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1 OnpeneneHue NPUOPUTETHBIX BUAOB HAHOMATEPHAJIOB B OOBEKTaX OKpPY)KAIOILICH
Cpelpl, )KUBBIX OpraHu3Max W MUIIEBbIX Npoaykrax — M.: denepanbublii LleHTp rUrueHs u
snuaemuonioruu Pocnorpeduanzopa, 2010. — 103 .

1. ABtopckuii koyutekTuB: DenepanbHas ciyk0a 1Mo Haa30py B cdepe 3alIUThl TPaB
norpebutencii u Omaromonyuns denoBeka (I'.I'.Onmmenko, W.B.bparuna, T.}O.3aBucrsesa),
VYupexnenue Poccniickoi akaieMu MEAUIMHCKUX HAYK HAYYHO-UCCIIEI0BATEIbCKUI HHCTUTYT
nutanus PAMH (B.A.Tyrenwsn, W.B.I'mommuckuii, C.A.Xorumuenko, W.B.AkceHos,
E.A.ApuanoBa, B.B.becconoB, B.M.Bepuukos, M.M.I.I'annapos, P.B.Pacnomnos,
O.N.Ilepenepsie, O.H.Tananosa, A.A.lllymakoBa, K.M.Dmiep), Yupexnenue Poccuiickoii
aKaJIeMUH MEAUIMHCKUX HAayK HAy4HO-HCCJIEJO0BATENbCKUNA HMHCTUTYT JMUJEMUOJOTUU U
Mukpobuosorun uM. [louerHoro akagemmka H.®D.I'amanen PAMH (A.JI.I'mano6ypr, b.C.
Hapomuukuii, M.M.IlImapos, M.FO.JlorynoB), T'ocymapcrBeHHOe YydeOHO-HAydYHOE
yupexaenue buonornueckuil ¢axkynbTeT MOCKOBCKOrO rocyAapCTBEHHOTO YHUBEPCHUTETA
umenn M.B.JlomonocoBa (M.II.Kupnuunukos, K.B.llaiitan, A.Il.bonapues, A.B.
®eodanos, /[.B.barpos, B.B.Bounosa, A.Il.bocxommxkuen, A.C.IllebanoBa, A.C.Kuraes,
M.E.bo3naranssa, O.M.KoaneBa, A.A.Kopuarmna, @&.C.OpexoB, E.C.Tpudonosa,
A.B.YectHoBa), Yupexnaenue Poccuiickoit Akagemun Hayk MHctuTyr 6moxumuu um. A.H.
baxa PAH (B.O.Ilonos, b.b./I3antues, A.B.XKepnes), Yupexaenue Poccuiickoii akagemun
Hayk MHctutyr mnpobGiem skonoruu u sponwonuu uM. A.H.Cesepuosa PAH (/.C.I1aBnos,
0.0 . ireb6yanze, E.C.bponckuii, E.FO.KpsicanoB, T.b.JdemugoBa, A.B.Kymios),
@denepanbHOE TOCYAAPCTBEHHOE YHHUTapHOe mpeanpuarue «Bcepoccuilckuii HayyHO-
UCCIIEIOBATEIbCKUI HMHCTUTYT MeTposnoruueckoi ciuyx0e» (®PI'VII BHUUMC) (C.A
Kononoros, C.C. Tony6eB), VYupexnaenue Poccuiickoii akamemuu Hayk LleHTp
«buonnxenepusi» PAH (K.I'.Cxps6un, O.A.3eitnanos, H.B.Pasun, C.I1.Kombaposa), OOO
«uTepnad» (A.H.Benenun, I'.B.Ka3piny0).

2. Pa3paboranbl B pamkax peanuzanuu denepanbHoil neneBoil nporpaMmsel «Passutue
uH(ppacTpyKTypsl HaHOUHYyCcTpUH B Poccuiickoit denepannu Ha 2008 - 2010 roapr».

3. YBepxnensl PykoBomutenem ®DenepanbHOil ciykObl 1O HaA30py B cdepe 3alIuThl
npaB norpeduTeneil u Omaromonyyust 4enoBeka, [ JaBHBIM TOCYIapCTBEHHBIM CaHUTApHBIM
BpauoM Poccuiickoit ®eneparuu ['.I'.Onnmenko 24 mas 2010 T.

4. Beenens! B Aeticteue ¢ 24 masa 2010 r.

5. BBeneHsl BriepBbIE.
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1.2. TUTHEHA, TOKCUKOJIOI'UA, CAHUTAPUSA
ONPENEJIEHUE IIPUOPUTETHbBIX BUTOB HAHOMATEPHUAJIOB B
OBBEKTAX OKPYKAIOIEN CPEJbBIL IIMIIEBBIX ITPOAYKTAX "

KHUBBIX OPTAHU3MAX

MeTtoauyeckue peKOMEHAAMU

MP 1.2.2641 -10

. OBJIACTh IPUMEHEHUSA

1.1. Hacrosiimue MeTOAMYECKHUE PEKOMEHAAIMH OIPEACISIOT METO/IbI
WCCJICIOBAHMS COJIEPKaHWSI HAHOYACTUI] M HAHOMATEPUAJIOB HMCKYCCTBEHHOTO
MIPOUCXOXKJICHUS B HEKOTOPHIX BHAAX IHUIICBBIX NPOAYKTOB M KOMIIOHEHTaX
OHOTHI.

1.2. Hacrosmmue MeTOAMYECKHE PEKOMEHIAIMA TPUMEHSIOTCS B IICIIIX
MIPUHSTHUS PEIIEHUH TI0 OIICHKE PUCKOB, CBSI3aHHBIX C MPOIECCAaMU MPOU3BOJICTBA
1 000pOoTa HAHOMATEPUATIOB

1.3. Meroauyeckre pEeKOMEHIAIMK pa3pabOTaHbl C IEJIbI0 OOeCreUeHUs
CANHCTBA WM3MEPEHUW TIPU  aHalM3€ HAHOMATEepPUAJIOB  HCKYCCTBEHHOTO
MIPOUCXOKJICHUS Ha BCEX CTAIUAX MX KU3HCHHOTO ITHKIIA.

1.4. Meroaudeckue pEKOMEHIAIMK TIPEIHA3HAYCHBI JJI CICIIHAINCTOB
yapexaeHuii denepaibHONW CIyKObl MO Ham30py B cdepe 3aluThl MpaB

HOTpe6I/ITeJ'IeI\/'I )41 6HaFOHOJIy‘H/I$[ YCJIOBCKA, HAay4YHO-HUCCJICIOBATCIIbCKHUX
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OpraHM3alMii TUTUEHNYECKOTO MPOPUIsl U MEIUIUHCKUX y4eOHBIX 3aBelCHUH, a
TaK)K€ MHBIX OpraHuM3aluid W YYPEXKACHUM, 3aHUMAIOIIMXCS BOIPOCAMU

OIIPCACICHUA IIPUOPUTCTHBIX HAHOYACTHUI I HAHOMATCPHUAJIOB.

1. BBEAEHUE
Hcnonb30BaHne HAHOTEXHOJOIMH M HAHOMATEPHUAJIOB SBIIACTCSA OLHUM U3

CaMbIX IIEPCIIEKTUBHBIX HANpaBJIICHUW Hayku U TexHUKH B XXI Beke.
Oco0eHHOCTH TIOBEICHHUS BEIECTBA B BUAEC HAHOYACTHUII, CBOMCTBA KOTOPHIX BO
MHOTOM OTPEIENSIOTCS 3aKOHAMH KBAaHTOBOW (DU3MKH, OTKPBIBAIOT IIMPOKUE
MEPCIEeKTUBBl B  1IEJICHANPABICHHOM TMOJYYEeHUHM MaTE€pUaioB C HOBBIMU
CBOMCTBaMH, TaKUMU KaK YHHUKAJIbHAas MEXaHMYeCKas MPOYHOCTh, OCOObIC
CHEKTpalbHbIC, DJICKTPUUYECKHUE, MArHUTHBIC, XUMHUYECKHUE, OHOJIOrHYEeCKUE
XapaKTePUCTUKH.

B Ommwxkaiimelt mnepcrnekTHBE CHEAYeT OXHUJaTh PE3KOro yBEIHMYCHHUS
00BEMOB NPOU3BOJICTBA BO BCEM MHUpPE psAJia NPUOPUTETHBIX HAHOMATEpPUAJIOB, B
YACTHOCTU TaKHMX, KaK HAHOYACTHII OKCHJIOB KpPEMHUs, TUTaHA, IIMHKA, *KeJe3a,
1epusi, ajJlOMUHUS, METaJUIMYeCKHe HAHOYACTUIIBI >KeJie3a, Meau, KoOasbTa,
HUKEJIA, aJlOMHHMS, cepeldpa, 305I0Ta, YIJIEpOAHbIE HAHOTPYOKH, (YJIepeHsl,
HAHOYACTUIIBI ~ OWMOTMOJMMEPOB U  PEKOMOWHAHTHBIX  BHUPYCOB. JTO C
HEM30€KHOCTBIO MPUBEAET K  TOCTYIUICHHIO  3HAYUTENIBHBIX  KOJUYECTB
HAaHOMATEPHUAJIOB B OKPYKAIOUIYIO CPEy, UX HAKOILJICHUIO B KOMIIOHEHTaX OMOTHI
1 abMOTHYECKUX Cpeflax ¢ MOCIenyIoIel nepenayeil uenoBeKy.

DOT0 JenaeT HEoOXoaAuMoM pa3paboTKy TOCYJapCTBEHHOM CHCTEMBI
KOHTPOJII M HaA30pa 3a MPOM3BOJCTBOM HAHOTEXHOJIOTMYECKON MPOIYKIUH,
COCTAaBHOM 4YaCTbI0 KOTOPOM SIBISETCSI MOHUTOPUHI HAJIM4YUSI TPUOPUTETHBIX
BUJIOB HAHOMATEPHUAIOB B O0BEKTaX OKpPYXkAIOLIEH Cpellbl, KOMIIOHEHTaX OHOTHI,
CEIIbCKOXO3SIICTBEHHBIX PACTEHUSX U KUBOTHBIX, MUIIEBBIX NPOTYKTAX.

Hacrosimmme wMeToaumyeckue pekoMeHJanuu pa3paboTaHbl B paMKax
peanuzauuu DenepanbHol 1eneBoi nporpammbl «Pa3BuTtre MHEGPACTPYKTYpPbI
HaHouHnyctpuu B Poccuiickoit ®enepaunu Ha 2008-2010rr.» B memsx

YCTAaHOBJICHUA C€IWHOI'0, HAYYHO 00OCHOBAHHOTO nmoaxoaa K BBIABICHHUIO H
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KOJIMYECTBEHHOMY ONpENeNICHNI0 HanOoJiee BaXKHBIX BUIOB HAHOMATEPHAJIOB B
MPUPOJIHBIX OHOJIOTMYECKUX W a0MOTHYECKHX OOBEKTaX, BKIIOYAs HEKOTOPHIC

BHUABI ITUIICBLIX IIPOAYKTOB.

I11. OBLIUE ITOJIOKEHUA
3.1. IlpoBeneHue wucCIEeNOBaHUNA IO BBIABICHUIO U KOJIMYECTBEHHOMY

OTPECICHUI0  HAHOMATEPUAJIOB  OMPENEISAIOTCS  MpaBUJIaMU  HaJyIeKalen
71a00paTOPHON MPAKTUKHU.

3.2. TpeboBaHus K cTaHIAPTHBIM HAHOMATEPHUAJIAM.

3.2.1. [Ina BepuduKauu, CTaHAAPTU3ANNH W KAJTHOPOBKH METOJOB,
MPUMEHSIEMBIX TIPU OMNpPECICHUA HAaHOMAaTepUalioB, UCIOJIb3YIOTCS CTaHIAPTHBIC
oOpasiibl HAHOMATepUaJIOB (CTAHIAPTHI).

3.2.2. Kaxnplii craHmapT HaHOMaTepuana JOJHKEH OBITh OXapaKTepHU30BaH
Ha COOTBETCTBUE TOCYJAapPCTBEHHOMY JTaJOHHOMY OOpa3lly MO TMOKa3aTesIsm
XUMHUYECKOTO COCTaBa (BKJItOUas HAJIMYUE MPUMECEH), pazmMepy U (popMe 4acTull,
VACIBHOM  IUIOMAAM TMOBEPXHOCTH, THUIY KPUCTALIMYECKOM  CTPYKTYpHI.
VYKazaHHbIE XapaKTEPUCTHKUA OMPEEINSAIOTCA C HCHOJIb30BAHHEM METOJIOB Macc-
CIICKTPOMETPUM C HWHAYKTUBHO CBA3aHHOM IUIa3MOW, TPAHCMUCCUOHHOMU
AJIEKTPOHHON MUKPOCKOIHUH, OMPEICICHUS] H30TEPM aJICOPOIIMH WHEPTHBIX Ta30B,
pentrenodazoBoro (peHTreHoANGPAKIIMOHHOTO) aHanu3a. B ciyyae cranmapTHBIX
o0pa3ioB (yIepeHOB TMpPU MPOBEPKE COOTBETCTBUS HCIOJIB3YETCS METOM
obpaménnodazoBoit BOXX.

3.2.3. Kaxnmpiii crangapTHbIA oOpa3en HaHOMaTepHwala JOKCH ObITh
cHaOx€EH «IlacmopToM 0€30MacHOCTH HAHOMATEPUATIOBY», KOTOPBIM COCTABIISIETCS B
cootBerctBu ¢ ['OCT 30333-95 «llacmopt ©Oe3omacHOCTH  BeIIECTBA
(MaTepuana)y.

3.2.4. CranpaptHble 00pa3ibl HAHOMATEPUAIOB JODKHBI UMETh YHaKOBKY
JUISL 3aIIUTHI IPU TPAHCIIOPTUPOBKE OT 3arpsi3HEHUS WIH MOPYH.

3.2.5. XpaHeHue cTaHapTHBIX 00pa3I0B HAHOMATEPHUAIOB OCYIIIECTBISCTCS

OTACIIBHO OT OCTAJIbHBIX IIPUMCHSACMBIX BCIICCTB C CO6J'HOI[CHI/IGM YCJ'IOBI/II\/JI



XpaHEHMs, YKA3aHHBIX B MACIOPTEe OE30MacHOCTH Ha MPOTSHKECHUH BCETO CpPOKa
TOJTHOCTH o0pa3sIia.

3.26. XpaHeHue U  HCHOJIb30BaHHME  CTaHAAPTHBIX  0Opa3IloB
HAaHOMATEPHUAJIOB OCYIIECTBIIICTCS B COOTBETCTBUU C YTBEPKIACHHBIM IIPOTOKOJIOM
UCCJIEIOBAHUS.

3.3. TpeboBaHus K UCIOJIB3YyEMOMY 000PY0BAHUIO.

3.3.1. Opranuzamnuu, TPOBOIAIINE OMpPeaeIeHNe HAHOMATEPHUATIOB JOJKHBI
OBITH OCHAILIEHBI HEOOXOJUMBIM 000PYI0BAaHUEM, TIPOLIEAIIUM METPOJIOTUYECKHIMA
KOHTPOJIb B YCTAHOBJICHHOM TTOPSIJIKE.

3.3.2. DOkcrmnyaranus O0OOpYIOBaHUS TIPOBOJUTCS B COOTBETCTBHU C
TEXHUYECKUM TMAClOpTOM U HWHCTPYKIMEH TI0 TPUMEHEHHI0. Pe3ynbrarsl
IIPOBEICHUS] KAIMOPOBKM M TEKYIIErO PEMOHTAa O0OpYydOBaHUS (PUKCHUPYIOTCS B
CHEeIUaIbHOM  JKypHalle, JOCTYTHOM B JII000€ BpeMs  COTPYJHUKAM,
HKCILTYaTHUPYIOIUM 000pyI0BaHKE MM 00ECIIEYMBAIOIINM €0 00CITy)KHBaHHUE.

3.4. [imanupoBaHne U MPOBEICHNE UCCIICTOBAHMM.

3.4.1. OnpeneneHue HAHOMATEPUATIOB MPOBOJUTCA TIO YTBEPKIECHHOMY
IUTaHY C BEJICHUEM MPOTOKOJIAa U COCTABJICHHWEM OTYETa, B KOTOPBINA 3aHOCATCS BCE
PE3yNbTAThl UCCIICTOBAHMM.

3.4.2. Pe3ynbTaThl OonpeaeieH!s HAHOMATEPUAIOB 3aHOCATCSA B MPOTOKOJI, B
KOTOPOM OTPaXEHBI 1M PaOOTHI U METOMBI, MCIOJIb3YEMBbIC IS JTOCTHIKCHUS
atux  nened. IIporokon  wuccrenoBaHUST  YTBEPKIAETCS  PYKOBOJUTEIIEM
OpraHM3aliy, TPOBOJAIICH WCCICAOBAaHUS, W BKIIOYAeT: Ieidb H 3a7auu
WCCIICIOBaHMsI, WMEIOIIMECsS CBEAEHUS 00 OmpenenseMoM HaHOMaTepHase
(pusnueckue, XUMUYECKHE, OMOJOTUYECKHUE, TOKCUKOJIOTUYECKHE CBOMCTBA),
UCTIONIb3yeMbIe CTaHIApTHBIE 00pa3Ilbl, CXeMy HMCCIEIOBaHUs U €€ 000CHOBaHUE,
METO/Ibl 0TOOpa MPOO MPUPOIHBIX OOBEKTOB, METOBI UCCIICIOBAHUS, PE3YIHTATHI
WCCJICIOBAHUM, METPOJOTHYECKYI0 XapaKTePUCTHUKY aHalin3a, CTaTHCTHYECKYIO
00paboTKy pe3yIbTaTOB UCCIIECIOBAHMS, 3aKIFOUCHHE.

BHocumMbie n3MEeHEHHs B TPOTOKOJ UCCIIEOBAHUS, a TAK)KE OTKIOHEHUS OT

IMPOTOKOJIa (HCS&HH&HHpOBaHHBIG CO6I>ITI/IH, HCTIPCABUACHHBIC 00CTOSATEILCTBA U



T.J.) 3alUChIBAIOTCS W  TOJNUCHIBAIOTCA HCIOJHUTEIEM, JaTHUPYIOTCS B
NPWIOKEHUH € yKa3aHWEM TPUYUH W YTBEPKAAIOTCS  PYKOBOJMUTEIIEM
UCCJIEIOBAHUS.

3.5. TpeboBanus k 0OPMIICHUIO OTYETA.

3.5.1. Tlo oxoOHYaHMM TIPOBEACHHBIX OIpeaAesieHu OPOpPMISETCS OTYET, B
KOTOpPOM TPEJCTABISIOTCS: Ha3BaHWE; aJpec OpraHu3alluu; JOaThl Hayalga u
3aBEpIICHUSA HCCIEAOBaHUM; LENb M 337a4d HCCIEHOBAHUS; XapaKTEPHCTHKA
OTpEEIISIEMOT0  HaHOMAaTepHuaya;, IMepeuYeHb HCCIAEAOBaHHBIX O0pa3loB U
MPUMEHSEMBIX CTAaHAAPTOB; CXeMa MPOBECHHS HCCIIEIOBAHNS;, OTUCAHIE METO/I0B
CTaTUCTUYECKOM  0OpaOOTKM  pe3yslbTaToB;  PE3yJbTAThl  HCCIEIOBaHUS,
IpEJICTaBICHHbIE B BUAE 0000IIAOMUX TaOIMll, PUCYHKOB C COOTBETCTBYIOIIEH
CTaTUCTUYECKON 00pabOTKON M KOMMEHTAapUEB K HUM; 3aKIIOUEHUE.

3.5.2. Oryer 0 pe3ylbTarax MPOBEICHHOIO HCCIEAOBAHUS COCTABIISCTCS
OTBETCTBEHHBIM HCIIOJTHUTENIEM, YTBEPXKIAETCS PYKOBOJUTEIEM OpTraHU3alluu |
CKPETUISETCS TIeUaThI0 OpTaHU3aIIH.

3.6. Cucrema obecrieueHUs KaueCcTBa UCCIICIOBAHUN.

3.6.1. KonTpoas 3a kauecTBOM MPOBEICHUS MCCIIEIOBAHUN BKITIOUACT B ceOs
oopMIIeHUE TIEPEYHs UCCIIEIOBAHUI, TPOBOJUMBIX B OpTraHU3AIINH, C YKa3aHUEM
JUIST  KaKIOTO  WCCJIENOBAHUS  PYKOBOAMTENS M 3aKa3uMka, Ha3BaHUSA
ONpENENsIEMOr0  HaHOMaTepHualla, JaThl HadaJla M COCTOSHHS  KaXKIOro
UCCJICIOBAHUSI Ha TEKYIIMHA MOMEHT BPEMEHH, OIIEHKY MPOTOKOJIOB M METOOB
WCCJICIOBaHMs HA COOTBETCTBHUE MpaBHJIaM JTaOOPATOPHON MPAKTUKHA, MOHUTOPHHT
TEKYIIUX WCCIICIOBAHHMMA, OTYET O MPOBEACHHBIX MPOBEPKAX U PEKOMEHIAIINN TI0
yCTpaHEHUIO HEOCTATKOB.

3.6.2. [Ins ocyuiecTBIEHUs KOHTPOJIA KayecTBa PYKOBOJICTBO OpraHU3AINU
Ha3HAyYaeT, B COOTBETCTBUU C MPaBHJIAMU HaJjIeKaiien 1abopaTopHON MPaKTHKH,
OTBETCTBEHHBIX JIMI[ 32 MOHUTOPUHT HCCJIEAOBAHHS W3 YHCIA COTPYIHUKOB, HE
YYaCTBYIOIINX B UCCIICIOBAHUH.

3.7. CtangapTHBIE OTEPAIMOHHBIC TPOIIEAYPHI.



3.7.1. CranmapTHbIE OmepalMOHHBIE TPOIEAYPHl pa3padaThIBAIOTCS Ha BCE
IPOM3BOJCTBEHHBIC OMNEPAlMM, BKJIIOYAs: TMOCTYIUIGHHWE, HWICHTHU(PHUKAIHIO,
MapKHpPOBKY, OTOOp 00pasmnoB, o0pabOTKy MpoO, HMCHOJb30BAHHE U XpaHEHUE
UCCIIEyeMbIX Mpo0, XpaHEHHWE M aTTEeCTallMi0 CTaHIapTOB; OOCITYXUBaHUE U
KaJIMOPOBKY HW3MEPUTENIbHBIX MPUOOPOB M  00OPY/IOBaHUS, MPUTOTOBICHUE
pEaKkTHBOB, BEJCHHE 3amuced, OTYETOB M MX XpaHEHHE;, OOCITyKUBaHUE
MOMEIEHUI; 00€3BpEKUBAHKIE WM YTHIIM3AIMs HAHOMATEPUAIOB U COJCPKAIINX
ux o0pa3noB (ecid H3TO HEOOXOJMMO); OCYIIECTBICHUE MPOrpaMMbl IO
00€eCIIeYEeHUI0 KauecTBa.

3.7.2. Cobmonenue CTaHIApTHBIX ONEpPalMOHHBIX npoLeayp
OCYILIECTBISIETCS B LENAX OOecreueHuss KadecTBa, JOCTOBEPHOCTH U
BOCTIPOM3BOAMMOCTH PE3YJIbTaTOB UCCIEAOBAHNUA.

3.7.3. OTKJIOHEHMS] OT CTaHAAPTHBIX OINEPAIMOHHBIX MPOUEAYP JOJIKHBI
OBITh JOKYMEHTAIBHO O(OPMIICHBI U YTBEPHKIECHBI PYKOBOUTEIEM HCCIICIOBAHUS.

3.7.4. Opranmzarusi, MPOBOAAIIAS HACTOSINIUE WCCICIOBAHUSA, JIOJDKHA
UMETh YTBEPKICHHBIN TMOPSIIOK MpUEeMa U y4eTa TMOCTYIUICHUS aHaJU3UPyEMbIX
npo0 U CTaHAapTOB HAHOMATEPHAJIOB; MPOBOJIUTH YUYET aHAIM3UPYEMBIX MPoO U
CTaHJapTOB HAHOMATEPUAJIOB TMPU TMOCTYIJICHWH, PpACXOJIOBAaHWU, BO3BpaTe
3aKa3uMKy WIH WX YTWIW3AlUHM, T[PUHAMATh MEphl 10  OOECIEUYCHHIO
UAEHTU(UKALIMY UCCIEeNyeMbIX 00pa3loB (Ha3BaHUE, XUMHUYECKas (popMyla- npu
HAJIMYMH )Y UX CTAOMJIBHOCTH Ha MPOTSHKEHUH BCEro uccieaoBanus. Jlis oOpasion
HAHOMATEpPHAJIOB Ha STUKETKE JOMOJHUTEIBHO IOJHKHBI YKa3bIBaThCS CTETCHb
JMCTIEPCHOCTH, pa3mep, hopMa JacTuil, Ipu HEOOXOIUMOCTH - yJIeJIbHAS TIJIOIIA/lb
MOBEPXHOCTH M KPUCTAITUMYECKAsI CTPYKTYpa.

3.8. Mepbl KOHOUIECHIIMATBHOCTH.

3.8.1. CoTpyaHuKU, MPUHUMAIOIINE y4acTUE B MPOBEJACHUU HCCICAOBAHUM,
00s13aHBI  COOJNIIOMATh KOH(PUACHIIMATHHOCTh B OTHOIICHUM JIOOBIX JaHHBIX,
MOJyYEHHBIX B XOJ€ WCCIEAOBaHHs, B COOTBETCTBUU C 3aKOHOJATEIHCTBOM

Pocculickon ®@enepanumu.



3.8.2. Opranuzanmsi, TPOBOASAIIASl HMCCIECIOBAHUS, OJDKHA OOCCIICUYHTH
KOH(DHICHIIMATEHOCTh PE3YJIbTATOB HCCICIOBAHUN B paMKaxX MPHUHSITBIX €HO

00513aTENILCTB U B COOTBETCTBHH C 3aKOHOOAaTCJIbCTBOM Poccuiickon CDG,ZIepaHI/II/I.

IV.IIEPEYEHDb U KPATKAS XAPAKTEPUCTUKA ITPUOPUTETHbBIX
BUJ10B HAHOMATEPHAJIOB

Hcxoas u3 cutyallud ¢ MPOU3BOACTBOM U HUCIIOJIb30BAHUEM HAHOYACTHUIl U
HAaHOMAaTEePUAJIOB, a TAKKE UMEIOIIUXCS CBEJICHUM O (pakTopax pHCKa, CBI3aHHBIX C
HAHOYACTHUIIAMH, TIPU BBIOOPE TPUOPHUTETHHIX BHUIOB HAHOMATEPHUAJIOB IIO
COJICp)KaHMIO B IIPUPOJIHBIX OHOJOTHYECKHMX M a0MOTHYECKHX OOBEKTaX u
MUIIEBBIX MMPOIYKTAX CICTYET PYKOBOACTBOBATHCS CICAYIOMIUMH MMPUHITATIAMH:

- B Ha0ope aHAIM3UPYEMBIX HAHOYACTHUI] JOJDKHBI TMPUCYTCTBOBATH
MIPEJCTABUTEIM OCHOBHBIX T'PYIIIT,

- aHaJU3UPyEeMbIe HAHOYACTHIIBI TPOW3BOMATCS WM B OJIOKaiiiee BpeMs
OyIyT IPOU3BOJUTHCS B OOJIBIIUX 00BbEMax;

- HAHOYACTHIIBI MOTYT OKa3bIBaTh BO3JICCTBHE HA OPTaHU3M;

- HAHOYACTHIIBI  JOJDKHBI  OBITh  «CTAaHAAPTHBIMH», T.€.  XOPOIIO
O0XapaKTEePU30BAHHBIMHU M OJTHOPOJHBIMHM 110 pa3Mepy, COCTaBy U (popme.

CranpapTHele  00pa3upl  HaHOMATEpUaAJOB  KiIacCUDUUUMPYIOTCA B
COOTBETCTBUM C UX XMMHUYECKHUM COCTABOM. 3a OCHOBY IPHUHATA KiacCUpUKAIUs,
HCIIOJIb3yeMasi B MK IYHApOJHOM PeecTpe HAaHOUACTHI] 1 HAaHOMATEPHAJIOB:

-MeTajuindeckue HaHouactuilsl (Au, Ag, Pt, Pd, Ru, Ni, Cu u npyrue);

- HAHOYACTHIIBI OKCUIOB MeTa/IoB M HemeTawioB (Si0,, Al,Oz, TiO,, SnO,, ZnO,
MoO3;, V5,05, PbO, Fe,O3, NiO u )Ipyme);

- mosyrnpoBogHukoBbie HaHodacTuilbl (CdS, CdSe, PbS, PbTe, GaN, GaAs,
INN u apyrue);

-yriepojiubie HaHo4acTulbl (dymiepensl Cgp, YrIEpOaHBIE HAHOTPYOKU U
HEKOTOpPBIE APYTHE);

- HaHOYACTHIIBI OPTraHUYECKU MOJM(PUIIMPOBAHHBIX CIOUCTBIX CHIIMKATOB U

AJIFOMOCUJIMKATOB (HAHOTJIMHBI PAa3JIMYHOIO COCTaBA);



- HAHOYACTHIIbl U3 OPraHUYECKUX PA3BETBICHHBIX IMOJIUMEPOB (IEHAPHUMEPHI
Pa3JIMYHOTO COCTaBa).

Jlanee  mpuBeNEHBl  KpaTKUE  XapaKTEPUCTHUKHA  HEKOTOPHIX  BUJOB
IPOMBIIUIEHHO BBIMYCKAEMBbIX HAHOMATEPHUANIOB, MJsI KOTOPBIX XapaKTEPHbI
HanOoJbIINe 00BbEMBI TPOU3BOJICTBA U, CIIEIOBATEIHHO, HAUOOJIbIIAs BEPOSATHOCTh
BBISIBJICHUS B COCTaBEe 0ObEKTOB MPUPOIHOM CPEIbI.

4.1. dynnepeHsl - HAHOYACTHUIIBI, 00pa30BaHHBIE OMpPeeIEHHBIM (00bIYHO 60
win 70) YKuCIOM aTOMOB YTJepojia, OPraHU30BaHHBIX B C(hepUUYECKUN Kapkac.
@dysiepeHbl MOKHO pPacCMaTpUBaTh KakK OTAEIbHYIO aJNIOTPOIUYECKYIO (popMy
yriaepojia, HE TOXKIECTBEHHYIO JBYM pPaHEE H3BECTHBIM - ajlMa3y M Ipadury.
®opma BbImycka (yJJIEPEHOB: MOPOLIKA WM PacTBOPbl B OpPraHMYECKUX
pPacTBOPUTENSX, a TAKXKE HAHOIUIEHKH (ToiammHod no 20 HM). B sty rpynmy
BXOJAT MU XUMHUYECKH MOJIU(ULMPOBAHHBIE (DYIIEPEHBI: TUAPOKCUIMPOBAHHbIE,
TAJIOTCHUPOBAHHBIE,  CBSA3aHHBIE C  AMHUHOKHMCIOTAMH M METaJUIAMU.
HemomuduuupoBanusie (ysuiepeHbl MPaKTUYECKH HEpPacTBOPUMBI B BOJE U
HOJIIPHBIX PACTBOPUTENSX, a TAKXKE B aTu(paTHUECKUX YIIIEBOAOPOAaX U B KUPAX;
YMEPEHHO pacTBOPUMBI B apOMaTUYECKHX YIIEBOAOPOAAX (TOJIYyOJ, KCHIIOI,
xJjopben30i1). Bo3MOXHO mMoOJydeHHWe KOJIOMIHBIX (MHUIEIUIIPHBIX) BOJHBIX
pacTBOpoB (DyJJIEPEHOB B KOMILUIEKCE C HEKOTOPHIMHU MOBEPXHOCTHO-AKTUBHBIMU
BEIIECTBAMH M  ToJMMepaMu. MHOTHE XHUMHYECKH MOJAU(PUIIMPOBAHHbBIE
(yiepeHsl XOpoIIo pacTBOPUMBI B Bojie. McTuHHbBIE (MONEKYJISIpHBIE) pACTBOPHI
GyiiepeHOB OKpallleHbl (MMEIOT KpPAacHBIM WU (DUOJETOBBIM 1BET), HUMEIOT
XapaKTEPUCTUUECKUI MaKCUMYyMOM TOIJIONIEHUSI B OJMKHEM YJbTpaduoiieTe npu
JUTAHE BOJIHEI 324-340 HM.

KoHTaMuHanusi NpuUpOIHBIX OHOJIOTMYECKMX U a0MOTHYECKHX OOBEKTOB
¢dymiepeHaMu BO3MOXHa B XOJE€ HX IPOU3BOJCTBA, IEPEBO3KU (yriepeH-
coJiepKalleld MPOAYKIIMH U YTHIIH3aUUKU €€ OTXO0/I0B.

4.2. YraepoaHble HAaHOTPYOKH MO CTPYKType OJNM3KH K (QyiuiepeHam, HO
NPEJCTaBISIIOT COO0M HE cepuyeckue, a JIMHEHHbIe (MPOTKEHHBIE) KapKacHbIE

KOHCTPYKIHUH, CIOXKCHHBIC aTOMaMHK YIJI€po/Ja. Paznnuaror OHHOCHOﬁHBIC
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(omHOCTEHHBIE) M MHOTOCIOWHBIE (MHOTOCTeHHBbIE) HaHOTpYyOku. Ilocnemnue
IPEJICTABISIIOT U3 ce0s1 KOHCTPYKIIMU U3 KOAKCHAIBLHO BJIOKEHHBIX OJIHA B IPYTYIO
OJIHOCJIOMHBIX HAaHOTPYOOK pa3HOro AuameTpa. Jpyrum mokazareiemM CTPYKTYpPHI
HAaHOTPYOOK SIBJISIETCSI CIHMPAJIbHOCTb, TO €CTh BEJIMYMHA ATOMAPHOIO CJBUIA,
JIOCTUTaeMOIr0 TMpPU 3aMbIKAHMM IUIOCKOTO CJOs, OOpa3oBaHHOIO AaToOMaMu
yriaepojia, B TpyOKy. B HpOMBIIIUIEHHBIX YCIOBHUSIX MPOU3BOJSATCS HAHOTPYOKHU
paznmuuHoro guamerpa (ot 1 HM 70 90 HM) M pa3IMYHON CTENIEHH OYUCTKU B BUJIC
MOPOIIKOB, CYCHEH3U B OPraHUYECKUX PACTBOPUTEIISX, B OTACIBHBIX CIydasX B
BUJIE€ reneil wiaM I1uieHoK. HaHoTpyOku, kKak u  (yJuiepeHbl, MNPaKTUYECKU
HEpacTBOPUMBI B BOJE€ M TNOJIIPHBIX PAaCTBOPUTENSX, OAHAKO OHM 0O0JaAaroT
IUNO(UIBHOCTBIO U CITIOCOOHBI HAKaILIMBaThCs B opranusme. [1o ycinoBusm cBoero
MOJIYYEHUS] OJHOCTEHHBIE YTIEPOJIHbIE TPYOKH MPAKTUUYECKU BCErJa COAEpIKaT
IpPUMECh METAJUIMYECKUX KaTalu3aTopoB (Kak NMpaBUIIO, MEPEXOJHBIX METaIOB
VIII rpymins! wim Menn).

4.3. HaHoyacTHIbl METAILIMYECKOTO cepedpa uUMerT (GopMy, OIM3KYH0 K
chepruuecKkou, U pa3Mep, B 3aBUCUMOCTH OT YCJIOBUH IMOJyYeHHS, OT 5 10 80 HM.
Pa3znuunble npenaparsl HaHOCEpEOpa UMEIOT Pa3HYIO CTENEHb FeTEPOreHHOCTH IO
pa3mepam uvactull. [IpenapaTel HaHOUAacTUL cepeOpa HECTAOUIIbHBI U MPOSBISIOT
BBIPOXEHHYIO CKJIOHHOCTh K arperauuu ¢ oOpa3oBaHHMEM  KOMILJIEKCOB
3HAUUTEIBHO OOJBIIEro, YeM HWCXOJHbIE YacTHllpl, pa3Mmepa. CraOuiibHbIE
JUCIIEpCUU HAHOYacTHIl cepebpa B BOJAE WM B OPraHMYECKUX PACTBOPUTEISIX
(rekcaH, OEH301 U T.JI.) MOTYT OBITh MOJIyYE€HBl B MPUCYTCTBUU AHUOHAKTHUBHBIX
MOBEPXHOCTHO-AKTUBHBIX BEIIECTB WIH MOJINMEPOB, HaInpumep,
HNOJUBUHUINUPPOANI0Ha. OHU MPEACTABISAIOT COOON KUAKOCTH, OKpallleHHbIE (B
3aBUCUMOCTH OT KOHUEHTPAIIM HAHOYACTHUI) B KENITHIN WJIM KOPUYHEBBIH LIBET.

4.4. HanodacTHIlbl TMOKCUJA TUTAHA BBIITYCKAIOTCS B ABYX OCHOBHBIX BUAX,
pas3IuYaroIMXcs 0 CBOEH KPUCTAJUIMYECKOW CTPYKType: aHaTaza — IPeICTaBlICHA
HaHo4acTUlaMu (GopMbl, OJIM3KON K chepruueckoi, U pa3MepoM B auamnazone 5-15
HM; PYTWJI — MPEACTaBIIEH HAaHOYACTUI[AMH B (popMe MajlloueKk WM CTep:KHEH

nuameTpoM okosio 10 u mmunor o 40 HM. O6e m30hopMbBI HAHOPA3MEPHOTO
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JUOKCHJIa TUTaHa B YMCTOM BHUJE MPEACTABISAIOT COOON NErKUe Oemble MOPOIIKH,
KOTOpPbIE MHTEHCHBHO AJIEKTpHU3yroTCsA. OHU HE PACTBOPUMBI B BOJE, HO JIETKO
JTUCHIEPTUPYIOTCS B BOJIE C OOpa30BaHUEM KUIKOCTEH MOJIOUHO-0E0ro IIBETa,
KOTOpBIE 3aT€M MEIJIEHHO (Ha MPOTSKEHUU YacoB) CEIMMEHTHPYIOT. B cpene
OMOJIOTUYECKUX KUAKOCTEH pa3IMyHOTO COCTaBa HAHOYACTHUIIBI IMOKCHU]IA TUTaHA
arperupyror ¢ 00pa3oBaHHEM KOMIUIEKCOB CYOMUKPOHHOTO pa3Mepa.

4.5. HanouyacTuubl  JMOKCHJIAa  KPEMHHA  MPEACTABICHBI  ABYMS
MouduKanusIMu: amopdHOM (KpeMHe3eM) U KpucTauinueckoi (kBapir). dopma
yacTull Om3ka K cepudeckoi, pasMep, B 3aBUCUMOCTH OT YCJIOBUU MOJyYEHUS
BappupyeT oT 5 10 80 HM. BHemHuid BHA HaHOMaTepuana — JETKUE MOPOLIKH
oenmoro 1Bera. HanouacTuipl amoppHOro KpemHe3eMa o00J1aJjaloT pa3IMdHOM
CTENEHBIO TOPUCTOCTH, TMO3TOMY JAHHBIE OLEHKH UX YJEIbHOW IUIOLIAAH
NOBEPXHOCTU HAa OCHOBAaHMM T'€OMETPUU YACTHIl U IO METOAY U30TEPM aAcopOLuu
MHEPTHBIX I'a30B MOTYT CHJIBHO PAcXOJUThCS. B cpenie OMOI0rnueckux KuaKocTei
pPa3IMYHOr0 COCTaBa HAHOYACTHUILIBI JUOKCUIA KPEMHHUS, TaK ke, KaK U JTUOKCHIA
TUTaHa, arperupyroT ¢ 00pa30BaHNEM KOMIUIEKCOB CyOMUKPOHHOTO pa3Mepa.

4.6. HaHouacTulbl OKCHJAA aJIOMHHHUS HMMEIOT cdepudeckyro ¢GopMmy H
pasMmep B auamnaszoHe, kak mpasuio, 30-60 am. B dopme HaHOMOPOIIKOB OHU
CTaOWJIbHBI, B BOJIC W OHOJOTUYECKUX >KHAKOCTSIX MPOSIBISIIOT CKIOHHOCTH K
arperaiuu. Ilo cBoeMy arperaTHOMy COCTOSIHUIO TNPEICTABISIOT COOOM JNErKue
MOPOILKH OEJIoro 1BeTa, HePaCTBOPUMBIE B BOJIE U OPraHUYECKUX PACTBOPUTEIISIX,
HO pacTBOPUMBIE B pa30aBJICHHBIX KUCIOTAX M IIEJI0Yax.

4.7.HanovacTuiibl OKCHJA [IMHKA UMEIOT (PopMy OJU3KYI0 K chepudeckoi u
pasmep B guamazone 10-100 uM. OHU mpeacTaBisOT cO00W JETKUI MOPOIIOK
0eJloro 1BeTa, HE PaCTBOPUMBIN B BOJIE U OPTaHUYECKUX PACTBOPUTENSX, HO JIETKO

pPacTBOPUMBIN B pa30aBIEHHBIX KUCIOTAX U MIEI0YaX.

V.METOAbI BU3YAJIN3ALIUN HAHOMATEPHUAJIOB B COCTABE
IMPUPOAHBIX BUOJOI'MYECKUX U ABUOTHYECKUX OBFBEKTOB

5.1. DIeKTPOHHAS MUKPOCKOMHUSA

12



Jlnst  monaTBepKIEeHUS — TPUCYTCTBUSL B OWOmpoOax — OmpeaesisieMbIX
HaHOMATepUalioB B (OpMe HAHOYACTHII, OMNpeNeNieHUs Ux pazMepa, GOpMbl U
JIOKalM3alMd HCHOJIb3YETCS AJEKTPOHHAs MUKpockonusa. [[ns HaHowacTwil,
MaKCUMaJbHBIA pa3Mep KOTOPHIX MEHee S5 HM, uX ¢GopMa HE ONMUCHIBACTCH.
[IpuBeneHHBIN METO ONPEACICHUS HAHOYACTHUL] IPEAHA3HAUEH [IJIS1 ONPEACICHUS
YaCTHUIl METAJUIOB U OKCHJIOB METAJLIOB.

5.1.1. Ilpunumun meroaa

B ocHoBe merona mpocBeuuBarouieil 3aeKTpoHHOM Mukpockonuu ([19M)
JCKUT YIOPYroe paccesHHe IMy4dKa OHJICKTPOHOB TMPHU B3aUMOJICUCTBUU C
uccieayemMbiM 00beKkTOM. M3o0pakeHune ¢GopMupyercsi MOTOKOM PaCCESHHBIX
3JeKTpOoHOB ¢ »3Hepruerd 50-200 k3B, npomeammx dYepe3 HaxXOIAIIUICA Ha
MOJJIONKKE 00pasel], U MpU MOMOIIY CUCTEMbl MATHUTHBIX JIMH3 MPOCIUPYETCS Ha
Matpuny [13C-kamepsl.

