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5 BBEAEH BMEPBbLIE
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CSIYHO U30asaeMbix UH(hOPMaUUOHHbIX yKa3amensix «HauuoHansHble cmaHO0apmel». B cnyyae nepecmompa
(3ameHbi) unmu ommeHsl Hacmosiweeo cmaHdapma coomeemcmeyrolyee yeedomiieHue bydem orybrnukosaHo
8 eXXeMeCsIYHO u30agaeMoM UHGbopMayUOHHOM ykazamene «HauuoHanbHele cmaHOapmely. Coomeemcmey-
rowjast uHgopmayusi, yeedoMiIeHUE U MeKecmbl pasMelaromes makxe 8 UHhopMauuoHHoU cucmeme obuyez2o
ronb3oe8aHusi — Ha oghuyuanbHoM calime ®edepanbHo20 azeHMcEmea o MexXHU4EeCKOMY peaynuposaHuio u
mempornoauu 8 cemu VIHmepHem
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HAUMWOHANbHBLIA CTAHOAPT POCCUUCKOWU ®EOEPALUHU

WUmnnaHTaTbl gnsa xupypruun

NU3HOC MMINIAHTUPYEMbIX MATEPUAJIOB
NOJIMMEPHbIE U METAJIJIMYECKUE YACTULIbI UBHOCA

BbigeneHue n XapaKkTepucTtuka

Implants for surgery. Wear of implant materials. Polymer and metal wear particles. Isolation and characterization

Darta BBegeHna — 2013—06—01

1 O6nacTb NnpUMeHeHusA

HacTosiwwmia ctaHgapT ycTaHaBnmMBaeT MeToabl 0TOopa yacTuy, obpasoBaHHbIX NpU U3HOCE 3HAOMNPO-
TE30B CYCTaBOB YerioBeKa U B UCMbITAHUSAX Ha CUMYNSTopax cycTaBoB. B Hem onpegeneHsl annapaTtypa, pe-
areHTbl U1 MeToAbl UCMILITAHUA ANS BblAENEeHUS1 U ONUCAHNA Kak NOSIMMEPHBIX M MeTannyecknx 4YacTul
n3Hoca 13 obpasLOB TKAHEN, MCCEYEHHBIX BOKPYT 3HOOMPOTE30B CYyCTaBOB, MOMYYEHHBLIX MPX MPoBeAeHUN
PEBU3NOHHBIX onepauUnsax 1 Npyu NaToloroaHaToOMNUYeCKoM UccneaoBaHuK, Tak 1 U3 obpasLoB UcnblTaTerb-
HBIX XKUAKOCTEN CUMYTSITOPOB CyCTaBOB. HekoTopkle 13 aTux npoueayp, 6e3ycnosHo, MoryT 6bITb aganTupo-
BaHbl AN BbIAEMEHUA W XapaKTepucTUKM YacTul, u3 BUonorndyecknx XnAKoCcTen 4veroBeka (Hanpumep,
CUHOBUAMNbLHOW XXUAOKOCTH).

MeToabl, NpuBeAeHHbIe B HACTOSILLEM CTaHAapTe, He NpeaHa3HayeHbl A KOIMYeCTBeHHOro onpeaene-
HWUSI CTENEeHN N3HOCa MMNIaHTaTa, a Takke He NpeAHasHavyeHbl 4Ns onpeaeneHnsa cTeneHn n3Hoca Kakon-nubo
oTAeNbLHOM NOBEPXHOCTU. HacToswWwmiA cTaHaapT He pacnpocTpaHsaeTcs Ha buonorndeckne adekTbl YacTumL
N3HOCa U He NpeaocTaBnseT MeToabl OLEHKN UX Buonormieckoin 6e3onacHoOCTu.

2 TepMUHbI U onpeaeneHns

B HacTosiem CTaHdapTe NpuMeHeHbl cnegyruwne TepMnuHbl C COOTBETCTBYHOWLNMA onpeaeneHnAMn:

2.1 nonuMmepHble YacTULbl U3HOCca: YacTuubl, o6pa3yr0u.u/|ecn npn n3Hoce NoNiMMepHbIX KOMMNOHEeH-
TOB MMnNnaHTara.

2.2 MeTannuyeckue YacTuubl U3HOca: YacTuubl 1 AncnepcHble NPoAyKTbl KOPPO3NK, o6pa3y+ou.u/|ecn
npu N3Hoce MeTarmMiYeCKMX KOMNOHEHTOB MMnnaHTarTa.

2.3 KepaMmudeckue 4actulbl U3HOCA: YacTtumubl, 06pa3y+ouj,|/|ec;| npun N3Hoce KepamMmnmiecKnx KoMno-
HEeHTOB uMnnaHtara.

3 MpuHUMnN paboTbl, peakTUBLI M annapaTypa

3.1 OcHOBHOW NpUHLUMN

I'Ionvlmeprle n MetTannmuyeckme Yactuubl U3HOCa BbIOENAOT U3 06pa3uoa TKaHen u n3 J'Iy6pI/IKaHTOB cu-
MYIATOPOB CyCTaBOB NyTEeM rmaponunsa. M3BneyeHHble YacTuLbl Kax4oro Buaa 3aTem ounLlaoT nyTem ygane-
HUA BCEX OCTaBLUUXCA opraHN4eCcKnxX oCTaTKOoB.

MpumMeyaHue—MeTtoabl, NpMMeHsieMble ANS BblAeNeHUsl NONMMEPHbIX U MeTannnyeckmx 4Yactul N3Hoca,
pasnuyaioTcs n onucaHbl B 4.2 n 4.3 COOTBETCTBEHHO.

YacTuubl BEIAENAOT M aHanu3npyoT/NoACHATBLIBAIOT (A€ NPUMEHNMO) C MOMOLLIbIO CKAHUPYHOLLER SNeK-
TpoHHOWN MuKpockonum (COM) Unm TpaHCMUCCUOHHON SMEKTPOHHOW MUKpockonuun (TOM).

U3paHve odmumanbHoe
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3.2 PeakTuBbI

Mpu npoBeaeHUN aHanuaa, ecniu He ykasaHo NHOe, UCTIONb3YIOT TOSNbKO peareHTbl aHanMTUYEeCKon cTe-
MeHW YUCTOThI (Y. 4. a.) U AUCTUNIIMPOBaHHYIO Body 6o BoAY 3KBMBANEHTHOM YUCTOTDI.

Bce peakuvoHHble pacTBOpbl Nepeq UCnosb3oBaHneM Heobxoaumo npodunbTpoBaTh Yepes hunbTp
pasmepamu nop 0,2 MKM UK MeHee BO nsbexaHue 3arpasHeHns 06pasuoB NOCTOPOHHUMN YacTULAMMN.

3.2.1 AGCONIOTHBIA 3TaHONM.

3.2.2 AuetoH, 100 %-HbliA N pasBeaeHHbIN AUCTUINIMPOBaHHOW BOAOK, ¢ 06beMHol aonein auetoHa 80 %.

3.2.3 OuctunnupoBaHHas Boaa.

3.2.4 dPukcartop, Hanpumep opmanuH, passedeHHbIN AUCTUNIIMPOBaHHOW BOAOW, ¢ 06beMHoN gonei
dopmanuHa 10 %.

3.2.5 PactBop consiHoit kucnotbl HCI ¢ = 0,01 monb/n.

3.2.6 Cmecb nzonponaHona v Bogsbl, p = 0,96 u p = 0,90 r/cM® COOTBETCTBEHHO.

3.2.7 PacTBop nanauvHa, 4,8 ea/1,5 mn 6ycdepa 250 MM cdocdaTa HaTpus, cogepxaluero 25 MM aTu-
neHaMamuHTeTpaykcycHon knucnoTel (OATA), pH 7,4.

3.2.8 Hatpui-docdatHeiin 6ycdep koHUueHTpaumen 250 MM, cogepxawumin 25 mM SATA, pH 7.4.

3.2.9 MpoTteunasa K, 2 r/mn 8 50 MM Tpuc-6ycepe, pH 7,6.

M punmMmedaHwune —,uj'l'r'l YacTtuu, U3onUpoBaHHbIX U3 CbIBOPOTOHYHOrO J'IprMKaHTa cumynAaTopa cycrtaea, Konu-

YeCTBO AOIIKHO 6biTh CKOPPEKTUPOBAHO B 3aBUCUMOCTU OT NPOLEHTHOTO COAEPXKaHUS CHIBOPOTKM B NyGpUKaHTE 1 Havarnb-
HOro ob6bemMa CbIBOPOTKU, U3 KOTOPOTO BblAENANUCH [YacTuubl. Cm. 5.3.2.

3.2.10 Cmona, anokcuaHaa cMona, Hanpumep EMbed 812.

3.2.11 Oopgeuunncynbcdat HaTpusa (SDS), 2,5 /100 mn auctunnuposaHHoin sodbl i 3 /100 mn
80 %-Horo aueToHa.

3.2.12 T'vgpokcug Hatpua NaOH, pacteopbl 1 rpaHynel, ¢ =5 M.

3.2.13 PacTBopbl caxapostl, p = 1,35, 1,17, 1,08, 1,04 1 1,02 r/cm3.

3.2.14 Tpuc-rugpoxnopug 6ydep, Tpuc-6ydep, 50 MM, pH 7,6.

3.3 Annapatypa

Bcs annapaTypa nepea UCNoNb30BaHUEM AOMKHA ObiTb OUULLEHA U TPUXKABLI NPOMBITA AUCTUINTIMPOBAH-
HOM BoAOW, NpeaBapuTenbHO NpodunbTpoBaHHOW Yepes unbTp pasmepamu nop 0,2 mkm (cm. 3.3.6), ana
yAaneHus NiobbiX NOCTOPOHHMX YacTuL,

3.3.1 AntoMuHMEBHIN cTONMUK Anst ob6pasuos..

3.3.2 Becbl TOYHOCTbIO MUHUMYM 0,1 Mr.

3.3.3 YrnepogHble caMokrieslecs NnacTUHbL.

3.3.4 Tpobupku ana ueHTpudyrupoBaHUs pasHbiX pasmepos.

3.3.5 UenTpudpyra.

3.3.6 dunbTpbl pazmepamu nop 0,2 MkM Ans pUnNbTpyeMbIX peakTUBOB U ANCTUITIMPOBAHHOW BOAbI.

