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PE®EPAT

VY wmaricTepchkiil nuceprariii 3po0JeHO aHalli3 ICHYIYUX MpHiIadiB Ta 3aco0iB
BUMIPIOBAaHHS BHUTPAaTH TMPUPOJHOTO Ta3y. Po3po0ieHO MaTeMaTH4HYy MOJECIb
JTOCJDKEHHS. YMOB BIIMIHHOCTEH TTPpH KaJliOpyBaHHI JIIYUJIbHUKIB Ta3y.

[IpoBeneHo aHami3 BIAMIHHOCTEH CEpEeAOBHUI KajdiOpyBaHHS Ta MHPAKTUYHOIO
3actocyBaHHs. JlocmimkeHo KpuTepii MOAIOHOCTI B TiApOTra30HHAMIIL.

Po3pobiieH0  po3paxyHOK BUMIPIOBAJIbHOTO  TEPETBOpPIOBaYa  BUTPATH
MPUPOJIHOTO Ta3y 3 BpaxXyBaHHSIM poOOYOro CEpeIOBHINA.

[IpoBeneHO KOMIT IOTEpHE MOJICTIOBaHHS TypOIHHOTO MEPETBOPIOBAaYa BUTPATHU 3
BpaxyBaHHIM poOOUYOT0 CEpeIOBHUIIIA.

[IpeacraBneno rpadiyHuil MaTepiain: CKIaJaJbHUNA KPECICHHUK JIYUIbHUKA;
CKJIQJJAIbHUM KPECJICHUK KOpIycy; poOodYl KpecjeHHs [eTaneil; rpadiku; KapTu

IBUJIKOCTEMN.

ABSTRACT

The Magisterial Disertion has a detailed analysis of the best practices and
methods of the use of natural gas. The mathematical model of the achievement of the
minds of the people with the gas supply has been fragmented.

An analysis of the characteristics of the middleware of calibration and practical
application was carried out. The criteria for the determination of gas and gas dynamics
are determined.

Calculation flowmeter natural gas with work space.

The computer’s model of the turbine overturning consumption with the rudimentary
working medium was carried out.
Presented graphical material: folding armchair of the lyp; folding armchair to the hull;

working parts; graphs; pictures of tweaks.
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HEPEJIIK IIOSHAYEHDb TA CKOPOYEHb
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BCTYII

HachoroHi mpupomHuil Ta3 cTaB HEBiX’ €MHOIO YaCTHHOIO XKHUTTA Iojel. Moro
BUKOPHUCTOBYIOTh IIPU OMNAJEHHI JOMY, IMPUTOTYBaHHI iXl, K MajJMBO Ta B IHIIUX
ramy3six npoMucioBocTi. [lpuponnuit ra3 sBAs€TbcS HANOUIBII  €KOJIOTIUHO
HEIIK|JIMBUM €HEPrOHOCIEM, TaK AK MPH HOTO 3rOpaHHl BUAUISETHCS 3HAYHO MEHIIE
BYIJICKHCIIOTO Ta3y, HDK NpH 3ropsHHI HadTu ado Byruwis. Uepes Horo BaKiIuBe
3HAaYEHHS, 3SMEHIIIYIOTHCS OTO 3amacH 1 SIK HaC1I0K 3 KOXXHUM POKOM POCTE IliHA.

Jlig o0niKy HPUPOAHOTO rasy CIOXKHBadl BUKOPUCTOBYIOTH JIIUMJIBHHUKH Ta3zy,
0€3yMOBHO [AYy’K€ BaKJIMBUN MNpUia] s KUTJIOBUX 1 KOMEPUIMHUX MPUMIIICHD.
[IpaBunpHO miniOpaHud BUTpATOMIp JJIS BHUMIPIOBAHHS CIIOKHTOrO 00’€My rasy,
JIOTIOMOYKE€ HE TUIbKU 3MEHILIUTH BUTPATY, aj€ 1 BECTU YITKUI KOHTPOJIb LIOMICSUHUX
BUTpAT pecypcy.

[cHyroul BHMOrM 100 JAONYCTUMHUX MEX IMOXMOOK BHUMIPIOBAJILHUX
nepetBoptoBayiB  Butpatu (BIIB), BemuumHOo +2% HE MOXYTh IOBHICTIO
3a/I0BOJIBHUTH MOTPEOM CHoKMBauiB, OCKUIbKkM BIIB moBipstoThes, KamOpyroThCs Ta
BUKOPHCTOBYIOTBCS 32 PI3HUX YMOB,

[IpoGnema BpaxyBaHHsS BIAMIHHOCTEH yMOB KaJdlOpyBaHHS TpU BUKOPUCTaHHI
JYWIBHUKIB Ta3y HAChOTOJHI € JyXe BaxiauBow. OTke HAChOrOJHI OCHOBHOIO
3aauelo € HaOMMKEHHS MOXKIJIMBOCTI TOBIPKM Ta KajmiOpyBaHHS Ha TOBITPl 0
pe3yNbTaTiB NOBIPKU Ta KallOpyBaHHs HA MPUPOJTHOMY ra3i.

Memoto 0ocnioxycenna € BU3HAUCHHS BIJIMIHHOCTEHW XapaKTEPUCTHK POOOUHX
CEpeOBHUIL IIPH MOBIPLI, KaJIOPYBaHHI 1 32CTOCYBaHHI JIIYMIILHUKIB Ta3y.

O0’ckmom Oocnidyicenna € BHUMIPIOBaHHS OO0 €MHOI BHUTpaTH Ta 00’eMy
MIPUPOJIHOTO ra3zy.

Ilpeomemom oocnidrycenns € TypOIHHI BUMIPIOBAIBHI IEPETBOPIOBAYl BUTPATH.
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PO3/ILJ1 1 AHAJII3 IPOBEMU BUMIPIOBAHHS OB’€EMY TA OB’EMHO{
BUTPATHU I'A3Y

1.1 XapakTepucTKa BUMIPIOBAHOIO CepeJOBHILA TAa MPoLecy BUMiPpIOBAHHA

B nazgpax 3emili 3HaXOQUTHCS MPUPOJHUMN ra3, a TAKOXK ra3 3eMHOI aTMocdepH.
Bin nepeOyBae y 4YacTKOBO PO3UYMHEHOMY CTaHl y MiJ3€MHHMX 1 Ha3eMHUX BOJax,
copOOBaHMI BYTULIAM 1 JEAKMMHM TJIMHUCTUMHM mopoaamu.llin yac BysiIkaHIYHOI
TISTTBHOCTI Pa3oM 3 TEKTOHIYHUMH IIUIMHAMH 3 HAIp 3€MJIl BHAUIIETHCS TPUPOTHUI
ra3. Kommonentamu 1iei cymimn € mepeBaxkHo HacudeHi ByriaeBoaHi (CpHan.p) azor,
JIOKCHUJ] BYTJIEITIO Ta CIPKOBOICHb.

[Ipupognuii ra3 mae BHIJISA] Ta30BOI IMIANKK Ha(TOra3oBUX poOJIOBULI, a0o
nepeObyBae  po3uMHEHOMY cTaHi B HadTi abo Bomi. [lpm cranmapTHuUX yMOBax
nepeOyBae B ra3oIoi0HOMY CTaHi.

3a AeIKUX TEPMOJAMHAMIYHMX YMOB Ta3 MOXXE MEPEXOAUTH B KOPi B TBEpIUi
CTaH, YTBOPIOIOUM TIPH LILOMY TO30TiApaTHI MOKjIaau. BiH 3’€AHYy€eThCS 3 IMIACTOBOIO
BOJIOIO 32 T1APOCTaTUYHOIO TUCKY (10 250 atm) 1 Temnepatypu (o 295 K), micns yoro
MEPEXOIUTh B TBEPJIUH CTaH B 3eMHiH Kopi [1].

binbi BUCOKY KOHIIEHTpAIIO Ta3y B OAUMHUIN 00 €My MOPHUCTOrO CEPEIOBHIIA
MarOTh Ta30TiApaTHI MOKIaAW. Y 3BHYAMHHMX Ta30BUX POJIOBUIAX BOHA MEHIIA, TaK SK
OJINH 00’ €M BOJIY TIEPEHIIIOBIIHN B TiapaTHUI cTaH MoB’a3ye 10 220 06’eMiB rasy.

B nyxe rmubokiit cBepasioBuH1 01151 Micta HoBuil YpeHroi oaepkaHo MPUILIUB
ra3y 3 riauounu oinbire 6000 MeTpiB. Y 3eMHUX HaJpax NPUPOJHUMN ra3 3HAXOIUTHCA Y
BUTJISIII  MIKPOCKOMIYHUX TOp. TpIMIMHU CIYTYETh MIKPOCKOMYHUMH KaHajJaMu
3’€JHAHHS TIOp, TI0 WX KaHajaX ra3 HaaXOIUTh 3 MOpP 3 BHUCOKHUM THCKOM B TIOpH 3
OLTBIII HU3BKUM THCKOM JI0 THX IMp, TIOKH HE BUSBHUTHCS B CBEPJIOBHHI. Pyx razy B
MJIacTl MIAMOPSIKOBYETHCA TEBHUM 3akoHaMm. Jlmst mgoOyTTst Ta3zy 3 Hagp 3emill
BUKOPUCTOBYIOTh CBEpMJIOBUHU. CBEpUIOBUHM PO3MIILLYIOTh MO BCId TEpUTOPIi
poaosuiia. I{e moTpiOHO aJ1s TOro MO0 MIACTOBUM THCK PIBHOMIPHO BIIAB JIO MTOKJIAIIB.

Tak sik ra3 nepeOyBae IiJ] BACOKAM BiH BUPUBAETHCS HA MOBEPXHIO 3 Hazp 3emui[1].
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1.2 SIx BUA00YBaOTH NPUPOAHUI ra3

[Ilo6 noOyTtu Ta3, SKui po3TanmoBaHW Ha TAMOWHI OlLTbiie 1 KM MOTPIOHO
npoOypUTH TIUOOKHI Ta JOBOJI BY3bKHUW OTBIp y TIPYHTI, BUKOPHUCTOBYIOUH OYypoOBi
Opuiaay, SKAW Ha3WBAETbCS CBEPIUIOBUHOIO. BcCTaHOBIEHHS Ha HiM  3aCyBKH
3a0e3neynTh BUIOOYTOK TITBKK TOI KITBKOCTI ra3y ska HeoOxigHa. [HOa1 cBepyioBuHA
MOKe (POHTaHyBaTH — 1€ MPOIIEC BUPUBAHHS ra3y 3 HAAP 3€MIII M1l BIACHUM TUCKOM.

Skmo npoOypuBIIM CBEPAJIOBHHY, i1 BUPIIIYIOTH PO3pOOJISTH (TOOTO IMOYaTH
BiJ101p ra3y Ha30BHI), TO HOTPIOHO A0 MPOMUCITY MPOKIACTH HUIEH.

MertaH, iK1l € OCHOBHOIO CKJIaJJOBOIO ra3y, MICIsl CBOTO BiIOOPY BUPUBAETHCA 31
cBepasioBUHHU MiJl TUCKOM 100 atMocdep, NpUXOIUIIOI0YM Ha NUIAXY BEIUKY KUIBKICTh
nomimok. /o Toro , BIH € MOKPUM, OCKUIBKH Pa3oM 3 HUM 3-TiJ 3€MJI1 BUPUBAETHCS
BellMKa Maca BOAW. Bin ycix Iux JOMIIIOK Ta Opydy pedoBHHY Tpeba OUYMCTHUTH.
Benuka KUIBKICTh JOMIIIOK 1 PIIMHUA BUAAIAIOTHCS IMIJ Yac MpoLecy cenapariii, micis
SAKOTO BOHHM OCIJJal0OTh Ha CTIHKaxX MPWIAJiB. 3a JOMOMOTOI0 XIMIYHOTO pPEareHTy
BiJIOKPEMITIOIOTH BOAY SIKa 3aJIMIIUJIACS, MICISI YOTO HOTO OCYIIYIOTh Ta MOBEPTAIOTH Y
MpOLIEeC OYMIICHHS ra3zy. SIK HaCHiJOK MIOJAHS HAKOMHYYEThCA BEJIMKA Maca BOIH, SIKY
paHile mMpoCTO BUMAPIOBAJIH, ajie 3BaKAI0YH HA €KOHOMIYHY HEBUTAHICTh 1 €KOJIOTTYHY
HIK1JIUBICT LBOTO, 11 MYCSITh OYUCTUTH 1 3aKa4aTH IiJ1 3eMJTIO.

Ha meit vac Bca omeparisi BUAOOYTKY Tra3y BIJ KOXXHOI CBEpIUIOBUHH JIO
HAJXO/PKEHHS WOTO CMOXKMBaudy MOBHICTIO aBTOMathyHa. OCTaHHS JaHKa Ha HUIIXY
MPUPOJHOrO razy SIK rOTOBOI MPOJYKLII — II€ ra30BHUMIPIOBAJIbHA CTaHISA, Ha SIKIA
PO3TAIlIOBAaHUI BY30JI KOMEPILIMHOTO OOMIKYy. 3a HOro JOMOMOTOI KOHTPOIOETHCS
SKICTh Ta KUIbKICTh METaHy Mepe]] HOTo MOoAaueto B €UHY Ta30BY CUCTeMY Kpainu [2].

[[lo6 nifiTh 1m0 cHnokuBaya Ta3 MOXE IMOJO0JIATH [0 MaricTpaisx TUCSYI
kitometpiB. [Iporte 1el mpormec He camocTiiiHuid. ['a3 HEOOXiHO IITOBXATH, JEKOJIU
nigHiMaroud TUCK. [le BXoauTh B OOOB’SI3KM  CIELIAIBHUX Ta30TPAHCHOPTHUX
KOMITaHiH, $SKi BUKOPUCTOBYIOTh CUCTEMHU PO3TATY/KEHUX TPYyOOIIPOBO/IIB.

[To TpyOi1 pyxaeThcs ra3 miJi THCKOM 75 aTMocdep, 1Mo Mipl MPOCYBAHHS LIEH TUCK

3MeHIyeThes. OTmke yepe3 koxkHi 100-200 kM CTOATH chieliajibHI Ta30KOMITPECOPHI
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CTaHIiil, fAKI 1 HE JalTh I[bOMY THCKY 3MEHIIUTHCh. MeETaH CTUCKATh Y
BIJIIEHTPOBAHOMY HarHiTaueBi. ABiamiifHi TypOIHHU MIAXOASATh HOMY B SIKOCTI JBUTYHA.
Bonu miaBHUIYIOTh MIBUIKICTH a3y B TpyO1 70 20 M/C, TaKOIO K € MIBHUJIKICTh BITPY MPHU
cuibkoMy yparasi. Komu ra3 moxoauTh A0 CBO€l TOYKM MPU3HAYEHHS, HOTO MOTIK
HEOOXIZIHO 3YNUHUTH Yy BiANOBIAHIA Toumi. L0 QyHKIIIO TeX BHUKOHYIOTh
ra3opo3Mo/ibHI cTaHlii. BoHU B JIeK1IbKa €TamiB 3MEHIIYIOTh TUCK 3 75-TH 110 12-TH,
5-tu Ta 0,005-T1 aTmMocdep.

OCHOBHY 4aCTHHY MPpUPOAHOTO Tazy ckiagae Mmeran (CHy) — 10 97.9 %. Baxki
BYIJICBOJIHI TaKOXK MPUCYTHI Y CKJIai mpupoaHoro rasy: npomat (CsHg), oytan (C4Hyp),
etal (C,Hg) — romosioru MeTaHy, a TaKOX 1HIIN HEBYTJICBOAHI peYOBHHHU: BoACHB (Hy),
cipkoBojieHb (H,S), miokcun Byrierto (CO,), azot (Ny), remiii (He).

[Ipuknag KOMIOHEHTHOTO CKJIaay MPUPOJHOTO Ta3y, II0 IOCTavyaeThCs
HaceJIeHHI0, MOke Oytu TakuMm: meTaH (95—97,3%), eran (1,21—1,85%), npoman
(0,35—0,53%), i300yTan (0,02—0,0856%), n-Oytan (0,043—0,092%), mneHTanu
(0,0148—0,0342%), rexcanm Ta Bumi (0,001—0,0042%), asor (0,72—0,826%),
miokcun Byraero (0,052—0,0211%), xucens (0,0075—0,0087%) [2].

VY npupogHoro rasy BiAcyTHI 3amax i komip. Illo6 maTu 3Mory BU3HAYUTH HOTO
10 3amaxy, mepea TUM K T0CTayaT WOTOo 0 CIOKMBAYiB, 10 HHOTO JIOAAIOTH OJJOPAHT.
OpopanT — 11e pedoBHMHA 3 PI3KUM crHeruiyHuM 3amaxoM. K OJOpaHT MOXKYTh
BukopucrocyBatu etwiMmepkantan (C,HsSH) abGo cymim npupomaHux MepKanTaHiB
(C,H3P). 3amax mpupogHOro ra3y MOBHHEH BiMYyBaTHCh B TOBITPI NMPH BMICTI HE
Ounbiie 1/5 Big HIDKHBOI TpaHUIll criaigaxyBaHHs. Jlo3a ofopaHTy CTaHOBUTH 16 T Ha
1000 M NpUpoHOro ra3zy. OOpaHT BBAXKAETHCSI arPECUBHOIO PEYOBUHOIO, BIH MOXKE
COPUYMHUTUA KOPO31I0 CTIHOK TPyOHM ra3ompoBOIIB, TOMY [0 MAaricTpajsiX BHUCOKOTO
TUCKY TPaHCIOPTYIOTh HE OJOPH30BAaHUIN MPUpPOaHU# ra3 [3].

OcHoBHI (h13U4HI XapaKTEPUCTUKU IPUPOTHOTO Ta3y:

- rtyctuna p = 0,7 xr/M* cyxuii ra3omnoioHmii;
- TeMrepatypa 3aiimanss: t = 650 °C;

- rtemoTa 3ropanHs: 16 — 34 MJIx/m? (17151 razonoaioHOro);
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https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BC%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D1%83%D1%80%D0%B0_%D0%B7%D0%B0%D0%B9%D0%BC%D0%B0%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BF%D0%BB%D0%BE%D1%82%D0%B0_%D0%B7%D0%B3%D0%BE%D1%80%D1%8F%D0%BD%D0%BD%D1%8F

- OKTaHOBE YMCJIO NPU BUKOPUCTAHHI y JBUTYHAaX BHYTPIIIHBOIO 3ropsHHS: 120 —
130.
['yctuHa (muTomMa Maca) — BIJHOIICHHS MacH pPEYOBHMHHM (Martepiany) A0 ii
00'emy, € GI3UYHOIO0 XaPAKTEPUCTUKOIO OYJIb-SIKOI PEYOBUHU, 3 SKOI CKIATAETHCS TLJIO.
Jl7is BUIMAaKy OJHOPIAHHUX TLT T'yCTHHA BU3HAYAETHCS SIK BITHOLICHHS MacH Tijia M 10

00'emy V, sixkuii BOHO 3aiiMae [3].

, (1.1)

7€ M Maca peYOBHHH, V - 00’ €M pEUHOBUHHU.
Yuwm OublIa TEMIlepaTypa TUM MEHIIA I'yCTHHA ra3y. JJis Tak 3BaHHX 17€albHUX

ra3iB 3aJI€KHICTh TYCTUHH B1J] TEMIIEPATYpH BU3HAUAETHCA PiBHAHHAM Kianeipona

p=—_, (1.2)

1€ p- TUCK, g - IPUCKOPEHHS CHJIM 3€MHOTO TSDKIHHS, R - ra3oBa cTaya (Ui HOBITps
8314,19 JIxx/kmonb-rpanm); T - abcositoTHa Temmneparypa, K.
CrucnusicTh — 3MiHa 00’ €My Ta3y IpH 3MiHI HOro TUCKy. OIIHKa CTHCIHUBOCTI

IPOXOJIUTH 32 IOMOMOT010 Koe(ilieHTa 00’ €MHOT CTUCITHUBOCTI.

dv 1
=—— 1.3
A=\ e (13)
7€ dv —eJIeMeHTapHa 3MiHa 00'emy, M V,—T04YaTKOBHIA 00'eM, Mm% dp — 3mina

ticky, H/M®. Omxe, 3miHa of'eMy rasy dv mpu 36inbluenni THCKy rasy Ha dp Gyme

dv =-4,Vdp, (1.4)
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3HaK MIHYC O3Hayae, 10 Ipu 30UIBIIEHHI THUCKY 3MEHIIYEThCS 00’ eM(BIIHOCHHI

npupicr) [2].
o0 3HaliTH (PYHKIIOHATIBHY 3aJE€KHICTh MK LHUMH HapaMeTpaMHu MOTPiIOHO

CKOpUCTATUCh pIBHSIHHAM MenzeneeBa — Knaneiipona, sike 1 BA3HAYa€ CTaH rasy.

E: gRT . (1.5)

[Ipu i30TepMiuHOMY MpolLIeCi, KO TYCTHHA ra3y MIHIETbCS, a TEMIIepaTypa Hi,

XapaKTepeCcTUYHE PIBHSHHS Ha0yBa€ BUIY

p
—=const , 1.6
( )

Skmio mporec amgiadatHuil (TEMI000MIH MiX HABKOJHIIHIM CEPEIOBHILEM i
ra3oM BIACYTHIM) 3aJ€XHICTh MI)K THCKOM 1 TYCTHHOI BHPAXAEThCS PIBHIHHAM

Ilyaccona

—-=const (1.7)

A

ne k - koedimienT Ilyaccona.

a3 nmns SKOro HEXTYIOTh pPO3MipaMH MOJIEKYJT Ta CHJIAMH MOJEKYISpPHOi
POTHUIIT Ha3UBAIOTh 1/1€albHUM. MOJIEKYJIM B TAKOMY Ta3l CHIBYAapSIOTHCS 32 3aKOHOM
CHIBYZApsIHHS MPYKHUX KyJb. SIKIIO cepellHd BIACTaHb MK MOJIEKyJaMH y 0Oaratro
pa3iB MEPEBUIIYE iX PO3MIPH, TOOTO KOJU PO3PIMKEHHS TOCUTh BEIUKE, TO PEasibHi
ra3u BeayTh cele sk imeanbHuid. ['a3 Moxe Oyt B pi3HHX CTaHax, TOOTO Jeska maca
razy Mae 00’eM V, tuck p 1 temneparypy 7. Beanuunu V, p, T, 1m0 xapakTepu3yroTh
CTaH Tra3zy, Ha3MBalOThCA TEPMOAMHAMIYHMMHU Tnapamerpamu. Ilpouecu, 110
B1IOYBaIOTHCSA TMPU CTAJIOMY 3HA4Y€HHI OJHOro 3 mapametrpiB crany (7, V abo p) 3

MIEBHOIO CTAJIOK0 MACOI0 ra3y, Ha3uBalOThCs 13omporecamu [3].
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1.3 SIkicHi MOKa3HNUKYU MPUPOTHOIO ra3y

3rinno 3 MbkaepxkaBHuM ['OCT 5542-87 «['a3um roproui OpUpOHI IS

MIPOMHUCIIOBOTO 1 KOMyHalbHO-TI0OyTOBOoro mnpusHaueHHs. TEXHIYHI YMOBW», 3a

(b13UKO-XIMIYHUMHU TOKa3HUKAMHU MPHUPOJHI TOPIOYl Ta3W TMOBHHHI BIJIOBIIATH BCIM

HeoOX1THIM BUMOTaM 1 HopMam [4].

BiiacTuBOCTI NMPUPOAHOrO Ta3y BIJAMOBIAHO O CTaHJAPTHUX YMOB HaBEJEHO B

tadmum 1.1
Tabmums 1.1
BiiactuBOCTI IpUPOIHOTO razy
HalimenyBaHHS TOKa3HUKA Hopma Meron
BUIIPOOYBAHHS
1. Halimenmra Teruiora 3ropaHHs, MI[)K/M3 (KKaJI/MS), 31,8 I'OCT 27193-86
npu 20°C 101,325 kI1a, (7600) I'OCT 22667-82
I'OCT 10062-75
2. Obnactp 3Ha4YeHb ynciaa BooOe (HaliBuie), 41,2-54,5 I'OCT 22667-82
MJDx/m (kkain/s) (9850-13000)
3. Homyctume Bia3uieHHs ynciia Boooe Bif 5 -

HOMIHAJILHOTO 3Ha4YeHHs, %, HEe OLIbIIIE

4. MacoBa KOHIIEHTpALLis CipKOBOHS, T/M°, He Giblire 0,02 I'OCT 22387.2-83
5. MacoBa KOHIIGHTPAIlisi MePKAIITAHOBOI CipKH, T/M°, He 0,036 I'OCT 22387.2-83
Oonee I'OCT 22387.3-77

6. O0’eMHa 10 KUCHIO, %, HE OLIbIIIE 1,0 I'OCT 23781-83
7. Maca MeXaHiuHuX Z0oMimoK B | M°, T, He Ginbe 0,001 I'OCT 22387.4-77
8. IHTeHCUBHICTB 3amaxy rasy npu o6'emuiit yacrui 1% 3 I'OCT 22387.5-77

B MOBITpi, Oai

Ha razoBumiproBaibHUX CTaHIIISIX Ta MyHKTaX BUMIiproBaHHs BuTpaTu ra3zy (I'BC

ta [IBBI), sxi OyayroTh Ha BXO/1 MaricTpaJlbHUX ra30MpoBO/IB YKpaiHU, BU3HAYAIOTh
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SKICHI TIOKa3HUKH TPUPOJHOIO Tra3y, TOOTO BIAMOBIAHICTH HOro (hi3UKO-XIMIYHUM
noka3zHukam (O XII), siki 00yMOBII€HI KOHTPAKTaMH.

I'BC Tta IIBBI' ocHamyiooTbcs HOBHMHM TOJOBHUMH 1 JyOMIOIOYUMH
ABTOMATH30BaHUMH KOMIUJIEKCAMHU OO0JIIKY Ta3y, TaK0XX MalOTh y CKJIaJll apXiB KiTbKOCTI
Ta KOMIIOHEHTHOTO ckiagy rasy. l1{omo60Bo B XiMiKO-aHATITUYHUX JlabopaTopisix B
xpoMmarorpadax mpoBojaTh BuzHaueHHd DXII razy, skuil HAAXOAUTH Ha TEPUTOPIIO
VYkpainu[4].

[lepeBipsroTh SKICTh ra3y, SIKUW MOCTAYAETHCS 3 TA30TPAHCIIOPTHOI CUCTEMHU JI0
ra3opo3noJiIbHOI MEpeXl OJIMH pa3 Ha TIWKIEHb. Pe3ynbTaT MepeBIpKU Ta aHami3zy
OXII razy oQopMiIIOIOTh y BHUIJISAI MPOTOKOJY SKOCTI ra3y, SIKUM 3aTBEPIKYETHCS
kepiBHUKOM ynpaBiiHHA Il «YkprpaHncraz», ogHa KOmisl $KOrO BIJACHIIAETHCS
H1IPUEMCTBY.

[lepeBipka KaJOpiiHOCTI MNPUPOJHOTO Ta3y, SIKUA BUKOPUCTOBYE HACEICHHS
Moke OyTW 37iliCHEeHHa upe3 3asiBy TIpOMajsgH, Ha YMOBax IepeadaueHux
3aKOHO/IaBCTBOM.

To0TO, y pa3li BUHUKHEHHS CYMHIBIB, CIOKMBau4 MOE CAMOCTIHHO 3aMOBHUTH
poBeieHHs ToaaTkoBoro anamizy @XII razy.

3a pesynbraramu a"aniziB YkpH/[Ira3 temnora 3ropsiHHs HUk4Ya (KaJoOpiiHICTD)
IPUPOIHOTO Ta3y Ha Teputopii YKpaiHu 3MiHIOeThCs B Mexkax 8 000-8250 kkan/m°, 1o
NEPEeBUIY€e 3HAYCHHS KanopiiiHocTi ra3y, BcraHoBieHi ['OCT 5542-87 — ne Hibkue

7600 KKa/M .

1.4 OcHoBHi BizoMocTi Ipo 06’eM Ta 00’€MHY BUTPATy
O0’eM - 1€ BeIMYMHA, 0 BU3HAYAE KUIBKICTh MPOCTOPY B CEPEANHI 3aMKHYTOI
MMOBEPXHI, HAMPUKIIA]] 11€ TPOCTIpP, SIKU 3alOBHIOE 200 MICTUTH B cO01 pedoBHHA ab0
¢irypa. IlpuitsaTi ogunuui BumiptoBanHi B cuctemi CI — KyOiyHuM meTp, KyOluyHUMH
CaAaHTUMETD, JITP.
O6’emHa BuTpaTta 11¢ — 00’ €M SIKUM POXOAUTH KPi3b 3aJJaHUi TIepepi3 3a OJUHUILIIO

qacy. Oyuanmi BuMiproBanns B cuctemi CI- (M%/c).
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SKI0 MBHUAKICTh TOTOKY v MEPHEHAUKYISIPHA 10 IO MOMEPEYHOro Mnepepizy

S, TO BUTpaTa 00YHCTIOETHCS [3]

Q=\S. (1.8)

SIK110, MIBUAKICTE NOTOKY a3y HEOMHOPIIHA, Yepe3 3aaHy IUIOILY, TO 00’ eMHa
b 9 b

BUTpaTa O0YUCITIOETHCS IHTETPAJIOM MO IO

Q=jjudco, (1.9)

ne de- TudepeHIiai MoBEepXHi;
ds - audepeHIia mIon.

[Ipu BuMmiproBaHHI 00’€My rasy, HI0 MNPOXOJAUTH Kpi3b MEpepi3 BU3HAYAIOTH
BUTpaTy 00’€eMHY Q,, MPU BUMIPIOBAHHI Macu -MacoBy BUTpary Q,, . Hns ycramenoro
NOTOKY Q, MIOPIBHIOE JTOOYTKY CEepeHIN MIBUJIKOCTI MOTOKY HA IUIONILY MOMEPEYHOTrO
nepepizy ; Q,, - J0OYTKY T'YCTUHU PEUOBHUHU Ha Q, .

[Ipunagu, 10 BHUMIPIOIOTH BUTpPATy HA3UBAIOTHCS BUTpPATOMIpaMH, a JUIs
BUMIPIOBAHHSI ~KUIBKOCTI PpPEYOBHMHU - JIUYMJIBHUKAMHM KIJIBKOCTI ab00 MpOCTO
JiurIbHUKaMu [5].