Jlist uaeHTudUKAIMY HAHOYACTULl UCTIOJIb3YIOTCSl aHATMTUYECKUE METOJUKH
[I9M — paudpakiuss 3JIEKTPOHOB € BBIOpAaHHOW 00JacCTH, CHEKTPOCKOMUS
XapaKTEPUCTHUECKUX TOTepb dHepruu 3ekTpoHoB (CXIIDD) m wusmepenue
M300paXEHU B IUANa30HE XapaKTePUCTUUECKUX MOTEPh SHEPTUU AJIEKTPOHOB Ha
aHAJIM3UPYEMOM DJIEMEHTE.

B pexume nudpakium SIEKTPOHOB PE3yNbTaTOM HW3MEPEHUN SBISETCA
AJIEKTpOHOTpAMMa,  cojJiepxkaiias  OTAe/lbHbIE  peduiekcbl B ciydae
MOHOKPHUCTAILTHYECKOTO 00pa3lia Wi KOHIEHTPUYECKHE KOJIbIla B CiIy4yae
NMOJIMKpUCTAIIMYecKoro ooOpasna. Maentudukanuss aMopdHbIX HAHOYACTHUI[ C
MTOMOIIIBIO0 TU(PPAKIIUU JIEKTPOHOB HEBO3MOKHA.

Metroguka CXIIDD wMoxkeT wucnoab3oBaTthest Ha [IOM, cHaOXEHHBIX
cucteMor (GUIBTPAIMU DJIEKTPOHOB IO SHEPTHH, U MO3BOJISET UACHTU(DUIIMPOBATH
AJIEMEHTHBIA COCTaB YAaCTHI], BIUIOTh JO E€IWHUYHBIX YacTHUI, HAWJICHHBIX Ha
oOpasiie B peKUME PETUCTPAIN H300paKeHUs. DJIEKTPOHBI, MPOIIEAIINE Yepe3
oOpazen, JensATCsS Ha JiBa THUIA: TepBas TPyIa — YIOPYro paccesHHbIE U
MPOIIEAIINEe CKBO3b OOpasen dJJIEeKTPOHBI, HE HCHBITABIINE KAKUX-THOO

HPHEPreTUYECKUX IMOTEPb, BTOpas IPYIINa — HEYIPYro pPACCESIHHBIE 3JIEKTPOHbI,
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UCHBITABIINE MMOTEPU PHEPIHMHU B pe3yjbTaTe B3auMMOJCHCTBHUS ¢ oOpasnoMm. B
Meroauke CXIIDD  aHanmm3upyeTcs SHEPreTUUECKUH  CIEKTp  HEyNpyro
paccestHHbIX 3JIEKTPOHOB. Pe3ynpTaToM M3MepeHus siBisieTcs rpaduk, Ha KOTOPOM
BJIOJIb OCH X OTJIOKEHBI 3HAUEHUSI SHEPTHil, M0 OCH Y - MHTEHCHBHOCTH CHTHAJA
(3aBuCsAIIAsE 0 KOJUYECTBA AJIEKTPOHOB, MCMBITABIIMX MOTEpU 3Hepruu). I[luku B
CHEKTPE NOTEPh JHEPIUHU, KOTOPHIE OOBIYHO HA3BIBAIOT KpasMU IOIJIOIEHUS,
pa3ianyaroTcs IS pa3HBIX MAaTEpHaiOB U 3aBUCSIT OT CTPOCHUS DJIEKTPOHHBIX
000JI0u€K aTOMOB 00pa3La.

MatemaTuyecku CIeKTp XapaKTepUCTHUECKUX MOTEPh C BHIOPAHHOW TOUYKH

OIINCBhIBACTCs COOTHOLLICHUCM

AE+A/2

[(e,A) =ce/ ‘%—MN LV dw
AE—A[2 "

rne 1(o,A) — MHTEHCUBHOCTh CUTHAJa, 3apErHCTPUPOBAHHOTO MPUEMHHKOM

(marmpumep, CCD-kamepoii) mnpu BbIOpaHHOM uama3oHe sHepruit (AE-A/2;
dN (a,w)
AE+A/2) n yrnax paccesuus or 0 gooa. 9W - 5TO KOIMYECTBO 3JIEKTPOHOB,

NpUXOsIleecss Ha HMHTEpBal NOTepb BSHepruu [3B, kotopeie 3a | cekyHay
pacceuBarotcs Ha yribl oT 0 1o o. Bennunna AE 3amaeT cepeauHy MHTEpBalia, B
KOTOPOM CHUMAETCS CIEKTP, C — KOAP(UIUEHT YCUICHUS 3IEKTPOHHONU CHUCTEMBbI
npudopa, e- 3apsj AIEKTPOHa.

Ha mukpockomnax, OCHAmIEHHBIX CHCTEMOW (UIbTpAIlMU DJIEKTPOHOB 10
HHEPruu, MOMUMO peXuMa CHATHS crnekTpoB XIIDD ¢ BeiOpaHHON oOJacTw,
BO3MOXEH TAaKkKe peXUM TPOCTpaHCTBEHHO-pazpemi€éHHon CXIIDD, wnm
AJIEMEHTHOE KapTupoBaHue. KOHEUHBIM pe3ylbTaToOM 3KCHEPUMEHTa IO
KAPTUPOBAHUIO HEKOTOPOTO BBIOPAHHOIO JJIEMEHTa SBIAETCS AUCKPETHOE
U300paKeHHe, Ha  KOTOPOM  HWHTEHCHUBHOCTH  I[B€Ta  KaXKIOM  TOYKHU
IIPONIOPLUHOHAIBHA KOHUEHTPALIMH 3TOTO dJIEMEHTA.

Kaxnplii s71eMeHT uMMeeT MaKCMMyM Ha CHEKTpPE XapaKTepUCTUYECKUX
MOTEePb, COOTBETCTBYIOIIMI JHEPTUM HEKOTOPOW SIEKTPOHHOU O000JOYKH (ITH

3HA4YCHUA Ta6y.III/Ip0BaHI>I U OOBIYHO YKa3aHbl B IIPpOIrpaMMHOM O6€CHC‘{CHI/II/I,
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MOCTABJISIEMOM C DJJIGKTPOHHBIM MHUKPOCKOTOM). J[7si TOoro dYToOBI mpoBecTH
AJIEMEHTHOE KapTHPOBAaHWE, C BHIOPAHHOW aHAIM3UPYEMON OOJACTH CHHUMAIOTCS
TpU u300pakeHHus: 1Ba (OPMUPYIOTCA DJIEKTPOHAMH, HMEIOIIUX JHEPTUH,
OTAMYHbIE OT MakcumyMa mnorjomieHust (AEwi-A/2; AEw1+A/2) u  (AEw,-
AI2;AEw,+A/2), a TpeTbe n3o0pakeHue GOpMUPYETCs FIEKTPOHAMHU, HMEIOIIMH
SHEPruio, ONHM3Kyl0 K MakcuMymy TONIOMEHUAS (AEwmax-A/2; AEwmaxtAl2).
[lepBrie nBa H300pa)K€HUsI MCIOIB3YIOTCS [JII TOTO, 4YTOOBI ChHOPMHUPOBATH
dboHOBOE H300paKeHHWE M BbIUECTh (POH U3 H300paKEHUsI, IOJYYCHHOTO B
nuarna3zone dHeprui  (AEwmax-A/2;  AEwmaxtA/2). Takum  oOpaszoMm, CyTb
AJIEMEHTHOTO KapTHPOBAHUS 3aKIIOYAeTCs B TMONYYCHUM H300paKeHUH Ha
XapaKTePUCTHUCCKUX IHEPTUIX HCKOMOTO JIEMEHTA.

B emnuHMYHBIX ciaydasx (OH MoKeT OBITh TIOCTPOCH, HCXOAS U3
enuHCTBeHHOTO m300pakenus (AEwi-A/2; AEw+A/2), omnako mias Oosbliei
YHUBEPCATHHOCTH PEKOMEHIIYETCS CTPOWTHh ()OH IO JABYM H300paKECHHSIM, T.C.
HCIIOJIb30BaTh TPEXOKOHHYIO MeTOIMKY. [IIupruna okHa A 00b9HO BeIOMpaeTcs 10-
15 »B.

5.1.2. [IpuGopsbl U 060pyI0BaAHHE
5.1.2.1. Cpeocmea usmepenusn

[IpocBeunBaromnid  BJIEKTPOHHBIM ~ MHUKPOCKOI € KOMIIBIOTEPHBIM
yYIpaBJICHUEM CO CICAYIOIUMH TTapaMeTpaMu:

—¥ana3oH BEJIMYUH YCKOPSIOIIETO HAIPSHKEHUS 3JIEKTPOHOB HE MeHbIe 80-
100 xB;

—nuana3oH yBenuuenuit B pexxume [15M 10000-200000;

—cucreMa (UIBTPAlMM  JJICKTPOHOB IO DHEPTHMM U IapajuleibHas
JIETEKTUPYIOIIAasl cucTeMa crekTpoB XIIDD ¢ paspemieHreM IO SHEPTHH HE
xyxke 2 5B u 00macThi0 M3MEpEHUs SHEPTHUil AJCKTPOHOB B JIMAIa30H HE
menee 0-2500 »B;

—BO3MOXHOCTh PabOTBl B pexuMe IU(pakiuu IMapauiebHOTO ITy4Ka

AJIIEKTPOHOB ;
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—HaJIM4Yhe TMOJIeBOM amepTypHOll auadparmbl aumameTpoM | MKM WiH
MEHBIIIE;
—TpeieNIbHOE MPOCTPAHCTBEHHOE paspenieHue He xyxe 0,5 Hm.

Cucrema (QuibTpanuu 3JIEKTPOHOB TIO SHEPIMM MOXKET OBbITh Kak
BHYTPHKOJIOHHAsl, TaK W IIOCTKOJIOHHAas. PeKoMeHayeTcs UCIoJIb30BaTh
Mukpockornbl ¢ [13C-kamepoii B KauecTBe CUCTEMbl PETHUCTpaIlii HU300paKeHUH,
T.K. PE3YJIbTATHI CPa3y K€ MOIy4aroTCs B IU(PPOBOM BUJIE.

Jlnsa ynoOcTBa omepaTopa JenaTeIbHO Hadudhe B COCTaBE MHMKPOCKOIA
TEJIEBU3MOHHON KaMepbl, TpPaHCIUpYIOLIEH H300pakeHHe C JIFOMHHECLEHTHOTO
JKpaHa Ha 3KpaH MOHUTOPA.

He pexxe omHOro pa3a B MeCsSIl WIM HENOCPEACTBEHHO MEPE] U3MEPEHUSIMU
IIPOBEPSAETCS IPaBUIBHOCTh HACTPOWKM MHKPOCKOIIA, BKJIIOYAs CIEIYIOLIUE
napameTpbl: pa3pelarias ClocoOOHOCTh MUKPOCKOIA, KOPPEKLMA aCTUTMATH3Ma,
KanuOpoBka Macmraba wu3obpaxenus Ha [I13C kamepe npu pasaMUHBIX
Ko3(puIueHTax yBeIudyeHus (B TEpBYIO ouepenb B paboueM aMara3oHe
yBeIMYEHM). BblOuparoTcs  yckopsitoliee HamnpsbkKeHHE W MapaMeTpbl JIMH3
O0OBEKTHBAa, TPU KOTOPHIX OyAyT TMPOBOAMTHCS U3MEPEHHUS Iudpakiuu
AJIEKTPOHOB, U MPH 3TUX MapaMmeTpax omnpexaensercs (mposepsiercs) 3ppekTuBHas
JUTMHA KaMepsl (paccTosiHue mexay obOpasiom u [13C-matpurieit). s npoBepku
NIEPEYNCIICHHBIX MapaMETPOB MCIOJIB3YIOTCS COOTBETCTBYIOIIME CTaHIAPTHHIE
00pa3IIbl.

Pazpemaromas crmocoOHOCTh TPOBEPSAETCS MyTEM TOJTYUYESHHS] H300paKeHU
OT KpHUCTAUIOB, B KOTOPBIX JOJDKHBI OBbITh BUIHBI (pa3pellieHbl) IJIOCKOCTH
KPUCTAJUIMYECKOW PEIIETKU. B 3aBUCHMOCTH OT TMPENENbHOW pa3peliarone
CHOCOOHOCTH MHUKPOCKOIIa B Ka4€CTBE CTaHIAPTHBIX MOTYT OBITh HCIOJIb30BaHbI
CIeAYIONIMe 00pa3Ibl: KpUCTAIUIBI acoecTa (MEXIUIOCKOCTHBIE paccTosHus 0,903 u
0,452 HM), KpUCTAIUIBI (PTAIOIMAHWHA MEU (MEKIIJIOCKOCTHBIE paccTostHus 1,03
HM), TpaUTH3UPOBAHHBIA YIJIEpOa (MEKIUIOCKOCTHBIE paccrosiHus 0,34 HM),
OPUEHTUPOBAHHBIE KPHUCTAIBI 30J0Ta (MEXIUIOCKOCTHBIe paccrosinus 0,204,

0,143 1 0,102 um).
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Koppekuusa acturmatusma mpoBepsieTcsl € MOMOIIBI0 00pasiia, B KOTOPOM
IPUCYTCTBYIOT HEOJHOPOJHOCTH C YETKMMHU KpasMu (CTaHAapTHBIA oOpazer -
yriaepojiHas IUIeHKa C JbIpOYKaMH), IO CHUMMETPUYHOCTH (JOJIKHBI OBITH
CUMMETpUYHBI) Tojoc Dpenensi, GOpMUPYIOIIUXCS Ha KpasX HEOIHOPOJHOCTEH
(Ha Kpasx IbIPOYEK B YIIEPOJHON MIIEHKE), MpU (HOKYCUPOBKE U JAE(POKYCHUPOBKE
n300pakeHusl (BBIMOJHICTCS MyTeM JAe()OKYCUPOBKH JIUH3 OOBEKTUBA).

Jlna xkanuOpoBKM MacmiTaba M300pa)XKeHHsI HCIOJIb3YETCSl CTaHIapTHBIM
oOpasell C pEeryJsapHbBIMH HEOAHOPOJHOCTSIMU, PACCTOSIHUE MEXAY KOTOPBIMU
U3BECTHO (HAmpuMep, PpEeIJIMKKA AUQPPAKIMOHHBIX PEMIETOK C H3BECTHBIM
pPacCTOSTHUEM MEXTY IITPUXAMH).

Jlnst u3MepeHust JUIMHBI KaMmephl (paccTosHus Mexay oOpasuom u I13C-
MaTpULel) NPUMEHSETCS CTAHIAPTHBIM MOJUKPUCTAIUIMYECKUI oOpaser, s
KOTOPOTO U3BECTHBI MEXKIJIOCKOCTHBIE PACCTOSIHUSL KPUCTAJUIMYECKOM PEIIETKHU.

BHeouepenHas npoBepka HACTPONMKM MMKpPOCKONA IPOBOAUTCS, €CIU B
MPOIECCE U3MEPEHUH BBIABIAIOTCS apTePaKThl, KOTOPHIE, 0 MHEHHUIO ONEpaTopa,
MOTYT OBITH CBf3aHbl C Pa3bIOCTUPOBKOM MuKpockoma. Ecimu ouepennas wium
BHEOUEpEIHAas MPOBEPKa BBISIBUIIA CYIIECTBEHHYIO Pa3bIOCTUPOBKY MHKPOCKOIA
0 OJHOMY WJIM HECKOJbKUM W3 TMEPEYUCIICHHBIX BBIIIE MapaMeTpoB,  TO
OIpe/ieJIeHNe HAHOYACTHUI] B 0Opa3lax MpPOBOJUTHCA HE MOXKET 0 yCTpaHEHHs
HEUCTIPaBHOCTH.

OJEKTPOHHBIA MHUKpPOCKON MOXET TNPUMEHAThCS Uil  ONpEIeNICHUs
HAHOYACTUIl B OWoJIorHYeckux oObekTax (mpobax), eciu Mpu TPOBEPKE
MPAaBUJILHOCTH HACTPONKH MUKPOCKOIIA, TIOTYYEHBI CIIEIYIOIINE Pe3yIbTaThI:

— TECT Ha pa3pelIalollyl0 CIIOCOOHOCTh MOATBEPXKAAET, YTO pa3pelieHHe

MUKpOckona He Xyxke 0,5 Hm;

— ynanochk 100uThcs 3PGEeKTUBHON KOPPEKIIUU aCTUTMATU3Ma;
— MacmTad n300pakeHU OTKaTUOPOBaH ¢ TOYHOCTHIO 110 5%.
— W3MepeHa JUIMHa KaMmephl (pacctosiaue Mexay oopasiiom u [13C-matpuriein)

U OTpEJECHBl YCKOPSIOIIEe HAMPSHKEHUE W TapaMeTphl JIMH3 O0BEKTHBA,
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IpU KOTOPBIX OYyAYT MPOBOAMTHCS H3MEPEHHs AU(PPAKIUU 3JIEKTPOHOB B
HCCIIeTyeMbIX 00pasiax.
5.1.2.2. Bcnomozamenshnoe o6opyoosanue
['oMorenunzaTtop - ammapar Uisl U3MEIbYECHHS JKUBOTHBIX TKaHEH H
KJIETOK W TpeBpalieHuss ux B romoreHar. [logxoauT 000 TomMoOreHu3aTrop
(pyunoit  laynca, pyunod IloTTepa DnbBeiieMa, 3JIEKTPOMEXaHUYECKUH,
YIIBTPa3BYKOBOI1), KOTOPBII MOKET paboTaTh ¢ HEOOIpIMMU KosmyecTBamHu (100-
300 MI') rOMOT€HU3UPYEMBIX TKAHEH.
VY AbTpaMHKpPOTOM, OOECIIEUMBAIOIIMI HAPE3Ky CPE30B ISl DJIEKTPOHHOU
Mukpockonuu TormuHou ot 30 1o 300 HM ¢ ToyHOCTEIO HE XyXke 10%.
BakyymHas cucteMa Jj1sl HallbUIEHUS YTJIEPOAHBIX IUIEHOK.
Becsr mabopatopusie ananmutudeckue mo ['OCT 24104-2001
OnexTpomkad CyMHIbHBIN J1a00paTOPHBIM C MOTPENIHOCTHIO MOJAECPKAHUS
TeMIIepaTyphl £ 2,5°C B uHtepBaie ot 50 1o 350°C mo TV 16-531.639.
XonomunpHUK ObITOBOM TI0 'OCT 16317-87.
pH-metp mo T'OCT 27987-88.
Kos0bI IIJT0CKOIOHHBIE KOHMYECKHE Ha 250cm° ¢ HIII 29, tun KaKII 250-
29/32 no 'OCT 25336-82
Kon6sr mepubie BMecTumocThio 100, 500, 1000 em® tun 2-100-2, 2-500-2 1o
I'OCT 1770-74.
Boponku maboparopusie mo 'OCT 25336-82.
@dakoHbl CTEKJISIHHBIC 3aBUHYMBAIOIIMECS W3 TEMHOTO CTeKJia (Baii)
o6bemom 10 o’
5.1.3. PeakTuBBI M MaTepHAJIbI
5.1.3.1. Peakmueul
Xnopua Hatpus, X.4. o 'OCT 4233-77
docdart kanus oxHO3aMeneHHbIHN, kBanupukaruu X.4. mo [OCT 4198-75
@ocdar kanus ABy3aMEUICHHBIA TPEXBOJHBIM, KBaIU(PUKALMK X.4. IO
I'OCT 2493-75
JuctunnupoBannas Boja o 'OCT 6709-79
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Yereipexokuch ocmust (0sO4) dupmbr «Sigma-Aldrichy (CHIA) wmm
aHAJIOTHYHAs

CrnupT 3TUIIOBBIA a0COMIOTUPOBAHHBIN (comepxanue — 99,8% no oobemy)
no TV 6-09-5100-83

Crupt >TUsnoBbIN pexkTudunrpoBanusbiid, 96% mno Crp: 19
['OCT P 51652-2000
Ypaumnamerat pupmel «Sigma-Aldrichy (CIIA) niv aHaorugHbIHA

[{utpar cBunma pupmser «Sigma-Aldrichy (CLLIA) nin aHaIOrHYHBINR
Hurpar cBunma ¢pupmer «Sigma-Aldrichy (CLLIA) nin aHamoruaHbIi
[{utpat natpus pupmsl «Sigma-Aldrichy (CIIIA) wiu aHaOrnIHbIH
I'unpoxcun narpust (NaOH), x.u. mo TOCT 4328-77
Anteron u.x.a. mo I'OCT 2603-79
Onon 812 (Epoxy Embedding Medium) ¢upmsr «Sigma-Aldrichy (CIIIA)
WJIA aHAJIOTUYHbBIN
Honmeuwn siHTapHbIA anruapun Gupmer «Sigma-Aldrichy (CHIA) wmm
AQHAJIOTUYHBIN
MetnmnaukoBsiii anruapun MDA-610 dupmer «Sigma-Aldrichy (CIHIA)
WJIM aHAJIOTUYHBIN
Tpunumerunamunodenon (karanmszatop DMP-30)  dupmer  «Sigma-
Aldrichy (CIIA) wiu aHaIOTHYHBIH
Honeuuncynsdar varpus x.4. mo TY 6-09-64-75
[Mporennaza K, ynenpHas aktuBHOCTh >30.0 en/mr, dupmber «Sigma-
Aldrichy» (CIIIA) nau aHamoruyHast
['mytapossiit anpaerun no TY 6-02-1273-89
Hetitpansusiii popmanun no 'OCT 1625-89
Tonyununosiit cunuit pupmsel «Sigma-Aldrichy (CIIA) win aHaTOrudIHbIH
®opmBap (Formvar® solution) ¢upmer «Sigma-Aldrichy (CHIA) wmm
AHAJIOTUYHBIN
Kucnora consnas, HCI, x.4. mo 'OCT 3118-77
Kucnora cepnas, H,SO4, x.u. mo 'OCT 4204-77
Kucnora azornas, HNOg, x.4. mo 'OCT 4461-77
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Huxnopatan o ['OCT 1942-86

[Tporeasza «DnaBo3um» pupmer «NOVOzymesy (Jlanust) niam aHamoruaHas

5.1.3.2. Mamepuanui

CnenmanpHble Te()IOHOBBIC IIIATHI C JIYHKaMH JUIS 3aiduBKU Qupmbl «Ted
Pella, Inc.» (CIIA) uiu aHaJOrHYHBIC

JIo63uk pupmer «Ted Pella, Inc.» (CILIA) uiu aHaIOTUYHBIHA

CriermualtbHBIN Jtepsxatentb i 6;10koB hupmel « Ted Pella, Inc.» (CIIA) wim
AQHAJIOTUYHBIN

bputsa ¢pupmer «Ted Pella, Inc.» (CIIA) wu ananorndnas

Yamrku [Metpu mo 'OCT 25336-82

bnenapl, mokpeiThie (GopmBapoBoi 1ieHkoi Gupmbr «Ted Pella, Inc.»
(CIIIA) nnu aHanOTUYHBIC

bymakusiii ¢punbTp Tuna Whatman uinu ananoruyssii mo TY 03-11-03

MenHbIe CETOYKH C MpEIBapUTEIIbHO HaHECEHHOM (hOpMBapoOBOM IIEHKOU
WIN C HaIbUICHHBIM TOHKUM cioeM yriepona ¢upmer «Ted Pella, Inc.» (CIIA)
WM aHAJIOTUYHbBIC

OpnHopasoBble IACTHKOBBIE Mpodupku o TY 64-2-30-80

Jlo3aropsl nunetounsie Mo TY 64-16-55-90 ¢ auanazonom oobema 103 20-
200 mm° , 200-1000 MM°® 1 IUCKPETHOCTH YCTAHOBKH 03 5 MM® ¢ HAKOHEYHHKAMH

Hosxauier mo 'OCT 1239-93

[MTuaner mo 'OCT 21241-89

Ckanbriens mo 'OCT 21240-89

ITocyna mepnas na6oparopnas no 'OCT 1770-74

[Tocyna na6opatopnas crekinsanas mo ['OCT 25336-82

5.1.3.3. Ilpuzomoenenue pacmeopos

5.1.3.3.1. Ilpuzomoenenue 08yKpammozo pacmeopa ¢hocghopno-coyesozo
oygepa (0,2 M) 0,04 M KH,PO,, 0,16 M K,HPO,, pH 7,2 - 7,4, 1,76% (w/v) KCI

Jl7iss IpUTOTOBIIEHUSI pacTBOpa Ha JTa0OPATOPHBIX Becax TOTOBST HABECKHU

6.2 r KH,PO4 x Hy0, 33,64 r K;HPO,4 x 2H,0 1 17,4 r KCI 1 BHOCAT UX B MEPHYIO
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kon16y o6semom 1000 cm®, cogeprkaryro 500 cM® IUCTHILTHPOBAHHOH Boxbl. Comn
PaCTBOPSIOT IPH MepEMENTUBaHUN U 00beM pacTBopa moBoast 10 1000 cm®,

5.1.3.3.2. IIpucomoesnenue 00HOKpamuo20 pacmeopa gocghammno-coieeozo
oyghepa: 0,02 M KH,PO,, 0,08 M K;HPO,, pH 7,2 — 7,4, 0,88% (w/v) KCI

Jlnst purotoBienns 100 cM® 0IHOKpaTHOro pactBopa (ocdaTHO-COIEeBOro
6ydepa (0,1M) k 50 cM® mBykparHOro pactBopa docdaTHO-coneBoro 6ydhepa
106aBIsTI0T 50 ¢M° TUCTHIUTHPOBAHHON BOJIBL.

5.1.3.3.3. IIpucomoenenue pacmeopa cudpoxkcuoa nampus, 10 M, pH 14

Jnsa npurorosinenus 100 cv® 10 M pacTBOpa THAPOKCHAA HATpUs B
CTEKJISIHHBIN CTakaH, coaepxkanmi S0 oM’ TUCTUJUIMPOBAHHOW BOJBI, BHOCAT 40 1
THAPOKCUJA HaTpus. [WIpPOKCHA HATpUs paCTBOPSIOT MPU TEpEeMEIIMBAHUU.
[locne ero mnojHOro pacTtBopeHust o0BEM pacTBopa mpoBoasT a0 100 cm®
JTUCTUIIMPOBAHHOM BOJIOM.

5.1.3.3.4. IIpucomoenenue pacmeopa cuopoxkcuoa nampus, 1 M, pH 14

Jlns mpurortosiienns 100 cm® 1 M pacTBopa rugpokcuaa Hatpus K 10 cm® 10
M pacTBOpa r’HAPOKCHIA HATPHS 00aBISIOT 90 CM® IUCTHILIMPOBAHHOMN BOIBL.

5.1.3.3.5. IIpuzomoenenue pacmeopa ona ¢uxkcayuu: 2,5% (VIV)
znymaposwiii anvoecuod, 2% (VIV) gpopmanun, na gpochamno-conesom oygepe,
pH 6,9

s mpurotoBnenus: 100 cm® pacTtBopa B MepHyI KojOy BHocsIT 50 cm®
IBYXKpaTHOro pactBopa docdarHo-coreBoro Oydepa (mo m. 5.1.3.3.1), 10 cm®
KOMMEpYECKOT0 MpernapaTa riiyTapoBoro aiabaerujaa (25% BOJHBINA pacTBOp) U 5
cM® KOMMepUecKoro npemnapara Gpopmannaa (40% Boxusiii pacteop). Ha pH-meTpe
nooasar pH Oydepa mo 6,9 modasiaenwem 1M HCl u nmanee goBoasr o0bEM
pactBopa 10 100 e’ JTACTUTMPOBAHHOU BOHOM.

5.1.3.3.6. Ilpucomosenenue 2% (WIV) 600nozo pacmeopa uemvipéxoxucu
ocmus

Jlnst mpurotoBienns 100 cm® pactBopa 2 r OSO, BHOCAT B MEpHYIO KOJIOY,

3 .
conaepxkaiyto 70 — 80 cM” qucTUIIMpPOBaHHOM BOJbI. [lepeMennBaioT 10 MOJIHOTO
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pactBopernss 0sO,, 3ateM o00béM pactBopa gosomat g0 100 oM
JACTUJUTMPOBAHHON BOJOM.

5.1.3.3.7. Ilpucomoenenue 1% (WIV) uemvipéxoxucu ocmusa Ha
docpamno-conesom oyghepe

['0TOBAT HENMOCPENCTBEHHO Mepen ucnosib3oBaHueM! [l mpUroToBICHUS
100 cm® pacTBOpa B MEpHYIO KoJi0y BHOCAT 50 cM® 2% BOZHOTO pactBopa OsO,
(mo 1. 5.1.3.3.6.) 1 50 cM® gByKpaTHOTO pacTBopa (GochaTHO-coIeBOro Oydepa (1o
n.5.1.3.3.1.).

5.1.3.3.8. IIpuzomoenenue 50% pacmeopa smunogozo cnupma

B MepHyro koia0y obwsemom 1000 cm®, comepamyoo 479 cm®
JTUCTUUTMPOBAHHOM BOABI BHOCAT 521 cM® 96% THIIOBOTO CIIUPTA.

5.1.3.3.9. Ilpuzomoenenue 60% pacmeopa smunogozo cnupma

B wmepuyto kon0y ob6wemom 1000 oM, coaepxairyto 375 cm®
JTACTUIUTMPOBAHHOMN BOJBI BHOCST 625 cM® 96% THIIOBOTO CIIUPTA.

5.1.3.3.10. Ilpuzomoenenue 70% pacmeopa smunogozo cnupma

B wMmeprylo koia0y obvemom 1000 cm®, comepamyro 271 oM
JWCTHIUTHPOBAHHON BOBI BHOCAT 729 cM° 96% STHIOBOTO CIHPTA.

5.1.3.3.11. Ilpuzomoenenue 80% pacmeopa 3munosozo cnupma

B wMmeprylo koia0y obvemom 1000 cm®, comepxamyro 167 oM
JWCTHIUTHPOBAHHON BOBI BHOCAT 833 cM° 96% JTHIOBOTO CIHPTA.

5.1.3.3.12. Ilpuzomoenenue 0,3% pacmeopa gpopmeapa 6 ouxnopimane

Jlnst mpurotosnennst 10 cm® pactBopa 30 Mr (opMBapa MOMEIIAIOT B
MEpHYI0 KoJ0y ¢ mputéproil kpbimkoil. Tyna sxe BHocaT 10 cm® IUXJIOpITaHa
(rpapauus xu). IlonHoe pactBopeHue mocturaercs 3a 3 gHsA. PacTBop XpaHAT B
TEMHOTE.

5.1.3.3.13. Ilpuzomoenenue 2% pacmeopa ypanunauemama na 70%
IMUO08OM CRUpmE

st nmpurorosnenus 10 cm® pactBopa 200 Mr ypaHuiaunerara pacTBOpsItOT B
10 cm® 70% sTaHona.

5.1.3.3.14. Ilpuzomoenenue pacmeopa yumpama céUHYA
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s npurotoBnenus S50 cm® pacTBOpa IUTpaTa CBUHIIA B MEPHYIO KOJIOY Ha
50 e’ ¢ npuTépToil mpoOkoit BHOCAT 30 cm® JTACTUUIMPOBAHHOW BOAbl, 1,33 1
uutpara cBuHna (Pb(NOj),) u 1,76 r uurparta Hatpus (NazCeHsO-). IloaHocThIO
BECb HHUTpPAT CBHUHIIA NEPEXOAUT B LUTpaT CBUHLUA B TeuyeHue 30 MUH MpHU
NEePUOJIMYECKOM BCTpsixuBaHUU pactBopa. [locine 30 MuHyTHOM WHKyOanmuu K
pactBopy mo6Gasisior 8 cm® 1 N pactBopa rugpokcuna Hatpus. O6bEM pacTBOpa
moBomsaT 10 50 cM° IMCTHIUIMPOBAHHOW BOJOH. PacTBOp  TINATETBHO
nepemenuBaioT. Benmnunna pH roroBoro pactBopa oJbKHa OBITH B Ipejeiiax
12+1. PacTBOp MOXKHO XpaHHUTH A0 6 MECSAIIEB.

5.1.3.3.15.  Ilpuzomoenenue 0,1% (W) 600nozo  pacmeopa
mMONAYUOUHOB0O20 CUHELO

Jns npuroroBinenus 10 cm® pactBopa 10 Mr TOJIyMIWHOBOrO CHHETO
pacTBopsitoT B 10 cM® AMCTUIIMPOBAHHOI BOIBI.

5.1.4. CrannaptHble o0pa3ubl HAHOMATEPHUAJIOB, NpPUMeHsieMble NPH
KaJIuOpOBKe MeTo1a

B kadectBe 00pa3loB CpaBHEHUS HCIOJIB3YIOTCS CTaHJapTHHIE
HaHOMAaTEpHUAJIbl, KOTOPbIE MPEANOaraeTcs 0OHapyuTh B OMonpoodax.

OOpazely cpaBHEHHMsI TIOJBEPraeTcsi aHaJlu3y METOJIaMU AIIEKTPOHHOMN
MHUKPOCKOIIMM Ha TOM >K€ CaMOM IpuUOOpe, Ha KOTOPOM OCYLIECTBIISIETCA
uccienoBanue oopasuoB. s oOpasiia cpaBHEHHS METOJOM IPOCBEYMBAIOLIEH
AJIEKTPOHHOM MMKPOCKOIHMM JOJDKHO OBITh MOJYYEHO paclpeiesieHue 110
pazmepaM M omucaHa (opMa HAHOYACTUL. AHAJIW3 MPOBOJIUTCA W JaHHbIC
NpEACTaBIAIOTCA, Kak omucaHo B pazaemax 5.1.5. - 5.1.8. HacTosmmx
METOJIMYECKUX PEKOMEHIALINH.

JIJisi HaHOYACTHI, B COCTAaB KOTOPBIX BXOJAT JIETKUE DJIEMEHTHI, JOJIKHBI
ObITh TIONTy4eHbl criekTpbl XI193. Crnektper XIIDD crnemyer cHUMaTh Kak C
OJIMHOYHBIX YaCTHUI], TaK W C rpynn HaHodacTull. Eciam B oOpasiie uMeeT MecTo
HIMPOKOE  pacHpeieNieHue 4YacThll MO pasMepaM, TO crektpel XII9D
PETHCTPUPYIOTCS OT HAHOYACTUL[ pa3HOro pasmepa. Creayer yduThIBaTh, 4TO

cnekTpel XII2D 3aBUCAT OT TONIIMHBI 00JacTH 00pas3la, ¢ KOTOPOM CHUMAETCS
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CUTHAJI, ¥ pa3penieHue JByX MUKOB B CIIEKTPE MOXKET OBITh XYK€ B CITydae CHSATHUS
CIIEKTpa C TpYNIbl YACTHIl, 110 CPABHEHUIO C OTAECIbHBIMU HaHoyacTuiamu. K
CHEKTPY JOJIKHBI MPUKIIAIBIBATHCS MapaMeTpbl, C KOTOPHIMU OH ObLI CHAT — YTOJl
OCBEILIEHHOCTH OO0pa3la, BpeMsi HAKOIUICHHWS CHUTHalla M KOJIMYECTBO IIMKJIOB
3alMCU CUTHAJA.

JIns HAHOYACTHL, B COCTAB KOTOPBIX BXOIAT TSXKEIBIE 3JIEMEHTBI, JOJKHA
OBITh TOJy4YeHa OJTaJOHHAs KapTUHA JU(PaKIUH JJICKTPOHOB B  Gdopme
KOHILICHTPUYECKUX OKpyX’HocTel. K Takoil STaloHHON KapTHHE JOJIKHBI
npujaraTbCs MapaMmeTpbl, MPU KOTOPBIX OHA ObLIAa CHSITA, @ UMEHHO YCKOPSIOIIEe
HanpsbkeHue, 2(Q@(EKTUBHOE pacCTOSTHUE O JKpaHa, pa3Mep amnepTypHOU
nuadparmeol.

5.1.5. OT60p npo6 u MeTOABI MOATOTOBKHU 00pa310B

5.1.5.1. Oméop npoo

Or6op mnpoOd OCymEecCTBISETCS B COOTBETCTBHM C JCHCTBYIOIIUMU
HOPMATUBHBIMH JIOKYMEHTAMU Ha OTJEIbHBIC BUJBI IPOTYKIIUH.

5.1.5.2. Memoowt omoopa npo6é6 u no020moeKu 00pa3y0e 011 OP2AHUIMOE
MEn10KPOBHBIX HCUBOMHBIX 0J151 IKCREPUMEHMAILHBIX UCCE008AHUTL

5.1.5.2.1. Bvibop euoa >cusomnvix

JIns onpenesieHust CoAepKaHUs HAHOMATEPHUAJIOB B OPraHU3MaxX >KUBOTHBIX
UCIIOJB3YIOT Pa3IMUHbIC BUJIBI JJA0OPATOPHBIX KUBOTHBIX B COOTBETCTBUH ¢ MY
1.2.2520-09 «TOKCUKOJIOrO-rTurueHnyYecKas OIIEHKa 0e30macHOCTH
HAaHOMATEPUAJIOBY.

B 3aBucumocTH OT LENENM HCCIEIOBAHWM MOTYT HMCIOJB30BATHCS TaKKe
aemmuarn  Lemmus sibiricus, Dicrostonyx torquatus, Myopus schisticolor;
nonesku Microtus arvalis, Microtus argestis, Arvicola oeconomus; kpbica 4épHast
Rattus rattus, Oypo3yokm Sorex auraneus, Sorex polustris, Sorex jacksoni;
KPOJINKH, MOPCKHE CBHHKH, a TakXke, B CiIy4ae HEOOXOAMMOCTH, KPYITHBIE
MJIEKONUTAIOIIUE (KOTIBITHBIE).

Jlns  omnpeneneHus  COJIEpXKaHUS ~ HAHOMATEpPUAJIOB B OpraHu3Max

J'Ia60paTOpHBIX JKNBOTHBIX PCKOMCHAYCTCA HCII0JbB30BATbh MCJIKHUX Ha60paTOpHBIX
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IphI3yHOB, HanpuMep Kpbic smHuil Wistar, Sprage-Dawley wim meimeii Balb, CD1,
CBA u np.

WccnegoBanusi MpoBOIATCS Ha 3J0POBBIX JKUBOTHBIX. TpeOOBaHMS K
J1a00pATOPHBIM KUBOTHBIM, YCIOBHUSIM MX COAEPKaHUS, KOPMIICHUS] YCTAHOBJICHBI
B MY 1.2.2520-09 «TOKCHUKOJIOTO-TUTUEHUYECKAA OI€HKa O€30MacHOCTHU
HAaHOMATEPUATIOB.

5.1.5.2.2. Memoobl noozomosexku npod u3z 0p2aHuzMo8 menjioKpOEHbIX
HCUBOMHBIX 014 IKCREPUMEHMAIbHBIX UCC1E008AHUIL

llonyuenue kposu. KpoBb y Menkux 1a0OpPaTOPHBIX KUBOTHBIX (MBIIIH,
KpPBICHI) MOHO TOJYYUTh K3 XBOCTa WM M3 CEpAlla B CIIydyae BCKPBITHUS
’KHBOTHBIX (11 9JIEKTPOHHOM MUKPOCKOIINH ONTHMAIBHO HMETh He MeHee 30 MM°
CBIBOPOTKHU KpoBH). [locne 3a00opa kpoBU MPOOUPKHU TUMA DTNEHI0P( 3aKPHIBAIOT
KpBIIIKaMU U HEeHTpUPYTUPYIOT Ha HeOoJbioi ckopoctu (10 2000 g) B TeueHue
10 cex - 1 muH, yTOOBI COPOCUTDH KallebKU KPOBHU, OCEBIIIME HA CTEHKHU MTPOOUPOK
HE JIaB UM BBICOXHYTb.

J171s1 IOTy4YeHHs CBIBOPOTKU KPOBB CIIETYET MOCTaBUTh B TepMocTaT Ha 37°C
Ha 30 muH, nocne yero ueHtpudyruposars B TeueHue 10 mud Ha ckopoctu 2000
g. OTOuparoT CHIBOPOTKY, HE 3a/eBasi TpOMOa, B OTIEIBHYIO TTPOOUPKY, KOTOPYIO
MapKUPYIOT COOTBETCTBYIOIIUM 00pa3oM. CBIBOPOTKY CIEIyeT I0JydaTb He
Mo3Ke, 4YeM uepe3 2 4 Mmociie OTOopa KpOBH, YTOOBI H30€XaTh T'e€MOJIM3a.
MapxkupoBaHHBIE TPOOUPKH 3aMOPAKUBAIOT U XpaHsAT mpH Temneparype -20 °C.

Jlns  monmydeHuss IUla3Mbl  KPOBb  OTOMpPAOT B MPOOUPKH, KyJa
MpeJBapUTENbHO  BHEceH pactBop remapuna (10 em/em®).  IIpobupku
neHTpudyrupyroT B Teuenrne 10 mun Ha ckopoctu 2000 g. OtOupatot miazmy, He
3aJieBasi KJIETOK, B OTIAEIbHYIO TPOOUPKY, KOTOPYIO MapKupyroT (Hampumep, I1 —
mazma) [IpoGupku ¢ octaBmmMcs ocagkoM (KiaeTkaMmu KpoBu) MapkupyroT KK —
KJIETKH KpOBH. MapKupoBaHHbIE TPOOUPKH 3aMOPAKHUBAIOT W XPAHIAT TpU
temmneparype -20 °C.

llonyuenue opeanog ocueommuvix. 1Ipu BCKPBITUHA KUBOTHBIX BBIIEISIOT

MOCJICA0OBATCIIbHO IIOYKH, IICUCHDb, XXCIYAOK, KHIICYHHK, CCJIC3CHKY, JICTKHC,
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cepaue, OpbLKeeuHble, MOJIMBIIICYHbIE U JIpyrue JTUM(paTHUYEeCKHe Y37bl, MOCTe
BCKPBITHS YEPETTHOI KOPOOKH KUBOTHOT'O — TOJIOBHOM MO3T. BhI/IesIeHHBIN OpraH ¢
MOMOIIbIO THHIIETa HEMEIJIEHHO MomemniatoT B damky Ilerpu ¢ docdarno-
coneBbiM Oyepom pH 7,2-7,4 m mpomMbIBalOT OT KpOBH. JKETyJOK M KUIICYHHUK
OCBOOOXKIAIOT OT COACPKUMOI0 M THIATEIBHO MPOMBIBAIOT (hOC(haTHO-COJIEBBIM
oydepom pH 7,2-7,4. B 3aBUCUMOCTH OT 1I€JIM UCCIIEAOBAHMS OPTaHbl IEPEHOCATCS
B COOTBETCTBYIOIINE (PUKCUPYIOUINE KUIKOCTH HIIM 3aMOPaKUBAIOTCS B KHJIKOM
a30Te WJIN C TIOMOIIBIO CYXOro JIbJa.

[1o BO3BMOKHOCTH OpraHbl OJJHOTO U TOT'O K€ KUBOTHOTO UCHOJIB3YIOTCS IS
IIPOBEICHUSI PA3JIMYHBIX BUJIOB aHAJIM3A.

s npucomosnenus cpe3o8 mrameti 08 dNeKMPOHHOU MUKPOCKONUYU OPTaH
pa3pe3aroT oCcTpoil OpUTBOI Ha KyckH pazMepoM 1x1x1 MM (6 KyCKOB OT OJTHOTO
OpraHa OJIHOTO >KMBOTHOro). Kycku NHMHIIETOM NEpPEeHOCAT B MEHULIMJUIMHOBBIE
drnakonsl ¢ ¢duxcatopom (2,5% riayTapoBelii anbaerua Ha oaHokpatHom 0,1 M
dbocharHo-coneBom Oydepe pH 7,2-7,4 ¢ npoGapnenueM 2% HEUTpaJIbHOTO
dopmanuHa) u3 pacdera 4 cM° Ha OfHH (BIAKOH.