3.3.7 Cuncrema cpunbTpaumun.

3.3.8 MegaHble ceTkuy, NokpbiThie chopMBapom, pasmepamu siyeek 200 meww. ana TOM.

3.3.9 WMHdpakpacHbIi cnektpockon ¢ dypbe-npeobpasoBaHuem (MKDI).

3.3.10 HarpeBartenbHas nmura.

3.3.11 BesBopcoBasi TKaHb.

3.3.12 MuneTkn, MUKPOMUNETKU U HAKOHEUHWKMN.

3.3.13 lMonspusaunoHHbIN CBETOBOIN MUKPOCKON.

3.3.14 TMonukapboHaTHble MembpaHHble unbTpbl pasmepamu nop 10, 1, 0,1, 0,05 n 0,015 Mkm ana
cbopa vyacTuu.

3.3.15 CkaHunpyoLWwmi 3NeKTPoHHbIA Mukpockon COM ¢ Moaynem 3sHeprogucnepCUoHHOr0 peHTreHo-
cnektpanbHoro aHanusa (3APCA).

3.3.16 CrepunbHble yalku MeTpn ¢ KpbILLKaMM.

3.3.17 Wnpuy, ¢ WINPOKUM NPOCBETOM UITIbI.

3.3.18 CreknaHHbIN romoreHnsaTop MNoTTepa ¢ TeIOHOBLIM NECTUKOM.

3.3.19 TpaHCMUCCUOHHBIN 3MEKTPOHHBIN MUKpockon TOM ¢ Moaynem sHeproaucnepcuoHHOro peHTre-
HocnekTpanesHoro aHanusa (3APCA).

3.3.20 YnbTpa3BYKOBOW KIETOYHBIN Ae3UHTErpaTop, OCHaleHHbIN TUTaHOBLIM MUKPO3OHAOM.

3.3.21 YnbTpasBykoBas BaHHa.

3.3.22 BogsaHaga 6aHa ¢ nepeMeLuMBaHUeM 1 TeMnepaTypHbIM KOHTPOMEM.
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4 MeToabl oTOOpa Npo6 1 aHanM3a NOMUMEpPHbIX U MeTanIUYeCcKUX YyacTuy,
M3HoCa B o6pasuax TKkaHen

4.1 XpaHeHue n noarotToBka o6pasLoB

TkaHu XpaHAT B MOPO3UNbHON KaMmepe npu Temnepatype MuHyc 70 °C (unu Huxe) nubo nNpn KOMHaTHON
TeMrepaType B TAKOM doukcaTope, Kak coopmanuH (cM. 3.2.4), pazbaBneHHOM AUCTUNNUPOBAHHON BOAOM (CM.
3.2.3), c obbemHom goneit dopmanuHa 10 %. PasamopaxusaloT TKaHW, €CNn HYXXHO, TwaTenbHO NpoMbIBaoT
NX AUCTUNNMPOBAHHOWM BOAOW, NpeXae YeM NpoAOIDKUTL BhINONHEHWe MeToAa U3BneYeHna. YaansoT usbbl-
TOK BOAbl N3 MPOMBITLIX TKAHE!, MPOMOKHYB X 6e3BopcoBON TKaHbo (cM. 3.3.11).

HedukcupoBaHHble TKaHN A0MKHbI ObITb 06paboTaHbl NPU YHUBEPCanbHBIX YCNOBUAX.

MaTepuan XMpypruvyecknx MHCTPYMEHTOB, UCMOMNb30BaHHLIX ANA usBnedveHua obpasua, 4OmMKeH BbiTh
OTMeYeH Ans yyeTa BO3MOXHOIo 3arpA3HeHus.

MpumeyaHue— B 3aBucnmocTy oT MecTa 3abopa obpasua moxeT HabnoaaTeca BapnabenbHOCTb Npob6.

4.2 MeTtoguKka BblgeneHUs NoONMMepPHbIX YacTuUl

4.2.1 Tngponus TkaHen

NmeeTca BonbLuoe YMicno onybrnmMkoBaHHbIX METOAOB AN BbliAENEHUA NOMN3TUNEHOBBIX YacTUL, U3 ne-
pPUNpPOTEsHbIX TKaHelh. OnuncaHHbIi 3aecs MeTof OcHoBaH Ha paboTax [2], [3], [4].

PaspesaloT TKaHW Ha Menkue KycoYKU C MOMOLLbIO ckanbnens u nNesBua ANA YyCKOpeHUAa ruaponusa.
3KCTparvpyoT NUNUAbI U3 M3MebYeHHOM TkaHu, NoMecTUB obpaseL, B cMech xsiopodopMa U MeTaHona B 06b-
eMHbIX gonsx 2:1 Ha 24 4 nnu 4o ocegaHns TKaHW Ha AHO KoHTelHepa. M3BnekaloT 1 NpoMbIBaloT TKaHb pac-
TBOpOoM H®B (cm. 3.2.8).

Hob6asnstoT k TkaHaM 5 M NaOH (cm. 3.2.12) (13 pacueta 10 mn 5 M NaOH Ha 1 r TkaHun) n ocTasnsaoT
ANS rnaponvsa MUHUMYM Ha 24 4 Ha BogsiHo 6aHe ¢ nepemMelusaHmeM (cM. 3.3.22) npu Temnepatype 65 °C.
O 3aBepLUeHUN TMapon3a MOXHO CyauUTb MO UCHE3HOBEHUIO BUAMMbIX TBEpAbIX (hparMeHTOB TKaHW B CyCneH-
31N,

4.2.2 O4ucTKa BbigeNeHHbIX NONMMEepPHbIX YacTul,

4.2.2.1 Obwasa nHdopmauns

Mocne rugponusa TkaHel NONMMMEPHBbIE YacTUUbl MOTYT BbiTb OYULLEHBI HECKONbKUMKU crnocobamu.
WcnonbsyoT oavH 13 MeTodoB, onucaHHbiX B 4.2.2.2 v 4.2.2.3.

4.2.2.2 O4uncTKa NONMMEpPHBIX YacTUL, BLICOKOCKOPOCTHLIM LieHTpuUdyruposaHnem

[aHHbIlh MeToa NO3BONSAET BbIAENNTL YACTULILI BCEX pa3MepoB B AManasoHe AfUH OT HAHOMETPOB A0 He-
CKOJBbKMX MUITITMMETPOB 1 onpeaennTb obLmin 06bemM BeigeNeHHbIX YacTul, naHoca. OxnaxaaroT rmapornmso-
BaHHble TkaHW Ao TemnepaTypbl 4 °C. [Jo6aBnsoT paBHbIN 06beM neasHoro abcontoTHoro ataHona (CMm.
3.2.1). Ha gaHHoM 3Tane Bo3MOXHa npeuunuTauus coneir. Ecnu ato npousowso, Ao6aenaoT AUCTUINNPO-
BaHHY0 BOAY A0 MOSIHOro pacTBopeHus conei. UHKy6upytoT pacTteop npu Temnepatype 4 °C ¢ nepemMelvsa-
HWEM, OCTaBNAT Ha Houb. 3aTeM LeHTpudyrpytoT pacteop npu 20000 g B TeueHne 2 4 Npu Temnepartype
4 °C. CnuBatoT HagocaaouHyH XKUOKOCTb (CyrnepHaTaHT) B YACTYI0 Npobupky (cM. 3.3.4) u nepen punbTpauu-
el pasbasnsoT 400 Mn AUCTUNNMPOBAHHOM BOAbI.

4.2.2.3 OuncTka NnonnuMepHbIX YacTuy, ynbTpaueHTpudgyrmposaHuem

MomeLlatoT 2 M Kaxkaoro Us pacTeopoB caxapossl (cM. 3.2.13) (p= 1,35, 1,17, 1,08, 1,04 1 1,02 r/cm3) B
npobupkun ans ueHTpudyrmposarms (cm. 3.3.4) Tak, 4Tobbl NMPOBMPKK ObINM 3aNOAHEHLI NPUBNN3UTENBHO Ha
3/4 obbema. 3aTem BNMBaOT OTMEPEHHbIE anUKBOTbI CYCMEH3UM MApPONM3oBaHHBIX TKAaHEN Ha NOBEPXHOCTb
pacTBopa caxapo3bl B Kaxayto npobupky. MNposoasaT ynbTpaueHTpudyruposaHue npu 100000 g B TeveHne 3 4
npu Temnepatype 5 °C. AkkypaTHO 0TOUpatoT BEPXHUIA CIOI B CTEPUIbHYIO NPO6GUpKyY U pa3basnaloT gucTun-
NnpoBaHHo Boaol npu TeMnepaType 65 °C ans obnerdyeHns passefeHns octaTouHomn caxapo3sbl. O6pabaTbl-
BalOT yNbTpasByKoM B TedeHne 10 MyH Ansi pa3pyLueHuUsl arfioMepaToB YacTul, a 3aTeM HarpeBatoT B TeYeHue
1 4 npn TemnepaTtype 80 °C ana pacTBOpeHUs caxaposbl.

[ob6aBnsT oTMepeHHble 06beMbl CycneH3um K ABYXCIOoNHOM cMecy usonponaHona 1 soael (cm. 3.2.6),
noMeLLieHHoN B MPoBUpKM ANg YNbTpaLeHTpudgyrupoBaHus, NnotHocTbio 0,90 1 0,96 r/cM3 cOOTBETCTBEHHO.
MpoBoaaT ynbTpaueHTpudyrposaHue npu 100000 g B TeueHue 1 4 npu Temnepatype 20 °C. MNocne uasnedve-
HUs1 NpoBUPOK M3 poTopa yNbTpaLeHTprdyri crnoi 6enbix YacTuy, AomkeH BbiTb BUAEH Ha rpaHvue pasgena
ABYX croeB. Mcnonb3ays CTEKNAHHYIO NUMNETKY € TOHKUM HakoHeuHUKoM (cM. 3.3.12), uepes BepXHWIA Coi nso-
nponaHona yaanswoT Crnoi, cogepkalliii YacTuLbl NONM3ITUNEHa, U NOMEeLLaloT ero B CTEPUIbHYHO NPOGUPKY.
Ob6pabaTbiBaloT ybTpasBykoM B TedeHne 10 MUH A4S paspyLLeHusi BCeX arfiomeparos.
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MokHO Ucnonb3oBaTh Apyrue BpeMsi  CKOpoCTb YrbTpaueHTpudyrnpoBaHus, ecnmn npu 3Tom aoctura-
eTcsA Takasi ke CcTeneHb pasfenenus 1 pesynbTaThl, Bepnuduyupyolime cooTBeTCTBUE pasaeneHus, 6b6inu ao-
KYMEHTUPOBaHbl.

