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OINNUCAHUE U30BPETEHUSA
2420-568192EA/042
CIIOCOBb U CUCTEMA UAEHTH®UKAIIMA U KOJIMYECTBEHHOTI'O
ONPEAEJIEHHSA BEJKA

OBJIACTb TEXHUKN

[1] JanHoe wu3oOpereHne OOJbIIEH YacCTbIO OTHOCUTCS K Crocody © cHucTeMe
UICHTU(PUKAIMY W/ W KOJTMUECTBEHHOTO OnpeaeneHns Oenka.

YPOBEHb TEXHHKN

[2] buodapmarieBTHUeCKHe TpenapaTsl Ha OEIKOBOH OCHOBE JOJIKHBI COOTBETCTBOBATH
O4YeHb BBICOKMM CTaHAapTaM 4UCTOTHL. B OmnogapmaneBTHUECKHX Mpernaparax COAEPKUTCS
HECKOJIbKO TEXHOJIOTHUECKUX MPUMECEH M POJACTBEHHBIX NPUMECEH. DTH NMPUMECH HE MMEIOT
CBOWCTB, CONOCTABUMBIX CO CBOWCTBAMHM JKEJIA€MOr0 NPOAYKTa B OTHOLIEHHHM AKTHBHOCTH,
s¢ppexktuBHOCTH M Oe3omacHOoCTH. OAHUM U3 TPUMEPOB SBISAIOTCS IOCTTPAHCISILIMOHHbIE
moaugukarmu (PTM - anrn.: post-translational modification) Genka, KOTOpbIE CHIIBHO BJIUSFOT Ha
CBOMCTBa OeJKa, OTHOCAIIMECS K UX TePareBTUUECKOMY NMpUMeHeHuo. [lpyroi Takoi mpumep
BKJIFOYa€T TOMOJIMMEpPHbIE KOHTAMHHAHTBI, KOTOpPBIE MOIYT MPUCYTCTBOBATH BO BpEMs
POy LMPOBAHUS OUCTIeIM(PUIECKUX aHTUTEN, KOTOPhIe B HIEAJbHOM BapHAHTE AOJDKHBI OBITH
yAaJieHbl NOCNeAYIOed OYUCTKON. DTU MPUMECH MOTYT MPOSIBJIATH APYTOH MEXaHU3M JIeHCTBHS
Y OTEHIMAJIbHY0 TOKCUYHOCTD WJIK UMMYHOT€HHOCTb T10 CPaBHEHUIO ¢ poaykToM. Kpome Toro,
OHHU MOTYT UMeTh O0Jiee HU3KYIO CTa0MIIBHOCTD, YeM MPOIAYKT, UTO MPEACTABIIsieT O0Jiee BHICOKUI
pPUCK arperalMd M WMMYyHOreHHOCTH. HecMoTpsi Ha HemaBHUE HOCTIDKEHHs, mpodiema
pa3paboTku criocoOOB aHAJHM3a YHUCTOTHI AJIsl KOJMYECTBEHHOM OLIEHKH TaKUX MPUMECEH OCTaeTcs
akTyanbHOi. Kpome Toro, kiro4eBol mpobieMoii npu pa3padoTke aHATUTHYECKUX CIIOCOOOB JIJIst
oucnenuPUUECKUX aHTHTES MOKET ObITh TO, YTO CHOCOO INOJIKEH TOYHO M BOCIPOM3BOIMMO
OOHapy’KMBaTh TPUMECH, MPHUCYTCTBYIOIIME Ha YpoBHE 2% WJIM HUXKE IO CPAaBHEHUIO C
OCHOBHBIMH JKeJIJaeMbIMU BHIAMH. [103TOMy Ba’KHO OTCJI€KHBATh W XapaKTEPU30BATh TaKUE
NPUMECH Ha Pa3HBIX dTanax pa3padoTKH U U3TOTOBJICHHS JICKAPCTBEHHBIX cpeacTB. HecmoTpst Ha
BAXHOCTb MNpUMeced sl Ouojormyeckod (yHKIMHM, HMX KpymHOMaciiTaOHOE W3y4eHHe
3aTPYOHEHO M3-3a OTCYTCTBUS MOAXOIAINX CITIOCOOOB.

[3] AHanuTH4eckue crocoObl aHAJIN3a YUCTOTHI JOJDKHBI IEMOHCTPUPOBATH JOCTATOUYHY O
TOYHOCTb W paspelieHue ayisi OOHAPYKEHUS M KOJIMYECTBEHHOTO OMNPEACNICHHs >KEIaeMOro
npoaykTa u ero npumeceit. OueHka npumeceii, Takux kak PTM B aHTUTENax U roMOINMEPOB B
oucrerpUUecKuX aHTUTENaxX, MOJKET OBITh 3aTPyAHEHA U3-332 CXOJCTBA MEXKAY CTPYKTYPHBIMHU
U PUBUKO-XMMUYECKIMH CBOMCTBAMH TAKHX MPUMeECEH U jkeaeMoro npoaykra. [Ipsmoii aHamu3
TaKHUX NMpUMecei TpeOyeT BbIIENIeHUs JKeIaeMOro MpOAyKTa B TOCTATOYHO OOJIBIIIOM KOJMUECTBE
IUTSL aHAJTN3a, YTO HEXKEJATENIbHO U BO3MOKHO TOJIBKO B OT/IEJIBHBIX CIyUasix.

[4] Takum oOpa3om, B NaHHOW OOJACTH TEXHUKH HABHO OINYINAETCS TOTPEOHOCTH B
crioco0e u/uim cucteMe 11l UACHTU(UKALIIH U KOJIMYECTBEHHOTO OIpeeNieH s OeKa, mpuMecei
W/WJTH 3KeJTaeMOoro poaykKTa B OrodapMarieBTHUECKHUX Tpenaparax Ha OCHOBe OeJika.

CYIIHOCTD U30BPETEHMA



[5] Temmbl pa3zpaboTku, MacIiTabbl H3TOTOBIIEHHUS M POCT MPOJax OnodapMareBTUIECKIX
IPOAYKTOB Ha OEJNKOBOM OCHOBE MPUBEN K YBEJIMUEHHUIO CIIPOCa HA CIIOCO0 W/WIIM CHUCTEMY IS
UACHTU()UKAIH U KOJMYECTBEHHOTO ONPEeIeHHs TPUMECEH B MPOIYKTax.

[6] OmnucanHble B JaHHOM JOKYMEHTE€ BapUAHThl OCYILECTBJIEHUS HACTOSILErO
U300peTeHNs YAOBIETBOPSIOT BBILICY TOMSIHYTBIM TPEOOBAHUSIM, MPEAJIArasi CrioCOObI U CUCTEMBI
111 OBICTPON XapakTepU3aLH OETKOB.

[7] Hacrosimee w300pereHHe MO MEHbIIEH Mepe HYaCTUYHO o0ecmednBaeT Crocod
KOJINYECTBEHHOTO OIpEeNIeHHsI IPHUMECH B 0OpasLe.

[8] B onHOM THUIIOBOM BapuaHTe OCYLIECTBJICHUSI CIIOCOO MOKET BKIIFOYATh NMPUBEACHUE
oOpa3lia B KOHTAKT C XpoMarorpaduyeckoil CUCTEMOH, UMEIOLIeH CMOJY JJisi SKCKJIFO3UOHHOMN
XpoMaTorpadguu Co CMELIaHHBIM PEKIUMOM C JOTIOTHUTEIbHOU ()Y HKITHOHAJIBHOCTBIO, IIPOMBIBKY
CMOJIBI JJI 9KCKJFO3MOHHOW Xpomarorpauu CO CMEIIAHHBIM PEXKUMOM C TPUMEHEHHUEM
MONBIKHOW (pa3bl ISl TOJYyYEHHs] 3JIIOCHTA, BKIIOYAIOMIEr0 MPUMECH, M KOJUYECTBEHHOE
OTpeAeNIeHNe KOJINYEeCTBA IPUMECH B 3JIFOEHTE C MIOMOLIBI MacC-CIIEKTPOMETPA.

[9] B omHOM acmekTe 3TOro BapUaHTa OCYLIECTBJIEHHS CIIOCOO KOJMYECTBEHHOIO
OIpeAeNeHNs IPUMECH B 00pasLie MOXKET BKIIFOUATh MPUBEIEHHE YKa3aHHOrO 00pasiia B KOHTAKT
¢ XxpoMaTtorpapu4eckoil CUCTEMOMN, UMEIOINEeH CMOJy Ui SKCKIFO3MOHHOM XpoMatorpaguu co
CMELIaHHbIM PEKUMOM C PyHKLHEH ruapodoOHOTrO B3aUMOEHCTBHSI.

[10] B omHOM acmekTe 5TOrO BapHaHTa OCYLIECTBICHHS CHOCOO KOJMYECTBEHHOTO
OTpeneseHus] IPUMECH B 00pasiie MOKET BKJIIOYATh MPUBEIEHHE YKa3aHHOTO 00pasla B KOHTAKT
¢ Xpomarorpaduyueckoil CUCTEMOM, UMEIOILIEH CMOJY IJIsi SKCKJIFO3UOHHON Xpomarorpaduu co
CMEIIIAHHBIM PEXUMOM C PYHKIHEH B3aUMOIEHCTBUS «3aPsa-3apsiiy.

[11] B omHOM acmekTe 3TOro BapHaHTAa OCYLIECTBJIICHUS CIOCOO KOJUYECTBEHHOTO
onpeaeNeHus: MpuMecH B 00pasiie MOKET BKJIFOUATh NMPUBEACHHE B KOHTAKT OT OKOJio 10 MKT 10
okono 100 wmkr ofpasua ¢ Xxpomarorpapuyeckoil CHCTEMOH, UMEKINel CMOJy s
SKCKJIIO3UOHHOW  XpoMaTorpaguui CO  CMEIIAHHBIM  PEKUMOM € JOTIOJHHUTEIbHOU
(YHKIIMOHAIBHOCTBIO.

