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Omnwcana npoueaypa BaTUIAuN METOIUKH KOJINYECTBEHHOTO OIpe/iesieHrs (hTopa, BXOASIIIe-
TO B COCTaB OCTAaTOYHBIX TpH(TOpaneraros, B hapMaleBTHUECKON CYOCTaHIMU “‘TiaTHpaMepa
anerar”, merogom '°F SIMP-cniekrpockonuu. MeToauka mo3BOJIsIeT KOJTUYECTBEHHO OIpesie-
JISITh COZICPKaHKUE TPUPTOpAIeTaTOB 03 NIECTPYKIIMU aHAIM3UPYyeMOii cyOcTanimu. B mporec-
ce BAIMJALMK OBUT YCTAHOBJICH IIPe/iesl KOJIHYECTBEHHOIO 0OHAPY)KEHHUS U ITPOBE/ICHA OLICHKA
JIMHEHHOCTH, TPABUILHOCTH, CXOAUMOCTH, BHYTPUIA00PATOPHON MPEIHM3UOHHOCTH M CIICIH-
¢uuHOCTH BanmmaupyeMol Mertoaukd. Ha ocHOBe W3MepeHHBIX Kod()(GHUIMEHTOB “Haiiie-
HO/BHECEHO” pacCunTaHbl CTAaHIAPTHBIE OTKIOHEHHS, KOO PUIIMEHTHI BapHALNH, TOBEPUTENb-
HBIE HHTEPBAJIbI, CHCTEMAaTHYECKHe MOrpenIHocTy, F-kpurepun Pumepa u -kpurepun CThro-
JICHTa PE3yAbTaTOB KOJIMUECTBCHHOTO onpereneHus. Iloka3ano, 9To Moay4eHHbIe CTaTUCTHYC-
CKHUEC XapaKTCPUCTUKU YTOBJICTBOPAIOT KPUTCPUAM IMPUEMIICMOCTH BaJIMJALIMOHHBIX ITapaMeT-
POB, IIPE/ICTABICHHBIM B OTEUECTBEHHON U 3apyOe)KHONH HOPMATUBHOM JTOKYMEHTAIHH.

KuarwueBble cioBa: TIaTupamepa anerar; METo[q 19F ﬂMP-CHeKTpOCKOHHH; KOJIMYECTBCHHOC
OIpPEACTICHUEC,; OCTATOYHBIC TpH(I)TOpaHeTaTBI; Bajinganus aHAITMTHICCKOM MCTOAUKH, NPCACIT
KOJIMYCCTBCHHOT'O OIIPCACIICHUA, HHHeﬁHOCTL; MPaBUJIBHOCTB, CXOANUMOCTb, ITPCIIU3NOHHOCTbD,

cnenru(UIHOCTb.

B mpopomkeHrne cucteMaTi4eckoro UCCISIOBaHUS 110
UCNONb30BaHUI0  MeTonoB  SIMP-cnekrpockonuu 1npu
OIICHKE KadyecTBa (hapMarieBTUIeCKON CyOCTaHINH “‘TIaTH-
pamepa amerar” (I'A) [1 —3] Hamu Obuta pazpaboTana
AIBTepPHATUBHAS METOAMKA KOJMYCCTBCHHOTO OIpEieIie-
HUs (PTOpa, BXOJISAIIETO B COCTAaB OCTaTOYHBIX TPUPTOP-
aleTaToB B JaHHOM cybcranmuu, MmetogoM °F SIMP-crek-
TPOCKOIINH U TIOJ0OpaHBl ONTHMAIIBHBIE TapaMeTpPhI dKC-
MIEpUMEHTa, MUHUMHU3UPYIOMIE OIIMOKH KOJINYECTBEH-
HbIX u3Mepenuit [3]. Llenb manHON pabOTBI — MpoBee-
HUE BalMJAlUU ITOW METOOUKH JUIS BHEAPCHUS €€ B
(hapMaKoTeHHYIO IPaKTHKY.

