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BCTYN

MigrotoBka nitaka abo BepTONbOTAa A0 JILOTHMX BUNPOOYBaHb,
BUNpoOyBaHHS Ha 3eMni i B NOBITPI, 34a4a roToBoro BMpoby Noro 3aMmoBHMUKaM €
OCTaHHIM eTarnom BUMPOOHMYOro npouecy Ha nitakobyaiBHOMY 3aBofi.
TpyaooMmicTkicTb LUboro etany ctaHoBuTb 10...20 % Big 3aranbHOI TPYAOMICTKOCTI
BUPOBHMLUTBA fniTaka.

[ligrotToBKa MIiCTUTbL Taki BUau pooiT:

1. MpurmaHHa niTaka 3 uUexy ocTaTtodHoro cknagaHHa (LOC) i
TpPaHCNOPTYBaHHA MOro Ha NbOTHO-BUNpobyBansHy ctaHuito (JIBC). MNpu ubomy
BUKOHYIKOTb MOCMIAOBHUA 30BHIWHIN orngag nitaka 3rigHO 3  IHCTPYKUI€Eto,
nepesipKy KOMMMEKTHOCTI BOPTOBOro ycraTKyBaHHS i Ao4al0Tb OOKYMEHTaUio.
MoTim niTak BGykcnpyloTb Ha pobouunn cteHg JIBC. Poboui cteHan ABNSAOTb
cobolto BignpauboBYyBasibHi MangaH4ymkn, 6okcn abo KpuTi aHrapu 3 HEODXiAHUM
OCHAaLLLeHHSAM.

2. MNepeBipka, BunpobyBaHHA i BignpauboByBaHHA 6G0OPTOBMX CUCTEM
nitaka. Yce 0OopTtoBe obnagHaHHA  NEPEBIPAOTb Ha  KOMMSIEKCHE
PYHKUIOHYBaAHHA | B3aeMofil0 3a [JOMOMOrow [iarHOCTUYHUX KOHTPOJSIbHO-
BunpobysanbHnx ctaHuin (KBC). BignpauboByBaHHA i KOHTpONb GOpPTOBUX
CUCTEM BUWKOHYIOTb 3asganerigb 3a nigrotoBreHMMM nporpamamu, Lo
MOJENTb YMOBKU eKcnnyaTauil. Y uboMy npoueci BianpauboByOTb CUCTEMM
eNeKTPOHHOro pafio3B'dA3Ky fiTaka i cuctemMy Liaci, nepesipslTb pPoboTy
pagionokauinHoro obnagHaHHs, KOHTPOMOKTb POBOTY KOMMIIEKCY CUCTEM 3
KepyBaHHSA JiTakoM | BCbOro KOMMSIEKCY rigpora3oBuUx CUCTEM, a TaKOX
KOHTPOSOKTb | KOPEKTYKOTb NOKa3aHHSA MarHiTHUX Npunagie i pagiokomnacis Ha
crneuianbHOMYy AeBiauinHOMYy MangaH4YmnKy 3 NOBOPOTHUM KPYroM (TYT doiKCyoTb
MOXINBI BiOXWUINEHHSA NOKa3HWUKIB KypCy fiTaka Bif CnpaBXHiX HarnpsiMKiB).

3. BunpobyBaHHs OBuUryHa Ha 3emii i BignpaubOBYBaHHS NarvBHOI
cuctemu nitaka. Jlitak 3anpaBnsalTb nanvBOM | NepeBipAldTb  (3rigHO 3
IHCTPYKLIEHD) repMeTUYHICTb NanuBHOI cuctemu nicns 12 rogvH BiCTOOBAHHS B
3anpaBfieHoMy cTaHi. [1oTiM BMKOHYIOTb KOHTPOSIbHE 3MMBaHHSA Nanuea Afs
nepeBipKN NOKa3HWUKIB MOro PiBHA | CUrHanisaTopa KPUTUYHOIO 3anuLuKy nanvea.

4. TligrotoBKa nitaka 4o NbOTHMX BuUNpoOyBaHb. lNMepeanoniTHn ornsag

TaKOXX BMKOHYKOTb MOCMNIOOBHO 30BHI Ta BCepeauHi JiTaka; 3anpaBnsalTb
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CUCTeMWU fniTaka nannBOM, CTUCHEHUM MOBITPSM, TiAPOCYMILIWIO | KUCHEM;
nepesipsAlTb aBapiNHi NIOKA | KaTtanynbTylode cugiHHA. [lepen 3nbOTOM
nepesipstoTb poboTy ABUTYHIB, CIPaBHICTb Padio3B'a3Ky.

5. JlboTHi BUNpobyBaHHA. Ha LboMy eTani nepeBipAtoThb: 3M1iTHO-NOCAAKOBI
XapakTe-puCcTuKN,  LWWBUAKOMIOMOMHICTb, TOPU3OHTamNbHI 1M BepTUKasbHI
LLIBMAOKOCTI, CTIMKICTb | KEPOBaHICTb NiTaka, AanbHICTb NOSbOTY.

6. [NicnanoniTHe BignpauboByBaHHA. [1poBOAATL NOr0 3 METOK YCYHEHHH
BUABNEHNX Y BUNpobyBanbHUX MonboTax BiAMOB, gedekTiB. [lpy uUbOMy
3ayBaXKeHHS ekinaxy i 06'eKTMBHI AaHi TenemeTpii (Ha enekTpomMarHiTHoMy Hoci|
iHcbopMmau,il Npo NapamMeTpu NONbLOTY) aHani3yTb | BUABMSAOTb MPUYNHU BiAMOB
cuctem. licna ycyHeHHA gedekTiB npodisib NoSibOTY NOBTOPKOKOT.

[MoTiM niTak nepeaatnTb 3aMOBHMKOBI MiCst 0POPMITIEHHS aKTy 34aui.

N5 CKOPOYEHHS UMKy aepo4pOMHOro BignpaLuboByBaHHs fiTaka Ha JIBC
OpraHi3oByloTb MOTOYHO-CcTeHAOBY dopMy pobiT. Ha okpemux cTeHgax
BiANpaLbOBYBaHHS NiTaka LUMPOKO BUKOPUCTOBYIKOTb CydacHi 06'eKTUBHI 3acobu
AiarHoCTUKN 60pTOBUX CUCTEM Y BUIMAAI KOHTPOMbHO-BUNPOOYBanNbHUX CTaHLN,
a TakoX iHWi 3acobu MexaHisauil i aBTomaTn3auil KOHTPOMbHO-BMNPODYBaNbHMUX
onepauin. [Ans CKOpPOYEHHs1 BCbOro LMKy pobIiT peanidyloTb MakcumarnbHO
MOXNMBe naparnenbHe BUKOHAHHA pobiT 3 OKpeMuX 3aBAaHb Ha CTEHA, @ TaKoX
OpuragHe 3akpinneHHa BUKOHABLIB 3@ OKPEMUMU fliTakamMu.

PuTmiyvHin poboTi B aepoapOMHOMY LIEXY CMIPUSE 3aTBEPIPKEHNI LINKNOBUN
rpadik i3 3agaHo NepioanYHICTIO 34audi NiTakis.

3abesneyeHHa HeobXiAHOro piBHA SIKOCTI MPOAYKUil, O BUMYCKAETbCA,
noB'a3aHe 3 BUKOPUCTAHHAM Cy4yacCHOro nigxogy B opradisauil HepyMHIBHOro
KOHTpONto Ha nignpuemctBi. OpraHizauia KOHTPOMO SKOCTI Npoaykuii — ue
cucTtemMa TexHIMHMX Ta aAMiHICTpaTUMBHMX 3axodiB, $Ki  CnpaAMOBaHi Ha
3abe3neyeHHst HOPMATUBHOIO PiBHS SIKOCTI, ¥ NepLly 4Yepry 3aBAsku akTUBHOMY
BMNSIMBY NEPEBIPOK HA TEXHOSOMNYHUM NPOoLEC, a TaKoX He3aneXHOCTi opraHis
TEXHIYHOrO KOHTPOSMO 3 BUKOPUCTAHHA Cy4acHUX METOLIB HEepYyMHIBHOIO
KoHTposito (MHK).

Linmn meToaamm BCTaHOBMOKTL PiBEHb AKOCTI (HOpMK BpakyBaHHs). bes
KOHTPOSMIO HEMOXIIMBO BU3HAYUTM piBEHb HAKOCTI npoaykuii. Hdedektn, ski
BuasneHo MHK 3asBuyan 3HaxogdaTb onocepenkoBaHo. [lowyku agedoekTis
LUNAXOM OOCIIIKEHHS 3MiH (Di3MKO-MeXaHIYHMX XapaKTepucTUK maTepianie i €
disnyHoto ocHoBoto MHK. Hawnuvacriwe ui mMeTogn BUKOPUCTOBYHOTb AN
BU3HAYEHHA HECYUINbHOCTEN B MaTepiani HaniBpabpukaTis i getanen (TpiwmH
Pi3HOMO MOXOMXKEHHS, PaKOBWH, MOPUCTOCTI Ta iH.). Cnig 3as3HaunTu, LWoO
yHiBepcanbHnx MHK Hemae, a ix nepeBaru nonsratoTb Y MOXITMBOCTI KOHTPOSIHO
Ha pi3HMX eTanax BUrOTOBIIEHHS | ekcrsyaTauii, BABYEHHA 3MiH BNacTUBOCTEMN |
CTPYKTYpU MaTepiany BupobiB, a TakoXX BUHMKHEHHS B HUX OedEKTIB.



1 OCHOBHI NMOHATTA | KNACU®DIKALIA BUNMPOBYBAHDb
1.1 3aBaaHHA BUNpooOyBaHb

Y Bnpo6bHMUTBI JIA Baxnuee Micue 3anmMaroTb nNpouecu BUNpPoOyBaHHS i
KOHTPOIM0, METOI0 SIKUX € 3abe3nevyeHHsi BUCOKOI HaainHOCTI JIA, noro 3gaTHICTb
BUKOHYBATN B NOBHOMY 06CA3i 3aaaHi oyHKLl.

HuHi  TpygoMmicTKicTb BUNpOBYyBanbHUX | KOHTPONbOBAHUX MpoLEeciB
ctaHoBUTb 6nmM3bko 20 % Big 3aranbHOI TPYAOMICTKOCTI BMroToBrieHHs JIA i
NOCTINHO 3pOCTaE.

Hedki BunpobyBaHHA MalOTb KaTeropii, WO MNo4iNsalTe Ha BUAW, SKi
BU3HAYalOTbCA piBHEM, eTanamu po3pobrieHb, a TakoX BUMNPobyBaHHAMU
roTOBOI NPOAYKLUI.

OpHieto 3 HaMBaXXNMBILWINX O3HAK Byab-AKMX BUNPOBYBaHb € MPUNHATTS Ha
OCHOBI X pe3yribTaTiB NEBHMX pilleHb. IHWOK 03HaKoK € 3aJaHHS NEBHUX YMOB
BUNpobyBaHb (pearnbHUXx abo MogenboBaHuX), Nig SKUMN PO3YMitoTb CYKYMHICTb
BNNMBIB Ha 00'EKT | peXXnmiB NOro pyHKLiOHyBaHHS.

Xapaktepuctmkm ob'ekta npu BUNPoOYBaHHAX MOXHa BU3HAYaTUM SK B
npoueci yHKUiOHYBaHHA o0'ekTa, Tak i Npu BiACYTHOCTI (PyHKUIOHYBaHHS 3a
HaABHOCTI BMMMBIB OO i NiCNs 1X 3aCTOCYBaHHS.

BunpobyBaHHSA | KOHTPOMb NPOBOAATbL Ha BCiX CTafdisix CTBOpeHHS JIA,
NoYnHaO4UM 3 po3pobNeHHA KOHCTPYKLIl, BUTOTOBMNEHHS i NOCTa4aHHSA rOTOBUX
BUPOBIB i 3aKiHYYyO4YM Oro 3amyCKOM.

[Mpu BUroTOBMEHHI AeTanemn, KOMNMEKTIB Ta arperaTiB BUPOOiB 34iINCHIOTb
KOHTPOMb i3 3aCTOCYBaHHSIM HEPYWHIBHUX METOAIB Ha Pi3HMX CTagisx
aBiauUiiHOro BUpoOHMLUTBA.

[ns 3abeaneyeHHa BMNycKy BUpoOBiB cnctemy BMnpobyBaHb NobygoBaHO
TakMM YMHOM, LLO MNiCNA BUrOTOBSIEHHS B OQHAKOBMX YMOBaX HadiMHICTb napTil
BUPOBIB OUIHIOETBCA NPU BUNPOBYBAHHAX i3 rPAHUYHUMU HaBaHTaXEHHAMMW Ha
KOHTPONbHUX 3pa3skax i3 Luux BUpobis.

[COTOBHICTb iHWMX BUPOBIB A0 NOMbOTY BU3HA4atoTb Mig Yac cneuianbHUX
npumMmanbHNX  BUNPOBYBaHb i3  HaBaHTaXeHHAMMW,  O6nM3bKMMKM [0
ekcnnyaTauinHux. TakMM YMHOM, B OCHOBI CUCTEMW BUNPOOyBaHb JEXWUTb
NPUHUMN  aHanorii  NbOTHUX 3paskiB BUPOBIB 3  KOHTPONbHMMM,  LLIO
3abe3neyyeTbCsl OOHAKOBICTIO He TiflbKM KOHCTPYKUIN, a W TEeXHOMOorin
BUIOTOBJIEHHS, @ TAKOX KOHTPOSIbHO-TEXHONOTNYHUMN BUNPOBYBaHHAMN.

PesynbTatv nocuneHnx BunpobyBaHb KOHTPOSIbHMX 3paskiB BUPOOLIB
NepeHOCATb Ha NbOTHI 3pas3ku, SKi He NnigaaBanucb LM BUNPobyBaHHAM, WO Oa€E
3mory 3beperTu ix pecypc poboTn. KoHTporsb i BUNpobyBaHHS BUKOHYOTb Ha BCiX
eTanax BUroToBMEHHS JIA, MOYMHAKYM 3 KOHTPOMK BUXIOHUX BIACTUBOCTEN
mMaTtepianis, MOCTaBOK i 3aKiHYYOUM 3aMyCKOM.

Min kKoHmMposnem poO3yMmilOTb  MeEPEBIPKY  BignosigHOCTI  BUPOOY
BCTAHOBSIEHUM TEXHIYHUM BMMOram, [MepeBipKy KifIbKICHUX Ta SAKICHUX
XapakTePUCTUK BNAaCTUBOCTEN NPOAYKLII.

Mg eunpobyeaHHsIMU pPO3YMilOTb €KCrepuMeHTanbHe BU3HAYEHHS
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napamMeTpiB i NOKa3HUKIB AKOCTI NPOAYKLUiT B npoueci yHKUiOHYBaHHA abo npu
iMiTauil ymoB ekcrnnyarauii, a TakoXx rnpu BiATBOPEHHI BNANBY Ha NPOAYKLiO 3a
3a[jaHo Nporpamoto.

BunpobyBaHHA MNpURHATO KnacudikyBaTtn 3a KaTteropiamun, BMaamu Ta
MeTo[4aMu, a KOHTPOMb — 3a BUAamu i MeTogamu.

Kamezopis eunpobyeaHb — uUe rpyna BunpobyBaHb, L0
XapaKTepusyTbCa OOHAKOBUMW OpraHidauintHUMM O3HakamMu npoBedeHHS i
NPUAHATTAM pilleHb 3a pesynbTatamy OuiHBaHHA o6'ekta B Uinomy.
HdocnigHomy i cepitHOMYy BMpOBHMUTBaM BIiAMNOBIgaTb  Pi3HI  KaTeropil
BUNPOBOYyBaHb.

Bud sunpobyeaHb — Le knacudikauiriHa rpyna BunpobyBaHb 3a NEBHOO
O3HaKolo, Yy MepLly 4Yyepry 3a napameTpamu, LLO MNepeBipsTb, i XapakTepom
BnnuBy. Mpu LbOMY pi3Hi BUAM BUNpoByBaHb NPOBOAATL Y MeXaX TuX abo iHLWnX
KaTeropin.

Bug BunpobyBaHHS 4acTO BU3HAYaeTbCA MIiCUEM | CTPOKOM WMOro
NPOBEAEHHS, a TaKoX BMJMBOM BIOMOBIAHUX YMHHUKIB Ha NapamMeTpu, sKi
nepesipsoThb.

Memod eunpobyeaHb — npaBuna 3aCTOCYBaHHS MEBHUX MPUHUMNMIB i
3acobiB, 40 SAKUX HanexaTtb 3apeecTpoBaHi NPy SOCIIIKEHHSX XapaKTePUCTUKN
Bnactueocten ob'ekta i (abo) ymoB BuMNpobyBaHb ANA NO4ANbLUOMO
00pobBneHHs.

XapakTepucTUKKU BNacTMBOCTEN OO'eKTa OUIHIOWTb, SAKWO 3aBOaHHS
BUNPOBOYBaHb — Lie OTPUMAHHS KiNbKICHUX OLHOK, i KOHTPOSOTb, SKLWO TakuM
3aBOaHHAM € TiflbKM BCTAHOBMNEHHSA BiAMOBIAHOCTI XapakTepucTuk ob6'ekTa
3alaHnUM BMMOram.

HanBaxnueiwow o03Hakow BuUNpobyBaHb € TMPUAHATTAS Ha OCHOBI
pe3ynbTaTiB NeBHMX pilleHb. |HWOK IX O3HAaKOK € 3aJaHHA MNEBHUX YMOB
BMNpobyBaHb (peanbHMx abo MoaenNbLOBaHMUX).

Xapaktepuctukm 06'ekTiB nig yac BunpobyBaHb MOXHA BU3HAYaTU SK Npu
dyHKUiOHYBaHHI 06'ekTa, TaK i 3a BiACYTHOCTI (PYHKUIOHYBaHHS, 32 HasiBHOCTI
BANMBIB 40 abo nicns iX 3acTOCyBaHHS.

O6’ekmom eunpobyeaHb € NPoaykuida, SIKy nigaarTb BUNPOOYyBaHHSM.
fonoBHa o3Haka o6'ekTa BMNpobOyBaHb — L& MOXIMBICTb 3a pe3ynbTaTamu
BUNPoOyBaHb MPUAHATM Te YM iHWeE pilleHHa Woao Moro npuaatHocTi abo
HeNnpPMOaTHOCTI, @ TaKOX MOXIUBICTb CEPIMHOIo BUMYCKY NPOAYKLIT Ta iH.

[MoHAaTTS "3acobu eunpobyeaHb” 03Havae 6yab-sKi TEXHIYHI 3acobu, Wo
3aCTOCOBYIOTbCA MpU BUMNPOOYBaHHSAX, Nepw 3a Bce ue — BunpobysarbHe
obnagHaHHs, 3acobun BUMIpPIB, OOMOMIKHI TEXHIYHI NPUCTPOT ANSA KPiNneHHs
o0'ekTiB BUNpobyBaHb, peecTpauii i 06pobneHHs pe3ynbTaTiB, a TaKoXX OCHOBHI
W  OOMOMDKHI  pevyoBMHW | MaTepianu, WO BUKOPUCTOBYOTLCA MpwU
BUNPOBYBaHHSIX.

MoHaTTs "ymoeu eunpobyeaHb"” MICTUTb CYKYMHICTb YMHHUKIB i (abo)
pexuMiB yHKUiOHYyBaHHSA 06'ekTa npu BuNpobysaHHAX. [Jo yMOB BMNpoOyBaHb
HanexaTb 30BHILLHI AiloYi YAHHUKA AK NMPUPOAHI, TaK i WTY4YHO CTBOPHOBaHI,
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BHYTPILLHI BAAIMBY, WO CAPUYMHEHI OYHKLIOHYBaHHAM 00'ekTa, a TakoX peXXmmm
poboTtn o06'ekTa, cnocobun i Micue MOro YCTaHOBIIEHHS, MOHTaXy, KPIinfeHHs,
LUBNOKICTb NEepeMILLEHHSI Ta iH.

Pe3ynbmam eunpobyeaHb — Le OUiHIOBAHHA XapaKTepUCTUK
BNnacTuBocTen 00'ekTa, BCTAHOBMEHOI BiANOBIAHOCTI 00'ekTa 3agaHMmMm BUMOram
3a gaHumMu BMNpobyBaHb, NiACYMKOBE 3HAYEHHSA SKOCTI (PYHKLUiOHYBaHHSA 06'ekTa
nig Yyac smnpobyBaHb.

BunpobyBaHHA KnacugikyloTb 3a TakKMMW YUMHHUKAMWU. MPUIHAYEHHSAM,
piBHEM IX NPOBEOEHHS, eTanaMmun po3pobneHHs NpoayKuil, NepeBipKo roToBOI
NPOAYKLil, ymMOBaMW i MiCUueM nNpoOBeAEeHHs, TpuBarnicTio, Bugamu BMSIMBY,
pesynbTaTtamun BNaMBYy, NEBHUMU XapakTepuctnkamm ob'ekta (Tabnuua 1.1).

Tabnuua 1.1 — Knacudikauis Buais i Metoais BMnpobyBaHb

KnacudikauinHa o3Haka BunpobyBaHHs

JlocniaHuUbKI

KOHTpOnbHI

[Mpu3HaveHHs1 BunpobyBaHb . .
P ooy [MopiBHANbHI

BusHavanbHi

[epxaBHi

PiBeHb npoBeaEeHHS Mixsigomui

Bigomui

BignpauboByBarbHi

[loBigHi

ETanu po3pobneHHsa npoaykuii MonepeaHi

[MpurumanbHi

KeanidikauinHi

[Mpen'aBHULBKI

[MpunmanbHO-34aBasibHi

[MepiognyHi

BunpoGyBaHHsi roTOBOT NpOAYKLUii IHoMeKUiTH

Twnosi

ATecTauinHi

CepTudikauinHi

PyHKUiOHanNbHI

Hapinni

BesneyHi

MiuUHiCHI

O3HauyBaHi xapakTepucTukmn ob'ekta -
CTinki

TpaHcnopTabenbHi

['paHN4HI

TexHOonorivHi

HocnioHuybki esunpobyeaHHsi — Le BUNPOOyBaHHS, WO NPOBOAATL ANA
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BUBYEHHS MEBHUX XapakTepucTuk ob'ekra. Ix meTa:

1) Bu3Ha4eHHss abo OUuiHIOBAHHA MOKa3HUKIB SIKOCTI  (PYHKLIOHYBaHHS
06'ekTa B NEBHMX YMOBaX MOro 3aCTOCYBaHHS;

2) BUBiIp HaWKpallnX pPexXuMmiB BUKOPUCTaAHHSA abo Kpawimx MOKa3HWUKIB
BNnacTuBocTen o00'ekTa;

3) NOpiBHAHHA Be3nivi BapiaHTiB peanisauii 06'ekTa nig 4ac NPOEKTyBaHHS
1 atecTauil.

KoHmponbHi eunpobyeaHHsi — Le BMNpobyBaHHS, WO NpoBOAATb AN
KOHTPOMO SKOCTi 06'ekTa.

lMopieHsinbHi eunpobyeaHHsi — BUNPODOYBaHHSA aHanoriYHMx 3a
Xapaktepuctmkamm abo ogHakoBuX O6'EKTIB, WO 34IMCHIOTLCA B iA€HTUYHUX
yMOBax Ans NOPIiBHAHHA XapakKTEPUCTUK IX BNACTUBOCTEN.

Bu3HavanbHi eunpobyeaHHsi — Le BUNPoOYyBaHHSA, LWO CTOCYHOTbCS
BU3HAYEHHA XapakTepucTuK ob'ekTa 3 3agaHUMM 3HAYEHHAMM MMOKa3HUKIB
TOYHOCTI i (ab0) 4OCTOBIPHOCTI.

MeTowo eidnpauboeyeasnibHUX eunpobyeaHb B YyMoOBax OOCMIOHOro
BUPOOHMLTBA € BignpautoBaHHS KOHCTPYKLUIT JTIA | TEXHONOrYHUX NpoLeciB MOro
BUIFOTOBIIEHHS, a TaKOX nepeBipka BIQMOBIOHOCTI BCIX napamMeTpiB i
XapaKTepuUCTUK 3afjaHnm B TexHiYHoMy 3aBgaHHi (T3). [lpM aBTOHOMHMX
BiAnpauboBYyBaribHMX BUNPobyBaHHAX ob'ekToM € By3nu i arperaTtu J1A, a npu
KomnnekcHux — JIA B cknagaHHi. ABTOHOMHiI BUNPOByBaHHSA MIiCTATb TPU eTanu:
KOHCTPYKTOPCbKUI, OOBIAHWUI | YACTOBUN.

BuaHayeHHs obcary, nporpamu 1M TexHonorii BunpobyBaHb € [OCUTb
CKNagHUM 3aBOaHHAM Yy KOXHOMY KOHKPETHOMY BMNagky. HesBaxawunm Ha
3Ha4yHi BigMIHHOCTI BUNpobyBaHb pPi3HUX CKMaganbHUX OAMHWULbL | BUPOBGY B
LiNIOMY, BOHW CTAHOBIATb MEBHY CUCTEMY, LLLO CKINA4aeTbCA 3 OKPEMMX, FOr4HO
NnoB'aA3aHMX MiXk cobOoto eTaniB, siKi BAKOHYHOTbCA 3a cneuianbHUMK nporpamamu
nif Yac NPOEKTYBaHHS, BUrOTOBIIEHHS | ekcninyaTtauil J1A.

JoeidHi eunpobyeaHHsi NpoBOAATL ANA NiATBEPAXEHHS NpauLe3aaTHOCTI
BUOBpaHOi KOHCTPYKUil. Ha ubomy eTtani AonyckawTb 3MIHEHHSI KOHCTPYKLIT
erleMeHTiB BUPOBY i yTOUHIOIOTb TEXHONOTYHMI NpoLec BunpobyBaHb. HYucmosi
eunpobyeaHHs1 NpoBOAATL AN NiATBEpAXEeHHs HeobxigHOoi npaue3gaTHOCTI
CKnagasnbHOI OOMHWLiI  BIONOBIOHO O KOpUryBaHb 3a pesynbTaTamu
KOHCTPYKTOPCbKMX i OoBigHMX BunpoOyBaHb. KomnnekcHi BunpobysaHHs J1A
30INCHIOKTL 3 METOK BignpautoBaHHA BCbOro KOMMJIEKCY CUCTEM, BY3iB,
arperartiB | BIACIKIB, a TaKOX BM3HA4YeHHSA BIOMOBIAHOCTI eKcrnsyaTauinHo-
TEXHIYHMX XapakTepucTuk J1A 3agaHnum B TEXHIYHOMY 3aBaaHHi (T3).

BionpauboByBanbHi  BMNpobyBaHHS MpPOBOAATb SK Ha [ocrigHOMY
BUpobHuuTBi [OKB (gocnigHo-KOHCTpYKTOpCcbKOMy 6topo), Tak i Ha 3aBogi-
BUrOTOBIIOBaMI.

[Micna OCBOEHHA Yy BUPOOHMLTBI TEXHONOrT BUIOTOBMEHHS BY3NiB,
arperarTiB, efleMeHTIB aBTOMaTUKN Ta iHWNX Npunagis NpoBoAATb KOHTPOSIbHO-
TEXHONOriYHi  BUNPOOYBaHHSA, BKOYaoun BUNpobyBaHHSA MNEBHOI  NapTil,
npunManbHo-3aaBarbHi, KOHTPONbHO-BMBIPKOBI, NEPIOANYHI 1 TUMOBI.
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BunpobyBaHHA BCTaHOBMOBAHOI napTii NpoBOAATb MNpwu MNocTaBui Y
BUPOOHMLTBO HOBMX BUPOGIB ONa HeBenukux naptin (3—5) gocnigxyBaHUX
06'eKTiB OAHOIr0 HaMMeHyBaHHSA, BUTOTOBIIEHMX 3a PO3POBIEHOI0 TEXHOMOTIE i
AKI NPONLWMN 3BUYaNHI npunmMarnbHi BUnNpobyBaHHsA. porpama BunpobyBaHb
BCTaHOBSOBasbHOI napTil BupobiB ans JIA MicTUTb BUNpoOyBaHHS Ha MILHICTb,
repMeTu4HicTb, BiBpo- | ygapHi BunpobyBaHHS, BUNPoByBaHHA Ha
OYHKLUIOHYBAHHSA, LWUKMIYHI  BMNPOOYBaHHS Ha MOBTOPHE HaBaHTAaXEHHS,
BU3HA4YeHHA (PakTUYHOro TUCKY PYMHYBAHHS Ta iH.

[Mpn NO3UTUBHUX pe3ynbTaTax BUMNPOOYBaHb YCTAHOBMOBASbLHOI NapTil
YXBantoKThb PiLLeHHSA NPO BUPOOHMLTBO LUTATHUX CKNnaganbHUX OAUHULL BUPOGIB.

[MpunmaneHO-3aaBanbHi BUNPO6yBaHHS nposoadats  And BCIX
BUrOTOBIIEHUX AeTarnen, cknaganbHUX oguvHWUuUb | BUpoBy B UiNOMY 3 MeTOoH
nepesipkM BIAMNOBIQHOCTI X TexHiYHMM ymoBaMm. [lporpamu BuNpobyBaHb
pO3pobNATL ANSA KOXHOT CKnaganbHOT ognHULI | BUPOOY. BOHM MOXYTb MICTUTH
Taki BWOW KOHTPOSIO: MEepeBipKy BUXIOHMX TEOMETPUYHUX MNapamMeTpis,
BU3HAYEHHA Macu, LLEeHTPY Mac, MiLLHOCTI BUPOBIiB, KOHTPOIb IX repMEeTUYHOCTI I
dYHKLiOHYBaHHS, BCTAHOBMEHHS 0OCAriB i KPUTUYHUX 3anULLKIB NannBa B bakax,
nepesipKy 60pToOBUX KABENBbHNX MEPEX, YNCTOTU BHYTPILLHIX MOPOXHMH Ta iH.

[MoBHicTIO 3i6paHi BUpoOM NpoxoaaTb 3aBOACHKI NpurManbHO-30aBarbHi
BUNPOoBYyBaHHSA Ha cneuianbHi KOHTPONbHO-BUNPobyBarbHin ctaHuii (KBC).

KonmponbHo-8ubipkoegi eunpobyeaHHs1 30INCHIOKTbL 3  METOK
nepioguyHol nepesipkn CTabiNbHOCTI  TEXHOSOrYHOro npouecy i  HAKOCTI
cKnaganbHUX OoavHUUb i BMpoBy B uinomy. Lli BunpobyBaHHSA nNpoBOAATb
BNBipkoBo ans HeBenukl (4o 10 %) KinbKOCTI BYy3niB Big KOXHOI MPONOHOBAHOI
napTil. Y pasi He3ag4oBiNbHMX pe3ynbTaTiB BUNPOOyBaHHS BUKOHYHOTb NOBTOPHO
3 BUKOPUCTAHHAM NOABINHOT KinbKoCTi By3niB (BupobiB). NMpu ogepxaHHi 3HOBY
He3adoBINbHUX pe3ynbTaTiB NapTilo nogaHux BYy3niB (BMpobiB) 6GpakytoThb.
BurotoBneHHs ” nogaHHA HOBOI napTii By3niB (BUpoOGIB) € MOXMIMBUM nuLle
nicns BUABMNEHHS | YCYHEHHS NPUYNH BUHUKHEHHS Bpaky.

Ha BigMmiHy Big4 npurmanbHO-3gaBanbHUX BUNPOOyBaHb KOHTPOJSIbHO-
BMBipKOBi BUNPOoBYyBaHHS NPOBOASATL HA FPAHUYHUX HAaBaHTaXXEHHSIX | peXxumax.

[Mpw NeBHI Nepepsi Y BUrOTOBIIEHHI PO3rNsSHYTUX BUPOBIB i B pAAdi iHLWNX
BMNagkiB, nepeabadeHnx TEXHIYHOK AOKYMEeHTaUiel, 34INCHIOTb NepioanYHI
BUNpOBYBaHHA, @ nMpuU  KOPUryBaHHi  KOHCTPYKTOPCbKO-TEXHOSIOrYHOT
OOKyMeHTauil — TUNosi.

Tunoei eunpobyeaHHs1 nNpoBOAsATb Y pasi BHECEHHS 3MiHEHb Y
KOHCTPYKLit0O abo TexXHONorito BUrOTOBIIEHHS arperaTy, By3na, cuctemm abo
BiACiKy J1A, aKi MOXYTb BMAIMHYTU Ha IXHI XapakTEPUCTUKN, 3 METOK OLiHIOBAHHS
e(PEeKTUBHOCTI 1 OOLINTbHOCTI LNX 3MiHEHD.

lMepiodu4yHi eunpobyeaHHsI 30INCHIOITb 3 METOK  KOHTPOJSO
cTabinNbHOCTI TEXHOSOrYHOro NPOLIECY BUrOTOBINEHHSA CKNaganbHUX oanHuub J1A
i nNigTBEPOXKEHHSI MOXIMBOCTI MPOAOBXEHHS X BUrOTOBMIEHHS. [lepiognyHi
BUNpOOYBaHHA cnig npoBOAUTM He pigwe ogHoro pasy Ha pik  Wwoao
CKnagarnbHuUX oauHMUb BUPOBIB Byab-aKOT napTii, NPUNHATIM 3@ KOHTPOSbHO-
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BUBipKkoBUMK BUNPOBYBaHHAMM NPOTSArOM MNEBHOMO POKY.

OcHOBHMM [OKYMEHTOM AN npoBefdeHHs pocnigkeHb € "lNporpama i
MeToamka BunpobyBaHb" | Ans kateropin BunpobyBaHb Ha eTani CepinHOro
BUpOOHULTBA — "TexHiuHi ymoBun". B HMX ycTaHOBEHO 00'eKT i Wini gocnigxeHsb,
BUAM, NOCNIOOBHICTE i 00CAr nNpoBedeHUX eKCrnepuMeHTIB, NOPSAoK, YMOBMU,
Mmicusa i TepmiHn BunpobyBaHb, iX 3abe3nedyeHHsa N 3BITHICTb 3a HUMWU. B uux
OOKYMeHTax ykaszaHo MeTopg i 3acobun BunpobyBaHb, BUMOIM TEXHIKM BE3MEKN i
OXOPOHWN HaABKOJTULIHLOIO cepeoBuLLa.

BunpobyBaHHSA, LLO XapakTepu3ylTbCs MICLUEM, MOXHA MOAINUTM Ha
nabopamopHi, cmeHOO08I, NOJ1i2OHHI U HAMYPHi.

BunpobyBaHHS, WO BM3HAYalOTbCA YacoM, MOAINANTb HA HOPMasibHi,
npoBefeHHs aknx 3abesneyye oTpMmaHHA HeobxigHoro obcsary iHdopmadii npo
XapakTepucTuky i BnacTMBoCTi ob'ekTa B 4aci, nepeabadeHomy ymoBamu
eKkcnnyaTauii, i mpuckopeHi — MeToaun i yMoBU NpoBeaeHHS SKuX 3abe3neyvytoTb
ofep>XaHHA HeoOXiagHOI iHbopMaLil PO XapakTepPUCTUKY | BNACTUBOCTI 0b'ekTa
B BinbLl KOPOTKUIN TEPMIH, HiXK NPU HOpMaribHUX BUNPOBYBaHHSIX.

BunpobyBaHHS, WO XapaKTepusyrTbCa Oil0YMMU YAHHUKAMKU, NOAINATb
Ha MexaHiqHi, KrniMamu4Hi, mepMmivyHi, padiayilHi, erekmpomMazHimHi,
esleKmpuYHi, Ma2HimHi, XiMmi4yHi, 6iono2ivyHi, HepyUHieHi U pyliHi8Hi.

BunpobyBaHHA, WO BU3HaA4yalTbCA NEPEBIPHUMK  MapamMeTpamu,
noginAalTe Ha eunpobyeaHHss Ha cmilkicmb, 3a pe3ynbTaTaMy SAKUX
YCTaHOBMNIOWTb 34aTHICTb BUPOBY BUKOHYyBaTWU CBOI pyHKUil i 36epiratu
3Ha4YeHHSA NapamMeTpiB y MeXax 3a3HayeHMX HOPM Mig Yac Ail Ha HbOro NeBHUX
UYNHHUKIB, | eunpobyeaHHs1 Ha MiUyHicmb — ONsi BU3HAYEHHSA YMHHMKIB, WO
BNAIMBAOTb Ha XapakTepucTuku ob'ekTa abo CNpuYMHAKTL MOro BUXig 3a
AONYCTUMI MexXi abo MexXi Noro pymHyBaHHSI.

Cnig 3asHaunTn, WO CUCTEMY KOHTPOSo M BunpobyBaHb JIA 6yayoTb
BUXOAAYN 3 NEBHUX NPUHLUMIMIB, SIKi BPaXOBYOTb Crieundiky IX KOHCTPYKLiT, yMOBU
BUPOBHMUTBA i ekcnnyaTauii, BapTiCTb Ta iH.

Yci BunpobyBaHHs, WO MatoTb 3abesnevyBaTu JOCTaTHLOK iH(hopMmaLieto
Bunyck JIA 3 HeoOXigHOW HadiMHICTIO, Cnig nNpoBOAMTM Ha anapaTtax,
BUFOTOBMIEHMX 3a MPURHATO TexHosorieto. KoHTponb | BUNpobyBaHHSA
HeoOXigHO 34iNCHIOBATU TakMM YMHOM, LWOO HasiBHI gedekTn BUABNANMCS Ha
BinNblW paHHiIX eTanax BUFOTOBMEHHSA, Ha BiNbl HU3bKUX PIBHAX CKNagaHHS
nitakis. KOHTPosbHI 1 BUNpobyBanbHi onepadii 4OUiNbHO NPOBOAUTU K MOXKHA
Gnvxkde [0 TUX CcKNaganbHUX onepauin, ge MOXYTb BUHUKATU OYiKyBaHi
aedektn.

[Mporpama mae MicTUTKM nepenik BunpobyBaHb BCiX BUAIB HaBaHTaXeEHb,
SKAM anapaT niggaeTbCs Npu Ha3eMHin NigroTosui Ta B NONbOTI. PAg YMHHKKIB,
LLIO BMAIMBAKOTh Ha Le (BakyyM, HEBAroMicTb, pagiauia), CTBOPHOKOTLCS iMiTali€to.
Y Tux Bunagkax, konm sunpobyBaHHS NOB'A3aHi 3 BUPOONeHHsM pecypcy abo
Hebe3neKo MNOLWKOLKEHHS BMNpobyBaHoro ob'ekta, napanesibHO 3 IbOTHUMM
3a TiE XX TEeXHONOriew BUroTOBMAOTb creuianbHi 3paskn gns BunpobyBaHb.
MoaibHMm BuNpobyBaHHAM niggalTe SK MiHIMyM OBa 0O0'ekTM: oguvH —
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rPaHNYHUM MaKCUManbHUM PYWHIBHUM HaBaHTaXXEHHAM 3 METOK BU3HAYEHHS
3anacy 3a Moro NeBHUM TUMNOM (Hanpuknag, 3anacoMm MilUHOCTI), a apyrmm —
Mamxe ekcrinyaTauilHUM HaBaHTaXeHHAM B  TpuBarioMmy pexumi (Oo
PYMHYBaAHHSA) ONA BU3HAYEHHS 3anacy 3a pecypcoMm. Bcei nboTHi i BunpobyBarbHi
3pas3kym anapatiB NPOXOAsiTb KOHTPOSIbHO-TEXHOMNOrYHI  BUNpoByBaHHA 3a
nporpamMmoto, CKnageHow And NbOTHUX 3paskiB, Nicns 4oro BunpobysasibHi
3pa3kM HagxoasTb Ha BUMNPOOYBaHHA Ha rpaHWYHI HaBaHTaXeHHs. PiBeHb
BUNpobyBanbHMX HaBaHTaXeHb Mae 3abesnedyyBatm HeobXigHMKM 3anac 3a
NeBHUM TUMOM BMNUBY, ane He HaaTO NepeBuLLYyBaTU pearbHi YMOBU, OCKISTbKU
BiAMOBM MpWU 3aBULLEHUX YMOBax BUNPoOOyBaHb MOXYTb MNPU3BECTU [0
HenoTpibHUX NnepepobreHb KOHCTPYKLIi, NpoBeAeHHSI MOBTOPHUX BUNPOOYBaHb.
TpusanicTb BMNpobyBaHb NbOTHUX 3pasKiB € CTPOro pernaMmeHToBaHOK i Mae
6yTn MiHiManbHOW. B geskux BMnagkax npunmMaroTb TpMBanicTb, LLO AOPIBHIOE
TPMBanocCTi 04HOro UMKNy poboTn anaparta Ha 3eMni i ABOX UuMKniB poboTn noro
B MOJIbOTI.

Baxnueum npuvHUMNOM BUNpobyBaHb € MPUHUUN NoAiIGHOCTI, Konwu
rPaHN4YHi MOXITMBOCTI KOHCTPYKLUiT BU3HA4Yal0OTb Ha BUNpoOyBanbHUX 3paskax, a
npuaaTHICTb anapaTa 4o NoSfiboTy — Ha pobounx 3paskax Npu HaBaHTAXKEHHSX,
WO AOpiBHIOWTL ekcnnyatauiHuMm. Pobodi i BunpoOyBasnbHi  3pasku
BUrOTOBMAOTb 3@ OHAKOBOK TEXHOSIOTIEH.

BunpobyBaHHA KOMMNIEKCHOIO BASAIMBY eKcnnyaTauinHMX YAHHUKIB BaxkxaHo
NnpPoOBOAMTU Ha MOBHICTIO ckrageHomy JIA, konu paHiwe BusBNeHi gedektu
YCYHEHO, a HOBi JedeKTu, Wo 3'aBunncs, — pesynbtaT B3aEMHOro BMUBY
okpeMunx ernemeHTiB. Taki BunpobyBaHHA 06OOB'A3KOBO BBOAATbL Y Mporpamy
npunuMansHUX BUNpobyBaHb JbOTHUX 3paskiB. Pe3ynbTaTtu nonepegHix
BMNpobyBaHb Crig BpaxoByBaTu NpU NpoBeAeHHI BUNpobyBaHb BULLIOTO PiBHA
(He mae 6yTn oybnoBaHHS).

BunpobyBaHHA W0A0 (PYHKUiIOHYBaHHS i LiNiCHOCTI KOMYHiKaLin 6opToBOI
anapaTtypu i aBTOMaTUKM HeObXigHO MPOBOAUTU 3a MPUHLMUMNOM MOCMiIgOBHO
3pOCTal4oro piBHA MOBTOPHWMX BUNPOOYyBaHb, WO Aanio 3Mory Hauwsuille
BUABUTM  AedoekTHi enemeHTu. [licna uboro  gedektn  HeobxigHo
npoaHanidyBaTu, YCyHYTW, a OB'EKT Ma€e NpouTM MOBTOPHI BMNPOOYyBaHHA B
yCTaHOBMIEHOMY 06Cs3i. [X 3a MOBHOIO MPOrpamold MPOBOAATb TAKOX Yy pasi
BHECEHHS MPUHLNNOBUX 3MiHEHb Y KOHCTPYKLit0, TeXHosorito abo obnagHaHHS.

Yci HazeMHi BUnpobyBaHHs MatoTb OyTW 3aBepLUEHO 40 NPOBEAEHHS NTIBOTHUX.

3 napTii BMpoGIB, WO MPONWM 3aBOACbKI NpuManbHO-34aBasibHi
BUNpobyBaHHA, OAWH BUPIO nMiggaeTbCad NbOTHUM BUNPoOyBaHHAM. [Ond
OTPUMaHHS MakcuMasibHO MOXIMBOI iHGopmauii npo poboty cuctem JIA B
npoueci  nNonbLOTy KoOro  goobnagHiowTb  A0OATKOBUMW  AaTyMKaMu
(TenemeTpunYHMA BapiaHT).
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2 BUNPOBYBAHHA OBJIAAHAHHA JNIITAKA
B OCHOBHUX LLEXAX ABIALUIMHOIO BUPOBHULITBA

2.1 OpraHi3auisi HepyMHIBHOro KOHTpPOSO Ha nianpuemMcTBi. OCHOBHI
NPUHLUNY | 3aBAAHHA CNYX0 KOHTPOIO

AkicTb € KOMMMEeKCHMM napamMeTpoMm MaTepianis i BupobiB. BoHa
Be3nocepenHbO NOB'A3aHa 3 SKICTIO NPOEKTYBaHHA abo po3pobneHHs Bupooby,
Noro BMpPOBHMUTBOM i eKkcnnyaTauieto. ToMy opraHisauis crnyxbu KOHTpOso
SAKOCTi OXONSTHOE NPAKTUYHO BCi chepu i eTann HayKoBO-BUPOBHMYOT AisiNbHOCTI
noanHn. CTpykTypa CnyXbu KOHTPOMO SKOCTI 3HAYHOK MIpOK 3anexunTb Bid
CTPYKTYpM W Tuny nignpuemcTea i Moro BMPOOHMYMX 3aBgaHb. OgHUMM 3
HaMBaXNMBILUNX €fIEMEHTIB KOHTPOMIO i 3abe3nedYeHHs SAKOCTi npoaykuil €
OOTPUMAHHA MPUHUMNIB  KepyBaHHA skicTio. LI npuHuMnu nondaraioTb Y
BCTAHOBSIEHHI, 3abeaneyeHHi Ta nMiATPUMaHHi HeobXigHOro pPiBHA SAKOCTI
NPoAYKUIT Npu 1i po3pobrieHHi, BUpOBHMUTBI i ekcnnyaTauil, SKi 34iNCHI0THCSA
LLUSIIXOM CUCTEMATUYHOIO KOHTPOSIKO SAKOCTI | uinecnpaMoBaHOro BMAMBY Ha
YMOBW | YMHHUKKU, WO XapakTepusyrTb AKICTb NpoAykuil. KOHTponb AKOCTI €
CKINaZloBOK YaCTUHOK CUCTEMU KEPYBAHHS SKICTHO.

OpraHisauieto KOHTPOM AKOCTI NPOAYKLUIT HA3MBaOTb CUCTEMY TEXHIYHUX i
aAMiHICTpaTUBHUX 3axofiB, CNpsIMOBaHMX Ha 3abe3neyeHHss HOPMAaTUBHOIO
PiBHS SIKOCTi: BUBYEHHSI KOHTPONbOBAHOIo 06'eKTa, NPUPOaM SKOCTI MaTepianis i
BUPOOIB; MiABULLIEHHS PIiBHSA SIKOCTI M HaQIMHOCTI NpOAYyKUil B nepuly 4epry
LLSIAXOM aKTUBHOIO BMSIMBY KOHTPOSIHO HA TEXHONOTYHMI npoLec, 3abe3nevyeHHs
He3arneXHOCTi OpraHiB TEXHIYHOro KOHTPOM | npurAMaHHa BUPoLIB BiA
nepcoHany.

OcHOBHMMM 3aBOAHHAMM CAY>XON KOHTPOSIO €:

— CUCTEMATUYHO | CBOEYACHO KOHTPOMOBATK SIKICTb MaTepianis i BUpobiB,
TEXHOMOriYHi (CKnagasibHO-MOHTaXHi) poboTH, SKICTb BUrOTOBEHOI NPOAYKLIT,
TEXHIYHUIN CTaH BUPODBIB Y npoueci ekcnryatauil 3 BUKOPUCTAHHAM HeobXigHMNX
cnocobiB i 3acobiB KOHTPOMIO BIANOBIAHO 4O BUMMOI YUHHOT JOKYMEHTaLl;

— 3anobiratn nepegavi 6pakoBaHoOl NPOAYKLUIT ANA BUKOHAHHA HACTYMHUX
TEXHOSOriYHMX onepadin abo 3aaBaHHS i 3aMOBHUKOBI;

— CrpUATU  NIOABULLEHHIO  SKOCTI  KOHCTPYKTOPCBbKUX, TEXHOJSIOTYHUX,
MOHTaXXHUX, PEMOHTHUX Ta iHWKWX POBIT;

— nNnpuAMaTK BUKOHAHI onepauil i pobotn 3 0odhOpPMIIEHHSAM HeobXigHOI
TEXHIYHOT QOKyMeHTauii Ta bpaTu ydacTb Yy 34aBaHHi MaTtepianiB i BUpobiB
3aMOBHWKOBI;

— 3aCTOCOBYBaTM  OpraHisauiMHO-TEXHIYHI  3axogu, CcnpAMoBaHi  Ha
3anobiraHHsa 6paky i noninWeHHA SKOCTi po3pobieHHs 1 BUTOTOBIIEHHS BUPOOIB,
a TaKOX Ha MigBULLIEHHS TEXHIYHOIO PiBHA ekcrnnyaTauil BUpo0biB;

— nNpoBoAnTK NabopaTopHi AOCAIAXEeHHS WOoAO0 HEPYMHIBHOrO KOHTPOIO
MILLHOCTi 1 repMeTUYHOCTI MaTepianis i BUpOOiB;

— po3pobnATM | BAOCKOHaNoBaTM MeToan, 3acobu KOHTPOSD, a TakoX
OopraHisoByBaTW KOHTPOSIb SIKOCTi HOBUX BUAIB MaTepianis i BUpoOiB.
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CTpykTypa nigpo3ainis KOHTPOsIo.
Ha cy4acHux nignpuemcrtBax CTBOPKOKOTb €OUHI KOMMNMEKCHi Bigginm
(nabopartopii) HepyrHiBHOro koHTponto (HK). Mpnbnusny ctpyktypy Bigainy HK

NOKa3aHO Ha PUCYHKY 1.
Bigain HK

NabopaTopil
= | HK hianunmnx | - [HK ] KoHTpons PoapobnexnHA
[ﬂetbexmcmnn" i mexaHiuuux | [HK cTpyxTypm HI a;‘;ﬂggﬁ;‘:ﬂ":’“ reoMeTpUYMHNX | | HopMaTUBHOI
- I XapaKTepUCTUK BE— XAPaKTepPUCTHK | | AOKyMeHTaLil
‘ Fpynwu KOHTPONA

AKyCTHYHOTO | PagiauinHoro : I MeTponorii
BuxopocTpyMMHHOTO OnTtudHoro MarniTHoro Enleu‘rpmuoro | CTaHAapTiB Ta

it s { le——"""—""__| | Tennonoro | | Papnioxsunsogoro | i it

KaninapHoro | FTepmeTWyHOCTI| — IHCTPYKLUIW

PucyHok 1 — CTpykTypa nigpo3ainy HepymHiBHOro KOHTPOSO

Yci rpynu, Wwo BXoAdaTb 40 cknagy nigposainy, MaoTb 6yTn TepuTtopianbHO
PO3MiLLLEHUMWN B 3arafibHOMY KOMMSIEKCi. BukopuctaHHa [xepen ioHi3yr4oro
BUMNPOMIHIOBAHHS OOYMOBIOE HEOOXiAHICTb CTBOPEHHSI 3axMCHUX 3acobiB |
BesneyHnx ymoB Ans poboTu onepaTopiB Ta ocib, Aki nepebyBatoTb Y CyCigHIX
NPUMILLEHHAX.

[MnaHyBaHHA npumieHb ang sigainy HK y GinbwocTti mawunHobyaiBHMX
NiANPUEMCTB € OZIHAKOBUM.

Y 3aranbHOMy BunNagky crnyxébu pgedekrockonii MawTb MPOBOAUTH
KOHTpONb Matepianis i Bupobis Bcima Metogamn HK. Y 3B'A3ky 3 uum y
NpUMILLLEHHI Bigainy nepeabayaloTb NynbTOBY i anapaTtHy ANs pajiauinHol
anapatypu, poswndpysanbHy i POTOKIMHATY, @ TaKOX CXOBMULLE i30TOMIB, sKe
obnagHaHe Kamepor AN nepesapsmKeHHa raMma-anapariB.

EnexkTpodisanyny rpyny, Wo npaute 3 enekTpoMarHiTHAMM, MarHiTHUMMU,
ONTUYHMMMU, YNbTPA3BYKOBUMU Ta iHLUMMM METO4AMU KOHTPOMIO, PO3MILLYOTb Y
OBOX CYMDKHUX NPUMILLIEHHSX, a rpyny, sika 3aMMaeTbCs KaninapHMMu Metogamm
(4epes 3aCcToCcyBaHHA TOKCMYHUX KOMMOHEHTIB), — B OKPEMOMY NPUMILLEHHI.

Y cknagi nabopaTtopii HeoOXigHO nepeabaynT KOMOPY i MaNCTEPHIO ANS
NiAroTOBKM  3paskiB, PEeMOHTYy anapatypu, BWUIOTOBIIEHHS MPUCTPOIB,
NPUMILLEHHSA ONA KOHCTPYKTOPCBKOT rpynu (BOHa 3aMMaeTbCs MoAepHi3alieto
anapatypu i aBTOMaTU3aUi€eld MPOLECIB KOHTPOM), a TakoX nobyTosi
NPUMILLEHHSA.

AKWwo 06'eKTN AN KOHTPOSIHO PO3TALLOBAHI Ha 3HAYHIN BiACTaHI i Ha Pi3HMX
BUPOOHNYNX OingHKaXx, opraHidoByoTb 6a3oBy nabopaTopito, sika obcnyroBye 3a
BifoMyoo abo TepuTopianbHOK O3HaKow. Y uUbOMy BunNagky abo Bupobu
poctaesnsaTbe B nabopatopito, abo 1 npauiBHUMKM BUDKOKaOTb Ha O6'EKT.
Hanbinbw pauioHanbHO B TakuMx YymMOBax CTBOPUTM MeEpPECyBHY eKcnpec-
nabopaTopito. Taki gedekTockoniyHi nabopaTopii po3milLytoTb B aBTobycax abo
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3aKpUTUX aBTOMOBINSX.

Bigoin (nabopatopiqa) gedekrockonil MawmMHOBYAiBHUX | MeTanyprintHnx
NiaANpMeEMCTB BXOOUTb OO CKnagy cnyxbwu ronoBHOro metanypra, rofioBHOMO
3BapHMKa abo ueHTpanbHOl 3aBofacbkol nabopatopii (LU3J1), iHoai Bigainy
TexHiyHoro koHTponto (BTK). 3 ornsay Ha Benukun BnNavB pesynbtaTiB poboTu
UMx cnyxb Ha 4kicTb npoaykuii Hambinbl AouinbHO NianopsiAKoByBaTU 1X
3aCTYMHUKOBI KepiBHMKA NignpueMCcTBa LWOA0 SKOCTi Nnpoaykuii abo ronoBHomy
iHXXeHepOoBi.

CtpykTypa Bigainy HK moxe 6yTu pi3HOO 3anexHo Big yMoB BUPOGHULTBA
i BUMOT 0 SIKOCTi MPOOYKLil.

Y isnyHmx nabopatopisx (rpynax) npaulolTb Had OCBOEHHAM i
HanaroMkKeHHsAM anapaTtypu i po3pobneHHAM MeTOAMK, a TaKoX Hag IX
ynpoBaPKeHHsIM. YCi OCBO€EHi npunagu i po3pobku nepenarnTb Yy Cnyxowu
KOHTPOMIO LexiB. Y Aesakux Bunagkax CTBoprotoTh cneuianbHi rpynu HK 'y cknagi
CNyX6 UEexXoBOro KOHTPOS, WO MpauoTb Mig MeToaUYHUM KepiBHULTBOM
Bigainy HK. Ha yoni okpemux nigpo3ainis HK i B ix cknagi 060B'a3koBoO Mae 6yt
IHXXeHep BignoBigHOI criewianbHOCTI.

Akwo Bigain gedyekrtockonil He BxoauTb A0 komnnekcy L3J1, 1o B
lWTaTHOMY po3Knagi cnig nepegbayatv nocagn meTtanosHaBusi abo Ximika.
3a3Bu4an B 3aBOACHLKUX nabopaTopisx HEMOXIMBOK € By3bKa cnevianisauis
npauiBHukiB. Tomy HeoOxigHO 3HaTM Bci MeTogu (cnocobu) HK, a Takox
dyHKLiOHanbHi 0cobnmnBOCTI Npunagie Ans BUMIpOBaHb.

B3aemo3e'si3ku ciyx6 KoHmpoJsiro 3 iHwumu niéposdinamu
nionpuemMcmea

CTpykTypa Ccry>kbum KOHTPOMO AKOCTi B 3aBOACLKMX (LLEXOBUX) YMOBaXx Mae€
3abe3neyyBat BUKOHAHHA nonepegKyBasnbHOI | NPUAManbHOT  PYHKLIN
KOHTposto. ToMy nopsg i3 npauiBHUKamMU Cnyx6 KOHTPOsIo B po6OTi 3 KOHTPOIHO
SKOCTI MalTb OpaTm yyacTb TEXHOSOrM, KOHCTPYKTOPW, MpauiBHUKN CryX0
HafinHOCTI. IXHBOIO 3apaqeto, B NepLly Yepry, € aHani3 i YCYHEeHHS NPUYKH NosiBu
HesKiCHMX MaTtepianis i BUpObiIB.

BigomocTi npo gedektn mMarTb 0DOOB'A3KOBO MICTUTM CTATUCTUKY IXHiX
BUNpaBneHb. HaaBHICTb OaHWMX, WO CTOCYTbCS TifNlbKM OCTaTOYHOro Opaky,
poBUTL CUCTEMY KOHTPOSIKO | KepyBaHHSA SKIiCTIO HeedeKTUBHOK 4epes
HenogaBaHHs B npoueci BUnpobyBaHb CTaTUCTUYHUX BIJOMOCTEN NPO AedeKTn
i IXHI NPUYNHW.

[ocBig KOHTPOMO CBiAYMTb, WO Mid Yac NPOEKTyBaHHSA piBeHb Bpaky B
Kinbka pasiB BULLE, HiXK NpU BUFOTOBIEHHI BMPOBIB Yy 3aBOACLKMX YMOBaXx.
OcobnuBo Ue XxapakTepHO NPU OCBOEHHI HOBWUX BapiaHTiB TexHonorii. Yepes
BTPYYaHHSA TEXHOSIONB KOHTPOJSIb YacTO He € OCTOBIPHUM i 06'EKTUBHUM.

OCHOBHMM [OKYMEHTOM, Kepyl4ucb SiKMM B nabopaTopil npoBoAATb
KOHTPOSb SKOCTi BMPOGIB, € KapTa KOHTposito. [MpaBunbHO CKnageHa KapTta
BUKNIOYae HeOobXiOHICTb  BUMKOPUCTaAHHA  poboyMx KpecrieHb Ha  BCHO
HOMEHKNaTypy KOHTPOSbOBaHMX BUPOOBIB | cneuianbHUX XypHanis Aans
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peecTpauii yMOB KOHTPOS. TexHiYHy KapTy CKnagaroTb Ha KOXEH BUPIO, Ak
nignsirae KOHTPOIO, A1 KOHKPETHMX YMOB. Y pasi nigBuLLEeHNX BUMOT 40 BUPOBY
CTBOPIOKOTb €eTarnoHHY pfedektorpamy 3 [ONYCTUMUMWU | HeZonyCTUMUMM
nedektamu, AKy godarTb OO KOHTPOMbHOI KapTu. Ha Bupobax, BM3HAHWUX
npuaaTHUMK, CTaBNATb Knenmo. Pe3ynbTtaTy KOHTPOJSIHO 3aHOCATL Y XXypHan i 3a
HeoOXiAHOCTI BMAaTb NPOTOKOST BUNPOOYBaHb.

Cuctema KOHTPOMK Ma€ MakcMmanbHO Bignosigatm 0COBNMBOCTAM
06'ekTa KOHTPONIO, WO MOXe OyTU OOCArHYTO 3aBASIKM MOAYIbHIN ii nobyaosu.
3acTocyBaHHA KOMMnNekTy wMoaynis  (6nokiB) ana nobygoBu cuctem
aBTOMAaTMYHOIrO KOHTPOS0 EKOHOMUTb Yac i KOLTWN pO3pOobHMKa | BUPOBHMKA LINX
cucteM. BukopucTaHHs BUPOOIB iHTerpanbHOI MIKPOENEeKTPOHiK1M Aano 3mory
3MEHLUNTK rabapuTHi po3mipu BNOKIB i NiABULWLNTK IXHIO HadinHiCTb. Ocobnueo
3HaYyWMMK € nepeBarn 3acTtocyBaHHs OMNOKOBUX CUCTEM MOPIBHSAHO 3
cepivHumn  gedektockornamm npu  nobygosi HGaraTokaHanbHUX CUCTEM
KOHTPOMO, WO 3abe3nevyoTb BUCOKY NPOLYKTUBHICTE BUpobGiB. Ocobnueo cnig
BUOINUTU HEeOoBXigHICTb CTBOPEHHS Pi3HUX MPUCTPOIB, MNPU3HAYEHUX N4
MeXxaHi3auil npouecy KOHTposnt. Taki NpuUCTpoi € 0CobNMBO 3py4yHUMMU MpU
HeBeJSIMKOMY 00CA3i KOHTPOIO.

MemponozidyHe 3abe3ne4yeHHsi 3acobie HepyliHIBHO20 KOHMPOJIIO
(3HK) po3ymitoTb Ik KOMMNEKC 3axoais, Lo 3abe3neyye TOYHICTb | JOCTOBIPHICTb
pe3ynbTaTiB BU3HAYEHHA SAKOCTIi MaTtepianiB i BuMpobis. BnpoBagkeHHa 3HK
SIKOCTI 6e3nocepeaHbO NoB'A3aHe 3 IX METPOSOoriYHMM 3abe3neyeHHsM, sike cnig
nepegbayatu Ha cTtagii Buaadi TEXHIYHOro 3aBaaHHs Ha po3pobrieHHs.

MnTaHHa nNpo NpuaaTHICTb anapaTypy Ana BUKOHAHHS MNOCTaBIIEHOro
3aBOaHHs i 1I CTaH MOXHa BUPILLUMTU Ha OCHOBI HOPMYBaHHSI BCiX OCHOBHUX
enemMeHTiB gedekrockoris. Cepe HOPMOBaHUX NapameTpiB po3rnsaaarTb Taki:
npu3HavyeHHs, obracTb 3aCTOCyBaHHHA, BUKOPUCTOBYBaHWN MeTofd, O6'eKTn
KOHTPONIO Ta BUOWN BUSABNEHUX [OedeKTiB, MeXaHiyHi 1h KniMaTu4Hi yMOBMU
ekcnnyarauii, MiHiManbHa 4yTnMBICTb, PO3AifilbHa 34aTHICTb, MepTBa 30Ha,
poboya 4acToTa, WMpUHA aMmniTygHOro crnekTpa, iHCTpyMeHTanbHa noxmbka
BU3HAYEHHSA MiCcUSA 3HAXOMKEHHA AedeKTy, CTPYM Harnpyru, JyKxepeno XUBJeHHS,
MOro crnoXuBaHa MOTYXHICTb, YaC YCTAHOBMEHHS pPobBoYoro pexumy, 4yac
6e3nepepBHOT po60TU, raBapuTHI PO3MipK, rapaHTINHUI TEPMIH.

