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PabGora Bemonnena B demepanbHOM TrOCYJApCTBEHHOM YHHTAPHOM MPEANPHUATAN
«Bcepoccuiickuii  Hay4yHO-HCCJIEAOBATENbCKUI ~ MHCTUTYT  METPOJIOTUM  HMEHU
J.1. Menneneea»

HayuHblii pyKOBOAUTEJb: KaHIUIAT TEXHUYECKUX HAYK,
['opo6eit Bnagumup HukonaeBuu
OduunanbHbie ONMOHEHTHI:

I[OKTOp TCXHUYCCKUX HAYK

I[OKTOp TCXHUYCCKUX HAYK

Bexymasi opranuzanmsi:

3amura JAUCCepTallMi COCTOUTCS 2019 r. B 4acoB Ha
3aCelaHuU IUCCEPTALMOHHOIO COBETA B ®I'VII «cBHUUM wnm. /..
MenneneeBay» no aapecy: 190005, Caunkt-IlerepOypr, MockoBckuit mip., 1. 19.

C nuccepramueii MOXKHO O3HaKOMHUThCcsi B Oubmuoreke OI'VII «BHUUM
um. /.M. MenpaeneeBay.

ABTopedepart pa3ocnaH «__ » 2019r.

OTt3b1BBI Ha aBTOpedepaT B 2-X HK3EMIUIIpAX, 3aBEPEHHBbIC MEYAThIO YUPEKIICHUS,
npocumM HarpaBuTh 1o aapecy: 190005, Canxr-IletepOypr, MockoBckuit mp., a. 19,
YYEHOMY  CEKpETapro  JuccepraimoHHOro  coBeta  Yekupne  KoHcTaHTHHY
Bragumuposuuy.

Y4eHbll CEKpeTapbh AUCCEPTALMOHHOTO COBETA,
KaHIUJAT TEXHUYECKUX HAYK K.B. Yekupna



OBIIAA XAPAKTEPUCTUKA PABOTDBI

AKTYaJIbHOCTH NIP00OJIeMBbI

PasButne HedTemnoObIBaomero komruiekca Poccuiickoit ®Pepepanuu nUMeeT
OJIHO M3 KIIOYEBBIX 3HAYECHUI ISl MOBBIMIEHUS 3KOHOMHYECKOW MOIIU CTPaHbl U
pocTa ee aBTOpUTETa HAa MEKIYHApPOJHOM apeHe. YcroWumBas paborta
He(Teqo0bIBAIOIIETO KOMIUIEKCAa OOECHeunBaeT SHEPreTUYECKYl0 0e30MacHOCTh
Hamel crpansbl. [locTynneHne 3HaYUTENbHON YaCTU BAIFOTHOM BBIPYYKH OT MPOAAXKH
He(hTH M HEPTETPOAYKTOB SBIACTCS OTIOPOM TOCYAAPCTBEHHOM OIOKETHOU CUCTEMBI,
MOCKOJIbKY POoccusi — OJIMH M3 OCHOBHBIX MOCTABIIUKOB HE()THU U HEPTEIPOIYKTOB Ha
MUPOBBIE PHIHKHU.

CroumocTs He(TH U HEPTENPOAYKTOB HAIPSAMYIO 3aBUCUT OT HMX KauyecTBa.
[ToaTomMy HE0OX0AMMO 00€CIEeUUTh KOHTPOJIb KauecTBa HEPTH M HEPTEHPOAYKTOB,
KaK Ha CTaJWM TPAHCIOPTHPOBKH, TaK M HEMOCPEACTBEHHO MNpU MepepadoTKe u
XpaHeHnH. KayecTBO XapakTepH3yeTcsi HECKOJbKMMHM KPUTEPUSMU M IApaMETPaMH,
IIPSIMO WJIM KOCBEHHO BIIMSIOIIMMU HA CTOUMOCTB IIPOIYKIIUU.

[Ipu onenke kadyecTBa HE(TENPOAYKTOB OJHOM M3 TIJIABHBIX XapaKTEPUCTHUK
ABIIsI€TCS JaBiieHue HachleHHbIX napoB (JHII). Ot 3Toil XxapakTepuCTUKU 3aBUCAT
AKCIUTyaTallMOHHbIE CBOWCTBA HEPTENPOAYKTOB (TOIJIMB, Macell, PacTBOpHUTENEH U
T.J1.) ¥ pe3yJIbTaThl paCUE€TOB Psijia TEXHOJIOTMUYECKUX MPOLIECCOB.

B 10 xe BpeMs HepTb M HEPTEHNPOAYKTHI SIBISIOTCA OJHUM U3 OCHOBHBIX
HMCTOYHUKOB 3arpsA3HEHHs] OKPYXKAroLIeW cpenbl. bosblie MOJIOBUHBI BCEHW MAacChI
TEXHOJOTMYECKUX IOTeph MPUXOJUTCS Ha BbLACIAIOLIUECS W3 HEPTEHPOAYKTOB
yraeBogopoabl. [Ipu mpounx paBHBIX BHEIIHUX YCIOBUSX UX KOJMYECTBO 3aBUCUT OT
ucnapsieMoctd Hedtu, xotopas xapakrepusyercs JHII u comepxkanuem B HedTH
pPacTBOPEHHBIX M CBOOOJHBIX Ta30B. be3 JOMKHOrO KOHTPOJIS 3TUX MapaMeTpoB
HEBO3MOJKHO BBISIBIIEHUE OCHOBHBIX MPUYHUH MOTEPh M, CIIEJOBATEIbHO, MPUHSATHE
COOTBETCTBYIOIIHUX MEP MO UX NPEAOTBPALLEHHUIO.

B EBpormie s koHTposis kauecTBa HehTH 1 HePTENPOMYyKTOB yxe Oosee 15 et

HCIIOJIB3YIOTCA aHaJIN3aTOPhI JAaBJICHUS HAaCBIIIICHHBIX ImapoB. Anamms aTtop



MPENCTaBIsICT COO0OM KOMITAKTHBIM, TOJHOCTHIO aBTOMATU3MPOBAHHBIN MpHOOD,
no3BoJsitoluii ObicTpo onpenensats JJHII ucnbityemoro obpasua.

B Poccum ananmornuHbple aHanmM3aTophl WM TpuOopbl s u3Mepenus: JIHII
He()TH U HEPTEMPOIYKTOB, CIIOCOOHBIC KOHKYPHUPOBATh C €BPOTICHCKUMHU CPEJICTBAMHU
U3MEPEHUN, HE BbINyCKarOTCA. [loaTOMy, 171 TOBBINIEHUS KOHTPOJISI KayecTBa
JAHHOTO Tmapamerpa HedTH u HEPTENpOAyKTOB, OTU AHAIU3ATOPHl  CTAIU
npuoOpeTaTbCsi M HUCHOJNb30BaThcsa Ha  Teppuropun  PD. U nmockoabky
METPOJIOTUYECKOr0 o0ecriedeHusi B JaHHOW oOmactu B Poccum mpakThuecku He
CYIIIECTBOBAJIO, TMOSBUJIACh HEOOXOIUMOCTh pa3pabOTKH W COBEPIICHCTBOBAHUS
METpPOJIOTHUYECKOro obecrneuenus B oonactu usmepenuit J{HIL.

brumi mocrtaBiieHBl 3amaud  NOBBIIEHHUS TOYHOCTM u3Mepenus JIHII,
MPOBEJICHNUE UCIBITAHUHN C LIEJIbI0 YTBEPKIACHUS THUIA 3apyOeKHBIX aHAJIM3aTOPOB Ha
tepputopun PO, mepegaum um pasmepa emuHuiel JIHII, pa3paboTku MeToauk
UCIIBITAaHUI U MIOBEPKU MPUOOPOB JAHHOTO HAMPABIICHUS.

eab padoTsl

Pa3zpaboTtka, co3ganue, uccieoBaHUE U BHEAPEHUE YCTAHOBKHU JJI U3MEPECHHUS
JIHII, ¢ nocienyronuM yTBEpKACHHUEM B KadyecTBe pabOYyero 3TajoHa. Y CTaHOBKA
JOJDKHA YJIOBJIETBOPSITH MOTPEOHOCTSIM COBPEMEHHOW HE(PTSIHOW MPOMBIIIIIEHHOCTH.
PaGora pmomkHa OBITH BBHINOJHEHA HA OCHOBAHMHM KOMIUIEKCHOTO —aHaIM3a
COBPEMEHHOT'0 PhIHKA METOJOB U CPEJICTB U3MEPECHUN JABIICHUS HACBIIICHHBIX MApOB
HepT ¥ HEPTENpOIyKTOB, a TaKKE OCHOBHBIX HAIPaBIECHUN  Pa3BUTHS
METPOJIOTUYECKOTO 00€CTIeUeHUs B JAaHHOU 00J1acTH.