MpumedaHnue 1—TlepBbili War ynbTpaueHTPUAYMPOBaHUSI CNYXXUT AN oTAeNeHns 6onee nerkux nonna-

TUMEHOBbLIX YacTuL, M3HoCca OT Honee TsKenbIxX dpakumii. Bropo war ynbTpaueHTpudyrnpoeaHmnst Heobxoaum ansi oumc-
TKV BblA€NeHHbIX NONMUMSTUMEHOBLIX YacTML B MEHbLUEM rpagueHTe MIoTHOCTHU.

MpumedaHune 2— ITOT METOA MOXET He paboTaTb B NPUCYTCTBUM HanGonee KpynHbIX Yactuy Nonuatune-
Ha, U, criegoBaTenbHo, 06Wui 06bemM M3HOCa He MOXET ObiThb BblOeNeH.

4.3 MeToauKa BblAeneHUs1 MeTanIM4ecKux YyacTuu,

W3-3a pacTBOpeHNs MeTannoB B CUMbHBIX KACMIOTax 1 wenodyax HeobxoaMMmo Ucnonb3osaTb MeToabl
hepMeHTaTUBHOrO rngponunsa.

MpuBeaeHHbIA Hke MeTod Obin onucaH B [5] n cxodeH ¢ npoueaypol, paspaboTaHHol paHee TOR xe
rpynnon aBTopoB, 4NN BblaeneHus Yactuu us nybpukaHta cumynaropa cycrasa [6] (cM. pazaen 5), ¢ He3Hauu-
TenbHbIMU PasfIMYMAMUN Ha HaYanbHbIX aTanax, a Takke pasnMumsiMu B KOHLEHTpaLum hepMeHTa ¢ y4eToM 1c-
nonb30oBaHns 06pasuoB TKaHN BMECTO CbIBOPOTOYHOro nybpukaHTa.

MpumedvyaHue 1 — BoO3MOXHOCTb MCMONB3OBAHUS OAVNHAKOBON Npoueaypbl AN U3ONSILUK U XapakTepUucTUKm
YacTuy U3 TKaHen 1 nybprkaHTa cumynaTopa CycTaea No3BonseT NPpoBOAUTL NPAMOE U TOYHOE CPaBHEHME U30NMPOBaH-
HbIX YacTuy [7], YTO BaXKHO, HANpUMep, A5 Banugauuy cuMynsiTopa cyctaBa. 3T0O 3HaUMTeNbHOEe MPEeVMyLLECTBO AaHHON
npoueaypbl.

a) PaspesaloT TkaHb Ha MerKMe KycouKn C MOMOLLLIO CKanbnenst U nes3susi Ans yckopeHust cbepmeHTta-
TUBHOrO rnaponusa. PecycneHanpytoT HECKOMNbKO ManeHbLKUX KYCOUYKOB TKaHU (0Komo 2 x 2 x 2 MM) B npo6up-
kax o6beMoMm 2 M.

MpumedvaHue 2— Macca obpa3sua TkaHU 3aBUCUT OT 06LLero u3Hoca UMNaHTaTa, Habnogaemoro y naum-
€HTa, a TaKkKe y4acTKa TKaHW, UCMONb3YeMOro Ans BblAeneHusl YacTuy, (Hanpyumep, rpaHynemMa, Kkancyna).

PekomeHaoBaHHas ceipas macca coctasnsieT oT 100 go 150 Mr, HO Npu HeObXOAUMOCTU MOXET BbITh OT-
KoppekTupoBaHa.

b) MpombiBatoT YeTkIpe pasa B Te4eHue 2 MUH B HaTpuit-poccaTHOM Bydepe (cMm. 3.2.8), pH 7,4.

c) PecycnengmpytoT kycouku TkaHu B 1 mn SDS (cMm. 3.2.11) (2,5 r/100 mn AMCTUNNMPOBaHHON BOAbI) U
KMNATAT B TedeHne 10 MUH. Bo Bpemst KUNeHUs1 rOMOreHU3NPYIOT KyCOYKN TKaHWN B PacTBOpE C NOMOLLbIO CTEK-
nsHHOro romoreHusatopa MoTtTepa ¢ TednoHoBbIM NecTukom (cM. 3.3.18) kaxable 2 MuH.

d) OxnaxpgatoT Npu KOMHATHOM TemnepaType B TedyeHue 10 MuH.

e) UeHtpudyrupytot npobupku npu 16000 g B TeweHne 10 MUH.

f) MpombiBaoT oguH pa3 1 mn auetoHa (cm. 3.2.2), pasbasneHHOro AUCTUNMPOBaHHON BOAOW, C O6BL-
emHon gonen auetoHa 80 %. LienTpudyrupyioT npu 16000 g B TevweHne 10 MuH.

g) MNpowmebiBatoT Tpu pasa 1 mn 250 MM HaTtpuit-cpoccaTtHoro Bychepa, cogepxallero 25 MM JATA,
pH 7,4. Aina kaxaon npombisku LeHTpudyrupytoT npn 16000 g B TeveHne 10 MuH.

h) O6pab6atbiBaloT ynbTpassykoM B 1 mn 250 MM HaTpuit-cbocaTHOM Bydhepe, cogepxawem 25 MM
OATA, pH 7,4, B TeveHue 20—25 ¢, UCnonb3ys yNbTPa3sBYKOBOW Ae3UHTErpaTop KNeTok, OCHaLleHHbI MUKPO-
30HAOM, MO0 B 06pabaTbiBaeMoONn ynbTpasBykoM BoAsAHON 6aHe B TedeHne 30 MUH.

Ucnonb3oBaHne ynbTpa3ByKOBOrO Ae3uHTerpatopa KieTok aensetca 6onee adppekTMBHBIM, oaHako
ansa npeaoTBpalLeHUs BO3MOXHOA KOHTaMUHaALMM TUTAaHOM M3 HaKOHeYHWKa 30HAa cneayeT UCMonb3oBaTb
Oe3UHTErpaTop € YNCTbIM U HEMOBPEXAEHHLIM/HEKOPPOAUPOBAHHBIM HAKOHEYHUKOM.

i) Oo6asnsaoT 0,5 mn 250 MM HaTpuii-cboccaTHoro Bydepa, cogepxatlero 25 MM 3O TA, pH 7,4, n pac-
TBOp NanauHa (cm. 3.2.7) (4,8 eanHuu cepmerTa Ha 1,5 Mn HaTpuit-cpocdaTtHoro Bydepa). MHkybupytoT Ha
BoasHon 6aHe ¢ nepemewnsaHuem (cM. 3.3.22) B TeueHue 24 4 npn Temnepartype 65 °C.

j) UeHTpudyrupyrot npobupku npu 16000 g B TeueHne 10 MUH.

k) AkkypaTHO yAansatoT XXUAKOCTb C MOMOLLbIO MUKPOMUNETKU, HE 3aTparusasl ocafok Ha AHe Npobupok.

I) PecycneHaupytoT ocagok B 1 mn SDS (2,5 /100 mn guctunnnpoBaHHOM BOAR!).

m) Kunatat B TedeHue 10 MUH.

n) OxnaxagawT Npu KOMHATHOW Temnepartype B TeyeHue 10 MuH.

o) UeHntpudyrupyrot npobupku npu 16000 g B TeueHne 10 MuH.

p) AKKypaTHO yAansoT XKUAKOCTb C MOMOLLbIO MUKPOMMUMNETKM, He 3aTparuBasl 0cafiok Ha AHe NPo6upok.
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q) MpomebieatoT ocagok B 1 mn 50 MM Tpuc-6ycepe (cMm. 3.2.14) (pH 7,6). LieHTpudyrmpytoT npoburpku
npu 16000 g B TeueHue 10 MUH. AKKypaTHO yAansiioT XKUAKOCTb C MOMOLLIbIO MUKPOMUNETKU, He 3aTparnsas oca-
OOK Ha gHe npobupok.

r) MoBTopsIOT AEUCTBUS NO NEPEYUCTIEHNIO q) eLlie pas.

s) PecycnenauvpytoT ocagok B 1 mn 50 MM Tpuc-6ydepe n o6pabaTbiBaloT ynbTpasBykoMm B TeyeHue
30 c, ucnonb3ayn ynbTPasBYKOBOW AE3MHTErPATOP KIETOK, OCHALLEHHbIA TUTaHOBLIM MUKPO30HA0M, b0 B 06-
pabaTbiBaeMoii ynNbTpasBykoM BogsaHou 6aHe B TeveHue 30 MUH.

CnepnyeT 06patutb BHAMaHWeE, YTO UCMOMNb30BaHUE YNbTPa3ByKOBOrO Ae3nHTerpaTopa KIeToK siBNnseTcs
6onee acpeKkTMBHLIM, 0QHAKO AnNsi NPefoTBPaLleHNs BO3SMOXHOW KOHTaMUHaUUU TUTAHOM 13 HakoHeYHUKa
30HAA crnedyeT MUCMOMb30BaTh [AE3WMHTErpaTop € YUCTBIM U HemnoBpeXAeHHbIM/HEKOPPOANPOBaHHEIM
HaKOHEYHUKOM.

t) OobasnsaoT npoTenHasy K (cm. 3.2.9) (2 r/mn Tpuc-6ydepa) U MHKYB1pYIoT B TeYeHUe 24 4 npu Temne-
paType 55 °C Ha BogsiHOW HaHe ¢ nepemeLuMBaHueMm.

u) UenTtpudpyrmpytoT npobupkn npu 16000 g B TeueHne 15 MUH.

V) AKKypaTHO yaansitoT XUOKOCTb C MOMOLLbI MUKPOTIUMETKY, He 3aTparneas ocagok Ha AHe Npobupok.

w) Oo6asnsatoT 1 mn SDS (2,5 /100 mn AUCTUANMPOBaHHOM BOAbI).