3KcnepumeHmaﬂbHaﬂ uacmo

Jis Banumanuyu METOAMKH HMCIIOJb30Bal MOJCIbHbIC
pactBopsl TpHpTOpyKCcycHOI Kuciaotel (TOYK) B D,O
(Cambridge Isotope Laboratories, Inc.), comepxaiue
TpudTOparerar-anuoH B konmaectse 1 — 129 % ot HOMH-
HAJILHOTO conepkanus ganHod npumecu B [A (0,1 % B
nepecdere Ha Grop mo TpeOOBaHUSAM HOPMATHBHOM JTOKY-
MeHTaImn). B pamkax BanmuanpyeMol METOTMKH Mpery-
cmarpusaercs pactBopenue 20 mr I'A B 0,5 M D,O. Co-
Iepkanue Gropa B TOMYYCHHOM PacTBOPE, COOTBETCT-
Bytomee 100 % OT HOMMHAIBHOIO KOJIMUYECTBA IPUMECH B
I'A, cocraBnser 20 mxr (40,02 Mkr B mepecdere Ha
TDOYK). i1 npuroTOBIICHHSI MOJICIIBHBIX PacTBOPOB B
MepHyI0 Kooy oO0bemoMm 100 mm momemanu 43,1 mr
T®YK npoussozctsa Panreac, Vcnanust (cTeneHp YuCTO-
Tl 99,8 %), TOBOAMIIM 0OBEM JIO METKH JICHOHU30BaHHON
Boyoit. Ilomyuennsii pacTBop ¢ konmeHtparuet TOYK
C = 430,138 mxr/mi B koauuectsax 1, 10, 20, 40, 60, 80,
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90, 100, 110, 120 Mk momemanu B ammyibl st SIMP-
crekTpockonuy, npubasmsu mo 0,1 Ma pacTBopa BHYT-
PEHHETO CTaHmapTa U JOBOMMIH a0 o0bema 0,5 M cooT-
BeTCTBYIOIIKUM KonmdectBoM D,O. Coxepxkanne TOYK B
MOJIETIBHBIX pacTBopax cocrasmio 0,43; 4,3; 8,6; 17,2;
25,8; 34,4; 38,7; 43,0; 47,3; 51,6 MKT, 4TO COOTBETCTBYET
1,08; 10,75; 21,50; 43,0; 64,5; 86,0; 96,75; 107,5; 118,2;
129,0 % 0T HOMHHAJILHOTO COAEp)KaHUs TpHUQTOpaleTa-
TOB B cyOcTanumu ['A.

J71s1 MpUTOTOBJIEHHSI PACTBOPA BHYTPEHHETO CTAaHIApTA
40,5 mr Tpudropstanona (TDI) mpowmsBonctBa “ITuM-
WuBect” (crenens unctothl 99,5 %) pactBopsiu B 100 mi
nenonnzoBanHoM Bonbl. Conepikanne TOD B 0,1 M pac-
TBOpa BHYTPEHHETro cTanaapta coctaBuiio 40,3 MKL.

Cuekrpsl SIMP '°F perucrpuposanu Ha SIMP-criekrpo-
Metpe Agilent DD2 NMR System 600 (CHIA) ipu Tem-
neparype 300 K. Craructnueckne mapameTpsl (cpeaHee
3HAYCHHUE, CTAaHJAPTHOC OTKJIOHEHHE, K03 HUIMeHT Ba-
pHAINH, TOBEPUTEIBHEIA HHTEPBAI, KOI(DPHUINUCHT AeTep-
MUHAIH, (AaKTHUECKUE U TaOIHMIHbIC 3HAYCHUS F-KpUTe-
pueB Ourepa, t-kpurepreB CTHIOICHTA) PACCUUTHIBAIH B
COOTBETCTBHH C YKa3aHMAMHU [4] IPH YpOBHE 3HAYUMOCTH
p=0,05, ucnons3ys mnporpamMmmHoe obecneueHne MS
Excel 2007.

