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BeBegeHve

MexgayHapogHbiii ctaHgapT M3K (IEC) 62137-3 6611 nogrotossieH B komutete M3K TK 91: «TexHono-
TMsi COOPKN INEKTPOHUKM».

[aHHasa pefakuus npekpawaeT geiicteme 1 3aMeHaeT fokyMeHT IEC/PAS 62137-3, ony6/1MKOBaHHbI1 B
2008 rogy, u BKOYaeT HeKoTopble pefakTopckue npasku. OCHOBHbIE U3MEHEHWS, UMeloLLMe OTHOLWEHNE K
HacTosALleMy CTaHAapTy, BKAOYAlOT cnegyoLlee:

- OTCYTCTBUE TEXHUYECKUX U3MEHEHWIA;

- HeKoTopble peAakTopckne U3MEeHeHNs U KOPPEKTUPOBKN:

- HeKoTOpble CyLLeCTBEHHbIE N3MEHEHWS, peasin3oBaHHble 4N yA06CTBa.

MepeueHb Bcex vacTteli ctaHgapTa |IEC 62137 moxeT 6biTh HaliieH Ha web-caiite MexayHapogHoi
3M1EKTPOTEXHUYECKOW KOMMUCCUM NOJ, OBLLMM 3aro/IOBKOM « TEXHOMOMUS COOPKU N3AENUIA INEKTPOHUKN».
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HALUVWOHA/NbHBLIN CTAHOAPT POCCUMNCKOMN OPELEPALMUMN

TEXHOJIOMMA CBOPKW U3AENNA SNTEKTPOHUKI
YacTb 3

PyKOBOACTBO MO BbIGOPY METOAOB 3KO/IOFMUYECKUX U PECYPCHbIX UCMbITaHW
ON5 NasiHbIX COeAVHEHWIA

Electronics assembly technology. Part 3. Selection guidance of environmental and endurance test methods
for solder joints

fata BBegeHns — 2013—12—01

1 O6nacTb NpMeHeHUs

HacTosiwuit ctaHaapT ycTaHaBvBaeT MeTo40/10rMio Bbibopa Hanbosiee NoAXoAALWEero Metoga Ucnbl-
TaHWii Ha HAZleXHOCTb NAsAHbIX COEANHEHNI Pa3NNUHbIX (QOPM M TUMOB A5 3N1EKTPOHHbIX KOMMNOHEHTOB, MOH-
TUPYEMbIX MO TEXHOJIOTUU MOBEPXHOCTHOTO MOHTaxa (SMD). KOMMOHEHTOB C MAaTPUMUYHLIMU BbIBOZAMMW U
LPYrux, a Takxe KOMMNOHEHTOB C BbIBOAAMU, MOHTUPYEMbLIMU B OTBEPCTUSA C WUCMOMb30BAHUEM MPUMOS U3
CNiaBoOB Pas3/MUYHOro cocTasa.

2 HopwmaTtuBHbIE CCbIIKU

Cnepyiouwne HopMaTuBHblE [OKYMEHTbl SABASATCA 06a3aTeflbHbIMU ANA NPUMEHEeHWUs HacToALwero
cTtaHgapTa. MNpy gaTupoBaHHbIX CCblsIKaxX NPUMEHUMbI TOMIbKO YNOMSAHYTble ny6nukauun. MNpu HegaTupoBaH-
HbIX CCbI/IKax UCNOMb3yeTCs NOCNeAHUA HOPMATUBHBIA JOKYMEHT (BKNOYas Ntobble 4ONONMHEHNSR).

M3K 60194 Mnatbl nevyatHble. KOHCTPyKUMs, u3rotoBsieHne n cbopka. TepMuHbl 1 onpeaeneHus
(Printed board design, manufacture and assembly — Terms and definitions)

M3K 61188-5 (Bce uacTu) Mnatbl neyatHble 1 cO0OPKM NeyaTHbIX Nnat. [poekTupoBaHne 1 NnpuMeHe-
Hue (Printed boards and printed board assemblies — Design and use)

M3K 61249-2-7 Matepuanbl A NevaTHbIX NnaTt u Apyrux coefuHUTENIbHbIX CTPYKTYp. YacTb 2-7.
ApMuUpoBaHHble Matepuasibl OCHOBaHWNA C NNaKMPOBKON 1 6e3 N1akMpoBKU. SNOKCUAHbIN CIOUCTLIN NNACTUK
CO CTek/10TKaHblo E, ¢ onpefeneHHol BocniaMmeHAeMOoCTb0 (BEPTVKa/IbHOE UCTbITAHNE Ha FopeHune), nnaku-
poBaHHbIn meabto (Materials for printed boards and other interconnecting structures — Part 2-7: Reinforced
base materials clad and unclad — Epoxide woven E-glass laminated sheet of defined flammability (vertical
burning test), copper-clad

M3K 62137-1-1:2007 TexHO/M0rma nNoBepPXHOCTHOINO MOHTaxa. MeTobl UCMbITaHUA NasHbIX coeanHe-
HW1 MOBEPXHOCTHOrO MOHTaXa Ha [0/ITOBEYHOCTb M BO3AeicTBue oKpyxatoLliein cpefbl. YacTeb 1-1. VcnbiTa-
H/Me NpoYHOCTM Ha oTpbIB (Surface mounting technology — Environmental and endurance test methods for
surface mount solderjoint— Part 1-1: Pull strength test)

M3K 62137-1-2:2007 TexHONOr1sA noBepxXHOCTHOro MOHTaXa. MeToAbl UCnbITaHUA NasHbIX coeanHe-
HW1 MOBEPXHOCTHOIrO MOHTaXa Ha [0/ITOBEYHOCTb M BO3eiNCcTBue oKpyxatLiel cpefbl. HacTte 1-2. McnbiTa-
HVe npoyHocTu Ha casur (Surface mounting technology — Environmental and endurance test methods for
surface mount solderjoint — Part 1-2: Shear strength test)

11 BHeCeHo pefakLoHHOe U3MeHeHe TeKcTa Mo OTHOLWEHUID K TEKCTY NpUMeHseMoro cTaHgapTa M3K ans
npuBefeHNsl B COOTBETCTBNE C TepMUHONOrnel, NpuHAToli B Poccuiickoit ®egepauum.

MN3paHne ouynanbHoe
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M3K 62137-1-3:2008 TexHONOr1A NoBepxXHOCTHOrO MOHTaxa. MeTofbl UCMbITAHMA NasHbIX CoeAnHe-
HUIi MOBEPXHOCTHOTO MOHTaXa Ha [,0/TTOBEYHOCTb U BO3AECTBUE OKpyxXatoLei cpeabl. Yactb 1-3. VcnbiTa-
HUe Ha umknnyeckoe nageHue (Surface mounting technology — Environmental and endurance test methods
for surface mount solderjoint — Part 1-3: Cyclic drop test)

M3K 62137-1-4:2009 TexHO/I0rMA NMOBEPXHOCTHOIO MOHTaXa. MeToAbl UCMbITaHWA NasHbIX cCoeAnHe-
HWUI i MOBEPXHOCTHOrO MOHTaXa Ha 40/ITOBEYHOCTb M BO3AENCTBME OKpyxatueh cpedbl. Yacte 1-4. Linknu-
yeckoe ncnblTaHne Ha n3rnb (Surface mounting technology — Environmental and endurance test methods for
surface mount solderjoint — Part 1-4: Cyclic bending test)

M3K 62137-1-5:2009 TexHONOrnsA NoBepXHOCTHOIO MOHTaxa. MeToAbl UCMbITaHUA NasHbIX coejunHe-
HUIA NOBEPXHOCTHOIO MOHTaXa Ha [J0NITOBEYHOCTb U BO3eiCTBIE OKpyxatoLeii cpeapl. YacTb 1-5. McnbiTa-
HMe Ha ycTanocTb npu MexaHuyeckom cpasure (Surface mounting technology — Environmental and
endurance test methods for surface mount solderjoints — Part 1-5: Mechanical shear fatigue test)

3 TepMuHbI 1 onpeaeneHns

B HacTosiLlem cTaHAapTe npuMeHeHbl TepMuHbl No MOK 60194. a Takxke cnegytowme TEPMUHBI C COOT-
BETCTBYOLUMY OnpeseneHnsaMu:

3.1 NpPOYHOCTb Ha OTPbIB MOBEPXHOCTHO MOHTMPYeMoro komnoHeHTa (pull strength for SMD): Mak-
cuManbHas cuna, Heobxogumas ANsa paspylleHus coeAVHEeHVs BbiBOoAa M NOASIOXKKW, KOrAa BbiBOA B BUAE
KKPbI/TIbEB Yaiikun» NoBEepPXHOCTHO MOHTUPYEMOrO KOMMNOHEHTA OTPbIBAETCA C MCNO/Ib30BaHWEM CNeLnanbHOro
WHCTPYMeHTa nog yrnom 45e Kk nOBepXHOCTW NOA0XKKN.

(IEC 62137-1-1:2007. n3MeHeHHbI]

3.2 NpoYHOCTbL NpuU caBuUre A9 NOBEPXHOCTHO MOHTMPYeMOro KkomnoHeHTa (shear strength for
SMD): MakcumanbHas cuna, NpunoXeHHas napansiieflbHo K NOBEPXHOCTU NOAMOXKKN U NEePNeHANKYISPHO K
60KOBOV NOBEPXHOCTM 06pa3ua, Heobxoaumas Ana paspyLleHns CoOeUHEeHN NOBEPXHOCTHO MOHTMPYEMOro
KOMMOHEHTa, CMOHTMPOBAHHOTO Ha MOAJIOKKE.

[IEC 62137-1-1:2007, “3MEHEHHbI]

3.3 MpPOYHOCTbL NpY CABUTE C NPUIOXKEHNEM KPYTALLEro MOMeHTa A/19 MOBEPXHOCTHO MOHTUpPYe-
MOro KoMnoHeHTa (torque shear strength for SMD): MakcumasibHbI KpyTALLMUIA MOMEHT, NPUKNaAbiBaeMblii K
NMOBEPXHOCTHO MOHTUPYEMOMY KOMMNOHEHTY napannefnibHo K NOBEPXHOCTW NOASI0XKN, HEO6XOANMBIA ANS pas-
pyLeHNs NasHoro coeMHEHNss Mexay KOHLEeBbIMW BbiIBOJaMU/BbIBOAAMWN NOBEPXHOCTHO MOHTMPYEMOTO KOM-
MOHeHTa 1 NOAJSI0XKOA.

3.4 NpPOYHOCTb NPV MOHOTOHHOM K3rvbe, NpUKNagbiBAEMOM K MOBEPXHOCTHO MOHTUPYEMOMY
KOMNoHeHTy (monotonic bending strength for SMD): MpPoYHOCTbL NaAHbIX COEANHEHU NOBEPXHOCTHO MOHTK-
pyemMoro KOMMOHeHTa, CMOHTUMPOBAHHOIO Ha MOAJM0XKe, NPW YCIOBUW, YTO NOA/MO0XKKA BbITHYTa N0 Hanpas/e-
HUI0O K CMOHTMPOBAHHOMY KOMMOHEHTY, BblpaXkeHa MakCuMmasibHOl rnybuHoin npornba, npyu KOTOPOii
paspyluiaeTcs coefuHeHune.

3.5 yuknM4yeckas NPOYHOCTb Ha M3rMb A/19 NOBEPXHOCTHO MOHTUPYEMOro KoMMnoHeHTa (cyclic
bending strength for SMD): MIHTEHCUMBHOCTb CU/Ibl, KOTOPAs BblPaXeHa B YMC/e LMKI0B, HEO6XOAUMbIX A5
nepesnioma CoefVHEeHNs Mexay KOHLEeBbIMWU BblBOAAMW/BbIBOAAMY CMOHTUPOBAHHOIO Ha NOA/I0XKE NOBepX-
HOCTHO MOHTVPYEMOro KOMMNOHEHTa ¥ MefHOl KOHTaKTHO NowWwaAK1 NOA0XKN NOC/e LMKIMYecKoro nsrnba
NOAMOXKM Ha cneunULMPOBaHHbIA Yros, No3BONALWNI MLEBO CTOPOHE NOAMOXKN NPUHUMATL BbIMYKYO
thopmy.

(IEC 62137-1-4:2009. U3MeHEHHbI]

3.6 conpoTMB/iIeHMe MeXaHNYeCKOMY CABUTY MpuW YCTasioCTN 418 NOBEPXHOCTHO MOHTUPYEMOTo
komnoHeHTa (mechanical shear fatigue strength for SMD): MNpunoxeHue LMkNn4eckon geopmanum casnra
K NasiHblM COeAVHEHWAM MyTeM MeXaHWYecKMX MnepeMelleHnii B3ameH OTHOCUTESIbHbIX MNepeMeLLeHUi,
BbI3BaHHbIX pa3HoCTbio TK/IP (TemnepaTtypHbiX KO3(hULUEHTOB IMHEAHOTO pacLuMpeHuns), NPOUCXOASALLIUX
NPy UCMbITAHMAX LMKINYECKUM N3MEHEHNEM TeMnepaTypbl

MpumMmeyvyaHune — McnbiTaHne Ha ycTanocTb NPV MeXaHUYeckoM cABWUre NpoAos/HKaeTcs A0 MOMEHTa, Koraa
MakcMmasnbHas npuaaraemas cusia yMeHbLWMUTCSA A0 YCTAHOBNEHHOM BE/INYMHBI, YTO COOTBETCTBYET MOSIBNEHWNIO HAaYaslb-
HOVi TPELLMHbI, UK [0 MOMEHTA, KOrAa U3MEPSIIOLLMM 3/1EKTPUYECKOE COMPOTUBEHNE NPUGOPOM BYAET 3aperncTpupoBaH
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pa3pbIiB 3NTIEKTPUYECKOIO CoOegUHEeHUA, npnyem Konn4ecTBo LUMKINYECKUX MeXaHN4YeCKnx CABUTOB PermcTpnpyeTca KBK no-
Kasatesib yCTOIZHMBOCTM K yCTasioctu.

3.7 uuMKnInMuyeckoe UcnblTaHWe Ha NageHve gna NoBEPXHOCTHO MOHTMPYEMOro KOMMoHeHTa (cyclic
drop test for SMD): Yncno dnkcupyemMbix UCnbiTaTelbHbIM NPUCNOCO61eHneM NajeHnii 40 MOMeHTa paspy-
LUEHUSI NasHbIX COeANHEHN MOBEPXHOCTHO MOHTUPYEMOrO KOMNOHEHTA C KOHTaKTHbIMY N/IOLWaAKamMu Ha nog-
NOXKe, Npy NageHnn NOAN0XKKN C onpesesieHHOW BbICOThI.

3.8 uMKAMYeckoe ucnbiTaHMe Ha MPOYHOCTbL MpU nNageHumn ctanbHoro wapuka (cyclic steel ball
drop strength for SMD): Ynucno nafeHnit cTanbHOro LWapvka ¢ 3apaHee onpeAesieHHON BbICOTbI HA NMOAI0XKY
[0 MOMEHTa, NPV KOTOPOM BO3HMKaeT paspyLlleHne nasHbiX COeUHEHN NOBEPXHOCTHO MOHTMPYEMOro KOM-
NMOHEHTAa C KOHTaKTHbIMM NoLWagkamn Ha NoAJSI0XKe.

3.9 NpoyYHOCTb Ha OTPbIB A/ KOMMNOHEHTOB C BblBOLAMMW, MOHTUpPYeMbiMy B oTBepcTua (pull
strength for lead insertion type device): MakcumanbHas NpuUIoXKeHHasa cuia, Npy KOTOPOi paspyluaeTcs nas-
Hoe coefiiHeHne MeXy KOMMNOHEHTOM C BbIBOAAMMW, MOHTUPYEMbIMU B OTBEPCTUSA, Y KOHTAKTHOI M/10LWwagKol
Ha MoAJ/I0XKe, NPV OTPbIBE BbIBOAA C MOMOLLbIO CNeLuasbHOro Npucnoco6neHus.

3.10 conpoTuBNEeHNe MNOA3y4yecTu A8 KOMMOHEHTOB C BbiBOAAMW, MOHTUPYEMbIMU B OTBEP-
cTusa (creep strength for lead insertion type device): MpoYHOCTb NAsAHOro CoeAUHEHUS, BblpaXeHHas BpemMe-
HeM [0 HaCTYN/eHUs MOMeHTa pa3pyLlleHns NasHoro CoeAVHEeHUs Mpy YCI0BUU MPUMOXEHNS NOCTOAHHOM
CUbl K BbIBOAY KOMMOHEHTa, MOHTWPYEMOro B OTBEpPCTUE, NMPUNAasHHOTO K KOHTaKTHOW NoLiajke.

3.11 aBneHue nojbema rantenn Npunos ANs KOMMNOHEHTOB C BbiBOAAaMW, MOHTUPYEMbIMU B
otBepcTtua (fillet lifting phenomenon for lead insertion type device): fiBneHue, B cuny KOTOPOro NPoOUCXoanT
noAgbEM ranTenn Npunos OT KOHTaKTHOW NAOWAaAKN Ha NOA0XKKE UM KOHTAKTHOW NAoLWagKkM oT NOoA/0XKM
(oTcnoeHme).

3.12 nocneposaTenbHas uenoyka (daisy chain): Bcs uenb nasHbIX COeAWHEHWIA, NOAKIOYEHHbIX
nocnegosartesbHo (cM. B.2).

n pnmedaHne — KoHTakTHble naowagkn Ha o6enx CTOpPOHax NoA/0XKN U BbIBOL UMEOT nasiHbI KOHTAKT B MO-
cne,qosaTeanoﬁ uenoyke npu ncnbiTaHNN Ha NnogbeM rantesnun.

4  O6LMe NOMoXeHns

O6nacTu coeAnHEHU, KOTOpble AO0/MKHbI ObiThb OLEHEHbI, NokasaHbl Ha pucyHke 1. MpeacTaBnieHHble
34€eCb METOAbl UCMbITAHU NPUMEHUMbI 4151 OLLEHKW CTOWKOCTU COeAMHEHWNIA AN KOMMNOHEHTa, CMOHTUPOBAH-
HOro Ha NoA/0XKe, HO He A/1A OLeHKN MeXaHW4yecKoin MPOYHOCTN CamMOro KOMMOHEHTA.

Ycnoeusa fns npoBefeHns YCKOPEeHHOW NOAroTOBKM K MCMbITaHWio (BbICTPOe N3MeHeHne TeMnepartypbl
N CyXOli HarpeB) MOryT NPEBbICUTb MAaKCMMasIbHO AONYCTUMbIWA A5 KOMMOHEHTa Avanas3oH paboynx Temne-
paTyp.

BeccBrHLOBbIE NPUMON MMEIT CBONCTBA, OTINYaloLWMecs 0T 06bIYHO UCMONb3YEMbIX 3BTEKTUYECKUX U
6M3KNX K HUM CniaBoB npunoes. HagexXHOCTb 6eCCBUHLOBOrO NasHOro COeAVHEHUs MOXET oKa3aTbCs
YMEHbLUEHHO! NPy NPUMEHEHWN KOHKPETHOro Mpunos, Npy MCNosb30BaHUU KOHLEBbIX BbIBOAOB/BbIBOAOB
0c060i1 hopMbl U Npu 06paboTKe NOBEPXHOCTH.

Mpumep chakTopa, NOoKasbiBaKOLWEro BAUAHWE HA HaAEXHOCTb COeAUHEHWUA C NPUMEHeHWeM npunos
Sn96.5Ag3Cu,5. npeactaBneH Ha pyucyHke 2. [laHHbI Npunoli umeeT 60/1ee BbICOKYHO TeMnepaTtypy naasne-
HWA. ABNsieTCca 6onee TBEPALIM, HEXE N 0I0BSHHO-CBUHLLOBbI NPUMNO HA OCHOBE 3BTEKTMYECKOro CniaBa, u
6onee CTOWKMM K MexaHuWyeckol gechopmauun B TBEPAOM COCTOSHWM. CnepoBaTeflbHO, MexaHuyeckoe
Hanps)eHue, BO3AENCTBYIOLEe Ha COeAVHEHNE, CTAHOBUTCS BbILLE, HEXENW NPU NCMOIb30BaHUN NPUNOS Ha
OCHOBE 3BTEKTUYECKOro 0/1I0BAHHO-CBMHLIOBOrO Cr/iasa.

3T cBOICTBA MOTYT BbI3BaTh pa3pblB NassHOro0 COeANHEHNSA NPU YCKOPEHHOW NOATOTOBKE K UCNbITAHUIO.

