MIHICTEPCTBO OCBITU I HAYKU YKPATHU
JIEPXKABHUY VHIBEPCUTET «XKUTOMHUPCBKA [TOJIITEXHIKA»
®AKVJIIBTET IHOOPMAIIMHO-KOMIT'IOTEPHUX TEXHOJIOI'TH
KAQEJIPA KOMIT'IOTEPHUX TEXHOJIOTTA Y MEJUILIVIHI TA TEJIEKOMYHIKAIISIX

VIIK 621.3

«/lonymeHo g0 3axucTy»

3aBigyBau kadenpu

KOMII' FOTEPHUX TEXHOJIOTiH y
MEIHIMHI Ta TeJIeKOMYHIKaIlisgxX
K.T.H., 9911. Yyxos B.B.

« /,6/» [2 202 3p.

KBAJII®IKAIIIMHA POBOTA

Ha teMy JOCJIIGKEHHS TA PO3POBKA CUCTEMH OXOPOHU
HEPUMETPY

3a creniajabnicTIo 172 «TesexoMynikanii Ta pagioTexHixa»
OCBiTHIM cTyminb «MaricTp»

BrkonaBeus po6otu ﬂ@f
CTyIeHT 2 Kypcy, rp. TPm-22-1 P 19.17.23 JleBuenko C.O.
W(ﬁa, /immc)
KepiBHUK poGoTH Z
K.T.H., JIOII. % 19.42 .23 Iunopenko B.B.
(mara, miamuc)
Kuromup

2023



MIHICTEPCTBO OCBITU I HAVKH YKPATHHA
JIEPYXKABHUM YHIBEPCUTET «KUTOMHWUPCBHKA TTOJIITEXHIKA»
G®AKVIIBTET IHOOPMALIMHO-KOMITFOTEPHUX TEXHOJIOT'TH
KA®EJIPA KOMIT'IOTEPHUX TEXHOJIOT'TH Y MEJIULIMHI TA TEJIEKOMYHIKAIILSTX

IHosicHIOBAJBHA 3aIIHCKA

Ao kBagdiikaniiinoi Maricrepcskoi podorn

Ha TEMY HOCJ'IiI[)KeHH}I Ta PO3pOOKa CHCTEMH OXOopoHu TIICPpUMETPY

Buxonas: ctyznesr 2 xypcy,
rpynu TPM-22-1 creriansHocTi
172 «TenexkoMyHiKaIlii Ta pagioTeXHiKa»

JleBuenko C.O.

KepiBauk _ Ilunopenko B.B.

Pentenzenr Yyxos B.B.

Kuromup
2023



«3aTBepAKeHO»

3aBixyBad kKadeapu KOMIT FOTEPHUX

TEXHONOTIM y MemumuHi Ta

TeJIeKOMYHIKaIlisaxX
//’773//5 Bnagucnas YYXOB
KLL» Lo 2022p.
3aeéoannsn

Ha Keaniyikauiuny mazicmepcoKy pobomy

//g%-fza/z/é—/(/ Gi//”&c /:0 /Q/&Mcz 4G //07/

. (mpizBHIe, iM’s1, O 6aTHKOBI) / <{
1. Tema poboTtu ﬁ@c,u Gonctite R T P07 pad Il
Cleege e  oFohs rece  pecpgdi o B Ao
3aTBEPIKEHO HaKa30M IT10 }/ﬁlBepcheTy Bik 2 /// 202 3p.Ne &9
2. Merta nociimkeHss c)/g e 4,4«@/4%5( 2 boreoten cote sy eV
D’L?//QM /774& e ey

-

3. Buxigui npaui (xapaKTepHCTHKI/I o0’ekTa, yYMOB JOCTi/DKEHHS Ta IH.

/J a2y a\[/// r2he WW}@”/JL 7a /(//(/u/(a,véw? P Y Y ,/
/ ZM/?/ %057/ [ZA ey %& ﬂ,ac//( <//"?&oc nd .

4. OCcHOBHI 3a[a4i JOCITIMKEHHS 74 }c] Cll~pf1 O XSS fe e [S 1E [ ,4 -
(¢
LTINS . Cit ~ fp o OF Cope el e DY > G lecse e o

./

5. TepMiH nogauHs poGoTH 10 3aXUCTY Z/jL/r)@//{’/ 20925 6.
6. Jlata Bunayi 3aBnanHs «AZ » 7{9 2022 p. J

HayxoBuit xepiBHHK Lé %/7 %W@/ﬂ Colre /6’6 B
(i (npi3Buine, iHiriamm)
3aBaaHHA IPUMHAB N’ Sebocrery (2L

00 BUKOHAHHSA \Jc/(ﬁny{nc) (npizBue, iHinjam)




AHOTANIA

Kpamiikamiiina  maricrepcbka poOoTa  NpHUCBSYEHA  JOCIIKEHHIO
¢byHKIioHanbHOT €(EeKTUBHOCTI OXOPOHHUX CHUTHaNi3alid 3a OydiBlel0, KOJHU
BJIACHHMKIB HEMae B joma. B po0OoTi OyB BUKOHAaHMI BHOIp Ta aHaII3 €JIEMEHTHOI
06azu. B ocHoBy pobOotu mokmaneHa tatgopma Arduino ATmega2560,
PO3TISHYTO MOTrO BIACTHBOCTI Ta XapakKTEpUCTUKU. Takok MpoBeIeHI OCHOBHI

pO3paxyHKH Mpuiaay, Horo napaMmeTpiB, po3poOJICHO porpamMHe 3a0e3MeyeHHS.

ANNOTATION

In the thesis work the principles of construction of automatic machines,
which are movable chassis with automatically controlled drives. As a means of
protection villages. The work was based microcontroller ATmega2560, examined
its properties and characteristics. Also basic calculations carried his instrument

parameters developed software.
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MNEPEJIIK YMOBHHUX ITO3HAYEHB, CKOPOYEHbDb I TEPMIHIB

MK — MikpokoHTpoJiep

Ab — akymynsTopHa 6aTtapes

BAX — BonbpT-amniepHa XxapakTepucTHKa

K3 — kopoTke 3aMuUKaHHS

KKJI — xoedirieHT KOpUCHOI Jii

MCI — nOTyXHICTh COHSTYHOT'O BUITPOMIHIOBaHHS
CE — COHsIYHUI €TIEMEHT

OC — poToeneKkTpuyHa cucTeEMa

@OFEII — poToenekTpuyHa NaHeNb

[TEIT — nepepi3 eneKTpUYHOrO MPOBITHUKA

EPC — enexrpopymiiiina cuia



BCTYII

[HTeHCHBHUN PO3BUTOK CYYaCHHUX TEXHIYHHMX 3ac00iB O€3MeKH, MOCTiiiHe
PO3LIMPEHHS ~ BUKOHYBAaHUX  HUMHM  (QYHKIIM  J103BOJsiE  €(PEKTUBHO
BUKOPUCTOBYBATH iX Y pI3HUX cepax AisuIbHOCTI. TOMy MU PO3TIsSSHEMO OCHOBH
OCHOB, HAWHEOOXITHINI TEXHIUHI 3aco0m O€3MeKu, SKMMH MOKHA MIHIMi3yBaTH
YUHHUKHU, 3/1aTHI IPU3BECTH JI0 NOAATKOBUX (hIHAHCOBUX BTPAT JJIsl BJIACHHUKA.

Meta pobOTH — MPOBECTH aHAJI3 PI3HUX CHCTEM OXOPOHHOI CHTHaTI3aIli Ta
OKpeMHX ii KOMIIOHEHTIB, 30PIEHTYBATH iX 3aCTOCYBAaHHS B MPUMIIIEHHAX Ta
OLIIHUTHU €(eKTUBHICTh BUKOPUCTAHHS CUCTEM 0XOpOHHU. Ha 0CHOBI LIbOTO 3p00OUTH
BJIACHY CHCTEMY O€3IEKHU.

ABTOMaTHYHA CHCTEMAa OXOPOHHOI CUTHaNI3alli IHUPOKO BUKOPUCTOBYETHCS
MpU OCHAIIEHHI PI3HUX THUIIIB MPUMIIIEHh. MeTa OXOPOHHOI CHUTHa3alii -
abCONIIOTHE YHUKHEHHSA Oyab-KOi MOXJIMBOCTI HE3aKOHHOTO TPOHUKHEHHS B
IPUMIIICHHS a00 Ha TEPUTOPIIO, 110 OXOPOHAETHCA. OCHOBOIO OXOPOHHOI CHCTEMHU
CIIy’aThb KOHTPOJbHI JATYMUKH, SKI MEpeAaroTh 1H(OpPMALil0 Ha LEHTPATbHUMA
KOHTPOJbHUU MyHKT. [Ipy 11bOMy, OXOpOHHA CUTHaJI3allisl MOXKe OyTH HE TIITBKH
aBTOHOMHOIO, ajie 1 (PYHKITIOHYBaTH B KOMIUIECKCI 3 1HIIUMHU CUCTEMaMH O€3IeKH
00'ekTy, 10 OXOpoHsA€Thcs. CuHcTeMa OXOPOHHOI CHTHamI3aIli  J103BOJISE
KOHTPOJIIOBATH TMPHUMIIIECHHS, 10 OXOPOHSAETHCS a00 TepuTopiro 24 TroJAWHMU Ha
100y. AKTyaJbHICTh MO€1 poOOTH 00OYMOBJIEHA THUM, IO B Cy4aCHUX YMOBAX, KOJIH
CJIEMEHTH KPUMIHAJIBLHOTO CEpEeAOBHINA TMPUCYTHI y BCIX cdepax TisIBHOCTI,
JIOCUTh BUCOKHUN PU3HMK MPOTHUIPABHUX [ 3 OOKY TpPETiX OCi0, KOJM TEXHIYHA
OCHAILIEHICTh JMXOAIIB HallyacTillle KPOKY€ B¥K€ BIeped, B 22 CTOJNITTS, BKpaii
BaXJIMBO MTHM B HOTY 3 4YacOM 1 YJOCKOHAJIOBaTH CHCTEMU OXOPOHHOI
cUTHami3aIlii, cucteMu iHGOPMAaIIHHOT Oe3MeKH.

3aBaaHHs Ha poOOTY

1. TlpomecTu ormsij cucteM NoOYyI0BU OXOPOHU 00’ €KTIB.

2. Po3poOuTH aBTOHOMHY CHCTEMY CTEKEHHsS 3a OyAMHKOM, sika Oyne

JI0JIaTH TIEPEIIKOI, Oye KepyBaTUCS MIKPOKOHTPOJEpOM 1 (ikcyBaTu
BCeE, 1110 BiI0YBA€THCS HA JaHUI Yac B OCET.

3. Po3pobutu MeToauKy OIliHKU €(heKTHUBHOCTI OXOPOHHOI CHCTEMHU.






PO3JILI 1
AHAJII3 ®YHKIIOHAJBHOI EOGEKTUBHOCTI OXOPOHHUX
CUCTEM TA CUTHAJII3ALII

1.1 Orasa BifoMHuX CCTEM OXOPOHHHMX CHCTEM Ta CUTHAJI3alin

OxopoHHa cuTHami3alis — CHUCTeMa CKJIaJloBa KOMIUIEKC MPUCTPOIB
HEOOXITHUX JIJIsl opradizamii 0e3mexu 00'€KTy, M0 OXOPOHSETHCS 1 CBOEYACHOTO
OTIOBIIIEHHS MMPU HECAHKIIIOHOBAaHOMY IMPOHUKHEHHI Ha 00'€KT.

Ha rtakux o0'ekTax, sx KBapTUpH, OyAMHKH, [adi, CKIAJAChKI Ta OQiCHI
OPUMILIEHHS OXOpOHHA CHUTHAJI3alllsl CTaHe HE3aMIHHUM 3aco00M IS
3a0e3nedeHHs 0e3neKku 1 30epekeHHsT MaifHa.

s noOy0BU e(eKTUBHOI  CHUTHami3auli  BapTo nigioparu
KOMIIOHEHTH OXOPOHHOI ~ CUTHai3allii, 1[0 BIANOBIJAIOTH BUMOraM, IO
OXOPOHSIETHCA.

CurHaiizaris CKJIagaeThes 3 TAKUX KOMIIOHEHTIB:

MpuiimaabHo-kouTpoabHui mpuian ( K ) — € He3aMiHHUM TEXHIYHUM
3ac000M OXOpPOHHOI CHTHaTi3allii, OCHOBHMM 3aBJlaHHAM NPHUCTPOIO € aHalI3
OTPMMAaHUX CHUTHAJIB BIJI OXOPOHHHUX CIOBIllyBayiB (AaTYMKIB), KpiM IIbOTO
3a0e3mnedye XapuyBaHHSIM OXOpPOHHI JATYMKH 1 TOJAE CUTHAIM Ha TPHUCTPOIO
CBITJIOBOTO 1 3ByKOoBoro onosimieHHs. [Tpu Bubopi IIIIK BapTo BpaxoByBaTu TOM
dakt, mo IIIIK maroTh cBOeMy apceHani Pi3HY KUIBKICTh OXOPOHIOBAaHUX 30H
(mmeiidiB oxopoHHoi curHamizamii). [lo Tunmy mepemavi curHany npuAMaIbHO-
KOHTPOJIbHI npuiagu BAPTO PO3IUIUTH Ha JBa THIIN.
JIpOoTOBI 3MIMCHIOIOTH 3B'I30K KOMIIOHEHTIB OXOPOHHOI CHUTHAJI3AIl]l 3 MpUiioMy-
KOHTPOJIbHUM TIPHUIIAZOM Yepe3 KabeabHO MPOBITHUKOBY Tpacy.

be3npoToBi — 3AIMCHIOIOTH 3B'I30K dYepe3 IMepenadyy CHUTHAIY 10
Oe3IpOTOBUX KaHajlax TaKMM YHHOM HEOOXITHICTh B MPOKJIAJaHHI KaOeIbHOT
Tpacu BIJIIAJ1A€.
OXOpOHHI CHOBINIyBaydi BAKOHYIOTh KIIOUOBY (YHKIIIO B POOOTI OXOPOHHOT
CUTHaIi3alli, TaKk SIK BOHU BUKOHYIOTH JNETEKTYBaHHsS TPUBOXXKHUX moAiil. Cepen

MPUCTPOIB BapTO BUJALUIUTH TaKl OXOPOHHI CIIOBIIIlyBayi:



JlaTYMKH pyXy — NPUCTPiil BUKOHYE (DiKCallil0 TEIIOBOI €HEprii pyXOoMOro
o0'ekTy mia mojanbiioi mepeaadi TpuBokHoro curHany Ha IIIK. T'omoBHuMM
BIIMIHHOCTSMH CepeJl JaT4ydKiB pyXy € Taki TEeXHIYHI OCOOJHMBOCTI SIK
MPU3HAYCHHS JJIS 30BHIITHLOT a00 BHYTPIIIHBOT YCTAaHOBKH, JIAJILHICTIO 1 pajilycoM
Jli, a TaKOX CIIOCOOOM Tepeaadl curHainy (mo 0e3apoTOBUX KaHaylax 3B'S3Ky abo
1o ka0eTbHO- MPOBITHUKOBIHN Tpaci).

JdaTtuuku poO30UTTSH — KOMIIOHEHT OXOPOHHOI CUTHaJi3aril
BUKOPHUCTOBYETHCS IS TTOJ[a4l TPUBOTHU MPHU PO3OUTTI CKJIA B pajlycl Jii JaTyuKa.
OyHKIIIOHYBaHHSI TaKOro IMPUCTPOIO BiAOYBAEThCA 3a JOMOMOTOK MiKpodoHa,
KWW BCTaHOBJIeHUH Ha riati gatdyuka. CMK (MarHiTOKOHTaKTHI JaTYUMKH) — 1€
IPUCTPINA, 110 CKIANA€ThCA 3 JBOX YAaCTHUH, MArHiTy 1 TepKOHOBOro pene. Taki
JATYMKKA ~ OXOPOHHOI  CHUTHadi3amlii  3aCTOCOBYIOTH  JUIA  3aXUCTy Bl
HECaHKI[IOHOBAHOT'O PO3KPUTTS BIKOH 1 IBEpEH.

JaTunk BiOpamii — CroOBILIYIOYMI NPUCTPIM, SIKUWA 3IaTHUN BiApearyBaTH
Ha yaapu 1 BiOpaiiii Ha THX TMOBEpPXHSX, Ha SKUX BOHHM BCTAHOBJEH1 (BIKHA,
BITPMHU MarasuHiB).

KoM0iHoBaHi jaTuMkM — MO€aHY€E B OJTHOMY KOPIYCl JBa TUIU JATYUKIB.
[le mpuctpiii BUKOHYE HE TUIbKK (piKcalliro 00'€KTIB, IO PyXalOThCS, A€ TaKOXK
3M1MCHIOE POOOTY JaTYMKa PO3OUTTS CKja. Takl JaTYMKW YacTO 3aCTOCOBYIOTHCS
JUTSI IPUMIIIEHD, B AKX MPUCYTHS BIKHO 200 JBEP1 31 CKIIOM.

TpuBoXkHI KHONKM — MPUCTPIN, OCHOBHUM 3aBJIaHHAM SIKOTO € Iepeaada
CUTHAJIy TPUBOTU HA MYJbT OXOPOHH. 3aCTOCYBaHHS TPUBOKHOI KHONKHU CTa€
HEOOXITHUM B TaKUX CUTYaIlisX SK MPOHUKHEHHS CTOPOHHIX 0Ci0 Ha TEpUTOPIIO,
[0 OXOPOHSIETHCS, a TAKOXK MpPH CIpoO1 morpadyBaHHS, 3a JOMOMOTOK JaHOTO
MPUCTPOIB MOKHA BUKIIUKATH OXOPOHY.

Jlxepesia pe3epBHOr0 3 KUBJIEHHSI € HE3aMiHHY YacTHHY OXOpPOHHOI
CUTHaII3aIlll, B 3B'I3Ky 3 THUM, 0 3aBJSIKU il 3a0€3MeUy€eThCsl aBTOHOMHA poOoTa
HaBITh TPU TPUBAIINA BIJCYTHOCTI eJNEeKTpoeHeprii. B mpoBigHuX cucremax
CUTHAJII3AIll JKepeJlaMH JKUBJICHHS €: MepeTBoproBay 3MiHHOI Hanpyru 220 B B
nocTiitHe 12 B (070K KUBIIEHHA), a TaKOXK aKyMyJsITOpHa OaTtapei, sika BUKOHYE

JKUBJICHHS CUCTEMH TIPH BIIKIIIOUEHHI eJleKTpoeHeprii. B 0e31poToBux cucremax



JDKepenaMu KUBJICHHS € Oartapeiiku, TepMiH poOOTH iX CTaHOBHUTH BiJ OJHOTO JO
I'ITH POKIB.

CBiT/I03BYKOBI i 3BYKOBi cHoBillyBaui — SBJISIIOTH COOOI0 MPHUCTPOI
3BYKOBOTO 1 CBITJIOBOTO OIOBIIIEHHS MPU HECAHKI[IOHOBAHOMY MPOHUKHEHHI Ha
00'€KT, IO OXOPOHSAETHCA. Taki MPUCTPOI peali3yloTh (YHKIIO TPUBOKHOTO
CTIOBIIIEHHS ISl 3aJly4€HHS! YBard OTOUYIOUUX 1 BHPOOJISE€ MCUXOJOTIYHUI THUCK
Ha MOPYIIHUKA.

I[yasT ynpaBiinnsa (kKiaaBiaTypa, 3uMTyBa4) — Opuiag HEOOXITHMNA AJis
VIpaBIiHHSI OXOPOHHOK CHTHAII3alll€l0, BUKOPUCTOBYETHCS TMPH 3HATTI 1

MOCTAHOBII 00'€KTa HA OXOPOHY, BKJIFOUEHHS 1 BIIKJIIOYEHHS TPy JIaTYUKIB.

1.1.1 Oxoponna cucrema Ha 0a3i GSM Ha Arduino MINI PRO.
Po3risitHeMo HaWMmomyJssipHilIl — PIIIEHHS BUKOHAHHS CHCTEMH O€3lEeKH Ha
mwiatdopmi Apayino. Oxoponna cucrtema Ha 6a3i GSM Ha Arduino MINI PRO
3HIMaeThCcs 1 craBuThesa 3 gomomororo CMC. Bimmpasnsemo "on" Ha HoMep
CUTHAJII3aIlll - OTPUMY€EMO 3BIT PO TECTYBAHHS MOPTIB 1 BKIIFOUEHY CUTHAI3allIo.
"Off" - BUMHKaEMO CTeXEHHs 3a 00'eKTOM (IPUPOIHO Kpallle MEepeBipsATH 3a

cniuckoMm ¢ikcoBaHoro Hadopy) [1].

