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The article considers the relevant indicators which characterize the principles that most affect the effective-
ness of logistics support management and the Deputy Commander of Combined Arms Force on Logistics func-
tional efficiency under conditions of combat actions. To evaluate effectiveness of logistics support management,
it is suggested to use a partial criterion of efficiency, namely: the degree of efficiency in performing tasks on
logistics support management and duration of the logistics support management cycle of the combined arms force

under conditions of combat actions.

Keywords: combat actions; combined arms force; logistics support system; materiel.

1. INTRODUCTION.

Logistics management is an integral part of troop
management and is collaborative work of commanders,
staffs, deputy commanders on logistics, services and lo-
gistics support bodies in order to maintain combat read-
iness of the combined arms force in terms of logistics,
as well as ensuring the combat readiness of logistics un-
der conditions of combat actions.

Formulation of the problem. The analysis of logis-
tical support of troops (forces) [1], conducted in recent
years, shows that insufficient attention was paid to the
issues such as the following: training of units and offi-
cials as for logistical support of the combined arms
force under conditions of combat actions, and rational
choice of the area for reception and transfer of materiel
to the combined arms force under conditions of combat
actions [2].

These issues acquired the greatest relevance just
now while conducting the Joint Forces operation (JFO).

Analysis of recent research and publications. In
scientific research it is necessary to pay attention to the
scientific works of O. Vorobyov, 1. Vlasov, O. Uhryno-
vych, etc., who deeply reveal most of the issues on this
range of problems [3].

The purpose of the article is to select and substan-
tiate the indicators of management efficiency evalua-
tion of the combined arms logistics system under con-
ditions of combat actions.

2. RESEARCH RESULTS

The purpose of logistics management is to direct
the capabilities of logistics services and bodies to sup-
port the combined arms force. To achieve this goal it is
necessary to perform a number of tasks of logistical
support, that are the subject matter of logistics manage-
ment.

Logistics management includes: obtaining, acqui-
sition, analysis and evaluation of the initial data of the
situation; making a decision on the logistical support of
the combined arms force; defining and distribution of
tasks for logistics support; logistics support for the
combined arms force; organizing and carrying out ac-
tivities of logistics support for increasing combat read-
iness of the combined arms force and maintaining their
combat effectiveness; organization of a logistics man-
agement system; implementation of measures for moral
and psychological training of personnel; control over
the readiness of combined arms force units concerning
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logistics; management of the logistics units and ser-
vices activities [4].

The basis of logistics management is the decision
of the commander to perform the tasks, and organiza-
tional work of the combined arms force deputy com-
mander on logistics and the management bodies con-
cerning logistics.

The main principles of logistics management are:
chain of command in logistics; determination in imple-
mentation of decisions; timely response to changes in
the situation; personal responsibility for the decisions
made on implementation of their tasks.

Relevant indicators, that characterize the princi-
ples that most affect the efficiency of logistics manage-
ment and quality of the combined arms force deputy
commander’s work on logistics have been introduced

[4].

Thus, the sustainability of logistics management
presupposes the ability of the combined arms force
command and the management bodies to perform the
tasks under conditions of combat actions.

Sustainability is a complex characteristic of the lo-
gistics management system and is achieved by creation
of logistics operations center; protection from interfer-
ence created by both the enemy and their own radioe-
lectronic means; increasing the time of failure-free op-
eration and rapid restoration of command and control
facilities.

The complex indicator of sustainability is charac-
terized by the coefficient of sustainability of the logis-
tics support system; and partial indicators — by param-
eters that take into account the reliability of functioning
of the logistics support system elements; by parameters
that take into account the survivability of components
of the logistics support system; parameters that take
into account the quality of management of the logistic
process.

Continuity of logistics management characterizes
the ability of officials and logistics bodies to influence
constantly the course of logistics support of the com-
bined arms force.

Continuity of logistics management is achieved
by: constant communication with provided units, as
well as subordinated and interacting bodies of logistics
support, and with the senior commanders; ensuring
constant readiness of logistics operations center; timely
capacity building of management tools; rational loca-
tion of logistics operations center, command posts of
logistics units, their timely transfer under conditions of
combat actions, if necessary, the rapid transfer of con-
trol from one center to another; rapid recovery of bro-
ken management.

Continuity is characterized by survivability indi-
cators. The research of the survivability of logistics
support units was carried out using existing techniques
[5, 6].

These techniques cover several states of the unit:
outside the shelter, concealment using protective ter-
rain characteristics; outside the shelter, concealment
using organic means of disguise; inside the shelter, with
the use of organic means of disguise.

In addition, the survivability of the unit while de-
livering materiel and at the point of breakdown was
studied.

In circumstances where modern means of recon-
naissance are applied, survivability of the logistics sup-
port unit is characterized by the indicator of survivabil-
ity during the predetermined time and the probability of
damage to the object [6].

Analysis of operational forming-up of the com-
bined arms force, the possible composition of defensive
or offensive enemy forces and their capabilities to allo-
cate subversive reconnaissance units, detachments, tac-
tical airborne troops, etc., shows that up to 25% of their
total number sent to the rear of our troops will operate
at a depth of up to 10 km, up to 25% - from 10 to 60
km., the rest will operate at a depth of 200 km or more.

The probability of the enemy influence on logis-
tics support units in modern operations can increase,
thus, the survivability of logistics support units will de-
crease.

The impact of the survivability of logistics support
units on the efficiency of logistics in general requires
additional consideration. This, in turn, requires the de-
velopment of suggestions as for increasing the surviva-
bility of logistics support units of the combined arms
force.

The interaction between the logistics support sys-
tem elements of the combined arms force and its appro-
priate functioning is ensured by the process manage-
ment, that is an integral part of logistics management
and consists of for the organization and management
implementation measures, and includes timely collec-
tion and processing of the information, data preparation
and logistics decision-making on logistics, as well as
timely and clear planning and setting tasks for execu-
tors, constant control and assistance during task execu-
tion; establishment of close cooperation with logistics
support services; establishment and implementation of
measures for protection, security and defense of logis-
tics support units.

In modern combat actions logistics management is
much more complicated. This is due to both the sharp
increase of the time factor role and the peculiarities of
the combined arms force tactic in combat. It requires
the use of more skilled methods of work from officials
when planning and implementing logistics manage-
ment.

The efficiency of logistics management is charac-
terized by the ability of officials and logistics support
bodies to solve problems under conditions of combat
actions.

The process of logistical support takes place under
conditions of continuous influence of destabilizing fac-
tors, due to this, the actual behavior of the structural el-
ements of the process deviates from the specified. The
efficiency of logistics support significantly depends on
the efficiency of management.

3. CONCLUSIONS AND PROSPECTS OF
FURTHER RESEARCH

Thus, the selection and substantiation of indicators
of logistics management efficiency evaluation of the
combined arms force units under conditions of combat
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actions, namely, indicators of probability of forces at-
tendance and means of providing materiel in relation to
a certain area with minimal performans of the materiel
transportation system, taking into account the enemy
fire activity; efficiency coefficients of the materiel sup-
port subsystem, taking into account the ground location
of military equipment and personnel of this subsystem.

Analysis of the management cycle components
and analysis of the management structure based on the
results of previous studies [7] shows that the time spent
on the management cycle of logistics support of the
combined arms force can be up to 2.66 hours.

Low operations indicators of the efficiency degree
in performing tasks on logistics management reduce the
efficiency of the logistics support process of the com-
bined arms force and require reduction in time spent on
the logistics management cycle. For a person responsi-
ble for making decisions, the concept of "efficiency cri-
terion" is the rule that allows to compare certain deci-
sions, methods, and options for achieving the goal.
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VY cTarTi po3TIIIAETECS YIPABIiHHS TEMIEPAaTyPHUM PEXHMOM IPOIECIB MPOKATKH 32 PaXyHOK 3aCTOCY-
BaHHS MaTEeMAaTHYIHOI MOJIENI TEMIIEPATYPHUX PEXHIMIB ITPOKATKH COPTOBHUX NMPO(ITiB, IKa JO3BOJIUTH BJOCKOHA-
JUTH YOPABIIHHS TEMIEPaTyPHUM PEKUMOM TIPOIECIB MPOKATKH 1 ONTHMI3yBaTH TEXHOJIOTIYHI apaMeTpH s
YCYHEHHSI HEpiBHOMIPHOCTI PO3IOAITICHHS TEMIIEPATyPH 110 JOBXKHHI CMYTH.

Abstract

The article considers the control of the temperature regime of rolling processes through the application of a
mathematical model of temperature regimes of rolling profiles, which will improve the control of the temperature
regime of rolling processes and optimize technological parameters to eliminate uneven temperature distribution

along the strip.

Kaiouosi cioBa: mpokaTtHU cTaH, MPOKAaTHA KIIiTh, TEMIIEPATYPHI PEKUMH, COPTOBUIT Ipodiib, Moero-

BaHHS MPOKATHOI'O IMPOLECY.

Keywords: rolling mill, rolling plate, temperature modes, high-quality profile, rolling process modeling.
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IMocranoBka nmpodemu. CydacHe CTaHOBHIIE Ha
PHHKY XapaKTEPHU3YEThCSI TOCTIHHO 3pOCTAI0YNMH BH-
MOT'aMH CHOXKHBaya 10 sIKOCTi TOTOBOT MPOXYKIIii Me-
Tanyprii. 3a0€3MeYUTH BUCOKY SKICTh MOXIIUBO TUTBKH
IPU CUCTEMAaTHYHOMY KOHTPOJI TEXHOJIOTTYHOTO TPO-
ecy, KK MPOBOANUTHCS 32 BCIMa MEXaMH 1 103BOJIsIE
MIHIMI3yBaTH 3aTpaTh €HEPreTUYHHUX 1 MarepialbHUX
pecypciB. OCHOBHMMH IMOKa3HUKaMu, II0 3abe3rneuy-
I0Th OTPHMAaHHS 3aJaHOi AKOCTI METaly, € COCTaB,
CTPYKTYpa, CTaH IMOBEPXHi.

Oco0MBO BaXIIMBE MiCIle 3aliMae TeMIepaTyp-
HUH peXUM HarpiBy 1 OXOJIOKHHS Y XO/Ii MTPOBEACHHS
MIPOKATKH, SKUH BU3HAYA€E SK SAKICTh MPOIYKIIii, TaK i
BUTpATH eHeprii 1 pecypciB. BinmosnHo, Temmeparyp-
HHUH PEXUM BIUIMBA€E HA TEXHIKO-CKOHOMIYHI Mapame-
TPU 1 TOMY YNpPaBIiHHS TEMIEPaTypHUM pPEXUMOM
MPOLIECIB MPOKATKH, € TIOCUThH aKTyaJbHUM.

AHaJii3 ocTaHHIX 10CaiTKeHb 1 myOJikanii. Ha-
YKOBOIO OCHOBOIO JIJIsl CTBOPEHHSI CHCTEM aBTOMATH3a-
il MPOKATHHUX CTAHIB CTala TEOpis MPOKATHUX CTAaHIB
SIK 00'€KTIB YIIPaBIiHHA, II0 0a3y€eThCS HA MTOJIOKESHHIX
Teopii mpokaTku. CydacHa Teopis MPOKATKH i KOHCTPY-
KIi1 IPOKAaTHUX CTaHIB OTPUMAJIM PO3BUTOK B 3HAYHIHN
Mipi 3aBIsKH poOoTaM BiTum3HIHUX BueHHX A.l. Llemi-
koBa, A.Il. Yexkmaprosa, I'.JI. Xumuua, B.C. Cmup-
HOBa, [. M. IlaBnoga, [.51. Taproscbkoro, B.JI. Koamo-
roposa, [L.I. [TonyxuHa. 3Ha4HUH BHECOK y PO3POOKY
Teopii NPOKAaTHUX CTaHIB sIK OO'€KTIB yNpaBJiHHS Ta
CTBOPEHHSI CHCTEM aBTOMaTH3allil MPOKAaTHUX CTaHIB
BHecan M.M. [lpyxwunin, .M. Meeposuu, 10./. Ke-
ne3HoB, [.I'. I'puropsn, A.b. lllenenukin, A.C. ®ina-
toB, B.I. Ilonensnyx, B.K. Xorynes, b.H. [dpamtok,
B.JI. CredpanoBuy, b.b Tumodees, B.I. Apxanrenbchb-
kuit, A.H. YepHuos i O6araro iHmuX.

Ha ocHoBI aHaNi3y BiZOMUX JIITEpaTyPHUX JaHUX,
MiATBEP/DKEHO 3aKIIOYECHHS, IO TEeMIIEpaTypHHUH pe-
JKMM TPKaTKH € OJJHUM 13 OCHOBHHX (DakTopiB, 10 BH-
3HAYalOTh MIKPOCTPYKTYpY 1, BIINOBIJHO, MEXaHI4Hi
BJIACTMBOCTI rapsiuekaTaHux cMmyr. [Ipu upomy st Gi-
JBLIOCTI CTaJiel MpoKaTKa Ma€ 3aKiH4yBaTUCS B 00Ja-
CTi TeMIlepaTypy OZHOPOAHOI ayCTEHITHOT CTPYKTYpH.
VY ninoMy oliHKa MOKa3HUKIB SKOCTI rapsiueKaTaHux
CMYT 3a JaHHMH PO TeMIEpaTypy NMPOKaTKU 3 HCHIO-
€THCA 3 ICTOTHUM 3aIli3HCHHIM.

Merta cTaTTi — MigBUIICHHS e()EeKTUBHOCTI BUPO-
OHUIITBA rapsiyeKaTaHUX CMYT Ha IIPOKATHUX CTaHaX 3a
paxyHOK BIOCKOHAJIEHHs YIPaBJIiHHS TEMIEPaTypHUM
PEKMMOM TPOLIECiB TPOKATKH.

Buxusan ocHoBHOro marepiany. Temmeparypa €
IHTErpajibHOI BEJIIMYMHOIO, 1110 BU3HAYAE JIOCSITHEHHS
HEOOXIZHOI SAKOCTI abo T MmiABHIINEHHS, HEOOXIIHOL
MPOAYKTHUBHOCTI, MiHIMi3aIlil BUTpAT €Heprii, MUTOMOT
BUTPATH MAJINBA, BOJH, 3aXHUCHOI aTMOCc(hepH.

KoHTponbs Temiieparypu MeTany Ha HPOKAaTHHX
CTaHax 3/IHCHIOETHCS 32 JJONOMOTOIO MIpOMETPIB BH-
NPOMIHIOBaHHS JIMIIE B OKPEMHX TOYKax, MPUUIOMY
IpH 1X BUKOPUCTAHHI HEJIOCTATHHO BPAXOBYIOTHCSI Me-
TOOWYHI MOXHOKH. MeTonuuHI NMOXHWOKH y JaHHOMY
BUIIAJIKY TTOB'sI3aHi 3 HACTYITHUMH SIBUIIAMU:

- 31 3MIHHUM CTYIIEHEM YOPHOTH 00'€KTa BUMIPIO-
BaHHJ, IO 3aJISKHUTH BiJl PiBHSA TeMIepaTypH, XiMmid-
HOTO CKJIaZly METaly, CTaHy HOro MOBEPXHOCTI, KyTa
Bi3yBaHHSA 1 T.IL.;

- 3 ()OHOBUM BUTIPOMIHIOBAHHSIM;

- 13 BIUIMBOM MPOMIXKHOTO IIapy MOBITPsI, IO Mic-
TUTH TpraToMHi razu (CO2, H20, SO2).

Takox BaXJIMBUM IPHU BUMIPIOBaHI TeMIeparypH
MeTaly € 3HaHHs JAIHCHOrO CTyINeHs YOPHOTH, 3Ha-
YEHHsI IKOTO BUKOPUCTOBYETHCS JUIsl BBEACHHS KOppe-
KU1 710 NOKa3aHHS [IPOMETPIiB BUIIPOMiHIOBAHHS, SKHUH
rpasy€eThes 0 aOCOIOTHO YOPHOMY TiJTy.

VYci MeTpororiuHi XapaKTepUCTHKU JaHOTO TPH-
naxy i 0e3KOHTAKTHOTO BHMIpPY TeMITEpaTyp IifcHI
TIJIBKY TS a0COTIOTHO YOPHOTO Tija. AJie peaibHi Me-
TaJIN TI0 CBOIM BHITPOMIHIOBAJIBHUM XapaKTEPUCTHKAM
BiZIPI3HSIOTECS BiJ aOCOIIOTHO YOPHOTO Tina. Bumpo-
MIHIOBaJIbHI XapaKTEPUCTHUKHU BiJIOMI JiuIe 11t ooMe-
JKEHOT'O YHCiIa MapoK CTalli, By3bKHX IHTEPBAJIB TEM-
TepaTypH Ta TUIBKU U1l OKPEMUX [iara3oHiB JOBXUH
XBHJIb.

MeroauyHi TOXMOKH, 110 BUHUKIOTH Yepe3 HEeBi-
JIOMi CHEKTpasbHi 1 1HTerpajbHi MMOKa3HUKU CTYIEHS
YOPHOTH METaly, ()OHOBOT'O BUIIPOMIHIOBAHHS, 3aIH-
JICHOCTI, HETOYHOTO Bi3yBaHHS, BIUIMBY CEJIEKTUBHO
BHITPOMIHIOIOYHX 1 TOTJTMHAIOYHNX ra3iB i T.II., BpaXOBY-
I0ThCS HE TTOBHICTIO, & BBEICHHSI TOYHUX MONPABOK Ha
CTYMiHb YOPHOTH JIOCTHUTH CKJIAIHO, TaK SIK Ii 1aHi JO-
CHUTH crenn(ivdHi i IPaKTUIHO HEAOCTATHBRO BiIOMI.

Hamnpuknan, moMuika y BEJIHYHMHI CTYIEHS 4Op-
HOTH, 1110 33Ja€ThCs, B 0,1 MPU3BOIUTE 10 TOXUOKH BiJ
15 1o 60 rpaz. C 3ayiexKHO Bifl piBHSA TeMIIEpaTypH, CIie-
KTPaJbHOTO Jiana3oHy NpHiiMada BUIIPOMIHIOBaHHS 1
.0 [1].

VY 3B'I3Ky 3 IIMM MOJEIIOBAHHS TeMIepaTypHHUX
PEXXUMIB IIPOKATKH € AyXKE MEPCIIEKTUBHUM 1 € 623010
JUISL aHAJI3y Ta BIOCKOHAJICHHS ICHYIOUMX Ta PO3pOOKH
HOBHX TEXHOJIOTIH MPOKATKH, 5Ki 3a0e3ledyars OTpH-
MaHHS SIKICHOTO KiHIIEBOTO MTPOAYKTY.

BaxnuBuM 3aBaHHAM y TPOKaTHOMY BUPOOHMII-
TBI € BUOIp TeMIEpaTypHUX PEXUMIB HarpiBaHHs Me-
Tally rnepej MPOKaTKO, BU3HAYCHHS TEMIIepaTypH Me-
Tany y OyIib-sKiil TOUIl IPOKATHOTO CTaHy.

TeopeTnuHi OCIIHKEHHST TEMIIepaTypHHUX MOJIiB
MOJKHa YMOBHO PO3/IUTHATH, BUXOASYH 3 METO/IIB PO3B'-
sI3aHHS PIBHSHb TEIUIONPOBIIHOCTI, TAKUM YHHOM:

- METOAM eJIEeMEHTapHHX OalaHCiB, Jie BUKOPH-
CTOBYIOTh CEpEJHbOIHTETpalbHE 3HAUCHHS TeMIlepa-
TYPH 32 TOBIIMHOIO CMYTH, III0 HE JIa€ MOXKIIMBOCTI J10-
CJIIINTH 3MIHY TEMIIEPaTypH 3a TOBLIMHOIO CMYT;

- aHaAIITHYHI METOJH PO3B'I3aHHS PIBHSIHHS Te-
TUTOTIPOBITHOCTI, /1€ BHKOPHCTOBYIOTH KJIACHYHI Me-
TOJIU PO3B'SI3aHHA AH(EpEHIliaIbHIX PiBHSAHD y IPHUBa-
THHUX noxigHux. KiHIesi pe3ynsTaTu 3aiexarsb BiJ TO-
YHOCTI TNPUUAHATHX NPUIYIIEHb [OYAaTKOBUX Ta
IPaHUYHUX YMOB. METO/I BUKOPUCTOBYE PIBHSHHS Te-
IUTOTIPOBITHOCTI 1O OJHIH, MAKCHMYM JIBOM KOOPJIIHA-
TaM 3 IOCTIHHUMHU TeIUI0()I3NIHNMHE KoedillieHTaMH1 Ta
3 TPaHUYHUMH YMOBaMH;

- pilIeHHS PiBHSIHHS TEIUIONPOBIIHOCTI METO-
JlaMu enekTpoanaorii. [lepeBarn — pileHHs y peaib-
HOMY MacmiTabi yacy. Asie BOHH JyXe TPYIOMICTKi,
MaloThb HEBUCOKY TOYHICTB;

- 3BUYAHHO-PI3HOCHI a00 4yucenbHi MeTomu. Lle
pillIeHHS PIBHSHHS TETUIOTPOBITHOCTI, SIKE 3aCHOBAHO
Ha 3aMiHi AudepeHIliaTbHIX OTIepaToOpiB PIBHSIHHS Te-
IJIONTPOBITHOCTI 1X KiHIIEBO-Pi3HUIIEBUMH aHATIOTaMH i
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3aMiHi oOmacti (QyHKIIH, mo Oe3mepepBHO 3MiHIO-
€ThCS, CITKOBOIO 00acTio. Hejomik - Benmnka TpyaoMi-
CTKICTh @JITOPUTMIB 1 IPOTPaM, L0 peasi3yloTh METOI.

[IponoHy€eThCS MOZIENB TEMITEPATYPHHUX PEXKHMIB,
sIKa BpaxoBY€ 3MIHU TEMIIEpaTypH Y NPOKATHIH KIIiTi Ta
MDKKIITHHHOMY TTPOMIXKKY, @ TAKOX MPH TPAHCIIOPTY-
BaHHi MeTtany [2].

Ll# MaremaTHyHa MOJENb J03BOJISE BUPIIIyBAaTH
3aBJAHHS KEPYBaHHA TEMIEPATYpPHHMH pPEKUMaMH
MIPOKATKH Ta ONTHMIi3yBaTH TEXHOJOTIYHUHN PEKUM.

ny ny N3 My
tf = tf—l - Zﬂfn}' +Z Afpk +Z ﬁng —Z Atoxz
j=1 k=1 i=1 z=1 (1)

ti—1
JIe - 3a/1aHa TEMIIEpATypa METAIY;

ﬂtﬂ - BTpaTH TEMIEpaTypH METalIy B IpoLeci
HOro NMpoKaTKH Ta TPaHCIOPTYBaHHS,

P posirpip Merany B mpoueci #oro aeopma-
Iii;
At ‘
- HarpiBaHHs I'YPKOTY B TEXHOJIOTIYHOMY IO~
TOIIi CTaHy;

At

0X- 0XOJIOMKEHHS IIPOKATy B OXOJIOAKYHOUUX
MPUCTPOSIX;

i=1,n .
- (bakTOpH, IO BIUIMBAIOTH HA 3MiHY
TEMIIEPATYyPU IIPOKATY;

' =1,n
J L B (akTopu, 1O CHOPHSAIOTH OXOJIO-
JOKEHHIO METaIy B IPOIIeCi ITAaCTHYHOT Aedopmartii;

k= L, ny. (axTopw, 1110 BUKIMKAIOTh PO3IrpiB
T'YPKOTY B IIPOLIEC INIACTUYHOI ieopmariii;
[ = 1, Ny

KaTHOT'O CTaHYy.

MiAirpiBagbHI IPUCTPOT B JiHIT IIpo-

z=1n . o
# 154 oxoNmomKeHHs MPUCTPOIB B JIHIT

MPOKATHOTO CTaHy.
inpoBa ¢yHKIiS 3aBAAHHS YIPABITiHHS TEMIIEpa-
TYPHUM PEKHIMOM Ma€ BHTJIL;

|t* — t(x1, X3, v, Xp)| — min

ne t, t - 3aj1aHa Ta po3paxyHKOBa TEMIIEPATYPH
MerTainy;

X1 X2 00s Xy Kepyloui mapameTpH.

[Ipoanamni3zyBaBIy CKIaJ0BI TEMIIEPAaTypPHOTO Oa-
JIAHCY, THII IIPOKATHOTO CTaHy Ta OCOOJIMBOCTI TEXHO-
JIOTIYHOTO Tpolecy Ta oOiagHaHHsS OOpaHi Kepyroui
rapaMeTpH MPOIIeCy: IoYaTKoBa TeMIlepaTypa HarpiBy
3aroTiBOK y Iedi; MiHIHNN MacHB 3HAYCHB IIBUAKOCTI
MIPOKATKH Ta IMOKa3HUKIB Aedopmariii B mpoxonax, 10-
BXKMHA Ta IUIOIIA IOIIEPEYHOro Iepepi3y 3aroTiBKH, Ki-
JBKICTH TMPOXOZIB, Yac May3 MiXK HUMH.

[pu mpoxaTi TaKoXK Ma€ Micie HepiBHOMIPHICTh
PO3TOALTY TeMIIepaTypH 10 JOBXHHI cMyTH. BinOysa-
€THCS L€ 32 PaXyHOK HEOJHOYACHOT IIacTHYHOT edo-
pMarliii mepeHLOTO Ta 33 JHHOTO KiHIIB PO3KOYYBaHHS,
110 NPU3BOJHTH A0 BIAXMJICHb PO3MIpIB MpOQiI0 Ta
3HIKCHHIO TOYHOCTI MTPOKATKH.

JlaHa Mozenb TeMIepaTypHUX PEXHMIB I03BO-
JIUTh BU3HAYATH SIK CEPETHHOMACOBY TEMIIEPATYPY, TaK
i TemMmepaTtypy HNEpeIHBOrO i 3aIHBOIO KiHISI CMYTH.
Sk kepyrodi BIUIMBY NPUHHATO TEMIIEpATypy HarpiBy
MIEPETHBOTO 1 3aJHBOTO KiHIIIB 3aTOTIBKH, J¢ MUITXOM
pEryJIIoBaHHSA HOJAayi MalBa Ha MAJTbHUKU CTBOPIO-
€TBCS PI3HHIIA HATPIBY IO TOBXKUHI 3aroTiBku. J{1s 3a-
Oe3reueHHs1 PIBHOMIPHOI TeMmeparypu IO IOBXHHI
CMYTH Y BCIX IIPOXO/ax TeMIiepaTypa HarpiBaHHs 3a/-
HBOTO KiHIIA 3aroTiBKM NMOBUHHA OyTH Ha 50 rpamycis
BHUIIOF0, HIX MEPETHHOTO.

1140
1120
Y
o 1100 BN
o
> RN —— 1
& 1080 \l\\.\ -
& N e =2
£ 1060 o
GE, ERE B B
F 1040 ==
.
1020 e e e S P
1000
12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Homep npoxoay

Puc. 1 — Pesynomamu po3paxyuky memnepamypu cmyau

ne 1 — nepenHill KiHeb;
2 — 3a1Hil KiHeub
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PesynbTaTi MOZENIOBaHHS TOJaHO Ha pHC. 1 y BU-
Al rpagikiB, SKI HOKa3ylOTh Pe3yNIbTaTH pO3paxy-
HKY TEMIIepaTypu IEpeAHbOr0 Ta 3aJHBOTO KiHIIB
CMYTH.

BucnoBok: [IpononyeTbcst MaTeMaTH4Ha MOJIETH
TEeMITEpaTyPHUX PEKUMIB IPOKATKH COPTOBHX MPOdi-
JIB, sIKa JO3BOJIUTDH YJOCKOHAIMTH YIPaBIiHHS TEMIIe-
PaTypHUM PEXHUMOM HPOKATKU Ta ONTHUMI3yBaTH TeX-
HOJIOTIYHI TapaMeTpH JJIs YCYHEHHS HEpiBHOMIPHOCTI
PO3IOALTY TEeMITEPaTypH IO JOBXKIHI CMYTH.
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VY cTaTTi pO3risIaEThCs MOJIEPHI3ALlis KOTJIa-yTHIII3aTOpa METOAMYHOI Ieui, sIKa I03BOJINTh I ABULIUTH ede-
KTHUBHICTh POOOTH 32 PaxyHOK yJJOCKOHAJICHHS YIPABIIiHHSI TEXHOJOTTYHUM IPOLIECOM Ta HIJISIXOM 3aMiHH TEXHi-
YHUX 3aC00iB aBTOMATH3AIlI{ Ha OLITBII CyYacHi.

Abstract

The article considers the modernization of the boiler-utilizer of the methodical furnace, which will increase
the efficiency of work by improving the control of the technological process and by replacing the technical means
of automation with more modern ones.

Karouosi ciioBa: xoTen-yTuiizaTop, TeMIepaTypHi pexxumu, OapabaH, razoaHaizaTop, coJieMip, KalopH-
(ep, cHiBBiIHOIICHHS TPUPOIHUI I'a3-MIOBITPS.

Keywords: waste heat boiler, temperature regime, drum, gas analyzer, salt meter, air heater, natural gas-air

ratio.

IMMocranoBka npodjaemu. [l eHepreTUIHNX Ta-
Jy3eil MPOMUCIOBOCTI 3HAY-HUM TMOTEHITIaJIOM PO3BH-
TKy € palfioHami3amis ClO)KHBaHHS MTaJTHBO-CHEPTeTHY-
HUX pecypciB. Ha miampuemcTBax "opHOi MeTamyprii
JUIsl 320€3MeYEeHHS TEXHOJIOTIYHOTO TIPOIIECY BUKOPHC-
TOBYIOTECSI TICPBUHHI pecypcd (IPUPOIHUIN Ta3, KOKC,
BYTULIs, Ma3yT Ta iH.). L{i mpomecu cynpoBOmKyOTECS
BUPOOJICHHSIM BHCOKOITOTEHIIITHUX BTOPUHHUX pecyp-
CiB y BUIIAI Ta3iB, IO BIIXOIATh, 3 TEMIIEPATYPOIO BiJ
400 o 1500 °C. Takox /10 BTOpHHHHUX PECYPCiB MOXKHA
BiJIHECTH TEIUIO OCHOBHOI Ta MPOMIXKHOT IPOAYKIIii, Te-
IUTO Taps40i BOIW Ta MapH, BiANPANBOBAHNX Y TEXHO-
JIOTIYHUX CHJIOBHX YCTaHOBKAX.

3aBnaHHg MaKCHMMaJbHOIO BHKOPHCTaHHS BTO-
PUHHHX pPecypciB Ma€ K €KOHOMIYHE, TaK ¥ eKOJIOTi-
YHE 3HAYCHHSsI, TaK K 3HI)KSHHS BUTPAT NaJkBa, 110 3a-
0e3reuyeThCsl BUKOPUCTAHHSIM BTOPUHHHX €Heprope-
CypciB, 3MEHIIY€ KUIBKICTh HIKI/UIMBUX BUKHUIIB Ta
3HIKYE 3a0pyIHESHHS TOBKIJLIS.

PimeHHsM momo yTwimizamii TEIIOBHX Ta TOPIO-
YUX BTOPHHHUX PECYPCIB € 3aCTOCYBAaHHS KOTIIB-YTH-
nizaropis (KY). Tomy cBo€uacHa MoaepHizaliis, o 3a-
Oe3reyye BUCOKOC(EKTUBHY POOOTY KOTJIIB-YTHIII3aTO-
piB, € TyXe aKTyaJIbHOIO.

AHaJi3 ocTaHHiX AocaiTkeHs i myoJikamii. Y
CBIiTi HAKOITMYCHO 3HAYHUH HAYKOBO-TOCIIIHHIA MaTe-
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pian Ta TOCBiZ pO3pPOOKH Ta BIPOBAHKEHHS TEXHOJIO-
Tif, O MIBHUNIYIOTh €(EKTUBHICTh POOOTH KOTIIiB-
yrumizatopiB. llupoko Bigomi po-00TH y 1boMy Ha-
npsmi  M.I'pons  (Himeuunna); }0.D.Maiinanika,
B.M.Kiceesa, I'.B.Ky3uenosa (Pocis); M.b.X.Man-
temti (Bpasunis); M.K.bezponnoro (Ykpaina); [JLITi-
opo (Kanana).

Ha ocHoOBI aHali3zy BiJOMHX JTITEpaTypHHUX JaHUX,
MiATBEPIHKECHO, IO TOJIOBHOIO 3 OCOOIUBOCTEH, IO Bi-
npi3EsaroTh KY Bix 3BUMalfHIX MPOMHUCIOBHX KOTIIIB €
T€, II0 MPOBITHUM PETYIIOIOYNM IIAPAMETPOM € HE BH-
poOiieHHs Tapw, sSKa BU3HAYA€ BHUTPATy HEOOXigHOI
eHeprii magmBa, a KUTbKICTh €Heprii, 110 BHOCUTHCS T0-
TOKOM TEXHOJIOT'IYHHX I'a3iB, 110 BiAXOMAATH, 1 BU3HAYA-
I0Th BUPOOJICHHS MapH, sK peakuito KY Ha pexxum Te-
IUI0BOT pOOOTH, 1110 33A€THCSI TEXHOJIOTTYHUM arpera-
tom. ¥ KY BuTpatn Ta Temmeparypa rasy 3ajaHi.
VYupasninasa KY nonsrae B To-my, 100 3a0e3neynta
HaJiiiHy yTHJIi3alilo TEeIUIOTH rasiB, IO BiAXOAATH, 3
TEXHOJIOTIYHOI YCTaHOBKH IUISXOM YTBOPEHHS BiAIIO-
BiJTHOI KITBKOCTI MMapy 3aJaHUX MapameTpiB (THCKY Ta
TemriepaTypu napu). KV € BaxnuBoro JIaHKOIO B YTHIII-
3amii TEMJIOBMX Ta TOPIOYMX BTOPHHHHX PECYpCiB,
ToMy epeKTHBHA HOTo poboTa IyKe Baxkimsa [1].

Meta craTTi — miABHIICHHA e()EeKTUBHOCTI po-
00TH KOTJIa-yTHIII3aTOpa 32 PaxyHOK YIOCKOHaJCHH:
YIPaBJIiHHS TEXHOJOTTYHUM IPOLIECOM Ta IIUIIXOM 3a-
MIHM TEXHIYHHX 3ac00iB aBTOMaTH3allil Ha OiJIbII Cy-
YacHi.

Bukusiaa ocHoBHoro marepiaay. Ha meroanunmx
nedax Ha ctai 3000 BUKOPHUCTOBYIOTH YHi(iKOBaHi KO-
mu-yruiizaropu [TKK-100/45-200-5.

Koren-ytumnizarop € macuBHUM 00'€KTOM YIIpaB-
JMIHHA 1 3aJeXUTh BiJA POOOTH MeTOMWYHOI medi. 3
nporo ButummBae, mo ACY TII xorna-yrmimizaTopa Ta
ACY TII MeToanyHOi 1evi MaroTh OYTH B3a€MOIIOB'S-
3aHi MiX c000}0.

Koten-yrunizatop npusHadeHuil Ui yTuimizanii
JIMIMOBHX Ta3iB, 110 BiI-XOJATh BiJl METOIMYHOI 11e4i Ta
JUTSL TAICPIBY MOBITPS, 10 HAAXOMUTH HA MY JJIS IO-
PIHHS MauBa.

VYrpaBiiHHS KOTJIOM YTHJII3aTOPOM TOJISTaE B
TOMY, 100 3a0€3MeUNTH Ha-TIHHY YTHIII3aI[I0 TeIUIOTH
BIIXITHUX Ta3iB TEXHOJIOTIYHOI YCTAaHOBKH IMUISIXOM
YTBOPEHHS BIJINOBIAHOT KIIBKOCTI ITapy 3a/laHnX Hapa-
MeTpiB (THCKY Ta TeMIepa-TypH IeperpiBy).

BbapabaHn koTna-yTuiizaTopa € OCHOBHUM €JIeMEH-
TOM, TOMY, III0 B HbOMY BiZ0yBa€ThCSI HAKONMHMYECHHS
HACUYEHOT MapH, MOA1T TApOBOISIHOT eMYJIbCil Ha Tapy
i BOMY, 3 OapabaHa 3iHCHIOETHCS 1M01a4a BOJHU y BHIIA-
PHI TOBEpXHI HAarpiBy, a TAKOXK [10/1a4a HACHYEHO1 Tapu
B IIaporieperpinad.

OCHOBHUM HapaMeTpoM, KU MiJUIATa€e peryio-
BaHHIO, € piBeHb Oapabana Komia-yrwimizaropa. Ilpu
3MEHIIEeHH] piBHA B 0apabaHi KOTJIa-yTHIi3aTopa, Mo-
JKJIIUBUI TIEPETpiB 1 Mporap BUIApHUX MOBEPXOHb Ha-

TpiBy, BHACJIIIOK 3MEHIIIEHHS 00'eMy BOJIH, 110 HAIXO-
IUTH 3 OapabaHa KOTIa-yTHIIi3aTopa B BUTIAPHI ITOBEP-
xHi HarpiBy. [Ipu 36inbu1eHH] piBHS B GapabaHi KoTia-
yTUIII3aTOpa, MOXKJIMBE 3aKUIaHHS KOTJIOBOT BO/IM B Ma-
poreperpisady, a 1e B CBOIO Yepry MOKe IMPHU3BECTH 10
mporapy HapomeperpiBada i HONaJaHHS KparelboK
BOJIM Pa3oM 3 Mapor0 Ha JIONAaTKU TypOiHH, IO MpHU3-
BeJIe 10 MUTTEBOT'O PYIHYBaHHS JIOIATOK TypOiHH.

PiBens y OapabaHi KOTNa-yTHIII3aToOpa 3aJI€KHUTh
Bix 0araTboX IMapaMeTpiB: BUTPATH MOKUBHOI BOJH,
MIAPOTPOTYKTUBHOCTI KOTJIa, TUCKY B OapabaHi.

[Tpwu 30inpIIeHH]I BUTPATH TTOKUBHOI BOIH BiOy-
Ba€ThCA CIOYATKY pi3Ke 3HIKECHHS PiBHSA MapOBOISHOT
eMyJsbcii B OapabaHi KOTJa-yTHII3aTOpa, BHACIIIOK
OXOJIOJUKYBaJIBHOT JiT BOJH, @ TAaKOX 1€ BUKJIMKAE He-
BEJIMKE 3MEHIIEHHS Napo-yTBOpeHHs. [Ipyu 3MeHIIeHH]
BUTPATH TMOXKUBHOT BOAM BiIOyBa€eThCsl HAOyXaHHS Ta-
POBOISIHOT €MYJIbCil, 110 BUKIUKAE 30UIBIICHHS PiBHS
B OapabaHi KOTJa- yTHJI3aTOpa, i MPU3BOIUTH 10 3Me-
HIIIEHHS THUCKY B OapabaHi.

Ha koTmi-yTumizaTopi € cCHCTEMH aBTOMaTHIHOTO
peryItoBaHHS piBHS BOIH B OapabaHi-lapo30ipHHKY, a
TaKOX TEMIIEPaTypH Ta PiBHS BOAX B KOJOAS31-0XO0JI0-
IDKyBadi. ABTOMaTHUYHE PETYJIOBAaHHS PIBHA BOIU B
OapabaHi-Tapo30ipHUKY 3IIHCHIOETBCS TPHIMITYIIBC-
HUM DETYJISITOPOM, SIKUIl BIUIMBAa€E HA PEryJIOIYHN
KJIanaH Ha By3Jli )KMBJICHHS KOTJa-yTuiizatopa. Immy-
JIbCaMH JJIsl PETYIIIOBAHHS CITYXKaTh: PIBEHb BOAU B 0a-
pabaHi-n1apo30ipHUKY, BUTpATa MOKUBHOT BOIU HA KO-
TeN-yTWII3aTop i BUTpATa Mapy BiJl KOTJa-yTHIli3aTopa
[2].

OCKUTBKH peryioBaHHs PiBHA BOAM B OapabaHi €
Ba)KJIMBHUM, TIPOTIOHYETHCSI BUKOPHCTOBYBATH MaTeMa-
THYHY MOJIETIb KOHTYPa PEryJIIOBaHHS PiBHS BOJH B Oa-
pabani kxotma, puc. 1. Bixm perynsaropa kepyroumid
BIUIMB Yepe3 NepeTBOPIOBaY, 110 € TPUIIO3UIIIIHNUM pe-
JIEHHUM €JIEMEHTOM, HaJIXOJUTh Ha BUKOHABUUI MeXa-
Hi3M. SIK BUKOHABYMIA MEXaHi3M BUKOPHUCTOBY€EThCSI 3a-
CYBKa 3 €JICKTPOIIPHBOJIOM, MOJICIITIO SIKOTO € ijieanbHa
JIaHKa, 110 iHTerpye, 3 koedimnieatom Ki. O0'exT kepy-
BaHHs — Oapaban KV.

Koedinient Ki xapakrtepusye 3MiHY BHUTpaTH
BOJIY 3aJIEXKHO BiJ| ITOJI0KEHHS 3aCIIIHKH:

Kl = % ' (1)

e Qmax — MakCHMalbHa IPOITYCKHa CIIPOMOXK-
HICTB TPyOOTIPOBOMY, KI/CEK;

T - yac MOBHOTO X0y BUXIJTHOTO BaJTy, CEK.

Tax sk 00'exToM ympaBiiHHS € OapabaH KOTIa, B
AKOMY 3MiHa BHUTPAaTH BOJAW BHUKJIHUKA€E 3MiHY piBHSI, TO
e JlaHka, mo iarerpye. Koeogimient K, Bu3HagaeThes
3a Takoto (HOpPMYIIOL0:

1
K, =—
S, @)

ne S — miomma pesepyapy (6apabany), M.
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Puc. 1 — Konmyp pezyniosanns piens 600u 6 bapabani

Takox B X011 IPOBEACHHS MOJICPHI3aIlil peKoMe-
HAYETHCS 3pOOUTH HACTYIIHI 3aX0IH:

1). BctanoBuTH y IAHOMHOMY JUIMapi MK ITIIII0
ta KV razoanainizaropu xHa O, Ta CO - MRU SWG 300,
IO JO3BOJIMUTH KOHTPOJIOBATH MOBHOTY 3TOPSHHA Ia-
JMBa Ta NonajaHHA KHCHIO B KV, ske Moske npussecTn
JI0 IIBUIKOI OKMCIIIOBAHOCTI Ta BUXOY 3 JIaay TPyOOK,
o BXomath 10 KVY.