[12] B omHOM acmekTe 3TOro BapuaHTAa OCYILIECTBJIICHUS CIOCOO KOJUYECTBEHHOTO
ompeneNieHus] MPUMeCH B 00pasile MOXKET BKIIFOYaTh MPOMBIBKY CMOJIBI JJIsl SKCKJIFO3MOHHOMN
XpoMaTorpaduu CO CMENIAHHBIM PEXUMOM C MPUMEHEHHEM MOABIKHON (hasbl JJIs MMOJTyUeHUS
SJIFOEHTA, BKJIIOYAOIIEro MPUMECh.

[13] B omHOM acmekTe 3TOro BapuaHTAa OCYILIECTBJIICHUS CIOCOO KOJIUYECTBEHHOTO
OTpeeNieHus] MPUMeCH B 00pasie MOXKET BKIIFOYaTh MPOMBIBKY CMOJIBI JJIsl SKCKJIFO3UOHHOMN
XpoMaTorpaduu co CMEIIaHHBIM PEKUMOM C TIPUMEHEHUEM MOABMKHON (Da3bl, COBMECTUMOI ¢
MAacC-CIIEKTPOMETPOM.

[14] B omHOM acmekTe 3TOro BapuaHTa OCYILIECTBJIICHUS CIOCOO KOJIUYECTBEHHOTO
ompeAeNieHus] MPUMecH B 00pasiie MOXET BKIIFOYaTh MPOMBIBKY CMOJIBI JJIsl SKCKJIFO3UOHHOMN
xXpoMaTorpaguu CO CMEIIAHHBIM PEKUMOM C TPUMEHEHUEM TOABIKHON (a3bl, mpu 3TOM
nonBIKHAsT (haza MOKeT ObITh BbIOpaHa W3 ameraTta aMMOHUs, OWkapOOHAaTa aMMOHUS WU

(dbopMuaTa aMMOHUS, WA UX KOMOWHAITHI.



[15] B omHOM acmekTe 3TOro BapuaHTa OCYILIECTBJIICHUS CIOCOO KOJIMYECTBEHHOTO
OTpeAeNieHus] MPUMeCH B 00pasle MOXET BKIYaTh MPOMBIBKY CMOJIBI JJIsl SKCKJIFO3UOHHOH
XpoMmarorpadguu CO CMEUIAHHBIM PEKHMOM C NMPHUMEHEHHEM IOJBIKHON (a3bl, comeprKareit
0011y KOHLIEHTpanuto cou 10 600 MM.

[16] B omHOM acmekTe 3TOro BapuaHTa OCYLIECTBJIICHUS CIOCOO KOJIMYECTBEHHOTO
ompeAeNieHus] MPUMecH B 00pasle MOXET BKIYaThb MPOMBIBKY CMOJIBI JJIsl SKCKJIFO3UOHHOMN
Xpomarorpadguu cO CMELIAHHbIM PEXUMOM C NPUMEHEHHEM IOJIBIKHON (Da3bl CO CKOPOCTBHIO
notoka ot 0,2 mi/mMuH 10 0,4 MJI/MHH.

[17] B omHOM acmekTe 3TOro BapuaHTa OCYLIECTBJIICHUS CIOCOO KOJIUYECTBEHHOTO
OTIpeIeNIeHNs] IPUMECH MOXKET BKJIFOYATh ITPHUBEIEHIE 00pa3iia B KOHTAKT ¢ XpoMarorpadudeckoi
CUCTEMOH, UMEIoIel CMOJIy Uil SKCKIIFO3UOHHOM XpoMmaTorpaduu CoO CMELIaHHBIM PEKIMOM C
JOTIOTHUTENbHON (PYHKLIMOHANBHOCTBIO, TPU 3TOM IPHUMECh MOXKET OBbITh POJACTBEHHON
MIPUMECBHIO.

[18] B omHOM acmekTe 3TOrO BapHaHTa OCYLIECTBICHHS CIOCOO KOJMYECTBEHHOTO
OTpeneseHus] MPUMECH MOXKET BKJIFOYATh MPHBEeHIE 0Opa3iia B KOHTAKT C XpoMarorpadudeckoi
CHCTEMOI, UMEIOLIeH CMOJTY sl SKCKIIFO3UOHHOM XpoMaTorpaduu cO CMEIIaHHBIM PEXKUMOM C
JOTIOJTHUTENbHON (PYHKUHMOHAJIBHOCTBIO, MPH 3TOM MPUMECHh MOXKET OBbITh TEXHOJOTHUECKOU
MIPUMECBHIO.

[19] B omHOM acmekTe 3TOr0 BapHaHTa OCYLIECTBICHHS CHOCOO KOJMYECTBEHHOTO
OMpeneseHus MPUMECH MOXKET BKJIFOYATh MPHUBEIeHHE 0Opa3iia B KOHTAKT ¢ XpoMarorpaduaeckoi
CHUCTEMOM, UMEIOLIEH CMOJTY ISl SKCKIIFO3MOHHOM XpoMaTorpapuu ¢O CMEIIAHHBIM PEKUMOM, C
JOTIOTHUTENBHON  (PYHKIMOHAIBHOCTBIO, TMPH OSTOM MPHUMECh MOXKET OBbIThb MPOAYKTOM
pazjiokeHus Oeska.

[20] B omHOM acmekTe 3TOro BapHaHTAa OCYLIECTBJIIEHUS CIOCOO KOJUYECTBEHHOTO
OTpeneNeHus] MPUMECH MOXKET BKJIFOYATh MPHUBEEHIE 0Opa3iia B KOHTAKT ¢ XpoMarorpadudeckoi
CUCTEMOM, UMEIOIel CMOJIy Uil SKCKITFO3UOHHOM XpoMaTorpaduu CO CMEIIaHHBIM PEXKUMOM C
JOTIOTHUTENBHON (PYHKIMOHAIBHOCTBIO, MPH STOM MPUMECh MOXKET OBbIThb MPOAYKTOM
paciueryieHus Oejka.

[21] B omHOM acmekTe 3TOro BapuaHTa OCYILIECTBJIICHUS CIOCOO KOJIUYECTBEHHOTO
OTIpeNeNIeHUs] MPUMECH MOXKET BKJIFOYATh MTPUBEEHIE 0Opa3iia B KOHTAKT ¢ XpoMarorpadudeckoi
CUCTEMOM, UMEIOIel CMOJIy Uil SKCKITFO3UOHHOM XpoMaTorpaduu CO CMEIaHHBIM PEKUMOM C
I[OHOJ'IHI/ITGJ'II:;HOI\/'I (I)YHKLII/IOHaJ'IbHOCTbIO, Ipru 5TOM TIPUMECH MOKET 6bITI:> TrOMOJUMECPHBIMU
BUAAMHU POIYKTA MYJIbTHCTIEU(PUIECKOTO aHTHTENA.

[22] B omHOM acmekTe 3TOro BapuaHTa OCYIIECTBJIICHUS CIOCOO KOJIUYECTBEHHOTO
OTIpeNeNIeHNs] MPUMECH MOXKET BKJIFOYATh ITPHUBEEHIE 0Opa3iia B KOHTAKT C XpoMaTorpadudeckoi
CUCTEMOM, UMEIOIel CMOJIy Uil SKCKITFO3UOHHOM XpomaTorpaduu CO CMEIIaHHBIM PEKUMOM C
I[OHOJ'IHI/ITGJ'II:;HOI\/'I (I)YHKLII/IOHaJ'IbHOCTbIO, IpU 3TOM NPUMECH MOXKET 6bITI:> HOCTTpaHCHﬂHHOHHOﬁ
mMonudukanmen oenxa.

[23] B omHOM acmekTe 3TOro BapuaHTAa OCYILIECTBJIICHUS CIOCOO KOJIUYECTBEHHOTO
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YKa3aHHOM 3JIFOEHTE C MTOMOIIBIO MacC-CIIEKTPOMETPA, TP 3TOM MaCC-CIIEKTPOMETP MOKET OBITh
TaHJEMHBIM MacC-CIIEKTPOMETPOM.

[24] B omHOM acmekTe 3TOro BapuaHTAa OCYLIECTBJIICHUS CIOCOO KOJIUYECTBEHHOTO
OTpeAeNeHus] MPUMECH MOXKET BKJIF0YaTh KOJUUECTBEHHOE OIpesieNieHle KOJNYeCTBa IPUMECH B
YKa3aHHOM 3JIFOEHTE C TOMOIIBI MaCcC-CIIEKTPOMETPA, IIPH 3TOM MACC-CIIEKTPOMETP MOKET OBITh
HaTUBHBIM MacC-CIIEKTPOMETPOM.

[25] Hacrosimee u3oOpereHrne MO MeEHbIIEH Mepe YacTHYHO obecrneduBaeT crocod
OOHapy>KeHUs MPUMECH B 00pasIe.

[26] B ogHOM THUITOBOM BapHaHTE OCYINECTBIICHHs CIIOCOO MOXKET BKJIFOUATh MPUBEACHUE
oOpa3la B KOHTaKT ¢ XpoMarorpaduyeckoil CUCTEMOH, UMEIOIeH CMOJy IJIsl SKCKJIFO3HOHHOMN
XpomaTorpadguu co CMELIaHHBIM PEXUMOM C TOTIOJIHUTENbHON (Y HKIIMOHATBHOCTBIO, IIPOMBIBKY
CMOJIBl Uil SKCKIJIIO3MOHHON XpomaTorpauu €O CMELIAHHBIM PEXUMOM C IPHUMEHEHHEM
NOABMXKHOM (pa3bl M1 TOJYYEHHUs! SJIFOEHTA, BKJIOYAIOLIEr0 IMPUMECH, U KOJIWYECTBEHHOE
OTpeAeNIeHNe KOJINYEeCTBA IPUMECH B 3JIFOEHTE C MIOMOLIBI MacC-CIIEKTPOMETPA.

