BBIPAIIUBAHUS CEJIHCKOXO3SHCTBEHHBIX KYJIBTYp JdaeT
BO3MOXHOCTh OOBEKTHBHO OIICHHTH TOKazaTenu 3¢-
¢exruBHOCTH MTII mMONEBOACTBA, a ClEMIOBATEIHLHO
000CHOBATh MapameTphl CHEUATU3UPOBAHHON TEXHH-
yeckoil ocHacTkH. CII0KHOCTh PEICHUs] ATOrO 3aJaHus
3aKJIIOYaeTCsi B TOM, 4YTO arpoMeTeopoJIOrMYECKUe
YCJIOBUSI CTOXacCTHUUECKHE, UX BIUSHUE HAa COCTOSIHUE
[IOYBBl U TEMIIbl POCTA U Pa3BUTHUSl PACTEHUM SIBIISETCS
MEPEMEHYUBBIM. DTO MPEIOIPEIEIIAeT PUCK I PEKTHB-
HOCTH COOTBETCTBYIOLLEIO MPOU3BOJACTBA, a TAKXKeE IO-
TPEOHOCTh MPUMEHEHUS CTIeNU(PUIECKAX METOJ0B MO-
JeTTMPOBAHUS JIJIST WCCIIECIOBAHUS CTAaTHUCTUYECKUX 3a-
KOHOMEPHOCTEH W3MEHEHHUs Mmokasareneit apdexTuBHO-
ctu coorBerctBytonux MTII. K Takum cnermdude-
CKAM METOJaM MOJEIHPOBAHUS OTHOCHTCA METOJ
Momnre-Kapno (MeToa CTaTUCTHYECKOTO UMHUTAIIHOHHO-
ro monenupoBanusi) [14; 20], KOTOpEI JaeT BO3MOXK-
HOCTh 0TOOpasuth peansusie MTII B Buae dopmannzu-
POBaHHBIX CTaTUCTUYECKUX 3aKOHOMEPHOCTEH HacTyI-

JIeHUsI COOBITHH BO3HMKHOBEHHS KaueCTBEHHBIX HM3Me-
HEHUIl TpenMmeTa TpyJa, a TAaKXKe BBINOJHEHHUS padoT
(TEXHOJIOTNYECKUX ONEpaLfii) OTHOCUTENBHO ero Kade-
CTBEHHOTO npeBpamieHus. OHaKo, Ui CO3/IaHus TAaKUX
CTATUCTHYECKUX HMHTAI[MOHHBIX MOJENEH, a TakKxke
NPOrpaMMHOT0 Kona BHUPTyaibHbIXx TC HeoOXoaumo
BIaeTh 0a30i 3HAHUI OTHOCHTEIHHO PA3BUTHS arpo-
METEOPOJIOTHYECKUX YCIIOBHH COOTBETCTBYIOILETO Ce-
30Ha, UX BIMAHUS HAa TEMIIBl pOCTa M Pa3BUTHUS CEJIb-
CKOXO3SIICTBEHHBIX KYyJBTYP, @ TaKKe BO3MOXHOCTb
MPUMEHEHNSI COOTBETCTBYIOIIEH TEXHHYECKOH OCHACT-
KH.

Jnst ompeneneHust 3TUX 3aKOHOMEPHOCTEH HC-
MOJIb30BaHbl Pe3yJIbTaThl HaOMoAeHUH SIBOpPOBCKOW M
JlyOeHCKO# arpoMeTeopOJOTHYSCKIX CTaHIUH, KOTO-
pbie HaxoasTcs BO JIbBOBCkOM m PoBeHCkuX obmacTsix
(Yxpauna) cootBercTBeHHO. Ha ocHOBaHMM mMH(pOpMa-
UM W3 €KETHEBHBIX HAaOIIONeHUH (TabnuaHbIe HOPMBI
3ammcu — TCX- 1, KM- 1) 3a atTMocdepHBIMH SBICHUS-
MU, COCTOSIHHEM YBJIQXHEHHS BEPXHETO CIIOS TOYBHI (HA
rnyoune 0-2, 2-10 cM) ¥ TeMmIepaTypHBIM PEKUMOM
BO3/lyXa W Mo4Bbl chopmupoBaHa 0a3a JaHHbIX [3]. Ha
3TOM OCHOBAaHHH C(OPMUPOBAHBI BapUALMOHHBIE PSIIBI
SMIMPUYECKUX AaHHBIX. [ 4MciIoBOro oroOpakeHHs
KaJIeH/IapHBIX CPOKOB INPHHSATA Jara oTcyera — | siHBa-
psl, OTHOCUTENIBHO KOTOPOH OMNPENENeHO YUCIO CYTOK,
KOTOPBIE IPOXOJAT 40 BOZHUKHOBEHUS TEX WU APYTUX
COOBITHIA.

Hauyasio BBIIIOJIHEHUS TEXHOJOTMYECKUX ONepaLuii
B BECEHHMH MEPHO]] ONPENEIISIIOCH ISl TAKOTO AHS, IIPH
KOTOPOM MOYBa HaXOJWIACh B COCTOSIHUU (PM3HUIECCKOU
CrenaocTd (KOHCHUCTEHIUS — MsrKomacTuynas) [2, 8].
[Tonydennsrit smnupudeckuit psn (s nepuoma 1980-
2014 rr.) 00paboTaH Ha OCHOBAaHHH U3BECTHBIX METO-
JIOB MaTeMaTHYecKOW cTatuctuku [9], B pesynbraTe
3TOro HMOCTPOCHO PacIpe/e/cHIe BpeMeHU Hadana (7,")
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(U3HYECKO CHEeNOCTH TOYBBL. JTO pachpeaeiicHue
0TOOpakaeTcsi HOPMalbHBIM 3aKOHOM CKOPPEKTHpPO-
BaHHBIM MHOTOWIEHOM P(?), nuddepernnansHas QyHK-
IIUsI KOTOPOTO OTIMCHIBAETCS] YPaBHEHHEM:
n 2
()= P(t) ex _(rd) 85,674)
33,751 362,774

rae: P(¢) npeacrapiser:

o (@

v, - 85,674
P(t)=0,9991+0,71---———+0,0018-
13,468 13,468

3 4
" 85,674 " 85,674
—0,237{”’] —0,0003{%] )

v -85, 674]2

13,468 13,468

OCHOBHBIE CTATUCTHYECKUE XAPAKTEPUCTUKH ITO-
ro pacnpenenenus cuenyomme: M[z;] =86 nens;

o[z, ] =13,468; ouenka accumerpuu — Zs[r(’/’,] =-
Es[r;] =-0,0009. Mosepu-

TeNBHBINA HHTEPBAT 7, npeacTasiieT 54...107 cyTkn.

B cootBeTcTBUE ¢ TpeOOBaHUAMH KYJIBTYp K IPYH-
TOBBIM YCJOBUSM HX POCTa U Pa3BUTHS OOBEKTUBHO
(GOpPMHUPYIOTCS KaJCHAApH CPOKH, MPH KOTOPBIX HEOO-
XOJMMO 3aKOHYHUTh MTOJTOTOBKY MOYBHI B BECCHHUII Tie-
PHOJ ¥ HAYMHATH TEXHOJIOTHICCKYIO OTIEPALIHIO TIOCEBA.

Jis ompeneneHus 3aKOHOMEPHOCTEH H3MEHEHUS
JUTHTEIEHOCTH TPOTPEBaHUs TIOYBHI K MOCEBY CEIHCKO-
XO3AUCTBEHHBIX KYJIBTYp B BECCHHHUH MEPUOI U, COOT-
BETCTBCHHO, CpPOKaM Hadaja STHX OIepaluid HaMHu
OIpEIEeNICHO YHUCIO CYTOK MEXIY T, M MOMEHTOM JO-
CTHKEHHUS TemIepaTypsl noussl — 4,6,8,10,12,14°C na
rny6une 10 cM. BblumTas KaleHIapHblii Cpok 7, OT
MOMEHTA JTOCTHIKEHHUSI COOTBETCTBYIOIICH TEMIIEPATyphI
MOYBBI OMPEACISIN NIUTENLHOCTh (Af) ero mporpesa-

0,71; omeHKa d3Kcmecca —

Hust. Ha ocHOBaHMM COPMUPOBAHHBIX PSJOB 3MITUPHU-
4ecKMX NaHHBIX Af M 7," mns mepuona 34 ner (1980-
2014 rr.) ompeneneHo, 9YTo Af YMECHBIIIAETCS B COOTBET-
CTBHH CO CMEIICHHEM T, B MO3JHHE CPOKH BECCHHETO
neprona. IlormydeHHBIE 3aKOHOMEPHOCTH amIIPOKCHMHU-
POBaHbI TOJMHOMOM BTOpOH cremeHH. O IIOTHOCTH
OMITUPUYECKHUX JTaHHBIX M IIPHEMIIEMOCTb THIIOTE3bI OT-
HOCUTEIIBHO 3aBUCHUMOCTH Af OT 7, CBHACTENBCTBYET
KOppEISILHOHHOE OTHOIIeH e (Tabut. 1).

[onydeHHBIE 3aBHCHUMOCTH CBHJIETENBCTBYIOT O
TOM, 4YTO C HO3AHUMH CPOKAaMH 7, AJUTEIBHOCTH HPO-
rpeBaHus OYBkI JI0 Temieparypsl 4, 6, u 8 °C cnenyer
K At<0. liimTenpHOCTH meproaa Af, COOCTBEHHO, U SB-
JSIETCSI TEM ECTECTBEHHO pa3peuieHHbIM (OHIOM Bpe-
Mmenn (,)) Ha TPOTHKEHUH KOTOPOTO HEOOXOTUMO BHI-
MOJTHUTH MOATOTOBKY TOYBBI K CEBY B BECCHHHUH IepH-
oxn. Cokparuenue t,, npenonpenenseT NOTpeOHOCTh U3-
MeHeHusl nHTeHcuBHOCTU BhinoaHeHuss MTII, a cneno-
BaTEJIbHO OTPaXKaeTcsi Ha CBOEBPEMEHHOCTH U 00beMax
TEXHOJIOTUUECKHUX MOTEPH.

C nenpio MOJMy4YeHUs 3aKOHOMEPHOCTEH IIUTENb-
HOCTH BETeTallid CeJbCKOXO3SHCTBEHHBIX KYIBTYD
c(OPMHUPOBAHBI PSIIBI IMIIMPUIECKUX AaHHBIX OTHOCH-
TEJIFHO KaJICHIapHBIX CPOKOB MOCEBA (7.) H CPOKOB BO3-
HUKHOBEHHUSI COOTBETCTBYIOIIMX (eHOoJOrnieckux a3z
uxX pa3BUTHA. [IpOMEXYTOK BpEMEHH MEXIYy 3TUMH
CPOKaMH OTOOpaKaeT UIUTEIbHOCTh BETECTAllMU KYJIb-
Typel. IlocTpoeHne 3aBUCHMOCTEH (pHUC. 2) C COOTBET-
CTBYIOIIMIMH 3HAYEHUAMH KOI(PPHUIIMEHTOB KOPPEIALINH
(Tabn. 2) sBHAETCS OCHOBAHHMEM YTBEPXKJIEHHS, UTO
JUINTEJIBHOCTh BETEeTAllMd PACCMOTPEHHBIX CEJIBCKOXO-
3SHCTBEHHBIX KYJbTYP HAXOJHUTCS B KOPPEISLHOHHOM
3aBUCHMOCTH OT BPEMEHH UX T0CEBa.

Tab6auna 1. YpaBHeHne 3aBUCHMOCTH JUIUTEIFHOCTH IIPOTPEBAaHUS MOYBH! HA Imy6uHe 10 cM OT BpeMeHM Hadaja

ero (pM3NYECKON CIEIOCTH B BECCHHHN EPUO/T

Table 1. Dependence equalization of soil warming duration on a depth 10 cm from the moment of physical

ripeness beginning in a spring period

Temmneparypa noussl, @ °C YpaBHEHHUE 3aBUCUMOCTU Kopp e;:;i?{izoe or
4 At=0,0066 7," °- 1,63 7," + 87,236 0,741
6 At =0,0057 7," * - 1,5552 7, + 92,485 0,823
8 At=0,0033 7" *- 1,2264 7, + 88,599 0,812
10 At =-0,0016 7," * - 0,5504 7" + 77,967 0,831
12 At=-0,007117," “ +0,1468 7, + 70,353 0,852
14 At =-0,0083 7," *+ 0,237 7, + 78,632 0,883

Tabéauua 2. YpaBHeHHE 3aBUCUMOCTH JIUTEIHHOCTH BET€TAIIMH CEIbCKOX03IHCTBEHHBIX KYJIBTYP OT BPEMEHH HX

IIoceBa

Table 2. Dependence equalization of vegetation duration of agricultures from moment of their sowing

HasBanue KyabTyphI o (asbl pa3BUTHS VpaBHEHNE 3aBUCUMOCTH Koaiulﬁfpe_
Ogec BockoBast criesioctsb t.” =-0.5794 t,° + 175.94 -0,870
SIpoBoii siUMEHb IMonHas cnenocthb t,"=-0.7003 . + 179.36 -0,813
SIpOBsI MIICHUIIS ITonHas crenocThb t,”'=-0.5658 t”" + 165.15 -0,770
Kaprodens Vesaganue crediis t, =-0.8963 v + 213.49 -0,667
I'peunxa Co3zpeBanue t,'=-0.7804 7 + 178.27 -0,762
Kykypyasa Ha cuiioc BockoBasi crenocTh t,=-1.2396 7+ 285.62 -0,704
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Puc. 2. 3aBUCHUMOCTh HIJIUTEIHLHOCTH BEreTAIMU
KyJIbTyp OT BPEMEHHU HX ToceBa: | — sipoBasi MIICHHUIIa;
2 — sIpBIi SIUMEHB; 3 — oBec; 4 — KkapTodeb; 5 — KyKypy-
3a Ha CWJIOC; 6 — rpeunxa

Fig. 2. Dependence of cultures vegetation duration
on time of their sowing : 1 — wheat; 2 — barley; 3 — oat;
4 — potato; 5 — corn on a silo; 5 — buckwheat

[IpuBeneHHbIE 3aKOHOMEPHOCTH  HCIOJb30BAHbBI
JUTSL CO3/IaHMS KOJ[a KOMIIbIOTEPHOU MPOTrpaMMbl CTaTHU-
CTUYECKOW MMUTALlMOHHOM MOJEIM arpoMeTeopOJIOru-
YECKHX YCJIOBUN BECEHHE-JIETHEro mnepuoga. Ha stom
OCHOBAHUHU MPOU3BEJCHO KOMIIBIOTEPHOES MOJICIUPOBa-
HHEC arpoOMETEOPOJIOTMYCCKUX YCIOBUA MPH Pa3HbIX
CpOKax Hayajia BECCHHETO Mepuo/ia U MOJIy4YCHbI Bapra-
[UOHHBIC PSAbI AMIMPHUYCCKUX 3HAYCHHUH JJIMTEIBHO-
cti t,y (puc. 3 Ta Tabn. 3) ms MTII mOATOTOBKY IMOYBEI

U 10oceBa MOpPO30YCTOHUMBHIX (1), XOIOHOCTOMKHX

(t7 ) 1 TemIonOOUBBIX KyabTyp ().
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Puc. 3. Pacnpenenenus AJIMTENbHOCTH €CTECTBEH-
HO pa3penieHHOro (oHIa BpeMEHU BECEHHEH MOATOTOB-
KM TIOYBBI U TIOCEBa MOPO30ycToitumBEIX (1), Xomomo-
croiikux (2) u TernonoOuBsbIX (3) KynbTyp

Fig. 3. Distribution curves of the naturally settled
fund of time duration of spring soil preparation and
sowing of frost-hardy (1), cold-hardy (2) and heat-
loving (3) cultures

Hx 00paboTKa C HCIIOJH30BAHUEM METOJIOB MaTe-
MaTU4YECKOW CTATUCTHKH, a TaKKe KpUTEpHUs X
[Mupcona, no3BosaniIa yCTaHOBUTh TEOPETUUYECKUHN 3aKOH
pacupenenerus JUINTEIbHOCTH €CTECTBEHHO pa3pelieH-
HOoro ¢QoHma BpemeHH t,, UIT BeceHHEW IMOITOTOBKH
[OYBHI U TOCEBA KYJBTYp, KOTOPbIM €CTh pacrlpeselie-
uue Beiibymna (taban. 3) [9].

Tabémuna 3. Iuddepennuansapie GYHKINN U CTATUCTHYCCKIE XapaKTEPUCTHKH JIUTEIHPHOCTA €CTECTBEHHO pa3-
peneHHoOTo (OHIa BpeMEHHU BeCeHHEH MOTOTOBKHY TOYBHI  MToceBa (Beii0ya)
Table 3. Differential functions and statistical descriptions of the naturally settled fund of time of spring soil

preparation and sowing (Veibull)

CraTtucTH4eckne xapakre-
PHUCTHKA
KynbTypsl Juddepernnanpaas QyHKIUA Mt 1. cy- oIt 1, cy-
TOK TOK
Mopo30yCTOHYHBEIE f(t,)=0,085- b, =30 O'Zjip - M - 19 0624
posoy 19,096 19,096 ’
0,92 1,92
X i f(t:)=0,087- t, 881 L, ~8.6 28 0,539
X —
0JIOJOCTOUKHE 22.06 p 22.06 ,
0,064 1,064
T 0 f(t,,)=0,088- by 224 -eXp| — by ~224 47 0,445
E€IUIOJIFOOUBEIE p s 2721 p 2721 s
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OTHOCHTENIFHO ITHTENbHOCTH (17,) €CTECTBEHHO

paspenieHHOro (hOHIA BPEMEHH BHITIOTHEHUS TI0YBOOO-
pabatsBatomux u moceBHBIX MTII B JneTHe-oceHHUM
MEPUOJI TO, CIEyeT OTMETHUTh, YTO B OCHOBE OIpeaese-
HUSI 9TOTO TOKa3aTeis HaXOIITCs CIEAYIONIMe CTaTH-
CTHUYECKHE 3aKOHOMEpHOCTU: 1) CpokHM co3peBaHUA
NPEALIECTBEHHUKA O3UMOM KYJIBTYPHl M 3aBepIICHHS
IpoLECcCOB YOOPKH yposkas; 2) JUINTEIbHOCTh MOT0XKUX
1 HEHACTHBIX IPOMEXYTKOB; 3) arpoOMeTeOpOIOTHIECKH
npemonpeneneHHoe Hadano (z.°) moceBa 03MMOM KYIlb-
TYypBHIL.

BBuay Ttoro, 4ro KajgeHAApHBIE CPOKH BO3-
HUKHOBEHHUS JTHX COOBITUH B pa3pe3e JieTHe-
OCEHHEro IIepHhoJa pPas3HBIX JIET SABJISAIOTCS IIepe-

MEHHBIMH, TO U JUINTENBHOCTH t), OyZeT xapakre-

PHU30BaThCSl CTOXACTUYHOCTBHIO. JTa CHCTEMHAast
0COOEHHOCTb IPEJONpeeNsieT PUCK CBOCBPEMEH-
HOCTH TTOYBO0OpadaThIBatoux 1 noceBHeIX MTIIL,
a cJemoBaTeNbHO BIMACT HAa TMOKazatenn 3dek-
tuBHOCTH cooTBercTByromux MTII B TC. Uccre-
JIOBaHUE XapaKTEPUCTUK t,, OCYIIECTBICHO Ha OC-

HOBaHUU CTaTUCTUYECKON MMHUTALIMOHHON MOJENH,
KOTOpasi 0TOOpayKaeT BIIMSHUEC arpoOMETEOPOIIOTH-
YECKUX YCJIOBUH JIETHE-OCEHHETO NEPUOJA Ha CO-
CTOSIHWE TIOYBBI IOJNSI W BO3MOXXHOCTH PabOTHI
MMOYBOOOPAOATHIBAOIINX U IIOCEBHBIX arperaTos.
Ha ocHoBanuu HMHUTAUOHHOI'O MOJACIUPOBAHUA
CTOXAaCTHYECKHUX TCHACHIIUH Pa3BHTHsI arpoOMETeOposIo-
TMYECKUX YCIOBHH JIETHE-OCEHHEeTO meproma (st
ycnoBuii  Jlybenckoro paiioHa PoBeHckoit obmacTm)
OIpe/ieNICHHBI TI0Ka3aTean U 000CHOBaHO: 1) pacmpene-
JICHHE arpoMeTCOpPONIOTHYECKH  MPEIONpPEACICHHOTO
BpPEMEHHU Havaja ImoceBa (7.) O3UMBIX KYyJIbTyp (puc. 4);
2) 3aKOHOMEPHOCTh HM3MEHEHHs 1., Ha MPOTSHKCHHH
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Puc. 4. PacmpenencHune arpoMeTeopoIOTHIECKU
mpeaonpeaAcICHHOTO BPEMEHNU HaydaJla IMMOCEBA O3UMBIX
KyJabTyp (HOpMaJbHBIN 3aKOH): 1 — 03UMBIN paric; 2 —
0o3uMas poOxKb, 3 — o3umas IIIICHHULIA

Fig. 4. Distributing of the agrometeorological
predefined time of the crops sowing beginning in
autumn period: 1 — winter rape; 2 — winter rye; 3 —
winter wheat
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Puc. 5. 3aKOHOMEPHOCTh U3MEHEHUS OLICHOK Ma-
TEMATHYCCKOI0 OXHUIAAaHHUA JIUMTCIBbHOCTH €CTCCTBCHHO
pa3peieHHOro (OHIa BPEMEHU Ha BBIMOJIHEHHE TOYBO-
00pabaThIBAIOLIMX M OCEBHBIX MPOIECCOB: 1 — 03UMBIi
parc; 2 — o3uMas poxb; 3 — 03UMast MIIeHUIIA

Fig. 5. Dependence of the estimations of
mathematical expected value of the naturally settled
fund of time duration on the implementation of soil-
tillage and sowing processes: 1 — winter rape; 2 — winter
rye; 3 — winter

B wactHOCTH, MaTeMaTH4eckast 00paboTka pe3yib-
TAaTOB KOMIIBIOTCPHBIX SKCHIEPHUMCHTOB W NPUMCHCHUA
KpUTEpUS XZ-HI/IpCOHa JUTSL TIPOBEPKU OITU30CTH IMITH-
pHYECKOr0 paclpenesieHus 7, ¢ HOpMalIbHBIM TEOPETH-
YECKHUM pacupeacjaICcHUEM Jajl0 BO3MOKHOCTb IMOATBEP-
JIUTh BBIABMHYTyI0O runote3y. Juddepenimansaas
(GYHKIHS TEOPETHYECKOTO PACHpEeNICHUS U TJIaBHBIC
CTaTUCTUYCCKUE XAPAKTECPUCTUKU T, TMPUBECIACHLI B
Tabum. 4.

Taxke YCTaHOBJICHA 3aKOHOMEPHOCTb U3MCHCHHUA

\ /1 [+©
OLICHOK MAaTEeMaTH4YCCKOI'0 OXHWIOAaHHUI (M[tno]) JJIA-

TembHOCTH to, U KaleHZapHBIX cpokoB (d) ierHe-

OCCHHETO Iepuoaa. B YaCTHOCTH, HA OCHOBAaHUU KOppeE-
JIAUOHHOI'O OTHOILICHHS 000CHOBAHHO HAJIMYUE CBSA3HU

mexay M[tS] ud (puc. 5 u Tabn. 5), koTopas onucana
YpaBHEHHEM:

uigl-5- | ld-ef o -@-), @

T1e: a — YrIoBoi Ko3(GHIHEeHT acHMITOTH; b — K0a(-
(MIMEeHT NpUrIaXUBaHUS; ¢ — CMEIIEHHE OTHOCHTEIIb-
HO 0 (HyJ15).

CrenoBaresbHO, OTpEJIENICHHBIE HaMH 3aKOHO-
MEpHOCTH YOEKAAIOT B TOM, YTO IIPH TO3IHHUX KaJeH-
JIApHBIX CPOKax MOYBOOOpaOATHIBAIOMINX M ITOCEBHBIX
MTII miuTensHOCTh t,, HpUOIMKaeTcst K HyIIo, a clie-

JIOBATEJIbHO PACTET PHCK HECBOEBPEMEHHOTO BBITIOJIHE-
HUS paboT. DTO HEMOCPEACTBEHHO OTpa3uTCs Ha Oymy-
IIEM ypo’kae, NPUOBLILHOCTH BBIPAIIMBAHUS O3UMBIX
KynbTyp ¥ 3ddexrruBHOoCTH cooTBeTCcTBYOLIEH TC.
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Tadanua 4. Tuddepenunansupie pyHKINM pacrpeneseHus] U CTaTUCTUYECKHE XapaKTEePUCTHKH arpoOMETe0poIIo-
THYECKH NPEIONPEIeIEHHOIO BPpeMEHH Hadala MoceBa O3UMBIX KyJIbTyp B ycioBusix JlybeHckoro paiioHa PoBeHckoil

obnactu (YkpauHa)

Table 4. Differential functions of distributing and statistical descriptions of the agrometeorologycal predefined
time of winter crops sowing beginning in the conditions of Dubenskiy district of the Rivne area (Ukraine)

OILIEHKH CTATUCTUYECKHX
XapaKTePUCTUK
Kymnberypa Huddepernnansras GyHKINSA pactpeneneHus M[z’ ] 5[z
cd c 1
CYTKH CYTKH
O3uMBIii parc [ (2P —225,973)2
(HopMmanbHOE f(z0)=0172-exp _(Clo# 226 0,39
pacmpeneneHue) L '
O3uMas poxb [ 7% _ 245,858 2
(HOpMasBHOE f (z'c’") = 0,173'9Xp —% 246 0,29
pacrmpeeeHue) L ' ]
Osumast MIeHUIa 7" —250,833 2]
(HOpManbHOE f (Tcn) = O,l?-exp _(cll,OéG) 251 0,30
pacrpeiesieHue) J

Ta6muma 5. KosddumnmeHntsl ypaBHEHUS 3aKOHOMEPHOCTCH HM3MEHEHHS OLICHOK MAaTeMAaTHUYECKOT'O OXKHIAHHS
JUTUTEIEHOCTH €CTECTBEHHO Pa3pelieHHOTo (DOHIA BPEMEHHU [UIS BBIMOJHCHHS MOYBOOOPAOATHIBAIOIIUX M MOCEBHBIX
MTII B netHe-oceHHMIt iepuon (B yenoBusax [Jyoerckoro paiiona PoBeHckoit oOmacTn)

Table 5. Coefficients equalization of estimations dependence of mathematical expected value of the naturally
settled fund of time duration for soil-tillage and sowing process in summer-autumn period (for the Dubensky district
Rivne area conditions, Ukraine)

Kymbtypa Koaddunment ypaBHeHns Koppensmonnoe JoBepurenbHbII
OTHOIIICHHE, N HWHTEPBAII, CYTKH
a b c
O3uMBIii parc 0,909 0,907 0,903 -0,993 180...235
O3umast poxb 1,346 1,213 0,505 -0,991 180...255
O3uMas IIIeHnIa 226,5 246,3 251,6 -0,992 180...255

Takum o0pa3oM, pa3pabOTKa MMHUTAIIMOHHBIX MO-
Jiened, KOTOpble JaroT BO3MOXKHOCTh YYECTh CTOXACTH-
4eCcKOoe BIIUSIHHE arpoOMETEOPOJIOTMYECKUX YCIOBHH Ha
TEMIBl POCTA U PA3BUTUS PACTEHHUMN, COCTOSHHUE IOYBBI
U KyJIBTYp, a CIeIOoBaTelIbHO (OPMHUPOBAHUE ecTe-
CTBEHHO pa3peuIeHHOro ()OoHJa BPEMEHH Ha BBINIOJIHE-
Hue coorBeTcTByOIUX MTII B moneBogueckux npoek-
Tax SIBISETCS BaYKHBIM 3TAllOM OOBEKTUBHOTO OIICHHBA-
HUS TIOKa3zaresed >(QQEKTHBHOCTH MOJEBOACTBA IPH
pa3HBIX apameTpax coorBeTcTByonmx TC.