2). Heo0OxiaHO 311CHIOBATH KOHTPOJIb XIMIYHOTO
CKJaay Boau B OapabaHi, MOXKHUBHOI BOAM Ha KOTEI,
SKAN 3apa3 MPOBOIMTHCS HACTYIHUM YHHOM: IPOBO-
JIUTBCSI B3ATTS MIPOOU, MOTIM Mpo0a BiqIPaBISIETHCS B
ximMiuHy nmabopatopiro, mam iH(oOpMaIis TPo BMICT
COJIi Y BOAI HAAXOANTH Ha3a] Ha IMynbT KepyBaHHSI KVY.
Tomy peKOMeHIY€eThCSl BCTAHOBUTH coiemepu MAPK-
602T Ha MOXMBHY BOIY i B COJIOHHI Bijcik OapabaHa
KOTJa (BMICT COJIi BU3HAYAETHCSI HEMPSIMUM IIIIXOM
IO COJIEBMICTY B COJIOHOMY BiJICIKY), 1[0 IPUCKOPHUTH
OTpHUMaHHs iHpopMalii Ipo BMICT COi Y BOAI 1, BiAmO-
BiJTHO, MIJBHUIUTE SKICTh YNPaBIiHHSI TEXHOJOTTUHUM
IPOLIECOM.

3). Ilepen momayero Ha peKyneparop HEOOXiTHO
nixirpitu noitps. L{e podbutbes 1yist Toro, 1100 Bosiora
XOJIOHOTO TOBITPS NPH 3ITKHEHHI 3 Taps4uMHU TPYO-
KaMH 3 IPOJIyKTaMH1 3TOPSIHHS, IO BiIXOJSTh, MUTTEBO
He KOHZIEHCYBaJlacs Ha TpyOKax, He Bij0yBanacst Kopo-
3is TPYOOK 1 IMOsiBa HA HAX OTBOPIB. Y CHCTEMI mepe/-
OaueHo kamopudep, SKUH MimirpiBae MOBITPS Mepen
nojavero Horo Ha peKyneparop Juis OAAIBIIOTO Mii-
IpiBy Ta Mojiaui Ha CHaJIOBaHHSI, SKUH ONAIOETHCS 38
paxyHOK I10/ia4i Ha HbOTO HaCHYeHOi mapu. PexomeH-
JYETBCSI PO3POOUTH aBTOMATHYHY CHUCTEMY IiJirpiBy
MOBITPsI 10 MEBHOI 3a7anol Temneparypu. HeooxiaHo
BUMIPIOBATH TEMIIEpaTypy IOBITPs Ha BUXOJI 3 KaJo-
pudepa 1 BUMipro-BaTH BUTPATy HACHYCHOI MapH, II0

MoJIa€Thesl Ha omaneHHs kanopudepa. IlopiBHIoroun
HEOOXiqHY TeMIIepaTypy HOBITps i3 3a1aHOI0, HEOOXi-
JTHO, BiANOBITHO, 301MbIIyBaTH a00 3MCHIITYBAaTH BH-
TpaTy HacM4eHOi mapu. TUM caMuM, Ha BUXO/ 3 KaJlo-
pudepa OTpUMYBaTUMEMO TIOBITPS 3 MOCTIHHOIO TeM-
MIepaTyporo i, 0TXKE, CHCTEMA PETYITIOBAHHS JO3BOJIHUTH
HE 3aJIeKaTH TeMIepaTypi MOBITPS, MO BUXOIUTH, Bif
TeMIIepaTypH, L0 BXOJHUTh, 3a PI3HUX TEMIIEPaTyPHHX
YMOB.

4). OckijbKH TPYOKH peKymepaTopa MiIIarThCs
KOpO3ii, 1 B HUX 3'ABJSIFOTHCSI OTBOPH, TO BiZJOYBa€ETHCS
nepexija BiANpanboBaHUX JUMOBHX rasziB 3 TpyOOK B
MOBITPS, IO MiITPIBAETHCSA, 1 3MEHIIY€E BiICOTKOBUI
BMICT KHCHIO B 3araibHOMY 00cs3i moBiTps. Tomy B cu-
CTEMi peryJIfoBaHHs CIiBBIIHOIIECHHS IPUPOJHAHN Ta3-
TIOBITPSl PEKOMEHTY€ThCSI BCTAHOBJICHHS I'a30aHai3a-
topiB MRU SWG 300 Ha KrceHb mepe BXOI0M OBi-
Tps HA PEKyIeparTop 1 micisd BUXOAY HOBITPS 3 HBOTO.

VYci npono3uii om0 MoaepHizaiii OyayTh Bpa-
XOBaHi MiJl yac po3poOku (PyHKIIOHANIBLHOT CXEMHU aB-
TOMaTH3allil.

BucHoBoK. 3anponoHoBaHa MOJIEpHI3allis 103BO-
JIUTh MIABUIIUTH e€(EeKTUBHICT POOOTH KOTIA-YTHIII-
3aTopa 3a paXyHOK BJIOCKOHAJICHHsI YIIPaBIIiHHS TEXHO-
JIOTIYHHUM TIPOIIECOM Ta IUITXOM 3aMiHM TEXHIUYHHX 3a-
co0iB aBTOMAaTH3aIli1 OLTBII CYYaCHIMU.
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AHoTaNis

VY crarTi po3risIaeThCsl MOJCPHI3aLlisl CHCTEMH aBTOMaTHYHOT'O YIIPABIiHHS TEMIIEPAaTypHUM PEKUMOM Me-
TOJMYHO] I1e4i 32 PaXxyHOK 3aCTOCYBaHHS 0€3MOIyM'sIHUX NaJbHUKIB, 10 MPAIOIOTh 3 HU3bKUM HaJUIUIIKOM MO-
BITPS 1 MOXKJIMBICTIO pOoOOTH Ha MOBITpi 30araueHoMy KHcHeM. [IponoHoBaHa MojepHi3allis 103BOJIUTh 3HAUYHO
30UIBIINTH €KOHOMIIO MATMBA; 3MEHIINTH OKaTiHOYTBOPEHHS; 301IBIINTH NPOYKTHBHICTb Te4i; 3a0e3MeuuTh pi-

BHOMIPHICTb PO3IOJIiTy TEMIIEpaTyp B Ieui.
Abstract

The article discusses the modernization of the automatic temperature control system of the methodical furnace
due to the use of flameless burners operating with a low excess of air and the possibility of working in oxygen-
enriched air. The proposed modernization will significantly increase fuel economy; reduce scale formation;
increase furnace productivity; ensure uniform temperature distribution in the furnace.

Kuiro4uoBi cjioBa: MeTomudHa IMiv, 30HH IIedi, TEMIEPaTyPHUH PEKUM, CHCTEMa YIPaBIiHHSA, 1H)KEKIiHHI ma-

JTHHUKH, 0€310TyM'sTHI TTAaTEHUKH.
Keywords: methodical furnace, furnace zones,
flameless burners.

IocTaHoBKa MPoOJIeMH. [CTOTHMIA BIUTUB HA SIKi-
CHI €HEepreTHYHi Ta €KOHOMIYHI MMOKAa3HUKHU IMPOKaTy
HAJla€ PEeXXUM HArpiBy MeETaly B METOTUYHHUX IICYaX.
3aBIaHHSA ITiJBUIICHHS eHeproe(peKTHBHOCTI BUPOOHU-
TBa 0araTto B 4OMy 3BOJIUTHCS IO BIOCKOHAJICHHS Te-
TUTOBOi pOOOTH METOIMYHUX ITeYeH i MOXke OYTH BHpI-
[ICHO HUISXOM PO3pOOKH BHCOKOE()EKTUBHUX TEILIO-
BUX pEXKHMIB, IO BIAMOBINAIOTH BUMOTaM, IO
Npea'BISIOThCS 10 SKICHUX XapaKTePHCTHK HarpiBy
MeTaly Ta eHepro3oepexeHHs. ToMy BHUpIIICHHS Ta-
KOTO 3aBJIaHHS € aKTyaJIbHUM.

AHaJti3 ocTaHHIX J0cailKeHb i myOJikamiii. [{o-
CJIIJDKEHHS 1 po3pO0KH TOB'sI3aHi 3 yIPABIiHHIM TeM-
nepaTypHUM PEXUMOM HarpiBalbHUX T€4ed BelTyThCs
JIy’)Ke IaBHO. ICHYIOTH YCIIIIHI PO3poOKH Oarathox
BueHHX CBIiTY. Lle pobotn AcdanaceeBa B. H., Kpyr-
nosa C. I1., Jleroa A. M., Poraua B. f., Kyninosa 1O.
1., KnmimoBunibkoro M. /1., Ocranenko A. JI., befirens-
simepa E. E. Takox Bigomi HaykoBui 3 [Tanii AneccaH-
npo Jenna Pokka, Macciminiano ®@antyniu. Po3pooku
Tenova LOI Italimpianti. Tak MeToanka oO4mcirOBa-
JILHOTO T1IPOJIMHAMIYHOTO MOJISITIOBaHHSI, po3po0eHa
nJociigHunbKM eHTpom Centro Sviluppo Materiali B
pamkax mpoekty FlexyTech® Tenova mms monmermo-
BaHHS OKpEMUX MaJbHHKIB, OyJia BIOCKOHAJIEHA 3 Me-
TOIO ii 3aCTOCYBaHHs B HAarpiBaJIbHUX Iedax B IIJIOMY.
Kopsun B.B. i A0y3sipoB P. A. 3 dinii BoarI' TV pos-
paxyBaJi MaTeMaTHYHY MOJIEJIb 00'eKTa yNpaBIiHHSA,
OJTHi€T CeKIIil HarpiBaJbpHOI evi. Y AaHiil HAayKOBil po-
60Ti OyJI0 PO3MIITHYTO PO3paxyHOK MaTeMaTH4HOI MO-
neni o0'exta ynpaiiHHs, oaHiel cexuii nedi. Cykym-
HICTh MaTEMaTHYHUX PiBHSHb, IO BiJOOpax)aroTh 3a-
JISKHICTh BUXIJIHUX BEJIMYHH BIiJ BXIJHHUX, JOIIOBHEHA
OOMEKEHHSIMH, 110 HAKJIAJAIOTHCI Ha Il BEJIHYHHU,

temperature regime, control system, injection burners,

yMmoBaMu (i3u4HOI 3ifiCHEHHOCTI, BUMOTaMH 3 0e3-
nek (PYyHKLIOHYBaHHS, PIBHAHHIMY 3B'SI3KY 3 IHIIUMU
00'ekTaMH, € MaTEMaTHYHOIO MOJIEIUTIO ITpouecy. Mo-
JIeTb TIPOLIECY JIOTIOBHIOETHCSI aJTOPHUTMOM  yIIPaB-
JHHS, MO 3a0e3Medye BUITyCK MPOAYKIIIT i3 3aJaHUMH
MTOKa3HUKaMH{ HE3aJIS)KHO BiJl ISIKOTO KOJIMBAHHS Xa-
PAKTepUCTHK BUXiTHIX MaTepiaiiB, eHEpPTii, IO ITiIBO-
JUTBCS 1 T. . AKTYaJIbHIM HayKOBUM HANpsIMKOM pO-
3BUTKY HarpiBaJIbHUX MeYel € 3aCTOCYBaHHs i pO3po-
O0Ka HOBHX MNaJbHUKOBUX HPUCTPOIB Ui 00'€MHOTO
CIaJIIOBaHHS MaJIMBa 3 BUCOKOTEMIIEPATYPHUM IOBIT-
psm [1].

MerTa cTaTTi - Ha OCHOBI ICHYIOUHX TEOPETHYHHX
1 IPaKTUYHUX MaTepialliB MOJEPHI3yBaTH CUCTEMY aB-
TOMAaTUYHOTO YNPABIIiHHSA TEMIIEPATYPHUM PEXUMOM
METOJMYHOI 1€l 33 paXyHOK 3aCTOCYBaHHS Oe3Ioiy-
M'SIHUX TaJbHUKIB, 10 IPALOIOTh 3 HU3bKUM HaJUIHIII-
KOM TIOBITPsI 1 MOXJIMBICTIO pOOOTH Ha MOBITpi 30ara-
YEHOMY KHUCHEM.

Buxknan ocHoBHOT0 MaTepiaxy. MeTomu4Hi medi
BHUKOPHCTOBYIOThCS Il HarpiBaHHs MeTaly Iepen
[IPOKATKOI0 Ha JIMCTOBUX 1 COPTOMPOKATHHX CTaHaX.
Bonu BigHOCATHCS 10 Teuel 6e3nepepBHOi aii. Meran,
MepecyBarOYNCh, IPOXOIUTh HACTYIIHI 30HM Tedi: Me-
TOJAUYHY (HE ONaNloBalbHA 30HA MONEPEIHBOTO Ha-
TpiBY); 3BaprOBajIbHY, B SKil 34IHCHIOETHCS IIBUIKUI
HarpiB MeTajy; TOMHJIbHY, Jie BiZIOyBa€ThCsS BUPIBHIO-
BaHHS TEMIIEPaTypH MO TIEPETHUHY 3arOTiBKH.

[TepeBaramMn METOAMYHUX eUeH € Oe3TepepBHUI
Xapakrtep poOOTH 1 3aBJSIKM IILOMY CTa0IIBHUI TETIo-
BUH PEXNM, 10 MOJIETIIY€ aBTOMAaTHYHE PEryJIIOBaHHS
TEIJIOBOTO peXUMy. METoIUYHA IMid, sKa € 00'€KTOM
JOCITiPKEHHS, TIPAITIOE 3 HU3bKUMH TEXHIKO-€KOHOMIY-
HUMH TOKa3HHKaMu. [IprunHa nporo y cucremi oma-
JIEHHS TIedi, Ska MoTpedye MoJepHi3arii.
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OmnaneHHd METOINYHO]I M€Yl 3aCHOBAHE Ha 3aCTO-
CyBaHHI IH)KEKIIHHUX MadbHUKIB. [IpuHIMT mii moss-
ra€ B TOMY, LIO MOTIK IOBITPS BCMOKTYETHCS HpPHU
BIUIMBI TOTY>KHOT'O I'a30BOTO CTPYMEHsSI B KOPIIYC, Ji€
BiZI0OYBa€THCS IOBHE 3MIILIAHHS I'a3y CEPEHBOTO THCKY
3 HEOOXIJHOI0 KiJIbKICTIO MOBITPs, B MpoLeci podoTH
BUITYCKalOTh HEBEIIMKE IMOJIyM'sl, a caM MpOLeC 3aKiH-
4y€eThCs B MiHIMaJIbHOMY 00CS31.

VY mporeci TOCHiKSHHST BUSABICHI HACTYITHI HE-
JTOJIIKW: HE3aJJ0BIIbHE TPOTIOPITIFOBAHHS ra3y i MOBITPs
MIPH MaJIMX IX BUTPATax; MPOCKOKH IOJIyM'st B 3MIIITy-
Ba4 Tipu poOOTi Ha MAIrpiTii cyMimi i yM; Maja J0-
BxuHa (akena [2] .

B ynpasniHHiI TeMIiepaTypHUM PEKUMOM METOIH-
YHO{ T1e4l IPOIIOHYETHCS 3aMiHa 1HKEKIIHHUX NaJbHHU-
KiB Ha Oe3nonym'stui nansHuk (MILDFLAME® 6es-
MOJyMIiHHI MaJIbHUKY 31 30araueHuM KUCHEM), SIKi MO-
JKYTh HPALIOBAaTH 3 HU3bKUM HAJUIUIIKOM TOBITPs (2-
5%) 1 MOXIJIMBICTIO pOOOTH Ha IMOBITPI 30aradeHOMY
kucHeM (10 29%). [lo mepeBar qaHuX MPHUCTPOIB HEOO-
XiJIHO BiTHECTH HACTYIHI: 3HaYHAa CKOHOMIis MAaJINBa;

3MEHIIEHHSI OKAJIHOYTBOPESHHSI; 301IBIIEHHS TIPOIYK-
THBHOCTI TIe4i; piIBHOMIPHICTh PO3MOALTY TEMIIEPATYD.

Mampankn ML300 mnotyxnictio 2500 kBt i
ML350 notyxHictio 3300 kBT pekomeHy€eThCsI BCTa-
HOBHUTH I10 30HaX Iedi, 10 3a0e3MeYnTh PIBHOMIpHUIH
PO3IOJIT TEMIIEpaTypH 110 BCil medi.

[ManpHuKYN MpamoroTh 3 migirpitum 1o 400-450°C
noBiTpsiM. becrnionym'ssHa poboTa 3 Temmeparyporo B
siapi mostym'st 1450°C modtinmuTh YMOBH poO0TH (yTe-
POBKH TI€Ui, IPOJAOBKUTH TEPMIH CITY>KOU (hyTEpOBKH.

Po6oTa majgbpHUKIB 3 HU3BKHUM HAUIMIIKOM IIOBi-
Tps 5% 1 MeHmie, i Ha migirpitomy mositpi mo 450°C
320€3MeYnTh JOJATKOBY 3HAYHY CKOHOMIIO IIaJliBa,
Hu3bKi Bukuan NOx 1 CO, yTBOpPEHHSI OKaIMHH MEHIIE
0,7%.

3acTocyBaHHS AaHOTO THUIy IPUCTPOIB TAaKOXK 3a-
0e3meunTh 1 €KOHOMIIO MaliiBa, OCKUIBKHM MaJbHHK
Oyze mpairoBaty 3 5% 1 MCHITUM HAJTAIIIKOM MOBITPSI.
[ToBHe 3ropsiHHs 3a0e3neunTh 10 2% HAJIHUIIKOBOTO
noBiTps 3 HU3bkuMH Bukugamu CO (<10 ppm). 3HavHa
EKOHOMIs eHepTii Oy1e JOCATHYTa 3a PaXyHOK ITOBHOTO
3TOPSTHHA B YMOBaX HU3BKOTO HAUTUIIKY IMOBITPS, IO
BimoOpaxeHo B Tab. 1.

Ta6muus 1.
ExoHoMis mannBa
) 15% 10% 5% 2%
Hazmmiox nosiTps (3.2%05) 2.1%05) 1.1%05) (0.4%05)
JloctynHe Termio 50.9% 52.2% 53.5% 54.3%
ExoHoMist manuBa 0% 2.5% 4.9% 6.3%

[pu BukopucranHi nansHuKa Mildflame 6yne mo-
CSATHYTO PiBHOMIPHUH PO3MOILNI TEMIIEPATypH IO BCi
neyi. TepMiH ciry>kOM BOTHETPUBKHX MaTepialiiB Bce-
penuHi eyl 3pocte (MaTbHUK Ma€ CTAHIAPTHY TEMIIC-

parypy ropiHas 1900°C, y manpauKy Mildflame — Te-
mreparypa nomym's — 1450° C).

[TosiBa OKaNIWHH, IO YTBOPIOETHCS ITiJ] Yac rapsIoi
00poOKH, TPU3BOAMUTH A0 CEPHO3HHX MaTepialbHUX
BTpar. CTBOPEHHSI IPOLECy 3rOpsHHS 3 HU3bKUM Ha[-
JIMLIKOM TIOBITPSI MOXKE 3MEHIINTH BiJICOTOK OKaJINHH.
3HMWKEHHS BMICTY KUCHIO 3 2,2% 110 1,1% 1 3MeHILeHHs
yTBOpeHHs okanuuu 3 1% 1o 0,7% mnpusBene 1o exo-
HOMIi manmuBa Ha 2,4%, 1110 BimoOpaxeHo B Ta0I. 2.

Ta6muus 2.
3HWKEHHS] YTBOPEHHS OKaJIUHH
H ) 25% 20% 15% 10% 5%
VITHTHOKTORIRT 1 (5.30605) 4.2%05) (3.2%05) 2.1%0,) (1.1%05,)
YTBOpEHHS OKaJMHA 1.5% 1.35% 1.15% 0.9% 0.7%

[Taneauk Mildflame 3a0e3neunTs HU3bKI BUKAIU
NOx i CO. Tak, pukuau NOx 6yayTs HmKde 60 mpo-

MmiJie (TIpu Temmeparypi nedi 1200°C, TeMIIepaTypi ro-

BITPS JUIsl TOPiHHS 450°C 3 5% kucio).

B o6cs31 monepHizarii mependayeHa MoBHA 3a-
MiHa TpyOONpOBOAIB MOAaYi MiTIrpiTOro MOBITPS Bif
MOBITPOMiAirpiBaga KOTIa-yTHIi3aTOpa 10 MaJbHHUKIB
0 BCiX 30HaX Iedi, BEHTHISATOPIB, PETYJIIOIYO01 apMa-
TYpH.

Jnst 3a0e3medeHHst BUMOT JI0 TIOTOKY HOBITPS B
palioHi BUTPATOMIpHUX BY3JIB I10 AOIYCTUMIH HMIOPCT-
KOCTI BHYTPIlITHBO{ OBEPXHI 1 O1IbII €peKTUBHOT Ter-
JIOBOI 130JIsILIiT MPOTIOHYETHCSI BUKOHATH YCi MOBITPOII-
poBoaM 0e3 BHYTPIIIHBOI (DYyTEepOBKHM, ajie 3 30BHILI-
HBOIO BHCOKOE(EKTUBHOIO 130JIALI€I0 1 MOKPUTTAM 3
aJFOMO-IIMHKOBOTO JIMCTA. J[iaMeTpu MoBITPOIIPOBOIIB
OyIyTh po3paxoBaHi B IPOIIeCi IPOSKTYBaHHS TeYi IS

3a0e3neueHHss HEOOXiAHOTo 00CSTy TMOBITPS Ha TO-
piHs micis mopepHizamii. TpyGompoBoan BHIOTOB-
JeHi 3i ctaii (TemmepaTypa ekcruryartamii: -40 qo 450

o . . .
C). [30ssnis moBiTponpoBoaiB-matamu CIP-112 ToB-
mmHOI0 50 MM 3a0e3neuynTh MiHiManbHE (He OinbIie

20-30°C) smmxenns TEMIIEpaTypH TMOBITPS HA IUIIXY
BiJI MOBITPOMIAirpiBaya A0 MajJbHUKIB.

Ha komekTopax 1mo 30Hax Tedi BCTAHOBIIOIOTHCS
HOB1 BUTPATOMIpHi BY3JH 3 JaTYNKAMH TEMIIEPATYPH i
3aCIiHKaMH, 1110 PETYJIIOI0Th, 3 IPSIMHUM IIPUBOJIOM 1 Te-

MIIEpaTypOr0 eKCIUTyaTarlii 10 500°C.

PerymioBaHHS THCKY TOBITpsS Ha TOpiHHA Oyne
MITPUMYBATUCS 32 PaXyHOK YIPABIIHHS PETYIIO0-
YHMM KJIAIIaHOM IIepeJl BEHTHIISITOPOM B 3aJI€XKHOCTI Bif
pobotu meyi.
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BucHoBoOK. 3anmporoHoBaHa MOJEpHi3allisi CHc-
TEMH aBTOMaTHYHOTO YIPABIIHHS TEMIEPATyPHUM pe-
JKMMOM METO/IMYHOI Iedi 32 paxyHOK 3aCTOCYBaHHS
0e3MoJyM'sIHUX MaJbHUKIB, 110 TPALIOIOTh 3 HU3bKUM
HaJUIMIIKOM TIOBITPSI 1 MOXKJIMBICTIO pOOOTH Ha MOBITP1
30araueHOMy KHCHEM, J03BOJIMTH 3HAYHO 301JIbLINTH
€KOHOMIIO MAJINBA; 3MEHIINTH OKaJIHOYTBOPEHHT; 30i-
JBLIMTH NPOJYKTUBHICTH NeYi; 3a0€3Me4nTh PiIBHOMIp-
HICTB PO3IOLTY TEMIIEPATYPH B TEHi.
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B nanHO# paboTe paccMOTpeHBI Pe3yNbTaThl HCIBITAHUS 00pa3lioB OETOHA, TBEPJACBUIMX MPU TEILIOBIAXK-
HOCTHOM 00paboTKe B Pa3IMYHbIX PEXKHUMax IOAHITUS TEMIEPaTypbl. BBIsIBICHBI IPUYHMHBI U CIIOCOOBI BIMSHUS
CKOPOCTH MOABEMa TEMIIEPaTypbl Ha CTPYKTYpPOOOpa30BaHHE U, KaK CIEICTBHE, HA N3MEHEHHS SKCIUTyaTallMOH-

HBIC XapaKTepI/ICTI/IKI/I 6€TOHa.
Abstract

In this paper, the results of testing concrete samples hardened during heat and moisture treatment in various
modes of raising the temperature are considered. The reasons and methods of the influence of the rate of temper-
ature rise on structure formation and, as a consequence, on changes in the operational characteristics of concrete

are revealed.

KiroueBbie ciioBa: CTpykTypa, 6€TOH, IPOYHOCTH, MOPO30CTOUKOCTb, BOJOTIOTIIOIIECHHE.
Keywords: Structure, concrete, strength, frost resistance, water absorption.

B Hacrositiee BpeMs NaHENbHOE CTPOHUTENIBLCTBO
BEZIETCs OOJIBIIIMMH TEMIIAMH, YTO MPOBOIUPYET OO0JIb-
o cripoc Ha Takue uzaenus. OueHp BaKHO U3TOTaB-
JMBATh HE TOJIHKO BEICOKOKAYECTBCHHYIO U 3P PEKTHB-
HYIO, HO B TO )K€ BpEMs MaJI03aTPaTHYIO MPOAYKIIHUIO.
Ha npousBozctse, 11t i3MEHEHUsI (PU3UKO-MEXaHHYC-
CKUX CBOWCTB MPOIYKIUHU, HEOOXOIUMO KOHTPOIUPO-
BaTh MEXaHHYECKUE (IIPOYHOCTH, MOPO30CTOHKOCTH,
BOJIOHENIPOHHUIIAEMOCTh) ¥ (Hu3NUecKue (IMIIOTHOCTB,
BIIQYKHOCTh, BOJIOTIOTJIONICHNE) CBOMCTBa OETOHA, HO
3TOTO HE JIOCTATOYHO W TpebyeTcs OoJiee aeTanbHOE
H3yYCHHE.

enpio maHHO# pabOTHI OYIET SIBIATHCS OTpese-
JICHHE B3aUMOCBSI3U IPOTEKAHUS MPOLECCOB CTPYKTY-
pooOpa3oBaHus MPH TEILIOBIAKHOCTHOH 00paboTKe ¢
OCHOBHBIMH CBOWCTBaMH TSKEIIOr0 OETOHA.

OmHUM W3 CIIOCOOOB YCKOpEHHS TBEpICHUS Oe-
TOHHBIX W3JICITUH, SIBIISETCS TEIUIOBIAXKHOCTHAS 00pa-
6oTka. TakuM 00pa3oM MOPOYHOCTH, JOCTATOUHAS JIJIS
peanu3anuy IpoXyKIH HabnupaeTcs 3a HECKOIBKO da-
COB.

Kak u3BeCTHO, HArPEB YCKOPSET XUMUYECKUE Pe-
AKI 1. Ho IIpyu HArpeBe, 3HAUYUTEIbHAA YaCTh BOJbI UC-
MapseTcsi, YTO 3aMeJUISIET UITH OCTAHABJIMBACT MPOLECC
rUpaTaliy [EMEHTa, TI03TOMY B KaueCTBE TEILIOHO-
CHUTEJISI HCIIOJIB3YETCs Map, KOMIICHCUPYIOIIUH ITOTepU
BOJIBI IIPH TIOBEIIICHUH TeMItepatypsl. C yBeTHICHUEM
TEMIIepPaTyphl, AKTUBU3UPYETCS B3aUMOICHCTBHIE BOIBI
Y IIEMEHTA B UTOT€ YCKOPSIETCS TBEPICHHE OCTOHA.

Bosbiioe BIusHuE HA KAYECTBO U OKCIITyaTalfuoOH-
HBIE XapaKTEePUCTHUKH JKEIe300€TOHHBIX KOHCTPYKIHH
OKa3bIBaeT TEIIOBIAXKHOCTHAas o0paboTka. OdeHb
BAXKHO CO3[1aTh M COXPAaHUTH INPABWIBHYIO CTPYKTYpYy
0eToHa Ha BCEX CTaIMAX MMPOU3BOJCTBA. DTO TIO3BOJIHT
HanboJee TOYHO MPOTHO3UPOBATH M OMPEICISATH IKC-
IUTyaTallMOHHBIC XaPaKTEPUCTUKU TOTOBBIX U3ICIIHI.

Temeps paccMOTPUM BOIIPOC BIMSHHS IpoIecca
TETIOBJIAYKHOCTHOI 00pabOTKU Ha CTPYKTYpooOpa3oBa-
HUe OeToHa.

B pesynprare 3aTBepaeBaHUS KOMIIOHEHTOB Oe-
TOHHOM cMecu oOpasyercs cTpykTypa Oerona. ITox
CTPYKTYpoOil OeToHa Mmoapa3yMeBaeTcsi CymMMa Mapa-
METPOB XapaKTePHU3YIOI[MX PACIOJIOKEHHE B MPO-
CTPAHCTBE 3JIEMEHTOB KapKaca I[EMEHTHOrO KaMHs M
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YacTHL] 3alOJIHUTENEH, BUA U CBONCTBA KOHTAaKTOB
KPHCTAJJIOB M KOJUIOMIHBIX YacTHUI] B COCTaBE KapKaca,
a TaKke JaHHbIC 0 popMe, pasMepe U KOJMYECTBE TIOP
WX MPOMEKYTKOB MEKIY YaCTHUIIAMH TBEPIOH (a3bl.
OCHOBHOE BJIMSIHUC Ha HEE OKA3bIBACT TUAPATALUS 11e-
MEHTa, €0 CXBaThIBaHUE U TBepaeHue [1].

OO0pazoBaHHUe CTPYKTYpPbI TBEPACIOIIET0 OETOHA —
CJIOXHBIA 1 TOHKHI Tporiecc. C yBeTUUEeHUEM TeMIie-
patypsl cpeasl HHTCHCU(HUITPYIOTCS TIPOLECCHI TBEP-
JICHHS, YTO IPUBOJUT K YIPOUHCHHIO CTPYKTYpHL. On-
HAKO TOBBIIICHUE TEMIIEPaTyphl MPUBOIUT TAKKE K
YCHIICHHIO JECTPYKTUBHBIX MPOIECCOB, TAK KAK K IIPO-
UCXOIAMINAM KOHTPAKIIMOHHBIM SIBJICHHSAM J00aBIIS-
IOTCS TEMIIEPaTyPHO-BIAXKHOCTHBIC Hedopmaruu [2].

B mepuoa HarpeBa COBMECTHBIM BO3JECHCTBHEM
MUTPAIFHU BJIard U TEMIIEPATYPHBIX TEPEMajioB B 00b-
eMe u3zeauii 00pa3yroTcst N1eeKThl CTPYKTYPBI, KOTO-
pble  (GUKCHpYIOTCS (DUBUKO-XMMHYECKUMH TIpOLEc-
caMU TBEpJACHUSA B TMEPUOJ HU30TEPMUYECKOW BBI-
JICPKKH.

OcratoTcsi HeonpeAeICHHBIMH YCIIOBHSI, TIPH KO-
TOPBIX CMATYACTCS WIH MTOTHOCTBIO YCTPAHICTCS OTPH-
[aTeIhbHOE BIMSHUE MPOIIECCA YBEINICHNS HHTCHCUB-
HOCTH TBEepICHHs OCTOHA Ha €ro SKCIUTyaTallHOHHBIC
cBoiictBa. JInms OIEHKH Tporiecca (OPMHPOBAHUS
CTPYKTYPBI M CBOMCTB OETOHOB ITPOBEICHBI HCCIIEI0BA-
HHUS C YYETOM Pa3IMYHBIX PEKUMOB TEIUIOBOW 0Opa-
60TKH, a TaKOKe CpPaBHEHHUE C aHAJIOTMYHBIMU IIOKa3aTe-
JsiMU OETOHA ITOCIIE HOPMAJILHO-BJIQXKHOTO TBEPACHHSL.

[TapameTpsl TEpMOOOPAOOTKH SBIISIOTCS OMpe/ie-
JAIOMAM (PaKTOPOM TPH (POPMHPOBAHUH CTPYKTYPHI
MaTepHaia, KOTOPYI0 MOKHO OIICHUTH IO TTOKA3aTeIro
nopuctoctd. OTIMYUTETHHOH OCOOCHHOCTHIO HCIIBI-
TaHHBIX 00pAa3IOB SBISIETCS HAMOOJNBINAS BEIMYHHA
MaKpOKaNMUIIPHOH TTOPUCTOCTH y OETOHA, IOJBEpT-
HYTOTO TEIJIOBIa)KHOCTHOH 00paboTKe CO CKOPOCTHIO
3001C/u.

XapakTepHBIM SIBJIICTCS TO, YTO OETOH, MOJBEPT-
HYTBII TBEPJICHUIO MPU CKOPOCTH MOJBEMA TeMIlepa-
typbl 10...1501C/4, uMeeT MHUHUMAIbHYIO BEIUYUHY
MaKPOIOPUCTOCTH U MaKCUMAJIbHYIO BEJIIMYMHY MUK-
POIIOPUCTOCTH. DTO SBIAETCS ONPEACIIAIOMEN TaKux
mapaMeTpoB, KaK BOJOIOTIIOIICHHE ¥ MOPO30CTOMH-
KOCTb. Masast CKOpOCTb IIOAbeMa TeMITEpaTy Pl Oaro-
MPUATHO OTpakaeTcsl Ha (OPMHUPOBAHUU CTPYKTYPEIL.

IToper 00pasmnoB MMeEIOT ONHM3KHE 1O BEITUYHHE pas-
MEpBI, OTHOCUTENBHO PEXXHUMa C yBEIHMUCHHONW CKOpO-
CTbIO MOJAbEMAa TEMIEpaTypbl, U HMEIOT MEHbIIee
YHCIIO COOOIIAIONINXCS ITOP, YTO OJIArOIPHUSITHO CKA3bI-
BAETCs Ha TEMJIO3alIUTHBIX CBOMCTBAX U YBEJINYHUBAET
CTOMKOCTh MaTepHana K 3HaKOIepeMEeHHBIM TeMIlepa-
TypaM, 0e3 3HaUUTENEHOTO CHIYKEHHS TPOYHOCTH. B TO
e BpeMs, Ha 00pa3lax co CKOPOCTBIO TOAHATHUS TeM-
nepatypsl 3001C/4, mopsl pa3HOTO 00BEMA, PACIIONO-
XKEHbl HEPABHOMEPHO, TMPHIAIOT HEOJHOPOIHYIO
CTPYKTYpYy MaTepHaly M TEM CaMbIM CHIDKAIOT €To
npoyHocTh. [1o ToM e mpuyuHe MoKa3aTeNnu BOJIOIO-
TJIOIEHHS TOBOPAT O TOM YTO BOJIa TPOHUKAET B MaTe-
puan B OOJbBIIEM KOJIMYECTBE, YTO COOTBETCTBEHHO
CHI)KaeT MapKy OeToHa 1o Mopo3ocToiikoctu [3].

OnHOM U3 KOCBEHHBIX XapaKTEPUCTHUK IPOLECCOB
HapyIIAIOMUX CTPYKTYpY, SBISETCA OTKIOHEHHE JIH-
HEIHBIX pa3MepoB 00pa3LoB 0T HayalbHBIX. [lomyden-
HbIe pe3yJbTaThl MOKA3bIBAIOT, YTO C YBEIMYCHHEM
cKkopocTH nogpeMa temneparypsl ot 10 mo 3001C/a me-
(dopmarn yBennuuBarorcs. [Ipnuem HanMeHbIIast Be-
mumnHa nedopmanuii cocrasnset 0...0,1% mpu ckopo-
ctu mogpeMa temmepatypsl 10...1501C/4, a Haubos-
mag — 0,17...0,2% mnpu CKOpPOCTH MOIbEMA
temnepatypsl 25...3001C/4.[3,4] DTn maHHBIE TOKA3EI-
BalOT, KaK BJIMSET OBICTPOE YBEJIMUSHHUE TEMIIEPATyPhl
Ha KOHEYHBIH 00bEeM U3IEIHs.

AHanuzupys TOIy4eHHBIE SKCICpUMEHTaJIbHbIC
JaHHBIE, BUJUM, YTO BBIOOpP ONTHMAJBHOM CKOPOCTH
YBEJIMUEHHUS TeMIIepaTyphl TEIUIOHOCUTENS B NEPBBIH
MIEpUOA TETJIOBIAXKHOCTHOM 00pabOTKM wM3zenuid B
3HAYUTEIbHONW CTENEHHW ONPENENINT TaKWe CBOWCTBA,
KaK MPOYHOCTb, BOJOINOTJIONIEHHE W MOPO30CTOM-
KOCTb, Oiarojaps HECYIIECTBEHHOMY BIMSHHIO Ha
poIiecc cTpyKTypooOpa3oBaHus 6etona. Takum oOpa-
30M, NIPH BHIOOpE pEKMMa TEIUIOBJIAKHOCTHOW 00pa-
00TkM OeTOHA HEOOXOAMMO YYUTHIBATh HE TOJBKO KH-
HETHKY IIpoliecca TBEPJCHHS C TOUKH 3peHHs obecIe-
YeHust TpeOyeMOl MPOYHOCTH, HO M YUHUTHIBATh TO, KaK
TEMIIepPaTypHBIN PEKUM BIHUAET Ha IPOLECCH CTPYKTY-
pooOpa3zoBaHus, 4YTO B WUTOTE ONPENIENSET OCHOBHBIE
9KCIUTyaTallMOHHBIE cBoiicTBa OetoHa. Hambomee om-
TUMaJIBHBIH PEXNM TEIUIOBIAKHOCTHOH 00paboTKH,
10 pe3yibTaTaM HCCIEAOBAHUS, TOIDKEH MMETh CKO-
POCTh HoAbeMa TeMIeparypsl B npenenax 10-1501C/4.

Tabuuma 1
BrusHue pexrMa TeImIoBIaKHOCTHONH 00pabOTKH Ha CBOMCTBA OeTOHA

Ckopocts noasema | IIpenen npounocru, MIla
TeMIIEpaTyphl Ter- Bogomnornomenue, % Mopo30CTOMKOCTD, LIUKJIBI
nosocuTens, °C/a MIpH U3TUOE | TIPH CIKATHH

10 57 32,7 47 310

15 5,6 31,3 4,7 300

20 54 29,8 4,8 285

25 47 275 5,2 265

30 5,0 27,2 5,3 260
TBepnenue B
HOPMAJTbHBIX 5,8 33,0 48 315
YCIOBHSX

O PeKTUBHBIME CIIEAYET CUUTATh PEKUMBI TEII-
JIOBOH 00-paboTKH, KOTOPHIE MTO3BOJISIIOT MOJIy4aTh Oe-

TOH 3aJJaHHOH POYHOCTH 0€3 CYIIECTBEHHBIX HapyIIe-
HUH €ro CTpyKTYphI TPY MUHUMAJIbHBIX YAEIbHBIX pac-
XO/1aX BSDKYILETO M TeTI-JI0BOi SHepruu. B o0miem Bue
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TIOJTHBIA IMKJI TETUIOBIAXKHOCTHOW 00paboTKH OETOH-
HBIX 1 JK€JIe300€TOHHBIX M3[IeIUH COCTOUT U3 CIIEAYIO-
mux nepuonoB (puc. 14, a): mpeaBapUTEIHHOTO
BBI-JICP)KUBAHUS T TIPeJ1 ; Harpesa u3aenus t [ ; u3orep-
Muueckoro BbiaepxkuBanus T Il ; oxnaxnenus t IIL
BrI60p panmoHaIbHBIX PEKUMOB TEIUIOBOI 00pabOTKH
OCHOBBIBACTCA Ha IOJIHOW yBSI3KE MHOXKECTBA TEXHO-
JIOTU-YECKUX W TEIUIoTeXHHYeckuX (akTopos. Jlmm-
TENBHOCTh TPEIBAPUTEIHFHOTO BBIICPKUBAHUS, CKO-
pOCTh HarpeBa, TeM-TiepaTypa U IPOIOIDKUTETEHOCTh
W30TEPMHYECKOTO BBIACP-)KUBAHUA U T. . 3aBHCAT OT
XapaKTepUCTHK MaTepHuaiia, yCIOBHH SKCIDIyaTalluu
W3IEIHs, KOHCTPYKINH TEIUIOBBIX YCTaHOBOK.
TemnosnaxxHocTHas obpaborka (TBO) - mporecc
OJTHOBPEMEHHOT'0 BO3/ICHCTBUS Ha TBEPICIOIINI OETOH
teria ¥ Biaru. TBO yckopsieT nporiece TBepaeHuUs Oe-
TOHA, 4YTO IIO3BOJIACT HCIIOJB30BaTh U3ACINUA U KOH-
CTPYKIMHK Ha Oosiee paHHUX cpokax. TBepaeHue OCTOH-
HBIX H3}1€J’II/II7[ MOXKCT MPOUCXOAUTHh B C€CTECTBCHHBLIX
YCIIOBHAX TPY HOPMAIFHOHM TeMIlepaType WM B yCIIo-
BUSX TEIUIOBOW 00pabOTKH (MCKYCCTBEHHBIC YCIOBHS

TBepAcHUs). TeruioBas 00paboTKa TO3BOJIAET YCKO-
pPUTH TBepJeHHEe OETOHHOHN cMecH. Terio MoXKeT ObITh
MOJTYYCHO OT CYKUTaHUS YIS (B UCKITFOUUTEIBHBIX CITY-
Yasix ), JKHUJKOTO TOILTHBA, TOPSIYMX Ta30B MM OT JJICK-
TposHepruu. Hanbosee yacTo B Ka4ecTBE TEIJIOHOCH-
TEJISL UCTIONIL3YIOT BO3YX, TOPSUYYIO BOJY WJIM Hap, KO-
TOpBIC TIOAAKOTCS B 3aKPHITHIC KAMEPHI.
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D¢ heKTUBHOCTD BBEJICHHS B IEMEHTHOE TECTO MIacTUGUIHpPYOIei 100aBKu.