X) Kunatar B TedeHne 10 MuH.

y) OxnaxgaloT npy KoMHaTHOW TemnepaType B TedeHne 10 MuH.

z) UeHnTpudyrmnpytoT npobupkn npu 16000 g B TeveHne 15 MuH.

aa) AkKypaTHO yAansitoT XUAKOCTb C MOMOLLbH MUKPOTUMNETKU, He 3aTparMsas ocafok Ha AHe npobupok.

bb) MpomeiBatoT ocagok B 1 mn 50 MM Tpuc-6ydepe (pH 7,6). LieHTpudpyrpytoT npobupku npu 16000 g
B TeveHne 15 MuUH. AKKypaTHO yaansoT KMAKOCTb € NMOMOLLLIO MAKPOMUMNETKA, He 3aTparnsas ocafok Ha AHe
npoburpok.

cc) MpomeisatoT 0,5 Mn 80 %-Horo aueToHa, coaepxawiero 3 % SDS (cm. 3.2.11) (3 /100 mn pacTsopa B
80 %-Hom aueToHe). LieHTpudpyrnpytoT npu 16000 g B TedeHne 15 MWH, akkypaTHO yAansitoT XUAKOCTb C Mno-
MOLLbIO MUKPONUNETKN, He 3aTparneasi ocafok Ha AHe npobupok.

dd) MpombiBatoT 1 M1 QUCTUNNMPOBaHHOW Bodbl. LieHTpudpyrupytot npobupku npu 16000 g B TeyeHue
15 MUH, akKypaTHO yaansatoT XKUAKOCTb C MOMOLLLI MUKPOMNUMETKN, He 3aTparuBas ocafiok Ha AHe NPoBUpokK.

ee) [obGaBnsatoT abcontoTHbIN aTaHon (cM. 3.2.1) u xpaHaT npu Temnepatype 4 °C B npouecce Hakonne-
HusA YacTuy (cm. 4.4.2).

MpumevaHue 3—B kauecTBe BapuaHTa NepeunNCrieHnsi gy—i) MOXHO BbINOINHUTBL, ucnonb3ys 50 mM
Tpuc-6ydepa. Heob6xoanmo npoBepute 3hHEKTMBHOCTE UCNONB3yeMOoro hepMeHTa nanavHa.

4.4 C6op 4acTuy,

4.4.1 NMonuaTuneHoBble YacTULbl

CobupatoT yacTuubl, 0TchunbTpoBas cHavana Ha cunbTpe pasmepamu nop 0,1 MKm, a 3aTeM — Ha u-
nbTpe pazmepamu nop 0,015 mkm nnbo aHanoryHom. NS YacTuL, BblAeNEeHHbIX BICOKOCKOPOCTHBIM LIEHTPU-
byruposaHuem, NnGo AnA Tex cnydaes, koraa Heo6XoauM NOMHLIN 06beM usHoca, hUNbLTPYIOT BeCb 06beM
ob6pasua, nony4eHHoro no 4.2.2.2, Ncnonb3ysa BakyyMHyto cuctemy cdunbTtpaumu. [ing yactuu, BblgeneHHbIX
ynbTpaueHTpudyruposaHnemM (cm. 4.2.2.3), UCNOnNb3yloT annKBOTLI CycneH3ui Yyactul, obbemom ot 10 Ao
300 Mkn nn60o Gonblume o6bembl pa3baBneHHoN CycneHsum YacTul,.

Mpwumeyanune—CooTBeTCTBYyIOWEE pasBeaeHNe AOCTUraeTcsl, KOraa CycrneH3nsi okasbiBaeTcesl MOYTU Npo-
3pavHon, 06bI4HO Npu pasbaenexnum ot 1:10 o 1:100. Lienbto gaHHoM npoueaypbl SABMSIETCS NOMyYeHUe TAakOW KOHLIeHTpa-
UMM Yactuy Ha unbTpe, KOTopas He MeLlaeT BUsyanusauum oTaenbHbIX Yactuy ¢ nomoubio C3OM, npu ToMm, 4To AnA
aHanusa gocTynHO AO0CTaToO4HOE YnCno YacTul, (MMHMmym 100 vactuu).

Mpwv pasbaBneHun cnegyeT ykasaTb TOUHOE paszbaBneHue kaxaoro obpasua. [Ana punsTpoBaHus oToKU-
paloT U3BECTHLIN 06beM cycneHsun YacTuy, B wnpuy (cm. 3.3.17) U noacoeQUHSIIOT KOHEL, LWNpuULa K cucteme
dunbTpaumm (cm. 3.3.7). AkkypaTHO HagaBnMBalOT Ha NOPLEHb LWNpuua, YTobbl NPOTONKHYTL BOAy Yepes
bUNBLTP N BBITONKHYTb N3 CUCTEMBI PUNBTPALIMA CO CKOPOCTLI0 NpubnuanTensHo ogHa kanns (0,045 mn) B ce-
KyHAY, NPU 3TOM YacTULbl 3a4epPXKUBaOTCS Ha NOBEePXHOCTU hunbTpa. MeHsioT unbTp B criydae sacopeHns.
McnonbaytoT cneaytowyto npoueaypy 4ns kaxgoro unetpa. MpomMbisaioT unbTp U WNpUL, AUCTUNIMPOBaH-
Hol Bodon. HakoHel, neped yaaneHueM cunbTpa U3 cuctemMsl hunbTpaumm npoaysatoT (punbTp BO3AYXOM B
HanpasneHun uUNbTPauUn, UCNOMb3ys NMUHLET, a 3aTeM OCTaBNSAIOT BbICOXHYTb B CTEPUIIbHOW 3aKpbITON
vawke MeTpn.
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W3-3a manoro pasmepa 4actuy, cnefyeT UCMonb30BaTh hunbTpbl pasmepamu nop MeHee 0,1 Mkm (ecnu
AocTynHo). B Takom cnyyae MoxeT noHanobuTbes nocnegosaTenbHas hunbTpaums, 4Tobbl 3bexats 3aco-
peHus nop.

4.4.2 MeTtannu4yeckue Yactuubl

LleHTpudbyrnpytoT YacTuLbl B 3TaHose (Kak onncaHo B MeToAuke BelgeneHunsi no 4.3) npn 16000 g B Teve-
Hune 20 MuH. YaansiioT cynepHataHT u go6asnsatoT 0,5 mn 100 %-Horo aueToHa anokenaHon cmonel (M. 3.2.10)
(1:1). MomeLatoT 1 BpaLatoT Npobupku B AepxkaTene Ans Npobupok, 0CTaBnsAT Ha HOUb MPY KOMHATHON TeM-
nepatype (NPOACIPKATENBHOCTL HACTOSILLER npoleaypbl MOXeT 6bITb cokpalleHa Ans OYeHb MarneHbKoro
ocagka). LeHTpudyrupytoT npobupku npu 16000 g B TeueHne 20 MUH. AKKypaTHO yAansioT KUAKOCTb € Mo-
MOLLIbIO MUKPOMUNETKN, He 3aTparMsas 0cafok Ha aHe npobupok. OcTasnsoT Npobupky noa BakyyMmom Ha 14
ANsA yaaneHust ocTaTkos alleToHa. [o6asnsaoT 1 M YNCTOR 3NoKCUAHON cMonbl (cM. 3.2.10) 1 ocTaBnsaoT Npo-
6u1pkM o BakyyMmoM Ha 3 4. MNomellatoT npobupku B TepmoLukad npu Temnepatype 60 °C Ha 48 4 ans nonu-
Mepu13aLnmM cMorbl. YAansoT NnacTUKoBbie NPobupky Ans U3BNeYeHnst TBEpPAOro nonmmepa ¢ oca)aeHHbIMU
vyacTuuamn Ha AHe. Hactoswas mMeToauka AenaeT BO3MOXHOW WHMWUMAbTpaLMO NONMMEpoM ocafka W
pasfeneHue YyacTuL.

C noMoLLbio anMasHoro HoXa paspesaroT 0CafoK YacTuL, Ha CekLnW, pacrnpeaensiioT NosyvyeHHble cek-
unn (TonwmHon npumepHo 100—120 HM) Ha MeaHON ceTKe, NOKPLITON hopmMBapoMm, pasMepamMu siHeek
200 mew. ansa TAOM ananusa [5], [6]. BeinonHsoT cekumoHMpoBaHue ocaka Tak, YTobbl NoNny4nTb paBHOMEp-
Hoe pacrnpegereHne 4actuy, B HeM (Mpy BO3MOXHOCTU HapesaloT BeCb MaTepuarn ocaaka).

MpumedaHune— MeTtannuyeckre Yactuubl Takke MoryT GbiTb cobpaHbl BakyyMHOW chunbTpaument Ha ¢u-
nbTpytoLe membpaHe paamepamm nop 0,015 mkm gnsi aHannsa COM c¢ Beicokum paspetuenvem [8]. OgHako npum ucnons-
30BaHMM OAHHOrO MeToda Monb3oBaTento HeobXoauMoO NPOBEPUTb HanMuue NOTeHUMAanbHO BO3MOXHBIX arfnomeparoB
YacTUL M OKUCTIEHUsI Ha hunbTpe, a Takke NPUHATE BO BHUMAHUE BO3MOXHYIO MOTEPIO YacTul,.

4.5 Pasmepbl YacTul M onucaHue Ux popmbl

4.5.1 MonuaTuneHoBble YacTULbl

Ansa C3OM Busyanusaunm yacTuL, NpucoeanHaT UnbTp ¢ YacTULaMU Ha HEM K NpeAMETHOMY AepaTe-
no COM ¢ nomolLbto yriepoaHon camokneawenca nnactuHbl (cm. 3.3.3). MokpbiBaloT UnbLTP 3010TOM NGO
OPYrM NpoBOAsALLMM MaTepuanoMm, HanpuMep, nrnaTtuHoi/nannagnem, YtTobbl caenatb YacTULbl 3NIEKTPONpPo-
BOAAWMMU. TOMLMHA NOKPLITUS AOSPKHA cOCTaBNATL OT 3 A0 5 HM. BusyanuanpyoT nonUMepHble YacTuubl B
ycKopsitowemM HanpsbkeHuu, He npesbiwatowem 10 k3B.