B cBs3u ¢ 3TUM OB MOCTABJIEHBI CJICIYIOIINE 3aa4u:

- IPOAHAIIU3UPOBATH CYLIECTBYIOIIME COBPEMEHHBIE METOABI M CPEICTBA
WU3MEPEHUN JaBJICHUs HACBIIICHHBIX MapOB HEPTU U HEDTETPOTYKTOB;

- paspaborarb, co3daTh M HCCIEAOBAaTh yCTaHOBKY misi usMmepenus JIHII
XKUIKOCTEH, KoTopas 6b1 u3mepsuia JIHII ¢ BRICOKOI TOYHOCTHIO;

- Ha 0a3ze YCTaHOBKM co031aTh pabouuit stasioH, B DI'VII «BHUUM

um. /.M. MenpaeneeBay;



- TPOBECTU HCCIEAOBAHUS METPOJIOTHUYECKUX XapPaKTEPUCTUK CO3JAHHOU
YCTaHOBKH I10 HanOOJIee CYIECTBEHHBIM NCTOYHUKAM TIOTPEITHOCTH JJISI ONIPEIeITICHUS
(YHKIMOHAJIBHBIX 3aBUCUMOCTEH W BBEICHMS IONMPABOK COTJIACHO COBPEMEHHBIM
METOJIaM M3MEPEHHs], U MEepeIadyu pa3Mepa €IUHULBI JABJICHHUS HACBIIICHHBIX ITapOB
Oosiee rpyObIM TIpHuOOpam;

- pa3paboTaTh KOMIUIEKC MEp HJisi MPOBEACHUS MOBEPKU, KAIUOPOBKU U
yTBEpKIeHUsT Tuna Ha tepputopuun PO anammszatopoB JIHII Ha 0a3ze paHHOM
YCTaHOBKH.

Hay4ynasi HoBU3HA

[IpensioxeH, NCCIe0BaH U BHEAPEH HOBBIM MHEBMATUYECKUN METOJI U3MEPEHUS
JABJICHUS HACBIIIEHHBIX apoB He(TENPOTYKTOB, OCHOBAHHBIN Ha
TEPMOJAMHAMUYECKUX METOJIaX H3MEPEHUSA MaBJICHUS, II03KE PEaqn30BAHHBIA B
rocyjgapcTBeHHOM paboueM odrtamoHe Homep 3.1.ZZB.0033.2015. Hoseiii MeTon
MO3BOJIMJI  00ECIIeUnuTh HEoOXoauMyro TouHOCTh u3MepeHuit JIHII, uto He ObLIO
BO3MOYKHO C MPUMEHEHUEM CYIIECTBYIOIMX MeTO10B U CH.

Pa3zpaboTan npoekT gokanbHOM nmoBepouHoit cxemsl Ayt CU JTHIL.

PazpaboTtana MeTojuKa aTTeCTAallMU TOCYJapCTBEHHBIX CTaHIAAPTHBIX 00pa3lioB
(I'CO) xumkocTtelt aOCONIOTHOTO JaBJICHUS HACHIIMICHHBIX MapoB. [lo pa3zpaboTku
JTAaHHOM METOJWKH TOJOOHBIX JIOKYMEHTOB IO cTaHAapTHbIM oOpasmam JIHII nHe
CYyILIECTBOBAJIO.

PazpaboTtanbsl ¥ BHEIPEHBI METOJUKU HCIBITAHUNA M TOBEPKU aHAIM3aTOPOB
JHII. Meroauku s aHanM3aToOpoB ObUTM pa3padOTaHbl BIEPBBIE, OHU BHEAPEHBI U
MCIIOJIb3YIOTCSl OT€UECTBEHHBIMH LIEHTPAaMU cTaHAapTu3anuu U metposioruu (LICM).

IIpakTHyeckass HEHHOCTH PadoThI

COBEpIICHCTBOBAHUE METPOJOTMYECKOTO KOMIJIEKCA, HAIlPaBJICHHOIO Ha
pasBuTHE OOJACTH W3MEPCHHWM JABJICHHS HACBHIIMICHHBIX TIApoB HeDTH U
HedrenpoaykroB B Poccun.

Pa3paboran, wuccienoBaH W YTBEPXKAEH B  YCTAHOBJIICHHOM  IOPSIKE
rOoCyJapCTBEHHBIA PAOOYMIl ATAlOH EAWHMIIBI JABJICHHUS U1 HACHIIIEHHBIX MapoB

YKUJIKOCTH.



PazpabGorannsiii rocymapcTBeHHbI paboumii stanon Ne 3.1.Z27B.0033.2015
no3ossier PI'YII «BHUUM umm. [IUWN. MenneneeBa» OCYIIECTBISTh IOBEPKY H
KaJIMOPOBKY CPEACTB M3MEPEHUMN JaBICHUS HACBIIIEHHBIX MApoOB, a TAaKXKe MPOBOIUTH
aTTECTalUIO CTAaHJAPTHBIX 00Pa3IIoB.

Pa3paGoTanbl U yTBEpKIEHbBl METOJUKU HCHBITAHUM U TOBEPKH CPEACTB
WU3MEPEHUN JABIICHHS HACBHIIIEHHBIX ITAPOB.

Pazpaborana wu yTBepkAeHa METOAUKA AaTTECTallMd TOCYAapCTBEHHBIX
CTaHAApTHBIX 00pa3ll0B JaBJICHUS HACHIIICHHBIX TapoB HEPTH U HedTenpoaykToB. [1o
pe3yNbTaTaM HCCIICIOBAHUHN yIIyYIIIeHBI CTaHAapTHEIE oOpa3iibl AJ[HII.

locynapctBennbiit  paboumii  stamon  Ne 3.1.ZZB.0033.2015 mo3Bosser
UCCIIE0BAaTh METPOJIOTMYECKUE XAPAKTEPUCTUKU HOBEUIIMX CPEACTB H3MEPEHUM
JIaBJICHUSI HACBIICHHBIX MapoB, Takux Kak aHanmszatopel JHII, m npoBoguTh
roCyJapCTBEHHbBIE UCIBITAHUS C LETbIO YTBEpkAeHUs tuna CU.

OCHOBHBIC M0JIO’KEHNS M Pe3yJIbTaThl, BBIHOCMMbIE HA 3AIIUTY

PazpaboTka u  ucciaeoBaHHE  TOCYJApCTBEHHOro  pabouero  ATajoHa
Ne 3.1.Z27B.0033.2015 nis u3MepeHus TaBJICHUS HACHIIIIEHHBIX TTapPOB KUIKOCTEH.

Pa3paboTka BEICOKOTOYHOW YCTAHOBKH [ U3BMEPEHUS TaBJICHUS HACHIIIICHHBIX
MapoB JKUJKOCTEN Ha 0a3e KOTOPOH OBLI CO3/1aH pabOUUil HTAJIOH.

HoBpii1 mHEBMAaTMYECKUM METOJ W3MEPEHUN JaBJICHUSI HACBILICHHBIX I1apOB
JKUJIKOCTE, OCHOBAaHHBI HAa TEPMOJMHAMUYECKHUX METOJAaX U3MEPEHUU JaBJICHUS, a
TaKXe pe3yJbTaThl €r0 UCCICIOBAHUIL.

MeToauKN UCTIBITAHUHN U TTIOBEPKHU CPEJICTB U3MEPEHUM JJaBJICHUS] HACHIILIEHHBIX
apoB HEPTH U HEPTEIPOTYKTOB.

Meroanka aTTecTalli roOCy/1IapCTBEHHBIX CTaHIapTHBIX oOpasioB JIHII.

AnpoOauus padoTbl

OCHOBHBIE TTOJIOKEHUS TUCCEPTAIMOHHON PabOTHI U OTACIBHBIC €€ Pe3yIbTaThl
JTOKJIa/IBIBAITUCH U 00CYKIAJTUCh Ha!

o I X MexayHapoiHbIi TeXHUUeCcKuil cemuHap «Pa3padoTka, mpou3BOACTBO,
OPUMEHEHHE W METPOJOrHuecKoe O00ecrnedyeHue CpEeACTB HM3MEpPEHHUs NaBJICHHS U
Bakyyma», Cankt-IlerepOypr, ®I'YII «BHUUM um. Menaeneeay, Hosi0ps 2004 .



o X MeXTyHapOoJIHbIM TeXxHHUecKui cemuHap «Pa3paboTka, mpou3BOICTBO,
NPUMEHEHHE U METPOJIOTHYECKOE OOECleYeHHe CpEACTB M3MEPEHMs [aBlICHUS U
Bakyyma», Cankrt-IlerepOypr, ®I'VII « BHUUM um. MenpaeneeBa», Hosiopb 2006 T.

o Konkypc HUOKP BHUMM-06, Cankr-Ilerepoypr, ®I'YII «BHUNM
uM. MeHnneneeBa», nekadbps 2006 r., 2 MecTo.

o MexyHapoIHbId HAay4YHbI CEMHUHAP-KOHKYpC «Jlydmmi mosonoun
meTrposor KOOMET», Munck, peciyonuka benapycs, anpens 2009 r.

o Hayunbiii cemuHap «AKTyalbHBIE 3aa4d BOCHHOW METPOJIOTHNY,
MockBa, MO, Mbituiu, anpeins 2009 r.

° Bropoii MexayHapoIHbIM CUMIO3UYM «MEXaHMYECKUE H3MEPEHUS U
ucnbiTanust MEXAHOMETPUKA 2010», Mocksa, anpens 2010 r.
o Bcepoccuiickas  koHbepeHImuss «MeTponoruss W CTaHAapTU3AIUS

HedrerazoBoit orpaciau-2011», Caukr-IlerepOypr, centsiops 2011 r.