Abstract

The efficiency of adding a plasticizing additive to the cement paste.
KaroueBble ciioBa: beroH, cynepruiacTHGpUKaTOPbI, MOHOJIUTHBIE KOHCTPYKIMH, BOJAOTIOTPEOHOCTS.
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JanpHeimmii nporpecc TeXHOJIOTHH OETOHA U JKe-
71e300€TOHa CEeTo HsI CIIPaBE/IIIMBO CBA3BIBAIOT C Pa3pa-
00TKOI1 1 BHEIPEHNEM KOMIUIEKCHBIX XUMUYECKHUX J10-
6aBok. [1o cymiecTBy, peub HIeT 0 XUMUYECKOM yTIpaB-
JICHWW CBOWCTBAMH U TeXHOJIOTHEl OeToHa. BBenenne
B COCTaB OCTOHHOI CMecH HEOOJNBIIOr0 KOJIMYECTBa
Pa3MYHBIX XUMHUYECKHUX 100aBOK MTO3BOJISIET B IIUPO-
KHX TIpe/ieliax N3MEHHUTD €€ PEONIOTHIEeCKHEe CBOMCTBRA,
MPOYHOCTHBIE M AKCILTYaTAIMOHHbIE XapaKTEPUCTUKU
OeToHa U xeyie300eToHa.

OcHOBHOM 11eIbI0 HacTosAIeH paboThl ObUIO Ha
OCHOBE CPaBHUTEJBHBIX PE3YJIbTaTOB 10 XapaKTepH-
cTHKaM OeToHa ¢ cymnepruiacTU(HUKaTOpaMH, yCTaHO-
BUTD HX BIIMsHUE Ha Jie(hopMaTHBHBIE CBOWCTBA OeTOHA
C TeM, YTOOBI MPAaBWILHO NPOTHO3UPOBATH 3TH CBOM-
CTBa U IPH HEOOXOIUMOCTH H3MCHSTH HX B HYKHOM
HAaIpaBJICHHUH.

O4eBHIHO, YTOOBI MMPHUIATH CTPOUTEIEHOMY pac-
TBOPY XOPOIIYIO IOJBMKHOCTE 0€3 MPHMEHCHHS CY-
MepIUTaCTUPUKATOPA, HEOOXOANMO YBEINYHBATH KO-
JIUYECTBO BOJBI 3aTBOPCHHS. Takoe pelIeHUe MPHUBO-
JIUT, B MNEPBYIO OuYepeh, K IMOTEPE MPOYHOCTH Ha
ckathe B Bo3pacTe 28 CyTOK, a TaKKe K YBEINICHHUIO
KanWUIIPHOW TMOPHCTOCTH 3aTBEPIEBILIETO0 PacTBopa
BCJIEACTBUC HUCIIAPCHUA I/I36LITO‘IHOI71 BOJIbI, YTO B KO-
HEYHOM HTOTE CHHYKAE€T MOPO30CTONKOCTh 3aTBEPICB-
IIeTo PacTBOpa.

[Ipu mpom3BOACTBE BHICOKO apMHPOBAHHBIX, JI0-
POKHOTO, a3POJIPOMHOTO U THAPOTEXHUIECKOTO CTPO-
UTEILCTBA UCIIONB3YIOT XKECTKHE OCTOHHBIE CMECH, KO-
TOpBIE, OJIaroapss HA3KOMY COJICPYKAHHIO BOIBI, TAIOT
Oonbmyt0 mpovHOCTh. OMHAKO TPH HCIOJB30BAHUH
KECTKUX OETOHHBIX CMECEW BO3HHKACT BOIIPOC O TOM,
Kak TUIOTHO YJIOKHUTh TaKyl0 cMech. Pemienue qanHoi
MPOOJIEMBI CTaJIO MOSBICHUE JOOABOK IIACTH(PUKATO-
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poB. VX HCHONB30BaHHE IO3BOJISET: IMOBBICUTH IIO-
JIBIYKHOCTH OETOHHOM CMECH, MOPO30CTOHKOCTb, BOJIO-
HETPOHHUIIAEMOCTh U MPOYHOCTh OETOHA U SKOHOMHUTH
LIEMEHT 0e3 OTepH POYHOCTH.

OnmHMM M3 MEPCHEeKTUBHBIX HaNpaBiICHUH MOBHI-
meHus 3¢ HEeKTUBHOCTH U KayecTBa MaTepHalloB Ha OC-
HOBE MUHEPAJIbHBIX BSHKYIIMX BEIIECTB SIBISCTCS MPHU-
MEHEHHE XUMHYeCKnX no0aBok. Mx BBeneHue mos3po-
JSIET PETYINPOBATh M YNPABISITH CBOMCTBAaMU OETOHOB
U pacTBOpoB. Bexymiee MecTo cpeny XUMHIECKUX JO-
0aBOK, MPUMEHSAEMBIX B TEXHOJIOTMH OETOHA, 3aHH-
Matot cyneprutactudukatopbl(CIT) 6eTOHHBIX cMeceH.

B Poccun B cootBerctenu ¢ I'OCT 24211-2003
CynepIiacTU(GpUKaTOpbl OTHOCITCS K IUIACTH(GUIUPY-
I0IUM  J100aBkaM 1-0# Tpynmel, 00ecHeYyrBarOmINM
YBEJIMYCHUE TOJBIDKHOCTH OeToHHO# cmecu ot I11 ¢
obecrieyeHreM ocajku Konyca 2-4 cm no I15 6e3 cHu-
JKEHU NPOYHOCTHU 6eTOHa BO BCC€ CPOKHM HCIbITAHUA.
Pasnuuaror cynepruiacTu(UKaTOpbl, HCKYCCTBEHHO
CHHTE3MPOBAHHBIC U MOJTyYEHHBIE B pe3yJbTaTe Iepe-
pPabOTKH CHIPBS KHUBOTHOTO ITPOMCXOKICHUS. B Kade-
CTBE CyNepIUIaCTU(HUKATOPOB KMBOTHOTO ITPOHCXOXK-
JCHUS] MCIONB3YIOT KaszewmH. OIHAaKO B HacTosIiee
BpeMsl NPUMEHEHHE Ka3eWHa, B CHIIy psAAa NPHUHH,
OTPaHUIEHO BO MHOTHX €BPOICHCKUX CTpaHax, W IO-
3TOMY B JaHHOH CTaTbeé OCHOBHOE BHHMaHHE yJIEJICHO
MCKYCCTBEHHO CHHTE3MPOBAHHBIM CyIlepIUIacTU(HKa-
TOpaM.

CyneprulacTupuKaTopbl MPEACTAaBISIOT  COOOM
AQHMOHAKTHBHBIC OpPraHMYECKHE BEIIECTBAa KOJIOUI-
HOTO pa3Mepa C OOJBIINM KOJIMYECTBOM HOJISIPHBIX
rpynn B nend. () (HEeKTHBHOCTE CynepIuiacTu(hUKaTo-
POB 3aBUCHT OT CTPYKTYPBI, HATMYHS U BUA QYHKIH-
OHAJIPHO aKTHBHBIX I'PYII, X PACIOI0KEHUS B MOJIe-
KyJlax, JJIMHBI 1 GOpMBI LIeTIeH, MOJIEKYIISIPHOH MaccChl.
Takue 1o0aBKH, HAXOISICH B aJICOPOMPOBAHHOM Ha 3€p-
Hax I[IEMEHTa M HOBOOOPa30BaHUSX COCTOSIHUH, CO-
3JIAI0T «CTEpUUECKH» 3(D(GEKT OTTaNKUBaHHSA. DTOT
addekr, 00ycnoBIeHHbIH Gopmamu Lieneil 1 XapakTe-
POM 3apsiJI0B HA MOBEPXHOCTH 3€PEH LIEMEHTA 1 THapa-
TOB, ABJIACTCA HpI/I'—II/IHOﬁ JUIATCJIBHOTO COXPaHCHUA
JKU3HECTTOCOOHOCTH OETOHHBIX U PACTBOPHBIX CMECEH.
Takoe MexaHH4ecKoe JieiicTBUE CynepIuacTU(PHKaTO-
poB B 3...4 pa3a TIOBBIIIAET MMOJBMKHOCTE OCTOHHON
CMecH.

B 3aBHCHMMOCTH OT XMMHYECKOH OCHOBBI pa3iu-
YaroT cJeAyIOIINe BUBI CyNepIuiacTU(GUKaTOPOB:

*cynepruiacTugUKaTOpbl Ha OCHOBE CyJbpupo-
BAaHHBIX MeHaMI/IHO(I)Op-MaJ’lB)IeFI/IIIHBIX COC]II/IHGHI/Iﬁ u
KOMIUIEKCOB Ha UX OCHOBE;

*cynepriacTuuKaTopsl Ha OCHOBE CYIb(PHUPO-
BaHHBIX Ha(TaTMHGOPMAIBACTHIHBIX COSANHECHUNA U
KOMIUIEKCOB Ha UX OCHOBE;

*cynepruiacTuUKaTOpbl Ha OCHOBE MOJIU(HIIU-
POBaHHBIX JIMTHOCYJIbL()AHATOB;

*cynepruiacTu(UKaTOpbl HA OCHOBE BOJIOPACTBO-
PUMBIX KapOOKCHIIATHBIX MOJIMMEPOB.

[lepBble Tpu BHIa M3BECTHBI C CaMOro Hayaia
MPOMBIIIEHHOTO NPUMEHEHHs CYIepIuacTU(HUKATO-
POB, MOATOMY HX YacTO Ha3bIBAIOT TPaJUIHNOHHBIMH.
MexaHn3M JeHCTBHS TPAIULMOHHBIX CyTepIuiacTudu-
KaTOPOB YIPOLIEHHO MOXXHO MPEACTABUTH CIEIYIO-

oM o6pazom. Tak kak cymnepruiacTuUKaTOpsl OTHO-
CSTCA K TMOBEPXHOCTHO AKTHBHBIM BEIIECTBAM, TO WX
OCHOBHOE CBOMCTBO 3aKJIIO4aeTcsi B TOM, YTO MOJIe-
KyJIBI TAKMX BEIECTB aICOPOUPYIOTCS Ha TOBEPXHOCTH
YacTHIl IEMEHTa ¥ (OPMUPYIOIIMXCST HOBOOOpa3oBa-
HUH, 00pa3ysl TOHUAWIIMKH MOHO-WIIM OMMOJIEKYJISIp-
HBIH CJIOM, IPH ATOM yMEHbIIaeTcsl Mex(azoBas FHEP-
THsl CLEIUICHUS M 00JIeryaeTcst Ae3arperanus YacTHII.

Bmecte ¢ TeM 0CBOOOXKIAETCS MMMOOWIU3HPO-
BaHHAas BOJA, KOTOPAst UTPAET POJIb IUIACTUPHUIHPYIO-
meil cMmazku. Kpome Toro, ajacopOWpOBaHHBIA COH
CTIKUBACT MUKPOIIEPOXOBATOCTh YACTHII, YMCHBIIAs
TeM caMbIM K03 PHITHEHT TPeHUS MEXIY YaCTHIIAMH.
W, HakoHel, cO3/laHHE OJHOMMEHHOTO 3JIEKTpUYe-
CKOTO 3apsijia B pe3yjbTaTe aJcopOIMu CynepIulacTu-
(uKaTopa Ha MOBEPXHOCTH YaCTHIL[ TBepIoH (asbl uc-
KIIF04aeT BO3MOYKHOCTh MX CIEIJICHHS 3a CYeT 3JIeK-
TPOCTATUUECKUX CHUJI M TeM CaMbIM CHIXAET BA3KOCTh
CycleH3uH. B mpomecce ruapartaii ¢ pocToM Kpu-
CTaJUIOB HOBOOOpa30BaHMH MOCTEIEHHO IMpeKpala-
€TCs OTTAIKUBAIOIINE IEHCTBHE OJHOMMEHHOTO DJICK-
TPUYECKOTO 3apsiAa W CTPOUTEIBHBIN pacTBOp TepseT
TTOIBHYKHOCTb.

B oTimume ot TpaIuIMOHHBIX CyTepIUTacTH(HIKA-
TOPOB, ICHCTBUE CYNEPILIACTU(HUKATOPOB YETBEPTOTO
BHJIa BBUILy OCOOCHHOCTEH CTPYKTYPBI HCIIOJIB3YEeMbIX
MOJIMMEPOB, B OCHOBHOM 0a3upyeTcsi Ha CTEPUUECKOM
a¢dekTe, Onaromaps KOTOPOMY CHHXKAETCS TPEHHE
KOMIIOHEHTOB CYCIIEH3UH CTPOUTEIHHOTO pacTBOpA.
Takue cynepruiacTuuKaTopsl BO MHOTHX 3apyOexk-
HBIX CTpPaHAX HA3BIBAIOT CBEPXCYIEP MM THITePILIATH-
¢ukaTopamu. [aHHBIA BUA CYINEpPILIACTH(QHUKATOPOB
pa3paboTaH B JEBSHOCTBHIX T'OJaX W TOCTATOYHO IIH-
POKO HCIIONB3yeTCs B €BPOINEHCKUX CTpaHax u Smo-
HUML.

[IpuMeHeHre pa3TMYHBIX BUIOB CYIIEPINTACTH(H-
KaTOpPOB B PAacTBOPax IPH OJUHAKOBOM BOJOIEMEHT-
HOM OTHOIIEHHWH CIIOCOOCTBYET yBEIHUYEHHIO HX IIO-
JBIDKHOCTH IO CPAaBHEHMIO C KOHTPOJIBHBIM COCTaBOM
6e3 cynepmiactudukaropa. OmHAKO C TEYEHHUEM Bpe-
MEHH JIaHHBIN 3P (EKT yMEeHbIIAeTCs MK TPOUCXOAUT
€ro MOJIHOE MpeKpalieHne. Pasnn4nas npoaomKuTens-
HOCTh IDIACTUGUIHPYIOMETO 3PPEeKTa TPH TMPOINX
PAaBHBIX YCIOBHUSX 3aBHCHT B IICPBYIO 0YepeIb OT CTPO-
€HHSI MOJIEKYJI Pa3JIMYHBIX CYNEepIUIacTU(PHUKATOPOB U
WX TIPUHIUIIOB JEHCTBHS.

JelicTBre cyneprniacTH(GUKaTOpOB OTrpaHHYHBA-
ercs 2...3 4 ¢ MOMEHTA MX BBE/ICHHS U 110CJIE IIEPBOHA-
YaIBHOTO 3aMeUICHUS TPOIIECCOB I'HAPATAIluN B 00pa-
30BaHMsI KOATyJISIIUOHHOW CTPYKTYpHl HAcTyHaeT
YCKOpEHHUE TBEpACHHS OETOHA. DTO OOBICHSIETCS TEM,
YTO aJICOPOITMOHHBIA CJION J00aBKM Ha MOBEPXHOCTH
3epeH IIeMEHTAa IMPOHUIIAEM JUISI BOJHI, a Ne(IOKyIHpy-
romiee aelicteue [IAB yBennuuBaeT moBepXHOCTb KOH-
TaKTa LEMEHTA U BOJIBI, YTO IPUBOAUT K YBEIHMUCHHUIO
YHCIIa TUIPATHBIX HOBOOOPa30BaHUH.

Jy1s ycTaHOBJICHHS! 3aBUCUMOCTH 1 BHIOOpa OITH-
MaJIbHOI I03MPOBKH IUTACTH(UKATOPA IPOBEECHO CIle-
Jylollee ucciae0BaHue.

MeToanka ucc/jie0BaHus:

1. Onpenenenrie BOJONEMEHTHOTO OTHOIICHMSI.



The scientific heritage No 78 (2021)

17

2. OmnpeneneHue HOPMAIBLHOW TYCTOTHI IIEMEHT-
HOTO TecCTa IIPH BBEJCHUH B BOJY 3aTBOPEHUS 100ABKU
Glenium Sky 503.

3. UsroroBnenne o0pas3noB KyOMKOB 2X2X2CM U
YIUIOTHHBIX BUOPHPOBAHUEM.

MpouyHocTb 6eTtoHa , MIMNA
35

30

25

20

15

10

0,48 0,5 0,52 0,54 0,56 0,58 0,6

BriBox:

Ilpu BBemeHue cynepriacTUGUIUPYIONMICH J10-
6aBku Glenium Sky 503 ymanoch CHH3HMTH BOJIOIIO-
TpeOHOCTh OeTOHHON cMecH Ha 9%, TpH ITOM TOKaza-
TeIb NPOYHOCTH yBenuuuics Ha 20,8%, 10 CpaBHEHUIO
¢ 00pa3moM M3TOTOBJICHHBIM 0€3 HCIOJIBh30BaHUS JO-
0aBKH.

4. OnpenesieHre npeena MPOTHOCTH IPH CKATHN
KyOHKOB B Bo3pacTte 28 CyTOK.
Pe3ysabTaThl HCCIeT0BAHUS:

MNnoTHOCTE BETOHHOM CMECH,
Krfm3

FaEd
Sas0
Faad
Fa.p0
]

F320
a8 S LR 0,54 0,55 0,58 0.

Cnucok 1uTepaTypsl
1. http://www.trotuar.ru/forms/articles/superpl.s
html (13.04.15)
2. BbaxenoB KO.M. Texuonorus OeToHa: y4eO-
Huk .2003 r.
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MOJTb30BAHUS B arpONPOMBIIIIICHHOM KoMIuiekce. IIpencTaBiaeHs! pe3ynbTaThl HCCICI0BAHIN (DH3HKO-XUMUIE-
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CKHX CBOWCTB (hocdorurnca st 000CHOBaHMSI BO3MOXXHOCTH MPUMEHEHHUS €T0 B Ka4eCTBE MEIMOPAHTA TPU U3-
BCCTKOBAaHHNH 3aKHCJIICHHBIX ITI0OYB HN3-3a HAJIMYUA B HEM CaSO4, MAaKpO- U MUKPOIJIEMCHTOB, OKa3bIBAIOIINX IT0JIO-
JKUTCIIbHOC BJIMAHUEC Ha POCT CEJIbCKOXO03IHCTBEHHBIX KYJbTYDP. PeHTFeHO(l)a3OBLIM aHaJIu30M (boctbomnca
YCTaHOBJICHO, YTO B CTapOM M HOBOM OTBaJloXpaHmiuie copepxkurcs: rurnca CaSOs -2H20 - 87,93% u 85,04%;
kBapia SiO2 - 9,10% u 10,58%; 6accanura CaSO4 -0.67 H20 - 2,97% u 4,38%, cootBeTcTBeHHO. MccnenoBan
XUMHYECKHIA cocTaB (ochorurca cTaporo, ¥ HOBOro orajoxpanmiuma Tapasckoro ¢uamara TOO "Kasdoc-
¢ar". Ilpoenen muddepenunansHo-Tepmuueckuii 1 MKC ananmusbl Gpocdorumnca ykasaHHbIX oTBajoB. Omnpene-
JICHO, 4TO 0COOBIX OTIIMYUH 10 COACPIKAHNIO OCHOBHBIX KOMIIOHECHTOB HE UMECTCH. Ha ocHoBanuu IMPOBEACHHBIX
I/ICCJ'IeI[OBaHI/Iﬁ NPEMIOKEHAa THHOBAIIMOHHAA TEXHOJIOTHUA U TEXHOJIOTMIECKAA CXeMa C MaTE€pUaJIbHBIM 0OajlaHCOM
TIOJYYCHUSI HOBOTO aCCOPTUMEHTAa TYKOCMECH — CIIOKHO-CMEIIaHHOTO yIOOPEHUA-TYKOCMECH U3 TBEPABIX OTXO-
JIOB TIPOM3BOJICTB NPOJOHTHPOBAHHOTO NEHCTBHUS, COIEPIKAIIET0 B CBOEM cocTaBe GochaTHOE BEUIECTBO, BEPMH-
KYJIUT, KaK BJIAroyAep:KUBAIOMINN KOMIIOHEHT, BHYTPEHHHE BCKPHIIITHBIE TOPOJIBI C MHUKpPOAJIeMeHTaMu H pocdo-
THIIC, KaK HeﬁTpaJImaTop TMOYBEHHOT'O ITOKPOBA IJIA CHUXXCHUS 3aKUCIICHHOCTU U 3aCOJICHHOCTH IMOCEBHBIX YTO-
U,

Abstract

A brief overview is given on the methods and methods of applying phosphogypsum in various sectors of the
economy and, in particular, as part of a mineral fertilizer of prolonged action, for use in the agro-industrial
complex. The results of studies of the physico-chemical properties of phosphogypsum are presented to substantiate
the possibility of using it as a meliorant for liming acidified soils due to the presence of CaSO4, macro- and
microelements in it that have a positive effect on the growth of crops. X-ray phase analysis of phosphogypsum
found that the old and new dump contains: gypsum CaSO4 *2H,0 - 87.93% and 85.04%; quartz SiO; - 9.10% and
10.58%; bassanite CaSO4 * 0.67 H.O - 2.97% and 4.38%, respectively. The chemical composition of
phosphogypsum of the old and new dump storage facilities of the Taraz branch of LLP «Kazphosphate» has been
investigated. Differential thermal and X-ray analyses of phosphogypsum of these dumps were carried out. It is
determined that there are no special differences in the content of the main components. On the basis of the
conducted research, an innovative technology and technological scheme with a material balance for obtaining a
new range of tukosmesi - a complex-mixed fertilizer-tukosmesi from solid waste of prolonged-acting industries,
containing in its composition a phosphate substance, vermiculite as a moisture-retaining component, internal
overburden rocks with trace elements and phosphogypsum, as a neutralizer of soil cover to reduce acidification
and salinity of cultivated land.

KiroueBble c10Ba: TYKOCMECh, MUHCPAJIbHbIC y,IlO6pGHI/I$I, q)OC(l)OFI/IHC, HWHHOBAIlMOHHAs TCXHOJIOI'Us, OTBa-
JIOXpaHWJIMIIE, COCTAB, CMCIICHHUC.

Keywords: tuko mixture, mineral fertilizers, phosphogypsum, innovative technology, dump storage,
composition, mixing.

BBenenue

ClOXUBIIMECS] TOJOXKEHHS IO MHHEpaJIbHbIM
yIOOpeHUsIM Ha MHPOBOM W BHYTPEHHEM pBIHKAX,
NPEIbSBISIIOT BCE HOBbIE TPEOOBaHMSI K HUM U TYKOC-
MecsIM Ha ux ocHoBe. [loaTomy, pa3paboTka WHHOBa-
IIMOHHBIX TEXHOJIOTHH 10 M3BECTKOBAHUIO KUCIBIX U
3aCOJICHHBIX MOYB, PEKYJIbTHBALMH ITOCEBHBIX TLIOLIA-
JICH, TIOBBIIIICHUIO HX TUIOIOPOIUS U CheMa PO IYKIIHA
CEIIEXO03KYJIBTYp OCTaeTCs aKTyaJIbHOU IPOOIEMOi CO-
BPEMEHHOCTH.

OO1men3BecTHO, YTO MHUHEPAJbHBIC YHOOpeHHs
MOJTy4aroT Ha ocHOBE (pocOpHOIT KUCTIOTHI My TEM JKC-
tpakuud P>0s u3 TOHKOMONOTOTO (hocdopcomepika-
IIEr0 ChIPbsl CHJIbHBIMH KHCIIOTAMU U, B YaCTHOCTH
cepHoii [1-8]. 3arem, Ha OCHOBE CMEIIMBAHUS pa3iny-
HBIX MUHEPAJIbHBIX YJ0OPEHUIl, TOIy4al0T TYKOCMECH,
C YYETOM MX CBOWCTB COBMECTHMOCTH M HECOBMECTH-
MocTu. MmeeTcs psii TEXHOJIOTHM MOy4YeHUsl TyKOC-
MECH Ha OCHOBE TBEPJBIX IPUPOIHBIX U TEXHOTCHHBIX
CBIPHEBBIX MATEPHAIOB — OTXOJIOB PAa3JIMYHBIX MIPOU3-
BojcTB: PhD nokropckue nuccepramum bakupoBoit
K.H., Hanu6aepa M.H., Hazapbek VY.b., marucrpckas
nuccepramust XKanracosa M.K. u psig apyrux padort.

AHanmu3 (U3HKO-XUMHYECKUX CBOWCTB (ocdo-
THCIIAa TTOKA3bIBAET, YTO YTOJI €r0 €CTECTBEHHOTO OT-
KOca HaxOJUTCS B mpeaenax 33°, HachIIMHAS TUIOTHOCTh
oko1o 1300kr/m3, B 3aBHCHMOCTH OT €ro 36pHOBOTO CO-
CTaBa, T.€. KPYIMHOCTH KPUCTAIUIOB. Y CTAHOBIICHO, YTO

yCpEeIHEHHbIH XUMHYecKuil coctaB Qocdorumca co-
nepxut (B %): P20sesw - 0,74; P2O0sgon - 0,21; MgO -
crensr; N2O - 0,38; AlOs- 0,087; F- 0,081; HepacTBo-
pumoro ocratka (Ho) - 19,67; Fe,Os- 0,093. B nepe-
cueTe Ha cyxoe BelecTBO (ocOruIc B cpeHeM CO-
nepxut (B %): CaO - 39,8; P2Os - okono 1; K - 0,03;
Na-0,1; SOs- 36,2; Fe;03-0,1; Al,O3 - 0,03, KOTOpBIC
MOTYT TPHMEHATbCS KaK MHKPOYJOOpEHHS KpoMme
¢ropa [9,10].

B pabote psa aBTopos, B ToM umcie [11,12] mpu-
BEJCHO TIpHUMEHEHHWe HelfTpanuzoBaHHOTO (ocho-
THIICa, TOCIEeIEHCTBHE KOTOPOT0 COXPAHsAETCs Ha MPOo-
TSKEHUH 2-X JIET.

W3BecTHBI CLIOCOOBI ¥ TEXHOJIOTUH MOTYICHUS TY-
KOCMecel M3 OTXOJOB pa3IM4YHBIX IIPOU3BOJCTB, a
TakKe KOMIUIEKCHOTO yIOOPEHHUS Ui CEeIbCKOTO XO-
3s5CTBA, COAEPIKAIIEro OyphIil yromnb, Topd, KaabIHui-
COJIepKalluil KOMIIOHEHT B BUJE BHENEYHON NbUIM -
0TXO0/la LIEMEHTHOI'0 NPOM3BOACTBA, a TaKkxke (ocdo-
PHUTHYIO MYKY, OTaIl 1 kKapoamuz [13-15].

ITpn npumeHeHnn Qocdorumnca B KayecTBe CO-
CTaBHOM YacTH TYKOCMECH HEOOXOIHMMO YUYHUTHIBATH
COJIEPKAHUE HATPUS B IOUBEHHO-MOIIOMAOIEM KOM-
twrekce (II1K). [TosTomy, a1 BEITECHEHUS HATPUS U3
MIOYBEHHOTO MOKPOBa HEOOXOAMMO MPUMEHEHHE CTa-
IV TUTICOBAHUS TIOYBBI, KOTOPAsl yJIydIIaeT €€ BOAHO-
¢bu3nyecKne N XMMUYECKHE CBOICTBA 3aKUCICHHBIX U
COJIOHIIOBATHIX TT0YB, MOBBIMIAS UX TTIOAOPOIHE.
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JKcnepuMeHTAJIbHAS YaCTh

VYuuThIBas BBIICIPUBEACHHOE ¥ aKTYaJILHOCTD
npobyiembl  yruwinmzanun  pocdorunca Ha TOO
"Kazgocpar" oroOpaHbl MpeacTaBuTeNIbHBIE TPOOBI CO
CTaporo ¥ HOBOTO OTBAJIOXPaHWINILA, JUIs IPOBEICHNUS
uccieaoBanuil B qononHenne k Cooduienuto 1 penrre-
HO(a3oBOrO, TEPMOTrpaGUUIECKOro M CHEKTPATLHOTO
AQHAIM30B C BBISBICHUEM €ro (H3MKO-XMMHUYECKHX
CBOWCTB M COCTaBa.

CpemKa mpomsBoamiack Ha ammapare D8 Ad-
vance (Bruker), a-Cu, ipu HanpsukeHUH Ha TpyoOke 40
kB u Ttoke 40 MA. O6paboTKa MOITYIEHHBIX TaHHBIX
Iu(ppaKTOrpaMM M pacyeT MEKIUIOCKOCTHBIX PaccTos-
HHUH OCYIIECTBIISUIN C TIOMOIIBIO IPOIPaMMHOTO obec-
neyenusi EVA, a pacumgpoka npo6 u nmouck a3 - no
nporpamme Search/match, ¢ ucmonb3oBanuem basbi
MOPOILIKOBBIX TU(PPAKTOMETPUIECKUX JaHHBIX PDF-2.

K mepedHI0 HOPMaTHBHBIX JIOKYMEHTOB, IIpUMe-
HSEMBIX TIPHU UCIBITAHUSAX MUHEPAIBHBIX yIOOpEHHH,
mosxHo otHecTH MCO 5316 - 77, UCO 6598 - 85, UICO
7497 - 84 «Ynobpenns muHepanbHbie. OOIIIe TeXHU-
Yyeckue ycnoBus», O TpeOOBaHHAX K MUHEPAIBHBIM

«PeakTuBEL. MeTOIBI IPUTOTOBIICHUST PACTBOPOB IS
KOJIOPUMETPHYECKOTO M HedesoMeTpuueckoro aHa-
m3a»y, UCO 5316-77, UCO 6598-85, NCO 7497-
8)«Y nobpenunst MuHepanbHble. MeToabl onpeeaeHus
docdarosy, ISO/IEC 17025-2019 O6miue tpeboBanus
K KOMIIETCHTHOCTH MCIIBITATENIEHBIX U KAIMOPOBOYHBIX
nabopaTopuil » U Jp.

TepMmudeckuii aHanu3 u3ydaembix mpod ¢ocdo-
THIICA TIPOBEIECH Ha MpUOOpe CHHXPOHHOTO TepMHUYe-
ckoro ananmza STA 449 F3 Jupiter. Harpes Benm co
ckopocThio 10°C/MuH B atMocgepe BhICOKOOUMIIEH-
HOT'O aproHa, a OXJaXAeHue co cKopocThio 12°C/Mun.
O0paboTKy pe3yNbTaTOB, MOJIYYCHHBIX C ITOMOIIBIO
npubopa STA 449 F3 Jupiter, mpoBoaunu mocpen-
cTBoM mporpammuoro obecneyenust NETZSCH Pro-
teus.

Pe3yabTaTsl H HX 00CyXKIeHHE

Pesynbratel  nuddepeHnnansHO-TepMUUECKOTO
ananuza npob docdorurnca Ha MpUOOPE CHHXPOHHOTO
tepmuueckoro ananuza STA 449 F3 Jupiter moka3amsl
Ha pucyHKax 1 u 2.

mpo6a Nel - pocorurc co cTaporo oTBaIOXpaHu-

ynoopernsam (TP EADC 039/2016), TOCT 4212-76  mmmie
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Pucynox 1 - Tepmuueckuii ananuz gpocgho

AHanu3 pucyHka | moka3bIBaeT, YTO Ha KPHUBOU
JATA derko 3adyuKCHpOBaHBI MHTEHCHBHBIE 3HIOTEP-
MugecKue 3 HEKTH, ¢ MaKCHMAIBHBIM Pa3BUTHEM IPH
182,9 °C u 214,5°C. Taxke oTMedaeTcsl HECKONBKO
PacCTSHYTHIH SK30TepMUUECKU 3PPEKT ¢ BepIIUHON
npu 427,7°C, KOTOpbIii MOXKET ObITH 0OYCIIOBIEH XU-
MUYECKUMU PEaKIUSIMHU, CBI3aHHBIMU C TIEPEXOI0M HC-
CJIEyeMOro BELIECTBAa M3 OJHOIO MMHEPAIBHOIO CO-
CTOSIHUS B IPYrOM U, B YaCTHOCTH, AUTHJpATa B MOIY-
rugpar. Ha «kpuBoit dIATA ormedeH cnalblii
sHjoTepMudeckuil 3 ekt ¢ axcTpemymom npu 136°C.
BrimenasBannsle 9HIOTEpMHUYECKHE SPQEKTHI, yKa-
3aHHbIe HA KpuBou JITA, cONpOBOXKIAIOTCS yMEHBIIIE-

Co3daro npoapanibiv obecnevertem NETZSCH Profets

cunca co cmapoco omeajioxpanuiuna

HHEM MaccChl HABECKH, 33 CUET Y/IaJeHHsI BIard U Jpy-
rux Jeryunx BemecTtB. Kpusas TT B obmactu ero paz-
BUTHS TIOKa3bIBAET PE3KOE CHIKEHHE, YTO Ha KPUBOK
ATT mo stum >ddextam 3aUKCUPOBAHE MUHIMYMBI
npu 168,1°C 1 210,8°C. Ha xpusoii JITT Takske IIposiB-
JieH cnabblii MunumyMm 1ipu 218,2°C. Coueranue 3H/10-
TEPMHYECKUX U K30TEPMHUYECKOr0 3 PEKTOB HA KpH-
Boii [ITA xapaktepHOo anst oOpa3oBaHMsI THIICA —
CaS0O4.2H,0. ITepssii su10TepMIYecKni 3 dexT npu
182,9°C orpaxaeT ero AeruapaTamuio A0 IOIyTH-
para, a Bropoii 214,5°C— xapakrepusyer nosnoe 06es3-
BOKMBaHUE MpoObl (ocdorunca. DK30TepMHUUECKUI
sdpdexr npu 427,7°C sBnsercs mposBIEHHEM Iepe-


https://docs.eaeunion.org/docs/ru-ru/01413088/cncd_28022017_150
https://docs.eaeunion.org/docs/ru-ru/01413088/cncd_28022017_150
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CTPOMKH PEUIETKN 1 MPEBPAIICHHS IH- U MOIyTUApaT-
HOTO THTICa B HEPACTBOPUMBIH aHTUAPUT. CiralOblid Mu-
numyM 1ipu 218,2°C na kpusoii JITT MoXkeT ObITh OT-
paXkeHHeM IeTHAPATaIlid OBOTHEHHHOTO Tenst SiO:-
nH>0. Kpome 3T0r0, B HaNOXEHUE, SK30TEPMUIECKHUHA
3G peKT MOXKeT emle OTpakaTh M KPHUCTAJUIU3ALUIO
9TOTO TeJI.

Ha pucynke 2 mpencraBieHsl cBefeHHS 1o (oc-
(oruncy oToOpaHHOMY C HOBOTO OTBAJOXPaHMJIHIIA

TOO «Kazdocdar», rme mokazaHbl YETKO BBIPaKECH-
HBIE TPOLECCHl B TEMIIEPATypHOM HHTEpBaie, Kak
npeJcTaBiIeHo 1 Ha pucyHke 1, or 150 go 250°C.

AHanu3 pucyHKa 2 MOKa3bIBaeT, YTO Ha KPUBOH
JATA niposiBeHbI HHTEHCUBHBIE SJHAOTEPMUIECKHE 3(-
(EeKTbl, UMEIOIIME MaKCUMaJbHBIE Ppa3BUTUS IIPH
186,4°C u 216°C. Takxe OTMeYaeTCs 3K30TEPMHUHYE-
ckuil 3QdekT ¢ BepuuHoit mpu 458,2°C.

- mpo6a Ne2 - pochorunc ¢ HOBOro oTBaIa

dOTA /(MkB/Mr/MUH)
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TpuGop : STA 449F3 Almaty ®aiin : C:\NETZSCF dorunc Hosoro oteana,np.Ne2 20 10 2020.ngb-ss3
TipoexT : ocdarsl Martepuan : ®ocparsl,CaS04 Cerments! : 172
Kop obpasua : doccorunc Hos.oTBan ®daiin KoppeKuum : Turens : DTA/TG crucible Al203
Naralspems :  20.10.2020 15:34:43 Temn. kan./®ains! vyscT. : KanuGposka 29 05 2020.ngb-ts3 / SENSZERO.EXX Atmocdepa : Ar/ -1 Ar
NaGopatopus : Almaty Nuanazow : 33110.0(K/Mn)1010 I kopp./avan. uamep. : 000/35000 mr
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Coadaro npozpammiein obecneqenuem NETZSCH Proteus

Pucynox 2 - Tepmuueckuii anaiuz gocgozunca ¢ Ho6020 OMeaIOXpanuIuya

Ha kpuBoii dITA yka3aHsl ciiabble 3K30TepMuye-
ckue 3¢dexTsl ¢ nukamu npu 196°C u 1009,1°C. Du-
nqorepMudeckue 3(PQeKThl, MOKa3aHHbIC HAa KPHBOMN
JATA, xak 1 Ha pucyHke |, cOmpoBOXIAIOTCS WHTEH-
CUBHBIM CHMXXEHHEM MacChl HAaBECKH, YTO BUIHO W3
xona kpuBor TI'. Anamu3z kpusoit [ITT mokaswiBaer,
4TO Ha HEM HMMEKTC MUHMMyMbl npu 167,5°C u
212,2°C, a Taxxke OTMEUAIOTCS IONOIHUTENbHbIE MH-
aumymbl 1ipu 143°C, 207,7°C, a Taxke cnabblii MakcH-
mym tipu 201,7°C.

CoueTtaHue 3HAOTEPMHUUECKUX U 3K30TEpMHUYE-
ckoro 3¢dekror Ha kpusoit [ITA, kak yka3aHO BEIIIIE,
xapakxTepHsl nposieienuto runca — CaSO, - 2H,0. Ana-
mu3upyst kpuByro JITA, MOKHO OTMETHUTB, UTO MEPBBIT
sHaoTepMudeckuit sppext npu 186,4°C xapakrepen
JETUApATANH TUTHApATa 0 TOIyTHApaTa, a BTOPOi -
216°C — nponeccy nonHoro 06e3BoxkuBanus. Cieayer
3aMETHUTh, 4TO dK30TepMudeckuil apdekt npu 458,2°C
SBIISICTCS MIPOSIBJICHHUEM TIEPECTPONKH PEHISTKH U Ipe-
BpallleHHs AUTPHUIaTa TUIca B HEPaCTBOPUMBIH aHTUI-
pwT.

Coueranne munmmyma npu 143°C ma xpusoit
JATT u cnaboro 3K30TepMUIECKOTO dPPEKTa, C THKOM
npu 196°C na kpusoit dJITA, MOKET OBITH CIIEACTBUEM

nposieienus: npumecu NSiO;MH,0, kpeMHHEeBO# KHUC-
notel. Kpome atoro npu 143°C npotekaeT npouecc fie-
rujpataiiu ¢ o0pa3oBaHHEM CHIIMKOIENs, KOTOPBIH
pu 196°C kpucrannusyercs. Cinabblit MAKCHMYM TIpH
201,7°C ma xpusoii JTT MOMKeT oTpaskaTh MPOLECC
OKHCJICHHsI IPUMECH JIByXBaJleHTHOTO jkene3a. Coue-
tanre MuHuMyma nipu 207,7°C na kpusoii JITT u cna-
0oro 5K30TepMHUYECKOro 3(Qekra, C IHKOM IpH
1009,1°C na xpusoit dJITA, MOKeET ObITH OTPAKEHUEM
Haluuusi HeOoJbIIOTo KoindecTBa (ocdara arroMu-
aust Alz[PO4](OH)s6H-0. Tlpu 207,7°C BO3MOKHO
MIPOTEKaHKE TIpoliecca JeTHIpaTaluy ¢ 00pa3oBaHHEM
amop(Horo BemecTsa, kotopas npu 1009,1°C npuso-
JIUT K KpUCTAJUTH3AMN aMOP(HOH (a3bl.

Uccnenoanue mpob docdorunca na UK-Dypoe,
criektpomeTpe «Avatar 370 Csl» criekTpsl noJiy4YeHsl B
cnektpaibHoM jauanasone 4000-300 cmL. TIpu usyuye-
HuM (pocdorurca co cTaporo 0TBala, Kak Moka3aHo Ha
pHCYHKE 3, yCTAaHOBIICHO, YTO OH COJAEPIKHUT B CBOEM
cocTaBe C SPKO BbIpakeHHbIMU nukamu: rurc Ca[SO4)
- 2H,0 — 3548, 3496, 3404, 3244, 1686, 1621, 1145,
1115, 1004, 669, 602 cm™ u kBapy SiO, — 798, 779,
511, 465,397,372 cmt.
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Pucynox 3 - HKC-ananu3z gpocgpocunca co cmapoeo omganoxpanunuma.

UKC-anamu3 uccnenoBanus (ocdorumca ¢ HO-
BOTO OTBaoXpaHWiHIa (ocdorurmca, npuBeaEHHOTO
Ha pUCYHKe 4, MOKa3blBaeT HE3HAUNTEIbHBIC LU(PO-

BBIC OTKJIOHCHHS ITUKOB U, YTO OH COJACPIKUT KaK U Ha
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SiO, - 798,779, 511, 469, 398, 374 cm™t.
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Pucynox 4 - UKC-ananus gpocpozunca ¢ H06020 0meanoxpaHuiumyd.

Nzyuenne oOpasios ocgorurica kak co cTaporo,
TaK ¥ C HOBOT'O OTBAJIOB M3YyYaJIMCh 1O MUKPOCKOIIOM
mapku LEICA DM 2500 P. Iepex ucciaemoBaHueM Chi-
My4YHi MaTepHaj MpoOkl, C IENbI0 THAaTHOCTUKN MHUHE-
pasbHBIX (a3, MOTPYXKaJCs B UMMEPCHOHHBIE CPEIbl C
M3BECTHBIMH TOKa3aTeJ MU MpeioMieHus. Hapsay ¢
9THM, W3 MaTepHana MpoObl MPHUTOTOBICHBI HCKYC-
CTBCHHBIC TOJHPOBAHHBIC aHIUIU(QBI — OPHUKETHI IS

OTIpeIeNIeHHs IPUCYTCTBYIOIIMX B MPOOaX PyAHBIX MU-
HEpaJoB.

Ha ocHoBanmm nmony4eHHBIX naHHBIX B CooOlrre-
wun 1 u gaaaoro CooOuieHus 2, a Takke paboThI aBTO-
pos [13,15], s ynydmesns CBOICTB  IIOYBEH-
HOTO TTOKPOBA IpeiaracTcs HIKETpHBeIeHHAs pa3pa-
GoTaHHas UHHOBAI[OHHAs TEXHOJIOTHsI u
TEXHOJIOTHUYECKas CXeMa, TI0Ka3aHHasl Ha PUCYHKE 5.
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Pucynox 5. [lpunyunuanenas cxema npouzsoocmea mykocmecu, cooepicaweli pocgozunc
1,4,7,9,10, 11, 12, 14, 15 6yukepa; 2 - dozamop-numamens, 3, 13 - cmecumenu, 5 - bapabannas neus, 6 -
xono0uneHux; 8 - menvruya, 16 - ghacosounas mawuna.

