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Pedepar

Jlucepramiss Mae obcsr 80 CTOPIHOK, OCHOBHA YacTHHA CKIIAJA€ETHCSA 31 BCTYILY,
I'ATH PO3ALIIB, MICTUTH 29 pHCYHKIB, 25 Ta0Omumb, 4 momaTkm Ta 13 mxepen
TITEepaTypHu.

MeTa nociiazKeHHs - JOCTIUTH MOXKINBICTh BUKOPUCTAHHS  HEHPOHHUX
MEpeX JIUIA MPHUITHATTS PIIICHb IPU IMITYIHCHOMY IMIIEJAHCHOMY KOHTPOIL.

O06’€eKT MOCTiTKEHHS] — METOIN MAITMHHOTO HABYAHHS IS BUSABIICHHA JIe(EKTIB
IIpU IMITYJIECHOMY 1MIT€TAHCHOMY KOHTPOJI1 KOMIIO3UIITHIX ~ MaTeplaiB.

IIpenmer nmocIimzKeHHSI - TPOIEC NPUITHATTS pIMIEHhP HAa OCHOBI aHATI3Y
1H()OPMATHBHUX MapaMeTpIiB IEPBUHHOTO IEPETBOPIOBaYAa aKyCTHYHOTO IMITYTHCHOTO
IMIIEJJAHCHOTO Je(DEKTOCKOITY.

B mepmmx ABOX po3JAUIaX AHCepTaIlii MpPOBEIeHO aHANTHYHUI OIS ICHYHOUHX
METO/IIB KOHTPOJIIO KOMIIO3HUTIB, OCHOBHHX Je(eKTIB B HHX Ta OIMCaHI ICHYIOUl
OPIUIAJN Ta CHCTEMH, IMO peali3yITh MaHWil MeTol. B mosicHOBanmbHIN 3ammcii
PO3TIIAHYTI (P13UYHI OCHOBU IMITEIAHCHOTO METO Ty KOHTPOJIIO.

B momampmmx po3autax po3KpUBAETHCS Mpolec (OpMyBaHHS MacHBY BXITHHX
JaHUX JUISL JOCIDKEHHS, PO3pOOKM Ta TeCTyBaHHA HEHPOHHOI Mepexl, HaBeJeHI
rpadikm; 3ameXHOCTell TOXNOOK B1J] MapaMeTpliB HeiipoHHO1 Mepexl. [ JocapKeHHS
3/IaTHOCT1 HEHPOHHOI Mepexl J0 HaBYaHHA Ha MIITOTOBIEHUX JAaHUX Ta MOJABIIOL
KiTacudikamii JUITHKA BUPOOYy 3a 03HAKOI0 HAsBHOCTI a00 BIICYTHOCTI JedeKTy OyIo
IIPOBEJIEHO CTBOPEHHS Ta TECTYBAaHHS HEMPOHHOI Mepexl 3a JIONMOMOrow 010110TeKH
Keras ma 0a31 MoBH mnporpamyBaHHA Python, ske marBepauno AOMUIBHICTH
BUKOPUCTAHHSA JIaHOTO MeTOJy OoOpoOkm 1H(opmarii B IMIEJAaHCHOMY KOHTPOI1
KOMITO3HITIITHIX MaTeplaiB.

Karo4gosi ciioBa
IMmegancHIIT KOHTPOIb, KOMITO3UITIIHI MaTeplald, IMTYYHI HEIpOHHI Mepexl,

METOAM MAIIITHHOI'O HaBUYaHHA.



Abstract

The dissertation has a volume of 80 pages, the main part consists of an
mtroduction, five sections, contains 29 figures, 25 tables, 4 annexes and 13 sources of
literature.

The purpose of the research is to imnvestigate the possibility of using the neural
networks for decision-making process of mechanical impedance analysis.

The object of the research i1s the methods of machine learning for detecting
flaws by mechanical impedance analysis of composite materials.

The subject of the research is the decision-making process based on the analysis
of the informational parameters of the mechanical impedance defectoscope transducer.

In the first two sections of the dissertation, an analytical review of existing testing
of composites, major flaws in them, and description of existing devices and systems that
implement this method are carried out. Also the physical foundations of the mechanical
impedance testing method 1s described.

The following sections reveal the process of forming an array of input data for
research, the development and testing of the neural network, and graphs that show the
dependencies of errors on the parameters of the neural network. To investigate the
ability of the neural network to learn on the data and to further classification of the
testing object’s area on the basis of the presence or absence of a defect, the creation and
testing of the neural network was carried out using the Keras library based on the
Python programming language, which confirmed the expediency of using this method
of information processing in the mechanical impedance testing of compositional
materials.

Keywords:

Mechanical impedance testing, composite materials, artificial neural networks,

methods of machine learning.
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Beryn

Komno3utHnilt matepian, abo KOMIO3UT — TrerepodasHuili Matepial, OKpeMi
YacTHHN SKOTO BHKOHYIOTH cremudiual (yHKIII, Mo 3abe3ledye HOMY BIACTHBOCTI,
AKUX OKpeM1 KOMIIOHEHTH He MaloTh. Sk MpaBUiIo, OTPUMYIOTh MOEIHAHHAM JBOX a0o0
OUTBINIe CKIIAOBHX, SK1 HEPO3UNMHHI 200 MaIOpO3YNHHI OJNH B OJHOMY 1 MAalOTh PI13HI
BJIACTUBOCTI.

OcHoBHIMHI JedexTaMu B 0araTommapoBUX KOHCTPYKISAX € AedeKTH THUIly
HEMpPOKJIEiB Ta po3MapyBaHb — HalOUIbIm HeOe3meuHi aedekTn. KpiM TOoro MoxinBa
mosiBa TaknX JAe(eKTiB, SK 30HN IMOHIDKEHOI MIIHOCTI 3KJICIOBAHHA, KOTpl IIpH
eKCIUTyaTallli BHpoOIB, HABITh IPHU MOPIBHSIHO HEBEINMKNX HAaBAaHTAXKEHHSIX, MOXYTh
IIPU3BECTHU J0 MOSIBU PO3MIAPYBaHb B 3’ € THAHHSAX.

Y nmaHlit poOOTI TPHUIHATO PIMNEHHS PO 3aCTOCYBAaHHSA aKyCTUYHOTO
IMIIEIAHCHOTO METOAY KOHTPOIIO, KOTpHil Ja€ 3MOry BUABIATH JeQeKTH THILY
po3MIapyBaHb, HEIPOKJIEIB, BHYTPINIHIX YIIKO/PKEeHB Ta 1H.

AxmyanvHicms pobomu TONATAE Y TOMY, IO B OY/Jb SKUX aKyCTHYHIX METOJaX
HEPYITHIBHOTO KOHTPOIIIO HAJ[3BUYAITHO Ba)KJINBIM aCIEKTOM € IHTEpIIpeTaIlis MOKa3aHb
omepatopoM. HacTo, HaBITh JOOpe MIATOTOBJICHMII CHEIIATICT MOYXKE 3pOOUTH TTOMILIKY
IIpH BIIHECEHHI NEBHOTO BHpoOy abo iforo IUIIHKN 10 Kiacy JaedekTHoro ado
0e3nedexTHOro. Ycl ICHYIOUl IMIPUIAIN, Ha OCHOBI aKyCTHYHOTO IMIIEJJaHCHOTO METOY
nepe10avaroTh, MO MOKa3aHHA Oyje IHTEPIPEeTyBaTH MATOTOBICHNI ciermiamcT. ToMmy,
B JaHIil poOOT1 MPOIOHYETHCS BUKOPHCTAHHS METOMIB MAIIMHHOTO HaBYaHHS, KOTPI1
JAI0Th 3MOTY «HABUNTI» MITYYHY HEHPOHHY MEPEKYy CaMOCTIHHO pOONTH BHCHOBOK
PO HAsBHICTH a00 BIACYTHICTh Aedekty. lle mae 3Mory BHUKOPHUCTOBYBATH MPILIAJL
TIOANHI, KOTpa HE Mae CHellalbHOI IMATOTOBKH B IPOBEJSHHI aHAm3y II0Ka3aHb
aKyCTHYHOTO IMIEJAaHCHOTO KOHTPOJIIO.

Mema pobomu - ToCTIANTH MOKIIUBICTh BUKOPUCTAHHS HEHPOHHHX Mepex s
IPUIHATTSA PIIICHB IIPU IMITYI5CHOMY IMIT€TAaHCHOMY KOHTPOJIL.

3ae0aHHs 00CNiOAHCEeHHS — PO3POONTH HEMIPOHHY MEPEKY U1 OINIHKU

HasBHOCT1 Je(deKTIB B KOMIO3UTHHUX MaTepilajaX; «HABUNTI» HEHPOHHY MEpPEKY



po3pizHaTH JedekTHl Ta Oe3gedekTH1 3pa3Kl Ha OCHOBI OJHOTO 1H(OPMATUBHOTO
napaMeTpy KOHTPOJO 3a JOMOMOTOI0 CIEIIalbHUX €TAaTOHHHIX 3pa3KiB 3 3a3/alierijib
BIJIOMUMH Je(dheKTaMi;, «KHAaBYNTH» HEHPOHHY MepekKy pOoOUTH BUCHOBKU MPO HASBHICTH
nedeKTIB B 3pa3Kkax 3 HEBIJJOMUM MOIOKEHHAM TH THIIOM Je(eKTy Ha OCHOBI1 AEKLIFKOX
1HQOPMATUBHUX MTapaMeTpIB.

06’exm 0ocniodHceHHs: - METOI MANIUHHOTO HaBYAHHS JUUII BUSABICHHA Ne(EKTIB
IIpU IMITYJIECHOMY 1MIT€TAaHCHOMY KOHTPOJI1 KOMIO3UIIITHIX ~ MaTeplaiB.

Ilpeomem oOocnioxceHwHs - TpolleC NPUUHATTA PIIEHb HAa OCHOBI aHAMI3Y
1H(QOpMAaTHBHUX MapaMeTpiB IEPBUHHOTO IE€PEeTBOPIOBAaYA aKyCTHYHOTO IMITYIHCHOTO
IMIIEJJAHCHOTO Je(DEKTOCKOITY.

3aoaua OocniodxceHHs - PO3POOUTH HEHPOHHY MEpeXy I OIIHKHA HAasBHOCTI

nedeKTIB B KOMIIO3UTHUX MaTeplajiax.
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1. AHAJIITHYIHHAR OTJIA

1.1. Onuc 00’€KTYy KOHTPOJIIO

B sKoCT1 00’€KTy KOHTPOIIO BHUCTYIIAIOTH COTOB1 IMaHENTl, SK OJHH 3 BHUIIB
KOMITO3HITIITHIX MaTepiaiB.

CoroBa nanens (puc.l.l) - TpumapoBa maHemns, MO CKIAJAETHCA 3 BEPXHBOI Ta
HIDKHBOI OOIMMBOK 1 COTOBOTO 3allOBHIOBauYa MDK HHMH. MDK JBOMAa IHICTaMHU
3HAXOJUTHCS BHYTPIMIHIN IPOMIAPOK - HANOBHIOBAY YOTHPHOX- a00 MIECTHUKYTHOI
dbopMmu, sAKui TpeACTaBIeHHII y BUIIIAL «MeNoBOi coTm». Il KOHCTpyKIsA €
OararoimapoBoro. BepxHs oOmmBKa COpHS€ CTUCHEHHIO, HIDKHSA — PO3TATYBaHHIO, a
COTOBHII 3aMIOBHIOBAY 3'€THaHMIA 13 30BHINIHIMU 1 BHYTPIIMHIMU oOmMBKaMu. (puc.1.2.)

CoTOB1 TMaHET 3aCTOCOBYIOTHCS B JIITaKOOYAyBaHHI JUIS 30BHINIHBOI OOIIMBKU,
CTIHOK CIUIOBHX €IEeMEHTIB Ta IiIor. YacTo NOBHICTIO 3alOBHIOIOTHCS COTaMHU
€JIEMEHTH MaJlol TOBIIMHU: PYIIi, €I€POHN HAA3BYKOBUX mTakiB. COTOB1 MaHEel TaKOXK
Oy>X€ 9acTO BUKOPUCTOBYIOTHCA YV OVIIBHUITBI KATIOBUX OYANMHKIB I KO3HUPKIB,
HaBICIB, OAJIKOHIB 1 T.]I.

BbynoBa coToBOr0 3all0BHIOBAYA:

CoToBHUii 3alIOBHIOBAY Ma€ «KOMIPKOBY» CTPYKTYpy. Lls cTpyKTypa cKiIaaeThCs
3 TOHKOJIICTOBOTO Mareplaiy 1 ABIS€ COOO0 KaHAIMU, AK1 130IbOBaH1 OJIUH B1J OJHOTO.

11 ocepenku MOXKYTh CKIIQJIaTHCA 3 5-TH 1 6-TU I'paHei.

Puc.1.1. CoroBa nanein
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OGwmnexa

OGmnBKa

Cnow knea

Puc.1.2. ByaoBa coToBoi maHei

IIepeBarn:
e Maja Maca KOHCTPYKIIII
® BIICOKA KOPCTKICTH
® [INTOMAa CTaTHYHA MIIHICTE OunbmIe Ha 20-40%
® CTIAKICTH IIPU MTOB3/IOBKHEOMY CTHCKAaHHI BUITE B 2-4 pa3zn
® KUIBKICTH JieTalleil, MO BXO/ISATh B By30J1 a00 arperar, MeHIne B 3-4 pa3u
e OUIBIN I'Ia/IK1 MOBEPXHI BY3/I1IB 1 arperarTis
® TEIUTO130JIAINIITHI BIaCTUBOCTI BUINE B 3-5 pa3iB
® aKyCTHYHI XapaKTEPUCTHUKH Kpaire B 3-5 pasis
Hemgomxkun:
® CKIAQJHICTh KOHTPOIIO SAKOCTI KJIeHOBOro 3'€HAaHHA OOMNIMBKH 1 COTOBOTO
3aII0BHIOBAYA
® CKYMYeHHsS KOHJCHCATy YCEepeAnHl IIaHeTl, IO MOXXe MPHU3BOJAUTH [0
MIPUCKOPEHHS MIPOIECy KOpo3ii
® BIJIHOCHO BHCOKA BapTICTh BUTOTOBJICHHS

® TPYJIOMICTKICTh BUTOTOBIICHHS 1 MPOEeKTyBaHHA OuthmIe Ha 15-20%
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1.2. Onuc ocHOBHHX J1e()eKTIB
OcHoBHIMH JedeKTaMi B 0araToNIapoBHX COTOBUX KOHCTPYKIISIX € AedeKTu
THINY HEMPOKIEIB Ta po3MapyBaHb — HaHOUTEm HeOe3meuHl aedextu. Kpim Toro
MO>K/IHBA MOSIBA TaKNX JAe(eKTIB, SIK 30HU IMOHIDKEHOI MIITHOCTI 3KJICFOBAHHS, KOTpP1 MpU
eKCIUTyaTallli BHpoOIB, HABITh INPHU MOPIBHSIHO HEBEINKNX HAaBAaHTAXKEHHSIX, MOXKYTh
IIPU3BECTH J0 MOSBH PO3MIapyBaHb B 3’ ¢qHaHHAX (puc.1.3). [1]
OcHoBHIMI Jie(heKTaMi COTOBUX KOHCTPYKIIII B JITaKax €:
1) BigmapyBaHHSA COT Bl OOIMMBKH BHACITIJOK HEMPOKIES 1 3IM'SATTSI COT
(manuii Buj nedeKkTy BUHHKAE K B CIUTy TEXHOJIOTIYHHUX IMPUUYUH, TaK 1 B XOJIl
eKCIUTyaTallli);
2) BOJa, IO 3alIOBHIOE MOBHICTIO 200 YAacTKOBO OJIHY UM OLIBINE KOMIPOK
(BUHIIKA€ B XO/I1 €KCIUTyaTallll JiTaKka BHACIIIOK IMOTPAILIIHHSA BOIN 330BHI Yepe3
TEXHOJIOT1YHI HENIUTFHOCTI THaHelel Kpui, Gpro3espKy, KUIS Ta 1HIINX YacTHH
JIITaKIB).
®akTnuHo mepmuil BuA AedeKTy B OUIBIIOCTI BUIIQJKIB TaKOXK BUHHKAE

BHaCHiHOK HasgBHOCTI B cOTax BOJM.

Puc.1.3. Ilpukmajg po3miapyBaHHS COTOBOI MaHe1

Ha puc. 1.4. mokazaHo OCHOBHI THIIH MOMIKO/PKE€Hb COTOBUX IMaHENEt.
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Puc.1.4. OcHOBHI THIIH YIIKOKEHH TPHUIIAPOBOI MMAHENT1: a - 3arajibHa BTpaTa
CTIIKOCTI; O - T - MICIIeBa BTpaTa CTIHKOCTI; JI - pyHHYBaHHS COTOBOTO

3daIIOBHIOBA44d, € — Bi):[]IIapOBYBaHHH

1.3. IcHy04i aKyCTHYHI MeTOIH KOHTPOJIIO.

AKYyCTUYHUMH METOJAaMU HA3MBAIOTHCA TaKl METOAHM, KOTpl O0a3yroThcsd Ha
BUKOPHCTAaHHI MPYKHUX KOIHBaHb 1 XBWIb OYIAb-AKHX dYacToT. MeToan, IO
BHKOPUCTOBYIOTH wacToTu BT 20 kI’ o 100 MI'11 Ha3mBaroThCsA YIBTPa3BYKOBUMI.
AKyCTHYH1 METOAN IMOJUIAIOTH Ha Bl TPYHHN: aKTHBHI Ta ITACHBHI METOJN. AKTUBHI
3aCHOBaHI Ha BUIIPOMIHIOBAHHI 1 IPUIIOM1 TPYKHUX XBHIb, MMAaCHBHI - TUIBKN Ha

IpuiioM1 XBUIIb, HKEPEIOM SKUX CIYKUTH caM 00'€éKT KOHTPOIIIO.

14



AKTHBHI METOAN MOAULIIOTHECS Ha METOAN MPOXO/KEHHS, BIIONBAaHHA, KOMOIHOBaH1
- BHKOPHCTOBYIOTh SK TMPOXO/DKEHHS, TaK 1 BIAOMBAaHHA), IMIIEJTaHCHI Ta METOAN
BJIaCHUX KONHBaHb. HaliOUIplle TMOMMUpPEHHS OJepKaall HACTyHHI  METOIU
e eKTOCKOIII: TIHBOBHII, €XO-IMITYJIbCHHUI, PE30HAHCHMII, IMIEAAHCHUII 1 BUIBHHX
KOJINBaHb. [2]
IMnenaHcHMIT MeTOJ KOHTPONIO 3aCHOBaHHMII Ha BHMIpPI CHIM peakIlii, Imo
IPUKIAJA€TECS 0 JaTdnka OO0 €KTOM KOHTpoiro. JlaHmii MeToa  JIOLLUIBHO
3aCTOCOBYBATHU IS KOHTPOIIIO SIKOCTI IMMOKPHUTTS poOOYNX IMOBEPXOHE AeTaneii. CxeMma

po0OOTH IMIIEJAHCHOT'O METO,Ty IToKa3aHa Ha puc. 1.5.

nnacTuk

meTann — OSSOSO NS IS0 ISR

7
HeCnnNoOwHOCTb

Puc. 1.5. Imnegancunit metox (1 - reHeparop, 2 - aHaI13aToP, 3 - CTPIDKEHB, IO

KOJTMBAETHCA)

Metoa BUIBHHUX KONHMBAaHb 3aCHOBAHUII HA 3MIHI YacTOTH BUIRHUX KOJIHMBAaHb
KOHTPOJIHOBAHOTO 00’ eKTy. SIKmo Ha BUPIO BIUIMBATU PI3KUM YyAapoM, TO B HBOMY
BUHHKHYTh BUIBHI KONMUBaHHA. YacToTa IMNMX KONHBAaHb BU3HAYAETHCSA I1HEPIIIITHO-
IPY>XKHIMH [TapaMeTpaMH JeTall, K1 3aleXaTh BT (I3MIHOI OJHOPIAHOCTI MaTeplaly.
HasBHICT, HEOAHOpIAHOCTEH MPU3BOAUTH A0 3MIHH MPYKHUX BIACTUBOCTEH, IO
3MIHIOE YacTOTy BUIPHUX KodnBaHb. CTPYKTypHA cXeMa METOJY BUIBHUX KOIIHMBaHb
Ipe/icTaBlIEHA Ha puc. 1.6.

IlacuBH1 aKycTHYH1I METOAU 3acCHOBaHI Ha aHamI31 MPYXHAX KOJUBaHb, IO

BHHIKAIOTh Oe3MocepeHh0 Y KOHTPOIhOBaHOMY 00'ekTl. [Ipm BHBYEHHI eMicli XBIIb
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HATIPY>KEHHS Py METaTIB 1 BUCYIICHOI JepeBUHN OYII0 BI3HAUEHO, IO, SKIMIO METal
HABAaHTAXXyBaTH [0 IIEBHOTO PIBHSA, TO CIIOCTEPITA€ThCSI «BHOYX» NIYMy, ale MpH
IIOBTOPHOMY HaBaHTaXK€HH1 IIOAIOHOTO e(EeKTy He CIOCTepIraeThCsA JIOTU, IIOKH

BCIIMYIMHA HaBaHTAXCHHA HC IICPCBUIINTDL HepBiCHe SHAUYCHHA.

[ ] -

nnacTuk

MeTann

pesuHa

AJ

HEeCnNNnowHoCTb

Puc. 1.6. Cxema MeToy BUIBHIX KoJmBaHb(1 - reHeparop, 2 - Bidopartop, 3 -

npuiiMad, 4 - CIeKTpoaHaI3aTop, 5 —1HIUKATOP)

OCHOBHI HEJONIKH aKyCTHYHOTO HEPYIHIBHOTO KOHTPOIIO: MaiiXKe HEMOXKIINBO
JIaTH BUIMOBIIF Ha IMHUTAHHA MPO pealbHl po3Mipn JedeKTy, Tak SIK po3Mmip AedekTy
BI3HAYAETHCA HOTO BIJOMBYOO 3JATHICTIO 1 TOMY 3a pe3yJIbTaTaMi KOHTPOJIO JA€ThCS
eKBIBaJICHTHUI po3Mip AedekTy (HampuKIaja: HasBHI Y BUpPOOl1 JBa peaibHl JedeKTy
OJHOTO po3Mipy 1 ¢Gopmm, po3TamoBaHl Ha OJHIN TINOMHI, ajle OJUH 3 SKUX
3aIIOBHEHUII TMOBITPSAM, a JPYTHUil MUTAKOM JaBaTHMYTh B1OOpa’keHl IMIYJIBCH PI3HOI
aMILTITYAH 1, BUIMIOBITHO OIIIHEH1 SIK JIeQeKTHU, IIT0 MAlOTh P13H1 PO3MIPH).

Cmpa 3a3HaunTH, MO, AeAKkl AedekTH B CHIy IX XapakTepy, (opmm ado
po3TantyBaHHSI B 00'€KTI KOHTPOIIO MPAKTUIHO HEMOXKIHBO BISBUTH aKyCTHIHIMI
MeTomamMu. KpiM TOro, CKIaJHO MPOBECTH KOHTPOIb JeTaleil HEeBEIHKOI po3MiIpy 1
TOBHIMHM, a TaKOXX JeTaileil, Mo MaroTh CKIagHy (QopMy 3 KpHUBOMIHIMHIMH 1
c(hepIIHIMI MTOBEPXHSIMH MaJIOTO PaJILyCy.

KpiM Toro, mpm mnpoBeJleHHI aKyCTHYHOTO KOHTPOIIO, Ha BIAMIHY BIJ
pamiorpadigHOTO, SK MPABHIIO, HEMOKINBO OJHO3HAYHO OXapaKTepm3yBaTH IedexT

(mTakoBe BKIIOUEHHS, Nopa, BonbdpaMoBe BKIOYEHHSA Ta 1H). Tako BHUHIKAIOTH
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TPYAHOIII P aKyCTUIHOMY KOHTPOJI1 METANIB 3 KPYITHO3EPHUCTOI CTPYKTYPOIO Uepe3
BENIKE PO3CIIOBAaHHA Ta CIUIPHE 3aracaHHs XBIIb. HeoOXiJHa MITOTOBKA IMOBEpPXHI
KOHTPOIIIO JIUIS1 BBEJIEHHS XBIUIb B METAll, 2 cCaMe: OUUIIEHHS MOBEPXHI KOHTPOIIO B1JI
3a0pyIHEeHB, IO BIAMAPOBYETHCA, OKAIUHI, 1pXK1, OpH30K PO3ILIaBICHOT0 METATy Ta 1H
Ta CTBOPEHHS HEOOXIJTHOI MIOPCTKOCTI IMOBepXH1 He ripme Rz 40 1 XBHISACTOCTI He
oureme 0015, Tak K  HaBITh  HEBEIMKHII  IOBITPSHHII  3a30p  MIXK
i’ e3oenektponeperBoproBadyeM (IIEIT) 1 BupoOomM Moke cTaTu HE3I0TaHHOIO
MIepPeIKOoA00 I momupeHHsa XBib B OK. [3]

AKyCTHYHE JOCIIDKEHHS He pYiiHye 1 He MONIKO/PKY€E 3pa3oK, Mo € MHoro
TOJIOBHOIO MepeBaror. Tak camMo MOXKHA BHAUINTH BUCOKY INBHJIKICTH 1 JJOCTOBIPHICTH

KOHTPOJIIO IIPN HU3BK1I BAPTOCTI 1 O€3MeIT1 IS JIFOIIH.

1.4. Bub6ip Ta oOrpyHTYBaHHSA iMIIEIaHCHOIO METOXY KOHTPOJIIO

VY cydgacHOMy aBiaOyayBaHHI IIMPOKO 3aCTOCOBYIOTHCSA KOMIIO3UTHI MaTepiali,
SKAM XapaKTepH1 Majll MOJIYJl MPY>KHOCTI, ICTOTHI BIAMIHHOCTI (P13MKO-MEXaHIYHIX
BJIACTUBOCTEI!, IO BXOATH /0 iX ckiaay. OJHIM 3 HaliOUThII MEPCIeKTUBHIX METO/I1B
KOHTPOJII0 KOMIIO3UTIB € aKyCTUYHHII IMIEJAHCHHI METO], IO T03BOJIA€ BUSIBIATU
nedextu TUIy po3mIapyBaHb, HEMPOKIEIB, BHYTPINIHIX YIIKO/PKEHb Ta 1H. 3a JaHUMH
aBlapEeMOHTHUX IMIIPUEMCTB, 10 1/3 BiJ 3araapsHOr0 0OCATY pOOIT IO HEPYITHIBHOMY
KOHTPOJIIO aBIAIIITHOI TEXHIKH JOBOANTHCA caMe Ha IMmemaHcHuili Metoj. O3HaKoro
nepekTy B JIaHOMY METOA1 € 3MIHa KOMIUIEKCHOTO MEXaHIYHOTO IMIIEJaHCY
KOHTPOJIHFOBAHOTO BHPOOY B 30HI HOr0 KOHTAKTy 3 MEpPETBOPIOBAYEM, IO 30Y/IKYE Y
BHPOO1 3riu0H1 KOTMBAHHS 3BYKOBUX YacTOT. 1[4 3M1HA (IKCYeThCS MO 3MIHI TapaMeTpiB
1H(OpMaIIITHOTO CUTHATY, OJ€P’KaHOTO 3 IEPBIHHOTO IIepEeTBOPIOBAYA.