MOKPbLITUA BLIBOAOB NOBEPXHOCTHO MOHTMPYEMbIX KOMNOHEHTOB MOTYT B/IUSATL HE TOMIbKO Ha pesysbTa-
Tbl UCMbITAHWI Ha NajeHne, HO N Ha gpyrve ucnbiTaHna. CnegosaTesibHO, NPU BCEX UCNbITAHUAX crefyeT yyu-
TbiBaTb faHHbI hakTop.
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SMD* (6e3BbIBOAHO KOMIMOHEHT)

KoHueBoli BbIBOJ, KOMNOHEHTA Mpunoii
VyyvVyYyYTTTA COeIMHNTE bHbIE CION
KOHTaKTHas naowagka noa/10xKu
Mopnoxka
SMO* (MaTpyyHbI TUMN BbIBOAOB)
KoMnoHeHT Mopnoxka
KomnoHeHT
Mopnoxka KoHueBoii BbIBOA KOMMOHEHTA
Cnou meTannunsaumm
Mpunoii VHTepmeTanimuecxune
coeAnHUTE NbHbIE CION
SMD* (TI/II'I (o Bb|BO,U,aMV|) KoHTakTHas nnowagka noasioxku
BbiBog  lMpunoit Mopnoxka
BbiBOp,
KOMMOHEeHTa
meTanmaumum
Mpunoii WHTepmeTannmueckue
KOMMOHEHT € BbIBOAAMM 419 MOHTaXa P coe EHMTeanue R
B OTBEPCTUA A
(0AHOCTOPOHHSAA nnarta) KoHTakTHas nnowiagka noaioxku
BbiBog,
Mopnoxka
y
4 —
Mognoxka/ KoHTakTHas, (.Mpvinoi
nnowasgka

PucyHok 1— O6nactu

COQ,D'I/IHEHMM ana MCNbITAHUIA Ha HaAexXHOCTb

* SMD — NOBEPXHOCTHO MOHTUPYEMbI/i KOMMOHEHT.
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PucyHok 2 — ®akTopsl, BAUALWME HA HALEXHOCTb COEANHEHN, BbINMOMHEHHbIX 6ECCBUHLOBLIM NPUNOEM

5 TMMNopagok BblI6opa NPUMEHVMMOrO MeToAa UCMbITaHWI

5.1 BosgeiicTBytowme hakTopbl Ha NasiHbIO COeAUHEHUS B PeasibHbIX YCI0BUAX
1 Npu NpoBeAeHUN UCMbITaHWIA

CBA3b Mexay metogamu ncnbiTaHUii 1 BO3,EI'e[/'ICTBI/IEM, BbI3BaHHbIM pea/ibHbIMU YCNOBNAMMU, NMOKa3aHa
B Ta6nmue 1. Tyn NOANOXKN U cpopma BbIBOAOB KOMIMOHEHTA, KOTOPbI€ B/INAKT Ha pe3ysibTaTbl UCnbITaHWUI
NOBEPXHOCTHO MOHTUPYEMbIX KOMMOHEHTOB B pea/ibHbIX YC/TIOBUAX, TaKXe npmnBeaeHbl B CCbl/IKax KTa6nmue.
Bbl60p MeToga ucnblTaHUA, NPUMEHNMOTO ANA KOMMNOHEHTOB cneu,maanon (*JOprI 1 BbIBOAOB KOMIMOHEHTA,

npusefeH B 5.2.

Ta6nuuya

MeTog vcnbiraHuii
(NpVYMeHUMBINE CTaHaapT)

MpoBepka Ha 06pbIBa>b*
Mpunoxexve B

MpPOYHOCTb Ha OTPbIB*1
M3K 62137-1-1

Mpegen npoyHoCTM npu
casure*
M3K 62137-1-2

Mpegen npoyHOCTU Ha
CABUI NPW CKpy4YnBaHUNE>
Mpunoxexne C

McnblTaHna  Ha  npo-
YHOCTb NpPU  MOHOTOHHOM
n3rnbe*1

MpunoxeHne O

YcKopeHHast noArotoska

BbicTpoe un3meHe-
HWe Temnepartypbl4*

Cyxoii HarpeB4*
BnaxHblii HarpeB4l

Mnatb/koMnomeMmTbl. K KOTOpPbIM
NpUMEHNM MeToA UCTbITaHUA

MMOBEPXHOCTHO MOHTUPY-
eMble KOMNOHeHTbl (SMD)

MoBEPXHOCTHO MOHTUPY-
eMble KOMNOHeHTbl (SMD). ¢
BbIBOAAMW  TUMA  «KPbIIO
Yaiikun»

MOBEPXHOCTHO MOHTUPY-
eMble KOMMNOHeHTbl (SMD)

MoBEPXHOCTHO MOHTUPY-
eMble KOMNOHeHTbI (SMD)

MOBEPXHOCTHO MOHTUPY-
eMble KOMMOHeHTbl (SMD)

1— CBA3b Mexay metogamu UCMbITAHWIA 1 BO3,qeﬁCTBVIﬂMVI, BbI3BaHHbIMWN peasibHbIMU YCNOBUAMN

BoagelicTaue B yCnoBUsix aKCryaTauum
Ha U3LE/s, K KOTOPbIM NPUMEHUM
METOZ, VCMbITaHst

MpegnonaraeTca Hanuyne cnepy-
OWMX BO3aeNCTBUIA:

a) lMosTopswowuiica Tepmoyaap,
BbI3BaHHbIA pa3HOCTbIO TeMnepaTyp-
HbIX  KO3I(PMULNEHTOB  SINHEHOro
paclmpeHns KOMMNOHEHTa 1 NoA0X-
KN NPU BK/IOYEHHOM W/ BbIK/THOYEH-
HOM COCTOSIHUM 0GOPYAOBaHUA USUN
TemnepaTtypHbIX U3MEHEHUSX a OKpY-
xarwouel cpege.

0) Bbicokas TemnepaTtypa OKpy-
Xaroleli cpefbl.

c) Bbicokas Temnepatypa v Brax-
HOCTb OKpyXatoLel cpefbl
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OkoHuyaHne Tabnuubl 1

o MnaTbl/KOMMOHEHTbI. BO3/jeliCTBIE B YC/IOBUAX SKCMyaTauum Ha
METOA ucTbITaruiA YCKOpeHHast NOAroToBKa K KOTOPbIM MPUMEHNM V3[enns, K KOTOPbIM NMPUMEHVIM METO/,
(MpYMEHNMBbI cTaHAapT) '
MEeTOZ, UCTIbITaHUsA UCTIbITaHUSA
McnbiTaHma Ha npou- MoBTopstowWwmMiica MOBEPXHOCTHO MOH- MoBTopstoLWEeeca MexaHnyeckoe Bo3geii-
HOCTb NPV LUK/IMYECKOM W3rnb nnatbl TMPYeMble KOMMOHEHTbl CTBUE. MPUMOXEHHOE K NasHbIM COeJUHEeHN-
n3rnéer* (SMD) AM U MOAJI0XKKE, KakK B C/lyyae nepekoye-
M3K 62137-1-4 HUIA. 0COBEHHO A8 NOPTATUBHbIX YCTPOWCTB
VMcnbiTaHua Ha ycTa- MpuknagbiBaemoe [MOBEPXHOCTHO MOH- MoBTopsAOWMHKICA TepmoyAap, Bbi3BaH-
NIOCTHYI0 MPOYHOCTb MPU  LMKANYECKOe  Mexa- TUPYeMble KOMMOHEHTbI Hblii PasHOCTbI0 TemMnepaTtypHoro koaddu-
MexaHn4yeckom casure HU4eckoe ycunune (SMD) LuMeHTa NMHeRHOro pacluMpeHns KOMMOHeH-
M3K 62137-1-5 Ta W NOAJIOKKA NPU  BK/OYEHHOM WU

BbIK/IIOYEHHOM  COCTOSIHUKM 060opyA0BaHUs
n/mnn TemnepaTypHbIX U3MEHEHNSAX a OKpY-
xawouleli cpege

McnbiTaHne Ha LuKNn- MosTOpstoLeecs MoBEPXHOCTHO MOH- Ynap, ucnbiTblBaeMblli nasiHbIM coefjuHe-
yeckoe nafeHvedr nafeHvie nnarbl TMpyeMble KOMMOHEHTblI HWeM npu cryyYaiHOM nageHun obopygosa-
M3K 62137-1-3 (SMD) HUA, HaxoAsALeroca Bo BK/IlOYEHHOM COCTO-
WcnbiTaHne Ha npo- MoBTopAioLieeca MOBEPXHOCTHO MOH- AHMM
YHOCTb NPU LMK/IMYECKOM NafeHne wapuka TUPYyEeMble KOMMNOHEHTbI
nafeHnn cTanbHOro La- (SMD)
pukadr
Mpunoxexne E
WcnbiTaHne Ha npou- BbicTpoe un3meHe- OfHOCTOPOHHAA ne- MoBTopsALWHMICA Tepmoyaap, Bbl3BaH-
HOCTb Mpwn OTpbIBE HWe TemnepaTypbi®*  4yaTHasd nnarta, KOMMO- Hblii PasHOCTbIO TemnepaTypHoro koaddu-
MpunoxeHve F HEHTbI C BbIBOJAMW A1 LMEeHTa JIMHENHOro pacluMpeHns KOMMNOHEeH-

MOHTaXa B OTBEPCTUSI  Ta W MNOAJMOXKA NpPU  BKAOUYEHHOM WU
BbIK/TIOYEHHOM  COCTOSIHUM  060PYA0BaHUS
n/vnn TemnepaTypHbIX U3MEHEHUSIX B OKPY-
Xatowiein cpeae

VcnbiTaHne Ha conpo- BecoBas Harpyska O/fHOCTOPOHHSSA Te- PaspylleHne nasiHoro COeAWMHEHUs npu
TUBNEHWE MON3YYecTy npu NOBbLILIEHHON YaTHas naarta, KOMMO- MPUIOXKEHWUN NOCTOSIHHOW CUbl
Mpunoxexue G Temneparype HEHTbI C BbIBOAAMU ANS
MOHTaXa B 0TBepcTUs
HabnwopgeHue  sBne- He npumeHsieTcsi0*  [IByXCTOPOHHAS ne-  SIBNeHMe mnogbema rantenm  MOoXeT
HUS Nogbema rantenu yaTHasi nnata, KOMMO- BCTPEYATbCS MeXAy NpUMnoem U1 NoKpbITUeM
MpunoxeHue H HeHTbI C BbIBOAAMMU /11 BbIBOAA W/MUMIM KOHTaKTHO niowafkoit no-

MOHTaXa B 0TBepCTuA cne nalikn

al [aHHblii BUA UCMbITAHWIA NPOBOAUTCA A1S OLLEHKN YMEHbLUEHUA MPOYHOCTW NasHOrO0 COefVNHEHNs NpU YCKo-
PEeHHOIi NOArOTOBKE K UCMbITAHWIO, peann3oBaHHON B BUAe NMOBTOPSAIOLErocs TeMnepaTypHOro BO3feicTensa Ha coeau-
HeHve nocpeAcTBOM 6GbICTPOro M3MEHEeHUst TemnepaTypbl, CYXOro U BAaXHOro Harpesa. [lo/IHbIi cnoco6 ncnbiTaHns
A0/DKeH ObITb BbIOpaH C y4eTOM CBOCTB UCMbITYEMOro U3fenns, Takux Kak hopma BbIBOAOB.

b> [laHHbIli BUA UCNbITaHUI NPOBOAMTCA AN MPOBEPKM HA/TMUMA BO3MOXHOTO AedekTa nasHoro coeguHeHus no-
CpeACcTBOM U3MEpPEHU M3MEHEHNA BE/TMYMHBI 3/1IEKTPUYECKOTO CONPOTMBAEHNSA 63 NPUIOKEHUS MEXaHNYECKOro BO3-
felicTBuA. [laHHbIi MeTo/ UCMbITaHU YNOMSIHYT 3[eCb Kak albTepHaTUBHbI MeTof, NOCKOJIbKY OH fOCTAaTOYHO YacTo
ynotpe6um, 0CO6eHHO 418 U3eNnii C MaTPUYHbIM pacnosioeHnem BbiBOAOB BGA n LGA.

c* B 3aBMCUMOCTM OT COCTaBa MCMo/Ib30BAHHOIO NPUMNOs NpUMeHsemas yCKOpeHHas NnofroToska K ucnbitaresib-
HOMY BO3[e/CTBMIO MOXET ObITb CreaytoLei:

1) BbicTpoe U3MeHeHMe TemnepaTypbl: A8 NpunoeB coctaBa Sn-Zn. Sn-Bi u Sn-In.

2) BnaxHblii Harpes: Ans npunoes coctaea Sn-Zn.

3) Cyxoi1 HarpeB: Ans npunoes cocTtaBa Sn-Bi.

B> VcnbiTaHne Ha BO3AeliCTBME LMKIMYECKUM NafieHnem CTasbHOro lapuka npyMeHMMo A5 NpUnoeB Ha OCHO-
Be cnnaea Sn-Zn. Sn-Bi n Sn-In.

°* EcM UMeeTCcs Nofgbem rantenn Mexay BbIBOAOM W NnaToil, ANA BO3AeiCcTBUS pekoMeHAyeTcs NPUMEHSTb
6bICTPOE U3MEHEHME TemnepaTypbl.

MpumeyaHue — VcnbiTaHne Ha BUGPOYCTONUNBOCTL ABNSIETCS UCMbITAHMEM HA [O/ITOBEYHOCTb B YC/0BU-
AX BUGpaLMK, KOTOpasi MOXET BO34eiCTBOBAaTL HA U3A4ENe NPW ero TPAHCNOPTUPOBKE UK NPU UCMO/L30BaHUM €10 B
YCNOBUSIX 3KCMyaTauum. 1o HaCTOALWEro MOMEHTA He 6bi/I0 A0Ka3aHOo, YTO UCMbLITAHNUSA HA BUGPOYCTONUYNBOCTL, BK/IHO-
yas n Hanbonee XecTkue UCMbITaHUsA Npy cyYainHoi BUGpaLMK, MOTIU Bbl AaTb OLEHKY CTENEHN paspyLUeHnsi NasHoro
coeavHeHus. Mo 3To NPUYNHE UCMbITAHUE HA BUGPOYCTOWUYMBOCTL HE BK/IIOUYEHO B HACTOALWMIA cTaHAApT.
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5.2 Bbl60p MeTon0B MNCNbITAHWA, OCHOBAHHbIX Ha d)opMax nTnnax BbiIBOAOB 3/TEKTPOHHbIX

KOMMNOHEHTOB

5.2.1 T10BEPXHOCTHO MOHTUPYEMbIE KOMMOHEHTbI
PekomeHAOBaHHbIe MeTOAbl NCNbITAHUNA, npurogHble ANA 3N1€KTPOHHbIX KOMMNOHEHTOB Pa3/INYHbIX CbOpM
KOpMNyCcOB 1 TUNOB BbIBOAOB, NpUBeAeHbl B Tabnuye 2.

Tabnwu ua 2 — PekomeHAoBaHHble MeTOAbI NCNbITAHWIA, npurogHbie ona nNnoBepxXHOCTHO MOHTUPYEMBbIX 3MEKTPOHHbIX
KOMMNOHEHTOB pPa3/InyHbIX (*)OpM KOpnycos 1 TMNOB BbiBOAOB

OO NOYF T O ND © (10D XN

BbIBO/IbI

BbiBOAbLI Ha ABYX CTO-
poHax (THyTble)

BblBOAbI Ha Tpex cTo-
poHax

BbiBOAbLI Ha NATU CTO-
pOHaXx. BK/itoYas KpblLl-
Ky

MMOroBbIBOAHbIE KOM-
NOHEeHTbl (BbIBOALI MO
CTOpoHam)

«Kpblno vaiikn» — 1

«KpbIno vaikn» — 2

«KpbINno vaiikn» — 3

BbiBOAbI HA OCHOBaHUN
KOMMOHEHTa

Kpyrnble BbIBOAbI,
BK/tOYAsS KOMNAY0K

Tuvnbl BbIBOAOB KOMIMOHEHTA

Foao< oy owrnan »

4 vnn
6onee

4 nnm
6onee

%

4 vm
6onee

&

e

&

TaHTanoBblil  KOHAEH-
caTop. MHAYKTUBHOCTb

Yun-pesucTop. nne-
HOYHbI/ KOHAEeHcaTop

MOHOMUTHBIN  KOHAEH-

caTop. TepmucTop,
npefoxpaHuTenb, WH-
[YKTUBHOCTb

Pe3ncTopHble 1 KOH-
[eHcaTopHble c60pKU

TpaHcdopmaTtop

MepekntoyaTens

Pasbem

KaTyluka nHAYyKTUBHOC-
TW. TaHTA/IOBbIA KOH-
feHcatop

MELF
KoHZeHcaTop/pesnc-
Top/npefoxpaHuTenb

MpuMeHeHWe YCKOpeHHoI
NOAFOTOBKA K ACTIbITAHUSIM

o 3
g |
g 2 %
0
& So k
e S
a Z |1 5 9<
b3 ~
6 & o 5
A.B
— A B — -
A. B
A. 8
A. B C C
B AB
A.B A B C
A. B B
— A8 B — —

YU OO FXHX

WO 0O T O 350

Ycranoctb npy MexaHu4eckom casure
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Mpogomkernne Tabnmubl 2

Tl Obi KOMITOHEHT. MpuMeHeHne ycKopeHHOM @
0bI00A0a KOMMOHEHTa MOArOTOBKM K UCTIbITAHUSIM 3
3
3
4
3 ?
B [¢] 1 ) é
3 o 0 &
5 ;% ' §
X X c
BbiBOAbI 5 i g * % 9 §<
B X i * 2 05 S
9 gj . 8 2., B o g 8
5 % a b %é a %( 1 g
& 1 X
g é g ¢ &4y P x5
BbIBOABI Ha ABYX CTO- 2 [Avopn - AB C - - - C -
poHax (rHyTble)
«Kpblno yaiikn» oT 340 6 Manblii TpaHsuctop C 8 C - - - c -
z
o «“Kpewio yaiikm» 6 nnn QFP. SOP A C C C B B
6onee B
1
0
1
5
1 besBbiBOAHbIE 6 nnm QFN. SON A,B C B B B
" Awwtfrf  gonee
2
6
° fa /
¢
o}
¢ LLlapnkoBble BblBOAbI 1 \ MHo- BGA. FBGA — — — A, B C B B B
Ha OCHOBaHue Kopmny- XecTBo
ce
BbiBOgbl HA OCHOBa- 4 MHo- LGA. FLGA — — — A.B C 8 8 B
Hue Kopryca 6e3 wa- XeCTBO
puKoB

MpumeuvaHunsn

1 «A» — peKoMeHfyeTCs AN YCKOPEHHON NOAroTOBKU K UCMbITaHNIO. «B» — npumeHnMo. «C* — npumMeHnmMo
npv y0BNeTBOPEHUN ONpPeAesieHHbIX YCNOBUA. «-» — He NpUMeHseTcs.

2 OfHO U3 HWXKENEPEUNCIIEHHbIX MEXAHUYECKUX UCNbITaHWIA MPOBOAUTCS A0 W NOC/Ee YCKOPEHHO! NOATOTOBKM K
MCMbITAHNAM B COOTBETCTBUM C POPMOI KOMMOHEHTA, MOAEXALLEr0 UCMbITaHNIO:

a) ucnblTaHWe NPOYHOCTU Ha OTPbIB, NOBEPXHOCTHO MOHTMPYEMbIE KOMMOHEHTbI C BbIBOAaMY Tuna KKpbiio yaliku*.

b) ncnbliTaHMe Ha npeAen NPOYHOCTW NPU CABUTE: MOBEPXHOCTHO MOHTUPYEMbIE KOMMOHEHTbI MasibiX pasmepos,
ONS KOTOPbIX MOXeT 6bITb NPMMEHEHO NpPUCNoco6IeHe AN NPUIOXEHUS GOKOBOTO MEXAHWYECKOTO AaBNeHNs;

C) MCMbITaHWe Ha MPOYHOCTb NpU CABUre NPU NPUNOXKEHUN KPYTALLEr0 MOMEHTa: NMOBEPXHOCTHO MOHTUPYEMble
KOMMOHEHTbI, UMetoL e hopMy Kopnyca, He MO3BOSAOLLYI0 NPYMEHUTb 06bIYHOE UCMbITaHWE Ha NMPOYHOCTb NPU CABU-
re. a Takke goCTaToO4yHO 60MbLIME NO pa3mMepaM KOMMOHEHTbI C 60/1bWMM KONIMYECTBOM BbIBOAOB, Takne Kak nosaynpo-
BOJHUKOBbIE NPMOOPBI NN pasbeMbl.

3 WcnbiTaHMe Ha Hanumyve 3NeKTPOornpoBOAHOCTU MPUMEHSIETCA K KOMMOHEeHTaMm, AN KOTOPbIX MOXeT ObiTb
chopMnpoBaHO NocnefoBaTe/lbHOE COeMHEHNE Ha OCHOBaHME MevyaTHON NnaTbl WK Xe BHYTPW CamMOro KOMNOHEHTa,
HaxogALlerocs nof ucnblitTaHNeM.

Mprvmepamy ABNSAKTCS NONYNPOBOAHMKOBLIE NPMBOPLI C BbiBOAAMU, oTanvarwwmmuca oT BGA. LGA unn QFN.

4 WcnblTaHUst HA MOHOTOHHBI N3rM6 NPUMEHSIIOTCA K TEM KOMMOHEHTaM ¢ 60MbLUOl BbICOTO UK reoMmeTpuyec-
KMMW pasmepamu, K KOTOPbIM MOXHO NPUMEHUTb U3MepPEHMEe CONPOTUB/IEHNSA U KOTOPbIE HE MOTYT BbiTb Nerko gedop-
MVPOBaHbI.

5 WcnbiTaHMa Ha NPOYHOCTb NPY LMKANYECKOM M3rmbe n Ha LUUKInYeckoe nageHne NpUMeHsIoTCA K KOMMNOHEH-
TaM. NCNob3yeMbiM a OCHOBHOM B MOPTaTMBHOW annapartype.

lMpuMeHeHne JaHHOTo BUAA UCNbITAHUIA ONUCLIBAETCS @ TEXHUYECKUX YCNOBUSX Ha uU3genue.

VcnbiTaHe Ha MPOYHOCTb NPW LUKIMYECKOM n3rnbe Ansa noAnoxek npyMeHsAeTca A1 nosynpoBOAHVUKOBBIX MPU-
60pOB. CMOHTMPOBAHHbIX HAa MOAJOXKKE.
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OkoHYaHue Tabnuub/ 2

6 KaxAblii Tun ucnbiTaHnii Ha BO3AelCTBe TeMnepaTypbl NPUMeEHSAeTCA NPy UCMONb30BaHUN CreAyoLwWwmux cnia-
BOB!

a) ObICTpoe M3mMeHeHve TemnepaTypsbl: A1 cnnasoB Sn-Ag-Cu. Sn-Zn, Sn-Biun Sn-In;

b> BnaxHbIil HarpeB: gnsa cnnaea Sn-Zn;

c) cyxoli HarpeB: ana cnnasa Sn-Bi.

