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PEDOEPAT

bakanaBpcpka poboTa CKIaJa€ThCsl 31 BCTYILY, JBOX PO3JLTIiB, BHCHOBKIB, CIIUCKY
BUKOPHUCTAaHUX JKepen. PoGora BukiageHa Ha 58 cropiHkax i micTuth 1 Tabmwuiro, 18
PHUCYHKIB Ta CIIUCOK BUKOPUCTAHUX JpKepen 3 28 HallMeHyBaHb Ha 3 CTOPIHKAX.

Tema OGaxanaBpcbkoi podotu: «Po3podnenns cucmemu KoHmpoawo podomu
asmomamuyunozo kawua AIIP-2B ¢ cmen0dosux ymosax»

IlpeameTom JoCaiIKeHHsI € TEXHIYHI 3aco0M TMOOYJOBH CHCTEM KOHTPOJIIO
napaMeTpiB CTEHAY JJIsl JOCHIIKEHHS poO0TH aBToMaThuHOro kitoua AIIP -2Bb

Merow OakajaBpchbKoi PpodOTH € JOCHIKEHHS €(EeKTUBHOCTI poOOTH
apromatuuHoro kioua AIIP - 2Bb B cTeHm0BUX yMOBaxX HUISIXOM PO3POOKH CHUCTEM
KOHTPOJIIO ii mapameTpiB.

Pe3yjbTaTu JUNJIOMHOIO MPOEKTYBAHHS: HA OCHOBI OOTPYHTYBAaHHS JOIIBHOCTI
BUKOPUCTaHHS 3ac001B MeXaHi3alli NpU BUKOHAHHI CIYCKO - MiIMManbHUX OIepanii
MIPOBEICHO:

- OOIpyHTYBaHHSI HEOOXITHOCTI KOHTPOJIIO KPYTHOTO MOMEHTY TIpH pPOOOTI
MexaHi3oBaHoro kiaoua AITP-2Bb;

- BHU3HAYeHl mapaMeTpu MexaHizoBaHoro kimroda AIIP-2BbB, ski miansraiorhb
KOHTPOITIO;

- MpOBEJIeHa Po3po0Ka CUCTEMU KOHTPOJIO MapamMeTpiB CTEHIY ISl AOCIIIKEHHS

pob6otu apTomatuyHoro kiroda AIlb-2Bb, ska Bxarouarna:

OOrpyHTyBaHHs 1 BUOIp JaBayiB;

PO3pPOOKY CTPYKTYPHOI CXeMH CHCTEMH KOHTpoIto poboTu Allb-2Bb;

pO3paxyHOK JaBaua;

BUOIp MIKPOKOHTPOJIEPA;

PO3pOOKY MPOTPAMHOTO 3a0€3MEUCHHS CUCTEMU KOHTPOJTIO.
Kitro4uoBi c10Ba: aBTOMAaTHYHHUMA KITIOY, CUCTEMa KOHTPOJIIO, CTPYKTypHA CXeMma,

JaBayi, MIKpOKOHTpOJIEP



ABSTRACT

The bachelor's thesis consists of an introduction, two chapters, conclusions, and a
list of sources used. The work is presented on 58 pages and contains 1 table, 18 figures,

and a list of sources used with 28 names on 3 pages.

Topic of the bachelor's thesis: “Unbundling of the robotic control system of the

automatic key APR-2B in bench-mounted workshops”

The subject of investigation is the technical specifications of the parameters

control systems of the stand for monitoring the operation of the APR-2VB automatic key

The purpose of the bachelor's work is to investigate the effectiveness of the
automatic key APR - 2VB in bench-scale research by developing control systems for its

parameters.

The results of the diploma project: on the basis of the design of the completeness
of the vicinity of mechanization features during the execution of lowering operations, the

following were carried out:

- explaining the need to control torque during operation of the powered tong APR-
2VB;

- determined the parameters of the powered key APR-2VB, which facilitate

control;

- development of a system for monitoring parameters at the stand for monitoring

the robotic automatic key APB-2VB was carried out, which included:
- priming and selection of materials;
- development of the structural diagram of the APB-2VB robot control system;
- rozrakhunok davacha;
- select microcontroller;
- development of software security control system.

Key words: automatic key, control system, block diagram, data, microcontroller
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BCTYII

OOnagHaHHS, MO 3aCTOCOBYETHCA U BHJIOYTKY HA(pTH MpAIlO€ B CKIIATHUX
TIPHUYO-TEOJIOTIYHUX YMOBAaX, @ TaKOXK B KOPO31MHOMY Ta arpeCMBHOMY CEPEIOBHIII.
Ile B cBOIO Uepry MPU3BOAMUTH JI0 PI3HOMAHITHUX MOIIKO/KEHbB, SKI B1OOPaKarOTHCS
Ha poOOTI CBEPIJIOBUHH.

B 3B’s13Ky 3 1IMM, HE3aJIeKHO BiJ CIIOCO0Y eKcIuTyaTarlii CBepAJIOBUHHA, HEOOXITHO
IIPOBOJUTH II PEMOHT.

B Oynp-skoMy pa3i peMOHT CBEPAJIOBMHU MOJIATAE y MiJAHMOMI CBEPIJIOBUHHOIO
oOJaJiHaHHs Ha MOBEPXHIO, HOTO 3aMiHi Ta CITYCKY.

OO6usaHaHHA [J1s1 POBEJICHHS IM1I3€MHOTO 1 KaIliTaJIbHOTO PEMOHTY CBEP/IJIOBUH,
70 CKJIaay SIKOTO BXOJSITh MEXaHI30BaHI KJIIOYl JJIsl 3rBUHYYBAHHS 1 PO3TBUHYYBAHHS
HKT, 3aiimae ocobmuBe wmicue. lle mOsCHIOETBCS BETUKUM 00’€MOM POOIT TIO
3rBUHYYBaHHIO 1 po3reuHuyBaHHi0 HKT B mpoueci CIIO.

[Tpy BUKOHAHHI KOXXHOTO MIJ36MHOTO PEMOHTY CBEPAJOBHUHH IIOB’S3aHOIO 3
nigiomMoM 1 cmyckom kojonu HKT, 3mificHioeTbest B cepeaubromy 300-350 omeparriii
3TBUHYYBAaHHSA 1 PO3TBUHYYBAaHHSA, a 4ac sIKUM 3arpadaeTrhcs Ha 3aiicHenHs CIIO
3aitmae 50 — 80% Bij 3araJibHOTO Yacy Ha BUKOHAHHS PEMOHTY CBEP/IJIOBUH.

EdextuBnicte 1 sxicte CIIO, siki mpoBOASTHCS TMPU PEMOHTI CBEPIJIOBUH,
BU3HAYAIOTHCA PEKUMAMH 3TBUHYYBAHHS 1 PO3TBUHYYBAHHS, $KI CTBOPIOIOTHCS
MEXaH130BaHUMH KJIIOYaMHU.

3BepTar0yM yBary Ha akTyaJgbHICTh MPOOJIEMU MOB’A3aHOI 3 BETUKUMHU 3aTpaTaMu
yacy Ha MPOBEJIEHHS pPEMOHTY, BHHHMKAa€ HEOOXIJHICTh Yy CKOPOYEHHI Yacy Ha
sniicHenHs CI1O, nmpuIIBUALLIEHHS POLieciB 3rBUHYYBaHHA-po3rBuHYyBaHHs HKT.

[le nuTaHHS MOKHAa BUPIIIUTH BUKOPUCTOBYIOUM MEXAHI30BaHI KIIOYl IS
3rBUHYYBaHH4A 1 po3rBuHYyBaHHs HKT.

Tema pganoi OakanaBpcbkoi poOOTM BHUKOHAHA Ha 3aMOBIICHHS Kadenpu
HadTOra30BOr0 00JIATHAHHS, B JIAOOPATOPHOMY KOPITYCl SIKOi 3HAXOIUTHCS CTCHJ IS
TOCHiKeHHsT pobotn aBTromatuyHoro kimroda AIIP-2Bb, mms ocHamenHs sKoro,
BJIACHE, 1 pO3pOOJSETHCSA CHCTEMa KOHTPOJIIO MOro MapaMeTpiB B yMOBaX BKa3aHOTO

CTEHIY.

Apk.
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1 TEXHOJOI'TYHA YACTUHA

1.1 O0rpyHTyBaHHS JTOUUILHOCTI BUKOPUCTAHHSA 3aC00iB MexaHi3amii nmpu

BHKOHAHHI CILyCKO-MiAiMMAaJILHUX onepanii

OOmamuanHs 11 TPOBENEHHS crycKo-migiiMansaux omepaiid  (CIIO) Ha
CBEpJUIOBUHI TIOAUISETHCS HAa CAMOXIJHI 1 CTalllOHapHi JIeOIKH, IMJAHOMHUKH Ta
arperatu [1]. Skmo ne6igka MOHTYETbCS CIUIBHO 3 BHUIIKOIO, TaJ€BOK CHUCTEMOIO 1
IHIIUM OOJIaJHAHHSAM Ha TPAHCHOPTHIM 0a3i, OOJagHAHHS B IIUJIOMY Ha3WBAETHCS
M1HOMHOI0 YCTAaHOBKOIO a00 arperaTtom, a pu OUIBII MOBHIN KOMITJIEKTaIlii (HacocoM,
pPOTOPOM, BEPTIIIOIOM, 1 1H.) — KOMIUIEKCOM MIAKWOMHOTO oOjajHaHHs. SAkimo Ha 0asl
MOHTY€TbCS TUTbKH JIeO17IKa, TO MEXaH13M Ha3UBAETHCS MiIMOMHOIO JI€011KOTO.

[TiniiomHa nebigka mpu3HayeHa Il poOOTH B MOEIHAHHI 13 CTAlllOHAPHUMHU a0o
NMEPECYBHUMHU  BHINKAMH, BCTAaHOBJICHHMMH HaJ YCTSIM CBEPAJOBHMHHU. Bwumka
OCHAIIYETHCS TAJIEBOIO CHUCTEMOIO, /I 3MEHIICHHS HATATY KaHaTy NMPU HaMOTyBaHHI
Ha OapabaH miIiioMHUKA a00 arperaty, CKJIaJaeThCsl 13 CHCTEMH HEPYXOMUX POJIMKIB —
KPOHOJIOKY 1 pyXOMHX POJIUKIB — TaJI€BOTO OJIOKY, TaKy 1 TaJI€BOTO KaHATY.

[ligfioMH1 yCTaHOBKM TMpPHU3HA4Y€Hl JUIsi BUKOHAHHA CITYyCKO-TIIIMMaIbHUX
oreparlii Ipyu MOTOYHOMY 1 KaliTalbHOMY PEMOHTI CBep IoBHUH. [1i1i#OMH1 yCTaHOBKH
SBJIIIOTH COOOI0 MOOUIbHY YCTAaHOBKY Ha CaMOXIJIHIM TpPaHCHIOPTHIM 0a3l, sika MOKe
OyTH 3MOHTOBAHA, SIK Ha I1aCl aBTOMOOLIS TaK 1 Ha TYCEHUYHOMY XOJIi.

OCHOBHUM  3aBJIaHHAM Ha(TOrazoBUAOOYBHOTO MIANPUEMCTBA  SIBJISAETHCS
30UTbIIEHHST BUAOOYTKY HadTu 1 ray. B komiiekci 3axofiB, SIKi HampaBlieHl Ha
JIOCSITHEHHSI 111€1 METH, CYTTEBY pPOJb BIAIrparoTh poOOTH MO MPOBEICHHI MiI3€MHOTO
PEMOHTY CBepJIOBUH [1].

Merta migzemuoro pemonty cepiioBuH (ITPC) — mpoBeaennst poOIT HEOOX1THUX
JUTSI: BITHOBJICHHSI TIPAIE3aTHOCTI BHYTPICBEPIJOBUHHOTO OOJaHAHHS 1 BIJIACHE
CBEpJUIOBUHU; TIONEPE/KEHHS BIIMOB 1 IMIJABUIIEHHS JIOBFOBIYHOCTI EKCILIyaTali
oOnajHaHHSA 1 CBEPJUIOBHHM; IMIJABUIICHHS Me0ITy CBEPJIOBHH JI0 MOYATKOBOTO abo

TaKoro, 10 MEePEBUIIY€E MOYATKOBUHN PIBEHb.
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[Tpu uboMy, MmiJ CBEPAIOBHUHOIO, PO3YMIIOTh HE TUIBKHU CBEPJIOBUHY 1 00OCaiHy
KOJIOHY, ajie 1 30Hy mnepdopaiiii, 1 30Hy NpusArardoro miacrta. [ns OLiHKKA SKOCTI
pob6otn  HadTOra3oBUAOOYBHOTO  MiJMPHEMCTBA  BHKOPUCTOBYETHCS  MOKA3HHUK
MDKPEMOHTHOT'O Tepiojly poOOTH CBEpUIOBHH. MIiXPEMOHTHUN TIepiod poOOTH
CBEP/JIOBUH — II€ TPOJOBKEHHS (PaKTHUYHOI eKCIUTyaTallli CBEpJJIOBUHH BIJ MOYATKY
MOMEPEHBOI0 PEMOHTY [0 TMOYaTKy HacTymHoro. lle mpomoBkeHHS BH3HAYA€THCS
[UIIXOM MOJIIY YHUCJAa CBEPJIOBUHO-IHIB, BIIIMPAIbOBAHUX HA MPOTS31 BU3HAUYEHOTO
nepiofy (KBapTaily, MiBpid4s), HA YUCIIO MiJI3EMHUX PEMOHTIB, MPOBEICHUX 3a TOH e
nepiog B AaHId CBepAJIOBUHI. MIXKPEMOHTHHI MEpioj] BU3HAYAETHCS MPOJAOBKEHHSIM
eKCIUTyaTallii CBEp/IJIOBUHU, YACOM BUSBIICHHS BIIMOB, YaCOM OYIKYBAaHHS PEMOHTY 1
MPOJIOBXKEHHSIM POOIT MO MPOBEACHHI MiA3€MHOT0 peMoHTY. Ilpu 11boMy BIIMOBOIO
BBKAIOTh HE TUIBKU TMOPYIICHHS TMpane3/aTHOCTI OOJaJHaHHs, ane 1 3HWKEHHSA
BUJI00YTKY HadTU Ha BENWYUHY, OUIBIIE HDK 3a/laHa B TEXHIYHIA JOKyMeHTarlii abo
BIJIOBITHOMY perjiaMeHTi. OCTaHH1 BIIMOBU HA3WBAIOTh MapaMETPUUHUMU 1 3aJI€KaTh
HE TUIBKH BiJI 3HOCY OOJaJHaAHHSA, ajge 1 3MiH IOKa3HUKIB POOOTH CBEP/JIOBHHH.
30UTbIIEHHSI MDKPEMOHTHOrO TMepiofly poOOTH CBEPAJIOBUH  JOCSTAETHCS, SIK
3aCTOCYBaHHSM IPaBWJIBHO BHOpaHOro oOJialHaHHS, TaK 1 poOoTaMH, SKi BXOIATH 10
MIJ36MHOTO PEMOHTY cBepyioBuH. BrnpoBamkenns cucrem ACYTII mo3Boise
CKOPOTHUTH Yac BHUSIBJICHHS BiIMOB.