2.1.1 MarHiTHUX MeToa KOHTPOSIO
®i3u4Hi ocHosU i obn1acmb sukopucmaHHs MacHimHux memodie HK

MarHiTHUM KOHTPOSiIb 3aMMa€e npoBigHE MicCLe OO0 BUKOPUCTAHHA Yy
BUPOBHMYNX yMOBaX. Moro ocHoBaHO Ha aHanisi B3aeMopii MarHiTHOro nons 3
KOHTPOSIbOBaHUM 06'eKTOM. Di3MYHI OCHOBM MarHiTHOro KOHTPOSO NONAratTb Y
BMKOPUCTaHHI MarHiTHUX BIracTMBOCTEN MaTepianis, 30KpemMa po3mMarHidyBaribHOro
YMHHMKA, MarHiTHOrO OMnopy i 3a5IOMITEHHSI MarHiTHUX CUNOBUX MiHIN.
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12:3

PrcyHok 2 — 3anexHicTb HamarHiyeHocTi (&) i MarHiTHol iHgykuii (6) Big HanpyXeHocTi nons
ereKTpoMarHiTHUX maTtepianis

BekTopy mMarHiTHOI iHOYKUiT B i HamarHideHocTi J € HeniHIMHUMM (PYHKLISIMU
BekTopa HanpyxeHocTti. Kpuei B(H) i J(H) xapakTtepusyioTb OCHOBHI BIacTUBOCTI
depomarHiTHUX Matepianis (pucyHok 2). OcHOBHa KpuBa HamarHiYeHocTi (auB.
PUCYHOK 2, @) HEe Ma€e TOYHOro aHaniTMYHOro BMpasdy, 3as3Bu4Yal i BU3HAYaKOTb
eKCrepyMeHTanbHO. AKWO PO3MMSAHYTU  KPUBY HaMarHiYeHOCTi  oepOMarHiTHUX
mMaTtepianiB (Hanpuknag, akol-Hebyab cTarsi), TO MOXHa BUAINUTU Kiflbka obriacTten, Lwo
BiIPI3HAOTLCH NPUPOLOH0 NPOLIECIB HAMArHiYeHOCTi Ha OKpeMunx AindaHkax Kpusol. Ha
nepLin ainsHui (obnacti no4aTkoBOI HAaMarHiMeHoCTi) 4 = const, Ha apyrin (obnacri
Penes) — 3i 36inbLUEHHAM Hanpy>XeHOCTi NosIs MarHiTHa NPOHMKHICTb 3pocTae NiHINHO,
Ha TpeTin (obnacti HambINbLWOl MNPOHWUKHOCTI) — 1= timax, YE€TBEPTIN (OBNACTI
HabNMWKEHHS A0 HACUYEHHS) — MarHiTHa MPOHUKHICTb 3MEHLLYETBLCSA, Ha N'ATin (0bnacTi
napanpoLiecy) — HacTae MarHiTHe Hacu4eHHs1 J = const.

[Mpouec HamarHidyBaHHA € HEe3BOPOTHUM, TOMY, SKLLO MICrs TOro, 9K BXe
OOCArHYTO HAaCMYEHHS (NoYaToK M'ATOl iNSHKKL), pO3MnoYaTy 3HWKEHHSA HaMarHi4eHoCTi
nons, uen npouec (iHAykujii) Oyge BigbyBatncs NO KpuBIK, sika BiOPI3HAETLCS Big
OCHOBHOI KpWMBOI HamarHideHocTi. HamarHiveHicTb 6yge sk 6u BigcraBati npu
BiAMNOBIOHMX 3HAYEHHSX HaMNPY)XEHOCTI Mosis Bi4 3Ha4YeHb J Ha KPUBIN MOYATKOBOIO
HamarHiYeHHs. Take sBuLLEe HA3MBAETLCS MarHiTHUM MicTepe3ncoM. [pu 3HWKEHHI
BENIMYMHM MarHiTHOrO Moris A0 Hyns 3pasok 3anvuaetbes 6inblioio abo MeHLOo
MIpOI0 HamMarHideHUM 3arexHo Big maTtepiany (auB. pUCYHOK 2, 6). AKWO 3MIHUTK
HanpPSAMOK HamarHiMeHOCTi Mo Ha NPOTUNEXHUA | 36iNbLUYBaTV MOro 3a abCOSNOTHO
BESIMYMHOD, TO HamarHiYeHiCTb 3paska byae 3meHwysatucsa (Kpvsi B0, HO) i npu
OOCSAMHEHHI AesIKOro 3Ha4YeHHs1 HaMmarHiveHicTb nosns Oyae OOPIBHIOBATU HYIHO.

Mopanblue 30iNblUEHHS NOMsl  CrPUYMHSIE NEpPeMarHiYeHiCTb 3paska B
NPOTUIIEXHOMY HanNpPsiMKy — abCONtoTHA BENMYMHA iHAYKLT 3HOBY 3pOCTa€e. 3MiHIOHYM
none B NPOTUMEXHOMY HanpAMKY (Bif —Hmax A0 +Hmax), MOXHa 3HOBY OTpUMYBaTH
MONOXEHHS, WO Bignosigae Touui A, TO6TO criocTepirat 3MiHEHHA MarHiTHOro CTaHy
BMNPOOYBaHOro 3paska no 3amMKHYTI NeTNi ricTepesuncy.
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Memod koHmpoJsiro cmasieaux demarieti Ma2HIimHUM MOPOWKOM

1. MeToq, KOHTPOS MarHiTHUM MOPOLUKOM 3acCTOCOBYHOTb [Asl BUSIBIIEHHSA
AedoeKTiB Y BUMMAAj MOpYLLEHb CYLINBbHOCTI Ha depOMarHiTHUX getansx.

CyTb MeToaQy nonsrae B TOMY, LIO MpWU HamarHidyBaHHi feTanen 3
doepomarHiTHoro MaTepiany B MicLsx aedekTis (TPILLMH, OfTOKEHIB, BOSIOCOBMH Ta iH.)
BiAOYBaETLCS PO3CIOBAHHSA | BUXiZ Ha MOBEPXHIO AeTarni MarHiTHUX CUoBMX NiHin. [Npu
LbOMY Ha Kpasx [gedekTiB YTBOPKETLCS MOSOCHICTb. [Npyn nocunaHHi  getani
MarHiTHUM MOPOLUKOM (CyXui MeTod) abo npu NONMBaHHI MarHiTHOK CYCMEHSIED
(MOKpU MeTod) A0 UMX MOSOCIB NPUTATNYIOTLCH YaCTUHKM MarHiTHOTO MOPOLLKY.
[MopoLLOK, WO OCiB, YKasye MiCLIe3HaXOMKEHHS | BUA, aedpekTy. HanbinbLu acHO aedoekT
BUSIBNAETBCS B TWUX BUNAAKax, KOMM HanNPAMOK MarHiTHUX CUNoBUX NiHIN €
nepneHavKynapHUM 00 HaNpPsIMKY AedekTy.

3acTocoByoMM  pi3Hi  CMOcoBWM  HamarHiyyBaHHsi, MOXHa  OTpUMaTK
HanMBUrgHIWMA (ONa NeBHOI popMu aeTani i OpieHTyBaHHS AedeKTiB) HanpAMOK
MarHiTHUX CUIOBUX NiHIN.

2. MeTog, MarHiTHOro MOPOLLUKY Aa€ 3MOry BUSIBNSATU OedeKTn B AeTansX |
HaniBthabpukaTax i3 pepomarHiTHMX cranen 6e3 iX pynHyBaHHS i JaE MOXIMBICTb
NPOBOAMTU CTOBIACOTKOBUIN KOHTPOSTb NMPOLYKLI.

3. MarHiTHMI KOHTPOSTb 3aCTOCOBYHOTbL AN BUSBIEHHSA AeekTiB, WO BUXOOATb
Ha MOBEPXHIO AeTanen i nexaTb Ha HeBernuKin rmubuHi nig nosepxHeto (4o 2,0 mm
3anexHo BiO xapakTepy OedeKTy i pexmmy KOHTposito). pyu MarHiTHoMy KOHTpOri
MOXe ByTN BUSBIIEHO:

a) posLlapyBaHHS, CNPSIMOBaHI 10 NOBEPXHI AeTani nig KyTom He MeHLwe 20°;

6) BOriocoBMHK, TOBTO ra3osi 6ynbballkn abo LUakoBi BKpanseHHS, BUTAMHYTI
B3[0BX BOIOKHa MeTary B MPOLECi MPOKaTKK, KyBaHHS1 abo NpOoTAraHHA MeTany;

B) GOIIOKeHU;

r) KyBarbHi 1 LUTaMNyBarbHi TPILLMHWK;

0) 3aKOnu i 3aKkoBn, TOGTO 3aNOBHEHI OKCMOAMM MOBEPXHEBI CKNaaKu

MaTepiany;

€) rapTiBHi TPILLWHY;

X) wridpyBanbHi TPILLMHWK;

3) 3BaptoBasibHi TPILLUHY;

K) TPILLWUHM BTOMIEHOCTI.

4. MarHiTHOMy KOHTPOSO MigaatoTbes AeTarsi nicnsg 0OCTaToMHOro MeXaHivHOro |
TEPMIYHOro  00pobneHHsa. [Ona gesdkmx aOetanend npoBOAsiTb, KpiM  TOro,
MiKOMepawiHU  KOHTPONb Ha rpydi gedektn (Tvny rapTiBHUX, KyBasibHWUX i
3BaptoBaribHUX TPILLMH, OSTOKEHIB, po3LlapyBaHb Ta iH.).

5.3BapioBanbHi  WBM Ha epoMarHiTHUX AeTtansx, $Ki - BUKOHYHOTbCA
ayCTEHITHUM eneKTpoaOoM, He MiANAraoTb KOHTPOS METOA0M MarHiTHOro MOPOLLIKY.

KOHTPOmb ayCTEHITHUX LUBIB Ha BIOKPUTMX TPILLMHAX Moxe ByTn npoBeneHo
TNMOMIHECLIEHTHMM METOOOM i3 3aMiHOK orepauiii MPOMUBAHHS | NPOCYLLYBaHHA
aetanemn nNickocTpyYMUHHUM 0BpO6eHHAM.

Hetani n By3nu HeobXigHO NofaBaTW Ha MarHITHUA KOHTPOSMb YMCTMMK, 6e3
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OKanuHW, ipXi, CTPYXKKW, MUy, 3HEXuMpeHuMn abo nicns  MiCKOCTPYMUHHOMO
0bpobneHHs. llicok nicna uboro cnig sunydatn. MeTogomM MarHiTHOrO MOPOLLKY
OONYCKaETbCA  KOHTPOSOBATU  AeTani  nicrs  okcuayBaHHS,  dpocdhaTyBaHHS,
3abapBrieHHss abo HaHeceHHs1 MeTareBOro MOKPUTTS B pesynbTaTi LMHKYBaHHS,
KagMyBaHHSl, XPOMYBaHHS 3a YMOBW, SKWO TOBLUMHA TMOKPUTTA He MNepeBuLLye
30...50 Mkm. Tlpyn 6GinNbluUid TOBLUMHI MOKPUTTS MPOBOAATbL KOHTPOSb TiflbKM Ha
BUSIBIIEHHS TPILLMH, SIKi BUXOOATb Ha NOBEPXHIO AeTari, Ta iHLWNX 3HAaYHUX OedEKTIB.

MarHiTHUIM NMOPOLLIOK, AKU 3aCTOCOBYIOTb AN MarHITHOrO KOHTPOSHO AeTarneu 3i
CBITIIO0 MOBEPXHED METOOOM CYCreHsil, sBnse coboto noapibHeHWn okuc 3anisa
(Fez04) TEMHO-KOPMYHEBOIO ab0 YOPHOIO KONBOPY 3 BEMMYMHOK YaCTUHOK He BinbLue
50 MKMm.

[ns KOHTpOsto AeTarnen ¢ TEMHOK MOBEPXHE 3aCTOCOBYHOTH CBITNMI MOPOLLIOK
(MarHiTHMI). TOHKOMOAPIOHEHI MarHiTHI YaCTUHKW, ab0 MarHiTHUA MOPOLLIOK, MOXYTb
Oy y Burnagi pignHn abo cyxumu. NoeepxHs BunpobyBaHoOro Bupoby mae 6ytu
YMCTOO, CyXOlo, 6e3 okanuH abo ipxi. MNMpn MarHiTHUX BMNPOOYBaHHAX AeTanb abo
BY30J/1 HAMarHivyroTb 3a JONMOMOrO0 efeKTpoMarHita, a noTiM NOKPUBAOTL CYCMNEHSIELD
(cymiwwwo racy i TpaHcdopmaTtopHOro Macrna B cniBeigHoweHHi 11 3
ApiBHOAMCNEPCHNM NOPOLLKOM) ab0 3MaLLytoTb CYMILLILLIKO racy | TpaHChopMaTOPHOro
Macna 1M nocvnarTb CyXMM MarHiTHUM MOPOLUKOM. Y Micudax TpiwmH (Hagpvsis,
BOJSIOCVH, LUMaKOBUX BKIKOYEHb, (PrIOKEHIB, po3LlapyBaHb Ta iH.) Ha rMubuHi 40 2 MM
BiZl NOBEPXHI AeTani 3'ABnst0TbCA XapaKTepHi CKYNYeHHS MOPOLLKY, siki 4obpe BUMAHO
npw BidyarnbHOMY ornsai abo 3a JONOMOrow nynu ABO-, YHOTUPUPA30BOTo 30iNbLLEHHS.
TpiLLMHN BTOMNEHOCTI BUSBNAOTBECA 3a3BMYal B MiCLISIX KOHLIEHTPALT HanpyXeHb: Ha
rantensx, B MicUsX pi3kMX nepexoaiB, Hagpizax, rmMubokMx puckax, cnigax pisus, B
OCHOBaXx pisei, 3ybLiB, OTBOPIB MaCTUINbHNX MaTepianis.

TpilmHN B pe3yrnbTarTi 3BaploBaHHS, rapTyBaHHA Ta KyBaHHS BUSABIIAOTLCH Y
BUrNA4I TaMaHuX MNiHin.

[ns HamarHivyBaHHSA BUKOPUCTOBYHOTb NMOCTIHWN | 3MIHHUW €NTEKTPUYHI CTPYMMU,
NPUYOMY IHTEHCUBHICTb MarHiTHOrO MosiA 3aneXxuTb Big BenuunHU CTpymMy. Hanpyra
mhxepena cTpymy Mae OyTv MOpPIBHAHO HWU3LKOK 3 MeTol ©Oesnekn pobotu, a
MOXXNMBOCTI NOLLKOMKEHHSI BUPOOY — 3BeAeHi 40 MiHIMyMY. [OCTiHWI CTPYM CTBOpPHOE
MarHiTHe none, wWo rMMOOKO NpoHMKae B MeTan. [ito MarHiTHoro nons, uwo
CTBOPHOETLCS 3MiIHHUM CTPYMOM, OBMEXEHO Yepes CKiH-e(heKT nuLle NoBepXHEBUMU
Wwapamn metany. BHacnigok uboro 3miHHUA CTpyM Hanbinblue 3acTOCyBYHOTb Mpu
BUSBNEHHI  noBepxHeBuUX paedoekTiB. BenuuuHy  HamarHiyyBaHoOro  CTpymy
BCTAHOBIOKOTb, KOPUCTYHOUUCH HOPMaMK, CTaHgapTamm abo iHCTPYKLIEH i3 KOMMIEKTY
nocTaBKkun AedeKTocKoniYHOro obragHaHHA. 3a BiACYTHOCTI NOAIBHNX pekoMeHaaLLin
BENNYNHY CTPYMY HamarHivdyBaHHs1 Tpeba BU3Ha4aTV ekcrepuMeEHTanbsHo.

[bkepenamu NOCTIMHOMO CTPpyMy MOXyTb OyTn ©GaTapel, reHepaTtopu abo
ABoniBnepiogHi BUNPAMNAY 3MIHHOMO CTPyMYy; MyNbCYOUUA 3MIHHUA CTPYM MOXHA
OTPUMaTN OOHOMIBMNEPIOAHUM BUMNPAMITEHHAM OAHOIA3HOrO 3MIHHOro CTpymy. B
HU3bKOBOIMBLTHUX pKepenax CTPyMY BESTUKOI CUITU MOXYTb BYTU BUKOPUCTaHI MOTOPU-
reHepaTopw, LLIO 3aCTOCOBYIOThL Mg Yac 3BaptoBarnbHUX pobiT. MakcumanbsHa cuna
CTPYMY NpU LIbOMY CTaHOBWUTbL Kiflbka COTEHb amrep, OAHaK HAaMOTYBaHHSAM Ha BUPIO

18



FHYYKOro OpOTY HeOoOXigHOI OOBXMHW KiNbKiCTb amnep-BUTKIB MOXe OyTn 3Ha4yHO
36inbLUEeHO.

[na BunpobyBaHb BIOHOCHO HEBENMUKUX BUPOOIB 3aCTOCOBYKOTb MarHiTHUN
negektockon 77TNMMO-3M, sikun 3MOHTOBaHO B MeTaneBi Banisi. [o KOMMMekTy
Aedpekrockona BXoasTb:

— PYYHUI eneKTPOMarHiT 3i 3HIMHUMWN HAaKOHEYHUKaMW;

— ConeHoli, i3 BHYTpiLWHIM giameTpom 90 Mmm;

— FHYMYKUIA Kabenb JOBXMHOW 4 M;

— BGayok ons cycneHsin o6’emom 1 ;

— BaHka o6’emom 1 11 onsa 36epiraHHs MarHiTHOroO MOPOLLIKY;

— nyna n'atmkpatHoro 30ifblUEeHHS Ans ornsigy KOHTPOSbOBaHMX AinsiHOK
aetaneu i Byanis.

TeopeTnyHi JOCHiMKEHHA Oat0Tb MOXITUBICTL OXapakTepuayBaTu nnLLe sIKICHY
KapTVHKY 3MIHEHHSI €NEeKTPONPOBIAHOCTI | MarHiTHOI MPOHWKHOCTI nig Ajeto Tux abo
HWMX  YMHHUKIB.  EKCnepumeHTanbHi  gaHi, OTpuMaHi npu  BUKOPUCTAaHHI
BMXOPOCTPYMMNHHOIO KOHTPOIO, XapaKTepU3YtOTb KiNbKiCHI 3B'A3KM MiXK CTPYKTYPOIO |
BMNAaCcTUBOCTAMW MaTepiany 3 ypaxyBaHHAM iHLUNX YNHHMKIB, LLIO BMAIMBAKOTb HA HUX. Y

Tabnuuj 2 HaBeaeHo faHi NPo YyTNMBICTb QRI3NYHMX METOAIB AedheKTocKomMil.

Tabnmua 2 — [JaHi npo 4yTnmBIiCTb (hisnyHMX MeToaiB AedoeKTocKonil

MeTopa KOHTpOno

LLnpmHa TpiwmH 6insa Buxogy
Ha NOBEPXHIO AeTari, WO
BU3HAYaETLCA NEBHUM
METOA0M, MM

MiHiManbHa 4oBXMHA TPILLMHA
BrnMOG meTany, wo
BM3HAYaAETLCA NEBHUM
METOOM, MM

npOCBi‘.—IyBaHHFI 0,1 1...5 % npocsidyBaHHS
PEHTreHIBCbKUMM TOBLUMHA
NPOMEHSIMU
NpocsivyBaHHA MPOMEHAMM 0,1 1,5...5...4 % npocBivyBaHHS
TOBLUMHU
MarHiTHO-NopoLIKOBUN 0,001...0,01 0,01...0,03
INomiHecLLeHTHUI 0,01...0,03 0,03...0,04
MarHiTHO-ntOMiHECLEHTHUI 0,0001...0,001 0,005...0,01
Konkoposoi 0,001...0,03 0,01...0,04
aedoektockonii
YnbTpasBykoBUN 0,001...0,03 0,01
BUXpoBuMX CTPyMiB 0,001 01

EnekmpoiHdykmueHa (cmpyMuHHO8UXpoea) degheKmoCKOnisi

CyTb UbOro MeToay nonsarae B NOPYLUEHHI BUXPOBUX CTPYMIB | BUSHAYEHHI
Ha cneuianbHUX JaTyMKax 3MIHEHHS MOBHOMO OMopy B pesynbTaTi B3aemoail
3MiHHOrO MarHiTHOro Nosns 3 nornem, 30ypPKEHNM BUXPOBUMU CTPYMaMN.

Linm meToaomMm MOXXHa BUABMATU NOBEPXHEBI TPILLMHU FMNONHOIO B KiflbKa
MIKpOMETPIB, MPOTSKHICTIO B AECATI YacTKM MinimeTpa.
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Tpuboenekmpu4Ha OegheKmockKonis

[ig yac TepTa pisHOpPIAHMX MaTepianiB BMHUKAE TpuboenekTpopyLlinHa
cvna. Bumiptotoum KOHTaKTHY pisHUUto noTeHuianis (Tpnbo-EPC) mix eTanoHom
| KOHTPObOBAHOK 3aro0TOBKOK, MOXHA PO34iNdaTV AesKi MapKu crinasib.

Tepmoenekmpu4Ha deghekmockonisi

[Mpn HarpiBaHHI MiCLib KOHTAKTY ABOX PI3HOPIAHWX CMNSiaBiB Y 3aMKHYTOMY
NnaHul3i BUHMKAE TepMmoenekTpopywinHa cuna (tepmo-EPC). Tpn i
BUMIPIOBAHHI Ha eTarioHi M KOHTPOSbOBaHIN MeTanesin getani npu 3agaHin
Pi3HWLI TeMnepaTyp rapsyoro i XoNno4HOro KOHTAKTIB (Ha iHLWOMY KiHUj flaHutora)
MOXXHa PO3pi3HATM 3aroToBKM abo roTosi geTarni 3a Mapkamu maTtepiany. Y paasi
nepennyTyBaHHs MaTtepianiB y npoueci BUpOOGHMUTBA MOXXHa pPo3copTyBaTh ix
3a Mapkamu, BUSIBUTU NigMiHY MmaTepiany Ha BUpOOi.

Enekmpocmamuy4Ha Oeghekmockonisi

[Ana BuABNEHHS MOBEPXHEBUX TPIWWH Ha MeTaneBux Bupobax 3
HeerieKTponpoBigHMM NOKPUTTAM (emannto, nakodapdbamu i T. n.) i Ha BUpobax
3 HeenekTponpoBiAHMX MaTepianiB 3aCTOCOBYHOTb MOPOLLUKOBUA MEeTO[,
OCHOBaHWN HA BUKOPUCTaHHI eNeKTPOCTaTUYHOro Nossi.

Ha nosepxHio BMpoOy 3a AOMNOMOrol nynbBepusaTopa-posnunioBaya 3
€0OHITOBUM HAKOHEYHMKOM HaHOCATb TOHKOMOAPIGHEHUW MOPOLIOK Kpenaw,
YACTUHKN SIKOrO OTPUMYIOTb NPU LLbOMY NO3UTUBHUIN 3apag, (TPNBOENeKTpUIHNN
edekt). Y pesynbraTi HEOAHOPIAHOCTI  E€fIeKTPUYHOro MOosis  MOPOLLOK
HaKOMNUYyeETBLCS MO Kpasx TPILLUMH.

Llen meTon Mae cyTTeEBE 3HAYEHHA OIS OLLIHIOBAHHA SIKOCTi FOTOBMX BUPOOIB
nicnst KOHTPOMbHUX i 30aBanbHUX BUNPoBYBaHb, Y Npoueci ekcniyaTtadil.

2.1.2 ONTUYHUNA KOHTPOIb

OnNTUYHNIN KOHTPOSb OCHOBAHO Ha B3aEMOfiT CBITSIOBOro BUMNPOMiIHIOBAHHSA
3 MOBEpPXHel KOHTponboBaHoro ob'ekta. lNpu nonagaHHi cBiTNa 3 MOTOKOM

BUNpoMiHioBaHHA @; Ha MaTepian BiOOyBaeTbCA pO3KMadaHHA WMoOro Ha

CKNafoBi 4YaCcTUHW. 3arnexHo Big BracTMBOCTENW MaTepiany ue po3knagaHHS
Moxe ByTu pisHuM (pucyHok 3). OgHa YacTuHa CBITNOBOro NOTOKY BiAOGUBAETLCS
Bif rpaHuyHoI noeepxHi (p,@,), opyra (@,,—®,;) — NOrMMHAETLCA 3pa3koM, a

TpeTd — @,,=(1- p,(1))®@,, NpoxoauTb Yepes Hboro. [Npn oNTUYHOMY KOHTPOSI

po3rnsgatoTb Taki BaXnNMBI  CNeKTparbHi  XapakTepUCTUKU, SK KoediuieHT
CMEeKTpanbHOro BUMPOMIHIOBAHHS | MOMMIMHAHHSA, CNeKkTpanbHUN KoedilieHT
NPOMNYCKaHHA, CheKTpanbHUin KoediuieHT BigbUTTA i MOKa3HWK 3anOMIIEHHS.
Bu3HayeHHA LUnx XxapakTepUCTUK JNIEXUTb B OCHOBI MeTO/IB, AKi KIlacngikyroTb 3a
B3aEMOfI€0 CBITNOBOro MOTOKY 3 KOHTPONboBaHWMM 06'ektom Bigdutoro,
PO3CIAHOro N iHAYKOBAHOIro BUMPOMIHIOBaHHA.
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CnekTpanbHuUn KoediuieHT nornMHaHHA a(Ad) € BiAHOWEHHAM MOTOKY
BUMPOMIHIOBaHHA ( @,,—®,, ), MOIMMHEHOro BCEpPeAWHi ONTUYHO MPO30POro
cepegoBuLla, 40 Nagaryoro NOToKy BUMPOMIHIOBaAHHA @, .

CnekTpanbHUM  KoeiuieHT npPonyckaHHA € BIAHOLWEHHAM  MOTOKY
BUMNPOMIHIOBAHHA @, ,, KM NMPOWLLIOB cepefoBuLLe, A0 NOTOKY @,,, WO BraB Ha

NOro NoOBEPXHIO.
CnektpanbHun koediuieHT BIiabuTTa p(A) BU3HA4aOTb ANs CKNagoBuX

CBITIIOBOrO MNOTOKY 3 rnapanenbHUMU i nepneHanKynapHUMN  KOSTMBAHHAMM
BiHOCHO MNAOLWWHW NafiHHA:

p(A)=19%(6,—6,) 1 1g*(6,—6,); 1)

pi(A)=sn*(6,-6,)/sn*(6,+6,), (2)
ae ‘?1 i.‘92 —_Bip,nosinHo KyTun Bino6pq>KeHH;| W 3an0|v|neHHf| npu HOpManbHOMY
nagiHHi CBITNOBOro MNOTOKY, Mepexig 3 OA4HOro MmaTtepiany 3 MNOKa3HUKOM
3anMOMIEHHS N, B iHLLWIA 3 MOKA3HUKOM 3anommneHHs z:

D

6

PucyHok 3 — Cxema BigobpakeHHS 1 3anoMneHHs NPOMEHS Nifg Yac NPOXOLKEHHS
Yyepes nrockonapanenbHy NNacTuHKY

D,,= [1_ Pl(ﬂ)]d)u;
D,,= [1_ Pl(ﬂ)] T(A)®, : (3)
D, = [1_ Pz(ﬂ)] D, _
CnekTpanbHui KoediuieHT BioOUTTS
p(A)=[(n,=n)/ (n+n)]". %)

CnekTtpanbHuUh KoeduiuieHT BIiAbUTTA — Ue BiOAHOWEHHS BigdUTOro
CMeKTpanbHOro CBITSIOBOro MOTOKY @,, A0 nagaw4yoro @,, . Llen koediuieHT

MOB'A3aHUN 3i cnekTpanbHUM KoedilieHToOM nponyckaHHs 7(A)i cnekTpanbHUM
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KoedoiluieHTOM nornuMHaHHa a(Ad), 9K i y Bunagky iHdppadepBoHoro (1Y)
BUMNPOMIHEHHS, CMNiBBIgHOLLEHHAM
pA)+7(4)+a(d)=1. (5)
MeTogn 3anomneHHs npoMeHiB y npu3mi 3 BignoBigHOro matepiany
HanexaTb A0 HanbiNbW TOYHMX METOAIB, NPOTE IX 3aCTOCYBaHHSA YCKNagHEHO.
3pyYHMMM W  NPOAYKTUBHMMM € METOAM BMU3HAYEHHS [PaAHMYHOrO KyTa
3anomMmneHHa  (pedpaktomeTpist). HamBuwy  TOYHiCTb  3abe3nevyoTb
iHTepdepeHuinHi meToaun.

2.1.3 TennoBi MeToAN KOHTPOSIO CYLiNIbHOCTI

Metoan Tennosoro HK noainaoTe Ha nacuBHi W akTuBHi. [lacueHi
Memodu BUKOPUCTOBYIOTb AS1s1 KOHTPOMO BUPODIB, LLIO HarpiBaoTbCA B NPOLECI
PYHKUIOHYBaHHSA, aKkTUBHI — ANs KOHTpoOmM MmaTtepianis i BMpob6iB, LWO
3HaxoOATbCA B TENSOBIN piBHOBA3i 3 HAaBKOJSIMLLHIM cepefoBueM. AKmueHi
mMemodu 3aCTOCOBYIOTb 3a HasiBHOCTI Qpkepena HarpiBaHHs (OXONOOXKEHHS)
pocnigkysaHoro Bupo®y. Npu KOHTponi Npo3opux mMartepianiB 3a 4OMNOMOrok
TEepMOMETPIB, TEPMOIHOANKATOPIB  PEECTPYOTb  IHTEHCUBHICTb  MWHYIIOro
BMMPOMIHIOBaHHA B LUMPOKiN obnacTi cnektpa abo y BYy3bKOMY CriekTparibHOMY
fgianasoHi. Metoan, ski peanisyloTe npunagamu i3 306pakeHHsIM TennoBux
nosiB, OCHOBaHi Ha 3acCTOCyBaHHI K TepMonepeTBOploBaya ekpaHa 3 pPigKkuMx
KpucTanis, Hanpuknag Lita ToswmHoo ~0,1 Mm.

TemnepaTtypa i Il po3nogin € HenpAMUMKU NapameTpamu, Lo AaTb 3MOry
OUiHUTK pexum poboTh, HaABHICTb NPUXOBaHMX AedekTiB | 3MiHEHHS
ENEKTPUYHUX MapamMeTpiB eneMeHTIB pagioenekTpoHHuX npuctpoiB. [licns
BCTAHOBJIEHHA MOHTaXy €eneMeHTIiB i MIKpoCXxeM mnnaTy KOHTPOSKTbL 3a
gonomoroto  [Y-BunpomiHioBaHHS abo papgiodactoTHoro 3oHga. Metogum
BunNpobyBaHb |Y-BMNPOMIHIOBAHHAM OCHOBAHO Ha 3aKOHOMIPHOCTI 3B'A3Ky
IHTEHCMBHOCTI  TEMJIOBOrO0  BUMPOMIHIOBAHHA Ta  WOro  CrekTpasibHol
XapaKTepuUCTkM 3 pobouYnM CTaHOM KOXHOro efleMeHTa ApYKOBaHOI nnaTtu.

Tennosuu KOHMPOJIb MOBWUHU

KOHTPOSb TOBLUMHWN NOKPUTTIB TENOBUMN METOAMU € MOXIUBUM Y TUX
BUNagKkax, Konn iCTOTHO BiApi3HATbCA TENNONpPOBIAHICTb, TEMNNOEMHICTL abo
iHWI TEexXHOSIorYyHi BracTUMBOCTI MaTepianiB MNOKPUTTA | OCHOBWU. TOYHICTb
BUMIpIOBaHb UMMM MeTO4aMM € BIAHOCHO HU3bKOK, TOMY IX BUKOPUCTOBYIOTb
PigKO, FOSTIOBHMM YMHOM AJ19 BUKOHAHHSA crieyianbHuX 3aBgaHb. [ns KOHTPOno
TENNoOBMMU MeTodaMn MoXe OyTM BUKOPUCTAHO HasiBHY CepinHy anapaTtypy,
npu3HadeHy Ons BUMIpHOBaHHA Temnepatyp abo aHanisy Tennosux nosis, y
TOMY YUCIi pagiauiviHi nipomMeTpu i Tennosisopu.

TepMiyHi MemoOu

MeToam npoBeaeHHs1 TEPMIYHUX BUNPobOyBaHb 3BOAATH A0 TOro, WO A0
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BunpodbyesaHoro BupoOy nigBoasaTb Tenno, a noTiM BuMipoTb abo
crnocTepiraloTb BidyanibHO pe3yrnbTyounn posnogin temnepatyp. [Hedektun
NOPYLUYKOTb HanexHe TemnepaTypHe nore Ha NoBepxHi BUpoby abo BcepeauHi
noro. Tenno moxe 6yTuM nigBedeHo LWNAXoM 6Ges3nocepedHbOro KOHTakKTy 3
pKepeniom Tenna, iHAyKUuinHMM cnocobom abo 3a gonomorow  gxepen
IY-BunpomiHioBaHHA. Pe3ynbTylounid  po3nogini  Temnepatyp Moxe ©6yTtu
BUABMIEHO 3a [OMOMOIOK PIi3HUX TEPMOYYTIIMBUX PEYOBUH | PEECTPYHOUNX
npunagis. Hanpuknag, MOXHa BMKOPUCTOBYBATU CTEapWH; BigKNALEHHS iHEH
npu 3aMOpPOXYyBaHHI; TepMornaku; Tepmodapbu; TemnepaTypHi docdopu;
nriBkWM, YyTnNuBI OO0  IHPaAYEepBOHOro0  BUMPOMIHIOBaAHHA;  TepMonapw,
TepMoMeTpu onopy; poTonpoBigHI MaTepianu, a TakoX TOHKI HAadTOBI MNIBKY,
LLIO 3MIHIOOTb CBIW KOMip 3anexHo Big TemnepaTypu; XapakTepHi okcmuau, Lo
YTBOPIOKOTHCA NPU HarpiBaHHi, Ta iH.

TepmiyHi eunpobyeaHHs1 3a Q0NMOMOR20H0 IJ1a8KUX MNOKpummie

[o umx meTofiB HanexaTtb TepMidyHi BUNpPobyBaHHA 3a [LOMNOMOroH
TepMooniBLUiB | Tepmonakis. TepmoorniBeLb — Le TepMO4yTrmMBa KONbOpoBa
Kpenga, ska Mae neBHi KanibpoBaHi TOYKM nnaBfeHHss. B  Haw 4ac
NPOMMCIIOBICTIO BUMNYCKAeTbCA 6Gnm3bko 60 pisHMX BMAIB TEPMOOSIBLIB, LUO
OXOnSItoTh AianasoH Big 45 Ao 1110 °C. KoxeH Bng TepmooniBUiB Bianosigae
NneBHiM TemnepaTypi B Mexax gonycky + 1% Big HOMiHanNbLHOT Temnepartypu.

2.2 KOHTponbLHO-BUNPOOyBarnbHi pO60TU B LiIeXy OCTaTOYHOro
cKnapaHHs

KoMnnekCcHMn KOHTPONb i HasemHi BuUNpobyBaHHA CUCTEM Y NpPOLECI
cepinHoro BUpobHULTBA BMKOHYIOTb Ha crewianbHO OpraHi3oBaHi KOHTPOSbHO-
BUNpoOyBarnbHin CTaHUil.

Y npoueci BXiQHOro KOHTPOSIKO roTOBUX BMPODBIB i BY3NiB NepeBipaloTb
CMOXMBaHi CTPYMW, HanNpyru cnpaubOBYBaHHSA, KYTU BIOHOLLUEHHS, YYTIUBICTb,
4YaCTOTW, CUHXPOHHICTb ChpaubOBYBaHHA, 4ac CrpaubOBYBaHHS, TUCK,
Temneparypy.

Mig yac KOHTpoOmMt AiINAHOK CMCTEM B arperatax fitaka nepeBipsaloTb
NpPaBUIbHICTb MOHTaXy, Onip i30M5Uil, repMETUYHICTb, YMUCTOTY BHYTPILLHIX
NOBEPXOHb, PYHKLIOHYBaHHS cnucteM. Ha 3ibpaHomy niTaky B Liexy OCTaTOYHOro
CKnagaHHA npoBOAATb iHAMBIQyaNnbHUM KOHTPOSIb CUCTEM 3a AOMOMOroH
CTeHAiB aBTOHOMHOIO KOHTPOJI0, @ TaKoX NepeBipKy NigKOMIMIEKCIB CUCTEM 3a
OONOMOrod aBTOMaTU30BaHMX YCTAHOBOK 3 MPOrpaMHUM KepyBaHHAM. Taki
YCTaHOBKM [al0Tb 3MOry B Ha3eMHUX yMOBaXx iMiTyBaTn yMoOBM pobOTN CUCTEM B
noBiTpi. BOHW KOHTPOSIOOTL PYHKLIOHYBAHHA CUCTEM NI, CTPYMOM | TUCKOM; Yac
poboTn arperariB; KyTW BIOXWNEHHS; MNaBHICTb XOA4y; MOCMIAOBHICTb
crnpaubOBYBaHHA  arperariB; CrOXWBaAHWA  CTPYM; CTBOPKOBAHI  TUCKMU;
BUpoONtoBaHy Hanpyry.

KoHTponb HamBaxnMBilLMX MapameTpiB, WO XapakTepusylTb HAKICTb
CUCTEM MpM iXHiIK chinbHIn poboTi B ymoBax, WO HabnuxawTbCca A0
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ekcnnyaTauinHux, 30INCHIOETBLCA cneuianbHUMM cuctemamm aBToO-
maTtmsoBaHoro koHTponto (CAK).

Bci Biacikn abo arperaTtu nitaka (prosensik, Kpuno, roHaona ABuryHa Ta
iH.) MalOTb HaAXOAUTU HA MOHTaX MOBHICTIO 3aKiHYEeHUMU, TOBTO MaTb ByTH
BUKOHAHI cBEpANUNbHI, CKrnaganbHO-KnenarnbHi, 3BapHi Ta iHWi poboTn, MalTb
OyTn BCTaHOBIEHI KPOHLWUTENHN N KPiNUnbHi By3nu. Biacikn abo arperatv matotb
OyT™M ounweHnMn Big BUPOBHMUMX BIOXOAIB, a IXHS BHYTPILLUHSA MNOBEPXHS
3aXULLEHOK  AHTMKOPO3IMHMM  nokpuTTaMm  (To6to 6yTM  aHOo4OBaHOLM,
3arpyHToBaHo, nocapboBaHoo Ta iH.).

EnemeHT B6opTOBOrO OGONagHaHHS, WO HaAgXoAsaTb Ha CKNnagaHHS, BCi
getani i komnnekTytodi Bupobu matoTb NnponTn 100%-Hnin BXigHWUIA KOHTPOSb.

BisyanbHO nepeBipslTb KOMMSIEKTHICTb TArOBUX i TPOCOBUX MPUCTPOIB
CUCTEMU KEepPYBaHHS, a TaKOX Y/ HEMAE MOLUKOIKEHb MOKPUTTH, ipXKi, 3a0OIH,
noapsanuH. Tpocu 4o 3anniTaHHA KiHLiB Ha KoyL abo 3aknageHHs1 B HAKOHEYHUKN
BUNPOOOBYOTb Ha PO3TArHEHHS. [epeBipsaoTb reoMeTpudHy oopMy geTanen i3
TPy i HasdABHICTb Ha 30BHILWHIA | BHYTPILWHIN NOBEPXHAX TPYOM MexaHiYHUX
NMOLLKOMKEHb | MeTanyprivinx nedekTiB — TpIiWwmMH, BOJSMOCOBUH, 3aXXUMIB.
TpybonpoBoan BUNpoBOBYOTb HA MILHICTb | repMETUYHICTb.

B enektponpoBogax npu MOHTaXi enekTpo- i pagiocucTeM nepeBipsaoTb
MILUHICTb i30M14uii, nepepis npoBogy i Moro nposigHicTe. EnekTponpoBoaa
NnepeBipsaAldTb Ha NPaBWUIIBHICTb CKMafaHHS, MIUHICTb 3'€dHaHb | HasABHICTb
3aMUKaHHA MK HMMW. BumiproloTe onip i3ondauil Ta nepexigHMX ornopie B
3'egHaHHaX. [lepeBipsaoTb NpaBUbHICTL  (PYHKUiIOHYBaHHA enekTpoobnaa-
HaHHS, Yac cnpalbOBYBaHHS, BUMIPIOKOTb CTPYM.

Kpim 100%-HOro BXiQHOro KOHTPOSIO MPOBOAATbL BUBIPKOBUMA KOHTPOIb
AeKinbkox BMpo6iB 3 napTil 3a 6inbLU pO3LLMPEHO NPOrPamMoro.

Bysnu, WO HagxogsaTb Ha MOHTaX, nposoga, Tpybonposoaw, getani
KpinneHHsa Ta iHWi getani mawTb 6yTn B3aemosaMiHHMMKU. TpybonpoBoau i
apmaTtypa, WO Hagxo4saTb Ha CKNafaHHA, MaloTb ByTW nonepenHbO PeTeNbHO
OYMLLIEHMMM BCepeauHi, BidyanbHO MepeBipeHUMU, 3aKpUTUMK 3arnylkammy i
onnomb6oBaHMMM.

He ponyckaoTbCsa OO0 MOHTaxy npoBoga i kabeni 3 MNOWKOMKEHUM
NoKpUTTSIM abo ekpaHOBaHi OBNIIETEHHAM.

[Micna KOHTpON reoMeTpudHux ¢opm yci Tpybu BUNpoOOBYOTL Ha
MILHICTb | FrEepMETUYHICTb.

Mepen BuNpPoOyBaHHAM BHYTPILWHIO MNOPOXHWHY Tpybu npoaysaoTb
CTPYMEHEM YNCTOro CyXOoro CTUCHEHOro MNoBiTps nig TMckoM 1,5 Kr/cm? npoTarom
15-20 ¢ ona BuOaneHHs CTOPOHHIX 4YacTuUHOK. [loTim Tpybu npomuBaoTb
npotarom 5-10 ¢ cnupToMm-pekTudikatom abo 6eH3nHOM, WO nodaeTbcs nig
TUCKOM. Ha KOHTPOSIbHOMY iNbTpi 3 HIKefiecap>XXeBOK CITKOK [OOBXWHOM
15 MKM He Mae ByTu MexaHiYHMX OOMIWOK. Bigpasy X nicnsa npoMmBaHHS i
NPOCYLIYBAHHA Ha KiHUSX TPyOONpOBOAIB PO3MILLYOTb TEXHOMONIYHI 3arnyLKm
abo nonieTuneHosi NMiBKK i CTaBNsATb ocobucTe Krernmo abo nnomoby BUKOHaBLUS.

[ani npoBoasTb KOHTpOnb SAKOCTi MoOHTaxiB. [Mpn 100%-mMy KOHTpoOni
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nepesipAlTh:
— HasIBHICTb 3a30piB MixX TpybonpoBogamMu i eneMeHTaMmn KOHCTPYKLUT, MiX

MexaHi3amamm [ efieMeHTamu nnaHepa, MiX Tpybonposogamu,
eneKkTponpoBo4aMMN | THYYKUMM LIITAHramu;

— BIiOMNOBIOHICTb BUKOHAHOIO MOHTaXy [MPUHLUMNOBAM | MOHTaXHUM
cxXxemaw;

— HasABHICTb MeXaHiYHMX MOLIKOAXEHb (3MUHAHHSA CTIHOK TpybonpoBoaiB i
nMogTy B erfieMeHTax KpinneHHs);

— HasiBHICTb BUPOK | MapKyBaHb.

3ibpaHi NHeBMOCUCTEMM, NPOTUMOXEXHY, NPOTNOBNIAHIOBANbHY, MacNAHY
i manuBHy cUCTeMM NpoAyBalOTb MOBITPSAM, a KUCHEBY — YUCTUM a30TOM B
arperaTtHoO-CKnaganbHUX uexax.

lgpocuctemMn B arperaTtHMX Lexax MpoMmBaloTb PIAWMHOW, AN 4Oro
poboui diNbTpyN 3aMiHIOTb TEXHOMOMYHUMW, @ 3BOPOTHI KnanaHu i gpoceni —
TEXHOSONYHMMU nepexigHnkamu. NpommnsaoTb CUCTEMY MO AiNAHKaXx.

OcTaToOMHO  4UCTOTY TigpPOCUCTEMU  KOHTPOMOKTb B nabopaTtopii,
nigpaxoByr4M 3a JOMOMOro aBTOMaTUYHOIO NivnnbHUKa abo nig MiKPOCKONoMm
ocini TBepai YacTnHkm B npobi, B3ATIN 3 rigpocuctemu. lNgpocncrtemy BBaxatoTb
ynctor, Akwo B 100 cm® npobu MuoYOT pianHM 3abpyaoHEeHb MICTUTLCA He
BinbLle, HXX BKa3aHo B cTaHOapTi.

Yci 3ibpaHi TpybonpoBigHi cMcTeMU NepeBipsloTb Ha FepMETUYHICTb B
arperaTHMX Lexax Ha He3iCTMKOBaHMX Biacikax i arperatax abo B UeXy
3arasibHOro ckrnagaHHsa Ha NoBHICTHO CKnageHoMy nitaky. B ocTaHHbOMY BUNaaKy
repMeTUYHICTb  KOHTPOJSIOWTL  Mepes  BignpauloBaHHAM  CUCTEM  Ha
JoyHKUiOHYBaHHA.

Mpn rigpocTaTUMHOMY MeTOAi KOHTPOSK CUCTEMY 3arOBHIOOTb
poboYo PpIgMHOK Mig TUCKOM | BUTPUMYKOTb MEBHUM 4Yac. [epMEeTUYHICTb
rigpocmcTeMn NnepesipsoTh BidyarbHO 3a HAasBHOCTI abo Bi4CYTHOCTI Kpanenb Ha
NoBEpPXHi enemMeHTIB 3'egHaHb abo Ha dinbTpyBanbHOMY nanepi. MNpu BUABNEHHI
Teudi TUCK B CUCTEMI CKMAATb 40 HYNS | NIATArYIOTb HAKUOHI rankun 3'egHaHb abo
3aMiHoTb  Tpybonposig. [licns yCyHEeHHs Tedi MNOBTOPKOKTbL NepeBipKy
repMeTUYHOCTI.

Mpy nHeBMaTU4YHOMY MeTOAi KOHTPOSIKO FepMeTUYHOCTI CuUcTemy
3anoBHIOKTbL MOBITPAM abo as3oToMm Mig HagfULWKOBUM TUCKOM, HaHOCATb Ha
MicUS, WO nepeBipsAlTb, MWUIbHY €MYJbCilo | MPOTAroM MeBHOro 4acy
CrnocTepiraloTb 3a MOsIBOK NOBITPsHUX Bynbballok y Hin. Nepen KoHTponem
repMeTUYHOCTI BCi TpyOOMNpoBIAHI cuctemMmn MatoTb ByTM NpoayTi NOBITPAM (3a
BUHATKOM KMCHEBOI cuctemmn). [1nsa 3anobiraHHA 3anoBHEHHKO TPyOonpoBigHMX
CUCTEM  BOMOrMM  MNOBITPSAM  HeobXigHO  nepeBipUTM  npaues3faTtHiCTb
cunikorenieBoro natpoHa, 3MOHTOBAHOroO Ha CTeHA,.
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3 KOMIMJIEKCHI BUNTPOBYBAHHA | AEPOOPOMHE BIANPALIKOBAHHA
CUCTEM NITAKA HA ABIAUIMHOMY NIANPUEMCTBI

3.1 BignpautoBaHHA | KOHTPONb CUCTEM HAa KOHTPOJIbLHO-
BUNpPoOyBanbHin cTaHuil

BignpautoBaHHs | nepeBipka Ha KOHTPOJSIbHO-BUNPOBYBanbHi CTaHUil
(KBC) € 3aBepLianbHUM eTanom BUpoBHMUTBA NiTanbHOro anapaTa, Ha SsIKoMy B
yMOBax, MaKkCMManbHO HabnmkeHMx [0 eKcnnyaTauiiHuX, 34iNMCHI0ETLCS
KOMMMEeKCHa nepesipka i perynioBaHHS CUCTEM 3 LUMPOKMM BMKOPUCTAHHSM
3acobiB aBTOMaTUYHOIO KOHTPOSIO i3 3annMcoM napameTpiB Ha NniBky. [JaHi Taknx
nepesipok i BUNpobyBaHb € 06'EKTUBHMM JOKYMEHTOM, LLO NiATBEPLAXYE SKICTb
BignpaLuoBaHHA cuctem nitanbHoro anapara. OcHoBHMMK 3aBaaHHAMK KBC €:

— MPOMMBAHHSA 1 BUNPOBYBaHHS NannBHOI CUCTEMU;

— BUNPOoBYyBaHHSA rigpaBniyHNX CUCTEM;

— BiaNpautoBaHHA W KOHTPOSIb 3MiTHO-NOCAAKOBUX MPUCTPOIB, CUMNOBUX
YCTaHOBOK, EHEProcuUcTeM i enekTpoTexHiyHoro obnagHaHHs, pagionokauinHnx
CTaHLUin Ta iH.;

— MPOBEAEHHA NepeanoNbLOTHOrO i NICAANONLOTHOMO OrNAAIB 3 aHani3om
aedekTiB obnagHaHHs, BUSIBNEHUX B MNPOLECi HAa3eMHOro BianpautoBaHHS i
NbOTHUX BUNPOOYBaHb, i po3p0breHHs 3axoAiB WoAo0 iX YCYHEHHS;

— NoAaHHS | 3gaBaHHA NiTakiB NpeacTaBHUKOBI 3aMOBHUKA.

MeTa  KOHTPONbHMX BUMNPOOyBaHb — MepeBipka  BiAMNOBIAHOCTI
BUrOTOBSIOBAHNX B CEPINHOMY BUPOBHUUTBI NiTakiB YCTAaHOBNEHMM TEXHIYHUM
ymoBam abo eTanoHHOMY 3pasKy, SIKMA MNPOMLLOB BiAMNOBiAHI BMNPOOYBaHHS
(3aBoacCbKi, MiHicTepcbKi, AepxaBHi). [loBHicTio 3ibpaHe obnagHaHHA
nepeBipsaAldTb Ha npauesgaTtHICTb | (PYHKUIOHaNbHY B3aEMOAil0  BCbOro
Komnnekcy cuctem nitaka Ha KBC, a 6e3nocepeaHio nigrotoBKy nitakis ao
BUNpobyBaHb Yy MNOBITPI MNPOBOASATb B  aepoOAPOMHOMY LeXy JIbOTHO-
BUNpoOyBanbHOT CTaHLl.

MeToawn i 3acobu, L0 3aCTOCOBYOTb NPU KOHTPOSTi BopTOBOro obnagHaHHs
Ha KBC, € aHanoriyvHumm wmetogam i 3acobam KoHTponto ©OopToBOro
yCTaTKyBaHHs B arperaTtHux Lexax.

[MepeBipka i BUNpobyBaHHA BCiX MiTakiB (BEpPTOSMbOTIB) MOBUHHI MaTw
HEPYWHIBHUN XapakTep i He BNAMBaTWM Ha pPecypc efniemMeHTiB obnagHaHHs i
rapaHTiMHUA pecypc niTaka B uinomy. [Ina gesknx suais anapatypun 6opToBoro
obnagHaHHS HeBenvke nonepegHe HanpautoBaHHS € HeOOXigHMM i KOPUCHUM.
30KkpemMa, [Ona eNfieKTPOHHOI BMCOKOYACTOTHOI anapaTypu BCTaHOBMOKTH
000B'A3KOBE NonepeaHe HanpautoBaHHS, WO 3BETbCS TPEHYBAHHAM, SIKe MOXHa
3aCTOCOBYBaTW A0 MeXaHiYHUX i rigpaBniyHux cuctem. Y npoueci TpeHyBaHHS
BiabyBaeTbCA  MNpunpaubOBYyBaHHA OKPEMUX  €fIeMEHTIB  MeXaHi3MmiB i
camMonigCcTpoloBaHHA KOHTypiB. [licna TpeHyBaHHA MNOBTOPHO MNEpPeBIpAlTb |
BUNPOOOBYIOTE BiANOBIAHI eneMeHTN obnagHaHHs.

Po6oTtn Ha KBC 3a3Buyan NpoBoasATb Y ABa eTann: 6e3 NporoHy ABUryHa,
Konn ansa nepeBipky rigpaBnivyHMX, NMHEBMATUYHUX Ta E€NEeKTPUYHUX CUCTEM
BUKOPUCTOBYIOTb Ha3eMHi [JKepena XUBMeHHS, i 3 poboTo OBUTYHIB, KONK BCI
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BUOW eHepril BUpobnaTbca cuctemamu nitaka. B ocTtaHHbOMy Bunagky
CTBOPHOIOTLCSA HAaNBINbLL CNPUATANBI YMOBM 1151 KOMMAEKCHMX BUNPOOYyBaHb, LLIO
Oa€e 3MOry BUSIBUTU BMNSIMB OQHMX CUCTEM Ha iHLUi.

OpraHisauia cTteHOoBOro BignNpautoBaHHA OKPEeMUX CrOPIAHEHUX TPy
CUCTEM Y MOEAHAHHI 3 KOMMJIEKCHUM BignpautoBaHHAM Lae 3MOry nepesipuTu
B3aEMO3B'AA30K | CTUKYBAHHSA CUCTEM Y Ha3eMHUX YMOBaXx, iCTOTHO NigBULLUTH
KiNbKICTb BUABIEHUX AedekTiB i BIOMOB i TUM CaMWM CKOPOTUTU KiSbKiCTb
A0POrnx NbOTHUX BUNPOOYBaHb.

CneumdpivyHa ocobnusictb pobiT, Wwo nposoadaTb Ha KBC, nonsirae B Tomy,
IO KOHTPOSIb MapamMeTpiB, OCTaTOYHe peryroBaHHA | BignpauytoBaHHSA
obnagHaHHs, KOMYHiKaLin i cuctem BMKOHYOTb Be3nocepeiHb0 Ha fiTanibHOMY
anapati 6e3 gemoHTaxy 6nokiB i arperatiB. Lle Haknagae neBHi BMMOrn Ha
3aCTOCOBYBaHi i HOBOCTBOpPOBaHI MeToan i 3acobu BMNpobyBaHHS | KOHTPOSIHO.
[Mig yac koHTponto i BuNpobysaHHsA cuctemmn Ha KBC nparHyTb O 0gHOYaCcHOro
BIATBOPEHHA eKcnsiyaTtauinHUX YyMOB Y BWUIMS4i CTUMYMOKYMX BMMUBIB, WO
BUPOBNAOTLCA | NOA4ATLCA HA NiTanbHUIA anapar iMiTaTopamu.

OcHoBHa Maca KOHTPOsnbHOro ocHauweHHs i ctengie KBC 3aBasikn cBoin
YHIBEPCAnNbHOCTI €  aHanoriYyHoK  KOHTPONbHOMY  obnagHaHH, WO
3aCTOCOBYIOTb B LIEXY OCTAaTOYHOro cknagaHHs. OgHak okpemi onepaduii Wwoao
BiANpaLoBaHHA | KOHTPONK cucteM Ha oyHKuUioHyBaHHA Ha KBC BUKOHYHOTb
KOHTPOJSIbHO-BUNPOBYBanbHOK anapaTyporo, dka Bigpi3HAETbCS Big 3aCTOCOBY-
BaHOI B LUeXy OCTaTOYHOro cknagaHHda. Hanpuknag, nna  nepesipku
npaues3gaTHOCTI eneKkTPosiaHLIoriB i aBTOMaTUKM NepeMmnkaHHs BUKOPUCTOBY-
I0Tb MyNbT 3 aBTOMATUYHOK CUrHani3auieo Npo HecnpaBHOCTI Yy nepesipeHin
ernekTpocucTtemi. 3a 4ONOMOrow nynbTa MOXHa NepeBipUTU eneKkTposiaHLomnm
obirpiBaHHs akyMynsaTopiB, KepyBaHHS CUAIHHAM NbOTYMKA, MNPOTUMOXEXHOI
cucTeMu, obirpiBaHHS repMoLLonomMa i kabiHm, Tepmonap i ixHix onopis Ta iH. [Npw
nepesipui CTeHg 3 [KeperioMm enekTpoeHeprii nigknioyarTe Ao 6opToBOI
PO3ETKN aepoApPOMHOrO XUBIIEHHS, @ TEXHOMNOTIYHI (NepexigHi) AxXryTu nynbTta —
OO0 PO3HIMIB naHutorie, WO nepeBipsaTb. [lpy BMUKaHHI  BIigMoBIigHNX
nepemMukadiB Ha nynbTi i B KabiHi niTaka 3a KOHTPOMbHMM aMnepMeTpoMm i
CUrHaNbHOK  NaMMOYKOK  Ha  MNynbTi  NepeBipAlTb  npauesfaTHICTb
enekTponaHutora.

[na BignpautoBaHHA rigpocucTeMn Ha (PYHKLIOHYBAHHSA 3aCTOCOBYIOTb
yHiBEpcanbHUN CTeHA, 3a [JOMNOMOrol $KOro MOXHa TakoX MepesBipuTu
repMeTUYHICTb NanuMBHOI CUCTEMU | KabiHM nboTymka. lNMpu BuNpobyBaHHI Ha
repMeTUYHICTb B KabiHy NboTYMKa NOAAETLCH MOBITPA Yepes WwTylep natpybka
Ha3eMHOI BEHTUNALIT, 3 SKUM MOB'A3aHO MaHOMETP AS1s1 BUMIpPY TUCKY B KabiHi.
CurHanizaTop TUCKy 36N0oKOBaHO 3 eNneKkTponHeBMOKIanaHoM, Lo 3abesneyye
OpeHax npu NigBULIEHHI TUCKYy Ha Bxodi B kabiHy. [ns aBToOMaTU4HOro
BU3HAYEHHSA 4Yacy cnagaHHs TucKy B KabiHi Ha CTeHAi BCTaAHOBIIEHO
eneKTPoCeKyHAOMIp, AKMW 3'€QHaAHO 3 eSIeKTPONHEBMOKIIanaHOM HarnoOBHEHHS
KabiHM | enekTpoKOHTaKTOM MaHoMmeTpa. Nepen BignpawoBaHHAM FigpoOCUCTEMMU
Ha YHKUIOHYBAHHA niTak HeobXigHO BCTAHOBUTM Ha rigponiguoMHUKY.
KepyBaHHS rigpaBnidyHUMK arperatamm npu LUbOMY 34IMCHIOETbCA 3 KabiHu
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NbOoTYMKA.

JlitakoBi arperatu, WO nNpaulooTh Big MHEBMOCUCTEMU, MEPEBIPAIOTL Ha
YHKLIOHYBaAHHSA Ha cheuiaribHUX CTeHOax.

KoHTponbHO-BUNpobyBanbHy cTaHuito mae 6yt obnagHaHO AesiauiiHUM
MangaH4YMKOM, a TakKOX TPaHCMOPTHUMW MalLUMHaAMK, Taradyamu, cneuianbHUMU
CHironpubupanbHuMM i nonuBanbHUMKM MaluMHaAMK, Nanuveo- i Macros3anpas-
HUKaMW, efiekTpoKkapamu, Biskamun ans nepeseseHHs 6anoHiB, akyMynaTopiB Ta
IHLUMX BaHTaxiB.

Poboui micua gnga BignpautoBaHHS CUCTEM JliTaka KpiM cheumgivyHmx
KOHTPOSIbHMX  3acobiB  OCHalWleHO  TUMOBMM  yCTaTKyBaHHAM:  rigpo-
nignoMHUKamu, apabuHamu, Kosnamu, ranbMiBHUMM Korogkamu, oxepenamu
XWBJIEHHA €NeKTPOeHeprielo | MOBiTPSAM, MNEepecyBHUMU aepoapOMHUMU
Komnpecopamu, akymynatopHumn 6atapesamm Ta iH. Lle obnagHaHHa moxe 6yTu
ctauioHapHum abo pyxomum. 3anexHo Big  Knacy  niTakiB, Lo
BiANPaUbOBYIOTLCS, 3MIHIOETbCS CKMad Has3eMHoro obriagHaHHs,  SKUM
OCHaLLlyETbCA KOXHEe poboye micue.

[o ocobnueoi rpynn obnagHaHHa KBC BxoasaTb BUNpobyBanbHi CTEHAMW,
LLIO MOAENOTb YMOBU poboTn BopTOBMX CMCTEM fiTaka. Ha Takux cTteHaax
iIMITYIOTBCA HOpMarnbHi 1 aBapiviHi pexnmm poboTn, a TakoX PeecTpyoTbCH
nepexigHi npouecn. Pesynbtatn BunpobyBaHb (Mipa [OOCTOBIPHOCTI W
OB'EKTUBHICTb KOHTPOM) 3anexaTb Big4 MOBHOTW BiATBOPHOBAHMX POBOYMX
PEXMMIB CUCTEMM, CTYNEHS aBTOMaTM3aLil BigTBOPEHHS 30BHILLHIX yMOB poboTH
cucTemu, 3MiHeHHS il napameTpiB, BUMIPIOBaHHSA | peecTpaLil ogepXXaHux AaHuX.

Mogentotodi BUNnpobyBanbHi CTeHAM 4atoTb 3MOry:

— NEepPEBIPATU TEOPETUYHI PO3pPaxyHKWN, NPUMAHATI NpU PO3pOBMEeHHI HOBOT
anapartypu;

— BU3HAYaTu ONTUMarbHi CXeMU | napameTpu AN NMPOEKTOBAHOI CUCTEMN
LUNAXOM OOCHIAKEHHS B pearnbHMUX yMmoBax poboTu arperaris;

— MPOBOAUTM  KOHTPOMbHI  BUNpoByBaHHA cucTeM [Ond  BU3HAYeHHSA
BiOXMNEHb IXHIX NapaMeTpiB Bif 3adaHNX 3HAYEHb;

— NpoBOAUTK pecypcHi BunpobyBaHHA abo BunpobyBaHHS [O nepLuol
BiAMOBWU;

— BiATBOpPIOBATN aBapivHi pexumMn Yy 3B'A3Ky 3 pekrnamaudigmu Big
eKcnnyaTyr4mx opraHisauin;

— MOAENBATU KOHCTPYKTUBHI M BUPOBHUYI gedektn Ons BUSIBIEHHSA
IXHbOro BNAMBY Ha npawesnaTHICTb | HagINHICTb CUCTEMUN Ta iH.

Micns BignpautoBaHHSA, KOHTPOSO | perynioBaHHS OKPEMUX CUCTEM niTak
TPaHCNOPTYIOTb OO0 [AeBiauiHOro MawgaHyuka, e NepeBipsalTb  3a
neneHraTopoM i KOPeKTYHTb MOKA3HUMKU MarHiTHUX, ripoMarHiTHUX npunagis i
pagiokomnacis. [Ina cnucyBaHHA OeBiauil KoMnaciB niTak yCTaHOBMOKTbL Ha
NOBOPOTHOMY Kpy3i. [lani Bu3Ha4yaTb NOSITHY Bary i NOMOXEHHA LEeHTPY Baru
niTaka, 3BaXxytoum 1oro B ABox abo GinbLue BapiaHTax 3aBaHTaXXeHHS (MOPOXKHIK
niTak 3 He3HiMHUM 06rlagHaHHAM | MOBHICTIO 3aBaHTaXeHUN).

OAOHMM 3 OCHOBHMUX LUMSAXIB MigBULLLEHHS AKOCTI BUNpobyBaHb i HaOiNHOCTI
niTakis (BepTonbOTiB) € 3acTOCyBaHHS aBTOMaTUYHUX OB'EKTMBHMX 3acobiB
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AaBTOHOMHOIO i KOMMMEKCHOr0 KOHTPON Ta BunpobyBaHHA 6GopToBOro
obnagHaHHS.