J Bropas Bcepoccuiickas koHpepenuus «MeTposiorust U cTaHaapTH3aLus
He(drerazoBoit orpacinn-2012y», Cankr-IlerepOypr, oktsi0ps 2012 r.

o Tpetbs Beepoccuiickas koHpepeHuus «MeTpoiaorus U cTaHIapTU3aLMs
HedTerazoBoit otpaciu-2013», Cankrt-IlerepOypr, oktsiops 2013 T.

o Kondepenuuss «Konrpecc momoapix yuensix», HWMTMO, Cankr-
[TerepOypr, anpens 2015 T.

o Pacmipennsiii ceMuHap HayYHO-HCCIIEI0BATEIBCKOTO OT/Iea B 00J1acTh
m3mepenuii napinenns, OI'YII «BHUWM um. MenneneeBay, CII06., utons 2017 r.
Iy0ukanuu, CTpyKkTypa 1 00bEM padoThl

OCHOBHBIE TIOJIOKEHHUSI JUCCEPTAIIMOHHONW pabOThl TMpeACTaBiICHHI B 16
neyaTHeIX paboTax, U3 HUX 5 0e3 COaBTOpPOB, 3 cTaTbu ONMyOJUMKOBAHBI B BEAYLIUX
Hay4HBIX )KypHanax, pekoMeHa0BaHHbIX BAK.

JuccepranonHas paboTa COCTOUT U3 BBEACHMUS, 4-X IJ1aB, 3aKIIOUYECHHUS, CITUCKA
HUCTOYHUKOB W mpuioxkeHus. OOmmii o0bem pabotel coctaBisger 110 crpanun
MaITMHOMUCHOTO TeKCTa, BKiIodast 19 pucynkos, 24 Tabnuibl, 2 rpaduka U CHHCKa
HMCTOYHUKOB U3 55 HAMMEHOBAHUM.

B nuccepranrionHoit paboTe H3710XKeHbl W OO0O0OIIEHBI pe3yJabTaThl PadOTHI,

BbITIOJIHEHHOH B Tiepuos ¢ 2002 mo 2019 rr.



COLAEPKXAHUE NNCCEPTALINNA

Bo 66edenuu 000CHOBaHA aKTyaJlbHOCTh  JUCCEPTAIIMOHHOM  palOThI,
chopmMynupoBaHbl 1I€JIM U 3aJaud, MOKa3aHa Hay4dHas M MpaKTHYecKas 3HAYMMOCTb
UCCIeI0BaHNs, 000OCHOBaHA aKTyaJbHOCTh MPOOJEMbl KOHTPOJIS KayecTBa HEPTH U
HEe(DTENPOAYKTOB Il  OOECHEeUeHUs]  COBPEMEHHBIX  METPOJOTUYECKHX U
HKOJIOTHYECKUX TOKa3aTesiel, a TakKe YMEHBIIECHUS TEXHOJIOTMYECKUX MOTeph MpHU
no0br4e, nepepaboTke, TPAHCIOPTUPOBKE U XpaHEHUU HePTH U HePTEPOAYKTOB.

B nepsout 2nase mpuBenéH aHaIUTHUYECKUNH 0030p padoOT, MOCBSMIEHHBIX
TEOPETHUUECKOMY ¥  OKCICPUMEHTAILHOMY HW3YYEHUIO HM3MEPEHHUS  JIaBJICHUS
HACBIIMCHHBIX MapoB HePTH W HEPTEMPOTYKTOB, BHITOJHCHHBIX OTCUCCTBCHHBIMU U
WHOCTPAHHBIMHU UCCJICIOBATCIISIMH.

[IpoBenen 0030p-aHamn3 METOAOB HM3MEpPEHUS TABJICHHS HACHIIICHHBIX IapoOB
He(TU U HEPTENPOAYKTOB, U3JIOKEHHBIX B CICAYIOIIUX CTaHAapTaX:

-I'OCT 1756-2000 «Hedrenponyktel. M3MmepeHnue naBiieHHs HACBIIEHHBIX
apoBy;

-I'OCT P 52340 «Hedts. Meton ompeneneHus AaBJICHUS MapOB METOIOM
paCHIUpPEHUSY;

-I'OCT P 8.601-2003 «I'CH. J[laBneHue HACHIIIEHHBIX NapoB HepTH u
He(TEePOayKTOB. METOMMKA BHITIOJHEHUS U3MEPCHHIN;

-T'OCT 2517-85 «Hed1h u HEDTEnpoayKTHl. MeToABl 0TOOpa MPOO»;

- EN 13016 (I+1I) «Xunkue nedrenponykrsl. [aBnenue napa. OnpeneneHue
JIaBJICHUS HACBHIIIEHHBIX BO3ayXxoM napoB (ASVP)y;

-ASTM D 323 «Meron omnpenencHus AaBICHUS HACBHIMICHHBIX TapoOB
HedTenpoaykToB (Meton Peiina)y;

- ASTM D 4953-99a «Meton omnpenenenus JHII G6en3una m cmeceil mapos
OCH3MHA C OKCUTEHATaMU (CyXOi METOM)»;

-ASTM D5191 «CrannmapTHbelii METOJ OMpENeiICHUS JaBICHUS TapoB
He(TENPOTYKTOB (MUHU-METO)»;

- ASTM D 6377 «Meton omnipenenenus aaBieHust mapos ceipoit Heptu: VPCR,

(MeTo[ paciupeHus)»;



-ASTM D 6378 «CraHmapTHbI TECT-METOJ JJIS ONpeieeHUs IaBJICHUS
HachimeHHbIX  1apoB  (VPy) HedTenpoaykToB, yrieBOJOPOJOB U  CMeECeH
YIIEBOAOPOIOB C OKCUTeHAaTaMU (METOJT TPOMHOTO PACIIUPEHUS )Y,

-ASTM D 6897 «CraHmapTHBI TeCT-METOJ IS ONpeiciICHUs JIaBJICHUS
HACBIIIEHHBIX MMAPOB COKMKEHHBIX HEPTIHBIX ra30BY.

[IpoBenén aHanuTUUECKUl 0030p CPEACTB M3MEPEHUM JaBICHUS HACBHIIICHHBIX
napoB HePTH U HEPTENMPOMYKTOB. PaCCMOTPEHBI CYIIECTBYIONINE M UCIIOIB3YIONTUECS
Ha Tepputopun PO npubopsl 0TEYECTBEHHOTO U 3apyOeKHOTO MTPOU3BOACTBA, a TAKKE
COBPEMEHHBIC aHAJIU3ATOPhI JABJICHUS HACBINIEHHBIX MapoB. [IpoBeaeHo cpaBHEHHE
X METPOJIOTHYECKUX XapaKTEPUCTUK, NpUHIMNOB aeiicTBus corinacHo ['OCTam u
ASTM KkoTOopbIC OHU PEATU3YIOT.

Bo emopoii 2nase npuBeAEH aHATUTUYCCKUN 0030p B 00JACTH HCCICAOBAHUMN
TEPMOJMHAMUYECKUX METOJOB HW3MEPEHUs [aBJICHUS W CHEIaHbl BBIBOABI IO
MIEPCIIEKTUBHBIM BO3MOKHOCTAM U3MEPEHUS JIaBJICHUS HACBIIEHHBIX TAPOB, CO3/IaHUS
U uccienoBanusi crannapTHeix oOpasuoB JIHII. B oGmactu usmepeHuil naBiieHus,
albTEPHATUBHO CYLIECTBYIOIIMM METOJAaM W3MEPEHUS MAaBICHHUS Yepe3 Maccy M
Iomanas (A o0JacT M30BITOYHOIO JABICHUS) WIM 4Yepe3 IUIOTHOCTh M BBICOTY
BOJISHOTO CTOJIOA JKUAKOCTU (I8 O0JacTH pasHOCTH JaBJICHMI), HCCIeAoBalach
BO3MOXXHOCTh CO3/IaHUSl €CTECTBEHHBIX JTaJOHOB JIaBJICHUS HAa OCHOBE UMCTHIX
BEIIIECTB U KUJKOCTEH Ha 0a3e 3aBUCHMOCTHU JIaBJICHUSI OT TEMIIEPATYPHI.