[27] B omHOM acrniekTe 3TOro BapUaHTa OCYIIECTBIIEHUs CTocod 0OHapy KeHUs MPUMECH B
o0paslie MOXKEeT BKJIIOUaTh NMPUBEACHUE YKA3aHHOTO 00pasia B KOHTAKT C XpoMaTorpaduyeckoit
CHCTEMOH, MMeEIOIIel CMOJy Uil SKCKIFO3MOHHON XpoMaTtorpaduu Co CMELIAHHBIM PEKHMOM C
¢dyHKLHMeN ruapodoOHOro B3aUMOAEHCTBYSL.

[28] B omHOM acrnekTe STOro BapuaHTa OCYIIECTBIICHUs criocod 0OHapy KeHUs! MPUMECH B
o0pasiie MOKeT BKIIOYATh MPUBEIEHHE YKa3aHHOTO 00paslia B KOHTAKT ¢ XpoMmarorpadudeckoi
CHCTEMOM, UMEIOLIeH CMOJTY ISl SKCKIIFO3UOHHOM XpoMaTorpaduu cO CMEIIaHHBIM PEKUMOM C
(dyHKIMEH B3aUMOIECHCTBUS «3apsii-3apsiny.

[29] B onHOM acriekTe 3TOro BapuaHTa OCYLIECTBJIEHUS CIIOCOO OOHAPYIKEHUS TPUMECH B
o0pasiie MOKET BKJIIOUYATh MPUBEIEHHE B KOHTAKT OT 0KoJIo 10 MKr 10 okosio 100 Mkr oOpasua ¢
xpoMaTorpadguueckol CHCTEMOM, UMEIOIIEeH CMOJy IUisi SKCKIIFO3UOHHON Xpomatorpaduu co
CMEILIaHHBIM PEKUMOM C JTOTIOTHUTENbHON ()Y HKIIMOHAJIBHOCTBIO.

[30] B onHOM acriekTe 3TOro BapuaHTa OCYLIECTBIIEHUS CIIOCOO OOHAPYIKEHUS TPUMECHU B
oOpasie MOXKeT BKJFOYAThb IPOMBIBKY CMOJBI Uil SKCKIIO3HOHHOH Xpomartorpaduu co
CMEIIAaHHBIM PEKUMOM C TPUMEHEHHEM TIOABIKHOW (a3bl Ul TOJYyYEeHHs SJIFOEHTa,
BKJIFOYAIOLIEr0 IPUMECh.

[31] B onHOM acriekTe 3TOr0 BapuaHTa OCYLIECTBIICHHS CITOCOO OOHAPY KEHUS TPUMECHU B
oOpasie MOXKeT BKJFOYaThb MPOMBIBKY CMOJBI Uil SKCKIIO3HOHHOH Xpomartorpaduu co
CMEIIaHHBIM pPEXHUMOM C TPUMEHEHHEM TNOABWKHON (a3pl, COBMECTHMOH C Macc-
CHEKTPOMETPOM.

[32] B HEKOTOpBIX KOHKPETHBIX THIIOBBIX BApHAHTAX OCYIIECTBJIECHUs CIOCOO
OOHapy KeHHs] MPUMeCH B 00paslie MOMKET BKIJIFOYATh MPOMBIBKY CMOJBI JJISI SKCKJIFO3HOHHON
XpoMarorpaguu CO CMELIAHHBIM pPEXHUMOM C TPUMEHEHHEM IMOIABIKHON (as3el, MPU 3TOM
noABmkHas ¢asa MokeT ObITh BbIOpaHa W3 amerara aMMOHUs, OuMkapOOHaTa aMMOHHS WU
(dbopMuaTa aMMOHUS, WA UX KOMOWHAITHH.

[33] B HEKOTOpBIX KOHKPETHBIX THIIOBBIX BApPHAHTAX OCYIIECTBJIEHUs CIOCOO



OOHapy>KeHHs] MPUMeCH B 00paslie MOMKET BKJIFOYATh MPOMBIBKY CMOJBI JJISI SKCKJIFO3MOHHON
XpoMmarorpadguu CO CMELIAHHBIM PEKHMOM C NMPHUMEHEHHEM IOIBIKHON (a3bl, comeprKareit
o011y KOHLIEHTpauuto cou 10 600 MM.

[34] B onHOM acriekTe 3TOro BapuaHTa OCYLIECTBIICHHS CITOCOO OOHAPYIKEHUS TPUMECH B
oOpasie MOXKeT BKJFOYaThb IPOMBIBKY CMOJBI Uil SKCKIIO3HOHHOH xpomarorpadpuu co
CMEILIaHHbIM PEXMMOM C IIPUMEHEHUEM TTOABIKHOMN (ha3bl CO CKOPOCTHIO MOTOKa OT 0,2 Mi/MUH
10 0,4 MJ1/MHH.

[35] B omHOM acrmekTe 3TOro BapHaHTa OCYIIECTBIICHHs CIIOCO0 OOHApYKEHUs MPUMECU
MOJKET BKJIFOUATh MpUBeNeHHe 00pa3iia B KOHTAKT ¢ XpOMaTOrpaduIeCcKor CUCTEMOM, UMEIOIIei
CMOJIy ISl SKCKJIFO3MOHHOM XpoMaTorpaduu CO CMEIIAHHBIM PEXUMOM C JOIOJHUTEIBHON
(YHKIIMOHAIBHOCTBIO, TP 3TOM NPUMECH MOXKET OBITh IPUMECHIO, CBA3aHHOMH C JIEKAPCTBEHHBIM
MPOOYKTOM.

[36] B onHOM acmekTe 3TOro BapHaHTa OCYIIECTBJIEHHUS CIIOCOO OOHApY KEeHUs! IPUMECH
MOJKET BKJIFOUATh MpHUBeneHHe oOpas3iia B KOHTAKT C XpOMaTOrpaguuecKoil CHCTEMOM, UMEroIel
CMOJIy AJisl SKCKJIFO3MOHHOM XpoMaTorpapuu CO CMEIIAHHBIM PEKUMOM C OMOJHUTEIbHON
(YHKIIMOHAIBHOCTBIO, TPH 3TOM MPUMECH MOKET OBITh TEXHOJOTMYECKON MPUMECHIO.

[37] B onHOM acmekTe 3TOr0 BapHaHTa OCYIIECTBJICHHUS] CIOCOO OOHApy KeHUs] MPUMECH
MOJKET BKJIFOYATh MpHUBeneHHe oOpas3iia B KOHTAKT C XpOMaTOrpaguuecKoil CUCTEMOM, UMeroIei
CMOJIy ISl SKCKJIFO3MOHHOW XpoMaTorpaguu CO CMELIAHHBIM DPEKHUMOM, C JTOMOJHUTEIbHON
(YHKIIMOHAJILHOCTBIO, TIPH 3TOM MPUMECHh MOKET OBITh MPOIYKTOM pa3jioKeHus Oeka.

[38] B omHOM acriekTe 3TOro BapWaHTa OCYIIECTBICHHs CIIOCOO OOHApYKEHUS MTPUMECH
MOJKET BKJIFOUATh MpUBeneHne oOpasiia B KOHTAKT ¢ XpOMATOrpadhuIecKor CUCTEMOM, NMEIOIIEH
CMOJIy ISl SKCKIIFO3HOHHOM XpomaTorpaduu CO CMENIAHHBIM PEXMMOM, C JOMOJHUTETbHOMN
(YHKIIMOHAJILHOCTBIO, TIPH 3TOM MPUMECH MOKET OBITh MPOIYKTOM pacIleIUIeHus Oeka.

[39] B omHOM acrmiekTe 3TOro BapMaHTa OCYIIECTBICHHs CIIOCOO OOHAPYKEHUS MTPUMECU
MOJKET BKJIFOUATh MpHBeneHne oOpas3iia B KOHTAKT C XpOMaTOrpadhuIecKor CUCTEMOM, NMEIOIIEeH
CMOJIy ISl SKCKJIFO3MOHHOW XpoMaTorpad@uu CO CMEIIAHHBIM PEXUMOM C JOTOJHUTETHHON
(I)YHKLII/IOHaJ'IbHOCTbI-O, Ipru 5TOM MPUMECH MOXKET 6bITI> rOMOIUMEPHBIMU BHUIAMU IIPOAYKTa
MYJIbTHCTIELI(PHUECKOrO aHTHTENA.

[40] B omHOM acrmiekTe 3TOrO BapHaHTa OCYIIECTBIICHUs CIIOCOO OOHAPYKEHUS MPUMECU
MOJKET BKJIFOUATh MpHBeneHne o0pasiia B KOHTAKT C XpOMATOrpadhuIeCcKol CUCTEMOM, NMEIOIIEeH
CMOJIy ISl 3KCKJIFO3MOHHOW XpoMaTorpaduu CO CMEIIAHHBIM PEXUMOM C JOIMOJHUTETBHON
(YHKIIMOHAILHOCTBIO, TIPU 3TOM NPHUMECh MOXKET OBITh MOCTTPAHCIILMOHHOW Moaudukanmen
Oenka.

[41] B omHOM acrmiekTe 3TOrO BapHaHTa OCYIIECTBIICHHs CIIOCOO OOHAPYKEHUS MPUMECH
MOXET BKJIOYaTb OOHApPy)KEHUs] KOJMYECTBA TPHUMECH B JSIJIIOEHTE C TOMOIIBIO Macc-
CHEKTPOMETPA, IIPH 3TOM MaCC-CIIEKTPOMETP MOXKET ObITh TAHAEMHBIM MaCC-CIIEKTPOMETPOM.

[42] B omHOM acrmiekTe 3TOrO BapHaHTa OCYIIECTBIICHHs CIIOCOO OOHAPYKEHUS MPUMECU
MOJKET BKJIFOUATh OOHAPYKEHHsI KOJMUYECTBA MPUMECH B YKA3aHHOM JJIFOCHTE C TIOMOLIBIO MacC-

CHIEKTPOMETPA, IIPH 3TOM MAaCC-CIIEKTPOMETP MOXKET ObITh HATUBHBIM MacC-CIIEKTPOMETPOM.