Pucynok 1.1 — 3aransHuit BUrisg oxoponHoicucrema Ha 6a3i Arduino MINI

PRO
Biok o0unciensas GSM
biox BUAB/ICHHSA «Arduino MINI MOYJTh
PRO»
A

OJIOK JKUBJICHHS



http://arduino.ru/sites/default/files/u6054/pic2.jpg

Pucynok 1.2 — biok cxema Arduino MINI PRO

1.1.2 OxopoHHa cUCTeMA, IKA CKJIAIAETHCS 3 MIKPOKOHTpoOJIepa

Arduino Uno. [lana cuctema po3poOieHa g 3anoOiraHHs/KOHTPOIIO
OyIp-sSIKMX CHpoO MPOHMKHEHHS 3710/1iB. P0o3po0OneHuil OXOpOHHUI MPUCTPIi
BUKOPHCTOBYE BOy/JOBaHy cHUCTeMYy (BKIIOYA€ amapaTHUM MIKpPOKOHTpOJIEp 3
BUKOPUCTAHHSAM BIIKPUTOT'O MIPOrPAMHOI0 KOy 1 gsm MojeM) Ha 0a3i TeXHOJIOT1l
GSM (I'moGanpHa cucTemMa PyXoMOro 3B'SI3KY). 3arajbHUM BUIJISA OXOPOHHOT

CUCTEMH 300pakeHuil Ha pUCYHKY 1.3

Pucynok 1.3 — 3aranpHuii BUTIIsT OXOPOHHOT cucTemu Ha 6a3i Arduino Uno

OxopoHHU# TpUcCTpiil MOXke OyTH BCTaHOBJIEHO B OynuHKY. [HTEepdeicHuit
JATYUK OXOPOHHOI CUTHaTI3allll TaKoXX MPUEAHAHUN 10 OXOPOHHOI CUCTEMHU Ha
6a31 koHTpoJepa [2].

IIpu cnpoOi MPOHUKHEHHS CUCTEMa Tepeae IMoIepeKeHHs (HalpuKIiIal,
Sms) BJIAaCHUKY Ha MOOUIbHMM TenedoH abo Ha OyAb-AKUWA 3a3JaJIeriib

KOH(IrypoBaHUil MOOUTEHUH TenedoH ISl MOAABIIOI 0OPOOKH.

BIJIKpUTH
IndpauepBone / o110k
amapaTHe
PatiepBOX BUSIBIICHHS P GSM
Ja3epHUN 3a0e3neueHHs
) BTOPTHEHb . > MOIyJIb
POMiHb MapKaH. MIKPOKOHTPOJIEP
By3bka nporoBa iBbrokx 06po6ku
OTopoKa.

G
IndpavepBone
MPOKCIMITI |



[Tanens
YIIpaBIIiHHS OJIOK >KUBJICHHS
BJIACHHK

Pucynok 1.4 — Biiok cxema oxopoHHO1 cucteMu Ha 6a3i Arduino Uno

OxopoHHa cucTeMa CKJIaJaeTbesi 3 MikpokoHTposiepa Arduino Uno i1
crannaptaoro moaemy SIM900A na 6a3zi GSM / GPRS. Bcs cuctema moxe
XapuyBaTHCs BiJl Oyab-sSKOTO JKepesia )KuBJieHHs / 6aTapei 12B 2A.

PobGora cucremu nyxe mpocrta 1 He BUMarae pos'scHeHb. Konm cucrema
HiAKITIOYEeHA 70 JpKepela )KUBIICHHS, BOHA TIEPEXOIUTh B ueproBuil pexum. Komu
BUCHOBKM  KOHHEKTOpa J2  3akopodeHi, 3a3Jajlerib  3alporpaMmoBaHe
MonepePKeHHsI TepeAacThcss Ha HEOoOXiIHMM MOOLIbHMI HOMep. Bu Moxere
nig'eaHaTH OyAb-sIKUA JETEKTOP BUSBIEHHS MPOHUKHEHHSA (TakUid SK CBITIOBE
3aXUCHE TMPUCTOCYBaHHSA a00 JaT4MK pyxy) O BXIJHOTO KOHHEKTOopa J2.
akTUBHUM-HM3bkuM (L) curHam Ha BuBOAI | KOHHekTOpa J2 aKkTUBYyeE
CIIpaIlbOBYBaHHS OXOPOHHOT CUTHAJII3AIl1.

binpm Toro, B cucreMy O0JaHO OMIIOHAJIbHE MPUCTOCYBAHHS "BHUKIIMK -
TpuBora". BoHo akTuBye Tene(pOHHUI A3BIHOK, KOJIM KOPUCTYBad HATUCHE KHOIKY
S2 (abo konm 1HIIMKA eJNEKTPOHHMM OJIOK iHIMitoe curHamizamito). Ilicmus
HaTUCKaHHS KHomku "call" (S2), BUKIMK MOXXHA CKAacyBaTH, HATUCHYBIUM IHIILY
kHOMKY S3 - kHomky "end". JlaHa ormiisi MOXXe BHKOPHCTOBYBATHUCS JJIS T0J]adl
CUTHAJTy TPUBOTH B pa3l "MpOMyIIEHOTO A3BIHKA" B pa3i MPOHUKHEHHSI.

CxeMa ayke THy4YKa, TOMY MOXE BUKOPUCTOBYBaTH Oyab-skuii SIM900A

MojieM (i, 3Bu4aiiHo, miaty Arduino Uno).

1.1.3 OxoponHa cucrema Ha 0a3i Arduino Leonardo. YmnpasmiHHs
CUTHATI3aII€I0 3IHCHIOEThCS depe3 BeO-cailt makridenkov.ru / signals, 3 Oynb-

akoro mpuctporo, Android, i1Phone, Ha Arduino 3 HHM3bKOIO BapTICTIO.

JlaTtuuk MoO0inbHHI
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Pucynok 1.5 — biok cxema: OxoponHa cuctema Ha 6a31 Arduino Leonardo

Ax BuaHO 3 pucyHnka 1.5. Arduino nepenae Bcro iHGOpMaIlilo 3 1aTUYHUKIB Ha
cailt kepyBanHs. Ha caiiTi B 3aie:xHOCTI BiJ] cTaHy "BKJItodeHa" abo "BigkiaroueHa"
CUTHaII3aIlisl TPUHMAEThCS PIIICHHS IT1IHIMATH TPUBOTY UM Hi.

Arduino xoxxHi 20 cekynna Biamparise curaan "e 3B'si30k". Ile mo3Bosisie
OTIOBICTUTH BJIACHWKA MPHUMIMICHHS TPO CUTYAIIO: SKIIO 3JIOBMACHUK BUMKHYB
CJIIEKTPUKY a00 SIKMUM-HEOyJb YMHOM BUBIB CHUTHAJI3alllI0 3 JIaay, 3j1amaB, aldo
3aCTOCYBaB  pajio-NEepelkoad "gsm TIIYIIWIKK", ONOBIIIEHHS IOBHICTIO
HEe3aJIeXKHE BIJ CTaHy mpuiaay B npuMiileHHi [3]. CTpykTypHa cxema 300pa)keHa

Ha pUCYHKY 1.6.
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5 10 10 w5100
4] 3 4 4
e
il
/ \
[ Intemet |
L] II
'\\ /
| el
| i | |
lT:ﬂﬂ J +5 Gnd ! ['Fn. Gnd] | |+5v Gnd ['-‘|_r [hﬂl | +5%
Maotion Motion Motion Motion Maotion
sSensor sansor Sensor Sensor sensor
Pucynox : 1.6 —

CrpykTypHa cxema



Pucynok 1.7 — I'padu anroput™My CTEKEHHS 32 )KUTIOM

B po6oTi mpoBeneHo orisa TproX cucteM Ha 0aszi ApayiHo. Hepomikom
cucteM Ha 0a3lt Arduino MINI PRO 1 Arduino UNO € nmosBa BUIaIKOBOI
MEPENIKOIA Ha BXITHUX IMU(GPOBUX KaHAIAX MPU HE MiAKIIOYCHOMY JATYMKYy Ha
MINI. Ils npobiema BUPILIYEThCSA AOMHUCYBAHHIM B Setup, MEPEeBIPKOO BXOJIB 1
BUKJIFOYEHHIO HEMIIKIIOUEHHUX 3 poO0TH (TIoCTiiiHE 1H()OPMYBaHHSIM CMC-KOIO TpU
HEMIIKIIOYEHUX 1 3aMKHYTHX KaHaliax) .Takoxk CUCTEeMH € CTal[lOHApHUMHM 1 JJIsi
3axBary (OrsiAy) BCIX MPUMIINIEHb BUKOPUCTOBYIOTH 0araTo JaT4YHKIB 1 CEHCOPIB,
10 MPU3BOJUTH JI0 3alBUX BUTPAT.

Ockunbku gy mepenadl  1H(opmanii BHUKOPUCTOBYIOTH  MOIJIMBOCTI
COTOBOTO 3B 513Ky MOKHA 3aCTOCYBATH PaJli0-TIEPEIIKOIN JIJIsl TOPYIIEeHHS (PyHKITIT
OXOPOHHOI CUCTEMHU

Ha ocHOBI  po3rgHYTUX  pIIEHh TMPOMOHYK  BJIACHY  CHCTEMY
CIIOCTEPEKEHHS 3 JKUTIIOM SK BUKOPHUCTOBYE HEBEJIMKY KUIBKICTh JATYMKIB, IO
3HAYHO 3/ICHIEBIIIOE CUCTEMY, aJl€ HE 3MEHIIYE ii €)EKTUBHICTD.

ABTOMaTH30BaHa cucTeMa OE3MeKH SBJISIE COOOI0 €JUHY CUCTEMY KepyBaHHS
JATYMKAMU CTIIOCTEPEKEHHS . Y KOXHINA KIMHATI PO3TAIllOBaHI JATUYMKH 1 CEHCOPH,
0 3YUTYIOTh 1H(QOpPMALI0 MPO CTaH XUTia 1 (QOpMYyIOTh BXIiAHI JaHi s
00YHUCITIOBAILHOT CUCTEMH.

Cucrema 0Oe3nekd pO3YMHOTIO OYIWHKY I1HTEIPYETbCS 3 OXOPOHHUMU
CHUCTEMaMH, TI0 TPUBO31 BUCHJIAE TPYMU pearyBaHHSA. Y OUIBIIOCTI KpaiH PUHOK
OXOPOHHHUX CHUCTEM ICHY€ [OCHTHb JaBHO, B TOM 4Yac SK CHUCTEMH PO3YMHOTO

OyJIMHKY CTaju IIUPOKO po3MoBciokyBaTrcs jauiie B 2010-x pokax. Oxpemi



MOCTAYaJIbHUKN OXOPOHHMX TOCTYT JO3BOJIAIOTH IHTETPYBATH CBOKO CUTHAI3AIIIIO
3 PO3YMHHUMH MPUCTPOSIMHU, SIKI BCTAHOBIIIOE CaM KOPUCTYBay, a00 MOTO/KYIOThCS
BHUCWJIATH TPYIU pearyBaHHs 3a CUTHAJIaMHU TPUBOTH 3 TaKUX MPUCTPOIB.

Cucrema Oe3nekd Mae MaTh Tpymy JaTyUKIB, CEHCOPIB, Kamep
CIIOCTEPEXKEHHS, CUPEHH HJisi KOHTpoJito pyxy B Oymunky. Lli mnpuctpoi
J03BOJISIIOTh CKOHCTPYIOBATH BIAINOBIAHY CHCTEMY O€3MEKH, BiJ MOPIBHIHO
MPOCTUX JI0 JOCUTH CKIATHUX.[4]

Cepen OCHOBHUX BUMOT IO CHCTEM CIIOCTEPEKCHHS:

1) peectpariist HeOa)kaHOTO TPOHUKHEHHS;

2) MOB1IOMJICHHS BJIACHUKIB MPO MOPYIIICHHS;

3) BKJIIOYEHHS] CUPEHH;

4) 3aIycK BIJI€O3HOMKHU;

5) 6;10KyBaHHS BX1THUX 200 MI)KKIMHATHUX JIBEPEU.

«CucreMa 0e3NeKn» HaJlae MOKIMBICTh YIPaBIIHHS B PEXHMI PEaTbHOTO
qacy 3a JIOMOMOror Oyjb-skoro MoouibHOTO mpuctporo ado I1K, posramoBanoro
B JIOKaJIbHII Mepexi abo Mae noctyn B [HTepHeT.

MOoHTaX CTPYKTYPOBaHHMX KaOEIbHUX CHCTEM - JIOCUTh CKIIAJIHUM 1 JOPOTUi
IpoIiec, TOMYy Tepeaada JaHWX BiJ CUCTEMHU 1 JO KOPUCTyBauda 3IMCHIOETHCS 3a
JIOTIOMOT00 0€3pOTOBUX TE€XHOJOT1H (Tadu. 1.1.).

OO0unciroBaabHa JyacTHHA «CUCTEMU Oe3meKn» MpeJcTaBIeHa
MIKPOKOMIT'FOTEPOM, IO NMPUHNMA€E CUTHAIM JATYMKIB 1 CEHCOPIB, 1 pearye Ha HUX
BIIMOBIHUM YHMHOM, HUISXOM Tepefadi CUTHAIIB BHUKOHYIOUMM MOAYJiB. Tak,
HAIPUKJIA], IPU OTPUMAHHI MIKPOKOMIT'FOTEPOM CUTHAIY BiJ JAaTYMKA MEPEIIKOI,
BiH TIOBHHEH TMepeJaTH KOMaHIy MIKPOKOHTPOJICPY-BUKOHABITIO CHCTEMHU
KEepyBaHHS MMPO Te, 110 MpHiIaxy Tpeda BIAXUIUTHUCS BiJl KypCy BiIiBO a00 BIPaBoO B

3QJICKHOCTI SIKUM JTATYMK CIpaIffoBas [5].

Tabmuus 1.1 — IlopiBHSHHA XapaKTEpUCTUK OE3IPOTOBUX TEXHOJOTIN

nepeaadi JaHux

Wi-Fi Bluetooth GSM
JiamnazoH (m) 50-100 10-100 He oOMmexuHuii
Yactora (I'T'n) 2,4 2,4 890-915 MI'n1
CIIOKUBAHHS Bucokwuii pienb | Huspkuii piBenb | Bucokuii piBeHb




ITOTY>KHOCTI

[lepemaua aymio
[TepenbauyBana | [lepenada CUTHAITY Mepenaua
o0racTb BiJICOMOTOK 3 | (nomarHii

8 Y (I.[ SMScurnany

3aCTOCYBaHHs Kamep KiHOTEaTp,

ay110CHCTEMA)

[lopiBHSHHS ~ HAWOUIBII  MOMYJSIPHUX  MPHUCTPOiB  OOpOOKM  AaHUX

npejcTaBiieHo B Ta0m. 1.2.

Tabmuusg 1.2 — [TopiBHSHHA anapaTHUX XapaKTEPUCTUK MPUCTPOIB 0OpOOKHU

JaHUX

: Arduino Arduino  Mega
Arduino Pro Mini Arduino Uno Leonardo 2560

Mikponporiecop ATmegal68 | ATmega328 | ATmega32u4 ATmega2560

OnepatusHa 1 K6 2 K6 2 K6 8 KB

I1aM SThb

Mirpumysai USB USB USB USB

iHTEpdeiicu

Boynosana 16 K6 32 K6 32 K6 256 KB

I1aM dAThb

Bxonu-suxonu

JUTSL TAKITIOYEHHS 14 14 20 54

JTATYUKIB

Hanpyra 3.5-12B 6-20 B 6-20B 6-20B

JKHUBJICHHS




PO3/ILI 2
PO3POBKA CTPYKTYPHOI CXEMH CUCTEMM
CIMOCTEPEKEHHS 3A )KUTJIOM

PosrasinyBIIM orisia aiTepaTypHUX JKEpEN 1 TEXHIYHE 3aBJAaHHS pO3pOOUMO
CTPYKTYpHY CXE€MY OXOpPOHHOi CHCTEMH SK 300paxkye poOOTy CHCTEeMH Ha
0yiouHOMY piBHI. BJOK crocTrepe)xeHHs MpU3HAYEHUM I aHaji3y CUTHaJIB
JaTYMKIB 1 mepenayi #oro mami Ha Oa3zoBuii Onok. biok cmocrepeskeHHs
CKJIAJIa€ThCSl 3 YOTUPHOX JaTUYMKIB TMepemkos, TemioBoro PIR gatumka 1
yJIBTPa3BYKOBOTO JAaTYHKA.

OCHOBHHMM €JIEMEHTOM CUCTEMHU € 0a30BUM OJIOK, SIKHIl KOHTPOJIIOE TaTUUKU,
3MIICHIOE TIOCTAHOBKY 1 3HSTTSI OXOPOHHU, KOHTPOJIIOE TEPEMIIEHHS MpUIaay y
npocTopi . Y pa3l BAHUKHEHHS TPUBOXHOI CUTYaIlll (CIpalfoBaHHA TaTyMKa) 610K
3a nonomororo WI-FI curnany mocunae nosigomiieHHa (SMS, ¢oto abo cepiro
dbotorpadiit) rocmomapssMm abo Ha TyJIBT OXOPOHHOI opranizamii. Hewmae
HEOOXITHOCTI MIJIBOJUTH TelIe(POHHY JIIHIIO, AKa HE 3aBXAW NpucyTHs. Cuctema
MOKE 3/1MCHIOBATH oOmepallii: BIACKIATA SmS Ha HOMep, BUcUiIaTu (HOTO, TIpH
3’€JIHaHHI 3 MPUJIAJIOM IMOKa3yBaTH Bifco. biiok q03Boise orisa 6e31poTOBUX 30H
(HampuKIan, crhajlbHA, KyXHs, Tapax,), 110 JT03BOJSE BiApa3y BU3HAYUTU MiCIE
BUHUKHEHHS TPUBOTH B OynuHKY. [Ipunasa mokpuBae 30Hy BChOTO OYIAMHKY, MOXKE
OyTH MIIKJIIOYEHUM J0 BalIoro TeaeoHy 1 MOKa3yBaTU 300paXeHHs y pealbHOMM
yac.

brok BimeocmocTepekeHHS TPU3HAYECHUW JUIsl BIATBOPEHHS TMOMIN Y
NPUMIIIEHH], SIKE OXOpPOHSAEThCA 1 (DIKCyBaHHS 00JMYYs a00 Mii 370yMHUCHHKA
CKIIQJAETHCS 3 KAMEPH CITOCTEPEIKUHHS ,pEAYKTOPA 1 IBUTYHA TOCTOWHOTO CTPYMY.

brok mepenavi qaHNX MpU3HAYMHKN IS Iepeadi JaHUX MPO CTaH CHCTEMH
1 mpuMmiIeHs abo 00’ekTa Il 0XOpoHOI0. B 010k mepenaui manux Bxoauth Wi-fi
moayns 1 Wi-fi poyrep.

biiok >kuBNEHHS MPU3HAYCHUH NJI1 SKUBJICHHS MOIYJIS, 3M1MCHIOETHCS BiJl

akymyisitopa 7B, aBapiliHuii OJIOK KHUBJIECHHSA, SKHM >KUBUTH CHUCTEMY IpH



HU3bKOMY pIBHI 3apsly aKyMyJsiTopa 3[I1HCHIOE a8l ¢doTo-maHem 1

nepeTBoproBaya Hanpyru. CTpyKTypHa cXxeMa HaBeJIeHa HUXKYe Ha pUcyHKy 2.1.

BII0K KHUBIeHHS

b 4
biok biok

BazoBuil _
CIIOCTEPEIKEHHI —* 610K BiJIeOCIIOCTEpPeKEeHHS

F 3

k4

bnok nepexaui
TaHIX

Pucynok 2.1 — CTpykTypHa cxema CUCTEMH CIIOCTEPEKEHHS 32 JKUTIOM

2.1 Po3po0ka pyHKIiIOHAJIBHOL CXeMH 0XOPOHHOT0 IPHCTPOIO

@DyHKIIOHAIbHA CXEMa PO3'ACHIOE MPOLECH, 110 B1IOYBAIOTHCS y IMEBHUX
(yHKLIOHATBHUX JAHIIOraXx ycTaTKyBaHHA. PYHKIIOHAIBHHUI KoJla— L€ JIiHiA,
KaHaJl, TPaKT MeBHOTO MPU3HAYCHHSI.

OyHKI[IOHABHA CXeMa MICTUTh 1H(OpMaIii0 Tpo CcHocodu peamizallii
MPUCTPOEM 3a7aHuX (PyHKIIM. 3a CXeMOI MOKHA BU3HAUUTH, K 31HCHIOIOTHCS
MEPETBOPEHHA 1 fAKI JJIS LbOTO0 HEOoOXimHiI (yHKIlOHANbHI eneMeHTH. KoxkeH
(GYHKITIOHATBHUN €JIEMEHT MICTUTH JIUIIE T1 BXOJW 1 BHUXOIH, SKI HEOOX1IHI IS
Horo KopekTHoi pobotu. JlaHa cxema po3poOsSETHCS HA OCHOBI CTPYKTYpPHOI
CXEMH JIJIsl KOKHOTO OJIOKY, B PE3yJbTaTi 3 OKpeMHX (DYHKIIIOHAJTLHUX €JIEMEHTIB
CKJIaJIa€ThCs 3arajbHa (DYHKI[IOHATbHA CXeMa 00'€KTY.

OYHKI[IOHATPHUMH CXEMaMH KOPUCTYIOTHCS JUISl BUBYCHHS TIPHHITUITY
poOoTH BHUPOOIB (YCTAaTKyBaHHSI), a TAKOX MPHU IX HAIArOKEHHI, KOHTPOJI YU
peMonTi. Ha Takiii cxemi 300pakyloTh BCl (PYHKIIOHAJIbHI YaCTUHU BHpPOOY Ta
OCHOBH1 3B'SI3kM MDK HUMHU. DyHKIIOHAJIBHI YACTHHH HA CXeMi 300paxyloTh Y
BUTJISIII YMOBHUX TpadiuHUX TMO3HAYEHb 3TIIHO 3 BHUMOTaMHU JIEPKABHUX
cranaaptiB. Jlo3BossieTbesi OKpeMi (DYHKIIIOHANbHI YacTHHHM, HA SKUX HEMae
YMOBHUX TrpadiyHUX MO3HAYECHB, 300paKyBaTH Y BUTIISI IPSIMOKYTHHKIB, a TAKOXK

PO3KpHUBATHU O0 piBHSI IIPUHIOUIIOBUX CXEM.



