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MpeaucnoBue

Lienn, oCHOBHbIE NpUHUMNLI U 00LLME npaBuna NpoBeaeHusa paboTr N0 MEXTOCYAapCTBEHHOW CTaHAapTU-
3auuu ycraHosneHol MOCT 1.0 «MexaocyaapcTBeHHaa cucrema craHgaptusaumu. OCHOBHbIE MOMOXEHUSA» W
FOCT 1.2 «MexrocyaapcTBeHHan cuctema craHgaprusauun. CtaHaapTbl MEXTOCYAapCTBEHHbIE, MPaBUna u peko-
MEeHAAaLMu N0 MEXTOCYAAPCTBEHHON cTaHaapTusaumu. Mpasuna paspaborku, NPUHATUS, ODHOBINEHMS U OTMEHBI»

CBeaeHusa o ctaHaapre

1 NOOIOTOBNEH MexrocyaapCTBEHHbIM TEXHMYECKMM KOMUTETOM no craHgaprtusauum MTK 339
«be30nacHOCTb Chbipbs, MaTEPUANOB U BELLECTBY HA OCHOBE COOCTBEHHOIO NepeBofa Ha PYCCKUM A3bIK aH-
rnos3biYHON BEPCUN MEXAYHAPOAHOIO AOKYMEHTA, YKAa3aHHOIO B NyHKTE 5

2 BHECEH ®epepanbHbiM areHTCTBOM MO TEXHUYECKOMY PEryrnMpoBaHUIO U METPONOIMK

3 NMPUHAT MexrocyaapCTBEHHbIM COBETOM NO CTaHAapTu3auuu, METPONorum U ceptudunkauum (npo-
Tokon ot 22 uona 2015 r. Ne 78-M)

3a nNpuHATUE NPOroNocoBanu:

KpaTkoe HaumeHoBaHWe CTpaHbl Kopa ctpaHbl no MK CokpalleHHoe HauMeHoBaH1e HaLMOoHaNbLHOro opraHa
no MK (UCO 3166) 004—97 (UCO 3166) 004—97 no cTaHAapTUsauum
ApmeHus AM MwuHakoHoMUKN Pecnybnukn ApmeHus
Benapycbk BY loccTangapt Pecnybnukv Benapycb
KasaxcTaH KZ loccTangapt Pecnybnuku KasaxcraH
Kupruaus KG KelprelacTaHaapt
Poccus RU PoccTtanpapt
TapXuKkncran TJ TagxukcTangapT

4 [Mpukasom degepanbHOro areHTCTea No TEXHUHECKOMY PErynMpPOBAHUIO M METPONOrumn oT 12 okTabpsa
2015 r. Ne 1530-ct mexrocyaapctBeHHbln ctaHaapT FOCT 33402—2015 BBeaeH B AeiiCTBME B KA4ECTBE Ha-
LUMoHanbHoro craHaapta Poccuiickoit depepauun ¢ 1 ceHtabps 2016 r.

5 Hacroawwmii ctaHgapt aBnseTcs MoaUMUUUPOBAHHBIM MO OTHOLUEHUIO K MEXAYHAPOAHOMY AOKYMEHTY
OECD, Test No. 119:1996 «OnpeaeneHne HU3KOMOSEKYNAPHON MacCbl NOIMMEPOB METOAOM reflb-NPOHUKAIOLLIEN
xpomarorpacpumny («Determination of the low molecular weight content of a polymer using gel permeation
chromatographyy», MOD) nyteM nsmeHeHusi CTpykTypbl. ConoctaBneHne CTPyKTypbl HACTOALLEro craHgapra co
CTPYKTYPOI NPUMEHEHHOTO B HEM MEXAYHAPOAHOTO AOKYMEHTA NPUBEAEHO B AOMOMHUTENBHOM NpunoxxerHun JA.

HaumeHoBaHWe HacTosALLEro ctaHjapta U3SMEHEHO OTHOCUTENbHO HauMEHOBAHMA YKa3aHHOro Mexay-
HapOAHOro AOKYMeHTa Ans npuseaeHus B cootsetctane ¢ FOCT 1.5 (nogpasaen 3.6)

6 BBEJEH BINEPBbIE
7 MNEPEUSJAHME. Mai 2019 T.

Ungopmayus o seedeHuu e deticmeue (npekpaweHuu delicmeusi) Hacmosuweeo cmandapma u u3me-
HeHUll K HeMy Ha meppumopuu yKasaHHbIX ebiuie eocyfapcme rnybrnukyemces 8 ykasamessix HayuoOHanbHbIX
cmaHOapmos, usdasaembix 8 Mux 2ocydapcmeax, a makxe e cemu ViHmepHem Ha catimax coomeemcmeyo-
Wux HayuoHalbHbIX 0p2aHo8 o crmaHd0apmu3sayuu.

B cnyyae nepecmompa, U3MEHEHUSs unu ommeHbl Hacmosaweeo cmaHO0apma coomeememaeyiowas
uHepopmayusa 6ydem onybnuxkosaHa Ha oguyuansHoOM uHmepHem-calime MexeocydapcmeeHH020 cogema
no cmaHdapmu3ayuu, Memposioeuu u cepmucpukayuu e kamanoee «MexeocyOapcmeeHHble cmaHdapmbl»

CraHpaptuHdopm, odopmneHue, 2016, 2019

B Poccuiickon ®eaepauum HaCTOALUMIA CTaHAAPT HE MOXET ObITb MOMHOCTLIO UK
o7 YaCTUYHO BOCNPOM3BEAEH, TUPAXUPOBAH M PacNpOCTPaHEH B Ka4yecTBe ouumnanbHOro
nsgaHuna 6e3 paspeweHus PegepansHOro areHTCTBa No TEXHUYECKOMY PErynMpOBaHUIO

U METPONOrun
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M E XTFTOCVYA3APC CTHBETHHB N C TAHIAAPT

METOZAbI UCMbITAHUA XUMUYECKOW NPOAYKLMW, NPEACTABNAIOLEN ONACHOCTb
OJ18 OKPYXXAIOLLEN CPELbI

OnpegeneHne HU3KOMOSEKYSAPHOI MacChl MONIMMEPOB METOAOM FeNb-NPOHMKaoWen
xpomatorpadumn

Test methods of chemicals of environmental hazard.
Determination of the low molecular weight of a polymer using gel permeation chromatography

Nara BBeaeHua — 2016—09—01

1 O6nacTb npumeHeHusn

HacTosiwumit cTaHaapT yCcTaHaBNMBAET METOA ONpPEeAeNieHUs CoaepXKaHUsA HU3KOMOIEeKYNsSpHbIX dpak-
LMii B MONMMepax C UCMoNb30BaHUEM reMb-NMPOHUKAIOLLEN XpOMaTOrpadui.