MpueaoHaHi oo cuctem, WO NepeBipsATb, CTEHAU NPOXOAATb KOMMSIEKC
nepeBipoK 3a 3asganerigb 3agaHor nporpamoto. Bei napameTpu umx cuctem
MOXHa nobauyntn Ha komn'toTepi abo ocuunorpami. CamonucHi npunagum B
CTeHOax BUMIPOIOTb daHi Ta 3abesnedvyloTb Oinblwy OO'EKTUBHICTL i
OOKYMEHTanbHICTb MNepeBipoK. 3acCTOCOBYOTb Pi3Hi NPUMHUMNM MNEPEBIPOK 3a
A0MNOMOro aBTOMaTUYHUX NPUCTPOIB. HannpocTiwmin NpuHUMN — Nnepesipka 3a
NPUHLUMNOM «TakK — Hi». AKWO CTeHA He BKasye Ha gedekTn, TO BiH sk Ou
BignoBigae «Tak», TOOTO NPUMUMAE KOHTPOSIbOBaHY CUCTEMY. HAKLWO CTeH
BUABISE OedeKT, BiH aBTOMATUYHO NPUMNUHSE NEPEBIPKY.

Y npoueci nonepeaHix BunpodysaHb Hinbll JOUINIBHUM € 3aCTOCYBaHHS
aBTOMaTM30BaHNX CTEHAIB | YCTAHOBOK, O HE TiflbKM MOKa3yloTb CAPaBHICTb abo
HecnpaBHICTb CUCTeMU, ane W 3anucylTb OKPeMi napameTpu i BigMOBW.
HeoOxigHy nocnigoBHiCTb BUNpobyBaHb | KoopAuHauito poboTn cTeHaa
3abesneyye 3anporpamMoBaHU MPUCTPiN. 3anyweHi 3 WNoro [OMOMOroH
reHepaTtopu BXigHUX CUrHaniB, NOB'A3aHi 3 iMiTaTOpoM, NOL4at0Tb CUTHANM Ha BXig,
BUNpobyeaHol cuctemun. OTpuMaHnin curHan NepeTBOPIOETHCA | NOPIBHIOETLCS B
KoMnapaTtopi 3 eTanoHHMMM CcurHanamm, siKi HagxoasTb Bi4 reHepartopa.
Pe3ynbTaTM nNOpPIBHSAHHA No4aldTbCA B aHanisatop — cneuianisaoBaHUK
obuncnioBanbHU  MPUCTPIA, WO aBTOMATMYHO OUIHIOE KOHTPOSbOBaHY
BennunHy. MNoTiM BUXIQHWUM CUrHan Hagxo4mTb A0 iHAUKaTopa. AKLWOo curHan He
BUXOAUTb 3@ JOMYCTUMI MeXi, TO NMporpamyoumin NpUCTpin BUOAE KOMaHAy Ha
NPOAOBXEHHA NEepPeEBIPKN. AKWO X BUXIQHUA CUrHaM He 3HaxoguTbCs B
OONYCTUMUX MeXax, TO MNPUBOAATLCA B [Ail0 NporpamMmyrouun npucTpin i
aHanisaTtop Ons BUABSIEHHA MICLUA HECrnpaBHOCTI. Takuh CTEeHO CKOpo4dye 4ac
nepeBipoK MiTaka Big KiflbKOX OHIB A0 KifIbKOX rOAWH.

Bcio  KOHTponbHO-BMNpobyBanbHy anapaTypy nogibHoro cTeHaa
3MOHTOBAHO Ha 6asi aBTOMOGINBHOro LWaci.

3.2 KomnseKcHi BUnpobyBaHHA Ha NbOTHO-BUNPOOYBarnbHin cTaHuil

JTbOoTHI BUNpOOYBaHHA — BupilWanbHU eTan BignpautoBaHHA JIA, nicns
NpoBeaEeHHS SKOro OCTaTto4HO BU3Ha4YalTb MOr0 OCHOBHI XapaKTEePUCTUKMN.

Mpn nigrotoBUi NbOTHUX BUNPOBYBaHb OAHIED 3 OCHOBHUX 3aJad €
BU3HA4YeHHA HEOBXIQHOro cKraay i KiNnbKOCTi BUMIpOBaAHUX NapameTpiB, a Takox
pauioHanbHe pPO3MIlleHHs [OaTyuKiB | anapaTtypy CUCTEMU BUMIPHOBAHb.
Peanisauito Lboro 3aBgaHHs NPOBOASATb Ha BCiX eTanax po3pobneHb BubpaHoi
KOMMOHYBanbHOI CXeMM, WO OCHOBAHO Ha aHanisi nepegbadyBaHoro
dyHKUiOHYBaHHSA cucTeM i arperaTiB JIA Ha Bcix eTanax poboTn B LWITATHUX i
aBapinHnx cutyadiax. OcobnuBy yBary 3BepTalTb Ha asapinHi cuTyauil,
OCKiflbkKM B npoueci NbOTHOro BignpauloBaHHA WMOBIPHICTb MOSABU  TaKUX
CUTyaLUin € OOCUTb BENUKOK, a BUABSIEHHSA | YCYHEHHS IXHIX MPUYUH — OSHIEK 3
rofIOBHUX 3aBAaHb JIbOTHUX BUNpobyBaHb. Moaentooun dyHKUioOHYBaHHS J1A,
NOro cnucteMm i arperaTiB Ha pPi3HUX OifisiHKax NonboTy NpU WTATHUX CUTyauidax, a
TaKOXX MOXIMBI aBapiiHi cuTyauil, IMOBIpHI NpoLecu X po3BUTKY N poboTy
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cucteM i arperatie JIA B UMX yMOBaXx, MOXHa BU3Ha4YaTu MiCLHA YCTAHOBIEHHS
OaTyuKiB anapaTtypu, iana3oH BUMIpOBaHb i Nepesiik BUMiptoBaHUX NapameTpiB.
Lle nae amory gocutb BiporigHO pobuTn BUCHOBKM LWogo napameTpis JIA i
npoLueciB, L0 NPOXOAATb Ha Moro 6opTy B yCix Lmx cutyadisx. Npu BignosigHomy
006pobneHHi pesynbTaTiB BUMIPIOBaHb € MOXMAMBUM NpsAMO abo HenpsiMo
BU3HAYUTMU:

— NPaBUIbHICTb PO3PaxyHKOBOIO BU3HAYEHHS HaBaHTaXXEHHS;

— NpaBUNbHICTb BUOOPY ANHAMIYHOT CXeMU;

— peakLu,ito KOHCTPYKLIT Ha 30BHILLHI BNMBY;

—4acToTy | OopMy BJlaCHUX MNPYXHUX KOMMBaHb | JiorapudomMidHUN
OEKPEMEHT IX 3aracaHHs;

— CMpPaBXHE NOMOXEHHA LLEeHTPY TUCKY;

— NPaBUIbHICTb ONUCY AWUHAMIYHOI CXeMW cUCTeEMM "MiTanbHUW anapaT —
OBUTYH";

— aepoanHamivYHnKM onip;

— [OOCTaTHIO KiNIbKICTb OpraHiB KepyBaHHS.

JTbOTHI BUNpO6YyBaHHA, 0COBNMBO MpU X HECNPUATNMBOMY pe3ynbTari,
BUABNAOTb HEOOXIAHICTL gonpautoBaTh Ti abo iHWI enemMeHTn KOHCTPYKUiT abo
cuctemu J1A. Ticna uboro cnig BMKOHATU AOAATKOBI CTEHOOBI BMNPOOYBaAHHS,
BUNPOBYBaHHSA Ha MILHICTb M iHLWI, SKi NiATBEPAKYOTb NPaBUbHICTb NPURHATUX
piweHb. OgHaK 3aBAaHHAM JIbOTHUX BUNPOOYBaHb € He TifbKW NiATBEPOKEHHS
NPaBUNbHOCTI MPUAHATUX PilLEHb | BUABNEHHS Criabknx Micub, a 1 BUSHAYEHHS
3anacy MiLHOCTI, 3aKnageHoro Ha nonepegHix etanax po3pobneHHsi, Tomy nig
yac nNbOTHUX BUNPOOYBaHb, HAKOMUYEHHS iHdopMauii npo  akTU4HI
xapaktepuctukn J1A i yTOYHEHHA po3paxyHKOBUX METOLIB i CxeM 3'aBNA€ETbCA
MOXIIMBICTb 3MEHLLUEHHS LbOro 3arnacy i noninweHHsA NbOTHUX XapaKTepUCcTUK
JA.

JIbOTHI BMNpOBYBaHHA niTakiB MNpPoOBOAATb B aepoapOMHOMY LEXY,
OCHOBHOI0 JTaHKO SIKOro € NbOTHO-BUNpobyBarbHa cTaHuia (JIBC). 3anexHo Big
BMay BUnNpobyBaHb i IXHbOI OpieHTaUil TPYAOMICTKICTb pobiT, BUKOHYBaHUX B
LbOMY LeXy, Moxe cTtaHoBuTM Big 5 oo 10 % Big 3aranbHOT TPYL4OMICTKOCTI
BUIrOTOBIMEHHA niTaka. [Ona CKOPOYEeHHS TepMiHIB BUrOTOBMIEHHS NiTakiB
nparHyTb A0 3MEHLIEHHA obcary pobiT B aepoApOMHOMY LeXy 3aBOsiku
BUKOHAHHIO psagy pobiT y cknaganbHUX uexax. B aepogpomMHOMy Lexy
npMAMalroTb JiTak i3 Uexy 3aranbHOro CKrafaHHs, BignpauboBYOTb | Aani
30IMCHIOTb NIbOTHI BUNPOBYBaHHS, Micnsa Yoro ycyBatoTb HELOMIKN | NPOBOAATL
ocTaToYHe BignpaLoBaHHA nitTaka. B aepogpomMHOMY uexy niTak Takox 34akoTb
3aMOBHMKOBI.

JIBC 3as3Buyanm MictuTb ogHy abo gekinbka dyaisenb i NbOTHE none, LWo
Mae oAdHy abo Kinbka 3niTHO-NocagkoBMx cMmyr. Y OyadiBnsix po3TawoBaHO
OINSHKA  3aranbHOro BignpauloBaHHA niTakiB i NiAroToBKM 1X OO0 MOSIbOTY,
KOMaHOHO-ANCNETYEPCbKUA  NYHKT, obnagHaHuMi pagioanapaTypolo  and
KepyBaHHS BCI€l0 NTIbOTHOK poboTOo0, nabopaTopil, rapax, MancTepHi, cknagu Ta
iHWI rocnogapcbki NpuMileHHs. LinsHKKM 3aranbHOro BignpautoBaHHA niTakiB
MOXYTb pO3TalloByBaTUCA | Ha BIiOKpUTUX MangaHyvkax, obnagHaHux
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KOMMNAEKTOM ApabuH, MNOCTIMHUMK TOYKAMU >KMUBMEHHSA €NEeKTPOEHEpPrieto i
CTUCHEHUM MOBITPAM.

[o cknagy JIBC kpim obrnagHaHHa poboumx Micub Anst pobiT Ha niTaky
BXOOATb TaKOX CKaau nanbHUX i MacTUbHUX MaTtepianis, 3apsigHi ctaHuii ans
aKyMyJisaTopiB, NepecyBHi CTEHAN Ta reHepaTopu AN NepeBipKku eNIeKTPOCUCTEM,
pagioobnagHaHHsa, rigpo- W MHEBMOCUCTEM, nigirpiBanbHi NPUCTPOI, CUNMOBI
YCTaHOBKM i Barato iHwWoro. Mapax BMillye MalUMHK 3aranbHOro Npu3HaYeHHs,
enekTpokapu, OyKCUpPHI NPUCTPOI, CHIironpubuparnbHi, CaHITapHi Ta MOXEXHI
MawnHW. MancTepHi ocHalleHO BepCTaTHUM NMapKoM, 3BaptoBasibHUMMK NocTamu,
AiNsHKaMn ans crirocapHux pooir.

Jlitakm 3anpaBnsaAlTe NanMBOM | MacTuUioM €K  Big nanuMBo- i
MacTuno3anpaBHUKIB, Tak i Big cneuianbHUX CTEHAIB. ICHYKOTb NpuUCTpol Ans
3NMBY MacTuna i nanmea, a TakoX CUCTEMU 3arnpaBliEHHS KUCHEM i a30TOM.
3anyck ABUryHiB i nepeBipky poboTn enekTpo- i pagioyctaTkyBaHHA NPOBOASATb
Bil Kepersli enekTPUYHOro CTpyMy — enekTpokapiB i cneuianbHUX YCTaHOBOK.
[nsa BignpautoBaHHs pagioobnagHaHHA i rigpocnucTeM 3aCTOCOBYHOTL CrieLianbHi
cteHAW. [na nigHATTS nitTaka B MiHIl0 NOMbOTY i BianpautoBaHHA Nignomy Ta
BUNYCKAHHS LWACi 3aCTOCOBYHOTb crievuianbHi rigpasnivyHi NignoMHUKMN.

[Micna nepeBedeHHs niTaka i3 uexy 3aranbHOro cknagaHHa Ha J1IBC
NpoOBOAATb NEepPeEBIPKY enekTpoobriagHaHHs, rigpo- i NTHEBMOCUCTEM, NanMBHOT i
MacnocucTeMn, cuctemun 3sanpaBrieHHa ©akiB i TapyBaHHS, MepeBipKy waci
(NnpnbupaHHs, BUNYyCKaHHS, cUrHanisadii), CUCTeM KepyBaHHS NiTaKkoOM i CUNOBOIO
YyCTaHOBKOI, poboTn OBUryHIB B HAa3eMHUX YMOBaxX, a TakoX poboTun cuctem
cneyobnagHaHHs, aepoHaBiradii, pagionokauii, 30BHILLIHBOrO i BHYTPILUHLOIO
3B'A3KY.

KOHTPOSIb KOXHOI CUCTEMW MOYMHAKOTL 3 OrnaAfy i NepeBipkM MOHTaXy B
Lexy 3arasibHOro CknagaHHsi, rnoTiM BUKOHYHOTb CTEHOOBY MEPEBIPKY CUCTEM,
KONW NigKMo4aoTb XXMUBMEHHS, BCTAHOBOKTL POBOYi pexumm poboTn cuctem.
Ha JIBC npoBoasiTb nepeBipky cCUCTEM MNpU NpauoyoMy OBUTYHi, KOMM
XWBJIEHHA CUCTEMW HaaxXoOuTb Big arperaTiB, WO MPUBOAATLCA B pyX
OBUryHamu. Takni KOHTPONb € BN1IaCTUBUM TifNlbKX ONS aepoLapOMHOro LiEXY.

[MepeBipKky cuCTeM nMpPOBOAATbL 3a IHCTPYKUIAMW, B HAKUX YKasaHO
nocnigoBHICTb PobIT, cnocobu perynioBaHHA Ta BUXIAHI napamMeTpu CUCTEM.

[Mpu nepesipui OpraHiB KepyBaHHA KOHTPOSTOOTb KyTU BIAXUNEHHA PYIiiB,
ernepoHiB, TpPUMepIB; Cwunn, WO BMAUBAKTbL Ha pPydKy i nepgani; TUCK B
rigpocuctemMi 6yctepHOro KepyBaHHs; BiACYTHICTb 3a30piB Y TA3i, Kayankax; cunm
HaTary TpociB. Ocobnuey yBary 3BepTalTb Ha 3a30pyM MDK PYyXOMUMU
YacTuHamu T4ar. HaTtar TpociB nepeBipal0Tb TEH30METPOM, A9 NepPEBIPKU KyTiB
BiAXWUINEHHS opraHiB KepyBaHHA 3aCTOCOBYHOTb CneLlianbHUN KyTOMIp.

Mpn nepesBipuyi BUMNyCKaHHA | npubupaHHa wWaci 3amipsalTb 4ac,
KOHTPOMOKTb 3aKpUTTS 3aMKiB, CNpaubOBYBaHHSA CUrHanisauii nig 4ac
NpubupaHHs i BUNYCKaHHSA LWaci 1 aBapinHoi curHanisauii, "BNnMcyBaHHA" CTYNOK
i 06TiYHMKIB Waci B NnpubpaHOMYy MOSTOXKEHHI.

KoHTponb nanuMBHOI CUCTEMW TMOYMHAETLCA 3 BUNPOOYBaHb Ha
repMeTUYHICTb | NepeBipKM MokasaHb nanueoMmipa. TapyBaHHA nanueoMmipa
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NPOBOAATb LUNAXOM 3anuMBaHHA B 6akuM 3aMipsiHOI  KiNbKOCTI nanuea i
KOPEKTYBaHHA MOKasaHb Ha UboMy nanueomipi. [lpn nepesipui nanueHOI
CUCTEMM Ha niTaky 3abopoHsATbCA pobOoTM, MOB'A3aHi 3 MNOSIBOK €feKTpo-
CTpyMy B ApOTi W iCKOp BiA yadapiB. ENEKTpoXXmMBNeHHs BMUKAKOTb TiSfTbKK Micns
3anpaBku | MepeBipKM Ha repMeTUYHICTb NanuMBHOI cucTemu. [na kpaworo
BUSABIIEHHS MiCLb BUTOKY NanuBeo iHoAi niadapooBytoTh. YCi poboTn, noB'si3aHi 3
nepekadyBaHHAM nanveBa npu BUNpobyBaHHAX, MNPOBOAATbL 3a AOMOMOroH
criewianbHUX CTeHAIB. [X 3aCTOCYBaHHSA 3HAYHO CKOPOYYE LIMKIT POBIT 3 Byab-aKnx
BUAIB 3anMBaHHA-3IMBAHHA ManuBa, Konu noTpibHi TOYHi BUMipM o6’emy,
nonerwye npauto pobiTHUKIB, 3abe3neyye YNCTOTY MiCLib 3anpaBrieHHs.

Mpn nepesipui poboTN [OBUrYHIB KOHTPOMIOKTbL MYCKOBY CUCTEMY,
TemnepaTypHUA pexuMm, TUCK NanuBa Ha PisHUX pexumax, poboTy arperaris,
yCTaHOBIIEHNX Ha ABUIyHi. Ocobnuey yBary npuainatTb YACTOTI, FePMETUYHOCTI
MacrsiHOI CUCTEMU ABUryHa, NepeBIpA0Tb 1T PYHKLIOHYBaHHS.

JIbOTHI BUNpOGYBaHHA NMPOBOAATbL 3a cneuianbHOK MNPOrpamMoro, B SKin
yKa3aHO napameTpu CUCTEM, L0 NepeBipAlTb, METOOUKU NEPEBIPOK, PEXUMU
poboTK Ta iH. BusHayaoTb, WO i 9K Mae OyTU NepeBipeHO KOXHUM YfieHOM
eKinaxxy npwu 3anycky AOBWryHa, pyniHHi, 3nboTi, Habopi BUCOTWU, MOMbOTI W
nocagui. MNMepeBipsoTb pO6OTY ABUIYHIB HA 3eMIi | B NOMbOTI Ha BCiX pexumax,
pobOTYy opraHiB KepyBaHHS, LUBUOKOMIANOMHICTb i WUBMAKICTb NiTaka Ha pPi3Hin
BUCOTI, nNpubupaHHa |  BuNyckaHHsA  waci, poboTy  BUCOTHOI |
nNpoTMo6niaHIOBaNBbHOI CUCTEMM, @ TaKOX MILHICTb fniTaka LWASAXOM CTBOPEHHS
nepeBaHTaXeHb. PA0 NOKasHWKIB peecTpyeTbCA KOHTPOJSIbHO-3anncyBasibHOK
anapartypoto.

Yci gedekTu, Wo BUABMEHI Nig 4ac nosiboTy, BMUCYHOTb Y NONbLOTHUN JIACT,
y pasi HeoOXigHOCTI nicnsi yCyHeHHs AedekTiB NpoBOAATbL NMOBTOPHUI MONIT.
Micna obnboTy ekinaxem JIBC nitak 3HOBY NpOXoauUTb HAa3eMHe BifnpaLtoBaHHs.
Jlitak ornagatoTb Tak caMo, K | neped NofibOTOM, NEePEBIPA0Tb 3a cnewjiasribHO
IHCTPYKLIED CTaH Pi3HUX CUCTEM Micnsg nonboTy, yCyBalOTb YCi HEOOMIKK, LLO
Oynu BusBNeHi B NoNbOTi i nicna ornsay.

OcobnuBy yBary NpuainsaoTb BUSIBIIEHHIO MOXNUBUX NOPYLUEHb LifliCHOCTI
getanen i 1x 3'eQHaHb, SIKi CNpMAMalOTb HaBaHTaXeHHs B MosnboTi. [Ansa
nepesipkM Aedki Hanbinblw BignoBiganbHi KpiNneHHs | By3nuM BMOBIPKOBO
po3bupatoTb. Y MacngaHiun, rigpaBniyvHin i nanuMBHIn cucTemax nNepesipalTb Yn
Hemae y oinbTpax MeTaneBoi CTPYXKKK, WO CBiA4YNTb NPO 3algaHHs | wBuake
cnpaubOoBYBaHHSA arperartiB Big TepTd. [1pn BUABMEHHI CTPYXKU PO3Mi3HAOTb
arperat 3 gedpekramu, BCTAHOBIIOKTb MPUYNHY AedeKTY | 3aMiHIoTb arperar.

[Micna ycyHeHHsa BCiX pfgedpekTiB niTak roTyloTb A0 MNpUAManbHO-
34aBaribHOro nonboTy ekinaXkem 3amMoBHMKa. [Nepen NONLOTOM MpPeaCcTaBHUKU
3aMOBHMKa NepeBipATb AOKYMEHTaLito, MPOBOAATL MOBHUW NepeanonbOTHUN
ornsa nitaka 3 BuNpobyBaHHAM Ha 3emni poboTu BCiIX CUCTEM i OBWUrYHIB.
HasemHe o0O6crnyroByBaHHS MNOSMbOTY €KiNaXXeM 3aMOBHMKa MNPOBOAUTLCHA
cnyxbamu JIBC. TexHiyHY rOTOBHICTb fiTaka A0 ekcnnyartauili odopMnaTb
ABOGIYHUM NignMcaHHAM NpurManbHO-34aBanbHOT JOKYMEHTaUIl.
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4 OPIAHI3ALISA BANPOBYBAHb CEPIMHUX BUPOBIB

4.1 NpeAa’'aABHULbLKI BUNPpOOyBaHHA

[MpunmanbHO-3aaBanbHi BUNnpobysaHHs (MN3B) — ue BunpobyBaHHSA nig vac
NPUIMAanNbLHOro KOHTPOSM0. IX NpoBoasTb 3 METOW NepeBipku BiAnoBiAHOCTI
BUpoby (abo napTii BUpobiB) TexHiYHUM ymoBaMm (TY), BCTaHOBMEHUM N4 L€l
KaTeropii BunNpobyBaHb, a TaKOX KOHTPONbHOMY 3pasKy, SKWO WMOro
nepenbayveHo TY, abo 3pasKy-eTanoHy 3a NOro HasiBHOCTiI.

Llen Bua BunpobyBaHb NPoOBOAMTE NpeaCcTaBHUK 3aMOBHUKA B MPUCYTHOCTI
npegcraBHWKa Bigainy TexHiyHoro koHTponto (BTK). Ha Ttaki BunpoOyBaHHA
HagxoaAaTb BMpPOGW, WO BUTPUManNU npen'sBHUUBKI  BUNPOOYBaHHS, 4Ki
nposoantb BTK 3 meTol KOHTpomnto BMpoOOIB Ha BianoBigHICTb BUMoram TY i
BU3HAYeHHA TFOTOBHOCTI BMPOOGIB ANA nogaHHA NpeacTaBHMKOBI 3aMOBHMUKA.
3asBuyan obcar npen'siBHALULKMX BUNpoOyBaHb € OinNbwKM, a HopMa Ha
napameTpu, WO NepeBipsTb, MEHLUOK, HiK Npyv NpunuMasribHO-3gaBalibHUX
BunpodyBaHHsX. OkpemMi BuaM nNpea'daBHULLKMX | NpuiAManbHO-3gaBaribHUX
BUNpoOyBaHb, 30KpPEMa MOB'sAA3aHi i3 3aCTOCYBaHHSM METOAIB PYMHIBHOIO
KOHTPOMO,  MNOEAHYOTb.  PesynbTatm  npen'siBHUUBKUX  BUNpoOyBaHb
0POopMIIAOTb MPOTOKOSTOM.

MpunmaneHO-3gaBanebHi  BUNPOBYBaHHA MPOBOAATL  3a3BMYaM  Ha
NiaNPUEMCTBI-BUrOTOBMIOBaYi, ane aeski Buan BMPOBIB MOXYTb MNPOXOAUTH
BUNpoOyBaHHS B IHWWX OpraHisauigax MNpoOMUCNOBOCTI i B OpraHisauisx
3aMoOBHUMKA. MaTepianbHO-TEXHIYHE | MeTponoridyHe 3abe3nedeHHs1 34INCHIoE
NianpUeEMCTBO-BUIroTOBOBaY (B iHLLIOMY BUMNALKy — OpraHisauisi, dka npoBoanTb
BMNPOBYBaHHS, i NigNPUEMCTBO-BUIOTOBIIOBAY 3@ Y3roAKEHUMU PILLEHHAMM).

Buan BunpobyBaHb (EMEKTPUYHI, MEXaHiYHIi, KIiMaTU4Hi, Ha HagilHICTb Ta
iH.) i KOHTponto (Bi3yanbHWin, BUMIpIOBaNbHUA Ta iH.), MNOCMIQOBHICTb X
NPOBELEHHS, KOHTPONbOBaHi napamMeTpu (MOKa3HMKW) Ta HOPMM Ha HUX
BCTAHOBJIEHO B TEXHIYHUX YMOBaX.

[o noyatky 3B npeacraBHMK 3aMOBHMKA MEPEKOHYETLCSA B HAABHOCTI
HeoOXigHOI Ans  npoBedeHHA BuUNpoOyBaHb [OOBIAKOBOI, HOPMAaTUBHOI,
KOHCTPYKTOPCbLKOI 1 TEXHOSOrYHOT OKYMEHTAaLiT; nepeBipse MicLie NpoBeLeHHS
BMNpobyBaHb 040 BigNOBIAHOCTI NAOLLi, 06f1agHaHHSA, cTaHy i 3abeanedyBaHmX
yMOB (TemnepaTypu, BOMOroCTi, YNCTOTM MOBITPHA, BMANBY E€MEKTPUYHOIO |
eneKTpoMarHiTHOro nosiB Ta iH.) MeToAuKam nNpoBeaeHHA BUNpobyBaHb, a TakoX
BUMoram 6e3nekn i OXOPOHM HAaBKOMULWIHLOIO cepegoBuwa. BiH nepesipsie
BiANOBIgHICTL 3acobiB BunNpobyBaHb, BUMIPOBaAHb | KOHTPOMK HOpMam
TexHiYHuX aaHux (HTL), wo crocytoTbea MeToaiB BUNpobyBaHb NEBHOro BMAY
BUpOBIB i CBOEYACHOCTI MeTPONOoriYyHOT aTecTauii (nepesipkn) umMx 3acobis. 3a
BIACYTHOCTI Oyab-SKMX [OOKYMEHTIB, 4epe3 HenpaBuiibHe IX O(OpPMIIEHHS,
HEeBigNOBIAQHICTb NpuMiweHHa Bumoram HTL wogo metoaiB BMNpoOyBaHb,
BiICYTHOCTI MeTpornoriyHol artecTtauil 3acobiB BunpobyBaHb, BUMIpPIOBaAHb |

33



KOHTPOMIO NpeACcTaBHUK 3aMOBHUKA Mae NpaBo He noymHaTtn nposeneHHA N3B i
BUMaraTu YCyHEHHS iICHYOUNX HeoniKIB.

Cnyx6a BTK nignpuemctsa-BUrotoBritoBaya noBigoMnsie npencraBHUKY
3aMOBHMKa NpoO Te, WO npoaykuito nepesipeHo i npunHaTo BTK, wo BoHa
NoBHICTIO Bignosigae TY i HagxoouTb Ha BuNpoOyBaHHA. Npu ybomy y BTK
NigroToBMOKOTL MOBIAOMIIEHHS 3a NIAMMCOM  KepiBHMKA nNignpuemMcTaa-
BUroTOBMtOBaYa (ronoBHOro iHxeHepa) i HadanbHuka BTK (ronosHoro
KOHTpOnepa 4KOCTi), opMynsapu | nacrnopTm Ha MpOoAYKLUio, MNPOTOKON
npea'ssBHULBbKUX BUNPOOyBaHb.

[MpencTtaBHUK 3aMOBHMKa NepeBipseE:

— NpaBUIIbHICTb 0OPMIIEHHS MOBIAOMITEHHS;

— TOYHICTb 3anoBHEHHS dopMyrnsipa i nacrnopta Ha BUpi6 i Moro cknagosi
YacTUHW, HasBHICTb wWTamna BTK i gatu npurmaHHs, a TakoX rapaHTinHUX
3000B's13aHb;

— HasABHICTb aKTiB, NPOTOKONIB Ta iHWMX OAOKYMEHTIB, O MiATBEPOXYHOTb
TEXHIYHY NepeBipKy CKI1agoBMX YaCcTUH NPOAYKLIT;

— HaABHICTb MPOTOKONIB 3 ofepXXaHUMW NO3UTUBHUMU pe3yribTaTaMu BCiX
KaTteropin BunpobyBaHb: Npen'siBHMUBbKMX; KBanidikauinHux (npoaykuii, LwWo
BrepLUe BUNYCKAETbCS); NepioandHnX (y BUNAAKy, KOMM BUNYCK MPOAYKUiT
NMOHOBIIOETHLCS MiCNA NepPenboTy, WO NepeBuLLYe NEPIOANYHICTbL BUNPOOyBaHb);

— BUTpaTy pecypcy poboTn BUpobY i MOro cknagoBuX YacTuH;

— HasiBHiCTb Ha BUpOOI BianoBigHMX Nromb i Knenw;

— KOMMJIEKTHICTb BUPOOY;

— KinbKicTb BMpO6IB, N0gaHNX 0gHOYACHO B O4HOMY MOBIAOMIEHHI.

[MpoBeAeHHsA | ekcnepuMeHTarnbHe BU3HAYeHHS BUNPOOYBaHb MICTUTL
npouecu NiaroToBkM i peanisauil BUNpobyBaHb.

Mpouec nigrotoBkn A0 BMNPOBYBaHb MICTUTb BMKOHAHHS Takux BUAIB
poOIT:

— MigroTOBKY i HacTpoloBaHHA 06'ekTa BUNpobyBaHb, BUMNPOOGyBanbHOro
yCTaTKyBaHHs i 3ac0biB BUMIpIOBaHb;

— KOHTPOSIb  MPaBWMBbHOCTI  MOHTaXy  AOMOMDKHOro  obnagHaHHs,
NPUCTPOIB;

— NepeBipKY YMOB BUNPOOyBaHb;

— NPOBEeAEHHS 3axoAdiB 3 TexHikM 6e3nekn i OXOPOHW HaBKOMULLHBbOIO
cepenosuLLa Ta iH.

[Mpouec npoBefeHHSA BUNPOOYBaHb MICTUTb 30BHILWHIN ornsg ob'ekTa |
besnocepenHe 3aCToCyBaHHA MeTOAIB BUNpobyBaHb.

[Mpn 30BHILWHBLOMY OrnAai NepeBipATh:

— 30BHIiLWHIM BUrNgag ob'ekta BunpobyBaHb;

— NOA4INKN Ha wWwkanax BbygoBaHuX 3acobiB BUMIpIOBaHb; LiHM MOAINOK
BiZANIKOBUX MPUCTPOIB;

— HasABHICTb CBIiAOLTB Ha BUKOPUCTAHHSA KOHTYPY 3a3eMJSIEHHS | KITlenM.

Mpn BUNpOBGYyBaHHI KOHTPOSIOKOTL:

— oyHKUiOHYBaHHA BUNpOByBaribHOro yctaTkyBaHHs, 3acobiB BUMIpHOBaHb,
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o6'ekTa BUNpobyBaHb i IX B3aEMOL,H;

— MPaBUIbHICTb | HAQIMHICTb 3a3EMJIEHHS;

— CrpauboBYBaHHA  TEMSIOBOr0  3axMCTy, aBapivHOI  curHanisauii,
BGroKyBaHHSA Ta iH.

Mpn ©GesnocepedHbOMY MpPOBeAEHHI BUMNpobyBaHb cnig KepyBaTuCS
icHytovoto HT1 Ha meToam i cnocobu BUKOHaAHHS eKcnepuMeHTanbHUX onepawuin,
po3pobrieHnX Ons BU3HAYEHHSA BIAMOBIOAHWX XapaKTEPUCTUK BUMNpobyBaHb. Y
CripHUX CcUTyaLisx HeobxigHo AisTh 3rigHo 3 TY.

Bupobu, npusHayeHi gna poboTu cnifibHO 3 iHWKMMKM BUpobBamu, cnig
BUNpoboByBaTK Ha CTeHAi abo aHanorivyHii cucTemi, Kyam crig BCTaHOBOBATH
BUNPOBHUI NPOAYKT pas3oM 3 iHWKUMK BUpobGammn abo X ekBiBaneHTaMmu, SKLLO
IHLWIMIA NopsAoK He obymoBneHo B TY.

Akwo TY He BuU3HaveHO, TO nignawToByBatu (peryniosaTtn) Bupi6 B
npoueci BunpobysaHb 3a60pPOHAETLCA.

Y pasi BigmMoBM B npoueci BunpobysaHb 3MIHHOro enemMeHTa Bupi6
BBaXKaloTb TaKUM, LLO HE BUTPUMaB BUNPobyBaHHS, abo, SKLO Lie BCTAHOBIIEHO
B TY, ponyckaeTbCA 3aMmiHa enemMeHTa, WO BigMOBMB. [lpn MOro 3amiHi
BUNpoOyBaHHA TpuBaTb abo MOBTOPKOKTLCA 3a MyHKTAMW, BUKOHAHHS SKUX
MOISI0 BMJIMHYTU Ha BIOMOBY 3MIHHOIO efieMeHTa. AKWOo efieMeHT MNOBTOPHO
BUXOAWUTb 3 Nnafy, BBaXakTb, L0 BUPIO He BUTpUMaB BUNPOOyBaHHS.

Kpim TOro, BBaXalTb HeratMBHMM pe3ynbTaToM, SKWO B MpoLueci
BUNpoOyBaHHS BUSABIMEHO HEBIAMNOBIAHICTL BUMPOBY xova © oOAHIN BMMOSI,
BCcTaHoBneHin B TY nig Yac npoBeaeHHs MN3B.

Bupib, wo He BuTpumMaB BUNPOOYBaHHSA, NpPeacTaBHUK 3aMOBHUKA
noseptrae y BTK, Buknaewm B NOBIOOMMNEHHI MNPUYNHU MNOBEPHEHHS |
B6pakyBaHHs. Y BTK BMBYalOTb NPUYUHKM HEBIANOBIAHOCTI BUPOBGY BUMOram TV,
BU3HAYalOTb MOXNUBOCTI BunpaeneHHa aedoekty. lNpu HemoxnueocTi abo
HeOOoUiNbHOCTI YCyHEeHHS aedekTiB BUpi6 octaTouHO BGpaKkytoTh M i30M0H0ThL Big
npugatHnx 0o pobotn BUPOBIB. AKLWO BUSIBAEHO MOXIMBICTb BUMPaBIEHHS
AedeKkTy 3 NOBTOPHOro Npen'aBneHHs, To AedeKT ycyBatoThb.

MpnumHn  HesignosigHocTi BuMpoBy TY i NpPURHATI Npu  LbOMY
NianpUeEMCTBOM 3axoau BigobpaxatoTb B akTi "AHani3 i ycyHeHHAa aedekTiB i ixX
npUYmnH".

Bupi6, B sdkoMmy [gedekTu YCyHEeHO, MNOBTOPHO MepeBIpsATb Ha
NiANPUEMCTBI-BUrOTOBMOBaAYi, BiH MNOBTOPHO MNPOXOAUTb BUMNPOBYBaAHHA i
npumaHHa BTK i npu nosntmBHuX pesynbTaTtax MOro MnoOBTOPHO NOAakTb
NpeacTaBHUKOBI 3aMOBHMKA 3 TUM Xe MOBIAOMIIEHHSIM, ane 3 HanMcom
"BTopuHHEe" | akTOM Npo aHani3 i ycyHeHHsA aedekTiB nicnsa noBTOPHOro ornsay
BTK. Axkwo nosepHeHuin BUPi6 NOBTOPHO HE MPOMOHYOTb, TO NPeAcTaBHUKOBI
3aMOBHUKa Npea'saBstoTb TiNbKU akT.

Bupi6, wo He BUTpMMaB NOBTOPHUX BUNpPoOyBaHb, BpakytoTb i i30M0K0Tb
BiA NnpuaaTHUX 0o poboTn BUpOOLIB.

dakT 3abpakoBaHnx BMpobiB npu NnoBTopHUX MNM3B cBig4YNTL NPO MOXNINBY
Ail0 HECNPUATIIMBOINO CUCTEMATUYHOIO YMHHUKA. [1po ue mMoxe cBigunTu i oakT
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3abpakoBaHux 3a pesynbTaTamn nepsuHHUX MN3B aBox BupobiB nigpsa. Tomy B
LUMX BMNagkax BUnNpodyBaHHS i NpuMaHHA BUPOBIB MPUNUHAOTD, BUSBAAIOTD |
yCyBalOTb MNPUYMHU, LLO NPUBENM OO NPUNUHEHHS BMNPOBOYBaHb i NPUAMaHHS,
ycyBaloTb AedeKkTn, opopMnsaoTb BiANOBIAHUW OOKYMEHT. [ okpeMux Buais
BUPOBIB [OMNYCKAETBLCA KiNbKICTb MOCAIAOBHUX 3abpakyBaHb, NpU NepeBULLEHHI
AKOro MPUUMaloTb PILLEHHA NPO MPUMNWUHEHHA MPUUMaHHSA. PiwleHHa npo
BiAHOBNEHHA MNPUAMaHHA yXBasroKTb 3aMOBHUMKM | oOpradisauis, SKin
nianopsiAkoBaHO NiANPUEMCTBO-BUroTOBNIOBaY, abo (3a 3rogotd 3aMOBHUKA) —
NnpeacTaBHUK 3aMOBHWMKA | KepiBHUK nNignpueMCTBa, 3 MOBIOOMISIEHHAM MpO Uue
3aMOBHUKY Ta opraHidadil, ki nignopsaKoByeTLCS MiANPUEMCTBO-BUrOTOBIOBAY.

Y pasi oTpyMaHHS NO3UTUBHUX pe3ynbTaTiB BUNPoOyBaHb NpeacTaBHUK
3aMOBHMKa Npurmae Bupib6, ctaBuTb NIOMOKM i knenma, B nacnopTi (popmynapi)
Aae BUCHOBOK MPO NpUMMaHHSA 1 NpuaaTHICTb BUPOOy.

MpunHaTi BUMpOBKM nignarawTb BiABaHTaXEHHIO abo 34aBaHHK Ha
30epiraHHsa NigNnpMEMCTBY-BUIOTOBIOBaYY.

4.2 MNMepiognyHi BUNpoOyBaHHS

[MepiognyHi BUNpobyBaHHA — Lie KOHTPOSbHI BUNPOBYBaHHS, SiKi NPOBOAATb
3 MEeTOl0:

— NepioANYHOro KOHTPOSIHO SIKOCTI BUPOBIB (NapTin);

— KOHTPOMK CTabiNbHOCTI TEXHOMOor4yHOro npouecy B nepiog MiX
nonepeaHiMn Ta YeproBMMmmn BUNpobyBaHHAMU;

— NiaTBEPAXEHHA MOXIMBOCTI MNPOLAOBXEHHSA BUrOoTOBMNEHHSA BUPOOGIB 3a
BiANOBIAHOK KOHCTPYKTOPCLKOK | TEXHOSMOrYHOK [OKyMeHTauieo, TY i ix
NPUAMaHHSIM.

BunpobysaHHA npoBoAnTb NiANPUEMCTBO-BUrOTOBMNIOBAY 3a ydacTio i nig,
KOHTPONEeM npeacTaBHMKA 3aMOBHMKA. Y [AesikMX Bunagkax nepioguyHi
BUNPOOyBaHHS MOXHa MPoOBOAMTW Ha MigNpPUEMCTBAX MPOMUCIIOBOCTI, SIKi HE €
BUpOBHMKaMn BunpobyBaHux BMpobiB, abo B opraHisauissx 3aMoBHUKA. Y LUX
BUNpobyBaHHAX 6epyTb yyacTb nMpeAcTaBHUMK 3aBOdYy BUroToBsilOBaya i
npeacTaBHUK 3aMOBHMKA.

[MepiognyHi BUNPOOYBaHHA NPOBOAATbL Yepe3 MNEBHUM MPOMIXKOK 4acy
(Micaub, kBapTan, niBpivys, pik) abo kKoXeH pas nicna BUrOTOBSIEHHA NEBHOI
KinbkocTi BupoGiB. [lepiognyHicte, obcar i nocnigoBHICTb BUNpobyBaHb
yCTaHOBNIOWTbL B TY Ha BUpI6.

Bupobu ans nepiognyHux sunpobysaHb BigbupaloTbCa npeacTaBHUKOM
3aMOBHMKa B MNPUCYTHOCTI npeactaBHuka BTK 3 Bupob6iB, BUrOTOBMEHUX Y
KOHTPONbOBAHOMY Mepiodi y NeBHIN KinNbKOCTi U BUTpuMaBLLmx N3B.

MpaBuna npoBedeHHs BunNpobyBaHb € aHanoriYHMMn npasunam
npoBeneHHs MN3B. O3Hakn, 3a 9kMmMu BUPIO BBaXKaeTbCA TakuM, LLO BUTPUMAaB
abo He BUTpUMaB NepiognyHi BUNPobyBaHHS, € Taknmm X, Wwo i npu MN3B. A ail i
BMCHOBKW 3a pe3ynbTataMmu BUNpobyBaHb € PisHUMU.

Akwo Bupi® BuUTpUMaB nepioguyHi  BUNpoOyBaHHA, TO BBaXalwTb
nigTBepaXeHNMu:
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— FKiCTb BUPOBIB KOHTPOSIbOBaAHOIro nepiogy abo BMpobiB KOHTPONbOBAHOT
KiNbKOCTI;

— MOXIMBICTb NOAAanNbLIOrO BUIOTOBIIEHHS i NpUAMaHHA BUPOOGIB 3 TiEto
OOKYMEHTaUien, 3a $SKOK BUrOTOBNEHO BUPi6, WO MNPOWLLOB MEPIOANYHI
BUNpoOyBaHHA, [0 OTPUMAaHHA  pesynbTaTiB  YeproBux  MNepioguyHuxX

BUNpobyBaHb.
Axkwo Bupi6 He BUTpMMAB NepiogndHnX BUNPoOyBaHb, TO MPUMUHAOTLCA
npunMaHHa BUMPOGIB | BiABaAHTaXEHHS  paHille MpUAHATUX  BUPODIB.

MianpnemMcTBO-BUrOTOBIIOBAY | NPEeACTaBHUK 3aMOBHMKA PO3MOYMHaOTL aHarni3
i BM3HAYEeHHA MNPUYUH | XapakTepiB gedekTiB. 3a pesynbTatramy aHanisy
CKnagaeTbcsa nepenik gedekTie, BUSBEHUX Nig Yac nepiognyHux BunpobysaHb,
i 3axoAiB WOoA0 YCYHEeHHs AedeKTiB i IX NPUYMH.

MpuUMaHHS CKNagoBUX YaCTUH BACHOrO BUIOTOBSIEHHS, MPU3HAYEHUX
ana KomnnekTauii BupobiB, WO NOCTaBNAKTLCS 3aMOBHMKOBI, B SIKMX 3a
pes3yrnbTaTaMu aHanidy He BUSBNEHO AedeKTiB, 403BOSIAETLCA MPOLOBXUTH.

Akwo xapaktep OedeKTiB  TakMi, WO 3HUXKYE TaKTUKO-TEXHIYHI
XapakTepUCTMKM BUPOOBY, TO BCi MPUNHATI 3a KOHTPONbLOBaHU nepioa BMpobu
aonpauboBytoTb abo 3amiHoTb. MNpURHATI, ane HesiaBaHTaXxeHi BUpobu onga
LibOro noBepTarTb Ha NiANPUEMCTBO-BUTOTOBIIOBAY.

Micna ycyHeHHA OedbeKTiB i NpUYMH 1X NosBW JonpalboBaHi abo 3HOBY
BUrOTOBNEHI BMPOBK pasom 3 akToM (NPOTOKOSIOM), L0 NiATBEPAKYE YCYHEHHS
AeexTiB | NpaBUNbLHICTbL BXUTUX 3axX0A4iB WOA0 1X NonepesXeHHs, HaaxoaaTb
Ha NOBTOpPHI BMNpobyBaHHS. KinbkicTb BMPOGIB, 3 SKMMKU NPOBOAATL MOBTOPHI
BUNpoOyBaHHs, BCTAHOBMIOKOTL B TY Ha BMpib. 3a3Bnyan Le noasivHa KinbKiCTb.

Mpn nNO3NTUBHUX pe3ynbTaTax MNOBTOPHUX MepioguyHMX BUNPOOYBaHb
NPUUMaHHA Ta BigBaHTaXeHHs BMpPo6iB noHoBMNOKTLCA. [lpn HeraTMBHUX
pesyrnbTaTax pilleHHA Npo nogarblle BUroTOBSIEHHS, BiQHOBIIEHHA NPUNMaHHS,
a TaKOoX PilLIEHHS WOoAO paHilwe BUroTOBNEHUX BUPOOGIB NpuiiMaoTb 3aMOBHMUK i
opraHisauis, ska kepye nignpueMcTBOM-BUTOTOBIIOBAYEM.

Pesynbtaty nepioguyHnx BunpobyBaHb, B TOMY 4YMUCNi MOBTOPHMUX,
0POpPMIIAOTb aKTOM.

4.3 TunoBi BUNpoOGyBaHHSA

Tunosi BUNpoOyBaHHA — Lie KOHTPOSbHI BUNPOBOYyBaHHS, WO NPOBOASATL 3
METOI OLiHIOBaAHHSA €(PEKTUBHOCTI N AOUINBbHOCTI 3anpOonoHOBaHUX 3MIHEHb Ar1S
BHECEHHSI B KOHCTPYKLUit0 BUpOOYy abo TEexXHOmorito MOro BUrOTOBMNEHHSA, SKi
MOXYTb BMSIMHYTU Ha TaKTUKO-TEXHIYHI XapakTtepucTuku Bupoby i (abo) 1oro
eKcnyarau,ito.

Y cCninbHOMY BUPpIlIEHHI LWoA0 HeobXigHOCTI NpoBeAeHHs TUMOBUX
BUNpobyBaHb Tietdo abo iHWOK MIpo MOXYTb OpaTh yyacTb: 3aMOBHMUK,
npeacTaBHUK 3aMOBHUKA, KEPIBHUKK MiANPUEMCTBA-BUrOTOBIIOBaYa, Nignpuem-
CTBa-po3pobHuKa, opraHisauin, y BefeHHi akux nepebysatoTb Li NignpnemcTsa.
YyacTb i CTyniHb y4acTi BU3HAa4alTbCA XapakTepoOM BHECEHUX 3MIHEHbD.

BunpobyBaHHA npoBoAsATb Ha NigNnpUEMCTBI-BUrOTOBMOBaYI abo B
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opraHizauii 3amoBHMKa. Y BuNpobyBaHHAX Oepe y4vacTb MpeAcTaBHUK
3aMOBHMKa Ha MignpueEMCTBI-BUroTOBMNIOBaYi i MOXYTb 3a HeOoOXigHOCTI OyTu
ydyacHMKamMuM  NpeactaBHUMK  NiANPUEMCTBA-po3pobHMKaA | nNpeacTtaBHUK
3aMOBHMKa.

Ha nignpmnemcTsi-BurotoBntoBadi po3pobnawTs nporpamy i MeToauKy
TMNOBUX BUNPOOYBaHb, A0 SKUX Hanexartb NpunManbHO-34aBasibHi i nepiognyHi,
BMMOIM O BCTAHOBIEHHS KifIbKOCTi BMpOGiB Ans BUnpobyBaHb, BKa3iBKM LLOAO
BUKOPUCTaHHA BUpOBY, wWo nignagae nig tvnosi BunpodyBaHHA. Kpim TM3B i
nepiogndHnX BUNpoOyBaHb MOXYTb Oyt 1 iHwi. O6car npoBeaeHux
BUNpobyBaHb Mae ByTN JOCTaTHIM NS OUiHIOBAHHSA BMSIMBY BHECEHUX 3MiHEHD
Ha TaKTUKO-TEXHIYHI XapakTepuctukm BupobiB. lNMporpamy BunpobyBaHb abo
YCTaHOBIIIOTb, abo Yy3rofXyTb B IHCTaHUiAX, SAKi 3aTBEpXylTb 3MiHU
KOHCTPYKTOPCbKOT abo TeXHIYHOT JOKYMEHTaUil Ha NeBHU BUPIOG.

Ha BunpobyBaHHA nopatoTb BUMPOOW, BUrOTOBMEHI 3 ypaXyBaHHAM
BHECEHMX 3MiH. IX roToBHiCTb OO0 BMNpoByBaHb, a 3a HeobxigHocTi i BiAGip
niaTrBepaxyoTb cnispobiTHMKM BTK i npeacTaBHUK 3aMOBHMKA.

Akwo 3a pesynbTatamm  BunpobyBaHb BUSBIIEHO e€dEKTUMBHICTL i
OOUINbHICTb 3anponoHOBaHMX 3MiH, TO Ui 3MiHM BKa3ylTb Yy BigMOBIOHIN
OoKymeHTauil Ha Bupi6. Bupobu 3 BHeceHMMM 3MiHaMu niggaroTb Hagani
nepioguyHNM i NpnManbHo-3gaBanibHUM BUNPOOyBaHHAM. AKLLO e(PeKTUBHICTb
i AOUINbHICTb 3anpPonOHOBaHMX 3MiH HE MIATBEPAXKEHO, TO 1X B AOKYMEHTAL0 HE
BHOCATb. Pesynbtatn BunpobyBaHb 0hOpMIISOTb akTOM.

4.4 CepTtudpikauinHi poéotu

Mpn cepTudikauil asiauinHy TexHiKy MnepeBipslTb Ha BIAMOBIAHICTb
Hopmam nboTHOT npugatHocTi (HJ1M) i BMMoram 0O OXOpOHW HaBKOSIULLIHBOIO
cepefoswvla Big BAMMBY aBiauiiHUX Npunagis.

Ceptudbikauinimm 6asmnc — komnnekc HJIM, crangapTiB i HopmaTuBIB B
obnacTi OXOPOHN HaBKONULLHLOIO CepeaoBuLLa, AKi MOLINPIOTLCA Ha NEBHUN
3pa3oK asiauinHol TexHiku. [lig 3paskom aBiauiHOT TEeXHIKM BIigMOBIAHO OO
Ailynx  npasBun  cepTudikauii  po3ymitoTb TWUM  MNOBITPSAHOrO CyAdHa, TwUM
aBiaUiHOro MapLlOBOro ABuryHa, TUMN MNOBITPSAHOrO rBUHTA i TN OOMOMIKHOIO
OBUryHa.

CepTtudpikat TMNy — JOKYMEHT, WO BUOaeTbca ABiapeecTpoM i 3acBigyye
BiANOBIQHICTL TUMY 3paska asiauiHOI TEeXHIKM BUMOram ceptudikauinHoro
Basucy.

Ceptudikat nboOTHOI nNpuAaaTtHOCTI — [OOKYMEHT, LWO 3acsigyye
BiAMOBIOHICTb KOHKPETHOro eksemnngapa nosiTpsHoro cygHa (MC) Bumoram
cepTudikauinHoro 6asucy, i € HeobxigHOK YMOBOK OOMYCKY LbOro eksemnnsapa
MC oo NbOTHOI ekcnnyaTauii (3 yCTaHOBAEHUMW ANt HbOro OBMEXEHHAMN).

[nsa 3paskiB asiauiiHOI TEexHiKW, $Ki  BigNpaBnaAldTb Ha eKcrnopT,
nepenbayveHo cnewianbHi eKCNOPTHI cepTUdikaTh NbOTHOT NPUAATHOCTI.

YCi KOMMOHEHTU MOBITPSHOrO CyAHa CTOCOBHO cepTudikauil noginate Ha
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TpW Knacwu:

— nepLwunn Knac — asiauinHnin mapwosun asuryH (AM[), noBiTPSAHWUIA IBUHT
(M) i nonomixxHum asuryH (440);

— Opyrmn  Knac — (pro3ensk, Kpuro, MOBEpXHi KepyBaHHSA, CceKuil
MeXxaHi3auil Kpuna, Lwaci, MexaHi4yHa cucTema KepyBaHHS Ta iHLWIi 4YaCTUHU
KOHCTPYKLIT NfiaHepa noBiTPSIHOro cygHa, npaue3gaTtHICTb Sknx besnocepeaHbo
BMNSIMBAE Ha NbOTHY nNpuaaTHicTb INC;

— TpeTinn knac — komnnekTytodi Bupobu (KB), 0o akux Hanexatb Oyab-sKi
BcTaHoBneHi Ha MNC, AML, NI i 40 mexaHiamu, npunaaun, eneMmeHTn obnagHaHHA
(Takox cronyyHe obnagHaHHA), CTaHOapPTHI AdeTani Ta iHWi KOMMNIEKTYoYi
(roTosi) BUpo6YK, BUKOPUCTOBYBAHI ANs 34incHeHHs nonboTy MNC.

KOMNOHEHTN TPeTboro Kracy asiauiHOI TEXHIKM 3a CTyrneHem BBy
IXHBOI MpauesnaTHOCTI Ha NbOTHY MNPUOATHICTL 3paska NnoAinsawTb Ha ABi
KaTeropil:

— KaTeropis A — BMpobu, NopyLLeHHA Npaue3naTHOCTI SKMX Mae CyTTEBUN
BMNSIMB Ha NbOTHY NpUAaTHICTb 3paska;

— KaTeropia b — Bupobu, WO He HanexaTb A0 KaTeropii A, BKAHOYa4n
cTaHOapTHI geTtani.

MiHimaneHMn nepenik  komnnektytounx Bupobis (KB) kateropii A
BCTAHOBJIIOETLCA LUMPKYNApoM ABiapeecTpy.

KoMnoHeHTN nepLlioro kracy npoxogdaTb cepTudikauito 3 Buaadvero
ABiapeecTpoMm cepTugikaTtisa Tvny. KOMMNOHEHTUM ApYyroro Knacy MnpoxoasTtb
cepTuikauito B cknagi komnoHeHTis INC.

CepTtudikauito KB TpeTboro knacy, OKpemo Big KOMMOHEHTIB MepLuoro
knacy lNC, Ha3uBatoTb KBanidikauiero. Takmn ocobnmBmin TepMiH NOB'A3aHO 3
TMM, WO 3a3Bu4Yan Ui BMpoOM He € camMOocCTinHMMK ToBapamu. BignosigHo oo
LbOro BBEAEHO MOHATTA KBanigikauinHoro 6asucy. KeanicikauinHmm 6asmc —
KOMMIEKT BUMOr OO JIbOTHOI MPUMAATHOCTI, BUMOI TEXHIYHOro 3aBAaHHA Ha
po30bupaHHs, AepXXaBHUX i rany3eBnx CTaHAapTIB, AKi NOLMPIOOTLCA Ha NEBHUN
KB.

[na 3abesneyeHHs cepTudikauii NeBHOro Tuny asiauinHoOT TexHikn (AT)
KB, BCcTaHOBNEHI Ha HiK, MatloTb NPONTK NpoLeaypy Keanigikauii.

3a 1l pesynbTatamv opopMnATb:

— CBigoOUTBO NPO NpuaaTHiCTb BUpoOy — Ha Tun KB kaTteropii A;

— CXBarleHHS Ha BCTaHOBIEHHs BMpoby — Ha Tvn KB kaTeropii b.

CsigouTtBo Npo NpuaaTHICTb BUPOOY — OOKYMEHT, O MNocBigvye Bigno-
BigHiCcTb TNy KB BMMoOram keanicikauinHoro 6asucy.

4.5 TexHi4YHe o6CNyroByBaHHA Ta PeMOHT niTaka

YcniwHe BUKOPUCTAHHA HOBUX MaTepianiB Ta KOHCTPYKTUBHUX PpilleHb
3anexnTb Big4 nporpaMm TexHiYHOro oOCnyroByBaHHS, $IKi OAHOYACHO €
€KOHOMIYHO-e(hekTUBHUMM Ta 3abe3neyytoTb 6e3neky nacaxmpis.

[Mporpamu TexHiyHOro obcnyroByBaHHS pPO3pobMSATLCA ONA KOXHOro
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HOBOrO TUMY fiTaka Ha OCHOBI NONepeaHLOro AoCBigy PoboTK 3 aHaNOrYHUMMN
mMartepianamu, ABuUryHamm, KOMnoHeHTamm abo KOHCTpYyKUissMu. HoBi maTepianu
abo KOHCTPYKLIT, 4OCBIg po6OTU 3 AKUMU HEBENUKUIA, OBCIYroBYHOTbHCS YacTille,
Nokn He ©Oyade HanpaubOBaHO Ta BCTAHOBSIEHO WMOro ©0as3oBUK pPIBEHb.
36inblUeHHs  iHTepBaniB MK nepesipkamu BioOyBaeTbCsA Ha  OCHOBI
crnocTepexeHb, 3pobneHux nig 4ac NnaHoBUX CEPBICHUX NepeBipoK. Tunosuin
nnaH TexHiyHoro obcnyrosyBaHHA nogaHo B Tabnuui 3.

Tabnuuysa 3 — Tunosun nnaH TeXHIYHOro o6CcnyroByBaHHS

Konu BMKOHYeETbLCS Bnnue Ha
obcnyroByBaHHS Tun HagaHoi nocnyrm obcnyroByBaHHSA
aBiakOMMaHin
[Mepen KOXHUM «O6xig» — BidyanbHa nepesipka 30BHILUHbOMO He BnnuBae
pencom BUrNSAY NiTaka Ta ABUMyHIB WOAO NOLUKOLKEHb,
BUTOKIB, 3HOCY ranbm i LUnH

KoxHi 45 roguH CneujanbHi nepesipku MOTOPHUX Macen, 3ynunHka
(BHYTpILWHI pericn) abo [rigpaBniku, KUCHIO Ta 0COBNUMBUX BUMOT 40 ekcnnyaTauii Ha
65 rogvH (MbkHapoaHi |niTaka HiY

pencu) nonboTy
KoxHi 200-450 roanH |lepeBipka «A» — geTtanbHa nepesipka canoHy |3ynuHka
(22—-37 pHiB) NonNbOTY [NiTaka Ta ABUryHa, TEXHIYHE 0OCNyroByBaHHSA Ta |eKcnsyaTauii Ha
3MalllyBaHHA TakMxX CUCTEM, SK 3anarntoBaHHs,  |Hi

reHepatopwu, kabiHa, KoHOuMLUiOHep, rigpaenika,
KOHCTPYKLUis Ta waci

KoxHi 400-900 roamH |lMepeBipka «B» — BunpobyBaHHSA KpyTHOroO 3ynuHka

(45—75 gHiB) NONBLOTY |MOMEHTY, BHYTPILLHI NEPEeBipKN Ta NepeBipKkn ekcnnyaTtauii Ha
3acobiB KOHTPOSIO NONBbOTY HiY

KoxHi 13—15 micsaiuie  |lNepeBipka «C» — nporpama geTtanbHOl 3ynunHka
nepeBipKkN Ta PEMOHTY aBialinHMX OABUIYHIB Ta  |ekcnnyaTtauil Ha
cucTem 3-5 gHiB

KoxxHi 2 pokun [MepeBipka Ta NOBTOPHE HAHECEHHS 3ynunHka

(BY3bKOGOHO3EMNSKHI @HTUKOPO3INHUX NOKPUTTIB ekcnnyarauil go

niTakm) 30 gHiB

KoxHi 3—5 pokis Benuki CTpyKTYpHI NepeBipKkn 3 YBaXKHICTIO A0 3ynunHka
BTOMHUX YLWIKOKEHb, KOPO3ii i T. A. JliTakn ekcnnyaTtauil o
po36upalTbCH, PEMOHTYIOTLCS Ta 30 aHis
BigHOBMOOTLCS. JliTak nepedapboByeTbCA 3a
HeobXigHOCTI

Llini edekTnBHOI nporpamm TEXHIYHOro OOCIYyroByBaHHS MOMSAralTb Yy
Takomy:

— 3abe3neuntn 3a [OOMNOMOroK MNpPoBedeHHs pPoOBIT 3 TEeXHIYHOro
oOcnyroByBaHHA MNiTPUMKY BRNacTUBUX MOBITPAHOMY cyaHy 6e3neks Ta
HaAIMHOCTI, 3aKrageHnX y Noro KOHCTPYKLIT;

— 3abes3neunT MOXNUBOCTI AN BIiAHOBNEHHS piBHSA 6e3nekn Ta
HaZiMHOCTI ¥ pasi NoripLeHHA CTaHy;

— oTpumaTun iHdopMauito ans Moauikauil KOHCTPYKLUIl, KON BHYTPILLHSA
HaAINHICTb HEOOCTAaTHS;
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— JOCArTU nepenivyeHoro Buwe 3 MiHiMmanbHUMKW BUTpaTaMu.

CmpykmypHe obcry2o8y8aHHs

byaob-sika nporpama CTBOPEHHSI HOBUX fiTakiB 6a3yeTbCs Ha OUiHIOBaHHI
iHbopMauil NpO KOHCTPYKUi0 niTaka, OLiHBaHHI BTOMW Ta CTIMKOCTI [0
NMOLKOOKEHb, Ha [OOCBiAi eKkcnnyaTtauil aHanoriYyHMX KOHCTPYKUIM niTakiB Ta
OfEepXaHUX BIgMOBIAHUX pe3ynbTaTax BunNpobyesaHb. 3asBuYan 3aBOaHHS
TEXHIYHOro 00CNyroByBaHHS OLHIOE J)Keperna CTPYKTYPHOro 3HOCY, BKOYako4m
BUNAAKOBE MOLUKOMXKEHHS, MOTipLEHHS YMOB HaBKOSTMLLHBOIO cepegoBulla Ta
BTOMHE MOLUKOKEHHS; CIPUMHATIMBICTL KOHCTPYKLUIT A0 KOXHOro gxepena
PYMHYBaAHHSA; HAaCnigKn CTPYKTYPHOro MoriplweHHa ana 30epexeHHs NbOTHOI
NPUAATHOCTI, BKMOYaK4yM BMAMB Ha MOBITPSAHE CyAHO (Hanpuknag, BTpaTta
PYHKLIOHANBbHOCTI Ta 3HWXEHHA 3anuwkoBol MiuHocTi, 6araToBy3noBe abo
BbaratoeneMeHTHE BTOMHE MOLUKOPKEHHS, BMNANB Ha MNOSIT MOBITPSHOIO CyAdHa
abo XxapaKTepuUCTUKM pearyBaHHs, CrPUYMHEHI B3aEMOLIED CTPYKTYPHUX
nowkomkeHb abo BMXo4oM 3 niagy cuctem abo enemMeHTiB enekTpocTaHuii, abo
BTPATOK KOHCTPYKTMBHUX €fIeMEHTIB Yy MOSbOTi), @ TaKoX 3aCTOCOBHICTb Ta
e(PEeKTUBHICTb PI3HNX METO/IB BUABSIEHHA CTPYKTYPHOI pyrHaUil 3 ypaxyBaHHAM
NoporoBmx 3Ha4YeHb NEPEBIPOK Ta iHTepBanis MOBTOPEHHS.