Ha ocHoBi cTpykTypHOi cxemu Oyna po3poOiieHa Taka (yHKIIOHAJIbHA

cXema sIK 300pakeHa Ha PUCYHKY 2.2.
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Pucynok 2.2. @yHKIliOHaIbHA CXeMa OXOPOHHOI CUCTEMHU



https://www.google.com.ua/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjS8aDXwNzMAhVC_ywKHZiuAOQQFggaMAA&url=https%3A%2F%2Fru.wikipedia.org%2Fwiki%2F%25D0%25A1%25D0%25B5%25D1%2580%25D0%25B2%25D0%25BE%25D0%25BF%25D1%2580%25D0%25B8%25D0%25B2%25D0%25BE%25D0%25B4&usg=AFQjCNFujXpEsEmf4KbGoDnIf2VvPPArVQ&sig2=CqFiOjk5jSUohVgxy-_WwA&bvm=bv.122129774,d.bGg
https://www.google.com.ua/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjS8aDXwNzMAhVC_ywKHZiuAOQQFggaMAA&url=https%3A%2F%2Fru.wikipedia.org%2Fwiki%2F%25D0%25A1%25D0%25B5%25D1%2580%25D0%25B2%25D0%25BE%25D0%25BF%25D1%2580%25D0%25B8%25D0%25B2%25D0%25BE%25D0%25B4&usg=AFQjCNFujXpEsEmf4KbGoDnIf2VvPPArVQ&sig2=CqFiOjk5jSUohVgxy-_WwA&bvm=bv.122129774,d.bGg

PO3JILT 3
JTOCJILDKEHHS OXOPOHHOT O TIPUCTPOIO

OckiIbKM B poOOTI BHUKOPUCTAHO TUIATGOPMY ApJIylHO, PO3TIITHEMO ACSK1
3a3HayeHl mapameTpu B [6]. Hampyra 30BHIIIHBOIO JKepena sKUBJICHHS MpUiIaLy
- 7B. CtpyM, SIKu#l CIIOKMBAETHCA BiJ JKepena B 3BHUaiiHOMY pexumi 100 MA,
i 4ac 3’€HaHHSA 3 KOMIT' IOTepoM BiH 30uIbmyeThess 10 500 MA. barapes i3
YOTUPHOX TaJIbBAHIYHUX €JIEMEHTIB TUITy po3Mipy AAA 3a0e3neuye MOBHOIIHHY
pob6oTy 710 1BOX A10 6€3 30BHINTHBOTO KUBJICHHS.

OcCHOBHUH €J1eMEHT cXeMU - MiKpoKoHTposep ATmega2560

PoGoua nanpyra - 5B

Harmpyra xuBnenns (pekomenaoBana) - /-12B

Hanpyra >xuBnenss (rpanuune) - 6-20B

Hudposi Bxonu / Buxoau - 54 (3 skux 15 MOXyTh BUKOPHCTOBYBATHCS B
sxocTi LIIIM-Buxo/1iB)

AHasorosi Bxoau - 16

MakcuMallbHUI CTPYM OJHOTO BUBEIEHHS - 40 MA

MakcumanbHH BUX1THUMA CTpyM BUBOAY - 3.3V 50 MA

Flash-nmam'sate - 256 KB, 3 sikux 8 Kb BUKOPHCTOBYIOTECS 3aBaHTA)KyBaueM

SRAM - 8 Kb

EEPROM - 4 Kb

TakToBa yactora - 16 MI'm. [6]

3poOUBIIH OTJISN JITEPATYPHUX JHKEPEN Ta TEXHIYHOTO 3aBJaHHS POOMMO
BUCHOBOK, W0 IuiatpopMa ApayiHO Ha MikpokoHTposiept ATmega2560
3aJI0BOJIbHSIE Hallll MoTpeOu. BoHa Mae: pekoMeH0BaHy Hamnpyry >KuBJIeHHsS 7 B,
Flash-mam'ste Ha 256 Kb ta m'staecsat dyotupu I1UdpoOBI BXOAM 1 BUXOMH, IO
OUIBII HIK TOCTaTHBO JJISI PO3POOKU CHUCTEMHU CIOCTEPEKEHHS 32 KUTJIOM 1 Jae

3MOT'Y MOJIEpHI3yBaTH ii y MailOyTHbOMY.

3.1 Po3paxyHoOK yJabTPa3ByKOBOI'0 IaTYUKA



Jlnsa 3anmoOiraHHsl BUIIAJKOBOTO pearyBaHHS JaT4yMKa IMEpemKo] OyneMo
BUKOPHCTOBYBATH YJIbTPAa3ByKOBUH HaTuuK. [[is1 Toro, mob oOpaTu naTduk, sIKUi
MEHI MiIAE TPOBEIMMO PO3PAXYHOK.

JI71s1 IpOCTOr0 CUTHATY B1JIOME CITiBB1THOIICHHS

ety

g = 2 (1)

2
ne Og — po3IiJpHA 3JaTHICTh 3a JaJbHICTIO, M;
C — MIBUJKICTH YJIBTPA3BYKY B MOBITPI, M/C;
T,, — TPUBAJIICTh 30HIYIOYOT0 IMITYJIbCY, C.
Toni

- 26, 2-1077
T ¢ 340

[Tepion mpoxomKeHHS IMITYJIbCIB OOUUCIIOETHCS 3a BITHOIICHHSM:

=59-10""c.

T, = =, ne )

T,, — mepio MPOXOKEHHS IMITYJIBbCIB, C;
R — naneHicTe aii Tokatopa, M.
Toni
7, = 2197 050
“=T330 0"

Orngn  poOo4oi 30HM MPOXOAUTH NOCTYNoBo. Ilpu  BigmOBIZHOMY
BUIIPOMIHIOBaYl  YJbTPA3BYK pPO3MOBCIOJUKYETBCS BY3bKHUM IPOMEHEM, 1IIIO
JI03BOJISIE TIPWIIALy OTpUMYBaTH iH(MOpMaIlito 3 HeoOxigHoro HanpsamKy. [Ipuctpiit
00poOKU MOBUHEH OOpOOJISITH 1HPOPMAIlII0O TAKUM YHWHOM, 1100 CUTHAJl Ha BXOJI
OO MPUCTPOIO MIT OLIHIOBATH JAIBHICTD JO ITiTI.

B skocti BapianTy OOpOoOKM MOXHA BHKOPHUCTOBYBAaTH OOpOOKYy 3a
JIOTIOMOT010 MIEPEeTBOPEHHS 1H(OpMaIii PO JaTbHICTb.

[IpoBenemMo cucCTEMHUN pO3paxyHOK JIOKatopa. 3a3BUyai, B SKOCTI
BUIIPOMIHIOBAYiB YyJIbTPA3BYKy BUKOPUCTOBYIOTHCS I1"€30KEepaMiuHl ILJIACTHUHHU,
niametpoM Scm. ['eomerpuyHa mjoma Takoi IUIACTUHU OOYHMCIIOETHCS 32
dbopmyIoro:

S =mr?, ne (3)

I - paaiyc IIacTUHU, M;



S — moma rutacTHHA, M2,

Tomi

S=3,14- (?)2 =1,96-1073*m?

Bizememo koedimient Bukopuctanus anteHu (KK) piBaum 70%. Tomi
e(peKTHBHA [UIOIIA aHTCHH S.4 , OOUHCITIOETHCS 38 POPMYIIOF0

Sep = KKI-5=10,7-196-107°=1,4-107°m°

KoeditieHT miaCUICHHS aHTCHHU:

G=13Sgume (4

A — TOBXKHHA XBHIJI 30HIYIOYOTO CHTHAITY.
[ToTyXHICTh 30HAYIOUOTO CHUTHAJIYy 1 MOTYXKHICTh BIJOMTOrO CHTHATY
NOB’sI3aH1 CMIBBIJHOLICHHSIM:

P PE_DEE-G aypth (5)

Eighs — (4m)2 RyopRE )

ne P;,5 — moTyxHicTh BinouToro curnainy, Br;

P.:,; — MOTYXKHICTB 30HIYIOUOTO CUTHATY, BT;

G — xoe(illieHT IMiICUICHHS aHTEHH;

0, = 1M® — 3a1aHa e)eKTUBHA IIIOIIA PO3CIFOBAHHS, M7,

A — TOB3KMHA XBUJII 30HIYI0YOr0 CUTHAITY;

R — makcumanbHa JaabHICTh i1 JIOKaTopa, M;

R..p — BTparu B arMochepi.

R, 00uncnroeTbest 3a GpopMyIioro:

R.:p = 2Ra- e, 1e

e = 2,73 (const)

0 — KoeILIEHT 3aTyXaHHs YJIbTPa3ByKy B MMOBITpI

Binomo, 1o III"*;%Z. Binomo, mo npu A = 4 - 1073 M, xoedilieHT 3aTyXaHHs
a=0,71/y

MoskHa 3HalTH Koe(ilieHT nmponopiiiHocTi k:

k=a-2>=07-(4-107%)?=1,12-10">m.

Slkmo migctaButi B (opmyiy mis Py Bel cHiBBiAHOIICHHS, HaBeAeHI

micJIsa HEl



2

on S
PEE,qu = Pa — = (6)

UHA  gn.R5 ke

Toni

| — 52
e (7)

P. .= )
5140 7.6510"4-R%

3Haii1IeMo MOTYXHICTh BIAOUTOr0 CUTHAITY MPU TMOTY>KHOCTI 30HyI0YOTO

P, n = 1,5BT.
p Lo L (LA-107)° oo o
535 = T 765.10-%-105 T

Po3paxyemo BUMOTH 7S MiICHJICHHS BXiJHOTO CHUTHATIY B MpUiMadi, sSKIIO
JyTIUBICTD I’ €30€JICKTPUYHOI IIJIACTHHH, SIK MikpodoHa, pisauii E = 100MkB/I1a
[15]

[HTEHCUBHICTD 3BYKY BIJOMTOTO CUTHAIY:

P 384107

b =5, ~ 1410

—2,74-1075 BT/M2

[yunictb Lg; s BinbuTOoro curHany:

2,74107°%

I;
Lo = 10Ig (—;ﬂ) =101g (222 ) = 74428, ¢ (8)
I, =1071¢ BT/ o2 — IOPOTOBa HTEHCUBHICTE 3BYKY

3BYKOBUI TUCK BIAOUTOIO CUTHAITY

Paing = Do - 1090%keias = 2-107° - 1005744 = 0,105[1a

Harmpyra na Bxo/1i miJicuiitoBaya:

Usimin = Paizs - E = 0,105-107* = 10,5MxB.

Jl1st poGOTH JIeTeKTOpa 10 HAmpyry motpiono mocumutu mo0 U, = 0,6B.
Toni koedimient migcunenns K ; 2c JOPIBHIOE

K. — U _ _ 0.6
mAc U, 105105

= 57143 paza 9)

Tenep mpumycTuMoO, 110 BCS MOTYXKHICTb, 1[0 BUIIPOMIHIOETHCS MOTPAIUIsIE
Ha TPUAMaIbHY aHTEHYy, IO MOXIJIWBO IPH BHUIIPOMIHIOBAaHHI 30HIYHOYOTO
IMITyJIbCY B 0€3MOCEpEeIHhOMY KOHTAKTI BIJl MEpEIKoau, sika mae Benuky EIIP i
XOpoIy BiIOMBHY 3/1aTHICTh. B 11bOMy BUIIaIKy IHTEHCUBHICTh 3BYKY

I

— - i B
sins — W =1,07-10° TKMEI



['yunicTh 00UnCTIOETHCS 32 POPMYIIOO:
1,07-10°

TEE ) = 150,3 1B.

L5 =10 Eg(

3BYKOBUM TUCK OOUUCITIOETHCA 32 (OPMYJIOI0:
Paizs = 2-1077- 102957593 — 54,7 [1a.
Hamnpyra Ha Bxoai migcuiatoBaya 00YUCITIOETHCS 3a (POpMyII0H0:

U =6547-10"*=6,5-1072B.

BX max
0.6

B upomy Bunanaxy K . min = 1o 9,23 pazmu.

JluHaMiYHM Tiana3oH I ICHIIIOBaYa

0,065

105.10-5 ~ />9AB

U
M= 2ﬂzg% = 20lg

BX Min

PosrnsnemMo mnpoctuit curhHan. Ak Oylio MOKa3aHO paHille, IO0BXKHWHA
iMmynecy Ui 3abes3redeHHs MOTpiOHOI posainbHOi 3matHOCTI Of = 0,01 M
MOBUHHA OyTH piBHA 59 MKC, 1110 MOXHA peanizyBaTH TexHiuHo [16], [17].

CniekTpaibHa MIUIBHICTH IIOTYXKHOCTI IIyMy B pEalbHMX yMOBax Ha
YIIBTPa3ByKOBHX YacToTax cTaHoButh Ny = 4- 1077 BTfFu [2].

3BiJICH 3HAWJIEMO BIJHONICHHS CHUTHAJ/IIyM Ha BHUXOMl Y3TO/HKEHOTO 3

IMITyJIbCcOM (PLIBTpA:
q= |, A¢ (10)

E — enepris curnany Ha BX0Jii y3rojikeHoro GuisTpy, JIxK;

Ny — ciekTpanbHa IIOTHICTH MIyMy, BT/ RIg

E MoxHa 3HalTH 32 GOpMYIIOIO:
E:Pﬂigﬁ'ru:ﬂe (11)
P.;;s — mOTyXHicTh BiiOuTOrO CUrHaiy, Br;

T,, — TPUBAJICTh 30HAYIOYOT0 IMITYJILCY, C

Tomi

_ 22601022
1= [Ta10r T

B nemmbenax q ~ 2548, mo € 70CTaTHRO BEIMKOIO BEINYMHOIO, TaK SK IS

po3pi3HeHHs BucTayae ~ 7 Ab,



CtpykTypHa cxema npuiiMadya i BHUSBICHHS NPOCTOIO CHTHAIY 3

HEB1JJOMOIO TTOYATKOBOIO (ha3010 1 aMILIITYy 00 HaBeJaeHa Ha pUCYHKY 3.10.

Al 4 TIT |
|

Pucynok 3.10 — CtpykTypHa cxema nmpuitmaua

—~ YO

A 4

v

YO — y3romxenuid GuibTp;

AJl — aMIUTITYAHUI I€TEKTOP;

[IIT — moporosuit mpuna.

Jlo «mmociB»  3aCTOCYBaHHS IPOCTOrO0 CUTHAIY MOTPIOHO BiJHECTH
HalOUIBII MPOCTY CXeMy MpuiiMadyiB 1 nepenaBayviB. Jlo «MiHYCIB» - HHU3bKa
3aXUIIEHICTh MPH MEePEHIKogax, 0COOIMBO, SKIIO MPUCYTHI IMITYJIbCHI MEPEITKOIH.

Hecyuy uwactoTy 30HAYyI04Or0 cUrHaiTy oOuparo i3 aianazony Bif 20 kI’ mo
100 xI['11. Buxonsuu 3 Toro, 1o B nepenabayi Oyjie 3aCTOCOBAaHUM Te€HEPATOP, SIKUH
reHepye KoiauBaHHA 3 yacToToro 500 k['1, a TakoX MPUCYTHIN MITBHUK YacTOTH,
peani3oBaHUi Ha JIYWIBHHUKY, SKUW IUIMTh YacTOTY, SKa T€HEPYEThCS Ha 7, TO

HEeCy4a 4yacTOTa 30H]IyI0YOTO IMIYJIbCY BiJIMOBITHO pIBHA

f=5=5"10° — 71,4281

7

[upuHa giarpaMu HapsIMKY Mo>ke OyTH 3HaiieHa 3a (hopMyJIOLO:

0,61+
fr’

sin Aag 5, = ne

Aaty 5, — IIMPHUHA JiATPAMU HATIPSIMKY, TPAITYC;
. . . . M .

C — MIBUAKICTH 3BYKY B MOBITPi, /¢ ;

f — Hecyua yacToTa 30HIYIOUOTO IMITYJIBCY, K II;

I — paaiyc BUIPOMIHIOBaYa, MM.

Tomi



o /06l-c
ﬂafulap:arcsm( o )

- 70,61-340
ﬂaful_z_p = arcsin (—?1,428- 7T

)% 6,6%
[Ipunyctumo, 110 cepeaHid dYac Orjsay B3JOBXK JIiHII, TOOTO dYac

MPOXOJIPKEHHS PAIKY

T .. =3c

pazs

Toi MIBUAKICTH MEPEMIILIEHHS POMEHS
A
0= T—“’ e (12)

PRI

At — ceKTOpHHIA KYT OTJISTY

Yac onpoMiHEHHS 1T

 Ads, 6,67

orp = 4 0 = 0167¢

Yuciio HaKONUYyBaHUX IMITYJIbCIB

top 0,167 _
T. 0059

u

Nﬂ = 2I8I|‘[';e

Busznaunmo mnosiocy npomnyckaHHs Ipuiimaya. Ilosoca mporyckaHHsA
npuiiMaya BU3HAYAETHCS 3 YPaXyBaHHAM YaCTOTH JIONIUIEPIBCHKOTO 3CYBY.

Benuunna gonmiepiBCbKOro 3CyBY:
2
F, = T'f-ﬂe (13)

f — Hecyua wacTora 30HIyI0UYOTO IMITYJIBCY, [11;



V — MaKcUMaJlbHa MIBUKICTh PyXy nepemkoau, M/¢;

C — MIBUAKICTh 3BYKY B TIOBITI.

Toni
F— 220 51408— ga03T
A< T340 = H

OCKUTBKM MOXKJIMBO SIK BiAJQJICHHS, TaK 1 HAOJMKEHHS 11 JI0 JIOKaTopa, TO
NOTpiOHA YaCcTOTHA IOJIOCA, SIKa PiBHA MOIBOEHIN BennuuHi ;.

Toxi AF = F, -2 = 16806 I'n,

Ane CIICKTpD iMl'IYJ'ana 3arMae IIOJIOCY 4aCTOT
1 1

AMf =2 = ~ 16950y  (14)

T, 591075

Tomy nosiocy npomnyckaHHs IpuitMaya 00upaeMo
AF = 16,95 kl'n,

[ToTy>xHICTh IIyMy Ha BXOJ1 MpuiiMaya

P. = N,-AF,ne

AF — mmpuHa MoJI0CH POy CKaHHs npuitmava, [

Ny — moTHICTS 1IyMy Ha BXOJIi pUiiMavya, BTf T

Tomi
P, =4-10"17-16950=6,78- 107 *Br.

MiHiMasbHa MOTYKHICTh BIJOUTOTO IMITYJIBCY:

P

Bigd min

= 3,84-107°BT.

Sk BUnHO, Pﬂi,qﬁ min > PIJI'



[lepenaBay BUPOMIHIOE KOPTKI IMITYJIbCH 3 IIEPI0JIOM MTOBTOPEHHS
T, —0,059¢

1 BITHOCHICTIO IMITyJIbCa

T, =59-10"3¢

IIpU TOTY>KHOCTI B iMITyJbel 1,5 BT.
Toxai cepeanst MOTYXHICTh BUMPOMIHIOBAHOTO KOJMBAHHS OOUHCIIOETHCS 3a

dhopmyItoro:

PEEP = Pu ’ _ullﬂ;e (15)

P, — motyxHicts B immysbci, BT.
Toni
59-10°

Fp = 1,5 59.102

cep —

=1,5-1073Br.

PisHuiis B piBHI OTPMMYBAaHUX CHTHAJIB BH3HAYAETHCS BIAMIHHICTIO
e(heKTUBHUX IION] PO3CIFOBAHHS IIJIEH 1 TaIbHOCTEH /10 HUX.

PosrasiueMo cTpyKTypHY cxemy npuiiMada, 300paxeHy Ha pUCYHKY.

B cxemi € ysromkennit Gpinbtp. Tak sik AUX ¢inbTpa MoBUHHA CIIBMAIaTU
13 CHEKTPOM IMITYJIbCHOTO CHUTHaTy, L0 peani3yBaTh TEXHIYHO BaXKKO, TO Ha
MPaKTUIll BUKOPUCTOBYIOTh KBasiy3romkeni ¢uibtpu. lle ¢inbrpu, mnomocy
MPOMYCKAHHS SIKMX BUOUPAIOTh, BUXOJSAYN 3 TOTO, 1100 BITHOMIEHHS CUTHAI/IIIYM
Ha BUX0/11 0yJI0 MAaKCUMAJIbHUM.

JJ1 1bOTO MOXYTh BUKOPHUCTOBYBAaTUCH TAKOXK TUIH (PUIBTPIB:

o IIPAMOKY THUHI
o rayca
o OaratokacKaJHHUM MiICUITIOBAY 3 OJUHUYHUMU KOHTYpaMH Ta 1H.

Jlo moporoBoro mpuiaay miaseneHo noporoBy Hampyry Ug;. Onrumanbhe

3HAYEHHSA MMOPOTry MOXHA 3HAWUTHU 32 POPMYIIOIO



(x opt — 2+ qu (16)

336,14

TOMI Gy opr = 2 + =170,07.