Icuyroul mpmimaam #  cucTeMn HEpPYHHIBHOTO KOHTPOIIO, IO Peali3yoTh
IMIIEIAaHCHUIT MeTOJT He BHKOPHCTAalOTh Bech o00ciar i1Hdopmalii, Mo Hece
1HpOpMaIIITHIIl CHTHAI, SK MPaBUIO MPO HASBHICTH Ae(EKTy B KOHTPOJIHLOBAHIN 30HI1
CYJSATH 110 3MIH1 JIUIII€ aMILNTYAN MPH IMIYJICHOMY 30y/DKEH1 Ta aMIUNITYau i ¢a3n

IpN HelepepBHOMY 30y/KeH1 mepeTBoproBaua. [le Hakiamae 1cTOTHe OOMEXKEHHS Ha
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OJIep>KaHHS JIIarHOCTHYHHUX IIapaMeTpiB, UYTIANBHUX [0 IESIKUX BHJIIB HeOE3MEeUHNX
e eKTIB 1 3HIDKY€E BIPOT1IHICTE KOHTPOJIIO.

OOrpyHTYBaHHS BHOOPY JAHOTO METOJYy aKyCTHUYHOTO HEPYIIHIBHOTO KOHTPOIIO
[OJISITa€ B TOMY, MO IMIEAAHCHUI METOJ JI03BOIISIE JIOCUTH TOYHO BHSBUTH MICIIE
3HAaXO/DKEHHS JegeKTy B 0OpaHOMY OO0’€KTI KOHTPOIIO IIOPIBHAHO HE3HAYHUX
pecypcax. [4]

[Ipu BUKOpHCTaHHI MOMEPEUYHNX XBHUIb EPETBOPIOBAY CTPIKHEBOTO THUITY (pHC.
1.7) wictuth 3'€IHaHWII 3 TEHEPATOPOM BHIPOMIHIOUNN Ta IpUIMaTLHUI
m'e3oereMeHTH. Uepes cyxuil TOYKOBHII KOHTAaKT HEPETBOPIOBAY 30Yy/Ky€ B BHPOOI
TapMOHIITHI KOMMBaHHA. Y 30H1 Ae(deKTy 3'€THaHHSA MOIYJIh MEXaHIYHOTO IMIIEJAHCY
3MEHIIYETHCS 1 3MIHIOEThCS HOTO apryMeHT ¢. 1[1 3MIHI peecTpYIOThCS €1eKTPOHHOIO
araparyporo. B iMmy1scHOMY BapiaHTI IBOTO METOJIy B CHUCTEMI IIEpETBOPIOBAY - BUPIO
30y/KYIOTh IMIYJIBCH BUIBHO-3racalounx KolmnBaHb. O3HaKo0 JeeKTy CIYyKUTh
3MEHIICHHS aMILTITY ! 1 9aCTOTH MUX KOJNBaHb. [5]

KpiM cywmimeHoro mepeTBOprOBada  3acTOCOBYIOTH  PO3JILTHHO-CYMINIEHI
[IepeTBOPIOBaYl, IO MAalOTh B 3araJlbHOMY KOPIYCl PO3JUIGHI BUIIPOMIHIOUHIT Ta
npuiiMansHMIl BiOpaTtopu. 111 mepeTBoproBadl mpaniTs B IMIYIECHOMY pexumi. [Ipn
poOOTI CYMIMIEHNMH MEePEeTBOPIOBaUYaMHl BHUKOPUCTOBYIOTH YacToTu 1o 8 kI,
PO3ILTFHO-CYMIIMMEHNMH - IMITYJICH 3 yacToTamu 15 ... 35 xI'm. [6]

B 1mmoMy BapiaHTl B KOHTpPOJILOBaHIM OararomapoBoi KOHCTPYKIL 3a
JIOMOMOTOI0 IIOCKOTO 11 €30IIepeTBOPIOBaUYa 30Y/KYIOTh II03/I0BJKHI HPYXKH1 XBIUTL
¢dikcoBanoi dactotu. JlepekTnm peecTpyroTh MO 3MIHI BXIJHOTO €IEKTPUYHOTO
IMIIeIaHCy 7. T €30MepeTBOPIOBava. IMIleaHC BHU3HAYAETHCS BXIJHUM AaKyCTUIHUM
IMIIEJTAaHCOM KOHTPOJBOBAaHOI KOHCTPYKIII, 3alekaTh B HAsABHOCTI Ta TJIHOWHI
3aIsraHHs AeeKTIB 3'€JHAHHSI MUK il eTeMeHTaMI. 3MIHI IMIIe/IAHCY TPEACTaBISIIOTE Y
BUTJISI/II TOUKN Ha KOMILUIEKCHIH IUTONMINHI, MOJIOXKEHHS SIKO1 3alIeKUTh B1J] XapaKTepy
nedpexkty. Ha BiAMIHY BIJ METOMIB, fAKI BUKOPHCTOBYIOTH IIOMEPEeYH1 XBHIII,

IEPETBOPIOBAY KOHTAKTYE 3 BUPOOOM Uepe3 map KOHTAKTHOI pIAVHA. [7]
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Puc.1.7. Cxema poOOTH IMIIETAHCHOTO METOAY KOHTpoiro (1 - remeparop; 2 -
BUIIPOMIHIOBAY; 3 - 00BEKT KOHTPOJIIO; 4 - MpUitMad; S5 -MJICILTIOBaY; 6 - OJIOK 00poOKNI

1HpopMaIIli 3 IHANKATOPOM)

1.5. IllTyyni HelipoHHI Mepe:Ki

CucreMn, mo ©0a3ylOThCAd Ha BUKOPHUCTAHHI INTYYHNX HEHPOHHUX Mepex
JIO3BOJISIFIOTE JIOCUTH YCHIITHO BUPIITYBATH 33/1a491 pO3I13HaBaHHSI 00pa3iB, Kiacuikamii
JTAaHIX, OMTHMI3aIIli ToImo. [§]

[ITyurnii HEHPOH € KOHIENTYaIFHOI MOS0 010I0T19HOTO Helipony, a IITHM
MOXXHAa BBaXKaTU €IEKTPOHHOK MOJEIUII0 CTPYKTYpU MO3KY, SKHH HABYAETHCA 3
JIOCB1Y. 3a JIOIMIOMOTO0 OJIOKIB HelfpoMepek MOXKYTh OyTH BHPIIIEHI IPOOIeMHU, KOTpl
HE MJIBIA/IH1 PO3B’A3aHHIO HASBHIMU KOMIT FOT€paMM.

CydacHl KOMIT I0TepH 3 apxXiTekpyToro ¢oH HeiiMana He MaroTh BIACTHBOCTEI],
KOTp1 Ma€ MOACHKUIT MO30K, a caMe:

® po3MoOjILICHE IIpeIcTaBIeHHS 1HPOpMaIIi 1 apaaelbHl 00UNCICHHS;
® 3/1aTHICTH HABUATHCH i y3araibHIOBATH;

® QallTUBHICTE,

® TOJIEPAHTHICTH JO HOMILIOK;

e edeKTUBHE €HeprocoXnuBaHHA. [9]
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Taka wmozens HEHPOHHNX MepeX, SK IMTYYHHH HeHpoH Mojemoe (yHKIT

npupoaHoro aHaiora (puc. 1.8).

G]—lpl-zvlei
[lopesmum ¥ =)
Mepemmm
= =<
" v
. Esvasnx
. Bxex x_ ofpotax
x Barx

Puc. 1.8. bazoBuil mry4Hnit HENPOH

BxiaH1 curHanm X, 3BajkeH1 BaroBuMH KoeiIlieHTaMH 3'€THaHHSA W, JTIOJAIOThCS,
IIPOXOATH uepe3 MepeaTHy (PYHKIII0, TEHEPYIOTh pe3yIbTaT 1 BUBOIATHCSA. Y MaKeTax
mporpaM, IO HasBHI HA JIAaHUII MOMEHT, INTYy4YH1 HEPOHU HA3MBAIOTHCS «elIeMEHTaMU
00pOoOKI» 1 MarlTh IIMPIIl MOXKJINBOCTI, HIif 0a30BUil MITYYHHII HEHPOH, OMICAHMII

Bumie. Ha prc. 1.9 300paxkeHa eranpHa cxema MITy9HOTo Helipony. [9]

& y=xmil cymaTopa IT epegar=i Gyrocoil
| T anmremr
0 Cynta rimep b omived
Mozamens o
Bz :.@ s Brxi
oxM ch . i HXIx
Moz
3 —p Ao Cimys

Posxrex mesqgames Ta
sana Fropyra ey

H anoame. s opom

Puc. 1.9. Mogaens "enemeHTy 00poOKH"

20



CurHamu 31 BXOJy MepeNarThcad Ha (YHKIIO CYMYBaHHS, SIKA CyYMY€ JTOOYTKU.
MoskHa oOpaTu AeKUIbKa PI3HHX OIepalliii, Takl SK yCepeJHEHHs, HalouIpIme ado
HaiiMeHIe 3HadeHHS, QyHKIL Ao, I Tomo. OkpiM TOro, OLIBNIICTE MPOrpaM JAIOTh
3MOTY 1HDKEHepaM CTBOPIOBAaTH BIacHI (QYHKINI 3a JOIMOMOIOK IMIIpOrpaM,
3aK0JIOBAaHIX B MOBI1 BHCOTO pIBHA. IHKOMH 710 QYHKIN CyMyBaHHS J0Ja€ThCcsA (QYHKIIA
aKTUBAIII /I OTIepYBaHHS B Yacl.

B Oyap-sixomy BHIAAKYy QYHKIT CYMYyBaHHS HAJICHUNIAIOThCA Yy IepelaTHY
(yHKIIO, MO COpSIMOBYE Bech psaa Ha mificHmit Buxig (0 ado 1, abo sAki-HEOYTH 1HII
3Ha4YeHHs1). B HajgBHNX HEHpPOHHHX MepeXax B SIKOCT1 IepeaaTHol (YHKIN MOXe
BICTYIAaTH CUTMOI/a, CHHYC, TIIIepOOTIYHIIT TAHT€HC Ta 1HIIII.

ITicns mportecy 06poOKN CUTHATY HEHPOH Ha BUXO/Il Ma€ pe3yJbTaT MepeIaTHOL
(dyHKII, SKAII TOCTymae Ha BXOAM HACTYIMHUX HEIHpoHIB a00 10 30BHINIHBOTO
3’€THAHHS, SIK 1€ Tepe10adeHo CTPYKTYPOrO HelipOHHOI Mepeski.

VY1 mTy4gH1 HepOHH1 Mepeskl KOHCTPYIOIOTECA 3 0a30BOTO OJIOKY (hOopMyBaHHS —
MTy9HOTO Helipony. HasBHI p13HOMaHITHOCTI Ta ()YHIaMEHTAIbHI BIIMIHHOCTI € TIOJIEM
JUIA TBOPUYOCT] PO3POOHMKIB TS peanizallli HeiifpoMepexx I BUPIMICHHS PI3HUX TUIIIB
3aBJaHb.

Ha pucynky 1.10 300pakeHa TUmoBa CTpYKTypa IITYYHUII HEHPOHHUX MEPEK.
[cHYIOTH Mepexi, B SKHM MICTUThCS IJIHAINE OJWH Imap ado HAaBITh OJUH EJIEMEHT.
Buiemnice 3ajau BUMAararTh SK MIHIMYM TpH THIN IIapiB: BX1JHUI, BHYTPIIIHIA Ta
BuxyqHuil. Ha map BX1IHIX HEHpOHIB MOCTYMAIOTh 3a3/aleryib IJITOTOBIICH] JaHl 3
BUX1THUX (aiimiB abo Oe3mocepeHRO 3 JaBadiB. Buxigamii map nepenae 1HopmaIiio
JI0 30BHINIHBOTO CEpPeIOBUINA a00 /10 BTOPUHHUX KOMII IOTEPHHUX IPOIIECIB Ta 1HIINX
IpUCTpoiB. MK MU JIBOMa MIapaMi MOKe OyTH HeoOMeKeHa KUIBKICTh IMPUXOBaHIX
BHYTPINIHIX ITapiB, MO MICTATH MEBHE YMNCJIO HEHPOHIB B 3aIEKHOCTI B1J] IIOCTaBICHOI
3amaul. BXxoam Ta BHUXOAM KOXKHOTO 3 BHYTPINIHIX IMApIB HEpeAaloTh 3HAUEHHS Ha

HacTymH1 HetipoHn. [10]
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Puc. 1.10. liarpama npocToi HelipOHHOI Mepex1

HampsiMok 3B’3Ky B1JT OJTHOTO HEHPOHY JI0 1HIIIOTO € OJHIM 3 OCHOBHIX aCIICKTIB
HEHpPOHHUX MepeX. Y OLIBIIOCTI 3 HUX HEHPOHH BHYTPIMIHHOTO MApy OTPUMYIOTH
CUTHAIH B1JI HEIPOHIB MOIEPEIHHOTO MIapy Ta, 3BUYAiiHO, B1J BXigHOTO mapy. Ilicmsa
IPOBEJICHHsS OIllepalriii 3 CHTHaJaMH, HEHpOHH TMepeJaroTh 3HAUeHHS BUXOAY [0
HACTYIHOTO MIapy, mo 3abesnedye nuiix nepemadl Buepes (feedforward) B HampsMky
BUXOJTY.

[Ipn BHUKOpPUCTaHHI 3BOPOTHROTO 3B’SI3KY, BHXIJ HEHPOHIB 3KEPOBYETHCS JO
nornepeaHporo mapy (puc 1.11).
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Puc. 1.11. HeiiporHa Mepeska 31 3BOPOTHIM 3B SI3KOM



HampsiMok muisaxy, SKUMH 3’ € THYIOTBCS HeHPOHN MK COOOI0 Ma€ 3HAUHUI BIUINB
Ha poOOTy Mepexi. buTbmIicTs mpodecioHaTPHUX IHCTPYMEHTIB PO3POOKHN MPOTrPaMHOTO
3a0€3MeYeHHs J03BOISIIOThH J10[laBaTU, BUIy4aTU Ta KEPYBAaTH 3B A3KaMH SIK 3aBTOJIHO.
I[lpnm kepyBaHHI TapaMeTpaMH, 3B SI3KH MOXKHa poOuTH 30y/KyrounMu ado

rareMyrounMi. [11]

1.6. HapuanHs MITYYHOI HeHPOHHOI MepeiKi

dynpameHTanbHa (QYHKINS MO3KYy — IIe 3JaTHICTh A0 HaB4aHHA. lleil mporec
MOXKE PO3IVISAATUCA SIK BU3HAUEHHS apXITEeKTypH HEHpPOHHOI Mepekl 1 HalalTyBaHHA
BariB CHHAIICIB /11 €()eKTHBHOI'0 BUKOHAHHS CIEI1aIbHIX 3a/1a4.

HeiipoHHa wMepeska HalTamITOBYE€ 3HAUEHHS BariB IO HABYAIBHINT MHOXHHI.
3MaTHICT, MEpeXl1 [0 HaBYaHHA Ha MPHKIagaX poOuTs ii OUThIl e(eKTHBHOIO B
MOPIBHAHHI 3 CHCTaMaMH, IO IMPaIOIOTh 3TIHO CHCTEMH BCTAHOBICHUX IPAaBII, IO
copMyIpOBaHI eKCIIEPTaMI.

JU1st Tak 3BAaHOTO HABYAHHS HEOOX1HO MAaTH MOJENh 30BHIIMHBOTO CEPEOBUINA, Y
SKII1 TIpaIroe HelflpoHHa Meperka Ta MOTp10Ha I BUPIMICHHA 3a/1a49l. TakoX HeoOX1THO
BH3HAYNTHU, AK MOJU(IKYBaTH BaroBl KOe(IIMIEHTH Mepexi. AITOpUTMOM HaBYaHHSI
Ha3UBA€ThCS TMpOIEAypa, B AKilf BHKOPHUCTOBYIOTH TMpaBIiIa HABUYAHHA A
HaJIaINTyBaHHS BariB.

€ Tpu 3arajibHl HmapaJurMH HABUAaHHSI: 3 BUHTeleM, Oe3 BUUTENIsA Ta 3MIIIAHA.
[lepma mapagnrma Ma€e y CBOEMY PO3IMOPSIKEHHI BCTAHOBJIECH1 3HAUEHHS BUXOJIIB HA
KOXK€H BXIJIHUII MacuB JaHUX. Baru BCTaHOBIIOIOTHCS TAKUM YHHOM, II00 Mepexa
BHIIaBajia BIAIIOBI/I K MOYKHA OMIDKY1 10 BIAOMUX 3a3fanerias. HaBuaHHs Oe3 BUnTens
He NoTpeOye BCTAHOBICHHS MPAaBUIBHIX BIAMOBIEN HAa KOXKHY HaBUallbHY BHOIpKY. B
JTAaHOMY BHIAJKY PO3KPUBAETHCA BHYTPINIHSA CTPYKTypa [JaHUX Ta KOPEISIs MIXK
3pa3kaMy HaB4ailbHOI MHOXHUHU. [le H03BOJs€ po3MOAUINTH J1aH1 Io KaTteropiax. [lpu
3MIIIAHOMY HAaBYaHHI YAacTHHA BariB BCTAHOBIIOETHCA 3a JOMOMOTOI HABYAHHA 13

BUHTECIICEM, a 1HIIIa BU3HAYAETRLCA 3a JAOIIOMOI'OKO CaAMOHABYAaHHA. [9]
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1.7. ApxiTeKTypH HEHPOHHHX Mepek
BnactuBocti IIIHM cmmpHO 3amekaTh BII i1 apxXITeKTypu. Haiioursmn
BHKOPHCTOBYBaHI1 apXiTekpypu (puc.1.12):
* a) OJHOIIAPOBA MEpPEe’ka — IO MPOCTIM O3HAKaM
* b) OararomrapoBa Meperka — K1acuQikaliis o CKJIaJJHIM O3HaKaM
* ) Mepeka 3 peKypeHTHIMH 3B 3KaMH Ha BX1ITHOMY IIapi — IpOCTa AIMHAMIKa
* d) Mepexxa 3 peKypeHTHHMH 3B SI3KaMH Ha MPUXOBAHOMY IIapl — CKJIAJHA

IUHAMIKA

a b

Puc. 1.12. ApxXiTeKTypu HEIIpOHHUX Mepex

1.8. AllropuT™M BHKOPHCTAHHS HeHPOHHHX Mepesk B HepYHHIBHOMY KOHTPOJIi

Anropurm:

1) IlpoBecTn KOHTPOIb AUITHOK CTAaHJApTHUX 3pa3KiB 3 BLIOMHUM JedeKTOM Ta 0e3
nedekTy

2) CtBoput BeKTOp 1HGOPMATHBHUX IMapaMeTpIB CHTHAMIB, OTPUMaHHUX 3
0e3nedexTHOl Ta 1e)eKTHOI IUITHOK

3) CtBopuTH HEHpPOHHY Mepexy, Ta B SKOCTI HAaBUAILHHUX BEKTOPIB BHKOPUCTATU
BEKTOPHU, PO3TIISHYTI B I1.2

4) JlocnimkeHHS BHUCHOBKIB HEIPOHHOI Mepekl IpOo HAsSBHICTE a00 BIJICYTHICTH

nedekTy
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1.9. Orasa icHyrYHAX MOOLILHHX CHCTEM, IO PpeaTi3yloTh iMmeaaHCHHUI
MeTO/l HepYHHIBHOI0 KOHTPO.JII0

[TapanensHO 3  pPO3BUTKOM  TEOPETHYHHX  IIJXOAIB Ta  IPOBEICHHIM
eKCIIEPIMEHTATFHIX JOCIKeHh pO3MIHpIOBaIaci HOMEHKIATypa TMPUIAjIB, SKI
0a3ylThCA HAa IMIYJIBCHOMY IMIIEJAHCHOMY METOA1 KOHTpoaro. OZHNM 13 MHEepImX
CepIIHNX MPUCTPOIB, MO MHIPOKO BUKOPHCTOBYBaBCS Ha mpakTuill, ctaB [AJ[-3, skmit
KOMIUIEKTYBaBCSl CYMINIEHIM IEPEeTBOPIOBaUYEeM Ta BHKOPUCTOBYBAB HeENEpEepBHUIT
pexuM 30yKeHHS KojuBaHb. PeamizoByBaB aMIUNTyAHUN Ta ¢azoBuil pexuMu
00poOKH 1HGOPMAIIITHOTO CUTHATY, 3a0e3Meuyloun BUBEIEHHS KOXKHOTO 3 MapaMeTpiB
Ha OKpeMHil 1HAUKATOpP. MOXIUBICTE DPETYyIIOBAaHHA YacTOTH  30Y/KEHHA
IEepPEeTBOPIOBaYa J03BOJSIa BHKOPHCTOBYBATH PE30HAHCHHII peXnM podoTH A
MIJBUINEHHS 9yTIUBOCTI KoHTpomro. Jledhekrtockon AJI-401 € amamoriuamMm IAJ[-3 3a
criocodoM 30y KeHHs, OJHAK JI0JJATKOBO J0 aMIUTITYAHOI Ma€ MOXINBICTh BUKOHYBATH
aMILTITYIHO-(a30By 00pOOKY CHUTHAIY.

Pexxum immynbcHOro 30ymKkeHHS OyB BHKOPHCTAaHUN B YHIBEPCATHLHOMY
nedekTockom OaraTomapoBux KOHCTpYKMiit AJ[-60C, skmit A03BOIISIE TPOBOIUTH
KOHTPOJIb 3a JOMOMOTOI0 IMIYJIFCHOTO BapilaHTa IMIIEJAHCHOTO METOAY Ta METOAY
BUIBHUX KOJMBaHb. [IpHUcTpiil peami3oByBaB aHATIOTOBY CIEKTPATbHY 0OpOOKY CUTHAITY
Ha OCHOBI HaOOpy peXeKTOpHHX QuUILTpIB. BigoOpakeHHA aMIUIITyId OKpeMUX
TapMOHIK B1JOYBAIOCS 3a IOIMOMOTOI0 Ta30pO3PSAIHIX TPYOOK.

Haiiou1e1 MomupeHNMH ChOTOIH1 € IeeKTOCKOIN, IO Peai3yIoTh IMITYIbCHUM
Bapl1aHT METOY.

VY T1abn. 1.1 HaBeaeHO MOPIBHAIBHMII aHAMI3 HAOUIBIN PO3MOBCIOKEHIX TUIIIB
Cy4JaCHHX IMIEJAaHCHUX Je(QEeKTOCKOIB pa3oM 13 pO3pOOJIEHOI B HCEPTaIliTHOMY

JIOCTI/DKEeHH1 CHCTEMOIO HEPYIHIBHOTO KOHTPOJIIO.
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Sk BUIHO 3 HaBeJeHO1 TAOINUIll, PO3MOBCIOKEHUMI JIIATHOCTUIHUMH O3HAKaMI,
IO 3aCTOCOBYIOTHCSI B CYYacCHUX IMIIEIAHCHUX Je(QeKTOCKONaX, € MIKOBAa aMILTITY/Ia,
(daza Ta OIIHKM, OTPUMaHI HAa OCHOB1 CIIEKTPAJIbHUX PO3KIAAIB 1H(QOpMaIiTHIX
curHamB. J[ms mopiBHSHO mpocTux mpuctpoie AJ[-42IM, IJI-91M ta I/[-910, mo
peami3yIoTh KOHTPOJIbR Ha OCHOBI aHAII3y aMIUITyAd 1HGOPMAIIITHOTO CHTHATY,
PINICHHS MPO HASABHICTE JIeQeKTy MPUIIMAEThCS V pa3l BUXOAY BUMIPSHOTO 3HAUCHHS 32
Me>K1, BCTAaHOBIICH] MPH IIEpBIHHOMY HaJamTyBaHHI Ipuctpor. [Ipmraan JJAMI-C09
Ta Bondmaster 1000e+ mg03BOISIOTE BUALIATH aMILNTYAy 1 a3y 1HopmaIiiiiHoTo
CUTHaIy NEepPETBOPIOBaYa, MPEACTABIAI0OYN PE3YIbTATH OIIIHKH Y BUTIIAIL rojgorpada. Y
TaKOMY BUIIQJIKy J1arHOCTHYHE PINICHHS MPUIMAETHCS MPU BUXOJ1 MapKepa 3a MEXl,
IO BIANOBLIAIOTE Oe3medekTHIl 00IacTi KOHTpPOM. B O03HaYeHHX BHIIAJIKaX,
BHACJIIJIOK MPOCTOTH IPEJICTaBICHHS OIIIHOK Ta OOMEXEHOI KUIBKOCTI 1H()OpMaTUBHUX
[IapaMeTpiB, HeMae MoTpeOn BUOOPy HaOUThII 1H()OPMATUBHUX J1aTHOCTUYHNX O3HAK.

Jnsa mpmiagiB, SK1 peam3yIoTh CHEKTpalbHy OOpOOKY, BaXKIMBHM €TarioM €
Iporieypa BHOOpY OKpeMUX TapMOHIK, 200 /1alla30HIB YaCTOT, Ha OCHOBI aHAJI3Y AKX
Oyae mpuilMaTHCs AlarHOCTHYHE pimeHHA. DakTHYHO aMILTITyJda KOXKHOI 00paHoi
CKTaJioBoi abo eHepria B oOOpaHOMY [lala30HI MOJKE€ BBaXKaTHCSA OKPEMOIO
JIIaTHOCTUYHOIO O3HAKOIO, IO, B CBOI YEPry, CTAaBUTh 3aBJIaHHS BHOOpPY HaNOLIBII
YyTINBHUX JIO MPOSBIB JAe(EKTIB, BIACTUBUX KOHTPOILOBAaHOMY KIIacy MaTeplaliB.

