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ABSTRACT
Drach K.L. Dynamics of fires in grass ecosystenis Qualification thesis,
manuscript copyright.
Dissertation seeking the Ph.D. scientific degree in the specialty EG#& Sdety.
Lviv State University of Life SafetyLviv, 2020.

The dissertation is devoted to solving the actual scientific and technical problem
revealing the dynamics of developmeand cessation of fires occurred in grass
ecosystems.

Fires in grass ecosystems pose a danger to the natural environment, humans a
animals. Their spread causes conflagration in nearby facilities, including forests,
farmland, buildings and structures. Ta@®ccur deaths and injuries due to grass fires. The
dry grass ignition can develop with a simple match striken or from a cigarette butt. The
dry grass allows fire spreading throughly not only downwind, but also in the opposite
direction.

The process aéxtinguishing grass fires is complex and involves risks to the lives
and health of rescuers, the existing methods and techniques of firefighting being nc
always effective and feasible. It usually requires a significant amount of water, which no
always isaccessible for delivering to the fire scene in a timely manner.

To successfully extinguish fires in grass ecosystems, an analysis of their occurrenc
causes and preconditions, factors influencing their occurrence and spread processes
well as their sprad process peculiarities, along with fires extinguishing methods and
ways has been carried out.

A number of research methods were used, including analysis of literature source
with results of research in the grass fires field, laboratory methods fomuatey
flammable indicators characteristic to combustible materials of plant origin: temperature:
of ignition, spontaneous ignition and decay, coefficients of smoke and humidity,
thermogravimetric analysis, cluster analysis, correlation analysis. regressadysis,
statistical methods of research results processing, experimental methods of researchi

fires in areas covered with grass vegetation, computer modeling of grass fires origin an
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spread processes, experimental methods to extinguish grasssimgsthe proposed
methods and means and those methods justification.

The analysis of research in grass fires field identified the main factors influencing
their occurrence and spread: combustible material, weather and climatic conditions an
topography. Fom weather and climatic conditions the most important are wind currents,
temperature and relative humidity, precipitation.

Analyzed are the grass ecosystems of Ukraine at which study result identified ar
three main ecosystem types where fires occur: fomsadow and steppe. Forest grass
ecosystems are elements of forest ecosystems, and their fire hazard should be conside
separately and in combination with other components (stands, forest litter, undergrowitl
and underwood). Therefore, the paper focaesesteppe and meadow ecosystems, formed
mainly by grassy vegetation, which in dry weather before and after the end of plant:
growing season and in the lack of snow cover poses a significant danger.

According to the literature sources analysis results,ctiaacteristics of grass
ecosystems, in particular the plants species composition, are obtained and the fire danc
Is characterized. Since the firazard properties of different plant species differ from
each other, and a significant variety of sped®ss not allow studying each representative
of that category, for further research purposes there were identified the most commo
herbaceous plants, widely present in almost all ecosystems in Ukraine and forming groug
(and sometimes continuous vegetatoaatings at areas: field clover, timothy grass,
meadow fescue, tall fescue and creeping wheatgrass.

For the first time, the firdhazardous properties of each plant were studied,
including the dynamics of humidity change during drying, equilibrium humidity,
temperature of smothering, ignition and spontaneous combustion, ignition time, ast
content and smoke formation coefficients under smother and flame combustion. Studie
of these properties were performed within 5 days after collection of plant samples unde
natural conditions and during natural drying in the laboratory. The smother, ignition and
spontaneous combustion temperatures of each of the studied plants are different al
decrease with decreasing humidity. On the fifth day of study the ignition tetaper

ranged from 17A @or clover, 184 Gor creeping wheatgrass, 18Tor meadow fescue,
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190A Gor tall fescue and up to 183Gor meadow thyme, with smother temperature
ranging from 228 Gor meadow fescue, 247CGor field clover, 259 Gor tall fescue,

273A Gor creeping wheatgrass and up to 28%r meadow thyme, while auignition
temperature ranging fno 326A Gor meadow fescue, 342Cor tall fescue, 358 Gor

field clover, 374\ Gor creeping wheatgrass, and up to 28%or meadowthyme. The
plants humidity ranged from 8% for tall fescue, 9% for meadow fescue, 10% for creeping
wheagrass, 18% for meadow thyme and up to 20% for field clover. Differences in fire
hazard indexes impose different risks of fires spreading to areas @ovighevarious
types of herbs.