OO6unciuMo MOXWOKH, $AKI OOYMOBIIEHI BUOpPAaHMMHM CUTHaJIAMH 1

CTPYKTYPOIO MpUJIady.

[ToxuOKa 1Mo JaabHOCTI 3HAXOUTHCS 3a (POPMYII0r0

SR ,Je (17)

C

"~ 2v/mqaAF
@. — CyMapH1 BTpAaTU B TPAKTI MpUHOMY, pa3u;
€ — BITHOIIICHHSI CUTHAJI IITyM Ha BUXOJ1 Y3TOJPKEHOTO (PiIbTPY .

AF-cmyra niponiyckanHs npuimMaua, ['m.

3a3Buuail CyMmapHi BTpaTy B TPaKTi MPUPIBHIOIOTH 1010

Tomi
s _ 340
R 24/3.14-336.14-10- 16950

=1.69-107°m.

Ha ocHOBI mpoBeneHHMX pO3paxyHKIB 1 OTPUMAHUX JAHUX OOHpAI0 YKe

roroBuit Moaysis HC—SRO04, sikuii miaxoauTts Jj1si BAKOHAHHS pOOOTH.

3.2 MoayJii KepyBaHHsS IBUT'YHAMM IOCTIHOIO CTPYMY

Jlns mepecyBaHHA MaTGOpPMU Ha TYCEHUYHOMY I1aci Ha 0a3i JBUTYHIB SIK1
BUKOPHCTOBYIOTh y Pajiio MOJIEISX 13 CTpyMoM criokuBaHHs 1A [18].
Haiinpocrima cxema  ympaBiaiHHS  JBUTYHOM  TOCTIMHOTO — CTPyMYy

CKJIQZIAE€THCS 3 TOJIbOBOIO TPAH3UCTOPA, HA 3aTBOP SAKOTO Tnojaerses LM curnas.

Tpan3ucTop B naHiii cxemi BUKOHYE pOJIb
CJIIEKTPOHHOTO KJTOYa, M KOMYTYIO4YOTO  OAWH 3
KOHTaKTIB JBUTYHAa Ha 3eMITIO. Tpanzucrop
BIJIKPUBAETHCSI HA MOMEHT A TPUBAJIOCTI IMITYJIBCY.

ﬁ
M




Pucynok 3.1 — Burnsa TpaH3uCTOPHOTO BKIIFOUECHHS

3aMicThb MOJILOBOTO TPAH3UCTOPA MOKHA BUKOPUCTOBYBATH OIMOJISIPHUIA n-P-

n TpaH3UCTOp, TpaH3ucTOp JlapmiHrToHa, ab0 peie BIAMOBIIHOI MOTYXKHOCTI

Fi Fi Eé

SR
|

pucynky 3.2 [7].

Pucynox 3.2 — Cxemu BKIIIOUEHHS OIMOJISIPHUM N-P-n TPaH3UCTOP Ta pelie

H-MicT — 11 eneKkTpoHHa cXxema, siKka Ja€ MOXKIIMBICTh MPHUKJIACTH HAIPYTy
710 HABaHTA)KEHHS B PI3HUX HampsMKax. L{g cxema qy’ke 4acTO BUKOPUCTOBYETHCS
B pOOOTOTEXHIIL 1 ITPAIIKOBUX MAalIMHaX, 100 3MIHIOBATH HANPSIMOK OOEpTaHHS

MOTOpa 300pa)KeHni Ha PUCYHKY 3.3.

K1 | K3 l
(VT1) (VT3)
QF
K2 K4
(VTz)/ (VT4)/

Pucynok 3.3 — H-mict



OCKIJIBKY 3 PO3IVISIHYTUX CXEM KepyBaHHS MOXJIMBICTh PEBEPCA /A€ TUIBKH
H-mict Tomy kopuctyBaTucs s Oyay H-mMocToMm, B OCHOBY SIKOTO TMOKJIaJCHUMN
TPAH3UCTOPHUM KIIIOY TAaKe PILIEHHS € Ty’K€ MIPAKTUYHE, HUM JIETKO KEPYBaTH 1 BCl
€JIEMEHTH MPOCTO AICTaTU B PAJIOTEXHIYHUX Mara3uHax.

3a3Buyail, H-MICT BHKOpPUCTOBYETBHCS IJIsl 3MIHU TMOJSIPHOCTI >KUBJICHHS
MoTOpa (peBepc), ajie TAKOXkK BIH MOKE 1 FaJIbMyBaTH MOTOpP, KOPOTKO 3aMHUKAIOUH
fioro BuBOAM (y BUMAAKY MPOCTOrO MOTOpa MOCTIMHOTO CTPyMy). MOKa3ye, 4yoro
MO>KHA JOMOTTHCS, 3MIHIOIOUH cTaH KirouiB K1-K4 tadn. 3.1.

Ta6muig 3.1 — KomOinHaIii kepyBaHHS KJIIOYiB

K1 K2 K3 | K4 | Pesynbrar

MoTop KpyTHUTBCSI BIPABO

MoTOp KpyTUTHCSI BITIBO

BinbHe o0epTaHHs MOTOpa

Motop raneMyeTbcs

MoTtop ranbMyeTbCs

KOpOTKe 3aMUKaHHs J7KEPECiia JKUBJICHH

ol | k| O O] O
ol k| O k| O] | O
| O k| O Ol | O
| O O] k| O O -

KOpOTKe 3aMUKaHHs J7KEPECiia JKUBJICHH

Kpim 3MiHu nonsipHOCTI, h-MICT, B pa3i KepyBaHHs €JIEKTPOIBUTYHOM, JI0JA€
HaM 1 1€ OJUH OOHYC - MOXJIMBICTh 3aKOPOTHTH KiHIII OOMOTOK, III0 BelI€ 0
pI3KOTO TaJbMyBaHHS HAIIOTO JBWXKA. Takuii e(peKkT MOoKHa OTpUMaTh
3aMKHYBIIM ojiHo4YacHO a6o kimtoul K1 1 K3, abo kmroui K2 1 K4. Hazsemo Takuit
BUMAJIOK "pexkuMoM rajgbMyBaHHA". CrpaBeIIMBOCTI 3apaau BapTO BIJ3HAYWTH,
mo 1eid O6oHyc H-MocTa BUKOPHCTOBYETHCS 3HAYHO PiAlie, HIX MPOCTO 3MiHA
MOJISIPHOCTI.

Sk k04l MOKe BUCTYMHATH BCE, IO 3aBTOIHO: PeJie, MOJIbOBI TPAH3UCTOPH,
O1MOJISIpHI TPAH3UCTOPH, CHEI1aII30BaH1 MIKPOCXEMHU.

Hampyra >xuBnennss 7B, makcuManbHuUi cTpyM JBuUryHa lA 1 curHan
ynpasiiaasa 5 B(ctanom "1" Binnosiznae piBeHb Hanpyru 6im3sko 7B, ctanom "0" -

pIBEHBb OJIM3BKO HYJIS BOJIBT).



Cnouatky BuOupaemo Ttpansuctopu misa peamizamii K1, K2, K3, K4.
[TiniinyTe OyIb-sIKI TPaH3UCTOPH, 3JaTHI BUTpUMaTH Hampyry 7B i1 ctpym 1A,
Hanpukian, KT815 (npn) [11] 1 iforo kommnimenTapuuit napa — KT940a (pnp). L
TPaH3UCTOPHU PO3paxoBaHi Ha cTpyMm 1o 1,5 Ammnep, Hanpyra mo 25 BT 1 MaroTh
koeditient macuieHHs 40.

Po3paxoByeMo MiHIMaIbHUN CTpYM yIpaBiiHHA Tpan3ucTtopiB K1, K4:

1A /40 =25 MA.

PozpaxoByemo pesuctop R1, sk o Ha p-n nepexonax BE tpansuctopis K1,
K4 1 na BigkputroMy tpansuctopi K5 manae no 0,5 B:

(7-3 *0,5)/25=1000m.

Ile MakcUMalbHMI OMip, NPU SKOMY MH OTPUMAEMO MOTPIOHHI CTpyMm
ynpasiiaHs. [Ipu nboMy Haill cTpyM ynpaBiiHHS Oyjie

(7-3*0,5) /100 =25 MA,

a PO3CIIOETHCS HA PE3UCTOPI MOTYKHICTD:

U2 /R =5 wmBr.

Pesucrop tpeda craButu Ha 0,5 BT

Tpansuctop K5 moBunen ButpumyBatd 7B 1 crpym 25 MA. Ilimiiine,
nanpuknag, KT KT940a (25 Bomsr, 100 MA, MiHIMQJIbHUA KOEPIIIEHT
migcuneHHs 30).

PospaxoByemo #oro ctpym ynpasininas: 25 MA /30 = 0,83 MA.

PospaxoByemo pesuctop R2, BBaxaroum, 1m0 Ha nepexogax bE
tpan3uctopiB K5 1 K4 nagae no 0,5 B:

(7-2 *0,5)/ 0,83 =3 xOm.

U2 /R =16.6 mBT.

[Ipu mpomy, ctpym ympamiinas K5 Oyae 1,1 MA 1 Ha HbhOMY Oyne
po3citoBatucs 16,6 MBT Temna (To6To migiiiae 3Buyaitnuil pesuctop Ha 0,125 BT)

[12].

3.3 BJIOK cniocTepe:KeHHs

3.3.1 J[docaimkennss aat4yukiB mnepemkod. Illo6 wam mnpumag wmir

OpIEHTYBaTUCS 1 HE Bpi3aBCsI y BCE, MU BCTAaHOBUMO Ha HBOTO YOTUPH



iH(payepBOoHNX naTyrika. HaWmpocTimmii maTuyvK CKIATAEThCS 3 1K-1074a, SKAN
BUNPOMIHIOE B 1H(QpauyepBOHOMY CIEKTPi 1 POTOI10, AKUN TpUTMAaTHUME CUTHAI 3
IK-mioma. IlpuHIun Takwii: KOJM TEepej] MaTYMKOM Hemae mepermkonu, to IK-
MIPOMEHI HE TMOTPAIuIsIFoTh Ha (POTOMION 1 BIH HE BIIKPUBAETHCI. SIKIIO Tepen
JATYUKOM TIEPEIIKOa, TOJI MPOMEHI BiJ HbOT'O BIJOMBAIOTHCS 1 MOTPAIIAIOTH Ha
doTomion BiH BIAKPUBAETHCA 1 TOYMHAE TEKTH CTPYM IPUHLHUI POOOTH MOXKHA

Mo0aYnTH HA PUCYHKY 3.4.
Y N

N SRURIRRS R SRR

Pucynox 3.4 — Ilpunuun poOOTH AaTYMKIB IEPEIIKO,T

Taki gatuukum moOymoBani Ha kommnaparopax. Kommapatop(ALIT
CJIEMEHTApHUN) — 1€ €JIEMEHT MOPIBHSIHHS, KU MIMPOKO BUKOPUCTOBYETHCS B
CHCTEMax KOHTPOJIIO Ta aBTOMAaTUYHOTO KepyBaHHs. KoMmapaTtopu BiTHOCSATHCS 110
€JIEMEHTIB 1IMIyJIbCHOI TexHiku. KommapaTop, BukoHaHuii Ha 0a3l omepariiiHoro
nigcuwitoBaya (OII), nopiBHIoe BuMiptoBaHy Hanpyry Ugg, SIKa OJA€THCS HA OJIUH
13 BXOJiB (TEpeBaXHO Ha IHBEPTYBaJIbHUI), 13 OMOPHOIO HAIMPYTOIO (HAmepen
3ananoro) Ugy, sSiKa TogaHa Ha iHmmi BXija. OnopHa Hampyra € He3MIHHOIO B 4aci,
JIOAATHLOT UM B €MHOI MOJISIPHOCTI, a BXiIHa Hanpyra — 3MIHIOEThCA. Komu Uy
= Uon Buxigaa Hanpyra OII 3mintoe cBiit 3Hak Ha TPOTHICKHUHN (3 Uipux vaxe Ha U-
sxmaxe UM HaBMakw). ToMy KommapaTop Mae€ Ie Ha3BY «HYJIb-OpPTaH», OCKITbKU
3MiHa MOJSIPHOCTI BUX1JIHOI HANpyru (MepeMHUKaHHs) B1IOYBAETHCS 32 YMOBH, 1110
Usx- Uon=0, e U,y — 3a1aHa Hanpyra.

AHanoroBuid KOMIapaTop - 1€ NPUCTPIA, MPU3HAYEHUN HJid MOPIBHSHHS
MBOX cuTHamiB. HadmpocTima cxema KoMmapaTropa Moxke OyTd moOyjoBaHa Ha
orepariiHoMy TiACHIOBadl 0€3 3BOpOTHOro 3B's3ky. Ha omuH 13 BXOAIB

OTIEpaIifHOTO MMIJICHIIIOBaYa IOJA€ThCS BIJIOME OIOPHE HAIpyra, Ha I1HOIH -



MOPIBHIOBAaHUM aHAJIOTOBHM CHUTHAJ, HANPUKJIAA CUTHAN 3 JAaTYMKA. KOMIIapaTop

300pakeHU Ha PUCYHKY 3.5.

Pucynok 3.5 — CxeMa BKJIIOUCHHS KOMITapaTopa

[ToBeninka omnepariiiHOro micuiIoBadya 0e3 3BOPOTHOIO 3B'I3KY OIUCYETHCS
piBHAHHAM: Uoyt = (Uini — Uinz) - G, me Ugy - Hampyra Ha BHXOJIi OIepariiifHoro
nigcwioBaya, Uinl - Hampyra Ha He 1HBepTyeTbcsa Ha Bxoji, Uiy - Hampyra Ha
1HBEepTY€eThbCsl BXOAl, G - KOeQILUIEHT MOCWIEHHS 3 PO3IMKHEHOIO METIEH0
3BOPOTHOTO 3B'A3KY. ICHY€ AeKiIbKka cXeM BKIIOUEHHS] KOMYyTaTOpIB, a CaMe:

[Ipsime: 300pakeHe HA PUCYHKY 3.6.

+a4

LauT

GMND

Pucynok 3.6 — IIpsima cxema BKIIFOUECHHS KOMITapaTopa

[aBepcHe: 300pakeHe HA pUCYHKY 3.7.

UouT

Lh35350

GHD GHND



Pucynok 3.7 — IHBepcHa cxema BKIIFOUEHHS KoMIaparopa

[TpuaIIMTT POOOTH TAaKWX JATYMKIB TMOJISATAE B TOMY, IO HA OJWH 3 BUXOJIB
KOMITapaTopa MOJAEThCSl €TAIOHHA HAIpyTa, siKa MOPIBHIOETHCS 3 HAIPYTOIO SIKY
nepeTBOpUB (POTOAIOM, SIKIIO HAMPYra MEHIIIE 3a €TaJOHHY, TO MEPEIIKOIU HEMAE
SKIIO JK Hampyra TepeTBOpeHa 30iraeTbcs 3 E€TAJTOHHOK -  KOMITapaTop
NIEPETBOPIOE HANIPYTY Yy OJUHUYHHUI KO 1 mocuiae oro Ha MK, roBopsiuu itomy

poTe, IO MONEepey NEPEIKOA.

3.3.2 Jlocaig:keHHsI JATYMKIB BUSIBJICHHS JTIOAUHH

[ndpavepBoHuil naTyuK pPyxy - 1€ EJICKTPOHHUM MPUCTPiH, 3MaTHUN
pearyBaTy Ha 3MiHY IHTEHCUBHOCTI ()OHOBOT'O TEIJIOBOTO BUIIPOMIHIOBAHHS B 30HI1
Horo nii. TernoBUM BUITPOMIHIOBAHHSIM MatOTh a0COJIIOTHO Oy/b-Ki 00'€KTH, a HE
TIJIbKY JIIOAAHA.

Akimio 00'€eKT JOCTATHBOTO PO3MIPY MEPEMINIAETHCA 3 JOCTaTHHOIO
MIBUJKICTIO, TEPETHHAIOYM pPOoO0YYy 30HY TaKOro JaT4hKa, TO BiJIOYBAETHCS
CIpaIlbOBYBAaHHS, 1 JATUYUK TOJIA€ CUTHAI Ha €JIEKTPOHHY CXEMY YIPaBIIHHS IS
BUKOHAHHS Ti€l YW 1HIIOL Jii TUX YU 1HIIUX TPUCTPOEM. TaKUM MPUCTPOEM MOXKE
OyTH sK BUMHKA4 a00 PEryJsiTOp OCBITJICHOCTI MPUMIMIEHHS, TaK 1 OXOpPOHHA
curHaizailisi, abo 1mo-Hedy b me.[ 8]

OuyeBuaHO, MO Takui 1H(GPAYEPBOHUN JATUYUK MOXKE OyTH 3aCTOCOBAHUMN
JUISL PI3HMX IIJIed aBTOMAaTH3aIlii, sSIK B IOMAITHIX YMOBaxX, TaK 1 HA BUPOOHUYMX 1
IHIIUX MIANpUeMcTBaX 1 00'ektax. IIpuHIIMIIOBO Hemae oOMexeHb Ha 00J1acTi
3acTOCyBaHHs 1H(PpauYEePBOHUX JATUUKIB.

Bunm naT4ymkiB BUSBICHHS

Tuny SMD. IlipoenektpuuHi iHQpauepBoHi AaTdyuku, cepii IRS, maroTh
BHUCOKY YYTJUBICTh 1 HAMIMHICTH POOOTH CTAJO MOMJIMBUM 3aB/ISIKA KepaMiduHOT
TexHosorii Murata 1 TEXHOJOTii yHaKOBKH, PO3POOJICHOI MPOTIroM Oararbox

POKIB.



Cepii IRS-B ckmanae npubauzno 50% mente 3a oocsrom 1 10% tonIe, HiX
MOTIEPETHBOI  MOJIENI TOBEPXHEBOTO MOHTaxXy. Y TOPIBHIHHI 3 MOJEISIMH
3arajJlbHOTO BCTYMHOTO THITY, II€ 3HAYHO MEHIIE, 3 OUIbII HHU3BKUM MpodiiemMm
npuonu3Ho Ha 20% weHme 3a oO0carom 1 mo ToBmuHI Ha 50% MeHIIe, HIXK

nepiuii. Burisan natuuka 300pakeHuil Ha pucyHky 3.8.[ 8]

0s.] L
, Power Supply
/ Terminal
(Vin)
Out Put Terminal
(Vout)

+J| General Tolerance: =0.2
= (in mm)

Pucynok. 3.8 — TproxBUMIipHHii BUTJISIA

naTduKa

Oco0nuBoCTI:

1. OnnaBieHHs MOBEPXHEBOTO MOHTAXKY.

2. Haitmenmmii 1 ynbTpa ToHKUH (4.7x4.7x2.4mm).

3. Bucoka 4yTiauBICTb.

4. locsarae yy1I0BUX XapaKTEPUCTHK OMOPY €JIEKTPOMArHITHOTO LIyMYy.

IipoenexTpuuHni indgpayepBoni naruuku, cepisa IRA, PIR maroTs Bucoky
YYTJIUBICTh 1 HAAIMHICTE PpOOOTH CTamo MOXJIMBHUM 3aBAsku Murata kepaMmiuHa
TexHoJorisg 1 ribpuana TexHosoris IC, 1ocBij, HAKOMUYCHUN MPOTATOM OaraTbox
POKIB.

Cepis IRA-E700 peanizye ¢iHaHCOBI BUTOAM 1 BUIILY MPOIYKTUBHICTH 3
HOBUM 1H(pPAYEPBOHUM JATYMKOM €JIEMEHTA TMOJJIMNIICH] MapaMeTpu maTepiany i
BUTOTOBJICHHS.

Cepis IRA-E700 Bunyckaerbcs B JBOX THUMAX.

IRA-E710STO nigsumuna imyHiteT 10 RFI (Radio yactora nepemikon).
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Pucynok.3.9 — TpboXBUMIpHUI BUTJIA JaTYUKa

Oco0amuBOCTI

IRA-ETOOSTO
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1. Bucoka 4yTiMBICTb 1 BIIMIHHE BIJIHOIIECHHSI CUTHAII / IITyM.

2. Bucoka CTIHKICTb 10 3MiH TeMIIEpaTypH.

3. He3naunwii pyx Moxe OyTH BUSIBIICHO.

4. Bucoka CTIHKICTb 10 30BHIMIHIX nepemkos (Bioparii, RFT 1 1. 1.).

5. In3aiid KopucTyBada JOCTYITHUM.

6. Buiuii B eKOHOMIYHIH MPOTyKTUBHOCTI.

Tabmums 3.2. Xapakrepuctuka IRATa PIR

HanmeHyBaHHSA IRA- PIR E710STO
YyTtnueictb (500K, 1Hz, 1Hz) 4.3mVp.p
[Tose 30py 0:-02=45°

OnTuyHuil PiIbTp

5pm long-pass

Enexrpon (2.0X1.0mm)X2
Hanpyra xuBneHHs 2 to 15V
PoGoua TemnepaTypa _40 to 70°C
Temnepatypa 30epiranss -40 to 85C




OnTtu4yHa cucrema

Ha Bigcrani 1,5 ... 2,5 cMm, nepen PIR-ceHCOpOM BCTaHOBIIOETHCS ONMTHYHA
cucrema 3 JiH3amMu OpeHens.

