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HEPEJIIK CKOPOYEHDb
bK — 650k kepyBaHHs;
YH3 — yMOBHO Harpirta 30Ha;
AVR — Advanced Virtual RISC — poanHa BocbMHOITOBHX
MIKpOKOHTpoJiepiB pipmu Atmel;
EEPROM - Electrically Erasable Programmable Read-Only Memory —
MOCTIMHMM 3armam'iTOBYBaJIbHUI IPUCTPiil, BUJT €eHEPTrOHE3AJICKHOI I1aM’sITi;
RAM — Random Access Memory — onepaTiBHa mam'siTh;
LI — neHTpasbHU TPOLIECOPHUM MPUCTPIH;
AJII — apuMeTHKO-ITOTIYHUN TPUCTPIf;
P3II — pericTp 3arajibHOT0 MPU3HAUCHHS;
O3II - onepatuBHUI 3aMaM'sSTOBYIOUUN TTPUCTPIiA;
SRAM — BHYTpillIHS OTIEpaTUBHA CTATUYHA MTaM'STh;
ALII — ananoro-un@poBuii nepeTBOprOBay;
LHAIT — nudpo-ananoroBuii epeTBOPIOBaY;
[IIM — mpoTHO-IMITYJIbCHA MOTYJIALIIS;
AC — Analog Comparator — aHaj0roBuii KOMIaparop;
USART - Universal Asynchronous Receiver/Transmitter — yHiBepcaJibHUit
ACMHXpPOHHUU NpHiimMay/nepenaBady;
SPI — Serial Peripheral Interface — mocnigoBuuii nepudepitauit
TPHOXIIPOBIAHUY 1HTEPPEIic;
TWI — Two-wire Serial Interface — aBoapoToBHii mocmigoBHH# iHTEPDEIIC;
I12C — nBOApOTOBA ABOHAIIpABIICHA IIIMHA JTAHUX;
SCL — niHii TaKTOBOTO CUTHAIY;
SDA — minii ga"ux;
JTAG — Joint Test Action Group — inTepdetic;
RTC — Real-Time Clock — roguaHuK peanbHOro Hacy;
BOD - Brown-Out Detection— ckumaHHs Tpud  3HWKEHHI Hampyru

JKHUBJICHHA,
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SMD — Surface Mounted Device - TexHOIOTiSI TOBEPXHEBOTO MOHTAXY;

PEA — panioenexkTpoHHa anaparypa.

PA41¢c.468332.001/13
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BCTYII

Bynp-axuii cydacHUM TEXHIYHMM TPHUCTPIM, 110 MICTHTh pyxomi poOodi
opranu, Mae y cBoemy ckiafai 6sok kepyBanHs (bBK). besnocepeanimu pytmisimu
(BUKOHABUYMMHU MEXaHI3MaMM) IIMX OpraHiB € NPHUBOJAU, IO MPEACTaBISIOTH
co00r0 IPUCTPOi Pi3HOT NMPUPOJIU: CICKTPUYHI, €ICKTPOMArHiTHI, TipaBIiyHi,
MMHEBMATHYHI 1 T. 1. 3aBJIaHHIM 3TaJJaHOTO OJIOKY € IUICCTIPSIMOBAHUNA BIUIMB Ha
HUX 3 METOIO 3MIHHM XapaKTePUCTUK PyXy pOOOUYMX OpraHiB: iX MIBUJIKOCTI, KyTa
MIOBOPOTY, MOJIOKEHHSI TOIIIO.

OYHKIIOHATBHUM TPU3HAYECHHSAM OJIOKa KEepyBaHHS T1JpPaBIIYHOIO
CTaHIIIEI0O € KEpyBaHHS BUKOHABYUM IMPUCTPOEM — OosapaoMm (Oap'epHuii
3aropoIKyBAJIbHUN MEXaH13M).

bonapn mpuszHaueHui JUisi BUKOPUCTaHHS HA MPOI3HIA YacTHHI JOPOTH,
B’i3/11B, BUi3/iB, MAPKOBOK Ta 1HIIMX MICISIX aBTOMOOLIBHOIO Ta IMIIIOX1THOIO
pyXy 3 METOI0 Oprasizaimii KEpOBaHOIO MPOIYCKY TPAHCIOPTHHUX 3aco0iB.
Takox  meBHI  Buad  Oojap/iB  MOXYTh  BHUKOPHUCTOBYBAaTHCh B
AHTUTCPOPUCTUIHUX ITiISIX.

BukonaBuuii 6ap'epHuil 3aropoKyBaIbHUN MEXaHI3M CKIIAIA€ThCS 3:

- Kopnycy (HepyxoMa yacTtuHa);

- 3aropo/iKyBaibHOI TpyOHU (pyxoma 4yacTuHa);

- 'igpormminapa;

- 'epmeTraHOI KITeMHOT KOPOOKH OoJtapa sl €ICKTPUYHUX 3’ €THAHb;

- JlaTunka KpalHBROTO BEPXHBHOTO 1 HWKHBOTO TIOJOKECHHS PyXOMOi
YaCTUHU (TEPKOHA).

- CBITOBOI 1HJIUKAIIIT;

- MiHirigpocTaHiiii;

- [TixirpiBy (omiiiHO);

biok kepyBaHHsS Kepye poOOTO MIHITIAPOCTAHIli, SIKa Ma€ B CBOEMY

CKJazl 6aK 3 MacjaoM, eISKTPUIHUI IBUTYH 1 T1IpOHACOC.
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[Ipn HakadyyBaHHI MIHIT1IPOCTAHIIIEI0 Macjia B MOPOXHHUHY MiAHIMAHHS
rigpouniiapa — 6onapa miaHiMaeTbes. [Ipy HakauyBaHHI MIHITIIPOCTAHIIIEO
Macja B IOPOKHUHY OMYCKaHHS T1APOIMITIHAPA — 00Iap/] OIMyCKAEThCS.

Mertoro BukonanHs JIKP € po3poOka Ta BUTOTOBJICHHS OJIOKa KEPyBaHHS
TiApaBIIYHOO CTaHIielo Oonapaa. Po3poOka KOMILIEKTY KOHCTPYKTOPCHKOI
JOKYMEHTAIlli Ui MOro MOJajbIIOro cepiifHoro BUpoOHUITBA. JlokmagHimie

MPOBOJIUTUMETHCA PO3pPOOKa IPYKOBAHOI IJIATH JAHOTO OJI0KA KEpyBaHHH.

Apk.
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1 AHAJII3 TEXHIYHOI'O 3ABJIAHHA

3rifHO TEXHIYHOTO 3aBIaHHS HEoOXiAHO po3pobutu «brmox kepyBaHHs
TiIPaBIIYHOIO CTAHINEIO», SKUM JTO3BOJUTH KEpyBaTH POOOTOI0 BUKOHABUYMMHU
IPUCTPOSIMU — IBOMA OoJiapaamu.
XKupnenns npunany BinOyBaeTbCs BiJl MEPEXi KUBICHHS 3MIHHOTO CTPYMY

220 B, gyacrora 50 I't1 1 ctpym He OUIbII HiXk 6,2 A.

[Tpuctpiit MicTUTUME MTOTEHIIIMHI BXOAN KEPYBAaHHS, CYMICHI 3 BUXOJIaMHU THUITY
«CYXHI KOHTaKT» a00 «BIAKPUTHI KOJIEKTOP» JJIS:

- koMan «Iligiiom», «OnyckaHHs», «3yUHKaY;

- JAaTYMUKIB BEPXHHOI'O 1 HUKHBOIO MOJIOKEHHS 1 JAaTYUKIB MPUCYTHOCTI —
1H(payepBoHOTO 6ap’epy ab0 IHAYKIIHHUX METEIb.

[TpucTpiif MiCTUTHME NOTEHLIMHI BUXOIU TUITY «BIAKPUTUN KOJIEKTOP» AJIA:

- iuaukanii 12B 1A (s MOXIMBOCTI BUKOPUCTAHHS CBITJIONIOHUX MOTYJIIB
a00 CTPIUKM IS IHIUKAIT BEpPXHBOTO rabaputy 0onap/a)

- ctabumizatop crpymy 0,7A (i1 MOKIMBOCTI MiaKIIO4eHHs: 3BT cBITIIONIOA1B
0e31mocepeIHbO 0 KOHTpoJiepa ISl 1HAMKaIlll BEpXHbOTO rabaputy 0osap/a)

- Buxonu 12B 0,1A, sxi BimoOpaxaroTh CTaH MPUCTPOIO — MIJTHATHA BBEPX,
OIyIIEHUH BHU3 UM B HAIIBOIAHATOMY CTaHI.

- MOJXJIMBA peali3allis JOJAaTKOBUX TajlbBaHIYHHUX BXOJMIB 1 BHXOMIIB IS
3a0e3MeueHHs po3IMpPEeHHS (YHKI10HATBLHOCTI B MallOyTHbOMY.
Ha xonTposiepi 610ka KepyBaHHS MOTPIOHO 3a0€3MEUUTH OpraHu BUOOPY PEKUMIB
1 HAJIAIITYBaHHS TTapaMeTPIB MiJ Yac eKCIuTyaTallii (TakTOBl KHOIKH, IepeMuKaul,
NOTEHI[IOMETPY, NPHU3HAYEH]1 JJIi BCTAHOBJEHHS 3HAUYEHHS PEXUMIB POOOTH 1
napameTpiB IPUCTPOIO)
bK noBunen wmatu inTepdeiic RS485 — gnga 3abe3neyeHHST MOMKIMBOCTI
MIJKJIIOYEHOTO JPOTOBOTO MyJIbTa KEPyBaHHS, BIJIaJICHOr0 Ha BifacTaHb j0 700

METPIB.
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Peanizamito eneMeHTy KepyBaHHS MOTYXHICTIO TIJPOCTAHIIM IMITyJIbCHO
($ha30BUM CIIOCOOOM 3 BUKOPUCTAHHSI CUMHUCTOPA JJISI MOXKJIMBOCTI peatizaliii 3MiHH
IIBUIKOCTEHN pyXy OoJsapaa.

Peanizaliiro ejJeMeHTHY 3amipy CHOXKMBAHOTO TiJPOCTAHIIEID CTPyMy IS
3a0e3MeYeHHsI BUSBY MEPEIIKOIN Ha NUIAXY PyXy OoJap/a.

MeToro TpoeKTy € TMOBHA peasizallisi TEeXHIYHOTO 3aBIaHHS 1 BUTOTOBJICHHS

rOTOBOT'O 3pa3Ka MPUCTPOIO.
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2 AHAJII3 AHAJIOI'IB

CBiTOBMMHU JiJiepamMH 3 BUPOOHMIITBA CUCTEM JUCTAHIIHOTO KEPyBaHHS
JOCTYIIOM, TIPHUCTPOiB OJOKYBaHHS, aHTHUTApAaHHUX IMPHUCTOIB, OOJapiiB Ta
IPUCTPOiB KepyBaHHs € 1Tamiiiceki kommanii: «FAACy», «Fadini»y, «O&O»,

«Pilomaty.

VY sikoCTI aHanory Bi3bMeMO OJIOK KepyBaHHS KOMITaHii

«Fadini» ELPRO S40 [1] pucynku 2.1-2.2.

Puc.2.1 [ligkmouennsst ELPRO S40 no wotuprox 6omap/iiB

ELPRO S40 sBnse coborwo OJIOK KepyBaHHS, SKUH CKIATA€ThCA 3
MIKpOMPOLIECOPHOTO KOHTPOJIEpa, CIELIaJbHO PO3POOJIEHOr0O Jisi KEepyBaHHS
rinpaBniuAnMK  Gomapaamu. MOro TroNOBHOI OCOONHBICTIO € MOMKIHBICTH
KOHTPOJIIOBaTH A0 YOTHPHbOX OOJapJiB OJIHIEI CHNUIbHOI TIPyNU OAHOYACHO.
ToOTo0, Mpy BUKOPUCTAHHI 3 OJTHUM OJIOKOM KEPYBaHHSI BiJ] OJTHOTO 0 YOTHUPHOX
OonapiiB, BOHM MOXYTh NIJHIMATUCh a00 OMYCKaTUCh TUIBKA pazoM 1
onHovyacHo. Cepel OCHOBHUX OCOOJMBOCTEH € HACTYIHI PEXUMHU POOOTH:
aBTOMaTHYHE a00 HaIiBaBTOMAaTUYHE 3aKPUTTS, PEBEPCHUBHE 1 HEPEBEPCUBHE
KEepyBaHHA B PEXUMI OUIKYBaHHS, JUCTAHIIIITHE KepyBaHHA 0€3 KaOeto, pexkum

13 3yIIUHKOIO M1 BEpXHIH 1 HIYKHIM TOJIOKEHHSM, KEPYBaHHS 1HAUKAIIETO.

Apk.

PA41¢c.468332.001/13

3M.

Apk. Ne dokym. Mlignuc | Aama

10




brokx kepyBaHHS OCHAIIEHWN OKPEMHUMH KJIeMaMU JUIsi BUXOJIIB
JKUBJICHHSI TIJPABIIYHOI CTaHIli YW JBUTYHA, a TaKOX  KJIeMaMHu JUIs
1 IKITFOYCHHS KOHIEHCATOPIB, SIKIO B HUX € HEOOX1AHICTb.

o ELPRO S40 MOXJIMBE TJIKIIOYEHHS MOJYJISI JTUCTAHIIHHOTO
kepyBaHHA. KoHTposiep B3aeMoie 3 CBITIO(QOpPOM, MOJAIOYU CUTHAIM HA TpU
JaMnu (4€pBOHY, )KOBTY 1 3€JICHY).

Elpro S40 Bxmouae B cebe OKpeMi KIEMH JUIS i1 €HAHHS
CJICKTPOKJIANIaHa, JO3BOJISIIOYN OOJapay OMYCTUTHCS, Yy BHUIAIKy BUMKHEHHS
CJICKTPOCHEPT1i.

HasBHi Takox 1HAMKATOpPH y BUIJISAI CBITJIOAIONIB, K1 1H(POPMYIOTH
PO KOPEKTHE YW HEKOPEKTHE Mija’ €JHaHHA NpUcTpoiB 10 bK.

3HIMHI KJIEMHI KOJIOAKM JO3BOJISIIOTH JIETKO BHUKOHYBaTH oOmeparlii
3'enHaHHS. 3amoODKHUKK 3a0€3MeUyl0Th 3aXHCT OCHOBHMX KOMIIOHEHTIB

(puc.2.2).

KINEMW AT15 CBITIIO®OPA

s e KIEMM A7151 PABIOMOAY/S

T LBOPSIAHWV MEPEMUKAY

............. KNEMU 4715 IHQUKALIT

ELPRO S40

Lemmens KINEMM 7151 ABUTYHIB 1,2

- QGodhm -~~~ =- KIMEMU 1151 ENEKTPOKITAMAHA

e KJIEMM 7151 ABUTYHIB 3,4

/

Puc.2.2 Elpro S40
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TexHiuH1 XapaKTEPUCTUKHU:
Hanpyra xxunennst 230 B. Yactora 50 I'ig
MakcuManibHa Hanpyra CroXuBaHHs npuctporo 230B.
Buxingna nanpyra 24 B.
Buxigna notyxHicts 10 BT.
MaxkcumanbHa NOTYXHICTh 1BUryHa 330 BT.
MakcumanbHU 3arajJbHUN  CTPYM CIIOKUBAaHHS MPUCTPOIO BIJI MEPEXKI
YKUBJIEHHS 3MiHHOTO cTpymy 230B, 630 MA.
Cranpapr 3axucty [P 64.
Posmipu 60kcy 295x210x110 mm.
Marepian 60kcy nmosikapOoHar.
Komip 6okcy cipwuii.
Bara 2,2 xr
Tpanchopmarop:
[ToTyxHicTh 5 BT.
Hanpyra xuBnenns 0 - 230 B.
Buxinna nanpyra 0 - 24 B.
Po0Ooua yacrora 50 I'11.
[Ile omnuM npuKIAAOM SKICHOI (YHKI[IOHAIBHOI peai3aiii € OJIoK
kepyBanHus PL152011 xommanii «Pilomaty [2] Puc.2.3. IIpo #oro Mo>kJIuBOCTI 1

GyHKIIIT MOYKHA [i3HATHCS 3 HACTYMHOI Tabmui 2.1,

Apk.
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Tabmuusa 2.1 3’enHyBangbHa KJIEMHA NTaHEb

Knemu OyHKIIIs

1-2-3 3a0e3neueHHs nia'eqHadgds 10 KieM 33-32-31 i3 3an001KHUKOM

4-5-6-7-8 [Tix'eqHaHHS 10 CHIIOBOTO T1APABIIYHOTO OJIOKY

9-10 [lig'eqHaHHs TPUCTPOIO ABTOMATHUYHOTO OITYCKaHHS y pasi
BIJIKJTFOUEHHS eNleKTpokuBieHHs 230B

11-12 [lix'eqHanHs 10 3a11001KHOTO THEBMOTIEPEMHUKATY

13 3aranbHUI KOHTaKT JUIsl KIHIEBOTO TIepeMHKaya - 3ymepa -
MHUTOTJINBOI JIAMIIOYKHU

14 [lix'eqHaHHS 10 KIHIIEBOTO IMepeMUKavYa HIXKHBOT MEXK1
npuctporo FAAC CITY

15 [Tig'enHaHHS 10 IEPEPUBYACTOTO 3yMepa

16 [lig'ennanus g0 iHAUKALIT OJI0Ka KepyBaHHS

17 3aranbHUI KOHTAKT AJIs KIHLIEBOTO IIepeMuKaya - 3ymepa

18-19 [Tig'ennanus g0 iHAMKAIIT 60mapaa

20-21-22-23 | Ilig'eqHaHHs 10 A€TEKTOpA IHAYKTUBHHUX METEIb.

24-25 Bxin nns koMaHau OMmyCKaHHS.

26-37-28-29- | Ilix'emnaHHs MPUCTPOIO TOJa4i KOMAHIHM OITYCKaHHS.

30

31-32-33 3a0e3neueHHs Mmig'caHaHHga OO0 KieM 3-2-1 13 3aXHUCHHM
3a001KHUKOM.

34-35-36-37- | Ilin'ennanHs 10 pobovoro TpanchopmaTopy

38-39

40-41-42 [Tin'ennanns 230B no «BorHiB Tpadiky» 1

43-44-45 [lin'ennanns 230B 1o «BorHiB Tpadiky» 2

46-47-48 JlucraHIiiiHe TOBTOPEHHS «BOTHIB Tpadiky» (BIIbHUMKOHTAKT).

49-50 [lig'enHanHs A7 KHONKY aBapiifHOTO OMMYCKaHHS

51-52 [Tin'eqnanns 230B o enexTpudHOi cxemi

53 He BukopucroByerbcs

54 ITix'equanus 3a3eMIIEHHS

55-56-57-58- | Ilig'eqHaHHsA 101aTKOBI

59
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Puc.2.3 bnok kepyBannst PL152011 xommanii «Pilomaty

biok kepyBanns PL152011 BUKOpUCTOBYEThCA I KEPYBAHHS OJHOTO
Gomapna. Moro o0coGIMBICTIO € MOMIHBICTh MiAKIIOUEHHS KOHTpOJIEpa
IHAYKTUBHUX TETENIb Ta OKPEMUX MOIEPEIKYBAIBbHUX CBITIO(OPIB .

binok kepyBanHs kommanii «Pilomat», sik 1 «Fadini», ocHameHui
OKpPEMHUMHU KJIEMaMU JJIsl BAXO1B KMBJIEHHS T'APABIIIYHOI CTAHIIIl Y4 JIBUTYHA, a
TaKOXX  KJIeMaMH [UJIs TIAKIIOYEHHS KOHJCHCATOPiB, SKII0O B HHX €
HEOOX1/IHICTb.

PL152011 Takox Mae okpemi KJIeMU IS i’ €THAHHS eJIeKTpOKIIarnaHa,

JI03BOJISIIOUM OOMapAy OIMYCTUTHCS, Y BUMAAKy BUMKHEHHS €JIeKTpOEHeprii.
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3 PO3POBKA CTPYKTYPHOI TA IIPMHLIUIIOBOI EJIEKTPUUHUX CXEM

3.1 Po3poOka cTpyKTypHOi cxemu

Buxoasun 3 ornsgy aHaioriB Ta IOCTaBiCHOI 3amayl  Ta IjIeH
BukopuctanHa  BK, cxemy  po3poOmioBaHOi  KOHCTPYKII  MOXKHa
npeacTaBuTH(puc. 3.1) y BUTISAI1 HACTYITHUX OJIOKIB:

Emok wugnesHa +12 8 |
Momenuyidni "
| Mpadsepu |
rampursﬁf?ﬁt;mnmop; B caimnodiodie =
Momewyidni . Cmabini:
exoou 18 Mikponpouecop - o 135 =
|
Km@ia}-pa@n Apadsepu iHmepdedcy
mal indurauia R5485 (2 wmywu)
pexcumie pobomu
\ll 1
Cunosi auxodu Kowmpans KepyaaHHa
pane 220V cmpyMy =1 ORI

Puc. 3.1 CtpykTypHa cxema

brox kepyBaHHS TiAPaBIIYHOI CTAaHINEI JOIUIBHO peai3yBaTh 3
BUKOPUCTAaHHAM Mikprpouecopa. Lle 103BOJUTH CHPOEKTYBaTH OUIbII THYYKY
cuctemy kepyBaHHs Oonapaom. Takuit BK B momanbmioMmy BUKOPUCTaHHI MOYXHA

IHIITUMH

3aCTOCOBYBaTH  JUISI  KEpyBaHHS BUKOHABUUMH  MPUCTPOSMH:
aHTUTapaHaMH, CHig0aMraMu, BOUBIIMM IIMH Ta 1HOIL. Mikpomporecop
Apk.
PA41¢c.468332.001713
3M. Apk. Ne dokym. Mlignuc | Aama




Oyze peanmizoByBatu Tipoiiecu oOpoOku iH(MopMali 1 KOOpIWHYBaTH pOOOTY
nepudepitHUX MPUCTPOIB.

["onoBHOIO (yYHKIIIEIO TMpoOIecopa € KepyBaHHS CHJIOBUMHU BUXOAAMH pelie
Ha 220 B, nmo sxux Oyne mia’egHaHa TiapapiiyHa craniis. [Iporuiecop monae
CUTHAJIM Ha peJie, 3aMHUKAIOYM 1 PO3MHKAIOUM TPYNU KOHTAKTIB, Ha BHUXOJI
BiI0YBa€THCSl KOMYTAllid €JIEKTPUYHOTO KOJa.

JlaHKa KOHTpPOJIIO CTPYMY JI03BOJIIE KOHTPOJIOBATH CIOXUBAaHHSA CTPYMY
T1APOCTAHLIIEI0 I OIIIHKKM KOPEKTHOCTI 1i pOoOOTH Ta BUSBICHHS PO3IMKHEHOTO
JaHIIOrTy a00 TMEepeBaHTAXKEHHsSI B KoJl TipocTaHIlii. KoHTponb cTpymMy Takoxk
JTO3BOJISIE BUSIBUTHU TIEPEIIKOAY, HANpPUKIaJ aBTO, NpH MiJHIMaHHI Oonapna i
JTI0O3BOJISIE YHUKHYTH MIEPEBAHTAXKEHHS a00 OJIOKYBaHHS.

biiok xepyBaHHS MOTY)KHICTIO JIa€ 3MOTY 3MIHIOBATH IIIBUJIKICTD ITiTHIMAHHS
1 olyckaHHs Oonap/a.

JpaiiBepu CBITIOAIOAIB € JXKEPEJIOM MOCTIMHOrO CTaOLII30BaHOTO CTPYMY.
JpaiiBep npu3HAUYCHU JIJIs1 YIIPABIIIHHS 1 )KUBJICHHS SIK MOYJIbHUX CBITJIO10IHUX
CBITWJIbHUKIB 3 HAPYTOIO KUBJICHHS 12B, Tak 1 OKpeMuX NOTYXHUX CBITJIOII0AIB,
po3paxoBanux Ha cTpyMm 0,6A. JlpaiiBep cBITIOMIOAY 3a0e3medye BHCOKY
eHeproeeKTUBHICTh 1 BUCOKY TOYHICTH cTabumi3aIli podo4oro cTpymy B JOCHUTH
HIMPOKOMY Jlialia30Hi TeMIeparTyp.

[Tpuctpiit Mae OyTH yHIBEpCaTIbHUM 1 MaTH CTaHJAPTHI iHTepdelicy oOMiHY
JTAHUMU.

IaTepdeiic RS-485 HaOUTBII YacCTO BUKOPHUCTOBYETHCS TPU CTBOPEHHI
CY4YaCHUX JIOKAJIbHUX MEPEX P13HOTO MPU3HAYCHHS, TOMY BUHUKAE HEOOXITHICTD y
npoekTyBaHHI jApaiiBepiB RS-485. Bonu mnotpiOHI juis mij’€nHaHHS TMYJIbTIB
KepyBaHHA a0 miakimrodeHHs KoHTposaepiB A0 [TK. RS-485 1e inTepdeiic nepenaqi
JTAHUX JBOIIPOBITHUM HAMiBAYIIJIEKCHUM 0araTOTOYKOBUM IOCIIIOBHUM KaHAJIOM
3B's3Ky. Y craHgapti RS-485 nans mepemaui 1 mpuiioMy JaHUX  4acTo
BUKOPUCTOBYETHCS OJTHA 1 Ta X BUTa mapa ApoTiB. [lepenava qaHmx 3M1HCHIOETHCS

3a 10noMorow audepeHIlialbHUX CUTHAIIB. Pi3HUIA Hanpyru OAHIET MOJSPHOCTI

Apk.

PA41¢c.468332.001/13

3M.

Apk. Ne dokym. Mlignuc | Aama

16




MDK TIPOBIJTHUKAMHU O3HA4Ya€ JIOTIYHY OJWHUIIIO, PI3HUIS 1HIIOI MOJSPHOCTI —
HYJIb.

XKupneHHs mikporpolecopa Ta JIpaiiBepiB 3AIHCHIOETHCS BiJ OKPEMOTO
30BHIIIHBOTO OJIOKY KHUBJICHHS +12 B, 10JaTKOBO BCTAHOBJICHO JIHIWHUN
cTabiizaTop kuBJieHHs +5 B.

Cralimizatop >KMBJICHHS HEOOXITHUN Ui JKUBJICHHS MIKpOIIPOIIecopa,
nepudepii riatu ta Apaiisep inTepdericy RS-485.

Kongirypariis motpiOHa A1 BCTAHOBJICHHS PEXHUMIB poOOTH 1 apaMeTpiB
KOHTpOJIEpa, a IHJIUKAIllg PeXUMIB POOOTH HEoOXigHa Mg Bi3yaJIbHOIO
B1JIOOpa)KEHHS PEXKUMIB POOOTH, MApaMETPiB 1 MOTOYHOTO CTaTyCy MPUCTPOIO.

[ToTeHmiiiHI BXOAM KEpyBaHHSA, CYMICHI 3 BUXOJAaMHU THUIIy «CYXUH KOHTAKT»
a00 «BIIKPUTHUI KOJIEKTOP» HEOOX1JIH1 JIJIS:

- komana «ITigiiom», «OnyckaHH"», «3yITHUHKA
- JIaTYUKIB BEPXHBOTO 1 HW)KHBOTO TOJOXKEHHS 1 JATYMKIB MPUCYTHOCTI —
1H(payepBoHOTO 6ap’epy a00 IHAYKIIHHUX METEIb.

