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XMenbHULbKNIA HauioHalbHWIA YHiBEpCUTET

YAOCKOHAJIEHHA KOHCTPYKLIT MEXAHI3MY SAMNMNPAHHA
TBEPAOMAJ/IMBHOI'O KOTJ/1A 3 METORO MIABNLWEHHA NOTIMO
EKOHOMIYHOCTI

Y 0anill po6omi euknadeHo pe3ysbmamu nposedeHozo aHasizy y Flow Simulation enausy HezepmemuuHocmi
Kamepu 3eopaHHsi Ha KK/l meepdonaausHozo komsaa. 3anponoHO8aHO KOHCMPYKYi MeXaHi3My 3anupaHHs ma
pO3paxo8aHo cu/08e HABAHMANCEHHS HA OCHOBHI demaui.

Karouosi cnoea: meepdonanusHuli komes; solidworks simulation; memod ckiHueHux enemenmis; gipmyaabHi ma
eMnipuyHi 00CAI0XHCeHHSL.
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IMPROVEMENT OF CLOSING MECHANISM CONSTRUCTION
OF SOLID-FUEL BOILER WITH THE OBJECT OF INCREASING ITS ECONOMY

The most wide spreaded mechanisms of closing solid-fuel boilers are analyzed in this article and there deficiencies and advantages
are detected. The calculation of volumes and masses of combustion products and waste gases was realized. Simplified 3-D model of solid-fuel
boiler was created. The analysis in Flow Simulation of the influence of thin heat-insulated cord Izopac 57 to the window of the boiler on the
efficiency factor was carried out. Simulation of solid-fuel boiler operation was carried out under normal conditions, with value of natural
draught with depression in flue 15 Pa. After analyzing problems that occur during production and exploitation of solid-fuel boilers and after
processing received experimental results it was determined that rotational mechanism must have possibility of adjusting pressing force of
locking screen to the bode, and have possibility to adjust inclination angle of the screen relatively to the horizontal surface of the boiler’s
window in closed position. This adjusting will provide firm adherence to heat insulating cord and solve problem with jamming. On the basis
of construction analysis of existing closing mechanisms the construction, which provides stable hermetic closing of the boiler due to
compliant display and possibility of adjusting relatively to the window in three dimensions was offered. The calculation of the most
vulnerable elements of construction was carried out in SolidWorks Simulation. The calculation of the hook’s handle form that contacts with
ear was carried out and examination for a possibility to self-dependent opening was performed. The force, which must be applied to the
handle for closing boiler and for providing its hermeticity was calculated. 3-D model of closing mechanism construction was developed and
created. The technology of production hook detail was developed. Using CAMWorks software the program of part processing on the lathe
HAAS VFI was created.

Keywords: solid-fuel boiler; solidworks simulation; finite element method; virtual and empiric researches.

Bctyn
B ocTaHHi pokn B YKpaiHi CnocTepiracTbCsA TEHAEHLiA NOAOPOXYaHHA opraHiyHoro nanvmea. Oco6smBo Le
CTOCYETbLCA TaKoro BMAy Nanumea, K NPUPOAHWIA Fa3. Y 3B'A3KY 3 UMM BifOyBacTbCA Mepexif Ha iHWi pxepena
TennoBOi EeHeprii Npu OnaneHHi NpuMBaTHMX OYAMHKIB 30Kpema TBepfe ManvMBo. TOMY pPO3pPOOMEHHSs i
BLOCKOHaNEHH TBEPLONIMBHUX KOTNIB € akTya/lbHOK 33fadyeld  CbOrofieHHs. MeToo pobotn  6yno
YOOCKOHANIEHHS! MEXaHi3My 3anupaHHs TBepLonaavBHOrO KoTna, Ana nigsuweHHs KK Ta nokpaweHHs
€KONOrivyHOT 6e3neku.

TeopeTUYHI JocnifpKeHHs
[ns  pocnifXeHHs NOTOKIB rasiB B kamepi 3ropaHHA KoTna 3a gonomorow Flow Simulation mu
BUKOPUCTa/IM CNPOLLEHY MOofeNb TBepLonasMBHOro Kotna sBupobHuutea KOPAI AOTB 16-20E 306paxeHoro Ha
puc. 1. Ha puc. 2 306paxkeHnii nepepi3 kotna AOTB 16-20E.

