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TPAYIOBAJIbHO-IIEPEBIPOYHUI CTEH/I /IJI1 HAIIIPHUX TPYBOK

3arnpornoHoBaHo rpanyBaibHO-NEPEBIDOYHUV CTEeHA A/ HaripHux TPYyOOK, sikuvi aaanToBaHoO
A1 pobOTH Pa3oM 3 eTasIOHHOIO MePEBIPOYHOI0 ycTaHoBKo YIJIM-2500, wo 3acTocoByeTbCS A5
rnepeBipkn  MexaHiYHUX Jiun/ibHUKIB ra3y. Po3pobiieHO reHepaTtop iMrybciB, HactoTa SKux
3aJIeXUTb Bil BUTPATy rasdy nig 4Yac rpaayroBaHHs. Po3rnisHyTo npuHUnn poboTu CTEeHAY, SKuii
BpaxoBye 0COBNBOCTI MEXaHIYHNX JIiYNJIbHUKIB rasy.

OcranHiM YacoM NIpu BUMIpIOBaHHI BUTpaTH ra3iB, 3aMiCTb CTaHJAPTHUX 3BY>KYBAaJbHUX
MPHUCTPOIB BUKOPHUCTOBYIOTHCS TaKi TEPBUHHI BUMipIOBAJIbHI NepeTBOPIOBadi, SK HamMipHi TPyOKN
(HT), mnampukaag tpy6kra Ilito, Ta ycepeanioBaibHi Hamipai TpyOku. HT  pouisbHO
BUKOPHCTOBYBATH B TPYOOIIPOBOIaX a00 KaHaJaX 3 BEJUKUM IONEPEYHUM TI€PEPi30M Jie CKJIA/IHO,
a6o HEMOXKJIMBO BCTAHOBUTH iHIIII TUIIM BUMipIOBaJbHUX IeperBopioBadis (BII).

Ha Bigminy Bix takmx mepsunnux BII gk, manpuksaasn, 3ByxyBaubHi npuctpoi [1], mamipsi
TPyOKM He MalOTh /IOCTaTHHOI HOPMATHUBHOI Ta TeXHIYHOI 6asu /s TPAJAYIOBAHHS Ta INEPEBipKH.
3asuuaii rpaayioBannsgs HT mpoBoadaTh Ha crieriaji3oBaHOMY HeCTaHAAPTHOMY cTeHi, a6o
6e3nocepeiabo Ha 00’ekti, e HT muanyerbest BctanoBmoBatuch. B gaHiit po6oti mporonyerbest
pPO3POOUTH TaKWii T'pa/lyI0OBAJIbHO-TIEPEBIPOYHUN CTEH /I HAMipHUX TPYOOK, SKWil Ou Mir
aJlanTtyBaTtucs JJs po6OTH PAa3oM 3 CTAHJAPTHOIO €TAJOHHOIO ITIePeBipOYHOI0 YCTAHOBKOIO [IJIS
IePeBipKU MEXaHIYHUX JIIYUJIbHUKIB Trasy.

HT npusnaueni /iy CTBOPEHHS Tiepenajly TUCKY, TPONOPIIHOrO cepeiHiil MBUIKOCTI MOTOKY
B TIONepevyHoMy Tepepisi kanaay. HT BUKOPUCTOBYIOTBCS y CKJa/i BUTPATOMIpiB 3MiHHOTO Iiepe-
magy TUCKY, AKi MOXYTb BHKOPHCTOBYBAaTHCA B CHCTEMaX KOHTPOJIIO 1 KepyBaHHA
TEXHOJIOTIYHUME TPOIlecaMy, a TaKOX y By3Jax o6JiKy BUTpaTH Ta 06'eMy raziB [2]. 3 Tounum
purotopsiennsaM HT gocsraeTbesi BHCOKa IMOBTOPIOBAHICTH BUMIPIOBaHHS BUTpaTH TNOTOKY (3
noxubkoo 6musbko 0,5—1 %) [3]. HT € npoctumMum 3a KOHCTPYKINEID, MalOTh HEBEJUKY
co6iBapTiCTh, a TAKOK MOXKYTb 3aCTOCOBYBATHUCDH /LIS TIepepi3iB KaHauxy 6y/ab-sKoi (opMu.