[ToTeH11iiH1 BUXOIH TUITY «BIAKPUTHI KOJIEKTOP» JIJIS:

- ingukanii 12B 1A (1 MOXXIMBOCTI BUKOPHUCTAHHS CBITJIOMIOMHUX MOTYJIIB
a00 CTPIUKM JJIs IHAUKAIIT BEPXHBOTO rabaputy 6osap/a)

- napaiiBep ctpymy 0,7A (st MOKJIMBOCTI miakiatodeHHS 3W CBITIOA10/1B
0e31mocepeIHbO 10 KOHTpoJiepa sl 1HAMKaIlll BEpXHbOTO radbaputy 0osap/a)

- Buxonu 12B 0,1A, sxi BigoOpaxaroTh CTaH HPUCTPOIO — MIJAHATHH BBEpX,
OMYIIICHWH BHU3 YM B HAIIBIIIHATOMY CTaHI.

- MOXJIMBA peaji3allis JOJAaTKOBUX ITOTCHIIMHUX BXOMIB 1 BHUXOMIB JIJIs
3a0e3MeueHHs pO3IUpPEeHHs QYHKI10HATBLHOCTI B MallOyTHHOMY.

Ha mingcraBi aHanmizy oOpaHux aHaJIOTIB, Ta JJIsi CIIPOIIEHHS 1 3MEHIIICHHS

pO3MipiB po3po0atoBaHOTO OJIOKa KEpyBaHHS, PO3MICTUMO YyCi OJOKM Ha OJIHIM
JPYKOBaHiil 1uiarti, okpiM OJIOKY >kuBJieHHA. Lle macte 3Mory CyTTe€BO CIPOCTHUTH,

MOKPAIIUTH MacorabapuTHI MapaMeTpu Ta MPUIIBUIIIUTH BUPOOHHUIITBO JAHOTO

Apk.

PA41¢c.468332.001/13

3M.

Apk. Ne dokym. Mlignuc | Aama

17




amapary. A BUHECEHHsS OJIOKy JKHUBJCHHS OKpeMO 3a0e3Me4YnTh 3MEHIICHHS
HaBOJIOK BiJ TpaHChOpMaTOpYy.

OTxe, ycl paJloeIeKTPOHHI KOMITIOHEHTH OJIOKa KEepyBaHHS PO3MICTHUMO Ha
ONHIM JpykoBaHii tuiaTi. I 3MEHIIEHHS NPOXITHUX BTPAT BHUKOHAEMO
J0AaTKOBO MeTaiizaiito oTBopiB. [1[06 3abe3meuntd yci 11 KOHCTPYKTHBHI
0COOMMBOCTI MjaTa Mae OyTH JBOCTOPOHHS Ta BHUTOTOBJIEHA KOMOIHOBAaHUM

MCTOIOM.

3.2 Po3po0ka enekTpudHoi cXemMu Ta BUOIp eJIeMEeHTHOI 0a3u

3.2.1 Bubip MikpoKOHTpoJiepa

KrnacuuynumMu mnpejcTaBHUKaMU BOCBMU PO3PSIHUX MIKPOKOHTPOJIEPIB €
BupoOu kommanii Intel, Motorola, Hitachi, Microchip, Atmel, Philips, Texas
Instruments, Infineon Technologies (konumns Siemens Semiconductor Group). 3
yCiX BUIIE MEePepaxOBaHUX KOMITaHIN pO3TIsTHEMO MPOAYKIli0 kommnaHii Atmel, a
came MIKpoKOHTpoJepu Ha siapi AVR [3].

ApxiTekTypa MikpokoHTpoisiepa AVR.

Mikpokontposiep AVR wictute: mBuakuii RISK-mporecop, aBa tumnwm
enepronezanexHoi nam'sati (Flash-nam'ate nporpam 1 nam'ate nanux EEPROM),
ornepatuBHy mam'sth RAM, moptu BBOAy / BHUBOIY Ta pi3HI mnepudepiiini
1HTEpPENCHI CXEMH.

Mikpomnporecop.

Cepuem mikpokoHTposiepiB. AVR € 8-6itoBe MikpompoliecopHe siapo abo
ueHTpaibHuii mpouecopuuit npuctpid (LIII), moOGynoBanuii Ha NpUHIMMIAX
RISK-apxitektypu. OCHOBOIO 1BOTO OJIOKY CIYXHUTh apu(PMETHUKO-TOTTUHHMA
npuctpiii  (AJIII). 3a cHUCTEMHOTO TaKTOBOMY CHUTHAly 3 TMaM'aTi Mporpam
BIJIMOBIHO 10 BMICTOM JiiuniabHUKa kKomaH (Program Counter - PC) Bubupaethes

yeproBa komanaa 1 Bukonyetrbcs AJIIL. Ilix wac BuOGOpy komaHmu 3 mam'sATi
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nporpam BiJI0yBa€ThCs BUKOHAHHS MOMEPEIHBOI 00paHOT KOMaHAM, 110 1 JO3BOJISIE
nocarty mBuaxkoaii 1 MIPS na 1 MI'n.

AJIIT migkmroueHo 70 perictpiB 3aranbHoro mnpusHaueHHs P3I1 (General
Purpose Registers - GPR). PericTpiB 3aragpHOro nmpu3HadeHHS BCbOTO 32, BOHH
MarTh OaiiToBUi dopmaT, TOOTO KOXKEH 3 HMX CKJIagaeTbcs 3 BochMu 0iT. POH
3HaXOJATHCS HA TIOYATKy aJpEeCHOrO MPOCTOPY OMEepPaTUBHOI Mam'siTi, aje (Hi3udHO
He € ii yacTuHO0. ToMy 10 HHX MOXHa 3BEpTATHUCS JBOMa criocobamu (SK 110
perictpiB 1 sk g0 mam'sti). Take pimeHHs € ocobnuBicTio AVR 1 minBuirye
e(heKTUBHICTb POOOTH 1 MPOAYKTHUBHICTh MIKPOKOHTpOJIEPA.

BiaMiHHICTE MIXK pericTpaMH 1 OTIEpaTUBHOIO MaM'SITTIO MOJISTa€E B TOMY, 11O
3 pericTpaMu MOXHa poOUTH Oyb-sK1 oneparlii (apupMeTnyHi, JOriyHi, OITOBI), a
B OTIEPATUBHY IaM'sITh MOKHA JIMIIIE 3alIMCYBATH JIaHi 3 PETiCTPIB.

[Tam'ats.

Y wmikpokoHTposniepax AVR peamizoBana ['apBapichka apXITEKTypa,
BIJIMOBIJTHO JO SIKOT PO3JAUICHI HE TUIBKU aJIPECHI MPOCTOPH MaM'aATi Mporpam i
naMm'siTi aHuX, a ¥ muHU goctyny a0 Hux. KokHa 3 obnacteil mam'siti JaHux
(omepatuBHa mam'sitb 1 EEPROM) Takoxx posramioBaHa B CBOEMY aJpECHOMY
IPOCTOPI.

[Tam'ste mporpam (Flash ROM a6o Flash I13V).

[Tam'siTh TIpOrpaM mpu3HayYeHa sl 30epiraHHs MOCTIIOBHOCTI KOMaHI, sIKi
KEpYIOTh (DYHKI[IOHYBAaHHSIM MIKPOKOHTpoJiepa, 1 Mae 16-Tu OITHY opraHi3arliio.
Bci AVR marots Flash-mam'site mporpam, sika Moke OyTH pi3HOTO po3mipy - Bix 1
1o 256 Kbaiir. Ii ronosHa nepesara B ToMy, 110 BOHA MOOY/0BaHA HA TIPUHIIUII
CJICKTPUYHOI TEepenporpaMoBaHoi, TOOTO JOMycKae OaraTOKpaTHE CTUPaHHS 1
3ammmc iHpopmariii. [Iporpama 3anocutses B Flash-mam'site AVR sk 3a momomororo
napajenbHOTO MporpamaTopa, Tak i 3a gonomororo SPI-iHTepdelicy, y ToMy uucii
Oe3nmocepeHbO Ha  310paHiii  1arti. MOXKIMBICTIO  BHYTPIIIHBOCXEMHOTO
nporpamyBaHHs (pyHkiis ISP) uepe3 komynikaniitauii inTepderic SPI BomoniroTh

Bci MikpokoHTposiepu AVR, kpim Tinyl1 1 Tiny28.
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Bci  MikpokoHTposepu  ciMmeiicTBa  Mega — MawTh  MOXIIMBICTH
caMoIIporpaMyBaHHs, TOOTO CaMOCTIHHOI 3MIHM BMICTY CBOil Mam'sTi Mporpam.
[l ocoOnuBICTH 103BOJSIE CTBOPIOBATH HAa iX OCHOBI Jy:K€ THYYKI CHCTEMH,
anroput™M poOOTH sKUX OyJe 3MIHIOBAaTUCA CaMUM MIKPOKOHTPOJIEPOM B
3QJICKHOCTI BiJ] OYJIb-IKUX BHYTPIIIHIX YMOB 200 30BHIIIHIX MOIIH.

["apanToBane uncno nuKIiB nepesanucy Flash-mam'ati y MikpokoHTposiepiB
AVR papyroro mokojiiHHA CTaHOBUTH He MeHIe 10 THC. HMKIIB MPU THUIOBOMY
sHadeHHi 100 tuc. mukmi. (B odimiiaii TexnidHO1 qokymeHTarlii Atmel Corp.
Bxasyerbcs 3HaueHHs 10 THC. IUKITIB.)

I[TaM'aTb maHux.

[Tam'siTh maHUX poO3/iIeHA HA TPU YACTUHU: PEECTPOBA MaM'siTh, ONEpaTUBHA
nam'atb (O3Il - omnepatuBHMII 3anmam'aToBylouuid mpucTpii abo RAM),
eneproneszanexHna nam'ste (ECIII3Y a6o EEPROM).

PerictpoBa mam'site (POH 1 PBB).

PerictpoBa mam'sth Bkito4yae 32 perictpu 3araibHoro npusHaueHds (POH
a6o GPR), o0'ennanux y ¢aiin, 1 ciyx00B1 perictpu BBeneHHs / BuBoay (PBB). 1
T1 ¥ 1HII1 po3TaiioBaHi B agpecHoMy npoctopi O3I1, ane He € HOTo YaCTUHOIO.

B oGnacti perictpiB BBOly / BUBOJIY pO3TalllOBaH1 pi3HI CIIy)OOB1 perictpu
(pericTpu ympaBiiHHS MIKPOKOHTPOJEPOM, PETICTPH CTaHy 1 T. M.), @ TaKOX
pericTpu yHpaBJiHHA TEpPUPEPIMHUMHU MPUCTPOSAMH, IO BXOJATH O CKJIaay
MIKpoKoHTpoJiepa. 1o cyTi, ynpaBiaiHHS MIKPOKOHTPOJIEPOM IOJISITae B yIpaBIiHHI
IIUMU PETICTPAMHU.

Enepronesanexna nam'ste ganux (EEPROM).

Jist  poBroTpuBanoro 30epiraHHd  pi3HOi  1H(doOpMalii, sfKa MOXe
3MIHIOBaTHCSI B Tpoieci (YHKIIIOHYBaHHS MIKPOKOHTPOJIEPHOI  CHUCTEMH,
BukopuctoByerbcsi EEPROM-nam'site. Bei AVR maroth 0510k eHeproHes3anekHol
nam'sti nannx EEPROM Bin 64 Baiit no 4 Kb. lleit tun nmam'sTi, 1oCTymHUN
mporpami MIKpOKOHTpoJiepa 0e3mocepe/lHb0 B XO/1 1i BUKOHAHHS, 3pYyUYHUH IS

30epiraHHsi NPOMDKHUX JaHUX, PI3HUX KOHCTAHT, KOE(QILIEHTIB, CEpPIAHUX
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HoMepiB, kmouiB 1 T.. EEPROM mosxe OyTu 3aBaHTa)keHa 330BHI sk uepe3 SPI
iHTepdeiic, Tak 1 3a JOMOMOrOI 3BHYAMHOTO mporpamaropa. YHCIO ITUKIIB
cTupanHs / 3anuc - He mexie 100 tuc.

OnepatuHa nam'ats (O3I1 a6o RAM).

BuytpimmHs omnepatuBHa cratnyHa nam'sate Static RAM (SRAM) wmae
OaiiToBull opMaT 1 BAKOPUCTOBYETHCS JIJIsl OTIEPATUBHOTO 30€piranHs JaHHX.

Po3mip onepaTuBHOI maM'sTi MOXkKe BapirOBaTHCS y PI3HUX 4imiB Bij 64 baiT
no 4 Kb. Yucno uwmkimiB uyutaHHa 1 3amucy B RAM He oOmexena, ane mpu
BIJIKJTIOUEHHI HANIPYTH KUBJICHHS BCs 1HGOpMAIlisS BTpavyaeThCs.

JUist  nesikuxX MIKpOKOHTPOJIEPIB MOJKJIMBA Opraizaiis —MiJKJIIOUYEeHHS
30BHIIIHLOTO ctatTnyHoro O3I1 oocsarom o 64K.

[Tepudepis.

[Tepudepiss mikpokontposiepie. AVR Britodae: moptu (Big 3 mo 48 miHid
BBEJICHHS 1 BUBEJICHHS), IITPUMKY 30BHIIIHIX [I€PEPUBAHb, TAMEPHU-TITYUIbHUKH,
CTOPOKOBHM TailMep, aHAIOTOB1 KommnapatopH, 10-po3psinauii 8-kananbauii ALII,
iHTepdeiicu UART, JTAG 1 SPI, npucTpiii cCKkHIaHHs MO 3HM)KEHHIO >KUBJICHHS,
MIUPOTHO-IMITYJIECHI MOy isiTopu [1IIM.

IToptu BBeaeHHs / BuBOoay (1/ O).

[Toptu BBeneHHs / BuBogy AVR MarTh 4McClO HE3aNEKHUX JIIHIN "BXif /
Buxin" Bix 3 g0 53. KoxkHa niHig mopTy MoKe OyTH 3amporpamMoBaHa Ha BX1J a0o
Ha BuxiJ. [loTy>kHI BUXi/JHI ApaiiBepu 3a0€3M€UyI0Th CTPYMOBY HaBaHTAKYBaJIbHY
3natHicTh 20 MA Ha JiHIIO MOPTY (CTPYMH IO BTIKAIOTh) MPU MAKCUMAaJIbHOMY
3HaueHHI 40 MA, 10 J03BOIS€, HANPHUKIIAA, OE3MOCEpEIHbO IMAKIIOYATH JI0
MIKPOKOHTpOJIepa CBITJIOAIOAW 1 OIMOMSAPHI TpPaH3UCTOpPU. 3arajibHa CTPYyMOBa
HABaHTAKCHHS Ha BC1 JIiHII OHOTO TOPTY HE MOBUHHA TiepeBuIyBatu 80 MA (BcCi
3HAYEHHS HAaBEJICHO AJIA HANPYTU *KUBJEHHA 5 B).

ApXiTeKTypHa 0cCOOJMBICTH TOOYAOBM TOPTIB BXoay/Buxoay B AVR
MIOJISITA€ B TOMY, IIIO JIJIst KOKHOT (Di3uyHOT BUBOY (IMiHA) iCHY€E 3 GiTa KOHTPOIIIO /

VIOpPABIIHHA, @ HE 2, SIK y MNOLIMPEHUX §-po3psiaHuX MikpokoHTpoJiepiB (Intel,
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Microchip, Motorola i T.1. ). Ile m103BOJsIE YHUKHYTH HEOOX1THOCTI MAaTH KOIIIIO
BMICTy TMOpPTYy B TMaM'siTi g O€3NeKd 1 MiABUILYE IMBHAKICTH POOOTH
MIKpOKOHTpOJIEpa MpH poOOTi 13 30BHIMIHIMH MPHUCTPOSIMHU, OCOOIHMBO B yMOBax
30BHIIIHIX €IEKTPUYHHUX MEPEIIKO/I.

[TepepuBanust (INTERRUPTS).

Cucrema nepepuBaHb - OJIHA 3 HAMBAKIUBIIIMX YACTHH MIKPOKOHTpOJIEpa.
Bci  mikpokonTponepu AVR MaroTh 0GaraTopiBHEBY CHUCTEMY TME€pEpPHUBaHb.
[lepepuBanHsT TpUNHUHSIE HOPMAJIBHHK  XiJ] MpOTpaMyd IS  BHUKOHAHHS
MIPIOPUTETHOTO 3aBJaHHS, BU3HAYAETHCS BHYTPIITHIM a00 30BHIIIHIM IOIIEX0.

JIJIs  KO)KHOTO Takoro TOJii pO3poOISIETbCST OKpeMa Tmporpama, sKy
Ha3UBAIOTh MIANPOTPaMOI0 OOpOOKHM 3amuTy Ha TEpepUBaHHS (111 CTUCIOCTI -
H1IPOrPaMoI0 MEPEPUBAHHS ), 1 PO3MIIIYETHCA B MaM'sITI IPOTPaM.

[Ipy BUHUKHEHHI MOJii, IO BHUKJIHMKAE TEPEPUBAHHSA, MIKPOKOHTPOJEP
30epira€e BMICT JIIUMJIbHUKA KOMaHJ, IE€PEpPUBAE BUKOHAHHSA LEHTPAJIbHUM
MPOLIECOPOM TMOTOYHOI MPOTPaMU 1 MEPEXOJUTh JI0 BUKOHAHHS TMiAIPOrpaMu
00poOKM NepepuBaHHS.

[licnss BUKOHAHHS MiANPOTpaMU TMEPEPUBAHHS 31MCHIOETHCS BIJIHOBIICHHS
MOTEePeTHHO 30€pEKEHOr0 JIYMIbHUKA KOMAaHJA 1 TPOLECOp MOBEPTAETHCA [0
BUKOHAHHS TIepepBaHOi MPOrpaMHu.

Jist koxkHOi momii Moxke OyTh BcTaHOBIeHUW mnpioputeT. [loHATTS
NpIOpUTET O3HAuYae, IO BHUKOHYBAHA MIANpOrpaMa MEpepuBaHHS MOXe OyTH
nepepBaHa 1HIIOK TOMIEI0 TUIBKKM 3a YMOBH, III0O BOHO Ma€ OLIbII BHCOKHHN
MpIOpUTET, HDK MOTOYHUN. B iHIIOMY pasi HEHTpadbHUIN MpoIecop mepeiae 1o
0OpOOKM HOBOI MO/IT TUIBKH MICH 3aKIHYEHHS 00POOKH MONEPEAHBOTO.

Taitmepu / miunnpauku (TIMER / COUNTERS).

Mikpokontposiepy AVR wmatoth y cBoemy ckimaai Big 1 go 4
TaliMep1B/IIYUIBHUKIB 3 PO3PSAHICTIO § abo 16 OIT, SIKi MOXKXYTh IPALIOBATH 1 SIK
TailMepu BiJ BHYTPIIIHBOTO JpKEpeNla TAKTOBOI YacTOTH, 1 K JIYWIHBHUKA

30BHIIIHIX MOIIH.

Apk.

PA41¢c.468332.001/13

3M.

Apk. Ne dokym. Mlignuc | Aama

22




X MOKHA BUKOPUCTOBYBATH /Il TOYHOTO (JOPMYBAHHS YACOBMX 1HTEPBAJIB,
MipaxyHKy  IMIIyJbCIB Ha  BHUXOJaX  MIKpPOKOHTpojiepa, (popMmyBaHHs
MOCIIIOBHOCTI IMITYJIbCiB, TAKTYBaHHs MpUHOMOIIepeiaBaya MOCIiI0BHOTO KaHATY
3B's13Ky. Y pexkumi HIM (PWM) TaiiMep / TIYUIBHUK MOKE MPEICTABISATH COOOI0
HIMPOTHO-IMITYJILCHUNA MOJYJISITOP 1 BUKOPUCTOBYETHCS ISl TEHEPYBAaHHS CUTHATY
3 MPOTrpaMOBaHMMHU YaCTOTOIO 1 MIMapyBaTicTio. TalMepu/MuuiIbHUKU 31aTHI
BUPOOJISATH 3alUTH MEPEPUBaHb, IEPEMUKAIOYM MPOLIECOP Ha iX 0OCIyrOBYBaHHS
10 TOJISAX 1 3BUIBHSIOYHM HOTO BiJ HEOOX1AHOCTI MEPIOJUYHOTO OMUTYBAHHS CTaHY
taiiMepiB. OCKUIBKM OCHOBHE 3aCTOCYBaHHS MIKPOKOHTPOJIEPH 3HAXOMASTH B
CUCTEMaX peajbHOro Yacy, TaMepu/IYUIbHUKUA € OJIHUM 3 HAOUIbII BaXKITHUBUX
€JIEMEHTIB.

Cropoxosuit Taitmep (WDT).

CropoxoBuit Taiimep (WatchDog Timer) nmpusHaueHuid st 3anoOiraHHs
KaTacTpo(pIYHUX HACIIAKIB BiJ BHUIAJKOBHX 300iB mnporpamu. BiH Mae cBiid
BrnacHuit RC-reneparop, mo mpamroe Ha yactoti 1 MIm. Sk 1 11 oCHOBHOTO
BHYTpiiHbOro RC-reHeparopa, 3HaueHHd | MI' € HaOMDKEHUM 1 3aJ€XKUTh
HacaMIiepe]l BiJ BEJIMYMHU HANPyrd OHKUBIEHHS MIKPOKOHTpoJiepa 1 BIJ
TEeMIIepaTypHu.

Ines BUKOPUCTaHHS CTOPO’KOBOTO TailMepa TPAaHUYHO MPOCTA i MOJIATAE B
pErysipHOMY MOTO CKHJIaHHI IiJl KEpyBaHHSIM MpPOrpaM ad0 30BHIIIHBOTO BILTUBY
JI0 TOTO, SIK 3aKIHUMUTHCS HOTO YacoBa 3aTpUMKa 1 HE BIIOYAEThCS CKUAAHHS
mporiecopa. SKimo mporpaMa mMpaimroe HOPMajdbHO, TO KOMaHJa OOHYJIHHS
CTOPO’KOBOTO TaiiMepa TIOBMHHA PETYJSIPHO BUKOHYBATHUCS, 3aro0irarodu
nepe3aBaHTaAKEHHIO Mporiecopa. SKIo K MIKpOMPOILecOp BHUITAIKOBO BUUIIIOB 3a
MeX1 MporpamMu (HampuKIaJ, BiJi CHJIBHOI 3aBajy IO JIAHIIOTY XUBJIEHHS) a0o0
3aIUKIJIUBCS Ha SIKIM-HEOYIb AUISHIN TporpaM, KOMaHJia CKHIAHHS CTOPOKOBOTO
TaiiMepa CKOpilll 3a BCe HE Oy/Je€ BHUKOHAHA MPOTITOM JOCTaTHBOI'O dYacy 1
BiIOy/IeTbCSI TIOBHE TIEPE3aBaHTAKYBAHHS TMPOIECOopa, SKUM 1HIMIATI3Y€e BCl

pEriCTpH 1 MOBEPTAE CUCTEMY B poOOYill CTaH.
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Amnanorosuit komnaparop (AC).

AmnanoroBuii komnaparop (Analog Comparator) HOopiBHIOE HAIIPYTH HA JTBOX
BHUCHOBKax (MiHAaX) MIKpOKOHTpoJepa. Pe3ynabTatoM mMOpiBHSIHHS OyAe JIOT1YHE
3HAUEHHS, K€ MOK€ OyTH MPOUYUTAHE 3 MPOTPAMHU.

Buxin ananoroBoro komMrapaTopa MOKHa BKJIIOUUTH Ha MEPEPUBAHHS Bijl
aHaJIOroBoro Kommapartopa. KopucTyBau MOKe BCTAaHOBHUTH CITPAallbOBYBaHHS
nepepuBaHHs MO0 HAPOCTAIOYOMY YH CI1a/1al0uoMy (pPOHTY ab0 MO MEPEKIIOUYECHHIO.

[TpucytHiit y Bcix cydacaux AVR, kpim Mega8515.

Amnanoro-tmudposuii nepersopioau (A / D CONVERTER).

Amnanoro-uudposuil neperBoproBad (ALII) coyxuTe 118 OTpUMaHHS
YUCJIOBOIO 3HAYEHHS HAIpyrd, MOJaHoro Ha Moro Bxia. lled pesynbrar
30epiraerbest B perictpi ganux ALl Sxuit 3 BxoniB (MiHIB) MIKpOKOHTpOJepa
oyne nomanuit Ha AIIll, mepeTBOPIOETHCA B YKCIIO, 3aHECEHUM JI0 BiJIIIOBIIHOTO
pericrpy.

VYHiBepcanpuuit nocninoBuuii nmpuitomoniepenasad (UART a6o USART).

VHiBepcanbHUI ~ ACMHXPOHHMI ab0  yHIBEpPCAIbHHI  CHHXPOHHO /
acuaxponnuit npuitmau (Universal Synchronous / Asynchronous Receiver and
Transmitter - UART a6o USART) - 3py4nwmii i IpoCTUi MOCHTITOBHUN i1HTEpdeiic
JUTsl Oprasizauli iHpopManiiHOro KaHaiy 0OMiHYy MIKpPOKOHTpPOJEpa 13 30BHILIIHIM
CBITOM. 3/IaTHUN TMpaIoBaTH B IYIUIGKCHOMY pe&xuMi (OHOYACHA mepenaya i
npuiiom AaHux). Bin miaTpumye npotokon crangapty RS-232) mo 3abesneuye
MO>KJIMBICTh OpraHizaiiii 3B's13Ky 3 MepCOHATBHUM KOMITIOTEpoM. ([lJ1s1 cTUKYBaHHS
MK 1 xomn'torepa 000B'SI3KOBO 3HATOOUTHCSI CXeMa IMOETHAHHS PIBHIB CUTHAIB.
JI71s IbOTO 1ICHYIOTH CHeliaibHI MIKpocxeMH, Hanpukiag MAX232.)

[TocninoBuwmii nepudepiiinuii inTepderic SPI.

[TocnimoBHuit nepudepiitnuil  TproxnpoBigHuil iHTepdeiic SPI  (Serial
Peripheral Interface) npusnauenuii nnsi opraizaiii oOMiIHY JaHUMU MIX JIBOMa
NPUCTPOSIMUA. 3 HMOro JOMOMOIOI0 MOXKE 3IIMCHIOBATHUCS OOMIH JaHUMH MIXK

MIKPOKOHTPOJIEPOM 1 PI3HUMHU MPUCTPOSIMHU, TAKUMH, K HUPPOBI MOTEHIIIOMETPH,
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I[IAIT / ALII, FLASH-II3Y Ta in. 3a momomoroi I1s0r0 iHTEepdency 3pydHO
MPOBOJUTH OOMIH JIAaHUMH MIXK JIeK1JIbkoMa MikpokoHTposiepa AVR.

Kpim Toro, uepe3 intepdeiic SPI moxke 3mificHIOBaTHCS MpOrpaMyBaHHS
MIKPOKOHTpOJIEpA.

JBoapoToBuii nocaigoBHui iHTepdeiic TWI.

JBonporoBuii mocnigoBuuit iHTepdeiic TWI (Two-wire Serial Interface) €
MOBHUM aHayioroM 6a30Boi Bepcii iHTepdericy 12C ([IBoaporoBa nBoHampaBieHa
mmHa) ¢ipmu Philips. Lleit intepdeiic no3Bomsie 00'ennatu pazom 10 128 pizHux
IPUCTPOIB 3 JOMOMOIOI0 JIBOHAMPABJICHOI IIMHHU, IO CKIANAEThCA 3 JiHIT
taktoBoro curnaiy (SCL) 1 ninii ganux (SDA).

Iarepdeiic ITAG.