Puc. 1. TeepgonanusHuii koten AOTB 16-20E Puc. 2. Mepepi3s 3-D mogeni kotna AOTB 16-20E

AOTB 16-20E — ue CyyacHWli ABOXO[OBWiIA KOTEN, WO Mpaule Ha AepeBuHI Ta Byrinni. Cumynsauito
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po60TV TBEPAOMAIMBHOIO KOT/1a MPOBOAW/N 3a 3BMYAHNX YMOB NPW NPUPOAHI TA3i i3 PO3PIMKEHHSAM B AMMOXOAI
B 15 Ma. Take po3piMKeHHA € peKoMeHAoBaHWM AN cTabinbHOoi Ta 6e3nevHoi pobotn AOTB 16-20E. Ans
NpoBeAeHHs BUNPOOYBaHHA i CUMYALIT HEeLiNIbHOro 3aKpMBaHHS ABEPEi MW CTBOPUAN CNPOLLEHY MOAE/b Kopnycy
KOTNa, i Ha 3arpy304HMX ABEPSX MO BMCOTI NOYEProBo CTBOPMAM Masu wupuHoto 0.1, 0.5 Ta 1 mMm.

3a pesynbTaTaMu aHanisy 6yno nobyaoBaHO FicTorpamy ska 300paxkeHa Ha puc. 3. Mo ropusoHTani
BifobpaxeHo wupuHy nasy 6=0,1 mm. =0,5 mMm i BignoBigHo d=1MM. Ha puc. 4 MOXHa No6a4nT TPAEKTOPItO
MOTOKIB rasiB B cepejyHi Kamepwu 3ropaHHs (4aCTvHa MNOTOKIB NPMXOBaHa).

Y nepwiomy BUNAAKY KifIbKiCTb MPOAYKTIB 3ropaHHs, sKi MOKMHYNM KaMepy 3ropaHHS 4epe3 CTBOPEHWI
na3 craHosunu 0,3%. B gpyromy Bunagky ue 3HadyeHHs 3pocsiio o 0,7%. | B Tpetbomy Bunagky po 0,9%.
BpaxoBytouu, WO npy poboTi TBEPLONAIMBHOIO KOT/a NOTYXHICTIO 20 KBT KiflbKiCTb NPOAYKTIB 3ropaHHs npu
CcrasitoBaHi AepeBmHM BonoricTio 20% cTaHoBUTb 6113bko 30 M3/rog. MOMHOXMBLUM 06°€M Ha BiACOTOK OTPUMaHUiA
npy cUMynALil oTprMaeMo 06’eM BUKMAIB rasiB y NpumilleHHs KoTensHi: npu 0,1 mm — 0,09 m3, npu 0,5 mm — 0,21
M3 inpu 1 Mm— 0,27 m3.

Mpu BiACYTHOCTI BEHTMAALIT B MNPUMILLEHI, e 3HaxXOAWTbCA KOTen, yXe 3a roguMHy poboTn npu
MiHIManbHIl WWPUHI Nasy TprBane nepedyBaHHA NOANHN MOXE BUKIMKAT Npo6aemu 3i 340pOB’ M.
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Puc. 3. PesynbTaTu focnifjkeHb BTpaT Puc. 4. TpaekTopii NOTOKIB rasis

MepLumm eTanom AocnigkeHb 6yn0 BU3HaUYeHHS 06’ My NPOAYKTIB 3ropaHHs Barow 1 Kr TBepAoro nanvea
3 BMicTOM C" =52.1%;H" =3.8%;S", =2.9%;N" =1.1%;0" =9.1% . [inA UbOro HeobXigHO BM3HAYUTU 06’EM

CYXWX rasiB, TEOPETUYHUIA 06’ €M a30Ty Ta 06’€M BOASHOT Napu.
O6’eM cyxux rasis:

M M
Veo, = % +_5°H2 =1, gggw =0.99 M3/Kr. 1)
Pco, Pso, 100
TeopeTnyHMn 06°eM a3oTy:
Ve N® 11 5
V, =(=09)+——=0,7905,03+0,8—— = 3,98 M°/Kkr. 2)
2100 100p,, 100

TeopeTnyHMA 06’eM BOAAHOT Napw:
szo =(0,111[H") +0,0124W " +0.0161V +1, 24W,, =0.111[3.8+0.0124[9.1+0.161(5.03= 0,62 mikr.  (3)