[Ipmnaan, mo BUKOPHUCTOBYIOTH OINIHKH CHEKTPATBHIX PO3KIAAIB IS MPUIHITTS
JMIaTHOCTUYHUX pIIIEHb, MAaKTh IMPOTpaMHI 3aco0H, IO JA03BOJSIOTH BHOUPATH
Jl1ara30HN 9acTOT a00 OKpeMl1 CKIQI0B1 K 1HGOPMATHBHI O3HAKN KOHTPOI. CHrHAIOM
IpO HaABHICTH JAedeKTy B IIbOMY BHIAJKy BBaXKaTUMEThCS BHXI1J 3HAYCHHSA
PO3paxOBaHOI OIHKU 3a MEX1, BCTAHOBJIEHI ONEpPAaTOPOM Y MpoIecl MEPBUHHOTO
HaJaITyBaHHA.

B sIKOCT1 OINIHKM CHEKTPAIbHUX PO3KIAAIB B CYyUacHHX e(eKTOCKOImaX MOXYTh
BUKOPHCTOBYBATUCS: €HEPrisA, JOKAIbHHUII MakCHUMyM a0o0 JOKadbHHUII MIHIMYyM B
obOpaniit momoci wactoT (AJ[-60K), cyma MOIyIIB PI3HHUIN aMIUIITY]] IMIOTOYHOTO Ta
eTamoHHOro crekTpiB (AJl-701), okpemi cymu CKIaJOBHX PI3HHUII aMILIITY,I IOTOYHOTO

Ta €TAJTOHHOTO CIEKTPIB, IO MAaIOTh BEINUNHY OuUThIIe ado meHmre HyIaI (AJl-64M).
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Bubip rapmMoHik, Ha OCHOBI SIKHX IPOBOJUTHCS KOHTPOJIb, IIOKIIAIA€THCS HA OMEepaTopa,
KU TUIIXOM BI3yaldbHOTO MHOPIBHAHHS CIIEKTPIB, OTPUMAHUX 3 JOOPOSKICHOI Ta
nedexkTHOi 30H KOHTPOIHOBAHOTO BHpPOOY abo CTaHAApPTHOTO 3pa3Ka, CaMOCTIIHO
pOOHUTH BHUCHOBOK I0/I0 1H(GOPMATHBHOCTI O3HaK. IIpm mboMy KOJIeH 3 HaBeJACHUX
IPIUIA/IB HE Ma€ y CBOEMY CKIaJll MOJAYJIIB HMpOrpaMHOr0 3a0e3mnedeHHs ado I1HINX
3aco01B, AK1 O JJaBaal MOKIHUBICTH OOTPYHTOBAHOTO aBTOMAaTUYHOTO BHOOPY TapMOHIK
Ha OCHOBI aHAMI3y iX CTAaTHUCTHYHHX XapaKTEPHCTHK Ta PO3PAaXyHKY MOKA3HUKIB, IO
B1IOOpaKaroTh BEJINUNHY BIUIUBY JIedeKTy Ha 00paHy 1HPOPMATUBHY O3HAKY.

Bubip OpakyBaapHOro mnopora BHKOHYETHCSA OIEPATOPOM 3TITHO METOUKHI
KOHTPOITIO IMUISIXOM HaJamITyBaHHS JeeKTocKoma Ha MOJIeTAX Ae(deKTiB, BIITBOPEHNIX
Ha CTaHAAPTHUX 3pa3kaX, JeQeKTHUX a0o 0e3aedeKTHHX IUITHKaX KOHTPOIHOBAHOTO
BHpoOY. BuTbIIICTh 1€)eKTOCKOIMIB peali3yioTh IIPoIeyPy PYYHOTO HAIAMITyBaHHA, V
IPOIIEC] SIKOI OMepaTop BCTAHOBIIOE OPAaKyBalbHUII PIBEHb, OPIEHTYIOUNUCH HA BIIEBHEHE
BISIBIICHHA JIeeKTy Ta 3MEHIICHHS CIIPAIIOBaHb ¥ O0e3/1eeKTHII 001acTi.

ABTOMaTHYHE HANAMMTYBaHHS 3acTOCOBYeThCS B Aedektockomax JJAMI-C09 Ta
[J1-910. V¥V nepmomMy mnpuctpoi NUIIXOM IIEpPEMINICHHs IepeTBOpIOBaYa IO
O0e3nedexTHIIT o0macTi Ha rogorpadl GopMyeThes 30HA, BUXIT MapKepa 3a MeXl1 SKOi
IpU3BOANUTE 10 (OpMyBaHHS CHTHAIy NOpo HasgBHICTE aedekty. [J[-910 peamsye
ABTOMATHYHE HaJAMTyBaHHA [UISIXOM aHaTI3y pIBHSA CUTHATY, OTPUMAHOTO MpHU
CKaHyBaHHI 0e371e(PeKTHOT 30HH HMPOTITOM 3 — 5 CeKyH]I.

B 000x 3 HaBeJeHHX BHUIAJKIB OpaKyBadbHIII PIBEeHh BH3HAYAETHCSI HAa OCHOBI
ycepeqHEHUX JaHUX 0e3 ypaxyBaHHs MOXNOOK MEPINOoro Ta IPyroro poay, a Takoxk 0e3
XapaKTEepUCTHK 3aKOHY PO3MOAUTy 1HGOpMaTHBHOIO mapaMmeTpa. Kpim Toro, B mporiect
HaJAIITYBaHHA HE MPOBOJUTHCS PO3PAXYHOK JTOCTOBIPHOCTI BHUSBIEHHA JIe(eKTy, Io
MOK€ BIIPIZHATHCS, 3aJI€KHO B1J] 0OpaHUX IMapaMeTpIB HAJTAMTyBaHHA Je()EeKTOCKOIa,
THIy TepeTBOproBaua Ta 1H(GOPMATHBHOIO IMapaMeTpa, 3a SKUM BIIOYBa€ThCS
OPUITHATTS 11aTHOCTUYHOTO PIIIIEHHS.

Jlecpexmockon axycmuunuii A/]-42UIl(puc. 1.13). llpunag BupoOmsetecas HBO
«Cnextp», Mocksa. Jlaanii 1edeKTOCKON BIAHOCUTHCS JI0 3aC001B BHSBICHHA JAc()EKTIB

Ta l'[pHBHEl‘IeHHﬁZ
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» i BHUABIEeHHA JAedekTiB 3’€qHaHb (B OCHOBHOMY KJIEHOBHX) MIXK
eleMeHTaMn OaratomapoBux KoOHCTpykmiii 3 IIKM Ta wmertamB, mo
3aCTOCOBYIOTBHCA YV PI3HHIT MOETHAHHIX

» JUIS BUSBJICHHS pO3MIapyBaHb, MOPOYKHUH, Ta CTOPOHHIX BKIIOUEHH B
MapyBaTHX ILIACTHKAX

MarepianraMn 30BHINIHIX €IeMEHTIB (OOMMBOK) KOHTPOIHLOBAHUX KOHCTPYKITIH
MOXYTh OyTH MeETalH, CKJIO-, OpTaHO- Ta BYTJIEIUIACTHKU, MOJIIMEPHI apMOBaH1 Ta
HEeapMOBaH1 MOKPUTTSA. MarepianaMu BHYTPINIHIX €IE€MEHTIB MOXXYTh OYTH MeTalu,
IIOJIIMEpPH1 MaTeplaid, CTUIFPHHUKOB1 3allOBHIOBAYl 3 METAlIB Ta HEMETAallB, >XOPCTKI
niHomacTu. KoHTponk B1AOYBAEThCA NPU OJHOCTOPOHHHOMY JIOCTYIL IO CYXUM
IIOBEPXHIM BHpPOOIB 0e€3 3acTOCyBaHHA KOHTAakTHHX cywmimeil. JlepekTockom wmae
MIKPOIIPOIIECOPHY CHCTEMY 300py, 30epekeHHS Ta OOpOOKM JaHHX. XapaKTepPHOIO
0COOMMBICTIO JIeeKTOCKOIY € MOXKIHUBICTH BioOpaxkeHHS curHany Ha PK ekpani. B
KOMIUTIEKT CHCTEMH BXOJIATh HACTYIHI IIEPETBOPIOBAYL:

» TIA-4C — cyMmimeHuii, 3 OJHUM CKJI3JeHIMH BIOpAaTOPOM,IO BKIIOUYAE B
ce0e BUIMPOMIHIOIOUMIT Ta MPUIIMAIOYNIl I’ €30€JIeMEHT Ta Ma€ OJHY 30HY
KOHTaKTy 3 OK.

» TIA-5P, ITA-7P — po3moLTeHO-CYMIIIEH] IIepeTBOPIOBaYl, MO MICTATH 110
JIBa aKyCTUYHO Ta EJIeKTPUYHO 130JbOBaHI BIOpaTopu OJMH 3 SKHX
OpU3HAUEeHNIl JUIsI BUIIPOMIHEHHS, a JPYTUil I NpPUIlOMY KOIHUBaHb.
IlepeTBoproBaul BIAPI3HAIOTECA JOBXKHUHOK BIOpAaTOpIB Ta BJIACHIMU

pOﬁO‘IHMH JacToTaMI.

Puc 1.13 3oBuimmH1iT Burmsan nedexrockorry AJ[-42 UII
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Y  skocTi 1HGOPMATHBHOTO IApaMeTpy KOHTPOIO  BHKOPUCTOBYETHCS
CHeKTpallbHAa IMUIBHICTh MOTYKHOCT1 CHTHAIIy B 30HI HABKOJIO PE30HAHCHOI YaCTOTH
nepeTBoproBada. B mpollecl KOHTpPOII BIIOYBA€ThCS MOPIBHAHHS CHEKTPATbHIX
IUTLHOCTEI CUTHAMIB B JIeeKTHIII Ta Oe3/1e)eKTHIil 30HaxX.

Jledpexmockon axycmuunuti A/[-64M. Tlpunag BupoOnserbcss HBII «Crektp»
JledekTockon BITHOCUTRCA 10 3aC001B BUSBICHHS Je(PEKTIB Ta MpPHN3HAUCHUII:

» I BUABIEHHS JeQeKTIB 3’€AHaHb (B OCHOBHOMY KIEHOBHX) MIXK
eleMeHTaMH OaratomapoBux KoOHCTpykmiid 3 IIKM Ta wmetamBs, Imo
3aCTOCOBYIOTHCA Y P13HHIT MOETHAHHAX

» NI BUSABICHHS pO3IIApyBaHb, MOPOXXHUH, Ta CTOPOHHIX BKIIOUEHb B
IMapyBaTUX IIACTHKAX

IIpmtag 103BosIsie KOHTPOIIOBATH IMIMPOKMIA J1alla30H MaTeplamiB: Bl CTaill 0
MIHOILTACTy 1 B TOMY YHCITI KOHCTPYKIII 13 M SKHMH BHYTPINIHIMH Ta 30BHIITHIMHI
€JIeMEHTaMI.

B nedextockomi peamizoBaHO IBa METOAH AaKyCTHYHOTO HU3HKOYACTOTHOTO
KOHTPOITIO: JIOKAJIbHUII METO/I BUIPHUX KOJNBAaHb Ta IMITYyJIHCHUIN IMIEAAHCHUI METO/I.
KoHTpons npoBOIUTHCS MPU OTHOCTOPOHHKOMY JOCTYII 0€3 3aCTOCYBaHHSA KOHTAKTHOL
piamaN. OCOOMUBICTIO cHCTeMH € il peamizaris Ha 6a31 mooutsHOro I1K. B KOoMITIEKTI
IIPHCYTHI JIBA IIEPETBOPIOBAYL:

» TIC-1 — mixkpodoHHUIT TIEPETBOPIOBAY MO BUKOPHUCTOBYETHCS TP
KOHTPOJ1 32 JOTIOMOTOI0 METO/Ty BUILHIX KOIIMBaHb

» TIN-1— po3noauteHo-CyMIMEeHNiT IMIIeJaHCHII ITIepeTBOPIOBAY

[IpuitHATTS plIeHHS OpO HAABHICTH Je(EeKTy BHUKOHYETHCS Ha OCHOBI
HNOPIBHAHHSA CHEKTPATbHUX NIUTPHOCTEN Ta CHEKTpadbHUX HIUTPHOCTEH MHOTYXKHOCTI
curHamiB 13 Oe3gedexTHOl Ta AedekTHOI 30H. B sSKOCT1 1HGDOPMATHBHOrO MapamMerpy
BHUKOPHCTOBY€ETHCS aMILIITY/]a CKIIAIOBUX PI3HUIIEBOTO CHEKTPY CUTHATIB.

Axcmuynuii oegpexmockon HJ[-401(puc 1.14). Tlpmnag sBupoOmserscs HBII
«KoHTponp, m3MepeHne auarHocTnka», MockBa. JaHmil nedextockon mpusHayeHUit

JUISl BUSIBJICHHS JIOKAJBHHUX pO3MIApyBaHb Ta IOPYIIEHb CYIIUIBHOCTI CTPYKTYpH B
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OaraTomapoBHUX KIEEHHX KOHCTPYKISI Ta I1HMUX BHpoOaX BUKOHAHUX 13
KOMITO3HITIIHIX MaTeplaiB, IO BUKOPHUCTOBYIOTHCA B aBlaOyayBaHHI, KopaOle- Ta
MammuHOOYyIyBaHHI. MiHIManpHa IUIoma JAedeKkTy, Imo Moke OYTH BHSIBICHIHIT
CTAaHOBHTH 1,2 cM° B CHOpPHATIMBHX yMOBaX (HANPUKTA[A, WiJ OOINMMBKOI 13
CKJIOILTACTUKA TOBIMIHOIO 0,5 MM IPHKIEEHOTO JI0 5KOPCTOKOI OCHOBH).

IIpucpiii KOMILTEKTYeThCS aBoMma IeperBoproBauamu: [IM-101 — posmoauteHo
cymimennii Ta [IM-102 cymimennii. [IN-101 npu3sadeHuii a7 BUABICHHS Je(EKTIB
THIY «HETPOKJIEI» Ta «pO3MapyBaHHI»: B METAITYHNX KOHCTPYKILIX — 0.5 2,0 MM, B
KOHCTpYKILIX 13 IIKM — 0,15 — 8,0 mm. IIM-102 npusHaueHnii i BUSBICHHS
nedekTiB 3a3HaYeHNX THIIIB Ha BIJIHOCHO MainX TIMOMHAX 3aATaHHS: B METaTIYHIX
KOHCTPYKILIX 0,5 — 1,5 MM, B koHCTpYKIIX 3 ITKM 0,15 — 3,0 MM, a TakoX KOHTPOII1
KPUBOJIHIITHUX MOBEPXOHh 3 MalINMU pajlycaMH KPHUBH3HH: BUIYKINX > 6 MM Ta

YBITHYTHX <20 MM

Puc 1.14 3oBaimHIiT Burian aedexrockomy MJ1-401

[HdopMaTHBHIM ITapaMeTpOM KOHTPOIIO € PIBEHb aMIUTITY Al CUTHAIY, TOPOTH
CIPAITIOBAaHHA SIKOI'O BCTAHOBIIOTHCS BUXOSYN 13 3HAUEHb OTPIMAHNX Ha JepekTHIil Ta

Oe3nedeKTHII JUITHKAX BIPOOY.

Axyemuunuti 0egpexmockon AJ[-701(puc 1.15). llpunan BupoOmserscs HBII
«KoHTpons, m3MepeHnne, quarHoctuka» Mocksa. /[aHniT HU3bKOYaCTOTHHUI aKyCTIHYHUI

nedexTocn mpu3HaYeHuil 11 HEPYHHIBHOTO KOHTPOIIO 0aratormapoBUX KOHCTPYKIILT
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Ta BHPOOIB 13 MAapyBaTHUX IUIACTHKIB. BiH 3a0e3meuye BUABICHHA Je(EKTIB IIEpPEeBaXKHO
KIeOBUX 3’€lHAaHh MDK eJeMeHTaMH OaratomapoBux KoHCTpykmiii 13 IIKM, Ta
METaTiB y PI3HUX MO€JaHHAX Ta TaKOXK pO3MApyBaHbh NIAPYBaTHX ILTACTHKAX.
Jledexrockon peamizye npa metonau HK: mokampHHiT MeToJ BUIBHHX KOJIUBAaHB Ta
IMITYJIBCHHAM  IMITEIAHCHUIT METOJl 13 BHKOPHUCTAaHHAM pPO3IMOJLICHO CYMIIEHOTO
nepeTBOproBada. B KOMILIEKT BXO/ATH JBA TUIIH NEPBUHHNX II€PETBOPIOBAYIB:
» PosmoauieHo-cyMIIMeHUi 1MITeTaHcHUI nepeTBoproBayd [1N-101;
» IleperBoproBau [IC-101 3 ymapauM BIOpaTopoM Ta eJIEKTPETHHM
MIKpO(OHOM JISI METOy BUIBHIX KOJINBAHB;
MinimMansHa mioma aedexTy, mo Moxe OyTU BUSABICHUI Y COPUATINBUX YMOBaX
CTAaHOBUTH 1,2 oM’

B pexnmi «CrnexkTp» B SIKOCT1 1H(GOPMATUBHOTO MAapaMeTpPy BHKOPHCTOBYETHCSA
aMILTITya TapMOHIK BHAUICHOI AUISHKHA PI3HUIIEBOTO CIIEKTPY MDK €TaJOHHHM Ta
OTOYHUM crneKkTpaMu. CUTHaII3aIisd Ipo HasABHICTH Ae(EeKTy MOXKe OyTH BUK/IMKaHA
IIEPEeBUIIEHHSIM IOPOTY OyIb SKOI a0o IMIne BHOpaHUMHI TapMoHIKamMu. Haiiouismt
1HQOpPMAaTUBHI TapMOHIKa BHJUIIIOTECA OINEPAaTOPOM CaMOCTIITHO Ha OCHOBI
MIOPIBHSUILHOTO aHAII3Y CIIEKTPIB.

B pexxumi «Caigy 3a 1HGopMaTUBHUI ITapaMeTp NpUIIMAEThCS CyMa IO MOTY IO

PI3HUIIEBOTO CHEKTPY.

Puc 1.15 3oBa1mHIiT Buriaa aedexrockomy AJl-701

Axyemuunuti imneoaucHuil oegpexkmockon HJ[-91M (puc.1.16). Jlanmii mpmiaj

BupoOngetecs HBII AKA-Kontpom, Mockpa. JlepekTockonm mnpu3HAdeHHH I
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BUSIBJICHHS JIOKAIBHUX PpO3MIApyBaHh Ta TMOPYHIEHh BHYTPINIHBOI CTPYKTYpHU
OaraTomapoBUX KIEHHUX KOHCTPYKIIH Yy T.4 31 CTUIbHUKOBHM 3allOBHIOBAueM, IO
3aCTOCOBYIOTECS B CyYacHOMY aBlaOyayBaHHI. B mpumaml peamdizoBaHO IMITYJILCHHI
IMITeTAaHCHUIT MeToJl KOoHTpomw. ['mubunHa 3amsaraHHs nedekTiB, IO BUSBIAIOTHCA 32
JIOIIOMOT OO MPUCTPOIO:

B KOHCTPYKIIAX 13 amoMiHIEBUX cIaBiB 0,5 — 7 MM

B xoncTpykmisax 13 ITIKM — 0,15 — 3,0 mm

MiximMansHAIT po3mip AedeKTIB, Mo MOXYTh OyTn BusaBieH1 B [IKM cymimennm
IEPETBOPIOBAaYEM — S5 MM, pO3MOAUICHO-CYMINIEHNM HEPETBOPIOBAYEM & MM.
JledexTockon Mae peectpamiitauii ceptudikat deaepanpHoi aBiamiifHoi cayxom Pocii
Ne 89-09-99. Ha choroiHINTHINA AeHbh BUKOPHCTOBYETHCA YV K poOOUMil 3aC10 KOHTPOIIIO
kommosniiitHnX MarepiamiB Ha AHTK «AntoHOB». CTagapTHa KOMIUISKTAIILA
BKJIIOYA€E CYMINIEHHIT Ta PO3IOILICHO-CYMIMEHII ITIepeTBOPIOBAYL.

VYV skocTl 1HGOPMATHBHOTO IapaMeTPy BUKOPHCTOBYETHCSA aMILIITYJa BX1THOTO
CUTHAIy MPOIOPINIHY MOJYIH MEXaHIYHOTO IMIIE/IaHCY KOHTPOIHOBAHOI 30HMU.
3HavueHHS aMIUNITYAU BHUBOJUTHCA HA I1HANKATOp HA NEpeAHill HaHeIl MpIiIaay
nporpaayiioBannii B MKA. ITopir crpairoBadHHsa CUTHATI3AI MOCTIITHMI, Ta CTAHOBUTH
60 wmKa. HamamrtyBaHHS [Ie(QeKTOCKONMY MPOBOAUTHECS MUIAXOM BCTAaHOBJICHHS
ONEPEAHHOTO MIJICHIEHHS TaKIM YHHOM, MO0 MOKa3Mu 1HIUKATOPY IpPH CKAaHyBaHHI
oe3nedextrol 300 cranoBunn 70-75 MxA (PCII) ado 75 — 80 MkA (CII) micus goro

IIepEeBIPAETHCS AKICTh BISBICHHS IMITAIM1i JepEeKTIB Ha CTaHIApTHHX 3pa3Kax.

Puc 1.16 3oBHimm1i Burmig aedexrockorry UJ[-91M
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Axyemuunuti  iMmneoancHuti  Oegpekmockon  HJ[-910 (puc.1.17). Tlpmnax
pupobmsieteest HBII AKA-Kontpon, Mocksa. JledekTockon mpuU3HAYSHHIT 1A
HEPYITHIBHOTO KOHTPOIIO OaraTomapoBUX KileeHHX KoHCTpykiil 3 ITKM, BusBieHHA
JOKAJbHUX pO3MIapyBaHb Ta MOPYMIEHH CyHUIbHOCTI. [lpuman peamizye iMIyiabCcHHIT
IMITETAaHCHUIT MEeTOJI KOHTPOII0. XapaKTEPHOK OCOONMBICTIO € 1HTErpaIis B OJHOMY
KOpITyCl eJIeKTPOHHOTO OJNOKy Je(eKTOCKOIly Ta CYMINIEHOTO IMIIEJaHCHOTO
nepeTBOproBava. Po3mojilIeHO-CyMINeHniI TMepeTBOPIOBAaY  IMIKIIOUAETHECS  OKPEMO.
I'mnbuna 3amarasss aedeKTiB, MO MOXKYTh OYTH BHSBJICH] Y COPUATINBUX YMOBAX:

» B KOHCTpPYKITISIX 3 amroMiHIEBHX cIuiaBiB 0,5 — 2,0 MM
» B xoHcTpykIsx 3 [TIKM 0,15 — 8,0 Mm
[adopmaTuBHIM IMMapaMeTpoM IIpU KOHTPOIl € PIBEHb aMILTITYAN CHUTHATY, IO
IIPOXOIUTE Yepe3 MUPPpoBHil GLILTP PEXKUM, POOOTH SKOTO BUOMPAETHCS B 3aJI€KHOCTI
BII MOJYJIA TpPYKHOCT1 MaTepiany: «Hard» - mma sxopcTkux, «Softy - mii M AKuX.
HamamrryBanHsl mpuiagy BUKOHYETHCS B PYYHOMY Ta aBTOMATHYHOMY pEKHMax IO
OesmedexTHii Ta gedekTHII 30HaX. [Ipm  aBTOMAaTHYHOMY  HalamITyBaHHI
BCTAHOBIIOEThCS  (piIKCOBaHUIT MOpIr, MICAS YOro BHKOHYETHhCSH CKAHYBaHHA
0e3nedekTHOl 30HH BHPOOY ad0 CTaHAApTHOTO 3pa3ka. B pydHOMY —BCTaHOBIIOETHCSA
MIHIMAJIBHUI MOPIT CIpaNOBaHHSI MpH CKaHYBaHHI JAe(eKTHOI 00acTl CTaHIapTHOTO

3pa3ka abo BiamoBiaHOI 30HI OK.

Puc 1.17 3oBaimHIi Burian aedekrockomy UJ1-910
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Axycmuunuti oegpexkmockon yHieepcaivHoco npusHadenHs A/[-60K (puc 1.18).
IIpunag BuUpoOIAETECS HAYKOBO-BUPOOHUYNM IIEHTPOM HEPYHHIBHOTO KOHTPOIIIO
«Kponyc» Ta npu3HadeHUi Uil KOHTPOJI KOMITO3UINIHHAX Ta 1HIMUX MaTeplaiB s
SAKUX XapaKTePHIM € BUCOKE 3aTyXaHHS 30H/IyI0OUOro CUTHaANY. BiH J03BOJIs€ BUSBISTH
HEeIPOKIIel, po3MapyBaHHsa, BHYTPIIHI JedeKTH CTPYKTypu 1 T.i1 1 T.A. JledekTrockon
peamsye IMITYJIbCHUI BaplaHT IMIIEJAHCHOTO METOJy Ta KOHTPOIb METOJIOM BUILHHX
KOJIUBAaHb 1 TO3MIIIOHYETHCS SK CYMICHHIT 3 OyJIb SKUM TOIOM YAapHOTro (fK
MIKpO(OHHIM TakK 1 IT’€30€IEKTPUYHNM) Ta IMIIEJAHCHOTO (CYMINICHUH, PO3MOALICHO-

CYMIIIIEHNIT) TIEPEeTBOPIOBAYA.

Puc 1.18 3oBaimmHI1il Buriig aedexrockomy AJ[-60K

[IpuitHATTS J1aTHOCTHYHUX PpIIEHb 0a3yeThcs Ha CHEKTpalbHIA 00poOI
1H(QOPMAIIIITHOTO CUTHATY 13 BUKOPICTAHHSA MONEpeaHbOI I POoBOi 00POOKH y BUTTISAL
BlkHa XaMMiHTra. Y SKOCT1 1H(QOPMAaTUBHUX IIapaMeTPIB BUKOPHCTOBYETHCS PIBEHB
CKJIAJIOBUX BHOpaHHX AUISHOK crekTpy. DyHKIIOHAT NPIUIaAy 03BOJIsE€ BCTAHOBUTU
HE3alIeXKH1 OJUH B OJIHOTO MOPOTOB1 3HAUYEeHHS B YOTHPHOX YACTOTHHUX OOJACTAX 32
SKAMU B1IOYBA€THCS CIPAIIOBAHHS CUTHAII3AIII PO HAABHICTE AedekTy. B 3amexHoCTI
Bl METOANKH KOHTPOJIIO CHTHAII3aTop MOKe OyTH HaJamToBaHUI Ha (Qikcarliro
MOMEHTY IE€PEBUINEHHS a00 HEeIOCSIKHOCT1 MOPOTY.