[IBuaKicT, y JdaHI TOYIl TOTOKY HA3WBaIOTh MICIIEBOIO ab0 JIOKAIBHOIO.
[IIBUAKICTH sIka BH3HAUCHA Y KOHKPETHUH MOMEHT 4acy, HAa3WMBAEThCS MHUTTEBOIO, a
SKIIO 3 JIOCUTh BEJIMKOI KUIBKOCTI BUMIPIOBaHh BOHA CTAaHOBHUTH CEPEIHE 3HAYCHHS,
TOJ1 BOHA Ma€ Ha3By OCepeHEeHa, a00 ycepeHeHa B yaci.

[IIBUAKICTH 3 SKOIO MAalOTh TMPOXOIUTH BCl YaCTUHKH a3y 4yepe3 MOoMepeyHui
nepepi3 MOTOKy, 1mo0 3a0e3MeYnTH TaKy caMmy BUTpPATY rasy, siK 1 MiJ 4ac peajbHOro
PO3M0/IiJIa MIBUAKOCTEH, HA3UBAIOTh CEPEIHBOIO.

Cepennst MBUAKICTD MMOTOKY — BETMYMHA YMOBHA, BOHA HE BU3HAYA€ PEATLHOTO

PO3MOJILTY MIBUAKOCTEH €IEMEHTAPHUX YACTOK Ta3y.

1.5 AHaJti3 cy4acHMX MeTO/liB BUMIPIOBAHHS BUTPATH ra3y
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Ha choroani BUMIprOBaHHS BUTPATH MPUPOJIHOTO Ta3y Jayke OOLIMPHUI MpoIiec.
Bin BeneTbcs 3a pi3HUX YMOB Ta 3 BUKOPHUCTAHHSM PI3HUX (PI3WYHHUX TpolieciB. IcHye
AyXe BeJNHMKa KUIbKICTh BUTPATOMIPIB, HIO PI3HATHCS CBO€I0 OYyIOBOIO Ta METOJIOM
BUMIPIOBaHHS. Y BCIX HUX € SIK IUTIOCH TaK 1 MIHYCH.

OCHOBHOIO XapaKTEPHUCTUKOI OyIb-SKOTO JIYWIbHUKA Ta3y € BHTpara -
KUIBKICTh Ta3y, II0 MPOXOJUTh uepe3 JIYMWIBHUK B OJMHUINO 4Yacy (Q — o0’em rasy,
onuHAI BuMipy - M° / T) [2].

Takox 10 TEXHIYHUX XapaKTEPUCTHK JIUYUIbHUKA BIAHOCUTHCS:
-MiHIMaJIbHa 1 MakcuManbHa BUTPaTa (Qminl Qmax);

-TUCK Ta3y (OAMHMIIA BUMIpY - [1a);

-Meka BIIHOCHOI TOXUOKHU (%);

-BTpata TUCKY NIpU Qmax (ouHUIIS BUMIpY - [1a);
-MIKIIOBIPOYHHI 1HTEpBaJ (POKIB);

-mopir uyrauBocti (M° / rox);

-niana3oH pobouunx temmeparyp ° C;

-rabapuTHI pO3MIpHU, MM;

-Maca, Kr.

Ha chorogHimHii JeHb HAWOLIBII TOMIMPEHUMU BHUAAMU JIYUJIBHUKIB €:
MeMOpaHHi, yJIbTpa3BYKOBi, TypOiHHI, pOTaIliiiHi, BUXPOBI, CTPyMEHEBI, JIeBITAIliliHI,
OapabaHH1. 3a MPOMYCKHOIO 3JaTHICTIO JIIYMILHUKH Ta3y MOKHA YMOBHO PO3JAUIATH HA
HACTYyMHI TPyNH:

-I0GYTOBI - 3 POITYCKHOO cIpoMoxkHicTio 10 10 M® / ro;
-KOMYHAJIBHO-TI0GYTOBI - 3 TIPOITYCKHOIO CIIPOMOXKHICTIO Bix 10 M° / rox;

~IIPOMHCIIOBI - 3 IIPOITYCKHOIO CIIPOMOSKHICTIO roHax 40 M° / To.

1.6 MemOpaHHi JiYMJIBLHUKHA a3y
MeMOpaHHUil - JTYUIBLHUK Ta3y, TIPUHIMI J1i SKOoTro 0a3yeThcs Ha TOMY, IO 3a
JOTIOMOT'OI0 PI3HUX PYXJIMBUX €JIEMEHTIB ra3 po3JuIsiioTh Ha YacTKU 00’eMy, a MOTIM

MPOBOJISTH 1X IIUKJIIYHE IM1JICYMOBYBaHHS.
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MemOpannuii giunasHuK (prc.1.1) 10 ckiaay sSKOro BXOASATh: KOpIycC 1, KpUIKa
2, BUMIPIOBAJIbHUM MeXaHI3M 3, KPHUBOLIUIHO-BAXIIBHUM MexaHi3M 4, BepxHi

KJIaITaHaM¥ Ta30pO3MO0/IITBHOTO MPUCTPOIO 5, cTshkHA cMmyTa 6 [6] .

Pucynok 1.1 - MemOpaHHuii Ti4mIIbHUK Ta3y: 1 - kopiyc; 2 - Kpuika; 3 -
BUMIPIOBAJILHUN MEXaH13M; 4 — KpUBOILIUITHO-IIIATYHHUN MEXaHi3M; 5 - BEpXHI

KJIAITaH! Ta30pO3MOIITBHOTO MPUCTPOIO; 6 - CTSDKHA CMyTa

BumiptoBanbHuii MexaHI3M MOKE CKIJIQJaTHUCh K 3 2 Tak 1 3 4 kamep — IIe
3aJIEKUTh Bl KOHCTPYKIIi Ta 00’eMy BUMIiptoBaHoro rasy. [IpuHuumnoBa cxema podotu

niadparMoBoro JIYMWIbHUKA MTOKa3aHa Ha puc 1.2.

rrrrrrrrrrrrrr

r

Pucynox 1.2 — IlpunnumnoBa cxema MeMOpPaHHOTO JIIYUILHUKA
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JIIYMIBbHUK TpAIlOe€ HACTYITHUM YHHOM:

a) MOTIK Ta3y dYepe3 BXIOHUN MNaTpyOOK HAAXOAUTh y BEPXHIO MOPOKHUHY
KOPIyCy 1 MOTIM MOTparuisie y kamepy 2 uepe3 Biakputuil kiamaH. O0’eM rasy B
Kamepl 2 30UIBIIYETHCS 1 BHUKJIMKAE TEPEMIIICHHS iadgparmMu, ra3 BUTICHAETHCS 3
Kamepu | Ha BUXiJ 3 MIUJTMHY CiJjIa KJIalaHa 1 Jai y BUX1THAA TaTpyOOK BUTpaTOMIpa.
[Ticns Toro sk Baxiab aiapparMu HAOJIM3UTBCS A0 CTIHKM Kamepu 1 miadparma
3YMUHUTBHCS B PE3YJIbTaTl NEPEKIIOYEHHS KIIAllaHHUX TPYTI,

0) momady Tra3y 3 BEpPXHbOI MOPOKHUHU KOPIyCY JIIYWIbHMKA B Kamepy 1
BiIkpuBae kiamaH kamep 1. Ilig dac HamxomkeHHs razy B kamepy 1 midparma
MEePEMINLY€EThCA, NPU [IbOMY BUTICHSIOUYM ra3 KaMepu 2 y BUXIIHHMHA MatpyOoK uepe3
IIUIMHA B ciill KiamaHa. Ilicims Toro sk Baxkisib JiadparMu HAOMM3UTHCS JO CTIHKH
Kamepu 2, miadparma 3ynuHSAETHCS B PE3yIbTaTl BIKIIOUEHHS KJIAMIAHHOTO OJIOKY;

B) BIIKpUTTS KianaHiB 3,4 1ae BXiJ razy 3 BEpPXHBOI MOPOKHUHU KOPIYCY
miumibHUKA B Kamepy 4. [Ipu nogadi razy B kamepy 4 miadparma 3,4 nepeminnyroyuch
BUTICHSIE Ta3 3 KaMepH 3 y BUXIJHUN NaTpyOOK yepe3 LIIMHU B cin kianaHa. [licis
HaOIM)KEHHs Baxens AladparMu 0 CTIHKM KaMepHu 3 BOHA 3yNHUHSETHCS 1 BIIKIIOYAE
KJIAITaHHUM OJIOK;

r) KjanaH kamep 3.4 BIIKpUBa€ BXiJ AJIs ra3y 3 BEpXHbOI HOPOKHUHHU KOPIYCY B
kamepy 4. Ilicns momaui razy B kamepy 4 miadparmu 3,4 mnepemimyroTbes 1
BUIIITOBXYIOTh Ta3 3 KaMepW y BUXUIHMM MaTpyOOK depe3 IIUIMHU B ClIUT KjlarmaHa.
[Ticnst TOKO SIK Bakiib HAOMU3UTHCA JO CTIHKM KaMmepu Jiadparma 3ynmuHUTHCS, 0O
BIJIKJIIOUNTHCS KJIalaHHUH OJIOK;

[leii mpouec MOBTOPIOETHCS LUKIIYHO. JIYMIBHUI MeXaHI3M paxye KUIbKICTh
X0J1B Aiadparmu. 3a KOKEH IIUKJ BUIITOBXYEThCS 00°e€M Tra3y V, sikhil JOPIBHIOE CyMl
00’emiB Bcix kamep.OauH MOBHUM 000POT BUXIAHOI OCI BUMIPIOBAILHOTO MEXaHI3MY
BlanoB1aac 16-TH IUKIAM.

MeMOpaHHi JTIYUIBHUKA CITIJI 3aCTOCOBYBATH IIJIsi OOJIKY ra3y HU3BKOTO THUCKY

(ue Bue 0,05 MITa) 3 Butparoro rasy He 6inbmre 160 m°/rox [8].
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[Ipi BUMIpIOBaHHI BHTpaTH Trasy MeHme 16 M°/Tox CIII 3aCTOCOBYBATH
JIYUIBHUKA 3 MEXaHIYHOIO TEMIEPATypHOI0 KOMIICHCAli€l0. SIKIIO MaKCHMallbHe
3HAYCHHs BUTPATH ra3y Ha By3Ii 007Ky mepeuitye 16 M°/rof, TO TiUMIBHAK TOBHHEH
OyTu 3a0e3leueHU eJEKTPOHHUM KOpPEeKTOpoM (oOYuciIoBadyeM), SKUW TOBHHEH
3a0e3mevuyBaTi PEECTpaIliio IMIYJIbCIB, IO HAIXOMATHh BiJ JIYMJIBHUKA, BUMIPIOBATH
TEeMIlepaTypy Ta3y 1 oO0uMcitoBaTH 00’€M rasy, NMPUBENCHUM 0 CTaHIAPTHUX YMOB.
IIpy 1BOMY 3aCTOCOBYIOTH YMOBHO-TIOCTIMHI 3HAYE€HHS THUCKY 1 KoedillieHTa
CTUCJIBOCTI Ta3y.

[Ipu BIACYTHOCTI y JIYMJIbHUKA TEMIEPAaTypHOIO0 KOMIIEHCATOpa, MPUBEICHHS
0o0'eMy ra3y 10 CTaHAAPTHUX YMOB BUKOHYIOTH 3T1JTHO CHEIIaJIbHUMHU METOJUKAMH,
3aTBEP/KEHMMU B YCTAaHOBJICHOMY MOpsiaKy. Jlo mepeBar MeMOpaHHOTO JYUIbHUKA
CJIIJ BIJHECTH:

-BUCOKY TOYHICTb 1 JOBTOBIYHICTb;

-CHEPTrOHE3AIC)KHICTD;

-CTaOUIBHICTh  KOE(ILI€HTAa MEPETBOPEHHS B HAWIIMPIIOMY Jlama3oHl 4ucia
PeitHonbica moOTOKY raszy (kaimiOpyBaHHST Ha TOBITPI HPH HYJIHOBOMY HaJIMIPHOMY
TUCKY, po0OOTa Ha ra3i Mpu poOOYOMY THUCKY);

-BIJICYTHICTh HEOOXIJHOCTI B MPSAMOJIHIMHUX JUISHKAaX TPyOOmpoBOAYy 10 1 mMicis
JYUJILHUKA;

-IPOCTOTY 1 KOMIAKTHICTh MOHTAXY

-IIIUPOKUI iana30H BUMIpIOBaHb 110 1: 160;

-BIZICYTHICTh HEOOX1THOCTI B BUCOKOTO CTYIICHSI OUUIIIEHHSI BUMIPIOBAHOTO Ta3y;
-BIZICYTHICTh OCOOJIMBUX BUMOT MpPU TEXHIYHOMY OOCIYyrOBYBAaHHI B IPOIECI BCHOIO
TEPMIHY €KCIUTyaTalii,

-BEJIMKUH MIXKIOBIpouHU# 1HTEepBai (10 10 pokiB).

Jlo HemoMiKIB BIAHOCSATHCS: 30UIBIICHHS MOXUOKM BUMIPIOBAHHS MPU HU3BKUX
TeMIiepaTypax (BUMaramTh TEMIIEpAaTypHY KOMIIEHCaIlil0); podoTa Ha Tuck jo 0,05

MIlIa.
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Membpannuii rivunvnuk 2azy Cameasz G4 RS/2001-2 (puc. 1.3).

JIiUUITBPHUK MOXKE TMPAIIOBAaTU 3 KOPEKTOPOM, OOYHCIIIOBAYE€M Ta CHUCETMOIO
nuctaHiiinoro 3HATTA mnokazaHb (ACKOE) 1 Moxke 3acToCOByBaTHCS B CHCTEMax
KOHTPOJIIO, PETyJIIOBaHHA Ta YIpPaBIiHHS BUPOOHMYMMHU TmpouecamMu. Poboue
MOJIOKEHHS JIYMIIBHUKA - BEepTUKaIbHE. PexkuM poOOTH JiUMIIbHUKA - Oe3MepepBHUM.
HampsiMok moToKy ra3y BKa3aHO CTPIJIKOIO, PO3TAlllOBaHOIO 3BEPXY Ha KOPITYCl MIXK
BXITHUM 1 BUXIIHUM IITyIepamu. JIIYUIbHUK € OaHO(YHKIIOHAJTLHUM BHPOOOM, HE
BUMarae oOCJIyroByBaHHS, TEPIOJAMYHO TIOBIPSIETHCSA 3TIIHO 3 HAIIOHAIBHUMU
CTaHJIapTaMH a00 HOPMATUBHO-TIPABOBUM akTaMm [9].

BupoOHuk mae rapantito Ha Te 1o JuuidbHUK CAMI'A3 BiAmoBize BCIM
BuMoram TtexHiyHoro pernamenty JCTY EN 1359: 2012 npu npaBuibHOMY
JOTPUMAaHHI CIIO)KMBA4eM TMpaBUJl TPAHCIOPTYBaHHs, 30epiraHHs MOHTaxy Ta
BUKOPHUCTAHHS JIYWIbHUKA, SIKI TPOMUCAHO B JAOJATKY J0 HBOTO. ['apaHTiiiHUN TepMiH
CIIykOM 8 pOKIB 3 JaTH MOro BUTOTOBJIEHHS. TepmiH 30epiraHHsl He OLIbIIe 2 POKH 3

MOMCHTY MOro BUTOTOBJICHHS.

B B

Pucynok 1.3 — MemOpanuuii iumisHuk razy Camraz G4 RS/2001-2

ApPK.

MA 11-81mn.09.000.000 13

3mH. | Apk. Ne dokym. Midnuc | Qama

21




XapaKTepruCTUKH TAHOTO JIYMIIbHUKA HaBeJeHO B Ta0mui 1.2.

Tadomur 1.2
Xapakrepuctuku JiumipHuka Camrasz G4 RS/2001-2
Mopeinb RS/2001-2
Tunopo3mip G4
HomiHanbHUN HUKIIYHHAR 00’ €M 1,2 v’
JlianmazoH 00’ e€MHUX BUTpPAT Qmin 0,040; Qnom 4,0; Qmax 6,0 M3/Tox
Brpara tucky npu Qnax , HE OLIBIIIE 200 Ila

Maxkcumanbauit pobounit HagmumkoBui | 50 klla

THUCK

Temnepartypa excrutyarariii BiJI - 25°C no + 55°C

MixieHTpoBa BijicTaHb Mk mTynepamu | 110 +£0,5 mm

HominansHuit qiaMeTp npueHaHHS DN32, DN25, DN20
["aGapuTHi po3mipu 193 x 162 x 220 mm
Maca, He OlIBIIIE 1,9 xr

["onoBHI nepeBaru:

- MDDKITOBIPOYHHM 1HTEPBAI - 8 POKIB;

- mopir ayTiauBocTi Qg, He Mente 0,003 m? / rox;

- BUCOKA CTIMKICTh O HECAHKIIIOHOBAHOTO BTPyYaHHS;

- CTaOIBHICTh TOYHOCTI BUMIPIOBAHb;

KOPIlyC BHUIOTOBJIEHMHM 13 CTaJ€BOTO OIMHKOBAHOIO JiMcTa Mo¢apOOBaHOrO

MTOPOIIKOBOIO (papOoro;

-Ha/ICTIKa CHHTETUYHA MeMOpaHa MpaIltoe B IIMPOKOMY Jiara3oHi TeMIiepaTyp;

HAsBHICTh Ha BXIJHOMY IITylepl NPUCTPOI 3aXHCTy BiJ 3a0pydHEHb 1

HECaHKIIIOHOBAHOT'O BTpYy4YaHHs (1edIeKTop);
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- MOXnUBICTh mpueaHanHs HY natumka Oe3 MOMIKOIKEHHSI IOBIPOYHOI IIOMOU

JYHIIBHOTO MexaHi3My [5].

Membpannui rivunvnux 2azy Metrix G4(puc.1.4)

KomMyHnansHO-KOMepIiiiHI JiumwibHUKKA Ta3zy "Metrix" G4, npusHayeHi s

KOMEPIIMHOTO 00Ky CIOXKUBAHHS MPUPOIHOTO Ta3y, ra30NoAI0HIX MpoMaHy, OyTany

1 1X cyMilieil B KOMyHaJbHOMY 1 KOMEPIIIMHOMY CEKTOpax IpH THUCKaX 1 BUTpaTax, IO

HC IICPCBUINYIOTH 3HAYCHDb, 3d3HAYCHUX B TEXHIYHUX ImapamMmcecTpax.

Pucynok 1.4 — MemOpannuii nigmisHuK Tazy Metrix G4

XapaKTepUCTUKH JAHOTO JTIYMIBHUKA HaBeIeHO B Tabui 1.3.

Tabmuns 1.3
XapakTepucTuKy TiunmibHuka Metrix G4
bpenn Metrix
Tunopo3mip G4
HomizansHu#i THKITIYHUT 00’ €M 5 am°

Jliarna3zoH 06’€MHHMX BUTpaT

Qmin 0,1; Qnom 10,0; Qmax 16,0 M3/roj

Brpara tucky npu Qmax , He O1y1b1Ie

200 Ila

MaxkcuManbHU poOoUnii HAAJTUIIKOBUI THCK 50 xIIa
Temmneparypa excryaTanii Bix - 25°C no + 55°C
MiX1eHTpoBa BiJICTaHb MK HITyLIEpaMU 250 £0,5 Mmm

HowminaneHuil aiameTp npueaHaHHA

DN32, DN25, DN20

I"aGapuTHi po3mipu

395 x 214 x 345mm

3MH.
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Maca, He OinbIe

6,8 xr

1.7 TaxomeTpHYHi JiYNJIBLHUKH razy

TaxoMeTpUYHNMH HA3UBAIOTHCS BUTPATOMIPH, B SIKHX IMIBHAKICTh PyXy poO0YOT0o

TiJla MpomnopuiiHa 00'€eMHIM BHUTpaTi BHUMIPIOBAHOTO cepeloBUIa. Y OUIBIIOCTI

BUIIAJIKIB poOOYE TIIO - MEPETBOPIOBAY BUTPATH (KpUiibuaTKa, TypOiHKa, KyJbKa 1 T.I1.)

- M BIUIUBOM TIIOTOKY OOepTaeThCs. 3ajeXHO BiJ MPUCTPOIO poOOYOro Tina

TaxXOMETPUYHI BUTPATOMIPU MOJUIAIOTHCS HA KPWJIbYACT1, TYPOiHHI, KYJIBKOB1, KAMEPHI,

KiTbIeBl Ta iH.Kiacudikaiis TaxoMeTpUUYHUX BUTPATOMIPIB MTOKA3aHO HA PUCYHKY 1.5

[10].

TaxomeTpuuHi
BUTPaTOMIpW

¥ ¥ v
- ) PoTopHo-
LWenaricHi KamepHi
LWapPMHKOBI
—% Nonacresi
3 pyxomMum
. 3 UHNIHPHYHOK
Lapurosi H ,p — po3ainbHUM —
DOPIKKOIO
eNemMmeHTOM 3 oBanbHUMM
wecrepHaMmM
3 KOHYCHOI 3 enacTMYHUMK
— AOPiIMKOK CTIHKamM Kamep :
3 uMNIHAPUHHUMK
NOPLWHAMK
3 TopoiAaNbHOK be3 po3ainbHux
Lyl p .Jl Lyl po3a| :
ety Sl —%3 [MCHOBUM MOPLUHEM
3 Kinsuesmum
>
} nNopLHem
3 npAMKMMIA AONaCTAMM
AkcianbHi ——
—Pi 3 rBMHTOBMMM NOMNACTAMM ‘ —ﬁ Koswosi |
TypBinHi
4>| OpHonoToYHI }\ ) ) '-| Cyxoxoam l
TaHreHujaneHi  — S~
—r| baraTonoTouHiI }' ‘1 Mokpoxoam ‘

Pucynox 1.5 — Knacudikariiss TaxoMeTpUYHUX BUTPATOMIPIB.
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Ski1o HaMm MOTpiOHA MBUJIKICTh PyXy 00€pTOBOTO €JI€MEHTa 1€ BUTPATOMIp, a
SKIIO HAC I[IKAaBUTh 3arajibHa KITBKICTh O0EPTIB — JIYUIBHUK KUTBKOCTI pEYOBUHHU.
Hacroroani HaitO1Ib1IIOTO MOMIUPEHHS HAOYIN TIYUIBLHUKY BOJIU Ta rasy.

Jl71st Toro o0 CTBOPUTH TAXOMETPUUHUNA BUTPATOMIP IIBUJKICTH PYyXY
00epTOBOTO elIeMEHTa MEPEBOASTh Y CUTHAI, SIKWI MTPOMOPLIKHUB BUTPATI, Ta €
3pYYHHM JIJIs1 BUMIpIOBaHHs. J1Jis IbOTO MOBUHEH OyTH JIBOCTYMIHYATHI IEpETBOPIOBAY
BUTpATH:

mepia CTymiHb - TypOiHka (KyJabka abo 1HIUI €IeMEHT), MBUIKICTh PyXy SKOi
npornopiiiiftHa 00'€MHIM BUTpaTI;

Ipyra CTymiHb - TaxOMETPHUHUH  TEpPEeTBOPIOBaY, SKUW  BHUPOOIsE
BUMIPIOBAJIBHUIN CUTHAN (YACTOTY €NEKTPUYHUX IMITYJIbCIB), MPOMOPIIHHUMN MIBUIKOCTI
pyxy Tina [11].

TyT BUMIpIOBAIBHUM MNPWIAJIOM € HUPPOBUIA ab0 AHAIOTOBUU EJIEKTPUYHUN
gacToToMip. JIOTOBHUBIIM YacTOTOMIP JIYMJIBHUKOM €IIEKTPUYHUX IMITYJIBCIB,
OTPUMAEMO JIYMJIBHUK KUIBKOCTI MPOWJIEHOI PEeYOBUHU. TaxOMETpU4YHI BUTPATOMIPU
€ HE OTPUMAJM TaKOTO IIUPOKOTO PO3IMOBCIOJKEHHS, SK JIYWIBHUKUA KIJIBKOCTI
pimunM i rasy. IX cyTTeBMMM HepeBaramu €: IIBHKOJis, BUCOKA TOYHICTH i BENMKHIA
niana3oH BUMiproBaHHs. Tak, KO moxuOka TypOIHHUX JIYMJIBHUKIB BOAM (BIChH SIKUX
yepe3 peayKTop TOB'Si3aHa 3 paxylouuM MexaHi3MoM) nopiBHOE =+ 2%, TO y
BHUMIPIOBAYiB KIJTBKOCTI, SIKI MalTh TaXOMETPUYHUN TEpEeTBOPIOBAY, ISl IMOXHOKa
3HMKyeTbest 10 £ 0,5%. Lle mosicHIOeTbCs TUM, IO ILIEH TMEPETBOPIOBAY MailkKe HE
HaBaHTaXye BiCh TypOiHu. [loxuOka TypOiHHOTO BUTpaToMipa Jiexkuth B Mexax (0,5 -

1,5) % B 3a5I©)KHOCTI BiJ] TOYHOCTI YaCTOTOMIpA, SIKUl BUKOPUCTOBYETHCS [6].

TypOinnuii maxomempudnuti gUMpamomip
TypOiHHI BUTPATOMIPH BUTOTOBIISIIOTH JIJIsl TpYO niamerpoMm 10 750 MM, THCKIB
250 MIla 1 temneparyp Bim -235° mo +750 °. TypOiHHI MiuuIbHUKA HaildacTiiie

BUKOPUCTOBYIOTh JUIsl BUMIPIOBAaHHSI BUTPATH BOAM, Ta3y Ta PI3HUX HAPTOMPOAYKTIB 1

piauH.
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Benukum HemosikoM TypOIHHMX JIYWJIBHHUKIB € 3HOUIYBAHHS IIIUITHUKIB
BHACJIZIOK YOr0 BOHHM HEMpPHIATHI A PEYOBHMH, SKI MalTh y CKIaAl MEXaHI4Hi
gomimkd. KpiM 11p0r0, BOHM HE BHKOPHUCTOBYIOTHCSA HJISl Ty’K€ B’SI3KUX PEUYOBHUH,

OCKIJIBKH 13 301IBIIEHHSAM B’SI3KOCTI IXHI JIHIAHI XapaKTepUCTUKH 3MEHIIYIOThCs. [11].
1

L A A

e }%LV S
_

A A I A I A e
—C

V.

Pucynok 1.6- Taxomerpuunuii BuTpatomip: 1- TypOiHKa; 2- TaXOMETp.

Kynvkosuti sumpamomip

KynbpkoBi BUTpaTOMipyd 3aCTOCOBYIOTH JJII BUMIPIOBaHHS BUTPATU PIIUHU, B
O1IBIIOCTI BUNAAKIB BOAHW, B TpyOax aiamerpom ao 150-200 mm. ¥V kynekoBux BIIB
YYTJIUBUNA €JEMEHT 1€ KyJIbKa, SIKa TMEePEeMIIIYEThCS MO OKPYXKHOCTI. [ BUHTOBUI
HampsIMHUW amapaT 3a0e3medye Iled pyX, TaKOX 3aKpydyye TMOTIK. Y IUX
MEepeTBOPIOBaYax BHUTPATH KyJbKa, SKY OXOIUTIOE 3aKpyYeHHH TOTOK pPEYOBHHH,
MEPEMINIYETHCS 31 MBUAKICTh SKa MPOMOPIIiifHA KOJIOBIM MIKUIKOCTI MOTOKY, & OTXKE 1
00’emH1i BuTpari. Ha pucynky 1.7 moka3zaHo NepBUHHMI NEPETBOPIOBAY KYJIbKOBOIO
BUTpaTOMIpaA.

Hepyxomuit By30:1, IKUI CKJIaIa€ThCS 31 CTYIUII 1 JBOX HAMPABIIAIOYNX arapara
3 00OMEXYyBaJIbHUMHU KUIBLISIMH, PO3TAIIOBYETHCS Y KOPIYCl KyJIbKOBOTO JIYHIJIBHHKA.
MiK KITBIIMA 3HAXOJUTh MajieHbKa (hepOMarHiTHa KyJbKa. 3 30BHINIHBOTO OOKY
KopIyca € Micle II00 3akpiUTH Ha TBUHTAX TaXOMETPUYHUN 1HAYKIIAHUMA

MEePETBOPIOBAY, IO CKJIAJAETHCS 3 KOTYIIKKM Ta MarHiTHOro ocepjs. IIoTik pinuHu
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OPOXOJSUM amapaTr 3aKpydyeTbcsl 31 3MIHHUM IO JIOBXKMHI KpOKOM. BuxigHuit
TBUHTOBUM IIHEK aHAJOTIYHWUN N0 BXIJHOTO, IO € MIPOI0 PEBEPCHUBHOCTI POOOTH
BUTpaTOMIipa.

KynbkoBuii BUTpaTOMIp CIYTY€E IS BUMIpIOBaHHS BUTpaTy mpu TUcKy SMIla 1
temneparypi 20 ° - 200 °. L{i BuTparomipu MaroTh MOXHOKY y Mexkax 1.5-2%. B mporeci
iX eKcIuTyararlii JOpi’KKM KOUEHHs 1 KyJIbKa 3HOIITYIOThCS. [Ipu 3HOCI KYJIBKH 1 JOPIXKKH,
y Ipujiaay BUHUKaE MOXHOKa. I3 301IbIIIEHHSIM B’ A3KOCT1 P1IMHU 3MEHIITY€E€ThCS 00J1acTh
BHUMIPIOBAHHS.

['0JOBHMM IUIIOCOM JAHOTO BHUTpAaTOMIpa € MOXIHUBICTH iX poOOTH B
3a0pyJJHEHUX PEUOBMHAX, a TAaKOX MPOCTOTAa KOHCTPYKIi. Jlo HEmONIKIB MOKHA
BIJTHECTH:

- ABUIICHI T1IpaBIIiuyHI BTPATH;
-BY3bKHI1 J11aITa30H JIIHIMHOCTI CTATUYHOI XapaKTEPUCTHKY;

-3aJIKHICTh MOKa3aHb BiJl B'SI3KOCT1 BUMIPIOBAHO1 P1AMHH.
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Pucynok 1.7- IlepBuHHUMN epeTBOPIOBaY KyJbKOBOIO BUTpATOMIpa: |-HaNpsAMHUIA

amapar; 2- KOpIryc nepeTBoproBaya BUTpaTu; 3- epoMarHiTHa KyJbKa.