7 ®opmMbl KOpNycoB MOMYNPOBOAHNKOBbLIX NPUOGOPOB yCTaHOBMEHb! B cTaHAapTe M3K 60191. OagHako noHaTue
«Kopnyc ¢ KOHLeBbIMY BbiBOAaMU 6e3 LapuKOB Ha HUKHEl NOBEPXHOCTW» [0 HACTOSALLEero BpeMeHU He onpefeneHo.
3pecb nog TepMrHOM «Kopnyce KOHLEBbIMU BbiBOJaMU 6€3 LapuKkoB Ha HUKHER NOBEpPXHOCTU» MOHUMAaeTcs Kkopnyc
BGA 6e3 lWwapukos npunos.

5.2.2 KOMMOHEeHTbI C BbIBOAAMU, MOHTMPYEMbIMY B OTBEPCTUS

McnbiTaHe NPOYHOCTM Ha OTPbIB ABMSIETCA OCHOBHbIM [i/19 KOMMOHEHTOB C BbIBOAMMW, MOHTUPYEMbIMU
B OTBEpCTUsi. N5l M3gennii 60nbLWOro pasmepa Takke MOXET GbiTb UCMOJIb30BAHO UCMbITAHWE HA COMPOTHB-
JIeHVe NoN3yyecTu, NpU NPeLNoNoXKeHNN 0 BO3MOXHOCTMU NPUSTOXEHUS MEXAHWYECKOTO BO3AENCTBUSA CO CTO-
POHbI KOHCTPYKTUBHO CTPYKTYpbl U3AeNNs.

BbiGOp BMAA UCNbITAHWI [JOMKEH GblTb OTPAKEH B TEXHWYECKMX YCNIOBUAX HA U3fE/INe, MOHTUPYeMoe
TO/IbKO HA OAHOV CTOPOHE MOA/MOXKKMA. BO MHOTUX C/lydasix NPOYHOCTb BbIBOAOB KOMMNOHEHTOB, MOHTUPYEMbIX
B OTBEPCTUSI, MOXET 6bITb XyXX€ B CPABHEHUM C MPOYHOCTLIO NasiHbIX COEAMHEHMIA. HacTosLme BUAbI UCnbITa-
HUWii He SIBAAIOTCS NOAXOAAWMMU AN 060PYL0OBaHUS, B KOTOPOM MUCMOMb3YeTCs AaHHbI BUA NOASTOKEK.

PeKkoMeH/10BaHHbIE C yYETOM Macchl METOAbI UCMbITAHUI ANA U34enuii ¢ BbIBOAAMU, MOHTUPYEMbIMU B
OTBEPCTMWSI, TUN MAaTbl M CNOCO6 NMPUIOXKEHUS HArpy3ku NpefcTaBieHbl B Tabnuye 3.

Ta6nuuya 33— PekoMeHAOBaHHble AN nPpUMeHeHnA cnoco6bl UCMbITAHWIA U Macca U3aenunii c BbIBOAAMY, MOHTUpye-
MbIMWX B OTBEPCTUSA

MNpyMeHeHue, Tvn nsgenna VicnbitaHve OueHka
VicnbitaHne Asnexne
TUMN noanoxku Macca Ha VcnbiTaHne Ha Mbosenka
Mpumenere usgenua MPOYHOCTb CONPOTUBNEHNE nr:ﬁ:zl’:: Hg 006 lLB
A P ros13y4ecTu P
npu oTpbiBE npunos
OHOCTOPOHHASA, Be3 NoCTOAHHOW Harpysku Nerkoe B — — —
C MOHT&XOM B OTBep- T B
ctma TH sxenoe C —
C NOCTOSIHHOI Harpyskoii Nerkoe B — — —
Taxenoe C C - —
[lByCTOpPOHHSAA, C B OCHOBHOM [/19 KOMMNOHEHTA C BbIBOAOM — — B C
MOHT&XOM B OTBep- [/19 MOHTaxa B 0TBepcTue
ctua TH
KOMMOHEHT C BbIBOJOM, MOHTUPYEMbIM B — — B B

0TBEPCTME, AN KOTOPOro NpUMEHUMa mno-
cnepoBaTeNbHO U3Mepsemas Lenb

MpumeyaHus

1 «B» — npuMeHnMO. «C» — MPUMEHNMO NpU BbINOTHEHUN ONpefeneHHbIX YCI0BUA, «—» — HenpuMeHUMO.

2 TpeboBaHuUs K OKpyXatoLiei cpefe Npy NpoBefeHnN UCMbITaHWIA:

a) UCMbITAHUA Ha NPOYHOCTL MPU OTPbIBE — KOMHATHas Temnepartypa;

b) UCNbITAHWUA Ha COMPOTUB/IEHNE MON3YYeCTN — MOBbILLIEHHAA TemnepaTypa okpyxatoLeli cpefbl, kak oTpaxe-
HO B CTaHjapTe Ha usgenve;

C) BUAWMBLIA NofbeM rantenn Npunosi — KOMHaTHas TemnepaTypa.

d) npoBepka Ha 06pbIB — ObICTPblE U3MEHEHNSA TemnepaTypbl OKpyXatoLiell cpejpl, kak OTpaxeHo B cTaHAapTe
Ha usgenue.

3 [lna npoBefAeHns faHHbIX UCMbITaHU BO3MOXHO NpUMeHeHne npunoes cnnasoB Sn-Ag-Cu u Sn-Zn.

4 B cnyvae NpuMeHeHUs 4BYXCTOPOHHER NOAMOXKM C OTBEPCTUAMU, NPOYHOCTb COGCTBEHHO BbIBOAA, Kak npa-
BW/10. MeHbLUe, YeM NPOYHOCTbL NasHOro coeAnHenus. CnefosartesibHO, AaHHbI BUA NOAN0XEK HeNPUMEHUM AN Npo-
Be[leHNs1 UCMbITaHUI Ha NPOYHOCTL NPU OTPbIBE.

5 OC06EeHHOCTMN OLEeHKMN ABYXCTOPOHHUX MeyaTHbIX NaaT A1 MOHTaxa B CKBO3Hble OTBEPCTUA AaHbl B NPUIOXKE-
Humn H.
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6 O6wwue nonoxeHnsa anst MeEToA0B UCMbITaHWN

6.1 MoHTax npubopa n ncrnosb3yembie MaTepuarnbl

a) Mpunoii

Ha npakTuke gnsa naiiku B kayecTBe NPuUNoOs UCMONb3yeTcs GOMbLIOK acCOPTUMEHT GECCBUHL0BbIX
cnnasos. Ecnn B cneyudukaumnm Ha NPogyKT He yka3aHo MHOe, 6eCCBUHLO0BBIA CnaaB A4S Npunost fO/HKeH
Bbl6UpaTbCa U3 Tabnuubl 4. rae gaeTca ero Tun.

Ta6bnuya 4 — Coctas npunoes

Tun npunas Cnnas (kpaTkoe 0603HauYeHne)
Sn-Ag-Cu Sn96.5Ag3Cu.5(A30CS) —
Sn-Zn Sn91Zn9(Z90) Sn897Zn8813(280830)
Sn-BI BiS8Sn42|B580) —
Sn-In Sn88In8Ag3.SBi.5(N80A35B5) —
Sn-Cu Sn99.3Cu.7(C7) —

b) TecToBas nNoanoxka

TecToBOW NOAM0XKOW CNYXWUT NpUBeAEHHbI B cTaHAapTe M3K 61249-2-7 naMVHMPOBaHHbIN MaTepvan
Ha OCHOBE CTeK/1I0TKaHW M 3NOKCUAHbLIX CMOJ, MOKPbLITbIA MeAblo. Matepuan NoAMoXKA C HaMMeHbLUel nog-
BEPXEHHOCTbIO TEPMUYECKOMY Pas/ioXeHWIo, MexaHuyeckoi aedopmaunn n paspyLlleHuo cnegyet Bblibu-
paTb B C/lyyae UCNoNb30BaHNA MaTtepuana, OT/iMyaloLWwerocs oT Yka3aHHOro Bbille.

Teepaple, TpyaHO Aedopmupyemblie MaTepuanbl, Takme Kak kepamuka, He cregyeT UCNOMb30BaTh B
KayecTBe TECTOBOW MOAOXKN NPU NPOBEAEHUN UCMbITAHWIA HA NPOYHOCTb NPU MOHOTOHHOM W LUK/INYECKOM
n3rnbe 1 Npy UCNbITAHUM Ha LMKANYecKoe najeHue.

Mpoune ycnosms ykasaHbl B ONUCaHNW COOTBETCTBYIOLWUX METOA0B UCMNbITAHWUNA.

c) MoHTax usgenuii Ha TECTOBYO NOANTOXKY

Huxe nepeuncneHbl TpeboBaHUS K MOHTaXy W34/ Ha TECTOBYHO NOASTOXKKY.

Mpv npoBeAeHNN UcnbITaHWii 418 NOBEPXHOCTHO MOHTUMPYEMbIX U3Aenil NocneaHe MOHTUPYIOTCA Ha
noAn0XKe ¢ OAHOCTOPOHHEW MeTannmsauuneli UM Ha OAHON CTOPOHE MOAJIOXKM C ABYXCTOPOHHEn meTannu-
3ayueil.

Mpu NnpoBeAeHNN NCNbITAHWI ANA N3AEUIA C BbIBOAAMU, MOHTUPYEMbIMU B OTBEPCTUS, NOC/NEAHNE MOH-
TUPYIOTCA HA OQHOI CTOPOHE NOAMOXKN. VicnbITaHWA A41a U3fgenuii ¢ BbIBOgaMy, MOHTUPYEMbIMU B OTBEPCTUSA
M YCTaHOB/IEHHbIMY Ha 06enxX CTOPOHaX NOAM0XKM, He MPOBOAATCA, NOCKO/bKY B J/AHHOM C/lyYae NpoYHOCTb
nasHoro coefMHEeHUss HAMHOTO BbllLe MPOYHOCTU BbIBOAOB U3AENUS.

[na naiikv NOBEPXHOCTHO MOHTUPYEMbIX KOMMNOHEHTOB A0/IKEH NPUMEHATLCSA METO/A Naikn oniasieHn-
eM; AN U3aennii ¢ BbIBOAAMW, MOHTUPYEMbIMW B OTBEPCTUS, AO/HKEH MPUMEHSATLCA MeTOof Naiku BOSHOM

Pa3mepb! B MuiaMMeTpax npunos.
d) PacnonoxeHue KOMNOHEHTOB Ha Tec-
]I TOBOW MOAJI0XKE U KOHTAKTHbIE M/IOWaaKu
1 MOBEpPXHOCTHO MOHTUPYEMbIE KOMMOHEH-
Mpu6op Tbl, MOANEXaliMe MCMbITaHUSAM Ha MPOYHOCTb
[} npyv MOHOTOHHOM W3rn6e, LUKANYECKUM WUCMbI-

£0

TaHUAM Ha NPOYHOCTb NPU U3rMbe 1 NCnblTaHN-
AM Ha UMKIMYecKoe najeHue, OO/KHbI ObiTbh
CMOHTUPOBaHbI B LEHTPe TeCTOBOW NOASI0XKKM,
Kak 3T0 nokasaHo Ha pucyHke 3. Mo cornacosa-
HUIO MeX/y NPou3BoAnTENEM U MOTPeGUTENEM
40 pacnonoxeHue ucnbiTyemMoro npuéopa Ans
NPOBEfEeHNsI WHbIX WCMbITAHWMA MOXeT 6biTb
onpefesieHo B [pyrom MecTe TeCTOBOW noj-
noxku. Ecnu nHoe He ykasaHo B cTaHAapTe Ha
PucyHok 3 — lMpuMep MOHTaxXa MOBEPXHOCTHO MoHTMpyemoro U3AEANE, NO/IKHbI UCMO/b30BATLCA KOHTaKT-
npn6opa AN NPOBEAEHUS UCMbITAHWIA HA YCTOMYMBOCTL NpW MoHo-  HbIE NJIOWaAKY, yaoB/eTBopsiowme Tpe6osa-
TOHHOM U LMKIMYECKOM M3rn6ax HMAM ctaHgapta M3OK 61188-5.

1 1
DC (wupwuHa)

MosicHeHne — To/WMHA TECTOBOW NOANOXKKM 1.6 MM

10
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Tab6nu nLa 5— ,ﬂMaMeprl CKBO3HbIX OTBepCTI/IVI N KOHTaKTHbIX naowanok B OTHOWEHUN K HOMUHa/IbHOMY nonepeyHo-
My Ce4YeHUKH N HOMUHa/IbHOMY AnamMeTpy NpoBOJ/IOYHOrO BbiBOAA

HomMuHasibHast 061acTb MonepeyHoro HoMuHasbHBIM ArameTp (dj Kpyrioro [JvameTp ckBo3HOrO  [laMeTp KOHTaKTHOM
ceueHust (S). HMr B CEYEHMM BbIBOAA, MM OTBEPCTUS, MM NIoWAaKA, MM
S£0,10 ds 0.35 0.8 14
0.10<S £0.28 0.35<d £0.60 1.0 1.6
0.28 < S S0.50 0,60 <a* 0.80 12 18
0.50 <S S0.79 0.80<d £ 1.00 14 2.0
0.79<S S1.20 1.00 .60 <d s 1.25 1.6 2.2

6.2 YcnoBus navikm

6.2.1 O6wme NnonoxeHUs

[ns chopMmpoBaHus rantenn Npunos Hagnexalyero kayectsa TpebyeTca NpaBu/bHbIV BbIGOP YCI0BUIA
naiku. Mprumepsbl TeMnepaTypHoro npoduns Ans navikv onnasneHWEM 1 BOHO NPMNOA nokasaHbl B 6.2.2 1
6.2.3 COOTBETCTBEHHO.

6.2.2 MNaiika onsiaBfieHNeM NpuUnosi

TemnepaTypHble Npodnan NpuW naiike onnaBneHnemM NpUnosi, UCNosib3yeMble Npy NpakTuyeckol peanu-
3aumu npouecca c60pku, Bcerga AoMKHbI 6bITb ONTUMWU3NPOBaHbI C YHETOM pasmepoB MOHTUPYEMbIX NanKow
KOMMOHEHTOB, Pa3MepoB NOAIOXKN W T. 4. TemnepaTypHblii npouab Ana npunos Sn96.5Ag3Cu.5 gomkeH
COOTBETCTBOBATb PeKOMeHAauusaMm, AaHHbIM B cTaHgapTe MOK 61760-1. kak nokasaHo Ha pucyHke 4. MNMpume-
pbl TeMnepaTypHOro Nnpouns AN Apyrux npunoes nokasaHbl Ha pucyHke 5.

Tevneparype. *C

MoscHeHusA
CnnowHasa NMHUS: TUNOBOI Npouecc (TemMnepaTtypa Ha KOHLEBbIX BbIBOAAX).

MyHKTUPHaA NMHUSA, OrpaHNYeHns TEXHONOTMYEeCKOro npouecca, orpaHnyeHne cHu3y (TemnepaTypa Ha KOHLEeBbIX
BbIBOZAX), OTPaHNYEHNE CBEPXY (TemnepaTypa Ha BepxHeli yacTu npuéopa).

PucyHok 4 — lMpumep TemnepaTypHOro npoduns npu naiike onnaeneHvem npunos (Sn96,SAg3Cu.5)

11



FOCT P 55492—2013/IEC/PAS 62137-3:2008

n

12

Tsaavpartyps, *C

CvMBO/ 1 onucaHve

MuHUManbHas TemnepaTypa npeaBapuTesibHOro
pasorpesa

MakcumanbHas TemnepaTypa npefBaputesisHoro
pasorpesa

TemnepaTypa naiiku
MukoBas Temnepatypa
BpeMsi nNpeABapuTebHOTO pasorpesa

Bpems naiikm

SnerZne*1 Sn89Zn8Bi3

130 °C

150°C

200 ‘C
220“C + 58C
90 cr 30c

OT1 2080 60 C

Coctaa npunos

Bi58Sn42

100 °C

120 sC

150 ‘C
190 ‘C+ 5 *C
90c330cC

OT1 20 80 60 C

Maiiky pekomeHAyeTCcs NPOBOANTL B aTMOC(EPE UHEPTHOrO rasa, Takoro kak N2_

Sn88In8Ag3.5Bi,S

140 *C

160 *C

206 *C
220“C+5°‘C
90c+30c

OT120 go 60 c

PucyHok 5 — MpumMepsbl TemnepaTypHoro npochunst npu nalike onnaBneHMem npunosi
nHoro, yem Sn96.5Ag3Cu.5

[eTtanbHble onucaHnsa npovnx yCﬂOBMVI OTpaXeHbl B COOTBETCTBYHOLWNX METOANKaX UCNbITAHWUNA.

6.2.3 [larika BOJIHOV Npunos

TemnepartypHble Npodnan Npu naike BOMHOWM NPUNOSA, UCMOMNb3YEMbIE NPY NPAKTUYECKOW peanvsalun
npouecca cbopku, Bceraa foMKHbI 6bITb ONTUMU3NPOBAaHbI C YHETOM Pa3MepoB MOHTUPYEMbIX Naikoi Komno-
HEHTOB, pa3aMepoB NOAMOXKM U T. 4. TemnepaTypHblii npodunb ana npunos Sn96.5Ag3Cu,5 fomkeH cooTBe-
TCTBOBaTb NOKa3aHHOMY Ha pPUCYHKe 6 1 Ha pUCyHke 7.
LeTanbHble onucaHnsa NpoYnx yCnoBUii OTPaXeHbl B COOTBETCTBYHOLUX METOAMKAaX UCNbITAHUIA.
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ThbIrxuwxnyp#, "C

300r nfivi

10CM M waHW KOHDK » - BC hi KoKy

MosicHeHus

CnnowHas fMHus, TUNOBOW Npouecc (TemMnepartypa Ha KOHLEBbIX BbIBOAAX).

MyHKTUPHAsA NWHUS: OTPaHUYEHUS] TEXHOTOTMYECKOro MpoLecca; orpaHuYeHne cHu3y (TemnepaTtypa Ha KOHLeBbIX
BbIBOZAX), OTpaHNYEHne CBEepXyY (Temnepatypa Ha BepxHeii yacTu npuéopa).

PucyHok 6 — Mpumep TemnepatypHoro npocuns npu naiike BonHoi npunost (Sn96.5Ag3Cu.5)

Temnepartypa, 'C

Moporpes Mavika
CocTtas npunos
Temnepatypa nogorpesa I Bpems nogorpeBa IQ MakcumanbHast Temnepartypa I

Sn99.3Cu.7(C7) Ot 100aC po 120 °C OT130cao 90 ¢ 280°'C :5'C Or3cpo5¢
PucyHok 7 — TMpumMep TemnepaTypHOro npodunsa npu nalike BOMHOW nNpunost

13
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6.3 YckopeHHasa noArotoBKa K UCMbITaHUIO

6.3.1 BbicTpoe M3MeHeHue TemnepaTypbl (B HacTOAWeEM cTaHAapTe NpUMeHseTcsa AN BCex
TUNOB NPUMOEB)

McnbiTaHne N (6bICTpOe M3MeHeHMe TemnepaTypbl C 3afaHHbIM BPEMEHEM nepexofa), onMcaHHoe B
ctaHpgapTe M3K 60068-2-14. f0/MKHO ObiTb BbINOMIHEHO NPW MPOBEAEHUM UCMbITAHWI HA MPOYHOCTb MpU
OTpbIBE, HA NMPOYHOCTb NPU CABUTE, HA NPOYHOCTL NPY MPUNOXKEHUN KPYTALLETO MOMEHTA U NPU UCMbITAHUAX
Ha MOHOTOHHbIA 13rMb ANA NOBEPXHOCTHO MOHTMPYEMbIX KOMMOHEHTOB W MpW NPOBEAEeHWN UCMNbITaHuii Ha
MPOYHOCTb NPK OTPbIBE A1 KOMMNOHEHTOB C BbIBOAAMMW, MOHTUPYEMbIMU B OTBEPCTUA. TemnepaTtypHble YCro-
BUSA [O/KHbI 6bITb BbIOpaHbl C y4eTOM B/IMAHUS XapakTepucTuk U3MeHeHns Temnepartypbl NasHoro coegunHe-
HUS. 0CNabnsaWmX coefuHeHne, Korga OHO UCNbITbiBAeT BO3AeNCcTBMe. TeMnepaTypHble XxapakTepucTuku
3aBUCAT OT pa3mepa MUCnbITyemMoro o6pasua (Ten10eMKoCcTb 1 TenoBblAeeHne obpasya), pasmepoB TECTO-
BOW NOAMOXKM MAM  OT KO/JMYecTBa OfHOBPEMEHHO WUCMbITbIBAEMbIX TeCTOBbIX noanoxek (Cwm.
npunoxeHune A).

PekomeHayeMble TeMnepaTtypHble yCnoBUs npeacTtasrieHbl B Tabnuue 6.

Ecnun He yka3aHo gpyroe, KoIM4ecTBO LMKI0B cocTasnseT oT 500 o 1000. 3a uckiveHnem namepe-
HVS CONPOTUBNEHNS.

Ta6nuua 6— TemnepaTypHble yCnoBUs AN1s c/lyyasi GbICTPOrO M3MEHEHUS TEMMEpPaTypbl

CocTaB cn/iaBa f/1s npunosi

Yenosmt Snoe. Sn91Zn9. BiS8SNA2 SnB8In8Ag3,5Bi.5
5Ag3Cu.5 Sn89Zn8BI3 o
MuHumanbHas TeMm- Temnepatypa -40°'C -40 "C -40 *C -40 *C
NEpaTypa XpareHna  ghovs BbigepKKm 30 MuH 30 MuH 30 MuH 30 MuH
MakcumanbHas TeM- Temnepatypa 125'C 125°C 85 'C 125 *C
NEPaTYPa XPAHEHNA  ohems BbinepKKY 30 MUH 30 MuH 30 MUH 30 MUH

6.3.2 Cyxoi HarpeB (MpMMeHSeTCA TOMIbKO K Npurnolo cocTtaBa Bi58Sn42)

Cyxoi1 HarpeB, kak onucaHo B cTaHgapTe M3K 60068-2-2. o/mKeH ObiTb BbINOMHEH NPV NPOBEAEHUN
MCNbITaHWIA Ha MPOYHOCTb NPV OTPbIBE, HA NPOYHOCTL NPY CABUTE, HA MPOYHOCTb NPU NPUIOXKEHNUN KPYTALLENO
MOMEHTa M NPU UCNbITAHNAX HA MOHOTOHHbIV U3TMG A1 NOBEPXHOCTHO MOHTMPYEMbIX KOMMNOHEHTOB W Mpun
npoBeAEeHNN UCNbITAHUI HA NPOYHOCTbL NPV OTPbIBE A/19 KOMNOHEHTOB C BbIBOAAMU, MOHTUPYEMbIMU B OTBEP-
CTVA. Ha cneayloLwmnx ycroBusx.

a) Temnepatypa: 85 eC.

b) MpogonmkuTtenbHocTb: 500 4 1 1000 u.