[na onucaHna Jyactuy, pasmepamu bonee 0,1 MKM BbLIOUpalOT NPOU3BOMbHLIE HenepekpbiBaoLMECH
nons Ha hunbTpe ¢ YacTuuamm Npu ysenudeHun MuHumym 5000% o susyanusaumn 100 yactuy,. [ns yactuy
paszmepamu 6onee 10 MKM UCMONbL3YIOT MeHbLLEE YBeNnuyeHue, Hanpumep, 500

OnpegensaioT pasmepsl, GopMy U NoWaab YacTUL, UCNOMb3ys 3apaHee onpeaeneHHbIe ONUcaHus,
Hanpumep, ANVHY, LWUPUHY, SKBUBANEHTHLIA AnaMeTp Kpyra (AMameTp Kpyra ¢ Takow ke nroLlaabio, Kak y
YyacTuubl), Nnowanb, NepuMmeTp, COOTHOLLEHUE CTOPOH (COOTHOLLIEHWEe ANMUHA:LUMPUHA) U OKPYTIIOCTb (ne-
pumeTp 1/4n x Nnowagb), kKak onucaHo B [9]. YBenuueHue, npu KOTOpoM Obin NnpoBeaeH aHanus pasmepa u
cbopMBbI, AOIDKHO ObITb YKa3aHO B MPOTOKONE UCTILITAHUNA.

Ana onucaHus yactuy pasmepamu MmeHee 0,1 Mkm ucnonbsyloT COM Bbicokoro paspelleHust. cnonbay-
0T yBenuyeHns go 100000% npu yckopsiioLeM HanpsbkeHnn 3 kaB.

MpumeuvaHnune 1—PasgeneHne NONMMEpPHbLIX YacTUL, HA YOAIMHEHHYIO U OKPYINyo (hOpMbl TaKKe MOXET
ObiTb NONE3HbIM.

Mpumevanne 2—[ina onpegenenHns HopMbl U pa3MepoB HYaCTUL, MOXKHO NPUMEHUTH KOMIMbIOTEPHYIO UMW
pyu4Hyto 06paboTKy n3obpaxeHusi ¢ UCNonb3oBaHUEM MPOrPaMMHOro obecrneueHust.

MpumeuvaHnune 3 — MOXHO TakKe MCMONb30BaTb aHaANM3aTopbl YacTul, €Cnv npeaen ux paspelleHnst co-
craensieT 0,1 MKM UM MeHee, OHAKO NPU 3TOM CYLLLECTBYET PUCK NPEBbILLEHUS peanbHbIX Pa3MepoB 1U3-3a arfnoMepaumm
yactuu,.

4.5.2 MeTtannuyeckue 4acTuubl

4521 O6bwasn nicgpopmaums

Kak onucaHo B 4.4.2, yacTuubl 06bIMHO aHanU3npyoT ¢ noMoLbio TOM, oiHaKko aHanus MOXXHO NPOBECTH
U ¢ ncnonbsoBaHnem COM.

4.5.2.2 TOM-aHanu3

MosnyyatoT 3obpaxkeHue MeTanIMIecknx YacTuu, ucnosnbsya TOM npuy yckopsiloLeM HanpsKeHUn oko-
no 80 kB n ycTaHOBMEHHOM yBenuyeHun He MeHee 21000~ (yBenuveHne HeobxoauMo ykasaTb B oTyeTe).

6
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CnepyeT oxapakTepusoBaTb MeTanimMyeckue 4actuubl No pasMmepam n bopme pyvHbIM aHanMsom pen-
peseHTatnusHon TOM mMukpocboTorpacdum (MuHumym 150 yactuy B cnydae Hu3koro usHoca; 300 unm 6onee,
ecnu gonycTumMo). XapaKkrepusmpytoT BCe YacTuLbl ¢ kaxaon MukpocoTorpacum, 4tobel obecneunTsb ny4dwee
1 06 bEKTUBHOE NpeacTaBlIeHUe YacTuL, pasHbix pasmepoB. OnpeaenaloT MakcuMarnbHbIi pasmep (Mnu anuHy)
Kaxkaon nsobpaxkeHHOW YacTUUbl Hapsaay ¢ onpeaeneHnemM MakCUManbHOrO OPTOroHanbHOro pasmepa (Mnu
LUMPUHBI). 3HAYEHUS COOTHOLLIEHWS [UTNHBI K LUMPUHE I NPe4oCcTaBnAlT uHdopmauumio o hopme vacTul,. Hactu-
Libl MOTYT BbITb MPOM3BObHO KaccuULMpoBaHbl Kak okpyrible, ecnu 1< r< 1,5; oanbHble, ecnm 1,5<r< 2,5;
urnosugHele, ecnu r> 2,5 [5], [6]. Ans aBTomaTusaumm ob6paboTkM KacaloWmMXCs 4acTuL, AaHHbIX MOXET BbiTb COo-
34aHo nosib3oBaTesibekoe nporpammHoe obecneveHue.

Mpunm™meuaHue— Yckopsiowee HanpsxkeHne TOM moxeT GbiTb CKOPPEKTUPOBAHO NO Mepe HeoGxogumocTn
ANs ONTUMM3aLMK M306paXeHNs YacTul,.

Bo3moxHO ucnonb3oBaHWe NporpammHoro obecneveHns Ans KOMNbIOTEPHOro aHanu3a u3obpaxeHus n
XapakTepuUcTUKM YacTuLl, OAHaKo cHavana gaHHoe nporpaMmHoe obecnevyeHne HeobxoanMo NPoBEPUTL B OT-
HOLUEHUM TOYHOCTU (HanpuMep, CpaBHUB Pe3ynbTaTbl KOMMNLIOTEPHOTO 1 PYYHOTO aHaNM30B XOTA 6bl ANA 0AHO-
ro obpasua). PyyHon aHanus usobpaxeHua octaeTca 6onee npeanoyvTUTENbHBIM U HACTOATENbHO
pekoMeHayeTcsl.

4.5.2.3 COM-aHanus

[nsa COM Busyanusauum 4actuu, NpUcoeauHaoT hunbTp € YacTuuamu Ha HeMm K aepxatento COM ¢ no-
MOLLbIO YIIIepoaHoN camokiiesilencs nnacTuHbl. MokpbiBatloT hunbTp 30M10TOM NMGO Apyrum NPoBOAALLNM
martepuvarnom, Hanpumep, nrnaTuHo/nannaguem, 4Tobbl caenartb YacTUubl ANeKTponposoaAmMMA. TonwuHa
NOKPLITUA JOMKHA cocTasnATb oT 3 A0 5 HM. UcnonbayroT COM BLICOKOrO paspelleHus Npu yBenndeHnun ot
60000~ go 150000* 1 npu yckopsioeM HanpsbkeHun 3 k3B Ana nonyyveHnsa nsobpaxxeHns YacTuL, B NPOU3BOSb-
HO BbIGpaHHoOW obnacTu chunbTpa.

Kak n B cnyyae TOM-aHanusa, criegyeT oxapakTepu3oBaTb MeTannyeckme Yactuubl no opme 1 pas-
MepaM pydHbIM aHanuM3om penpeseHTaTusHon MukpodoTorpadgpum COM (MuHuMym 150 wacTtuu). OnpegensiioT
MaKkcuMarbHbIN pasMep (MK ANuHY) Kaxxaon nsobpaxeHHOM YacTuubl Hapaay ¢ onpeaeneHneM Makcumanb-
HOrO OpTOroHasnbHOro pasMepa (Unu LWNPUHBI). 3Ha4YEHUs1 COOTHOLLEHWUSA AMWHBI K WUPUHE 1 NPeaoCTaBnaloT
nHcpopmaLmio o popMe YacTuL. HacTuubl MOryT 6biTb MPOU3BOSBLHO KrlaccUULMPOBaHbI Kak OKpYrible, eCnv
1<r<1,5; oBanbHble, ecnn 1,5< r< 2,5; urnosuaHsle, ecnn r> 2,5 [5], [6]. Take MoxeT BbITb N3MepeHa Nnro-
Waab vactuy,. Ons asTomaTtnsaunm o6paboTku AaHHbIX, XapakTepUsyHLMX YacTuULbl, MOXeT OblTb co3aaHo
nonb3oBaTenbckoe nporpammHoe obecneyeHue.

Kak u B cniyyae TOM-aHan1sa, BO3MOXHO UCMOMNb30OBaHWE NporpaMMHoro obecneyeHnst Anst KOMMbio-
TEpHOro aHanuaa nsobpaxkeHus U XapakTepUCTUKY YacTUL, OAHaKo cCHavana AaHHoe nporpammHoe obecrneve-
HMe HeoBXOaMMO NPOBEPWUTL B OTHOLUEHUM TOYHOCTU (Hanpumep, CpaBHUB pesyrbTaTbl KOMMbIOTEPHOMO U
PY4HOro aHanunsoB XoTs 6kl Ansa ogHoro obpasua). PyuHon aHanus nsobpaxeHus octaeTtca bonee npegnoyutu-
TeNbHbLIM U HACTOATENbHO PEKOMEHAYeTCS.

4.6 UgeHTudnkauusa yacTuy,

4.6.1 MonuaTuneHoBbLIe YacTULbI

MoaTteepxaatoT MAeHTUUKALMIO MOMYYEHHBIX YaCTuUL, Kak MOMU3TUNEHOBBIX C MOMOLLIO HGPpakpacHon
cnekTpockonuu ¢ Pypbe-npeobpazosaHmem (MK®I). Hactuupel ans UK®M cnekrpockonumn gomkHel 661Tb noa-
FOTOBMEHBI NYTEM CYLUKX U NpeccoBaHus B auckn 6pomuaa kanua (KBr) unu ¢ noMoLLbo AONONHUTENLHOrO
npucnocobneHnst MMkpockona.

YacTuubl cyMTaloTCsl COCTOSILUMMU U3 CBEPXBbICOKOMONEKynApHoro nonuatuneHa (CBMI3), ecnn
ocHoBHbIe nukn B VK cnekTpax conocTaBUMbl C TaKOBbIMU B 3TanoHHbIX cnekTpax CBMIM3, Hanpumep, B cnek-
Tpax, nony4yeHHbIX 13 nopoika CBMIMO MeauuUMHCKOW CTENEHN YACTOTHI.

Mopdonorust yacTul, MoXeT 6bITb UCMOSb30BaHa B Ka4eCcTBe AONOSIHUTENbHOW OCHOBLI ANs onpeaere-
Hmsa CBMI3 yacTuy, B COOTBETCTBUM C ONyONMKoBaHHbIMU n3obpaxkeHuamm CBMIM yactul, (cMm., Hanpumep,

[9))-

MpwumeyaHune—Bo3moxHO, NoHagoOMTCs 06bEANHUTE HacTULBLI U3 PasnNUYHbIX 06pa3LoB Ans NonyYeHus
pocratouHoro obbema martepuana anst MK®IN cnekrpockonuyeckoro aHanuaa.