W3 Takux TKaHEW UM OPraHoB, KaK MBIIILbI, NEYEHb U JIPYTUE IKEJIE3UCThIC
OpraHbl, KyCOUKM MOTYT OBITh BBIp€3aHbl MPOU3BOJBHO. M3 Takux opraHoB, Kak
ceplle, MO3l, II0YKa, KYCOYKHM BBIPE3alOT W3 HYKHOIO OTIENa, HAIpUuMep,
OTIIEIBHO W3 00JIacTeld KOPKOBOTO M MO3TOBOr0 BEIIECTBA MOYKH, M3 O0nacTeu
Ipeacepauil WM KETyJIO4YKOB cepAua W T.4. Takue opraHbl, Kak KeIyJ04Ko-
KHUILEYHBIM TpPakT M KOXa, TpeOYyIOT OpueHTaluu npu ¢ukcauuu. s 3toro
MOTEPEYHbIe CpPe3bl KOXKU M ONPEIEICHHBIX OTACNIOB KENIyI0YHO-KUIIEYHOTO
TpakTa TMPUKIAIBIBAIOT HA HEOOJBbIINE KYCOYKM OyMard M B TaKOM BHJIC
nomMemarT B ¢ukcatop. [IpoOkl M3 OJHOrO OpraHa OT OJHOTO >KHUBOTHOTO
MTOMEIIAIOT B OJIMH (hJIaKOH.

W3 pa3HBIX OTAENIOB JKEMy/IKa U KUIIEYHUKA BBIPE3AIOT KYCOUKH ILIOIIAIBIO
1 MM® (06BbeMoM He Gomee 1 MM°), IIEPEHOCST B TCHHIUIMHOBEIC (IIAKOHBI C
dbukcatopoM. Y MEIKHX TPBIZYHOB OepyT (PparMeHT KHUIIEYHWKA W 3aJIMBAIOT

¢dbukcatopom B pacnpaBieHHOM Buzae. OtTHomieHue oObeMa (Qukcatopa K
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¢ukcupyeMoil Tkanu 10KHO ObITh He MeHee 10:1. [IpoOsl U3 ogHOTrO Oprana ot
OJTHOTO KUBOTHOTO TIOMEIIAIOT B OIMH MY3BIPEK.

Kaxnprii  QuiakoH MapKUpylOT CHEIHAIbHBIM  XUMHYECKH CTOMKUM
MapKepoM JMOO BOCKOBBIM KapaHJAIIOM, JIMOO MPHUKICUBAIOT OyMa)KHYIO
ATUKETKY, 3alKiCh HAa KOTOPOWM JenaroT KapanaamoM. Ha »sTHkeTke JoJbKeH
yKa3bIBaThCsl HOMEP >KMBOTHOTO M HAa3BaHME OpraHa, a TAaKKe BUJl aHaIM3a, JJis
KOTOPOTO MOATOTOBJICHA MPo0a.

[IpoObl, HampaBisiemMble B JIa0OPATOPHUIO, CHAOXKAIOT ATUKETKOW U aKTOM
orbopa 1mpoO, B KOTOPOM YKa3bIBaIOT MECTO, Bpemsi oTOOpa, OOBEKT, Opra,
TIO/IITACH JIUII, OTOMPABIIHX MTPOOY.

Bo3moxkHo mnmutensHOE (10 2 MecsleB) XpaHeHHE 00pas3IoB B QuKcaTope
npu Ttemmepatype 4 °C. Hemw3s gomyckarh 3amMoOpaXMBaHHWE OOpasIoB, T.K.
oOpa3zyroluecs KpUCTasuibl Jibjla pa3pylialoT TKaHU.

s nmpueomoeneHusi  MKAHEBLIX — 20MO2eHamo8  OJisl  INeKMPOHHOU
MUKPOCKONUU W3 OPTaHOB BBIPE3aIOTCSl (DparMEHTHl pa3MepPoOM OT 5X5X5 MM 10
10x10x10 MM, ¢gparMeHTbl OOJIBIIETO pa3Mepa MPeANoUYTUTENbHEE, HEOOIbIINe
OpraHbl WU OpraHbl MEJKUX JKUBOTHBIX MOKHO (puKCHpoBaTh IemuKOM. OpraHsl
MM UX QParMeHTHI TOMELIAIOT B HeGombIne (opsiaka 1 cM®) OTKPBITBIE EMKOCTH
(;rynku 6mmctepoB) ¢ ogHokpatHbeM 0,1 M docdaTHo-coneBom Oydhepom pH 7,2-
7,4, Kaxmasd ©W3 KOTOPBIX MApPKHPYETCS OTACABHO IyTeM TOTPYKCHHS B
3aJIMBOYHYI0  Cpely OTUKETKH (HAAMHUCh  BBIMOJHSAETCS  KapaHJAIIOM).
3amMopaXuBaHWE TPOU3BOAMTCS JKUIKAM a30TOM B MOPO30yCTOHYHUBOM
TEIJION30JIMPOBAHHOM COCYyJIe€ C IMUPOKHM ropjioMm. [IpoObl, HampaBiisieMble B
7a00paTopuio, CHAOXKAOT JSTHKETKOM M akToM oTOopa Mmpod, B KOTOPOM
YKa3bIBAIOT MECTO, BpeMs OTOOpa, OOBEKT, OpraH, MOAMUCH JIHI], OTOUPABIIUX
mpoOy. 3aMOpoKeHHbIE MPOOBI OBICTPO 3aBOPAYMBAIOT B (DOJIBIY KAKIYIO B
OTIIETTLHOCTH ¥ TIOTPYXAIOT B cocyl Jlproapa WM TepMOC C KUIKUM a30TOM IS
JIOJITOBPEMEHHOTO XpaHEHUsA. MOKHO TaKX€ MCIOJIb30BaTh KOJIOTHIM CyXOH JIE B
MOPO30yCTOMUHUBON TEPMOU3OIHPYIONIEH (HAapUMeEp, NEHOIUIACTOBBIE) €MKOCTH.

EmkocTh JOJIDKHaA OBITH repMeTHYCCKN 3aKphITa. I[J'I}I AJIUTCIIbHOIO0 XpaHCHUSA
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npenapatbl  M3BJIEKAIOTCS M3 OKHJAKOrO  a30oTa M INOMELIAITCS B
HU3KOTEMIIEPATYPHBIA XOJOAWIBHUK ¢ Temneparypoid He Beie -80 °C. B Takux
YCIIOBUSIX MTPOOBI MOTYT XPAHUTHCS B TEUCHHUE ITTUTEIHHOTO BPEMEHH.

5.1.5.3. Memoowt noozomoexku 00pazyoe nPoOyKuuU HcueomHoB800OCH a

Jlist onpesienieHus coAepKaHWsg HaHOMATEpPHAIOB B MsCe M CyOIMpOJyKTax
CKOTa WJIM MTHIIBI U3 pa3HbIX 00JIacTEN MBIIIEYHON TKAaHU, IEYEHH, CEP/Ilia, TTOYEK,
KEITyJKa U JIPYTUX OPraHOB CKAJIBIIENIEM CPE3al0T HApYXHBIM CIOW M BBIPE3arOT
KYCOUKH Pa3MepoOM MPUMEPHO 2%X2X2 CM.

s npucomoenenuss cpe3o8 mkaneu ONsl INEKMPOHHOU MUKPOCKONUU
pa3pe3aroT MOJTyYeHHbIE KYCKH OCTPOM OpUTBOM Ha KyCOUYKH pazmepoM Ix1x1 mm
(6 KycOYykOB OT OJHOM TPOOBI), KOTOpbIE IHHIIETOM TEPEHOCSAT B
NEHULUJUTMHOBBIE (pi1akoHBI ¢ (hukcaTopoM (2,5% rayrapossiid anpaerua Ha 0,1 M
dbocharHo-coneBom Oydepe pH 7,2-7,4 ¢ pobGanenueM 2% HEHTpaIbLHOTO
dbopmanuna) u3 pacuera 4 cM® Ha oxuH ¢uakon. OTHOIICHHE 00beMa (HUKCATOpa K
bukcupyemoil Tkanu JoJkHO ObITh HEe MeHee 10:1. Kycouku ot kaxkaoil mpoOsl
MOMEIIAIOT B OTAEJbHBI MAapKUPOBAaHHBIN My3bIpeK. Ha sTUKeTKe MoJKeH OBITh
yKa3aH M3rOTOBUTENb MNPOJIYKIIMH, Ha3BaHWE M HOMEpP MApTUM, a TaK¥XKe BUJ
aHanu3a, JUIsi KOTOpPOTO TMOoAroToBieHa mpoda. I[IpoOwl, HampaBisembie B
7abopaTopuio, CHAOXKAOT HSTHKETKOM M akToM oTOopa Mmpod, B KOTOPOM
YKa3bIBalOT MECTO, BpeMs O0TOOpa, OOBEKT, OpraHbl, MOAMUCH JIHI], OTOUPABIINX
poOy. Bo3mokHO mnmuTenbHOe (10 2 MecsIeB) XxpaHeHne 00pas3iioB B (uKcaTope
npu temmeparype 4 °C. Heab3si aomyckarh 3amMopasKMBaHue 00pasuos, T.K.
o0pa3yrommecss KpUCTAJUIBI JIb/Ia PA3pPyMIAIOT TKAHU!

s npucomoenenusi  MKAHEBLIX ~ 20MO2eHAMO8 Ol INEKMPOHHOU
MUKPOCKORUU BBIpE3at0TCs PparMeHThl pazMepoM oT 5x5x5 MM 10 10xX10%10 mm.
dparMeHThI MOMEIIAIOT B HeGOobIIHe (Opsiaka 1 cM°) OTKPBITBIE EMKOCTH (JryHKH
omucrepoB) ¢ omHokpatHeiM 0,1 M docdarHo-coneBom Oydepom pH 7,2-7,4,
KaXJ1asi U3 KOTOPBIX MapKUPYETCsl OTJAEIBLHO MyTeM MOTPYKEHUS B 3aTMBOYHYIO
Cpeay dSTUKETKM (HAANUCh BBIMIOJHSAETCS KapaHAAllloM). 3aMOpa)KUBaHUE

MMPpOU3BOAUTCA XKXHAKHM a30TOM B MOpOSOYCTOI‘/’I‘II/IBOM TCIIIIOU30JIUPOBAHHOM
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cocyzie ¢ MUPOKUM ropiom. [IpoObl MapKUPYIOT Tak ke, Kak U 00pa3ibl TKaHEH.
3amMopoKeHHBIC TTPOOBI OBICTPO 3aBOPAYHMBAIOT B (POJBIY KKIYIO B OTACIBHOCTH
U TOrpyxaroT B cocyd [lproapa WM TEPMOC C KUIJKUM a30TOM A
JIOJTOBPEMEHHOTO XpaHECHUs. TaKkXke MOMXKHO MCIIOJIb30BATh KOJOTHIM CyXOM JIe] B
MOPO30YCTOMYMBON TEPMOU3ZOJIUPYIONICH (HAIIpUMEp, MEHOIIACTOBBIE) EMKOCTH.
EmkocTte gomxkHa OBITh 3aKpbiTa, YTOOBI YMEHBIIUTH TEIJI00OMeH. Jlis
JUTUTEIBLHOTO XPAaHEHUS MpenapaTsl U3BJICKAIOTCA U3 KUIKOTO a30Ta U MOMEMIAIOT
B HU3KOTEMIIEpaTypHBIN XOJOAWIBHUK ¢ TeMiiepaTypoit He Oosee -80 °C. B takux
YCJIOBUSX MPOOBI MOTYT XPaHUTHCS B TEUEHUE JUTUTEILHOTO BPEMEHH.

['omoreHatbl TKaHeW TOTOBST [JIsi YHPOIICHUS W YCKOPEHHUS JETEKIIUU
HAHOYACTHIl B TKAHSIX B CJIy4ae, €CJIM paclpeieiIeHue HaHOMaTEpUaIoB B KIETKAX
U TKaHSX HE UMEET 3HAYCHUS.

s npucomoeénenuss 06pasyos8 Mmonoka W3 TPAHCIIOPTHOM Tapbl WU
MOTPEGHTEIBCKON YIIAKOBKH OTOMPAOT 15 cM® B IIACTHKOBYIO HIIM CTEKISTHHYIO
IPOOUPKY C TEPMETUYHO 3aKPbIBAIOLIEICS TPOOKOH.

5.1.5.4. Ilpuzomoenenue o6pazyoe 01s I1€KMPOHHON MUKPOCKORUU

[ToctynuBiire 06pa3iibl pa3aeisoT Ha 2 rpynmnbl. [lepBas rpynmna o6pas3ios
MOJIBEpraeTcsl ONTUMU3UPOBAHHON TMpoIeaype MPoOONOATOTOBKH, MOJHOCTHIO
UCKJTIOYAIOIEH KOHTPACTUPOBaHUE OOpas3IoB, KOTOpPOE MAaCKUPYeT HaJIuuue
HaHoyacTull. OOpasibl U3 MEPBOM TPYIILI UCMIOJIB3YIOTCS B JajdbHEHIIEM JJis
OILICHKW HAJMYMsl HAHOYACTUIl U MX MOP(DOIOTHH, & TaKKe ISl CTATUCTUYECKOTO
aHaJgM3a 4YacTOThl BCTPEYAEMOCTH HaHOYACTUIl. BTopas rpymnma mojBepraercs
CTaHJApPTHOU MpoIeAype MPOBOJAKH W KOHTPACTUPOBAHHUSA, YTOOBI MOXXHO OBLIO
OLICHUTh COCTOSIHME TKAaHW B KOHTPOJIE W NP JEHCTBUM HAHOYACTHIl, & TaK¥kKe
BBISICHUTH JIOKJIM3AIMIO HaHoudacTwil. Bce mpomexypbl HNPOBOASIT TOJbBKO B
CTeKJISSHHOM mocye!

BaxHBIM ITyHKTOM MOATOTOBKU 00pasiia K 3J1€KTPOHHOMUKPOCKOIINY €CKOMY
WCCIICIOBAHUIO, SIBJIETCS TMOATOTOBKA OJieHJ] (CETOUEK) M HAHECEHHWE Ha HUX

(bOpMBElpOBOfI IIJICHKH. Cnez[yeT YUUTBIBATH, YTO ITOIIAJaHUC YYKCPOJIHBIX YaCTHUIL
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Ha IUIEHKY Ha 3TOM JTare SBIISETCS CYHIECTBEHHBIM (DaKTOPOM, MPUBOAALIUM K
apreakTaM B MOCIEAYIONIUX U3MEPEHUSX.

Jlnst HaneceHust GOpMBapOBOM TJIICHKU HA CETOYKH U OJICHIBI MOXKET OBIThH
WCIIOJIb30BaHa CIEAYIOIIas METOIMKA.

MpiThe OJIEHIT UM CETOK: TOMECTUTH OJIeHIbl Wi ceTku B 30% comsiHyIo
KUCIOTY Ha | MHUH. NpU KOMHATHOW TeMIeparype; MpPOMbITh OJEHIbl B
TUCTUILTUPOBaHHON Bojie 10 pa3; MpoMBITH OJICHIBI B alleToHe (rpaganus X.4.) 3
pasa U BBICYIIMTH Ha BO3AYXE; XPaHUTh OJICHIbI B TEPMETUYHO 3aKPBITOM €MKOCTH,
yTOOBI M30€XKaTh TONaJaHus MbLIH.

B ToMm cmydae, ecnum CETKM HCIIOIB3YIOT MOBTOPHO, MEPEN MPOLEAYypOu
IPOMBIBaHUS UX 00pabaThIBalOT yIabTpa3ByKoM. CeTKH MOMEIAIOT B CTEKISIHHYIO
KOJIOy C JUXJIOPITAHOM M MOTPY>KAIOT B YJIbTPAa3BYKOBYIO BaHHY, HAIlOJIHEHHYIO
Bogon. Ilpu ucnonp3oBaHUM YIBTPA3BYKOBOM BAaHHBI C IIbE30KEPAMUYECKUM
npeoOpaszoBareneM ¢ BhIXOAHONW MoIHOCThIO 0,06 kBT 00paboTKy mpoBOAAT mpu
37 win 44 xI'n B Teuenune 10-15 muH. Ilpu ucnonb3zoBaHWM BaHH C OOJbLIEH
MOIIHOCTBIO BpeMsI 00paOOTKU MOXKHO CHHKaTh IPONOPLUOHATIBHO MOIIHOCTH, HO
HE MEHBIIIE 5 MUH.

[IpuroroBiieHUE TUICHKH:

- npurotoButh 0,3% pactBop dopmBapa B IUXJIOpITaHe (rpamanusi X4) B
Y3KOM CTEKJISTHHOM €MKOCTH C TpUTepToM Kpelmkoil. I[lomHoe pacTtBopeHue
nocturaercs 3a 3 aHs. XpaHUTb B TEMHOTE;

- YUCTOE MPEAMETHOE CTEKJIO OMYCTUTh B €MKOCTh C ()OPMBApOM, BBHIHYTD,
MOCTaBUTh CTEKJIO peOpoM Ha (GUIBTPOBAIbHYIO OyMary isl yAajleHus U3JIMIIKOB
dbopmBapa u BeICymuTh. [Iporapamnars mpemapoBaIbHOM HUTIION TPSIMOYTOJIBHHUK
10 Kpaw crekia. [IoaroroBUTh MIMUPOKYH €MKOCTh C JTUCTWLIMPOBAHHOM BOJOMU
(yno6HO MCHONIB30BaTh KPUCTAUIN3ATOP). JuCTHimupoBanHas Bojla HAJIMBAETCS B
eMKOCTh 710 00pa30BaHMs BBITYKJIOrO0 MEHHCKA. YJAJIUTh TMbUIb C MOBEPXHOCTH
BOJAbl C TIOMOINBID CTEKJIIHHOW TMAalOYKM WM THIETKH. Y JaJleHUE MNbUIN
o0si3aTebHO, WHAYe IMbUIb TMOoMajgeT Ha (QopMBapoByl IUIeHKY. KopoTko

NOJBIIIATh HAa CTEKJIO ¢ (OPMBAPOBOM IMJIEHKOW M MEIJIEHHO MOTPY3UTh €ro B
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E€MKOCTh C BOAOW. B mporecce morpyxkenusi (opmMBapoBasi MjeHKAa OTISIUTCS OT
CTEKJIA.

BbIMbITBIE OJIEHIIBI MOMEIMIAIOTCS HAa TOBEPXHOCTh IUIEHKH C IOMOIIbIO
nuHieTa. [lneHka BBUIABIMBAETCS HAa YHUCTOE MPEAMETHOE CTEKJI0, KOTOpPOe
noMeniaroT B yamky [leTpu aig nocienyromero BpICyIIMBaHUS.

5.1.5.4.1. Iloozomoexa cpe3oe mkaueil 011 0emeKyuu HAHOMAMEPUAINE
memooom IIIM (6e3 konmpacmuposanusi)

a) ¢ukcatop ormbeiBatoT 0,1 M ddocdarHo-coneBbiMm Oydepom pH 7,2-7,4
oaHOKpatHO 20-30 MUH. NPU KOMHATHOM TEMIIEPATYPE;

0) MpoBOAAT 00E3BOKMBAHUE 00PA3IIOB B BOJIHBIX PACTBOPAX 3TUIIOBOTO CIUPTA:

- 00pabaThiBatoT 00pasiel SO % stunoBsiM criuptoM 20 MuH nipu 4 °C;

- o0pabarbiBatoT 00pasiisl 60 % THIOBBIM criupToM 2 paza 1o 20 muH npu 4 °C ;

- oOpabateiBatoT 00pasipl 70 % 3TUNIOBBIM criupToM B TedeHue 12 4 mpu 4 °C
(OCTaBISIOT HA HOYB B XOJIOUILHUKE);

- oOpabarsiBaroT 0Opasisl 80 % u 96 % pacTBOpamu >THIIOBOTO civpTa 1o 20 MuH;
- 00e3BOKMBAIOT 00Opasnbl aneTroHoM 3 pa3a mo 45 MUH TNpuU KOMHATHOM
TeMIeparype.

B) MPOBOAAT MPONUTKY MaTepHalia U TMOCIEAYIOUIYI0 3aJIUBKY B SIOKCHIHbBIC
cmoubl. Mconb3yroT cmech OnoH 812, DDSA (moxenun sHTapHBIR aHTUIPHU),
MNA (MeTWISHIUKOBBIA aHTHAPUT) B cooTHommeHuu 13:8:7. Jlng nmonumepusanuu
nobasisiercst karanuzarop DMP-30 (TpunumeruiaaMmuHoPEeHOM).

r) JUisl NPONUTKH OOpa3lbl MPU KOMHATHOM TemIepaType MoMemniaroT Ha 2 4 B
CMeCh CMOJIBI U arleToHa 1:3, 3aTeM Ha 2 4 B cMeCh CMOJIBI M arleToHa 1:1 1 Ha HOYB
(12 4) B cMech cmouibl 1 anietoHa 3:1. Tlepen okoHYaTEIbHOM 3aIMBKOM MaTepHall
MOMEIIAIOT Ha 2 4 B cMOJy. JJI 3aJIMBKY MCHOJIB3YIOT CHElUaIbHbIE TE(PIOHOBBIC
MIaThl C JIYHKaMH JUJIS 3aJUBKH (JOIMYCTUMO HWCIOJIb30BaHHWE OJIMCTEPOB OT
TabJIETOK).

1) TIOJIMMEpHU3allMi0 MaTepuana npoBoAsaT B TeueHuu 24 4 npu 37 °C, 3atem B
tedyeHnn 48 41 mpu 60 °C. OxoHuarenbHash TBEPAOCTh OJIOKa MOXKET OBITh

noz:o6paHa N3MCHCHUEM COOTHOIICHUA CMOJIbI M KaTajinu3aropa.
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€) W3 TMOJIyYCHHOTO OJIOKa C MOMOIIBIO JIOO3MKA BBIMIIUBAIOT MPSIMOYTOJIBHBIN
y4acTOK, pa3MepoM 2x2x5 MM (IIMpUHA:MIUPUHA:BBICOTA). [lomydeHHbIe OJIOKH
3aKpEIUISIOT B CHEIHAIBHOM JepKaTesie M 3aTauMBaloT OCTPOil OpUTBON B BHIIE
YCEUCHHOUN MUPAMHUIBI 10T OMHOKYIISIPHBIM MHUKPOCKOTIOM.
k) cpe3bl TommuHOM 10 80 HM MONMydYaroT HAa YJIBTPAMUKPOTOME C MOMOUIBIO
aJIMa3HOTO WJIM CTEKISIHHOTO Hoka. Cpesbl MEpeHOCAT Ha OJICHIbl UM CETKH,
MOKPBIThIE (POPMBApPOBOI TUIEHKONH M BBICYIIMBAIOT HE MEHee | 4 Ha BO3ayXe.
JlanHas mpoueAypa 10JKHA BBITIOMHATHCS OMBITHBIM CIIEIIMATUCTOM.

5.15.4.2. lloaroToBKa ¢ HUCNOJb30BAHHEM CTAHIAAPTHOI NpouEeTypPbI
MPOBOJAKH U KOHTPACTHPOBAHMS
a) oOpasmpl (Kycouku TkaHu 1x1x1 mMm) ormeiBaloT oT ¢ukcaropa 0,1 M
dbocdarHo-coneBbiM Oypepom pH 7,2-7,4 omnokpatko 20 MUH IpU KOMHATHOM
TeMIiepaType.
0) oOpasipl JOPUKCUPYIOT M KOHTpAcTHpPylOT 1 % pacTBOPOM UETHIPEXOKUCH
ocmus (0sOy4) Ha 0,1 M docdarHom O6ydepe pH 7,2-7.4 B Teuenue 2 4. PactBop
roToBIT pazbamiaecHueM 2 % BomHOro pacrBopa OSO,; HEMOCPEACTBEHHO NEpe
ucronb3oBanueM! (I ymaposvlii anvoecud ayuute, uem HemblpeXOKUCb OCMUsL
Qukcupyem Oenxu, HO Xyjce cmabuiuzupyem Jaunuowvl, 4mo u 00YClo8IUBAem
UCNONIL308AHUSL 000UX PUKCAMOPOB, KAK OONOTHAIOUWUX OpYe Opyea).
B) IPOBOJISIT 00E3BOKUBAHUE 00OPA3IIOB B BOJHBIX PACTBOPaX dTUIIOBOTO CIIUPTA!
- otMmbIBaroT obpasnel ot OsO, xomomueiM (4 °C) 50 % pacTBOpOM 3THIIOBOTO
cnupra 3-4 paza mo S5 MHH OO0 TPEKpPAIICHUS MOTEMHEHUS pacTBOpA.
Hcnonb3oBanue xonogHoro 50 % »TaHoda NpEeIOTBPALIAET BBIMAJIEHUE OCMUS B
0CaJI0K;
- oOpabatsiBatoT 00pa3iel 60 % pacTBOpOM ATHIIOBOrO cnupTta 2 pasa no 20 MuH
(4°C);
r) MPOBOAAT KOHTpacTtupoBaHwe oOpasioB 2 % cnuptoBeiM (70 % pacTtBOp
ATUJIOBOTO CHUPTA) pacTBopoM ypaHwianerata npu 4 °C B TedyeHue 12 u

(OCTaBJISIIOT HA HOYb B XOJIOJIUJIBHUKE);
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1) 00e3BokuBaroT 00pasipl xoumoaHbIM (4 °C) 80 % u 96 % pacTBOpPOM STHUIIOBOTO
cnupta o 15muH (koMHatHas Temmepatypa). Mcnons3oBanue xonogHoro 80 %
pacTBOpa ATUJIOBOTO CIIUPTA MPENOTBPAIIAET BhINAJACHUE B OCAJ0K YPaHUIIa;

€) 00e3BOXKHMBAIOT O0paslbl aleToHoM 3 paza mo 45 MHUH [pH KOMHATHOU
TEeMIIEpaType;

) TPOBOJAT MPOMUTKY MaTepuaia U MOCJIEAYIOUIYI0 3aJIMBKY B SIOKCHUIHBIC
CMOJTBI, UCTIONB3Ys cMech 1ol 812, DDSA (monennn ssaTapubiil anruapum), MNA
(MEeTWJIDHAMKOBBIA aHTUIpUA) B cooTHomeHuu 13:8:7. Jlng nomumepusanuu
no6assiercs karanuzaTop DMP-30 (TpunumerriiaMuHopeHo);

3) ISl IPOMUTKUA OOpasipl MPU KOMHATHOM TemIepaType MOMeniaroT Ha 2 4 B
CMECh CMOJIBI U arleToHa 1:3, 3aTrem Ha 2 4 B CMeCh CMOJIbI U arleToHa 1:1 1 Ha HOYb
(12 4) B cMech cmodbl 1 anietoHa 3:1. Ilepen okoHYaTEIBbHOM 3aIMBKOM MaTepua
MOMEINAIOT Ha 2 4 B cMOJy. {715 3aIMBKY MCHOJB3YIOT CHEIMaIbHbIE Te(PIOHOBBIE
IaThl C JIYHKaMH JUJIS 3aJUBKH  (JOIMYCTUMO MCHOJIb30BaHUE OJIMCTEPOB OT
Ta0JIETOK);

W) TIOJIMMEPH3aIMi0 MaTepuana mpoBoAsaT B TeueHuu 24 4 npu 37 °C, 3atem B
teuenuu 48 4 mpu 60 °C. Okonuamenvuasi meepoocmb OlOKA Modcem OblmMb
n0006paHa usMeHeHueM COOMHOULEHUsL CMOJIbL U KAmanu3amopa,

K) U3 MOJYyYEHHOTO OJOKa C TMOMOIIBIO JIOO3WKA BHIMTWIMBAIOT MPSIMOYTOJIbHBIN
y4acToOK, pa3MepoM 2x2x5 MM (IIHMpUHA:IIMpUHA:BbICOTA). [losydueHHBIE OJIOKH
3aKpEIUISIOT B CHEIHMAIBHOM JIepKaTese M 3aTayrBaloT OCTPON OpUTBON B BHIIE
YCEYEHHOW MNupamMuibl MOJi OMHOKYJISIPHBIM MHUKPOCKOINOM. Takue opraHbl, Kak
KOXKa, MBIIIEYHBIC BOJIOKHA, OT/AEJBI KETYI0YHO-KUIIEYHOTO TpakTa TpeOyroT
NpaBUJIbHOM  OpPUEHTAllMd TNpPH  U3TOTOBJIEHUM  cpe3oB. lIpenBaputenbHO
W3TOTaBJIMBAIOT MOJIYyTOHKHUE CPE3bl TOJIIHUHON 3-5 MKM C MOMONIBI0 MUPOMUTOMA
(MCHIOJIB3YIOT CTEKJISIHHBIA HOX). Cpe3bl MOMEHIAIOT Ha MPEAMETHOE CTEKIIO,
OKpaIlIMBaIOT KpacHUTelieM TOJLUTyUAMHOBBIM cuHUM (0,1% pacTBop) U mMpoOBEPSIOT
MPaBUJILHOCTh OpPHUEHTAIIMM € TIOMOIIBID CBETOBOTO MHUKpockoma. Jlis
UCCIIEOBAaHUS KOXKHM M OTJIEJOB KEIYJTOYHO-KUIIIEYHOIO0 TpaKTa Cpe3 J0JLKEH

MMPOXOOUTH CTPOI'0 B IMOMNICPCUYHOM HAIIPABJIICHUH,
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J) cpe3bl ToamuHOM 70 80 HM MOTYy4YarOT HAa YJIBTPAMHUKPOTOME C IMOMOIIBIO
QJIMa3HOTO WJIM CTEKJISIHHOTO HOKa. J[JI1 BBISICHEHMS JIOKaJW3aldyd HaHOYACTHIL
PEKOMEHYETCs UCIIOJIb30BaTh CEPUIMHBIE CPE3bI;

M) Cpe3bl IEPEHOCAT Ha OJICHIBl WM CETKH, MOKPBIThIE (POPMBAPOBOIl TJICHKOH, U
BBICYILIMBAIOT HE MeHee | 4 Ha Bo3yXe;

H) /[ aHauu3a YJIbTPAaCTPYKTYphl KIETOK B TNPUCYTCTBUM HAHOYACTHIL
MOJIYYEHHBIE CPE3bl KOHTPACTUPYIOT YPAHUIALUETATOM M LIUTPATOM CBHHIA 15 MUH
TpH KOMHATHO# Temmepatype. Jlis 5TOro cpessl MOMeIIaloT B Kammo 30-40 v
COOTBETCTBYIOLIETO pacTBOpa, HAaHECEHHYK Ha mnapadguibM B yamke llerpu.
Ba)xHbIM MOMEHTOM $IBJIIETCS HEOOXOAUMOCTh IIPU KOHTPACTUPOBAHUU LUTPATOM
CBUHIIA IOMECTUTh B yamiky llerpu psgom co cpesamu kpuctamumyeckuii NaOH
JUTS IPEAOTBPALIEHUS BBINA/ICHUS CBUHIIA.

5.1.5.4.3. Ilpucomosnenue odpazuoe 0ia onpeoeieHus HAHOMAMeEPUaI0s8
6 MKAHEBbIX 20MO2EHAMAX MemOoOOM Rnpoceeyusarouieil  31eKmpoHHOU
MUKpOCKonuu

BaxxabiM ITYHKTOM OJATOTOBKHU oOpasia K AIIEKTPOHHO-
MUKPOCKOITMYECKOMY UCCIEAOBAHUIO, SABIISIETCS MOATOTOBKA CETOYEK U HAHECEHUE
Ha HUX (POPMBAPOBOI WIIH YTIAEPOTHOM TUICHKH.

[Ipouenypa HaHeceHus: (OPMBAPOBOM IJICHKH HAa CETOYKH aHAJIOrMyHa
ONMMCAHHOW myig OneHn B pazgene «llponuce npuecomosneHus o00pasyos O
onpeoeneHuss HaHOMAmepuaio8 6 cpe3ax MKAHel MemoooM Npoceedusaoujel
91€KMPOHHOU MUKDPOCKONULLY.

JUisi mony4deHusi CETOK C YIJIEPOJHOM IJIEHKOM, HEe0OXOAMMO BHavase
HaIlbUINTh CJIOM yriepoja Ha NOBEPXHOCTh CIIOAbI, HEIOCPEICTBEHHO IEpeN
HaIbUICHUEM PpACIICIUICHHYIO MJis TOJIYYEHUs YUCTOM TJAJKONW IMOBEPXHOCTH.
Hanbiienne npousBoaAT ¢ MOMOIIBIO PUOOpA SIS HANBUICHUS IUIEHOK YTJIepoJia
B BakyyMe (Hampumep, Emitech K950X ¢upmer «Emitech», BenmukoOpurtanus,
WM a”HaioruyHoM). Hambuienne npou3BoisT B Bakyyme He Bboimie 4-10 mbap
UMITYJIbCHO, AEJIAI0T 2-4 UMITyJbCca B T€YEHHE 2-5 ceK. ¢ nepepbiBamu 1o 30 cek.

MCXKAY HHUMMU. FOTOBYI-O IJICHKY CIIYCKAIOT Ha IIOBECPXHOCTDH ,Z[I/ICTI/IJIJ'II/IpOBaHHOI\/II

34



BOJbI, HAJUTOW B HENpPO3pauHblii KOHTeHHep. IIpenBapuTenbHO OTMBITBIE (Kak
omucaHo st OneHn B pasunene [lponucy npucomogénenus o06pazyos  0ns
onpeoenieHusi HaHOMAamepuaio8 8 cpe3ax MKAaHeu MemoooM Npoceeyusaroujel
9NEeKMPOHHOU ~ MUKPOCKONUUY») CETKH Ui MHKPOCKOIHMH YKJIAJbIBAalOT HA
NPSIMOYTOJIbHBIA JIUCTOK (PUIBTpOBaNIbHONW OyMmaru, BBIPE3aHHBIM MO pa3zMepy
YyIAEpPOJHON TUJICHKM M TOMEIIEHHBIH Ha MOJJCPKUBAIONIYI0 CETYaTyIO
METANTMYECKYIO0 TUIACTUHKY Ha PAacCTOSIHMM 1-2 MM TIOJI TIOBEPXHOCTHIO BOJIBI.
3akaB TUHIETOM (UIBTPOBAIbHYI0O OyMary ¢ CeTKaMH M TOJJEp>KUBAIOIIEH
IUTACTUHKOM, OCTOPOKHO BBUIABJIMBAIOT YIJIEPOJHYIO IUIEHKY TaK, YTOObI OHa
NOKpbUIa CeTKU. PUIBTPOBAIbHYIO OyMary ¢ HMOKPBITBIMU YIJIEPOAHOU IJIEHKON
ceTKaMH TMoMmemawT B yamky Iletpu wim apyryro yaoOHYHO MOCydy C
nornoruteieM Biaard B tepmoctat (50 °C) He meHee, yeM Ha 1 4. XpaHAT CETKH B
3aKpeITOM yaike [leTpu wnu npyroit yaoOHoM nocye.

a) oOpasel 3aMOPOKEHHON TKaHW OTTAUBAIOT P KOMHATHOM TEMIIEPaTypeE;

0) wu3MenpyaroT oOpa3el M TOTOBAT U3 HEr0 TOMOTeHaT C TOMOIIbIO

TOMOI'€HU3ATOPA;

B) JAJbHEUIIYIO MOJATOTOBKY FOMOI€HATa K MU3MEPEHUSM MPOBOJAT MO OAHOMN

U3 CIEAYIOIMNX METOIMK:
C ucnonvzosanuem KOHYEHMPUPOBAHHBIX HEOP2AHUYECKUX KUCTIOM.:

a) nomeniaotT 40 MM’ TIPUrOTOBIEHHOTO I'OMOTEHATA B IOIMIPONMICHOBYIO

poOUpKY;

6) 206aBIIOT 30 MM® KOHLEHTPHPOBAHHOM a30THOM KHCIIOTHI, IEPEMEIIHBAIOT

CMECH;

B) IoMeIarT cMech B TepmocTat (37 °C) Ha HOUb;

T) Tocyie MHKyOaruu HelTpanusyior cmeck 10 M pactBopom NaOH, mposepus

pH cMecu yHUBepcanbHBIM UHIUKATOPOM.

Henocrarok Takoit MeToauku — 00pa30BaHUE€ MHOTOUMCIEHHBIX KPUCTAIIIIOB

COJM TPHU NEPEHOCE U BHICYIIMBAHUU 00paslla Ha CETOYKE JUIsl JIEKTPOHHOMN
MUKPOCKOIIHH.

C ucnonvzosanuem npomeassl «Dnasozumy:
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a) momemiaior 40 MM’ TIPUrOTOBIEHHOTO TOMOTEHATA B IOIMIPONMICHOBYIO
poOHpPKY;
0) mobGamisioT mpoteazy «diaBo3uM» U3 pacuera 1 r romoreHata — 25 ef.
AKTUBHOCTH MPOTEA3bl, IEPEMEIINBAIOT CMECH;
B) noMeniarot cMech B TepmocTat (50°C) MuHuMyM Ha 6 4, onTuMaiabHO Ha 20
q,
[Ipumeyanue: akTUBHOCTb MTPOTEa3bl MakcuMaibHa pu pH 6,0.
C ucnonwvzosarnuem npomeunasvl K:
a) momemaroT 40 MM’ HPHTOTOBICHHOTO TOMOTEHATA B IOJIHIIPOINICHOBYIO
poOHUpKY;
0) noGaBisitoT nporenHasy K u3 pacuera 1 r romorenara — 30 ei. akTUBHOCTH
MPOTEUHA3bI, IEPEMEIIUBAIOT CMECH;
B) momeIarT cmech B Tepmoctar (37°C) Ha 4 u;
I) Ha YUCTYI0O (DUIBTPOBAIbHYIO OyMmary BBIKJIAIBIBAIOT MEIHYIO CETOUKY C
MpeABAPUTEILHO HAaHECEHHOW (OpMBapOBON IUIEHKOW WM C HabLICHHBIM
TOHKHUM CJIOEM YTJIEPO/Ia;
1) HAa CETOYKY HaHOCAT 2,5 MM o0Opasia, MOArOTOBIEHHOIO M3 TOMOT€HaTa,
Cpa3y ke CTATUBas Kpas Karuik Ha PUIbTpOBaIbHYIO Oymarys;
¢) TMOJACYIIMBAIOT CETOYKY Ha BO3ayXe B TeueHHe 5-10 MuH, 3aKkpbIBas OT
MONaJaHus MBI KPBIKOW 4Yamku IleTpu mnm cTekissHHOro Orokca, 3aTeM
NEePEHOCST B OOKC JJIsl XpaHEHUs AJIEKTPOHHO-MUKPOCKOMTMYECKUX 00pa3IIoB.
5.1.5.4.4. Ilpucomosnenue 00pazyoeé col6OPOMKU UIAU RAA3MBL KPOBU OJiA
onpeoenenus HAHOMAMEPUATIO8 MEMOOOM RPOCEeHUBAIOWell INEKMPOHHOIL
MUKpOCKonuu
a) K 20 MM® CBIBOPOTKH HITH IUIa3MbI KPOBH 100aBISIOT 5 MM® 10% pacTBopa
nonenuicynbdara HATPUS;
6) K IONy4eHHOI cMecH H0OAaBIAIOT 5 MM® pacTBopa mporemHassl K (1
mr/em’);

B) MHKYOUpYytoT B Tepmoctate nipu 37°C B Teuenue 1 4;
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r) Ha YUCTBI OymaxHblii ¢uibTp (TMma Whatman wim aHanoOru4yHbBIN)
BBIKJIQJIBIBAIOT MEAHYIO CETOYKY C TPEIBApUTEIHLHO HaHECEHHOW (OpMBapOBOM
TJIEHKOM WJIM C HAITbUICHHBIM TOHKUM CJIOEM YTJIEpOJIa;

1) Ha CETOYKY HaHOCSAT 2,5 MM o0Opasiia moATrOTOBIEHHOTO M3 TOMOTEHATA,
Cpa3y ke CTATUBas Kpas Karuii Ha PUIIbTpoBaIbHYIO OyMmarys;

€) MOJACYIIMBAIOT CETOYKY Ha BO3AyXe B TeueHue 5-10 MHH, 3aKpbiBas OT
MONaJaHusl MbUIM KpbIKOW vamku Iletpu wnm cTekisHHOro Orokca, 3aTeM
NEePEeHOCT B OOKC JJIsl XpaHEHUs AJIEKTPOHHO-MUKPOCKOMTMYECKUX 00pa3IIoB.

5.1.5.4.5. Ilpuzomoenenue o6pazyoe mMonoKka 011 onpeoeieHus HaHOUaACmuYy
memooom TOM

a) momemarot 40 My°® 06pasiia B MOITHIPOIHICHOBYIO IPOGHPKY;

6) mobGaBisiioT mpoteasy «DiaBo3uM» 3 pacuera Ha 40 Mm° Momoxa — 0,1 e

aKTUBHOCTH IMIPOTEA3bl, IEPEMEIINBAIOT CMECH;

B) noMeniaroT cMech B TepmocTat (50°C) MuHuMyM Ha 6 4, onTuMaiabHO Ha 20

4. [Ipumeuanue: cm.11.5.1.5.4.3.

r) Ha YUCTYI0 (DUIBTPOBAIBHYIO Oymary BBIKJIAIBIBAIOT MEIHYIO CETOUKY C

MpeABapUTEIbHO HaHECEHHOW (hOpMBapOBOM TUJIEHKOW WM C HalbLJICHHBIM

TOHKHUM CJIOEM YTJIEPOJIa;

1) Ha CETOYKY HAHOCAT 2,5 MM IPOOBI MOJIOKA, CPa3y e CTSATHBAs Kpasi KaIliH

Ha (UIBTPOBAJIbHYIO Oymary;

¢) TMOJACYIIMBAIOT CETOYKY Ha BO3ayXe B TeueHHe 5-10 MuH, 3aKpbIBas OT
MonajaHusi MbUIM KpbIKOW yamku IleTpu wunum cTekyisHHOro Orokca, 3aTeM
MEePEHOCAT B OOKC /I XpaHEHUsI DJIEKTPOHHO-MUKPOCKOITUYECKUX 00pa3IloB.

5.1.6. MeToanka npoBeeHU 3JTeKTPOHHO-MHUKPOCKONNYECKOT0 AHAJIN3a

Metoauka NpoBeIeHUs] aHAIM3a MPUBOAUTCS JJIA JABYX THUIIOB OOpa3lOB:

JUIsL Cpe30B TKaHEW (OpraHoB) W JKUJKHX 00pasmoB (T1a3Ma KpPOBH, JIM3AThI,
AKCTPAKTHI, TOMOTEHATHI TKAHEH U OpraHoB u T.m.). Hanbomnee BaxkHOE paznuune
MEXIy OJTUMH OOpa3laMHi 3aKJIF04aeTcs B TOM, 4YTO TMpPU aHaJM3e CpPe30B

CymeCTBYCT IIpUHIOUIINAJIbHAA BO3MOXHOCTDb OIIPCACIINTD JJOKaJIN3alluIO
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HAHOYACTHI] B KIJIETKE WM TKaHW, a TpPU aHAIMU3€ >KUAKUX 0O0paslioB TakKoi
BO3MOKHOCTH HET.