Pomopno-kynvkosuu eumpamomip

PoTopHO-KynbOB1 BUTpATOMIpH BBa)KAIOTHCS BIITHOCHO HOBUMHM Ha PUHKY, 1 TIOKH

HE OTPMHUMAJIA IIMPOKOTO 3aCTOCYBaHHs. Y IUX MPHJIAJIax Ha BIAMIHY BiJl KIJTbKOBHX,

YYTJIMBUI €JIEMEHT PyXaeThCs HE MO KOJYy, a HABKOJIO CBOEI OCi, MiJ /AI€0 MOTOKY

PEUYOBUHU.

PoTopHO-KYyJIbOBI BUTPATOMIPH MalOTh HACTYIIHI ITEPEBArH:

-IPOCTOTY KOHCTPYKIIIT;

-MO>KJIMBICTh BUMIPIOBAHHS BUTPATH PIAMH, IO MICTSITh MEXAHIYHI JTOMIIIKH.
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AuJte TM BIaCTHUBI Takl HEJOJIKU:
-3aBUCAHHs YyTJIMBOTO €JIE€MEHTa B OTBOPI MO OCI MOTOKY 1 MOKJIMBE MPUIIMHEHHS HOTO
o0epTaHHS;
-301JIBIIIEHHS aMILTITYIM KOJIMBaHb PyXOMOI'O €JI€MEHTA 1 SIK HaCIII0K yJapy 00 CTIHKH
BHUMIPIOBAJILHOT KaMEPH;
-CKJIQJHOII 13 3a0e3ledYeHHsSM HaJIMHOCTI IepeTBOpIOBada YacTOTH OOEpTaHHS

PYXOMOTO €JIeMEHTa B YaCTOTHHI BUXIAHMIA curHan [12].

Kamepnuii sumpamomip

KamepHi BUMIpIOBaJIbHI TE€PETBOPIOBAYl BUTpPATH TOpAN 3 TypOIHHUMHU
3aCTOCOBYIOTHCSI BXKE JOCUThH JaBHO. BOHM pI3HATHCS BEIMKOIO KUIBKICTIO PYXOMHUX
enemeHTiB. KamepHi BUTpaToMipu Jijisi BUMIPIOBAHHS BUTPATU PITUHU MOKHA TIOJILTUTH
Ha Takl rPyIu:

-0€3 pyXOMHUX PO3AUIHPHUM €JIEMEHTIB;
-3 PYXOMHUMH PO3ALILHUAM €JIEeMEHTaMHU.

Butparomipu nepiioi rpynu CKJIaJalThCs 3 OAHIET a00 JEKUIBKOX MOCiAOBHO
CIIOPO’KHIOBAHMX 1 3alOBHIOBAHMX BUMIpIOBAIbHUX Kamep. Jlo 1i€i rpynu HanexaTh
JIYUIBHUKY, 110 BUMIPIOIOTH Macy abo 00'eM pinuHHM; o0epToBi OapabaHHi, M0
BUMIPIOIOTh O0’€M pIAWHU; TNpUIaAd 3 KOJUBHUM J3BOHOM. TaxoMeTpuyHi
BUTPATOMIpU O€3 PYXOMOTO pO3JUIOBOrO €JeMEeHTa - HaWOuIblml TouyHi. BoHHM
BUKOPHCTOBYIOTHCS TIJIBKHU ISl PEECTpallii HEBEIMKUX BUTPAT MPH OOMEKEHOMY THCKY
PIIVHHU.
Butparomipu apyroi rpynu MarTh HACTYNHI PI3HOBUAM: POTOPHI, MOPIIHEBI, JUCKOBI,
3 OBAJIbHUMHU LIECTEPHSIMH, JIOMACTEBl, TBUHTOBI 1 T.7l. BOHM 3aCTOCOBYIOTHCS YacTille
3a iHmmX. CKIamgaroTbcsl BOHHM 3 JKOPCTKOI KaMepu, B SKiM Oe3nepepBHO
NEPEMINIYIOThCS OJIMH 200 JEKUIbKa PO3AUTbHUX €JIEMEHTIB ( MOpPIIeHb, TUCK, POTOP 1
T.10) [12].

L1 mpunanu 3a0e3ne4yoTh OUTbITY TOYHICTH 1 OUIBIINI Alana30H BUMIPIOBAHHS B

NOPIBHSHHI 3 TYpOIHHMMHU 1 KYJbKOBHMMH BHUTpaToMipaMu. Y OUIBIIOCTI MOXHOKa
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noxoauth TUIbKM 10 0.5%. Benukoro mnepeBaroro € T€ IO BOHM MPHUAATHI IS
BHUMIPIOBAHHS PIAMHU Oy/Ib-SKOi B’A3KOCTi. AJie BaXJIMBUM HEJOJIIKOM € UyTJIUBICTh JI0

3a0pyIHEHHS MeXaHIYHHUMH Jomimkamu [13].

Jivunonuk eazy mypoinnui JII'-K-80-EX (puc.1.8)

.
My

2 Y

Pucynox 1.8 — TypOinawmii niumnsauk JII'-K-80-EX

Jlivmnbauku ta3y TypOinHi JII'-K-80-Ex mpusnaueni st peectparllii KiIbKOCTI
ra3y, SKui MPOXOJUTh Yepe3 TPYOONPOBII IPH JIIFOUUX TUCKY Ta TEMIEPATypi.
JiYUITPHUKKA MOXYThH TPAIIOBATH 3 EIEKTPOHHUMH KOPEKTOpaMH 00’eMy razy
JUTSL IIOTO B HUX € BUXIJIHUM HU3bKOYACTOTHMM CHUTHAJ 1 BUCOKOYACTOTHUW CHUTHAII,
AKUM BUKOPHCTOBYETHCS TMpU MEpPEeBIpLl JIYUIBHUKIB. JIIUMIBHMKKM Ta3zy €
BUOYXO3aXUIIEHUMHU, MaroTh MapKyBaHHA BuOyxozaxucty l1ExibIIBT3 X Ta Ttaki
0COOJIMBOCTI:
- BUCOKA HAIIMHICTh JIYUJIBLHUKIB B €KCILTyaTallli;
- CTallIBHICTh METPOJIOTIYHUX XapAaKTEPUCTHUK B YaCi;
- IIUPOKUM Jiama3oH podounx TUCKIB - 70 10 MIla;

- CTIMKICTB J0 NIepEeBaHTAXKEHb;
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- 3aXUIIEHICTh BiJ] HECAHKI[IOHOBAHOT'O BTPYYaHHsI 1 BIJIUBY MarHiTHOTO MOJIf,
- TypO1HHI KOJIeca JTIYUIbHHUKIB BUTOTOBIISIIOTHCS 3 AJIFOMIHIEBHX CIUIABIB 3 OJAIBIIUM
TBEpJIUM aHO/TYBaHHSIM,
- 3aCTOCYBaHHSA B KOHCTPYKII1 JIUYMJIBHHUKIB CIEIiadbHUX ITAMIMIHUKIB ITiBUIICHOI
CTIAKOCTI,
- 3aCTOCYBaHHsI CyYaCHHX IOJIMEPHUX MaTepialliB,
- MOKJIUBICTh PEMOHTY 1 MOBIPKH B KOKHOMY PErioH1 YKpaiHH, IPOCTOTa MOHTaXY 1
eKCIUTyaTarii;

CraHgapTHO JYWIBHUKU MOCTAaBISIOTHCS 0€3 MacisHOTO Hacoca. 3a OKpEeMUM
3aMOBJICHHSIM JITYMJIBHUKH MOXYTh OyTH OCHAILEH1 MAaCISTHUM HACOCOM.

OcHoBHi TexH14H1 AaH1 JiumibHUKIB ra3zy JII'-K-80-Ex naBeneno B rabmui 1.4.

Tabmuis 1.4
Xapakrepuctuku giumibHuKa JIT'-K-80-Ex
Mognens JIT-K-80-Ex
1.HominansHa BuTpata, Qnom., M° / rox 100
2 .MaxkcuManbHa BuTpaTa, Qmax, M’ / rox 160
3.MinimansHa BuTpaTa, Qmin, M° / Tox 16
MaxkcuManbHU poOounii HAAJTMIIKOBUI THCK 1.2 x[1a
Temmneparypa excryaTanii Bif - 30°C no + 60°C
KinbKicTh po3psiB BiATIIKOBOTO PUCTPOIO 8
HowminanpHu# HiaMeTp NpueTHAHHS 80
I"abaputHi po3mipu 240 x (250-341) x (344-366) mm
Maca, He OinbIie 23-45
Jivunvnuk 2azy mypoinnuit TRZ G635 (puc.1.9)
ApK.
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Pucynok 1.9 — Jliunnenuk razy TRZ

JIIYMIIbHUK TPU3HAYEHUN NJIi BUMIPIOBAHHS 00’ €My IJIaBHO MIHJIMBHX IOTOKIB

OUMIIEHUX 1 OCYIIEHUX HEarpeCUBHUX OAHO- 1 0araTOKOMIIOHEHTHUX Ta31B (IPUPOIHUIN

ra3, MoBiTps, a30T, aproH Ta iH.) BUKOPUCTOBYETHCS B yCTAHOBKAX MPOMMCIIOBUX 1

KOMYHaJIbHUX MIANPUEMCTB (I 00JIIKY BUTPATH ra3y NpU KOMEPUIMHHUX ONepanisx).

JliunnbHuk razy TypOiHHUN TRZ cknamaerbcs 3 koprycy ((aHueBe BUKOHAHHS) 1

BHUMIPIOBAJIBHOTO TepeTBOproBaya. [Ipu BIUIMBI MOTOKY razy Ha TypOiHY, OCTaHHS

o0epTaeThcs 31 MIBUJKICTIO, MPOIMOPIIAHOI MIBUIKOCTI MOTOKY (00'€eMHIN BHUTpaTi)

razy. OOepranHsi TypOiHM 3a JOMOMOTOK) MEXAHIYHOTO PEAyKTOpa MepeNacThCs Ha

JTYWIbHY TOJOBKY, SIKa HIKOJM (10 HApOCTaro4ii) cyMapHuii 00’eM razy mpu podoodmnx

YMOBax, 110 MPOUIIOB Yepe3 JTiumibHUK [15].

Iupoxuit mianazon BuMiptoBaHHS BUTPAT (Qmin / Qmax) - 10 1/80 B 3aiexxHOCTI

BiJl pOOOYOT0 TUCKY (JIs1 TIYMIIBHUKIB BUKOHAHHS «2» 1 «2VY»).
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Bucoka Ttounicte BuMiptoBaHHs A0 0,9% y Bchomy niamna3oHi BUTpar (s
JTYWIBHUKIB BUKOHAHHS «2VY»). OCHOBHI TEXHIYHI MdaHi JIYWIBHHWKIB Trazy [RZ

HaBeaeHo B Ta0ymm 1.5.

Tabnuns 1.5

XapaKTepUCTUKH JTUUJIbHUKA TRZ
Monenb TRZ
JliarnazoH poOOYNX BUTpAT Bix 5 M* / rox 1o 6500 m* / ron
JliameTp yMOBHOT'O ITPOXOAY Bix y50 mo J1y300
MakcumanbHu poOOUnid TUCK Ta3zy 1,6 Mlla; 6,3 MIIa; 10 MIIa
Temmeparypa ekcrmyaTamii Big - 30°C no + 60°C
KinbkicTh po3psaiB BiIJIIKOBOT'O MMPUCTPOO 8
MixmoBipo4Huii iHTEpBA 10 pokiB
I'abaputHi po3mipu 270 x 365 x 380 mm
Maca, He Oinblie 23-45

[ToBipka JMiYMIBLHUKA MUISXOM 3aMiHM BHMIPIOBAJIBHOTO MPUCTPOIO(KApTPUIKA).
[loBipKy /IUMJIBHMKA MOJIMBO POOWUTHM Ha MiCll MOro eKcrulyarauii 3aMiHOIO
MPUCTPOI0 BUMIPIOBAJILHOTO Ha aHaJOTiyHEe, MEpeBIpeHEe 3a3dayierijib, MPU LbOMY
METPOJIOTIYHI XapaKTEPUCTUKU JYWIbHUKA OyayTh BIAMOBIAATH XapaKTePUCTHUKAM
HOBOTO KapTpHIKA.

[TpucTpiii BUMIpIOBATHHUN € OKPEMHM 3aCO00M BHUMIPIOBAHHS 1 Ma€ CBIJOITBO
npo 3aTBeppKeHHs Tumy [16].

[TpucTpiii BUMIpIOBaIIbHUIM HE MOB'SI3aHUN KOPCTKO 3 KOPIYCOM JIYMIBHUKA, 10
J03BOJISIE  BUKIIOUWTHA  BIUIMB ~ MEXAHIYHMX HABAHTAKEHb HA  METPOJIOTIYHI
XapaKTEPUCTHKY JTIUMITLHUKA.

JloB)KrHA TpSIMUX JUISHOK: JO JIYWIbHUKA Big 2-x JY, micis miumibHUKA - HE

moTpiOHO.
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3acTocyBaHHS IMIJNIMITHUKIB, SKI HE MOTPeOyIOTh 0AATKOBOIO OOCIyTrOBYBaHHS
(MacTwmita) mig 9ac excrutyaTarlii JiymisHuKa (111 Tanopo3Mmipis TRZ JIY50-150).
3actocyBaHHs TYpOIHHOTO KoJieca 3 QIIOMIHIEBOTO CIIaBy B JIYMJIBHHKAX BCiX
TUIIOPO3MIPIB, IO JI03BOJISIE JOMOTTUCS CTA0OUTLHUX METPOJIOTIYHUX XapaKTEPUCTUK Ha
BHUCOKOMY THUCKY [17].

JlomycTUMICTh KOPOTKOYACHOTO IMEPEBUILEHHS MaKCUMAalIbHOI BUTpPATH Ta3y [0
1,6 Qumax-

MoxnuBicTe poOOTH 3 eNeKTpOHHMMH KopekTopamu o0'emy razy EK270, EK260,
TC220, TC215, TC210.

MO>XJIMBICTh BUKOPUCTAHHSI BUCOKOYACTOTHUX JaT4YMKIB iMmynbeiB AIR 1 AlS,
cpenneuyactoTHoro R300 B kommuiekcax CI'-EK 3 kopekropom 06'emy razy EK270.
MoHTaX JTIYNUILHUKIB MOXIIMBUI HA TOPU3OHTAJIBHIN 1 BEpTUKAIbHIN (TP MOaul razy
AK 3BEpXy BHM3, TaK 1 3HM3Yy Bropy) AUIAHII TPyOOIIPOBOY.

KOHCTpYKTUBHO JTIUYMIBHUK SIBJsiE OO0 KOpIycC Yy (IaHIIEBOMY BUKOHAaHHI, B
MPOTOYHIN YaCTUHI SIKOIO MOCIIJOBHO MO IMOTOKY pPO3TAalllOBAaHWA BUMIPIOBAJIBHUN
MPUCTPiH, IO CKIAAAETHCS 3 BUMIPAMIIUA TTOTOKY, KOPITyCy, TypOIHHOTO KoJyieca, By3ja
penykropa. Kopmyc wMae MOHTaXHI OTBOPH JUIS YCTaHOBKHM T1db3 JIaTUYMKIB
TeMIlepaTypH, BUCOKOYACTOTHUX JATYUKIB IMITYJIbCIB, MICLIE€ B1IOOPY THCKY.

KoHcTpykiiiss nmiuuiapbHUKAa 3po0JjieHAa TaKUM YHHOM, 110 BUMIPIOBAIbHUM
NPUCTPIN (KapTPUIK) MOXKE IIIJIKOM BUIY4YaTUCh 3 Kopmycy npwiany. [lpu mnpomy
KOpPIyC HE BIJIMBA€E HA METPOJIOTIYHI XapaKTePUCTUKU JIYMIIbHUKA, TaK SK BCE
BUMIPIOBAaHE CEpEIOBUILIE IMPOXOAUTh YEpe3 MPOTOYHY YACTUHY BHUMIPIOBAJIBHOTO
MPHUCTPOIO.

Jlivunenuku TRZ  y50-Y150 BUTOTOBISIIOTBCST 0O€3 MAacCIsSHOIO Hacoca,
OCKUILKM OCHAIIEHI MIAMINIHUKAMH, sIKI HE BUMAararoTh JOJATKOBOI'O 3MAIllEHHS i
yac eKcrutyartaiii. 3a chemiagbHuM 3aMoBiieHHsSM miumwibHukH TRZ J[Y80-/1Y150
MOXYTh OCHAallyBaTHCs MacissHuM HacocoM. Jliymnmpaukun TRZ J[Y200-1Y300

BUITYCKAIOTHCS TUIbKKA Y BUKOHAHHI 3 MacJITHUM Hacocom [11].
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1.8 YabTpa3BykoBi BUTpaToMipu

[TpunuMn aii yIpTPa3ByKOBUX BUTPATOMIpIB 0a3y€eThCsl HA BUMIPIOBAHHI JAESIKOTO
aKyCTUYHOTO e(eKTy, IO 3aJieKUTh BiJ BUTPATH 1 BUHUKAE TiJ 4Yac MPOXOKEHHS
yJIbTPa3ByKOBUX KOJUBAHb Yepe3 MOTIK PIIUHU a0 ra3y.

CporojmHi HailOUIblIE MOMIMPEHHS HaAOyiaM JBa TUMNH YJIBTPA3BYKOBHX
BUTPATOMIpIB: BUTPATOMIpHM B SKUX KOJIMBAaHHS TMEPEMINIYIOTbCS PYXOMHUM
cepenoBuieM 1 morepiBchki. HaiiOinmpine 3acTocyBaHHS 3HaWliula Teplia rpymna
npwiaaiB. Y TakuX BUTpATOMIpax YJIbTPa3BYKOBI KOJMBAHHS, IO CTBOPIOIOTHCS
I1’€30€JIEMEHTaM  MOXKYTh PYXaTHCh 3a MOTOKOM 1 MPOTH HBOTO. Pi3HUIM 4YaciB
IIPOXOJ/KEHHS  YJIbTPAa3BYKOBOTO IMIYJIbCY MIXK BHUIPOMIHIOBAYeM 1 MpuiMademM
HPOTOPIIiiHA IMBUIAKOCTI MTOTOKY [12].

OCHOBHHMM HEJIOJIIKOM BHKOPUCTAHHS YIBTPa3BYKOBOT'O METOIY OB’ S3aHE 3 TUM
, IO MIBUAKICTh YJIbTPa3BYKy B CEpPEIOBHUII 3aJCKUTh BIJl (PI3UKO — XIMIYHHUX
BJIACTUBOCTEH : TEMIIEpaTypd, THUCKYy 1 BOHa B pa3d OUIbIIE YWUM IIBUAKICTb
CepeIoBHINA, TaK IO pealbHa MIBUAKICTh YIBTPA3BYKY B PyXOMOMY CEpPEIOBHIII MaJlo
BIZIPI3HSETHLCS BiJI IIKUIKOCTI B HEpyXoMmomy. [4].

VYbTpa3ByKoOBI BUTpPATOMIPH B OCTaHHI POKM HaOyBarOTh BCE OUIBII MIUPOKE
MOIIUPEHHS 3aB/ISIKA TAKUM TMO3UTHBHUM PHCaM:

-3HAYHUM AUHAMIYHUH Alana3oH, mo gocsrae 25-30;

- BUCOKA TOYHICTh BUMIPIOBAHHS, 1110 CTAaHOBUTH *+ (1; 2) %);

- MOXJIMBICTh BUMIPIOBAHHS BUTPATH HEEIEKTPOIPOBITHUX CEPEIOBHIIL
(HadTonpoaykTH), 3a0pyIHEHUX CEPEIOBHIII, CYCIICH3I1I;

- IIMPOKHUI [1aMa30H J1aMeTpiB TpyOonpoBoaiB Bia 10 MM 1 Bullle 0€3 0OMEKEHb;
- MaJIa 1HEPIiHICTb,

- BI/ICYTHICTb BTPATH TUCKY;

-IMpOoKuH Aianazony temmepatyp (Bix -220 mo 600 ° C) 1 TuCKiB.

J1o HeJl0ITIKIB IbOTO METOAY BUMIPIOBAHHS BUTPATH CJIiJ1 BIIHECTH:

- HEOOX1THICTh 3HAYHUX JOBKUH JIHIMHUX JTIJISTHOK JI0 1 TICIIS MePEeTBOPIOBAYa;
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- BIUTMB Ha MOKa3aHHs OyJIb0aIioK MOBITPs B MOTOII;

- HeOOX1IHICTh KOHTPOJIIO BiAKIa/IeHb B TPyOOIPOBOAL Ha HOTo poO0YOMY MICIIi;

- CKJIQJHICTh 1 BUCOKA BapTICTh MPWJIAIIB, sIKa IPU 1HIINX PIBHUX yMOBax B 3-4 pasu
MEPEBUIIYE BAPTICTh TAXOMETPUUECKHUX 1 €JICKTPOMArHiTHUX BUTPATOMIPIB;

- 0OMEeKeHHS TI0 MIHIMaJIbHIH MIBUIKOCTI MOTOKY.

Ha pucynky 1.10 mokazaHo cxeMu yJIbTpa3ByKOBUX BUTPATOMIPIB.

u \\\' u-———:{/ \\‘-{/ ~ .
o~y . 2 1
a) 6)
M
p—1— >

Pucynox 1.10 — Cxemu yibTpa3ByKOBUX BUTPATOMIPIB: a - OTHOKAHAJIBHOTO; O - 3

BigOMBayaMu; B — JBOKAHAJIBHOTO.

3a KOHCTPYKTUBHMM BHUKOHAHHSM III BUTPATOMIPH TMOJUISIOTECS HA OJHO- 1
NBOKaHaIbHI. Y OJHOKaHalbHOMY (puc.1.10,a) KOXKEH I’€30€JeMEHT MpaIlo€ MPaIIoe
3MIHHO B pEXHMaxX BHUIPOMIHIOBAHHS 1 MpUMMaHHS, 1@ 3a0€3MeUyEThCSI CHUCTEMOIO
nepemukayi. 1100 301MbIIMTH YYTIMBICTH XOAYy HPOMEHS B CEPEAOBHILI MOXKHA
30UTbIIUTH  3acTocyBaHHs pediekropiB (puc.1.10,6). dns Toro mo6 30UTbIIUTH
YYTJIUBICTh YJIBTPA3BYKOBOTO TEPETBOPIOBaYa TMOTPIOHO 3MEHIIUTH KYyT MIDK
BEKTOpaMHU HIBUIKOCTI MOTOKY 1 yJIbTpa3ByKy. ¥ ABokaHaibHOMY (puc.l.10, B) KoxkeH
1’ €30€JIEMEHT TMPAIIOE TITLKH B OJJHOMY PEXHMI — BUIIPOMIHIOBAHHS a00 MpPUHWMaHHS.
JIBOKaHaIbHI CXEMH TMPOCTIlIl YUM OJHOKaHaJIbHI, aje MpOTrparTh B TOYHOCTI,
BHACITIZIOK MOKJIMBOI aKyCTUYHOT acuMeTpii 000x kaHaiiB [16].

Bin mBuAKOCTI MOTOKY, YCEpPEIHEHOI MO XOAYy MPOMEHs, 3ajeXaThb IOKa3H

yJIbTPA3BYKOBOTO BHUTpaTOMipa. Takox JjIsi BU3HAYEHHSI 00’€MHO1 BUTpPATU MOTPIOHO
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BUMIP IIBUJKOCTI YCEpeIHEHOi Mo aiamerpy Tpyou. [ns TpyObompoBoOay 3 KPYyrium
MOMEPEYHUM TEPEPI30M HaBITh ISl OCECUMETPUYHHUX MOTOKIB IIBHJKICTh yCEpeaHEeHa
MO0 XOAYy TMPOMEHS BIAPI3HIETbCS BiJ YCEpPEAHEHOI MO MAiaMeTpy TpyOum 1 ixHe
BIJTHOIICHHS 3aJICKUTh BiJl emiopHu IBHUAKOCTeH. lle € HemomikoM yibTpa3ByKOBUX
MIEPETBOPIOBAYIB, 110 O3HAYAE HAWOLIBII ICTOTHY CKJIAJIOBY METOINIHOI TOXHUOKH [3].

3a crmocoOOM BU3HAYEHHS Yacy MPOXOIKEHHS IMITYJIbCY M1 BUIIPOMIHIOBAYEM 1
npuiiMadeM yJIbTPa3BYKOBlI BHUTPATOMIPH MOJUISIOTHCS Ha YacTOTHO-IMITYJIBCHI,
4acTOTHI 1 pa3oBi.

Y 4acTOTHO-IMITYJILCHHUX  BUTpaTOMIpax IUKIIYHO BUMIPIOIOTBCS KOPOTKI
iMmynscu TpuBamicTio 0,1...0,2 MKc, 3a IKUMH HOTIM BU3HAYAETHCA 00’ €MHA BUTpATA.

Y  4YacTOTHMX BUTPATOMIpPAax KOXKEH CHIAYIOYMH IMIyJbC IOCHJIA€THCS
BUIIPOMIHIOBAYEM TUIBKH IICJISI TOTO SIK MOTMEPEAHIN TOCATHE 11’ €30€JIEMEHTA.

[ToB’s13aHa 31 MIBUJKICTIO 1 00’€MHOIO BUTPATOIO PI3HULSA YaCTOT IMPOXOJKEHHS
IMITYJIbC1B BU3SHAYAETHCS TU(PEPEHIIIATbHOIO0 CXEMOTO.

[loka3um 4aCTOTHMX BUTPATOMIPIB HE 3aJIeKaTh BiJ IIBUIAKOCTI YJIbTPa3BYKy B
HEPYXOMOMY CEpEIOBHUIIl, TOMY 1 Bl (I3MKO-XIMIYHUX BJIACTHUBOCTEH 1 MapaMeTpiB
cepenoBuia Tex. Lle € BeIMKUM IITI0COM ITUX BUTPATOMIPIB.

VY ¢a3zoBux BUTpaTOMipax BUMIPIOETHCS pi3HULSA (a3 yIbTPa3ByKOBUX KOJMBAHb
94aCTOTOIO, sIKa MOMIUPIOIOTHCS MO0 MOTOKY 1 MPOTH HhOT0. Hemomikom 1ux BUTpaToMipiB
€ 3aJICKHICTh MIOKa3aHb Bijl 3MiHH IIBUIKOCTI 3BYKY [17].

Y  nmomnepiBChKHMX YIbTpa3ByKoBHX BuTparomipax (puc.l.11) ymeTpa3BykoBi
KOJMBAHHS  BIJOOpPaXarOThCSA PYXOMHUMM YacTHMHKaAaMU TOTOKYy. JlomiiepiBehki
BUTpaTOMipu 0a3yrOThCS Ha BHUMIpl MECLEBOI WIBUAKOCTI 3BYKY. Y TpyOax Maimx 1
CEpelHIX JIaMETpIB 1[I BUTPATOMIPH MOXYTh BHUMIPIOBATH CEPEOHIO IIBUAKICTH 3a
aiameTpoM abo yacTHHY Iioml Tpyou. Ilpu HasBHOCTI mpsAMUX IUISTHOK y TpyOax
BEJIMKOTO JllaMeTpy BiJOMBa4 TMOBHUHEH po3TamloByBaTuch Ha BiacTtani 0.12 D Bix
CTIHOK TpyOW, 1€ IIBHUIKICTh JOPIBHIOE CEPEIHIM MIBHUAKOCTI MOTOKY. B iHmMX

BUIAJIKaX MOTPIOHO 1HAMBYIAJILHO TPAAYIOBAaTH BUTPATOMIp.
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Pucynoxk 1.11 — Cxema mo1uiepiBChKOTO yIBTPA3BYKOBOTO BUTPATOMIpa

B kopensmiitnux naruyukax Butpatu JIPK momiepiBcbkuii eheKT 3aCTOCOBYETHCS

npuiMayi.

Ha puc.

3MIIIEHUMHU [0 JOBXHHI TpyOM TapamMH yIbTPa3BYKOBUX MEPETBOPIOBAYIB.

kopesiaoro JIPK ¢. «Merpan» [18].
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Pucynok 1.12 - CtpykTrypHa cxema JaT4iKa BUTPaTU

JUIS TOTO 1100 BU3HAYUTH Yac MPOXOKEHHS BUMAJAKOBUMHU (DIYKTyaIlisIMA MK JBOMA

3a

CTaTU4YHY OOpPOOKY CHUTHAJIIB, KOTpl HAAXOAATh B IpHiIMad KOKHOIO 3 TEPETHHIB
B1/MOB1J1a€ Mikporpouecop. [IIBUaKicTh NOTOKY A13HAEMOCH 3a YacoM, 1110 BIJIMOBIJIAE

MaKCUMYMY KOPEJSIIHOI (YHKIi, 10 3B’SI3y€ CUTHAIMU, KOTP1 HAIXOJATh Ha 00UIBa

1.12 npencraBiieHa CTPYKTypHa cXeMa JaT4ydka BUTPATH
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Curnanu yiapTpa3ByKOBOI YaCTOTH HaIXoIsATh Bia renepatopis ['YUI, I'VU2 Ha
akyctuuyHi mepetBoptoBaui  Alll1-All4, curHanm SKUX BHKIMKAIOTh, 3aBISKU
JoTUIepiBCbKOMY €eKTy, BTOPUHHI KOJIMBAaHHS, K1 HAKJIaJaloThcsl Ha ocHOBHI. Da3oBi
nerekropu  ON1, @2 1 xopenaumiiauii  guckpuminatop K], kepoBanuit
MIKpOMPOIIECOPOM, 3a0€3MeuyI0Th OTPUMAHHS IMITYJIbCHOTO CHUTHAIY, POMOPIIHHOTO
Butpari. L{i curHanu MoxyThb MMiICYMOBYBATUCA 1 BUBOAUTUCS Ha ITUGPOBUH 1HAUKATOP,
nojaBaTucss Ha kpaitHiii nepetBoproBay JIPK-30I1 a6o TemmooGuucmioBau. Taxi
BUTPATOMIPH MOXYTh BCTAHOBJIIOBATUCS B TpyOompoBoaax maiamerpom Big 50 mo 4000
MM mOpu mBHAKOCTI cepenoBuma Bix 0,1 go 10 m/c, Mexa BIAHOCHOI MOXHOKHU

craHoBHTh £ 1,5; 2% [19].