Iatepdeiic JTAG OyB po3poOiieHHid Tpynorw MpPOBIAHUX (axiBIIB 3
npo0seM TecTyBaHHs eneKTpoHHUX KoMioHeHTiB (Joint Test Action Group) 1 OyB
3apeectpoBanuil ik mpomucioBoro crangapty IEEE Std 1149.1-1990. Yotupsox
iHTepdeiic JTAG BUKOPUCTOBYETbCS MJiI TECTyBaHHA JAPYKOBAaHUX IUIAT,
BHYTPIIIHBOCXEMHOTO HAJIAaro I KeHHsI, POrpaMyBaHHs MIKPOKOHTPOJIEPIB.

bararo mikpokonTposnepiB cimeiictBa Mega matote cymichuii 3 IEEE Std
1149.1 iarepdetic JTAG a6o debugWIRE nnis BOynoBanoro HanmarokeHHs. Kpim
TOTO, BCl MIKPOKOHTpoJiepr Mega 3 Quiem-naM'aTTio eMHIicTi0 16 kOalT 1 Onblie
MOXXYTb TIporpamyBaTucs yepes iHTepdeiic JTAG.

TakToBHi1 TEHEPATOP.

TakroBuii TeHEpaTop reHepye IMITYJIbCH IJisi CHHXPOHI3aIii poOOTH BCIX
BY3JIIB MIKPOKOHTposiepa. BHyTpimHii TakToBUM TeHepatrop AVR moxe
3alycKaThCsl B JEKUIBKOX JKEpeN OMOpPHOi 4acTOTH (30BHILIHINA TreHepaTop,
30BHIINIHIA KBapIOBUM PE30HATOP, BHYTPIMIHS 4u 30BHIMHS RC-maHIIOXOK).
MinimManpHa JAOMyCTHMa 4YacToTa HIYMM He OOMexeHa (ax 10 MOKPOKOBOTO
pexumy). MakcumanbHa poOoOYa YacTOTa BU3HAYAETHCS KOHKPETHUM THUIIOM
MIKPOKOHTpOJIepa 1 BKazyeThcss Atmel B HOTO XapaKTepuUCTUKAX, X04a MPAKTHUIHO

O0ynb-AVR-MiKpoKOHTpoOJLIEp 13 3asBJICHOI0 POOOYOI0 YACTOTOI0, Hanpukiad, B 10
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MI'u npu KiMHATHIA TeMIieparypi Jierko Moxke Oytu "posirHanuit" mo 12 Ml i
BUIIIE.

Cuctema peansHoro yacy (RTC).

RTC peanizoBana y BciX MIKpOKOHTposiepax Mega Ta y JBOX KpucTajax
"classic" - AT90 (L) S8535. Taiimep / niunnbHuk RTC mae okpemuii monepeHiit
TUTBHUK, SIKUA MOXeE OyTH MPOTpaMHUM CIOCOOOM MiAKIIOYEHHU abo 10 JKepena
OCHOBHOI TaKTOBOI YacTOTH, ab0 10 J0JAaTKOBOTO ACHHXPOHHOIO JpKepesia
OTOPHOI YacTOTH (KBapIIOBHM pe30HATOP a00 30BHIMIHIA CHHXpOCcHUTHAN). JlJis miel
METH 3ape3epBOBaHI JBa BHUXOJMU MIKpPOCXEeMH. BHyYTpIIIHIA  OCHIISTOP
ONTUMI30BaHUN AJi1 POOOTH 3 30BHIIIHIM "BapTOBUM" KBapLIOBUM PE30HATOPOM
32,768 xI'1.

KuBneHHs.

AVR ¢yHKIIOHYIOTH IpY Hanpyrax *uBjaeHHs Bij 1,8 1o 6,0 Boast. Ctpym
CTIOKUBAHHS B aKTUBHOMY PEKMMI 3aJIC)KUTh BiJl BEIMYUHU HAMPYTH >KUBICHHS 1
4acTOTH, Ha SIKIM MpaItoe MIKPOKOHTPOJIEp, 1 cTaHOBUTH MeHie 1 MA nis 500
Kl 5 ... 6 MA g1g 5 MI'1 8 ... 9 MA ng gactotu 12 MI'm.

AVR MoxyTh OyTH mepeBelleHI MPOrpaMHUM MLUISIXOM B OAMH 3 TPbhOX
PEXMMIB 3HM)KEHOTO €HEPrOCIOKUBAHHS.

Pexxum xonocroro xony (IDLE). Ilpununse poOOTy TUIBKHM MPOLECOp 1
(bIKCyeThCs BMICT Mam'siTi JaHUX, a BHYTPINIHIM TeHEpaTop CUHXPOCHUTHAJIOB,
TaliMepu, CHUCTeMa TNepepuBaHb 1 CTOPOXKOBHI TalilMep MPOJAOBKYIOThH
dbynkuionyBatu. CTpyM CIOKUBAHHS HE MepeBUIlye 2,5 MA Ha yacToTi 12 Mri.

CromnoBuii pexxum (POWER DOWN). 306epiractbCsi BMICT PEECTPOBOTO
Gaiiny, ane 3yNUHSAETHCA BHYTPIIHIA TEHEpaTop CHHXPOCHUTHAJOB, 1, OTXKE,
3YNUHSAIOTHCS BCl (YHKINNT, TTOKA HE HaJAIiJIe CUTHAT 30BHIIIHBOTO TEpPEpUBAHHS
abo amapatHOro ckuaaHHs. llpu BKIIOUEHOMY CTOpPOKOBOMY TaiMepl CTpyMm
CHOKUBAHHS B L[OMY pEeXHUMI Ckiafgae Oam3bko 80 MKA, a Ipy BUMKHEHOMY -

menie 1 MkA. (Bci HaBeneH1 3HaUeHHS CIIpaBeJINBI )1l HATIPYTH KUBJIEHHS 5 B).
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Exonomiunuit pexxum (POWER SAVE). Ilpogosxye mpaioBatud TiIbKU
reHepaTop TalMepa, Mo 3ade3nedye 30epeKeHHsS TUM4YacoBoi Oazu. Bcei i
GYHKITT BIIKITIOYCHI.

CkunanHs pu 3HWKEHH1 Hanpyru skuBiieHHs (BOD).

Cxema BOD (Brown-Out Detection) BIiJACTeXy€e HaAmpyry JKepena
JKUBJIEHHS. SIKIO cXeMma BKIIIOYEHA, TO MPU 3HIKCHHI JKUBJICHHS HIDKYE JICSIKOTO
3HAUEHHS BOHA IEPEBOJUTH MIKPOKOHTpOJIEp B CTaH ckujaHHa. Konum Hampyra
JKUBJICHHS 3HOB 30UTBIIMTHCS JO IMOPOTOBOTO 3HAYCHHS, 3aITyCKAETHCA TalMep
3aTpUMKH ckunanHd. [licns dopmyBaHHS 3aTpUMKH BHYTPIIIHIN CUTHAT CKUJIAHHS
3HIMAETHCS 1 BIIOYBAETHCS 3aITyCK MIKpOKOHTpOJIEpA.

Januii nepenik (yHKIIN MiKpokoHTposiepa Ha A1pi AVR  moBHICTIO
3aJI0BOJIbHSIE ~ BUMOTHM TEXHIYHOTO 3aBJaHHS, TOMY oOOupaeMo s OJoka

KepyBaHHA MIKpoKoHTpoisiep ATmega64A.

3.2.2 Bubip TpaH3UCTOPIB I KacKaaiB KOMyTallii

JInst momaul Hampyru Ha KOMYTAIlliHI pPO3’€MH MH BHUKOPHCTAEMO
nonsoBui Tpansucrtop 2N7002 y skocti kimroua [4]. [lomboBuit TpaH3UCTOP
2N7002 mae Hu3bkuil omip kaHany 2,8 Om. Tomy BiH Oyae MeHILE TpiTHCS.
TpaH3ucTop 31aTHUN PO3CIATH JOCTATHIO MOTYXHICTH 0,83 BT.

Hampyra, siky KOMyTy€e TpaH3UCTOP B LIbOMY KOHTpOJIEpl CTaHOBUTH 12B.
Hampyra kepyBanHs TpaH3uctopa 5 B, mo piBHa Hapy3i Ha BUXOJll KE€pyBaHHS
MikpokoHTposiepa ATmega64A-AU, n0 sKoOro mia €IHAHUA KacKaj. v
3BHUAHOMY PpEXKUMI TpaH3UCTOp Oyae 3aKpuUTHUM. AJle y BHUIAIKy KOIU 3
MIKpOKOHTpOJIEpa Ha 3aTBIp LBOIO TPaH3MCTOpA MOJA€ThCs Hampyra +5B, ska
BIJIKpUBA€E TPAH3UCTOP 1 BiH 3aMKHE BHUXIJIHUWA CUTHAJI, TAKAM YMHOM Ha KacKaj
KoMmyTalii Oyqe nogana Hampyra 5 B.

[TpuBenemMo cxeMy KiIto4a Ta po3paxyeMo HEOOX1THI €IIEMEHTH.
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F1

TRAF. L. TOP OUT 1 wg—o| l

VT1
EEH ) R1

vD1
o =
N > TRAF.L. TOPBOT 1

Puc. 3.1
JInst BizyanbHOro BiJOOpaXeHHsI CTaHy BXO/IB, B MapajelbHO KIIOUY MOCTABIECHO
yepBonuii cBiTnogion BL-LSO0805SRC Super Red, majninHs Hanpyru Ha SKOMY

1,8 B. Po3paxyemo omip pe3uctopa R2, Ha sikomy Oyje ciajatu Hampyra.

R2= e i
| 10-10

=3200m (3.1)
A

[Tpu pe3ucropi onopom 320 Om, cBiTIoa10 Oyne Ay’kKe SICKPABO CBITUTUCS, TOMY
JUIsl 3a0€3MeUYeHHs] BI3yaJIbHOTO BiIOOPaKEHHS CTaHy poOOTH JAHOTO KacKany,
MOTPIOHO 3MEHINUTH SICKPABICTh CBITJIONIONA MIISXOM 30UIBIICHHS OIOpPY

pesuctopa. byno obpano pesuctop R2 onopom 470 Om.

Hactynmaum kpokom Oyzae BuOip onopy pesucropa R1ais 3a6e3neuenns gacy
BIIKPUTTS TpaH3ucTopa. BxigHa emHicTs Tpansucropa C, =50n®.
Yac BiIKPUTTS TPAH3UCTOPA BUPAXOBYETHCS 32 (HOPMYIIOIO:
7=R1.C_, (3.2)
Bubupaemo pesucrop onopom 100 kOM 1 miacTaBisieMo 3HaYCHHS Y POpMYITy
(3.2).
r=R1-C, =100-10°-50-10"* =5 ux cex

Yac cripalroBaHHS TPAH3UCTOPa 5 MK CEKYH/I 3aJ]0BOJIbHSIE HAIlll BUMOTH.
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Ha BX0/1i cTaBUMO CaMOBIiTHOBITIOBAHHM 3aMO01KHUK 3 POOOYOI0 HATIPYTOIO

30 B i ctpymom niportyckanus 0,35A.
3.2.3 Bubip Mikpocxemu JJIs IpaiiBepiB iHIUKAIII1

Jns  peamizamii 1HAWKAIl Ha OCHOBI CBITJIOAIONA TOTYXHICTIO 3 BT
HEOOX1IHO npaiiBep crabimizamii cTpymy. s nmx muie oOpamud MIKpOCXeMy
PT4115.

PT4115 ue Oe3mepebiiiHUI ApOCETbHUN TMOHWKYBAIBHUN TMEPETBOPIOBAY,
npu3HadeHud 171 BBIMKHeHHsST LED  cBiTnmomioniB Bim pKepena >KUBJICHHS 3
HAIPYTol0 BUIIOIO Hik crioxkuBatoTh LED cBiTiOM10M.

Mikpocxema mpaliroe Bij Jkepena BxigHoi Hanpyru 6-30 B 1 3a0e3neuye BUXiiHAN
cTtpyMm 1o 1,2A.

JUist  BKJIIOYEHHSI  MIKPOCXEMH  BHKOPHUCTAEMO CXEMY  BKIIIOUCHHS

3aMpoONOHOBaHy BUPOOHHKOM puc. 3.2. Ckopuctaemoch datasheet Ha mMikpocxemy

PT4115 [5].

Rs

Vin D AAAY;

0.13Q LED w2
3w

63uH

VIN CSN SwW

DIM PT4115

GND

Puc. 3.2

HominaneHuii cepenniii BuxinHuii ctpym B LED 3amaeTbcs BETMYHHOIO

pesucropa Rq:

loyr = (;—’1 (Rs 20,082 Q) (3.3)
S
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CepenHe 3Ha4eHHSI BUX1THOTO CTPYMY BH3HAYA€ThCA 32 (DOPMYIIOIO:

0,1-V
out = 2,5- F\’I:I (0’5\/ <Vom 32,5V) , (3.4)
(2,5V <V, <5V)
3HadueHHs V,,, PETrYJIIOETbCA 4Yepe3 MIKPOKOHTPOJEP, TaK MM MOKEMO

3a0€3MeUnTH MOTPIOHY SACKPABICTH CBITJIO10/1A.
HowminanbHa cepefHsi BeTMYMHA BCTAHOBIIOETHCS 32 JOTIOMOTOI0 PE3UCTOpa
R; .

V 3anponoHoBaHiil cxeMi 3HaueHHA R =0,13 Om.

LED Current vs Vdim

800

?001 /f R=0.13ohm
600 4

500 /
400- /
300 - //
200 ) |~ |R=0.330hm
1ﬂﬂ‘ / /

0 1 2 3 4 5
Dim Pin Voltage (V)

LED current (mA)

Puc. 3.3

BuOip 1HIyKTUBHOCTI.
PexoMeHioBaHi 3HaueHHS 1HAYKTUBHOCTI juisi PT4115 B miamazoni Big 27
MKI['H 10 100 MKI['H. BinbIn BUCOKI 3HAYEHHS 1HIYKTUBHOCTI PEKOMEHYIOThCS TIPH

HUKYOMY BX1JHOMY CTPYMI 1100 MiHIMI3yBaTH MOMMJIKM BHACIIOK KOMYTalllHUX
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3aTPUMOK, SIKI MPU3BOAATH A0 301IBIICHHS IMyJbCaliil 1 HU3bKOI €EeKTUBHOCTI.
Bunii 3HaueHHs 1HIYKTUBHOCTI TaKOX MPU3BEAYTh J0 3MIHU BUXITHOTO CTPyMY,

e 100pe BUAHO HA PUCYHKY 3.4.

0 Output Current L=47uH Rcs=0.13ohm

790
< 780
S
E 770 ////
) A
= 760 // %
= A
O 750 —
3 740 — P
Q
= // — 7LEDs
O 730 HLED > 6LEDs
4LEDs |SLEDs
720 2LEDs
‘ 3LEDs
710
5 10 15 20 25 30
Supply Voltage Vin(V)
Output Current L=100uH Rcs=0.330hm 124 Output Current L=27uH Rcs=0.06250hm
325 -
320 1.22
< /
c 315 -
— ) c 1.20
T 310 o /
o 5 1.18 2
= 308 9 4LEDs.<></ /'
Q 300 =] 3 1.16 = T
2 295 = 5 — o
2 — S 1.14 e — > 7
= 200 — - 6LEDs  7LEDs
O ieo |~ A oLt 1.42 L1teo =~ 5LEDs
285 2L EDs e ¢ LEDs ' LEO' ] 2LEDs 3LEDs
| sieos §LEDy | J
280 1 1.10
5 10 15 20 25 30 5 10 15 20 25 30
Supply Vaoltage (V) Supply Voltage(V)
Puc. 3.4

[HIyKTUBHICTH TOBUHHA OYTH BCTaHOBIIEHA SIKOMOTA OJIKYE 0 MPUCTPOIO,
HACKIJIBKH 1€ MOXKJIMBO 3 HU3BKHUM 3'€/THaHHS onopy 10 KoHTakTiB SW 1 VIN.
[HIyKTUBHICTH MOBMHHA MaTU CTPYM HAaCHYECHHs BUIIE HIXK IMIK BUXIAHOTO

CTPYMY 1 IOCTIHHOTO CTPYMY.
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Hacrtynna tabnurs qae monomarae 3pooutu BHOIp 1HIYKTUBHOCTI:

Tabmums 3.1
Load current | Inductor Saturation current
lout=1A 27-47uH
0.8A<lout=1A 33-82uH 1.3-1.5 times of load
0.4A<lout=0.8A | 47-100uH | current
Tout=0. 4A 68-220uH

Bubip giona.

JU1st TOCSATHEHHS! MaKCUMAaJIbHOI €(DEKTUBHOCTI Ta MPOAYKTHUBHOCTI, /1101
NOBMHEH OYyTHM 13 HM3BKUM 3HAYCHHSIM MaJiHHS NPSIMOi Hampyrd, Ta JIyxXe
IIBUKAM TTIEPEMUKAHHAM. 3 TaKMMH XapakTepuctukamu € aioau [loTki.

Bonu 3a0e3neuytorh kpaily epeKTUBHICTh, HIXK KPEMHIEBI 1014,

yepe3 MO€JHAHHS HU3bKOT IPSIMO1 HANPYTH 1 CKOPOUCHHS Yacy ISl BITHOBJICHHSI.
BaxuuBo, 11100 BUOUpaTu J1044 3 MAKCUMAJIbHUM HOMIHAJIBHUM CTPYMOM

BHUIIE TIIKOBOT'O CTPYMY KOTYIIIKH 1 TOCTIHHOTO CTPyMY.

AJanTyemo 3arnpornoHOBaHy CXEMY JJIsl HAIlIOro OJI0Ka KEpyBaHHS.
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JIJiss MOKJIMBOCTI THYYKOi 3MIHM CTPyMYy 1 3a0€3MEUEeHHS PO3CISIHHS MOTYKHOCTI

3aMIHMMO pe3ucTop R. Ha aBa pesuctopd 3’eqHadl mapaidenabHo R1=0,26 Owm 1
S ’
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R2=0,26. [nnyxTuBHICTH 00HpaemMo B Mexkax Bia 33 no 82 mxl'H. Obupaemo mion

lotki SS14 [6].

Tabmuis 3.2 TexHiuHI XapaKTePUCTUKH

Marepian Kpewmniit
MakcuMalibHa MocTiiiHa 3BOPOTHA Hampyra 40 B
MaxkcuManbHUR IIPAMUN (BUIIpSIMIIEHMI 3a| 1A

HaITIBIIEPIOa) CTPYM

MakcuMalIbHO TOMyCTUMUM MPSAMUHN IMITYJIbCHUM cTpyM | 30 A

MaxkcuMalbHUIM 3BOPOTHUN CTPYM 500MKA
MakcuManibHa npsiMy Harpyry 0,5B
Po6oua Temmnieparypa -55...125°C
Crioci®O MOHTaXy smd
Kopmnyc sma

3.2.4 Bubip mikpocxemu Juig ctabimizarii +5 B

J1st )KMBJIEHHSI MIKPOKOHTPOJIEPA, MIKPOCXEM 3aXUCTY, ApalBepIB 1HAMKALI]

1 npaiiBepiB iHTepdeiicy RS485 morpibna crabinmizoBaHa Hampyra MOCTIHHOTO

ctpymy +5 B.

IcHytoTh 1Ba THOM cTaOUTI3aTOPiB: JIHIWHI 1 IMIOYJbCHI. IMIysbCHI

cTab1/113aTOpY BUKOPUCTOBYIOTH ISl OTPUMAHHS Ha BUXOJ1 BUCOKOT MOTY>KHOCTI 1

MajJuX BTpaT MOTYXHOCTI. B HamoMy BUNAAKy CTpyM CIOKMBAaHHS BCI€I IJIaTH

menIni 300 MA, TOMy BUKOPUCTAEMO JIHIHHUN cTabumi3aTop Ha 0a3l MIKpOCXEMH

L78MO05 [6] 3 BuXigHMMH TIapaMeTpamH :

Hanpyra +5 B.

BuxigHui ctpyMm 500 MA 1 BuXijaHa

3M.
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Jo xinemHuka X1 miaxIOueHO OJOK >KUBJIEHHS 3 MOCTIAHOIO Hampyrowo +12 B.
Uepes camoBigHoBMOBaIbHUM 3amo0bKHUK F1 Ha 3 A 1 16 B 1 miox Illotki VD2

BUBOJMMO Hanpyry +12 B i )KUBJIEHHS €N1EKTPUYHUX KUT IJIaTH.

3.2.5 Bubip pesucropis

[Tpu BUOOp1 pe3ucCTOPIiB BPaXOBYEMO HACTYITHI XapaKTEPUCTUKHU:
- Bara;

- @JIEKTPUYHI XapaKTEPUCTUKU;

- HaJINHICTH;

- 3aliMaHMii 00’€eM;

- CTaOUIBHICTh MapaMeTpiB;

- TEeMIIepaTypHI MOKA3HUKH;

BapTICTb.

Buxonsum 3 BuMOrM 3a0e3MEUCHHS HABEACHWX BHUINE IapaMeTpiB
3ynuHsAeMO BUOIp Ha pesuctopax tumB MF-25S, MF-25 Ta pesuctopax tumy
SMD1206 1 SMDO0805. Tak sk, KoAcH 3 THUIIIB HE NEpeBa)ka€ HaJ 1HIIUMHU 3a
BCiMa MOKa3HUKaMHM, TO MPU BUOOP1 HAHONITUMANIBHIIIIOTO TUITY pe3ucTopa OyaeMo
KepyBaTuCh KommnpomicHuM  BapiantoMm  (http://www.chipdip.ru). Ckramemo
NOPIBHSUIBHY TaOJMINIO, 1 [0 BaroBUX KOE(IlIEHTaX BU3HAUUMO KpallUMi BapiaHT,

IIPU [IOMY BBaXKAEMO, 1110 BIOPO- 1 yIapOCTINKICTh BCIX PE3UCTOPIB OJTHAKOBA.
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Tab6mn. 3.3 [lapameTpu pe3ucTopisb.

[TapameTp Tum pesucrtopa

MF-25S MF-25 SMD0805 SMD1206
Bara, r 0,25 0,3 0,3 0,15
TexHOJIOTTYHICTh B otBip B otBip [ToBepxuepuit |[loBepxHeBuUit
YCTaHOBKH MOHTaX MOHTaX
HanpamroBanas Ha 3000 30000 30000 30000
BiAMOBY MiH. Toa. |0
["abaputu 3,2x1,5x28x(6x2,3x28x0,5 (2,1x2,3x0,4x0, |3,2x1,6x0,5x0,5
(L,D(W),H,d(A)), (0,45 5 5 5
MM
TouHicTh +10% +10% +5% +5%
PoGoua  Temmepa- 155 155 125 125

Typa max, °C

Pesucropu MOCTIMHI

poOOTH B JIAHIIOTax MOCTIMHOTO 1

d . . .
L l — &~ MeTanormniBkoBi. Ilpu3Hadeni s
@

I 1d
. o
H L — 3MIHHOTO CTpyMy. MaroTh BHCOKY
TOYHICTh 1 BHUCOKY TEMIIEpaTypHY
CTaOUIbHICTh OMOpY. IneanbHl JUIsi BUKOPUCTAHHS B B SIKOCTI PE3UCTOPIB
3arajbHOTO MPU3HAYCHHS, B BUCOKOTOYHOI Ta BUMIPIOBAIBHOI TeXHIKU. [I0BHICTIO
3aMiHIOI0Th co0or pesuctopu MIIT, C2-23, C2-33n, C2-29, maroun Haiikpaii
CJICKTPUYHI 1 eKCIUTyaTalliiH1 XapaKTEPUCTUKHU.
Pesucropu moctiitni SMD. Ilpu3naueni s
poOOTH B JIAHLIOTAaX MOCTIMHOTO 1 3MIHHOTO CTPYMY.
MatoTp BHCOKY TOYHICTH 1 BHCOKY TEMIIEpaTypHY

CTaOUIBHICTh OMOPY. [neanbHi JJIs1 BUKOPUCTAHHS B
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B SKOCTI PE3UCTOPIB 3arajibHOr0 MPU3HAYCHHS, B BACOKOTOYHOI Ta BUMIPIOBAIbHOT
TEeXHIKH, Ta MalTh BHUTpalll y PO3MIIICHHI Ha IJIaTI Yepe3 HEBEJIMKI PO3MIpH .
[ToBHicTIO 3aMiHIOIOTH c00010 pe3uctopu P1-12 maroum Halikpamil eJeKTpuuHi i
eKCILTyaTaliiH1

Buxonsun 3 mgaHuX MOPIBHSJIBHUX XapaKTEPUCTUK, BHOEPEMO pE3UCTOPH
tuny SMD1206 1 SMDO0805. Tak ik BOHM MarOTh HaWMEHIIl Maco-TabapuTHI
napaMeTpu 3a THX CaMHUX TEXHIYHUX XapaKTepPHCTUK 1 HalKpally TeMIepaTypHY

CTaOUIBHICTH OTIODY.

3.2.6 Bubip koHaeHcaTOpiB

[Ipu  BuOOPI  KOHJEHCATOpPIB  OyIeMO  KEpyBaTUCh  HACTYIHUMH
XapaKTePUCTUKAMHU:

- rabapuTHI po3MIpH;

- TEXHOJIOT1YHICTh YCTAaHOBKH,

- BOJIOTOCTIHKICTB;

- Jana3oH poOoYHX TeMIepaTyp;

- JOTYCTUME BIIXUJICHHSI EMHOCTI Bl HOMIHAJILHOTO 3HAYEHHS;

BuOip Tuny HeeneKTpoNTHYHUX KOHAEHCATOPIB

HeenextpomitTuuHi  KOHAEHCATOPH  BHUKOPUCTOBYIOTHCS HA  BUCOKHX
4acToTax. Y SKOCTI HEENEKTPOJITHYHUX KOHJIEHCATOPIB 3YNUHSAEMO BHOIp Ha
KoHgeHcaTopax (pipmu Murata Tumy SMDO0805, SMD1206 a6o BiTUM3HSHI TUITY
K10-17A, KM5 (http://www.chipdip.ru).

CkrnageMo TaOIMII0 IS TOPIBHSIHHS KOHJACHCATOPIB MiX c000r0 (Tadi.

3.4):
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Tabm. 3.4. [lapameTpy KOHIEHCATOPIB.

[TapameTp Tun KoHIEHCaTOPIB
SMD0805 SMD1206 K10-17A | KM5
Posmipu(LxWxT), | 2,0x1,25%1,3 32%x1,6%x1,6 |6,8x5,6 7.1x5
MM
Texnonoriunicte | [loBepxHeBuit [ToBepxHeBuit B otBip B otBip
YCTaHOBKHU MOHTAaX MOHTAaX
Hiana3on -55...+125 -55...+125 -6...+125 | -
pobounx 60...+125
temrmeparyp, °C
€MHICTH 0,3n¢...100mxd | 0,3md...100mkd | 6,8nd....2 | 6,8 1h..2
MK MK
Jomyck, % +5...+20 +5...+20 +5...420 | +5...+420
[IpoanamizyBaBImIM  TOPIBHSJIBHI ~ JlaHI  KOHAEHcaTopiB  o0epeMo

KoHJieHcaTopu 3 Mapkoro SMDO0805, Tak sk BOHM MalOTh MEHII rabapuTu.

Bubip Tuny enexkTpoiTHYHUX KOHACHCATOPIB

EnexTpomiTHYHl KOHJAEHCATOpPU MaroTh OUIbIIYy €MHICTb 1 HpPU LBOMY
BIJIHOCHO HEBENHKI po3Mmipu. llepernsHyBmIM J€dKi THUIU EJIEKTPOTITUIHHX
KOHJIEHCATOPIB, SIKI MO’KHA 3aCTOCYBATH JIJIsl AAHOI KOHCTPYKIIL, MPOaHAII3yeMO iX
TEXHIYHI XapaKTePUCTUKH 1 TOPIBHIEMO MIDK CO0010, BUOIp 3YNMUHIEMO Ha

KoHjieHcaTopax Mapku K50-35 ta K50-6. Cknagemo TaOauIio Il MTOPIBHSIHHS

OCHOBHHX XapaKTEePHCTUK KOHIeHcaTopiB (Tadi. 3.5) (http://www.chipdip.ru).