OntuyHa cucrteMa, BUKOHAHA 3 HAIMIBIPO30POTO IMOJICTUIICHY MOJIOYHOTO
abo ciporo koapopy. PopmMa ONTUYHOI CUCTEMU - chepruyHa, KUTHKICTH JIIH3 B Hil
3a3puyvait Big 20 1o 60 mryk. JliH3uM, HANpaBJISIIOTh MOTIK 1H(QPAYEPBOHUX XBUJIb
Ha CEHCOp, KUIBKICTh 1 pO3TallyBaHHS JIH3 B ONTHYHIM CHUCTEMI, BIUIMBAE Ha
PO3MIpH 30HU KOHTPOJIIO JaTYUKA PYXY.

Jlinza ®peHens — ckiIagoBa MUIKOIOAIOHA JIiH3a, CKIAJAETHCI 3 OKPEMHUX
KOHIICHTPUYHUX KiIeIb a00 TOSCIB HEBEIUKOI TOBIIUHMU, KOXHE 3 SIKUX
3a0e3meuye Take caMe 3aJOMJICHHS CBITJIA, SK 1 aHAJIOTIYHA YacTHHA 3BHYAMHOL

niH3u niH3a Openens npeacrapieHa Ha pUCyHKY 3.10

Thickness 0.4t

0.07
0.57

T

0.9
05

1.13

Pucynox 3.10. Jlinza ®penens



3.4 Iligkar04YeHHA 10 KOMIT'I0Tepa

3axuct USB Bij nepeBaHTaKEeHb.

B Arduino Mega 2560 € BigHOBITIOBaHI 3all001KHUKH, 1110 3axuiaTs USB-
MOPT KOMIT'FOTEpa BiJl KOPOTKMX 3aMHUKaHb 1 MepeBaHTaXeHb. He3Bakaroum Ha Te,
o0 OUIBIIICTh KOMI'IOTEPIB MalTh BJIACHUM 3aXHCT, Takl 3amoO0DKHHKU
3a0e3MeuyoTh JOJAaTKOBUI piBeHb 3axucty. fAkmo Bix USB-nopty cnoxxuBaerbes
ctpyM Outbie 500 MA, 3amo01KHUK aBTOMAaTUYHO PO3IPBE 3'€THAHHS 10 YCYHEHHS
MPUYUH KOPOTKOTO 3aMHUKaHHS 200 MepeBaHTAKEHHS.

@D13UYHI XapaKTEPUCTUKHU Ta CYMICHICTb 3 TUIATAMH PO3LIMPEHHS

MakcumanbHa JOBXHHA 1 IIMPUHA JpyKoBaHOi tuiath Mega2560 cTaHOBUTD
10.2 cm 1 5.4 cM BIANOBIAHO, 3 ypaxyBaHHsSIM po3'emy USB 1 po3'eMy >KUBJIEHHS,
Kl BHCTYNAlOTh 3a MEXI IUIATA. TpW KPIMWIBHUX OTBOPU JO3BOJISIOTH
MPUKPITUTIOBATH TUIATY JI0 MOBEPXHI a00 KOpIyCy. 3BEpHITh yBary, IO BiJCTaHb
MK [U(PPOBUMH BUCHOBKaMHU 7 1 8 HE KpaTHE TpaJuUIMHUM 2.54 MM 1 CTAHOBHTH
4 mm.

Arduino Mega2560 cripoekTOBaHUN TaKUM YHUHOM, 1100 OyTH CyMICHUM 3
OuIbLIICTIO TIAT po3wmupeHHs anas ApayiHo Uno, Diecimila i Duemilanove. [{ns
1poro 1udponi BucHOBKU 0 - 13 (a Takoxxk cymixkHi 3 HUMH BUCHOBKM AREF 1
GND), ananorosi Bxoau 0 - 5, pos'em xuBieHHs 1 I[CSP-po3'em Ha BCix miarax
po3TainioBaHi 0jiHakoBo. Kpim Toro, B mepepaxoBaHUX MPUCTPOSIX JI1HIT OCHOBHOTO
npuitmada UART 3'ennani 3 omHumu 1 Tumu 3k BUcHOBKamu (0 1 1), sk 1 niHii
30BHIIIHIX niepepuBanb 0 1 1 (BucHoBKkM 2 1 3 BianmosiaHo). JIiHii iHTepdeiicy SPI
BuBeneHi Ha pos'em ICSP nHa 000x mmatax - sk Ha Mega2560, Ttak 1 Ha
Duemilanove / Diecimila. Cnig matu Ha yBa3i, mo Ha Arduino Mega
po3TranryBaHHsl BUCHOBKIB 1HTepdeiicy 12C BinpizHserbes Bia miar Duemilanove /
Diecimila: za Arduino Mega 1ie BucaoBku 20 1 21, a Ha Duemilanove / Diecimila -

a”Hajorosi Bxoau 4 1 5.

3.5. BJIoK KUBJIeHHSA



ABapiiiHuii 0JI0K )KMBJICEHHSA

DOTOCNEKTPUYHI CHCTEeMH OyAyTh BHKOPHCTOBYBATHUCS SIK aBapiiiHe
YKUBJICHHSI CUCTEMH y pasl TOro, SKIIO CAIE aKyMYJIATOP.

OcHOBHUM eneMeHTOM (OTOCTEKTPUYHUX CUCTEM € (DOTOETIEKTPUYHUMN
nepeTBoproBay ((hOTOCIEMEHT) - HAMMBIPOBITHUKOBUN TIPHUIIAL, SKUN TIEPETBOPIOE
eHeprito ¢GOTOHIB, IO BHMyckaloTbess COHIIEM B €NEeKTpU4yHy eHepriio [9].
doToeneMeHTH 3'€HYIOTHCS MK COO0I0 B (POTOENEKTPUUHUNA MOIYJb (COHAYHA
MaHelb), MOTY)XHICTh SIKOT0 3a3BUYaii cTaHoBUTH BiAg 10 mo 250 Barr. ¥V cBoro
Yepry, COHSYHI TaHell 3'€IHYIOThCSI MDK COOOI0 IOCHIAOBHO 1 MapayieIbHO B
COHsSIYH1 OaTapei, YTBOPIOIOYM (DOTOENEKTPUYHI CHUCTEMH MOTYXKHICTIO [0
JeKUIbKoX KBar.

bynoBa consuynux mnasene. OTxe, IUIABHO NEPEHIEMO [0 COHAYHHX
naHesei, a came 1m0 ix momapoBoMmy OymoBi. CoHsSYHA TaHENb CKJIAA€THCS 3
3'ennannx OFEII nocninoBHO 1 mapanenbHo. Bee doroenemMeHTH po3TamoByrOThCS
Ha Kapkaci 3 HempoBiAHUX MarepianiB. Taka koH(irypailis 103BoJisiE 30UpaTh
COHsIYHI OaTapei HeoOXITHUX XapaKTepucTuk (cTpymy 1 Hampyru). Kpim Toro, e
J03BOJISIE  3aMIHIOBATH BHUMILIM 3 Jaay (OTOECNIEMEHTH TMPOCTOK 3aMiHOIO.

[TomapoBe Oy/10Ba COHSIYHOI MMaHENI Npe/IcTaBieHa Ha pUCyHKy 3.11.

- Mnacrwsl Crexnsnnoe
> < NOKPLITHE
NpoBoAHUKa S ¢ _
\/ AnTnbnukoshin

nMer
Artubnukosoe

NOKPbITHE
Kpesun Doro3nemeHT
n- v p-THna

MeTtannmnuecxkan :
noANOKKa Kapkac

Pucynok 3.11 — [lomapoBa 0y10Ba COHSIYHOI MaHe1
Mexanism mniepetBopeHHs B @C eHeprii COHSYHOTO BUIPOMIHIOBAHHS B
CJIEKTPUKY MoJjsirae B HacTynHoMy [9]. Konu nmpoMeHi CBiTia MOTpaIvisiioTh Ha M-
map, 3a paxyHok (oToedekTy yTBOPIOIOTHCA BUTHHI e1eKTpoHu. Kpim 1150r0, BOHI
OTPUMYIOTh JOJATKOBY €HEPTil0 1 3/IaTHI «IEPECTPUOHYTH» Yepe3 MOTCHINHHUIMA

Oap'ep p- nepexoay. KoHleHTpallisi €JIeKTPOHIB 1 JIPOK 3MIHIOETHCS 1 YTBOPIOETHCS



PI3HHMIIS TOTEHITIAIIB, 1 KO 3aMKHYTH 30BHINTHIN JIAHITIOT Yepe3 Hel MoYHe TEKTH
CTPYM.

@DOTOENEeKTPUYHI CHUCTEMH B YACTUHI KOHCTPYKTUBHOTO BHUKOHAHHS 1
MPaKTUYHOTO 3aCTOCYBAaHHS, NUIATHCA Ha AB1 Benuki rpynu, Mooiibai DEC i
Cramionapai ®EC. Mo06iipHI CUCTEMHU TPECTaBIISIOTh MajgorabapuTHI IIBUIKO
PO3rOpPTAIOTHCS MOYJII, IO MAFOTh TaKi OCOOIMBOCTI:

- Barosi xapaktrepuctuku BUpoOiB, K MPABUIIO, HE MEPEBUILYIOTh 3HaYEHb,
1[0 JIOMYCKAaIOTh iX TPAHCIOPTYBAaHHA CHOCOOOM MEpEeHECEeHHS abo Oyb-SIKUM
JIOCTYITHUM TPAHCIIOPTOM.

- [lotyxHicTs Bupo6iB He nepesuirye 2000 - 10000 MA, 3 po3paxyHKy Ha
OJTHY CHUCTEMY.

Hama mera opieHTOBaHa B mepily d4epry Ha MOOUIbHI (DOTOENEeKTpHUUHI
CHUCTEMHU 3arajbHOT0 TPHU3HAYCHHS, JOCTYIHI ITHUPOKOMY KOJIy CIIOKHMBAdiB B
SKOCT1 HEBIJ'€MHOI YaCTHHW CTBOPEHHS CHCTEM aBTOHOMHOTO Ta PE3ePBHOTO

CHCPI'OIMOCTAYaHHA piSHI/IX l'IpI/IJ'Ia,Z[iB.

3.6 ®oroenexkTpuuHi nepersoprosayi (PEII)

B nanuii yac Ha CBITOBOMY PHHKY BIIEBHEHO 3aiiMalOTh JIAMPYIOUl MicUs
Tpu ocHOBHUX Tunu DEIl, 3 sSKkuX B MOAATBIIIOMY BUTOTOBJISIOTHCS COHSYHI
Moy [9]:

- MoHOKpHCTaIIuHI KPEMHIEBI;

- [Tonikpucraniuni (MyIbTUKPUCTAIIYHI) KPEMHIEB;

- AMOp(HI KpeMHi€B1

Koken 3 nux BUiB (POTOCTEKTPUIHUX TIEPETBOPIOBAYIB MA€ CBOT IIEPEBATH 1
HEJIOJIKA. YIYCTAMO TOHKOIIl TEXHOJOTIYHUX TPOLECIB  BUTOTOBJICHHS
€JIEMEHTIB, 1 ONUILIEMO OCHOBHI IEPEBAru KOKHOTO 3 HUX:

MoHoKkpHCTalliYHl KPEeMHI€BI TUTACTUHU MaroTh Outein Bucokuit KKJ[ y
NOpIBHSAHHI 3 1HIKMMHU JoctynHuMmu Buaamu OEIl, mpore Butrpatm Ha
BUPOOHMIITBO TaKUX €JIEMEHTIB iICTOTHO OLIbIIE, 110 B CBOIO YEPTy MO3HAYAETHCS

Ha PO3JAPIOHIN ITiHI KIHIIEBUX BHUPOOIB (COHAYHUX MOMYIIB). 32 paXxyHOK OiIbII



BUCOKOro KKJI 3HMXKyeThCs TI01a BUTOTOBISIFOTECS COHSIYHUX IMAHENEH, 1€ MA€
3HAYEHHSI PU OOMEKEHOMY MPOCTOPI JUIsl PO3MIILIEHHS COHSAYHOI YCTaHOBKH.

BupoOHUIITBO MOJTIKPUCTATIYHUX KPEMHIEBUX €IEMEHTIB HABIIAKU BHUMAarae
MEHIIIUX BUTPAT, BIAMOBIAHO KIHIIEBA I[IHA COHSYHMX IaHEJIeH Ha OCHOBI ITbOTO
BUJly KPEMHIEBUX IUJACTUH JUIS CIIOKMBaya HabaraTo BWTIJHIIIE HDK 3
MOHOKPHUCTAIIYHUX TUIACTUH. TakoXX BUPOOHHUKHM 3asBISIOTH, IO MOJIKPUCTAIU
3/1aTHI Kpale 30MpaTu €HEPril0 COHIYHOTO BUIIPOMIHIOBAHHS B TIOXMYpY HOTOY,
TUM CaMHM M1JBUIIYIOYN €HEProe(eKTUBHICTh BCI€I CUCTEMH, 110 aKTyaJbHO AJIs
cepenHboi cMyru Kazaxcrany, /1€ YMClIO COHSAYHUX JIHIB TaK HE BEJIUKA.

Enementn 3 aMoppHOro KpeMHIIO MEHII CXWJIbHI JO BIUIUBY BHCOKHX
temriepatyp, T. E. EHeproe)eKTUBHICTh B JyX € CIEKOTHI JIHI HE 3HUKYEThCS Ha
BIJIMIHY BiJl TI0JIi- 1 MOHOKpucTaliB. Kpala 37aTHICTE IEpETBOPIOBATH COHSYHE
BUIIPOMIHIOBaHHSI B €JEKTPOCHEPIil0 B YMOBaX HEJAOCTATHBOI OCBITIIEHOCTI a0o
BUCOKOI ~ XMapHOCTI  HaBITb y  TOPIBHSAHHI 3  TOJIKPUCTAIIYHUMHU
nepeTBoproBayaMu. CIMHUN 1 HAWUTOJOBHIMIMKM HemomiKk - ayke Hu3bkuit KKJI,
0s13bK0 6%, TOMY SIKIIO MTpobJieMa 3 TUIOLISIO PO3MIIICHHS COHAYHUX Oatapeil He
TaK 3Ha4yHa, TO € CEHC PO3TJISIHYTH JaHUM BUJI IEPETBOPIOBAUIB MPEICTABICHUX Ha
pucyHky 3.12.
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‘PrcyHOK.1.3. KIIJI coTHeYHOMH
MaHeTH.
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Pucynox 3.12 — Bunu doToenekTpuuHuX nepeTBoproBayiB
Tepmin ekcrutyaTailii (OTOENEKTPUUHUX MEPETBOPIOBAYIB B OCHOBHOMY
OOyMOBJICHHI SKICTIO BUTOTOBJICHHS COHSYHMX MOaydiB, ne PEIl € ocHOBHUMHU
CTPYKTYpHUMH ejieMeHTaMH. SkicHa 30ipKa COHSIYHMX MOJYJIB, sIKa MOXE OyTH
3a0e3neyeHa TUIBKM B 3aBOJICBKMX yMoBax, rapantye 3axuct ®EII Bin BmiuBy
(bakTopiB HABKOJUIIIHHOTO CEPEJOBHING, SIKI BIUTUBAIOTh HA TPUBATICTH POOOTH

€JIEMEHTIB, TAKUX K aTMOC(HEPHUM THCK, BOJOTICTh MOBITPSI.



1 pizHa nwi. Ilpore, 3 pokamu MNOTYXHICTH (HOTOETEKTPUYHUX MOMAYJIIB
najae B cepeaqubomy Ha 10% udepes 10 pokis 1 20% vepe3 25 pokiB.

OTxe, sKa CcoHSYHA Oarapes Kpamie - MOHOKpPHUCTamidHa  abo
nomikpucraimiyaa? 1106 BiAMOBICTM Ha I MNHUTaHHS, MOTPIOHO CIIOYATKY
po3i0paTucs, a YUM K€ BOHH BIIPI3HIIOTHCS?

Ha ¢oto Hmxue npencraBieHi 18a OCHOBHUX THIIH:

Pucynok 3.13 — 30BHIIIHIN BUTJISAA COHIYHOTO €JIEMEHTa

[lepuie, 1m0 KMAAETHCSA B OUl, 1€ 30BHIMIHIA BUMIISA. Y MOHOKPUCTAIIYHHUX
CJIEMEHTIB 3aKpYIJICHI KyTH 1 MMOBEPXHs OJIHOPiNHA. 3aKpyTJeHl KyTH TOB'sI3aH1 3
TAM, W0 NP BUPOOHUUTBI MOHOKPUCTAIIYHOTO KPEMHIIO OTPUMYIOTh
MWTIHAPUYH] 3aroTOBKU. OHOPITHICTh KOJIBOPY 1 CTPYKTYPHU MOHOKPHUCTATIYHUX
CJIEMEHTIB TOB'SI3aHa 3 TWUM, IO II€ OJAMH BHUPOIICHWH KPHUCTAT KPEMHIIO, a
KpUCTaJII4Ha CTPYKTYpa € OTHOPIAHOKO.

VY cBOIO "epry, MOJIKPUCTANIIYHI €JIEMEHTH MalOTh KBaJpaTHy GopMmy depes
T€, 10 MPU BUPOOHULTBI OTPUMYIOTH MPSIMOKYTHI 3aroToBKH. HeoaHOpigHICTH
KOJIbOPY 1 CTPYKTYpU TMOJIKPUCTATIYHUX €JIEMEHTIB TMOB's3aHa 3 TUM, 10 BOHU
CKIIAJAIOThCA 3 BEJIMKOT KUIBKOCTI PI3HOPIAHUX KPUCTATIB KPEMHIIO, a TaK0X
BKJIIOYAIOTh B c€0€ HE3HAYHY KIJIbKICTh IOMIIIOK.

Jlpyre 1 HameBHO TOJIOBHA BIAMIHHICTH - 1€ €(PEKTUBHICTH MEPETBOPCHHS
COHSITYHOT eHeprii. MOHOKpHUCTaIIyHI €IEMEHTH 1 BIJIMOBIAHO MaHENl Ha X OCHOBI
MaloTh Ha CbOT'OJIHIIIHIA JI€Hb HaWBHUILy €()EeKTUBHICTH - 10 22% cepen cepiitHO
BUMMYCKA€Thbcst 1 0 38%  BUKOPUCTOBYETHCSI B KOCMIUHIA  Talys3l.
MoHOKpHUCTAIIYHUN KPEMHIN BUPOOISETHCS 3 CUPOBUHU BUCOKOI MIpH OYMILICHHS
(99,999%). CepiitHO BHIYCKAIOTHCA  MOJIKPUCTATIUHI  €JIEMEHTH  MaroTh

edextuBHICTh 10 18%. Binbml HU3bKA €(PEKTHUBHICTH MOB'S3aHA 3 TUM, IO MPH



BUPOOHUIITBI  MOJIKPUCTANIYHOTO KPEMHIIO BHUKOPHUCTOBYIOTH HE  TUIbKH
NEPBUHHUN KPEMHIA BHUCOKOTO CTYIEHS OYHMILIEHHS, ajle 1 BTOPUHHY CHPOBUHY
(HampuKiaa, mepepoOsieH] COHsUHI aHel ab0 KPEeMHIEB] BIAXOAU METaIypriiHOT
npoMuciaoBocTi). Lle mpu3BoaUTh A0 MOSBH Pi3HUX JE(PEKTIB B MOMIKPUCTATIUYHUX
eJIEMEHTax, TaKUX SK KOPJOHY KPHUCTaJiB, MIKpoAe(PEeKTH, JOMIIIKHA BYTJICIIO 1
kucHIO. E(DeKTHBHICTh €eMEeHTIB B KIHIIEBOMY pPaxyHKY BiAMOBijnae 3a (pi3sudHui
pO3Mip COHSYHMX TaHesned. Uum Bule epeKTUBHICTh, TUM MEHIIEe Oyje IJIolia
MaHei MPHU OJHAKOBIHM MOTYXHOCTI.

TpeTst BIAMIHHICTB - 1€ IiHA cOHA4YHOI Oarapei. [IpupoaHo, 1iHa Oarapei 3
MOHOKPHUCTQJIIYHUX €JEMEHTIB TPOXH BHIINE B PO3PAXYHKYy Ha OIMHUIO
notyxkHocTi. ILle mnoB'i3aHo 3 OUIBII JOPOTrUM MPOLECOM BUPOOHUUTBA 1
3aCTOCYBAHHSM KPEMHIIO BHUCOKOTO CTymHeHs ouuieHHs. OgHak I pi3HUL
HE3HAYHO 1 CTAHOBUTH B cepeHboMY 0u3bK0 10%.

Otmxe, TmepepaxyeMO OCHOBHI  BIAMIHHOCTI ~ MOHOKPUCTaIIYHUX 1
MOJTIKPUCTAIIYHUX COHSAYHUX OaTape:

- 30BHIIIHIA BUTIISI.

- EdpexTuBHICTD.

- [iHa.