B KkauecTBe TEIIOHOCUTENS I MPOKaJKH (oc-
(doputa M BEepMHKYJIUTA TpeaiaraeTcs NpUMEHEHHE
MeJIoYH OYporo yriisi ¥ MIPUPOIHOTO Tasa Jyisl 3aKura-
HUS yIJsd, Haxojsuierocsi B muxre (ochopura wiu
BEPMUKYJIUTA B OIPE/ICIIEHHOM COOTHOIICHHH.

Jl1g CHUXKEHMS 9KOJIOTUYECKOW HAarpy3KH U TOII-
JIMBHO-9HEPTeTHYECKUX 3aTpaT Ha MpoLecc O00Xura
(docdoputa ¥ BEpPMUKYJIUTA, BOBMOXXHO NPHUMCHCHUE
NBUTH LUKJIOHOB U 3JEKTPODHIBTPOB, 00pa3yIOLIHXCs
npH npokajike (ochopura B TeMOEpaTypHOM HHTEP-
Bane 950-1100°C unu ObLIL YIOBIEHHYIO B LUKIOHE
npu arsiomepanuud GocHOpPUTHONH MENOYH MPOU3BOA-
ctBa (ocdopa, a TakKe TOTOBOH MPOAYKIMH 0OOra-
[IEHHOTO U O00XIKEHHOTO BEPMHKYJIHTA, Ha OCHOBE
JIOTOBOPHBIX MOCTABOK.

Kpome atoro, Juisi yiydllieHHs: Ka4yecTBa pacceu-
BaHMsl Ha MOCEBHBIC IUIOMIAAN TYKOCMECH HOBOT'O ac-
COpTUMEHTA, cojaepkamieii pocgorurc, mpeaaaraercs
NPUMEHEHHE B KaYECTBE CBA3YIOIIETO BEIECTBA COall-
CTOKa, OTXO0Ja IIEeNOYHOH paduHAIMN PACTUTEIbHBIX
JKMPOB M Macell, a TaKKe BOJAHOTO PAacTBOPA IATOKH,
M3/IeprKKa IIPOU3BOJICTBA caxapa U3 CaxapHOH CBEKJIBI.

ITo mpeanaraemoli TEXHOJIIOTMH MENOYb MTPUPOJI-
Horo ¢ocdopura knacca 0-5Mm u3 OyHKepa 1103 1, mo-
CpPE/ICTBOM JI03aTOpa-MUTaTENs 103 2 MOJAl0T B CMECH-
TeJb 103 3, KyJa TakKe MocTynaeT u3 OyHkepa mo3 4
OIpe/IeJICHHOe KOJMYECTBO MEJNOYH Oyporo yrisl.
[IuxTy TIIATEIBHO IEPEMEIINBAIOT B CMECHTEINE 1103
3, MOal0T MUTATEIEM BO Bpallalonrytocs: 6apabaHHyIo
neup mo3 5, cymar npu temneparype 150 — 350°C u
THO/ABEPraloT TepMuueckod obOpaborke mpu 850 —

950°C. IIpokaneHHbIil MaTepuasl HAMPABIAIOT B XOJIO-
JWJIBHBIH arperart 1o3 6, oxnaxjaaror 10 40°C u tpanc-
HOTHPYIOT B COOpHBINA OyHKEep NMpoKaneHHOro (ocdo-
puTa 103 7, CMOHTUPOBAHHOTO II€pE MENbHULIEH 1103
8.

Ha crienyromiem atarme mporiecca NpUpOIHEII Bep-
MUKYJIUT U3 OyHKepa 1mo3 9 m Menoupb yriisi ppakiuu
MeHee SMM H3 OyHKepa 1103 4 IT01al0T B CMECUTEINb 1103
3. llluxTOBYIO CMECH TIIATEIHHO IIEPEMEIINBAIOT U TI0-
JafoT B OapabaHHYIO BpalAIoIIyIoCcs Iedb 103 5, riae
TIOJIBEPTAIOT CYIIKE M MPOKAJIKE MPH TeMIiepaTrype 10
950 °C, oxnaxgarot 10 40 °C B X0JIOJUIBHUKE 1103 6 U
TPaHCIIOPTUPYIOT B OT/IENIbHBIA OyHKEp MPOKaJICHHOTO
BepMHuKyiHTa 103 10.

[Tocnie npokanku dochoput u3 OyHKepa 1mMo3 7 u
MeJIoYb BHYTPEHHHUX BCKPBILIHBIX [TOPOJ KJIacca MeHee
SmM u3 OyHKepa 1mo3 11, moaroT B IEHTPOOEKHYO 3I-
JUNTHYECKYIO MapOBYIO0 MENFHUITY 0apabaHHOTO THIIA
u u3MenpyatoT 10 Gpakuun menee 0,1MM. Mzmenbuen-
HBII MaTepual NoAaI0T B IPOMEXKYTOUHBIH OyHKep 1103
12, 13 KOTOPOTO B ONPEICIICHHOM KOJIMYECTBE ITO/IAI0T
B CMecHUTeNb 1103 13, KyJa TpaHCIIOPTHPYIOT OIpese-
JICHHOE KoJInuecTBO (ocdorurica u3 OyHkepa nos 14, a
TaK)Ke MPOKAJIEHHBIH BEPMUKYIHUT U3 OyHKepa mo3 10.
TmarenbHO MepeMenIeHHbI B CMECHUTENE MINXTOBBIN
MaTepHall TYKOCMECH TPaHCIOPTUPYIOT B OyHKep u3-
MEJIBYEHHOTO NPOAyKTa 103 15, a 3arem momaroT B
TapHO-()acCOBOUHYIO MaIMHy 103 16. 3arapeHHyIO B
MEIIKH TYKOCMECH CKIIaUPYIOT B CKIaJCKOM IOMeEIIe-
HUH ¥ OTIIPABIISIIOT TOTPEOUTEIISIM.

[TpoBenen pacuer W omnpeneseH MaTepUalIbHbBIHA
GaaHc mporecca MPOU3BOJICTBA HOBOT'O aCCOPTHUMEHTA



The scientific heritage No 78 (2021) 23
CJIOYKHO-CMEIIICHHOTO MHHEPAILHOTO YA0OPEHHS - TY-
KocMecH, cozaepxkarero (Gocorurc, KOTOPLIA Mpe-
CTaBJICH HUXKE B TaOIHIIE.
No IIpuxox Ne Pacxon
n/m HaumenoBanue KT % /n HawumenoBanue KT %
dochoputHas  MenoYb
WIH MEIoYb BO3Bpara CI0XHO-CMEIIaHHOE
mporecca  arJioMeparuu MHUHEpAJILHOE  YyI00pe-
1 | ¢ochoproro mnpousBoa- 670 67,0 1 | HHe-TyKOCMECh  TIpO- 990 99,0
CTBa WJIHM Tpolecca Tep- JIOHTUPOBAHHOTO  JICH-
MOTIOATOTOBKH  oco- CTBHS
puta
2 | BepMukymut 115 11,5 2 | MexaHn4eckue moTepu 10 1,0
BuyTpenHune — BCKpbILI-
3 | HBIe TIOPOIBI OYPHIX YT- 100 10,0 3
JIen
4 docdorwurc 65 6,5 4
5 | Bypsrit yroias 50 50
Hroro 1000 100 Hroro 1000 100
3akiaovyeHue 87,93% u 85,04%; xBapma SiOz - 9,10% u 10,58%; Oa-

B pesynbraTe uccienoBaHUN BBISBIEHO, YTO IO
COCTaBy M (DU3UKO-XMMHYECKUM CBOMcTBaM (ocdo-
THIIC CTaporo M HOBOro otBagoxpanmwuim TOO
"Kazochar" ocoObIXx OTIMYMI MO COJCPIKAHUIO OC-
HOBHBIX KOMIIOHEHTOB He uMeroT. PazpaboraHHas Tex-
HOJIOTUYECKAsl CXEMa U NPUBEICHHBI MaTepUaIbHbIN
OanaHc MOJYYCHUS HOBOTO aCCOPTUMEHTAa TYKOCMECH
MO3BOJISIET TOIYYHUTh CIOXKHO-CMEIIaHHOE yIoOpeHue
MIPOJIOHTUPOBAHHOTO ACUCTBUS, KOTOPHIH COACPKUT B
cBOEM cocTaBe (ocdaTHOE BEUICCTBO, BEPMHUKYIIHT,
KaK BJIarOyJICp)KUBAIOIINI KOMIIOHEHT, BHYTPECHHHE
BCKPBILIHBIE MTOPOJBI ¢ MUKpoO3dIeMeHTaMu U (docdo-
THIIC, KaK HEHTpalu3aTop MOYBEHHOI'O MOKPOBA IS
CHIDKEHHS 3aKHCJIEHHOCTH M 3aCOJICHHOCTH MOCEBHBIX
YTOJIHUH.

[Tpou3BOACTBO TyKOCMECH HOBOH HOMEHKJIATYPHI
BITOJTHE MOXKET OBITh OCYIIECTBIICHO B IPOMBIIIIEHHOM
Macirade MOIIHOCTEI0 20-25 ThICAY TOHH B TOJ Ha
TEPPUTOPHUAK ONUINIEIKAIUX TEPPUTOPHHA arpoKOM-
TUIEKCOB T10 BBIPALIMBAHUIO CEIBXO3MPOIYKIIMH OBO-
el 1 coe0000BBIX KYJIBTYp B TEIUIMIAX M HAa OTKPHI-
TBIX IOCEBHBIX IUIOIIAX, B pagunyceS0-150 km, ¢ aKo-
HOMUYECKOH M 3KOJOTMYeCKOM TOYeK 3pEeHusi-
«vmuHI3aBOI- ATTK».

BriBoabl

1. BrisiBI€HO 4TO, yCpEAHEHHBIN XUMUIECKHN CO-
craB ¢ochorumnca comepkur (B %): P20soem - 0,74,
P20s5p0x - 0,21; M@O - ciremmsr; N2O - 0,38; Al,Os- 0,087;
F- 0,081; mepactBOopmMoro ocrarka (H.0.) - 19,67;
Fe,Os- 0,093.

2. Ha coBpemeHHbIX npudbopax (HU3MKO-
XMMHYECKMX  METONOB  aHalW3a  II0CJIEJHEro
TIOKOJICHNSI ~ TPOBEJEHBI  MCCIIENOBAaHUS  (DU3UKO-

XUMHUYCCKUX XapaKTCPUCTUK H CBOICTB q)oc@ornnca
KaK CO CTaporo, Tak U ¢ HOBOT'O OTBaJIOXpaHHWJIHWIIA.

OmnpeneneHo, 4YTO CYIIECTBEHHBIX pa3IUudii B
XMUMHYECKMX W MHHEPaJOrMYeCKHUX  COCTaBax
MCXOJIHBIX P00 HE UMEeTCsl.

PenrrenodazoBeiMm  aHaymzoM  Qocdorurca
YCTAQHOBJIEHO,  4YTO B  CTapoM ©  HOBOM

oTBaNIOXpaHminiie conepxurcs: runca CaSO, -2H,0 -

3apuTta CaSO4 -0.67H2 O - 2,97% u 4,38% cooTser-
CTBEHHO.

3. JuddepeHnuanbHO-TEpPMUICSCKUES
HCCIIeIOBAaHMs, TPOBEICHHbIE Ha JaepuBaTorpade
CHHXPOHHOTO TepMHuueckoro anammza STA 449 F3
Jupiter mokazanuM Ha HamMuYWMe HE3HAYUTEIBHBIX
PacX0XXKICHUH TEMIIepaTyPHBIX IIMKOB MEXTy podamu
aHAIM3UPYEMBIX (POC(HOTHIICOB CO CTApPOrO W HOBOTO
OTBAJIOXPAHWININA. DTO TOATBEPXKICHO CIEKTpaib-
HbIM aHanu3oM Ha UK-®ypbe cnekrpomerpe «Avatar
370 Csl» B criekTpaJlbHOM JHMaIa3oHe 4000-300cm™.

4. PaszpaboraHa TexXHOJIOTHYECKas CXeMa U
WHHOBAIIMOHHAs TEXHOJIOTHS IOJY4YeHHs HOBOTO ac-
COPTHMEHTA TYKOCMECH — CIIOKHO-CMEIIaHHOTO y100-
peHMs IPOJIOHTMPOBAHHOTO IEHCTBHSA, COIEPIKAILETO B
cBoeM cocTaBe (ochaTHOE BEUIECTBO, BEPMHUKYJIHT,
KaK BJIArOyJIep>KUBAIONIUA KOMIIOHEHT, BHYTPEHHHE
BCKpBIIIHBIE MTOPOJBI ¢ MHUKpO3JIEeMeHTaMu U (ocdo-
THIIC, KaK HEHTpaJIn3aTop IMOYBEHHOTO IOKPOBA IS
CHI)KEHUS 3aKHCIIEHHOCTH U 3aCOJIEHHOCTH MOCEBHBIX
YTOIMM. [Ipusenen MaTepHaIbHbINA Oamanc
IIPOM3BOJICTBA TYKOCMECH HOBOTO aCCOPTHMEHTA.
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Ha ocHOBaHNYM TPOBEICHHOTO aHAIM3 JINTEPATYPHBIX HCTOYHHUKOB TI0 OTXOJAaM IPOU3BOACTB (ochopHOU
MPOMBIIICHHOCTH TIPUBEAEHBI Pe3yIbTaThl UCCIEI0BaHNH XMMHUUECKOTO 1 MUHEPAIOTHIECKOTo cocTaBa Gpocdo-
THIICa COBPEMEHHBIMHU METO/IaMH U IIPUOopamMu (PU3UKO-XMMUYECKOTO aHaIIN3a.

MHUKpOCKOITMYECKUM, PEHTIeHO(a30BbIM METO/JaMU aHAJIN3a ONPEIEIICHO Pa3JIniKe 110 BCEM KOMIOHEHTaM
B ocorurice kak co CTaporo Tak U ¢ HOBOTO OTBAJIOXpaHWIHNIL HA 1,5-3%., 4TO 00BSICHSIETCS aBTOPAMH U3MEJIb-
YEeHUsIMHU B pesyinbraTe 6oinee 40 eTHero xpaneHus. BeisiBiieHa naeHTHIHOCTH (hocOornIica co CTaporo 1 HOBOTo
otBastoxpanmwmiy TOO «Kazpochar» Pecrrybnuku Kazaxcran no cocraBy: Ca - 17,55% u 19,42%; K - 0,13% u
0,14%; P - 0,35% u 0,30%; P20s - 0,80% u 0,69%, a Takke MUHEpPaJOTHIECKOMY COCTaBy THIICA, TUTHApaTa
(CaS04 -2H>0) - 87,93% u 85,04%; xBapua (SiOz) - 9,10% u 10,58% % u 6accanura (CaSO, -0.67H20) - 2,97%
1 4,38%, cootBercTBeHHO. ChEMKY An(ppakTorpaMm TpomsBomian Ha ammapate D8 Advance (Bruker), a-Cu, ¢
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00paboTKO# MOTyIEHHBIX JaHHBIX TU(QPAKTOTPAMM H PACUETOM MEKITIOCKOCTHBIX PACCTOSTHHN C TIOMOIIBLIO TIPO-
rpammHoro obecreuenus EVA. Pacumdposky npo6 u mouck ¢as ocymiecTBisum mo nporpamme Search/match, ¢
UCIIOJIb30BaHHEM ba3bl MOPOIIKOBEIX TU(PPaKTOMETpUIECKUX NaHHBIX PDF-2.

[Tox MEKPOCKOTIOM YCTaHOBIICHO, YTO Ipoba Ooiiee yem Ha 85—90% COCTOUT U3 rurca MUHEpajaa MOHOKIINH-
HOM CUHI'OHHMU B BHUC GCCHBCTHHX pOM6I/I‘IeCKI/IX KpUCTAJIJIOB, KBapla U, BO3MOKHOT'O IIPUCYTCTBUSA OaccaHuTa -
nojgyruapara, yCTaHOBJICHHOI'O peHTFeHO(l)aS}OBLIM aHaJIu30M.

Abstract

Based on the analysis of literature sources on waste products of the phosphorus industry, the results of studies
of the chemical and mineralogical composition of phosphogypsum using modern methods and devices of physi-
cochemical analysis are given. Microscopic, X-ray diffraction methods of analysis determined the difference in all
components in phosphogypsum from both the old and the new dumps by 1.5-3%, which is explained by the authors
of grinding as a result of more than 40 years of storage. Revealed the identity of phosphogypsum from the old and
new dumps of LLP "Kazphosphate" of the Republic of Kazakhstan in composition: Ca - 17.55% and 19.42%; K -
0.13% and 0.14%; P - 0.35% and 0.30%; P205 - 0.80% and 0.69%, as well as the mineralogical composition of
gypsum, dihydrate (CaSO4 « 2H20) - 87.93% and 85.04%; quartz (SiO2) - 9.10% and 10.58%% and bassanite
(CaS0O4 - 0.67H20) - 2.97% and 4.38%, respectively. Diffraction patterns were recorded on a D8 Advance appa-
ratus (Bruker), a-Cu, with the processing of the obtained diffractogram data and the calculation of interplanar
distances using the EVA software. Sample decoding and phase search were performed using the Search / match
program using the PDF-2 Powder Diffractometric Data Base. Under a microscope, it was found that the sample
consisted of more than 85-90% of gypsum, a mineral of the monoclinic system in the form of colorless rhombic

crystals, quartz, and the possible presence of bassanite, a hemihydrate, established by X-ray phase analysis.
KiaroueBsle cj10Ba: O0TXOAbI, (1)00(1)01“1/11'[0, XUMHYECKHH 1 MI/IHepaJIOFI/I‘{eCKI/Iﬁ COCTaB, MUKPOCKOIIN, PCHT-

reHorpa(bI/m, TYKOCMECh, MaccoBas A0JA

Keywords: waste, phosphogypsum, chemical and mineralogical composition, microscopy, radiography, fer-

tilizer mixture, mass fraction.

BBenenue

K npenamnpustusiM, KOTOpbie pabOTAIOT Ha IPUPO/I-
HBIX CBIPBEBBIX PECYpCax M €XKEYACHO BBHIOPACHIBAIOT
TBEPABIC, KUAKUC U FaSOO6pa3HI>IC OTXO0JbI, B OCHOB-
HOM OTHOCSTCS TOPHOPYAHBIC, XHUMHUYECKHE, MeTall-
JYyPTUYECKUE U YTIIeAOOBIBAIOIINE POU3BOJICTBA, TETI-
nosHepreruueckue meHTpel (TOLl), xotopeie Hapy-
IIAI0T HKOJOTHYECKOE PABHOBECHE HE TOJIBKO OITHOTO
TOCyapcTBa, HO U TPAHCTPAHUYHBIX CTPaH.

OTXO/IBI IPEANPHUSATHA, HAHOCSIINE HEBOCIOTHH-
MBIH ymep0 oKkpysKaromei cpee, MOTyT CIY)KUTh XO-
pomurM ChIPpbEM [UJI1I NPOU3BOACTBA MHHEPAJIBHBIX
yaoOpeHnid W TyKocMeced, 3a CHeT CoJAep KaHus
Makpo- M MHKpPO3JeMeHThl. [loaTomy pa3spaboTka u
BHEAPCHUEC B HpOI/I3BOI[CTBeHHBII71 IIUKJI HOBBIX Hay4-
HbBIX U TCXHUYCCKHUX ITOAXOI0B KOMILIEKCHOM nepepa-
OOTKH IPUPOTHOTO CHIPHS U yTHIIH3AINH TEXHOT€HHBIX
BTOPUYHBIX PECYpPCOB, IS PEIICHHS COBPEMEHHBIX
SKOHOMHYECKUX, IKOJOTHICCKUX M COLMAIBHBIX IIPO-
OJIeM TPOMBIIUICHHBIX PETHOHOB SIBISCTCS aKTyallb-
HOM 3a7a4en.

Ha reppuropun CHI' n Pecniy6niku Kazaxcran B
OTBaJIaX M OTBAJIOXPAHWIMIIAX HakoruieHo Oonee 80
MJIpJ. T. TBEPABIX OTXOJAOB, B TOM uucie Oosee 1,6
MIIP/.T TOKCHYHBIX U KaHIeporeHHbIx BemiecTs [1]. K
TaKUM OTXO0JIaM MOYKHO OTHECTH (HOCHOPHBIHA 1IJIaM U
anekTpoTepModpocHOpHBI MUTaK, 00pa3yrOIUEcs MpH
nepepadotke (ochopuToB Ha KEATHIH Pocop 3Iek-
TPOTEPMHUUECKUM CIIOCOOOM, a Takxke (ocdorurc, Ko-
TOPBIN SBISCTCS U3JICPIKKAMH TPOU3BOJICTBA SKCTPAK-
UOHHON (OCHOPHON KUCIOTH XUMUIECKHM METOIOM
nepepaboTku GochOPUTOB U ANTATHTOB.

HakomieHHbIE B OTBajax MPEANPUSTHN 3aItachl
dbocdorumnca, MO OIEHKAM 3KCIEPTOB COCTABISIOT
okoJio 140 MIIH. T., TIpY €XKETOTHOM yBEIMYEHUH Ha 14
MiH.T. Ha ceromns mpobnema mepepaboTku ¢docdo-

rurnca He Tojbko B KazaxcraHe, HO U B MHpE IOJIHO-
cThIO He penieHa. CteneHb nepepadotku hocdorurca,
oOpa3yrolierocst Ipy U3BJICYEHUH TIeHTa oKcua ¢doc-
¢dopa U3 TOHKO H3MenbueHHOro Qocdopura cepHOi
kuciioToii B 0bBeM CCCP cocrasiser nnorzaa 10 4 %
B I0J, B TO BpeMst Kak B ['epmanuu, benbruu u SAnonuun
okouo 100 % [2].

I'maBHO# mpoOIEMOIi, KOTOpass TOPMO3UT Pa3BH-
tHe nepepabotku pochorunca B Kazaxcrane, ¢ Hamren
TOYKH 3PCHMUS, SBIACTCS HEIOCTATOYHAs pa3paboTaH-
HOCTb METOJI0JIOT MU TTOJTyYESHUSI SKCTPAKIIMOHHOM (oc-
¢dopuoii kuciotel (DPK) u3-3a u3mMeHeHuH (HU3UKO-
XMUMHUUYECKHX  XapaKTepUCTHUK IepepadaThiBaeéMOro
npupoaHoro Qocdopcoaepikaniero ceipbs hochopu-
TOHOCHOTO OacceiiHa KapaTay v yTunu3anuu Ha 1iene-
BOH NPOJYKT.

CoBpeMeHHBI arponpOMBILUIEHHBIH KOMILIEKC,
0 psiny OOBEKTUBHBIX M CYOBEKTHBHEIX IIPUYUH HE B
JIOCTaTOYHO ITOJIHOW MEepe UCIOJIb3YeT MUHEPaIbHbIE
yoOpeHns B TE€UCHUE MOCIEAHUX JIET. DTO TOBJIEKIIO
3a cO0OH HCTOIIEHHE 3EeMENIBHBIX yroluil (epmep-
CKMX XO3SIMCTB CPEJHEro U Majloro Ou3Heca, a TaKkxke
WH/IMBUIYalIbHOTO YaCTHOTO CEKTOpa, MOBBIIICHHUE
34COJICHHOCTH M KHUCJIOTHOCTH ITOYBEHHOTO ITOKPOBA,
CHIDKCHHE KauecTBa MPOAYKIMH CeITbCKOX03SHCTBEH-
HBIX KYJBTYP ¥ UX KOJMYECTBEHHOTO CheMa.

Ha 1 T D®K, nomyyaemoii W3 TOHKO MOJOTBHIX
¢docdopuros Kaparay ¢ ncronp3oBaHreM CepHOH KHC-
JIOTBI, 00pazyercst 0Koso 6 T MpoMbITOro (hoctorurca,
yJlelIbHasl MOBEPXHOCTh KOTOporo kosebinercs ot 0,15
10 0,24 mm?, ipu BaxkuocTH okono 40 %.[3-6].

3a mepuoj dKCIUTyaTally 3aBoja 10 IPOH3BOJI-
CTBY 3KCTPAKIIHIOHHOW KHCJIOTHl © MUHEPAIBHBIX Y100~
penmii B Pecniy6nmke Kaszaxcran ¢ cepeaunst 1960 ro-
JIOB, B OTBAJIOXPAHIUIUIIE HAKOIMINCH AECATKHA M-
JIMOHOB TOHH (ocdorurica. D10 TpedyeT pa3paboTKu
s dexTrBHOTO crocoba yTHIW3alMK JAaHHOTO BHIIA
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orxoma. Ha cerogusmianii 1eHb OCHOBHBIM CIIOCOOOM
yrammsanun  ¢pocdorumnca gBuSeTCA CKIATUPOBAHHE
€ro B OTBJIOXPaHWJIMIIAX. DTO OKa3bIBAE€T HETATHBHOE
BJIMSTHUE HA OKPYIKAIOLIYIO Cpey U3-3a MBUICHUS U 0-
BBILIEHUS CTENCHM 3ara3oBaHHOCTH aTMOC(HEpPHOTO
BO3/lyXa B JKapKylo IOTOAy Iapora3oBoil cMmecHu, a
TaKke BBIMBIBAHUS OcagkaMH U3 Qocdorumnca Bpea-
HBIX BEIIECTB, KOTOPbIE 3arps3HSIOT MOA3EMHBIE U HO-
BEPXHOCTHBIC BOJBI, MOYBEHHO-PACTUTENBHBIN IO-
KpPOB.

[MommMmo 3arpsi3HEHHS OKpYyX)aromeit cpens! (oc-
(orumic HAHOCUT OOJIBIION SKOHOMHYECKHH yIIepo,
nockoibKy 10 10 % cebectommoctn dochopHOit Kuc-
JIOTHl NPUXOJUTCS Ha 3aTparhl 10 €ro TPaHCIOPTH-
POBKE M XpaHEHUIO, 3aHUMasi 3HAUUTEIbHBIC TUIOIIAAN
3eMelib, OCTPO HEOOXOMMBIE CETLCKOMY XO3SHCTBEH-
HOMY CEKTOPY 9KOHOMHKH [6-8].

JKcnepuMeHTAIBHAs YacTh

g npoBeleHUs UCCIENOBAHUNA U U3YyYEHUS XU-

MHUYECKOT0, MHUHEPAJTOrH4CCKOro, pCHTTCHOMa30BOIo
- ]

aHaJM3a CBOMCTB M cocTaBa ¢ocdorurmca ObUTH OTO-
OpaHBbI MPeACTaBUTEILHBIC IPOOBI CO CTAPOTO ¥ HOBOTO
otBanoxpanmwnma TOO "Kasdochar". JlanHbie aie-
MEHTHOTO aHajJM3a XUMHUYECKOTO COCTaBa Ha OCHOBE
HOPMAaTHBHO-TEXHUYECKHE JOKYMEHTAI[MH IPOBOINIIN
npu TeMmeparype 22°C 1 OTHOCUTEIbHOHN BIaXKHOCTU
okpyxaromiei cpeabl 64%. CheMKy audpakTorpamm
npousBoaunu Ha anmapate D8 Advance (Bruker), o-
Cu. O6paboTKa MOTy4eHHBIX JAHHBIX Ar(ppaKTorpaMm
U pacyeT MEXKIUIOCKOCTHBIX PACCTOSHHN OCYIIECTB-
JISUTA ¢ TIOMOIIBIO TIporpaMMHOro obecriedenus EVA,
¢ pacmmpoBKOH Mpod 1 MOUCYK (a3 1Mo mporpamme
Search/match ¢ wmcrionms3oBanneM bassl MOPOMIKOBBIX
TudpaKTOMETpUIeCKUX MaHHbIX PDF-2.

Pe3yabTaTsl H UX 00CyKIeHHE

BusyanbHBIM OCMOTPOM IIOKa3al, YTO BHEIIHE
¢ocoorunc ¢ HoBoro otBaa TOO «Kazdocdar» ana-
soruueH (ochOorurncy cTaporo OTBajga, U OHU SBIISI-
IOTCS CBETJIO-CEPBIMU MOpOIIKaMu (puc.1).

Pucynox 1 - I'unc 6 gpocgpoeunce, ysen. 100, nux+.

Pe3ynbTaThl 3IeMEHTHOTO aHanu3a (ocdorumca
KaK CO CTaporo, Tak M C HOBOTO OTBAIOXPAHIIHIIA

TOO "Kazdochar", npoBeneHbl B COOTBETCTBUU C CY-
LIECTBYIOIIUMH HOPMATHBHO-TEXHHUECKUMH  JIOKY-
MEHTALUSAMU U TpeACTaBIeHb! B Tabnumax | u 2.

Tab6muma 1

Xumudeckuii coctaB (ocorumnca co craporo OTBAIOXPaHMIINIIA

dakTHyecKkue 3Ha-

0 HaumeHoBaHue onpenensieMbIX Xapakre- | 4eHus mo pesyabra- | HJI Ha MeToasbI Hc-
n/n PUCTHK, eIMHUIIbI M3MepPeHuil TaM MCHBLITAHUH NBLITAHUH
1 Maccoas sroins 6opa, % 0,009 -
2 MaccoBas gois kanus, % 0,13 I'OCT 5382-91
3 MaccoBas gois kaabnus, % 17,55 I'OCT 4013-82
4 MaccoBas goisg maraus, % 0,028 I'OCT 5382-91
5 MaccoBas 1011 Maprasua, % 0,0029 I'OCT 5382-91
6 MaccoBas 10Jid MbIIIbsKa, % 0,0025 T'OCT 23581.9-79
7 MaccoBas ois dpocdopa, % 0,35 I'OCT 5382-91
8 Maccosas mons propa, % 0,5 I'OCT 5382-91
9 Maccoas noins okcuaa docdhopa, % 0,80 I'OCT 5382-91
10 MaccoBas foJig oOKkcua Kauus, % 1,79 I'OCT 5382-91
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Tabmuma 2

XuMudeckuit coctaB (hocdorurnca ¢ HOBOro OTBAIOXPaHUIIHIIA

dakTHyecKue 3HaYe-

() HaumeHoBaHMe onpeeisieMbIX XapaKTepu- Hus o pesyiabraram | HJI Ha MeTOAbI HCHBI-
n/n CTHK, eIMHUIIbI H3MepeHuii HCNBLITAHUH TaHUH
1 MaccoBas o511 6opa, % 0,008 -
2 MaccoBas nons Kanus, %o 0,14 I'OCT 5382-91
3 MaccoBas o Kanbius, % 19,42 I'OCT 4013-82
4 MaccoBasi 10511 Marausi, % 0,036 I'OCT 5382-91
5 MaccoBas J1onist Maprasia, % 0,003 I'OCT 5382-91
6 MaccoBasi 101 MbIIIbsiKa, % 0,004 I'OCT 23581.9-79
7 MaccoBas nois pocdopa, % 0,30 I'OCT 5382-91
8 Maccogas mons propa, % 0,60 I'OCT 5382-91
9 Maccoas mons okcuaa dbocdhopa, % 0,69 I'OCT 5382-91
10 MaccoBasi 101 OKCHa Kanus, % 0,61 I'OCT 5382-91

Ananu3 Tabmun 1 ¥ 2 mokasbIBaeT, YTO 3HAYHU-
TENBHBIX Pa3IM4YMi TIOYTH IO BCEM KOMIIOHEHTaM
KpoMe 0opa M OKCHIa Kajusl He HaOJIIoAaeTcsl.

IToxg MUKpOCKOTIOM B NMMEPCHOHHOH Cpeze ycTa-
HOBJICHO, 4TO Mpoba Qocdorurca co cTaporo oTBaia
6osiee uem Ha 85-90% cocTOWT M3 ruUICca, MUHEpaia
MOHOKJIMHHON CHHTOHHM C MOKa3aTeIsIMU IperoMIIe-
Husa Ng =1.529, Np =1.520. IIpoba xapaxTepusyercs
OecrBeTHBIMM POMOMYECKMMH KpHcTaulamMu. B He-
60JBIIIOM KOJIMUECTBE OTMEYAETCsl HAIW4Ke KBapIla U
BO3MOXXHO 0accaHWTa, NOJIYyTUApaTa YCTaHOBJICHHOTO
peHTreHO(a30BBIM METOJIOM aHanu3a. B annumde, B
3HAKOBBIX 3HAUEHMSX, MPUCYTCTBYIOT MEIbCOAEpIKa-
IIMe MUHEpaJIbl, TAKUE KaK Meb MEeTaJUINueCKasi, Xab-
KO3HH, OOPHUT U NUPUT.

docdorurc ¢ HOBOro 0TBaja, Kak yka3aHo BBILLIE,
BHEIIIHE CBETJIO-CEPHIil MOPOLIOK MPOOKI aHAJIOTMUHBIN
¢dochorumncy co craporo oreana. [1og MUKPOCKOIOM
YCTaHOBJICHO, YTO €r0 COCTAB COBEPIICHHO HICHTUYCH
U COOTBETCTBYET JaHHBIM, OIPEICICHHBIM PEHTICHO-
(ba3oBbIM aHaM30M. PynHas 4acTb mpoObI TakKe aHa-
morndHa npode docdorurca co craporo orpaia. Pya-
Hble MUHEpAJIbl NPECTaBICHB IHPUTOM, MEIBIO0 Me-
TaJUTMYECKOH, XaIbKO3WHOM, OOpHUTOM "
XaJIbKOITUPHUTOM.

JlaHHBIE NIOJTyYeHHBIE, B X0/1€ MUHEPAJIOTHYECKUX
U peHTreHo(a3oBbIX HccienoBaHuil (ocdorumnca co
CTaporo M HOBOTO OTBaJOXPaHMIIHILI, ITPEACTABIICHBI B
tabnuuax 3 u 4, a Takke Ha pUCyHKax 2 u 3.

Tabmuma 3

Munepasiorudyeckuii cocras hocorurca co cTaporo 0TBAIOXPaHMINIIA

[Ipoba HanmMenoBanne kommnoneHTa | Xumudeckas Gpopmyia Conepxanue, %

PDF 36-0432 I'unc CaS04 -2H,0 87,93
PDF 79-1906 Ksapn SiO; 9,10
PDF 00-047-0964 Baccanur CaSQO4 -0.67H2 O 2,97

Tabmuma 4
MunepaJiorudeckuii cocras hocorumca ¢ HOBOro OTBaIOX PAHHMIIHIIA

[Ipoba HanmMenoBanne kommnoneHTa | Xumudeckas GpopMmyia Conepxanue, %

PDF 36-0432 I'unc CaS04 -2H,0 85,04
PDF 79-1906 Ksapn SiO; 10,58
PDF 00-047-0964 Baccanur CaS0O4 -0.67H2 O 4,38
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AHanu3 JIUTEpaTypHBIX HCTOYHUKOB IO3BOJIMI
BBIABUTH PAO HaHpaBJ’ICHHﬁ, 0 KOTOPBIM MOXKHO
HUCIIOJIB30BaTh MHOT'O MUJIJIMOHHBIC TOHHBI
dbochorunca. Ux MOXKHO NPUMEHATH B KadecTBe
HAMOJHUTENST B OYMaKHOM MPOHM3BOACTBE, NPH
MOJYYCHUH [EMCHTOB, KaK pEryJsiTopa CpPOKOB
CXBaTBhIBaHUS CYIb(OMUHEPATHHBIX IEMCHTOB, B BHJIC
3aMEHUTEIICH MIPUPOTHBIX pecypcoB npu

CTPOMTEIBLCTBE aBTOMOOHIBHBIX Mopor ¥ T.a. [4-9].
Crnemyer OTMETHTH TOT (aKT, IYTO HE MMEETCS CBelle-
HUH 110 MPUMEHEHHUIO WX B MPOMBIIUICHHBIX MAaCIITa-
6ax. [ToaToMy, OTHUM W3 HATPaBICHUN HCCIETOBaHUI
ABJIAETCA TOY4YE€HHE TYKOCMECH M3 TBEPIBIX OTXOH0B
Pa3JIMYHBIX NPEIIPUSITHI SKOHOMHUKH.
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3aki0ueHue

AHau3 NOJIy4eHHBIX PEe3yJIbTaTOB, IPHBEACHHBIX
B Tabnuuax 3 u 4 noka3bslBacT HE3HAUYUTEIBHOE Pa3in-
yyge 10 BceM KomIoHeHTaM Ha 1,5-3%. DTo MmoxeTt
OBITH OOBSICHEHO MPOLIECCOM HM3MENBYEHHS, MPOoILe/-
miero B o0beMe HccieayeMbix mpod docdorumca co
CTaporo OTBAJOXpaHWIMIIA B pe3yiprare Oonee 40
JIETHETO TepHOoJia XpPaHEHHS.
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RADIATION SAFETY STATUS IN THE HOUSING ESTATE PEREMOHA -2 IN DNIPRO CITY
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Abstract

DOI: 10.24412/9215-0365-2021-78-1-29-34

In Ukraine, the regulatory documentation on rules for radiation safety of product quality in construction op-

erations, is carried out on the base of modern concept of human radiation safety and ICRP recommendations
(International Commission on Radiological Protection). The concept developed by Commission on Radiological
Protection serves as the basis for simple human radiation safety from each type of anthropogenic source of ionizing
radiation. In accordance with ICRP recommendations, the basic requirements for aspects of the anthropogenic
environment that affect the formation of the total dose to the population of the city Dnipro, have been determined.

Keywords: radiation safety, radiation-hygienic parameters, premises of houses, housing facilities, gamma
radiation, ionizing radiation sources.

The radiation safety status of the housing estate
Peremoha -2 in the city of Dnipro is considered,
namely: housing facilities consisting of one-, two- and
three-room flats and private one-, two- and three-storey
buildings, as the major source of radiation exposure on
the person spending his/her free time in their premises,

as well as office administrative, entertaining and shop-
ping capacities that also affect a person during the work
or leisure.

The measurement procedure is presented, the op-
timal algorithm for practical and field measurements is
determined, the data are analyzed and comparative
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analysis is made with the statistics of previous years of
research, the discrepancy of the current and obtained
values of hygienic and radiation regulations, according
to the type of enclosure structures, constructional ma-
terials or materials of which the building was built.

The measurements of the actual values of the PPD
and EROA are taken by the staff members of the Health
and Safety Department of Prydniprovska State
Academy of Civil Engineering and Architecture
(PSACEA) in the housing estate Peremoha -2 in Dnipro
in accordance with the tracking plan every year from
2004 to 2019 in autumn, winter, spring and summer.

1. Introduction

After the presentation of Publication No. 103 of
the International Commission on Radiological Protec-
tion (ICRP), it was clearly defined the calculation pro-
cedure of the effect of small doses of radiation on a per-
son living in the city (in the anthropogenic environ-
ment). That is why the task was set to conduct a multi-
method research of the state of radiation hazard in the
housing estate Peremoha 1-6, to determine the actual
values of radiation-hygienic parameters that form the
total radiation dose for category B, for one of the nu-
merous dormitory areas on the right bank of Dnipo city.

In the article is given only a part of the measure-
ments determining the authors' intentions to determine
the total dose of radiation in residential, administrative
and office premises in the housing estate Peremoha-2
in Dnipro for more than 20-years' observation time.

2. The analysis of literature references and tar-
get setting

To make the measurements public, we took sepa-
rate residential, administrative, and office premises in
the housing estate Peremoha-2, which is located on the
right bank of Dnipro. The functioning of the radiation
safety system for the population is based on two main
regulatory documents in force on the territory of our
state, namely: the Law of Ukraine "On the protection of
humans from ionizing radiation" and the Law of
Ukraine "On Ensuring Sanitary and Epidemic Welfare
of the Population" [1, 2].

The research was carried out in accordance with
[3, 4] normative documents ensure the radiation safety
of Ukraine, both from the point of view of research de-
sign and from the point of view of the sanitary welfare
of the population of Ukraine. The above mentioned
documents [1-4], developed in Ukraine, were devel-
oped and adapted in accordance with the requirements
of recommendations [5] of an international organiza-
tion collecting the information and statistics around the
world. And after the publication of the document [6],
some provisions of the national norms and rules on pro-
tection of the population from influence of sources of
ionizing radiation and formation of annual dose of ra-
diation from natural and technological sources of ion-
izing radiation were changed and corrected. The radia-
tion-hygienic parameters that form the dose of human
exposure, the basic principles of action and reaction,
dose limits, dividing people into categories according
to the influence of ionizing radiation sources and the
values of permissible and control radiation dose levels
for personnel and the public, are defined in the docu-
ments [7, 8].

In the works [9, 10] the main aspects of the for-
mation of the time-integrated radiation dosage of the
population were considered, depending on the type of
building, materials from which the building was built,
the floors, the presence of a basement, a base, a man-
sard, a roof or a technical floor. As a result, a set of
measures was proposed and a methodology was devel-
oped aimed at minimizing the penetration of natural ra-
dionuclides from the fencing structures inside the
premises of residential, office and administrative build-
ings.

International experience [11, 12] was also engaged
in the expertise of the impact of ionizing radiation
sources on humans and the formation of a specific hu-
man radiation dose of natural radionuclides in building
structures [13], depending on the technology of obtain-
ing from the particular building structure, building ma-
terial, product or building construction from which then
the residential units and other commercial real estate
are being built.

3. The purpose and objectives of the study

The main purpose of the work is to substantiate the
scientific objectives for ensuring the radiation quality
of buildings and structures of the housing estate
Peremoha -2 on the basis of studies of the real back-
ground radiation level of apartment blocks in operation.

In order to achieve this goal, the article has set sev-
eral tasks, namely:

e to indentify new objects for field measure-
ments;

o to select buildings of different number of
floors, with different space planning decisions and ma-
terials of external enclosing structures;

e to determine the research methodology;

o tocalculate the average values of the regulated
radiation parameters for determining the external and
internal components of the time-integrated radiation
dosage of a person in a separate room of an office or
apartment.

4. Measurements

According to the measurement plan for 2018-
2019, from May 1, 2018 to December 10, 2019, we per-
formed close to 30-40 measurements of the radiation
parameters of the PPD and EROA at the of the housing
stock facilities in the housing estate Peremoha -2, and
presented three different projects for greater contrast,
namely:

1. 12-storey prefabricated flat block faced with the
"Kabanchik"-type ceramic tile (Fig. 1);

2. 9- storey prefabricated flat block with adminis-
trative offices (Fig. 2)

3. 2-storey commercial premises (nightclub) made
of silicate bricks facade finish with "Alukobond" tiles
(Fig. 3).