MeTtonuka ompenenenus. VcmsTyeMblid pacTBop, co-
nepskamwii 0,1 M BHYTpEHHETO CTaHAapTa, TOMEMIAoT B
SIMP-cniektpomertp, tepmoctarupyior 10— 15 mun mpu
temneparype 300 K u peructpupyror criekrpsl F. Ilapa-
METPHI SKCIIEPUMEHTA: YOIl IOBOPOTa HAMATHUUCHHOCTH
90°, BpeMsT 3a€PIKKU MEXKIY UMITYITECHBIMH MOCIICIOBa-
TenpbHOCTIMU 20 ¢, YUCIIO HAKOIUICHWH 32, YHCIIO TOUEK
aHasoro-1iudpoBoro npeodpasoBaHus 256 K, 3KCIIOHEH-
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Conepxanne TOVK, Mxr

I'paduk 3aBUCHMOCTH N3MEPEHHON MHTETPAIbHOM HHTEHCUBHOCTH
curnana CF,-rpynmet ot conepxkanns TOYK B obpasue.

nuanbHoe ymHOkeHue 0,3 ', aBroMarmueckass KOppek-
st 6a30BOM JIMHUU CHEKTpa, pydHash HACTpoiika (ha3bl.
[Ikamy XMMHYECKUX CIBHUTOB KAIHOPYIOT OTHOCHUTEIHHO
curHana CFy-rpynnsr TOD (8 =—76,7 m.x.). Ipumensis
QITOPUTM MPEIM3UOHHOTO HHTETpUpoBaHus [5], B obnac-
™ — 79,0...— 75,0 M.J. UHTErPUPYIOT CUHIJIETHBIA CUTHAI
CF;-rpynmsl ncmieityemoro obpasma (8 =—75,5M.1.) u
TpuIieTHelid curHan CF;-rpynibl BHYyTPEHHEro cTaHaap-
ta (6 =—76,7 M.11.).

CoznepkaHue OCTATOUHBIX TPU(PTOPALETATOB B UCIIbI-
TyeMoM o0pasIie (#1,) ONPEAeIIOT METOIOM BHYTpEHHE-
ro cranaapra o ¢opmyne [6]:

_ Iy Ng M,

_[B NA MB

Py

mey - :
5100

my
rae [, u Iy — n3MepsieMble HHTErpajbHble HHTEHCUBHO-
ctu cur"anoB CF;-rpynmsl ompenenseMoro BelecTBa U
BHYTPEHHETO CTaHJapTa COOTBETCTBEHHO; M, u My — ux
MOJIEKYIIIpHBbIE Macchl; Ny 1 Ny — uucio saep F B crpyk-
TYpHBIX (pparmMeHTax MOJIEKyJ] ONpeAessieMOro BellecTBa

TaG6unuma 1
Pe3yabTaThl OlleHKH JTUHEIHHOCTH BAJIHIUPYEMOii MEeTOAHKHI

U BHYTPEHHETO CTaHapTa, oO0ycIaBIUBAIOIIUX H3Mepsie-
Mble curHainsl (N, = Ny = 3); mp — HaBeCcKa BHYTPEHHETO
cTaHjgapra; Py — CTENeHb YUCTOTHI BHYTPEHHEIO CTaH-
napra.

Pezynomamot u ux obcyscoenue

Banmumanuio MeTOJMKH MPOBOIWIM B COOTBETCTBHH
TpeboBanusMu locynapcTBeHHO (apmakoren Poccuii-
ckoit enepanuu [7], a TaKKe OTEYECTBEHHBIX U 3apyOeiK-
HBIX PYKOBOJACTB MO BAaTUJAIIMM METOIUK aHAIN3a
[4, 8, 9]. B xone Banmaamuu onpeaensuy npee Konde-
CTBEHHOTO OOHApPYXXEHUS M AWAIIa30H IPHMEHECHHUS METO-
IIMKH, OI[CHUBAIN JIMHEHHOCTH, MPABUILHOCTD, MPEIH3H-
OHHOCTP H crienn(UIHOCT. CTaTUCTUICCKUE XapaKTepH-
CTUKH BaJMAAIMOHHBIX MAapaMeTPOB ONpPENeNsUIA B
COOTBETCTBHH C TPEOOBAHMUSIMH HOPMATHBHBIX JOKYMCH-
ToB [10, 11].