[43] Hacrosimee u3oOpeTeHHe MO MEHbIIEH Mepe YacTHYHO obecrneduBaeT crocod
OOHapy KeHHs U/UJIH KOJIMIECTBEHHOTO OINpEeIeNIeH s LieJieBoro Oemnka B oOpasiie.

[44] B oqHOM THIIOBOM BapHaHTE OCYINECTBIIEHUS CIIOCOO MOXKET BKIIFOUAThH NMPUBEACHNE
oOpa3la B KOHTAKT C XpoMmaTtorpauyeckoil CUCTEMOH, UMEIOIIeH CMOJY JJIsi SKCKJIFO3UOHHOH
XpoMaTorpadguu co CMELIaHHBIM PEKMMOM C JIOTIOJIHUTEIbHON (py HKIIMOHAJIBHOCTBIO, IPOMBIBKY
CMOJIbI JUIl OKCKJIIO3MOHHOH Xpomartorpauu €O CMEIIAHHBIM PEKUMOM C MPHUMEHEHHEM
MOABMKHOM (ha3bl IJIsl MOJYYEHUS 3JIOSHTA, BKIFOYAsl IEeNIeBON OeNok, W OOHapy)keHue W/Wiu
KOJINYECTBEHHOE OIpeNeieHne KOJUYECTBA ILIeJIEBOro Oellka B 3JIIOCHTE C TOMOILIBIO Macc-
CIIEKTpOMETpa.

[45] B omHOM acmekTe 3TOr0 BapuaHTa OCYIIECTBJIECHHS CHOCOO0 OOHapy>KeHus W/Wiu
KOJIMYECTBEHHOI'O OMNpeAeeHus] LieieBoro Oenaka B oOpasle MOXKET BKJIIOYaTh NPHBEICHUE
yKa3aHHOTO o0pa3lia B KOHTAKT C Xpomarorpaduyeckoil CHUCTEMOW, MMEIIeld CMOJy s
HKCKJIIO3MOHHOM XpoMaTorpauu €O CMELIaHHBIM pPEeXUMOM ¢ (yHKUuer ruapodoOHOro
B3aUMOZEHUCTBUS.

[46] B omHOM acmekTe 3TOro BapHaHTa OCYLIECTBICHHs CIOCOO0 OOHApy>KEHHs W/WIn
KOJIMYECTBEHHOTO OMNpeAeeHus] LieneBoro Oenaka B oOpasile MOXKET BKIIOYaTh NPHBEICHUE
yKa3aHHOrO o0Opasla B KOHTAKT C XpOMaTorpau4eckoil CHUCTEMOH, HMEIoLIeH CMOJy s
HKCKJIIO3MOHHOM Xpomarorpauu CO CMEIIAHHBIM PEXMMOM C (YHKLHEH B3auMOAEHCTBHUS
«3apsn-3apsany.

[47] B omHOM acmekTe 3TOr0 BapUaHTa OCYLIECTBJICHHUS CHOcoO0 OOHapysKeHUs W/Wiu
KOJIMYECTBEHHOIO OMpeesieH sl LeeBoro Oeika B oOpasiie MOKET BKJIOUYaTh MPUBENAECHHE B
KOHTakT oT okoyio 10 mMkr mo okojo 100 mkr obpasma ¢ xpomarorpaduueckoil CHCTEMOW,
UMEIoIIel CMOJly JUIsl OKCKJIFO3MOHHOW Xpomarorpaduu €O CMEIIAHHBIM PEXHMOM  C
JOTOJTHUTENBHOM ()Y HKLIHOHAIBHOCTBIO.

[48] B omHOM acmekTe 3TOr0 BapuUaHTa OCYLIECTBJICHHUS CHOCcOO0 OOHapysKeHUs W/Wiu
KOJINYECTBEHHOT'O OMpeIeIeH sl LIeJIeBOro Oenika B 00pasiie MOKET BKJIFOYATh IPOMBIBKY CMOJIbI
IUISL SKCKJTFO3MOHHOM XpoMmarorpaguu €O CMELIAHHBIM PEKHMMOM C MPUMEHEHUEM MOABHKHOM
(ba3bl AJIsI IOy YEHHSI DJIFOEHTA, BKITFOYAOIIEro MPHUMECH.

[49] B omHOM acmekTe 3TOr0 BapuUaHTa OCYLIECTBJICHHUS CHocoO0 OOHapysKeHUs W/Wiu
KOJINYECTBEHHOT'O OMpeIeieH sl LIeJeBOro Oenika B 00pasiie MOKET BKJIFOYATh MPOMBIBKY CMOJIbI
IUIS1 SKCKJIFO3MOHHOM XpoMarorpaguu CO CMELIAHHBIM PEKHMMOM C MPUMEHEHHUEM MOABHKHOM
(ba3bl, COBMECTHMOI C Macc-CIEKTPOMETPOM. B KOHKpETHOM acmekTe croco0 oOHapy: KeHHus
W/WITH KOJTMYECTBEHHOT'O OMpee/IeHUs LieieBOro Oesika B 00pasiie MOKET BKJIOYATh MPOMbBIBKY
CMOJIbI [UIsl SKCKJIO3HOHHOH Xpomartorpaguu CO CMEIIAHHBIM PEKUMOM C MPUMEHEHHEM
MOABMKHOM (pas3el, mpu 3TOM MOABMKHAS (aza MOKET ObITh BBIOpaHAa M3 amerara aMMOHHS,
OukapboHaTa aMMOHHs WK (HOpMHUAaTa AMMOHHSL, WJIM UX KOMOMHAUMU. B Apyrom KOHKpeTHOM
acriekTe criocod 0OHapYKEHUs 1/UITH KOJIMYECTBEHHOTO OIPEeNICHUsI LIeIeBOro Oenka B oOpasie
MOKET BKJIIOYAaTh MPOMBIBKY CMOJBI Uil 3KCKJIO3MOHHOW XpoMarorpaduu CO CMEIIaHHBIM
PEKMMOM C IPUMEHEHUEM TIOABMKHOM (hasbl, comeprkaliei o0y KOHIEHTpauio cou 10 600
MM.



[50] B omHOM acmekTe 3TOrO BapuUaHTa OCYIIECTBIEHHUs Crocod OOHapy:KeHWs W/wiu
KOJIMYECTBEHHOT'O OTpeIeIeH sl LIeJeBOro Oenka B 00pasiie MOKET BKJIFOYATh POMBIBKY CMOJIbI
IUIS1 SKCKJTIO3MOHHOM Xpomarorpaguu CO CMELIAHHBIM PEKHMMOM C MPUMEHEHHUEM MOABHIKHOM
¢assl co ckopocThio otoka ot 0,2 mu/muH 10 0,4 MIT/MUH.

[51] B omHOM acmekTe 3TOrO BapuUaHTa OCYIIECTBIIEHHUsS] CrOcoO OOHapy:KeHWs W/ wiu
KOJIMUECTBEHHOI'O OMpEAeIeHUs] LeJIeBOro Oejka MOXKeT BKJIOYATh MpHUBEAeHHe obOpasia B
KOHTAKT C XpoMarorpapuueckoil CHCTEMOH, HUMEIeld CMOJdy Ui SKCKJIIO3HOHHON
XpoMaTorpadguu CO CMEIMAaHHbIM PEKUMOM C TOTIOJHUTENIbHON (PYHKIIMOHATBHOCTBIO, IPU 3TOM
LIEJIEBOH OEJIOK MOXKET ObITh aHTUTEJIOM.

[52] B omHOM acmekTe 3TOrO BapuUaHTa OCYIIECTBIEHHUs Crocod OOHapy:KeHHs W/ wiu
KOJIMYECTBEHHOI'O OMpEAEICHUs] LeJIeBOro Oejka MOXKeT BKJIIOYaTh NMpHUBEAeHHe obOpasia B
KOHTAKT C XpoMarorpapuueckoil CHCTEMOH, HUMEIIeld CMOJdy Uil OSKCKJIO3HOHHON
XpoMaTorpadguu co CMEIIaHHBIM PEXXHMOM C JOMOJHUTENBHOH (PyHKIIMOHATIBHOCTBIO, IPH STOM
1esIeBOi Oesok MoxkeT ObITh OucTeUpUIECKUM aHTHTEIOM.

[53] B omHOM acmekTe 3TOr0 BapuUaHTa OCYLIECTBJICHHUS Croco0 OOHapyskeHUs W/wiu
KOJIMYECTBEHHOTO OMNpEeAEeHUs] LeNeBoro Oeiaka MOXKeT BKJIOYATh INpHUBEAeHHe obOpasia B
KOHTaKT C XpOMaTorpauyeckoil CHCTEMOH, HUMEKLeH CMOly [l SKCKIFO3UOHHOM
XpoMaTorpadguu Co CMEIIaHHBIM PEXHUMOM C JOMOJHUTENBHOH (DyHKIIMOHAIBHOCTBIO, IPH 3TOM
11eJIeBOI O€JIOK MOJKET ObITh TepaneBTHYECKUM OEJIKOM.

[54] B omHOM acmekTe 3TOrO BapuUaHTa OCYLIECTBJICHHUS CHOCcO0 OOHapysKeHUs W/Wiu
KOJIMYECTBEHHOTO OMpEAeIeHUs] LEeIeBOro Oejka MOKET BKJIIOYAaTh MpHUBEAeHHEe oOpasia B
KOHTAKT C XpoMaTtorpapuueckoil CHCTEMOW, UMEKINeH CMOJy JUId SKCKJIIO3HOHHOH
XpoMaTorpaduu co CMeIaHHbIM PEKUMOM C TOTIOJHUTENIbHOU ()YHKIIMOHATBHOCTBIO, MPU 3TOM
LIeJIEBOH OEJIOK MOJKET ObITh IPUMECHIO.