Sl BUJTHO 3 1ILOT'O MEPENIKY, AJIsi COHSYHOI €IeKTPOCTaHLIi He Ma€e HISIKOro
3HAUCHHS, sIKA COHSYHA TaHeJdb Oy/ie BUKOPHUCTOBYBAaTHCS B ii ckiaai. ['ojoBHI
napaMeTpu - Hampyra 1 HOTYXKHICTh COHSIYHOI TaHeNl He 3ajexaTh BiJ] TUITY
3aCTOCOBYBAHUX €JIEMEHTIB 1 4aCTO MOJKHA 3HAWTH B MPOAAXKY MaHes i 000X THUITIB
OJIHAKOBOI MOTY>KHOCTI. Tak 110 OCTaTOYHHI BUOIp 3aJIUIIAECTHCS 3a MOKyMIEeM. |
SKIIO WOTr0 He OEHTEXUTh HEOJHOPIAHUM KOJIIp €IEMEHTIB 1 TPOXH OlJblla IJI0LIA,
TO WMOBIPHO BiH BHOEpE JICIICBIN IMOJIKPHUCTAIIYHI COHSYHI MaHem. SKIo x I
napaMeTpy MarTh JIi HOTO 3HAYEHHS, TO OYEBHIHUM BHOOpPOM Oyae TpOXH
JI0pO’K4a MOHOKPHCTAJIIYHA COHSIYHA TTAaHEITh.

BupoOHUIITBO COHSYHMX OaTapeil MO TUIY 3aCTOCOBYBAHOTO B HUX KPEMHIIO
PO3MOIIINIACS TAKUM YHNHOM:

1) momikpuctamysi - 52,9%

2) MoHOKpucTamiuHi - 33,2%

3) amop¢ni Ta iH. - 13,9%



To6To mnomikpuctaniuHi COHSYHI ©Oarapei 3a 00csrom BUPOOHHUIITBA
3aiMaroTh JIAMPYIOUl MO3UIIIT B CBITI.

JIisi BU3HAUEHHS XapaKTePUCTHUK COHSYHOI TaHEN Mph XMapHUX 1
MOXMYPHUX JOIJIBHIIIE BUKOPUCTOBYBATH MOJIKPUCTAIIYHI COHSYHI IMaHENI, TaK K
MOJTIKPUCTANIM 37aTHI Kpalle 30MpaTd €HEPrilo COHSYHOTO BHUIIPOMIHIOBAHHS B
MOXMYpPY TOTOAY, THM CaMUM IIiJBUIIYIOYH €HEeProe(EeKTUBHICTh BCI€i CUCTEMH,
10 aKTyaJbHO JJIS cepeHbol cMyru Ka3zaxcTraHy /e 4ncio COHSYHHUX THIB HE TaK
BENIMKE. A TaKOX TOJIIKPUCTAIN BUMAraroTh MEHIIIMX BUTPAT, BIAMOBITHO KIHIIEBA
I[iHA COHSYHUX TaHeJed Ha OCHOBI IIbOTO BHIY KPEMHIE€BUX TIUIACTHH JIJISI

CIo)kMBaya HabaraTo BUTIIHIINIE, HIPK 3 MOHOKPHUCTATIYHUX TUIACTHH.

3.7 IlepeTBOpIOBaY HANPYTU

Tak gk HalI COHAYHI ITAaHEIh BUIAIOTH BCHOro jumie 1.5 B. misa sxuBieHHS
npwiany 0e3 migzapsaku Big Mepexxi abo USB Ham 3Hag00uThCS TEepeTBOpIOBaY
HANPYTH , IX moAinsroTs Ha IMIyabCcHHMIT i TpanC)OPMATOpHI .

IMnyniecHUM

IMnynibCHUIA TTEpETBOPIOBAY HAIMPYTH - 1€ CTAOLII3aTOp HAIMPYTHU, B SIKOMY
PEryIIOBAIbHUNA €JIEMEHT IMPAIlO€ B KIIFOUOBOMY PEKHMI, TOOTO OUIbIILY YaCTHUHY
qyacy BiH 3HaXOAMUTHCS a00 B PEXHMMI BIJICIYEHHS, KOJU HOTO OMip MaKCHUMAJIbHO,
a00 B peX1M1 HACUYEHHS - 3 MIHIMaJIbHUM OINOPOM, & 3HAYUTh MOXE PO3TIISAATHCS
K epemukad (krod). [10]

IMnyibCcHMIA TIEpETBOPIOBAY HANIPYTH AUIATH HA TPYIIH :

1 besTpancdopmaropuuii cTad113aTop 31 3SMEHILIEHHSM HAMPYTH.
2 besrpancdopmaropumii cTadimizaTop 3 MiABUIIICHHSM HAIIPYTH.
3 TpancpopMaTopHHil IMITYJILCHUN CTA01T13aTOP.

Be3rpancdopmaropuuii cradurizaTop 3i 3SMeHIIEHHAM HANIPYTH

Oxkpim kiroua S, Halmpocrtima cxema 3 jpoceneM L Bkimrodae miog D 1
kougeHcatop C. Konm kimod S 3amukae Kojio, CTpyM Bij JDKepelia Tede depes
npocens L B HaBanTaxkeHHa. EPC camoinaykiii apocenss cCKepoBaHa MPOTH

HaAMpyru JpKepena Hampyrd. B pesynbrari Hampyra Ha OMopi HaBaHTaXEHHS



JOpiBHIOE pi3HUI Hampyr xepena 1 EPC camoinaykmii apocens, CTpyM udepe3
JIpocelb pocTe, sK 1 Hampyra Ha KonjaeHcatopi C 1 HaBaHTaxeHHi. [lpu
PO3IMKHYTOMY KJIOYi S CTPyM TPOAOBXKY€E TEKTH UYepe3 ApOCcelb B TOMY X
HampsIMKy depe3 niog D 1 HaBaHTaxkeHHs, a Takox KouaeHcatop C. EPC
CaMOIHIYKIIii TpHKiIaaeHa 10 omopy R depe3 miom D, ctpym depe3 apocenb
3MEHIIIYEThCS, K 1 Hampyra Ha koHaeHcaropi C 1 Ha HaBaHTaXeHHI. B skocCTi
nepeMukaya S Moke OyTH BUKOPUCTAaHUM MOJbOBUN YU OIMOJSPHUI TPaH3UCTOP,
abo Ttupuctop. Hampyra Ha omopi HaBaHTaO)KEHHS HE MOXE IEPEBHUIIYBATH

HaIpyTy JDKEpesia eKBiBaJIEHTHA cxema 300pa)keHa Ha pUCyHKY 3.14.
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Pucynok 3.14 — ExBiBajieHTHa cxeMa

Be3rpancdopmaropuuii cradurizaTop 3 miIBUIIEHHAM HANPYTH

B uiii cxemi KOMyTyrOuHil €1eMeHT S BBIMKHYTUH miciist Apocens. Koy BiH
3aMKHYTUH, CTpyM BiJ JJKepela Teue yepe3 Apocenb L; cTpyM uepe3 HbOro
30UTBLIY€ETHCS, B HBOMY HakonuuyeTbes eHepris. [Ipu po3'eananHi koja cTpyM Bif
JoKepena Tedue yepes apocens L, mion D 1 omip HaBanTaxkenns. Hanpyra mxepena i
EPC camoinaykiiii apocensi MpUKIageHl B OJHOMY HAMpsIMKY 1 CyMyIOTbCS Ha
onopi HaBaHTaXeHHA. CTpyM MOCTYIOBO 3MEHILYEThCS, APOCENb BIAAE CHEPTIIO B
HaBaHTaKeHHA. [loku TmiepeMuKad 3aMKHYTHH, HaBaHTAKCHHS  KUBUTHCS
Hanpyrow koujaeHcaropa C. [Hiog D He mae Hiomy po3psauTHCs yepe3 Kiou S.

300paxeHO Ha PUCYHKY PUCYHOK 3.15.
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Pucynox 3.15 — [IpoTikanHs cTpymy uepe3 Kitod S

TpancdopmaTopHuii iMmnmyJabCcHUI

Tpanchopmaropuuit iMnynscHul BKI04Yae (AuB. biiok-cxemy IMITyJIbCHOTO
NEepPEeTBOPIOBAY HANpyTu). BUnpsmisy 3MiHHOTO cTpyMy noOyToBoi yactotu (50
abo 60 I'm) 3 HakomWYyBaJIbHUM KOHJEHCATOPOM 3HA4HOI €MHOCTI. [HBepTOp -
MIEPETBOPIOE TIOCTIMHUN CTPYM B 3MIHHUM BUCOKOI 9acTOTH (3BUYAMHO B Jiara3oHi
10-100 xI'm). Cxemy ympaBiiHHS 1HBEPTOPOM, siKa 3abe3nedye cTadimi3aIio
BUXIJTHOI Hampyrd (B OKPEMHX BHUIAJKaX TAKOXK 3aXUCT, CIELIAIbHI PEXUMHU
nycky Touo).BucokoyactotHuii BuXimHUN TpaHchopMaTop s TrajabBaHIYHOL
PO3B'SI3KH Ta MOHMWKEHHS HAPYTH 3 IHBEPTOpA 10 HEOOXITHOTO piBHS a00 pIBHIB.
Buxignuii Bunpsmisiy 3 ¢GuibTpom (Moxke OyTHM Kulbka). 3MIHHa Hampyra
CJIEKTPUYHOT Mepexki (B 3aJeKHOCTI Bl perioHy cBiTy Mix 100-240B 1 50-601'1)
BUIIPSAMJIIIETCA HA BXIAHOMY J10JJHOMY MOCTI 1 3IJIQJDKY€ThCS KOHJEHCATOPOM
BEJIMKOT €MHOCTI, IICJISI YOro TIOJA€ThCS HAa BUCOKOYACTOTHUN 1HBEPTOP.
PerymtoBaHHs BUXINHOI Hampyru BiJOYBA€THCS NUIAXOM HIMPOTHO-IMITYJIBCHOT
MyAyJslli B CXEMI VYOPaBIiHHSA - TOPIBHSHHSAM BHXIJHOI Hampyru 3
NUJIKONOMIOHMMHU  iMIyJibcamMu. [Ipu 1bOMYy dYac, TMOKH KJIIOY BUSIBIISIETHCS
3aKPUTHUM, BUSBISIETHCS MPOMOPILINHUM BUXIJHIN Hampys3l, 1 TAKAM YMHOM 3MiHA
eHeprii B  BHUXIJHOMY BHCOKOYAaCTOTHOMY TpaHcopMaropi 3abesneuye
cTabiIi3aIlito BUX1IHOI HANpyTH cTadiizaropa cxema crabiiizaTopa 300pakeHa Ha

pUCYHKYy 3.16.
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Pucynoxk 3.16 — biok cxema craGinizaTopa



[pYHTYIOYHCh Ha BOJILT-CEKYHIHOMY OalaHCi eHeprii Jpoceis, Ha CTYIHE
CHpOIIEHE BUpa3 MOKe OYTH BUBEJCHO ISl OTPUMAaHHA 3HAUYEHHS POOOYOTr0 HUKITY
B O€3MepepBHO-TPOBITHOMY PEXHMI 1 0e3mepepBHO-TIPOBITHOMY PEXKUMI POOOTH
nepeTBOproBaya:

D = (VO - Vin) / VO;

Dmax = (VO — Vin_min) / VO.

bananc moTy>KHOCTI MepeTBOPIOBaYa OMUCY€ETHCS HACTYITHUM BUPA30M:

PO =Pin xn; 10 x VO = In x Vin x 1.

Cepenne 3naueHHs1 BxigHoro ctpymy I 1 cepenniii ctpym dasu Iph moxyTh
OyTH 3HaiiJIeH] K (QYHKIIS Bl BUX1IHOTO CTPyMY 1 poGouoro nukiy D:

lin=10/[(1-D)n];

Iph=10/N[(1-D)n].

IlepeBaru Ta HeAOJIIKH IMIIYJILCHOIO cTA0LII3aTOpPa HALIPYT'H

VY mnopiBHSAHHI 31 CTaOUII3aTOPOM HANpPYrd Ha CHUIIOBOMY TpaHchopmaTopi
IMITyJIbCHHI CTaOLI13aTOP Ma€ HACTYITHI ITEpEBaru:

. BxigHuil KOHIEHCATOp Mpalloe NpHU HaAmpysl, SKa CTAHOBUTH , JIE -
Hampyra B Mepexi (st mepexi 220 B Hanpyra Ha KOHAEHCATOPl CTAHOBUTH OLJIst
310 B). 3BaxkyrouM Ha Te, 11O €HEPrig KOHAEHcATOpa MpOIOopliiiHa KBajapaTy
Hanpyru, KOHJEHCATOp 3/JaT€H 3amacaTd 3HAyHy €HEprilo IpHU BIJHOCHO
HeBeuKii eMHOCTI. [10]

. Po3citoBana Ha KJIIOYOBOMY €JIEMEHTI 1HBEPTOpa TMOTYXKHICTh
CKJazae . 3BaKaroyM Ha Te, L0 LeH eJIeMEHT OUIbIy YAaCTHHY 4acy 3HaXOIUThCS
ab0 B peXuMi Majioro TOKY (KOJM BiH 3aKpHUTHIi), a00 B peKMMI Majoi Hanpyru
(KoJI BIIKPUTHIA), PO3CiIOBaHA HA KJIFOYi MOTY>KHICTh € HE3HAYHOIO.

. Buxignuii TpancopMatop Ta BUXiJHI (UIBTPU NPALIOIOTh Ha BUCOKIN
4acTOTIl, TOMY iX pO3MipHU MOXYTb OyTH HE3HAUYHUMHU.

Sk HacHimoOK, IMITyJIbCHI cTabim3aTopy Hanpyru matoTh Bucokuit KKJI mpu
HEBEJIMKHUX po3Mipax, Basl 1 BapTOCTI.

Henmonmikom  Takmx  crtabimizaTopiB € 3Ha4yHe  BHCOKOYACTOTHE
BUMIPOMIHIOBaHHSI 1, SIK HACIIJIOK, HEOOXIAHICTh €KpaHyBaHHS B YYTJIUBIN

anapatypi. KpiMm Toro, Ha Buxoji crabiiizaropa MOKyTh OyTHU MPUCYTHI MyJIbcarlii,



K1 BUHUKAIOTh 4epe3 BUcOoKodacToTHI HaBeneHHs EPC Bing tpancdopmartopa Ta
3'€IHYIOYHX MMPOBITHUKIB.

Cgiif BuOip s 3yNMHUB HA TAaKOMY BUJ1 SK TPaHCHOPMATOPHO IMITYJIbCHUHN
nepeTBOpIOBaY HaAIpyTH, SKuii 3 1,5B, mpu BunpsmieHomy ctpymi, 10 9 B - 60 MA
(3 oro AOMOMOTOI0 MU OyJEeMO UBUTU MPUIIAJ] KOJU MiACIAE aKyMyJsTOp Bij
OJTHOTO TaJbBaHIYHOTO eneMeHTa abo oxaniei Oartapeiiku). TpancdopmaTop

HaMOTaHHMM Ha CEPACUHHKY NIepeTuHoM O01u3bKko 0.7 cM2, Pucynok 3.17.
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Pucynok 3.17 — [IpuHnmnoBa cxemMa nepeTBoproBaya.

P2=0U2-12=1.59=13.5mMB1
S=0.7VP2=10.7 x /135 = 2.5cm*

KinbkicTh BUTKIB, 1110 TpuniagaoTs Ha 1 B:

Ho:? = ;—i = 20BiTKiB/B.

ol =n0-U2=20 - 1.5 =30 ButKis.
®2 =n0 - U2 =20 - 4.5 =90 BUTKIB
®3=n0-U2=20"-9=180 BuTkKiB
ol+ 02+ ©3= 300 BuTKIB

JiameTp npoBoay NEPBUHHOT OOMOTKHU MpU HaBaHTaxeHH1 1.5 B

d;=0.8- Jf;; ={].8-J;= MM

JliameTp npoBoay NEPBUHHOT OOMOTKHU MpU HaBaHTaxeHH1 4.5 B

d2=O.8'E ZU.S'J;=O.5MM

JiameTp npoBoay NEPBUHHOT OOMOTKHU MPU HaBaHTaxeHH1 9 B

(4]}

[
L

(4]}

i
[



d2=0.8'JfT—Z =D.8-J£=O.4MM
U, 9

U,-Hampyra Ha HaBaHTaxxeHH1 1.5B;

l,--cTpyM Ha HaBaHTaxeHHI 60MA;

Us 1.5B

=15 BUMA:O'DZSOM

Ru

Jlai BU3HAYAIOTHCS HACTYITHI MapaMeTPH BEHTUIIIB:
— 3BOpOTHA Hampyra Ha gioai U3B (B);
— CepeiHE 3HAUCHHS CTPYMY, AKui npoTikae uepes aion ICP (A);

— aMIUTITYTHE 3HaYEHHS CTPYMY, SIKUi MpoTikae yepes niof Im (A).

In  0.60A
Iep = - =—— = 03(4)

Im=3.5+In=35%0.60(A) = 2.1(A)
Use=1,5+Un=1,5+9B = 13,5(B)

AKTHBHUH omip 0O0MOTOK TpaHchopMaTOpa NPUINMAETHCS PIBHUM.

Rtp=0.07+*Rua = 0.07+ 50m = 0.35 0Om

[IpsmMuii omip alona y CKiIaal BUOPAMIIAYA 3HAXOAATh 3a HAOIMKEHOIO

dbopmyIior

Unp 1.2B

Rup — - — 130
=3 Tep 34034 .

AKTUBHUH omip (pa3u BUMIPpAMIISTHA BUSHAYAETHCS 32 CIIBBITHOIICHHIMHI

R=Rtp+Rup=0.70mM+1.30m=20m
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Pucynok 3.17 — I'padix gonomixkaux koedimientis B, D, F, H

VY 3anexHocTi BiAg 3HaueHHS A 13 rpadikiB Ha puc.3.17,a,0 3HaXOASTH
nonomixkHi koedimientu B, D, F, H .

PospaxynkoBuit koediiieHT 4 BU3HAYAETHCS 32 (OPMYIIOI0

A—16+0 1. 2OM
77 R T 0.0250m
B=0.75: D=2.3: F=1.5: H=100.

=128 Om

Jlani Bu3HavaroThes mapameTpu UoX Ta |, — BIAMOBIIHO HAIpyTa XOJIOCTOTO

X0Jly Ta €()eKTUBHE 3HAUEHHS CTPyMYy BTOPMHHOT OOMOTKH TpaHchopmaTopa.

U2x=B+*Un=0.75+9B = 6,75(B)

D+Iun  2.3=0.60A
I2 = 5= 5 = 0.69A

BuxinHy eMHICTh BUTIpSMIISTYa BU3HAYAIOTH 32 (POPMYIIOIO.

o= _ 100 oo
TR Kn0 2-066 |~ MK®P)




Taomug 3.3 — Kinuesi gani

OO6MOTK Kinekic HiameTtp Uy I
Th BUTKIB npoBoxy d
1 30 Imm 1.5B 60MA
2 90 0.5mMMm
3 180 0.4MMm




Po3nin 4

Ouinka edeKTUBHOCTI CHUCTEMH OXOPOHH NEPUMETPY

OuniHka e()eKTUBHOCTi OXOPOHU NEPUMETPY

Jist cucrem ¢izuadoro 3axucty (CD3) 00'€KTiB KIFOYOBHM € TIOHSTTS
yYPa3IUBOCT1, TOOTO MOKJIMBOCTI BTOPTHEHHS MOPYUIHUKIB JJIsi JOCSATHEHHS CBOiX
e — po3KpajaHHs, OuBepCii 1 T.M., sIKa MOXE OyTH OLIHEHAa BEIMYUHOIO
MOTEHIIMHOTo 30UTKy. ONTHMAaIbHO BCl YaCTUHHU 00'€KTa MMOBUHHI OYTH 3aXHIIEHI
TexHIYHUMU 3acobamu oxopoHu (TCO) B cTymeHi, 10 BIJIMOBIJA€ MOTECHIIIINHIN
3arpo3i nopymHuka. Ilin edextuBHicTio CD3 00'ekTa pO3yMi€ThCS KITbKICHA
OLlIHKA 3/JTaTHOCTI CHCTEMH MPOTUCTOATH 3arpo3am [1 - 3].

[cHytOTh Ppi3HI MAXOAW 1 METOAMKH JO OLIHKKA (DYHKI[IOHAJIBHOI
epextuBHOCTI CD3 1 1i CKIagoBUX YacTuH [4, 5]. Sk mpaBuiio, BOHH pO3po0IieHi
JUISL BEJIMKUX, BaXJMBUX OO0'€KTIB JEPKABHOTO 3HAUCHHS, JI€ € 3HAYHI CUJIU
0XOpOHH (0c060BHUI cKa). IM i BiTBOAUTHCA OCHOBHA POJIb B TAHITIOKKY MOJIH:

- BUSIBJICHHSI HMOBIPHOTO MOPYIIIHUKA,

- iepegava iHpopMallii Ha MOCT OXOPOHH 1 11 OIlIHKA,

- IPUMHATTS PIIIEHHS TOMUJIKOBA/CIIPaBXHs 3arpo3a,

- 3aTPUMAHHS/TIPUMUHEHHS 1 MOPYIIHUKA.

[Toka3Huk epeKTUBHOCTI BU3HAYAETHCA, SIK MPABUIIO, Yepe3 MUMOBIPHICTH P 3
KIHIIEBOTO MOJIii, OXommorwun Bcl mii 1 ckiaamoBi CD3 1, Haimepiie, 3aco0u
CUTHAJI3AIll Ta 1HXEHEPHI 3aropojDKeHHsS, 10 3a0e3MeuyioTh BHUSBJICHHS
nopyurHuka (3 iMoBipHicTio Po) 1 #ioro 3arpumky. Jlist CUl OXOpOHU BU3HAYAETHCS
WMOBIPHICTIO TIPABWJIBHOI JUCTAHINIAHOI OINHKM CHUTyarii (Tak/Hi), dYacoM
BUCYHEHHSI CHJI OXOPOHHM 1 IMOBIPHOCTI NMEPEMOTH B 3ITKHEHHI. ICHYIOTH pi3Hi
M1JIXO/IM J10 BU3HAYEHHSI MOKa3HUKA €(PeKTUBHOCTI:

MIPOBE/ICHHS HABYAHD;

1rPOBE MOJICJIFOBAHHS CUTYaIlli B CUCTEMI «OXOPOHA-TIOPYIITHUK;

MaTeMaTUYHEe MOJICITIOBAHHS.