6.3.3 BnaxHbIn HarpeB (YCTaHOBUBLUUICA pexum) (MPUMeEHSAETCS TO/IbKO K MPUMAOSM cocTaBa
Sn91Zn9 1 Sn89Zn8Bi3)

McnbiTaHne B kamepe (BMaXHblii HarpeB, YCTaHOBUMBLLWIACSH pexXuM), OMMCaHHOe B cTaHjapTe
M3K 60068-2-78. f,O/MKHO GbITb BbINOIHEHO NPV NPOBEAEHNM UCTBITAHMIA HA MPOYHOCTbL NPU OTPbIBE, Ha NPOY-
HOCTb MpKU CABUre, Ha NPOYHOCTL NPU NPUIOXKEHUN KPYTALLLErO MOMEHTAa U NPWU UCMbITAHUAX HA MOHOTOHHBIM
n3rnb AN NOBEpPXHOCTHO MOHTUPYEMbIX KOMMOHEHTOB W NpU NPOBEAEHWN UCMbITaHU/ Ha MPOYHOCTbL MpuU
OTpbIBE A/19 KOMIMOHEHTOB C BbIBOAAMW, MOHTMPYEMbIMU B OTBEPCTUSA, HA CNEAYIOLNX YC/TOBUAX.

a) TemnepaTtypa v BNaxHocTb: 65 °C. 85 %.

b) MpogomkutenbHocTb: 500 4 1 1000 4.

6.4 BbI6Op YCNOBUiIA NCMbITAaHNS 1 OLEHKa Pe3ybTaToB UCMbITaHUS

a) CKOopoCTb MPUAOXKEHUST Harpysku

MeToapl UCMbITaHU 1 YCNOBUS OLLEHKM CTOMKOCTU MasiHbIX COEAMHEHWUIA A0MKHbI 6bITb OpraHu3oBaHbI
Takum 06pa3om, YTo6bI M3bexaTb paspyeHnst CO6CTBEHHO UCMbITyemMoro o6pasya, CocpefoTounB paspyLia-
loLee BO3eliCTBNE UCK/IIOYMTENBHO HA NAastHOM coefuHeHnn. CylecTByeT TEHAEHUMSA K YBEIMYEHNIO paspy-
LUEHMS TECTOBOW NOAIOXKM U/MNn o6pasua Npu NpoBeAeHUN UCMNbITaHUiA Ha NPOYHOCTL NpY OTPbIBE, CABUrE,
OTPbIBE C NPUMIOXKEHNEM KpyTALLEero MOMeHTa ¥ MOHOTOHHOM n3rnbe ANs NOBEPXHOCTHO MOHTUPYEMbIX Npu-
60pPOB M ANS1 UCMbITAHWUI HA NPOYHOCTb NPW OTpbIBE AN NPUGOPOB C BbIBOAAMU, MOHTUPYEMbIMU B OTBEp-
CTUA. B C/lyyasX, Korga CKOpOCTb NPWIOXEHUs BO34elcTByloLleli cuibl O4eHb Bbicoka. PekomeHgyeTcs
BblIGUpPaTh 60/1ee MeasIEHHbIE CKOPOCTY NPUIOXEHNS HArpy3ku, NPy KOTOPbIX pa3pyLLeHne NasiHoro coenHe-
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UAS MPOUCXOAUT B MEpPUOA OT HECKONbKMX AEeCATKOB CEeKyHA 40 HECKOJIbKMX MWHYT, OCHOBbIBAsCb Ha
NpoBeAEHUN NpeABapUTE/IbHbIX UCNbITaHUA o6pasLa.

b) KpenneHvie TeCTOBOW MOAM0XKKA

Ha pesynbTaT ucnbiTaHWs MOryT BAUSATb NPOMCXOASLLME BO BPEMS UCMbITAHUSA CMELLEHUS TECTOBOW
NOASIOXKKN OTHOCUTESIbHO OCHOBaHWUS WX ee UCKPUB/EHUs. TecToBas NOAMI0XKKA AO/HKHA ObITb HaOEeXHO
3aKpensieHa Ha OCHOBaHWK, XenaTeslbHO B MecTe, 6/IM3KOM K MCMbITbiIBAEMOMY MasiHOMY COeMHEHUIO.

CTpykTypa u/unn pasmep KpenexHoro npucnoco6sieHns, NnpumMeHaemMoro Ansa gmkcauny TecToBoi noa-
NOXKU. UK NoAAepXUBaKLLEro TECTOBYH NOAJ/I0XKKY MPUCNOCO6/EHMSA AO/KHbI GbiTb TOYHO OMNMUCaHbI A/1A
Kax[oro meTofa UcnbiTaHus s NogaepXaHus BOCMNPOU3BOAUMOCTY YC/TOBUIA UCTbITAHUS.

c) PesynbTaTt ucnbltaHus

PesynbTaT ucnbiTaHUs fo/MKEH GbITb NPOAHANIM3NPOBAH HE TOIbKO NOATBEPXAEHVNEM U 3aNUCAMU CUSbI
1 BPEMEHV MPUIOXEHHOIO paspyLUalLLero nasHoe coejHeHe BO34eNCTBNSA, HO U cnocoba, KakvuM AaHHoe
paspyLleHve nponsoLLo.

7 METO,D, OLIEHKN UCMbITaHUA

7.1 VicnbiTaHWe Ha NPOYHOCTbL NassHOro cCoegMHeEHNs NOBEPXHOCTHO MOHTUPYEMbIX
KOMIMOHEHTOB

7.1.1 O6wme nosoxeHus

McnbiTaHns Ha NPOYHOCTb MPK OTPbIBE, HA MPOYHOCTb NPU CABUIE, HA NPOYHOCTb MPU NPUNOXEHUN KPY-
TALWEro MOMeHTa 1 Ha MOHOTOHHBI U3rMb Kak 40. Tak U Nocne yCKOPeHHOW NOAroTOBKM K UCMbITAHUIO UCMOSb-
3yl0TCA AN151 OLEHKM CTeneHun gerpajaumm npovyHOCTU U APYrMX XapakTepucTuK nasHoro cCoenHeHus.

7.1.2 WcnblTaHne NMPOYHOCTU Ha OTPbIB

McnbiTaHne NpoYHOCTU NpU OTpbIBE NPUMEHSETCHA /15 NOBEPXHOCTHO MOHTUPYEMbIX KOMMNOHEHTOB C
BbIBOAAMM TNa «KpbIao yaiku». Kak nokasaHo Ha pucyHke 8. 4718 NPUM0XEHNSA YCUNUS OTPbIBa U 418 U3Me-
PeHNsA CU/bl NPV OTPbIBE NPUCNOCOb61eHNe, co3AaloLee yecunme Ha oTpbiB, LensifneTca KProYkom K Of4HOMY U3
BbIBOAOB NOA yriiom 45°.

[Jerpagaunsa coegnHeHnsa aHanM3MpyeTca CpaBHEHNEM MaKCUMasibHON NPUNIOXEHHOW Ha OTPbIB CU/bI 1
TUNa paspyLieHus A0 1 Nocsie YCKOPEHHON NOArOTOBKM KOMMOHEHTa K UCMbITaHWto. [JlaHHbI B, UCTbITaHWI
NPVYIMEHUM A5 COeUHEHWNIA, NONYYEHHbIX KaK nalikoi onnassieHnemM, Tak 1 METOAOM Maikn BOTHOM Npunos.

Haunbonee nogxopfsiias ckopocTb NogbemMa NpsAMOYronbHOro naockoro kopnyca (QFP) ¢ BbiBogamu ¢
warom 0.5 MM npu gaHHOM Buge ucnbiTaHua coctasnset 0.0083 mm/c (0.5 MM/MUH).

[eTanbHoe onvcaHve npoueaypbl UCMbITaHUA NpeAcTaBneHo B cTaHgapte MOK 62137-1-1.
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7.1.3 WcnblTaHne NPOYHOCTU Ha cABUT

McnbiTaHMe MPOYHOCTU Ha CABUT MPUMEHAETCA /19 MOBEePXHOCTHO MOHTUPYEeMbIX KOMMOHEHTOB
He60/bLIMX pa3MepoB. Kak nokazaHo Ha pUCyHke 9. MakcumasibHoe 3HauyeHue CUbl, NPUIOXKEHHOW Ha CABWT,
n3mMepseTcs, Korga oHa npunoxeHa napasiesibHo NOBEPXHOCTU MOAIOKKM U NeprneHAnKYNAPHO UCTbITyeMo-
My 06pa3sy. MNpu naiike KOMNOHEHTa K TECTOBOI MOAJ/I0XKE NPUMEHSETCA MeTo[ OnaaBfeHus Npunosi.

BbicoTa KOMMNOHeHTa: u

PucyHok 9 — McnbiTaHe NPOYHOCTU HA CABUT

[ns nonyyeHnsa TOYHbIX U3MEPEHWli NPY UCMbITaHUK, YCUINE Ha CABWUM HEOBXOAMMO MpUKIagbliBaTb Ha
NOCTOAAHHO NOAAEPXMBAEMOI BbICOTE, COCTaBNALLIEN HE MEHee  OT BbICOTbl UCMbITLIBAEMOrO KOMMOHEH-
Ta. W He kacasCb MOHTaXHOro nons. Hanbonee noaxofswas CKOPOCTb NPUIOKEHUSA CU/bl COCTaBAAET OT
0.0083 mm/c g0 0,15 mm/c (0T 0.5 MM/MUH A0 9 MM/MWUH).

JeTtanbHoe onuncaHue npoueaypbl UCMbITaHMA NpefcTaB/IOHO B cTaHAapTe M3K 62137-1-2.

7.1.4 VcnbiTaHWe NPOYHOCTU NPU NPUMOXEHUN KPYTALEro MOMEHTA

VcnbiTaHne NMpoYHOCTY NPU MPUIOXKEHUN KPYTALLEro MOMEHTa ABMIAETCA METOAO0M, asibTEPHATUBHbIM
NCNbITAHMIO MPOYHOCTU Ha CABUT, U NPUMEHAETCA K KOMMOHEHTaM, A1 KOTOPbIX UCMbITaHWE MPOYHOCTU Ha
CABUT He MOXeT 6bITb N1ETKO MPUMEHEHO BcnefcTeMe Ux opM. [aHHblli BUA, NCNbiTaHWA Hanbonee yacTo
npUMeHseTcs 4719 KOMNOHeHTa 60/1bLnX pa3mepos. MNpucnocobneHve B BULO NaTpOHa, MMEIOLLEro BHYTPEH-
HIOI0 MOJIOCTb, YAEPXMUBAET KOMMNOHEHT, KakK 3TO Noka3aHo Ha pucyHke 10. n nepegaeT NPUMOXEHHbIN K HEMY
KPYTSALLMIA MOMEHT Ha KOMMOHEHT, Bbi3blBasd €ro pa3BopoT. MakCUMasibHbIN KPYTALLUA MOMEHT, NPUBOAALLWIA
K COBUIY KOMMOHEHTa, n3MepseTcs, Korga Bpallaiowuii MOMEHT NPUIOXKEH CTPOro napasienibHo TeCTOBOA
NoA/TOXKe.

PucyHok 10 — WcnbiTaHne Ha NPOYHOCTb NpY NPUNOXEHUN KPYTSILLEro MOMEHTA

16



FOCT P 55492—2013/IEC/PAS 62137-3:2008

[ns nonyyeHns TOYHbIX M3MepeHwuit ry6buHa BHyTPeHHe BbIGOPKM B NatpoHe npucnocobnienns fon-
XHa ObITb paBHa BbICOTE WUCMbLITYEMOro KOMMNOHEHTa. LleHTp ocu BpalieHnsa npucnoco6aeHns foKeH CooT-
BETCTBOBAaTb reOMeTPUYEeCcKOMY LIeHTPpY KOopryca MCMbITYeMOro KOMMOHEHTa; B3avMHOro KonebaHus aTux
oceli cnepyeT usberatb. Hanbonee nogxogsiias CKOPOCTb BpaLleHUs natpoHa npucnocobneHns npu Bos-
MOXHOCTUW ee perynmpoBku coctasnseT oT 0.00698 paa/c po 0,017 pag/c.

[JletansHoe onuncaxHve npoueaypbl NCNbiTaHUA npeacTas/ieHo B npunoxeHun C.

7.1.5 VcnbiTaHne NPOYHOCTU NPU MOHOTOHHOM U3rnbe

McnblTaHne NPOYHOCTM NPU MOHOTOHHOM M3rMbe NpYMeHseTcsa Yalle 415 KOMNOHEHTOB 60/bLUNX pas-
MepoB. Kak nokasaHo Ha pucyHke 11. TectoBas NoAn0XKa C yCTaHOB/IEHHbIM Ha HEli MOBEPXHOCTHO MOHTUPY-
eMbIM KOMMNOHEHTOM YKNnajblBaeTcs Ha nogfepxvBaloliee npucnocobneHme NuLeBoli CTOPOHOW BHU3. Mpu
3TOM TecToBas NOA/0XKa NpornbaeTcs C NOMOLLLI0 M3rnbaloLwero NpucnocobaeHns, NpukIaabIBaemoro K
obpaTHoll ee CTOPOHE [0 MOMEHTa pa3pyLUeHns NasHOro CoeAVHeHNs, a rnybuHa nsrnba B MOMEHT paspyLue-
HVA n3mepsaeTca. [Ina onpegeneHns ctenexn gerpagauny nasHbix COeANHEHNA AaHHbIA BUA NCNbITAHNA A,0/1-
XEH NPOBOAMUTBLCS A0 W Noc/e Npouesypbl YCKOPEHHOM NOArOTOBKA KOMMOHEHTA K UCNbITaHUH0.

npuycriocobrieHve

PucyHok 11 — MOHOTOHHOE MCMbITaHWEe Ha MPOYHOCTbL Npu nsrnbe

XenaTenbHo, 4TO6LI TECTOBASA MOA/0XKA OblNa N30THYTA B BUAE Ayrv. JaHHbIi BUA UCNbITAHUA HO NpK-
MeHSIeTca 4NA NAaT Masiol TONLWMHBI U KepaMuyecknx nognoxek. MpeanoyTuTeNnbHo U3MepsTh FNyOuHY N3ru-
6a MOANOXKA, WCMONb3ys 3NeKTpuyeckne u3MepeHns, obHapyxusailoline 06pbIB Lenu, Takue Kak
nocnegosaTefNlbHO-NPYOPUTETHASA Lienoyka, onucaHHas B npunoxeHun B. T.e. ucnonb3oBatb ANA 3TUX
uenei npubop, n3mepsoLLnin anekTpuyeckoe conpoTnsnexmne (cM. D.2.3). PaccTosiHne mexay onopamu nog-
AepXuBatoLLero noAn0XxKy npucnocobneHns fomkHo 6biTb 90 MM C pagnycom 3akpyrieHus onop R 2,5 mm.
Paguyc 3akpyrneHusi M3rnbaroLLero ajfieMeHTa 4O/MKEH ObiTb 5 MM.

Ycnosue nposBeAeHns UCMNbITaHWUA AO/HKHO BbIGUpATbCsA Takum 06pas3oMm, 4ToObl 3aBUCUMOCTb Mexay
AedopmupyoWw MM TEeCTOBYH NOAJ/0XKY BO3AEWCTBNEM M TNy6UHONM Npormba npuobpeTtana NMHenHbIl Xxapak-
Tep. XenatesbHO NPOBECTW NpeABapuTesibHbIA TECT ANA NPOBEPKMN 3aBUCUMOCTU rNy6uHbI npornéa v npu-
KnagblBaembiM AehOpMUPYIOLIMM BO3AEWCTBMEM, a Takke OorpaHuyuTb rnybuHy npu npegsapuTenbHO
onpejenieHHol CKopoCcTW M3rmba, Ncnonb3ya nameputesns gedopManun, yCTaHOBMNEHHbIA PAAOM C TOUKON
NasiHoro CoeMHEHNA UCMbITbIBAEMOrO KOMMNOHEHTA.

Hanbonee noaxoasaLas Ana AaHHOTO UCMbITAHUS CKOPOCTb N3rnba doIbIMPOBaHHOV MeAbo NOAMOXKN
Ha OCHOBE CTEK/I0BOIOKHA W 3MOKCUAHOM cMo/bl Npu TonwmHe 1.6 mm cocTasnseT 0.0083 mm/c (0.5 MM/MUH).
MakcumanbHoe orpaHuyeHune ray6muHbl npormb6a — 10 mm.

[eTanbHoe onucaHue npoueaypbl UCNbITaHUA NPeACTaB/IEHO B NpUIoXeHun D.

7.2 LMKNn4Yeckoe UCMbITaHNE Ha M3rnM6

Linknnueckoe McMbiTaHUe Ha U3rM6 valle NpUMEHSeTcs A/t 6e3BbIBOAHbLIX MOBEPXHOCTHO MOHTUpPYe-
MbIX KOMMOHEHTOB GO/bLINX Pa3MEpoB, WCMOMb3YEMbIX B MOPTATUBHbLIX YCTpOWCTBax. Kak mokasaHo Ha
pucyHke 12. TecToBasi MOAJSIOKKA C YCTAHOB/IEHHbIM HA HE NOBEPXHOCTHO MOHTUPYEMbIM KOMMOHEHTOM
yKnaablBaeTcs Ha MofAepkuBaroliee Npucnoco6/ieHne NULEeBoR CTOPOHONA BHKU3, Kak U Npu MOHOTOHHOM
UCMbITAHUU Ha NPOYHOCTL NpW U3rnée. TeCTOBas NOA/I0XKA NepUoSUYEcKU NPornGaeTcs ¢ UCNob30BaHNEM
U3r1GaloLLEro 3NEMEHTA, NPUKIALbIBAEMOrO C 06paTHOl ee CTOPOHbLI, HA 3apaHee onpeAesieHHY y6uHY,
[,0 HACTYN/IeHUst MOMEHTA Pa3pyLLIEHNs NAasiHOTO COeUHeHUsl. PaspylueHre NasHoro CoeAMHeHus onpeaens-
€TCS C UCMONb30BAHNEM INIEKTPUUECKUX U3MEPEHNIA, 0BHAPYXMBAIOLLMX 06PbLIB LENM, TakMX Kak nociefoBa-
TeNbHO-NPUOPUTETHASA Liernoyka, onucaHHas B NPUIOXeHUn B. T. e. UCNO/Mb30BaTh A5 3TUX Leneil npueop.
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n3MepsoWwniA anekTpuyeckoe conpotueieHne (cMm. D.2.4). Yncno usrmbos, COBEPLUEHHLIX A0 MOMEHTa
paspyLleHns nasHoro coeAnHeHns, 3anncbiBaeTcs.

McnbiTaTensHoe 060pyaoBaHue 1 Npucnoco6ieHne aHanorMyHbl MCNOb3yeMbIM NPY UCTIbITAHUAX NPO-
YHOCTM NPU MOHOTOHHOM M3rnbe. OgHaKo TecToBasA NOA/I0XKKA NOC/Ne NPOBeAEeHNA MHOTOYMCIEHHbIX 3rMB0B
MOXeT He MPUHATb NCXOAHYI0 NA0CKY0 hOpMy, YTO, B CBOIO OYepesb, MOBANAET Ha pe3ynbTaTbl UCTbITaHWIA.
KoHCTpyKUMa npucnocobnexHunst AomkHa obecneynTb rafKocTb U MOCTOSIHCTBO M3rnba TeCTOBOW NOAIOXKM.
PucyHok 13 nokasbiBaeT Takoe NpucnocobaeHne 419 UCNbITaHWA KOMNOHEHTA, a Takxe CXeMy YyCTpOoiicTBa,
n3rnbaloLLero TecToByo MoA/0XKKY C 06paTHOM CTOPOHbI, MO3BOJIAIOWEN0 YAEpPX1BaTb ee nepBoHavasbHyo

PucyHok 13 — YCTpOCTBO ANA NPOBEeAEHUS LUKIUYECKUX UCTIbITaHUI HAa NPOYHOCTb Npu n3rnbe
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dopmy nytem ygepxaHusi 060MX KOHLOB TECTOBOW NOAMIOXKKM Ha MOAAEPXMBAIOLEM MPUCNOCOBIEHNN U
MCMNoNb30BaHUSA N3rnbaroLlero aemMeHTa, NMEeKLLEero ONOPHbIA NOALINMHUK.

PekomeHayemas ckopocTb m3rnba coctasnsiet 0.5 mm/c (30 MmM/MUH). NS npaBuIbLHOTO onpeaeneHns
npuemaemMoii riny6uHbl nporrba Noaa0XKA ANA KaX40ro U3 NOBEPXHOCTHO MOHTUPYEMbIX KOMNOHEHTOB pas-
NNYHBIX pasMepoB cnegyeT NPoOBeCTU NpefBapuTenibHOe UCMbiTaHne, Npy KOTOPOM paspylueHne nasHoro
COeINHEHUS MPOUCXOANT MPY HECKOIbKUX ThiCAYaX NPUIOXEHHbLIX HA M3rM6G NOAMNOXKKM yCunuii. MNocne Toro
Kak B3ayMOCBA3b MeXAy Be/IMYMHON r1y6uHbl 3rnba v KoM4ecTBOM NPUIOKEHHbIX HA U3r1b ycunuii, npueo-
AAWMX K paspyLUeHnto coeuHeHns, byaeT npeacTaBnATb COO0N NpakTMYeckn NpAMyo IMHUI0 Ha rpadmke B
[BOINHOM norapudMmyeckom Maclitabe, npaBusibHas rnybuHa nsrnba MoxeT 6bITb onpeaeneHa 6e3 0cobbix
3aTpyAHEHWUIA.