2 Obwune cBeaeHus

2.1 NMonumepHbIe MOMEKybl CYLLECTBEHHO Pa3nMyaioTca no cBOMM CBOMCTBAM. B CBA3KU C 9TUM HEBO3-
MOXHO pa3paboTaTb OANH YHMBEPCArbHbIA METOA, TOYHO YCTAHABMUBAIOLLMI YCNOBUS Pa3feneHns U OLEHKU
NonMMepHbIX MONEKYN U NpeaycMaTpUBatoLLMiA BCE BO3MOXHbIE BapuaHTbl U OCOGEHHOCTU UX NOBEAEHUSA.
B yacTtHOCTH, CROXHbIE NONMMEPHbIE CUCTEMbI YACTO He NOAAAI0TCA aHanu3y C NOMOLLbIO refb-NPOHUKaloLLEen
xpomarorpacumm (IMX). Ecnu IMX He npumeHuma, To coaepxaHue HU3KOMONEKYNAPHbIX (ppakuuii B nonume-
pax onpegensitor ¢ UCNONb30BAHWEM APYIUX METOAO0B. B Takmx cnyyasax B OTYETE O NPOBEAEHUU UCTILITAHUS
YKa3blBaloT MOMHYI0 MHAOPMALMIO U NPUBOASRT 060CHOBAHME UCMONb3YEMOIO METOAA.

2.2 MeToa, npeacTaBneHHbid B HACTOALEM CTaHAapTe, ocHoeaH Ha [1]. MoapobHaa uHdopmauyus o
npoueaype UCNbITaHNS U OLIEHKE pe3ynkLraToB NpUBEAEHa B ykasaHHOM ctaHaapTe. Jliobbie usmeHenuns ycno-
BUIA UCNbITAHUA A0MKHbI ObITb 060CHOBAHDI.

2.3 B npeacraBneHHOM METO/IE B Ka4eCTBE CTaHAAPTHOIO BELLECTBA UCMNONb3YIOTCA 00pasLbl NONUCTU-
pona ¢ U3BeCTHOM NONMANCIEPCHOCTLIO. Kpome Toro, nonmMcTupon MoxeT ObiTb MoagnduUMpoBaH Ans nony-
YEHUA CTPYKTYP, COOTBETCTBYIOLLMX ONpeaeneHHbIM NoOAUMepam, Hanpumep BOAOPaCTBOPUMbIM U ANUHHOLE-
NOYEYHbLIM PAa3BETBAEHHBIM NONMMEPAM.

3 Uccneayemble nokasareriv U eAMHULbI U3MepPeHUust

3.1 CpeaHeuncnoBas MomnekynsapHasa macca M, u cpeaHeMaccoBas MornekynapHas macca M, Bbluuc-
NSATCA NO COOTHOLUEHUSIM:

M, = —E—,
EH,-/MI @
n
EH,. M,
i=1

rae H; — ypoBeHb CuUrHana aeTeKkropa no cpaBHEHWO ¢ 6a30BO NuHUEN Ans oObema yaepxuBaHus V;;
M; — monekynsipHas macca dpakuun nonumepa npu obbeme yaepxusanns V;;
N — 4ncno MHPOPMAaLIMOHHBIX TOYEK.

M3paHue ocmumanbHoe
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3.2 lLnpuHa MoneKynsapHO-MaccoBOro pacnpefeneHus, Kotopas ABnsaeTcs nokasarenem UCnepCcHOCTH
CUCTEMbI, ONPeaenseTcs CooTHoLWEHnem M, /M,

3.3 Huskaa MomnekynsipHas macca YCNOBHO oOmnpeaenserca Kak MONekynspHas macca MeHee
1000 ganbTOH.

4 CtaHpapTHbIe BelecTBa

MockonbKy renb-npoHUKaLLas xpoMarorpadus ABMSETCA 0THOCUTENbHLIM METOA0M, TO HE0GX0AUMO
NpoBOAUTbL KanubpoBKy. Kak npaBuno, B Ka4ecTBe CTaHAapTHOIO BELLECTBA UCMOMb3YIOT NONUCTUPON C pac-
npeaeneHnem B y3KOmM UHTepBasne u JIMHENHbIM CTPOEHUEM C U3BECTHLIMWU CPEAHUMUN MONEKYNAPHLIMA Macca-
mu M, u M, n n3BECTHLIM MONEKYNAPHO-MAaCcCOoBLIM pacnpeseneHnem. KanubpoBoyHyIo KpUBYIO MCMONb3YIOT
ANsi onpeaeneHust MONeKynsipHOi Macchl NPoGbl HEU3BECTHOIO MNONMMEPA, TOMNLKO €CNU YCNOBUS pasaeneHus
npoObl U CTAHAAPTHOIO BELLECTBA SIBNSAOTCA UAEHTUYHbIMKU. OnpeaensemMoe COOTHOLUEHWE MEXAY MOJeKy-
NAPHOW Maccom M 06bEMOM yaepXMBaHUS AeiCTBMTENIbHO TOMLKO A5 KOHKPETHLIX YCINOBUIA MHAWBUAYaTbHO-
ro UCMbITaHUSA. YCNOBUS Npexae BCEro BKMOYaloT TeMnepaTypy, pacteBoputenb (MM CMecb pacTBOpUTENeNn),
yCrnoBusi xpomarorpadpupoBaHuma u pasgenuTernbHYIO KOMOHKY MU CUCTEMY KONOHOK. MonekynspHble Macebl
np06, onpegeneHHble TakKnm o6pa30|v|, ABNAKTCA OTHOCUTENbHbIMU 3HAYEHUAMU N ONMUCHLIBAKOTCA KaK «3KBU-
BareHTHbIE MONUCTUPONY MONEKYNSAPHbIE MACChI». TO 03HAYAET, YTO B 3aBUCUMOCTU OT CTPYKTYPHbLIX U XUMU-
YECKMX pasnuyuin Mexay npoboi u ctaHAapTHbIM BELLECTBOM MOMEKYNAPHbIE MACChl MOTYT B BOMbLUEN UMK
MEHbLLEW CTeMneHU OTNM4aTbCA OT abCONIOTHLIX 3Ha4YeHuin. Micnonb3oBaHne Apyrux CTaHAAPTHLIX BELLECTB,
HanpuMmep nonUITUNEHINNKONA, nONuITuneHokcuaa, nonuMmeTunMmetTakpunara, I'IOﬂl/IaKpVIJ'IOBOVI KNUCNOThI,
[OMKHO ObITh 060CHOBAHO.