O6criy2o8y8aHHs KOMIOHEHMIB

3acTocyBaHHA HOBMX MaTepianiB He BUKNIMKAE Yy aBiakoOMMaHin
HenoTpiObHMX TpyaHowiB abo TpyaHOLWIB Npu TeXHiYHOMY O6CnyroByBaHHI 3a
YMOBMU, LLLO KOHCTPYKTOP fiTaka 3HanoMunm i3 4OCBigoM pobOTHN 3 KOMMOHEHTAMM.
[ocBsig aBiakomnaHin nokasye, wWo obnagHaHHA 3HOLWYETLCS, ane CTaTUCTUYHE
BIKOBE 3HOLLUYBaHHSA CKIIagHUX MeXaHIYHUX, eneKkTPpUYHUX Ta asiauiHuUX
KOMMOHEHTIB HE € OOMiHYI4YOoK MNpudnHolo BigMoB. daktnyHo, noHag 90 %
TMNOBUX OeTanen OeMOHCTpylTb abo BunNagkoBy BigMOBY, abo nocTynoBe
30inbLIEeHHA NMOBIPHOCTI BiAMOBU Bif BiKY.

HapinHictb 4actmHm abo KommnoHeHTa oOnagHaHHA niTaka HacTiNbKu
XOpolla, HackifnbkM Ue [Jo03BofisSe i BnacHa KOHCTPyKuis (nmigkpinneHa
BignosigHMM obcnyrosyBaHHAM). OTXe, 3aranbHONPUUHATO, WO, Mo-neplue,
Xopolle TexHiyHe obcnyroByBaHHA fa€ 3MOry getansam AOCArTM MOTEHLUiMHOI
HadiMHOCTI, No-apyre, HagMipHe 0BCnyroByBaHHS He NigBULLYE HAdIMHICTb, ane
Npu3BOaUTbL OO BTPATK rpoLLen, NO-TPETE, HeJoCTaTHE 06CNYroByBaHHSA MOXe
3HU3UTU HaAINHICTb. 3aranom, Ang yCyHeHHsA npobnem 3 HadinHiCTIo, BNacTUBUX
KOMMOHEeHTaM, NOTPIOHI oyHOamMeHTasrbHi 3MiHM B KOHCTPYKLU,T.

IcHye Tpu nigxoan OO npodinakTniyHoro obcnyroByBaHHSA, €Ki AoBenn
cBOW edeKTUBHICTb. lNMepwnn meton, "xopcmkul Yacosul nimim" (hard time),
nepenbavae BMBEOEHHS TMPUCTPOKD 3 eKchnnyaTauil, Konu BiH gocsarae
3asfganerigb 3agaHoro 3HayvyeHHsa napameTpa. dpyrun metoad, dpyHKUioHarnbHa
nepesipka abo iHCMeKUisl, MICTUTb MOHITOPUHI XapakTepHuX po3mipiB abo
napameTpiB BUKOPUCTAHHSA/poBOTK YacTuHM anapaTHoro 3abesnedeHHsi, wob
BU3HA4YNTX, YM npugaTHa BOHa AN nojanbllol ekcnnyartauil, yv 11 cnig
Buganutn, wob 3anobirtm 36o0 B poboTi. TpeTin meToad, (PyHKUiOHANbHa
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Bepudikauis, noTpebye BUKOHAHHSA TEXHIYHOT nepeBipkn (OyHKLiIN anapaTHOro
3abeaneyeHHs BU3HAYEHHS OOCTYMNHOCTI KOXHOI GOYHKLIT, AKLLO BOHA 3a3BU4aMn
npuxoBaHa Bif yBaru NbOTHOMO i poboYoro exinaxis.

IcHye 6e3ni4 KOMMOHEHTIB, ONA H9KMX BUMIPHOBAHHS 3HOLLYBAHHS,
nepioguyHe 3HATTS 4NA TEXHIYHOro obCcnyroByBaHHS Ta nepeBipka NpUXoBaHUX
dYHKLIN eKOHOMIYHO HepouinbHi abo HesurigHi. Taki getani noTpebykoTb
perynspHoOro KOHTPOJKO npaue3gaTHOCTI Ta HagiMHOCT, a npoduinakTnuyHe
obcnyroByBaHHS He MoOTpibHe i He GaxaHe. Cy4vacHi nitaku 6inbl CTiMKi 4o
BiIMOB, Hi>XX CTapi KOHCTPYKLi fiTakis, Yepes nigsuweHnin 3anac, nepegdavyeHum
Y KOHCTPYKLT.

3asBmyan BGinbLiCTb aBiakoMnaHin KnacudgikytoTb KOHKPETHI 3aBOaHHA 3
TEXHIYHOro obcrnyroByBaHHS KOMMNOHEHTIB TakKUM YMHOM:

— mactuno abo obcnyroByBaHHs, A€ NONOBHEHHS BUTPATHUX MaTepianis
3HWXYE LUIBUAKICTb (PYHKLIOHANTbHOro 3HOCY;

— ekcnnyartauinHa abo BidyanbHa nepeBipka, Ae igeHTUikauis
HeCnpaBHOCTI MOXe DYTU MOXINBOID;

— orngag abo dyHKUioOHanbHa nepeBipka, Oe MOXIUBE BUSIBIIEHHS
3HWKEHHS CTIMKOCTI A0 BiAMOB, LUBUAKICTb 3HWXEHHA CTIMKOCTI A0 BigMOB Mae
OyTn NPOrHO30BaHa;

— BIOHOBMEHHA TUX €eNeMeHTiB, 4K NoKa3ylTb QYHKLIOHanNbHI
XapakTepUCTUKN gerpagauii npu OOCArHEHHi NeBHOro BiKYy, LWOO 6inbLicTb
OAMHULb JOocArna uboro Biky i morna 0yt BigHOBNeHa Ao HeObXiaHOI CTIMKOCTI
[0 BiAMOB BiANOBIAHOIro CTaHAapTYy;

— BUBpaKoBYBaHHS TUX E€NEeMEHTIB, HKi MoKasylTb YHKLIOHANbHI
XapakTepUCTUKM gerpagadii npn LOCATHEHHI NeBHOro BiKy, Wo6 OiNbWiCTb
OAMHULb OOCArNa LUbOoro BiKY, OYiKyeTbCS, WO BinbLUiCTb OANHULL AOCATHE LbOro
BiKY.

HecnpaBHOCTI KOMMOHEHTIB MatoTb 6yTM o4veBMaHUMKU Ans pobo4voro
ekinaxy, He pobuT NPSAMOro HeraTMBHOrO BNUBY Ha 6e3neky (4n BiabyBaTbCA
BOHM K OOMHWYHA YM MHOXMHHA MNoAis) Ta MiHIMi3yBaTU BNAnB Ha poboTy
NOBITPAHOrO CyaHa.
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5 MPOrPAMA BUNMPOBYBAHb | CEPTU®DIKALIA HA KOHKPETHUX
NMPUKITAOAX AIRBUS A380

5.1 3abe3ne4YeHHsA NIbOTHOI NPUAATHOCTI

1o noyaTKy cepinHoro BMpobHuuTBa fniTakn Airbus npoxoasatb cknagHy Ta
CYBOpY NbOTHY NepeBipKy Ta cepTudikauito (pucyHok 4). Micna cxsaneHHs Ta
cepTuikauil nitak gonyckaetbCA [0 ekcnnyaTtauil. LleM Benukmn npouec
AeTanbHO onucaHum y naparpadax HuxK4e 3 KOHKpeTHUMU npuknagamu Airbus
A380, A350 XWB Ta A320neo.

PucyHok 4 — Airbus A321neo nig 4yac BunpobyBaHHS Ha BrlyYeHHsi BOAW B MeXaX CBOET
cepTuikauiHOT KamnaHii

®narmaH Airbus XXI ctonitta A380 0OyB cepTudikoBaHnn gsoma
OCHOBHMMUW MDKHApPOOHUMU KepiBHUMW opraHamMmm — AreHTCTBOM aBialinHOl
besnekn €sponencekoro Coto3y (EASA) Ta depepanbHUM  yrnpaBniHHAM
uyusinbHol asiauii CLUA (FAA) — vy rpygHi 2006 poky B Mexax nporpamu,
po3no4aToi NoHag N'ATb POKiB TOMY. 3pewTol HaniT ctaHoBmB noHag 2600
FOAWH i3 NapKoM i3 N'aTn BUnNpodyBanbHUX NiTakis.

LLlo6 3abesneunTtn HaginHictb A350 XWB 3 MOMEHTY MOro BBEAEHHS B
KOMepuinHy ekcnnyartauito B cidHi 2015 poky, Airbus peanidyBaB oOgHy 3
HanpeTenbHIWNX nporpam BunpobyBaHb, sKi Konucb Oynu po3pobneHi and
peakTUBHUX ranHepi. [lporpama nbOTHMX BUNpobyBaHb i cepTudikauii
A350-900, sika TpmBana Tpoxu Ginbwe 14 Mmicauis, WO € pekopaom Anga ranysi,
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MiCTUNa napk 3 N'atu niTakie, Aki BUKOHann noHag 2600 nNbOTHUX roauvH, nNpu
uboMy cepTugikat Tuny 6ys oTpumanum Big EASA i FAA y BepecHi i nuctonagi
2014 poky BignoBigHo.

BunpobyBaHHA Ta cepTudikauis peakTUBHUX NanHepiB ciMencTBa
A320neo cknaganu wictb Bepcin: A319neo, A320neo ta A321neo npoxoaunu
nepeBipKy nraHepa, CUCTEM Ta [ABOX BapiaHTIB CUNOBOI YCTaHOBKM,
NPOMNOHOBAHUX Ha KOXXHOMY Tuni nitakie: agsuryHn LEAP-1A Ta Pratt & Whitney
PurePower PW1100G-JM «komnaHnii CFM International. KomnaHii Takox
nigTeepaunu, Wo nitak BignoBigae UiflbOBUM XapakTepucTukam 3 nornsgy Ha
BUTPATU NanbHOrO Ta AanbHOCTI MONMbOTY — Ha OCHOBI BMOOPY OBUryHIB
OCTaHHbLOIO MOKOSIHHA Ta BENUKUX 3aKiHLiBOK kpunia Sharklet.

5.2 CTPYKTYpPHi cTaTU4Hi BUNpOoOyBaHHS

[Mpn nigroToBUi OO Nepworo nonbOoTy pPeakTUBHUMA nanHep HOBOro
BUpoOHULTBA, Takun sk gsonanybHun A380 i HoBe nokoniHHa A350 XWB,
nigoaeTbCa  CTPYKTYPHUM  CTaTUYHMM  BUNPOBYBaHHAM, 4Ki  MICTATb:
KanibpysarnbHi BUNPOOYBaHHA NbOTHO-BUNpoOyBanbHOi ycTtaHoBkn (FTI),
MakcumMarbHUN BUTWH Kpuna npu rpaHUYHOMY HaBaHTaXKeHHI Ta iHTepuenTopiB
npu MakcumasribHOMYy 3rMHaHHi Kpuna (OvMB. PUCYHOK 5), BUNpoOyBaHHSA
dro3ensaKy TUCKOM, BTOMHi BUNPOByBaHHA Ta MOAESOBAHHA NbOTHUX LIMKAIB.

WA v est

L

PucyHok 5 — BunpobysaHHsa kpuna A350 XWB npu rpaHM4HOMY HaBaHTaXXEHHI 3
AEeMOHCTpaLielo NPOrnHy 3aKiHUIBOK Kpuna Ha M'aTb MeTpiB

[Mpn BuUNpobyBaHHAX Ha BTOMY LOCHIMAXKYOTb, SIK KOHCTPYKUIA niTaka
pearye Ha HaBaHTaXeHHs MPOTAromM TpuBanoro nepiogy 4acy Ta Ha Pi3HUX
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eTanax Moro ekcnsiyatauii, Takux K pysitoBaHHSA MO 3MNiTHO-NOCAAKOBIM CMY3i,
3NiT, Kpencepcbknin Nonit Ta nocagka. LWo6 sigTBOpUTU Ui YMOBU, Ha NnaHep
NOMILLLIAETLCA CUCTEMA BaHTaxiB, WO MNPUBOAUTLCA B Ai0 rigpaBivHUMK
AOMKpaTaMu 3 KOMM'IOTEPHUM KEPYBaHHSM.

Hanpuknapg, sunpobysaHHs BToMmn A380 TpuBanu 26 micauis i Tpusanu B
2,5 pasa 6inbLue 3annaHoBaHOro NPOEKTHUMK NOCTyraMu.

3aranom nig Yyac sunpobysaHb 6yno BnukoHaHo 47 500 NONbOTHUX LIMKNIB:
y 2,5 pasa 6inblie 3a Kinbkictb nonboTiB, aky A380 3aincHmMB 6u 3a 25 pokis
ekcnnyarauii. 16-rogMHHu nonit 6yB 3mogenboBaHM nuwe 3a 11 XBUIKH.
BunpobyBaHHA [OBENN KOHCTPYKLiIO fiTaka 40 MeXi, Wob BUSBUTU UM NOTPIOHI
KOHCTPYKLUiT 6yab-aKi noninweHHa. 3aknioyHi BuNnpobyBaHHA Ta nigrotoeka Ao
nonboTy — L€ eTan, KUMKW MICTUTb KanibpyBaHHA npunagis, nepesipKy
repMeTUYHOCTI kKabiHM Ta NepeBipKy HaBirauiHMX CUCTEM.

5.3 KamnaHiss nbOTHUX BUNpobyBaHb

[Mporpama nbOTHUX BMNpoOyBaHb NiTaka npusHadeHa ANs OLuiHBaHHA
3aranbHUX  SAKOCTEW  KepOBaHOCTI, eKcnnyaTauiHUX  XapaKTepUCTUK,
aepopoOMHOro wymy Ta poboTM CUCTEM Yy LUTATHOMY PEeXuMi, cueHapisx
BiAMOB Ta eKCTpeMalibHUX YyMOB | 3aBepLllyeTbCHA cepTudikalieo opraHis
NbOTHOT NPUAATHOCTI.

p e

(R L RAARAN

PucyHok 6 — [BoTuxkHeBi BunpobysaHHs Airbus A350 XWB y KnimatuyHin nabopatopii Mak-
Kinni y ®nopwugai, CLLUA

Ans sunpobyBaHb A380 B ekcTpemanbHUX MOrogHux ymosax Airbus

Bianpasnsae gsonanybHun nanHep 3 lNiBHiYHOT KaHagu 4o cnekoTHOI nycTteni

[MepcbKkol 3aTOKM Ta OO CNEKOTHUX i BUCOKOTipHUX Edionil Ta Konymbii, y Ton
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yac sk ouiHioBaHHA A350 XWB micTtuno sunpobyBaHHA B yMOBaXx Xxosiogy y
lkanyiTi, KaHaga, ouiHoBaHHA Ha BucoTi B Jla-laci, bonisis, poboTy B
cnekoTHy norogy B Anb-AiiHi, O6'egHaHi Apabebki EmipaTtn.

Kpim Toro, A350 XWB ctaB nepwum nitakom Airbus, gkun Bigsigas
knimatndHy nabopaTtopito Mak-KiHni B amepukaHcbkomy wTaTti dnopuga
(pncyHOK 6). Y UbOMY YHiKanbHOMY MicCUi NlaHep 3a3HaBaB BMSIMBY Pi3HUX
knimaTndHux ymos — Big 40 °C go minyc — 40 °C B aHrapi i3 KniMmaT-KOHTPONeM.

Mopanblwi cepTudikauiHi NbOTHI BUMNPOGYBaHHA Oynn MNPUCBSAYEHI
BUNPOOYBaHHAM Ha NOTPannsiHHA BOAM, BUNPOOYBaHHSAM Ha 3niT Ha Manin
LUBUAKOCTI, Ha dnatTep Ta nepepBaHUn 3MiT Ta nocagky. Ha gogatok go
BUNpobyBaHb BUXPOBOro cnigy — TypOYyneHTHOCTI NOBITPS, WO CTBOPHETHLCS
nosapgy nitTaka nig Yyac 3nboTy — HeobxigHMX ons ceptTudikadil, Airbus BMKOHaB
BaratocepiniHi BUNpobyBaHHA Ta BUMIPIOBaHHSA Y LN ranysi.

CepTudbikauinHi nboTHi BunpobyBaHHA cimenctBa A320neo micTunm
nepesipKy ABUTryHiB HOBOro rnokoniHHa LEAP-1A ta PurePower PW1100G-JM,
y TOMY YUCSIi TX EKOHOMIYHOro CrOXMBaAHHA nanmea Ta MEHLUOro BMSIMBY Ha
HaBKONULIHE cepefoBULLE 3aBASKU 3HUKEHHIO BUKNAIB OKCMAOY a30Ty Ta WyMy
aBuryHie. Kpim uboro, 6ynu nepeBipeHi KepoBaHIiCTb Ta JNbOTHO-TEXHIYHI
XapaKTepuUCTUKM niTaka, a TakoX poboTa Takux cMcTeM, 9K aBTOMiNoT.

5.4 Ceptudikauis

Ceptudbikanuia € HopmMaTMBHUM 3000B'i3@aHHAM, 3riAHO 3  GKUM
cepTUdIiKyloTbCA BCi  MNOBITPSIHI  cydHa, 11X [OBWUFYHM Ta TIBUHTU. 3a
"CepTucpikatom Tmny", WO BUAAETbCA AN NIATBEPIKEHHS JbOTHOI
NpPMOaTHOCTI KOHCTPYKUIT NiTaka, ige "CepTugikaT NbOTHOT NpuAAaTHOCTI", AKUA
O03BOSISE eKcnyaTtauito fniTakiB y neBHMX KpalHax abo perioHax.

[Mpouec cepTuddikauii oxonnwe BecCb MNpouec po3pobneHHsT HOBOro
nitaka. BiH MicTUTb pi3Hi eTanu:

— geTanbHUN ornag NPoeEKTY;

— po3rnag pesynbTaTiB BUNpobyBaHb Ta y4vacTb Yy nabopaTopHUX

AOCMNIOKEHHSAX;

— ornag BunpobyBaHb Ta y4vacTb Yy MOSMbOTHUX BUNpPoOyBaHHAX (4Ans

BpaxyBaHHA 3MiH 3a pe3ynbTaTamu 4OCNigXKEHD);

— aKTMBHa Yy4yacTb eKChnsiyaTaHTiB MOBITPAHUX CYAEeH Y BU3HAYEHHI

KOHCTPYKLUil, po3p0ob6neHHi Ta BNpOBaAXKEHHI NOCAYr.

KoMneTeHTHi opraHn KOXHOI reorpadivyHOol HPUCONKLIT KOHTPOMNOKTb
npouec ceptudikauii. CbOrogHi iCHyt0Tb ABi OCHOBHI cucTeMu cepTudikauii
niTakis:

— ana CWA gitoTe npasuna FAR 25;

— ans €sponencokoro Cotway — npasuna JAR 25.

KoxeH opraH BfagM mMmae npaBo BuMaratM MNEBHUX YMOB, ToAdi $K
BUPOOHMK niTakiB 3aBXauM Mae 3asganerigb nnaHyBatn cepTudikauito
KpalHamMun-imnopTepamm.
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PucyHok 7 — Airbus «Early Long Flights» TecTye canoH, TexHonorii Ta CMCcTeMn HOBOIro
niTaka B HOpManbHUX YMOBaX ekcnsyatauii

KpiM ycniwHMUX JNnbOTHMX BUNpobyBaHb, nodanblWMMN ACKpaBUMMU
nodisiMn BBefieHHs B ekcnnyatauito A380 ctanun BunpobyBaHHS Ha CYMICHICTb
3 aeponoprtamu: 3arasiom 38 aeponoprTiB, BiABiAYBaHMX MO BCbOMY CBITY.
JliTakm npooeMoHCTpyBanu 3gaTHICTb NpauloBaTu Tak camo, 9K nomibHi ix
aHarnoru, Wo BXe eKcnnyaTylTbCs.

Ona A350 XWB rnobanbHun Typ 3 NepeBipku MapwpyTty — OAVH 3
OCTaHHIX KpPOKIB Ha wndaxy p[o cepTtudikauii — [03BONMB  LbOMY
BUCOKOE(EKTUBHOMY NnanHepy Bigsigatn 14 BenMkux aeponopTiB y YOTUPbOX
Pi3HUX perncax, nponeTiBwmn 3aranom 6nm3bko 81 700 mopcbknx munb 3a 180
NbOTHUX FTOAMWH.

LLle ogHumM Baxknueum acnektom BunpobysaHb A380 ta A350 XWB 6ynu
nporpamn Early Long Flights (ELF), aki Buxoaunun 3a mexi ceptudikauinHmx
BUMor. [na umx OuiHBaHb JIbOTHO-BUNpOBYBanbHU niTak, obnagHaHumn
KabiHO, eKcnnyaTyBaBCA Ha KOMEPUIMHUX pencax, LWo MOOentoTbCcs, 3
peanbHMMWN «Nacaxupamu», WO cknagatTbesa 3i cniBpobiTHMKIB Airbus, i
peanbHMMN JIbOTHUMUM €eKinakamn aBiakOMNaHin Onsa OuiHIBaHHA CUCTEM
kKabiHM B TMNOBMX YMOBax ekcnnyaTauil (pUCyHOK 7).
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JTabopaTtopHa po6oTa Ne 1

KOHTPOJIb FTEPMETUYHOCTI KOHCTPYKLIN

Mema pob6omu: 03HaOMUTUCS 3 OCHOBHMMW MeETOAaMW KOHTPOISIO
repMeTUYHOCTI KOHCTPYKLUIN | NPUHLMNOBUMU CXeMaMu pearni3auil KOHTPOso.

TeopeTn4Hi BigoMoCTi

Y peanbHUX TrepMeTUYHUX KOHCTPYKUIAX ICHYOTb HeLWiNbHOCTI 3
BENMYMHOK HaTikaHHS B LUMPOKOMY iHTepBani 3HadeHb (Big 1,33-10 po
1,33-10 mm® Mla/c). Y Haw Yac He icHye meToAy, 3a 4OMNOMOro SIKOro MOXHa
6yno 6 3abe3neunTn ePeKTUBHUN KOHTPOSb rEPMETUYHOCTI B TAKOMY LUIMPOKOMY
AianasoHi Ted. binblw TOro HM3Ka BUCOKOYYTNMBUX METOAiB (ranoigHun, mac-
CMEKTPOMETPUYHMIN, pagdiauiiHiin Ta iH.) cTalTb ManoedekTMBHUMK 3a
HasIBHOCTI rpybux HeLwinbHOCTEN, WO NpM3BoAATbL abo 40 "OTpyeHHS" gaTyuKis
TeyollykaudiB (ranoigHun metoa), abo 3abpyaHeHHs aTMocdepu NPUMILLEHHS, B
SIKOMY NPOBOAATb BUNPOOYBaHHA. TOMY KOHTPOSb repMETUYHOCTI KOHCTPYKLIN
BUKOHYIOTb [eKinbkoma metogamun B ABa abo Oinbwe etanis. Lle gae 3mory
BUKOPUCTOBYBATWN KOHTPOJSIbHY anapartypy B ONTUManbHOMY AS19 Hel Aiana3oHi
poboTn i Ans nonepegHbOl MEpEBipKM 3acTocoByBaTW Oinbll NPOAYKTUBHI
mMeTogu. HaBiTb Ha eTani KOHTPOM 3 BWUCOKOK YYTIMBICTIO, Harnpuknag 3
BUKOPUCTAHHSAAM Mac-CMEeKTPOMETPUYHMX TeyollyKadiB, nepeadayvyeHo Kinbka
LIMKIiB 3 NOCTYNOBUM 36inbLUEHHAM YyTIMBOCTI O HEOOXiAHOT BENTUYMHN.

3asBu4am  nNpuM  KOHTPOMi  repMeTUYHOCTI  KOHCTPYKLIA  criovaTtky
3aCTOCOBYIOTb KOMMpPECIMHI MeToau: MNHEBMATUYHUN, rigpocTatndyHnn abo
nHeBMorigpasniyHMM. KOHTpPONb repMeTUYHOCTi UMMM MeTodamMm B paai
BUNaaKiB NOEAHYIOTb 3 BUNPOOYBaHHSAM MiLHOCTI KOHCTPYKUiW. Ha ubomy X eTani
€ MOXNMUBMM 3aCTOCYBaHHS XiMidYHOro abo ntoMiHecueHTHoro metogy. B
noganbLIoMy 3aneXxHO Bif BMMOr, LLO CTaBNATbLCA A0 KOHTPOSIbHOro 06'ekTa,
3aCTOCOBYIOTb  ranoigHuMi  abo  Mac-CnekTpoOMeTpuyHurM  metod. Lmm
BUCOKOYYTIMBUM METOAaM MOXEe TakKoX nepeayBaTh KOHTPOSb 3a 4OMOMOrow
razoaHaniTUMHUX TeYoLlyKadiB 3 METOH BUSBIIEHHSA rpyboi Teui.

YyTnueicTb BUOpaHOro MeTony KOHTposto Mae bytn B ABa i BinbLue pasis
BULLE, HDX 3a4aHa 3a TEXHIYHMMM YyMOBaMN repMeTUYHICTb 06'ekTa.

Bumoezu, w0 cmaesisimb 00 npumiujeHHs1, 06s1a0HaHHS
i mexHoO/102iYHO20 OCHaAW|eHHSs

[Mpy KOHTPONi repMEeTUYHOCTI KOHCTPYKLiN 0COBNMBI BUMOrM CTaBMATb A0
NPUMILLEHHS, B AKOMY NpoBOAATb BUNpobyBaHHSA. 3a HasiBHOCTI B aTMocdepi
NPUMILLEHHSA 3HAYHOI KiNbKOCTI iIHOMKATOPHUX PeYOBUH (COpEOHY, renito, amiaky,
pafioakTUBHUX efleMEeHTIB Ta iH.) MOKa3aHHA TeyollyKadis 0yayTb HETOYHMMHU, a
B ps4i BMNagKiB HaBiTb MOMUIIKOBUMW. TOMY KOHTPOSb FrepMEeTUYHOCTI BY3SiB
arperaTis, CUCTEM Criig NpoBOAMTU B crneLuiarbHOMY OKPEMOMY MPUMILLEHHI 3
NPUMYCOBOI MPUMNSIMBHO-BUTSXKHOK BEHTUNALUIELD, LWLO 3abe3nevye HopMarbHy
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npauesfaTtHICTb TedoLlykadis npu Temnepatypi 293 + 5 K.

AKLLO KOHTPOSb MPOBOAATE MAc-CNEKTPOMETPOM 3 BUKOPUCTAHHAM renito
SIK iIHOMKATOPHOro raay, To HanbinbLLMIA BMICT renito B NPUMILLEHHI Mae ByTn He
Ginbwe 1,5 HopmanbHoro niky npm 10—15-kpaTHOMY 0OMIHI NOBITPA B roguHy. ik
renito BBaXKaloTb HOpMarnbHUM, SIKLLIO AOro BMICT Y NoBiTpi Bianosigae 5-10°* %.
Lle gocaraetbcsa 3a 4ONOMOro NPUNIIMBHO-BUTSXKHOT BEHTUNAL,T.

[Mpn KOHTpONiI repMeTUYHOCTI ranoigHMM MeToAOM BMICT (OpeoHy B
aTMocepi NpuMilleHHS Mae OyTU MeHLWe iHAYKOBaHOro Teyollykavyem npwu
poboTi 3a Hambinbw YyTnuBOK WKanow. BignosigHO npu  XiMiYHOMY,
pagiauinHoMy Ta iHWMUX MeTohax iHOMKaTopHa mMaca, MniBka, NiYUNbHUK He
MaloTb pearysaTtn Ha atMocdepy NpUMILLEHHSA, B AKOMY 34IMCHIOTb KOHTPOSb.

MpumiweHHa ans sBunpobyBaHb 06NagHyOTb CAMOCTIMHOK CUCTEMOL, LLLO
3abes3neyye npoayBaHHSA MNOBITPSIHO-TENIEBOKD, MOBITPSHO-PPEOHOBOK Ta
IHLUMMW CyMilLlaMW | BUKITIOMAE NOTPanniaHHS iIHOWKATOPHOro rasy B NPUMILLLEHHS
OS5 KOHTPOMI0, a TaKOX CUCTEMOK 30MpaHHs iHOWMKATOPHOI CyMmiwi ans
NoBTOPHMX BUNpobyBaHb abo CcUCTEMOK pereHepauii iHAUKATOPHOro rasy.
BigctaHb MiX oTBOpaMu LN OpeHaxy Ta 3abopy MoBiTps npu NpuUMycoBin
NPUNSIMBHO-BUTSXKHIN  BEHTUNAUIT Mae 6ytm He ™eHwe 10...20 M, wob6
BUKNIOYNTK 3abip NOBITPS, WO BUKUAAETLCS MPU ApeHaxi.

Y npuMilLleHHi CTBOPKKTbL UeHTpanbHe po3BeAEeHHS 4YUCTOro Cyxoro
NnoBiTpA abo TEXHIYHO YNCTOro a3oTy 3 TOYKOK pocn He Bule 233 K, a Takox
aBTOHOMHI KOMYHiKauil TpudasHoi mepexi Hanpyroto 220 abo 380 B i3
3a3eMrneHHsM. MNpuMilLleHHSs, B AKOMY NPOBOAATL KOHTPOSb repMeTUYHOCTI, Mae
OyTM npucTtocoBaHe pAna BOMOroro npubupaHHs | NOBHOI Aerasauii Big
IHOWKATOPHUX pPeYyYoBMH (MAUTKOBI Mignorn, CTiHKM | cTeni, nodapboBaHi
macnsiHoto doapboto, Ta iH.).

Teyowykadi, BaKyyMMeTpU, HACOCK, BCe crneLianbHe OCHaLWEHHS Ta iHLwe
obnagHaHHA MalTb BiQNoBigaTW KPECNEHHAM, MaTuU nacnopTu, atectatu abo
iHLWY TeXHiYHYy AOKyMeHTauilo. IX Crig BYacHO nepesipsATU i ekcrinyaTysaTw
BiANOBIAHO 4O BUMOT IHCTPYKLUiM 3 ekcnnyaTauii. [pn npoekTyBaHHI OCHALLEHHS,
HeobOXigHOro ans CTBOPEHHA OO'eKTIB HAKOMWYEHHSs, cnig nparHyt, wob
abcontoTHMN 06'eM HakonNnyeHHs1 ByB MiHIMarbHMM, a 3a30pP MiXK NOBEPXHSMU,
LLIO YTBOPIOKOTb 00'€EM HAKOMUYEHHS, — PIBHOMIPHUM.

TexHonoriyHe ocHaweHHSA (3arnyLwKn, WTyuepwn, NPoXigHWKN, KOCUHLI Ta
iH.) BUroTOBNAKTb 3 HeoOXigHMM 3anacoM MIUHOCTI 3 TuMm, wWob npwu
YCTAHOBMNEHHI Ha €eNnemMeHTU KOHCTPYKUil noro He nowkoamtn. B npoueci
BUNpobyBaHb HEOOXigHO 3acTOCOBYBATU Tiflbkn OOMIAHEHI TapoBaHi i 3BUYaNHI
KITHoui.

[Mpn koHTpONi HeobxigHO 3abe3neunTV 3aMipAHHSA  KOHUEeHTpauil
IHOWKaTOPHOro ragy B YCIX YacTUHaxX €EMHOCTEN | TYMNUKOBUX KiHUAX
TpybonpoBoaiB, a TaKoX MOXIUBICTb BiABEAEHHS YaCTUHWU iHOWMKATOPHUX
cCyMmillen 3 TYNUKOBMX B [PEHaX 3 METOW BUPIBHIOBAHHA KOHUeHTpauil
iHAMKaATOPHOro rady no BCbOMY 06'EKTY, L0 NepeBipaeTbCS.

EnemeHTn obnagHaHHS, OCHaLWEHHSA N iIHCTPYMEHT XPOMYIOTb, BOPOHYIOTb

49



abo hapObytoTb y CBITNi TOHW.
[lidczomoeka noeepxoHb KOHCMPYKUil 0o sunpobyeaHb

[MoBEpXHi KOHCTPYKUIN, sKi NigroToBnslTb A0 BUNpoOyBaHb Ha
repMeTUYHICTb, MatoTb ByTM BUFOTOBMEHI BiAMOBIAHO 4O TEXHIYHUX YMOB, BUMOT
KpecneHb, MPUAHATI cnyXbamu KOHTPOM i CynpoBOAKYyBaTUCA HEOBXigHO
OokymeHTauito. [lepen npoBedeHHSM KOHTPOMKO repMEeTUYHOCTI MNOBEpPXHi
BUPOOBIB MalOTb MPONTU NEPEBIPKY HA MILHICTb pianHOIO abo NoBITPAM, AKLLO Le
nepenbavyeHo TEXHIYHMMN BUMOTramMm.

[ligrotoBka NOBEpPXHi BiANOBIgaNbHUX KOHCTPYKUIM OO0 BMNpobyBaHb Ha
repMeTUYHICTb MICTUTb OYMLLIEHHSA, 3HEXUPEHHS | BUOANEHHSA PiavHN 3 KaHaniB
HellinbHoCTEN. [N OYULLEHHS | 3HEXMPEHHST 30BHILIHIX NOBEPXOHb OB'EKTIB
3aCTOCOBYIKOTb JIY)KHI PO3YMHWU | OpraHivyHi po3YMHHUKK. Bupobun, wo mawTb
ranbBaHiYHi, XiMiYHi abo0 aHogHI NOKPUTTHA, OYMLLAKTb | 3HEXMPIOKTb B
OpraHivyHMx po3ynmHHMKax. OpibHi BMpoOM ounWaoTb | 3HEXUPIOTE METOLOM
3aHyplOBaHHA Y BaHHW. Benuki Bupobu, ans skux uen Meton € HenpuaaTHUM,
OUMLLAKOTb | 3HEXUPHKTb CTPYMUHHUM  MeToaoM abo  npOTUPaHHAM
cepBeTKaMy, 3MOYEHMMMU OPraHiYyHMM pPO3YNMHHMKOM (aueTOHOM, OEH3UHOM,
NepxnopeTUsieHoM Ta iH.).

PioguHy 3 HewinbHOCTEM BMAAnNATb MICAS OCYLWYBAHHA 3O0BHILUHIX i
BHYTPILLUHIX MOBEPXOHb O4HUM 3 TaKUX METOAIB: KOHBEKTUBHUM, TEMMepaTypPHNM,
TeMnepaTtypHO-BakyyMHUM  (3arafnibHUM  BaKyyMyBaHHAM), OLHOCTOPOHHIM
BaKyyMyBaHHSIM, BUTPUMYBAHHAM Y MPUPOLAHUX YMOBaXx, KOMBiHOBaHUM. [pwu
BMOOPI MeToady BPaxOBYKOTb KOHCTPYKTMBHI OCOGMAMBOCTI BMPOBY i TEXHiYHi
BUMOI, WO CTaBnsATb OO HbLOrO; HasiBHE Ha nignpuemcTsBi obnagHaHHA i
OCHaLLEeHHSA; BUPOOHNYO-EKOHOMIYHI YAHHUKMN.

MeTon BuaaneHHa pigvHW 3 HELWNbHOCTEN LWNAXOM BUTPUMYBaHHSA
BUpOOYy B NPUPOAHUX YMOBAX 3aCTOCOBYIOTb Micns 0OpobneHHs MOoro noBepXHi
NEeTKUMN  OpraHiYHUMM  PO3YUHHMKaMK. PelwTy nepeniyeHnx MeTonis
3aCTOCOBYIOTb MicNs Ail ouMLLyBanbHUX i 3HEXMpPIOBanbHUX 3acobiB Ha BOOHIN
OCHOBI abo nicnga BunpobyBaHHA Ha MILHICTb rigpaBridyHUM OnpecyBaHHAM.

KoHBEKTMBHUI MeTOA nondrae B NigirpiBaHHi BMpoby npoayBaHHAM Yepes
NOro BHYTPILLHIO MOPOXHWHY rapsyoro nosiTps. TemnepaTypa noBiTpsa AN
npoayBaHHA BUPOOBIB He Mae nepeBullyBaTM JONycTuMy Ans  BUpoOy
Temnepatypy 3a TY. NpoayBaHHA BMPOBIB rapsyunm noBiTPSIM 3aCTOCOBYIOTH B
uexy abo cneuianbHin Kamepi, obnagHaHin WTy4yHOO abo nNpPUPOOHOKD
BeHTUNAuieto. Llen cnocié mae Bignosigatn Bumoram rany3eBux cTaHOapTiB.

TemnepaTtypHu MeTo4 Nonsirae B NigirpisaHHi BUpoby B Tepmokamepi abo
TepmoLladi, SKMM HeobXigHO MaTK NPMPOAHY abo WTYYHY BEHTMUNALIIO.

[Mpn  TemnepaTypHO-BakyyMHOMY MeTodi BMPIO  po3miwlyioTb B
TepMokamepi, Ae Moro nigirpisatoTb i BakyymyTb. [Ona BuaaneHHa piguHu 3
HeLLiNbHOCTEN cnoYaTKy BMUKaKTb HarpisasibHUN NPUCTPIN, @ NiCNA OCATHEHHS
HeoOXigHOI TemnepaTypy — BaKyyMHUMA HAcOC | OTPUMYKOTb HeobXigHWUN
3asIMLLIKOBUWN TUCK.
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MeTog o0aHOGIYHOrO BaKyyMyBaHHSI 3aCTOCOBYKOTb MNP BaKyyMyBaHHI
BHYTPILUHBLOT NOPOXHUHM BUPOBIB abo 30BHILLHLOrO npocTtopy. MNpu ubomy BUpI6
HeobXigHO NomiwaTtn B TepMmokamepy. BonoricTb NoBiTps B Lexy He mae b6yTu
Buwe 80 %. BuganeHHa pigMHnM 3 HeLWinbHOCTEN 3a A0OMNOMOro BakyyMyBaHHS
30BHILWHLOrO MNPOCTOPY MpPoBOAATE B TepMokamepi abo 6Gapokamepi 3
NPOAYyBaHHSAM BHYTPILWHbLOI MOPOXHUMHM BUPOBY nigirpitTum  nosiTpam. Y
BesfiMkorabapunTHux Bupobax AonycKkaeTbCs NPOBOANTM 30BHILLHE BaKyyMyBaHHSA
TiNbKWM HanMbinbLL BigNOBIgaNbHUX AINAHOK, HANPUKag 3BapHMX LWBIB. Y LUbOMY
BMMNaAKy 3aCTOCOBYOTb ManiorabapuTHi BaKyyMHi MpUCOCH.

[Mpy BMKOPUCTaHHI MeToay BUTPUMYBaAHHSA BMPOBY B MPUPOLHMX YMOBaXx
BUOANEHHSA PIiAVHU 3 HELWNbHOCTEN 34IMCHIOTL Npu TemnepaTtypi NosiTps B
npuMileHHi He Hwkdye 293 K | BigHocHin Bonorocti He Buwe 60 %.
BuTpumyBaHHs BUpoOy B NPpUPOAHMX yMOBaX TpMBaE OO MOBHOMO BUAaNEHHs
PIOVHN 3 HELWiNTbHOCTEMN.

BuaaneHHsa Bonoru 3 HelinbHOCTEN KOMOIHOBaAHMM METOAOM 34iNCHIOKTb
LLNSAXOM NOCIiQOBHOMO 3aCTOCyBaHHSA Aekinbkox metoai. KombiHoBaHUM meToA
3aCTOCOBYKOTb Yy TakKMX BuMNagkax: HAKWO 3a TEXHOMOrNYHUM UMKIOM ICHYE
BENNKUIM NMPOMIDXKOK 4acy MixXX onepauisMn BUOaneHHs pianHU 3 HeLWiNbHOCTEN |
BUNPOOYyBaHHSAMM Ha repMeTU4HICTb abo aKWwOo nponyckHa 34aTHICTb
TEXHOSOoriYyHoro obnagHaHHsA, HassBHOro Ha NigNnPUEMCTBI, € HE4OCTaTHbLOLO.

lMopsi0oKk eUKOHaHHSI KOHMPOJII0 2epMemuYHoCcmi
pPi3HUMU memoodamu

KomnpecitHi memoOu KOHMpPOII 2epMemuYHocmi

[Mpn KOHTpONiI repMeTUYHOCTI KOHCTPYKUIN nonepenHbO 3acTOCOBYHOTb
KOMMpecinHi metoan (MHEBMAaTUYHWUW, TiaPOCTAaTUYHUIA, MHEBMOriApaBIiyYHUN).
3anexHo Big BUMOr 40 NPOBaLKyBaHOrO KOHTPOMNK B NoganblioMy
3aCTOCOBYIOTb ranoigHum abo mac-cnekTpoMeTpPUYHU MeToa.

[Mpn nNHeBMaTM4HOMY MeToAdi BUMNPOOyBaHb KOHTPONbOBaAHUA O6'EKT
3arnoBHIOKTb MNOBITPAM abo a3oToOM Nid HaASIMLWKOBUM TUCKOM, 3a3HA4YEHUM B
TY. Ha 30BHiWHIO noBepxHO o06'ekTa HAHOCATb iHOWMKATOPHY pedvoBMHY. 3a
HasIBHOCTI TeYi iHANKaTOPHUI ras, NPoHMKa4un Yepes Hel, yTBoproe Dynbbaluku,
32 AKMMM SKICHO OLiHIOTb repMeTu4HiCTb 06'ekta. KinbkKiCHE OLjiHIOBaHHS
3aranibHOl repMeTUYHOCTI NPOBOAATL LUMAXOM BUMIPHOBAHHA chnagy TUCKY 3a
NeBHUM MPOMDKOK Yacy 3 HacTyrNnHUM NepepaxyBaHHAM Ha BENNYNHY BUTOKY

Y =V AP/t, (1.1)
[le T — Yac BUMIpIOBaHHSA cnagy TUCKY.

Mpu rigpocTtaTMyHOMY MeTodi B OB'EKT KOHTPOM 3anuBaloTb PignHY
(2...5%-H1N posunH xpomniky Bixpomaty kanito (K,Cr,0-) y BOAi, rac, macno,
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rigpocymill Ta iHWe i CTBOPKOOTbL HaAMULWKOBUIA TUCK. licns NneBHOI BUTPUMKHN
npoBoaATb Ornsg abo HaknageHHs inbTpyBanbHOro nanepy Ha MOBEPXHIO
3'edHaHHS, WO nepeBipsTb. [epMeTnyHICTb 06'ekTa OUIHIOKTL 3anexHo Big
HasiBHOCTI abo BIACYTHOCTI Kpanenb pigvHW Ha KOHTPOSbOBaHi MOBEPXHI
("3anoTiBaHb") abo NNAM Ha iNbTpyBaribHOMY Nanepi, AKM BUKOPUCTOBYHOTb SIK
iHOukaTop. BenuunHy BUTOKY BM3Ha4alOTb KiMbKICTIO pigvHW, WO BUTEKNa, i
YacoMm 1i 36upaHHs:

V="V, (1.2)

ne Vp— 06'eM pignHu, WO BUTEKNA; T — YacC CMOCTEPEXKEHHS.

[na 3py4yHOCTI iHOMKAUiT BUTOKIB Y psigi BUNALKIB HA 30BHILLHIO MOBEPXHIO
KOHTpONboBaHOro ob'ekra nonepeHb0 HAHOCATb KpenasHy 0OMasKy TOBLLNHOK
40...60 mkm. [Ons obmasyBaHHA FOTYOTb CMeTaHonoAibHM BOOHWA PO3YMH
Kpenanm i HaHOCATb MOro 3a AOMNOMOrOH XXOPCTKOI BOSTOCSAHOI LWiTkKn abo Oyab-
AKUM iHLUMM CMOCOBOM TOHKMM PiIBHOMIPHUM LLAPOM Ha MOBEPXHIO | BUCYLLYIOTb.
O6'em pignHK, WO BUTEKNa, BU3HAYalOTb  LUAAXOM  3BaXKyBaHHS
dinbTpyBanbLHOro nanepy Ao i nicna 3éMpaHHa piavHn, Wo BUTeKNa:

Vp=my —m,/y, (1.3)

ae my, m, — Maca nanepy BignoBigHo Ao i nicns 3éupaHHa piguHu;
Y — rycTuvHa pigvHu.

[Mpn nHeBmorigpasBniyHOMY MeTOAI B KOHCTPYKUIil, WO nepeBipaoTb,
CTBOPIOKOTb HAAIULLIKOBUA TUCK NOBITPS abo as3oTy i 3aHyproloTh 1I B BaHHY 3
pianHow (2...5%-H1UM po3umHom xpomniky (K,Cr,05) y BOAi, CNMPTOM Ta iH.)
MnbunHa 3aHypeHHa y Boay — 3...5 MM. I|HOMKauilo BUTOKIB NpOBOAATH 3a
4YacTOTOM NosBM | AiameTpom OynbbaLlokK rasy, Lo BUHUKAOTb Y MiCUSX Teu.

[na oTpumMaHHA YMCTOT NPO30poil BOAN 40AAK0Th arltoMOaMOHIEBUIN ranyH
NH,Al(S0,4), 3 po3paxyHKy 500 r ranyHy Ha 3 n Bogwu. [licna peTtenbHoOro
nepemillyBaHHs i BUTpMMyBaHHA npoTtarom 1-1,5 gobu Boga € rotoBow A0

BUKOPUCTAHHS.
BennunHy BUTOoKy HabnmxeHo BU3Ha4yatoTb 3a POPMYrow
Tl'd03
Y = - P, (1.4)
61’0

ne do — giametp 6ynbballku B MOMEHT BigpuBY;
T — Yac o Bigpuey 6ynbbaluku.

KomnpecinHi Mmetoam KOHTPOS0 repMeTUYHOCTI 3HA4YHO NOLLMPEHI 3aBAOSKN
NPOCTOTi, HAOYHOCTI, MOXMMBOCTI OrnsiAQy OAHOYACHO BCiEl NOBepxHi 06'ekTa,
Marsnin BapTOCTi MaTepianiB Ta OCHawWweHHA. Heponikamu uboro metoay €:
CyB'EKTUBHICTb OLIHIOBAHHS, BENMKA TPYOOMICTKICTb | TPUBANUM LMK KOHTPOSHO,
Mana 4yTniBiCTb. KpiM TOro, npy BUKOPUCTaHHI racy siK iHQMKaTOpHOI pe4oBUHMU
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iCHye noxexxHa Hebeaneka Ha AinsHuUi BUNpoOyBaHHS.
["anoidHult memod KOHMPOII0 2epmMemu4YHOCMI U mevyouwyKaHHs

MeTon OoCHOBaHO Ha peecTpauii B NPOTOYHOMY Aiofi eMicCii NO3UTUBHUX
IOHIB. [1N9 LbOro BUKOPUCTOBYIOTb BUA EMICIT, NP AKOMY HarpitTMin enexkTpos €
NO3UTUBHMM BiAHOCHO iHLLINX eNeMeHTIB JlaMnu.

[MnatuHoBUM aHopn, Harpitum o Ttemnepatypy 1073...1173 K, emitye
NO3UTUBHI IOHW, AKI MOXHa peecTpyBaTM Npu aTMocdepHOMY TUCKY. EMicis
NO3UTUBHMX IOHIB PI3KO 3pOCTa€ 3a HAABHOCTI rasiB, WO MICTATb ranioreHu.
MpuHuun Ail ranoigHoOro Tedowykada WM OCHOBAHO Ha Ui BNacTUMBOCTI, HAKY
crnocTepiraroTb K Npy aTMOCHEPHOMY TUCKY, Tak i B yMOBaX OEAKOro Bakyymy.
UyTrnMBnM eneMeHTOM [JaTyuMka ranoigHoro Teyouwykadya € nrnaTUHOBUN
NPOTOYHUM dio4. [anoigHui TevoLlykay MoXe BUABIIATU BMICT rasnoigiB y noBiTpi

AK iHOMKATOpPHI rasyv npu ranoigHoOMy MeTofi KOHTPOSMK repMeTUYHOCTI
Hanbinbll 4YacTo 3acCTOCOBYKOTb rafioreHo3aMiHHi ByrneBoAdHi — dopeoH 12
(CF2C12), dpeoH 13 (CFsCl), dopeoH 22 (CMF2C1), a Takox wecTudTopucCTy
cipky SFs. ®peoHn — XiMiYHO iHEPTHI i MaNIOTOKCUYHI PEYOBUHU. |13 3pOCTaHHAM
KiNbKOCTI aToOMiB (TOPY 3MEHLUYETbCA TOKCUYHICTb | peakuinHO34aTHICTb
dopeoHiB 40 MeTanis.

Mac-crnekmpomempuyHuUl Memood KOHMPOJIKO 2epMemuyHoOCMmi
U meyowyKkaHHs

Mac-CnekTpOMETPUYHNN METO TEeYOLWYKaHHS € OAHUM 3 HanbinbLu
YYTAUBUX | YHIBEPCANbHUX MPU KOHTPOMi repMETUYHOCTI KOHCTPYKLii. WMoro
OCHOBAHO Ha peecTpalil ioOHiB iIHOMKATOPHOro rasy, Wo noTpanue y BakyyMHy
KaMmepy TeyoluyKada 4yepes HacKpi3Hi gedeKkTn KOHTposiboBaHoro ob'ekta. lNpu
Mac-CnekTpoMeTpii cyMmiwi rasie abo napiB 3a LOMOMOrOK ENEKTPUYHUX |
MarHiTHMX NoniB NOAINAITbL 3a MacamMmu.

Mac-cnekTpoOMEeTPUYHNIN TEYOLLYyKay € CMpPOLLEHMM Mac-CrnekTpoOMeTpOoM,
HanaroKeHUM Ha yroBMNIOBaHHA Oy)Ke Manoro BMICTY iHOWKATOPHOro rasy.

[ns poboTn 3 Mac-CNneKTPOMETPUYHUMN TeYdoLlyKayaMmn AK iHOUKaTOPHUI
ras HanvacTilue 3acToCOoBYOTb renin. Moro mamno MictuTbes B aTMocdepi
(5:10* %) i BunpobyBaHnx 06'ekTax. [Mo3MTUBHO BNACTUBICTIO renito € Takox
MOro iHepTHICTb, BHACMIAOK 4YOro BiH € abCONTHO HeLwKigNMBUM i 6e3nevHnm y
po0boTi. AK IHANKaTOPHUIN ra3 MOXXHA BUKOPUCTOBYBATW TAaKOX renieBo-noBiTPAHY
i renieBo-a30THY CyMilLLli.

OgHMM 3 OCHOBHMX MapaMeTpiB, WO BU3HA4YalTb MOXIUBICTb
3aCTOCyBaHHA TeyoLllyKadiB AN BUPILLEHHSA 3aBAaHb KOHTPOSIO repMeTUYHOCTI
KOHCTPYKLIW, € MOro razoaHasnitTuyHa YyTnmBiCTb D,,,, SKa XapakTepusyeTbes
HaMMEHLLO PEECTPOBAHOK KOHLIEHTPAaLE iHOMKATOPHOro rady B aHanisoBaHiu
CyMiLi rasis:
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Dyin = Pmin/PZ’ (1.5)

ae P,,i, — 3aranbHuin TUCK aHasi3oBaHoI CyMiLli rasis;
Py — HaMEHLUNIA peeCcTpoBaHUA napuianbHUiA TUCK IHOAMKATOPHOro rasy B
aHani3oBaHin cymitui.

Y nepLumx NpPOMUMCIIOBUX Mac-CreKTpoMETpYHMX TedoLykadax (MT1-1, MTI14, IMT1-6)
razoaHanitTmyHa 4ytnueictb D,,;, = 105..2-107 npu 3aranbHOMYy rasoBoMy
notoui M,,;, = 0,266 mm*-MMa/c.

Y HacTynHUX MOAENAX TeYoLlyKayiB YyTnmBIiCTb Byo 3HaYHO NiABULLEHO:

D in = 6,66-10712,

Hanbinbw nowunpeHnMn BuaamMm Mac-CNnekTPOMETPUYHOIO KOHTPOSIO
repMeTUYHOCTI € Taki: 0b64yBaHHS KOHTPOSIbOBAHOI MOBEPXHi iHOMKATOPHUM
ra3om, HakonMMYeHHs Npu aTMOCHPEPHOMY TUCKY, HAKOMUYEHHS Y BaKyyMi.

KOHTpOSIb HaKoMUYeHHsIM Npu  atMocepHOMY TUCKY € HaunbinbLu
YYTAVBMM NP KOHTPOIi FePMETUYHOCTI Mac-CneKTPoOMeTpUYHUM MeToaoM. Moro
BUKOPUCTOBYIOTb ANA BU3HAYEHHS CTYNEHA repMEeTUYHOCTI (CyMapHOro BUTOKY
Yyepe3s BCi HadABHI HACKPI3HI Teui) KOHCTPYKLI|, LLO NepeBipATbLCA.

CyTb KOHTPOMO repMeTUYHOCTI HAKOMNUYEHHAM NP aTMOCHEPHOMY TUCKY
nonsirae B TakOMY: HaBKOJ10 06'eKTa, WO NePEBIPSOTb, CTBOPETHCSA 3aMKHYTUIN
3aXUCHUA repMeTMyHuM o0B'eM HakonuyeHHd. Llem o06'ekT 3anoBHIOKOTb
iHOWKATOPHUM ra3omMm (reniem, renieBo-noBiTpsiHOK abo renieBo-a3oTHOM
CYMILLLLIIO) OO HALMULLKOBOrO TUCKY, 3a3HA4Ye€HOro B TEeXHIYHMX YMOBax LWOAO
nepesipkn nesHoro ob'ekta. 3a HAABHOCTI HELLINbHOCTEN iHOMKATOPHUI ras
NPOHMKAE B 3aMKHYTUIN 06'€M HAKONUYEHHS, | KOHLEHTpAaLiA NOro B LibOMY 06'eMmi
nigsuwyeTbes. MeanyHoto ronkoto Jlbtoepa, BCTAHOBMEHO Ha Lwyn, 3'€eaHaHnK
LUIAaHrOM 3  TeyollyKayeM, PeecTpyrTb [MOKa3aHHS, BIAMOBIAHI  MEBHIN
KOHLeHTpaUil renito B AaHin 30Hi 06'emy HakonuyeHHA. KoHueHTpauito renito B
06'eMi HAKONUYEHHS MOPIBHIOKOTL i3 3a4aHOK0 B TEXHIYHUX YMOBaX i BU3HAYalOTb
BiANoBigHICTb 00'eKTa, WO NepeBipaATb, BUMOram repMeTUYHOCTI.

[Mpn KOHTpOMi repMeTUYHOCTI donaHueBux 3'egHaHb TpybonpoBoais
(pncyHok 1.1) oB'em HakonuyeHHA 5 BUWHWKAE MiX pnaHuamm 1 WNaxom
repmeTm3auil crneuianbHOK CTPIYKOK 4 MO 30BHILWHBOMY NeEpUMeTPY donaHLuiB.
YcepeauHi TpybonpoBoay CTBOPKETLCA HAOMMLWIKOBUMIA TUCK iHOMKATOPHOrO
ragy. 3a HasiIBHOCTI B 3'€¢QHaHHi Tey iHOWMKATOPHUM ra3 MNpoHUKae B 06'emM
Hakonu4eHHa (MixdpnaHuesun npocTip). Micna neBHOro BUTpUMyBaHHA B 06'eM
HaKOMUYEHHA LUSIIXOM MPOKOSY CTPIYKM BBOAATb MeOU4HY rosfiky Jlbtoepa 2,
BCTAHOBIIEHY Ha LUyN 3, i 3aMipsA0Tb KOHLIEHTPaLito iHANKATOPHOro rasy B 06'emi
3a 4Yac HaKorMU4YeHHs.

[Mpn KoHTpoOni repmeTndHocTi TpybonposodiB (pucyHok 1.2) o6'em
HaKOMUYeHHSA 7 CTBOPHETLCA HaBKOMO Tpybonposoay 6, WO MNepeBipseTbes,
NPUKNEBaHHAM MMIBKM 2 OO0 TEXHOSOMNYHOI OCHACTKM 5 NUMNKOK CTpiykow 1,
Hanpuknag MXC. OcHaweHHa Mae wTyuep 4 ans 3anoBHeHHSA Tpybonposoay
IHOMKaQTOPHUM ra3om nig Hag AMLWKOBUM TUCKOM.

3a HaaBHOCTI B MaTepiani CTiHOK Tpybonposoay abo B 3BapHOMY 3'€HaHHI
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Tey IiHOMKATOPHUW ra3 npoHWKae B 06'eM HakonuyeHHsa. [licna nesHoro
BUTPUMYBAHHSA B 06'€M HaKONUYEHHS NPOKOSIOM CTPiYK1 BBOAATL ronky Jlbtoepa
3 i 3aMips0Tb KOHLUEHTpaLito iIHOMKAaTOPHOro raay.

3 —>

////

-
——

4

\7 \6 \5
L '—ﬂ
PucyHok 1.1 — lNpnHuunosa cxema PucyHok 1.2 —lNpuHumMnoBa cxema
KOHTPOJSIO KOHTPOSIO repMeTUYHOCTI TpybonpoBoais
repMeTUYHOCTI doriaHueBUX 3'eQHaHb
Tpybonposogais

[MpUHUMNOBY CXeMy KOHTPOSIHO repMEeTUYHOCTI KOJSIeKTopa nokasaHO Ha
pucyHky 1.3.

PucyHok 1.3 — lNpuHUMNoOBa cxema KOHTPOSIKO repMeTUYHOCTI KonekTopa:
1 —donaHeup; 2 —npoknagka; 3 — 3arnyLuka; 4 —konektop; 5 —wyn; 6 — ronka Jlbtoepa;
7 — 06'eM HakonNUYeHHs; 8 — yLinbHIOBanbHa CTpiyka; 9 — TeXHOSOoriYyHe OCHaLLEeHHS

KoHueHTpauito iHAMKaTOPHOro rady B 06’€Mi HaKOMUYEHHS 3aMipstOTb
aHaroriyHoO paHiwe po3rnaHyTUM npuknagam. KOHTPOSib KOHUEHTpauil renito
NPOBOAATL LUIAXOM MOPIBHAHHA MOKa3aHb TeyollyKaya CTOCOBHO creuianbHo
NPUroTOBaHOI €TasfioHHOl CyMilWli 3 MOKa3aHHAMM Te4ollykada LWoado
iHOWKaATOPHOro rasy B 06'eMi HAKONUYEHHS, LLIO NEPEBIPSAIOTH.
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[na npurotyBaHHS €TarioHHOI CyMilli nonepegHbo BakyyMoBaHUn 6a4vok,
3a3BuYan BUIOTOBMNEHUW 3 HEPXaBilOYol cTani, HanoBHKOKTb MOBITPAM abo
a3oToM, MOTIM 3a OOMOMOrow MeguM4yHOro wnpuua B HbOro BBOASATb MEBHY
KiNbKICTb renito Vp, o Bu3Ha4varoTb 3a OpMYyrok

Ve
Vo = C oo (1.6)

ae C— HeoOxigHa KOHUEeHTpauisa resito B eTanoHHin cymiwi, %;
Ve— 06'eM, SIKMI 3aiMae eTanoHHa cymill, cm2,
Ana  NpuroTyBaHHA €TasrioHHOI CyMIiLLi  BUKOPUCTOBYIOTL  KOHLIEHTPALjio  renito
1-107...1-10-2 % B MOBITPi.
[paHM4Ha YyTIMBICTb CNOCOBY HAKOMMYEHHST NP aTMocthepHOMY TUCKY BigrnoBidae
KOHLIeHTpaLlii renito B 06'eMi HaKoNM4eHHS, Lo AopiBHIoE 2,5-104%.

KoHTpoOnbHi 3annTaHHA

1. Y yomy nonsaratoTb 0COBNMBOCTI NiAroTyBaHHS NOBEPXOHb KOHCTPYKLM
[0 BUNpobyBaHb?

2. AKi pi3HOBUAON KOMMPECINHUX METOAIB KOHTPOSI0 repMETUYHOCTI BU
3Haete?

3. HasBiTb iHOMKATOPHI rasu Npu rasioigHOMy MeTOAI KOHTPOSTHO repMeTUYHOCTI.

4. AKi iCHYIOTb BUAW MaC-CNEKTPOMETPUYHOIO KOHTPOSHO?

5. Y yomy nonsaratoTb 0COBNMBOCTI KOHTPOSO rePMETUYHOCTI donaHueBnx
3'edHaHb?

6. ONMWIiTb TEXHOMOriIKD KOHTPOSIK0 TFEPMETUYHOCTI TPyboNpoBOAIB |
KONEeKTopiB.

7. Aka iCHye 4yTnuBICTb CNOCOBY HaKOMUMYEHHs Ta iHWWUX MeToniB Mac-
CMEKTPOMETPUYHOIrO KOHTPOSO repMeTUYHOCTI?

8. Aki BUMOrn ctaBnATbCA A0 NPUMILLLEHHS, 0BNagHaHHSA | TEXHOMNOMYHOro
OCHaLEeHHA?
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JTabopaTtopHa po6oTa Ne 2

PO3PAXYHOK CONEHOIAIB 3MIHHOIO CTPYMY 5
anA HAMArHIMYBAHHSA | PO3MAIHIMYBAHHA CTAJIEBUX OETAJIEU
NMPU MATHITHOMY KOHTPOII

Mema pobomu:

1. O3HanoMmnTUCA 3 METOLOM PO3PaxyHKy COSeHoIaiB.

2. BUKOHaTM  po3paxyHKM  COMeHoIdiB  Ana  HamarHivyyBaHHA i
po3MarHiyyBaHHA aeTtanen, aki € pisHMMK 3a KoHdirypauieto i poamipamu.

TeopeTUyHi BigoMocCTi
OCHOBHI nos10)XeHHs1

MarHiTHa gedpekTockoniss — OOCHiIOXXEHHA CNOTBOPEHbL MarHiTHOro noss,
LLO BMHWUKNN B Micuax AedekTiB y Bupobax 3 gepomMarHiTHUX maTepianis
(Hanpuknag, 3 KOHCTPYKLINHOI cTani).

YCTaHOBKM [N MarHiTHOro KOHTPOSIO  PO3MIWYOTb B OKpeMoMy
NpUMILLEHHI. [lonyckaeTbCs 1X po3TawyBaHHA Y BUPOOHNUYOMY MOTOL 3@ YMOBMU,
O BigBedeHa nig ui yCTaHOBKWU AiNsHKa He MeXye i3 30Hamu MigBuLeHoro
BMiCTYy nuny i mae nnowy He meHwwe 10...15 M2, AN KOHTPOIO BEMNUKUX | BAXKKNX
aetanen Hag AedeKTOCKONoM HeEODXiaAHO BCTAHOBUTU MIANOMHUN KPaH.

[o obnagHaHHA MarHiTHoro gedekrtockorna oOOB'I3KOBO Mae BXOAUTU
NPUCTPIN AN perynioBaHHA CTpyMy i amnepMeTp ans 6esnocepeaHboro Biasiky
CTPYMYy B NaHL03i, WO HamarHivye. [1na KOHTpornto AgeTtaneun cknagHol oopmu i
BENUKMX pPo3MipiB gedpektockonn 3abe3nedyroTbCs O0COBAMBO  FHYYKUMMU
nposogamu nepepizom 100...200 mm2. HeobxiaHy NoOTyXHICTb AedekTockonis
ONa UMPKYNSPHOro HamarHiyyBaHHSI BM3HaYaloTb, BMXOOSYM 3 MOMNEPEUHUX
po3MmipiB geTanen, WO nepesipalOTbCA. MakcumanbHa cuna CTpymy B
aedgekrTockonax Ans UUPKYNSPHOro HamMarHiyyBaHHS MOXe 3MiHIOBaTUCA B
mexax Big 50 go 10000 A npu Hanpysi xosioctoro xoay Ao 24...36 B. MarHitn
AN9 HamarHidyBaHHS | po3marHivyBaHHA agetarnen nogoBXeHOl oopMU MOBUHHI
MaTuU MarHiTHe none He MeHwe 150 epcten npwu BcTaeneHin getani. OAns
HaMarHidyBaHHS AUCKIB HaNpPYXXeHiCTb Nons B coneHoigi mae 6yt He MeHLe
400...450 epcTeq, a onga poamMarHidyBaHHs — He Hwxkye 200 epcTep.