Vaompaseyrosuit niuunvrux 2azy I'VBP-011 A4.4 (puc.1.13)

Pucynox 1.13 — YabsTpa3BykoBuii JiuminpauK Tazy [ YBP-011 A4.4
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[eit ra3oBuif TYUIBHUK MPU3HAYCHUN JJIs1 BUMIPY MIBUIKOCTI IOTOKY, 00’ €MHOI
BUTpaTH 1 00’eMy B poOouux ymoBax. JIiYMIbHUK 3a0e3meuye BUMIPIOBaHHS B 000X
HaIpsIMKaxX B BETUKOMY Jiama3oHi.
3aJIe)KHO BIJ HANpsSIMKY IOTOKY, MIBHUAKICTh Ma€ 3HaK «+» abo «-». JIIUmiabHUK
O0YHCIIIOE TIOTOYHY 00 €MHY BHUTpATYy, SIK JOOYTOK BUMIPSIHOI IIBUJKOCTI MOTOKY 1
IUTOIIII BHYTPIIIHBOTO MOIIEPEYHOr0 repepizy Tpyodomposoay [20].

JllYnIpHUKOM MO’KHA KEepyBaTH JUCTaHIHO 3a momomoror EOM. Jlns nporo
MOTPiOHO cCIemiaibHe MpoTpaMHe 3a0e3MeUeHHs, IMOTIM MOJXKHAa BHUBECTH Takl
pe3yibTaTH BUMIPIOBAaHb:

-HANPSAMOK 1 IIBHJIKICTh IOTOKY, IOTOYHY BUTPATy, 00’ €M HAPOCTAIOYUM M1JCYMKOM;
-OCIMJUIOTPAMMY CUTHAITY, 1110 TPOUIIIOB MO aKyCTUYHOMY KaHaY;

-mapaMeTpu KoHGIrypartii 1 HaJlalTyBaHHS JIIYUIILHUKA,

-TIOKa3aHHsI TOJIMH 1 KalTeH1aps;

-apX1iBHI1 JaHI.

KoMannu omneparopa siki He 3MIHATH MapoJib, KOH(pirypamiro ado CTUpaHHS
BXJIMBHUX JAHUX BUHOHYIOTHCS 6€3 MapoJis.

JliunnbHUK 00J1aIHAHUK TACMBHUM (hOpMYBadeM 4acTOTHO-iMITysibcHOTO curHany [10].

OcHoBHI TeXHIYHI JaHi Ji9mibHAKIB ra3y ' YBP naBeneno B Tabmuii 1.6.
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Tabmuus 1.6
Xapakrepuctuku JiumibHuka ['YBP-011 A4.4
Monenb I'VBP-011 A4.4
HIBUIKICTH TOTOKY M/C Bix 0.1 mo 40
JliameTp yMOBHOTO POXOAY Bix y150 no 1y400
MaxkcuManbHUI poOOUnit THCK Ta3y 1,6 MIla; 6,3 MIla; 10 MIla
Temnepatypa excruryaTarii Bi1 - 30°C go + 60°C
KinpkicTh BUMiIpIOBaHUX IPOMEHIB 4
MixnoBipoYHUHN 1HTEpBAI 10 pokiB
I"aGapuTHi po3mipu 265 x 340 x 360 MM
ApK.

40




Maca, He OinbIie 20-46

Vaempaszeyrkosuii nivunonuk 2asy Kypc-01l(puc. 1.14)

Pucynox 1.14 — YawsTpazBykoBuii miumibHuK razy KYPC-01

Cyuacuuit ynprpazBykoBuid ButTpatomip KYPC-01 BukopuctoByeTbcs s
e(eKTUBHOTO OOJIIKY MIPUPOHIOTO Ta3y, ad0 CepeIOBHII SKi He € arpecuBHUMHA. HaOyB
IIUPOKOTO 3aCTOCYBAHHS y PI3HUX Tany3siX. BUpOOHHK BCTaHOBIIOE MOTO Y CHCTEMH 3
KpyriuM TpyooripoBogoM. [Ipu 1mpoMmy ryctuHa rasziB He moBuHHaA Oytu Huxkde 0,4
kr/mC.

[eli mMYMIBHUK 3aCTOCOBYETHCS IS BHUMIPIOBAHHS CIIOKUTOTO Tazy 1
peanizyeTbcsi MO YacTOTHO-IMIYJILCHOMY MeEToay. B 3alle)XHOCT1 Bif CHUTHAIy, IO
MIPOMIIIOB Yepe3 MOTIK 1 MPOTH HbOT'O, PAXY€ETHCS 3 BUCOKOIO TOYHICTIO KOXKEH 1MITYJIbC.

Ha xopmyci kpim ITEII, BCTaHOBIIOIOTHCS TAaKOK BUMIPIOBATIHLHO-00UYHCITIOBATBHI
0JI0KH, SIK1 3A1MCHIOIOTh HU(PPYBaHHS 1 00pOOKY OTpUMAHUX JaHUX. AJITOPUTM OOIIKY
nependavae MUTTEBUH MiAPAXyHOK BHUTPAT, MIJISXOM JIOJaBaHHS BEKTOPIB IMIBUIKOCTI

V3K.
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ITepeBaru Kypc-01:

-HE MICTUTh PYXOMHX YaCTWH, IMM BIH B pa3u MiJBUIIYE HOro HAAIWHICTH 1

BIJIMOBOCTIHKICTB;

-IIIUPOKH JT1alla30H BX1IHUX BUMIPIOBaHb;

-KOHCTPYKIIiSl TPUCTPOIO BUKIIOYAE BUHUKHEHHS OMOPY MPHU MPOXOHKEHHI MOTOKY

rasy, 10 He BIUIMBAE HA THUCK;

-MIXKITOBIPKOBUH 1HTEpBAII — 2 POKH,

-JIOTYCKA€ThCS BCTAHOBJICHHS MPUCTPOIO Ha 00'€KTax 3 BUCOKOIO IMBUIKICTIO PYXY

rasis;

-IPOCTOTA 3HATTS MOKA3HUKIB 1 BIICYTHICTh JOJIATKOBUX BUTPAT Ha OOCIYrOBYBaHHS;

-IIPUCTPIN Ma€ 3aXUCT B1J] HECAHKI[IOHOBAHOI 3MIHH JJaHUX, IPOHUKHEHHS Y BY3JIH;

-OUThII TOTO, 1H(MOpPMAIIIS MPO CHPAIOBAHHSA 3aXHUCTYy 30€pIiraeThCs y CIEHiaIbBHOMY

CXOBHIILY, 1 MOXE BUKOPHUCTOBYBATUCS HAJAI ;

-1 4Yac eKCIulyaTalli Ta Ha BEeCh TEPMIH MIKIOBIPKOBOTO I1HTEpBATY, IMPHUCTPIi

YKUBUTHCS B JITIHHOTO aKyMYJISITOPA, EMHOCTI IKOTO IOCUTh JJI TPUBAJIOI [ii;

-MOJIyJIl TaM'sIT1 Ha/lal0Th MOKJIUBICTh €(DEKTUBHO 30€piraTu nmapamMeTpy Ta aarOpUTMH

po0OOTH HaBITh O€3 HKepesia eHePTii Ha TPUBAJINI TEPMiH;

-BIAMOBIAHICTh 10 MIXXHAPOJHUX CTaHAAPTIB 1 BUCOKA TOYHICTh BUMIPIOBAHb.
['oOBHUM HEJONIKOM € WOro BHCOKa BapTICTh, SKIIO Opatu 10 YyBaru

HOMIHAJIBHUH JiaMeTp.

OcHoBHi TexH14H1 AaH1 JiumibHUKIB razy KYPC-01 naBegeno B Tabmwmi 1.7.

Tabmuus 1.7
Xapaxkrepuctuku JiuniasHuka KYPC-01
Mounens KVYPC-01
MiHimanpHa MPONyCKHA 37aTHICTh 0,5-13,0 m*/rox;
MaxkcumasnbHa MpONMyCKHA 3AaTHICTh 25-650 m°/rox;
JliameTp yMOBHOTO MPOXOAY Bix y40 no dyl150
MaxkcumanbHUM poOOUMiA THCK ra3y o 600 xITa
Temmeparypa ekcryaTamii Bix - 25°C no + 50°C
ApK.
, MA 11-81m11.09.000.000 113 1
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MiXnoBipo4Huil iHTEpBaJ 2 poku

I"abaputHi po3mipu 190 x 320 x 300 MM

Maca, He OinbIIE 13-32

1.9 Porauiiini TiYnjJbLHUKHU ra3zy

Hacporogni cTpiMKO 3pociia KiIbKICTh YCTAaTKyBaHHs, TOMY HEOOX1JIHO OyIio
MaTd TpUiaja, KU OW BOJIOMIB IIMPOKHM J1ala30HOM 1 BEJIHKOI MPOMYCKHOIO
3matHicTio. Ile 1 € poTamiiiHi BUTpPATOMIPH, SKI IITHPOKO 3aCTOCOBYIOTBHCS Y
KOMYHaJIbHOMY Ta MOOYTOBOMY T'OCIIOAapCTBAX.

Portaniiinuii (poTOpHMII) JIYMIBHUK - KaMEpPHHM JIYMIBHUK Ta3y, TYJWBHUM
€JIEMEHTOM SIKOTO € BOCbMHOOPAa3H1 pOTOPH.

Portamiiinuii razoBuii smumiabHUK (puc. 1.15)  ckimagaetscs 3 kopmoycy 1,
BCEPE/IMHI SKOTO O00EepTaloThCs JBa OJIHAKOBUX BOCBMHUOOpAa3HOro poropa 2
nepeaaBajJbHOrO 1 JIYMJIBHOTO MEXaHI3MIB, MOB'I3aHUX 3 OJHUM 3 POTOpiB. PoTopu
MIPUBOJATHCS B 00OE€pPTaHHS Mij AI€I0 PI3HULI TUCKIB ra3y, 0 HAJXOIUTh Yepe3 BEpXHIN
BXIJJHUN MaTpyOOK 1 BUXOJIUTH Yepe3 HIDKHIM BUXITHUN maTpyOok. IIpu oOepranHi
pOTOpU OOKaTYyIOThCS CBOIMU OiuHMMH TOBepXHsAMHU. CHHXpOHI3aIlis o00epTaHHs
pPOTOpIB AOCATAETHCA 3a JOMOMOIOK JBOX IMap OJHAKOBUX 3yOuUacTHUX KOJIIC,
YKpIIUICHUX Ha 000X KIHIMX pPOTOPIB B TOPILEBUX KOpPOOKaxX T1o3a MeXamMu
BUMIPIOBAJIBHOI KaMepu-Kopmycy. s 3MeHIIeHHsT TepTs 1 3HOCY LIECTEPHI POTOPIB
MOCTIITHO 3MAIIYIOThCSI MACJIOM, 3aJIMTHM B TOPIIEBI KOPOOKH [5].

O6’eM Ta3y, BUTICHEHHMH 3a TIBOOEpTa OJHOTO POTOpa, MOPIBHIOE 00’ €My,
00MeXEHOMY BHYTPIIIHBOIO TMOBEPXHEIO KOPIYCy 1 OIYHOIO MOBEPXHEI0 pOTOpa, IIO0
3aiiMa€e BEPTUKAIIbHE TOJIOKEHHS. 3a MOBHHM 00EpT POTOPIB BUTICHSAIOTHCS UYOTHPU
Takux 00’emu [5].

[Ipyn BUTOTOBJIEHHI POTAIIMHUX JIYWIBHHMKIB OCOOJMBA yBara 3BEpTA€THCS Ha
JIETKICTh X0y POTOPIB 1 3MEHIIICHHS HEBPaXOBYBAHUWX BUTOKIB razy depes JIYUIbHUK.
JlerkicTh X011y, 110 € IKICHUM MOKa3HUKOM MaJjioro TEPTs B MEXaHi3Mi, a OTXKe, 1 MaJIOIO

BTPATOIO TUCKY B JIIUMUJIbHUKY, 3a0€3MeUy€eThCs YCTAHOBKOIO BaJliB POTOPIB Ha KYJIbKOBI
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M1IITATTHAKY, 3BEJICHHSIM JI0 MIHIMyMY TEPTS B PEAYKTOP1 1 paXyHKOBOMY MEXaHi3Mmi, a

TaKOXX paIllOHAJTbHUM BHOOPOM KOHCTPYKTHBHUX PO3MIPIB 1 YacTOTH OOepTaHHS

pOTOpiB. 3MEHIICHHS BUTOKIB Ta3y JOCSTAETHCS PETENBHOI0 OOpOOKOI0 1 B3a€MHOIO

M1JTOHKOIO BHYTPIIIHBOT OBEPXHEIO KOPITYCY 1 TEPTSAM POTOPIB. 3a30p MIK KOPITYCOM 1

NPSIMOKYTHUMHU MalJlaHYMKaMH, PO3TAIIOBAaHUMH Ha KIHIAX HaWOUIBIINX iaMEeTpiB

poTopiB, konmuBaeTbes Big 0,04 mo 0,1 MM B 3aleXHOCTI B TUIY JiduiabHUKA. [Ipu

BUT'OTOBJICHHI JIIYMJIBHUKIB 0COOJIMBA yBara MpUAUIETbCS CTATUYHUM OaJIaHCYBaHHIO 1

00po611i poTopis [23].

Pucynox 1.15 — Cxema porariitHoro JywibHUKA: 1-KOpITyc; 2- poTOp.

Pomayitinui nivunoruk easy Amwnine PJI G6 (puc. 1.16)
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e iade in Ukraine

P max 50«Pa

Qmax 0 mh

2014

Pucynox 1.16 — Poraniiinuii miymibHuk ra3y Ammins PJ1 G6

SAMIIIBCHKI JIYUJIBHUKM a3y pOTOPHOro THUMY (pOTauiifHi) 3 MeEXaHIYHUM

BimikoBuM tipuctpoem G2,5 PJI, G4 PJI, G6 PJI. T'azoBi miuwmnpHukH Ammins PJI

MpPU3HAYEH1 i1 BUMIpY 00’eMy mnpupojaHoro rasy BianoBigHo g0 'OCT 5542 npu

MIPOBEICHHI KOMEPIIIITHOTO 001Ky Ha 00'€KTax ra3ocnokuBaHHs. JITYMIBHUKY 11 Ta3y

potopui Ammins G2,5 PJI, G4 PJI, G6 PJI 1 G10 PJI He MaroTh coOi piBHUX 3a

XapaKTEPUCTHUKAMU  Cepel

IMIOPTHUX 1 BITYM3HAHUX aHajoriB. OcoOauBUMH

nepeBaraMu BOHHU BOJIOAIIOTH MOPIBHSHO 3 JIIYMJIbHUKAMU THIINX THUIIIB.

-HaI1MHICTE 1 Oe3MeKa;

-cy4JacHa KOHCTPYKIIis 1 IU3aiiH;

-MaJiorabapuTHI;

-CaMOOYHNIITarOTHECA,

KitouoBi 0coOMMBOCTI MUUIbHUKIB Ta3zy PJI Ammins:

-CTa0LIbHI METPOJIOTTUHI XapaKTEPUCTUKU IPOTATOM YChOT'O TEPMIHY CITYKOU;

-CTIHKI1 10 BOJIOTOCTI HABKOJUIITHBOTO MOBITPsI 10 98% mipu Temmiepatypi 25 ° C;

-HaJIIMHO TIPAIIOIOTH MPHU 3MIHAX TYCTHHH, TUCKY 1 IIBUIKOCTI TTOTOKY Ta3y;

-IPOCTI Y BUKOPUCTAHH1 1 00CITyrOBYBaHHI;

-JIETKO 1 HAIITHO MOHTYIOTHCS B TA30BY CUCTEMY.

3MH.
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OcHoBHI TexH14H1 AaH1 Ji4mIbHUKIB razy Ammniae PJI G6 naBeaeno B Tadmuin 1.8.

Tabmums 1.8
XapakTepucTuku JiunibHuKa Ammins PJI G6
Monenb SImnuts PJT G6
MakcumaibHa BUTparTa rasy 10 m%/rox;
HominansHa BuTpara rasy 6 M°/rox;
MinimasibHa BUTpaTa raszy 0.025 m°/rox;
IMopir uyTiuBoOCTI 0.016 m°/rox;
MakcuManbHUN HAUTHIIKOBUN TUCK 50 xIla

Temnepatypa ekcruryaTarii

Bix - 25°C o + 50°C

MiXmoBipo4Huil iHTEpBa 5 pokiB
I'abaputHi po3mipu 130 x 100 x 92 mm
Maca, He Oinblie 1.5 kr

Jivunenuk 2azy Novator G2.5 (puc. 1.17)

G 6PN

Pmax=50kio

N W 7182951

NOVATOR®

Qstart<0,016m’/h Qmin=0,08m*h

UL

‘meoel

Qmax=10,00m*

s

i= 151.5“"

Pucynok 1.17 — Jliunnbauk razy Novator G2.5

Jliumnpauku ta3zy potopHi Hoatop PJI G2.5, G4, G6 Novator npusHaueHi s

BUMIPIOBaHHA 00'€éMHOI BHUTpAaTH TPHUPOAHOTO 1 IHIIMX HEArpeCMBHHUX Ta3iB MPHU

3mH. | Apk. Ne dokym. Midnuc | Qama
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IPOBEJICHHI KOMEPIIMHOTo 00Ky Ha 00'eKTax razocrnokuBanHs. JliunnpHuku razy PJI

HoBarop pemoHTONpHUAaTHI, MPAIIOIOTh 3 HEOYMINEHWMH Ta3aMHd 1 HE BUMAraroTh

JO0AAaTKOBUX CUCTEM KpiHJIeHHH.

Tepmin cnyxOu poTopHux iumiIbHUKIB HoBatop PJI 3 ypaxyBaHHSIM TEXHIYHOIO

oOcimyroByBaHHS - He MeHIIIe 20 pOKiB.

Pexxum pobotu poropHux miuniabHUKIB Novator PJI moxxe Oytu Ge3nepepBHUM abo 3

nepepBamu.

. .. . . 3
€MHICTh BIJUIIKOBOTO IPHUCTPOIO JIYHIBHOTO MEXaH13My CTaHOBUTH 99999,999 m™,

[{iHa MOJIOALIOrO PO3PSIAY BiUTIKOBOTO mpreTporo craHosutb 0,001 M3 [24].

OcHoBHI TexHI4HI naHi TidmibHAKIB ra3y Novator PJI G2.5 naBeaeno B Tadmumi 1.9.

Tabmuusg 1.9
Xapaxrepuctuku JgiuniabHuka Novator PJ1 G2.5
Monensb Novator PJI G2.5
MaxkcuMaibHa BUTpaTa razy 4 vfrox;
Hominanbha BUTpara rasy 2.5 M°/rop;
MiHimasbHa BUTpaTa rasy 0.08 m*/rox;
ITopir uyTnuBocCTi 0.016 m°/rox;
MaxkcumanbHU HAUTUIIKOBUAM THCK 50 xIla

Temneparypa excrutyaTartii

Bij - 25°C nmo + 50°C

JliaMeTp YMOBHOTO NpPOXOJy NpHEIHYBAIbHUX

HITYLIEPiB

20 MM

I"aGaputHi po3mipu

145 x 100 x 98 MM

Maca, He OinbIie

2 KT

1.10 bapa6anHi JiYWJIbHUKH ra3y

PoGota 1mx /IYMIBHUKIB 3acHOBaHAa Ha Oe3MepepBHOMY BHUMIPIOBaHHI 1

BI[paXyHKY pIBHUX 00'eMHUX mopuid ra3zy. Uucio uux o00’€MIB peeCTpyeThCs

paxyHKOBHUM MexaHizmoM (puc. 1.18).

VY repMeTMYHOMY IMIIHAPUYHOMY KOXYyci 1, 3allOBHEHOMY OLfbII HiK HArOJOBHHY

3aTBOpa PIIUHOI, 00EPTAETHCA KOHIIEHTPUYHO PO3TalllOBaHUi OapabaH 2, po3IUICHUM

3mH. | Apk. Ne dokym. Midnuc | Qama
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JoTUpMa padiaIbHUMHU 1 OJHIEI0 HMUJIHIPUYHOIO MEperopojkaMu Ha I'sath kamep I-V.
Kamepu I-1V 3eqnyrotbest 3 mpocTtopoM Koxkyxa | miinmHamu a, b, ¢, 1 d BHyTpIIIHBOIO

KaMeporo V depe3 MUINHY a1, by, ¢1 1.d; [21].

(S

Pucynox 1.18 — JliunnbHuk 6apabanHoro Tumy : 1-koxyx; 2-0apaban; 3-momaroya ras

TpyOa; 4-BiABiaHA ra3oBa Tpyda; [-V — kamepu

B kxamepy V depe3 MOpOXHHUCTY BiCh BXOJUTh TpyOa 3, a y BEpXHIi 4YacTHHI
KOXKyXa BCTaHOBJIeHa TpybOa 4. PagianbHi neperopoAkd 1 3'€AHYIOTh UIIJIMHU
po3TalioBaHi Tak, 10 ra3 MOCTiAoBHO 3amoBHIOe kKamepu [ - IV. Ilepeman THcky B
Tpybax 3 1 4 3Mymye OapabaH oOepTaThcCs 3a TOIWHHHUKOBOIO CTPLIKOI. BXimHa 1
BHUXIJJHA IIUIMHA KOXHOI KaMepH HIKOJM HE MOXXYTh OyTHM OJHOYACHO HAaJl PiBHEM
pianHu, OTKe, IpsSMe TepeTiKaHHs Ta3y 3 Tpyou 3 B TpyOy 4 BukimrouaeTbes [5]. Kokna
KaMmepa 3allOBHIOETHCS IEBHUM MOCTIHHUM 00'€éMOM razy, SKUi BUTICHSAETHCA 3 KAMEpPHU
B KOXKyX MpHJIaAy NpU BUXOAl BUITYCKHUN INIJTMHM 3 MiJ PIBHSA 3aMUKAIOYOl PIAUHH.
Obepranns GapabaHa 2 mepenaeThCsl BIIJIKOBOMY MEXaHI3MY, pO3TallOBaHOMY 30BHI
KOXKyXa. 3a oluH o0epT uepe3 OapabaH MPOXOAUTH 00’€M Trazy, IO JOPIBHIOE CyMi

00’eMIB Kamep, 10 BIJCIKAIOTHCS PEUOBHUHOIO. bapabaHHI JIYUIBHUKHA 3aCTOCOBYIOTH

ApPK.
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IJIE  BUMIPIOBaHHS  CBITWJIBHOTO, Ta30I€HEPAaTOPHOTO, KOKCOBOTO Ta  IHIIUX
HEUTpaIbHUX Ta3iB, SKI HE PO3YMHSIOTHCA B 3aTBOPl PIAMHU 1 HE BIUIMBAIOTH Ha
Matepian miymibHUKAa. OOOB'I3KOBOIO  yMOBOIO po0OOTH OapabaHHMX Ta30BUX
JIYUIBHUKIB € CTAJICTh PIBHS PEUYOBUHHM B KOXKYC1 JIUMIbHUKA. J[JIST KOHTPOJIIO PIBHS
PLAMHY JTYMIBHUK OCHAIIYIOTh BOJOMIPHUM CKJIOM a00 MPUCTPOEM SISl MiATPUMAHHS
CTaJIOCT1 PiBHSI.

bapabGanHi TYMIBHUKH Ta3y SBISAIOTH COOOI0 JyXe TOYHI MpUOOopH, X Mmoxudka
He mnepesuinye 0,2%. OpHak, BOHH PIIKO BHUITYCKaIOThCS MPOAYKTUBHICTIO MOHAJT 3

3 . : . :
M°/TOJ1, TOMY IIIO ITPH BEJIMKIi MPOYKTUBHOCTI rabapuTH X 3aHaTO BesmKi [25].

bapabannui nivunenux 2azy RITTER(puc. 1.19)

e
o “mn‘ iy,

2. 0.5L %,

0.45 LEDRN Y

, 0.3

iy, o

oz
\ '
LT UL

Pucynox 1.19- Jliuunbauk razy RITTER

["azoBuit miunnsHUK RITTER yHiBepcanbuuii A1 BUMIproBaHHS 00'eMy TEKyYHX
rasiB, 0COOJIMBO B CaMMX MaJlMX 1 CEpEIHIX BUTpaTax, HAMPHUKIAA, B Ja00OpaTopisx, Je

MOTpiOHA BUCOKA TOYHICTb.
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JliunnpHuKu 6apabaHHOTO ra3y MOXKYTh OyTH 00paHi 3 5 Pi3HUX BUCOKOSKICHUX
matepianiB: noniBiHUTXIIopK ([TBX), mominpominen (I1I1), momiBiHitigeHdTOpH
(IMIBJ1®), momieTniieHOBa eJEeKTpOIpoBigHa 1 Hepkapirowa crainb (I1E-em) (1.4571).
3aBAsSKMA IIJIECOPSIMOBAHOMY BHUOOpPY BIAMOBIIHOTO MaTepialy OapabaHHI Tra3oBi
JTYMIHPHUKY TAaKOXK MOXKYTh BUKOPHUCTOBYBATHUCS 3 BUCOKOAKTUBHUMHU Ta3aMH.

Akmo A0 yaapHOi MIITHOCTI KOPIYCY BHMIpIOBada MPEI'sBISIOTBCS O1IBIT BHUCOKI
BUMOTH, MOKHAa BUOpaTH KOPITYC 3 HEPKaBiIOYOI CTall, KWW MOXXHa KOMOIHYBaTH 3
BUMiproBasIbHUM Oapabanom 3 [1BX, II1, [IBJI® a6o [1E-en [21].

baxxanuii niamazoH BuUMIipy Moke OyTu BuOpaHuii 3 8 TuUmopo3mipiB (Bchoro) Bia 1
n/rox go 18 000 miTpiB Ha roAMHY TIPU TeMmIeparypi ra3zy B gianmasoni Bix -10 °© C mo
+80 ° C. Kopmyc 3 TBepAuUM MOKPUTTAM OYB CIIPOCKTOBAaHUN B CTaHIAPTHOMY
BUKOHAHHI 3 MAaKCUMAJIbHUM HAJUIMIIKOBUM TUCKOM 50 mMOap (Kopmyc 3 TEpMOILJIACTIB)
a6o 500 mOap (kopmyc 3 HepKaBirOYOi cTaji); OUIbII BUCOKI PIBHI THCKY JOCTYIIHI JIO
40 Gap.

Jliunmnbauky ra3zy 6apadannoro tuny RITTER - ne BumiproBaui ButpaTtu rasy 3
00epTOBUM  BHUMIPIOBAJbHUM  OJIOKOM  (BUMIpIOBaJIbHUM  Oapabanom). VY
BUMIpIOBaJIbHOMY OapalaHi MPUMYCOBE BHUMIPIOBAHHS 00'€MY 3IMCHIOETHCS IUIIXOM
MEp10IUYHOT0 3alIOBHEHHS 1 CIIOPOKHEHHS KOPCTKUX BUMIPIOBAJIBLHUX KaMep.

TouHe BUTOTOBJICHHS Ta KaiOpyBaHHS MPU3BOJATH 10 TOYHOCTI BUMIPIOBAHHS =+
0,2% mpu HOMIHAIBHIKN BHUTpaTi 1 TpubmuzHo = 0,5% mno BchoMy [iana3oHy
BHUMIPIOBaHb.

Benuuesna mepeBara 6apaGaHHOTO JIYWJIBHUKA Ta3y HaJ 1HIIMMHU BUMIPIOBAJILHUMU
MpUHLOMUNAaMHU, 00’€M rady Ha BTOPHHHI 3aXOJ, TaKUX SIK MIBUJKICTh, TEIIOEMHICTD,
BU3HAYUTH, 10 00’€M BUMIPIOETHCS Oe3nocepenbo. Lle o3Havae, mo ymoBa 1 ckiaj
ra3y He BIUIMBAIOTh HAa TOYHICTh BUMIpIOBaHHS. ToMy KOpuTyBaibHI (hakTOpH, IO
BpPaxoOBYIOTh THII Ta3y, TEMIIEPATYPy, BOJOTICTh 1 T. . HE MOTPiOHI. Ciia 3a3HAYUTH,
o B IHIMKX, IO HE OO0'€eMHHUX METOJax BUMIPIOBAHHS 3a3HA4eHa TOYHICTh
BUMIPIOBAHHS JOCATAETHCS TIIBKA 3 TOYHUM 3HAHHSAM MONPABOYHUX KOE(ILIEHTIB JJIs

MHUTTEBOTO cTaHy rasy [8].

ApPK.

MA 111-81mn.09.000.000 113 50

3mH. | Apk. Ne dokym. Midnuc | Qama




OcHoBHI TexHI4HI naHi Ti9mibHAKIB rasy RITTER naBeneno B Tabmmmi 1.10.

Taomus 1.10

Xapakrepuctuku miunibHuKa RITTER TGO1

Monens RITTER TGO1
MaxkcruMaibHa BUTpaTa razy 30 m*/rox;
HominansHa BuTpara rasy 10 m*/rog;
MinimanpHa BUTpaTa razy 0.1 m°/rox;

[Mopir gyTimBoOCTI 0.002 m°/rox;
MakcuManbHUN HAUTHIIKOBUN TUCK 5 klla

Temmeparypa ekcrryaTamii Big - 25°C no + 50°C
I"aGapuTHi po3mipu 125 x 80 x 98 MM
Maca, He Oinblie 2 KT

Jivunvrux 2azy I'CE -400 (puc.1.20)

Pucynox 1.20 — Jliunnenuk razy I'Ch -400

Jlnst BUMIpIOBaHHS Ta pPEECTpallii Malux BUTpAT razy B Jiaboparopisix Ha

MIPOMMCIIOBUX MIIMTPUEMCTBAX BUKOPUCTOBYIOTHCA YHIBEPCAJIbHI BUMIpPIOBAdl BUTPATH

rasy (6apadannoro tumny) Tumny I'Ch-400 a6o #ioro moBHoro ananora LML-2
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BumiproBaui razy mocrtiiiHO 3a0e3nedyyroTh MaKCUMajbHY TOYHICTh HAaBITh TMPH
HAaWHIKYUX BUTpaTax ra3y 3 IHEpTHUMH a00 HAHOIbII arpeCUBHUMHU ra3aMu.