According to the results of laboratory studies, linear regression dependences C
smother, ignition and spontaneous combustion temperatures on humidity were obtaine
for the studied plants, which dependencies can be usetlddralzard assessing by the
value of combustible herbal material moisture content.

In the laboratory, using a derivatograph, for the first time thermogravimetric curves
have been obtained to characterize the processes of these materials samples Heating
thermal destruction. The TG curves for each of the studied plants differ slightly, but more
significant is the difference between their DTA curves that indicating differences in the
occurrence of exothermic and endothermic effects, as well as dryingysgrand
thermal destruction processesien samples subjected to high temperatures during
heating. In the process of thermogravimetric studies, three consecutive stages have be
identified, which have different temperature intervals for each of thetsplare
temperature differences of the first exothermic effect, characterizing the samples therm
stability were revealed. For tall fescue this indicator is the largest res@fdAgClower
values being identified for the meadow fescue(847 meadow tgme ( 333A Land
creeping wheatgrass (3A6C And the lowestfirst exothermic effectemperatre is
registered for field clover: 308.

According to the cluster analysis results, for the first time these plants distribution
by groups taking into accoutteir fire hazard indicators was obtained. The closest in
terms of firehazardous properties are the group, which includes tall fescue and meadov

fescue, next joined by creeping wheatgrass. Another group of plants with simiar fire
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hazardous properties ilnicles field clover and meadow thyme. It is also established that
such indicators as smother and spontaneous combustion temperatures, ignitic
temperature, ash content and smoke formation coefficients are close, each of tho:s
indicators separately allowingp characterize the fire hazard of plants. Humidity in
comparison with these indicators is an inverse value and can also be used separately
assess the fire hazard for combustible materials of plant origin.

Therewere carried out the experimental stuchi&the processes of field grass fires
ignition and spread in the Western Foi8&ppe in the autumn after the vegetation season
end. For that study, 10 m long and 3 m wide research plots have been formed, arrang
on a grassy area so thatthe wind steami n t he direction of
adjacent areas were mowed and moistened to prevent uncontrolled spread of combustic
As a result of field research, the fire front linear velocity value for wind speeds f#bm 1
to 6-:8 m/s and the grass\ar height of 40 cm and 60 cm was established. For areas with
grass height of 40 cm the fire velocity increased with increasing wind speed from 2.5 tc
3.5 m/min, and for the grass cover height 6Gltat increase was from 3.1 to 12.5 m/min.
An increase irvelocity with an increase in both of these indicators when the fire spread
aligned to wind direction was registered. However, the combustion spread also in th
direction opposite to the wind, but at a much lower speed &d.@.5n/min. It was also
found that during the night the ignition not so readily started and the fire spread did not
occur due to lower air temperature and increase in its relative humidity.

Computer simulation of grass fires was performed using Wildlandn Fire
Dynamic Simulator (WFB) software, based on the physical fire propagation model Fire
Dynamic Simulator (FDS) thus used for simulating fires in natural ecosystems and
approved upon testing for grass fires. The given grass cover was formed according to tt
properties of creepingvheatgrass, which is the most common herbaceous plant in
Ukraine and has the lowest heat resistance of the studied cereals. It was found that in t
case of extremely low moisture content of 6%, as set during extreme drought and afte
the herbs growing sean, the fire front linear velocities are much higher than those
obtained during experimental studies and indicate the difficulty of such fires

extinguishing. It was found that in the range of grass cover heights-bd@@m the
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highest speed is registeréor 80 cm. According to the simulation results it is established
that the dependence of grass fire rate on grass cover height is described by the polynom
regression modelk = 0,000h3% 0,025h%+1,3591h+0,7772with the approximation
reliability coefficientR?>= 0,9572 The wind generally has a positive effect on the fires
spread speed, but at speeds of 4 m/s and above the combustion ceased, probably du
the combustible material cooling.