HanpyXeHiCTb MarHiTHOro nosid B COSIEHOIA4I B 3aranbHOMY BUrNAAi
OnMnUCYTb OOPMYIIOHD

H=K-"I, (2.1)
ae H — HanpyXeHiCTb MarHitTHoro nons, E;
K — ctana coneHoiga, Wo 3anexnTb Big PO3MIpiB COfieHoiga Ta KiNbKOCTi

NOro BUTKIB;
I — CTpyMm, WO NpoxoasaTb Mo obMoTUi coneHoiga, A.
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3HWKEHHA 3MIHHOIMO CTPyMYy B COJSIEHOI4i Npu BHECEHHI [0 HbOro
doepomMarHiTHOI geTarni 3anexuTb Bif TakUX YNHHUKIB:
— cbopmu geTani;
— po3MipiB geTani NOpiBHSAHO 3 pO3MipaMu COSieHOIAa;
— KiNbKOCTI BUTKIB CONeHoIaa;
— Mapku ctarni Ta 1l TepMidHOro o6pobrieHHs.
Po3paxyHOK coneHoiaiB npoBoasiTb, BUXOAAYM 3 TAKNX BESTUYNH:
— Hanpyrn mMepexi;
— HanNpPY)XeHOCTi MarHiTHOro nons B LIEHTPI coneHolga npu BHECEHIN
agertani;
— po3MmipiB geTani;
— (popmu nepepisy getani;
— NPU3HAYEeHHSA corneHolaa.
Po3paxyHOK coneHoiga 380aMTbCs 40 BU3HAYEHHS:
— po3MipiB NOro 06MoTKKU, TO6TO 1T AOBXMHW 1 NOMNEPEYHOro nepepisy;
— KINIbKOCTi MOro BUTKIB;
— nepepisy nposoay 06MOTKM.
CxeMy KOHCTPYKLUiT coneHoliga nokasaHo Ha PUCYHKY 2.1.
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PucyHok 2.1 — Cxema KOHCTpPYKLii coneHoiga
Bnnue ¢phopmu demarni npu po3paxyHKy 3MiHHO20 CmMpyMy

YHacnigok noBepxHeBOro eqpekty dopma aetarsni BnNivMBae Ha pPoO3noain
MarHiTHOro NOTOKY MiXK eTasinto | NOBITPAHUM cepefoBuLLem coreHoiga. Tomy
Nnpu BHECEHHI B COJSIEHOI4 AeTanen O4HaKoBOro nepepisy, ane pisHoi dpopmu
BENMYMHA 3HWXKEHHA CTPyMYy TakoX Oyae pi3HOw, WO nNigTBEepPLKYETHCH
npoBeeHUMIN ekcrnepumMmeHTamn. Hanpuknag, npyu BHECEHHI B corneHoia getani
3 1BOTaBpPOBUM Mepepi3zoM BiadyBaETbCA 3HMKEHHS CTPYMY NpmnbnnsHo Ha 30 %
Ginblie, HiXX y BMNAAKy 3 AeTanmo 3 KPYriuM MNepepisom TOro X poamipy.
BHeceHHs B coneHoig macvBHOI BonBaHkM 1M TpyOu OAHAKOBOrO 30BHILLHBOrO
giameTpa 3 TOBLWMHOK CTiHKM Oinbwe 3 MM nNpuBOoAUTb OO0 MPUONKU3HO
OLHAKOBOr0 3HWXKEHHS CTPyMy, He3Baxakwun Ha Te, WO nepepi3 O6onBaHkn B
Kinbka pasiB binbLue nepepisy Tpyou.
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Y 3B'A3ky 3 UMM HeobxigHO BBOAUTM MOMPaBKOBUMA KOEMILIEHT, WO
BpaxoBye BMnnB (opMn Mnepepidy getani Ha BESIMYMHY 3HUXEHHS CTpyMy B
coneHolgi. 3 ornagy Ha pisHOMaHITHI opMuU Nepepisy geTanen, Wo nignararTb
MarHiTHOMY KOHTPOJSIHO B CONeHolgi, HeQOUiSIbHO W rPOMI3QKO BU3HAYaTu Len
koediLieHT Ans KoxHOT hopmu AeTani. Moro s3HaxoaaTb ekcnepuMeHTarnbHo Ans
HanBINbW MNOWMPEHNX, TUNOBUX (popM nepepisy. IHWi getani 3 NEBHUM
CTyneHem TOYHOCTI HanexaTtb A0 Tiel abo iHWoI rpynu geTtanen.

HeTtanb 3 HanMbinbL nNpocTolo hopMOoK nepepisy, Hanpuknag cyuifibHUn
LUuningp NpaBunNbHOT YopMK 3 Nepepi3oM y BUrnaai kona, 6epyTtb 3a 0OaUHULLIO,
TOOGTO 3a eTanoH. LUnaxoM nOpiBHSAHHA BeNWYMHM CTPYMY B COMeEHoIdi npwu
BHECEHHI B HbOro getani iHWoi oopMn OTPMMYEMO MNOMPaBKOBUM KOEMILIEHT
dopmu nepepisy getani, akun o64YNCIIOEMO 3a PopMyIoro

@ =1./1, (2.2)

ae I, — cTpyM B COMEHOIAl Npu BHECEHHI eTaroHHOI aeTani;
I, — cTpy™M B coneHoiai Npy BHECEHHI AeTani neBHOl hopmu.
Hanbinbw Tvnosi dopmu nepepisiB geTanen nokasaHo Ha PUCYHKY 2.2.

a

— [ —

PucyHok 2.2 — ®dopmu nonepevHnx nepepisis
Bu3Ha4yeHHs PO3pPpaxyHKosUX 3Ha4YeHb demani

MacueHi pgetani ©6e3 oTBOpiB i npocToi opmn nepepisy (Kpyr,
GaraTtorpaHHuK) B3ATO 3a OOMHMUIO — €TarnoH, 3 SKMM MOPIBHIOKTb BCi iHLU
aetani. ToMy po3paxyHKOBUA Nepepi3 uMx getanen OOPIiBHIOE MSIOLWi IXHbOro
nepepidy 6e3 dyab-saKkMx NonpaBoK, TOBTO X KOEMILIEHT ¢ OOPIBHIOE OOUHWL.

PospaxyHkoBa nnowia y nycToTinux getanen nNpoctoi popMu LOpPIBHIOE
nnowi nepepisy, oBYMCNEHOI 3a 3O0BHIWHIMW po3MipaMmn nepepisy 6e3
ypaxyBaHHs 6yab-AKNX HAasiBHUX B HbOMY OTBOPIB i NTOMHOXEHOI Ha NONpaBKOBUI
KoedoiuieHT (Tabnuua 2.1). 3HayeHHs UbOro KoeduiuieHTa BigobpaxeHO Ha
KpuBIN, 306paxkeHin Ha pUCYHKY 2.4, a KpuBy nobyaoBaHO 3a pesynbTaTamu
eKCnepuMeHTy, NpoBeaeHOro 3i 3pas3kamu, OpMU NonepeyHnx nepepisie AKNX
NnokasaHo Ha PUCYHKY 2.2.
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Tabnuuysa 2.1 — NonpaekoBUn KoedilieHT hopMn nepepisy aeTani

a/e 1 15 5 10 50
4 1,03 1,04 1,13 1,23 1,44
é 0,75 5 6 10 20
4 0,78 0,94 0,95 0,97 1,03
7
| ¢ |
14 — . 10
® i
“ a8
10 i 5w 5B 209

7 10 20 30 40 50 g
PucyHok 2.3 — 3anexHicTb koediuieHta ¢

dopmu nepepisy getani Big BENUYNHU
BiAHOLUEHHS BiNbLLOI CTOPOHM
NPAMOKYTHMKa [0 MEHLLOI

PucyHok 2.4 — 3anexHicTb KoediuieHTa @

dopmu nepepisy geTtani Big TOBLUMHU
CTIHOK NyCTOTINNX aetaneun

Taknm YrHOM, po3paxyHKoOBY Nnowy Q.. Y NycTOTINMX AeTanen npocToi
doopmMn BU3Ha4aroTb 3a GOPMYNoo
Q,qu = @S, (23)

ae S — nnowa getani 6e3 ypaxyBaHHS Oyab-sIKUX HasiBHUX B Hil OTBOPIB.
Po3paxyHkoBY nnoLwy geTaneu i3 NpSMOKYTHUM | KBagpaTHUM nepepisamm

cnig Bu3HavaTu 3a opmynoto (2.3), a 3Ha4YeHHs1 @ — 3a KPMBOK Ha PUCYHKY 2.3.
dopmyrna ong BU3HaYeHHS po3paxyHKOBOT NIIOLL MaTUMe Taknin BUrnaa;:

Qrer = P3P,4S. (2.4)

PospaxyHkoBa nnowa AUCKOBUX AeTanen [OOPIBHIOE TOBLUWMHI OucKa,
NMOMHOXEHIN Ha 1oro giameTp. [JoBXUHY AeTani BU3Ha4yatoTb 3a 3aNneXHICTIo

L,.. = 0,75D. (2.5)
Bu3HayeHHs1 po3Mipie coneHoiOa

[na obuyncneHHs po3mipiB coneHoiga HeobxigHO 3HATK TaKi 3HaYEHHS:

1. KoeiuieHT 3anoBHEHHSA COfieHolga AeTtanso 3a MOoro nepepiaom, Lo
[OPIiBHIOE BIAHOLLEHHIO PO3pPaxyHKOBOro nepepisy aetani Q... A0 nepepisy
coneHoiga @, ob4ncrneHoro 3a Noro BHYTPILLHIMW po3MipaMu; y pasi Kpyrroro
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nepepisy Qe; = n-DﬂeTZ/4, a MPAMOKYTHOMO — Q..; = S-e (S,e — CTOPOHU
NPSMOKYTHMKA). [Mo3Ha4YnMOo Len koequiuieHT 6ykBoto a, Toai

a= Q,ueT/Q- (2.6)

2. KoediuieHT 3anoBHEHHS1 COneHolga no MOro AOBXWHI, WO AOPIBHIOE
BiAHOLLIEHHIO PO3paxyHKOBOT AOBXWHM AeTani 40 OOBXUHU coneHolga.
[Mo3Haunmo uen koedpiuieHT 6ykBoto b, Toai

b=L./L (2.7)

3. KoeiuieHT 3HMXKEHHS CTpyMy MpU BHECEHHI B COMeHoid geTani, LWo
OOPIBHIOE BiAHOLLEHHIO CTPYMY B coneHolifi 6e3 getani Iy 40 CTPyMy B CONeHoIAi
3 getannto I. [No3Ha4Ymmo uen koediuieHT 6ykBoto ¢, Toai

c=1I,/I (2.8)

OyHKUIOHanNbHI 3aneXHOCTi BCiX KoeiuieHTIiB Noka3aHO Ha pUCYHKax 2.5,
2.6. [padpikn, 300pakeHi Ha PUCYHKY 2.5, MNpPU3HAYEeHO AN BU3HAYEHHS
KoedoiyieHTa npu po3paxyHKy cofieHoiga, SKANM KUBUTBLCA Big Mepexi
220...380 B, a rpagviku Ha pUCYHKY 2.6 — Big Mepexi no 28 B.

lc de
3 o - 8=2
// = s 8=0.75 é T 8=1,5
2 | A 6=0,5 PP .
——— e8=U,
il /""4 8=0,5
1 il = o025
01 02 03 04 05 06 07 @ 01 02 03 04 05 06 07 @
PucyHok 2.5 — ®yHKUiOHanbHI PucyHok 2.6 — ®yHKUiOHamNbHI
3anexHocCTi KoediuieHTiB ¢, a Big 8 3anexHocCTi KoediuieHTiB ¢, a Big 8
npu Hanpy3i 220...380 B npv Hanpy3i 28 B

MeToauka i nopsaaok po3paxyHKiB

BuxiOHi 0aHi
D,.. — Kpyrnuih nepepis; s, e — NPAMOKYTHUN nepepi3; D .., 6,0p —
KinbLesuin nepepis; L,.. — AOBXWHa AeTani; U — Hanpyra B mepexi, B; H —
HanpyXeHicTb MarHiTHoro nons, E; I — cTpym B coneHoigi npy BHECEHIN B HbOrO
aetani, A; Npu3HayeHHa coneHoiga — po3MarHiyyBaHHs abo HamarHidyBaHHS
aeTanen.
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Po3paxyHoK po3mipie 06MOmkKu coJsieHoida

1. Cnovatky HeobXigHO 3HanMTWM po3paxyHKoBy nnowly aetani ( Qe =
=" DAET2/4 — Kpyrnui nepepis; Q o; = S * € — NPAMOKYTHUN).

2. Nani Tpeba BubpaTtn ymncnoBe 3HaYeHHs KoedquiuieHTa c. [pu UbOMYy
HeoOXigHO BpaxoByBaTH, LLIO NPU HEBENUKOMY NOro 3HAYEHHI Nig Yac BHECEHHS
aetani B coneHolg 6yae MeHWnM 3HMKeHHs cTpymy. OgHak ue npu3soanTb 4O
3HayHoro 30inbLIEHHs PO3MipiB coneHoiga, Wo noTpebye BinbLUoi KiNbKOCTI
MigHoOro ApoTty i 6inbloT BUTpaTK eHeprii. ToMy BENUYMHY ¢ PEKOMEHOYETLCAH
BUbUpaTtn Tak: npu xuseneHHi U = 220..380B c=1,5..2; npu U =28B c =
=1,2..1,5.

3. 3anexHo Big BubpaHoro koediuieHTa ¢ Ta Hanpyrn U 3a puCcyHKom 2.5
abo 2.6 HeobOXigHO BM3HAYUTM KoediuieHT a. 3Haun KoeduiuieHT a, MOXHa
3HaNTV nepepia coneHoiga Q = Q,../a.

4. Bennuunny KoedpiuieHTa b  corneHoiga, NpPM3Ha4YeHoro ans
HaMarHiyyBaHHS i po3marHivyyBaHHA getanen 3a SJONOMOrol 3HWXKEHHS CTPyMy
B coneHoigi Ao Hyns, HeobxigHo BMbupatn B gianasoHi b = 0,25 ... 1. [licna
LbOro MOXXHa 3HanTu OOBXUHY coneHoiga L = LaeT/b.

Po3paxyHOK Kinbkocmi eumekie cosieHoida

KinbkicTb BUTKIB COleHOIga BU3Ha4aloTh 3a hopMyrnor
w=p-U-10°/4.44-f -2 -H} - Q, (2.9)
e p — nonpasKoBUN KoeqiLieHT, WO 3aneXuTb Bid oopMu coneHoiga, To0To Big
BiAHOLLIEHHS BHYTPIWHbLOrO AiameTpa D coneHoiga A0 WOro AOBXWHU L;
U — Hanpyra mepexi, B; f —uacTtoTta mepexi, 'u; Q — nnolla coneHoiga, cm?;
H{ — po3paxyHKOBa HarnpyXeHiCTb MarHiTHoro nons, E.
/,l

0,8 Y
s T NN
AN

N B
TR NN =
SEEANSE
LN T D=200
B \ D=125

01— — D=100

0" 4 2 3 4 5 6 DL

PucyHok 2.7 — 3anexHicTb nonpaBkoBOro
KoedilieHTa p Big popmn coneHoiga
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[MonpaBkoBuN koedilieHT BUOMpPaloTb 3rigHO 3 KPUBUMU, NOKa3aHUMU Ha
PUCYHKY 2.7.
[na mepexi yactotoro 50 Ny hopmyna (2.9) HabyBae Burnsay

w=p-U-10%/m-Hy " Q. (2.10)
BHyTpiwHIn giameTp coneHoiga
D =./4Q/m. (2.11)
Po3paxyHkoBa Hanpy>XeHiCTb MarHiTHOro rnoJsis
Hy =c-H. (2.12)

[licnsa BU3HAYEHHS KiNbKOCTI BUTKIB HEOBXIAHO 0B6YMUCIIUTI pO3paxyHKOBUI
CTpyM Yy coneHoigi 6e3 BHeceHoI aeTani:

IO=C'I.

[ani HeoOXxigHO ckoperyeBaTu BCi OTPUMaHI paHiwe BenuyuHu. LincHun
KOeqiLUiEHT 3HWKEHHA CTPyMy

¢ =0-c. (2.13)

KoediuieHT J BnbupatoTs i3 Tabnuui 2.2.
KinbKicTb BUTKIB

0w =w-c/c (2.14)
CTpyMm

Iy =1y c'/c; (2.15)
Hanpy>XeHiCcTb

Hy=H,-c'/c. (2.16)

Tabnuuga 2.2 — [lincHi Benn4nHm

g @ g @ g @ g @ g
0,915 20 0,86 80 0,97 600 1,015 1200 1,065
0,95 25 0,89 100 0,976 700 1,025 1300 1,07
1,00 30 0,91 200 0,98 800 1,035 1400 1,08
1,09 50 0,94 415 1,00 1000 1,045 1600 1,095
1,145 60 0,955 500 1,005 1100 1,055 1700 1,10

O|lolo|olM

Po3paxyHok nnowi dpomy o6Momku cosieHoida

KinbkicTb amnep-BUTKIB, HEOOXiOHWUX AOns CTBOPEHHSI PO3paxyHKOBOI
HanNPY>XeHOCTi MarHiTHOro nonsg, o64YMnCnTbL 3a POPMYIIOHD

AW =1y -w=Hy- [D3+1%2/0,4 m, (2.17)

abo
AW =1,-w=Hy - L/0,4 -1 cos(a), (2.18)
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ne D, — cepenHin giameTp coneHoiga.
[Mpn obuncneHHi amnep-BUTKIB 3a4at0Tb TOBLUMHY h 0BMOTKKM, a nicnsa i
PO3MiLLIEHHS1 PO3PaxOBYOTb 32 BUPa30OM

h =ngd;,/y, (2.19)

ae d;, — piameTp i3011b0BaHOro APOTY;
Y — KoediuieHT winbHocTi yknageHHsa (y =0,85...0,9 gna coneHoigis
NPSMOKYTHOrO | KpYrioro nepepisis BignoBigHO);
Nnpg — KiNbKICTb LWapiB 0OMOTKM.
3Hatun  KinbKiCTb  aMnep-BUTKIB, HeobXigHUA CTpyM Yy  COMeHoIA;
BU3Ha4aloTb 3a POPMYIoK

Iy = AW/ w. (2.20)
Ha oCHOBI ryCTvHU CTpyMY &y 3HaX0OATb NIIOLLY nepepi3 opoTy
q = 10/60 ) MMZ. (221)

[YCTUHY CTPyMy peKkOMeHaylTb Bubupatm B  fianasoHi 8y =
= 15 ...18 A/MM?, BpaxoByHU4M KOPOTKOYACHICTb pOBOTH comneHoina.

Y pasi 6aratowapoBoi 0O6MOTKM HeOOXigHO i3onoBaTM OAMH Lap Big
ofHOro Byab-AKUM i30NAUIMHAM MaTepianom.

KinbkicTb BUTKIB n¢ Yy Wapi BU3Ha4aloTb 3a (OOPMYIior

ne = LA/d, — 1, (2.22)

ne A — koediuieHT wWinbHocTi HamoTyBaHHA (4 = 0,95...0,98 npu pydHOMY 1
MalUMHHOMY HaMOTYBaHHI BigMNoOBIAHO);
L — 0OBXWHa coneHoiga, MM.
KinbkicTb WapiB 0OMOTKM OBUYMCNIOOTE 3@ BUPa3oM

ng = w/nc. (2.23)

[ns po3paxyHKy CONeHoidiB 3MiHHOro CTpymy BIi4MOBIAHO OO 3aBAaHHS,
BWUOAHOro BUKIagavem, cnig 3HaTu: Hanpyry, HanpyXeHiCTb MarHiTHOro rnosisi B
LEeHTpi coneHoliga, po3mipu getani, doopMy nepepisy getani, NpusHadeHHs
coneHoiga.

KoHTpOnbHi 3anuTaHHA

1. Y yomy nongaratoTb OCOBMMBOCTI 3aCTOCYBaHHSA MarHiTHOro metoay?

2. HasBiTb 06'€KTN KOHTPOSIO, IXHI XapakTepUCTUKM.

3. Akun BNnNuB Mae popma gertani Ha po3paxyHOK cofieHolga 3MiHHOro
CTpymy?

4. AK BU3HA4YNTM KoeilieHT 3anOBHEHHSA COofeHolga aeTanno?

5. Ak BuOpaTn BENUYNHY KoedilieHTa 3HUXXEHHS CTPyMY?

6. AK BU3HAYMTN HaMpPY>XEHICTb MarHiTHOro Nonsa coneHoigis?

7. Ak BUOpaTK BENUYUHY HANpPYru Mepexi, ika XXUBUTb CONEHOIA?
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JlabopaTtopHa po6oTa Ne 3

MAIHITOMOPOLUKOBUA KOHTPOIb LINICHOCTI
®EPOMAIHITHUX OETAJIEU

Mema pobomu:

1. O3HanOMUTUCH 3 MOPSIAKOM BUSIBNIEHHS MOPYLIEHHSA UiniCHOCTI B
doepomMarHiTHUX geTtansx 3a 4ornoMOorold MarHiTonopoLLUKOBOro KOHTPOJTHO.

2. HaBunTuca npouenypi npoBeeHHs MarHiTONOPOLLKOBOro KOHTPOJSIO Ta
BUKOHAHHIO BUOpakoByBaHHSA AeTarnen.

TeopeTUyHi BigoMocCTi

MarHiTonopoLLKOBUIA KOHTPOSb BUKOPUCTOBYETLCA [ANA BUNpobyBaHb
mMarepianis, AKi JIerko HamarHidyTbCs. Llen meTton 3gatHUn BUSABIATU BIOKPUTI
Ta nignoBepxHeBi AedeKTu.

BunpobyBaHunin 3pa3ok HamarHivyyeTbCs 3a 40MNOMOror NOCTIMHOIO MarHiTy
abo 3a JONOMOroK eNeKTPUYHOro CTPYMy, LLIO NPOXoauTb Yepes 3pa3ok abo gie
HaBKoMo Hboro. MarHiTHe none, BBegeHe TaknuM YMHOM Y 3pasokK, CKIlagaeTbCs 3
MarHiTHUX cunoBux MiHin. LLlopasy B micui, e BUHMKae nedekT, nepepmnBacTbCcd
NOTIK MarHiTHUX CUNOBUX NiHiW. [leski 3 uMx NiHi NOBUHHI BUNTK 3i 3pa3ka i 3HOBY
YBIUTU B HbOro. Lli Toukn Buxody i MOBTOPHOrO BXO4Y YTBOPKOKTL NPOTUNEXHI
MarHiTHi nontocu. Po3cmnaHi Ha noBepxHi 3paska HanapibHiLli MarHiTHI YaCTUHKM
(MarHiTHUM NOPOLLOK) NPUTATYIOTLCA UMW MarHiTHAMKU NONKcCamMu, CTBOPHOOYN
BidyasnibHy iHOMKaUiO, WO HabnuwkeHoO nepepae po3Mmip i opmy aedekty
(pncyHok 3.1, a, 6).

\
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11y

]
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WA VR

e

PucyHok 3.1 — Bnnue gedekTiB Ha NOTiK prntocy B HaMmarHiyeHoMmy KinbLi:
1 — niHiT NOTOKY; 2 — TpiwwHa; 3 — rmMnbokun aedekT

Y uin  nabopaTopHin  poBOTIi  MarHiTONOPOLIKOBUA  KOHTPOIb
NPOAEMOHCTPOBAHO Ha npuknagi 6onta KpinmieHHs pamu rofioBHOroO wWaci
BepTonsota Mi-8.
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OnepayiiHa Kapra JabopatopHol nepesipk

| te

i, MarHiTHUKA KoHTpoN ks BonTia peayKTOpPHOI pamK LLludap
Onepauin N2
HalimeHyBasKa getani Howep getani IMarepian TeepgicTe Kin-ote | Pozpag
8A-0800-08 18XZH4BA 120210 kr/mms | 14
Bolts / Bonti 88-0800-02 30XICa _ 110210 kr/mm2 | 12
. TeXHiuHi YMOBM
sketch / ecxia Ne JuieT nepesipkm ra pamisw fapompki IHeTpyMesT
1 Hamarsitnrm Boat, nponycrvewm I = 1000-12004A MAA
CTpYM Yepez AeTans Ana smasnenns | ana/for BA-0800-08 [Metog koHTpomio Ha
NO34OBHHIK TRIWMH, | = 650-7004 30/HMLIKOBY HamMarHi-
Magnetize the bolt by applying ana/for 8A-0B00-02 [HeHicTE
current to the part to detect
longitudinal cracks.
- 2 | 3HaTk Bonart, nonnTKH cycnenzieo i
‘HI,:’TT‘.LIKI : 3a 1-2 xB peTenkHO OFLAAHYTH. TRILMH A He f0-
i Remove the bolt, pour aver nyckatoTeca / cracks | flyna 4% 7
=774 the suspension and inspect are not allowed
carefully after 1-2 minutes.
sketch / eckua N29 3 MNostoputn nepexcgn 1-2 ana
" pewTn BonTie.
Repeat steps 1-2 for other bolts.
[PeaccBins MeTpeHko Bpsyi
Hav. algginy 1
JaMIEHHK
Aps-is
E pryw Ii,!.mtyu. Mignne JNara ¥ piyw "IEp,ulpL Mignue Jata Mpiaaiaue Ml gmec Dlata 2

PucyHok 3.2 — IHCTpyKUii 3 MarHiTOnoOpOLLKOBOIro KOHTPOSO KpinunbHOro 6onta

LMPKYNSIPHUM METOA0M

Onepauifita kapta nabopatopHol nepeeipkn

]

obir . ~ ) .
:‘M’ — MarnitHuit koHTpoAB BoATIE peAYKTORHOT pamu Wangp
nepauia
HaitMenyBanHA gerani Homep aerani Marepian Teepaictn Kin-ets | Pospag
BA-0800-08 18X2H4BA 120+10 kr/mm” | 14
Bolts / boatk 8A-0800-02 J0XTCA 11010 kr/mma2 | 12
F . T |
sketch / eckis Ne 3MicT nepesipiu Ta ;::tmlnye“pne:rpm MEypyT
y 4 Hamaruitutu 6ont y conexoiai H=200 Afcm mMna-3
e : ANA BHABNEHHA TRiuguH, (H=1590+10%) Merop KOHTpOAIO Ha
& Magnetize the bolt in 3ANVLIKOBY HaMarHi-
pors/ & P the solenoid to identify cracks. i HEHICTh
ABTank o ; 5 MosTopKT Nepexoqu 4 Ta 2 4nA TRIWMHW HE Ao~ y Myna aX. X
- pewrw BonTis. mycKalThed / cracks
P ? Repeat steps 4 and 2 for other bolts,| are not allowed
& 6 Poamaruitnin Gonr is nepesipkoto OM-1M Ha 1l
sy Sketch / eckis N210 npunagom ®M-1M abo ToHKoH AianazoHi.
- F Y ” CTANEeBoH NAacTHHOM Ha nigsicyl.
& il-ﬁ o Demagnetize the bolt and check it
L 2 with an ©@N-1M device or a thin
o “ o | canemoin/ steel suspended plate.
g 2 | solanoid 7 OdGopMUTH TEXAOKYMEHTaUiN Ta
n = BlANpaBUTH KOMNABKT pamMK
4 =9 b Ha PEMOHT.
& Complete technical documentation
Sketch / eckis N211 and send the frame kit for repair.
| ST MeTpetka ApEyu
Haw. gigalny 2
Zam. elaalay BOWTEHKO
H. koHrpon IyoKko Api-in
Apyw| HE ey, | Mignnc data Ppiyil| NEgoiy. | Mg Haro Mpisanage Mignue Dlara 2

PucyHok 3.3 — IHCTpyKUii 3 MarHiTONOpPOLLKOBOro KOHTPOO KpinunbHoro 6onrta

No340BXHIM METO40M
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HepyinHiBHMI KOHTponb aetanen JIA npoBoaAnTLCS 3riAHO 3 IHCTPYKLISIMU
po3pobHMKa niTaka. Y Uin iHCTPYKUil MICTUTLCA BCA iHGOpMaLis OO BKasaHUX
aeTarnen, ue CTOCYETbCH He TiflbKM HEPYMHIBHOIO KOHTPOMO AeTanen Kopnycy
rofIOBHOI Nepefavi, a U po3bupaHHA, YULLEHHS, YCYHEHHA HecnpaBHOCTEMN,
dapbyBaHHa Towo. Ha pucyHkax 3.2 i 3.3 BKasaHO ecCkKi3an, MeTOoOuKy
BUNpobyBaHb, MNapaMeTpy MaWKWHM Ta HeobXigHi  IHCTpPyMeHTU  AOns
MarHiTOnopoLUKOBOro KOHTPOIH0.

Baxnueo, wob getani, Wwo nignaraioTb nepesipui, Oynu ouuwieHi Big
dapbn Ta 6pyay. 3asBMyand OUYULLEHHAM 3anMMaeTbCa He ddaxiBeub i3
HEPYWHIBHOMO KOHTPOS0, a MEXaHiK, SIKUA PEeMOHTYE caMe LEeW KOMMNIEKT
aetanen, abo mansp.

[Ona HamarHivyyBaHHS aertani BUKOPUCTOBYETbLCA cneuianbHa
MarHiTonopoLlukoBa MalunHa (abo aedpekTockon) (pUCyHok 3.4).

PucyHok 3.4 — UNIMAG 2100 AC/DC
CnoyaTKy HeODXiAHO BBECTU Yy AedeKTOCKOoN yCi NnapamMeTpu, 3a3HadeHi B
IHCTPYKUIT (pnCyHOK 3.5).

PucyHok 3.5 — [NapameTpu ans BBeeHHs B 4edeKTOCKOonN
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MoTim geTanb cnig NoOMIiCTUTM B COMEHOIA Y TOMY MOJSIOXKEHHI, iIke BKa3aHO
B IHCTpyKuii. Ha pucyHky 3.6 nonoxeHHs Oonta Bignosigae eckidy Ha
pUcyHky 3.3.

PucyHok 3.6 — Po3tawwyBaHHsa 60nTa B CONeHoigi MalumHu

Micna uboro cnig HaTUcHyTM KHOMKy "lyck" Ha MalwuHi — MoYHeTbCH
HamarHidyBaHHS i TpuBatume 2 cekyHam (ue 6yno 3agaHo Ha nonepegHbLoMy
Kpoui (ouB. pucyHok 3.5)).

MoTim geTanb cnif NOKNacTy Ha MicLe ONA KOHTPOSI — Y LbOMY BUNALKy
ue Mmicue 3HaxoOuTbCs Ha BepcTaTti. BaxnuBo nepesBiputu, 4uM pgetanb
HamarHiyeHa — 519 UbOro BUKOPWUCTOBYETLCH IHOMKATOP MarHiTHOro nons
(pucyHok 3.7).
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PucyHok 3.7 — CTyniHb HamarHiyyBaHHa geTani

Konu goctemMeHHo BiAOMO, WO AeTanb HamMmarHiyeHa, il cnig noBHICTHO
NMOKPUTM CYCNEH3IED MarHiTHUX YacTUHOK (pucyHok 3.8). CycneHsia — He eanHa
doopmMa HaCTUHOK, AKY MOXXHA HAHOCUTU Ha AeTalnb — MarHiTHI YaCTUHKM TaKoX
ICHYIOTb Y BUrMSAi Cyxoro abo BOSIOroro NOpOLLKY.

Sesrosnsne
Cecraseenne
sescoanareees
sosevreece
LA

PucyHok 3.8 — lNpouec HaHeceHHs cycneHsil
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[NepeBipka NpPoBOANTLCA B TEMHOMY MPUMILLEHHI Nig yrbTpadgioneToBnm
ceiTnom. ig 4ac ornsgy BUKOPUCTOBYIOTL CrieuianbHy ynbTpadioneToBy namny
abo nixTapuk (pucyHok 3.9).

PucyHok 3.9 — YnbTpadpionetosun nixrapmk LABINO

[eTanb cnig yBaXkHO OrnsaHyTH y nowykax aedekris (pucyHok 3.10).

PucyHok 3.10 — KpinunbHui 60NT, NOKPUTUI MarHiTHUMM YacTUHKaMu (3KOBTUI) Nig,
ynbTpagioneTom
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[edekTn Ha geTani BUrnsgatoTb K CKYMYEHHSI ACKPaBO-XOBTMX MarHiTHUX
YaCTUHOK, O CUMNbHO BUAINATLCS Ha 3aranbHOMY doOHi (pucyHok 3.11).

.-~

*\ : =
e S X
RN 2 \ /

PucyHok 3.11 — TpiwmHa B HWXHIM YacTuHi 6onTta

BuasuTtu Taki geektn Heo30poOEHMM OKOM NPAKTUYHO (Y AESKMX BUNagKax
— MOBHICTIO) HEMOXINNBO (PUCYHOK 3.12).

M

e

»

PucyHok 3.12 — Te came micue nig BMANMUM CBITIIOM

Ha pucyHkax 3.13 T1a 3.14 nokasaHo iHLWi NpuKnagun TPinH, BUSBIIEHI Npn
MarHiTONOPOLLUKOBUX OOCIIXKEHHSAX.
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PucyHok 3.13 — TpilwmHM Mk BUTKamu pibbu

PucyHok 3.14 — TpiwmHa Ha CTiHLi OTBOPY OS5 KOHTPOBKU

3a HasiBHOCTI gedekTiB (i B OesKMX iHWWX BUNaZkKax) BMOAETbCA aKT
HEepPYWHIBHOIro KOHTposto. Llen 3BiT MiCTUTL iHbopMauito Npo HoOMep aeTani, Tvn
BepToSsibOTa, MeTo NpoBeAEeHHSA NepeBipkn Ta iH. [Jo 3BiTYy TakoXx cnig goaatm
doto pgedekTiB.  3BIT HEPYWMHIBHONO  KOHTPOSIKO  MarHiTONnopoLLKOBUX
BUNpoOyBaHb KPiNnnbHOro 6onTta pamm HECYYOro rBMHTa HaBe4EHO HMXKYeE:
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NMpoTokon 3a pesynbTtatamu HK
NaGoparopis HK NDT Report Aara / Date
NDT Laboratory 16 /09 / 2022
Ne 54/2022 (copv 1)

LinbHnuA 4 3amoBHUK / Subdivision or
customer

Components Repair Subdivision

Tun BC/ . Per. Ne BC / Cep. NeBC/
A/C Type MI-BMTV-1 | c req. # - A/C SIN 165247
E°M"°“e“” Main gear frame PIN 140-0800-00 SIN A-85601
omponent
JokymeHT-nigcTtaBa ans nposeaeHHs HK / o BRI JRE.O7.
Basis for carrying out the NDT: MR Mu-8-BJ]-4-/85-97-124
Ha?'MeHy.Ba"Hﬂ .06 €KTa KoHTpOsio / Main gear frame mounting bolt
Object of inspection
Kin-tb /
P/N 8A-0800-08 S/N - QTY 2
MeTtog HK /
Method of testing © ET MT X PT VT RT ST M

(*) Testing methods interpretation:
ET — Eddy-current testing;

MT — Magnetic particle testing; VT - Visual testing;

PT — Penetrant (fluorescent) testing; RT — Radiographic testing;

M — Measurements.
ST — Springs testing;

Technology. Helicopter of type
HK npoBepgeHi 3rigHO 3 HOpMaTUBHOIO AOKYM. / M.“'8.’ Mil-8MT(V). Main PeB
NDT is performed based on the normative docurr.1ent' transmission rotor frame type 8A- Rev. B
' 0800-00 with mounting brackets ‘
types 8A-1500-001, -002, -003
(OITE R ETE UNIMAG 2100 AC/DC SRR WS-01-87
Equipment: Specimen:

DaTtuuk / ingukaTop / Probe / indicator

Fluorescent ink Lumor J

Dedext / Defect: \x BusABneHo / detected

He BMsABMEHO / not detected

Onuc pgedekTy (AKLWO MOro BUsIBIIEHO) /
A detailed description of the defect (if detected):

Cracks in threads and walls of lock holes

All work covered by this NDT Report are performed i.a.w. international NDT standards

®doTo gogaeTbea / Pictures are attached

KinbkicTb cTOpiHOK, Wo AoaaloTbeA /
Number of pages attached

YES | x |

NO [ ]

Nianwuc / Signature Mpi3Buwe / name

BukoHaBeub / 3
NDT Specialist:
piBeHb /
Ivl
HauyanbHuk na6opartopii HK / 3
Head of NDT laboratory:
(abo BignoBiganbHMiA cneuianicTt 3 piBHA / piBeHb /

or responsible level 3) vl

FonoBHuM iHxeHep /
Chief Engineer

MNignuc / Signature Mpi3Buwe / name

Nignuc / Signature Mpi3Buwe / name

MpoTtokon 3a pesynbTatamm HK otpumaHo / NDT Report received by:

LinsaHka yu 3aMmoBHUK / Subdivision or customer

Head of Components Repair Subdivision

Mocapa / Position

M.1.N. / Name

Mianuc / Signature

The Copy Ne 1 of the NDT Report is submitted to a customer or subdivision to include in overhaul work package.

The Copy Ne 2 of the NDT Report is stored in the NDT Laboratory.
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3a BigcyTHoCTi fgedoekTiB geTanb Ccrig po3MarHiTUTM: NocTaBuUTU B
comneHoif, NepeBecT MalNHY B PEXMM pPO3MarHiyyBaHHS i HATUCHYTU KHOMKY
«lMyck». Tlicna uUbOro nepeBipUTU HasIBHICTb MarHiTHoro nonsa getani
MarHiTtoMeTpom (pucyHok 3.15).

PucyHok 3.15 — NonoxeHHs cTpinku npunagy 6ins posmarHivyeHol getani

BoHycHuIn npuknag nedexTis, BUSABNEHNX 3a J0MNOMOrow
MarHiTONoOpPOLLKOBOro KOHTPOSI0, NOKa3aHo Ha pucyHkax 3.16, 3.17

PucyHok 3.16 — LluniHapryHa nonipoBaHa noBepxHst 6onTa, sika Mae NpakTUYHO igeanbHUin
BUMNAL NpY BUANMOMY CBITNI
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PucyHok 3.17 — BusiBrneHHs TpiLWWH, WO YTBOPUIUCS Mig Yac WwrliByBaHHSA, 3a 4OMNOMOIor
MarHiTONOPOLLKOBOrO TECTYBaHHS

KoHTponbHi 3anntaHHA

1. Aki pedekT MOXHA BUABNATM  MarHiTONnopoLLIKOBMM  METOOO0M
KOHTPOM?

2. AkMMK  OOKYMEHTaMn  KepyeTbCcA  (paxiBeub Mpu  NPOBEAEHHI
MarHiTONoOpPOLUKOBOrO KOHTPOSIO?

3. Aka npoueaypa NigrotToBkM AeTanen 4o nepesipku?

4. Aka npouenypa nepeBipku NigroToBneHoi getani?

5. Aka pogaTtkoBsa npoueaypa Mae 6yTu npoBedeHa Ansg getaneu, Ha aKnx
He BUSBMeHo aedekTi?
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NabopaTopHa po6oTta Ne 4

BUABJNEHHA OEDEKTIB MOBEPXHI HEMOPUCTUX MATEPIAINIB
KAMNNAPHUAM TECTYBAHHAM

Mema pobomu:

1. O3HanomMuTMCca 3 MNOPSAKOM BUSIBIEHHST MOBEPXHEBUX MOpPYLUEHb
LiSTICHOCTI B HENOPUCTUX MaTepianax 3a 4ONOMOror KanifngpHOro TeCTyBaHH4.

2. HaBuntuca npouenypi npoBedeHHSA KaningpHOro TecTyBaHHA Ta
BUKOHaHHA BUOpaKoBYyBaHHS AeTanemn.

TeopeTU4Hi BiAOMOCTi

KaninapHe TecTyBaHHS BWKOPUCTOBYETLCA ASIA NEPEBIPKN aOedeKTiB
NOBEPXHi B YCiX HENnopucTux MmaTepianax, Takmx K MmeTanu, nnacrMacu Ta
Kepamika. BOHO BUKOPUCTOBYETLCS OS5 BUABIIEHHSA AedeKTiB NOBEPXHi B JIUTUX,
KOBaHUX i 3BApHUX AeTansx, Taknmx 9K MIiKpOTpiWMHN, NOBEepxXHeBa MOPUCTICTD,
Teyi B HOBUX MPOAYKTax i BTOMHI TPILLWMHM HA KOMIMOHEHTaX, L0 3HaXo4ATbLCA B
ekcnnyarauii. [1ig Yac TeCcTyBaHHS NEHETPAHT HAHOCUTLCH Ha NOBEPXHIO BUPOOY
Ha NeBHUM Yac, NOTIM HAAJSIMLLOK MEeHeTpaHTy BUOANAeTbCa 3 noBepxHi. dani
NOBEPXHIO BUCYLIYKOTb Ta HAHOCATb Ha Hel MNposiBHUK. [leHeTpaHT, Lo
3anuLInBCA B po3pmBax, NOrfMHAETLCA NPOSABHUKOM, SIKUW YKaXKe Ha HasiBHICTb,
MicLe po3TallyBaHHS, PO3Mip | Xxapaktep po3puBy. [Npouec npointoCcTpoBaHO Ha
PUCYHKY 4.1.

PucyHok 4.1 — HoTupu eTanu npouecy KanisiIApHOro KOHTPOJSIHO:
a — HaHECEHHSA NeHeTPaHTy Ta NOro NPOCOYYBaHHS B po3puBKY; 6 — BUAANEHHS HagNULLIKIB
NeHeTpaHTy; B — HAHECEHHS NPOSIBHUKA;
I — nepeBipka Ha HasIBHICTb AedekTiB
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Y uin nabopaTopHin poboTi KaninApHUM MeToL, KOHTPOSb AEMOHCTPYETHCA
Ha NpuKNaai KPOHLITENHA KpinneHHA nanmBHoro 6aka septonboTta Mi-8.

Y Takomy BMNagKy AedeKTOCKOoris BUKOPUCTOBYETLCA ANA NiATBEPAXKEHHS
nedekTy, BUABMEHOro BidyanbHO. daxiBelb i3 YCYHEHHSA HECNPABHOCTEN, KUK
BUSABMB OedeKT, He ByB yneBHEHUM, TPILUHA Le Y4 NPOCTO NOAPSANMHA, Lo
3'aBmnacs nig vYac saHiMaHHsa nanueHOro 6aka. ToMy KpOHLUTENH, WO 3HaxXoaMBCS
Ha UEeHTpanbHiN 4YacTuHi r3ensxy BepTonboTa, O6yno OEeMOHTOBaHO Ta
AocTaBneHo 4o nabopaTtopil HePYNHIBHOrO KOHTPOSIO.

KpOHLITENH Ta NMOBIpHUIA AedeKT nokaszaHo Ha pUcyHkax 4.2 Ta 4.3.

PucyHok 4.2 — KpoHLITENH KpinneHHs nanveHoro 6aka

PucyHok 4.3 — O6nacTb 3 IMOBIPHUM gedekTom
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Cno4aTtky gocnifKyBaHy NOBEPXHIO CNif OYMUCTUTU Bif, KMpPIB Ta Oyab-SaKnx
iHWKX 3abpygHeHb — Le HeobxigHO Ans 3anobiraHHA XMOHMM MOKa3aHHAM i
BUABJIEHHIO MPUXOBAHUX Henomnagok npu BANUBI neHeTpaHTy. Ha noBepxHi He
NMOBUHHO OYTU XOOHMX MaTepianiB, TaknX SK raribBaHiYHe MOKPUTTS YN OKCUAHI
noKpuTTA. TBepai 3abpydHeHHs cnig BuAansaTM CTPYMUHHUM  OYULLEHHSM,
XiMiYHUM 3aHYpeHHAM abo iHWWUMKU MPUAHATHUMKU MeTogaMun. 3abpyaHeHHs
MOXe CTaTuUCs Yepes HasIBHICTb MacCTuIl, 3aXUCHUX Macer, 3axncHux gapb Ta
iHWe. [Ona iX BWOaneHHs PpisHUMM KOMNaHiaAMM po3pobrieHo cheuianbHi
PO3YMHHUKN. 3abpyQHEHHS HEOopraHiYyHMMK MpoAyKTamMu KOopo3ii, OKanuHamu
TepmMooOpobKn, TyronnaBKMMM OKCMAAMM, WO YTBOPIOKTLCA B MNPOLECI
ekcnnyaTauii i T.n., 3py4HO BMAansatn abpasvBHO-CTPYMUHHUM OYMLLEHHAM
CKINAHMMW KyNbKaMun y NOEAHAHHI 3 XiMIYHHUM OYULLEHHAM.

Mo-gpyre, gocnigxysaHa noBepxHa Mae 6yt BucyweHa. Akwo 3 6yab-
AKOI MPUYNHU MEeperopoakn 3anoBHEHI PIAVHOK, BOHU MepeLluKogKaTUMyTb
NMPOHUKHEHHIO MEeHeTpaHTy, TOMYy CYLWiHHA € BaXnuBow onepauieto. Cnig
PO3YMITH, LLLO XO4Ya MOBEPXHA MOXE 30aTUCS CYXOH0, PO3PUBU BCE OOHO MOXYTb
OyTn 3anoBHEHI piguvHOKW. BaxnvMBo TakoX 3HATW, WO HenpaBUSibHE CYLUIHHS
MOXe OyTn ripwe, HiK BIiACYTHICTb OYMLLEHHS, OCKISIbKM PO3YMHHUK, LLO
3annLLMBCS, TaKOX MOXe cTaTn 6ap'epomM Anst MPOHUKHEHHSA NEHETPaHTY. AKWo
piavHa, WO nNpOoHMKae, NoTpanuTb Yy cenapaTtop, BoHa 0Oyae posBedeHa
PO34YMHHUKOM, i Lie 3p0buTb 0OPOBNEHHSI MEHLL €EKTUBHUM.

Micna ounweHHa Ta CYWiHHA KPOHLUTENH MOMILLABCA B KOHTEWHep, Oe
npoBoamuBecs ornag (pUcyHok 4.4). Y uboMy BUNaAKy OO KOHTPOMO roTyBanach
nuuwe gocnigKysaHa noBepxHs.

PucyHok 4.4 — OunweHnin Ta BUCYLLEHNA KPOHLUTENH KPinneHHA
nanuBHOro 6aka B ornsgoBin 30Hi
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Konn petanb nepebyBa€e y 30HI KOHTPOSO, Chif HAHECTW MEeHeTpPaHT.
ICHYIOTb pi3HIi MeToauM HaHeceHHs MEeHEeTPaHTy: ue MoXHa 3pobutn 3a
AOMOMOrOK0 MEH3ns, pPo3nuieHHAM abo 3aHypeHHsaM [feTani y BaHHy 3
neHetpaHtoM. Y uin nabopaTopHin poboTi gocnigkyBaHa MNOBEPXHSA
noKpmBanacs po3nopoLUEHHAM NeHETPaAHTY (PUCYHOK 4.5).

PucyHok 4.5 — KpoHLwiTernH nanneHoro 6aka, NOKpUTUn NeHeTpaHToOM

Micna uboro NeHeTpaHT NPOTAroM NEBHOMO Yacy NPOHUKaE B TPiWMHN. Hac
nepebyBaHHS 3aneXuTb Big TeMnepaTypu, TUNYy NEHETPAHTY, XapakTepy TPILLKUH
Ta MmaTepiany BunpobyBaHOro 3paska; 3a3Buyan BiH BapiloeTbca Big 5 A0
30 xBunuH. B okpemunx Bunagkax Moxe ctaHOBUTU 0 1 rogunHu.

IMig yac nepesipkM KPOHLWITENHA KpinneHHs nanueHoro 6aka vac BnavBy
cTaHoBMB 15 xBUNKUH. Yac BNAMBY BKA3yeTbCA B PEMOHTHIN JOKYMEHTaUil, Wo
HagaeTbCs PO3POBHMKOM fliTaka, a TakoX B cneumdikalii neHeTpaHTy. AKLwo Yac
y Uux oxepenax pisHUTbLCS, TO 3a OCHOBY Crlifl B3ATU HaUTpuUBaniwum yac.

[Micns odikyBaHHA HEOOXiAHOro Yacy HagnULKWU NEeHETPaHTY Ha MOBEepXHi
cnig suganuTtn, Wob AOMOrTUCA KOHTPACTHOCTI MOBEPXHi i 3anobirtn XMbHUM
nokasaHHAM. BignosigHnn 3acib BuaaneHHa 3a3Buyanm pekomeHaye BUPOBHMK
neHeTpaHTy. [lesiki neHeTpaHTn 3MMBaOTbCA BOAOK, TOAI SK iHWI NoTpebytoTb
3aCTOCyBaHHA eMyrnbratopa, nepLu Hix iX MoXxHa Oyae Bunganuti Bo4OH0.

MeToq BMaaneHHss — BUKOPUCTaHHA rybkn abo BogHOro cnpeto. ICHyTb
crneuianbHi 3acobu Ona BUAOANEHHS MEHEeTpaHTiB, sKi sABNsATb  coboto
PO34YMHHUKN. HanronoeHiwe, Wob NeHeTpaHT HE BUMUBCS i3 TPILLMH.

Y uin nabopaTtopHin poboTi neHeTpaHT 6yB BMOaNeHUM 3a LOMOMOroH
3acoby Ans BuaaneHHsa neHeTpaHTy, pPEKOMEHOOBAHOro BUMPOBHMKOM
NeHeTpaHTy.
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Micnga uboro NOBEpPXHIO cnif Wwe pas BucywnTu. Lie moxHa 3pobutm cyxoto
raHyvipkoto abo nosiTpoayskot. Cylwika 3asBumyan HeobxigHa Onda nigroToBKM
NMOBEPXHi 0O HaHECEHHS MOPOLUKOBOro MPOSIBHUKA, SIKUA MOXe 3rycTUTuCsa y
Bonormx Micuax. Lle TakoX 3MeHWwye HeratMBHUM edqeKkT HeOoCTaTHbOro
BuganeHHa cnigis neHetpaHty. | TyT Tpeba yHMKaTM HaOMIpHOCTEWN.
[MeHeTpaHTHa pignHa, Wo 3anunnacs B TpilwmMHax, He NOBMHHA BUCUXATW, a Le
MOX€e CTaTUCS, SKLLO AS1S CYLiHHA BUKOPUCTOBYETLCS rapsiye nosiTps.

OunweHnn Ta BUCYLUEHUW KPOHLUTEMH KpinneHHa nanveBHoro 6aka
NnoKasaHoO Ha PUCYHKY 4.6.

PucyHok 4.6 — KpoHLITENH NnanuBHOro 6aka nicnsi BuaaneHHs
NneHeTpaHTy Ta BUCUXAHHS

Konn noBepxHs MOBHICTIO BUCOXHE, Chif HaHeCTU NPOsBHUK. [1posBHUKK
3asBmyanm byealTb ABOX TuNiB: cyxi Ta Bonori. Cyxnn MNPOSIBHUK € CYXUM
NOPOLUKONOAIBHUM MaTepianoM CBITNIOrO KOMbOpy. Moro MoxHa HaHocUTU
LUNAXOM 3aHYPEHHSA AeTani B pe3epByap 3 NOPOLLKOM, abo LLMSIXOM HaHECEHHS
neHanem (3assuyan, Le HebaxxaHnn metos), abo LWNAXOM BUOYBaAHHA NOPOLLKY
Ha noBepxHt0. MOKpUIA NPOSIBHUK CKNagaeTbCA 3 MOPOLLKONOAIOHOro maTepiany,
CyCrneHOoBaHOro y BiAnoBiAHIN pianHi, Taki Ak Boga abo NeTkum po3YnNHHUK.

[MposiBHMKM MaTb Oyt Takmmu, wWoO BoOHM 3abesnedysanu 6Gine
MOKPUTTSH, WO KOHTPACTye 3 KOMbOPOBUM MNeHeTpaHTOM 6apBHUMKaA, Ta
BUTAryBanu NeHeTpPaHT i3 TPILWMH Ha NOBEPXHIO MAiBKU NPOSIBHMKA, BUSBASIOYN
TakMM YNHOM AedeKTu.

MNpwn nepesipui KPOHLWITENHA KpinneHHsA nanuBHOro Daka
BUKOPUCTOBYBABCS PEKOMEHAOBAHUN BUPOOHMKOM MNEHETPaHTy MPOSIBHUK Ha
OCHOBI PO34MHHMKA. Taki NPOABHUKM 3a3BMYanN BUKOPUCTOBYHKOTL i3 BUAUMUMMU
neHeTpaHTamu. KpoHLITENH, NOKPUTUA NPOSIBHUKOM, MOKa3aHO Ha PUCYHKY 4.7
(NoKpuTa nNuUwie KOHTPOSibOBaHa NOBEPXHS).
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PucyHok 4.7 — ObnacTtb KpoHLWITENHA KpinfneHHsa nanueHoro 6aka, nokputa 6inum
NPOSIBHUKOM

IlHAMKaUis y NPOSIBHUKY cTana BUAMMOK Yepes3 NEBHUIN Yac (PUCYHOK 4.8).

PucyHok 4.8 — lNposBneHHS TPiLLMHN
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OcCKinbKkn BCi MeTOAWN KanifispHOro KOHTPOM I'PYHTYOTLCA Ha TOMY, LWO
IHCMEKTOp aHanisye cnign, TO OCBITNEHHA, $SKe HadaeTbCa [Ans  LbOoro
Bi3yanbHOro ornaay, € HagssndanHo BaXnueuM. [Na OOCATHEHHS HaMKpawmx
pe3ynbTaTiB NepeBipKy QriyopecueHTHMX rMoKasaHb Cnig npoBoauTn Yy
3aTeMHEHOMY MiCLi 3 BMKOPUCTaAHHAM yribTpadoioneTtoBoro csitna. [Ons
iHTepnpeTauil NoKasaHb AyXXe BaXXNMUBO CNocTepirat chnign y MOMEHT 1X NOSBU.
Ak Tinbkn gedekTn nposaBUnNmnCb, NoKasaHHA MOXYTb NEPENTU Yy BENUKI NIsMu
3anexHo Big po3Mipy i FMOMHK, | Ha LbOMY eTari BaXXKo OTPUMATU XapakTepHy
iHpopmauito Npo aedexr.

CTyniHb, B SKii CNOCTEPEXEHHS MOKa3aHb, LLIO PO3BUBAOTLCS, MOXe ByTK
peanisoBaHO Ha NpakTuui, 6arato B YOMYy 3anexuTb Bid po3Mmipy i ckrnagHOCTI
OOCHiAKyBaHOI MOBEPXHi, a TaKoX Big KiNIbKOCTI TECTOBaAHMX KOMMOHEHTIB.
TpilmnHa 3a3Buyvan BUABMSETLCA Yy BUMMSAl 6e3nepepBHOI MiHil NeHeTpaHTy.
Po3punB Ha NOBEPXHi BUNMBKA TakoX Mae BUrnag 6esnepepBHOI NiHil, 3a3Bn4yain
BiAHOCHO BY3bKOI. [NpuUTMpaHHA Nig Yac KyBaHHA TaKOX MOXe Mpu3BecTu a0
nosiBu 6esnepepBHOi MiHIT KanindapHol iHAukauil. 3akpyrneHi ob6nacrTi
NeHeTpaHTHOI iHAMKauil ceigyaTb NpO rasosi OTBOpU abo TOYKOBI OTBOPU Y
BUINBKaX.

[MnOOKI KpaTepHi TPILLMHN Y 3BAPHUX LLBAX YacTO BUSBMAAIOTLCH Yy BUrNaai
3aKpyrneHux AainaHok. [lleHeTpaHTHI cnign y BUMSA4i ManeHbKUX TOYOK
BUHMKAKOTb Yy pe3ynbTaTi MOPUCTOro ctaHy. BoHM MOXYTb No3HayaTn HeBenuKi
oTBOpu abo HagMipHO BENUKi 3epHa y BUNIMBKaxX abo MOXyTb BYTU MOPOLKEHI
yCagKoBOK MOPOXHUHOW. |HOAI Benuka nnowa mMae po3mutuin surnag. MNpu
BUKOPUCTaHHI (pnyopecueHTHUX MNEeHeTpaHTIB BCS MNOBEPXHS MOXe crabko
CBITUTUCL. [pn BUKOPUCTaHHI NeHeTpaHTiB i3 6GapBHMKOM GOOH MOXe 6yTn He
Binum, a poxxesum. Llen gndysHnn ctaH moxe 6yt pesynbtatom agyxe apidHol
Ta BeSIMKOI MOPUCTOCTI, Takol AK Mikpoycagka marHito. Ha rmmbuny gedpekris
BKa3ylOTb HACUYEHICTb KONbOPY Ta LWBUAKICTb BUTIKAHHSA. Yac, HeobxiaHu ans
nosiBu iHgMkauii, o6epHeHo NpPonopLuinHMn 06’eMy HECYLINbHOCTI.

[Mig yac ornsgy KpOHLWTEWHA KpinneHHa nanueHoro 6aka BidyaribHO
BUABMEHNN OedeKT BUSABUBCA He NOAPSAMNUHOK, a TpiwmnHow. Akbn ue Oyna
noapAnuHa, nNeHeTpaHT 3HUMK 6u npu BUOANEHHi, OCKINbKM TpilWHA He €
rnmmbokum gedpektom. Bigpasy nicna HaHeCeHHA NPOsiBHMKA NEeHEeTpaHT novas
NpocoYvyBaTUCA, L0 CBIAYNTL NPO BENUKY rmubuHy aedexTy. byno nigrotosneHo
3BIT HEPYWHIBHONO KOHTPOSMKO 3a pes3ynbrataMy  KanifispHOro KOHTPOIo
KPOHLUTENHA KPinneHHa nanuBHOro 6aka, ik HaBe4eHo HUXYe:
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Na6opatopia HK
NDT Laboratory

MNMpoTokon 3a pesaynbtatamn HK
NDT Report

Ne 38/2021 (copv 1)

Data / Date
16 /06 /2021

LinbHnuA 4 3amoBHUK / Subdivision or

Airframe Repair Subdivision

customer
Tun BC/ . Per. Ne BC / Cep. NeBC/
A/C Type Mi-BV-5 | \/Creq. # - A/C SIN M165
AR Fuselage central section PIN 8MTB5.0300.000 SIN -
Component
DokymeHT-nigcTtaBa ansa nposeaeHHs HK / o RAAI2Q.OF.
Basis for carrying out the NDT: MR Mu-8-B[}-4-138-25-456
Ha?'MeHy.BaH"" .06 iy el Fuel tank mounting bracket
Object of inspection

Kin-Tb /
P/N 8MT.6120.550.002 S/N - QTY 1
MeTtog HK /
Method of testing © ET MT PT x vT RT ST M

(*) Testing methods interpretation:

ET — Eddy-current testing;
MT — Magnetic particle testing;

PT — Penetrant (fluorescent) testing; RT — Radiographic testing;
VT - Visual testing;

ST — Springs testing;

M — Measurements.

HK npoBegeHo BianoBiAHO 4O HOPM-HOro AOKYM. / e PeB. _
NDT is performed based on the normative document: GOST R ISO 3452-1-2011 Rev.
051'!aJJ.HaH.H9I / _ 3pasok / ' PS-1-258
Equipment: Specimen:

Oatuuk / ingukaTop / Probe / indicator

Penetrant: Checkmor 240
Developer: Checkmor LD7

Remover: Chec

kmor S72

Oedekr / Defect: ‘ X ‘ BusaBneHo / detected

He BusiBneHo / not detected

Onuc pedekTy (AKLWO NOro BUABIEHO) /
A detailed description of the defect (if detected):

Crack in the radius

All work covered by this NDT Report are performed i.a.w. international NDT standards

®doTto popatotbes / Pictures are attached

KinbkicTb cTOpiHOK, Wo AopatoTbeA /

Number of pages attached

BukoHaBeub /
NDT Specialist:

HauyanbHuk na6opaTtopii HK /

Head of NDT laboratory:

(abo BignosiganbHui cneuianicT 3 piBHsA /

or responsible level 3)
FonoBHUM iHXeHep /
Chief Engineer

YES | x |

NO [ ]

3

piBeHb / MNianuc / Signature MpisBuwe / name
Ivl
3

piBeHb / Nianuc / Signature Mpi3Buwe / name

vl

Mipnuc / Signature

MpoTokon 3a pesynbtatammu HK otpumaHo / NDT Report received by:
AinbHnuA 4yn 3amoBHUK / Subdivision or customer

Head of Airframe Repair Subdivision

Mpi3suwe / name

Mocapa / Position

M.I.N. / Name

The Copy Ne 1 of the NDT Report is submitted to a customer or subdivision to include in overhaul work package.
The Copy Ne 2 of the NDT Report is stored in the NDT Laboratory.
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[ata / Date



[eski

puUcyHKkax 4.9 — 4.12.

~
v

aopaTkosi  poTorpadpil  KaninApHOI nepeBipkn  HaBeLeHOo

™

-

PucyHok 4.9 — Koposia Ha nonaTtkax BeHTunaTopa Mi-8

PucyHok 4.10 — Koposis Ha nosiTpsiHomMy komnpecopi Mi-8
84

Ha



PucyHok 4.11 — lNopu B maTepiani racHuka Bibpauin Mi-8

PucyHok 4.12 — BTOMHI TpilWMHKM B HarHiTadi Mi-8

KoHTponbHi 3anntaHHA

1. Ina BusBNEeHHS SKUX AedeKkTiB BUKOPUCTOBYETBLCA KaninsapHUn MeTon
KOHTpOS0?
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2. Aki cnocobu O4MLLEHHSI 3aCTOCOBYIOTb MpW NiAroTOBUI AeTanen angd
KOHTPOIMO KaningapHMM MeTogom?

3. Aki ocobnuBocTi NOTPIBHO BpaxoByBaTWU NPW CYLWiHHI geTani nicnd
OYULLEHHSA?

4. Aki 0cobnNMBOCTI HAHECEHHS Ta BUSIBIIEHHS NEHETPaHTy?

5. Ak mae 6yTn 30iMCHEHHU Bi3yanbHUN KOHTPOSIb MPU KOHKPETHOMY
mMeToai?

6. JanTte onnc HanbinbLW NOWKMPEHNX NOKa3aHb/Cniaie Ansg NneHeTpaHTiB?
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JTabopaTtopHa po6ota Ne 5

BUXOPOCTPYMUHHWUIN KOHTPONb LINOCHOCTI AETANEN
3A OMOMOI OO ENIEKTPOMATHITHOT IHAYKLIIT

Mema pobomu:

1. O3HanoMuTUCA 3 MNPUHUUNOM pPoBOTU BUXOPOCTPYMMHHOINO MeToay
KOHTPOSO UiNiCHOCTI AeTaneun 3a AONOMOrol efleKTPOMarHiTHOT iHQYKLUIT.