MoBHWIT 06°€M AMMOBUX rasiB:
Ve :V;’zo +Veo, +Vy, +V2 (a-1) =0,99+3,98+0,62 =5,59 Mkr. 4)

TeopeTnyHO, A4na chnantoBaHHA 1 Kkr TBepgoro nanvea npu a=1 (koegiuyieHT HagAWLIKYy MOBITPS, WO
nokasye, y CKiNbKy pasiB KifbKiCTb MOBITPS, WO AIMCHO HAaAXOAWUTb Yy Kamepy 3ropaHHsi, Bifpi3HSETbCA Bif
TEOPEeTNYHO HeOOXIiAHOT KifbKOCTI) Yepe3 AMMOBY Tpy6y Buiiae5,59 M3 AUMOBKX rasis.

KoeqiLieHT Hag MWKy NOBITPS 3aneXWTb Bif BUALY NanvBa, WO CaiteThes, CNOCoby Oro CnantoBaHHs,
KOHCTPYKLiT KaMepy 3ropaHHA KOTna i NpuiiMaETbCst Ha NigcTaBi eKCNepuMeHTaNbHNX aaHux [2, 3].

Mpw cna/toBaHHI NainBa Ly>XXe BaX/IMBO NPaBUIbHO PEryOBaTH HAAXOMKEHHS MOBITPS B KamMepy 3ropaHHs
KoTna. SAAKWOo noBiTpst 6yae HaAXoAWUTWM Mano, TO KUCHKO He BUCTavaTuMe A1 MOBHOMO 3rOpsHHS MaivBa, i YacTuHa
roproyrx rasis, O YTBOPKOKOTLCA B TOMUi KOTna (Hanpwknag, okuc Byrneuto CO), i He3ropini YacTKu TBepAoro
nainea GyAyTb BUAANATICL PasoM i3 MPOAYKTaMU FOPiHHA B AMMOBY Tpy6y. HenoBHOTY 3ropaHHs naavBa MOXHa
BUSBUTY MO NOSABI YOPHOTO UMY 3 AumMaps. OueBMAHO, L0 Take CMaitoBaHHA BUK/IVKAE 3aliBy BUTpaTy Manvsa.

LLLo6 3abe3neynTy MOBHE 3ropaHHs MaamBa, Ha NpPakTWLi AOBOAWTLCA MOAaBaTW NOBITPS B TOMKY AeLo
6inblue, HiXK NOTPIGHO 3a PO3paxyHKOM. Afe HagMIpHWIA HagMLLOK MOBITPA B KOTAI HENpUAYCTUMWIA, TaK §K
6araTo Tenna nNpW LbOMY BUTPAYaETbCs Ha HarpiBaHHs 3aliBOro NOBITPS, a TakoX 6Garato Tenna BUXOAWTb Yepes
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OMMOBY TpYoy.

dakTnyHa KifbKiCTb NOBITPS, HEOOXifHa A4/ MOBHOMO 3ropsHHA 1 Kr nanuea, Mae 6yt TPoXu GiNbLUOD
TEOPETUYHOrO, TaK AIK MPY NPAKTUYHOMY CMajtoBaHHI NasivBa He BCS KiflbKiCTb TEOPETUYHO HEOOXIAHOrO MOBITPS
BUKOPWCTOBYETLCA AN TOPiHHA MafvBa; 4YacTMHa MOro He Oepe yyaCTi B peakuil TFOpiHHA B pe3ynbTari
He[OCTaTHLOr0 NepemillyBaHHA MOBITPS 3 MajMBOM, a TakKoX 4epe3 Te, WO MOBITPA He BCTWrae BCTYNWUTW B
3ITKHEHHA 3 BYrneuem nanvea i lige B ra3oxoam Kotna y BiflbHOMY CTaHi. TOMY BigHOLEHHS haKTUYHOT KislbKOCTi
MoBIiTPA, sIKe MOAAETbCA B KaMepy 3ropaHHsi KOTna, [0 TEOPEeTUYHO HEeobXiAHOro Has3vBatoTb KoeqilieHTOM
Ha/IMLLKY NOBITPS.

o =Vqo Vg, (%)
ae Ve — (aKtMyHWii 06’em nNOBITPA, MOAAHOro B Kamepy 3ropaHHs Kotia Ha 1 kr nanusa, V, -
TEOpeTMYHWA 06’ €M NOBITPS.