[IpoBeneHbl TEOPETUUECKUE U DKCIIEPUMEHTATIbHBIE MCCIEAOBAHUS H3MEPECHUI
JIABJICHUSI HACBIIIEHHOTO Tapa BOJAbI B Jauamna3zoHe pabouux Temmeparyp (ot 15 1o
50) °C. Pe3ynbraThl UCCIIEIOBAHMI TPUBEACHBI B TEKCTE KAHAMIATCKON IUCCEPTAIIUU
U Tabnuiax. YacTh riaBbl MOCBSAIICHA pa3pad0OTKEe HOBOTO MHEBMATHYECKOTO METO/A
Ha 0a3e TePMOJIMHAMUYECKHUX MTPOIIECCOB.

bt paccMOTpeHbl TEPMOJUHAMUYECKHE METOAbl MU3MEPEHUs IABJICHHUS HA
OCHOBE (PUKCHpOBaHHBIX TOYeK (PA30BBIX TIEPEXOJOB YHUCTHIX BEIIECTB, TaK
Ha3bIBAEMbBIX TPOWHBIX TOYKAX, KOTOpPHIE [JIaBHO MCIOJB3YIOTCS B KauecTBE
TeMIEpaTypHBIX pPENepHbIX TOYEK. PaccMOTpeHHbIE TEPMOJMHAMUYECKUE METOJIbI
M3MEpEeHUs JaBJICHUNA Ha OCHOBE HEMPEPHIBHBIX y4acTKOB P-T KpuBBIX IUIaBieHUS,

cyOonumanuMM # 1apooOpa3oBaHMsl YHUCTBIX BEIIECTB, B OTIMYME OT METO/A



(UMKCUPOBAHHBIX TOYEK MO3BOJISIIOT MOJYYHUTh PE3ylbTaThl MU3MEPEHUM JaBICHUS B
pa3bl TOYHEE.

IlepcieKTMBHOCTH IPUMEHEHUSI PACCMOTPEHHBIX METOJIOB 3aKIJIFOUAETCSI B TOM, YTO
Ha WX 0a3e MOXKHO CO3/1aBaTh CTaHJApTHBIE 0Opa3lbl, HEOOXOAUMBIE IS CIMYCHUM,
MOBEPKM U KaJMOPOBKM JTAJOHHBIX CTAllMOHAPHBIX YCTaHOBOK, OoMO Peiima u
anaymsaTopoB JIHII Ha mecTe ux akcruryaTanuu.

Onupasich Ha TOMYYEHHBIC PE3yJIbTAaThl MCCIENOBAaHUM, ObUT chopMyIHpOBaH,
WCCIIEIOBAaH M BHeApeH HOBbIM Meton m3Mepenur JIHII. B u3smeputenvHyro kamepy
yepe3 BXOJHOM KIIalmaH MOJAeTCsl MCHBITYeMbI oOpasel] MaBiCHUS HACBIIEHHBIX
MapoB, B TAKOM 00BEME, 9YTO OB COOTHOIIEHUE 00BEMOB TIaP:)KUIAKOCTh OBIJIO PaBHBIM
4:1. [ns [NOCTIKEHUS HAWIY4YIIUX pe3yJbTaToB oOpaszel OXJIaXIaeTcs 0
temriepatypbl + 3°C. [locne 3anuBku oOpaslia B U3MEPUTEIBHYI0 KaMmepy BXOHOM
KJIallaH ~ 3aKpbIBAa€TCA, H  OTKPBIBACTCS  OTKAYHOW  KJallaH, COCIUHSIOIIUN
VM3MEPUTENBHYIO Kamepy ¢ HacocoM. IIporecc Bakyymu3auuu U3MEpUTEIBHON KaMepbl
3aKaHYMBAECTCsI B TOT MOMEHT, KOrJa IOKAa3aHWs JaTydMKa JaBJICHUS IIEpeCTaroT
YMEHBIIIATHCS, MOCIIE YErO 3aKPhIBACTCA OTKAYHOM KjanaH. OCTaTOYyHOE [1aBJICHUE B
Kamepe HeoOoxoaumo ydecTh npu onpeaenenun JHII. [Tocie Toro, kak Bce KiamaHbl
3aKpBITHl, HAYMHAETCS MPOLIECC HArpeBa M3MEPUTEIBHOM KaMEPhl U HUCIBITYEMOTO
obOpasna ¢ momoiibio Tepmoctata. Harpes mpomomkaercss no temmeparypsl 37,8 °C
(100 °F). IIpu »>TO¥M Temreparype YCTAaHOBUBIIEECS B W3MEPHTEIBHON Kamepe
JaBlieHHe OyJeT SIBJISIThCS JABJICHUEM HACBIIICHHBIX MapOB HCIBITYEMOTo 00paslia 3a
BBIYETOM OCTATOYHOTO JIABJICHUSI.

JlanHblii MeToa OBLT peann3oBaH BIEPBBIC, a PE3YIbTaThl €r0 MCCIEIOBAHUMN
onyOirKoBaHbI B )xypHaie «3mepurenshas texauka» Ne 3, 2006 r.

Hcnonb3yst TEOPUTHUUECKUE MCCIECAOBAHUS MOXHO MPUMEHUTh HA IIPAKTUKE
TEPMOJIMHAMMYECKYIO 3aBUCUMOCTh JIaBJICHUS HACBILLICHHOIO Mapa HaJ YKUIAKOCTBIO, C
KOTOPOM OH HAaxOJUTCS B TEPMOAMHAMUYECKOM PABHOBECHH, OT TEMIIEPATYPhbl HarpeBa
UCTIBITYeMOM KuAKocTH. HOBBIN MeToa OB peann3oBaH B BHICOKOTOYHON YCTaHOBKE
no uaMmepenuto JIHII, koTopas Boiia B COCTaB rocyJ1JapCTBEHHOTO paboYyero TajoHa
CAUHUIIBI AaBieHus s obmactu udMepenuit JJHII. DToT sTamoH cranm mepBbIM B
CBOEM pOJI€ M JI0Ka3aJl TMEPCHEKTUBHOCTh PA3BUTHUSL HAMPABICHHUS CO3JaHUS

C€CTCCTBCHHBIX 3TAJIOHOB HA OCHOBC YHCTBIX )I(I/I)IKOCTeﬁ.
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Takxke BTOpasi IJaBa MOCBAIIEHA pa3pabOTKe M HUCCIENOBAHMIO ATaJOHHOMN
yctanoBku Y JIHII mist oGnacTtu m3MepeHUi AaBieHUs HACHIIIEHHBIX MapoB Ha 0ase
HOBOT'O THEBMATHYECKOTO METO/IA.

Onupasice Ha U3YYCHHYIO T€OpEeTHUeCcKyto 0a3y B o0nactu uzmepenuit JIHII, kak
U B 00JacTM TEPMOJMHAMUYECKHX TMPOIECCOB, a TaKXKe Ha OCHOBOIIOJAraroIlnue
crauaaptel ['OCT 1756-2000 u 3apyOexxubie ASTM u EN 6b110 mpunsiTo peiienue
co3JaTh YCTAaHOBKY, u3Mepsmouyto adcomotHoe JHII ucneityemoro mpoaykra mnpu
cooTHouieHnn (a3 map:xuakocte - 4:1, mpu Ttemmeparype 37,8 °C. B ocHoOBy
CO37JaBa€MOM  YCTAaHOBKM  JIET  YHHUKaJbHBIA,  BIEpPBbIE  pa3padOTaHHBIN
naeBMatuueckuit meton usamepenust JJHII, coorBercTBytomuii coBpemenHsiM ['OCT u
ASTM. 3a Bcé BpeMst CBOETro CYIIECTBOBAHMS YCTAaHOBKA, KaK M B HACTOSIIEE BpeMs,
ATAJIOH, IIOCTOSIHHO MCCIEIOBAJIMCh M COBEpLICHCTBOBaIMCh. [lo pesynpraTtam
UCCIIEIOBaHUM ObUIM 3aMEHEHbl COCTaBHbIE YacTH U DJJIEMEHThl Ha Ooiee
BBICOKOTOYHBIE 1 COBPEMEHHBIE.

Tak, I NOBBIIEHUS TOYHOCTH M JOCTOBEPHOCTH HW3MEPEHUI JIaBJICHHUS
HACBILIEHHBIX MAapOB ObUIO NPUHATO pEUIEHHE 00 MHCIOJIb30BAHUU B 3TaJOHE
COBpEMEHHOro mnpeobpas3oBarens naeineHuss Gupmbl MUJIA, paszpabotaHHOro mnoj
KOHKpETHbIE TpeOOBaHUs C HAllleW CTOPOHBI, ¢ AuanazoHoM uzMepenuit 0 — 160 klla,
kiacca ToyHocTH 0,15. DTo sKCHEpMMEHTaNbHBI MPUOOP HOBOTO MOKOJEHHUS CO
cnenuaibHO Monudukanuend s paboThl € arpecCMBHBIMU cpeaamu. B HaydHO-
HCCJIEI0OBATENIbCKOM OTJEN€ TOCYAAPCTBEHHBIX ATAJIOHOB B O0JacTH HW3MEpPEHUMU
nasnenuss OI'VII «BHUUM um. J[.M. Menneneea» ObUlM MPOBEACHBI MCIBITAHUS
JaHHOTO TMpeoOpa3oBarelisi C MNpUMEHEHHEeM pabodero sTajoHa H30BITOYHOTO
naBieHus 2 pazpsga kiacca TtoyHoctd 0,05, mMOATBEpAMBIINE METPOJIOTUYECKHUE
XapakTepucTUKu TmpeodpazoBarensi. OCOOCHHOCTHIO MaHHOTO TMpUOOpa SBIAETCS
BO3MO’KHOCTb MOJKIIFOUEHHS K KOMIBIOTEPY ISl BU3yaIM3alMy NPOLECCa U3MEPEHNUS
JIHII. Buzyanu3anus 1mMo3BOJISIET UCKIIOYNTH OMMOKY OTCYETa ONEpaTOpoOM, a TaKKe
OoTOpOCHTh CiTy4aiiHbie «BBIOpOCH». lIporpammuoe oGecnedenue dupmber MUJIA
aTTECTOBAHO MPOU3BOAUTENIEM U SBJISAETCS JIMLEH3MOHHBIM MTPOTYKTOM.