4.6.2 Metannuyeckue 4acTuubl

CocraB MeTanmMuecknx 4Yactuy, cregyeTt onpeaensTb C NOMOLLLIO 3HEProAUCNepPCUOHHOIO peHTreHo-
cnekTpanbHoro aHanusa (QOPCA). ins noaTsepxAeHUA naeHTunkaumm Takke MoXHO UCTonb3oBaTh Aud-
pakTorpammbil.
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5 MeToabl oT6opa Npo6 M aHann3a NONMMMEpPHbIX 1 MeTanINYecKNX YyacTul,
M3HOCa M3 NYGPUKAHTOB CMMYNATOpa cycTaBa

5.1 OOwwue cBegeHUA

O6beM GblYbeit CEIBOPOTKW, UCMOMNb3YEMON B Ka4eCcTBe TECTOBOMN XMUAKOCTU B CUMYNATOpPaXx CycTaBoB,
MOXET BapbMpPOBaTLCH B pasHbIX CUMYNATOPaXxX U Mexay UCNbITaHUAMN. Tak Kak Helienecoo6pasHo UCNonb3o-
BaTb BeCb 0OLEM CbIBOPOTKM ANA aHanmMsa Yactul, HeobxoanMo B KadecTBe anMKBOT 0TobpaTh penpeseHTa-
TUBHbIe 06pasLbl CEIBOPOTKM 13 XOPOLLO NepeMellaHHOM TECTOBOM XXUAKOCTU U XPaHUTb UX B 3aMOPOXEHHOM
BUae, MOKa OHU He noTpebytoTes. ObecneumBaloT penpeseHTaTUBHOCTL 06pasLa, CoOCkoBMB 0CaaokK C NoBepX-
HOCTel 1 NepemeLLaB TECTOBYIO XUAKOCTb A0 B3ATUS Npob.

5.2 MeToauka Aonsi NnonMMepHbIX MaTepuanoB — Ha npumepe CBMIM3 v nonnacpupadupketToHa
(MI3K)

5.2.1 O6uwue cBegeHun

Ms-3a oTcyTCTBUA TKaHel npoLeaypa BblAeneHus YacTuy, u3 obpasuos nybpukaHTa, UCMonb3yemMoro B
cUmMynsTope, OTMYaeTCs OT nNpoLeayphbl, onucaHHon B 4.2. VcnblTatenbHbiMU nabopatopusamMin NpUMEHSIOTCA
[Ba Haubonee pacnpocTpaHeHHbIX onybnnkoBaHHbIX MeToaa. Beibop noaxoasiero Mmetoda 3aByCUT OT MaTe-
pvana BblaensemblX YacTul,

5.2.2 Tuaponus cbiIBOPOTKU CONMAHON KUCNOTON

Hwxecnegyowmin metog 6bin onybnukosaH B [10] U nsHavanbHo npumeHsnca Tonbko ans CBMIMS.
BbIno nokasaHo, YTo BbiAeNeHne YacTuL, 13 pyrux Matepuarnos, Takmx kak NM33K n kepamumka, ycrnewHo npo-
BOAUTCA NpW rMapoNM3e KUCMNOTOW, 0AHaKo npeaBapuUTensHO HEOBXOAMMO TLUATENbHO MPOTECTUPOBaTh BCe
MaTepuarnel, oTnvHble oT CBMIM3, Ha npeaMeT yCTONYMBOCTU K COMSIHOM KUCTOTE.

a) JoGasnstor 10 mn o6pasLa cblBopoTkM k 40 M consiHoi KucnoTbl (06beMHon aonen 37 %).

b) MepemelunBaoT ¢ NCNOML3OBAHNEM MarHUTHON MeLLanky B TedeHune 1 4 npu Temnepatype 50 °C.

MpunmeyaHwune—XKnakocTb CTaHeT cnerka MroneToBON.

c¢) Aob6aensitotT 100 mn MetaHona Ha 0,5 MmN rmaponMsyemMoro pacTeopa.

5.2.3 MMaponus cbIBOPOTKU rMAPOKCUAOM HaTpUA

HwxecneayoLwmini MeTo ocHOBaH Ha onybnukoBaHHbIX paboTax [2] v [4].

a) O6pasubl nybpukaHTa Heobxogumo rmaponusosars ¢ ucnonesosaHnem 5 M NaOH npu temneparype
60 °C Ha BoasiHol HaHe ¢ nepeMelunBaHUeM B Te4eHUe MUHUMYM 24 4 unu Ao NonHoro ruaponusa. Oxnaxpa-
toT obpasLbl 4o Temnepatypbl 4 °C B TeueHue MUHUMYM 2 4. CnegyeT ybeauTbCs, 4TO 0bpasLibl MOMHOCTLIO
OXNaXaeHbl.

b) HOo6aensaoT paBHbIA 06beM cMecu xnopodopM:MeTaHon (2:1) K kaxkaoMy 06pasLyy 1 MHKYBupytoT npu
KOMHaTHOW Temneparype B TeueHue 24 u.

¢) UeHTtpudyrupyroT ruaponusoBaHHble obpasupl npu 500 g B TedeHne 10 MUH Npu KOMHaTHOW TeMnepa-
Type, CrMBAIOT CynepHaTaHT B YACTYHO NMpOBUpKY.

d) MoBTOpsilOT AEACTBUS NO NepeYUcrieHUam b) 1 ¢) Tpu-veTeipe pasa 4o Tex nop, Nnoka HagocagovHas
XWAKOCTb He CTaHeT Npo3payHoMn.

e) CnusatoT 06pasubl 1 o06aBNaioT paBHble 06beMbl aGCOMNOTHOrO aTaHona Ana ocaxaeHus 6enkos.

f) OobasnsioT ANCTUNNIMPOBaHHYIO BoAy A0 TeX Nop, NOKa pacTBOP He CTaHeT NPo3pavHbIM, OCTaBNAAIOT
o6pasubl Ha Houb Npu TeMnepatype 4 °C npu nepemeLlLInBaHUN.

g) UeHtpudyrmpyiot obpasubl npu 20000 g B TedeHue 2 4 npu Temnepatype 4 °C.

h) CnuBaloT HagoCaAOUHYHIO XUAKOCTb B YUCTYIO0 Npobupky 1 nepen dunstpauuein A06aBnsoT paBHbIA
obbeM gUCTUNNMPOBaHHOW BOABI.

5.2.4 C6op vacTuy,

Yactuubl cobupaloT ¢ nomollbio hunbTpauum Yepes nonukapboHaTHyo hunbTpoBarnbHylo MembpaHy
pasmepamu nop 0,05 mkm. B cnyyae matepranos, NPoAYLUPYIOLLMX HAHOPa3MepHbIe YacTULLbl, MOXEeT NoHa-
[obutbest unbTp C MEHLLUMMU pa3MmepamMu rnop, Hanpumep, 0,015 MKM.

HanpoTuB, B cnyyae 3HauuTernbHO 3aCOPEHHBIX YacTuLammn NybpuKaHToB AnA CUMYISITOPOB CyCTaBoOB,
ans obecneveHusl BU3yanusauum oTaernbHbIX YacTul, HeoBxoaMmo UCNoNb3oBaTb NocneaoBaTenbHOCTb du-
NbTPOB € YMEeHbLUALWUMNUCA pasMepamu nop, Hanpumep, 10, 1 n 0,015 Mkm.

5.2.5 Pa3amepbl YacTUL, U aHanu3 ux popmol

M306paxeHnss YacTul, NoslydyeHHble ¢ Ucnorb3oBaHuem COM, AomkHbl GbiTh 3anucaHbl. YBenuyeHue
n306paXKeHNiA 3aBUCUMT OT pasMepoB YacTuL, W, Kak npasuno, BapbupyeT oT 500% go 150000 MuHumym
100 YacTuL, AOMKHBbI BGbITb NPOaHaNM3MPOBaHbl B COOTBETCTBUM C METOAOM, ONUCaHHbLIM B 4.5.1.
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5.2.6 UpeHTudukauua yactuy,
UaeHTndmkaums yactuy, gomkHa OblTb NpoBedeHa C MOMOLLLIO WMHpaKpacHOW CMNEeKTPOCKONUU ¢
dypbe-npeobpasosaHnem (MKPIM), kak onucaro B 4.6.1.

5.3 MeToauka Ansa MeTannu4eckux Yactuy,

5.3.1 O6wue cBegeHUn

WN3-3a pacTBOpeHNss MeTannoB B CUIbHBIX KMCNOTaX 1 LenodYax HeobxoaMmo UCionb3oBaTb MeToabl
depmeHTaTMBHOrO rMMAponusa. Metogd, onncaHHbIi B 5.3.2, paHee Bbin ony6nukosaH B [6]. ABTopamu 6binv
caenaHbl HeKoTopble He3HavyuTenbHblE U3MEHEHUsI MO CpaBHEHNIO C paHee paspaboTaHHol npoueaypori [11] ¢
Lenbio UCnonb3oBaHns 6onblunx 06 bEMOB ChIBOPOTKU, coaepxallen 6onbluee KONMMUECTBO OpraHNYecKuX
3arpsisHUTENeNn.

MeToguka naeHT1YHa onncaHHON 4NN BblaeieHns U aHanmsa YacTul, U3 TkaHer [5] (cM. pasgen 4) ¢ He-
3HaUUTENbHBIMW PA3NUUNAMU Ha HaYarbHbIX 3Tanax, a Takke pasnMunaMmn B KOHLEHTpauumn hepMeHTa ¢ yde-
TOM WCMOSb30BaHUS CbIBOPOTOYHOTO NyGprKaHTa BMecTo o6pasLoB TKaHu.

MpumeyaHnue 1— Bo3MOXHOCTb MCMOMNBb3OBaHMSA OAMHAKOBOW MpoLeaypbl 4N BblAeNeHUs: M aHanmaa yac-
™MLY 13 TKaHewn 1 nybprkaHTa Ansi cumynsiTopa cycTasa rno3sonsieT NpoOBOAUTL MPSIMOE U TOYHOE CPaBHEHWE BbiAeNEeHHbIX
yacTtu [7], 4To BaXHO, HaNpUMep, Ans Banvaumm CMMynaTopa cyctasa. 370 3Ha4nTeNbHOe NPenMyLLecTBO AaHHOW Npo-
ueaypbl.