Togai,
Vie = o Vg (6)

Mpw po6OTi TOMOK BCiX BUAIB HEOOXIAHO NOCTIAHO CMOCTepiraTy 3a e(eKTUBHICTIO MPOLECIB FOPIHHA MO
KOHTPO/IbHO-BUMIPIOBa/IbHUM Npuiagax. Ha eKOHOMIYHICTb po60TY KOTNA 3HaYHWIA BNAWB MatOTb BTPaTK Tensa Bij,
XiMIYHOI HEMOBHOTW 3ropsiHHSA NanuBa. BenuunmHa BTpaT 3a1eXWTb B OCHOBHOMY Bif KifbKOCTI MOBITPS, WO
HafLX0AMTb B TOMKY.

Ak Bigomo, KK/ KoTna 3a 3BOPOTHIM 6a/laHCOM PiBHWUIA:

n7=100-0, -0; — s, (7
Je q, — % BTpaTV Tenna 3 BUXiAHUMM rasamu,

0, — % BTpaTW Tenna Bifj HEMOBHOIO 3ropaHHs,

gs — % BTpaTV Tenna B HaBKOJIMLLIHE CepefjoBULLE.

Y Uit opmyni Hac LjikaBWUTb TiflbKM Q,, 0,. OCKifbKu O He BNAMBae Ha 0 . Mpu HecTadi NOBITPS
3ABNAETLCSA XiMIYHWIA Heaonan. BiH NOSCHIOETLCA NOSBOKO B MPOAYKTaX 3ropsiHHSA YagHoro rasy — CO, caxi, BOAHIO
—-H,, a B feaknx Bunagkax i CH,. Mpwn LbOMY BUAINAETLCA INLLIE YACTUHA TENIOTU 3ropaHHA. TOMY i roBopsTb
npo XiMiYyHWIA Hegonan.

Mpu LUbOMY 3 BnacHOro Aoceifgy otpumaHoro Ha AN KA3 Bigomo, WO NPV 3HWKEHHI BTpaT Terna 3
OVMOBUMU rasamu - (, 36ibLUytOTLCA BTpatU q, i 3rigHo 3 dopmynoo KK/, 6yze pisko nagatu. [lo Toro x
poboTa KOTna npu XiMiYHOMY Hefonani HaBiTb 3a HEBENMKWIA Yac Mpu3Bede A0 3HVKEHHS Tennosiggadi, siK
HacnifoK BifOyeTbCA iCTOTHE 3HWKEHHS TENNONPOAYKTMBHOCTI KoTna i iioro KK/,

Mpun Hag MWKy NOBITPA MaNMBO 3ropae MOBHICTHO, afie YacTUHA TeNIOTW BUTPAYaETLCA Ha Migirpis 3arsoi
KiNbKOCTI MOBITPSA. BifbyBacTbCs 3HMKEHHS TeMMepaTypu BUXILHWUX rasiB i BHACNIAOK LbOro 3HMXXEHHS TEnIoBO1
MOTY)XHOCTI KoTna Ta iioro KKZ. OTxe npu onTuManbHOMY 3HadeHHI o KKJ, 6yae pocTu, BHacCNigoK 3MEHLLEHHS
BTpaT q, , i BiACYTHOCTI BTparq, .

Ha pucyHky 5 nokasaHa 3anexxHicTb BTpaT @, Bif O npomwucnosoro kKotia [KBp-4-13 Ha raso
reHepytoyomy nanusi. Brpatu g, npw o 21,2 fOPIBHIOIOTE HY/IO.

BTpami 3 BMxigHMMK rasamm, %

6,8
6,7
6,6
6.5
6,4
6,3
6,2
6,1 ,
1,26 1,27 1,31

koediyieHT HAAANLWKY NoBITPA, A
Puc. 5. 3anexHicTb BTpat Tenna Big KoediLiieHTa Hag/IMLLKY NOBITPSA

AK BUAHO 3 rpadika, i3 3VMEHLLEHHSIM O MOMITHO 3pOCTal0Tb BTPATMW (|, , 0COB/IMBO MPY HMXKHIX MeXax Be/IMUMH
O, ane 3HMXKYETLCA [, , | HaBNaKMK, 3i 36I/bLLEHHAM O BEIMYMHA §, 3MEHLLYETLCS, ae Pi3Ko 3poCTatoThb BTPATH d, .
Ak 6aummo, onTUManbHa BenuuuHa byfe BiANOBIfaTM BMMAAKY, KOMM CymapHi BTpatu d, +d, 6yayTb