It is analyzed that tditional methods and means of grass fires extinguishing are
based mainly on the use of water, mineralized strips creation using appropriate
techniques, as well as mechanical impact to tamp down the fire injecting into fire the soi
with hand tools. But fies extinguishing in natural ecosystems requires a significant
amount of water, that is not always possible to provide, and the use of hand tools require
a significant amount of rescuers and physical effort. Considering that the compute
simulations havelown that wind can help extinguish a grass fire, the use of devices
generating air currents portablegasoline blowers and spraydrdhiasbeen suggested.
Studies of the peculiarities of air flow formation by the sprayer with respect to such device
operaton modes and deviations from the main air flow direction which indicate the
effectiveness of the method using the average engine speed mode with air flov
coordinated along to the main direction. It is substantiated that an effective way tc
extinguish firesn grass ecosystems is the action of air omater mixture flows at a
speed of 84l1.3 m/s atadistanceof@4 m fr om t he deviceobs
on the burning material that leads to its cooling and separation of the flame in the
combusibn seat. Studies on the use of a sprayer during the real grass fire extinguishin
by the squads of the State Service for Emergency Situations of Ukraine in Kyiv region
confirmed this method effectiveness.

The research results are implemented in the detvof SSESU Main Directorate
in Kyiv city, and the dependences obtained in this study and characterizing the
development of fires in grassland ecosystems are used to plan and conduct firefightin

measures, assess threats to such fires in forestsaodwari ar eas o6 f aci | i
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As a result, the peculiarities of various factors influence on the dynamics of grass
ecosystems firé@soccurrence and cessation were identified and recommendations for
those factors consideration to prevent and extinguish fires have been provided.

Key words: grass fires, combustible material, ignition processes, fire spread, fire

extinguishing
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HepxaBHa ciyx6a YkpalHu 3 HaA3BUYAHUX CUTYaIlil

JIpBiBCHKUIA JlepykaBHUM YHIBEpCUTET O€3MeKH KUTTEAISIBHOCTI

IMPOTOKO.JI Ne 21/8/171102

«BA3ZHAYEHHSI 3AJIEXXHOCTI TEMIIEPATYPU 3AUMAHHS TA
CAMO3AUMAHHS BIJI BMICTY BOJIOI'OCTI B POCJIMHAX
TPAB’SIHOT' O ITIOXO/IZKEHH >
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Mera npoBeJeHHS BUNPOOYBaHb. BCTaHOBUTH  3aJI€XKHICTh  MOXEXKHOI
HeOe3MeKd, TEMIIEPATYPH 3aliMaHHsi, TEMIIEPATypH caMO3alMaHHs Ta 4acy 1HIyKIii.
BiJl 3MIHH BOJIOTOCTI Ce€pefi TpaB’ IHMX POCIIUH.

Micne nmnpoBegenHsi BunpoOyBaHb. HaykoBo-mocmigHa jaboparopis

JIAY BXI.

O6’exT BUnpoOyBaHsb. [1iIroOTOBIIEHA CBIXXOCKOIIEHa TpaBa,(HAHIIOIMpe i I
I’sITh BUIiB JIEBIBIMHM — KOHIOIIHHA 110760Ba ( Trifolium arvense), kocTpuist
ayrosa (Festuca pratensis), koctpunst odepetsiHa (Festuca arundinacea), MiTauis
Oina (Agrostis alba), mupiit mos3yuwmii (Elytrigia repens). 3BaxxyBaHHs 3pa3KiB
MIPOBOJUTHCS Y BCTAHOBJICHUH Yac AHA Ha npoTa3i 5 xuiB. ITicns nporo 3paszku
JIOCYILY€EThCS y CYNIMIBHIN KaMmepi mpu Temmeparypi 100£5°C.

3aco0u BUMipIOBaJIbHOI TEXHIKH

154

Ne HaiiMenyBaHHs 3aBoacekuii I'panuns Kase rosnoenabo
Npuaaxy 44 NpUCTPOIo BUMipIOBAHHS Mo
wn | "P HOMep P BHMIpIOBAHHS
1 VYeraposka OTIT Noe 2 Bin 20 o 600 °C -
2 Cexynnmomip COCrp 5074 Bin 0 mo 3600 ¢ Kiac Toun. 2
3 Bin 20°C no
CymmisHa kamepa 2B151 2925 250°C -
4 Baru WPT 03/06 C4 107867 Bix 0 go 600 . Kiac Toun. 4

MeToaunka npoBeieHHsI BUIPpOOyBaHb

1. 3az0aneziov BimiOpaHo I’ATH BUIIB TpaB Ta pPO3MIIIEHO X Ha TOPU30HTAIbHIN
TUTOLIMHI, 17151 3a0e3MeueHHs TOCTYIIOBOrO BUCYIIYBAaHHS IPUPOAHIM IIUISTXOM.