Yac ovikyBaHHS PEMOHTY 3aJICKUThH BiJl HASIBHOCTI BUIBHUX OpUTaja MO PEMOHTY,
TOTOBHOCTI OOJaJHAHHS, IO 3aMiHSAEThCA, 4acy, HEOOXIJHOTO Ha TPAHCHOPTYBaHHS
oOmamHaHHS 110 YCTS cBepUIoBUHU. CKOPOYEHHS IOTO YacCy JOCSTAETHCS
BrpoBapkeHHs M ACYTII 1 miarHocTrku poboTu obnagHanHsA. Yac CKOpoueHHS poOiT
0 TPOBENCHHIO IMiJ3€MHOIO PEMOHTY JOCATAETHCS HOBITHIMU TEXHOJOTISIMHU 1
BIIPOBAPKEHHSIM HOBOro oOianHaHHs. BuOip kommiekcy podit IIPC 3anexuts He
TITBKH BiJl O0JaIHAHHS, IKE BUKOPUCTOBYETHCS, ajie i HEOOX1THOCTI OKYITHOCTI 3aTpat
o HWoro mpoBeneHHI. ToMy, Ha ManoAeOITHUX CBEPJIOBUHAX 3 BUCOKAM CTYIIEHEM
OOBOJIHEHOCTI B psAl BUNAJAKIB BHIIJIHINIE 3aKOHCEPBYBAaTH CBEPAJIOBHHY, HIXK

MPOBOJIUTH T13E€MHHUN PEMOHT.
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B xomriekci OCHOBHUX pOOIT, OB’ SI3aHUX 3 MiI3€MHUM PEMOHTOM CBEP/IJIOBHH,
HaWOLIBII CKJIAAHI 1 TPYJOEMKI Oomeparlii Mo CycKy 1 MmiaioMy HaCOCHO-KOMIIPECOPHUX
TpyO 1 mTaHr [2]. BoHu, B 3a1€KHOCTI BiJl XapakTepy peMOHTY 1 uucia TpyO 1 IITaHT,
K1 3HAXOJATHCS B CBEpJIoBHHI 3aiimaroTh Bi 50 10 80% Bix 3araibHOro yacy, 1o
BUTPAYAEThCSI HA PEMOHT CBEPJUIOBUHM. 3aCTOCYBAaHHS aBTOMATIB Jisi poOOTH 3
TpyOamMH 1 INTaHTaMH JO3BOJIi€ B JBa-Tpu pa3u 30umpmmtu mBHIAKICTH CIIO i1
MIJBUIIUTH SIKICTh KPIIJIEHHS pi3b0. BpaxoByrouu BeIUKY KUIBKICTh, TPYAOEMKICTH 1
BHCOKY BapTICTh PEMOHTIB, aKTyaJbHOIO MPOOJIEMOIO0 € TMOIIYK CIOCOOIB 3HIKEHHS
TPYAOEMKOCTI, MPUCKOPEHHS TMPOIIECIB MOTOYHOTO PEMOHTY CBEPHAJIOBHH, a TaKOX
MOJICTHICHHS TSDKKOI PYYHOI Mpaill 1 MiJBUINEHHS TEXHIKHM O€3MeKd MPU BUKOHAHHI
PEMOHTHHX POOIT.

OanuM 13 OUISIXIB  BUPIIMIEHHS TMPOOJIEMHOI CHUTyallli € BHKOPUCTAHHS
aBTOMATU30BaHUX  3ac00IB NIl 3TBUHYYBAHHS-PO3TBUHYYBAHHS  HACOCHO-
KOMITPECOPHHUX TPYO HE3aJEKHO BiJl CIOCO0Y €KCIUTyaTallli CBEpIJIOBUHHU.

B Oynp-sikoMy pa3i BUKOPUCTAHHS MMiJIBICHUX KJTIOYIB 400 aBTOMAaTUYHUX KIIFOYiB
CTAlllOHAPHOTO THUIY A03BOJUTH mnpuimBuammuTH mnpouec CIIO, ckoporutu uvac Ha
3rBuH4YyBaHHA-po3rBuHYyBaHHsS HKT, 1mo B kiHIIEBOMY pe3yibTaTi 3MEHIIUTh 3aTpaTh
4yacy Ha pEMOHT CBEPAJIOBUHH.

Hanpuknag npu peMOHTI (POHTaHHOI CBEPAJIOBMHHU MiJHIMAIOTH JIUIIE KOJOHY
(dboHTaHHUX TPYO.

[Ipy peMOHTI CBEpPAJIOBUHM, IO EKCIIyaTyeTbCd HACOCHUM  CIIOCOOOM
M1HIMAIOTh KOJIOHY TPYO pa3oM 13 CBEpITIOBUHHUM OOJIaHAHHSIM.

[Ipy peMOHTI CBEpPIJIOBHH, SIKI EKCIUTyaTylOTbCS YCTAHOBKAMH EJIEKTPO—
BIJIIIGHTPOBUX HACOCIB — IPOBOJIATH M1HOM KOJIOHU TpyO pa3om i3 EBH.

YacTrHa yacy, 110 BUTPAYAETHCS HA MiAHOM KOJIOHH TPYO BHKOPHUCTOBYETHCS Ha
PO3TBUHYYBaHHSI pi3b0OBUX 3’€/IHAaHb, IO B CBOIO YEPry TAaKOXK Ma€ BaXKJIMBE 3HAUCHHS
IIpU MIPOBEICHHI PEMOHTY CBEP/IJIOBHHH.

PosreunuyBaHHs pi3b0OBUX 3’ €IHAHB 3aJICKHUTD B1Jl JEKUIBKOX (DAKTOPIB:

- crnoco0y eKcIuTyartarii CBepJIOBUHH;

- Yacy 3HaXO/KEHHs TpyO B CBEp/UIOBHUHI;
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- SKOCT1 3TBUHYYBaHHS TPYO;

Ili dakTopu HEOOXiTHO BpaxoByBaTH Il TOro, MO0 B IIPOIIECI PEMOHTY
JI0JTATKOBO HE CTBOPUTH aBapiHOT CUTYaIlil, SIK IPU MiAHOMI Tak 1 IPU CIyCKY TPYO.

Oco0nuBo HEOOXiAHO 3BepTaTth yBary Ha skicTb 3rBuHuyBaHHia HKT. Sxicte
sreuHuyBaHHa HKT 3anexuts BiJ 3aCTOCOBYBAaHMX 3acO01B JjIsl 3TBUHYYBAHHS
pi13b00BHX 3’€/THAHb.

3acToCyBaHHS PYYHUX MEXaHIYHUX 3ac001B HE JI03BOJISIE IIBUAKO, HAJIWHO 1 3
NOTPIOHMM MOMEHTOM 3TBHHYYBAaHHS 3’€HATH TPyOM B KOJOHY HACOCHUX YH
KOMIIPECOPHUX TpyO, Ta CKOPOTUTH 4Yac Ha 3aikcHeHHs mnpouecy CIIO, mo Mae
0COOJIMBO BaXKJIMBE 3HAUEHHS [IPH PEMOHTI CBEPAJIOBUHH.

OTxe, 111 eKOHOMIT 4acy Ha pEMOHT CBEP/JIOBUHH Ta HAJIMHOTO 3TrBUHYYBaHHS -
posrBunuyBaHHss HKT HeoOXiaHO 3acTOCOBYBAaTH MEXaH130BaH1 3aCO0M 3rBUHYYBAHHS-
PO3rBUHUYBaHHS TPYO.

Jlo nepeBar MexaHi130BaHHUX KJIFOUIB HAJIEXKAaTh:

- MIBUKICTh MPOIECY 3TrBUHUYBAHHA-PO3TrBUHUYBAHHS TPYO;

- MO>KJTUBICTH KOHTPOJIFO MOMEHTY 3rBUHUYBAHHS;

- AKICTh 1 Ha1HICTh 3rBUHYYBaHHs HKT.

Jlnst mexaHizaiii 1 4acTKOBOi aBTOMAaTH3allli HAWOUIBII TPYJOEMKUX PYUYHHX
orepalliidi mpy CIycKy 1 MiOMI HACOCHO-KOMIIPECOPHUX TPYO HMIMPOKE 3aCTOCYBaHHS
orpuManu aproMatu AIIP-2Bb (puc.1.1) 3 npuBonom Bix enektpoasuryna ta AIIP-T'TI
3 T1JIpaBIIYHUM NpUBOJOM [1, 3, 4].

[Ipu pemMoHTI CBEpIJIOBUH, sIKi OOJaJiHaHI 3arIMOHUMHU EJEKTPOHACOCAMH,
3HAWIUIM 3acTOCYBaHHsS MexaHiuHi kiatoul KMY Bantaxomigiomuictio 32 1 50 T.
Takox mpu KamiTalbHOMY PEMOHTI CBEPIJIOBHMH, OCOOJMBO B TEMEPIIIHINA dac,
BUKOPHUCTOBYIOThCSA Tifpasniuni TpyOHi kimoui KI'TI po3pizHoro tumy.

CbOro/iHi BUKOPUCTOBYIOTh BIJOM1 YOTUPU TUITU KIFOYIB:

1. ko4l BOAWUIBHOT CXEMH CTAI[lOHAPHOTO THITY, B SKUX KPYTHUH MOMEHT
nepeaeThcss Ha TpyOy Oe€3NnocepelHbO BOAWIOM Yepe3 PYyUYHUN MaIluHHUN

KJTIOY;

2. K04l BOAWIBHOI CXEMH IiJIBICHOTO THUILY;
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3. KJIIOYl MIABICHOTO THUIMY, SKi MalOTh BOY/OBaHY B POTOPHY ILIECTEPHIO (pO3pi3HY,
3aMKHYTY, 3aMHUKalouy) 3aXxOIUTIOBaJbHI €JIEMEHTH; KIIOYl MOXYTh OyTH
YKOMILIEKTOBaH1 MPOTH MOBOPOTHUMH MPHUCTPOSIMH IBOX BUJIB: THUI MAIIMHHOTO
KJIt0Ya 200 CIPOILEHOTO TPYOO 3aXOITI0IYOr0 MPUCTPOIO;

4, K04l CTaIllOHApPHOTO THUIY, SKI MaloTh BOYJAOBaHI B POTOPHY IIECTEPHIO
3aXOILTIOI0Y1 €JIEMEHTH; KITI0Ul KPIIUIATHCS Ha KOJIOHHOMY (pIIaHII.

KoHucTpykiii migBiCHUX (PyXOMHX) KITIOUIB PO3Pi3HOTO a00 3aMKHYTOTO THITY
NPUHIIMIIOBO HE BIAPi3HAIOTHCSA. OOMIBa TUNHU KIIOYIB CKIAAAIOTBCA 3 KOpIyca,
nBUTyHa  (TiApaBiaiyHOro  a00  NHEBMATHUYHOTO),  KOPOOKM  MIBUJIKOCTEH
(IBOXCTYIEHEBOI), peyKTOpa 1 00epTaya 3 3aXOIIIOI0UUMHU TPUCTPOSIMHU.

HailiGinpm mommpeHi miABICHI TPyOHI MEXaHIYHI KJII0Yl 3 3aKpUBAIOYHMM 31BOM.
[TigBicHI KoYl 3 31BOM a00 3aMKHYTOrO TUIY BIIPI3HAIOTHCS B OCHOBHOMY THUIIOM
IPUBIIHOTO JABUTYHa a00 KOHCTPYKIISIMH 3aXOIUIIOIOYMX MpucTpoiB. Ha neskux
KITI0YaxX 3aMiCTh KOPOOKH MIBHIKOCTEH BCTAHOBIIOIOTHCS JIBa JABUTYHH: OAWH TSt
po0OOTH Ha HU3BKUX 00€pTax 3 BEIMKUM MOMEHTOM, 1HIIUN JJIs1 3017IBIIIEHHS ITBUKOCTI
3rBUHYYBAaHHSA-PO3TBUHYYBAHHS 3 HEBEIMKUM MOMEHTOM.

Ha minnpuemcTBax YkpaiHu Ta 3a ii MeKaMH BUKOPUCTOBYIOTHCSI B OCHOBHOMY
taki nBa Tunu kioviB: AIIP-2Bb (I'Tl) 1 KMVY-50, npuuomy KMVY-50 yHiBepcanbHUiA,
3aCTOCOBYETHCS ISl OOCIIyTOBYBaHHS CBEP/UIOBMH MPHU BCiX croco0ax eKcIutyaTtarii, a
AIIP-2Bb nipu BCiX OKpiM YCTaHOBOK €J1eKTpoBiALeHTpoBuX HacocciB (YEBH).

OOuaBa TUIK KJIIOYiB MOOYI0BaHI IO BOAMIBbHIN CXeMi, TOMY TIPH 3TBUHYYBaHHI
1 pPO3rBHHYYBAaHHI [0 KOHTaKTHUX HamNpyXeHb, SKI BUHUKAIOTH B PI3b01 13-32
3TBUHYYBAaHHA, JOJAIOThCS HANpPYKEHHA 3TUHY BHACIIAOK  OJHOCTOPOHHBOTO
NPUKIAAaHHS CWII, SKI MOXKYTh ckmanatu 20-25 % koHTakTHHX. BukopucroByroun
dbopmynH 1 JOCTIIKEHHS, MOKHA 3pOOUTH BUCHOBOK, 110 OJHOCTOPOHHE MPUKJIIAaHHS
CWJIH JI0 TpyOU TIpHW 3rBUHYYBAHHI Pi3KO MPHUCKOPIOE 3HOC pi3h0OBOro 3’enHanHs. Llei
MpoLIEC CMOTBOPIOE PoOOTa 3 BUKPUBIECHUMHU TpyOaMM 1 BIAXWIICHHS B LIEHTPYBaHHI
arperaTy BIITHOCHO CBEpJUIOBUHH. MOXIIHBI €KCIICHTPUCUTETU P13b0OBUX 3’€THAHD MPU

3TBUHYYBAaHHI KOMIIEHCYIOTBCSI 32 PaXyHOK HE YKOPCTKOTO 3B’A3Ky TPYOHOTO KJIIOYa 3
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BoausioM. Ha pi3p0OoBe 3’€qHaHHS /i€ TaKOXX 3TMHAIOUYMNA MOMEHT, II0 BUHUKAE TMPH

TEPTI PYKOSATKH KJIt0o4a 00 BOJUIIO, ajie BIH HE 3HAYHUM.

Kmiou AIIP-2Bb Bukonanmii mo 3amMkHyTiii cxemi, a KMVY-50 mo po3iMKHYTIH.

Ho mosBu kimoya KMVY-50 kmou AIIP-2Bb  BukopucTtoByBayi 1 JJIi PEMOHTY

ceepasioBuH 3 YEBH, ane BcraHoBmOoBaNM BIANOBIAHY KOTYIIKY MK HUM 1 (JiaHIEM

CBCPAJIOBHHU. OI[HaK mpanroBaT OUM KIIOYEM B JICAKHUX BHUIIAJIKaAX 6y.]'IO HC3PYYHO,

TaK SIK MPUXOAUIOCH 3HIMATH TIPUCTPIH IS KPITIJICHHS KaOero.

KMYVY-50 no3Bosisie MIBUAKO 3BUIBHATH YCTS CBEPJUIOBUHU TpU MPOSBICHHI,

PO3XO/KYBaHHI KOJIOHM 1 THIIMX aBapIMHUX CUTYallsX, TaK K Ma€ pO3pi3HY CXEMY,

po3HeceHl Mo BUCOTI obeprau 1 cmaiinep. Lle miagBumye 3py4yHicTh B poOOTI MpHU

BCTAHOBJIEHH1 IPUCTPOIO ISl KPITUICHHS KaOeto, aie 301IblIy€e Macy 1 rabapuTH.

Kmou AIIP-2Bb  ocHamenuit

YEpB’STYHUM  PEIYKTOPOM,

a KMY-50

JIBOCTYTICHEBUM IWJIIHJIPUYHUM. YepB’SSYHUN PEAyKTOpP MEHIIOI Mach 1 rabapuTHHX

pPO3MIpIB, aje BOJIOAIE OLIbII HU3bKMMH €HEPreTUYHUMU XapaKTePUCTUKAMMU.
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6)
Pucynok 1.1 — Mexaniunuii kinrou AITP-2Bb

a) MonepevyHuid po3pis; 0) NOB3JOBXKHIM po3pi3

1-xopmyc Kitoua; 2-4epB's;iuHE KOJIeco; 3-KIMHOBA MiABICKA; 4-KOpIyc KIUHA; S-
MJamnika; 6-HampaBiisiioya KJIMHOBOI MIABICKM; 7-BOAWIO; 8-Bich OanaHcupa; 9-
enektpornpuBi; 10-pykositka; 11-uentparop; 12-n'emecran uentparopa; 13-dikcarop

LEHTpaTopa

OOuzmBa KIIIOYl OCHAIIEHI  EJEKTPOIHEPIIHHUM  aBTOHOMHHMM  INPHUBOJIOM.
HasBHICTB IHEpLIHHUX TPUCTPOIB P13KO 3HUKYE BCTAHOBJICHY MOTY>KHICTb.

[cHyIOTH MOZIENI TaKKX KIIIOUIB 3 T1IPONPUBOJOM, 3’ €HAHUM 3 T1IPOCUCTEMOIO
arperary 1 sSBJISIFOTh 00010 KOMOiHaIIiIo craiinepa 1 ooepraya. [le myxe 3pyuHo, Tak siK
KOHCTPYKTHUBHO 3a0€3MeUy€eThCs aBTOMAaTU4YHE LeHTpyBaHHSA. CIiJl TaKOX BiIJAMITHTH,
110 B ONMMMCAHMX KJIFOYAX MATAHHS HAIIMHOTO 1X 3aXHMCTY BiJl MOMAAaHHs CBEPIOBUHHOI
PIAVMHYU B MacisiHYy BaHHY PEAYKTOPIB HE BUPIIIEHO.