Vuisepcanvnuii oegpexmockon xomnosuyitinux mamepianie JJAMH-CO09. Tlpunan
BHpOOIIAeThCA Tpymoro kKommaHiii BOTYM, Mocksa. JledekTockon peani3ye HACTYITHI
METOAN KOHTPOIIIO:

» IMITYJIBCHUI BaplaHT IMIIEJAHCHOTO METOTY
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» BHXPOCTPYMOBMIA;
» yIapHUii MeTo]1 (TOKaJIbHUI METO/T BUIBHUX KOJIIBAHB).
JleexTockom 103BOIISIE MPOBOUTU KOHTPOJIE:
» IllapyBaTi KOHCTPYKIII 3 HEMETallYHHX MaTepialaiB (BYIJIEIIACTHKIB,

CKIIOILTAaCTUKIB, TEKCTOITIB)

Y

CTUIPHIKOB1 KOHCTPYKINI 3 HEMETAaTYHIMHI OOIMMBKAMHI Ta COTaMH 3
IIOJI1aM1THOTO TMarepy Ta IHIMHX MaTeplaiB
» CTUIBHHKOB1 KOHCTPYKIi 3 METalldHUMH oOmmuBKamMu (B T.4. 3
nepdopariero)
» KoHCTpyKIii 3 pi13HOMaHITHIMHA 3aIIOBHIOBAaYaMI
» IllapyBaTi Kj1e€H1 KOHCTPYKITI (2-X, 3-X 4-X mapoBi)
» I'pyOl CTUILHHKOBI Ta IHII CTPYKTYPH 3 IIOBEPXHAMH 3 PETYJIAPHOIO
3MIHOKO 200 3MIHHOIO TOBIIITHOIO

YMOBHa UyTIUBICTH JePEKTOCKOITY, TOOTO MOMKIHNBICTH BHUSABICHHSA NE(DEKTIB Y
BIJIMOBIHOMY CTaHJAAPTHOMY 3pa3Ky Ul IMIEJAHCHOI'O METOAY CTAaHOBUTH 12 MM Ha
12 mwm.

XapaKTepHOI0 OCOOMMBICTIO MPIUIAAY € peanizamis ioro (yHKMmI y BHUIIL
IIAKETIB MMPOrPaMHOr0 3a0e3NedeHHs, K1 MOKYTh OyTH BCTAaHOBIICHI Ha JAe()EKTOCKOIL,
BHJIANIEH1 200 OHOBJIEHI KOPUCTYBadeM caMocTiifHO. [lo 3aMOBYYBaHHIO B CTaHIapTHIIt
KOMIUTEKTaIlll MpucyTHI Tpu mnaketn: «IMmmemancHuit aedekTockom», «¥YaapHuUi
nedektockom» Ta «BuxpocTpymoBuii medekTockom», aine oOMekeH1 3a KUIBKICTIO
3aITy CKIB.

B pexmMi IMITy I5CHOTO IMIIEJAHCHOTO JIe(EeKTOCKOITY MPUCTPIil JO3BOIISIE:

» BUKOHYBaTH KOHTPOIIb KOMIIO3WIIIMHUX CTPYKTYp Ha HAsSBHICTh HE
MPOKJIEI0, PO3IIApyBaHb, 30H aHOMAILHOI IIUTFHOCTI Ta 1H..

» BUKOPHCTOBYBAaTH JUIsi TPOBEJEHHSA KOHTPOIIO IEPETBOPIOBaYI
cymimennii  [TAJ[M-8-02 Ta posmoauvieHo cymimennii PC-1-02
IIepeTBOPIOBAY1

» OTPUMYBaTHU JIBOBHMIpPHI 300pakeHHA BUABIeHUX JedekTiB (C-ckaH)
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VY sgxocTi 1HGOPMATHBHHUX IMapaMeTPIB KOHTPOIIO BHKOPHCTOBYIOTHCA aMILIITY/Ia
Ta ¢a3a 1HGOpMAIIITHOTO CHTHATY IlepeTBOproBada. KOHTpons Ta NpUHHATTA
JIaTHOCTHYHUX PINIeHb MPOBOJNUTHECS B JABOX peknmax. [lepmmiii — mpeacTaBieHHS
PE3YIBTYIOUOT0 MapKepy Y BUTTISAAI TOYKH Ha KOMIUIEKCHINH TIUIONMINHI, MO BKIIOYAE B
ceOe ammmiTyny Ta a3y cUrHaTy, Apyruii — aHam3 (a3u mpeAcTaBIeHNH Yy BUTTIIAL
HaxXWJIy BEKTOPY Ha KpyroBiii miarpami. [lepBmHHe HaTamMTyBaHHA B1I0YBa€ThCS
HACTYIIHIM YHHOM: Ha TEpIIoMYy eTall TIepeTBOPIOBaY BCTAaHOBIIOETHCA Ha
oesnedextHiil aurtHIl OK abo crampgapTHOrO 3pa3ka IMICIA YOTO 3alaM SITOBYETHCS
IIOTOYHE 3HAUCHHS IapaMeTpy, Jajll BUKOHYETHCS CKaHyBaHHA Oe3led)eKTHOI 00IacTi,
JUTSL TOTO, OO OKPECIIUTH 0071aCTh MOXKIMBOL 3MIHI TTapaMeTpy .

JllarHOCTUYHE PpINIEHHS TMPHUIIMAEThCS Y BHIAJKY BUXOJY KOHTPOIHOBAHOTO

IapaMeTpy 3a BCTAHOBIICHI B IMpOIleCl HAJAMTYyBaHHS MeXI1 rogorpady ado Kpyroroi

Jllarpamim.

BucHoBkH

VY nma"Homy po3auil OyIo IMPOBEICHO aHall3 00 €KTY KOHTPOIIO0 — KOMITO3HUITIITHIX
MarepianiB. Bu3HadeH1 Haitouteim TumoBl aedektu. IlpoBeneHo aHami3 aKyCTUYHOTO
HEPYITHIBHOTO KOHTPOIIO Ta iforo meToiB. Takok OyIIo HmpOBEAEHO OIS 1CHYROUNIX
OpPIIQIIB Ta CHCTEM, B SKHX peali30BaHO JaHmil MeToa sl JedeKTOCKOMIi
KOMITO3HUITIIHHNX MarepiaiiB. I3 ycIX BHIMEPO3TIIHYTUX METOMIB, IMIICJIAaHCHHII €
HaOLTBIN ONTUMANBHUM. BiH J03BOJS€ JOCUTH TOYHO BUSIBUTH MICIE 3HAXOKEHHSA
nedekTy B 00paHOMy 00’ €KT1 KOHTPOJIIO MPH MOPIBHIHO HE3HAUYHNX pecypcax.

3a paxyHOK BHKOPHCTAHHS METOJ(IB MAaIMHHOTO HAaBYaHHA, [1aHUil MeToJ
KOHTPOJIIO Ja€ 3MOTY TOUYHO Ta €(eKTUBHO BIIUIATH J1arHOCTUYHI O3HAaKU B 00’ €KTax

KOHTPOJIIO, HE 3aJI€)KHO B PIBHS MITOTOBKH CIICI[IATICTA.
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2. AKyCTHYHUH IMIIeJAHCHU MeTO KOHTPOJII0

2.1. IMmnyJabcHHAH BapiaHT iMIIeIaHCHOTO MeTONY

IMIeTascH1 MeTOAM 3acCHOBaHI Ha OIMIHIN 3MIH MeXaHIgHoro iMmemancy OK,
0OYMOBIEHHX HAsIBHICTIO Je(deKTIB abo BIUIMBOM IHMMIX (akTopiB (HAMPHUKIA,
TBepAOoCT1). PO3pi3HAI0O MeTOaU, MO BHKOPHUCTOBYIOTH OTMHAKOY1, IMO3JOBXKHI XBIUI1
KOHTaKTHHUI iMmIreiadc. [leprm aBa metoam ciayxath B ocHoBHOMY i HK 3'eqHans y
OaraTomapoBHUX KOHCTPYKIISAX, TPETIi - 711 BUMIPY TBepaocTi. MeTou, 3acCHOBaH1 Ha
3aCTOCYBaHHI OTMHAIOUMX XBWIb 1 KOHTAKTHOTO IMIIEJIJAHCY, BUKOPHUCTAIOTh CYXUIi
toukoBmii KOHTAaKT (CTK) meperBoproBaua 3 OK. Takmii ke KOHTaKT Mae MicIe i y
NeAKNX IHINX TPUIajgax, HAMpUKIAA B 3X0Ae(deKTOCKONMax 1 TOBIIMHOMIpaX I
KOHTpOII0 OeToHy, a Takoxk Mck-aedekTockonax. ¥ BCIX IUX BHMIAAKAX BIACTHBOCTI
CTK y 3Ha4HIil MIpl BU3HAYAIOTh €KCIUTyaTaIllifHl MO INBOCTI1 anaparyp.

B iMmyIecHOMY BaplaHT1 IMIIEJAaHCHOTO METOJIY, BUIIPOMIHIOIOUHI 1T’ €30€JIeMEHT
CIIOTyYE€HOTO IepeTBOproBauda 30YKYEThCS BT YIAPHOTO TeHEpaTopa IMITYIIbCIB.
€wmuicte C, BUIIPOMIHIOIOUOTO II'€30ermeMeHTa 1 (pumc. 2.1) 3apsamkaeThca uepes’
pesuctop R a0 Hanpyru E pkepena KUBISHHS. Y MOMEHTH BIMHUKAHHS THpUcTopa VD
1 €EMHICTh PO3PS/KAETHCA il y MepeTBOpIOBaUl 30YyIKYIOThCA aKyCTUUYHI IMITYJIBCH.
IxHI Hecy4l dYacTOTH BiQOBIJAIOTH BIACHHM YacTOTaM IIEPETBOPIOBAYA,
HAaBAaHTAXXEHOTO KOHTPOJIHOBAaHNM BHpoOOM. BuximHmii cHrHam 3HIMAEThCA 13

IIPUIOMHOTO I’ €30eJIeMeHTa 2 if 00po0IA€ThCS B €IeKTPOHHOMY 010111 3.

]
E _ﬁ
1
| S

I 1
Puc.2.1. CxeMa KOHTPOJIXO IMITYJIFCHUM IMIIEJAHCHUM METOJIOM:

1.2- i1’ e€30€eIeEMEHTH ; 3- €JIEKTPOHHUIT 0JI0K ;4- 3BYKOIIPOBI | 5- TIJIHHA Macca |
6- KOHTAaKTHHUII HAKOHEYHHUK ; 7- 00 €KT KOHTPOJIIO.
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PosrsHyTHil BaplaHT IMIIEJAaHCHOTO METOY BIAPI3HAETHCS B TPAJHUINIIHOTO HE
TUTBKH IMITYJBCHIM XapaKT€pOM CHTHATIB, ajle if THM, IO B CHCTEMI MepeTBOPIOBAY -
BHP10 30YKYIOTHCS HE 3MYIIEH1, a BUIbHI KOJHUBAHHI. IMIy/IbCH BUTBHO 3aracardnx
KOJINBaHb XapaKTePHU3YIOTHCSA CIEKTPOM, IO 3aiiMae JIesIKy YacTOTHY 00NAacTh, TOJII 5K
IOHATTS MEXAHIYHOTO IMIIEJIAHCY Ma€ CEHC TUIBKH AT (PIKCOBAHOI 4acTOTU. Y HAIIOMY
BUIAJKY, KOIN JOOPOTHICTh CHCTEMH IEepETBOPIOBAY — KOHTPOJIHOBAHMIT 00'€KT
BITHOCHO BeJINKA, CIEKTP EKCIIOHEHIIITHO 3aracaroumxX IMIYJILCIB JIOCUTH BY3BKHIl
TOMYy B TEpOIOMy HAOMMDKEHHI OyJAeMO BBa)KaTH, IO MEXaHIYHMI IMIIEJaHC
KOHTPOJIHOBAHOTO 00'€KTa BU3HAYEHUIT 111 HeCyJol YaCTOTH IMIYJIbCY. PeXXIM BUTLHIX
KOJINBaHb CHCTEMH INEPETBOPIOBAY — 00'€KT, MO KOHTPOIIOETHCA (30KpeMa, Mo Hece
YacToTa IMITYJIBCIB) 3aJIEKUTH BT MEXAHIYHOTO IMII€/IAHCY 3aralbHOTO HABAaHTAXEHHS
IepeTBOpIOBaYa

Z,-Z,
Z=R+Xx=2L2x 2.1)
Ly +Zg

ne Z, = %@Kx - IPY>KHUIT  IMIIeJJaHC 30HU KOHTAKTY, j=+-1, @ =27 - KyTOBa

gacToTa; f- dYacTtora, K, - KOHTAaKTHa THYYKICTh, Z, =R, +jX; - MeXaHIYHUII
IMIIEJaHC KOHTPOJIHLOBAHOTO BUPOOY B 30H1 JOTHKY 3 IE€peTBOpIoBadeM. IMienanc Z;
3BHYAITHO Mae€ Py KHUI XapakTep (X; <0), mpugoMy B 30HaX AedekTiB R, << X;

CrnonydeHuil mepeTBOPIOBAY IMIIEIAHCHOTO JedeKTocKkoma fABISIE COOO0
HEOJHOPIJIHY CTPIKHEBY KOJIMBATILHY CUCTEMY, IO BOJIO1€ OE3/I1UUI0 BIACHUX JaCTOT.
[Ipu 3MiH1 HaBaHTaXKE€HHS MEPETBOPIOBAYA 3HAUEHHS IUX YaCTOT 3MIHIOEThCA. UITKHil
PO3pPaxyHOK BJIACHUX YacCTOT HABAHTAXKEHOTO MEPETBOPIOBaYa MPHUHIINIIOBO IMPOCTHIL,
ane Ttpyaomictkuii. ToMmy s SKICHOTO aHami3y MHUTAHHA 3aMIHUMO pealbHUil
IIEPETBOPIOBAY OTHOPITHIM CTPIKHEM -JIOBXKUHOIO /, 3 XBUJILOBHM OMIOPOM W = p-c-S,
Jle p - MUIBHICTH MaTeplany; c- IMBHAKICTh 3BYKY; S - ILIOMIA IOIEPEUHOTro IMepepiza
CTPIDKHS. BTparamm B CTpIDKHI 3HEBakaeMo. PIBHSHHS BIIACHUX YacCTOT
HABAaHTAXXEHOTO CTPIKHA:

W-tgk-1+ X =0, 2.2)

39



ne k=/c- XBUIbOBE dYHCI0; X - peakTHBHA CKJIAJl0Ba 3arajlbHOTO
MEXaHIMYECKOTO IMIIeJaHCY HaBaHTaxKeHHA. Umnen W-.igk-l (2.2) sABIsie coboro
PEaKTHUBHUIT BX1AHUIT IMIIETaHC CTPIDKHSL.

Ha Puc.2.2 300paxkeHo rpadik 3amnexxHocTi X, =Wigkl B1 kI 11 OBOX 3HAYECHB

ww,>W,).

¥l |

Puc.2.2. 3anexHICTh peakTHBHOI CKIa0BO1 X BXITHOTO MEXAHIYHOIO IMIIEJAHCY

CTPIDKHS IIEPETBOPIOBaya B1J] ITapaMeTpy Al.

3HaueHHs A/, IO BIAMOBIIAE BIACHHM YacTOTaM, BUXOIATH IK  aOCIIHCH TOUYOK
IepeTHHAHHSA KpuBHX W -igk-/ 3 mpsMamn X_=-X. BUIBHI KOJIUBaHHS MOXKJINBI

+1

) ; 2
TUIBKA TpU TPOTHISKHUX 3HakKaX X, 1 X ,ToOOTO B 30HaX nr <kl < 7 (;me

n=0;;2;3;...). IIpu 3MiHI peakTaHca HaBaHTaXeHHSI Bl X, 70 X, 1 W =W, BIacHa
. _ ] 1

gacTtoTa B 30H1 0<kl/ s% 3MEHINYETHCA BT 3HAYEHHS @,, 3HaXOKyBaHoro (k/),, mo

®,, 3HaxomkyBaHoro (k). B 3oHax 7 <k <37 5 BJIACHOI YacTOTH @, 1 o,

BIANOBINAIOTE 3HaYeHHAM (k1) 1 (k),. JInsg cTpuskHsS 3 W, >, 3HA4eHHSA BIIACHUX
YacTOT MpH HaBaHTAXEHHI Ha X, 1 X, U iXHe BIJHOMIEHHS OYAyTh MEHIIIE.

IIpoanamizyeMo BIUINB IapaMeTpiB CTPIDKHA HAa 3MIHY HOTO BJIacHOI YacTOTH,

OGYMOBJIGHG HaBaHTakxeHHsAM. Hexali 3HaueHHa X 1 iMHeI[chy HaBaHTaKCHHA

BIIMIOBIJIa€ JIOOPOSIKICHIIT 30H1 00’ €KTY KOHTpoI, X, - AedekTHoi, mpmdomy X, <0 1
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X, <0. 3 (2.2) 3naiizeMo BIJHOIIEHHS BIIACHIX YaCTOT HABAHTAXXEHOTO CTPIDKHS IMpH

3MiHl X Big X, g0 X,

‘X'l
arcrg(—?) +nxw (2.3)

X
2 aretg(— ?2) +nrw

SIKmo  3Mi1HHI [IPYKHOI'0 HAaBAHTAXCHHA IICPCTBOPIOBAYA BHPA3ZHUTH YCPE3

BIHOCHHH HE 3alIe)KHUX BIJ YacTOTH THYYKOCTI K, Ta K, =aK,, To dopmyna (2.3)

l'[pHﬁMae BHI'TIA M

arctg(%) +nmw

@ arctg(%) +nxw
G)IGKIW (24)

Ha BigMiHy B1Jl peXnMy BHMYIIEHHX KOJIHNBaHb B PEXNMI BUIBHHX KOJHMBAaHb
3MIHAa MEXAHIYHOTO IMIIeIaHCY HABaHTAXKEHHA B 30H1 Je(deKTy MIHAE HE TUIBKA
aMILTITYAy 1 a3y BUXIJHOTO CHTHANY IEepeTBOPIOBada, ajie 1 Horo po0ody YacToTy.
Ile mo3Bomsge peam3yBaTH BCl TpH BaplaHTU METOAY - aMILNTyAHUN, (a3zoBuil 1
YAaCTOTHHIL.

IIpoanamizyeMo 0COOMMBOCTI IMIYJIBCHOTO IMIIEJAaHCHOTO MeToay. BuximgHa
eIeKTpUYHA HaIpyra MepeTBOpIOBadYa € MEepPIOANIHNMHU 3aTyXaKUNMHI IMITYyIhCaMU,
10 MICTATH JCKUTbKA HECYUNX YACTOT IO YICIY YAAPHO 30y IPKYEMUX BIIACHUX YaCTOT.
JInd BUAUIEHHA KOJHWBAaHHI 3 IIOTPIOHOK BIACHOK YacTOTOK B IJICHIIOBAYl
nedeKkTocKoma € CMYToBUil (QUIBTp, MO HPHUTHIYYE IHIN CHTHATA. TOMdl MOCHICHU
CUTHAJI € 3aTyXal4uM PaJloIMITyIECOM, aMILTITyAa SIKOTO 3aBAKN KIHIEBI IMHUPHUHI
CMYTH NpPOIyCKaHHA QLUIBTPY HAPOCTAE MOCTYIIOBO.

Ock1UIBbKN B Je(DeKTHHX 30HAX KOHTPOJIHOBAHNX BHPOOIB MEXaHIYHUI IMIIEaHC

Ma€ TIICpCBaKHO pr}KHHﬁ XapakTep, iMHe,[[aHC 3araJIbHOro HaBaHTa*XCHHA

MepeTBOpIOBada B 30H1 JeQeKTy MpeACTaBUMO Y BHITAIL Z = JX:%&)K’ ne

K=K +K, - He 3anexHa Bl () 30Cepe/K€Ha eKBIBaJeHTHa THYYKICTh, K, -

THYYKICTh KOHTPOIBOBAaHOTO BHpoOy B AedekTHIl 30H1. Hexail BmacHa d9acrtoTa
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MepeTBOPIOBAaYa, HaBaHTAXXEHOTO Ha Oe3nedekTHy 30HY BHpPOOY, BIAMOBIJAE YACTOTI
BHMYIIEHUX KOJMBAaHb /s TPAJUINIIHOTO BaplaHTy METOAY 1 pIBHA @),, MEXaHIUHHUII
IMIIeIaHC I1€l 30HU Ha JaHlil 9acToTl Z, . Y 30H1 Ae(deKTy BIacHAa 9acTOTa BUIBHHUX
KOJIMBaHb 3HU3UTHCS 0 (),, IPUYIOMY BITHOCHA 3MIHA MEXAaHITHOTO IMIEJaHCYy Oye:

Y PCKIM1I BHMYIICHHX KOITHBAHbL ), = 7 H_X_']GJIK . ¥ PCxKIM1 BUIBHHX KOJIHNBaHb

e o > 5 yc _ a)Q
y.=Z, . jo,K . 3Bjgen —=—<1.

}/6 a)l

TakuM 4YnMHOM, B pEXHMI BUIBHIX KONHMBAaHb BIJHOINIEHHS MEXaHIYHOTO
IMIIEJaHCY B J0OposKicHI® 1  gedekTHIf 30HAX BHpOOy, BH3HAUYAIbHE

3HAaXO/DKYBAHICTh JAe(EeKTIB TO 3MIHI aMIUIITyad 1 (a3l CHUTHATy 3MEHIIYETHCA.

O6YMOBJI€HC UM IIOTIPIICHHS YYTINBOCT1 THM CHIIBHIINIC, Y1UM OoLuIbIIE /

o,

Bxazane 3MeHINEHHS YYTINBOCTI MOXKE KOMIIGHCYBAaTHCA  BIIMOBLIHOIO
00pOOKOIO CHTHANIB B €JIEKTPOHHOMY OJIOITI.

B iMOyaecHEHX IMIETaHCHHX JAeQEeKTOCKONaX MOXINBA OJHO-, JBYX- Ta
TPhOXIIapaMeTPOBa 00pOOKa CUTHAMIB (IO aMILTITY1, (a3l 1 9aCTOT1) AK IO KOXKHOMY
3 BUMIPIOBAHNX MMapaMeTpiB OKPEeMO, TakK 1 IO IX CYKYITHOCTI B OV /Ib-

SAKAX TO€THAHHAX. SIKIMO JedexkTnm BUSBIAIOTHECS IO 3MIHI aMIUNITYad 1 dazn

- - 0]
CHUTHAJIy, TO YCpPEC3 CKa3aHC BHINC T4 INABUIMCHHA YYTINBOCT1 BCINMYHHY %)
2

JOIUITBHO 3MEHIYBATH, SKIIO 110 3M1H1 YaCTOTH, - 30UIBITYBaTH.

Benmunna %) 3alICKUTL Bl IIApaMCTPIB IICPCTBOPHOBAUa 1 XapaKTCPUCTHK
2

; 0] ;
KOHTPOITEOBAHOTO BHpOOY. SIK TOKa3aHO BHINE, TS 30LTBIIEHHS % JIOTILTEHO
2
BUKOPHCTOBYBATH IEPETBOPIOBAYl 3 MaJIOK XBIIBOBOIO JOBXKUHOIO (Kl << %) TUTS

0 : ;
3MCHIITICHHA %) - IICPCTBOPIOBAY1 3 BUCOKNMH XBUJIBOBUMH OITOpaMM 1 kl>r.
2

IMITeTaHCHIIT METOJ BUKOPHCTOBYETHCS TSI KOHTPO BHPOOIB 13 30BHINIHIMU

mapaMi 3 MaTepladiB 3 pI3Ko pi3HUMH MoxyriMua FOHra (ctans, momiMepd 1 T. II.).
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ToMmy 3HaueHHS KOHTAaKTHHX THyYKocTell K , BH3HAYar04l NPYKHHII IMIIEAaHC 30H

31TKHEHHS IIepEeTBOPIOBAYIB 3 BUPOOaMI, KOJINBAIOTHECS B IMIPOKUX MeXKaX, MPHOIN3HO
: -8 -8

B1g 5-10° mo 100-10~° Mm/H.

MaxkcuManbpHO MOJXKINBA BJIAacHAa YacTOTa BUIRHHUX KOJIHBAaHL HABAHTAKEHOIO

KopoTkoro (/ << A) mepeTBoproBada, BIANOBIAHA Z,6 =0, pIBHA @ = /\/? a
m

oro Maca m:yz K
a)max K

OOyMoBIIeH1 JedeKTaMH KOHTPOJIBOBAHNX BHPOOIB 3MIHH aMILNTyAu, ¢asm 1
HECyJoi YacTOTH TIOCWICHNX BHXIHUX CHTHAIIB IIEPETBOPIOBAYA PEECTPYIOTHCA
BIJOMUMH METOJIaMMH, SIK1 MOXYTh OYTH MOKJIAJIeHI B OCHOBY OararorapameTpoBOi
O0OpOOKM ITUX CHTHAIIB.

OIIHUMO TIOTYKHICTh, CIIOKUBAaHY TE€HEPAaTOpPOM 30Y/DKYIOUNX IepeTBOPIOBAY
IMITYI6C1B. HexTyroounm MaJiHHAM HaOpyTH Ha BIIKPUTOMY THPHUCTOPl Ta CTPYMOM

BHTOKY 3aMKHYTOT'O THPUCTOPA, 3HAIIeMO
T
P = fE|idt (2.5)
0
ne E - EPC mxepena mocTiifHOI Hapyru; f - 9acToTa IMPOXOKEHHS IMITYJIBCIB;

T = % I - MHTTEBE 3HAYEHHA CTPyMy J[DKepena. Y HAMIOMY BHUMOAAKY

1= (E/ R)exp(— t/ RC), ne R - omip 3apsaguoro namirora; C - cyMapHa €MHICTB
BHIIPOMIHIOIOYOTO I1'330€JI€MEHTA IIepeTBOPIOBaYa Ta 3’ €/IHYBAIBHOTO Kaleto.