JaHHbIA TUN UcnbITaHW Ha M3rMb He NOAXOAWT A71A NOANTOXKEK U3 KEPaAMUKM.

[eTansHoe onucaHne mMeTofa UCMbITaHUA NpeacTasneHo B ctaHaapTe MOK 62137-1-4.

7.3 WVcnblTaHWe Ha ycTa/nloCTb NpPU MexXaHU4YeCcKoM caBure

VcnblTaHue Ha ycTanocTb Npy MeXaHMYeCckoM CABUTe peann3yeTcsi NPUIoKEHNEM K NasHOMY coefuHe-
HUIO YCUMUIA LMKIMYeckoii aedpopmanumn capura, peannsyembix nyTeM MexaHWueckoro nepemMelleHus, B3a-
MeH OTHOCUTENIbHOTO MepeMELLeHUs], Bbl3biIBAEMOIO pasHocTbio TKJ/IP (TemMnepaTypHbIX Ko3ghduLuueHToB
JIMHEHOTO PacLUMPEHNsT) NPU UCALITAHUAX HA LMKIWYECKoe BO3AeiicTBMe TemnepaTtypbl. Kak nokasaHo Ha
pucyHke 14. ANA WUCMbITAHWUS Ha YCTaNoCTb NpY MexXaHWYeckoMm CABWUTe CyLLecTBYT ABa Tuna MeToAoB
MPUIOXKEHUST HArpy3KK.

Buh- Kom~0HBb' Mpunoin  Mognoxka

PI/ICyHOK 14 — HpMqunmaanaﬂ cxema yCTpOVICTBa Ana npoBeAeHna UCNblTaHUA Ha yCTasioCTb NpU MeXaHU4ecCcKom
casure nasdHoro coeguHeHus

MeTopa yCTanoCTHbIX Konie6aHuii peanusyeTcs NpUIoXeHUeM ycunuin gedpopmannm casura Ha nasiHole
COeIMHEHUsl, peanndyeMblX MyTEM MeXaHW4eckoro nepeMelleHust ABYX yacTell pasfeneHHoW MoaIoxKu.
Mpy peanusaunm MeToa NepekpbIBAOLLEr0Cs YCTA/I0CTHOMO CABUrA HUXKHSISi NOBEPXHOCTL MOANOXKU U BEPX-
HsIsl NOBEPXHOCTb UCMbITLIBAEMOro KOMMOHEHTA (PUKCUPYIOTCA Ha ABYX B3aMMHO NepemellaemMbiX OCHOBaHU-
AX npucnoco6nenusi. C NOMOLLbI CUIOBOrO MPMBOAA K OCHOBaHWUKO MPUCMOCOGMEHNS NPUKIafbIBAeTCSs
ycu/ime MexaHu4yeckoro nepemMeLleHus, npuBoasiluee K epopMalmy nasHoro COeiMHEHNUsl Ha CABUT.

McnblTaHus Ha ycTanocTb SABAATCA MO CBOEl CYLHOCTM UCMLITAHUSIMU C KOHTPO/IMPYEMbIM MeXaHu-
YECKUM NMepeMeLLEHNEM Ha CABUI MasIOro Lykia ¢ Harpy3oyuHbIM npoduiem B BUAE CUMMETPUYHBIX Koseba-
HUIA TPEYToNbHOW UM CUHYCOUAANBLHOI POPMbI. MCNbiTaHWsi NPOBOAATCS Npu TeMnepatype 25 °C uau npu
MOBbILIEHHOI TeMnepaType.

McnbiTaHus Ha yCcTanocTb NPy MEXaHNUeCckoM CABUIe MPOAOIKAITCA 40 MOMEHTA paspyLLeHns NasHo-
ro coeauHeHus:

- MakcumasibHoe 3HauYeHue MPUIoXEHHON cunbl NafaeT [0 ONpefefieHHOW BEIMUYMHBI, YTO COOTBET-
CTBYEeT MOMEHTY NOSIB/IEHUS NepBOHaYaIbHO TPELLMHbI B COEAMHEHUN;
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- paspylueHune nasHoro coefjuHeHns o6HapyxusaeTca 06pbLIBOM B 3/1EKTPUYECKON Lieny B BUAe nocne-
[l0BaTeNbHOWN Lenoykn, YTO OTPAXEHO B NPUIOXKEHUN B. ¢ ncnonb3oBaHvem npudopa, N3MepsIoLLEro 3/1ekK-
Tpuyeckoe conpoTtusneHue (cm. D.2.4).

Yucno uuknos, npeawecTsyolee paspyLieHnio NnasHoro cCoegnMHeHns, 3ancbiBaeTcs.

[eTtanbHoe onucaHve mMetTofa UCnbITaHUA npeacTasneHo B ctaHgapte MOK 62137-1-5.

7.4 Uuknnuyeckoe McnblTaHWe Ha NafeHUe U LUK/IMYECKOE UCMbITaHWe Ha NMPOYHOCTb Mpu
yAape ctasibHbIM LAapUKOM

7.4.1 LUwnknu4yeckoe ncnbiTaHWe Ha nageHue

Linknuueckoe ucnbiTaHne Ha nafgeHve NpPoBOAMTCA A1 NOBEPXHOCTHO MOHTUPYEMbIX KOMMOHEHTOB,
“cnonb3yemMblix B NopTaTuBHOL annapaType. Kak nokasaHo Ha pucyHke 15. NoBepXHOCTHO MOHTMPYEMbIA KOM-
MOHEHT. yCTaHOB/IEHHbI Ha TECTOBOI NOA/IOXKE, YAEePXMBAETCA Ha (DUKCUPYIOLLLEM NPUCNOCOBNEHUN HAPYX-
HOIN CTOPOHOW BHWU3 1 cObpacbiBaeTCa C 3apaHee YCTaHOB/IEHHON BbICOTbl Ha yAapHylo nauty. PaspyweHve
nasiHOro coeuHeHna o6HapyXuBaeTca 06PbIBOM B 3/IeKTPUYECKOI Lienu, 06pa3oBaHHoi B BuAe nocnenosa-
TeNbHOW LEenoykn, 4YTO OTPaxXeHo B npuaoxeHun B. ¢ wucnonb3oBaHnem npubopa, MW3MepsHoLero
3NeKkTpuyecKoe conpoTusreHune (cMm. D.2.4).

PucyHok 15 — Liuknnueckoe ucnbiTaHue Ha nageque

Uncno nageHunii, npejlwecTeyioliee pa3pyLleHNio NasHOro CoeAVHEHNS, 3anncbiBaeTcs.

PaspylieHune coeuHeHNs BbI3BaHO NPUIOXKEHNEM yCunus, 06pa3oBaHHOro B TECTOBO NOA/M0XKE yaa-
pom. o6pasyLmnmcs nNpy CToNIKHOBEHUW. NS AaHHOTo BMAa UCNbITaHWi npyMeHnMa 6o/ee TOHkas TectToBas
noanoxka TonwunHoi ot 0,8 MM Ao 1.2 MM. MO CpaBHEHUIO C APYTUMU TUNAMU UCNbITaHWA, TAe UCNONb3YTCA
TeCTOBble NOAMO0XKM TONLWMHON 1.6 MM.

[nsa ynydlweHna BOCNpoN3BOAUMOCTMN UCTbITAHUS HEOOXOAMMO NPUHATEL Mepbl N0 cTabuansauum ypos-
HSA Harpysku, npuxoAsiueiics Ha nasHble coefuHeHuns npu yaape. C aTol Lenbto, 419 NpefoTBpaLLeHnst accu-
METPUYHOTO yaapa npu nafeHnn Ha nauTy, Ha duKeupylowem npucnocobneHny pekomeHayeTcs
chopmupoBaTtb nonycgepmyeckme BbICTynbl. KpyTALWMIA MOMEHT, NpuknaablBaeMblii Npy 3aTArMBaHuM BCeX
BVMHTOB (DUKCUPYIOLLEro NpUCnocobaeHuns, foMKeH 6biTb MakCMManbHO O MHAKOB. VcnbiTaTensHoe 060pyao-
BaHVe J0/DKHO METb KOHCTPYKTUBHYIO CTPYKTYPY, MUHUMU3UPYIOLLYIO TPEHWE fiepxaTe s TeCTOBON NOA0X-
KN. 4TOGbI N36eXaTb OTKIOHEHUS 3HAYEHUII CKOPOCTY NafeHUs Ha NAUTy. YaapHasa nauvTa He Ao/hKHa UMeTb
BMATUH. C Lesbi0 NMPOBEPKN BOCMPOM3BOAMMOCTN WCMbITAHUA XenatesibHO MPoBECTU npefBapuTesiHoe
ucnblTaHve Ansa onpegeneHns opmMbl 1 amnanTyabl 4edOpMUPYOLLEro BO34ENCTBMA C UCMO/b30BaHNEM
TeH304aTumKa, YCTaHOB/IEHHOTO B HEMOCPEACTBEHHON 6/IM30CTUN K NasHOMY COEAVMHEHMWIO UCMbITbIBAEMOro
KOMMOHEHTA.

[eTanbHoe onncaHne MeTofa UCMbITaHUA npeAcTas/ieHo B cTaHAapTe M3K 62137-1-3.
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7.4.2 Uuknnyeckoe ucnblTaHWe Ha NPOYHOCTb MNpU yAape CTa/ibHbIM LLaPUKOM

Kak nokasaHo Ha pucyHke 16. NOBEPXHOCTHO MOHTMPYEMbIA KOMNOHEHT, YCTAHOB/EHHbIV HA TECTOBOIA
noanoxke, yaepxveaeTcs (OUKCUPYIOWMM NPUCNOCO6IeHneM MLEBOV NOBEPXHOCTbIO BHU3, a CTaslbHOM
LuapuviK copacbiBaeTCs C 3apaHee YCTaHOB/IEHHON BbICOTbI HA 06O0POTHYIO CTOPOHY TECTOBOM NOASIOXKKNA. Tou-
Ka nageHvs wapmka gns NnoBepxXHOCTHO MOHTUPYEMbIX KOMMOHEHTOB 60/1bLLIMX Pa3MepoB BbibrpaeTca 6mke
K nepudeprn KOMNOHeHTAa, ABMALWencs Hanbonee ya3snMbIM 4151 BOSHUKHOBEHUS MeXaHNYeCKNX NoBpex-
feHnii mecTom. PaspylueHne nasHoro coefuMHeHns o6HapyxnBaeTcs 06pbIBOM B NOC/ieA0BaTelbHOW anek-
TPUYECKOW Lenn, Kak OTpaXeHOo B MNpuUIoXeHMn B. ¢ ucnonb3oBaHvem npubopa, W3MepsAoLLEero
anekTpmyeckoe conpoTtueneHue (cm. D.2.4).

CTasbHOM LWapuk KomnoHeHT  Mopanoxka

PucyHok 16 — Linknunyeckoe ucnbitaHue

Ha VAP CTAbHBIM WAPHKOM YaepxusatoLee nofoxky npucnocosne-ne

Uucno nafeHunit, npealwecTsyoLlee paspyLLeHUo NasHOro COeMHEHUS], 3annCbIBAeTCS.

LN [OCTUXEHWsI XOopoLleil BOCNPOM3BOAMMOCTM YCMOBUIA UcMbITaTeNbHOE 060pYyAOBaHUE LOSIKHO
06ecrneynTb BbICOKYD TOYHOCTb MO3NLMOHMPOBAHUS TOUKM NafeHus wapuka. 115 npoBepku cTabuibHOCTM
npuKnagbLIBaemMoro K nassHoMy coefiMHeHUo e opMUpPYIOLLEro BO3AeNCTBUS XenaTelbHO NPOBECTM Npe/Ba-
puTeNbHOE MCnbITaHWe A5t onpegeneHns opMbl U amnanTy bl 4ehOpPMUPYIOLLETO BO3AEKCTBUS C UCNOSIb-
30BaHWEM TeH304aTuuka, YCTaHOB/IEHHOTO B HENOCPeACTBEHHOW 6/IM30CTU K NasHOMY COeAMHEHUIO
UCMbITHIBAEMOr0 KOMMOHEHTA.

JeTanbHoe onvcaHue npoueaypbl UCMbITAHUS MPEACTAB/IEHO B NPUIOXeHUN E.

7.5 VcnblTaHne Ha NPOYHOCTb NasgHbIX COG,EI,VIHeHVIVI ANnA KOMMNOHEHTOB C BbiIBOAaMU,
MOHTUPYEMbIMUN B OTBEPCTUA

7.5.1 lVcnblTaHMne MPOYHOCTU Ha OTPbIB A1 KOMMOHEHTOB C BbIBOAaMU, MOHTUPYEMbIMU B
oTBepcTUAa

[laHHoe wucnbiTaHMe npoBOAUTCA NyTeM
yAepXaHuss 04HOro 13 BbIBOAOB KOMMOHEHTA C
BbIBOAAMUN, MOHTUPYEMbIMU B OTBEPCTUA, yCTa-
HOBJIEHHOTO Ha OAHOCTOPOHHIO MOASOXKKY,
yAepxusaemyo UKCUMpyoLWmnm npucnocobne-
HHOM. W BbITATMBaHNA [aHHOro BbiBOJA B
HanpaBneHuu, nepneHAnKynspHOM TeCcTOBOA
NOAN0XKeE, C LieNlblo M3MEepPEeHNss MakCMMasbHOW
CW/bl, paspyLluarLei nasHoe coefiMHeHne, Kak
nokasaHo Ha pucyHke 17. [laHHbI BUA, UcnbiTa-
HWIA NPOBOAMTCA Kak [0. Tak U Nnocfie YCKOpeH-
HOli MOArOTOBKM K WCMbITAHWIO, NpU  3TOM
oLeHuBaeTCca CTeneHb fAerpagauunm nasaHoro
coefnHeHnsa. Ecnn Hannume Koprnyca KOMMO-
HEeHTa OCJ/IOXHSAEeT MpoBefeHne WUCNbITaHUA
NPOYHOCTM Ha OTPbIB, MOXET 6bITb UCMNOMbL30-
BaH TO/IbKO BbIBOA, OTAE/NIEHHbIA OT Koprnyca
KoMnoHeHTa. CKOPOCTb MPU/IOXEHUSA TAHYLLEro PucyHok 17 — McnbiTaHve NPOYHOCTU HA OTPbIB
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ycunus BblGMpaeTca 13 NpeanoyYTUTENbHbIX 3HA4YeHuid 1 MM/MUH, 2 MM/MWH, 5 MM/MuUH, 10 MM/MUH ©
20 MM/MUH.

[eTtanbHoe onucaHve npoueaypbl UCNbITaHUA NpeAcTasB/ieHo B NpunoxexHun F.

75.2 McnbiTaHne Ha COMPOTUBIEHWE NON3YYEeCTU A1 KOMMNOHEHTOB C BbiBOAAMW, MOHTUpPYeE-
MbIMW B OTBEPCTUA

[laHHOe ucnbiTaHne NPOBOAUTCS C Lie/Iblo M3MEePEeHUss BpeMeHn, Heo6Xo0AMMOro A41a paspbisa v Bbina-
[leHus BbIBOAA, CMOHTUPOBAHHOMO Naiikoil B CKBO3HOE OTBEPCTHNE Ha TeCTOBOW NOA0XKE NYyTEM €ro BbITATM-
BaHWA C MOMOLLbIO NOJBELUEHHOrO rpy3a W HarpesBa [0 BbICOKOW TemnepaTypbl B TepMokamepe, Kak 310
rnokasaHo Ha pucyHke 18. Ecnv Hannune kopnyca KOMMNOHEHTa OC/IOXHAET NPOBEAEHNE UCNbITAHWA HA COMNpPO-
TUB/IEHWE MON3YYECTH, MOXET OblTb NCNO/b30BaH TO/ILKO BbIBOA, OTAENEHHbI OT Kopnyca KOMNoHeHTa. Pas-
pylweHne nasHoro coefAuHeHuss Oo6HapyxuBaeTcs O0OpbIBOM 3/1EKTPUYECKOM Lenu C WCNosb30BaHUEM
npubopa, M3MepsaILLErO 3/1eKTpuyeckoe conpoTusneHne (cm. D.2.4).

Bpewmsa, npefwecTsytoliee paspyLleHnto NasHoro CoenHEHNs, 3anmcbiBaeTcs.

Ycnosus NpoBeAeHns UCTbITaHWI onpeaenstoTca TemnepaTypoii naBneHns NcnonbL3yeMoro marepuma-
na. KotTopas 06bIYHO ycTaHasnMBaeTcs Bbiwe, yeM 0.4 oT BenununHbl TT (TT— Temnepatypa nnasfieHns
maTtepvana B rpagycax KenbuHa). 115 cnnasoB, UCNO/b3yeMblX B KauyecTBe NPUMoes, Npu ycaoBuu, 4TO
KOMHaTHaa TemnepaTypa coctasnseT npubnusntensHo 0.6 oT BeNNUYNHbI TT, TEOPETUYECKN BO3MOXHO MPO-
BECTU UCMbITAHNE Ha CONPOTUB/IEHNE NON3YYecTn Npu Temneparype oT MuHyc 50 °C o TemnepaTypbl 4yTb
HVXe TemnepaTypbl nnaenexHnsa. OgHaKo He06X04MMO yUNTbIBaTb TEPMUYECKOE COMPOTUBEHNE KOMMNOHEH-
TOB C BbIBOJAMMW, MOHTUPYEMbIMY B OTBEPCTUSA, a Takke CTapeHne NoAnoxku. MNpakTuyeckn TemnepaTtypHbIii
AvanasoH, B KOTOPOM NPOBOAATCA UCMbITAHUA KOMMOHEHTA, NIeXUT B NpeAenax oT KOMHATHON Temneparypsl
fo Temnepatypsbl +125 °C. bonee Bbicokas Temneparypa MoxeT 6bITb BbibpaHa npu Ucnosib30BaHmn Noan0x-
Kn c 6onee BbICOKOW TemnepaTtypoii cteknosaHusa (Tg). na npasuibHOro onpegenexHns npuaaraemoro ycu-
NNS Ha OTPbIB BbIBOAA XenaTeslbHO TakkKe BbINO/IHUTL NpefBapuTenbHOe uchbiTaHue.

MonsyyecTb oLeHMBaeTCA BECOM MPUMEHEHHOTO rpy3a U BpeMeHeM, NpoLUefLM A0 MOMEHTa paspy-
LIEHNA MasiHOro CoeAunHeHns.

[eTanbHoe onucaHue npoueaypbl UCMbITaHNA NPeAcTaBNeHo B NpunoxeHnn G.

PucyHok 18 — lVcnbiTaHne Ha CONpoTUB/IEHWE NOM3YyYecTun
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MpunoxeHne A
(cnpaBoyHOe)

YcnoBue 6bICTPOro U3MeHeHUs TeMnepaTypsl

A.l O6uwme nonoxeHus

B HacTosLeM NPUIOXEHUN ONUCLIBAIOTCA YCNOBUSA UCNbITAHUI HA BO3JeicTBUE BbICTPOro N3MEHEHUA TemMnepaTy-
pbl. npuBeAeHHble B 6.3.1.

A.2 Bpems npefBapuTenbHON Bblfepxku o6pasLla B yCNOBUAX OKpyXatouiei cpeabl, Heobxogumoe ans

nposeaeHns 3P PEKTUBHOIO UCTbITAHUSA

KpnBasi ocnabneHnsi MexaHWyeckoro HamnpsHKeHWsl, BbI3BAHHOTO MPUIOXKEHUEM MOCTOSIHHON MexaHu4Yeckoi
fedopmauumn, npusefeHa Ha pucyHke A.l. Mi3HayanbHoe M3MeHEHWe MexaHW4eckoro HanpskeHus 40BOJIbHO BEJUKO,
0f}HAKO OHO YMEHbLUAETCS C TEYEHUEM BPEMEHU. SBNEHNE YCTA/IOCTM B MaTepuasne npunosi npy noBTOPSIOLLEMCS U3Me-
HEeHWUU TeMnepaTtypbl B 3HAUUTE/NLHO Mepe 3aBUCUT OT MEXAHUYECKOro HanpshkeHUst He6anUCTMYeckoro Tuna. Havasnb-
HOE M3MEHEHUEe HaMpsXKEeHWs1 4OCTATOUHO BE/INKO, HO HANPSHKEHNE YMEHbLIAETCSA C TEYEHNEM BPEMEHU.

MpuNoXeHHOe K MasHOMY COEAMHEHUID MeXaHWYeckoe HanpsikeHue, Bbi3BaHHOE PA3HOCTbIO TemnepaTypHbIX
KO3 (MNLNEHTOB NUHEHHOTO paclIMpPeHUs MaTepuasioB KNeMM/BbIBOLOB KOMMNOHEHTA M TECTOBOW MOAI0XKM, 06YC/I0B-
JIEHHOE GbICTPLIM U3MEHEHWEM TEMMEPATYPbl, YMEHbLIAETCS C TEUEHNEM BpeMeHU. [pu 3ToM HeBanINCTMYeckoe Mexa-
HUYecKoe HamnpshkeHue siBASeTCA NPUUMHOI YCTAnoCTW NasHOro COeAMHEHUs. [I1f UCMbITaHUS NPOYHOCTW COeANHEHNSI
HEO6X0AMMO BbILEPXKMBATL €I0 NPU BLICOKOW UM HU3KOM Temnepartype L0CTATouHOe BpeMsi. 111 OLEHKU pesy/ibTaToB
KpaiiHe HeahheKTUBHON sBNSETCA BblgEpXKa COeAUHEeHUs B TEMMepaTypHbIX YCNOBUAX, NP KOTOPbIX ocnabneHue
MEXaHWYECKOTO HaMpPsXKEHUS HE SABMIAETCS 3HAUYUTE bHBIM.