BBIBO/IbI

1. ATpoMeTeOpOIOTUYECKHAE YCIOBHS BIHSIIOT Ha
Ka4eCTBEHHOE COCTOSIHUE TOYBBI, & TAKXKE TEMIIBI POCTa
U Pa3BUTHUS CEILCKOXO3SMCTBEHHBIX KYIBTYp, YTO CO-
BOKYNHO (DOPMHpPYET TI€pEeMEHYHBOCTh €CTECTBEHHO
pa3penieHHOro (OHAAa BPEMEHH Ha BBIIIOJHEHUE MeXa-
HU3UPOBAHHBIX TEXHOJIOTHYECKUX IPOLIECCOB B MPOCK-
Tax BBIpAIIUBAHUSA U cOOpa ATHUX KYJIbTYp, UX CBOEBpE-
MEHHOCTh BBIIOTHEHUS H 3()(HEKTHUBHOCTH COOTBET-
CTBYIOIICH TEXHHUYECKOW OCHACTKH. 2. YUET 3TOTO BJIH-
SIHAS BO3MOXXCH HA OCHOBAaHUHM JaHHBIX arpoMeTeo-
CTaHIMi, 00pabOTKH HMX PE3yNbTaTOB M OINpPEACICHUS
COOTBETCTBYIOIIUX (OPMATH3UPOBAHHBIX CTATUCTHYC-
CKHAX 3aKOHOMEPHOCTEH BPEMCHHBIX XapaKTCPUCTHK
OOBCKTHBHOTO HACTYIUICHHUS TEX WM APYrUX Kaue-

CTBCHHBIX M3MEHEHUI mpeaMeToB Tpyna. 3. O0paboTtka
JTAaHHBIX SIBOPOBCKOM arpoMeTeopOoIOTHISCKON CTAHITUI
Jlajla BO3MOXXHOCTH YCTaHOBUTH, YTO paclpelieicHUe
BPEMEHH Hadana (M3MYECKOW CIIeIOCTH TOYBHI B Be-
CEHHHH TIEPUO]] COTIIACYETCS C 3aKOHOM pacIpeelICHHs
Jlammmaca-1lapiape, 3aKOHOMEPHOCTH  UIUTEIBHOCTH
MPOTpe€BaHrd TIOYBBI K TEMIIEPATYpPE IIOCEBA SAPOBBIX
KyJbTYp OIMCHIBAETCSl IIOJIMHOMOM BTOPOH CTENEHH, a
JIATECIIBHOCTh BETCTAIlMU HAXOJAUTCA B KOPPEIAIIMOH-
HOW NHWHEHHOI 1 00paTHO MPOMOPIIMOHAIFHON 3aBHUCH-
MOCTH OT BPEMEHH MMoceBa KynbTypbl. 4. O0paboTka pe-
3yJIbTAaTOB CTATUCTUYCCKOrO0O MMHUTAIITMOHHOI'O MOICIH-
POBaHUSl arpoOMeTEOPOJIOTHUECKUX YCIOBUN BECEHHETO
Hnepuoja Jana BO3MOXKHOCTb IOCTPOUTH IMIIMPUIECKOE
pacrpesieneHle eCTeCTBEHHO pa3pelieHHoro QoHa
BpPEMEHHU ISl BBINOJIHEHMS! MOYBOOOPAOATHIBAIOINX H
MOCEBHBIX pabOT M YCTAHOBUTH HA OCHOBAHUH KPUTEPHS
X2-IlupcoHa, 9TO OH COINACYETCS C TEOPETHUECKHM
pacnpenenenueM BeitOymna. 5. Mcnons3oBanue meTo-
OB MaTEMaTUYECKOH CTaTHUCTHUKHA I OTNIPEACIICHUA
OLIEHOK CTAaTHUCTHYECKUX XapaKTEPUCTHK arpoMeETeopo-
JIOTHYECKUH TpeIonpeaAeTICHHOTO BPEeMEHH Hadaia Io-
ceBa 03UMBIX KyIbTyp (st ycnmoBuit JlyOeHCHKOTO paii-
OHa, YKpauHa) a0 BO3MOXKHOCTb YCTaHOBUTb, YTO OH
COIJIaCyeTCsl ¢ HOPMaJbHBIM 3aKOHOM paclpeleNeHusl.
Kpome Toro, onpeznenenue 3akOHOMEPHOCTH U3MEHEHHS
OLICHOK MAaTEeMaTH4eCKOrO OKHJAHUS JUIUTEIBHOCTH
€CTECTBEHHO pa3pelIeHHOTro (OoHIa BPEMEHH Ha BbI-
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nonHeane MTII Bo3mensiBaHUs IMMOYBBI M ITOCEBA O3U-
MBIX KYJBTYpP JaJI0 BO3MOXHOCTh KOHCTaTUPOBATh, YTO
IIpU MO3AHUX KAJICHOApHBIX CPOKAX HX BBIIOJHEHUS
pacTeT pHUCK HECBOEBPEMEHHOTO 3aBEpUICHHS padoT U
cHmkeHNs 3pdexTuBHOCTH TC € COOTBETCTBYIOIINM
TEXHUYECKOI ocHacTKoi. 6. MoaemupoBaHue arpome-
TEOPOJIOTHUECKUX YCIOBUU JaeT BO3MOXKHOCTh OTOOpa-
3UTh OOBCKTHBHBIC YCJIOBHUS ()YHKIIMOHHPOBAHHS TEX-
HUYECKOM OCHACTKH, YYECTh CE30HHYIO TepeMEHUH-
BocTh cpokoB BbinonHeHUss MTII B moneBogueckux
MIPOEKTax, OLEHUTb UX CBOEBPEMEHHOCTb, a CIlEJ0Ba-
TENBHO U 3P PEKTUBHOCTH MOJICBO/ICTBA.

BUBJINOI'PA®GUYECKUI CITUCOK

ATpapHBIA CEKTOp YKpawWHBI [DNEKTpOHHBIN pe-
cype]. — Pesxxum nocryma: http://agroua.net/
Bomba M. Ya. 1993. HayuHble U mpakTHYECKHE
OCHOBBI BO3JENbIBaHMSA MOYBB: Hayun. moc. /
M. 4. bomb6a, 3. M. Tomammscekuii. — MBaHO-
®pankosek: ['amnunna, 148. (Ykpauna).
I'punrodp H.HN. 1987. Arpomereoponorus /
I'punrod U. Y., ITonora B. B., Crpamnsiii B. H. —
JI.: Tunpomereonsnat, 310.

Jdunecs B. U. 2014. TIporHo3upoBanue aaT co3pe-
BaHWS PAHHHUX 3€PHOBBIX KYJIHTYp HA OCHOBE MO-
nemupoBarus / Jeecs B.M., Cxubumx B.W.,
Kyms C.I' // MexaHuzanus #u SICKTPUPUKAIHAT
cenbckoro xossictBa. — Ne. 99 (2). 384-391.
(Ykpauna).

Kynepman ®. M. 1977. Mopdodusuonorus pac-
teHnid. Mopdodusnonornueckuii aHann3 3TaroB
OrpaHOreHe3a pa3fIMuHbIX XU3HEHHBIX (OpM IMO-
KpbIToceMeHHbIX pacteHuid / @. M. Kynepman. —
3-e u3., qonoiH. — M.: Beicur. k., 288.
JIuxousop B. B. 2010. PactenneBonctBo. TexHo-
JIOTMM  BBIPALlMBaHHUA  CEIbCKOXO3SHCTBEHHBIX
kynetyp / B. B. Jluxousop u nmp. — 3-¢ u3z., wuc-
npasi., fonosH. — JlebBoB: HO®B "VYkpaunckue
texaonorun", 1088. (YkpanHa).

Jy6 II. M. 2016. YnpapneHue NpoeKTaMH TEXHO-
JIOTHYECKUX CHUCTEM BBIPAIIMBAHUS CEILCKOXO3SH-
cTBeHHBIX KynsTyp / JIyo I1.M., lllapudypa A.O.,
Tpury6a WN.JIL., Tlykac B.JL. // BectHuk Haimo-
HaJIbHOTO TeXHWYeckoro yHupepcurera «XIIBy.
C6opauk HayuHbsIx TpynoB. Cepms: Crparernde-
CKO€ yNpaBlieHHe, ynpaBiieHHe noptrdensmMu, mnpo-
rpaMMaMu U npoektamu. — X. HTY «XIIW». —

Ne2(1174).  81-85.  <doi.org/10.20998/2413-
3000.2016.1174.18>
HacraBaenus T'HAPpOMETEOPOJOTrHYECCKUM

cranuusaM U mocram. 1985. Brim. 11: Arpome-
TEOPOJIOTHYECKUE HAOIIOCHHS HA CTAHIUIX U T10-
crax. Y. 1: OcHOBHBIE arpoMeTeOpOJOTUUECKHE
Habmonenus. — JI.: l'unpomereomsaar, 320.
Hpuxaagnaa crarucruka. 1981. Ilpasuna npo-
BEpPKU COTJIaCHUsl OMBITHOI'O PacHpeleIeHUs C Te€O-
permueckum: ['OCT 11.006-75. — M.: Uzn-Bo
CTaHIapTOB, 32.

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

Cugopuyk JI. JI. 2010. Ocobennoctn uneHTH(U-
Kaluy KOH(HUTypaIuu MPOEKTOB 00CTYKUBAIOIINX
CHCTEM CeIIbCKOXO3SHCTBEHHOTO IPOM3BOJCTBA /
Cunopuyxk JI. JI., Komapaumxkwuii C. I1., MapTtuaiok
P. B. // Boctouno-EBponeiickuii )ypHaa mepemo-
BBeIX TexHojorui. — T. 1. — Ne. 2 (43). 69-71.
(YkpauHa).

Cunopuyk A. B. 2013. CornacoBanue cOCTaBis-
IOIMIUX TEXHOJOI'MYECKOW CHUCTEMBI 00pabOTKH
MOYBHI U ITOCeBa 03UMBIX KynbTyp / A.B. Cunop-
gyk, [1.M. Jly6, W.I1. UBactok, B.A. Ykpaunen //
MOTROL Commission of motorization and
energetics in agriculture. — Lublin-Rzeszow,
Vol.15, Ne4. 180-186.

Cupopuyk A. 2004. ArpomeTeopoJIOTHYECKHE
OCHOBAHHUS Pa3BUTHA (YHKIHOHAIBHBIX CTPYKTYP
monesozctBa / A. Cupopuyk, C. Cenuyk, I1. JIy0,
B. Kabap // Bectauk JIbBoB. JJAY: ArpoHOMHS.
JIsBoB: JIbBOB JIAY. — Ne8. 119-123. (YkpauHa).
Cugopuyk O. B. 2005. CucteMHble TPUHIUIIBI U
HAINpaBJeHUsl HMCCIICJOBAHUI Pa3BUTHUS arporpo-
MBIIIIEHHOTO IPOM3BOJICTBA HA WHHOBALMOHHOM
ocHoBe / Cumopuyk A. B., MarBuenko A. C. //
Hayun. Bectank HAY. — Bumn. 80. — Y. 2. 136-141.
(Ykpaunna).

Tapackun A. ®@. 1997. Craructuueckoe MoAEIH-
poBanue U meroq Monre-Kapio: YdyebHOE moco-
ome. — Camap. roc. aspokocm. yH-T, Camapa, 62.
Tumouxko B. O. 2013. Bo3M0OXHOCTH HCHOJb30-
BaHMsI CHUCTEM aBTOMATH3alMH YIPABJIEHHS IPO-
€KTaMU Ul YCIIOBUH CEJIbCKOXO3SIIICTBEHHOIO
npousBojcTea / Tumouko B. O., IMagtoka P. U. //
Bocrouno-EBponelickuii )KypHal NEepeAoBbIX TEX-
Hostoruit. — T. 3. — Ne. 3 (63). 26-28.

Tpuryda A. M. 2011. IIponeccs! yrnpaBieHus HH-
TErPUPOBAHHBIMUA TIPOCKTaMHU arpapHOTO IMPOU3-
BoactBa / A. M. Tpury6a, A. O. Illapubypa. —
Motoryzacja i energetyka rolnictwa. MOTPOL-
2011. — Lublin. — Vol. 13D. 37-42.

Tpuryoa A.M. 2016. CucreMHO-LUEHHOCTHBIE
MIPUHIUITE] YIIPAaBICHUS HHTETPUPOBAHHBIMHA TIPO-
rpaMMaMH Pa3BUTHsI MOJIOYAPCTBa Ha OCHOBE MO-
nenuposanus / Tpuryda A. M., lllonyneko I1. B.,
Cunopuyk JI. JI., bBospuyk O. B. // CoopHuk Hayd-
HBIX TpynoB "Bectaux HTY "XIIN": Crparermue-
CKO€ yNpaBlieHHe, yIpaBlieHne mopThessMu, mpo-
rpammamu u npoektamu. HTY "XITH". — Ne22
(1174). 103-107. (YkpauHa).

®auc U. M. 2014. KonuenryaibHas MOJENb
WHHIMAJIN3aH WHHOBAI[MOHHBIX IPOEKTOB IPO-
W3BOJICTBEHHO-TIEpepaldaThIBAIOINX KOMILJIEKCOB /
U.M. ®nuc // Bectnuk HanuonaasHOro TeXHHUYE-
ckoro yauBepcureTa. — Ne, 2. 76-81. (Ykpauna).
MMapudypa A. O. 2010. YmpasieHue coaepx aHu-
€M U BPEMEHEM B IPOEKTaX C TEXHOJOTMYEeCKUM
PUCKOM (OTHOCHUTENHHO YOOPKH JIbHA-TONTYHIA) :
JMCC. KaHA. TexH. Hayk : cmer. 05.13.22 . Ympas-
neHue npoekramu u nporpammamu’ / A.O. Illapu-
Oypa. — JIeBoB, 20. (YkpauHa).

Rubinstein R. Y. 2007. Simulation and the Monte
Carlo method / Rubinstein R. Y., Kroese D. P. // —
2-nd edition, Wiley, 345.


http://agroua.net/
http://dx.doi.org/10.20998/2413-3000.2016.1174.18
http://dx.doi.org/10.20998/2413-3000.2016.1174.18
http://kpi.kharkov.ua/

OCOBEHHOCTHU MOJIEJIMPOBAHUS Y BJIUSHUS ATPOMETEOPOJIOT MYECKMX YCJIIOBUI 67
HA TIOKA3ATEJIN ITPOEKTOB OBPABOTKHU ITOUBBI U IOCEBA KYJIBTVYP

FEATURES OF MODELING AND INFLUENCE OF
METEOROLOGICAL TERMS ON PROJECTS
INDEXES OF SOIL-TILLAGE AND CULTURES
SOWING

Summary. The features of soil-tillage and sowing
projects realization are marked. These projects are
examined at the level of the technical rigging, labour
article (plant and soil) and agricultural meteorology
terms which are influenced on the volumes of the
products. The importance of agricultural meteorology
terms take into account, rates of plants growth, their
influence on the proper works, and also on the
parameters of the projects technical rigging are
accented.

The features of meteorological terms influence on
the terms of the mechanized technological processes
implementation of field-crop cultivation and indexes
risk of their efficiency are exposed.

The subject constituents of these processes are
outlined. The features and dependence of change rates
of high-quality indexes from the action of agricultural
meteorology terms are described. The pre-conditions
origin of terms changeability and implementation

durations of the proper mechanized technological
processes which form the indexes of projects efficiency
are given.

The sources of receipt and forming method of
statistical dependence for the agricultural meteorology
terms modeling during of the proper technological
systems functioning period are exposed. The results of
treatment of these supervisions of weather-stations in
relation to influence of agricultural meteorology terms
on the naturally predefined terms of the field-crop
mechanized technological processes implementation
during of spring and summer-autumn periods are
resulted.

The modeling of agricultural meteorology terms in
spring and summer-autumn period and their influence
on terms and duration of the naturally settled fund of
time for implementation of the proper mechanized
technological processes is executed. The modeling
results and statistical dependence of this index for the
proper calendar period are presented.

Key words: field-crop cultivation, meteorological
terms, changeability, modeling, technical rigging,
projects, technological systems, efficiency.
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AHAJIMTUYECKOE NCCJIEJOBAHUE PEI'YJISATOPA JABJIEHUSA
INPUMEHHUTEJIBHO K IIYJIbCUPYIOIIUM BAKYYMHbBIM CUCTEMAM
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AnHoTanusi. B pabore HaBeneHBl MmaTeMaTHue-
CKHE MOJENH PEryJIATOPOB BAKYYMMETPHUIECKOTO /IaB-
JIEHUSI ¢ OJIHOMAacCOBOM M JBYXMAacCOBOH KJIallaHHO-
nemrdupHoit cuctemamu. [IpuBeneHs! pemeHust aug-
(epeHIManbHBIX YpaBHEHHI, 9TO oOecriednBaeT Moie-
JIMPOBaHKE TEPEMENICHUs KJIallaHa B 3aBUCHMOCTH OT
aMIUTUTY/IBI U 4aCTOTHI KOJIeOaHUsI BaKyyMMETPHYECKO-
O JIaBJIeHHs, MAaCChI Tpy3a, AMaMeTpa KilanaHa, ynpyro-
CTH TpPYXUHBI, JNeMipepHO MeMOpaHbl U JHaMeTpa
otBepctus auddysopa B KoIMaKe peryisaropa, Xapakre-
puctuku aemndepHoi cpensl. Pemenne cuctemsr aug-
(epeHIMANBHBIX yYpaBHEHHH NPOW3BENEHO IIPH JABYX
COCTOSTHHSIX IMCKPUMHHAHTA, TPH MOJOKUTEIEHOM H
OTpHIIATENIFHOM 3HaueHWd. HaBeneHsl (QyHKIMH |
rpaUKd aMIUTUTYIBl U YacTOTHl KOJICOAaHMH BakyyM-
METPHYECKOTO NAaBJICHMUS, a TAKXKE PE3YIbTaThl MOJEIIHU-
pOBaHMsI TEpeMELICHUs KianaHa U Ipy3a peryisiTopoB
JIaBJICHUS ¢ OJHOMACCOBOU U ABYXMAacCOBOM KIIAIIaHHO-
neMiepHoil cucteMamMH. AMIUIMTYAa IepeMelleHHs
KJIaraHa 3aBHCUT OT KOA(PHUIMECHTA 3aTyXaHUs U KBaJl-
para 4acToThl COOCTBEHHBIX KOJICOAHUI COOTBETCTBEH-
HO KJiamaHa u rpy3a. Konebanus kianana peryssropa ¢
NPY>KHHHO-IEMII()EpPHONH CHCTEMOW — 3aTyXalollue.
AMInUTy1a eIMHUYHOTO KOJIeOaHUs 3aBUCUT OT MAacChl
rpy3a U JIUTEILHOCTH UMITYJIbCa BAKyyMMETPHUUECKOTO
JIaBJICHHSI.

KaioueBble cj10Ba: perynsTop JaBlICHUS, aMIUIN-
Tyna Koie0aHWi, ABYXMAaccOBas CHCTeMa, KOd(PQHIIH-
€HT 3aTyXaHus, KiamaH, aeMmndepnas cpena, audpde-
peHIaIbHOE YpaBHEHHE.

ITOCTAHOBKA TTPOBJIEMBI

Konebanue naBieHWss BaKyyMHOW CHUCTEMBI [0-
WIBHBIX YCTAHOBOK BO3HHKAET BCIEACTBHE pabOTHI J10-
WIBHBIX alllapaToB, a TAKXKE 3a CUET W3JIUIIKA MPOU3-
BOJIUTEIEHOCTH BaKyyMHOH YCTaHOBKH, 4YTO CIIOCOO-
CTBYET CO3/IaHHMIO M3JIMIIHET0 BaKyyMMETPHYECKOTO
JIaBJICHUS, KOTOpOe peryaupyercs perynstopoM. On-
HUM W3 OCHOBHBIX IAapaMeTPOB — €CTh CTaOMIBLHOCTH
naBineHus. JlaHHBIA MapaMeTp 3aBUCUT OT YCIOBUH
(YHKIIMOHMPOBAHUS PETYIIATOPA, IPOU3BOJUTEILHOCTH
BaKyyMHOT'O Hacoca, KOJIMYECTBa OJHOBPEMEHHO pado-
TAIOMMX JOWIBHBIX amlllapaToB M JOJDKEH 00eCHednTh
HEBO3MOXXHOCTh BO3HHKHOBEHHS KOJe€0aHWH W pe3o-
HAHCHBIX SIBIICHUH Y BaKyyMIIPOBOZE IIpH cpadaThIBa-
HUH KJIallaHa PETyJsITopa U poOoTe TOWIBHBIX ammapa-
TOB.

Ha peiHKe powiabHOro 00OpYZOBaHUSI TPHCYT-
CTBYIOT Pa3HOBHJHOCTH KOHCTPYKIUI PpEryisTopoB
JIaBJICHUSI C XapaKTepUCTUKaMHM, (OPMUPYIOLIUMUCS

KOHCTPYKLMOHHBIMH TapaMeTpaMH CaMOTo peryisropa
U TapaMeTpaMd TEXHOJOTHYECKOTro Ipolecca paboThl
OWIBHOM ycTaHoOBKHU. J{s BEIOOpa peryisTopa u obec-
HEeYCHHS TEXHOJIOTHYECKUX NTapaMeTPOB BaKyyMHOHU CH-
CTEeMbI HEOOXOIMMBl aHATUTUYECKUE MOJCIH, KOTOPHIE
MO3BOJISIIOT MOJICNIMPOBATH PEXKHUMBI pabOTHl BaKyyMHO-
ro perymnstopa. PazpaboTka mMareMaTHYeCKUX 3aBHCH-
MOCTEH U MOZEIMPOBAHUE TTAPaMETPOB PabOTHI peryJis-
TOpa JaBJICHUS MO3BOJIUT 0OOCHOBATH €0 KOHCTPYKIIH-
OHHBIE IMApAMETPHI.

AHAJIN3 NIOCJIEAHNX HCC{[EZ[OBAHHVI nu
IYBJIIMKAIIUN

Konebanne naBneHnss BakyyMHOH CHCTEMBI [O-
WUIBHOW yCTAaHOBOK 3aBHCUT OT IMHAMHYECKHX Xapak-
TEpUCTUK paboTHl MynbcaTopa IOWIBHOTO amnmapara.
HccnenoBanus BIMSIHUS KOHCTPYKIIHOHHO-
TEXHOJIOTHUECKUX TapaMeTPOB IyIbCaTOPOB HEMOCPE-
CTBEHHO Ha HX JWHAMHUYECKHE XapaKTePUCTUKHU NpHBE-
neHo B pabotax [1-9]. Ilpu 3TOM YacoBBIE PEIKHUMBI
HETOCPEICTBEHHO BIMAIOT Ha BEIUYUHY BaKyyMa.

PerynupoBanne BakyymMa B  CHCTEME OCY-
LIECTBJIACTCS. PErylsSTOpOM. BapuaHThl KOHCTpyKLUMN
BaKyyMHBIX PETYJSITOPOB JIOWJIBHBIX YCTAaHOBOK obec-
MEYNBAIOT PETyIUPOBAHHE 3a CUET MAcChl Ipy3a WIH
CHUJIBL, CO3JAHHOM DJIEKTPOMArHUTOM, KOTOpasi paccuu-
THIBAETCSl HA 3aJJaHHOE BaKyyMMETPUYECKOE JIaBICHUE
IIpU COOTBETCTBYIOLIEH MoW@aan cemia kiamnana [10-
13].

3aryxaromue koiebaHusi paccMoTpeHsl B [14, 15],
HO HE YYTeHO NPHUCYTCTBHE KJAalaHa, YTO COCTaBISIET
JIByXMacCOBYIO CUCTEMY.

PaccmoTrpena  mozens  perynAropa  BakyyM-
METPUYECKOr0 JABJICHUS TPABHTAIMOHHOTO THIIA, KaK
JIByXMaccoBas CHUCT€Ma, Ha MpHMEpE pETyIsITopa C
NpyXUHOW M JeMriepHbIM TuckoM [16], mpuBeAeHBI
pe3ysbTaThl MOZAEIMPOBaHUS pabOTHI PeryisTopa JIaB-
neHus ¢ nemndepHoit MmemOpaHo#t [17] U mpyKUHHO-
nemrdepHoit cuctemoii [18]. JlaHHas MareMaTHUeCKas
MOJIEJIb YUUTHIBAET MEpPEMENICHUE ABYX Macc, KJamaHa
U Tpy3a, KOTOPBIE COEIMHEHBI MEXIy COO0OW Tpy>KUH-
HOW, HO He YYTEH BapHaHT MPH aHATUTHYECKOM perle-
HUU YPAaBHEHMMH, KOrJa KOPEHb YPaBHEHUH €CTb KOM-
IUTEKCHBIE YHCIa, TaK SIK Macca Tpy3a Ha JBa HOpsIKa
MIPEBBIMIACT CHITYy JeMII()UPOBaHUSI.

ITOCTAHOBKA 3AJIAY1

st 060CHOBaHMSI KOHCTPYKIIMOHHBIX ITapaMeTpOB
PEryJIATOPOB JaBJCHUS] BAKyyMHBIX CHCTEM JIOMJIBHBIX
YCTaHOBOK, IPOBEAEM AaHAIUTHYECKHE HCCIICIOBAHUS
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paboTBI PETYNATOPOB C Pa3HBIM JASMII(PUPOBAHUEM IIe-
peMelleHus KilamaHa.

N3JIOXXEHUE OCHOBHOI'O MATEPHAJIA

PaBHOBecuwe peryasrtopa maeienus (puc. l, a)
obecrieunBaeTcs, KOra pasHUIa JaBJIeHUH CO31aeT CH-
ny Fg, KoTOpas npuioxeHa K KianaHy, paBHa CHIIe Ipy-
3a Fy n cunsl nemnduposanus F,,,. XKecTkocTs cBa3n
MEXAy KJIallaHOM M TPY30M paccMaTpHBaeM, Kak OJHO-
MaccoBasi CHCTEMa.

PaBHOBecHe CHCTEMBI peryisiTopa JaBlCHHUS
(puc. 1, 6) obecrnieunBaeTcsi, KOraa cuiia Co3aHHas pas-
HHLCH JaBJCHHH, KOTOpas HPHJIOKCHA K KiamaHy, H
CHJIa YIIPYTOCTH, CO3JaHHAs MPYXUHOH (2), IpupaBHU-
BaeTCs Macce Tpy3a U AeMIQepHON IacTHHHI (3).