PimyHHI Ta30BI JIYWJIBHWKKA TPAMIOIOTh 32 TMPUHIMAIIOM  IO3UTHBHOTO
nepemimieHds. 3aHypeHui MnpoOoBIIOUpaIbHUNM MOTIK razy o0epTae BUMIpIOBaIbHUMN
OapabaH BcepenawHl HAOMBOYHOI PiIWHMU, 3a3BUYall BOAM a00 CIA0OBSI3KOTO «O1I0TOY
(mpo3oporo) wmacia. MexaHi3M HATUCKHOTO JUCKa 1 JIYWJIbHHUKA, 3'€THAHUA 3
obepToBUM OapabaHOM, peecTpye 00’€M IMOTOKY Ta3y, SIKUH IOCJIJOBHO 3allOBHIOE 1
CIIOPOKHSETHCS 3 KOPCTKUX Kamep (pikcoBaHOTO 00’€My OapabaHa.

OcHoBHi TexH14H1 AaH1 JiumibHUKIB razy ['Ch-400 naBeaeno B Tabmmmi 1.11.

Tabmums 1.11

Xapakrepucrtuka gigmisHuka ['Ch-400

Mopnens I'CB-400
MaxkcumanbHa BUTparTa ra3y 75 m°/rox;
HowminanpHa BuTpara ra3y 4 m/rop;
MinimanpHa BUTpaTa razy 0.4 m°/rox;

[Topir uyTnuBoCTi 0.002 m*/rox;
MaxkcumanbHU HAUTUIIKOBUAM THCK 78 I1a

Temnepatypa excruryaTarii Bix - 25°C no + 50°C
I"aGapuTHi po3mipu 370 x 295 x 315 mm
Maca, He OliabIIIEe 6.6 kr

1.11 BucHoBKH 10 po3aiay 1
VY nepriomy po3aui 0ysi0 IPOBEACHO OLIHKY 3aC001B Ta METO/I BUMIPIOBaHHS 00’ €My
Ta 00’€MHOi BUTpaTH. 3poOJIEHO aHaji3 BUMIPIOBAILHOTO cepefoBuUIla. Po3risHyTO
OPUHLIMIKA POOOTH MyMOpaHHHX, TYpOIHHMX, YJIbTPa3BYKOBHX, pOTAIIMHUX Ta
OapabaHHUX JYWIbHUKIB ra3zy. HaBeneHo iXHI TEXHIYHI XapaKTEpPUCTUKH, MepeBaru Ta
Henoiku. KokeH BUMIprOBaIbHUN TIEPETBOPIOBAY BUTPATH Ma€ SK TEpeBard Tak 1

HeAOMIKM. JIUMIBHUKK TONISIOTECA Ha MOOYTOBI, KOMYHaJlbHI Ta IPOMHCIOBI,
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KJ1acu(1KYIOThCS 110 BUTPATI Ta3y 3a roAuHy. Tomy BaxJHMBO Oyje rnepen npuadaHHsIM

OLIIHUTH YMOBH B SIKHX BiH OyZie 3HAXOJAUTHUCH Ta MPaIlOBATH.

PO3A1J1 2 MATEMATUYHE MOJIEJIOBAHHSA

2.1 Po3po0Oka maTeMaTH4YHOI MO/1eJIi TYpOiHHOTO BUTpaToMipa

Konu Hema cuit 1irounx Ha CIOBIILHEHHS POTOpa MOJICNb TYpOiHU

ro, = ta\';ﬂ | 2.1)

ne I - paniyc TypOiHH; c;- ieanbHa MIBUAKICTH 0OepTaHHsA poTopa; f- KyT Haxmiy

nomari; V - 06’em.

Skio Mu BBesieMo B piBHSAHHA 2.1 3aranbHuil o0csar Butpatu Q TO OTpUMaEMO

@ tan
—'=_—ﬂ, (2.2)
Q TA
_ |R*+a’ . . o : :
ne T = — ebexkTuBHUN paaiyc TypOiHu; R-30BHImHINA paaiyc TypOiHH; a-

BHYTpIIIHIA paaiyc TypOiHH; A- IUIOLIA MONEPEYHOro mnepepisy Tpyou; Q,-00’eMHa
BUTpATA.

[Tpu nmocTiitHOMY MOTOIIl MIBUAKICTh POTOPA B 3araIbHOMY BUIAJIKY JOPIBHIOE

22199 M '™, (2.3)
dt
Ae | - MOMEHT iHepuli, @-IBUAKICTb 00epTaHHs poTopa; M ,- pyXarouuil MOMEHT;
> M, - cyma cuI IpOTHii.
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M4 11-81mn.09.000.000 113 -
3mH. | Apk. Ne dokym. Midnuc | Qama




Toni pizHUI MK (PAKTUYHOKO MIBUAKICTIO POTOpAa @ 1 171€aJbHOI0 MIBUJIKICTIO

poTOpa @, , SIBIIAETHCS MIBUIKICTh KOB3aHHS pOTOpa yepe3 KOMOIHOBaHMH €(EKT BCIX

raJIbMiBHAX MOMEHTIB pOTOpa

T(va 27r%(rx —rw) | 7(R* —a®))dr =N, |

3B1ICH OTPUMY€EMO

r2oQ, (@ - @) = N,

ne N - raabMIBHAN MOMEHT; p - TYCTHHA IIOTOKY.

KomGinytouu piBasiHHA (2.1) Ta (2.5) orpuMaeMo

o tanf N;

Q TA TpQ)

BuxopuctoBytoun kKoedilieHT CU1 TPOTUIIT OTPUMAEMO

2
o

C,S.

ne Cp -koedilieHT MpoTHli; S — MiIoIIa NOBEPXHI JIONATI.
BukopuctaBmm 1€ piBHAHHA 0pU TypOYJEHTHOMY TMOTOLI

JIOPIBHIOBATU

F = pV20.074Re™ %S

(2.4)

(2.5)

(2.6)

(2.7)

cuna Oyze

(2.8)

Ipunyckaroun, Mo KyT BHXPOBOro MOTOKy 6 Buxomy uepes obeprambHuii

MOMEHT POTOpa MEHIIHHI TTOPIBHSIHO 3 [ TO

N, =o(R +a)pV?0.037Re **Ssin . (2.9)
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M4 rNi-81mn.09.000.000 N3 54
3mH. | Apk. Ne dokym. Midnuc | Qama




O06’eqnaBmu piBHAHHS (2.6) Ta (2.9) oTprMaemo

2 -0.2 .;
o _ tan g 0.037w(R + a)_S;A Re sm,B. (2.10)

Q, A r

2.2 Kpurepii nogidoHocTi B rizporazoauHamini

['iaporazoauHaMiyHa MOAIOHICTh - 1€ Taka MOAIOHICTh MOTOKIB MPH SKUX BOHH
OyayTh TEOMETPUYHO, JUHAMIYHO 1 KIHEMATHYHO TOJIOHI, a TaKOX BIAMOBIIATUMYTh
JESIKUM YMOBaM:

- B MOJIOHMX TOYKAX MAIOTh OYTH MPUKIIAZACHI OJTHOMMEHH1 CHUIIH.

- BEKTOPHI1 MOJIS CUJI, SIKI BIUIMBAIOTh Ha CEPE/IOBUILE MAIOTh OYTH F€OMETPUYHO
noaioHuMu [7].

3a mo1I0HOCTI MOTOKIB TAPOAMHAMIYHI TApaMETPHU MOKHA TPUMATH MHOKEHHSIM
YUCJIOBUX 3HAYE€Hb OJHOMMEHHUX MapaMeTpIB 1HIIOTO MOTOKY Ha MOCTIiHI O€3po3MipHI1
MHOYHHKH, 1110 HA3UBAOThCS MalTabaMu Moai0HoCTI [5].

Ao aBa MOTOKKA MOJIOHI MK CO00K0, TO BHUHM ONHUCYIOTHCS OJHAKOBHUMH
PIBHSIHHSIMU 3 OJJHAKOBUMH T'PAaHUYHHMH 1 TOYaTKOBUMHU yMOBaMH. BoHM mpeicTraBieH1
y 0€3p0o3MIpHOMY BUTJISI, JUIsI HUX OJTHAKOBUMU OYyTh HACTYITHI KOe(PIIlI€HTH:
-yncino PeitHonbACa — B110Opakae BITHOIICHHS CHJI IHEPIIT Ta BA3KOCTI;
-yrcno CTpyXxalis - XapaKTepu3ye 3aJeKHICTh CKIIAJOBUX 1HEPIIMHUX CHII BiJI Yacy;
-yncno Elnepa — BiioOpaxae BIJHOIIECHHS CUJI TUCKY Ta 1HEPIIii;
-yncyio Opyna - BijoOpakae BITHOIIECHHS CUJT IHEPIi 10 CUJI TpaBiTallii.

Banuiiemo piBHsHHS Hap'e-Ctokca (2.11) -piBHSHHS MEPEHOCY KITBKOCTI PYXY -

JUJIsl BEPTUKAIBLHOT OCl Z:

oMo gy Moy Ny, O 100y (2.11)
T OX OX oXx  poz
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[lepeMHO)KMMO BCl €JIEMEHTH IIbOTO PIBHSHHS Ha BIAMOBIIHI KOHCTAHTH

MO{I0HOCTI:

& M (w,

a, Ot

+w, 8WZ+WZ aWZ): aF (_la_p)+ag(—g)+aVaZ'WVVZWZ(Z.].Z)
oy oz agd, poz %

Jl5s 306epekeHHs TOTOXKHOCTI OTPUMAHOTO 1 BUX1THOTO PiBHSIHB MPUPIBHAEMO BCl

Koe(iIieHTH, K1 CTOSATH MPU OJHAKOBUX JIOJIaHKAX:

aw/ax:a\i/alzaF(aFal):ag:a\/aw/aiz'

(2.13)

Po3ninuBim B piBHsHHI (2.11) koMIuiekcu kKoHCTaHT oaioHocTi (1), (3), (4) 1 (5)

Ha (2). OTpuMaeMO CHiBBITHOIIEHHS M1 BIIOBIIHUMH CHJIAMH 1 CUJIaMU 1HEPIi: IS

30€pEKEHHSI TOTOXKHOCTI

OTPUMAHOTO 1 BHUXIAHOTO pIBHSAHb MPUPIBHIEMO BCl

Koe(iIieHTH, K1 CTOSATH IMPU OJHAKOBUX JIOJaHKAX:

a-a,a’;

B PR e P LYY

(2.14)

Posrnsnemo cmisBignomenHs (1V) y Bupasi (2.14): a, /(aa,) =1 . 3aminowoun

KOHCTaHTH MOAIOHOCT1 Ha BITHOUIECHHSI BIJIMOBIIHUX BEJIMUYUH, OTPUMAEMO:

(W /w,) I (/1)

1, (2.15)
v, /v,
abo
Wil _ Wely _ idem, (2.16)
Vi Vs
3BIJIKHU
ApPK.
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wl/v=wlp/ u=Re. (2.17)

Tobto BX)e BimoMe Oe3po3MipHe uyuciao - Kputepiit PeiiHonpaca. Bono
XapaKTepU3y€e BIAHOIICHHS CHJI 1HEPIl MO CHJI TePTs 1 BU3HAUA€ PEXHUM PyXy y BCIX
HOII0OHMX TOUKAxX MOAIOHKX cucteM [9].

CmiBBignomienns (I) B piBHsiHHI (2.14) BpaxoBye HECTaIN PyX pEUYOBUHHU:

A, (2.18)
a,ay
abo
Wt _ W22 _idem. (2.19)
Vi Vs
3BIJIKHA
wz/l=Ho. (2.20)

Bupaz (2.20) € xpurepieM MOAIOHOCTI, IO XapakTEpPU3ye HECTAIUM CTaH
MpOIIeCy, 1 HA3UBAETHCS KpUTEpieEM roMoxpoHHOcTi HO. V¥V Bcix momiOHuX ToOYKax
noMiOHUX cucTeM (HaTypu 1 MOJeNi) KpUTepid TOMOXPOHHOCTI Ma€ OJHE 1 T€ X
3HAYCHHS, SIKIIO TUTBKU B IIUX cCUCTeMax pyx Hecrammi [10].

31 cmiBBigHomeHHa (ll) oTpumaemo kpuTepiii MOAIOHOCTI, LIO XapaKTEPHU3YE

BIJTHOIICHHS CHJI T1IAPOCTATUYHOTO TUCKY JI0 CHUJI 1HEPIIil B OMIOHUX CUCTEMAaX:
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=1, (2.21)

abo

R _ R
/01W12 PzW12

=idem. (2.22)

be3po3mipHe BiAHOLIECHHS HaszuBaioTh Kpurepiem Eiinepa.

p W
[Ipu BupimeHH1 0araTbOX TEXHIYHUX 3aBJIaHb T'iJIPOJIMHAMIKM BA)KJIMBO BU3HAYATH HE
a0coyIIoTHUM TUCK P B cucTeMi, a pi3HUIIO TUCKIB AP MiX OyIb-SIKUMH TOYKaMH a0o
nepeTuHaMu TMOTOKY piauHu. Tomy 3a3Buyail kputepiii Elinepa BimoOpaxkae BIUIMB

nepenaay riIpOCTaTUYHOTO TUCKY HA PYX PIIMHU 1 BUPAXKAETHCS HACTYITHUM YHHOM:

Eu=AP/(pwW?). (2.23)

Hapemri, cmiBBigHomenHsa (l11) xapakrepusye BIAHOLIEHHS CUJIM TSDKIHHS 10 CHJIU

1HEepIIi:
a,a
9 29 =1, (2.24)
a;
abo
2 2
M- Y% _idem. (2.25)
gk 9.,

3BIZICM OTPUMYEMO HOBHUH 0€3p03MipHUN KOMIUIEKC, 3BaHuil Kpurepiem ®pyna, skuii

B1J1I00Opaxka€ BIUIMB CHJI TSKIHHSI HA PyX PEUOBHUHH:
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w;
9,1,

(2.26)

Takum umHOM, pimieHHa piBHsAHHA Hap'e-CTokca, 10 omMcye B 3arajibHOMY

BUIJIAAI IIPOIIEC B'I3K0O1 PEYOBHHU, MOXKE OYTH MPEICTABIEHO KPUTEPIAJIHLHUM
9

PIBHSIHHSIM BUTY-

F(Ho, Eu,Fr,Re)=0,

(2.27)

Ske Ha3uMBaIOTh y3arajdbHEHUM (KpUTEpIaibHUM) PIBHSHHSAM T1JpOJIMHAMIKH.

Bynp-sike 3aBgaHHs pyXy B'SI3KOi pIAMHU MOK€ OyTH BHUpPIIIEHE NUIIXOM 3HAXOJKEHHS

3aJICKHOCTI MK KPUTEPIsIMH, 1110 BXOAATh B PiBHAHHSA (2.27).

V piBuHsiHHI (2.27) Bci kputepii noaiOHOCTI, kpiM EU, € BU3Ha4YambHUMH, TaK K

BOHU CKJIJICHI TUIBKHM 3 BEJIWYMUH, SIKI BU3HAYAIOTh YMOBU OAHO3HAYHOCTI. OCKUIBKH

Opy BUPINICHHI TMPAaKTHYHUX 3aBJaHb 3a JOMNOMOTOI0 pIBHSIHHS (2.27) 3a3Buuai

BU3HAYAIOTh BenmunHy AP, mo Bxomuth B EU, TO B 11bOMy BHIIAKY piBHSHHS (2.27)

BIIMCYIOTH I110JI0 BITHOCHO BU3HAYEHOTO KpuTepiro EU:

Hampuxian

Eu =F(Ho, Fr,Re).

Eu=A-Ho-Q-Fr-N-Re-M,

(2.28)

(2.29)

ne 3HaueHHs A, Q, N, M 3a3puyaii BHU3HAYAIOTh IOCTIAHUM IUISXOM. Y psiai

BUIIAJIKIB PIBHSHHA (2.28) TOMOBHIOIOTH TEOMETPUYHUM CHUMILJIEKCOM, II0 BiOOpaXkae

BIUIMB BIJHOIICHHS JOBKHHU KaHay 10 Horo aiametpy - L/ D.
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[Ipu ycrameHoMy pycl KpUTEpid TOMOXPOHHOCTI MOX€ OyTH BUKIIOUYEHUH 3

piBHsHHS (2.27) TOMI

F*(Eu,Fr,Re) =0. (2.30)

Y ToMy BHMAJKy, SIKIIO IIBUAKICTb PyXy PEUYOBUHHU CKIIAJHO BHU3HAYUTH
(HampukIan, TpW MPUPOMHIM KOHBEKIli), BBOMATH TaK 3BaHI MOXiaHI, abo
Moau(pIKOBaHI KpUTEPii MOAIOHOCTI, IO CKJIAJAIOThCS 3 OCHOBHUX KPUTEPIiB. Y IHX
MOXIJTHAX YyMOBaX TS)KKOBM3HAYHA BEJIMYMHA BIJIOOpa)keHA 3a JIOMOMOTOI0 1HIIKX
BEJIMYMH, K1 TOPIBHSHO MPOCTO BU3HAYAIOTHCS AHAIITUYHO a00 E€KCIEepUMEHTAIbHO
[11].

Hanpuknaz, npu npupoHiid KOHBEKII1i, 110 BAHUKA€E BHACIIIOK PI3HHULI TYCTUHH,
0OYMOBJIEHOIO PO3XO/DKEHHSIM TEMIIEpaTyp B PI3HUX TOYKaxX I€l PIAMHH, BaXKO
BU3HAYUTHU MIBUJKICTh PYXy KOHBEKTHUBHUX CTpyMiB. Kputepiit ®pyna Bimobpaxae aito
CWJIM TSDKIHHS, BHACHIJOK SIKUX B1JOYBAa€TbCS MEPEMILIEHHS YaCTUHOK PIAMHM, aje B

HBOI'O BXOJAHNTD TSKKOBHM3HAYHA BCIIMYMHA W. I[J]H TOI'O IHO6 BUKIIIOUYHUTHU BCIIMIUHY W

3 kpurepito Fr =w? / gl GepyTh BiIHOLICHHS ABOX KPHUTEPIiB:

W2|2P2 3 L3ng
2 2

Re?/ Fr=( )(S’\:2 ) = (2.31)

OTtpuManuii 0e3pO3MIpHUN KOMIUIEKC BEIWYUH € TOXIJHUM KpPUTEPIEM 1

HazuBaeThes Kputepiem [Namines:

3Ip2
Ga=LP G, (2.32)
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SIKIIO TOMHOXXHUTH 1l KpUTEpid Ha BiTHOIICHHS P=P (ne py,p- TYCTHHU

PCUYOBUHHU B piBHHX TO‘{KaX), 10 BiI[6I/IBa€ IIPUYNHY BHWHHUKHCHHS KOHBCKTHBHHUX

CTPYMiB, OTPUMAEMO HOBUM MOXITHUN KpUTEPiK M0a10HOCTI KpuTepiit Apximena:

4. =G, /’Op P_ '-52 9 pop P (2.33)

Y nonibHuX cucTtemMax, B SIKUX MPOIECH MPOTIKAIOTh MPHU MPUPOAHINA KOHBEKIIii
i J1€10 CUIIM TSDKIHHSA, HEOOX1IHE JOTpUMaHHs piBHOCTI KputepiiB G, abo 4.

Tenep oTpuMaeMo Kputepli TiIpOJUHAMIYHOT TOAIOHOCTI Ha  OCHOBI
aHaJIITUYHOT'O METOTY.

3anmmiem piBasiHHS Hag'e -Ctokca (2.11) ms oci Z:

W, + W, oW, +W, o, +W, ow, __1op_ g+VvWw, . (2.34)
or OX oy 0z p 0z

Jnst Toro mo0 ONpHUBECTH 1€ PIBHSHHS 10 OE€3pO3MIPHOTO BUIJISAY, MPOBOISATH

TaKi MepeTBOPEHHSI.

N

oy, (2.35)

Toni 1 - 6e3po3mipHa MBHIKICTE. AHANIOTIYHO Z (X abo Y) = {'L;

G@)=59: =i Py=¢P (2.36)

VY HOBUX 3MIHHUX piBHSHHSA (2.11) HaOyae BUTISATY:

won W Om  p og WV o 0°7
B/ D R — > —, 2.37
de T2 T o YAt Rl (2:37)
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ne |l =1, 2, 3.

A on,

Wr 0¢&

L on ¢
Ho o¢

nporecis: Ho, Eu, Fr, Re.

ny.

: 1.
wr  Ho' pw? w? Fr' wl Re

2

. .. . W
PozainuBim iBy 1 mpaBy 4acTUHU piBHSIHHA (2.37) Ha T OTPUMAEMO

o p _d v 8277i
2 et 2
o¢ PW~ W wl = og

1./, g 9

Toni piBHsiHHA (2.38) HaOyne BUTIISITY

06 1 1307 _

o  Frt Re“oc?

(2.38)

(2.39)

Cromu BXOIATH BCIM BXE BIOMI KpuTepii MOMIOHOCTI TiapOAMHAMIYHUX

Takum yvHOM, ABOMa (OPMAJIBHO PIZHUMH METOJAaMU OTPUMAHO PIBHE YHUCIIO

OJIHUX 1 THX JK€ y3araJbHEHUX 3MIHHUX-KPUTEPIIB MOAIOHOCTI TiAPOTra30AMHAMIYHUX

IPOLIECiB, HA OCHOBI SIKWUX CKJIAJAa0Th KpUTEplajdbHl PIBHAHHS JJIs BUPIIMICHHS THX YU

IHIIMX 3aBJaHb rigporasoauHamikm [15].

[le nmae migcTaBy BUKOPUCTOBYBATH JOCUTH (popMaibHUM, ane OUIbIT MPOCTUN

cnocid moaIOHOrO NEepEeTBOPEHHSI AM(PEpEHIIAbHUX PIBHSAHb, SKHM TMOJSrae B

HACTYIHOMY: KpUTepii NOA10HOCTI 3HAXOAATh, JUISIYM OJIHY YaCTUHY PIBHSIHHS HA 1HILY

1 BIJKHUJIAI0OUM 3HAKKM MaTeMaTHYHHMX orepatopiB. Hampuknan, nns piBHsHHS Hag'e-

Crokca (2.11) Take nepeTBOpEHHs 3BEACTHCS 10 HACTYIHOIO:
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2
ow, W, (WxaxNZ+Wy8\NZ+W25WZ)DW_; 1op p. wWow, 02 (2.40)
or 1 OX oy oz I pa pl !

2.3 Po3poOka mMaTeMaTHM4HOI MoJe/ii BpPaXyBaHHSI Ta30JMHAMIYHOI Teopii
npu KaJiOpyBaHHi TYpOiHHMX JIYMJIbHUKIB rasy.

CporoJiHi MOKJIMBICTh KaniOpyBaHH 1 moBipku 3BT B excrimyaramiitHux ymoBax
3yCcTplHaeTbcsl Jyke piako. BuHukae mnorpeba nNpoBOAUTH KamOpyBaHHS 13
IPUCTOCYBAHHSAM /1O KOHKPETHHUX YMOB. 3aIllpOIIOHOBAHO BHPILIMTH If0 MNpoOIeMy
CKOPHUCTABIIUCH T1APOTra30IMHAMIYHOIO TEOPI€I0 MOAIOHOCTI, BPaXOBYIOUH MPHU LIBOMY
KOHCTPYKTUBHI OCOOJIMBOCTI JIIYUJIbHUKA.

Jlis OTpUMaHHS KOHKPETHOTO pE3yJbTaTy MOTPIOHO KOPUCTYBAaTHCh YMOBOKO
pPIBHOCTI BUTpaTH Ta OCHOBOIO TeOpii MNOMAIOHOCTI, LI0 BH3HAYAETHCS TAKUMU
MOMEHTaMHU:

- TEOMETPUYHOI0 TOJIOHICTIO, TOOTO MOIOHICTIO TMOBEPXOHb B3aEMOII MIXK
MOJEJISIMH, IO PO3IJISIAI0THCS, Ta CEPEIOBHUILIEM;

- (i3UYHOI0 TOMIOHICTIO CepeoBHINa, TOOTO MOAIOHICTIO TOMIB Ta (PI3MUHMX
KOHCTAHT;

- MOAIOHICTIO TPAHUYHHUX YMOB, 1110 BU3HAYAIOTHCS MOAIOHICTIO MOYATKOBUX Ta
IPaHUYHUX YMOB;

- PIBHICTIO BU3HAYAJILHUX KPUTEPIiB.

Jlis TypOIHHUX JIYMIBHUKIB, SIKI IIMPOKO BHUKOPHCTOBYIOTH Y Ipoleci 00Ky
MPUPOTHOTO Ta3y, MiJ Yac BU3HAYCHHS KPUTEPIiB MOMIOHOCTI IEHTPAIbHE MICIEe
MOCIJIa€ XapaKTEPUCTUKA PEeKUMY Teuli Oe3nocepenHbo Ha mnpodull TypOiHH, sKa €

YYTJIUBUM €JIEMEHTOM JIYMIbHUKA. 30epeKeHHsT TOIIOHOCTI mepeadadae piBHICTh HE
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TUJIBKU BIJHOCHUX OJHOMMEHHUX (DI3UUHUX BEIMYHMH B 000X MOTOKAX, aje U Oyab-aKux
0e3p0o3MipHUX KOMITICKCIB, CKJIaICHUX Ha iX OCHOBI [4].

[lin wac mnpoBeAeHHA aHANi3y pPO3MIPHOCTEH, a TaKOX Ui BU3HAYCHHS
JUHAMIYHOI MOIIOHOCTI MK PI3HUMHU €KCIIEPUMEHTAIbHUMHU BUMAJKAMH PYXy MOTOKY
y 3aJadax TiIpora3oJWHaMIKH BHUKOPHCTOBYIOTh dYHCiO PeiiHompaca. Ywcio
Peiinonpaca — 0Ge3po3MipHE YHCIIO, SKE 3aJEKUTh BiJl MIBUAKOCTI IOTOKY Trasy,

XapaKTEPHOTO JIIHIHHOTO PO3Mipy Ta BIacTUBOCTEH ra3y [4]. s ra3y 3 TyCTHHOIO o i
JTUHAMIYHOIO B’SI3KICTIO 4, IO TIPOTIKAE Yepe3 MonepedHnit mepepis aiamerpom D 3i

MIBUIKICTIO V, yncio Peiinonbnca ReBu3HavaeMo TakMM YHHOM:

Re=20 (2.41)

U
3anuimemMo Gopmyily po3paxyHKy unciia PeitHonbaca i npupoaHOro rasy:

VD
Re = Pweay™ (2.42)

np.eazy ~
H np.2asy

3anuiemMo Gopmyily po3paxyHKy unciia PeitHonbaca a1 moBiTps:

- VD
Re _ Prosimps V= (2.43)

nogimpsi
/'lnoeimpﬂ

['070BHOIO BIIMIHHICTIO MDK TOBITPSM Ta MPUPOJHHAM Ta30M € B’A3KICTh
cepeloBUIlla Ta HOro rycTuHa. 3HayeHHs BigHouieHHs Re mnosiTps/Re mnp. rasy
MoKa3ye, 0 MpU aTMOC(EepHOMY THCKY 3a OJIHAKOBOI IIBHJIKOCTI MOTOKY 3HAYCHHS
yucna PeitHonbaca noBiTps Ha 11,5 % Bumie, HiXK NPUPOIHOro razy. 31 3pOCTaHHSIM

TUCKY BIJIMIHHICTb MIXK MOBITPSIM Ta MPUPOJHUM Tra3oM 3MEHINyeTbes. Posrisgatoun
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3Ha4YeHHs uncia PeiHonbaca i pi3HUX KaniOpyBajJbHUX CEPEOBUII 32 PIBHUX THUCKIB
KanmiOpyBaHHS, MOXXEMO JIMTH BHCHOBKY, HACKUJIbKM BOHHM, a BIJITaK, 1 IMOKa3u
JTYUIBHUKA, KaliOpoBaHI HAa MPHUPOJHOMY ra3i abo MmoBiTpi 6€3 AOTPUMAaHHA YMOBHU
noAi0HOCTI, OyayTh pizHuTHCS (Tadm.2.1) [21].

Ha pucynky 2.1 mokazaHo 3aJeXHICTh BiTHOIICHHS 4uces PeifHombaca it moBiTps 1

MPUPOJIHOTO Ta3y Bij THUCKY mpu Temreparypi 20 °C.

Tabmuus 2.1
[MTopiBHsHHS KaniOpyBansHUX cepenosul (20 °C)
Cepenosutie [Ipupoauuii ra3 [ToBiTps BinHomeHHs
Tuck, 6ap(a) 0, Kr/M° 7 Re” 0, kr/m° M, Re” Re mnositps/
mklIla-c MkIla-c Re mp. rasy
1,01325 0,6812 11,095 | 26236 1,20416 17,587 | 29256 1,115
9 6,2230 11,203 | 237347 10,86983 | 17,696 | 262461 | 1,106
21 14,8455 | 11,400 | 556427 25,45704 | 17,887 | 608118 | 1,093
50 37,2545 | 12,067 | 1319158 | 60,95595 | 18,468 | 1410308 | 1,069

* Uucno PeifHonmpaca po3paxoBaHo s BUTpaTu cepemoBuma Q=1000 M/ron Ta

HOMIHaJIbHOTO Aiamerpa DN 200.
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3ANNEXHICTb BIAHOLWEHHA YXCEN PEMHONBLACA NOBITPA |
NMPUPOAHOTO TA3Y Bl TUCRY

1,08

1,09 1,1 1,11
REMOB/REMP.FA3Y

Pucynok 2.1 — 3anexHicTh BITHOIIECHHS yncen PeifHobica Big TUCKY

1,12

Konnenuis auHamiuHOi MOMIOHOCTI BU3HAYa€, IO MPU YMOBI PIBHUX YMCEI

PeﬁHonLaca ITIOTOKIB TIJIO B HUX HiIIIIaBaTI/IMGTBCSI aHAJIOTTYHUM BIIJIUBAM CCpcaoBUILA.