CnepoBatenbHo, A5 oc/iabneHus HanpsixkeHus xenaTebHO Bbl4EPXUBATbL UCNbITYeMblii 06paseL, Npu BbICOKOW
WU HU3KO TemMnepaType B TeueHne 15 MuH.

Mnrt, Mb
50

40

D0

20

10

o] 2000 4000 BooOBpemac

PucyHok A.1 — KpuBasi ocnabneHnss MexaHn4eckoro HanpshKeHus,
BbI3BAHHOIO MPUIOXKEHNEM nocTosHHoi MeXxaHu4yeckol gedopmauun
(Sn96.5Ag3Cu,5)

A.3 Bpems, Tpebyemoe 415 AOCTUXEHUS TeMnepaTypHOro paBHoOBecUs

Ha pucyHke A.2 npefcTaBieHbl pe3ynbTaTbl 3amepa Temnepatypbl B kKamepe TePMOLHK/THPOBAHUA C BHYTPeHHe
BO3AYLIHOW LupKynsuueii. TemnepaTypa B kaMepe A0CTUraeT YCTOWYMBOIO COCTOSIHUS MPUMEPHO Yepes NATb MUHYT
nocne 3arpy3ku HeGoNbLIOro KoNMYecTBa nognoxek. OAHaKo npy GONbLIOM KOIMYECTBE 3arpyXaeMblx NoAN0XeK yCTon-
UMBOE COCTOSIHWME GYAET [OCTUTHYTO NPUGAN3UTENBHO Yepe3 15 MUHYT. [N ucnbiTaHns 06pasybl HEO6X0AUMO BblAEp-
XaTb B kamepe 15 MUHYT.
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Temnepartypa, 'C

100
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N X
-50
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Bpewms, MuH

a) Pacnpepgenexne temnepatypbl (0 noanoxek)

Temnepartypa. *C

Bpewms, MuH

b) Pacnpegenexve Temnepartypbl (240 noanoxek)

PucyHok A.2 — Bpemsi, Heo6XoAnMoe AN JOCTMXKEHUS YCTOWYMBOTO COCTOSIHUSA TemMnepaTypHOro paBHoOBecHs!
B KaMepe TepPMOLUK/IMPOBaHMS

A.4 Bpems Bblfepxku o6pasua npu BbiCOKOW/HU3KOM TemnepaTtype (TeXHUYecKkue ycnoBus)

Bpemsi Bblgepxkn o6pasla npu BbICOKOW/HWU3KON TemnepaType onpegeneHo a 30 MUHYT, Kak CymMMa BpeMeHM,
HEeobX0AVMMOro AN CHATUA MexaHU4yeckoro HanpskeHus (15 MUHYT), 1 BpeMeHu, HeobxoAnMOoro Ans TeMmnepaTypHOii
ctabunusaunm (15 MUHYT).
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Mpunoxexne B
(cnpaBoyHOe)

McnbiTaHne nasHoro coeMHeHns Ha 3]'IeKTpI/I‘-IeCKVIl7I 06prB

B.1 O6uime nonoxeHus

[laHHbI BUA MCNbITAHUS OLleHUBAET A0/ITOBEYHOCTb NasiHbIX COEAVHEHWI NyTEM NMOCTOSIHHOTO KOHTPO/IS 3/1eKTPpU-
Yyeckoii NPOBOAMMOCTN COeAUHEHUsI 6Ee3 NPUIOXKEHNA MexaHU4Yeckoro Bo3AeincTeus.

[laHHbI MeTog UcnbITaHWs 0COGEHHO NMOAXOAUT ANt MPOBEPKN [0J/ITOBEYHOCTU NastHOrO COeAUHEHUs A5t KOMMo-
HEHTOB C MATPUUYHbLIM PACMO/IOXEHNEM BbIBOAOB, Taknx kKak BGA, LGA. 15 KOTOPbIX NPaKTUYECKU HENPUMEHUMBbI UCTbITa-
HWA Ha MPOYHOCTb NAsiHOTO COeAUHEHWs, Takue Kak UCMbITaHWe Ha NpeAes NMPOYHOCTU NpU cABUre.

B.2 O6paseu n TecToBas uenb
[na nonynpoBOAHWKOBOro npmbopa MchbiTaTeslbHbIM 06pasLoM MOXET CAYXUTb KOMMOHEHT, BbIBOAbI KOTOPOro
NnoAK/MOYEHbIl, KaK NOKa3aHO Ha pUcyHke B.1. Bce KOHTaKkTHble 3/1eMeHTbl 06pasLla U TeCcTOBOM NOAMOXKM NnooyepesHo

BK/IIOYEHbI @ TECTOBYIO LieMb.
Kak pekomeHAyeTcs, KOHCTPYKLMsi 06pasLa, Ucnonb3yemas 415 UCMbiTaHUii, LO/MKHA NOMHOCTHLI0 COOTBETCTBOBATb

TON xe KOHCTPYKUUU peasibHOro nonynpoBogHWUKOBOro npmﬁopa, nognexatuiero oueHke.

Pcuapatcp
CONPOTUBNEHUSI

PucyHok B.1 — lMpumep cxeMbl AN NPOBEAEHUSI UCMbITAHUIA NasiHOTo coeAUHEHNUs
Ha Ha/mune 3M1eKTPUYECKOro coeuHeHns

B.3 Ycnosua MoHTaxa u martepuansl

Moapo6Ho cm. 6.1.

B.4 MeTtofa ncnbiTannsa

[nsa oueHKkn Hanuuna paspyleHns NasHoro coeAnHeHUs nepep nNpoBefeHNneM yCKOPEHHO NOoAroTOBKM K UChbiTa-
HUIO W Nnocfie Hee M3MepseTcA 3NeKTpUYeckoe COnpoTuBNEHWE 06pa3oBaHHON nocnepoBaTefibHON uenu. BenuunHa
conpoTvBAeHNs o6pa3oBaHHOl NocnefoBaTebHON Lenn A0/HKHA U3MePATbLCA MOCTOAHHO AN 06HapYXeHWs cTeneHun
Jerpajauuy nasHblx coefuHeHuii. XXenaTenbHO NPOBOAWUTbL MOCTOAAHHbIE U3MEPEHUs CONPOTUBAEHUS Lenu O TOro
MOMeHTa, noka He 6yAeT 06HapyXXeHo paspylleHre nasHoro coegnHeHuns. NMogpo6Ho MeToA NCMbITAHNA OMUCaH B CTaH-
papte M3K 62137.
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Mpunoxenne C
(cnpaBo4HOE)

McnbiTaHna Ha NPOYHOCTb NPU NMPUNOXEHUN KPYTALLEr0O MOMEHTa

C.1 O6wue nonoxeHns

[laHHOe npuaoxeHue feTasnibHO ONUCbIBAET UCMbITAHWE HA NPOYHOCTb NPU NPUNOXEHUN KPYTALLETO MOMEHTA, Npu-
BefleHHoe B 7.1.4.

C.2 MeTtog ncnblTaHus

C.2.1 O6opypoBaHue n npucnocobieHne ANa UCnbiTaHUsA

McnbiTaHne Ha MPOYHOCTb NPY NPUIOXKEHMN KPYTALLET0 MOMEHTa AO/HKHO NPOBOANTLCA C UCNO/Ib30BaHNEM CreLm-
anbHOro obopygosaHus, ykazaHHoro B C.2.3. npucnocobseHns Ans NpuaoXeHUs KpyTalero MOMeHTa, NokasaHHOro Ha
pucyHkax C.2 n C.3.

C.2.2 KpenneHune TecTOBOWN NMOAMN0XKMN

TecToBas NOAIOXKKA C YCTAHOB/IEHHbIM MNOBEPXHOCTHO MOHTUPYEMbIM KOMIMOHEHTOM [O0/XHA OblTb 3aKkpensieHa B
KpenexHoM npucnocobaeHnn ¢ ncnonb3osaHnem 60nToB. TecToBas NoAM0XKa A0/KHA ObITb 3aKpensieHa Ha KpenexHom
npucnoco6eHnm, Ha Bcex ee YeTbipex yrnax, Uam 3afBrHyTa B HEro KOPOTKO CTOPOHOiA, Kak 3TOT Noka3aHO Ha PUCYH-
ke C.1. MNpu BO3aeNCTBUM Ha NCNbITYEMbIVi 06pasel, caBuratoLLeit cuibl TecToBas NOAM0XKa He A0/MKHA n3rnbatbes. Mpn
NPUNIOXEHNN KPYTALLEr0O MOMEHTa MOoMNepeyHoit cunbl NocneHuii nepefaeTcs Ha TECTOBYHO NMOAOXKKY.

C.2.3 TMpunoxeHne KpyTALWEro MOMEHTa NMONEPEeYHoRn cunsbl

C.2.3.1 O6wue nonoxeHns

McnbiTaTensHoe 060pyaoBaHme AO/HKHO ob6ecneynBaTb BO3MOXHOCTb PEry/IMPOBK/ CKOPOCTW BPAaLLEeHUs Npu npu-
NIOXEHUN KPYTALLEro MOMEHTa 1 JO0/KHO MMeTb B cocTaBe YCTPOICTBO, MO3BONAKOLWEe NOAAEePXMBaTb 0Cb BpaLleHus
CTPOro BEPTMKaNbHO NO OTHOLIEHWNIO K TECTOBOM NOAJ/IOXKE.

C.2.3.2 CKopoOCTb nepemelieHunsa

[lo npoBeAeHNa UCMbITAHUA Ha NPOYHOCTL MPU CABUTE NPU MPUNOXKEHUN KPYTALLETO MOMEHTa, NyTeM npoBejeHuns
npeABapuTeNIbHOrO UCMbITAHWUA NPUOAN3NTENBHO OnpeaenseTcs MakCUMasbHbll KPyTAWMUA MOMeHT. CKOpPOCTb nepeme-
LLleHNA NPUCNOCO6NEeHNA A1 NPUIOXKEHUS KPYTALLLErO0 MOMEHTA NPV NPOBELEeHUN UCMbITAHNSA BblOMPaeTCs Ha OCHOBaHUN
noslyYeHHbIX B pe3ynbTaTe npeABapuTelbHOro UCMbITaHUS NPUBAN3NTENbHBIX AaHHbIX TakumM 06pa3om, 4To6bl He06X0-
AVMbIV NS paspylleHns coegUHeHNs MakCUMyM npuaaraemMoro KpyTswero MoMeHTa AoCTUIasnca BO BDEMEHHOM UHTep-
Basle OT HECKOJIbKMNX [leCATKOB CEKYH/[, 10 HECKOJ/IbKUX MUHYT.

MpumevyaHune - CKOpoCTb MepeMelleHUss He yka3aHa B HaCTOSILeM CTaHfapTe, Of4Hako B cnydyae, Koraa
06opyfoBaHNE A8 UCNbITAHWUSA UMEET BO3MOXHOCTb PEry/IMPOBKU CKOPOCTW NEPEMELLEHNS, PEKOMEH0BAHO BbIGMPaTh
ee B AnanasoHe ot 0.00698 paa/c go 0.015 pag/c.

Korga BO3MOXHOCTb Pery/simpoBk/M CKOPOCTW MepeMelleHna oTCyTCTBYeT, crieAyeT noBopaynBarh Bpaljaroleecs
npucnocobsieHne 10 MOMEHTa, Korga MakCumym npuaaraeMoro KpyTsLero MOMeHTa OCTUraeTcs BO BDEMEHHOM UHTep-
Basle OT HECKOJIbKMUX [,eCATKOB CEKYH/[, 10 HECKO/IbKUX MUHYT.

C.2.3.3 PerynumpoBka NoJsI0XeHUA Npucnoco6aeHna gna UcnbiTaHUin NPOYHOCTU Ha CABWUI NpWU Npuaoxe-
HUN KpYyTALLero MoMeHTa

MpucnocobneHve ANS UCNbITAHNIA NPOYHOCTU Ha CABUT NPU NPUNIOXKEHWUN KPYTALLETO MOMEHTa HakpbiBaeT TecTo-
BYIO MOZA/MOXKY CBepxy, mocne 4ero npucrnocobrieHve Bpalwjaetcs C Masnoli CKopocTbio, 06pasys KpyTALWMA MOMEHT
(cm. pucyHok C.3). Mpy NPUIOXKEHUN KPYTSALLEro MOMEeHTa OCb BpalleHns NpucnocobaerHns fokHa 6biTb COBMELLeHa B
BEPTUKa/IbHOW NPOEKLUNN C LEHTPOM KOMMOHEHTa, CMOHTVPOBAHHOIO Ha TECTOBOI Noanoxke. [0S nogaBieHNss BO3MOX-
HOro OTKNOHEHWSA OT OCU BpalleHus Uan Bubpaunii pekomeHayeTcs UCNonb30BaTh 3aXMMHOE npucnocobnieHuve.

C.2.3.4 PaspyweHue cOefVHEHUA Npu NpoBefeHUNn UCMbITAHUA MPOYHOCTW Ha CABUT NPU MPUIOXKEHNN
KPYTALWEro MoOMeHTa

MpucnocobneHve ANS UCNbITAHNIA NPOYHOCTU Ha CABUT NPU NPUNIOXEHWUN KPYTALLEr0O MOMEHTa HakpbiBaeT TecTo-
BYIO NOAJIOXKY CBEpPXY, MOC/1e Yero npucnocobnexHne BpaujaeTcs ¢ Manoii CKOpoCTbio, 06pasys KpyTAWnii MoOMeHT. Cne-
AyeT obpaTuTb 0c0o60e BHUMaHMe Ha noAjepXaHue W3MepuTens KpyTAwero MOMeHTa CTPOro B BePTUKa/IbHOM
NOJIOXEHNN MO OTHOLIEHWNIO K TECTOBOI Nognoxke. CKOPOCTb BPALLLEHUS, NPU YC/I0BUM BO3MOXHOCTU €e peryimposaHus,
[OMXHa ycTaHaBnuBatbcsa B npegensx ot 0.00698 paa/c go 0.015 pag.'c. B cnyyae, ecnm BO3MOXHOCTb perympoBaHus
CKOpPOCTW OTCYTCTBYET, ciieflyeT o4eHb Me//IeHHO NoBOpayMBaTb NPUCNOCOGEHNE A0 HACTYNIEHNSA MOMEHTa paspyLue-
HVSA NAastHOTO COEfMHEHNS.
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C.2.4 WcnbiTaHMe NMPOYHOCTU Ha CABUT NPU NPUMNOXEHUN KPYTALLET0O MOMEHTa K 3NeKTpU4eckomy coegu-
HUTEeno

C.2.4.1 Tpe6oBaHus K ucnbiTaTeNbHOMY 060pyA0BaHI0

B ucnbiTatenbHOM 060pyf0BaHMN PEKOMEHAYeTCA NpeAyCMoTpeTb BO3MOXHOCTb PEery/IMpoBKU CKOPOCTM Bpalle-
HWA N HaNWYKMe yCTpoiicTBa, NOAAEPXMBaIOLLEero OCb BpalleHns CTPoro nepneHAnKYspHO K NOBEPXHOCTU TeCTOBOI noa-
TIOXKMN.

C.2.4.2 MpucnocobneHne gNs NpoBeAeHNA UCNbITAHUA MPOYHOCTM HA CABUT NP NPUIOXKEHUN KPYTALLEro
MOMEHTA K 3/1eKTPUYECKOMY COEMHUTEIO

MogroTasnmBaeTca Npucnoco6reHne 415 NPOBEAEHNS NCMNbITAHUSA NPOYHOCTM Ha CABWUT MPU MPUMOXEHUN KPYTS-
LL|ero MOMEeHTa K 3/1eKTPMYECKOMY COeAUHNTESI0 C y4eTOM ero nasHbIX coefuHeHnii n hopMbl 3/1€KTPUYECKOro CoegnHN-
TeNsA. ycunuealoleil ero mMexaHWyeckyl MNPOYHOCTb, Kak NokaszaHo Ha pucyHke C.3. [na ynyyweHWss TOYHOCTM
M3MepeHnil xenaTtenbHo, 4YTo6bl AaHHOe npucrnocob/ieHne ycTaHaBAMBANOCh Ha pa3beM Kak MOXHO 60/siee TOYHO, C
MWHUManbHbIM 3a30poM. Ny6uHa H faHHOro NokpbiBaloLWero npucnocobieHns fomkHa 6biTb NPUGAN3NTENBHO paBHa
BbiCOTe pa3beMa. [MokpbiBatoLee npucnocobieHme noMelaeTcs Ha pasbem, CMOHTUPOBAHHbIV Ha TECTOBOI MOAMOXKE.

C.2.4.3 CKopoCTb nepemMelleHuns, npuknagbiBaolan KpyTAWMNA MOMEHT K 31€KTPUYECKOMY COeAMHUTENI0

Ans npnbnnsnTenbHOro onpejeneHnsa MakCMmanbHOro KpyTALLEero MOMeHTa JO/HKHO 6biTb NpOBeAeHO NpejBapu-
TeNlbHOE UCMbITaHMe C UCNO/Ib30BaHMEM UCXO4HOro o6pasua. Mo pesynbtatam npegsapuTeslbHO NPOBELEHHOIO UCNbITA-
HKA obpasua Ha cABur onpeenseTca TpebyemMas CKOPOCTb NepeMeLLeHuns, NPY KOTOPOIi MakCUMyM KpyTALLEero MoOMeHTa,
06pbiBaKOLLEro UCMbITbIBAEMOE COeANHEHNE, AOCTUTAeTCs 3a BPEMEHHON UHTepBas OT HECKO/IbKNX AECATKOB CEKYH[, A0
HECKOJIbKMX MUHYT.

MpumeuvuaHune — CKOPOCTb NEPEMELLEHUS He yka3aHa B HACTOSALEM cTaHAapTe, O4HAKO B ciyyae, Korga 060-
pyfoBaHue 4N UCMbITaHUS UMeeT BO3MOXHOCTb PEry/IMpoBKM CKOPOCTU NepeMeLleHns, pekoMeH40BaHo BbibupaTb ee B
avana3oHe ot 0.00698 paa/c go 0.015 paalc (CKOPOCTb BpaleHus).

Korfa BO3MOXHOCTb Pery/siMpoBku CKOPOCTW MepeMeLleHns oTCyTCTBYeT, caefyeT nosopaynsaTh Bpaljaiolieecs
npucnoco6nexHne [0 MOMEHTA, KOraa MakCMMym npuiaraemMoro KpyTsiLiero MOMeHTa focTuraeTcsi BO BDEMEHHOM UHTep-
Basie OT HECKOIbKUX [EeCATKOB CEKyHA A0 HECKOJIbKMX MUHYT.

C.2.4.4 PerynupoBKa NOMIOXEHUS NPUCNOCO6NEHUSI ANA UCNbITAHUI NPOYHOCTU HA CABUT NPU NPUIOXe-
HUN KPYTALWETo MOMEHTa K 3/IeKTPUYECKOMY COeUHUTENI0

MpucnocobnexHne Ana UCnbITaHW MPOYHOCTU HA CABUT MPU NPUIOXKEHUN KPYTALLErO0 MOMEHTa HakpbiBaeT TecTo-
BYIO MOANIOXKY CBEpXy, mocne 4ero npucrnocobneHve BpaljaeTca C Masioil CKopocTbio, 06pasys KpyTAWMA MOMEHT
(cm. pucyHok C.3). Mpu NpUIoXKeHUN KPYTALLErO MOMEHTa OCb BpalleHUss NpMcnoco61eHns fo/mKHa ObiTb COBMELLEHA B
BepTMKaNbHOW NPOEKLMN C LLeHTPOM YCTPOICTBa, CMOHTUPOBAHHOIO Ha TeCTOBOI Nognoxke. AnA nofaBneHns BO3MOX-
HOrO OTK/IOHEHWS OT OCY BpaLleHns nau Bubpaunii pekoMmeHayeTcs NCNob30BaTh 3aXKMMHOE NPUCNOCo6IeHNe.

C.2.4.5 PaspyweHune pasbema nNpy NpoBefeHNN UCNbITAHNI NPOYHOCTU HA CABUT MPU MPUTOXEHUN KPYTS-
Lero MoMeHTa

Mpucnocobnexnne Ans NCNbITaHWA NPOYHOCTN HAa CABUT NPV MPUIOXKEHUN KPYTALLEro MOMEHTa HaKpbiBaeT TecTo-
BYIO NOANI0XKY CBEPXY, MOC/e Yero npucnocobieHne BpaljaeTcs ¢ Masoii CKOpocTbio, 06pa3ys KpyTsLnii MOMeHT. Cne-
AyeT ob6bpatuTb ocoboe BHUMaHWE Ha MNoAAepXaHue U3MepuTens KpyTAWero MOMEeHTa CTPOro B BepTuKa/ibHOM
NOJIOXKEHUN NO OTHOLLEHUIO K TECTOBOW NoANOXKe. CKOPOCTb BPaLLLEHUSI, MPK YCI0BAM BO3MOXHOCTU €€ perynpoBaHus,
[ONXHa ycTaHaBnmeaTbes B npegenax ot 0.00698 paa/c o 0.015 pag/c. B cnyyae, ecnv BO3MOXHOCTb peryiMpoBaHus
CKOpPOCTW OTCYTCTBYET, c/lieflyeT OYeHb MeJJ/IeHHO MoBOopaynBaTb NPUCNOCo6/eHne BOKPYr pasbema, yAepxuBas oCb
BpaLlleHNs CTPOro nepneHnKyIspHO TeCTOBOW NOAMOXKE, 0 HACTYNIEHNA MOMEHTa pa3pyLUeHNA NasHbIX COeUHEeHNA.