MpumedvaHue 2— MeTtoguka, onncaHHas B 5.3.2, uaHavaneHo Gbina paspaboTtaHa ans u3onsiuum vYactmy ua

95 %-HOro CbLIBOPOTOYHOTO NyGpuKaHTa. Mo3ToMy €8 MOXHO MCMONb30BaTh AN BbIAENEHUA HYacTUL, N3 XUOKOCTEN C O4eHb
BbICOKMM coAepXXaHnem benka.

MpumedvaHune 3— [aHHan meToauka, 6e3ycnoBHO, MOXeT ObITb aganTypoBaHa Ans BblAeneHus 1 xapakre-
PUCTUKM YacTuL, U3 OMOMOMMHYECKUX XUAKOCTEN YernoBeka (Hanpumep, CUHOBUAIBHOW XUaKocTu) brnarogapsi HECKOMbKUM
aTanam raponuaa s OpraHn4eckMx KOMNOHEHTOB Pa3nYHbIX TUMOB.

5.3.2 N'mgponus cbLIBOPOTKMU

a) LeHTpudbyrmpytoT ob6paseL, cbiBopoTk o6bemoM 15 mn npu 16000 g B TeHveHne 10 MUH B CTEKMSIHHBIX
npobupkax o6bemom 25 mMn (cTeknsiHHbIE NPObUPKK ABMsAOTCS Gonee npeanoYTUTENbHBIMA AN NpedoTBpa-
LLIEHNS NPUMUNaHNS YacTuL, K cTeHKaM Npobupkn).

MpumeyaHune 71— Heobxogumbiii 06bEM CHIBOPOTKM 3aBUCUT OT CyMMapHOro 06bema U3HoCa UMNMaHTaTa,
NnoABEPrHyTOro LMKIIMYECKOMY UCTbITaHUIO B cuMynsTope. OBpaseL cbiBOpoTkM 06beMoM 15 M n3 o6bema CLIBOPOTKU
100 MmN, cogepallel YacTuLbl naHoca o6Lwmm o6bemom npmbnusnutensho ot 0,4 Ao 0,8 MMm3, gaeT BUAUMBIN 0CaaoK Yac-
Tny. Ecnin o6bem usHoca HMXe, TO MOXHO UCMONb30BaTh HECKONbKO 06pa3uoB 06bemMom 15 M, 06begUHEHHBIX BMeCTe
nocne sTana pacuwenneHus nanamHom [nepeyucrnexHme o).

b) AkkypaTHo yaansitoT CbIBOPOTKY, ocTasue okosno 1,5 mn. PecycneHanpytoT ocagok B 1,5 Mn cbiBOpoT-
K1 1 NepeHoCsIT pacTBOp B 2-MUMNIIMMETPOBYO NPOBUPKY ANA MUKPOLEHTPUdYrMpoBaHus.

c) UeHTpudpyrupytot pactsop npu 16000 g B TeveHne 10 MuH. AKKypaTHO yaansioT XuaKocTb € no-
MOLLEH0 MUKPOMUMETKN, He 3aTparneas ocagok Ha gHe Npobupku.

d) PecycnernauvpytoT ocagok B SDS (2,5 r/100 mn gucTunnmposaHHoW BoAbl).

e) Kunatar npobupkn B Te4eHne 10 MuH.

f) OxnaxparoT Npu KOMHaTHOW Temnepatype B TedeHne 10 MuH.

g) UeHTpudyrupytot npobupku npu 16000 g B TeveHne 10 MUH.

h) AkkypaTHO yaansitoT >KUOKOCTb C NOMOLLbIO MUKPONUNETKN, He 3aTparnsas ocafok Ha AHe Npobupok.

i) MpombiBatoT ocagok B 1 M aueToHa, pasbaBneHHoro AUCTUNNMPOBaHHOW BOAOW, ¢ 06beMHOo aonei
aueToHa 80 %. LleHTpudpyrupytoT npobupku npu 16000 g B TedeHue 10 MUH. AKKYpaTHO yaansitoT XUAKOCTb C
MOMOLLEH MUKPOMUMETKN, He 3aTparneasi 0cagok Ha AHe NpPobupok.

j) MpowmebiBatoT ocagok B 1 Mn 250 MM HaTpuii-chocaTHom Bycdbepe, coaepkawiem 25 MM 3ATA, pH 7,4.
LeHTpudyrnpytot npobupkn npn 16000 g B TeveHue 10 MUH. AKKYpaTHO yAANAoT XUAKOCTb C MOMOLLbIO MUK-
ponuneTku1, He 3aTparMBas ocafgok Ha gHe npoburpok.

k) MoBTOpsOT AeNCTBUSA MO NEPeUYNCTIeHNIo j) elle ABa pasa.

1) PecycneHanpytoT ocagok B 1 Mn 250 mM HaTpuii-docchaTtHom Bydbepe, cogepxaiiem 25 mM DTA,
pH 7,4, n o6pabaTbiBaloT yribTpassykoM B TedeHne 10—15 ¢, Mcnonbaya ynbTpa3ByKoOBOW Ae3uHTerpaTop Kre-
TOK, OCHaLLeHHbIA TUTaHOBEIM MUKPO30OHAOM, Ninbo B 06pabaTtbiBaeMoi yrbTpasBykom BoasiHOW OaHe B Teue-
Hve 30 MUH.
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Wcnonb3oBaHue ynbTpasByKOBOro AesuHTerpatopa Knetok saensietcs Gonee addheKTUBHLIM, 0AHAKO
Ons NnpeAoTBpaLleHnsl BO3MOXHOW KOHTaMUHaUMM TUTaHOM U3 HAaKOHEYHWKa 30HAa cnegyeT UCToNb3oBaTh
Oe3NHTEerpaTop ¢ YUCTbIM U HenoBpeXaeHHbIM/HEKOPPOAUPOBaHHBIM HAKOHEYHUKOM.

m) Ao6asnstoT 0,5 mn 250 MM HaTpuit-docdaTtHoro 6ycepa, coaepxaluero 25 MM 3TA, pH 7 4, u na-
nauH (4,8 eanHuy cbepmeHTa Ha 1,5 mn HaTpuit-ocdaTtHoro 6ydepa). UHkybupyioT Ha BoasHo 6aHe ¢ nepe-
MeluMBaHUeM B TeueHue 24 4 npu Temnepartype 65 °C.

n) UeHTpudyrupytot npobupkn npu 16000 g B TeweHne 10 MuH.

0) AKKypaTHO yAansitoT XUAKOCTb C MOMOLLbIO MUKPONUNETKM, He 3aTparMeasi 0cafok Ha gHe NpoGupok.

Ecnu nsHavanbHo UCnonb3oBanncb HeCKOSIbKo 06pa3suoB no 15 M Kaxabii (B criydyae He3HaUUTENIbHOMo
n3Hoca), COOTBETCTBYIOLIME OCafiku HeOBX0AMMO pecycneHaNpoBaTh B AUCTUNIMPOBAHHOW Bode U o6beau-
HUTb B 0A1HY NPo6UpKy B 06LLIeM 06beMe aucTUNnNMpoBaHHoM Bogel 1 M. MonyyeHHyo B pesynbTaTe Npobupky
ueHTpudyrupytoT npu 16000 g B TeveHue 10 MUH, a 3aTeM yAanaloT XUAKOCTb C NOMOLLBIO MUKPONUNETKU, He
3aTparvBas ocafiok Ha AHe Npobupok.

p) PecycneHaupytot ocagok B 1 mn SDS (2,5 r/100 Mn AUCTUNNUPOBaHHON BOAbI).

q) Kunatat B TeuerHne 10 MUH.

r) OxnaxgaoT nNpu KOMHaTHOW TemnepaType B TedeHne 10 MuH.

s) UeHTtpudbyrupytoT npobupku npu 16000 g B TeweHne 10 MuH.

t) AkkypaTHO yAansioT XUOKOCTb C MOMOLLLIO MUKPONUNETKU, He 3aTparneas ocagok Ha AHe NPo6UpoK.

u) MpombiatoT ocagok B 1 M 50 MM Tpuc-6ycepe, pH 7,6. LienTpudyrupytot npo6upku npu 16000 g B
TeyeHne 10 MUH. AKKypaTHO yaanstoT XUAKOCTb C MOMOLLBbI0 MUKPOMNWUNETKW, He 3aTparneas ocagok Ha aHe
npobupok.

v) ToBTOpPAOT 4EeNCTBUA NO NEPEYUCTIEHNIO U).

w) PecycnerngnpytoT ocagok B 1 mn 50 MM Tpuc-6ydepe n obpabaTbiBaloT ynbTpa3BykoM B TeHeHue
5 ¢, ucnonbays ynbTpasByKOBOW Ae3NHTErpaTop KNeTokK, OCHaWEHHbIN TUTaHOBLIM MUKPO30HAOM, Nbo B 06-
pabaTbiBaeMoil ynbTpasBykoM BoasHON 6aHe B TeueHue 30 MUH.

Cnepyet 06paTuTb BHUMaHWE, YTO UCNOMb30BaHWe YNbTPa3BYKOBOroO Ae3nHTerpaTopa KIeTokK iBnsieTcsl
6onee adeKTNBHBIM, OAHAKO ANA NpeAoTBpaLEeHNss BO3MOXHOW KOHTaMUHALMN TUTAHOM U3 HAKOHEYHWKa
30HAa crnedyeT UCNOMb30BaTh Ae3UHTErpaTop C YUCTLIM U HENOBPEXAeHHbIM/HEKOPPOANPOBAHHEIM HAKOHEeY-
HUKOM.

x) Ao6asnsaoT npotenHasy K (0,9 r/mn B Tpuc-6ydepe ans ncxogHoro obbema cbiBOpoTk 15 Mn, KOH-
LeHTpauua AomkHa ObITb NoaobpaHa B 3aBUCUMOCTM OT Ha4arnbHOro o6 bema CbIBOPOTKU) U UHKYBUPYIOT B Te-
yeHue 24 4 npu Temnepatype 55 °C Ha BoasiHoi 6aHe ¢ nepemeLuMBaHUeM.

y) UeHTtpucyrupytot npobupku npu 16000 g B TeueHne 15 MuH.