JI7151 MOBHOTO BUKOPUCTAHHS HANPYTH JpKepena eMHICT, C JIONUIBHO 3apsiKaTi

1o Hanpyru E. Tomi RC << T 1
P=fEC. (2.6)

JIns 30UTBIIEHHS BIIHONMICHHS CHUTHAT/MIyM (B JaHOMY BHUIIQJKy IIYM Mae
GPUKIIITHAN XapaKTep) HaNpyTry 30y/DKeHHSA HNepeTBOpIoBada CIIiJi OOHpaTH MOPSAKY
200-400 B. Ilpumitase E =300 B, C=1 a® 1 f =25 Tu, 3 (2.6) 3mHaiimemo
P =9 MmBT. PeanmpHa cnoskmBaHa MOTYKHICTE Oyje JeNo OUIbINe 3HAIICHO1 3aBISIKH

CTPYMY BHUTOKY 3aMKHEHOTO THPUCTOpPA, SKUM MU HEXTyBalH. 3araibHa MOTYKHICTh
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CIIOKUBaHHS TeHepaTopa ckimajge 10 - 15 mBT, mo B COTHI pa3 MeHIIe BIAIOBIAHOI
BEIIMYHHH /111 TeHepaTopa CIHHYCOiIaIbHIX KOIMBAHb IMIIEJAHCHOTO JIe(peKTOCKoma.
CnoxmBaHHA €HEprii I1HIMUMH By3IaMHd  IMIYJIBCHOTO  IMIIEIaHCHOTO
nedexrockomna Takoxk HeBenuke. 1{e 703BOMUTH KUBUTU MPWIAJ BT MATONOTYKHOTO
mxepena. IlepeBeieHHS IMIIEJaHCHOTO Ae(eKTOCKOIA 3 CYMINIEHIM MEPETBOPIOBaUEM
Ha IMITYJIHCHUI PeXKUM POOOTH JJACTh TAKOXK MOXKJINBICTH BUKOPHCTOBYBATH B OJHOMY
MPUIaal 1 PO3AUILHO-CYMIIIEHINIEPETBOPIOBAYl, IO JO3BOJISIOTh 3HAXOIUTH OLIBII
rmboko 3amarapul  Aedextu. I[le po3mmpuTs HOMEHKIATYPY KOHTPOIbOBAHUX
BHPOOIB 1 HMOMINIIUTH €KCIUTyaTalllifHl XapaKTepUCTHKN JAedeKTockomna 0e3 1ICTOTHOTO

YCKIJIAIHEHHS HOT0 CXeMHU 1 KOHCTPYKITII.

2.2. ®i3n4HI OCHOBH iMIIeIAHCHOI0 METOIY

YV pBBHHX 001acTAX TMPOMHCIOBOCTI I HEpPYHHIBHOTO KOHTPOIIO Ta
JIaTHOCTHKHN BHKOPHCTOBYIOTh METOJIM, 3aCHOBaH1 Ha OIMIHIN (200 BUMIPIOBaHHI)
IMITEJJTAaHCIB BUIPOOOBYBAHNX OO'€KTIB MPH IX MPYKHUX KOMMBAaHHAX. 3aCTOCYBaHHS
[IIX METOIIB, SIK1 Ha3MBAIOTh IMIIEIAHCHUMI, OOYMOBIIEHE THM, IO IMIIEJAaHC MICTUTh
1H(OpMaIIIIO TIPO P/ MapaMeTpPiB KOHTPOILOBAaHUX 00'€KTIB, HAIIPUKIAJ, HAIBHOCTI B
HIX JedekTiB, (I13UKO-MEXaHIYHIUX BIACTUBOCTENl MaTeplaliB 1 MOB'S3aHUX 3 HIMU

eKCILTyaTalliiHuX XapaKTEepUCTUKAX JieTaseil Ta By3/miB 1 T.IL

YV nmaHiii poOOTI PO3TIAHYTI IMIIETAHCHI METOIU, iX MOJKIMBOCTI, OOJAcT1
3aCTOCYBaHHSA, IIepeBaru 1 HeJAOMKN. 3Ba)Kal0Ul Ha BUIMIHHICT (DI3MYHUX MPUHITUIIIB
1 1HpOpPMATUBHUX MMapaMeTPIB IMIIeAaHCHI MPILIAAN HEPYIHHIBHOI'O KOHTPOIIO CILTHHO
BIAPI3HSAIOTHCS BIJI 1HIINX BXXHBAHUX B HApPOJHOMY TOCIIOJApPCTBl aKyCTUYHHX
TIPITAIIB.

MexaHI9HIIT IMITeJJaHC 0araTormapoBOi KOHCTPYKITi BH3HAYAETHCS MPYKHUMH
BIIACTUBOCTSIMH, TYCTHHOIO MaTeplaiiB 1 TOBIIMHOIO IMapiB, KoedieHTaMH 3aTyXaHHA
KOJIMBaHb B Iapax, po3MipaMH SK caMoi KOHCTPYKIII, Tak 1 AedeKTHHmX oOmacTeid,

CTaHOM 3'€£[HEIHI> MDK mapaMI.

44



JImd MeXaHIYHIX CHCTEM 13 30CEepeKEHHMH 1 PO3MOJUICHUMH ITOCTIITHUMI,
3MIIICHIOIOUNX TIPY)KHI KOJIMBAHHSA, BIJIOMO JEKUIbKa BH/IIB IMIIEJaHCy. 3 HHX B

OIMMCAaHUX HIMKYC MCTOAAaX BUKOPHUCTOBYIOTLCA:

- MexaHiuHmil iMneganc g cum Z = F 1 :

- MEXaHIIHIH IMIIeIaHC TSI MOMEHTY, IO KPYTUTh Z > = % ;

- MITOMMIT aKyCTIYIHHI IMIIEJ]AHC Z, = % ;

- XapaKTEpUCTHYHUII IMITeJaHC (XBUIIBOBUII OIIIP) CEPENOBUINA Z, = O C .

Tyt F. v, P, M i 6 xomrutekcHi aMILTITYIH CHIJIH, KOJMTUBAJIbHOI IMIBHIKOCTI,
3BYKOBOI'O THCKY, MOMEHTY, IO KpPYTHUTh, 1 IIBHAKOCTI 3MIHH KyTa IIOBOPOTY
IIEpeTUHY BIIIOBLIHO, © - T'YCTHHA CEpPeJIOBUINA, ¢ - IBUAKICTH 3BYKY B HI. Y
3arallbHOMY BHIIAJKY IMIICJaHC — KOMIUICKCHA BeININHA

Z=R+jX =|z|-&", (2.7)
ne R 1 X - miiicHa Ta MHUMa CKJIaJI0B1 IMIIEJIAHCY BIATOBIIHO; |Z | =R+ X -

110T0 MOIYNIb; @ = arctg(%) - apTyYMEHT.

3HaueHHsA Z BU3HAYAE€THCS Maporo JliicHuX gncen - R 1 X abo |Z | 1 ¢@. IctoTHO,

[0 BIUINB IIapaMeTpiB 00'ekTiB KoHTpomro Ha R 1 X pi3umii. 3Hauenns R Ouibire
MOB's3aHe 3 BTpaTaMi, 3HaueHHs X - 3 MPY>KHIMH a00 1HEPIIHHIMI BIIACTUBOCTSIMH
00'exTy. 11 OCOOMHBICTH PO3MHPIOE MOKIMBOCTI IMIEJAHCY SK 1HGOPMATHBHOTO
mapamMeTpa. Y IMIIEJJaHCHUX METOJIaX 3aCTOCOBYIOTHCS PI3HI BIN KOJIHBAHB 1 XBIITb

(13rubH1, TOAOBXKHI, KPYTIWIBHI) IIIPOKOT0O I1alla30Hy YacTOT.

2.3 AHaJ1i3 MOKJINBOCTeH MeTOAY JJisi BHSIBJICeHHS e eKTiB

[IpucTtpoeMm, UYyTINMBHM 10 3MIHH MEXAHIYHOTO IMIEJAHCY KOHTPOIHOBAHOTO
00'eKTy, CIyXUTh THepeTBoproBad Jedekrockona. UYUyTinBicTh AedeKTOCKOIa
BH3HAYAETHCS UYTINBICTIO NEPETBOPIOBaYa 1 CIocoboM o0OpoOKH HOro BHXIIHOTO

CHUTHAIIY B €IEKTPOHHOMY OJIO1I1.
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Benuky pons B MIIBHIIEHH] JOCTOBIPHOCTI BHSBICHHSA Je()EeKTy BHKOHYE
MpaBWIbGHAIT BHOIp 1HQOPMATUBHUX IMapaMeTpIB 1 METOAIB OOpOOKH OJIep’KaHOTO
CHUTHAIY.

Amnnimyona ob6pobka. HaimpocTimuii BHJ OOpOOKM CHTHATY - aMILIITyIHA
00po0Oka, J1e peecTpy€eThes 3MIHA aMILTITYIH PUIHHATOTO CUTHAITY .

@aszoea 06pobka. 3MiHa cUTHaANY (IMIIeaHCY a00 MIBUIKOCTI PO3MOBCIOKEHHS
IPYKHUX XBITh) PEECTPYETHCSA IO 3MiH1 (pa3u MpHUITHITOTO CUTHAIY.

Yacmommua o6podxa. Y 4acTOTHII 00pOOIll peecTpyeThCA 3MIHA YaCTOTH CUCTEMU,
B SIK1iT IEPETBOPIOBAY € YaCTOTO33al0UOI0 JTAHKOIO.

Amnnimyoro-yacmomua obpodka. JIBymapamerpoBa o0poOka cHUTHAITY (B JaHOMY
BHIAJKY MO 3MIHI YaCTOTH 1 aMILNITYAN) A03BOJISIE ICTOTHO MIABHINMUTH YyTJINBICTE JI0
nedekry. OcoOnuBo edeKTHBHE 3aCTOCYBAaHHS aMIUIITYJHO-9aCTOTHOI OOpOOKH B
IMIIEJTAHCHOMY MeTO/Il, OCKUIPKH HAasBHICTEH JedeKTy BHUKIHKAE 3MIHY 1 aMIUIITYIHd 1
YaCTOTH CHTHATY.

AmnnimyoHo-gaszosa obpobka. ]JIBymapameTpoBa 00poOKa curHamy (B JaHOMY
BHMAJKY IO 3MiHI ($a3d 1 aMIUIITYId) AO3BOJISIE 1ICTOTHO IMABUINUTH UYTIUBICTH IO
nedekTy.

Cnexmpanvruii ananiz (A4YX i @4YX). CrekTp CHUTHaIy € HailOUIBIN 3arajabHOI0
XapaKTEePUCTHKOK curHamy. CHeKTpaapHUI aHAM3 J03BOIIIE€ PEECTPYBAaTH YAaCTOTHI 1
¢dazoBi 3mianm curHanmy. CHOeKTpambHHII aHaAmM3 MOXXE BHKOPHCTOBYBATHCS B
IMIIEJTAHCHOMY MeTo/1. IHhopMaTHBHIM IapaMeTpOM € 3MiHA CIIeKTPY Ha JAedeKTHIil

JIUTSTHITL TIO BITHOIIEHHIO 710 0e3/1e)eKTHOI.

2.4 Orusn nedexTiB B KOMIO3ZHIIHHAX MaTepiajiax

OcHoBHa yBara B poOOTI HajgaHa JedekTaM KOMITO3UIITHUX MaTeplamiB, K1
3aCTOCOBYIOTHCS B aB1aOyIyBaHHI, TAKUM 5K BYTJICIUIACTUKU, CTUTEHIKOBI KOHCTPYKIIIT
1 0araTomapoBl KOHCTPYKITII.

JleexTu B Takux MaTepianax MOHa KITacH(p1KyBaTH MO TPyHax TaKUM YIHOM:

ne(eKTH BOTOKOHHIX CTPYKTYP;
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ne(eKTH MOPUCTHX CTPYKTYP:

ne(eKTH TepIKOi PEUOBUHH 1 KIIEHOBOTO 3'€THAHHS;

Cmypa 3a3HAuYNTH, IO HAYaCTINe 3YCTPIYAIOTHCS 1 HAUKPUTUYHINIAMU IS
KOMITO3UITIIHHNX MateplanaiB € HacTymHl gedektn (puc.2.3): posmapyBaHHA (a),

nopucTicTh(b), Hempokei (c).

Puc. 2.3 JledexkTn B KOMIIO3UIIITHIX MaTeplalax.

OcHoBHI THIH Je¢eKTIB, MO 3YCTPIYAIOTECA B KOMIO3HINIHIX MaTeplaiax,
3aCTOCOBAaHNX B aB1aOyIyBaHHI, 1 METOAN iX JOCII/DKEHHS Ta BUSABICHHSA IPUBEICHI B
Tabmum 2.1. Y gaHiil TaOmuIl 3HaK «+» MMO3HAYae MOXKINBICTH BUABJICHHS IedeKTy
IIEBHOT'O THUITY JaHUM METOJI0OM KOHTPOITIO.

Sk BuaHO 3 TAONNMIN, aKyCTUYHI METOAN KOHTPOIIO JO3BOJISIOTH BH3HAYUTHU
HaifOUTBITy KUIBKICTH JedeKTIB, IMpOoTe, Ha BIAMIHY BI1J KOHTPOJIIO METaliB, J€ BCl
BUN Je(eKTIB MOKHA BU3HAYNTH OJHUM YJIBTPa3BYKOBHM Ae()EKTOCKOIIOM, KOKHUIA
3 MpeACTaBIeHNX B TaOMHMINl aKyCTHYHUX METOIB BHMara€ BHKOPHCTOBYBAaHHSA
IIEBHOTO TPWIAAy 1 METOAMKHN, HENPUIAATHUX I KOHTPOIIO IHINAM aKyCTHYHIM
MeTogoM. ToMy, KOXKHHII 3 MpeACTaBICHNX METO/IB, HEOOXITHO pO3TIAAaTH SK
CaMOCTIITHHIT METO T KOHTPOITIO.

AKYCTHYH1 METOIH 1 METOAN HIU3bKOYACTOTHUX B1OpaIliil 103BOJIIIOTH BU3HAUUTH
AK JIOKATbHI Je(eKTH, TaK 1 IHTeTpaJbHl MEeXaHIIHI XapaKTEPUCTUKA KOMITO3UINITHIX
MaTeplaiB:

- aKyCTHYHI — KOe]IIEHT MACYMOBYBaHH, MeKa MIITHOCTI, MOAY.Ib IIPY>KHOCTI,
MOJIYJIb 3CYBY, dKOPCTKICTE;

47



- METOJM HH3bKOYAaCTOTHHX BIOpamiii — MOAYIb TMPYXKHOCTI, KOE(IIMIEHT
ITyaccoHa, MIKpOTIOMIKO/IXKEHIIT CTaH MaTepiaiy.
Ta0mms 2.1
Turnm gedexTiB KOMIO3UITIIHIX MaTeplaliB 1 MOKIHBI

METOAM 1X BUSABIICHHS

AKYCTHYH1 METOAN
<
1 = =~
= Z = =
w = = 6
: |5 5|52 E: |58 ¢
= 2 ol & 8 F S |F|lE & =
2 S 5|2 E 2§ |82 3 E
Tun gedexry g x| 8 2 = 5 2| = 5| = 2 Z
= @] = o ) D) .= W) o,
= 5| o = 2 3| E = S O
< =|m E B g2 | £ =
Hesipanit THII + +
BOJIOKOH
ITopucTicTh, MycTKH + + + +
Hu3pki BIacTUBOCTL + +
TEPIIKO1 pEUOBHHI
Jle3opieHTaIs BOIOKOH + +
HenpaBuinshae + +
00'eMHE CIT1BBITHOITIEHHS
HenpaBuinshae + +
YKJIaJIaHHS
Y pHUBYACTICTE MIApy + +
Uysxop1aH1 + + +
BKJTFOUEHHS
Kpi3H1 TpimumHT + + +
Po3smapyBanus + +
ITomkomxeHHs + +
CTUILHUKOBOTO
3aMOBHIOBaYa
ITponnkHEeHHS + +
BOJIOTH
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SIk BHIHO 3 TPHUBEIEHOTO aHAMI3y METOJIB HEpPYHHIBHOTO KOHTPOI A
JIIAarHOCTUKN KOMITO3UIIITHIX MaTeplaiaiB B Tadmui 2.1, iMIeJaHCHIIT METOJ 103BOJISE
BU3HAUNTH HAOUIBI KpUTHYHI AeeKTH B KOMIO3UINIHUX Marepialax THITY
pO3MIapyBaHb, HEMTPOKIEIB Ta IIOPUCTOCTI.

[ITmpokoMy BIIPOBAPKEHHIO METOJTy CIIPISLIH HOTO YHIBEPCATBHICTh, 3pYYHICTE B
eKCIUTyaTallli, BIJCYTHICTh HEOOXIJHOCTI 3MOYYBaHHSA KOHTPOJIHOBAaHUX BHPOOIB,
JIETKICTh KOHTPOJTIO 110 KPUBOTIHIIHIX MOBEPXHSX, MPOCTOTA 1 JJOCTYIHICTE alapaTypu.

JluB.Tabmmiro 2.2.

Tabmmus 2.2
Tunu xOHMpPONLOBAHUX KOHCMPYKYII
CxemaruuHe 300paKeHHS Bun 3'eqHaHHS, MaTepial Po3mipw,
KOHTPOJIbOBAHOI KOHCTPYKITIT eJIeMeHTIB KOHCTPYKIIii CITIBBITHOIIICHHS

TOBITHH eJIeMeHTIB

KOHCTPYKIIIT, MM

1 2 3
MOoHOTITHa KOHCTPYKIIIA 3 h=0,1-100
¢ [TKM (Byrme-, oopo-,

OpraHo-, CKJIOIUIaCTHK, TEKCTOMIT 1

T.IL.)

1 KieitoBe abo masgme h; <5

1, 2 - metan (amrOMIHIEBHIH h,>h

7%
.

CILTaB, THTaH, CTajb 1 T.1I1.)

2
1 Keiiose h; <25
1 - HeMmeTamyHHI mIap h,>h
(ITKM, Temno3axHCHHI MaTepian i
2 1H.);

2 -1IKM
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1 KueiioBe h; <10
1 - TIKM; hy> Iy
/W 2 - MeTaln h,<h

S |
1 Kiee3BapHe h;<3.5
T T a— 1, 2 - merar; h,<5,0
2 / \ / 3 - mpumiit (3BapHa KpaIka) h,<h;

| S

[N ]

KieiioBe

I, 2, 3

>

- apMoBaHHH a0o

>

HeﬂpMOBaI{Hﬁ IITaCTHK

h;+hy+h3; < 100

1 Kuneitose, masHe ado 3BapHe h;=0,3-25
N 1, 3 - MeTaneBe OOIIHBAHHS; h,=4-50
2 1 2 - CTUIBHHKH 3 MeTalleBoi h;=0,3-2,5
/ thomeru
3
1 Keiiose h;=0,2-10
1, 3 - oommBanHA 13 [TKM; h, =4-100
2 H || 2 - CTUILHUKH 3 h;=0,2-10
MOJI1aMITHOTO narmnepy,
3 CKJIOILTACTHKY
1 Keiiose h;=0,3-2
4 1 - TIKM; h,=5-100
2 2 - MIHOILIACT; h;=0,2-3
3 - MeTan
3

2.5 Mexaniunnii iMnexanc 6araTomapoBoi KOHCTPYKITil

Y 1oOposiKicHIIT 30H1 Ieil IMIIeJJaHC BH3HAYAETHCA PO3MIpaMHU, KIIBKICTIO,

TOBIIMHAMH I MaTeplajaMH IMapiB KOHCTPYKINI. Y 30HI AedeKTy IMIedaHC 3aIeKNTh
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B1J1 iforo po3mipiB, GopMU, TTHOMHN 3aIATaHHA, a TAKOXK ITapaMeTpIB 1HIINX eIeMEHTIB
KOHCTPYKIIi. YUepe3 BeInde3Hy PO3MAIiTICTh THIIB OaraToONIapoBHUX KOHCTPYKIN 1 IpH
3MIHIOBAaHIX y HHX MarepiamiB, a TaKOXX BIICYTHOCTI aJeKBaTHUX TEOPETHUHUX
MoJieliell po3paxyHOK MEXaHIYHUX IMIIeTaHCIB CKpyTHHH. OJHaK JesKl TeOopeTHYH1
MOJIeI1 KOPUCH1 IS PO3YMIHHS IMpeaMeTa, a 1HOMAl 1 K meprie HaOommkeHHs. J[o HuX
CTaBJISITHCSA MOJIEN HECKIHYEHHO MPOTSHKHOTO OJTHOPIIHOTO apKymia il 3aKpiIlIeHoi 1o
KOHTYpl IUIacTHHU. MeXaHIYHUN IMIEJaHC OJHOPITHOTO HEeCKIHUECHHOTO apKyIia

TOBIIITHHU h JJIA HOpMaJIBHO-l- 710 1OTO ILTONIHMHU BOCCPGH}KCHOI CHJIN YHCTO aKTUBHUII

. , | Ep
Z =231h ? (2.8)

IIs dopmyra BHUKOPHUCTOBYETHCS I OLIHKHA 1MmienaHciB neskux OK B

Oe3nedexTHIIT 30H1.

2.6 AKycTHYHHH KOHTAKT ePeTBOPIOBAaYA 3 00'€KTOM KOHTPOJIIO

Y  akycTHYHHX  IMOEJAHCHHUX  MPHIAJaX  HEPYHHIBHOIO  KOHTPOIIO
BUKOPHCTOBYIOTH JIBA OCHOBHI BHIN aKyCTUYHOIO KOHTAKTy MEpeTBOpIOBada 3
KOHTPOJIOBAaHUM 00'€KTOM: 1) MO IIIOIMUHI Yepe3 TOHKUil map piauan (puc. 2.4.a); 2)
cyxuii, uepe3 BUIyKIy chepmuny (puc. 2.4.6) abo 3aroctpeny (puc. 2.4.B) IOBEPXHIO

KOHTAKTHOI'O HAKOHCUYHHKA.

Fa
s £

a B B
Pruic.2.4 Buam KOHTaKTY IIEpEeTBOPIOBAUIB IMIIEJAHCHIX MPIIAIIB 3
KOHTPOILOBAHNMH 00'eKTaMi: | — mepeTBOpIOBaY; 2 — Imap piauHm; 3 —
KOHTPOJILOBaHMII 00'€KT; 4 — KOHTAKTHII HAKOHEYHUK 3 ChepIIHOI0 pOO0UO0I0

MOBEPXHEIO; 5 — KOHTAKTHUI HAKOHEYHNUK (1HICHTOpP) 3 TOCTPHUM KIHIIEM
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VY nmnepmoMy BHOAAKYy XBHJIbOBAa TOBIMMHA IIApy PIINHH Ha BXHIBAaHUX B
IMIIEJAHCHIX MeToAaX dacToTax (3a3Bmuaili 1 MI'm) HeBenmmka 1 Iieil map MokHA
PO3TISAAATH SIK 30CEpE/DKEHNI MPYXKHMIT OMmip, BIUIMB SKOTO HAa BXIAHUIN MeXaHIUHHII
IMIIEJaHC KOHTPOJIHLOBAHOTO 00'€KTY HEBEITHKHII.

VY apyroMy BHOAAKYy IUIONIA 31TKHEHHS MEpPETBOpIOBada 3 00'€KTOM KOHTPOIIO
Iyke Mana (JacTKH KBaJIpaTHOTO MimMeTpa). Takmil TN KOHTAKTy, 3BaHUI CyXUM
TOYKOBHM KOHTAaKTOM, MAa€ ICTOTHI OCOOIHMBOCTI, IO BH3HAYAIOTh MOKIHUBOCTI 1
XapaKTepUCTHKHU BHUKOPHCTOBYIOUHMX ioro MetomiB. o gmcima mmx ocobauBocTei
BIHOCATE: 1) BIICYTHICTH CHPSIMOBAHOCTI IIPH BHIIPOMIHIOBAHHI Ta MPUITOMI IPYKHUX
XBIUIB; 2) JIETKICTh KOHTPOIIIO BUPOOIB 3 KPUBOMHIHIMA MOBEPXHIAMI; 3) MOXKIINBICTh
KOHTPOJII0 BHPOOIB 3 TITPOCKOMIYHMUX MaTeplaniB; 4) 3HaYHa THYYKICTh KOHTAKTHOI
30HHU; 5) OCOOIMBUIT BUJI IEPEMIKO/I, MO BUHUKAIOTH IIPHU MEePEeMINICHH] IepeTBOPOBaUa
(puc. 2.4.0) 10 MOPCTKUX MOBEPXHAX KOHTPOJIBOBAHUX 00'€KTIB ((PpHUKIIIHHIX NIYMIB).
Ilepmr Tpr 0cOOMMBOCTI OUEBHU/IHI 1 HE BUMArarmTh MOSICHEHD.

['HyUYKICTh CYXOTrO TOYKOBOTO KOHTaKTy Mae (QYyHJaMeHTaIbHE 3HAUYEHHS 1
BH3HAYA€ XAPAKTEPHCTUKHN IMIIEJAaHCHIX METO/(IB, IO BUKOPHUCTOBYIOTH Ieil BHJ
KOHTaKTy. 3Ba)KalOUN Ha MAIICTh IUIONII KOHTAaKTy B MPWIErNIUX JO0 HHOTO 30HAX
KOHTPOJIHOBAHOTO 00'€KTY 1 HAKOHEUYHIKA MEPETBOPIOBAaYa BUHUKAIOTH 3HAYH1 HAIIPYTU
1 1edopMariii, Mo MBHJIKO YOYBAIOTh y MIPy BUJAJIEHHS B1J 00JAacTl 31TKHEHHA. Y 30HI1

KOHTaKTy Jl€ IIOCTIIiHA cuia F, IPHUTHCHEHHSA IEPETBOPIOBAda J0 KOHTPOIBOBAHOTO
00'eKTy 1 3MIHHA CHJIa 3 aMILTTYA0K F , BHKOPHUCTOBYBaHA /7 30yIKeHHS KOINBAaHb
B 00'eKTl 1 oTpHMaHHA 1H(QOpMAINIl PO MEXaHIYHUIl IMIenaHc. 3a3Budail F, << F,

MO>KHA BBa)KaT! TapMOHIIHOW. Y 00JacTi 3BYKOBUX 1 HU3BKIX YIIBTPa3BYKOBHX YacTOT
30HY KOHTAKTy MOKHA PO3IJISAATH SIK 30Ce€peKEHY THYUKICTh. Y pa3l YHCTO MPYKHHUX

nedopmaliiii KOHTAKTYIOUUX TLUT 3 1IeaTbHO TIaJKIMUA ChEPUIHIMHI TOBEPXHAMM

1—M12+1—M§ % R1+R2 %F_%

K =055 , 2.9
E] E2 . ) R1R2 ’ ( )
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ne E,, E, - mogym IOwnra; 1, u, - xoedpiuientu Ilyacona; R, R, - nepBUHHI
pajlycln KpHBU3HH IIOBEPXOHBH IIEPIIOr0 1 JPYyroro TiTa BiamoBigHO. KoHTakTHa

THy4kicTb K HemHIIHA, OCKUIBKH 3aleXuTh Bl F,. 3HaueHHd K BH3Ha4aeThCs

TOHKHIM TTOBEPXHEBUM IIIAPOM KOHTPOIHOBAHOTO 00'€KTY, CTAHOBJISIYNM 3 — 5 pajiyciB
30HH KOHTaKTy. 3 (2.8) BHTIKae, IO BHECOK HAKOHEUYHNKA 1 BUpoOy B K HEOHAKOBHIA.
JInst BXXKUBaHNX B IMIEIAaHCHUX JIe(eKTOCKONaX KOPYH/IOBUX HAKOHEUHHKIB 3HAYCHHS
E =261 ITla nHaGarato nepeBumye FE, AId aTIOMIHIEBHX CIUIaBIB 1 OCOOIMBO
IUTACTHKIB, TOMY THYYKICTh K BH3HAYA€THCS B OCHOBHOMY MPYKHIUMU BIIaCTHBOCTSIMIT
30BHIMNIHIX MIap1B KOHTPOIHLOBAHNX 00'€KTIB.