2. HaBuutuca BubpakoByBaTM [feTani 3a AONOMOrow  MogaHoro
HEPYWHIBHOTO MeTOAY KOHTPOJTHO.

TeopeTUyHi BigoMocCTi

BUXOpOCTPYMUHHMIA  KOHTpPOfb — OAWMH i3 GaraTboX MeToAiB
eneKTPOMarHiTHOro KOHTPOsI0, WO 3aCTOCOBYHOTbLCA B HEPYMHIBHOMY KOHTPO,
B SIKOMY BWKOPUCTOBYETbCA e€fieKTpOMarHiTHa iHOYyKUia 4N BUSBIEHHA Ta
BU3HAYEHHA XapaKTepuUCTUK MOBEPXHEBUX | NiganoBepxHeBUX LedekTiB Yy
mMaTtepianax-nposigHuKax. 3MiHHMIA CTPYM 3 BiJOMOI 4YacTOTOK NOAAETHCA Ha
MiCLle eNneKTPUYHOI KOTYLLKM, WO NpuUnsrae 40 KOHTPOSbOBAHOro martepiany.
Llew ctpym 0Oyge cTBOpltoBaTM BriacHe MarHiTHe none, BigoMe $K none
30yKeHHd, Ta iHOyKyBaTU CTPyMW Yy MeTarneBil 4acTuHi, BiOMi SK BUXPOBI
CTPYMM, BiQMNOBIAHO OO 3aKOHY enekTpoMarHiTHOlI iHgykuii ®apages. Lli Buxposi
CTPyMW CTBOPHOBATMMYTb BriacHe MarHiTHe none, LWo npoTuaie nosnko
30yKEeHHA. TakuM YMHOM, pesynbTylode nosie 3MEHLLYETbCS, WO NPU3BOAUTb
00 3MiHV ONOpPY KOTYLLKW.

Ha pucyHky 5.1 nokasaHo, €K 3MiHHAA CTpyM 3aJaHoi 4acTtoTu
reHepyeTbCs B NEPBUHHIN abo 30yapKyBaribHIA KOTYLLL.

(SRaENsRIIINg
LI

Fm

Burnsg cnepeny Burnag 36oky Burnag 3sepxy
PucyHok 5.1 — Po3tawyBaHHA 06MOTOK Ta 3pas3ka, Lo BUNPOOOBYETLCS,
npu BUXOPOCTPYMUHHOMY KOHTPOITI
Y pesynbTaTi CTBOPHOETLCA 3MIHHUW MarHiTHUM NoTik. Lle iHayKkye 3aMiHHUI
CTPYM Ti€l XX YaCTOTN Y BTOPUHHIN o6MOTLi. [Npn BBEAEHHI 3pa3ka 3MiHHUW MOTIK
NEePBUHHOT OOMOTKM iHOYKYE MOTIK BUXPOBMX CTPYMIB, SIKUM MNPU3BOAUTL O
BUHMKHEHHA 3MIHHOrO MarHiTHOro MOTOKY B MPOTUSIEXHOMY Hanpamky. B
pesynbTaTi CTPYM Y BTOPUHHIN 0OMOTLi 3MeHLWYeTbCA. [ns unX yMOB 3HUXEHHS
CTpyMy Mae ByTn ogHaKOBUM ANs BCiX 04HAKOBUX 3pa3kiB, MOMILLLEHUX B TE€ caMe
NOSIOXKEHHA BIAHOCHO OOMOTKM. bygb-Aka HeBIgMNOBIAHICTL Y  BENUYMHI
HaBegEeHOro CTpyMy MOXe BKa3yBaTW Ha HaABHICTb AedekTy, 3MiHy po3mipiB abo

It e0deh]
0e]
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3MiHY eneKTponpoBiaAHOCTI abo MarHiTHOI NPOHUKHOCTI BMNpOOyBaHOro 3paska,
MOXXINNBO, BHACIIAOK 3MiHWN MOro gidanyHmx abo XiMi4HMUX BNacTUBOCTEN.

OCHOBHUM KOMMOHEHTOM BUXOPOCTPYMUHHOrO obnagHaHHA € OaTyuk,
AKMN  ByBa€e KiNbKOX TUMIB: OTOYYHOHOro TUMy, BHYTPiWHbLOro TuUNy abo
30BHIWHBLOrO TUNy. OCHOBHI €fTEMEHTWN KOTYLLOK, SKi MOXYTb 6YTW NPUCYTHIMK B
LUUX JaTymKax, MOXXHa po34ifinTy rofTIOBHUM YAHOM Ha TPU KaTeropil 3anexHo Big
MeToaiB BUMiptoBaHHSA. B abcontoTHOMY MeToAi NepBUHHA | BTOPUHHA KOTYLLIKM
y3ro[pKkeHi Tak, WO 3a BiOCYTHOCTI BMNpoOyBaHOro 3paska Hanpyra Ha HuX
OQHaKoBa 3a 3Ha4YeHHsM | NpoTuneXxHa 3a 3HakoM. BBedeHHs 3paska
NPU3BOANTbL 4O 3MiHM OMOPY Ta BUMIPOBAHOI HaNpyru.

MeToa NOPIBHAHHA NOSiirae y BUKOPUCTAHHI OBOX OAHAKOBUX KOTYLLOK Y
cknageHomy Burnsgi. CtaHgapTHuUM 6e3gedekTHUI 3pa3oK NoMillatoTb B OANH
PYNOH, a BUNpobyBaHMin 3pa3ok — B iHLWINA. BUMIipOlOTbCSA 3MiHK, WO BUHUKAKOTb
Yyepes BiAMIHHOCTI Yy ABOX 3pa3kax. ¥ MeToAdi aBTOMOPIBHAHHA ABi Pi3Hi YaCTUHU
OAHIET 1 Tiel XK BUBIPKM MOPIBHIOKTLCS 04HAa 3 OQHOH0.

IcCHye Benuka pi3HOMaHITHICTb obnagHaHHA ANs BUXOPOCTPYMUHHOIO
KOHTPOM, ane TyT 3ragylTbCAd nuwie Aeski 3 Moro nowumpeHnx Tunis.
HannpocTiwmin — MicT 3MiHHOro cTpymy. MiCT cTae HECUMETPUYHUM, KONU SaT4YmK
NPOXoAnTb Hag AedeKTOM, OCKifIbKM MOro onip 3MiHeTbCA. AHania dopcTtepa
Oyno 3acTocoBaHO AN pO3pPO6SIEHHA OeSKUX YHIBepcalibHUX IHCTPYMEHTIB, SKi
MOXHa BWKOPUCTOBYBaATU Ans BUNpobyBaHb Ha MPOBIOHICTb, OOCHIOXKEHHS
BiAXWUSieHb pPO3MIipiB Ta BuABSIeHHA pAedoekTiB. [Bi cknagosi HanpyrM Ha
BTOPUHHIN 0BbMOTUi noainaiTbca Ha dasi i nogarTbca Ha nnactuHm X i Y
ocuunorpada. Ha ekpaHi 3'aBnsieTbca AckpaBa nnamMa, aka € TOYKOK Ha rpadiky
dopcTepa ana aHanisy onopy. Pyx Uiel nnamu NoB'a3aHUi 3 pi3HMLE Npu
BUMIPIOBaHHI, BUSBMSAE TPILLWHU, BUMIPIOE NPOBIOHICTbL Ta BU3HAYAE BiOXUIEHHS
pPO3MipiB.

BUXOPOCTPYMUHHUM  KOHTPOSIb BUKOPUCTOBYETLCA SIS BUSBMEHHS |
BUMIPIOBAHHA Takux AedekTiB, $£K TPIiWWHKW, MOPUCTICTb, Oynbballku,
BKITIOMEHHSA, NepekpuTTd, ycagkm | M'aki nNigmuM B PisHMX 3paskax ans
BUNPOBYBaHb CYUiNbHOT LUMNIHOPWUYHOT, MOPOXKHUCTOT LUAIHAPUYHOI abo iHLWWOT
CknagHol dopmn. TakoX MOXHa BUABUTM KOPO3il0 Ta pPO3TPICKyBaHHSA,
CMPUYMHEHI  KOPO3i€el  Nig  Hanpyrow. MoxHa  BUMIpPATM  3MiHK
eneKTPonpoBIOHOCTI Ta MPOHWUKHOCTI, SAKi, Y CBOK 4epry, BNMBawTb Ha
BfIACTMBOCTI  Matepiany, Taki $K TBepAiCTb, OOHOPIOHICTb, CTYMiHb
TepMooBpPO6KN, HAABHICTb BHYTPILUHBLOI HaNpyru, 3HEBYrneLBaHHsa, andysito,
cKnag cnraBy, HasiBHICTb JOMILIOK i T. 4. BuMmip ToBWMHN MOXe BYTN BUKOHAHWUK
Ha MeTaneBuMx nnacTuHax, ¢onb3i, nucrax, cmyrax, Tpybkax i uuniHgpax.
3a3BnMyan MOXHa BU3HAYUTU TOBLUMHY HEMeTaneBuX MOKPUTTIB Ha MeTanax,
Takux 9K, Hanpuknag, i3onsuinHi wapu Ha kabensax; gapbu, o He NpoBoOaATb
CTPYM; Ha OEesKMX aBiauiMHUX BUNUBKAX; aHOOHUX MOKPUTTHAX HA NMOBEPXHAX 3
anomiHieBux crnnaeiB. Mo)XHa TaKOX BU3HAYMTU TaKi PoO3Mipu, SK OiaMeTpu
UMNiHOPUYHMX 3pa3skiB. MaTepiann MOXyTb aBTOMAaTU4HO COPTYBaTUCb Y
npoueci BupobHuutTea. Metoa MOXyTb NignawToByBaTn 40 BUCOKOLUBUAKICHOMO
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aBTOMaTM30BaHOrO KOHTPOM TPybOK Manoro giameTpa, Hanpuknag Tux, Lo
BUKOPUCTOBYIOTBCA B MaporeHepartopax, TenroobMiHHUKaxX i AK OBOSOHKM
TENNOBUAINAIYNX eNleMeHTIB  a4epHuX peakTopiB. BusHavawTbCs  Taki
XapaKTepUCTUKN NanmnBHUX TPYOOK, sIK BHYTPILWHIA Ta 30BHILWHIA AiameTpu,
€KCLLeHTPUCUTET, TOBLUMHA CTIHOK | HadABHICTb AedeKTiB. TakoX MOXITMBUN
orngag 3sapHux Tpy6 manoro AdiameTpa. 3a AONOMOrow AaTyMKIB OTOYYHYOro
TUNY MOXHa NepesipaTn Tpyodn Benukoro giametpa. AHanoriYHMM Y HOM MOXHa
nepesipsaTM  OOBri  CTPpWKHI  Ta gpotn. [lpu  BunpobyBaHHI  TpyboK
BUXOPOCTPYMUHHUIA METO[, Aa€ 3MOry TakOX BUABUTU MDKKpPUCTanITHY KOPO3ito
Ha BHYTPILLHIN NOBEPXHI.

Y uin nabopaTopHin pobOTi  BUXOPOCTPYMUHHI  BUNPOOYBaHHS
NPOAEMOHCTPOBaHO Ha NpuKNaai BeHTUnATopa ABUryHis septonsota Mi-8.

HepyiHiBHMI KOHTpONb Aetanen JIA npoBoaMTBLCA 3rigHO 3 IHCTPYKLIAMU
po3pobHuka JTA. Y Takin IHCTPYKLUIl MICTUTbCS BCS iH(bopMaLis, WO CTOCYETbCA
He TifIbKM HEepPYMHIBHOrO KOHTPOSIO AeTarnen BeHTUNaTopa, ane i po3bupaHHs,
YMLLIEHHS, YCYHEHHSA HecrnpasBHOCTeNW, dhapObyBaHHA Ta iHWe Ans BKasaHuX
jgetanen.

Ha pucyHky 5.2 nokasaHO 4acCcTUHM BEHTUNATOPA, WO nigaarTbcH
BUNPOBYBaHHIO METOAOM BUXPOBUX CTPYMIB.

PucyHok 5.2 — [leTani BeHTMNsATOpa, Lo BUNPOBOBYOTLCA BUXOPOCTPYMUHHUM METOLAOM

89



[na KOHTpOM uUux AeTanen BUKOPUCTOBYBABCA  AOedEKTOCKOn
«KoHcTaHnTa B-1» (pncyHok 5.3).

PucyHok 5.3 — [lecbektockon «KoHcTtaHTa B[-1» 3 Habopom gaTtumkiB Ans pisHUX maTepianis

HedekTockon «KoHcTaHTa B-1» npnaHavyeHo ans BUSIBNEHHS BIAKPUTUX
Ta nignoBepxHeBuX AedekTiB y epoMarHiTHUX i HedpepomarHiTHUX meTanax Ta
cnnasax.

Ha nouaTky BMKOpUCTaHHA [gedekTtockona [0 HbOro HeobxigHo
nigknoynTy BignosigHMin gatymk. OCKiNbKM geTani BEHTUNATOpa BUrOTOBIIEHI 3
MarHieBoro cnnasy, cnig BukopuctoByBatu gatyumnk MNd-OH-4-Al, npusHavyeHnn
AJ151 KOHTPOSO antoMIHIEBUX | MarHieBmx cnnaeiB (PUCYHOK 5.4).

ANIKOMWHWNA

Ne 3086 2013 1

PucyHok 5.4 — laTtuuk Nd-OH-4-Al ansa antoMiHieBMX | MarHieBux cnnasiB

[Micns uboro pgedpekTockon crig nNepeBipuTM Ha npauesfaTHiCTb 3a
A0MNOMOrot0 3paska 3 antoMiHieBOro abo mMarHieBoro cnnaBy (PUCYHOK 5.5).
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PucyHok 5.5 — 3pasok 3i WWTY4YHO CTBOPEHUMM TpiwmHamMu rmmnbuHoto 1; 0,5 ta 0,2 mm

NedeKTockon, NepeTBopoBaYy Ta 3pa3oK NMoKa3aHo Ha PUCYHKY 5.6.

e ————— .
L 0 . WA I TS
) s i :

.

PucyHok 5.6 — [ledbekTockon, 3pa3ok Ta gaTymk

[Mpouec nepeBipkn Nonsrae y npuknagaHHi gatynka no 6esgedekTHol
NOBEPXHi 3pa3ka Ta HaTUCKaHHi kHoMKn «0» Ha aedekTockoni. Tenep NpUCTpin
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BBaXKa€ L0 MOBEPXHIO 3pa3kom. [1oTiM gaTyumk cnig nigHecTn 4O HanbnMX4oro
LWITYYHOro gedeKkTy Ha 3pasky i Npu NpoxXooXeHHi aedekty gedeKkrockon mMae
BUOATWN 3BYK | YBIMKHYTU 4YepBOHUN Aiog Ha gatyuky. [Npyn ubomy Ha gucnnel
aedekTockona mae Bigobpaxatuca rnubuHa gedoekty B MikpoHax. [pouec
nepesipkn 306paxxeHo Ha PUCYHKY 5.7.

PucyHok 5.7 — lNepeBipka npauesgaTHOCTI AedeKkTockona

Konn cTtaHe 3po3ymino, wo pgedekTtockon cnpaBHUMA | roToBUW [0
BUKOPUCTAHHA, MOXHA MNOYMHATU BUXOPOCTPYMUHHUA KOHTPOMb AeTanen
BeHTUNATOpa. [lepen npoBedeHHAM TecTyBaHb HeOOXiAHO HanawTyBaTu
nedeKkTockon Ha MNOBEPXHIO, WO MePEBIPSETbCA, MOMICTUMBLUM AaTyMK Ha
NMOBEPXHIO i HAaTUCHYBLUM KHOMKY «0», W06 B3ATU L0 MOBEPXHIO 3a eTarioH.
TakoX HeoOXiAHO BCTaAHOBUTM MNOPIr, SIKMA BU3HA4Yae [ONYCTUMUN PO3MIP
nedekTy, 9KMn Moxe nponyctutn gedektockon — uer napameTp mae 6ytu
BKasaHUM B IHCTPYKUiI ONA nepeBipku came uux getanen. licna nposeneHol
NigrotToBKW, HAKWO OedeKTocKon BUSABUTb BIOXWIIEHHS Bi4 HanawToBaHOI
NOBEpPXHi, PO3MipU AKX BUXOOATb 3a NOpir, BiH BUAACTb 3BYKOBUN CUrHan, a 4iog,
Ha JaTynKy CTaHe YepPBOHUM.

30HU geTanen, Wo NepeBipaTbes, | MeToamnka BunpobyBaHb 3a3HaYeHi B
IHCTPYKLUiT aBiakoHCTpykTOpa. CyTb npouecy BUXOPOCTPYMWHHOIO KOHTPOSO
nonarae B PO3MillleHHI JaTyMKa Ha MNOBEPXHi Ta MepeMillleHHi MOoro LUSAXoM,
3a3Ha4YeHUM B IHCTPYKUii. AKwo aedekTockon BUSBUTL AedekT, Luen aedekT
cnig abo ycyHyTM MexaHiyHo, abo 3abpakyBaTu BCl AeTanb — MNPUUAHATTS
pilLEHHS 3aneXnTb Bif BKa3iBOK aBiaKOHCTPYKToOpa.

[MoyaToK BUXOPOCTPYMUHHOIO NpoLecy nokasaHo Ha pUcyHky 5.8. LLnsax,
AKMM Crig nepemiliati AaTtymk (3rigHO 3 IHCTPYKLUIE), NoKasaHo Ha npuknagi
OHI€El KOHKPETHOI NOBEPXHI (pUCYHOK 5.9).
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PucyHok 5.9 — TpaekTopia gatymka

Mig Yac BunpobyBaHb Ha nonaTi Koneca BeHTUNATopa Oynu BUSBIIEHI
aedekTn rmmbuHoto 6nunasko 0,7 mm (pucyHok 5.10).
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PucyHok 5.10 — [ledpekT rnmbnHoo 689 MKM, BUSIBIIEHUIN NPU BUXOPOCTPYMUHHOMY KOHTPON

Lli aedektn BaXXKo BUSIBUTU HEO3OPOEHNM OKOM (PUCYHOK 5.11), ToMy Ang
niaTBEepAKEeHHS HAsABHOCTI AepeKTiB Ta KpaLlol iX Bidyanisauii Aani Bukopucranm
LLie 1 KaninspHU KOHTPosb (pUcyHOK 5.12). KpimM Toro, KaninsapHUm KOHTPOnNb Aae

3MOry 3pO3yMiTW, Y € Ui AedeKTU BIOKPUTUMUM YM NPUXOBAHUMU, OCKISTbKU Lien
METOA MOXE BUSIBUTU NULLE NepLUi.

PucyHok 5.11 — Micue Ha nonari, Ae BUSBNEHO AedekTun
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PucyHok 5.12 — OguH i3 eTaniB KaninsipHOro KOHTPOSIO HarHiTanbHOro Koneca

Ak BUOHO 3 pucyHKa 5.13, Ha nNoBepXxHi sionaTi Koneca BEHTUNATOpPA €
6e3niy KOpo3iHNX OiNSHOK.

PucyHok 5.13 — Pe3ynbTatn kaningpHoro KOHTpOorsto

Byno nigrotoBrneHo 3BiT 3 HEpPYMHIBHOrO KOHTPOM 3a pesynbraTtamu
BUXOPOCTPYMUHHOrO (i KanmingpHoro) TecTyBaHHA  poboyoro  koneca
BEHTUNATOpPA. 3BIT 3 HEPYWNHIBHOIO KOHTPOSIO HAaBEAEHO HMXKYeE:
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Na6opatopisa HK
NDT Laboratory

NMpoTokon 3a pesynbrtatamu HK
NDT Report

Ne 74/2022 (COPY 1)

[Oata / Date
10/11/ 2022

LinbHnuA 4 3amoBHUK / Subdivision or

Components Repair Subdivision

customer
Tun BC/ . Per. Ne BC / Cep. NeBC/
A/C Type Mi-BV-5 | A/Creq. # - A/C SIN 468H976
L L Blower PIN 8A-6311-00 SIN -
Component
HdokymeHT-nigctaBa ansa nposeaeHHA HK / Wheel
Basis for carrying out the NDT:
Ha?'MeHy.Ba"Hﬂ .06 €KTa KoHTpOsio / Main gear frame mounting bolt
Object of inspection
Kin-tb /
P/N 8A-6311-15 S/N - QTY 1
MeTtog HK /
Method of testing © ET X MT PT X VT RT ST M

(*) Testing methods interpretation:
ET — Eddy-current testing;
MT — Magnetic particle testing;

PT — Penetrant (fluorescent) testing; RT — Radiographic testing;

VT - Visual testing;

ST — Springs testing;

M — Measurements.

- Technology. Helicopter type Mi-8.
HK npoBepeHi 3rigHO HOPM-HOro JoKyMm. / ; : PeB.
NDT is performed based on the normative document: Repair of oil cooler fan Rev B
) 8A-6311-00 )
osna""‘"aﬂ_ﬂﬂl Konstanta VD1 3pa39K/ . 52
Equipment: Specimen:
DaTtuuk / ingukaTop / Probe / indicator M®-OH-4-Al

Oedvekr / Defect: ‘ x

BusiBneHo / detected

He BusiBNeHo / not detected

Onuc pedekTy (AKLWO MOro BUSIBNEHO) /
A detailed description of the defect (if detected):

Corrosion with depth up to 689 um on the blade

All work covered by this NDT Report are performed i.a.w. international NDT standards

®doTo gogaeTbea / Pictures are attached

KinbKicTb cTOpiHOK, WO AoAalTbLCA /

Number of pages attached

BukoHaBeub /
NDT Specialist:

HayanbHuk na6opaTtopii HK /
Head of NDT laboratory:

(abo BignoBiganbHuM cneuianicT 3 piBHA /

or responsible level 3)
FonoBHUM iHXxeHep /
Chief Engineer

3

YES | x |

NO [ ]

piBeHb /
Ivl

3

Mipnuc / Signature

Mpi3Buwe / name

piBeHb /
Ivl

RNignuc / Signature

MpizBuLe / name

Nignuc / Signature

MpoTokon 3a pesynbtatamu HK otpumano / NDT Report received by:
LinsaHka yu 3amoBHUK / Subdivision or customer

Head of Components Repair Subdivision

MpisBuLe / name

Nocapa / Position

M.1.N. / Name

Mianuc / Signature

The Copy Ne 1 of the NDT Report is submitted to a customer or subdivision to include in overhaul work package.
The Copy Ne 2 of the NDT Report is stored in the NDT Laboratory.

96

Oarta / Date



Ha pucyHkax 5.14 i1 5.15 nokasaHo e oanH npuknag gedekTis, BUABNEHNX
Npu BUXOPOCTPYMUHHOMY KOHTPOSi BEHTUNATOPA.

PucyHok 5.14 — HanpsaMHUM NpucTpin BeHTUnNaTopa

97



PucyHok 5.15 — CiTka TpilLMH Ha NOBEPXHi HANPAMHOIO NPUCTPOIO

KoHTpOsnbHi 3annTtaHHA

1. o Take BUXOPOCTPYMUHHUIA KOHTPOSTb?

2. Ak npauytoe obnagHaHHA TUNY «MICT 3MIHHOTO CTPYMY»?

3. [lns SKkMx uinen mMoxxHa 3aCTocoBYBaTN BUXOPOCTPYMUHHUIA KOHTPONb?
4. Ak HanawToByeTbCa gaTtynk MNP-OH-4-Al Ha poboTy?

5. OnNuwiTe Npouec TecTyBaHHA AeTarii BUXOPOCTPYMUHHUM METOL0M.

6. LLlo ctae npuBogom ans BubpakyBaHHs getani?
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JTabopaTtopHa po6oTa Ne 6
YNbTPA3BYKOBA JE®EKTOCKONIA OETAJEN | BY3MIB 1A

Mema pobomu:

1. O3HanoOMUTUCA 3 NPUHLMMOM POBOTU yIbTPa3BYKOBUX AedEKTOCKOMIB.

2. HaBunTtnca BMKOHYyBaTU BUOpaKoOBYBaHHS 3arpoOnoOHOBaHWX AeTanen i
3Haxo4UTU NPUXOBaHi AedeKTU KOHCTPYKLUIN.

TeopeTn4Hi BigoMocTi

Y po34inbHO-CyMILLLEHOMY peXuMi anapatypu iMnysnibCu yrbTpasByKOBUX
XBUNb nocunaTb B 00'ekT kOHTposito (OK). Akwo Ha TpakTi € gedekT, To
iIMNYNbC YacTKOBO BigOMBaETLCA Big HHOro B cymileHuin nepetsoptoBad (CI1) sk
exocurHan. Okpemum npunmadem () ouiHOTL cnag amnniTyau HacKpi3HOro
curHany, cnpuynHeHun gedekTom.

Y cymiweHomy abo posginibHOMY pexumi anapatypu  iMnyrbcu
yNbTpa3BykoBUX XxBunb nocunatTbe B OK. Akwo Ha TpakTi € gedekr, To BiH
neperopoaxye X WNax, CAPUYNHAKYN cnag AOHHOro curHany. Cnocrepiraroyn
3a cnagom AOHHOro curHany, pobnsiTe BUCHOBOK NPO HASABHICTb i BENUYUHY

AedeKTy.
Onuc npunaay

Ak npuknag posrngaHemMo npunag ons nposeaeHHsa pobiT — gedektockon
mapkn Y[13-103 (pucyHoK 6.1) 3 KOMMNIIEKTOM M'€30€NEKTPUYHNX NEPETBOPIO-
BayiB (pUCYHOK 6.2), WO npaule Ha Ppi3HMX LWBMAKOCTAX MOLUMPEHHS
ynbTpa3BykoBol (Y3) xBuni B maTepiani 3paskiB Pi3HOI TOBLLNHW.

HedekTockon npusHadeHo ANS ynbTpas3BYKOBOrO KOHTPOSO OCHOBHOIO
MeTany i 3BapHuMX 3'€egHaHb IUCTOBUX eNieMeHTiB, TpyO, BignoBiganbHUX
aeTanen KOHCTPYKUin cyaHobyaiBHOI, aBiauinHOI NPOMMUCIIOBOCTI, a TakoX Ans
BUMIipIOBaHHS TOBLUMHM BUPODIB i3 MeTany Ta iHWux maTepianis. [Jedekrockon
3abeaneyvye BUABMEHHS AedeKTiB, WO NOPYLLYOTb CYLiNbHICTE BUPOBY (TPILLVH,
nop), 3 BMMIPIOBaAHHAM | peecTpauielo B nam'aTi XxapakTepUCTUK BUABMEHUX
nedexTis. Mloro MoxHa BUKOPUCTOBYBATW NPW MOHTaxXi, ekcnnyaTawii Ta peMoHTi
B MalLuMHOByayBaHHI, MeTanypriiHin NPOMUCIIOBOCTI, HA TPAHCMOPTI Ta iHLWNX
ranyssx.

3a pgonomoroto fedhekrtockona MnpoBOAATb KOHTPOSib 3BAPHUX LUBIB Y
3paskax TaBpoBOro, TPyO6HOro 3BapHuX 3'€4HaHb, 3pa3kax IMCTOBOro NpokKaTy Ta
iH. (pUCYHKM 6.3, 6.4).
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PucyHok 6.2 — lN'e30enekTpuyHi NnepeTBoptoBavdi: a — nepeTBoptoBayi ToBLMHOMIpa TY3;
6 — nepeTBOpIOBaui yNbTPa3BYyKOBOro gedekrockona

PucyHok 6.3 — 3pa3ok TaBpoBOro PucyHok 6.4 — 3pa3ok TpyOHOro 3BapHoro
3BapPHOro 3'€AHaHHS 3'eHaHHSA
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NMpaBuna 6e3ne4yHOro BUKOHaHHA PO6OTH i NOPAAOK NPOBeAEHHS
KOHTpPOSIO

YnbTpa3ByKOBUIA KOHTPONb € AOCUTb 6e3nedyHnmMm MeToaoM, TOMYy Mpu
BUKOHaHHI poBIT 3aCTOCOBYOTLCA 3ararnbHi npasuna 6e3nekn. 3abopoHAETbCH
BUKOpUCTOBYBaTK ObriagHaHHA He 3a Mpu3HadeHHAM, po3bupaTu, BMUKATU B
PO3HIMW HEKOMMJIEKTHI NepeTBOpIoBaYi Ta iH.

3rigHo 3 IHCTPYKUiE onepaTop HACTPOKE npunag Ha KOHTPONb BUOaHOro
3paska — nigbupae n'esoenektpmyHui nepetsoptoBad ([MEM) 3a wBmMakicTio
NOLMPEHHS Y3-XBUIb | TOBLLMHOK KOHTPOSIbOBAHOMO 3paska, BMMCYE YMOBHUM
HOMep KOHTpornepa B gedekrockon. [Npunag npautoe 3rigHO 3 HACTPOKBaHHAM
«3a 3aMOBYYBaHHAM» [0 NOSIBM Bi3yasibHOIO i 3BYKOBOIrO CUrHaniB Npo HasiBHICTb
aedekTy.

[10 KOHTPOIO 3pa3ok HeOOXiAHO roTyBaTK B Taki NOCMiQOBHOCTI:

— OYMCTUTM 3a OOMOMOro ckpebka MoBepxHW Big ipxi, WO
BiALIapoBYeTLCSH, | Opyay. B mexax uiel noBepxHi BignosigHO 40 YMOB KOHTPOSHO
mMae nepewmiwartunca MNert;

— MPOTEPTUN YNCTOK FraHYIPKOIO;

— MOKPUTN NOBEPXHIO KOHTAKTHOK PiANHOK OS5 3abe3neyeHHs HagiiHoro
aKyCTUYHOIO KOHTaKTY.

[loraHe O4YULEHHA KOHTPOSbOBAHOI AiNIIHKM MOBEPXHI Pi3KO Moripluye
AKICTb aKyCTUYHOIO KOHTAaKTY, 3HWXYE pearibHy YyTIUBICTb KOHTPOMO, Crpusde
NPUCKOPEHOMY CTUPAaHHIKO KOHTakTHol nosepxHi [EMN, wo npu3BoanTtb OO0
3MiHEHHS KyTa BBEAEHHA NPOMEHS | 36iNbLUEHHA «MEPTBOI» 30HW.

AK KOHTaKTHY piguMHYy MOXHa 3aCcTOCOBYBaTMU:

— PN KOHTPOJSTi TOPU3OHTarnbHUX MOBEPXOHb — MiHepanbHe Macno,
rmiLepuH, akyCTUYHUI refb, Bo4y (B yMOBax MIHYCOBUX TemMnepaTyp — PO34uH
€TUNoBOro CnNupTy);

— NPWU KOHTPOIi BepTUKAITbHUX MOBEPXOHb — MiHEparibHe Macno, B'A3KiCTb
AKOro cnig niabupartu 3 ypaxyBaHHSAM TemrnepaTypu HaBKOMULLIHBOIO MOBITPS |
KOHTPONbOBAHOro MeTarny.

Mpn nepemiweHHi MENM HeobXigHO CTEXUTM 3a LWiNbHUM NPUIISraHHAM
Moro Oo noBepxHi BUMpoBYy. HagmipHMi TUCK, WO He crnpusae NOSinWeHHo
aKyCTMYHOrO KOHTaKTy, NpuM3BOAMTb OO0 LUBWOKOI BTOMW PYKU onepartopa i
cnpauboByBaHHSA TETT.

[Mowyk aedekTiB cnig NnpoBOANTM 3 ABOX MNPOTUIIEXHNX HANPSMKIB.

O3Hakol BUSBMNEHHS OedeKkTy Mnpu KOHTPOMi 3a €exXOMeToaoM €
BUHWKHEHHSA Ha eKpaHi exocurHany, MakcumMmarnbHa amnnitTyaa Skoro nepesuLLye
nopir crnpauboByBaHHA aBTOMaTWUYHOro curHanisatopa gedekry (ACH). MNMpwm
KOoHTponi noxunum [NENN exocurHan 3micTUTbLCA MO ekpaHy npu 3mitleHHi MNENM.
[MoaBOlO 03HaKM AedeKTy TaKoX MoXe OyTW HasBHICTb KMenM Ta iHLWKUX
KOHCTPYKTMBHMX BiabuBadis, a Takox NoBepxHeBUX gedekTis, bpyay i 3anuiukis
KOHTaKTY4Yoro Mmacrtuna.

O3Hakol BUSABIEHHA AedeKkTy 3a A3epKarnbHO-TiHbOBMM MeTogom (OTM)
€ 3MEHLUeHHS aMmnniTyau OOHHOro CUrHamy HuX4e nopora cripauboBYBaHHS
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AC[Ll. O3Hakoo gedeKkTy npu KOHTPOMi 3a TiHbOBMM METOAOM € 3MEHLUEHHS
aMmnaiTyan NPOHMKaKYoro curHany.

[MosiBoto o3Haku gedpekty 3a ATM i TiHbOBUM MeTogaMn MoOXe BYTU TakoxX
HasIBHICTb OTBOpIB, Knenm i 6bpyay Ha noBepxHi ckaHyBaHHA NEI, nopyweHHSA
aKyCTUYHOro KOHTakTy, 3MmiweHHs NElN oanH BiGHOCHO O4HOrO Ta iH.

[na nigBuWeHHs HaQiMHOCTI U OOCTOBIPHOCTI NPOBEAEHHS KOHTPOIO, a
TaKOoX po3nidHaBaHHSA geekTiB i NnepeLlko] MoXHa 3acTOCOBYBATHU:

— aBTOMAaTUYHY CUrHani3auito gedekTis;

— pexum «OBBigHNNY;

— pexunm «W-poaropTkay;

— pexum «Jlynay.

[MigrotoBka pfgedpektockona [0 poboTu BiAOYBaAETbCA TaKMM  YMHOM:
NPOBOAATL 30BHILLHIA orngag gedeKkTockona i KOMMMEKTYy nepeTsBoptoBaviB i
kabeniB, MepexHoro aganTtepa, ronoBHUX TenedoHiB. 3a HeobXigHOCTI
yCyBalOTb HefoSlikKu, NOTiM ONd  NPOBEOEHHS KOHTPOSIO  MepeBipsoTb
KOMMMNEKTHICTb TaKUX IHCTPYMEHTIB i npunagns:

— CTaHOApPTHUX 3pas3kiB Onsi HacTPOKBaHHA OCHOBHUX MapameTpiB
aedeKkTockona;

— MeTanesol pyneTku;

— MeTaneBol NiHINKK;

— NepeHOoCHOI namnu Hanpyrotw 36 B;

— A3epkana;

— nynu 3i 36iNbLUEHHSAM HEe MeHLLE X4;

— LWiTKN meTaneBol, wabepa abo ckpebka;

— BONOCSAHOI WiTKW;

— WNicpyBanbHOT LWKYPKK;

— 0b6TMpanbHOro martepiany;

— pesepByapu 3 KOHTAKTOBOI PigVHOL0;

— (hapbu macnsaHof;

— KNCTEN ONA HAHECEHHS KOHTaKTOBOI pianHW | hapdbn Ha aedekTHi micus
BUPOOY;

— Kpenau.

[Ons BMukaHHA gedektockona HeobxigHO BUKOHATKM Taki Ail:

1. MpuegHaTn mepexHnin Kabenb 4O MEPEXHOro aganTepa.

2. NpueagHaTu WwTekep i3 po3eTkn Ao poseTkn (220 B, 50 u).

3. [epekoHaTnCcs, WO Ha KOpMNyCi MepexXHOro agantepa 3aropiscs
3erneHun ceiTnoAion.

4. MpunegHat HU3bKOBOMNbTHUM Kabenb Big MepexHoro agantepa Aao
PO3HiMYy «24 V» Ha KOMyTauilHin naHeni 6noka enektpoHHoro (BE)
aedoekTockona.

5. YctaHosutn Tymbnep «BKJ1 BHYTP / BKIT S3OBHIW» Ha komyTauinHin
naHeni gedpekrockona B rnosioxxeHHa «BKJ1 BHYTP».
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Y MOMEHT yBIMKHEHHS Aed)eKTOoCcKona Mae nposiyHaTu 3ByKOBUMW CUrHarn,
nicrsi Yoro Ha ekpaHi 3'sBUTbCA 3aBOACBHKUA HOMEP, a TaKOX MEHI pexumy
poboTu.

[Mepen noyatkom poboTM NOTPIGHO BBECTM WKdp onepaTopa, SKui Aae
3MOry 3axmcTuTi iHopMaLito B nam'aTi gedpeKkrtockona Bif HeCaHKLiOHOBaHNX
3MiHEHb abo0 BMAaneHb, BU3HAYUTU onepartopa, SIKUA NPOBOAUTb KOHTPOISb.
Micna ubOro MOXXHa MOYMHATU MPOBELEHHST KOHTPOMO 3paska 3 HaCTpoMKamMm
«3a 3aMOBYYBaHHAMY.

[Mpouec KoHTponto nepeabayae BUKOHAHHA ONepaTopoM Takux LiR:

1) nonepeaHbOT MigroToBKM 0O6'€eKTa KOHTPOSMKO (OYMLLLEHHS MOBEPXHI,
po3TallyBaHHS B MPOCTOpI) | npuniagy;

2) npoxogxeHHs MNENM no KOHTPOSibOBaHIN NOBEPXHI 4O CnpauboBYyBaHHA
CUrHany npunaay;

3) gocnigkeHHa aedekTy (BU3HAYEHHSA NOro hopMu i BENUYMHN);

4) NOBTOPHOrO KOHTPOSO AN YTOYHEHHS napaMeTpiB AedeKTy;

5) BHECEHHS BiAOMOCTEN NMPo AedeKT Y 3BIiT MPO KOHTPOSb.

KoHTpoOnbHi 3anuTtaHHA

1. AKOK € OOCTOBIPHICTb BMBYEHOro Metoay?

2. Aki ocobnuBOCTi Mae npouec KOHTPOS MOPIBHAHO 3  iHLWMMU
MeTogamm?

3. Akumn cnocobamun i npuromamm pobOTM Crig KopucTyBaTUCA AJIS
NiaBULEHHS AOCTOBIPHOCTI MeToay?

4. Ynum BIigpi3HATLCA PO34iNbHUNA, CYMILLEHUW | pO3A4iNbHO-CYMiLLLEeHUI
nepeTBoOpoBavi?

5. Y yomy nonsrae n'e3oenekTpuyHmn edpekT?

6. Y YoMy nondrae cytb exomeTtoay?

7. Y YoMy nonsarae CcyTb A3epKanbHO-TIHBOBOro Metoay?
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INTRODUCTION

Preparation of an airpFTSe or helicopter for flight tests, tests on the ground
and in the air, delivery of the finished product to its customers is the last stage of
the production process at an aircraft factory. The labor intensity of this stage is
10-20% of the total labor intensity of aircraft production.

This includes the following types of work:

1. Acceptance of the aircraft from the final assembly shop (FAS) and its
transportation to the flight test station (FTS). At the same time, they perform a
consistent external inspection of the aircraft in accordance with the instructions,
check the completeness of the on-board equipment and add documentation.
Then the pFTSe is towed to the work stand of the LVS. Work stands are training
areas, boxes or covered hangars with the necessary equipment.

2. Checking, testing and working out the on-board systems of the aircraft.
All on-board equipment is checked for complex functioning and interaction with
the help of diagnostic control and testing stations (CTS). Testing and control of
on-board systems are carried out in advance according to prepared programs
simulating operating conditions. In this process, the electronic radio
communication systems of the aircraft and the Landing gear system are tested,
the operation of the radar equipment is checked, the operation of the complex of
aircraft control systems and the entire complex of hydrogas systems is
monitored, as well as the readings of magnetic devices and radio compasses are
monitored and corrected on a special deviation platform with a turning circle
(possible deviations of the aircraft's course indicators from the true directions are
recorded here).

3. Testing the engine on the ground and working out the fuel system of the
aircraft. The pFTSe is refueled and the tightness of the fuel system is checked
(according to the instructions) after 12 hours of settling in the refueled state. Then
perform a control draining of the fuel to check its level indicators and the critical
fuel remaining indicator.

4. Preparation of the aircraft for flight tests. The pre-flight inspection is also
performed consistently outside and inside the pFTSe; refuel aircraft systems with
fuel, compressed air, hydraulic fluid and oxygen; the emergency hatches and the
ejection seat are checked. Before take-off, they check the operation of the
engines, the serviceability of the radio communication.

5. Flight tests. Here they check: take-off and FTSding characteristics, climb
rate, horizontal and vertical speeds, stability and controllability of the aircratft,
flight range.

6. Post-flight training. It is conducted in order to eliminate failures and
defects discovered during test flights. At the same time, the crew's comments
and objective telemetry data (on the electromagnetic carrier of information about
the flight parameters) are analyzed and the causes of system failures are
identified. After eliminating the defects, the flight profile is repeated.
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Then the aircraft is handed over to the customer after the handover
certificate is issued.

In order to shorten the cycle of airfield maintenance of the aircraft, a
current-stand form of work will be organized on the FTS. Modern objective
means of diagnostics of on-board systems in the form of control and testing
stations, as well as other means of mechanization and automation of control and
testing operations are widely used on individual test stands of the aircraft. In
order to shorten the entire cycle of work, the maximum possible parallel
execution of work on individual tasks on the stand is implemented, as well as
brigade fixation of performers for individual aircraft.

Rhythmic work in the airfield workshop is facilitated by an approved cycle
schedule with a given periodicity of aircraft delivery.

Ensuring the necessary level of quality of the manufactured products is
connected with the use of a modern approach in the organization of non-
destructive testing at the enterprise. The organization of product quality control
is a system of technical and administrative measures aimed at ensuring the
regulatory level of quality, primarily due to the active influence of inspections on
the technological process, as well as the independence of technical control
bodies using modern methods of non-destructive testing (NDT).

These methods establish the level of quality (standards of defects). Without
control, it is impossible to establish the level of product quality. Defects detected
by NDT are usually found indirectly. The search for defects by studying changes
in the physical and mechanical characteristics of materials is the physical basis
of NDT. Most often, these methods are used to determine discontinuities in the
material of semi-finished products and parts (cracks of various origins, shells,
porosity, etc.). It should be taken into account that there are no universal NDTs,
and their advantages lie in the possibility of control at various stages of
production and operation, studying changes in the properties and structure of the
material of products, as well as the occurrence of defects in them.
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1 BASIC CONCEPTS AND CLASSIFICATION OF TESTS
1.1 Tasks of tests

Testing and control processes play an important role in the production of
aircraft, the purpose of which is to ensure high reliability of the aircraft, its ability
to fully perform the specified functions.

Nowadays, the labor-intensiveness of testing and controlled processes is
about 20% of the total labor-intensiveness of aircraft manufacturing and is
constantly increasing.

Some tests have categories that are divided into types, which are
determined by the level, stages of development, as well as tests of finished
products.

One of the most important features of any tests is the adoption of certain
decisions based on their results. Another feature is the task of certain test
conditions (real or simulated), which are understood as a set of influences on the
object and modes of its functioning.

The characteristics of the object during tests can be determined both during
the functioning of the object and in the absence of functioning in the presence of
influences before and after their application.

Tests and control are carried out at all stages of the creation of the aircraft,
starting with the development of the design, manufacturing and delivery of
finished products and ending with its launch.

During the manufacture of parts, sets, aggregates of products are
controlled using non-destructive methods at various stages of aircraft production.

To ensure the release of products, the test system is built in such a way
that after manufacturing in the same conditions, the reliability of a batch of
products is evaluated during tests with limit loads on control samples from among
these products.

The readiness of other products for flight is determined during special
acceptance tests with loads close to operational ones. Thus, the test system is
based on the principle of analogy of flight samples of products with control ones,
which is ensured by the uniformity of not only designs, but also manufacturing
technologies, as well as control and technological tests.

The results of enhanced tests of control samples of products are
transferred to flight samples that did not pass these tests, which allows to
preserve their service life. Control and testing are carried out at all stages of
aircraft manufacturing, starting with control of the initial properties of materials,
supplies and ending with launch.

Control is understood as checking the compliance of the product with the
established technical requirements, checking the quantitative and qualitative
characteristics of the product properties.

Testing is understood as the experimental determination of parameters
and indicators of product quality in the process of functioning or during the
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simulation of operating conditions, as well as when reproducing the impact on
products according to a given program.

It is customary to classify tests by categories, types and methods, and
control — by types and methods.

A category of tests is a group of tests characterized by the same
organizational characteristics of conducting and making decisions based on the
results of the evaluation of the object as a whole. Different categories of tests
correspond to experimental and serial production.

The type of tests is a classification group of tests based on a certain
feature, primarily according to the parameters being tested and the nature of the
impact. At the same time, various types of tests are conducted within the
framework of certain categories.

The type of test is often determined by the place and period of its conduct,
as well as the influence of relevant factors on the parameters being tested.

The test method is the rules of application of certain principles and means,
which include the characteristics of the properties of the object and (or) the test
conditions for further processing registered during the research.

The characteristics of the properties of the object are evaluated if the task
of the tests is to obtain quantitative estimates, and they are controlled if such a
task is only to establish the compliance of the characteristics of the object with
the specified requirements.

The most important feature of trials is making certain decisions based on
the results. Another feature of them is the assignment of certain test conditions
(real or simulated).

The characteristics of objects during tests can be determined both when
the object is functioning and when it is not functioning, in the presence of
influences before or after their use.

The object of testing is the product being tested. The main feature of the
test facility is the possibility to make one or another decision about its suitability
or unsuitability based on the results of the tests, as well as the possibility of serial
production of products, etc.

The term "test equipment” means any technical equipment used in
testing, primarily testing equipment, measuring equipment, auxiliary technical
devices for fastening test objects, recording and processing results, as well as
main and auxiliary substances and materials used in tests.

The concept of "test conditions" contains a set of factors and (or) modes
of operation of the object during tests. The test conditions include external acting
factors, both natural and artificially created, internal influences caused by the
operation of the object, as well as modes of operation of the object, methods and
place of its installation, assembly, fastening, speed of movement, etc.

The result of the tests is an assessment of the properties of the object,
the established compliance of the object with the specified requirements
according to the test data, the final value of the quality of the object's functioning
during the tests.
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Tests are classified: by purpose, level of their implementation, stages of
product development, inspection of finished products, conditions and place of
implementation, duration, types of impact, results of impact, certain
characteristics of the object (table 1).

Table 1 — Classification of test types and methods

Classification sign Test

Research

Control

Appointment of tests Comparafive

Determinant

State

Conduct level Interdepartmental

Departmental

Training

References

Stages of product development The previous ones

Reception rooms

Qualifying

Presenting

Acceptance and delivery

Periodic

Testing of finished products I :
nspection

Typical

Attestation

Certification

Functional

Reliable

Safe

Strong

Defined characteristics of the object
Steady

Transportable

Borderline

Technological

Research tests are tests conducted to study certain characteristics of the
object. Their purpose:

1) determination or evaluation of indicators of the quality of the object's
functioning in certain conditions of its use;

2) choosing the best modes of use or the best indicators of the properties
of the object;

3) comparison of many variants of object implementation during design and
certification.

Control tests are tests carried out to control the quality of the object.
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Comparative tests are tests of similar or identical objects, carried out
under identical conditions to compare the characteristics of their properties.

Deterministic tests are tests related to determining the characteristics of
an object with specified values of accuracy and (or) reliability indicators.

The purpose of practice tests in the conditions of experimental production
Is to practice the design of the aircraft and the technological processes of its
manufacture, as well as to check the compliance of all parameters and
characteristics with the specifications. In the case of autonomous performance
tests, the object is aircraft assemblies and assemblies, and in complex tests, the
object is the assembled aircraft. Autonomous tests include three stages: design,
reference and finishing.

Determining the scope, program and technology of tests is a rather difficult
task in each specific case. Despite the significant differences in the tests of
various component units and the product as a whole, they constitute a certain
system consisting of separate, logically interconnected stages that are carried
out according to special programs during the design, manufacture and operation
of the aircraft.

Reference tests are carried out to confirm the operability of the selected
design. At this stage, changes in the design of product elements are allowed and
the technological process of testing is specified. Final tests are carried out to
confirm the necessary performance of the assembly unit in accordance with the
adjustments made by the results of the design and reference tests. Complex
tests of the aircraft are carried out in order to work out the entire complex of
systems, nodes, aggregates and compartments, as well as to determine the
compliance of the operational and technical characteristics of the aircraft with
those specified in the technical task (TT).

Performance tests are carried out both at the experimental production of
RDB (research and design bureau) and at the manufacturing plants.

After mastering the manufacturing technology of assemblies, aggregates,
automation elements and other devices, control and technological tests are
carried out, including tests of the set batch, acceptance and acceptance, control
and sampling, periodic and typical tests.

Tests of the installed batch are carried out when new products are
delivered to production for small batches (3-5) of the investigated objects of the
same name, manufactured according to the developed technology and which
have passed the usual acceptance tests. The test program of the installation
batch of products for aircraft includes tests for strength, tightness, vibration and
impact tests, function tests, cyclic tests for repeated loading, determination of the
actual pressure of destruction, etc.

In case of positive test results of the establishing party, a decision is made
on the production of standard assembly units of the products.

Acceptance and acceptance tests are carried out for all manufactured
parts, assembly units and the product as a whole in order to check compliance
with their technical conditions. Test programs are developed for each assembly
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unit and product. They may contain the following types of control: checking the
initial geometric parameters, determining the mass, center of mass, strength of
the products, checking their tightness and functioning, establishing volumes and
critical fuel residues in the containers, checking on-board cable networks,
cleanliness of internal cavities, etc.

Fully assembled products undergo factory acceptance and acceptance
tests at a special control and testing station (CTS).

Control and sampling tests are carried out in order to periodically check
the stability of the technological process and the quality of the components and
the product as a whole. These tests are carried out selectively for a small (up to
10%) number of nodes from each offered batch. In case of unsatisfactory results,
the test is repeated using a double number of nodes (products). If unsatisfactory
results are obtained again, the batch of submitted nodes (products) is missing.
Production and submission of a new batch of nodes (products) is possible only
after identifying and eliminating the causes of defects.

In contrast to the acceptance and acceptance tests, control and sample
tests are carried out at the limit loads and modes.

In the case of a certain break in the production of the products in question
and in a number of other cases stipulated by the technical documentation,
periodic tests are carried out, and when the design and technological
documentation is adjusted, typical tests are carried out.

Standard tests are carried out in case of changes in the design or
manufacturing technology of the unit, unit, system or compartment of the aircratft,
which may affect their characteristics, in order to evaluate the effectiveness and
feasibility of these changes.

Periodic tests are carried out in order to control the stability of the
technological process of manufacturing aircraft assembly units and to confirm
the possibility of continuing their production. Periodic tests should be carried out
at least once a year on the assembly units of products of any batch accepted for
control and sample tests during a given year.

The main document for conducting research is the "Test Program and
Methodology" and for test categories at the serial production stage — "Technical
Conditions". They establish the object and goals of the research, the types,
sequence and scope of the experiments, the order, conditions, places and terms
of the tests, their provision and reporting. These documents specify the method
and means of testing, the requirements of safety technology and environmental
protection.

Tests characterized by a place can be divided into laboratory, bench,
range and field tests.

Tests determined by time are divided into normal tests, the conduct of
which ensures obtaining the necessary amount of information about the
characteristics and properties of the object in the time provided for by the
operating conditions, and accelerated tests — the methods and conditions of
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which provide the necessary information about the characteristics and properties
of the object in a shorter time than during normal tests.

Tests characterized by active factors are divided into mechanical,
climatic, thermal, radiation, electromagnetic, electrical, magnetic,
chemical, biological, non-destructive and destructive.

The tests determined by the verifiable parameters are divided into stability
tests, the results of which determine the ability of the product to perform its
functions and maintain the values of the parameters within the limits of the
specified norms during the action of certain factors on it, and strength tests — to
determine the factors affecting characteristics of the object or cause it to go
beyond the permissible limits or the limits of its destruction.

It should be noted that the aircraft control and testing system is built based
on certain principles that take into account the specifics of their design,
production and operating conditions, cost, etc.

All tests, which should provide sufficient information for the release of
aircraft with the necessary reliability, should be carried out on devices
manufactured according to the accepted technology. Control and testing must
be carried out in such a way that existing defects are detected at earlier stages
of manufacturing, at lower levels of aircraft assembly. Control and testing
operations should be carried out as close as possible to those assembly
operations where expected defects may occur.

The program should contain a list of tests of all types of loads to which the
device is subjected during ground preparation and in flight. A number of factors
affecting this (vacuum, weightlessness, radiation) are created by simulation. In
those cases when the tests are related to the production of a resource or the
danger of damage to the tested object, special test samples are made in parallel
with the flight ones using the same technology. At least two objects are subjected
to similar tests: one is the ultimate maximum destructive load in order to
determine the reserve according to its specific type (for example, the durability
margin), and the second is an almost operational load in a long-term mode
(before destruction) to determine the reserve according to the resource. All flight
and test samples of the apparatus undergo control and technological tests
according to the program drawn up for flight samples, after which the test
samples are submitted for testing on limit loads. The level of test loads should
provide the necessary margin for a certain type of impact, but not too much
exceed the real conditions, since failures under exaggerated test conditions can
lead to unnecessary modifications of the structure, its weighting, and repeated
tests. The duration of tests of flight samples is strictly regulated and should be
minimal. In some cases, a duration equal to the duration of one cycle of the
apparatus on the ground and two cycles of its operation in flight is accepted.

An important principle of testing is the principle of similarity, when the
ultimate capabilities of the design are determined on test samples, and the
aircraft's suitability for flight — on working samples under loads equal to
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operational ones. Working and test samples are made according to the same
technology.

It is desirable to test the complex influence of operational factors on a fully
assembled aircraft, when previously detected defects have been eliminated, and
new defects that have appeared are the result of the mutual influence of
individual elements. Such tests must be included in the program of acceptance
tests of flight samples. The results of previous tests should be taken into account
when conducting higher level tests (there should be no duplication).

Tests on the functioning and integrity of communications of on-board
equipment and automation must be carried out according to the principle of a
consistently increasing level of repeated tests, which allows the fastest detection
of defective elements. After that, the defects must be analyzed, eliminated, and
the object must undergo repeated tests in the prescribed amount. They are
carried out according to the full program also in case of making fundamental
changes to the design, technology or equipment.

All ground testing must be completed prior to flight testing.

From the batch of products that passed factory acceptance tests, one
product is subjected to flight tests. To obtain the maximum possible information
about the operation of the aircraft systems during the flight, it will be equipped
with additional sensors (telemetry option).
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2 TESTING OF AIRCRAFT EQUIPMENT
IN THE MAIN DEPARTMENTS OF AVIATION PRODUCTION

2.1 Organization of non-destructive testing at the enterprise. Basic
principles and tasks of control services

Quality is a complex parameter of materials and products. It is directly
related to the quality of product design or development, its production and
operation. Therefore, the organization of the quality control service covers almost
all spheres and stages of human scientific and industrial activity. The structure
of the quality control service largely depends on the structure and type of the
enterprise and its production tasks. One of the most important elements of
product quality control and assurance is compliance with quality management
principles. These principles consist in establishing, ensuring and maintaining the
necessary level of product quality during its development, production and
operation, carried out through systematic quality control and purposeful influence
on conditions and factors characterizing product quality. Quality control is an
integral part of the quality management system.

The organization of product quality control is a system of technical and
administrative measures aimed at ensuring the normative level of quality: study
of the controlled object, the nature of the quality of materials and products;
increasing the level of quality and reliability of products, first of all, through the
active influence of control on the technological process, ensuring the
independence of technical control bodies and accepting products from
personnel.

The main tasks of the control service are:

— systematically and timely control the quality of materials and products,
technological (assembly and assembly) work, the quality of manufactured
products, the technical condition of products during operation using the
necessary methods and means of control in accordance with the requirements
of the current documentation;

— to prevent the transfer of defective products for the performance of
subsequent technological operations or their delivery to the customer;

— to contribute to the improvement of the quality of design, technological,
installation, repair and other works;

— accept completed operations and work with the preparation of the
necessary technical documentation and participate in handing over materials
and products to the customer,

— apply organizational and technical measures aimed at preventing defects
and improving the quality of product development and manufacturing, as well as
at increasing the technical level of product operation;

— to carry out laboratory studies on non-destructive testing of the strength
and tightness of materials and products;

— develop and improve methods, means of control, as well as organize
quality control of new types of materials and products.
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Structure of control units.

At modern enterprises, single complex departments (laboratories) of non-
destructive testing (ND) are being created. The approximate structure of the ND
department is shown in Figure 1.

“ND testing |
depariment |
LEhOI_aTOFIE.‘S |
[ Fi:law NDpLE:éjgg of | "ND testing of ND testing of | Control of Development of |
detection| |and mechanical structure technological | geometric standard
e charactenst;cs | —_— LChﬂrﬂC‘tErlStiEE; ﬁharﬂcteﬂsncs. documentation
~— [ Control groups |
Acoustic Radiation | ; ' | Metrology
Eddy-current Optical | ﬂf?egpnim :unriﬁﬁgm standards
Liquid penetrant| Leak | el M |and instructions |

Figure 1 — The structure of the non-destructive testing unit

All groups that are part of the subdivision must be territorially located in
the general complex. The use of sources of ionizing radiation necessitates the
creation of protective equipment and safe conditions for the work of operators
and persons in nearby premises.

The planning of premises for the ND department in most machine-building
enterprises is the same.

In the general case, defect inspection services must control materials and
products by all inspection methods. In this regard, the premises of the
department provide a control room and hardware for radiation equipment, a
decryption and photo room, as well as a storage of isotopes, which is equipped
with a camera for recharging gamma devices.

The electrophysical group working with electromagnetic, magnetic,
optical, ultrasonic and other control methods is placed in two adjacent rooms,
and the group dealing with capillary methods (due to the use of toxic
components) is in a separate room.

As part of the laboratory, it is necessary to provide a pantry and a
workshop for preparing samples, repairing equipment, making devices, premises
for the design group (it is engaged in the modernization of equipment and
automation of control processes), as well as domestic premises.

If the objects for control are located at a considerable distance and at
different production sites, a basic laboratory is organized, which serves
according to departmental or territorial characteristics. In this case, either the
products are delivered to the laboratory, or its employees go to the facility. It is
most rational in such conditions to create a mobile express laboratory. Such flaw
detection laboratories are placed in buses or closed cars.

The defect inspection department (laboratory) of machine-building and
metallurgical enterprises is part of the service of the chief metallurgist, the chief
welder or the central factory laboratory (CFL), sometimes the technical control
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department (TC). Given the great impact of the results of these services on the
quality of products, it is most appropriate to subordinate them to the deputy head
of the enterprise for product quality or the chief engineer.

The structure of the ND department may be different depending on
production conditions and product quality requirements.

In physical laboratories (groups), they work on mastering and adjusting
equipment and developing methods, as well as on their implementation. All
mastered devices and developments are transferred to the workshop control
services. In some cases, special ND groups are created as part of shop control
services, working under the methodical guidance of the ND department. At the
head of separate units of the ND and in their composition, there must be an
engineer of the relevant specialty.

If the flaw detection department is not part of the lab complex, then the
staffing schedule should provide for the positions of metallurgist or chemist. As
a rule, narrow specialization of employees is impossible in factory laboratories.
Therefore, it is necessary to know all methods (methods) of ND, as well as
functional features of measuring devices.

Interrelationships of control services with other units of the
enterprise

The structure of the quality control service in factory (workshop)
conditions should ensure the performance of warning and acceptance control
functions. Therefore, technologists, designers, and reliability service workers
should patrticipate in quality control work along with control service employees.
Their task, first of all, is to analyze and eliminate the causes of the appearance
of low-quality materials and products.

Information about defects must necessarily contain statistics of their
corrections. The availability of data relating only to the final defect makes the
quality control and management system ineffective due to failure to provide
statistical information about defects and their causes during the testing process.

Control experience shows that during design, the level of defects is
several times higher than when manufacturing products in factory conditions.
This is especially characteristic when developing new technology options. Due
to the intervention of technologists, control is often not reliable and objective.

The main document, guided by which the quality control of products is
carried out in the laboratory, is the control card. A correctly drawn map eliminates
the need to use working drawings for the entire nomenclature of controlled
products and special journals for recording control conditions. A technical card
is drawn up for each product that is subject to control, for specific conditions. In
case of increased requirements for the product, a reference defectogram with
permissible and unacceptable defects is created, which is attached to the control
card. Products deemed suitable are stamped. The control results are recorded
in the journal and, if necessary, a test report is issued.

The control system should maximally correspond to the features of the
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control object, which can be achieved due to its modular construction. The use
of a set of modules (blocks) for the construction of automatic control systems
saves the time and money of the developer and manufacturer of these systems.
The use of integrated microelectronics products made it possible to reduce the
overall dimensions of the blocks and increase their reliability. Particularly
significant are the advantages of using block systems compared to serial flaw
detectors when building multi-channel control systems that ensure high
productivity of products. The need to create various devices intended for the
mechanization of the control process should be highlighted. Such devices are
especially convenient for a small amount of control.

Metrological support of means of non-destructive testing (NDT) is
understood as a set of measures that ensures the accuracy and reliability of the
results of determining the quality of materials and products. The implementation
of quality standards is directly related to their metrological support, which should
be provided at the stage of issuing a technical task for development.

The question of the suitability of the equipment for the performance of the
task and its condition can be resolved on the basis of the standardization of all
the main elements of flaw detectors. Among the standardized parameters, the
following are considered: purpose, scope of application, used method, objects of
control and types of detected defects, mechanical and climatic conditions of
operation, minimum sensitivity, resolution, dead zone, operating frequency,
width of the amplitude spectrum, instrumental error of determining the location
defect, voltage current, power source, its power consumption, time to establish
the operating mode, time of continuous operation, overall dimensions, warranty
period.

2.1.1 Magnetic control method
Physical foundations and scope of use of magnetic methods of ND

Magnetic control takes a leading place in terms of use in industrial settings.
It is based on the analysis of the interaction of the magnetic field with the
controlled object. The physical basis of magnetic control consists in the use of
magnetic properties of materials, in particular, the demagnetizing factor,

magnetic resistance and refraction of magnetic lines of force.
Bp

brccncncsncannas

a
Figure 2 — Dependence of magnetization (a) and magnetic induction (b) on the field strength
of electromagnetic materials
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The vectors of magnetic induction B and magnetization J are nonlinear functions
of the voltage vector. Curves B(H) and J(H) characterize the main properties of
ferromagnetic materials (Figure 2). The main magnetization curve (see Figure 2, a)
does not have an exact analytical expression, it is usually determined experimentally. If
we consider the curve of magnetization of ferromagnetic materials (for example, some
steel), then we can distinguish several areas that differ in the nature of magnetization
processes in certain sections of the curve. In the first area (area of initial magnetization)
1= const, in the second (Rayleigh area) — as the field strength increases, the magnetic
permeability increases linearly, in the third (area of greatest permeability) — 1= timax, In
the fourth (area approaching saturation) — magnetic permeability decreases, in the fifth
(paraprocess region) magnetic saturation J = const occurs.

The magnetization process is irreversible, so if, after saturation has already been
reached (the beginning of the fifth section), the reduction of the magnetization of the field
is started, this process (induction) will take place along a curve that is different from the
main magnetization curve. The magnetization will, as it were, lag behind the values of J
on the initial magnetization curve at the corresponding values of the field strength. This
phenomenon is called magnetic hysteresis. When the magnetic field is reduced to zero,
the sample remains magnetized to a greater or lesser extent depending on the material
(see Figure 2, b). If you change the direction of the magnetization of the field to the
opposite and increase it in absolute value, then the magnetization of the sample will
decrease (curves B0, HO) and upon reaching a certain value, the magnetization of the
field will be equal to zero.