5 MpuHUMN meTopa

5.1 Fenb-npoHUKatoLWasa xpomartorpadusa npeacraenset coboi 0cobblil TUM XMAKOCTHON XpoMarorpa-
duu, B KOTOpOM Npoba pasgensieTcs COOTBETCTBEHHO rMAPOANHAMUYECKOMY 00beMy OTAENbHbLIX KOMMNOHEH-
TOB [2]. PasgeneHue npoBOAMTCA MO MepPe MpoXoXaeHust npobbl Yepe3 KOMOHKY, 3anOfMHEHHYI0 NOPUCTLIM
martepuanom, oBbIMHO OpraHM4eckum rernemM. Hebornblune MOMeKyrnbl NPOHUKAIOT Yepe3 Nopbl, B TO BPeMs Kak
KPYMNHbIE MOMNEKYNbl 3a4epXMBaOTCA. MyTb KPYNHbIX MONEKyNn KOpoye, MO3STOMY OHU 3MIOUMPYIOTCA NEPBLIMU.
Monekynbl co cpefHUM pazMepoM MPOHUKAIOT Yepes HEKOTOPbLIE NOPbl U AMIoUPYIoTCs no3aHee. Camble Ma-
NeHbKUe MOMeKyrnbl CO CPeAHUM rMAPOANHAMUYECKUM PAAMYCOM MEHbLLE, YEM NOPbI Fens, MPOHUKAIOT Yepes
nopbl U SNIOUPYIOTCA MOCAEAHUMM.

5.2 TeopeTuveckn pasgeneHune perynupyetcs TONbKO pa3mepoM MOMEKYN, HO HA NPAKTUKE TPYAHO U3-
GexaTb BNUAHMA HeKoTopbIX adhdekToB abcopbumu. HeoaHOpoaHAst ynakoBKa KONTOHKU U MepPTBble 06bEMbI
MOTYT yXyALLUUTb pasaeneHue [2].

5.3 [lerekTupoBaHue NpoBOAUTCSA, HANpUMep, MO Nokasarenio NpenoMneHnsa unu YO-nornoweHuio anio-
ara v AaeT KPUBYIO HOPMAanbHOTO pacnpeaeneHus MonekynsipHou maccbl. OfiHako Ans HaHeceHus1 pakTuye-
CKMX 3HAYEHUI MOMEKYNSIPHON MacChbl HA KPUBYIO CrielyeT OTKanmbpoBaTh KOMOHKY NPONyCKaHMeM nonume-
POB C U3BECTHOW MOJIEKYNSIPHOW MAcCOW U CTPYKTYPOM, aHArNIOrMYHON CTPYKTYpe UCCneayemoro nonumepa,
HanpuMmep pasnuyHbix 00pa3sLoB nonuctupona. Kak npasuno, nonyyaercs kpuas aycca, MHOIAA UCKaXKEH-
Hast HebOMNbLLUMM XBOCTOM 3@ CYET NMPUCYTCTBUSI HU3KOMOIEKYNSAPHLIX (hpakuuii, C BEPTUKANbLHOM OCbIO, YKa-
3bIBAIOLEN KONMUYECTBO NO MAacce PasfiMyHbIX AMOUPOBAHHbLIX MOFIEKYI C Pa3HOW MAacCOM, U TOPU3OHTaNbHOW
OCbl0, YKas3blBaoLLen norapupmMnyeckue 3Ha4eHus MONeKynsapHon maccbl. CoaepxaHue HUM3KOMONEeKynsp-
HbIX (hpakumii oNpeaensioT No IToM KPpUBON. PacyeT ABNSETCH TOUYHbIM, ECNU COAEMKAHUE MOMEKYI C HU3KOW
MONEKYNAPHOW MACCOW 3KBUBANEHTHO MAcce NnonMMepa B LIENoMm.

6 [locToBEepHOCTb UCNLITaHUA

Bocnpon3BoagMMOCTb (OTHOCUTENbLHOE CTaHAAPTHOE OTKIIOHEHME) 00bema yiepXXUBaHUs 0IDKHA ObITb
Hwke 0,3 %. Tpebyemasi BOCNPOM3BOAUMOCTb aHanNu3a MOXeT ObITb 06ecnedyeHa nyTeM KOPPEKTUPOBKM C UC-
nonb3oBaHWEM CTaHAAPTHOIO BELLECTBA, €CAIM XpOMAarorpamma OLIEHUBAETCA B 3aBUCUMOCTU OT BPEMEHU U
He COOTBETCTBYET yKa3aHHOMY BblILLE KpUTEpUio [1].

XapakTepHble 3Ha4YEeHUsA MOMEKYNAPHOIW Macchl U NONMMAMCNEPCHOCTU CTaHAAPTOB NONMCTMpoOna npea-
cTaBneHbl B Tabnuue 1.

2
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Tabnunuya 1— XapaKTepHele 3Ha4YeHWUss MOMNEKYNAPHOIA Macchl U cooTHoweHua M, /M, ans o6pasios nonuctupona

M, MM,
M, < 2000 MM, < 1,20
2000 < M, < 10° MM, < 1,05
M, > 108 MM, < 1,20
M pumedaHune — 3HayeHne Mp ABNAETCA 3Ha4eHneMm MOJ'IeKyanHOﬁ Maccbl 06pa3|4a B MakCUMyMme nuka.

7 OnucaHue ucnbITaHusA

7.1 MpuroroeneHue cTaHgapTHbIX PACTBOPOB NONUCTUPONa

7.1.1 O6pasubl NONMCTUPONa pacTBOPSAIOT B BbIOPAHHOM pacTBOpUTENE (3MI0EHTE) NpU TWATENbHOM Ne-
pemeLurBanuu. Mpu NpUroToBNEHNN pacTBOPOB CrieayeT cobnioaaTb pekomMmeHaauuu u3rotToBuTens obpasuos.