In the 1st object of research - a 12-storey prefabri-
cated flat block on Naberezhna Peremoha Street, 68
,the measurements were conducted jointly with the rep-
resentatives of the State Sanitary and Epidemiological
Service of Dnipro on the first, fourth and tenth floors

(Fig. 1).
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i
Fig. 1. The 12-stores prefabricated flat block on Naberezhna Peremoha Street, 68

For the 2nd object - .9- storey prefabricated flat  Dnipro on the first and sixth floors. Where the chil-
block on Naberezhna Peremoha Street, 78 the measure-  dren's medical center and a private three-room apart-
ments were conducted jointly with the representatives  ment are located (Fig. 2).
of the State Sanitary and Epidemiological Service of

J
ta
=

Fig. 2. The 9- stores prefabricated flat block on Naberezhna Peremoha Street, 78

The radiation parameters were also measured on  ond floors of the SFERA nightclub, at b.82, Na-
the third separately located object, on the first and sec-  berezhna Peremoha Street, with the enclosure struc-
tures of silicate bricks (Fig. 3).
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The 2-stores commercial premises (nightclub) made of silicate bricks on Naberezhna Peremoha Street, 82

As a result of researches and measurements of ra-
diation and hygienic parameters of PPD and EROA at
three selected building projects in houses with different
volume-planning decisions and made of different build-
ing constructions and materials, the current results of

measurements of radiation parameters were determined
in the housing estate Peremoha-2 and are shown in gen-
eral (Table 1 and Fig. 4).

Table 1.
The results of measurements in the housing estate Peremoha-2
Results of Measurements
. . Floor on which . Fluence
N Object Construction measurements are PPD, mi- B- particles EROA
3/ Name Material croGr/h par 2 3
made part/min-cm: Bg/m
min max min max
. . . reinforced con-
1. | Residential Unit 1/12 0,06 | 0,14 | 0,021 0,024 33,4
crete structures
. . . reinforced con-
2. | Residential Unit 1/9 0,16 | 0,20 | 0,023 0,025 37,1
crete structures
Commercial silicate brick
3 ; 212 0,06 | 0,14 | 0,018 | 0,021 30,0
Premises
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Fig. 4. The locations of objects on plan of the housing estate Peremoha-2
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The radiation background in the premises of build-
ings (EROA & PPD) in operation, which is created by
the sources of ionizing radiation of construction pro-
duction can be reduced only through technical protec-
tive measures. They are based on safety shields. The
principle of construction of protection equipment s is

based on knowledge of the physical properties of ion-
izing radiation sources, the use of which allows to re-
duce the regulated radiation parameters in the room.
The protective measures of the technical group are pre-
sented in Fig. 5.

Technical group of protective events

¥ ¥

Reduction H.gmim Reduction H
v ¥ v L
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Fig. 5. Protective measures of the technical group to reduce regulated radiation parameters in the room

For buildings and structures in operation, there are
the following effective radon radiation protection
measures that reduce its level by 10-15 times:

— the floor ventilation and ventilation in walls;

— the air ventilation in basements and premises;

— the wall finishing with plastic materials, such
as polyamides, polychlorvinyl chloride, polyethylene,

modern artificial-coated wall-paper, a layer of epoxy-
based paint or three layers of oil paint;

— the constant ventilation not only of living
quarters, but also of bathrooms and wet-room bath-
rooms and kitchens, that use the gas heating.

The characteristics of some materials are shown in
Table 2.

Table 2.
Characteristics of materials that determine the reduction factor of the protective shield
Material of construction of protection Thickness Coefficient of diffusion
A Radon Kocx
shields d, mm 2
Boug, M /c
Polymeric wallpapers 1,0 9-10 0,82
Enamel paint 25 2-1010 0,76
Qily paint 2,0 4-1010 0,68
Water-based paint 3,0 6-100 0,49
Spackling upto1,0-15 6:10° 0,36
Bonding plaster upto35-7,0 6107 0,12

The basis for improving the radiation safety of res-
idential premises is the ways of reducing the effect of
ionizing radiation of natural radionuclides of construc-
tion operations in the premises of buildings on the basis
of the control system of radioactive control at all stages.

Improvement of facilities and methods of protec-
tion against radon in the premises. Based on the back-
grounds, the following basic requirements for the sys-
tem of radon protection of buildings and structures that
designed for radon-hazardous areas can be formulated
as:

- maximum reduction of radon inflows into the
structure;

- improvement of radon-protective potential of
structures, including enhancement of the insulating
properties of architectural and planning concept and en-
closures;

- increasing of interchange of air with the supply
of fresh air into the room and the emission of polluted
air.

Summary

As a result of the conducted researches it is estab-
lished that the values of radiation parameters of ioniz-
ing radiation and the radiation background they create
in the premises of the house exceeds the normative in-
dicators, that requires their reduction based on the im-
plementation of of architectural and planning concept
or other technical protective measures.

As a result of studies of the radiation parameters
of housing estate Peremoha-2, the influence of con-
struction materials on the main component of the radi-
ation background in the premises of residential build-
ings was established.

The actual data of radiation parameters in commu-
nity facilities and housing stock spaces was determined,
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and it was found that in panel and block rooms the an-
nual dose level of y-irradiation of the population is in
the range 1,14 + 2,45 mSv/year, that is acceptable for
most buildings and structures made of ceramic and sil-
icate bricks, but there is a little excess of invited dose
in block and panel multi-storey buildings, in which the
excess of permissible value and it differs from the gen-
eral in 2-2,5 times.
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I/ICCJ'IC,HOBaHa BO3MOXHOCTb I/I,HGHTI/I(l)I/IKaL[I/II/I NPpUYINH CHUKCHUS HOMGXOyCTOﬁqHBOCTH npueMa Ha OCHOBE

aHanm3a uckaxxkenuit cosse3must QPSK curnana.
Abstract

The possibility of identifying the causes of noise immunity reduction based on the analysis of distortions of the

QPSK constellation of the signal is investigated.

KaroueBble ci1oBa: gemoystop, Mmanumyisinust, Matlab, QPSK
Keywords: demodulator, manipulation, Matlab, QPSK.

B nHacrosimee BpeMs B CHCTEMax CBS3H IIUPOKO
MPUMEHSIOTCS JAEMOIYISATOPBl HHA(QPOBBIX CUTHAJOB.
Ipu pa3paboTKe NeMOIYISITOPOB HANOOJIBIIIEe BHUMA-
HHUE yAeNsIeTcsl 00SCIIEYCHUIO0 UX MOMEXO0YCTOMYHBO-
CTH.

PocT uyuncma ommbok mpreMa MOXKET OBITh BBI-
3BaH HE TOJHKO BO3JCHUCTBHEM MOMEX, HO M Hapyllie-

HUEM HOPMAJIbHOU pabOTHI OJIOKOB CHCTEMBI. B gact-
HOCTH, U3-32 HECTAOMIBHOCTH YACTOTHI BO30YAHTEIS
mepeaTdnKa MOKET HapYIIUTHCS COOTBETCTBHE (a3
KoJIeOaHUI OTIOPHOTO TeHEepaTopa AEMOIYIATOpa U He-
CyIed BRICOKOYACTOTHOTO KoJiebanus. B imrobom ciy-
Yae CHW)KECHHE MOMEXOYCTOHYMBOCTH OTPAKAETCS M3-
MEHEHHEM CHTHAJIHOTO CO3BE3[Hsl 10 CPABHEHHIO CO
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CllydaeM, KOTAa AEMOIYJIATOP OOECHeYNBAET MHUHH-
MaJIbHOE YHCJIO OLIHOOK.

BaxxHo B mpouecce 3KCIUTyaTallid HPUEMHOTO
YCTPOMCTBA ONpENENIUTh NMPUYUHBI HApyIICHUS HOP-
MaJIbHOTO (DYHKIIMOHUPOBaHHsI OJOKOB NMPHUEMHUKA U
OIEpaTHBHO YCTPaHUTh yKa3aHHbIe NpUYUHBL C 3TOM
LEJIbI0 IPOBOANTCS OLIEHKA U aHAIN3 U3MEHEHHUH CUT-
HaJIbHOT'O CO3BE3/MI.

B mamnOi#t paboTe paccMaTpuBaeTCS H3MEHEHHE
CO3BE3AMs CHTHAIA C KBAAPATYpHOH (ha30BOH MOIYIIA-
mueit (QPSK curHana) mpu BO3IEHCTBHH TOMEXH B
Buze Oeloro rayccosa IIyMa M HApyIICHHS COOTBET-
cTBHS (a3 KoieOaHWH OTIOPHOTO TeHEpaTopa B JIEMO-
JYJIATOPE U HECYIIEro BHICOKOYACTOTHOTO KOJIEOaHUs.

Pemaercst 3aa4a OLEHKN OTHOIIEHMS CHTHAI-IIYM U
yTJIa IOBOPOTA CO3BE3MsI HA OCHOBE aHaNIN3a U3MEHe-
HUi co3Be3nus. Heo0xo1mumo onepeuTs HOrpeHoCTh
yKa3aHHBIX OLICHOK.

CosBe3nue QPSK curnana (pucyHok 1) cocrout
U3 YEeTBIPEX TOYEK, PACIIOJIOKEHHBIX Ha OJTHOI OKPYX-
HOCTH M XapaKTEpU3YIOIIMNXCS 3HAUCHUSIMH (a30BOTrO
yraa: 0°, 90°, 180° u 270°.

Ucxomuerii 1mudpoBoii TMOTOK pa3OmBaeTcs Ha
4yéTHBIC W HEYETHBIC OWTHL, B CHH(A3HOM KaHaJe KO-
IUPYIOTCs YETHBIC OWTHL, B KBAaApaTypHOM — HEUET-
HBele. /[Ba mocienoBaTeNbHO UAYIIUX OWTa WHpOpMa-
OUU KOIUPYIOTCS OJHOBpPEMEHHO cuH(pa3HbM [(t) m
KBaJpaTypHbIM Q(t) KOMIOHEHTAMHU.

Qi)

00

0)

Puc. 1. Coszsezoue QPSK cuenana.

Ha pucyHke 2 moka3aHbl UCK)KCHUS CHTHAJIb-
Horo QPSK cossesmust mpu (azoBoM pasbdanance
Qft)

N

Puc. 2. @azosviii pazbananc.

OnauM #3 €roco0OB  KOJIMYECTBEHHOMN

MepHI
HCKa)KCHUI SBISCTCS OIICHKA BEKTOpa OMIMOKH — Be-
JIMYUHBI OTKJIOHEHHUS TOYKH CO3BE3AMs OT '"ITaTHOrO"
MOJIOXKEHHNA. 3Hasl BEIWIMHY BEKTOpa OIIHMOKH, MOXHO
BBIYHUCITUTH ()a30BbIi CABUT, HA KOTOPBIA OTKIOHUIIOCH

CHTHaJIbHOE CO3BE3/INe.

HccrnenoBanusi IPOBOIMINCH IIyTEM MOJICIHPO-
Banuss QPSK momema B cucreme Matlab. B paspa6o-
TAaHHOM CILICHAPHUH TIPH 33JaHHOM (pa3oBOM pazdanaHce
BBIYUCIISICTCS] YTOJ IIOBOPOTA CHTHAIBHOTO CO3BE3IHUS
MyTeM BBIYKCIICHHS APKTAHI'€HCA OT BEIUYUHBI BEK-
Topa omuOku. CHadama ONpEAETSICTCS IMOJOKCHHE
TOYKH CUTHAJILHOTO CO3Be3aus (cuH(pa3Has U KBajpa-
TypHas COCTAaBIIIONINE) TIPH HyJIEBOM (ha30BOM

KBaJIpaTypPHBIX COCTABJIAIOMIUX CUTHAJIa, a HAa PUCYHKE
3 — HCKaXEHU 3a CYCT aMILTUTYAHOTO pa3daiaHca.

Puc. 3. Amnaumyonwiti pazbananc.

cABUre. OTU «KOOPAMHATBD) 3allOMUHAIOTCA JJIS MO-
CIIEAYIOIIETO MCIONb30BaHMs mo3ke. Jlamee B cu-
CTeMy BBOJIWTCS HEHYJIeBOW caBur ¢a3pl. CueHapuit
TaKKe BRIYHUCIIIET TOJI0KEHNE TOUKH, KOOPIHMHATHI KO-
TOPOH BBIYMCIUIMCH paHee. Teneps, 3Has MOJI0KEHUE
TOYKH /IO ¥ TIOCIIC BBEIEHUS CIBUTA, HAXOIUTCS apK-
TaHIeHC IS OmpeJieNieHusl yria noBoporta. Haiinen-
HBI Yrojl JOJKeH OBITh ONM30K WM paBeH YTy
cnBura Qaspl.

Kpome Toro, onpenensiercss OTHOLIEHHE CUTHAI-
IIyM MO CTENEHU "Pa3sMBITOCTH" TOYEK CUTHAIBLHOIO
cosBe3qus. Ha pucynke 4 m300paskeHbl MOJIyYEHHBIC
JMarpaMMbl paccesiHus JUIs Majloro U OOJIbIIOro 3Ha-
YeHNH OTHOIICHHUS CHTHAJ-IITYM.
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Puc. 4. Juacpammpl paccesnusn npu 6016UOM U MATOM OMHOUEHUU CUSHAL/UWLYM.

Ilo pe3ysibTaTtaM MIPOBCACHHOTO OKCIICPUMEHTA JJId Cliy4dasi, KOorJila OTHOIICHUE CUTHAJI-IIYM MaJjl0 U COCTaB-
aser 0 )IB, TOJIYUCHBI pE3yJIbTaThl, IPECACTABJICHHBIC Ha CICAYIOIUX PUCYHKaX.

3aBUCUMMOCTE MOAYNA BekTopa owwnbku oT yrna noeopota gna OCW 0 B
07 T T T T T T T T T

Mogene eektTopa oMbk
o o o o
w = (8] (23]
T T T T
1

o
[N
T

o
5
T

D 1 1 1 1
50 -40 30 200 -10 0 10 20 30 40 50
¥ron noeopota

Puc. 5. 3asucumocmv m0o0ynsa eekmopa owubKu om yaeia nogopoma.

3aBMCMMOCTE NOMPELIHOCTY ONpedenenua yrna noeopota ana OCLW 0 b

MorpewHocTs yraa noeopota

_25 1 1 1 1 1 1 1 1 1
50 40 30 20 -10 0 10 20 30 40 50

3afaHHEIR Yron noeopoTa

Puc. 6. 3asucumocmov nocpewnocmu onpedenenust y2ia nogopoma om y2ia no8opoma.



The scientific heritage No 78 (2021)

37

3aeucumocTe norpewHocty onpegenedua OCL ot yrna noeopota ana OCW O a6

0.35 T T T T
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02F
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0.1F

MorpewHocte OCLU

0.05F

-0.05 :

1 1 1
S0 40 30 20 10

1
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¥ron noeopota

Puc. 7. 3asucumocmo noepewrnocmu onpedeﬂesz OMHOUWIEHUS CUCHAT-UWLYM Oom yeld nosopoma

W3 npuBeaeHHBIX IPaGUKOB MOXKHO CAEIATh Clie-
JIYIOIINE BHIBOJIBL.

1. Moayns BeKTOpa OIIKUOKH MPSIMO HPOIOPIIHO-
HaJIeH YTy TIOBOPOTA CUTHAILHOTO CO3BE3IHSL.

2. TlorpemHocTh OMNpeAeNeHus yria MoBOPOTa
HaxoJuTCs B mpeaenax (+2 -2,5) rpagyca.

3. TlorpemHocTs ONpeaeeHns] OTHOIIEHHS CHT-
Han-nrym Haxoures B npegenax (+0,35 -0,05) xb.

IMony4yeHHbIE  PE3YNBTATHl CBHAETEILCTBYIOT O
TOM, YTO HCIIONB30BaHHEIN cieHapuii Matlab ompee-
JIEHWs BEKTOpA OIIMOOK, OTHOLIEHHS CHUTHAJ-IIYM M
yIJia MOBOPOTA CO3BE3Ms IMO3BOJSIET C MAJIOW IM0-
IPENIHOCTBI0 KOJMYECTBEHHO OIEHUTh HCKaKEHUS
NPUHATOrO curHana. [1o pe3yjapraTaM OLEHKH MOKHO
CKOMIIEHCHPOBATh MCKAKEHHST CUTHAJIA ¥ TEM CaMBIM

MOBBICUTh IOMexoycTolunBocTh mpuema QPSK cur-
Hana.
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AHHOTALUA

JKeneszobeToHHbIE KOHCTPYKIHUU MIMPOKO PACIPOCTPAHCHBI B UCIIOJBb30BAHUN H3-3d UX XOPOLIO H3BECTHOM
TEPMHUUYECKON CTOMKOCTU. YXYAILIEHUE UX CBOWCTB IIOCIIE BO3JEUCTBUSA 10Kapa BKIIOYACT IOTEPIO IPOYHOCTH U
MOJyJIb YIPYTOCTH, PACTPECKUBAHUS U CKOJIbI OeTOHA. TakkKe KOHCTPYKIIMOHHAS CHCTEMa 3J[aHUs MOXET OBbITh
HCOXKHNJAHHO IMOBPEKACHA U3-3a CJIIOKHOCTU KOHCTPYKIHU U CBOMCTBA CTOMKOCTH. H03TOMy Ba’XXHO HCCJICA0BATh
TCIJIOBBIC XapaKTCPUCTHUKU U MOBECACHUC KOHCTPYKIUU MOBPECKIACHHBIX KOHCprKHHﬁ, lITO6I)I TMOHATH UX HECY-
IO CIOCOOHOCTh M 6e30macHOCTh. YTOOBI pelIiTh OCHOBHBIE 33]a4l, KOTOpBIE IOCTaBICHHbIE B paboTe, Oblia
MOCTAaBJICHHAsA LCJIb: CO34aThb IMPOTOTHUIL MaJ'IOFa6apI/ITHOI71 OTHEBOM YCTaHOBKH, NPOBECTU aHAIN3 PE3YJIbTATOB
OKCIICPUMECHTA Ta BOBMOKHOCTb JOCTUKCHUS CTAHAAPTHOI'O TEMIICPATYPHOI'O PEKMMaA MOXKapa. B ,E[aHHOﬁ pa60Te
OIMMCAHO 2Tallbl CO3JaHU ITPOTOTHUIIA OTHEBOM YCTAaHOBKH, Ha 06a3ze YueOHOro KoMInieKkca HpaKTH‘IeCKOﬁ moaro-
TOBKH crieniainncToB OniepaTHBHO-CIIACATEIBHOM CITy:KOBI rpaxxnanckoi 3amuTsel YUIIB um. I'epoeB UepHOOBLUISA
HVYT'3 Ykpaunnsl. [IpoTonus ManorabapuTHOI OTHEBOH YCTAHOBKH, OBLT IOCTPOCH Ha OCHOBE IPOBEIEHHOTO aHa-
JiM3a MOCJIICAHUX HAayYHBIX Z(OCTI/I)KGHI/IfI u Hy6HI/IKaHHﬁ [2-7] 1 C Y4YETOM BCCX CYHICCTBCHHBIX HECAOCTATKOB B
BbIIIC YIIOMSAHYTBIX HCCIICIOBAaHUAX. HpI/I IMPOBEACHUN OT'HEBBIX HUCIIBITAaHUH POCT TEMIEPATYP B KaMEpPE IMCUU
COOTBETCTBOBAJIM POCTY TEMIIEPATyp MPH UCIOIH30BAHNH CTAaHIAPTHON TeMIIepaTypHO KpUBOi moxapa [7].

Abstract

Reinforced concrete structures are widely used due to their well-known thermal resistance. Deterioration of
their properties after exposure to fire includes loss of strength and modulus of elasticity, cracking and chipping of
concrete. Also, the structural system of a building can be unexpectedly damaged due to the complexity of the
structure and the property of durability. Therefore, it is important to study the thermal characteristics and structural
behavior of damaged structures to understand their load-bearing capacity and safety. To solve the main tasks set
in the work, the goal was set: to create a prototype of a small fire installation, to analyze the results of the experi-
ment and the possibility of achieving a standard temperature of the fire. This paper describes the stages of creating
a prototype fire installation, on the basis of the Training Complex of practical training of specialists of the Opera-
tional and Rescue Service of Civil Protection of ChIFS named after Chornobyl Heroes of NUCD of Ukraine. The
prototype of a small-sized fire installation was built on the basis of the analysis of the latest scientific achievements
and publications [2-7] and taking into account all the significant shortcomings in the above-mentioned studies.
During the fire tests, the temperature rise in the furnace chamber corresponded to the temperature rise when using
the standard fire temperature curve [7].

KinroueBble c10Ba: OTHEYNOpHAsl IIeUb, UCIIBITAHUE, TEMIIEPATYPA, SKCIIEPUMEHTAIbHBI METO/, OTHECTOM-
KOCTb, MaJIOTa0apUTHBIH ()parMeHT, TepMoriapa, TEpMHUCTOP, MOJIYJIb aHAIOTO-II(POBOro MpeodpazoBaHusl.

Keywords: refractory furnace, testing, temperature, experimental method, fire resistance, small-sized frag-
ment, thermocouple, thermistor, analog-to-digital conversion module.

IHocTtanoBka mnpo0JieMbl, aHAJIU3 MOCJIEAHUX U3-3a 0cOOCHHOCTEH MPOSKTHBIX PEIICHUI BBIIIIC-
AoCTHXKeHNH W myOamkammii. 3a TOCeqHHE 5 JeT  YHOMSHYTBIX 3aHUi, B)KHO 00ECICUeHHE OTHECTOM-
YBEIMYMIIOCh KOJUYECTBO TOXAPOB, B TOM YHCJIE B  KOCTH, KaK OTAEIbHBIX 3JIEMEHTOB CTPOUTEIHHBIX KOH-
3MaHUAX W COOPYKEHUSX MPOU3BOJCTBEHHOTO W KH-  CTPYKIIHMM, TAK U KX OTHECTOWKOCTH B IIEIIOM.

JIOI'0 Ha3HAYEHUS.
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s onpenenenus npenena OrHECTOMKOCTH CTPO-
UTEIBHON KOHCTPYKINH IPUMEHSETCS METOH HCITBITa-
HHH, COZIep)KaHWEe KOTOPOrO COCTOMT B OINpPENeSICHUN
MPOMEXYTKa BPEMEHW OT Hayajla MCIBITAHUS JI0
HACTYIUICHHs] OJJHOTO W3 HOPMHPYEMBIX JJIs AaHHOMN
KOHCTPYKLIMH IPaHUYHBIX COCTOSIHUI OTHECTOWKOCTH B
YCIIOBUSIX CTaHAAPTHOTO TeMIIEpaTypHOro pexuma [1].

IIpoananu3upoBaB IUTEPATypPHbIE HCTOYHUKHU [2—
4], YyCTaHOBIIEHO, YTO CYIIECTBYIOT KpPYITHOTA0apHT-
HBIE TIEYH, B KOTOPHIX MOXHO TPOBOJUTH HUCCIIEAOBA-
HUS Ha OMNpeIeNIieHHEe OTHECTOHKOCTH CTPOUTEIBHBIX
KOHCTPYKIHMH CTaHAapTHOTO pa3mepa. OIHAKO JaHHBIE
MIeYN MMEIOT CYIIeCTBEHHBIN HEIOCTATOK B 3(ppekTus-
HOCTH: MCHBITAHUS Y HUX TPYJOEMKHE, [ICHHBIE U He-
9KOJIOTMYECKHE.

B pabote [5] ¢ momoripro reuu A Tertoduznde-
CKUX UCTIBITAHUN MasorabapuTHBIX (PparMeHTOB CTPO-
UTCIIBHBIX KOHCprKI_[I/Iﬁ 1 OTACIIbHBIX Y3JIOB UX CThbI-
KOBBIX COCTUHEHUIT [6] OBLIO MCCIICIOBAHO B IIPOIIECCE
HarpeBaHUS HM3MEHEHHE TEMIIEPaTyphl IO TOIIINHE
CTCHOBOW KOHCTPYKIIMHM M yCTAHOBIICH MpeIeNl OTHe-
CTOHKOCTH TI0 MPHU3HAKY MOTEPU TEIUIOM3OIUPYOMICH
cnocobHOCTH. OTHAKO KOHCTPYKIHA MEYX TpeAToia-
racT WCIOJBb30BaHUE TONBKO OJHOH TOPENKH IS
HarpeBa Kamephl, YTO MOXKET BIMATH HAa pPaBHOMEp-
HOCTbB TIPOTPEBA HMCCIIEAYEMBIX KOHCTpYKLMiA. Kpome
TOTO0, 3Ta IMCYb NPUMEHUMA TOJIBKO IJIA HCIBITAHUA
CTEH U paboTaeT Ha KHIKOM TOIUTUBE. JTO B CBOIO OYe-
pelb TOBOPUT O HECOBEPILCHCTBE KOHCTPYKIHMH. B
JTAaHHOHW paboTe yuTeHbl KOHCTPYKTUBHBIC PEILICHHS 10
co3aHuo 0oJiee YHHBEPCATIbHOM YCTaHOBKH.

IHocranoBka 3aga4yu M ee pemienue. B nanHoi
CTaThe OMHCAHBI ATAIBl CO3JaHHS MMPOTOTHIIA OTHEBOH

: A .
Puc. 1. — [Ipomomun KoMnaxmHou ycmano8xu OJisi UCHbLMAHUL HCENe300eMOHHbIX U CIANENHCeNe300emMOHHbIX
CMPOUMENbHBIX KOHCMPYKYULL 8 YCI08UAX MENi08020 8030eticmeusi nodicapa. 1-n-oopasmviii kopoob,; 2-3-
coemuble Kpuluiku, 4-mepmonapa; 5-cunosotl non (ynoamenm),; 6-eazosas ycmanoexa,
T-06IM0OX00 07151 8bIX00A NPOOYKMOE 20penust; 8-omeepcmue 05l yCMAHOBKU 20PENOK.

MO}ICHB YCTAaHOBKHU IJIA IMPOBCACHUA HUCITBITAHUI
Ha OTHECTOWKOoCTh (puc. 1) cmocobHa obecreunuTh
CTaH/IapTHBIE YCJIOBHS BO3IEHCTBUS OTHS OTHOCH-
TEJILHO TEPMUYECKOT0 BO3/IeHCcTBYA 1 AaBienus. Hike
OIMCaHbl OCHOBHBIE ATAMbBI CTPOUTENBCTBA NIPOTOTHIIA
OTHEBOW YCTaHOBKH.

Orarbl CO3JaHus OTHEBOI yCTaHOBKH:

1. 3anuBKa QyHIaMEHTA 10J] OTHEBYIO II€Yb: BBI-
PBIT KOTJIOBaH JJII OCHOBAaHHS IIOJ I1€4b, yCTAHOBJICHA
omaxyOKa, BBEIPOBHEH W YJOXEH ITeCUYaHO-IIeOHEBHII

YCTaHOBKHM Ha 0a3e Y4eOHOTro KOMIUIEKCa MpaKTHUe-
CKOH MOATOTOBKM cnenuanictoB OnepaTuBHO-criaca-
TeNbHOM CiykO0bl TpaxkaaHckoil 3ammrtel YUIIB M.
I'epoes UepHoObu1st HYI'3 YkpauHsl 1 aHanu3 pe3yJib-
TaTOB TECTOBBIX 3allyCKOB YCTAHOBKM, B UYacCTHOCTH,
TEeMIIepaTypHBIX pacHpesieieHuil B KamMepe OTHEBOI
Me4d U BO3MOXKHOCTU JIOCTIDKEHUS «CTaHAApPTHOTO»
TeMIIepaTypHOro pexumMa [7] noxapa.

Jlis penieHus ey, NOoCTaBJIeHa 3a/1a4a:

1. Ommcarp 3Tambl CTPOWUTENHCTBA MPOTOTHIIA
KOMIIAKTHOM yCTAHOBKH JUII HWCIIBITAHWH JKeme3o0e-
TOHHBIX U CTaJI)KENIE300€TOHHBIX CTPOUTEIBHBIX KOH-
CTPYKLMH JUII KIMUTALUU TETLIOBOTO BO3AEHUCTBHS I10-
xKapa.

2. OmnpepenuTh TEXHUYECKHE XapaKTEPUCTUKU
MIPOTOTHUIA OTHEBOI yCTAHOBKM AJISI NMPOBEICHUS HC-
NIBITAHUN HA OTHECTOMKOCTb.

3. IIpoananu3upoBaTh TeMIEPAaTYPHBIH PEKUM U
3aMepUTh MaKCUMaJbHYIO TeMIIepaTypy B Kamepe or-
HEBOH MEYu.

4. CnenaTb BBIBOJ O II€IIECO00PA3HOCTH IPHMEHE-
HUS IPOTOTHIIA OTHEBOM YCTAaHOBKH I MPOBEACHUS
UCTIBITAaHWUH Ha OTHECTOMKOCTB JKeJIe300€TOHHBIX CTPO-
UTENbHBIX KOHCTPYKIUH.

H3i0:xeHne 0CHOBHOI0 MaTEpHAJIa HCCIeI0BA-
HHUSl C NOJHBIM O0OCHOBaHMeM IIOJy4YeHHBIX pe-
3yabTaToB. J{J1s NpOBEIeHUs SKCIIepUMeHTa ObLT CO-
3/1aH TPOTOTHUIl MaJIOradapuTHON OTHEBOM YCTaHOBKH
JUIS TIPOBEPKU BO3MOKHOCTEH JAOCTHKEHHUS CTaHIApT-
HOTO TEMIIEpaTypHOI'0 peXHMa B KaMepe OTHEeBOH
MEYH.

Ha puc. 1 npeacraBieHo (GoTo CO3IaHHOTO TMPO-
TOTHUIIA MaJIOTa0apUTHOI OTHEBOH yCTaHOBKH.

N

CJIOH, YCTaHOBJIEHA XeJle300€TOHHAs TINTa, KOTopas
3aJInTas )KUJKOM IIEMEHTHOM CMEChIO;

2. OrHeBas meyb MOCTPOEHA M3 OTHEYNOPHOIO
KHpIIHYa, KOTOPBIA 00ECIEeYUBACT TOCTATOYHYIO TEp-
MOU30JIALIMIO KAMEPBI U COOTBETCTBYET HOpMaM [6];

3. B xamepe orueBoii neun coznaHo 4 oTBepcTuUs
JUTSL TOPENOK (TIPU MPOBEIEHUU HATYPHOI'O UCTIBITAHUS
HCIIOJIb3YETCS TOJIBKO 2 OTBepCTHs U3 4, a 2 1pyrue 3a-
KpBIBAIOTCS. MUHEPAILHON BaTOM, 4TO oOecrednBaeT
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H30JALHAIO OT OATOKA BO3AyXa M3BHE) U 1 oTBepcTHE
JUISL BBIXOJIA IPOJIYKTOB TOPEHUS;

4. JIsIMOXOJ] TOCTPOEH U3 2 YacTeil: BCTpoeHHas
TpyOa nuamerpom 20 cM., KOTOpasl 3aJI0KCHA KHUPIIH-
YOM B OJIVIH DS,

5. CbeMHBIE KPBIIIKU COCTOSAT HM3: CBAPHOTO Kap-
Kaca M3 METaJUia, B KOTOPOM pa3MellicHa MUHepalibHas
BaTa, MOBEPX KOTOPOIi, CO CTOPOHBI MOIBEpraromeics

TEeMIIEPaTYPHOMY BO3JICHCTBUIO 3aKpeIIeHbI JIUCTHI
HEp>KaBeIoILEH CTaJIH.

OrxeBast eyb ObLTa BBIMONHEHA C TPEX CTOPOH, M-
oOpasHoli (opmBbl, OHA CTOpPOHA KOHCTPYKLHUH IO-
CTpoeHa He OblIa, YTO TMO3BOJIUT MCCIEAOBATH (par-
MEHT KeJIe300€TOHHON CTEHBI B YCIOBHUSIX PEAbHOIO
noxkapa.

XapakTepHCTHKa KaMepbl OTHEBOW MeYd MpHBe-
neHa B Ta0m. 1.

Tabmuma 1

XapakTepucTHKa KaMepbl OTHEBOM MeYU
ITapameTtp Ennnunsl n3mepenus | Beauuuna
Mo1iHOoCTh kBT 100
MakcumaspHasi TeMIIepaTypa HarpeBa IpOCTPaHCTBa KaMephl °C 1050
0O6neM pabodeii KaMephl M2 1
labapuTHBIC pa3Meps! (BHYTPEHHETO MPOCTPAHCTBA KaMEPHI TICUH):
[IMpHHA MM 1000
JUTHHA MM 1000
BEICOTA MM 1000
MakcuMasbHasi CKOpOCTh HarpeBa KaMephbl °C/xB. 85

MeToanka mpoOBeIeHH WCCIAeTOBAHHUS.
Hayaly WUCHBITAHUS (UKCUPYETCs Jara MPOBEACHUS
WCCIIeTIOBaHMsI, TEMIIEpATypa OKPYKAIOIIETO BO3IyXa.

T'opeku pa3MeneHbl TaK, 4TOObI (hakesl ux Iuia-
MEHH He ObLII B KOHTAKTE JIPYT C JAPYTOM U HAXOMIICS

B 80 cMm. J0 UCHBITATCIIBHOI'O 06pa3ua.

K B kamepe orHeBoi neuu Ajsi ONpPENENCHUs TeMIlepa-

TypHOTO pacmpejeiieHusi pa3MelieHo 3 Tepmomapsl.
PacniosioxxeHre TepMomnap B CTCHaX KaMepbl OTHEBOM
Me4H MoKa3aHo Ha puc. 2.

Puc. 2. — Pacnonoocenue mepmonap 6 CmeHax UCNBIMAMEIbHOU ycmaHosKu npu UCcne0o8aHulU
memnepamypHo20 pacnpeoenenus 6 kamepe neyu: 1-3 — mepmonapor muna TXA.

Ha puc. 3 n3o0pakeHO OTBEpCTHE ISl BHIXO/Ia
MIPOJIyKTOB TOpEeHHUs1, 0003HaueHHOe N (poii 1, 2-5 o1-
BEpCTUS ATl TOPEIOK.

Puc. 3. — Cxema pacnonoosicenuss omgepcmusi 05t 6bIX00a 2OPSUWUX RPOOYKMOS U OMEEPCMuUll 0Jis 20PEeloK.
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Pacnionoxxenue ropenok u OTBEPCTH AJI1 OTBOJA
MPOAYKTOB TOPEHHUS BIIMSACT HA PAaBHOMEPHOCTH pac-
MpeieleHus] TEMIIEPaTyphl M0 OTONMUTEIBHON MOBEPX-
HOCTU CTPOUTENbHBIX KOHCTPYKIIUH.

Cy1ecTByeT TeXHUUECKasi BO3MOXHOCTb U3MEHe-
HUS pa3MepOB OTBEPCTHUS AJIsl OTBOJAA IPOAYKTOB rope-
HUSI, YTO TO3BOJISIET JOTMOJHUTEIHHO PEryJIUpOBaTh
IpolLecc MPOrpeBa KaMepsl IIeYH 1 00ecredeHust Heoo-
XOJUMOTO TEMIEpaTypPHOTO peKUMa Mmoskapa.

JJis mpoBepKH BO3MOKHOTO TEMIIEPaTypHOTO pe-
’)KMMa B KaMepe OrHEBOM IEUX U CO3/1aHusl B HEH COOT-
BETCTBYIOMICH TeMIIEpaTyphl MO 2 Ta30BBIX OAIJIOHOB

OBLTM TIOJKITIOYEHBI 2 Topenkn. HarpeB razom, XoTs 1
HIET B pa3pe3 ¢ TpeOOBaHUSAMH [7], OTHAKO SBIISETCS
OoJiee SKOJOTMYHBIM M MeEHee 3aTpaTHbIM. [loaTomy
OBUIO TIPHHSATO PELICHHE O NPOBEPKE BO3MOMXHOCTH
BOCITPOM3BEICHUS YCIOBUH HCITBITAHUI C HCIIOJIB30BA-
HHUEM NponaH-OyTaHa.

YT10o0Obl HCCIEI0BaTh TEMIEPAaTypHBIH PEXUM B
Kamepe OTHEBOW Ie4H, MCIOJIb30BAJIHNCH TEPMOIApH,
oOmmInit BUA U CXeMa CTPOCHHS, KOTOPBIX H300pakeHBI
Ha puc. 4.

1250 1225
=N =2

Puc. 4. — Obwuil 6uo u cxema mepmonap 051 USMEPEHUS MeMnepamyp 6 pabovem npocmpancmee neyu.
1 — mennosawumnas 060104KaA; 2 — 3AUUMHDBLIL KOJICYX; 3 — USMEPUMENbHBII CRall.

Jis u3MepeHus: TeMIepaTypsl B IEYH HCIOJIB30-
BaJIMCh TE€pMOMapsl
TXA-2388 ¢ muamerpom mpoBonoku 1,25 MM (puc. 4),
KOTOPBIE MOYKHO MCHOIb30BATh JUI U3MEPEHHS TEMIIE-
patypsl B quamna3one ot 0 go 1300 °C.

Jnst monydeHus 1udpoOBBIX 3HAUSHHUH TemIiepa-
Typbl, B MECTaX YCTAaHOBKU TEPMOIIAP, UCIIOIb30BAJICS
MOJTyJIb aHAJIOTO-IU(PPOBOro mpeodpaszoBanus (ALIT)
cUrHajia tepmonap. JlaHHbli MOAYJIb OBbLT CHIELUATIBHO
paspaboran B uHcTHTyTe. OH MO3BOJIIET NMPOBOIMTH
U3MEPEHUE TEMIIEPATYPBI C 4yBCTBUTENBHOCTHIO B 0,25
° C. Moaynb MOCTpOEH Ha OCHOBE MI/IKpOC)ﬂI:I max.

31855, xoTopasi O3BOJIET MPEOOPA3OBHIBATh AHAJO-
TOBBEI IM(POBOH CHTHAN TepMomap B IU(PPOBOH, C
MaKCHUMaJIbHBIM 3HaueHueM Temnepatypsl 10 1350 °C.
JlaHHBIM MOJYNb YUUTBHIBACT TEMIEPATYPY XOJOIHBIX
CIIa€B U aBTOMATHYECKH BHOCHUT IOTPABKU B 3HAUCHHUS

HM3MEPEHHUs TEMIIePaTypHI.

Bce ananoroBo-nugpoBsie npeodpa3oBaTed CUT-
Haja TepMoIap U TEPMHUCTOPOB Pa3MeIlAINCh B OJIOKE
KOMOWHHUPOBAHHOTO

(puc. 5).

BBIYMCIICHUS TeMIIeparyp

Puc. 5. — Bnox komOuHupo8anHozo ebivucienus memnepamyp.

s 06pabOTKH MOTYYECHHBIX JAaHHBIX HCIIOIB30-
Basicst iarud PLX DAQ mis Microsoft Excel mosso-
JISFOIIUH B PEKUME PEATbHOTO BPEMEHHU BHICTh YUCIIO-
BbIC 3HAYCHUS TEMIIEPATYPbl U CTPOUTh COOTBETCTBY-
1o1me rpaduku.

Bce ucmonp30BaHHBIC CPEACTBA U3MEPEHUN MPH-
BeJEHBI B Ta0JI. 2.
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Tab6muma 2
CpencrBa H3MEpUTEIbHON TEXHUKH
Ne (HaummeHoBaHHMe 00OpPyIOBaHUSI MJIH NPH- . Oumuodka
Jnana3oH usmMepeHui .
n/n_ | bopa H3MepeHui
ot - 200 o +700 °C +2,0°C
1. Tepmomapa TXA-2388 3 momymem AT o1 +700 10 +1350°C 1 40°C
AHaJIN3 TeMIepaTyPHOI0 pe;KuMa KaMephl or-
HeBOii meun. Ha puc. 6 mokasan rpaduk Temmepa-
TYpPHO-BPEMEHHOW 3aBUCHMOCTH HarpeBa Kamepbl Or-
HEBOH MeYH.
1200
1000
et
800
T4
600
T5
400
TG
200 2
0
O NN dHd N oM OO T OoAN O O MmN
eeedddadadaanandd I Ny
O O 0O O 0000000 oo Oo oo

Puc. 6. — Jlunetinas ckopocme Hacpesa Kamepwvl neuu: memMnepanypHoO-epeMeHHdas 3a8UCUMOCb 8 Kamepe
ocneeoti neyu: T4 — damuux memnepamypbi, pacnonioNHCeHHblil Oaudlce K OMEepcmuio 0ist 8b1X00a NPOOYKnos
eopenus, TS — oamuux memnepamypol, pacnoiodceHHblll 6aUdiCe K YCMAHOBIEHHOU 6ePMUKATLHOU CHeMHOLU
Kpvuwke; T6 — doamuux memnepamypul, KOMOPbvLU YCMAHOGNEH 8 RAPALEIbHOU cmenke K oamyuxam T4 u T5.

JIuneiiHast CKOpOCTh HarpeBa KaMephl IIeUn COCTa-
Buia 35 °C/mun. [Ipu nocrmxennu 975 °C Obun ycra-
HOBJICH CTallMOHApHBIN PEXUM C TIOMOILNBIO pETyJH-
POBKHM MOIITHOCTH Harpesa Iredu. McnpITanue JUImioch
60 munyT (cM. pHc. 6).

Ilpn mpoBeneHWM HCHBITAaHMS TEMIIEpPaTypa B
MIeYr COOTBETCTBOBaJIA TPEOOBAHMSAM, PETITaMEHTHPYe-
MBIM CTaHIAPTOM.

AHanu3upys HoKaszaTenu TepMoIlap B IIpoliecce
MIPOBE/IEHHUS OTHEBOT'O UCIBITAHUSA, CTAJI0 BO3MOKHBIM
KOHCTaTHPOBATH CIIEAYIOIIEE:

- MakcHMaJbHasg TeMIlepaTypa B HCCIIETyeMOM
noMereHun Ha 9 muH. cocramana 630 °C, a cpenusst
TeMIlepaTypa B 3TOT MOMEHT BpeMeHH cocTanisiia 600
°C B TeueHne 15 MuHYT 1 Obl1a CTAaOMIIBHON;

- ¢ 24 MuHYTHI OT Havasa rnokapa ObuIa yBEIU-
YEHa MOILHOCTbh TOPENOK, BCJIEACTBHUE YEro TeMIepa-
Typa BbIpocina 10 975 °C u Obl1a cTaOMIBHOM B TeUCHHE
10 MuHyT;

- OTHEBBIC UCTIBITAHUSA U POCT TEMIEpPaTyp B Ka-
Mepe TE€YH COOTBETCTBOBAIHM POCTY TEMIIEpaTyp MHpH
HCIOJIb30BaHUM CTAHJAPTHOM TeEMIIEpaTypHOU KpUBOI
nokapa [7].