Kpome Toro, B cocrtaBe 3TajoHa ObUIM 3aMeHEHbl Ha O0o0yiee TOYHBIE U
COBpPEMEHHbIC: HM3MEpUTENIbHAs KaMmepa, AaT4hK TeMIEepaTrypbl, IHEBMaTHUecKas

CUCTEMA, HAcCOC, TEPMOCTAT. OTO MPUBEIO K YIYYIIEHUIO METPOJIOIMUECKUX
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XapaKTePUCTUK M TIOBBIIICHUIO HAJIEKHOCTU JTajioHa B 1eyioM. OTcYeT aBJICHUS
BU3YQIM3UPYETCSd HAa KOMIIBIOTEPE B YHCJIOBOM M Tpa@UUecKOM HCIOJHEHUH B
€IMHHUIIAX JTaBICHUL.

OCHOBHBIC TEXHHYCSCKHE XapaKTCPUCTUKU.

Jlnara3oH u3MepeHuil abCoIFOTHOTO JaBiieHus, Klla 0...160
[Ipenenbl qormyckaeMo OCHOBHOM IMPUBEACHHON

MOTPENTHOCTH, Yo 10,25
Pabouas )xuakocTe TEpMOCTaTa BOJIA
Junanazon pabounx temmepatyp, °C 0...50
Hanpsxenue nuraromeit cetu, B 220:%%
Yacrora nuTaromeu cetu, 111 50+1

HOTpe6J'IHCMaH MOIODHOCTB OT CCTHU IICPCMCHHOI'O TOKaA, KBT, He Ooyiee 3

CTPYKTypHaH CXCMa J3TAJIOHA IIPUBCACHA Ha PUCYHKC 1.

1 - m3MepuTenbpHasI KaMepa, 2 - mpeoOpa3oBaTeb TaBJICHUS; 3 - KOMITBIOTED;
4 - U3MEpUTENbHBIA TEPMOMETP; 5 - MITyLEP I 3aJTUBKU 00pa3Ia;
6 - TepMOMeTp TepMoOcTaTa; 7 - TPEXX0JI0BOM KpaH;
8 - BakyyMHBIi1 Hacoc; 9 - TepMocCTar.

Pucynox 1 - Cxema pabouero sTajaoHa Jyisi '3MEPEHUH JTaBICHHS HACBIIIEHHBIX MTapOB
KUTKOCTH.

Tpemua 2nasa nocssiieHa copepiieHcTBoBanuio Y JIHII u co3ganuto pabouero
stanoHa B oonactu uamepenuit [IHII. CosepuiencrBoBanue Y JIHII BeinosHeHo myTem
VCCIICOBAHNUsI W 3aMEHbl COCTaBHBIX 4YacCTE€W, MOJECPHM3AaLMM ITHEBMAaTUYECKOU
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CHUCTCMBbI OTKAQ4YKM HdaBJICHUA M3 HBMGpHTeHBHOﬁ KaMCpbl, a TaKKXC MOIACPHU3ALUU

caMol M3MEPUTEIFHON KaMephl (PUCYHOK 2).

Wiy

e

Pucynok 2 - U3meputenbHas kamepa 3TajoHa

bein  mpomsBeneH pacuer o00beMa H3MEPUTEIBLHONM KaMmepbl C  IEJIbIO
ONTUMHU3AIMUA KOJUYECTBA 3aTpaurBaeMoro oOpas3la Ha OAHO Hu3MepeHue. bbiio
MIPUHATO PEIICHUE O COKpAIEHUH 00beMa M3MEPUTEIHHOM KaMepbl Ha TMOPSI0K U
MPOBEJICHUS HCIBITAHUS C DSKCIIEPUMEHTAIIbHOM MOJICJIBI0 HOBOM H3MEPUTEIbHOMU
Kamepsl. s 3Toro ObuT Mpou3BEeH mepepacyeT o0bemMa M3MEPUTEIHHON KaMephl,
MOATOTOBJICH 3CKHU3, Mo KoTopomy Bo BHUHMM Obiia co3mana HoBasi U3MepUTEIbHAS
Kamepa MEHbIIIero oobeMa.

Pacuetr o0beMa HOBOWM M3MEPUTEIIBHONW KaMephbl ObLIT MPOBEJICH IO CIEHATbHO
pa3paboTaHHOMY aBTOpOM ypaBHeHuio (1):

V= gnr3 +2mrl - hy +mrf - hy (1)

N3 ypaBuenuss (1) oObeM wu3MepuTenbHOM Kamepbl paBeH V=125 mi.
COOTBETCTBEHHO, [JIs JIOCTHXKEHHUS COOTHOIIEHUs map/kuakoctb 4:1 o0beM
HeoOXouMoro odpasma OyeT paBeH 25 M.

Takxe HEOOXOOUMO ydecTh OOUIMI 00bEM MpPU COECIUHEHUU CPEPUUECKOU U
HAJIMHIPUYECKUX YacTeH U3MEPUTEIIBHOM KaMephl. ITO OyAyT TPU cerMeHTa cepbl C
oauHakoBeIMH auaMmerpamu. O0néM omHoro cermedTa (V¢) MOXKET OBITH BBIYMCIIECH I10
ypaBHEHHIO (2):

4

Ve =mh? - (. — she) ()

3
I'me: h.=1 MM — BBICOTaA CErMEHTA;

e ="7,5 MM — pagyC COEIMHEHNS COCTABHBIX YaCTEN U3MEPUTEIIBHON KaMEpHI.
[ToyxcraBisisi YMCICHHBIC 3HAYEHUSA B ypaBHeHHE (2) mojydaeM 0O0OBEM OJHOIO

2 2
cerMeHTa paBHbIM V= 1,29 cM”. [Ins1 Tpex cerMeHToB 3T0 3HaueHue oyaet 3,86 cm”.
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JIJ1st TOCTOBEPHOTO 3HAYEHUST 00heMa U3MEPUTEITHLHON KaMephbl K pacUeTy TaKXKe

HEOOXOAUMO  MpuOaBUTh  00bEM  BAKyyMHOrO0  IIJIAHTa,  COETUHSIOLIETO
U3MEPUTENIbHYIO KaMepy ¢ JaT4UKOM jaaBieHus. O0ObEM LUIaHra MOXKHO IPEICTaBUTh
B BHjAe oObemMa wWiIMHApa ¢ JauHOM 15 cm um amamerpom 0,5 cm. OOwvem
paccUMTBhIBaeTCS MO ypaBHEHHIO (3):

V. = nr2h, = 3,14 % 0,06 * 15 = 2,82 cM? (3)

Pabouuit 00beM U3MEPUTETHHONW KaMephl C Y4€TOM 00BEMOB CETMEHTOB OyeT

paBeH:

Vosws =V — V. + V; = 125 — 3,86 + 2,82 = 124 Mt (4)
B atom ciiygae o0bem HeoOxoaumoro obpasia OyaeT paBer 24,8 M. ~ 25 MiL.
VYMeHpIMB 00BEM H3MEPUTENBHOM KaMepbl YyJIaloCh CHHU3UTh 3aTpaThbl
UCIbITyeMoro oopasna B BoceMb pa3 (¢ 200 miut 1o 25 mur). C HOBOW M3MEPUTENNBHON
KaMepoi 3TaJIOH CTajl KOMITAKTHEE U MIPH 3TOM €T0 METPOJIOTHUECKHIE XapaKTEPUCTUKU
OCTaJUCh HAa YpOBHE, YKa3aHHOM B 3KCIUTyaTallUOHHOW JOKYMEHTAllMM Ha 3TajloH
(Tabnmma 1).

Tabnuua 1 — ucneITaHus MOJIEPHU3UPOBAHHON U3MEPUTEIBHON KaMepbl

/1 O6pazen;y | AtrectoBannoe | M3wm. kamepa | Ilpus. morp.,| U3m. kamepa | Ilpus. morp.,
sHauenue, klla | 200 ma., xI1a % 25 mi., xlla %

1 I'enran 10,49 10,57 0,05 10,52 0,02

2 I'excan 33,85 34,23 0,24 34,10 0,16

3 Ddup 54,69 54,42 -0,17 54,48 -0,13

B konme 2015 roma Oplma 3aBepiieHa paboTa IO YTBEPXKICHHIO pabouero
JTaJioHa B 00JIACTH M3MEPEHUs AaBJICHUS HACBIIIEHHBIX MApOB KUIKOCTEH. B 0CHOBY
pabouero 3TajioHa BOILIM TEOPUTHUYECKHE W MPAKTHYECKUE PaOOTHI, MPOBEACHHBIC C
2002 roma. DrtanmoH co3naH Ha Oa3e ycraHoBku g usmepenus JIHIT wedptu u
Hedrenponykros YJIHII. B sranone peanuzoBaH HOBbIM meron uzmepenus JIHII,
Oaszupyromuiics Ha  (QyHAAMEHTAJIbHOW  TEOPUU UM DKCHEPUMEHTAIBHBIX
MCCJICIOBAHMSIX.