Ax nmpaBusio, aJis HanipHOi TPYOKY TicJs 11 BUTOTOBJIEHHS HeOOXiHO BUKOHATH iH/IMBi/lyaJbHe
rpa/lyloBaHHsI 3a JONOMOIOI0 aTecTOBaHOI eTasioHHOi ycraHoBku. lle gactb 3Mory ImiABUIIATH
TOYHICTb BUMIPIOBAaHHS BUTPATH, a TAKOX BPAXyBaTH CHCTEMATHYHY iHCTPYMEHTAJbHY MOXUOKY,
BUKJIMKaHy oco0smBicTio BurotossieHHst npodimo HT. Ha puc. 1 HaBeneHO TpUKJIaZ KOHCTPYKILIT
HaTipHOI TPYOKHU.

HT crBOpIOIOTH Mepernaji TUCKY B
3JIEXKHOCT] BiJt JUHAMIYHOIO TUCKY
HOTOKY Ta aGCOJIOTHOTO THCKY B
KaHami, TOOTO  IEpPeTBOPIOIOTH
KIHETUYHY  €Heprilo  IOTOKYy B
JVHAMIYHY, MMIBUJAKICTb IIOTOKY O [otik
IPOIOPIIiiiHa nepenany THCKy AP
i BU3HavyaeTbcs 3a POPMYJIOI0
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ne k — rpajayoBaibHUil KoedillieHT; p — I'yCTHHA Tady B PO6GOYMX yMOBaX.
Busnauuimn 3a ¢opmyaoo (1) MHUTTEBY MIBUIKICTH IOTOKY, OGUHCITIOETHCS MHUTTEBA
BUTpara razy Q B KaHaJsi

0=0s=ks |22 (2)
p
e S — 1ol MmonepevHoro nepepisy BUMipioBaJbHOTO KaHAJy.

[Tporsirom ekcrryararnii HII y ckaagi IBC neo6xigHo mpoBoguTé ii MJIaHOBY IEpeBipKy, a
purorossAoun Hosi HII, Heo6xiaHno 3abesmneunt To4UHe iHAUBiyaIbHe TPAAYIOBAHHA OCTaHHIX.

Ha cooromni B Ykpaini Haii6isbilie BUKOPUCTOBYIOTHCS €TAJIOHHI TEpeBipOYHi YCTAaHOBKHU
(EITY) pas nepeBipku MeXaHiYHUX JIYMJIBHUKIB Tasy, 30KpeMa poTaliiiHux Ta KamepHux. [Ipu
nepesipui EIIY orpumye Bij MexaHi4HOro JIiYMJIbHHUKA, IO IIE€PEBipsSE€TbCS IEBHY KiJbKiCTb
eJIEKTPUYHUX IMITyJIbCiB Ta TOPIBHIOE iX KiJIBKICTh 3 KiJbKIiCTIO iMIyJIbCciB eTasoHa 06’eMy.
[Ticaig 11boro po3paxoByeThcss MOXMOKA BUMipIOBaHHS 06'€My rady MeXaHi4HOTO JiYMJIbHUKA Ta
poOUTbCS ~ BUCHOBOK  TIPO  BIiJANMOBIAHICTD  pe3yJbTaTiB  TEPEBIPKUM  METPOJIOTIYHUM
XapaKTepUCTUKAM JIAaHOTO JIIUMJIbHUKA Ta3y.

[lng ycmimHOro po3B'sidaHHA 3ajavi rpagayoBaHHsa Ta nepeBipku HT Ha 6asi HasgBHOT
arecroBaHoi EIIY OyB crBopeHuii cremianbHuii rpajayoBanbHo-niepeBipounuii creny (TTIC).
['TIC mupaioe B mapi 3 HepeBipOYHO yCTaHOBKOMW, Hampukaazn YIIJIT-2500 (BupoGHUK M.
IBano-MpankiBebk). YceranoBka YIIJIT-2500 upusHauena /it BUIPOGYBaHb, IEpPEBipKH,
TpayloBaHHSA i MeTPOJIOTiuHO1 aTecTarii JIYWJIbHUKIB ra3dy POTOPHOTO i TypOIHHOTO THUIB B
mporecax iX BUIYCKY 3 BUPOOHHIITBA Ta €KCILITyaTallii.