MiHiManbHUMU. B Tabnuui 1 HaBeAeHi aaHi 3amipis. Ans BMbopy ONTUMALHOrO 3Ha4YeHHs KoedilieHTa HagIULLKY
noBiTpsa (0) 6yno NpoBeaeHO cepito AOCNiAiB NPU O4HAKOBIN 3arpy3ui B 77% (Tak 3BaHi npnbaunsHi gocnign). Cepis
[ocnifiB npeacTaBneHa Ha pucyHKy 1.6 i B Tabnuui 2. Kpalle noynHati 3 o 6Ginblue HeobXigHoro. Tak sk byae
TOYHO BIACYTHIV XiMiuHMiA Hegonan. Mpu 3HWKEHHT TUCKY NOBITPS Ha NaslbHUKM MOCTYMOBO 3HUMXKYIOTLCA O i q, .
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PoGoTa KOTna cTae Gifibll EKOHOMiYHOH. [pU NOAANbLUOMY 3HVKEHHIO TUCKY MOBITPS B MEBHUIA MOMEHT
3ABNAETLCA XiMiYHMIA Hegonan. FKWO Aani  3HWKYBATU TWUCK MOBITPSA, TO G, POCTe AyXe WBWAKO. Mpn6nnsHo

TOYKa NoYaTKy 3pocTaHHs CO Gy/e TOUKOK HU3Y ONTUMaIbHOT 30HM.

Tabnuua 1
3BefieHi AaHi 3amipiB
Howmep pgocnigy 1 2 3

Cknag BUXiAHUX 0,,% 4.7 4,9 54
rasis CO, ppT 214 18 30
Cknag BUXiHUX 0,,% 4.8 5 55
rasis CO, ppT 202 40 57
KoediLieHT Hagu1LLKy NOBITPS 3a KOT/IOM 1,26 1,27 1,31
KoeiLieHT HaguLLKy NOBITPS 3a BOAAHUM 1,27 1,28 1,32
eKOHOMai3epom

BTpatu 3 BUXigHUMK razamu, % 6,34 6,45 6,7

Y CBOIO Yepry AKLO MiABULLYBATW TUCK NOBITPA HA MaNbHUKM O i q, pocTyTb. Ane nagae KK/, i po6ota
KOTNa HEEKOHOMIYHA. FKLLO i Aani NigHIMaTK TUCK, TO NPU GY>Ke BENMKOMY 3Ha4eHi O MOYHE 3'ABASETLCA XiMiYHWIA
Hegonan, i KK/, Bnage Le HbK4e. TouKa NoyaTKy 3poCTaHHs g, 6y/Je TOUKOH BepXy ONTUMa/IbHOT 30HM.

OTXe onTUMasibHUM BapiaHTOM Oyae gocnig Ne 2. HanawTyBaBLUM PEXMM TOPiHHA Ha ONTUMasbHE
3HaYeHHS O M1 MOXEMO OTPUMATU NIJBULLEHHSA (, | AK HAcNifoK NOoHWkeHHs KK/. Lo Moxe 6yTu NnpuynHO0?
Mpucocun NoBiTPA B TOMKY i rasoxif KoTna.

HagmipHuin 06’eM noBITPs 36iNblUye ONip TPaKTYy, BUK/IMKAE MEPEBaHTaXKEHHS AMMOCOCIB i 3HVKEHHS
TennonpoayKTusHocTi i KK/.

s 132 1. Re9%
5 13 AE R 68%
3 1w T 6% L
s = P
g 129 = 66%
£ S 65% o
5 7 = 54% —
S Se% |
125 S 62%
220 i 230 fla 2ild 220 g 230 fia 248 g
Tucw nofimmes § noderury Tuci nafimmes & Rasesmy
Puc. 6. Mpadikm 3anexHocti K, €K, (, Bif TUCKY NOBITPSA B Na/IbHAKY
Tabnmuga 2
[JaHi onsa pospaxyHKy
Jo Micns
TemnepaTypa BUXiAHMX TrasiB 3a 158,7 152
B.E.
KoegilieHT HagMwKy noBiTps 3a 1,34 1,28
B.E.
BTpaTtu 3 giMoBUMYM razamu 7,02 6,41

3HMKEHHS TemnepaTypy rasiB BHACMifAOK 3aliBOT0 HaAXOKEHHS XOM0AHOro MOBITPSA, WO 3MEHLUYE
KifIbKICTb Tenna sike NepeaaeTbcs BUMPOMIHIOBAHHSIM.