Buenmnuit Bua sTaioHa MpUBEICH HA PUCYHKE 3.
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Pucynox 3 - BaemHuii Bua pabodero sTajioHa B 00J1aCTH U3MEPESHUN JaBICHUS
HACBIIIEHHBIX MapOB KUJIKOCTH.
OTamoH MPOXOAMT E€XKErOAHYH aTTEeCTalli0, BKIIOYAIONIYI0 B  ce0s

MOBEPKY/KAIMOPOBKY BCEX CpPEJICTB HM3MEpPEHUM, BXONAIIMX B COCTaB JTajoHA
COTJIACHO DJKCIUTyaTallHOHHOM JIOKyMEHTauuu. Tak Kak OCHOBHOM BEIMYHHOM
BOCIIPOM3BOJANMOM JTAJIOHOM SIBJSICTCS JIaBJI€HUE, TO IpeoOpa3oBaTeb JaBIICHUS
MOBEPSIETCSl HA TOCYAAPCTBEHHOM pabodyeM 3TajoHe BTOPOTo pas3psjia, T.K. ITAJOH, 1O
CBOMM METPOJIOTHUECKUM XapakTepuctukam B moBepounorr cxeme «['OCT P 8.802—
2012. T'CHU. TocymapcTBeHHas TIOBEpOYHAs CXeMa sl CPEICTB H3MEpPCHUS
n30bITouHOTO AaBieHus g0 250 MlIlay, cooTBeTcTByeT crarycy paboyero srajoHa
TpeTbero paspsna. [lomHoe Ha3BaHHWE YTBEPKIAECHHOTO 3TalioHA: «l ocyaapCTBEHHBIN
pabouuii 3TanoH 3 paspsiga eIUHUIBI JAaBICHUS NIl HACBIIIEHHBIX MapOB KUIKOCTH B
nuanasone ot 0 go 160 kITay», ¢ peructpanronnsiM Homepom 3.1.2ZB.0033.2015.
Otanon coaepxkatr U npumeHsaoT B OI'YII «k BHUUM wnwm. [[.1. MenaeneeBar,
r. Cankr-IlerepOypr, B Hay4HO-HCCIEIOBATEIBCKOM OTJENE€ TOCY/IapCTBEHHBIX
ATaJIOHOB W HAYYHBIX HUCCIIEIOBAaHUIN B 00JIACTU U3MEPEHUI JaBJICHUS] B COOTBETCTBUU
c IlpaBunamu coxepxaHus U MPUMEHEHHs dTaynoHa. [[ns sTasona ObuT pazpaboTaH
MIPOEKT MOBEPOUYHOM CXEMBI JIJISi CPEICTB U3MEPEHHI JaBJICHHS] HACBIIICHHBIX MapoB

HedrenponykroB. IloBepounas cxema nns obnactu usmepenuit JIHII, xortopyro
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BO3IJIABJISIET 3TAJIOH, MPUBSI3aHa K rocyaapcTBeHHol mnosepouHoi cxeme ['OCT P

8.802-2012 B obmactu 3TanoHoB 3 pa3psina (pUCyHOK 4).

JloxkansHas NOBEPOYHAR CXEMA

ANR CPEACTB H3MEp HACkK BIX NApoB B Auanasoune o 160 xlla

roCY IAPCTBEHHBIA PABOYMHA
STAJIOH 3 PA3SPAJIA EJIHHHLILI
JAABJIEHHMA V1A
HACBIUEHHBIX IMAPOB
AKHIKOCTH B JIMATIA3SOHE
OT 0 10 160 xI1a

A=x025%

Jranon

{ Meroa upasasx

Cranaaprusie o6pasis
AJTHIT
JHuanason or 8 g0 115 xIla
§=25%

—

DTanoHK NepeHOCTHKH

.__{ Meros mpeadx

—

| I

Anamoaropss JIHIT Yo ans P
Jiuanason or 8 o 115 xIla JHI
Jimanason or 1 10 160 xI1a

5=5% §=5%

Juanason or 0 o 160 xIla
§=10%

Paboune cpeacTsa mameperui

[ BomGas Peitza

Pucynok 4 - mpoekT JiokanbHO#i noBepouyHoi cxemsl 111 CH JIHIT

Cozpnanue pabouero 3TajoHa B obsactu udmepenuit JIHII mo3Boimiio pemursb
Takue MpoOJieMbl KaK MOBEpPKa CPEJCTB M3MEPECHUN JABJICHUSI HACBHIIICHHBIX MMapOB, B
YaCTHOCTH aHaju3aTopoB tuma Minivap, Setavap, RVP-4, u np., arrtecranus
crangaptHeix obpasuoB JIHII, ucneitanus ¢ nenpto yrBepxkaeHus turna CU JIHIIL.
beimu pa3paboTaHbl METOAUKH TOBEPKHU JI KaXJOTO THIA MPUOOPOB, a TaKKe
METOJIMKH MCIIBITAHUM B LIEJISIX YTBEPKACHUS TUIA TAHHBIX aHAM3aTOPOB.

Kpome rocymapcTtBenHoro pabouero stajoHa B obnactu wm3Mepenmii JIHII
aBTOPOM ObLI peajiu30BaH MPOEKT MO CO3/IaHUI0 ABTOMATHYECKOW YCTAHOBKH IS
M3MEpEHMS JaBJICHUs HAChIeHHBIX mapoB AY W JIHII.

OI'VII «BHUMUM wum. .M. MeHnneneeBa», COBMECTHO CO CIEHUAINCTAMU
00O «Hayuno-nipousBojacteennoe npeanpusitue «IIAPK-IIEHTPy 6vutn npoBeieHbl
paboTHI 1O CO3/IaHMI0 TOTOYHOU ycTaHoBKH 1y1st m3mepeHus [{HIT nedtu B HEDTAHBIX

maructpaiasix. B 2010 romy OblT co3maH MakeT aBTOMAaTUYECKOM YCTAHOBKU IS
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u3MepeHus: namBieHus HacwileHHbIX napoB AYUJIHIIL, a mo3xe Obun paspaboran

OTIBITHBIN 00Opasel], MPeACTaBIECHHBINA HA PUCYHKE 5.

B nmumccepranmm mpeacTaBiIeHO ONMCAHWE JIAHHOM MOTOYHOM YCTAaHOBKH,
IIPUBENICHBI CTPYKTYPHAsl CXE€MA, IIPUHIINI JEUCTBUS U PE3YJIbTAThl UCIIBITAHUM.

Oco6ennocteio AYUJIHII sBnsieTcss opranu3anusi mMoaep:KaHus TeMIepaTyphl
B HM3MepuUTeIbHOM Kamepe. HeoOxommmo moaAepKUBaTh 3alaHHYIO TEMIEpaTypy
napoB MpPU OJHOKOHTYPHOM pEryJIMpOBaHUHM, HO B CHJIy OOJIBbIION WHEPLHUOHHOCTU
VM3MEHEHHS TEMIIEPATYPbl U3MEPUTEIBHON KaMEPBI U €€ COIEPKUMOrO 3TO MMPUBOJUT K
HEONpaBJaHHOMY pPOCTY BpPEMEHHM BBIXOJAa Ha 3aJlaHHyli0 TeMmieparypy. YToObl
YCKOPUTh 3TOT Mpolecc ObUT NPeyIoXKEH, U B IMOCIEACTBUM IMPUMEHEH,
IBYXKOHTYPHBIM  PErynsTop, coueraromuy knaccuueckun [IAJl-perynstop u
perynsitop Ha ocHoBe HeueTkod noruku (HJIP). Ero crpykrypa mpuBeneHa Ha

pHUCYHKE 6.

toxrm.:wx e tom'K 3AI

Pucynok 6 - Ctpykrypa [11]] perynsaropa
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Pesynbrater u3mepenuit JIHII rocymapcTBeHHOro cranmapTHOro ooOpasia
AJTHII-30 npuBenens! B Tabmuie 3.
Ta6muna 3 - Pesynbpratel usmepenuii AJIHII-30 ¢ arrecToBaHHBIM 3HaYeHHEM

34,1 kIla, oTHOCUTENBHAS TIOTPEIIHOCTD £ 2,5 %

Howmep onbiTa 1 2 3 4 5 6
3nauenne JJHII, 34,3 34,7 33,9 33,7 34,0 33,9
klla
AOcC. TOTpenIHoOCTh, -0,2 -0,6 0,2 0,4 0,1 0,2
klla
OTHOCUTEIbHAS -0,6 -1,8 0,6 1,2 0,3 0,6
HOTPENIHOCTb, %

Bnepsrie B Poccun co3gaH OMBITHBIA 00paser MOTOYHOTO aHAIM3aTopa JIs
m3mepenuid JIHII Heptn u HedrenpoayKToB, HE YCTyHaloIUMA IO CBOUM
METPOJIOTUYECKUM XapAKTEPUCTUKAM 3apyOeKHBIM TMOTOYHBIM aHajau3zatopaMm. B
AYUWUJHII BnepBeie peasm3oBan wmeron usMmepenus JIHII 3amoxeHHbll B
rocynapcTBeHHOM pabouem 3taione BHUNM.