Z) AKKypaTHO yaansitoT )KMAKOCTb C MOMOLLIbIO MUKPOMNUMETKM, He 3aTparmBasl 0cafok Ha AHe Npobupok.

aa) Oob6asnaoT 1 mn SDS (2,5 r/100 Mn AUCTUNNMPOBAHHON BOABI).

bb) Kunatar B TeueHue 10 MuH.

cc) OxnaxpgaloT npyu KOMHaTHON TeMnepaType B TedyeHune 10 MuH.

dd) UeHntpudyrnpytot npobupku npu 16000 g B TeueHue 15 MUH.

ee) AKKypaTHO yAanstoT KMAKOCTb C NOMOLLIbIO MUKPOMUMNETKN, He 3aTparMeas 0cagok Ha AHe NpoBupok.

ff) MpombiBatoT ocagok B 1 mn 50 MM Tpuc-6ycdepe (pH 7,6). LieHTpudyrupytoT npobupku npu 16000 g B
TeyeHne 15 MUH. AKKypaTHO yAansioT XXUAKOCTb C MOMOLLBI0 MAKPONUNETKX, He 3aTparueasi ocafok Ha aHe
npo6upok.

gg) MpombiBaioT ocagok B 0,5 mn 80 %-Horo aueToHa, cogepxatuero 3 % SDS (3 r/100 mn pacTsopa B
80 %-Hom aueToHe). LieHTpudyrupytot npobupku npun 16000 g B TeueHne 15 MUH 1 akkypaTHO yaansioT Xua-
KOCTb C MOMOLLbH0 MUKPOMUMETKN, He 3aTparMBas ocafok Ha AHe Npobupok.

hh) MpombiBatoT ocagok B 1 MN ANCTUNNMPOBaHHOI BoAabl. LieHTpudyrupytot npobupku npu 16000 g B
TeueHne 15 MUH M akKypaTHO YAaNSAT XUAKOCTb C MOMOLLBI0 MUKPOMNUMNETKW, He 3aTparnsas ocagok Ha aHe
npoBbupok.

i) [obaensitoT abCoNOTHLIA 3TAaHON U XpaHAT Npu TemnepaTtype 4 °C B npoLecce HakonneHus Yactuy,
(cm. 5.3.3).

LanHbIn MeToa adhdeKTVBeH ANS BblaeneHus Yactul, ns 95 %-Hol cbiBOPOTKU. B cnyyae 6onee Huskoro
coaepXKaHusa CbIBOPOTKN HEKOTOPbIE 3Tanbl BO3MOXHO onycTuTb. OHaKko Npu cpaBHeHUM YacTuUL, U3 NyBpukaH-
Ta ANA CUMYNATOPa cycTaBa U YacTuL, U3 TKaHel A5t TOUHOCTU CpaBHEHUs1 HeoBX0AMMO NPUMEHATL OAUHAKO-
Bble MeToAbl.
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NMpumevaHue 2— [epeuncrneHus j>—m) MOXHO BbINONHUTL € Ucrnonb3oBaHuem 50 MM Tpuc-6ydepa, oco-
6GEHHO NPV M30NSILMKU YaCcTULL U3 CbIBOPOTKU C ee 6onee HU3KMM NPOLIEHTHLIM COAEPXaHUEM.

5.3.3 C6op yacTuy,

LeHTpudyrmpytoT Yactuubl B aTaHone npu 16000 g B TeuyeHue 20 MyUH 1 cnieaytoT npoLiegypam, ornucax-
HbiM B 4.4.2, Ana dukcaunm 4actuy, B 3NOKCUAOHON CMOIe U BbIMOMHEeHNS] CEKLIMOHHBIX CPe30B MoMy4YeHHoro
ocagka.

MpumedaHue—Kpome Toro, 4acTmubl MOryT ObITe COGpaHbl NyTem hurnbTpaumm, Kak onucaHo B 4.4.2.

5.3.4 Pazmepbl yacTuy U aHanu3 ux ¢opmel

5.3.4.1 Obwue ceeaeHUs

Kak onucaHo B 4.4.2, 4acTuLbl 0ObIMHO aHanM3npyoT ¢ NomoLLbio TOM, ogHako aHanMs MOXHO NPOBECTY
n ¢ ucnonbsosaHmem C3M.

5.3.4.2 TOM-aHanus

MonyyatoT M3obpaxeHne MeTannnyeckux YacTul, ncnonb3ys TOM npu yckopsaroLeM HanpsikeHUn oKo-
no 80 kB n yctaHoBnNeHHOM yBenuyeHun He MeHee 21000% (yBenuyeHne HeobxoauMo yKkasaTb B 0TYeTe), Kak
yKasaHo B 4.5.2.2.

MeTannunyeckue 4acTuLbl MOXHO OXapakTepusoBaTtb No pasMmepam 1 opMe pyyHbiM aHannaom penpe-
3eHTaTMBHOM TOM MukpodoTorpadum (MMHUMyM 150 YacTul, B criydae Huskoro usHoca; 300 unu Gonee, ecnn
[OMNyCTUMO), KaK ykasaHo B 4.5.2.2.

5.3.4.3 COM-aHanus

Ons Buayanusayun vyactuy nocpeactsoMm COM npncoeauHsIIOT punibTp ¢ YacTULaMu Ha HEM K antoMnHK-
eBOMYy cTonuky Ans obpasuos COM (cM. 3.3.1) ¢ nomoLLblo YriepogHo caMoknesLieincs nnacTuHbl. Mokpbl-
BalOT pUNbTP 1 n3ydaroT ¢ nomoLlbo COM BbICOKOro paspelleHus, kak ykasaHo B 4.5.2.3.

Kak 1 ans uccrnegosanna TOM, cnegyeT oxapakTepnsoBaTb YacTyLbl MyTeM aHanm3a n3obpaxeHns, Kak
ykasaHo B 4.5.2.3.

5.3.5 UpeHTudukaumusa Yactuy,

CocTaB MeTannIM4ecknx YactuL, cregyeTt onpeaensitb ¢ NOMOLLLIO SHEProAUCNEPCUOHHOIO PEeHTreHo-
cnekrpanbHoro aHanusa (3APCA), kak ykasaHo B 4.6.2. [nsi NOATBEPXXASHUA naeHTUdhMKaunn Taioke MOXHO
MCnonb3oBaTh AndpakTorpammel.

5.4 MeToauka onsa KepaMU4eCcKux 4actuu,

B HacTosweM cTaHaapTe OCHOBHOE BHUMaHWe yaeneHo MeTogam BblaeNeHna 1 aHanusa NnoAnMepHbIX U
MeTanM4eckmx 4acTuL, U3HOCA KaK U3 TKaHen, Tak U U3 TECTOBLIX XUAKOCTEN CUMYNATOPOB cycTaBos. OgHako
psia AaHHBIX METOAOB MOXET BbITb Takke UCMONbL3OBaH AN BblAeneHUs 1 aHann3a kepaMu4eckux Yactuu, ¢
YYETOM HibKecneayoLwmx pekoMmeHaaumn.

M3-3a NNOTHOCTM KepamMrUyecKnx MaTepuanos, NPUMEHAEMbIX B OpToneauny, Kepamuieckue YacTuubl Us-
HOCa Hesb3sl BbIAENUTb ONMUCAHHBIM paHee MeTOAOM C NPpUMEHEHUEM Lwenoyn (cM. 5.2.3) nnu meToaom LeH-
TpudpyruposaHusa B rpaguMeHTe MAOTHOCTU (kak ykasaHo B 4.2.2.3). MNMoatomy pekoMmeHOyeTCA BbIAENATb
KepaMuyeckue yacTuupbl iMb6o MeTOAOM rMApPONIUTUYECKOrO paclUeniieHns COMAHON KUCIOTOW, OMUCAHHBIM
Bblwe (cM. 5.2.2), nMbo cornacHo NPoToKonNy hepMeHTaTUBHOIO rmaponusa, onucaHHoMy B 5.3.2.

OpHako, ecrniv UCNonb3yeTcs rnaponns ConNAHOM KUCNOTON, HeOOX0ANMO TLLATENBHO NPOBEPUTL YCTON-
YMBOCTb MaTepuana K KUCIoTe.

6 OtueT 06 UcNbITaHUU

OT4eT 06 MCMbITAaHWN AOSDKEH BKMHOYATL, Kak MUHUMYM, CeayoLLyo MHopMaLmio:

a) naeHTUUKaLMOHHYIO MHbopMaLUIO TeCTUpYeMbIX 06pasLOB (aHOHUMHbIE CBeAeHUS O NauueHTe B
cnyyae uccneaosaHus obpasLoB TkaHer, pacnonoxeHue ob6pasuUoB TKaHel, uaeHTudnkauuo obpasuos, no-
NyYeHHbIX NPU NOCMEPTHOM UCCIe40BaHUU, AeTanu UCNbITaHUA B CIlyYae TECTOBLIX XKUAKOCTEN CUMYNATOPOB
cycTaBa);

b) TMn umnnaHTata u getTany npeabiAyWUX onepawmin, ecnn TakoBble AOCTYNHI;

C) BHEeLUIHWI BUA U3BNEYEHHOro npoTtesa (Ana uHdopmaummn 06 UCToUHUKe 0Bpa3oBaHMA YacTul, Unu
NpUdnHe paspyLlieHnst UMNAaHTaTa, Hanpumep, UMNUIKMEHT LUEeKM NpoTesa OTHOCUTENbHO Kpas aueTaby-
NAPHOro KOMMOHEHTAa WU pacluaTbiBaHNE HOXKM), €CNn AOCTYMHO;

d) Maccy obpasua TkaHu Unu obwmrin o6vem nNyGpukaHTa, UCMONb30BaHHLIN NPU UCTILITAHUK;

e) AaHHble o pa3Mepax, (hopMe U KONMUYeCcTBe YacTul, ¢ ykazaHUeM pacnpeaeneHus;

1"
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f) cocTaB meTannuyecknx yactuu,

g) KONUYECTBO NPoaHanNM3npPOBaHHbIX YacTuL;

h) ysenuueHue, ucnonb3oBaHHOE NMpY NoACYETE U aHaMM3e pasmepoB U hopMbl YacTuy, metogom COM
unun TOM;

i) yckopsilolwee HanpskeHne TOM, UCMONb3OBaHHOE AN BU3yanu3aumn 4acTuLl;

j) Ans oBbpasLoB TKaHelh — maTepuan XMpypruyecknx MHCTPYMEHTOB, NCNOMbL30BaHHbIX ANA U3BneYe-
Hua obpasua;

K) ecnu npucyTCTBYeT 3arpsisHeHUe, CUCOK BO3MOXHbIX UCTOHMHUKOB 3arpAsHAOLWMX YacTul, MeTan-
na/nonMmepos.
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