Metonuka omnucana Juisi cliydasl perucTpaluu curHaia ¢ nomoinbio [13C-
KaMepbl U TONY4YeHHs] pe3yibTaToB cpa3dy B udpoBoM Buue. Hactpoiika u
IOCTUPOBKA  MHKPOCKONA  TMPOBOAMUTCS  KBaTU(UIMPOBAHHBIM  ONEPATOPOM
COTJIaCHO UHCTPYKIUU K MUKPOCKOITY.

5.1.6.1. Memoouka nposeedenus anaiuza no 6viAGJIeHUI) HAHOYACMUY, UX
uoenmugukayuu, onpeodeaieHuIo ux pamepa u opmol

a) AHaJIM3 O BBIABICHHIO HAHOYACTHUIL, UX HACHTU(PHUKALUU, ONPEIEICHUIO
pasmepa U (GOpMbl MPOBOAUTCS Ha Ipernaparax rOMOTE€HATOB, IJIa3Mbl KpPOBH,
MOJIOKA M HEKOHTPAaCTUPOBAHHBIX Cpe3ax TKaHEd M opra”os. TommmHa cpesa
TKaHeil W opraHoB He JobkHa npesbimate 70-80 HM. Heobxoaumo
YIIOCTOBEPUTHCS, UTO Ha Cpe3e, MOJyYeHHOM MpU Hape3ke OJI0Ka, MPUCYTCTBYET
TKaHb.

0) AHaiM3 TPOBOIUTCA C MCHOJB30BAaHUEM TPEX CPE30B, HAPE3aHHBIX C
OJTHOTO U TOTro *e OJyoka (00paslia) ¢ y4acTKOB OJIOKa OTCTOSIIIMX JAPYT OT Apyra
He MmeHee, yeM Ha 100 MkM. AHamu3 >KMIKUX OOpa3loB MPOBOAMUTCS ISl TPEX
CETOUEeK C 00pa3lioM, HAHECEHHBIM U3 OJTHOM M TOM ke MpoObI (TOMOTeHAT, Iia3ma
KPOBH, MOJIOKO) TOCJIE€ TILATEIbHOIO IMEpeMEIINBaHUs NpoObl Mepes] KaKIbIM
HAaHECEHHWEM Ha CETOUYKy. B kauecTBe KOHTPOJS MCHOJB3YIOT YUCTHIM OJIEHI WU
CETOYKY, 4YTOOBI YAOCTOBEPUTHCS B OTCYTCTBUM KOHTAMUHAIMM OJIEHJA WIIH
CETOYKH MOCTOPOHHUMHU HaHOYaCTHUI[AMHU.

B) B 3aBucuMocTH OT pa3mepa HAHOYACTHUL, KOTOpPbIE HEOOXOAUMO
OOHApyXMThb W OXapaKTepu30BaTh, BBIOMPAIOTCS IapaMeTpbl YBEIUUYCHUS
MHUKPOCKOIIa ¥ pazMepa ouu(PpoBbIBAEMOT0 U300paKeHHs B TUKCENaX.

Bre16op 3THX mapamMeTpoB IUKTYETCs pa3pelieHrueM, KOTOPOEe JOKHO OBITh
obecricueHo B OIU(POBAHHOM H300pa)KEHHH, YTOOBI MOXKHO OBLIO JTOCTOBEPHO
MPOBECTU aHAJIU3 pazMepa U PopMbl HAHOUACTUIL. XOTS AIEKTPOHHBI MUKPOCKOIT
o0ecnieunBaeT mpenenbHOe paspeuieHue gydiie 0,5 HM, HO H3-32 KOHEYHOI'O

pasmepa mnukcena warpuubl [I3C, BbIOpaHHON OUCKPETHOCTH OLU(PPOBKU
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n300pakeHus (pa3mep m300pakeHusi B MUKCeNax) pa3pelnieHrne B onu(poBaHHOM
n300pakeHnH R, MOXKET OTIIMYATHCS OT MPEASITHHOTO pa3penieHus MUKPOCKOTIIA.

Bemuunna R, c¢ ydyetom Teopembl HailikBucta OyaeT omnpeaensTbes
cienyroieit GopMyIioii:

R, =3L/X,

rae L- nuHelHbd pa3mep mosis oOpasia, oToOpa)kaeMblii MUKPOCKOIIOM Ha
[13C xamepe mpu BHIOpAHHOM YBEIMYCHHMHM B HM, X — YHCJIO IHKCEIOB B
OoM(ppPOBAHHOM  HM300paKEHHH pa3sMepoM XxX TMHKCENIOB. YBEIUUCHUE
MHUKPOCKOIIa 00paTHO MPONOPLUUOHANBHO L.

UtoOBl UMETh BO3MOKHOCTh OMPEIETUTh POPMY HaHOYACTHIII, B YACTHOCTH,
OTJIMYUTHh KBAAPATHYHD HAHOYACTUIY OT KpYIJIOM, HEOOXOAMMO, YTOOBI
n3o0pakenne HanovyacTuilsl Ha [13C maTpuile mpoenupoBaioch Ha IJIOMIAJKY HE
MeHee 5x5 mukcenoB. TakuMm 00pa3oM, MUHUMAIbHBIA pa3Mep HAHOYACTHUIIBI Z,,
JUIST KOTOPOM MOKHO OIpeAenuTh GopMy IpH BbIOpaHHBIX mapamerpax L u X,
onpenensercs GopMyJIon:

Z,=5L/X.

Takum o00pa3oM, dYTOOBI OOECHEUHTH JOCTOBEPHOE ONPEACIICHUE II0
HM300paKeHUI0 pasmepa U (PopMbl HAHOUYACTHUI] C MHUHUMAJIBHBIM pazMepoMm Z,
HEe00X0MMO BBIOpaTh mapaMeTpsl L u X Tak, 4To0bI

Z>7Z,

IIpu sTOM cocTaBisArONIasi MOTPEIIHOCTH U3MEPEHHS] pa3Mepa HAaHOYACTUIIBI
0Z,, xoropyro mo I'OCT P 8.563-96 MOXHO OTHECTH K MOTPEHIHOCTSIM
CUMTBHIBAHUS 3HAYCHUN M3MEPSAEMOM BEJIIMUMHBI CO IIKaJd U JUarpamm, B clydae
WCITIOJIb30BaHUS OIIM(POBAHHOTO M300PaKEHUSI COCTABUT:

8Z,=LIX

B Tabmune 1 npencraBieHsl BeauwuuHbl Ry, Z,, u 0Z, npu pazIuyHBIX
YBEIIMUEHUSIX M JBYX pa3Mepax H300paKeHHl B MHUKCeNax s TUIMYHOTO
AIIEKTPOHHOTO MHUKpOCKoma, y Kotoporo npu yBeamuenun 50000 paszmep moss,
npoerupyemoro Ha [13C matpuiry cocraBisieT 3x3 MKM.

Tabmuma 1
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LxL, XxX, R., Z., 0z,
VBennuenue HM IMukcen HM HM HM
1000000 150x150 2000x2000 | 0,23* 0,4 0,08
500000 300x300 20002000 | 0,45* 0,8 0,15
400000 375x375 2000x2000 0,6 0,9 0,2
200000 750x750 2000x2000 1,1 1,9 0,4
100000 1500x1500 2000x2000 2,3 3,8 0,8
50000 3000x3000 2000x2000 4,5 7,5 1,5
25000 6000x6000 2000x2000 9 15 3
12500 12000x12000 | 2000x2000 18 30 6
1000000 150x150 10001000 | 0,45 0,8 0,15
500000 300x300 1000x1000 0,9 1,5 0,3
400000 375x375 1000x1000 1,1 1,9 0,4
200000 750x750 1000x1000 2,3 3,8 0,8
100000 1500x1500 1000x1000 4,5 7,5 1,5
50000 3000x3000 1000x1000 9 15 3
25000 6000x6000 1000x1000 18 30 6
12500 12000x12000 | 1000x1000 36 60 12

*Crenyer yuecTb NpeeabHOE pa3peluieHue KOHKPETHOTO MUKPOCKOTA.

r) Ilocne HacTpoiiku MHUKpPOCKONAa B OOBIYHOM PEKHMME MPOCBEUMBAIOIICH
AJIEKTPOHHOM MHUKPOCKOIIMU MPOBOAUTCS MPEIBAPUTENBHBIN MPOoCMOTp 0Opasia ¢
HeOonpmmM yBenudeHueM (10000x-25000x). Ilenb Takoro mpocMoTpa - OIEHUTH
OJHOPOJHOCTh  pacmlpefeNieHuss  HAHOYACTUIl  (DJICKTPOHHO-KOHTPACTHBIX
KOMITOHEHTOB o0pasiia) mo o0pasily, BBIABUTh Hajnuue 0OJacTed CKOIUICHUS
AJIEKTPOHHO-TUIOTHOTO MaTepuala, cliejiaTh MpeIBapUTeIbHYI0 OIICHKY pa3mepa
BBISIBJIICMBIX HAHOYACTHII.

) O6nactd HEOAHOPOJHOTO  CKOIUICHHUS AJIEKTPOHHO-KOHTPACTHOTO
MaTepuaia MOABEPraioTCs aHAIM3y C Y4ETOM BBITOJHEHMs ycioBus Z = Z, Ot
pa3HBIX YYacTKOB oOpasma B Tpenenax  Kaxaod OOHapyKeHHOW o0yactu
usMepsiercs: 3-5 wu300pakeHUH, B KOTOPBIX JOJDKHBI OBITh MPEICTaBICHBI
OCHOBHBIE (TI0 (hopMe, pa3Mepy) TUIIBI OOHAPY>KEHHBIX JIEKTPOHHO-KOHTPACTHBIX

BtoueHnt. Eciaum takux oOnacteir Oosibiie 6, TO 1O BBIOOPY omepaTopa
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aHAIM3UPYIOTCST 6  0o0jmacTe!  HEOJHOPOAHOTO  CKOIJICHUS  3JIEKTPOHHO-
KOHTPacTHOTO MaTepuara.

N3o0pakeHnss HaHOYACTHUII HEOOXOIMMO COXpaHATh B aiis, obparias
BHUMaHUE Ha TO, YTOOBI HAa U300paKEHUIX ObUTa MacIITa0OHAs METKa.

N3mepenne wu300pakeHHl B peKUME IPOCBEUYMBAIONICH AJICKTPOHHON
MUKpPOCKOIIMU ~ JIOMOJNHSETCS (B 3aBUCMMOCTM OT THUIA aHAIM3UPYEMBIX
HAHOYACTHI[) M3MEPEHUSIMH B pexkuMe audpakuuu 3iekTpoHoB mwim CXIID0.
[ens u3mepenuii B pexxumax audpakiuuu 371eKTpoHoB U CXIIDD — momyuyeHue
JAHHBIX IS  WACHTU(QUKALMK  DJIEKTPOHHO-KOHTPACTHOTO  Marepuana H
000CHOBaHHOT'O OTHECEHHUS €T0 K ONpPEAeIsIEMbIM HAHOYACTULAM.

e) [locie u3mepenuii obOsacTeil HEOIHOPOAHOTO CKOIUIEHUS 3JEKTPOHHO-
KOHTPAcTHOTO MaTepuala, a TAKkKe B CIy4Yae UX OTCYTCTBUS, ONEPAaTOp HAMEUYaeT
JVHUIO, MPOXOJAIIYI0 Yepe3 Bech o0pasel] W BAOJb 3TOW JuHUU u3Mepsier 30
PaBHOMEpPHO  OTCTOSIIIMX JAPYyr OT Jpyra H300paXeHUH B  pexUMe
IIPOCBEUMBAIOLIEH AJEKTPOHHOW MHUKpockonuu. WM3o00paxkeHUss HaHOYACTHUIL
HEOOXO0MMMO coxpaHsiTh B (ain, oOpamias BHUMaHHWE HAa TO, 4YTOOBI Ha
n300paxkeHusIX Oblla MaciTabHas METKa.

I[Ipu  yBemnuenun 50000 paccrosHME  MEXKIYy  PETUCTPUPYEMBIMU
nzoopaxkenusimu coctasisier 10-30 moneit 3peHusi. KonnuecTBO mpomyckaeMbIxX
MOJIEW 3PEHUsI MEHSETCS MPSIMO MPOMOPLMOHAIBHO HCIOIb3YEMOMY YBEIHMUEHHUIO:
npu yBennueHuu 100 000 mpomyckaerca 20-60 mosel 3peHust; MpU yBEIUYEHUU
10000 nponyckaercs 2-6 moneit 3penus. Eciu B 0oOpasiie oOHapyXeHbl 00s1acTu
HEOJHOPOJIHOTO CKOILIEHUSI 3JEKTPOHHO-KOHTPACTHOTO MaTepuana, TO JIMHUS,
BJIOJIb KOTOPOM HM3MEPSIIOTCS M300pa)KeHUs, MO BO3MOKHOCTHU, JIOJDKHA MPOUTH
MUMO 3TUX oOnactreid. 11 mojcyera NpOMyCKaeMbIX MOJEH PEKOMEHIYeTCs
UCIIOJIb30BaTh Je(PEKThI MOI0KKN I HEOJHOPOIHOCTH 00pasiia, KOHTPOJIUPYS
10 HUM TIepeMeIeHre oopasiia.

Eciu B mose 3peHusi, OT KOTOPOro TPENIoiaraercsi perucTpupoBaTh
U300pakeHre, HAaHOYACTHUIbl OTCYTCTBYIOT, TO 3allMCHIBaTh M300pakeHue B ¢aiin

HC CJIEAyET, OAHAKO KOJIMYCCTBO TAKHX MOJICH 3pCHUA OOJIZKHO OBITH ITOCYUTAHO H
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YYTEHO IIPU aHAIU3€ IUIOTHOCTU U OJHOPOJHOCTH PACIpPENEICHUs HAHOYACTHULL 11O
oOpasiry.

N3mepenne wu300pakeHHl B peKUME IPOCBEUYMBAIONICH AJICKTPOHHON
MUKPOCKOIIMM  JOMOJIHSIETCS (B 3aBUCHUMOCTH OT THUIIA aAHAIU3UPYEMBIX
HAHOYACTHUI[) M3MEPEHUSIMU B pekuMe audpakuuud 3ekTpoHoB wim CXIIDD.
[ens uzmepenuii B pexxumax audpakiuuu 371ekTpoHoB U CXIIDD — monyuyenue
JAHHBIX  JUISl WJCHTU(PUKAIMU  SJIEKTPOHHO-KOHTPACTHOTO  Marepuaia u
000CHOBaHHOT'O OTHECEHHUS €T0 K ONpeeIsieMbIM HAHOYACTHUIIAM.

k) Ilo oOkoHYaHWUM W3MEpPEHUU CIeayeT KOHBEPTUPOBATH (aliibl C
MOJYYEHHBIMH M300pakE€HUSIMU U3 BHYTpPEHHEro (opmMara mporpaMMHOIO
oOecrieueHusi Kk npubopy B Qopmatbl .Jpeg wiu .tiff (§-OuTHOM), a CHIEKTpHI,
u3MepeHsblie B pexxume CXI193 kouBepTupoBaTh B popmarsl .XIs win .txt.

5.1.6.2. Memoouxka uoenmuguxkayuu nanovacmuy
MeTtonuka 3JIEMEHTHOTO KapTupoBaHus ¢ nomolpio CXIIDD npumenuma

JUTsl OOHApyKeHUsI OOJIBIIMHCTBA DJIEMEHTOB, 32 UCKIIOYEHUEM clieayromux: P, S,
Cl, Zn, Ga, Ge, As, Se, Br, Sr, Y, Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag, Cd, In. B Tom
cly4yae, €CiIu JUisl OINpENeNsieMbIX HAHOYACTUIl BO3MOXHO TIOJIyYEHUE U
3JEKTpOHOrpamMM, H crnektpoB XIIDD, mnpenmoureHue cCleayeT OTAABATH
uaeHTuuKauu no crnekrpam XI190.
B cayuae, ecnu ans ompexaensieMbix HaHodacTul npumeHum CXIID3, to
UJECHTU(PUKAINS OCYIIECTBISETCS CICTYIOIUM 00pa3oM:
- €CJIM B aHAJIM3UPYEMOM TI0JIe 3pEHUsI MPUCYTCTBYET O0Jee 5 HaHOYACTHIIL,
TO T1€JIECO00PA3HO UCTIOJIB30BATH PEKUM SJIEMEHTHOTO KapTUPOBAHMS:
- B COOTBETCTBUM C TaOJUIAMH, 3aJI0)KEHHBIMH B MPOTPAMMHOM
o0ecreuyeHnn K MHUKPOCKOMY WWIM 0a3aMHM JaHHBIX [0 CIEKTpam
XTIIDD Beiouparorcs 3naueHust 3Hepruii AEw1, AEw, 1 AEwmax ;
- C WCIOJBh30BAHUEM DJHEPreTUYECKOTO (PMIbTpa CTPOSTCS TPHU
n3o0paxeHusi, cHOPMUPOBAHHBIX JJICKTPOHAMH, SHEPIHMU KOTOPBIX

JEXKaT B Avalia3oHax (AEW]_-A/Z, AEW]_+A/2), (AEWZ-A/Z,AEWZ+A/2) u
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- MyTeM MaTeMaTU4YeCKOil 00palOTKM M3 ATHX TpeX H300paxKeHHit
KOMOMHHpYETCS KapTa paclpeneieHus] BbIOpaHHOTO 3iemMeHTa. Jlis
00paboOTKM  HEOOXOAMMO  HCIOJIb30BaTh  CIEHHUAIM3UPOBAHHBIE
porpaMMel, Taknue kak AXioVision ot Zeiss.

- eclM B TMOJE 3peHHs, NPUCYTCTBYeT He Oojee 5 HaHOYACTHUIl, TO
PEKOMEHIYETCS U3MEPUTH OT KaXKI0M U3 HUX criekTp XI193.

DONEeKTPOHHO-KOHTPACTHBIE BKJIIOYEHHS B aHAIM3UPYEMBIX OOpasnax
OTHOCST K OIPEAEISIEMbIM HAHOYACTHULIAM, €CIIU:

- OHM TPHUCYTCTBYIOT, KaK B HM300pAKECHUSAX, U3MEPEHHBIX B OOBIYHOM
peXUME MPOCBEUUBAIOIIEH JIEKTPOHHON MHUKPOCKOIHH, TaK U B M300paKEHHSIX,
MOJIYYEHHBIX METOJOM 3JIEMEHTHOTO KapTUpOBaHUs Ha ocHOBe CXIIDD;

- nwmu cnektpel XIID3, wu3MepeHHbIE OT OTACIBHBIX HAHOYACTHUI[ B
aHAIM3UPYEMOM 00pa3lle COOTBETCTBYIOT CIEKTpaM HAHOYACTUIl CTAHJIAPTHOTO
obpasra.

Ecmu metoguka CXII2D HenpuMeHUMa 111 ONPEACIIEMbIX HAHOYACTHIL, U
OTH YACTHUIIBI SBIISIOTCS KPUCTAJUTMUECKUMHU, TO JUISl UACHTU(MUKAIIUU UCTIONB3YIOT
PEXUM TUPPAKIUU IIEKTPOHOB:

- 17151 TIOJTYYeHUS AJICKTPOHOTPAMMBI B MpeJieax MoJisi 3peHus He00X0 MO
BBIOMpAaTh Ty 00JacTh, B KOTOPOM MPUCYTCTBYET MAaKCHUMAaJIbHOE
KOJMYeCcTBO HaHowactuil. ClieqyeT y4uTbIBaTh, 4YTO KaueCTBEHHAas
ANEKTPOHOTpaMMa, KakK TMPaBWIO, TOJNy4aeTcs, eciau B 00JacT,
OrpaHMYMBaEeMOil  anepTypHol  auadparmoil  auameTrpoM 1 MKM,
npucyTcTByeT He MeHee 20 HaHowacTull. TeM He MeHee, HeOoOXOIUMO
nmpoOoBaTh Mody4daTh AUGPAKIMOHHBIE H300paKeHHWs U OT 0OJacTeH,
coJiepKaliuX MEHbIIEe KOIMUYEeCTBO HAHOYACTHII;

- €CJIM TIOJIy4aeMbI€ JJIEKTPOHOTPAMMBI UMEIOT YETKHE DPEQIICKCHI, ITH
M300pakeHHs] JODKHBI  OBITh  COXpaHEHbl. B NpOTHBHOM  cCiydae
JIOCTAaTOYHO COXPAHUTh XapaKTepHOE M300pa’keHue, MOKa3bIBAIOIIEE, YTO
OT HAHOYACTUIl B 00pa3le He yaaercs Habmomatb WHGOPMATHBHOM

TU(GPaKIIMOHHON KapTUHBI.
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DNEeKTPOHHO-KOHTPACTHBIE BKIIOYEHUS B aHATM3UPYEMBIX 00pa3iax OTHOCST
K ONpENeIsiEMbIM HAHOYACTHUIIAM, €CJIH NPH HAJIOKEHUU DSIEKTPOHOIPaMM,
U3MEPEHHBIX OT aHATM3UPYEMOTo 00pasiia, Ha JIEKTPOHHOTPAMMY CTaHIAPTHOTO
oOpasiia, TOJOXXKEHUE pPEQIIEKCOB AaHATU3UPYEMbIX HAHOYACTHUIl COBIAJACT C
TUu(dPaKIIMOHHBIMU KOJIBIIAMU OT CTAaHJAPTHBIX HAHOYACTHII.
Ecnu ofHOBpeMEHHO BBITIOJIHEHBI CIIEAYIOIINE YCIOBUS:
- a"Hanu3 ¢ nomoibio CXII9D HeBO3MOKEH
- YacTUIbl HACTOJBKO pAa3peKeHbl, YTO HE yJaercsi MOIyYUTh
TU(GPaKIUOHHYI0 KapTUHY, KOTOPYIO MOKHO ObUIO ObI CONOCTaBISTH C
ATAJIOHHOM, MOJYYEHHON OT CTaHAApPTHOro 00pasia,
TO B 3TOM cllydyae HJEHTU(UKAIMS JTOJPKHA OCHOBBIBATHCS HA COMOCTABIICHUU
pa3MepoB U (GOpMbI HAHOYACTHUIL B CTAHJAPTHOM U aHAJTU3UPYEMBIX 00pa3lax.
5.1.6.3. Memoouka nposedenus ananuza no yCMaHo6/1eHUI0 JT1OKAIU3AuuUU
HAHOYACMUY 8 CPe3ax MKAHell U OP2AHO8 HCUBOMHBIX

JlaHHBIM aHaIM3 BBINOJHSAETCS B CIydae JOCTOBEPHOIO BBISIBICHUS
HAaHOYACTHUIl Ha cpe3axX, HE MOJBEPraBIIMXCS KOHTpacTUpoBaHuto. s aHanuza
JIOKaNU3alMd HAaHOYACTHI] MCIOJb3YIOTCS CPe3bl, MPUTOTOBIECHHBIE K aHAIU3y C
WCIIOJIb30BaHUEM CTaHAAPTHOW NPOLENYpPbl MPOBOAKHM M KOHTPACTUPOBAHUS.
AHaJIN3 JIOKaJIU3alM HAHOYACTHI] MPOBOJUTCA C UCIOJIb30BAaHUEM TPEX CPE30B,
Hape3aHHBIX C OJHOTO U TOro ke OJioka (00paslia) ¢ y4acTKOB OJIOKA OTCTOSIIINX
JpyT OT Apyra He MeHee, yeM Ha 100 MkM.

[Ipy BBINOJIHEHUH aHANIA3a JOKAIU3ALUU PETUCTPUPYIOTCS U300PAKEHUS B
OOBIYHOM  PpEXHMME MPOCBEUMBAIONICH  AJIEKTPOHHOW  MHUKpockonmuu. Jlns
pacno3HaBaHMsI HAHOYACTHUIT Ha (POHE KOHTPACTHPOBAHHBIX CTPYKTYP HUCIOIB3YIOT
JaHHble O (opMe W pa3Mepe HaHOYACTHIl, OOHAPYKEHHBIX Ha Cpe3ax, He
MoABEpraBIIMXCsl KOHTpacThupoBaHuto. Eciam meroguka CXIID3D npumenuma s
ONpENENIIeMbIX HAHOYACTUIl, TO PEKOMEHAYETCS JOIMOJHUTEIBHO MPOBOIUTH
AJIEMEHTHOE KapTUPOBAHUE HAHOUYACTHI ¢ Ucioyib3oBaHuemM CXII3D3.

OO0s13aTeNbHBIM SIBJISETCS aHAIH3 JIOKAJIM3AINN B Y4aCTKaX HEOHOPOIHOTO

CKOIZICHHA HaHO4YaCTHUI[, €CJIN TaKUC YUAaCTKH ObLIN O6Hap}7)K€HBI Ha Cpe€3ax, HC
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MOJBEPTaBIINXCS  KOHTPACTHUPOBAHWUIO.  JIOMOJHUTENHRHO  XapaKTEepU3YeTCs
JOKalu3alus paccestHHBIX HaHowacTull. Llenp 9sToro aHanmmsa caenartb
3aKJIIOYCHHE:

- b0 O CTPYKTypax, B KOTOPHIX MPEUMYIIECTBEHHO JIOKAJTHU3YIOTCS
HAHOYACTHIIbI,

- mu6o o HecnenuuuHoM (AudPy3HOM) pacmpereIeHUd HAHOYACTUIl B
KJICTOYHBIX W TKAHEBBIX CTPYKTYpax.

[Tpu G0JIBIIOM KOJIMYECTBE HAHOYACTHUIl B aHAJIM3UPYEMBIX Cpe3ax, CIeayeT
MEPEUYNUCIUTh  CTPYKTYPHI, B  KOTOPBHIX HAHOYACTHUIIBI  JIOCTOBEPHO  HE
OOHapyXUBAIOTCS.

Nnentudukaims TKAHEBBIX W KJIETOYHBIX CTPYKTYp W 3aKJIIOYEHUE O
JIOKATM3alli HAHOYACTHII TIOJDKHBI BBITIOTHATHCS CIICIIHATMICTOM, HMEIOIITUM OTIBIT
MOI0OHBIX UCCIIEIOBAHUM.

5.1.7. Oo0padorTka JAHHBIX JIEKTPOHHO-MUKPOCKOIIUYECKOI' 0
ucc/jie10BaHusA

[Tomy4yeHHbIe M300paKEHHS JTOJDKHBI ObITh 00paboOTaHbl B MpOTpaMMe ISt
00pabOTKM MHUKPOCKOMUYECKUX HM300pakeHUM (peKoMeHAyeTcsi CBOOOIHO
pacnpoctpansiemass mnporpamma ImageJ, noctynHas B HHTepHere Ha caire
http//rsb.info.nih.gov/ij/).

[To moMy4eHHBIM H300paKEHUSM BBIUUCIISACTCS CpEAHEE YHCIIO YacCTHII,
NPUXOASIINXCS Ha €IUHUIYYy IUIomanu oOpasua. s 3Toro mnms KaXaoro u3
UMEIOIINXCS KaIpOB BBIYUCIISACTCS KOJMYECTBO HAHOYACTHIl, MPUXOJAIISECS Ha
enuHUIY TTomany. K moiaydeHHoM BRIOOpKE J00aBISIOTCS MyCTHIE TIOJIS 3PCHMS,
ecii OHM ObUTH OOHApY>KeHbI Ha 00pasiie. [1o moydeHHON BRIOOPKE BHIYUCIISETCS
CpelHee KOJIMYECTBO HAHOYACTHII, TMPUXOJAIICECS HA CAWHWIYY IUIOIIAAA H
CpellHee KBaAPaTUYHOE OTKIOHEHUE ITON BETUYNHBI.

[To momydeHHBIM H300pPAKEHHUSAM BBIYHCIACTCS CPEIHUN pa3Mep YaCTHII.
JIJ1st TOTO UCTIONIB3YIOTCS T€ H300paKEHUS, Ha KOTOPBIX YBEIUYCHUE MUKPOCKOIIA
MakcuMaibHO. Eciin 0011ee 4rciio 4acTuil Ha BCEX MOTYYEHHBIX M300pa’KeHUSIX

MeHee Wi paBHO 100, TO OHU BCe JIOJKHBI ObITh BKJIIOYEHBI B BEIOOPKY, KOTOpast
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Oynetr oOpabateiBaThCcsi. Ecnmm oOmmiee YMCIO YacTUIl HAa BCEX TMOJYYCHHBIX
nzoopaxkenusx 6omnee 100, To ciemyeT BBHIOpaTh Te M300pakKeHUsS, Ha KOTOPBIX
HAHOYACTUIIBI BHJIHBI HauOosiee KOHTpacTHO. [lo moydeHHBIM pe3yibTaTam
CTPOUTCSI TUCTOTpAaMMa PACHPE/ICICHUS] HAHOYACTHUI[ 1O pa3Mepam, MPOBEPAETCS
ee HopMalibHOE (TayCCOBCKOE) pachpeneieHue (peKOMEHIaluu 10 BbIOOpY
kputepueB npoBepku onucanbl B [OCT 8.207-76), BIuuCHsIETCS CpEIHUN pa3zMep
U CpelHee KBaJIpaTUYHOE OTKJIOHEHUE. BO3MOXKHO HCHOIB30BaTh CHEIUATIbHbBIC
byHKuuu 17151 00pabOTKH M300paKEHUM, KOTOPhIE MO3BOJISIOT aBTOMATU3UPOBATh
BBIYUCIICHUS.

JInst XapakTepuCTUKH (POPMBI HAHOYACTHI] MCIOJIB3YETCS OJMH W3 JIBYX
IIOJIXOJIOB:

- JUIS KaXJIO0W HAHOYACTHIIbI, BXOJASIIEH B BBIOOPKY, BBIYUCIISIOTCS

MaKCUMAaJIbHBIA 1 MUHUMAJIBHBIN pa3Mep, aHaJTU3UPYETCsl UX OTHOIIEHUE — hOopM-
dakTop

. S
- IJIA KaKA0W HAHOYACTHUIIBI BEIYUCIEICTCA TUPKYILIPHOCTD Arx F , TIC S -

IUIOIIAMb, & P — IEPUMETP HAHOYACTHULIBI.

[To ¢opm-akTopy (MM TO UUPKYISIPHOCTU) AOHKHA OBITh MOCTPOEHA
TUCTOrpaMMa paclpeleseHusl, BBIYMCIEHO CpEJHEEe M CpelHee KBaJIpaTU4HOE
OTKJIOHEHHE.

Ecnu Obun u3mepensl criektpbl XIID3D, To crnenyer omnpenenuth Kpaid
NOTJIOIIEHNS TMHKAa HCKOMOIO 3JIEMEHTA, MaKCUMyM IIMKAa, M CpPaBHUTb 3THU
napamMeTpbl ¢ oOpa3lnoM cpaBHeHHs. B ciydae eciaum o0pa3noMm cpaBHEHUS
ABJIIETCSI CTAHAAPTHBIM 00pa3el] MCKOMBIX HAHOYACTHI], Kpail MOIrJIOUmIEHUus Hu
MaKCUMYM CIIEKTPOB ITOIVIOLIEHUS TMKOB JOJIKHBI COBITA1aTh.

Ecnu Obuia mosydeHa 3JIEKTpOHOTpaMMa OT HAHOYACTHUI[ B HMCCIIETyEMOM
oOpasiie, TO €¢ HeoOXOJAMMO CPaBHHUTh C OTAJOHHOW DJIEKTPOHOTPAMMOM OT
CTaHJIPaTHOTO o0pa3la MyTeM HaJIOKEHHUS.

5.1.8. IIpeacraBiieHue pe3yabTaTOB
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ITo pe3ynbraTaM aHaau3a FOTOBUTCA MUCbMEHHOE 3aKJIIOYEHUE O HAMYUU
WM OTCYTCTBUM HaHOYACTHIl B oOpasiue. Eciu HaHouacTuilsl ObUTM OOHApY>KEHHBI,
TO JIOJKHBI OBITH MTPEIOCTABIICHBI:

- XapakTepHble H300paKE€HUsS HAHOYACTHUI[ B OOpaslle, U3MEPEHHBIE METOJ0M
MPOCBEUUBAIOLIEH JIEKTPOHHON MUKPOCKOIIHH;

- NI OJHOPOAHBIX O0pa3loB (MOJOKO, TOMOTEHAThl, IUIa3Ma, CBHIBOPOTKA,
TKaHEBbIC JKCTPAKTHI, Jpyrue OUOJOTUYECKUE >KHUAKOCTH) MPEICTaBISETCA
CpellHEee YHWCIO YAacTHIl, MNPUXOAsIIeecs Ha EIUHUIly IUIOAAN, U CpeaHee
KBaJpaTUYHOE OTKJIOHEHUE ITOU BEIUYUHBI;

- TUCTOTpamMMa pacipe/iesieHds HaHOYaCTUIl IO pa3MepaM, CpedHUil pa3Mmep, ero
CpedHee  KBagpaTUYHOE  OTKJIOHEHHWE, a  TakKe  COINOCTABIEHUE  C
COOTBETCTBYIOIIMMH JAHHBIMHU I CTaHAAPTHOTO 00paslia COOTBETCTBYIOIIETO
HaHOMAaTepuaa,

- TUCTOTpamMMa pacrpeesieHus HaHodacTull 1o (Gopm-GhakTopy W/WiIu 3HAUCHUIO
HUPKYJISIPHOCTH, cpeaHee 3HaueHue QopM-pakropa (LUUPKYJIIPHOCTH) U €€
CpelIHee KBaJpaTUYHOE OTKIOHEHHE, a TaKKE€ COIMOCTABJICHHE ITUX HAHHBIX C
COOTBETCTBYIOIIMMU JAaHHBIMU ISl 0Opasiia CpaBHEHHUS.

Ecimu Ob11 casat cnektp XI1D3, To KpoMe caMOro CreKkTpa JIOJKEH ObITh
MPUBECH CIIEKTP, MOJYUYEHHBIN OT CTaHJAPTHOTO 0o0paslia, a TakkKe u300paKeHue
00JIaCTH C HAaHOYAaCTHUI[AMH, OT KOTOPbI OH ObUI MOJIydeH. B ciydae mpoBeneHus
AJIEMEHTHOTO KapTHUPOBAaHUS TPUBOJUTCS HW300pKEHUE, XapaKTEpU3YIoIlIee
pacnpeniesieHue aHAIM3UPYEMOT0 AJIEMEHTA.

Ecnu Obuta cHsATa kapTuHa AUQPaAKIUKU JJIEKTPOHOB, TO JOJDKEH OBITh
MPEACTABICH PE3yJIbTaT €€ COMOCTABJICHUSI C AJIEKTPOHOTPAMMOUN CTaHJIaPTHOTO
oOpasria.

B oruére o mpoBenEHHOM HCCIEIOBAHUM TMPUBOJUTCS MOTHBHPOBAHHOE
3aKJIFOUYCHHE O JIOKAIM3AlMY HAHOYACTHUI, IEPEUUCIISIOTCS KIIETOYHBIE U TKAaHEBbIC
CTPYKTYpbl, B KOTOPBIX IIPOMCXOJIUT HAKOIUICHHME HAHOYACTHI[, a TaKxke
OTMEYAIOTCSI TE€ CTPYKTYpbl, B KOTOPbIX HAHOYACTUIHl JIOCTOBEPHO HE

OOHapyXEHBI.

47



VI. METO/bI AHAJIM3A XUMHUYECKOTI'O COCTABA
HAHOMATEPHAJIOB B COCTABE ITPUPOJHBIX BUOJIOTUYECKHUX
N ABUOTHYECKHUX OBBEKTOB

6.1. ATOMHO-9MUCCHUHOHHAS CIIEKTPO®OTOMETPU S

6.1.1. [Ipunumun metoaa

MeTtoa OCHOBaH Ha OKHUCIHMTEIbHO-KHUCIOTHOM «MOKpOI» MHUHEpalu3aluu
npo0 ucciaeayeMbiXx OMOCYOCTpaTOB M aOMOTUYECKUX O00pa3OB U MOCIEAYIONIEM
aHaJIM3€ UX Ha BXOJAIIME B COCTAB HAHOYACTHUI] XUMHUUYECKHUE JIEMEHTHI METOIOM
aTOMHO-IMHUCCHUOHHOMN CIIEKTPOMETPHUM C MCIOJIb30BAHUEM B KAUECTBE MCTOYHUKA
BO30Y)KJICHHSI BBICOKOYACTOTHOM HWHAYKTHUBHO CBSI3aHHOW aproHOBOM IJIa3MBbl.
[lepeBenenne KOMIIOHEHTOB oOpasila, BKJIOYas cojaepxkaluecss B HEM
HAHOYACTHIIBI, B PACTBOP JAOCTUTraeTcs 0O0pabOTKOM NpoO KOHUEHTPUPOBAHHOU
a30THOM KHMCJIOTOM IIpU OTKPBITOM M aBTOKJIABHOM paszioxeHuu. IllomHOTrO
MpEABAPUTEILHOTO  pa3pyILICHUs] OpraHUYecKoW MaTpulilbl He Tpelyercs,
MOCKOJIbKY 3TO HE CKa3bIBa€TCsl Ha MPOTEKAIOIIE B IUIa3M€ IMPU BBICOKOU
TEeMIIepaType aToOMHU3aIMK TPOOBI M Ha Mpolleccax BO30YXKIACHUS SMHUCCHOHHBIX
CIIEKTPOB aTOMOB OIpPEACIsEMbIX JJIEMEHTOB, MNPUUYEM TPUMEHEHHE CXEMBbI
MOCJIEIOBATEILHOTO CKAHMPOBAHUS TO3BOJIIET 3a7aBaTh HEOOXOIUMBIM CIUCOK
TpeOYEMBIX CIEKTPATbHBIX SMHUCCHOHHBIX JUHUN, OTBEUAIOIIMX OMpeAeIsieMbIM
AIIEMEHTaM.

6.1.2. OcHOBHBIE TEXHUYECKHE XAPAKTEPUCTUKH CPEJICTB U3MeEPEeHUi

PexoMeHTyeTcss MCIOIB30BaTh MOCIIEIOBATEIbHBIN aTOMHO-IMUCCUOHHBIN
cuexktpometp (tuma Optima 2000™ DV u ero cepunm Optima 4X00 DV wmu
aHAJIOTUYHBIC), KOTOPHIC TMPEICTABISIOT COOOW ONTUYECKHE CIEKTPOMETPHI C
noynpoBogHUKOBeIMU AeTekTopamu Tuma CCD (charge-coupled device) u ¢
WHIYKTUBHO CBSI3AHHOMW TUTa3MOM B KQ4e€CTBE MCTOYHHKU BO30YKICHUS CIIEKTPOB.

PabGounii auana3oH JIJWH BOJH TaKUX CIIEKTPOMETPOB cocTamisieT 165—800 HM
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npu criekTpasibHOM pazperieHuun 0,007 (mpu anvue BosiHbl 193 HM). CriekTpasibHas
nojoca mnpomnyckanus yacrtor: 0,009 mm wa 200 HM, 0,027 HM Ha 700 HM,
MOHOXPOMATOp TUNA OIIeiie. ODKCIO3UIUSA  CIHEKTPOB  OCYIIECTBIISIETCS
apromatnuecku B uHTepBaiie 0,01— 500 ¢, KOJIMYECTBO PEILIMK - MPOU3BOJIBHOE.
B cnektpomerpe peanusyercs CHEKTpalibHas KOppekius (oHa ¢ MOMOIIbIO
alropuT™Ma MyJbTHUCHEKTpaibHOU (unbTpamuu (MSF). PabGorta cnexTtpomerpa
MOJHOCTBIO YINPABISIETCS W KOHTPOJHMPYETCS MPOTPaMMHBIM OO€CIICUCHUEM.
[IporpammHoe oOecrieyeHue MO3BOJSET OCYIIECTBISATH MOJIHYI0 aBTOMATHU3ALMIO
U3MEPEHUN M YIpaBJIEHHE BCIOMOTaTeIbHBIMU CHUCTEMaMu MJid BBOJA MpoO,
COXpaHSICT Pe3yJIbTaThl M3MEPEHUM, BKIIIOYAs CIEKTPbl, U JaeT BO3MOXKHOCTh
MOBTOPHOM  00paboTku uHPOpManuu ©O€3 MTPOBEACHUS JIOTOJHUTEIBHBIX
u3MepeHui. Pe3ynbTarsl aHaau3a BBIBOJATCS HA MOHUTOP B TpeOyemoM dopmare,
coxXpaHsitoTcs B BHUe (haiijla Ha >KECTKOM JUCKE KOMITBIOTEpa M MOTYT OBIThH
NepeHECEHbI Ha JPYTUe HOCUTEIH IS JaidbHeIe 00padoTKu.

6.1.3. CpeacrBa u3mMepeHuii, MaTepuajbl, peaAKTHBbI

6.1.3.1. Cpeocmea uzmepenuii

- ATOMHO-YMHUCCUOHHBIN CIIEKTPOMETP c PaIuO4YaCTOTHBIM
AJIEKTPOMArHUTHBIM TEHEPATOPOM JUIsl BO30YXKJIEHUS WHIYKTUBHO CBSI3aHHOUN
aproHOBOW TIUJIa3Mbl, OOOPY/IOBAHHBIA YCTPOWCTBOM JUIsi KOHTPOJS CKOPOCTEH
MOTOKAa aproHa, KOMIBIOTEPOM JJisi OOpabOTKM  BBIXOJHBIX  CHUTHAJIOB
CIIEKTPOMETPAa C BO3MOXKHOCTBIO KOPPEKIMU (DOHOBBIX CHUTHAJIOB, WMEIOIIHMA
ceprudukar PocrexperynupoBaHus, 3aperucTpupoBaHHbld B ['ocygapcTBEHHOM
peeECTpe CPEACTB U3MEPEHUI;

- BEChl AHAJIUTUYECKHE DJIEKTPOHHBIE C TMPEIEIOM JIOIMyCKaeMOoMn
norpemHoctu = 0,0005 1, orBeuaroniue tpedoanusim 'OCT 24104-2001;

- TepMoOsIoK (upmbl «Ikpocy (moa. 4020) wimm anamoruuseii ¢ 30 umum
Gonee THe3maMH IS (PTOPOILIACTOBBIX LHIMHAPOB, BMECTHMOCTBIO 20 cM°
(BO3MOKHO HMCTOJIb30BAHUE YCTAHOBOK JIJII MUKPOBOJIHOBOM MTPOOOMOATOTOBKHU CO

(TOPOIUIACTOBBIMH BKJIAJIBIIIIAMU B aBTOKJIABBI);
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- aKBaIUCTHILIISITOP ANEKTPUIECKUI OJTHOCTYTICHYATHIN WA
JBYXCTYTEHYAThIN, yaoBieTBopstomuid TpedoBanusm ['OCT 28165-89;

-  MemOpaHHas  KOMOMHHMpOBaHHas  yCTaHOBKAa Il TOJYYCHHS
JICMOHU30BaHHOW BOJBI TUNA «Bomoiei» win aHamorunyHas;

- 7I03aTOPBI C IEPEMEHHBIM 00BEMOM J103upoBaHust «Gilson»:

- 0,2 -2,0 mm? ¢ marom 0,01 mMm3, ¢ TounocTrio +1,2%);
- 2- 20 mm3 ¢ marom 0,01 mm3, ¢ Tounoctero +0,8%;
-1-10 cm?® ¢ marom 0,1 cm3, ¢ Tounocteio £0,5%.