[Ipn BHUKOpPHCTAaHHI CYXOTO TOYKOBOTO KOHTAaKTy 3arajbHe MeXaHIuHe

HaBaHTa)XE€HHA / o HEPETBOPIOBAYA CKIAAA€THCA 3 JBOX CKIAAOBUX — IIPYXKHOI'O OIIOPY

Z, = /(ja)K) KOHTAKTHOI 30HH 1 BXIJTHOTO IMIeAaHcy Z, = R+ jX, KOHTPOJILOBAaHOTO

o0'exty. 1l1 IMIegaHcH CHONyYEH1 JIAHITIOTOM, IO Ha CXEMI1 3aMINICHHS BIIMOBIIAE
napaneibHOMY 3'€JHaHHI0. OTxKe
Z 7
7 —_Zx"n (2.10)
Z +Z,
[Ipn KoHTpoml OaratomapoBmMX KOHCTPYKII TMpeJCTaBlIse€ I1HTepeC TUIBKA

MIenanc Z,, a Z, € YHHHHUKOM, IO 3aBakae. Tomy OakaHo, 100 |Z H| << |Z x| abo
Z, = 7Z,. 11 3aq0BONIeHHS 11€1 YMOBH 3HIDKYIOTH POOOUYY 9acTOTY 1 BXKUBAIOTH 3aX0/IH

10 3MEHITICHHIO 3HAY€HHS KOHTAaKTHOI THYYKOCTI.
[Ipu pimeHH1 334a4, MOB'I3aHUX 13 3MIHOK IMIIETAHCY KOHTAKTHOI 30HU
(HampuKIaa, B YIBTPAa3BYKOBOMY TBEPAOMIpPl) YIMHHIKOM, IO 3aBaXKae€, CIYXKUTH BXKe

Z,. B npoMy BHIIaJIKy HEOOX1IHE JOTPUMAHHS IPOTUIIEKHOI YMOBU |Z x| << |Z H| :
VY 3aranpHOMY BHIQJKY IMIEJAaHC Z,_ 30HH KOHTAaKTy KOMIUIEKCHHUII 1 OKpIM

IPY’KHOI MICTUTh aKTUBHY 1 1HepIiiiHy ckiaoBi. I[IpoTe mepeBakarounM € peakKTHBHUIA
OPYXKHUIT OIIp KOHTAKTy. [HOJI, HAMpHUKIAA IS OINHKK (PI3UKO-MEXaHITHIX
BJIACTHBOCTEIl MaTepiaiiB, OUIHII 1H(GOPMATUBHOIO BHUABISETHCS aKTHBHA CKIAoBa R,
IMIIEIaHCy Z .
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Jlns metomy AedeKTocKoli 3'eHaHb, BUKOPHCTOBYIOYOTO IIEPETBOPIOBAYl 3
CyXHM TOYKOBHM KOHTAKTOM 1 CKaHyYBaHHSA BHpPOOIB, XapakKTepHl (PUKIIIHI NIyMH,
00yMOBJIEH] MPUCKOPEHHSIMHI KOHTAKTHOTO HAKOHEUHNKA MpPH IOr0 MEepeMINIeHH] Io
IIOPCTKUX TIOBEPXHSAX KOHTPONBOBAHNX OO0'€KTIB. I3 30UIBIIEHHSAM IIBHAKOCTI
CKaHYBaHHSA 1 BICOTH HEPIBHOCTEIl MOBEPXHI PIBEHh IUX IIyMIB 3pocTae. ToMmy 13
30UTBIIEHHSM CTYIEHI MIOPCTKOCTI TPAaHWIHO JONMYCTHMa INBHUJKICTH CKaHYBaHHSI
3MEHIITY ETHCS.

[TepeTBOproBadl  HM3BKOYACTOTHUX AKYCTHYHNX J1e(QEKTOCKOMIB  3BHYATHO
KOHTaKTYIOTh 3 KOHTPOJHOBAaHUMH BHUpOOaMN dYepe3 HAKOHESYHUKH 3 CHEPIIHIMI
KOHTAaKTHIMH IMOBEPXHIMH, MPUTUCKYBaHHI /IO CYXUX BHPOOIB 3 MOCTIITHOO CIUTON. Y
30HI KOHTAaKTy i€ TaKOXX 3MIHHA CHjIa, OOYMOBJIEHA TMPYKHUMHI KOJINBAHHIMII
neperBoproBava. llepemaBanHi dYepe3 1[I0 30HY KOJIMBAaHHA MOXYTh OYyTH
OesmepepBHIMI a00 IMITyIbcHIMH. [lTOma KOHTAKTHOI 30HH IyKe Majaa (Y4acTKH
KBaJpaTHOTO MUIIMeTpa). Takmifi THO 3B'SI3Ky IIEpeTBOpPIOBada 3 BHPOOOM
HA3UBATIMEMO CYXIM TOUYKOBHM KOHTAKTOM.

Cyxmii TOYKOBHII KOHTAaKT CIUIBHO BUIPI3HAETHCS Bl TPaauIliiHUX 1A
VIBTPa3BYKOBOI JIe(heKTOCKOIMII THITIB aKyCTHYHOTO KOHTAKTY HE TUIFKH BHKITIOYCHHSIM
3aCTOCYBaHHS PIAMHM, ajleé 1 BEJIbMH MAalol0 IUIOMEI 3ITKHEHHS MepeTBOpIOBava 3
BHpoOoM. OcCTaHHE TMPUBOANTH 1O BIACYTHOCTI CIPSMOBAHOCTI BUIPOMIHIOBAaHHS 1
IPUIfOMY MPY’KHIX KOIHWBAaHb Ta OOYMOBIIFOE BIACTHBY CYXOMY TOYKOBOMY KOHTAKTY
30CepeDKEHy THYUYKICTh, IO pPOOWTh BH3HAYATBHUII BIUIMB Ha eKCIUIyaTalllifHl
XapaKTEePUCTHKN JTaHNX HI3bKOYACTOTHNX METO/IB. J[IsI CyXOro TOYKOBOTO KOHTAaKTY
XapaKTepHUII TaKOXX OCOONMBHII BHJ Iepemkoa — (QpHUKIIiHI NIyMH, IMOB'SA3aH1 3

IIepEeMIITEHHSIM ITepeTBOPIOBAUa 10 IMOPCTKII MMOBEPXH1 BUPOOY.

BucHoBkH

B nmanomy posaurt OyB IpoBeIeHUI aHa13 IMIYJIHCHOTO BaplaHTy IMIIEJAHCHOTO
METOJIy KOHTPOIIIO, Ha SKOMY O0a3yeThCAd JOCIHDKEHHA. BUCBITIEH1 HallBajKINBIMIL
acmekT Merony, a came: Ormsan (QI3UYHIX OCHOB METOAY, OCHOBHHX Ie(eKTIB Ta

MOJKJINBOCTEMN 1X BHABIICHHSA, OIIIC BJIaCTHBOCTEM KOHTAaKTy HepeTBDp}OBaq—OK.
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3. OTpuMaHHs Ta 00po0Ka eKcIepeMeHTAJIbHUX JTAHUX

3.1. Onuc cTAaHTAPTHOIO 3pa3Ka

Ha pucysky 3.1 300pakeHO 3pa30K, 3 SKOro OyiIM 3HATI IOKAa3aHHA I
TOCTKEHHS 32 JOIIOMOTOI0 IMITe/IAaHCHOTO mepeTBoproBaua. Ileil 3pa3ok siBisie coboro
JacTHHY COTOBOI MaHeNl 3 JAeB'ITbMa BiIoMHMH AedekTamu pi3Hoi riauouan. Ha puc.
3.1a) BUaHO TiHII, HA AKUX 10 Yep3l OyB pO3MIMICHUI AAaTINK 1 IMOKA3aHHS 3HIMAINCS
TaKUM UYMHOM, IO BHXIJHI CUTHAIH, AK1 3HIMAIHCSI Oe3mocepeAHhO Ha Aedekrax,
BIIMOBIJIAIOTE JePeKTHOI 00acTl cOTOBOI MaHenl, a 1HmI € Oe3aedexTHnMu. Ha prc.

3.16) cxemaTuuHO 300pakeHo AehEKTH 3 BIATOBLIHIMI HOMEPaMH.

a) 6)
Pucynok 3.1. CtangapTHHii 3pa30ok 3 HaHECEHNMH JeeKTaMu:

a) 30BHIMIHII BUTTIST; 0) cXeMaTHYHE 300pakeHHS 3 BKa3aHNIMH HoMepaMH JIe(eKTIB

3.2. Onuc nponecy oTpHMaHHS Ta 00pPOOKH CHIHAJIIB

3 KOKHOI TOYKH 3pa3Ka OyJIH 3HTI 1 3aMNcaH] B Gailin CUTHAINA TaKUM YHHOM, IO
KOJKeH (paiii BIAIIOBLIaB MOKa3aHHIMH 3 OJHIET TOUKH 1 CKJIAJaBcs 3 COpOKa IMPAKTUIHO
IICHTIYHUX CUTHAMIIB, 0 cKiIagarThes 3 16000 Togok. OTpuMaHi CHTHAIN 3alicaHl B
TeKkcToBoMy (popmaTi, OyIn ycepeaHeH1 MK 00010 B paMKaxX oJHOTO (ailry 1 o0pi3aHi
B KopucHoi obmacti. Ha pucyHky 3.2 300pakeHmil CUTHANI, 3HATHH 31 CTAaHIapTHOTO
3pa3Ky Ta YEpBOHI IHII BKa3yIOTh MOYATOK Ta KIHEI] KOPHCHOI O0JacTl CHTHAIY.

ITouaTtkom Oy0 BHpIIIEHO 0OpaTH TOUKY, 3 SIKOI Oe3lMocepe/IHbO MOUMHAETHCA CUTHA,
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npuitHATHIl B JedeKTy, a KiHell oOpaHo TaKUM YHHOM, Io0 He OpaTh 10 yBaru
HermoTpiOH1 HelHdopMaTtnBHI mymn. [loTiMm Oymm mopaxoBaHI poO3Maxd aMILIITY]
curHamB (ToOTO PI3HUIST MaKCHMAaIbHOTO 1 MIHIMAIBHOTO 3HAYEHHS AaMILIITYIH).

PesympTaTi nux omeparliii mokasaHi Ha pUCYHKY 3.3.

004

-0.02 -

-0.04 -

500 1000 1500 2000 2500 000 3500

Pucynok 3.2. 300pakeHHs CUTHAIY, 3HATOTO 31 CTaHAAPTHOTO 3pa3Ky

Toukn mo oci X BIANOBIIAIOTH HOMEpaM JIiHII, HAHECEHUX Ha 3pa3ky (puc. 3.1a).
Otmxe, nedekT 3HAXOAUTHCA B IEHTpalIbHIII 00acTl MDK IIEpIIO0 1 OCTaHHBOKO
miHIIME. Bick Y BIIMOBIZIae pIBHIO CHUTHATY, a YEPBOHI IPAMI PO3MIMNIESH1 Ha KpaifHIX

TouKaX JeeKTy: 31IBa - MoYaTok AedeKkTHOI 001acT1, CripaBa - 3aKIHUCHHS.
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Pucynok 3.3. ['padikn aMIITITY1 CHTHATIB

BucHoBKH
Sk BugHO 3 TpadikiB, aMIUIITyZa B AedeKTHIIT 001acTl MEPEBUMIIYE aMILTITYAy B

Oe3nedexTHIIT 001acT1, 3 YOT0 MOYKHA 3aCBITUUTH, IO OTPUMaH1 CUTHAJIN 3aJ1e)KaTh B1JT

CTaHy 00'€KTa KOHTPOII. BUCHOBKOM JaHOTO PO3ALLY € Te, Mo 0a3a CUTHATIB A

JIOCTI/DKEeHHS OTpIMaHa Ta 00po0IIeHa BIPHO.
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4. Po3po0JieHHs cTapTan-NPoeKTy « BUKOpHUCTAHHS MeTOIiB
MAINIMHHOTO HABYAHHA NPH IMIIYJIbCHOMY IMIIeJAHCHOMY

KOHTPOJIi KOMIIO3HUTIB)

4.1. Onmuc izei mpoexkTy

B ocHOBy 171ei cTapTan-npoeKkTy MOKIAJeHO BHKOPHCTAHHS METO/IB MAIIIHHOTO
HaBUaHHSA /I (OpMYyBaHHS BHICHOBKIB IpPO HAfABHICTH Je(eKTy B KOMIIO3UTHHX
Marepiaiax Ipu IMITYIECHOMY IMIIEJJaHCHOMY METO Il KOHTPOJIIO, SIKa BIPI3HAECTHCS BT
HassBHIX Ha PUHKY METOJIOM OOpoOKHM 1HQopMallli, OTpUMaHOi B XOJ1 KOHTPOJO, IO
BHUKJTIOYAE BIUINB TOJACHKOTO (akTopy Ha IHTEpHpPUTAIlI0 MOKazaHb. J[aHa cucTeMa
MOKe OyTH 3acTOCOBaHa JIsI KOHTPOJIIO BHPOOIB aBIAIIIfHOI IMMPOMICIOBOCTI Ta MOXeE
3aMpOINOHYBAaTH KOPUCTYBAueBl MaKCHMAalIbHY MPOCTOTY BUKOpUCTAHHA. Pe3ynpTar
aHal3y CyTI 1JIel CTapTal-MpoeKTy HaBeJeHOo B Ta0I. 4.1.

Ta6mus 4.1. Omnmc 17161 cTapTan-mpoeKTy

3micm ioer Hanpsamxu Bueoou ona xopucmyeaua
3aCMOCYGaHHS
MeToauM MaWmHHOro KoHTponb BHPOOIB 3 JIerkicTh iIHTepHpeTaIlii moka3aHb
HaBYaHHA A4 GOpMyBaHHA | KOMIIO3HTHOTO VHiBepcaTbHICTh 3aCTOCYBAHHS
BMCHOBKIB NPO HaABHICTb Marepiany

AedeKTy B KOMNO3ULIMHUX
maTtepianax npu
iMNyAbCHOMY iMNegaHCHOMY
METO/j KOHTPONK

JIist 6LIBIIT HAOUHOI IEMOHCTpAIIl] EPEBAr Ta HEJIOMIKIB JaHOI CUCTEMI KOHTPOIIIO
MOPIBHAEMO IMApaMETPH CHCTEMH 3 JISSIKUMU i aHAJIOTaMi, HasBHIMHU HA PUHKY.

KonkypenTu:

Konkypenrt 1 - YHiBepcanpamii nedexrockon JJAMM-CO09 kommanii Votum.

Konkypent 2 — VYapTpa3BykoBuii gedexktockon Bondmaster 1000e+ xommanii

Olympus.
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Taommng 4.2.

BuznaueHHS CHIBHIX, CTA0KIX Ta HEHTpaTbHIX XapaKTEPUCTUK 1€l

IIPOEKTY
. i w N S
Texniko- (nomenyiiini) moeapu/xoHyeniyii v
L : (cnabra |(meitmpanvua |(cunvna
eKOHOMIYHI KOHKYpeHmie .
cmopoua) |cmopona) CIOPOHA)
| xapaxmepucmuxu =
n/n e Miii
ioei Konxypenml | Kouxypenm?2
npoexn ' ¢
BapTicTs, TpH 51000 140000 105000 +
1
Biabip Hanbinbw | ABTomaTHuHO | Bpyuny Bpyuny +
2 | yyTAuemx OIIEPaTOpPOM | OIlepaTopoM
iHpopmaTUBHUX
napameTpie
[HpopMaTHBHI AMImiTya, AMIITITY 8, | AMILTITY A, +
.3 | mapameTrpu daza, daza daza,
CHEeKTpaTbHHI CHEKTpalbH
pO3KIaj Uil pO3KIaj
[HCTpYMEHTH + - - +
4. | MalmMHHOTO
HaBYaHHS

3 Tadn. 4.2. BHIOHO, IO BHHpOHOHOBaHHﬁ IIPOCKT HC IIOCTYIIA€TLCA aHAJIor'aM 3a

OCHOBHHUMMH XapaKTCPUCTUKaAMI. 3 HepeJ’IiUICHI'IX XapaKTCPUCTHK OLIBIIICTE € CHILHIMI

CTOpOHaMM.

Ciadk1

CTOpOHH

BIJICYTHI

B3araini,

KOHKYPEHTOCTIPOMOXKHICTh JTAHOTO MPOEKTY.

4.2. TexHOJIOTIYHHH ayITHT iiel MPOEKTy

ne

Taomuis 4.3. TexHomorgaa 3A1HCHEHHICTS 1]71e1 IPOEeKTY

TOBOPHUTL

po

BHCOKY

BUCHOBKIB Npo
HaABHICTb AedeKTy B
KOMMO3ULLIMHUX
maTepianax npu
iMMy/IbCHOMY
imnegaHCHOMY MeToAij
KOHTPO/IKO

ICHYI0U1 CHCTEMH
IMITeTAHCHOTO KOHTPOITIO

No Texwnonoeii it Hasenicms Hocmynuicmo
loes npoexmy N v C
n/n ' peanizayii MmexHo.102ill MexHoN02ill
1 MeToau mawmnHHOro Burorosienns Ha Hassna HocrtymHa
HaBYaHHA ONA 3aMOBIICHHA
2 dopMyBaHHA BropoBamxeHHs B HagsHa HocrtymHa

OOpaHa TexHOJIOT1A peami3allii 17iel MPOoeKTY: BIPOBaKeHHS JTaHHX METOMIIB A
BHKOPHCTAHHS B ICHYIOUHX CHCTEMAX iMITeJaHCHOTO KOHTPOIIIO J/IS IIOKPAIeHHS Pe3y/IbTaTiB
IHTEPIPHTAIII] TOKA3aHbh OIEPATOPOM.
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Pe?,_YJIBTElTI'I TEXHOJIOTTYHOT'O AYIUTY BKa3YIOTb Ha TE, IO OaHy i,[[e}() MOXKHa

peani3yBaTi IUISIXOM BUKOPUCTAHHS HASBHUX Ha PUHKY TEXHOIIOT1H, SIK1 € JOCTYIIH1

aBTOPY MPOEKTY.

4.3. AHaJ1i3 pHHKOBHX MO/KJIHBOCTEH 3alyCKY CTAPTAN-IIPOEKTY

[TpoBeaeMo aHami3 pUHKY 3 METOIO OIIHKU IMOTEHINITHUX 3arpo3 Ta YMOB BBE/ICHHS
TOBapy Ha PHHOK 3 ypaXyBaHHSIM NOTped IMOTEHIIHNX KIIEHTIB Ta IPOIO3UINIA
IIPOEKTIB-KOHKYPEHTIB

Taomums 4.4. [lonepeassa XapakTepruCTHKA MOTEHIIITHOTO pPUHKY CTapTal-IIPOEKTY

IHoxkasHnuxu cmany punky (HatimenyeaHHs) Xapaxmepucmuxa
nn
K1UTbKICTh TOJTOBHHX I'PaBIIIB, OJ1 2
3aranpHHIT 00CAT IPOJaK, TPH/YM.0J ~10200000 rpH.
JlnHaMIKa pHHKY (SIKICHA OIIHKA) CTabUTbHHIA
HasBHicTs 0OMeKeHb I BXOAy (BKa3aTH XapakTep | BiacyTHi
0OMesKeHb)
Crenmd19H1 BUMOTH J0 CTaHJIapTH3AaIIli Ta [TepeBipka cHcTeM Ha
ceptudikamii CTaHJapPTHHX 3Pa3Kax 3 METO
MIATBEPUKEHHS IMOBIPHOCTI
KOHTPO.IIO/TIOXHOOK
BHMIPIOBAaHHS
CepeaHS HOpMa peHTa0eIbHOCTI B Tay3i (abo 1o 80%+
PHHKY), %

[ToTeHMiiTHNIT PUHOK Ha JTaHWII MOMEHT € CTAaOUILHHM, IO JIa€ MOXKIIUBICTH JUIS
JTAHOTO TPOEKTY B 3B’3KY 3 HOBU3HOIO 171ei. OOMeXeHb Ul BXOJy Ha PHHOK HEMae, a
BIMOTH JI0 CTaHapTHU3allli Ta cepTudikaiii He BUINE, HDK V ICHYIOUNX aHAJIOT1B.

Bu3HaunmMo MUTEOBY ayIUTOPIO, SIK1iT MOYKHA 3aIIPONIOHYBATH JaHmil ToBap (Tald.
4.5).

Ta6mus 4.5. XapakTepucTHKa MOTSHINIMHAX KI1€HTIB CTapTal-TIPOEKTY

. Biominnocmi y
Iinvoea L
. noeediHyi pi3HUxX Bumoeu
ITompeba, wo ayoumopis L :
_ _ nomenyitiHux CHOCUBAYIE 00
n/n gopmye purox (yinvoei .
: : YiTboeux 2pyn moeapy
ceameHmu PUHKY) : o
' KAieHmie
JlaHwii ToBap CepenHi Ta OpieHTanis Ha - JIO POy KIILi:
3aJT0BOJIBHSIE BeIHKI B1JIHOCHO HEJIOPOT1 VYHIBepCAIBHICTB,
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noTpedy PHHKY B MIIIPHEMCTBA, yHIBepcalbHI HaIIHICTD,
yHIBepCaIbHIiH AK1 MAlOTh HaIliBaBTOMAaTHIHI1 TETKICTh

CHCTeMI HEOOXITHICTh ¥ 3ac00H HepYHHIBHOTO | IHTepIpHTAIlil
IHTepIpHTAIl BeJTHKIH KOHTPOJIIO MoKa3aHb
MOKa3aHb IIPH KUIBKOCT1 - 10
IMIIeJTaHCHOMY omeparii MOCTagaIbHAKA:
KOHTPOI KOHTPOIO CTaHY CBoegacHe
KOMIIO3HTIB 00’ €KTIB HaJaHHS MPOTYKI

BaxmBor MOTpeOOI0 CYdacHOTO PHHKY 3aco0lB HEpYITHIBHOTO KOHTPOIIO €
JIETKICTh IHTEpHIpeTali mokas3anb. J|aHmii TOBap MOBHICTIO 33JI0BOJIBHAE 1[I0 MOTPeOY.
Takok MOXHA 3pOONTH BUCHOBOK, IO JUIS peami3aiii MPOAYKTY € IOCHTh IINpOKa
IIUTEOBA ayAUTOPIA.

[IpoanamizyeMo ¢akTopu 3arpo3 Ta MOKIHBOCTell HpH BHUBEIEHHI TOBapy Ha

puHOK (Tadmn. 4.6, 4.7).

Ta0mums 4.6. @akTopn 3arpo3

n /” Cibamnop 3micm 3azpos3u Moocnuea Peaxtiisai KOMNaHii
1 KmienTcpka 6aza Ha pHHKY 3ac00iB IIpoBeneHHs pekinaMHOi
HepyHHIBHOTO KOHTPOJTIO KOMITaHIi MIIISIXOM ITy OTiKaIii
ICHY€ CKJIQIHICTh IMBUIKOTO | OTTIAOBUX CTaTei B
HabOpy KIEHTCHKOI 6a3H (haxoBHX JKypHAJIaX
2 Heo0x1aHICTD 3aco0u HepyHHIBHOTO 3aBuacHe MOJaHHS 3pa3Ky
cepTHQIKAIi KOHTPOITIO TIOBHHHI CHCTeMH Ha IepeBIpKY
o0JIaTHaHHS IPOXOJIUTH 000B’ A3KOBY
cepTudiKaIito s
BBEJICHHS Ha PHHOK
3 Henocraras OCKLTBKH MeTOIH OOrpyHTyBaHHS IepeBar
PO3BHHEHICTb MAITHHHOTO HaBYaHHS BUKOPHCTOBYBaHHS JJAaHHX
METOIHK MaiiKe He METOMIB I MiABHIIEHHS
3aCTOCYBaHHS BHKOPUCTOBYIOThCS B HK, TOYHOCT1 1HTEPIIpeTallii
MAaIHHHOTO 1le MO’Ke BHKTHKAaTH MOKa3aHbh KOHTPOITIO
HaBYaHHSA B ralay3l | HeJOBIPY B MOTeHITIATHHHX
HK KIT€HTIB
4 HoBuszna JlaHHUIi IPOIXYKT € HayxkoBe oOrpyHTYBaHHA
abCOMOTHO HOBHM Ta MOJK€ | HOBHX MOJKIHBOCTEH, IO Ja€
BHKJIHKAaTH HEIOBIPY B JTAaHWH TPOIYKT
NOTEHIIHHUX KIIIE€HTIB
5 O00B’A3K0Ba JI1 BUKOPHUCTaHHS AnanTarris mporpaMHOro
HasBHICTb NPOIYKTY € HEOOXITHICTh V | 3a6e3medeHHs 1S Oy Ib-sIKO1
KOMII'F0Tepa HasIBHOCT1 KOMIT FOTepa OTIEPAIIHHOI CHCTEMH

OCKUIBKH PHUHOK 3acO01B HEpYITHIBHOTO KOHTPOJIO HE € OJHIM 3 HAlmmpImux B

YkpaiHi, BIH Ma€ MEeBHI OCOOJIMBOCTI, SIK1 MOXYTh CTBOPHTHU IPOOIIeMH IpH CIIpodax
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BBECTH B HBLOI'O HOBHIl TOBAp, alIc IIOIIPH IS, PHMHOK 1 IIPOCKT SIKII I[IPOIIOHYETHCA
MOXYTE HaJIaBaTH IIEBH1 MO}K.]'IPIBOCTi, K1 CIIpPUATUMYTL HMBHUIAKOMY BBCICHHIO

OPOAYKTY. 3 AaHOi TaOIHMIll MOKHA CYAWTH, IO PUHOK Mae MeBH1 (haKTOpH 3arpos,

IIpoTe iX BIUIMB MOXKHA HIBEIIOBATH IUIAXOM aJeKBAaTHOI peakilii 3 00Ky KOMIaHIi.