7.1.2 KOHUEHTpaummn Ucnonb3yemblX CTaHAAPTHLIX PACTBOPOB BbIOMPAIOT B 3aBUCUMOCTU OT Pas3nUUHbIX
hakTopoB, HaNPUMep WHXEKTUPYEMOro 00beMa, BA3KOCTW pacTBOpa M YyBCTBMTENbHOCTU AeTekTopa. Makcu-
MarbHbIN MHXEKTUPYEMbI 00beM creayeT nogbupars G y4eTOM ASMHLI KONOHKN BO U3bexaHne ee neperpysku.
TUNUYHbIE MHXEKTUPYMblE 0ObEMbI ANSA aHANUTUYECKOTO pa3aeneHusa npu ucnonb3osaHumn MX ans KONOHOK
pasmepom 30 x 7,8 MM 06bIMHO HaxoaAaTcs B npeaenax ot 40 4o 100 mkn. Bo3MOXXHO UCNonNb3oBaHue GonbLLMX
06LEMOB, HO He npeBbILLatoLmx 250 mkn. Cnegyer onpeaenuTb ONTUMAanbHOE COOTHOLLEHUE MEXY MHKEKTUPY-
eMbIiM 06bEMOM W KOHLIEHTpaLMEl CTaHAAPTHOrO pacTeopa nepea hakTuieckon kanmbpoBKOi KONMOHKK.

7.2 MNpuroroBneHue uccregyemMblix pacTBOpoB

B o6wem crnyyae npouegypa npuroToBrieHUs UCCMEAyeMbIX pacTBOPOB aHanoruvHa npoueaype npu-
rOTOBMEHUS CTaHAAPTHLIX PacTBopoB. MNpoby nccnegyeMoro nonuMepa pacTBopsIoT B MOAXOAALLEM pacTBO-
puTtene, Hanpumep TeTparugpodypane (TIFP), npy TwarensHOM nepemeLwumBaHun. PactBopeHune Henb3s Npo-
BOAWUTb HA ynbTpa3BykoBon BaHe. Mpu HeoBXoAWMOCTH NPUFOTOBNEHHDbINM PAaCTBOP OYULLAIOT NPONyCKaHMEM
yepe3 MemOpaHHbIi PUNLTp C pasmepomM nop B AnanasoHe ot 0,2 4o 2 MkMm. ECnu B npurotoBrieHHOM pacTBo-
pe NPUCYTCTBYIOT HEPaCTBOPEHHbIE YacTULbl, TO 3TO CrieAyeT yKka3arb B OTUYETE O NPOBEAEHUN UCNLITAHUSA, NO-
CKOMbKY TaKkue YacTuLibl MOTYT ABNATLCA MONEKYNaMu C BbICOKOW MOSIEKYNSIPHOW Maccon. ina onpeaeneHus
MPOLEHTHOro CoAePKaHWA HePacTBOPEHHbIX YacTUL, N0 Macce UCMOMb3YIT COOTBETCTBYIOWMIF MeToa. MNpu-
FOTOBJIEHHbIE PACTBOPbI MOXHO UCMOMNb30BaTh B TEYEHUE 24 u.

7.3 NMonpaBka Ha coaepxaHue npuMecen n J06aBoOK

Kak npasuno, Heo6xoaAMMO NPOBOAUTL KOPPEKTUPOBKY ANS YYETA COAEPXKAHUS HENONIMMEPHBIX KOMMO-
HEHTOB (Hanpumep, npumecen wunu no6asok) B HU3KOMonekynspHon dpakumm (M < 1000) uccneayemoro
nonumepa. onpaska BHOCUTCA, TONbKO €CNU M3MEPEHHOEe CoAepXXaHUe HU3KOMOMEKYNSAPHOU dhpakuumn co-
ctaenset > 1 %. [insg BHECeHUs NONpPaBKu UCMONb3YIOT MPAMON aHanNu3 UCCneayemoro pacTsopa unu anioara,
MOSly4EHHOro Nocrie NPOXoXKaAeHUA KONMOHKKU. B Tex cnyyasx, koraa anioat SBNAeTCcA CAUWKOM pa3GaBneHHbIM
Ans panbHEeNnLero aHanusa, cneayer NpoBECTU €r0 KOHLEHTpUpoBaHue. KOHLEHTpUpoBaHME MOXET NPOBO-
AUTbCA NyTEM BbiNapuMBaHUA 3MI0aTa U NOBTOPHOrO PaCTBOPEHUA CyXOro octaTtka. YCNoBusi, NPU KOTOPbLIX
NpoBOAUTCS KOHLEHTPUPOBAHMWE, HEe AOMKHbI Bbi3biBaTb U3MEHEHUA antoata. ObpaboTka anioara nocne npo-
XOXKAEHUSI KONOHKU 3aBUCUT OT BbIOPAHHOTO METOAA KONMYECTBEHHOTO onpeaeneHus.

7.4 O6opynoBanue

7.4.1 Xpomarorpad Ana renb-nPoHUKAIoLLE XxpoMarorpadum BKNIOYAET CNeAyIoLLMe SrIEMEHTDI:
- pesepByap Ans pacTBOpUTENS;

- perasarop (npu Heo6xoaAUMOCTH);

- Hacoc;

- racuTtens nynscauum (Npu HE0BX0AUMOCTH);

- CUCTEMY UHXXEKTUPOBAHUS;
Xpomarorpauyeckme KONOoHKM;

AeTexTop;

pacxogomeTp (npu HeoBX0AMMOCTHK);

- CMCTeMy Anga perucTpauumn u o6paboTku AaHHbIX;
CNUBHON pe3epsyap.



FOCT 33402—2015

7.4.2 Heo6xoaAUMO rapaHTMpOBaTb MHEPTHOCTb CUCTEMbI MO OTHOLLEHUIO K UCNONbL3yeMOMY pacTBOpUTE-
o (Hanpumep, 3a CYET UCMONb30BaHUSA CTanbHbIX KANUANSPOB NPU NPUMEHEHUN TTd).

7.5 UnxekTuUpoBaHue U cuctemMa nogayu pactsopurens

OnpeaeneHHbin 06bEM MCCNEAYEeMOro pacTBopa 3arpyXarT B KONIOHKY HA YETKO OrPaHUYEHHYIO 30HY,
BPYYHYIO UK UCnonb3ys asrocamnnep. Mpu BHECEHUW NPOObI BPYYHYIO CrULLKOM ObICTPOE ABWDKEHUE UK
ocrnabneHve NOpLUHA WNpuUUa MOXET NPUBECTU K NOTPELLUHOCTU B U3MEPEHUU MOMEKYNSAPHO-MacCoOBOro pac-
npeaenexnus. Cucrema nogayn pactsopuTens AomkHa ObiTb, HACKONBLKO 3TO BO3MOXHO, CBOOOAHON OT Nyrb-
cauwii. B Hauny4ywem cnydae cucrema gormkHa ObiTb CHabxeHa racutenem nynscauun. CKOPOCTb MOTOKA
OOSMKHA COCTaBNATb nopsaaka 1 Mi/MuH.