BeiBoabl. IlpoBeneHHOE uccieqOBaHME IIOKa-
3aJ10, 9YTO HKCIIEPHMEHT 10 OTIPENIEIECHUIO TEMIIEPaTyp
B KOHTPOJBHBIX TOUKaX KaMepbl OTHEBOI Me4H MpoBe-
JIeH B COOTBETCTBHH C TPEOOBaHUSIMH CTAaHIAPTOB IPO-
BEJICHUS UCTIBITAHUI HECYILIUX CTE€H Ha OTHECTOMKOCTb.
Pe3ynbraThl, MoMyueHHbIE NPU IPOBEJCHUM HUCIBITA-
HUH, JOCTOBEPHEL.

ITo pe3ynmbTaTam naHHOW pabOTBI YCTAaHOBICHO
cIeyroniee:

1. [IpoToTHIl OTHEBOW MEYH, TOCTPOCHHOH pa3Me-
poMm Imx1mx1M, nmas ompenereHHUs OTHECTOWKOCTH
BEePTHUKAJBHBIX HECYIIUX CTPOUTEIBHBIX KOHCTPYK-
Ui, TaeT BO3MOKHOCTh TIPOBOJNTE OTHEBEHIC MCITHITA-
HUS B COOTBETCTBHH CO CTAaHIAPTHBIM TEMIIEPATyPHBIM
peXUMOM.

2. OnuMcaHbl 3TaIbl CTPOUTENBCTBA OTHEBOM Heun
¢ (paKeITbHBIM TOPEHHUEM U MTOKa3aHbI 0COOCHHOCTH CO-
3/1aHUs IPOTOTUIA KOMIAKTHOW YCTAHOBKH JISI UCIIBI-
TaHUN KENEe300€TOHHBIX U CTANIEKEITE300€TOHHBIX
CTPOUTENHHBIX KOHCTPYKIUNA B YCJOBHSX TEIUIOBOTO
BO3JIEUCTBUS MTOXKapa.

3. CorymacHO NPOBEIECHHOMY 3SKCIEPHUMEHTAb-
HOMY HCIIBITAHHIO, B KaMepe OTHEBOHU IEYH MPOHCXO-
JUT PABHOMEPHOE paclpelesieHue TeMIepaTyp Mo
BCeH IJIOLAAH MIeYH, MaKCUMAaJbHAsI JOCTUTHYTAsl TEM-
neparypa B ne4u JIOCTUIIIA
975 ° C, 4TO COOTBETCTBYET MUHHMAJIBLHO BO3MOXKHOMN
TeMIepaType NpoBeAeHUs UcTibITaHui Ha 80 MUHYTE, B
COOTBETCTBHH C TpeboBaHuAMU [7].

4. YuuTbsiBas U3JI0KEHHOE B paboTe U BHIBOJAX |-
3 MpOTOTHIT ONMMCAaHHOW YCTAaHOBKH II€JIeCO00Opa3HO
MIPUMEHUTD IS IPOBEIICHUS HCTILITAHUN HA OTHECTOM-
KOCTb KeJIe300€TOHHBIX CTPOUTEIBHBIX KOHCTPYKITHH,
OJIHAKO JIUIIh KaK 3JEMEHT JKCIEPUMEHTAIhHO-pac-
yeTHOro MeTona. Pa3paboTka Merona sBIsieTCS Mep-
CIEKTUBOHN JajbHENIIMX HCCIeIOBaHUN JaHHOM pa-
OOTHI.
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3a 2020 rox B Poccum mpomsonuro 6onee 420 ThICSY MOXKApPOB, YTO COCTABIICT 82 MPOIEHTa OT 00IIero
KOJIM4YECTBaA HpOHCMGCTBHﬁ, JKEPTBAMHU IIOKAPOB CTAIIO Oosiee 8 ThICSY YenoBeK. B crarhe PACCMOTPCHBI Tp660—
BaHUA K HO)I(apHOﬁ 6630HaCHOCTI/I, q)aKTOpLI BOB,Z[Gf/iCTBPIFI TIOXapoB Ha J'IIO,I[CI7I, CcpeacTBa HepBI/I‘{HOﬁ JIMKBHU AT
MoKapa 1 BUJbI OFHGTYMHTCHGﬁ, ¢ 00J1aCTBIO UX MPUMCHCHUAA.

Abstract

In 2020, more than 420 thousand fires occurred in Russia, which is 82 percent of the total number of accidents,
more than 8 thousand people became victims of fires. The article considers the requirements for fire safety, the
factors of the impact of fires on people, the means of primary fire elimination and types of fire extinguishers and
their applications.

KutioueBble ¢JIoBa: OMAaCHOCTh, 0€30MACHOCTh TPY/Aa U JIFOJIEH, M0Kap, HOPMAaTHUBHBIE JOKYMEHTBI, CPEJICTBA
MOXKapOTyILICHNs, OTHETYIIMTEJIA, BO3TOPAHHUE.

Keywords: danger, safety of work and people, fire, regulatory documents, fire extinguishing equipment, fire

extinguishers, ignition.

BBenenne

B noBcenHeBHOM JXM3HM U MPOU3BOJCTBEHHBIX
MpoLeccax YacTo NPOUCXOAST pas3lIMyHble ONacHbIe
JUISL JTFOJICH CUTYaIlNH, TaKUe KaK B3PHIB ra3a B OBITO-
BBIX MTOMEIIEHUSX, TTOKAPhI Pa3IMIHBIX MAaCIITa00B OT
HE3HAYUTENbHBIX BO3TOPAaHUN 70 KOJOCCAIbHBIX TO-
XKapOB, OXBATHIBAIONINX THICSYM KBAJIPATHBIX METPOB
MMOMEUIEHUHM, B3pPBIBbI Pa3HOM MOIIHOCTH, JOPOKHO-
TPAHCIIOPTHBIE MPOUCIIECTBHUS, YTEUKH OMACHBIX XH-
MHYECKHX BEIIECTB U ra3a U3 OBITOBLIX I'a30BbIX ILUIMT
u 1.1. I[locimencTBreM 3THUX HEraTHMBHEIX BO3ACHCTBUI
SIBIISTIOTCSI BCCBO3MOYKHBIC TTOTEPH, Oy TO YeTIOBeYe-
CKHE KEPTBbI, 3arpsI3HEHUE OKPY>KaAIOLIEH cpesibl, CHU-
>KEHUE IPOU3BOJICTBEHHBIX MOIIHOCTEN 1 otepu BBIIT
rocyJapcraa.

AHanu3 TaHHBIX 10 Pa3IMIHBIM aBapusm 3a 2020
ToJI TIoKa3aj, 94To B Poccun 3a 3TOT Nmepuoz ciIydnsioch
6onee 512 Tricsa mpouciiectBuii. Hanbomnee pacmpo-
CTPaHEHHBIMH TIPOUCIIECTBUAMH SIBJISIFOTCS TTOKAPHI —

420 teicsia uHIUACHTOB (82% OT 00IIIEro KOJIHYEeCTRa),
JIOPOXKHO-TPAHCIIOPTHBIC MPOUCIIECTBUS — 89 THICSIY
cirydaeB (17,4 % ot 0011ero KoJam4ecTsa) u 3,5 ThICTIN
MIPOUCIICCTBHH, MPOU3OIIEANINX HA BOJHBIX 00BEKTAX
(0,6% ot obmero kommuectBa) [1]. Kak moka3piBaeT
CTaTHCTHKA, OOJILITMHCTBO OMACHBIX CUTyalluid OTHO-
CATCA K TIOKapaM pa3NdHbBIX MaciiTabos. 3a 2020 rof
JKepTBaMH T0KapoB cTaim 8 262 yenoBeka, U3 HUX 355
— HecoBepIIeHHoIeTHHE [2]. B memsix cCHIKeHns KOJH-
YeCcTBa JKEPTB U MOCTPANABIIHNX MIPH MOXKapaX MPOBO-
JUTCS. MHOXKECTBO MEPOIPHUSATHH, HANPABICHHBIX Ha
mosryyeHre 0a30BBIX HABBIKOB IMOXKAPOTYIICHUS, 3Ba-
Kyaluu npu mokape u
moxkapHoii Oe3omacHocTH. CoriacHo TpeOOBaHUAM
HOPMATHBHBIX IOKYMEHTOB JIF000€ 3[JTaHHE UIIH COOPY-
JKEHHE JOJDKHO COOTBETCTBOBAaTH TPEOOBAaHHUAM IIO-
kapHOH Oe3omacHOCTH. K 3THM TpeOOBaHHAM OTHO-
CATCA:
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® HaJIMYME CHUCTEMBI aBTOMATHYECKOTO OIOBE-
IIEHHS O TOXKape;

e orpaHuueHHe O0Opa3OBaHMS U PACIPOCTPaHe-
HHS OITAaCHBIX (PaKTOPOB MOXKapa B Mpejeax ovara mno-
JxKapa;

e HepacnpoCTpaHEHHE IoXKapa Ha COCEIHUE
31aHUSI U COOPY KEHMUS;

® COXpaHEHHE YCTOWYMBOCTH 3IAaHUS HIH CO-
OpYXEHH, a TaK)Ke TPOYHOCTH HECYIIUX CTPOHUTEINb-
HBIX KOHCTPYKIHH B T€4E€HHE BPEMEHH, HEOOXOANMOTO
JUIS 3BaKyallWH JIIOAEH W BBIIOJHEHUS APYTHX IEH-
CTBHH, HaIlPaBJICHHBIX HAa COKpAICHNE yIepOa oT mo-
xKapa;

e 9Bakyanus JiroAed (¢ yueToM ocoOeHHOCTeH
UHBAJIUAOB U APYTHX TPYII HaceJICHUs C OTPaHUYEH-
HBIMHU BO3MOKHOCTSIMU IIEPEIBUKEHHUS) B O€30IIaCHYIO
30HY JI0 HAaHECEHUS Bpela UX JXKU3HH H 3J0POBBIO
BCJIC/ICTBHE BO3JICUCTBHS ONACHBIX (PaKTOPOB MOXKAPa;

®  BO3MOXHOCTH JIOCTYTIA IMYHOTO COCTABA MOJ-
paszeNieHui MOXKapHOH OXpaHbl M IOCTABKU CPEICTB
MOXKapOTYIICHHUS B JIF0O0E TOMEIICHUE 30aHUsI W CO-
OpYXKEHHS;

® BO3MOXHOCTh IIOJa4ll OTHETYLIAIIHNX Be-
IIECTB B OYar moxapa;

e BO3MOXHOCTb IPOBEICHHUS MEPONPHUATHIH IO
CIIACEHUIO JIFOAEH M COKpAIleHHI0O HAHOCUMOTI'O IOJKa-
poM yiep6a UMyIecTBY (GU3MYECKUX WIH I0pHUInde-
CKUX JIHII, TOCYAAPCTBEHHOMY HJIM MYHHLUIAIEHOMY
HUMYIIECTBY, OKpYXKaIoIIeH cpenie, )KU3HU U 3I0POBBIO
JKUBOTHBIX U PACTCHUM.

B nomnonnenue k 3TUM TpeOOBaHHUAM Takke HE0O-
XOZMMO TPOBE/ICHHE BBOAHBIX U NIEPBUYHBIX HHCTPYK-
Takeil 10 mokapHOW 0e30MacHOCTH Ul HOBBIX CO-
TPYIHHUKOB, NTPOBEJICHNE BHEIUIAHOBBIX M MOBTOPHBIX
MHCTPYKTa)XEH B CiIydasx HapyIICHHs MOXapHOH 0e3-
omacHocTH. [3]

IlepBuyHbIe U BTOPUYHBIE NOpaxaomme ax-
TOPbI BO3/1eliCTBHSA MOkKapa.

[To>xap — 3TO HEKOHTPOJIMPYEMBII U HEYIPaBIISI-
€MBIii OYar ropeHusi, BOZHUKAIOIIUN CaMOIIPOU3BOJIBHO
M0 IPUYUHAM, K KOTOPBIM OTHOCHTCS XaJIATHOCTh MITH
HEOCTOPOXXHOCTh YEJIOBEKA, COOM B TEXHHYECKHX CH-
CTeMax, HENpaBWJIbHOE XPAHEHHE B3PBIBOOMACHBIX U
MOXapOOMACHBIX MaTepUaIOB U ApYyTrHe (GaKTOPHI.

@daxTopaMu, OTHOCAIIMMUCS K NEPBUYHBIM, SIBJISI-
I0TCSl HAJIMYWE OTKPHITOrO OTHA (TEIUIOBOH ITOTOK, HC-
KpBI, IUIaMsi, MOBBIIIEHHAs KOHLEHTpAIUs TOKCHYe-
CKHX HPOJYKTOB FOPEHHMS) U 3abIMICHHOCT (YMEHB-
[IEHHE BHUIUMOCTH B IIOMEUICHHWH), ITOBBIIICHHAST
TeMIIepaTypa M HeIOCTaTOK KHCIOPOAa.

BrieneHne TOKCHMYHBIX BEIIECTB, BBIACISAEMBIX
[IPY TOPEHUH, YAAPHI INEKTPHIECKIM TOKOM, TTAHUKA H
BO3MOYKHOE pa3pylIeHNE 3MaHNS OTHOCATCS K BTOPHY-
HBIM IT000YHBIM (hakTOpam.

Bo BpeMs moxapa Hpu HAXOKAEGHUU B MeCTax
BO3TOPaHUsl B3pPBIBOONACHBIX BEIIECTB BO3MOMKEH
B3pbIB. BnusAHue B3pbIBa NPUBOJUT K pa3pylICHHIO
3[JaHUH ¥ COOPYXKEHHIA, UTO HeceT 3a COOOH TPaBMHPO-
BaHUE U Iaxke cMepTh Jitosield. Cpean pakTopoB B3phIBa
BBIJCISIIOT YAApHYIO BOJHY, KOTOpas OTPHIATEIBHO
BO3JICHCTBYET Ha YEJOBCKA M >KUBBIC OPraHM3MBI Ha
pacctostanu. CHIIBHOE W3IYy4YEHHE CBETa BBI3BIBACT
BOCIUIAMEHEHHE U IIPUBECTH K OOYTIIMBaHHUIO.

Buabl orHetymmuTeseii 1 00J1aCcTH MX IPUMeHe-
HMA.

JIis nokanu3anuy W JTMKBUIAIMHA HE3HAYUTEIIh-
HOT'0 KOHTPOJIMPYEMOT0 04Yara TOPEHUS UCTIONB3YIOTCS
MEpBUYHBIC CpeicTBa orHeryiieHus. K Takum cpen-
CTBaM OTHOCSTCS TIEPCHOCHBIC U TICPCIBHKHEBIC OTHE-
TYIIUTEIIH, TOKAPHBIC KPAaHBI U CPEIICTBA 00CCIICUCHUS
uX paboThI, MOKPHIBAJIA JJI U30JIAIUU BO3TOPAHUNA U
MTO’KapHBIA WHBEHTAPH (JIOM, Oarpbl MOXapHBIE, eMKO-
CTH IUIA BOABI M SIIIUKH C TIECKOM, KOMIUIEKTBI IS
PE3KH IEKTPOIIPOBOIORB)

CaMBIM pacrpOCTPaHEHHBIM W W3BECTHBIM Cpea-
CTBOM Ha4aJIbHOTO IT0KapOTYIICHHUS SIBISIETCSI OTHETY-
mmrenb. OTHETYHIMTENb SABISICTCA  00sS3aTCIbHBIM
MPEIMETOM MOXKAPOTYIICHHS B KAXKIOM 3[aHUH, OYIb
TO ouc, ex NPOU3BOJCTBEHHOTO 3[aHUSI MJIX MHOTO-
kBapTHpHBIH 1oM. ITo TpeGoBaHMsIM G€30MaCHOCTH OT-
HETYHIUTEIb TAKXKC NOJIKCH HAXOAUTCA B KaXXIO0M aB-
ToMobue.

[MpuHIUT PabOTH OTHETYIIUTENS 3aKII0YaeTCS B
BIIPBICKUBAHHUH €TO COJIEPIKIMOTO Ha 0Yar BOTOPAHUS
WM TOPAIIAIA TPeaMeT.

PazmigaroT MHOXECTBO BHIOB OTHETYIIHTEICH,
HamboJIee paclpOCTPAHCHHBIMH CUUTAIOTCS:

® O KHIKOCTHBIC;

MOPOIIKOBEIC;

ra30BbIC WIN YTJICKUCJIOTHBIC,
BO3AYIIHO-TIICHHBIC,
BO3YIIHO-IMYJIbCHOHHBIE.

7KAAKOCTHBIE OTHETYNIMTEIH HCIIOJb3YIOTCS
JUIL TYIICHHUS TI0KapoB KIIACCOB A (TBepIble BeIle-
cTBa) U KiaccoB B (kmukue BeniecTBa). Hanbomnee 6e3-
OITaCHBI JIJIS YeIIOBEKA, TaK KaK MMEIOT BOJHBIN COCTaB
C AKTUBHBIMH BEIIECCTBAMH, U1 TYIICHHS IPYTHUX
KJIaCCOB TOKapoB He MOAXO0IAT. MIMeroT o0uryro Map-
kupoBKy «OII»- 001Iero moyb30BaHus

IMopomkoBbIe OTHETYUIUTENH SIBIISIOTCS YHH-
BEPCAJIbHBIMU U MOAXOAAT MPAKTUYCCKU JIA Jro0oro
KJIacca 1oskapa OT TOpEHHs TBEPABIX, KUJIKUX U ra30-
00pa3HbIX BEIIECTB, O TOPEHUS AIEKTPONPHOOPOB,
HaxOJSIIMXCSA MO IeUCTBUEM AJeKTpuuecTBa. Mmeror
o0mryro MmapkupoBKy «OII»- o0miero moap30BaHUS

I'a3oBble WU YIJIEKNCIOTHBIE OTHETYIIMTETH
TIPUMEHSIOTCS U TYIISHHUS Pa3IMIHBIX TOPIOYNX Ma-
TEPUATOB M TOPIOYHX JKUAKOCTEH, JIEKTPOYCTAaHOBOK
noa HanpsbkeHueM a0 1000 B, a Takke B KapTUHHBIX
ranepesx, apXruBax u My3esx. B cocTaB a3po30sbHBIX U
YTIIEKHUCIO-OpOMAITHIIOBBIX ~ OTHETYIIUTECH BXOMSAT
TaKk Ha3bIBa€Mble TaJOWAWPOBAHHBIE YTIIECBOJOPOIBI.
IIpu X KCMOJL30BAHUU B OYare BO3TOPAHHs CKAILIU-
BaeTcst MHOTO kuciopoaa (10 18%), TobKo mpu Tako
KOHIICHTpAaluHX ra3a nmpoucxoauT TyYHICHHUE IToXKapa.

Bo3aymiHo-neHHbIe OTHETYIIMTEIH HEo0Xo-
JIMMEI B TOM CITy4ae, KOT/1a TOPSIINH IIPpeIMeT CKIIOHEH
Kk TieHno. K TakuM MaTepuanaM OTHOCATCS Oymara,
yTOIIb, IEPEBO U IUIACTMAacca. B JomomHeHne, TaHHBIH
BHJ] OTHETYIIUTENCH 3 PEKTHUBEH ISl TYIICHUS BO3rO-
paHH MaCIISTHBIX XKUIKOCTEH, TAKUX KaK He()Th, Macio
U pa3IYHbIC TAKOKPACOYHBIC MOKPBITHUS.

Bo3aymHo-3MyI5CHOHHBIE OTHETYIIUTEIH -
YCTPONCTBA, CO3MaHHBIC I TYIICHHUS MOXapOB Kiac-
coB A, B u E. Ilpunnun neicTBusi OCHOBaH Ha TyIle-
HHUM BO3TOpPaHUM JACHCTBUEM BO3AYIIHON SMYJIbCUH.
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BoiBoa: 2. B 2020 roay B Poccun npouzornuio mouru 420
Jnst npefoTBpalieHiss ¥ MUHUMU3AIMA UMYIIE-  ThIC. MOXKapoB

CTBCHHOro ymiep0ba, oOecrieueHuss O€30MacHOCTH pa-
OGOTHUKOB M JIFOJIEH CIIeIyeT PEeryisipHO U CBOEBpE-
MEHHO TPOBOJIUTH MHCTPYKTAKH IO TPaBHUIaM TOKap-
HOHM 6e301acHOCTH, 00y4aTh TPaXKIAHCKOE HACEICHUE
METOJIaM U CIOCO0aM MEPBUYHOrO TYIIECHUS OTHSA U
BO3TOPAHUM, MPOBOAUTH IMEPHOJUUCCKHE MPOBEPKH
CIICIIMATBHBIX WHCIICKIIUIA W OTIePaTHBHO WCIPABISTH
HapyIIeHHs, OOHAPYKEHHBIC BO BPEMsI OCMOTpa COOT-
BETCTBUSL.

CHHCOK JUTepaTypshl
1. MUC B 2020 roay cnacno 6onee 100 ThIC. ye-
nosek (https:/tass.ru/obschestvo/10321203) (nara 06-
pamenus 12.11.2021)

(https://tass.ru/proisshestviya/10467411) (mara oGpa-
menus 12.11.2021)

3. ®epepanbHblii 3akoH "TexHHuYeckuil peria-
MEHT O 0€30IaCHOCTH 3/aHMH M COOpYXeHUH" OT
30.12.2009 N 384-d3 (mocnenuss pepakuust) Crarbs
8. TpeboBanus N0’KapHOU 6e3omacHoOCTH
(http:/lwww.consultant.ru/document/cons_doc_LAW _
95720/329228a03f0580529912616f3d1f5b51db0d15ch
/) (nata obpamennst 13.11.2021)

4. Huxomaea B.H. Bunb!r orHetymmTenei n ux
xapakrepuctuku. Kiaccuduranus orHeTymmrenei.
AJUIESI HAYKMH. 2019 -c 50-54.

ABTOMATHUYECKHE CUCTEMBI KOHTPOJIAA 1 KOPPEKIIUM PAITMOHOB KOPMJIEHUA
KNBOTHBIX

Illuzumacza B.A.

Tocyoapcmeennbviii OuomexHonocuuecKull yHusepcumenn,

npogeccop kageopvl 6LUOMEOUYUHCKOU UHICEHEPUL U TeOPeMUYecKoll ITeKMPOMexHuKu, 0.m.H., npogec-

cop
QDaiizynaun P.A.

@I'BHY «Yomypmcekuii pedepansrulii uccredosamenvckuii yenmpy YpO PAH,
cmapuiuil HayyHolll COMPYOHUK YOMYPIMCKO20 HAYYHO-UCCLE008AMENbCKO20 UHCIMUMYMA CENbCKO20 X035l

Ccmea, K.C.=X.H.
Kocynuna H.T.

Tocyoapcmeennwiii buomexnonocuyeckull yRusepcumenm,

3a6e0youwas Kageopou OUOMeOUYUHCKOU UHIHCEHEPUU U MEOPeMUYecKoll INeKMpOmMexXHuKU, 0.m.H., npo-

geccop
Cyxun B.B.

Tocyoapcmeennulii Ouomextonocuseckuil yHugepcumen,

cmapuwiuii npenodasamens Kageopsbl OUOMEOUYUHCKOU UHIICEHEPUU U MeOPEemUYECKOU INeKMPOMeEXHUKU

Kopuiynoe K.C.

Tocyoapcmeennwviii buomexnorocuyeckull yRusepcumenm,

acnupanm kagpeopvl GUOMEOUYUHCKOU UHNCEHEPUL U MEOPEMUYECKOl dNeKMPOMeXHUKU

AUTOMATIC CONTROL AND CORRECTION SYSTEMS RATIONS FOR ANIMAL FEEDING

Shigimaga V.
State biotechnological university,

professor of the department of biomedical engineering and theoretical electrical engineering, doctor of

technical sciences, professor
Faizullin R.

FSBIS «Udmurtskiy federal research center » UB RAS,

senior researcher of the udmurtskogo research institute of agriculture, candidate agricultural sciences

Kosulina N.
State biotechnological university,

head of the department of biomedical engineering and theoretical electrical engineering, doctor of tech-

nical sciences, professor
Sukhin V.
State biotechnological university,

senior lecturer of the department of biomedical engineering and theoretical electrical engineering

Korshunov K.
State biotechnological university,

graduate student of the department of biomedical engineering and theoretical electrical engineering

DOI: 10.24412/9215-0365-2021-78-1-45-50



https://tass.ru/proisshestviya/10467411
http://www.consultant.ru/document/cons_doc_LAW_95720/3a9228a03f058b5299126f6f3d1f5b51db0d15cb/
http://www.consultant.ru/document/cons_doc_LAW_95720/3a9228a03f058b5299126f6f3d1f5b51db0d15cb/
http://www.consultant.ru/document/cons_doc_LAW_95720/3a9228a03f058b5299126f6f3d1f5b51db0d15cb/
https://doi.org/10.24412/9215-0365-2021-78-1-45-50

46 The scientific heritage No 78 (2021)

AHHOTALMSA

ABTOMaTHYECKHE CHCTEMBI 3aHUMAIOT BaXKHEHIIIEe MECTO B PSITy 00OPYIOBAHUS ¥ TEXHOJIOTHH YIAJICHHOTO
KOHTPOJII KOPMJICHUA )KUBOTHBIX, MTPUYEM B 3TO MMOHATHUC BXOAUT HE TOJIBKO HeHOCpeJJCTBeHHHﬁ KOHTPOJIb B I1O-
TOKE, HO U pa3jiavya KOpMa, a TaKKE €ro NpuroToBJICHUEC. Cucrema KOPPEKTUPOBKU PAIITMOHOB MPCACTABIACT coboit
KOMILJICKC 060py[[0BaHI/IH u HO, HO3BOJ‘IH}0HII/II71 MPOBOAUTH KOPPECKTUPOBKY pallMOHa IO CYyXOMY BCIICCTBY «Ha
JICTY» IIPpU 3arpy3K€ KOMIIOHCHTOB B KOPMOCMECHUTCIIb. OCHOBy CUCTEMbI COCTABJIACT MPUKIIAJHAA IporpamMma,
MOJACHUCTEMA KOHTPOJIA MPUTOTOBJICHUA U pa3gadu KOpMOB Ha Oaze nporpaMMupyeMoro BECOBOro T€pMmuHalia, a
TaKXKE I/IK-aHam/BaTop KOpMOB, BCTpaI/IBaeMHﬁ B KOBIII IOrpy34urKa.

Kpome aBTOMaTU3HpOBAHHBIX CHCTEM IPSIMOIO KOHTPOJS U KOPPEKLUU PALUOHOB KOPMIIEHMS >KHBOTHBIX
CYIIECTBYIOT U KOMIIJICKCHBIE CUCTEMBI, PEHIAIOINE aHAJIOTUYIHBIC 3aJa4H, 4 TAK)KE U HEMOCPEACTBEHHO CBsA3aH-
HBIE C KOPMJICHUEM Hp06JIeMLI JAWAarHOCTHUKH Ka4€CTBa NMMPOAYKTOB XKUBOTHOBOACTBA. B HacCTOAIIEC BPEMSA B MO-
JIOYHOM KHMBOTHOBOJICTBEC Ha6npaeT MOITYJIAPHOCTH TaK Ha3bIBACMBIH «HaBUT'ATOpP CTana. <<HaBI/IFaT0p craga»
TMPEACTABIACT c000# TEXHHYECKOE CpE€ACTBO JUAarHOCTHUKH, KOTOPOE BO BPEMS JOCHUSA aBTOMATHICCKN aHAJIN3U-
PYCT COCTaB MOJIOKA, BBIABJIACT KOPOB Tpe6y}0mnx BHHUMaHUs BETEpHUHApa U NPEAOCTABJIACT CliCHHUAIUCTaM MIpo-
TOKOJIbI IJIs1 pa60TI>I C JKUBOTHBIMH.

Z[J'IH ABTOMATUYCCKOI'0 OKCIIPECC-aHalln3a KOPMOB, B TOM YUCJIC U B MOTOKE, pa3pa60TaHI,1 CrieaJbHBbIC
ycTpoticTBa. Best mHbOpMAaIust 0 KOpME COACPIKUTCS B €ro CIEKTpe B ONMKHEH HH(paKpacHOH 001acTu, myTeM
ABTOMATU3UPOBAHHOT'O aHaJIM3a KOTOPOro MOYKHO MOJYYUTh TaKHWE MOKA3aTCJIU, KaK BJIAXHOCTb, XXHUP, 0eJI0K U
MpoYKe KOMIIOHEHTBI. boJiee ClI0KHbBIe CHCTEMBI, BKITIOUAIOIIUE TOJOOHBIE yCTPOWCTBA, HIMEIOT U OOJBLIYIO (YHK-
IXMOHAJIbBHOCTBH, B TOM YHUCIJIC, CIIOCOOHBI COCTABIIATH panroOHBbI, obecIieunBaTh KOPMO3aroToBKH U KOHTPOJIUPOBATH
Ka49€CTBO KOPMOBOT'O ChIPbA.

B craTbe ommcaHbI COBPCMCHHBIC aBTOMATUYCCKHUEC CHUCTCMBbI NOATOTOBKH PANMOHOB, UX KOPPCKIHUH IJIA
KOPMJICHUSA KUBOTHBIX. PaCCMOTpeHLI HEKOTOPBIC DJICMCHTBI ABTOMATUYCCKOI'0 KOHTPOJISI U KOPPCKIIUN palinuo-
HOB. Hpe,I[CTaBJ'IeHLI HMHHOBAIIMOHHBIC aBTOMATUYCCKUC aHAJIN3ATOPbI KOPMOB B IIOTOKE.

Abstract

Automatic systems occupy the most important place in the range of equipment and technology for remote
control of animal feeding, and this concept includes not only direct control in the flow, but also the distribution of
feed, as well as its preparation. The ration adjustment system is a set of equipment and Software that allows you
to adjust the ration for dry matter "on the fly" when loading components into the feed mixer. The system is based
on an application program, a subsystem for monitoring feed preparation and distribution based on a programmable
weighing terminal, as well as an IR feed analyzer embedded in the loader bucket.

In addition to automated systems for direct monitoring and correction of animal feeding rations, there are also
complex systems that solve similar problems, as well as problems directly related to feeding diagnostics of the
quality of animal products. Currently, the so-called "herd navigator" is gaining popularity in dairy farming. "Herd
navigator" is a technical diagnostic tool that automatically analyzes the composition of milk during milking, iden-
tifies cows that require the attention of a veterinarian and provides specialists with protocols for working with
animals.

Special devices have been developed for automatic rapid analysis of feed, including in the stream. All infor-
mation about the feed is contained in its spectrum in the near-infrared region, through automated analysis of which
you can get indicators such as humidity, fat, protein and other components. More complex systems that include
such devices also have more functionality, including the ability to make rations, provide forage harvesting and
control the quality of feed raw materials.

The article describes modern automatic systems for preparing diets and correcting them for feeding animals.
Some elements of automatic control and correction of rations are considered. Innovative automatic feed analyzers
in the stream are presented.

KuawueBbie cjioBa:
aHaJIn3aTop.

Keywords: automatic systems, ration, feeding, control, correction, IR-analyzer.

ABTOMATUYECKUE CHUCTEMbI, PpAlUOH, KOPMJIEHHE, KOHTpOJb, Koppekuus, MK-

Beenenne.

Baxneiinmee MecTto B psALy aBTOMAaTHYECKHX
CHCTEM B )KHBOTHOBOJICTBE 3aHUMAIOT 000y I0BaHHE U
TEXHOJIOTUS YAAJIEHHOTO KOHTPOJIA KOpMIJICHHA,
IpuY4eM B OTO THOHITHE BXOJWT HE TOJBKO
HETOCPEICTBEHHBIH KOHTPOJIb B IIOTOKE, HO M pa3jiada
KOpMa, a TakXke ero mnpurortoBieHue. Cucremsl
KOHTPOJISI KOPMJICHUSI COCTOSIT U3 MUKPOKOMIIBIOTEPA,
nporpammuoro obecriedenust (I10) ms ynpasieHus
panroHaMu, BECOBOIO KOMIUIEKTA JUIsl paclpe/ieIeHUs
MOPIMHA U MOAYIA Uil YOAJICHHOHN Tepenavyn JaHHBIX
(GPRS umm Wi-Fi) [1, 2]. Ha perHKe mpeiararoTcs
CTallMOHAPHBIE W MOOWJIBHBIE MOJENH, CIIOCOOHEIC
3arpy»KarthbCs KOPMOM U3 JIt000# Touku Gpepmsl [1-4].

AKTyaJbHOCTH NPo0JeMbl. B HacTosmmee Bpems
B XMBOTHOBOJICTBO aKTHUBHO BHEIPSIIOTCS COBPEMEH-
HBIE aBTOMaTH3UPOBAHHBIE U POOOTH3NPOBAHHBIC TEX-
Hoyornu. OJfHA U3 aKTyalbHBIX TEHJIEHIIMHA — POOOTH-
3a1Usl TEXHOJIOTHU KOPMIIEHUS], KaK BayKHEHIIEero npo-
Lecca OJKMBOTHOBOACTBA, a TaKkKe U JAPYIHX
HampaBJIeHUN U npouecco. Beaen 3a ounbHEIMU po-
6oTamu Ha (hepMax U B HAYUHBIX HCCIIEJOBAHHSIX CTAIN
MOSIBIIATBCSI  ABTOMATUYECKHE CHUCTEMBI KOPMIIEHUS
JKUBOTHBIX U KOHTPOJIS mponykuuu [1, 2, 5-7].

[To cpaBHEHHMIO C pacHpOCTPaHEHHOW CUCTEMOM
KOPMJICHHSI MOOWIJIBHBIMH KOPMOIIEXaMH, aBTOMaTHIE-
CKHE CHCTEMBI KOPMIICHHUS 00IaJaroT HENIBIM PAIOM
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MPENMYIIECTB: CYLIIECTBEHHOE CHIDKCHHE TPYIOEMKO-
CTH TIpoliecca KOPMIICHUS M SHEPTONOTPEOIeHNs, KO-
HOMHs pabouyero BPEMEHH, MOBBIIIEHHE KPaTHOCTH
KOpMIJICHUSI, YBEIIMUCHUE TT0JIE3HOM IJIOIAAN KUBOT-
HOBOJYECKMX IIOMEUICHHUH, MOBBIIIEHHE TOYHOCTH
KOPMJICHU S, @ TAK)KE BO3MOXKHOCTbH KOHTPOJIS Ka4eCTBa
U KOPPEKLUS PaIlIOHOB «Ha JIETY», T.€. B IIpOLIecCe 3a-
TPY3KH W/WIH pa3gad KopMa.

®opMyaupoBaHHe LeH UCCIe0BAHNA.

B n1aHHOM HCCIeIOBaHUM CTaBHIOCH LIENBIO BBI-
TIOJTHUTE KPaTKUH 0030p COBPEMEHHBIX TEXHHUYECKHUX
penIeHu B 001aCTH KOPPEKIIUH PALIMOHOB ¥ KOHTPOJIIS
Ka4yecTBa KOPMOB HETIOCPEICTBEHHO B MPOIIECCE aBTO-
MaTU3UPOBAHHOTO KOPMIICHHUS )KUBOTHBIX.

Pe3yabTaThl aHanam3a MOCJIETHUX HCCIEI0Ba-
HMIA.

300TEXHUK, Hcnonb3ys nporpammy DTM IC, npo-
rpaMMHUpPYeT HEOOXOAWMBIA B JaHHBIH MOMEHT pa-

Puc. 1 — Ananuzamopul kopmos, cmpaugaemvie 8 padbouue opeanvl NOZPY30UHbIX MAUUH

DJIeMEHTBI aBTOMATHYECKOTO KOHTPOJISL U KOPPEK-
TUPOBKH PariioHOB. CrucreMa KOPPEeKTHPOBKU PaIHo-
HOB MPEJACTABISIET COO0M KOMIUIEKC 000pyIOBaHHS U
10, no3Bonsouil NPOBOAUTE KOPPEKTHUPOBKY pary-
OHa II0 CYXOMY BEILIECTBY «Ha JIETy» IpH 3arpyske
KOMITIOHEHTOB B kopmocMmecuTens [1, 2]. OcHoBy cu-
cTeMsl coctaBnsgeT nporpamma DTM IC, cucrema koH-
TPOJIsl IPUTOTOBIICHNUS U pa3/laud KOpMOB Ha Oa3e Ipo-
rpamMmmupyeMoro Becooro tepmuHana DG 8000 IC, a
takke HWK-aHanuzaTop KOpMOB, BCTpauBacMblii B
KoBII rorpy3uuka [1-3]. Ecnm y pepmepa camoxomHbIit
KOPMOCMECHUTEINb, TO aHATM3aTOP BCTPANBACTCS HEIIO-
CpeICcTBEHHO BO (pe3y, puc. 1.

- A P ——

IIUOH, COTJIACHO TEXHOJIOT'NU KOPMJICHUS, 3a/1aBas JaH-
HbIC Ha BBIHOCHOM MHAHWKATOPC KOPMOCMECUTEIIA, PHUC.
2.

Puc. 2 — Boinocnoil mepmunan 015 3a0aHus U KOKMPOJs RAPaAmMempos Kopma

JlaHHBIE MOCTYMAIOT TaKXKe€ Ha BECOBOM MOJYJb,
BCTPOCHHBIM B KOBII TOrpy3uuka. Oneparop morpys-
YHWKa IIPpH 3arpy3Kke KOMIIOHCHTA KOpMa, HAIIPpUMEP, CH-
Joca, HabMpaeT Ha TEPMHUHAIE KOMIIOHEHT ¥ HAKUMAET
KHONKy aHanmm3a. Yepe3 15 cexkyHJ aBTOMaTHdecKas
CHCTCMA aHAJIN3a BbIAACT 9 XMMHUYECKUX TOKa3aTeIeh
U TpeanaraeT CKOPPEKTHPOBAaTb BEC 3arpyxaeMoro
KOMIIOHEHTA MCXO/sl U3 HOBBIX JJAHHBIX IO CYXOMY Be-
mecTBy. Eciu oneparop 3To XO4eT OCyLIECTBUTH, TO
Ha)KMMaeT KHOIKY BBOJ] 1 CHCTEMa aBTOMATUYECKH Me-
HSIET BEC KOMIIOHEHTa Ha BECOBOM TEpMHUHAJE KOp-
MocMmecutens. TakuMm o0pa3oM, Iojydaercs MOJHO-
CTBIO cOaJaHCHPOBAHHAS CMECh KOpMa I10 CyXOMY Be-
IECTBY. dakTnueckun IMPOUCXOAUT KOHTPOJIb HaL
MPOLICHTHBIM COZIEPKAHUEM CYXOT0 BELIECTBA B CMECH,
a KOPOBBI MOJYYal0T ONTUMAIbHBIN PallioOH.

Kak mpaBmio, Bce mapaMeTpsl HAcTPaUBAIOTCS
(hepmepoM caMOCTOATETBHO BpYUHYT0. Depmep yKa3bl-
BaeT, YTO U B KaKOM MOPSAKE AOJKHO MOJABaThCs B

€MKOCTh IJIsi CMCIICHHS KOPMOB, Ha3HAa4yaeT BpeMs
TIPUTOTOBJICHUSA (B OCHOBHOM BC€ CBOJUTCA JIMIIB K IIC-
PEMEUIMBAHUIO MHIPEAUCHTOB CICIUAJIBHBIM MUKCE-
POM) H pacTipeiesisieT 10 TPYIIaM — KAaKUM KUBOTHBIM,
Yero u CKOJIbKO HeO6XOlII/IMO. NHpIMH CJIOBaMH, aBTO-
MaTHYeCKON CHCTEME HY)KHO OJIMH pa3 MoapoOHO yKa-
3aTh, 4TO OT Hee TpeOyeTcs, a Jjajiee BECh MPOIIECcC 0Cy-
IIECTBIISITh U KOHTPOJIUPOBATh OyIeT yke oHA cama. B
JanpHelneM ot Qepmepa mOTpeOyeTCs JIMIIb 3amy-
CTHTH TPOIIECC OJJHUM WM ABYMS HAXKATHUSIMH KHOTIKU
— BCE OCTaJIbHOE OYET yKE B MAMATH. XOTS IIPH Kella-
HUU OH MOXET BCE NMPOKOHTPOJIMPOBATh, HAOIIOqas 3a
nHpOpManuel, KOTopass BBIBOAUTCS Ha CIEIHAIbHOE
nyOmupyromiee Tabjao — TaM oToOpakaroTcs BCE JaH-
HBIE BO BpeMsi paboThl cicTeMbl. Kpome Toro, a5ekTpo-
HHUKA KOHTPOJHMPYET TAKIKE BEC MOPLIUH U JAaXKe €€ CTO-
HUMOCTb. [IJist 3TOr0 HYXKHO JIMIIb 3apaHee BBECTH LCHY
HWHIPEAUEHTOB, a IOTOM MOXHO KOHTPOJIUPOBATH
KOPMJICHHC B paMKaX 3aJaHHOTO OrOJIKeTa.
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JlononHuTENbHBIE BO3MOKHOCTU KOHTPOJISL KOPM-
JIEHUsl TNPEAOCTaBISIET WHHOBALIMOHHAs  CHCTEMa
VISIOMIX, ocHOBaHHasi Ha TEXHOJOTHH KOMIIBIOTEP-
HOTO pacro3HaBaHusi 00pa3oB. Cucrema crocoOHa u3-
MEpATHh OJTHOPOJHOCTh KOPMOCMECH U JJIMHY BOJIOKHA

KOPMOB BHYTPH CMECHUTENSI BO BPEMs [IPUIOTOBJICHUS
panona, puc. 3 [8-10].