PucyHok C.1 — dukcauma nognoxkum Ans npoBefeHns UcnbiTaHnii Ha cABUT
npu NPUIOXKEHUN KPYyTALLEro MOMeHTa
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PucyHok C.2 — lMpucnoco6ieHne Anst NO3NLNOHNPOBAHNS W UCMbITAHUIA Ha CABUT
Npy NPUIOKEHUN KPYTALLEro MOMeHTa
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PucyHok C.3 — VicnbiTaHue Ha CABUT NpY NPUIOXKEHUN KPYTSILLEr0 MOMEHTA K 3/1IEKTPUUYECKOMY COeAVNHUTENIO
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Mpunoxexne D
(cnpaBoyHOe)

McnbiTaHMe Ha NPOYHOCTbL MPU MOHOTOHHOM narnbe

D.1 O6uime nonoxeHuns

[laHHOe npunoxeHune geTanbHO ONMUCbiBaeT NpoLeAypy UCMbITAHUS HA MPOYHOCTL NPY MOHOTOHHOM M3rnbe, npuse-
AeHHyo B 7.1.5.

0.2 O6opygoBaHue 415 NPOBEAEHNSA UCMbITAHWS Ha MPOYHOCTb NPU MOHOTOHHOM U3rn6e

0.2.1 Tpeb6oBaHMa K UcnbiTaTeslbHOMY 060pyAOBaHUIO

Ecnu nHoe He oTpaxeHo B crieyundurkaunm Ha npoaykT, o6opyaoBaHne 48 NPpOBeAEHUS UCMbITAHNA HA MPOYHOCTb
npn MOHOTOHHOM W3r6e A0/IKHO BbITh CAEAYIOWUM:

0.2.2 WcnbiTaTenbHasa MawunHa

McnbiTaHne AO/MKHO 6bITb NPOBEAEHO C UCMONb30BaHNEM 060pyAOBaHUA AN NPOBEAEHUS WCMbITAHUA Ha Mpo-
YHOCTb NP MOHOTOHHOM M3rnbe, onucaHHoMm B 7.1.5. co cnefyLWUMN 0COBEHHOCTAMM.

a) MawwuHa gomkHa MMeTb BO3MOXHOCTb Nepefasatb yCUANe HaXnMma Ha MHCTPYMeHT npornba c 3afjaHHol cKo-
POCTbIO Ha 3afilaHHOE nepemelyeHne (Makcumym 20 MM). TOYHOCTb U3MEPEHUS IMHERHOTO NepeMeLLeHNs oMKMa COCTaB-
NATb 1 % OT nokasaHwii U3MepuTens UcnbiTate/IbHOW MalinHbl (yCTAHOB/IEHHOE 3HAaueHune).

b) B MallMHe Ao/KHA GblTb NPefyCMOTPEHa BO3MOXHOCTb U3MEPEHNA NPUIOXEHHON K TMGOYHOMY UHCTPYMEHTY
CW/bl N CMELLEHUA C TEYEHNEM BPEMEHW.

D.2.3 MpucnocobnexHne Ans BbirMb6aHna NOAMOXKKN

B npucnoco6neHnn gns Bbirn6aHnsa NoAN0XKN AO/MKHbI 6bITb NPeAyCMOTPEHbI BO3MOXHOCTMN yAepXaH/a KOMMOHEH-
Ta. yCTAHOB/IEHHOTO Ha NeyaTHyto naaTty MLEeBoli NOBEPXHOCTbIO BHU3, U BbIrMGaHWe NeyaTHol naaTbl C MOMOLLbIO Crneum-
aNbHOTO MHCTPYMEeHTa C NPUIOXKEHNEM YCUANSA NO LLeHTPY Co6paTHO ee CTOPOHbI. ECnn nHoe He ykasaHo B cneuudmkanum
Ha NPoAyKT, NpucnocobaeHre OMKHO 6biTh CeayoWwmnM.

KoHCTpyKkums npucnoco6aenuns ana nsrnba noAnoxkn foskHa 6biTb Takoid, kak nokasaHo Ha pucyHke D.1

a) MaTtepuan: B kauecTBe mMatepuasna npucnocobaeHmsa fo/mkHa 6biTb UCNOMb30BaHA CTaslb.

MpumeyaHune — [ins npegoTepatieHuns gecpopmanuii, BbI3BaHHbIX LUKIMYECKUMU UCTIBITAHUSIMU, PEKOMEHY-
€TCs UCNOo/b30BaTb BbICOKOMPOYHYIO CTasb.

b) M3rnbaiolnit UHCTPYMEHT: paguyc N3rnbarwLLero afneMeHTa 4o/mkeH 6biTb 5 MM 1 0.2 MM.
c) MopgepxuBatoliee nNpucnocobrieHne: paanyc NoALEPXMNBAIOLLETO NPUCNOCOBIeHUs AOMKEH BbiTh 2.5 MM X
x 0.2 mMm.

d) PaccTtosiHie mexay ABYMSA noagepxXuBaLyMmm pebpamu npucnocob6ieHns: paccTosHue AoKHO 6biTb 90 MM +
X 1 Mm.

PucyHok D.1 — TMpumMep npucnocobnexnnsa ana narnba nnatbl

D.2.4 VNHCTPYMEHT ANA U3MEepEeHUS 3N1eKTPUYEeCKOro ConpoTUBAEHNSA

VHCTPYMEHT ANA M3MepeHUs 3M1eKTPUYECcKOro COMNPOTUBAEHWS, MOMUMO MNPOYEro, AO/KEH UMeTb YCTPOWCTBO
o6HapyxXeHns o6pbiBa Ha TECTOBOV NOAMOXKE N BO3MOXHOCTb KBaNUMULMPOBATL 06PbIB B C/lyYae NpeBblleHNs 3/1ek-
TPUYECKUM COnpoTuBAEHNEM BeNNUUHbl 1 X103 0M. VI3mepuTenbHblii MIHCTPYMEHT A0o/KeH o6ecneynTb N3MepeHus npe-
pbIBaHUIi 3NeKTpUMYeckoin Lenn AnnTenbHOCTbI0 OT 10 Mk 4o 100 MKC C Leflbio 06HapPYXWUTb 06PbIB COEAUHEHNS.
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0.2.5 Peructpartop
PervcTpatopfo/mkeH 3anucbiBaTb NepemMelleHme v npukiajbisaeMoe ycuane ¢ TeYeHMeM BpeMeHN NPOXOXAEHUS
BO BpeMs TecTa.

0.3 Mpoueaypa ucnbiTaHnsA

Ecnu nHoe He ykasaHo a cneyudukauuy Ha NpoAyKT, npoueaypa UcnbliTaHUsa Ao/kHa 6biTb creytoLiei.

a) TecToBas NOAM0OXKA A0/HKHA ObITb NOMELLLEHA HA OCHOBaHUM NPUCNoco6neHns Ans nsrnba cnenyowmm obpasom:

- M3HayanbHO Naikoi ycTaHaBAMBaKOTCS MPOBO/IOYHbIE BbIBOAbI [/151 BK/IOYEHUS B MOCNEA0BaATENbHYIO LienoukKy,
NCMNONb3YLWYCA A8 TEKYLUX N3MEPEHUI 3NEeKTPUYECKOro CONPOTUBNEHMNS, 3aTEM NOAKIIOYAOTCA NpoBoja kK 06Hapy-
XWUTEN0 KPaTKOBPEMEHHbIX MpepbiBaHWi;

- cnepyet y6euTbCs, YTO LLeHTPbI NoAAepXUBaloLWnx pe6ep Nnpucnoco6ieHns HaxoAsTCs Ha OAVHAKOBOM paccTo-
SHAW OT LeHTpa n3rnbatwero nHcTpymenTa (45 mm x 0.5 mm);

- TecToBas NOA/M0XKA YCTAHOBMEHA HA UCMbITaTe/IbHY0 MallWHYy NULEBOV CTOPOHON C NOBEPXHOCTHO MOHTUpPYe-
MbIM KOMMNOHEHTOM BHU3. M0/10)XeHNe TeCTOBOIN NOAMOXKN AOMKHO 6biTb MOACTPOEHO Tak. YTOObI M3rnbatLnii UHCTPY-
MEHT OKa3biBasl BO3felicTBME N0 LEHTPY NOAMTOXKM,;

- NpvBeAs B KOHTAKT U3rnbalowmnii MTHCTPYMEHT 1 NOANM0XKY, cneayeT ybeanTbesa, uTo nsrnbarwmnii NUHCTpyMeHT
HaxoAuTCs B LLeHTPe MOA/0XKN.

MpumeyaHune — [INa NOATBEPKAEHNS NPUNOXEHNSA U3TMBAIOLLENO MHCTPYMEHTA K NOANOXKE CnesyeT nogaep-
XaTb ycunue nsrnba nofnoxku Ha yposHe 1 H+ 0.1 H.

b) Moanoxka NnpoAaBnuBaeTcs U3rnbalWwuM UHCTPYMEHTOM A0 MOMEHTa 06HaPYXEHUs 3/1eKTPUYECKOro o6pbiBa.
3HaueHNA BENVYUH NPUIOXEHHON CUMbI, NEPEMELLEHUS 1 3NEKTPUYECKOTO CONPOTUBIEHUS MOCNEA0BATENBHOMO COeAN-
HeHWs 3anucbiBaloTCS.

c) MasiHoe coefMHeHNe cunTaeTcs paspyLLeHHbLIM B MOMEHT, Korga 6yAeT nogTBEPXKAEHA «Pa30MKHYTOCTb» Noc/e-
foBaTenbHOl uenu. 3HauyeHre NPOYHOCTU NPU MOHOTOHHOM M3rn6e B AaHHbIA MOMEHT 3anucbiBaeTcs.

NMpumeyvyaHue — Ecnm nHoe He ykasaHo B cneuudukauuy nNpoaykra, BEIMYMHA MaKCUMabHOTO nepemMetle-
HUA AO/DKHA 6bITh 10 MM. VcnbiTaHne cnefyeT NPekpaTuThb, ecav Npu 4aHHOM NepeMeLLeHn He NPOUCXOANT 3/IeKTpUYec-
KOro 06pbiBa MW HE BUAHO paspyLUeHUs.

0) B cnyuyae He06X04MMOCTY NMPOU3BOANTCA OCMOTP MOBPEXAEHUsI coefnHeHus. MNoce npoBepku cnocob paspy-
LIeHUs 3anucbiBaeTCs.

0.4 CkKopoCTb NnepemeLLeHuns

Ecnu nHoe He yka3saHo B cneyudukaLum npoaykTa, CKopocTb NepeMeLleHust Ao/MKHa 6bITb BbiGpaHa BananasoHe ot
0.0083 mm/c o 0.1 mm/c (0T 0.5 MM/MUH 40 6 MM/MUH).

n punmedaHne — I'IpanmbHo BblﬁpaHHaﬂ CKOPOCTb nepemMelieHna npuBognT K paspyleHnio coequHeHus 3a
BpeMeHHOIZ NHTepBasl OT HECKOJIbKUX AECATKOB CEKYHA A0 HECKOJIbKUX MUHYT.
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Mpunoxexve E
(cnpaBoyHOe)

Livknnyeckoe ncnboiTaHne Ha ygap cTasibHbIM LWapUKOM

E.1 O6wwue nonoxeHusa

[laHHOe npunoxeHune geTanbHOONUCbHIBAET NpoLeAypy NPOBEAEHUS UCNbITAHUA Ha yAap CTaslbHbIM LWWAPUKOM, Npu-
BefleHHyl0 B 7.4.2.

Liknnyeckoe ncnbiTaHne Ha yaap CTaslbHbIM LAPUKOM ABASETCS YNPOLWEHHbIM UCMbITAHMEM A NOBEPXHOCTHO
MOHTUPYeMbIX KOMNOHeHTOB BGA, LGA 1 QFN, ycTaHaB“BaeMbIX B MOPTaTUBHYIO annapaTtypy, U UCNONb3yeTcs Kakalb-
TepHaTMBa WCMbITAHUIO Ha UMKIMYeckoe nageHue (4na cnabbix yaapos). [laHHOe ucnbiTaHMe He NOo3BOMSET NOAy4YnTb
OLLeHKY MPOYHOCTN CMOHTUPOBAaHHbIX Ha NaaTe KOMMNOHEHTOB, OHAKO OHO NO3BO/IAET OCYLLECTBUTbL OTHOCUTE/IbHYIO CpaB-
HUTENbHYI0 OLEeHKY HaJeXHOCTU MOHTaxa KOMMNOHEHTOB, MOABEPraloLWnXcs yaapam CTasbHOro najatoLiero Lwapuka.

E.2 YcnoBus MoOHTaxa NMOBEPXHOCTHO MOHTUPYEMbIX KOMMNOHEHTOB N NpUMeHAeMble MaTepuanbl

MoOHTaX KOMMNOHeHTa n MaTepuanbl 4O/DKHbI yO0BETBOPATL TpeﬁOBaHI/IFIM, N3/10KeHHbIM B6.1. TOAWMNHA 1 MaTepu-
an TectoBoi NoANOXKN AO/DKHbI 6bITb TAKUMMU, YTOOBI npu ygape, BbiI3BaHHOM NageHunem wapuka, noanoxka n3rmbanach ¢
A0NYCTUMbIM pagnyCcoM KPpUBU3HbI, HO He ,qe(popMMpOBanaCb. PekomeHgoBaHHasa ToWMHA TecToBOl noAJsI0XKKU cocTaB-
naet 1.6 Mm. T. e. 6onblle, yem npu UcnbiTaHMM Ha UUKIXYecKoe nageHune, onucaHHoe B 7.4.2.

E.3 McnbiTaTenbHoe obopyposaHune

ONa NOCTUXEHUS XOPOLUei MOBTOPSIEMOCTU UCMbITATENLHOE 060PYAOBaHWE AO/IKHO WMETb BbICOKYH TOYHOCTb
No3NLMOHNPOBAHNSA TOYKW NajeHus wapuka. Jns NnpoBepku CTabuNbHOCTU CBOWCTB MEXAHWYECKOr0 HanpsxeHus, npu-
KNaAblBAEMOTO K UCMbITLIBAEMOMY NasiHOMY COEAVNHEHWI0, C LieNblo onpeAeneHuns hopmbl U aMNIUTyAbl MEXaHUYECKOTO
HanpsXeHus, xenaTenbHO NPOBECTU NPeABapUTe/IbHOE UCMbITAHWE C UCMNO/Ib30BAHNEM TEH304AaTUMKa, Pa3MeLLEeHHOro B
HenocpefCcTBEHHON 6/1M30CTH OT NasiHOTO COEAMHEHUS KOMMOHEHTA, NPOXOAALLEro UCTbITaHne.

E.4 Mpoueaypa ncnbiTaHna

Kak nokasaHo Ha pucyHke E.1. TOBEPXHOCTHO MOHTVUPYEMbI/i KOMMOHEHT, yCTAHOB/IEHHbI HA TECTOBOI NOAIOXKE,
yaepxusaeTcst (OUKCUPYIOLWUM ee NPUCNoCco6/IeHNeM B NOMIOXEHUN NNLEBOI NMOBEPXHOCTbIO BHU3, a CTa/lbHON Liapuk
cB060AHO NagaeT € 3afaHHON BbICOTbI Ha Tbi/IbHYI0 CTOPOHY TECTOBOI MOAMOXKM. Touka NafeHus wapvka Ans nosep-
XHOCTHO MOHTUPYEMbIX KOMNOHEHTOB 60/bLUNX Pa3MepoB BblibnpaeTcs 6amxe K nepudepun KOMNOHeHTa, ABAStoLelics
Han6onee ys3BMMbIM A1 BO3HUKHOBEHUS MexaHW4Yeckux noBpexpeHuii mectom. PaspylleHue nasHoro coeguHeHus
0o6HapyxXnBaeTcs 06pPbIBOM B MOC/nefo0BaTe/IbHOM 3M1EKTPUYECKol Lenu, kak 3TO OTpaKeHOo B NpuaoxeHun B, nytem
MCNoNb30BaHUA Nnpubopa, M3MepaLLero anekTpuyeckoe conpotmusnerme (cm. 0.2.4).

Yucno cBo6OAHbIX NAAEHWUI Wapuka 4O MOMEHTa pa3pyLlleHnsi COeUHEHNS 3anucbiBaeTCs.

[laHHOe ncnbiTaHne ABASETCA UCNbITaHWEM Ha BO3feicTBME NerkuM yaapom.
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E.5 B3zaumocssa3sb AAaHHOTO UCNblTaHUA C UCNbITaHWEM Ha UMKAMYEeCKOoe nageHue (npmmep)

CpaBHeHMe NcnbITaHWii Ha LMKAnYeckoe nageHve n Ha LMKINYecknii yaap ctasbHbIM LWapukom 6bl10 chenaHo ans
pasnyHbIX Matepuasnos KOHLEBbIX BbIBOJOB 1 CMN/1aBOB, UCMO/b3yeMbIX B KayecTse npunos, ans kopnyca OF N ¢ 64 BbIBO-
Aamu nc warom BbiBog0B 0.5 MM. CMOHTYPOBAHHOTO Ha MOA/10XKe 13 maTepmana FR-4. TonwuHoi 1.6 Mm. Kak nokaszaHo Ha
pucyHke E.2. cpaBHMWBanoCh KONMYECTBO NafeHnii 40 MOMEHTa paspyLUeHus NasHbIX CoeAnHeHnA. Mexay AByMS Tunamu
ncnblTaHWin Habnoganack ycToiumeas Koppensuns.

KcutacrionuanHHSA Criubiroro nupuT
[10 HBCTYI/IEHT MOMEHTA paspyLLEHUS

[10 HacslynneHnst bIoM3T» paspyLUeHust

Ycnosus
VcnblTaHne Ha uukiMyeckoe najeHue: BbicoTa nageHuna — 0,75 m.
VMcnbiTaHne nageHvem CTasibHOrO Wapuka: macca wapuka — 10 r. BbicoTa nageHns — 1.5 m.

PucyHok E.2 — CpaBHeHMe LMKIMYECKOro UCMbITAHWS Ha NafeHue 1 LNKIMYEeCKOro UCMbITaHus
Ha yAap CTafbHbIM LapPUKOM
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Mpunoxexve F
(cnpaBoyHOe)

McnbiTaHe NPOYHOCTU Ha OTPLIB

F.1 O6uwmre nonoxeHus

[laHHOe npunoxeHve feTanbHO OnucbiBaeT NpoLeaypy NPOBeAeHUst UCMbITAHUA NPOYHOCTU Ha OTPbIB, NPUBEEH-
Hylo B 7.5.1.

F.2 Mpoueaypa ucnbiTaHus

Mpoueaypa ucnbiTaHUa onucaHa HUXe.

a) MepepgncnbiTaHnem obpasel AO/KEH ObITb BblAepXaH B CTaHAaPTHbIX aTMOCEPHbIX YC/TOBUSAX, KaK ONMCaHo B
5.3 ctaHpapTa MOK 60068-1. B TeueHune 6onee 4 4. MicnbiTaHne A0/MHKHO NPOBOAUTHLCA NOC/E NPOBEAEHNSA NPOBEPKN KOM-
NnoHeHTa.

b) TecToBasi NoA/I0XKa AO/MKHA 6bITb 3aMKCMpoBaHa Ha 060pya0BaHNM 4151 NPOBEAEHNA UCMbITAHWUA NPOYHOCTH
Ha OTpbIB, KaK NokaszaHo Ha pucyHke F.1.

NMpumeyvyaHue — MNpy 3aKpPenIEHNN TECTOBOIN NOAMNOXKKN BbIBOZ, MOAMNEXALMA UCMLITAHMIO, AO/KEH BbiTh 3a-
(hvKcMpoBaH B LEHTPe KpenexHoro npucnoco6neHns NoAnoXKKW TakuMm 06pa3oM, YTo6bl OH 6bin NepneHAVKYspeH Kpe-
NeXHOMY NpUCnoco6/1eHno BbIBOAA.

c) BbiBOA huKcupyeTcs B NpUcnoco6/1eHnn 060pyf0BaHus 4/1A UCTbITAHWA NPOYHOCTW Ha OTPbIB.

MpumeuvaHnsn

1 Ocoboe BHUMaHWe crneayeT yAeNnTb Ha HeJONyLWEeHne MeXaHNYecknx, TepMUYEeCKUX N XUMUYeCKX BO34eACTBUiA
Ha nasHoe coefjMHeHne Mexay BbIBOAOM 1 KOHTaKTHO niowaakoi acnyyae, ecnv TpebyeTcs oTAeneHne BbIBOAA OT Kop-
nyca KOMMnoHeHTa.

2 Cnocob KpensieHnst TeCTOBOI NOAMOXKKN, OTHOCUTE/IbHOE NOOXEHVE KPpenexHoro npucnocobeHns n Bbioga
[O/MDKHBI ObITb 3anUcaHbl.

3 Korga BbIBOA 3a(hmkcmpoBaH B npucnoco6niexHnn, cosgatollem ycuane Ha oTpbiB, oco6oe BHUMaHue cnegyet
06paTuTb Ha HefoMyLLEHNE NMPUMNOXEHUS K COeUHEHNI0 CKpyunBaloLieli nnu crubatouiei cunbl.

d) CkopocTb nogbema npucnocobieHnsa Ans UcnbiTaHUa Ao/KHA 6biTh BbibpaHa M3 cnegyowmnx pekomeHg0BaH-
HbIX 3Ha4YeHuit: 0.0167 mm/c (1.0 mm/mMuH). 0.033 mm/c (2.0 MM/MKH). 0.083 mm/c (5.0 MM/MuKH), 0,167 Mm/c (10 MM/MUH),
0.333 mm/c (20 mM/MUKH). CKOpOCTb NoAbema A0/mkHa 6biTb yXxaszaHa B onucaHuu npubopa.

