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HALULMWOHA/MNbHBINR CTAHAOAPT POCCUMCKOMWN PELAEPALNMN

TOMNNMBA ABUALUMNOHHBIE
OnpepaeneHne Temnepatypbl 3amep3aHnuss aBTOMAaTUYeCKUM fla3epHbIM MeToA0M

Aviation fuels. Determination of freezing point by automatic laser method

Jata BBefeHns — 2012—07—O01

1 O6nactb NpUMeHeHUs

1.1 HacTofwunii cTaHfapT ycTaHaBIMBaeT MeTOo4 onpefesieHns TemnepaTypbl, HUXe KOTOpOoi B TONAM-
Bax ANS aBMaLMOHHbIX ra3oTypbUHHbLIX ABUraTtenein moryt o6pasoBbiBaTbCA TBepAble KpuUcTannibl YrneBofo-
pogaa.

1.2 HacTtoAawuii meTon MOXeT 6bITb UCNONb30BaAH A1 ONpeAesieHUus TemnepaTypbl 3aMep3aHusa B gua-
nasoHe oT MuHyc 80 °C pgo nntwc 20 °C, ogHako pe3ynbTaTbl MeX/1abopaToOpHbIX UCNbITAHWA, NPUBEAEHHbIE B
12.4, pacnpocTpaHSaKTCA Ha TONAuMBa C TEMMNepaTypoil 3amep3aHus TONbKO B gnanasoHe oT MuHyc 60 °C go
MUHYC 42 °C.

1.3 B KayecTBe CTaHOapTHbIX crnedyeT paccMmaTpusBaTtb 3HavyeHusa B eguHunuax CW. B HacToAwem MeTo-
4e ucnblTaHMAa He UCMNONb3YKT ApYyrve eauHNLbl N3MEpPeHuns.

1.4 HacTtoAwui ctaHgapT He CTaBUT CBOEN Lefbio pewnTb BCe BONPOCbl 6e30nacHOCTU, CBSAA3aHHbIe C
ero ucnosnb3oBaHuem. Monb3oBartesb cTaHgapTa HeceT OTBETCTBEHHOCTb 3a obecneyeHne COOTBETCTBYHOLWUX
Mep 6e30MacHOCTM W OXpaHbl 340POBbA M onpegenseT Lenecoob6pasHOCTb NPUMEHEHUSA 3aKoHOAATeNlbHbIX
orpaHuyeHunin nepeps ero MCNOsb30BaHNEM.

2 HopMaTuBHbIE CCbI/IKU

B HacToAWweM cTaHAapTe WCMONb30BaHbl HOPMAaTUBHbIE CCbIIKM Ha cneAylowmne ctaHgapThl:

2.1 CraHgapTel ACTMY);

ASTM D 2386, Test method for freezing point of aviation fuels (Metoa onpegeneHns TemnepaTtypbl 3a-
Mep3aHnA aBMaLNOHHbIX TOMN/UB)

ASTM D 4057, Practice for manual sampling of petroleum and petroleum products (PykoBogcTBO no
pyyHomy oT6opy npo6 HedpTn n HedPpTenpoayKTOB)

ASTM D 4177, Practice for automatic sampling of petroleum and petroleum products (PykoBoacTBO no
aBToMaTnyeckomy oTb6opy npo6 Hed T U HedTENPOAYKTOB)

2.2 CTaHpapTt dHepreTnyeckoro MHCTUTyTa:

IP 16, Determination freezing point of aviation fuels2) (OnpegeneHne TemnepaTypbl 3amMep3aHus aBua-
LMOHHBIX TOMN/INB)

1) YTOUHMTb ccbikn Ha cTaHgapTel ACTM MOXHO Ha cainte ACTM www.astm.org nam B cnyxbe nogaepxkm knm-
eHToB ACTM: service@astm.org B nHgopmaumoHHOM TOMe eXerogHoro cbopHuka ctaHgaptoB (Annual Book of ASTM
Standards) cnegyet obpaliaTtbCa K CBOAKE CTaH4APTOB €XerogHoro c60pHMKa CTaH4apToB Ha CTpaHuue canTta.

2) Annual Book of IP Standards Methods, Vol 1. Available from Energy Institute. 61 New Cavendish St., London,
WIG 7AR, UK.

M3pgaHve ocuumnanbHoe
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3 TepMVIHbI, ornpeaeneHna m 00603HauYeHus
B HacTosiLem cTaHAapTe NPUMEHEHbI crieAylolie TEPMUHbI C COOTBETCTBYOLWMWMMN ONpeseneHnsimu:

3.1 OnpepgeneHue. O6GWWI TEPMUH

3.1.1 Temnepatypa 3amMep3aHua B aBUaLUMOHHbLIX TonamBax (freezing point): TemnepaTtypa Tonnu-
Ba, NpuU KOTOpOIi TBepAble KpUcTanabl yrnesogopona, o6pasoBaBliMecs Npu OXNaxAeHUu, ncyesarwT nNpu no-
BbIWEHUN TeMNepaTypbl TON/MBA B KOHKPETHbIX YCAOBUAX UCNbITAHUA.

3.2 OnpepgeneHuve. CneunanbHbIi TEPMUH

3.2.1 aBTOMAaTMYeCKU nasepHbIn MeTofd (automatic laser method): Mpouefgypbl aBTOMATUYECKOTO
OXJTaXAEeHUA XNAKOro obpasua aBMaLMOHHOIO TON/MBa 40 MOSIB/EHUS TBEPAbIX KpUCTaN/10B YIeBOAOPOL0B
C nocnenywwumM perympyemblM NoAOrPEBOM W perucTpauueli Temnepartypbl, Npu KOTOPOW KpucTannbl yrne-
BOJOPOAOB MOJIHOCTbIO NEPEXOAAT B XUAKYH hasy.