- mo3atopsl «Jlenmumer» mo TY 9452-002-33189998-2002:

-0,5-10,0 mm3 ¢ marom 0,01 mm3, ¢ Tounoctero +0,8%;
- 20— 200 mm3 ¢ mrarom 0,1 mMm3, ¢ Tounocteio +0,6%;
- 100 — 1000 mMm3 ¢ marom 1 mm3, ¢ TouHOCTBIO +3 %0;

- CTaKaHbl XHMHYECKHE TEPMOCTONKHE, BMecTUMOCThIO 100—150 cM® mo
I'OCT 25336-82;

- IpoGHpKH Ted)IOHOBBIE TPayHpoBaHHbIe Ha 10 cM®;

- OJIHOPA30BbIC TMOJIMMPONHUICHOBBIC TpaJIydpPOBaHHBIC IEHTPHU(YKHBIE
MPOOHPKM 6e3 KPBIIEK, €MKOCTBIO 15 cM°, I XpaHeHHS pPACTBOPEHHBIX
00pa3IioB;

- OJIHOPa30BbIC TMOJMIPONUICHOBBIC TPaAyUpPOBAaHHBIC IEHTPUDYKHBIC
MPOGHPKU C BHHTOBBIMH KDBIIIKAMH, €MKOCTBIO 50 CM°, IS XpaHEHHs PaGodmX
CTaHIApPTOB;

- WHTHHAP MepHbIit, BMecTHMOCTI0 100 eM® mo TOCT 1770-74;

- crakagunky i B3BemuBanusa o [ OCT 25336-82;

- yiubTpa3BykoBas BaHHa Y3B-9,5 mo TVY 5252-378-0860808-96 wumu
aHAJIOTUYHAS.

6.1.3.2. Peaxmuevt u mamepual

- KHACJIOTa a30THAs KHUCJIOTa KOHIICHTPUPOBAHHAs, OC. Y. WJIM OYHUIICHHAS
METOJIOM IIEPETOHKM B KBApPLEBOM WJIM B TEPMOCTOWKOW MOJHUMPOMUIEHOBOU
nocynae 'OCT 11125-84,

- aproOH ra3000pa3HbIi BEICOKOW YUCTOTHI IO TY 6-21-12-94 (c u3m. 1, 2);
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- Boga puctwmupoBanHas o 'OCT 6709-79;

- aneToH, o.c.4u. mo TVY 2633-039-44493179-00;

-uaauit (111) a3oTHOKKMCHBIN (OC.4. UJIM UMIIOPTHBIN aHAJIOT);

- CTaHJIapTHBIE 00PA3IThl COCTABAa PACTBOPOB OJHO- U MHOTO3JIEMEHTHBIC JIJIS
aTOMHO-PMHUCCUOHHOM CTIEKTPOMETPHH;

- ckanpnens no 'OCT 21240-89;

- (hunpTpoBabHAS Oymara;

- 3aIUTHas JJabopaTopHas rmieHka tuma Parafilm « My unu mogoOHast.

6.1.4. TpeGoBaHus K 0€30NMACHOCTH NMPOBeAEeHNsI padoT

[Ipu paboTe ¢ XMMHYECKUMH BEIIECTBAMH M PEAKTHBAMHU HEOOXOIMMO
coOI01aTh TPEOOBAHUS TEXHUKU OE€30MAaCHOCTH, YCTAHOBIIEHHBIE IS paloT C
TOKCUYHBIMM, €IKHUMH W JIETKOBOCIDIaMeHsromumMuca BemecrBamu no ['OCT
12.4.021-75.

PaGouune cTobl 1 MTOBEPXHOCTH JIOJKHBI COJIEPKAThCsl B YUCTOTE. B KOHIIE
pabouero JHS TOCIe OTKIIOYCHHUS BCEX MPUOOPOB MPOU3BOAUTCS BIKHAS YOOpKa
paboyux MOBEPXHOCTEH.

be3onacHocTh Tpu paboTe € AIEKTPOYCTAaHOBKAMH OOECIIEUYHMBACTCS TIO
I'OCT 12.1.019-79. TIlomemenue sl TPOBEICHHUS HU3MEPEHHUM JOJKHO
COOTBETCTBOBATh YCTAaHOBJICHHBIM TpeOoBaHusM. [Ipu BBIMOTHEHUU PadOT
JOJDKHBI ~ OBITh  COOJIFOJIEHBI  MEpbl  MPOTHBOMOXAPHOW  O€30MacHOCTH B
COOTBETCTBHHM C YCTAaHOBJIEHHBIMH TpeOoBaHusIMH. TpeOoBaHUS OE30MACHOCTH
JIOJDKHBI COOTBETCTBOBATH MPAaBHJIaM, YCTAHOBJICHHBIM B TEXHUYECKOM OMUCAHUN
Ha TpUOOPBHL.

6.1.5. TpeOoBanusi Kk kKBajduuKauum JuIl, padoTAIUX HA
CIIEKTpOMeTpe

K BBINOMHEHNIO U3MEPEHHM HaA CIEKTPOMETPE JOMYCKAKTCSA JIMIA,
UMEIOIINE OMBIT PAabOTHI C OMTHYECKUMU CPEJICTBAMH W3MEPEHHM THIIAa aTOMHO-
OMUCCHOHHOTO  CIEKTPOMETpa C  WHIYKTUBHO  CBS3aHHOHW  IIJIa3MOM,
MOATBEP)KJACHHBIM aTrTecTaTroM (UPMBI, BBITYCTUBIIEH MNPUOOp; HW3YUUBIIUE

TEXHUYCCKOC OIIMCAHUE H3MEPHUTCIIBHOI'O HpH60pa N MCTOAUKY BBIITOJTHCHUA
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n3Mepennii; odydennnle B coorBercTBuM ¢ ['OCT 12.0.004-90 m mpommenmme
WHCTPYKTQX IO TEXHHUKE OE30MacCHOCTH Ha paboueM MEeCTe M O3HAKOMIICHHBIC C
npaBuiIamMu 00CIIyXMBaHUs crekTpomeTpa. K mpoBeneHuto mpoOOmnoaroToBKH
JIOMYCKAIOTCA JIMIA, UMEIOLIHE ONBIT pa0OThl B XUMUUYECKO JJabOpaTOpHH.

6.1.6. ¥YcjioBHS BHINIOJTHEHUSI U3MepeHU

BrinonHenne u3MepeHHuii TPOBOJAT MPU HOPMAIBHBIX KIMMATHYECKUX
YCIOBUSIX UCHbITaHUU. [loMellleHre He MOKHO COAEpKaTh TOKCUYHBIX MApOB U
razoB. Temmeparypa OKpy)Karomiero Bo3ayxa B Jjaboparopuun 18—25 °C.
Atmochepnoe nmaienue 84—106 xlla (630—800 MM pt. cT.). BraxsHocTb
Bo3ayxa 80 = 5 % mnpu Ttemmeparype 25 °C. Ilpu wucnons3oBaHUH
ANEKTPOIIPUOOpPOB yacToTa nepemenHoro toka 50,0 + 0,2 ['u, HanmpspkeHUe cetu
220 + 10 B. OcgelieHue NOMEIICHUS €CTECTBEHHOE WJIM MCKYCCTBEHHOE, HE
OTPaHUYHMBAETCSI OCOOBIMHU TPEOOBAHUSMHU.

6.1.7. lloaroroBKa K NPOBEAEHUIO U3MeEPEHUI

Bce mnpouenypsl MOArOTOBKM Tpo0 K aHAIW3y JOJDKHBI HCKIIOYATh
BO3MOXXHOCTh ~ BHECEHHMS] B  HHMX  3arps3HeHuil. Hcnons3yemyro s
npoOONOAroTOBKM  ()TOPOIUIACTOBYIO  TMOCYAY THIATEIbHO TMPOMBIBAIOT B
yIbTPA3BYKOBON BaHHE B pa30aBieHHOW 1:1 a30THOH KHCIIOT€ W TPHXKIBI
OTOJIACKUBAIOT IEMOHU30BAaHHOW BOJOM.

6.1.8. OTO0p, XpaHeHHE U MOATOTOBKA MPOO

OO6pa3isl OMOJIOTUYECKUX po0 OT  JKUBOTHBIX, pacTeHuit,
CEILCKOXO3SIICTBEHHOTO ChIPhSl U APYIUX OOBEKTOB OTOMpAIOT MO METOJIUKaM
npobooTOOpa ISl COOTBETCTBYIOIIMX BHUAOB MNpoaykiuu. IlomyueHHas wmacca
o0pas3loB JODKHA COCTaBJIATh HE MeHee | T B cilydae oOmpeneieHUs OHOTO
3JIEMEHTA U HE MeHee 3-5 T IPU OJIHOBPEMEHHOM omnpeaeneHuu 10 20 3JI€MEHTOB.
B caywae pmuTenpHOTO XpaHEHHS O00pas3lbl MOMEMIAIOT B TEePMETUYHBIC
OJTHOPA30BBIE MPOOUPKH U 3aMOPAXKUBAIOT 10 -18°C b0 MoUIU3upyIoT.

Paznoxxenue nmpod 6nocyOCcTpaToB MPOBOST CIAEAYIOITUM 00pa3oM.

a) Kuokue obpazyvl. Omkpwvimoe paznodcenue. HaBecky aHaIU3UPyeMOro

oOBbeKkTa OepyT Ha aHAJIUTHUYECKUX Becax BO (DTOPOIIACTOBBIE LIMIUHIPHI (TUIA
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PTFE, Viton™, Teflon™, PFA), onpeaensisi Mmaccy HaBecku ¢ TouHOCThIO £0,001 T
10 pa3HUIIE MACChl LIHJIMHJIPA 10 U MOCJIE B3ATUS HABECKU. B IMMIMHIIPp NpUIMBAIOT
0,3—1,0 cM® KOHIIEHTPHPOBAHHON A30THOM KHCIOTHI, HAKPHIBAIOT J1aGOPATOPHOI
IUICHKOM M MOMENIAIOT B TEPMOOJIOK, pa3orpeThiid 10 115°C. Brinep:xxuator B
tepmobsoke B TedeHue 0,5—1,0 u g0 romoreHuzanuu npoObl. PacTBOpeHHBIN
oOpa3zell KOJIMYECTBEHHO TMEPEHOCAT B MEPHYIO IMOJMIPONHICHOBYIO TPOOUPKY,
TPOEKPATHO CMbIBas CO CTEHKH LIWJIMHJIpPA U JIOBOAST JIEMOHMW30BAaHHOM BOJIOM /10
10 oM’ ['epMeTMYHO 3aKpBIBAIOT 3AIMUTHOM IUIEHKOW, NEPEMENIMBAIOT U
HaIpaBJISIIOT HA aHAJIU3.

6) Ilnomuwie obpaszyvl. Muxposonnosas npoboonodzomoska. YKa3aHHYIO
BBIIIIE B JJAHHOM IIyHKTE HABECKY aHaIu3UpyeMoro oOpasiia MOMENIaloT BO
()TOpOMIACTOBbIH BKIAABII U TOGABIAIOT 5 CM° a30THOI KHCIOTHL. ABTOKIAB C
npoOoii BO BKJIAJIBIIIE MOMEMIAIOT B MUKPOBOJIHOBYIO I€Ub U pazjiaraloT mpooy,
UCIIOJB3Yd MPOrpaMMy  Pa3OKEHHS, PEKOMEHJOBAHHYIO  HM3rOTOBUTEIEM
MUKpPOBOJIHOBOM Tieur. B o0mem ciydae mjis MATKMX TKaHEW IKUBOTHBIX,
CEILCKOXO3SIICTBEHHOTO ChIPhSi MOKHO MPUMEHSTH CJICAYIOIIUN PEKUM Harpena:
noabeM Temmepatypsl 10 200°C B TedeHwe 5 MUH, BHIICPKHUBAHHE B TEUCHHE 5
MWH IIPU 2OOOC, OXJIAXKJICHHE JI0 45°C. OxnaxJ1eHHBIM aBTOKJIAB BCTPSAXUBAIOT JJIsI
MepeMEeIIUBaHUs COJICPKUMOTO U MPUOTKPHIBAIOT KPBIIIKY JJIsI YpaBHOBEIIMBAHUS
naBneHus. KadecTBeHHO pasnokeHHass mpo0a IMociie OTrOHa OKKCIIOB a30Ta
JIOJDKHA TIPEACTaBIsATh CO00M OECHBETHBIM WM SKEJITOBATBIM MPO3PAUYHBIN
pacTtBop, 0€3 HE pACTBOPUBIIMXCS YACTHI[ HAa JIHE U Ha CTEHKAaX BKJIAJbIIIA.
PacTBOPEHHYIO MPOOY KOIMYECTBEHHO IEPEHOCAT B MPOOHPKY 00beMoM 15 cm’,
TPOEKPATHO BCTPSIXMBAS BKJIABINI C KPBIIIKOH ¢ 1 cM® IeHOHN30BAaHHON BOIBI H
TePEeHOCS KaXKIBIH CMBIB B IIPOOUPKY, ZOBOIIT 06beM 10 10 cM® 1eHOHH30BaHHO!M
BOJIOM, 3aKpBIBAIOT U MEPEMEIINBAIOT. ABTOMAaTUUECKUM JI03aTOPOM CO CMEHHBIM
HAKOHEYHUKOM OTOHPAIOT aTUKBOTHYIO 4acTh | oM’ U noBoxaT 1o 10 oM 0,5%-
HOM a30THOM KUCJIOTOM, 3aKPHIBAIOT 3AIIIMTHON J1aOOPaTOPHOU TUICHKOM, TepeaatoT

Ha aHaynu3. [laHHbIe 00 00beMe aTMKBOTHOM YacTH U 00beMe pa3Be/ICHHS BBOIST B
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IporpaMMHOE OOecrieueHrue CHEKTPOMEeTpa BMECT€ C Ha3BaHMEM U HABECKOH
oOpasria.

JlommyckaeTcsl HeMOCPECTBEHHBI OTOOp aTMKBOTHOW YacTu oobemoM 0, 1-
0,5 cM® U3 pasIoKeHHOi IPOOBI B aBTOKITaBe. UTOOBI CKOMIIEHCHPOBATH MPH ITOM
MOTPEIIHOCTh pa30aBleHUs, TMEpell paszloKeHHEM B MTPOOy HYXKHO JT00aBUTH
pacTtBop BHyTpeHHero cragaapta (In wim Rh), 910061 KOHIIEHTpaLs BHYTPEHHETO
CTaHJIapTa B KOHEYHOM pacTBOpE, HAmpaBiIsieMOM Ha aHallu3, COCTaBIIsLIa
npumepro 10 Mkr/mM® (HampuMep, noGaBuTe B 1pody 100 Mm° pacrtBopa,

3 Rh, 3aTeM U3 5 CM° pa3IOKEHHOH MPOOHI B3STH

coaepxkaiero 10 mr/am
aNMKBOTHYIO 4acth 0,5 cM® u goectH mo 10 comd). PactBop BHyTpeHHETO
CTaHjapTa He0OX0AUMO J00AaBIATH BO BCE XOJIOCThIE MPOOBI U B KAIMOPOBOYHBIE
pacTBOphl. 3a/laHHYI0 KOHIEHTpAlUI0 BHYTpEeHHero cranaaprta (10 MKT/M°) B
XOJIOCTBIX U CTaHJIAPTHBIX PACTBOPAX HEOOXOUMO TOYHO COOJIOIATD.

PactBOp X0710CTO# MPOOBI TOTOBAT C BHITIOJIHEHUEM BCEX YKAa3aHHBIX BBIIIIE
olepanui, 3a UCKIIFOUEHUEM OIEepalliy B3sITHS HABECKH.

6.1.9.11puroroBjieHNe CTAHIAPTHBIX TPAYHPOBOYHbBIX PACTBOPOB

Paboune craHgapTHbIE PacTBOPbI TOTOBAT pa30aBIE€HUEM CTaHAAPTHBIX
OMOPHBIX MHOT'03JIEMEHTHBIX pacTBOPOB. ONOPHBIE CTaHIAPThHI MPUTOTABINBAIOT,
CMEIMBAs ONPEAEICHHBIE KOJMYECTBA OJHOAIEMEHTHBIX CTaHIAPTHBIX PACTBOPOB
JUIS. aTOMHOM crekTpoMmeTpuu. I[Ipu STOM YUYHUTHIBAIOT MaTPHUIBI HMCXOIHBIX
pPacTBOpPOB [JI1 MCKIIIOUEHUS MOTEPb JIIEMEHTOB BCJIEACTBUE COOCAKICHUS U
copbuuu. IlponopuMu W KOHIIEHTPALlMM 3JIEMEHTOB B OMNOPHBIX pPacTBOpax
noAOUPArOT TaKUM 00pa3oM, 4ToOkI mociie pa3dasieHus B 20-50 pa3 momyyaauch
KOHIICHTPAI[MU OJHOTO MOpPsJIKAa C BEPXHUMHU IPaHUIAMH JHANa30HA OKHUJIA€MbIX
COJIEp)KaHUIl  DJIIEMEHTOB B  HUCCJIEAYyeMbIX 00pa3nax, pasjioKeHHBIX IO
CTaHZAPTHOM MeToauKe, ncxomst u3 HaBecku 0,1 r Ha 10 cM® KOHEYHOTO pacTBOpA.
[purotosrennsie  10-50 cM®  OMOPHBIX  CTAHAAPTOB  COXPAHSIOT B
MOJIUTIPONMIICHOBBIX UJTM TOJIUCTUPOJIOBBIX KOHTEHHEpaX.

[IpuroroBneHue paboOYMX CTAaHIAPTOB COCTOUT B JIOBEJICHWU AJMKBOTHOM

4acTH OTMOPHOrO pacTBoOpa 10 TpeObyeMoro oobema pasbasienHoi (1:14) azoTHoi
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KHCJIOTOW WMJIM JEMOHU30BAHHON BOJOH (711 BOJHBIX PacTBOPOB). PaccUMThIBAIOT
KOHIICHTPAI[MU MPUTOTOBJICHHBIX PACTBOPOB M BBOJAT B MaMsITh KOMIIBIOTEPA B
daiin mporpaMMHOTO TakeTta. B TOTOBBIM pabouuii cTaHAapT J100aBISIOT
BHYTPEHHHMM CTaHIAPT - PACTBOP A30THOKUCIIOIO MHAMSA ¢ KOHUeHTpanuen ~1000
MF/ILM?’ no In, u3z pacuera 100 MM® Ha Kaxapie 10 e cranjgapra. Paboune
CTaH/JApThl COXPAHSAIOT U PACXOAYIOT B TedeHue 1-5 pabouux nueir. Ilpumep
cocTaBa paboYMX PacTBOPOB MPHUBEACH B TaOIHUIIE 2.

Ta0mumna 2.

PexoMeHTyeMbIli cOCTaB pabOuMX CTaHIAPTHBIX 0OOPA3IOB B METO/IE AaTOMHO-

AMUCCUOHHOU CIEKTPOPOTOMETPHUH

DJleMeHT KoHIIeHTpauys B MKI/cM® (ppT)
PactBop 1 (4,2 % PactBop 2 (H,0)
HNO,)
Al 0,739 -
Be 0,030 -
Fe 2,015 -
K 10,387 -
Cd 0,097 -
Ca 9,654 -
Co 0,097 -
Li 0,092 -
Mg 4,011 -
Mn 0,194 -
Cu 1,010 -
Na 17,321 -
Ni 0,194 -
Pb 0,482 -
Ti - 0,150
P - 4.626
Cr 0,195 -
Zn 4,010 -
In (BHyTpEeHHMI CTaHIAPT) 10 10

* [IpuroroBnenue: 1 yacTh KOHUEHTPUPOBAHHOM a30THOW KUCJIOTHI Ha 14

qacTe! JICMOHNU30BAHHOU BOJIBI

6.1.10. IToaroroBka npuéopa
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CrieKkTpoMeTp MOArOTaBIMBAIOT K pabOTe B COOTBETCTBUU C PYKOBOJICTBOM
MOoJIb30BaTeNsl (MHCTPYKIMEH) 1Mo 3KcmTyaranud. Heo6xoaumpie pexxumbl pabOThI
YCTaHaBIMBAlOT B COOTBETCTBUM C PEKOMEHAALUUAMU (DUPMBI-U3TOTOBUTEIS.
PexoMenayemblil pexuM MpOBeACHUS U3MEpEeHHi mpuBeneH B Tabmuime. 3. s
KOHKPETHOI'O THIIa MpUOOpa ONTUMAJIbHBIE PEXUMBI MOTYT OBITh YCTAHOBJICHBI
sKcnepuMeHTainbHoO. [loce 3amycka npubopa Mpou3BOIAT MPOBEPKY TEXHUUECKUX
XapaKTEPUCTHK, BHITIOJIHSS TECT YKBUBAJIICHTHON (DOHOBOW KOHIIEHTpAIMH, TECT Ha
BOCIPOM3BOAMMOCTbD, TECT Ha Mpeaesl OOHApYKEHHUSL.

Tabnuna 3.

VcnoBus BRIITOJHEHUS aHAIW3a Ha aTOMHO-3MHCCHOHHOM CIICKTPOMCTPC

[TonBoMMas MOIIHOCTH 1 300 Bt

Oxnaxxaaroniuii MoTOK 15,00 n/Mun

BcnomorarenbHbIN ITIOTOK 0,20 1/MuH

Hecymuit motok 0,85 n/mun

CkopocTh nojiaun oopasia 1,50 n/mun

O630p AKCHAaJIbHBIN JIJI51 BCEX JIEMEHTOB

DKCIO3UIHUS ABTOMaTHYECKas sl BCEX JIEMEHTOB, B UHTEPBAJIC
ot 0,01 10 2,00 ¢

KonmuecTBo permk 3

CnexTpanbpHas KOppeKIUs AJTOPUTM MYJBTUCTIEKTPAIBHON (PUIBTPALIH

¢dona (MSF) B coctaBe mporpaMMHOTO MakeTa

6.1.11. YcTpaHeHue MemIalONmIMX BIAUSHUH

[TonpaBku Ha BIusHUE (POHA TPU BO3HUKHOBEHHHM MATPUYHBIX 3P(EKTOB U
NOJABJICHHE B3aWMHOIO BIMSHHUS  ONPEIECISEMBbIX 3JEMEHTOB BCJIEACTBUE
CHEKTPAJIbHBIX HAJOKEHHW OCYIIECTBISIIOT IPU IOMOIIM  IPOrPAMMHOIO
oOecrieueHusi CIEKTPOMETPa B COOTBETCTBUM C PYKOBOJCTBOM IO SKCILTyaTalluu
cnektpomeTpa. CHEKTpalbHbIX HAJIOXKEHHH H30eraroT BBHIOOPOM HAMIYYIIUX
aHAIMTUYECKUX JJIMH BOJIH B DMUCCUOHHBIX CIIEKTPAX ONPEACNIIEMbIX 3JIEMEHTOB.
i ycTpaHeHUsl BIUSHUA JMHUN - UHTEp(EpPEeHTOB U (POHA IIa3Mbl IPUMEHSIOT
AJITCOPUTM MYJIBTUCIIEKTPATbHON (MIBTpAIlMM MOMEX U (POHA, peajrn30BaHHBINA B
IPOrPaMMHOM 00€CTIEUEHUH.
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6.1.12. I'paanyupoBKa cnieKTpoMeTpa

['panyrpoBKy CHEKTPOMETpPA BBINOJHAIOT TNEPE] HAdyaloM H3MEPEHHIM
HOJIHOCTBIO IMOATOTOBJIEHHBIX MPOO, UCIOJIb3Ysl TPaAyUpPOBOUYHBIE PACTBOPHI MPH
napaMmeTpax, ycTaHoBieHHbIX 1o 6.1.10. Haxoxzaenuwe rpagynpoBOYHON
XapaKTepUCTUKH, 00pabOTKa W  XpAaHEHUE  pe3ylbTaTOB  I'PaAyHMPOBKH
CHEKTPOMETpPA BBINOJHIT C HCIOJIB30BAHUEM IPOTPAMMHOTO 00eCIeUeHMsI
CIEKTPOMETPA.

6.1.13.BpinoJiHeHUe U3MepPeHu i

BBox B cnekTpomeTp MOATOTOBICHHOM MpPOObI, M3MEpPEHHUE AaTOMHOIO
U3JTyYEHHS] AJIEMEHTOB U KOHLIEHTPALUU ONPENEIAEMbIX AIEMEHTOB IIPOBOIAT MPU
HOpPMAaJIbHBIX KIMMATUYECKUX YCJIOBHUSX HCIBITAHUN B COOTBETCTBUU C II. 6.1.6 ¢
y4eTOM TpeOOBaHUN PYKOBOJCTBA (MHCTPYKIIMH) MO AKCIUTyaTalluk CIIEKTPOMETpa.
VY CTaHaBIMBAIOT ONTUMAJIBHBIN PEXUM PETUCTPALIMM CHEKTPOB U WU3MEPEHHN B
COOTBETCTBUM C Tabnuuend 3. MIHTEHCHBHOCTh XapaKTEPUCTUYECKOTO H3ITyUCHHUS
peructpupyercs (HPOTOUYBCTBUTEIBHBIM JIETEKTOPOM IOCIE MPOXOKIAEHUS 3TOTO
U3IIy4YEeHHsI 4epe3 MOHOXpOMaTop. MTHTEHCUBHOCTh M IOJIOKEHUE CHEKTPATbHBIX
JIMHUNA U3MEPSAIOTCSA U 00padaThIBAIOTCSI KOMITBIOTEPHON CUCTEMOM CIIEKTpOMETpa.

JUis M3MepeHusl UCHOJb3YIOT CIEKTpajbHble JIUHUU 3JIEMEHTOB, Hauboliee
IPEANOYTUTENBHBIE 10 COBOKYIIHOCTH XapaKTEPUCTHK. BaXHEMIIMMHM W3 HHUX
SBJISIFOTCS. UHTEHCUBHOCTh, OTCYTCTBUE CIEKTPAJIbHBIX HAJIOKEHHM, OTHOILECHUE
CUTHAJI/IIIyM, JOCTUTAaeMbIH Mpeesl OOHapyKEeHUs1, SKBUBAJICHTHAsI KOHIICHTPAIHs
¢dona (OK®D). Ilpu ornagke METOAMKU MPOBOAAT MU3MEPEHUs MO 3-5 JTUHUSAM Ha
AIIEMEHT, 3aTeM U3 HUX BBIOMPAIOT HAWIYUIIYIO JIJIsl TOCTOSHHOU PaOOTHI.

6.1.14. O6paGoTKa pe3yJbTATOB U3MeEPeHUit

AHanuTuyeckue CUrHaibl 00pabaThIBAlOT MPH MOMOLIM IPOrPaAMMHOIO
o0ecrieyeHuss  CIEKTPOMETpa, HCIOJb3YysSd TPaJIyHpOBOYHBIE  3aBUCHUMOCTH,
paccuuThIBa€MblE METOJOM HAMMEHBIIUX KBAJpPaToB, YUET M KOPPEKLHIO (oHa,
Ipyu HEOOXOAMMOCTH - YYE€T B3aUMHOTO BIMSHHUS H3MEPSIEMBIX 3JIEMEHTOB.
Pesynbrar ompeneneHus Ha JUCIUIEE OTBEUAET CpeaHEMY apU(pMETHUYECKOMY M3

HECKOJIbKMX MapajulesIbHbIX M3MEPEeHUN aHanu3upyemoro ayeMmenta. OopaboTka
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pe3yapTaToB M3MepeHu JoimkHa cooTBerctBoBaTh ['OCT 8.207-76. Pe3ynbraThl
U3MEPEHHUI BBIBOASTCS Ha AMCIUICH, COXpaHSIOTCA B (haiije Ha KECTKOM JHUCKE,

ITOCJIC 9CT'0 COCTABJEACTCA ITPOTOKOJI 110 (1)opMe, HpCI[CTaBJ'ICHHOI\(Jl B Ta6JII/III€ 4,

Ta0muna 4
®dopma npoTokosia ohopMIICHUS TIPEACTABICHUS PE3yIbTaTOB aHAIN3a METOJI0M
aTOMHO-IMHUCCHOHHOH CITEKTPOPOTOMETPHUH B MACC-CIIEKTPOMETPHH C
VHAYKTUBHO CBSI3aHHOM IIJIa3MOU

HanmenoBanue opranuzanuu
(3asiBUTEIID)
HanmMenoBanue obpasia (mpoosb)

Bpewms u nata orbopa mpoOsl

Jata nocTaBku B 1a00paTOpUIO

Ko o6pasua (mpoOsr)

KonndecTBeHHBIN XUMUYSCKHUI aHAIN3

OTHOCUTKEIbHAS
IIOIPELTHOCTD 3akIIroueHue
onpeaeneHus, %

Pesynbprar

DNeMeHT
OTpeIeJICHHs], MKT/T

Omneparop (®. U. O.)
(moamucek)

6.1.15. KoHTpoJb KayecTBa U3MEPEHUI
BuyTrpennun KOHTPOJb KayecTBa pe3yabTaToOB OIIpEICIICHUS
MUKPO3JIEMEHTOB (CXOAMMOCTb, BOCIIPOU3BOAUMOCTb, TOUHOCTh) OCYLIECTBIISIOT C

LCJIbI0 ITOJTYUYCHHUSA OﬂepaTI/IBHOﬁ I/IH(I)OpMaHI/II/I 0 Ka4CCTBC aHAJIM30B WU IMPHUHATHUA
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npu HEOOXOIUMOCTH ONEPATHBHBIX MEp IO €ro MOBHIMeHUI0. OnepaTUBHBIN
KOHTPOJIb KayeCTBAa OCYUIECTBIISIIOT NMYTEM MPOBEACHUSI aHAIW3a HCIBITYEMBbIX
npo0 W CTaHZApTHOrO 00pas3la, XUMHYECKHUH COCTaB KOTOPOTO HE JIOJDKEH
OTJIMYATBCS OT COCTAaBa MCIBITYEMOM MPOObI HACTOJIBKO, YTOOBI MOTPEOOBAIOCH
W3MEHUTh METOJIUKY NPOBEACHUS aHAINA3A.

[leprogMYHOCTE KOHTPOJS BOCIPOU3BOAUMOCTH PE3YJIbTATOB AaHAIM3a
OMpeIEeNIAeTCS KOJIMYECTBOM PabOYuX M3MEPEHUN 332 KOHTPOJIUPYEMBIN NEepuoa u
omnpejeNsieTcss IUIaHaMU KOHTpoJsi. B pabore ydacTBYlOT JBa aHAJIMTHKA.
OOpa3uamu JUisi KOHTPOJISL ABJISIIOTCA HE MEHEe JBYX MPo0, KaXIyrH U3 KOTOPBIX
AHAIM3UPYIOT B TOYHOM COOTBETCTBHUU C TPOINKCHIO, MAKCHUMaJIbHO BapbUpys
YCJIOBUS TPOBEACHUS aHAIM3A: MOJYy4aroT JBA Pe3yJibTaTa, HUCIOJb3Yys pa3HbIC
Ha0Opbl MEPHOW TMOCYAbI, pa3Hble MApPTHH PEAKTUBOB U Pa3HbIC SK3EMILISIPHI
CTaHJAapTHBIX 00Pa3IOB JJIsl TPAyHUPOBKH MpUOOpa.

Pesynprar KOHTPOJIS IIPU3HAETCS YIOBIECTBOPUTEIBHBIM, €CIIA JJIS KaKIOU
13 TECTUPOBAHHBIX MPOO BHITIOIHSAETCS YCIOBHUE:

|X1 -X5 | <0,0| ‘D roe

X, - pe3ynbTaT aHanu3a paboueii mpo6bl, MKT/r(cM’);

X, - pe3yabTaT aHaau3a ATOU K€ MPOOBI, TOTYYSHHBIN IPYTUM aHATUTUKOM
C UCIOJIb30BaHUEM JAPYTroro nmpubopa, Jpyroi MEpHON MOCYIbl M IPYrod mapTHH
PEaKTUBOB, MKI/T; D - HOMyCTUMBIC PACXOXKACHUS MEXKY pe3yibTaTaMU aHaIM3a
OnHOM M TOW ke mpoOwl, %. 3Haduenuss D nns ompenensieMbIX 3JIEMEHTOB
NPUBEAECHBI B TA0IMIIE 5.

[Tpu MPEBBIICHUA HOpMaTHBa OTNIEPATUBHOIO KOHTPOJIS
BOCHPOU3BOJUMOCTHA 3KCIIEPUMEHT MOBTOPSIOT. [Ipy MOBTOPHOM IPEBBILICHUN
YKa3aHHOTO  HOpMathBa D BBISCHSIOT  NPUYMHBL,  NOPUBOJAIIME K
HEYIOBJIETBOPUTEIILHBIM Pe3yJIbTaTaM padOThl M KOHTPOJIS, U YCTPAHSIOT UX.

[IepnoAMYHOCTP KOHTPOJS BOCIHPOU3BOAWMOCTH PE3YJIbTATOB aHAJIN3a
OTpEeNIeNIACTCS KOJUUECTBOM PabOUYnX M3MEPEHUN 3a KOHTPOJUPYEMBIM NEepuoa 1
onpeAenseTcs miaHaMu KOHTPOJisA. [Ipr 3TOM BBINOJIHAIOT aHAIN3 CTaHAAPTHBIX

06pa3u03. PGKOMCH,Z[yeTCH HCIIOJIB30BaTh CTaHAapTHBIC O6p&3HBI
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HAaHOMAaTEPHAJIOB, JOOABJICHHbBIE B OMPECIEHHBIX KOJMYECTBAX K CBOOOTHBIM OT
HUX OuosorndyeckuM npodam. CojeprkaHue ONpenesieMbIX 3JIEMEHTOB B 00pa3iax
HaHOMATEPHAJIOB JIOJDKHO OBITh MPEIBAPUTEIBHO aTTECTOBAHO B YCTAHOBJICHHOM
MOPSIIKE.

Tabmura 5

HOI‘pGHIHOCTI/I I/I3M€peHI/II>’I QJICMCHTOB MCTOAOM aTOMHO-3MHCCHOHHOU

CHEKTPOPOTOMETPUHU
OtHocu- OTHOCHUTEIb-
Jmnama3on TeIbHas Jnanazon Has
DneMeH . .
T COJIepKaHMii,| Torpem- | DJIEMEHT | coaep)KaHuM, | MOTPENTHOCTD,
MKT/T HOCTb, %, MKT/T %,
P=0,95 P=0,95

Al 0,01—0,10 65 Mn 0,001—0,100 50
0,1—1,0 40 0,1—2,0 40

1—200 20 2—200 20

Be 0,01—0,10 65 Cu 0,05—0,50 50
0,1—1,0 40 0,5—5,0 40

1—10 20 5—10 000 25

Fe 0,02—0,20 65 Na 0,1—1,0 65
0,2—2,0 40 1—10 50

2—1 000 20 10—10000 25

K 0,01—0,10 65 Ni 0,05—0,50 80
0,1—1,0 50 0,5—5,0 50
1—10000 25 5—100 30

Cd 0,01—0,10 70 Pb 0,05—0,50 70
0,1—1,0 50 0,5—5,0 50

1—100 25 5—200 30

Ca 0,01—0,10 50 Ti 0,001—0,010 50
0,1—1 40 0,01—1,00 35
1—10000 25 1—200 20

Co 0,01—0,10 70 P 0,5—5,0 70
0,1—1,0 50 5—50 50

1—100 30 50—5000 25

Li 0,01—0,10 70 Cr 0,01—0,10 70
0,1-1,0 50 0,1—1,0 50

1—100 30 1—100 25

Mg 0,1—1,0 50 Zn 0,01—0,10 70
1—10 40 0,1-1,0 50
10—1000 20 1—5000 25
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Memoo snympennezo cmanoapma. OTOMPAIOT ABE MTPOOBI U K OJTHON M3 HUX
JenaroT J00aBKy B BHAE pacTBOpa TakKuM o00pa3oMm, 4YTOOBI COEpKaHUE
OTIPEEISIEMOTO JIEMEHTA YBEIMYMIOCh IO CPABHEHHUIO ¢ UCXOAHBIM Ha 50— 150
%. Kaxxmyro mpoOy aHaMM3UPYIOT B TOYHOM COOTBETCTBHH C MPOTHCHI0 METOIUKH
U MOJYYaloT pe3yJbTaT aHalli3a UCXOIHOM paboueit mpoObl X u paboyeil mpoOsl ¢
nobaBkoit X;. PesynpTarhl aHanmuza ucxoaHou pabouedr mpoObl X U paboueit
npoObl ¢ M00aBkoi X; MONYyYalOT B CTPOTO OJMHAKOBBIX YCIOBHUAX, T. €. HX
MOJIy4aeT OJIMH aHAJIMTHUK C HCIOJIb30BaHHEM OJIHOTO HaboOpa MEPHOW MOCYbl,
OJTHOM TTapTUH PEAKTUBOB H T. JI.

Pe3ynbTaThl  KOHTPOJS  MPHU3HAIOTCS  yIOBICTBOPHUTEIBHBIMH,  €CIH
BBITIOJIHSIETCS YCIIOBHE:

1X1- X- C| <K, roe

K,— HOpMaTuB 0omepaTuBHOTO KOHTPOJISI MOTPEIIHOCTH, MKT/T; C- nob6aBka
K npo0e B BUJE pacTBOpa C M3BECTHOM KOHIIEHTpanuen, MKr/r. Ilpu BHenrHeM
koHtpose (P = 0,95) 3nauenue K, onpenensitor kak

K, = \/8X12+8X22, TIIE 8X12 51 6X22 —XapaKTePUCTUKU TOTPEIIHOCTeH ISt
MCXOIHOI MPOGBI U TIPOOHI ¢ TOGABKOI, MKT/CM®,

81 = 0,165 X1 1 8,” = 0,165 X

[Ipu BHyTpHUnabopaTtopuoM koHTpode (P = 0,90) npuaumaror, 4yto

K'=0,84 Kn

[Ipu mpeBBIIIEHUH HOPMATHBA OMNEPATHBHOTO KOHTPOJSI TOTPEUTHOCTH
AKCIIEPUMEHT MOBTOPSIOT. [Ipr MOBTOPHOM MPEBBIIICHUH YKa3aHHOTO HOpMaTHBa
BBUSICHAIOT TIPUYHMHBI, TMPUBOJSIIME K HEYIOBIECTBOPUTEIBLHBIM pe3yjbTaTaM
KOHTPOJIS, ¥ MX YCTPAHSIOT.

Memoo  cmanOapmuuix  00pasyos.  BBIMONHAIOT — aHamu3  MPOOBI,
NPUTOTOBJICHHONW M3 CTaHIAPTHOTO 00paslia, U CPaBHUBAIOT €T0 PE3YJIbTAThI C
aTTECTOBAaHHBIM COJCpP)KaHUEM 3JIEMEHTOB. [lorpenrHoCTh aTTecTanuy He JOJHKHA
OBITH OOJIBINICH, YeM 1/3 MOrPEeITHOCTH METOTUKH.

Pe3ynbTaThl  KOHTPOJS  TPHU3HAIOTCS  YIOBICTBOPUTEIBHBIMHU,  €CIH

BBIIIOJIHACTCA YCIIOBUC!
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|C-Al<K, roe

C - maiiieHHOEe cojaep)KaHHME D3JIeMEHTa B TpoOe, MPUTOTOBICHHOW W3
CTaHJapTHOTO 00pasIia;

A - aTTecTOBaHHOE COJEp)KaHME dJEMEHTa B CTaHAapTHOM obOpasie. [lpu
BHyTpHiIadbopatopHom koHntposie (P = 0,90) npuHuMaroT, 4To

K=0,84'A

[Tpu BHemHeM koHTpoe (P = 0,95) npunumarot

K= A, rne

A - 00111251 TOTPENTHOCTD Pe3yabTaTa aHaJIN3a 0 METOTUKE.

[Ipu mpeBbIICHNH HOPMAaTHBA OMEPATUBHOTO KOHTPOJS TOTPEUTHOCTH
HKCIEPUMEHT MOBTOPSIOT. [Ipy MOBTOPHOM MpPEBBILIEHUH YKa3aHHOIO HOpMaTHBa
BBUICHSIOT TPHUYMHBI, NPUBOISIINE K HEYJOBICTBOPUTEIBHBIM pe3ylIbTaTaM
KOHTPOJIS, U UX YCTPAHSIOT.

Onepamuemuslii.  KOHMpoOAb — cxooumocmu.  1lepuOIUYHOCTE  KOHTPOJIS
CXOAMMOCTH pEe3yJlbTaTOB aHAIM3a OMpeNeseTcs] KOJIWYECTBOM paboumx
U3MEPEHHUI 3a KOHTPOJUPYEMBIH IMEPHOJ] M ONpelesseTcsl IaHaMH KOHTPOJIS.
Hcnonbs3ytoT pe3yabTaThl TapauIeTbHBIX aHATTU30B.

HopmatuB ormnepaTMBHOIO KOHTPOJII CXOAMMOCTH PACCUUTHIBAIOT 110
dbopmyiie:

Crmax-Cmin=d, T1€

Cmax M Cmin COOTBETCTBEHHO HauOOJIbIle€ W HaWMEHbLIEe 3HAYCHUS
napauIeTbHBIX ONpeICTICHH;

d- HOpMaTUB OMEepPaTUBHOTO KOHTPOJIS Bocipou3BoauMocTH, d= 2,77 ¢ (A),
o ( A) - xapakTepUCTHKa CITy4ailHON COCTABIISIONIEH MOTPEITHOCTH.