Taki iHo3emH1 pipmu, sik: «OIL COUNTRY», «Byron Jacksony, «Eckel», «GH
Foster» 1 «Farr2 BunyckaiooTh K04l 3 BOYJIOBaHHUMH B POTOPHY IIECTEPHIO
3aXOTUTIOIOYMMU €JIEMEHTaMH, TOMY KPYTHUH MOMEHT MPUKIIATAETHCS 10 TPYOHU Maporo

CUJ, IO 3MEHINY€ 3TUHAIOYMA MOMEHT 1 MIJABUINYE 3HOCOCTIMKICTH PI3bOOBOTO
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3’enHanHA. Kirodi Takoi KOHCTPYKUIT MiABICHI, 3 MPOTUIIOBOPOTHUMH MPUCTPOSAMHU a0
0e3 HuX.

Jlnst kommeHcarlii BiIXWICHb Bi IEHTPYBAaHHSA, MOXKJIUBOTO EKCIICHTPHCHTETY
TpyO Mix 0OepTayeM 1 MPOTUIIOBOPOTHUM MPUCTPOEM 3a3BUUYAN BCTAHOBIIOIOTHCS SIK B
TOPU3OHTANIBHIN TaK 1 B BEPTUKAIBHIN IJIOMIMHAX MIPUCTPOI [T KOHTPOJIO Pi3b00BOTO
3’€IHAHHSL.

Kiroui 3akop/IOHHUX BHUPOOHHMKIB BHUKOHYIOTBCS IIO PO3pI3HIA cxeMi (BOHHU
MaloTh BEJIHMKI rabapuTu 1 Macy) 1 Mo 3aMKHYTIH (MaloTh MEHII rabapuTH 1 MEHIIY
Macy). Bcl 3akopAOHHI KiTr04l T1APONPUBIIHI 1 TPUBOAATHCS B 10 Bl T1IPOCHUCTEMH
arperary.

[IpoBeneMo MOPiBHUIBHUN aHAJI3 MIJBICHUX KIIIOYiB 3 T1IPABIIYHUM ITPUBOIOM
BITYM3HSIHOTO Ta IHO36MHOTO BUPOOHUIITBA.

Kimrou KI'TIP-10 (puc.1.2) [5] npu3HaueHu#t 1u1st MeXaHi3allii oneparrii mo
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0)
Pucynok 1.2 — Kmrou KT'TIP-10

a) BUIJs] 300Ky; O) BUIIIAN 3Bepxy; l-oOeprau; 2-mynabT YNpaBIiHHS, 3-

TIAPOABUTYH; 4-TiABICKA; S-cTpoIr; 6-nemndep

3rBUHYYBaHHIO-po3rBuHYyBaHHI0 HKT npu migzemHoMy 1 KamiTalbHOMY PEMOHTI

CBEPIJIOBUH, SIK1 €KCIUTYaTyIOThCS yciMa BUAaMu 00JiaiHaHHs, BToMy uncii Y EBH.

Kittou mocrayaeThcsi B KOMIUIEKTI arperariB Jisl MiA3€MHOTO PEMOHTY 1 OCBOEHHS

ceepmiioBuH tuny A-50, A-50M, AsMHMAIII-37 1 in. Kirod BHKOPHUCTOBYETHCS B

MOMIPHHX 1 XOJIOJAHMX pailoHax (paiioH I).

TexHI4HI XapaKTepUCTUKU

1.  MakcumanbHuii KpyTHuit MOMeHT, KHwm (krc-m) 10 (1000)
2. YMOBHI niameTpu TpyO, MM:
3arBUHYYBaHUX 48B, 60B, 73B, 89B, 102B, 114B
PO3TBUHYYBaHUX 48, 60, 73, 89, 102, 114
3. Yactora o0epTaHHs TpyOO3aTUCKHOTO MPUCTPOIO NMPHU MPOTYKTUBHOCTI
HacocHoi craHii 140 1/xB., 0'1(06/XB.)
HA TEPIIiH MBUIKOCTI 1,5 (90)
Ha JIPYTiil MBUAKOCTI 0,425 (25,5)
Apk.
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[TpuBin xmroga TiApaBIIYHAN
VYrpaBiaiHHS IPUBOJIOM — T1IPOPO3NOAUTHLHUK 3 PYYHUM YIIPABIIHHIM

JIBUTYH MPUBOY — T1PaBIIYHUN

N o g &

[TapameTpu riaponprUBOAY:

MaKCHMAJIbHHIT THCK B TigpocucTemi arperary, Mia (kre/cm?) 16 (160)

8. I"aGapuTtHi po3mipu, MM, He O1JIBIIIE:
JloBxxruHA 1160
[Iupuna 650
Bucora 1950

9. Maca, Kr, He OUIBII 520

Kimtou wmexaniunuii po3pizHmii rigpaBmiuauit  tamy KITIP-10 (puc. 1.2)
CKJIaJa€eThes 13 oOeprava 1, mynbpTa KepyBaHHS 2, TIIPOJABUTYHA 3, TIABICKH 4, cTpoma 5
1 npemndepa 6. OOeprau CKIAgA€TbCs 13  pPEAyKTOpa 3  TIAPONPUBOOM,
Tpy003aTUCKHOTO MPUCTPOIO 1 Kopmyca. PenykTop obeprada 4OTUPHOXCTYMIHYACTUM,
JBOXIIBUJIKICHUN 3 TIPSMO3Y00I0 HIIIHAPUYHOIO nepeaaudeto. ['iapoasuryn 1 nepenae
oOepTaHHs Ha IUBUJKICHMI Baj 2, Ha SKOMY 3HaXoguThcsi 3y0Ouacta mydrta
NepeMUKAHHS MBUIKOCTEH 3 1 miecTepHi nepioi 4 1 Apyroi 5 MIBUIKOCTEH.

[lepeMuKaHHs MIBUIKOCTEH 3I1MCHIOETHCS MEXAHI3MOM TEPEMUKAHHS IIBUAKOCTEH
(puc.1.3). Jlami oGepTaHHs NepeaacThCsl HA Bajl-IIECTEpHIO 6 uepes mecTepHi 7 abo &, B
3aJIeKHOCTI BiJl BUOpaHOi MmBHAKOCTI oOepraHHs. OOepTaHHS BiJ Baj-IIECTEPHI
nepenaerbes Ha mectepHi 10, skl BXOASATh B 3a4EIUIEHHS 3 POTOPHOIO miectepHero 11.
Potopna mecteprs 11 BctaHoBieHa 1 00epTaeThes Ha poiuKkax 12, oci SKUX 3aKpirIeH1
B Kopmyci oOepraua. TpyOo3aTHUCKHUN TpPHUCTPIA CKIAAaeThes 13 menen 13, mo
B3a€EMOJIIIOTh 3 KOMIIOBAJIBHOIO JIIHIMKOK POTOPHOI IIECTepHI, BepXHboro 14 1
HUKHBOTO 15 mienenoTpuMaviB, B HAMpaBISMIOYUX Ia3aX SKUX MEPEMINIYIOThCS
miejieny, 1 CTPIYKOBUX TajabM 16, sKi CTBOPIOIOTH TaJbMIBHMM MOMEHT Ha
mienenorpumayi. [l{enenorpumMayi BCTaHOBIIEHI Ha POTOPHIN IIECTEPHI Yepe3 OMopH 1
IEHTPYIOTHCS POJIMKAMU B ma3ax miectepHi. Kopmyc obeprada ckiiagaeThes 13 Kopiyca

17, BepxHuboi 18 1 HIXHBOT 19 kpuiok Ta ctBopku 20. Ha kopmyci BCTaHOBIICHI AeTall
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Pucynok 1.3 — Mexani3zm nepemukanss mBuakocted kioda KI'TIP-10

KpIIJIEHHST MiABICKM Kiroya. Ha kpuiikax BCTaHOBIIGHI CTPIYKOBI Tambma 16,
CKCIICHTPUKOBHI MPUTUCK TallbMa 9, MeXaHI3M MEepEeMUKAHHS MIBUIKOCTEH 1 KPHIIKH
MIIIUITHUKIB BalliB peaykropa. CtBopka 20 3akpuBae 31B POTOPHOI IIECTEpHI 1
kopnyca. [lynbT yrpaBninHa 2 mpu3HaYeHUH I yIpaBIiHHSA 00epTaya 1 CKIAJa€eThCs 3
riIpOPO3NOAIIBHUKA  YOPaBIIHHSA  TIAPOJABUTYHOM,  3alOODKHOTO  KJIalaHa,
MPU3HAYEHOTO ISl PETyJIIOBaHHA POoO0YO0i PIIMHMU B TIAPOCUCTEMI, TpyOOIpoBoma 1
3’€AHYBaJIbHOI apMaTypu, MaHoMmeTpa. [lynbT ynmpaBiaiHHS BCTaHOBJIEHUN Ha BEPXHIN
kpumiii obepraya. IligBicka 3 mpu3HayeHa A MiABINTYBaHHS oOepTaya Ha TajeBid
CUCTEMI arperary i CKIajgaeThes 13 crpon 7 1 aemmdepa 8. Jlemmndep nmpuzHaueHui s
JOCTIPKEHHS Pi3b0M B BEPTHKAIBHOMY HampsiMKy. Kirou mpaiftoe HaCTYITHUM YHHOM:
IIPY 3aKJIMHEHIN KOJIOHI TpyO B craiiiepi 1 BIAKPHUTIN CTBOPII 00epTay HaCYBa€ThCS Ha
TpyOy, 3aKpUBAETHCS CTBOPKA 1 poOodYa piuHa TiIPOPO3MOAUIBHUKOM TMOJAETHCA B
rizpomoTop. KpyTHHIT MOMEHT Ti[pOMOTOpa MepenaeThCcsl Ha PeIyKTOp obeprada i Tak

3araJbMOBaHI

K IIeJIeTIOTpruMadi

CTPIYKOBUMH TajJbMaMH BIJHOCHO POTOPHOL

IIECTEpHI1, a IIeJIeNH PO3MIIIEH] B Ma3ax MIeJenoTpruMadiB, TO IPU MOBOPOTI POTOpPHA

3MH.

Apk.

No nokym.

TTigmuc

Jara

Apk.

KBP.CI- 01.00.000 IT3

19




MIECTEPHS KOMIIOBATBHUMH JIIHIHKAMH i€ Ha NI 1 MEePeMIllylounch B Tasax,
3aruckae TpyOy. [lpu 3axormieHHi TpyOH mienenamMu pi3Ko 3pOCTa€E KPyTHUH MOMEHT,
OpUKIaaeHuil 10 1menenorpumauiB. lLled MOMEHT [onae TaabMIBHMA MOMEHT
CTPIYKOBUX TajbM 1 IIEJENOTpUMaydl 3 POTOPHOIO IIECTEPHEI0 MOYMHAIOTH CILUIbHE
obepranns. IloTiM BigOyBaeThCs 3rBUHYYBaHHS a00 pPO3TBHHYYBAHHS TPYOH.
PerynroBanHsT KpyTHOTO MOMEHTY 3IIHCHIOETBCS 3MIHOIO THCKY B TiJpPOCHUCTEMI
3amoODKHUM  KJIamaHoM — MyjibTa  yrmpaBiiHHA.  [licis  3aBepiineHHs — omneparii
3TBUHUYBAaHHA a00 pO3rBUHYYBAHHS 3MIIMCHIOETHCS PEBEpPC TiApO JBUTYHA,
3BUIBHSIOTHCS IIEJENH 1 M J1€0 NPYKUH MOBEPTAIOTHCS B BUXIJHE MOJIOKEHHS. Jliis
CYMIIIIEHHSI TIPOpi3eld POTOPHOI MIECTEPH1 1 IIEeNeN TPUMAYiB CIY>KUTh MaJiellb, SKUN
BCTAHOBJIIOETHCA B TOW UM IHIIWH OTBIP B BEpXHbOMY wienenorpumadi. Llel manens B
MpolIeci CHiBMAJaHHs B3a€MOJIIE€ 3 BUCTYIIOM B POTOpHiH miectepHi. [Ipu npsmMomy xo;i
BiH BIJJIAJISIETHCSA B1Jl BUCTYITY, a IIPU PEBEPCI MPUOIMIKAETHCA JI0 YIIOPY B HBOTO.
CniBnagaHHsl Mpopi3ell pOTOPHOI HIECTEPHI, IIEIENOTPUMAaYIB 1 KopIlyca KIroua
3JIACHIOETHCSI ONEPATOPOM 3a JOTIOMOTOIO CITIBIAIaHHS CaJIbHUKA MyJIbTa YIPABIIIHHS.
[Ipu nmi1iioM1 HACOCHO-KOMITPECOPHUX TPYO 13 CBEPTIOBUHHU HEOOX1AHO:
- 3arartu eneaTtop mig MydTy Ha 3aknuHeny kosony HKT 1 3miticauTd i migiiom;
- MmiAHATHA OJIOK KJIMHIB 3a JOMOMOTro0 HOTO T1APONPUBOAY, MIPU IILOMY Tpyda
3BUIBHSIETHCS
- miaaaty kojgony HKT Ha noBxuHYy OJTHI€] CBIUKH;
- OmycTUTHU OJIOK KJIUHIB, 3akauHuTH kosiony HKT B cmaiinepi;
- miaBecTu obepTad a0 TpyOu;
- TEpeBIPUTH TMPaBWIbHICTb BCTAHOBJCHHS Malblil B MOTPIOHUI OTBip Ha
BEPXHBOMY IIEJICTIOTPUMAY];
- BBIMKHYTH TJPOABUTYH 1 3A1CHUTH pO3rBUHUYBaHHS TPYO;
- Ticis PO3rBUHUYBaHHA TpPyOM BBIMKHYTH TIipO JIBUTYH KOPOTKOYAacHO B
MPOTUIIEKHE TIOJIOKEHHS;
- MICIs 3BUIbHEHHS 1IesienaMu TpyOu 1 CIIB MaJJaHHA EIeNOoTPUMAaYiB 1 pOTOPHOL

HIeCTepHi, KOHTPOJJIOBATHU ITIOBCPHCHH IICJICIT B IIOYATKOBC ITOJIOKCHHA,

BiJIBECTH 00epTay BijJ TpyOH.

Apk.
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Cryck HaCOCHO-KOMIIPECOPHUX TPYO MPOBOJUTH aHAIOTTUHO MiAHOMY.
3araibHUM BUTIISA KIHOU1B MiaABICHUX TiapaBiaigaux Tuny KI'TIP —10 1 KI'TIP -18

HaBeseHo Ha puc. 1.41 1.5

W .\\_ 7.

¢

Pucynox 1.4 — Kitou miaBicuuit rigpasniuyauit KI'TIP —10

"'.=

Pucynok 1.5 — Kuirou niaBicuuit rigpasniyauii KI'TIP —18

KBP.CI- 01.00.000 IT3
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[Nuppasniaauit kmou ais HKT gipmu «OIL COUNTR» moneni (puc.1.6) [20 ] €

MBUAKHUM, OC3IICYHUM 1 TOYHHUM KITIOUYEM AJIA 3SrBUHYYBAHHA-PO3IrBUHYYBAaHHA HKT 3

3
°

6)
a) BUrJsi 300Ky; 0) BUTIIsA 3BepXy; 1-00epTay, 2-riApoABUTYH, 3-T1IBICKa

Pucynoxk 1.6 — Kirou moaeni 45000

Apk.
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30BHIIIHIM aiametpoM Bix 1,315 go 4,5 mroitmis. ['inpaBiiuna eHepris HAPaBIIE€THCS

JI0 PYYHOT'O JAPOCETBLHOIO KjalaHa 1 TiApaBiIidyHOTO JBHUTyHA. [iapaBiiuyHa €HEpris

NIEPETBOPIOETHCSI B POTALIHY TiApaBIiuHy MOTYXKHICTh, SIKa MPHUBOIUTH B IO

3ybuacTy nepefady kiaroua. KoHcTpykinis 3yduactoi nmepemadi npocrta 1 HajiliHa, BOHA

CKJIQ/Ia€ThCS 13 MIIAHETapHOI KOPOOKH IIBHJKOCTEH, 3aKpIiIUIEHOT Oe3MoCepeHbo Mif

JBUTYHOM 1 13 PEAYKIIIHHOI CHCTEMH IIBUIKOCTEH, sKa 3a0e3rnedye J0JIaTKOBY

MOTYXHICTh KPYTHOTO MOMEHTY. KiTtou mifiBilIy€ThCSl Ha KaHATI 10 BUIITKA a00 MayTH 1

niaBoauThbes 7o HKT. llenenu aBToMaTHYHO 3aXOILTIOIOTE TPYOY 1 3armo0KHA 3alinKa

3aKPHUBAETHCA.