Puc. 3— Cucmema VISIOMIX, ycmanoerennas na agmomamusuposanHom KOpMOCMecumene-pazoamuure

Cucrema VISIOMIX ocHamiena unugpoBoii kame-
PO, aBTOMaTHYECKH aHAIU3UPYET U CPAaBHUBACT IOJTY-
YEeHHbIE KaJpbl C N300paKeHHEM UJIealIbHO IIPUTOTOB-
JICHHOTO pAIMOHA, XpaHAMUMcsA B mamsatH. depmep
OTIpeZIeTsIeT MPABWIBHYIO CTENICHb CMEIINBAHMUS palli-
OHAa M Ka4ecTBa Ha KOHKPETHOM mpmioxeHnu. Korga
cuctema VISIOMIX pacno3Haér, 4To 3ajaHHOE Kaue-
CTBO KOPMOCMECH JOCTUTHYTO, (hepMep MoIydaeT yBe-
JoMileHHe Ha cBoi cmapTdon. Kpome Toro, cucrema
NOJAET 3BYKOBBIC U BU3YyaJIbHbIE CUTHAJIbI HA BECOBOM
MHUKPOKOMITBIOTEP KOPMOCMECHUTETISL.

CTOMMOCTPh TIPENCTABIEHHBIX CHCTEM H KOMIIO-
HEHTOB HayMHaeTcs B cpepHeM oT 100 Teic. TpH. U 10-
xoauT 710 700 Thic. rpH. [Ipy 5TOM CTOUT 3aMETUTH, YTO
BCE OCHOBHBIE (DYHKIIMHU €CTh U Y CAMBIX JICIIEBbIX 00-
pasuoB. bomnee moporne Moaenn KOMIUIEKTYIOTCS J10-
MOJHUTENbHBIME onuusiMi. Cpeay HUX, Harpumep,
BO3MOXKHOCTb YNPAaBJICHUS CKIAACKUMH 3allacaMu,
yZlaJeHHas nepegada HHOpMaIuy Ha MUKCED, a TaKKe
CTaTHCTHYEeCKass MH(POPMAIHsI — BEJEHHE BCEBO3MOXK-
HBIX OTYETOB, COCTABJIEHHE TPA(hUKOB, aHAIN3 (BIUIOTh
JI0 XMMHUYECKOT0) U MPOYHe MOJIEe3HbIE JaHHbIC.

Aemomamu3zuposanuvie cucmemvl ONMUMATLHOZO0
KOPMIIEHUSL JICUBOTNHBIX.

CoBpeMeHHOE KHBOTHOBOJICTBO pabOTaeT 110 TeM
e IIPUHIIMIIAM, YTO 1 JIF000# Ou3Hec. DTO MOCTOSTHHOE

£

CTpEeMJIEHHE CHWXXaTh Ce0ECTOMMOCTh €IMHUIIBI IIPO-
JOYKIMH ¥ TOBBIIATh NPOU3BOIUTEIBHOCTD B pacyére
Ha eUHUIy 3aTpadyeHHbIX pecypcoB. Emé coBceM He-
JABHO JOCTHUTATh 3TUX IEJIEH MO3BOJISUIO KJIACCHYECKOE
MEXaHH3UPOBaHHOE 00OpyIOBaHHE, HO ceifuac cymie-
CTBYIOT HHHOBAIIIOHHBIE TTOJIXO/IBI.

Cpenu HOBEHIINX aBTOMATH3MPOBAHHBIX CHCTEM
KOPMJICHHSI MOKHO OTMETHUTHh HpoekT «Depma Oymy-
mieroy» [9]. Oto 3¢ dekTnBHOE TEXHUYIECKOE PEIICHNE,
MO3BOJISIOIIEE aBTOMATUYECKH OTCIEXKHUBATh U KOH-
TPOJNHMPOBATh OCHOBHBIC TEXHOJIOTHYECKUE TIPOIECCHI
Ha depme:

- KOHTPOJIb 3arOTOBKH, IOCTYIJICHHS CBIPhS U
KOPMOB;

- KOHTPOJIb CKJIAJICKHX 3a11aCOB KOPMOB U CBIPHS;

- KOHTPOJIb 3arpy3KH KOMIIOHEHTOB, TPUTOTOBIIC-
HUSI KOPMOCMECH U KOPMJICHHS;

- KOHTPOJIb 37I0POBbsS, IPUBECOB M MPOYKTHBHO-
CTH cTaja.

Ha puc. 4 mpencraBiieHa cxema aBTOMATH3HPO-
BaHHOW TEXHMYECKOH cucTteMbl U3 mpoekra «Depma
OyyILIero, MO3BOJISIONIEH KOMIIEKCHO PELIUTh MPO-
O5eMy 3arpy3ku KOMIIOHEHTOB KOpMa, IIPUTOTOBJICHHS
KOpPMOCMECH U KopMopazaadu [9].

Puc. 4 — Asmomamu3zuposannas cucmema 3a2py3Ku KOMHOHEHMO8 KOPMA, NPUSOMOGILEHUsL KOPMOCMECU U
Kopmopaszoaua uz npoexma « Pepma 6yoywezor

BaxxHO OTMETUTH, UTO B JaHHOM IIPOEKTE 3aaci-
CTBOBAaH MOJIyJ'[BHBIf/'I TPUHIHUIL, T. €. MOKXHO HCITOJIB30-
BaTh KaK BCE TEXHOJIOTHU CPa3y, TaK M JIUIIb HEKOTO-
prie, 3 ekt oT KOTOpEIX OyAeT HanboIee 3HAUNTEb-
HBIM Ul JIaHHOTO MPEANpPUATHA. OTO IO3BOJISET
«KOHCTPYHPOBaTh» COOCTBEHHBIC aBTOMATHU3UPOBAH-

HBIC TEXHOJIOTUYECKHUE CUCTEMBI KOPMJICHUS Ha KaX-
JIOi KOHKPETHOH epme, COo0pas3ysch C HMEIOIIUMUCS
pecypcamu.

AHanuz cocmosaHus HCUBOMHBIX U KOPMOB.

KpomMe aBTOMaTH3MPOBaHHBIX CHCTEM IIPSAMOTO
KOHTPOJISI M KOPPEKIHUN PALMOHOB KOPMIICHHS CYyIIe-
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CTBYIOT M KOMIUIEKCHBIE CHCTEMBI, pELIAIONIIe aHaJIO-
THYHBIE 3a/1aud, a TAKKEe M HEIOCPEACTBEHHO CBSA3AH-
HbIE C KOPMJICHUEM MPOOJIEMBI TUarHOCTUKH KadecTBa
MPOJIYKTOB >KMBOTHOBOJCTBA. B Hacrosiiee Bpemsi B
MOJIOYHOM YXMBOTHOBOJICTBE HaOMpPAaET MOMYJISIPHOCTD
TaK Ha3bIBAEMbIIl «HABUTATOpP CTaja», KOTOPBIH, O-
HaKo, K HaBUTAIlMH B reorpa)uueckoM CMBICIE OTHO-
meHuss He uMeeT. Takoe ycTpoHcTBO paszpaboraia
¢upma DeLaval, puc. 5 [10]. «HaBuratop crama»

MPEACTABISCT COO0M TEXHHYECKOE CPEACTBO IHArHO-
CTHKH, KOTOPOE BO BPEMSI TOCHHS aBTOMAaTHYCCKH aHa-
JIM3UPYET COCTAaB MOJIOKA, BBIABIIET KOPOB TPEOYIO-
[IUX BHUMAHUS U MPEIOCTABIACT CHEIUATNCTAM TIPO-
TOKOJIBI it pabOThl € KUBOTHBIMH. PaHHsS
JIMArHOCTHKA 3TUX MAPAMETPOB YIIyUIaeT MPOAYKTHB-
HOCTb CTa/1a, MOBHIMIAET 3PPEKTUBHOCTD M PEHTA0Eb-
HOCTH XO3SIUCTBA, YIYUIIIAET YCIOBUS COJCPIKAHUS K-
BOTHBIX U 0€30MaCHOCTh NPOYKTOB ITUTAHUSI.

Puc. 5 — Ananumuueckas cucmema «nasueamop cmaoay gupmwr DeLaval

IIpubop aHamu3upyer o0Opa3ipl MoJoka mo 4
pa3NMyYHBIM TMapamMeTpaM U OIpeneNsieT TeKyllee
COCTOSIHUE 3JI0pPOBBbSI KOPOBBI — HAIpPUMEp, MOXKET
BBISIBUTH Kakoe-TuOO 3abosieBaHue (MAcTHUT) WIIH
MPOTHO3UPOBATh MEPHOJ OXOThL. TaKKe ¢ MOMOIIBIO
npudopa MOXKHO y3HATh O HAPYIICHHH y JKUBOTHOTO
oOMeHa BelIeCTB U JaXe O HecOAIaHCHPOBAHHOM
panroHe KOPMIJICHHS C JalbHEHINe#l BO3MOXKHOCTHIO
ero koppektupoBku. IlociexaHee Kak pa3 ©
obecrieynBaeT KOMIUIEKCHOCTh MOAX0Ja K PEIICHUIO
3a]]a4M aBTOMATH3MPOBAHHOTO KOPMJIEHHSI )KUBOTHBIX.

Aemomamuueckue ananu3amopvl KOpmos 8 no-
moxe.

Crour ymoMsHyTh O Oojice CHICHUPHUSCKUX
YCTpOICTBax, MpeIHa3HAYEHHBIX HEMOCPEICTBEHHO

IUIsL aBTOMAaTHYECKOr0 SKCIIPEcC-aHallM3a KOPMOB, B
TOM 4yncie H B motoke. COBpeMEHHBIC ITOPTATHBHEIC
TpUOOPEI, BBITOJHSIOIINE 3Ty BaXHYIO Ul JIFOOOTO
(bepmMepa 3a1a4y, OCHOBaHBI Ha aHAJIN3E KOPMa B OJIHK-
Heit wmHOppakpacHoit (BUK) ob6mactu mo BUK-
TEXHOJIOTUH, pHC. 6.

Puc. 6 — BUK-ananuzamopwt pupmur Dinamica Generale (Mmanus)

B oTianumne oT XUMHYECKOTO aHaIN3a, B 3TOM CIIy-
yae He HY)KHO U3 00pasiia BeIAEIATh KOHKPETHBIN KOM-
MOHEHT A1l u3yueHus. Best nHdopmanus o kopme co-
nepxwurcs B ero crnekTpe B BUK obmactu, mytem aBTO-
MaTU3UPOBAHHOTO  aHAIM3a  KOTOPOTO  MOJKHO
MOJyYUTh TaKUE II0Ka3aTen, KaK BIaKHOCTb, JKHUP, Oe-
JIOK ¥ IPOUYNE KOMIIOHEHTHL. bojee croxHbIe CHCTEMBI,
BKJIIOYAOIIHE MTOJJOOHBIE yCTPOMCTBA, UMEIOT U OOJIb-
nryio GyHKIMOHAIBHOCTh, B TOM YHCIIE, CIOCOOHBI CO-
CTaBIIATH PALIMOHBI, 00ECTIEYNBATH KOPMO3AarOTOBKH 1
KOHTPOJIUPOBATH KAYECTBO KOPMOBOTO Chipbst [11-13].
B camom ob6mem npubmmkennn BUK-ananmmzartop co-
CTOUT U3 NCTOYHHKA M3JTyUEHHsSI, CBETO(QHUIBTPOB M MO-
JIyJSITOPOB, KOTOPBIE MO3BOJISIIOT BBIACIUTH aHAIN3H-
pyeMoe Hu3JydeHHne Ha HEOOXOJMMBIX JUIMHAX BOJH,
(hoTONIPUEeMHUKOB, COOMPAIONINX OTPA’KEHHOE H3ITy4e-
HHE, ¥ yCTpoicTB 00paboTku curHana. /i Kaxaoro
U3 KOHTPOJIMPYEMBIX BELIECTB II0J0MpAETCS CBOS
JUIMHAa M3MEPSIOIIei BOJHBIL, a TakXke pa3pabaTbiBa-
I0TCS aATOPUTMBI, B COOTBETCTBUU C KOTOPBIMU aHAIIU-
3UPYETCs OTPAKCHHOE U3ITydICHHE.

Aemomamuueckuti  ananus
obracmu cnexmpa.

kopma 6 DBUK-

Meton BUK cnexTpoMmerpun OCHOBaH Ha SBJE-
HUH TIOTJIOUICHHS W OTPAXKEHMS 3JIEKTPOMArHUTHOTO
n3yueHus: pU3MIECKUMH TeraMu. MoJeKyIibl JJr000ro
BEIIECTBA IMO-Pa3HOMY B3aUMOJEHCTBYIOT C HU3JIy4e-
HUEM, UMEIOUIUM Pa3IH4YHyI0 JIUHY BOJHBI. OHO MoO-
XKET OTPaKaThCsl, IMOIJIOIIATECS, MNPOMycKaThCsa. B
UTOT€ MOABISETCS BO3MOXKHOCTb, aHAIM3HUPYS OTpa-
YKEHHOE WJIH TIPOITYIIEHHOE HH(PPAKPACHOE H3ITy4eHHE,
HM3MEPHUTH YPOBEHB COJIEPKaHMS TOTO M HHOTO Bellle-
ctBa [14-15]. HoctourcrtBom BUK sBnsercst Bo3moxk-
HOCTh €ro NPHUMEHEHHWs Ui HIMPOKOTO Kjacca Be-
IIECTB: Ta30B, JKUAKOCTEH, TBEPIBIX U CHIMYYHX TEl
KaK OPraHWYeCKOTO, TaK M HEOPTaHMYECKOI'O IPOHC-
XOXJIEHUSI, B TOM YHCJIE B OTJCIBHBIX 00pa3nax u B MO-
TOKe. MOXKHO OTMETUTh U OTHOCUTEIBHYIO NPOCTOTY
koHCcTpykuuun BUK-ananmuszaTopoB, Ui KOTOpBIX 3a
TIpeABbIIYIINE AeCATHIETH HapaboTaHa Bcs HEOOXOIH-
Mast sneMeHTHast 6a3a, [10 u TexHOJOrusl MPOM3BOA-
CTBA.

Meton BUK cnextpomerpuu B MociaeIHUE OB
CTaJl OTHUM M3 OCHOBHBIX JUIsSl ONPENENICHHs KaueCcTBa
U TIUTaTEeIbHON IEHHOCTH KOPMOB. B oTinyme ot xu-
MHUYECKHX METO/OB, OH MPAaKTHIECKU HE TpeOyeT mos-
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TOTOBKHM 00pa310B, aHAJIN3 IPOBOJUTCS B TEUCHUE MH-
HYT, B TOM YHCIIE «HA JIETY» U MPEJOCTABISIET TOUHbIC
JIaHHBIE O KOHTPOJHMPYEMBIX MOKazaTesisx. B 3aBucu-
MOCTH OT CJIO’)KHOCTH aHaJHM3aTOpPa MOYKHO M3MEPHUTH
YPOBEHb COJIepKaHHUs HECKOJIBKUX JECSTKOB KOMIIO-
HeHTOB. Hamnbosee noCTymHBIE M pacrpocTpaHEHHbIE
MOJIEIIH YCTPOMCTB MO3BOJISIFOT KOHTPOJIMPOBATH BIIAX-
HOCTh KOPMOB, COJIEp)KaHHe KpaxMmala, CHIporo ImpoTe-
nHa u xupa, ADF, NDF u 30nb1. BUK-ananuzatopsl
CETOJHS NMPEJIararoTCcsl B CTAlIMOHAPHOM U MOPTaTHB-
HoM mcnoiaeHuu [11, 12]. Kak mpasuio, mocnenHue
MO3BOJISIFOT KOHTPOJIMPOBATH KOJIMYECTBO ITAPAMETPOB,
MHHUMAJIBHO JOCTATOYHOE [UIS OLICHKH Ka4ecTBa KOp-
MOB. [lns1 Gosee AeTanbHOTO aHaIM3a MCHONB3YHOTCS
CTallMOHapHBIE JJADOpaTOpHbIE NPUOOPHI.

BbiBOABI.

CoBpeMeHHbIE aBTOMaTHYECKUE CHCTEMBI ITOJIr0-
TOBKH M KOPPEKIMU PALIMOHOB JJIsi KOPMJICHUS JKHUBOT-
HBIX 3aHUMAIOT OZIHO M3 OCHOBHBIX MECT B KOMILIEKCE
MaIIH TOYHOTO )KUBOTHOBOZCTBA. B kauecTBe OCHOB-
HBIX Y3J0B HHHOBALMOHHBIX CHCTEM KOPMIICHUS
HanOosee NEpCIEeKTUBHBI aBTOMAaTHYECKHE aHaIHu3a-
TOPBI KOPMOB B ITOTOKE, MIPUHINI AEHCTBUS KOTOPBIX
OCHOBaH Ha HCIOJIb30BAHUY SIBJICHHS MOTJIONICHUS U
oTpakeHHs B OMkHEH MH(pakpacHOW 00IacTh Criek-
Tpa.
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YCTPOUCTBO TEJECKOIMMYECKOI'O INHEMHOTO TPUBOJIA THUITA SPIRALIFT.
OBJIACTU TIPUMEHEHUW S, KOHCTPYKTHUBHBIE OCOBEHHOCTH NCITOJIb30BAHUSA 1
TEXHOJIOI'MYECKHUE TPYJHOCTHU U3I'OTOBJIEHUSA

Deoopos B.1O.

Cmyodenm
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TELESCOPIC LINEAR ACTUATOR DEVICE TYPE SPIRALIFT. APPLICATIONS, DESIGN
FEATURES OF USE AND TECHNOLOGICAL DIFFICULTIES OF MANUFACTURING
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B nanHOI1 cTaThe paccMOTpEHB! KOHCTPYKIMN IPUBOAOB TeXHOIOTHH «CrimpamnT», 006IacTH MPUMEHEHHS
MPUBOAHBIX CUCTEM TaKOro THMa. MIX TOCTOMHCTBA M HEJOCTATKHU. A Tak k€ YKa3aHbl TEXHOJIOTHIECKHE TPYIHO-

CTHU HpOI/ISBOILCTBa.
Abstract

This article discusses the design of drives of the "Spiralift" technology, areas of application of drive systems
of this type. Their advantages and disadvantages. And also the technological difficulties of production are indi-

cated.

KuaroueBbie cioBa: Crimpanudr, TeNeCKOMMISCKUN THHEHHBIN PUBOJI, CICTEMa IPUBOJIOB, IMHEHHBIE TIe-
peMeIeHH s, IIPOYHOCTHBIE XapaKTePUCTUKN BUHTOBOH KOJIOHHBI, XapaKTEPUCTHKH CTAJbHBIX JICHT, HEpa3pyla-

IOLUI KOHTPOJIb.

Keywords: Spiral lift, telescopic linear drive, drive system, linear movements, strength characteristics of a
helical column, characteristics of steel belts, non-destructive testing.

Bsenenue

B coBpeMeHHOM MHpE MOBCEMECTHO, HCIOJB3Y-
I0TCSl JIMHEMHbIE MPUBOJA PA3JIMYHBIX KOHCTPYKLUU.
Mx npenHasHaueHHE W3BECTHO JIIOJSAM C IPEBHUX Bpe-
MEH, OJTHAKO aKTUBHOE Pa3BUTHE OpYyAUH TpyJa U pac-
[IMPEHHE CEKTOPa MPOU3BOACTBA YMHBIX U BEICOKOTOU-
HBIX YCTPOMCTB Uil MOBCEIHEBHOIO YEIOBEYECKOIO
ObITa, MOCTABWIN TEPEA WHKCHEPaMH, KOHCTPYKTO-
pamH ABaJUaTh NEPBOro BeKa HOBBIE 33Ja4u.

Kaxnplii uenoBek HyKIaeTcs B TEX WU UHBIX Ma-
TepUaJIbHBIX Oylarax. MHOTHE JIIOM PEryJIsipHO Toce-
MIAIOT 3aBE/ICHUS B KOTOPBIX yIOBIETBOPSIOT CBOU Iy-
XOBHBIE TMOTPEOHOCTH, HANpPHMEp, TeaTp, MPOCMOTP
KWHO, TIPOCIYIINBAaHHE B 3ajie <OKHBOW» HIPHI Op-
KecTpa. {1 KOro-To MOXET OBITh ATO MPOCMOTP (MU
y9acTHe) B COCTS3aHMAX IO MJIaBAHMIO, (GyTOOITY, XOK-
KeIO.

Bce BbIlIE IEpeUnCIIEHHBIE 3aHATHS IPOBOAATCS B
CIEIUATIbHBIX, O0YCTPOCHHBIX 00BEKTaxX, UCIIOJb3YIO-
MIMX TO WIN MHOE TEXHUUECKOE OCHallleHHe. B taHHOM
Cllydae BCe BBILIENEPEUNCICHHbIE 3aHATHSI IPOXOIAT B
MOMEIIEHUSX, CIIOCOOHBIX OBICTPO M aBTOMAaTHYECKH
MEHATLCS 1O/ T WU HHBIE 3a7aud. Hanpumep, y Te-
aTpa MoABWXHAA, TpaHchopmupytomascs ciena. Op-
KECTpOBas sIMa MOJXKET IEPEMEIAThCS MO0 BBICOTE U

TpaHC()OPMHUPOBATECSL B pa3Mepax Jyisl JIOCTHIKEHUS
HEOOXOJIMMBIX yPOBHEH 3Xa WIHM MPUIAHUS KOMITO3H-
UK crienuguueckoro 38ydanus. JJHo OacceitHa MoxeT
nepeMenaTbes, TeM CaMbIM MeHsIs Ty Ouny. st 3aHs-
THIl ¢ MaJIeHBKIMHU AE€TBMH HEOOXOAMM TaK Ha3bIBae-
MBIH «JIarymaTtHuky (Manas BaHHA), JUIA IPOBEICHUS
TPEHUPOBOK KOMAaH/][ TI0 BOJHOMY IOy TITyOHHA yBe-
JUYUBACTCA, a JUII TPEHHUPOBOK TIO MPBDKKAM B BOIY
riryOrHa MakcuMaibHa. [ Bce 3TH 3aHATHSI MOXKHO COB-
MECTUTh B OJTHOI BaHHE OJiarojiapsi MpUBOJaM TEXHO-
JIOTHU CIIUpasuT.

JlaHHBII THI TPUBONOB OYEHb BOCTPEOOBaH BO
BCEX BBIIIE TEPEYUCICHHBIX O0BEKTaX, TaK KaK ero
TJIABHBIM JJOCTOWHCTBOM SIBJISIETCS] KOMITAKTHOCTD B HE-
PacKpbITOM BHJE.

Onpenenenne Crimpanudra

Cmmpamudt (puc 1) MOXKHO KIacCUPUITUPOBATH
KaK TeJIeCKONMYEeCKUI TMHEeNHHbIH npuBoja. Ero ocHOB-
HOE MpeJHa3HauYE€HUEe — 3TO JIMHEWHOE TepeMeleHre
KpynHorabaputHoro Tena (oObekra), 00iamaroIiero
OoJbIION Maccoi, ¢ obecrieueHneM MajbIX rabapuToB
B OJIHOM U3 KpallHMX IOJIOKEHHH MO OCH NepeMellie-
HUSL.


https://doi.org/10.24412/9215-0365-2021-78-1-51-63

52

The scientific heritage No 78 (2021)

Pucynox 1 Cnuparugpm

Ha naHHBII MOMEHT B MHpE YK€ aKTHBHO HCIIOJIb-
3yercst TexHomorus «crnupanudr». Iloka ero mpume-
HSIOT TOJIBKO B CTPOUTEIBHON chepe — uist mepemenie-
HUS Pa3INYHBIX TeaTPaIbHBIX IUIOMIA 0K, CTEH, MOJIOB.
Taxk ke ero MPUMEHSIOT B 6acceiHax, ¢ TOMOIIBIO HEro
MPOU3BOIAT JINHEHHOE TIepeMeIeHHe OTHOM U3 IuIoc-
KocTtelt (HanmpuMep aHa). [Ipu 3TOM coxpaHsercs moi-
Hasi TEPMETUYHOCTbh, BlIara He NMPOHUKAET 3a TeJIO Iie-
peMeleHusI.

Criupanudt crmocodeH 00ecneunTh He TOJIBKO BbI-
COKYIO Ipy30M0bEMHOCTH TIPH JIMHEHHOM NepeMeliie-
HHH, HO U elI€ TMHaMHYeCKOe U3MEHEHHE TaKUX Tapa-
METPOB Kak CKOPOCTb PACKPHITHA, IUIABHOCTE XOZa,

| |

HEMOCPEICTBEHHOE PEBEPCHPOBAHNE IBIKEHUS B IIPO-
necce u T.1.

T.e. Bce mapaMeTpbl MOTYT H3MEHSTCS B IpoLecce
paboTel ycTpoiicTBa (IuHaMuYeckn). MakcuMmansHOE
JIMHAMHYECKOE YCHIINE KOTOPOE MOXKET BBIIATh JAHHOE
YCTPOUCTBO TOPa3io OOJBIIE YeM Y IPYTHX JIMHEHHBIX
MIPUBOJIOB TOT'O K€ TUIIOpa3Mepa.

[Mpumenenne Crupanudra

[TomMuMoO paHee ONHMCaHHBIX CITy4YaeB MPUMEHEHUsI
JAHHOTO TUIIA YCTPOUCTB, YXKE CYLIECTBYIOT UeH (1a-
TEHT — cM JuTepaTypy [1]) rae mpemiaraercst UCTIONb-

30BaTh CIHPAIUQPT B TPAHCHOPTHBIX CpeACTBax. (PHUC
2)

Pucynox 2 Hoes npumenenus cnupanughma 0ist RACCANCUPCKO20 MPAHCNOPIMA

Ha pucynke 2 [1, ctp 2] n3o6paskeH maccaxup-
CKHMH TpaHCIOPT, KOTOPBIM NEepeaBUTraeTCs 10 Halpas-
JISFOINMM (B JAHHOM CJIy4ae IPUMEHEHBI CTaHIapTHBIE
PETbChl), OJJHAKO BO3MOXKHO M HCIIOJIb30BaHUE MOBO-
POTHBIX CTOEK C KoOJEeCHbIMM mnapamu. IIpumeHeHnue
JTAaHHOTO BHUJIa YCTPOWCTB B TeaTpax M OacceifHax yxe
ycriemHo peanusoBaHo (puc 3). ITo anamorun ycrpo-
€Hbl NPHUBOJAA JIMHEWHBIX IMEPEMEIIEHUN 3JIEMEHTOB
KpBIIIH, KapKaca HEKOTOPBIX (YTOOJIBHBIX CTaIHOHOB
W HIDKHSISI CTeHKA THa KaTKOB (XOKKEHHBIE).

OpnHO#t M3 0CcOOEHHOCTEH NPUMEHEHHUS JaHHOTO
MPHUBOJA SIBISIETCS COTJIACOBAHHOCTH IIE€PEMEIICHUs
IIPY 3aIlyCKE NPUBOJHOW CUCTEMBI, B COCTaB KOTOPOMH
BXOJAT CHUPATH(THI pa3INIHBIX XapaKTEPUCTHUK.

OueHb Ba)KHO 4TOOBI IIPH OTHOBPEMEHHOM paboTe
CHCTEMBI ITPUBOJIOB 10 TEXHOJIOTUH CITpaIU(T HE BO3-
HHKAJIO 33JIep)KEK B PACKPHITUHM KOJIOHHBI (puc 6). B

MIPOTHBHOM CIIy4ae MepeMeniaeMblii 00beKT OyaeT He
rapajuiesieH IIIOCKOCTH Ha KOTOPOH YCTaHOBJICHA MIPH-
BOJHAS cHCTeMa. I3MeHeHHe ypOBHS MOJOXEHHS B
MIPOCTPAHCTBE MEPEMENIaeMOro 00beKTa MOBIHSIET Ha
CMEIIEHHUE LIEHTPA MAacChl, 4YTO B CBOIO OYEpEb U3Me-
HUT O/IMH U3 TJIABHBIX NIapaMeTpOB 110 KOTOPOMY pac-
CUMTHIBAJICS COCTAB IPUBOJHOW CHCTEMBI — MaKCH-
MaJIbHO JOIyCTUMasl Harpy3Kka Ha BO3pacTAIOIIyIO KO-
JOHHY. B Takoil cuTyanuu MOXET MNPOU30MTU
HCKPHBIICHUE WM BOOOIIE IMOJIHOE pa3pylIeHHe KO-
JIOHHBI.

CoOTBETCTBEHHO, IPU NMPHUMEHEHIH KOMOWHHUPO-
BaHHOH (CJIOYKHOCOCTaBHOW) CHCTEMBI MPUBOJIOB (pHC
9) HeoOX0oMUMO OOECTICUNTh SAMHOBPEMEHHOE cpabda-
THIBAHHE BCEX KOMIIOHEHTOB CHCTEMBI.
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Pucynox 3 Pasmewenue cnupanugpma noo onom baccetina

CriupanudT MOKHO peain30BaTh B cepe TEXHHU-
Y4ecKoro o0CIyKMBaHHsI KPYITHOraOapUTHBIX TEXHUYE-
CKUX YCTPOMCTB: CTOMKH, KPaHbI, KDOHIITCHHBI, MTOIb-
&éMHMKH (puc 4).

-

-

Pucynox 4 Hcnoavsosanue cnupanugma kax npusooa noObEMHUKA NPU MEXHUYECKOM 0OCIYHCUBAHUU
MPAHCNOPMHBIX CPEOCE

Koncrpykunu Crimpanudra

Ha nanHbli MOMEHT KOMIIAHUHU, NMPOU3BOJAIINE
MPUBOJA THIA CIUPATH(T CTPYIIIHPOBAIHA CBOH MO-
JIeNbHBIN PsiJ [0 apaMeTpaM — MakCUMallbHOE JUHA-
MHYECKOE YCHUIINE, BRIIaBaeMOE Ha BBIXOJIC, Ta0apUTHI
B CJIOKEHHOM COCTOSIHUH, a TaK e 110 IPUMEHSIEMOMY
MPUHLINITY PACKPBITUS KOJOHHBI.

[epBriii mapameTp 3aAaéT NPSIMYIO 3aBUCUMOCTh
MaKCHUMAaJIbHO JIOIYCTUMOM Harpy3Kd Ha BO3pacTaro-
IIyIO KOJIOHHY (T.€. MaKCUMAaJIbHO ITePEMEIIaeMbIl BEC

OJHUM TMPHUBOJIOM M IUIOLIAJb OMNOPHOM IJIOCKOCTH
00BeKTa), BTOPOM MapaMeTp HeOOXOMaUM ISl pacdera
KOJIMYECTBA TOUYCK MPHIIOKCHHS TOABEMHBIX CHI (T.€.
KOJIMYECTBO HEOOXOIUMBIX MPHUBOIOB YTOOHI IepeMe-
CTUTH OOBEKT OTPEICICHHOW MacChl IPH MPHIOKESHUT
JUHEWHO HANpaBIICHHBIX CHJI Ha IUIOCKOCTh, UMEIO-
IIyI0 HEKOTOPYIO IUIONIA/lb U NPOYHOCTHYIO XapakKTe-
PHCTHKY).
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Pucynox 5 Paznuunvle KOHCMpyKyuu cnupatugma
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Pucynox 6 Cxema npueoonoii cucmemsl 8 KOMOPOU UCNOALIVIOMCA OOUHAKOBbLE NPUBOOLL MEXHOI02UU
cnupanugm. Ilepemewaemulii 00veKm umeem nioCKyI0 ONOPHYIO NOBEPXHOCb.

Ha pucynke 6 cxeMaTH4HO WM300pakeHO pa3Me-
IICHHE HECKOJIbKUX MPUBOMOB. [y Toro 4yTo0s! mepe-
MEIaeMbIil 00BEKT HE KPEHHIICS BO BPEMsI ITEPEIBIKE-
HUSI, HEOOXOIUMO 00CCIeYNTh OJHOBPEMEHHYIO, PaB-
HOMEPHYIO pabOTy BCEX MPHBOJOB CHCTEMBI.

[Mpeamnonoxum, 4To HAIll EpeMeIaeMblii 0OBEKT
— 910 aHO Oacceiina. Torzma i coxpaHeHUs! repMme-
THYHOCTU HY>XHO 4TOOBI OTKJIOHEHHE OIOPHOM IIoC-
KOCTH TIepeMenaeMoro 00beKkTa OT HOPMAaJIH COCTaB-
JIAJIO MEHee 5 TpajyCcoB.

Pucynox 1 Cxema omxnonenus nnamegpopmuol

Juis omnpeneneHus MaKCHMAlbHO JOIyCTHMOM
pa3sHOCTH cpabaThIBaHMS INPHUBOAOB, Mpeaarar Hc-
MOJIb30BATh CIICAYIOIIUI CITOCO0:

3a | enuHUIYy BpEMEHHU BBIXOJHOW Bajl MPHUBOJA
cosepmaeT N KOJHYECTBO IPOBOPOTOB MPYXKHUHBI C
JICHTOH.

3a OAMH MPOBOPOT BBIXOJHOrO Bajla MpY>KUHA
packpy4HBaeTcs Ha | eIMHULL JIMHBL. PaccMoTpuM pu-
cyHOK 8. Paccrosinue mexay 1 u 12 Toukod Ha3bIBa-
eTcsl IaroM BHHTOBOW JimHMH. [IpumeM 3a obo3Haye-
HHE 3TOro pacctosHus rnepemennyto h. Eciu cienats
pa3BepTKy AJsI IMIMHAPA C BHHTOBOH JINHHUEH, H300pa-
JKEHHOM Ha PHCYHKE 8, TO MOXHO 3aMeTHTb, YTO Ha
pa3BepTKe Ka)IbIi BUTOK MPEICTABISIET COOOH OTpe-
30K HPSAMOW T.K. OCHOBaHHME M BHHTOBAS JIMHHUS €CTh
HUYTO HHOE KaK reoMeTpruaeckoe Mecto Touek. Cremo-
BaTeJIFHO MOXHO OyieT 3amucarhb e€ ypaBHEHHEM Ipsi-
Moit ymuuu Y=KX. [Ipu mpoBemeHWN KacaTelIbHBIX K

BHUHTOBOM JINHUX W NPOEINPOBAHUH MX Ha TUIOCKOCTh
pa3BepTKH, CTAHOBUTCS SICHO, YTO OHH COBIAJAIOT C
NIPSIMOM OIIMCAaHHOM yYpaBHEHHEM paHee. Torjga MoxKHO
BBIYKMCIIUTh YTOJl NOABEMA BUHTOBOM JIMHUU 110 (oOp-
MyJe:
h .
tg((p):—d rae h — mar BunHTOBO# JMMHUM; d- mHa-
TT

METp IHJIHHIPA

T.e. mpu pacKPBHITHH KOJIOHH HECKOJIBKUX MTPUBOJI-
HBIX MEXaHU3MOB B CHCTEME, HEOOXOAUMO YTOOBI pas-
HOCTh B PACCOTIACOBAHMU TPOXOXKICHUS HAYAIBLHON
TOYKU KOJIOHHBI MO BHHTOBOW JIMHUM COCTAaBIISUIA HE
6ounee 1 mara. JlaHHOE YCIIOBHE SIBISICTCS MCATbHBIM.
JUMHHA OHOTO IIara BUHTA ompenesieTcs mo (op-

myie
L = /h? + (nd)?
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Pucynox 8 Pazeepmia eunmogoii iunuu

B ciyuae n3o0pakxeHHOM Ha pUCYHKE 9, BaKHBIM
YCIIOBHEM COXpPAHEHHs I'€pMETUYHOCTH IpHU Iepeme-
meHun OylneT paBHOMEPHOCTh IEPEeMEUICHHS II0
HaIpaBIIONIMM, KOTOpasi B CBOIO O4epeb 00ecedn-
BAETCs IPaBUIBHBIM BEIOOPOM HEOOXOIMMOTO KOJIHYe-
CTBa IIPHBOJIOB.

[lepemelyaermbil 00 bekim

L IOXHO-KOHMLPHAS
[/I0CKOCITIE 01006/

B takux cuTyanus Kak Ha puCyHKe 9, IpaKTH4Hee
BCET0 IPUMEHATh PACIpeIeNAIole-0NOPHbIE METaIIO0-
KoHCTpyKuuu. OHA U3 TaKUX N300pakeHa Ha PUCYHKE
4.

EMEHITI HAPabIsouiLx

008reX B

ZEPMEMNIUSHOCTIE

[IEDEMEUIERUA

[IEOEMBLYaPMOZ0
00BbEKITIA

Fa,

Fﬂ]

AT

ra % Fa;
[~

F05

AN

i///J

Pucynox 9. Cxema npusoOHoil cucmemvl 6 KOMOPOU 3a0elCmMBE08aHbL NPUBOObL MEXHOI02UL CRUPATUDM
paziuunblx xapakmepucmuk. Ilepemewaemvlii 06vekm HAZPYIHCEH U UMEEM CLONCHO-KOHMYPHYIO ONOPHYIO
HOBEPXHOCHID.
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[puniun paboTs! ycTpoiicTBa

PaccMoTpUM MeXaHHYeCKHe IPUHIHIIBI B TAHHOM
npusone (puc 10):

1) BeixogHOe 3BEHO MOTOp-peaykropa (1mo3.6)
NPUBOAMT B JICHCTBHE CUCTEMY.

2) llTnekoBas cucrema (1103. 3) IPUBOIUTCS B ABU-
JKECHUE

3) Dnement (1103.9) yIepKuBaeT B MOCTOSHHOM
3aleIUICHUH IPYKUHY (1103. 1) 1 ITHEKOBHIN Baj (1103.3)

4) Bcs ycTaHOBKA BpallaeTcsl M 3aKpersieTcs B
KOpITyce MOCaJl0YHbIM MECTOM IMOJIIUITHUKA (1103.4)

5) OnemeHT (1103.10) yaepKuUBacT B MOCTOSHHOM
3aleNyIeHUH JIEHTY (1103.2) CO ITHEKOM

17

®

2|

10

Pucynox 10 Ilpumep xoncmpyxyuu cnupanrugpma

6) Kopmyc B KOTOpOM CKpy4eHa JIeHTa yCTaHaB-
JIUBAETCS Ha BEIXOHOU Bajl MOTOP-PEAYKTOPA IO CPEl-
CTBaM HaOWMBKH POJIMKAMH CeMapaTropa MOAITUITHIKA.

7) JlBuTasACch 1O ITHEKOBOI CHCTEME apauIeIbHO
C pacKpydYMBaHHEM JICHTHI, MPYXKHHA IMEPEMEIIacTCs
BJIOJIb HATIPABJISFONIUX (1103.7).

8) CkpyTKy JEHTHI pa3JeiseT COTJacHO IIary
BUHTOBOW JIMHUY Pa3KUMHOW MeXaHU3M (1103.8).

9) Ha BBIXO/Ie U3 IIHEKOBOW CHCTEMBI CTYTICHU Ha
NpyXHHEe BXOIAT B 3aremieHne (mo3.11) ¢ orBepctu-
SIMHU B JICHTE.

10) LlentpansHas ock (1103.5) yaepxuBaeT Ha cebe
MpeIoXpaHUTENbHBIA MexaHn3M. Cepbra nperoxpaHu-
TENbHOTO MexaHmMa (1mo3.12) ciyxuT omopoil mpu

PAacKpBITHH TPETOXPAHUTENST BMECTE C TEPBBIM BUT-
KOM IIpy>XMHBI. B ciayuae ecinu npyskuHa He BOIZET B
3alleIuIeHNe WM 10 KaKO¥-TO MPUIMHE KOJIOHHA COOB-
eTcs C Imara, TO MPEeIOXPAHUTEIHHBIN MEXaHM3M e
YIACPKUT.

Takum 00pa3oM, BCe BBINICIICPESUHCICHHBIC 3J€-
MEHTHI MEXaHU3Ma PaCKPHIBAIOT KOJIOHHY. [Ipu oOpat-
HOM TIpOIIecCce, BCE IPOUCXOANUT aHATIOTHIHO.

[IpumepHBIC pacyeTs

JlommycTum, 94TO HEOOXOAMMO PaCCUUTATH TadapUT
KOJIOHHBI ISl TOTO 4TOOBI IEPEeMECTHTh OOBEKT Mac-
coif 1 Torny (1 000 xr) Ha BEICOTY 10M.
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Jns Hadanma HEOOXOAMMO OIpENenuTh Tpeodye-
MYIO IUIOIIA/b ce4eHHs KoJoHHbL. OHa ompenesnsieTcs
o hopmye:

N

F = R,

I'ne

N — cocpenoToueHHas Harpy3ka, TOYKOI MpUIo-
JKEHHUsI KOTOPOH SIBIAETCS LIEHTP TSDKECTH IMOIeped-
HOTO CEYEHHMS KOJIOHHBI.

Ry — k0o huiMeHT noKa3pIBalONUIUi COMPOTHBIIE-
HHE METaJlIa PAaCcTsHKEHHUIO, CKaTUIO U M3THOY 1o TIpe-
JIeITy TeKydecTH. SIBisieTcs TaOnMuaHBIM K03 HUIIeH-
TOM.

OpHaKko eCTb HEKOTOPBIE CIIOKHOCTH B IIPUMEHE-
HUH JIaHHOW (hOpMyJie Ha MIPaKTHKE.

Bo-nepBbIX Wpe€ambHO POBHOTO TPHUIIOKEHUS
Harpy3ku N He Op1BaeT. Harpyska Oyner pacupenesncH-
HOIA, 00JIee TOTO BO3ZHUKACT IKCIICHTPUCUTET MPUIIOKE-
HUS IPUBEACHHOW COCPEIOTOUCHHOMN HArpy3KH, CIIEI0-
BAaTENILHO MOSBJICTCS MOMEHT, KOTOPBI HA3BIBAIOT U3-
rubarormuM. OH JEHCTBYET B MOMEPEYHOM CEUCHUU
KOJIOHHEI. Tak Kak eCTh H3rubarolel MOMEHT, TO €CTh
M CaM H3THO.