[Ipy mpeBBIICHNH HOPMAaTHBA OMEPATUBHOTO KOHTPOJS TOTPEUTHOCTH
HKCIIEPUMEHT MOBTOPSIOT. [Ipyu MOBTOPHOM MpEBBIICHUH YKa3aHHOIO HOpMaTHBa
BBUSICHAIOT TIPUYHMHBI, TMPUBOJAIINE K HEYJOBICTBOPUTEIBHBIM Ppe3yJbTaTaM

KOHTPOJISl, M YCTPAHSIOT UX IyTEM KOPPEKTUPYIOIIMNX BO3ACHCTBUM.
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6.2. MACC-CIHEKTPOMETPHS C UHIYKTHUBHO CBSI3AHHOHN
APIOHOBOM IINIABMOM

6.2.1. [Ipunuun meroaa

Meton Macc-CIEKTPOMETPUHN ¢ MHAYKTUBHO CBSI3aHHOM aprOHOBOU IUIA3MOU
(UCITI-MC) xoMOMHUpPYET HCIOJb30BAHWE HHIYKTUBHO CBSI3aHHOW IIJIa3Mbl B
KAaueCTBE HCTOYHHMKA HOHOB C  KBaJpYyMHOJBbHBIM  MacC-CIIEKTPOMETPOM,
BBICTYIIAIOIIIEM B POJIM Macc-aHaim3aTopa (puibTpa) W AMCKPETHO-TUHOIHBIM
JIETEKTOPOM, KOTOPBIM HCIOIB3YETCS JJISI PETUCTPALMM OTIAEIbHBIX MOHOB U HX
MOTOKOB. MHIYKTMBHO CBSI3aHHAsd IUIa3Ma, MNOJAJACPKUBAcMas B CIEIUAJIbHOU
ropesike, crnocobHa 3¢h(PeKTUBHO BO30YXIaTh OJHO3APSAIHBIC MOHBI U3 aTOMOB
BBOJIMMOTO oOpasia. Jlasee noHbl (HOKYCHPYIOTCS MOHHO-ONTHYECKON CHCTEeMOM
(nng ynaneHusi HEeUTpadbHbIX 4YacTull U (POTOHOB MCIOJIB3YETCS MOHHAs ONTHKA,
OTKJIOHSAIONIAS]  TMOJIOKUTENBHO 3apsHKEHHBIE HWOHBI OT OCH IUIa3Mbl  0e3
pachOKyCHpPOBKMA HOHHOTO y4YKa) U MOMAJAI0T B aHAIM3ATOP MACC-CIIEKTPOMETPa,
IJ€ pa3lesaioTcs MO OTHOIICHWI0 Macchl K 3apsiay (m/z). CooTBETCTBYIONIUMN
VIOHHBIN ITIOTOK PETUCTPUPYETCS AETEKTOPOM. Hepes Macc-CIEKTPOMETP B KaXKAbIi
MOMEHT BPEMEHH MPOIMYCKAIOTCS MOHBI CO CTPOTO OMPEACIICHHBIM M/Z, KOTOPbIE
3aTeM MONAaJarT B JCTEKTOp Ui KOJIWMYECTBEHHOW perucrpauuu. Ywucmno
COyIapeHUW 3a EIUHHUIY BPEMEHU IPONOPLUUOHAIBHO KOJIMYECTBY AaATOMOB
KaXJIOr0 OIpeesieMoro M30Tona B MCXOAHOM oOpasie. JIMHeWHbIM nuanazoH
3aBUCUMOCTH HWHTEHCUBHOCTHM CHUT'Haja OT KOHLEHTpAaUMU Ha COBPEMEHHBIX
npuOoOpax JIOCTUTAET JICBSATH JCCATUYHBIX MOPSIAKOB, MO3BOJISIA B OJHOM ITUKJIC
CKaHUPOBAHUS MACC-CIIEKTPa PETUCTPUPOBATH U €IMHUYHBIC UMITYJIbChI OT MaJIbIX
KOHIEHTPALIMMA, U MOHHBIE TOKM OT BBICOKMX KOHIIEHTpPALMMN 3JIEMEHTOB. /[l
JOCTHXKEHHUS TAKOTO MIMPOKOTO IMHAMHUYECKOrO uana3oHa B coBpeMeHHbIx MCII-
MC npubopax mTpUMEHSIETCS IBOWHAS PETUCTpAIUs CUTHAIOB: HWMITYJIbCHBIN
PEXKHUM OJHOTO CETMEHTA JETEKTOpa HCHOJBb3YETCS Ui IOJICUETa OTAEIBHBIX
MOHOB M AQHAJIOTOBBIA PEKHUM JAPYroro - AJjisl PErucTpalii MOHHBIX TOKOB. Takum
obpazom, coBpemeHHble 1puOopel  MCII-MC  mo3BonsioT  onpeneisiTh

KOHOCHTPAOHUH 3JIEMCHTOB W OTACIIbHBIX, M30TOIIOB Ha YPOBHC OT COTEBIX I[OJ'ICﬁ
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HAaHOTPAaMMOB JO COT€H MMIJUIMTPAMMOB Ha JuTp. Jlocthuraemelie mnpeaesbl
OoOHapy>KeHHUsI, BBICOKME YyBCTBUTEIBHOCTh U M30HpaTenbHocTh MeTona MCIT-MC
MO3BOJISIET KOJIMYECTBEHHO OMpPEAENATh BO MHOTHUX OHMOJOTMYECKHX MaTepuaiax
10 40—50 BXomAImUX B COCTaB 00pa3iia XUMHUECKUX AJIEMEHTOB B TeUeHUE 2—3
MUH (0e3 yueTa BpeMeHHU ITPoOOIIOATOTOBKH ).

Jlist moAroToBKM 00pas3loB O6uocydctpaToB k ananusy metogom UCIT-MC
JIOIMYCKAEeTCsl MCIIOJIb30BAaHUE [JIBYX METOJIOB pa3lIoKEeHUs: 1) KHCIOTHOE
pacTBOpPEHHE B OTKPBITHIX COCyAax, 0€3 TMOJHOrO pa3pylICHHs OpPTaHUYeCKOu
MaTpUIbl, 2) KUCIOTHOE PA3l0KEHUE («MOKPOE O30JEHUE») C MCIOJb30BAaHUEM
CUCTEM MHUKPOBOJHOBOM MPOOOMOArOTOBKH. METOA OTKPBITOrO Pa3ioKEeHHS
XapaKTepU3yeTcss BBICOKOM MPOU3BOAMUTEIBLHOCTHIO TMPU HEOOJBIIIOM Pacxojie
PEAKTUBOB, MAJIOW MOMPABKOM HA XOJOCTOM OMBIT. OTHAKO OH HE MPUMEHUM IS
pa3lOKeHUs] MaTepuajoB, COAEpKAIIUX OOJIBIIOE KOJUYECTBO JKHpa W
KOHKPEMEHTOB (3KMpPOBBIE€ TKaHHM, HOBOOOpA30BaHUS BHYTPEHHUX OpraHax u
npyrue). Kpome Toro, ummeercss BO3MOXHOCTh YAaCTUYHOW WJIM HMHOT/IA TOJHOU
notepu Jjeryuux oiemeHtoB (As, Hg, I, Se). Opranuyeckas wMarpwuia,
COXpaHSIOIIAsACS B pacTBOpax MpoO, MOXKET ObITh HMCTOYHHUKOM CEPhE3HBIX
MatpuuHbix iomex npu UCIT-MC uzmepeHusax, orpaHMuuBaIOIINX ONPEAEICHUE U

M30TOITHBIN aHAJIN3 HEKOTOPBIX AJIEMEHTOB (TaduIia 6).

Tao0mumna 6.

[IpuMepb! pacipOCTpaHEHHBIX MOIMATOMHBIX HaoxkeHn B metoae MCII-MC

30TOI THOCHTEJIbHAS eIaoIIHit CTOYHUK MOMEX
n O M n
PacHpOCTPAHEHHOCTH HOH
n3orona, %
OCa* 96,9 N AProH T1a3Mbl
PFe* 91,7 BArH* AproH niaasmsl, Boja
80ge* 49,6 RN AproH miasmsl
8o 7T v
’Si* 92,2 c'®o* VYri1epos opranudecKoi
MaTpPUIIBI
vy T2 16 + u
Ca 2,0 C70, Yrnepon opraHudeckoi
MaTpPULIBI
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“Ti 73,8 *sto* Cepa opraHu4eckoil MaTpUIIbl
ShyH 99,7 *C1°0* Xnopuael Matpuilsl, HC1
pacTBOPUTEIIS
*zZn* 48,6 25"0," Cepa opraHn4eckoi MaTpHUIIbl
P2 +
S
~As* 100,0 “AareClt Xnopunsl o6pasna, HCI
PaCTBOPHTEIIS

MeToax MHUKpPOBOJHOBOTO Pa3IOKEHUSI TPEOYET CII0KHOTO 00O0pYyIOBaHMSI,
HO 00ecreynBaeT CleIyIoue IPeruMyIecTBa:
- BBICOKYIO ITPOU3BOAUTEIBHOCTD Pa3I0KEHUS;
- 0oJIee MOTHOE Pa3IoKEHUE OPTaHWIECKON MaTPHIIBI TPAKTUIECKU JTFOOBIX
OrocyoCTpaToB;
- CYIIIECTBEHHOE YMEHBIIICHHUE TTOTEPH JIETYUNX IJIEMECHTOB P PA3JI0KEHUH.

6.2.2. OcHOBHbIe TeXHHMYECKHE XAPAKTEPUCTHKH NPUMEHSIEMOro
o0opyaoBaHMsI

JInss  WU3MEpeHur PEKOMEHIYETCS  HCIMOJIb30BaTh  MAacC-CIIEKTPOMETD,
o0JaaroNil CIETYIONIMMHU ONITUMAIBHBIMU XapaKTEPUCTUKAMMU:

- TIOJTYTIPOBOIHUKOBBIN F€HEPATOP MI1a3Mbl, paboyas yacrota: 27 MHz;

- U30TOIHAS YYBCTBUTEIIHHOCTD:

IS JIETKUX Macc < 5 x 107
JUIA TSDKEJIBIX Mace < 1 x 107

- TMara3oH CKaHUPOBAHHUS Macc, a. €. M.: 2—260;

- TMHAMUAYECKHUM JTMara30H CUCTEMBI JICTEKTUPOBAHMUSI: IEBSTH TIOPSIKOB;

- paboyasi yacToTa paano4acToTHOro reueparopa 3 MHz;

- mpeaensl oOHapyxenus: Be < 1,5 ur/a, In < 0.5 ur/m, Bi <0,5 ur/m;

- qyBCTBHTENBbHOCTH (MMIT/c Ha 1 mr/m): 'Li > 30 000, *Y > 80 000, “°TI >
40 000;

- KpatkoBpeMeHHas ctabmibHOCTh, CKO: < 3 %);

- nonroBpeMeHHas cradbunibHocTh, CKO: <4 %;

- IBy3apsiIHbIE NOHBI, Ba*/Ba": <3%;

- okcuanble noHbel, CeO/Ce: < 1,5 %;

-ypoBeHb (poHa Ha Macce 9: < 5 umri/c;

65



JIJIst HOCTYIKEHUS JTydIuX MPEIeIOB OOHAPYKEHUS IO YPOBHS COTHIX JTOJICH
HI/M°H yCTpaHEHHS [IOTHATOMHBIX HAJIOXKCHHI, BRI3BAHHBIX MATPHUIICH 00pa3IoB U
MaTpHUIlel pacTBOPUTEINSI, a TaK)Ke Ta3aMu TUIa3Mbl (Tabiwma 6), peKOMEHIYyeTCs
MPOBOJIUTh M3MEPEHUS Ha MPUOOpax C OKTOMOJHHOW PEaKIMOHHOW CHCTEMOM
(OPC). Jlyumue nipenensl 0OHApyKEHUs Ha dTUX MPHOOpax TOCTUTAIOTCS 3a CUET
yMEHBIIEHUs1 YPOBHs (hoHa U (OKYCUPOBKU UOHOB B OKTOMOJBHOM siueiike (OPC),
pacmoJIOKCHHOW — Tepesl  KBAAPYMOJeM  Macc-aHaau3aTopa. Y CTpaHCHHE
MOJIMATOMHBIX HAJOXCHHUH OCYIIECTBISICTCS ITyTEM YAAJICHUS MEIIAIOIINX HOHOB B
pesynbrare  (GU3MYECKOTO  Tpollecca  JAUCKPUMHUHAIIMK IO  DHEPTHSM,
MIPOUCXOISIIETO 32 CUET CTOJKHOBCHHH MOJIEKYN MOJIHMATOMHBIX OOpa3oBaHUM U
aHAJIMTOB C MOJIEKyJlaMHd HWHEPTHOIO Trasza Tejus, HalyCKaeMoro B SYEHKY.
Hcnonp3oBanne Tenusl TO3BOJSICT BBIMOJIHATH MYJIBTHAJIEMCHTHBIN aHAIN3 BO
BCEM JMarna3oHe MacCOBOM IIKaJbl, IPU 3TOM HMCKIIOYEHO 00pa30BaHHE HOBBIX
uHTephEepeHITUI.

[IporpammMHOEe oOOecTiedeHre Macc-CIEKTPOMETpa JOJKHO 00€CIeurnBaTh
BBITIOJIHEHUE CIAEAYIOMUX (HYHKIIHIA:

-TIOJIICPIKKY CIICTYIOIITUX METOJIOB aHaM3a: KOJIMYECTBEHHOTO,
MOJIYKOJIMYECTBEHHOTO  (0030pHOT0), METOJOB H30TOMHOTO OTHOIICHUS U
M30TOMHOTO pa30aBlIeHNUS;

-IPOBEJICHUE aBTOMATHUECKUX W3MepeHud 0e3 ydacTus omeparopa; s
MIPOBEICHUS ABTOMATHUYECKUX U3MEPEHHUI CIIEKTPOMETP J0JKEH OBITh 000pYI0BaH
YCTPOMCTBOM aBTOMAaTHYECKOTO TPOO00TOOpA;

-aBTOMATH3AIMI0 TPOIECAYp KATHMOPOBKM M HACTPOWKH IIKajIbl MacC W padbouux
napamMeTpoOB CIIEKTPOMETPA;

-CTaTHCTHYECKYI0 O00pabOTKy W COXPAaHCHHE PE3YJbTaTOB B OOMICTIPUHSITHIX
dbopmarax;

-BO3MOKHOCTbH ITOBTOPHOM 00paOOTKM JAaHHBIX 0€3 MPOBEACHUS TOTOJHUTEIBHBIX

U3MEpPEHUN;

66



-BO3MO>XHOCTh MCITOJIb30BAHUS amnmapara KOHTPOJISI KadecTBa, JAJI ONEPATHBHOIO
aBTOMATUYECKOI0 YIPaBJIEHUS XOJAOM M3MEPEHUU B COOTBETCTBHH C 3aJaHHBIMH
KPUTEPUSIMU KAaU4e€CTBA U PACUYET CTATUCTUYECKUX MAPAMETPOB KauyeCTBa.

6.2.3. O6opynoBaHue, MaTepPHaJIbl, PEAKTHBBI

JJist cBeieHUs] K MUHUMYMY YPOBHSI J1aOOpaTOpHOToO (POHA, BCE Oneparuu 1o
MOJATOTOBKE 00Pa3loB K U3MEPEHUSIM U CaMU MU3MEPEHUS JIOJKHBI MPOBOJAUTHCS B
YUCTOM TIOMEIIEHHH, B KOTOPOM HE€ CKalulMBaeTcs mbulb. /[l aHanmuza
CBEPXHU3KHUX KOHIICHTPAIMM, 3arps3HEHUsT W3 OKPYKAIOUIEH CpeAbl SBISIOTCS
OCHOBHBIM (paKTOPOM, OrpaHUYUBAIOLIUM Tpezenbl oOHapyxeHuss merogoM MCII-
MC. Jlns noaroTtoBku oOpas3loB HEOOXOJUMO TMOJB30BaThCS COCYJaMH U3
dropornacta (tuna PTFE, Viton™, Teflon™) unu nepdropankokcunoanmepa.
Jlnst BpeMeHHOro XxpaHeHusi oOpaslloB U pabOyuX TrpaJydpOBOYHBIX PACTBOPOB
UCIOJIB3YEeTCSl  OJHOpa3oBas  IocyAa W3 MojumnponuieHa  (mpoOupku
BMECTHMOCTBIO 15—20 cM® [Ist XpaHEHHsT 06PA3IOB H BMECTHMOCTBIO 50 em® ¢

BUHTOBOM KPBILIKOW SISl XpaHEHUs1 pad0YrX CTaHJapTOB).

6.2.3.1. Cpeocmea uzmepenuii u o6opyoosanue

- KBaJpYyHOJIbHBIA MacC-CIEKTPOMETP ¢ MHAYKTUBHO CBSI3aHHOW IJIa3MOM,
uMmeromuii  ceptudukar PocrexperynupoBaHus W 3aperUCTPUPOBAHHBIM B
['ocynapcTBEHHOM  peecTpe  CpPEACTB  HM3MEPEHUM H  COOTBETCTBYIOLIWMN
MIePEYMCIICHHBIM B 11.6.2.2. TpeOOBaHUSIM,

- BEChl AHAJIUTUYECKHUE DJECKTPOHHBIE C TIPEACIOM JIOMyCKaeMoi
norpemnoctu +0,0005 1, orBevaronue TpedoBanusam o 'OCT 24104-2001;

- aKBaJUCTUILIATOP dJeKTpudeckuit omHoctynendarsiii mo ['OCT 28165-89;

- YCTaHOBKA JJIs TOJYYCHHUS JEHOHW30BAaHHOM BOJIbI, oOecreunBaroIias
TOJTyd4eHHe BOIBI C YACTbHBIM compotuBiaeHneM 15—18 MOwmcem® cormacuo TY
2123-002-00213546-2004;

- 7103aTOpPbl JKUJKOCTH PYYHBIC WJIM ODJICKTPOHHBIE aBTOMATHYECKHUE C

OJIHOPA30BbIMU HAaKOHEYHHUKaMH, eMKOCThio 0,5 - 10 mm, 50 - 200 mm® u 200 -
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1000 MMm°, 0becriedrnBaoIe CyMMapHYIO [OrPEIHOCTh J03UPOBAHHMS HA yPOBHE
+ 1 %:;

- TePMOOJIOK I (PTOPOIIACTOBBIX IMJIMHJIPOB, C BO3MOXKHOCTBIO Harpena
no 120 °C u aBTOMAaTW4yecKOro NOAJEpKaHUs NpU ITOW TEMIepaType WIn
recuaHas 0aHs;

- uumuaApbl  groporutactoBbie (tuma PTFE, Viton™, Teflon™, PFA)
emkocTbio 20 cm® 1o TOCT 1770-74;

- cUCTeMa MHUKPOBOJIHOBOI'O Pa3JIOKEHHsS, C KOHTPOJEM TeMIlepaTypbl U
TTABJICHUS;

- (hToporIacTOBBIE aBTOKJIaBbl eMKOCThIO 20 - 50 oM’ ISt MHUKPOBOJIHOBOTO
Pa3oKEeHUS;

- OJIHOPA30BbIC TMOJIAMPONMICHOBBIE TpaJydpOBaHHBIC IEHTPHU(YKHBIE
MPOGHPKH 0e3 KPBIIIEK, EMKOCTBIO 15 cM°, Il XpaHeHHs PACTBOPCHHBIX
00pasIoB;

- OJIHOPA30BBIC TMOJIMMPONHICHOBBIE TpaJaydpOBaHHBIC IEHTPHU(YKHBIE
MPOGHPKU C BHHTOBBIMH KDBIIIKAMH, €MKOCTBIO 50 CM°, IS XPaHEHHS PaGodmX
CTaHIapPTOB;

- yupTpa3BykoBas BaHHa Y3B-9,5 mo TV 5252-378-0860808-96 wumu
aHaJIOTUYHAS.

6.2.3.2. Peaxmuewvl u mamepuaiol

- KMCJIOTa a30THAsl KOHLIEHTpUpoBaHHasi, oc. 4. mo ['OCT 11125-84;

- apTOH CXKATBIA WU CKMDKCHHBIN, BEICOKOW YUCTOTHI TT0 TY 6-21-12-94;

- BOJIa JICMOHW30BAaHHAsA, C YACIbHBIM CONMPOTHUBICHHEM 15 - 18 MOmcm?
coriacHo TY 2123-002-00213546-2004;

- aleToH, oc. 4. mo TVY 2633-039-4493179-00;

- CTaHJIapTHBIC cepTU(UIIMPOBAHHBIE 00pa3Ibl COCTaBa PaCTBOPOB OIHO- H
MHOTO3JIEMEHTHBIC JUISI MaCC-CIIEKTPOMETPUH;

- ckanbIiesb nmo 'OCT 21240-89;

- punbrpoBansHas 6ymara mo 'OCT 12026-79;
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- TJTACTUKOBBIE MPOMBIBAJIKU JJISI JICMOHU30BAaHHOW BOJBI U pa30aBICHHON
a30THOM KMCJIOTBI

- mieHka jabopaTtopHas repmerusupyromas tuna Parafilm «M»® wunu
aHaJIOTUYHasl.

6.2.4. TpeGoBaHusi kK 6€30MACHOCTH NMPOBeIeHUs padoT

[Ipu paGoTe ¢ XMMHYECKUMHU BEIIECTBAMH M PEAKTUBAMU HEOOXOAMMO
cobmonate TpeOOBaHUSI TEXHUKH O€30MacHOCTH, YCTAaHOBJIECHHBIE Al paboT C
TOKCUYHBIMH, eAKUMU U JIETKOBOCTIAMEHSIFOIITUIMUCS BEIIECTBAMH,
yctanoBiieHHbiMH ['OCT 12.4.021-75.

Pabouue cTosbl 1 TOBEPXHOCTH NPUOOPOB U 000PYIOBAHUS JOJIKHBI
COJIEpKaThCs B UUCTOTE. B KOHIIE pabouero AHs Mociie OTKIIOUYEHUs BCEX
MpUOOPOB MPOU3ZBOAUTCS BllaXKHAsi yOOpKa pabourX MOBEPXHOCTEH.

be3onacHocTh mpu paboTe € 3IEKTPOYCTAHOBKAMM OOECHEYMBAETCS 110
I'OCT 12.1.019-79. IlomemeHune [uisi TPOBEICHHUS HU3MEPEHHUM  JOJKHO
COOTBETCTBOBATh yCTAHOBJICHHBIM TpeOoBaHusM. IIpu BbIOMTHEHUH padoOT
JIOJDKHBI  OBITH COOJIOACHBI MEPHI MPOTUBOIMOXKAPHOW OE30MaCHOCTH COTJIACHO
I'OCT 12.1.004-85 CCBT.

6.2.5. TpedoBanusi k KBajJu(UKANUM JUI, PadOTAONIUX HA Macc-
CIIEKTpoMeTpe

K' BBINOJIHEHHIO W3MEPEHHUI Ha Macc-CIEKTPOMETPE AOIMYCKAIOTCS JULA,
npoieanme ooyuenrue HaBbikaMm padboTel Ha pudope MCIT-MC, noareepxaeHHOe
aTTecTaToM (PUPMBI-TIPOU3BOAUTENS MPUOOPA; U3YUMBIINE TEXHUYECKOE OMUCAHHUE
U3MEPUTEILHOTO TPUOOpa W METOAMKY BBHIMOJTHEHHUS M3MEPEHMIi; 00ydeHHBIC B
coorBeTrcTBUM ¢ ['OCT 12.0.004-90 u npomeamue WHCTPYKTAXK IO TEXHUKE
0e3onacHocTH Ha pabouem mecte. st pabOThl ¢ UCTOYHUKAMU OTHEONACHBIX U
TOKCHYHBIX Ta30B  JIOMYCKAIOTCS JIMLA, MPOUIEANINE COOTBETCTBYIOIIYIO
noarotoBky. K mpoBeneHnio mpoOOMOArOTOBKH OMYCKAIOTCS JIMIA, MUMEIOIINE
OTIBIT pabOTHI B XUMHUECKOH JTa00paTOPHUH.

6.2.6. YcJjioBMSI BHINOJTHEHUS U3MepeHuit
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BrimonHeHne wu3MepeHuid TPOBOIST MPHU HOPMATBHBIX KIMMATHUYECKUX
yCIOBUSIX UCHbITaHUU. [loMellleHre He MOMKHO COAEpKaTh TOKCUYHBIX MApOB U
ra3oB. TemriepaTypa OKpyKaroumero Bo3ayxa B Jsaboparopun 18 - 25°C.
Atmochepuoe nmaBnenue 84 - 106 klla (630 - 800 mm pt. cT.). OTHOCHTEIBbHAS
BJIAXXHOCTh Bo3nyxa 75 = 5 %. I'pagueHT TeMrepaTypbl HE JOJKEH MPEBBIIIAThH
1,5°C/u.

[Ipu ucnonb30BaHUH 3JEKTPONPHUOOPOB yacToTa mepeMenHoro toka 50,0 +
0,2 I'n, Hanpsioxenue cetu 220 + 10 B.

OcpelleHue  MOMENIEHUS  €CTECTBEHHOE WM  HCKYCCTBEHHOE, HE
OTrpaHUYMBAETCS OCOOBIMU TPEOOBAHUSMH.

6.2.7. [loaroroBKa K NPOBeAEeHUIO U3MeEPEHU

Bce mnpouenypsl MOArOTOBKM Tpo0 K aHAIU3y JOJDKHBI HCKIIOYATh
BO3MOXXHOCTh ~ BHECEHHMs] B  HHMX  3arps3HeHui. Hcnons3yemyro s
mpoOOMOJTOTOBKM  (DTOPOIJIACTOBYIO — TMOCY/y  THIATEJBHO TMPOMBIBAIOT B
yIbTPa3BYKOBOM BaHHE B pa30aBiieHHOW 1:1 a30THOW KHCJIOT€ U TPHUKIBI
OTOJIACKUBAIOT ICMOHU30BAaHHOW BOJOM.

6.2.8. OTO0p, XpaHeHHE U MOATOTOBKA MPOO

OO6pa3isl OMOJIOTUYECKUX po0 OT  JKUBOTHBIX, pacTeHuit,
CEJIbCKOXO3SIICTBEHHOTO CHIPbsl U JPYIHMX OOBEKTOB OTOMPAIOT MO METOIUKAM
npo0ooTOOpa i1 COOTBETCTBYIOIIMX BHAOB mponykuuu. [lomyueHHas wmacca
00pa31ioB IpernapaToB JI0JKHA COCTaBISITh He MeHee 0,1 T B ciyuae onpeseseHus
oaHoro 3neMenTa u He Menee 0,3-0,5 T mpu oJHOBpeMEHHOM omnpeaeneHuu 10 20
AJIEMEHTOB WJIM NPU MNPOBEJECHUM O030pHOTO aHanu3a. B ciayyae IiIMTENbHOIO
XpaHEeHHs TpermapaThl MOMEMIAIOT B TEPMETUUYHBIC OIHOPA30BBIE MPOOUPKU U
3amMopaxuBatoT 110 -18 °C nu6o mopuiImn3nupyror.

Paznoxenue nmpod 6uocydoCcTpaToB MPOBOAT CIEIYIONTUM 00pa3oM.

IInomnvle obpasyvi. Omrpvimoe pasznoxcenue. Ha aHamuTHUecKMX Becax
B3BCIIIMBAIOT HaBecKy oOpasua maccor 0,01—O0,10 r. HaBecky momemiaroT BO
dropornactoBeii mumuHAp (tTrma PTFE, Viton™, Teflon™, PFA), npunuBarot

3 4 ~ ~
0,2—1,0 CM  KOHIOCHTPUPOBAHHOMW a30THOM KHCJIOTBI, HAKPBIBAIOT 3alllUTHOHU
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7a00paTOPHOH TJICHKON U MOMEIIAIOT B TEPMOOIIOK, Pa30TPEThIil 0 TEMIEPATYPHI
115 °C, BoinepxuBatoT B TeueHue 0,5—1,0 4 10 moaHOrO pacTBOPEHUS] MPOOHI.
PactBopeHHbII oOpaszerl KOJINYECTBEHHO MIEPEHOCAT B MEPHYIO
TIOJIUTIPOTIFIICHOBYIO TIPOOMPKY, TPOEKPAaTHO CMBIBAas CO CTCHOK HWIWHApPA, U
JOBOIAT ICHOHHU30BaHHOH BOmoit 10 10 cm’. [epMETHUHO 3aKpBIBAIOT 3AIHTHOM
71a00paTOPHO MIIEHKOM, TEPEMENINBAIOT U TIEPEIAIOT Ha aHAIIU3.

Kuokue obpaszyvi. Omkpvimoe pa3znodcenue. HaBecky aHaIM3UPyeMOro
obopaszma 0,1—0,5 r (0,1—0,5 CM3) B3BCIIMBAIOT Ha aHAJIMTHYECKHUX BeEcax BO
¢ropornactoBbix nunuHApax (tuna PTFE, Viton™, Teflon™, PFA), onpenensis
MacCy HaBECKM IO Pa3HHUIIE MAcChl HWJIMHIApPA JO0 U TOCJIE B3SITHS HaBecKu. B
nwmHAp npwmBaoT 0,3—1,0 em® KOHIEHTPUPOBAHHOM a30THOW KHCJIOTHI,
HAKpBIBAIOT JTA0OPATOPHOU IUIEHKOW M MOMEMIAI0T B TEPMOOJIOK, pa3orpeThii 110
115 °C. BoigepxuBator B TepmoOioke B Teuenue 0,5—1,0 4 10 romoreHusanuu
npoObl. PacTBOpeHHBI oOOpazell KOJUYECTBEHHO IEPEHOCSAT B  MEPHYIO
MOJMIPONUICHOBYIO TPOOUPKY, TPOEKPATHO CMBIBAasi CO CTEHOK IMWIMHApPA, U
JOBOIAT JCMOHM30BAHHON Bomoi 10 10 cm’. I'epMeTHYHO 3aKpBIBAIOT 3AIUTHOM
71a00paTOPHOM TIICHKOM, IEPEMEIIMBAIOT U MEPEIat0T Ha aHAJIU3.

Muxposonnosas npobonoozomoexa. HaBecky obpasna 0,1-0,5 T momemiator
BO (hTOPOTUIACTOBBIN BKJIAJBIII U TOOABISIIOT 5 cm® KOHIEHTPUPOBAHHOW a30THOMU
KHUCJIOTHI. ABTOKJIaB C MPOOOIl BO BKJIAJIBIIIE MOMENIAIOT B MUKPOBOJIHOBYIO TI€UYb
W pazjararoT mpoOy, HCMOJB3ys MPOTpaMMy pas3ioKEHHUs, PEKOMEHOBAHHYIO
MPOU3BOIUTENIEM TIeuH. B o01eM citydae, Jisi paCTUTEIbHBIX U )KUBOTHBIX TKaHEH
U OMOJIOTUYECKUX KHUIKOCTEH MOXXHO MPUMEHSTH CICAYIOIIMN pPEeXUM Harpena:
noabeM Temmneparypsl Ao 200 °C B TeueHue 5 MUH, BbIJACPKUBAHUE B TEUEHUE 5
MuH 1ipu 200 °C, oxnaxaenue a0 45 °C. OxnaxJIeHHbIN aBTOKJIAB BCTPSXUBAIOT
JUIi  TIEPEMEIIMBAHUSA  COJEPKUMOTO W MPHUOTKPHIBAIOT  KPBILIIKY IS
ypaBHOBEIIMBaHUs JaBieHus. KadecTBEeHHO pasiiokeHHas mpobda IMocie OTroHa
OKHCJIOB a30Ta JOJDKHA TMPEJCTaBISITh COOOM OECHBETHBIM WM IKEITOBATHIN
MPO3payuHbI pacTBOp, 0€3 HE PACTBOPUBIIMXCS YACTHII HA JIHE W HA CTEHKAX

BKJIaJbIIIa. PacTBOpeHHYI0 MpoOy KOJMYECTBEHHO TMEPEHOCSAT B MPOOUPKY
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00beMoM 15 cM°, TPOEKpaTHO BCTpSIXHMBAs BKIAABIII C KPHIIKOH ¢ 1 o’
JICMOHMU30BaHHOM BOJIBI M IEPEHOCS KAX/IbI CMBIB B IPOOHPKY, TOBOJAAT 00BEM JI0
10 cM® 1eHOHM30BaHHOM BOIOI, 3aKPHIBAIOT H IIEPEMEIIHBAIOT. ABTOMATHICCKAM
J103aTOPOM CO CMEHHBIM HAKOHEYHHKOM OTOMPAIOT AIMKBOTHYIO 4acTh 1 cM° u
nosogar no 10 e 0,5 %-Ho¥ a30THOM KHCJIOTOM, 3aKpBIBAIOT 3aIUTHOM
JabopaTopHON TIEHKOM, MepenaloT Ha aHanu3. [laHHble 00 0ObemMe alMKBOTHOU
YacTU U 00bEME pa3BeJCHMS BBOJAT B MPOrPaMMHOE OOECIEYEHUE CIEKTPOMETpa
BMECTE C Ha3BaHMEM U HABECKOM 0Opasia.

JlomyckaeTcsi HeOCPECTBEHHBIN 0TOOp aIMKBOTHOM YacTH 00bemoM 0,1—
0,5 cM® U3 pasIoKeHHOi IPOOHI B aBTOKIABe. UTOObI CKOMIICHCHPOBATH MPH ITOM
MOTPENIHOCTh pa30aBieHUs, IMepe] paszloKeHHeM B MpoOy HYXHO J00aBHUTH
pacTBOp BHyTpeHHero ctanaapta (In umu Rh), 4To0BI KOHIIEHTpaIUsl BHYTPEHHETO
CTaHJapTa B KOHEYHOM pacTBOpE, HANpaBiIsieMOM Ha aHalIu3, COCTaBJsja
npumepro 10 Mkr/mv°® (Hampumep, noGaBute B mpoby 100 MM® pactBOpa,
comepkamero 10 mr/m Rh, 3aTeM u3 5 cM° pasnokKeHHOH NPOOBI B3SATH
aTMKBOTHYIO 4acTb 0,5 cm® u goBectn o 10 CMS). PactBop BHYTpEHHErO
CTaHAapTa He0OXO0AUMO J00AaBIATH BO BCE XOJIOCThIE MPOOBI U B KAIMOPOBOYHBIE
pacTBOpbHI. 3aJaHHYI0 KOHIIEHTpaIuio BHyTpeHHero cranmapra (10 wmxkr/m) B
XOJIOCTBIX M CTAHJIAPTHBIX PACTBOPAX HEOOXOIUMO TOYHO COOJIOAATD.

PactBOp X010CTO# NPOOBI TOTOBAT C BHIIOJIHEHHEM BCEX YKa3aHHBIX BBIIIE
oneparuii, 3a UCKIOUYEHUEM OTIEPALINU B3SITUSI HABECKH.

6.2.9. IIpuroroBiieHUEe CTAHAAPTHBIX PACTBOPOB

PaGouune cranmapTHbie pacTBOPHI TOTOBAT IMYTEM CMEUIMBAHUSI HECKOIbKHUX
OTMOPHBIX MHOT'O3JIEMEHTHBIX CTAHAAPTHBIX PACTBOPOB ISl MAaCC-CIEKTPOMETPUH,
CoJlepKallluX pa3Hble TPYIIbI 3JIEMEHTOB. [l KaliuOpoBKM CIEKTpoMeTpa
UCITOJIB3YIOTCS IBA-TPU paboOUYMX CTaHIapTa, couepkaimx, Harpumep, no 10, 40 u
100 MKr/m Bcex DJJEMEHTOB, 3a HWCKIIOUCHHEM PTYTH, COJEpKaHHE KOTOpPOU
coctaBisieT 1 U 4 MKI/I B MEPBBIX JIBYX CTaHIApTHBIX pacTBopax.. g Oonee
TOYHOTO OIpPEAEIEHUS 3JIEMEHTOB, BXOJAIIMUX B COCTAB HAHOMATEPUAJIOB, MOXKET

HOTpe6OBaTI>CSI IMPUMCHCHUEC CTaHOapPTHOTI'O pacTBOpAa, B KOTOpOM nux
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KOHLEHTpauuu ObUIM Obl OJHOTO MOpSJAKAa C BEPXHUMHU TpaHULAMHU JUana3oHa
COJIEP)KaHUIl 3JIEMEHTOB B HCCIEAYEMOM OOBEKTE, C yYE€TOM MPUMEHSIEMOrO
(dakropa pazbaBieHus. IIpuroroBieHHblE pabouyue pacTBOPbl COXPAHSIOTCSA B
MOJIUIIPONIICHOBBIX MpoOupkax odbeMom 50 cm® PexomeHyeTcss HCOIb30BaTh
paboune cTaHmapThl JUIs  KaauMOpoBKM B TeueHue 3—5 JAHEW mocie
npurotoBieHus. I[lpumep cocTaBa MCXOAHBIX pPAacTBOPOB sl  KaJUOpPOBKHU
npUBEAEH B Tabmuue 7.

Ta0mumna 7.

[Ipumep cocraBa pabouux cTaHaapTHbIX pacTBopoB B Metoae MCIT-MC

Hcxonnbie
CTaHJApTHBIE
PacTBODHI,
KOHIICHTPAITHS
Kanu6GpoBouHslii
CTaHAApT JJI aHau3a

OMOJIOTMYECKUX U Fe, K, Ca, Na, Mg; 10 ppm: Ag, Al, As, Ba, Be, Cd, Co,

abuorieckix Cr, Cu, Mn, Mo, Ni, Pb, Sh, Se, T1, V, Zn, Th, U
00BEKTOB, COIEPIKAITIX

Hanoyactuiel 1,000
ppm:
MynsTianementhsii (B, Ge, Mo, Nb, P, Re, Si, Ta, Ti, W, Zr
KaJIMOPOBOYHBII
crangapt Ne 4, 10
MKT/CM®
MynsTianementHeiii  [Sb, Au, Hf, Ir, Pd, Pt, Rh, Ru, Te, Sn
KaJTMOPOBOYHBIM
crtanaapt Ne3, 10
MKT/CM®
KanuGpoBouHslii Hg
crangapt Hg, 10
MKT/CM®

JIeMEHTBI

6.2.10. IToaroroBka npudopa

Macc-CeKTpoMeTp TMOATOTABIMBAIOT K padoTeé B COOTBETCTBHH C
PYKOBOJACTBOM TIOJIb30BaTelsl (MHCTpYKIHMEH MO JKcInTyatanuu). HeoOxomumbie
peKMMBI  pabOThI  YCTAaHABJIMBAIOT B COOTBETCTBUH C PEKOMEHIAIMSIMHU

npousBoautens. [Ipumep pexxuma npoBeeHuss U3MEPEHUI pUBEAEH B Tabnuile 8.
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JInsi  KOHKpPETHOro THIa Tpudopa ONTUMAIbHBIE PEXKUMBI MOTYT OBITh
YCTaHOBJICHBI dKCIIEpUMEHTAILHO. [locie 3amycka mpubopa mporu3BOAST MPOBEPKY
pabounx XapaKTepUCTUK MPHUOOpa, BKIIFOYAs IPOBEPKY UYBCTBUTEIBHOCTH BO BCEM
JUana3oHe Macc, MPOBEPKY YypoBHA ¢OHA, YPOBHS BTOPUYHBIX OKCHUAHBIX W
JIBY3apsTHBIX HOHOB, BOCIIPOU3BOIUMOCTH.

Tabmnurra 8.

VY cnoBHS BBINOJHEHUS aHATIN3a HA MACC-CIIEKTPOMETPE C MHIYKTUBHO-CBA3aHHOM

I1a3MOu
ITapamerp 3HaueHue
OxJtax1aroniuii MoToK, 15
M /MuH
BcmomorarensHBINA TOTOK, 1,2
I[MS/MI/IH
Pacnprasronuii moToxk, 0,9-1,2
)I[MSJ'I/MI/IH
[ToaBoauMasi MOIIIHOCTD 1500 Bt
Pacnpuinrens KBapiieBblii KOHUEHTPUYECKUI WU HOJIMMEPHBIN
tuna babunrrona
PacneuiurensHas kamepa Oxnaxnaemas 1ByxxoaoBas, Tun CKoTTa,
Martepual - KBapil
S;é)/f;lcgb nojadu oopasiia, Meree 0.5
Konychsl comiiepa u ckummepa Hukenesbie WM TNIATUHOBEIS
PexxuM CKaHMpOBaHUS 3 TOYKHU HA MUK
Bpewms unTerpripoBaHus, Mc 50 — 100 na maccy
Yucno pemmk 3
[TonHOE BpeMs U3MEpEHNUS ~1
oOpasiia, ¢ OTMBIBKOH, MUH

6.2.11. Koppekuusi cneKTpajbHbIX H300apPHBIX HAJIOKEHU I, KOppeKIusi
MOJIMATOMHBIX HAJIO’KEHUI, BLI3BAHHBIX MaTpUIlaMu 00pa3loB, peareHToB 1
razamm Injia3Mbl, KOppeKIUs TPAHCIIOPTHBIX MOMeX

Koppekiuusi Tpex OCHOBHBIX BHUJIOB IoMex B TpaguiimoHHom WMCIT-MC
aHajgu3e C BBOJOM JKUAKOM TipoObl (0e3 MNpUMEHEHUS JUHAMHYECKUX
PEAKIIMOHHBIX CHUCTEM), MPOBOAUTCS C HMCIIOJb30BAHHUEM TPEX Pa3HbIX METOJOB,

OTJIMYAIOIINXCA MCKIAY co0oit Kak CJIOKHOCTBIO, TaK U HAACKHOCTBIO. Brissnenue
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MOMEX MPHU OTJIAJKE METOIUKH MPOBOJMTCS ITyTEM OIMPEIEICHHUS CTaHIaPTHBIX
00aBOK U U3MEPEHUEM CEPUH MOCIIEI0BATEIIBHO Pa30aBIECHHBIX MPOO.

Koppekmust n300apHbIX HalokeHUU. [IpuMepsl KOPpPEKIIMU HAOKEHUH OT
M300apHBIX HOHOB MPUBEICHHBI B Ta0I. 9. B mporpaMMHBIX MakeTax COBPEMEHHBIX
MacC-CIIEKTPOMETPOB TaKkue IPOIIETYPHI KOPPEKIINU IpeTaraloTcs
aBTOMAaTUYECKU.  TouHble  KOX(PQOUIIMEHTH  KOPPEKIUU  OMPEIEISIFOTCS
IKCIIEPUMEHTAIBHO.