IMpenen xonnuecrBeHnoro onpenesenus (I1KO) Ba-
TUIUPYEMO METOAUKHU OINPEACISUIN 110 BEIUYUHE COOT-
HoureHus “curHai:mym” (S/N). B cootBercTBHU C Tpe6O-
Banusimu ['® XIII [7] S/N mna IIKO cocrtaisieT 0Kojo
10:1. Bbulo yCTaHOBJIEHO, YTO MPHU COAEPKAHUH B aHAIIU-
supyemom odOpasie 0,43 mxr TOYVK (1 % or ero Homu-
HaAJBHOTO copepkaHus B cyocranuuu ['A) BenmuuHa S/N
JUISL CHHIJIETHOTO CHTHAJIa €€ TPU(PTOPMETHIIEHON TPYIIIIBI
paBHa 11. CnenoBarensHo, gaHHOE KonuuecTBo TOYK sB-
JSETCS. MUHUMAJIBHBIM, TIpU KoTopoM MetoznoM '°F SIMP-
CIEKTPOCKOIHUH ¢ TpeOyeMOH MPaBUIILHOCTHIO U BHYTpHUIIa-
OOpaTOPHON MPEIM3UOHHOCTHIO MOXET OBITh OIICHEHO CO-
JIepKaHUe OCTATOYHBIX TPH(TOpAIETaToB B CyOCTaHIMU
TA.

Jlnanazon npuMeHeHUsl TaHHOW METOINKH COCTAaBIISI-
er 1—129 % or HOMMHAJIBHOIO 3HAUEHUs COAEPIKAHUS
T®YK B cybcranmmu ['A. B paMkax 3Toro quanazoHa Jio-
Ka3aHbl IpUeMIIeMbIe JIMHSHHOCTD, MPaBUIIEHOCTD U TIpe-
U3HOHHOCTH METOIUKH.

JIuHelHOCTh. JIMHENHYI0 3aBUCHMOCTh METOAUKH
OLICHHMBAJIU B IMpefesiax JAuara3oHa ee NpUMeHeHus. AHa-
nu3upoBaiv ceprto u3 10 pacTBOPOB ¢ pa3TUIHBIM COEP-
xanreM TOYK. Jlns kaxmporo odpasia nmpoBOIWIN 3 He-
3aBUCHMBIX JKCIICPHMCHTA U IOMYYaan 3 3HaYCHHS UHTE-

Conepxanue Conepxanue
TOYK, mxr Cpemnee  TOYK, wkr Cpemee rpanbHOi uHTeHcuBHOCTH curHana CFi-rpynnsr TOYK
(% ot HOME- Ier, SHAYCHHE (% OT HOMH- Leg, 3HAYCHHUE
HANBHOTO Icr, HAJBHOTO Iee, v CF, ). [lomyuenHbIe qaHHBIC TIPEICTABICHEI B Ta0M. 1.
3HAdCHH) suadeHi) Ha ocHoBanuu naneeix Ta0i. 1 moctpoeH rpaduk 3a-
0,430 0,89 0,88 34,411 71,65 71,79 BUCUMOCTH HWHTETPAJIbHOM HMHTEHCUBHOCTH CHUTrHala
(LD 0,87 (86,0) 71,94 TpudTOpMEeTUIBHON Tpymnnbl OT coxepkanuss TOYK B
0,88 71,78 pactBope. C UCIIONL30BaHUEM METOJA HAUMEHBIINX KBal-
4,301 8,73 8,70 38,712 78,70 78,74 -
; J ’ ’ ’ ’ aTOB MPOBENCH PErPECCHUOHHBIN AaHAIN3 U PACCUUTAHBI
(10,8) 8,68 (96,8) 78,64 P P perp P
8,70 78,88
8,603 16,90 16,79 43,014 90,15 90,15
QL5 1682 (107.5) 90,11 Tabnuna 2
’ CTaTHCTHYECKHE XapAKTePUCTHKYU JHHEHHOM perpeccuu
16,65 90,18 paKrep perp
17,206 34,94 34,77 47,315 99,39 99,38 CrarucTnyeckas XapakTepiucTHKa Pesynbrar
@30 347 (18.2) 9935 Haor (b ) 2,0893
34,65 99.40 OTpe3ok Ha OcH OpJHHAT (a) —-0,6759
25,808 52,51 52,57 51,617 105,78 106,53 JloBepuTeNbHBII HHTEPBAI —1,9067 - 0,5549
(64.,5) 52,60 (129,0) 106,86 (P=95%)
52,59 106,96 Koadpuiuent xoppensiun (1) 0,9998
62 Xumuko-papmanesTuyeckuii xkypHaia. Tom 52, Ne 7, 2018