VY Bunajaxky 3 TypOIHHUM JIYMJIBHUKOM MOBA #/ie€ TPO OJTHAKOBY MIBHJKICTH OOEpPTaHHS

TypOIHKHU B MIOTOLII.

Ha pucynky 2.2 moka3zaHo 3aliexHICTh 4yucen PeiiHonmbpiaca ans moBiTps Ta

MPUPOTHOTO Ta3y BiJl TUCKY.

[TopiBHsiHHS yncen PeliHonbaca 15 TOBITPS 1 MPUPOHAOTO Ta3y Tadi 2.2

Burpara Q, M°/TO Re nyist moBiTps Re nns razy
12 3300,8 1928,56
42 10849,3 6482,2
74 18564,5 10835,75
103 26208,5 15230,35
136 33850,02 19745,13
160 40714,05 23753,56
185 45996,25 27010,46
ApK.
_ MA 11-81mn.09.000.000 13 "
3wh. | Apk. Ne dokym. Mionuc | dama




3anexHiCcTb uncna PerHoNbACa Big TUCKY ANA Pi3HUX

cepenosuiy,
1600000
1400000
1200000
1000000
2 800000
600000
400000
200000
0
0 10 20 30 40 50 60
Tuck,P,6ap

=@=[1pNPOAHNI a3 ==@==[0BiTPA

Pucynok 2.2 — 3anexHicth unceln PeitHosbica Bl TUCKY

Tomy 3amadero CTOITh PO3pPOOKA KOMIUIEKCHOTO KPHUTEPIIO Ta30JAMHAMIYHOTO
mporecy. B momamelioMy MOMKIMBICTH BBEIEHHS HOTO B TIPOrpaMmy IIOBIpKH Ta
kanmopyBaHHs. CyTh MIOXOQy B TOMY 1100 BMKOHYBaTH KaniOpyBaHHS 3a poOOYOro
CepelloBUIlla — TOBITPS, BPAaXOBYBaTH KOMIUIEKCHUW KpUTEPId 1 B TMOJAJBIIOMY
BUKOPHUCTOBYBATH Ha IPUPOTHOMY Ta3i.

SKIIO MM TOBOPUMO TIPO JOCTIHKEHHS OJHOTO 1 TOTO X JIYMJIbHHUKA Ha JBOX

- 3
PI3HHX CepeloBUIIaX TO MU 0aunMo, 1o rycruHa rasy p,,. =0.7Kr/M°, a rycruHa

TOBITPS 0,10 imps =1.2kr/™>; Lnosimps —18.27 MxIla-c, p,, ... = 10.92 mxlla-c. Tak sx

Re > Re

nosimps np.2azy
ToMy npuxoaumMo 10 BUCHOBKY, 1110 MOTPIOHO 3MIHIOBATH MIBUAKICTH MOTOKY IS
3MEHIIIEHHS HEBIJIMOBIIHOCTI pOOOUYUX CEPEAOBUIII.

3anumemo Gopmyiy piBHOCTI uncen PeifHombca i JBOX cepeoBHIII.
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Vnogimp}lD — ,0 ﬂp-203yvnp-2a3y D . (244)

10 nogimps

lunoeimp;z :unp .easy

JIns 3MEHIIIeHHs HEBIJMOBIIHOCTI MiAOEpeMo HEOOXITHY BEJIWYHUHY IIBUIKOCTI

npH AKii Oy1eMO MPOBOIUTH KaTiOpOBKY.

_ pnp.ewy-vnp.eaay:unogimpﬂ 2.45
nogimps . ( . )
/unp.eas'yp nosimps

TakuMm YHOM MOKHA OY/1€ 3MEHIITUTH HEeBIAMOBIIHICTh CEPEIOBHIII.

2.4 BUCHOBKH 10 po31iiay 2

KanmiOpyBanHs abo MOBIPKY JIIUMIBHUKIB a3y MOXHa MPOBOJUTU HA poOOYOMY
Cepe/IoBUIIl, BIAMIHHOMY BiJ CEpelOBHINAa HOTO eKCIUIyaraili, 3a yMOBHU
ra3oJiMHaMI4HOi MMOAI0HOCTI (OJJHAKOBHUX 3HayeHb uucia Peinonbrca). [{poro moxxHa
JOCSITA LUISIXOM Bapialii BEIMYMHH THCKY poOOYOro cepenoBuIla KajdlOpyBaHHS 3a
CTayioi a0 OHAKOBOT BUTPATH.

JInst OoTpUMaHHS KOPEKTHUX pE3ysbTaTiB KamOpyBaHHS poOoYoro 3acoly
BUMIPIOBAHHS 3 TE€OMETPUYHUMHU PpPO3MIpaMH, WIO0 BIIPI3HIIOTHCA Bl PO3MIPIB
€TAJOHHUX JHYWIBHHUKIB, HEOOXIJHO KOPHUCTYBATHCS YMOBOIO PIBHOCTI CyMapHOI1
MacoBOi BUTpaTH (3aKOH 30€pEKEHHSI MacH AJI1 YCTaJIeHOrO PEKUMY PYXYy peajbHOTO

rasy) Ta yMOBaMH ra30JIMHAMIYHOI T€Opii Mo 110HOCTI .
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PO341JI 3 KOMII'KOTEPHE MOJAEJIIOBAHHS 3 BUKOPUCTAHHSAM
ANSYS

Tak gk 3apa3 JQyke JOpOri MAJMBHO €HEPreTUYHI PECYpPCH, TO BAKIUBE MICLE
3aiiMaloTh KOMIT IOTEPHO — IHTErpOBaHl TEXHOJOrii. BOHU 103BOJISIOTH BHPINIYBAaTH
BEJIMKE KOJIO 33/1ad B PI3HUX Taly3iX BIPTyaJlbHUM CIOCOOOM, HE 3aTpadyloyu IMpHU
nboMy pecypcu. CpOrogHi OUIBIIICTh CHELIATIICTIB BUKOPUCTOBYE TaKl METOIH,
IPOBOJUTEH aHAJ3 Ta JOCIIKEHHS, K1 JOTOMOXYTh CIPOTHO3YBaTH BIACTUBOCTI,

CKJIaJl 1 MOBEIIHKY peuoBUHHU. []e He TITbKKM €KOHOMUTH PECYPCH a 1 Yac.

3.1 OcobamBocti ANSYS Texnouqorii

Kommaniss ANSYS, Inc. mpoaoBxkye BHKOHYBATH pOJIb HOBaTopa B 00dacTi
OOUYHMCITIOBAILHUX TEXHOJIOTIM. BoHa mepioro pearmizyBania Taki HOBOBBEICHHS, SIK
BUKOHAHHS aHajizy Ha nepcoHambHoMy komm'totepi (PC), inTerpoBanuii 3aci0

BUpIIIEHHST 3aBAaHb riapoaepoauHamikn (CFD) 1 OaraTominboBuil maker s
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BUPIIICHHS CKJIaJHUX Mpoosiem ¢izuku 1 mexaniku. dipma ANSYS, Inc. iHBecTye
AOCHIAHI POoOOTH 1 MOJANBIIMKA PO3BUTOK KOMIIAHII, TapaHTYyIOYH CBOIM KII€HTaM
OesmepepBHE TOMOBHEHHS NPOrpaMHUX 3aco0iB 3 wmapkoro ANSYS, He3MiHHO
BIJIMOBIAAIOTH 1X 1HKCHEPHHUM 3aIUTaM.

Kommaniss ANSYS, Inc. cmigye migxomy 10 TPOEKTYBaHHS 1 BUPOOHHUIITBA
BUPOOIB, KWW CIHUPAETHCS Ha PO3PAXyHOK, OYIYETHCA 3 MPHUB'SA3KOI0 0 aHATI3Y 1
JI03BOJISIE YHUKHYTH JIOPOTHX 1 TPUBAIMX LUKIIB PO3POOKH TUITY «POOUTH-IaMaTuy. Y
TpUBAJIOMY 1 0araToCTOPOHHBOMY TMpOIECI MPOEKTYBAaHHSA aHami3, SKUH BeOyTh
MOCTIHHO, BHUKOPHUCTOBYETHCS Ha BCIX CTaisgX po3poOKH. B sKOCTI cTpareriuHoro
napTHepa ¢ipMa CHIBIOpAIlO€ 3 IHIIUMH KOMIIaHISIMH, JOMOMAararoyd iM MpPOBECTH
HEOOX1THI 3MIHM 1 30epertd MepiicTb B KOHKYpeHTHiH 0opoTh0i. IIpomoHoBaHi
dipmoro ANSY'S KoImTH 4rcebHOr0 MOICIIIOBAHHS 1 aHAIII3Y 3pY4Hi JJI1 KOpUCTyBaya,
CyMICHI 3 IHIIMMHU [aKeTaMH, MPALIOITh Ha pI3HUX IUIaTPopMax 1 J03BOJISIOTH
BUPIIITYBAaTH TIOB'SI3aH1 3aBlaHHs MexXaHiku 1 ¢i3uku. B manuit wac mporpama ANSY'S
ABJIsSIE COOOK0 0araToUUTbOBUN TMAKeT NPOEKTYBAHHS 1 aHaji3y, BU3HAHUN Yy BChOMY
citi. Ilepma peanizaiiss nmporpamMu 3HA4YHO BIAPI3HsUIACS BiJ OCTaHHIX ii Bepcid 1
CTOCYBaJlacsl TUIBKU PIIICHHS 3ajJa4 TEeIuionepeaayi 1 MIIHOCTI B JIIHIMHIM TOCTaHOBII.
Sk 1 OLIBIIICTH IHIIKMX MPOTPaM TOrO Yacy, BOHA MpallloBajia B MAKETHOMY PEXUMI 1
JuIIe Ha «BeIMKUX» MmammHax. Ha mouatky 70-x pokiB B mporpamy OyJO BHECEHO
O0arato 3MiH B 3B'SI3Ky 3 BIPOBA/DKEHHSM HOBOI OOYHMCIIOBAJIBHOI TEXHOJOTII Ta
peanizali€lo 3amuTIB KOpUCTYyBayiB. bBynaum mogaHi HETIHIAHOCTI Ppi3HOI MOPUPOIH,
3'sIBUJIACS. MOXJIMBICTH BHUKOPHCTOBYBATH METOJl MIAKOHCTPYKIIM, Oyia po3impeHa
010J110TeKa KIHLIEBUX €JIEMEHTIB. KOMITIaHIsl 3BEpHYJIa yBary Ha 110 3'SBUJIMCA B TOH Yac
MIHIKOMI'FOTEPH 1 BEKTOPHI Ipadiuni TepmiHaiu. [IpoTarom AEKIIbKOX POKIB Ii HOBI
amapartHi 3aco0u Oyl OCBOEHI MPOTPAMHUMH PO3poOKaMu (HipMHU, TIOPOJUBIITN HOBY
epy KOMIT'FOTEPHOTO PIIICHHS 1H)KEHEPHUX 3a]1ad.

B ki 70-x ictoTHuM gomoBHeHHsM g0 mporpamu  ANSYS 3'sBuBcs
IHTepaKTUBHUM pexkuM poboTHu. Lle 3HaUHO CIpOCTUIIO MPOIEAYpU CTBOPEHHS KIHIIEBO-

€JIEeMEHTHOI MozeNl 1 OIIHKY pe3yibTaTiB. CTano MOXJIMBUM BHUKOPUCTOBYBATH
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IHTepaKTUBHY Tpadiky Uil TEPEBIPKHM TEOMETpii MOJeNl, 3aJaHuX BJIACTUBOCTEH
MaTepially 1 TpaHUYHUX YMOB MEpe MoYaTKoM paxyHkKy. I'padiuna indopmaris Moria
OyTH BiJpa3zy >X BHUBEICHA HA €KpaH A IHTEPAKTUBHOTO KOHTPOJIO PE3yJbTaTiB
pimenHsi. Croroani ANSYS - 11e Haa3BU4aiiHO MOTYXHA 1 3py4yHa nporpama. Koxna ii
BEPCisl BKIIIOUAE HOBI 1 PO3IMIMPIOE KOJHIIHI MOKIIMBOCTI MAKeTa, 10 POOUTH MPOrpamy
IIBUJIKOJIIFOYOF0, OLIBII THYUYKOIO 1 3py4HOr0. L{i 11 AKOCT1 JomoMararoTh KOpUCTyBauyaM
BIIOpaTucss 3 O€3MepepBHO 3pOCTAIOUYMMHU 3alUTAMU  CY4acHOTO IPOMHCIOBOTO

BUPOOHMIITBA.

3.2 Pe3yabTaTu MO/Ie/IIOBAHHA 32 1on1oMoror0 nporpamu ANSY'S
[TpoBenemo MojentoBaHHS TypOIHHOTO BUTpaTOMipa 3 PI3HUMHU CEpeIOBULIAMU
32 aTMOC(EPHOTO TUCKY.
Howminansauit giametp, D, = 0.2 M.
AbcomoTHuil THCk , P=0.101325 Mna.
Temneparypa cepenoBuria T =25°C.

Po3paxyemo 1uiony momnepedHoro nepepisy:

7D? 3.14.0.2
4

S:

=0.0314 M (3.1)

[IpoBenemo mopmemoBaHHS 3a JBOX pi3HuUxX cepepoBuml CH4- ineanpHUil ras, Ta

MOBITPSI.
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Pucynok 3.1 — Bektop mBuakocTi B TypOiHHOMY BUTpaToMipi nipu cepenosuii — CH4,

v=5 M/C.

0.000e+00
[m s”-1]

Pucynok 3.2 — BekTop mBHIKOCTI B TYpOIHHOMY BUTpaTOMipi nipu cepenosuini — CH4,

v=50 m/C.
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0.000e+00
[m s*-1]

Pucynok 3.3 — Bektop mBuaKocTi B TypOiHHOMY BUTpaToMipi nipu cepenosuii — CH4,

v=200 m/C.

[m s-1]

]

0 0.050 0.100 (m)

0.025 0,075

3D Viewer  Table Viewer  ChartViewer ~ Comment Viewer  Report Viewer

Pucynok 3.4 — Bektop mBHAKOCTI B TYpOIHHOMY BUTPATOMIpi IPU CEPETOBHILI —

MOBITps, V=5 M/C.
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Pucynok 3.5 — Bektop mBHaKOCTI B TYypOIHHOMY BUTPATOMIpi TIPU CEPETOBHIII —

noBiTps, v=50 m/C.

2 a8

Pucynoxk 3.6 — BekTop mBHAKOCTI B TYpOIHHOMY BUTPATOMIpi IMPH CEPEITOBHUIII —

noBiTps, v=200 m/C.
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Pucynox 3.7 — Po3noais mBUAKOCTEN HA BXO/1 B JTIYHIIBHUK (CEPEOBUIIIE MOBITPS) V

=5 m/c
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Pucynox 3.8 — Po3nois mBUaKOCTEH Ha BXOI B JTIYMIIBHUK (CEPEIOBHIIE ITOBITPS) V

=50 m/c

Pucynox 3.9 — Po3noais mBUIKOCTEN HA BXO/1 B JTIYHIIBHUK (CEPEOBUIIIE MOBITPS) V

=200 m/c

6 = = = = —= —= =
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Pucynox 3.10 — Po3mosin mBUAKOCTEH Ha BUXO/1 3 JTIYMIIbHUKA (CEPEIOBUIIIE ITOBITPS)

v=5 M/c

Pucynox 3.11 — Po3nosin mBuaAKOCTEeH Ha BUXO/1 3 JTIYUIIbHUKA (CEPEIOBHIIE MTOBITPS)

v=50 m/c
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Pucynox 3.12 — Po3noin mBUAKOCTEH Ha BUXO/1 3 JTIYMIIbHUKA (CEPEAOBUIIIC ITOBITPS)

v=200 m/c

Pucynok 3.13 — Po3moin mBuaKocTeit Ha BX0JIi B TUMiIbHUK (cepenopuine CH4)

v=5 Mm/c
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Pucynok 3.14 — Po3moii mBHIKOCTEH Ha BUXOI 3 JiunibHUKa (cepenoBuiie CH4)

v=5 m/c

Pucynox 3.15 — Po3nozin mBHaKOCTEH Ha BXO1 B TUMIbHUK (cepenoBuiiie CH4)

v=50 m/c
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Pucynok 3.16 — Po3moain mBHAKOCTEH Ha BUX0Ii 3 JiuniabHuKa (cepenoBuiie CH4)

Pucynok 3.17 — Po3moii mBHIKOCTEH Ha BX0/II B MUMIbHUK (cepenoBuiiie CH4)

v=50 m/c

v=200 m/c
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Pucynok 3.18 — Po3moii mBHIKOCTEH Ha BUXO/II 3 JiuniabHUKa (cepenoBuiie CH4)

v=200 m/c

[Ticnst mpoBeleHHsST MOJENIOBAHHS MOXHA pO3paxyBaTH 3HAYEHHS MOXUOKH Bij

BUTPATH JJI PI3HUX CEPEIOBHIIL.

Ha pucynky 3.19 mokaszaHo rpadik 3aJIe)KHOCTI TMOXWMOKMU BiJ BHUTpATH IS

MOBITPS
lpadik NOXMbKM Big BUTPATK NOBITPA
5
0 —0
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-30
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-40
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Pucynoxk 3.19 — IloxuOka Bij BUTpATH JIJIsl TIOBITPAL.
Ha pucynky 3.20 nmokasano rpadik 3ajeXHOCTI MOXUOKU BiJ BUTPATH JIJISI TPUPOTHOTO

rasy.

Mpadik NOXMOKK Bia BUTPATU NPUPOAHOTO rasy

- °
OW 10 15 20
5

-10

2,%

-15

s |

-30

Q, m*/roa

Pucynok 3.20 — IToxu0Oka BiJ BUTpATH JJIsl IPUPOIHOTO a3y

Takox nmokaxemo MOPIBHAHHSA LUX ABOX cepenoBull (puc. 3.21)

MopiBHAHHA NOXMOKM Big BUTPATU ANA 2 cepenoBuLy,

25

@,%

== ToBiTpA
—8— NpupoaHuii ras

Q, m*/roa

Pucynox 3.21 — IlopiBHsIHHS 1BOX cepeoBHI ( TOXUOKA B BUTPATH)

3 X PUCYHKIB BUIHO, IO MIX 3MOJIEThOBAHUMHU CEPEIOBUIIIAMU € JCSKa PI3HUIIA.
3riIHO 3 TEOPI€I0 TiAPOra3oMHAMIYHOI MOAIOHOCTI 3a OAHAKOBHX 4YHcen PeiHoibaca

JUIS PI3HUX TOTOKIB OJWH 1 TOW camuii uyTinuBuii enemeHT (UE), skuit 3aHypeHo y
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BHUMIPIOBAHUHN TOTIK, MiJaBaTUMETHCS HAOIMKEHHIO OJJHAKOBUM BILUIMBaM poOOYOro
cepenoBHINa. I3 IIbOro BUIUIMBAE MPUITYIICHHS OO0 OJHAKOBOi KYTOBOi HIBUIKOCTI
fioro o0epTaHHS  BHACTIOK OJTHAKOBOI BITHOCHOI KIHETUYHOI €HEPTii IUTHHY Ta3y.

VY 3aranbHOMYy BUMNaAKy uucio PeifHonbaca xapakTepu3ye BIIHOUIEHHS CHJI 1HEpINi
MOTOKY JO TalbMIBHHX CHJ, a BIATaK, OOYMCIEHE /A Mepepidy BHUMIipIOBAIBbHOI
KaMmepu, 3alieKUTh BIiJ BIUIMBY rigporazoauHamiyHoro BrmumBy YE. Omxke 3a
BU3HAUYCHHS uucia PeilHombica Uisi KOHKPETHOTO TYpOIHHOTO JIYWIBHHMKA, SIK
XapaKTepHU JIIHIMHUN po3Mip HEOOX1HO BpaXxOByBaTH acpoaruHaMiuHui mpodite YE(
KUIBKICTh Ta KyT aTakKd JomaTeid, 30BHIIIHIA Ta BHYTPIMIHIA pajiyc TypOiHH ),
napaMeTpu BUIPSMIILYA MOTOKY 1 T.JA. Tak sIK )KOJAHUM 3 BUPOOHUKIB HE HAJAIOTHCS
BUIIIE 3a3HAYEHI NapaMeTpH, a iX OOYMCICHHS 3aJMIIAETHCS HEMOXKJIMBUM TOMY 3a
peaIbHUX JOCHIIKEHb OOuYuCieHHd uuciaa PeliHompAca SBISETbCS — CKJIAJIHUM
3aBaaHHsAM. OOOBSA3KOBI JO BpaxyBaHHS TaKOXK TaJlbMIBHI MOMEHTH MPOTHUIL,
3YMOBIJIEHI HE JIMIIE MapaMeTpaMH KOHCTPYKLII KOHKPETHOTO JIYWJIbHUKA (TEPTAM Yy
MIJIIMITHUKaX, MOMEHTOM ONOpY BIUIIKOBOTO MEXaHI3My) ajle W ra3oguHaMiYHUMU
BJIACTHBOCTSMU BUMIPIOBAHOTO CEPENOBHUINA. 3BAXKAIOUM HAa BHUKIAJCHE BHILE, MAEMO
e OJHE 3aBJIaHHA, IO TOJISITa€ y BU3HAYEHHI MIHIMAJIBHOTO 3HAYEHHS BUTpATU (
HWKHBOT ~MEXI JMHAMIYHOTO  BUMIPIOBAJIBHOIO  [lalla30HYy) 3a  [apaMeTpiB
BHUMIPIOBAHOTO CEPEIOBHINA, BIAMIHHUX B THX 3a SIKMX MPOBEICHO KalmiOpyBaHHS.
[IpakT4Hi MOCTIPKESHHS JOBEIH, IO HIDKHS MEXa BHMIPIOBAJIBHOTO Jlalla3oHy €
3MIHHOIO XapaKTEPUCTUKOIO 1 PI3HUTHCS 3aJIEKHO BiJ BHMIPIOBAHOTO CEpPEAOBMINA 1

po0OOYOro THUCKY.

3.3 BucHoBkH 10 po3aiay 3

VY posnimi 3 3a gomoror mporpamu ANSyS Oyino TpoBeIeHE MOIYJTIOBAaHHS
TypOIHHOTO BUTpaTOoMipa. MoOJEIOBaHHS MPOBOJUIIOCH 13 3aJaHHSAM PI3HUX POOOUMX
CEpEeIOBHUILL — MOBITPSI Ta MPUPOIHUH Ta3.

3 orpumanux TrpadikiB Ta KapT O0auuMO 10 MDK 3MOJACIHOBAaHUMHU

Cepe/loBUIIIAMU € JIesika HEBIAMOBIAHICTH. lle o3Hadae, 1O AKIIO MPOBOJUTH
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KaiOpyBaHHS Ta BHKOPUCTAaHHS JIYWIbHMKA 3a PI3HUX CEPEAOBHUI MOTPiOHO
BpPaxoBYBaTH 1[I0 HEBIAMOBIIHICTh, BAKOPUCTOBYIOUU MPU LIbOMY TAPOTa30JuHAMIUHY
TEOopIiro.
PO3A1JI 4 EKCHEPUMEHTAJIBHE JOCJ/IIIKEHHA TYPBIHHOI'O
JIIYNJIBbHUKA I'A3Y

4.1 Anaji3 crany npo0JjieMu npu NoBipui i KaJaidpyBaHHi JiYMJIbHUKIB rasy

Ha crorogmimHiii 1geHp BUHUKAE Oarato THUTaHb IIOAO TOYHOCTI Ta
PaBUJIBHOCTI pOOOTH TOTO YW IHIIOrO JivmiIbHUKA. [IpoOGieMa mossrae B Tomy IO
BUPOOHHWKN aKTUBHO CTBOPIOIOTH JIIYMJIBHUKHA Ta BUTPATOMIPH MPUPOTHOTO Trasy, aje
U TOBIPIN Ta KajliOpyBaHHI WX MPUIA/IB HE BUKOPUCTOBYIOTH KpUTEPIi MOIIOHOCTI.
Tak gx TYUIBHUKY KadiOpyIOTh Ha OJJHOMY CEPEJOBHII a EKCIUIyaTyIOTh Ha 1HIIOMY
BUHUKA€ HEBIANMOBIAHICT, 1 moxuOka. B VYkpaini HacborogHi Hemae AOCTaTHBOI
KUIBKOCTI IIEHTPIB Ta PECYPCIB JIsl TOTO, 100 MPOBOJUTH MOBIPKY YM KaJiOpyBaHHS Ha
MPUPOJHOMY Ta3l.

ToMy BaXJIMBOIO 3a/ay€l0 € BHUKOPUCTAHHA T1JpOra3oquHaMIYHOI Teopii Ta

KpUTEPIiB MOAIOHOCTI IPH KaTiOpyBaHHI Ta MOBIPIN JIUUIBLHUKIB Ta3y.

4.2 locaimkeHHss noxuOku TypoiHHoro Burparomipa IGTM
Ha mignpuemctsi A1 «YKPMETPTECTCTAHAPT) Oyino mpoBeaeHO TOCIIIKESHHS
Ta aHaji3 BIAMIHHOCTEM XapaKTepUCTUK pOOOYOro CEpeloBUILNA 3a PE3yJbTaTOM

KamiopyBaHHs TypOiHHOTO JivmibHuKa IGTM (puc.4.1)
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Pucynok 4.1 — TypOinnuit niuunsHuk razy |IGTM

TexHiuHI XapaKTEPUCTUKH JTIUYUIbHUKA HaBeACHO B Tabiuili 4.1

Tabmums 4.1
Mouenb IGTM
Howminaneauii giamMeTp DN 100
MinimanbHa BuTpata Q.. 32
Makcumanbna Butpara Q... 650
Jlianma3oH Temneparyp -30°...+55°C
MakcuManbHUN TUCK Mo 100 6ap
Pesynbratu kaniOpyBaHHs 3a pi3HUX BUTpat Ha NoBiTpi Ay IGTM 1adn 4.2
Tabmuus 4.2
JliarazoH BUTpaTu Burpara [Toxubxa
1Qmax 649,5 0,04
0.7 Qmax 456,4 0,03
0.4 Qmax 260 -0,28
0.25 Qmax 161,3 -0,42
0.1 Qmax 65,2 0,46
ApK.
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0.05 Qmax

31,8

0,46

Ha pucynky 4.2 naBeneHo rpadik xamioOpyBanns giunnsHuka IGTM Ha nosiTpi.

0,6

0,4

0,2

B,%

-0,2

-0,4

-0,6

Pe3ynbTaT KanibpyBaHHA Ha NOBITPI

Q, m3/roa

600

Pucynok 4.2 — Pesynwrat kaniopysanus IGTM Ha noBiTpi

700

Pe3ynbpraTu kanmOpyBaHHs 3a pi3HUX BUTpAT HA npupogHomy rasi s IGTM tabn 4.3

Taomurg 4.3

JlianmazoH BUTpaTH

Burpara

[Toxubxka
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1Qmax 649,5 0,052
0.7 Qrax 456,4 0,03
0.4 Quax 260 -0,3
0.25 Qe 161,3 -0,48
0.1 Qrax 65,2 0,62
0.05 Quax 31,8 0,63

Ha pucynky 4.3 naBeneno rpadik kamobpyBanus jgiuuibHuka IGTM Ha mpupogHoMy

rasi.

0,8
0,6
0,4
0,2

7,%

-0,2
-0,4
-0,6
-0,8

Pe3ynbTaTt KanibpyBaHHA HA NPUPOLHOMY rasi

100

200 300

400 500 600

Q, m3/rog,

700

Ta HaBezeMo MOPIBHAHHS KaniOpyBaHHS Ha MOBITP1 Ta MPUPOIHOMY rasi (puc. 4.4)
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0,8
0,6
0,4
0,2

2,%

-0,2
-0,4
-0,6
-0,8

Pe3ynbTaT KanibpyBaHHA Ha NOBITPI

100

200

‘=:—_4'

300 400 500 600 700

== MpupoaHNni1 ras
—0—[loBiTpAa

Q, m3/rop,

Pucynox 4.4 — IlopiBHSIHHS pe3ybTaTiB KamOpyBaHHS

[Tpu nopiBHAHHI 3 TpadikKiB BUIHO, 110 MK CEPEIOBUIIAMU ICHYE BIIMIHHICTD.

Tomy mpu kaniOpyBaHHI JIYWIbHUKA HA TIOBITP1 @ BUKOPUCTaHHI HA MPUPOJHOMY Trasi

OyJle BUHUKATH OXUOKa.

4.3 BucHOBKH 10 po3aiay 4

VY posgini 4 Oyno MPOBENCHO €KCIEPUMEHTAbHE ITOCIIDKEHHS Ta OO0poOKy

JaHUX TpU KamioOpyBaHH1 TypOiHHOTO JiumibHUKa |GTM Ha moBITpi Ta IPUPOAHOMY

rasi.

3 OTpUMaHOrO pe3yabTaTy MOXKHA 3pOOUTH, IO ICHYE HEBIAMOBIAHICT

XapaKTEPUCTUK CEPEAOBHIIN, TOMY SIKIIO KamiOpyBaTH 1 €KCIUTyaTyBaTd JIYUIBHUK 3

PI3HMMH CEepeAOBUILAMH MOTPIOHO KOPUCTYBATUCH T1IPOTa30AMHAMIYHOIO TEOPIEI Ta

KpUTEPISIMU TTOAIOHOCTI, JJI 3SMEHIIICHHS BIUTUBY HEBIAMOBIIHOCTI.
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PO31JI 5 PO3POBKA CTAPTAII ITPOEKTY «1OCJIIKEHHA YMOB
BIIMIHHOCTEN IPU KAJIEPYBAHHI JIIUUJIbHUKIB T'A3Y»

5.1 Onuc inei npoekTy

B paHomy po3aini OnmuMcaHO METOJ| BIOCKOHAJIEHHS MOBIPKM Ta KajalOpyBaHHS
JTYWIBHUKIB Ta3y, 3a PaxXyHOK BpaxyBaHHS BIJIMIHHOCTEW XapaKTEPUCTHK pPOOOYHX
CEpEeIOBHII] — MPUPOAHOTO Ta3y Ta MOBITPSI.