3.3 O603HaueHusn

Cd — TemnepaTtypa o6pasua, npu KoTopoii B o6pasLe ONTUYECKUM LETEKTOPOM KpUCTasn/joB B onpefje-
NTEHHbIX YCNOBUAX UCNbITAHUSA 0GHAPYXWBAIOT NOSIB/ieHWe TBEPAbIX KpUCTanloB;

Co — TemnepaTtypa o6pasuya, Npu KOTOpPOil ONTUYECKUM AETEKTOPOM HEenpo3payHoCTW B ONpenesieHHbIX
YC/IOBUSIX UCMbITAHMA B 06pasle 0GHaApPYXMBAKT HENPO3PAYHOCT;

Do — TemnepaTypa o6pasua, Npu KOTOPO/ ONTUUYECKUM [EeTEeKTOPOM HEenpo3payvyHoOCTU B ONpefeneHHbIX
YC/IOBUSIX UCMbITaHMA B 06paslie 06HapyXMBalT NCYE3HOBEHWE HEMPO3PAYHOCTH.

4 CyuwHoCTb MeToga

4.1 O6pasey oxnaxagawT co ckopocTbio (10 £ 5) °C/MUH, HeNnpepbIBHO OCBellas na3epHbIM CBETOM,
N KOHTPONMPYIT ONTUYECKUM [AeTEeKTOPOM KPUCTasnnoB U ONTUYECKUM AeTeKTOPOM Henpo3payHocTu ANA
BbIAIB/IEHWS Hayana obpa3oBaHMA TBEPAbIX KpUCTaA/oB yrnesofoponos. Kak TONbKO KpucTannbl yrnesopno-
poAOB O6GHapyxuBawT 060MMM ONTUYECKUMU feTekTopamu, obpasel, HayMHalT HarpeBaTb CO CKOPOCTbH
(3 £ 0,5) °C/muH. Korga nepBoHavyasibHass Henpo3payHoCTb B obpa3ue ncyeszaet, obpasel, HarpeBalT CO CKO-
pocTbto (12 + 1) °C/muH. TemnepaTtypy obpasua, NpM KOTOPON nocnegHue Kpuctanabl YrneBoLopoLOB pac-
naaBnAlTCA, YTO 06HapyXMBaT AETEKTOPOM KPUCTaN/10B, PETUCTPUPYIOT KakK TOYKY 3amMep3aHuns.

4.2 WNcnonb3oBaHne annaparta (6.1) no3BosseT MNOBTOPHO HarpeBatTb o6pasey npubM3MTENbHO [0
10 °C, 3aTeM oxjaxpAaTb ero co CKOpPOCTbl, ykaszaHHOW B 4.1, 4O Tex MOp, NOKa AETEKTOPOM KPUCTa//IoB He
OyayT o6HapyXeHbl Kpuctannbl yrnesogoponos. Ob6pasel HarpesawT co ckopocTblo (12 + 1) °C/MuH fo Tex
nop, noka nocnefHue Kpuctanabl yrneBoJOpPOAOB He mepeinayT B Xuakytio dasy. Temnepatypy obpasua, npu
KOTOpOW nocnegHue KpucTanibl YyrneBoAOpPOA0B pacniaBATCcsA, YTo o6HapyXunBalT 4eTEKTOPOM KpUCTanaos,
pPerncTpupyroT Kak TOUKy 3aMep3aHus.

5 3HayeHne n ncnosib3oBaHue

5.1 Touka 3amep3aHuWsa aBMaLMOHHOrO TOMMBA — 3TO camas HW3Kasa TemnepaTtypa, MpuM KOTOpPOiA B
TONnMBe OTCYTCTBYKT TBepAble KpucTanabl YrneBoAOPOAOB, HanuMyme KOTOPbIX B TOM/IMBHON CUCTeMe BO3-
AYWHBIX Cy[OB MOXET OrpaHM4nTb NOTOK TON/nBa yepes3 punbTpbl. Temnepartypa Tonavsa B aBMaLNOHHOM
TON/IMBHOM 6ake 06bIYHO CHMXAeTCsA BO BpeMs nosieta B 3aBUCUMOCTM OT CKOPOCTU BO3AYLWIHOMO CyfHa, BbICO-
Tbl U AIMTENBHOCTM MofeTa. Toyka 3amep3aHusa TonauBa A0/kHa 6blTb BCerga HMXe MUHMManbHOW pabouyeli
TemnepaTypbl TonauBea.

5.2 Onepauuun cmewnsaHua Tonanea TpebyoT TOYHOTO M3MEPEHUA TOUYKM 3aMep3aHus.

5.3 B HacTodAwem MeToAe WCNbITAHUA NOJIy4YeHHble pe3y/sibTaTbl Bblpa)XakwT ¢ TOYHocTbio fo 0,1 °C.
MeTog No3BONSAET COKPaATUTL Bpemsa paboTbl onepartopa M UCKIloYaeT HEKOTOpPble TpeboBaHMA, Heob6xoaNMble
ONna npoBefeHnsa ucnbiTaHuin no metoay ACTM [, 2386.

5.4 Ecnn B cneyundukaumm Ha TONAMBO yKasaH meTog ucnbitaHma no ACTM [, 2386, ero He cnegyeTt
3aMeHATb HaCTOoAWNM METOAOM UCNbITAHUA WX KAKUM-TO APYTUM METOAOM.

2
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6 Annapartypa

6.1 ABTomMaTmueckuii annapart3)

AnnapaT COCTOUT U3 ynpaBiseMoii MUKPOMPOLLECCOPOM WUCMbITATENbHON AYeiikn, obecneynsatoLiein ox-
naxpaeHue n HarpesaHue ob6pasua; CABOEHHbIX ONTUYECKUX AETEeKTOPOB A/ MOHUTOPUHIA NOSABNEHUSA U UC-
4Ye3HOBEHWSA KPUCTan/goB M HEMPO3payHOCTU U perncrpauuy TemnepaTtypbl o6pasua. MNoapo6bHoe onucaHue
annaparta npuvBefeHO B nNpusoxeHun Al.

6.2 Annapart go/mxeH 6bITb cHabXxeH kamMepoi ana obpasua, ONTUYECKMMMN AeTeKTopamMmu, UCTOUYHMUKOM
nasepHoro ceeta, UM poBbIM gucnaeem, cucteMaMmn OXaX[eHWss U HarpeBaHusa n yCTPOWNCTBOM AN M3Mme-
peHus TemnepaTtypbl obpasua.