MpumeuyaHue — CKOPOCTb NOAbEMA JO/KHA 6bITh BbiGpaHa Tak. YTo6bl paspyLieHne CoefUHEeHUs1 NPOUCXO-
LU0 32 BPEMEHHON WHTEPBA/I OT HECKOJIbKMX LECSATKOB CEKYH[ A0 HECKOSIbKUX MUHYT, HauuMHas OT MOMEHTa Hauana
nogbema.

e) TsAHYTb BbIBOJ YCTAHOB/IEHHOTO KOMMOHEHTA CO CKOPOCTHIO COFNACHO NYHKTY d) 40 paspyLleHUs COEAUHEHNUS.
3HaueHne MakCMManbHON NPUIOXEHHON CUbl, NPU KOTOPOI NPOUCXOANT paspyLleHne, 3anucbiBaeTcs.

MpumeyvyaHune — MNpu 3aNUCAX 3HAYEHNI N3MEHEHUI NPUNOXEHHOI HA OTPbLIB CUAbI TaKXe XenaTesbHO 3anu-
caTb U3MEHEeHWE NEPEMELLEHUS A1 HECKO/IbKUX TOYEK PALOM C COEMHEHUEM.

f) MonoxeHue Npu paspylieHWn COeAMHEHUSI K CNOCOG paspyLleHns Takke nogaexar 3anucu.

Ha—3avnexve ycunus

BblBOA, Moanoxka
1
\ Konak-Has / Fantenb -punos
 nnowagka

PucyHok F.1 — VicnbiTaHne NpOYHOCTM Ha

OTpbIB Mprcnoco6erne ans KpenneHnst NoLIOKKN
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Mpunoxexune G
(cnpaBo4HOE)

McnbiTaHMe Ha cCONpoTUB/IEHME NON3YyYeCcTuU

G.1 O6uwmre nonoxeHus

[laHHOE npunoXxeHune geTanbHO onNucbiBaeT NpoueAypy NPOBEAEHUSt UCMbITAHUA MPOYHOCTU HA OTPbIB, NPUBEAEH-
Hyl0 B 7.5.2.

G.2 Mpouepypa ucnblTaHns

McnblTaHne NpoBOANTCA C UCMNO/Ib30BAHNEM CMELMabHOr0 060PYAOBaHNSA U OCHACTKU B COOTBETCTBUM CO CNeayto-
el npouenypoii.

a) O6pasel, nognexatynii ucnbiTaHunio, Nocne npeABapuTeNbHOM NOArOTOBKM J0/IXEH GbITb OCMOTPEH BU3YyasibHO.

b) V3aMepuTenbHas Lenb N5 OCYLeCTBNEHUS KOHTPO/A 3a NOAAEPXAHNEM HENPEepPbIBHOCTW 3/1EKTPUYECKOTo coe-
OVHEHNS UMeeT NOAK/YEHNE NONOXUTENbHO KNEMMOI K KOHTaKTHO nnowaske oTAeNbHO OT BbIBOAA KOMMOHEHTA, Ha
paccTosiHuM He MeHee 10 MM OT Hero. OTpuuaTenbHas KeMma NoAKIYaeTCs K MPUCNOCOBNEHUIO C TPY30M, YAEpPXMUBaKO-
Lemy BbIBOZ,.

c) TecToBas NOAMIOXKKA yCTaHABNMBAETCS Ha CNeLnanbHOW OCHACTKE A1 NPOBEAEHUS UCTbITAHUS HA CONPOTUBAE-
HUe nonsyyecTtu.

MpumeuvyaHune 1— TecToBas NOAMOXKA 3AKPENIAETCSH HA OCHACTKE Tak. YTOObI NOAMEXALLMIA UCNbITAHWIO Bbl-
BOJ, HAXOAW/ICA NO LEHTPY NpUcnoco6ieHns 4ns ero cmkcauuu, v Ytobbl NPOA0/IbHAA OCb BbIBOAA COBNagasia C LeHTpasib-
HOVi OCbl0 NPUCMNOCOBNEHNS.

d) Ecnu nHOe He ykaszaHo a cneuuduvkaLmum Ha NpoaykT, TeCcToBas NoAN0XKa ycTaHaBIMBaeTCs B TeMnepaTypHoi
Kamepe. Temnepartypa B kamMmepe J0/IXKHa COOTBETCTBOBATbL TeMnepartype, yka3aHHO BCOOTBETCTBYIOLINX CTaHAapTax.

MpumeuvyaHne 2— TemnepaTypa, ykasaHHas B COOTBETCTBYIOLMX CTaHAapTax, JO/MKHA ObITb HUKE BENNYU-
Hbl TEMNEPATYPHOI CTONKOCTY TECTOBOI NOA/IOXKKM.

MpumevyaHune 3— Cnepyer OﬁpaTMTb BHMUMaHUe Ha UCKIKYEeHUe XMMnN4eckoro, TepMm4yeckoro nim MmexaHum-
4yeckoro BO3AGI7ICTBMI71 Ha coeauHeHMe BblBOAA U KOHTaKTHOM nnowankun.

MpunmeyaHnune 4 — Cnocob kpenneHus TecToBOW NoANOXKN, B3aUMHOE NOMOXEHNE KPenexHoro npucnoco6-
NeHnA U ncnblTyemoro coegmHeHna OOJKHbI 6bITb 3anucaHbl.

e) Cxema mcnbiTaHWil nokasaHa Ha pucyHke G.1.

PucyHok G.1 — McnbiTaHue Ha CONpoTMB/IEHNE MON3YyYeCcTH
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<9 KBbIBOAY KOMNOHEHTA NPUKNaAbIBAETCA CUIa BEIMUMHOM, yka3aHHOI B cneundnkaumu. Fpys c 3apaHee onpege-
JIEHHOI Maccoit ncnonb3yeTcst AN NPUNOXEHNUS K BbIBOAY CUbl TPEBYEMOI BEMMUUHBI. TOYHOCTb BEIMUUHBI NPUKNaAbI-
BaeMOWi Cu/bl fOMKHA NOALEPXUBATLCSH HA YPOBHE He Xyxe *1 %.

MpumeuyaHue 5 —CnegyeT NpuUHATL Mepbl 418 UCKIIOYEHNSI KAcaHUs BbIBOAA, rpy3a ¢ NPUCNoco6aeHnem u
VHBIMU NpegMeTamMu, PacrnofiokeHHbIMK B KaMepe.

NMpumevyaHue 6— lMNpyu yCTAHOBMIEHHOM Ha MPUCMOCOGNEHVE Tpy3e CneayeT WUCKIYUTL NPUTOXEHUE Ka-
KUX-IMBO [UHAMNYECKUX BO3LEACTBUI HA TECTOBYIO MOAJIONKKY.

MpumevyaHune 7 — lMpu BbiGOpe NoAxoAALLEel BEMUYNHBI NpunaraeMoii cunbl (Macchl rpysa) Hambonee pauu-
OHas/IbHO HavaTb MCMbITaHWe C NPUIoXKeHneM Haubonbleli cunbl (T. e. 90 % oT npegena NPOYHOCTM Ha pa3pbiB coeAnHe-
HKA). NPUHMMAas B pacCMOTpeHue pe3ynbTaTbl UCMbITAHUIA NPOYHOCTM Ha OTPbLIB W HA COMPOTMB/IEHWE NON3y4YecTu. Boibop
CU/Ibl MEHbLUE BEMUMHBI XenaTelbHO OCYLLeCTBUTb, UCNOMb3ys rpachvk, MOCTPOEHHbI B norapumumyeckom maclitabe
ANS 3KCTpanonsAuuu, nyTem yMeHbLUEeHUA BEeNNYMHbI NMPUKNagbiBaeMoii cubl, onpegensemoii nuHueli Ha rpaduke.

) BKOUNUTL UCTOYHWK NUTAHUS N U3MepUTenbHoe 060pyAOBaHME U HAaYaTb U3MEpEeHMe.

h) 3anucaTtb Bpemsi, Npoweawee 0T MOMEHTA Havana NPUIoXeHNs Harpy3ku 140 MOMeHTa paspyLleHusi coeauHe-
Hus.

1) 3anucaTtb NoOsIOXEHNe M cnoco6 paspyLleHUsi UCTIbITLIBAEMOT0 COeNHEHNS.

MpumeuyaHue 8 — lNepes HauYaIoM UCMbITAHNUSA cnedyeT y6efuTbcs B pa6oTOCNOCO6HOCTH 060pyA0BaHUSA U
U3MEPUTESIbHONM CXeMbl, KOTOPYIO CNeAyeT BKYUTL Nepes NpoBefeHneM UCTbITaHUs Ha COMPOTMBIIEHWE NOM3YyYecTu, 1
NPOBECTN NPOBEPKY LLeSIOCTHOCTM 3/IEKTPUUECKOTO COeAVHEHUsI 40 MOMEHTA NOABELLMBAHNS TPy3a W NPU YCOBUK OTCYT-
CTBUS N0BbIX BHELHUX MEXaHUUYEeCKUX YCUIUIA, NPUNOXEHHbIX K COELUHEHUIO.
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Mpunoxexve H
(cnpaBo4HOE)

MeTog oueHKN ABNeHna nogbema rantesn Nnpunos A8 nasHoro coeAMHeHUA KOMMOHEHTa,
MOHTUPYEMOIO B OTBEPCTUA

H.1 O6uwwne nonoxeHusa

[laHHOe npunoxeHne onucbiBaeT METOA OLLEHKU SiIBMeHWUsA nogbema ranTenu 418 KOMNOHEHTOB C BbiBOAaMU ANA
MOHTaXa naikoi B oTBepcTue.

Kak nokaszaHo Ha pucyHke H.1l. cywecTByoT Tpu Tuna nogbema rasatenu npunos:

- NoAbem rantenn Mexgy BbiBOLOM W MpUNoem;

- noAbeM rantenu Mexgy rantenbio v KOHTaKTHOW nnowafKkoi;

- OTC/I0EHMEe MeXAy KOHTaKTHO Nowaakoi n nnaTow.

MpumMeyaHue — [aHHblii METOA CNYXUT 415 OLLeHKU (POPMUPOBAHUS SIBNIEHWS NOAbEMA rantenn npunos n 06-
pasylouerocsi Npu 3ToM 06pbIBA /IEKTPUUECKON Lie/IN A/St YCTAHOBIEHHbIX COYETAHNI KOMMOHEHTA, NPUMOS U MOAI0XKKM.
SneKTpuueckunii 06pbIB YacTo Ha6NoAaeTcs B C/yyae, Koraa CyLecTByeT Nogbem rantenn Mexzay KOHTaKTHOW NoLaskoi
1 nnartoii. ns 06HapyxeHusi 06pbiBa PEKOMEHAYETCS MOCTOSIHHO NMPOBOAUTL OLLEHKY COCTOSIHUS MPOBOAMMOCTY LENU.

Mogbem rantenu

PucyHok H.1 — ABneHuve nogbema rantenun nasHoro coeAnuHeHuns

H.2 Ha6nwogeHue aBneHUs nogbema rantenn npunos

Moabem rantenn mMoxeT HabnAaTbCA C NOMOLLbIO BU3YyaslbHOr0 0OCMOTPa C UCMO/Ib30BaHWEM YBENNYNTENbHOMO
cTekna nog yrnom 10* — 30* Kk NOBEPXHOCTM TECTOBOW NOANOXKN. XKenaTenbHo 3anncbiBaTb CTATyC NPOSIBNIEHUSA nogbe-
Ma rantenn nNpunosi HesameanUTEeNbHO Noc/ie MOHTaXa KOMMNOHEHTOB Ha TECTOBOW MOAJIOXKE.

H.3 OueHka HeNnpepbIBHOCTU 3/IEKTPUYECKOTOo CoeuHEHNA

OeKTpUYecknii 06pbIB B NasitHOM COeAMHEeHUN NpoBepsieTcs NyTeM OLEHKU LLefIoCTHOCTU 1 NPOBOAUMOCTU 3/ek-
TPUYECKOr0 COeAVHEHNS A0 U MOC/e NPOoBeAeHUs NpoLeypbl YCKOPEHHO! NOArOTOBKM K MCAbITAHUIO, KaK ONMUCAHO B 6.3.
SneKTpuYecknii 06pbIB B NasHOM COeAMHEHNU 06HAPYXMBAETCS Kak 06pbIB B NOC/NE40BATE/IbHON M3MEpUTeNbHO Lenu,
KaK nokasaHo Ha pucyHke H.2. ¢ ucrnosib3oBaHnem npubopa Anis U3MepeHust 31eKTPNYECKOro CONnpoTUBEHNs (cM. D.2.4).
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Perunctpatop
COMNPOTUB/IEHNA

PucyHok H.2 — lMpuMep cxeMbl 4718 NPOBEAEHUSI UCTbITAHWI HA HAMuMe 3N1eKTPUUYECKOrO COeMHEHUS
a MecTe naiikum 4Nna yCTPOWCTB C BbIBOJAMU, MOHTUPYEMbIMU @ OTBEPCTUA
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Mpunoxexne OA
(cnpaBo4HOE)

CBefeHNsi 0 COOTBETCTBUMN CChISTOUYHbIX MEXAYHAPOAHbIX CTAHAAPTOB CChIIOYHLIM HALWOHAbHLIM
cTaHgapTam Poccuiickoii ®eaepauuv v 4eiCTBYOLMM B 3TOM Ka4eCTBE MEXroCyAapCTBEHHbIM

Ta6nunya A1

O603HaYeHNe CCbIIOYHOrO
MeXayHapoAHOro cTaHfapTa

M3K 60068-1:1998

M3K 60068-2-2

M3K 60068-2-14

M3K 60068-2-78

M3K 60194
M3K 61188-5
MO3K 61249-2-7

M3K 61760-1
M3K 62137-1-1:2007

M3K 62137-1-2:2007

M3K 62137-1-3:2008

M3K 62137-1-4:2009

M3K 62137-1-5:2009

CreneHb
COOTBETCTBUA

MOD

IDT

MOD

IDT

NEQ

MOD

NEO

NEQ

NEO

NEO

NEO

CTaHOapTam

O603Ha4eHMe 1 HaMMeHOBaHMe COOTBETCTBYIOLLEro HaluMOHa/IbHOro ctaHgapTta

FOCT 28198—89 (M3K 68-1—88) «OCHOBHble METOAbI UCMbITAHWIA Ha
BO3/jeiicTBME BHELWHUX hakTopos. YacTb 1. O6Lne NonoxeHnsa n pykoBos-
CTBO»

FOCT P M3K 60068-2-2—2009 «/cnbiTaHusi Ha BO3AelCTBUE BHELLUHNX
thakTopoB. YacTb 2-2. MicnbiTaHusa. VicnbiTaHne B Cyxoe Tenno*

FOCT 28209-89 (M3K 68-2-14—84) «OCHOBHblE METO/bl UCMbITAHWUIA Ha
BO3AelCcTBME BHeWHUX akTopoB. YacTb 2. WcnbiTaHusi. WcnbiTaHve N:
CmMeHa Temnepartypbi»

FOCT P M3K 60068-2-78—2009 «McnbiTaHWs Ha BO3AeCTBME BHELIHNX
pakTopoB. YacTb 2-78. VcnbiTaHus. VcnbiTaHne Cab: BnaxHoe Tenno, no-
CTOSIHHBI peXum»

FOCT P 53386—2009 «[natbl neyaTHble. TEPMUHBI 1 ONpefeneHns»

FOCT 26246.7—89 (M3K 249-2-7—87) «Martepuan 3/1eKTpon30/AaLN0OH-
HblA (DONILIMPOBaHHbIV HOPMUPOBAHHOI rOPIYECTN AN1A NedYaTHbIX NaaT Ha
OCHOBEe Le/It0N103HOoM Bymarn, nNponuTaHHOR (EHOMbHLIM  CBSA3YIOLWMM
(BEpTMKaNbHbIA MeToq ropeHns). TexHnuyeckme ycnosus»

FOCT 20.57.406—81 «KomnnekcHas cucTemMa KOHTPOMA KayecTsa.
M3nenns anekTpoHHON TeXHWUKN, KBAHTOBOW 3M1EKTPOHMKN U 3NEKTPOTEXHU-
yeckune. MeToAbl UCNbITAHNA»

FOCT 20.57.406—81 «KomnnekcHass cuctema KOHTPONA KadvecTsa.
M3nenns aneKTpoOHHON TeXHWUKN, KBAHTOBOW 3M1EKTPOHMKMA U 3/1eKTPOTEXHU-
yeckune. MeToAbl UCNbITAHNA»

FOCT 20.57.406—81 «KomnnekcHass cucTtema KOHTpPONA kKadvecTsa.
M3nenns aneKTpoOHHON TeXHWUKN, KBAHTOBOW 3M1EKTPOHUKN W 3/1EKTPOTEXHU-
yeckune. MeToAbl UCNbITAHNA»

FOCT 20.57.406—81 «KomnnekcHass cuctema KOHTpPONA kKadvecTsa.
M3nenns anekTpoHHON TeXHUKN, KBAHTOBOW 3M1EKTPOHMKNA U 3NEeKTPOTEXHU-
yeckune. MeToAbl UCNbITAHNA»

FOCT 20.57.406—81 «KomnnekcHasi cucTema KOHTPONA KadvecTsa.
M3nenns anekTpoHHON TEXHWKN, KBAHTOBOW 3M1EKTPOHUKNA U 3NEKTPOTEXHU-
yeckune. MeTofbl UCNbITAHN»

* COOTBETCTBYIOLWMI HALMOHA/bHbIA CTaHAapT OTCYTCTBYET. [lo ero yTBepXAeHUs PEKOMEHAYETCS UCMONb30-
BaTb NEPEBOJ HA PYCCKMIA A3bIK fAHHOTO MeX/AYHapoaHoro ctaHaapTa. MepeBog 4aHHOTO MexXAyHapoaHoro cTaHaapTa
HaxoauTcs B ®eaepasibHOM NHGOPMALMOHHOM (OHAE TEXHUYECKUX PEFNAMEHTOB W CTaH4APTOB.

MpumeyaHue — BHacTosiwell TabnuLe MCNob30BaHbl Cefylolie YC0BHbIE 0603HAYEHUS CTENEHU CO-

OTBETCTBUS CTaHLAPTOB:
- IDT — nAeHTUYHble CTaH4apThl.

- MOD — moandununpoBaHHble CTaHAapThl.
- NEQ — HeakBMBa/IeHTHble CTaHAaPThI.
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Bubnnorpadgusa

McnbiTaHne Ha Bo3faelicTBME BHELWHUX hakTopoB. YacTb 1. O6LMe NoN0XeHNsa u pykoBoACTBO
(Environmental testing — Part 1: General and guidance)

McnbiTaHna Ha BO3AeiicTBME BHeEWHNX hakTopoB. YacTb 2. VicnbiTanusa. cnbiTaHne B: Cyxoli
HarpeB (Environmental testing — Part 2-2: Tests — Test B: Dry heat)

McnbiTaHna Ha BO3AelicTBUE BHELWHMX hakTopoB. YacTb2-14. VcnbiTawus. Wcnbitahne N: Cme-
Ha Temnepatypbl (Environmentaitesting — Part2-14: Tests — TestN: Changeoftemperature)
McnbiTaHne Ha BO3AeNCTBME BHELWHUX dhakTopos. YacTb 2-78 WcnbiTaHus. VcnbiTanne Cab.
BnaxHbllii Harpes, yctaHoBuBLMiica pexum (Environmental testing — Part 2-78: Tests — Test
Cag: Damp heat, steady state)

TexHONorva NOBEPXHOCTHOrO MOHTaxa. YacTb 1. CTaHAapTHbI MeTof coCTaB/eHNs TeXHNYec-
KAX YCNOBWUIA Ha KOMMOHEHTbI, MOHTMpYeMble Ha noBepxHocTu nnat (Surface mounting
technology — Pan 1: Standard method for the specification of surface mounting components
(SMDs))

McnblTaHne Ha A0/ITOBEYHOCTb 1 BO3AeNCTBME OKpYXatoLieli cpefbl. MeToApl CnbITaHWsA nevar-
HbIX NAaT NOBEPXHOCTHOrO MOHTaXa f/11 KOPMYCOB KOHTAKTHOro MatpuyHoro Tuna FBGA. BGA.
FLGA. LGA. SON un OFN {Environmental and endurance testing— Test methods for
surface-mount boards of area array type packages FBGA. BGA. FLGA. LGA. SON and OFN)

YK 621.396:69:006.354 OKC 31.190 302

KntoueBble c/ioBa: TEXHO/0MNA C60pKVI I/I3,EI,eI'IVIVI JJTIEKTPOHUKU; NasAHble COeAUHEHNA. IKO0TNYeCKne n pecyp-
CHble UcnblTaHNA; pPyKoBOACTBO NO Bbl60py; HaeXHOCTb NasHbIX COeAMHeHMVI pPasNnYHbIX CbOpM NTUNOB; 3/1€K-
TPOHHbIE KOMMOHEHTbI, MOHTUPYEMbIE MO TEXHOJ/I0OTMXM NOBEPXHOCTHOIO MOHTaXa (SMD); KOMMNOHEHTbI C
MaTpUYHbIMK BbIBOJaMW,; KOMMOHEHTbLI C BbiIBOAaAMWN, MOHTUPYEMbIMN B OTBEPCTUA C NCNOJSIb30BaHNEM Npunos
13 cnaBoOB pas3/IMYHOIo coctaBa

Pepaktop T.C. Hukucoposa
TexHuueckunit pegaktop B.H. MpycakoBa
KoppekTtop E.A. AynbHeBa
KomnbloTepHasa Bepctka O.[]. Yepenkosoii

CpaHo B Ha6op 09.04.2014. MoanucaHo B neyaTb 22.05 2014 dopmat 60 x 8 4~ FapHuTypa /lpuan.

Yen. ney. n. 4,65. Yu.-usg. n. 4.60. Tupax 60 ak3. 3ak. 2120.

M3paHo n otnevyaTtaHo Bo ®ryMN «CTAHAAPTUM®OPM*. 123995 MockBa. paHaTHbIil nep.. 4.
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