3a eKCMepTHMMM OLiHKaMW Ta NPaKTUYHUM AOCAI4OM, BCTAHOB/IEHO, L0 36i/bLLUEHHS NPUTOKY MNOBITPS B
Kamepy 3ropaHHs Ha 0,1 3HMXYE KifbKiCTb Bifdadi Tenna Ha 4-5%. 3MeHLUEHHS NOrNMHaMbLHOT 34aTHOCTI Ternna
MOBEPXHSIMM TeM/1006MiHY HarpiBa4ya BMK/IMKAE MEPEeBAHTAXKEHHS KOHBEKTMBHMX MOBEPXOHb, YMM BMIMBAE Ha
TemnepaTypy AMMOBMX rasis, a came NifBuLLYye TemnepaTypy.

Hanpuknag, NnpuToK MOBIiTPA B Kamepy 3ropaHHst Ha Aa = 0,1-0,2 nigBuLLye TeMnepaTypy rasiB Ha
4-8°C.

Mpucocn NOBITPS B rasoBi KaHa/M KOTMa 3HWKYHTb TeMnepatypy BUXigHWX rasiB B 30HI NpucociB Ta
3HMXKYIOTb KifIbKICTb TeNNa, nepefaHoro NoBepXHAMU TeNI000MiHY, po3TalloBaHUX 3a MicLUAMK NpUcocy.

BukopucToBytOUM Tabnmulo 2 NPoBeAEHO PO3paxyHOK. 3MEHLUYOUM NPUTOK MOBITPS B Kamepy rOpiHHA
MOXHa 3MeHWNUTV q, i nigsuwmty KKA. Aani B3aTi 3 PHI kotna AKBP-4-13 npu HaBaHTaXKeHHi B 77% Bif
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MaKcMMyMy.
3HWKEHHSA BTPaT ¢, BU3HAYAEMO 3a (HOPMYIIOHO:
U, —ax, O -t
g gy, ®)
0o O0O4W O
ae Q; — KOemiLiEHT Haf/INLLIKY MOBITPSA 0 3MEHLLEHHSA NMPUCOCIB MOBITPS;

o, — KOeiLieHT HaANLLKY NOBITPA NiCNA 3MEHLLUEHHS NPUCOCIB NOBITPS;
t
t

., — Temnepatypa BUXifHNX ra3is 3a B.E. 10 3MeHLIEHHs NPUCOCIB;

— TemnepaTypa BuUxiHuUX rasis 3a B.E. nicns 3MeHLWeHHS NpuUcocis.

_[1.34-1.28 0, [158.7 -152
134 HH 1587
B pe3ynbTaTi 3HMXEHHS npuToKy noBiTps KK/, KoTna nokpaulyetbes Ha 0,61%.
Ha ocHOBi MaTeHTHOro MOLYKY Ta BfAacHOro fAoceigy 6yna 3arnpornoHOBaHa HACTYMHa KOHCTPYKLiSA
MexaHi3My 3anuMpaHHA KaMepun 3ropsiHHsA TBepAONaMBHOIO Kotna (puc. 7). MexaHi3M cknafaetbea 3 21-i getani.
BinbWicTb geTanei € pyxommmm ans 3abe3neyveHHs peryntoBaHHs gBepei.

1

AQ ﬁzoz = 0.61% ©)

a-at 3

t@'
~. 11

Puc. 7. MexaHi3m 3anupaHHs KoTna

OCHOBHOI0 CKNlafanbHOK OAVHULEID ABEPEi , Ha AKY (IKCYHOTbCA GibLUICTL AeTanei ABNAETbCA ABepuaTa
(nos. 2). iBepusTa OCHaLLeHi YoTMpMa BTYNKaMK 3 BHYTPILLHBOK Pi3b60I0 AN KpinneHHs geTaneii nos. 5, 6, 7, 10,
12, 13, 14, 17. Ha 30BHiLLUHIV giaMeTp BTY/IOK MOHTYHOTbCA MPY>XMHA (N03. 7), Micis YOro BCTaHOBIOETLCA YNOpHa
Wwaiba (nos. 10).