3M.
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Tabm. 3.5. [lapameTpu KOHIEHCATOPIB.

[TapameTp Tun KoHIeHCaTOPIB
K50-35 K50-29(akcianbHuii)
Posmipu(LxDxF), | 5...18 x 11..37x2...7 5...11 x5...16x2...7
MM
TexXHONOT1UHICTh B otBip B otBIip
YCTaHOBKHU
Jiana3oH
pobounx -40...+85 -40...+85
temrmeparyp, °C
€MHICTh, MKD 0.1...22000 0.47...10000
Homyck, % +20 +5
HanpartoBanas 2000 2000
MIH. TO/I.

Konnencatopu 3 000X cepiii MarOTh YK€ CXOXKI XapaKTEPUCTHKaAMU. AJie
BUKOpHCTaeEMO KouaeHcatopu tumy K50-35, ockinbku BOHU OUTBII 3pydHIINIL Y

MOHTAaX1, O1JBII MHUPOKO 3aCTOCOBYIOTHCS Ta MAIOTh IIUPIIAN J1aMla30H EMHOCTEH.
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4 PO3POBKA KOHCTPYKIIII1 BUPOBY

4.1 Onuc KOHCTPYKIli BUpOOy

[Ipuctpoi kepyBaHHS pO3MINIYIOTECS B METAJIEBUX YW IUIACTMACOBHX
ookcax. Kopnyc moBuHeH mMaTH ONTUMAaJIbHI PO3MIpH, KPIILJICHHS JUII MOHTaXXHOI
TJTACTUHU, KPITUIEHHS. CaMOTr0 KOPIyCY Ta OyTH repMETUYHUM

Bei mpumamm 1 amapatéd  BCTAHOBIIOIOTH CTPOTO  BEPTHKANBHO, 32
BUKJIIOYEHHSIM THX, SIKI IO YMOBaM HOPMaJibHOT POOOTH MOBMHHI 3HAXOJUTHUCS B
TOPU30HTATLHOMY 200 HAXUJICHOMY ITOJIOKEHHI.

JUist 3py4yHOi eKcrutyaTauli OJioKa KepyBaHHs TIIPaBIIYHOIO CTaHLIE,
JpyKOBaHa IjiaTa 1 OJIOK KUBJIEHHS OYyIyTh KpIMUTHUCA HA METAJIEBY IUIACTHUHY,
BUTOTOBJIEHY 3 onuHKoBaHoro merany (I'OCT 14918-80) uu HepkaBito4doi cTasl
(AISI 304). IlmactuHa pa3oM 3 JAPYKOBAHOK IUIATOKO 1 OJIOKOM >KUBJICHHS
MOHTYETbCSI B IIacTMacoBuil kopryc Z95. Ha miacTuHi J03BOJISETBCS POOUTH
HEOOXITHY KUIbKICTb OTBOPIB JUJIsl KpIIJIEHHS OJIOKa JKHUBJICHHS, IIATH,
KOHTPOJIEPIB  IHAYKTHUBHUX TNETENb(SIKIO0 TependadyeHo  (GyHKIIOHATLHUM
BUKOHAHHIM), a TAKOX KpIIUIEHb s (DIKCyBaHHSA KaOelto >KUBJICHHS 1 KaOemro
BUKOHABYOTO 30BHINIHBOTO MPUCTPOIO. B KOpmyci HEOOXiAHO 3pOOUTH OTBOPH i
KaOeJIbHUI BB1J JI1 KOMYTAIIHHUX 3’ €THAHb.

brox ®UBIEHHS Ma€ eeMEHTH KPITUICHHS, 10 TO3BOJIAE 3aKPIMUTH MOTO Ha
MeTaseBid MIaCTHHI, MONEePEAHBO 3POOUBIIH JIBA OTBOPH JiaMETPOM 3,5 MM.

60030 118 600430
3.5
-

NG

ACN(Ble) UL1015 18AWG Tcase o UL1015 18AWG

ACIL(Brown) :;ﬁ 2 . +V[Red)
B V(Black)

351

3.5

Puc. 4.1
[To cknamambHOMY KpecieHl MIaTH BUKOHYIOTbCS 4 OTBOpHU JiaMeTpoMm 5,5
MM B METaJIeBIi MJIACTUHI JUIsl 11 KpiIUIeHHs Ha miiacTukoBi cTiiiku RC.
Ski110 30BHINIHIA BUKOHABYMHN MPUCTPIM HE Mae BOYAOBAHOI TiIpOCTaHIII,

TO OJIOK KepyBaHHS KPIMUTHCS B 1madi pa3om i3 rimpoctaniiero. Takuit opmat €
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3pyYHUM JUISI WA ’€AHAHHS 1 PEryJIOBaHHS eJEKTPOMAarHiTHUX KJIalaHiB
rigpocTaHilii. ¥ BUNAJKY, KOJH TiJpaBiliuHa CTaHINA BOYy/I0BaHa, OJOK KepyBaHHS
MOHTY€ETbCS OyIb 1€ y BEPTUKAIBHOMY TOJIOXKEHHI. Bci kabem (GKUBIICHHS,
KUBJICHHS TIJIPOCTaHIli, 1HAWKAIli, JaTYMKU TOJOXKEeHHS, 1HTepderic RS485)
OynyTh NpOKIamaTHCs 10 OJIoKa KepyBaHHS i BBOJUTHUMYTHCS UYepe3 OTBOPH 3

Ka0eJIbHUMHU BBOJAMM.

4.2 KOHCTPYKTOPCHKUI PO3PaXyHOK By3Ja

VY sKocTi By3jla BUCTyIae IuiaTta OjloKka KepyBaHHA. BUXIIHMMM JaHUMH
JUIS PO3paxyHKY €: TMPHUHIMIIOBA EJIEKTPUYHA CXEeMa 3 MEepeNlikoM eJIEMEHTIB,
TPAHUYHO JOMYCTUMI PO3MIpPH IJIATH, YMOBHU E€KCILTyaTallii.

Mertoto po3paxyHKy € BuUOIp Marepiaiy, TOBIIMHH, TOMOJIOTIi Ta METOIy
BUTOTOBJIEHHA JpykoBaHoi muiatu (/II), mmpuHM NpOBIOHUKIB, BIACTaHI MIXK

HHUMHU.

4.2.1 Bubip TexHOJIOT1] BUTOTOBIIEHHS, PO3MIpPIB Ta MaTepialy IjiaTu

Ha cporoanimHiii JeHb HaWOUIbIIE PO3MOBCIOKEHHS OTPUMAIH
XIMIYHUH, €1EKTPOXIMIYHUN Ta KOMOIHOBAaHUI METOAN BUTOTOBJIEHHS JPYKOBAHHUX
mwiat. KomOiHOBaHI MeToqu 00’ €qHYIOTH y €001 BCl MPUHAOMH BUTOTOBJICHHS
JIPYKOBaHUX TIUIAT, HEOOXINHI JJii BUTOTOBJICHHS JIPYKOBAaHUX MPOBIJIHMUKIB 1
METaIi30BaHUX OTBOPIB. B 3a5eKHOCTI BiJ MOCIIJOBHOCTI omnepamii ¢opMyBaHHS
JPYKOBaHUX MPOBIAHUKIB Ta METAJI30BAHUX OTBOPIB PO3PI3HAIOTH KOMOIHOBAaHUM
NO3UTUBHUM  MeTOH  (BUKOPHUCTOBYIOTh  (DOTOIIAONIOHM —  TO3UTUBU) 1
KOMOIHOBaHUU HEraTUBHUN METOJ| (BUKOPUCTOBYIOTH (DOTOIIA0IOHU — HETATHUBH).
Posristaemo o6uaBa METOIU 1 JOKJIATHIIIIE:

KoMO1HOBaHUH HETATUBHUU METO/I

B HeratuBHOMY MeTOMl CIIOYATKy BHUTPABIIOIOTHCS MPOBIAHUKH, 1 MOTIM
METa3yIThCsl 0OTBOPU. OCKUIBKY TICIS TPAaBJICHHS MATIOHKY HEOOX1THO OyJo He
TITIBKU CBEPAJIUTA OTBOPH, a 1 METaJi3yBaTH iX, BAKOPUCTOBYBAJIUCH 3aCO0M ISt

CTBOPEHHSI TIPOBITHOTO TIJCIIOI0 B OTBOpax, ajie He Ha MOBEPXHI miatu. JJist boro
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nepea CBEp/UIIHHAM IUIaTy TOKPHBAIOTH 3aXHCHOKO <JIAKOBOIO COPOYKOIOY,
CBEpJUIATh uepe3 Hei OTBOPU 1 XIMIYHHMM CIIOCOOOM METalli3yI0Th BCIO 3arOTiBKY.
HepnonikamMu HEraTUBHOTO METOJY €: MPH MeTali3allii OTBOPIB BIAKPHUTI JUISHKH
JIEIEKTPUYHOI OCHOBM HACHUUYYIOThCS XIMIYHMMH CyMIIIaMH 1 OTPUMYIOTH
M1JIBUIIICHY MTPOBIIHICTb.

Hapiiiaicts peamizamii muM METOAOM — HH3bKa; IMOsABa MpodieM 3
OpraHi3aIli€l0 eJeKTPUYHOIO0 KOHTAKTy CTIHOK OTBOPIB 3 KaTOJIOM TrajibBaHIYHOT
BaHHM, TIPH BIAMIAPOBYBaHHI JIAKOBOi COPOYKH MOXJIMBE YACTKOBE IMOPYIICHHS
MIPOBITHOTO MMIINIAPY B OTBOpaX.

KomOiHOBaHUIi TO3UTUBHUI METO/I.

B 1no3uTMBHOMY METOAI TpaBJICHHS MAJIOHKY BIIOYBAa€TbCS IICIS
MeTaiizaiii OTBOpIB, a MJisi 3 €JHAHHS METaJI30BaHUX OTBOPIB C KaTOJIOM
BUKOPHCTOBYETHCS III¢ HE BUTpaBicHa (ojbra, sKa CIOYaTKy NPHCYTHS Ha
NOBEpXHI MmaTh. Cxema MeTOAy NOJIsSIrae B CBEPAJIIHHI Ha IUIaTi 13 (POJIbrOBAHOTO
JEJIEKTPUKa OTBOPIB, SIKI MOTIM METalTi3yBaTUMYThCS, TIOTIM aKTHBAIllsl TOBEPXHI
1] XIMIYHY MeTalli3allilo, TOHKAa XiMidYHa MeTalli3allisl, TOHKa XIMIYHa MeTaji3allis,
«rajbBaHIvHA 3aTSKKa», HAHECEHHs (poTope3ucTa yepe3 PoTomadiion «IO3UTHUBY,
OCHOBHA TaJlbBaHIYHA MeTajli3allisg, HAHECEHHS 1 CKCIIOHYBaHHS (OTOPE3UCTY
yepe3 (oToiadJoH — MO3WTHUB, OCHOBHA TajibBaHIYHA MeTaji3allis, HaHECEHHS
METaJOpEe3NuCTy, BUAANCHHS (OTOPE3UCTY, BHUAAJICHHS HE 3aXUIICHUX [IJISTHOK
donbru  XIMIYHMM  TpaBJICHHSIM, BUJAJCHHS  METAJIOPE3UCTY, HAHECEHHS
KOHTaKTHHX MOKPUTTIB, OOMUBKA TJIATH, HAHECCHHS MAasIbHOT MAaCKH, HAHECCHHS
GIHINIHUX TOKPUTTIB MiJa maiky. IlepeBarn MO3WTUBHOTO METOMY: MOXKIIMBICTH
CTBOPEHHSI YCIX THUIIIB JIPYKOBAaHUX €JIEMEHTIB 3 BHCOKHM CTYIEHEM PpO31IbHOL
3IaTHOCTI; M0Opa HAMIMHICTH 130711, TapHAa MIMHICTh MIETUICHHS (aaresii)
METaJICBUX €JEMEHTIB TIUlaTH 3 JIIeJIEKTPUYHOK OCHOBOw. Hepomikamu
MO3UTUBHOTO METOMY €: BITHOCHO BeJMKAa TJIMOWHA TPABJICHHS, TpPaBJICHHS

MAaJIIOHKY 110 METAJIOPE3UCTY 0OMEXY€E BUOIp TPABISUUX CyMIILIEH.
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Buxonsuu 3 HEOOXiTHUX YMOB Ta HEOOXITHHX XapaKTEPUCTUK IPYKOBAHOT
11aT, 00MpaeMo KOMOTHOBAHUM MO3UTUBHUN METO/I.

VY saxocti Matepiany s BurotosieHHs 11 BUKOPUCTOBYIOTH (OIbroBaHUI
JIETIeKTPUK, IKUN CKIIAAETHCS 3 CICKTPOI30IALINHOT OCHOBH (TI1IOKKH ), BKPUTOI
M1JIHOO (hOJIBIOI0 3 0JTHOT 200 3 000X CTOPIH.

Migna domnbera, MmO BHUKOPUCTOBYETbCA IJs JIAKyBaHHsS Ji€JIEKTPHUKA,
BUTOTOBJISIETHCS TaJbBaHIYHUM CIOCOOOM 1 Mae 4uCTOTy He MeHie 99,9 %, a
TOBIIHHY 35 MKM.

Po3paxyeMo TOUHICTh BIITBOPEHHS IIPOBIIHUKA 1 3230DY.

[Ipu kOMOIHOBaHOMY TO3UTUBHOMY METO[I BUKOPUCTOBYIOTH, SIK MPABUIIO,
CyXuH IUIIBKOBHM (oTope3ucT ToBIIMHOKW mnopsaky 40 mxm. [Ipu pospaxyHKy
IIMOMHU TpaBJiCHHS HEOOXIJHO BpaxyBaTH TOBIIMHY TalbBaHIYHOI PO3B’SI3KU
HOPSAAKY 6 MKM.

Bynemo BBakaTu, 110 po3aiibHa 31aTHICTH Potopesucty (P®D) piBna 4/3

WOro TOBIIUHU:
P@:g-F:%AO MKM = 53,3 MKM

[Ipunyctumo, 110 BeIMYHA BUTpaBiIrOBaibHOro Merany piBHa H, ne H e
CyMa TOBIIMHU (DOJIBTU Ta TOBIIMHY rajbBaHIYHOT PO3B’SI3KH.
Otxe: H= 35 mxm + 6 MmkM = 41 MKM.
Binomo, o Benmunnam miarpasiaoBanns (BIT) mamtonky piBHa 2/3 rmubuHu
TpaBJICHHS:
4 2
BIl=—-H =—-41 mxm = 27,3 MKM
3 3
Buxoasun 3 115010, MOKHA OTpUMaTH (GOPMYITY JJIsl OIIHKA BiATBOPEHHS

mupuHu 3a30py(3):

3=P®D+2-BIl=53,3mMkM+2-27,3 Mmxm = 107,9 mxMm ~ 0,108 Mm
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A oTxe, MiHIMaJIbHA IIMPUHA MPOBIIHUKIB 1 3230PiB MK HUMU MPHU I[LOMY
Metozl ckiaagae 0,1....0,2 mm.

Jlis BUTOTOBJICHHSI JPYKOBAaHOI IUIATH, BHKOPUCTAEMO CKJIOTEKCTOJIT
C®2-1.5-35T0OCT 10316-78.

Posmipu mmatm 124x124. HeBenuki po3Mipu IIaTH  HOKPAIlyHOTh

BIJIBEJICHHSI TeIJIa 3 11 LIEHTPY, MPOCTIIIEe B HACTPOMII 1 PEMOHTI.

4.2.2 Po3paxyHOK MapaMeTpiB APYKOBAHUX MPOBITHUKIB

Knac TOYHOCTI BUKOHAHHS €JIEMEHTIB KOHCTPYKLIi APYKOBAaHOI IJIaTH
BI3bMEMO TpeTid. JIpykoBaHl IUIaTH TakKOro Kjacy TOYHOCTI BHUMAararoTh
3aCTOCYBaHHS BHUCOKOSIKICHUX MarepiaiiB. [HCTpyMEHTIB 1 yCTaTKyBaHHS, OJHAK
el KJlac TOYHOCTI 00YMOBJICHUN HEOOXIJHICTIO YCTAHOBKHM HA JPYKOBaHY IUIATY
MIKPOCXEM 13 KpOKOM BUBO/1B 0,8 MM.

[Tonanpmmii  po3paxyHOK OyIAeMO BECTH BIJNOBIAHO JO METOJIUKU

BUKJIaJcHOI B [8].

4.2.2.1 HominanpHe 3HAYCHHS J[laMeTpa MOHTAXKHOTO OTBOPY

d=d,+r+[Ad, o

bi (S d 5 - MaKCUMaJIbHE 3HAUYCHHS J[laMeTpa BUBOJIy HABICHOTO €JIEMEHTA, 1110

BCTAHOBJICHUH HAa TUIATY, MM;
' - pisauog Mk MiHIMaJIBHAM 3HAYEHHSAM JiaMeTpa OTBOpY 1
MaKCUMaJbHIUM 3HAYEHHSM JiaMeTpa BUBOY BCTAHOBJIIOBAHOTO €JIEMEHTA;

Ad, , - HIKHE rpaHUYHE BIJIXWJICHHS HOMIHAJIBHOTO 3HAYCHHS JiaMerpa

OTBODPY;
od
AdH.O.| - |AdH | + 7
AdH‘ - MOJAYJb HUXHBOTO BIIXWJIEHHS JlaMeTpa OTBOPY (BiH JOPIBHIOE
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0,05 Mm);

SJ - MONYCK Ha pO3TallyBaHHS oTBOPiB (BiH nopiBHIOE 0,08 MM);

Ad,, | =[0.05] +°-_§8 ~0.09 v,

d=0,8+0,1+0,09=0,99

Sk BiIOMO, TPHUITYCTHMI JiaMETpPU MOHTQXHUX OTBOPIB JO3BOJISIETHCS
Bubuparu 3 paay {...; 0,9; 1,0; 1,1; ...}; oTke, HOMIHAJIbHE 3HAYEHHS AlaMeTpa

MOHTa)KHOTO OTBOpY OyJzie AOpiBHIOE | MM.
4.2.2.2 MiHniMansHUN JiaMeTp KOHTAKTHOI IUTOIIAIKK HABKOJIO OTBOPY

MinimManpHU ~ AlaMeTp  KOHTAaKTHOI  IUIONIAAKA  HABKOJIO  OTBOPY

po3paxoByeMO 10 HOopMyIi:

D=d+Ad,, +2-b, +At,, +2-Ad,, +\/5d2 +OpP+AL, ,

Ie:

Ad, , - BepxHe rpaHMYHE BiaXxuieHHs aiamerpa oTBopy = 0,05 MM .

At, ,,Al, , - BepxHE 1 HUKHE TPaHUYHE BIAXWICHHS IIUPUHU TPOBITHIKA

Aty, =0,1 mm,
At, , =0.08 mm.
Ad,, - jomyck Ha MIATPaBIIOBAaHHS Jie€JeKTpHKa 0araTorapoBoi

JIPYKOBaHOI 1y1atu (y HaIoMy BUNAAKY BiH gopiBHIOE = 0,02);
od - momyck Ha posTtairyBaHHs OTBOpiB ( BiH mopiBHIOE = 0,08 MM.);
Op - IONMYCK Ha PO3TallyBaHHS KOHTAKTHUX IJIOMAI0K ( BiH mopiBHIOE = (),2
MM. );
b, - rapanTiiinuii MTacok Ha 30BHIiNIHBOMY Imapi ( Bix gopisHioe = 0,1 MM.);

D = 0.99+0.05+2*0.1+0.1+(0.082+0.22+0.082)2=1.7 mm.

Apk.
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4.2.2.3 HominanbHe 3HaY€HHS IUPUHY MPOBIIHUKA t:

t=t, , +[At, o]

ne: U, - MIHIMaJbHO MPHUITYCTHMA IIUPHUHA MPOBIIHHUKA,
- 00yMOBJIEHA KJIACOM TOYHOCTI IPYKOBAHOT IJIATH 1 TOKOBUM HAaBaHTAKEHHSIM
- ( mnsa Hac BoHa AopiBHIOE = 0,25 MM.);
t=0.25+0.08 = 0.33 (Mm).
[TpoBeneMo mepeBipKy JAHIOTIB KUBJICHHS 110 TIOCTIHHOMY CTPYMY:  Smin
BiamnoBiiHo 0 MeTOAMKM omucaHoi B [8] MOXHa 3amucaTd BHUpa3 s
MIHIMAJBHOI TUIONI TMEPETHHY HEOOXiAHOI M0 TOKOBOMY HABaHTAKEHHIO IS

3a0e3nedeHHs 0€3BIIMOBHOT pOOOTH MPOBIAHOTO APY APYKOBAHOI IJIATH:

|
S. >p-—2L .| =1374.10"°
min p O’OZ-EK 17

P - TUTOMUI eNIEKTPUYHUHN OIip MPOBITHUKA.
Pey= 1,718 * 1080M/M - nuTOMMIA €NEKTPHIHMI OMIp Mii;

|,, - MakcHMalbHa JOBXXHMHA IPOBIJHHUKA JIAHIFOTa KUBJIEHHS = 0,2 M;

E,. - Hampyra >KMBIICHHS B TaHOMY JIaHI1031 kwuBieHHs = 220 ( B );

I, - MakcUManbHUN CTPYM y MPOBIIHUKY = 3 ( A).
3 1HIIIOT CTOPOHU
S=h-t
ne: h — ToBiMHA NPOBIAHUKA = 35 MKM;
t — mmpuHa mpoBiAHUKA = 1 MM.
S=35*10°*103=35*10% (M.
Ax Gaunmo, MJIOlIA NEPETHHY MPOBIAHMKA S MPHU IIKUPUHI AOPIKKA 1 MM

3HAYHO OUIbIIE IO EPETUHY Smin SIKA € MIHIMAJIBHO HEOOX1THOIO

Apk.
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4.2.2.4 Po3paxyHOK Mapa3uTHHUX MMapaMeTpiB.

[Tapa3uTHi 3B’SI3KM Ha JPYKOBAHMUX IUIaTaX OOYMOBIIIOIOTHCS HasSBHICTIO
napa3uTtHoi emHocTi C 1 mapa3utHOi B3aeMOIHIYKIII M MK JIpyKOBaHUMHU
MIPOBITHUKAMU.

[Tapa3uTHa €MHICTH M1 JBOMA IapajeIbHUMHU JIPYKOBAHUMU MTPOBITHUKAMH:

C= Cnor ’ I17
ne Cror - TIOTOHHA EMHICTh MK IIPOBiAHUKaMU, TD/cMm;
l; - TOBKMHA B3a€EMHOTO MEPEKPUTTS MPOBIIHUKIB, CM.

!’

CHOFZKH'g’

ne: Ky - koedilieHT mponopIiiHocCTi
€'~ mieJieKTpUYHa MPOHUKHICTh CEPEIOBHUIIA, JJIsi TPOBIAHUKIB HA MOBEPXHI
TUTaTH.
¢'=05-(e,+¢,)=0,5-(1+8)=4,5.
7€ €p - TICICKTPUIHA TIPOHUKHICTD MOBITPs (€5 = 1);
€r - MCJICKTPUYIHA IPOHUKHICTD TUIaTH(En = 8).
3 KpecIeHHs JPYKOBAHOI IJIaTH 00MpaeMO HallHEOE3NEeUHINTY AUISTHKY:
S;=1 MM — BiicTaHb MiX MTPOBITHUKAMH,
t1=0,25 MM - mMprHa TPOBITHUKIB.
[To rpadiky 12.6 [8] 3naxogumo K= 0,09 nd/cm.
Cpror =Ky &' =0,09-4,5=0,405 "B/

JlosxxuHa ninsHky 13 = 1 cm. [lapasuTHa €éMHICTB:
C=C,, 1,=0,405-1=0,405 no.
[Tapa3uTHa B3a€EMOIHAYKIIIS IPYKOBAHUX MPOBIIHUKIB BUBHAUAETHCS TUTBKU
reOMETPI€I0 MPOBITHUKOBOTO MAJIOHKY [UIsl IJIaTH 0€3 eKpaHYyIouol IJIOLIUHU

ckmajae 3a [8]:

Apk.
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M=2-1,-]1In 2-1, mlH,
S, +0,5-(t +t,)

ne lp - ToBXKHUHA MapajieIbHOTO PO3MIIIICHHS TBOX IPOBIIHUKIB;
t; 1t - mUpUHA IPOBIAHUKIB.
O6upaemo HaiiHeOe3meuHinry AuIsaHKy: lp =1 cm, S1 =1 mMm, t1 = t = 0,25
MM.

OTprMaeMo B3a€EMOIHIYKIIIIO:

M=2-1-|In 21, =2.0,01-In 2:0,01 =55 mxln
S,+0,5-(t, +t,) 0,001+0,5-(0,00025 +0,00025)

Po3paxyHok moka3zye, 110 B HallOUIbII HEOE3MEUHUX NUISTHKAX BEIUYUHU
Napa3uTHOI €MHOCTI Ta MAPA3UTHOI B3a€EMOIHAYKIT Majil 1 HE OyQyTh HaJaBaTH

CUJIbHOI'O BILUIMBY Ha pO6OTy CXCMHU.
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5 PO3PAXVYHKH, IO IMIATBEPDKYIOTH POBOTO3JATHICTH BUPOBY

5.1 Po3paxyHOK HaJiifHOCTI BUPOOY
IIpu  po3paxyHKy  HaaiHHOCTI  BHUpPOOY  BH3HAYAIOThCS  HACTYIHI
XapaKTePUCTUKH HATIHHOCTI:

Ac - IHTEHCHBHICTD BIJIMOB CHCTEMH;

To.c- cepenHiii yac podoTH cucTeMu (HAIpaIfOBaHHS Ha BiIMOBY);

pc(t) — iMOBipHiCcTH 0€3BIAMOBHOI POOOTH 3a Yac €KCILTyaTallii t.

Jlo panToBHUX eKcIUTyaTal[liHUX BiJIMOB BIIHOCATH BIJIMOBU amapaTypu Ha
pobouiii muisHIN ii ekcrutyaTtanii. PanTtoBi ekcrutyartaiiiiHi BIIMOBU — HACIIJIOK
BHYTPIIIHIX JAe(EKTIB MarepiaiiB, HemnepeadaueHUX KOHIICHTPAIlM 30BHIIIHIX
HABAHTAKEHb 1 BHYTPIIIHIX HAIIPYT, HOMUJIOK ONEpaTopa.

Meton po3paxyHKy.

Po3paxyHOK TpOBOJATH, NPUITYCKAIOYM TIOCHTIZIOBHE TIO HAJIHHOCTI
BKJIFOUEHHSI €JIEMEHTIB Ta B3aEMHO1 HE3AJIEKHOCTI iX BiAMOB. [Ipu 1ipomy:

Pc (t) = exp(_/lc 1),
ne t=1000 rom;

Ac - IHTEHCUBHICTD BIZIMOB CHCTEMU:

A =K1Ky, Ki 'Z;{OiaiNi’

ne Ky, Ki, Ki3 - mompaBouHi Koe(ill€HTH, SIKi BpPaxOBYIOTb BILIWB
MEXaHIYHOI'0 HaBaHTAKEHHs, BOJIOTOCTI Ta BUCOTH BIJIIOBIIHO;

Aoi - HOMIHAJIbHA IHTCHCHBHICTH BIJIMOB CJICMCHTA;

0L - Koe(PiIieHT pekuMy poOOTH €JIEMEHTIB B 1-i pIBHOHAAIMHIN TpyIIi;

N - KIJIbKICTh €JICMEHTIB.