Yemeepmaa  2naea  TIOCBSILIEHA  MCCIEIOBAHUIO  METPOJIOTMYECKUX
XapaKTEPUCTUK Pa3pabOTaHHOTO ATAJOHA, €T0 IKCIEPUMEHTAIBHBIM HCCIIEIOBAHUSAM,
UCCJICIOBAHUIO U ATTECTAIllMM TOCYJAapCTBEHHBIX CTaHIAPTHBIX OOpasloB, a TaKkKe
pa3paboTKe METOIUK UCTIBITAHUN U TTOBepKHU aHaiu3aropos JIHII.

C mnomomiplo 3TajgoHa ObUIM TMPOBEJCHBI HCCIIEIOBAHUS, HaNpaBlEeHHbIE Ha
MOATBEPKACHUE COOTBETCTBUS IEpPECUYETa PE3YJIbTATOB AKCIEPUMEHTOB PA3JIMYHbBIX
metonoB m3Mepenuit [IHII, mpuBenennsix B pasabix ['OCT, EN, u ASTM. Takxe
ObTM  TPOBEJEHBI  TEOPETUUECKUE U  IKCIEPUMEHTAJIbHBIE  HCCIEIOBaHMUS,
MOATBEPAUBIINE JAHHOE COOTBETCTBUE.

3a BpeMsl JKCIUTyaTallMd dTajioHa ObUIO MPOBEICHO HECKOJILKO CpPaBHEHUI
pe3ynbTaTOB M3MEPEHUN € 3apyOeKHBIMU aHAM3aTOpaMHu JAaBJICHHUS HACBIIICHHBIX
napoB. IlorpemHOCTh aHANM3aTOPOB yKa3blBajdaCch B IIPOTOKOJAX  3aBOJCKOU
KaJIMOPOBKU aHanmu3aTopa. ABTOpPOM OBIJIO MPHUHSTO PEIICHHE B KAaueCTBE ATajOHA
CpaBHEHUS MPUMEHHUTH rocyaapcTBeHHbie 00pasibl AJ[HII. 3mepenns npoBoaumuck
B OJMHAKOBBIX YCIOBUSX g Bcex mnpubopoB. Ilepen wmsmepeHusmu mpuOOpbI
HaxXOJWINCh B MOMEIICHUN HEe MeHee 24 yacoB. [lomydyeHHbIe pe3yabTaThl MPUBEACHBI
B Tabnunax 2 - 4, rae ykaszaHbl CpeHHUE 3HAUCHUS JECSITH H3MEPECHHUN B Kaxou

TOYKC.
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PesynbraThl cninuenuii aTanona, ananuzaropa MINIVAP VPSH Ne14-05-1877 u

ananuzaTtopa Setavap 11 Ne1005676 npuBenens! B Tabnuiie 2.

Tabmuia 2 — CpaBHeHHUE pe3yIbTaTOB U3MEPECHUN dTAJIOHA ¢ aHATTN3aTOPaMH.

HaumenoBanue | AtrectoBannoe | Minivap VPSH, Setavap 1, DranoHx,
obpasma 3HA4YCHMUE, klla | oTHOCHT. klla OTHOCHUT. klla OTHOCHT.
klla norp.,% norp.,% norp.,%
AJIHII-10 10,5 10,9 -3,81 11,20 -6,67 10,30 1,90
AJTHII-20 22,3 22,8 -2,24 22,50 -0,90 22,20 0,45
AJTHII-30 34,0 34,7 -2,06 34,40 -1,18 34,10 -0,29

Pesynbrarsl ciimueHumn

9TaJIoOHa C aHaJIu3aTOpaMH

2165 u Eravap Ne EV 9027130 npuBeieHs! B Ta0uIE 3.

MINIVAP VPS Ne 16-07-

Tabmuma 3 — CpaBHEHHE pe3yabTaTOB U3MEPEHUN dTAJOHA C aHAITM3aTOPAMH.

HaumeHnoBanue | ATTecTOBaHHOE Minivap VPS, Eravap, DranoH,
obpasua 3HA4CHHUC, klla | oTHOCHT. klla OTHOCHT. klla OTHOCHT.
kITa norp.,% norp.,% norp.,%
AJIHII-20 21,9 21,1 3,65 21,60 1,37 22,00 -0,46
AJTHII-40 48,4 48,9 -1,03 49,50 -2,27 48,60 -0,41
AJTHII-100 107,0 108,4 -1,31 106,10 0,84 107,20 -0,19
PesynpraTel cnuuenuit stanona ¢ anamuzaropamu MINIVAP VPSH Xpert

Ne 23-212-0010, u Eravap Ne EV 0148111 npuBenens! B Tabnmiie 4.

Tabnuna 4 — CpaBHeHHUE pe3yIbTaTOB U3MEPEHUI dTAJIOHA C aHATTN3aTOPaMH.

HaumenoBanue | AtrecroBannoe |  Minivap VPSH Eravap, DTaloH,
oOpasia 3HAYCHHE, Xpert,
klla klla | oTHOCHT. klla OTHOCHT. klla OTHOCHT.
norp.,% norp.,% norp.,%
AJIHII-10 11,2 116 | -357 10,90 2,68 11,10 0,89
AJTHII-30 33,7 34,4 -2,08 34,20 -1,48 33,90 -0,59
AJTHII-50 51,6 52,7 -2,13 49,70 3,68 51,90 -0,58

AHaJIM3aTOPbl UMEIU

3.1.27B.0033.2015 Bnepsbie.

3aBOJICKYTO KaJ'II/I6pOBKy n CIn4aJdnuCb C JOTAaJIOHOM

PesynbraTsl

CIIMUYCHUH IIOKa3allH,

qTO DOTaJIOH

INpCBOCXOOUT II0 TOYHOCTH 3apy6e>1<HLIe AHAJIU3aTOPbl U MOKCT IIPHUMCHATHCA IJIA

KOHTPOJISI TOYHOCTH ITOJJOOHBIX CPEACTB U3MEPEHHUM.
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[To ypaBHEeHMIO H3MEPEHUN OB COCTaBJICH OIO/KET MOTPEIIHOCTH.

Cpennee kBapaTU4ecKoe OTKIIOHEHUE pe3ynbrara usmepenuit JJHII va satanone
Mo pe3yjbTaTaM H3MEPEHHM SKCIEPUMEHTAJILHOIO0 CTaHJIapTHOro olpasiia paBHO
S(Pi) = 0,13 kIla. CocraBisomye HEUCKIIOYCHHON CHCTEMAaTHICCKOW ITOTPEITHOCTH
ATaj0Ha MpuBeeHbI B Tabmuie 5.

Tab6muua 5 — Cocrasisaronine HCIT

CocTaBIsOIIKE MOTPENTHOCTH 3HauyeHue

=
[NorpemHocTh onpeneneHus ycKopeHue cBo0ogHoro maaenus i | 0,=0,03-10
r. Cankr-IlerepOypr

ITorpemHocTh ONnpeaeaeHrus COOTHOMIEHUS Map:)KUIKOCTh 4:1 0,=6,13-10"

[TorpentHocts onpeaeseHus MIOTHOCTH CTaHAApPTHOTO 00pasiia 0,1=1,29- 10°
2

IlorpemHocTh OnpeeneHns IIOTHOCTH BO3AyXa 0,,=0,71-10

[TorpemHocTs ONpeneneHus HW3MEHEHUsS TeMIIEpaTypsl cpenwl | O =3,6- 107
TEpMOCTATa
Temmeparyprblii  ko3bburment  JmHeiHOro  pacumpenus | ©,=0,19-107
M3MEPUTEIBHON KaMEPBI

Joseputenpublie rpanuisl HCII npu onpenenenun [JHIT Ha 3TaioHe paBHBI:

O(P) =k-,/02 +OF + 0% + 0%, + O + O (5)
ne k=2 - xoddpdumment c¢ moBeputTenbHOUW BeposiTHOCTRIO P=0,95.
Cnepnoarensno: ®(P)=0,065 kIla
CyMmmapHasi TOTPEUIHOCTh U3MEpeHud paboyero dTajoHa, COIJIACHO
TEOPUTHYECKUM U IKCIIEPUMEHTAIBHBIM HCClieA0BaHusAM, He TipeBbimaeT 0,2 klla.
[Tockonbky pabouunii 3Tasnion uaMmepsier adbcomornoe JHII xuakocteit, To 310
JIa7I0 BO3MOKHOCTh COBMECTHO C JIa0OpaTOpueil TOCITAJIOHOB B 00JaCTH U3MEpPEHUN
IUNIOTHOCTH M BA3KOCTH kujakoctu DPI'YII «BHUMM wum. JI.M. MenaenceBa»
pa3paboTaTth U UCCIENAOBATh 0Opa3Ibl a0COIIOTHOTO JABJICHUS HACHIIICHHBIX IMapOB.
['ocynapcTBeHHBIE CTaHIAPTHBIE OOpa3ibl a0COJIOTHOTO JIaBJICHUS HACBIIIEHHBIX
napoB HedrenpoaykroB (['CO AJIHII) npenHa3HavyeHbl Jisi TIOBEPKU CPEJICTB
WU3MEPCHUI JaBJICHUS HACBIIMICHHBIX IMapOB HEPTEHPOIYKTOB, aTTECTAIIMH METOIMK
BBITIOJTHCHUS M3MEPEHUH JaBJICHUS HACBHIIICHHBIX MApOB HE(PTEPOAYKTOB M KOHTPOJIS
norpemHocted Metonuk BeimoHeHuss wusmepenuit JHII mo T'OCT 1756-2000.
['OCT P 8.601-2003. JlaBieHue HACBILIEHHBIX MapoB HEPTH U HEDTENPOIYKTOB.