TexHiuHI XapaKTepUCTUKU

Po6oui xapakTepuCTUKH KI0Ya:

Makcum. Yuciio o0epTiB/XB.

(40 ran./xB. 151,4 n/xB. Bucoka nepenaya) 105
Po6oue uncno o6epTiB/XB.

(34 ran./xB. 128,7 n./xB. Bucoka nepeaua) 93
KpyTtHuit MOMeHT 3rBuHuyBaHHs (PyT/DyHT) 5600

(Hu3zbka nepenava, 2000 pynt/xB.arovim 140,06 kr/kB.cM)

*HpI/I tucky Big 2000 mo 2500 ¢yHT./KB. q10MM AOCATAIOTHCS OUIBII BHUCOKI

KPYTHI MOMEHTH.

OOnagHaHHS KIIH04Ya:

760,7 xkr'cm

YoTuphOXX0I0BUI pO3NOILIBYHN KIIaniaH

Pyune yrmipaBniHHs JUisi HApaBlIeHHS 00EpTaHHS KITI04Ya

[NpapaBniyHuit ABUTYH, TUI:

3ybuacra nepegava

Maxkcumansauii pooounii Tuck 2500 GyHT/KB. qroiim (175,8 kr/kB. cM)

Kopo6Oxka mBuakocTeit

[TnanerapHoro Tumy, peaykiis Bix 5-1/2 no 1 mroiima

[Naponuianr BUCOKOTO THUCKY:

Po6ounii Tuck 2250 ¢yHT./KB. mtoiim (148,2 KI/KB. cM)

Bubyx npu 9000 @yHT./KB. Aroim (632,8 KI/KB. M)

[Napornuianr HU3BKOTO THCKY:

30BH. giametp X50 ¢dyr. (15,2 cm.)

Po6ounii Tuck 200 dynT./kB. moiim (14,1 kr/kB. cMm)

KBP.CI- 01.00.000 IT3
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Bubyx mipu 800 ¢yHT./KB. mroiim (56,2 Kr/KB. cM)
Mydtu rigpo mnanra CaMoyu1iIbHIOKOYA, IBUJIKO3'€MHOT'O THILY

Maca xmroua 560 ¢yHT (254KT)

CporojiHi 1e KiIOY JOCUTh IIUPOKO BUKOPUCTOBYETHCS ISl TPOBEIECHHS
omeparliii 1o 3rBuUHYyBaHHIO-po3rBuHYyBaHHIO HKT mnpu mnigzeMHOMy peMOHTI
cBepyIoBUH B [losiTaBCbKOMY ra30mpoOMHUCIOBOMY YIIPaBIiHHI.

Icnye nBa Tunu kmrouiB "OIL COUNTRY": nepmuii 3 HUX sBJIsi€ COO0I0 MOJIEIh
45000 (puc. 1.6) 3 CyIUIbBHUM KOPITyCOM 1 OJJHUM TiIpoABUTYHOM. Ll Momens kiroua
BUKOPUCTOBYEThCS mmupine Hixk Mojaens "OIL COUNTRY" — Weatherford.

Kimrou mogeini «OIL COUNTRY» — Weatherford € 6i1bm moTyKHUM KiIrodeM. Y
HbOMY TIepe10avyeHo JiBa T1IPOABUTYHH, 1110 JO3BOJISIOTH IMiIBUIIUTH MOTY>KHICTh
BaBiul. Kopnyc kitoua po3’emuuit. Lle nae 3mory npoBoauTu 3aminy JieTajei, 3Ha4HO
mIBUIIEe HIK B Ki1roueBl Moaei 45000.

KoxHi 3 onrcaHux BUIIE TUITIB KJIFOYiB MAalOTh CBOI IEpeBary 1 HeJI0IIKH.

Hanpuknaa rigponpuBi J03BOJSE 3a PaXyHOK BHCOKOI MUTOMOI MOTY>KHOCTI
riIpOMOTOpa TMOJIETIIUTH K04, CIPOCTUTH KOHTPOJIb 1 PEryJIOBaHHS MOMEHTY
3TBUHYYBaHHS;

EnexTporpuBog Mae KOPCTKY XapakTEPUCTHKY, TPYIAOEMKHUH (0COOIHMBO
KOHCTPYKTHUBHO) TpPHU KOHTPOJI 1 PEryiroBaHHI MOMEHTY 3aTATyBaHHS pPi3bOOBOIO
3’eaHaHHs, HeOe3neuHuid. B Toil e yac, mpu mpaBUILHOMY BHOOpP1 €IEKTPOJABUTYHA,
O1JIbIL 3pyYHUI B yIIPaBIiHHI.

Tomy, B 3B’3Ky 3 IIUM, B MEXaHIYHUX KJIIOYaX TIAPONPHBII OTPUMAB IIHPOKE
3aCTOCYBaHHSI.

[TinBicHI po3pi3HI KJIFOYi MAIOTh TAKOX Psil HEJOJIKIB:

- NOTPeOYyIOTh CIEIIAIBbHOI MIABICKH 1 IOAATKOBOTO Yacy Ha BIABIJ 1 MBI,

1110, B CBOIO UEPTY, 3HUXKYE MPOTYKTUBHICTh TPAIli;

- HE J03BOJISIIOTH TIOBHICTIO MEXaHI3yBaTH 1 aBTOMAaTHU3yBaTH IMPOIIEC

SIrBUHYYBAHHA-PO3TBUHYYBAHHS,

3MH.
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- He 3a0e3MmeuyroTh MOBHOI Oe3MeKr MPOBEACHHS POOIT, TaK K OMepaTop

3HAXOIUTHCS B HEOE3IMEYHIN 30H1.

OcraHH1 TpU HEJOIIKU BJIACTUBI TAKOXK I1JIBICHUM KJIFOYaM 3aMKHYTOTO THITY.

PoGoTa MexaHI30BaHMX KIIOYIB TICHO TMOB’S3aHa 13 PYYHUMU TPYOHUMH
KII0YaMH, sKi BXOIATh B CHCTeMy, IO 3a0e3ledyye Mporec 3rBUHYYBAHHS-
PO3TBUHYYBAHHS TPYO B MPOIECI PEMOHTY CBEP/JIOBHH.

JJis 3TrBUHYYBaHHS-PO3TBHHUYBAHHS HACOCHO-KOMIIPECOPHUX 1 OYPHIIBHUX TPYO
IIPH T1JI36MHOMY PEMOHTI CBEPJIJIOBHUH 3aCTOCOBYIOThHCS KJIFOU1 Pi3HOI KOHCTPYKITIi.

[Ipu poGoti 3 TpyOaMH B OCHOBHOMY 3aCTOCOBYIOTHCS IIAPHIPHI 1 JIAHLIOTOBI

KJIIO4, OJJHaK X po3rieia HC BXOAUTL 1O TCMU 6aKaHaBpCBKOI p06OTI/I.

1.2 O6rpyHTyBaHHSI HEOOXITHOCTI KOHTPOJII0 KPYTHOTO MOMEHTY

[Ipn moTOYHOMY 1 KamiTaJIbHOMY peMOHTax cBepuioBuH Oubiie 80% poOit 3
3rBUHYYyBaHHA 1 po3rBuH4YyBaHHi HKT mnpumnagae Ha yacTKy MeXaHI30BaHUX KIIIOYIB.
[1]. L1 xmroul B mpouect poOOTH CHPUHMAalOTh PI3HOMAaHITHI, CKOPIIIE 3a BCE yAapHI
HaBaHTAXXEHHS, 110 3HAYHOIO MIPOIO BIUIMBAE HA iX IMpale3/aTHICTh, a BIAMOBIIHO, 1 HA
dhopMyBaHHS 3aKOHIB PO3IOiTy HMOBIPHOCTI HaIlpalfoBaHb [2].

HopMmanpHe BHUKOHAaHHS OCHOBHOI (DYHKIII KJtoua TMOJSITae B 3a0e3MedyeHHi
nepeaadi  HOMIHAJbHUX KPYTHHX MOMEHTIB TpU 3TBHHUYBAaHHI 1 Tepedadl ix
MaKCUMaJbHUX 3Ha4€Hb npu po3rBuHuyBaHH1 HKT.

B Oynp-sxomy BHUMNaAKy, HaJliHA Tepeaadya KPyTHOTO MOMEHTY, 31HCHIOETHCS
Py YMOBI LIUIBHOTO 3aXBaTy TPyOM 0€3 MpOKOB3yBaHHS 1 MOLIKOXEHHS 1i TOBEPXHI.
[ToBepxHst TpyOu, sika MporpaloBaja TPUBAIUNA Yac B CBEPJIOBHHI, MOKPUBAETHCS
ipkero, mnapadiHOM, HaQTOBOIO TIUIBKOIO 1 COJSIMM IUJIACTOBOiI piauHU. Tomy
KOHCTPYKIliSI ~ 3aXOIUTIOBAIBHOI ~ YAaCTUHM  MEXaHI30BaHWX  KIIOYIB  TMOBHUHHA
3a0e3mneuyBaTu MOBHUM 3aTHCK K YMCTOI, TaK 1 3a0pyaHEHOT TPyOH.

VY mnpomneci 3reunuyBaHHd HKT Ha skicTh 3’€IHAHHS BIUIMBAIOTh HACTYIHI
bakTopu: SAKICTh TPYO, IO 3aJICKUTH BiJl MaTepiaay, HOro MEXaHIYHUX BJIIACTHUBOCTEH,
CTaHy MOBEpXHI Tija 1 pi3bOU; HASIBHICTH 1 AKICTh 3MAIICHHS, IKE HAHOCUTHCS Ha Pi3b0y

TpyOM ¥ My(TH; JOTPUMaHHsS CIHIBBICHOCTI 3’€JHAHb, IO 3TBHUHUYYIOTH MPOTATOM
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yChOT'O TPOIECY; BIAMOBIAHICTb T€OMETPUYHUX MapaMeTpiB pi3bOu Himens Tpyou i
My TH; KBamidikallis orneparopa.

AxicTh 3’€MHAHHS B €M Yac OINHIOETHCS IO HATATY, IO JOPIBHIOE OJHOMY
KpoKy pi3p0Ou. Ilpu 30upaHHi 3’€qHaAHbL HA MPOMHUCIAX BAXKKO 3a0€3MEYUTH TaKUU
JOMYCK 13 ypaxyBaHHSIM PO3XO/KCHHsI IMapaMeTpiB Pi3b0 SK HOBUX, TAaK 1 3HOIICHUX
Tpy0.

31 30inbmieHHsM TepMiHy ekcrutyatanii HKT HaTar 3MeHIIyeThcsi BHACIHIOK
3HOIIYBaHHS BUTKIB 1 KOpo3ii. BifCyTHICT, HamiHOTrO CIoco0y KOHTPOJIO SKOCTI
3TBUHYYBAHHSA MPUBOAUTH 10 niepe3aTsaryBanHHs HKT.

Ha mpouec po3rBuHYyBaHHSI ICTOTHO BIUIMBAIOTh HACTYIHI (DAKTOpU: KPYTHUUI
MOMEHT TMpu 3TBUHYYyBaHHi, TepmiH mnepedyBanns HKT B cBepamoBuni, cnoci6
eKCILTyaTallii CBEpAJIOBUHU, TJIMOMHA CBEPAJIOBUHU (JOBKHUHA KOJIOHH) 1 CEPEIOBHILIE.

BrnuB 3a3HaueHux (hakTopiB MO3HAYAETHCS Ha 30UIBIIEHHI KPYTHOTO MOMEHTY
IpU PO3TBUHYYBAHHI MICJS MEBHOTO MEPioly eKciutyaTarii. [Homi 3HaYeHHST MOMEHTY
PO3TBUHYYBAHHSI 3HAYHO MEPEBUINYE MEepBiCHE. PO3KPIMIICHHS 1 pO3TBUHYYBAHHS TYTHX
3’€JHaHb HAWYacTillIe MPUBOAATH /10 BIIMOB 1 BUXOJY 3 JIaly KIIOUIB.

TakuM 4YMHOM, €(QEKTUBHICTh MPOBEACHUX PEMOHTIB CBEPIJIOBUH 3HAYHO
3aJIeKUTh BiJ peXUMIB 3rBUHYYBaHHsS W posrBuHuyBanHs HKT, a omxe, Big
KOHCTPYKTUBHHUX MapaMeTpIiB KIHOYiB.

OcCHOBHI BHMOTH JI0 MpPOIECIiB 3rBUHYYBaHHS U posrBuHuyBanHs HKT i3
BpPaxyBaHHSIM KOHCTPYKTHBHUX MMApaMETPIB KIIFOUIB (POPMYITIOIOTHCS B TAKUW CIIOCIO:

- 3a0e3MeUeHHs] mepefadi  HOMIHAJIBHOTO  KPYTHOTO  MOMEHTY  JUIs
KOHKPETHOTO TUTIOPO3MIpY TPpyOH MpU 3TBUHYYBAHHI;

- 3a0e3MeyeHHs] TmepeAadi MaKCHMalbHOTO KPYTHOTO MOMEHTY IIpH

PO3KpITIJTIEHH] ¥ pO3TBUHYYBAHHI BC1X TUIIOPO3MIPIB TPyO, HA K1 PO3paxOBaHUMN KITIOY.

1.3 BusHayeHHs1 mapaMeTpiB MexaHizoBaHoro kiaw4ya AIIP-2Bb

HocnimkeHHss mnapamerpiB MexaHizoBaHoro kitoua AIIP-2Bb mnpoBoaumuck
BIJIMOBITHO IO PO3pOOJIEHOT METOJUKH CTEHJOBUX JOCHIIKEHb aBTOMATy JJis
nigzemMHoro pemonty AIIP-2Bb [2]. Jlns mpoBeneHHs MpoleciB 3rBUHYYBAHHS 1
pO3rBUHYYBaHHS Oynu BurotoBiieHl B3ipmi matpyokiB 13 HKT miamerpom 60, 73 1

89mmMm. Bkazani B3ipii Bignosiganu ['OCT 633-80.
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JlociKeHHS! KO’KHUM TUIIOPO3MIPOM TPYO MTPOBOAMIIN ITOETAITHO.

Ha nmepuiomy erami BU3Ha4Yalld 3aJ€KHICTh KPYTHOTO MOMEHTY, SIKMM PO3BUBAaB

AIIP-2Bb, Bix KkyTa BigBOXYy BOAMJA MpH POOOTI aBTOMATy 3 pI3HUMU HaOOpaMu

MAaxOBHKIB 1 0€3 HUX.

Ha npyroMy eramni BH3HaYajau 3aJI€KHICTh KPYTHOTO MOMEHTY BiJl UMcCia ynapis,

IIPH BiJIBOJII BOJIMJIa aBTOMATY BiJl pyKOSITKU Kiro4ya Ha KyT 710 360° (Tadmn.1.1).