KoedimieHT «oi-BU3HAYA€ThCSI B 3aJIEKHOCTI BiJl TEeMIEpaTypu Ta
KoedillieHTa HaBaHTaKCHHS:

a; = ¢(t°, K,,),

ne K, =11,,,/I1,,,, - KoebillieHT HABaHTA)KCHHS CIIEMCHTA,;

Apk.

3M.

PA41c.468332.001M13 |,

Apk. Ne dokym. Mlignuc | Aama




ITpas - poOoue 3HAUEHHS BHM3HAYAKOYOI'O IApaMeTpy HABAaHTAKEHHOI'O

CJICMCHTA,

I[T;0m - HOMIHAJIBPHE 3HAYCHHS BU3HAYAIOYOTO ITapaMeTpa.

Cepenniit yac poOOTH CUCTEMHU BU3HAYAIOTH 32 (HOPMYJIOIO:

Po3paxyHok.

3Beaemo po3paxyHok B Tabmuiro 5.1:

Taomurg 5.1.
Ne | Tun enemenra Aoi, Ni |K, o Ai=Aoix |Ai*N;, 107,

10 o 1/4
/49 10°,1/49
1 | Mikpocxema 0,023 {1 |0,6 0,61 |0,014 | 0,014
ATmega64A-AU
2 | Mikpocxema ST485BDR 0,023 |2 |06 0,61 |0,014 |0,028
3 | Mikpocxema PT4115 0,023 |2 |0,6 0,61 |0,014 |0,028
4 | Mikpocxema MOC3051M 0,023 |2 |06 0,61 |0,014 |0,028
5 | Mikpocxema PC817 0,023 {1 |0,6 0,61 |0,014 |0,014
6 | Mikpocxema AT24C16 0,023 |1 |06 0,61 |0,014 |0,014
7 | Mikpocxema CD4050 0,023 |3 (0,6 0,61 |0,014 |0,042
8 | Mikpocxema L78MO05 0,023 |1 |06 0,61 |0,014 |0,014
9 | Mikpocxema ACS712 0,023 |2 (0,6 0,61 |0,014 |0,028
10 | Tpanzucrop 2N7002 0,065 |11 (0,65 |05 0,032 |0,352
11 | Tpan3uctop 0,065 |7 |065 |05 |0,65 0,224
IRFRO24NTRPBF
12 | Cumucrop BTA16 0,02 (2 |06 |07 0,014 | 0,028
13 | Hiox LL4148 0,1 2 10,7 1,2 10,12 |0,24
14 | Hdion SS14 0,1 4 10,7 1,2 0,12 0,48
Apk.
— PA41¢c.468332.001713 49




[TpomoBxkenns Tadu. 5.1

15 | Hiox SS34 0,1 2 10,7 1,2 0,12 |0,24

16 | diox SIM 0,1 1 (0,7 1,2 10,12 |0,12

17 | Cympecop SMAJ5.0A 0,1 4 10,7 1,2 0,12 0,48

18 | CeiTimomioau SMDO0805 | 0,1 18 [ 0,7 1,2 0,12 2,16
3eneHi

19 | CeiTnomionu SMDO0805 | 0,1 24 10,7 1,2 0,12 2,88
YepBoHi

20 | CeiTiogionu SMDO0805 | 0,1 2 10,7 1,2 0,12 0,24
Cuni

21 | CeiTiomionu SMDO0805 | 0,1 2 10,7 1,2 0,12 0,24
XKosTti

22 | Konxgencarop 0,75 (2 (047 |05 0,375 | 0,75
€IEKTPOTITUYHUN
1000 Mmx® 25 B

23 | Konxgencarop 0,75 |2 1047 |05 0,375 | 0,75
€IEKTPOTITUYHUN
220 Mmx® 10 B

24 | Kongencatop SMDO0805 (0,01 |11 |0,3 0,4 0,004 | 0,044
100 H®

25 | Kongencarop SMDO0805|0,01 |2 |03 |04 0,004 |0,008
22 nd

26 | Kongencarop SMDO0805 10,01 |18 |0,3 |0,4 0,004 |0,072
HD

27 | Peauctop SMD1206 001 |2 (03 |04 0,004 |0,008
5% 360 Om

28 | Pesucrop SMD1206 001 |2 (03 |04 |0,004 |0,008
5% 330 Om

29 | Pesuctop SMD120 Om 001 (2 |03 |04 |0,004 |0,008

Apk.
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30 | Pesuctop SMD1206 001 |3 (03 |04 0,004 |0,012
5% 20 kOm

31 | Pesuctop SMDO0805 001 |2 (03 |04 |0,004 |0,008
5% 120 Om

32 | Pesuctop SMDO0805 0,01 |30 (03 |04 0,004 |0,12
5% 470 Om

33 | Pesuctop SMD0805 0,01 (41 /0,3 0,4 0,004 | 0,164
5% 100 kOm

34 | Pesuctop SMDO0805 0,01 (10 /0,3 0,4 0,004 | 0,04
5% 10 kOm

35 | Pesucrop SMDO0805 0,01 |20 (03 |04 |0,004 |0,08
5% 4,7 kxOm

36 | Pesuctop SMDO0805 0,01 |10 (0,3 |04 0,004 |0,04
5% 2 kOm

37 | Pesuctop SMDO0805 0,01 |22 03 |04 |0,004 |0,088
5% 1 kOm

38 | Pesuctop SMD0805 001 |5 (03 |04 |0,004 |0.02
5% 0,26 Om

39 | Impyktuaicts SMD 0705 |0,01 |2 054 |0,25 |0,002 |0,005
56-82 mxl'n 0,7-1 A 5

40 | Pene 30vdc LMR1H-12D | 0,5 4 |- - 0,5 2

41 | IloreHmiomMeTp BUBIIHUI 0,1 2 |- - 0,1 0,2
6,4x7,5x6,35mM 4,7 kKOM

42 | Keapuosuii pesonarop (0,03 |1 |- - 0,03 0,03
KX-3HT 14.74560 MHz

43 | CaMOBITHOBITIOBATHHUI 0,01 (6 |- - 0,01 |0,06
3am001>KHUK
FSMDO020-1206

Apk.
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44 | CaMOBIJHOBIIIOBAJIbHUI 001 (6 |- - 0,01 0,06
3aMmo01KHUK
FSMD035-1206

45 | CaMOBIJHOBITIOBAJIbHUI 001 (6 |- - 0,01 0,06
3aMmo01KHUK
FSMD160-16R

46 | CaMOBIIHOBIIIOBAJIHLHUI 0,01 1 |- - 0,01 0,01
3arr001KHUK BUBIIHHUNI
16 B3 A

47 | 3ano01KHUK IUIaBKUN 0,5 2 |- - 0,5 1

48 | Knormka TaKTOBa 2-x10,1 2 |- - 0,1 0,2
BuBimHa 3.5x6  DTS-3
(TACT-35N-F)

49 | [lepemukau DIP Switch 8- 0,1 1 |- - 0,8 0,8
My KoHTakTHHI DS-08

50 | KnemHuK 3 cexil. 5 Mm 0,01 1 |- - 0,03 0,03
2EDGV-5.0-03P-14-
00A(H)

51 | KnemHUuK 5 cekir 5 MM 001 (2 |- - 0,05 0,1
2EDGV-5.0-05P-14-00A

52 | KnemHuk 8 cexir. 5 Mmm 001 (1 |- - 0,08 0,08
2EDGV-5.0-08P-14-00A

53 | Knemauk 10 cekm. 5 mm (0,01 |1 |- - 0,1 0,1
2EDGV-5.0-10P-14-00A

54 | Knemuuk 12 cexir. 5 Mm 0,01 |1 |- - 0,05 |0,05
2EDGV-5.0-12P-14-00A

55 | Knemauk 2-x kontaktuuii 0,01 |2 |- - 0,02 0,04
5 mm TB306-210

Apk.
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[Tponossxenns Tadm. 5.1

56 | Tpumau 3amo6iKHIKA 0,003 |2 |- - 0,003 | 0,006
PTF78 ZHL78

57 | Po3z’em WF-12 0,01 (1 |- - 0,12 |0,12

58 | Po3’em WF-10 001 |1 |- - 0,1 0,1

59 | Poserka Ha miaty | 0,01 |2 |- - 0,06 0,12

OMHOpPsiIHA 6 KOHTAKTIB,

Kpok 2.54 mm PBS-6

60 | EnemenTu kpinieHHs 0,4 4 |- - 0,4 1,6

61 | [Lmara qpykoBaHa 0,1 1 |- - 0,1 0,1

62 | Ilaiika 0,01 - - 0,01

63 | [lmactuna 0,1 1 |- - 0,1 0,1

64 | Kopmyc 0,9 1 |- - 0,9 0,9

65 | [laiika 0,01 |91 |- - 0,01 [9,15

5

66 | biok »xuBienus +12 B 7 1 (0,7 1,5 10,5 10,5

Cyma 37,6

ITo moBigxkoBuM TabmumsaM 13 [8] 3Haxomumo: Ky = 1,46; Kin=1; K3 = 1.
3HailIeMO IHTEHCHUBHICTh BIJIMOB CHCTEMH 3 YpaxXyBaHHSIM YMOB

eKCILTyaTallii:
Ao =K, Ky K- D AqanN; =1,46-37,6-10° =54,9-10°° 1/200.
IMoBipHICTH 0€3BIIMOBHOT pOOOTH CUCTEMHU MPOTITOM 3aJaHOTO 4Yacy t =
1000 rox:

pc (t) =exp(—4 -t) =exp(-54,9-107° -1000) = 0,94.

CepenHiit yac poOOTH CUCTEMHU JI0 BIIMOBH:
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T, =t -1 18214200

A 54,9-10°°
[Ipy mopiBHAHHI PO3paxOBAHOIO Ta 3aJaHOTO CEPEIHBOrO Yacy poOoTH
cucTeMu J10 BiaMoBU BUIHO: 1y > T, - 13 <> 18214200 >1000 200 -

Takum 4YMHOM, PO3POOIIOBAHMI NpUIIAJ 3aJI0BOJIbHSE BUMoram 13 1o

CepeHbOMY Yacy poOOTH.

5.2 Po3paxyHOK Tem1oo0MiHy BUPOOY

TennoBa Mozens mpuiaaxy - TEpPMETHYHA IYCTOTAa 3 HOBITPSIHUM
oxoyokeHHsAM. Lle HalimpocTia Mojenb, sika Ja€ ySBICHHS MPO MPOLECH, SKi
npoxoaiath B amaparypi. Ha puc. 5.1 300paxkena TtemioBa Mojenb OJoka

KEpYBAaHHS.

Puc. 5.1. TemnoBa Mozesnb G10Ka KEpYBAHHS
TeroHaBaHTaKEeH1 €JIEMEHTH KOHCTPYKIIII - IJjiaTa 3 pajaioeleMeHTaMu 1
0JIOKOM >KMBJIEHHS HAa METaJeBld Tu1acTuHi. Po3mipu yMOBHO HarpiToi 30HM (Jani
"VH3") — 144x124x20 mMm. Hexait B YH3 temneparypa po3nojiiieHa piBHOMIPHO

1o BChoMy ii 06’emy. Po3mipu kopmycy — 280x190x95 mm.

3HaiiieMo 1101 CTIHOK Koprycy Ta YH3:

S, =280-190 =53200 mm; S =144.124 =17856 Mm2;
S , =95-190 =18050 Mm?; S, =20-124 = 2480 Mm?;
S,, =280-295 = 26600 Mm2; S, =144-20=2880 mm2.
Apk.
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Jlnst BU3HAYEHHS TEMIIEpaTypu KOPIMYCYy HEOOXIHO BHU3HAYUTH, KU
peXuM Teriooominy. Jis boro BUKopuctaemo kputepiit I'pacroda:

3agaemo Temnepatypy kopmycy t=100°C, a tc=20°C

-3 -9
Gr :,B g \2/ AT :3,41 10~-9,81-280 1_202 95.10 80:59,6-106,
v (15,06-10°°)
1
P,

g - IPUCKOPEHHSI BIILHOTO MMaIIHHS;
V -00’eM IyCTOTH KOPITyCY NPUTIAIY;

AT - MaKCUMaJIbHUI JOMYCTUMHUI TPpailEHT TEMIIEPATyp;

V - Koedili€HT KIHEeMaTHIHOI B’ I3KOCTI XOJIOJ0ATrCHTY.
Kpurepiit [panams:

P =0,703

Ockinbkn G, -P. =59,6-10°-0,703=41,9-10° >10° - naminapHuii pexum.

8

1
8
Toni xoepimieHT Temmonepenadi: a, = A (gj =0,295- LS =2,22
| (95-10°)
ne A - koedimieHT, SKHH 3aJSKUTH Bl THUIYy XOJNOJOAreHty; | -
MIHIMaJIbHIA PO3MIpP KOPITYCY.
Temmneparypa kopmycy:
T = Q +t° = 40 +20=57,4°C

“S.(a,+a,) " 2-(53200+18050+26600)-10°-(2,22+5)

ne, Q- TEMIOBWI MOTIK Yepe3 MOBEPXHIO KOPIYCY; SK - TJIOIIA MOBEPXHI

KopryCy;

a, - HaBeJleH1 Koe(ilieHTH Teruonepeaadi; t, = 20°C.

Apk.
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T’ =

3

Po3zpaxynok temneparypu YH3. Kpurepiii ['pacroda qns YH3:

-3 -9
G - 59 \2/ AT 3,41-107-9,81-230 1_822 10-107-80 _42.10°
v (15.06-10°°)

P =0.703
G, P =4,2-10°-0,703=2,95-10° >10°

1 8
a =A -(%)8 0,205 — 20| _588
| (20-10°%)
Temneparypa YH3:
Q. ° = 40 +20=79,17°C

T
S -(a,+a,) *  2-(L7856+ 2480+ 2880)-10°-(588+5)

Ockinbkn T =79,17° <100° , ne 3amoBospHse BuMoram. lIposeneHi

PO3pPAaxXyHKHU O3HAYAIOThb, IO IIPpHJIaA IIPpAl0O€ B HOPMAJIIbLHOMY pG)KI/IMl Ta HOro

KOHCTPYKIisl HE TOTpeOye 3MiH.

PA41¢c.468332.001/13

3M.

Apk. Ne dokym. Mlignuc | Aama
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6 OPTAHI3ALIIMHO-EKOHOMIYHUWI PO3/LI
6.1 O6rpyHTYBaHHS BUXO/ly HA pPUHOK HOBOI PO3POOKHU

6.1.1 Anani3 punky

OYyHKIIOHAIPHUM MPU3HAYCHHSM OJIOKa KEPYBaHHS T1IPaBIIYHOIO CTAHINEIO €
KEepyBaHHS BUKOHABYUM IMPUCTPOEM — OomnapioM (Oap'epHHi 3aropoKyBaaIbHUN
MEXaHi3M).

bonapa npuzHaueHu# 1Ji1 BUKOPUCTAHHS Ha MPOI3HIN YaCTUHI JOPOTH, B’13/11B,
BUI3/iB, TTAPKOBOK Ta I1HIIMX MICISIX aBTOMOOUIBHOTO Ta IMIMIOXITHOTO PYXy 3
METOI0 OpraHizailii KepoBaHOTO MPOITYCKY TPAHCIOPTHUX 3aco0iB. Takox MeBHI
BUJIA OOJIAp/IiB MOKYTh BUKOPUCTOBYBATUCH B @aHTUTEPOPUCTUUHHX IILIISX.

OpuH OJIOK KepyBaHHs Ma€ 3a0€3MEYUTH MOXKIIMBICTh MOBHICTIO HE3AJIEKHOTO
KEepyBaHHA JBOMa OOJapaaMH.

[CHYIOTh MPOMUCIOBI aHANOTU OJIOKA KEPYBaHHS 31 CXO0XUM MPUHLIUIIOM
pob6otu. CBITOBUMHU JifiepaMu 3 BUPOOHUIITBA CUCTEM JUCTAHIIIITHOTO KEpyBaHHS
JIOCTYTIOM, TPHUCTPOIB OJIOKYBaHHS, AaHTUTapaHHMX MPHUCTOIB, OonapaiB Ta
IPUCTPOIB KepyBaHHs € Itamiiicbki  kommadii: «FAAC», «Fadini»y, «O&O»,
«Pilomaty.

3a BMKOHABUOIO (PYHKI[IIO MOr0 MOKHA TOPIBHATH 3 OJIOKAMH KEpyBaHHS
iHO3emHOr0 BupoOHHUITBA: «O&0O» CDS (282 €), PERSEO CBD (288 €), (manni

B34Ti 3 caiity http://parkan.ua cranom na 01.01.2016).

Apk.
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Tabmuis 6.1 [HopiBHsHHS OJ0KIB KEpyBaHHS Pi3HUX BUPOOHUKIB

[TapameTp CDS PERSEO CBD | biok kepyBaHHS
Hanpyra xuBnenns, B 220 220 220
Maxkcumanbauii cTpym, A 3 3 3,2
Hamnpyra 610ka >KUBJICHHS 24 24 12
DC, B
KinbkicTh BUKOHABYHX 4 4 2
IIPUCTPOIB
Knac 3axucry, IP o4 54 55
Temmneparypa -20...+60 -20...+60 -30...+50
HABKOJIUIITHEOTO
cepenonuiia, °C

6.1.2 OruiHKa piBHS SKOCTI

[Ipu KUTBKICHIN XapaKTepUCTHULl BIACTUBOCTEH BUPOOY CepeliHId MOKa3HUK

SKOCT1 BUPOOY B MOPIBHAHHI 3 0a30BUM MOKHA MPEJCTABUTH SIK:

Krp =2 40,
1=1

(6.1)

JIe N — KITBKICTh MapaMeTpiB BUPOOY, K1 MPUMHSTI JIJIS1 OI[IHKY;

@, — KOe(IIi€HT, SKHii BPaXOBY€E 3HAYCHHS I-I'0 TIOKa3HHKA,

0, — OIMHUYHUHN KOe(DIlli€HT SKOCTI MO I-My IMOKa3HUKY.

JIist aHamizy piBHS SIKOCTI IPUJIATY LIO MPOEKTYEThCSI BUOMPAEMO HACTYIIHI

ITIOKa3HUKMH.

3M.

Apk. Ne dokym. llignuc

fAama
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1. Yac cnpanroBanHs

2. JlianazoH poOo4yux Temieparyp

3. Jliama3oH BUMIPIOBAJIbHUX TEMIIEPATYP

4. 'epMETHYHICTh

B mnHamomy BuUMaaKy BIIHOCHI TIOKa3HUKH SKOCTI IO OyAb-IKOMYy 3

MPUBEACHUX TapaMeTpiB ( 3HAXOIATHCS B JIHINHINA 3aJ€KHOCTI BiJ SKOCTI 1

OyyTh BU3HAYATUCh 11O (popMyIam:
= R i I — Pi
a =" abo qi="u (6.2)

ne Py, P, —4ucioBi 3Ha4eHHS I-r0 TapaMeTpy BiIIOBITHO HOBOTO Ta

0a30BOro BUpOOIB.

B sixocTi 6a3oBoro BupoOy ooupaemo «O&0O» CDS (282 €).

[lepma Qopmyna BHUKOPUCTOBYEThCS MPU  PO3PAXYHKY BIIHOCHUX
MOKa3HUKIB

SAKOCT1, KOJIM 30UIbIICHHS BEIWYMHHU TMapaMeTpy BeAe A0 IMOKpaIlIeHHS
SAKOCTI BUpPOOY, a JApyra — KOJHU 31 30UIbIICHHSM BEJIMYMHHU MapameTpy SKICTh
BUPOOY MOTIPIIYETHCA.

3Ha4YCHHS BIJHOCHOTO IOKAa3HHWKA SKOCTI TMOBHHHO OyTH OUIbINE OJMHMII,
IpH TOKpAIleHHI I-TO TOKa3HHWKa SIKOCTI Ta MEHINE OJWHMIN — IPH HOTro
MOTIpIIEHHI.

PesynbpTaTi po3paxyHKy npuBeieHi B Ta0. 6.2.

Apk.
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Tabmuusa 6.2

Bapiantu Binnocuuit
[Tapametp MMOKa3HUK
bazosuit HosBuit AKOCTI
Hamnpyra >xuBieHHs, 220 220 .
B
MakcuManbHUI 3 3,2
1,07
CTpyMm, A
Hamnpyra 0JI0Ka 24 12 )
kusienus DC, B
Kinekicts 4 2
BUKOHABYMX 0,5
IIPUCTPOIB
Kiac 3axucry, IP 54 55 1,02
Temmneparypa -20...+60 -
HaBKOJIUIITHBOTO 30...+50 1
cepenosuma, °C

BaxxnuBicTh KOXKHOTO MapamMeTpy B 3arajbHIi KITBKOCTI 10 PO3TIISIAI0THCS
IpU OIL[IHII MapaMeTpiB BU3HAYAETHCS METOAOM MOMAapHOTOo mopiBHAHHS. [licns
JIeTaJIbHOT0 OOTOBOPEHHSI Ta aHaJi3y KOXKEH €KCIEPT OIIHIOE CTEMiHb BaXKJIMBOCTI
napaMeTpiB LUISIXOM TPHUCBOEHHS iM  paHriB. Pe3ynapratu  excmepTHOTro

paHXyBaHHS 3Be/ICHI B TA0IUIIO 6.3.

Apk.
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Buznauenusa

MO>KJIMBOCTI

BHKOPUCTAHHA

pe3ynbTaTiB

PaH)XyBaHHS

napameTpiB JJisi MOJANBIIUX PO3pPaxXyHKIB MPOBOISTHCA HAa OCHOBI PO3pPaxyHKY

KoedilieHTa KOHKOpAALii (MOToKEHOCT1) eKCIIEPTHUX OIIHOK.

Tabnuusg 6.3 Pe3ynbratu paHKyBaHHS TapaMeTpiB

Panr mapameTpy mo omiHIri ‘
Binxu-

eKkcrnepTa Cyma

Ha3zpa | nenns
paHris A

napamerpy A

1 (2 (3 |4 |5 |6 |7 R
Hanpyra

Py 4 |5 |5 |5 |4 |6 |4 8,5

JKUBJIeHHs, B 33 72,25
MakcuMarbHUH

5 16 |3 (4 |5 |4 |5 7,5
CTpyM, A 32 56,25
Hampyra 6:10ka
>xussienas DC, 1 2 1 1 1 1 2 -15,5
B 9 240,25
KinpkicTs
BHUKOHABUYUX 2 1 2 3 2 2 1 -11.5
MIPUCTPOIB 13 132,25
Kiac 3axucry,

3 |3 |4 |2 |3 |3 |3 -3,5
IP 21 12,25
Temneparypa
HaBKoJiMIHBOrO |6 |4 |6 [6 |6 5 6 14,5
cepenosuia, °C 39 210,25
Cyma 21 |21 |21 |21 (21 |21 |21 | 147 0 723,5

Apk.
PA41c.468332.001/13 o
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Cyma panris R; 110 KOXKHOMY CTOBIIIIO JOPIBHIOE:

R - n(n+1) _ 6(6+1)

e o (6.3)

Busnadyaemo cyMy paHTiB KO’KHOT'O IMMOKa3HHUKA (110 CTPOKaM)
R = ZI’" ' (6.4)

Jie I, — paHr i-ro mapameTpy, BU3HAYCHUH 1-M eKCIepToMm;

N — YHCJIO €KCHEPTIB.
[IpoBoATH MEpEBIPKY 3arajJbHOI CYMH PaHTIB, SIKa piIBHA:

R _ N-n(n+1) 7-6(6+1)
! 2 2

=147. (6.5)

Busnauaemo cepesiHIO CyMy paHriB o Gpopmyii:

T=1g, :%.147:24,5. (6.6)
n

BusnayaemMo BiOXWJICHHS CyMH paHTiB KokHOro mapametrpy (R,) Bif
cepeaHboi cymu padriB (T) 3a dopmynow A, =R, —T Ta 3aHOCUMO 3HAYCHHS B
TaOJIULIIO.

CyMa BIJIXWJIEHb MO BCIM MapaMeTpaM NOBUHHA OYTH piBHA HYJIIO.

BuzHauaemMo KBaIpaT BIIXHJICHB 110 KOXHOMY mapaMeTpy (A}) Ta 3arajibHy

CyMY KBaJIpaTiB BIAXUJICHB:

S= ZA,Z =72,25+56,25+240,25+132,25+12,25+210,25=723,5.

n=1

Busnauaemo koediieHT NOroKeHOCT (KOHKOPAITii):

125 12.7235

W=—T"F _—=——"""_=0,84. (6.7)
N°(n*—-n) 7°-(6—6)

KoedimieHT moromkeHocTi MoKe MaTH 3Ha4YeHHs B iHTepBaii Bix 0 mo 1.

[Ipy mOBHIM MOTOHKEHOCTI TOYOK 30py ekcrnepTiB W =1. Yum Oliblie

Apk.

3M.
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BIAPI3HAIOTBCA TOYKH 30py €KCHEpTiB, TUM MEHIIOK Oyae BeiauyuHa W .

Po3paxoBana Benn4ynHa W TOPIBHIOETHCS 3 HOPMATUBHOIO W, . SIkmo W Oinblie
abo piBHE W,, , TO MEBHI JIaHi 3aCIyTOBYIOTh JIOBIpY Ta MPHUAATHI 0 BUKOPUCTAHHS.
J71g eeKTpOBUMIPIOBAJIBHUX Ta PaAlOTEXHIYHUX BUPOOIB W, =0,77 .

bauumo, mo 3nauenns koedimienra W > WH (114 panioTeXHIYHUX BUPOOiB

HOopMaTuBHE 3HaueHHs koedirienta WH = 0.77). Lle o3Havae, 1110 oTpuMaHi JaH1

HpI/II[aTHi AJI1 TIOJAJIBINOI0 BUKOPHUCTAHHA.

Busnauenuit  koedillieHT  TOTOKEHOCTI  OiJIbIlIE  HOPMATHBHOIO.
KoeditieHT, sskuii BpaxoBy€e Ba)UIMBICTh I-TO MMOKa3HUKA BHPOOY, PO3PaXOBYIOThH
METOJIOM PO3CTAHOBKH IPIOPUTETIB, BIAMOBIIHO 10 SIKOTO IMPIOPUTET OIHOTO
MOKa3HUKa SKOCTI BUPOOY Iepes| iHIIMM BH3HAUa€ eKCIepTHA KOMicis, sika go0pe
3Ha€ 00J1aCTh

Jlns excriepTusw iM OyJj0 3ampONOHOBAHO HE3aJEKHO OJIMH BiJI OJTHOTO
MOMapHO MOPIBHATH BC1 MOKAa3HUKHU MK co0ot0. [Ipu 1iboMy HeoOXigHO Oysio gaTu
OIIIHKY TIepeBaru OJHOr0 IMOKa3HUKa Iepes 1HIUM (OUThII Ba)KIMBUM, MEHII
BOXJIMBUM, piBHOIIHHI). 3Haky "Outeme", "menme" abo "piBHO" BiJMOBiTAE
NEBHUM KOe(DIlIEHT MepeBaru, Ha OCHOBI SIKOTO PO3PaxXOBYIOTh BITHOCHI OLIIHKH —
MPIOpUTET.

Ha cporomHi HaiOIpIl IIMPOKO BHUKOPUCTOBYIOTHCA TakKl 3HAUYEHHS
xoediuieHTiB nepesaru (a;): "oupme" — 1.5; "menme" — 0.5: "pisno" — 1.0.