[55] B ogHOM acmekTe 3TOrO BapuaHTa OCYIIECTBIEHHUS CIOCOO OOHapy KeHWs W/Wiu
KOJIMYECTBEHHOIO OMpEAeIeHUs] LeJeBOro Oejka MOKET BKJIIOYATh IMpHUBeAeHHe oOpas3ia B
KOHTAKT C XpoMaTrorpapuueckoil CHCTEMOH, UMEKIeH CMOJy [UId SKCKJIO3MOHHON
XpoMaTorpaduu CO CMEIaHHbIM PEKUMOM C TOTIOJHUTENIbHOU (PYHKIIUOHATBHOCTBIO, MPU 3TOM
1eeBol OeJlok MOKET ObITh TEXHOJIOTHYECKOW MPHUMEChlo OHodapManeBTHYeCKOro mpouecca
U3TOTOBJICHUS OeJKa.

[56] B ogHOM acmekTe 3TOrO BapuaHTa OCYIIECTBIEHHUS CrOCOO OOHapy:KeHWs W/wiu
KOJIMYECTBEHHOIO OMpeeIeHUs] LeJeBOro Oejka MOKET BKJIIOYATh IMpHUBEAeHHe oOpasia B
KOHTAKT C XpoMarorpauueckoil CHCTEMOH, UMEIeld CMOJy [UId SKCKJIIO3HOHHON
XpoMaTorpaduu CO CMEIMaHHbIM PEKUMOM C TOTIOJTHUTENIbHOU (PYHKIIUOHATBHOCTBIO, MPU 3TOM
1eneBol OeOK MOXKET OBbITh POACTBEHHOW MPHUMEChI0 OuodapMaleBTUYeCKOro mpomecca
U3rOTOBJICHUS OeJKa.

[57] B ogHOM acmekTe 3TOrO BapuUaHTa OCYIIECTBIEHHUs CrOcoO OOHapy:KeHWs W/wiu
KOJIMUECTBEHHOI'O OMpeAeIeHUs] LeJeBOro Oejka MOXKeT BKJIIOYAaTh MpHUBEAeHHe oOpasia B
KOHTAKT C XpoMarorpapuueckoil CHCTEMOH, HUMEIeld CMOJy [UId SKCKJIFO3HOHHON

XpoMaTorpaduu CO CMEIMaHHbIM PEKUMOM C TOTIOJTHUTENIbHOU ()YHKIIUOHATBHOCTBIO, MPU 3TOM



1[eJIeBO OEJTIOK MOKET OBITh MPOIYKTOM Pa3JIOKeHHs OeKa.

[58] B omHOM acmekTe 3TOrO BapHWaHTa OCYIIECTBIICHUs, CIOCO0 OOHapysKeHUs W/wiu
KOJINYECTBEHHOTO OIpeNeNieHnsl LEeJIeBOro Oeka MOXET BKIYaTh NpUBEAEeHHE oOpas3la B
KOHTAKT C XpoMarorpapuueckoil CHCTEMOH, HUMEIeHd CMOJy [UId SKCKJIFO3HOHHON
XpoMaTorpaduu CO CMEIMaHHbIM PEKUMOM C TOTIOJHUTENIbHOW (PYHKIIUOHATBHOCTBIO, MPU 3TOM
1eJIeBON OEJIOK MOKET ObITh MPOIYKTOM pacIlerIeHHs OeKa.

[59] B omHOM acmekTe 3TOro BapuUaHTa OCYIIECTBIEHHUs] Crocod OOHapy:KeHHs W/wiu
KOJINYECTBEHHOTO OIpeNeNieHNnsl LeJIeBOro Oelka MOXET BKJIOYaTh NpUBeAeHHEe oOpas3la B
KOHTAKT C XpoMarorpapuueckoil CHCTEMOH, HUMEIeld CMOJdy [UId SKCKJIIO3HOHHON
XpoMaTtorpaduu CO CMEIMAaHHbIM PEKUMOM C TOTIOJTHUTENIbHON (PYHKIIMOHATBHOCTBIO, IPU 3TOM
LeNIeBOM OeIOK MOKeT OBITh TOMOAMMEPHBIMM BHAAMHU IPOAYKTA MYJBTUCHENH(PUIECKOTO
aHTHUTENA.

[60] B omHOM acmekTe 3TOr0 BapuaHTa OCYLIECTBJIEHHS CHOcoO0 OOHapy>KeHus W/Wiu
KOJIMYECTBEHHOTO ~ ONpENeNeHHs LEeNeBOro Oenka MOXeT BKJIIOYaTh  KOJMYECTBEHHOE
OllpefiesieHne KOJMYECTBAa LEJIEBOro Oeslka B YKA3aHHOM OJIFOEHTE C MOMOIIBI Macc-
CIIEKTPOMETPA, MPH 3TOM MaCC-CIIEKTPOMETP MOXKET OBITh TAHJEMHBIM MaCC-CIIEKTPOMETPOM.

[61] B omHOM acmekTe 3TOr0 BapuUaHTa OCYLIECTBJICHHUS Croco0 OOHapyskeHus u/wiu
KOJIMYECTBEHHOTO  ONpENeNeHHsT LEeNeBOro Oenka MOXeT BKJIIOYaTh  KOJMYECTBEHHOE
OllpefiesieHne KOJIMYeCTBAa LEJIEBOro Oeslka B YKa3aHHOM OJIFOEHTE C IOMOIIBI Macc-
CIEKTPOMETPA, TIPH STOM MACC-CIIEKTPOMETP MOKET ObITh HATUBHBIM MAaCcC-CIIEKTPOMETPOM.

[62] B ogHOM THUIIOBOM BapHaHTE CBOErO OCYINECTBJICHMsI HACTOsIIIee U300peTeHue, Mo
MEHBIIEH Mepe YaCTHYHO, OOeCredyrBaeT XPOMATOrpapUYecKyrd CHCTEMY CO CMEIIaHHBIM
PEKUMOM  XpoMaTorpauyecKkoil  KOJOHKOHW, UMEKINed CMoiy Ui 3KCKIFO3UOHHOU
XpoMatorpadguu CO CMELIAHHBIM PEXHMOM C JOTIOJHUTENbHOW (PYHKLHMOHAIBHOCTBIO U MacC-
CIIEKTPOMETP.

[63] B omHOM acmiekTe 3TOro BapHaHTa OCYIIECTBIICHHs XpoMaTorpaduueckas CUCTeEMa CO
CMEIIaHHBIM PEKUMOM MOXKET COAEpXkKaTbh CMOJIy JIsl SKCKIFO3MOHHOW Xpomarorpadum co
CMELIaHHBIM PEKUMOM C PyHKLHEH rupodoOHOro B3auMOEHCTBHSL.

[64] B omgHOM acmiekTe 3TOro BapHaHTa OCYINECTBIICHHs XpoMaTorpaduueckas CUCTeMa CO
CMEIIaHHBIM PEKUMOM MOXKET COAEpkKaTb CMOJIy JJIsi SKCKIFO3MOHHOW xpomarorpadum co
CMEIIaHHBIM PEKUMOM C (PyHKLIMEH B3aNMOACHCTBUS «3apsii-3apsimy.

[65] B omHOM acmiekTe 3TOro BapHaHTa OCYIECTBIICHHS XpoMaTorpaduueckas CUCTeMa CO
CMEIIaHHBIM PEKUMOM MOXKET COAEpkKaTb CMOJIy JJIsl SKCKIFO3MOHHOW xpomarorpadum co
CMEIIaHHBIM PEXKUMOM C JOTOJHUTENbHON (PYHKIMOHAIBHOCTBIO, KOTOPYO MOKHO NMPHUMEHSTh
IUTS 3JIFOUPOBaHUS OT 0KoJio 10 Mkr 1o okoso 100 mkr obpasma.

[66] B omHOM acmiekTe 3TOro BapHaHTa OCYIIECTBIICHHS XpoMaTorpaduueckas CUCTeMa CO
CMEIIaHHBIM PEKUMOM MOJKET COAEpkKaTh CMOJIy MJIsl SKCKIFO3MOHHOW xpomarorpadum co
CMEIIaHHBIM PEKUMOM, CIIOCOOHYIO PUHUMATD OABIDKHYIO (hazy.

[67] B omHOM acmiekTe 3TOro BapHaHTa OCYIIECTBIICHHS XpoMaTorpaduueckas CHCTeMa CO

CMEIIIAHHbIM PEKUMOM MOXKET COAEepKaTh CMOJY Ul 3KCKIFO3HMOHHOW Xpomarorpaduu co



CMEIIaHHBIM PEKUMOM, JOMOJHUTEIBHO CIIOCOOHY0 MPUHIUMATE 00pasel, CoAep Kalii [eJeBoi
Oenok.

[68] B omgHOM acmekTe 3TOro BapHaHTa OCYIIECTBIICHHs XpoMaTorpadueckas CHCTeEMa CO
CMEIIaHHBIM PEXUMOM MOJKET COAEpKaTbh CMOJIy MAJIsl SKCKIFO3MOHHOW xpomarorpadgum co
CMEIIaHHbIM PEKUMOM, KOTOPYIO MOKHO ITPOMBIBATh MOABIKHOM (ha3oil.

[69] B omHOM acmiekTe 3TOro BapHaHTa OCYIIECTBICHHs XpoMaTorpaduueckas CUCTeMa CO
CMEIIaHHbIM  PEXHUMOM  MOXET  COAepXKaTb  MAacC-CIEKTPOMETP,  COEAMHEHHBI  C
xpoMaTtorpadguueckoll KOJIOHKOW, MMEIoIeH CMOJy IJIsi SKCKJIFO3UOHHOH Xpomarorpaduu co
CMEILIaHHBIM PEKUMOM C JTOTIOJTHUTENBbHON (PYHKIIMOHAJIBHOCTBIO.

[70] B ogHOM acmiekTe 3TOro BapraHTa OCYIIECTBIICHHs XpoMaTorpaduueckas CUCTeMa CO
CMEIIaHHBIM PEXHUMOM MOXKET COAEPKaTh TAHAEMHBIN MacC-CIIEKTPOMETP.