Tabnuusg 1.1 — BuznaueHHs: MakCUMaJIbHOTO KPYTHOTO MOMEHTY

v oo [TorouHe 3HAYECHHS KPYTHOTO MOMEHTY M
Pexum po6otu ATIP-2Bb MOBHUM JUAMCTP | rpy kyri BizBosy Bomma (rpan), H'm
HKT, mMm
0° 90° 180° | 270° | 360°
bes ‘ 60 290 | 330 | 330 380 430
MAXOBUKIB | 3rpunuysanns [ 73 290 | 330 | 480 | 480 | 520
89 240 | 430 | 380 380 380
60 480 | 480 | 480 450 480
Posrsunuysan
HSL 73 190 | 380 | 480 480 480
89 290 | 380 | 290 190 -
3 omumm 60 380 | 480 | 480 | 570 | 570
MaxOBHKOM
SrBHHYYBAHHS 73 330 | 570 | 670 710 710
89 380 | 430 | 480 570 570
Y —— 60 570 | 570 | 480 380 190
s B 73 380 | 670 | 480 380 290
89 380 | 330 | 290 290 -
Pexxum pobotu AITP-2Bb YmoBHuit | [ToTouHe 3HaYeHHSI KPYyTHOrO MOMEHTY Mi rpu
Tiamerp KyTi BiiBoy Boamia (rpan), H-m
HKT,mm 0 ] 90° 180° | 270° | 360°
3 ogHUM | 3rBHHYYBaHHS 60 380 380 570 670 | 760
BEJINKAM 73 380 480 570 570 670
MaXOBHUK 89 380 430 520 480 480
oM PosreunuyBanns | 60 670 760 570 380 |-
73 290 570 610 570 570
89 380 480 100 - -
3 nBoMa | 3rBUHUYYBaHHS 60 570 670 760 890 860
MaxOBUK 73 380 480 670 860 950
aMu 89 890 480 520 570 670
PosreunuyBanns | 60 520 670 670 480 | -
73 480 860 760 670 -
89 290 480 480 100 -
Apk.
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3a BUJOM EKCIEPUMEHTAIBHUX 3aJIC)KHOCTEH WX 3HAYEHb BCTAHOBIICHO, IO Y
BCIX BUIIAJKaX MPY 3TBUHYYBAHHI 3’ €IHAHb BOHU MOXKYTh OyTH OINKCaH1 PIBHSIHHSIM
M (p)=a¢@"+b, a npu po3rsuHYyBaHHI NapaboNiYHUM PiBHAHHAM M (p)=ag"+bp+c.

OOpoOMBIIM METOJIOM HAaMMEHIIMX KBaapatiB 3anexHocti M;=f (p) i M=f (n),
OTPUMYEMO JIJISI KOKHOTO BUMAAKY €MITIPUYHI 3aJICKHOCTI JIJIs1 BU3HAYEHHS 3aJICKHOCTI
KpPYTHOTO MOMEHTY BIJl KyTa BIJIBOJY BOJAMIIA 1 BIJl YKCJIA yJAapiB IPH BIJIBOJII BOJUIA
Ha KyT 10 360° st HKT O 60, 73, 89mm.

Astomat AIIP-2Bb B pexxumi po6oTu 3 JBOMa MaXOBUKaMU MIOBUHEH PO3BUBATH
IPaHUYHUN KPYTHUM MOMEHT.

Ax BUIHO 13 pucyHKa 1.7, mpu poOOTI KiIro4a 6e3 B1IBOLY BOJAWIA Bl PYKOSITKU
TpyOHOTO KiItoua (¢=0°) MiHIMaIbHUNA MOMEHT 3HaxoiuThcs B Mexax 200-550Hm, a
makcuManbHu — 680-880HM. [Ipudyomy MeHIi 3Ha4eHHA Ui TPYO JiaMeTpoM 89mm,

OB — A1aMeTpoM — 60MMm.

1000
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Pucynok 1.7 — 3anexHIiCTh KpyTHOTO MOMEHTY M 3rBHHUYBaHHS BiJ KyTa
B1JIBOIY ¢ Bojuiia B pexxuMi poootu AIIP-2Bb 3 nBoma MmaxoBukamu jy1s Tpyo @ 60,

73, 89Mm

Takuit pe3ynbTaT MOSICHIOETHCS 30UIBIICHHSIM CHUJI TEPTS Ha TpyOax 3 pi3b0oI0
OUIBIIOrO AiaMeTpy Mo Mipi ix gokpimieHHs. [Ipu po3rBuH4yBaHHI TpyOU diaMeTpOM
89 MM (puc. 1.8) po3KpimIeHHS 1 TOYaTOK PO3TBHHYYBAHHS BiOYBAETHCS TPH ACIIO
MEHIIIOMY MOMEHTI, HDK B KIHII JoKpirieHHs, Tooto npu 480 H-m. Ile BusBuioch
HACJIJIKOM IIBUIKOTO 3HUKEHHSI OMOpY pOo3rBHHYYBaHHIO. Ha TpyOax miamerpom 60
MM MOMEHT NIOYaTKy PO3KPIIIEHHS TaK0X MEHIINI MOMEHTY KiHIISI JOKPIIJICHHS.

Maiixke piBHI 3HaYEHHS MOMEHTIB 3rBUHYYBAHHS 1 PO3TBHHYYBAaHHS OTPUMAaHI
JUTst TpYO JllaMeTpoM 73mM.

st BCiX TUMOPO3MIPIB TPYO KyT ¢ HA TMOYATKY PO3KPIIJICHHS OJHAKOBHUH 1
piBHui 135°. BiamoBigHO, MakCHMMallbHI 3HAYEHHS MOMEHTIB OJEPXKYIOTh MPU LHX
KyTax BiJiBoJy Boawia. [Ipu 3rBUHYYBaHHI 1 pO3TBHUHUYBaHHI TPYyO 3 MOBOPOTHUMHU
ylapaMHl BOJWJIA 1 BIJIBOJI OCTaHHbOI'O HA ONTHUMAJIbHHMHA KyT, TOOTO Ha KyT 135°
KPYTHUH MOMEHT TIOYaTKy pO3KpIIUIEHHS TpyO BIANOBIIa€ MOMEHTY KIHISA
JOKPITUICHHS 1 TOCSTAEThCS YK€ MPU MEPUIOMY yaapl BOAWIA, TOYUHAIOYN 3 BKA3aHOTO
kyTa (puc. 1.9, 1.10).

BuHsATKOM OYB €KCIIEpUMEHT 3 Ty0O0I0 iameTpoM 89mm (puc. 1.11).

3 METO0 BHSIBJICHHS HAMOUIBIIOr0 3HAYeHHS KpyTHOro MomeHTy Ha AIIP-2Bb
micasE MaKCUMaJIbHO jAocarHyTtoro 3HadeHHs 1500HM mpoBeneHo pyyHe HOKpIIUICHHS
no 2100HwM, mio BiAMNOBiJa€ MaKCUMAalbHO PEKOMEHIOBAHOMY 3HAYEHHIO MOMEHTY
3TBUHYYBaHHSA JUISI IbOTO THIIOPO3MIpY.

Po3kpirsieHHst 1 pO3rBUHYYBAaHHS L[LOTO 3 €IHAHHS B1IOYJIUCS HA I’ SITOMY yAapi
ipu 2000Hwm.

TeopeTnyHO, 3TriAHO AMPOKCUMYIOUOi KPUBOI PO3TBUHYYBAHHS, MaKCHUMaJIbHHUM
MOMEHT TP pO3rBUHYYBaHHI Moxe gocsartu  2250HmM  1e  BaBiUl  MeHIe

MaKCUMaJIbHOTO MAacHOPTHOTO 3HAuY€HHsI KpyTHoro momeHty st AIIP-2Bb piBHoro

4500Hm.

3MH.

Apk.

Ne noxym.

ITigmc

Jara

KBP.CI- 01.00.000 IT3

Apk.

29




M H-m

900 MEF0017 e30047eB0_,
800 Af \S\R
700 \

7{ <
600

/ m
500 1)
400
300

Mer00017¢ 72+0,41eq%

200 ,%
100

|
0 90 180 270 €rg®

Pucynok 1.8 — 3anexxHicTh KpyTHOI0 MOMETHY M po3rBUHYYBaHHS BiJl KyTa @

BiJIBOy Boauia B pexumi podotu AIIP-2Bb 3 goma maxoBukamu aiis tpy6 @ 60, 73,

89Mm

M H-m
1800F Mi)=271n°%+34,9 A
15001 [\ =7
f\ 3e8UHYYyBaHHST
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00 M(n)=058n°8,88n+102,42
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Pucynok 1.9 — 3anexHicTh KpyTHOTO MOMEHTY M Bij KUIBKOCTI yapiB N Boauja

AIIP-2Bb nipu 3rBuHYyBaHHI 1 pO3rBHHUYBaHHI TpyO AiameTpom 60Mm
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Pucynok 1.10 — 3anexHicTh KpyTHOTO MOMEHTY M BiJl KUTBKOCTI yAapiB N

Boawia AITP-2 Bb npu 3rBUHYYyBaHHI 1 pO3rBUHYYBaHH1 TPYO AiaMeTpoM 73MM

M,H-m M(n)=5,05n +58,45n+54,2
2100 Posesirtiyearis
1800 32BUH-y8aHHs
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Pucynox 1.11- 3anexHicTh

KPYTHOTO MOMEHTY M BiJ KIJIbKOCTI yJapiB N BouiIa

AIIP-2 Bb npu 3rBUHYYBaHHI 1 pO3rBUHYYBaHHI TpyO AiameTpoM 89mm (pyuHe

JOKPITIIICHHS)

3mH. | Apk. No nokym. Higmuc | Hara
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1.4 BuCHOBKM i IOCTAHOBKA 33/1a4i pO3po0KH

Buxonsan 3 0OTpyHTYBaHHS IOIIJIBHOCTI BHUKOPUCTAHHS 3aco0iB MexaHizaiii
IIpY BUKOHAHHI CITYCKO-ITIIIMMaJIbHUX Omepaliii Ta He0OX1THOCTI KOHTPOJIIO KPYTHOTO
MOMEHTY OyJIM BU3HAUEHI MapaMeTpu MexaHizoBaHoro kitoua AIIP-2Bb.

B pe3ynpraTi yoro Oysio BCTaHOBIEHO, 110 €(PEKTUBHICTH MPOBEACHUX PEMOHTIB
CBEPJIJIOBMH B 3HAYHIN MIpl 3aJ€KUTh BiJ PEKUMIB 3rBUHUYBAHHS W pPO3TBUHYYBAHHS
HKT, a oTxe, BiJl KOHCTPYKTUBHUX MapaMeTpiB KIIIOUiB.

OCHOBHI BHMOTM J0 MpOLECIB 3rBUHYYBaHHS W po3rBuHuyBaHHsS HKT 13
BpaxyBaHHSIM KOHCTPYKTHUBHUX IMapaMeTpPiB KIIIOUiB (POPMYITIOIOTHCS B TaKU CIIOCIO:

- 3a0esmeueHHs Tepeaadyi HOMIHAJIBHOTO KPYTHOTO MOMEHTY JUIsi KOHKPETHOTO

TUIIOPO3MIPY TPYOU IIPH 3rBUHUYYBAHHI;

- 3a0e3neuyeHHs nepeadyl MaKCUMaJIbHOTO KPYTHOTO MOMEHTY MPHU PO3KPIIJIEHH] 1

PO3rBUHYYBaHH1 BCIX TUIIOPO3MIPIB TPYO, HA SIKI pO3paXOBAHUM KITHOY.

Otxe, MeTO JaHOi OakalaBpChKOi poOOTH € Po3poOKa CUCTEMU KOHTPOJIIO
pobotu aBromatuyHoro kitoda AIIP-2B B crengoBux ymoBax. ToOTO jgaHa cucrema
NOBMHHA PO3PAaxOBYBaTH 1 KOHTPOJIIOBATH HOMIHAJIbHI KPYTHI MOMEHTH JUIs
koHkpeTtHOoro Tumnopo3mipy HKT mnpu 3rBuHuyBaHHI, a TakoX MaKCHUMaJlbHI KPYTHI
MOMEHTHU TPU PO3KPIMJICHH] W PO3rBUHYYBaHHI BCIX THUIOPO3MIPIB TPyO, a TaKOX
BUKJIFOYaTUME HEOOXIIHICTh Bi3yaJIbHOTO KOHTPOJIIO 32 MOMEHTOM 3YIUHKH MPOLECY
3TBUHYYBAHHA, HE OOSYMCH MPHU LIbOMY BUXOAY 3 JIaqy €JIEKTPOJBUTYHA 1 HEIOBHOTO

3TBUHYYBaHHSA Pi3b00BOTO 3’€THAHHS.

Apk.
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2 PO3POBKA CUCTEMHU KOHTPOJIIO POBOTH ABTOMATHUYHOI'O
KJIIOYA AITP-2Bb B CTEHAOBUX YMOBAX

2.1 O6rpynTryBaHHs i BUOIp 31aBa4iB

B po3mini 1 Oymo BigMideHO, IO OCHOBHUM MapamMeTpOM, SKHH OO0yMOBITIOE
e(eKTUBHICT, poOoTH aBTOMaTtnyHoro kiawoua AlIIP-2Bb € xkpyTHuéi MOMEHT.
BiamoBimHO 70 MBHOrO TPOBEAEMO OTJISA JaBadyiB KPYTHOTO MOMEHTY 3 METOIO
BUKOPUCTAaHHA iX B 1H(OpMaLIHO-BUMIPIOBAIBHIA CHUCTEMI KOHTPOJIIO CTEHAY IS
JTOCITKeHHsT poOoTH aBToMaTH4HOTro Kitoua AIIP-2Bb.

Bci BigoMi JaBayi KpyTHOIO MOMEHTY MOXHA PO3/IIJIMTH HA JBI TPYIIH:

1. naBayl ayg BUMIPIOBAaHHA MEXaHIYHOTO MOMEHTY Ha Bajly MPSIMUMU
METOJIaMU;

2. maBadli QI BUMIPIOBaHHS KPYTHOTO MOMEHTY 4Yepe3 CIIOKHBaHY
MOTYXHICTh €JIEKTOMPUBOY, TOOTO MOOIYHUMH METOIAMHU.

Bigomo [6], mo il aCHHXpOHHHUX JABUTYHIB y MeEXax JUITHKM MEXaHI4HOi

xapaktepuctuku Yy = f(M) icHye ¢yHKIIOHaTbHA 3aJIEKHICTh MIXK KPYTHUM

MOMEHTOM Ha Bajii M, 1 MOTy»XHICTIO Ha BaJi P,

M, =955-P,[o: (1-S)]7, (2.1)

JIe M- CHHXPOHHA YaCTOTA 00EPTAHHS CNEKTPOIBUTYHA, XB

S — koe(ilieHT KOB3aHHS €IEKTPOABUTYHA.

ToOTO 3a 3HAYEHHSM MOTYKHOCTI HAa Baly €JEKTPOABUIYHA MOXHA MOOIYHUM
METO/JIOM KOHTPOJIOBATU KPYTHUM MOMEHT. [IMTaHHA BUMIPIOBaHHS CIOXUBAHO1
SJICKTPUYHOT TOTYKHOCTI PI3HOMAHITHHX E€ICKTPUYHUX MAIIUH PO3TIISAIATI0Ch JOBOJII
naBHo [7.8]. Bigomi meToau MokHa Kiacu(]ikyBaTH HaCTyTHUM 4yuHOM [9] (puc 2.1).

3 TOYKH 30py BHKOPHUCTAHHS i1 MOOYIOBU TEXHIYHUX 3aCO0IB BUMIPIOBAHHS
CJICKTPUYHOI  TIOTYXXKHOCTI ~ HAaWOIIBITy  IIKaBICTh  MPEACTABISIIOTH  aHAJOTOBI
OOYMCITIOBANIbHI TEPETBOPIOBAYI, 30KpEMa aHAJOrOBl HAIIBIPOBIIHUKOBI 1HTErpajbHI

NePEMHOXKYBayi, SKi MarTh sKicHimi mnoka3Huku To4dHOCTI (3€0.1....2.5%), onnak
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ripur 3 Touku 30py HagidHocti [10,11.12], a Takox cremiani3oBaHi oOYMCIIIOBaYl B

AKUX BUKOPHUCTOBYIOTHCS CIEI[iali30BaHl MIKPOCXEMH BHUMIPIOBAdiB MOTYKHOCTI

[13,14,15].