VY Bunagky 3 OI[IHKOIO TIOKa3HUKIB MapaMeTpiB OJOKIB KepyBaHHS ,

PIBHO3HAUHUX MapaMeTpiB HEMA€E, TOMY € TIJIbKM JIBa BapiaHTU OIUHKH: "OiibIie"

a6o "menme".

Apk.

3M.
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Ha ocHoBI uncnoBux ganux Xij CKiaaaeMo KBaJApaTHy MaTPHIIO:

A= (6.8)

Ta6mui 6.4 [TorapHe MOPiIBHSAHHSA IMapaMeTpiB

XXX [Tapametpu X;, [Iepma Hpyra
Xy X2 | X3 Xy (X5 |Xe |b Pi b’ @'i
i
X1 1.0 |0.5]05 |15 (05|05 |45 |0.125 23.75 10.12
X2 1.5 1.0 /05|15 |15 (0.5 6.5 |0.181 34.75 10.175
X3 1.51.5]1.0 |15 (1.5 |05 |75 ]0.208 41.75 |0.21
X4 0.510.5 (0.5 1.0 |0.5 |0.5 |3.5 0.097 19.75 ]0.099
Xs 1.510.5]0.5 |15 (1.0 |0.5 |55 |0.153 28.75 ]0.145
Xs 1.5 15|15 |15 (1.5 |1.0 |85 |0.236 49.75 |0.251
Bceworo 36 1.0 198.5 |1.0

Po3paxyHOk BaroMocTi (Mp1OpUTETHOCTI) KOKHOTO MapaMeTpa ¢;:

bi = ZCIU ; (Dl' = " ! (69)
j=1

bi — BaromicThb i-ro nmapameTpa 3a pe3yJbTaTaMH OI[IHOK BCIX €KCIIePTIB;
BU3HAUYAETHCS SIK CyMa 3HaU€Hb KOE(IIIEHTIB MepeBaru (Xij ) JaHUX yciMa

eKCcIiepTaMu 1o 1-My napameTpy.

BigHocHI ominku Baromocti (@i) po3paxoBYIOTh TOKH HACTYITHE 3HAUCHHS
Oyne He3HayHO BIIXWIATHCS Bif monepennboro (menme 5%). Ha apyrii 1

HACTYIHHX iTepalisx 3HaueHHs KoedirieHTa BaroMocTi (i) po3paxoByeThCs Tak:

Apk.
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ne b’j, Bu3sHavaeThes

b.

-

b; =a;b; +a,b, +...+a,,

BinmnocHa omiHka, sKa OTpUMaHa Ha OCTaHHIM iTepamii po3paxyHKIiB,
npuiMaeTbes 3a KoedimieHT BaroMocTi (¢i) i-ro mapamerpy. 3a aOCOJIOTHHM
3HaYCHHSIM (i) CyAsTh MPO BaromicTh (IPIOPUTETHICTH) IIEBHOrO IapameTpa

BUpOOy. OOUHCIUMO PIBEHB SKOCTI:

K,. =D ¢0 =1.205 (6.11)
i=1

BucHoBoKk

Otxe, 3a oOpaHUMHU JUIsl TIOPIBHSHHS TapaMeTpaMu OJOK KepyBaHHS, IO
pPO3POOISIETHCA, Ta ABOMA 3aBOJICHBKUMHU 3aKOPJIOHHOTO BHPOOHMIITBA, BUXOIUTH
0 po3poOsieHUI OJOK KepyBaHHS Ma€ BUIIUN pPIBEHb SKOCTI B TMOPIBHSHHI 3

0JIoKaMH KepyBaHHSI 3aKOPJAOHHOTO BUPOOHUIITBA.
6.2 Po3paxyHOK c001BapTOCTI BUPOOY

Po3paxyHok co0iBapTOCTI BHUKOHYETHCS Y BIAMOBIAHOCTI 3 IOTOJKCHUM
nepennikom crated Burpart. [Ipu boMy HEOOX1IHO BpaxoBYBaTH TUIl BUPOOHUIITBA
(npiOHOCepiiiHe).

Butpatn Ha mpunbanHs MaTepialiiB pO3paxOBYIOThCS HAa OCHOBI HOPM ix

BUKOPHUCTAHHS Ta I[1H 3 YPaXyBaHHAM TPAHCIOPTHO-3aroTIBEJIbHUX BUTPAT.
n
CM = KT.‘?.quMiuMi (612)
i=1

1€ Qg — HOpMa BUTPAT i-TO MaTepialy Ha OJUHUIIIO MPOAYKIIii, TPH.;
I],; — llIHa OIMHMIII i-TO MaTepiaiy;

K, , — KOe(ILIEHT, IKUI BPaxOBY€ TPAHCIOPTHO-3arOTIBEIbHI BUTPATH

Apk.

3M.
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(K,, ~1.05-1.1).

Po3paxyHok 3BeZieHO B Ta0auIIO 6.95.

Tabnuis 6.5 Butpatu Ha Matepianu

Marepiar Crangapt |Onunun (Hopma [l1Ha Cywma,
abo mMapka sl BAMIPY |BUTPATBUPO |0 TUHUIII I'pH

1. [Tpunoii LC60-0.25/0.1 KT 0.015 508 |22,86
2. ®moc L-NC-3200-LF KT 0.1 72 7,2
3. Cxnorekcromit |C®P2-35I-1.0 M2 0,015 800 |12
4. ®apba K®II-2 b 0.1 50 5
5. 3axucHe CUM-02 hi 0.02 487 19,75
Pasom 56,81
HespaxoBaHni 5,68
marepianu, 10%
TpancnopTHO- 5,68
3aroTiBeNbHI
Burparu, 10 %

Bcroro 68,17

[ToxynHi KOMIUIEKTYIO4Yl BUpoOHW, HamiBpaOpukatu, poOOTH Ta MOCIYTH

BuTtpatu no uiii cTaTTi po3paxoByIOThCS aHAJIOTIYHO BUTPATaM Ha MaTepiaiu,

Pospaxynku 3BejieH1 g0 Tabauili 6.6.

BUPOOHMYOTO XapaKTepy 1HIIMX MIIPUEMCTB Ta OPTraHi3alii.

BUXOJISIYU 3 HEOOX1/THOT KUTBKOCTI MOKYITHUX BUPOOIB, HamiB(})aOpUKaTiB Ta iX I1iH.

3M.

Apk. Ne dokym.

[lidnuc fama
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Tabmuis 6.6 Butpatu Ha nmokynHi BupoOu Ta HamiBpadbpukaTu

3M.

Apk.

Ne dokym. [lidnuc fama

Ne | HaiimenyBanus BupooOy, Kopnyc Kinpker., | Lina, Cyma,
/0 | KOMIIOHEHTa, HamiB(habpuKkaTa T TpH./IIT | TPH.
1 Mikpocxema ATmega64A-AU TQFP64 1 48,20 48,20
2 Mikpocxema ST485BDR S08-150-1.27 |2 5,8 11,6
3 Mikpocxema PT4115 SOT89-5 2 6 12
4 Mikpocxema MOC3051M DIP6 2 2 4
5 Mikpocxema PC817 DIP4 1 0,9 0,9
6 Mikpocxema AT24C16 S08-150-1.27 |1 4 4
7 Mikpocxema CD4050 S016-150 3 2,3 7,1
8 Mikpocxema L78MO05 DPAK 1 3,18 3,18
9 Mikpocxema ACS712 S08-150-1.27 |2 50,25 100,5
10 | Tpansuctop IRFRO24NTRPBF DPAK 6 8,34 50,04
11 | Tpanuzucrop 2N7002 SOT23 11 0,75 8,25
12 | Cumucrop BTA16-800BRG TO-220 2 17,75 35,50
13 | Hiom LL4148 SOD-80 4 0,5 2
14 | Hiox SS14 SMA 2 0,75 1,5
15 | Mdiox SS34 SMC 1 2,17 2,17
16 | dion SIM SMA 2 2 4
17 | Cynpecop SMAJ5.0A SMA 4 1,2 4.8

IagykruBHicTe SMD 0705 56-82 10 20
18 |uHO,7-1 A SMD 0705 2

Pene 1form-C coil=5vdc cont=16a 26.62 | 106,4
19 | 240vac/ 16a 30vdc LMR1H-12D 4

[ToTenmiomeTp BUBITHAN 1,75 3,5
20 | perymoBaHHs 3BepXxy 4,7 kKOm 6,4x7,5%6,35 2

Knomnka TakToBa 2-X BUBOIHA 3.5X6 1,25 2,5
21 | DTS-3 (TACT-35N-F) 3.5x6 2

[Tepemukau DIP Switch 8-mu 24 24
22 | xontaktHuit DS-08 DIP16 1

Kgapmosuii pezonatop KX-3HT 3,5
23 | 14.74560 MHz HC49/U3H 1
24 | KongeHcarop eIeKTpOoTiTHIHU] 13x21mm 1 1,3

Apk.
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[TponorxenHs Tadi. 6.6

3M.

Apk.

Ne dokym. [lidnuc fama

1000uF 25V 13x21mm

KonneHncarop enekTpoiTHIHHHA 0,3
25 | 220uF 10V ECR 6x11mm 6x11mm 1

Knemuunk 3 cex. ITin Hakmaaky 5 11 11
26 | mm 2EDGV-5.0-03P-14-00A(H) 1

Haknaznka no xinemHuka 3 cexi. 5 11 11
27 | mm 2EDGK-5.0-03P-14-00A(H) 1

Knemuunk 5 cex. ITin Hakmaaky 5 17 34
28 | mm 2EDGV-5.0-05P-14-00A(H) 2

Haxmanka o xinemHuka 5 ceku. 5 17 34
29 | mm 2EDGK-5.0-05P-14-00A(H) 2

Knemuuk 8 cek. [1ig Hakmaaky 5 10 10
30 | mm 2EDGV-5.0-08P-14-00A(H) 1

Haxnanka 1o kiemMHuKa § cekil. 5 10 10
31 | mm 2EDGK-5.0-08P-14-00A(H) 1

Knemuuk 10 cexu. ITig Haknaaky 5 13 13

MM 2EDGV-5.0-10P-14-00A(H)
32 | (MoxnuBicts HaOpatu 5+5) 1

Haxkmaaka go xkiaemuuka 10 cekir. 5 13 13

MM 2EDGK-5.0-10P-14-00A(H)
33 | (MoxmBicTh HaOpatu 5+5) 1

Knemuuk 12 cexu. I1ig Haknaaky 5 16 16

MM 2EDGV-5.0-12P-14-00A(H)
34 | (MoxnuBicTs HaOpatu 6+6) 1

Haxmanka mo kemuuka 12 cexi. 5 16 16

MM 2EDGK-5.0-12P-14-00A(H)
35 | (MoxnuBicTh HaOpatu 6+6) 1

Knemnuk Ha mmaTy 2-X 3 6
36 | kontakTHUH 5 MM TB306-210 2

Tpumau 3an0061KHUKA 3 HAKIJIATKOIO 2 4

3 BIICTAaHHIO MK BUBOJIaMU
37 | 22,6mm PTF78 ZHL78 2
38 | CamoBigHoBmOM0OYHif 3amo0ixkauk | SMD1206 6 2 4

ApK.
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[IponorxenHs Tadm. 6.6

3M.

Apk.

Ne dokym. [lidnuc fama

1206 30V 0,2A FSMDO020-1206

CaMOBIJHOBIIFOIOYMI 3aI1001KHUK 2 4
39 | 1206 30V 0,35A FSMD035-1206 SMD1206 6

CaMOBIJHOBIIFOIOYMI 3aI1001KHUK 2 4
40 | 181216V 1,6A FSMD160-16R SMD1812 6

CaMOBITHOBITIOIOUNH 3aITOOIKHUK 2 4
41 | puBimHwmii 16V (i Oinbiie) 3A 1
42 | Ceitnomionu SMDO0K0S5 3eneni SMD0805 18 0,48 8,64
43 | Ceitnogiomn SMDO0805 YepBoHi SMDO0805 24 0,48 11,52
44 | Ceitnomiogu SMDO0805 Cumni SMD0805 2 1,2
45 | Ceitnogiogn SMDO0805 XXosTi SMDO0805 2 1,2
46 | Po3"em nij naiiky Ha iaty WF-12 1 1

Po3"em minx 00kuMKY Ha 1Ieid 1
47 | HU-12 1
48 | Po3"em min maiiky Ha riaty WF-10 1 1

Po3"em minx 00kuMKY Ha 1Ieid 1
49 | HU-10 1

Pozerka Ha nuiaty onHopsiaHa 1x6, 2
50 | xpok 2.54 mm PBS-6 2
51 | Pesucrop SMD1206 5% 360 Om SMD1206 2 0,1
52 | Pesuctop SMD1206 5% 330 Om SMD1206 2 0,1
53 | Pesuctop SMD1206 5% 120 Om SMD1206 2 0,1
54 | Pesucrop SMD1206 5% 20 kOm SMD1206 3 0,1
55 | Pesuctop SMDO0805 5% 120 Om SMDO0805 2 0,1
56 | Pesucrop SMDO0805 5% 470 Om SMDO0805 30 0,4
57 | Pesucrop SMDO0805 5% 100 kOm | SMDO0805 41 0,5
58 | Pesuctop SMDO0805 5% 10 xOm SMDO0805 10 0,15
59 | Pesucrop SMDO0805 5% 4,7 xOm SMDO0805 20 0,25
60 | Pesucrop SMDO0805 5% 2 kOm SMDO0805 10 0,15
61 | Pesucrop SMDO0805 5% 1 kOm SMDO0805 22 0,25
62 | Pesucrop SMDO0805 5% 0,26 Om SMDO0805 5 0,2
63 | Kongencarop SMD0805 100 ad SMDO0805 11 0,5
64 | Kongencarop SMDO0805 22 n®d SMDO0805 2 0,1

ApK.
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[IponoBxkeHHsa Tadn. 6.6

65 | Kongencatop SMDO0805 1 Hd SMD0805 18 1
66 | Kopmyc Z95 Z95 1 250 250
67 | BupoOHUIITBO TUIATH 1 80 80
68 | brok >kuBIEeHHS 1 120 120
Pazom

137,8
TpancnoprHo-3arotiBenbHi BUTpaTH (5%)

6,89
Beworo

194,6

9

OcHoBHa 3apo0iTHA IJ1aTa

Butpatn 3a 11i€10 CTaTTel0 pO3pPaxoOBYIOTHCS MO KOXHOMY BHAY pOOIT
(omeparriit) 3ayieHO BIJ HOPMH 4Yacy (HOPMATHBHOI TPYAOMICTKOCTI) Ta
MOTOANHHOI Tapu(HOI CTABKU pOOITHUKIB

n
Cs0. = ZCTitﬂli : (6.13)
i=1

ne Cti — noroauHHa Tapu@Ha ctaBka s 1-ro BUAY poOIT (onepartliii), TpH;

ty. - HOpMa yacy aJist i-ro Buny poOit (omepartiif), H. TOJUH.

[Toroguuui TapuQHi CTaBKM BU3HAYAIOTHCS BUXOASYM 3 YAaCOBUX Tapu(PHHX
CTaBOK MepIIoro po3psiay C, Ta TapudHux KoedimieHTiB K, .

[loromuaHa TapudHa CTaBKa MEPIIOrO PO3PSIY PETYITIOETHCS TapUPHUM
CI1BBITHOIIICHHSIM:

C; =3,/ Fuy (6.14)

min m
ne 3. — MiHIMaJbHa 3apruiata mo YKpaiui;

F, — MIiCSTYHHMI (oHIT poOOYOro yacy.

Apk.

3M.
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BuzHauuMo TpPYyJOMICTKICTh CKJIQJAIbHO-MOHTOXKHHX POOIT 3a TUIIOBUMH

HOpMaMu 4acy. Lle HeoOXiHO 11 TOTO 00 BU3HAYUTH TPYIAOMICTKICTH BCHOTO

BupoOy. [loBHa TpymoMicTKiCTh Oye BU3HAUATHUCS MO (HOPMYIIi:

TC.M.

Ty = .
’ Kem.

(6.15)

Jlist mporo  ckiazemMo TabnuIio ae OyayTh BpaxOBYBaTHCh BCl omepartii

CKIIaJaHHA IIPUCTPORO.

Tabmuns 6.7 TpymoMiCTKICTh CKIaIaIbHO-MOHTAKHHAX POOIT

Ne | Ha3Ba omepairtii Ta ii 3MiCT Hopma Kinbkicte | CymapHuit
yacy, XB. | €JIEMEHTIB | 4ac, XB.

n/m

1. | IlizroroBKa 10 CKJIagaHHS 1 3 9

2. | BcraHoBneHHS TJIaTH B KOPITYC 2 1 2

3. | BcraHoBneHHs1 OJ0Ka >KMBJICHHS B 1 1 1

KOpIycC

4. | 3akpy4yyBaHHS T'BUHTIB 1 6 6

5. | [lepeBipka ¢yHKIIIOHATHEHOCTI 8 1 8
CyMapHa TpyAOMICTKICTh BpaXOBaHUX BUTPAT 26
[H111 HEBpaxoBaHi poOOTH 5
Bceporo 31

BuzHauuMo TpynoOMICTKICTh CKIIaJalbHO-MOHTaXHUX POOIT B TOIMHAX:

3M.

Apk.

Ne dokym. [lidnuc fama
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Ten(x6) 3L _ 455 (ron). (6.16)

Te u (we00.) = 50 50

ae T, (x6) = 31 — Yac CKJIaJalbHO-MOHTAXXHHUX POOIT y XBUIIMHAX.

3arajpHMIA Yac BUTOTOBJICHHS BUPOOY:
T, =05 roguHu,

Po3paxoByeMo 0CHOBHY 3ap00iTHY IJ1aTy 3a (OpMYIIOH0:
X,=T-C, =05-60=30(rpH),

ne C, — movacoBas TapudHas craBka, C, = 60TpH.;

T — TPYJOEMHICTb TOAMH .

Ockinbku BHUpIO 30HMpae BUCOKOKBANI(PIKOBAaHUMN pOOITHHK, TO Tapu(pHa
CTaBKa y HbOTO JJOCUTh BUCOKA 1 piBHA 60 IpH./TO.

JlomaTkoBa 3apo0iTHA IUIaTa MpariBHUKIB

JlonatkoBa 3apo0iTHA IlaTa MPAIiBHUKIB BU3HAYAETHCS Yy BIJICOTKAX J10
ocHoBHOI 3apriati (HopmaTtuB 30 — 40 %, 6epemo 35%):

X, = X,-0,35=30-0.35 =10,5(TpH).

€1Hul corlaIbHNAI BHECOK

3a pgitounmun  Ha 10.02.2016 p. HOpMaTuBaMM BIApaxyBaHHsS Jis
npwia o0y AIBHUX MIAMPUEMCTB Ha BCl BUJIM COIIAJIbHOTO CTPaxyBaHHS CKJIaae
22% B CyMH OCHOBHOI Ta JI0JJaTKOBO1 3apO0OITHOT MJIATH.

X, =(X,+X,)-0,22
B B (rpH).
—(30+10,5)-0,22 = 8,91

3aranpHOBUPOOHUY1 BUTPATH

3aranbHO BUPOOHWYI BHUTPATH BU3HAYAIOTHCS Yy BIJICOTKAX JI0 OCHOBHOI
3aprati (HopmatuB 200 — 300%, 6epemo 250%):

X, =X,-25=30-25=75(TpH).
AnMiHICTpAaTUBHI BUTPATU

AJMIHICTpATUBHI BUTpATH BU3HAYAIOTh Y BIJCOTKAX BiJI OCHOBHOI 3apIuiaTu

(Hopmatus 100 - 200%, 6epemo 150%):

Apk.
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X, = X,-15=230-15 = 45(IpH).

BupoOHnuua co6iBapTicTh

Busznaunmo BupoOHUYY COOIBapTICTh:

C,=X+ X, + X;+ X, + X+ X+ X, =

=68,17+1194,69+30+10,5+8,91+ 75+ 45 =1432, 27 (TpH).
7€ X, =68,17 TPH. — BUTPATU HA IPUA0aHHS MaTepiaiB;
X, =1194,69 TpH. — BUTPATH Ha Npui0aHHs BUPOOIB Ta HamiB(haOpPUKaTIB.

Burtparu Ha 30yT

Butpatu Ha 30yT BU3HAYalOTh Yy BIJICOTKAX BiJi BUPOOHHUYOI COOIBApTOCTI

(mopmatus 0,5 — 2 %, 6epemo 1,2%):

X,=C,-0,012=1432,27-0,012 =17,19 (TpH).
IToBHa co0OIBapTICTH

Busnaurmo moBHy co0iBapTiCTh BUPOOY:

C=C, +X, =1438,55+17,27 =1455,82 (IpH).

Apk.
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Ta6mui 6.8 [TinpaxyHOK cOO61BapTOCTI MIPUIATY

Ne . Cyma, [Turoma
Crarri BUTpar

n/m TpH. Bara, %

1 CupoBuHa Ta MaTepiain 68,17 4.7

2 [ToxymHi KOMIUIEKTYIOUl BHUPOOH,

HamiBdaOpukaTu, poOOTH Ta IOCIYTU
. 1194,69 82,34
BUPOOHUYOTO XapakTepy THIIHX

MiIPUEMCTB Ta OpTaHi3aIlii

3 | OcHoBHa 3apruiaTa 30 2

4 JlonaTkoBa 3aprara 10,5 2,15
5 €1rHN coaIbHUN BHECOK 8,91 0,6

6 | 3aranpHOBHPOOHMYI BUTPATH 75 3)

7 AJZIMIHICTpaTUBHI BUTPATH 45 3,1
Bupo6uuua co6iBapticts — BCbOI'O 1432,27 98,82
8 | Butpartu Ha 30yT 17,19 1,18
[ToBHa cobiBapTicTs - BCHOI'O 1449,46 100

6.3 BuzHaueHHs 1IHU BUPOOY
6.3.1. Hmxaa Mexa 1iau

Hwxus rpanuus winu (17, , ) 3aXUILA€E IHTEPECH BUPOOHMKA MPOAYKIi Ta
nependayae MO IiHA MOBUMHHA IOKPUBATH BUTpaTH BUPOOHMKA, MOB’sI3aHl 3
BUPOOHUIITBOM Ta peati3alli€ro MpoayKIlii, Ta 3a0€3MeYUTH PiBEHb PEHTA0ETHLHOCTI
HE HWXKYE TOTO, SKUM Ma€ MIANPUEMCTBA TPU BHUPOOHUIITBI BXKE OCBOEHOT

MPOAYKIIIi.

Lyr =Uoprn - (1+ Cj-lgz)c ) 1 (617)

Apk.
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P

UOIYT.H. 170]7 (1+ﬁ)

ne If,,,, — OITOBA IIHA MIANTPUEMCTBA, TPH;
C 0y — TIOBHA COO1BApTICTh BUPOOY, TPH;
P,, — HOPMaTHUBHUH piBeHb peHTabenbpHOCTI, (10 %);

Qe — TIOJIATOK Ha JI0JIaHy BapTicTk, % (20 %).

Homrn = Cron (l+—) 1449,46 - (1+—) 1594,4 (rpn);

1, =Ly, L+ ’”C) 1594, 4. (1+—) 1913, 28 (TpH).

6.3.2. BepxHs Mexa LiHU

Bepxust rpanuus uiHu (], , ) 3aXUIIA€ IHTEPECHU CIIOKHMBAya 1 BU3HAYAETHCS

TIEIO I_[iHOIO, SAKY CIIOKHMBaA4 FOTOBUM 3aIIaTUTH 3a HpO,Z[YKLIiI-O 3 KpalluMHu

CTIOKUBAIbKUMH SIKOCTSIMHU.
Lyr =L5 - Kpp, (618)
ne IJ, =282 €— uiHa 6a30Boro BUpooOy, IpH.;

[{ina 6a3oBoro BupoOy kommanii «O&0O» CDS (282 €). Cranom Ha

11.02.2016 poky xypc HBY 29,15 rpu 3a 1 €.
1], =282-29,15=8220,32pn

K, , — PIBEHb SIKOCTI HOBOI'O BUPOOY BIIHOCHO 0a30BOro, K, , =1,205.

o,, =L, K,, =8220,3-1,205 = 9864, 36 (TpH).

6.3.3 JlorosipHa 1iHa

HorosipHa mina (L ,,) MOe OyTH BCTAHOBJIEHA B 1HTEPBaNl MK HUKHBOIO

Ta BEPXHbBOIO I[IHOBUMH T'PAHUIISIMU

HHF<UHOF<UB1";

Apk.

3M.
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1913,28 epn. < 1] ;- <9864,36 eprn.

Bizememo 1], = 4000 rpH.

6.3.4. BuzHaueHHsI MiHIMAJIbHOTO 00CSTY BUPOOHUIITBA.

Co01BapTICTh PIYHOTO BUITYCKY TIPOTYKITIi:
Cpr=a-Cppp - Q+b-Cppp- X ; (6.19)
ne C,,,, — TOBHA cOOIBapTICTh OJUHUII MPOAYKIIIi, TPH;
a — YMOBHO-3MiHHI BUTpatu, a =0,75;
b — YMOBHO-NIOCTIiitH1 BUTpatu, b =0,25;
X — BUpOOHHYA OTYXHICTh BUPOOHUIITBA X =1500 IIT/PIK;

Q — piunmit 00’em BumycKy npoaykiii Q =1000 mrt/pik;

Co=a-Cpoz-Q+b-Cpop- X =
=0,75-1449,46-1000+ 0,25-1449,46-1500 =
=1087095+543547 =1630642 2pn

BaprticTh piyHOTO BUITYCKY MPOAYKIIIi:
Qp :Hgor'Q; (620)

Q, = 1 ;- -O = 4000-1000 = 4000000 (IpH).

0O06’eM npoaykiiii, mpu sKOMy IprOYTOK A0piBHIOE 0):
Q = b- Crios - X
1

- ]
| Jqor—4a- Crios

=186 wm.

0 - b-Chs- X  0,25-1449,46-1500 543375
' I -a-Cpyy  4000-0,75-1449,46 2913

O6'em mpoaykuii, npu sgkoMmy Oyae HOCATHYTO 3alUIaHOBAHUM pIBEHb

peHTa0EIbHOCTI:

b-C oz 'X'(l"‘PiH)
Q,- 100" . (6.21)

O yor —a-Crop - (1+fc))f6)
Apk.
, PA41c.468332.001/13 6
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P 10
b-Cpp - X - (L+ 0,25-1449,46-1500- (1+
nop X -(+00) 100

h 1PH_4 71444110_
llﬂor—a-CnOB-( +m) 000—0, 5 9, 6( +ﬁ)

_ 997902 _ 213

2804

Pianuit npuOyTOK Mpu TOCATHEHHI 3aIlJIAHOBAHOTO PIBHS PEHTA0EIbHOCTI

CKJIaze:
H:(Hﬂor_cnog)'Qz ; (622)

11 = (1 4o — Cpip) - O, = (4000 — 1449, 46) - 213 = 543363 (TpH).

3M.
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7 OXOPOHA ITPAIII TA BE3ITEKA B HAJI3BUYAMHUX CUTYALISX

OcHoBHa yBara B I[bOMY PO3LJII MPHUALICHA TUTAHHSIM BU3HAYCHHS 1 OLIIHKH
Jii  WKIGIUBUX 1 HeOe3neyHux (akTopiB mpu po3poOili, BUTOTOBJICHHIO Ta
eKCIUTyaTallli CIPOEKTOBAHOIO OJIOKa KEepyBaHHS TiApaBIidYHOIO CTaHINEr. Y
JAHOMY PO3[IiJIi 3ampONOHOBAaHI BiJMOBIMHI TEXHIYHI PIMICHHS Ta OpTaHi3aiiiHi
3aX0/1 3 0€3MeKH 1 TrieHH mpaili Ta BAPOOHUYOI caHiTapii.