k03(h(HUIMEHTHI PErpecCHOHHON MPSIMOI Buaa y = bx + a,
IJie y — CpelHee 3HaY€HHUE U3MEPEHHON OTHOCHUTEIBbHOU
UHTErpagbHOM uHTeHCUBHOCTH curHana CFs-rpynmsr,
paccuMTaHHOE IO TPEeM CIEKTpaM, X — KOJHYECTBO
TOYK B obpasue (pucyHok). CTaTHCTHUECKHE XapakTe-
PUCTUKH YCTaHOBJIEHHOM JTMHEHHON perpeccun mpuse/ie-
HBI B Ta0MI. 2.

Kpurepusimu rippemiieMocT! TUHEHHONW 3aBHCHMOCTH
SIBIITIOTCST KOO PHUIIMEHT Koppensuu » > 0,990 u craru-
CTHYecKasi HE3HAYMMOCTh OTPE3Ka, OTCEKaeMOTO Ha OCH
opauHaT (CBOOOIHBIN WICH a I PaCCUMTAHHOU perpec-
CHOHHOU mpsiMoii) [4, 8]. BennunHa a xapakrepusyer cuc-
TEMaTUYECKYI0 MOTPEIIHOCTh U CYUTAETCS CTAaTUCTHYECKU
HE3HAUYMMO OTJIIMYAIOLIEHCS OT HYJS, €CJIM OHA He TPEeBbI-
maeT CBOM JOBepUTENbHBIM uHTepBai. Kak cienyer u3
Tab1. 2, BaJMIMpyeMas METOJUKA MOJHOCTHIO YAOBJIETBO-
pseT TpeOOBaHUAM, IPEABIBIIEMBIM K JTUHEHHOCTH.

[IpaBUIBLHOCTh METOUKHU OIIEHUBAIIN C UCIIOJIb30Ba-
HHEM DSKCIEPUMCHTAIBHBIX JAaHHBIX, MONTYyYCHHBIX MPHU
W3yYCHUH JMHEWHOCTH. B cooTBeTcTBUMM C pexkoMeHma-
nusmu [4, 8] st BceX 00pasiioB pacCUUTHIBAIH KOA(PQH-
[MEHT W3BJIECUYEHHUSI — OTHOIIEHHE “HaiI€HO: BHECEHO
(Z;), Anst KOTOPOTO ONPENeIUTH CHCTEMaTHIECKyIO MO-
TPEIIHOCTH (J), CTAaHIAPTHOE OTKJIIOHEHHE (s ), KO PUIIH-
eHT Bapuaruu (RSD) m moBepuTenbHBIN HHTEpBAT (A)
(Tabm. 3).

O1neHKy NpaBUIIBHOCTH BATHIUPYEMOW METOINKH TPO-
BOJIMIIH 10 KPUTEPUAM MPUEMIIEMOCTH, MPEICTaBICHHBIM
B PYKOBOZCTBax I10 Banujanuu [4, 8]:

1) cucremaTmyeckasi MOTPEITHOCTD HE JTOJDKHA TPEBEI-
arh CBOW JOBEPHUTENHHBIM MHTEpPBaT (KPUTEpUI CTaTH-
CTUYECKON He3HAYUMOCTH) [4];

2) noBepUTENBHBIN HHTEPBaJI NOJDKEH BKI09aTh 100 %
3HaueHue ko3 PHULIUCHTA U3BICUCHUS [8].