A further increase in the field causes the sample to be remagnetized in the
opposite direction — the absolute value of the induction increases again. By changing
the field in the opposite direction (from —Hmax t0 +Hmax), it iS possible to obtain the position
corresponding to point A again, that is, to observe the change in the magnetic state of
the tested sample along the closed hysteresis loop.

Control of steel parts by magnetic powder method

1. The magnetic powder control method is used to detect defects in the form of
integrity violations on ferromagnetic parts.

The essence of the method is that when parts made of ferromagnetic material
are magnetized in places of defects (cracks, flakes, hairs, etc.), magnetic lines of force
disperse and emerge on the surface of the part. At the same time, polarity is formed at
the edges of the defects. When the part is sprinkled with magnetic powder (dry method)
or when sprinkled with magnetic suspension (wet method), particles of magnetic
powder are attracted to these poles. The settled powder indicates the location and type
of defect. The defect is most clearly detected in those cases when the direction of the
magnetic field lines is perpendicular to the direction of the defect.

Applying different methods of magnetization, it is possible to obtain the most
profitable (for certain shape of the part and orientation of defects) direction of magnetic
lines of force.

2. The magnetic powder method allows detecting defects in parts and semi-
finished products made of ferromagnetic steels without destroying them and makes it
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possible to carry out one hundred percent control of products.

3. Magnetic control is used to detect defects that appear on the surface of parts
and lie at a small depth below the surface (up to 2.0 mm depending on the nature of the
defect and the control mode). Magnetic control can detect:

a) delamination directed to the surface of the part at an angle of at least 20 °;

b) hairs, i.e. gas bubbles or slag inclusions, stretched along the metal fiber in the
process of rolling, forging or drawing of metal;

c) flocks;

d) forging and stamping cracks;

e) pits and pits, i.e. surface folds filled with oxides

material;

f) hardening cracks;

g) grinding cracks;

h) welding cracks;

K) fatigue cracks.

4. Parts after final mechanical and heat treatment are subjected to magnetic
control. For some patrts, in addition, interoperation control is carried out for gross defects
(such as quenching, forging and welding cracks, flaking, delamination, etc.).

5. Welding seams on ferromagnetic parts made with an austenite electrode are
not subject to control by the magnetic powder method.

Control of austenite seams on open cracks can be carried out by the luminescent
method, with the replacement of the operations of washing and drying parts with
sandblasting.

Parts and assemblies must be submitted for magnetic control clean, without
scale, rust, chips, dust, degreased or after sandblasting. The sand should then be
removed. Using the magnetic powder method, it is allowed to control parts after
oxidation, phosphating, coloring or application of a metal coating as a result of
galvanizing, cadmium, chrome plating, provided that the thickness of the coating does
not exceed 30...50 microns. With a greater thickness of the coating, control is carried
out only to detect cracks that reach the surface of the part and other significant defects.

Magnetic powder, which is used for magnetic control of parts with a light surface
by the suspension method, is crushed iron oxide (Fez0a4) of dark brown or black color
with a particle size of no more than 50 microns.

Light powder (magnetic) is used to control parts with a dark surface. Finely divided
magnetic particles, or magnetic powder, can be in the form of liquid or dry. The surface
of the tested product must be clean, dry, without scale or rust. During magnetic tests,
the part or assembly is magnetized with an electromagnet, and then covered with a
suspension (a mixture of kerosene and transformer oil in a ratio of 1:1 with fine powder)
or lubricated with a mixture of kerosene and transformer oil and sprinkled with dry
magnetic powder. In places of cracks (breaks, hairs, slag inclusions, flakes,
delaminations, etc.) at a depth of up to 2 mm from the surface of the part, characteristic
accumulations of powder appear, which are clearly visible during visual inspection or
with the help of a magnifying glass of two or four times magnification. Fatigue cracks
appear, as a rule, in the places of concentration of stresses: on halyards, in places of
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sharp transitions, cuts, deep lines, traces of a cutter, in the bases of threads, teeth, holes
of lubricants.

Cracks as a result of welding, quenching and forging appear as broken lines.

Direct and alternating electric currents are used for magnetization, and the
intensity of the magnetic field depends on the magnitude of the current. The voltage of
the current source should be relatively low for safety purposes, and the possibility of
damage to the product should be minimized. Direct current creates a magnetic field that
penetrates deep into the metal. The action of the magnetic field created by the
alternating current is limited by the skin effect only to the surface layers of the metal. As
a result, alternating current is most often used to detect surface defects. The magnitude
of the magnetizing current is set using the norms, standards or instructions from the
delivery set of the flaw detection equipment. In the absence of such recommendations,
the value of the magnetizing current must be determined experimentally.

DC sources can be batteries, generators, or two-semi-cycle AC rectifiers;
pulsating alternating current can be obtained by single-half-cycle rectification of single-
phase alternating current. In low-voltage current sources of high power, generator
motors used during welding work can be used. The maximum current in this case is
several hundred amperes, but the number of ampere-turns can be significantly
increased by winding a flexible wire of the required length on the product.

For testing relatively small products, a magnetic flaw detector 77PMD-ZM is used,
which is mounted in a metal case. The flaw detector kit includes:

— manual electromagnet with removabile tips;

— a solenoid with an internal diameter of 90 mm:;

— flexible cable 4 m long;

— tank for suspensions with a capacity of 1 ;

—a jar with a capacity of 1 | for storing magnetic powder;

— a magnifying glass with a five-fold magnification for inspection of controlled
areas of parts and assemblies.

Table 2 — Data on the sensitivity of physical methods of flaw detection

Control method The width of cracks nearthe | The minimum length of a crack
exit to the surface of the part, deep into the metal,
determined by a certain determined by a certain
method, mm method, mm

X-ray illumination 0,1 1...5% transparency of the
thickness

lllumination by rays 0,1 1.5...5...4% transparency of
the thickness

Magnetic powder 0,001...0,01 0,01...0,03

Luminescent 0,01...0,03 0,03...0,04

Magnetic-luminescent 0,0001...0,001 0,005...0,01

Color flaw detection 0,001...0,03 0,01...0,04

Ultrasonic 0,001...0,03 0,01

Eddy currents 0,001 0,1
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Theoretical studies make it possible to characterize only a qualitative picture of
changes in electrical conductivity and magnetic permeability under the influence of
certain factors. Experimental data obtained using eddy current control characterize the
guantitative relationships between the structure and properties of the material, taking
into account other factors affecting them. Table 2 shows data on the sensitivity of
physical flaw detection methods.

Electroinductive (eddy current) defectoscopy

The essence of this method is to disrupt eddy currents and determine on
special sensors the change in total resistance as a result of the interaction of an
alternating magnetic field with the field excited by eddy currents.

With this method, surface cracks with a depth of several micrometers and
a length of tenths of a millimeter can be detected.

Triboelectric defectoscopy

Triboelectromotive force occurs during the friction of dissimilar materials.
By measuring the contact potential difference (tribo-EMF) between the standard
and the controlled workpiece, it is possible to separate some alloy brands.

Thermoelectric flaw detection

When the contact points of two dissimilar alloys are heated in a closed
circuit, a thermoelectromotive force (thermo-EMF) occurs. When measuring it on
the standard and the controlled metal at a given temperature difference of hot
and cold contacts (at the other end of the chain), it is possible to distinguish
blanks or finished parts by material brands. If materials are mixed up in the
production process, you can sort them by brand, identify a change of material on
the product.

Electrostatic flaw detection

To detect surface cracks on metals with a non-conductive coating (enamel,
paints, etc.) and on products made of non-conductive materials, a powder
method based on the use of an electrostatic field is used.

Finely ground chalk powder is applied to the surface of the product using a
sprayer with an ebonite tip, the particles of which receive a positive charge
(triboelectric effect). As a result of the inhomogeneity of the electric field, the
powder accumulates along the edges of the cracks.

This method is essential for evaluating the quality of finished products after
control and passing tests, during operation.

2.1.2 Optical control

Optical control is based on the interaction of light radiation with the surface
of the controlled object. When light with a radiation stream hits the material @, ,

it is decomposed into its component parts. Depending on the properties of the
material, this decomposition can be different (Figure 3). One part of the light flux

121



is reflected from the boundary surface ( p,®,), the other (@,,—®,,) —is absorbed
by the sample, and the third — @,, =(1- p,(1))®,, — passes through it. During
optical control, such important spectral characteristics as the spectral emission
and absorption coefficient, the spectral transmission coefficient, the spectral
reflection coefficient and the refractive index are considered. Determination of
these characteristics is the basis of methods that classify reflected, scattered and
induced radiation according to the interaction of the light flux with the controlled
object.

The spectral absorption coefficient a(4) is the ratio of the radiation flux
(@,,—@,,) absorbed inside an optically transparent medium to the incident
radiation flux @, .

The spectral transmittance is the ratio of the radiation flux @,, that passed
through the medium to the flux @,, that fell on its surface.

The spectral reflectance coefficient p(1) is determined for components of
the light flux with parallel and perpendicular oscillations relative to the plane of

incidence:
p(A)=1tg°(6,-8,)/ 1g°(6, - ,) (1)
p,(A)=sn?(@,-8,)/sn*(6,+86,), )
where 6, and 0> are, respectively, the angles of reflection and refraction at

normal incidence of the light flux, the transition from one material with a refractive
index n, to another with a refractive index M2,

Figure 3 — Scheme of reflection and refraction of a beam when passing through a plane-
parallel plate

D,,= [1_P1(/1)] d),u;
D, ;= [1_/91(/1)]'5(/1)@,11; 3)
D, = [l_ ,02(/1)] D, _

Spectral reflection coefficient

p(A)=[(0, =)/ (n,+n)]" @
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The spectral reflectance coefficient is the ratio of the reflected spectral light
flux @,, to the incident one @,,. This coefficient is related to the spectral

transmission coefficient 7(4) and the spectral absorption coefficient a(4), as in
the case of infrared (IR) radiation, the ratio

P(A)+7(A)+a(l)=1. (5)

The methods of refraction of rays in a prism made of the appropriate
material belong to the most accurate methods, but their application is
complicated. Methods of determining the limiting angle of refraction
(refractometry) are convenient and productive. Interference methods provide the
highest accuracy.

2.1.3 Thermal integrity control methods

Thermal ND methods are divided into passive and active. Passive
methods are used to control products that heat up during operation, active
methods are used to control materials and products that are in thermal
equilibrium with the environment. Active methods are used in the presence of
a source of heating (cooling) of the investigated product. When monitoring
transparent materials with the help of thermometers, thermal indicators, the
intensity of past radiation is recorded in a wide spectrum area or in a narrow
spectral range. The methods implemented by devices with images of thermal
fields are based on the use of a screen made of liquid crystals, for example, Lita
with a thickness of =~ 0.1 mm, as a thermal converter.

Temperature and its distribution are indirect parameters that allow to
evaluate the mode of operation, the presence of hidden defects and changes in
the electrical parameters of elements of radio electronic devices. After the
installation of elements and microcircuits, the board is monitored using IR
radiation or a radio frequency probe. The methods of testing with IR radiation are
based on the regularity of the connection of the intensity of thermal radiation and
its spectral characteristics with the operating state of each element of the printed
circuit board.

Thermal thickness control

Control of the coating thickness by thermal methods is possible in cases
where the thermal conductivity, heat capacity or other technological properties
of the coating and base materials differ significantly. The accuracy of
measurements by these methods is relatively low, so they are rarely used, mainly
for special tasks. For control by thermal methods, existing serial equipment
designed for measuring temperatures or analyzing thermal fields, including
radiation pyrometers and thermal imagers, can be used.

Thermal methods
Thermal testing methods involve applying heat to the tested product and
then measuring or visually observing the resulting temperature distribution.
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Defects disrupt the proper temperature field on the surface of the product or
inside it. Heat can be supplied by direct contact with a heat source, by induction
or by means of sources IR radiation. The resulting temperature distribution can
be detected using various thermosensitive substances and recording devices.
For example, you can use stearin; deposition of frost during freezing; thermal
varnishes; thermal paints; temperature phosphors; films sensitive to infrared
radiation; thermocouples; resistance thermometers; photoconductive materials,
as well as thin oil films that change their color depending on the temperature;
characteristic oxides formed during heating, etc.

Thermal tests using fusible coatings

These methods include thermal tests using thermal pencils and thermal
lacquers. A thermal pencil is a heat-sensitive colored chalk that has certain
calibrated melting points. Nowadays, the industry produces about 60 different
types of thermal pencils, covering the range from 45 to 1110 °C. Each type of
thermal pencil corresponds to a certain temperature within the tolerance of + 1%
of the nominal temperature.

2.2 Control and testing works in the final assembly shop

Complex control and ground testing of systems in the process of serial
production are concentrated in a specially organized control and testing station.

In the process of incoming control of finished products and assembilies, the
consumed currents, operating voltages, relation angles, sensitivity, frequencies,
synchronism of operation, operation time, pressure, and temperature are
checked.

During the inspection of system areas in aircraft units, the following are
checked: correct installation, insulation resistance, tightness, cleanliness of
internal surfaces, functioning of systems. On the assembled aircraft, in the final
assembly shop, individual control of systems is carried out with the help of
autonomous control stands, as well as checking of system subsystems with the
help of automated installations with software control. Such installations allow in
ground conditions to simulate the operating conditions of systems in the air. They
control: functioning of systems under current and pressure; unit operation time;
deflection angles; smoothness of movement; sequence of activation of units;
consumed current; created pressures; produced voltage.

Control of the most important parameters characterizing the quality of the
systems when they work together in conditions close to operating conditions is
carried out by special automated control systems (ACC).

All compartments or units of the aircraft (fuselage, wing, nacelle of the
engine, etc.) must be delivered to the installation completely finished, that is,
drilling, assembly-riveting, welding and other work must be performed, brackets
and fasteners must be installed. Compartments or aggregates must be cleaned
of industrial waste, and their inner surface must be protected by an anti-corrosion
coating (ie, be anodized, primed, painted, etc.).
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Elements of on-board equipment arriving for assembly, all parts and
components must pass 100% incoming inspection.

Visually check the completeness of traction and cable devices of the
control system, as well as whether there is damage to the coating, rust, dents,
scratches. Ropes before braiding the ends on a couch or laying in tips are tested
for tension. They check the geometric shape of pipe parts and the presence of
mechanical damage and metallurgical defects on the external and internal
surfaces of the pipe - cracks, hairs, clamps. Pipelines are tested for strength and
tightness.

In power lines, during the installation of electrical and radio systems, the
strength of the insulation, the cross-section of the wire and its conductivity are
checked. Electric wires are checked for correct assembly, strength of
connections and the presence of a short circuit between them. Insulation
resistance and transient resistances in connections are measured. They check
the correct functioning of the electrical equipment, the activation time, and
measure the current.

In addition to 100% input control, a selective control of several products
from the batch is carried out according to a more advanced program.

Nodes arriving for installation, wires, pipelines, fastening parts and other
parts must be interchangeable. Pipelines and fittings arriving for assembly must
first be thoroughly cleaned internally, visually inspected, closed with plugs and
sealed.

Wires and cables with a damaged coating or shielded by braiding are not
allowed for installation.

After checking the geometric shapes, all pipes are tested for strength and
tightness.

Before the test, the inner cavity of the pipe is blown with a jet of clean dry
compressed air under a pressure of 1.5 kg/cm? for 15-20 seconds to remove
foreign particles. Then the pipes are washed for 5-10 s with rectified alcohol or
gasoline supplied under pressure. There should be no mechanical impurities on
the control filter with a nickel sarge mesh 15 um long. Immediately after washing
and drying, technological plugs or polyethylene films are placed on the ends of
the pipelines and a personal stamp or seal of the performer is placed.

Next, quality control of installations is carried out. With 100% control check:

— the presence of gaps between pipelines and structural elements,
between mechanisms and elements of the glider, between pipelines, electrical
wires and flexible hoses;

— compliance of the completed assembly with the basic and assembly
diagrams;

— the presence of mechanical damage (crumpling of pipeline walls and
backlash in fastening elements);

— availability of labels and markings.

Assembled pneumatic systems, fire protection, anti-icing, oil and fuel
systems are blown with air, and oxygen — with pure nitrogen in assembly and
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assembly shops.

Hydraulic systems in assembly shops are flushed with liquid, for which
work filters are replaced with technological ones, and non-return valves and
throttles are replaced with technological adapters. Flush the system in sections.

Finally, the purity of the hydraulic system is controlled in the laboratory by
counting the settled solid particles in a sample taken from the hydraulic system
using an automatic counter or under a microscope. The hydraulic system is
considered clean if 100 cm3 of the sample of washing liquid contains no more
impurities than prescribed by the standard.

All assembled piping systems are tested for tightness in assembly shops
on unassembled compartments and units or in the general assembly shop on a
fully assembled aircraft. In the latter case, the tightness is checked before testing
the systems for functioning.

With the hydrostatic control method, the system is filled with working
fluid under pressure and held for a certain time. The tightness of the hydraulic
system is checked visually for the presence or absence of drops on the surface
of the connection elements or on the filter paper. When a leak is detected, the
pressure in the system is reset to zero and the union nuts of the connections are
tightened or the pipeline is replaced. After the leakage is eliminated, the tightness
test is repeated.

With the pneumatic method of tightness control, the system is filled with
air or nitrogen under excess pressure, a soap emulsion is applied to the places
to be checked, and the appearance of air bubbles in it is observed for a certain
time. All piping systems must be purged with air (except for the oxygen system)
prior to leak testing. To prevent pipeline systems from filling with moist air, it is
necessary to check the efficiency of the silicon helium cartridge mounted on the
stand.
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3 COMPLEX TESTING AND AIRFIELD DEVELOPMENT OF AIRCRAFT
SYSTEMS AT AN AVIATION ENTERPRISE

3.1 Testing and control of systems at the control and testing station

Testing and testing at the control and testing station (CST) is the final stage
of aircraft production, during which, under conditions as close as possible to
operational conditions, comprehensive testing and adjustment of systems is
carried out with extensive use of automatic control tools with recording of
parameters on film. The data of such checks and tests are an objective document
that confirms the quality of the performance of the aircraft systems. The main
tasks of the KVS are:

— flushing and testing of the fuel system;

— testing of hydraulic systems;

— testing and control of take-off and landing devices, power plants, energy
systems and electrical equipment, radar stations, etc.;

— conducting pre-flight and post-flight inspections with analysis of
equipment defects discovered during ground testing and flight tests, and
development of measures to eliminate them;

— submission and delivery of aircraft to the customer's representative.

The purpose of the control tests is to check the compliance of mass-
produced aircraft with the established technical conditions or the reference
sample that has passed the appropriate tests (factory, ministerial, state). The
fully assembled equipment is checked for operability and functional interaction
of the entire complex of aircraft systems at the airfield, and the direct preparation
of aircraft for tests in the air is carried out in the airfield workshop of the flight test
station.

The methods and means used in the control of on-board equipment at CST
are similar to the methods and means of control of on-board equipment in
assembly shops.

Inspection and testing of all aircraft (helicopters) must be non-destructive
and not affect the service life of equipment elements and the warranty service
life of the aircraft as a whole. For some types of on-board equipment, a little
preliminary training is necessary and useful. In particular, for electronic high-
frequency equipment, mandatory preliminary training is established, which is
called training, which can be applied to mechanical and hydraulic systems. In the
process of training, individual elements of the mechanisms and self-adjustment
of the contours take place. After the training, the appropriate elements of the
equipment are re-checked and tested.

Work on the CST is usually carried out in two phases: no engine run, when
ground power sources are used to test the hydraulic, pneumatic and electrical
systems, and with the engines running, when all types of power are produced by
the aircraft's systems. In the latter case, the most favorable conditions for
complex tests are created, which allows to reveal the influence of some systems
on others.
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The organization of bench testing of separate related groups of systems in
combination with complex testing allows you to check the interconnection and
docking of systems in ground conditions, significantly increase the number of
detected defects and failures, and thereby reduce the number of expensive flight
tests.

A specific feature of the work carried out at the CST is that parameter
control, final adjustment and testing of equipment, communications and systems
are performed directly on the aircraft without disassembling blocks and
aggregates. This imposes certain requirements on the applied and newly created
methods and means of testing and control. During the control and testing of the
systems at the KVS, they strive to simultaneously reproduce the operational
conditions in the form of stimulating effects produced and fed to the aircraft by
simulators.

Due to its versatility, the main mass of control equipment and CST stands
is similar to the control equipment used in the final assembly shop. However,
separate operations related to testing and control of the functioning of systems
at the CST are performed by control and testing equipment, which is different
from the one used in the final assembly shop. For example, to check the
functionality of electrical circuits and automatic switching, a remote control with
automatic signaling of malfunctions in the tested electrical system is used. With
the help of the remote control, you can check the electrical circuits of battery
heating, control of the pilot's seat, fire protection system, heating of the hermetic
helmet and cabin, thermocouples and their resistances, etc. When checking, the
stand with the power source is connected to the on-board socket of the airfield
power supply, and the technological (transitional) harnesses of the control panel
are connected to the connectors of the circuits being checked. When turning on
the appropriate switches on the remote control and in the aircraft cabin, the
operation of the electric circuit is checked by the control ammeter and the signal
light on the remote control.

To test the functioning of the hydraulic system, a universal stand is used,
which can also be used to check the tightness of the fuel system and the pilot's
cabin. When testing for tightness, air is supplied to the pilot's cabin through the
fitting of the ground ventilation pipe, which is connected to a manometer for
measuring the pressure in the cabin. The pressure alarm is interlocked with an
electro-pneumatic valve, which provides drainage when the pressure at the
entrance to the cabin increases. In order to automatically determine the time of
pressure drop in the cabin, an electric stopwatch is installed on the stand, which
is connected to the electric pneumatic valve for filling the cabin and the electric
contact of the manometer. Before testing the hydraulic system for operation, the
aircraft must be installed on a hydraulic lift. Hydraulic units are controlled from
the pilot's cabin.

Aircraft units operating from the pneumatic system are checked for
functioning on special stands.
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The control and testing station must be equipped with a deviation platform,
as well as transport vehicles, tractors, special snow removal and watering
machines, fuel and oil dispensers, electric cars, carts for transporting cylinders,
batteries and other cargo.

Workplaces for working out aircraft systems, in addition to specific control
tools, are equipped with typical equipment: hydraulic lifts, ladders, gantry cranes,
brake pads, power sources with electricity and air, mobile airfield compressors,
accumulator batteries, etc. This equipment can be stationary or mobile.
Depending on the class of aircraft in service, the composition of the ground
equipment that equips each workplace changes.

A special group of CST equipment includes test stands simulating the
operating conditions of the aircraft's on-board systems. On such stands, normal
and emergency modes of operation are simulated, as well as transient processes
are recorded. Test results (a measure of reliability and objectivity of control)
depend on the completeness of reproduced working modes of the system, the
degree of automation of reproduction of external operating conditions of the
system, changes in its parameters, measurement and registration of received
data.

Simulating test stands allow:

— check the theoretical calculations adopted during the development of new
equipment;

— to determine the optimal schemes and parameters for the designed
system by means of research in real operating conditions of units;

— conduct control tests of systems to determine deviations of their
parameters from the specified values;

— conduct resource tests or tests to the first failure;

— reproduce emergency modes in connection with complaints from
operating organizations;

— to model structural and production defects in order to identify their impact
on system performance and reliability, etc.

After working out, controlling and adjusting individual systems, the plane is
transported to the deviation site, where it is checked by the direction finder and
the indicators of magnetic, gyromagnetic devices and radio compasses are
corrected. To write off the deviation of the compasses, the plane is installed on
the turning wheel. Next, the flight weight and the position of the center of gravity
of the aircraft are determined by weighing it in two or more loading options (empty
aircraft with fixed equipment and fully loaded).

One of the main ways to improve the quality of testing and reliability of
aircraft (helicopters) is the use of automatic objective means of autonomous and
integrated control and testing of on-board equipment.

The stands connected to the checking systems undergo a set of checks by
a predetermined program. All parameters of these systems can be seen on a
computer or an oscillogram. Self-recording devices in the stands measure data
and provide greater objectivity and documentation of checks. Various principles
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of checks using automatic devices are applied. The simplest is a check based
on the "yes — no" principle. If the stand does not indicate defects, then it kind of
answers "yes", that is, it accepts the controlled system. If the stand detects a
defect, it automatically stops the inspection.

In the process of preliminary tests, it is more appropriate to use automated
stands and installations that not only show the serviceability or malfunction of the
system, but also record individual parameters and failures. The necessary
sequence of tests and coordination of the work of the stand is provided by a
programmed device. The input signal generators connected to the simulator,
launched with its help, provide signals to the input of the tested system. The
received signal is converted and compared in a comparator with reference
signals coming from the generator. The results of the comparison are fed into
the analyzer — a specialized computing device that automatically evaluates the
monitored value. Then the output signal is sent to the indicator. If the signal does
not exceed the permissible limits, the programming device issues a command to
continue the test. If the output signal is not within the permissible limits, then the
programming device and the analyzer are activated to detect the location of the
malfunction. Such a stand reduces the time of aircraft inspections from several
days to several hours.

All control and testing equipment of such a stand is mounted on the base
of the car chassis.

3.2 Complex tests at the flight test station

Flight tests are a crucial stage in the development of an aircraft, after which
its main characteristics are finally determined.

When preparing flight tests, one of the main tasks is to determine the
necessary composition and number of measured parameters, as well as the
rational placement of sensors and equipment of the measurement system. The
implementation of this task is carried out at all stages of the development of the
selected layout scheme, which is based on the analysis of the expected
functioning of systems and units of the aircraft at all stages of operation in normal
and emergency situations. Special attention is paid to emergency situations,
since the probability of the occurrence of such situations is quite high during flight
training, and identifying and eliminating their causes is one of the main tasks of
flight tests. By modeling the functioning of the aircraft, its systems and units in
different sections of the flight under regular situations, as well as possible
emergency situations, the probable processes of their development and the
operation of the systems and units of the aircraft in these conditions, it is possible
to determine the places of installation of the equipment sensors, the range of
measurements and the list of measured parameters. This makes it possible to
make fairly reliable conclusions about the parameters of the aircraft and the
processes taking place on board it in all these situations. With appropriate
processing of measurement results, it is possible to directly or indirectly
establish:
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— the correctness of the calculated load definition;

— the correctness of the choice of the dynamic scheme;

— reaction of the structure to external influences;

— the frequency and form of natural elastic oscillations and the logarithmic
decrement of their damping;

— true position of the center of pressure;

— the correctness of the description of the dynamic scheme of the
"Aircraft — engine" system;

— aerodynamic resistance,;

— a sufficient number of control bodies.

Flight tests, especially if they have an unfavorable result, reveal the need
to refine certain elements of the structure or system of the aircraft. After that, you
should perform additional bench tests, strength tests and others that confirm the
correctness of the decisions made. However, the task of flight tests is not only to
confirm the correctness of the decisions made and to identify weak points, but
also to determine the margin of safety laid down at the previous stages of
development, therefore, during flight tests, the accumulation of information about
the actual characteristics of the aircraft and the clarification of calculation
methods and schemes becomes possible reducing this reserve and improving
the flight characteristics of the aircratft.

Flight tests of aircraft are carried out in the airfield workshop, the main link
of which is the flight test station (FTS). Depending on the type of tests and their
orientation, the labor intensity of the work performed in this workshop can be
from 5 to 10% of the total labor intensity of aircraft production. In order to reduce
the time frame for the production of aircraft, they strive to reduce the volume of
work in the airfield shop by performing a number of works in the assembly shops.
In the airfield shop, the aircraft is received from the general assembly shop,
tested and then flight tests are carried out, after which the defects are eliminated
and the final testing of the aircraft is carried out. The aircraft is also handed over
to the customer in the airport workshop.

A FTS usually contains one or more buildings and an airfield with one or
more runways. The buildings include areas for general testing of aircraft and
preparing them for flight, a command and control center equipped with radio
equipment for controlling all flight work, laboratories, a garage, workshops,
warehouses and other utility premises. Areas of general training of aircraft can
also be located on open areas equipped with a set of ladders, permanent power
supply points with electricity and compressed air.

In addition to the equipment of workplaces for work on the aircraft, the FTS
includes fuel and lubricant warehouses, battery charging stations, mobile stands
and generators for testing electrical systems, radio equipment, hydraulic and
pneumatic systems, heating devices, power plants and much more. The garage
accommodates general-purpose vehicles, electric vehicles, towing equipment,
snow plows, sanitation and fire engines. Workshops are equipped with a
machine park, welding stations, areas for metalwork.

131



Airplanes are refueled with fuel and lubricant both from fuel and lubricant
dispensers and from special stands. There are devices for draining oil and fuel,
as well as oxygen and nitrogen filling systems. Starting engines and checking
the operation of electrical and radio equipment is carried out from sources of
electric current — electric cars and special installations. Special stands are used
to test radio equipment and hydraulic systems. Special hydraulic lifts are used to
lift the aircraft into the flight line and practice lifting and lowering the landing gear.

After the aircraft is transferred from the general assembly shop to the FTS,
electrical equipment, hydraulic and pneumatic systems, fuel and oil systems,
tank filling and calibration systems, chassis inspection (cleaning, exhausting,
signaling), aircraft control systems and power plant, engine operation in ground
conditions are checked, as well as the operation of systems of special
equipment, air navigation, radar, external and internal communication.

The control of each system begins with an inspection and inspection of the
installation in the general assembly shop, then a bench check of the systems is
performed when the power is connected, and the operating modes of the
systems are set. On the FTS, the systems are tested with the engine running,
when the system is powered by the units driven by the engines. Such control is
peculiar only to the airfield shop.

The systems are checked according to the instructions, which specify the
sequence of work, methods of adjustment and initial parameters of the systems.

When checking the controls, the deflection angles of the rudders, ailerons,
and trimmers are monitored; forces affecting the handle and pedals; pressure in
the booster control hydraulic system; absence of gaps in the traction, rockers;
tension forces of the cables. Particular attention is paid to the gaps between the
moving parts of the rods. The tension of the cables is checked with a strain
gauge, and a special protractor is used to check the deflection angles of the
controls.

When checking the release and cleaning of the chassis, they measure the
time, control the closing of the locks, the activation of the alarm during the
cleaning and release of the chassis and the emergency alarm, the "fitting" of the
wings and fairings of the chassis in the stowed position.

Control of the fuel system begins with leak tests and checking the fuel
gauge readings. Calibration of the fuel gauge is carried out by pouring the
measured amount of fuel into the tanks and correcting the readings on this fuel
gauge. When checking the fuel system on the plane, work related to the
appearance of electric current in the wire and sparks from shocks is prohibited.
The power supply is turned on only after refueling and checking the tightness of
the fuel system. In order to better detect the places of leakage, the fuel is
sometimes tinted. All work related to pumping fuel during tests is carried out with
the help of special stands. Their use significantly shortens the work cycle of any
type of fuel filling and draining, when accurate measurements of the volume are
required, facilitates the work of workers, and ensures the cleanliness of refueling
places.
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When checking the operation of the engines, the starting system,
temperature regime, fuel pressure in different modes, operation of units installed
on the engine are monitored. Particular attention is paid to the cleanliness and
tightness of the engine oil system, and its functioning is checked.

Flight tests are carried out according to a special program, which specifies
the parameters of the checking systems, methods of checks, operating modes,
etc. Determine what and how each crew member should be checked during
engine start, taxiing, takeoff, climb, flight and landing. They check the operation
of the engines on the ground and in flight in all modes, the operation of the
controls, the rate of climb and speed of the aircraft at different altitudes, cleaning
and release of the landing gear, the operation of the altitude and anti-icing
system, as well as the strength of the aircraft by creating overloads. A number of
indicators are recorded by control and recording equipment.

All defects discovered during the flight are entered in the flight sheet, if
necessary, after the defects are eliminated, a re-flight is conducted. After the
flight by the crew of the FTS, the aircraft undergoes ground training again. The
plane is inspected in the same way as before the flight, the condition of various
systems is checked according to special instructions after the flight, and all
deficiencies that were discovered during the flight and after the inspection are
eliminated.

Particular attention is paid to the detection of possible violations of the
integrity of parts and their connections, which perceive loads in flight. For
verification, some of the most responsible fasteners and nodes are selectively
disassembled. In the oil, hydraulic and fuel systems, check whether there are no
metal shavings in the filters, which indicates clogging and quick activation of the
units from friction. When a chip is detected, a unit with defects is recognized, the
cause of the defect is determined and the unit is replaced.

After eliminating all defects, the aircratft is prepared for the acceptance and
delivery flight by the customer's crew. Before the flight, the customer's
representatives check the documentation, conduct a full pre-flight inspection of
the aircraft with a ground test of the operation of all systems and engines. Ground
maintenance of the flight by the customer's crew is carried out by FTS services.
The technical readiness of the aircraft for operation is formalized by bilateral
signing of the acceptance and handover documentation.
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4 ORGANIZATION OF TESTS OF SERIAL PRODUCTS
4.1 Presenting tests

Acceptance and submission tests (AST) are tests during acceptance
control. They are carried out in order to check the compliance of the product (or
batch of products) with the technical conditions (TC) established for this category
of tests, as well as the control sample, if it is provided for in the TC, or the
reference sample, if it is available.

This type of testing is conducted by the customer's representative in the
presence of a representative of the technical control department (TCD). Such
tests include products that have passed the presentation tests conducted by TCD
in order to control the products for compliance with the requirements of the
Technical Specifications and to determine the readiness of the products for
presentation to the customer's representative. As a rule, the volume of
demonstrative tests is larger, and the norm for the parameters being tested is
smaller than in the case of acceptance tests. Separate types of presentation and
acceptance tests, in particular related to the use of destructive control methods,
are combined. The results of the presentation tests are formalized in a protocol.

Acceptance and acceptance tests are carried out, as a rule, at the
manufacturing enterprise, but some types of products can be tested in other
industrial organizations and in the organizations of the customer. Material,
technical and metrological support is provided by the manufacturing enterprise
(in other cases, the organization that conducts tests and the manufacturing
enterprise by agreed decisions).

The types of tests (electrical, mechanical, climatic, reliability, etc.) and
control (visual, measuring, etc.), the sequence of their conduct, controlled
parameters (indicators) and their standards are established in the technical
conditions.

Before the start of the AST, the representative of the customer makes sure
that the reference, normative, design and technological documentation
necessary for conducting tests is available; checks the place of testing for
conformity of the area, equipment, condition and provided conditions
(temperature, humidity, air purity, influence of electric and electromagnetic fields,
etc.) to testing methods, as well as safety and environmental protection
requirements. He verifies the compliance of the means of testing, measurement
and control with the norms of technical data (NTD) relating to the methods of
testing this type of products and the timeliness of the metrological attestation
(verification) of these means. In the absence of any documents, due to their
incorrect registration, non-compliance of the premises with NTD requirements
regarding test methods, lack of metrological attestation of test, measurement and
control means, the representative of the customer has the right not to start the
AST and demand the elimination of existing deficiencies.

The TCD service of the manufacturing enterprise informs the
representative of the customer that the product has been checked and accepted
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by the TCD, that it fully complies with the technical specifications and is
submitted for testing. At the same time, the TCD prepares a report signed by the
head of the manufacturing enterprise (chief engineer) and the head of the TCD
(chief quality controller), forms and passports for products, and a protocol of
presentation tests.

The customer's representative checks:

— the correctness of the notification;

— the accuracy of filling out the form and passport for the product and its
components, the presence of the TCD stamp and the date of acceptance, as well
as warranty obligations;

— availability of acts, protocols and other documents confirming the
technical inspection of product components;

— availability of protocols with received positive results of all categories of
tests: demonstrative; qualification (products that are produced for the first time);
periodic (in the case when production is resumed after a flight that exceeds the
periodicity of tests);

— resource consumption of the product and its component parts;

— availability of appropriate seals and stamps on the product;

— completeness of the product;

— the number of products submitted simultaneously in one message.

Conducting and experimental determination of tests includes the
processes of preparation and implementation of tests.

The process of preparation for tests includes the following types of work:

— preparation and adjustment of the test object, test equipment and
measuring instruments;

— control of the correct installation of auxiliary equipment, devices, devices;

— verification of test conditions;

— carrying out safety and environmental protection measures, etc.

The testing process includes an external inspection of the object and direct
application of test methods.

During the external inspection, check:

— appearance of the test object;

— divisions on the scales of built-in measuring devices; prices of divisions
of metering devices;

— availability of certificates for the use of the grounding circuit and stamps.

During the test, the following are controlled:

— functioning of test equipment, measuring instruments, test object and
their interaction;

— correctness and reliability of grounding;

— activation of thermal protection, emergency signaling, blocking, etc.

When directly conducting the tests, the existing NTD should be guided by
the methods and methods of performing experimental operations developed to
determine the relevant characteristics of the tests. In disputed situations, it is
necessary to act in accordance with the Terms and Conditions.
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Products intended to work together with other products should be tested
on a stand or similar system where the test product should be installed together
with other products or their equivalents, unless otherwise specified in the
technical specifications.

If the technical specifications are not defined, it is forbidden to adjust
(regulate) the product during the testing process.

In case of failure in the process of tests of a replaceable element, the
productis considered to have failed the test, or, if it is established in the Technical
Specifications, replacement of the failed element is allowed. When it is replaced,
the tests continue or are repeated on points, the performance of which could
affect the failure of the replaceable element. If the element fails repeatedly, the
product is considered to have failed the test.

In addition, it is considered a negative result if, during the test, non-
compliance of the product with at least one requirement established in the
technical specifications during the AST is found.

The customer's representative returns the product that failed the test to
TCD, stating the reasons for the return and failure in the message. TCD studies
the reasons for non-compliance of the product with the requirements of the
Technical Specifications, and determines the possibilities of correcting the
defect. If it is impossible or impractical to eliminate the defects, the product is
finally rejected and isolated from workable products. If it is found possible to
correct the defect from repeated presentation, then the defect is eliminated.

The reasons for the non-compliance of the product with the technical
specifications and the measures taken by the company are reflected in the act
"Analysis and elimination of defects and their causes".

The product, in which the defects have been eliminated, is re-checked at
the manufacturing enterprise, it is again tested and accepted by the TCD, and if
the results are positive, it is re-submitted to the representative of the customer
with the same message, but with the inscription "Secondary" and an act on the
analysis and elimination of defects after re-testing review of TCD. If the returned
product is not re-offered, only the act is presented to the representative of the
customer.

The product that did not pass the repeated tests is missing and isolated
from the workable products.

The fact of rejected products with repeated AST indicates the possible
effect of an unfavorable systematic factor. This can be evidenced by the fact that
two products in a row were rejected according to the results of the primary AST.
Therefore, in these cases, testing and acceptance of products are stopped, the
reasons that caused the termination of testing and acceptance are identified and
eliminated, defects are eliminated, and the corresponding document is drawn up.
For certain types of products, the number of consecutive rejections is allowed, in
case of exceeding which a decision is made to stop acceptance. The decision
on resumption of acceptance is made by the customers and the organization to
which the manufacturing enterprise is subordinated, or (with the consent of the
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customer) — the representative of the customer and the head of the enterprise,
with notification of this to the customer and the organization to which the
manufacturing enterprise is subordinated.

In the case of receiving positive test results, the customer's representative
accepts the product, puts seals and stamps, and gives a conclusion on the
acceptance and suitability of the product in the passport (form).

Accepted products are subject to shipment or delivery to the manufacturing
company for responsible storage.

4.2 Periodic tests

Periodic tests are control tests that are carried out with the aim of:

— periodic quality control of products (lots);

— control of the stability of the technological process in the period between
the previous and next tests;

— confirmation of the possibility of continuing the production of products
according to the relevant design and technological documentation, technical
specifications and their acceptance.

The test s carried out by the manufacturer with the participation and control
of the representative of the customer. In some cases, periodic tests can be
carried out at industrial enterprises that are not manufacturers of the tested
products, or at the customer's organizations. A representative of the
manufacturer's plant and a representative of the customer participate in these
tests.

Periodic tests are carried out after a certain period of time (month, quarter,
half year, year) or every time after the production of a certain number of products.
The periodicity, volume and sequence of tests are established in the Technical
Specifications for the product.

Products for periodic tests are selected by the customer's representative in
the presence of the NTD representative from the number of products
manufactured in a controlled period in a certain quantity and which have passed
the AST.

The rules for conducting tests are similar to the rules for conducting AST.
The signs by which a product is considered to have passed or failed periodic
tests are the same as for AST. And the actions and conclusions based on the
test results are different.

If the product has passed periodic tests, then it is considered confirmed:

— quality of products of the controlled period or products of a controlled
guantity;

— the possibility of further production and acceptance of products with the
documentation according to which the product that has passed periodic tests
was manufactured, until the results of the next periodic tests are obtained.

If the product has not passed the periodic tests, the acceptance of products
and the shipment of previously accepted products are stopped. The
manufacturer and the representative of the customer begin the analysis and

137



determination of the causes and nature of the defects. Based on the results of
the analysis, a list of defects detected during periodic tests and measures to
eliminate defects and their causes is drawn up.

Acceptance of components of own production, intended for the complete
set of products delivered to the customer, in which no defects have been found
according to the results of the analysis, is allowed to continue.

If the nature of the defects is such that it reduces the tactical and technical
characteristics of the product, then all products accepted during the controlled
period are improved or replaced. For this purpose, accepted but not shipped
products are returned to the manufacturing company.

After the elimination of defects and the causes of their occurrence, the
refined or newly manufactured products together with the act (protocol)
confirming the elimination of defects and the correctness of the measures taken
to prevent them are submitted for re-testing. The number of products with which
repeated tests are carried out is set in the technical specifications for the product.
As a rule, this is double the amount.

With positive results of repeated periodic tests, acceptance and shipment
of products are resumed. In the case of negative results, the customer and the
organization that manages the manufacturing enterprise make decisions about
further production, resumption of acceptance, as well as decisions about
previously manufactured products.

The results of periodic tests, including repeated tests, are formalized in an
act.

4.3 Typical tests

Standard tests are control tests conducted with the aim of evaluating the
effectiveness and expediency of proposed changes to the design of the product
or its manufacturing technology, which may affect the tactical and technical
characteristics of the product and (or) its operation.

The customer, the customer's representative, the managers of the
manufacturing company, the developer company, and the organizations under
the management of these companies may participate in the joint decision
regarding the need to conduct standard tests to one degree or another.
Participation and the degree of participation are determined by the nature of the
changes made.

Tests are carried out at the manufacturing enterprise or at the customer's
organization. The representative of the customer at the manufacturing company
participates in the tests, and if necessary, the representative of the developing
company and the representative of the customer may participate.

The manufacturing enterprise develops a program and methodology of
standard tests, which include acceptance and periodic tests, requirements for
establishing the number of products for testing, instructions for using the product
subject to standard tests. In addition to AST and periodic tests, there may be
others. The scope of the conducted tests should be sufficient to assess the
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impact of the introduced changes on the tactical and technical characteristics of
the products. The test program is either established or agreed upon in the bodies
that approve changes to the design or technical documentation for a specific
product.

Products manufactured taking into account the introduced changes are
submitted for testing. Their readiness for testing and, if necessary, selection is
confirmed by NTD employees and a representative of the customer.

If the results of the tests revealed the effectiveness and expediency of the
proposed changes, then these changes are indicated in the relevant
documentation for the product. Products with introduced changes will be
subjected to periodic and acceptance tests in the future. If the effectiveness and
expediency of the proposed changes are not confirmed, they are not included in
the documentation. The results of the tests are formalized in an act.

4.4 Certification works

During certification, aircraft equipment is checked for compliance with
airworthiness standards (AWS) and requirements for environmental protection
from the effects of aviation devices.

The certification basis is a complex of AWS, standards and regulations
in the field of environmental protection, which apply to a certain type of aviation
equipment. In accordance with the current certification rules, a model of aircraft
means a type of aircraft, a type of aircraft engine, a type of propeller, and a type
of auxiliary engine.

A type certificate is a document issued by the Aviation Register that
certifies the compliance of a type of aircraft model with the requirements of the
certification basis.

An airworthiness certificate is a document that certifies the compliance
of a specific aircraft (A) with the requirements of the certification base, and is a
necessary condition for the admission of this aircraft to flight operation (with
restrictions set for it).

Special export certificates of airworthiness are provided for samples of
aviation equipment that are sent for export.

All components of the aircraft for certification will be divided into three
classes:

— the first class — aviation main engine (AME), propeller (P) and auxiliary
engine (AE);

— second class — fuselage, wing, control surfaces, wing mechanization
sections, landing gear, mechanical control system and other parts of the airframe
design, the performance of which directly affects the airworthiness of the aircraft;

— the third class — component products (CP), which include any
mechanisms, devices, equipment elements (also connecting equipment),
standard parts and other component (finished) products installed on A, AME, P
and AE, used for the implementation aircraft flight.
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Components of the third class of aviation equipment are divided into two
categories according to the degree of influence of their performance on the
airworthiness of the sample:

— category A - products, the malfunction of which has a significant impact
on the airworthiness of the sample;

— category B - products that do not belong to category A, including standard
parts.

The minimum list of component parts (CP) of category A is established by
the circular of the Aviation Register.

First class components undergo certification with the issuance of type
certificates by Aviaregister. Components of the second class undergo
certification as part of the components of the aircratft.

Certification of CP of the third class, separately from the components of the
first class of the A, is called a qualification. Such a special term is due to the
fact that, as a rule, these products are not independent goods. Accordingly, the
concept of qualification basis was introduced. The qualification basis is a set
of requirements for airworthiness, requirements of the technical task for
disassembly, state and industry standards that apply to a certain CP.

To ensure the certification of a certain type of aviation equipment (AE), the
CPs installed on it must undergo a qualification procedure.

Based on its results, they draw up:

— product suitability certificate — for type CP category A,

— approval for installation of the product — for type CP category B.

Product suitability certificate is a document certifying the conformity of the
CP type with the requirements of the qualification basis.

4.5 Aircraft maintenance and repair

The successful use of new materials and structural solutions depends on
maintenance programs that are both cost-effective and ensure passenger safety.

Maintenance programs are developed for each new type of aircraft based
on previous experience with similar materials, engines, components or designs.
New materials or designs with little experience are serviced more frequently until
a baseline is developed and established. The increase in intervals between
inspections is based on observations made during scheduled service
inspections. A typical maintenance plan is presented in Table 3.

Table 3 — Typical maintenance plan

When service is
performed Type of
service provided
Impact on airline

When service is
performed Type of When service is performed Type of service provided

service provided Impact Impact on airline service
on airline service

service
Before each flight, "Walk- |[Before each flight, "Walk-around" is a visual Before each flight,
around" is a visual inspection of the appearance of the aircraft and "Walk-around" is a
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Continuation of table 3

inspection of the
appearance of the aircraft
and engines for damage,
leaks, brake and tire
wear. Does not affect

engines for damage, leaks, brake and tire wear. Does
not affect

visual inspection of
the appearance of
the aircraft and
engines for damage,
leaks, brake and tire
wear. Does not
affect

Every 45 hours (domestic
flights) or 65 hours
(international flights) of
flight Special checks of
engine oils, hydraulics,
oxygen and special
aircraft requirements.
Shutdown for the night

Every 45 hours (domestic flights) or 65 hours
(international flights) of flight Special checks of
engine oils, hydraulics, oxygen and special aircraft
requirements. Shutdown for the night

Every 45 hours
(domestic flights) or
65 hours
(international flights)
of flight Special
checks of engine
oils, hydraulics,
oxygen and special
aircraft
requirements.
Shutdown for the
night

Every 200-450 hours (22-
37 days) of flight "A"
Check - detailed
inspection of the aircraft
interior and engine,
maintenance and
lubrication of systems
such as ignition,
generators, cockpit, air
conditioning, hydraulics,
structure and landing
gear. Shutdown for the
night

Every 200-450 hours (22-37 days) of flight "A" Check
- detailed inspection of the aircraft interior and
engine, maintenance and lubrication of systems such
as ignition, generators, cockpit, air conditioning,
hydraulics, structure and landing gear. Shutdown for
the night

Every 200-450
hours (22-37 days)
of flight "A" Check -
detailed inspection
of the aircraft interior
and engine,
maintenance and
lubrication of
systems such as
ignition, generators,
cockpit, air
conditioning,
hydraulics, structure
and Landing gear.
Shutdown for the
night

Every 400-900 hours (45-
75 days) of flight. Check
"B" - torque test, internal
checks and checks of
flight controls. Shutdown
for the night

Every 400-900 hours (45-75 days) of flight. Check "B"
- torque test, internal checks and checks of flight
controls. Shutdown for the night

Every 400-900
hours (45-75 days)
of flight. Check "B" -
torque test, internal
checks and checks
of flight controls.
Shutdown for the
night
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Continuation of table 3

Every 13-15 months
Inspection "C" - detailed
inspection and repair
program of aircraft
engines and systems.
Stoppage of operation for
3-5 days

Every 13-15 months Inspection "C" - detailed
inspection and repair program of aircraft engines and
systems. Stoppage of operation for 3-5 days

Every 13-15 months
Inspection "C" -
detailed inspection
and repair program
of aircraft engines
and systems.
Stoppage of
operation for 3-5
days

Every 2 years (narrow-
body aircraft) Inspection
and re-application of anti-
corrosion coatings
Downtime for up to 30
days

Every 2 years (narrow-body aircraft) Inspection and
re-application of anti-corrosion coatings Downtime for
up to 30 days

Every 2 years
(narrow-body
aircraft) Inspection
and re-application of
anti-corrosion
coatings Downtime
for up to 30 days

Every 3-5 years Major
structural inspections with
attention to fatigue
damage, corrosion, etc.
Aircraft are
disassembled, repaired
and restored. The aircraft
is repainted if necessary.
Suspension of operation
for up to 30 days

Every 3-5 years Major structural inspections with
attention to fatigue damage, corrosion, etc. Aircraft
are disassembled, repaired and restored. The aircraft
is repainted if necessary. Suspension of operation for
up to 30 days

Every 3-5 years
Major structural
inspections with
attention to fatigue
damage, corrosion,
etc. Aircraft are
disassembled,
repaired and
restored. The
aircraft is repainted
if necessary.
Suspension of
operation for up to
30 days

The goals of an effective maintenance program are to:

— Ensure, through maintenance work, the maintenance of the inherent
safety and reliability of the aircraft, embedded in its design.

— Provide opportunities to restore the level of safety and reliability in case
of deterioration.

— Obtain information for design modification when internal reliability is
insufficient.

— To achieve the above with minimal costs.

Structural maintenance

Any new aircraft development program is based on an evaluation of aircraft
design information, fatigue and damage resistance assessments, experience
with similar aircraft designs, and relevant test results. Typically, a maintenance
task evaluates sources of structural wear, including accidental damage,
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environmental degradation, and fatigue damage; susceptibility of the structure to
each source of destruction; effects of structural deterioration on continued
airworthiness, including effects on the aircraft (eg, loss of functionality and
reduced residual strength, multi-node or multi-element fatigue damage, effects
on aircraft flight or response characteristics caused by interaction of structural
damage or failure of power plant systems or elements , or loss of structural
elements in flight); as well as the applicability and effectiveness of various
structural failure detection methods, taking into account inspection thresholds
and repetition intervals.

Component maintenance

The use of new materials does not cause unnecessary hardship or
maintenance difficulties for airlines, provided the aircraft designer is familiar with
the experience of working with the components. Airline experience shows that
equipment wears out, but the statistical age-related wear and tear of complex
mechanical, electrical, and avionics components is not the dominant cause of
failure. In fact, over 90% of typical parts exhibit either random failure or a gradual
increase in failure probability with age.

The reliability of a piece or component of aircraft equipment is only as good
as its inherent design (backed by appropriate maintenance) allows. Therefore, it
is generally accepted that (1) good maintenance allows parts to reach their
potential reliability; (2) excessive maintenance does not increase reliability, but
results in a loss of money; and (3) insufficient maintenance can reduce reliability.
In general, fundamental design changes are required to address reliability
problems inherent in components.

There are three approaches to preventive maintenance that have proven
to be effective. The first method, "hard time limit" (hard time), involves
decommissioning the device when it reaches a predetermined value of the
parameter. The second method, functional testing or inspection, involves
monitoring the characteristic dimensions or usage/performance parameters of a
piece of hardware to determine whether it is fit for continued use or should be
removed to prevent operational failure. The third method, functional verification,
requires performing a technical verification of hardware functions to determine
the availability of each function, if it is normally hidden from the attention of flight
and operational crews.

There are many components for which wear measurement, periodic
removal for maintenance, and inspection of hidden functions are economically
impractical or unprofitable. Such parts require regular monitoring of operability
and reliability, and preventive maintenance is neither necessary nor desirable.
Modern aircraft are more tolerant of failure than older aircraft designs due to the
increased margin built into the design.

Generally, most airlines classify specific component maintenance tasks as
follows:

— lubrication or maintenance, where the replenishment of consumables
reduces the rate of functional wear,;
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— operational or visual inspection, where identification of the malfunction
may be possible;

— inspection or functional testing, where it is possible to detect a decrease
in resistance to failures, the rate of decrease in resistance to failures must be
predicted,;

— restoration of those elements that show functional characteristics of
degradation upon reaching a certain age, so that the majority of units survive to
this age and can be restored to the required resistance to failures of the
corresponding standard; and

— culling, those elements that show functional degradation characteristics
at a certain age, so that most units survive to that age, and most units are
expected to survive to that age.

Component failures must be obvious to the operating crew, have no direct
adverse effect on safety (whether they occur as a single or multiple event), and
minimize the impact on aircraft operations.
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5 TEST PROGRAM AND CERTIFICATION ON SPECIFIC EXAMPLES OF
AIRBUS A380

5.1 Ensuring airworthiness

Before entering mass production, Airbus aircraft undergo complex and
rigorous flight testing and certification (Figure 4). After approval and certification,
the aircraft is allowed to operate. This extensive process is detailed in the
paragraphs below with specific examples of the Airbus A380, A350 XWB and
A320neo.

Figure 4 — The Airbus A321neo has undergone a water impact test as part of its certification
campaign

Airbus' flagship of the 21st century, the A380, was certified by two major
international governing bodies—the European Union's Aviation Safety Agency
(EASA) and the US Federal Aviation Administration (FAA) — in December 2006
in a program that began more than five years ago. In the end, the raid totaled
more than 2,600 hours with a fleet of five test aircratft.

To ensure the reliability of the A350 XWB since it entered commercial
service in January 2015, Airbus has implemented one of the most rigorous test
programs ever developed for a jet airliner. The A350-900 flight test and
certification program, which lasted just over 14 months, an industry record,
included a fleet of five aircraft that completed more than 2,600 flight hours, with
type certification received from EASA and the FAA in September and November
2014, respectively.
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Testing and certification of the A320neo family of jetliners included six
versions: the A319neo, A320neo and A321neo underwent airframe, systems and
two powerplant options offered on each aircraft type: CFM International's LEAP-
1A and Pratt & Whitney PurePower PW1100G-JM engines. The companies also
confirmed that the aircraft meets the targets for fuel consumption and range —
based on the choice of latest generation engines and large Sharklet wingtips.

5.2 Structural static tests

In preparation for first flight, new production jetliners such as the double-
decker A380 and the new generation A350 XWB are subjected to structural static
tests, which include: flight test rig (FTI) calibration tests, maximum wing
deflection at ultimate load and interceptors at maximum wing deflection
(Figure 5), fuselage pressure testing, fatigue testing and simulation of flight
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Figure 5 — A350 XWB wings tested at ultimate load, showing wing tip deflection
of five meters

Fatigue tests examine how an aircraft structure responds to loads over a
long period of time and during various phases of its operation, such as taxiing,
takeoff, cruise and landing. To reproduce these conditions, a cargo system is
placed on the glider, actuated by computer-controlled hydraulic jacks.

For example, the fatigue tests of the A380 lasted 26 months and lasted
2.5 times longer than planned by design services.

In total, during the tests, 47,500 flight cycles were completed: 2.5 times
more than the number of flights that the A380 would make in 25 years of
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operation. A 16-hour flight was simulated in just 11 minutes. The tests pushed
the aircraft's design to the limit to see if the design needed any improvements.
Final testing and preparation for flight is a phase that includes calibration of
instruments, testing of cabin tightness and testing of navigation systems.

5.3 Flight test campaign

The aircraft's flight test program is designed to evaluate the aircraft's
overall handling qualities, operational characteristics, aerodrome noise and
system performance under normal conditions, failure scenarios and extreme
conditions, and culminates in airworthiness certification.
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Figure 6 — Airbus A350 XWB undergoing two weeks of testing at the McKinley Climate
Laboratory in Florida, USA

To test the A380 in extreme weather conditions, Airbus sent the double-
decker from Northern Canada to the hot desert of the Persian Gulf and to the hot
and mountainous regions of Ethiopia and Colombia; while the A350 XWB
evaluations included cold weather testing in Igaluit, Canada; altitude
assessments in La Paz, Bolivia, hot weather work in Al Ain, United Arab
Emirates.

In addition, the A350 XWB became the first Airbus aircraft to visit the
McKinley Climate Laboratory in the US state of Florida (Figure 6). In this unique
location, the liner was exposed to various climatic conditions — from 40° to minus
-40°C in a climate-controlled hangar.

Further certification flight tests were devoted to water ingress, low-speed
take-off, flutter and aborted take-off and landing tests. In addition to the vortex
wake tests — the turbulence of air created behind the aircraft during take-off —
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required for certification, Airbus has carried out a series of tests and
measurements in this area.

Certification flight tests of the A320neo family included testing the new
generation LEAP-1A and PurePower PW1100G-JM engines, including their fuel
economy and lower environmental impact through reduced nitrogen oxide
emissions and engine noise. In addition, the controllability and flight
characteristics of the aircraft were checked, as well as the operation of such
systems as the autopilot.

5.4 Certification

Certification is a regulatory obligation that certifies all aircraft, their engines
and propellers. A "Type Certificate" issued to confirm the airworthiness of an
aircraft design is followed by a "Certificate of Airworthiness" which allows the
aircraft to be operated in certain countries or regions.

The certification process covers the entire development process of a new
aircraft. It includes different stages:

— Detailed review of the project;

— Examination of test results and participation in laboratory studies;

— Review of tests and participation in flight tests (to take into account
changes based on the results of research),

— Aircraft operators (take an active part in defining the design, development
and implementation of services).

The competent authorities of each geographic jurisdiction oversee the
certification process. Today, there are two main aircraft certification systems:

— FAR 25 rules apply to the USA,

— For the European Union — JAR 25 regulations.

Each authority has the right to demand certain conditions, while the aircraft
manufacturer must always pFTS in advance for certification by the importing
countries.

In addition to the successful flight tests, further highlights of the A380's
commissioning were airport compatibility tests: a total of 38 airports visited
around the world. The aircraft have demonstrated the ability to perform similarly
to similar counterparts already in service.

For the A350 XWB, the global route validation tour — one of the final steps
towards certification — saw the high-performance airliner visit 14 major airports
on four different flights, covering a total of around 81,700 nautical miles in
180 flight hours.

Another important aspect of the A380 and A350 XWB trials were the Early
Long Flights (ELF) programs, which went beyond certification requirements. For
these evaluations, a flight test aircraft equipped with a cockpit was operated on
simulated commercial flights with real "passengers” (Figure 7) consisting of
Airbus employees and real airline flight crews to evaluate the cockpit systems
under typical operating conditions (Figure 7).
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Figure 7 — Airbus "Early Long Flights" tests the cabin, technologies and systems of the new
aircraft under normal operating conditions
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Laboratory work No. 1
CONTROL OF THE HERMETICITY OF STRUCTURES

The purpose of the work: to get acquainted with the main methods of
controlling the tightness of structures and the principle schemes of the
implementation of control.

Theoretical information

In real hermetic structures, there are leaks with the amount of inflow in a
wide range of values (from 1.33-1013 to 1.33-:10* mm? MPa / s). Currently, there
iIs no method that can effectively control tightness over such a wide range of
currents. Moreover, a number of highly sensitive methods (halide, mass
spectrometric, radiation, etc.) become ineffective in the presence of gross leaks,
which lead either to "poisoning” of leak detector sensors (halide method), or to
contamination of the atmosphere of the room in which the tests are conducted.
Therefore, control of the tightness of structures is carried out by several methods
in two or more stages. This allows you to use the control equipment in the optimal
operating range for it and to apply more productive methods for preliminary
inspection. Even at the stage of control with high sensitivity, for example, using
mass spectrometric flow detectors, several cycles are provided with a gradual
increase in sensitivity to the required value.

Usually, when controlling the tightness of structures, compression methods
are first used: pneumatic, hydrostatic or pneumohydraulic. Control of tightness
by these methods is in some cases combined with testing the strength of
structures. At the same stage, it is possible to use a chemical or luminescent
method. In the future, depending on the requirements for the control object, the
haloid or mass spectrometric method is used. These highly sensitive methods
can also be preceded by monitoring with gas analytical leak detectors to detect
gross leaks.

The sensitivity of the selected control method must be two or more times
higher than the tightness of the object specified by the technical conditions.

Requirements for premises, equipment and technological equipment

When checking the tightness of structures, special requirements are placed
on the room in which the tests are carried out. In the presence of a significant
amount of indicator substances (freon, helium, ammonia, radioactive elements
and others) in the atmosphere of the room, the readings of the leak detectors will
be inaccurate, and in some cases even erroneous. Therefore, the control of the
tightness of units and systems should be carried out in a special separate room
with forced supply and exhaust ventilation, which ensures the normal
performance of leak detectors at a temperature of 293 + 5K.

If the control is carried out by the mass spectral method using helium as
an indicator gas, then the highest content of helium in the room should be no
more than 1.5 of the normal peak at 10-15 times the air exchange per hour. A
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helium peak is considered normal if its content in the air corresponds to 5:10-4 %.
This is achieved with the help of supply-exhaust ventilation.

When controlling the tightness by the halogen method, the content of freon
in the atmosphere of the room should be less than that induced by the leak
detector when working on the most sensitive scale. Accordingly, with chemical,
radiation and other methods, the indicator mass, film, counter should not react
to the atmosphere of the room in which the control is carried out.

The test room is equipped with an independent system that ensures
blowing with air-helium, air-freon and other mixtures and excludes the ingress of
indicator gas into the room for control, as well as a system for collecting the
indicator mixture for repeated tests or a system for the regeneration of indicator
gas. The distance between the holes for drainage and air intake during forced
supply-exhaust ventilation should be at least 10...20 m to exclude the intake of
air emitted during drainage.

In the room, create a central dilution of clean dry air or technically pure
nitrogen with a dew point not higher than 233 K, as well as autonomous
communications of a three-phase network with a voltage of 220 or 380 V with
grounding. The room in which tightness control is carried out must be adapted
for wet cleaning and complete degassing from indicator substances (tiled floors,
walls and ceilings are painted with oil paint, etc.).

Leak detectors, vacuum meters, pumps, all special equipment and other
equipment must correspond to drawings, have passports, certificates or other
technical documentation. They should be checked in time and operated in
accordance with the requirements of the operating instructions. When designing
the equipment necessary for the creation of storage objects, one should strive to
ensure that the absolute storage volume is minimal, and the gap between the
surfaces forming the storage volume is uniform.

Technological equipment (plugs, fittings, bushings, kerchiefs, etc.) is
manufactured with the necessary margin of strength so that it is not damaged
when installed on structural elements. During the tests, it is necessary to use
only copper-plated tared and ordinary keys.

During the control, it is necessary to ensure the measurement of the
concentration of the indicator gas in all parts of the containers and dead-end
ends of the chimney

During the control, it is necessary to ensure the measurement of the
concentration of the indicator gas in all parts of the containers and the dead-end
ends of the pipelines, as well as the possibility of diverting part of the indicator
mixtures from the dead-ends to the drain in order to equalize the concentration
of the indicator gas throughout the inspected object.