Tabmums 4.7. @akTopy MOKINBOCTEN

No
/n Daxmop 3micm moswcnueocmi Moowcnuea peaxyia xomnanii
1 BimcyTHICTD Ha manmnit MOMEHT Ha pHHKY AKIIEeHTYBaHHS YBaru
JAHOTO THITY BIJICYTHI CHCTEMH IMII€JTAHCHOTO | KITI€HTIB Ha HasSBHOCTI
TeXHOJIOT1I KOHTPOIIIO 3 BHKOPHCTAHHAM BIIMIHHOCT] CHCTEMH BiJ
MAaIIHHHOTO HaBUYaHHS ICHYIOUYHX Ta MOB’S3aH1 3 ITHM
nepeBaru
2 Texmiuni MOKITHBICTE TPeCTABIATH Hammcanug ornamoBux
KoH(epeHIIii, CHCTEMY KOHTPOIIO TUISXOM cTarTell B KypPHAIH Ta Te3 Ha
BHCTaBKH, HaIHCaHHS OTJISI0BUX TPallh B KoH(epeHIii, TeMaTHKa SKHX
CceMiHapH KaleHJapH1 BUJIaHHA, BUCTYTIB Ha | 3aB’s3aHa Ha HePYHHIBHOMY
KOHITEePeHITIIX KOHTPOII
3 JlerkicThb Cro:xuBadi BUCYBAIOTh BHCOKI AKITeHTYBaHHS YBaru
IHTepIpeTaiii BHMOTH JI0 TAaKOT'O TTapaMeTpy MOTeHIIIHHNX KTI€HTIB Ha
KOHTPOJIIO CHCTeM HEepPYHHIBHOTO KOHTPOJTIO | TOMY, IO JlaHA CHCTeMa
AK JIETKICTh IHTepIIpeTaIii 3a0e3Iedye JIerKiCTh
OKa3aHb IHTepIIpeTaIii moka3aHb
4 HoBuszna Ha manuit MoMeHT MOKIHBICTh PO3BHTKY HOBOL
3allpONIOHOBaHE PIMMEHHS HeE € CHCTEMH Ha PHHKY Ta BUCOKa
MIHPOKO BHKOPHCTOBYBAHHM KOHKYPEHTOCTIPOMOJKHICTh
5 [adopMmariii mpo | MoKIHBICTh pOOOTH 3 CHTHATAMH | AKIIeHTyBaHHSA yBard Ha
CHUI'HAT HEBIJIOMOI 3a3/1aeriib opMu NTHPITHX MOKITHBOCTSX
CHCTEMH

HaBeneHa Bume TaOMUIA JOBOJUTH, MO CHUTYAIllsl HA PUHKY HAJa€ MOKINBOCTI
I BBEJCHHS HOBOTO TOBAapy NpH MPaBWIBHINA MOBeIIHIN KoMmadii. Haiftkpammm
PIIEHHSIM TSI BUKOPHCTAHHSA JaHUX (AaKTOPIB € MOTY>KHA peKIIaMHa KOMIIaHIs Ta
aKTHBHA HaYKOBa JIISTHHICTH 3 METOIO MPUBEPHEHHS YBArd JI0 JAHOTO MPOYKTY.

3Ba)karoun Ha Te, IO PUHOK 3ac001B HEPYITHIBHOTO KOHTPOJIO XapaKTEPH3y€EThCs
IIEBHUM POJIOM KOHKYPEHIIII, € TOIUTFHIM IIPOBECTH aHATI3 CUTYaIlli Ha pPUHKY 3 IUJLTIO
OJATBITOr0 (POPMYIFOBAHHS CTPATET1l KOMIIAHII.

Ta6mums 4.8. CTyneHeBUil aHaI13 KOHKYPEHII Ha pPUHKY

Bnnue na dianwvricims
NiONpUEMCMea

Ocobaugocmi KOHKYPEHMHO20
cepeoosuua

B uomy nposensemvca dana
xapaxmepucmuxa
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(moorcnuei 0ii komnauiri,
wjob 6ymu
KOHKYPEHMOCNPOMOMCHO

10)
1. Bka3aTu THII KOHKYpeHIIii Ha punKy 3aco01B IIpoBenenns
- BUIbHA HepYHHIBHOT'O KOHTPOITIO MacmTabHOI peKIIaMHOL
B1JICYTHSL MOHOIIOTIS KOMITaHIL
KOMITaHIH-Ti/IepiB ramy3il
2. 3a piBHeM KOHKYPEeHTHOI KoHKypeHIIis gacTime IIpencraBineHHS HOBOTO
6opoTeOH CIOCTEPITacThC B MeKax THITY TIPOTYKITi
-JIOKaJIbHA KpaiHH.
3. 3a raiy3eBor 03HAKOK KoHKypeHIIis € TUIbKH MIXK AKIIeHTYBaHHS YBaru
-BHYTPIMIHbOT ATy 3e€Ba MpeicTaBHHKAMH Taly31 KJII€HTIB Ha
HepYHHIBHOT'O KOHTPOITIO YHIBEepCaIbHOCT1
CHCTEMH

TToenHaHHS TeKITBKOX
MeTO/IIB KOHTPOJIIO B

4. KoHKypeHIIiq 3a BHIaMH
TOBapIB:

KoHKypeHIIis iICHY€e B MeKax
KOKHOTO OKPEMOTO METOTy

- TOBapHO-BHI0BA KOHTPOIO (YIbTPa3BYKOBHIA, OJTH1I KOMILTEKCH1H
BHXPOCTPYMOBHII TOIIO.) CHCTEMI.
5. 3a xapakrepoMm OCHOBHHM KpHTEPIEM, SAKHI 3acTOCYBaHHS HOBHX

KOHKYPCHTHHX II€pEBar BH3Ha4Ya€ CHCTCMH KOHTPOJIIO, MeTOI[jB 06p06KH

-HEIIHOBA K1 BITHOCATHCH IO ONHIET CHIHAJIB I
ramy3i € TO0CTOBIPHICTh MOJTeTTIeHHSA
KOHTPOJIIO IHTepIpeTallii MoKa3aHb
6. 3a IHTEHCHBHICTIO BaxmBumu € xapakrepucTHku | ITokpamenHs
-He Mapo4YHa MPOAYKTY, a He KOHKPETHHI XapaKTEPUCTHK
BHPOOHHK CHCTEeMH.
3 HaBeJeHOI BHINE TAOMHINI MOXHA CYAUTH, IO CHTyamisd Ha PHHKY

XapaKTEepPU3yEThCS BUIBHOI KOHKYPEHINEID B JIOKATBHNX MacmTabaX, TOMy HeMae
(hakTOpIB, K1 OJHO3HAYHO OOMEXYIOTh BXO/KEHHS HA PHHOK.
AmHamni3 yMOB KOHKYPEHIIIi B ramy3i (3a M. mopTepom) HaBeZieHO B TabI. 4.9.

Tabmums 4.9. Aram3 KoHKypeHIli B rany3i 3a M. [loprepom

Ilpami o
P Ilomenuyiiini _ Toeapu-
KOHKYpeHmu Hocmauanvuuxu | Knienmu .
iy KOHKYpeHmu 3AMIHHUKU
8 2anysi '
Cxnaooei Daxmopu
§ Haeecmu Busznauumu
ananizy : , Busnauumu Busnauumu 3a2po3 3
nepeix bap epu
gaxmopu cunu | gpakmopu cunu | 60ky
npAMUX 6X00JHCEeHHs1 6 . . . .
_ nocmavanvHuKie | cnoxcueavie 3aMIHHUK]
KOHKYpeHmie | punox .
BucHoBKu: TOB Hespaxaroun | 3Bakaro4u Ha Tak, KIeHTH ®akropu
Hu3zbkuii "BOTYM", Ha Te, IO Ha | Te, 0 PUHOK BHCYBaKOTh 3arpos3
piBEHb Olympus PHHKY € HepyIHIBHOTO BHMOTH MO0 | BIICYTHI
KOHKYpeHIIil KOMIIaHii 3 KOHTPOIIO — IIe | IeTKOCTI
Jae JIOCBIJIOM, JIOCHTH By3bKa IHTepIpeTaiii
MOJK/IHBICTh POEKT Mae raiaysb, MOKa3aHb
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BHXOJY Ha MOJKTHBOCTI | MOCTa4albHUKH | KOHTPOIIO
PHHOK YCHIIMHOTO HE MaKTh

BHXOJIy Ha BETHKOTO

PHHOK BILUTHBY

Hu3bkuii piBeHb KOHKYPEHIII] 3 00Ky JIEKLTHPKOX KOMIIaHIi He CTBOPIOE CYTTTEBHUX
CKJIQJHOMIIB JUII PO3BUTKY HOBOI KOMIIaHIi. ['OJTOBHHM OOMEXKEHHSIM I POOOTH
MO’KHA Ha3BaTHU BIUINB KIIIE€HTIB Ta iX MOTpeO.

[IpoBenemo nepenik (GakTopiB KOHKYPEHTHOCIIPOMOKHOCTI (Tadm. 4.10)

Taomuis 4.10.00rpyHTYBaHHS ()aKTOPIB KOHKYPEHTOCIIPOMOKHOCTI

Obrpynmyeans (HagedeH s YUHHUKIG, o PoOIsNDL
gaxmop 07151 NOPiGHAHHS KOHKYPEHMHUX NPOEKNiG

SHA4YUUM)

Daxmop

Ne n/n i
KOHKYPEeHMOCNPOMONCHOCI

JlaHa cHcTeMa J1ae MOKTHBICTH JIeTKoi IHTepIpeTarii
MOKa3aHb KOHTPOJIIO

11 | JIerkicTh 1HTepmpeTarii
MOKa3aHb KOHTPOJIIO

22 | IadopMairis Ipo CHTHAT [Iporpamue 3a0e3ne4eHHS CHCTEMH JI03BOIIE 3a0€3ME€YUTH

po0OTY 3 CHrHaJIaMH HeB1IoMoi hopmu

33 | HoBu3Ha mpoayKiii ToBap He Ma€ MPIMHX aHAIOT'IB Ha PHHKY

Ha erami BXo/ly Ha pHHOK € HEOOX1JJHHM TPOXOKEHHS
MPOCTOi TTepeBIPKH 00.1aTHAaHHS

44 | BUMOTH 710 TIPOIYKITIT

3ampornoHoBaHa CHCTeMa MPHAaTHA ISl KOHTPOIKO BHPOOIB
MIHPOKOTO CIIEKTPY

55 | VHiBepcambHICTh MPOIYKTY

Kommanis Mae ¢akropn, SKi XapaKTepU3yIOTh ii K KOHKYPEHTOCIIPOMOSKHY, IO
HaJla€ MOXKJIIBOCT1 BEJICHHSA KOHKYPEHTHOI O00poThOH. VY c1 BUIenepepaxoBuHl (aKToOpn
33JTOBOJIBHSIIOTH ITOTINT Ha PUHKY.

Ta6mums 4.11. IopiBHIBHMIT aHAI3 CUTBPHIX Ta CTA0KUX CTOpIH «BUKOpHCTaHHA

METO/IIB MAaNIMHHOTO HAaBYaHHSI NPU IMIOYJIbCHOMY IMIIEJAaHCHOMY KOHTPOI1
KOMITO3HTIBY
Peiimune mogapie-xonKypeHniie y
nopieHaHHi 3 « Buxopucmants memooie
n Dakmop banu | MawunHo20 HaGUAHHS NPU IMITYILCHOMY
KOHKYPEHMOCHPOMONCHOC] 1-20 IMNEeOaHCHOMY KOHMPOTi KOMNO3UNIEY
3 2 1 1 2 3
1 JlerkicTh 1HTepIpeTaIii 20 +
MOoKa3aHbh KOHTPOITIO
2 [Hd opMaIlisg Ipo CHTHAT 20 +
3 HoBuzHa mpoaykimii 20 +
4 YHIBepcalbHICTh IPOAYKTY 17 +
5 Bumorn 10 mpo Ty KIii 16 +
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Jlana TaOmumsg BKa3ye Ha Te, MO NPOAYKT KOMIIaHII Ma€ psa TepeBar Haj
OCHOBHIMI KOHKYPEHTaMM, IO POONTH HOoro OLTBII MPIBA0IMBIM B OYaX MOTEHITIITHIX
KTeHTiB. HaiioutemmuMn mmepeBaraMm € JIETKICTh 1HTEpIIpeTarii MoKa3aHb KOHTPOIIIO,
MOJKJINBICTh POOOTH 3 CHTHATaMI HEBIJIOMOi (OpMH Ta HOBU3HA MPOAYKIII. €IHMHIM
HEJIOTIKOM € TTOKA3HIK YHIBEPCATbHOCTI MPOIYKTY.

[IpoBegemo SWOT-anam3 crapTan-npoekTy (MaTpuill aHamsy ciibHUX (Strength)
Ta cnadkux (Weak) cropin, 3arpos (Troubles) Ta mosxmmBocTeii (Opportunities)) (Tadm.
4.12)

Taomums 4.12. SWOT- anami3 ctapTan-npoeKTy

CunbHI cTOpoHH: JIerKicTh IHTepIIpeTaIii CnalKi CTOpOHH: YHIBepCalbHICTh
KOHTpoIo, [HdopMaIliis mpo CHTHAI, OPOIYKTY

HoBu3Ha mpoayKIi

MoskaBOoCcTI: MOKIHBICTE Y4acTi B 3arpo3u: BUICYTHICTh KTIEHTCHKOI 6a3H

KOH(epeHIIIX Ta BHCTaBKaX 3 METOI0
peKIaMH MPOoayKilii, BiICyTHICT TeXHOIOT 1
JTAHOTO THITY Ha PHHKY

SWOT-anam3 mnoka3ye, 00 CHIbHI CTOPOHHM KOMIIaHII Ta i1 MPOAYKTY
IEPEBAXKAIOTH HAJl CIIA0KNMHU 1 PHHOK B CBOIO Uepry HajJa€ OUIbINE MOMXINBOCTEH A
BBEJICHHS HOBOT'O TOBApy, HIXK CTBOPIOE 3arpo3.

Ta0muis 4.13. AnTpTepHAaTUBI PUHKOBOTO BIIPOBAKEHHS CTAPTAIl-TIPOCKTY

Anvmepuamuea
(opienmoenuii komniexc
3ax00i6) pUHK060T 106€0iHKU

Hnogipricms ompumanns
pecypcig

No C L
mpoxu peanizayii
n'n poxi p /

1 Po3poOnenns mporpaMHoro BHCOKa 1-2 micsmi
3a0e3MedeHHs 151 CHCTeM
HEPYIHHIBHOTO KOHTPOIO

B sKkocTi anpTepHATUBHOI CTpaTerii pHHKOBOTO BIPOBakKeHHsA Oyno obOpaHo
pO3poOKy MporpaMHoro 3abesneueHHs i HasgBHux cucrem HK, mo mo3Boimuts B

KOPOTK1 TEpPMIHI OTPIMATH IPUOYTOK 3 BICOKOO BIPOT1THICTIO.

4.4. Po3po0.ieHHsI pHHKOBOI cTpaTerii mMpoeKTy

[IpoBeemo BHOIp MUILOBHUX TPYII MMOTSHIIIMHIX CIIOXKNBaYiB (Tad. 4.14)
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Taomus 4.14. BuGip MUTb0BUX I'PYII MOTSHITIITHIX CITIOKUBAYIB

Onuc npoghinto

T'omoenicmo

Opienmoeruii

Inmencuenicms

Ilpocmoma

No | yinvoeoi epynu cnosicueadie HONUIN 6 MeXcax
oy g} . .. KOHKYPeHYii 6 6X00Y y
nm HOMEHYILIHUX CHputiHAmMU Yinvoeoi epyni - : 7
; 4 ceavenmi ceameHm
KiaieHmie NPOOYKM (ceamernmy)
1 Hepemxi Bucoxka Bucoxuit Cepenns Bucoxka
OITIPHEMCTBA
2 Bemnxki Cepenns Bucoxuit Cepennsa Cepenns
KOMITaHII Ta
ITIPHEMCTBA
3 JlaBoparopii Bucoka CepeHii CepenHs Bucoka
4 [TpuBatHi ocodu | CepenHs CepenHiil BiacyTtaa Bucoka

SIKi nUTROB1 TPYIIH 00paHo: HeBenHKi miIMpHEMCTBa, TadopaTopii

Sk BuaHO 3 Tabmumi 4.14, OCHOBHIMH ITUTBOBHMH T'pyIHaMH IMOTEHIIHHIX KITIEHTIB

€ HEeBeNNK1 MIJIPUEMCTBAa Ta Tabopartopii. Bemuki mampmeMcTBa Ta KOMITaHIT TaKOX

JAI0Th MOTEHINaN i 30yay npoAykTy. HalfiMeHm miaxoAsTs Ui IbOTO MHPHUBATHI

ocoom.

BusraunMoch 3 0a30BOI0 CTpaTerie€r0 PO3BUTKY MPoekTy (Tad. 4.15)

Ta6muis 4.15. BuznageHHs 6a30B01 cTpaTerii po3BUTKY

Knrwouoei

Obpana Cmpameczis _ basoea
KOHKYPEHMOCHPOMONCHI .
arvmepHamuea OXONIeHHS . . cmpamezis

n/n no3uyii €ionogioHo 0o *
PO36UMKY npoekmy | punky . PO3GUMKY

- o0bparoi anomepHamuel -

1 Po3pobnenHs Ctparerisa CIpOMOKHICTb Crpareris
IPOrPaMHOTO crermiam3anmii 3alpPOIIOHYBAaTH HOBI nudepeHmiamii
3a0e3neueHHs s METOH 00POOKH JaHHX
cucreM HK

bazoBoro cTpareriero Oyino oOpaHO po3poOIEHHS MPOrpaMHOTO 3a0e3MeueHHs IS

CHCTEM HK, Tak AK Hp06HeMa CTBOPCHHA HOBOI CHCTEMH HE € OCHOBHOIO Ta Mac OLIBIIE

3arpos, HIK IIEPCIICKTHUB.

BusHaunMmock 3 0a30BOI0 CTpaTeric€lo KOHKYPEHTHOI IMOBEIIHKU IPOEKTY (Taod.

4.16)

Ta0mums 4.16. BuzaaueHHs 6a30Bo1 cTpaTerii KOHKYPEHTHOI MOBEIHKA

| 9u € mpoekT

| Un Oy/ie KOMIIaH1sg

| Un Oy e KOMIIaHIA

| Ctpateris
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w

«TIEePIIONPOX1/leM» | ITyKaTH HOBHX KOIIIOBAaTH OCHOBHI | KOHKYPEHTHOI
Ha PHHKY? CHOJKHBaYIB, ab0 XapaKTePHCTHKH MOBeIHKH ™
3a0HpaTH ICHYIOUHX Y | TOBapy KOHKYPEHTa, 1
KOHKYPEHTIB? AK1?
1 Tak 3a0upatu y Hi, B iboMy HeMae Crpareris BUKITHKY
ICHYFOUHX noTpedu Tiaepy
KOHKYPEHTIB

bazoBoro cTpareri€ro KOHKYPEHTHOI MOBEIHKN OyI0 00paHO poOOTY 3 KIIEHTaMU

KOHK_YpCHTiB, ajpKe JaHuI IIPOAYKT € HOBHHKOI0O Ha PHHKY Ta MOXKC )lOCTOI;'IHO

3aMIHATHU 1ICHYIOU1 IMAXO/IH 10 IHTEPIPETAaIlli ITI0Ka3aHb KOHTPOITIO.

Ta0mums 4.17. BuzHaueHHs cTpaTerii MO3UIIIOHYBaHHS

Knwouoei Bubip acoyiayiii, sixi
Bumozcu oo baszoea KOHKYpeHmocnpomo | maroms cgpopmyeamii
moeapy yinboeoi | cmpamezisa JHCHI NO3UYiT KOMNIEKCHY NO3ULYII0
n/n | ayoumopii PO3GUMKY enacHozo cmapman- | @1acHo2o npoexmy (mpu
NPOexnty KIH0YO0GUX)
1 VHiBepcanbHICTh | CTpareris VHiBepcalbHICTh Imme naHCHHTH
2 JlerkicThb mudepenmanii | Hoi MeToan HepYHHIBHUI KOHTPOJIb,
IHTepIpeTaIii 006podkH iH(popMariii, | METOIH MALTHHHOTO
MoKa3aHb AK1 3a0€3MeTyI0Th HaBYaHHS,
KOHTPOIIIO JIETKICTh YHIBEpCAIbHICTh
IHTepIIpeTaIii
MOKa3aHb

Bax1mBOo CTBOPHUTH TIPaBIWIBHI acomamii IUIEOBOI ayauTopill 3 IPOAYKTOM.

HeoOx11HO mpaBIIBHO IIOKa3aTH II€peBard JaHOTO IIPOEKTy, IO BIAMOBIJAIOTH

OCHOBHIM BUMOT'aM IMOTEHITIAJILHIX KII1EHTIB.

4.5. Po3po06/ieHHsI MAapKETHHIOBOI MPOrPaMH CTAPTAN-POEKTY

[Ticis mpoBeAeHUX JOCIDKeHb PUHKY, aHAII3y CITAa0KNX 1 CIUIBHUX CTOPIH TOBapy

€ I[OI_[i.]II)HI'IM CTBOPUTH KOHI_[CHI_[iIrO TOBApy, 3I‘iI[HO 3 AKOIO TOBap 6_Y)le BHBOJHUTIICE Ha

PUHOK, JIUIs1 TBOT'O chOPMY€EMO MAPKETUHTOBY KOHIIETIIO ToBapy (Tab. 4.18)

Taomuis 4.18. BuznaueHHS KIIFOYOBUX IMepeBar KOHIEMIII IIOTSHITIIHOTO TOBapy

Ne | Hompeba

| Bueooa, sixy npononye | Knrouoei nepesazu nepeo |
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n/n

moeap KOHKYpenmamut (icHyroui abo
maxi, o nompioHo
cmeopumu
1 JlerkicTh TlonermeHnns BUKOpHCTaHHS MeTO/IIB
IHTepIpeTamii IHTepIIpeTaInii Moka3aHb | MAITHHHOTO HABYAHHS IS
KOHTPOJIIO MIUITXOM 3aCTOCYBAHHS | OOPOOKH JaHHX
HOBHX MeTOJIIB
00po0KH 1H(DOpMAIIi
2 ®opmMa curHainy | Meroau o0poOKu OcCoOIHBICTH BHSABICHHS
CHTHAIIB I03BOIAIOTH CHTHAIIIB 3 HEBITOMHMH
BHSIBIISITH CHTHAIIH napaMeTpaMH JI03BOJISIE
HeB1JIOMO1 3a37aneriyib | peami3yBaTH HOBI MIISIXH
aMILTITY IH, ha3H Ta IHTepIIpeTaIlii moka3aHb
JaCTOTH
KimrouoBnmMu mepeBaraMm MOTEHINITHOIO TOBapy € JIETKICTh

IHTEepIpeTaIii

IIOKa3aHh KOHTPOIIO Ta MOXKJINBICTH OOpOOKH CHTHATB 3 HEBIJOMHMH 3a3Jaleriib

apaMeTpaMu.

CTBOpHMO TPUPIBHEBY MAapKETHHTOBY MOJIEIh ToBapy (Ta. 4.19)

Taomus 4.19. Ommc TproX PIBHIB MO/IEI1 TOBapy

Pieni mosapy

Cymmuicmos ma ckiaooegi

I. ToBap 3a JlerkicTh 1IHTepIpeTaIlli Hoka3aHb KOHTPOJIIIO
33 yMOM
II. ToBap y BracTHBOCTI/XapaKTepHCTHKH M/HMm Bp/Tx
peatbHOMY /Tn/E/Op
BHKOHAHHI 1. Bukopucranss MallHHHOTO +

HaBYaHHS

2. TaTerpariis 3 ICHYFOUHMH +

CHCTEMaMH

3. MoXHBICTh 0OpOOKH CHTHATIB +

HeB1JIOMOi hopMH

Sxicte: TOCT 14782-86 KOHTPOJIb HepyHHIBHHII.

[lakyBaHHS

Mapka: «ManmHHe HaBYaHHS MPH IMITYJIECHOMY IMIIETaHCHOMY

KOHTPOJI KOMITO3HTIBY M3

III. ToBap 13

JIlo po/iaky BKITIOUAETHCS

MIIKPITLIeHHM

[Ticyist mpoIaKy BKIFOYAETHCS

3a paXxyHOK 90T0 IOTEHIIIHAH ToBap OyJie 3aXHINeHO BiJl KOMIOBAHHS:
3a paXyHOK HasSBHOCTI 1H(OpMAIIIiHOI TEXHOIOT1i 00pOOKH CHTHAJIB IMITeJaHCHOTO

HEepPYHHIBHOTO KOHTPOITIO, sIKa 0a3yeThcsl Ha MeToflaX 00pOOKH CHTHAIIB, SIKa paHIIIe He

HaOyJ1a IMHAPOKOTO BKHUTKY.

Taomms 4.20. BusHadeHHS MeX BCTAHOBIICHHS I[1HI
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. : . . . . Bepxua ma nuotcna
Pieens yin na | Pieenv yin Ha | Pieenv doxooie P
No . B Medxci
moeapu- moeapu- Yinboeot epynu :
n/n ) - 6CMAaHOBIeHHA YiHU
3AMIHHUKU ananoau cnocueadyie
Ha moeap/nocayay
1 ~41000 rpH. ~51000 rpH. ~200000 rpH/pik 60000/41000

3 Tabmuim BUIHO, IO JaHMUII MOTEHIITHUII TOBap HE € JEIEBHUM, ale HOoro IiHa
3HAYHO HIDKYA 3a aHajuoru. Tako BaKINMBO BpaxyBaTU Te, IO TAKOTO IPOIYKTY
paHimie He 0yJI0 Ha pUHKY HEPYITHIBHOTO KOHTPOJIIO.

Tabmums 4.21. ®opmyBaHHA cHCTEMH 30y Ty

Cneyughixa :
/ .qb . Dynxyii 36ymy, axi mae | Inubuna | Onmumansna
No | zaxynieenvroi - C
"y _ GUKOHYGan kanany | cucmema
n/n No6eOTHKU YiTbOBUX :

. nocmavansHux moeapy | 36ymy 36ymy

KIiEHMi6
1 3aMOBIIEHHS 110 OTtpumaHHs Bucoka | I[lomry4yHuii

TenedoHy depe3 3aMOBIIEHHS, 00po0Ka poaaK
KBanidikoBaHy 0co0y 3aMOBJICHHS, TOCTaBKa. MPOIYKITIT

Cucremoro 30yTy Oyi10 00paHO 3aMOBIICHHS uepe3 KBall(iKoBaHYy 0OCO0y, apKe
HOBHU3HA TMPOJYKIII MOXKE MPU3BECTH JO JOJAaTKOBUX 3amnTaHb 3 00Ky KkmieHTIiB. Ha
JAHOMY €Talll P BBEJICHHI HOBOTO TOBApPY HA PHHOK, 30YT IHIIIMHU CIIOCO0AMHI MOXeE
BUKJINKATH HEIOBIPY.