2. Bumiproseanna MacH, TeMIlepaTypH 3aiiMaHHs, TeMIIepaTypy caMo3aiiMaHHS Ta
gacy IHJYKINi 30iCHIOIOThCS 1I0J00K B OAMH 1 TOH e 9ac, IO JOCSITHEHHS
PiBHOBaXXHOI BOJIOTOCTI.

3. Pesynvmamu BUMipIOBaHb (iKCYIOTBCS.

IlouaTok BUNpoOOYyBaHbL

[TogaTkoM BUMPoOYBaHHs BBAXXAETHCSA BUMIPIOBAHHS HEOOXI[HUX MapaMeTpiB
B IePLIXl JeHb NOCITINY.

BumiproBaHHs Ta cliocTepesKeHHs y npoueci BUNpodyBaHb

Bumiprosanna  macu, memnepamypu  3aim b o1 PGP AP <1

-~ - voe . . BEZNEXH XHTTELIAILAOCTI
Camo3aiimManua, 4acy iHOyKyii 00CcniOHuX 3pasKie.

el
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Maca, Temneparypa 3aifMaHHs, TeMmIlepaTypa caMo3aifMaHHs, 4ac iHTyKii

BUMIPIOETHCS IPOTATOM JOCIIIHOTO Iepiomy.
CnocmepesiceHHA 3a NO6eOIHKOIO 3PA3Ka.

Y mpoueci BumpoOyBaHHS CIIiA CHOCTepiraT 3a 3pa3koM 1 CKJIamgaTu
XPOHOJIOTIYHUE omuc 3MiH y 3pa3Ky, ToOTO: MacH, TeMmIeparypu 3aiMaHHSI,

TEMIIEpPATYPH caMO3aiiMaHHs, Yacy IHAYKIII 3 KOXXHUM JTHEM.
ITig yac BUTIPOOYBAHHS CIIiI IPOBOAUTH (POTOZHOMKY.

CepenHi 3Ha4eHHS Mac 3pa3KiB Y IPOIECi TOCIiIHKEHHI

Maca, r

Heses pocymie Jlens rociiny AOGCOFOTHO

. ) 3 4 5 cyxuit cTaH
Koctpug ouepersna | 20,002 | 13,461 | 10,239 | 6,220 | 5,263 4,909
Kocrpuns nyrosa 10,008 | 6,058 | 3,957 | 2,422 | 2,328 2,074
[Tupiit moB3yumii 15,006 | 7,713 | 3,891 | 2,995 | 2,288 2,054
TumodiiBka nmyrosa | 10,009 | 8,616 | 6,211 | 4,067 | 3,401 2,651
Konrommna moisosa | 10,008 | 7,161 5,293 | 3,090 | 2,384 1,750

BosoricTs 3pa3kiB pocIuH y Iponeci IX BUCYIITyBaHHS

AOCOIIOTHa BOJIOTICTh, %
HazBa pocnuan EEs
1 2 3 4 5

Koctpuus ouepersna 307,46 174,21 108,58 26,71 8,03
Kocrpuns nyrosa 382,55 192,09 90.79 16.78 9,00
[upiii noB3y4nit 460,57 214,51 59,22 22,34 10,37
TumodiiBka nyrosa 271,56 225,01 134,29 53,41 17,59
Komromuna monsosa 441,56 308,97 202,28 76,47 19,59

IIpunuHenHs: BUNPoOyBaHb

BI/IHpO6YBaHHSI MarTh IIPOAOBKYBATUCA OO TOL NOopH, OOKHU IIOKa3HHK MacHu

TpaB Haly/ie MOCTIHHOTO 3HAYCHHS.