6.3 YCTpOWCTBO ANA U3MepeHUa TemnepaTypbl B kKamepe Ang obpasua A0/HKHO obecneunsaTtb namepe-
Hue TemnepaTtypbl ob6pasua B gnanasoHe oT MuHyc 80 °C go natoc 20 °C c paspeweHunem 0,1 °C M TOYHOCTbIO
0,1 °C.

6.4 Annapat AosxXeH obecneuymBaTb OoxjaxpgeHue obpasya co ckopocTbi (10 + 5) °C/mMuH, HarpeBa-
HMe — co ckopocTbt (3 +0,5) °C/muH n (12 £ 1) °C/mnH B guanasoHe TemnepaTtyp oT muHyc 80 °C po
nntc 20 °C.

MpumeuaHue 1 — OnucaHHas annapatypa 3anaTeHToBaHa. CBefeHus 06 anbTepHATUBHOM annapaTtype
MOXHO CO06LMUTL pa3paboTunkam MeToaa.

MpumeuyaHne 2— BapuaHT nporpammMHOro obecnevyeHunss, UCNONb3YEMOro B annapartype, ABAseTcA Bepcuei
V 5.3.

6.5 CTaHaapTHbI wnpuy, obecneynBarlwnii BnpbickuBaHne okono (10 £ 2) cm3 o6pasya, ¢ KOHYMKOM
WAN KOHYMKOM-afanTepom, XOpOowWOo NOAOTHAHHbIM K BXOAHOMY OTBEPCTUI UCNbITATENbHON AYeikn. MOXHO
Mcnonb3oBaTb WNPUL BMECTUMOCTb0 10 cM3 € yaansaembliM KOHYCHbIM coefuMHeHWeM Tuna Luer.

6.6 KoHTeilHep-npuMeMHUK ANs oTxofoB, o6ecneumBatwmnini c6op nepenusBakwwerocsa obpasya (cnusa)
npu BNPbICKUBAHUW B UCNbITATENbHYIO AYeliky. MOXHO UCNONb30BaTbh CTAHAAPTHbLIA CTEKNAHHbIN CTakaH BMe-
cTumMocTbio 400 cm3.

7 OT60p NPob

7.1 NMpoby oTtbupatwT B cooTBeTcTBUM ¢ ACTM [, 4057 vnn ACTM [, 4177, unn HaumoOHanbHbIMUN CTaH-
paptamu.
7.2 Ons Kax[oro ucnblTaHna Heobxogmmo He meHee 30 cm3 ob6pasuya.

8 lNoarotoBka annapartypsbl

8.1 YcTtaHaBnuBalT annapaTypy B COOTBETCTBUMU C UHCTPYKUMEW U3FOTOBUTENS.
8.2 Bk/iloyalT OCHOBHYIO CUIOBYIO JINHUIO aHanu3artopa.

9 KanunbpoBska n ctaHgapTusayma

9.1 CnefyloT MHCTPYKLMM M3rOTOBUTENS NO 3KCM/yaTauunm annapaTtypbl U KanmbpoBKe MexaHW4YecKoi u
9/1IEKTPOHHOW cucTeMm.

9.2 ina npoBepkun pabounmx xapakTepucTuK annapatypbl MOXHO UCNonb3oBaTb ob6pasel Tonnuea ANA
aBUAaLMNOHHbIX Fa30TYpPOUHHBLIX ABuUrateseli, N0 KOTOPOMY MNOMYy4YeHO 6GO/MbLIOE KONUYECTBO AaHHbIX Npu €ero
ncnoiTaHun no metogqy ACTM [ 2386. O6pasubl, ucnosb3yemble B MexsabopaTopHON MepekpecTHOl npo-
rpamme ACTM, Takxe AO/DKHbl OTBeYaTb 3TOMYy KpuTeputo. TakMme NOBepoOUYHble mMaTepuanbl MOTyT 6biTb NoA-
rOTOB/IEHbl HA OCHOBaHWW NepeKPecTHbIX NPOBEPOK BHYTPU KOMMNAHUN.

10 lNpoBeneHVe UCnbITaHUA

10.1 Hab6upatT B wnpuy nopuunto obpasya (10 £ 2) cm3, cBO60AHYH OT Ny3blpbkoB. COEANHAT WNpUL,
C BXOAHbIM oTBepcTnem (pucyHok 1). OnonackuBarwT McNbiTaTesbHYH s4veliky, BBoaA B Hee (10 = 2) cm3
ob6pasya. N36bITOK obpa3ua nepeTevyeT B KOHTENHEP-NPUEMHUK AN O0TXOA0B (PUCYHOK 2).

3) EOQVHCTBEHHBIM NOCTABLUMKOM annapartypbl, U3BECTHbIM KOMWUTETY B HacToslee Bpems, sBnsetca ISL model
FZP 5G2s series Freezing Point Analyzer, poctyneH PAC — ISL., BP 70285 — VERSON, 14653 CARPIQUET Cedex,
France.
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10.2 WNcnbiTaTenbHy fYeilky onojslackuBalT BTOPOA pas, noBTopsAsa npoueaypy no 10.1.

10.3 HabupatoT B wnpuy nopuynto obpasua (10 £ 2) cm3, cBOOGOAHYI OT NYy3blpbKOB.

10.4 MopcoefuHAKT WNPUL K BXOAHOMY OTBepcTuio (pucyHOK 1). BBogAT obpasel B MCNbiTaTeNbHYIO
Aveiky; n3bbITOKk ob6pasua cTeyeT B KOHTEWHEP-NPUEMHUK A8 OTX0A0B (PUCYHOK 2). LWUnpuy B Te4yeHue BCero
MCNblTAHNSA OCTaBAAT NOACOELUHEHHbIM K BXOAHOMY OTBEPCTUIO A1 obpasua.