Tak sk pgaHWd TPOEKT BHKOHYETHCA 3 BHKOPHUCTAHHSIM 3aco0iB
OOYHUCITIOBANILHOT TEXHIKU, TO B MEPIY Yepry, MepeadadaeThCcs, 3 ypaxyBaHHSIM
Bumor J[CanlliH 3.3.2.007 Ta JHAOII 0.00-1.31-99, Bu3HAQUWTH OCHOBHI
NOTEHI1ITHO HeOe3MeuHl 1 WKIIINBI (PAKTOPH, N0 BUHUKAIOTH PU MPOEKTYBAHHI
omoka kepyBanHs BJIT I[IEOM, BmiuB mux ¢QaxropiB Ha kopuctyBauiB B/IT,
PO3TIIAHYTH TIPUHITUIIN iX HOPMYBaHHS, a TaKOX TMEpea0aYuTH MOMKIIHBI
KOMILJIEKCHI 3aXOJd IIOAO0 3amoOiraHHs MIKIJJIMBOTO BIUIMBY LHX (DaKTOpIB Ha
moauny. TakoX IbOMY pO3IiJl HEOOXIIHO PO3POOMTH BIAMOBIJIHI 3aX0IU 3

Oesneku B Haa3BuuaiitHux cutyaitisx (HC).

7.1 Bwu3HaueHHS OCHOBHHMX IIOTEHIIWHMX NIKUIMBUX Ta HEOE3IEUYHNX

dakTopiB mpu po3podini O10ka KepyBaHHs BukopuctoBytouu BT IIEOM

[TpoekTyBaHHS TPOBOIUTHLCS 3a JIOMOMOTOI0 TIEPCOHATBLHOTO KOMIT FOTEepa
(IIK). Ilpu mpoBeneHHI MOBHOTO IHMKIY POOIT 3 MPOEKTYBAaHHSA TMOTEHIIAHO —

HEOE3MEeYHUMH Ta MIKIJJIMBUMU (PaKTOpaMU MOXKYTh OyTH:

® MOXJIMBICTh YPa)KE€HHS €JIEKTPUIHUM CTPYMOM;

® EJIEKTPOMAarHiTHe Ta peHTreHiBcbke BunpomintoBanusa BT, [IEOM;

® CIIEKTPOCTATUYHE I0JIE;

® MeEXaHIYHI IIyMH, SIKi MOB’g3aH1 3 poOOTOI0 MPUHTEpPA 1 BEHTUJISLIHHOT

CUCTEMH KOMIT I0TEPA;

Apk.
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e 3HayHa Hampyra  30pOBUX  OpraHiB 1 TOB’sA3aHe 3  IUM
nepeBTOMIICHHS kKopucTyBaya [IEOM;

e 3HAYHE HABAHTAXXCHHS Ha MalbIll 1 KUCTI PYK, IO MPH BiICYTHOCTI
npopUIAKTHKA 1 MEAUYHOTO  KOHTPOJIIO, MOXKE BUKJIUKATH
npodeciifiHi  3aXBOPIOBaHHS,

® CIIEKTPOMArHiTHE BUMPOMIHIOBAHHS Pa/ilo4acTOTHOTO Alana3oHy;

e TpuBaje TmepeOyBaHHA B OJHOMY W TOMY ) CamMOMy TOJOXCHHI
CUJISIYM, III0 BHUKJIMKAE 3aCTiIHI SBHINA B OPTaHi3Mi JIIOIUHU;

® HasABHICTH 10HI3YIOUOTO peHTTeHIBChbKe BunpomintoBaHHs (HPB);

® BUIIPOMIHIOBAHHS ONTUYHOIO Jiara3ony (yneTpadionerone,
1H(payepBOHE 1 BUIPOMIHIOBAaHHS BUJUMOTO JAlana3oHy);

e BiAOJIMCKU Ha €KpaHi MOHITOPA.

I[Ipu pobori nHa IIK mroguHa miAgaeTbcs BIUIMBY — 10HI3YHOYOTO,
1H(payepBoHOTO U yIbTPadi0JIETOBOrO BUIIPOMIHIOBAHb €KpaHa MOHITOpA, PIBHI
sakux moBuHHI Bianosigatu Bumoram JICanlliH 3.3.2.007-98 «/lep>kaBHi caHiTapHi

npasuia i Hopmu poootu 3 BAT IIEOM».

7.2 TexHiuHi pillIeHHS Ta OpraHi3alliifHi 3ax01u 3 O€3MeKH 1 TirieHH mparli Ta

BUPOOHMYOT caHiTapii
7.2.1 Opranizaiisg pobounx Miciib kopuctyBadis BJIT [IEOM

JCaulliH 3.3.2.007-98 "Jlep>kaBH1 caHiTapHl HOPMHU 1 IpaBuia poOOTH 3
Bi3yaslbHUMH JuctuieiHumMu tepMinanamu (B/T) enexkTpoHHO-00YMCTIOBAIBHUX
MaruH" BCTAaHOBJIIOE HOPMU IIOJ0 3a0€3MEeUeHHs OXOPOHU MpaIll KOPUCTYBadiB
[IK.  oTpuMaHHS BUMOT IIMX TNPaBWJI MOXKE B3HAYHO 3HU3UTH HACIIiJIKH
HECTIPUSATIMBOI [Ii HA TPAIIBHUKIB MIKIIJIMBUX Ta HeOe3nmeyHux (HakTopiB, SKi

CYNPOBO/KYIOTb ~ pOOOTY 3  BIACONUCINIEHHMMHU  MaTepiajlaMH, 30Kpema

Apk.
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MOXKJIUBICTh 30pOBHUX, HEPBOBO-EMOIIIMHUX TIEPEKUBAHb, CEPIIEBO-CYIMHHIX
3aXBOPIOBAHb.

Jliis Toro o6 3a0e3neynT TOYHE Ta IIBUKE 3UMTyBaHHs 1HGOpMaIlii B 30Hi
HalKpanoro 0ayeHHs, IJIOIIMHA €KpaHa MOHITOpAa BUCTaBJIeHa MEPHEHIUKYIISIPHO
HOpMasbHIA JiHIT 30py. [lpu mpomy mnependavyeHa MOKIIMBICTH TEpPEMIIICHHS
MOHITOpa HaBKOJO BEPTHUKAIbHOI OCi B Mexax +30° (cmpaBa HalliBO) Ta HAXUILY
Briepen 1o 85° 1 Hazaxm nmo 105° 3 ¢ikcariero B mpomy mnoJjioxkeHHi. KnaBiatypa
po3minieHa Ha nmoBepxHi crouy Ha Biactani 100...300 mm Bix kparo. Kyt Haxumy
KJIaBlaTypH J0 CTOJYy 00paHo B Mexax BiJ 5° mo 15° Tak, 110 3am'scTst Ha JOJIOHSX
PYK pPO3TaIIOBYIOThCS TOPU3OHTAIBHO JI0 IUIOHMIMHU CTONy. Take MON0KEeHHs
KJIaBlaTypH 3py4dHe JIJIs Mpalii 00oMa pyKaMu.

Po6oui micus 3 [IK po3TammoBano BiZHOCHO BiJi CTIHU 3 BIKHAMHU Ha B1JICTaH1
He MeHIe 1,5 M, BiJ IHIINX CTIH — Ha BIACTaHl 1 M, BIJICTaHb MK COOOIO - HE
MeHme Hik 1,5 m. [Ipuyomy Tak, mod npupoiHe CBITIO Najaio 300Ky, MEPEBaKHO
3miBa. [{ns 3aXuCTy B MpSAMHUX COHSYHHUX MPOMEHIB, SIKI CTBOPIOIOTH MpPsMi Ta
B1JIOMTI BIIOIKCKY 3 TOBepXHI ekpaHiB I1K nmependaueHi CoHIE3axMCHI &Kalko3i.

[Ityune oceiTaeHHs poOodoro wicis, obnagnanoro 1K, 3milicHIOETBCS
CUCTEMOIO 3arajbHOr0 PIBHOMIPHOTO OCBITIEHHS. SIK JDKEpeno IITYy4HOTrO
OCBITJICHHS] MalOTh 3aCTOCOBYBATHUCH JItOMIHECLIEHTHI Jlammu JIb.

Bumoru 10 oCBITICHHS TPUMIIIEHB Ta poO0YMX Micilb mija yac podotu 3 [1K:

- OCBITJICHICTh Ha pOoOOYOMY MICII MOBMHHA BIAMOBIIATH XapakTepy
30pOBOi poOOTH, KU BU3HAYAETHCS TPhOMA MMapaMeTpamMu: 00'€KTOM pO3pI3HEHHS
- HaWMEHIIUM pOo3MipoM 00'ekTa, 1O po3risaaeTbesi Ha MouiTopl [IK; ¢onoMm,
SAKUN XapaKTepu3yeThcs KoeillieHTOM BIAOUTTS; KOHTpACTOM 00'exTa 1 (hoHy;

- HEOOXITHO 3a0e3MEeYUTH JOCTATHHO PIBHOMIPHE PO3MOIIICHHS
SCKpPaBOCTI Ha poOOUiil MOBEPXHI MOHITOPA, @ TAaKOXK B MEKaX HaBKOJHUIITHBOTO
IPOCTOPY;

- Ha poOouiif MoOBepXH1 MOBUHHI OyTH BIJICYTHI Pi3Ki TiHi;
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- B TOJIl 30py HE MOBMHHO OyTH BiIOJUCKIB (IMiJBUIICHOI SCKPaBOCTI
MOBEPXOHb, SIKI CBITATHCS Ta BUKJIUKAIOTh OCIIMIICHHS );

- BEJIMYMHA OCBITJIEHOCTI MOBUHHA OyTH MOCTIMHOIO M1J] Yac poOOTH;

TpuBanicTh periiaMeHTOBaHMUX MepepB mij yac podotu 3 EOM cranoButs 10
XBWJIMH 4epe3 KOXKHY TOANHY pOOOTH .

Jlis 3HIDKEHHST HEPBOBO-EMOLIIMHOTO HAIMpPY>KEHHS, BTOMJICHOCTI 30pOBOTO
aHajizaTopa, JJIs TOJIMIIEHHS MO3KOBOTO KpOBOOOITY 1 3amoOiraHHsi BTOMI
JOTIUTHHO JIESIKi TMIEPEPBU BUKOPUCTOBYBATHU JIJIsi BAKOHAHHS KOMIUICKCY BITPaB, SIKi

nependadeni JICanlliH 3.3.2.007-98.

7.2.2 OcBitiienns pobounx Miciib kopuctyBadis BJIT [IEOM

[IITy4yHe OCBITIIEHHS, a caMe BIJICYTHICTh y CIIEKTP1 JaMIl JIEHHOTO CBITJIa U
JaMIl HaKaJlOBaHHA O10JIOTITYHO AaKTHBHOI YJIbTpagioieTOBOi CKJIAJ0BOI IpHU
TPUBAJIOMY BIUIMBI MOKE MPU3BECTH A0 YJIbTPadi10JIeTOBOI HEJTOCTAaTHOCTI, IpU
KW 3HIDKYIOThCS OaKTEpUIIU/IHI BIACTUBOCTI MIKIPH Ta IMYHITET.

IcToTHE 3HaUeHHA 151 30€pEeKEHHS] TPUBAJIOT MPaLle3AaTHOCTI, M1BUILEHHS
MPOYKTUBHOCTI Mpalll Mae 3a0e3MeueHHs] HOPM OCBITJIEHOCTI Ha poO0YOMY MiCITi.
Benuunna ocBitiaeHocTi pernamentyeThest Hopmamu JIBH B.2.5-28-2006. PoGoue
IPUMILIEHHS! HANEKUTh 10 | rpynu — NpUMILIEHHS, Y SIKUX PO3pI3HEHHS 00'€KTIB
30poBOi  poOOTHM 3IIUCHIOETHCS TpPU (PIKCOBAHOMY HAMPSAMKY JiHIT 30py
MPALIOIYHNX Ha poO0UYy MOBEPXHIO.

HopMyBaHHS IITYy4HOTO OCBITJICHHS TaKoXX 3ailcHIOEThCs 3rigHo JIBH
B.2.5-28-2006. Jlns 3aranbHOTO OCBITICHHS BUKOPHUCTOBYIOTH T'OJIOBHUM YHWHOM
JIOMIHECLIEHTH] JIaMIK, 110 OOYMOBJIEHO iXHIMHM TiepeBaramu. [[ns po3paxyHKy

IITY4YHOT'O OCBITJIEHHS 3aCTOCOBYIOTh METO/ KOe(illieHTa BUKOPUCTAHHS MOTOKY:

_E-K-S-Z .
TTNC 7.1

ne @ — cBitmoBui mortik; E — HOpMOBaHa MiHIMaJbHA OCBITIEHICTh;, K —

Koe(dimieHT 3amacy; S — OCBITIIIOBaHa Twiomnia; Z — Koe(iieHT HepiBHOMIPHOCTI
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ocBiTieHHs; C — KOe(Ii€HT BUKOPUCTAHHS BUIIPOMIHIOBAHOTO CBITUJIBHHUKAMHU
CBITJIOBOT'O MOTOKY Ha pO3paxyHKOBIiH 1utonil; N — 4uclIo CBITHIILHUKIB.
3riguo JIBH B.2.5-28-2006 Bu3zHauaeMo HOpMY OCBITIICHOCTI:
E =300k K =158 =54 =20m%27Z = 1,2
Heo0ximHa KUTbKICTh JIIOMIHECIIEHTHUX JIAMIT BU3HAYAETHLCS TI0 (POopMYyIIi:
_E-K-S5-Z
- @-C

Hait6inpimn npuiHATHUMU TSI IPUMIIICHHSL € JroMiHecleHTH1 yamnu JIJ]

(7.2)

(mennoro cBiTia) motyxHicTio 40 Bt. Hopmanbawmii cBiTinoBuit moTtik jgammu JIJI-
40 nopiBaioe @ = 2340 M. BemuumHOrO 1, IHIEKCOM MPHUMIIICHHS MOXHA

BCTAHOBUTH 3JICIKHICTh B1JI IUIOINII IPUMIIIEHHS 1 BUCOTH MIJBICY:
A'B
h-(A+ B)

ne A = 5M — JOBXMHA MpUMIIEHHS; B = 4M — mmpuHa npuMiieHHs; h —

[ (7.3)
BHCOTA MIABICY;
h = H — hp — hc (7.4)

ne H=35mM — Bucora npumimenus; hp = 0,8M — Bucora pobouoi
MOBEPXHI;

hc = 0,4 M — BucOTa BiJ CTEJI 10 HUKHHOI YaCTUHH JIaMIIH;

h=35-08-04=23m,
_ 4-5

23-(4+5)

KoedirienT BUKOprCTaHHS CBITIOBOTO MOTOKY Ha PO3PaXyHKOBIH IO

i = 0,97

C = 0,3. YV niacymMKy 4ucio CBITUILHUKIB BUH/IE PIBHUM:
300-1,5-20-1,2
= = 1,5
2340-0,3

JUIs IUITy4YHOTO OCBITJICHHS B poO0OYOMYy NPHUMIMIEHH] JOCTaTHHO

BUKOPHUCTATU 2 JIOMIHECIEHTHI jaMmu jeHHoro csitia JIJ[-40, 31 CBITJIOBUM
IMOTOKOM

@ = 2340 M KOXHA.
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7.2.3. BupoObHuumii mrym

JlomycTrMi IIyMOBI XapaKTEPUCTUKH Ha pOOOYUX MICISX PErIaMEHTYIOThCS
JICH 3.3.6.037-99.

30BHIIIHI JpKepena MIymMy BiIcyTHI. Jxepenamu miymMy B NPUMIIIEHHI €
NEepCOHANbHI KOMIT'IOTEPH, TeIePOH, IPUHTEP, KOHAUIIIOHEDP, TOJIOCH JIOACH 1 T.J.

[IpurycTMi piBHI 3ByKOBOT'O THUCKY, PiBHI 3BYKY W €KBiBaJIEHTHI PiBHI 3BYKY
Ha poOoumMXx MicIsIX HOpMYHOThes BianmoBiaHo jno JJHAOII 0.00-1.31-99 ta JICH
3.3.6.037-99. 3aranbHuii piBeHb 3ByKY B JJabopaTopii He nepesuinye 50 abA .

Bignosigno no 'OCT 12.1.003-83 ta ICH 3.3.6.037-99 3axucrt Bijg 1mrymy B

INPUMILIEHH], CTBOPEHOTO Ha pOOOYMX MICUSX BHYTPIIIHIMH JDKEpeJIaMyd TOBUHHA
3MIACHIOBATHCS HACTYIHUMH METOJAMU: 3MEHIIEHHSIM IIyMy B JDKEpPedl,
palioHATIBbHUM TUIAHYBAHHSIM 1 aKyCTHYHOIO OOpOOKOI0 poO0OYOro MPUMIIIEHHS

3BYKOI30JISILIITHUMHU MaTepiaiamH.
7.2.4 MixpoxiiMat po60o4oi 30HU

MikpokiiMar 'y BUPOOHHYMX YMOBAaX BHU3HAYAETHCS  HACTYITHUMU
napaMeTpaMH: TEMIIEpATypOl0 TOBITPS, BIAHOCHOK  BOJIOTICTIO  TOBITPS,
MIBUIKICTIO PYXYy MOBITPS ¥ I1HTEHCHUBHICTIO TEIUJIOBOTO BHUIIPOMIHIOBAHHS Ha
po0OOYOMY MICIIl, TEMIIEPATYPOIO TOBEPXHI.

Jlns 3a0e3nedeHHs] HOpMaJIbHOTO MIKPOKIIIMATy B po0Ooyiil 30H1 «CaHiTapH1
HOpMH  MIKpOKJIiMaTy  BupoOHMuux  npumimenb» JCH  3.3.6.042-99
BCTAHOBJIIOIOTh ONTUMAaJbHE W MPUITYCTUME 3HAYEHHS MapaMeTpiB MIKPOKIIMATY
3aJIEKHO BiJl MEPIOy POKY U Kareropii poOiT. ¥ TabauIll HABEICHI ONTUMabHI I
MPUIMYCTUMI 3HAYCHHS MapaMeTpiB MIKPOKIIMATy JUIsl KaTeropiil TSXKKOCTI PoOIT
«la» ( poOOTH, BUKOHYBaH1 CUIAYM W HE NOTpeOyroui (I3UYHOI HANPYTH TpPH

BUTpaTi eHeprii He Outbine 120 kkan/roauHa).
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Tabmums 7.1. OnTumaneHi ¥ momycTuMi mapameTpu (A MOCTIHHOTO

po60YOTro MiCIlsl) MIKPOKJIIMATY B IPUMIIICHHI.

XonoaHuii nepios Tennuit nepiox
[TapameTrpu

ONTHUMAJIbHI | JOMYCTUMI | ONTUMAJIbHI | JOMyCTUMI
Temneparypa °C 22-24 21-25 23-25 22- 28
BinnocHa

. 40-60 80 40-60 75
BOJIOTICTB, %
[IIBuakicTh
i 0,1 0,1 0,1 0,1-0,2

HOBITPSI, M/C

Y npuminieHHI BHUKOPUCTOBYETbCS 6-TM CeKI[iiHA 4YaByHHa Oarapes
LEHTPaJIbHOIO ONAJIEHHS JUIs MIATPUMKUA HOPMAJbHOI TEMIIEpPATypu MOBITPS B
XOJIOJHY TIOpY pOKYy. TakoX € KOHIMIIIOHEp JJISi MIATPUMKH MOCTIAHOI
TEeMIIepaTypy B MIPUMIIIEHHI.

Jns  mATpUMKKA  HEOOXIIHMUX [apaMeTpiB  TMOBITpS B MPUMINICHH]
BUKOPUCTOBYETHCSI MPHUPOJAHA BEHTWIISLISA. Y NPUMIIIEHHI € BIKHO, SIKE€ MOJKHA
BIJIKpUBATH, SIKIIO Oyzae moTpeda B TEIUIMI MEpioj] 1 KBaTUPKA - BIIKPUBAETHCS B
xonoauuii mepioa. LIkignuBi pedoBUHM B MPUMILIEHHI HE 30epiraroTbcs W He
BUKOPHCTOBYIOThCSI.

@dakTUyHI TApaMeTpu MIKPOKIIMATy B poOOYid 30HI BIAMOBIIAIOTH

npusenennM Buiie Hopmam JICH 3.3.6.042-99.

7.2.5 Enextpobe3nexa

3rizno OHTII24-86 ta ITYE naGopartopis BITHOCHUTHCS A0 MpUMIIIEHb 0€3
OIABUIICHOTO  PU3UKY  YP@KEHHA  NEPCOHAIYy  EJIEKTPUYHUM  CTPYMOM.
EnexTpoycTaTkyBaHHA HanexuTh 10 npunaaiB Ao 1000 B. YcrarkyBanss, 1o
BUKOPHUCTOBY€eThCsA, BignosimHo g0 ['OCT 12.2.007.0-75 wHamexuts A0
ycratkyBaHHa kiaciB Ol (BumiproBanbHi anapath), I (cucrem 6moka ITIEOM) Ta 11

(BAT ITEOM Ta nomnoMi>kHOI anapatypH) 3a eJIeKTPO3aX1UCTOM.
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Y mpomeci ekcruryaTarlli  eIeKTpPOHHO-OOYHCIIOBAIBHOTO — O0JIaTHAHHS
JI0JITMHA MOKE TOTOPKHYTHUCS JI0 YACTHH €JIEKTPOYCTATKYBaHHS, K1 Mepe0yBaoTh
mig Hampyroto. OimiHKa HEO0e3MeKn TOTHKY J0 CTPYMOBEAYYHMX YaCTHH
BIJIHOCUTBHCS JIO BU3HAYEHHS CUJIM CTPYMY, IO MPOTIKAE Yepe3 TUIO JIOAUHHU, 1
MOPIBHSHHS HOTO 13 JOMYCTUMHUM 3Ha4YeHHsM BianoBiaHo 10 ['OCT 12.1.038-88. V¥
3araJbHOMY BUMAJKy JOMYCTHMa BEIMYMHA CTPyMy, IO TMPOTIKAE UYepe3 TiIo
JIOJMHU, 3aJIeKUTh BiJ CXEMHU [MIJKIIOYEHHS EJIeKTPOYCTaTKyBaHHA 10
SIICKTPOMEPEXKi, POy ¥ BETMUMHH HAMPYTH KUBJICHHS, CXEMH BKIFOUCHHSI.

[Ipu BUKOHAHHI PO3PAXYHKIB JIJIsl AUIIOMHOTO MPOEKTY BUKOPUCTOBYBABCS
nepcoHanpHui kKoMm'iotep - 1 1 Il kimac 3a enexkTpo3axucToM, IO >KUBUTHCS
Hanpyrow 220 B. [[ns nmpaBUIbHOTO BU3HAYEHHS HEOOXI1THUX 3aCO0IB Ta 3aXO0/iB
3aXMCTy BIJI YpaKCHHS EJNEKTPUYHUM CTPYMOM HEOOXIJTHO 3HATHU JOMYCTHUMI
3HAYCHHS HAMpPYT JOTOPKAHHS Ta CTPYMIB, 11O TIPOXOJIATH YEPe3 TiI0 JFOIUHH.

Hampyra nmotopkaHHs - 1€ Hampyra MiXK JIBOMa TOYKaMHU E€JICKTPUYHOTO
KOJIa, JI0 SIKAX OJTHOYACHO JIOTOPKAETHCS JIOUHA. [ paHUYHO JAOMYyCTUMI 3HAUCHHS
HaIllpyrd JOTOPKAaHHS Ta CWJIM CTPyMy MJId HOpMalibHOro (Oe3aBapiliiHOro) Ta
aBapifHOTO PEKUMIB EJIEKTPOYCTAHOBOK MPH TMPOXOPKEHHI CTPYyMy 4Yepe3 TiIo

JIOIMHU M0 NUIAXY «PyKa-pykKa» 4Yu «pyka-Horw» pernameHTyotbess ['OCT

12.1.038-88 (Tabm.7.21 7.3).

Tabmuus 7.2. ['paHnuHOAONIYCTUMI 3HAUYCHHS HANpyru noTopkanHs U,,, Ta

CUJIM CTpyMy [,, 110 TPOXOAUTH Yepe3 TUIO JIIOAWHU MPU HOPMAJIBLHOMY PEKUMI

CJIEKTPOYCTAaHOBKU
Bug ctpymy Uy, B(HE OnbIIIC) I,, MA (ue O1nbIIe)
3minnmi, 50 I'g 2 0,3
3minaui, 400 I'ix 3 0,4
[TocTitinuii 8 1,0
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['pannvHO AOMyCTUMI 3HAYEHHS CHJIM CTPyMY (3MIHHOTO Ta MOCTIHHOTO),
10 MPOXOJIUTH Yepe3 TUIO JIOJUHM MPU TPUBAIOCTI Jii OIbIe HDK 1 ¢ HUXKYI 3a
MOPOTOBHI HEBIAMYCKAIOYMN CTPyM, TOMY TpH TaKUX 3HAYCHHSIX JIIOJWHA,
JOTOPKHYBIIUCH JI0 CTPYMOIIPOBIAHUX YAaCTHH YCTAHOBKH, 3JIaTHA CAMOCTIHHO

3BIJIBHUTUCS BIJI Jii €JICKTPUYHOTO CTPYyMY.

Tabmuns 7.3 ['pannvHo momycTUMi 3HAYeHHs HaNpyru gotopkanus U,,, Ta

[,, 1O NPOXOAUTH dYepe3 TINO JIOJUHU TpU  aBapiiHOMY  peXUMI

CJIEKTPOYCTAaHOBKH
TpuBanicts nii ctpymy t, ¢
Bun HopmoBan
0, 1
CTPYM € 3HAYCHHS
el 1 2 5 v ,0 1,0
5 y 5
U00n1 B
3MIHHUH, 00 50 00 | O 0 6
507y 5 y 5
I,, MA
00 50 00 | O 0
5 4 2
Udom B
[TocTitiam 00 00 50 | 30 00 0
i 5 4 2
I,, MA
00 00 50 | 30 00 5

OCHOBHMMHU TEXHIYHUMHU 3aco0amMu, 10 3a0e3nedyroTh Oe3neKky poOit
@3rigao ITYE-87, 'OCT 12.1.009-76) €: nHagiiina 1307s11is1, 3aXUCHE 3a3€MJICHHS,
3aHYyJICHHS, 3aXMCHE BIJKIIOYEHHSI, 3aCO0M 1HAMBIAYaTbHOIO 3aXUCTy. Y CHCTEMI
TpudazHUX Mepex 13 TIIyXO 3a3eMJICHOI HEHTPauIio, sIKa BUKOPUCTOBYETHCSA Y
HAyKOBO-IOCITHHUIIBKIN JTab0opaTopii, HAWKpamyuMu 3aco0amMu 3aXHCTYy €: HaJiiHa
130JIS11[1s1 CTPYMOBEAYYHMX YACTHH eJeKTpoycTaTkyBaHHS BianoBigHo a0 ['OCT
12.1.009-76 1 3anynenns BianoBiaHo 10 IIYE (3'enHanHHs eneMeHTIB, IO

nepeOyBaroTh Tij] HAIPYTOI0, 13 TIIYX0 3a3eMJIeHOI0 HeWTpato). Kpim toro, s
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34a3C€MJICHHA  IICPCHOCHUX  YaCTUH 06H3I[HaHH$I 34aCTOCOBYIOTbH CHeHiaHLHC

3'eTHAHHS.