Taomuis 4.22. KoHremis MapKeTHHTIOBUX KOMYHIKAIIIit

: Kananu
Cneyugixa . . .| .
_ KOMYHiKayiil, Knrouoei nozuyii, | 3aeoarnns Konyenyin
No | noeeoinxu .
: AKUMU obpai ons PEKNaMHo20 | peKiamHo2o
n/n | yirvoeux . :
nieHmic KOpUucmyomscs | NO3UYioHyeanHs | nogiooMmneHHs | 36epHenHs
- Yinboei KiieHmu
1 ®opmyBaHHs | [HTepHeT, [Mixa; JloHecTH 110 Po3mimeHHs
3aMOBIIEHHS | TeledoH Jlerkicth IILTHOBOT OTTSIIOBHX CTaTel
y eKcIepra IHTepIpeTaIii ayJIHTopIi Ha eIeKTPOHHHX
MOKa3aHb; nepeBaru pecypcax, B
VHIBepCaTbHICTh, | MPOIYKTY KaJIeHJapHHX
HoBusnaa BHJIAHHSAX, YJacTh
Y KOH(HEPEHIIIIX
Ta ceMiHapax

B mam yac koxxeH Mae 3MOI'Y CKOPHUCTATHUCAH Teﬂe(bOHOM i iHTCpHeTOM 1 caMe I_[i

KaHAIIN 3B SI3KY € HAlOUIIT 3pYYHUMH TSI KOMYyHIKaIli. Po3Mi3eHHs OrIsj0BUX cTaTell
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Ha €IeKTPOHHUX pecypcax, yuacTh V KOH(EpeHIIIX Ta CEMIHApaxX MOXE JIaTH 3MOTry

JTOHECTH JI0 IIUTHOBOI ayAUTOPII epeBaru MpoIyKTy.

4.6 BucHOBKH 10 po3airy

JlocnpkeHHST TOKa3all MOJKINBICTE PHHKOBOI KOMepIllam3amii IpOeKTy, IO
00yMOBIIEHO HAsIBHICTIO MOMNUTY HA CHCTEMH HEpPYHHIBHOTO KOHTpOI. Takox B X0/l
aHami3zy OyJIo MMATBEepPPKEHO pPEHTA0ENbHICTh MpoekTy. HesBakarounm Ha HasABHY
KOHKYPEHI[II0 MEBHOTO PIBHA, PUHOK HAJa€ MOXINBOCTI BOPOBAKEHHS MPOAYKTY B
00II' 3 Oy HAsABHOCTI IUTHOBOI ayAWTOPIi, SKa 3aIlIKaBUTHCA JAHUM IMPOTYKTOM.
IIpoaykT 3maTeH momonaTtH Oap’epu BXOPKEHHS B PHHOK, Takl $SK HEOOXITHICTH
ceptudikalii o0IagTHaHHA IIepe]l BUITyCKOM Ii B BUIBHUI MPOJa)k Ta Ha0Ip KIEHTCHKOI
0a3u.

B xXoml mocmypkeHbp B SKOCTI albTepHATUBH OyI0 OOpaHO pO3pOoOKY METOIB
00poOKH TaHNX JUIA HAsIBHUX CUCTEM HEPYIHIBHOTO KOHTPOIIIO, sIKa B HAII Yac € JIOBOJII
NEPCHEKTUBHOIO Taly33I0.

B nmonanemoMy € MOKIMBOCT1 BUBEJICHHS MPOEKTY Ha MDKHapoaHuii puHok. Ile
0OyMOBIIEHO THM, IO CHCTEMHU JAHOTO THUMY € a0CONMIOTHO HOBHMHU Ta JI03BOJIAIOTH

3HAYHO CIIPOCTUTHU IMPOIIEC IHTEPIIPETAllll TOKa3aHb KOHTPOIIO.

70



5. Pe3yabTaTH J0CIIIKeHHA

JIns JocoipKeHHS MAaNIMHHOTO HaBYaHHA Oyl1o oOpaHo 010moteky Keras s
CTBOPEHHSI HEIPOHHNX Mepex Ha 0a31 MoBHM mporpamyBaHHs Python.

Keras — 11e BICOKOpIBHEBHUII 1HCTPYMEHT /1 HEIPOHHUX MepeX, HalMCAaHWil Ha
Python 1 3gatamit npamoBatu 3 TensorFlow, CNTK a6o Theano. Bia 0yB po3po0nenmit
3 ypaxyBaHHSAM MOJXKINBOCTI MepelTH B 1Aei 0 pe3yiasTaTy 3 MIHIMAJIbHOI
3aTPIMKOIO.

OCHOBHOIO MOJICIUIIO 3aBaHTAXEHHS JaHUX QI O10motekn Oyiao oOpaHo
IIOCT1IOBHY (sequential) mojens, sika MIIXOAUTH U IIOCTABIICHOI 3a/1a4l.

[TocmiioBHa MOJENTs - IIe JIHIHHUN CTeK mapiB. Mojerns MOBHHHA 3HATH, SKY
dbopMy BXOay BOHA MOBHHHA OYIKYBAaTH. 3 ITI€l IPIYNHUA MEPIIUI Map y MOCTIIOBHII
Mozenl (1 JuIne MNepmuil, OCKUTBKA HACTYIIHI IMaph MOXYTh POOUTH aBTOMATHYHE
BHUBeIeHHA Popmn) moTpedye oTpuMaHHA 1HGOpMaIii mpo cBoro Gopmy BBeaeHHA. Lle
Oy70 3M1ICHEHO HACTYITHIM YMHOM: BHKOPHCTOBYEThCA miap Dense, KU MATPpUMYE
crienu@ikario cBoel (opMH BBEASHHS 3a JOIMOMOI'OK apryMeHTy input dim (BX1IHHIIT
PO3MIp JaHHX) Ta mapoBuii mapametp batch size.

[Tepmr HDK TpeHYBAaTH MOJENb, MOTPIOHO HATAMITYBATH MPOIEC HABYAHHS, SKUI
BHKOHYETHCS METOJIOM KOMITULAIIL. BoHa oTpuMye Tpu apryMeHTH:

1. OnruMmizatop. Ile w™oxxe OyTu pAaKOBHIT 1IeHTU(IKATOP I1CHYIOUYOTO
onTuMI3aTopa (HampukiIag, rmsprop ado adagrad) abo ex3eMIULIp Kiacy
OIITUMI3aTopa.

2. ®yukmig BTpart. Lle 00’ ekT, AKUIT MOJIEThF HaMaraTUMETHCS MIHIMI3Y1BaTH.

3. Comcoxk wmetpuk. Jlms Oyap-fkoi 3amaul KiIacuQIkamii el mapaMerp
BCTAHOBIIOETHCS B metrics = ['accuracy'].

Moaem xomnurami 010morekn Keras:

e J[ma GaraTokaacHoI Kiacugikamii

e Jl1s 1BOX KIaciB

e Jlns 3amavi 3MEHITICHHS CEPeTHbOKBAPAaTHIHOI MOXNOKI

e J[1a criemanbHAX MOKAa3HUKIB
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B maHiii poOOTI IOCTIKYETHCS BHUKOPHUCTAHHS MAIMIHHOTO HABUYaHHA A
BUSIBJIEHHS HAasBHOCT1 Je(eKTy B KOMMO3UIIITHNX MaTepianax, ToMy OyIo mpuiiHsATe
PIINICHHS PO JOIUIBHICTH BUKOPICTOBYBATH MOJIEIb I/ IBOX KJIACIB.

BaxnuBnM mapaMeTpoM B HaBYaHH1 HEIPOHHOI Mepeskl € KUIBKICTE enoX (epochs).
Onna emoxa BIJNOBIIA€ OJHOMY ITUKITYy HABYAHHS HEHPOHHOI Mepeki B PEXIIMI
TpeHyBaHHi. Ha pucynky 5.1 mokazaHa 3alexHICTh pe3yibTariB TecTyBanHa HM Bix
KUTBKOCT1 enoX. Ha oct X Bka3zaH1 HoMepH Je(eKTIB CcTaHAapTHOTO 3pa3Ky, Ha ocl Y —
TOYHICTE (accuracy), 3 SKOK HelpoHHa Mepe)ka BH3HAaYa€ HasBHICTH a00 BIJICYTHICTH
nedeKTy Ipu TeCTYBaHHI.

Pe3ynpTaT HaBUaHHA HEMPOHHOI MEpekl TaKOX 3aleKHUTh BlJ KUIHKOCTI MIapiB.
3a3Buuail BUKOPHCTOBYIOTH BXIJIHWI, BHYTPINIHINA Ta BUXIIHHII map HelipoHiB. Ha
PUCYHKY 5.2 TIOKa3aHO BIAMIHHICTH PE3YJIbTaTIB TECTYBaHHA /BOIIApPOBOI Ta
TpuimapoBoi HM.

KutpkicTh HEHpOHIB Ha BXOJ1 Ta BHYTPINIHROMY IIapl HEHPOHHOI Mepexl
nigoupanacs eKCIepUMEHTATPHUM MUISXOM. Y 3B S3KYy 3 THM, IO METOI JaHOTO
JIOCTI/DKEeHHS € BUABICHHS Je(eKTIB, BUXO/IB 3aBXKaU Oy/ae 2, OJUH 3 AKUX BIIMOBIIAE
HassBHOCT1 JedekTy, Apyruii — BUACYTHOCTL. I[lOpIBHSHHS pe3ynbTaTiB TeCTYBaHHSI
HEIPOHHOI MepeXK1 3 PI3HOIO KUTBKICTIO HEIIPOHIB MMOKA3aHO Ha PUCYHKY 5.3.

[TapameTp batch size — 1e KUIBKICTH JaHUX, micia oOpoOku skux HM oHoBmioe
3HAUEHHS BariB Ha CHHAINCAX MDK HelpoHaAMH BXIJHOTO Ta BuXigHoro mapy. Ileii
nmapaMeTp TakoxK OyB oOpaHMil eKkcliepUMEeHTAThPHUM NUIIXOM. Pe3yabTaTu TecTyBaHHA
HeHpPOHHO1 MepeX1 3 PI3HUMH 3HAYEHHSIMU JAaHOTO MapaMeTpy B1IOoOpakeH1 Ha PUCYHKY
54

Omxe, B pe3ylbTaTl eKCIIEpUMEHTY OyIH oOpaHl 3HA4YEHHs I[apaMeTpiB, IO
nepepaxoBaH1 BUIIE:

® MOJeIbs KOMIUTAMII — /I JBOX KJIacIB

® KUIBKICTH emox — 10

® KUIBKICTH IIapiB — 3

e Urcjo HeHpOHIB Ha BXIJITHOMY Ta BHYTpIMIHEOMY mapax — 3500/1750

e batch size — 100
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3HaueHHS BCHX IHIINX IMapaMeTpiB OyIM BCTAaHOBIEHI 3TIHO PEeKOMEH IaIid

po3poOHuKIB 610110Tekn Keras.

100

Average = 80,41%

90 + -

T | | | T | . | T | T | T | T E
2 3 4 5 6 7 8 9

A(%)

N
a)
100 Average = 82,29%
90
80 -
70 1
60 -
A(%)
50 -+
40 4
30 -
20
10 -+
0 +—— T T T T LI T T —
1 2 3 4 5 6 7 8 9
N

0)
PucyHnoxk 5.1. 3anexHICTs pe3yIbTaTiB TecTyBaHHsI HM B KUTBKOCTI €I10X: a) K-Th

erox - 5; 0) k-Tb enox - 10
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JIna 5-Tm MUKITIB HaBYAHHS CepeIHs TOYHICTh cTaHOBUTH 80,41%, a g 10-tm —
82,29%. Uepe3 Te, mo oOIagHAHHA, HA SKOMY MPOBOAIIOCH IOCTIDKEHHS Mae
0OMEXeHHS, BHKOPHCTOBYBATH OUIBIIY KUIBKICTH €IOX HEJONUIBHO, TOMY IS

MOJJAIBIIOTO TECTYBAHHS YICIIO IUKIIB HAaBUYaHHA Oyie piBHUM 10-TH.

100

Average = 79,43%
S0
30 -
70
50 -+
A(%)
50 A
40 - -
30
20 - =
10 -
0 A T T T T T
1 2 3 4 5 6 7 i 8 9
N

a)

Average = 82,29%

80 -+
70 4
60
A(%)
50 +—o . L = < 1 . :
30 +
20 7
10 +
o] T T T T T T T 1
2 3 4 5 6 7 - 9

N

6)

Pucynok 5.2. IlopiBHAHHSA pe3ynbTaTiB TecTyBaHHa HM 3: a) gBoma mapamu; 0)

TpbOMa IapaMu
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Sk BugHO 3 rpadikiB, TpHUIIApOBa HelipOHHA MepeXka Ja€e KpaImuil pe3yIbTaT, TOMY

JIOIUTFHO BUKOPHCTOBYBATH caMe TaKy KLUTBKICTH IITapiB.

84

82 -
SO .
A(%)

76 + L
74 -

72

70 - T

a) 6)

Pucynok 5.3. ITopiBHSAHHS pe3yIbTaTIB TECTYBAaHHA HEHPOHHOI MEPEsK1 3 PI3HOIO

B)

KUIBKICTIO HEPOHIB Ha BXIJTHOMY Ta BHYTpIIMHbOMY mIapi: a) 3500/1750;

6) 3000/1500; B) 5000/2500

Haiipani pe3ynpTaTtin oTpuMaHi micist TecTyBaHHs HM 3 kutbkicTio HelipoHiB 3500

Ta 1750 Ha BX1THOMY Ta BHYTPIIIHEOMY IIapl BIIIOBIIHO.

B4

82

A(%) j I l;
” a) | 5) 8)

PucyHok 5.4. Pe3ynpTatn TecTyBaHHA HEHPOHHOI MEPEX1 3 PI3HIMHU 3HAYCHHSIMH

mapametpy batch size: a) 100; 6) 300; B) 50
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[IpoanamizyBaBIIN pe3yJIbTaTH IOPIBHAHHSA BCIX BaXKINBHX MapameTpis HM
POOIMO BHCHOBOK, IO HAfOLIbINIa TOUYHICTE piBHA 82,29%, M0 BIAMOBIIa€ HACTYITHOMY
IIOEHAHHIO TapaMeTPIB: MOJENh KOMILUIAIII — JUIA JIBOX KJIAcCiB, KUIBKICTE emoX — 10,
KUIBKICTh MIApIB — 3, YHCIO HEHPOHIB Ha BXIJIHOMY Ta BHYTPINIHROMY IMapax —

3500/1750, batch size — 100.

BucHoBkH

1. B maHoMy po3/iTl OMHUCAHO CTBOPEHHS HEIHPOHHOI Mepexl 3a JIOIMOMOTOH0
010moTeku Keras Ha 6a31 MmoBu nporpamyBasas Python.

2. B Xoal ekcrmepumMeHTy OyJI0 MpOBEJASHO IIOPIBHSAHHS pPe3yIbTaTiB B
3aJIeKHOCTI B1J] P13HOTO 3HAYEHHSI OCHOBHUX mapameTpis HM.

3. Omnmparounchk Ha MPOMDKHI Pe3yJIbTaT! TECTYBAaHHS Mepexl1 Oynm miaiopaHi
napaMeTpH, 5Kl Jal0Th 3MOT'Y OTPIMATH HAIBUIY TOYHICTD.

4. Ha oCHOB1 OTpUMAaHHNX JAaHUX MOKHA 3pOOUTH BHCHOBOK PO JOILIHHICTH
BUKOPHICTAHHSA Ta PO3BUTKY METO/1B MAIIMHHOTO HAaBYAHHSA IS BUSBICHHSA
nedeKkTIB OpH IMITYJIbCHOMY IMIIEJAHCHOMY KOHTPOJ1 KOMITO3UIIITHIX

MaTrepianiB.
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BucnoBkn

B 7gaHiii  poOOTI HaBeIeHO TEOpeTHYHE OO TPYHTYBAaHHSA  JIOILUIHHOCTI
BUKOPUCTAaHHS METOJIB MAIMIHHOTO HaBYaHHSA /U1 BUSBICHHA Je(deKTIB Y
KOMITO3UTHUX MaTepianax.

HaykoBi Ta IpakTU9HI pe3yIbTaTH MOIATAIOTH B HACTYITHOMY

e Po3pobreHo HeiipoHHY Mepexy, fKa 37aTHa HAaBYATHCS Ha 3a3aleriahb
IITOTOBIICHNX JAHUX Ta KiIacu(IKyBaTH CHUTHAINM [0 HAasBHOCTI abo
BIICYTHOCTI JiepeKTa Ha JUISHITL, 3 SIKOI BIH OYB OTpHMaHMIi.

e [IpoBeneHO ekcmepuMeHTH 3 pi3HHMH Tapamerpamu HM Tta oOpaHo ix
ONTUMANBHI 3HAUCHHS JUII OTPUMAaHHA HANBHUIIOI TOYHOCT1 KiIacmdikari
CUTHAIIB.

e Po3po0IeHO CTapTam-ImpoeKT IO peam3alii JaHOT0 METOoay OOpoOKH, IO
JTO3BOJINTH MPUCKOPUTH BIIPOBAKEHHS PO3POOIEHOTO METOTY .

3amporoHOBaHe PIMIEHHSA IMPOOJIeMH IHTEpPHpHUTAaIli IMOKa3aHb KOHTPOJIIO
BI/IMIOBIJIa€ CYJ4aCHOMY PIBHIO HAYKOBHUX Ta TEXHIYHUX 3HAHD.

PO3BUTOK JaHOTO OCTI/DKEHHS MOJKE JaTH 3MOTY BIIPOBAUTH JAaHUN METOT
0OpOoOKN CHTHATIB y Takl ramy3l, fSK aBlaOyJayBaHHSA, NUBLUIPHE Ta IPOMHCIOBE
OYIIBHHUIITBO Ta 1HIIII.

JIOMUTBHO TPOJOBXKYBAaTH JOCIIDKEHHS METOJIB MAaNIMHHOTO HaBYaHHSI B
e eKTOCKOIIII, aJKe B MEPCIEKTUBI1 1€ JIO3BOIUTH IMMOBHICTIO BUKITIOUATH MOXHOKY BIJT

HETOYHOI 1HTEPIPUTAIli TOKa3aHh KOHTPOIIIO OIEPATOPOM.
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TOJATKH



Jlonatok A. IIporpama ajisi o0MesKeHHSI CHTHAJIIB B KOPHCHil o0/1acTi
import os
import errno
inputSignalFilesDir = './../signals'
resultSignalsDir = './../prepared signals new'
readFromSignalValue = 89

readToSignalValue = 3089

# try create output dir and ignore 'Already exist error'
try:

os.makedirs (resultSignalsDir)
except OSError as e:

if e.errno != errno.EEXIST:

raise

# iterate directories

for signalDir in os.listdir (inputSignalFilesDir) :

# print(signalDir)

inputDir = os.path.join(inputSignalFilesDir, signalDir)

# check if folders item 1is directory (one signal - one
directory)

if not os.path.isdir (inputDir) :

continue

print ("here")

# iterate files

81



for fileName in os.listdir (inputDir) :

¥ create result directory for current signal
resultDirectoryPath = os.path.join (resultSignalsDir,
signalDir)
try:
os.makedirs (resultDirectoryPath)
except OSError as e:
if e.errno '= errno.EEXIST:

raise

# get path to input and output files

filePath = os.path.join(inputSignalFilesDir, signalDir,
fileName)

resultFilePath = os.path.join(resultSignalsDir,

signalDir, fileName)

# check if folders item is file
if not os.path.isfile(filePath):

continue

# open file for reading

fileDescriptor = open(filePath, 'r'")

# if file exist truncate existing data; if file not
exist create new empty file
resultFileDescriptor = open(resultFilePath, 'w')
¥ read file lines
for i, line in enumerate(fileDescriptor) :
# convert line to array
lineArray = line.split (' ")
# filter array values

resultArray =

lineArray[readFromSignalValue:readToSignalValue]
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# build new line (include only filtered values)
resultLine = ' '.join(resultArray)
# write line to file

resultFileDescriptor.write (resultLine + '\n')
¥ close opening files

fileDescriptor.close()

resultFileDescriptor.close ()

83



JlonaTok b. Ilporpama st 00uHC/IeHHSI aMILTITYl CHTHAJIB

import os
import errno

inputSignalFilesDir = './../prepared signals'
resultSignalsDir = './../amplitude'

# try create output dir and ignore 'Already exist error'
try:
os.makedirs (resultSignalsDir)
except OSError as e:
if e.errno != errno.EEXIST:
raise

# iterate directories
for signalDir in os.listdir (inputSignalFilesDir) :

# check if folders item 1is directory (one signal - one
directory)
if not os.path.isdir(signalDir) :
continue

# iterate files
for fileName in os.listdir(signalDir):

# create result directory for current signal
resultDirectoryPath = os.path.join(resultSignalsDir,
signalDir)

try:

os.makedirs (resultDirectoryPath)
except OSError as e:

if e.errno != errno.EEXIST:

raise

¥ get path to input and output files

filePath = os.path.join(inputSignalFilesDir, signalDir,
fileName)

resultFilePath = os.path.join(resultSignalsDir,
signalDir, fileName)

# check if folders item is file
if not os.path.isfile(filePath):
continue

# open file for reading
fileDescriptor = open(filePath, 'r'")

# if file exist truncate existing data; if file not
exist create new empty file
resultFileDescriptor = open(resultFilePath,
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# read file lines
for i, line in enumerate (fileDescriptor) :
¥ convert line to array
lineArray = line.split(' ")
¥ calculate amplitude
amplitude = float (max (1ineArray))
float (min(lineArray))
# store value to file
resultFileDescriptor.write (str (amplitude) + '\n'")

# close opening files

fileDescriptor.close()
resultFileDescriptor.close ()
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onaroxk B. IIporpama nusi popmyBaHHS MACHBY, HA IKOMY

HaBYa€ThCH Heiip OHHAa Mepeika

import numpy as np
import os

def isdefectedsignal (signalDirNumber, signalNumber) :

if 1 == signalDirNumber:
if 11 <= signalNumber <= 25:
return True
else:
return False
elif 2 == signalDirNumber:
if 12 <= signalNumber <= 30:
return True
else:
return False
elif 3 == signalDirNumber:
if 13 <= signalNumber <= 31:
return True
else:
return False
elif 4 == signalDirNumber:
if 12 <= signalNumber <= 30:
return True
else:
return False
elif 5 == signalDirNumber:
if 8 <= signalNumber <= 26:
return True
else:
return False
elif 6 == signalDirNumber:
if 9 <= signalNumber <= 28:
return True
else:
return False
elif 7 == signalDirNumber:
if 8 <= signalNumber <= 15:
return True
else:
return False
elif 8 == signalDirNumber:
if 5 <= signalNumber <= 23:
return True
else:
return False
elif 9 == signalDirNumber:
if 9 <= signalNumber <= 27:
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return True
else:
return False

def gettraindataf() :
pathToSignalsDir = 'D:\\dip\\cutt'’
x train = np.empty((0, 3000))
y train = np.empty((0, 2))

for Sigdir in os.listdir (pathToSignalsDir):

fileName)

axis=0)

axis=0)

¥ print(Sigdir)
inputDir = os.path.join(pathToSignalsDir, Sigdir)

if not os.path.isdir (inputDir) :
continue

for fileName in os.listdir (inputDir):
filePath = os.path.join(pathToSignalsDir, Sigdir,

# open file for reading
fileDescriptor = open(filePath, 'r'")

for i, line in enumerate(fileDescriptor) :

if 1 == 1 or 1 == 15:
continue
lineArray = line.rstrip('\n'").split(' ")
x train = np.append(x train, [lineArray],
y train array = [0, 1]
if isdefectedsignal (int(Sigdir), int(i)):
y train array = [1, 0]
y train = np.append(y train, [y train array],

return x train, y train

def gettestdatal():
pathToSignalsDir = 'D:\\dip\\cutt'
x train = np.empty((0, 3000))
y train = np.empty((0, 2))

for Sigdir in os.listdir(pathToSignalsDir) :

¥ print(Sigdir)
inputDir = os.path.join(pathToSignalsDir, Sigdir)

if not os.path.isdir (inputDir) :
continue

for fileName in os.listdir (inputDir):
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fileName)

axis=0)

axis=0)

filePath = os.path.join(pathToSignalsDir, Sigdir,
¥ open file for reading
fileDescriptor = open(filePath, 'r')
for i, line in enumerate (fileDescriptor):
it not (1 =1 e 1 = 15):
continue
lineArray = line.rstrip('\n'").split(' ")
x train = np.append(x train, [lineArray],
y train array = [0, 1]
if isdefectedsignal (int(Sigdir), int(i)):
y train array = [1, 0]
y train = np.append(y train, [y train array],

return x train, y train
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I[OIIHTOK I. HpOFpﬂMﬂ OJIfA CTBOPEHHSN, HABYAHHHA Ta TeCTYBaHHHA

HeHPOHHOI Mepe:xki

import numpy as np

from keras.datasets import mnist

from keras.models import Sequential

from keras.layers import Dense, Dropout, Flatten

from keras.layers import Conv2D, MaxPooling2D

from keras.utils import np utils

from keras.optimizers import SGD

from 1lib import gettraindata, gettestdata

np.random.seed (42)
X train, y train = gettraindata()

X test, y test = gettestdata()

X train = X train.astype('float32")
X test = X test.astype('float32")

Y train = y train

# print (Y train)

model = Sequential ()

# add Layers 3500 - count of neurons

model .add (Dense (3500, activation="'relu', input dim=3000,
kernel initializer="normal"))

model .add (Dropout (0.2))

model .add (Dense (1750, activation='relu'))

model .add (Dropout (0.5))

model .add (Dense (2, activation='sigmoid'))

fpexoMeHIORaHO KepacoM
model.compile (loss="binary crossentropy",

optimizer="rmsprop", metrics=["accuracy"])
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print (model.summary () )

#Mo e obydeHusd, HaTy — rocje KaXIObIx 100 3HaYeHUN
nprucBaMBaeT BeCOBHE KO30,

#znoxa — LUK 0oBydeHUd

model.fit (X train, Y train, batch size=50, epochs=10,

validation split=0.2, verbose=2)

Y test = y test
scores = model.evaluate (X test, Y test, verbose=0)

print ("test: %.2f%%" % (scores[1]*100))

¥ save model to file

model json = model.to json()

json file = open("network.json"™, "w")
json file.write (model json)

json file.close()
model.save_weights("network_model.hB")

print ("network saved")
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