Puc. 1. CtpykxrypHO-(QyHKIIMOHANEHAS cXeMa JIeH-
CTBUA CHJI Ha KJIallaH PEryJjigTopa BaKyyMa: a) JCMII-
¢depHOit MeMOpaHOii; 6) HPYKUHHO-IeMI(EpHOH CH-
cremoit: 1 — nemndepnas memOpana; 2 — mpyxuHa; 3 —
wiactTuHa B aemmndepHoit cpene; 4 — aemmndepHas cpe-
na; Fg — cuna BakyyMMeTpHYecKoro jaaBiieHus; Fg—
CHJIa TPaBUTALMU JIBMXKYILIUXCS DJIEMEHTOB, F,,p — cuia
YOPYrOCTH HPYKHUHBL;, Fo,, CHJia COIIPOTHMBJICHUS
nemrdupoBaHus; My, M, — COOTBETCTBEHHO Macca Kia-
IaHa 1 rpy3a BMECTC C IITOKOM M JABMXYIIUMUCSH 3JIC-
MCHTaMH

Fig. 1. Structural and functional diagram of the
forces on the vacuum regulator valve: a) the damper
membrane: b) spring-damper system; 1 — damper mem-
brane; 2 — a spring; 3 — medium in the damper plate; 4 —
wednesday damper; Fg — the power of negative pres-
sure; Fy— the gravitation force of moving parts; F,, —
elastic force of the spring; F,,, — damping resistance
force; m;, m, — mass of the valve, respectively, and the
load together with the rod and moving elements

Jst IBYX THIIOB PETYISATOPOB IABICHUS COCTABUM
nuddepeHnaIbHble YpaBHEHHS MEPEMEIICHHS Kiiara-
Ha ¥ Ipy3a, MOJIBEIIEHHOT0 K KIIalaHy:

— st cuctemsl (puc. 1, a):

2
oo, Lignoto,
— st cuctemsl (puc. 1, 6):

d2Y1 2

at2 +K - (1—y2)=h - f(t)

@©o . ®
e 2n, D kE (- y) =0

rae: Y — BepTHKaJIbHOE MepeMellleHHe KIIalaHa ¢ TPy30M
(puc. 1, a), M; Y1, Y2 — COOTBETCTBEHHO IepeMeEIeHIEe
KJIarmaHa u rpy3a (puc. 1, 0), M;

a_ 128- -1 ii =2n,” K03(PULIMEHT 3aTyXaHHs KO-

. 4
m  z-d,,
. -1,
nebanmit (puc. 1, a), ¢*; h =Ap,, -S,/m — ynensHas
aMIUTUTYa CHJIBI IPHHYAUTEIEHOTO KoJeOaHHs Kiiara-
Ha peryisTopa Bakyyma, m/c’; S, — IIOIIamb CedeHHs
% 2,
nemndepHoi MeMOpaHbl, M*; Oy, — JUAMETP OTBEPCTHUS
muddysopa perynstopa, M; S; — IIIOMAAb cejiIa Kiarna-
Ha, S, =7- de / 4, M d.. — mMamerp cemia KiamaHa, M;
m — Macca IOABWXXHBIX ODJEMEHTOB pPEryJsiTOpa,
— . 2 2
m=my+m,, kr; K; = Knp/ml, K: = Knp/m2 — KBazpar
YacTOTBl COOCTBEHHBIX KOJICOAHHI COOTBETCTBEHHO
-2.

KJanaHa u rpysa, ¢ ; | — quna otBepetust auddysopa,
M; g — JUHaAMHYecKas BS3KOCTb Bo3ayxa, [la-wc;
2n, =K, / m, — KO3QUIMEHT 3aTyXaHus KoJeOaHui

(puc. 1, 6), ch Konp — KOMILIEKCHBIH KO3 unuesT co-
nporusnenus aemndepnoil cpenrr, H-c/m; K,, — x030-
¢urent ynpyroctu npyxunsi, H/m; f(t) — xapakrepu-
CTHKa U3MEHEHUS! TPUIIOKEHHOM CHIIBL.

QDyHKINIO TTOBTOPSEMOCTH KOJNEOAHMH JaBICHUS
npexacraBuM B Buze psaga Oypee [19]:

r 20| 2 (kT k-z-t
kaO(t)_?+jil[E'S'n( R J-cos[ R )},(3)

rae. 7 — MPOAOIDKUTEIBHOCTh OTKAYHMBAHMS BO3AyXa C
Kamep TEPEeMEHHOTrO [aBIICHUsS, Ui aBTOMATH3HPO-
BaHHBIX JOWIBHBIX ammapatoB cocraBmter v = 0,112-
0,15 c.

Pemenne muddepenmuansaoro ypaBHeHHs (1)
npoBoauM B Buze [20]:

Y(0) = (1) + Yoy () + Yoy (1) (4)
IIpoBenem 3ameny:
2
Yy, Y -9 5)
dt dt dt

Torma ypaBHenue (1) ¢ yderom (5) u (3) Oyner
HUMETh BHII:

dx h -7
—+2n, - X(t) = =——
dt+ 2 X(1) T g+

%[Z'hlsin[k'”'rj'cos[k'”‘tj. ©
1 k-7 2-T 2-T

BBeznem creneHHy0 (YHKIMIO SKCIIOHEHTHI €Xp B

2n,dt y
BUJIE l(t):eJ. " — @2 yMHOXHB KaIbli wieH

ypaBHeHHS (6):

e2n2t _%4_ 2n2 -e2”2tx(t) _ _62n2t . —M-i-
dt T

. (7)
+g—%[ﬂsin(k'”'T)cos(k'ﬂ'tJ
1l k-x 2-T 2-T
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d (62n2t )
WIH 2 . g2 = , TOTJIa BEITIOJIHAM B YPaBHCHUU
dt
(7) 3aMeHy 1 IPOUHTETPUPYEM:

2n,t dX d 2n,t 2n,t h1'T
ot —_ 2 t) = — 2 - =
o T O=e ( T

o el ol )

j —(ez"z‘ X(D)dt = [-e”™ .(f % +g-

i ‘:2 h . (k-ﬂ-rj (k~7z’~t]
-y -coS dt
—l k-7 2-T 2-T

e . x(t) =

Vuureisas, uro dy/dt = X(t) ¥ UHTErpupys ypas-

HeHwue (8), ToTyIrM:
2-h .(k-/rr] (k-zrtj
=1 .sin -CoS
i k-x 2-T 2-T
> +

R
2 2 -z
[ﬁ] +(2n, ) 9)
2-hy (kemeT k-z-t
ke 2 27 ) ce™
+i ” . E— +C
- - > 2
— — [-(2n
[2~Tj +(2~T]( 2)

OmnpenenuM MOCTOsIHHBIE HHTErpupoBanus C; U
C,. Tlpu t = 0, y(t) = 0. COOTBETCTBEHHO MOJACTABUM B
ypaBHeHue (9) HaYaIbHBIC YCIOBHS, TOTYIUM:

. ﬂ.sin(k'ﬂ-'r)
yo): o-—ykr 127) G - (10

2
T (k-x , 2n,
— | +(2n
(5] ven
CKOpOCTL JABHWKCHUA KJlallaHa B Ha4yalbHBIA MO-
MmeHT Bpemenu t = 0 Gyzaer pasna dy(t)/dt=0. Tornua:

Zj:_?-sin(k;[_llrj-sin[kz'f[_r'tj

dy(®) _ h-z g
dt  T-2n, 2n,

LIOF

; h 2n, sm( ”'Tj
:M_&Jrz T . 2-T ic,’
T.2n2 2n2 1 (k][) +[k7[}(2n )2
2

IloacraBuM 3HauYeHHE TOCTOSIHHOW HWHTETPHU-
poBanus C; ¢ ypaBuHenus (11) B 3aBucumocts (10) u
ONpe/IesIUM MOCTOSTHHYI0 uHTerpupoBanus C,.

h,-2-n, sm(kzﬁ_l_fj (—(Z-nz)z)

c, =3 (TJ.[@?]Z(ZHZ)ZJ o 12)
g h -7

+ - .
(Z‘nz)2 T '(2'nz)2
C yderoM mocTosiHHbIX HHTerpupoBanust (11) u
(12) ypaBnenue (9) npumer BuUA:

2:hy .2n, - sm(k‘ﬁ'rj-sin(k’”'j
k-7 2-T 2T )
3
k-7 k-7m 2
B 22 (2n
(2~Tj +[2~T] (on)
2-h .[kvr-rj [k-ﬂ'-t]
-sin -C0S
k-7 2-T 2-T
k-z\
RS 2n 2
(2~Tj +(2n,)
(kemet 2
h-2-n,-sin {L-(2-n
h 2'[2'1-)(( 2))+

(M55 o]
| hl.z.nz.sm(k;T'T) +
EEED

+M.t_9_-t+(1_e-zn2t)x
T-2n, 2n,

(e i) -

M3MeHuM XapakTep HOBTOPSAEMOCTH KoJjeOaHuUil
JIaBJICHUs], TIPEICTaBUB B BHJE ClEAYyIOMeH (QyHKITHIO
psna ©ypee [14]:

f(t)= hl ‘ {1+k§k — sin(k’i”-rj-cos(k':”-tj+_ (14)

S )

MO,I[GJ'IPIpOBaHI/Ie xapakrtepa m3MeHenus f(t) mpu-
JIO)KEHHOM CHIIBI IIPOBEIM TIPH CIEIYIOUIMX BXOJHBIX
JTAaHHBIX: NIEPHOJ KoJeOaHUa OTBEYAaeT YacToTe PabOoTHI
MmyJibcaTopa JIOWIBLHOTO ammapaTta 1 =1 c¢; mpojaoimku-
TENbHOCTh OTKAYMBAHMA BO3yXa C KaMep MEePEeMEHHOTO
JTABJICHUS JUTS Pa3HBIX THIIOB JOMJIBHBIX allllapaToB COC-
tapnseT 7= 0,112 u 0,150 c; ynenpHass aMIUTATY1a CHJIIBI
MPUHYIUTEIBHOTO KOoJeOaHWs KJIAamaHa peryisaTopa
nasieHus paBHa h; = 1,075. Pesysnbratel MonenupoBa-
Hus B cpene MatCad ¢yukuuu f(t) cornacHo 3aBucumo-
ctu (14) ms nosTopsieMocTr wieHoB pana kK = 10 mpu-
BEJIEHO Ha puc. 2.

vt =1

+

P M.

+

M.

-2n,t

+e
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Puc. 2. I'padux MonenmupoBanus KoixeOaHUN TaB-
JICHUA [IpU SaHaHHOﬁ MNPpOAOJDKUTCIIBHOCTH OTKa4MWBa-
HUA T BO3AyXa C KaMCp NMEPEMEHHOIO JaBJICHUA JOUJIb-
HOTI'O arrmapara

Fig. 2. Schedule simulation of pressure oscillations
at a predetermined length of the vacuum suction = with
variable pressure chambers milking machine

Pemenne muddepenmumansaoro ypaBaeHus (1) c
y4eToM 3aBUCUMOCTH (14) UMeTh BUA:

y(t)z[hﬂ_9].t+(1_e-zn2-x).[ 9 Mo

T-2n, 2n, (2n,)? T-(2n,)
) hi-sin(ikhzgprj
-y — "+
; k-z-(2n,)

2-h (k~2~7r~rj k-2-7 .(k~2~7r~rj
-1 2n, -| 1-cos + -sin
T T T T

frofe=)
et oot
: k-i-ﬁ_[(k:-ﬂ]2+(2n2)zj

.(k~2~ﬂ )
xSin -t
T

MonenupoBanue HepeMeIeHns KiaraHa peryis-
Topa naBineHus (ypaBHeHue (15)) ¢ yueroMm XxapakTepa
n3meHenus f(t) mpunokeHHo# cutbl (puc. 2) NpoBEICHO
IpU  CIEQYIOIMX HCXOAHBIX Iapamerpax: AIuamerp
nemipepHoii MemOpansl — 74-94 MMm; BakyymMmer-
pudeckoe nasieHne — 48 klla; nuHamMuYecKast BI3KOCTh

BO3IyXa — 18,1'10'6 Ia-c; nuamerp cema knamasa — 20
MM; Macca rpy3a — 0,0785 Kr; aMIITUTYAa €IHHUIHOTO
uMmnynbca fgaieHus — 2,5 klla; mmaa guddysopa B
KoNmake perynsatopa — 3 mm; amamerp auddysopa —
1,5-2,5 mm.

PesynbTaThl MOJICTUPOBAHHS IPUBEICHBI HA PHC. 3
u puc. 4.

v, M
840] / \

N
1/ A\
\

0 0.02 0.04 0.06 0.08 Le

Puc. 3. I'paduk nepemenenus y(t) kiamnana pery-
JATOpa JaBICHUS C AEMII(EPHOI0 MeMOPaHOI BO Bpe-
MEHH TIpH KOJeOaHWH BaKyyMMETPHUECKOTO JAaBIICHIS
Ap =2,5 xlla, nuamerpe memoOpansl d, = 84 mwm, aua-
MmeTpe ceana knamnana d. = 20 MM, auamerpa auddyso-
pa KpBIMKH perynsropa dyg, = 1,7 MM

Fig. 3. Schedule move y(t) pressure regulator valve
with damping membrane vibration at the time of
vacuum pressure Ap =2,5 kPa, diameter membrane
d,, = 84 mm, diameter of the valve seat d..=20 mm,
diffuser diameter cover controller d,; = 1,7 mm

Puc. 4. I'padux MomenupoBaHHs TEpEeMEIICHUS
y(t) knamana auddepeHnnansHOr0 peryssropa Baky-
YMMETPHUYECKOTO JaBJICHHUS C JieMIlpepHOoIo MeMOpa-
HOIO HA NMPOTSHKEHNUH OJTHOTO [UKJIA pabOTHI JOMIBHOTO
anmnapaTa B 3aBUCHMOCTH OT KO3 HIMECHTA 3aTyXaHHs
2n, npu Konebanuu nasieHus Ap = 2,5 klla

Fig. 4. Schedule simulation move y(t) valve
differential regulator vacuum pressure a damping
membrane during one cycle of the milking machine
depending on the attenuation factor 2n, when the
pressure fluctuation Ap = 2,5 kPa

[Ipn makcumansHOM KO3 (uIMEHTE 3aTyxXaHus
KoneGanmii 2n, = 26,811 ¢, coorBercrBenHHO uameTpe
MemOpanbl d,, = 94 MM, nuamerpe muddysopa KpbILIKH
peryisropa 0y, = 1,5 MM, MakcHMallbHOE TIepeMeleHne
KJIallaHa PeryJsiTopa COCTaBISET Ymax = 3,807 mm. Ilpu
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MUHEMATEHOM KOS(QHIMenTe 3aTyxanus 2N, =4 ¢,
nuametpe MemOpansl d, = 74 MM, auamerpe auddyso-
pa Kpsimku perynsropa Oy = 1,9 MM, MakcuMalbHOE
NepeMelleHUe KIamaHa COCTABISET Ynax = 8,325 MM.

VYpaBrenue (15) yctaHaBIMBaeT 3aBUCHMOCTD TIe-
peMeIIeHns KIIallaHa peryisiTopa ot KodhduimenTa 3a-
TyXaHUsl COOCTBEHHBIX KOJEOaHMH, yIECIbHOW aMILIH-
TyIbl CHJIBI IPUHYIUTENFHOTO KOJeOaHUs KJIalaHa pe-
TYJIATOpa IABICHUS, XapakTepa MOBTOPSIEMOCTH KOJle-
OaHM 1aBICHHUS.

Paccmorpum  pemienue  cuctembl  auddepeH-
LUAJbHBIX ypaBHEHHH (2), KOTOpas XapakTepH3HPYeT
JIBYXMacCOBYIO KoOJIeOaTelIbHYI0O CHCTEMY. XapakTep
W3MEHEHMs JIaBIeHus App; TpPEACTaBUM aHAJIUTHYC-
ckoil pynkuumeit (16):

F(t) = L nT<t<nT +7 , (16)
0, NnT+r<t<(n+1T

T . T
rae. n= l:?:l — IIJIa YaCTUHa Yucjia ? .

JBaxasl muddepeHmpysi BTopoe ypaBHEHHE CH-
cTeMH (2), HOTy4uM:

2 4 2 3
a7 :i(d Y2 k292 | o, ddtsz (17)

di2 k2| dt* dt? 3
[oncraBum ypaBHenue (17) B mepBoe ypaBHEHHE
cuctemsl (2):
d*y,
dt*

d?y

dt?

3
+2n, ddtzz +(K12 + KZZ)

XapakTepucTHIeCKOe YpaBHEHHE, UYTO OTBEYAeT
OJIHOPOJHOMY ypaBHeHHIO (17), uMeeT BU:

2+ 2my® + (K2 + K2 )2 + K 2mpn =0- (19)
OnuH xopeHb ypaBHeHus (19) cramoBut Ay =0.

21 K22n, % —K2h £ (1)-(18)

JIist HaxOoXKIEHUsSl IpYyTuX KOpHEH mMeeM KyOuueckoe
ypaBHEHHE:!

22,2 +(K2+KZ+K22n, =0, (20)
Breruncngem kopHu ypaBHeHHs (20), mpeaBapu-
TEIIBHO BBIYUCIIUB JUCKPUMUHAHT:
4n§ K12 +K22 .
93

Ecmu D > 0, Bce kopHu ypaBHeHUs (20) neiicTBu-
TENbHBl W PEIICHHE IMMOJaeM B TPHUTOHOMETPHUYECKOM

¢dopme [11].

D=

Asz/B-COS[%j—% ’ 1)

2n, o,
=-22_2./D.cos| Z+=
=3 (3 3)

rae. o = arccos (— %) ;
D

] :(anf _ 20, (KP4 KZ) 20, -K?
3 6 2
IMpn D<0 xopusimu ypaBHeHus (20) Oynmer onuH
JIEHCTBUTEINIBHBIN U J1BA KOMIUIEKCHBIE!

o =-2:5(@)-[D] - sh(@) - 25
s =s(@)-[D] - 2.5 - 3-ID] -eh(e0)

. (22)

L1 o
rue: a—3 Arsh |D|3/2 .

Pemenne omHOpOgHOI cHCTEMBI ypaBHEHHH (2)
umem B BuAE y, =A-e™,y, =B-e*. [loncrasus B mep-
BOE YPaBHEHHE CUCTEMBI (2), HOTYIHM:

e’ (A-(# +K?)-B-K?)=0- (23)

Beruutas ¢ ypaBuenus (23) B=A- (1+ /1/ Klz) "
YUUTHIBasE KOPHHU, O0IIee pelIeHne OJHOPOIHOM cHucTe-

MBI qudQepeHnInanbHEIX YpaBHEHUH (2) TpeacTaBisieM
B BHIIE:

Yio=Po+ Aet 4 Ay e+ A e
YZo:Y1o+%~(ﬂ,f-Al-eM+ﬂ§~A2~e’12‘+ﬂ§~A3-e13‘)
1

Hiem gyactHOE PCUICHUC, KOTOPOC YAOBJICTBOPACT
Ha4daJIbHBIC YCJI0BUS: npu

t=0, Yw(o) =0, ym(o) =1 yzo(o) =0, yzo(o) =0-
Ha ocnoBe 3aBucumoctedt (24) dopmupyem cu-
cTeMy anreOpandecKux ypaBHEHHUI:

A+A+A+A=0
A+ AR+ AgA =1
AP+ ARy + AP =0
AP+ AP + T3hg = K]
Koa¢pduunentsl ypaBHeHuii (24) omnpenensem c
CHCTEMBI ypaBHEHUH (25) Kak:
A1—+_A2—i_A3- A1. AZ- AS
Ay =— N ; AI:X' AZ:X’ A3=A
TS A=y By Io (2 = 2) (A= 2)- (B = % )3
A= Iy 2 (A= 2,)- (1 4y = K7
8y =4y 2o (2= 20)- (-2 = KD
Ay =22y (2= 2)- (- 2y = K2
Torpma peleHne CUCTEMBI YpaBHEHHH (2) Takoe:
yi(t)=Co+C; - +C,-e** +Cy-e™ +

+h -éylo(t—z)- f(2)dz

(24)

(25)

2 2
yz(t) :Co +(1+%j'cl'eﬂlt +[1+%J'C2 'eﬂ’"t +(26)
1 1

+[1+ ﬂ%] Cy-e™ o hy - 1y,(t—2)- f(z)dz
F . 3. .0y20 . .
1

Hocrosuubie ypasHenuit (26) C,,C,,C,,C, oupe-
JefsieM ¢ HadalbHBIX  ycsnoBuid. Ecim  mpwm
t=0,%,(0) = 14(0) = ¥, (0) = y,(0) =0,  TO  [OCTOSHHBIE
C,.C,,C,,C, TOXKE PaHbl HYIIO.

WHTerpanpHble COCTABILIONINE ypaBHEHUH (26)
MOCJIE PEeIIeHuUs OyAyT COCTABIISTH!

H,(2) =h, [ yo(t—2)-dz=h, (A, -2~

_ﬁ.eh(H) _ﬁ.eﬁz(t—z) _As.eﬁs(tz)j. (27)
A 2, A
- _ﬂ.( L7 ahtD)
Ho(2) = Hy(2) = (A 2 e+

+A, A, e LA ,eas(t—n)
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Torma pemenue (26) 3anmuiIeM ¢ y4eTOM OTpaHU-
YEHWH CUCTeMBl aHAIUTHYeCKOoW GyHKIMK (16) u yum-
TBIBast, 4YTO B ypaBHeHuUsX (27) z=ti t=1, B BHgE:

Hy© = H, (0T) + 3 (H,(0T + )~ H, (@), nT <t<nT +7 (28)

yl(t): .
£(H,OT +7)=H, (M), nT +z<t<(n+T

Ha(®) = H,(1T) + 5 (H, (0T +0)~ H,(0T)), T <t<nT+7 (29)
20 %(Hz(nTJrr)—Hz(nT)), nT +z<t<(n+1)T

Jns  MoIenupoBaHHS paccYUThIBacM ko3 du-
LUEHTBl U CTENEHU ypaBHEHHs (27), yuuTbIBas KOPHHU
KyOmdeckoro ypaBHeHus (21, 22).

Hcxo/Hble AaHHBIC: KBAJPaT 4acTOThI CBOOOIHBIX
KonebaHUi  COOTBETCTBEHHO  KJamaHa W TIpy3a,
K12:666,78 31 K22:80,97 c'2; KOX(PPHUIHUEHT 3aTyXaHHS
KOJIEOaHUH, 2n2:2,786-10'3 c'l; KOX(pPHUIHEHT COMpO-
THBJIeHUsa AemndepHoit cpensl, K,,,=0,039 H-c/M; ko-
sddunment ympyroctu npyxunsl, K,,=1134 H/wm;
yIeNbHAs aMIUIMTYa CHJIbI MPUHYAUTCIBHBIX KojeOa-
i, h; = 1,011 m/c%

Pesynbratsl pacuera: 4 = —2,461:10°3;

Jo = —1,494:104j-27,345;

J3 = —1,494-10"-§-27,345;

Ao =43,995; A,=-3,564:107—-0,016;

A, = —43,995; A;=-3,564-107 +-0,016.

VYuuteiBas KO3GQUIUCHTH U KOPHH, YpaBHEHUE
(27) npumer Bux:

H,(2) :1,011'[43,995- 72399 o amnoten

2,461-107°
_ (*3,564'1077 - j01016) -8(71‘49410 4427345 (t-2) _
(~1,494-10"* + j27,345) (30)

_ (-3,564-10" + j0,016) 'e(71‘49410’471'27‘345)v(t7z)J
(-1,494-107* — j27,345) '
1,011
666,781
+(~3,564-107 — j0,016) - (~1,494-10™* + j27,345) - 149410 *+i21349.(-0) |
+(-3,564-107" + j0,016) - (1,494 107" — j27,345)- e(’1‘“9"“’4’”7’345)‘“’2))

H,(2)=H,(2)- .(43,995 -2,461-107° g 246H07 (D)

M
2407 e —\\\ =] —
—/'-B——hk s N
¥(0) T
24077 \\
— 47

Puc. 5. IlepemerieHue KianaHHO-AeMIT(QEepHOI
CHCTEMBI PEryIATOpa BaKkyyMma MpPHU HUMITYJIbCE BaKyyM-
MeTpudeckoro masieHus Appgy = 2,5 xlla u ero mpo-
nokutesibHOCTH T = 0,225 ¢ Ha MPOTSKEHUU OHOTO
Kia padbotsl mynbcaropa (7=1 c): yi(t) — xoneGanue
kianana; Y,(t) — kosebanue rpysa B qeMidepHoii cpeze

Fig. 5. Move valve-damping systems vacuum
regulator with pulse vacuum pressure Apg; =2,5 kPa
and duration T = 0,225 s during one cycle of the pulsator
(T'=15s): yi(t) — valve oscillation ; y,(t) — fluctuation in
load damping medium

AHanu3 TepeMelieHus  KIanaHHO-AeMI(epHon
CHCTEMBI peryisiTopa (pHc. 5) Ipu BaKyyMMETPHYECKOM
JABICHUH B BaKyyMIIPOBOAE [OWIBHON YCTaHOBKH

p=48 klla w pomycTHMOM KoJeOaHWUW JaBJICHUS
Appr=2,5 klla, cymmapHoit Macce rpyza m=1,57 kr mo-
Ka3bIBaeT, YTO MAaKCHMaJbHOE IepeMelleHHe KIiaraHa
craroBut Y1(0,112 ¢) = 3,093 MM, cymMMapHas mpojoJ-
JKUTEIBHOCT  OTKPBITOTO  COCTOSIHHS ~ KJlamaHa —
tyu= 0,225 c. IIoBTOpHOE MOHATHE KIIAllaHA HA BBICOTY
y1(0,315 ¢)= 0,5292 mm npogosmkaercs t=0,084 ¢. Cywm-
MapHas IPOAOJDKUTELHOCTh HMMIIYJIbCA JaBJICHUS
Appr; =2,5 klla, uro mpeBblmaer pabodyee BaKyyMMeET-
puueckoe nasienue p = 48 xlla, cranosut 1 = 0,225 c.
I'py3 uMeeT eAMHUYHOE NepeMelleHHE Ha BBICOTY
y»(0,08-0,13 ¢)=0,394 MM [OPOAOIKUTETHHOCTHIO
ten = 0,225 C.

[Ipy MPOJOIDKUTENBFHOCTH HMITYJIbCa JaBJICHUS
1=0,112 ¢ xapaktep mepeMelieHne KiamaHa H Tpy3a

nMeeT eANHIYIHOE KosiebaHwme, 3a po-
JOJDKUTENIBHOCTBIO PAaBHO IMPOJOJKUTEIBHOCTH HM-
myJbCa.

MakcumanbpHOe MOAHATHE KiamaHa (puc. 6) cra-
HOBUT Y1(0,056 c)=1,329 MM, MakcuMajJbHOE HepeMe-
IIeHHEe Ipy3a B JeMn(epHON cpejie He3HAYUTEIbHOE U
cranoBur Y,(0,056 ¢) = 3,101-107 mm.

V. M
"

1107 \\\

T —]
. w0’ \
Rl

—2a0
0

0.05 01 I, c

Puc. 6. Ilepememenue KiamaHHO-AeMII)EPHOI
CHCTEMBI PETyIATOpa BaKyyMma IIPH HMITYJIbCE BaKyyM-
MeTpuueckoro nasieHust Appgy =2,5 klla m ero mpo-
nmomkutensHOCTH T = 0,112 ¢ HAa TPOTSHKEHHWH OITHOTO
ukiia pabotel nmynecaropa (7 =1 c¢): y;(t) — xonebanue
Kianana; Y,(t) — konebanue rpysa B AeMidepHoii cpeze

Fig. 6. Move valve-damping systems vacuum
regulator with pulse vacuum pressure App; =2,5 kPa
and duration T = 0,112 s during one cycle of the pulsator
(T=15s): yi(t) — valve oscillation ; y,(t) — fluctuation in
load damping medium

IIpu macce rpyza m, = 1,0 Kr ¥ OPOJOJIKHUTENb-
HOCTH HUMIIYJIbca BaKyyMMETPHUYECKOTO IaBIICHUS
7 =0,15 ¢ MakcumanpHOE TEpeMelIeHHe KiIamaHa CTa-
HoBHT Y1 (t) = 2,783 Mm.

AHanmu3 pe3yibTaTOB MOJCIUPOBAHUS ITOKA3bI-
BaeT, YTO C YBEIMYCHHEM MAacChl Ipy3a yMEHBIIACTCS
nepeMeIieHne KiamnaHa, MOBTOPIEMOCTh MOTHATHS (KO-
nebaHus) KianaHa peryistopa yBenuuuBaercs. [1oBTo-
PSAEMOCTH TOAHATHS KJIallaHa PeryyisiTopa yBeIUINBaeT-
Csl C yBETMUEHHEM IIPOJODKUTEIFHOCTH MMITYJIbCa Ba-
KYYMMETPHUYECKOTO JABICHHUS.