[Ticns nporo TpaBM MOCYNIYEThCS y CymmwibHIM kamepi (Puc.2) npu

temneparypi 100+5°C , 9ac [oCyIIyBaHHS PEECTPYETHCS.
Ha ocHOBi BU3HauYeHHS MacHd CyXHX B3ipI[iB IIPOBO
pe3yJbpTaTaMy JOCHiKEeHb.
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Puc. 2. CynmunpHa mada: 1 - HarpiBanbHa Kamepa, 2 - KOXyX; 3 - mifcrasa; 4 -
OBepui; 5 - maHenmb ympaBuiHHA 1 iHOMKamii; 6 - BuTHKHa Tpyba;7- Kabelb
HIIKITIOYEHHS [0 eJIeKTpoMepeski; 8 - iHAuKaTop HarpiBy; 9 - naryuk- peje BU3HAYCHHS
temrepatypu; 10 - Bumukay; 11 - Tepmobamnon; 12 - minnon; 13 - BenTtmsTop; 14 —
COILIO.

PesyabTaTn BUNPoOYBaHb 0(pOPMIAIOTHCS POTOKOJI0M 200 3BiTOM.

I[IpoTokon BunpoOyBaHs (3BIT PO BUIPOOYBaHHS) Ma€ MiCTHTH BiIOMOCTI Ipo
3pasKH, o 6ynu BUIPoOyBaHi, YMOBH Ta pe3yJIbTaTH BUNPOOYBAHb, 4 CaMe:
— Ha3By Ta ajpecy Jaboparopii, 1110 NPOBOANIA BUIPOOYBaHHS;
— JlaTy BUTIpOoOyBaHb;
HalMeHyBaHHs PEYOBHHH, 3pa3KH Kol Oyiy BUIpoOyBaHi;

— ¢ororpadii Ta onwuc 3pasKis;

— Ppe3yIbTaTd  BUMIPIOBAHB  TEMINEPATypd  BHYTpPIIHBOTO  CEPENOBHINA
nabopatopii;

— Ppe3yabTaTH BUMIpIOBaHb TEMIEpATypH B ITedi;

— BIZOMOCTI IIpO T€, YM INPOBOAWIOCS IPU BHUIPOOYBAHHIX BHMipIOBAHHS
Ha/ITIIKOBOI'O TUCKY B ITe4i;

— Ppe3yIbTaTH BUMIPIOBaHHSA MacH Ta €MHOCTI y 3paskax;

— BIJIOMOCTI III0I0 MOXKJIMBUX JedopMalliii eleMeHTIB y 3pa3Kkax;

— OIMC IOBE/IHKH 3pa3KiB y Mporeci BUpoOyBaHs;

— Yac IOYaTKy Ta 3aKiH4eHHsS BUNPOOYBaHb;

—  OIHKY pe3yJbTaTiB BUIIPOOYBaHb;

— ¢ororpadii 3paskiB micis BUTPOOYBaHb;

— IIANHCH BUKOHABIIB Ta MPUCYTHIX IpH BUNPOOyBaHHAX npanisuukis HIJL.

IIpaBnia Ge3nexy npani mia 4ac poGOTH 3 CYLINILHOI0 KaMepoIo.

Ilepen nouaTtkoM poOiT BUKOHABEIh 3000B'SI3aHHIA :

HJIHA JIABODA 16

1. Osnaiiomurucs 3 I[TTB npu po6oTi 3 CymUIBHOO KaMeporo

2. IlepexoHaTucs, IO B CYIIMIBHIM KaMepl YHCTO::icik €5 G pl(P)HHlx”
SHEKH 2% TEQAIA

Hpeﬂ;MeTlB Ne noxymenra Bill 20 .

Besoro. -_ﬁ... _\1
3. TlepeBipuTy ymiinsHeHHs JBepeH, HiTCHICT 3am0piB CyWMIEHOI KAMEPH.




4. He BiguunsaTu nsepipita madu mg 9ac pobodoro mporecy.

5. He noTopkartucss 0 KOPIyCy NIPH YCTaHOBII BHCOKHMX TeMIIEpATyp, LI06
YHUKHYTH OIIKY. '

6. 3maTTa Npob (i3MYHUX MOKA3HHUKIB WiJ Yac pobOTH KaMepH IIPOBOJHUTH B
13

7. Ilicnst 3aBepiIeHHS POOOTH YHINEHHS NMPOBOAUTH TLTBKM MPH BiIKIHOYEHH]
BiJ Mepexi.

HOI'OJKEHO:
3aBigyBau

HayKOBO-/I0CIiAHOT TabopaTtopii B. JI. IlerpoBchKuit

Buxonasens:
An’ronkT JITY BX]T
nedTeHaHT ciyx6ou 113

K. JI. Jipag

(AB Vit i
BESTEKH MHTTEALILE {

Ne foKymenTa o .Bifl -
Bceeoro _._5_._. o ol

TENRNE oo
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JIbBIBChKHIA TEP)KABHWI YHIBEPCATET
BE3NEKU )KUTTEISILHOCTI MHC YKPATHA
HAYKOBO-NOCJITHA JABOPATOPIS