Micna MoOHTaxy ynopHoi walion (no3. 10) opiBaeTbca ekpaH (Mo3. 5) 3 MonepeaHbO BMOHTOBAHOHO
6a3asbTOBOK MPOKNaAKOK, AN Tennoi3onauii NpPy>KuH Big Ai Tenna B Kamepi 3ropaHHa Kotna. IMicns MoHTaxy
eKpaHa MOHTYHOTbCSA YOTMpPK rBUHTa (No3. 13) sKi «3LMBa0Tb» BCTAHOBAEHI aeTani Ta agepusTta (nos. 2). Micns
MOHTa)XXy rBMHTa (M03. 13) Ha YNopHY rpaHb LUECTUIPaHHOT YaCTWHW TBUHTA OfiBaEThCA LWaiiba (no3. 17) Ha Bepx
AKOT BMOHTOBYETLCS LLIAMOTHA nauta (no3. 12) 3 nonepefHs0 3pobneHVMu oteopamu [110 mm. LLlamoTHa navta
(hikcyeTbes Wwaiiboto (no3. 17) Ta raikoro M8 (mo3. 14). BUKOPUCTaHHS LIAMOTHOI MNAUTW 3HWXKYE BMIUB
TemnepaTypu Ha MexaHi3M, L0 36inbllye ekcrnayaTauiiHuiA nepiod. BuHTaMm (No3. 13) perynoeTbCs CTUCKaHHS
npy>uH (nNo3. 7) Ta ekpaHa (no3. 5) Ao agepudt (nos. 2).

MexaHi3mM MoBOpPOTY CKMaAaETbCA 3 CKOOU (No3. 9) AKa KPINnMTbCA Ha LWNuibku M8, o nonepeiHbo
3ahikcoBaHi B Kopnyci koTna. Ane nonepefHbO Ha BEPXHE KPIMJEHHA HaKpydyeTbCa pPerynarop BigxuneHHs (nos.
8). Ha HwxHe KpinieHHs ofiBaeTbcs Waiiba (Mo3. 11) gns BMpiBHIOBAHHS CcKobu (nos. 9). Micna yoro ckoba
thikcyeTbCs ABOMa raiikamu (no3.14 Ta no3. 15). Micns 3akpinneHHs ckobw (Mo3. 9) Yepe3 0TBOPM B Hiil MPOXoAsTb
rBuHTK (No3. 1) 3 Hakpy4eHOH rainkoto (Mo3. 14). 3 iHLOT CTOPOHN (PIKCYETLCA HAKPYUYeTbCA raiika HaTtary (noas.
4), W0 [03BONSE PerynoBaTy BUMIT rBnHTa (41B. nepepi3 A-A).

Micna cknagaHHs MeXaHi3My MOBOpPOTY Heo6GXigHO 3a [JOMOMOro oceit (Mo3.) HaBicUTK ABepi yepes
OTBOPW B ByLIKax Ha rBuHTax (no3. 1). MMicns HasilyBaHHSA [BEpei 3a AOMOMOrow YNnopHoi wWwaibn (nos. 19)
3achikcyBaTyh OCi 4151 3ano6iraHHs BUILOTY.

Micna MOHTaXKy ABepeil Ha IBUHTW BCTAHOBUTM B Ma3 B [BepsiX Pyyky KoTna (no3. 20) Ta 3agikcysaty
rBUHTOM (no3. 16).

Mpw 3aKpWBaHHI ABepei TepMoi3onALiiHNIA WHYpP (No3. 22), WO 3HaXoANTbCA B KaHaBLi ekpaHa (nos. 5)
BNUPAETbCA B BIKHO KOTMa. icnsa 4oro npyxuHW (no3. 7) CTUCKaKTbCA Ta CTBOPKOKOTL HEoOXifHe 3ycunna ans
repMeTWYHOCTI KoTna. EkpaH (nos. 5) Big AIi€H0 CUT CTUCKAHHA MPYXWH LeOpMYETbCS Ta MpWiiMae NOTPiGHY
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thopmy. PerynioBaHHA KyTy Haxwiy [BEpUAT BiAHOCHO TFOPW3OHTY 34iMCHIOETbCA 3a AOMOMOrOK  perynaropa
BigXUNeHHA (No3. 8) NpoBepTakyumM MOro No BHYTPILLHIW pi3bbi. PeryntoBaHHA NPUTUCKaHHSA 4BEPei 34iACHIETLCS
yepes nepemilllyBaHHs raiiku (nos. 14) Ta raikm HaTary (nos. 4) no pisb6i remHTa (Nos. 1).