7.6 KonoHka

WenbiTaHne npoBOAUTCA C NCNONb3OBaHNEM OJJ,HOVI KONOHKU N HECKONbKMX nNocneagoBarternbHO coeau-
HEHHbIX KOJNTOHOK. B ka4yecTBe marepuana aAnsa KONMOHKK (KOMOHOK) MOTYT UCMOMb30BaTbCA MOPUCTLIE MaTepua-
Nbl, XapakTepuaytoLmecst onpeaeneHHsIMU CBOMCTBaMM (HanpuMep, pasmep nop, npeaen aKkckno3uu). Beibop
mMarepuana Unm AnuMHbl KONOHKW 3aBUCUT OT CBOWCTB MCCNeayemoro nonuMepa (ruapoamHaMuyeckunii o6bem,
MOMEKYNAPHO-MacCOBOE pacrnpeaerneHne) U KOHKPETHbIX YCNOBUIA, UCNONb3yeMbIX ANA pasfeneHus, Takux
Kak pacTBOpuUTENb, TEMMepaTypa u ckopocTb noTtoka [1], [2], [3].

7.7 Ynucno TeopeTnyeCKUX Tapesok

KOnoHKy nnu cuctemy KOnoHOK, UCNOMb3yEMbIX ANS Pa3AeneHus, Cneayer oxapakreprn3oBarb No YUCny
TeopeTuyeckux Tapenok. B cnyyae ncnonb3osaHua TP B KAYECTBE 3MIOEHTA YNCINO TEOPETUHECKUX TapEnokK
onpenensioT npu 3arpy3ke pacteopa 9TunbGeHsona unu Apyroro NOAXOAALLErO HEMOMAPHOIO pacTBOpUTENS B
KOMOHKY C U3BECTHOW ANIMHON. Y1CNO TEOPETUYECKUX TaPENOoK BbIYMCIAIOT NO COOTHOLLEHMIO:

N—554[ Ve ]2 @
’ VV1/2
nUnn
N=16[ e i 4
ofis). @

rae N — 4uCro TEOPETUYECKUX TAPETIOK;
V, — o6beM yaepxuBaHNa B MaKCUMyMe NUKa;
W — wmpmHa nuka y OCHOBaHUS;
W, » — LUIMPMHA NMUKA HA NMOMOBUHE BbICOTI.

7.8 3¢ heKTUBHOCTb pa3aeneHus

7.8.1 B nononHeHue K Yucny TeopeTUYECKUX TaperoK, KOTOPoe SABMIAAETCH BENUYMHOMW, XapakTepusyio-
e NPONyCKHY CNOCOBHOCTL KOMOHKM, TaKke OLeHUBAIOT 3(PEKTMBHOCTL pasaeneHusi, KOTopyio onpeae-
NSET KPYTU3HA KanMbpOBOYHOM KPUBOM. OPDEKTUBHOCTL pa3eneHusi KONOHKU BbIYUCHISIIOT MO COOTHOLLEHUIO:

V.., -V 3
eM e;(10M CM
x_eil1oM,) >6,0 = |, )
[nowaab nonepeyHoro cevyeHnst KOJIOHKU cm?

rae Ve’MX — 00beM yaepXKMBaHUA ANA NONUCTUPONAa C MONEKyNnspHoW maccon M, ;

Ve,-(10.MX) — 0b6beM yaepXXMBaHUS AN NONMCTUPONa ¢ MONEKynspHOW maccon, 6onbLuen B 10 pas.
7.8.2 PaspeluaioLiast cnoCobHOCTb R KOMOHKU (CUCTEMbI KONOHOK) BbIMUCAAETCA NO hopmyne
-V 1

R1 5= 2. Ve1 e2
' W, +W, log,, (Mz/M1)

®)

rae Vg, Voo — 00bembl yaepxuBaHus Ans AByX CTAHAAPTOB NONMCTMPONa B MakCUMyMeE MUKa;
W,, W, — umpuHa nukoB y OCHOBaHu,
M,, M, — monekynsipHble Macchl B MaKCUMyMe nuKa (40SmkHbI pasnuyaTtbes B 10 pas).
7.8.3 3HaueHue R cUCTEMbI KONMOHOK AOIMKHO ObIThb Bbiwwe 1,7 [4].
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7.9 PacTtBoputenu

Bce pactBopuTenu AOmkHbl ObiTe BEICOKOYUCTBIMM (NMPU UCNOMb30BaHUKM TP ero yucToTa JoSmkHa Co-
cTaensATb 99,5 %). Pesepsyap ans pacteoputens (ecnu Heobxoanmo, B aTMocdepe MHEPTHOTO rasa) A40mKeH
ObITb 4OCTATOYHO BONbLUMM ANA KanMbpoBKM KOMOHKM M aHann3a Heckonbkux npo6. PacteopuTens creayet
JerasupoBarb nepes ero nogayel B KONMOHKY G MOMOLLbIO Hacoca.

7.10 KoHTponb Temneparypbl

TemnepaTtypa Knto4eBbIX BHYTPEHHUX MTEMEHTOB (MHXXEKLMOHHOM NETIM, KONOHOK, AeTekTopa 1 Tpybok)
AO0MkHa ObITb MOCTOSIHHOI M COOTBETCTBOBATL BLIGOPY PACTBOPUTENS.

7.11 QeTtekTop

[eTekTop npegHasHayeH Ana KONMYeCTBEHHOW PerncTpaumm KOHLUEHTPAaUMKU pacTBopa, 3MOUPOBAHHOIO 13
KOMNOHKM. [N npeaynpeXxaeHusi HeXXenaTenbHOro pacLUMPEHUs NMKOB 0ObEeM KIOBETbI IETEKTOPA A0IMKEH ObITh Kak
MOXHO MeHbLUue. OBbeM KIOBETbI HE AOIMKeH npesbillaTb 10 MKI, 3@ UCKMIOYEeHUEeM feTekTopa CBETOPAcCeAaHUs 1
BUCKO3MMETPUYECKOTO AeTekTopa. Ons AeTekTMpoBaHus 0BbI4HO UCTONb3yeTca auddepeHumansHas pedpakro-
METpUA. B oTAenbHbIX Cryyasx ¢ y4eToM ONPeAEneHHbIX CBOMCTB UCCNeayemMoro pacteopa unm anoeHTa Tpebyer-
CS UCNONb30BAaThb APYrue TUMbl AETEKTOPOB, Hanpumep Y®/BUL, UK, BuCko3MMeTpuIeckne AeTeKTopbl U T. 4.