[71] B ogHOM acmiekTe 3TOro BapHaHTa OCYIIECTBIICHHs XpoMaTorpaduueckas CUCTeMa CO
CMEIIaHHBIM PEXHMOM MOXKET COAEPKATh HATUBHBINA MAaCC-CIIEKTPOMETP.

[72] B ogHOM acriekTe 3TOro BapuaHTa OCyLIeCTBICHUs XpoMaTorpaduueckasi CUCTEMa CO
CMELIAHHBIM PEKHMMOM MOXKET COIEpIKaTh XPOMATOrpaUUeCcKyr0 KOJOHKY, MMEIOINYI0 CMOJY
IJI  OKCKJIIO3MOHHOM Xpomarorpaduu CO CMEIIAHHBIM PEXUMOM C  JIOTIOJHUTENbHOM
(yHKLIIMOHAIBHOCTBIO, IPU 3TOM CMOJIA JUIS SKCKIIFO3MOHHOH XpomaTorpauu CO CMEIIaHHbIM
PEeXMMOM MOXeT ObITb COBMECTHMMA C IMOJBMXKHOW (ha30H, BHIOPAaHHOH M3 arerara aMMOHHS,
OukapOoHaTa aMMOHUS WK (POPMHATA AMMOHHMS HJIH UX KOMOMHALIUH.

[73] B ogHOM acrniekTe 3TOro BapuaHTa OCYLIeCTBICHUs XpoMaTorpaduueckast CUCTEMa CO
CMEIIaHHBIM PEKUMOM MOXKET COIEpIKaTh XPOMATOrpapuuecKyr0 KOJOHKY, UMEIOINYI0 CMOJY
IJIE  OKCKJIFO3UOHHOW XpoMaTorpauu CO CMEIIaHHbIM PEXMMOM C JIONOJHUTENIbHOU
(YHKIIMOHAJILHOCTBIO, TIPH 3TOM CMOJIY Uil SKCKJIFO3HOHHOH XpOMaTorpapuu CO CMEIIaHHBIM
PEKUMOM MOXKHO TPOMBIBaTh C MPUMEHEHHEM MOABWKHOUN (as3el, comepskameii 1o 600 MM
o01eit KOHIIEHTPALIMK COJIH.

[74] B ogHOM acmiekTe 3TOr0 BapHaHTa OCYIIECTBIICHHs XpoMaTorpaduueckas CUCTeMa CO
CMEIIaHHBIM PEKUMOM MOXKET COAEPIKaTh XPOMATOrpapuuecKyr0 KOJOHKY, UMEIINYI0 CMOJY
IUIE  SKCKJIFO3UOHHOW  XpoMaTorpauu €O CMEINAaHHBIM PEXUMOM C  JIOTIOJHUTEJbHOU
(YHKIIMOHAILHOCTBIO, TIPH 3TOM XPOMATOrpahUIeCKy 0 KOJIOHKY MOJKHO IIPOMBIBATD TTOIBHIKHON
¢azoli co ckopocThio motoka ot 0,2 mi/muH 10 0,4 M/ MUH.

KPATKOE OITMCAHUE I'PAGUYECKHUX MATEPHUAJIOB

[75] ®@ur. 1 nemMOHCTpHUpPYeT NpUMEP CUCTEMBI, NMPUMEHSEMOI A KOJIUYECTBEHHOIO
onpeneneHus: w/uinu oOHapykeHus: Oeslka ¢ MOMOIIBI0 SKCKIFO3HMOHHOH XpomaTtorpaduu Wiu
MOHOOOMEHHOH XpomaTorpaduu.

[76] Pur. 2 neMOHCTPHPYET MOAXON K OYHUCTKE OHCIEnu(HUEecKOro aHTHTENa OT
rOMOJIMMEPHBIX BUIOB IOCPEACTBOM THIIOBOT'O BAPUAHTA OCYIIECTBIEHUS.

[77] @ur. 3 nemoHCTpUpPYET cepuro XodMancTepa, MOKa3bIBAIILYIO BIUSHUE AHUOHOB U
KaTUOHOB Ha ocaxkaeHue Oenka (wim comelictBre TuapoGoOHOMY B3aUMONEHCTBUIO).

[78] ®ur. 4 neMOHCTpHUPYET CUCTEMY SKCKIIFO3HOHHOUW Xpomatorpaduu CO CMeIaHHbIM

PEXKUMOM U MaCC-CIICKTPOMETPUHN COTJIACHO TUIMMOBOMY BApPUAHTY OCYILICCTBJICHUA.
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[79] @ur. 5 nemoHCcTpHpyeT rpaduku BPEeMEHHU YIEp>KHBaHHMA BOCBMH MADb B cmecu
oOpasnoB Ha kojoHke BEH200 SEC, monydeHHbIe NpU KOHLEHTPALUSIX MOABMXKHON (a3el B
auanasone or 30 MM no 300 MM, npu 3TOM AB€ BCTaBKHU NPEACTABISAIOT XPOMATOIPAMMBI
6a3oBbix mukoB (BPC - anri.: base peak chromatograms) u3 ananuza MM-SEC-MS Bocemu mAb
B COOTBETCTBYIOIIUX KOHLIEHTPALMSIX COTJIACHO TUIIOBOMY BapHaHTy OCYIIECTBIEHUS.

[80] @ur. 6 nemoHCcTpUpYeT XpomaTorpaduueckuii mpodrib 00pasia OucnennGuyeckoro
aHTHUTENA, MOJYYEHHBIH C TMOMOIIBIO THIIOBOM CHCTEMBI HKCKIIFO3MOHHOM Xpomatorpadguu co
CMEIIaHHbIM PEXUMOM M MAacC-CIEKTPOMETPHHM C NPUMEHEHHEM IOABIDKHBIX (a3: obmas
KOHIeHTpauus conu 150 MM u o0mas koHueHTparus conu 450 MM.

[81] ®@ur. 7 neMOHCTPUPYET SKCTPAKLUHUOHHYIO HOHHYIO Xpomatorpammy (XIC - aHr.:
extracted ion chromatogram) u HaTHBHBIE MaccC-CIIEKTPbl OHCIELNU(UYECKOTO AHTHTENA,
romoauMepa 1 u romogumepa 2, pa3feNeHHbIX U NPOaHAIU3UPOBAHHBIX C IMOMOLIBIO CUCTEMBbI
SKCKJIFO3MOHHOHN XpoMaTorpauu CO CMELIAHHBIM PEXHMOM M MacC-CHEKTPOMETPUU COTJIACHO
TUIIOBOMY BapHaHTy OCYILECTBIICHMU.

[82] dur. 8 nemoHCcTpUpyeT cpaBHeHHe 00Iel noHHOM xpomarorpammsbl (TIC - aHr.:
total ion chromatogram) u cniektpos HatuHOM MS nyist RP LC-MS na Lumos, SEC-MS va EMR
u MM-SEC-MS na EMR aHTUTENO-IETEKTUPYEMON CIEKTPOMETPUM, COTJIACHO THUIIOBOMY
BAPHAHTY OCYILECTBJICHUS.

[83] dur. 9 neMOHCTPUPYET SKCTPAKLMOHHBIE HOHHBIE Xpomarorpammbl (XIC) u
HATHBHbIE MAaCC-CIIEKTPbI MOCIeNOBaTENbHBIX HUKIOB MM-SEC-MS oOHapy:keHus: aHTHTENa C
nomomsio Zenix SEC-300, 3 mxm, 300 A, 7,8 x 300 MM COINIACHO THIIOBOMY BAPHAHTY
OCYII€CTBJICHUSI.

[84] dur. 10 peMOHCTpPHPYET HKCTPAKLMOHHBIE HOHHbIE XpomaTtorpammbl (XIC),
MIOJTy YeHHBIE TIPY BBITIOJHEHUH JETeKIIMA TOMOIUMEPHBIX BHJIOB B MPOAYKTe Oucnennuyeckoro
AHTHUTEJa COMJIACHO TUIIOBOMY BapHAHTy OCYINECTBICHHUSI.

[85] Pur. 11 nmemMoHCTpUpyeT CpaBHEHHE S3KCTPAKLHMOHHBIX HOHHBIX XPOMAaTOrpaMMm
(XIC), monyuyeHHBIX BBINOJHEHHH JETEKIHMH TOMOJMMEPHBIX BHAOB B  IPOAYKTE
oucnermduueckux anTuTen ¢ nomompio Zenix SEC-300, 3 mxm, 300 A, 7.8 x 300 mm mpu
ckopoctu oroka 0,4 my/muH u Zenix SEC-300, 3 mxm, 300 A, 4,6 x300 MM MPYU CKOPOCTH MOTOKA
0,3 MJI/MHH COTJIACHO THIIOBOMY BapUAHTY OCYIIECTBIICHUSI.

[86] dur. 12 peMOHCTPHPYET 3KCTPAKUMOHHBIE HOHHBIE Xpomartorpammbsl (XIC),
NONlyueHHble mpu BbionHeHMH aHaimmza MM-SEC-MS  nernuko3mnupoBaHHON —cMecu
oucnerppuecKkoro aHTUTENa, roMoanMepa 1 1 romogumepa 2 ¢ IpUMEHEHHEM NIOABIKHON (pa3bl
C pa3IMYHON KOHLEHTpALMell COMM COrJIaCHO TUIIOBOMY BapUaHTY OCYIIECTBJICHUS.

[87] @ur. 13 nemoHcTpUpyeT rpad K 3aBUCUMOCTH BPEMEHH YAECPKUBAHUS (B MUHYTax)
Oenmka oT oOwIel KOHLEHTPALMH COJHM B MOABMXKHOHN (aze Ayl NerIMKO3WIMPOBAHHOW CMeECH
oucnieruuecKkoro aHTuTeNa, romoanMepa 1 u romonumepa 2 pu BBITIOJIHEHUH aHamn3a MM-
SEC-MS cornacHO TUIIOBOMY BapHaHTY OCYLLECTBJICHUS.