PucyHok 1— Lnpwuuy, BCTaBEHHbI BO BXO4HOE OTBEpPCTUE PucyHok 2 — KoHTeliHep-NpMeMHu1K 418 0TX040B

10.5 HaunHaloT akcnayaTauuto annapaTypbl COrlacHO UHCTPYKUUKU M3roToButensi. C 3Toro MoMeHTa Ao

pasgena 11 annapaTt aBToMaTUM4YeCKM ynpaBnseT npouenypoi.
10.5.1 O6pasel oxnaxgaercsa co ckopocTbio (10 + 5) °C/MUH, HEMPEPbLIBHO OCBeWlaeTCcs NONSPU30BaH-

HbIM fla3epHbIM CBETOM W HENpPepbiBHO KOHTPO/MUPYETCS ABYMS ONTUUYECKUMU AETeKTopaMu — [AeTEeKTOPOoM
HEMPO3PaYHOCTM U AEeTEeKTOPOM KpuUCTansioB (CM. PUCYHOK 3), 4To6bl He MpPoOnNycTUTL o6pa3oBaHMe MepBbiX

TBEpPAbIX KPUCTanNoB yrneBoA0poOA0B.

| — kamepa gns obpasua; 2 — TemnepaTypHbIli AaTunk; 3 — ncnbiTaTenibHasa aveiika Ana obpasua; 4 n 5— BXOAHOE U BbIXOAHOE OTBep-
cTus ansa obpasya; 6 — nasep; 7— AEeTEeKTOp KPUCTaNoB (CM. KpUBYHO CMJIOLIHON NMHMER Ha pucyHke Al.3); 8 — onTUYECKUIA KOHTYP; 9 ”
Il — nonsipusaymoHHble hunbTpbl; 10 — okoweukn; 12 — feTeKTop HENPO3PaYHOCTK (CM. KPUBYHO MYHKTUPHON NTMHKUENR Ha pucyHke Al.3)

PucyHok 3 — Cxema npuHuuMna geTeKkTmpoBaHua
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10.5.2 Mpu oGHapyXeHWW LETEKTOPOM KpucTannoB nosiBneHus nepsbix kpuctannos (Cd), a geTtekTto-
pomM Henpo3payHocTM — Henpo3payHocTm (Co) obpasel HarpeBaeTca co ckopocTbio (3,0 £ 0,5) °C/muH pgo
Tex nop, noka mcyesHoBeHue HenpospadHocTu (Do) He GyneT OO6HapyXeHO [EeTEeKTOPOM HENpPO3payvyHoOCTW.
C aT0oro MOMeHTa obpasel, HarpeBaeTca CO CKOpocTbi (12 £ 1) °C/MUH, NPOBOAA MOHUTOPUHI AETEKTOPOM
kpuctannos. Korga AeTeKTOpPOM KpucTansioB 6yaerT 3addUMKCUPOBAHO MCYE3HOBEHWE NOC/EeAHUX KPUCTas/oB,
perncTpupyeTcs TemnepaTypa o6pasua, NpyM KOTOpOI nocnegHue KpucTannbl YrneBOAOPOLOB MepexofsT B
Xnakyt gasy. Npumep KPpUBON AeTeKTMpoBaHUSA npuBedeH Ha pucyHke Al.3 (cm. A1.2.12 npunoxeHus Al).

10.5.3 3aperucTpupoBaHHyl TemMnepaTypy CpaBHMBAKT C TeMNepaTypoli, Npu KOTOPOW ObiaIM 06Hapy-
XeHbl nepeble kpuctannel (Cd). Ecnu 3apernctpupoBaHHasi Temnepatypa Bbiwe Temnepatypsl (Cd), 1o ee
perucTpupyoT Kak TemnepaTypy 3aMmep3aHus.

MpumeuyaHue 33— B6oNblIMHCTBE criyyaes feiicTensa no 10.5.3 cuntatoT KOHLOM ucnbiTaHus (cm. Takke 10.5.4).

10.5.4 Mpu onpefeneHHbIXx 06CTOATENbLCTBAX MOCAE U3MEpPEeHU, NpoBeAeHHbIX annapaTtoM, BbINOHSA-
10T BTOPOI LMKN UCNbITAHUA, KakK ykasaHo B 10.6.

MpumeyaHue 4 — 3710 06CTOATENBLCTBO MOXET YKa3blBaTb Ha Hann4yme 3arpAasHeHus o6pa3u,a mMmartepuasiom,
OT/INYHbIM OT aBMaLlMOHHOIo Ton/MBa, U Ha HEBO3MOXHOCTb NMPUMEHATb YCTaHOBJ/IEHHYO NMPELUN3NOHHOCTD.

10.6 BTOpoli ucnbiTaTeNbHbIN LUKN:

10.6.1 WNcxopgHblt o6pasel HarpesaeTca fo 10 °C n 3aTeM oxnaxgaercsa co ckopocTbi (10 £ 5) °C/MuH
npu HenpepbiBHOM OCBELW,EeHNM WUCTOYHUKOM MONSAPM30BAHHOIO fazepHoro ceeta. O6pasel, HenpepbiBHO
KOHTpPONMpPyeTCA ONTUYECKNUM LEeTEKTOPOM KpucTannoB (PUCYHOK 3), 4To6bl He NponycTUTb o6pa3oBaHue nep-
BbIX TBEPAbIX KPUCTA//IOB YrNeBOAOPOAOB.

10.6.2 Kak TOo/NbKO AeTeKTop KpucTannoB o6GHapyxuBaeT nosBneHue nepsBbix kpuctannos (Cd), o6pa-
3el oxnaxpaeTca ewe Ha 5 °C, n 3aTeM oxsaxaeHue npekpawjaeTcs.

10.6.3 O6pasel HarpeBaeTcs CcO ckopocTbi (12 + 1) °C/MUH Npy OAHOBPEMEHHOM KOHTpPOJle AETEKTO-
pom kpucTannos. Korga mMcye3HoBeHMEe NOCMefHUX KPpUCTannoB o6HapyxuBaeTcsa AeTeKTOpOM KpWUCTasnsnios,
pernctpupyeTcsa TemnepaTtypa obpasua, npuv KOTOpoOi nocnefHue KpucTannsl YrnesofoOpOfO0B NepexofsaT B
XUAKYH a3y, Kak TemnepaTtypa 3amMep3aHus.

MpumeuvyaHune 5 — [Mpu ycnosuax no 10.5.4 peyb naet 0 BO3MOXHOM 3arps3HeHun obpasuya. B atom cnyvae
ONS CBeAEeHUA K MUHUMYMY A/IMTENbHOCTU UCNbITAHUSA NPUMEHSETCA CKOPOCTb HarpeBaHus Tonbko (12 + 1) °C/MuH.