W3 Tabn. 3 ciemyert, 9TO BaIMOMpyeMasi METOIUKA Xa-
paKTepusyeTcs IpHEeMIIEMON IPaBIIBHOCTBIO, TaK Kak
MOJTHOCTBIO  YIIOBJIETBOPSET TPEOYEeMBIM KPUTEPHSM:
100 % BXOOUT B JOBEPUTEILHBIN HHTEPBAN, a CHCTEMATH-
YecKasi IOTPEITHOCTD SIBISICTCSI CTATUCTUISCKH HE OTIIH-
yumoit ot Hyns (0,354 < 1,12).

Tabnuma 3
Pe3yabTaThl HCCAe10BAHUS PABUIBHOCTH METOTUKHI

Bueceno Bueceno Haiineno

Haiineno 7. % 7. %
TOYK, mxr  TOYK, MKr v TOYK, mxr TOYK, mkr v
4,301 4,307 100,14 38,712 38,823 100,29
4,282 99,56 38,794 100,21
4,292 99,79 38,912 100,52
8,603 8,337 96,91 43,014 44,472 103,39
8,297 96,44 44,452 103,34
8,214 95,48 44,487 103,42
25,808 25,904 100,37 51,617 52,182 101,09
25,948 100,54 52,715 102,13
25,943 100,52 52,764 102,22
Cpennee 3Hauchne (Z), % 100,35
CrcTeMaTHUeCKas IOrpetHocTs (8 =|Z — 100[), % 0,354
CrangapTHoe OTKJIOHEHHE (S), % 2,260
Koadpument sapuauuu (RSD), % 2,252
JosepurensHblit nHTEpBa (A), % +1,12

IIpen3nOHHOCTL OLICHMBATIM HAa YPOBHSAX CXOIUMO-
CTU U BHYTPUIAOOPATOPHON MPEIM3UOHHOCTH (pa3iuy-
HBIE OTIEPATOPBL, PA3IUYHBIC THH).

CxomuMOCTh M BHYTPHJIAOOPATOPHYIO TNPEHU3HOH-
HOCTh BaTMAMPYEMOH METOIMKHU OLIEHHBAIM C HCIIOJIB30-
BaHUEM 3 00pa3IoB ¢ HWKHHUM, CPESIHUM U BEPXHUM 3Ha-
yeHusiMU coziepxkanusi B Hux TOYK. Pesynbrarsr uzmepe-
HUSI OTHOIICHHUS “‘HaWICHO:BHECEHO” (Z;), MIOTyYCHHEIC B
YCIOBUSX CXOAUMOCTH M BHYTPHIA00OpPaTOPHON MPEIH3H-
OHHOCTH, ¥ UX CTaTUCTHYECKasi 00paboTKa MpeICTaBICHBI
B TaOm. 4.

HopmaruBHBIe W MeTOmMYECKHE NOKYMEHTHI B cdepe
GMP [8, 9] mnst olleHKH TPUEMIIEMOCTH BHYTpHIIabopa-
TOPHOW MPELU3NOHHOCTH PEKOMEHIYIOT PacCUUTHIBATDH
crarucrudyeckue kputepun duiuepa (F') u CroronenTa (¢)
¥ CPaBHUBATh MX (DAKTUYCCKUE BHAYCHUS lyoq M Flyp C
TaONMUYHBIMH — MAKCHMAJIbHBIMH 3HAYCHUSIMU KPUTEPHU-
€B IOJ BIMSHUEM CIydailHbIX ()aKTOPOB MpPU TEKYLIUX
CTENEHSAX CBOOOIB! U MPH 33laHHOM YPOBHE 3HAYUMOCTH
(tragn ¥ Flry6,)- JaHHBIE TA0I. 4 CBUIETEILCTBYET O CTATH-
CTUYECKON HE3HAUMMOCTU PA3IMIUN MEXAY CPEeIHUMHU
3HAQUEHUSIMM M CTAHAAPTHBIMU OTKJIOHEHHSMH DPe3yibTa-
TOB M3MEPEHUN 2 ONEpaTopoB IPU YPOBHE 3HAYMMOCTH
95 %, Tak Kak TaOMMYHBIC 3HAUCHUS I U ¢ CYLIECTBCHHO
MIPEBOCXOAAT UX (paKTHUECKHE 3HAYCHMUS.