Elements of equipment, equipment and tools are chromed, blued or
painted in light tones.

Preparation of structure surfaces for testing

Surfaces of structures that are prepared for tightness tests must be
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manufactured in accordance with technical conditions, requirements of drawings,
accepted by control services and accompanied by necessary documentation.
Before carrying out the tightness control, the surfaces of the products must be
tested for strength with liquid or air, if this is provided for by the technical
requirements.

Preparation of the surface of the responsible structures for tightness tests
includes cleaning, degreasing and removal of liquid from leak channels. Alkaline
solutions and organic solvents are used for cleaning and degreasing the external
surfaces of objects. Products with galvanic, chemical or anodic coatings are
cleaned and degreased in organic solvents. Small products are cleaned and
degreased by immersion in baths. Large products, for which this method is
unsuitable, are cleaned and degreased by the jet method or by wiping with
napkins moistened with an organic solvent (acetone, gasoline, perchlorethylene,
etc.).

Liquid from leaks is removed after drying the external and internal surfaces
by one of the following methods: convective, temperature, temperature-vacuum
(general vacuuming), one-sided vacuuming, exposure to natural conditions,
combined. When choosing a method, the design features of the product and the
technical requirements for it are taken into account; equipment and equipment
available at the enterprise; production and economic factors.

The method of removing liquid from voids by keeping the product in natural
conditions is used after treating its surface with volatile organic solvents. The rest
of the listed methods are used after the effect of water-based cleaning and
degreasing agents or after a strength test by hydraulic pressing.

The convective method consists in heating the product by blowing hot air
through its internal cavity. The temperature of the air for blowing the products
should not exceed the permissible temperature for the product according to the
Technical Specifications. Blowing products with hot air is used in a workshop or
a special chamber equipped with artificial or natural ventilation. This method
must meet the requirements of industry standards.

The temperature method consists in heating the product in a thermal
chamber or a thermal cabinet, which must have natural or artificial ventilation.

With the temperature-vacuum method, the product is placed in a thermal
chamber, where it is heated and vacuumed. To remove liquid from leaks, the
heating device is first turned on, and after reaching the required temperature, the
vacuum pump is turned on and the necessary residual pressure is obtained.

The one-sided vacuuming method is used when vacuuming the inner cavity
of products or the outer space. At the same time, the product must be placed in
a thermal chamber. Air humidity in the workshop should not be higher than 80%.
Removal of liquid from leaks by vacuuming the external space is carried out in a
thermal chamber or a pressure chamber with blowing of the internal cavity of the
product with heated air. In large-sized products, it is allowed to carry out external
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vacuuming of only the most important areas, for example, welds. In this case,
small vacuum suction cups are used.

When using the method of keeping the product in natural conditions, liquid
removal from leaks is carried out at an air temperature in the room not lower than
293 K and a relative humidity not higher than 60%. Keeping the product in natural
conditions continues until the liquid is completely removed from the voids.

Removal of moisture from leaks by a combined method is carried out by
sequential application of several methods. The combined method is used in the
following cases: if according to the technological cycle there is a long period of
time between the operations of liquid removal from leaks and tightness tests or
if the throughput capacity of the technological equipment available at the
enterprise is insufficient.

The procedure for performing tightness control
by different methods

Compression methods of tightness control

When checking the tightness of structures, compression methods
(pneumatic, hydrostatic, pneumohydraulic) are used beforehand. Depending on
the requirements for the conducted control, the haloid or mass spectrometric
method is used in the future.

With the pneumatic test method, the controlled object is filled with air or
nitrogen under excess pressure specified in the technical specifications. An
indicator substance is applied to the outer surface of the object. In the presence
of a leak, the indicator gas, penetrating through it, forms bubbles, which
gualitatively assess the tightness of the object. Quantitative evaluation of the
overall tightness is carried out by measuring the pressure drop over a certain
period of time with subsequent conversion to the amount of leakage

Y =V AP/, (1.1)

where T — pressure drop measurement time.

In the case of the hydrostatic method, a liquid (2...5% solution of chromium
peak of potassium dichromate (K,Cr,07) in water, kerosene, oil, water mixture,
etc. is poured into the object of control and excess pressure is created. After a
certain period of time, the inspecting or applying filter paper to the surface of the
joint being tested. The tightness of the object is evaluated based on the presence
or absence of liquid droplets on the inspected surface (“fogging") or stains on the
filter paper, which is used as an indicator. The amount of leakage is determined
by the amount of liquid , which has leaked, and sometimes its collection:

V="V, (1.2)

where V, — the volume of liquid that leaked out; T — observation time.

For the convenience of indicating leaks, in a number of cases, a chalk
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coating with a thickness of 40...60 microns is previously applied to the external
surface of the controlled object. For smearing, a cream-like aqueous solution of
chalk is prepared and applied with the help of a stiff hair brush or in any other
way in a thin, even layer on the surface and dried. The volume of leaked liquid is
determined by weighing the filter paper before and after collecting the leaked
liquid:

Vp=my —m,/y, (1.3)

where m,, m, — mass of paper, respectively, before and after liquid collection;

y — liquid density.

With the pneumohydraulic method, excess air or nitrogen pressure is
created in the structure being tested and immersed in a bath with a liquid (a
2...5% solution of chromium peak (K,Cr,0-) in water, alcohol, etc.) Depth
immersion in water — 3...5 mm. Indication of leaks is carried out by the frequency
of appearance and diameter of gas bubbles arising in places of currents.

To obtain clean transparent water, add aluminum ammonium alum
NH,Al(S0,), at the rate of 500 g of alum per 3 liters of water. After thorough
mixing and standing for 1-1.5 days, the water is ready for use.

The amount of leakage is approximately determined by the formula

3
y="%.p (1.4)
61’0
where d, — diameter of the bubble at the time of separation;

T — time until the bubble breaks.

Compression methods of tightness control are widespread due to their
simplicity, visibility, the possibility of inspecting the entire surface of the object at
the same time, and the low cost of materials and equipment. Disadvantages of
this method are: subjectivity of evaluation, high labor intensity and long control
cycle, low sensitivity. In addition, when using kerosene as an indicator
substance, there is a fire hazard in the test area.

Haloid method of tightness control and leak detection

The method is based on recording the emission of positive ions in a flow
diode. For this, a type of emission is used, in which the heated electrode is
positive relative to other elements of the lamp.

A platinum anode heated to a temperature of 1073...1173 K emits positive
ions that can be registered at atmospheric pressure. The emission of positive
ions increases sharply in the presence of gases containing halogens. The
principle of operation of the halogen leak detector is based on this property,
which is observed both at atmospheric pressure and in conditions of a certain
vacuum. The sensitive element of the halogen leak detector sensor is a platinum
current diode. A halod leak detector can detect the content of halods in the air at
a concentration of 10%.

Halogenated hydrocarbons are most often used as indicator gases in the
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halo method of tightness control — freon 12 (CF2Cl>), freon 13 (CFzCl), freon 22
(CMF2CI), as well as hexafluoride sulfur SFe. Freons are chemically inert and
low-toxic substances. As the number of fluorine atoms increases, the toxicity and
reactivity of freons to metals decreases.

Mass spectrometric method of tightness control and leak detection

The mass spectrometric method of leak detection is one of the most
sensitive and universal methods for checking the tightness of structures. It is
based on the registration of tracer gas ions that entered the vacuum chamber of
the leak detector through the through defects of the monitored object. In mass
spectrometry, mixtures of gases or vapors are separated by mass using electric
and magnetic fields.

A mass spectrometric leak detector is a simplified mass spectrometer
configured to detect very small amounts of tracer gas.

To work with mass spectrometric flow detectors, helium is most often used
as an indicator gas. There is little of it in the atmosphere

(5-10* %) and tested objects. A positive property of helium is also its
inertness, as a result of which it is absolutely harmless and safe to work with.
Helium-air and helium-nitrogen mixtures can also be used as an indicator gas.

One of the main parameters that determine the possibility of using leak
detectors to solve the problems of controlling the tightness of structures is its gas
analytical sensitivity Dmin, Which is characterized by the lowest recorded
concentration of the indicator gas in the analyzed gas mixture:

Dyin = Pmin/PZ’ (1.5)

where P,,;, — total pressure of the analyzed gas mixture;
Py — the lowest registered partial pressure of the indicator gas in the

analyzed mixture.

In the first industrial mass spectrometric flow detectors (PTI-1, PTI-4, PTI-
6) gas analytical sensitivity D,,;, =105..2-107 at the total gas flow
n,... ~0,266 um*MPa/s.

In the following models of leak detectors, the sensitivity has been
significantly increased:

D in=6,66-10-12,

The most common types of mass spectrometric tightness control are the
following: blowing the controlled surface with an indicator gas, dipstick,
accumulation at atmospheric pressure, accumulation in a vacuum.

Accumulation control at atmospheric pressure is the most sensitive when
controlling tightness by the mass spectrometric method. It is used to determine
the degree of tightness (total leakage due to all available through-flows) of the
tested structure.

The essence of control of tightness by accumulation at atmospheric
pressure is as follows: a closed protective hermetic volume of accumulation is
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created around the object being checked. This object is filled with an indicator
gas (helium, helium-air or helium-nitrogen mixture) to the excess pressure
specified in the technical conditions for testing this object. In the presence of
leaks, the indicator gas penetrates into the closed storage volume, and its
concentration in this volume increases. With a medical Leuer needle mounted
on a probe connected by a hose to a leak detector, readings corresponding to a
certain concentration of helium in a given area of the storage volume are
recorded. The concentration of helium in the storage volume is compared with
that specified in the technical conditions and the compliance of the inspected
object with the airtightness requirements is determined.

When checking the tightness of the flanged connections of pipelines
(Figure 1.1), the accumulation volume 5 is created between the flanges 1 by
sealing with a special tape 4 along the outer perimeter of the flanges. An excess
pressure of indicator gas is created inside the pipeline. In the presence of
currents in the connection, the indicator gas penetrates into the storage volume
(inter-flange space). After a certain period of time, a medical Leuer needle 2
mounted on a probe 3 is inserted into the storage volume by piercing the tape,
and the concentration of the indicator gas in the volume is measured during the
storage time.

When checking the tightness of the pipelines (Figure 1.2), the accumulation
volume 7 is created around the tested pipeline 6 by gluing the film 2 to the
technological equipment 5 with an adhesive tape 1, for example, PCS. The
equipment has a fitting 4 for filling the pipeline with indicator gas under excess
pressure.

If there are currents in the material of the pipeline walls or in the welded
joint, the tracer gas penetrates into the storage volume. After a certain period of
time, a Leuer needle 3 is inserted into the accumulation volume by piercing the
tape and the concentration of the indicator gas is measured.
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Figure 1.1 — Control scheme Figure 1.2 — Schematic diagram of pipeline
tightness of flange connections tightness control
pipelines
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The schematic diagram of the collector tightness control is shown in
Figure 1.3.
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Figure 1.3 — Schematic diagram of collector tightness control:
1 — flange; 2 — gasket; 3 — plug; 4 — collector; 5 — probe; 6 — Leuer's needle;
7 — accumulation volume; 8 — sealing tape; 9 — technological equipment

The concentration of the indicator gas in the volume of accumulation is
measured similarly to the previously considered examples. Control of the helium
concentration is carried out by comparing the readings of the leak detector in
relation to a specially prepared reference mixture with the readings of the leak
detector in relation to the indicator gas in the storage volume being checked.

To prepare a reference mixture, a pre-vacuum tank, usually made of
stainless steel, is filled with air or nitrogen, then with the help of a medical syringe
a certain amount of helium Vp is injected into it, which is determined by the
formula

V,=C-V./100 %, (1.6)

where C- the required concentration of helium in the reference mixture, %,
Ve— the volume occupied by the reference mixture, sm?2.
Helium concentration is used to prepare the reference mixture
1-102...1-102 % in air.
The limit sensitivity of the accumulation method at atmospheric pressure
corresponds to the concentration of helium in the accumulation volume, which is
equal to 2.5-10* %.

Control questions

1. What are the features of preparing the surfaces of structures for testing?

2. What types of compression methods of tightness control do you know?

3. Name the indicator gases in the halo method of tightness control.

4. What are the types of mass spectrometric control?

5. What are the features of checking the tightness of flanged joints?

6. Describe the technology of monitoring the tightness of pipelines and
collectors.
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7. What is the sensitivity of the accumulation method and other methods of
mass spectrometric control of tightness?

8. What are the requirements for premises, equipment and technological
equipment?
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Laboratory work No. 2

CALCULATION OF AC SOLENOIDS
FOR MAGNETIZATION AND DEMAGNETIZATION OF STEEL PARTS
UNDER MAGNETIC CONTROL

The goal of the work:

1. Familiarization with the method of calculating solenoids.

2. Performing calculations of solenoids for magnetization and
demagnetization of parts that are different in configuration and size.

Theoretical information
Basic provisions

Magnetic defectoscopy is the study of magnetic field distortions that have
arisen in places of defects in products made of ferromagnetic materials (for
example, structural steel).

Installations for magnetic control are placed in a separate room. Their
location in the production flow is allowed, provided that the area designated for
these installations does not border on areas of high dust content and has an area
of at least 10...15 m?. To control large and heavy parts, a lifting crane must be
installed above the flaw detector.

The equipment of the magnetic flaw detector must include a device for
regulating the current and an ammeter for direct measurement of the current in
the magnetizing circuit. To control parts of complex shape and large sizes,
defectoscopes are equipped with particularly flexible wires with a cross-section
of 100...200 mm2. The required power of flaw detectors for circular
magnetization is set based on the cross-sectional dimensions of the parts being
tested. The maximum current in flaw detectors for circular magnetization can
vary from 50 to 10,000 A at an open-circuit voltage of up to 24...36 V. Magnets
for magnetizing and demagnetizing elongated parts should have a magnetic field
of at least 150 oersted when the partis inserted. For disc magnetization, the field
strength in the solenoid must be at least 400...450 oersted, and for
demagnetization - no less than 200 oersted.

The magnetic field strength in the solenoid is generally described by the
formula

H=K-I, (2.1)

where H — magnetic field strength, E;

K —permanent value of solenoid, which depends on the size of the solenoid

and the number of its turns;

I — current flowing through the solenoid winding, A.

The reduction of the alternating current in the solenoid when a
ferromagnetic part is added to it depends on the following factors:

— part forms;

— the dimensions of the part compared to the dimensions of the solenoid,

159



— the number of turns of the solenoid,;

— grades of steel and its heat treatment.

Calculation of solenoids is carried out based on the following values:

— network voltage;

— the intensity of the magnetic field in the center of the solenoid when the
part is introduced;

— part size;

— cross-sectional shape of the part;

— the purpose of the solenoid.

The calculation of the solenoid is reduced to the definition:

— dimensions of its winding, i.e. its length and cross-section;

— the number of its turns;

— cross-section of the winding wire.

The design scheme of the solenoid is shown in Figure 2.1.
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Figure 2.1 — Solenoid design scheme

Influence of the shape of the part when calculating alternating current

As a result of the surface effect, the shape of the part affects the distribution
of the magnetic flux between the part and the air medium of the solenoid.
Therefore, when parts of the same cross-section, but of different shape, are
introduced into the solenoid, the amount of current reduction will also be different,
which is confirmed by the conducted experiments. For example, when inserting
a part with a double cross-section into the solenoid, the current decreases by
about 30% more than in the case of a part with a round cross-section of the same
size. Inserting a massive ingot and a pipe of the same external diameter with a
wall thickness of more than 3 mm into the solenoid leads to approximately the
same reduction in current, despite the fact that the cross-section of the ingot is
several times greater than the cross-section of the pipe.

In this regard, it is necessary to introduce a correction factor that takes into
account the influence of the cross-sectional shape of the part on the amount of
current reduction in the solenoid. Given the various cross-sectional shapes of the
parts subject to magnetic control in the solenoid, it is impractical and
cumbersome to determine this coefficient for each shape of the part. It is found
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experimentally for the most common, typical cross-sectional shapes. Other parts
with a certain degree of accuracy belong to one or another group of parts.

A part with the simplest cross-sectional shape, for example, a continuous
cylinder of the correct shape with a cross-section in the form of a circle, is taken
as a unit, that is, as a standard. By comparing the magnitude of the current in
the solenoid when a part of a different shape is inserted into it, we obtain the
correction coefficient of the shape of the cross section of the part, which is
calculated according to the formula

P = Ist/Ip! (22)

where I, — current in the solenoid when the reference part is introduced;
I, — current in the solenoid when a part of a certain shape is introduced.

The most typical forms of sections of parts are shown in Figure 2.2.
a
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Figure 2.2 — Forms of cross sections

Determination of calculated values of the part

Massive parts without holes and a simple cross-sectional shape (circle,
polyhedron) are taken as a unit — the standard against which all other parts are
compared. Therefore, the calculated section of these parts is equal to their cross-
sectional area without any corrections, that is, their coefficient ¢ is equal to one.

The calculated cross-section of hollow parts of a simple shape is equal to
the cross-sectional area calculated from the external dimensions of the cross-
section without taking into account any holes present in it and multiplied by the
correction factor (Table 2.1). The value of this coefficient is displayed on the
curve shown in Figure 2.4, and the curve is constructed based on the results of
an experiment conducted with samples whose cross-sectional shapes are shown
in Figure 2.2.

Table 2.1 — Correction coefficient of the cross-sectional shape of the part

a/e 1 1,5 5 10 50
% 1,03 1,04 1,13 1,23 1,44
1) 0,75 5 6 10 20
@ 0,78 0,94 0,95 0,97 1,03
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Figure 2.3 — Dependence of the coefficient Figure 2.4 — Dependence of the cross-
of the shape of the cross-section of the part sectional shape coefficient of the part on the
on the ratio of the larger side of the wall thickness of hollow parts

rectangle to the smaller

Thus, the calculated section of hollow parts of a simple shape is determined by
the formula

Qpart =¢S5, (2.3)

where S — cross-section of the part without taking into account any holes present
in it.

The calculated cross-section of parts with rectangular and square cross-
sections should be determined according to formula (2.3), and the value of ¢ —
according to the curve in Figure 2.3.

The formula for determining the design section will look like this:

Qpart = @3 P, S. (2.4)

The calculated section of disc parts is equal to the thickness of the disc multiplied
by its diameter. The length of the part is determined by dependence

Lyare = 0,75 - D. (2.5)

Determining the dimensions of the solenoid

To calculate the dimensions of the solenoid, you need to know the following
values:

1. The filling factor of the solenoid with the part according to its cross-
section, which is equal to the ratio of the calculated cross-section of the part
Qpare 1o the cross-section of the solenoid Q, calculated from its internal
dimensions; in the case of a circular cross-section Qpar = n-Dpart2/4, and
rectangular — Qpq: =5-€ (s,e — sides of the rectangle). We denote this
coefficient by a letter a, then

a= Qpart/Q- (2.6)

2. The filling factor of the solenoid along its length, which is equal to the
ratio of the calculated length of the part to the length of the solenoid.
We denote this coefficient by a letter b, then
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b = Lpart/L- (2.7)

3. The coefficient of current reduction when a part is introduced into the
solenoid, which is equal to the ratio of the current in the solenoid without the part
lo to the current in the solenoid with the part I. We denote this coefficient by a
letter c, then

c=1Iy/l. (2.8)

Functional dependencies of all coefficients are shown in Figures 2.5, 2.6.
The graphs shown in Figure 2.5 are intended for determining the coefficient when
calculating a solenoid that is powered from a 220...380 V network, and the
graphs in Figure 2.6 are from a network up to 28 V.
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/"—-—-—— / 4.—-—" 9=
o 8=0,5
1 I 8=025 P Pr=ces 630,25
01 02 03 04 05 06 07 @ 01 02 03 04 05 06 07 2
Figure 2.5 — Functional dependence of  Figure 2.6 — Functional dependence of
the coefficients c and a on ¢ the coefficients c and a on ¢
at a voltage of 220...380 V at a voltage of 28 V

Methodology and order of calculations

Output data

Dpart — circular section; s, e — rectangular section; Dpart, &part — ring section;
Lpart — the length of the part; U — network voltage, V; H — magnetic field strength,
E; | is the current in the solenoid when the part is inserted into it, A; the purpose
of the solenoid is to demagnetize or magnetize parts.

Calculation of the dimensions of the solenoid winding

1. First, you need to find the calculated section of the part (Qpqre =
- Dpart2/4 —round section; @4+ = S - € — rectangular).

2. Next, you need to choose the numerical value of the coefficient c. At the
same time, it must be taken into account that if its value is small, during the
introduction of the part into the solenoid, the current will decrease less. However,
this leads to a significant increase in the size of the solenoid, which requires more
copper wire and more energy consumption. Therefore, it is recommended to
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choose the c value as follows: when supplying U=220...380 V — c=1.5...2; at
U=28V-c=1.2...1.5.

3. Depending on the selected coefficient ¢ and voltage U according to
Figure 2.5 or 2.6, it is necessary to determine the coefficient a. Knowing the
coefficient a, you can find the cross section of the solenoid Q@ = Q,q,¢/a.

4. The value of the coefficient b of the solenoid, intended for magnetizing
and demagnetizing parts by reducing the current in the solenoid to zero, must be
selected in the range b=0.25...1. After that, you can find the length of the solenoid
L =L,g/b.

Calculation of the number of solenoid turns

The number of solenoid turns is determined by the formula

w=p-U-10°/4.44-f-\/2-H}- Q, (2.9)

where p is a correction factor that depends on the shape of the solenoid, that is,
on the ratio of the internal diameter D of the solenoid to its length L;
U — network voltage, V; f — network frequency, Hz,
Q — solenoid cross-section, cm?; Hy is the estimated magnetic field
strength, E.
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Figure 2.7 — Dependence of correction
coefficient p from the shape of the solenoid

The correction factor is chosen according to the curves shown in
Figure 2.7.

For a network with a frequency of 50 Hz, formula (2.9) takes the form

w=p-U-10%/m-Hy- Q. (2.10)
The internal diameter of the solenoid
D =./4Q/m. (2.11)
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Calculated magnetic field strength
Hy=c-H. (2.12)

After determining the number of turns, it is necessary to calculate the
calculated current in the solenoid without the inserted part:

IO=C'I.

Next, it is necessary to adjust all previously obtained values. Effective
current reduction factor

¢ =0-c. (2.13)

The coefficient is selected from Table 2.2.
Number of turns

w=w-c/c (2.14)
Current

I, =1y c'/c; (2.15)
Tension

Hy=H,-c'/c. (2.16)

Table 2.2 — Actual values

g @ g @ g @ g @ g
0,915 20 0,86 80 0,97 600 1,015 1200 1,065
0,95 25 0,89 100 0,976 700 1,025 1300 1,07
1,00 30 0,91 200 0,98 800 1,035 1400 1,08
1,09 50 0,94 415 1,00 1000 1,045 1600 1,095
1,145 60 0,955 500 1,005 1100 1,055 1700 1,10

ololo|oN

Calculation of the section of the solenoid winding wire

The number of ampere-turns required to create the estimated magnetic
field strength is calculated using the formula

AW =1,-w=H," /05+L2/0,4-n (2.17)

AW =1,-w=Hy-L/0,4 -1 cos(a), (2.18)

where D, — the average diameter of the solenoid.
When calculating ampere-turns, the thickness h of the winding is set, and after
its placement, it is calculated according to the expression

h=mn, -di/7, (2.19)
where d;,; — diameter of the insulated wire;

y — stacking density factor (y = 0,85...0,9 for solenoids of rectangular and
round sections, respectively);

or
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n,, — the number of winding layers.
Knowing the number of ampere-turns, the required current in the solenoid is
determined by the formula

Iy = AW/ w. (2.20)
Based on the current density & 0, the cross-section of the wire is found
q = 10/60 y mmz. (221)

It is recommended to choose the ‘current density in the range &, =
= 15...18 A/mm?, taking into account the short duration of operation of the
solenoid.

In the case of multi-layer winding, it is necessary to isolate one layer from
another with any insulating material.

The number of turns ns in the layer is determined by the formula

ng=L-A4/d;s— 1, (2.22)
where 4 — winding density factor (4 =0,95...0,98 with manual and machine
winding, respectively);

L —solenoid length, mm.
The number of winding layers is calculated using the expression
n, = w/n;. (2.23)

To calculate alternating current solenoids according to the task given by
the teacher, you should know: voltage, magnetic field strength in the center of
the solenoid, dimensions of the part, cross-sectional shape of the part, purpose
of the solenoid.

Control questions

1. What are the features of using the magnetic method?

2. Name the objects of control, their characteristics.

3. What effect does the shape of the part have on the calculation of an
alternating current solenoid?

4. How to determine the filling factor of the solenoid with the part?

5. How to choose the value of the current reduction factor?

6. How to determine the magnetic field strength of solenoids?

7. How to choose the voltage of the network that feeds the solenoid?
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Laboratory work No. 3

MAGNETIC PARTICLE TESTING OF THE FERROMAGNETIC PARTS
INTEGRITY

The goal of the work:

1. Familiarize with the procedure for identifying ferromagnetic parts
integrity using magnetic particle testing.

2. Learn the procedure for conducting magnetic particle testing and
rejecting parts.

Theoretical information

Magnetic particle testing is used for the testing of materials which can be
easily magnetized. This method is capable of detecting open-to-surface and just
be-low-the-surface flaws. In this method the test specimen is first magnetized
either by using a permanent magnet or an electric current through or around the
specimen. The magnetic field thus introduced into the specimen is composed of
magnetic lines of force. Whenever there is a flaw which interrupts the flow of
magnetic lines of force, some of these lines must exit and re-enter the specimen.
These points of exit and re-entry form opposite magnetic poles and whenever
minute magnetic particles are sprinkled onto the surface of the specimen, these
particles are attracted by these magnetic poles to create a visual indication
approximating the size and shape of the flaw. Figure 3.1 (a and b) illustrate the
basic principle of this method.

/" o — “"\

s > 2 e by
£ - —— NN
! - - , =~ \
\ A ~ Y
\ N /! S\.. N %) ;o r

R e | e 2l

"-\.:‘“::::::::::::::';:-_—_—_—_—_—_—_—_:'.Z:’:,’
—is e
=il [ B
s . i e o S . S o S ot = —

" |l ——— - S —— B T
Pl oo e ettt T O
"ARE AR | - T T .

-l A \ SNee e, o oy R Y
T 3 ATl
\ ~ T —— —_—— - /
~ —— — &
________
~ -

- -
- -

Figure 3.1 — The effect of defects on the flux flow in a magnetized ring:
1 — flux flow lines; 2 — crack; 3 — deep lying flaw

In this laboratory work, magnetic particle testing is demonstrated on the
example of the main gear frame mounting bolt of the Mi-8 helicopter.

Nondestructive testing of the aircraft parts is carried out according to the
instructions provided by the aircraft developer. This instruction book contains all
the information related not only to nondestructive testing of the main gear frame
parts, but also to disassembling, cleaning, troubleshooting, painting, etc. of the
said parts.
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Figure 3.2 — Instructions for magnetic particle testing of the mounting bolt
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Figure 3.3 — Instructions for magnetic particle testing of the mounting bolt
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In Figures 3.2 and 3.3, sketches, testing technique, machine parameters
and required tools for magnetic particle testing are specified.

It is important that the parts to inspect are free of paint and dirt, so they
must be cleared — this is something usually carried out not by NDT specialist, but
by a mechanic who repairs this particular set of parts, or by a painter.

To magnetize a part, a special magnetic particle testing machine (or flaw

Figure 3.4 — UNIMAG 2100 AC/DC

First, it is necessary to set all the parameters specified in the instruction
into the machine (Figure 3.5).

Figure 3.5 — From top to bottom: magnetization time, s; current of circular magnetization, A;
current of longitudinal magnetization, A; current of circular demagnetization, A; current of
longitudinal demagnetization, A

Then a part should be placed into the solenoid in the same position that is
specified in the instruction. In Figure 3.6, the bolt’s position corresponds to sketch
from Figure 3.3.
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Figure 3.6 — Bolt’s placement in the machine’s solenoid

After this, the “Start” button on the machine should be pressed —
magnetization will begin and last 2 seconds (which was set on the previous step

(see Figure 3.5)).

A part then should be put on the place where it will be inspected — in this
particular case, this place is on the machine. It is important to check if the part is
magnetized — for this purpose, a magnetic field indicator is used (Figure 3.7)
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Figure 3.7 — Arrow on the instrument shows how strongly the part is magnetized

When it is known for certain that the part is magnetized, it should be fully
covered with suspension of magnetic particles (Figure 3.8).
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magnetic particles are also exist in form of dry or wet powder
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The inspection is carried out in a completely dark room under ultraviolet
light. During the inspection, a special ultraviolet lamp or flashlight is used
(Figure 3.9).

Figure 3.9 — UV Flashlight LABINO
A part should be carefully examined in search of defects (Figure 3.10).

Figure 3.10 — Mounting bolt covered with magnetic particles (yellow)
under ultraviolet light
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Defects on the part look like clusters of bright yellow magnetic particles that
stand out strongly against the general background (Figure 3.11).

-
Figure 3.11 — A crack on the bottom part of the bolt

It is almost (in some cases — completely) impossible to find such defects
with the naked eye (Figure 3.12).

Figure 3.12 — Same place under the visible light

In Figures 3.13 and 3.14, other examples of cracks found during magnetic
particle testing are shown.
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Figure 3.13 — Cracks between threads

Figure 3.14 — Crack in the wall of the countersink hole.

If there are defects (and in some other cases), an NDT report is issued.
This report contains information about part number, helicopter type, method used
to carry out the inspection, etc. Photos of the defects should be attached to the
report as well. The NDT report for magnetic particle testing of the main rotor
frame mounting bolt is listed below:
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NMpoTokon 3a pesynbrtatamu HK
NaGoparopis HK NDT Report Aara / Date
NDT Laboratory 16 /09 / 2022
Ne 54/2022 (copv 1)

LinbHnuA 4 3amoBHUK / Subdivision or
customer

Components Repair Subdivision

Tun BC/ . Per. Ne BC / Cep. NeBC/
A/C Type MI-BMTV-1 | c req. # - A/C SIN 165247
E°M"°“e“” Main gear frame PIN 140-0800-00 SIN A-85601
omponent
JokymeHT-nigcTtaBa ans nposeaeHHs HK / o BRI JRE.O7.
Basis for carrying out the NDT: MR Mu-8-BJ]-4-/85-97-124
Ha?'MeHy.Ba"Hﬂ .06 €KTa KoHTpOsio / Main gear frame mounting bolt
Object of inspection
Kin-tb /
P/N 8A-0800-08 S/N - QTY 2
MeTtog HK /
Method of testing © ET MT X PT VT RT ST M

(*) Testing methods interpretation:
ET — Eddy-current testing;

MT — Magnetic particle testing; VT - Visual testing;

PT — Penetrant (fluorescent) testing; RT — Radiographic testing;

M — Measurements.
ST — Springs testing;

Technology. Helicopter of type
HK npoBepgeHi 3rigHO HOpM-HOro JoKyMm. / M.”'8.’ Mil-8MT(V). Main PeB
NDT is performed based on the normative .document' transmission rotor frame type 8A- Rev. B
' 0800-00 with mounting brackets ‘
types 8A-1500-001, -002, -003
(O A TERTEN UNIMAG 2100 AC/DC SRR WS-01-87
Equipment: Specimen:

DaTtuuk / ingukaTop / Probe / indicator

Fluorescent ink Lumor J

Dedext / Defect: \x BusABneHo / detected

He BMsABMEHO / not detected

Onuc pgedekTy (AKLWO MOro BUsIBIIEHO) /
A detailed description of the defect (if detected):

Cracks in threads and walls of lock holes

All work covered by this NDT Report are performed i.a.w. international NDT standards

®doTo gogaeTbea / Pictures are attached

KinbkicTb cTOpiHOK, Wo AoaaloTbeA /
Number of pages attached

YES | x |

NO [ ]

Nianwuc / Signature Mpi3Buwe / name

BukoHaBeub / 3
NDT Specialist:
piBeHb /
Ivl
HauyanbHuk na6opaTtopii HK / 3
Head of NDT laboratory:
(abo BignoBiganbHMiA cneuianicTt 3 piBHA / piBeHb /

or responsible level 3) vl

FonoBHuM iHxeHep /
Chief Engineer

MNignuc / Signature Mpi3Buwe / name

Nignuc / Signature Mpi3Buwe / name

MpoTtokon 3a pesynbTatamm HK otpumaHo / NDT Report received by:

LinsaHka yu 3aMmoBHUK / Subdivision or customer

Head of Components Repair Subdivision

Mocapa / Position

M.1.N. / Name

Mianuc / Signature

The Copy Ne 1 of the NDT Report is submitted to a customer or subdivision to include in overhaul work package.

The Copy Ne 2 of the NDT Report is stored in the NDT Laboratory.
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If there are no defects, the part should be demagnetized by putting it in the
solenoid, switching the machine into demagnetization mode and pressing the
“Start” button. After that, check the presence of the part's magnetic field using a
magnetometer (Figure 3.15).

Figure 3.15 — Position of the instrument arrow at the demagnetized part

Here is a bonus example of defects found using the magnetic particle
testing (Figures 3.16, 3.17).

Figure 3.16 — The cylindrical polished surface of this bolt looks almost perfect under visible
light
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Figure 3.17 — Detection of cracks formed during grinding using magnetic particle testing

Control questions
1. What defects can the magnetic particle testing method detect?

2. What documents does a specialist use when conducting magnetic
particle testing?

3. What is the procedure for preparing parts before inspection?
4. What is the inspection procedure for the prepared part?

5. What additional procedure must be carried out for parts on which no
defects are found?
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Laboratory work No. 4

DETECTION OF OPEN-TO-SURFACE DISCONTINUITIES
IN NON-POROUS MATERIALS BY LIQUID PENETRANT TESTING

The goal of the work:
1. Learn the procedure of detecting surface discontinuities in non-porous
materials using liquid-penetrant testing.
2. Learn the procedure for performing liquid-penetrant testing and part
rejection.

Theoretical information

Liquid penetrant testing is used to check surface-breaking defects in all
non-porous materials, such as metals, plastics, or ceramics. It is used to detect
casting, forging and welding open-to-surface discontinuities such as hairline
cracks, surface porosity, leaks in new products, and fatigue cracks on in-service
components. In this method a liquid penetrant is applied to the surface of the
product for a certain predetermined time, after which the excess penetrant is
removed from the surface. The surface is then dried and a developer is applied
to it. The penetrant which re-mains in the discontinuity is absorbed by the
developer to indicate the presence as well as the location, size and nature of the
discontinuity. The process is illustrated in Figure 4.1.
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Figure 4.1 — Four stages of liquid penetrant testing process:
a — penetrant application and seepage into the discontinuity;
b — removal of excess penetrant; ¢ — application of developer;
d — inspection for the presence of discontinuities.
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In this laboratory work, liquid penetrant testing is demonstrated on the ex-
ample of the fuel tank mounting bracket of the Mi-8 helicopter.

In this particular case, liquid penetrant testing was used to confirm the
defect that was found visually. The troubleshooter which found the defect wasn’t
sure if it is a crack or just a scratch appeared during the fuel tank removal. The
bracket which was originally installed on the helicopter’s fuselage central section
was dis-mounted and brought to the NDT laboratory.

The bracket and supposed defect are shown in Figures 4.2 and 4.3.

Figure 4.2 — Fuel tank mounting bracket

Figure 4.3 — Area with the defect
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First, the surface to be examined should be cleaned of oil and any kind of
dirt — this is to prevent false indications and to expose hidden discontinuities to
the penetrant. There should be no material such as plating, or coatings of oxide
covering the surface. Solid contamination should be removed by vapor blasting,
chemical dip or other acceptable methods. Contamination can occur due to the
presence of lubricants, protective oils, protective paints, etc. Various solvents
have been developed by different companies to remove them. Contamination
due to inorganic corrosion products, heat treatment scale, operationally formed
refractory oxides, etc. is conveniently removed by abrasive blasting with glass
beads combined with chemical cleaning.

Second, the surface to be examined should be dried. If, for any reason,
separations are filled with liquid, they will prevent entry of penetrant, hence drying
IS an essential operation. It should be realized that although the surface may
seem dry, separations might still be filled with liquid. The lesson is that improper
drying may be worse than no cleaning, because the remaining solvent may
present a barrier to the penetrant too. If penetrant liquid does reach into the
separation, it will be diluted by the solvent, and this makes the treatment less
effective.

After cleaning and drying, the bracket was placed into container where the
inspection was carried out (Figure 4.4). In this case, only surface to be examined
was prepared for the inspection.

Figure 4.4 — Cleaned and dried fuel tank mounting bracket in the inspection zone

When the part is in the inspection zone, the penetrant should be applied.
There are different methods of the penetrant application: it can be done with the
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help of a brush, by spray or by dipping the part into a bath of penetrant. In this
laboratory work, the examined surface was covered with penetrant by spray
(Figure 4.5).

Figure 4.5 — Fuel tank mounting bracket covered with penetrant

After this, a certain residence time is allowed for the penetrant to seep into
discontinuities. The residence time varies with the temperature, the type of
penetrant, the nature of the discontinuity and the material of the test specimen;
it usually varies between 5 and 30 minutes. In special cases, it may be as long
as 1 hour.

During the fuel tank mounting bracket inspection, the residence time was
15 minutes. The residence time is specified in the repairing documentation
provided by the developer of the aircraft, as well as in the penetrant specification.
If the time in these sources is different, the longest time should be taken as the
residence time.

After waiting for the required time, the excess penetrant on the surface
should be removed to obtain surface contrast and to prevent misleading
indications. The appropriate remover is usually recommended by the
manufacturer of the penetrant. Some penetrants are water washable while
others need application of an emulsifier before they can be removed by water.
The removal method is to use a sponge or water spray. There are special
penetrant removers that are essentially solvents. It is most important that no
penetrant be washed out of the flaws.

In this laboratory work, the penetrant was removed by the penetrant
remover recommended by the penetrant manufacturer.

After this the surface should be dried again. It can be done with a dry cloth
or an air blower. Drying is generally needed to prepare the surface for the
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application of a powder developer, which would otherwise clot at wet places. It
also decreases the adverse effect of insufficiently removed traces of penetrant.
Here again excess should be avoided. Penetrant liquid left in flaws should not be
allowed to dry, and this can happen when hot air is used for drying.

The cleaned and dried fuel tank mounting bracket is shown in Figure 4.6.

Figure 4.6 — Fuel tank mounting bracket after penetrant removal and drying

When the surface is completely dry, the developer should be applied.
Developers are usually of two types, namely dry and wet developers. Dry
developer consists of a dry, light colored powdery material. It can be applied
either by immersing the part in a tank containing powder, by brushing it with a
paint brush (usually not a desirable technique) or by blowing the powder onto the
surface. Wet developer consists of a powdered material suspended in a suitable
liquid such as water or volatile solvent.

Developers should be such that they provide a white coating that contrasts
with the colored dye penetrant, and draw the penetrant from the discontinuities
to the surface of the developer film, thus revealing defects.

While inspecting the fuel tank mounting bracket, the solvent-based
developer recommended by the penetrant manufacturer was used. Such
developers are generally used with the visible dye-penetrants. The bracket
covered with the developer is shown in Figure 4.7 (only the surface to be
inspected was covered).
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Figure 4.7 — Area of the fuel tank mounting bracket covered with white developer

An indication in the developer became visible after a certain lapse of time
(Figure 4.8).

Figure 4.8 — Crack indication
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Because all penetrant inspection methods rely upon the seeing of an
indication by the inspector, the lighting provided for this visual examination is
extremely important. For best results, inspection for fluorescent indications
should be done in a darkened area using black light. For the interpretation of
indications, it is very important to observe their characteristics at the very
moment they appear. As soon as the flaws have bled out, the indications may
run to larger spots, depending on size and depth, and at this stage it is difficult
to derive characteristic information from a flaw.

The extent to which observation of developing indications can be realized
in practice depends largely on the size and complexity of the surface to be
examined, as well as on the number of components to be tested. A brief guide
to the penetrant indications is given here. A crack usually shows up as a
continuous line of penetrant indication. A cold shut on the surface of a casting
also appears as a continuous line, generally a relatively narrow one. A forging
lap may also cause a continuous line of penetrant indication. Rounded areas of
penetrant indication dignify gas holes or pin holes in castings.

Deep crater cracks in welds frequently show up as rounded indications.
Penetrant indications in the form of small dots result from a porous condition.
These may denote small pin holes or excessively coarse grains in castings or
may be caused by a shrinkage cavity. Sometimes a large area presents a
diffused appearance. With fluorescent penetrants, the whole surface may glow
feebly. With dye penetrants, the background may be pink instead of white. This
diffused condition may result from very fine, widespread porosity, such as
microshrinkage in magnesium. Depth of defects will be indicated by richness of
color and speed of bleed out. The time required for the indication to develop in
inversely proportional to the volume of the discontinuity.

During the inspection of the fuel tank mounting bracket, the defect found
visually turned out to be a crack, not a scratch. If it was a scratch, the penetrant
would disappear during the removal, since crack is not a deep defect.
Immediately after the developer application, the penetrant started to bleed out,
which indicates that the defect is deep. An NDT report based on the results of
the liquid penetrant testing of the fuel tank mounting bracket was issued:
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Na6opatopia HK
NDT Laboratory

MNMpoTokon 3a pesaynbtatamn HK
NDT Report

Ne 38/2021 (copv 1)

Data / Date
16 /06 /2021

LinbHnuA 4 3amoBHUK / Subdivision or

Airframe Repair Subdivision

customer
Tun BC/ . Per. Ne BC / Cep. NeBC/
A/C Type Mi-BV-5 | \/Creq. # - A/C SIN M165
AR Fuselage central section PIN 8MTB5.0300.000 SIN -
Component
DokymeHT-nigcTtaBa ansa nposeaeHHs HK / o RAAI2Q.OF.
Basis for carrying out the NDT: MR Mu-8-B[}-4-138-25-456
Ha?'MeHy.BaH"" .06 iy el Fuel tank mounting bracket
Object of inspection

Kin-Tb /
P/N 8MT.6120.550.002 S/N - QTY 1
MeTtog HK /
Method of testing © ET MT PT x vT RT ST M

(*) Testing methods interpretation:

ET — Eddy-current testing;
MT — Magnetic particle testing;

PT — Penetrant (fluorescent) testing; RT — Radiographic testing;
VT - Visual testing;

ST — Springs testing;

M — Measurements.

HK npoBepgeHo BianoBiAHO 4O HOPM-HOro AOKYM. / e PeB. _
NDT is performed based on the normative document: GOST R ISO 3452-1-2011 Rev.
051'!aJJ.HaH.H9I / _ 3pasok / ' PS-1-258
Equipment: Specimen:

Oatuuk / ingukaTop / Probe / indicator

Penetrant: Checkmor 240
Developer: Checkmor LD7

Remover: Chec

kmor S72

Oedekr / Defect: ‘ X ‘ BusaBneHo / detected

He BusiBneHo / not detected

Onuc pedekTy (AKLWO NOro BUABIEHO) /
A detailed description of the defect (if detected):

Crack in the radius

All work covered by this NDT Report are performed i.a.w. international NDT standards

®doTto popatotbes / Pictures are attached

KinbkicTb cTOpiHOK, Wo AopatoTbeA /

Number of pages attached

BukoHaBeub /
NDT Specialist:

HauyanbHuk na6opaTtopii HK /

Head of NDT laboratory:

(abo BignosiganbHui cneuianicT 3 piBHsA /

or responsible level 3)
FonoBHUM iHXxeHep /
Chief Engineer

YES | x |

NO [ ]

3

piBeHb / MNianuc / Signature MpisBuwe / name
Ivl
3

piBeHb / Nianuc / Signature Mpi3Buwe / name

vl

Mipnuc / Signature

MpoTokon 3a pesynbtatammu HK otpumaHo / NDT Report received by:
AinbHnuA 4yn 3amoBHUK / Subdivision or customer

Head of Airframe Repair Subdivision

Mpi3suwe / name

Mocapa / Position

M.I.N. / Name

The Copy Ne 1 of the NDT Report is submitted to a customer or subdivision to include in overhaul work package.
The Copy Ne 2 of the NDT Report is stored in the NDT Laboratory.
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Some bonus photos of the liquid penetrant inspection are listed below
(Figures 4.9 — 4.12).

™

i

Figure 4.9 — Corrosion on the blades of the Mi-8 blower

Figure 4.10 — Corrosion on the Mi-8 air compressor
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Figure 4.11 — Pores in the material of the Mi-8 vibration damper

Figure 4.12 — Fatigue cracks in the Mi-8 blower
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Control questions

1. What type of defects can be detected by liquid-penetrant testing?

2. What methods of cleaning are used during the preparation of parts for
liquid-penetrant testing?

3. What should be considered when drying parts after cleaning?

4. What are the features of penetrant application and development?

5. How should visual control be carried out during liquid-penetrant testing?
6. Describe the most common indications for penetrants?
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Laboratory work No. 5

EDDY-CURRENT TESTING OF PARTS INTEGRITY USING
ELECTROMAGNETIC INDUCTION

The goal of the work:

1. Learn the working principle of the eddy-current testing of the
ferromagnetic parts integrity using electromagnetic induction.

2. Learn to reject parts using the non-destructive testing method
presented in this laboratory work.

Theoretical information

Eddy-current testing is one of many electromagnetic testing methods used
in nondestructive testing making use of electromagnetic induction to detect and
characterize surface and sub-surface flaws in conductive materials. An
alternating current of known frequency is applied to an electric coil place adjacent
to the material to be inspected. This current will produce its own magnetic field
known as excitation field and will induce currents in the metal part known as eddy
currents according to Faraday’s law of electromagnetic induction. These eddy
currents will produce their own magnetic field which will oppose the excitation
field. The resultant field is thus reduced which will change the coil impedance.

In Figure 5.1 an alternating current of a given frequency is generated in
primary or exciting coil. An alternating magnetic flux is consequently produced.
This induces an alternating current of the same frequency in the secondary coil.
With the introduction of the specimen, the alternating flux of the primary induces
in an eddy current flow which gives rise to an alternating magnetic flux in the
opposite direction. The current in the secondary coil is consequently reduced.
For given conditions the reduction in current should be equal for all identical
specimens placed in the same position relative to the coils. Any observed
inequality in the value of the reduced current could indicate the presence of a
defect, a change in dimensions, or a variation in the electrical conductivity or in
the magnetic permeability of the test specimen due perhaps, to a change in its
physical or chemical structure.

H B
Side elevation End view ‘ View from r;lbove

Figure 5.1 — Arrangement of test coils and the test specimen in eddy-current testing

The main component of eddy current equipment is the probe of which there
are several different types. The probe could be the encircling type, the internal
type or the external type. The main coil arrangements which may be present in
these probes can be divided mainly into three categories depending upon the
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methods of measurement. In the absolute method the primary and secondary
coil are matched so that in the absence of any test specimen the voltages across
them are equal and opposite. Introduction of the test piece results in a change in
impedance and a voltage change appears which is measured.

The comparison method consists of the use of two identical coil
assemblies. A standard defect free specimen is placed in one coil and the test
specimen in the other. Changes arising from the differences in the two samples
are measured. In the auto-comparison method two different parts of the same
sample are compared with each other.

A wide variety of eddy current testing equipment exists, but only some of
its typical types are mentioned here. The simplest is the AC bridge. The bridge
is unbalanced when a probe passes over the defect because its impedance is
changed. Forster's analysis has been applied in the design of some versatile
instruments which can be used for conductivity testing, investigation of
dimensional variations and flaw detection. The two components of the voltage
across the secondary coil are separated in phase and fed to the X and Y plates
of an oscilloscope. On the screen appears a bright spot representing a point on
the Forster's impedance analysis graph. The movement of this spot is then
related to different measurements such as crack detection, conductivity
measurements and determination of dimensional variations. Such instruments
can be applied to automatic testing for example, sorting of materials.

Eddy current testing is employed for the detection and measurement of
defects such as cracks, porosity, blowholes, inclusions, overlaps, shrinkages and
soft spots in a wide variety of test specimens in solid cylindrical, hollow cylindrical
or other complex shapes. Corrosion and cracking due to stress corrosion can
also be detected. Changes in electrical conductivity and permeability can be
measured which in turn have a bearing upon the material properties such as
hardness, homogeneity, degree of heat treatment, existence of internal stresses,
decarburization, diffusion, alloy composition, presence of impurities, etc.
Thickness measurements can be made on metallic plates, foils, sheets, strips,
tubes and cylinders. Typically, it is possible to determine the thickness of non-
metallic coatings on metals such as for example the insulating layers on cables,
non-conducting paints on some aircraft castings and anodic coating on aluminum
alloy surfaces. Dimensions such as diameters of cylindrical specimens can also
be determined. The materials can be automatically sorted in a production
process. Since the method is adaptable to automation high speed inspection of
small diameter tubings such as those used in steam generators, heat exchangers
and as cladding for nuclear reactor fuel elements is possible. Here the
characteristics of fuel tubing such as inner and outer diameters, eccentricity, wall
thickness and the presence of defects are determined. It is also possible to
inspect welded small bore piping. By using encircling type probes large diameter
pipes can be inspected. Similarly long bars and wires can be inspected. In tube
testing the eddycurrent method also allows detection of intergranular corrosion
on the inside surface.
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In this laboratory work, eddy-current testing is demonstrated on the
example of the engines blower (fan) of the Mi-8 helicopter.

Nondestructive testing of the aircraft parts is carried out according to the
instructions provided by the aircraft developer.

This instruction book contains all the information related not only to
nondestructive testing of the blower parts, but also to disassembling, cleaning,
troubleshooting, painting, etc. of the said parts.

In Figure 5.2, there are parts of the blower to be tested with eddy-current
method.

Figure 5.2 — Parts of the blower tested with eddy-current method

To test these parts, the Konstanta VD-1 flaw detector was used
(Figure 5.3).

Figure 5.3 — Konstanta VD-1 flaw detector with set of probes for different materials
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The Konstanta VD-1 flaw detector is intended for detecting open-to-surface
and below-the-surface defects in ferromagnetic and nonferromagnetic metals
and alloys.

To start using the flow detector, the relevant probe should be connected to
the flaw detector. Since these blower parts are made of magnesium alloy, the
M®d-OH4-Al probe intended for testing aluminum and magnesium alloys should
be used (Figure 5.4).

ANKOMUHUMU

Figure 5.4 — MN®-OH-4-Al probe for aluminum and magnesium alloys

After that, the flaw detector should be checked for functionality using the
specimen made of aluminum or magnesium alloy (Figure 5.5).

Figure 5.5 — Specimen with artificially created cracks with a depth of 1, 0.5 and 0.2 mm

The flaw detector, probe and specimen are shown in Figure 5.6.
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Figure 5.6 — Flaw detector, specimen and probe

The checking process consists in placing the probe on the defect-free
surface of the specimen and pressing “0” button on the flaw detector. Now the
device takes this surface as a reference. Then the probe should be moved to the
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nearest artificial defect on the specimen, and when it passes the defect, the flaw
detector should make a sound and turn on the red diode on the probe. At the
same time, the flaw detector display should show the defect depth in microns.
The checking process is pictured in Figure 5.7.

Figure 5.7 — Checking the flaw detector for functionality; note the diode on the probe glows
red when it founds a defect

When it is clear that the flaw detector is functional and ready to be used,
the eddy-current testing of the blower parts can be started. Before testing, it is
necessary to configure the flaw detector on the surface being checked by placing
the probe on the surface and pressing “0” button to take this surface as a
reference. It is also necessary to set the threshold which specify the allowable
size of the defect that can be skipped by the flaw detector — this parameter should
be specified in the instruction for checking these particular parts. After these
preparations, if the flaw detector detects deviations from the surface it was
configured on which size go beyond the threshold, it will make sound, and the
diode on the probe will become red.

Zones of the parts to be checked and testing methodology are specified in
the aircraft designer instruction. The essence of the eddy-current testing process
is to place the probe on the surface and move it along the path specified in the
instruction. If the flaw detector founds any defect, this defect should be either

193



removed by mechanic or the whole part should be rejected — the decision making
depends on the aircraft designer instruction.

The beginning of the eddy-current process is shown in Figure 5.8. The path
along which the probe should be moved (according to the instruction) on the
example of one particular surface is shown in Figure 5.9.

F/

Figure 5.8 — The beginning of eddy-current testing of the blower wheel; the value on the
display is negative because the current surface height is bigger than the height of the
surface which was used to configure the flaw detector
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Figure 5.9 — The probe trajectory; the step with which the probe is moving should not exceed
the diameter of the sensor located on the probe tip
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During the testing, some defects around 0.7 mm depth were found on the
blower wheel blade (Figure 5.10)

Al —
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Figure 5.10 — The defect 689 um depth found during eddy-current testing

These defects are hard to observe with the necked eye (Fig. 11), so to
confirm the defects presence and better visualize them, the liquid penetrant
testing was used (Figure 5.12). Moreover, liquid penetrant testing makes it clear
if these defects are opento-surface or below-the-surface, since this method can
detect only the former.

Figure 5.11 — The blade where the defects were found; the detected flaws are almost
invisible to the necked eye
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Figure 5.12 — One of the steps of liquid penetrant testing of the blower wheel

As seen in Figure 5.13, there are multiple corrosive areas on the surface
of the blower wheel blade.

Figure 5.13 — Liquid penetrant testing results

The NDT report based on the results of eddy-current (and liquid penetrant)
testing of the blower wheel was issued. The NDT report is listed below:
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Na6opatopisa HK
NDT Laboratory

NMpoTokon 3a pesynbrtatamu HK
NDT Report

Ne 74/2022 (COPY 1)

[Oata / Date
10/11/ 2022

LinbHnuA 4 3amoBHUK / Subdivision or

Components Repair Subdivision

customer
Tun BC/ . Per. Ne BC / Cep. NeBC/
A/C Type Mi-BV-5 | A/Creq. # - A/C SIN 468H976
L L Blower PIN 8A-6311-00 SIN -
Component
HdokymeHT-nigctaBa ansa nposeaeHHA HK / Wheel
Basis for carrying out the NDT:
Ha?'MeHy.Ba"Hﬂ .06 €KTa KoHTpOsio / Main gear frame mounting bolt
Object of inspection
Kin-tb /
P/N 8A-6311-15 S/N - QTY 1
MeTtog HK /
Method of testing © ET X MT PT X VT RT ST M

(*) Testing methods interpretation:
ET — Eddy-current testing;
MT — Magnetic particle testing;

PT — Penetrant (fluorescent) testing; RT — Radiographic testing;

VT - Visual testing;

ST — Springs testing;

M — Measurements.

- Technology. Helicopter type Mi-8.
HK npoBepeHi 3rigHO HOPM-HOro JoKyMm. / ; : PeB.
NDT is performed based on the normative document: Repair of oil cooler fan Rev B
) 8A-6311-00 )
osna""‘"aﬂ_ﬂﬂl Konstanta VD1 3pa39K/ . 52
Equipment: Specimen:
DaTtuuk / ingukaTop / Probe / indicator M®-OH-4-Al

Oedvekr / Defect: ‘ x

BusiBneHo / detected

He BusiBNeHo / not detected

Onuc pedekTy (AKLWO MOro BUSIBNEHO) /
A detailed description of the defect (if detected):

Corrosion with depth up to 689 um on the blade

All work covered by this NDT Report are performed i.a.w. international NDT standards

®doTo gogaeTbea / Pictures are attached

KinbKicTb cTOpiHOK, WO AoAalTbLCA /

Number of pages attached

BukoHaBeub /
NDT Specialist:

HayanbHuk na6opaTtopii HK /
Head of NDT laboratory:

(abo BignoBiganbHuM cneuianicT 3 piBHA /

or responsible level 3)
FonoBHUM iHXxeHep /
Chief Engineer

3

YES | x |

NO [ ]

piBeHb /
Ivl

3

Mipnuc / Signature

Mpi3Buwe / name

piBeHb /
Ivl

RNignuc / Signature

MpizBuLe / name

Nignuc / Signature

MpoTokon 3a pesynbtatamu HK otpumano / NDT Report received by:
LinsaHka yu 3amoBHUK / Subdivision or customer

Head of Components Repair Subdivision

MpisBuLe / name

Nocapa / Position

M.1.N. / Name

Mianuc / Signature

The Copy Ne 1 of the NDT Report is submitted to a customer or subdivision to include in overhaul work package.
The Copy Ne 2 of the NDT Report is stored in the NDT Laboratory.

197

Oarta / Date



Here is one more example of the defects found using eddy-current testing
of the blower (see Figures 5.14 and 5.15).

Figure 5.14 — Guiding devise of the blower; the microscope is pointed at the area where the
defects were found to confirm their presence visually
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Figure 5.15 — A net of cracks on the guiding device surface

Control questions

1. What is the eddy-current testing method?

2. How does the "AC bridge" type of the equipment work?

3. What can the eddy-current testing method be used for?

4. How to set up the MN®-OH-4-Al probe?

5. Describe the process of testing a part using the eddy-current testing
method.

6. What can be the reason for rejecting a part?
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Laboratory work No. 6
ULTRASOUND DEFECTOSCOPY OF PARTS AND NODES AIRCRAFT

The goal of the work:

1. Familiarize yourself with the principle of operation of ultrasonic flaw
detectors.

2. Learn how to reject proposed parts and find hidden structural defects.

Theoretical information

In the separate-combined mode of the equipment, pulses of ultrasonic
waves are sent to the object of control (OC). If there is a defect on the path, then
the pulse is partially reflected from it to the combined converter (CC) as an echo
signal. A separate receiver (R) evaluates the drop in the amplitude of the pass-
through signal caused by the defect.

In the combined or separate mode of the equipment, pulses of ultrasonic
waves are sent to the OC. If there is a defect in the path, it blocks their path,
causing the bottom signal to drop. Observing the fall of the bottom signal, they
draw a conclusion about the presence and size of the defect.

Description of the device

As an example, consider the device for carrying out work - the UD3-103
flaw detector (Figure 6.1) with a set of piezoelectric transducers (Figure 6.2),
which works at different speeds of ultrasonic (US) wave propagation in the
material of samples of different thicknesses.

The defectoscope is intended for ultrasonic control of the base metal and
welded joints of sheet elements, pipes, important parts of shipbuilding and
aviation industry structures, as well as for measuring the thickness of metal
products and other materials. The defectoscope provides detection of defects
that violate the integrity of the product (cracks, pores), with measurement and
registration in the memory of the characteristics of the detected defects. It can
be used during installation, operation and repair in mechanical engineering,
metallurgical industry, transport and other industries.
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Figure 6.1 — Ultrasonic flaw detector UD3-103
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With the help of a flaw detector, welds are checked in samples of T-shaped,
pipe welded joints, samples of sheet metal, etc. (Figure 6.3, 6.4).

Figure 6.2 — Piezoelectric transducers: a — transducers of the thickness gauge of the TY3;

b — transducers of the ultrasonic flaw detector

Figure 6.3 — A sample of a welded joint Figure 6.4 — A sample of pipe welding
connection

Rules for safe performance of work and control procedure

Ultrasonic control is a fairly safe method, so general safety rules are
applied during the work. It is forbidden to use the equipment for purposes other
than its intended purpose, disassemble, plug in different incomplete converters,
etc.

According to the instructions, the operator adjusts the device to control the
issued sample — selects a piezoelectric transducer (PET) according to the speed
of propagation of ultrasound waves and the thickness of the controlled sample,
enters the conditional number of the controller into the flaw detector. The device
works according to the "default” setting until the appearance of visual and sound
signals about the presence of a defect.

For control, the sample must be prepared in the following sequence:

— use a scraper to clean the surface from exfoliating rust and dirt. Within
this surface, according to the conditions of control, the PET must move;
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— wipe with a clean cloth;

— cover the surface with a contact liquid to ensure reliable acoustic contact.

Poor cleaning of the controlled area of the surface sharply worsens the
quality of the acoustic contact, reduces the real sensitivity of the control,
contributes to accelerated wear of the contact surface of the PET, which leads
to a change in the angle of the beam input and an increase in the dead zone.

As a contact liquid, you can use:

— when controlling horizontal surfaces — mineral oil, glycerin, acoustic gel,
water (in conditions of minus temperatures — ethyl alcohol solution);

— when checking vertical surfaces - mineral oil, the viscosity of which
should be selected taking into account the temperature of the surrounding air
and the controlled metal.

When moving the PET, it is necessary to ensure that it fits tightly to the
surface of the product. Excessive pressure, which does not contribute to the
improvement of acoustic contact, leads to rapid fatigue of the operator's hand
and activation of the PET.

The search for defects should be carried out from two opposite directions.

A sign of detection of a defect during control using the echo method is the
appearance of an echo signal on the screen, the maximum amplitude of which
exceeds the threshold for the activation of the automatic defect alarm (ADA).
When monitoring with an inclined PET, the echo signal will shift on the screen
when the PET is shifted. The appearance of a sign of a defect can also be caused
by the presence of brands and other constructive reflectors, as well as surface
defects, dirt and residues of contact lubricant.

A sign of defect detection by the mirror-shadow method (MSM) is a
decrease in the amplitude of the bottom signal below the ADA activation
threshold. A sign of a defect in monitoring by the shadow method is a decrease
in the amplitude of the penetrating signal.

The appearance of a defect sign according to MSM and the shadow
method can also be caused by the presence of holes, marks and dirt on the
scanning surface of the PET, violation of acoustic contact, displacement of the
PET relative to each other, etc.

To increase the reliability and validity of the control, as well as the
recognition of defects and obstacles, you can use:

— automatic signaling of defects;

— "Bypass" mode;

—"W-scanning" mode;

— "Magnifier" mode.

The defect detector is prepared for work as follows: an external inspection
of the defect detector and a set of converters and cables, a network adapter, and
main telephones is carried out. If necessary, deficiencies are eliminated, then the
completeness of such tools and accessories is checked for control

— standard samples for setting the basic parameters of the flaw detector;

— metal tape measure;
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— metal ruler;

— a portable lamp with a voltage of 36 V;

— MIrrors;

— magnifiers with an increase of at least x4;

— metal brushes, scraper or scraper;

— a hair brush,;

— grinding wheel,

— wiping material;

— containers with contact liquid;

— oil paints;

— brushes for applying contact liquid and paint to defective parts of the
product;

— chalks

To turn on the flaw detector, you must perform the following actions:

1. Connect the network cable to the network adapter.

2. Connect the plug from the outlet to the outlet (220 V, 50 Hz).

3. Make sure that the green LED on the body of the network adapter lights
up.

4. Connect the low-voltage cable from the network adapter to the "24 V"
connector on the switch panel of the electronic (PE) flaw detector unit.

5. Set the switch "ON INSIDE / ON OUTSIDE" on the switching panel of
the flaw detector to the "ON INSIDE" position.

At the moment of turning on the flaw detector, a sound signal should sound,
after which the factory number and the operating mode menu will appear on the
screen.,

Before starting work, you need to enter the operator's code, which allows
you to protect the information in the defectoscope's memory from unauthorized
changes or deletions, determine the operator who conducts the control. After
that, you can proceed to control the sample with the "default" settings.

The control process involves the operator performing the following actions:

1) preliminary preparation of the object of control (cleaning of the surface,
location in space) and the device;

2) passage of the PET along the controlled surface until the device signal
is triggered;

3) study of the defect (determination of its shape and size);

4) repeated control to clarify the parameters of the defect;

5) entering information about the defect in the control report.

Control questions

1. What is the reliability of the studied method?

2. What are the features of the control process compared to other
methods?

3. What methods and methods of work should be used to increase the
reliability of the method?
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4. What are the differences between separate, combined and separate-
combined converters?

5. What is the piezoelectric effect?

6. What is the essence of the echo method?

7. What is the essence of the mirror-shadow method?
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