Ha cporomni mpoiiec kamiOpyBaHHS Ta TOBIPKU JIYHIIBHUKIB a3y € HEB1J €MHOIO
YaCTUHOIO iX poOOTH. AJie Tak SK MPAIOIOTH JIUUIBHUKHE 32 pOOOUYOTO CepeoBHINa-
OPUPOAHUI Ta3, a MOBIPAIOTH 1 KaJTIOpyIOTh iX Ha poOOYOMY CEepelOBHUIII- MOBITPA,
BUHUKAE HEOOXITHICTh PO3POOKH TOBIPOYHOTO CTEHAY HA OCHOBI BUKOPHUCTAHHS

KOMILIEKCHOT'O KPUTEPitO MOAIOHOCTI.
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[ToBipouHuii cTteny Oyae akTyaJbHUM JEP>KaBHUX Ta MPUBATHUX MIAIPHUEMCTB,

HAyKOBHX J1a00OpaTOpii, skl BUKOHYIOTh MOBIPKY Ta KaliOpyBaHHS JIYMIbHUKIB Ta3y.

Ines mpoekTy monArae B CTBOPEHHI CHCTEMH, SKa BHKOHYE TOBIPKY YH

KaJIIOpOBKY 3a MOBITPS, BPaXxOBYIOUM IPH IIbOMY BIJIMIHHOCTI pOOOUYHX CEpeJI0BHIII,

BUKOPHUCTOBYIOUH KpUTEPii MOAIOHOCTI Ta TApOra3oAMHAMIYHY TEOPIIO.

[To6ynoBa MopdosoriuHoi KapTH Ha SKiM MOKa3aHl BaplaHTH MOKJIMBUX PIIICHb

Tabn 5.1.
Tabmurs 5.1
Mop@donoriyna kapTa MpoeKTy
OcHOBHI [IpomixHi pilIeHHs
napameTpu 1 2 3
Temneparypa | [Ipocre CrBOpeHHs Cucrema
NpUETHAHHS 0 | TpyHAOYKCH 7Sl | BUXPOCTPYMEHEBHX
Hapy>KHO1 CTIHKH | TEPMETUYHOrO Ta | IaTYMKIB
TpyOu HaJ1HHOTO
3’€JHAaHHS
Tuck [Ipuennanns 10 | 3aIMIIATH Cucrema
HApYXHOI CTIHKH | JATYUKUA TIIBKH B | BUXPOCTPYMEHEBHX
TpyOu eTaJIoHaX IATYUKIB
I'epmeTnunicts | DYM JIboH CutikoH
[lepemaua JlaTumk Hatuuk imoynsciB | Jatunk imoynascie HRI-
IMITYJIbCIB IMITYJIbCIB OBen-Cu30 B
SENSUS
Pexumn Pyunnit ABTOHOMHUU OG’eqHaHHS PYYHOTO 1
poboTu ABTOHOMHOTO PEXKUMIB
AP,
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VY Tabnuil 5.2 HaBEACHO 1JICI0 Ta MOXKJIMBI 0a30B1 PUHKH, B MEXKaX SIKUX MOXKHA

3HAWTU KJIIEHTIB.

Tabmurs 5.2
Omnwuc iz1ei cTapTan NpOeKTy
3micT inei HanpsiMku 3acTocyBaHHS Buronu s kopucryBaya

CtBopeHHs cuctemu noBipku Ta | [ToBipka Ta kamiOpyBaHHs Minimai3alisi TOXUOKH pH
KUTIOpyBaHHS JIIYMJIBHUKIB Ta3y, | JIYAIBHUKIB, K JUIs KaiOpyBaHHI Ta OBIpIi,
3 BUKOPHCTaHHSAM pOOOYOTro NPUBATHUX TaK 1 IS aBTOHOMHICTh, EKOHOMisl
cepeioBHINa — OBITPS, JIepKaBHUX I JIPUEMCTB. qacy.
BPaxOBYIOYH IIPU IIbOMY BCi Bukopucranns B 3abe3nedyeHHs BUCOKUX YMOB
KpuTepii moaidHoCTI, Ta 7a00paTOpPHUX YMOBaX Ui | IPH TOCIIKEHHI POOOYHNX
HiATPYHTS TiAPOTa30IMHAMIYHOL | OCHIIKEHHS cepeloBUlll, BUCOKA
Teopii. XapaKTepUCTHK poOOYOro TepMETUYHICTh, MOXKIIUBICTb

cepeIoBHIIa. po0OOTH B pi3HUX PEKUMAX.

OTO, MPONOHYETHCS HOBA CUCTEMA, JJII BUKOHAHHA MOBIPKU Ta KaJdlOpyBaHHA
JYWIBHUKIB Ta3y, 110 3a0€3MeYNTh BUCOKY TOYHICTh, aBTOHOMHICTb, Ta MIHIMAaJI13aIil0
4acy, BpaxyBaBIIN MPU IbOMY BC1 KOSPIIIIEHTH MOIOHOCTI, Ta BU3HAYUBIIHU TIPU IILOMY
KOMILIEKCHUM KpUTEPIi MOAIOHOCTI.

Jlami moTpiOHO MpoaHani3yBaTH MepeBar 171ei NOTeHIIIMHIX KOHKYPEHTIB:

- BU3HAYAEMO TMEPeNiK TEXHIKO-€KOHOMIYHUX BJIACTUBOCTEH Ta XapaKTEPUCTHK
171€7;

- BH3HAYa€EMO TPYIy KOHKYPEHTIB, IO BXE ICHYIOTh Ha PUHKY Ta 30MpaeMo
1H(pOpMaIiO PO TEXHIKO-EKOHOMIYHI TOKA3HUKH JJIsI BIIACHOI CUCTEMHU.

- TPOBOAMMO TMOPIBHSUIbHUM aHai3 TMOKAa3HUKIB: JUIsl BJIAcHOi 1/1e1 BHU3HAEMO
MOKA3HUKH, 1110 MalOTh a) Tipin 3HadeHHs (W, cinabki); 6) ananoriyni (N, HeUTpasbH1)

3HAYCHHS; B) Kpallli 3Ha4eHHs (S, cuiibHi) (Tabdi. 5.3).

Taomursg 5.3
BusnaueHHs CuIbHUX, CTA0KUX Ta HEUTPATBHUX XapPAKTEPUCTHK 171€T TPOCKTY
=~ Texniko- | (moTeHUi}HI) TOBapU/KOHLENIIi KOHKYPEHTIB | =[2 8= |
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€KOHOMIYHI
XapaKTEePUCTUKU
. o
11el
! 2 2
: 2 2 E
Z3 E > $
= & & = =
= /M LL o
2 k=)
L
<
BapricTs 0a30B01
P 500000 315000 450000 295 000
CHUCTEMH
TpH TpH. TpH. TpH.
. [Tpubnn3ao
ABTOHOMHICTE 100% P 0 1o 70% 20%
50%
. Haniiina
Haniiina A .
. (npu BUXO/I1
(3amobirae
3J1any IIpn [Ipu
e BUHUKHEHHIO . i . .
Haniiinicts ., SIKOTOCBb 3 BIIMOBITHUX | BIAIIOBIIHHUX
aBapiiHUX .
. 0JIOKIB, yMOBax YMOB
BUITaJKIB B
) cucremMa
CHCTEMI)
IpaIfioe)
SIkicTh JaT4YUKIB Bucoka
) Bucoka Bucoka Cepenns
TeMIlepaTypu, SIKICTD ) ) :
) SIKICTh SIKICTD SIKICTD
THUCKY (1HTENexT.
JTATYHKH)
Bincrexenns
MpoLIeCy MOBIPKU Moxmuso | He moxummso | He moxximBo | He MoxiuBo
B PEXKUMI OHJIANH
VYHiBepCcaJIbHICTb
(MOXJTUBICTD
BUKOPUCTaHHS B Mo3KIHMBO He moxxnuBo | He mosxnuBo | He MOKIIMBO
1a00paTOPHUX
yMOBax

3 TabnuIli BUIHO, III0 OCHOBHUMHU TIepeBaraMu 1aHO1 CHCTEMHU €: TIOBHA
ABTOHOMHICTb, HA/IIMHICTh, BUCOKA SIKICTh IJATYMKIB THCKY Ta TEMIIEPATYPH,
B1JICT€)KEHHS MPOIIECY MOBIPKU YU KaJiOpyBaHHs OHJIAIH, Ta MOXKJIUBICTh
YHIBEpCAJIBHOTO 3aCTOCYBAaHHS B SKOCTI J1aOOpaTOpPHOTO 00 JHaHHS. € IUHUM
HEO0JIIKOM € BHIIA I[IHAa BIJITHOCHO 1HIIINX CUCTEM, ajJic BOHA HIBEIIOETHCS

BHCOKOSIKICHUMHU KOMITOHEHTaMH Ta IporpaMHHUM 3a0€3MIeUEeHHsIM CUCTEMH.
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5.2 TexHOJIOTIYHMI AyJAUT igel MpoeKTy

BusHaueHHS TEXHOJIOTIYHOI 3J1MCHEHHOCTI 1€ IPOEKTy mepeadadae aHami3
CKJIaJIOBUX AK1 BKa3aHl B Ta0auil 5.4.

Tabnuis 5.4
TexHoyoryHa 3/1IMCHEHHICTD 1/1€1 IPOEKTY
Ne L HasBHicTb Hloctymrict
W Ines mpoekty TexHoortii ii peanizanii TexHONOL B
TEXHOJIOT1
CTBOpEHHSI CUCTEMH, SIKA Po3poOka KOMITOHEHTIB Icnyroua HoctymnHa
pOOUTH MOBIPKY Ta CHCTEMH Ta IIPOTPAMHOTO TEXHOJIOTISl | TEXHOJOTis
KaniOpyBaHHS JIYMIbHUKIB 3a0e3MeyeHHs] Ha OCHOBI
ra3y OUTBII POCTOIO, Simulink Ansys
JOCTYIIHOXO, 3 MEHILIUM Bukopucranns Icnyroua HocrynHa
BUKOPHCTAHHSAM HPUPOIHUX TEXHOJIOTISl | TEXHOJOTis
pecypciB, Ta BUCOKOIO FOTOBOTO
1 TOYHICTIO POTrPaMHOTrO
3a0e3neyeHHs
3dsmax Flow system
Bukopucranss rotroBoro Icnyroua HocTtynHa
IPOTrPaMHOTrO 3a0€3MeUYeHHs, | TEXHOJIOTS | TEXHOJOTis
BUKOPUCTAHHS TEXHOJIOT11
CFX Fluent
CrtBOpeHHs 0e3KOHTakTHOTO | Po3pobka rpynadyken aiis Icnyroua HocrynHa
3HIMaHHs 1HpOpMaLii 3 JTATYUKIB TEMIIEPATypH, TEXHOJIOTISl | TEXHOJOTis
JATYNKIB TEMIIEPATypH Ta JATYNKHU THCKY 3aJTUIINTH B
2 | TUCKY €TaJOHax
Po3poOka cuctemu Ha OCHOBI Icnyroua JHocrynHa
BUXPOCTPYMOBUX JaTYUKIB TEXHOJIOTISl | TEXHOJOTis
CTBOpEeHHS 3aXUILEHOCT] Po3pobka mporpamHoro IcHyroua HoctynHa
CHUCTEMH Ta OHJIANH 3a0e3MeyeHHs] Ha OCHOBI TEXHOJIOTISl | TEXHOJIOTIs
3 BIJICTeXKCHHS TIPOIIECY DevicelLock
KaJiOpyBaHHS Ta MOBIPKU Po3pobka nmporpamMHoro Icnyroua JHocrynHa
3a0e3neueHHs Ha OCHOBI TEXHOJIOTISl | TEXHOJOTis
Fail2ban
O6pana TexHomoris peanizauii i1ei mpoekTy: «Po3podka KOMIIOHEHTIB CHCTEMH Ta MPOTrPaMHOTO
3abe3nedeHHs Ha ocHoBi Simulink Ansys»

3 Ttabmumi 5.4 HarISAAHO BHJIHO, IO HaWKpammM BapiaHToM € «Po3poOka

KOMITOHEHTIB CUCTEMH Ta MPOrpaMHOro 3ade3neyeHHst Ha ocHOBl Simulink Ansys». Lle
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JaCTh 3MOTY CaMOMYy HaJIaIlITyBaTH CHUCTEMY, BpaxyBaBIIM BiJAMIHHOCTI pPoOOYHMX
CEPEIOBUIIl, Ta BAKOPUCTATH KOMIIOHCHTH SK1 TXOSATh CUCTEMI HAWKpaIIle.

Takox 11 6e3KOHTaKTHOI nepeaayi iHdopMarlii Ta TOTpUMaHHSI BUCOKOT
TOYHOCTI BUMIPIOBaHHS HAWKpAaIIIM BapiaHTOM OyJie CTBOpEHHS TpyHa0ykcu. s
3aXHIIEHOCTI CHCTEMH MTPOMIOHYETHCSI BUKOpUCTOBYBatH Fail2ban Tax sik #ioro serme
3B'si3ate 3 Simulink

[ToOymyBaBmm 3a goromororo Simulink Ansys Hanry cucreMy, MOXHA JTOCITITUTH

il Ha PI3HICTL POOOYMX CEPENIOBMII, BIUIMB 30BHIIIHIX Ta BHYTPIIIHIX IapaMeTpiB,

HaJaIITyBaTH Jlarna3oH MOXUOKH Ta 1H.

5.3 AHaJli3 pUHKOBHMX MOKJINBOCTEN 3alIyCKYy CTAPTAIl MPOEKTY

[ToTpiOHO BHU3HAYMTH PUHKOBI MOXKJIMBOCTI MPOEKTY, SIKI MOXXHA BUKOPUCTATU
ITi]T 9aC pUHKOBOT'O BIPOBAKEHHS, Ta 3aTPO3HU SKi MOKYTh 3aBaINTH HOTO peari3ariii.

JlocniKEeHHSI PUHKY J1a€ 3MOTy Oa4UTH MOBEAIHKY CIIOKMBAY1B, 3pOOUBIIH
aHas13 MOXKJIMBOCTEH, K1 BIAKPUTI AJIs MIANPUEMCTBA (BUX1] HA MIXKHAPOAHUI PUHOK,
PO3LIMPEHHS EPENIKY NOCIIYT, MOMYJISPU3alLlisi), BABYUTH IIEPCIIEKTUBU PO3BUTKY
OKPEMHX CUCTEM KOHKYPEHTIB, TUHAMIKY LI1H Ha JJaH1 IPOYKTH.

CroyaTky OpOBEAEMO aHal3 MOMMUTY: HAsBHICTh IMOIMHTY, OOCST, IWHaMIKa
PO3BHUTKY pUHKY (Tabmwuis 5.5)

Tabanis 5.5
[TonepeHs xapakTepUCTUKA MOTEHIIMHOTO PUHKY CTapTaIl-MPOEKTY

Ne .

i [Toka3HUKY cTaHy pUHKY (HaliMEeHyBaHHs) XapakTepucTuKa

1 KisbKiCTh roJIOBHHX T'paBLIB, 0]1 6araTo

2 3aranpHU 06cAT PO, IPH/YM.01 3000000

3 JlnHamika puHKY (SIKICHA OIIIHKa) 3pocTae

4 HasBHicTh 0OMeXeHb 17151 BXOy (BKa3aTu XapakTep BIJICYTHI

00OMEXEHb)

5 Crierudiuni BUMOTH 710 cTaHAapTH3alii Ta ceprudikamii BianoBiHICTh MIXXHAPOTHUM
crannapram: ['OCT 8.324-
2002 T'CH

6 CepenHs HOpMa peHTa0eIpHOCTI B Tairy3i (abo o puHKY), % | 75%

He nuBnstunchk Ha Te, 10 KOHKYPEHIiSl Ta PUHOK I[LOTO MPOEKTY € HE BUCOKHUMHU,

PEHTa0ENbHICTh 3JIMINAETHCS] BUCOKOIO, 1€ JI03BOJISIE 3pOOUTH BUCHOBOK, 1110 CHCTEMa
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Oyle KOHKYpPEHTOCHPOMOXXHOI, TIOCTIMHO OOHOBJISTHCH Ta MOJEPHIZYBATHCh, a

JiepKaBH1 Ta MPUBATHI NIANPUEMCTBA OyIyTh MPUBAOIIOBATH JIaH1 TIPOCKTH.

Jlani moTpiOHO BM3HAYUTH MOTEHIINWHI TPyNU KIIEHTIB Ta chopMyBaTH MeEperik

BHUMOT JI0 TOBapy KOXKHOI rpymu (1a6:1.5.6)

Taomurs 5.6
XapakTepucTrKa MOTCHIIMHUX KIIEHTIB CTapTaIl-MIPOEKTY
BinmMinHOCTI Y
Ne [ToTpeba, o HiJ.H’OBa. aypuTopis HOBemHH%Up ISHHX Bumoru crioxxusayuiB
W (OpMYE PHHOK (LTBOB1 CETMEHTH MOTEHIIHHIX 10 ToBapy
PHUHKY) ITBOBUX TPYII
KJII€HTIB
[IpoBenenns [IpuBarHi Ta ®dakropu Bucoka skicTh
MOBiIpKH Jiep>KaBHI yCTAaHOBH, | 30BHIIIHBOTO CUCTEMH,
JTIYUIBHUKIB ra3zy 3a | 110 3aiMaroThCs MapKETHUHTOBOTO HamiHHICTD,
pobouoro IIPOBEICHHAM CEepeIOBUILA, TepMETUYHICTB,
CepeIoBHINA — TOBIpKH Ta (diHaHCOBI 3aXHUIIEHICTD,
HOBITPS, & KaJiOpOBKH MOJKJIMBOCTI, CBOEYACHICTh
1. BUKOPHUCTAHHS HA JTYUIILHUKIB ra3sy, nedinuT HeOOX1THUX | BUKOHAHHS POOOTH
NPUPOIHOMY Ta3i 3 | maboparopii ski Marepiais,
MIHIMAJILHOIO BUKOPUCTOBYIOTh IHUBIyalbHICTb,
IMOXHOKOIO. CUCTEMY JIJISI CIPHAHSATTS.
JIOCJIIIKEHHS.

Jlep>xaBH1 Ta IpUBATHI MIAIPUEMCTBA OYyTh 3allIKaBJICHI B JAHOMY MPOEKTI, BiH

J03BOJIUTh 3MEHIIUTH Yac Ta 3YCWJUIS Ha TOBIPKY YW KaliOpyBaHHS JIYHJIbHUKIB,

3MEHIIUTU MOXUOKY PI3HOCTI poOOUMX cepeaoBuill. KOMIIOHEHTH CUCTEMU Ha JaHUM

yac HAUTOYHIII 13 ICHYIOUHUX, 110 3a0€3MeYUTh BUCOKY TOUHICTh Ta HAIWHICTb.

[Ticnst BU3HAYEHHSI MOTEHUIMHUX TPYI KIIIEHTIB MPOEKTY, MOTPIOHO MPOBECTH

aHajl3 PpUHKOBOIO cepeAoBHINA: (HaKTOPIB, SIKI 3arpOXKYIOTh MPOEKTY Ta (HaKTOpH IIO

MIPUCKOPIOIOTh HOTO PO3BUTOK.

dakTopu 3arpo3 nepesiyeHi B Tabaui 5.7.

dakTopu 3arpo3

Taomurs 5.7

®dakrop

3MICT 3arpo3u

3MH.

ApK.

Ne dokym.

Midnuc
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n/m
1. [Mocunenns 3MEHIICHHS TPOJAKY Hayxkosi OCIIIDKEHHS TUTS
KOHKYPEHIIii Ha pUHKY. MOKPAIIEHHS CUCTEMH.
2. | Bigcyrnicte HamiiiHuX | 3MEHIIECHHS MPOIAXY [Tomyku MOCTa4YaIbHUKIB 3a
NOCTa4YaJIbHUKIB MeKaM1 KpaiHu.
BUCOKOSIKICHOTO
oOJiafHaHHSL.
3. | Hecnpustnuga dinaHcoBi 30UTKH 3MEHIICHHSI LIHU TOBapy, IMOIIYK
Jep)KaBHA  IOJIaTKOBA IHBECTOPIB, MMAPTHEPIB.
TMOJIITUKA, KPHU3a.
4. | ExoHOMiYHHH (aKTOp Kopucrysaui ne OynyTb Posmmpennss  ¢yskmiii, 3amina
KylyBaTH CUCTEMY KOMITOHEHTIB, 3HW)KEHHS IIiHH.
5. | Texuiunuii paxTop He Bci kopucrtyBaui CTBOpEHHSI OHJIAHH MIATPUMKHU TI0
BMIIOTh HAJIAIITOBYBAaTH HAJIAIITYBAaHHIO, 301IbIICHHS
CHCTEMY. ABTOHOMHOTO KepPYBaHHS

OcHOBHUM (PaKTOpOM 3arpo3 € EKOHOMIYHUN (akTop, Tak AK JJs JESKHUX

Hi,Z[HpI/IGMCTB BOHa MOJKC BHABUTHUCH 3aHAATO JOPOIOIO. Takox Ba)XJIMBY POJIb I'pa€

(dbakTop MmocTayaHHs BUCOKOSIKICHOTO OOJIa{HAHHSI.

AJIe TaKOX € 1 ITeBHI MOXKIMBOCTI (Tab:1. 5.8).

Taomurs 5.8

@aKkTOpu MOKIMBOCTEN
Ne . . .
i ®dakTop 3MICT MOKJIMBOCTI MoxnuBa peakiis KoMnaHii
1. Buxin Ha HOB1 pUHKH 301UIBIIEHHS KIJTBKOCTI [TinBUIIEHHS TIONUTY, 3ATY4YCHHS
MIPOJIaXiB 1HO3EMHHUX 1HBECTHUIIHA
2. | Po3mupenns CepgicHe [TiaBUILIEHHS TOTIUTY,
MOJKJIMBOCTEN CUCTEMH | OOCITYyrOBYBaHHS, JI0JIaTKOBUI TPUOYTOK
CTBOpPEHHS HOBHX
porpam
3. MoIHBICTh po3po0KH | SIKiCHE MOKpalieHHs [TinBUIIEHHS TOMUTY Ta IiHU,
BJIACHMX IHHOBAIIMHUX | OCHOBHHUX IlapaMeTpiB MOIIYK apTHEPIB
pillIeHb IPOJYKTY
4. [Tonmynsipuzartis 301IbIIEHHS] KUTBKOCTI [Tocmyru MmapkeTosoriB
MPOJIAXKIB 32 PaXyHOK
peKIaMu

Axmo cucrema Oyzae 3apeKOMEHJIOBaHA SIK B YKpaiHI Tak 1 3a KOPJOHOM, IIe

30UTBLIUTS 1i TOMUT, BiAOYAETHCS 3a]TyUEHHS 3aKOPIOHHUX 1HBECTOPIB.

3MH.

ApK.

Midnuc

Ne dokym.

Hama
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Jam mpoBeaeMo aHaii3 MPOMO3UIlii. 3arajbHI PUCH KOHKYPEHII Ha PUHKY

HaBeaeHo B Ta0i. 5.9

Taomursg 5.9

CryneHneBuil aHaii3 KOHKYpPEHIli Ha pUHKY

Oco6auBOCTI KOHKYPEHTHOTO
cepeoBHIIa

B yomy nposiBiseTscs qaHa
XapaKTEepUCTHKA

BouiuB Ha AistIbHICTH
MiIPUEMCTBA (MOXKIIUBI i
KOMITaHii, moo OyTu
KOHKYPEHTOCIIPOMOXHOIO)

1. Yucra KOHKYpEeHIis

ExoHOMIUHE CYNIEpHHIITBO MiX
cy0’€KTaMH €KOHOMIYHHUX
IIPOIIECIB, KOJIM JKOJCH 3 HUX
(KommaHis, MiApUEMEITD,
CIIO’KMBaY, MPAI[iBHUK Ta 1H.) HE
MOJKE BILUTUBATH Ha 3arajibHy
CUTYaIIiI0 Ha PUHKY a00 1ei
BIUIMB € TAKMM HE3HAYHUM, 110
HUM MOJKHA 3HEXTYBaTH

KoHuenTpaiist isiIbHOCTI
HiANPHEMCTBA Ha HOBU3HY Ta
SIKICTh TOBapy

2. HamionanpHa

MiX KOMITaHisIMH BCEpPEAMHI
KpaiHu

Bapiarist 06’emiB
BUPOOHUIITBA, CIIBIPAIS 3
KOMITaHIIMH SKICHIIIIHX
IaT4YHKIB

3. 3a rayry3eBOr0 03HaKOIO
Buytpimnporanysesa
KOHKYpPEHIsl

Konkypentna 60poTsba Mix
MIiIIPUEMCTBAMH B MEKaX
OJIHI€T Taiy3i

dopmyBaHHS PUHKOBOI
BapTOCT1 TOBApy

4. KoHKypeHi1ist 3a BUAaMU
TOBapIB:
- TOBApHO-BUI0BA

KonkypeH1is Mixk ToBapamMH
OJTHOTO BUY

VYHIKaNBHICTh KOKHOTO
00’€KTY; yIOCKOHAJIEHHSA Ta
CTBOPEHHS HOBUX (DYHKITIH

5. 3a xapakrepoM
KOHKYPEHTHHUX IepeBar

I{inoBa. ;151 3HaYHOT YaCTKH
CITO)KHMBAYIB II1HA €

SHIKEHHS [IHA Ha
MPOJIYKITIIO , TOJATKOBI

- IIIHOBA BU3HA4YaJIbHOIO IPU BUOODI BUTPATH

6. 3a IHTEHCUBHICTIO KoHkypeHTH1 kommaHii 3HMKEHHS I[IH Ha TOBap;

- Mapo4Ha MPOTMOHYIOTh MOA10HUI KOHIIEHTpAIlisl AiSUTbHOCTI Ha

MIPOYKT SKICHY 3MIHY CUCTEMU;
3aKyIKa sIKICHUX TIpUiIajiB,
CTBOPEHHS BIIACHOI TOProBOI
MapKu
Ak MoKa3ylTh PHUCHM  KOHKYpPEHIlI Ha PpHHKY, JlaHa CHUCTeMa €

KOHKYPEHTOCTIPOMOXXHOI0. JIJisi TOBHOT TmepeBarn Haa KOHKypEeHTaMU HEOOX1THO

pO3pOOUTH CTpATEri0 PO3BUTKY Ha HailOommxui poku. Ilpu dopmyBanH1 cTparerii

¢ipma noBMHHA BpaxyBaTu (haKTOpH, 110 BIUTMBAIOTH HA IHTEHCUBHICTh KOHKYPEHIIII.

3mH. | Apk. Midnuc

Hama

Ne dokym.
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[licns aHamizy KOHKYpEHIi mMpoBenemMo OuUIbll JeTalbHUM aHadi3 YMOB

KOHKYPEHLIi B raysi.

Taomus 5.10

AHaJti3 KOHKypeHIIii B ranysi 3a M. [loprepom

[psimi o
p IToTreHmiiini ITocrayaybHu- . Tosapu-
KOHKYPEHTHU B Kiientn .
) KOHKYPEHTH KU 3aMIHHUKHU
raysi
. Hesenuka ta
CkJ1aioBI1
. «AKBa- N s Hesenuka BeIIMKa
aHamizy | . Bucoxkwuii 6ap’ep . . . : dakropu

IMITYJIBCY co0iBapTiCTh, | cOOIBApPTICTH
BXOJDKEHHS B . .| 3arpo3 3 OOKy

«Flagmay MEHIIA AKICTh | (B 3aJIEKHOCTI . .
PUHOK i 3aMiHHHKIB €

«Flow-analys» TOBapy BiJ

KOMILJICKTAITIT)
BucnoBku | [nTeHcuBHE [ToTenmiitai Ilina, ymoBu | BapTicth Bincyrne
KJIIEHTH €, € CITiBIIpAIli, CHCTEMH,
MOKJIUBOCTI KIJIBKICTB SIKICTb,
BHUXOJly Ha PUHOK | OOJIafHAHHS rapaHTidiHuN
CTPOK

Ha ocHOBI npoBezeHoro ananizy KoHKypeHuii (Tads 5.10) a Takok BpaxyBaBILH
17IeI0  TPOEKTy, BUMOTH CHOXHKBaudiB (Tabn. 5.6) Ta (akToOpiB MapKETHHTOBOTO
cepenoBuia (Tabim. 5.7, 5.8) MokHa 3pOOMTH BHCHOBOK, IIO JaHa CHCTeMa HE TTOBUHHA
MOCTYMATUCH B I[1HI KOHKYpPEHTaM, 1100 301JIbIIMTH MOMUT KOPUCTYBAUiB Ha HEI.

OCHOBHUMHU yMOBaMH1 3a0€3MeUEHHSI KOHKYPEHTOCIIPOMOXHOCTI €: 3aCTOCYBaHHS
HayKOBOTO MIJXOAY JIJIsi TIOKPAIIEHHS! CUCTEMU, 30UIbIIIEHHS! TOYHOCTI, T4 3MEHIIECHHS
NMOXUOKH PI3HOCTI POOOYMX CEPENOBUIN, PO3TISL] B3AEMO3B’S3KY  YIPABIIHHS
mpoliecaMu Ha BCIX CTafisiX >KUTTEBOTO IMKIY; (OPMYBAaHHS CHUCTEMHU IMOCTIHHOI
KOHKYPEHTOCHPOMOKHOCTI PI3HUX 00’ €KTIB.

3 BuIe 3p0o0JEHOTO aHATI3y BUSHAYEHO (DAKTOPU KOHKYPEHTOCITPOMOKHOCTI, SIK1

nokasaso B (Tabi. 5.11).