Metoan BUMipIOBaHHS €IEKTPUYHOIL ITIOTY>KHOCTI

Po6. yactora KUTBKICTB (a3 Crroci6 onep>kaHHS Twum obunciroBaya
Mpsimi Henpsimi

o e | | _

5 £ S| E| 2 :

2 < =9 8 = &

& & S = S s

) <} g = g =

Z Z = o, = =

2 S o &= 3

= = QB

T M / \ / \

MOCTilHE 3HAYCHHS COS

[IBunka Bubipka 3nauenb Uj,l; 3
HOAAJIBIIMM IX IEPEMHOKYBAHHIM

MeT. 1-ro BaTmerp. \

MeT.2-TO BaTMeTp.
OpHokpaTHe BUMiproBanHs 3Ha4enb U, I ta

MeT.3-TO BaTMeTp.
MepeMHOKyBadi

Inrerpansni
®depurToBi EpeMHOKYBaUi
BeHTHIEHO- anpoKcHMaliiHi

CreuianizoBani Mikpocxemu BIT
BII Ha 0CHOBI MiKpOCXEM 3arajbHOT0
NPU3HAYEHHS

Puc. 2.1 — Knacudikairisi METO/IIB BUMIPIOBAHHSI CIIOKMBAHO1

M = kl(P - I:)xx)

€JIEKTPUYHO1 TIOTYKHICTh
B

K,
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Metonu xoHTRpOIK MOMEHTY Ha

Eall BEHpobHHYHY MEXAH 12 MIE
1

Knacudikamis BiIOMUX METOAIB KOHTPOJI KPYTHOTO MOMEHTY Ha Baii
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Pucynok 2.2 — Knacudikaiis BiTOMUX METOAIB KOHTPOJIO KPYTHOTO MOMEHTY

Ha BaJni enekTponpuBony [16,17,18,19,20] mexanizmiB

enextporpuBoay [16,17,18,19,20] mexaHi3MiB puBeacHa HA puc 2.2.

ACUHXPOHHUHM JIBUTYH 3MIHHOTO CTPyMYy, MPOAHAII3yeEMO HEMpsIMI METOIU KOHTPOJIO

MOMEHTY Ha Bajl

eJIEKTpOABUTYHA. BoHU 0a3yl0ThCS HA BUKOPUCTAHHI 3aKOHY AMIepa, 110 BCTAHOBIIIOE

B3a€MO3B’SI30K M1’ MOMEHTOM, MAarHITHOIO THIYKIIEK 1 CTpPyMOM siKops abo poTopa

Ockisibku Tpu poOOTI aBTOMATHYHOTO KIF0OUYAa BUKOPUCTOBYETHCS TMPUBIIHHMA

BUPOOHMYMX MEXaHI3MIB 32 CHEPreTUYHHMH TMapamMeTpaMu

3MH.
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€KBIBAaJICHTHUX CXEM 3aMIIIECHHS, 1[0 MOJETIOIOTh €JIEKTPUIHY MaITUHY; CHEPTeTUIHNX
Jiarpam MoTY>KHOCTI, 110 CIIOKMBAETHCS IBUTYHOM 13 MEPEKI.
[Tpu BUKOpHUCTaHHI 3aKOHY AMITepa MOMEHT PO3PaXx0OBYEThCS 32 (HOPMYJIIOFO

M = alBIH ’ (22)

1e a; — KoepIiieHT IpOIOPIIHHOCTI,

B — MariTHa 1HIYKIIIf;

Ig— cTpyM KOpsI IBUTYHA.

BumiproBanHs CTpyMy SKOPS IPSIMUM METOJIOM BUKIIUKAE TPYAHOII, TOMY
Kinacudikaiio 3I1HCHIOIT, 3a JIBOMa CIIOCOOAMH BHMIPIOBaHHS 1HYKITII:
MPSIMUM 1 HEMTPSIMUM.

[Ipy npssMUX BUMIPIOBAHHSX MAarHITHOI IHAYKIII B Ma3ax cTaropa JABUTYHA
BCTAHOBIIIOIOTH JI0JJATKOBY OOMOTKY, IIIO CTBOPIOE TEBHI TPYAHOII, SIKI OOMEXYIOTh
3aCTOCYBaHHS IIbOTO METOY.

[Ipu HenpssMUX BHUMIPIOBAaHHSX MAarHiTHy IHJIYKIIIO BU3HAYalOTh 34

CIEKTPOPYIIIHHO criior0 E 0OMOTKH IBUTYHA.

E
B=

a,m ’ (23)

E=U-1,4R, —Uy (2.4)

ne U-Hanpyra xxuBieHHs; Rg- omip 0OMOTKH SKOpS;

Uk — BTpaTu Hampyru Ha LIITKaX KOJEKTOPa;

ay— KOE(]IIIEHT MPONOPLINHOCTI;

( — YacToTa 00epTaHHS AKOPS JBUTYHA.

[Ticns migcranoBku (1.9) 1 (1.10) B (1.8) orpumaeMo anroput™m GyHKITIOHYBAHHS
IPUCTPOIO aBTOMAaTUYHOIO KOHTPOIKO MOMEHTY.

MB — MoMeHT Ha Baii; P — MOTY>KHICTb, IO CIOXHUBAETHCS €IEKTPOJABUTYHOM;
Pxx- TOTYXHICTH XOJIOCTOTO XO0ay enekTpoiBuryHa; Ki, K, k3 — xoedimient
npomnopiiitHocTi; AP — BTpaTH MOTY>KHOCTI B €JIEKTPOJBUTYHI; (O - YACTOTa 00epTaHHS

Bajna; ®0- CHHXpOHHA YacToTa 00epTaHHs Baja.
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_aly(U-14R; —Uy)
aZ(D ' (25)

M

OCHOBHHMM HEJIOJIKOM IIhOTO METOAY € Te, IO MPUCTPOI 3 TAKHUM aJITOPUTMOM,
BHUMIPIOIOTH €JICKTPOMArHiTHUH MOMEHT, a HE MOMEHT Ha Balli €JIEKTPOBUTYHA, TOOTO
HE BPAaXOBYIOTbCS BTPATH MOTY>KHOCTI B IPUBO/IL.

MeTo eKBIBAJICHTHUX CXeM Iiependadae CTBOPEHHS MOJETi EJIEKTPOJBHTYHA
3TIHO CXEM 3aMillleHHs. SIKIo mapaMeTpu MoJeNi miaidopaTu Tak, IO TpU >KUBICHHI
JBUTYHA MOJIEI BiJ OJHOTO JpKepesia Hampyrd, CTPyMHU ABUTYHA 1 MOJENI PiBHI, TO
CJICKTPOMAarHiTHA MOTYXHICTh JBUTyHa Oyje BIAMOBIIATH MOTYXKHOCTI Ha PE3UCTOPI,
110 IMITY€E OIIp SAKOPS.

3pIBHOBaXYBAaHHS 3JIHCHIOETBCS 32 MOJYJEM CTPYyMY, SIKUH CIIOKHBAETHCS
CXEMOI0 MOJIeIi, a00 3a MoayJieM 1 pa30r0 CTPyMy OJTHOYACHO.

[Ipouiec BUMIpIOBaHHSI MiJJlaeThcad aBTomMaTH3auii. TOYHICTH LIBOTO METOAY HE
Jy’)K€ BHCOKA, a CXEMa IPUCTPOIO JOCUTh CKJIAJHA, TOMY IPAKTUYHE 3aCTOCYBaHHS
3HAXO/STh CXEMHU 3aMIIICHHS 31 3pIBHOBAKYBAHHSAM TIIBKH 32 MOJYJIEM CTPYMY, IO
CIIO’KUBAETHCSI BUMIPIOBAIBHOIO CXEMOIO.

Hait6111b111 pO3MOBCIOKEHUM € MOMEHT JIiarpam MpUBO.TY.

BBakaroThb, 1110 MOMEHT Ha BaJjli IBUTYHA MPOMOPIIIHHUN CTPYMY SKOPSI
M =a,l
304, (2.6)
a00 MOTYXHOCTI P, 1110 CTIO’KUBAETHCSI €TIEKTPOIBUTYHOM

M=aqa,P ’ 2.7)

1IE a3, a4 - KOCPIIIEHTH TMPOMOPIIHHOCTI .

AJe 11 METOIM MalOTh CYTTEBY MOXUOKY BHACIIIJOK HEJIHIKHOCTI 3aJIeKHOCTEH
CTpyMy ab0 NMOTY>KHOCTI BiJi MOMEHTY Ha BaJll €JIeKTPOABUTYHA.

To4HICTh KOHTPOJIIO MiJBUILYIOTh, BPaXOBYIOYM BTPATH MOTY>KHOCTI B JIBUTYHI
IUIIXOM BUMIPIOBAHHS K.K.Jl ABUTYHA.

Toni

M =a,U, P | (2.8)
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U = a5 ‘T] [
ae " - Hampyra , 10 IponopIiiiHa K.K.J 1| JBUTYHA;

a4 as— KOE(DIIEHTH MPOMOPIIIHHOCTI.

[Tpuctpoi KOHTpOJIO, MO0 peani3yloTh aimroput™ (1.14), MaroThb HEBETHKY
NOXUOKY, OCKUIBKH K.K.J. 3aJI€KUTh HE TUIBKU BIAT CTPyMYy HaBaHTa)KEHHS JBHUTYHA,
aJie 1 BiJ] HapyTH >KUBJICHHSI.

binbm [OCKOHANMMU € TPUCTPOi, M0 BPaxXOBYIOTh BTpaTH NPYKHOCTI B
eJIEeMEHTaX MPHUBOJY 1 BAKOPUCTOBYIOTh TaKi adrOpuTMHU (yHKI[IOHYBaHHS:
M=a,(P—P), (2.9)

|\/|=8.6(P—PXX —AP) (210)

Pxx- BTpaT MOTYKHOCTI XOJIOCTOT'O XO/Y;
— 2 .
AP=1TT BTPATH NOTY>KHOCTI B 0OOMOTKAaxX CTaTopa eJIeKTpOJIBUTYHA,
A

- omip 06MOTKM BHTYHa;

I — ctpym craropa;

as, dg - KOe(PIIEHTH TPONOPLIHHOCTI.

Ane mnpucrtopoi, mo peam3yioTs anroput™Mu (2.9) 1 (2.10) MamTh BEIUKY

NOXUOKYy BHUMIPIOBaHHS §Ka BHUKJIMKAaHA 3MIHOK  4YacTOTH OOEpTaHHI

CJICKTPOJIBUTYHA.
[TiABUIITUTH TOYHICTH KOHTPOJIIO MOMEHTY Ha Bajll ME€XaHI3MiB MOXHa IIJISIXOM

BUKOPHCTAHHS aJTOPUTMIB, 1[0 BPaXOBYIOTh YaCTOTY OOEpTaHHS

M = aS(P_Pxx)1
8,0 (2.12)
M :aG(P—PXX —AP), (212)

1€ a7 — Koe(pIiEHT TPOMOPIIHHOCTI.

B kommnekr mpucTpoiB, mo peanizyiorh amroputmu (2.6), (2.12) BXOasaTh

3MH.
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Taxorcaeparopn  Iajis BI/IMipIOBaHHSI qaCcTOTHU 06epTaHH$[ Baja, Ha JKOMY
KOHTPOJIIOETHCA KPYTHI/If/'I MOMCHT.
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SIKII0 BUMIPIOBAHHS YacTOTH OOEpTaHHS Bajia 3a JOIMOMOTOI0 TaXxOreHepaTropa
HEMOJKJIMBE, BUKOPHCTOBYIOTh HEMPSMUN METOJ KOHTPOJIIO I[LOTO MapameTpy, IIo
0a3yeTbcst Ha 0OPOOIT TOTOKY €HEPTii, IO MOCTYIAE 10 ICKTPOIBUTYHA.

0=0wm,—a,P

. (2.13)

A€ (@9 — CHHXpOHHa 4YacCToTa 06epTaHHH ABUI'YHA, dKa 3aJa€TbCiA 3a

JIOTIOMOTOI0 CTal1113aTOopa PeryabOBaHOI HATIPYTH;

Ps — moTyxHICT Ha Bai;

ag — KOE(]IIIEHT MPOMOPLIIIHOCTI.

B mpuctposix Takoro BHIy MNOTpIOEH JaBad aKTHUBHOI MOTYXKHOCTI 1 OJOK
00UYHCITIOBATILHUX OTEpaIlii.

Takum 4YWHOM, UIsI BUMIPIOBaHHS KPYTHOTO MOMEHTY MOOIYHUMH METOJaMHU
HEOOX1IHO MaTH JlaB4ya aKTHUBHOI MOTYHOCTI, a00 JaBadi CTpyMy 1 Hampyru Ta OJOK
OOYHUCITIOBANILHUX OIpalliii — To6To KoHTposep uu [IEOM.

JlaBaueMm [JIi KOHTPOJIIO MMapaMeTpiB Ta MOKA3HUKIB POOOTU CTEHIY st
JTOCHTIKeHHsT poboTu aBTOMatuuHoro kitoua AIIP-2Bb moxke OyTtu BUOpaHO TakoXK
naBau kKpytHoro MomeHTy Magtrol TF 216 ¢nanmneBoro tumy [21]. 3acrocyBanHs
JaBavyiB KPYTHOTO MOMEHTY (IaHIEBOrO THUMY JIyke Mmupoke. BoHM MOXyTh
BUMIPIOBAaTH CTAaTUYHUHN 1 TUHAMIYHUHA MOMEHTH Ha CTaIlloHapHOMY ab0 00epTOBOMY
BaIy.

B ocHOBHOMY BOHM BUKOPHCTOBYIOTHCSI HA BUTIPOOYBAIBHUX CTEHAX JBUTYHIB
BHYTPIIIIHHOTO 3TOpPaHHA, €JIEKTPOJBHUTYHIB 1 PEIYKTOPIB, a TAaKOX MOXYTh OyTH
BCTAHOBJIEH1 B JIIHIIO JJIs1 0€3M10CEPETHBOT0 KOHTPOIIO MOMEHTY TPAHCMICIT, TPUBO/IIB
BITPOTEHEPATOPIB, TA30BUX TypOiH, CYTHOBUX JIBUTYHIB 1 1H.

Jlanuit maBa4 mMae psiji mepeBar Jyisi 3aCTOCYBaHHSI TIPU BUMIPIOBaHHI MOMEHTY, a
came: KOMITAKTHICTh B1ICYTHICTb MIJIIMITHUKIB 1 HEOOX1THOCTI 00CITYyrOBYBaHHS.

besnocepenne XOpcTKe 3aKpilUIeHHs JaTdyhka Ha Baly abo (uiaHii Jomyckae
BUKOPHUCTaHHA My(PTH TUIBKM 3 ofHOro Ooky. lle m03BoJisie MONETMIMTH YCTaHOBKY
BUNPOOYBANIbHIA CUCTEMI, CKOPOTUTH 3arajibHy JIOBKMHY BUMIPOOYBAJIBHOIO CTEHAY 1

IIOHHU3UTHU BUTpPATH.

Apk.

KBP.CI- 01.00.000 I13 39

3mH. | Apk. No nokym. Higmuc | Hara




Ha pucynky 2.3 HaBeneHo aasau kpytHoro momenty Magtrol TF 216 3 moBHOM0O

KOMIUIEKTALIIEO.

BY nepenapay

BuMiproroduii
dnanens

TTepeTBOprOBaY

KoakcianpHuit
Kalensp

Pucynok 2.3 — 3aranpHuii BUTIISA AaBada KpytHoro MomeHnty Magtrol TF 216

Tenemerpuuna cuctemMa naBadya TF 103Bojsi€ 3 BHCOKOIO TOYHICTIO MEpPEIaTH
CUTHAJI, 3aCHOBaHUM Ha TEH30METpHuHIM TexHojorii. IliacumoBay curHamty
BCTAHOBJICHUM Ha BHUMIPIOIOUYOMY Bajy MIACHIIOE BUMIPSHUNA CHUTHAJN, MOAYIIOIOUYU
MOro 10 BHUCOKOI 4YacTOTH Ta Iepenae uoro 3a npornomororo BY mnepemaBaua Ha
NEepPEeTBOPIOBaY. Y TMEpeTBOpIoBayl OUU(POBAHUN CHUTHAT MOMEHTY MEPEXOAHUTHh B
aHAJIOTOBUI BUXIIHMA HOpMoBaHW# curHan +£5 B. Yactora oGepranHs Moxe OyTu
BUMIpsiHA 1 MEPETBOPEHA daBadeM dYacToTu depe3 TTL BuximHuii curHai. 3aBasku
0E€3KOHTAKTHOMY BHKOHAHHIO J]JaBaya KPYTHOI'O MOMEHTY, JOIMMYCTUMUNA MTPOMIKOK MIXK
BuMiproBaibHUM (Quianiiem 1 BY mepenaBauem 10 5 mm (B ocHOBHOMY 1 - 3MM)
JIO3BOJIIE TPOBOJUTH TMPUMOM CHUTHAJTY HE3aJie)KHO B OChOBUX 1 pagiadbHUX
MIEPEMIIICHb.