VBenuueHne Maccel rpy3a (puc. 7) BemeT K
YMEHBIICHUIO BBICOTHI IOJHSATHS KiIalaHa W IOJa4H
BO3/lyXa aTMOC(EpPHOTO AABJIECHHS B BaKyyMIIPOBOJ J0-
WIBHOHN YCTaHOBKH.
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Puc. 7. I'paduk MonenupoBaHus MaKCHMAaJILHOTO
nepeMeIeHus Y, KilallaHa peryiasaropa BaKkyyMMeTpu4ie-
CKOI'0 JaBJIEHUS MIPSIMOTO PEryJIUPOBAaHUS C IPYKUHHO-
nemrQepHoil CHCTeMOi B 3aBUCHMOCTH OT BaKyyMMET-
pHuYecKoro AaBJIEHHS p U MacChl Ipy3a My IpH MPOJ0JI-
KUTCJIIBHOCTH T UMITYJIbCA OaBJICHU

Fig. 7. Modeling graph of maximum travel y;
valve vacuum pressure regulator direct regulation with
spring-damper system depending upon the vacuum
pressure p and the weight of cargo m, at length ¢
pressure pulse

[oBrImeHne paboyuero BaKyyMMETPHIECKOTO J1aB-
senus 1o 50 xIla u Bbllle BEAET K YBEIMYEHUIO IEpe-
MEIICHH KJIallaHa ¥ MIOBTOPSIEMOCTH €TO OTKPBITHSL.

Komnebanns xmamaHa peryisiTopa C HpPYKHHHO-
nmemrdepHoil CHCTeMOi KilanaHa 3aTyXaroIIue.
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ANALYTICAL STUDY OF THE PRESSURE
REGULATOR WITH RESPECT TO PULSATING
VACUUM SYSTEM

Summary. The work imposed mathematical mod-
els of vacuum pressure regulators with single-mass and
two-mass valve-damping systems. The solutions of the
differential equations that provides a simulation dis-
placement valve depending on the amplitude and fre-
quency of fluctuations of vacuum pressure, weight load,
the valve diameter, the elasticity of the spring, the
damper and the diaphragm aperture diameter of the dif-
fuser cap to control the characteristics of the damper
medium. The solution of differential equations is pro-
duced when two states discriminant, with positive and
negative values. Place your function and graphs the am-
plitude and the frequency of vacuum pressure fluctua-
tions, as well as the results of the simulation valve travel
and cargo pressure regulators with single-mass and two-
mass valve-damping systems. The amplitude of the
movement of the valve depends on the damping factor
and the square of the natural frequency, respectively, of
the valve and the cargo. Fluctuations regulator valve
with a spring-damper system - damped. The amplitude
of the vibrations of the unit depends on the weight of
the load and vacuum pressure pulse.

Key words: pressure regulator, the amplitude of
oscillation, two-mass system, the damping coefficient,
valve, damper medium differential equation.
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Streszczenie. Okres$lenie rzeczywistego rozktadu
temperatur oparto na zainstalowanych w czasie montazu
budowli GWC (gruntowego wymiennika ciepta)
cyfrowych miernikow temperatury. W  okresie
2006/2016 wykonano kilkadziesiat tysiecy map pol
temperatury dla fazy statej i gazowej dla oceny rozktadu
temperatur,  begdacych  posrednim  wskaznikiem
przemieszczania si¢ ciepta.

W rzeczywistej instalacji temperatura powietrza na
wlocie do zloza zmienia si¢ zaleznie od temperatury
zewnetrznej, a ponadto temperatura w zlozu w stanie
poczatkowym na ogét nie jest wyréwnana. W celu
okreslenia rzeczywistego rozkladu temperatur w ztozu
kamiennym (w trakcie realizacji budowy GWC dla
domu jednorodzinnego) zloze opomiarowano. Ze
wzgledu na bardzo wysoki koszt uzycia standardowych
miernikow  temperatury  (termopary) zastosowano
czujniki elektroniczne firmy Dallas Semiconductor —
Maxim - DS18B20. Koszt czujnikow kilkadziesiat razy
nizszy od kosztu termopar, tatwo$¢ potaczenia (jedna
magistrala), brak koniecznosci klopotliwej kalibracji,
prostota pomiaru i archiwizacji danych pomiarowych
(brak kart pomiarowych, wykorzystanie programu
Microsoft Excel do zapisu wynikéw pomiardow na dysku
twardym komputera poprzez prosty i tani interfejs RS
232) byly podstawowymi zaletami ich zastosowania.
Wszystkie etapy umieszczania czujnikéw temperatury
w punktach kontrolnych i warstwach zilustrowano
wykresami i zdjgciami.

Wizualizacje calego uktadu pomiarowego wraz z
uktadem nawiewno - wywiewnym zaprezentowano w
arkuszu Microsoft Excel. Zaproponowana metoda
pomiaru oparta na cyfrowych miernikach temperatury
DS18B20 spetnita oczekiwane rezultaty, co pozwolito
na wygenerowanie kilkudziesigciu tysigcy map
rozktadéw temperatury w GWC.

Slowa kluczowe: pompa ciepta, gruntowy
wymiennik ciepta, rozklad temperatur, cyfrowy miernik
temperatury, mapy pol temperatur.

Gruntowy wymiennik ciepla

Do wykorzystania energii gruntu stuza tzw.
Gruntowe Wymienniki Ciepta (GWC). Duza liczba
badan  hybrydowych  systemoéw  energetycznych
wykorzystujacych gruntowe wymienniki ciepta [1 +
20]. Gruntowy wymiennik ciepta jest to budowla w
uktadzie wentylacji nawiewno-wywiewnej budynku za
pomoca ktorej z niewielkiej glgbokosci gruntu mozna
pozyska¢ naturalna, odnawialng energi¢ (ciepta zimg a
chtodu latem). Idea dziatania urzadzenia oparta jest na
fakcie istnienia na glebokosci 1 m + 4 m prawie stalej

temperatury gruntu w ciaggu catego roku. W naszej
strefie klimatycznej na tej glebokosci temperatura
gruntu wynosi ok. +10 °C (+/-1,5 °C).

Zwir w GWC jest umieszczony bardzo ptytko
(60 cm pod powierzchnig gruntu). Dzigki dobrej izolacji
termicznej umiejscowionej nad ztozem GWC symuluje
si¢ jego posadowienie na glebokosci 5m + 6 m pod
powierzchnig ziemi.

Co najmniej kilkaset pracujacych w Polsce GWC
potwierdza, ze powietrze zewngtrzne przepltywajac
przez ztoze zwirowe usadowione na tej glebokosci
podgrzewa si¢ w szczytach zimowych o 20 °C, latem
za$ ulega ochlodzeniu z okoto +30°C do +20 °C.
Konstrukcja GWC zaprojektowana jest jako naturalne
zloze czystego plukanego zwiru umieszczonego w
gruncie. Bezposredni kontakt zloza =z otaczajacym
gruntem oraz nocne przerwy w eksploatacji powoduja
szybka regeneracj¢ ztoza. Pozwala to zachowa¢ w miare
stabilne parametry powietrza na wyjsciu z wymiennika
w dtugim okresie czasu.

Do opisu pracy GWC — odnowienia ciepta w ztozu
kamiennym oraz jego odbioru, stosowane sg modele o
zroznicowane]  zlozonosci, ktére oparte s3 na
rownaniach bilansu energii sformutowanych oddzielnie
dla wypetnienia zloza 1 dla powietrza albo na
rownaniach  bilansowych  sformutowanych  przy
odpowiednich zatozeniach tylko dla wypelnienia [3].
Matematyczne modelowanie regeneracji i roztadowania
magazynu ciepla, jakim jest ztoze kamienne, wymaga
znajomosci wilasciwosci fizycznych materialu uzytego
jako  wypelnienie, parametrow  geometrycznych
wypehienia, zalezno$ci opisujacych wnikanie ciepta
miedzy wypeklnieniem (fazg statg zloza), gruntem
rodzimym, powietrzem (fazg gazows) oraz oporow
przeptywu powietrza. Opis pracy zloza, zwykle w
postaci numerycznej, jaki wymagany jest przy
projektowaniu i analizie funkcjonowania instalacji
stonecznych uzyskiwany jest przy uzyciu bardziej
ztozonych modeli.

W rzeczywistej instalacji temperatura powietrza na
wlocie do zloza zmienia si¢ zaleznie od temperatury
zewngtrznej, a ponadto temperatura w zlozu w stanie
poczatkowym na ogdét nie jest wyrdwnana. W celu
okreslenia rzeczywistego rozktadu temperatur w ztozu
kamiennym (w trakcie realizacji budowy GWC dla
domu jednorodzinnego) zloze opomiarowano. Ze
wzgledu na bardzo wysoki koszt uzycia standardowych
miernikOw  temperatury  (termopary) zastosowano
czujniki elektroniczne firmy Dallas Semiconductor —
Maxim - DS18B20. Koszt czujnikow kilkadziesiat razy
nizszy od kosztu termopar, tatwos$¢ potaczenia (jedna


mailto:gielzeck@o2.pl
mailto:ssyr@ukr.net

78 Gielzecki Jan, Syrotyuk Serhiy, Jakubowski Tomasz, Syrotiuk Kateryna

magistrala), brak konieczno$ci ktopotliwej kalibracji,
prostota pomiaru i archiwizacji danych pomiarowych
(brak kart pomiarowych, wykorzystanie programu
Microsoft Excel do zapisu wynikéw pomiaréw na dysku
twardym komputera poprzez prosty i tani interfejs RS
232) byly podstawowymi zaletami ich zastosowania.

Budowa gwc — (zwirowego)

Budowa  gruntowego  wymiennika  ciepta
(dwukomorowego) dla domu jednorodzinnego. Rysunki
od 1+3 do przedstawiaja fotografie wykonane w
trakcie realizacji budowli, na ktorych pokazano sposob
utozenia obwodow z czujnikami grup A, B C.

Rys. 1. Obwod pomiarowy - grupa czujnikow A
umieszczonych w gruncie rodzimym pod zlozem na
glebokosci 75 cm

Fig. 1. The measuring circuit - A group of sensors
placed in the native soil under the bed at a depth of
75¢cm

Rys. 2. Grupa czujnikow B umiejscowionych w
$cianach bocznych wymiennika

Fig. 2. The B group sensors localized in the side
walls of the heat exchanger
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Rys. 3. Grupa czujnikéow E (15 cm od géry ztoza)
w fazie statej (kamien) i w fazie gazowej (powietrze)

Fig. 3. The E sensor group (15 cm from the top of
the bed) in the solid phase (stone) and gas phase (air)

Rys. 4, 5 prezentuja technologie¢ montazu
cyfrowych czujnikow temperatury DS18B20 w
kamieniach.

Na rysunku 6 przedstawiono schemat przestrzenny
umiejscowienia  w dwukomorowym  GWC  grup
cyfrowych czujnikow pomiarowych temperatury (firmy
Dallas Semiconductor - DS18B20).

Rys. 4. Kamienie przygotowane do umieszczenia
czujnikow
Fig. 4. Stones prepared to receive sensor

Rys. 5. Cyfrowe czujniki temperatury DS18B20
umieszczone w kamieniach

Fig. 5. Digital temperature sensors DS18B20
placed in the stones
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Rys. 6. Widok na usytuowanie grup cyfrowych
czujnikow temperatury DS18B20 w GWC: 1 — grupa E,
2—grupaD, 3—grupaC, 4 —grupa A, 5 -grupa G

Fig. 6. View of the location of groups of digital
temperature sensors DS18B20 in the GWC: 1 — Group
E, 2—-Group D, 3— Group C, 4 — Group A, 5 - Group G

Uwzgledniajac  symetri¢ obiektu oraz zblizone
warunki pracy obu komor, czujniki umieszczono w
jednej komorze w 5 warstwach pomiarowych.
Rozmieszczenie  przestrzenne  punktow  pomiaru
temperatury przedstawiono na rysunkach 7 i 8.
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Rys. 7. Schemat rozmieszczenia czujnikow
temperatury w przekroju poziomym: 1 — czujnik; 2 —
czujnik w kamieniu; 3 — czujnik w gruncie

Fig. 7. Scheme of arrangement of temperature
sensors in the horizontal section: 1 — sensor; 2 — sensor;
in stone; 3 — the sensor in the ground
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Rys. 8. Schemat rozmieszczenia czujnikow tem-
peratury w przekroju pionowym: 1 — czujnik, 2 —
czujnik w kamieniu, 3 — czujnik w gruncie

Fig. 8. The scheme of the arrangement of tempera-
ture sensors in vertical cross section: 1 — sensor 2 — sen-
sor in stone, 3 — the sensor in the ground

Pomiary

Pomiar temperatury w poszczegolnych warstwach
dokonywano za pomocg uktadu RS232 (schemat na rys.
8), do ktdérego przytaczono 6 tor6w pomiarowych A, B,
C, D, E skfadajacych si¢ z cyfrowych miernikow
temperatury firmy Dallas Semiconductor typu DS18B20
narys. 10, [21-23].

DS 1820
DTR 4 DATA
GND| 5
vCe
RXD 2 GND
D1 Zener Diode 3.9V
D2 Shottky Diode
TXD 3 D3 Zener Diode 6.2V
) D4 Diode 1N4148
RS 232 9pin D5 Zener Diode 5.6V
D6 Shottky Diode
R1 1.5k
C1 10microFarad/10V Tantalium

Rys. 9. Schemat uktadu RS232 tgczacego tory
pomiarowe z komputerem

Fig. 9. Diagram of the RS232 connecting the
measuring lines from the computer
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Rys. 10. Wykonany uktad RS232 laczacy tory
pomiarowe z komputerem

Fig. 10. Made system RS232 connection test
tracks with a computer

Rys. 11. Miernik temperatury DS18B20 firmy
Dallas Semiconductor

Fig. 11. Temperature Meter DS18B20 Dallas
Semiconductor

VpU

Prezentowany ukfad (rys. 10) jest termometrem
produkowanym przez firm¢ Dallas Semiconductor —
Maxim. Jest to termometr z programowana przez
uzytkownika rozdzielczo$cia pomiaru w zakresie 9, 10,
11, 12 bitéw, co odpowiada dokladno$ci pomiaru
odpowiednio 0.5°C, 0.25°C, 0,125°C, 0,0625 °C.
Domyslng rozdzielczoscia po wiaczeniu zasilania do
uktadu jest 12 bitow. Zakres pomiaru termometru
wynosi od -55°C do 125°C. Czas konwersji
termometru to maksymalnie 750 ms i zalezy od
wybranej doktadnosci. Uktad jest zasilany napigciem w
zakresieod 3V do 5,5 V.

Uktad wyposazony jest w interfejs 1-Wire.
Schemat ukladu przedstawia rys. 11. Widok ogélny
wymiennika krzyzowego podany na rys. 13.

Dane  pomiarowe  mierzonych  temperatur
archiwizowano na dysku twardym komputera
wykorzystujac program autorski napisany w jezyku
VBA - Microsoft Excel. Przyktadowy zrzut z ekranu
pomiar6w temperatur przedstawiono na rys. 14.
Wizualizacj¢ catego ukladu pomiarowego wraz z
uktadem nawiewno - wywiewnym zaprezentowano w
arkuszu  Microsoft Excel. Rozmieszczenie linii
pomiarowych oraz przyktadowe temperatury
przedstawiono na rys. 14.

Pomiary prowadzono w latach 2006/2016. Do
analizy wartosci temperatur zebranych w Excelu
przetworzonych w programie autorskim napisanym w
Visual Basic 6.0. wygenerowano w programie Surfer
8.0 Golden SoftWare okoto 25670 rozktadow pol
temperatur w ztozu GWC.

47K PARASITE POWER
CIRCUIT

Ty [ g

GNDI‘@

Voo B

Rys. 12. Schemat blokowy uktadu DS18B20
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Fig. 12. Block diagram of the DS18B20
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Rys. 13. Widok ogb6lny wymiennika krzyzowego zastosowanego w instalacji
Fig. 13. General view of the plate heat exchanger used in the installation
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20061211 19:05 B 63 888 8,56 5,94 869 8,81 8,25 8,13 5,00 781 813 8,31 (8181 7.94 756 7.44
2006-12-1119:35 B 2219 894 838 853 9,19 856 894 BEI 6,81 8,25 6,13 800 7,81 7| 8,13 8,31 8,9 8,00
2006-12-11 20:06 B 9,00 8.44 553 8,31 BES 5.94 559 851 8.25

2006-12-1201:11 B

2006-12-1201:41 B | B85 2088 B 8.8 731 75 19 675 438 B4
2006-12-1201:46 B | 556 2088 B 31844 825 856 894 875 859 6,19 BB 7 81 7.5 369 531 488 831825813794 725719 534 500 675 B! oo[ 3530 350 438 B4
2006-12-1201:43 B | 556 2088 B 8,44 8,25 856 B34 8,75 B9 8,19 806 751 7,5 369 531 488750 7,88 831/8,35 8137,94 7.25/7,19 0 875 ; 438 B4
2006-12-1202:11 B 850 B.31 859 9,06 831 894 B,25 819 788 7. 81 538 500 756 794825 844 8,18 800 731 725 594 506 BB 7 ! 438 BSD
2006-12.12 02:41 B 856 8,31 859 5,068,588 594 8,25 6, 753 8,00 8,25 5,44 8,19 8,00 7 31 731 6,51
2006-12-1203:11 B| 675 2075 B 856 8,38 881 9,13 838 9,00 831 825 788 756 ; 753 800831 850 825 8,007 38/7,25] 6,00 500 631

2006-12-1203:41 B| 6752088 B 555 838 81 9.13 5.8 5,00 8.318.257 88,756 763 8,00 831 856 8,25 806 7,38 731 6,81
2006-12-1222:39 B 2106 B 6,00

2006-12-1223:098| 61921315 7388 8,19 8,13 856 8,31 856 769 7,56 7,19 B34 6,06 6,38 6,34 759 8,00 7 44 7,19 7,25 7,13 ; 450 431 B0
200B-12-1223:39B| 61921448 794 a.mqa.aa 850 a.5aﬁ-ma 7,06 608 6,35 6,94 7,750,848 7 44 7,25 7 25 7,19 . 481 4500828 &0
2006-12-13 00:09 B 2144 913806 825 788 8,88 856 853 756 725 6,06 31656 694 775800 750 731 731 7,25 ; 434 453 438 B0
2006-12-1300:39 6| 6,13 2144 8,44 8,13 8,31 8,00 831 894 863 8,75 7,81 7,63 7,50 7.06 5,13 B3 7,06 751 8,06 766 7,38 7,44 7,38 506 531 513 494 438 600
2006-12-13 01:09 B 953294 838 8.00|8.48 6.4 853 875 781 763 [ 663 7,067,756/ 506|750/ 7,33 7 44 7,33 ; ! 38 506 88 494 456 6,00
2006-12-1301:39 B 2136 10,00 8,19 8,35 8,06 831 5.34 663|883 7 88 7,61 669 7,13 775 5,06 756 7,30 744 744 525 55 538 513 434 438 600
200612-1302098| B06 21388 819844 813 838 9,00 869 881 7,88 . 669 7.13/781 8,06 7 567,44 7.50 7 44 52501650 550 519 83500 456 43858

Rys. 14. Przyktadowy zrzut ekranu komputera przestawiajacy temperatury mierzone przez cyfrowe czujniki
temperatury DS18B20

Fig. 14. A sample screenshot of a computer showing the temperature measured by the digital temperature
sensors DS18B20
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Rys. 15. Rozmieszczenie linii pomiarowych w GWC
Fig. 15. Distribution of measuring lines in the a ground heat exchanger

Pomiary prowadzono w latach 2006/2016. Do Na rysunkach od 17 do 25 przedstawiono
analizy warto$ci temperatur zebranych w Excelu przyktadowe mapy pdl temperatur w wybranych
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Visual Basic 6.0. wygenerowano w programie Surfer kamienia.
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coordinates and the orientation of the layers of cross-
sections
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Rys. 18. Pole temperatury przekroju poziomego w
warstwie I (kamien)

Fig. 18. The field temperature section in the layer |
(stone)
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Rys. 19. Pole temperatury przekroju poziomego w
warstwie 111 (powietrze)

Fig. 19. The temperature field section in the third
layer (air)
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Rys. 20. Pole temperatury przekroju poziomego w
warstwie III (kamien)

Fig. 20. The field temperature section in the layer
111 (stone)
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Rys. 21. Pole temperatury przekroju poziomego w
warstwie gruntu

Fig. 21. The temperature field in the horizontal
section of the layer of soil
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Fig. 22. The field temperature vertical section 11-A
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Podsumowanie

1. Podczas eksploatacji zbudowanego ukladu
pomiarowego stwierdzono:

— czas konwersji  (odczytu) termometrow
cyfrowych DS18B20 zalezy od ich ilosci na jednej linii
pomiarowej — celowym byloby uzycie kilku linii
pomiarowych,

—  wplyw warunkéw otoczenia wplywa na bledy
odczytu temperatury termometrow cyfrowych DS18B20
, przede wszystkim wilgotno$¢ przy zlym
zabezpieczeniu przeciw wilgotnosciowym czujnika,

—  mozliwo$é uszkodzenia  mechanicznego
czujnikéw jak rowniez linii przesylowej (1 — wire)
spowodowane znaczng masa GWC.

2. Zaproponowana metoda pomiaru oparta na
cyfrowych miernikach temperatury DS18B20 spetita
oczekiwane rezultaty, co pozwolilo na wygenerowanie
kilkudziesigciu tysigcy map rozkladow temperatury w
GWC.
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Summary. The system of automatic control of ar-
tificial lighting is created and it provides color tempera-
ture and brightness of light close to sunlight in real time.

Natural light is essential for improving mental and
physical condition of the person and productivity of his
or her labor. Changing illumination of color reproduc-
tion and light is characteristic of the solar radiation dur-
ing the day, and it is a natural regulator of life. People
thousands of years were trying to adapt to the changing
parameters of light during the day.

Changing the color temperature of the light source
became technically possible only recently through the
development and introduction of RGB-LED drivers for
their use.

For displaying the desired color temperature it is
enough to have a numerical value of two coordinates
which are on the plane chromaticity diagram.

It is proposed to develop a system that will register
the presence of a person in the room by using the mo-
tion sensor and the data is received by control unit.

When receiving this information a system reads in-
formation from the sensor illumination about intensity
level of the emission spectra of red, green and blue
components separately and the total value of natural
light outdoors. This value is compared with those that
we set and in the absence of coincidence proportional
system adjusts the intensity of each color. This allows
for constant color temperature to change the level of
light.

This system has wide application because it can be
used in all areas of human activity where there is a need
to create artificial light for a long period time. Through
the using of modern energy technologies, in addition to
the positive impact on productivity on the physical and
mental activity of a man, it can significantly save elec-
tricity when comparing to existing lighting systems.
With the development of LED production total dis-
placement of systems based on other light sources may
occur, due to higher operating parameters that are pro-
vided by the system.

Key words: lighting, automatic control, color
temperature, RGB-LEDs.

FORMULATION OF THE PROBLEM

Natural light is essential for improving mental and
physical condition of the person and productivity of his
or her labor. Changing illumination of color reproduc-
tion and light is characteristic of the solar radiation dur-
ing the day, and it is a natural regulator of life. In the
day the sunlight is highly intensive with high color tem-
perature and a significant proportion (high temperature)
blue light. In the evening the intensity of these compo-

nents are greatly reduced. People thousands of years
tried to adapt to the changing parameters of light during
the day. Their biological rhythms that affect the chang-
ing physical and mental activity during the day actually
are determined by three parameters: intensity, color
temperature and blue component of solar radiation [1-
5].

ANALYSIS OF THE LATEST RESEARCHES AND
PUBLICATIONS

Only recently the changing of the color tempera-
ture of the light source became technically possible due
to the development and introduction of RGB-LED driv-
ers for their use. Their feature is the placement of three
light-emitting diodes crystal in a single package with the
optical system. This gave the opportunity to change the
current value for each of the crystals independently and
mixing them to get all the possible shades of color that
can distinguish people (Fig. 1) [6-8].

Cyan

Blue Green

Black

Fig.1. Mixing colors

To play the desired color temperature it is enough
to have a numerical value of two coordinates on the
plane on chromaticity diagram (Fig. 2). In this diagram
the horizontal axis describes the saturation of a color,
and vertical its tone [8-10].

SETTING OBJECTIVES

The task is to develop lighting control system that
allows you to change basic settings from changing the
color temperature and brightness in real time as the
natural light in the atmosphere.
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Fig. 2. Chromaticity diagram of the system x, y
PRESENTING MAIN MATERIAL

You can not completely recreate natural lighting
parameters using available light today. This is due to the
difficulty of establishing sources of light with a spec-
trum similar to the spectrum of natural light. RGB-
LEDs have a spectrum which is most appropriate to the
sensitivity of the human eye, and can adjust the color
temperature [11-12].

It is proposed to develop a system (Fig. 3) which
will register the presence of a person in the room by us-
ing the motion sensor and the data it received by control
unit.

When a system holds the data, it reads information
from the sensor of illumination intensity level of the
emission spectra of red, green and blue components
separately and the total value of natural light outdoors.
This value is compared with these that we set and in the
absence of coincidence proportional system adjusts the
intensity of each color. This allows for constant color
temperature to change light level. From the control unit
of information about the intensity of the luminescence
of each color serves to block implementation, which
forms crystals LED control impulses.

~ 20v

' 3 1A

> UsB 6008 ORVER
-

SENSOR

2 7

Fig. 3. The system control: 1 — sensor lighting; 2 —
motion sensor; 3 — control unit; 4 — Transformer; 5 —
unit performance; 6 — LED; 7 — amplifier

In the means of temperature sensor and ambient
light we use chip TCS3200 - converter "light - frequen-
cy". It consists of a matrix of photodiodes 8 to 8 and the
operational amplifier that makes a change in illumina-
tion change frequency. Photodiode arrays of 16 photo-
diodes with blue filter of 16 - with the red, and 16 of the
green photodiodes filterless that is to minimize the ef-
fect of uneven staggered [2, 13, 14].

The principle is like this (Fig. 5). RGB-filters de-
compose the light that falls on the red, green and blue
components. Photodiode, which is located below the fil-
ter, makes the brightness of current, then the current op-
erational amplifiers with input converted current change
in the change rate [15].

The main advantage of this chip is a linear depend-
ence of the frequency of light (about 1 kHz to 1Ik) and
spectral sensitivity that is close to the sensitivity of the
human eye.

The system is proposed to develop with a help of a
system using LabVIEW and board 1 / O USB 6008.
Computer software serves as a highly graphical pro-
gramming environment LabVIEW [16-19], where you
can create flexible systems of measurement, control and
test with minimal cost time and money. LabVIEW
combines the flexibility of a traditional programming
language with interactive technology Express VI (virtu-
al instrument), which has significantly simplified hard-
ware and software. With the help of object program-
ming we can develop structural sequence and method of
processing tests. The program creates digital files for
each parameter. Processing of an incoming information
is possible in real time. The transfer of information be-
tween elements of the treatment can be carried out with
functional correction (conversion, linearization, etc.).
Block diagram of the system for collecting and pro-
cessing data using VI NI-DAQmx is shown in Fig. 6.
The program uses three parallel lines: input, output and
proportional mgmt.
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Functional Block Diagram
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Fig. 6. Block diagram of the system for collecting and processing data

In a motion detector we use infrared sensor. It con-
sists of three elements:

1) optical system that shapes the chart orientation
sensor determines the shape and type of spatial zones of
sensitivity. This system uses a Fresnel lens;

2) pyroelectric sensor that registers the thermal ra-
diation rights;

3) The signal processing unit sensor that generates
signals caused by human movement, against obstacles
of natural and artificial origin [20].

Its scheme is shown in Fig. 7.

The signal from the human movement occurs at
the output of pyroelectric if a man crosses the beam
zone of sensitivity. The sensitivity and selectivity of the
sensor is formed using Fresnel lenses with different di-
rectional diagrams.

Fig. 7. Infrared sensor

The main advantages of the proposed lighting con-
trol system are:

- Changing the color temperature of light during
the day, according to the changes of natural light;

- The exact maintenance of specified light level;

- Taking into account the presence of people;

- Availability of smooth switching light sources
(except LEDs);

- Small size and weight;

- Modular design;

- Low power consumption.