IIPOTOKOJI Ne 21/8/171101
BUIIPOBYBAHbD 3 BUSHAYEHHS KOE®ILIEHTA JIMMOYTBOPEHHS
PEYOBHMH [ MATEPIAJIIB 3TTJHO 3 TOCT 12.1.044-89
“TIOXXAPOB3PLIBOOITACHOCTD BEILECTB Y MATEPHAJIOB.
HOMEHKIJIATYPA TIOKA3ATEJIEM U METOJIbl X OITPEAEJIEHUS”

Joeie-2017
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ITPOTOKOJI Ne 21/8/171101
BUIIPOBYBAHbD 3 BUSHAYEHHS KOE®IIEHTA JUMOYTBOPEHHS
PEUOBHH I MATEPIAJIIB 3I'TAHO 3 T'OCT 12.1.044-89
“TIOXXAPOB3PLIBOOITACHOCTD BEILIECTB I MATEPUAJIOB.
HOMEHKIJIATYPA ITOKA3ATEJIEM Y METO/IbI X OIPEJEJIEHIA”

Jara nposegennsn YMoBH NpoBeIeHHs BUNPOOYBaHE:
BUNIPoOYBaHb: 01.11.2017 p. - TeMIIeparypa 20 °C
- aTMOC(hepHHMIL THCK 97,2 xlla
- BLOHOCHA BOJIOTiCTH 62 %

MICHE HPOBEAEHHS BUITPOBYBAHD: Ternorexuiuna 1a6opaTopisHayKkoBo-
nocnigHoi naboparopii JIAY BXX MHC Ykpaiun.
Anpeca: M. JIpBiB, Byn. Kienapischka, 35.

OB’€KT BUITPOBYBAHD: 3pasky BHCYyLIGHUX TpaB: IHUPiIO MOB3YdOro, TUMODIiBKH
JTyrOBOI, KOCTPHIIi JyroBOi,KOCTPHII OYepeTsHOI, KOHIOUIMHY 110150B0T Macoro 0,4-0,6 T.

3PA3KH JJISI BUITPOBYBAHb: BunpoGyBaHHsM mignaBaaucs 3paskd 5-TH BUIIB
BUCYIIIEHKX TpaB JApiOHomnocidyeHux macowo 0,4-0,6 .

Iepex BunpoOyBaHHAM 3pasku BHCYNIYBaluCh Ipd Temmneparypi 22+1 °C Ha mpoTssi 5
ni6.

OBJIATHAHHS TA 3ACOBU BUMIPIOBAJIBHOI TEXHIKMU:

YcraHoBKa [y Bu3HaYeHHs KoedilienTa numoytBoperns YBK]I srigHo TOCT 12.1.044-89.

Tabruys 1.
3aco0u BUMipIOBAJILHOI TeXHIKH
i = Knac Tounocri abo
Ne | HalimenyBaHHS mpunany uu | 3aBoAchKMit I'pannns e Sl il
n/n obmaHanHs HOMeEp BUMIpPIOBaHHS : ) p
MiPIOBAIBHOI TEXHIKH
Perynsitop-BumMiproBay ; 2
1 PT 0102-8-K 10.019 Bix 0 mo 1200 °C s
2 | Tepmomapu TXA 10 2-7,9-12 | Bin 0 go 800 °C
3 | Cexynpomip COII 8625 Bin 0 o 3600 ¢ K. TouH. 2
4 | Jlinifixa BUMIipIOBaJibHA 6/u Bin 0 1o 1000 mm £ 0,5 Mmm
5 | Baru BTU 210/ C3 1826 Bin0 m0210r K. Toun. 3
Il TaHreHIUpPKy b :
6 1IL1-1-200-0,02 0805174 Bix 0 no 200 MM + 0,02 Mmm
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