[88] ®ur. 14 mpencraBusier coOol rpaduk, TEMOHCTPUPYIOIINNA TEHACHLUIO BPEMEHH

yA€P KUBaHUs HA OCHOBE M3MEHEHUsI O0I1el KOHIIEHTPALIUH COJIH TIPH BBITOJIHEHNH aHann3a MM-
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SEC-MS cornacHO TUIIOBOMY BapHaHTY OCYLLECTBJICHUS.

[89] @ur. 15 npexncraBisier coboii rpaduk, TEMOHCTPUPYIOIINH TEHACHLINUIO H3MEHEHUS
BPEMEHH yIeP’KUBAHMS NIPU U3MEHEHHH OOINel KOHIEHTPALMHU COJIM NPU BBINOJHEHUH aHAJIN3a
MM-SEC-MS cornacHO TUIOBOMY BapUAHTy OCYIIECTBJIEHUS.

[90] Dur. 16 neMOHCTPHPYET 3KCTPAKUMOHHBIE HOHHbIE Xpomartorpammbsl (XIC),
MOJNlyueHHble mnpu BbimonHeHuH aHaiaumza MM-SEC-MS  nernmuko3unupoBaHHON —cMecu
oucnenuduyueckoro anturena, romonumepa 1 u romogumepa 2 Ha kojonke Waters BEH SEC
COTJIACHO TUIIOBOMY BapUaHTy OCYLIECTBJICHUS.

[91] Dur. 17 nemoHcTpUpyeT rpaduk 3aBUCUMOCTH BPEMEHH YAEPKUBAHUS (B MUHYTax)
Oenka OT OOWIel KOHIEHTPALMU COJHM B MOABMXKHOHM (paze Ay AerMKO3MIMPOBAHHONW CMeCH
Oucrnieruueckoro aHTuTeNna, romoauMepa 1 u romonumepa 2 mpu BBINOJIHEHUH aHanu3za MM-
SEC-MS Ha kononke Waters BEH SEC cornacHo TUIIOBOMY BapUaHTy OCYIIECTBIICHHUS.

[92] Pur. 18 peMOHCTpPHPYET HKCTPAKLMOHHBIE HOHHbIE Xpomartorpammbl (XIC),
MOJIyYE€HHbIE NIPU BeINonHeHnU aHann3za MM-SEC-MS anTuTena u ero OKUCIeHHOrO BApUAHTA Ha
kosionke Waters BEH SEC cornacHo THIIOBOMY BapUaHTy OCYLIECTBJICHUSI.

[93] ®wur. 19 nemoHcTpUpyeT rpaduK 3aBUCUMOCTH BPEMEHH YA KUBAHUSA (B MUHYTaXx)
Oenka OoT oOwel KOHLEHTPALUH COJHM B IOABIKHOW (pase AJsl aHTHTENAa U ero OKHCIEHHOTO
BapuaHTa npu BbinojHeHuu aHanuza MM-SEC-MS na kononke Waters BEH SEC cornacuo
TUIIOBOMY BapHUAHTY OCYLLECTBICHM.

[94] ®ur. 20 nemMoHCTpuUpYeT Crnocod MPHUrOTOBJIEHUs oOpasla CMeCH, ConmepsKaruei
Oucnerpuyueckoe aHTUTEJIO U €ro rOMOJUMEpHbIE BUABI, COTJIACHO THIIOBOMY BapHAHTY
OCYII€CTBJICHUSI.

[95] @ur. 21 nemoncTpupyer aHamu3 MM-SEC-MS cMmecn Ha HMHTAaKTHOM YypPOBHE
OucnerpuuecKkoro aHTUTeNIa U €ro TOMOJUMEPHBIX BUIOB C MPUMEHEHHEM TOABMKHOM (passl ¢
koHLeHTpauuen conu 300 MM coryiacHO TUIIOBOMY BapUaHTy OCYIIECTBIICHMUS.

[96] @ur. 22 nemoucTpupyer anann3 MM-SEC-MS cmecu Ha CyObeIMHUYHOM YPOBHE
OucnerpuuecKoro aHTUTeNa U €ro FTOMOJUMEPHBIX BUIOB C MPUMEHEHHEM TOABMKHOM (passl ¢
KOHLeHTpauuei cosu 70 MM COrnacHO TUMOBOMY BapUAHTY OCYLIECTBJICHUS.

[97] ®ur. 23 neMOHCTpUPYET Pe3yJIbTAaThl KOJUUYECTBEHHOTO OIpeiesIeHHs] TOMOJUMEPOB
u3 aHammza MM-SEC-MS Ha WHTakTHOM ypoBHe Oucnenuduyeckoro aHTuUTeNa U ero
rOMOJIMMEPHBIX BUIOB COTJIACHO TUIIOBOMY BapHAHTY OCYIIECTBIEHUS.

[98] ®ur. 24 neMOHCTpUPYET Pe3yJIbTaThl KOJUUYECTBEHHOTO OIpeieNIeHHs] TOMOJUMEPOB
u3 anammza MM-SEC-MS Ha cyObenquHHMYHOM ypoBHE Oucnenu(uyeckoro aHTUTeNla W ero
rOMOJIMMEPHBIX BUIOB COTJIACHO TUIIOBOMY BapHAHTY OCYIIECTBIEHUS.

[99] @ur. 25 nemoHCTpHUpyeT aHamu3 cMecedl OucrnenupuYecKux aHTHTEN [4eThIpex
pasnmuusbIXx cMmeceit bsAb/ H2L2 romomumep/ H*2L2 romomumep] ¢ momommsto MM-SEC-MS
nu6o Ha kononke BEH (cneBa), mubo Ha konoHke Zenix (crpaBa), MPOBEICHHBIA COTJIACHO
THUIOBBIM BapHAHTaM OCYLIECTBJIECHUS, e Kaxnas kpusas BPC npencrasisier co0oi OTAETbHBIN
aHaJM3 C MPUMEHEHNEM YKa3aHHON KOHLEHTPALMH COJIH MOIBUKHOHN (a3bl.

[100] ®wur. 26 neMOHCTPUPYET UCCISNOBAHUE Mpenesia OOHAPYIKEeHUsI ¢ TOMOIIbI0 MM-
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SEC-MS nns romoguMepHbIX npumecedl B bsAb2 (neBast manens) u bsAb4 (mpasast maHens) ¢
npuMeHeHneM no0OaBineHHbIX crtaHmapToB 0,01% wu 0,1% COOTBETCTBEHHO Ui aHAIN3A,
IPOBEIEHHOTO COTJIACHO TUIOBBIM BapUaHTaM OCYIIECTBIIEHHs, TAe HaTuBHBIE criekTpbl MC (a,
b, ¢, d, e u f) ycpeanensl o coorsercTByromuM odnactsim TIC, u mokasaHel nBa Hambosee
PacTpOCTPAaHEHHBIX 3aPSAIOBBIX COCTOSHUS.

[101] ®ur. 27 neMOHCTpPUPYET KOJUUYECTBEHHOE UCCIIE0BAHUE, IPOBEIEHHOE COIJIAaCHO
TUTOBBIM BapHaHTaM OCYLIECTBJIECHHUS C MPUMEHEHHEM I'OMOANMEPOB, T00ABIEHHBIX K bsAb2 B
CepUItHO pa3BEIEHHBIX M3BECTHBIX COOTHOLIEHMSX (cepast JTUHMS M OTMEUYEHHbIE 3HAYEHUsS Ha
JIEBOH MaHeNu), a TakKe MOKa3aHbl u3MepeHHble oTHomeHus: H2L2 romonumepa (kpacHblil) u
H*2L2 romomumepa (cunuii) B bsAb2 Ha ocHoBe mHTeHcHMBHOCTH XIC deThlpex HamOonee
pPacTpOCTPAaHEHHBIX 3aPSIOBBIX COCTOSIHUN B HEOOPaOOTAaHHOM MacC-CHEKTpe (OTHOCHTEIbHOE
cozepkaHue Kaxaoro romogumepa 0,1%, kak npumep, MOKa3aHHBINA Ha MPABOI MAHENN).

ITOAPOBHOE OITMCAHHUE

[102] Ilpumecn B OmodapManeBTUUECKUX NpernapaTtaX MOTYT BbI3bIBATH HU3MEHEHHS,
KOTOpBIE TOTEHUUAJBHO MOTYT MOBIUATh Ha 3((EKTHBHOCTb, KIHPEHC, OE30MacHOCTh |
MMMYHOT€HHOCTb JKeJlaeMoro npoaykra. Hampumep, okucienne OOKOBBIX Lierell METHOHHHA U
TpunTodaHa MOKET BIUSTD Ha CBsi3bIBaHHe aHTHTEN ¢ Fe penenropamu u anturenamu (Bertolotti-
Ciarlet et al. Mol. Immunol. (2009) 46: 1878-1882; Pan et al. Protein Sci. (2009) 18 : 424-433;
Wei et al. Anal. Chem. (2007) 79: 2797-2805; u Wang et al. Mol. Immunol. (2011) 48: 860-866).

[103] TpamuuuoHHbIE aHAJIM3bl YUCTOTHI AHTUTEJ Ha OCHOBE pasleieHHs, TaKue Kak
METOABl Ha OCHOBE 3JieKTpodope3a U BbICOKOI((HEKTUBHONW >KUAKOCTHOH Xpomarorpaduu
(BOXKX), He xapakTepu3ylTCs pa3pelieHneM, HEOOXOMUMBIM AJIsi OTJIMYHSI 3TUX MPUMECEH OT
JKeJaeMoro npoaykra. KapTupoBanue nenTuaoB ¢ MOMOIIBIO 0OpaieHHO-(a30BoH KUIKOCTHOU
xpomarorpaduu (RPLC - anrn.: reverse phase liquid chromatography) B couerannu ¢ macc-
CIIEKTPOMETPUEHN, NMPUMEHseMON s MoHuUTOpuHra PTM, nMmeer HEKOTOpble OrpaHUYEHUs,
MOCKOJIbKY MPOIecC NOAroTOBKH oOpasna aist RP-LC-MS siBisieTcst ATUTENbHBIM, @ B HEKOTOPBIX
ciydasx xpomarorpaduueckue yCJIOBUs, TaKU€ KaK BBICOKAs TEMIeEpaTypa, OpPTraHUYeCcKue
pacTBOpPUTENH, a KUCIIOE 3HaYeHHe pH MOKeT BbI3BaTh apTe(aKkThl OKUCIEHHSL.