10.7 Kak To/NbKO annapaTt perucTpupyeT TemnepaTtypy 3amep3aHus, ucnblTatesbHas s4veiika HarpeBa-
eTca A0 TemnepaTypbl okpyxatuieli cpefbl. Ha pucyHke Al.3 npuBefeHbl ABa npuMmepa McnNblTaTeNbHOro
npouecca: OA4WH — C YNCTbIM peakTUBHbIM TOMNAMBOM, APYrOli — C 3arpA3HEHHbIM pPeakTUBHbIM TOMJIUBOM.

10.8 TemnepaTypa 3amMep3aHus aBTomaTuyeckn okpyrnsetca go 0,1 °C n ee nokasbiBaeT npubop Ha
avcnnee.

10.9 OTcoeAuHSAOT WNpuy ANs BNPbICKMBAHUA OT OTBepcTMA ANSA BBoAa obpasua. Ana npoBefeHus
cnefylowWwero ncnbiTaHMa ucnbiTaTenbHaa syeiika A0MXHA ObiTb O4YMLLEHA.

11 Otuet

11.1 3anucbiBaloT TemnepaTypy, 3apeructpupoBaHHyto B 10.8, B KauecTBe TemMnepaTypbl 3amep3aHus,
onpefeneHHon No HacTosuLeMy MeToay.

12 Tpeym3noHHOCTb U cMelleHne (OTK/IOHEHMe)

12.1 Mpeun3noHHOCTb

MpeunsnoHHOCTbL MeToAa UCNbITaHUA, onpejeneHHas cTaTUCTMYEeCKMM WccnepoBaHMeM mexnabopa-
TOPHbIX pe3ynbTaToOB UCMNbITAHUA, cneayolias:

12.1.1 MNoBTOpsAeMOCTb (CXOANMOCTb)

PacxoxgeHune mexay ABYMS pe3ynbTataMu WCNbITAHWA, MONYYEHHbIMU OLHUM W TEM Xe onepaTtopom
npy NPMMEHEeHWU OAHOIN W TOW Xe annapaTtypbl NPU NOCTOSIHHO AENCTBYHLWNX YCNOBUAX HA MAEHTUYHOM UC-
cnegyeMom maTtepuasie nNpyv HOpManbHOM W NMpaBW/IbHOM MPOBeAEeHUN MeToha WUCNbITaHWA, MOXeT MpeBbl-
waTb 0,6 °C TONbKO B OAHOM CNny4yae uU3 gBajuaTu.
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12.1.2 Bocnpon3sBoANMOCTb

PacxoxpaeHue mexay ABYMA €4UHUYHBIMWU W HE3aBUCUMbIMU pe3ysibTaraMu, NOJIYYEHHbIMU pPas3HbIMU
oneparopamu, pabotalWwmnmMmn B pasHbix nabopatopuax, Ha MAEHTUYHOM mMaTepuasie B Te4eHne LNTENTbHOTO
BpeMeHu, moxeT npeBbiwaTtb 0,9 °C TO/IbKO B OAHOM cny4yae u3 ABajuaTu.

12.2 Cwuctemartuyeckas NorpewHoOCTb

CuctemMaTmyeckyo NorpelHoCTb Heflb3a YCTAHOBUTL, MOCKO/bKY OTCYTCTBYHOT XUAKNE CMECHU YITeBOAO-
pOLOB C M3BECTHOI TeMnepaTypoi 3amep3aHusi, KOTOPbIe UMUTUPYIOT aBMaLMOHHbIE TOMMMBA.

12.3 OTHOCUTeNbHasA cucTeMaTuyeckas NOrpeHoCcTb

PesynbTatbl No BceM o6pasuam no mexsaabopaTopHoil nporpamMme 6binvM uccnefoBaHbl Ha OTHOCUTENb-
HYH CMCTEMATMYECKYH MOTPELIHOCTb COOTBETCTBEHHO NO MeTogaM ucnbiTaHuiin ACTM [ 2386 n IP 16. Habnto-
Janocb cuctematmyeckoe OTK/IOHEHME, KONMYECTBEHHO onpeenseMmoe no cnegytueli popmyne

ACTM [] 2386 unu IP 16 = X - 0,347, (1)

rae ACTM [ 2386 vnu IP 16 — cpefHee 3HayeHWe pes3ynbTatoB ucnbiTaHnsa no metogam ACTM [ 2386 wnn
IP 16;
X — cpepHee 3HavyeHue pe3ynbTaToB UCMbITAHUA MO AAaHHOMY MeTOoAY MCMNbiTaHus.

12.3.1 Mpumep — Onsa pesynbTaTa no ACTM [ 2386 u IP 16, paBHOro muHyc 60 °C, pesynbTaT
rno HacTosALWeMY MeTOoA4y UcnblTaHua paBeH MUHyc 59,65 °C unin Ha 0,347 °C Bblle pe3ysibTaTa no
ACTM 1 2386 un IP 16.

12.3.2 OpgHako OTHOCUTE/IbHOE CMelLeHne HaxoAuTca B npegenax BOCNPOU3BOAMMOCTM 060UX MeTO-
LOB MCMNbITAHUA.

12.3.3 Bocnpou3BoAMMOCTb NepekpecTHoro metoga (Rxy), onpefesieHHas MexAy HacToAWWM MeTO-
LOOM ucnblTaHna U metogom mucneitaina ACTM [, 2386, paBHa 1,9.

12.4 [aHHble Mo NPeun3noHHOCTM MOJSyYeHbl U3 MporpaMmmbl MexsabopaTopHbIX CPaBHUTENbHbIX UC-
nbiTaHnin 2003 . YYaCTHUKN nNpoaHannsnposann cepun n3 13 o6pasyoB pasHbiX aBUaALNOHHbLIX TONJMB B gua-
nasoHe TemnepaTyp OT MUHYC 42 4o MuHyc 60 °C. B ucnbeiTaHnax yyactsoBanaun 13 nabopaTtopwuii no mcnbitTa-
HUAM aBTOMAaTUYeCKUM fla3epHbiM MeToAoM U 15 — no ucnelTaHuam metogamu no ACTM [ 2386 unu IP 16,
KOTOpble NMPOBOAAT BPY4YHYyt. CTatuctuka npeun3noHHOCTM MoJiyyeHa U paccyMtaHa Ha OCHOBe paspeleHus
0,1 °C, npef/iOXXEHHOTO0 aBToMaTuyecknum sia3zepHbiMm Metogom. CBefeHunsa no Tmnam o6pasL,0oB U UX COOTBET-
CTBYHOLWEN cpefHeNn TemnepaType 3amMep3aHUsa COAepXaTcsa B uccrefoBaTesibCKOM oTyeTes).