Haiixparmuii MeTox — 11e mMpoBeIeHHS pealbHIUX HaBUYaHb Ha 00'€KTi, ajie BiH

Ma€ CYTT€BI HEAOJIKH: JIe30praHizailis MOTOYHOI pPoOOTH; MOKJIUBICTD



NPOHUKHEHHS MOPYLIHUKA «HA TI1»; BUKOPUCTAHHS BEJIMKOI KIIBKOCTI 0COO0BOTO
CKJIaJly; pyMHYBaHHS 1 IMOJIaJIbIe BIIHOBJICHHS (13UYHUX Oap'epiB.

brnusbkuM 10 HBOTO € METOJA IrpOBOTO MOJETIOBAHHS;  JUISI HBOTO
HEOOX1IHUI TuIaH (KapTa) MICIIEBOCTI, Ha SIKOMY MOJCIIOBaHHS BTOPTHEHHS
NOpYIIHUKA BiAOYBaeTbCA B pEXKUMaxX MOKPOKOBOro ab0 pealbHOro dacy,
«TaKTUYHUID KOHTPOJIb 3AJIUIIAETHCA 32 KOPUCTYBAYEM.

Meron peanizyerbesa nporpamamu JTS, JCAT 1 meromgukoiro TableTop
(CIA). 3 ypaxyBaHHSM TOTO, III0 YUCJIO MOXJIMBUX IUISAXIB TTOPYITHUKA BEJIHKE,
IrpOBE MOJICJIFOBAHHS 3aiiMa€ TOCUTh BeIUKHM vac [1].

Meron MaTeMaTUYHOTO MOJIEIIOBAHHS BUKOPUCTOBYETHCS HAMOUIBII 4acTo
yepe3 HAOYHICTh IIBHUIAKOCTI OTPUMaHHs pe3yibTaTiB. B Horo ocHOBY
MOKJIAJA€ThCSI MOJIEb PO3BUTKY KOH(IIKTY 1 3pIBHSHHS YaciB All MOpYIIHUKA 1
peakilii oxopoHu. OjHaK MIATOTOBYMMN €Tal, KOJM CKJIaJar0ThCsl MaTeMaTU4HI
BHpPA3H JIJIsl BU3HAYEHHS YaciB 1 UMOBIPHOCTEHN, JOCUTh TPYAOMICTKUM, BUPAKEHHS
B 3araJlbHOMy BHMAJKy € JOCUTh CKIAQJHUMH 1 TPOMI3IKHUMH, HaBITh JUIs
HEBEJIMKOro O0'€eKTa  KUIBKICTh  MApUIPYTIB  pyXy THOpYIIHHKAa  MOXE
oOumuciroBaTucs necsitkamu. ToMmy Taka OIiHKa €()EKTUBHOCTI SBJSiE COOOIO
JIOCUTH 00'€MHUM 1 pyTUHHUI MPOIIEC, JIe KOPUCTYBAU CIIOYATKy BBOJUTH YHCIICHHI
JlaHi Mpo 00'eKT.

[Tporpamu EASY, SAVI, ASSESS (CIILIA) BUABISIOT, MOXJIMBI CIIeHapii
JM MOPYUIHUKA, 1 111 KOKHOTO BU3HAYAETHCSI IMOBIPHICTh MPUIMHEHHS aKiii [1].
BukopucToBYIOTHCS JIBa CIIOCOOH OMUCY BUX1THUX JAHUX:

rpad, mo BigoOpaxkae iH(OpMaIio mpo CTPYKTYpy O0O0'€KTa, BKIIAIEHOCTI
OXOPOHIOBaHUX 30H 1 pyOexkax, skl MOAUIAIOTh 1X;

J1aH (TepUTOpii, MOBEPXOBI IJIAHYBAHHS BCIX OY/IIBEIIb).

Jnst nai6inem Bimomoi mporpamu ASSESS (Sandia, Livermore Labs)
XapaKTepHO BUMOTa JOKJIAIHOTO OMHCY MAapUIPYTy pyXy MOPYIIHUKA, a TPOTHIIIS
XapaKTepU3yEThCS 4acoM i1 0COOOBOTO CKJIaay HIOJO0 MPUIIMHEHHS PYXY A0 METH
MOpYyIIHUKA (HAMpuUKIIaa, 0J0KyBaHHs 00'ekTa 1o mepumerpy). OnHak HaWOUIbII
BUTPAIIIHA TAKTHUKA OXOPOHU Ha MPAKTHUIIl MOXKE OyTH HE3MIMCHEHHOIO Yepe3 HU3KY

0oOMeKeHb, HAITPUKJIIAI, YUCEITHHOCTI 0COO0BOTO CKIIATy.



Ili mporpamu, 1m0 peani3yloThb METOJ MaTeMaTUYHOrO MOJICIIOBAHHS,
3aCTOCOBYIOTHCA J0 OIMKCY, SIK MPABHUIIO, BEJIMKUX 3a IUIOHIEI0 O0'€KTIB, HA SIKUX
icHye 3 - 4 pyOexxy OXOpOHH: TEpUMETp, 30BHIMIHIA KOHTYp OyiBelb 1 CIOPY,
MPUMIILICHHS 1 BHYTPIIIHI YKPIIUIGHHS TPEAMETH, Halpukiaa, ceidu. Akiio
po3mipu 00'ekTa (Yach 3aTPUMOK IOPYIIHHMKA) 3MEHIIYIOTHCS, aJCKBaTHICTh
METOJy MaTEeMaTHYHOTO MOJETIOBAHHA Ta pE3yJbTaTiB MpOrpaM  Pi3KO
3HMIKYETHCSI.

VY Takux BUINAAKax HaiyacTille B3araji HEMOXKJIMBO BHUPIBHIOBATH Yacu
pyXy TMOPYIIHHUKA 0 METHU 1 PEaKIlilo CHUJ OXOPOHM, a oOuuciieHa ePEKTUBHICTD
C®3 nparne 1o Hyas. lleit MeTol HE MOKHA aBTOMAaTUYHO MEPEHECTH Ha OIIHKY
edexTuBHOCTI HaliBaxJuBimoi yactuHu CD3 - cucTeMu OXOPOHHOI CUTHaI3aIlli,
ne Takux 4aciB Hemae. Kpim Toro, Bijomi mporpamu He nepeadadaroTh HaBYaHHS
KOPUCTYBaulB pAL[IOHAJIILHOTO pPO3MIIIEHHsI Ha pyOexkax oxoponu TCO, mio
BAYKJIMBO JJIs1 BUPIIIEHHS CYMYTHIX MEAAroriuyHuX 3aB/IaHb.

Tomy po3poOka METOIUKHU OLIHKU (YHKIIOHATHHOI €(EKTUBHOCTI CUCTEMU
OXOPOHHOI CcUTHam3auii aig  OyJb-SKuX, TMEPEeBAXXHO Majux, O0O0'€KTIB
IPEJICTaBISIETbCSA aKTyalIbHOI0, HA OKPEMY yBary 3aciyrOBY€E OLIIHKAa €KOHOMIYHOT
e(heKTUBHOCTI cucTeM Oe3neku [6].

3a OCHOBY HOBOI METOJAMKM MOXe OyTM MPUHHATO HE 3pIBHIHHS
XapaKTEPUCTUUYHUX YacCiB MOPYIIHUKA 1 CUJI OXOPOHH, a 1IHTETpaibHa BaXJIUBICTh
NPOMIXKHHMX 1 KIHIIEBUX LUJIEH MOPYIIHMKA — 30H MPOHUKHEHHS a00 MOKJIMBOTO
BTOPTHEHHS, SIKI TTOBMHHI OJIOKYBaTHUCS BIAMOBIAHMUMH (NIPUAATHUMH) 3ac00aMU
BusBiieHHs: (CO) abo croBillyBauaMu OXOpOHHOI curHamizamii. [lpudomy ix
3arajbHa KUIbKICTh L 00OOB'SI3KOBO MOBMHHA OYyTH 0OMEXEHa, OCKUIBKU B 1HIIOMY
BUIAJIKY HAJUIMIIKOBUM TMOTIK MOMMJIKOBHX CIPaIlbOBYBaHb MOXE IOBHICTIO
JIe30praHi3yBaTH Jii CUJI OXOPOHH.

Sk npaBuIio, Ha peanbHOMY 00'€KTI BUKOPUCTOBYETHCS KIHIIEBE YUCIO | = 1
... M BugiB (tumiB) CO, npuuoMy Juist 0JIOKYBaHHsI Oy/b-5IKOi I-1 30HU 1X KUTBKICTb
TUTIOBO HE TIEPEBUIILYE

M(i) < 4



(HampuWKITaa, BEIbMH BaXKJIMBA 30HAa — KiMHATa 30epiraHHs 30poi), a s
3puuaiiHux 304 M(i) = 1 ... 2 (Hanpukiaja, CIOBIlyBad pO30OMTTS CKJIa 1 MarHiTo-
CTIOBIIITYBa4 Ha JBEPI).

Habip j =1 ... M(i) BuniB i TuniiB CO st O0kyBaHHs Beix 1 =1 ... N 30H €

peryJibOBaHUM, BiJl HOT'O MPAaBUILHOTO BUOOPY (MpH 3araibHOMY OOMEKECHHS
N
Y M(i)=L),
i=1

B IEpIIy Yepry 1 3aleXuTh ePeKTUBHICTh QyHKIioHyBaHHSI CD3 o0'ekTa.
[Ipy 1poMy cTa€ MOMIIMBOIO OIlIHKA SKOCTI 3HaHb Y4YHIB 3 TPOEKTYBAaHHS
OXOPOHHOI CUTHaJII3allii.

HeoOxi1HO BiA3HAYUTH, L0 THUIIOBHA O00'€KT, K MPABHIIO, OTOPOIKEHUN
MapKaHOM 1 MO3HAYEHUM, OTXKE, YacTKa MOMJIMBUX 30BHIIIHIX BHIAJIKOBUX a00
HEMIATOTOBJICHUX MOPYIIHUKIB BIJIHOCHO Maja, OUIbIly YacTUHY CKJIAJaloTh TaK
3BaHI miaAroTosjeHi [7]. JJis HUX BiIacTHBa 3HM)KEHA WMOBIPHICTh BUSBIICHHS, HIXK
e mponucyeThes B TexHIYHNX ymoBax (TY) Ha CO (tunoso >0,95), 1110 CTaHOBUTH
Po=0,1...0,8.

3a KUIbKICHUN TOKa3HUK TEXHIYHOTO OCHAIIEHHS MOXHa B3ATH CyMapHY
UMOBIpHICTh BUsBIIEHHA Pgi mopymHuka 1... M 3aco0amu, 1mo OJOKYIOTh JaHy
30Hy (Turomna, mpeamer). 3a ymoBH HesanexxkHocti Aii CO, po3TamioBaHux B I-i

30H1 (y1orika «ABO»), IMOBIPHICThH BUSBIICHHS MOPYITHUKA CTAHOBUTD:

j o

Opnnax (1) He BpaxoBye npaBWIIbHOCTI 3acTocyBanHs BULy CO B KOHKpETHiM
I-i 30HI oxopoHu. Hampuknaa, croBillyBad CHUTHATI3aIlil Ui BHYTPIIIHIX
PUMIIIEHb, 3aCTOCOBAHMA AJIs OJIOKYBaHHS NIEPUMETPA, MAE MPAKTUIHO HYJIHOBY
e(hEeKTUBHICTIO BHACIIJIOK HeMpaie3aaTHocTi, BiOpariine kabembHe CO, ske
BUSBIISIE BTOPTHEHHS TMOPYIIHMKA IO BUKIWKAETHCSA HUM KOJHMBAHb CITKOBOTO
3aropojpKeHHs, Oyay4H 3aCTOCOBAHUM JUISI 3aXHUCTY CTIH 1 CTENl BiJl MPOJIOMY,
HEIpare3JaTHUX BHACIIOK 1HIIMX CHEKTpa 1 IHTEHCUBHOCTI KOPUCHUX CHUTHAIIB.
Hapemiri, icHyl0OTb YMOBHM 3acTOCyBaHHsA, He mnponucaHi B TY Ha Bupi0, ski

3HIKYIOTh CUTHaM3aiiHy HaaiiHicTh CO, B OCHOBHOMY WMOBIPHICThH BUSIBJICHHS.



3 ypaxyBaHHSIM BHIIIECKa3aHOTO, OI[IHKA MPAaBHJILHOCTI 3aCTOCYBAaHHS |-TO
tuny (Buay) CO B i-if 30HI OXOpPOHH MO)KEe OyTH 3/1MCHEHA MUIIXOM MHOYKCHHS
noka3Huka Poj Ha yMoBHMI monpaBoyHMit KoediieHT 3acTocoBHOCTI Kijj ™:

Kjj " = 1, sxmo 3actocyBaHHs CO NOBHICTIO BIAIOBIJIa€ YMOBaM 30HH,

Kij ™ = 1/2, axmo 3actocyBanHs CO MOXJIuBe, ajle HE 30BCIM OakaHe
BHACJII/IOK TIEBHUX YMOB €KCIUTyaTallii,

Kijj ™ = 0, sxmo 3acrocyBaHHd CO He MO)€ 3aCTOCOBYBATHCS B JaHUX
YMOBaX.

3 ypaxyBaHHAM LHX BUKIAIOK Bupa3 (1) mis KOMILJIEKCHOTO IMOKa3HUKA
3JIaTHOCTI OXOPOHHOI CHUTHaMI3allli MO BUSIBJICHHIO MOPYIIHUKA B 1 30HI HaOyBae

BUTJISIY:

M1i)

P,=1-T](-K}-P))
;
3)

Akmo B 30HI, SKa MOBHHHA oxopoHATHCS, Hemae CO (crmoimyBada), TO
BianoBigauit Poi = 0.

KimpkicHHIT TOKa3HUK BaXIMBOCTI a00, IHIIMMHU CJIOBaMHM, HEOOXITHHI
xoedimieaT K 3axmmenocti i-i 30HM MoXe BH3HAYaTHCA 33 JIOIIOMOTOIO
EKCIIEPTHUX OIIHOK, fIKl JNalThCs, Hampukiaa, B fiama3oni 0 - 10 3a Bcima N
HiIssMU  (TTOTIM  YCEPEAHIOThCS MO rpymi). MeHmuil KoedilieHT BIIMNOBIIAE
MEHIIIK 3HAYYIIOCTI METH, a 3HAYUTh 1 MEHIIOK HEOOXIJHOI 3aXHIIEHOCTI MpHU
oomexenHl Ha ckiag TCO. Ilpu upboMy npuBaTHa MyJbTUILTIKATUBHA QYHKIIA Kjj
" Poi Oyae OAHOYACHO BimOOpaXkaTH 3HAYUMICTH 1 SAKICTh HAAIMHOIO 3aXHCTy I-i
30HH.

3a uuboBUM TOKa3HUK edekTuBHOCcTI Cd3 o0'ekTa mNpUNAMAETHCA
gyrkuionan Eo sk cyma MynbTumbiikatuBHuii cknagoBux KiPxPy mo Bcix
JIOKAJIbHUX 30H 0XOpoHH | = 1 ... N, npu 11bOMy KpHUTEpiii Ma€ BUTJISII:

N
3 =ZK,3-E':J — max |



ne Ki® — excniepruuii koedimieHT BaxXauBocTi a60 HEOOXiIHOT 3aXUIIEHOCTI
30HU, 1O 3MiHIOETbCA B Mexax Bil 0 mo 10; Pg — KOMIUIEKCHUN TOKa3HHUK
BU3HAUCHHS TOPYITHUKA 110 I-i 30Hi.

[ToreHmiitHO ToCsKHA BenmuurHA £ TIpo 171 3a/1aHol KiabKocTi {L} 1 TumiB

{j=1... M} CO, Buay o0'ekta — nepumeTpa, Kiibkocti {i =1 ... N} i Tumis
MPUMIIICHB 3a0€3MeUy€EThCS TIPU BUKOHAHHI HACTYITHUX 6 OCHOBHUX TOJIOKCHbD.

CO (cnosinryBaui) MOBUHHI 3aCTOCOBYBaTHCS CTPOTO 3a MPHU3HAYCHHSIM,
BIIXWJICHHS BiJ] BUMOT TY, HaBeIeHI HUXKYE, SMEHITYIOTh epeKkTuBHICTE CD3:

HEBITMOBIHICT YMOB ()YHKIIIOHYBaHHS, HAIPHUKIA, I10 HABKOJIMUIIHIN
TeMIIepaTypi;

HEBIJMOBIJIHICTh YMOB 3aCTOCYBAaHHS, HAaNpHUKIad, IO HABKOJUIIHbBOMY
CepEIOBHIII;

HEBIJMOBIIHICTh HEOOXITHUX PO3MIpPIB 30HH, IO OXOPOHSETHCSA PEATbHUM
rabaputam 30uu BusiBiieHHS (30).

2. Ilpm oOMexeHOCTI  KIIbKOCTI  3aco0M  BUSBJICHHS  IOBHHHI
3aCTOCOBYBATHUCS, B MIEPIIYy Yepry, sl OJIOKYyBaHHS 30H (IEpUMETPA, MPUMIIIEHB),
K1 MalOTh MAKCUMaJIbHY HEOOX1/IHY 3aXUIICHICTh 400 Ba)KIUBICTb.

3. Xopolia 3axumieHICTh nepuMeTpa 00'eKTa € TOCUTh BAXKIIMBOIO, OCKUIBKU
3abe3reuye Jac JiJis aleKBaTHOI peaKIlii CUjl OXOPOHH.

4. Ilpu 6510KyBaHHI BaXKJIMBUX 30H HEPAIIOHAIEHO BUKOPUCTOBYBATH 00JieM
3 ... 4 pi3aux tumniB CO ( «pyOexiB OXOpPOHW») — BIIOYBAETHCS «HACUUYEHHS»
MOKa3HHWKa BU3Ha4YabHO1 31aTHocTi 1o (1) 1 (3).

5. Makcumanbio gocspkHa (mo TY) CO mnoBuHHaA BignmoBizaTH abo
MEPEBUIITyBaTH PO3MIPH  30HW, IO 3aXHIIAE€TbCSI. B IHIIOMY BHITaIKy
epexktuBHICTE CD3 3HUKYETHCS, NPUOIUZHO MPOMOPIIAHO  BiTHOIICHHIO
MaKCUMaJIbHUX JIHIAHUX (200 MailaHHUX) po3MipiB IuX 30H. Ha mepumetpi ogHe
CO 3 BeMKOIO 30HOIO BUSIBJICHHSI MOKE OJIOKYBATH JIB1 1 OLIbIIIE 30H 3aXUCTY.

6. Hacuuenns ognaxoBumu CO O/HI€T 30HH 3aXUCTY Ja€ MEHIIUN €(eKT,
HDK X PO3MOJALI MO0 BChOMY BiJITTOBIIHUM 30HaM.

MakcuMmanbHa BeanmunHa E“Y¥©

MOXe OyTH OTpuUMaHa 3a JIOTIOMOTOO
IMITAIITHOTO MOJICJIIOBAHHS, HAMPUKIIAJ, BUKOPUCTAHHIM METOAY TE€HETHYHUX

anroput™MiB. Ha mnpaktuii BoHa Moke OaTh oOuHclieHa IO OJM3BbKOIO 0



onTUMaibHOI  cxemu  posmimenHs CO,  3ampormoHOBAaHOI  JTOCBITYECHUM
npoektyBasibHuKOM TCO.

JIJst 3aCTOCYBaHHS METOJMKH B TIEAArOTIYHUX IUISX BennuuHa Eo“"*¢ Moxe
OyTh oOO4YHMCIIEHa 3a CXEMO, 3alpONOHOBAHOI BHKJIajaueM. ToO#, sKOro
HABYaIOTh, B 3AJIEKHOCTI BiJ] CTYIE€HsI BUBUCHHS Ta 3aCBOEHHS Marepialy 3 OCHOB
npoektyBaHHs CD3, poszcraBnsie CO Ha 1iaHi 00'ekTa, a mporpama aBTOMaTHYHO
BIIMOBIHO 110 (4) oOumciioe moka3sHuk E*. Moro 3Hanus KOT'yT OyTH OILIIHEeH1 MO
5-0anpHil cucTeMi BIAMOBIAHO A0 BenuyuHM BinHocunu E*/Eo. Jna omumcy
HEOOX1/TH1 KpecieHHs1 abo MoBepXoBi MIaHu 00'ekTa (1 BCIX HOTO MPHUMIIICHD),
XapaKTEePUCTUKHU apXITEKTYPHUX €JIEMEHTIB, MOO0JaHH1 /ISl MOPYIIHUKA HAHOUTBII
JIETKO, HANpPUKJIAJ: BIKHA, JBEpl, BEHTWIALINHI OTBOPH, JIOKH Ta 1H. 3 METOIO

HaBYaHHS Ha IUIaH1 BKa3YIOTbHCA 3aXUINAOTLECA 30HU.