Tabmuma 9

[Tpumepsl N300apHBIX HAIOKEHUI

OnpenenseMbii N300apHbIii HOH Koppekrtupyromee BeipaxxeHue
N30TOII
"“Ge *se -0,1166""Se
%2Se %Kr -1,0078 - *Kr
H4cd H4gn -0,0273 ***3n
120gn 1207¢ -0,0127 **°Te
*®Ba 138 a, ¥Ce - 0,0009 - **°La; -0,00284 **°Ce

Koppekius criekTpaibHBIX HaOXEHUW OT MOJMAaTOMHBIX MOHOB OT Pa3HBIX
HUCTOYHUKOB TpeOyeT Oosbiiero BHUMaHus. [l ycTpaHEHUsS W KOPPEKIUU
CHEKTPAIbHBIX HAIOXKEHUU OT monuaToMHbiX MOHOB B MCII-MC npumeHnsroTcs
HECKOJIbKO Ccnoco0oB. B ckoOKkax mnpHBEAEHBI JJIEMEHTHI, NPHU OIpeAeSICHUN
KOTOPBIX MPUMEHSIETCS KOHKPETHBIN BapUaHT:

- HUCKJIIOUECHHME M3 Tpollecca MpoOOIMOArOTOBKM PEareHTOB, BBI3BIBAOIIUX
CIIEKTPAJIbHBIC HAJIOXKEHUSI, HAIPUMEP, UCIOIb30BAHUE a30THOW KUCIOTHI BMECTO
COJITHOM, KOTOpasi BBI3BIBAET OOpa30BaHUE XJIOPCOACPIKAIIUX TMOTHATOMHBIX
noHoB (s V, Cr, As, UCHBITHIBAIOIIUX HAJIOKEHUS OT IMOJUATOMHBIX HOHOB
C10", ArC1%);

- yJaJleHHWE KOMIIOHEHTOB, BbI3BIBAIOIIMX TOJMATOMHBIE HAJIOKEHHUS,
HarpuMep, MPU TOMOIIM OKHUCIEHUS WM yrnapuBaHus (yJaJeHUE OCTaTOYHBIX
KOJIMYECTB OpPraHMYECKOM MaTpuIlbl, Memaromei onpenencHuto Cr, Al, Si u3-3a

noanatoMHbIx HoHoB ArC*, CN*, CO™);
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-y4eT HAJOKEHUW TpU TOMOIIM SMIUPUYECKUX COOTHOIICHUH IS
HAK/TAIBIBAIONIMXCS HOHOB (HampuMep, yuer Bimstaus CArCl* ma macce 75 1o
nony “°Ar*’ As* Ha macce 77 npu onpenenerun As);

- TMPUMEHEHHE [IeCOJIbBATUPYIOIIUX YCTPOMCTB JUIsi OOE3BOKMBAHUS H
BBICYIIIMBAHUS a’po30Jisi 0Opaslia mepes BBOJAOM B IutazMy (MeToa Tpedyer
NpUOOPETEHUsT  JTOTIOJHUTEIBHOTO 000PYJIOBaHUS, CHUCTEMBI JI€COJIbBATAIlUU
001a/1al0T TOBBIIICHHBIM 3(PPEeKTOM MaMsATH - TpeOyIOT 0oJiee MPOAOIKUTEIHHON
OTMBIBKM MEXIy oOpa3liaMHi, METOJ[ YCTpaHSEeT NPUCYTCTBUE MOJUATOMHBIX
MOHOB, BBI3BAHHBIX TOJILKO MaTpuieil pactsoputens - ArO", NO*, ArCl" u T. n.);

- MpUMEHEHHUE HeKTpoTepmMuueckoil arommsammu (OTA) wnm nasepHoi
abmauuu  (JIA) 1 BBoma mpoOwbl (meton OTA  Xopomo mnpuMeHUM  JUIs
YCTpAHEHHUS] XJIOp- M KHUCJIOPOJCOJACP)KAlINX IOMEX, OJHAKO CYIIECTBEHHO
yCTyHaeT Mo ce0ECTOMMOCTH U BO3MOXHOCTSIM COBPEMEHHOMY METOAY KOPPEKLHUU
c OPC; wmeron JIA wucnonb3yercs ansi paboTbl C TBEPAbBIMH TOMOI'€HHBIMU
oOpa3uaMu, TPyAHO MOJJAETCS KanMOpOBKE JIA €I 3JIEMEHTHOIO aHalu3a
OroIornYecKux mpoo);

- TMPUMEHEHHE IUCKPUMUHAIIMK TI0 DSHEPrusM i yAaleHus Bcex 0e3
UCKIIIOUCHUS TIOJIMATOMHBIX 00pa3oBaHWii mpu pabore Ha npubopax cC
OKTOTIOJILHOM PEaKIIMOHHOW CHUCTEMOM (METOJ| YCTpaHsET BIUSHUE MOJTHATOMHBIX
MOHOB U YJIy4IllaeT Ipeeibl OOHApYKeHHUS Ha |—3 JeCITHUHBIX TOPSIKA).

Haubonee cepre3Hble mOMEXH OT MaTpHIbl O0Opas3IoB M OT IMpUMeced B
J1a3MO00Pa3yIoNEM apProHe BhI3BIBAIOTCA MOMMATOMHBEIMEH moHamMu NN u CO*
pU aHaMu3e KpeMHUs. Bce Tpu M30TOonma KpeMHHS MCIBITHIBAIOT HAIOKEHHS, YTO
YMEHbILIAET BO3MOKHOCTH ONPEEICHUs S1 B OpraHUUYEeCKIX MaTpULIaX.

[TpoGiemsbl, cBsI3aHHBIE C MMOJTMATOMHBIMA MOHAMH, BBI3BAHHBIMU MaTpHUIICH
o0pa3loB, pEareHTOB W Tra30B IUIa3Mbl, pPaJAUKAIbHO YCTPAHSIOTCS MpH
WCIIOJIb30BAHUU [IJIT W3MEPEHHH TPHOOPOB C OKTOMOJBHOW PEaKIIMOHHON
cucremoirr (OPC). B cucreme OPC wucnomnb3yercst AOMOJHUTEIbHBIA OKTOIMOJb -
aueiika OPC, pacnonioxkeHHasi nepes KBaapyIloJjeM Macc-aHaiau3aropa. BrusHue

INOJIMAaTOMHBIX HOHOB YCTPAHACTCA IIYTEM JUCKpUMHUHAIWKU 110 OSHCPIruUusiM B
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pe3yapTare B3anMOJICHUCTBUN C MOJIEKYJIAMH HEUTPAIBHOTO Ta3a, HAIyCKAEMOTO B
saueiiky OPC. B kauyecTBe peakUHMOHHOTO Tra3a OOBIYHO MCHOJB3YETCS TEIIH.
Takum o6pazom, cuctema OPC ocymectBisier 3¢GGEKTUBHYIO (GUIBTPALUIO
MOJIMATOMHBIX HOHOB, yMEHbINaeT o0mmii (OH U YBEIMYHUBAET CTAOWIBHOCTH
curHasioB. Ot ocobeHHoctu MCIT-OPC-MC npubopoB MO3BOJIAIOT AOCTUTATh
JY4YIIUX TPEAesioB OOHAPYKEHUSI, YBEPEHHO ONPENEIsITh TPATUIIMOHHO TPYAHbBIC
anemenTsl ansi UCII-MC onpezenenuii B OpraHndeckux MaTpuiiax, BKIOYas Si,
Ca, Ti, V, Cr, Fe, As, Se, a Takke NpoBOJUTh 00JIee TOUHBIH W30TOIHBINA aHAJN3
BEILECTBA.

Yempanenue u yuem mpancnopmmueix nomex. TpaHCHOPTHBIE TOMEXH
BO3HHMKAIOT H3-3a Pa3jiuuMs B BSI3KOCTU M IOBEPXHOCTHOM HATSIKEHUH MEXKIY
rpaJlyupOBOYHBIMH CTaHJIapTaMu U oOpasuamu. Bs3KOCTh pacTBOPOB BIUSET Ha
3¢ (HEeKTUBHOCTh PACTIBUICHUS U, KaK CIIEJICTBUE, BO3ACUCTBYET HA CUTHAI KaXJI0TO
aHAIM3UPYEMOI0 H30TONA B pPACTBOpPE, B HJcal€ MNPONOPLHUOHAIBHOIO €r0
KOHLIEHTpaluu. BsI3KOCTh BOJHBIX PACTBOPOB 3aBUCUT OT KOHLIEHTPALIUU KUCIOTHI
U OT KOHUEHTPALMM MaTPUYHBIX KOMIOHEHTOB. C MCIOJIB30BaHUEM JOBOJIBHO
BBICOKUX (aKkTOpoB paz0aBieHus Ajii 00pas3lloB C OCTATOYHOW OpPraHMYECKOH
matpureit (1:300 — 1:500) u HOpManmu3anuu KuciaoTHoro ¢oHa B CTaHIapTax,
OnmaHkax W 00pa3lax, BIUSHUE TPAHCIOPTHBIX MOMEX MOXKHO YMEHBIIUTH JI0
He3HauuMoro ypoBHs. [Ipu pabore ¢ MmenbmuMu daktopamu pazodasnenus (ot 1 :
10 no 1 : 100 mnsg OUOTIOTMYECKHUX >KUIKOCTEH) PEKOMEHIyeTCsl yOenuThcs B
OTCYTCTBUHU IOMEX, MPOAHAIM3UPOBAB CEPHUIO MOCIEIOBATENbHBIX pa30aBICHUIMA
onHOU mpoOwl (Hampumep, 1:10, 1:50, 1:100, 1:200) u BEIOpaTh KOMIPOMUCCHBIM
¢dakTop pazOaBieHUs, TPU KOTOPOM HE CTPATAET YyBCTBUTEIBHOCTD OIpPEICICHUS
MHTEPECYIOIMX DJIEMEHTOB. Ecium  TpaHCNOPTHbIE TMOMEXH HEBO3MOKHO
yCTpaHUTh, CJIEeIyeT NPUMEHUTh BHYTPEHHIOK CTaHIapTU3alINI0, 100aBIIss BO BCE
XOJIOCThIE MPOOBI, CTaHAAPTHBIE PACTBOPHI U 00paslibl BHYTPEHHEIrO CTaHJapTa -
pactBop Rh wmnu In, 4ToOBl MOMYyYHUTHh MX KOHEUHYHO KOHIIEHTPALMIO BO BCEX

pactBopax 10 mxkr/mn. [I[puMeHeHre BHyTpEeHHEN CTaHIAPTU3AIMN TAK)KE MTO3BOJISET
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KOMIICHCHUPOBATh TOTPEIIHOCTH pa30aBieHus O00pa3lloB U y4ecTh MHOTHE
MaTpUYHbIC BIUSHUS HA IJ1a3My U TOTOK HOHOB.

6.2.12. I'panyupoBKa Macc-crieKTpOMeTpa

KanubpoBky coekTpoMeTpa BBIOJHAIOT Tepel HadaaoM H3MEpEeHUi
MOJIHOCTBIO MOATOTOBJICHHBIX MPOO, UCMOJIb3Ys IPAAyUPOBOYHBIE PACTBOPHI IO TI.
6.2.9. npu mnapameTpax, yCTaHOBJEHHbIX Mo 1. 6.2.10. Omnpenenenue
TpagyrpOBOYHON 3aBUCUMOCTH, 00paboTKa M XpaHEHHE PE3yIbTaTOB KaTMOPOBKU
BBITIOJIHAIOTCSL ~ NPOrpaMMHBIM  obOecrieueHueM  crekTpomerpa.  [IpoBepka
KaIMOPOBOK TMPOBOAUTCA Iepe] HadaJoM aHainu3a oOpasnoB. [IpoBepka
3aKJII0YAeTCsl B U3BMEPEHUN CTaHAAPTHOIO aTTECTOBAHHOIO oOpa3la ucciaeayeMoin
Matpuilsl. CoBpeMenHble mporpammusbie makeTsl 111 UCII-MC cucteM mo3BositoT
3aJaBaTh KPUTEPUU JOMYCTHMOTO KauecTBa KalMOPOBOK, OCHOBAaHHBIC Ha
TOYHOCTH U BOCIIPOU3BOJMMOCTU PE3YJIbTATOB JJII MPOBEPOUYHBIX CTAHAAPTOB, a
Takke Ha KodhUIMEHTe KOppeNlsiiiud ¢  [POrpaMMHUPOBATh  aJITOPUTM
ABTOMATUYECKUX HM3MEPEHMI, KOTOPBI MOXKET BKIIIOYATh MOBTOPHBIC MPOBEPKH
KaJIMOPOBOK M MEepeKaTMOpOBKY O€3 yuacTus oneparopa.

Jlnis BBISBJICHMSI U y4yeTa Jpei(a dyBCTBUTEIBHOCTH MPHOOpa MOBTOPHBIE
U3MEpPEHUSI TMPOBEPOYHBIX CTAaHAAPTOB W/WJIM  TOJHBIE MEPEKATUOPOBKHU
pPEKOMEHyeTCsl TMPOBOAUTH Kaxasie 1—2 u paboThl (uepe3 kaxkasie 15—30
o0pa3loB), B 3aBUCUMOCTH OT CTaOWJIBHOCTH OKpY)KaroUleld TeMIlepaTypsbl,
MUTAIOIIET0 HAMIPSHKEHUS U JPYTUX YCIOBUN B TAOOPATOPHUHU.

6.2.13. BoinoJiHeHUe U3MepeHuii

BBoa B Macc-CeKTpoMeTp MOArOTOBIEHHOW MPOOBI, U3MEPEHNUE CUTHAJIOB
W30TOTIOB TIPOBOJSAT MPU HOPMAIBHBIX KIMMATUYECKHX YCJIOBHUSIX HCHBITAHUMA B
COOTBETCTBHM C M. 6.2.6. ¢ yueToM TpeOOBaHHI pPyKOBOACTBA (MHCTPYKLHH) IO
OKCIUTyaTalii MpUOOpa. Y CTaHABIMBAIOT ONTUMAJBHBIA PEKUM PETUCTPAIUU
Macc-CIIeKTPOB U U3MEPEHUN B COOTBETCTBUU C PEKOMEHAANUAMH MPOU3BOAUTENS
JIaHHOTO Mpubopa. TUNMUYHBIE YCTAaHOBKM pabovnMx MapaMeTpoB MPHU U3MEPEHHSIX
npuBefeHsl B Tabnuie 8. IlepBuunas o0paboTka CHTHAJIOB ©  pacuer

KOHHCHTpaI_II/Iﬁ MMPOBOAUTCA IIPOTPAMMHBIM oOecrneueHueM ABTOMAaTHYCCKH, Ha
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OCHOBAaHMU TAPaMETPOB HKCIOJIB3YEMOIO METOAAa W JAaHHBIX MPOBEACHHOI

KamuOpoBku.  JIns  u3MepeHMil  MCHONB3YIOTCS ~ HM30TONBI,  Hamboliee

MPEANOYTHTENBHBIE TI0 COBOKYIHOCTH XapaKTEPUCTUK. BaxkHEMIIMMU M3 HHUX

ABJISIIOTCSI OTHOCUTEIbHAS PACIPOCTPAHEHHOCTh, OTCYTCTBUE WU HU3KUH YPOBEHB

CHEKTPATbHBIX OJMATOMHBIX HAJIOKEHUMN, TOCTUTAEMBIN Mpees 0OHapyKEHUSI.
6.2.14.00paboTKa pe3yJIbTATOB U3MepPeHU

AHaTUTHYECKHE CHUTHAIBI 00pabaThIBAIOTCS MPOTPAMMHBIM OOECTICUCHHEM
Macc-CIIEKTPOMETpa Ha OCHOBE TIOCTPOCHHBIX KaJUOPOBOYHBIX JIMHEHHBIX
perpeccuii, pacCUYMTAaHHBIX METOJIOM HAWUMEHBIIUX KBAJPaTOB, C Y4E€TOM
KOppeKiuu (poHa, CUTHaAJIa BHYTPEHHUX CTAHAAPTOB, a TAKXKE C YUETOM BIIUSHUS
M300apHBIX U MOJUATOMHBIX CIEKTPAIbHBIX HAJIOKEeHUH. Pe3ynbrar onpeneneHus
KaXXJIOr0 3JIEMEHTA TMPECTABIACTCS KaK CpeHEeE U3 HECKOJIbKUX (HE MEHEe BYX)
napajieIbHBIX HM3MEPEHU aHaiIu3upyeMoro ooOpaszna. O6padoTka pe3ysabTaToB
n3MepeHuit npopoautca B coorBerctBUU ¢ ['OCT 8.207-76. PesynbraThl
M3MEPEHUN OTOOpAKAIOTCA HA MOHUTOPE, pacledyaThIBAIOTCS W/WJIM COXPAHSIOTCS
B Buje ¢aiia Ha KECTKOM JHCKe KOMIIbIoTepa. PacrieuaTtaHHbie pe3yibTaThl
0(OpMIISIFOT COTJIACHO TpeOyeMoMy NPOTOKOJY (Tabnuia 4).

6.2.15. BHyTpeHHUIi onepaTUBHBII KOHTPOJIb

KonTpoaps norpemHoctu Mmeroauku npousBoasT B cootserctBuu ¢ I'OCT P
NCO 5725-6-94.

BuyTpennun KOHTPOJIb KayecTBa pe3yabTaToOB OIIpELICIICHUS
MHUKPOIJIEMEHTOB (CXOJUMOCTh, BOCIIPOU3BOAUMOCTh, TOYHOCTh) OCYIIIECTBIISIOT C
[EJIbI0 TIOJTYYEHUsI OTIEPaTUBHON MH(POpPMAIIUU O KaueCTBE aHAJIU30B U MPUHSTHUS
Ipyu  HEOOXOJUMOCTH OMNEpPaTHUBHBIX MEp IO €ro TOBBIIIEHWI0. MeToanka
MPOBEJICHUSI KOHTPOJIBHBIX TECTOB COBIAJAET C TAaKOBOM [IJI1 METOJla aTOMHO-
SMHUCCHOHHOM CIIEKTPO(POTOMETPHH, U IMIPOBOAUTCS COTJIacHO 11.6.1.14 HacTosmmx
METOIMYECKUX  PEKOMEHIanuu. Jlomyctumas TIOrpemHOCTh  ONpPEACICHUN

OTJICJIbHBIX AJIEMEHTOB IpejcTaBieHa B Tadmuie 10.
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Taomuma 10.

HOFpeH_IHOCTB I/I3MepeHI/Iﬁ QJICMCHTOB MCTOZOM MACC- CIICKTPOMCTPHH C

WHAYKTUBHO CBSI3aHHOM IUIA3MOM.

Onement | JluamaszoH OtHocu- | Die- JnanazoH OTHOCHuTeNbHAs
CoJlepKaHWH, | TelabHAss | MEHT | COACP)KAHMM, | MOTPEIIHOCTD,
MKT/T Morpet- MKT/T %, P = 0,95
HOCTb, %,
P =0,95
Al 0,001—0,100 40 Ag 0,0001—0,0100 40
0,1—1,0 20 0,01—0,10 20
1—20 20 0,1-1,0 20
Be 0,001—0,010 40 As 0,0005-0,0050 40
0,01—0,10 20 0,005—0,050 30
0,1—1,0 20 0,5—0,5 25
Fe 0,1—1,0 40 Au 0,0001—0,0100 40
1,0—10,0 20 0,01—0,10 20
10—500 20 0,1—0,5 20
K 1—50 45 Ba 0,0001—0,0100 40
50—500 20 0,01—0,10 20
500—5000 15 0,1—1,0 20
Cd 0,0001— 40 Bi 0,0001—0,0010 40
0,0010
0,001—0,100 20 0,001—0,010 30
0,1—0,5 15 0,01—0,10 25
Ca 2—20 50 B 0,001—0,010 40
20—200 40 0,01—1,00 20
200—2000 25 1—10 20
Co 0,0001— 40 Ce 0,0001—0,0100 40
0,0010
0,001—0,010 20 0,01—0,10 30
0,01—0,50 15 0,1-0,5 25
Li 0,0001— 40 Hg 0,0001—0,0100 40
0,0010
0,001—0,010 30 0,01—0,10 20
0,01—0,50 20 0,1—1,0 20
Mg 0,001—0,010 50 Mo 0,0001—0,0100 40
0,01—5,00 40 0,01—0,10 20
5—500 20 0,1-0,5 20
Mn 0,0001— 40 Pt 0,0001—0,0010 40
0,0010
0,001—0,100 20 0,001—0,010 20
0,1-2,0 20 0,01—0,10 20
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Cu 0,0001— 40 Sb 0,0001—0,0100 40
0,0100
0,01—5,00 20 0,01—0,10 30
5—50 20 0,1—1,0 25
Na 1—10 50 Se 0,0005—0,0050 40
10—100 35 0,005—0,050 30
100—1000 25 0,05—2,00 25
Ni 0,0001— 40 Sn 0,0001—0,0100 40
0,0010
0,001—0,01 20 0,01—0,10 30
0,01—2 20 0,1—2,0 25
Pb 0,0001— 40 Sr 0,0001—0,0100 40
0,0010
0,001—0,010 20 0,01—0,10 20
0,01—10,00 20 0,1—5,0 20
Ti 0,001—0,010 40 Ti 003005-003050 40
0,01—1,00 25 0,0005—0,0050 30
1—10 20 0,005—0,100 25
P 5—>0 50 \ 0,0005-7-0,0500 40
50—500 30 0,05—0,50 20
500—5000 25 0,5 20
Cr 0,001—0,010 40 W 0,0001—0,0100 40
0,01—1,00 30 0,01—0,10 30
1—10 25 0,1—0,5 25
Zn 0,001—0,010 40
0,01—0,10 20
0,1—500,0 20

Ipumeuanue. Ilpenensl omnpeneneHuss pacCYMTaHbl 110  CTAHAAPTHOU
metoauke npu 98 % noseputenbHoM uHTepBaie, kak 3 X CKOgy,/ES, roe 3 -
3HaueHue pacrpenenenus CrbrogenTta misa 98 %-ro uHTEpBajia U CEMU CTENEHEN
cBo0oabl, CKOgyoya - CTaHZApTHOE OTKIOHEHUE (POHOBOIO CUTHANA (UMI/C),
pacCUMTAHHOE 10 BOCBMH PEIUIMKaM 4YTeHUs, ES - n30TomHas 4yBCTBUTEIHHOCTD,

3
BBIpAKCHHAs B HMII/C MKT.IM .

81



Vil. ONPEAEJIEHUE ®YJJIEPEHOB B BE3AJIKOI'OJIBHBIX U

COKOCOIEPXKXAIINX HAIIUTKAX, HEKTAPAX, COKAX METOJOM

BBICOKOY®®EKTUBHOMN ) KUJIKOCTHON XPOMATOI' PA®UN
Hacrosimass MeTroAnka yCTaHABIMBAE€T METOJ  BBICOKOA(h()EKTUBHOM

KUJIKOCTHOM Xpomartorpaduu JUisi ONpeNeieHUS B NHUIIEBBIX MPOAYKTAX
(0e3amKOTONBHBIX M COKOCOEpKAIIUX HAMUTKaX, HEKTapax, COKax) MacCCOBBIX
koHIeHTparuil ¢ymiepena Cgo. [IpoBeneHne KOHTpOIs coaepxkaHus ¢yiepeHa
Ceo HEOOXOIUMO C 1IEJIBbI0 0OecTieueHus1 0€30M1aCHOCTH MUIIEBBIX MPOTYKTOB.

Jlama3oH oOHapykeHHiI METOAMKH cocTaBmsier ot 0,5 mr/mm° g0 500
MF/KF.,Z[MS

7.1. Kparkas xapakrepuctuka gysiepesa C60

Oo6menpunsatoe Ha3Banue: ¢yiepen C60.

CAS nomep: 99685-96-8.

CrpykTypHas popMmyiia: npuBeeHa Ha pUCYHKeE 1.

Puc. 1. Ctpykrypa dpymnepena C60.

dynnepeHbl — yriepoaHbIe KiacTephl ¢ 4€THBIM, Oojiee 20, KOJUYECTBOM
aTOMOB YTJIEpO/ia, 00pa3yloIIMX TPU CBA3U APYT C APYroM. ATOMBI B MOJIEKYJIaxX
GyIiepeHoOB pacrooKeHbl Ha TMOBEPXHOCTH cdephbl uin cheponsa B BepIIMHAX
TE€KCaroHOB W TEHTaroHoB. MDymjepeHsl C KOJUYECTBOM aromMoB Oosiee 70

(manpumep, Cz, Crg, Cg4) HA3BIBAIOT BHICIIUMHE (PYJUIEpEHAMH.
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@dysiepeHbl NPEACTaBIAIOT COO0M  MEIKOKPUCTAUIMYECKHE IMOPOIIKH
YEepHOro IBeTa, 03 3amaxa, NPaKTUYECKHW HE PACTBOPUMBI B TOJSIPHBIX
pPacTBOPUTEIISAX, €1a00 PACTBOPUMBI B allKaHaX HOPMAJILHOTO CTPOEHUs, Haubosee
BBICOKOM pacTBOPUMOCTbIO (YJUIEPEHOB XapaKTEpU3YIOTCSl apoMaTH4ecKHe
YIJI€BOJIOPOABI U UX IPOU3BO/IHBIE.

7.2. Metoauka omnpenejieHusi ¢yuiepena Cg B 0€32JKOr0JbHBIX U
COKOCO/IepPKAIIUX HANUTKAX, HEKTapax, COKax MeTOA0M
BbICOKOI(P(PEeKTUBHOU KUAKOCTHOU XpoMaTorpaduu

7.2.1. OcHOBHBIE M0JI0’KEHUSA

7.2.1.1. Ilpunyun memooa

Metoauka OocHOBaHAa Ha ompejeicHuu ¢yiiepeHa B 0€3aJKOroJIbHBIX U
COKOCOJIEp)KAIUX HAMHUTKAX, HEKTapax, COKaXx METOJ0M oOpalieHHO(pa3HOM
BBICOKO3(()EKTUBHOMN KuAKOCTHOU XpomaTtorpaduu (BOXKX) ¢ ucnonbzoBanuem
JUOJHO-MAaTpPUYHOrO JieTekTopa (AnuHa BoJHBI 340 HM) ToOCIEe HSKCTPaKLUU
dbynnepena u3 oopasia OpoMOECH30JI0M.

7.2.1.2. Memponozuueckue xapaxmepucmuku MemooOuKu

Tabnuma 11.
Konnentpanusa gynnepena C60 B nmpode
M 50,0-
€TPOJIOTUYECKHE 0.5-5.0 M1/ 5.0-50.0 500 u
XapaKTePUCTHKH 3 3 | Oomee Mr/kr
M MI/KT IM 34
M
[Tpenen moBTOpsiemoctH (1), % 29 26 25
I1
penen Bocpou3BoauMocTH, (R), 36 30 29
%
OTHOCHUTENbHAS cUCTeMaTHYeCKas 16 14 13
ommoka (9), %
ITonHoTa M3BIECUEHHS BEIIECTB, %0 He menee 80%

* 0e3 ydyeTa morpelHocTy pa30aBiIeHus 1O COOTBETCTBYIOIIETO AUaNa3oHa.

7.2.2. PeakTuBBI

AUETOHUTpUIT JJI SKUAKOCTHOM Xpomatorpapuu ¢ KodhduimeHTom
nponyckanus Ha 220 HM He MeHee 95% wn Beiie o TY 6-09-14-2167-84.

Tonmyon, o.c.u. wm «myist xpomatorpabpum» mo 'OCT 5789-78 wmm TY
COMP 2-021-06.

Bbpomb6en3omn, o.c.u. mo TY 6-09-3774-74.
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Oymnepen Cgp, COEpKaHNE OCHOBHOTO BeliecTBa >99,8%, aTTeCTOBAHHBIM
Ha COOTBETCTBUE CTAHJAPTHOMY O0pa3ily.

7.2.3. lIpudopnl, annaparypa, nocyjaa

HccnenoBarne mpoBoautcs Ha cuctemMe BDXKX, cHaOGXeHHON KOJOHKOM
pasmepom 4,6x150 mM, 3anonnenHod C18 da3zoil ¢ pazmepoM rpaHyd SMKM,
HAacoCOM BBICOKOTO JaBJICHHS, AETEKTOPOM C JHOJHOM MATPHUIIEH, NETIEBBIM
WHKEKTOPOM (WM aBTOCEMIUIEPOM) M CHUCTEMOH 00paboTKM XpomaTtorpamm. B
KauyecTBE MpuMepa MOXxHO npuBecTH cucreMmy Agilent cepuit 1100 wm 1200 ¢
kojouko «ZORBAX C18».

7.2.4.Acnosib3yeMoe BCIOMOraTejibHOe 000py/10BaHKe:

BerpsxuBarens BUOpaIIMOHHBIN cO CKOPOCTHIO BpareHus 10 3000 06/MuH.

Hentpudyra ¢ unciom o6oporoB He MeHee 10000 00/mMuH.

Becer nmaGoparopabie o6Omiero HaszHauenus mo ['OCT 24104-2001 c
norpentHocThio £0,0005 1.

TIpo6HPKH OJHOPA30BbIE THITA «IMIEHAOP(» BMECTHMOCTEIO 1,5¢M.

Kon6sr mepubie K 1-25-1 wnmm K 1-25-2, K 1-50-1 wmm K 1-50-2, K 1-100-1
nmu K 1-100-2 o 'OCT 1770-74.

[Tunetku 4-1-1 unu 5-1-1, 4-1-2 wmm 5-1-2, 4-2-10 unu 5-2-10, 4-2-5 v 5-
2-5 1o I'OCT 29227-91.

Buaitsl (€MKOCTh BMECTHMOCTBIO 4-6 CM° ¢ FepMETHUYHO 3aBHHYMBAIOMIEHCS
KPBIIIKOW) C TIUIACTUKOBBIMU BCTaBKaMu BMecTUMOCThIO 0,2-0,3 cM°. Buanbt
UCIIOJB3YIOTCS B TOM ClIy4ae, €Clid I BBOJIa MpOObI B MPUOOP HMCIOJIB3YETCS
aBTOCEMILIED.

JlonyckaeTcsi MCHOJIb30BaHUE MPUOOPOB U TMOCYAbI C METPOJIOTHYECKUMU
XapaKTEPUCTHKAMHU U PEaKTUBOB KBATH(UKAIMEH HE HIKE YKA3aHHBIX BBIIIIC.

7.2.5. OT60p npod

Jns yuera cnienuduku oT60pa mpod OTACIBHBIX BUIOB MPOIYKTOB CIEAyET
PYKOBOJICTBOBATBHCS JIEMCTBYIOLIEH HOPMATUBHO-TEXHUYECKOM JOKYMEHTAMEN Ha

KOHKPETHYIO MPOAYKIIHIO.
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7.2.6. IloaroToBKA K ONpeieTeHHI0

7.2.6.1. Ilpuzomosnenue cmanoapmmuozo pacmeopa yniepena

HaBecky 0,0250 r© 20,0001 r xpucrammmdaeckoro ¢ymiepena Cego
KOJIMYECTBEHHO IIEPEHOCAT B MEPHYIO KOJIOY BMECTHMOCTBIO 25 CM°, pacTBOPSIOT
B 15 cM® GpoMOeH30/1a, TIIATENBHO MEPEMEIIMBAIOT HA MATHHTHOH MEIIANKe [0
TOJTHOTO PACTBOPEHHS, TOBOAAT OPOMOECH30IOM 10 METKHU (25 ¢M°) H TIIATENBHO
nepemenuBaioT. [lodyyaloT OCHOBHOM CTaHIApTHBIA pacTBOp B OpoMOeH30je ¢
MaccoBOi moneit (ymiepena 1 mr/cm®. JIas momydeHus pabounMX CTaHAAPTHBIX
pPacTBOPOB MOCJIEI0BATEIBHO pa30aBIIIOT OCHOBHOM CTaHAAPTHBINA PaCTBOP:

pacmeop Ne I: B MepHYI0 K016y BMECTHMOCTBIO 25 cM° MOMEIaioT 2,5 cM’
OCHOBHOI'O pacTBOpa M JOBOAAT 00beM 10 MeTku OpomOensosioMm. [lomywaror
pacTtBop ¢ KoHIeHTpanuen 100 MKr/CM3;

pacmeop Ne 2: B MepHYIO KOJIOY BMECTUMOCTHIO 50 cm® momemaror 1,0 cm®
OCHOBHOTO PacTBOpa U JIOBOJAT O00BEeM a0 MeTKu OpomOeH3onom. I[lomydaror
pacTBOp ¢ KoHIeHTpauuei 20 MKF/CM3;

pacmeop Ne 3: B mepHyto kon0y Bmectumoctbio 100 cm® momemaror 0,2
cM® OCHOBHOTO PAacTBOpa U JOBOIAT 00BEM 0 METKH GpomOer3onom. Ilomydaror
PacTBOP ¢ KOHIGHTpaLHeil 2 MKI/CM’,

OcHOBHOW M pabouyMe CTaHIapTHBIE PAcTBOPHI (yJUIEpeHa XpaHIT B
IJJACTUKOBOM TEMHOM TIOCyJl€ C IUIOTHO HABHHYMBAIOIICHCS TPOOKON B
MpoxXJiafHOM TeMHOM Mecte (mpu temneparype okoyio 0°C). Cpoku roJHOCTH
OCHOBHOT'O pacTBOpa — 3 Mecsiiia, pabouux pacTBOpoB — 1 Hemersl.

7.2.6.2. Iloozomoexa npoovl 0152 ananusa

0,70 oM+ 0,01 cM® TIIATENTBHO IIepEeMEIIIaHHOr0 O0pasla MOMEIIAIT B
MPOGHPKY TS HEeHTpUbYTHpoBaHus THIA «dmmeHnopd» u mobasmsor 0,70 cm’
opomMOeHn3oia. [IpoObupKky MIOTHO 3aKPHIBAIOT, TIIATEILHO BCTPSXUBAIOT B TCUCHHUE
10 MuHYT U neHTpudyrupyor 25 MUHYT B uHTepBasie 00opoToB oT 4000 10 10000
00/mMuH. BepxHuii cioit (BOJHBIN) OTOMPAIOT U OTOPACKIBAIOT. AJIMKBOTA HUKHETO
cios (200-300 MM, Vixona, OPOMOEH30I1) MIEPEHOCHUTCS B BHAJBI C IUIACTHKOBBIMU

BCTaBKamMu. Bwuabl YCTAHABJIMBAKOTCA B  OTACIICHUC aBTOCCMILICPA. HpI/I
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UCIIOJIb30BaHUU PYYHOTO MHIKEKTOPA aJTMKBOTOMU €05, Coleprkaiiero OpomOeH3ou,
3aIOJIHAIOT METII0 HHXKEKTOPA.

B cmydae BBICOKMX KOHIIGHTpaIlii  (¢yJjiepeHa aluKBOTY  CIIOS,
COOTBETCTBYIOIIETO OPOMOEH30.Ty, pa30aBIIsSIIOT OPOMOESH30I0M.

7.2.7. OOHapykeHHe W KOJUYECTBEHHOE oImpeaejeHue @QyiepeHa

METOJA0M BbICOKOI(P(PEeKTUBHOU KUIKOCTHOU XpoMaTorpadpuu

OO6pasipl aHanu3upyroT MetogoM BOXKX Ha sxuakocTHOM XxpomaTtorpade ¢
HAaCOCOM BBICOKOT'O JAaBJIeHUsl ¢ mojayen pacrBopurens ot 0,1 mo 5,0 CMS/MI/IH.,
000pyZI0BaHHOM JMOTHOMATPUYHBIM JETEKTOPOM C IEPEMEHHOM JUTMHON BOJIHBI U
CUCTEMOM 17151 cOopa 1 06paboTKu XxpoMaTorpadhuuecknx JaHHBIX.

7.2.1.1. Kanuopoexa xpomamozpaga

st tpagyupoBKu B XpomaTtorpad BBOAST MPOOBI pabo4MX CTaHIAPTHBIX
pactBopoB (ysuiepena koHuentpauusimu 100, 20 u 2 Mxr/cm® oGbemamu 4, 10 1 20
MM (ot 8 10 2000 Hr), peTUCTPUPYIOT WX IUIOMIAIA U BPEMEHA yACP>KUBAHUS HA
xpoMarorpammax. [Ipu HCMOIB30BaHUM PYYHOTO HHXKEKTOpa OOBEM BBOJIUMOM
npoObl JOJKEH COOTBETCTBOBATH 00BEMY MCIOJIB3yeMOUN mNeTiau. B aTom ciyuae
pabouue pacTBOPHI JOMOJTHUTENIBHO Pa30aBistoT, YTOOBI MOJTYYUTh HEOOXOAMMOE
KOJIMYECTBO TOYEK B YKA3aHHOM HHTEPBAJIE.

7.2.1.2. Ycnosus nposeoenusn oopaweno-gpazoeoit BIKX

XpomaTorpapuyeckas KOJOHKA C CHUIIMKAreJeM, XUMUYECKHU CBSI3aHHBIM C
oktaaemmwicuianoMm (ODS wmm C18), pasmep wactuiy 5 MKM, JiMHA KOJOHKHU 150
MM, BHYTPEHHUH AUAMETP KOJOHKU 4,6 MM WJIM aHAJIOTHYHASL.

[ToxBmxHas ¢aza: aleTOHUTPUILTOIY0 (45:55, mo 06bemMy).

CxopocTh nojiauu noABMwxkHOU (aszer: 1,0 cM/MUH.

OG6beM BBOAMMOIT po6bl ot 1 10 100 MM,

Koaddunment emxoctu QgysnepeHa B 3TUX YCIOBUAX COCTABJISET BEIUUMHY
nopsinka 4,0 (Bpemst yaepxkuanus ot 7,5 g0 8,0 MUHYT, pu BpEMEHU BBIXOJA
pactBoputens ot 1,8 1o 2,0 mun).

JleTexTpoBaHHUE OCYIIECTBIISIIOT MIPY aHATTUTUYECKOU JyIMHE BOIHBI 340 HM

(mpu ucmonbp30BaHUU  (HOTOTUOAHOMATPUIHOTO JETEKTOPA TOTOJHUTEIHHBIM
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MOATBEP)KIACHUEM Hanmuuusi (QysuiepeHa sBiseTcs coBmageHue Y d-crnexrpa
aHanu3upyemoro BemiectBa B auanazone ot 200 mo 400 mm c¢ Y®-cnekrpom
bymiepeHa).

W nenTudukanmio KOMIOHEHTOB Ha XpOMaTOTPpaMME OCYIIECTBIISIIOT ITyTEM
CpPaBHEHHUSI CO BpPEMEHEM YJIEp:KMBaHUS CTaHAapTa (QyiuiepeHa M COBMAJCHUS
CIEKTPaIbHBIX JAHHBIX.

Ecnmu muk ¢ymiepeHa B HCCIEAyeMOM pPAacTBOPE BBIXOJUT 3a MpPEAEb
JUHENHOCTH, XpoMmaTorpaduyeckoe pasjelieHhe NPOBOAST TOBTOPHO TIOCIIE

pa30aBIeHHS UCCIIEYEMOTO PacTBOpA.

O3 DADA B, Sig=3d0 2 Ref=G50,100 (FULLER2009_0R_OM30a07000017.0)

)
1
==

i l i { § i ! § mi

Puc. 2. IIpumep XxpoMaTtorpaMMBbl KCTpakTa QysuiepeHa u3 s0JI09HOrO COKa
C MAKOTBIO (3KCTpareHT — OpoMOEH30J1), coaiepkaniero QpysiepeH B KOHIIEHTpaIuu
2 mkr/em®. Och abemmce: BpeMs, MEHYTHI, OCh OPAMHAT — HHTCHCHBHOCTD ITHKA,
MUUTMBONBTHL. [Iuku, Beimeqmye Ha 1-2 MUHYTax COOTBETCTBYIOT OpOMOEH30IY.
[Tuk Ha 7,6 MUHYTE COOTBETCTBYET pysuiepeHy. OnTuueckas miaoTHOCTH 340 HM.
7.2.8. O6paboTka pe3yJIbTATOB U3MePEHUSs

Conepxanue ¢yiuiepeHoB B o0Opasiax MUIIEBBIX MPOIYKTOB PACCUUTHIBAIOT
METOI0M a0COJIFOTHON KAJIMOPOBKHU.
CrannapTHbiii rpaduK CTPOSIT HE MEHEE YeM M0 5 TOYKaM, PaCCUUTHIBAS €T0

napamMeTpbl 0 METOAY HauMEHBIIMX KBaJpaToB (JIMHEHas perpeccus).
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B03MOXXHO HCIIONB30BaHWE BCTPOSHHOM MporpamMMbl OOpaOOTKH JaHHBIX IS
MOCTPOEHUS CTAaHAAPTHOTO Tpaduka.

Boluncienuss mpoBOJSAT 10 TpeThed 3Hauamedl uudpel. 3a pe3yiabTaT
NPUHUMAIOT CpelHee apu(pMETHYECKOe pe3yIbTaTOB JBYX IMapajlieIbHBIX
W3MEPEHUM.

7.3. OnepaTuBHbI KOHTPOJIb Pe3yJbTATOB U3MepPeHHUit
7.3.1. IIpoBepka npueMJIeMOCTH Pe3yJbTATOB NAPAJLIeIbHBIX ONpeaeJeHuil

Pacxoxxnenue Mexay ABYyMs —TapalieJbHBIMU  ompeneneHusiMu (B
MPOIIEHTAaX OT CPEJHETr0 3HA4YCHUs), BBINOJHEHHBIX B OJHOUM jabopaTtopuu, He
JIOJDKHO TIPEBBIIATh HOpMATHBa Mpenesia MmoBTopsieMocT (I), MPUBEIECHHOTO B
Ta0JIMIIE METPOJIOTHUYECKUX XapaKTEPUCTHK MpH BeposaTHOcTH P=0,95:

2-|X, - X,|-100
<r
(X1 +X3)

rie X, X,- pe3y/IbTaThl MapasiebHbIX ONPeIeICHHi, MI/IM’

[Tpu cobiroieHnU 3TOro YCIOBHUS 32 OKOHYATENIbHBIN pe3yibTaT UCIIBITAHUM
NPUHUMAIOT  CcpelHee apu(dmeTHueckoe 3HayeHue JIByX MapajuiedbHBIX
onpeaeneHuil X.,, OKpyTJIEHHOE 10 TPEThel 3HaYaIleil HuQpHL.

7.3.2. KOHTPOJIb TOYHOCTH Pe3y/IbTATOB M3MepeHuit

[lepnoIMYHOCTh ~ KOHTPOJISE MOTPEIIHOCTH  HU3MEPEHH  3aBUCUT  OT
KOJIMYeCTBa pabouux U3MEPEHHH 3a KOHTPOJUPYEMBIH MEPUOJ U OMNpeIessieTcs
IIaHaMu KOHTPOJIS.

OOpa3namMu KOHTPOJISI SIBJIAIOTCS paboure TpoObl MHUIIEBBIX MPOIYKTOB.
OTb6uparT npody U pa3aemnsioT ee Ha 2 paBHbIC YacTH. OOHY U3 HUX OCTaBIISIOT
0e3 M3MEHEeHuM, a K Apyroi J00aBiSIOT pacTBOp CTaHAapTa (yJuiepeHa, Takoe
KOJIMYECTBO, YTOOBI €ro maccoBas JA0Jds B MpoOE€ MO CPaBHEHHIO C HCXOJHBIM
3HaueHueM yBenumuwiack Ha 50-100%. JloGaBka mqoiKHA BBOJUTHCA B MPOOY
nepe;s; Ha4ajaoM MPpoOOTOATOTOBKH.

O06e mpoObl aHATU3UPYIOT B TOUHOM COOTBETCTBHUH C MPOIHUCHI0 METOJIUKH U
NIOTy4YarOT PE3yJIbTaThl aHaau3a MCXOAHOW MpoObl (Cpy) B MPOOBI ¢ 10OaBKOM

(C’ap). Onpenenenue MpoOBOASAT B OJMHAKOBBIX YCIOBHUSX, a MMEHHO: aHAJIM3
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MIPOBOJUT OJIMH AHAIHWTHK, C UCIOJIH30BAaHUEM OJHOTO HAa0Opa MEPHOU IMOCYIHI,
pPEaKTUBOB, PACTBOPOB U T.J.

ANTOPUTM TMPOBEACHUS ONEPATHUBHOTO KOHTPOJI TMOTPEIIHOCTH €
UCIIONb30BAaHUEM METO/Aa J00aBOK COCTOMT B CpaBHEHUH pe3ysbTara
KOHTPOJILHOTO  ONpPENENICHUsI, PABHOTO  PA3HOCTH  MEXIY  pe3yJbTaToM
KOHTPOJIBHOTO U3MepeHus npoOsl ¢ 1obaBkoi (C '), MpooObl 0e3 nodaBku (Coy) 1
BenmunHOU 100aBKU (Crosv)) € HOpMAaTUBOM omnepartuBHOro koHtpois (K).
Pemenue 00 yJ10BIETBOPUTENHHOMN MOTPEIIHOCTH MPUHUMAETCS MIPU BBIMOJIHEHUU
cieayroniero yciuosus (mpu P=0,95):

1C oy = Cowy = Cooson] K
HOpMaTI/IB OHepaTI/IBHOFO KOHTpOJ_IH HOFpeH_IHOCTI/I paCCIII/ITLIBa}OT 110

dbopmye (P=0,95):

K =0,84 x (A*C oy + A’Cop) 2
rae A - rpaHulia aOCOJIIOTHOM MOTPENIHOCTH, BBIYKCIAEMON 10 ¢opmyre:

— tXST

A=

(n- o6Bem BBIOOPKH, t — KpuTepwii CThioeHTa Ai1s N u3Mepenuit u P=0,95).