4) MoaTeepxgatoLwme gaHHble (NporpaMmMbl MeX/1abopaTopHbIX CPaBHUTE/IbHLIX UCbITaHuii 2003 r.) HaxoasTcsa B
ACTM International Headquarters n moryT 6bITb NOAy4YeHbl Mo 3anpocy B Research Report RR D02-1572.
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MpunoxeHne Al
(o6s3aTeNBLHOE)

AeTann annapatypbl

Al.l O6uee

McnbiTaTenbHbI annapart, KOHTPOIMPYEeMbI MUKPONpPoLLeccopoM, onucaH B AL1.2 n npeacTaBneH Ha pucyHke Al.l.

A1.2 WcnbiTaTenbHblii annapaT COCTOUT U3 TPyOKM AN BBoda 06pasua, ONTUYECKMX AEeTEeKTOPOB, WCTOYHMKA fa-
3epHoOro cseTa, kamepsbl 419 obpasua, TemMnepaTypHoOro gaTymka, CUCTEMbI OXNaXAEHUSA U CUCTEMbl HarpeBaHus U npeg-
cTaBfieH Ha pucyHke Al.l.

fretttt!

OxnaxgeHve 1 HarpeBaHne rnoJaeTcsl Ha CTOPOHbI suelikun

1— antoMuHMeBbIN 6NM0K; 2 — NONAPU3YIOLWNIA UNbTP; 3 — NasepHbli UCTOYHUK CBeTa (nasep € A/IMHOW BOMHbI 650 HM); 4 — BBOAHOE
oTBepcTve ans obpasua; 5— BbIXxogHOEe 0TBepCTVe ANna obpasua; 6 — nonsapusyoLwmnii hunbTp; 7— NpueMHUK cBeTa (feTekTupoBaHue);
8 — TemnepartypHbIii gaTunk; 9 — okoweuko; 10 — npuemMHuK cBeTa (Hempo3payHoCTb)

PucyHok Al.1 — VicnbiTaTesnbHbIA annapaT
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A1.2.1 WcnbiTaTenbHas 4yacTb BKouaeT TPY6Ky ANs BBoAA 06pasua, ONTMUYECcKne AeTEKTOPbl, UCTOUHMK Nla3epHOro
cBeTa, kamepy Ans o6pasua, TemnepaTypHblii AaTuuK, YCTPOWCTBO A8 OXNAXAEHUS U HarpeBaHusi, NpUHUMUNManbHas
CXema CoefJMHEeHNs KOTOpPbLIX NpeacTaB/ieHa Ha pucyHke Al.2.

1— kamepa gnsa obpasuya; 2 — onTuyeckoe AeTekTupoBaHue; 3 — wWwnpuy BMecTuMocTbio 10 cM3; 4 — ucnbiTatesibHas Avyenka;
5 — MUHUKOMMpeccop; 6 — TemMnepaTypHbIii AaTunk; 7 — KOHTeliHep A5 0TX040B

PucyHok A1.2 — Cxema ucnbiTarenbHoro annapara

Al.2.2 Kamepa pgns ob6pasya BKIOYAET aJlOMUHMEBLIA 60K C BbICBEP/IEHHbIM OTBEPCTMEM AMaMETPOM
(3,7 £0,1) Mmm gnnHOM (22 £ 2) MM. HapyxHble pasmepbl aslloMUHUMEBOTO 6/10Ka AO/MKHbI 6blTb HE MeHee 66 * 42 * 16 MM
(cm. pucyHok Al.1).

A1.2.3 TemnepartypHbIil gaTunk, o6ecrneymBalLLin n3MepeHne TemnepaTypbl C TOYHOCTLIO He MeHee 0,1 °C B gua-
nasoHe ot n/itoc 20 °C go muHyc 80 °C. JaTumk KanuobpylT He pexe Of4HOro pasa B 12 mec, u cepTudukat Kannoposku
OO/DKEH BKNOYATb KOPPEKTMPOBKM A8 Temnepatyp natoc 20 °C, muHyc 40 °C 1 muHyc 80 °C. JaTyuk AO/KEH ObiTb BMOH-
TMPOBaH B AHO Kamepbl An1a o6pasua B No3uumu, yao6HON 418 TOYHOTO M3MepeHus TemnepaTtypbl obpasua.

Al.2.4 Cuctema oxnaxgeHus, obecrneumBawollas perynmposaHve temnepatypbl obpasua B AnanasoHe MpPoOrHo3u-
pyemMbix Temnepartyp UcnbiTaHua ¢ ToyHocTteio 0,1 °C.

Al.2.5 CucTtema HarpeBaHusl, COeANHEHHAs C KaMepoil gnsa obpasua, obecnednBaroLlas peryinpoBaHne temnepa-
Typbl 06pa3ua B AnanasoHe NpPoOrHo3vMpyemblX TeMnepatyp MChbITaHnsa ¢ ToyHocTblo 0,1 °C.

Al.2.6 OnTuvyeckasa cuctemMa AeTeKTMpOBaHWS — 3TO 3/1EeKTPOHHAsA onTuyeckas cuctema /i MOHUTOPUHra 06-
pasua Ha nosiB/ieHne/cYe3HOBEHME KPUCTa/INIOB YrneBofopoAoB. [iHa BOMHbI /1a3epPHOr0 MCTOYHMKA CBeTa [0J/DKHAa
ObITb (650 + 20) HM MoLWHOCTLI0O 3 MBT. Cuctema [O/KHA COCTOATH U3 nepejartynka cBeta W ABYX NPUEMHUKOB CBeETa,
JeTeKTopa KpUCTaII0B 1 feTeKTopa Henpo3payHocTu. [isa dunbtpa Ana nonspusaumm ceeta AO/HKHbI 6bITb pasmelleHbl
Yy KaX[0ro KoHLa BbICBEPJIEHHOrO OTBEpCTMA AnameTpom 3,7 MM kamepbl Ansa obpasua (Al.2.2). MNMpuemMHUK Henpospau-
HOCTM JO/MKEH ObITb NOMELLEH Ha paccTosHuM (6,0 + 0,5) MM OT KpaiHero oTBEpPCTMSA kamepsbl 419 o6pasiua Ha CTOPOHE U3-
nydatens nog yrnom 90°. OKoLWeYyKo JeTeKTopa Henpo3pavyHoCTU AO/HKHO ConpukacaTbCs C BbiCBEP/IEHHLIM OTBEPCTUEM
(ognametpom 3,7 MM) Kamepbl 18 ob6pasua.