CONCLUSIONS

This system has wide application because it can be
used in all areas of human activity where there is a need
to create artificial light for a long time. By using mod-
ern energy efficient technologies, in addition to the
positive impact on productivity, on the physical and
mental activity of man, it can significantly save electric-
ity when comparing to existing lighting systems. With
the development of LED production other light sources
can be displaced, due to higher operating parameters
which are provided by the system.
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AnHoTanusa. OHU3NKO-MaTEMaTHYECKOE OMUCAHUE
TEXHOJIOTHUECKHX ITIPOIIECCOB CMENIMBAHUS, MEXaHNYe-
CKOM a’paIy OPraHMIeCKUX OTXOJIOB, a B JajbHEHIIEM
n GopmMupoBaHus OypTa, SABIAETCS AOCTATOYHO CIIOXK-
HBIM, TaK KaK OHa BKJIIOYAaeT MaTeMaTHYECKUH ammapar
JIMCKPETHOM Cpeabl ¢ HEOAHOPOIAHBIMH M AHHM30TPOII-
HBIMH  (DM3HKO-MEXaHHYECKUMH U  PEOJIOTHYECKUMHU
cBoiictBamu. [loaToMy HEOOXOIMMO KOMIUIEKCHO pe-
maTh nMpobseMy O CO3JaHWU HAyYHBIX OCHOB TEXHOJIO-
IMYECKOro TMpoliecca CMEIIMBAaHUS W MEXaHHYECKOH
a’panuy OpraHM4ecKuX OTXOJNOB. PaznuyHbie THIIBI pa-
00YNX OpPraHOB, KOTOPBIC HCIOIB3YIOTCS IPH a3paliu
OpPTaHWYECKOH CMECH MOXKHO 00OOIIUTH B BUAE Oapa-
06aHa C paIuadbHBIM pAcloOJOXEHHEM JIONaTok. B
MPEABITYIINX TEOPETHYECKUX HCCIECIOBAaHUAX HAMHU
ObUTH OIpeAeIeHbl ONTHMAalIbHbIE MapaMeTpsl OJHOoOa-
pabGanHOTO paboduero opraHa ¥ YCTAHOBJIEHBI COOTHO-
IIEHUSI YTJIOBOIM ckopocTu OapabaHa M CKOPOCTH €ro
TOPU30HTAJILHOTO MEPEMEIICHUS] OT BBICOTHI OypTa op-
ranuueckoit cmecu. Llenbio siBIIsieTCst UCCieI0BaTh Mpo-
necc ¢opMupoBaHus OypTa OpraHHMYECKON CMeCH MpHU
€e MEeXaHM4YeCKOH a’panuy IByxOapabaHHBIM pabodunM
OpraHOM U OIPEAEIHUTh €r0 KOHCTPYKTHBHO-PEKHMHbIE
napaMmeTpel. Pa3paborana Mmaremarmdeckas MOZENb
npouecca (GOpMUPOBAHUsSI OypTa OpPraHUYECKOH CMECH
IIpU ee MEXaHW4ecKoW a’panuu IByxOapaOaHHBIM pa-
6ounM opraHoM. Bapeupys 3HaUeHHSIMH T'OPHU30HTAIb-
HOTO pacCTOsSHHA Mexny Oapabdanmamu Al or 0 mo
R’+R’”" u BepTHKaIbHOTO PACCTOSHHUS MEXAYy HHMHU
Ah=h"—h"" or R+R"" 10 2(R+R"") (mpu m = 0,001
kr; 1 = 0,0000174 H c¢/m%; p. = 600 kr/m™ ¢ = 0,3327; g
=9,8 M/ c% Ap = 1,6168; = 2,73 m/c) mOTydeHa 3aBH-
CHUMOCTb OTHOILIEHHS] KHHEMATHYeCKUX K03( QUIMEHTOB
A BTOpOTO Oapabana k mepBoMy oT Al u Ah. YcrtaHoB-
JIeHO, 4To JuIs (hopMUpOBaHUs OypTa HEOOXOIUMOI! BBI-
cotsl H npu yBenuyeHuM paccTostHUS MexIy Oapaba-
HaM{ OTHOULIEHUs] KMHEMaTH4ecKuX Kod(duimeHToB A
BTOpOro 0apabaHa K HepBOMy yBesnnuuBaercst ot 1,15
o 2,5.

KnaioueBble cjioBa: HaBO30-KOMIIOCTHAsi CMECH,
OypT, adpanus, 6apabaH, JonaTka, KOMIIOCT, MOJIEIb.

ITOCTAHOBKA ITPOBJIEMbBI

Ou3MKO-MaTeMaTHYeCKOe  OIMHCAaHHE  TEXHO-
JIOTHYECKUX TPOLECCOB CMEUIMBAHHS, MEXaHHYECKON
a’paluy OpPraHu4ecKUX OTXOMAOB, a B JajbHEHIieM u
(dhopmupoBanus OypTa, IBISETCS TOCTATOYHO CIIOXKHBIM,
TaK KaK OHAa BKIFOYACT MAaTEMATHUYCCKHI ammapaT JHC-

KPETHOH cpenbl ¢ HEOJHOPOJHBIMU U aHU30TPOITHBIMH
(M3UKO-MEXaHUIECKUMH M PEOJIOTNIECKUMHU CBOWCTBA-
mu. [ToaToMy HEoOXOIMMO KOMIUIEKCHO peIaTh IMpo-
OeMy O CO3JJaHMM HAayYHBIX OCHOB TEXHOJIOTHYECKOTO
Iporecca CMEIINBaHUS M MEXaHWYECKOW a’pauuu op-
TaHUYECKHX OTXO/IOB.

AHAJIU3 TIOCJIEJJTHUX UCCJIEJIOBAHUI 1
IYBJIMKALIUIA

TeopeTnueckoMy OIHMCAHMUIO TEXHOJIOTHHYECKOTO
Ipoliecca CMEIIMBAHUSA M MEXaHWYECKOH a’pauuu Io-
CBSIIIEHO HE TaK MHOTO Hay4HBIX pabot [1-7]. Ee BrIBO-
IIBI — BECOMBI BKJIAJ B Pa3BUTHE TEOPUHU (Ppe3epHBIX
pabounx opraHoB. [lomydeHHBIE 3aBUCHMOCTH MTOMOTa-
0T MIPOTHO3UPOBATH PE3YIBTATH IIPH W3MEHCHUU HEKO-
TOPBIX KOHCTPYKTHBHBIX M KHHEMATHUYECKUX IapameT-
POB (IMaMeTp M OKpPYXKHask CKOPOCTh paboYnX OpraHoB,
koddunuenTa 3anonHeHus). Ho HemocTtaTtodHo Hccie-
JIOBAaHBI 3aBUCUMOCTH CBS3H MEXIY KOHCTPYKTUBHBIMU
Y KHHEMaTHYEeCKUMH MapamMeTpaMu pabouux OpraHoB M
mapamMeTpaMH CO3/IaHHBIX OYpPTOB OPraHMYECKONH CMECH.

Paznuunble THIBI pabo4nuX OpPraHoB, KOTOPBIE HC-
MOJIB3YIOTCSA MPH a3palyy OpraHNnYecKoi CMECH MOXKHO
0000muTs B BUAe OapabaHa ¢ paauadbHBIM PaCIOJIO-
JKCHHEM JIOTIATOK. B MpenpIaymmx TeOpeTHIECKUX HC-
cienoBaHusaX [4-6, 16] Hamu OBUIH OMpEAENICHBI OIITH-
MaJbHBIE MapaMeTpsl ogHoOapabaHHOTO padodero op-
raHa W yCTAHOBJICHBI COOTHOIICHUS YTIOBOW CKOPOCTH
OapabaHa M CKOPOCTH €ro rOpH30HTAJILHOTO HepemMe-
IIEHHUS OT BBICOTHI OypTa OpraHMYEeCcKON CMECH.

ITOCTAHOBKA 3AJIAY1

Hccnenosath mporecc GopmupoBaHust OypTa op-
TaHUYECKOIl CMecH TpH ee MEXaHWYECKOH aldpariiu
JByx0apaOaHHBIM PabOYMM OPTaHOM M OMPEIEITUTH ero
KOHCTPYKTUBHO-PEKHMHBIE TapaMETPHI.

N3JIOKEHUE OCHOBHOI'O MATEPUAJIA

Jls uccienoBaHus mporecca GOopMHPOBaHUS Oyp-
Ta OPTaHMYECKOW CMECH IIPU €€ MEXaHUIeCKOH asparuu
IByx0apabaHHBIM pa0OYMM OPraHOM PacCMOTPUM pac-
YETHYIO CXeMY, KOTOpas Ipe/icTaBlIeHa Ha puc. 1.

Kaxnpiii u3 6apabaHOB MMEET COOTBETCTBYIOIIUC
KOHCTPYKTUBHO-PEXVMHBIC ITapaMeTpbl: BHEUIIHHH H
BHYTPEHHUU paauychl R, r; yrioBas ckopocTh Bparie-
HUS JIOTIACTH Pab0Yero opraHa ; BBICOTA yCTAaHOBKH
¢dpeseproro OGapabana h; TOpH30HTAIBHOE PACCTOSHHE
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Mexnay Oapabanamu Al. lns HmwkHero 6apabaHa uCIO-
JIb3yeTCs 0003HaUeHUE «'», a JUIT BEPXHETO — «''».
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Puc. 1. 3aBUCUMOCTh OTHOIICHUS KHHEMaTH4EC-
KHUX KO3((HUIMESHTOB A BTOporo OapadaHa K IepBOMY OT
TOPU3OHTAJIBHOI'O PACCTOSAHUA MCKAY HUMHA Al

Fig. 1. The dependence relations kinematic coef-
ficients A of the second drum to the first the horizontal
distance between them Al

CormacHo wuccienoBanusm [8-15] o6oOmeHHOE
ypaBHEHHE TPACKTOPUU IOJIETa YACTHI] IEPBON M TOC-
JIeMHEH MOPIUU MaTepuaia U3 HIXKHErO U BepXHero 0a-
pa6aHa MO>KHO 3aIlicaTh B BI/II[e'
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HalileM 3Ha4YeHHe OTHOLICHHS KMHEMaTHYeCKUX K0d(-
¢urreHToB A Broporo 6apabana k mepsomy [16-19]:
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h'- h" or R'+ R" 1o 2 (R'+ R") monyyaem rpagudeckyro
3aBUCHMOCTH OTHOIICHHS KHHEMAaTHYECKHX K03 umu-
€HTOB A BTOporo Oapabana o mepsoro ot Al u Ah (pu
m = 0,001 xr; 1=0,0000174 H-c/m% p=600 kr/m>
0o =0,3327; g=9,8 M/Cz; Ao =1,6168; 2,73 m/c), ko-
TOpbIE NPEACTABIIECHBI HA pUC. 2 U 3.
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OT TOPH30HTAIHHOTO PACCTOSHUS MEKAY HUMHU Al
Fig. 2. The dependence relations kinematic coef-
ficients A of the second drum to the first the horizontal
distance between them Al
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Puc. 3. 3aBHCHMOCTE OTHOIIEHHUS KHHEMATHYEC-
kux K03 duinmentoB A BToporo O6apabana a0 MEPBOTO
OT BepTHKaIBLHON paccTOsHUS Mex 1ty HUMU Ah

Fig. 3. The dependence relations kinematic coef-
ficients A of the second drum to the first the vertical
distance between them Al

B pesynbrare anamuza puc. 2 U 3 yCTaHOBJEHO,
910 I (POPMHUPOBAHMS OypTa OINpeNeIEHHOW BBICOTHI
H =1 M npu yBenndeHUH paccTOSHUS MexIy Oapabda-
HaMHU OTHOIIEHHWE KWHEMAaTHYEeCKHX KOI(PPHUIMEHTOB A

BTOpOro 0apabaHa K HepBoMy yBesnnumBaercst ot 1,15
o 2,5.

BBIBO/IbI

Pa3zpaborana MartemaTnueckas MOJENb IIpoliecca
¢dopmupoBaHUs OypTa OpraHUYECKON CMECH TIPH €€ Me-
XaHWYECKOH a’panuu AByxOapaOaHHBIX pabodnM opra-
HOM. Bapbupyst 3Haue€HHAMH TOPH30HTAIBHOTO PaccTo-
sHUSA Mexay Oapabanamu Al ot 0 mo R'+ R" u BepTuka-
TBHOH paccrossHueM Mexay HuMu Ah = h'-h" ot R'+R"
mo 2 (R+R") momy4yeHa 3aBHCHMOCTh OTHOIICHUS KH-
HeMaTH4YeCKuX Kod((ureHToB A BToporo 6apadaHa 1o
nepBoro ot Al u Ah. YcranoBneHo, uTo uist GOpMUPO-
BaHus OypTta ompeneneHHol BeicoThl H = 1 M mpu yBe-
JMYEHUH PacCTOSHUS Mexay OapabaHaMH OTHOIICHHUE
KHHEMaTH4YeCKUX KO3 PHUIMEHTOB A BToporo OapadbaHa
K nepBoMy yBenuuusaercs ot 1,15 g0 2,5.
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INVESTIGATION OF FORMING BURT ORGANIC
MIXWITH ITS MECHANICAL AERATION
DOUBLE DRUM WORKING BODIES

Summary. Physical and mathematical description
of the process of mixing, mechanical aeration of organic
waste, and later forming collar, is quite complex, as it
involves the mathematical formalism of the discrete en-
vironment with heterogeneous and anisotropic mechani-
cal and rheological properties. Therefore, you need to
comprehensively address the problem of creating the
scientific foundations of the process of mixing and me-
chanical aeration of organic waste. Different types of
working elements which are used for aeration of organic
compound can be summarized in the form of a drum
with a radial arrangement of vanes. In our previous the-
oretical studies we have determined the optimal parame-
ters of the working body and a single drum set drum an-
gular speed ratio and the speed of horizontal movement
of the shoulder height of the organic mixture. The aim is
to explore the process of forming the organic compound
with the collar of her double-drum mechanical aeration
working body and determine its structural and opera-
tional parameters. A mathematical model of the process
of forming collar organic compound when it is double-
drum mechanical aeration working body. By varying the
values of the horizontal distance between the drums Al
from 0 to R+R" and vertical spacing Ah = h'-h" from
R4+R" to 2(R+R") (for m=0,001 kg; n=0,0000174
H's/m% p,=600 kg/m® ¢,=0,3327; ¢=9,8 m/s%;
Ap=1,6168; =2,73 m/s) is obtained dependence of the
kinematic coefficients A of the second drum to the first
of Al and Ah. It is found that for the formation of the de-
sired height H shoulder when the distance between the
drums kinematic relationship A coefficients of the se-
cond to the first drum is increased from 1,15 to 2,5.

Key words: manure-compost mixture, shoulder,
aeration and drum blade, compost model.
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AnHortanusi. CTaTes MOCBSAIIEHa MpobiaeMaM Io-
BEICHUS 3((PEeKTHBHOCTH HCHOIB30BAaHUS ABTOMO-
OWIIPHOTO IIACCH MYTEeH paCIINPEHUs ero TeXHOJIOTHde-
CKHMX BO3MOYKHOCTEM.

[Ipoanamm3upoBadbl pabOTHl ITOCBSIICHHBIE WC-
MTOJTF30BAHUIO aBTOMOOMIIBHOTO ITACCH Ha BBITIOTHEHUH
CeJIbCKOXO3SIICTBEHHBIX ONEpalusaxX Ha IpuMepax, YHU-
BEPCAJILHOTO 9YHEpreTudeckoro cpeactsa «Unimogy,
aBromobunsts MAN, aBromo6uns KamA3, aBTOMOOHIIb-
Hoe 1raccu Ypan-432065.

OOOCHOBaHHO IEPCIEKTUBHBIC HANpPAaBJICHUS HC-
MOJTb30BAHMSI aBTOMOOWJIBHBIX IIACCH B KadecTBE MO-
OWJIBHOTO DHEPTreTHYECKOrO cpeacTBa mis  (HhopMu-
poBaHHS Ha WX 0a3e MOOWIBHBIX CEIBCKOXO3SHCTBEH-
HBIX arperaTtoB MJIsl BBITONHCHHS TEXHOJIOTHYECKUX
omepanuii B arporpoMBIIIICHHOM MpPOW3BOJACTBE. AB-
TOMOOHMJIPHOE IIACCH MOJKET HCIIONB30BaThCS Ha Clie-
JIYIOIUX OIepalyiax: BHECEHUS TBEPAbIX U JKUAKHUX Op-
TFaHUYECKUX YHOOpEHM; BHECEHUS TBEPABIX U KUIKUX
MHUHEPAIbHBIX YI0OpeHHH W XUMHYECKHX MeEJIHOpaH-
TOB; 00pa0OTKa MOYBHI (JIYIIEHUS CTEpHHU; KYJIbTHUBa-
IUs; JUCKOBKA, NpHKAaThIBaHHE; OOPOHOBAHHE; CHETo-
3a[iepKaHue); 3arpy3Ka CesqJIoK; CeB; MOAKOPMKa Ioce-
BOB; YXOJ 3a IIOCEBaMH; HaKOIUICHHE-TIEPETPYKEHUE
CBHIITyYHX TEXHOJOTHMYECKHX MAaTEPHAIOB; TPAHCIIOPTH-
POBKa CHIITyYNX TEXHOJIOTHYECKUX MAaTEPHATIOB H Jp.

HaBeneHsl W mpoaHaNM3UPOBAHE KOHCTPYKITHOH-
HBIE M HKCIUIyaTal[MOHHBIC XapaKTEPUCTHKH aBTOMO-
OWIILHOTO IIACCH YKpauHCKOro mpousBojactBa I1AO
«ABTOKpA3» KpA3-6322. ABTOMOOMIBHOE IIACCH
KpA3-6322 mMoeT BBIIOIHATh TEXHOJIOTHYECKHE OIe-
pammy, Ha BBINOJHEHHE KOTOPHIX HEOOXOIMMO TATOBOE
yeunue 21-60 xH mpu pabounx cKOpoCTSX ABIKEHHS S-
15 km/u. [yt aTOrO 1accu umeeT 5 nepenad. Ha Tpanc-
MTOPTHBIX OMEPAIIsIX aBTOMOOWMIBHOE ITaCCH Pa3BUBACT
cKopocTh 10 80 KM/Y MPH 3TOM, MOXKET yCTaHABIUBATh
€MKOCTh C TEXHOJIOTHYECKHM MaTepHaioM Maccou 8-
10 T.

YcranoBiena 3 GpeKTUBHOCTH UCIIOJIB30BAaHUS MO-
OMJIBHOTO CENBbCKOXO3SHCTBEHHOrO arperata Ha 0ase
asromobmitst KpA3-6322 u MPJ/1-9 Ha BHeceHUM MUHE-
PalbHBIX yIOOPEHHH IO MPSIMOTOYHOM CXEME BHECESHHSI
10 CPAaBHEHHMIO C CYIIECTBYIOIIMMHM arperaraMu Ha Oase
TpaKTopa.

KiroueBble cioBa: aBTOMOOWIBHOE INACCH, MO-
OWIILHBIM CEJIbCKOXO3SMCTBEHHBIH arperaT, yHHBEp-
CaIbHOE JHEPreTHYECKOe CPEJCTBO, MAIIWHHEBIN arpe-
rar.

ITOCTAHOBKA ITPOBJIEMBI

PedopmupoBanrne  arponpoOMBIIUIEHHOTO — KOM-
IUIeKca YKpawHbl IPUBENIO K BOSHUKHOBEHHIO arpomnpo-
MBIIUICHHBIX TPENNPUATHH CO 3HAYUTENBHBIMU pa3Me-
pamu noceBHbIX Iuomaned [1, 2]. ITo nanueiM CraTu-
cTHdeckoro cOopHuka «YKpamHa B mudpax» 3a 2014
KOJMYECTBO XO3HMCTB, nMeromux 6oee 2000 ra moces-
HBIX IUIOIIAJEH, cocTaBisioT 2645 T, 310 5,8 % OT
00IIIero KOJUYECTBA X03iUCTB YKpawubl. OOmias rmio-
a1b, KOTOpask HAaXOAUTCS B MOJB30BAaHUU ITUX XO35IM-
cTBax, cocrasiusger 13,5 muH. ra, 310 63% OT OOMLIEH
IUIOIAN TIOCEBOB CEIBCKOXO3IHCTBEHHBIX KYIBTYP
YKpauHbl.

Bonpmme arpaprbie mpeanpuatus GopMUPYIOTCS
Ha 3eMJIIX, KOTOpBIE pa3MemIaloTcsi Ha OONBIIAX pac-
CTOSIHUSAX APYT OT npyra. [lmedo mepee3moB MOXKET co-
craBiath 6oaee 100 kM. [ coOIIOACHUS BHIIOIHCHUS
TEXHOJIOTHYECKUX OMNepaluid B arpoCTPOKH MAalluHHO-
TpakTopHblid mapk (MTII) Takux X03s#icTB (HOPMUPYIOT
Ha IIUPOKO3aXBaTHBIX MAIIMHHO-TPAKTOPHBIX arpera-
tax (MTA), koTOpBIe arperaTupyercs ¢ TpaKTOpaMHu Ts-
roBOTO Kiacca 5 u Oonee.

leorpaduueckoe pasmemnieHHe  CEIbCKOXO3sIii-
CTBCHHBIX 3€MeJb, OONBIIMX MO pa3MepaM IDIOIMAJei
MPeINpUATHIA, TpeOyeT MOCTOSHHOTO Iepeda3upoBaHUs
MTA c oaHoro moiisi Ha Jpyroe. TpaHcopTHas CKO-
pPOCTh IBIDKEHUS TPAaKTOPOB He mpeBblmaeTr 30 km/d,
HEKOTOpBIE 3apyOEKHBIE TPAKTOPHI ABIDKYTCS CO CKO-
poctbto 60 kM/4. OmHAKO NpU JABHIKEHHU TpPaKToOpa C
IIMPOKO3aXBATHBIX arperaroM NpU TaKoW CKOPOCTH
O4YEHb CIIO)KHO YIpaBisiTh UM. OcobeHHO 00oCTpseTcs
npoGyieMa MpH BBITIOJIHEHUU TEXHOJIOTHYECKUX Olepa-
IIMH, Ha KOTOPBIE OTBEJAEHO HEOOMNBIINE MO MPOJAOIKH-
TEJLHOCTH TPOMEXYTKH BPEMEHHU, U KOTOpPbIE UMEIOT
oTpeNeNsroNIee BIUSHUE Ha GOpMHpOBaHKE OyIymiero
ypo’kasi, B YaCTHOCTH: CEB, BHECCHHEC OPTaHUYECKHUX
ynoOpeHnl, 3aKphITHE BJIard, U TOMY moxo0Hoe. mes
BBICOKOMOIIHBIE €IMHUYHbBIE JHEPrOCPENCTBA OYEHb
CJIO)KHO B arpOTEXHUYECKUE CPOKH BBIIOJIHHUTH HEOOXO-
JIUMBbIe TEXHOJIOTUYECKHE Olepaluu. ITO MPUBOJUT K
(hOpMHUPOBAHHIO MAIIMHHBIX IYHKTOB B MECTaxX pa3Me-
IIEHMsI TTOCEBHBIX TUIOMAACH W M3-3a OONBIIMX 3aTpar
Ha TIepee3/ibl, a TAKKe BPEMEHH Ha WX OCYIIECTBIICHUE
BBIHYKJICHBI TIOKYTIaTh He ofH MTA a nBa u Gosnbiie.

YuuThiBas BBINIECKA3aHHOE, BO3HUKAET HE 00XO-
JIMMOCTbH CO3JIaHUSI MOOMJIHbHBIX TEXHOJIOTUYECKUX arpe-
raToB, UMCIOIIUX BBICOKYIO MOOMIBHOCTh, U MOTYT (-
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(EeKTHBHO HCIOJB30BAThCSl KAK HA CEIbCKOXO3s5i-
CTBEHHBIX OIEpalUAX, TaK W Ha TPAHCIOPTHHIX OIepa-
LHsl.

OnHUM W3 TyTeH pemeHus 3TUX Ipo0IeM SBIIeT-
Csl UCIIOJIb30BAHUE aBTOMOOMJIBHBIX IIACCH ITOBBIIICH-
HOM MNPOXOIMMOCTH Ha BBIIIOJHEHUU CEIBCKOXO35i-
CTBCHHBIX TPOIIECCOB.

AHAJIN3 ITOCJIEAHNX I/ICC{IEI[OBAHI/Iﬁ n
ITYBJIIMKAITUU

[NonbITKM HCTIONB30BaHMsI aBTOMOOWJIBHOTO TpPaHC-
MOpTa Ha MCHOJIHEHUSX CEIbCKOXO3SIMCTBEHHBIX OIeparuit
ocyuiecTBigeTcs yxke aaBHo. Eme B 50-x rogax npouuioro
Beka B ['epMaHHMHM aBTOMOOWIBHBIN KOHIEpH Mercedes
HavaJl BBIMYCK YHHBEPCAILHOIO 3HEPIETHYECKOTO Cpea-
crBa «Unimogy, KOTOPBIA MOIYYHII IIHPOKOTO HUCIIONB30-
BaHUsI B BOOpY)KEHHbIX cwiax ['epmanuu, ®panHiuuy, a
TaKKe B KOMMYHAJIBHOM XO3SiiCTBE Onaromapsi BO3MOXK-
HOCTH YCTAQHOBKHM Pa3IMYHOIO TEXHOJOTHYECKOTO 000py-
nosanus [3-5] (puc. 1).

Puc. 1. YHHBepcanbHOE SHEPTETUIECKOE CPEACTBO
«Unimog»
Fig. 1. Universal power means "Unimog"

Ha 6a3e rpy3oBo#i aBTomMoO0mas MAN Obutn pas-
paboTaHbl MOOWJIbHBIE arperatbl JUisi BBIOJHEHHS
CENIbCKOXO3SICTBEHHBIX ONEpaluil U JTOPOXKHBIX padoT

(puc 2) [6-9].

Puc. 2. ABromo6uie MAN nipy BEIITOJTHEHHH TeX-
HOJIOTHYECKUX OTepaluit

Fig. 2. Car MAN at implementation of technologi-
cal operations

Ha 6asze aBromoOmns KamA3 co3maH ITOCEBHOIT
komiuiekc  «Agrator-8500 ABTO», «Agrator-9800
ABTO» «Agrator-1000 ABTO» (puc. 3) [10 - 12], mm-
pUHAa 3axBaTa COOTBETCTBEHHO: 8,5, 9,8 u 10 M; npous-
BoaUTENBHOCTE: 8,5, 9,8 u 10 ra/4; OyHKep BMECTHMO-
creio: 7, 7u 9,8 Ms, pabouas ckopocTh nBrxeHus - 10-
15 xm/4. Ha pame 1maccu aBTOMOOMIISL YCTaHABIMBACTCS

€MKOCTh U HIAPHUPHO TPHCOEIUHICTCS KyIbTUBATOP C
CHCTEMOH ceBa.

Puc. 3. TIloceHoit kommiekc «Agrator-8500
ABTO» Ha 6a3e aBTomo0mns KamA3.

Fig. 3. Sowing complex "Agrator-8500 AUTQO" on
the base of car KamAZ.

ABTOoMOOWIBHEIH 3aBo «YPAJD» BeIIyCTHI cIie-
UATU3UPOBAaHHOE TPY30BOE AaBTOMOOWJIBHOE IIacCH
VYpan-432065 nns cozmanus Ha ero 0asze TPaHCIIOPTHO-
TEXHOJIOTHUECKUX arperaToB (puc. 4) [13, 14].

Puc. 4. AsromoOmibHOE mraccu Ypan-432065 c
o0opyoBaHHEM Il BHYTPUIIOYBEHHOI'O BHECEHHS
suakux ynoopennit CTA-5XKO.

Fig. 4. Car Ural- 432065 with an equipment for the
interflow bringing of liquid fertilizers STA-5JO.

YuuTHIBas BBIIECKa3aHHOE, BOIIPOC IO UCIIONB30-
BaHUIO aBTOMOOWIBHBIX TPAHCIIOPTHBIX CPEICTB Ha
CEJIbCKOXO3SMCTBEHHBIX ~ OMEpalisIX aKTyalbHO W
HaTpaBICHHOW Ha CO3[aHHe KOHKYpPEHTOCIIOCOOHOM,
BBICOKOITPOU3BOJUTENBHON TEXHUKU YKPAMHCKOIO MPO-
n3BojcTBa [15].