MeToauka oniHIOBaHHS ¢()eKTUBHOCTI CHCTEMHU 0XOPOHHOI CUTHAJIi3ail

Ha ocHOBI 3ampornoHoBaHOro Kputepito (4), TPOMOHYETHCS METOJUKA
OIIIHKK €(EKTUBHOCTI CHCTEMH OXOPOHHOI CHUTHaii3aiii 00'€KTiB, MEpII 3a BCE,
Manux. i MoNMoskeHHs NaloThesl HUKYE HA OCHOBI NMPHKNIAAy OpraHizalii cucTeMu
BJIACHOI O€3MEKU Ha «MajoMy» O00'€KTI TPUKOPIOHHOI CIYKOU - TPUKOPJIOHHOMY
BinaineHHi (I10).

1. 31a€eThCsl TOBEPXOBUM MaciITaOOBaHMM MUIaH 00'€KTa 13 3a3HaYEHHSIM
BCIX 30H, IO 3aXUIIAIOTHCS MepUMeTpa - 3a00py, XBIPTKH, BOPOTA, BOJOIPOITYCKa,
KaHAII3aI[IfHOTO JIFOKA 1 T.J., @ TaK-)XKe MPUMIIICHb - KIMHATH 30epiranHs 30poi,
BUIIAJIKY 3 Ti€1 YW 1HIIOT MPUYMHU HE 3aXUIIAIOTHCS (HAPHUKIAI, TyaleT 0e3 BiKHa,

SIKUW 3aBXKJW TIOBUHEH OyTU BIAKPUTHUI).
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Pucynok 4.1 — I1nan npumitieHHs
1 — Onepatopchka, 2, 3 — poboue npumilieHHs, 4 — 3aM.Ha4 BiJUTIJICHHS, 5 —
HavyaJbHUK BIIIEHHS, 6, 7, 8 — poboue mpumileHHs, 9 — ckian pedent, 10, 11 —
cnajgbHe mpuMminieHHs, 12 — tyanet, 13 — cronopa, 14 — kyxHs, 15 — qym, 16 —
ckian, 17- kiMHaTa TUMYacoBO 3aTpuMmaHux, 18 — ckian 30poi, 19 — kimHaTa
30epiranHs 30poi, 20 — BXx1aH1 ABepi, 21 — 3anacHi ABepi, 22 — kopuuaop, 23, 24 —

KaJITKH, 25, 26 — BopoTa, 27 -32 — 3a60p.

2. 3anaroreca koedimientu (K2 = 0...10) BaxmmBocti a60 HeoOXimHOI
3aXHUIIEHOCT] BCIX 30H, OTPUMaHI METOJIOM €KCIIePTHUX OIIHOK. [Ipu BupimeHH1
MeJaroriyHuX 3aBllaHb KOe(MIIIEHTH 10 Y4YHIB JOBOAAThCS. Y Taom. 4.1, 4.2
MPEICTaBIICHI KOS(IIIEHTH, BIAMOBIAHI 10 puc.4.1.

Tabnuusg 4.1 — XapakTepucTUKU 00’ €KTIB OXOPOHU



i | K3 XapaKkTepHCTHKA 00’ €KTa

1 |0 3aBxkau MPUCYTHIA OCOOOBHH CKIIaJ, OXOpOHA HE MOTPeOYyeTHCH,
JBep1 OJIOKYIOTHCSI CHCTEMOIO KOHTPOJIIO Ta YIIPABJIIHHS JOCTYIIOM

2 |1 3BuyaiiHa KiMHaTa, IOTpedy€e OXOPOHU BHOY1

3 |1 3BuyaiiHa KiMHaTa, IOTpedy€e OXOPOHHU BHOY1

4 |3 BaxnmBa kiMHaTa, moTpedy€e OXOPOHU BHOY1

S5 |7 BaxnmnBa kiMHaTa, moTpedye OXOpPOHM BHOYI Ta 3a BiJCYTHOCTI
HavyaJIbHUKA

6 |1 3BHuaiiHa KiMHaTa, MOTPeOye OXOPOHU BHOY1

/7 |1 3BuyaiiHa KiMHaTa, IOTpedy€e OXOPOHHU BHOY1

8 |1 3BuyaiiHa KiMHaTa, IOTpedy€e OXOPOHHU BHOY1

9 |4 BaxnuBa kiMHaTa, MOCTIMHO Ha OXOPOHI, 3HIMAETHCS 32 BUMOTOI0

10 |1 3BuyJaiiHa KiMHATa, TOTpe0y€e OXOPOHHU BHOY1

11 |1 3BHyaliHa KIMHaTa, NOTpe0ye OXOPOHHU BHOYI

12 |1 3BuyaliHa KIMHATa, NOTpe0ye OXOPOHH BHOYI

13 |3 [{inHi peyi, moTpedye OXOPOHU

14 |2 I{igH1 pedi, moTpedy€e 0XOpOHHU

15 |0 [TpuminieHHs 3aBXKI1 BIIKPUTE, BIKHA HEMa€

16 |3 3BuyJaiiHa KIMHATa

17 |4 [Tocunena 0XopoHa 3aTpUMaHKUX

18 |9 HaiiBaxxuBimmii 00’ ek, noTpedye 11J1071000BOi OXOPOHU

19 |10 HaiiBaxuBimmii 00’ €k, moTpedye 111J107000BOi OXOPOHHU

20 |10 JIBepi O6JIOKYIOTHCSI CHCTEMOIO KOHTPOJIIO IOCTYITY

21 |4 OpHe 3 Micllb MPOHUKHEHHS 3JI0YMHIIS, TOTPeOy€e OXOPOHHU

22 |0 JIBepi OJIOKYIOTBCSI CHCTEMOIO KOHTPOJIIO IOCTYIY

23 |5 Opne 3 Miclib MPOHUKHEHHS 3JIOYMHILS, TOTPEOY€E OXOPOHU

24 |5 Opne 3 Miclib MPOHUKHEHHS 3JIOYMHILS, TOTPEOYE OXOPOHU

25 |5 OpHe 3 Micllb MPOHUKHEHHS 3JI0YHHIIS, TOTPe0yEe OXOPOHH

26 |5 OpHe 3 Micllb MPOHUKHEHHS 3JI0YHHIIS, TOTPeOye OXOPOHH

27 |3 [TepumeTp Ma€e OXOPOHSATHCS

28 |3 [TepumeTp Ma€e OXOPOHSATHUCS

29 |4 [TiicueHHs] OXOPOHU NEPUMETPY

30 |4 [TigcuiieHHs OXOPOHH MEPUMETPY

31 |4 [1iiIcuIeHHs] OXOPOHU NEPUMETPY

32 |4 [TifcuneHHs: OXOpPOHU IEPUMETPY

3. 3naetbest HaOIp J = 1..M TumiB 1 KUIBKICTh MO KOKHOMY Tuity CO

(crioBilIyBayiB), sIKI 3A1MCHIOIOTh OJOKYBaHHSI 3a3HAY€HUX 30H, HANPUKIAL, Yy

BurisiAl Tabn. 3 (mo ol'exty puc. 4.1). Ilpu BupilieHHI nmenarorivyHUX 3aBliaHb B

3aJIeHOCT1 B piBHSA BUnpoOoByBaHuX BuA CO 1 crocid OJOKYyBaHHS 30HU

MOXYTh HE PO3KPHUBATHUCH.

Tabnuus 4.2 — XapakTepuUCTUKU JAaTYUKIB OXOPOHU




J Tun CO KinbkicTh
1 Mar"iTHO-KOHTaKTHHUH 1ICHICHUN 11
2 MarxaiTHO-KOHTAKTHUI 9
3 Y 1apHO-KOHTAaKTHUM 17
4 AKYCTUYHUHN 3
5 Y macuBHUM 4
6 PanionpoMeHeBwii 5
7 BiGpamiiinnii kabenpbHUM 2
8 BiOpartiitauii 1’ €30eneKTpUIHAN 3
TOYKOBHUU
9 €MHICHUN 2
10 Bib6pariiinuii kabenbHUN 2
POTHUII TKOITHUI

Pa3oMm 58 matynkiB Ha 00’ €KT.

4. Ha OCHOBI MeTOJly €KCHEPTHHX OLIHOK (200 BUKIIAJa4eM CaMOCTIHHO B
pa3i HaBUaHHA) 3a7al0ThCAd 3HaueHHs HMoOBIpHOCTI P Oj BUSBICHHS BCIX THUIIIB
(BuaiB) CO no Tabis. 3 3 ypaxyBaHHSM Jili HE 3BUYANWHUX, & M- BUTOTOBJICHHUX
MOPYIIHUKIB, IO KpalH1#A Mipi, 3HAHOMUX 3 (HI3UYHUMH MPUHIIUTIAMU BUSBICHHS 1
BIIMOBITHUMHU CTIOCOOAMU «OOXOTY».

Ha mpakTuii e nmpu3BoauTh 10 MMOMITHOTO 3MeHIIeHHs: PO mo mopiBHSIHHIO
TV, nponucanux st «poOOTU30BAHUX» JIIH MOPYIITHUKA.

i 3HaYeHHS 711 pO3TISIHYTOTO MPUKJIAAy HAaBeICHO B Ta0k. 4.3; B LUIOMY
CO, mo MarTh 00'€eMHY 30HY YYTJIMBOCTI, BOJOMIIOTh MEHILIOIO BPA3JIMBICTIO 0

«o0x0Iy».

Ta6muis 4.3 — IMOBIpHICTh BU3BHAUCHHS JTATYHKIB OXOPOHU

J Tun CO IMOBIipHiICTh BUBHAYEHHS
1 MargiTHO-KOHTAaKTHHUH I1ICHICHUN 0,2
2 MargiTHO-KOHTaKTHHMN 0,1
3 Y 1apHO-KOHTaKTHUM 0,3
4 AKyCTUYHUU 0,4
5 Y9 nacuBHUM 0,7
6 PanionpoMeHeBwii 0,8
7 BiGpamiiinuii kabenpbHUN 0,5




8 BiOpartiitnuii n’€30eneKTpuaHAN 0,6
TOYKOBHH
9 €MHICHUNT 0,5
10 Bib6pariiinuii kabenpHuN 0,4
POTHUII TKOITHHUI
4, 3naetscst matpuilsl koedimientiB 3actocoBHOCTI |[Kij™| (Tabmuis

po3mipom 32 X 10), sika BpaxOBY€ MPaBWIbHICT 3aCTOCYBaHHs j-r0 TUity CO s
3axucTy 1-1 30HU. KoedimienTn MOXyTh OyTH OTpUMaHI METOJIOM EKCIIEPTHHUX
omiHOK (abo mocBimueHuM BukiIagademM ocHoB TCO) Ha ocHoBi 3HaHHa TTX
po3msiHyTUX CO 1 CHIBBIJHECEHHS iX 3 MOMJIMBHUM 3aCTOCYBaHHSIM Ha O0'€KTI.
Jnst posrasinyToro nmpukiany (puc. 1, Tabn. 1) Taki KoedilieHTH BigoOpakeHi B
Tabn. 5, 1e JaHl T0AATKOBI KOMEHTApl 0 YMOBHOI 3aCTOCOBHOCTI BUPOOiB, KOPAY

o 1j ip = 0,5 1 1eIKUM IHIIIKMM, 1110 BUMArae MmosCHEHb.

Ta6muis 4.4 — Koediientn 3acrocyBanas CO 10 00’ e€kTy

Az s a5 |6 | 78|09 |10
1 t |1t [ 1 |oes| 1 los| o | 1| 0] o0
2 1t | 1t | 1t | 1|1 ]o5] 0] 1] o] o
3 1 1 1 1 1 0,5 0 1 0 0
4 t |1 |t [t [t ]os] o] 1t ]o] o
5 t [t o[t Jos] o]l 1 [ 1] o
6 1 1 1 1 1 0,5 0 1 0 0
7 t | 1 [ 1 [ 1 [ 1t Jos| o] 1|0 ] o
8 1t | 1t | 1t | 1|1 ]o5] 0] 1] o] o
9 1 0 0 0 1 0,5 0 1 0 0

0o | o] o | 1| 1|ofo|o|o]| o] o0

" oo | 1|1 |o]|o| o] o] o]o

2 oo | 1] ofofofo|o| oo

13 t | 1 |1 |11 ]os5] 0] 0] 0] o

14 t |t [ 1|1 |os5|0o5| 0| 0] o0]o0




15 0 0 0 0 0 0 0 0 0 0
16 1 0 0 0 1 0,5 0 1 0 0
17 1 0 0 0 0 0 ] 1 0 0
18 1 0 0 0 1 1 0 1 1 0
19 1 0 0 0 1 1 0 1 1 0
20 1 0 0 0 0 0 0 0 0 0
21 1 0 0 0 0 0 0 0 0 0
22 0 0 1] 0 0,3 0 ] 0 0 0
23 1 0 1] 1] L] 1 0,5 0 0 0
24 1 0 0 0 0 1 0,5 0 0 0
25 1 L] 1 0,5 0

26 L 0,5 0

27 0 0 0 0 0 0 1 0 0 1
28 0 0 0 0 0 0 1 0 0 1
29 0 0 0 0 0 0 1 0 0 1
30 0 0 1] 1] 0 0 1 0 0 1
31 0 0 0 0 0 0 1 0 0 1
£ 0 0 0 0 0 0 1 0 0 1

6. 3a J0mMOMOTOI0 METOAY IMITAllIHHOTO MOJIENIOBAaHHS (HAMPUKIIA,
T€HETUYHOr0 JITOPUTMY) ONTHUMAIBHUM YMHOM PO3CTaBISIIOTECA L = 58 3aco0iB
BUSIBJICHHS 3a BCIMa 3aXMIIEHUMHU 30HaM. J[JIs LbOTO 3 yChOTO HAOOPY MOKIIMBUX
peanzamii (s odpanoro mpukiany - mo 32 3onam, 10 tunam CO, Tabn. 4.4)
IIYKA€ETHCS Ta KOMOiHAIlis, sSiKa 3a0e3meuye MakcuMyM (QpyHKI10Hay (4)

[{st koMO1HAIIIS 1 TOAUTHCS B SKOCTI ONITUMAJIBLHOTO PIIISHHS.

7. HocBimuenuii npoekTyBadbHUK TCO abo BUKIIagay MOXE CaMOCTIHHO,
KEepYIOUYUCh 3HAHHSIMU 1 BMIHHSIMU, 3HAUTHU pitieHHs 110 po3mimenaio CO, 6nmu3bke
JI0 ONTUMAJIBLHOTO, MPHU IIOMY OTpuMaHu# 10 (4) moka3sHuk Eo* mpuitmaeThes 3a
ontumMyM. Y Tabn. 4.5 nmokazaHuil kpamwuii BapiaHT posmimieHHs Bcix CO Ha
nanomy 00'exTi [10.

Taomurg 4.5 — Ontumizosana KiibKicTs CO



Homepa 30H Koangectgo CO Tunst (Bugs) CO no maba. 3
3auuTH B 30HE 1 2 [ 3] a]s5]6 ] 7] 8]0 10
1 0 0 0 0 0 0 0 0 0 0 0
2 2 0 1 1 0 4] a 1] a 0 0
3 2 0 1 1 0 0 0 0 0 0 0
4 3 0 1 1 1 0 ] 0 ] 0 0
5 6 1 0 2 1 1 0 0 0 1 0
6 2 0 1 1 0 0 0 0 0 0 0
7 2 0 1 1 0 (4] 0 0 0 0 0
8 2 0 1 1 0 0 0 0 0 0 0
9 2 1 0 0 0 1 0 0 0 0 0
10 2 1] 0 2 0 0 0 0 0 0 0
11 J 0 0 3 0 0 0 0 0 0 0
12 1 0 0 1 0 0 0 0 0 0 0
13 E] 0 2 2 1 4] 4] 0 4] 0 0
14 2 0 1 1 0 0 0 ] 0 0 0
15 0 0 0 0 0 0 0 0 0 0 0
16 2 1 0 0 0 1 0 0 0 0 0
17 2 1 0 0 0 1] 4] 0 1 0 0
18 3 1 0 0 0 1 0 0 1 0 0
19 4 1 0 0 0 0 1 0 1 1 0
20 0 0 0 0 0 0 0 0 0 0 0
21 1 1 0 0 0 0 0 0 0 0 0
22 0 1] 0 0 0 4] 0 0 0 0 0
23 2 1 0 0 0 0 1/2 0 0 0 0
24 2 1 0 0 0 0 1/2 0 0 0 0
25 2 1 0 0 0 0 1 0 0 0 0
26 2 1 0 0 0 0 1 0 0 0 0
27 2 0 0 0 0 0 0 2/3 0 0 2/3
28 2 0 0 0 0 4] a 2/3 a 0 2/3
29 3 0 0 0 0 0 1/2 | 1/6 0 0 1/6
30 3 0 0 0 0 1] 1/2 1/6 1] 0 1/6
31 2 0 0 0 0 0 0 1/6 0 0 1/6
32 2 0 0 0 0 a a 1/6 a 0 1/6
Y =68/58 i1 9 17 3 4 3 2 3 2 2

Jlpo6oBe uucio B rpadax mo 3axuiieHuM 30Ham 23 - 24, 27 - 32 (tabx. 4.5)
o3Havae, mo oane CO Onokye 23 30HU, MPU IHOMY JOKAIbHHUI IMOKAa3HUK IIO
KO>KHI1M 30H1 30UIBIIYETHCS.

Tomy npu oOniky CO mo koxHIH 30H1I y Qopmym (1) iX KUIBKICTh
30ubIIyeThes 3 58 1o 68. OTpuManumii Ha miacTaBi Tabn. 2, 4 - 6 mokaszuuk Eo* €
YMOBHO MaKCHMaJbHUM.

8. EdexkTuBHICTh MPOEKTYy CUCTEMU OXOPOHHOI CHUTHATI3allli OILIHIOETHCS
BUXOJsiun 3 po3craHoBku CO mo Tabn. 6. Y pasi nepeBipku BUIIPOOYyBaHUH,
KEpyIOUYUCh OTPUMAaHUMHM 3HAHHSAMU Mpo ocHOBHU noOynosu CD3, poscrasuse CO
M0 3axuIIEHUM 30HaM puc. 1, ckiagaroud TUNOBY Tabm.  4.6. Ilporec
PO3CTaHOBKM MOX€ OyTH aBTOMAaTHM30BaHWW, HANpPUKIAL, 3a JOMOMOTOIO

KOMI'IOTEpa, MHEMOIIJIaHa 00'€KTa 1 YMOBHUX CUMBOJIIB -[TI0O3HAYEHHS.

Tabnuug 4.6 — Oninka eQeKTUBHOCTI MTPOEKTa

EdexTuBHICTH Ouinka
0,86 -1,0 5 - BIZIMIHHO
0,71 -0,85 4 — nobpe
0,5-0,7 3 — 3aI0BUJILHO
0,3-0,49 2 — IIOTaHO




‘ Mene 0,3 ‘ 1 — qy>xe moraHo

EdexTuBHicts po3pobneHoi cuctemu ckinana 0,76 mo € ayxe XOpolIuMm

pe3yIbTaTOM.



BUCHOBKU

B wmaricrepcekiit po6oTi Oysi0 mpoBeAEeHO MOCTIKEHHS (PYHKITIOHAIBHOT
e()eKTUBHOCTI CUTHAI3aIMN 3a KUTJIOM, PO3TJIIHYTO HAMMOIMYJISPHIIII OXOPOHHI
cucTeMHr Ha 0a3i ApayiHO, pi3HI BUAM JAaTYMKIB Ta BJacHA OXOpPOHHA CHUCTEMA,
BIJIMOBITHO 7O OCHOBHMX BUMOT 1 CTaHIApTiB, ApPyKOBaHa IuaTa JUisl JAHOTO
npuctporo. Takox B poOoTi Oynau po3paxoBaHl  yJIbTPA3BYKOBUH  Ta
iH(ppadyepBOHMI NaTYMKH, TEPETBOPIOBAY HAMPyrd Ta 3po0JeHl po3paxyHKH
HaJiHOCTI. Po3paxyHku mokazanu, M0 BUKOPHUCTAHHS JAHOI CHCTEMH B SKOCTI
CUTHAJII3AIlll JIOCUTH pallioHaJIbHE, TOMY III0 CHUCTEMa MPHUCTPOIO JIOCUTH MPOCTAa,
ajie B TOM e yac € e(eKTUBHOIO B 3aCTOCYBaHHI. BoHa Mae BeNMKy nepeBary B
TOMY, 1110 BOHAa € aBTOHOMHOIO 1 MOOUIbHOI0, BUKOPUCTOBYE HEBEJIHMKY KUIBKICTh
JATYUKIB, 1110 3HAYHO 3JICIICBIIOE CUCTEMY, alie He 3MeHIye ii epexTuBHICTh. 11l
OJIHUM ILTIOCOM CHUCTEMH € T€, 10 B OyAb-SKUN Yac MOKHAa OHOBUTH 1i MPOrpamMHe
3a0e3neueHHs yepe3 USB-nopr.

B po0oTi 3ampomnoHOBaHO METOJMKY BHU3HAUYEHHS €(PEKTUBHOCTI POOOTH
OXOPOHHOT CHCTEMH. 3a [JIaHOI0O METOAMKOI0 BH3HAYEHO €(EKTUBHICTH

PO3p0OJICHOT CHUCTEMM.