Tadomug 5.11

OOrpyHTyBaHHS (haKTOPIB KOHKYPEHTOCIPOMOKHOCTI

Ne daxTop OOrpyHTyBaHHS (HaBeIEHHS YNHHMKIB, III0 POOIIATH
/11 | KOHKYPEHTOCIPOMOXHOCTI (hakTop ISl MOPIBHIHHS KOHKYPEHTHUX MPOEKTIB
ApPK.
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3HAYYIINM)

Buxopucranus SIKICTB MPOAYKIIii, TOYHICTH MAPAMETPIB TECTYBAHHS,
BHUCOKOTEXHOJIOT1YHOTO BHCOKA JIOCTOBIPHICTh OTPHUMAHHX PE3YNbTATiB,
oOJasiHaHHs CaMO/1iarHOCTHKA MPHJIA/IIB

HasBHicTs kBamipikoBanux | JloCTOBIpHICTH OTPUMAaHUX PE3YJIbTATiB, FAPAHTIS
CIIBPOOITHUKIB. MIPaBUIILHOT pOOOTH 00JIaTHAHHS

TexHiune 00CITyroByBaHHs

OHOBJICHHS CUCTEMH Ta KOMILIEKTALIi1

[TokpamieHHs poBeeHHS
NOBIPKHU Ta KaJiOpyBaHHS

Cucrema KOHTPOJIIO TOXUOKH PI3HOCTI CEPEIOBHIII,
KOHTPOJIb TEMIIEPATYPH, TUCKY, TEPMETUIHOCTI.

Jlns 3abe3nedeHHs BHCOKOiI KOHKYPEHTOCIPOMOKHOCTI TOTPIOHO MPUALIATH

BEJIMKY yBary sSIKOCT1 00JalHaHHS Ta OKPEMUM KOMIIOHEHTaM CHCTEMH, SIKi 3a0e3meyaTh

HAJIAHICT, POOOTH, CaMOIarHOCTUKY Ta MPHUIIIUTH yBary aBTOHOMHOCTI, 3pOoOUTH ii

MIPOCTOI0 Y BUKOPUCTAHHI, MPUIUIUTH BEJIUKY YBary MporpaMHOMYy 3a0€3MEeUeHHIO Ta

IPOCTOCTI 1HTEpdEHCy.

Tadomurs 5.12

[TopiBHspHUHN aHaMI3 cuiIbHUX Ta cnabkux ctopid «DUST METER»

PeliTiHT TOBapiB-KOHKYPEHTIB Y
. bamm . .
i DaKTOp KOHKYPEHTOCIIPOMOKHOCTI1 1-20 nopieHsaHHI 3 METER Kompany
3| -2 |- 0 +1 | +2 | +3
1 Bucoxka skicTh 1 cBocuacHicTs BUKOHaHHS | 20 +
pobotu
2 Benunka KUJIBKICTB MOCTAYaILHUKIB 15 +
3 [HuBiyansHUN TiAXI 20 +
4 OnrtuManbpHe CHiBBIAHOMIEHHS IHH 1 10 +
SIKOCTI
3 Ttabmuup 5.11 Ta 5.12 Bua”o, mo QakTopu sKi BIUIMBAIOTh Ha

KOHKYPEHTOCTIPOMOXHICTh CYTTEBI 1 MalOTh BEJIUKUH ITO3UTHUBHUM BHECOK TIPH

BIPOBA/PKEHHI HOBUX JAaTYMKIB, Ta MPOTrPaMHOro 3a0e3MeyYeHHs, IO MOJETIIUTh

MOBIPKY Ta KajiOpyBaHHS.

MO>KJIMBICTh OHOBJIEHHSI KOMIIOHEHTIB Ha MPOTA31 BCbOI'O TEPMiHYy BUKOPUCTAHHSI.

['onoBHOIO IepeBarord € BHCOKA SIKICTh CHCTEMH Ta

3MH.

ApK.

Ne dokym.

Midnuc

Hama
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Taomurg 5.13

SWOT- anani3 crapTan-mpoeKkty

CuJbHI CTOPOHHU:
BucoxoTexHoJioriune o0jiagfHaHHA;

Cnalxki CTOpOHHU:
1. Bucoxkwuii piBeHb IiH KOMIIOHEHTIB

1. Po3mmpeHHs nepesiky mociyr;

2. Buxizx Ha HOB1 PHHKH;

3. Po3po0Oku BiiacHUX 1HHOBAIIHHUX PIIICHb;,
4. TTokpalieHHs XapaKTePUCTHK CHCTEMU;

5. [Monynsapu3artisi.

1.

2. KsamidikoBani criiBpoOITHUKY; CUCTEMH,

3. 30epexeHHs IPUPOTHUX PECYPCIB; 2. Cucrema norpedye NeBHUX 3HAHD
4. TlpocroTa 3aMiHU KOMIIOHEHTIB; KOPHCTYBAYiB.

5. TexniuHe 0OCITyroByBaHHSI.

MOKITUBOCTI: 3arposu:

1. [TocueHHs KOHKYPEHIIil HA PUHKY;,

2. HecripusatiuBa JepKaBHO-TIOAATKOBA
MOJIITHKA,;

3. Kpuza

4. BiacyTHICTh HAMIMHUX MMOCTAYAIbHHUKIB
BHCOKOSIKICHOT'O 00JI1a{HAHHS;
5.Heo0i3HaHIiCTh KOPUCTYBAYIB.

Jlos

MIATPUMaHHS

KOHKYPEHTOCTIPOMOKHOCTI

MOTP10HO

nepeadaynuTu

HECIIPUATIIMBI YMOBH, TaKi K IMOSBAa HOBHX, OUIBII SKICHMX CHCTEM Ta KOMIIOHEHTIB,

HECTaOUIbHICTh PHUHKY, Ta 1H...

Takox TOTpiOHO 30LIBIIYBATH MOMHUT 332 PaxXyHOK

3aJIy4eHHS 3aKOPJIOHHUX 1HBECTOPIB, PEKIaMU, MOCTIMHOTO YIOCKOHAJICHHS! CUCTEMHU Ta

3HAXO/PKEHHSI HOBUX OUIBII MPOCTHUX PIIICHbD.

Ha ocnoBi SWOT-ananizy po3po0eHo aabTepHATUBU PUHKOBOI MOBEAIHKH IS

BHUBEJICHHS CTapTal MNpPOEKTy Ha PUHOK Ta yac HOro peanmisauli, 3 BpaxyBaHHSIM

MOTEHIIIITHUX KOHKYPEHTIB, 110 MOXYTh OyTH BBEJICHI Ha PUHOK.

Tabmuus 5.14

AJNbTEpHATUBU PUHKOBOT'O BIIPOBAKEHHSI CTApTAN-TIPOCKTY

AnbmepHamusa
Ne (opieHmosHuli Komnaekc ViMmosipHicmb ompumaHHsa -
. . . CmpoKu peanizayii
n/n 3ax00i8) pUHK0BOI pecypcis
nogeodiHKu
[Tomryk iHBeCTHIIIA Cepenns 2-6 MicAuiB
301IbIICHHS PUHKY 30YTY Bucoxka 1-2 poku
3aBJIIKH peKJami
3MEHIIeHHS I[iH1 Ha Bucoxka 1-3 poku
npOoAyKT. AKuii
Buxin Ha Mi>kHapOTHUI Bucoka 3-4 poku
PUHOK
ApPK.
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[TpoBiBIIK aHaNI3 pUHKOBOTO BIPOBAKEHHS CUCTEMH, POOMMO BUCHOBOK, 1110
HaWKpaluM BUXO0M OyJie BUXiJ Ha MIKHAPOJIHUN PUHOK 33 PaXyHOK MOCTIHHOTO

OHOBJICHHA CUCTCMH Ta BUCOKY SIKICTB 11 CKJIadOBHX.

5.4 Po3po0/ieHHs pUHKOBOI CTpaTerii MPoeKTy
Po3po06ieHHs pUHKOBOI CTparTerii mepimM KpOoKoM Iepeadadae BU3HAYCHHS

CTpaterii OXOIUICHHS PUHKY: OIUC IUIbOBUX IPYIl HOTEHIIIHHUX CIIOKUBAYIB.
Taomurs 5.15

Bubip 1iapoBuX rpym NOTEHIIHHUX CIIOKUBAY1B

Omnuc npodiro ['oTOBHICTH OpieHTOBHUI .
. 3 . InTeHCUBHICTD IIpocrora
Ne L[JIbOBOT I'PyIU CHOKMBAYiB | TOIMUT B MEXKax
- . ) - KOHKYpEHLIi B BXOIlY Y
n/n MOTEHIITHUX CHOPUHHATH | IUTBOBOI TPYITH .
. CETMEHTI CeTMEHT
KIIIEHTIB MIPOJYKT (cermeHTy)
[TpuBaTHi
1. | mignpuemcTBa Bucoxka
+
2. | HepxasHi . - Bucoxka +
. TOTOBI cepeHil
HiANPUEMCTBA
JIaGoparopii
3.
Cepennst +
Sxi niboB1 rpynu o6paHo: MNpuBaTHI Ta AeprKaBHi NiANPUEMCTBA.

[Ticns aHamizy UIIBOBUX TPyl OOpaHO OCHOBHUMH CIIOKMBayaMu MPHUBATHI Ta
JIep’KaBH1 YCTaHOBHU, 110 3aMalOThCsl OBIPKOIO Ta KaJIOpyBaHHSIM JIYHJIbHUKIB ra3zy.
Ha ocHoBi anani3y o6paHo cTpateriio 1u(epeHiiiioBaHOr0o MapKETHHTY.

JI71s1 BUCOKOrO TMOIMUTY HA MPOAYKT B JAHOMY CETMEHTI MOTPiOHO chopmyBaTH

CTpPATET1I0 PO3BUTKY.

ApPK.
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Busnauenns 6a30Boi cTparterii po3BUTKY

Tadomurs 5.16

3aydeHHs
CIIOKMBAaYiB

NPUBATHI 1 JepKaBHi
¢ipmu, a1 Ha
nabopaTopii.

Pexnama Ta cTBOpeHHS
CTIKOTO TIONUTY Ha
TOBap; SAKICHE
00JaiHaHHS.

OnrumainHe
CIIBBIIHOIIIEHHS I[iHA-
SIKICTB.

O6pana Kirouosi
Ne S pHaTHBa Crpareris OXOIJICHHS | KOHKYpEHTOCHpOMOXHi | ba3oa ctpateris
/a P PUHKY [MO3uLii BiAIIOBIAHO 10 PO3BHUTKY™
PO3BUTKY MPOCKTY .
00paHoi aTbTepHATUBU
OpienTup He TUTbKHU Ha | SIkicHe oOaHaHHS; VY nockoHaIeHHS

[ToTpiOHO 3amyyaTu HE TUIBKM NPHUBATHI Ta Jep:kKaBHI (IpMHU, IO 3aiMarOThCA

MOBIPKOIO Ta KamiOpyBaHHSIM, a 1 HeBeluki Jjabopartopii. IlocTadyanHs SKiICHUX

KOMITOHCHTIB Ta YAOCKOHAJICHHA CHUCTCMHN € OCHOBHUMM JIA HiIITpHMKI/I KOHKypeHI_Ii‘l'

Ha PUHKY.

HactynmHuM KpokoM € BUOip cTpaTerii KOHKYpeHTHOT moBeaiHku (Tadu. 5.17).

Tabmuis 5.17
Busznaduenns 6a30B0i cTparTerii KOHKYpEeHTHOI MOBEIHKH
Yu Oyne koMIaHisg .
ya Uu Oyne kommaHist
IIYKaTH HOBUX . . .
Uu € mpoekT . KOITIFOBaTH OCHOBHI Crpareris
Ne «IEPIIOIPOXIAIEM» Ha CTIOXUBAHIB, 00 XapaKTePUCTHKHU KOHKYPESHTHO1
n/n PIHOTIPOXIL 3abupaTu PAKTep . P x
pUHKY? . TOBapy KOHKYPEHTa, 1 MTOBEIHKH
ICHYIOUHX Y J
KOHKYpEHTiB? )

[Iponykr He € Kowmnanis Haninena | Kommnanis nposena Hacrynansna
«TePIIONPOXiAleM» Ha | Ha BCIX KJIIE€HTIB aHaJi3 BCIX BiliHA
PUHKY CTBOPEHUX CHUCTEM 1

CTBOPIOE CBOIO

YHIKaJIbHY, HE CXOXKY

Ha 1HIIUX CHCTEMY.

ApPK.
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He 3Baxkatoum Ha Te, 1110 pO3MIp PUHKOBOI'O CETMEHTY € HE JOCUTh BEIMKUM, BiH
J0CTAaTHHO MPUOYTKOBUI, CTPATET1I0 KOHKYPEHTHOIO TTOBEIIHKH 00paHO « HACTyHaJlbHa
BiliHa» . OCHOBHHUM IpH IIbOMY IIOBUHHO OyTH 3aBOIOBaHHS JIOBIpH criokuBaya. Lle
MO’KHa 3pOOUTH 3a paXyHOK YJJOCKOHAJICHHSI CHCTEMHU, MiIBUILIEHHS 11 TOYHOCTI,
HAJIHHOCTI, aBTOHOMHOCTI, CIIPOIICHHS iHTep]eiiCy.

Ha ocHoBi1 BuUMoOT crnioskuBaya (hOpMyeEMO CTpATETii0 MO3HUITIOHYBaHHS Tab. 5.18

Taomug 5.18

BusznauenHs cTparterii no3uilioHyBaHHS

Kirouosi . . .
Bubip acorriariii, ki MarOTh
Ne Bumoru o BbasoBa KOHKYPEHTOCIIPOMO
. . ) s chopMyBaTH KOMILJIEKCHY
1/ | ToBapy IMUIbOBOI CTpaTeris JKHI ITO3HUIIIT .
MO3UIIII0 BIACHOTO MTPOEKTY
I ayauTopii PO3BUTKY BJIACHOTO CTapTar-
(TpH KJIFOYOBHX)
IPOEKTY
Bucoka sKicTh, ViockonaneH- | ABTOHOMHICTb Bucoxka sixicTh, CBO€4acHe
3aXHUIIEHICTD, HS CHCTEMH, BHUKOHAHHS,
BIOCKOHAJICHHS MOJKJIUBICTH THAWBIYaTBHHAM IT1TX1]1,
IPOIYKTY CTEXEHHS 3a cepBiCHEe 00CITyroByBaHHS
BpPaxoOBYHOUU po0OOTOIO B OHJIANH
noOaxxaHHs pexxumi
CIOXKHMBAYiB

Ha ocHoBi Bu3HaueHux 0a30BOi cTpaterii po3BUTKY (Tabin. 5.18), koHkypeHTHOI
noBeAiHku (Tabdmn. 5.17) ta no3urionyBanHs (Tada. 5.16), chopmoBaHo HanpsiM pobOTH
CTapTan-KOMIaHil Ha PUHKY, IO MOJISITa€ y MOCTIMHOMY PO3BUTKY Ta po3poOI1ll HOBHX

CKJIaJOBHUX CHCTCMHM.

4.5 Po3pod/eHHsI MAPKETHHIOBOI IPOTPaMH CTAPTAN-NIPOEKTY
[Tin gac po3poOsieHHsS MAPKETHHTOBOI MPOTPaMH MEPIIUM KPOKOM € PO3poOKa
MapKEeTUHTOBOI KOHIIEMIli TOBapy, SKWUW OTpUMae croxuBad. Y Tabmumi 5.19

M1JICYMOBAHO PE3yJIbTAaTH aHAII3y KOHKYPEHTOCIIPOMOXKHOCT1 TOBapYy.

Tabomurg 5.19
BuzHaueHHs KIIFOUOBUX TepeBar KOHIIEMII] MOTEHIIIMHOTO TOBaPY
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No Buzoda, AKY Kmow.osi ne;?esazu ne;_)ed KOHKypf?HmaMU
Mompeba (icHyro4i abo maki, wo nompibHo
n/n npornoHye mosap
cmeopumu
KonTpo:b Camopiarnoctuka OTIOBIIIEHHS IPO MOXJIMBUH 30ii1 B poOOTi
1 | mpame3aaTHOCTI Ti€l Y 1HIIOT YACTHHU CUCTEMM;
CUCTEMH Ta KOHTPOJIb TAPaAMETPIB TUCKY Ta
JaTYNKIB TeMIepaTypu
3axwuct Big 3mamy | Cucrema Cucrema po3mi3Hae HeCaHKIIIOHOBAHHM
MIPOrPaMHOTO OJIOKyBaHHSI Ta BXiJ] B porpamy, OJI0Kye TIpoIiec,
2 | 3abe3neyeHHs 3aMiHU TIApOJIIO MIPOBOJIUTH 3aMiHY ITAPOJIsI TO JIOTIHA,
HAJICUJIA€ TIOBIIOMJICHHS Ha CepBep.
3 | SkicTb SIkicHi JaTuvKu Ta | 3aKyMiBJIS JIUIIE SIKICHUX KOMITJIEKTYFOUUX
KOMILJICKTYIOY1
4 | Bucoka Tounicts | HoBa QyHkiis BukopucTanHs KOMITJIEKCHOTO KPUTEPIIO
po0OTH, HU3bKA BUKOPHUCTAHHS JI03BOJIUTH CYTTEBO 3MEHIIIUTHU MTOXHOKY
moxuoka KpUTEPito CEPEJIOBHIIL, Ta MABUITUTH TOYHICTh POTIT
T1IpOra3oAMHAMIKT

3HaXOKEHHS KIIOYOBUX IEpeBar TOBapy € JIOCHUTh BAKIWBHM €TAllOM TIPH
po3po6mi crapramy. lle mo3Boisie 3aA0BOJIBHUTH MOTPEOH KIIIEHTIB Ta IIJIBHUIIUTH
KOHKYPEHTOCTIPOMOKHICTh. TOMY BHUTIJIHUMHU CTOPOHAMH CTapTamy oOpaHo: (yHKIIIO

BUKOPUCTAaHHS KPUTEPIIO IIpOra3oquHaMIKH, SKICHI JaTYUKU Ta KOMIUIEKTYIOYI.

Tabmuus 5.20
Onuc TpbOX PiBHIB MOJIEIII TOBAPY
PiBH1 TOBapy CyTHICTb Ta CKJIaJOB1
I. ToBap 3a TouHe MpoBeeHHS MOBIPKHU Ta KaJllOpyBaHHs 32 poO0YOTO
3ayMOM CepeIOBUIIA MOBITPSI 1 BAKOPUCTAHHS MOTIM HA IPUPOJTHOMY Tasi

II. ToBap y BrnactuBocTi/XapakTepuCTHKU M/Hwm Bp/Tx /Tn/E/Op

pearlbHOMY 1. Kommr’rotepHa cuctema Hwm

BUKOHaHHI1 2. JlaTuuku M

3. MOXIHMBICTh OHJIAIH MOHITOPUHTY
CTaHy CUCTEMHU

4. Tntepdeiic

SIKICTh: TeXHIYHUNA PErJIaMeHT , pe3yJIbTaTu TECTYBaHHS CHCTEMH, TATEHT
[NakyBaHHS: KOKEH JIaTYHK YITAKOBAHO B OKPEMY KOPOOKY

Mapka: flow-simulation

III. ToBap i3 Jlo mpomaxy: cucreMa nopipku ta kaniopysanss flow-simulation
H1IKPITUIEHHSM [Ticns mpomaxy: OHOBJIEHHSI CUCTEMH 3 YaCOM

[ToreHuiiiHuii ToBap Oy/e 3aXUIIEHO BiJl KOMIIOBaHHS 32 PaXyHOK JIOTOTHITY, BBE/ICHHS
KOMEpIIiITHOT TAEMHHUIII HA CUCTEMY ( CUCTEeMa «IIif KJII0Y»), MATeHTYBaHHS PO3POOJIEHOI0 METOAY .
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OmnucaBmuy TpUpIBHEBY MOJENb TOBapy MOTPIOHO BU3HAYMTH I[IHOBI MEXl1 Ha

TOBap, KEPYIOUUCh MIPU LIbOMY COOIBAPTICTIO MPOAYKTY Ta IliHaMU (ipM KOHKYPEHTIB.

Bu3HaueHHS MeX BCTAaHOBJICHHS HiHI/I

Tadomus 5.21

/a

PiBeHsb 11iH Ha
TOBapH-3aMIHHHKH

PiBeHsb 11iH HA
TOBapH-aHAIOTH

dipm

PiBens noxomnis

BepxHst Ta HUOKHS MEXi
BCTAHOBJIEHHS I[IHU HA
TOBAP/TIOCITYTY

LITE
SOLUTION

450000

800000-1500000

500000-1000000.

[{inn Ha cucrteMmy Il TIOBIPKU 1 KadiOpyBaHHS JIYWIBHHUKIB Ta3y JIeKaTb B

mexkax Big 500000 mo 1000000 Ta B 3araipbHOMY 3ajiekKaTh BiJl BAPTOCTI KOMIIOHEHTIB.

Tabmuis 5.22
dopMyBaHHS CUCTEMH 30yTy
Crienudika 3akymniBenabHol |  DyHKUIT 30yTY, SKi Mae
No . d I'mubuna OnrumainpHa
[MOBEIIHKHA IIIJIbOBUX BHKOHYBaTH
n/n . KaHaiy 30yTy cucrema 30yTy
KJIICHTIB MOCTaYaJIbHUK TOBAPY
He perymnspne Bcranosnenns kontaktie | 0 (0e3 [IpuBarsi Ta
3aMOBJIEHHS CHCTEMH 13 CIIOKMBa4YaMHU Ta MOCEPEIHUKIB) | Iep>KaBHi
MIATPUMKA iX; MITPUEMCTBA

(bopMyBaHHS MOMHUTY 1
CTUMYJIIOBaHHA 30yTY;
3MEHIIIEHHS BUTPAT;
MapKETHHTOBE
JOCHIKEHHS.

Hns edextuBHOI peanmizailii craprany oOpaHO MpsMy cucTeMy 30yTy, 0e3

3aJly4eHHS] TIOCEPEIHUKIB MK BHUPOOHHMKOM Ta CIIOKMBayeM. 3aMOBHUTH TOBap Ta

KOMIUICKTYIOU1 MOXKHa OyJie 3a JJOTIOMOTOIO CauTy.

Tabmuws 5.23
KoHnemnirisi MapKeTHHTOBUX KOMYHIKAITii
No Cnemudika | Kananum xomynikamiid, | Kirodosi mo3wmiiii, 3aBaanas Konmnemnis
. /;1 MOBEMIHKU | SKUMU KOPUCTYIOTHCS oOpaHi s PEKJIaMHOTO PEKJIaMHOTO
L1TbOBUX L1JbOB1 KJIIEHTH MO3UI[IOHYBaHHS | MOBIJOMJICHHS 3BEPHEHHS
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KJIIEHTIB
Opientanis | DopmanbHi/Hepopmans | [mauBinyansanii | [HpopmyBanns | JlanHa
Ha Hi KaHaJM KOMYHIKalii | Miaxif; CIIOXHBAYiB; CUCTEMA €
perysspHi Camopiarnoctuka | Po3Burtok IHHOBAIIITHOIO
IIOCTaBKH cuctemu; SIKicHI | TIOMHUTY; Ta
KOMILIEKTYIOYi; CTUMYIIOBaHHS | YHIKQJIBHOO
3axXUCT CUCTEMU; | IIPOAAKY;
MoXITHBICTH [Tormryk
OHJIAMH BUTLIHUX
CTQKCHHSL. NapTHEPIB;

Pe3ynpTaToM € peryisipHe MOCTayaHHS TOBApYy, IHAUBIAYAIbHUN MIAXiA 0

KO)KHOT'O KJI€EHTA, CaMOJIarHOCTHKAa CHCTEMH, BHCOKA SKICTh KOMILIEKTYHOUHX,
3aXMINEHICTh BiJl HECAHKI[IOHOBAHOTO TPOHUKHEHHS Ta MOXJIMBICTh CTEKEHHS B

peXKUMI OHJIANH.

5.6 BucHoBkm a0 po3ainy 4

[TponoHyeThCsl HOBa cucTeMa JJii BHUKOHAaHHS IMOBIPKM Ta KaniOpyBaHHS
JIYWIBHUKIB Ta3y, 110 3a0€3MeYUTh BUCOKY TOYHICTh, aBTOHOMHICTb, Ta MIHIMAJI13aI[1}0
4acy, BpaxyBaBIIIM MPU IbOMY BC1 KOS(PIIIEHTH TOIIOHOCTI, Ta BU3HAYUBIIHU TIPH IILOMY
KOMIUIEKCHUM KpuTepid mnoaiOHOocTi. Bu3HauaeMo TMepesniKk TEeXHIKO-€KOHOMIYHUX
BJIACTMBOCTEH Ta XapakTepuUCTUK in1ei. BusHauaemMo rpymy KOHKYpPEHTIB, IO BXKE
ICHYIOTh Ha PUHKY Ta 30MpaeMo 1H(POPMAIIiI0 MPO TEXHIKO-€KOHOMIYHI TTOKA3HUKHU JIJIs
BJIACHO1 cUCTeMH. [[I3HaeEMOCh CHUJIbHI Ta CJIa0Ki CTOPOHM MpOoekTy. CucTeMy MOXHa
noOyayBatH 1 mpomojenoBat y Simulink ansys, aasni notpiOHO BUKOHATH CTEKCHHS B
OHJIAMH PEXHMI 1 3aXMIIEHICTh CUCTEMH 3a mormomoroto Fail2ban.

Jlnst 3a0e3nedeHHs] BHCOKOI KOHKYPEHTOCIPOMOKHOCTI MOTPIOHO MPUIIIUTH
BEJIMKY yBary sSIKOCT1 00JIaTHAHHS Ta OKPEMUM KOMITOHEHTaM CUCTEMH, SIK1 3a0e3eyaTh
HaAIHICTh pOOOTH, CAMOIIAarHOCTUKY Ta MPUAUIMTU yBary aBTOHOMHOCTI, 3pOOUTH i
MIPOCTOI0 y BUKOPHUCTAHHI, MPUAUINTH BEJIUKY yBary MmporpaMHOMY 3a0€3MEUYeHHIO Ta

MPOCTOCTI 1HTEpdEHCy.
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OcHOBHMMH yMOBaMH 3a0e3MeueHHs] KOHKYPEHTOCTIPOMOXKHOCTI €: 3aCTOCYBaHHS
HAyKOBOTO MIIXOy JJIS MOKPAIEHHS CUCTEMH, 30UIBIIEHHS TOYHOCTI, Ta 3MEHIIICHHS
MOXMOKM PI3ZHOCTI PpOOOYMX CEPEeOBHUIN, PpO3IJIA] B3a€EMO3B’SA3KY  YIPaBIIHHSI
nporecaMi Ha BCIX CTaisfX J>XKUTTEBOTO IHMKITY; (OPMyBaHHS CHUCTEMHU TMOCTIHHOI
KOHKYPEHTOCTIPOMOKHOCTI PI3HUX 00’ €KTIB.

Jns edextuBHOI peamizaiii craprany oOpaHO TpsMy cucTeMy 30yTy, 0e3
3aJly4€HHsS] TIOCEPEIHUKIB M) BHUPOOHHMKOM Ta CIOXHBayeM. 3aMOBHUTH TOBap Ta

KOMITJIEKTYI0U1 MOkHa Oy7ie 3a JOTIOMOTOI0 CalTy.

BUCHOBKHA

B maricrepcekiil nuceprariiii 0ysi0 mpoBeaeHO JTOCTIIKEHHS YMOB BiIMIHHOCTEH
NpHu KaniOpyBaHHI JIIUYMUIBHUKIB ra3y. 3po0JieHO aHajl3 cTaHy MpoOjeMyu BUMIPIOBAHHS
00’emy Ta 00’emHO1 BUTpatu. [IpoBeeHO XapaKTepUCTUKY poOOYOro cepeaoBUIla —
MPUPOIHUN Ta3. 3po0JICHO aHall3 CydyaCHUX METOJIIB Ta 3aC001B BUMIPIOBAHHS BUTPATH
rasy.

[IpoBeneHo aHami3 CydyaCHHUX BUMIPIOBAIILHUX TEPETBOPIOBAYIB BUTpATH. BoHHU

BCl BIJPI3HAIOTHCS 3a MNPUHIMIOM poboTH 1 OynoBoro. Tomy KOXEH MNOTpPIOHO
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nig0upaTd KOHKPETHO MJi1 YMOB B SKUX BiH Oyje mpairoBatu. HalmomupeHimmmMu
ChOTOJIHI € TypOiHHI, YIbTPa3ByKOB1, MEMOpaHHI, POTOpHI Ta OapabaHH1 BUTPATOMIPH.

[Ticns mpoBemeHHA JOCHIIKEHHS YMOB BIIMIHHOCTEW Tmpu KaniOpyBaHHI
JTYWIBHUKIB Ta3y po3po0JeHO KOMIUIEKC BpaxyBaHb HEOJHOPITHOCTEN XapaKTEPUCTUK
po00YOro cepeIoBHINA Ha OCHOBI T1IPOTa30IMHAMIYHO1 TEOPIi.

[IpoBeneHo nmoCHiKEHHS 13 3acTocyBaHHS ANSYS TEXHOJIOTiH Ta 3po0JeHO
KaJiOpyBaHHS peajlbHOrO JIYWJIbHUKA Ha MOBITPl. JloCHiKeHHs MoKaszano, 0 MIXK
CEpeIOBHILIAMU € JIeSIKa BIIMIHHICTb, 1110 1 BIUIUBA€E HA PE3yIbTaT OOJIKY.

[IpoBeneHO  eKclepUMEHTadbHE JIOCHIKEHHS  HEBIAMOBIIHOCTI  POOOYMX
cepenosui. KaniOpysanusa Typoinnoro migmibHuka IGTM Ha moBiTpi Ta mpupogHOMY
rasi.

Po3pobneno crapram NOpoeKT CcHUCTEMH KaliOpyBaHHS 3  BpPaxyBaHHSAM
riApora3oAuHaMiyHoi Teopii. OCHOBHUM 30€pekKEHHSIM KOHKYPEHTOCIPOMOXKHOCTI €
3aCTOCYBAaHHS HAyKOBOTO MIAXOAY I MOKPAILEHHS! CUCTEMH, 301IbIIEHHS TOYHOCTI, Ta
3MEHIIECHHS TMOXMOKM PI3ZHOCTI pOOOYMX CEpEelOBUII, PO3IJAL B3aEMO3B A3KY
VOpaBJIIHHSA TMpollecaMM Ha BCIX cTaaisx kurreBoro mukiy. IIlo0 edexTuBHO
peanizyBaTd cTapTan TOTpIOHO o00patu mpsMy cucremy 30yTy, 0€3 3amydeHHS

MOCEPETHUKIB MI>)K BUPOOHHUKOM Ta CIIOKUBAYEM.
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