ITOCTAHOBKA 3AJIAY1

Lenpto uccienoBaHUN SIBISAETCS IOUCK ITyTEH
pacuMpeHus TEXHOJIIOTHYECKHX BO3MOXKHOCTEW aBTO-
MOOWJIBHOTO IIACCH, YTO TMO3BOJIUT MOBBICUTH 3(Pdek-
TUBHOCTh MX NMPUMEHCHHUS, YBEIMYHUThH FOJ0BOE 3arpys-
KU ¥ yMEHBIIUTh UX IPOCTOH.

MN3JIOXKEHHUE OCHOBHOI'O MATEPHAJIA

TToBBIlIEHHE TPAHCIIOPTHOW CKOPOCTH TPAKTOPOB
MPUBOAUT K 3HAYHUTCIHFHBIM H3MCHCHHSM B WX KOH-
CTPYKIMH, B YaCTHOCTH: MOJBECKH IS TYIICHHUS He-
POBHOCTEH JOpOT, KOTopast sl OOIBIINX Macc TpeOyeT
BBICOKMX TpeOOBaHMHA M HM3MEHEHHH B KOHCTPYKIMH
TPAaKTOpa; CHUCTEMBI YIPABICHUS SHEPrOCPEICTBOM;
YBEJIMYEHUE TPOJOIBHOIN 0a3bl TPaKTOpa; M3MEHEHUE
Tpancmuccnu (KOpoOka mepezad, ThaBHas Tiepenada,
OopToBas mepenayda u T.11.); TOPMO3HOM CHCTEMBI H JIPY-
rue. CTOMMOCTh TaKUX TPAKTOPOB 3HAYUTEIBHO YBEIIH-
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yuBaeTcsi. COOTBETCTBEHHO M C€0ECTOMMOCTh €AMHHIIBI
BBIIIOJTHEHHOM HMMHU paboThl 3HAYUTEIBHO YBEJIUYH-
BAaeTCs 110 CPABHEHUIO C CYIIECTBYIOLIMMH TPAKTOPaMHU.
OnHUM U3 MyTel pelIeHus dTHX MPoOJeM SBIseTCs
HCTIONIb30BAaHNE aBTOMOOMIIBHOTO IIACCH IOBBIIICHHOH
MIPOXOAUMOCTH (pHC. 5) Ha BHITOTHEHUN CEIIECKOXO35H-
CTBeHHBIX omepanuii. Hambomee mnpucmocoOieHO K
yCIOBUSIM oA (Masasi HecyIasi CBOMHCTBO HOYBBI, BBI-
COKasl 3albUICHHOCTH) aBToMOoOmWIs KpA3-6322, koTO-
pBIil CepuUitHO MPOU3BOSTCS B YKpauHe Ha MpeAnpusi-
Tuu ITAT «ABTOKpA3» 1 3a XapakTepUCTHKaMH COOT-
BETCTBYIOT ITapaMeTpa TPaKTOPOB TATOBOTO Kiacca 5.

Puc. 5. ABTomooOmnbHoe maccu KpA3-6322

Fig. 5. Car of KrAZ- 6322

Macca maceu KpA3-6322 cocrasnsier 11700 xr,
MOIIHOCTH nBuratens - 243 (330) kBt (1.c.), konecHas
¢dopmyna 6x6, MakcHMalbHas CKOPOCTb IBIDKCHUS —
80 km/u [16, 17]. Ha pamy aBTOMOOWIIb €CTh BO3MOXK-
HOCTh YCTAQHABIHMBATh EMKOCTH C TEXHOJIOTUYECKHM Ma-
TepuaioM (Mmaccoit 8-10 T), a B 3agHel 4acTH UMeeTCs
MECTO JUIsl YCTaHOBKH HaBECHOH cuctembl. C MOMOIIBIO
KOTOPOH OCYIIECTBIIATh arperaTHpoBaHUS Kak HaBec-
HBIX, TaK U MPUIEITHBIX CEIbCKOXO3SIHCTBEHHBIX MalINH
WK opyauid. Macca TeXHOJIOTHYECKOro MaTepHuana J1aeT
BO3MOXKHOCTH YBEJIMYNTH CIICITHBIE CBOWCTBA aBTOMOOH-
7. B KOHCTpYKIIMM aBTOMOOWIIS MPEAyCMOTPEHO LIEH-
TPaIN30BAHHYIO CUCTEMY KOHTPOJIS JaBJICHUS B IIMHAX
KOJIEC, O3BOJISIET CHI)KATh JJABJICHHUE TIPH BHITIOTHEHUH
CeJIbCKOXO03UCTBEHHBIX onepauuid B nmone o 0,1 Mlla.
W yBennuuBath €ro 10 PEKOMEH/JOBAHHBIX Ha TpaH-
croptHeIX nepee3nax 0,3 MIla, a Takxe peryiaupoBath
€ro B IPOIIECCE BHITOIHEHUS TEXHOJIOTHUECKOH ormepa-
MM TI0 MEPE YMEHBIIECHHUS TEXHOJIOTMYECKOTO MaTepH-
ana. ABTOMOOWIL 000pYIOBaH 8-MH CTyIEHUYATON Me-
XaHM4YEeCcKOl KOpoOKoil mepenay, 4To MO3BOJIMUT obecIe-
YHBAaTh HEOOXOANMYI0 pabouyr0 CKOpPOCTh IBIDKCHHS
MalIMHHOTO arperata. Bemymme MOCTBI aBTOMOOMIIA
JIByXCTYIIEHUYaThle, OJHOCKOPOCTHBIE, C MEKKOJIECHBIM
U MEXMOCTOBBIM OJOKHpYIOIHUMHU TuddepeHnnaramy,
YTO JIaCT BO3MOXKHOCTb IIOJIyYHTh BBICOKHE TSTOBBIC
MoKazaTely pu O6JokupoBanun auddepenimana Ha Ts-
TOBBIX OIEpalusix, a pa3dJoKupoBaH muddepeHua
UCKJIIOYACT TOSBJIEHHE Mapa3uTHOM MomHocTH. Pac-
YeTHasl TATOBO-CKOPOCTHAs XapaKTepUCTHKa aBTOMOOH-
s KpA3-6322 (puc. 6) oTpakaloT €ro TSATOBBIE BO3-
MOYXHOCTH Y TOJTBEPKAAIOT TO, YTO OH MOJXKET arpera-
THUPOBAThCS C CEIILCKOXO3SMCTBEHHBIMH MallMHAMU H
OpYAMSIMH, KOTOPBIE arperaTupyoTcs ¢ TPaKTOpaMH Tsi-
TOBOTO KJlacca 5.

Juanazon pabounx ckopocteii MTA Haxonsrcs B
npenenax 5-15 km/4. Kak BuaHO U3 rpaduka y aBTOMO-
6mnsa Kapaz-6322 ectb 5 ckopocTei, KOTOpble HaXOIsT-
cs B JaHHOM nauamnasoHe. CoryiacHo puc. 6 aBTOMOOUIH
MOXET BBITIOJHATH TEXHOJIOTMYECKUE OTEPALNH, Ha BbI-
MOJIHEHHE KOTOPBIX HE00X0auMO TsiroBoe ycuiue 21-60

kH B 3aBucHMMOCTH OT pabouell CKOPOCTH NBHKEHUS U
LIMPYHBI 3aXBaTa.

5
6 7 8
) = e /
0 T 1 1
o 20 40 60  km/u 80

Puc. 6. TAroBo-ckOpoCTHasi XapakTEpUCTUKA aBTO-
mobmist KpA3-6322: 1, 2, 3, 4, 5, 6, 7, 8 — HOMep mepe-
Jlay KOpoOKH Tmepenad

Fig. 6. Hauling-speed description of car KrAZ-
6322:1,2,3,4,5, 6,7, 8 is anumber of transmission of
gear-box

Omeparyy, Ha KOTOPBIX MOXKET HCIIOIb30BaTHCS
MAIIIMHHBIN arperat Ha 6a3e aBTromooOwst (puc. 7):

— BHECEHHS TBEPABIX M JKUIKUX OPraHHYECKHX
yI00peHuUi;

— BHECEHMS TBEPIBIX M XHUIKUX MUHEPaIbHBIX
yIOOpeHHH 1 XUMHYECKUX MEJIHOPAHTOB;

— 00paboTka MOYBHI: JIYIIEHUS CTEPHHU; KyJbTH-
BalMsl; JUCKOBaHME, MpPUKaThIBaHUE; OOpOHOBaHUE;
CHET03a/IepKaHue;

—  3arpy34uK CesUIoK;

— ceB;

— TOAKOPMKa ITOCEBOB;

— YXOJ 3a I0CeBaMu;

— HaKOIHTEIb-TIeperpyKareib ChITYYHX TEXHO-
JIOTHYECKUX MaTepHaJIOB;

— TPaHCHOPTUPOBKA CHIMYYUX TEXHOJIOTMYECKHX
MaTepuasoB.

OCHOBHBIE TPEUMYILECTBA HCIOJIB30BAHUS Ma-
IIMHHBIX arperatoB Ha 6ase aBromoOmis B AIIL:

— BBICOKasi TEXHMYECKasi HAJEKHOCTh aBTOMOOH-
JIs1 TIO CPaBHEHHIO OTEUECTBEHHBIMHU TPAKTOPAMHU;

— BBICOKasi TPAaHCIIOPTHAs CKOPOCTb JIBHIKEHUSI
ABTOMOOWIJISL AJIsI TIEpee3/I0B M WCIIOJb30BAaHMS €ro Mo
OCHOBHOMY Ha3HAuEHHIO;

— KOM(OpPTHBIE YCIOBHA Ui PabOTHI BOAMTEIS
(coBpemeHHas kaOWHa, KOHIUIIMOHEP, MOAOTPEB Kabu-
HBI U T.JI.);

— MEHbIIAs CTOMMOCTh 110 CPAaBHEHHIO C TPAKTO-
POM TATOBOTO Kiiacca 5;

— YJCUICBJICHUE IapKa CeIbCKOX03HCTBEHHBIX
MamiiH W opyauid (Iist aBTOMOOWIS OyIyT WMETh
MEHBIIYI0 CTOMMOCTb HM3-32 OTCYTCTBHSI XOIOBBIX CH-
CTeM EeMKOCTEH, TaKk KaKk OHM OyAyT pa3MelaTbcsi Ha
pamMe aBTOMOOMIIS);

— yYMEHbIICHHE JABJICHNs] HAa TOYBY 3a CUET Iie-
pepacripesienieHlss Beca MAIIMHHOTO arperara Ha TpH
OCH M PeryJIMpOBaHHU cjie/]a KOHTaKTa IUHBI;

— TpULENHbIE M HaBECHBIC CEILCKOXO3SHCTBEH-
HblE MAIllMHbI U OPY/HUs, KOTOpbIE TpeIHa3HAuSHbI IS
paboTHI ¢ TPAKTOPOM, arperaTupyroTcs ¢ aBTOMOOHIIIb-
HBIM I[Iaccd 0e3 JIONOJHHUTENbHBIX H3MEHEHHH KOH-
CTPYKLIH.
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0)

Puc. 7. MammHHBIE arperaThl Ha 0a3e aBTOMO-
owipHoro maccu KpA3-6322: a) BHeceHHs] TBepHbIX
MHHEpaJbHBIX YIOOPEHUI; 6) BHECEHHsI TBEPABIX Opra-
HUYECKUX yIOOpEHWil; 6) BHYTPUTPYHTOBE BHECCHHS
KHUJIKAX YHOOpEHW; T') ONPBICKMBAHHE IIOCEBOB; I)
ceBba

Fig. 7. Machine aggregates on the base of car
KrAZ- 6322: a) are bringing of hard mineral fertilizers;
6) are bringing of hard organic fertilizers; 6) interflow
bringing of liquid fertilizers; 2) is sprinkling of sowing;
0) sitting down

Bricokas TpaHCHOpPTHas CKOPOCTb MOOWMIBHOTO
CeJbCKOXO03SUCTBEHHOTO arperaTa Ha 0a3e aBTOMOOMIIS
JTaCT BO3MOYKHOCTB HCIIOJIB30BAThH MPSIMOTOYHYIO CXEMY
(cxmazg-monie) Ha BHECEHHBIE TBEPHBIX M KHIKUX Opra-
HUYECKUX ¥ MUHEPAIBHBIX YIOOPEHHA, YTO 3HAYUTEIh-
HO YMEHBIIUT PacXOAbl Ha BBHIIOJHECHUH YIIOMSIHYTHIX
onepanuii. Kpome Toro ormagaet He0OXOJUMOCTh B UC-
MOJIb30BAHUU JIOTIOJHHUTEIBHBIX TEXHUYECKUX CPEICTB
JUI TPAHCTIOPTUPOBKU U TOTPY3KH TEXHOJIOTUYECKOTO
MaTepuajia OCYIICCTBISS YIOMSHYTBIC TEXHOJOTHYE-
CKHE ONepaliy MO TEePCBATIOYHON M MEPErpy30UHBIMHU
cXeMaM.

PesynpraTel pacdyera NEpPEeMEHHOM MPOU3BOIAU-
tenpHOCTH MTA  (T-150K+PYM-8, KCA-3, T-
150K+MP/I-9 u KpA3-6322+MP/I-9 [18]) mo mpsimo-
TOYHOU CXeMe BHECCHHS MUHEPAJIBHBIX I'PaHyIHPOBaH-
HBIX ynoOpenuii Hopmoit BHeceHus 0,5 T/ra, 8§ gyacoBoid
CMEHBI ¥ PaCCTOSHUH OT CKJIaZ[a K TIOJIO 5 KM ITOKa3aIH
(puc. 8) apdexTHBHOCTD arperata Ha 0a3e aBTOMOOWIIS
KpA3. Pacuersl mpoBOAWINCH [0 HM3BECHOH METOIUKH

[19].

140,0
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T-150K+PVM-8 KCA-3 T-150K+MPT9  KpA3-6322+MPJI-9A

Puc. 8. Cmennas npousBoaurenbHocte MTA no
MPSIMOTOYHON CXEME BHECEHHUSI MHUHEPAILHBIX I'PaHyJIH-
POBAHHBIX yJI00peHNH

Fig. 8. Removable productivity of MTA on the
npsiMmotouHoi chart of bringing of mineral granular
fertilizers

W3 puc. 8§ BuAHO, YTO CMEHHAs NPOU3BOAUTEINb-
HOCTh arperaToB, CKOMIUICKTOBAHHBIX C MCIIOJIb30BaHU-
em mamH PYM-8, KCA-3, MP/I-9 u MPJI-9A cocras-
nser 65,5, 66,6, 72,6 u 117,6 ra/cm. Ilpu ogmHaKOBOM
cMeHHoW npousBogutesnbHocTy MP/1-9 u MPJI-9A Ha
ypoBHE 72,6 Ta/CM pacCTOSHHE OT CKJIaja K MOJI0 MOX-
HO yBenuuuth 11 arperata KpA3-6322+MP/I-9A B 6,6
pa3 (1o 33 xm). Ilo manHEIM aBTOpOB [20] MO TaKoH Ke
HOpMBI BHeceHus ynoopennii MTA PYM-8 u KCA-3
PEKOMEHAyeTCsd HUX HCIOIb30BATh MO MPSIMOTOYHOM
CcXeMe BHECEeHHs yHOOpeHUI ¢ pacCTOSIHHEM OT COCTaBa
B 1oJjie cooTBeTcTBeHHO 8,0 1 19,3 kMm.

Koneuno, HambonmpIIyto mNpHOBUIE BIIAAEIBIIAM
I'PY30BBIX aBTOMOOWJICH MPUHOCUT TPAHCIIOPTHBIE pa-
0OOTBI, HO OHM MMEIOT MUKOBBIH XapakTep W BBIMOIHS-
oTca B TeueHue 2-3 MmecsueB B roi. IlocrosHHOU 3a-
Ipy3KH aBTOMOOWIJSI B Jpyrod mepuon roxaa Her. Ilo-
9TOMY CO3/1aHUE NEPEMEHHBIX TEXHOJIOTHUECKUX MOJIY-
nei s GopMHUPOBaHUS MAIIMHHBIX arperaToB Ha 0ase
aBTOMOOMIIBHOTO ITACCH JJISi BBHIITOJHEHHS CEIbCKOXO-
3SMCTBEHHBIX OINEpalUil SBIAETCS NEPCIEKTUBHONW H
BaXHOI mpoOiemoil. Pemenne, KOTOpOH ITO3BOIHIO
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YMEHBIIUTh CEe0CCTOMMOCTh  CEIbCKOXO3SHCTBCHHOM
MPOAYKIUK M TMOBBICUTH 3()(HEKTUBHOCTH HCIIOIB30BA-
HHST aBTOMOOHIISL.

BBIBOJIbI

1. Mcnonp3oBanne aBTOMOOHMIBHOTO IIACCH B Ka-
YeCTBE MOOMIBHOTO JHEPTETHIECKOrO CPEACTBA JUIA
¢dopmupoBaHHS Ha ero 0a3e MOOWIBHOTO CEIbCKOXO-
3IHCTBEHHOTO arperata A BBIOJHEHHUS CEIbCKOXO-
3STMCTBEHHBIX OIEpalii yYMEHBIINT CE0ECTOMMOCTD
NPOJXYKIMH PACTEHHEBOJCTBA 3a CYET INPUMEHEHHS
NPSIMOTOYHBIX CXEM BHECEHHUSI TEXHOJOIMYeCKOro Ma-
Tepuaja, YMEHBIIMT HOMEHKIATypy TEXHHYECKUX
CPEACTB JUISl BBIOJIHEHUS! TPAHCIIOPTHBIX OINEpaluid u
MOBBICUT 3(Q(PEKTUBHOCTH MCIIOIB30BaHUS aBTOMOOWIISA.

2. MamuHHBIN arperar [uisi BHECEHUsS MHHEpallb-
HBIX y#oOpeHMH Ha 0a3e aBTOMOOWJIHHOTO INACCH
KpA3-6322+MP/I-9 B cpaBHEHHH C CYIIECTBYIOIIUMH
arperataMd Ha 0a3e TpaKTopa MMeEeT OOJBIIYI0 CMEH-
HYIO TPOU3BOJUTENBHOCTD Ha 62 %.
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USING A CAR CHASSIS TO PERFORM
MANUFACTURING OPERATIONS IN
AGRICULTURAL PRODUCTION

Summary. The article is sanctified to the
problems of increase of efficiency of the use of motor-
car undercarriage of ways of expansion of his
technological possibilities.

Works are analysed sanctified to the use of motor-
car undercarriage on implementation agricultural
operations on examples, universal power means
"Unimog", car MAN, car KamAZ, motor-car
undercarriage of Ural- 432065.

Reasonably perspective directions of the use of
motor-car undercarriages as mobile power means for
forming on their base of mobile agricultural aggregates
for implementation of technological operations in an
agroindustrial production. A motor-car undercarriage
can be used on next operations: bringing of hard and
liquid organic fertilizers; bringing of hard and liquid
mineral fertilizers and chemical menuopanros; treat-
ment of soil (shelling of stubble; cultivating; rolling up;
harrowing; retention of snow on field); loading of ces-
7ok; sitting down; additional fertilizing of sowing; care
of sowing; collection and transloading of friable techno-
logical materials; transporting of friable technological
materials and other.

Construction and operating descriptions of motor-
car undercarriage of the Ukrainian production of PAO
"AvtoKrAZ" KrAZ-6322 are pointed and analysed. The
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motor-car undercarriage of KrAZ-6322 can execute
technological operations, on implementation of that
hauling effort of 21-60 xH is needed at the working
rates of movement 5-15 km/h. For this undercarriage
has 5 transmissions. On transport operations a motor-car
undercarriage speeds up to 80 km/h here, can set a
capacity with technological material by mass 8-10 t.

Efficiency of the use of mobile agricultural
aggregate is set on the base of car KrAZ-6322 and
MRD-9 on bringing of mineral fertilizers on the nipsimo-
touHor chart of bringing as compared to existent
aggregates on the base of tractor.

Key words: motor-car undercarriage, mobile
agricultural aggregate, universal power means, machine.
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Streszczenie. Gtownym celem rolniczej produkeji
ro§linnej jest osiaganie wysokich plonow o wysokiej
jakosci. Producent w rolnictwie ekologicznym
zmuszony jest do poszukiwania innych, niz stosowane
w rolnictwie konwencjonalnym, metod polepszajacych
plonowanie roslin oraz ograniczajgcych straty wynikte z
proceséw przechowywania. Alternatywa dla stosowania
srodkow chemicznych w produkcji ros§linnej moga by¢
fizyczne metody stymulacji materiatu biologicznego. W
pracy zaprezentowano niektére metody fizyczne
stosowane w odniesieniu do ro$lin uprawnych oraz
efekt oddzialywania tych metod. Omoéwiono wyniki
badan dotyczace dzialania pola elektrycznego,
magnetycznego, §wiatla lasera, promieniowania gamma
i mikrofalowego na obiekty roslinne. Zaznaczy¢ nalezy,
ze fizyczne metody uszlachetniania  materialu
nasiennego znajduja uzasadnienie z punktu widzenia
kompleksowych dziatan proekologicznych. Wyniki
przeprowadzonych doswiadczen wskazuja, ze metody
fizyczne moga pozytywnie stymulowaé rozwdj roslin
uprawnych w okresie ich wegetacji jak réwniez moga
by¢ stosowane jako sposOb ograniczania = strat
przechowalniczych. Nie bez znaczenia jest fakt, ze
metody fizyczne moga by¢ alternatywa  (lub
uzupelnieniem) metod chemicznych stosowanych w
agrotechnice w odniesieniu do materiatu roslinnego.

Slowa kluczowe: fizyczne metody stymulacji

materiatu, zwyzka plonu, pole elektryczne,
promieniowania elektromagnetyczne, promienie
gamma.

WYNIKI BADAN I ICH ANALIZA

Jednym z podstawowych celow prowadzenia
roslinnej produkcji rolniczej jest osigganie mozliwie
najwyzszych plonow o wysokiej jakosci. W rolnictwie
konwencjonalnym producent posiada szeroki wybor
metod polepszania plonowania 1  poOzniejszego
zabezpieczenia plonu, natomiast w  rolnictwie
ekologicznym zmuszony jest on do poszukiwania
innych, niz  stosowane  dotychczas, metod
polepszajacych plonowanie ro$lin oraz ograniczajacych
straty wynikle z  procesbw  przechowywania.
Obostrzenia i zakazy zwigzane z prowadzeniem upraw
ekologicznych dotycza glownie stosowania niektdrych
preparatow chemicznych. Alternatyws dla stosowania
srodkéw chemicznych w produkcji roslinnej moga by¢

fizyczne metody stymulacji materialu biologicznego.
Materiat siewny jest podstawowym Srodkiem w
produkcji roslinnej. Wysoki plon jest przede wszystkim
determinowany dobra jako$cig tego materiatu. Dlatego
tez waznym jest odpowiednie jego przygotowanie w
tym przedsiewne uszlachetnianie. Uszlachetnianie
materiatu siewnego powinno nie tylko zwigkszaé jego
wigor czy ogranicza¢ zmienno$ci cech fizycznych i
chemicznych, ale réwniez korzystnie wplywaé na
wzrost i rozw6]j roslin nawet w pokoleniu nastgpnym
[Wojcik i in. 2004]. Swiatowe tendencje i kierunki
uszlachetniania ~ materiatbw  nasiennych  zostaly
omoéwione w pracy Goreckiego i in. [1994], konkluzja
tejze pracy jest zastepowanie tradycyjnych metod
chemicznych metodami fizycznymi, jak np. stymulacja
elektromagnetyczna. Zaznaczy¢ nalezy, ze fizyczne
metody uszlachetniania materialu nasiennego znajduja
uzasadnienie z punktu widzenia kompleksowych
dziatan proekologicznych [Gawronska 1998, Haman i
in. 2000, Lutomirska 2006, Jakubowski 2008g].

W literaturze tematu, od szeregu lat, prezentowane
sa  wyniki badan  dotyczace  wplywu  fal
elektromagnetycznych na materiat roslinny. Z punktu
widzenia praktyki rolniczej wazne wydaja si¢ by¢
wyniki badan dotyczace dziatania pola elektrycznego,
magnetycznego, §wiatla lasera, promieniowania gamma
i mikrofalowego na obiekty ro$linne.

Zadowalajace  efekty  uzyskiwano  stosujac
stymulacje materiatu siewnego w polu elektrycznym.
Pod wptywem dziatania pola elektrycznego na
zewngtrzne] 1 wewngtrznej powierzchni  blony
komorkowej indukuja si¢ tadunki elektryczne o
przeciwnych  znakach.  Wzajemne  przycigganie
tadunkéw prowadzi do powstawania poréw w blonie
komorkowej, a zastosowanie pola o odpowiednich
parametrach moze prowadzi¢ do otwarcia poréw i ich
poézniejszego zamknigcia. Proces ten zwany jest
elektroporacja i zostat opisany w pracach Zimmermana
[1986] oraz Fiedurka i in. [2006]. Dotychczasowe
badania wskazuja na pozytywne dziatanie pola
elektrycznego na wzrost siewek tytoniu [Cogalniceanu i
in. 2000], roslin pszenicy i buraka cukrowego
[Pietruszewski 2003] oraz fasoli, bobiku, grochu i
ziemniaka [Rogers 1975]. Pozytywny wplyw pola
elektrycznego na rosliny ziemniaka stwierdzili migdzy
innymi Szorc i in. [1996] badajac jakos$¢ bulw. Réwniez
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Marks [2005ab] badajac trwatos$¢ przechowalniczg bulw
ziemniaka stwierdzit, iz straty calkowite 1 straty
chorobowe  bulw  poddanych  dzialaniu  pola
elektrycznego byly nizsze w poréwnaniu z proba
kontrolng. Takze Gut [2007], stwierdzil statystycznie
istotny (pozytywny) wptyw pola elektrycznego na mase
bulw spod jednej rosliny.

Pole magnetyczne wykorzystywano migdzy
innymi w procesach pobudzania materialu siewnego
[Pietruszewski 1 in. 1999, 2000ab]. Dawalo to
pozytywny  efekt stymulujacy wyrazajacy  si¢
przyspieszeniem kietkowania, zwyzka plonu i poprawa
cech majacych wptyw na plonowanie [Hirota i in. 1999,
Martinez i in. 2000, Rochalska 2003, Rybinski i in.
2003, Pietruszewski 2003, Kornarzynski i in. 2003ab,
Krupcezynski i in. 2003, Podlesny i in. 2003, StaSelis i
in. 2003]. Wyniki laboratoryjne badan przeprowadzone
przez Lipca i in. [2004] na wyizolowanych kulturach
grzybow 1 bakterii chorobowych ziemniaka (Ervinia
carotovora, Streptomyces scabies, Alternaria solani)
poddanych dziataniu zmiennego pola magnetycznego
wskazuja na pozytywny efekt prowadzacy do ich
zniszczenia lub ograniczenia rozwoju. Badania te
znalazly potwierdzenie w pracach Marksa i in. [2005b]
oraz Marksa [2005c] gdzie oceniano wptyw pola
magnetycznego na stopien porazenia przechowywanych
bulw ziemniaka odmian Salto, Drop i Irga rizoktoniozg i
parchem zwyklym. Wynik doswiadczenia potwierdzit
poprawg zdrowotnosci bulw jedynie w przypadku
rizoktoniozy. Wyniki badan Marksa i in. [2011]
wskazujg na pozytywny wpltyw stymulacji sadzeniakow
ziemniaka odmiany Vineta zmiennym  polem
magnetycznym na wysoko$¢ plonu ogo6lnego i
handlowego bulw oraz jego struktur¢ masowsg i
wielkosciowa. Marks i in. [2010a] stwierdzit rowniez,
7ze zmienne pole magnetyczne dziala hamujaco na
deformacje (okreslone poprzez wspotczynniki ksztaltu)
bulw ziemniaka w plonie ros§lin potomnych i ma
stymulujacy wptyw na rozwdj czesci nadziemnej rosliny
[Marks i in. 2010b]. Poprzez dziatanie stalym polem
magnetycznym na oczka bulwy sadzeniaka uzyskac
mozna zwickszenie powierzchni asymilacyjnej rosliny
potomnej oraz wzrost plonu handlowego o okoto 20%
[Pittman 1972].