Metonuka BbmmonHeHus wusMmepenuit. ASTM D 323 u ap. Otu  o0pasimsl
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U3rOTaBIIMBAIOTCS W3  HENPENENIbHBIX  YIJEBOJOPOJIOB, TaKUX KakK TeENTaH,
LMKJIOTEKCaH, FeKCaH, alleTOH, IIEHTaH U JIp.

Jns artectaudu 3TUX 0OOpa3loB aBTOPOM OblIa pa3paboTaHa W yTBEpKIEHA
MeToauKa aTTectanuu oopasios AJIHIT Ne 2302-01M-2003.

3a rox Ha ycraHoBke jusi m3mepenus JIHII arrectyercs mopsiaka 30 maprtuid
oOpasuoB AJ/IHII. A Tak kak Cpok TOJHOCTH OAHOTO 00pa3ia — 1 rofi, To 3TO BIEUET 32
co00¥ MOCTOSHHYIO TIOTPEOHOCTh B TIPOBEICHUM aTTECTAIIUH, YTO B CPENIC MOCTOSHHO
pa3BUBAIOIIETOCS phIHKA HedTempoaykToB OymeT Bce Ooisee BocTtpeOoBaHo. OpHa
naptus AJIHII wucumcnsiercs necsitkamMy, a TO U COTHSMHU JIMTPOB CTaHAAPTHOTO
oOpa3sna.

N3HayanpHO, B Hayajle JBYXTBHICSYHBIX TOJI0B, OCHOBHOM Mpo0OsieMoil B 001acTi
m3mepenust JIHII Oblna moBepka W HCHBITAaHUS 3apyOEKHBIX aHAIM3aTOPOB.
AHaIN3aTOpP — 3TO €AWHBIM M3MEPUTEIbHBIA KOMIUIEKC, MOJYYAIOUIMNA €AUHUILY W3
COBOKYITHOCTH ONEpaluii W3MEpPEHUs [aBIICHHS MpPHU OINPEACICHHON TeMIlepaType.
[TosnemeHTHAsT MOBEpKa B TaKOM ciy4yae Obuta HenpuMmeHuMa. HeoOxomumo ObLIO
pa3paboTaTh METOAUKY /Ui TIOBEPKH aHAM3aTopa Kak eIUHOro 1enoro. [1ockonbky
KaXJIbld aHAIN3aTOP YHUKAJIECH U PEATU3yeT CBOM METOJ U3MEPEHUN — I KaXKJI0To
TUTA aHAJIN3aTOPOB HEOOXOMMO OBLIO pa3padOTaTh CBOIO METOAMKY.

JIns uchbITaHWA M TOBEPKH AHAIM3aTOPOB aBTOPOM OBLIO MPEIJI0KEHO
ucnoas3oBath 'CO AJIHII. Ha ocHOBe »TOr0 Metosa OblIO pa3pabOTaHO HECKOIBKO
METOJMK TOBEPKU U TMPOrPaMM UCIBITAHUNM aHanMM3aTopoB. Jlig Kaxaoro Tumna
aHaJIM3aTOPOB CYIIECTBYET OINpPEJACICHHBIA METOJ U TEXHHUYECKUE OCOOCHHOCTH
usmepenust JIHII. B texcre nuccepranimoHHoi pabOThl IPUBOAUTCS CYyTh U OCHOBHbBIC
MOMEHTBI JAHHBIX METOJUK.

Takum o00pa3om, co3manue Pabodero »TajoHa, CTaHAAPTHBIX OOpPA3IlOB H
METOJWK aTTECTalluu, WCIBITAHUM W ToBEepkH aHanuizartopoB JIHII, mo3Bonuimo He
MPOCTO YJIYUYIIUTh CUCTEMY METPOJIOTUYECKOr0 00ecreueHus B 00JIaCTH M3MEPEHUM
JIHIT B P®, HO u BbIBECTM €€ HaA HOBBIM, COBPEMEHHBIN YpOBEHb. Kpome Toro,
KOMIUIEKC JIaHHBIX MEp MO3BOJIJI MPUMEHSATh Ha Tepputopuu PP BBEICOKOTOYHBIC
aHaJM3aTOPhI JIaBJICHUSI HACBHIIIEHHBIX MapoB. C KaXIbIM T'OJIOM KOJUYECTBO HOBBIX
CU B obmactu wusmepenuit JIHII pacrer, uro BiedeT 3a COOOMl MOCTOSHHYIO

HEOOXOAMMOCTh B KOHTPOJE KauyecTBa TEXHUYECKOr0 YpPOBHS MPUOOPOB U
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CTaHAApTHBIX 00pa3loB. BHenpeHnue pe3ynbTaToB TaHHON AMCCEPTALMOHHON padOThI
TO OrPOMHBIM CKa4€K B pPA3BUTUM M COBEPILIEHCTBOBAHUM METPOJIOITMYECKOTO
obecnieuenus B ooaactu nusmepenuit JJHII B nammeit crpane.

OcHOBHBIE BBIBO/bI.

B nuccepranmonHoi paboTe MoJIy4eHbl CIeYIOUe Pe3yIbTaThI:

- IPOBEJICH aHaJIu3 COBPEMEHHOIO COCTOSIHHUSI METOJOB M METOJWK WM3MEPEHUN
JABJICHUS HACBIIICHHBIX MApOB HEYTH U HEPTEIIPOTYKTOB;

- IpOBEAEH 0030p-aHAIU3 CYUIECTBYIOUIMX coBpeMeHHbIXx CH  naBieHus
HACBIIICHHBIX MMapOB He(PTU U HEPTETIPOTYKTOB;

- pa3paboTaH, WHCCIEIOBAaH W BHEAPEH HOBBIA IMHEBMATUYECKUH METOJ
n3mepenun JJHIIL

- pa3paboTaH, UCCJIEI0OBaH, YTBEPKICH U BHEAPEH T'OCYIapCTBEHHBIN pabounii
sraion Ne 3.1.Z7B.0033.2015 B o6nactu wusmepenmit JHII, a Taxxke mpoekt
noBepouHoit cxembl Jiist CU JTHII;

- pa3paboTaHa u uccieaoBaHa ycraHoBka st uamepenus JAHII, ve ycrynaromas
10 CBOMM METPOJIOTHYECKUM MapaMeTpaM COBPEMEHHBIM 3apy0eKHBIM MpuOopam;

- IPOBE/ICHBl HCHIBITAHUS C LEJIbI0 YTBEPKICHUS THUIA YCTAHOBKH IS
m3mepenus JIHII wu BHecenus ee B [Tocpeectp CU PO (DenepanbHblid
nH(pOpMAITMOHHBIN POH MO 0OECIIEUEHUIO €AMHCTBA U3MEPEHUN );

- pa3paboTaHbl HOBBIE HU3MEpPUTENIbHAs KaMepa M THEBMAaTHYECKas CUCTeMa
YCTaHOBKH, YMEHBIIUBIINE PACX0] UCCIEAYEMOI0 00pa3iia )KUIKOCTH;

- B COCTaB JTajlOHA BHEAPEHBI HOBBIE, COBPEMEHHBIC CPEIACTBA HM3MEPEHUU
JABIICHUSI W TEMIEpaTypbl, a TakKKe MOAEPHU3UPOBAHO BCIIOMOTaTEIbHOE
o0opymoBaHue;

- pa3paboTaHa TOTOYHAsT AaBTOMATHU3WPOBAHHAs YCTAaHOBKA I W3MEPEHUs
JABJICHUSI HACBIIIEHHBIX TMapoB HepTH u HedrenpoaykroB AYUJIHIIL. Usrorosien
OTIBITHBIM OOpa3er;

- HCCNIEZIOBaHbl M yCOBEPIIEHCTBOBAaHBI cTaHmaapTHbie oOpasibl AJIHIT mns
noBepku  a”anu3aropoB  JIHIT  (coBmectHo ¢  ;aboparopueid  IJIOTHOCTH
OI'VII «BHUUM um. [I.11. Menneneeray);

- pa3paboTaHa METOIMKA aTTeCTAIMU CTaHAapTHBRIX 00pa3iioB AJIHII;

- pa3paboTaHbl METOUKH MOBepKU aHanmu3aTopos JIHII.
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- pa3paboTaHbl METOAMKUA HCHBITAHUWA C IEJbI0 YTBEP)KICHHUS HOBBIX THUIIOB
a"anusaropos JIHII na reppuropun PO.
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