8 [laHHbIe 1 oTyeT O NPOoBeAECHUU UCTIbITAHUSA

8.1 JaHHble

8.1.1 Kputepuu ana nogpoBHO OLEHKU pe3ynbTaToB UCMbITAHUA, a Takke TpeboBaHus k cbopy u 06-
paboTke AaHHbIX NpeacTaBneHsl B [1].

8.1.2 ina kaxaoro uccneayemoro pactsopa NpoBOAAT ABA HE3AaBUCUMbIX UCTbITAHUS. Pe3ynbraTbl KaX-
[0ro UCMbITAHUA paccMaTpUBaIOT UHAUBUAYASBHO.

8.1.3 CrieqyeT YeTKO ykasaTb, YTO NOMNYYEHHbIE 3HAYEHUA ABNAIOTCA OTHOCUTENbHLIMU 3HAYEHUSIMM,
9KBMBaNEHTHLIMW MOMEKYNAPHLIM MaccaM MCMOofb3yeMOro CTaHAapTHOTO BELLECTBA.

8.1.4 [Ina Bcex UCMbITAHWUM TaKKe CNeayeT yKasbliBaTb Pe3ynbTaTbl UCNbITAHUA KOHTPOSbHbIX PACTBOPOB.
McnbiTaHWe KOHTPOSbHbBIX PacTBOPOB AOMKHO NPOBOAUTLCA B YCNOBUAX, aHANOMUYHBIX YCNOBUSIM 00paboTku
uccneayeMbix pacTBOpOB.

8.1.5 lNocne onpeaeneHus 06bLEMOB YAEPXXUBAHUS UM BPEMEHU YAEPKUBAHUSA (CKOPPEKTUPOBAHHDIX C
MCMONb30BaHWEM BHYTPEHHEr0 CTaHAapTa) CTPOAT rpadpmk 3aBUCUMOCTHU IogMp (rae Mp npeacTaBnsaeT MaKcu-
MYM MMKa CTAHAAPTHOrO BELLECTBA, MCMOMNb3YEMOro AN KanubpoBKU) OT OAHOIO U3 YKA3aHHbIX KONUYECTBEH-
HbIX Nokasarenewn. TpebyeTcs He MeHee AByX Touek Ha 10 3HaYEeHUIn MONEKYNSIPHOM MACChbl U HE MEHee NATU
TOYEeK AN NOCTPOEHUs KanubpOBOYHONM KPUBOM. [lnana3oH MOMNEKyNsIpHbIX MacC Ha KanmbpoBOYHON KPUBOIA
JOIDKEH BKIIOYaTh Npeanonaraemble 3HaYEHUs MONEKYNSAPHOW MacChbl uccneayemoro nonumepa. KoHeuHas
TOYKa KpUBOW (HU3Kas MOMEKynsipHas Macca) onpeaensAerca H-rekCUnOeH30noM unu ApyruM noaxoasLLUM
HenonspHbIM pacreoputenem. OnpeaensioT y4acToK KPMBON, COOTBETCTBYIOLLMIA 3HAYEHUAM MONEKYNAPHON
maccbl Huxe 1000, u npu HeoOX0AUMOCTM BHOCAT MOMNPAaBKy HA NpUMecu u aobasku. Kpusble 3ni0MpoBaHus
aHanu3upyloT C UCMOMNb30BaAHMEM 3MEKTPOHHbIX METOAO0B 06paboTkn AaHHbIX. UHhopmauumsa o meTogax pyy-
HoW 00paboTKM AaHHbIX NpeacTaBneHa B [3].

8.1.6 Ecnu Ha konoHke ocTaeTcs HepacTBOPUMbIN NONUMEP, TO NPeAnonaraeTcs, YTo ero Monekynsp-
Hasi macca BygeT Bbile, YeM MOSIEKYNSApHas Macca pacTBOPEHHOM bpakuumu, U STO He NPUBEAET K 3aBbi-
LIEeHUIO pe3ynbTaTtoB Npu OnpeaeneHn HU3KOMOMEKYNSAPHON dypakumu. YkazaHus no BHECEHUIO MonpaBku
Ha NPUCYTCTBME HEPaCTBOPUMbIX KOMMOHEHTOB B HU3KOMONEKYNSAPHOW bpakumn uccregyemoro nonuMepa
npeacTasneHbl B NPUIOXKEHUU A.

8.1.7 KpuByto pacnpeaeneHusa npeactasnsaioT B BUae 1abnuupbl nnu pucyHka (pasHoOCTHas 4acToTa Unu
CyMMa MpoLeHTOB B 3aBUCUMOCTM OT logM). B rpachuyeckom npeacrasneHnmn nepeas 4ecaTka MOnNeKynApHbIX
Macc AomKHa BbITh LUMPUHON NPUMEPHO 4 CM, U MAKCUMYM MUKa AOMKEH UMETb BbICOTY NPUMEPHO 8 CM.
B cnyyae uHTerpanbHbIX KpUBbLIX pacnpeaeneHnst pasHuua no ocu opauHar B npegenax ot 0 % no 100 %
OOJDKHA COCTaBNATbL NpuMepHO 10 cm.