[TIC mae Burssag GyHKIIIOHAJBHO 3aBEPIIEHOrO MiKPOIIPOIIECOPHOTO OJIOKY, SIKUIl OTPUMYE
HeoOXi/IHI JI/IT PO3PaxyHKY BWTPATH Ta3y JaHi 31 CTaHAApPTHUX CTPYMOBUX J[IaTUYMKiB THUCKY,
temriepatypu ta nepenaay tucky Ha HT. I'TIC pospaxoBye Butpary ta 06’eM razy B poOOYMX
Ta HOPMAJIbHUX YMOBAX 3Ti/IHO MaTeMaTUYHOI MOJIeJIi BUMipIOBaHHS BUTpaTu rady [4].

I'TIC Bumae imMmyJbcH 3 4acTOTOIO BiJIOBiHO 0 06’€MHOI BUTpaTH rasdy, iMiTyioun poboTy
MEXaHIYHOIO JIIYMJIbHUKA.

[Tpuiimatoun immysben Big ['TIC, EITY Busnauae o6'em, mo Hapaxysasia ['TIC Ta ominioe ii
noxu6ky. BukopucrtoBytoun [TIC B mapi 3 EIIY, mokHa He TiJlbKM BUKOHATH IEPEBipKY
BHUMipIOBaJbHOTO TepeTBOpioBavya Ha 6a3i HT, ane it mpoBecTn rpagayroBaHHsS HamipHOI TPyOKU
6yab-axoi KoHcTpyKilii. Ha puc. 2 nokazano cxemy mia eqnanus I'TIC pug rpagyroBannag HT.

IMNYNbCY Ha NOBIPOYHY YCTAHOBKY. | 1 A N 12
BiANOBIAHO A0 BUTPATK 7 N/
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Puc. 2. Cxema nig’eananns I['TIC o ycranosku YIIJIT-2500:
1 — rpaayoBaJbHO-TIEPEBIPOYHMIA CTEH/; 2 — HamipHa TpyOKa, IO TPAAYIOEThCS; 3, 4 — NATUYUKK
THCKY, TeMIieparypu; 5, 6 — po6oui erajonu o6’emy; 7, 8 — 3acyBku; 9 — peryJsaTop BUTPATU;
10 — BenruasaTop; 11 — nynabT KepyBaHHSA; 12 — KoMmIT'1oTep

I'MIC npamtoe tak. Ha Bxixg 'TIC magxongarb faHi 3 eTaJOHHUX JaT4uKiB Temmeparypu T Ta
tucky P. I'TIC takosk orpumye curnani nepenaay tucky AP 3 HII, mo rpamyioernbest.

Ha mouatky rpaayioBannss HII B nam’arp T'TIC Heo6xigHO BBECTH MaHHI MPO TYCTHHY Ta3y
p, Ha KoMy Oy/ie TPOXOAUTHCH TpaayioBanHsa (3asBuvail e MOBITPs), TLIOILY INONEPEYHOTO
nepepisy S TpyOM IIepeBipouHOr0 CTeHJy, KigbKicTb immyabcis Ha 1 M3 rasy Np
«BipTyaJbHOTO» MeXaHiuHo Jiuniabauka sxuii [TIC imityBaTuMe.
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Crenn nna rpaayioBanHs a6o mnepeBipku HII mpamoe B peampromy uaci. I'TIC y cBoemy
CKJIa/li Ma€ MPOrpaMHUIi reHepaTop YacTOTH, B IKOMY € MOKJMBICTb IOCTiHOT 3MiHM 4acTOTU B
npoiteci rpaayoBanHs. [eneparop ¢dopmye uyactory immysabciB B miamazoni 1...100 T 3
BigHOCHOW TOoxu6K0I0 0,01 %. TeHepaTop peasizoBaHO Ha 32-pO3PSIAHOMY TallMepi-TiYNIbHUKY
CUTHAJABbHOTO MiKpomporecopa ARM7 3 momepenniMm moginbHUKOM dYacToTu. IlomiabHWK
3MeHnrye BXigHy wactory 60 MIm go 12 MI'n. TaiiMep-siuMJIbHUK TaKOX MIiCTUTb PETicTp
nepenioBHeHHsi. Koim 3HadeHHS B JHYWUJIBHUKY cTae OiJbIUM 3a 3HAUYEeHHS B pericTpi
NepernoBHEHHs BifI0YyBAE€TbCA TIEPEPUBAHHS, IiJ[ Yac SKOTO B JIYMJIbHUK 3aIMCYETHCS HYJIbOBHIA
MOYaTKOBUI KOJZ 1 TeHepyeTbcsl BUXIJHUI iMIy/abc. 3MiHIOIOYM 3HAUYEHHS  pericTpy
[IEPEIIOBHEHHA, JJOCATAEThCA THY4YKa 3MiHA 4aCcTOTU FeHeparopa B 3aJI€XKHOCTI BiI BUTpaTU rasy.