[Ile omniero mepeBaroto gaBada TF € BincyTHICTH 1HTEpQEpEHIIi cCUrHamy 1 Ha

BIIMIHY BiJ 1HIIMX JaBadiB, |F He mMOTpeOye KPyroBoi aHTEHH HA BUMIPIOBAIILHOMY

Apk.
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¢dmanmi. JlomatkoBo naBad Moke OyTH 3aKpUTHH KOXKYXOM, SIKHH HE BIUIMBATHME HA

BUMIPIOBAaHUN CHUTHAJL.

2.2 Po3poOka CTPYKTYpPHOi CXeMH CHCTEMH KOHTPOJIIO  PodOTH

aBToMaTH4YHOro kiawya AIIP-2B B cTeHI10BUX yMOBax

CtpykTypHa cXxema CUCTEMHU KOHTPOJIIO poOoTH aBToMaTu4yHOro kitoua AITP-2B
B CTCHJIOBHX yMOBaxX NpuBeAcHa Ha pUCYHKY 2.4. [Ipu3HadeHHSIM JaHOI CHUCTEMHU €
BUPOOJICHHSI TEBHUX KEPYIOUMX 1A 3aJI€KHO BiJl 3MIHM BHUMIPIOBAHHUX IapaMeTpiB
KPYTHOTO MOMEHTY 1 MIATPUMaHHS B IEBHUX MEKaxX CTaHy KOHTPOJIHLOBAHOTO IPOIIECY.
PosrisitHemMo 3araiibHi TPUHIUMIN POOOTH CHUCTEMHU, MOJNANBIINN omuc sKoi Oyne
3MIIICHEHO B HACTYITHUX PO3/iIax.

Jlns1 300py iH(DOpMaILii PO KOHTPOJbOBAHUN 00’ €KT B CXEMI BUKOPUCTAHO JlaBay
KPYTHOTO MOMEHTY (OoOrpyHTyBaHHA BHUOOpY JlaBaua TPUBEJACHO B HACTYITHUX
po3aunax). TereMeTpuyHUl CUTHANI JAHOTO JaBaya NEepelaeTbCs Ha BUCOKOYACTOTHUMN
nepeaaBay a Jajii Ha MepeTBOPOBaY.

[licnss Toro, sSIK CHUTHANIM TEPEAAHO TO JiHIT 3B 53Ky, BOHU MOCTYNAlOTh Ha
MEepPETBOPIOBAY SIKMI BUKOPUCTOBYE NUGPEPEHIINHUN MIACUIIIOBaY, JJIsI 3a0e3MeUeHHs
MIEBHOTO PIBHA CUTHATY, HA BUXO/Il IKOTO OTPUMYEMO HOPMOBaHMM curHai £5 B.

3 nepeTBOpOBaYa aHAJIOTOBU CHTHAJI ITOIA€THCS HA MIKPOKOHTPOJIEP.

Apk.
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Pucynok 2.4 — CTpykTypHa cXeMa CUCTEMH KOHTPOJIIO poOOTH aBTOMaTHYHOTO

kitoua AITP-2B B cTeH0BHUX yMOBax

3 nmepeTBOprOBayUa aHAJIOTOBUI CUTHAJ MOJAAETHLCSA Ha MIKPOKOHTPOJIEP.

Jlo MiKpOKOHTpoOJIepa MiAKII0YAETHCS KiIaBiaTypa JJis BBEJICHS IaHUX.

Takox mig’exaroeTses LCD expaH 11l BUBEACHHS

po6oTH 1HPOPMAIIHHO - BUMIPIOBAIBHOI CHCTEMHU.

pe3yJbTaTiB BUKOHAHHS

OcTanHIM GJIOKOM JJaHOT CUCTEMH € €TICKTPOHHUM K04, SIKUi 3a0e3neuyBaTume

cBOEYacHe BHMKHEHHS €JIEKTPOJBHIYHA 3 METOIO 3aloGiraHHA BUXOMY 3 Jajay JaHoi

YCTaHOBKH.

Ha puc. 2.5

HaBCJCHA CJICKTpHUYHA IMPHUHOWIIOBA CXEMa CUCTEMH KOHTPOJIO

poboTu aBTomMaTruHoro kitoua AITP-2B B cTeH0BUX yMOBax.

EnextponHuii Kitod siBjsie COO0K0 MarHiTHUM MycKad 1 eJeKTpoHHe pene. Ha puc.

2.6 HaBe/IeHA eJIEKTPUYHA MPUHIIAIIOBA CXeMa JIJAHOTO OJIOKY CHCTEMHU.

MarsiTHUM

nmyckau

e KOMYTAliiiHUN amapar, NpU3HAYCHHM

JJIA

aBTOMATUYHOTO BKJIFOUEHHSI 1 BIAKIIIOYEHHS CIIOXKMBAYIB €JIEKTPOEHEpPrii 6arato pasiB

TaKuX, sIK €JIEKTPOKOTEJI, EJICKTPOJBUTYH 1 TOMY MO110HE.

KBP.CI- 01.00.000 IT3

3MH.

Apk.

Ne noxym.
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MarsiTHUH mycKad JO3BOJI€ 3AIMCHUTH TUCTaHIIIiHE KepyBaHHS, BKJINOYATH 1
BIAKIIOYATH CIOXKMBauya Ha BIACTaHI 3 MyJdbTa YympaBmiHHg. Halimommpewrime
3aCTOCYBAaHHS MAarHiTHOTO IyCKada OTpUMAald AaCHHXPOHHI IBUTYHA, 3a JOMOMOTOIO
HbOT'0 31HCHIOETHCSA ITYCK, CTOII 1 peBepc (3MIHA HaMpsIMy 0OepTaHHsI Bajly) JIBUTYHA.

VYnpaBiseTbCs MarHiTHUN IMycKad 3a JONOMOIOI0 €JEKTPOMAarHiTHOI KOTYILIKH,
ska croxkuBae 200BT y MOMEHT cripalibOBYBaHHsI, a B CIIPAIllbOBAHOMY CTaHI CIIOKUBAE
Bchoro 25BT. Temep ysBiTh, III0 MOKHA MMOCTABUTH MAJICHBKUM KOMITAKTHUN BUMUKAY,
KU yNpaBiIsATUME MArHITHUM IIyCKayeM, a BiH CBOIMM CHJIOBUMH KOHTaKTaMH
BKJIFOUATUME 1 BIAKJIFOUATUME BEJIMKI MOTYKHOCTI.

TeruioBe pesie MOCTABISIETbCS B KOMIUIEKTI 3 MArHITHUM ITyckadeM. TeroBe
pelie 3axXWIlae JBUTYH BIJ MEPEBAaHTAXXEHHS 1 Bl HEMOBHO(A3HOIO peXUMy pOOOTH.
HenoBHoda3uuii pexuM — 1€ KoJu npu poOOTI €IEKTPOABUTYHA 3HUKIIA OJHA 3 TPbOX
bas.

[IpuurHn oxHO(]A3HOTO pexuMy: IMeperopija IMjaBka BCTaBKa Ha OAHIN a3,
NIArOpiB KOHTAKT Ha KJieMl a00 BUKPYTUBCSA I'BUHT Ha KJIEMHUKY MarHiTHOro Imyckaya 1
BUMAaB (ha3HU IPIT Bij BIOpallii, MOraHUi KOHTAKT HA CMJIOBUX KOHTAKTax IycKaya.

[Ipu mnepeBaHTaxkeHHI JBUTYHa ab00 poOOTI B HEMOBHO(AZHOMY peEXUMI

30UTBLIYETHCS CTPYM, IO NPOXOIUTH Yepe3 TEIUIOBE Pelie.

Apk.
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Pucynok 2.5 — IlpuHiiunoBa cxema CHCTEMHU KOHTPOIIO pOOOTH aBTOMAaTUYHOTO

xiroya AIIP-2B B creHioBHX ymMoBax

—

.

Pucynox 2.6 — IlpuHnMmnoBa enekTpuyHa cxemMa eJIEKTPOHHOTO KITF0Y

3MH.

Apk.

No nokym.

TTigmuc

Jara
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VY TennoBoMy pele HarpiBaroThCsa CTPYMOIIPOBIIHI O1METaNIYH1 JIACTUHH, TT1]T

I[i€I-O TCIIJIa BOHUM BUTHMHAIOTHCA, 1 MEXaHIYHO BIUIMBAIOTh Ha PO3MUKAHHS KOHTAKTY B

TCIINIOBOMY PCIJIC, SIKUAM BiI[KJ'IIO‘IEl€ JKUBJICHHA KOTYIIKH MarHiTHOI'O IIyCcKaua,

B1/10yBa€ThCS BIIKIIOUEHHSI IBUTYHA MO 3aco0ax Iyckaya.

HpI/IHHI/IH pO6OTH JaHOI'O 6J'IOKy I[moJeira€ B HAaCTYITHOMY KOHTAKT CJIICKTPOHHOI'O

peine Mae OyTH HOPMAJIbHO 3aMKHYTHUM, SIKIIIO MOMEHTY CHJIM TIEPEBUILYE IIEBHE

SHAYCHHS KOHTAKT PO3MHUKAECTHCA 1 ABUTYH BHCCTPYMIIIOETHCH.

3aranbHa QyHKIioHaTbHA cxema cuctemu IBC-ATIP npuBenena Ha puc. 2.7.

Ilepereoproeay
MOMEHTY

Tarque

Rotational
Speed

Ieperroproray
4acTOTH 00epTaHHs

v

Torque
+5VDC
(max: 10 VDC)

<4— Power Supply
24 VDC +10%
350 mA

» Rotational
Speed

TTL

IBY mepeaaBad KoakciambHHH KaGemh, 4M
Switch
RG-58 (50 Q)
=
| BuMipIOBATHHHIA
{aneln
Signal
Amplifier Hapay
4acTOTH
SPEED oBepTaHmsT
SENSOR*
Z pulses/ | Connection
revolution Cable*
toothed
rm®
Strain Gauge
Bridge
for torque
measurement

Pucynok 2.7 — @yHKIIIOHAJIbHA CX€Ma CUCTEMH KOHTPOJIIO pOOOTH

apToMatnuHoro kitoua AITP-2B B cTeHI0BUX yMOBax

2.3 Po3paxyHok 1aBaya

VY koMIuTeKT gaBada odeproBoro momenty Magtrol TF 216 Bxoauts:

- BumiproBanbHuii priaHens 3 MiaCHIIOBAY€M CUTHAIY.

3MH. | Apk.

Ne noxym.

ITigmc

Jara
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- BY nepenasau.
- IleperBoproBau.
- Koakcianpuuii ka0enb.
- be3koHTakTHa nepeaaya CUrHaILY, TEIEMETPUYHHM 3B'I30K.
OcHOBHI niepeBaru:
- KommakTHuii, mpoCTHil B yCTaHOBIII
- Bucoka )xopcTKiCTh pH KpydeHH1
- He nmotpebye o6cmyroByBaHHs, BIACYTHI MIAMIUAITHAKY 1 ACTa, IO TPYThC
- UynoBa nepemko103axucHa 1 yaapoCcTIiKICTh
BuwmiproBansHuii ¢iaHelb € YacTUHOIO JaTdyhKa KpyTHOrO MOMEHTy. BiH
3po0JieHni 13 cTami 1 BKIIOYae 4 TEH30pE3UCTOpa, CIOJYyYEHHUX B IOBHUU MICT
N1ACUIIIOBaY, (QUIBTP HU3bKUX 4acToT 1 A/D meperBoproBau 4acToT. Bee nie kpinuthes
Ha EJIGKTPOMArHITHY JOpPIKKY IO KONy, SIK€ Npalloe K aHTeHa i [epenadi
TeJeMeTpUYHOro curHainy Ha BY nepenasay 1 3pemiToro Ha NepeTBOPrOBaY.
BucokouactoTHull mnepenaBady € CTAaTUYHOIO 4YacTUHOIO jaaryuka. IlepenaBau
puiiMae CUTHAJ 3 BUMIPIOBAJILHOTO (JIaHIIs 1 Iepeiae Horo ajii Ha IEpeTBOPIOBAY.
[leperBoproBau MoMeHTy uepe3 BUY mnepenaBau mepenae e€HEpriro 1o
BUMIpIOIOYOro (raHiro i 30upae 3amipssHUM curHaid MOMEHTYy. CIyXHTh JKEpeIoM
YKUBJICHHS JAaTYMKIB 00epTOBOro MoMeHTy Magtrol, a Takox 103BOJIsie 30upaTH J1aHi 1
BUBOJUTU 1X Y BHUIVISAI aHAJIOroBOro curHamy. g BiAOOpakeHHsS 3aMIpSHUX
MOKa3HUKIB IMEPETBOPIOBAY MMOBUHEH OYTH CIOJIYYSHHH 3 MIKPOKOHTPOJIEPOM.

TexHiuH1 XapaKTepUCTUKH IaTurKa ooepToBoro MomeHty Magtrol TF 216

HOMIHATBHUN MOMEHT. ... ..ccevvviieiiiieeiiiee st 5000H ™
JIOTIyCTUME TTEPEBAHTAMKEHHS ... esnreeeennneeens 200%
| X665 22Ol (03 15 (0 Y u T 0,1%
MakcumanbHa 4aCTOTA OOCPTAHHSL. .. ..veevuveeereeeaneness 4000006/xB
JKOPCTKICTD HA OOCPTAHHS. . ..eevvveeeveesireesnreennieeaeeans 7,16-10° H-m/pax
KYT AePOPMAITIT ..o 0,040°
J\Y 107 191 £ s 10 FR 9,3kr
MOMEHT THEPITT. .. vt evveeeeiie e e eeee e, 4,447-10kr-m
Apk.
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2.4 Bubip MikpokoHTpoJiepa

MikpoxonTtponepom B aaniii cuctemi € ATmega 103. OcHoBHI #ioro nepesaru 1
TEXHIYHI XapaKTePUCTUKHU HABEANHI HIDKYE:

- 3acHoBanui Ha AVR RISC apxitektypi AVR — Bucoka npoayktuBHicTh 1 RISC
apxiTeKTypa 3 HU3bKUM eHeprocnoxuBaHHsaM 120/ 121 MOryTHIX 1HCTPYKIIii -
OUTBIIIICTh BUKOHYIOTBCS 32 OJIMH TAakT 32 X 8 poOOYMX PETICTPIB 3arajbHOTO
MPU3HAYCHHS + PETiCTPH yNpaBIiHHSA nepudepiero;

- TPOAYKTHBHICTH, ax 10 6 MIPS ipu 6 Mrig;

- mam'sTh JaHUX 1 He3zanexxHa nam'sath: 64/128 Koaiit Flash — nporpamua nam'site
3 MIATPUMKOIO BHYTPIIHBOCUCTEMHOIO MporpamyBaHHd, pecypc: 1000 muxmiB
3anucy / CTUpaHHS;

- 4 Ko6aiit BOynoBanoi SRAM
- 2K/4K 6aiit EEPROM 3 nigTpUMKOIO BHYTPICUCTEMHOTO MPOTpaMyBaHHS

Pecypc: 100 000 1iukJiiB 3anucy / cTUpaHHs

[TporpamoBane O10kyBaHHs a1 O0e3neku Bmicty Flash i EEPROM

[lepudepis:

- BOynoBanwmii aHaI0roBUi KOMITapaTop.

[IporpamoBanuii  ciiakyrouMidi  TaiiMep 3  BOYJOBaHUM  TI'€HEPATOPOM
[IporpamoBanuit nociigosHuit UART.

Benyuwii / Benenuit SP1 — mocigoBauii inTepderic.

KonTtposutep peansroro yacy (RTC) 3 BUaiJICHUM TaKTOBUM T€HEPATOPOM

JIBa 8-Mu po3psAnHUX TaiimMepa/ JUUIBHUKA 3 OKPEMUM IMONEPEIHIM JUTEHUKOM
YaCcTOTH.