8.2 OTYeT 0 NpoBeAeHUU UCTIbITAHUSA

OT4eT 0 NpoBeAEHUN UCNLITAHUA AOIDKEH BKIHOYATL CreayoLyo nHdopMaLumio:

WNceneagyemoe BeLecTBo:

- [OCTYMHasi uHdopmaums 06 uccnesyeMom BeLLECTBE (XUMMUYeckas uaeHTudmkaums, 106aBku, NpUMecH);
- OMnucaHWe NPUroTOBMEHNS UCCIIeaYEeMOro pacTBopa, HabnaeHUs N BO3HUKABLUNE TPYAHOCTU.
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O6GopyaosaHue:

- pesepsyap Ana pacTBOPUTENS, MHEPTHbIW ra3, Aerasauusa pacTBopuTens, CocTaB pacTBOPUTENSA C yKa-
3aHuMeM Nnpumecen;

- HacoC, racuTens Nynbcauun, CUCTEMA MHKEKTUPOBAHMUS,

- pasgenuTenbHble KONOHKU (M3roTOBUTENb, NONMHAsA UHAOPMALMS O XapaKTepPUCTUKAxX KOMOHKKU, B YaCT-
HOCTU pa3mep nop, pasaenutenbHblin MaTepuan u T. 4., YUCNO, ANMHA U NOPSiA0K UCTIONb3YEeMbIX KONMOHOK);

- YUCNO TEOPETUYECKUX TAPENOK KONMOHKU (MMM CUCTEMbBI KOFTIOHOK), 3(pheKTMBHOCTL pasaeneHus (pas-
pewatowas cnocobHOCTb CUCTEMBI);

- uHdopMaLua 0 CUMMETPUN NNKOB;

- Temneparypa KOMoHK1, BUA TeMnepaTypHOro KOHTpons;

- AETEKTop (NPMHUMN M3MEPEHUA, TUN, 0OBLEM KIOBETDI);

- pacxogoMeTp, NpU UCNONL30BaHUU (M3rOTOBUTENb, NPUHLIUM N3MEPEHUS);

- cucrtema c6opa n 06paboTkn AaHHbIX (annapaTtHoe U nporpammHoe obecneyeHue).

KanubpoBka cuctembl:

- noapobHOoe onucaHue MeToga NOCTPOEHUs KanuBpPOBOYHON KPUBOIA;

- MHdopMauua 0 KpUTEpUAX kavyecTea AN AAHHOTO MeToaa (Hanpumep, Ko3(pMULMEHT Koppenauuu,
cymma KBaaparos owMGOK U T. A4.);

- uHcpopmaums 060 BCex IKCTPanNONALUAX, AONYCKAX U NPUBIIMKEHUSX, CAENaHHbIX BO BPEMS UCNbITA-
HUS, OLIEHKN U 00paboTKN AaHHbIX.

Bce namepeHus, ucnonbsyemMblie 4na NOCTPOEHUA KanubpoBOYHON KPUBOM, NPEACTABNSAIOT B TabnuyHoOM
copme, BKIIOHAIOLWEN CReaylowyo MHOPMaUMIO AN KaXa0l TOYKM KanmbpoBOYHON KPUBOW:

- HaumeHoBaHue o6pa3sua CTaHAAPTHOTO BELLECTBa;

- U3rotoButenb 06pasua;

- 3HayeHua nokasareneun Mp, M, M, M,/M, ana ctaHaapTHbIX BELLECTB, YKa3aHHbIE U3rOTOBUTENEM
UNK NOMyYeHHbIe NPU NOCneayloLwWweM UCNbITaHUU C ONUCAHMEM MCNONb3YEeMOro METoAa;

- WHXEKTMPYEMbI 06BEM U MHXKEKTUPYEMAs KOHLEHTpaLms;
3Ha4yeHue Mp, NCMNONb30BaHHOE ANA KannbpoBKH;

- 06beM yaAemKUBAHUA UNU CKOPPEKTUPOBAHHOE BPEMS YAEPXKUBAHUS, USMEPEHHOE B MAKCUMYME NUKa,

- 3Ha4yeHue Mp, paccUnTaHHOE B MAKCMMYME MUKa;

- owwubka B NPoLEHTax OT PACCUYUTAHHOIO 3HAYEHUS Mp M 3HAYEHUSA B COOTBETCTBUU C KANUOPOBOYHOM
KpWBOA.

CoaepaHne HU3KOMONEKYNAPHOW dopakumm:

- OfucaHWe MEeToA0B aHanu3a u NPoBeAEHUS UCTIbITAHWIA;

- UHbopMaLusi O NPOLIEHTHOM COAEPXaHUU HU3KOMONEKYNSAPHON hpakuuMm B UCCneayemom obpasue
(no macce);

- MHOpMaLWs O NPOLIEHTHOM COAEepXaHuKU NpuMecen, 406aBOK U APYTUX HEMONMMEPHbLIX KOMNOHEHTOB
B uccnegyemom obpasue (no macce).

OueHka pesynsraTos:

- OLIEHKa Ha BPeMEHHOI OCHOBE: BCE METOAbI ANl obecneyeHus Tpebyemoro Bocnpon3seaeHust (Meton
KOPPEKTUPOBKMW, BHYTPEHHWUI CTaHAAPT U T. M.);

- MHopMaumsa O NPOBEAEHUN OLIEHKM HA OCHOBE 00BbEMA YAEPKUBAHUSA U BPEMEHU YAEPKNBAHUS;

- MHOpMaLmA 0 Npeaenax OLEHKM, €Cru NKK Obin HE MONHOCTbLIO NPOAHANU3MPOBaH;

- OMUCaHWe METOA0B CriaXKuBaHUS, NPU UCMOSb30BAHUN;

- MOAroTOBKA U NpeaBapuTensHas obpaboTka uccneayemoro pacTeopa;

- MPUCYTCTBME HEepPaCTBOPEHHbIX YacTul;

- UHXEKTMPYEeMbIn 00beM (MKI) U MHXEKTUPYeMas KOHUEeHTpauusa (Mr/Mn);

- HabrnoaeHus, ykasbisatowme Ha apdeKTbl, MPUBOAALLME K OTKITOHEHUSIM OT TEOPETUYECKOTOo Npodhuns
renb-nPOHUKaoLWEN XpomMaTtorpaduu,;

- noapobHOe onucaHne BCEX UBMEHEHMI NPoLieaypbl UCMbITAHUS;

- AManasoH 3Ha4YEHUIN OLLIMBOK;

- noBas gpyras uHdopMauusa U HabngeHs, UMEIOLLME 3HAYEHNE ANS UHTEPNPETaLMKU Pe3ynbTaToB.
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Mpunoxexnue A
(pekoMmeHayemoe)