Bo-BTOphIX mM000# MaTeprat HEOTHOPOIEH, ECIIN
pa3IenuTh KOJIOHHY Ha HECKOJIBKO (parMeHTOB, TO UX
LIEHTPBI TSHKECTU CEYEHUI HUKOTAA HE COMAYTCS B OJ1-
HOM TOYKE, T.€. OHH CMEIIEHBI OTHOCHUTEIHHO IIE€H-
TPaTBFHON OCH KOJIOHHBL. 3HAYHUT HEOOXOAUMO CIUIAHH-
pOBaTh Pa3BEPTKY KOJOHHBI TaK, YTOOBI IICHTPHI Mepe-
KPBIBAJH JPYT APYyTra Kak 3TO U300pakeHO Ha PUCYHKE
11

Pucynox 11 LJenmpor mascecmu y pasuvix n10CKOcmeti cedeHus KOJOHH CMeujeHbl Om YeHmpaibHOU 0cesol
JUHUY U3-30 HEOOHOPOOHOCU MAMePUdnd

VY4uuTHIBas BCE BBIMICIICPEYHCICHHBIA (DAKTOPEI,
HMEET CMBICI HCIIOJb30BaTh KOA(PQPHUIMEHT ¢ MPO-
JIOTBHOTO M3ruda:

N
@Ry

3HayeHHe TAHHOTO KOA(QUIMEHTa 3aBUCHT OT
MapKy MaTepHaia U rMOKOCTH KOJOHHBI. ['mokocth A
MaTepuaja, MapaMeTp XapaKTepHU3YIOMMH paguyc
MHEPLUH OTHOCHTENILHO JUTMHHBI KOJIOHHBI

Ler
i

lef - pacueTHas JUTMHHA KOJOHHBI

PacuerHast AnMHa KOJIOHHBI OTINYAETCS OT Peallb-
HOH M omnpezenseTcs no popmyie

leg =u-1

| — PeanbHast [IMHA KOJIOHHBI

Koa¢p¢uuueHnt p 3aBUCHT OT yCIIOBHH Harpyxe-
HUS KOJIOHHHI (puc 12)

B Hamewm cnydae p paBen 2,0

1=
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Pucynox 12 3nauenus kosghpuyuenma p npu npsmom ciyyae Hazpyscenus

Tak e BO3MOXHBI U IPYTUE CIyYaU:

1

Cxema
3aKpen-
JTeHHA
KOJIOHHEL
(cTOHKH) H
BHT
HarpvsKH

I 1,0 0,7

0,5 2.0

1,0 2,0 0,725

Pucynok 13. Pasnuunete 3nauenus kodgpguyuenma U

3HaueHns ko3 dunmerra THOKoCcTH A 3aBUCUT OT
BBIOpPAaHHOI'O MaTrepuaja U CTEeleHH Harpy>KeHUsl Ko-
JIOHHBI.

Uem Oonblie 3HaueHHE KOIPPUIHUECHTA, TEM
MEHbIIIe IIMPHHA WM BBICOTA MONEPEYHOTO CEYCHUsI
KOJIOHHBI.

CrietoBaTesIbHO TEM OOJIBLINH 3a1ac M0 CCUCHHIO
noTpedyeTcs Py OJTHOM U TOU Ke JITTMHE KOJIOHBI.

Tak kak B HaIlleM cIy4yae KOJOHHA HarpyXeHa mo-
CTOSIHHO, PHHUMaeTcs 3HadeHue 4 = 90

[Ipennarato WCMONB30BATh CIEAYIOIUE MATEPH-
aJIbl JJIS1 UCIIOJTHEHMS JIEHT KOJIOHHBI:

Tabuuma 1
Martepuabl sl KOJOHHBI
CTallh 12X18H9 07X16H6 20X13H4I'9 12X17T9AH4 10X14I'14H14T
Pacuernas 930-1230 1180 640 980 690
IIPOYHOCTh MIla MIla MIla Mlla MIla
3HaueHue @
1pu A = 90 14 22 110 46 102

3HaueHus ¢ B TabnmuIe B3sTH B cTeneny 1073
PacuerHoe compoTuBienne Ry ompenensercs mo

Harpyska Ha konoHHY
N=mg=1000*10=10xH

dbopmyne [Mpuanmaem
Ym w=2,0
Ry - Ryn A1=90

I'ne Ryn — npeznen TekyuecTu

Ym - koadduuueHT HAAEKHOCTH MaTepuaia,
YYUTHIBAIOIINHA BO3MO)KHBIE H3MEHEHUS (PU3NKO-MeXa-
HUYECKUX CBOMCTB. [IpmHUMaercs corjiacHO paxy
CTaHJapTHHIX 3HaYeHuit. Ym € (1,025 ...1,15)

[MpousBeném cienyromue BEIYUCICHUS:

Koadpdummenr ¢ = 14 mnpm KpaTKOBpEMEHHOU
npoyHocTy 0, = 1230 Mna

IIpenen Texyuectu Mmartepuana 12X18H9 op =
215 Mna

CoracHO psAdy CTaHAAPTHBIX 3HAYCHUHN 3aKIIa bl
BaeM ko3¢ ¢unuent Ym = 1,15
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Ry = 115 =0,0053-10° = 530
Y= 215105 =
Torna
1000

F=—"———=10.1347728894 - 103
14-1073-530

= 134,77cm?

Ipunumaem F = 135cm?

Jannas gacte pacdera Obuia cripaBeminBa (TIpH-
MEHHMa) K CILIOIIHOM KOJIOHHE KPYTJIOTO CEYeHHs, OJ1-
HaKO TaK Kak ObUI 3a10KeH Koa((HUIMEHT yYuThIBatO-
K BOBHUKHOBEHUS M3ru0a MpY CMEIEHUH TPHII0Ke-
HHS LIEHTPOB MacC B Pa3JIMUHBIX IUIOCKOCTSIX CEYEHUS

S,

’ 5
5
s din:

KOJIOHHBI, MOYKHO Ha OCHOBAaHHH €r0 pPacCYUTATh I'eo-
METpUYECKHe MapaMeTphl KOJOHHBI M3 JIMCTOBBIX CTE-
HOK. /I Havana BbIpa3uM M3 MOJIyYHBILIETOCs 3HAUe-
HUS JUaMETpP

N
YRS

D =131 MM

Pucynok 14 Ceuenusi cniowHot u 1ucmogotl KOA0HHbL

3amaauM yCIIOBHS, YTO TOJIIIMHA JIUCTA IS KO-
JIOHHBI ciMpa’IuTa A0JKHA OBITh 2 MM
IInomans HAWIEHHOTO CEYeHHUS KOJOHHBI BBIUUC-
JIIETCS:
wd?
S=nr’=—=F
4
J71st TUCTOBOM KOJIOHHBI:
Sy =8, =8=F
nrf —nrf =nr? =F
Tax ke crpaBeIIMBO BRIPAIKCHHE
rn—1r=h=2MM
CocCTaBUM | PELINM CUCTEMY YpaBHCHHUI

Dy = 22’1’22 —1f

=1 =2

B1=2%§—ﬁ

=1 =2
Pewienue
[Ipu 3HaueHUsAX
r, = 1074 MM (107,4 cm 1,074 m)
r, = 1072 mm(107,2 cm 1,072 M)
S,—S5;=(3,14%107,4%107,4)
— (3,14« 107,2 « 107,2)
= 134,7688 cm?
Te.S, — S, =134,7688 cM?> =Sy = F
YpaBHEHHE PEILIEHO BEPHO
Bocnonezyemcst CAE pacueToM ajist TOTO 4TOOBI
yOenuTes B IPaBUIILHOCTH TTOJIyYEHHOTO pe3yJibTara:
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g0 e
810 cena [Ler = 10, Kc = ;Kp = 1357

1) 28 Marepuans:
B Moreousn v scnore Cranm 1201845

&3 Crow
28 Kapra pesymuraroe
-9 Nepenewsens Garpyxemed) - USUM

USUMI ]

M AMM

0003722
0.003492

Pucynox 15. Pesynomamut CAE pacuema

CornacHo puCYHKY 15, medopmanuu KOJIOHHBI
nipu Harpyske B 10kH cocrasmsror He 6oxee 0,003725
MM, T.€. 3,725 MKM

Cuymnraro JaHHBIN PE3yNbTaT IPHEMIIEMBI.

IMomryuuBminecs rabapuThl CIeoyeT Pa3IeiuTh Ha
KOJIMYECTBO LIAroB BUHTOBOHM juHMUM. J[aHHBIN napa-
METp ompeJieNnsieT TabapuThl YCTAHOBKH, aJITOPUTM €ro
pacdeTa Kyaa OoJiee CIOXKeH U 00bEMEH.

Tak e MOXHO 3HAYUTEIBHO YMEHBIINUTH (TIOYTH
B 1,7-2,3 pa3za) mony4yuBIIMIiCS IUAMETP KOJOHHEHI,
MIPUMEHSIS IBYXCIIOMHYIO HaKPYTKY JICHTHI (puc 16).
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Pucynok 16 Ipumep 08ycroiinoil KoroHHbL

BriBoa. JIocTOMHCTBA U HETOCTATKH.

[IpuBOABI BBIMAJCHHBIC MO TEXHOJOTMH CIIHpa-
TU(T UMEIOT PsiJi HEOCTIOPUMBIX NPEUMYIIECTB. DTO:

v/ KOMITAKTHOCTb B CJIOKEHHOM BHJIE

v' HaleXHOCTh

v/ JIETKOCTb yCTAHOBKU

v BO3MOXXHOCTb H3MEHEHHS MAPAMETPOB CH-
cTeMBI I Oosiee THOKOM HaIaIKKA

v\ MHHHMMAJIbHOE TEXHHYECKOE 0OCIyKMBAHHE

v BBICOKAs MPOYHOCTH MPUBOIOB

O/HaKO 3a BCEM 3TUM CKPBIBAIOTCS JIOCTATOYHO
BECOMBIC TCXHOJIOTHUCCKHU CJIOKHOCTHU TPHU MPOU3BO/I-
CTBE.

Bo-nepBbix, i 00ecredeHus MaKCHMaJIbHOM
MPOYHOCTH U HAAEKHOCTH, HEOOXOJMMO YTOOBI TOUKU
3aleIuIeHUs (CTYNEHH) NPYKUHBI U JICHTH HE Iepe-
KpBIBAJIHM APYT Ipyra (T.e. HE COBIAIAIM Ha MIPOTSKE-
HHE HECKOJIBKHX IIaroB BHHTOBOI JHMHHM) KaK 3TO
n300pakeHo Ha pUCYHKeE 8.

Bo-BTOPBIX, BO3HUKAIOT TPYJHOCTH C HAKPYTKOH
NIPY’KHHBI HECTaHIAPTHOTO cedeHws. [Ipm HakpyTke
Takux (MPSIMOYTOJBHO CEYECHUS C YCTYIaMH) MPYKUH
Ha CTaHKaX aHAJIOTMYHBIX TEM 4TO M300pa)KeHbI HA PH-
cynke 17

Pucynox 17 Obopyoosanue 0 u320mosneHust npysHcuH

BO3HHUKAIOT Ae(hopMalMy B MaTepuane, KOTOpbIe
MOTYT HOBJIMATH Ha F€OMETPUUECKHE PA3MEPBI YCTY-
II0B, BXOJSIIUX B 3allCIJIEHUE C pa3beMaMU Ha JICHTE.

B-TpeTbux, pa3bEMbl Ha JIEHTE SIBJISIOTCS HUYEM
HHBIM KaK pa3BepPTKOM, IpUYEM LIAT Pa3bEMOB JOIKEH
MEHSATBCS COIVIACHO PACIOJIOKEHUIO YCTYIIOB Ha IIPY-
»uHe. [lonoxeHne ycTynoB Ha BUHTOBOI JINHUM TIPY-
JKUHBl PACCUUTBIBACTCSA U 3aJa€TCs 10 HAKPYTKU, H
€CJIM BAPYT BO BPEMsI HAKPYTKH IIPOU3O0ILIIO CMEIEHUS
paboumx OpraHoB CTaHKa, TO IOJIOKEHUE YCTYTIOB Oy-
JIET CMEIeHO. B TakoM cityuae mpu pacKpbITUH KO-
JIOHHBI MOXKET BO3HHKHYTh OTCYTCTBUE 3aLICIUICHUS Ha
MPOTSHKEHUH HECKONBKUX IIIAroB, YTO MPUBEIET K 00-
PYLIEHUIO KOJOHHBI.

JlopabaTsIBaTh COBMEIICHNE YCTYIOB IPY>KUHBI C
OTBEPCTUAMU B JICHTE MOCJE HAKPYTKU YK€ HE IIpel-
CTaBUTCA BO3MOXHBIM, TaK KaK pa3BEpHYyTad JICHTA 110
JUIMHE MOXKET JOCTUTATH OTPOMHBIX BEJIMYUH NJINHBI.

B-ueTBepThIX, IPU CKPYYMBAHUM JIEHTHl MOTYT
BO3HUKATh HAPYIICHHs CIUIOINIHOCTH B MaTepHale.
[IpOKOHTPOIHPOBATh B CKPYYECHHOM COCTOSHHH BCE
MMOBEPXHOCTH TIOCPEACTBOM HEPa3pyMIAIOIIEro KOH-
TPOJISI HE TPEICTABIISICTCS] BO3MOXKHBIM.

B-naThIX, TIpU SKCIUTyaTalluy IPUBOAA, JICHTA MO-
CJIe HEKOTOPBIX PACKPBITUH M CKPBITHA KOJOHHBI MO-
xkeT nepopmupoBathes. OcoOeHHO ecim paboTa TpH-
BOJIa MPOUCXOJMIA B KPUTHYECKUX YCIOBUsX. IIpo-
KOHTPOJIUPOBATh  LIENOCTHOCTh BCEX  AIIEMEHTOB
MPUBOJIA T0JIE HECKOJBKHUX LHUKIOB pabOThl HEBO3-
MOJKHO.
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B-1m1ecThiX, MPOBOPOT MPHUBOJIA TIPH 3aITyCKe Tpe-
OyeT OT MOJABEEHHOTO K HEMY JABHTATENS OOJBIIOTO
MoMeHTa. Ecnu cTparuBaHue BBIXOJHOTO Bajia JIBUTra-
TeJIs IPOU30MIET C 3aICPKKON M3-3a TPYTHOCTH C TIPO-

Kpy4YUBaHHEM penykropa (cM puc 18) u mHeka mpu-
BOJa, KOJIOHHA B CHCTEME OyHeT pacKpy4YHBaThCsS HE
COTJIACOBAHO C IPyTUMHU PUBOJaMH cucTeMsbl. [Tprun-
HOU 3a/Iep>KKU CTparuBaHusl MEXaHU3Ma MOXKET HOCITY-
HUTh OOBIKHOBEHHOE 3aITbLIICHUE.

Pucynok 18 Cnupanugpmer ¢ snexmpoosucamensimu u pedyKkmopamu

CHHCOK CIIOKHOCTEH ¢ KOTOPBIM BO3MOXKHO IPH-
JeTCS CTOJIKHYTCS TIPH IPOM3BOJICTBE U IKCIUTyaTalllH
BO MHOTHX c(epax TpyIOBOH JSSATEIBHOCTH YEIOBEKa
MOCTaBUT KPECT Ha 11eJeco00pa3HOCTH MPHUMEHEHUS
cnupanudpTa. OHAKO MHKEHEPHAs MBICb HE CTOUT Ha
MecTe W BO3MOXHO MOsiBIeHHE Ooiiee 3P deKTUBHBIX
CIIOCOOOB M3TOTOBJICHUS PELINT BCE BOIPOCHI MO TPY-
Jl03aTpaTaMy Ha N3rOTOBIICHHE TAKUX IIPHUBOJIOB.

CHnHCOK 1uTepaTypsbl
1. Poccuiickmii marent 2019 roma mo MIIK
B62D61/02  RU2695479C1  TPAHCIIOPTHOE
CPEACTBO
(https://patenton.ru/patent/RU2695479C1)

2. KoncrpyupoBanune u pacueTt aBroMo0Omis. Pac-
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AHHOTALUA

COBpeMCHHOG pa3BUTHC yc’I‘pOﬁCTB CHUJIOBOM QJICKTPOHUKH, HAIPABJICHHOC HA MMOBBIIICHNUE BHepFCTH‘IGCKOﬁ
3(h(heKTHBHOCTH TpeodpazoBaTeIell AMeKTPHIECKON YHEPTUH, TPeOyeT 3HAYNTEIHHOTO TIOBHIIIICHHS YaCTOTHI KOM-
MyTalliu CUJIOBBIX NOJYIIPOBOJAHHUKOBBIX I(J'IIO‘IefI, YTO, B CBOIO O4YCpEClb, BJICUCT YXYALUICHUC SHCKTpOMaFHHTHOﬁ
copmectMocT (OMC) yCTpoHCTBa M3-3a YBEIMYCHHUS YPOBHS IEKTPOMAarHUTHBIX momex (OMII). Breicokuit
ypoBeHb DOMII MOKeT HETaTHBHO BIHMATH HA PabOTOCIIOCOOHOCTH KaK CaMOro ImpeoOpa3oBaTeis dIIEKTPUICCKOH
OHEPTHH, TaK U MHOTO 3JEKTPOHHOIO 000pY/I0BaHMUS, HAXOASIIEr0Cs MOOIN30CTH W/MIIH MOJKIIOYEHHOTO K TOM
ke murTatomied cetu. I1o atoit npuunne OIMC craTHyeckux mpeodpasoBaTeneil AIEKTPUIECKON IHEPTUH KECTKO
periIaMeHTHPYETCs TOCYAaPCTBEHHBIMU M MEXK Ty HAPOTHBIMH CTaHAapTaMu. B nanHOW paboTe mpeIioKeH HOBBIN
aNropuT™ ynpasieHust uMiyibcHbiME DC-DC npeobpa3oBaTensiMu 3JeKTPUIECKOM SHEPTUH C IEPEMEHHOM 4a-
CTOTON KOMMYTaIlU1, U3MEHSIOIIEHCS 10 JeTEPMUHUPOBAHHOMY 3aKOHY. Takoi cmocol ympaBlieHUs MO3BOJISIET
CYIIIECTBEHHO M3MEHATh CIIEKTPAJIBHBIN COCTAaB BXOJHOTO TOKA IMpeoOpazoBaTelis paclpeaessisl ero B IIMPOKOM
YaCTOTHOM JlMana3oHe U yiydmas teM caMbiM OMC ycrpoiicTsa.

Abstract

The modern development of power electronics devices aims to improve the energy efficiency of power con-
verters and requires a significant increase in the switching frequency of power semiconductor switches, which
entails a decrease in the electromagnetic compatibility (EMC) of the device due to an increase in the level of
electromagnetic interference (EMI). A high level of EMI can negatively affect the performance of the power con-
verter or other electronic equipment located nearby and/or connected to the same supply network. For this reason,
the EMC of the static power converters is strictly regulated by national and international standards. This work is
dedicated to study of the control algorithm for pulsed DC-DC power converters with a variable switching fre-
quency, changing according to a deterministic modulation form. This control technique allows to significantly
change the spectral composition of the converter input current, distributing it over a wide frequency range and
thereby improving the EMC of the device.

KiaroueBble ciioBa: QJICKTPOMArHuTHasA COBMECTUMOCTD, 3JICKTPOMAIrHUTHBIC ITOMEXH, l'IOHI/I)Ka}OIHI/Iﬁ DC-
DC npe06pa3OBaTem> BHCKT‘queCKOﬁ OHEpPIrum, CHeKTpaJ'IBHI:IfI COCTaB, NIEPEMECHHA 4aCTOTa KOMMYTAllUH.

Keywords: electromagnetic compatibility, electromagnetic interference, buck DC-DC power converter,
spectral composition, variable switching frequency.

BBenenne €ro CIeKTPalbHOro cocraBa. B Hacrosiee Bpems Cy-

VYposenb OMII npsiMo MPOMOPIMOHANBLHO 3aBH-  MIECTBYIOT Pa3IMYHbIE CIIOCOOBI MOBBIILICHUS KAYECTBA

CHUT OT KadecTBa MOTPEOJIIEMOT0 TOKa MpeoOpa3oBa-  BXOIHOTO Toka W yiydmeHus OMC npeobOpa3oBaTers.
TeJsl JEKTPUUYECKOH IHEPTUH M, COOTBETCTBEHHO, OT
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CaMbIM pacrpoCTPaHEHHBIM PEIIEHUEM ABJISETCS TIPHU-
MEHEHHE JONOJHUTENBHBIX (GuapTpoB OMII [1]-[5].
OnHaKo Takod croco6 BEAET K MOBBIIICHHIO CTOMMO-
CTH W3IEIHsS W YXYIUEHUIO YACIBHBIX JHEpreTHde-
CKMX TMOKaszarejield BBHIY YBEIUYECHUS MAacChl U rada-
puToB. CyIIECTBYIOT TAKKE PA3INYHBIE METOIBI TIOBbI-
mennss OMC myTeM W3MEHEHHs CIEKTPa BXOIHOTO
TOKa C IOMOIIBIO aJIrOPUTMa ypasiienus. Hamie Bcero
B TAKOM CJIy4ae UCIOJIb3YETCA CTOXACTHYECKMH 3aKOH
M3MEHEHHs YacTOThl KOMMYTAIlMU CHJIOBBIX KJIIOUEH
npeoOpasoBaresis, 4YTO IO3BOJSET  CYIIECTBEHHO
YMEHBLINTh AMIUIMTYLY TapMOHHMK B CIIEKTPE BXOJ-
HOro Toka [6]-[10]. OgHaKo CTOXaCTHYECKHUH 3aKOH
YIIPABICHUS. UMEET PSAJ CYLNIECTBEHHBIX HEIOCTATKOB
TaKMX KaK CJIOHOCTb aHajiu3a 3JEKTPOMAHUTHBIX
NPOIIECCOB M KAUECTBA DJIEKTPUUIECKON SHEPrHU TIpe-
00pa3oBare’is, a TAKXKE CJI0KHOCTh Peau3aliy 3aK0Ha
YIIPABJICHUS ¥ IIPOEKTUPOBAHUS YCTPONCTBA B IIETIOM.
B cBsi3u ¢ 3TMM IpeoOpa3oBaTelid ¢ NEPEMEHHOM Ya-
CTOTOM KOMMYTAIMH, U3MEHAIOIIENCS 10 CTOXACTHYE-
CKOMY 3aKOHY, HE IOJYYWIH B HACTOSILIEE BPEMS K-
POKOTO pacrpOCTPaHEHHS.

VT1
o JU .

B nmaHHO# paboTe mpeacTaBieHO WCCIEIOBaHUE
aJropuTMa yrnpaBieHHUs C IEPEMEHHON 4YaCTOTONW KOM-
MyTAalMH JJIs1 TIOBBIIIEHHS AJIEKTPOMArHUTHOW COBMeE-
crumoct DC-DC npeoOpazoBareneil aeKTprUIecKoit
sHepruu. PaccMoTpeHo Ba mpocTeHIx 3aKoHa U3Me-
HEHUSl 4acTOThl KOMMYTAalldd — CHHYCOUJANbHBIN U
TpeyroubpHbI. [lomydyeHsl MaTeMaTu4eckue MOAETH U
KOJIMUECTBEHHBIE TMOKa3zaTean ()(GEKTUBHOCTH Mpe-
JIO’)KEHHBIX 3aKOHOB MOZYJISILIMH, IPOU3BENEH UX CpaB-
HUTENbHBIN aHAIU3.

MartemaTndeckasi MOJeJIb

B paboTte mpoBemeHO HCClIeOBAaHWE W CpPaBHH-
TEJIbHBIA aHAIU3 TAPMOHUYECKOTO COCTaBa BXOJHOTO
tToka noHmwxkatomero DC-DC npeobpasoBarens npu
HCIOJIb30BaHUM NPENTI0KEHHOTO aIrOpUTMa yIpaBie-
HUS C IEPEMEHHON 4acTOTOW KOMMYTAIUH, U3MEHSIO-
mielcs Mo JeTepMUHUPOBAHHOMY 3aKOHYy. s uccie-
noBaHus BeIOpaH noHmkaromuii DC-DC npeoOpa3opa-
Tenb Oe3 BxomHoro ¢uisrpa (Puc. 1), Tak kak
peoOpa3oBaTeNId TAKOTO THTIA TIOTPEOIISIOT IPEPHIBH-
CTBIA BXOJIHOM TOK, BCJIEICTBUE YETO HUMEIOT HUBKYIO
OMC.

L1
Y Y 4 o

&

UiN

o ®

/N VD1

—— C1 Uour

. o

Puc. 1. Honuscarowuti umnyavcuviti DC-DC npeobpaszosamens 6e3 6xoono2o gurempa.

[Ipeanonaraercs, 4TO BBIXOAHOE HAINpPSKEHUE
npeoOpa3oBaTeNs yNpaBIsIETCsl JUIMTEIBHOCTBIO HM-
mynbcoB yrpasieHus (LLIUP), B To Bpems kak 9acToT-
Hast MOJYJIALUS UCIIOJIB3YETCSI TOJIBKO JJISl M3MEHEHUS
CIIEKTpPa BXOJHOTO TOKa. B TakoM ciydae BXOAHOH TOK

ly(®)=1,-D- > sinc(k
k=—o0

rze:

- |a aMmnnuTy 12 BXOIHOTO TOKA IpeoOpa3oBaTes

l,=P/Ugy

- D orHOCHTENBHBIH KOI(QUIMEHT 3ar0THEHHS
UMITyJIbCOB yIPaBIICHUS;

- (1 ONOpHAs paJuajbHAs YacTOTa HMILYJIbCOB
YIpaBICHUS;

- P BBIXO/THAst MOIITHOCTH TIPEe0Opa3oBaTes;

- O(t) dha3oBbIif yrom.

[Tpu wacToTHOH MOmyIAIIMH (a30BBIA YTOMI 3aBH-
CHUT OT BPEMEHH U OTIPEIEIIICTCS BEIPAKECHUEM:

o(t)= A, - [Fy (t)dt

rac:

ITOHM>KarIIEro npeo6paaoBaTen$[ NpeaACTaBJIsACT coboit
MOAYJIUPOBAHHYIO IO YaCTOTC IIOCICAOBATCILHOCTDH
IPAMOYTOJIbHBIX UMITYJIbCOB U ONIPCACIIACTCS BbIPpAKE-
HHUEM!

.m-D)-exp(i-k- (e -t+0(t)))

- Fm(t) dyHKIMS MOy THPYIOIIETO CUrHaIa — T1e-
puoanyeckas GyHKUus ¢ 4acTotoid fr (2= 2-7-f2);

- Am aMIUTITYy 12 MOJTYJIMPYIOILETO CUTHAJIA.

Taxum ob6pazom O(t) onpenenser Gpopmy, HacToty
1 aMIUTUTY Ty MOAYJIUPYIOIIEro CUTHala:

1. Tlpu nocTosHHOM 4acTOTe KOMMYTAlINH:

2. IIpu nepeMeHHOI YacTOTe KOMMYTAlUH, U3ME-
HSIOIENCS 10 CHHYCOUIAIbHOMY 3aKOHY:

O(t) =—*-cos(w, - 1)
fZ
3. IIpu nepeMeHHOI YacTOTe KOMMYTAlUH, U3Me-
HSIOIIENCS 110 TPEYTONbHOMY 3aKOHY:



66

The scientific heritage No 78 (2021)

-1)

=
2

k-z

-sin(k - @, -t) -sin

o (
@(t):ﬁ.i.z

2
f2 T k=1

CornacHO TMPEICTAaBICHHBIM BBIPAKCHUSIM H3Me-
HEHHE 9aCTOThl KOMMYTalllH CHJIOBBIX KIFOUEH mpeoo-
pas3oBaTens MPOUCXOANT ITyTeM AOOaBICHHS K OCHOB-
HOU (OTMOpPHOI) YACTOTe KOMMYTAIMH MOIYIHPYIO-
IIEro CUrHana omnpeaeiaeHHoi Gpopmbl. OueBHIHO, YTO
U3MEHEHHE CIIEKTPaJIbHOTO COCTaBa BXOLHOTO TOKa Oy-
JIET 3aBHCETh OT aMIUIUTY/Ibl U YaCTOTHI MOAYJIUPYIO-
IIEro CUTHaja.

Pe3yabTaThl MaTEMaTHYeCKOT0 MO/IETHPOBA-
HHUS

st onieHkn 3 (heKTHBHOCTH MCIIOJIB30BAHUS T1e-
PEMEHHOH 4acTOThI KOMMYTAIIMH IPOBEACHO M3Mepe-
HHE aMIUIMTYAbl HAauOOJbIIEH TapMOHHUKH CIEKTpa
BXOJ/IHOTO TOKa IpeoOpa3oBatens MpH Pa3IHIHbIX Be-
JIWYMHAX aMIUIMTYIBl M YacTOTHl MOZIYJIHPYIOLIETo
curHana. /g HarmggHOCTH aHalW3a BCE BEIUYHMHEI
MPCACTAaBJICHBI B OTHOCUTCIIbHBIX €AMHUIAX — aMILIN-
TyJ1a HanOOJIbILIEH TAPMOHUKY CIEKTPa BXOJHOTO TOKa
npeoOpa3oBaTelis U NEPEeMEHHOI YacTOTe KOMMYTa-
U U3MEps1aCb OTHOCUTECIILHO aMIUIMTY bl HaI/I6OJ'II)—
nIei rapMOHUKH CIIEKTpa BXOJAHOTO TOKa ITpeoOpa3oBa-
TEJNsl TIPU TIOCTOSIHHOM YacToTe KoMMyTanuu (1), am-
IUIUTyla MOIYJIMPYIOIIETO CHUI'Hala H3MEHsIach B
MPOLICHTAaX OTHOCHUTEIBEHO OTIOPHOM Y9acTOTHI HMITYJIb-
COB ympaBieHus (2), a 9acTOTa MOIYJIUPYIOIIETO CHUT-
HaJla U3MEHsJIach KpaTHO OIOpHOH Jactote (3).

10 20

m0.204

0,4-0,6

w0608

k3

OTHOCHTENbHAS AMIUIUTYIa HAUOOJIBIIEH TapMo-
HHKH CIIEKTPA BXOJHOTO TOKa peodpa3oBaTelis:

*
VF(MAX) — IVF(MAX) / ICF(MAX) @
rue:

- lvF(vAX) — aMIUIUTYIa HAaUOONBIIEH TAPMOHUKH
CIIEKTpa BXOJHOI'O TOKa IpeoOpa3oBarels MpH Iepe-
MEHHOH 4acTOTe KOMMYTAINH;

- lcrmax) — amMIATy 12 HANOOJIBIIEH TAPMOHUKH
CIIEKTpa BXOJHOTO TOKa MpeoOpa3oBaTes Mpu MoCTo-
SIHHOM 4acToTe KOMMYTaluu.

OTHOCUTENbHAS aMIUIMTYAa MOJYJHPYIOIIETo
CHUT'HaJa!

A = A -100% @)
fl
KpaTHOCTB 9acTOT OMOPHOTO U MOYJIUPYIOIIETO

CHUTHAJIOB:
K=f/f, ®)

3aBHCUMOCTH OTHOCHUTEILHOMN aAMIUTUTY bl
HAHOOJIBIICH TaPMOHHMKH B CIIEKTPE BXOJHOTO TOKa
npeoOpa3oBaress OT aMILTUTY/Ibl U YACTOThI CHHYCOHU-
JANBHOTO U TPEYTOJHLHOTO MOIYJIMPYIONIEro CUrHala
npejacrasieHsl Ha Puc. 3 u 4 cooTBETCTBEHHO.

0,8

€

0,6

I\T (max)

Puc. 3. CtuCOllaaﬂbelﬁ 3AKOH USMEHEHUS 4acmonibl KOMmymayuu.
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10

m0,2-0,4 0,4-0,6

m0,60,8

I\"F (max)

m0,81

Puc. 4. Tpeyeozzbﬂbzzi 3AKOH USMEHEHUA Yacmonibl KOMmymayuu.

OueBUIHO, YTO 00a MOJIYJNUPYIOUIMX CUTHAlIa
HMEIOT BBICOKYIO 3((EKTUBHOCTh W IO3BOJIOT B 4
pa3a yMEHbBIINTh aMIUIUTY Ty HanOOJbIIEH TapPMOHUKHI
B CIIEKTPE BXOIHOTO TOKa MpeoOpa3zoBaresns 1Mo cpas-
HEHHUIO C aJITOPUTMOM YTIPaBJICHUS C ITOCTOSHHOM 4a-
CTOTOM KOMMyTauuu. IIpu 3TOM TpEeyroyibHbIH 3aKOH
M3MEHEHHSI 9aCTOTHl KOMMYTALMH SIBIISIETCS TIPOIIE C
TOYKHU 3PEHUS NPAKTHUECKON pearn3ainy.

3akioueHue

AJNTOPUTM yTpaBlIEHUs C MEPEeMEHHON 4acTOTOM
KOMMYTAllUH, H3MEHSIOUIeHca M0 JeTepMUHHPOBAH-
HOMY 3aKOHY, II0O3BOJII€T CYILIECTBEHHO H3MEHSThH
CIEKTPaJIbHBI COCTAaB BXOJHOIO TOKa MpeoOpazoBa-
TeJNsl, yMEHbIIas aMIUINTYAy TapMOHHMK M TIOBBIIIAS
OMC u, B TOXE BpeMs, COXPaHUTh OINpPENEIEHHOCTh
9JIEKTPOMArHUTHBIX MPOLECCOB M  OJHO3HAYHOCTh
9HEPreTHYECKUX XapaKTEpPUCTHK IpeoOpa3oBares.
[Tpu 3TOM BBICOKAst 3()(EKTUBHOCTD aIrOPUTMA TOCTH-
raercsi y>ke IpH KpPaTHOCTU OMOPHOM M MOJYIHPYIO-
e yactotel paBHou 60. JlanmpHeiliee yBemudeHue
KPaTHOCTH HE3HAYHTEIHHO BIHSIET Ha U3MCHEHUE aM-
IUTATY 6l HanOombInei rapMoHuky. [lomydenHsie Ma-
TEMAaTHYECKHE BBIPAKEHHS MO3BOJIIIOT OTPEIENATh
CHEKTPaIbHBIA COCTaB BXOAHOTO TOKa ITOHMKAOIIETO
DC-DC mnpeobpaszoBarens ¢ HepeMEHHOW 4acTOTOH
KOMMYTAIIUU B 3aBUCUMOCTH OT AMIUIUTY/IbI U YaCTOTHI
MOJyJHPYIOEr0 CUTHAJA CHHYCOMJAIBHOW M Tpe-
yronbHOW (opMbl. Co3/1aHHAS aHATUTHYECKAsi MOJICIb
MOXeT OBITh aJanTHPOBaHa JJIsl UMITYJILCHBIX MPeo0-
pa3oBartenel JpyTrux TUIOB ¥ MOAYJIUPYIOLIUX CUTHA-
JIOB APYTOH (POPMEI.

IIpennoxeHHbIN alropuTM NPOCT B peaU3alvy U
MOXET TPUMEHSTECS B Y)K€ CIPOSKTHPOBAHHBIX ITpe-
00pa3oBaTesix JIEKTPUUYECKONW SHEPIUH, TaK KaK HeE
TpeOyeT MONOIHUTENIBHBIX CICHU(BHIECKUX MOLIYJeH
YTpPaBICHUS U IPOTPAMMHBIX (yHKIHH.

«Hccneoosanue evinoaneno npu  QUHAHCOBOIL
noooepacke PODOU u Ilpasumenvcmea Hogocubup-
cKou obracmu 8 PpAMKAX —HAYYHO2O  NPOEeKma
Ne 20-48-543020»
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The article substantiates the system of effective hardening of machine parts operating under conditions of

abrasive wear. The properties of electrochemical composite coatings based on iron with the addition of micropar-
ticles of white electrocorundum have been studied. The influence of inclusions of microparticles on the operational
properties and structure of electrochemical coatings is considered. The possibility of using composite coatings for
hardening the working surfaces of parts subject to abrasive wear, including the working bodies of agricultural

machines, is shown.

Keywords: coating, iron, compositions, electrolyte, particles, properties, operation.

To increase the strength characteristics of parts, it
is necessary to choose technological processes that do
not change their microstructure. One of the tasks of
these processes is to protect the recoverable parts from
corrosion. These methods include the restoration of
parts by applying galvanic coatings [1, 2].

Electrolytic iron coatings approach the hardness
and wear resistance of hardened medium carbon steel.
As a wear-resistant coating, it is rational to use them for
parts made of low-carbon and medium-carbon steels,
no higher than 45 or 50 steel, hardened. However, ac-
cording to the data of many studies, to increase the wear
resistance of parts subject to abrasive wear, it is more
rational to use composite galvanic coatings (CGP) and
use white electrocorundum micropowder as an additive

(3]
H

Thus, the study of the fine structure of the QGP
with inclusions of white electrocorundum grade M14
(75 kg / m3) showed that an increase in the content of
particles from 0 to 8 ... 10% (vol.) Reduced the density
of dislocations and microdecision of the crystal lattice,
increased the size of mosaic blocks, and then almost did
not affect their change [4].

The microhardness of the QGP remained at a high
level, corresponding to the optimal hardness of "clean”
wear-resistant coatings [5, 6]. Moreover, with the intro-
duction of the dispersed phase DF with the particle size
M7 into the sediment, the microhardness increased,
passed through a maximum (atay=8.2 ... 16.6% (vol.)),
and then slowly fell (Figure 1).

%
GPa

/4

o

-

7

4 /53

30 Uy, %/VOI-/

Figure 1 - Influence of the content of electrocorundum particles on the microhardness of the composition,
determined by the formula -1, 2' and experimentally -1 and 2 [4]. Coating 1-Fe - Al,O3 (M7), 2-Fe - Al,O3
(M14)
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With an increase in the particle size from 7 mkm
to 40 mkm, their effect on the electrocrystallization pro-
cess and microhardness significantly decreased (see

H

Figure 1, curves 1, 2) and with a high content of parti-

cles in the electrolyte (75 ... 80 kg / m®) this change is

practically could not be established (Figure 2).

e

GPa

4

0 20

0,/ mkm

Figure 2 - Influence of the particle size DF on the change in microhardness coatings

The detected discrepancy between the amount of
included solid particles and the change in the micro-
hardness of the coatings made it possible to assume that
the change in the microhardness can be caused by the
effect of particles on the process of electrocrystalliza-
tion of iron, leading to a change in its structure and dis-
persion, which is confirmed by the correlation between
the change in microhardness and a change in the param-
eters of the submicrostructure of the QGP matrix (Fig-
ure 3).

It should be noted that the hardness of the compo-

sition ( H/'j) increased in proportion to the inclusion of

particles in the coating (see Figure 3). Indeed, since for
composite materials with inclusions from 1 mkm to 100
mkm, according to the literature [4], the rule of mix-
tures is valid, the microhardness of the composition
should be determined by the ratio

HY =VH? +(1-V)HY, )
where H}f and H::A are the microhardness of the

DF and metal, respectively; V is the volume fraction of
DF in the composition.

H,

GPa

409 S

Figure 3

1

Dependence of the microhardness of the QGP with Al203 (M7) particles on the size of the mosaic blocks ﬂ_E
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Due to the fact that the microhardness is measured

using the PMT-3 device, the value Hﬂ actually re-

flects the change in microhardness, and not the compo-

site material as a whole. An additional confirmation of

this fact is the analogy between the change in the mi-

crohardness determined on PMT-3 and the microhard-

ness of pure electrolytic iron, depending on the param-
1

eter /[ 2 (see Figure 3). Therefore, considering the

mechanical properties of the composition, it is neces-
sary to take into account the microhardness calculated
according to the rule of mixtures.

For the deposition of the wear resistance of the
composition, along with the choice of electrolysis con-
ditions to obtain a metal matrix, it is necessary to select
the size and content of solid particles in the coating. For
this purpose, it is advisable to carry out laboratory tests
to determine the abrasive wear resistance of KGP.

It was established [6, 7] that solid particles were
included in the coatings in an amount proportional to
their content in the electrolyte (Figure 1). The depend-

ence &, = f(C) has the character of an adsorption

isotherm and approaches saturation in the region of
high filler or dispersed phase (DP) contents. In this
case, the sediments are of high quality, dense, light gray
color, without traces of pitting and dendrites.

a,,%

(5]

30

0

80

[ kg m’

Figure 4 - Influence of the content of C particles in the electrolyte on the inclusion of white electrocorundum in
the coating av grades 1- M7; 2 -M14

The microstructure of electrolytic iron with the in-
troduction of dispersed particles undergoes profound
changes. "Pure" electrolytic iron has a highly dispersed
layered structure, with layers parallel to the surface,
layered structure, with layers parallel to the cathode
surface. The coating is riddled with a dense network of
cracks extending from the base.

A feature of the microstructure of composite elec-
troplated coatings was:

— uniform distribution of the dispersed phase in
the sediment;

— the absence of particles in the initial layers of the
coating near the interface with the substrate, which is
consistent with the literature [8, etc.] and suggests an
insignificant effect of particles on the adhesion of the
matrix to the base;

— reduction and disappearance of the network of
cracks with an increase in the content of particles in the
coatings. The nature of the fracturing itself changed: the
cracks became shorter, starting and ending on the par-
ticles, their density decreased, the position of the cracks
on the thin section relative to the substrate approached
normal;

— a gradual increase in the thickness of the layers
and the disappearance of layering with an increase in
the concentration of the additive in the electrolyte and
a corresponding increase in its content in the sediment.

The fine structure of the matrix also underwent
significant changes. So, with an increase in the content
of M7 aluminum oxide particles in the ES to 100 kg/m?,
the sizes of iron mosaic blocks decreased, passed
through a minimum (at 20 ... 40 kg /m?), and then in-
creased, while microdistortions and dislocation density
passed through a maximum.

According to the general provisions on the mech-
anism of electrocrystallization of iron and metals of the
iron group in the presence of DF, solid dispersed parti-
cles, being in a stirred electrolyte, mechanically clean
the cathode from hydrogen bubbles and passive films
and thereby facilitate the conditions for the electrocrys-
tallization of iron. At the same time, the particles con-
tribute to the removal of iron hydroxide salts from the
near-cathode zone and loosening of the cathode hy-
droxide film. As a result, the inclusion of hydroxide in
the sediment decreases and the layered structure of iron
coatings is disturbed.
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These factors should contribute to an increase in
ductility and adhesion strength between metal layers
obtained under conditions of precipitation of hydrox-
ide, which improves the mechanical properties of iron
cementing solid particles. At the same time, an increase
in the suspension concentration and the inclusion of
particles in the precipitate, reducing the active cathode
surface due to inclusions and screening by particles,
complicates the process of iron electrocrystallization
and probably causes corresponding changes in the
structure and physicomechanical properties of the pre-
cipitate. The studied properties of composite coatings
make it possible to use them for hardening various parts
working under conditions of abrasive wear [9, 10, 11].
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