7.2.6 Po3paxyHOK 3aXMCHOTO BiJIKJIFOUEHHS €JIEKTPOMEpEXKi MPHU aBapiiiHOMY

peXrMi pOOOTH €JIEKTPOOOIaTHAHHS

BukoHaeMO poO3paxyHOK JIAHIFOTa 3aXHMCHOTO BIAKIIOYEHHS (ha3HOTO
npoBoay npu kKopotkomy 3amukanHl (K3). Ctpym K3 moxkHa oOuuciautu 3a
dbopmyiioro:

" Ry+Rop+Zpp

I3 (7.5)

ne Uy =220 B - mampyra ¢a3Horo npoBoy;

Ry = 2,4 OMm - omnip HyJIBOBOTO IPOBOLY;

R =3 OM - omip ¢da3HOro mpoBoay;

Zrp = 0,1 OM - exBiBajsieHTHHH OImip TpaHcdopMmaropa.

220

Ly = =40 4
B=24+3+0,1

CtpyM cropalbOBYBaHHS ~ aBTOMATIB  3aXHCTy 3  €JIEKTPOMAarHiTHUM
pO3NMIIOBaYEM MOBHHEH OyTH B 1,4 pa3su MeEHILE CTpyMy KOPOTKOIO 3aMHKaHHS

pu ctpymi g0 100 A.

I —40—286A
CHP_14_ )

)

TakuMm YMHOM, CTPYM CHpallbOBYBAHHS aBTOMara MOBUHEH OyTH MeH1ue 28,6
A. Poszpaxyemo Hampyry JOTHKY 1O KOPIYCIB €JIeKTpooOJIagHaHHS TMpHU
KOPOTKOMY 3aMHUKaHHI:
Ugor=1Ix3* Ry =40-2,4=96 B
Bigmosimno no I'OCT 12.1.038-88, mo6 ms Hampyra Oyna Oe3nedyHa st
JIOAWHHA, HEOOXiTHO BHUKOPHCTOBYBAaTH aBTOMAaTH MAaKCHMajbHO CTPYMOBOTO

3aXUCTY Yy SIKMX 4ac CHpanboByBaHHs MeHIue 0,8c.
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ABTOMAaTH MaKCHMMaJbHO CTPYMOBOTO 3aXMCTY, BCTaHOBJICHI y J1abopartopii
3a710BOJIBHSIOTE yMOBaM (Icpp < 28,6 A, Tepp < 0,8 ¢.).

I3 mpoBefeHNX PO3PaxyHKIB BHAHO, IO Y Jab0OpaTopii OCHOBHHM 3aXHCTOM
BiJ| MMOpa3KM EJIEKTPHYHUM CTPYMOM € 3aHyJCHHs Ta 3aCTOCYBaHHS IIPHCTPOIB

MaKCHUMAaJIbHOTO CTPYMOBOTO 3aXHCTY.
7.2.7 3axoau 1010 MOMIMNIICHHS] YMOB TIparli B 1abopartopii

Ha migcraBi mnpoBeaeHOro aHami3y MOXHA 3pOOMTH BHCHOBOK PO
JOIUTBHICTh  3aCTOCYBaHHS TOBTOPHOTO 3a3eMJICHHS HYJIBOBOTO  IMPOBOIY
CJIEKTPOMEPEXKI, 110 JI03BOJISIE 3MEHIIUTH HANPYTY JOTHUKY, K MPU HOPMAILHOMY

TakK 1 MpU aBapitHOMY peKUMax poOOTH €JIEKTPOOOIaIHAHHS.
BHKOHYEMO pO3paxyHOK ITOBTOPHOTO 3a3¢MJICHHS HYJIBOBOTO TIPOBOLY

[IpaBwia ynamtyBaHHs enekTpoycTaHoBoK (IIYE) oOMmexyroTh HanOIbII
OIOpM  3a3€MJIEHHSA, Rj: mpu cymapHii IOTYXHOCTI Ie€HEpaTopiB  abo
TpaHchopmatopiB B Mepexi xuBiaeHHs He Outbie 100 kBt a6o 100 kBA — 10 Owm;

B IHIMX BUnagkax — 4 Owm;

[Tpu BUKOpUCTaHHI IITYYHOTO 3a3€MJICHHS ITOBUHHA BUKOHYBATHCh YMOBA

R <Ry.

Hexait Tun 3a3eMileHHS — BEPTUKAIBHUMN €IEKTPOJ — CTEPKEHD JTOBKUHOIO 4
M 1 giametpom d = 0.01 m. [Tutomuii omip rpynty p - 1000M - M (17151 CYTIIMHKY). 3
ypaxyBaHHSM KiIiMaTH4HOTo Koedimienrad = 2, maemo:

prospax = P P =200 Om-m

Buznaunmo ormip po3TiKaHHS CTPYMY 3a3€MITFOBAYiB:

R, = [ln (Z—L) +0.5-1n (ﬂ)] (7.6)
2L d 4t — L
nep=2000m-mM;L=4md=001mt=4m.

ITicTaBUBIIM YKCIOB1 3HAYEHHS, MAEMO:
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_200 | (2-4>+05 1 (4-4+4> _ 5500
1B_2n4[n 001) " n4-4—4]_ 4 oM

TakuM dYMHOM, OMip MITYYHOrO 3a3eMiroBada OiIbIlle HOPMOBAHOTO
3HAQYEHHS, TOMY HEOOXiJHO TMapayielbHO 3'€IHAaTH JCKiIbKa OJHOTUITHUX

3a3EMJIFOBAYIB;
Ry

R36 =
x e’
n-ng

(7.7)

ne Ng = 0,5— xoediieHT, 1110 BpaXOBYy€ B3a€EMHE €KpaHyBaHHS 3a3eMJIIOBAYA;
n = 20; L/a =1 (a— Biacranb Mk 3a3eMIIIOBaYaMHM), 3a3€MJIIOBaYi PO3TAIIOBaHI
10 KOHTYDY.

R,; = 5,52 0m

JIoBK1HA CIOy4YHOI CMYTH:
Lcnon=a-n=4-20=80m™m
[upuna cmyru 0.02m, a BijacTraHb Bl cMyru Ao nmoBepxHi 3emm 1Mm. Toxi
OIip PO3TIKAHHA CTPYMY CIIOJIyYHOI CMYTH:

p 2 Lenon” 200 2 - 802
i 2T LCHOH n <BCHOJI . HCHOI[) 2m- 80 n 0.01-1 M

3 ypaxyBaHHSIM KoedillieHTa BUKOpUCTaHHA cMyT T = 0,8:

Rp
Ry =—=6,650mM
Nn

ExBiBaneHTHUI omip 3a3eMiIIOBada CKJIAAA€THCS 3 MapaliebHO BKIIFOUEHHUX

Rpi1Ry:

o _RoRuy  552:665
EKB=R ¥R, 552+665

OTpI/IMaHe 3HAYCHHS OIIOpY 3a3cMiitoBada OTpUMAIM MCHIIC TI'PaHUYIHO

J0IycTUMOro R
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7.3 besneka B HaA3BUYANHUX CUTYaIlIsAX

BHC permamentyetscs IIJIAC (JIHAOIT 0.00 — 4.33 — 99).Omanmu 3
ocHoBHMX ckJanoBux [IJIAC € po3poOka TEXHIYHMX Ta OpraHizalifHUX pPIlIeHb
IIOJI0 OMOBIIIEHHS, eBaKyallii Ta il mepcoHaty Jjadoparopii y Haa3BUYAWMHUX

CUTYaIIisiX, & TAKOK BU3HAUYCHHS OCHOBHUX 3aXOJIiB 3 MOXKEKHOI OE3MEKH.

7.3.1 Bumoru moj0 oprasizaiili e(eKTUBHOI pOOOTH CUCTEMHU OIOBIIICHHS

BUPOOHUYOTO MEPCOHATY Y pa3i BAHUKHEHHS HAa/I3BUYaiHOI CUTYaIlil

Jist miaBuiienHs 0e3neku B Haa3BuvaiHux cutyarlisx (HC) npononyetses
BCTaHOBJICHHS cucTeMu onoBineHHs (CO) BUpOOHUYOr0 MEPCOHAITY.
OmnoBilieHHss BUPOOHUYOrO0 TepcoHany y pasi  BuHukHeHHs HC
3aiiicHIOETECA BiamoBigHo 10 BuMor HAIIB A.01.003-20009.
Omnogimennss npo HC Ta ynpaBiiHHA €Bakyalli€ro JIOJEH 31HCHIOETbCS
OJIHMM 3 HAaCTYITHUX CITOCO01B a00 iX KOMOIHAIIEO:
- TOJaHHSM 3BYKOBUX 1 (a00) CBITJIOBUX CUTHAIIB B yCl BUPOOHMUI
MPUMIIICHHS OY/IIBIII 3 TOCTIHHUM 200 TUMYAaCOBUM TIepeOyBaHHSIM JIFOJCH;
- TPaHCJAUIEI0 TEKCTIB PO HEOOXITHICTh €BaKyallii, HUISXH eBaKyallli,
HaIPSMOK PyXy U 1HIII A1, COpSIMOBaH1 Ha 3a0e3MeYeHHs Oe3MEKH JII0IEH;
- TPaAHCIAIIEI0 CHEMIaTbHO PO3pOOJEHUX TEKCTIB, CIPSMOBAaHUX Ha
3ano0iraHHs MaHili ¥ 1HIIUM SBUIIAM, 1110 YCKJIAIHIOIOTh €BaKyaIlito;
- BBIMKHEHHSIM €BakyarliiiHux 3HakiB "Buxin";
- BBIMKHCHHSIM €BaKyaIlIHHOTO OCBITJICHHS Ta CBITJIOBUX ITOKAKYMKIB
HaIpsIMKY €BaKyallii;
- JIMCTaHIIMHUM BIAKPUBAHHSAM JIBEpE €BaKyalliiiHUX BUXO/IIB;
Ax mpaBusio, CO BMUKaeThCa aBTOMaTU4UHO Bij curHainy npo HC. Takox 3
MPUMIIICHHS onepaTuBHOTO (Yeproporo) nepconany CO (mucnerdepa moKeKHOTO
nocrta) ciij nepeadadat MOXIUBICTH 3amycky CO BpyuHy y pa3l BUHHUKHEHHS

Oynp-sikoi 1Hmoi HC.
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3rizno 3 Bumoramu JIBH B.1.1-7-2002 HeoOxigHO 3a0e3medynT
MO>KJIMBICTh MPSIMOi TPAHCJAIIT MOBJICHHEBOTO OTMOBIIIECHHS Ta KEPIBHUX KOMaH]
yepe3 MIKpopOH il ONMEpPaTHUBHOTO pearyBaHHS B pa3i 3MiHM OOCTaBHH abo
MOPYIIEHHS! HOPMAJIbHUX YMOB €BaKyailii BApOOHUYOT0 MEepCOHATY.

OnogimenHs: BupoOHUYoro mnepconany npo HC  3milicHioeTbest 3a
JIOTIOMOTOI0 CBITJIOBMX  Ta/ab0 3BYKOBUX OIOBIIIyBaudiB - OOJaTHYIOTHCS BCI
BUPOOHUY1 IPUMIIIICHHS.

CO moBuHHA PO3MOYATH TPAHCIALII0 curHamry omosimeHHsS npo HC, ne
MI3HIIIE TPHOX CEKYH] 3 MOMEHTY oTpuMaHHs curHairy npo HC.

[Tynet  ympaBiaiaas CO HEOOXIMHO PpO3MINIYBATH Y MPUMIIICHHI
MOKEKHOTO TI0CTa, JUCIETUYEPChKOl ab0 1HIIOTO CHEHIAJIbHOTO MPUMIIICHHS (B
pasi #oro HasBHOCTI). Lli mpuMilieHHs] TOBUHHI BIAMOBIAATH BUMOTaM IYHKTIB
1.6.13, 1.6.14, 1.6.15 IbH B.2.5-13 "ImxenepHe ob0nagHaHHg OyIMHKIB 1 CIIOPY/I.
[ToxexHa aBToOMaTHKa OyAMHKIB 1 criopyn'.

KinbkicTh 3BYKOBHX Ta MOBJICHHEBUX OMOBIIIYBadiB, iX PO3MIIIEHHS Ta
NOTYXHICTh MOBHUHHI 3a0e3MeyyBaT HEOOXIIHHI pIBEHb 3BYKY B YCIX MICISX
MOCTIHHOTO 200 THMYACcOBOTO MepeOyBaHHS BUPOOHUYOIO TEPCOHATY.

3BYKOBI OTOBIIIyBaul IOBHHHI KOMOIHYBaTHCSI 31 CBITJIOBUMH, SIKi
MPAITIOIOTh Y PEKUMI CIaJIaxXyBaHHS, Y TAKMX BHIAQIKaX:

-y TpUMINICHHSX, [JIe¢ JIOad T1epeOyBalTh Yy I[IyMO3aXHCHOMY
CIIOPSIKEHHI;

- Y IPUMIIIEHHSIX 3 pIBHEM IIyMy moHas 95 ab.

JlommyckaeTbcsi BUKOPUCTOBYBATH €BaKYaIlliiHI CBITJIOBI MOKKYUKH, IO
aBTOMaTUYHO BMUKAIOThCA Tpu oTpuManHi CO KOMaHIHOTO IMITYJIBCY IIPO
nodatok omnoBimeHHs npo HC Ta (abo) aBapiiiHOMYy NpPUIMHEHHI >KUBJICHHS
po60OUYOTO OCBITIICHHS.

Bumoru 1o cBiT/ioBUX mokax4ukiB "Buxin" npuitMaroThCs BIATOBIIHO 10
JIBH B.2.5-28-2006 "Imxenepune oOnagHaHHs OyawHKIB 1 cnopyn. [lpupomne i

HITYYHE OCBITJICHHS".
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CO B pexumi "TpuBora" mnoBuHHA (YHKIIOHYBAaTH MPOTATOM dacy,
HEOOX1THOTO I €BaKyallii Jirojiel 3 OyuHKY, aje He MeHIe 15 XBUIHH.

Buxig 3 nmagy ogHOro 3 OIOBIIIYBa4yiB HE TOBHHEH NPU3BOJUTH 0
BUBEJICHHS 3 JIa/1y JaHKH OIOBIIIYBayiB, 0 SIKOi BOHH ITiJ1’€THAHHI.

Enexrponoctauanus CO 3aiiicHIOEThCS 3a | KaTeropiero HaAiHOCTI 3T1THO
3 [IYE Bix nBOX HE3aleKHUX JKEPET €HepTii: OCHOBHOTO - BiJ MEpeXi 3MIHHOTO
CTPYMY, PE3EPBHOTO - BIJl aKyMYJISITOPHUX OaTapeit TOIo.

[Tepexim 3 OCHOBHOTO JDKEpesia €IeKTPONOCTavYaHHS Ha PE3CPBHUNU Ta y
3BOPOTHOMY HaIPsSMKY B pasi B1JTHOBJICHHS IIEHTPaJIi30BaHOTO
CJICKTPOIIOCTaYaHHs TIOBUHEH OYTH aBTOMATHIHUM.

Tpusanicte pobotu CO BiJl pe3epBHOTO JKepesia €HEprii y 4eproBomy
pexumi Mae OyTH HE MEHII 24 TOJIUH.

TpuBanicte pobotu CO BIg pe3epBHOrO JKEpesla €Heprii y pekumi
"TpuBora" mae OyTu He MeHIIe 15 XBUIIKH.

3ByKOBI omoBinyBadi moBuHHi Bianosigatu Bumoram JICTY EN 54-3:2003
"Cucremu nmoxexxHoi curnanizaiii. Yactuna 3. OnosiiyBaui MOKexXHi 3BYKOB1".

CBITJIOBI OMOBIIIyBayi, SIKi MPAIIOIOTh Yy PEKKUMI CHAaxXyBaHHS, TOBUHHI
OyTH 4E€pBOHOTO KOJIbOPY, MAaTH YacTOTy MUTTIHHS B Mexax Big 0,5 I'm mo 5 I'p a

PO3TAIIOBYBATHUCH Yy MEXaX MPSIMOT BUIUMOCTI 3 TOCTIHHUX POOOYUX MICIIb.

7.3.2 O6oB’s3kM Ta nii TMepcoHaNy y pa3l BUHUKHEHHA HaJI3BHYAWHOI

CUTYyaIlii

VY pa3i BuHukHEeHHs Haa3BuuaiHoi cutyaiii (HC) npauiBHuk, skuil ii
ITIOMITHB, IIOBUHEH:
o HEraHO TOBIJOMUTH TIpo Iie 3acobamu 3B’si3ky opranu MHC Ta
Jlep)kaBHY TIOXEXHY OXOPOHY , BKa3aTU MPU LBOMY aJpecy KiJIbKICTh
moBepxiB, Micue BuHUKHeHHs HC, HasBHICTH IOJEH, a TaKOX CBOE

NPi3BUILE;
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o noBimomuT mpo HC kepiBHUKa, agMiHICTpAIlil0, TOXEKHY OXOPOHY

1TPUEMCTRA;

o oprasizyBatu omnoBimeHHs moaen mpo HC;

o BXKUTH 3aXO/IB I1I0/I0 €BaKyallii JItoJIei Ta MaTepiaJIbHUX LIIHHOCTEH;

) BXKWTH 3aXOiB 040 JikBigarii Hachiakie HC 3 BUKOpUCTaHHSIM HassBHUX
3ac001B.

KepiBHUK Ta MOXEKHAa OXOpPOHA YCTAaHOBHU, SKUM TOBIJOMJICHO IIPO

BuankHeHHs HC, moBuHHI :

— nepeBipuTH, uyn BukiMkaHi nigpo3ai MHC ta miaposainu JepxaBHoi
II0YKEKHOI OXOPOHU;

— BUMKHYTH Y pa3i HEOOX1JHOCTI CTPyMOTIpUMayi Ta BEHTUIISINIO;

— y pasl 3arpo3u KUTTIO JIIOACH HEraifHO OpraHi3yBaTH 1X €BaKyallilo Ta ix
pATYBaHHS, BUBECTH 3a MEK1 HEOE3MEeUHO1 30HU BCIX IMPALIBHUKIB, K1 HE
O0epyTh yuyacTh y JikBiganii Haciakis HC;

— MEePEBIPUTH 3A1MCHEHHA onoBileHHs joaei npo HC;

— 3a0€3neYnTH JOTPUMAHHS TEXHIKM O€3MeKH MpaliBHUKaMH, SIKi OepyThb
yudacTb y nikBijamii Hacmiakis HC;

— OpraHi3yBaTu 3ycTpiu M1IPO3/I1TIB MHC ta  JlepxaBHO1
MOXKEKHOT OXOpPOHHW, HAJAATH iM JONMOMOTY Y JIOKami3amii Ta JiKBigamii
HC.

[Ticnsa mpuOyTTsa Ha noxexy nigpo3auiB MHC Tta Jlep:kaBHOI MOXKEXHOI

OXOpPOHU TMOBHHEH OyTH 3a0e3neueHnid Oe3MepemKoHUN TOCTYI iX A0 MICI,

ne suaukiia HC.

7.3.3 Iloxexua Oe3neka

VY nabopartopii 3HaXOAUTHCS 3HAYHA KIIBKICTh TBEPAMX TOPIOYMX PEYOBHH 1
MatepianiB (nepeB'sHi mMeOiii, MIacTMacoBl BUpPOOM, Tyma, Marip, MO MOTIWHAE
nokputTss Ha ctiHkax). 3rigHo HAIIB b.07.005-86 «BusnauenHs kateropii

MPUMIIICHBb Ta CIIOPYJ 3 BUOYXOIMOXKEKHOI Ta TOXKEKHOI OE3MeKn», TabopaTopis
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BIJTHOCUTBLCS JI0 TTOKEKOHEOE3MeUHNX MPUMIIIeHb KaTeropii B (TBepai roproui i
BKKOTOPIOYl PEUOBUHM W MaTepialii, pEYOBUHH 1 MaTepialid, SKi MPHU B3aEMOIII 3
BOJIOI0, KHCHEM, TIOBITpsI 200 OJIMH 3 OAHUM 37aTHI TLTBKH TOPITH).

3rigHo 3 knacudikamiero podounx 30H BianosiaHo 10 JJHAOII 0.00-1.32-01
pobounx 30H JsabopaTopii, sKi BIIHOCUTBCS 10 30H kmacy Il-Ila -
MOKeXKOHEOE3MeUHe, 1110 MICTATh TBEP/Il TOPIOUl PEYOBHHH, HE3AATHI IEPEXOTUTH
Yy 3BOXKECHUH CTaH.

JIxepenaMu 3aropsiHHS MOKYTh OyTH €JIEKTPUYHI 1CKPH, KOPOTKE 3aMHUKaHHS,
NEePEBAHTAXKEHHSI  €JIEKTPONPOBOJKHA, HECIPABHICTh amapaTypd, MajliHHS B
npuminieHHi. ToMy s 3amoOiraHHs MOXKeXi B TPUMIMICHHI MPOBOASITHCS
MOXKEKHO-NIPO(DUIAKTUYHI 3aX0JU: 3aCTOCYBAaHHS 3alOOLKHHUKIB B E€IEKTPUYHHUX
Mepekax, BUKOPUCTAHHS MUJIOHEPOHUKHUX CIIOTYYHHUX 1 PO3MOILIEHUX KOPOOOK,
a TAKOX MPOBOJUTHCS IHCTPYKTAXK 3 TEXHIKH IMOKEKHOI OE3MEKH.

Binnmosigno mo JACTY 3675-98 12.4.009-75 ta ISO 3941-77 y HaykoBo-
JOCIITHULIbKIN abopaTopii 3HAXOASATHCS JBAa BOTHETACHUKA: BYTJIEKHCIOTHUMN
tuny «OY-5» 1 nopomkoBuit «OII-2». «OY-5» po3ramoBanuii Ha BUcoT1 1,5 M Bix
M1JUIOTH TIOPYY 13 BUX1THUMH JIBEpUMA.

VY kopumopi 3HaXOIAThCSI KOPOOKH, y SKUX 3HAXOJIUTHCA MOKESKHHUN KpaH 1
pyKaB, a TaKOX 3HAXOAWThCS BOrHeracHuk Tunmy «OXII-2». B 000x KiHISX
KOPHUIOPY 3HAXOIAThCS Teae(OHHI anmapaTH, HaJ SIKUMH 3HAXOAATHCS TaOJIWUYKH 3
HOMEpaMH TeNe(OHIB [ BHUKJIMKY BHYTPIIIHBOI, @ TaKOX, SIKIIO MOTPIOHO,
MICBKOI ITOXKEXKHOT OXOPOHH.

Y nabopatopii € TiaH eBakyarlii y BUIaJKy BAHUKHEHHS MOoxexi. JloTpumano
yci Bumorn  CHull 2.09.02-85 mno BoruecrtiikocTi OyAMHKY 1 IIHPHUHI
eBaKyalllfHUX TPOXOJIB 1 BUXOJIIB 13 MPUMIIIEHb HA30BHI. 3HAYEHHS OCHOBHHUX

napaMeTpiB IUIAXIB €BaKyallii IpuBeeH1 B Tabuuil 7.4.
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«IIpaBui1 MOKEKHOI OE3MEKU YKpaiHU.

Tabn. 7.4. XapakTepuCTHUKU 1 HOPMH €BaKyaliifHUX BUXOMIB

daxTUyHe
[TapameTp Hopma
3HAYEHHS

Bucora JBEPHUX

o 2,0m He menme 2 m
IIpOp131B
[[Iupuna IBEPHUX

o 1,5wm He menme 0,8 m
IIpOp131B

[Mupuna mnpoxoxy s

binpme 1,5 M | He menme 1 m

eBaKyarii
[[Iupuna xOpuUAOPY 3m He menme 2 m
Yucno BUXO/IB 3
2 He menme 2

KOpUIODPY
[[npuna CX0J10BO1

. 1,5m He menme 1 m
KIIITKH
Bucora nopy4us cxo/iiB I m He menme 0,9 m

pILIEHHS 3 OXKEKHO1 OE3IMEKH.

Y pobGoyomy mnpumimenHi BukoHaHi Bci Bumoru HAIIb A.01.001-2004

Takum uyuHOM, y Jaboparopii 3a0e3NneuyroThCs TEXHIYHI Ta OpraHizarliiiHi

3M.
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THTAH EBAKYALIT ZHOLFA [IPH BUHAKHEHH! TTOXEXT

4 [IOBEPX
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= n T @
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BMCHOBKHA

Y JnaHOMy JUIUIOMHOMY TIPOEKTi OYyB po3poOJieHH OJIOK KepyBaHHS
TiAPaBIIYHOIO CTaHIli€r0. Po3po0ieHuit mpucTpiii Mae 3MOTy KepyBaTH JIBOMa
BUKOHABYMMH MeXaHi3MaMu (0ojapiaMu), IO € BEJIMKOK TEpeBaror s
3a0e3MnedeHHs] MOO1JIbHOCTI BUKOHAHHS 3aBaHb.

Ha ocHoBi anamizy aHanoriB Oyaa po3poOsieHa TPHHIMIIOBA cxema OJioKa
KepyBaHHA Ta BpPaxoOBaHi BCl IXHI HENOMIKUA. Byno MakcuMaibHO BUKOPHCTAHO
(GYHKI[IOHATBbHI MOJIMBOCTI MIKPOKOHTpOJepa sl 3a0e3MeUYeHHs MOCTaBJICHOI
LT,

byna npoBeneHa po3poOka KOHCTPYKIIIT IPpUIIaay 3 OOTpYHTYBaHHS MIPUHHATHX
KOHCTPYKTOPCBKUX pIlLIEHb. OcHOBHUM (yHKII0HATBHUM BY3JIOM,
PO3pOO0ITIOBAaHUM Y JTUIJIOMHOMY MPOEKTI, Oylia qpyKoBaHa ruiata. bynu nposeneHi
ycl  HEOOXiJHI  KOHCTPYKTOPCHbKI  pO3paXxyHKHM Ta TPOBEJICHUN  aHami3
TEXHOJIOTIYHUX PIIIEHb MO CTBOPEHHIO JpyKoBaHOi TuiaTthd. HaBeneHno awnami3
HAJIIMHOCTI 1 TETUIOBOT'O PEKUMY YCTaHOBKH.

Pe3ynpTaToM mpoBeneHOT poOOOTH € KOHCTPYKTOPChbKa JOKYMEHTALlis,
HEOOX1HA JJI1 BUTOTOBJICHHS MPUCTPOIO HA MPAKTHUIIl, a caMe CXeMa eJIEKTpUYHa
MPUHITUIIOBA, CKJIaJalibHE KpecJeHHs BUPOOy Ta OKpeMO JAPYKOBAHO! IUIaTH, a
TaKOX TPACYBaHHSI IPYKOBAHOT TUIATH.

Y «OpranizaiiiiHo-eKOHOMIYHOMY  pO3IiTi» OyB TPOBEICHUI  aHaI3
JOIITLHOCTI BUXOJY Ha PUHOK HOBOI pO3pOOKH, BU3HAYEHO MIHIMAJIBHUN 00’€M
BUPOOHMIITBA TMPOMAYKIIi, COOIBAPTICTh 1 MIHIMAJIbHY IIiHY OJIOKa KepyBaHHS
TApaBIIYHOIO CTAHIIIEHO.

VY posaini «OxopoHa mpaill Ta O0e3leka B HaA3BUYANHUX CHUTYaIlisx» Oyna
MPOBENCHA OIliIHKa dii MKIJUMBUX 1 HeOe3neyHux (akTopiB mpu po3pooil,
BUTOTOBJICHHIO Ta €KCILIyaTallli CIpOEKTOBAHOTO OJIOKa KEPYBaHHS TiIpaBiIidyHOIO
CTaHIII€r0. 3amponoOHOBaHI BIAMOBIHI TEXHIYHI PIIICHHS Ta OpraHi3ailiiiHi 3aX0au

3 O€3MEeKH 1 TIri€HHU Tpalll Ta BUPOOHUYO1 cCaHITapii.
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