Posmmpena cucrema 3 16-TH po3psiAHUM TaliMepoM/ JIYMIIBHUKOM 3 OKPEMHUM
MOTIEPETHIM JTUTBHUKOM YaCTOTH PEKMMaMH TMOPIBHSHHS 1 3aXOIUICHHS, a TaKOX 3 8-
Mu, 9-1r 1 10-TH po3psaauum LM

[IporpamoBanuii cHiAKyOUHi TaiiMep 3 BOYJJOBAaHUM TaKTOBHM I'€HEPATOPOM

8-mu kananpHUM, 10-TH po3psaamii ALIIT

CrernianizoBaHi pyHKIIIT MIKDOKOHTpOJIEpa:

Apk.
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- PEXKUMHU 3HUKEHOTO €HEPTOCTIOKUBAHHS:
- cnokoro (ldle), exkonomiunuii (Power Save) i Bigkaodenns (Power Down)
- pOrpaMHo - BUOpaHa 4acToTa TaKTOBOTO FeHepaTopa
- 30BHIIIIHI 1 BHYTPIIIHI JKepelia IepepruBaHHS
Crenmdikarii:
- MikpomoryTHsi, BUCOKomBHaAKIcHa TexHonoriss CMOS.
- [ToBHICTIO CTaTUYHHI PEKUM POOOTH.
- CrnoxxuBaHa noTy>xHicTb ipu 4 Mri, 3 B, 25°C:
- AKTUBHUH pexuM: 5.5 MA
- Pexxum criokoro: 1.6 MA
- Pexxum BinkimoueHHs: <1 MkA
- ®yukii 1/0 1 kopycwu:
- 32 nporpamoBanux JiHii 1/0, 8 BUXigHUX JTiHIN, 8 BXIHHUX JIIHIN
- kopiryc 64-pin TQFP
- Hanpyra >xuBieHHs: Bin4.0B 105.5B

- Jl1ama3oH TaKTOBUX YacCTOT: Bix 0 go 6 Mrn

ATmegal03 € 8-Mu po3psaauM MikpokoHTposiepom CMOS 3 HU3BKHUM piBHEM
eHeprocnokupaHHs, 3acHoBaHuM Ha AVR RISC apxitektypi. 3aBAsku BUKOHAHHIO
BHUCOKOITPOJIYKTUBHUX THCTPYKI[M 3a OAWH Tepion TakToBoro curHainy, ATmegal03
Jocsirae MpoAyKTUBHOCTI, 110 HabmmkaeThes 10 piBHs 1 MIPS na Mri, 3a6e3neuyroun
PO3POOHUKOBI MOXJIMBICTh ONTUMI3yBaTH PIBEHb €HEPTOCIOXKUBAHHS BIAMOBIIHO 0
HEO0X11HOT 00UHCITIOBATILHOT PO TyKTUBHOCTI.

Anpo AVR, 3acHoBane Ha BIockoHaneHiil apxitekrypi RISC, mictuth MOTyTHIM
HaOlp IHCTPYKUINA 1 32 pobouyux pericTpa 3arajabHOro npusHaueHHs. Bei 32 perictpu
0e3mocepeTHb0  MIAKIIOUEHO A0 apudMeTuKo - JoriuHoro mpuctporo (AJII), mio
3a0e3nedye J0CTyM 0 ABOX HE3aJEeKHUX PETICTPIB MPU BUKOHAHHI OJIHIET IHCTPYKIIT 3a
ONIMH TakT. B pe3ynpTaTi, MaHa apXiTeKTypa Ma€ BHINY €(PEKTUBHICTh KOIy, MPHU
MIJBUILIEHHI TPOMYCKHOI CHPOMOXHOCTI, ax A0 10 pa3iB, B MOpPIBHSAHHI 13

cTaHgapTHUMH MikpokoHTposiepamu CISC.

3MH.
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ATmega 103 wmae: 64/128 Koaiit Flash - mam'sti 3  miaTpuMKORO
BHYyTpillIHbOCUCTeMHOT0 TporpamyBanHs, 2K/4K 6aiit EEPROM, 4K6aiit SRAM, 32
niHii [/O 3arampHOTO TpU3HAYCHHS, § BUXIMHUX JIHIA, 8 BXITHUX JiHIH, 32 poOodmx
perictpa 3arajdpbHOrO0 MpHU3HAYEHHSA, KOHTpoiep peanbHoro uacy (RTC), 4
yHIBepcalbHUX TaliMepa / JiuuibHUKA 3 pexumamu nopiBHsHHA 1 IIIIM, UART,
IpOrpaMoOBaHUI CHIJIKYIOUUi TaiimMep 3 BOYJOBaHMM TaKTOBUM reHeparopoMm, SPI-
MOCHIJIOBHUNA TIOPT, a TaKOoX, TPU MPOrPaMHO BHUOPAHUX PEKUMU EKOHOMIT
€HEProCIOKUBAHHS.

Pexxum ouikyBanHs «Idle Mode» 3ynunsie CPU, ane no3Bonsie (pyHKIIOHYBaTH
SRAM, Taitmepy / niunnbHukam, nopty SPI 1 cucremi nepepuBanb. Pexxum exoHOMIT
eHeprocnoxxuanHs «Power Downy 30epirae BMICT pericTpiB, aje 3yINUHSA€E TAKTOBUI
TeHEPATOp, BIAKIIOYAIOUM PEIITY BCIX (DYHKII MIKPOKOHTpPOJIEPA, aK 10 HACTYIHOIO
30BHINIHBOTO TEpepUBaHHsA, a00 J0 amapaTHOl 1HIimiam3aiii. ¥ pexumMi eKOHOMIi
eHeprocnoxkuBanHsi (Power Save) TakTOBUI TreHepaTop TaiiMepa MPOAOBKYE
(YHKI[IOHYBaTH, JO3BOJISIOYM KOPUCTYBAa4yeBl MIATPUMYBAaTH KOHTPOJIb 4acy B TOH yac,
K peinTa BCix (QyHKIIIH MiIKPOKOHTpOJIepa BIKIIIOUCHA.

[TpucTpiii MpoBOAUTHCS 13 3aCTOCYBAHHSM TEXHOJOTM HE3aJNEeXHOI Mam'sTi 3
BHUCOKOIO MIUIBHICTIO PO3MIIIEHHS, po3pobiieHor0 B Kopropaiii Atmel. BOymoBana
Flash - mam'sTh 3a0e3meuye MOXKIUBICTh MEPEHPOTrPAMyBaHHS MPOTPAMHOTO KOIY Y
CKJIaJll CHUCTEMHU 3a JIONIOMOIOK TMOCTIJOBHOTO iHTEpdelicy, abo 3a JO0MOMOroio
CTaHJApPTHOTO  IporpaMaropa  HE3aJeKHOI  mam'siTi.  3aBASKM  MO€AHAHHIO
BliockoHasieHoro 8-mu pospsgHoro RISC CPU 3 Flash - mamM'atTio 3 miaATpUMKORO
BHYTPIIIHBOCUCTEMHOTO  MPOTpaMyBaHHS  HAa  OJHOMY  KpHCTajil  BHMILIOB
BHUCOKONPOAYKTUBHUN MikpokoHTposiep ATmegal(03, mo 3abe3neuye THyuYke 1
PKOHOMIYHO - BHUCOKOC(EKTHUBHE DPIllICHHS Jisg 0ararboX J0JaTKIB BOYIOBYBaHUX
CUCTEM YIpaBIiHHS.

AVR ATmega 103 miaTpuMmyeTbcs MOBHUM HAOOpPOM HporpaMm 1 MaKETiB s
po3po0KH, BKItOHYarouu: kommuisitopu C, MakpoaceMOsepy, BiITIAAUYUKN / CUMYJISITOPU

nporpam, BHYTPIIIHBOCXEMHI eMYJIATOPU 1 HAOOPH JJIsl MAKETYBaHHS.

Apk.
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2.5 Po3po0xa nporpamMHoro 3aée3ne4eHHs1 CHCTEeMH KOHTPOJIIO po60TH

aBTOoMaTHYHOro Kiaw4ya AITP-2B B cTeHI10BUX yMOBax

B manomy po3mini HaBejeHa mporpama ska 3ade3neuye BUKOHaHHS (QYHKITIH

CUCTEMU KOHTPOJII0 poboTu aBToMatuyHoro kiroda AITP-2B B crennoBuX ymMmoBax

program project;

{$SNOSHADOW?}

{$WG} {global Warnings off}

Device = megal03, VCC=5;

Import SysTick, ADCPort, LCDport, MatrixPort,LPTport;

From System Import ;

Define
ProcClock  =1000000;  {Hertz}
SysTick = 10; {msec}

StackSize = $00FA, iData;
FrameSize = $00FA, iData;
ADCchans =8, iData;
ADCpresc =128;

LCDport = PortD;

LCDtype = 44780;

LCDrows =1, {rows}
LCDcolumns =8; {columns per line}

MatrixRow = PortE, 0;  {use PortD, start with bit0}
MatrixCol  =PinD, 1; {use PinD, start with bit1}
MatrixType =3, 3; {3 Rows at PortD, 3 Columns at PinD}
LPTport =PortB, PortA; // DataPort, ControlPort
Implementation
{$IDATA}

{ Type Declarations }
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{ Var Declarations }

{$IDATA}

var

value,a: word;

m,n,data,byteH,byteL ,byteH tetradaH,byteH tetradal,byteL tetradaH,bytel tetr

adaL.: byte;

{ functions }
procedure InitPorts;
begin
DDRA:=0;
DDRB:=0;
DDRD:=0;
DDRE:=0;

end InitPorts;

{ Main Program }
{$IDATA}
begin
InitPorts; {Inimianizyemo moptu }
Enablelnts;
n:=1; {Ilo 3aMOBYyBaHHIO BCTAHOBIIIOEMO HOMep kaHaiy AL}
Lptinit; {Iaimianizyemo LPT mopt}
loop
LptOut(8); { CTBOproeMO CTpOOYIOUHIT CUTHAIT OJTUHUIIS |

mDelay(1); {3aTpumka mo gacy}

Apk.
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LptOut(0); {CtBoproemo cTpoOyrounii CUrHaII HYJIb }
mDelay(1);

m:=Lptlnp(); {Hutaemo moment 3 MK}

If ReadKey(Key9) then m:=2000; endif;

If ReadKey(Key6) then m:=2500; endif;

If ReadKey(Key3) then m:=3000; endif;

If ReadKey(Key8) then m:=4500; endif;

If ReadKey(Key5) then m:=6000; endif;

If ReadKey(Key2) then m:=7000; endif;

If ReadKey(Key7) then m:=8000; endif;

If ReadKey(Key4) then m:=9000; endif;
Value:=GetADc(1); {3nauenns curnairy Ha ALIT}
LcdClr; {Ouumaemo nucrieit }
Write(LcdOut,IntToStr(integer(n))+'="+IntToStr(Value)); {Buoaumo Ha

nucIIier iHpopmMarriio}

{3nauenns curnany sike croproe ALII € nBox OailiToBe, TOMY CIIOYATKY JALTHMO

3HAYEHHA Ha OaliTH }

byteH:=byte(Value); {Crapuuii 6aiT}

a:=Value shl 8; {3cyBaemo Ha 8 GiT BIIiBO 1 OTPUMYEMO MOJIOIIINI OaiiT}

byteL:=byte(a);

byteH_tetradaH:=byteH AND $F0; {®opmyemo crapiiy TeTpaay CTapIioro
Oaiity momHoxxumu Ha 11110000b

1100 HEBIUIMBAJIO HA CTPOOYIOUMIA CUTHAT }

byteH_tetradaL:=byteH shl 4; {®opmyemo Mooy TeTpaay cTapuoro 6anTy
3CYHYBIIHM Ha 4 O1TH BJIIBO}

{AHayIOoriyHO POOUMO JJIs1 MOJIOAIIOTO OalTy }

byteL tetradaH:=byteL. AND $FO;

byteL tetradal:=byteL shl 4;

{IToueproBo nepegaemo 4 TeTpaju}

LptOut(8);
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mDelay(1);
LptOut(0);
mDelay(1);
LptOut(byteH_tetradaH);
mDelay(1);
LptOut(8);
mDelay(1);
LptOut(0);
mDelay(1);
LptOut(byteH_tetradal );
mDelay(1);
LptOut(8);
mDelay(1);
LptOut(0);
mDelay(1);
LptOut(bytel_tetradaH);
mDelay(1);
LptOut(8);
mDelay(1);
LptOut(0);
mDelay(1);
LptOut(bytel_tetradal);
mDelay(1);

{51110 MOMEHT TIepPEBHUIIYE 3aJIaHUI TO MOJAETHCS CUTHAJ 1 IBUTYH BUMUKAETHCS }

if (Value>m) then
DDRB:=100000b;
endfi

endloop;

end project.
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BUCHOBKUA

B 6akanaBpchbkiii poOOTI Ha OCHOB1 OOTPYHTYBaHHS JAOLIIBHOCTI BUKOPUCTAHHS
3aco01B MexaH13aIlli Mpyu BUKOHAHHI CIIYCKO - MiINMaJIbHUX OTepalliii MpOBEICHO:
- OOTpyHTYBaHHS HEOOXIHOCTI KOHTPOJIIO KPYTHOTO MOMEHTY IIPH pOOOTI
MexaH13oBaHoro kiroua AITP-2BB;
- BHU3HA4YEHI MapaMeTpu MexaHizoBaHoro kiatoua AIIP-2BBb, ski migisraroTs
KOHTPOJTIO;
[IpoBeneHa po3poOKa CUCTEMU KOHTPOJIIO poOOTH aBTOMAaTHYHOrO Kitoya AITP-
2B B CTEHIOBUX YMOBAX, sIka BKIIFOYAJIA;
- oOrpyHTYBaHHS 1 BUOIp JaBayiB;
- PO3pPOOKY CTPYKTYPHOI CXEMU CUCTEMU KOHTPOJIIO pOOOTH aBTOMATUYHOTO
kioua AITP-2B B cTeHI0BUX yMOBax;
- PO3paxyHOK J1aBaya;
- BHUOIp MIKPOKOHTPOJIEPA;
- pO3pOOKY MPOrpaMHOrO 3a0E3MEUCHHS CHUCTEMH KOHTPOJIO poOOTH

apToMatn4Horo kiroya AIIP-2B B cTeHnOBUX yMOBax
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BIBJIOI'PA®IYHA JOBIAKA

Tewma 6akanaBpcbkoi poootu: «PO3POFKA CUCTEMU KOHTPOJIFO POFOTH
ABTOMATHYHOI' O KJIKOYA AIIP-2BE B CTEH/JOBUX YMOBAX »

OO0cAr nosICHIOBAJILHOT 3alUCKKU: 59 apKyIiB

[Tepenik rpadiuHoro Marepiaty:

KBP.CI- 01.00.001
KBP.CI- 01.00.002

Konctpykitis aBromarnunoro kitoda AITP-2BbB (apkyrmis — 1).

['padiku 3anexxHocTEd KPYTHOrO MOMEHTY M Bij KUIBKOCTI

yaapiB N Boauna AIIP-2Bb npu 3rBuHYyBaHHI 1 pO3rBUHYYBaHHI TPyO JiaMeTpoM

60 mM; kpytHoro mMomeHTy M Big uwcia yzaapiB n Boawia AIIP-2 Bb mnpu

3TBUHYYBaHHI 1 PO3rBUHYYBaHHI TpyO giameTrpoM 89 MM (pyyHE IOKPIIJICHHS)

(apkyrmiB — 1).

KBP.CI- 01.00.003 Krnacudikaiiiss METO/1iB KOHTPOJIIO MOMEHTY Ha Bajii BUPOOHH-

YUX MEXaHi3MiB (apkymriB — 1).

KBP.CI- 01.00.004 3aransuuii BUriIs 1aBada kpyTHoro momenty Magtrol TF 216

(apxymriB — 1).
KBP.CI- 01.00.005

CTpyKTypHa cXeMa CUCTEMH KOHTPOJIFO POOOTH aBTOMATHIHOTO

kiaroua ATTP-2B B cTeHn0BHX yMoOBax (apkymiris — 1).

KBP.CI- 01.00.000

El [IlpunHummnoBa cxemMa CHCTEMH KOHTPOJIO poOOTH

aBToMaTryHOro Kimouya AIIP-2B B crenmoBux ymoBax (apkyimiB — 1).

KBP.CI- 01.00.000 E2 [IpuHIMIIOBA €JIEKTPUYHA CXeMa EJIEKTPOHHOIO KIIHYa

(apxymriB — 1).
KBP.CI- 01.00.005

OyHKIIOHATbHA ~CX€Ma CHCTEMH KOHTPOJI  POoOOTH

aBToMaTHyHOrOo Kitoua AITP-2B B crenmoBux ymoBax (apkyimiB — 1).

JlaTa 3aBepiieHHs OakaaaBpChKoi podoTu 08.06.2026 poky
Crynenr-6akaiaBp B.B. I'epa
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