MpumeuvaHne All — Korga obpasel SBNSAETCA FOMOTE€HHOW XUAKOCTbIO, TO AETEKTOPbl KPUCTaI/I0B U HEMPO-
3pa4yHOCTN HE MPUHUMAKOT HUKAKOro curHana. CurHasbl, NPUHATbIE LETEKTOPOM KPWUCTasII0B U LEeTEeKTOPOM Henpo3pay-
HOCTUW, MepefalTca B CUCTEMY MMUKpONpoLeccopa u aHanusnpytotca. Korga B obpasiue nosBAsiTCA KpUCTasl/ibl Yr/ieBo-
[Opof0B, My4yoK CBETa pacCcevMBaeTCAa W CUrHan NpuHMMaeTca Ha 060ux geTektopax. TUNMYHas cxema WUCMbITaTesibHoro
annapara npusegeHa Ha pucyHke Al.2.

Al.2.7 HapyxHas rpaHuua annapara. ToyHaa cxema MOXeT MEHATLCHA, OAHAKO HWXe MpuBefeHbl peKoMeHayemble
AUCNNen N HaXUMHbIe KHOMKW. B kavyecTBe npumepa Ha pucyHkax Al.4 n A 1.5 npencraBsieHbl BHELWHWE NaHen TUNNYHbIX
ucnbiTaTesibHbIX annapartos.

Al1.2.8 [ucnneli oTobpaxaeT n3MeHeHne TemnepaTypbl o6pasua BO BpeMS UCMNbITAHUA M Ha pasHbIX MEHI0 npepo-
cTaBnseT MHOpMaUMo O COCTOSHUM annapaTypbl. Aucnnen foskeH nokasblBaTb COOTBETCTBYOLWEe coobLeHne, ecnu
annapaT paboTaeT BXOMOCTYI0 U He BbIABMIEHO AedeKTOB. B kOHUe ucnbiTaHWa Ha gucniee nossnseTca pesynbrar. Jox-
HO OblTb BO3MOXHbIM OTOGpaXKeHWe Ha Aucnee YpOBHA pacCesHHOro ceeta, NPUHMMAaeMOro ONTUYECKUMU AeTeKTOpaMu.
[nsa 6bICTPOro ycrtpaHeHns Henonafok MHoOpMaunUs O HUX MOXET 6biTb MCNOMb30BaHa 06CAYXMBAKOLWMM NEPCOHASIOM.
Ecnn obHapyxeHa Henonajgka B OAHOM U3 OCHOBHbIX KOMMOHEHTOB annapaTta, Aucnneli oTobpaxaeT guarHoctuyeckoe
coobueHune. NMogpobHoe 06bACHEHNE AMArHOCTMYECKNX COOBLLEHUA NPpMBEAEHO B PYKOBOACTBE M3rOTOBUTENS MO 06CNy-
XUBAHUIO.
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Al1l.2.9 KHOMKM MeHI0 JatloT onepaTopy AOCTYN K pasHbiM MeHH0, Hanpumep nepecuyeT TemnepaTypbl U3 rpagycos
Lenbcus B rpagycbl ®apeHreiita n Hao60poT, Npy 3TOM OTMeYaeTcsl, YTo Wkana Llenbcus paccmatpuBaeTcsl Kak cTaH-
[apTHas.

A1.2.10 KHomka nycka no3sosisieT onepartopy 3anyckaTb NocC/efl0BaTe/IbHOCTb M3MepeHusi Npu BBeAeHUM o6pasLia.

Al1.2.11 KHOMKa OCTaHOBKM MO3BO/ISIET OnepaTopy OCTaHaBMMBaTb NOCMeAoBaTeNlbHOCTL M3MepeHus. Mocne Ha-
XaTua Ha 9Ty KHOMKY annapaTt HeMef/IeHHO NpPekpaTWUT nocneaoBaTefibHble M3MepeHust 1 6yaeT noaaepxusarb obpasell
npu TemnepaTtype oKpyxatolleil cpefbl.

Al1.2.12 MMonyyeHne guarpammbl NpoLECCa UCMbITaHUS BO3MOXHO TOMbKO C BbIXOAHLIM YCTpoicTBOM. Mpumepsbl
BO3MOXHbIX KPMBbIX CUTHaNa npueeeHbl Ha pucyHke Al.3. Mpodusb M3MEHEHNUs TemnepaTtypbl o6pasua, He A0CTYMHbI
s onepaTopa, NpuBefeH Ha pucyHke A1.3 Ans nydwero NoHMMaHus npoduneii oxnaxaeHus obpasua. Kaxagoe Tonimeo

CeeToBble CUrHa bl

1— TemnepaTypa 3aMep3aHuns; 2 — He KOHTPoMpyeTcsi; 3 — TeMnepaTtypa 3aMep3aHus; 4 — Temnepartypa Henpo3payHocTh; 5— Touka
3amep3aHuns 3arpsAsHeHns; 6 — 1ccriefoBaHne 3arps3HeHns; 7 — MOBTOPHOE HarpeBaHue; 8 — Temnepartypa 3amep3aHusi