YKasaHus N0 BHECEHUIO NONPAaBKU Ha NPUCYTCTBUE HEPACTBOPUMbIX KOMIMOHEHTOB
B HU3KOMOJIEKYNAPHON (hpakummn

MpucyTcTBME HEepacTBOPUMbIX KOMMOHEHTOB B UccregyeMoM obpasLie NpuUBOAUT K NoTepe Macchl BO BpeMs Npo-
BeAleHUS UCMbITaHNS METOAOM renb-NpoHuKatoLen xpomartorpadun. HepacTBOpUMEIA KOMMOHEHT HEOOPATUMO YA epPXn-
BaETCH Ha KONMOHKe unu dunstpe AnA npob, B To Bpems Kak pacTBopuMasi ppakuus npobkl NPOXOAUT Yepes KOMOHKY.
B TOoM cny4ae, Korga MOXHO OonpeaennTb UMK M3MepUuTh NpupalleHne nokasaTens npenomnenus (dn/dc) nonmmepa, To
onpepenAT NoTep Macchl npo6|=| Ha KOINOHKe. ﬂOI‘IpaBKa BHOCUTCA C UCMONb30BaHNEM BHELLHEN KaJ‘II/I6pOBKI/I CO CTaH-
AapTHEIMW BeLeCTBaMM C U3BECTHON KOHUEHTpauuell u dn/dc ana kanubpoBkK NokasaHusa pedpakTomeTpa. B npumepe,
npuBegeHHOM HUXe, B Ka4ecTBe CTaHAapTHOro BelllecTBa ucnonb3yercs nonuMetunmetakpunat (MMMA).

Mpw NpoBefeHWN aHanusa akpUnoBbIX MOMMMEPOB METOLOM renb-MPOHUKaloWen XpomaTorpadum Ansa BHELLHEN
kanu6posku ucnoneaytor pacteop NMMVMA B TI® ¢ n3BecTHOW KoHUeHTpauuei. MNonyyeHHble faHHble MPUMEHSOT ANs
onpefeneHnsa pepakToMETPUHECKON KOHCTAHTEI MO COOTHOLLEHUIO

R
" C-V-dn/de’ "

roe K — pedpaktomeTpuyeckas KOHCTaHTa, MkB - c/mrm;
R — nokasaHus ana obpasua NMMMA, MKB - c;
C — KoHueHTpauus obpasua NMMMA, Mr/mn;
V — uHXeKTUpyeMblil 06beMm, MI;
dn/dc — npupalyeHune nokasatensa npenomneHuns gna obpasya NMMA B TeTparugpodypaHe, Mn/Mmr.
Cnegytolyue flaHHble ABNATCA TUNMYHBIMU Ana obpasya NMMA:

R — 2037891,
C — 1,07 mr/mnm;
V—0,1wmn;

dn/de — 9,105 mn/wmr.
MonyyeHHoe sHaueHne K= 3,05 101" aatem UCMONb3YIOT ANA pacdeTa TeOPETUYECKOro NokasaHua ageTekTopa, ecnu
100 % nHXeKTMpOoBaHHOro nonvMepa aMioupyeTca Yepes AeTeKTop.
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Mpunoxexnue JA
(cnpaBouHoe)

ConocTasrieHne CTPYKTYpbl HACTOALEr0 CTAHAAPTA CO CTPYKTYPOI NPUMEHEHHOTO
B HEM MeXAYyHapoOHOro AOKYyMeHTa

Tabnuya OAA1

CTpyKTypa MeXAyHapogHOro AoKYMeHTa

CTpYKTypa MEXrocyAapCTBeHHOro CTaHAapTa

Pazgen 1 —
Paspen 2 21
Pasgen 3 22
Paspen 4 3.1
Pasgen 5 32
Paspen 6 3.3
Pasgen 7 Pasgen 4
Pazgen 8 51
Paspen 9 52
Pasgen 10 53
Pasgen 11 Paspen 6
Pasgen 12 711
Pazgen 13 712
Pasgen 14 7.2
Pasgen 15 7.3
Pasgen 16 7.41
Pasgen 17 7.4.2
Pasgen 18 75
Pasgen 19 76
Pazgen 20 77
Pasgen 21 7.8.1
Pasgen 22 7.82
Pasgen 23 7.8.3
Paspen 24 7.9
Pazgen 25 7.10
Paspen 26 7.1
Pasgen 27 8.1.1
Pasgen 28 8.1.2
Pazgen 29 8.1.3
Pasgen 30 8.1.4
Pasgen 31 8.1.5




OkoHYaHue mabnuupi JA.1
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CTpyKTypa MexayHapogHoro JoKyMeHTa

CTpyKTypa MeXrocy4apcTBeHHOM CTaHAapTa

Paspen 32 8.1.6

Pazpen 33 8.1.7

Pasgen 34 8.2
Iutepatypa Bubnuorpadpus
MpunoxeHue MpunoxeHune A
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(1

(2]

(3]

(4]

10

Bubnuorpadusa

DIN 55672:1995 Gelpermeationschromatographie (GPC) mit Tetrahydrofuran (THF) als Elutionsmittel, Teil 1
[Fenb-npoHuKatollan xpomatorpadus ([MIX) ¢ TeTparnppodypaHoM (TIP) B kadecTse anto-
€HTa, YacTb 1]

Yau WW,, Kirkland J.J. and Bly D.D., 1979. Modern Size Exclusion Liquid Chromatography, J. Wiley&Sons

(CoBpeMeHHas XUAKOCTHasa XpomaTtorpadus UCKIIOYEHNA pasMepa)

ASTM D 3336—91 Standard Test Method for Molecular Weight Averages and Molecular Weight Distribution by
Liquid Exclusion Chromatography (Gel Permeation Chromatography — GPC, American Soci-
ety for Testing and materials, Philadelphia, Pennsylvania)

(CTanaapTHbI METOA onpefeneHns cpefHEMaccoBOi MONeKyNApHOWA Macckl U MONeKynsp-
HO-MacCOBOro pacnpefeneHns XULKOCTHON renb-npoHuKatoller xpomaTorpaduein (rens-
npoHukatoLLie xpoMartorpadpuein = [MIX)

ASTM D 5296—92 Standard Test Method for Molecular Weight Averages and Molecular Weight Distribution of
Polystyrene by High Performance Size-Exclusion Chromatography, American Society for
Testing and materials, Philadelphia, Pennsylvania (CtangapTHbIi MeTog onpefeneHus cped-
HEMacCoBOI MONEKYNSAPHON Macchl U MOMEKYNsiPHO-MaccoBOro pacnpeaeneHust nonucTupo-
Na renb-npoHuKatLeih XxpomaTorpaduei BbICOKOro faBneHns)
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YK 658.382.3:006.354 MKC 13.020.01

KnioueBble Cnoea: XxuMu4yeckas npoAYyKUMSA, OKpyxalollas cpeaa, HU3KOMOMEKYNsipHas Macca, renb-
npoHMKawLwasa xpomarorpadus
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