ImMmyiben 3 reneparopa HaJXO/SATh Ha iMIyJIbCHMI BXij mepeBipounoi yctanoBku YILJIT-2500,
iMiTytoun po6OTy JHUWIBHOTO MeXaHi3My MeXaHiYyHOro JiiumiabHuKa rasy. llicas crapry 3a
dopmysoo (2) TTIC moctiiiHo PO3paxoBye MHUTTEBY BHUTpATy Tasdy Ta 4acTOTy Foys, 3a SKOWO
reepatop (HopMye iMITyJIbCch

F,,; = ON, /3600, (3)

fe N, — KigbKicTp iMmysbciB Ha 1 M3 Tasy <«BipTyaJbHOTO» MeXaHidHO JIUYMJIbHUKA, SKUi
I'TIC imiTye.

B koxnomy mmkii po6orn ['TIC Bu3Hauae HOBY 4acToTy Ta IO/a€ BiJIMOBifHI KOMaHAM Ha
reHeparop /s KOopekilii BuximHoi yactotu F,;. Pe3dysbratom rpagyoBaHHd HamipHOT TPyOKH
GylyTb po3paxoBaHi cepe/Hi 3HauYeHHs cyMapHOro o6’emy rasy 3a gonomoroio I'TIC (Qgyr) Ta
3a goromoroo EITY (Q,y). Pospimmsum cepexni suaueHus cyMapHoro o6’emy Qe Ha Opr,
OTPUMAEMO NIyKaHWi KoedilieHT k TpaayioBaHHS HaipHOi TPYOKH, SKUil 3a3BUYail 6JIM3BKUI
10 OJVHUILLL:
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3aIpoTNIOHOBAHO T'PA/YIOBATbHO-TIEPEBIPOYHUI CTEH/ /IS HalipHUX TPYOOK, SIKMH a/IaliTOBaHO
T poOOTH  pa3oM 3 €TAJOHHOI0 TepeBipouHoo ycraHoBkoio YIIJIT-2500 mmg mepesipkn
MEXaHIYHUX JIYUIbHUKIB Ta3y. Buxopucroytoum [TIC, MokHa BHMKOHATH 4YEProBy TEPEBipKy
BUMipIOBaTbHOTO TiepeTBopioBaua Ha 6a3i HT, a takox mposectn tpamyioBanas HT Oymap-sxoi
KOHCTPYKIIT TUMHU X anapatHUMU 3aco0amu, 10 i 1pH TepeBipili MeXaH{YHUX JiYUJIbHUKIB Tasy.
CdopmMynboBaHO BUMOTH /Il TPAYIOBAHHSA Ta TEPEBiPKM BUMiPIOBAJIBHOTO IE€PETBOPIOBAYA —
HT. Pospo6aeno npunin po6otu TTIC, sxuii BpaxoBye 0COOIMBOCTI MEXaHIYHUX JHUYMIbHUKIB
rasy, L0 Ja€ 3MOI'Yy B pealbHOMY 4Yaci 3MIHIOBATA YaCTOTY BUXI/IHUX IMITYJIbCIB B 3aJI€KHOCTI BiJ
06’€eMHOT BUTPATH Ta3y.
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