Do  uszlachetniania  materialu  nasiennego
stosowano  rOwniez  generatory  promieniowania
elektromagnetycznego dziatajace w oparciu o zjawisko
emisji wymuszonej (laser - Light Amplification by
Stimulated Emission of Radiation) [Wilczek i in. 2007].
Wiazka promieni generowana przez laser jest
koherentna w czasie i przestrzeni, zazwyczaj
spolaryzowana i o bardzo malej rozbieznosci, cechuje
si¢ matg szerokoscig linii emisyjnej, co jest rtOwnowazne
bardzo duzej mocy w wybranym, waskim obszarze
widma [Koper i in. 1994]. Zdaniem Szajsner i in. [2003,
2007] oraz Drozda i in. [2007] wigkszg podatno$¢ na
$wiatlo lasera wykazuja rosliny warzywne niz ro$liny
zbozowe. Pozytywne skutki na§wietlania obserwowano
poprzez bardziej wyrownane wschody, przyspieszone
dojrzewanie oraz wigkszy plon. Istotnym skutkiem tego
procesu jest rowniez wigksza warto$§¢ biologiczna i
przetworcza owocOwW oraz zwigkszona zawartos¢
substancji odzywczych. Swiatto lasera przyczynia si¢ do

zmiany przebiegu procesOw  fizjologicznych i
biochemicznych w poczatkowym okresie wzrostu i
rozwoju roslin, oddziatuje réwniez na metabolizm roslin
i aktywnos$¢ fotosyntezy, co wplywa korzystnie na
szybszy wzrost roslin oraz lepsze ich przystosowanie do
niekorzystnych warunkéw $rodowiska. Zagadnienia
wplywu $wiatta lasera byly rowniez przedmiotem prac
Podlesnego [1998, 2000ab, 2007], Kopera i in. [1999,
2002] oraz Zubala [1990] i Gtadyszewskiej [2002].
Badacze Ci s3 zgodni co do pozytywnego wplywu
biostymulacji §wiatlem laserowym nasion na pozniejszy
wzrost, rozwoj oraz plonowanie wyrostych z nich
roslin. Stymulacja spdjnym $wiatlem laserowym
znalazta réwniez zastosowanie W  ograniczaniu
eutrofizacji ekosystemé6w wodnych jako biotechnologia
w oczyszczaniu $ciekow. Biostymulacje laserowa
stosowano w odniesieniu do roélin (Lemna minor,
Phragmites australis i Salix sp.) stosowanych w
oczyszczalniach hydrobotanicznych [Dobrowolski i in.
1996, 1999, 2002]

Promienie gamma (wysokoenergetyczna forma
promieniowania elektromagnetycznego) majac
wlasciwoscei  sterylizujace, znalazly zastosowanie w
medycynie oraz w przemy$le spozywczym. W
rolnictwie, poprzez wykorzystanie technik nuklearnych,
uzyskano ponad 1800 odmian roslin w efekcie
bezposredniego wykorzystania mutantow lub ich uzycia
w krzyzowaniach. Wedlug Rybinskiego i in. [2003]
stosowanie technik nuklearnych w hodowli roslin jest
adresowane  miedzy innymi  bezposrednio do
indukowania mutacji. Wykorzystanie promieni X,
gamma czy neutronéw dla indukowania zmienno$ci
genetycznej stato si¢ dobrze poznang technologig, co
przyczynito si¢ do poprawienia licznych cech u takich
gatunkoOw rozmnazanych przez nasiona jak pszenica,
ryz, jeczmien, bawetna, orzech ziemny czy fasola
[Ahloowalia 2001]. Mimo, ze promienie gamma naleza
do czynnikow mutagennych o wysokiej efektywnosci
indukowania mutacji, w pierwszym pokoleniu po
napromieniowaniu, wywoluja one wysoki poziom
uszkodzen biologicznych co w wielu przypadkach
stanowi istotng przeszkode w uzyskaniu dostatecznej
liczby nasion koniecznych do wysiewu na pokolenie
kolejne w ktorym prowadzi si¢ wybor mutantow.
Dotyczy to w szczegodlnosci wyzszych dawek promieni
gamma, w wielu przypadkach powodujacych catkowitg
sterylnos¢ roslin pokolenia pierwszego przy wysokim
poziomie aberracji chromosomowych [Maruyama i in.
2004, Rybinski i in. 2004]. Prace Benkeblia i in. [1999,
2003] wskazuja na istnienie zalezno$ci pomigdzy
dawkami promieniowania gamma a zawarto$ciag kwasu
askorbinowego oraz glukozy i fruktozy w roslinach
cebuli (Allium cepa L.).

Badania Olchowik i in. [1994ab, 1996ab, 1997,
2001, 2002] prowadzone na nasionach roslin wykazaty,
ze zastosowanie mikrofal w przedsiewnej obrobce
nasion powoduje wzrost zdolnos$ci i energii kietkowania
przy dyskretnych warto$ciach czgstotliwosci. Zaznaczy¢
nalezy, ze oprocz czgstotliwoscei o pozytywnym efekcie
dziatania istnialy rowniez takie, ktore wptywaty
destrukcyjnie na parametry witalne nasion i roslin. W
doswiadczeniu wykorzystywano generator mikrofal G4-
141 wytwarzajacy (poprzez lampg fali wstecznej) fale 0
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czestotliwosci od 37,50 GHz do 54,04 GHz o
regulowanej mocy wyjsciowej od 0 mW do 20 mW-cm’
2. Generator wyposazony byl w falowod zakonczony
anteng begdaca emiterem mikrofal. Olchowik [1994a,
1997] prowadzita badania dotyczace wplywu
promieniowania mikrofalowego o gestosci mocy
ponizej 10 mW-cm? czyli ponizej oddziatywan
termicznych, na  struktur¢ plonu gryki. W
doswiadczeniu  zastosowano czgstotliwosci 38,46,
39,50, 42,13, 48,38 i 5357 GHz oraz czasy
napromieniowania 2, 5, 10, 15, 20, 45 min.
Napromieniowane nasiona wysiano na poletka a po
zbiorze plonu wykonano pomiary biometryczne,
oceniano liczbe i mase¢ nasion z rosliny. Wyniki badan
wskazuja, ze optymalnymi parametrami
promieniowania mikrofalowego zastosowanego w
przedsiewnej obrobce nasion gryki jest czgstotliwosé
48,38 GHz i czas napromieniowania 20 min. Wplyw
promieniowania mikrofalowego na energi¢ i zdolnos¢
kielkowania nasion Inu zostal opisany w pracach
Olchowik i in. [1994b, 2002]. W dos$wiadczeniu tym
nasiona ufozone na ptytce Petriego napromieniowano
przez czas 20 min. i 45 min. mikrofalami o
czestotliwoscei 38,46, 39,50, 42,13, 48,38 1 53,57 GHz a
nastepnie dokonano (po 3 dniach) pomiaru energii i (po
7 dniach) zdolnos¢ ich kietkowania. Przy obu czasach
napromieniowania obserwowano najwickszy wzrost
energii 1 zdolnosci kietkowania przy czestotliwo$ciach
42,13 GHz i 53,57 GHz (korzystniejszy okazatl si¢ czas
napromieniowania 20 min). Dos$wiadczenie dotyczace
zwigkszania zdolnosci kietkowania nasion ogorkdéw pod
wplywem promieniowania mikrofalowego zostato
opisane w pracy Olchowik i in. [1996a]. Nasiona,
ktorych wilgotno$¢ nie przekraczata 15 %, 6 miesiecy
przed wysiewem napromieniowano mikrofalami o
czestotliwoscei od 37,88 GHz do 39,04 GHz i gestosci
mocy od 1 mW-cm? do 10 mW-cm™ przez okres od
30 min do 45 min. Najwigksza zdolnos$¢ kietkowania
nasion stwierdzono przy czestotliwosci mikrofal
38,46 GHz. Ta metoda wuszlachetnianie materialu
nasiennego zostala rOwniez opisana w patencie nr
1686691 B1 [Olchowik i in. 1996b]. Podobne badania,
dotyczace wptywu przedsiewnej biostymulacji nasion
buraka cukrowego (odmian Colibri i Maria)
promieniowaniem mikrofalowym o czestotliwosciach
53,57, 48,38, 42,13 i 38,46 GHz, z uzyciem generatora
mikrofal G4-141 prowadzili Wojcik i in. [2004].
Wyniki tego doswiadczenia polowego wskazuja na
istotne modyfikacje w plonie korzeni buraka;
przedsiewna stymulacja nasion promieniowaniem
mikrofalowym, $rednio, niezaleznie od odmiany i
czestotliwosci istotnie zwigkszata ten plon. Najwyzszy
plon korzeni (56,8 t-ha™) uzyskano w kombinacjach, w
ktorych  zastosowano czestotliwo$¢ 48,38 GHz i
38,46 GHz. Promieniowanie mikrofalowe ]
czestotliwosci 48,38 GHz byto najkorzystniejsze dla
odmiany Colibri, natomiast w przypadku odmiany
Maria najwyzsze plony korzeni uzyskano stosujgc
czestotliwo$¢ 42,13 GHz. Pod wptywem przedsiewnej
stymulacji nasion obserwowano wigksza zawarto$¢
cukru w korzeniach roslin potomnych, natomiast malata
zawartos¢ melasotworow. Hamada [2007] prowadzit
badania zwigzane z wplywem promieniowania

mikrofalowego o dlugosci fali 2,85 cm, czestotliwosci
10,525 GHz na nasiona pszenicy (Triticum aestivum L.
Sakha 61). Nasiona napromieniowano przez okres 15,
45175 min. i pozostawiono, aby kietkowaly przez 7 lub
14 dni. Zakresem badan objeto zmiany w zawarto$ci
wybranych aminokwasow, karotenoidow, chlorofilu,
kwasow  nukleinowych, fenoli,  proliny  (o-
aminokwasow), bialek i weglowodanow oraz mierzono
dlugos¢ kietkow, zawartos¢ Swiezej 1 suchej masy.
Wyniki badan wskazuja, ze 75 minutowa ekspozycja nie
modyfikuje dtugosci kietkow oraz zawartoSci Swiezej i
suchej masy napromieniowanych ziaren pszenicy.
Napromieniowanie nasion mikrofalami  powoduje
natomiast  podwyzszenie  zawartosci  zwigzkow
biatkowych i aminokwasow, a obnizenie
weglowodanéw, kwaséw nukleinowych 1 fenoli. W
przeprowadzonym doswiadczeniu najbardziej korzystny
okazal si¢ 15 minutowy czas ekspozycji, ktory
stymulowal procesy syntezy proliny. Badania wilasne
autora (wstepne) [Jakubowski 2010b], ktérych celem
bylo zbadanie wptywu promieniowania mikrofalowego
o czestotliwo$ciach w zakresie (2,45 + 54) GHz na
wybrane procesy zyciowe roslin ziemniaka odmiany
Felka  Bona, wykazaly  pozytywny  wplyw
promieniowania mikrofalowego o czgstotliwosci 2,45
GHz na mas¢ kietlkbw  napromieniowanych
sadzeniakéw oraz na mas¢ bulw w plonie. Wplywu
takiego nie  stwierdzono dla  promieniowania
mikrofalowego o czgstotliwosciach 38 GHz, 46 GHz i
54 GHz.

PODSUMOWANIE

Wyniki przeprowadzonych doswiadczen wskazuja,
ze omowione metody fizyczne mogg pozytywnie
stymulowaé rozwoj roslin uprawnych w okresie ich
wegetacji jak rowniez moga by¢ stosowane jako sposob
ograniczania strat przechowalniczych. Nie bez
znaczenia jest fakt, ze metody fizyczne moga by¢
alternatywa (lub uzupelieniem) metod chemicznych
stosowanych w agrotechnice w odniesieniu do materiatu
roslinnego.
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AnHotanusi: Hambonee pacnpocTpaHeHHBIMU
croco6amMy N3MENbUeHHUs KOPHEIUIOIOB SIBIAIOTCS Me-
XaHMYECKHE, KOTOPBIC XapaKTePU3YIOTCS IIPOCTOTOM
KOHCTPYKIINH, HAJIC)KHOCTBIO M BBICOKOW MHPOU3BOIH-
TEJILHOCTBIO 00opynoBaHus. [lo ocoOeHHOCTSIM B3an-
MOJICUCTBHSI Mex1y paboYMMHU OpraHamMM W pabdoueii
cpenoit (oOpabaThIBAEMBIM MaTepualioM) CJEIyeT BbI-
JIENTUTh CJIEYIOUINE OCHOBHBIE CIIOCOOBI M3MEIbUYCHUS:
pa3/iaBIMBaHuUs, INEPETHpaHUs, pa3OuMBaHUME W pe3Ka.
OO0miast 0cCOOEHHOCTh MX HE 3aBUCHT OT XapaKTEPUCTHK
Marepuana, KOTOphIi moasepraercs nepepadotke. Oco-
OEHHOCTBIO TPEUIOKEHUH KOHCTPYKIUH HN3MENbYCHHS
KOPHEIUIONOB aBTOPOB, SBISIETCS HAJIMYUS PEXKYIINX
KPOMOK Ha IIOBEPXHOCTH IOJBHMXXHOTO TpaHCIIOPTEpa
KOHBeHepa M OINOPHOH IMOBEPXHOCTH T/€ MPOHCXOIUT
n3MeNbUeHNE KOPHEOYNIHOOIION0B OJHOBPEMEHHO C
JIByX CTOPOH C OTBEPXEHHEM CTPYXKH B 30HY O]
OINOPHOM CTEHKOW M B 30HY TpaHCHOpTepa KOHBeHepa.
HepeMemeHHe ChIpbd MPOUCXOJUT 3a CYET MNpHKHUMaA-
HUs JICHTHI KOHBeﬁepa " 1noJg HeﬁCTBI/IeM CHJIBI TAXCCTH.
O/IHOBpEMEHHOE JICHICTBUE ITUX CHJI, @ TAK)KE HAJIMUUE
HEPOBHOCTEW Ha MOBEPXHOCTU KOHBEWepa CIiocoOCTBY-
0T MEPEMEIECHUI0 M M3MEJIbUCHUI0 KOpHeH. Peska
KOpHEOYIE00IIOIOB IPOUCXOIUT OJHOBPEMEHHO MHO-
TMMH PEXYIIUMH JIE3BUSIMH, PAcloj0KEHHBIMU KakK Ha
MIOBEPXHOCTH TPAHCIIOPTEPA, TaK U HA OTIOPHOM CTEHKE.
BriBenieHO aHaNMTHYECKHE 3aBUCHMOCTH JUIsS OIpeje-
JICHUS! YCWJINS pe3aHus KOPHETJIOAOB, TI€ YCTAaHOBJICHO,
YTO ISl yBEIMYEHUs NPOM3BOANTEIHHOCTH KOHBeiiepa
HEO0OXOMMO YBEJIIMYUBATH KOJUYECTBO PEXKYIINX KPO-
MOK Ha IIOJIOTHE KOHBEHEPA, a TAK)KE YBEIMUUTh LIUPU-
HY ¥ TOJUIMHY Cpe3aeMoro cjosi KopHeruiozna. Ycra-
HOBJICHBI 3aBUCHUMOCTH OITUMAJIBHOTO YTJia pa3aBUra
OyHKepa OT IJIOTHOCTH PEXYIIMX HHCTPYMEHTOB OT
INUPHUHBI U BEICOTHI CPE3aEMOTO CJ104.

KnaioueBble cioBa: KOPHEIUIOABI, TEXHOJOTHYE-
CKHI1 poriecc, M3MEIbYEHUsL.

INOCTAHOBKA TTPOBJIEMBI

W3BecTHBI pa3inYHbIC CIIOCOOBI CHIIOBOTO BO3JICH-
CTBUS Ha MaTepHuall, KOTOPBIH MOJBepraeTcs mnepepa-
6otke. Hambonee pacnpocTpaHEHHBIMU SIBISFOTCS Me-
XaHUYECKHE CIIOCOObI M3MENbYCHUsI, KOTOPbIE XapaKTe-
PH3YIOTCSl TIPOCTOTOI KOHCTPYKIHMH, HAJCKHOCTHIO H

BBICOKOH MPOW3BOAUTENBFHOCTRIO 0OOpynoBanus. [lo
0COOCHHOCTSIM B3aHMMOJICHCTBUS MEXAy paboduMu op-
raHamu u paboueit cpemoii (0OpabaThiBAEMBIM MaTepH-
aJIoM) CJIEAYeT BBIICIUTH CICIYIOLINE OCHOBHBIC CIO-
COOBI M3MENbUYCHUS: pa3laBIMBAHUS, IIEPETUPAHUS,
pasouBanue u pe3ku. OOIIas CyTh UX HE 3aBUCHT OT Xa-
PaKTEepUCTHK MaTepuaa, MoJBepraeTcs nepepadoTke.

AHAJIN3 TIOCJIEJJTHUX UCCJIEJIOBAHUI 1
IYBJIMKALIUIA

B xopmomnpousBoacTBe Al U3METBYSHUS! KOPMOB,
o naHHBIM mpod. Pesenko M.U. [1] pacmpocTpaHeHsl
JICKOBBIE M OapabaHHbIe PeXXyIINe anmnaparsl, KOTOPbIE
00amaroT pAAOM BECOBBIX HemoCTaTKoB. Ilo maHHBIM
aBTOPOB, cpeau KoTopelx, M.M. bensnuukoBa [2],
A.A. SBopcekuit [3], JLU. I'payeBa [4, 18-20] ocHoB-
HBIM HEJIOCTATKOM CYIIECTBYIOIIMX METO/IOB H3MEIb-
YEeHHUs] KOPHEKIIyOHEIUIOJIOB SIBJISAETCS WX HH3Kas IMpo-
W3BOJHUTEIFHOCTD, BBICOKAas TEXHOJIOTHYECKAs CIIOXK-
HOCTb 00OPYIOBaHHSI U SHEPro3aTpaThl.

ITOCTAHOBKA 3AJIAY1

Llenpro paboThl — pa3paboTka KOHCTPYKINHU ycCTa-
HOBKH /I U3MEJIFYCHUS 1 CMEIINBAHMSI KOPHEIUIOIOB C
KOMOHWKOpMaMH, BBIBOJI aHAJHTUYECKUX 3aBHCHMOCTEH
3THX TPOLECCOB.

N3JIO)KEHUE OCHOBHOI'O MATEPUAIJIA

YcraHoBKa Uil U3MENbUYEHUST M CMEIIMBaHUS
KOpMOB (pHc. 1) BBIIOJIHEHA B BUE paMbl | Ha KOTOPOW
KpEIsTCs BCe MEXaHU3MBI U paboune opraHbl. B Hik-
HEl 4acTh YCTaHOBKHM Ha pame | MEeCTKO YCTaHOBJIEH
’KeJi00 2 B yCTaHOBIICHHBIH BUHTOBOM pabounii opraH 3,
C BaJIOM 4 C BO3MOYXHOCTBIO KPYrOBOTO HPOBOpAadHBa-
Hus. C J1eBOro xpasi yCTAaHOBKHM Ha paMe XKECTKO ycCTa-
HOBJICH DJIEKTPOJIBUTATENh 5 ¢ My TOH (Ha depTexe He
MOKa3aHo), KOTOpasi COSANHSIET MPUBOJIHON Bajl JBUTA-
Tens ¢ BamoMm 4. Ham skemoGom 2 c neBOi CTOPOHBI
YCTAQHOBJIEH IIEMTHOM MHOTOPSIHBIN H3MENbYAIOIINI
KOHBe#ep 6 ¢ BeAyIIMM 7 ¥ BEJIOMBIM 3y04aThIMU IIKH-
BaMHU 8, B KOTOPBIX B 3BE€HBLEB LIETIEH Uepe3 LIar KeCTKO
3aKperyieHbl OTHENIbHbIE H3MeNlbyasi HOXH 9 JUIMHON
paBHOM IIKMpPHUHE KOHBEWEpa ¢ BO3SMOXHOCTBIO CrHOaHMUS
MIPY UX JIBIXKEHUU MO MKUBax 7 U 8. YcraHoBIeHUE
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M3MENBYAOIINX HOXEH 9 depe3 miar o0ecneduT CBO-
00JTHOE TIPOCHIMTAHUS MU3MEIHYAIONIETO KOpMa B Kelo0
2. PaBHOMEpHO TO AJMHE COCEOHHX HOXeH 9 B mmrax-
MaTHOM TIOpSAKE BBINOJTHEHBI MOJIYKPYTJbIE PEXYyIIUe
KoHMYecKhe 37MeMeHTHl 10 co cKBO3HBIMH OKHamu 11
KOTOpBIE HAKJIOHEHBI B CTOPOHY IBIDKCHHS PEXKYIINX
Hoxel 9. KpoMe aToro Ha onopHoii creHke kopmyca 12
M3MeIbYAIONIEero KOHBelepa B 30HE M3MENbUeHUs! KOp-
Ma, YCTaHOBJIEHHOH COOCHO C pabo4YMMH HOXeH 9 KOH-
Beliepa YIJIOM MEHBIIEC 00pa3yroliel MOABMKHON pe-
XKYyILEH BETBM KOHBelepa K ropuzoHty. Ha mapHmpax
13 cHHU3Y B 30HE MEX/1y IOJBWKHBIMH ¥ HETIOIBIKHBI-
MU PEXYLIIIMH 3JIEMEHTaMH HOXXH C TIOMOIIBIO PEryJin-
POBOYHOTO MeXaHH3Ma 14 yCTaHOBIIEHBI aHAJOTHYHEBIE
peXyle KOHUYECKUE JIEMEHTHI 15 cO CKBO3HBIMM OK-
Hamu 11 B mIaxMaTHOM MOpSAKE C HAKIOHOM B MPOTH-
BOIIOJIOXKHYIO CTOPOHY C BO3MOKHOCTBIO JIByXCTOPOH-
HEro W3Mesp4eHus Kopma. IIpu 3ToM Mexmy ONopHOH
cTeHkoil 12 xopryca 30HbI U3MeNbUEHHsI KopMa U o0pa-
3yloIiel MOJBIDKHOTO M3MENbUaloT uero KoHBelepa 6
oOpazoBana ycioBHas Ttpamneuuss ABCJl B koropoii
BepxHsis ocHoBa BC sBisiercst Oombieii HmkHedl AJ]
mpu ycioBuu yBenudeHuss BC ¢ momonisio peryaupo-
BOYHOTO MeXaHH3Ma 14, )KeCTKO 3aKpeIICHHBIN Ha 3a]-
Hell crerke 16. Kpome storo OyHkep 17 ¢ KOpMOBOi
cBEKJION 18 XecTko ycTaHOBIEH Ha Kopmyce 19 u3-
MEIBYAIOIIEeTo KOHBeHepa.

Puc. 1 YcraHoBka st U3MEJIBUYEHNUS U CMEIINBA-
HHUSI KOPMOB

Fig. l.Installation for grinding and mixing the
feeds

PerymupoBanne momaud KOPMOBOW CBEKIBI 18
ocymectsisiercs: mubdepom 20. HarspkeHue neneit 6 u3
n3Menbyasi Mbl HOXKaMU 9 OCYILECTBIISETCS C CEPEIHHEI
KOHBellepa ¢ NMOMOIIBIO HAaTSXKHOrO ycTpoicTtBa 21 ¢
pomukamu 22 u npyxusHamu 23. Kpome sToro npotuBo-
MOJIOXKHAs BETKa L[EMHOro KOHBeWepa 6 moajaepkuBaeT-
cs1 oT mporuda poInKoM 24 N3BECTHON KOHCTPYKIIHH.

Kpome atoro s cBOOOIHOW MoAadu HW3MeNbya-
IOIIEr0 KOpMa C 30HBI M3MENBUEHHS OCYIIECTBIACTCS
gepe3 OKHO B HIKHEH 9acTH Kopmyca 12, KOTOpbIil Ha
yepTexe He OKa3aHo.

3a cyeT HAIMYUS PEXYIINX KPOMOK Ha ITOBEPXHO-
CTU IOJIBUYKHOTO TPAaHCIOpPTEpa KOHBeWepa U ONOPHOU
MOBEPXHOCTH MPOMCXOAUT U3MENIbUeHHE KOPHEOYIb0o-
IUIOJIOB OJTHOBPEMEHHO C JIBYX CTOPOH C OTBEPIKCHUEM
CTPYKKH B 30HY 101 OTIOPHOIl CTEHKOM 1 B 30HY TpaHC-
noprepa KoHeeiepa. [lepemenieHue ChIpbsi MPOUCXOTUT
3a cueT MPU)KUMaHUs JICHTH KOHBElepa U 1o 1eicTBuU-
eM cuitbl TskecTH. OJTHOBpEMEHHOE JISHCTBHE 3THX CHII,
a TaKkKe HaIWdue HEPOBHOCTEH Ha MOBEPXHOCTH KOH-
Beifepa cIoCOOCTBYIOT MEPEMEIICHUIO W N3MENIbUYCHHIO
KopHeil. Pe3kn kopHeOyIH00IUIOINB IPOUCXOJUT OTHO-
BPEMEHHO MHOTHMH PEXYIIMMH JIE3BHAMH, PaCIHOJIO-
JKCHHBIMH KaK Ha TIOBEPXHOCTH TPAaHCIIOPTEPa, TaK U Ha
OTIOPHOI CTEHKE. Y CHIINE pe3aHusl OJHUM JIE3BUEM MO-
JKET OBITh BBIPAXECHO IO (opMyse, MPeIIOKESHHOM
akan. B.ILTopsukuamm [2]. Ha puc. 2 mpezacraBieHa
cxema (OpMBI Pe3aJbHOTO eJIeMEHTa

)

N

Puc. 2 Cxema popMbI pe3asbHOTO eeMeHTa
Fig. 2. Form of cutting element

P =P, +Kbh+ebhV?, €))
Tae. PO — MOCTOAHHOC COIIPOTUBJICHUC PE3KE, KOTOpLIfI

3aBUCHT OT (PU3MKO-MEXaHUUECKHX CBOWMCTB KOPHEILIO-
JIOB, OCTPOTBI U TEOMETPUHU PEXKYIIETro JIE3BHS, TOJIIIHU-
HBl CTpYXKH; K — yzaenbHbld Kodd(uuueHt cormpo-

THUBJIEHUS pe3ke; € — KO3(P(OUIHUEHT CKOPOCTHOTO CO-
npoTHBIICHUS; b 1 h — mmpuHA 1 ToNMmHHA cpe3aeMoro
CJI0sI, COOTBETCTBEHHO; V — CKOPOCTb PE3KH.

IIpn OTHOCHTENBLHO MAaNbIX CKOPOCTSX pe3aHus,
KOIZ1a CTpY’KKa He YJeTaeT B CTOPOHY OT DEeXYIIEro
JIe3BHS, a JIETKO OTXOJAWT I0J] COOCTBEHHBIM BECOM, B
MIOCJIE/IHEE CIIaraeMbIM, XapaKTepH3YIOMNil NHEPLHOH-
HBIE U BSDKYIINE CHIIBI, MOXKHO TIpEHEOpEYb.