Cneunduunocts. [Tpu nponsBoacTee papmarieBTHye-
CKO# cyOcTanim ['A He mpeaycMOTpeHo IPUMEHECHUE Ka-

TaG6numa 4
Pe3yJbTaThl HCCIEA0BAHUS CXOAMMOCTH ¥ BHYTPHJIA00PaTOPHOIi
NMPEeNH3HOHHOCTH BAJUIUPYEMOil METOTUKH

Bueceno Omneparop 1 Bueceno Omneparop 2
TOVYK, TOVYK,
MKT HaWIeHO Z, % MKT HaWJEHO Z, %
4,301 4,307 100,14 4,271 4,223 98,88
4,282 99,56 4,267 99,91
4,292 99,79 4,238 99,23
25,808 25,904 100,37 25,629 26,138 101,99
25,948 100,54 26,153 102,04
25,943 100,52 26,060 101,68
51,617 52,182 101,09 51,257 51,623 100,71
52,715 102,13 51,564 100,60
52,764 102,22 51,726 100,91
Cpennee (Z,), % 100,71 100,66
Cucremarnueckas 1mo- 0,708 0,661
rpeurHocTs (8), %
CrangaptHoe oTkinone- 0,943 1,151
Hue (s), %
Koadduiment Bapua- 0,937 0,885
i (RSD), %
Josepur. uurepsan, % + 0,94 +1,14
(A, p=95%)
O6beuHeHHOE cpeanee 3Hadenue (Z), % 100,68
OObeMHeHHOE CTaH/IapTHOE OTKIIOHEHHe, %o * 1,05
O6beauHeHHbIN K03 GHULKEeHT Bapuau, % +1,04
OObeIMHCHHBIN JOBEPUTEIBHBIN HHTEPBAI, %0 +0,74
F-xpurepuit @uinepa (F 6, = 3,44) Faer = 0,67
t-xkputepuit CTblofneHTa (£ .5, = 2,12) Tgarer = 0,09

* OObeIMHEHHbIC 3HAUCHHS CTaHJAPTHOTO OTKIOHEHHMS, KoddduumeHta
BapHalUU U JOBEPUTEIBHOTO HHTEPBala C y4eTOM JAaHHEIX 2 OIepaTopoB
paccyuTaHbl B COOTBETCTBUU ¢ TpeboBanusimu [10, 117.
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VALIDATION OF "F NMR SPECTROSCOPY METHOD
FOR THE QUANTITATIVE DETERMINATION OF TRIFLUOROACETATES
IN THE PHARMACEUTICAL SUBSTANCE OF GLATIRAMER ACETATE

S. V. Moiseev*, N. E. Kuz’'mina, V. I. Krylov, V. A. Yashkir, and V. A. Merkulov

Scientific Centre for Expert Evaluation of Medicinal Products, Moscow, 127051 Russia;
" e-mail: MoiseevSV@expmed.ru

We describe the procedure of validation of a new analytical method based on '’F NMR spectroscopy for the quantitative determination of fluorine present as
residual trifluoroacetates in the pharmaceutical substance of glatiramer acetate. The proposed method quantitatively determines trifluoroacetates without des-
truction of the analyzed substance. The validation procedure established the limits of detection and quantitation and estimated the accuracy, convergence (re-
peatability), intra-laboratory (intermediate) precision, and specificity of the proposed method. The measured values of “introduced/found” concentration rati-
os were used to determine standard deviations, coefficients of variation, confidence intervals, systematic errors, Fisher’s F-criterion, and Student’s ¢-criterion
of the quantitative analysis. The obtained characteristics meet the requirements to validation parameters according to both the domestic and international nor-
mative documentation.

Keywords: glatiramer acetate; '’F NMR spectroscopy; quantitation; residual trifluoroacetates; validation; analytical procedure; limit of quantitation; lineari-
ty; accuracy; repeatability; precision; specificity.
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