[Ipy npeBbIIEHUH HOPMATUBA OINEPATUBHOTO KOHTPOJIS IOTPEIIHOCTH
HKCIIEPUMEHT MOBTOPSAIOT C UCTIOJIB30BAHUEM JIPYTOMl MPOOBI.

[Ipy mOBTOpHOM OOHAPYKEHUM TMPEBBIIMICHUS HOPMATHBA SKCIIEPUMEHT
MPEKpallaloT U TPOBOIAT TINATEIBHBIM aHAIN3 HCIPABHOCTA OOOpPYIOBaHUS,
YUCTOTHl HCIOJb3YEMBIX PEAKTHUBOB, MOCY[bl, MOMEIIEHUS U T.J. C ILEJNbIO
BBISIBJICHUS (DAKTOPOB, BIUSIONINX HA PE3yIbTaThl U3MEPEHUI.

7.4. TpeOoBaHUsI TeXHUKHU 0€30MACHOCTH

[Ipy BBIMOTHEHUH W3MEPEHUN HEOOXOAUMO coOMoAaTh TpeOOBaHUS
TeXHUKH O€30MacHOCTU Mpu pabore ¢ xumudeckumu peaktuBamu 1o ['OCT
12.1.007-76, TpeboBaHUS AIEKTPOOE30MaCHOCTH npu paboTte v
anektpoyctaHoBkamu 1o ['OCT 12.1.019-79, TtpebGoBanus neWcTBYyrOMIEH
HOPMATUBHOM JOKYMEHTAIIMU Ha TpaBmia 0e30macHOil paboThl C MPOIYKIUEH,
coJiepKallleid HaHOMaTepualbl, a TAKKe TpeOOBaHUA, U3JI0KEHHBIE B TEXHUYECKOU

JIOKYMEHTAIlMU Ha UCII0JIb3yeMOoe 000pyI0BaHHeE.
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7.5. TpeOoBaHus K KBATM(PUKALNH ONIEPATOPOB

Paboty o yKa3aHHOUN METOJINKE MOTYT UCIIOJTHSATH
BbICOKOKBIN()ULIMPOBAHHBIE  CIELMAIMCTBI B OOJACTH  Ta30KUIKOCTHOM
XpomaTtorpaduu ¥ CaHUTAPHOU XMMHUHU, UMEIOIIUE OMBIT PabOThl C UCTIOIB3yEMbIM
obopynoBaHueM He MeHee | roma. HcmomHurenu — OJKHBL  OBITH
IPOUMHCTPYKTUPOBAHbI 00 OCHOBHBIX MEpaxX TEXHUKU OE30MaCHOCTU IpHU padoTe
BelecTBaMu 1-2 Kiacca OMacHOCTH, OPrAaHUYECKUMU PACTBOPUTEISIMH, a TAKXKe C
OCHOBHBIMH ITpaBHJIaMU O€30MIaCHOCTH IIPU padbOTE B XUMUYECKOM J1ab0paToOpuu.

7.6. YcaoBusi u3MepeHui

[Tomemenue mabopaTopuu  JOMHKHO  COOTBETCTBOBAaTh  CAHUTAPHBIM
IpaBWjaM [POEKTUPOBAHMs, OOOpYIOBaHUS, OSKCIUIyaTallud U COJEpKaHUs
MPOM3BOJACTBEHHBIX U JAOOPATOPHBIX TIOMEUICHUH, TNpeJHA3HAYCHHBIX 7S
npoBeJeHUsT paboT ¢ BemecTBaMu 1-2 Kjacca ONAacHOCTH, OPraHMYECKUMU
pacTBOpUTENIAMU. AHaIUTHYECKass JjadopaTropusi JOJDKHA OBbITh OCHaleHa
BEHTHWIAIIMOHHOU cucteMol coritacHo 'OCT 12.4.021-75.

TemmepaTypa OKpyXarollero Bo3ayXa IoJbkHa OwbiTh oT 15 mo 25°C.
OTtHocHTeNnbHAs BIAXHOCTh Bo3ayxa He Oosnee 80% mnpu 25°C. Hanpspkenue

anexktponutanus 220 £10 B. Yacrora nepemennoro Toka 50,0+0,2 I'm.
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VIIl. ONPEAEJIEHUE NCEBAOAIAEHOBHUPYCHbBIX HAHOYACTUIL
METO/IOM IOJIMMEPA3HOM IIEITHOM PEAKIIUA

8.1. IpuHumMn Mmetoaa

OCHOBHBIM METOOM HJCHTHU(PHUKAIMKM HAHOMATEPUAIOB OHWOTEHHOTO
OPOUCXOXKIEHUS,  MPEACTABIAIONMX  COOOM  KOHCTPYKTBI HAa  OCHOBE
pexomOuHanTHOUM JIHK, pexoMOMHaHTHBIX BUPYCHBIE U TICEBAOBUPYCHBIX YaCTUII,
Kak W g TpaguuuoHHblXx  JIHK-comepkammx  marepuanoB, sABISETCA
nonumepaszHas nenHas peakuus (ITHP). Waentuduxamms JTHK-comepxkarmmx
OWOoreHHbIX HaHomaTepuasoB MeroaoM [I[P  mo3Bossier ¢ BBICOKOM
cnequ(UYHOCTBI0 MPOBOJUTHh KA4YE€CTBEHHBIM, a TMpU HEOOXOJAUMOCTH U
KOJIMYECTBEHHBIM aHAIW3 HAJIWYWS JAHHBIX HaHOMAaTepUaJIoB. [l BBISBICHUSA
JIHK OuoreHHbIXx HaHOMATEPUAJIOB ONPENENEH pAJl MPaMEpOB, MO3BOJISIOIIMX
npoBoauTh amrundukanuio JTHK, cogepxaiuelics B cocTaBe TakKux CTaHJAPTHBIX
HAaHOMATEpHUAJIOB  KaK  IICEBJOBUPYCHBIE  HAHOYACTHLBI  aJICHOBUPYCOB,
JIEHTUBUPYCOB  4YEJIOBEKa, IOJMMaBHpyca MbIIIM, BUpyca Tremarura B,
PEKOMOMHAHTHBIX aJIEHOACCOIIMUPOBAHHBIX BUPYCOB M TiceBIoOakTeprodaron
M13 u MS2. Ilpaiimepsl sBisitoTcs crnenuduueckumu B oTHomenuu JIHK
KQ)KJIOr0 U3 BBIIIE MEPEYUCICHHBIX BUIAOB HaHO4YacTHL. B Hacrosmem pasneie
METOANYECKUX PEKOMEHAAMN MPUBEAEHBI NPalMeEPbl U MPOrpamMMma MpOBEACHUS
aMIUIMUKALMK Uil BBISIBJICHUS  NCEBA0AJ€HOBHMPYCHBIX  HAHOYACTHII,
NOCKOJIbKY JIaHHBIM THI TICEBIOBUPYCHBIX HAHOYACTUIl SIBJISETCS Haubosiee
pacnpoCTpaHEHHbIM  TpPU  pa3padOTKE  HCKYCCTBEHHBIX  KOMIUJIEKCHBIX
HAaHOCTPYKTYp. i1 MAeHTU(PUKALIMK HAHOYACTHULI, COJAEPKALIUX crienuuuecKkue
monekynel  JIHK  (mampumep, 30HIBI) pa3paboTka mpaiMepoB  JOJDKHA
OCYILECTBIISITECA B KaXXIOM KOHKPETHOM CJIydya€ Ha OCHOBE ONPEACIICHUS
nocnenosarenpbHocty  JIHK wucnonmb3syemon 11 co3maHus TOW WM HMHOU
HAaHOKOHCTPYKLMU.

B  ocHoBe Meroma IIIIP  jexxur MHOrOKpaTHOE  KONHMPOBAHUE
(ammumdukanus) cnenupuueckoro pparmenta JJHK-mumenn, kotoperit siBiasieTcs

MApKCpHbIM IJI1 JaHHOI'0 BHAA HCCICAYCEMOI'O0O  HaHOMAaTcpHala. Takoe
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KONUPOBAaHUE  OCYLIECTBISIETCS  (pepMeHTOM tepmoctabunpHoit  JIHK-
MOJIUMEPA30i B MPHUCYTCTBUU Je30KcupuOoHykieozuarpudocdpatos (tHTD) u
CUHTETUYECKUX OJIMTOHYKJICOTUAHBIX (20-25 HI) mpaiiMepoB - 3aTpaBOK CHHTE3a
JHK. IIpaiimepnl KOMIIJIEMEHTapHbI y4acTKaM, (bIaHKUPYIOIIIM
MOCJIEA0BATENBbHOCT-MHUILIEHb HA TTpoTHBONONOKHBIX Hensax JHK. ITocne orxura
(mpucoeanHeHus) MpaiiMepoB Ha MpoTuBononokHbIX nensx JAHK, ux 3’-koHibl
HalpaBJICHbl ~ HaBCTpedy  JApyr  apyry. llockonpKy — cMHTE3  HOBBIX
komiieMeHTapHbix 1enei JHK wHunmupyercs 3’-TUIAPOKCUIBHOW TPYIION
npaiimepa, 1o cuHre3 JIHK mnpoucxomur B rpaHumax mMmocienoBaTEIbHOCTH,
dbnankupyemoil mpaiimepamu. B pe3ynbTaTe MNPOUCXOIUT IKCIOHEHIIUATHLHOE
yBEJIMYEHHE YuciIa Konuii cremuuueckoro gparmenTa mo gpopmyne 2", rae n -
YHUCJIO UUKIIOB aMITU()UKALUY.

[Iuka cocTouT M3 TpexX 3TaloB, KaXIAOMY H3 KOTOPBIX COOTBETCTBYET
OIPEIEIICHHBIA TEMIIEPATYPHBIN PEKUM:

- pacmierenue ABoiHol cniupanu JIHK (menarypauus JIHK) npoucxoaut
npu temmneparype + 94°C;

- MPUCOEIUHEHHE (OTXKHUI) MPalMEpOB MPOUCXOAUT KOMILIEMEHTAPHO MPHU
TeMIiepaType, cnenuduuecKkon Uisi JaHHOW Taphbl paiiMepoB;

- cunre3 HoBeIX neneil JIHK mporekaer mpu temmeparype +72°C myrem
yIJIMHEHUS B HanpasiieHuu 5'-3' koH1a cuaresupyemoro pparmenrta JJHK.

B pesymnbrare 30-35 mukioB aMmiA(HUKAIMK CHHTE3UpyeTcs mopsiaka 10°
xonui (pparmenta JJHK, uro nemaer BOZBMOXHBIM BU3YyalbHBI Y4ET pe3yibTaTOB
nociie MpoBeACHU EeKTpodope3a B arapo3HOM reie.

B nonoxurensHoM koHTposibHOM oOpasine JIHK mnocne pasgenenus
npoaykro IIIIP B arapo3Hom reine npu mnpocmorpe B Y@P-nmydax HOJDKHA
BBISIBJIATBCS OJIHA (DITyOpecIupyIolas Mmojioca OpaHKeBO-KpacHoro 1peta. Pazmep
(dbparmMeHTa B UCCIEIyEeMBbIX MOJOXKUTEIBHBIX 00pa3iax J0JKEH COOTBETCTBOBATh
pa3Mepy ¢parMeHTa MOJOXKUTEIBHOTO CTaHJapTHOTO oOpasna. B orpunareiasHoM
CTaHJapTHOM 00pasile MOoJIoca, COOTBETCTBYIONIAS IO pa3Mepy crenuduyecKum

dbparmenTam ammumduiupyemoit JIHK, nomkaa OTCyTCTBOBATS.
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8.2. IIpubopnl u 060py10BaHUE

[Iporpammupyemsbiit  Tepmoctar  (JAHK-ammmudukatop) tuma “Tepruk
MC2” wiu uHBIE THIBI aMIUTM(PUKATOPOB, 3aperucTpupoBaHHble B Poccuiickoit
®depnepaluy B yCTAHOBICHHOM MOPSJIKE.

Tepmocrtar, nomumepxuBarmonmii temneparypy + 45°C, mig mpoOHpok
ooneMoM 1,5 oM’

IlenTpudyra co ckopocTbio BpamieHuss portopa mo 12000 ob6/muH s
npoOupok BMecTuMocThio 1,5 u 0,5 em’,

BerpsaxuBarens BUOpalMOHHBIN Tuma “BopTeKc” co CKOPOCTBIO BpAILEHUS
110 3000 006/ MuH.

[Tpubop A1 TOPU30OHTATIBLHOTO JIEKTpodopesa.

HcTOYHMK NOCTOSTHHOTO TOKA.

Bonsnas 6ans ¢ mogorpesoM 10 +95°C win CBU-neus.

VY apTpaduoneToBbIN TPAHCUIUTIOMUHATOP.

Ouku WM Macka 3allUTHBIE.

XonogunbHUK  ObITOBOM  anekTpuueckuit mo  ['OCT  26678-85

Mopo3uibHast kKamepa, obecredrnsaromas Temmeparypy (— 20) °C win Hike.

I"omorenusarop Tuma “SilentCrusher” win aHaIOrMYHBINA APYTHX MOCIICH.

Crynka dapdoposas ¢ nectukom o 'OCT 9147-80.

[Muauer meauimuckuii mo 'OCT 21241-89.

Hosxnuie mo F'OCT 21239-93.

Ckansnens mo 'OCT 21240-89.

Becwl nadopatopHbie o01iero HazHaueHus1 2-To kiacca TouHocty mo 'OCT
24104-2001.

MeMOpaHHble YCTaHOBKM JIJIsl MOJy4YeHUs AernoHu30oBaHHOW Boabl o OCT
11-029.003-80.

AHaM3aTOp NOTEHIIMOMETPUUYECKUH, orpemHocTh u3mepenuit pH+0,01 no
I'OCT 27987-88.

O6nyuarens Oaxtepunuanbiii HacteHHbIn OBH-150 mo TY 954-001-0492102-
01.
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Jlo3aTopsbl ¢ mepeMeHHBIM 00BEMOM Jo3upoBanus «Gilson»:
- 0,2 —-2,0 mm® ¢ marom 0,01 mm3, ¢ Tounoctrio +1,2%;
- 2- 20 mm3? ¢ marom 0,01 mm3, ¢ Tounoctrro +0,8%;

-1-10 cm?® ¢ marom 0,1 cm3, ¢ Tounocteio £0,5%.

Hozatops! «Jlennuner» no TY 9452-002-33189998-2002:
-0,5-10,0 mm? ¢ marom 0,01 mm3, ¢ Tounoctrro +0,8%;

- 20— 200 mm? ¢ marom 0,1 mm3, ¢ Tounocteio £0,6%;
- 100 — 1000 mm? ¢ marom 1 Mm3, ¢ TouHOCTBIO 13 %0;

[IpoGupku Trna "dmmernopd” BMecTHMOCTBIO 1,5 cM®,

[TpoOupku tumna "Snnengopd" as [P BMectumocTsio 0,5 oM.

HaKOHEUYHNKH [UTACTHKOBbIE 00beMoM 1-200 Mm’.

HakoHeYHHKH IIacTHKOBbIE 00beMoM 200-1000 mm°,

[lepuatku pe3unossie o [[OCT 3-88.

Kon6s! mmockogoHHbIe KOHUYEcKHe pa3zHoi BMectuMocTtu 1o ['OCT 1770-
74.

Hunuuapbl CTEKJISHHBIE MEpHBbIE JTaOOpaTOpHbIE BMECTUMOCTBIO 25, 100,
1000 cm? mo I'OCT 1770-74.

Boponku crexnsaasie [OCT 25336-82.

IlITatuBbl 1715t Mpo6HpoK 06BemMoM 1,5 em®,

8.3. MaTepuaJjibl U peaKTUBBI

Kommekt Ne 1A gns Beimenenus JHK w3 Bo3ayxa, BOABI M MHUIIEBBIX
MPOJYKTOB, TaKWX Kak (hepMEHTHBIC MpenapaThl, CTApTEPHbIE U 3aKBACOYHBIC
KynbTypbl, BAJI k nume no TY 9398-001-01897357-2008;

Kommext Ne 1b na6opa «'M-BAKT 1» ms Beinenenus JJHK u3 opranuzma
0€CTO3BOHOYHBIX M MO3BOHOYHBIX JKMBOTHBIX, PACTCHHM W THIIEBBIX MPOIYKTOB
TV 9398-001-01897357-2008

Tpuc-HCI pupmsr “Sigma”, CILA, wiu aHaI0rHaHbINA

Tputon X-100 dupmer «Mercky, ['epmanus, nim aHaTOrMYHbBIN

['yanuauna ruapoxnopu hupmsl “Curma”, CIIA, niu aHaTorU4HbINA

OATA (arunenanamunrerpaykcycHas kuciora) mo I'OCT 10652-73
94



HNoneuuncynbdat vatpus mo TY 6-09-64-75

Cycniensus nuokcuaa kpemuans Gupmel “Sigma”, CILIA umu anamorndHast

®enon o I'OCT 23519-93 BogoHACHIIIIEHHBIN

Xnopodopm o 'OCT 20015-88 BogoHACHITIICHHBIN

Cnupt >TrnoBbIl pektudunmponanusiii mo 'OCT P51652-2000

Auerat ammonuns no 'OCT 3117-78

[Tporennaza K, akrtuBnocts >30 en/mr, ¢upmbr «Promega», CHIA, wmm
aHaJIOTMYHAs

Marnuii xsopuctsiii 25 MM BoniHBII pacTBOp Gupmbl «Promegay, CIIA wnu
AHAJIOTUYHBIN

Kanuit xnopuctsiit mo 'OCT 4568-95

Boausiii pactBop ne3zokcunykieruarpudocparo (AHTD) (0,1M) pupmsl
«Promega», CILIA w1 aHanoruyHbIi

Kpeo3zonoBsiit kpacHsiil uga o TY 6-09-071670-88

Tepmocrabunbnas JIHK-monumepasa ¢upmer  «Promega», CIIA wnwm
aHaJIOTUYHAS

Macno BazenuroBoe o 'OCT 3164-78

Tpuc-anerar pupmsl “Sigma”, CIIA uiu aHaI0rHIHbINR

Jlensnas ykcycnas kucnora o 'OCT 61-75

Araposa s anekrpodopesa pupmel “Sigma”, CIIA wium aHaaoruaHast

BpomucTeiit atuanii hupmer “Sigma”, CIIIA uau aHaTOrnYHbIH

Bona genonnsosannas mo OCT 11-029.003-80

JIOITyCKaIOTCsl K MCIIOJIb30BAHUIO TE€CT-CUCTEMBI, KOMIUIEKTHI PEareHTOB U

MaTepHaybl aHAJOTUYHOTO HA3HAYCHUS JPYTHX HM3TOTOBUTENEH, pa3pelieHHbIE K
NPUMEHEHUI0O B  YCTAaHOBIICHHOM TIOPSAKE W € XapaKTePUCTHKAMH,
00eCIeYnBAOIIMMH TPOBEJCHNUE WCCICOBAHUNA B COOTBETCTBUU C JIAHHBIM

JIOKYMEHTOM.
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8.4. CranaaptHble 00pa3ubl HAHOMATEPHAJOB, NPHUMEHseMble MPH
KaJIN0pPOBKe MeTO/1a

[Ipu kanmuOpoBKke MeTOJla  HCHOJB3YeTCS  CTaHAApTHBIA  0Opasel
MICEBA0AICHOBUPYCHBIX HaHo4acTul, mpousBojacrea HUU snupemumonorun wu
Mukpoouogorun um. H.®. 'amanen PAMH (Poccus).

8.5. MeToauka npo6onoAroToBK1

Hna Beimenenuss JAHK u3 00pa3noB pekoOMEHIyeTCs HCIHOIb30BaTh
koMmruiekTel 111 BeiaeneHus JHK NelA u Nelb waGopoB «I'M-BAKT-1»,
npousBojictBa HUU snunemuonorun u mukpoouosnorun um. H.®@.I'amnen PAMH,
WU TECT-CUCTEMbI, KOMIUIEKTbl pPEareHTOB M MaTepualibl aHAJIOTHUYHOTO
Ha3HAYEHUs JPYTUX M3TOTOBUTEJEH, pa3pelleHHblE K MOPUMEHEHHUIO B
YCTAHOBJICHHOM TMOPSIKE U €  XapaKTepUCTHKAMH, OOECIEeYMBAIOUIUMU
MPOBEJCHUE HCCICIOBAHU B COOTBETCTBUM C JIaHHBIMH METOJINYECKUMU
PEKOMEHIALUAMM.

B kadectBe Marepuana sl NpOBEICHUS] MPOOOMOATOTOBKH KOMIUIEKTOM
NelA wucnons3ytoT 00pasibl MUIIEBBIX MPOIYKTOB, B TOM uucie (HEepMEHTHBIX
IIpEnapaToB, CTAPTEPHBIX M 3aKBACOUYHBIX KyubTyp, BAJl k mume. B kadecTtBe
MaTepuana Jisi MPOBEACHHUS MPOOOMOAroTOBKM KoMIiekToM Nelb umcmonb3yroT
oOpaslibl, B3SThIE U3 OPraHU3MOB OECHO3BOHOYHBIX M MO3BOHOYHBIX >XKHBOTHBIX,
pacTeHHUl ¥ MUIIEBBIX MPOAYKTOB. M3 oToOpanHbIX npol 0,5 T kaxxaoro odpasiia
FOMOTCHH3HPYIOT NP HOMOIH TedIoHOBOro mectuka B 0,5 CM° CTEPHIBHOM
JIEMOHM30BAaHHOM BOjBI. [loAroToBiIeHHBIE OOpaslbl CIEAYET HCIOIB30BaTh IS
aHajgu3a B TOT ke JAeHb. Jlomyckaercss XxpaHeHHe oOpasIoB IMPHU TeMIleparype —
20°C ne Gonee 2 HemeIb.

8.5.1. Boiesienune JIHK u3 o0pa3noB komiuiektom Nel A

8.5.1.1. Uccnenyempiii maTepuan neHTpudyrupyror B teuenue 10 MuHyT
mpu  KoMHaTHOH Temmeparype (+18-25°C) mpu 12000 o06/MuH. Y Iaasor
npubnu3utesbHo 600 MM HAJI0CAI0YHOM KUAKOCTU. OcCTaBUIMICS MaTepual
(mpumepro 100-110 Mm®) TIHATETBHO MEPEMENIMBAIOT B IPOOHPKE HA BOPTEKCE H

3
n00aBys0T K cycrien3un 300 mm™ pacTBopa 1, BXoJd11ero B KOMIUIEKT Habopa, u 5
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MM° CYCIICH3HH IBYOKHCH KPEMHHS. IIpoObI MHKYOHPYIOT B TedeHHe 15 MUHYT
IIpY KOMHATHOM TeMIlepaType, NIEPUOINYECKU MTEpEMENINBas Ha BOPTEKCE.

8.5.1.2. IIpoOwb1 uenrpudyrupyror B TeueHue 30 cek, Impu KOMHATHOM
temneparype npu 12000 o6/mun. CynepHaTaHT ynajsioT.

8.5.1.3. K ocanky nobGasmsiror 150 MM pacTBOpa 2, BCTPSIXMBAIOT €r0 Ha
BOpTEKCE U HEeHTpUYrupyroT B TeueHue 30 cek mpu KOMHATHOU TeMIiepaType Mnpu
12000 o6/muH. CynepHaTaHT yIaJstoT.

8.5.1.4. K ocanky nobasmustor 700 MM pacTBOpa 3, BCTPSIXMBAIOT €r0 Ha
BOpTEKCE U eHTpUu(Pyrupyrot B TeueHue 30 cex npu KOMHATHON TeMrepaType npu
12000 o6/mun. CynepHaTaHT yaansaioT. [JlaHHYI0 poIeAypy OTMBIBKH MOBTOPSIOT
JIBa pasa.

8.5.1.5. [lomonHUTENbHBIM HEHTPU(PYTHPOBAHHUEM C  TOCICIYIOIINM
yIaJleHUeM CylepHaTaHTa youparoT octatku pactBopa 3. [IpoOsl moacymmBaoT B
TeYeHHE 5 MHUH IpH TeMieparype +45°C, ocTaBiisis MPOOUPKH OTKPHITHIMH.

8.5.1.6. JI0GaBISIOT B KKy MPOOHPKY 50 MM® IEHOHH30BaHHOI BOIBL
MEepPEeMENINBAIOT Ha BOPTEKCE U MHKYOUPYIOT B T€UEHUE 5 MUH MPH TeMIeparype
+45° C.

8.5.1.7. IIpo6s1 eHTpudyrupyoT TP KOMHATHOW TeMIIEpaType B TCUCHHE
30 cex mpu 12000 o6/MuH, BomHyO (a3zy OTOMpPAIOT B JIPYryr0 MNPOOHPKY H
UCIIOJB3YIOT B KadyecTBe uccieayemoro oopasna JJHK nms moctaHoBKu peakiuu
aMIunuKanuy, 1u60 xpaust npu remmeparype -20° C He Gosiee IBYX HEIEIb.

8.5.2. Boinesienue IHK u3 o6pa3uoB kommiekrom Nelb

8.5.2.1. PactBop 1, BXOomsfumii B KOMIUIEKT Habopa, MpOrpeTh NpH
temneparype +25°C 1o moJiHOro pactBopeHusi ocajka. HemocpencTBeHHO nepen
npuMeHeHueM K pactBopy | goGaButh mporemHasy K no konuentpauuu 200
mkr/em® (0,001 r Ha 5,0 em®).

8.5.2.2. B MOJHIPONHICHOBYIO IPOOUPKY BMECTHMOCTBIO 1,5 cM° BHeCTH
100 mm® romorenmsmpoBanHOro 06pasta, mobasute 100 mm® pactBopa 1.

[lepemeniath Ha BUXPEBOM CMECHUTENE B TEUEHHUE 3-S5 CEK.
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8.5.2.3. Ilpobupku uHKyOUpoBaTh mpu Temmepatype +55°C B Teyenue 40
MUH.

8.5.2.4. JloGaButs 200 MM° (paBHBIl 06BEM) pacTBOpa 2, IepeMelaTh Ha
BUXpEBOM cMecuTene B TedueHue 10 cex W LeHTpU(PYrupoBaTh MPH KOMHATHOMN
temrepatype (+18-25°C) B teuenue 5 mud npu 10000-12000 o6/mun (10000 —
13000 g).

8.5.2.5. OrtoOparb BepxHIOIO (BOIHYI0) (asy © BHECTH €€ B
MOJHIIPOIIICHOBYI0 TPOGHMPKY BMecTHMOcThio 1,5 cm’. B a1y mpobupky
106aBuTh 200 MM® (paBHBIH 06BEM) pacTBOpa 3.

8.5.2.6. IlepememaTh Ha BUXPEBOM CMECHTENIE B TEUYCHHE 3-5 CEK M
HeHTpUyrupoBaTh IPU KOMHATHOW TeMIiiepaType B TeueHue 2 muH npu 10000 —
13000 g.

8.5.2.7. OroGpars BomHywo @asy (oxkomo 200 mm°) U BHecTH ee B
TOJTHIIPOIINICHOBYI0 MPOGHMPKY BMecTHMOCThI0 1,5 cm’. B a1y mpobupky
no6asuth 40 Mm°® pactBopa 4 n 720 mm°® (3 06Bema) pactBopa 5. [lepemeniats Ha
BUXPEBOM CMECHUTEIIE B TEUECHHE 3-5 CEK.

8.5.2.8. UukybupoBaTh pu KOMHATHOM TemriepaType B TeueHue 40 MuH.

8.5.2.9. llentpudyrupoBath npu KoMHaTHOW Temmeparype (+18-25°C) B
tedenue 15 mun npu 12000 06/mun (13000 g).

8.5.2.10. CynepnartanT yaanuTh. B mpooupky BHecTr 100 MM® pactBopa 6.

8.5.2.11. UentpudyrupoBath B TeueHWEe | MHUH TNpU KOMHATHOM
temneparype pu 12000 o6/mun (13000 Q).

8.5.2.12. CynepnatanT yaanutb. Ocagok MoJACYUINTh HA BO3yXE B TCUCHHUE
10 muH.

8.5.2.13. PactBopuTb 0cagok B 50 Mm° pactBopa 7. ITomydeHHbIe 0OpasIibl
JHK ucnons3zoBarts mist nansHenmero [P ananmm3a.

8.6. MeTonnka npoBeeHHs aHAJIN3A

[Ipaiimeps! Ha BoisiBiIeHue JIHK nceBnoaneHoBUpYyCHONM HAHOYACTHUIBI ObLIH

BbIOpaHbl Ha ocHoBe aHanmu3a JIHK aneHoBupyca uenoBeka 5-ro cepoTuma ¢
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NOMOIIbI0  KoMIbIOTEpHON  mporpammbl  “OLIGO 4.0 B  mpenenax
MOCIIEI0BATEIHLHOCTH I'€Ha OCHOBHOTO OeJiKa Karcuaa aJeHOBUpYca - TeKCOHA.

[Tpaitmep Ad5-for -5’-act-aca-aca-ttg-gct-acc-agg-3’ pacmonoxen Ha 21159-
21179 nykneorunax JJHK AnS, mpaiimep Ad5-rev-5’-caa-aac-ata-aag-aag-ggt-ggg-
c-3’ pacnosoxeH Ha 21598 -21577 nykneorumax JHK AnS. Ilomydaemblii B
pesyabrare [P dpparment IHK comepxut 418 HykI1€0THIOB.

[lepen nHadamoMm pabOTHl BHIHYTH W3 MOPO3WIBHOW KaMephl KOMILIEKT
pearenToB s ammumdukanuu (ITLP-Oydep, npaiimepsl, 1eMOHU30BaHHYIO BOJY,
dbepmenT Tag-monumepasy M Ba3eIMHOBOE Macio). Pa3Mopo3uTh CoOlEepKUMOE
MPOOHPOK TPpU KOMHATHOW TeMIIepaType, TIIATEIhHO MepeMeliaTh Ha BUXPEBOM
cmecuTene B TeueHue 10 cek ¥ MoMecTUTh Bce MPOOUPKH B XOJIOIUIHHUK.

[IpomapkupoBaTh  COOTBETCTBYIOIIMM  OOpa3oM  aMILIM(UKAIMOHHBIE
npoGupku BMecTuMOcThio 0,2 (mmm 0,5) cM® I aHATH3HPYeMbIX 0OpasIoB, a
Takke 2 amrumdukanuonusie mpooupku: [IK (MmonoxuTenbHbI KOHTPOIBHBIN
obpazen JIHK) u OK (oTpuiiatenbHbIil KOHTPOJIbHBIN 00pa3elr).

TouMepasHyO LEMHYI0 PEaKIMIo IPOBOIIT B CyMMApHOM o0beMe 30 MM”.
JIJ1s1 IPOBECHHS aHATH3a OJHOTO 00pasia B IMPOOHPKY 00beMoM 0,5 cM® BHOCST

cJIeIyIone KOMIIOHEHTHI B YKa3aHHOM Topsike (Tadmmia 12):

Tabmuma 12
Bona nemonunsupoBanHas 17,5 MM
10-kparnsrit [TLP Oydep, cocTosmii u3 Tpuc-HCI, 3,0 MM°
120mM; KCI, 600MM; MgCl,, 18MM;
Boansiit pactBop tHT® 3.0 MM 3,0 MM
Bonnslii pactBop npaitmepos 20 ITMOJTB/MM® 3,0 MM
Tag-momMepasa 5 ex/mMm° 0,5 Mm°

[Ipumeuanue. Ilpu ananuze N 00pa3noB paboumii pacTBOp TOTOBHUTCS B

KOJIMYeCTBE, HeoOXxoauMoM it aHainu3a N+1 oOpas1os.
B kaxmyro nmpoObupky ¢ aHanm3upyembiMu oOpasiamu u B nipodupku [1K u

OK BHecTH 110 27 MM® paGo4ero pacTBopa.
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B kaxIyio mpoOHpKy 106aBuTh mo 1 kamie (oxomo 20 MM®) Ba3eIMHOBOTO
MUHEpaJIbHOTO Maca.

B kaxyro npoOUpKy ¢ aHaIU3upyeMbIMH 00pa3liaMHu BHECTH MO Macio 1O
3,0 M rccnemyemoit JJHK  3aKpHITh HX.

B mpoOupky, wmapkupoBannyro OK, BHectu mnox wmacio 3,0 MM°
OTPHUILATEILHOTO KOHTPOJIBHOTO 00pa3lia U 3aKphITh €€.

B mpoGupky, MapkupoBanuyio IIK, BHectn mox Macio 3,0 mm°
HOJIOKUTENBHOTO KOHTposibHOTO obpaszua JJHK u 3akpeITs ee.

Conepxxumoe mpoOUPOK OCTOPOKHO MEpEMENIaTh U HEHTPUPYTUPOBATH MIPU

koMHaTHOHM Temneparype (+18-25°C) B teuenue 5 cex npu 10000 o6/mun (11000

9).

[Ipumeuanune. Bo u3zbexaHue KOHTaMHUHALMM CIIEAYET BHOCHTH OOpa3Lbl
JIHK HakOHEUYHHKaMHU ¢ a3p030JIbHBIM 0apbepoM.

VYcraHoBUTh Bce MNpoOMPKHM B OJIOK aMIUIMPUKATOpa M MPOBECTH
aMIUTH(UKALIIO C yYeTOM 00BbEMa PEaKIMOHHOH cMecH, paBHOrO 30 MM® (CM.

Tabnuiy 13).

Ta6muna 13
Pexum ammmudukanum
NoNo /it Temneparypa Bpems KonnuecTtBo moBTOpPOB
1 +95°C 10 mun 1 pas
+94°C 30 cex
3 +56°C 30 cex 30 pa3
+72°C 30 cex
4 +72°C 5 MUH 1 pa3
5 +10°C XpaHeHue

8.7. Ananu3 amnimpuumuposannoi JJTHK

Pesynerater [II[P peructpupyror wmetomom snekrpodopesa B 1,2%
arapo3HoM Telie, MPUTOTOBJIEHHOM Ha l-kpatHoM Tpuc-anietatHoM (1x TAE)
oydepe.

[TpuroroBnenue Ix TAE  Oydepa: 20 cmM®  50-kpaTHOTO
koHueHTpupoBaHHoro TAE Oydepa BHOCAT B MepHYI0 K0JIOy BMecTUMOocThio 1000
cM®, TOBOJIAT 10 METKH AMCTHIUINPOBAHHOM BOJOH H TIIATENBHO TIEPEMEIIHBAIOT.
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Ipurorosienue 1,2% araposuoro remst: 0,6 T arapo3sl pacTBOPSIOT B 50 cm®
IXTAE Oydepa HarpeBanueM B KHUISIIEH BOJAAHON OaHe 10 TMOJHOTO U
PAaBHOMEPHOT'O PAaCTBOPEHUS; MOJIYUCHHBIA PAaCTBOP OXJIAXKAAIOT 0 TEMIEPaTyphl
+60°C, no6aBistror 6 MM° 1% pacTBOpa GPOMHCTOTO STHIHS U IEPEMEIINBAIOT.

Buumanue: oOpomucmulit Imuouii A6AAE€MCA CUTLHBIM MYMAZEHOM,
nOIMOMY 6Ce MAHURNYIAUUU C HUM U C COOEPHCAUUM €20 a2apO3HbIM 2elem
Heo0X00uUMo 6bInOIHAMD 6 nepuamiax!

IIposenenue 31exkrpodopesa:

- MOJYYEHHBI PACTBOp 3aJIMBAIOT B KIOBETY JUIsl 3aJIUBKU Te€Jid COIVIACHO
MHCTPYKIIMU K TpUOOpY AJIsi TOPU3OHTAIBHOTO »yekTtpodopesa. [ns cozmanus
CTApTOBBIX JYHOK B KIOBETY IOMEIIAIOT I'pebeHKy ¢ 3yonamu. dopmMupoBaHue
rejss arapo3sl IPOUCXOIUT IPU TEMIIEPATYPE HUKE +42°C B Teuenue 10-20 mum;

- TI0CJIE 3aCThIBAHUS arapo3bl OCTOPOKHO BBIHUMAIOT IPEOEHKY U IEPEHOCST
rejib B Kamepy Juisl mpoBeneHus annektpodopesa. B kamepy zamuBaror 1XxTAE
Oydpep Tak, dTOOBI TOJIIMHA CIOS OSKUIAKOCTA HaJ TeEJIeM COCTaBjsija
MPUOIU3UTENBHO 5 MM;

- BHOCAT B JIYHKM araposHoro rems mno 12,5 MM aMIUTU (U POBAHHBIX
0o0pa3loB, MOJKIIOYAIOT K KaMepe MCTOYHUK IMOCTOSHHOTO TOKa M IMPOBOJST
anekTpodopes npu HanpsbkeHurn 120 B B tedyenue nmpumepHo 30 MuH, momenias
CTapTOBBIE JIYHKH OJIMKE K KaTOAY;

- BBIHUMAWT Te€llb W3 KaMepbl, MEPEHOCAT €ro Ha CTEKIO
TPaHCUJUTIOMUHATOPA, BKIIFOUAIOT TPAHCUIUTFOMUHATOP U TPOCMATPUBAIOT I'elb.

8.8. IlpencraBienne pe3yJibTaTOB

8.8.1. Untepnperanus pe3yjbTaTOB aHAIH3A

B nonoxutenbHoM KoHTposiabHOM oOpasue JIHK pomkHa BBISBIATHCS
10JIOCA  KPACHO-OPAaH)KEBOI'O  I[BE€TA,  COOTBETCTBYIOLIas IO  pa3Mepy
cnenupuyecknuM pparMeHTaM CEeJIEKTUBHBIX MapKEPOB.

B oTpunarensHOM KOHTPOJBHOM 00pa3le IMoJioca KpacHO-OPaH)KEeBOTro

BCTA JOJIDKHA OTCYTCTBOBATD.
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Hanuuue B ananmuszupyeMoMm oOpaslie MOJIOCHI KPacHO-OpPaH)KEBOTO IIBETA,
pacrnoJiararolmeicss TOYHO Ha YpPOBHE IOJOCHI IMOJIOKUTEIBHOTO KOHTPOJBHOIO
oopasua JIHK, cBuumerenbCTByeT O HadM4YMM B HCCIEAYyeMOM 0Opasie
COOTBETCTBYIOIIETO CEJIIEKTUBHOTO MapKepHOTro reHa. lIpu oTcyTcTBUM Takou
MOJIOCHI PE3YIBTAT CIEAYET CUNTATh OTPULIATEIIHHBIM.

Hamnune monocel  KpacHO-OPaH)KEBOTO  LBETA B OTPULATEIBHOM
KOHTPOJILHOM 00pasle, pacnojararouleiicss Ha ypOBHE IOJOCHI MOJOKHTEIbHOTO
KoHTpoJibHOTO oOpasma JIHK, crnemyer paccmatpuBaTh Kak  pe3yJbTar
KOHTaMUHAIIUH.

[Tony4yeHHbIe pe3yIbTaThI KeJIaTeIbHO JIOKYMEHTUPOBATH
dboTorpadupoBaHreM rejiei ¢ UCMOIb30BaHUEM OPAHXKEBOTO CBETO(DHIIBTPA WIIU C
MTOMOIIIBIO CUCTEMBI BUICOACTEKIINH.

8.8.2. 3anmcu pe3yabTATOB MCCIET0BAHUS

B opramuzauuu, TOpoOBOASIIEH ~ HCCIENIOBAaHUS  HAHOMATEpPHUAJIOB
OMOT€HHOTO0 TMPOUCXOKACHUS, IOJDKHBI COXPAHSTHCS BCE HCXOJHBIC JaHHBIE,
pe3yNbTaThl U3MEPEHUI U HAOIIOICHN, BHIYUCIICHUIN U MpeoOpa3oBaHusl JaHHBIX,
3aMuCH 0 KaIMOpOBKE 00OpYAOBaHUS, OTYETHI (B TOM YHCIIE MPOMEKYTOUHbIE), a
TaKKe JIpyrue MaTrepuaibl W JIOKYMEHTBhI, HMEIOIIME HEMOCPEACTBEHHOE
OTHOILIEHHE K JAHHOMY MCCJIEAOBAHUIO.

JlanHble, oOpasilbl, HaBECKM U T.I. JODKHBI UMETh WHIWBHIYyaJbHbBIN
mudp, TMO3BOJSIONIMN  OJHO3HAYHO  WACHTH(UIIMPOBATH  UCCIIEIOBAaHUE,
WCIIOJIB30BABIINNICS TECT, METO, BUJI UCCIIECIOBAHMS, OMOJIOTHYECKYIO CUCTEMY U
CCBUIKY Ha COTPYJIHHUKOB JIa0OpaTOpUM, MPUHUMABIIMX Yy4YacTHE B IOJYYCHUHU
JAHHBIX WM 00pa3IloB, B TOATOTOBKE WM MPOBEACHUH MCCIICIOBAHU.

[lepBuuHbIC JaHHBIC, TTOJTYYEHHBIC B XOJ€ HCCIEIOBAHUS, TOJDKHBI OBITh
HEMEJICHHO 3apEerucTpUPOBaHbl, MOJAMKUCAHBI U JATUPOBAHbI, HE JIOMYCKAETCSA UX
YHUYTOXXEHUE, MOAMEHA WJIHM Mepe3anuch. JlaHHbIe Ha 3JIEKTPOHHBIX HOCHUTEIIAX
00s13aTeNIbHO NyONIMpPYIOTCS B OyMaKHOM BapuaHte. VcrpaBiieHHs MEPBUYHBIX
JAHHBIX O(GOPMIISIIOTCS B BHJE JIOMOJHEHHM, KOTOpPBHIE MOJMUCHIBAIOTCS U

AaTUPYIOTCA OTBETCTBCHHBIMHA HCIIOJIHHUTCIIIMU, C YKa3aHUEM ITPHUYINH OIINOOK.
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[Tpunoxenue 1
(cipaBOYHOE)

Cnucok ucnojib30BaHHBIX COKpalleHu i

B2XX — BeicOk0r(h(heKTUBHAS KUAKOCTHAS XpoMaTorpadus
THT® - nezokcunykiaeotuarpudocdars

NCII — MC - Macc-ClIEKTpOMETPHS C MHAYKTUBHO CBSI3aHHOM I1a3MOM
MC - macc-CeKTpoMeETpHsI

[13C — npubop (eTeKTop) ¢ 3apsI0BOH CBA3BIO

[19M, TEM — npocBeunBaroas 3JIeKTPOHHAST MUKPOCKOIHS
[II1P — monumMepasHas nenHas peakuus

CBY — HarpeBareinpb cBEpXBBICOKOW YaCTOTHI

Y® — ynbrpaduonetroBoe U3 IyuyeHHE

XIID2D — xapakTepucTUYECKHE ITOTEPU SHEPTUH SJIEKTPOHOB
DDSA — nmoaemistHTapHbIN aHTHIPU

DMP- tpunumerniaMmuHopeHoI

MNA — METUIPHANKOBBINA aHTUIPU
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