PucyHok A1.3 — [inarpamma npouecca McnbiTaHus
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N Kaxaoe 3arpssHeHue 6yayT AaBaTb pasHble KpuBble AeTekTupoBaHus. OfHAKO MPU UCMbITAHWKU OAHOTO U TOTO Xe Tuna
06pasua, KpuBblE CUTHANIOB AETEKTUPOBAHMS M HEMNPO3Pa4HOCTW OCTAKTCS WAEHTUYHLIMU. STO MO3BOMSIET OnepaTopy
onpeaenaTb oTne4yaTok o6pasua v BbiSBAATbL MOAUDUKALMIO NH060T0 NPOAYKTA MPU CPaBHEHMW KPMBLIX curHana. Muku,
OTMeuYaeMble Ha KpMBOM Nof HammeHoBaHMeM «CUrHan AeTeKTUPOBaHWs» COOTBETCTBYIOT MOAMMUKALMUW NOMsSpU3aLmm
cBeTa, NPOXo/sLLero Yepes UcnbiTyemblii o6pasel,. Moguduvkaums nonsapusauuy cosgaercs NnpucyTCTBMEM KPUCTas/oB B
o6pasue A5 ucnbiTaHus. Kpveasi nof HasBaHueM «UucToe peakTUBHOe TOMMBO» fJaeT npumep obpasua 6e3 3arpsiaHe-
Hus. TKK, OTMeuyaemble Ha KPUBOIi cUrHana AeTeKTUPOBaHMUs, NoKasbiBatoT NosiB/IeHWe NepBOro KpucTania v nnaeneHue
nocnefHero kpuctanna. C sarpssHeHHbIM 06pasLoM MOXHO Ha60AaTb HECKOMbKO MUKOB. DTO COOTBETCTBYET KpucCTas-
nmsauuny 3arpasHUTenNs, 3a KOTopbIM crieflyeT KpUcTannsalus peakTMBHOro Tonauea. B JaHHOM YacTHOM cnydyae BO Bpe-
MA CcTaguu nojorpesa NaasfeHVe KPUCTAIZIOB PEeakTMBHOIO TOM/IMBA U NaBNEeHWEe KPUCTA/INIOB 3arpsAsHsioleld npumeci
Ha6/1l04al0T NPU pasHbIX TeMnepaTypax. ATO yKasbiBaeT Ha Ha/Mume 3arpasHsioLLein npumeci.

MpumeuyaHune Al.2— lMNonHoe onucaHue YCTAHOBKW, WHCTPYKLMM MO MOHTaXY M UHCTPYKLMK MO yXoay coaep-
XaTcsi B PYKOBO/CTBE U3rOTOBUTENS, KOTOPbIM CHAGXEH KaxAblii annapart.

PucyHok Al.4 — AnnapaT 15 aBTOMATUYECKOro onpeaeneHns TeMnepaTypbl 3amMep3aHus

1— knaBuwWK ynpasneHuns; 2 — knasuwmn: OcTaHoBKa, Bosspat, ABapuiiHaa ocTaHoBKa; 3 — knaBuwa ynpasnexwus LCD — aucnneit

Ha XUAKMX KpucTannax (KWAKoKpucTanaumueckuin gucnnei); 4 — 8-cTpouHblii LCD, ocBeliaemblii ¢ 06paTHOW CTOPOHbI; 5 — KnaBuLn

Bbl30Ba (aKTMBM3aLMM) MEHIO MU KHOMKa Ansi oTobpaxeHns Ha LCD; 6 — uucposas BCcrnomoratesibHas Knasmartypa 1 Kiasulin OTMeHb!
1 BBOJA

PucyHok A1.5 — BHeluHAs naHenb annapara
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MpunoxeHve OA
(cnpaBo4Hoe)

CBefeHnsa 0 COOTBETCTBUU CCbIJIOYHbIX CTaHAAPTOB HaLuMOHa/IbHbIM
N MeXrocyaapCrtBeHHbIM CTaHOapTam

Tabnuya OA1

O603HauYeHne CCbINOYHOTo CTteneHb O603HauYeHne 1 HanmeHoBaHue COOTBETCTBYHOLLEro HaynoHanbHOro,
cTaHgapTa COOTBETCTBUSA MEeXrocyapCTBEHHOro ctaHgapTa

ASTM D 2386 HOT FOCT P 53706—2009 «TonnuBa aBuauuoHHble. MeTon onpegeneHns
TemMneparypbl 3amep3aHus»

ASTM D 4057 NEQ FOCT P 3873—2012 «HedTb u HedTenpoAyKTbl. MeToabl Py4HOro
oT6opa nNpob»

ASTM D 4177 —

*
IP 16 —

* COOTBETCTBYIOLLMI HAUMOHA/bHBIA CTaH4APT OTCYTCTBYET. [0 €ro NPUHSATUA PEKOMEHAYETCS UCMO/b30BaTh nepe-
BOJ, Ha PYCCKUi A3bIK JAHHOTO cTaHapTa.

MpumeyaHne — B HacToswel Tabnuue MCNOAb30BaHbl Crefylole yc/ioBHble 0603HAYEHMA CTENeHn CooT-
BETCTBUA CTaHAApPTOB:

- FOT — naeHTnYHble cTaHdapThl;

- NEQ — mogucmunpoBaHHble cTaH4apThbl.
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YAK 662.753.1:006.354 OKC 75.160.20

Kniouesble cfioBa: TonauBa A8 aBUaLMOHHbLIX ra3oTypb6UHHLIX ABUraTeneit, TemnepaTtypa 3amep3aHus,
aBTOMaTMYeCKWii nas3epHblii MeTof, KpucTanbl YyrneBon0pos0B

Pepaktop HO. PacTopryesa
TexHuueckuii pegaktop B.H. [Npycakosa
Koppektop W.A. Koponesa
KomnbloTepHasa sepctka W.A. HaneikuHoi

CpaHo B Habop 23.08.2019. TMoanucaHo B neyatb 15.11.2019. dopmart 60><841/8. FapHuTypa Apuan.
Yen. ney. n. 1,86. Yu.-n3g. n. 1,68.
MoAroToBNEHO Ha OCHOBE 3N1EKTPOHHONW Bepcumn, NpefocTaBneHHol pa3paboTunkomM cTaHgapTa

Co3gaHo B eguHUYHOM mUcnosiHeHun Bo ®Iryn «CTAHOAPTUH®OPM» ansa komnnekroBaHusa ®efepasibHOro
NHhopMaunoHHoro oHaa ctaHgaptos, 117418 MockBa, HaxmmoBckuii np-T, 4. 31, k. 2.
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