[ns  3a6e3neyeHHs repMeTMYHOCTI Kamepy 3ropaHHsi Ta PeBi3iiHOI KaMepu BMKOPUCTOBYEMO
TepmoisonauiriHuii WwHyp IZOPAK-57 kBagpaTHOro npodinto 12x12 mm. BignoBigHO A0 TEXHIYHUX XapaKTepUCTUK
HafaHUX BUPOOHMKOM, HEOOXiAHe 3ycunns Ans 3abe3neveHHs repMeTUYHOCTI NPY BUKOPUCTaHI TepMOi30/isLiiHOro
WwHypy 1ZOPAK-57 0,3...0,4 MMa.

[ns  po3paxyHKy HeobXigHOro 3ycwunns 3anvpaHHs Asepeid NOTPIGHO BW3HAUYUTU MAOWY KOHTaKTy
TepmoizonauiiHoro wHypa IZOPAK-57 Ta kopnycy KoT/a. 3 nornepegHb0ro po3giny BigoMo, WO BHYTPILHI po3mipu
BikHa KOT/a 250x390 MM, TOBLLMHA CTiHK1 MeTany 6MM. M/10LLa KOHTaKTY BU3HAYaETLCA 3a (hopMy/ioro (MM):

S, =2((I +2t)t +h @) = 2((390 + 2 [6)6 + 250 [6) = 7824 (10)

[ns po3paxyHKy BUOGMpaEMo Oifblue 3HAYEHHS, ANA TOYHOro 3abe3rneyeHHs repMeTMYHOCTI KOTna npu
po6oTi. TakoX AN HagiiHOCTI MpW PO3paxyHKy AeTanei
HaBaHTaXXeHHS 36iNbLUINMMO Ha 25% A5 HagiAHOCTI. zZ

Ha pucyHky 1.8 cxemaTWyHO PO3MilLeHi TOUKM 7
KpinneHHs [ABepusAT, Ha fAKi 6yae pPO3MNOBCIOAXYBATUCH
HaBaHTaXKEHHA Bif NPYXMH. 3

OcKinbku Toukun 1 Ta 2,3 po3miLleHi CUMETPUYHO
BIJHOCHO LEHTpa BiKHa KOTMa, TO [/1 CMPOLLEHHS
pO3paxyHKy MpPUAMAEMO, L0 3yCUANA SKe BUHUKAE B TOUL  Puc. 8. PO3MiLLEHHS TOUOK 3aKPiMeHHs MexaHisMy 3anypaqHs
1 JOpiBHIOE CymMapHOMY 3yCUM0 B Touui 2 Ta 3. Takox,

OCKi/IbK/ TOYKM 2 Ta 3 po3TaLloBaHi CUMETPUYHO BiAHOCHO LIEHTPa BiKHA TO MPUIAMAEMO, LLLO 3YCUNA B LIMX TOUKAX
piBHe.

R=R+PR; P =P, (11)
CyMapHe 3ycunns, Lo BMHUKAE Npy po6OTi MPY>XUH CTUCKAHHS JOPIBHIOE:
P =SR,; P, =7824[0,4, P, =3130H. (12)
BpaxoBytoumn KoeiLieHT 3anacy mMiyHocTi 1,25 My oTprMyemo:
P, =R, [1.25=3130[1.25 = 3912H. (12)
3ycunns aKi BUHUKatoTb B TOUKax 1,2 Ta 3 JOPIBHIOIOT:
P=P, /2:£212:1956H.
P 1956 (12)
P, =R, =-1="—=978H
2 2
BucHoBKM

Ha OCHOBI aHanisy iCHyUMX KOHCTPYKUi TBEpAONa/IMBHUX KOT/IB 3aMpOmnoHOBaHa HOBAa KOHCTPYKLiA
MexXaHi3My 3anuMpaHHs KOTna, Lo 3abesnedye CTabifbHe repMeTUYHEe 3anMpaHHA KaMepw 3ropaHHsi 3a paxyHOK
NOAAT/IMBOrO eKpaHy Ta MOX/MBOCTI PerysoBaHHA BiAHOCHO BiKHA B TPbOX Hanpsmkax. OTpuMaHi pesynbTaTy
nepefaHo Ans BhpoBamkeHHs Ha AN KA3 (M. KpacuniB) npy MPOEKTyBaHHI Ta CepiiHOMY BWMYCKY
TBEpLONa/IMBHUX KOTNIB «Koppi».
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