B sToM ciyuae cuna pesanns (1) npakTH4ecKH I1o-
CTOSTHHOW BEJIMYMHOHM, KOTOpas OIpelesseTcss KOH-
CTPYKLIMEW pexyIIero Je3Bus. BaxkHyro posib B ee 3Ha-
YEHHUH WIPAIOT TeOMETPHYECKUE MapaMeTphl JIe3BHs -
YIoJl 3aTOYKH, NMEePeAHUN U 3aJHUN YTJIbl pexyIlen Mo-
BEPXHOCTH, PaInyC 3aKpyIrJIeHHUs] PexXyllield KPOMKU 3a-
TOYEHHOTO Jie3Bus. ['eomeTpus cpezannoro cios b u h
OTIpeNeNseTcs] IMUPUHOW JIe3BHUS, BBICTYIUIEHHEM pe-
JKYIIEH KPOMKH OTHOCHTENBHO ONOPHOW IOBEPXHOCTH
W YIJIOM €ro YCTaHOBKH B HAIIPaBJICHHM PE3KU U Tpak-
THUYECKH HEM3MEHHOM JUISl MCIIOJIb3YeMOro MHCTPYMEH-
Ta. IIpy M3MEHEHHN I'€OMETPUM JIE3BUSI N3MEIbUUTENS
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OyIeT M3MEHEHa CTPYKTypa CTPY)KKH KOpHEIUIOJa, €€
pasMepsl M, COOTBETCTBEHHO, U3MEHHUTCS YCHUIIME pe3a-
HUSL.
CKOpOCTh PE3KH HOXAaMH OIOPHON TOBEPXHOCTH
V; Ta monotHOM V, KOHBeliepa 3aBHCHT OT IepeMelie-
HUSl KOpHEIUIoAAa IO OMOPHOM NMOBEPXHOCTH. B ciyuae
V;=0 xopHemo] oCTaHaBIMBAThCS Ha ITOI MOBEPXHO-
CTH, 3aKJIMHUBIIGI B e HOXaX. [[n4 nepemenienus Kop-
HEIJIONOB IO MOBEPXHOCTH HEOOXOTUMO, YTOOBI CyM-
MapHas CHuJa pe3aHMs HOXel JIeHThl KOHBelepa He3Ha-
YUTEJIBHO MpPEBbINIANa aHAJOTMYHYIO CULy Pe3aHusl Ho-
K€l ONOPHOM MOBEPXHOCTU. B 3TOM ciydyae KOpHEILION
OyIeT MPOABUTATHCS BHU3 MOJ JEHCTBUEM CHI PE3aHUA
HOJKEH JIGHTHI KOHBeHepa U CIIIBI COOCTBEHHOTO Beca M
Beca KOPHEIIOAOB, HaxoAsIuxcsa BhIE. B cpenHem
MOJHO CYMTaTh, YTO CKOPOCTH PE3KH KOPHEIUIOIOB
YAOBIETBOPSIOT TAKHM 3aBUCUMOCTSIM:
vV +V, =V,
\ 3
v ~v, =Y. ®
rae: V — CKOpOoCTh IBI)KEHHMS JICHTHI KOHBEHepa.
VYcunue pe3aHHs BCEMH HOXaMM OIOPHOM mo-
BEPXHOCTH, C y4eTOM KO3((HINECHTa HCIIOIB30BAHMS
PEXYIUX KPOMOK, PaBHA!

R=4AN, ( Fot Kbh + gblhlvlz) : 4)

AHaJIOTHYHO, YCHIIUSI pe3aHus HO’KaMH KOHBelepa
ompezemnsieTcst GOpMyIIOn:

P, =AN, (P20 +K,b,h, +gb2h2V22) . (5)

Kak ObLIO OTMEYEHO BBIIIE, JJIsI HOPMAJIbHOTO
MpolIecca U3MENbYSHHs BaXKHO, YTOOBI KOPHETLIO N JIBH-
rajicsi OTHOCUTENBHO 00EUX PEeXYyIIUX KPOMOK C TpH-
MEpPHO PaBHOM CKOPOCTBIO, pABHOM MOJIOBUHE CKOPOCTH
MTOJIBMKHOM YacTH JIeHTHI KoHBeiepa (3). C 3Toif menbto
HE00XOIUMO 00ECIIEYHTh YCIOBHE:

P,+mgsina+F,>P +F, (6)

rre;. Mg — Macca KOPHEIUIOZOB B OyHKepe; a — yroiu
HaKJIOHa OTIOPHOHM IOBEPXHOCTH 1O TOpH30HTA; F; —
CyMMapHasi CHJla TPEHHUSI KOPHETIOIOB TI0 OTIOPHOM ITOo-
BepxHOCTH; F, — cymMMapHas cuia TpeHHs KOPHEIIO/I0B
110 IOBEPXHOCTH KOHBEHepa.

VYcaosue (6) mpemycMaTpuBaeT MPEUMYIIECTBEH-
HOE yCWJIUSI B HAIIPABJICEHUH JIBMKEHUS JICHTHI KOHBele-
pa. HeBbinonnenue ycnosus (6) npuBeieT K 3aKIMHU-
BaHWIO KOPHEIUIONOB Ha ONOPHOW IOBEPXHOCTH U Clie-
JIaeT HEBO3MOXHBIM JBMXeHHEe Mo Hel. C 3Toil 1enbro
HEOOXOAMMO OCYIIECTBUTH COOTBETCTBYIOIIME KOH-
CTPYKTHBHBIE Mepbl sl OOecredeHHs BBITOTHEHHS
YCIIOBHS ABIKEHHSI M PE3KH KOPHEIUTOOB (6).

Cuibl TpeHUs] KOPHETUIOIOB C JIEMEHTaMH KOH-
CTPYKIMH MU3MENBYHTEINS 3aBUCIT OT MHOTHX (haKTOPOB
- MaTepuaja KOHCTPYKIIMH, yIiIa HAKJIIOHA OMOPHOH IOo-
BEPXHOCTH, YCIOBHH CMa3bIBaHUS COKOM H3MEJIbUeH-
HBIX KOpHEH, yriia po3xmry OyHKepa, GOpMBI pexymux
KPOMOK.

Amnanu3 BolpakeHuil (4) n (5) mokasbIBacT, 4TO
JUIsl YBEITMUYECHUS CHIIBI pe3aHusi P, He0OX0MMO yBeIH-
YUTh KOJIMUECTBO PEXYIIMX KPOMOK Ha IOJOTHE KOH-
Beifepa, a TakXke, YBEJINYUTh MIMPUHY U TOJIIMHY Cpe-
3aeMOro cjost KopHemnoga. Ecnu xonuuecTBo snemeH-
TOB AT PE3KU ONPEIEISIETCS] KOHCTPYKIUEH TpaHCTIOp-

Tepa, TO MIMPUHA M OCOOEHHO TOJIIMHA CPE3aeMOTO
CJIOSI MOKET OBITh CYIIECTBEHHO YBEINYEHAa KOHCTPYK-
THUBHBIMH MepaMu. Takxe BaKHa 3aBUCHMOCTb KO3(-
¢urmenTa K, oT GOpMBI M 320CTPEHHOCTH KPOMKH pe-
JKYILETO JIE3BHA.

3HAUNTEIBHOE YBEIWYEHHE YCWIUS pe3aHus P,
TaKKe HeleraecooOpasHo, BCJIEICTBHE 3aKIMHHBAHHA
KOPHEIUIOIOB Ha TIOBEPXHOCTH TPaHCHOpTepa KOHBele-
pa. OnHako, B 3TOM Cilydae, IIpolecc pe3ku OyaeT mpo-
UCXOJMThH 3a CUET CY)KEHUs OyHKepa.

OnTuMasbHBIM SIBJISICTCS ONpEeNICHHBIH OajaHC
YCWINH pe3aHusi M TPEeHHs Ha 00euX IOBEpXHOCTSIX,
YIOBIETBOPSIET yCIOBUIO (6) W CIIOCOOCTBYET H3MEIb-
YEHUIO M TPOABIKEHHUIO CBHIPbS BIOJIb OIOPHOH IIO-
BEPXHOCTH OYHKepa.

Ycunue pe3aHust CBEKJIOBUYHBIX KOPHEH paccMoT-
pensl B mutepatype [3]. B uccnenoBanusix Y. HoBukosa
MIOKa3aHOo, 9YTO KO3((UINECHTHI CHIIBI pe3aHus B HopMy-
ne (1) MOXHO onpeAenuTh CIEAYIOMNUM 00pa3oMm:

_ m
P =B,L,d",, (7
rre: By — ko3 UUKEHT, 3aBUCIINA OT MEXaHHYECKOM
npovHOCTH MaTepuana (ams ceekibl — 10,4) Ly — anuHa

YaCTH JIE3BHs, YIaCTBYIOLMIL B pe3ke; O = 2, Cosg -
OCTpPOTa JIC3BUS HOXKA, OMPEICISCTCS paauycoM 3a-
KPYTJICHHS PEKYIICH KPOMKH [y Ta yIJIOM 3aTOYKH WH-
CTpyMeHTa [3; m — HOKa3aTeib CTerneHHu (i CBEKJIbI -
0,53); eg — OTHOMLICHUE BEMUYUHBI TyTH cxkatusi h,, K
JUTHHE dJIeMeHTa CTpYXkH 1 (puc. 3).

V4
p

P\

&
L <

Puc. 3. Cxema 00pa3oBaHus CTPYIKKH
Fig. 3. Scheme of chip formation

BaxHbpIM (akTOpOM NPaBHIBHOIO IPOXOXKIACHUS
Ipolecca U3MeNbYeHUs] KOPHEH SBISETCS ONTHMANIBHOE
3HaUCHME yria po3xmiry OyHkepa y (puc. 1). [Ipu maom
€ro 3HAYCHMU M U3BECTHOH JUIMHE JIEHThl KOHBeWepa
BXOJHOE OTBEPCTUE OKAKETCA HEJOCTATOUHBIM JUIf
pa3MmereHus KOpHs, WIM BBIXOJHOE OTBEpCTHE OyneT
CIIAIIKOM OOJBIINM M M3MEbUEHHS He OyIeT MPOncXo-
JUTh MOJHOCTBIO. Ecnu jxe yrom posxuiy OyHKepa vy
OyneT cIMImKOM OONBIIAM, H3METbUEHHS TPOUCXOTUTH
TOJIBKO B 30HE, OJIN3KOI K BBIXOJHOMY OTBEPCTHIO, YTO
CYIIECTBEHHO YMEHBIIATh MPOU3BOIUTEIHHOCTh W3-
Menbuutens. ONTUMaNbHBIM, ¢ TOYKH 3PEHUS TOBBIIIE-
HUS TPOU3BOAUTENBHOCTH H3MEIbUCHHSI KOPHEH, MO
HallleMy MHEHHIO, Takash KOHCTPyKUusi OyHKepa, B KO-
TOPOM KOPHEIUIOJ, YTO TONajd B OYHKEp, HOJHOCTHIO

V
OblT OBl WM3METBYCHHBIHN, IBUTAACH CO CKOPOCTHIO E
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BIIOJIb OTIOPHOM MOBEPXHOCTH. Y CIIOBUEM TaKOTO APOO-
JICHUS SIBIISIETCS PaBEHCTBO O00BbeMa (MAacChl) CTPYIKKH,
CpE3aHHOW ¢ KOPHEIIOa, YMEHBIIEHUIO 3¢ pekTnBHOTO
obbeMa OyHKepa (C yueToM Ko puIreHTa A, ).

PaccmoTpum puc. 4, Ha KOTOPOM CXEMaTHYHO
n300pakeHbl TeOMETpUYecKHe IapaMmeTpsl OyHKepa H
CBsI3aHHAs C HUM cucTema koopauHat. O0beM OyHKepa,
B 3aBHCHMOCTH OT KOOPJHMHATHI X, OTPaHUYEHHOW Hepa-
sencteom 0 < O < L, samuceiBaeTcsi 3aBHCHMOCTBIO,
CllelyeT M3 M3BECTHOW (OPMYJIbI IUIOMIAAN Tpamnenu,
KakoBa OOKOBOM BHJ OyHKepa!

X
v(x)=B|a +=tgy |x; 9
(x) [al Zgyj (©)
a TIOJTHBIH TOJIe3HBIN 00heM OyHKepa!
L
v(L)=4B|a +—=tgy |L, 10
(L)=4, (al 297] (10)

rae: B — mupuHa OyHKepa, MPUOJIMKEHHO paBHA ILHU-
pPHHE pexylleil JIeHTHl TpaHcropTepa KoHBelepa; Ap —
ko3(unreHT ucnoab3oBaHus oObema OyHKepa — OT-
HOIIICHHE 00beMa KOPHEIJIOA0B K 00beMy OyHKepa.

Pa3zmep BbIXOmHOTO OTBEpcTHs OyHKEpa SBISETCS
KOHCTPYKTHUBHBIM ITapaMETPOM U BBIOMpAETCs U3 ycio-
BUSI MUHUMAJIBHOTO pa3Mepa OCTaTKa KOPHEIUIona, Ko-
TOPBII JOIyCKAaeTCsI B IIPOLIECCE N3MENbUCHHS.

3a BpeMs IepeMeneHus Tena B OyHKepe Co CKOpo-

CTBIO \é 00BEeM yCCYCHHOH YacTH U IIOJIE3HBIH 00BeM
OyHKepa JIOJKHEI OBITh PaBHBI:

22 L L

-~ (N,bhV, +N,bhV, )= ﬂhB(al +Etgyj L.
WiH, yauTeiBasg (3),

L
A (Nph +N,bh, )= sz[al +=19 ]/J. (11)

Orcrofa onpenensieM HeOOXOAUMBIN YTOJ PO3XUITY
OyHKepa v:

21 A (Nph +Nbh
y=arclg — Z(Nll ,+N,b,h,)—Ba, |¢.(12)

Puc. 4 Cxema OyHKepa
Fig. 4. Scheme of bunker

U3 puc. 4 BUAHO, YTO 3HAMEHATENb BBIPAKECHHS
(12) ompenensieT IUIOIIAABL OMOPHON MOBEPXHOCTH, a

N N
IIOTOMY COOTHOLIEHHE O, = —— U O, = —2 XapakTe-

1 BL 2 BL
pHU3yeT yAeNbHYIO INIOTHOCTD PEXYIIHUX 3JIEMEHTOB, CO-
OTBETCTBEHHO, Ha ONOPHON MOBEPXHOCTH M HA JICHTE

Tpancnoptrepa. C ygeTom 3Toro, BeipaxeHue (12) Mox-
HO 3aIlucaTth B BUJIE!

y =arctg{2 %(alblh1 +o,b,h, ) —% (13)

BbruncineHo 3HadYeHHE Yrila pO3XMIy OyHKepa
OTIpEETsIeTCsT KOHCTPYKTHBHBIMH TTapaMeTpaMu  yCT-
poiicTBa M pa3MepaMu OTBEPCTUH Ui HPOXOXKICHUS
cTpyxku. HecooTBeTcTBHE yria po3xuily OyHKepa BbI-
paxkenus (13) mpuBeneT K yMEHBIICHUIO TIPOU3BOANTE-
JBHOCTH PaOOTHI H3MENIBYNTENS.

Pa3mep BxomHOrO OTBepCcTHS OyHKEpa, KaK Cilemy-
€T U3 puc. 4:

a,=a +Ltgy. (14)

DTO0 3HAYEHHE CIIEAYyeT BHIOMPATh U3 pacdeTa coo-
TBETCTBHS MaKCHMAaJIbHOMY pa3Mepy T'OJIOBKH KOpHEII-
JoAa Juis ero CBOOOJHOIO IPOHMKHOBEHHs B OyHKep
n3MenbuuTens. Ha mpaktuke 3TOT pasmep ycTaHaBIIHU-
BAlOT HECKOJIBKO OOJBIIMM H3-32 BO3MOXKHOCTH 3aKJIHU-
HUBAHUS CHIPbsSl CO CTOPOHBI noaauu. Hannuue Hecko-
JBKUX MEHBUIMX 10 pa3Mepy KOPHEIUIOJOB HE BIIUSET
CYIIECTBEHHO Ha MpOLECC U3MENbUCHUSI B pe3yJbTaTe
UX CXKaTUsl HaKJIOHCHHBIM KOHBEHEpOM 10 pa3MepoB,
HEOOXOANMBIX U M3METBbUYCHHUS B TEKyIIEM MecTe Oy-
HKepa.

BbrumcnnTh ONTHMaNBHBIN Yrod pacKpheIThs OyH-
Kepa, BBIOpaB CIIEIyIOIINe ero KOHCTPYKTHUBHBIEC Xapak-
TEPUCTHUKH: b1 =b2 = 5 uwm, h1 = h2 = 3 mm, o, =

5000 wm/i’, o, = 2000 wm/i, A = 07, Ay =

0,5, al =20mm, L=1m, B=0,7 m.

[MigcraBuBIIM BKa3aHi BeauuuHH y Bupas (13),
orpumaemo Y = 14,25° . Tlpu 5TOM pacueTHas BelH-

4MHa pa3pbiBa BXOJAHOro orseperus a, = 0,274 m.

[TonydyenHoe 3Ha4YeHHWE yriia BCKPBIIU OyHKepa Y
rapaHTUPYEeT MPOU3BOAUTEIHLHOCTh MPOIECcCa H3MEIb-
YeHUsI, KOTopasi ompejiensercs u3 Beipaxkenus (11), pa-
3[IEJIMB MacCy KOPHEIJIONOB B IOJIE3HOM 00beme OyH-
Kepa Ha IPOJBMKCHUU KOPHEIUIOJO0B CO CKOPOCTHIO Vi
BJIOJIb OTIOPHOW MTOBEPXHOCTH JITHHOM L :

APBV (L
M =—[a1 +—tgyj. (15)
2L 2

IMoncTaBuB BHIIEYKA3aHHBIE YUCIIOBBIE XapaKTe-
pucTHKHM OyHKEpa M y4YHMTBIBas, YTO IUIOTHOCTH KOpDHe-
wiona p=1060 xr/M3, onpenenuM NPON3BOJUTEIHLHOCTD
npouecca u3MenvueHuss M=27,3 xr/c. Koneuno, moiy-
YeHHOE 3HAUCHHE MPOM3BOJUTEIBHOCTH MaKCHMAIIBHO
JIOCTIDKUMBIM TIPH  ONTHMAaJIBHOM 3arpy3ke OyHKepa.
PeanbHbIe XapaKTEPUCTHKH Iporiecca OyAyT HECKOIBKO
HIDKE MTOKa3aTelH.

3HAaYUTEIbHBI WHTEpPEC MpPEACTABISET BBIYUCIIE-
HUSI MOIIIHOCTH MPHUBOJHOTO MEXaHH3Ma, HEOOXOIMMO-
ro Juisl o0ecreyeHns] yKa3aHHOH ero MPOU3BOAUTEILHO-
CTH U yJeJbHasl YHEPTUs U3MENbUYCHUS.

MomHoCTh, 3aTpauMBaeMasi Ha HPOLECC PE3KU
KOPHEIUIOJOB, OIpeAenseTcs CyMMOW NpOU3BEACHUN
COOTBETCTBYIOLIUX CHUJI PE3aHHsI U TPEHHs Ha CKOPOCTb
pe3aHus:

W=(P1+F1)Vl+(P2+F2)V2. (16)
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[Ipunss npeanonoxenue (3) u moacraBus B (16)
BBIpakeHUs (4) u (5), moayInum

COOTBETCTBEHHO, ITOJTHAsI MOITHOCTH IMPHUBOJA, C
yueroMm KIIJI npuBoAHOro MexaHu3Ma #, 3alMILETCS B
BHC:
1AV Nl(Plo+K bh +&b hV2)+

= 111 111

m- 2\ |t
n| 2 [N, (Py+Kbh, +ebh V)| (gg)

2 222
\
+E(F1+F2)}

[IpuHsB mpeaBapuUTEeNbHBIE YHCIOBBIE BEIHYHHBI,
KOTOpBIE IPUMEHSUTICH MIPU CHJIOBOM pacyeTe, a TaKkxe,
NIPUHSB, YTO CHJIBI TPEHHUS CYLIECTBEHHO HE YBEJIUYH-
BalOT HEOOXOAMMYIO MOIIHOCTb IPHUBOJA BCIIEACTBHUE
JIOCTaTOYHOTO CMa3bIBaHHUs MOBEPXHOCTH COKOM KOp-
HEIUTOJa, BBIYHCIUM HEOOXOIMMYIO MOIIHOCTH IIpH-
BOJHOTO MeXaHU3Ma 06e3 ydera CHJI TPSHHUS.

VYcunis Ha OJJHOM JIC3BHH OIIOPHOW MOBEPXHOCTH,
KOTOpOE BBIYHUCIICHO MO-TIpexkHEeMYy cocTaBisieT P =4,8
H, xommuectso nessuit N, =o,BL=3500 wm. Cym-

mapHoe yerwmue B =4 PN, =11,76 xH.

CoOTBETCTBYIOMIAs MOIHOCTh IIPUBOJIA C YIETOM
kkn 17 =0,8 cocrasur Wm =14,7 xBr.

PacueTrnas yaeiabHass 3HCPIUd U3MEJIbUCHUA KOp-
HCIJIOA0B, C YYETOM MaKCHMaJIbHOU MIPOU3BOAUTCIILHO-

CTH, COCTaBUT % =0,538 xJx/kr.

[IpoananusupyeM 3aBUCHMOCTb OCHOBHBIX Xapak-
TEPUCTHUK IMPOLECCA U3MENbUYEHHsI OT KOHCTPYKTHBHBIX
napaMeTpoB OyHKepa.

OnHUM U3 OCHOBHBIX IapaMeTpoB OyHKepa ecTh
YToJI €ro po3Xuily, XapakTepu3younii 00beM Marepua-
J1a, KOTOPBIA MOXeT ObITh 00paboTaH B HeM. Brrunciie-
Hus 1o Qopmyne (13) wmmocTpupyroTcs Ha puC. S.
BunHo, 4To yBenuueHUE KOJIMYECTBA OTBEPCTUH (ILIOT-
HOCTH PEXYIIHX 3JIEMEHTOB) NPOIOPLHOHANBHO BIUSIET
Ha yBEIWYECHHE yIJla PO3XWIy OyHKepa H, COOTBET-
CTBEHHO, yBEIMYEHHE MPOU3BOIAUTENBHOCTH IpoLEcca
HU3MENbUYCHHUS.

20 /

/
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Puc. 5. 3aBucuMOCTh ONITUMAJIBHOTO yTiIa OyHKEpa
OT INIOTHOCTHU PEXKYIIUX DJICMECHTOB

Fig. 5. Dependence of the optimal angle of bunker
opening on the density of cutting elements.
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Puc. 6. 3aBECHMOCTh ONTUMAIBHOTO yTJIa PO3XH-
nmy OyHKepa ¥ OT IIMPHHEI U BBICOTHI CPE3aeMOro CI0s
bih

Fig. 6. Dependence of the optimal angle of bunker
opening y on the width and height of the cutting lay-

erbih

AHaJIOTMYHO PHC. 5 3aBUCUMOCTb YIJIa PO3XUIY
OyHKepa HaOMIOaeTCs | I LIMPUHBI U BBICOTHI cpe3a-
emoro ciost b ih (puc. 6), 4ro 0OBSICHAETCSA UX MPOU3-
BegeHneM. Kak cinenyer u3 anammsa ¢popmydst (13), oc-
HOBHBIM IIOKa3aTelieM, BIUSIONIMM Ha Yroil ¥ , sBISeT-

Csl CyMMapHasi IPOM3BOANTEIHHOCTh CPE3AEMOT0 Mare-
pHana MporopIMOHANEHA BBICOTE U IIUPUHE PEXYIIUX
9JIEMEHTOB M MX KOJIMYECTBA HAa IOBEPXHOCTH OyHKepa.
AHanu3 QopMynbl, 4TO ONpEAesseT MPOU3BOIM-
TENBHOCTH TNpOoliecca U3METbUEHHS, TOKA3bIBAET JTHHEH-
HYIO 3aBHCHUMOCTH OT IIMPHHBI OyHKepa B, ckopoctu V
W TaHreHca yria po3xuity OyHkepa y . OmHako, HE0O-

XOANMO CUUTaTh, YTO YroJI HE MOXET ObITh H30paH
MIPOM3BOJILHO, @ OMNPENeNseTCs BBINIE IPUBEICHHBIMH
3aBUCHMOCTsIMU (12).

MOIIHOCTD NPUBOAHOTO MEXaHN3Ma, KaK BHJIHO W3
¢dopmyner (18), mpsMO TPOMOPIHOHANIEHA CKOPOCTH
pe3kn V, konngecTBa pexymux kpoMok N; u Ny, mm-
puHe W BbICOTe cpe3zaemoro ciost bih (c coorser-
CTBYIOIIMMH HMHJAEKCaMHM), a Takke Kod((HUIMeHT cra-
TUYECKOTO COTIPOTUBIEHUS pe3ke Pig 1 Pyg. Kaxaprit u3
KOMITOHEHTOB BHOCHUT CBOIO JOJIIO B YCHJIMS PE3aHMUs,
OJIHAKO HamOouiplliee BIUSHHE HWMEIOT CllaraeMble
K/bh u Kb,h,. Yeumsmu tpenns F u F, moxHo

npeHebpeys, CUUTasg, 9YTO TPEHHS 110 OMOPHOI MOBEepX-
HOCTH, BCIJIEACTBHE 3HAUUTEIBHOIO CMAa3KU BbIIEIICH-
HbIM COKOM KOPHEIUIOAA, SIBJISETCSI HE3HAUUTEIbHBIM.

BBIBO/IbI

[IpennoxeHa KOHCTPYKUHUA Uil M3MENbYEHUS U
CMCIIMBAaHUA KOPHCIIOAOB B KOTOpOﬁ HUMECTCA HaJIU-
yhe PEeXYLIMX KPOMOK Ha MOBEPXHOCTH IMOJABHKHOTO
TpaHCcopTepa, KOHBEHep C OMOPHOW MHOBEPXHOCTHIO,
IIe TPOHUCXOAMT U3MENBYCHHE KOPHEOYIhOOIIONOB
OJIHOBPEMEHHO C JIBYX CTOPOH C OTBEPIKEHHUEM CTPYKKHU
B 30HY IO/ OTIOPHON CTEHKOH M B 30HY TpaHCIoOpTepa
KOHBelepa.

BriBeneHBl  aHaMUTHYECKWE 3aBHCUMOCTH IS
OTIpeNIeNIeHUs] YCUIINS Pe3aHusl KOPHEIUIOIOB, C YBEIH-
YeHWEM IPOM3BOJHUTEIBHOCTH KOHBEWEpa IMyTeM YyBe-
JUYEHUST KOJMMYECTBA PEXYIIMX KPOMOK Ha IOJIOTHE
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KOHBelepa, a TaKkoKe yBEINYCHUE IMUPHHBI M TONIIHHEI
Cpe3aeMoro Closi KOpHEeIUIoAa.

ObocHOBaHHO BEIOOp MapaMeTpoB OyHKepa C Io-
BBIIICHUSIM TPOU3BOAUTEIFHOCTH HU3MENBYCHHS IyTeM
YBEJIMYCHUS PEXYIIUX KPOMOK M CKOPOCTH H3MeENbye-
HUA
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THE STUDY OF TCHNOLOGY PROCESS OF
GRINDING THE ROOT CROPS

Summary. The most common methods of
grinding the root crops are mechanical methods, which
are characterized by simplicity of design, reliability and
high performance of equipment. Taking into account the
peculiarities of the interaction between the working
bodies and working environment (finished material), the
following methods of grinding should be highlighted:
crushing, rubbing, breaking and cutting. Their common
feature does not dependent on the characteristics of the
material, which is recycled. The root crops are grinded
simultaneously on both sides with a rejection of chips
into the area beneath the support wall and into the area
of a conveyor belt. There are cutting edges on the
surface of the moving conveyor belt and the support
surface. The presence of these edges in the area of
grinding is the main feature of the construction
proposed by the authors.The raw materialis displaced by
pressing the conveyor belt and under the action of
gravity. The simultaneous effect of these forces, as well
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as the presence of irregularities on the surface of the
conveyor belt contributes to the displacement
andbreakage of roots. The root crops are cut
simultaneously by means of many cutting blades located
on the conveyor surface and the support wall. The
analytical dependencies for determination of cutting
efforts ofroot cropsare developed. To increase the
conveyor performance, it is necessary to increase the

number of cutting edges on the conveyor belt, as well as
to increase the width and thickness of the shear layer of
roots. The dependences of the optimum angle of
opening the bunker on the density of the cutting tools
and on the width and height of the cutting layerare
defined.

Key words: root crops, technologyprocess,
grinding.
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