[104] Kpome TOro, HEKOTOpble METOIbl SKCKJIIO3MOHHOH XpomaTtorpaduu WIu
MOHOOOMEHHOW XpomaTtorpaduu TakKe MOTYT TMPUMEHSTBCS ISl OTACJCHUS TPUMECEeH OT
xenaeMoro npoxnykra. OTaeneHHble TPUMECH U KEJAeMbIil MPOAYKT MOYKHO JIOTIOJIHUTEJIBHO
NPOAHAJIM3UPOBATH C MMOMOIIBI0 Macc-criekTpoMeTpa. OnHako NMoABIIKHAS (a3a U3 KOJOHKHU IS
SKCKIIFO3MOHHON Xpomarorpaguu wWid HOHOOOMEHHOW XpomaTtorpaduu HE MOXKET ObITh
HANPSIMYIO BBE/IEHA B MACC-CIIEKTPOMETP U TPeOyeT NOMOIHUTENbHBIX 3TAIOB, BKJIIOYAs 3aMEHY
NOABMKHOM (assl (cym. Pur.1).

[105] TTlpuHMMas BO BHIMaHUE OIPAaHUYEHHUS CYIIEeCTBYIOUINX METOMOB, ObLT pa3padoTaH
3¢ ¢eKkTUBHBI W AEHCTBEHHBIH CrMocod WAEHTH(PHKALIMU M KOJIUYECTBEHHOT'O OIpPEIeNICHHS
npUMecei C MPUMEHEHHEeM HOBOW CHCTEMbl SKCKIIO3MOHHOH Xpomarorpaduu co CMeIaHHbIM
PEKUMOM H MacC-CIIEKTPOMETPHH, KaK OIMMCAHO B JAHHOM AOKyMeHTe. CHcTeMa SKCKIFO3UOHHON

XpOMaTOFpa(I)I/II/I CO CMCIIAaHHBIM PEKHUMOM U MACC-CIICKTPOMETPUHA YIIYyUIIACT 4y BCTBUTCIIBHOCTD
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U CIIOCOOHOCTDH KOJMYECTBEHHOTO OMNpEeNIeHHs PUMeCeH, MPUCYTCTBYIOIUX Ha OY€Hb HU3KHX
ypOBH:X, Onarogapsi 3pPEeKTUBHOMY pa3[eNIeHHIO B CMEIIAHHOM PEXKHUME U YyBCTBUTEIBHOMY
oHJaliH M S-neTeKkTHpOBaHNUIO, YeT0 Heb3sl JOCTUYb C TOMOLIBIO APYTUX TUIIOBBIX aHAJINU30B.

[106] Ecnu He yka3aHO MHOE, BCE€ TEXHUYECKHE U HayUHble TEPMHUHBI, UCIIOJIb3yEMbBIE B
HACTOSIIIEM JTOKYMEHTE, UMEIOT TO K€ 3Ha4eHHE, KOTOPOE OOBIMHO MOHUMAETCS CIIELUAINCTOM
00BIMHOHN KBanMU(pUKALMUU B 0OJNACTH, K KOTOPOH NMPHUHAIJIEKHUT 3TO H300peTeHne. XOTs Jo0be
CHIOCOOBI ¥ MaTepHalbl, MOJOOHBIE UM SKBUBAJIEHTHbIE OITMCAHHBIM B JAHHOM JOKYMEHTE, MOTYT
IIPUMEHATHCS HA NPAKTUKE WM NPU TECTUPOBAHUM, B JAHHOM JIOKYMEHTE ONMCAHbI KOHKPETHbIE
crioco0Obl U Marepuaibl. Bece ynoMsHyThle NMyOnMKaLMU BKJIIOUEHBI B HACTOSINEE OIHCAHUE
MOCPEICTBOM CCBUIKH.

[107] VYmorpebnsieMblii B €IMHCTBEHHOM 4YHCJIE TEPMUH CIIEAyeT IOHUMATh Kak
O3HAYAIOIIUN «TI0 MEHbIIEH Mepe OAMHY»; a TEPMHUHBI KOKOJIO» M IPHOIMUZUTENBHO» CIEIYEeT
MOHUMATh KaK JOMyCKAarolUe CTAHAAPTHYK BapHALMIO, TMOHATHYIO CIELMAJINCTAM B JaHHOU
00J1aCTH TEXHUKH, U B T€X CJy4asiX, KOrJa MPUBEAEHbI JUATIa30Hbl, TAKXKE BKJIIOUEHbI KOHEUHbIE
TOYKH.

Ilenesoii bemok

[108] buodapmarieBTiueckie MpOAYKTHI JOJKHBI JEMOHCTPUPOBATh BBICOKHH yPOBEHb
AKTUBHOCTH, YHCTOTBI M HU3KHH YypOBEHb CTPYKTYpHOH rereporeHHocTu. CTpyKTypHas
reTepOreHHOCTh YaCTO BIMSIET HA OMOAKTHBHOCTD U 3((EKTHBHOCTD JIEKAPCTBEHHOT'O Mpenapara.
CrnenoBaTenbHO, XapaKkTepu3alus U KOJMYECTBEHHAs OLEHKAa TepaleBTUYECKOro Oenka W/wiu
npuMeceii  BakHbl Tpu  paspaboTke (apmaueBTHueckux —npemnapatoB.  CTpykTypHas
reTePOreHHOCTh B OeJIKe MOJKET BO3HUKATh B PE3YJIbTATe MOCTTPAHCISIIHOHHBIX MOAU(UKALIN, a
TAKJKe MPUCYIIUX UM XUMHUYECKUX MOAM(UKALNI BO BPpeMsi U3TOTOBJIEHHSI M TIPU OTIPEIEIeHHBIX
yCIOBUSIX XpaHeHus. i OeNKoB, MPOU3BOIUMBIX B OHMOTEXHOJOTHYECKOW MPOMBILLIEHHOCTH,
MOTYT NMOTPeOOBATHCS AOMOIHUTEIBHBIE METOJIbI PA3feNICHHsI KaK Uil OUHUCTKH IIeJIEBOro Oelika,
TaKk W JJs TOJy4YeHUs] TOYHOM KapTUHBI KauecTBAa KOHEYHOro mnpoaykra. KommiekcHocThb
NPOAyKTa UCKJKOYAaeT NPUMEHEHHE TMPOCThIX OJHOMEPHBIX CTpaTeruil  pas3fesieHus.
CnenoBarenpHO, HEOOXOAUM TOYHbIA M 3(¢eKkTuBHbI cnocod oOHapy)keHus W/ Wiu
KOJINYECTBEHHOTO OIPEIEJICHHSI TEPANIEBTHUECKOT0 OeJIKa 1/MITH PUMECeH.

[109] B HEKOTOPBIX TUIOBBIX BApUAHTAX OCYINECTBJICHUS, B HACTOSINEM H300pETEHUH
npeayaraeTcsi cnocod KOJMUECTBEHHON OLIEHKU W/MJIM OOHAapY>KeHHs OelKka W/WJIM NMPUMECH B
obpasre.

[110] B naHHOM KOHTEKCTe TEePMHUH «OeJoK» BKIIOUaeT JEOOOW aMHHOKHCIOTHBIN
MOJIUMEDP, MMEIOIINN KOBAJEHTHO CBsA3aHHbIE aMUAHbIe CBsi3U. benku conmepkaT OAHY WU
OoJblIee KOTMYECTBO MOJUMEPHBIX LIENEH aMHMHOKHUCIIOT, B O0IIEM CITy4ae U3BECTHBIX B TAHHON
00J1aCTH TEXHUKH KaK TOMUNenTHAbD . «[lomunenTrm OTHOCHUTCS K TIOIUMEPY, COCTOSIIIEMY U3
AMUHOKHUCJIOTHBIX OCTaTKOB, POACTBEHHBIX BCTPEUAIOLUXCSI B IPUPOJIE€ CTPYKTYPHBIX BAPUAHTOB
U ero CHHTETHMYECKHUX HE€ BCTPEYAIOIIMUXCS B IMPHUPOJAE AHAJIOIOB, CBS3AHHBIX MNENTUAHBIMU
CBA3SIMHM, POJCTBEHHBIX BCTPEYAIOIUXCS B TMPUPOAE CTPYKTYPHbIX BapHaHTOB U HUX

CUHTCTUYCCKUX HE BCTPCHAKOIMIMNXCA B MPHUPOAC AHAJIOIOB. «CHHTETHYECKHE nenTuabl HWIN
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MOJIUMIENITHIBIY OTHOCATCS K HE BCTPEYAKOLIEMYCsl B NMPUPOAE MENTHAY WM TOJUMENTUAY.
CuHTeTHYeCKHe MEeNTUABl WM MOJUNENTHABl MOKHO CHHTE3MPOBAThH, HANIPUMED, C MOMOIIBIO
aBTOMATHYECKOTO0 CHHTe3aropa mnojunentunoB. CnenmanuctaM B AaHHOW OOJACTH TEXHUKH
U3BECTHBI PA3NIMUHBbIE CTIOCOOBI TBEpAO(A3HOTO CHHTE3a MENTHIOB. benok MokeT comepikaThb
OOWH WIM MHOXXECTBO TNOJMIENTHAOB C 0Opa3oBaHHWEM e€OWHOH (yHKIMOHHUpYOIIEH
Oonomonekynbl. bemok Moker Bkimoudarh 000N M3 OMOTEpameBTHYECKHX  OENKOB,
PEKOMOMHAHTHBIX O€JIKOB, MPUMEHSEMBIX B HCCIECIOBAHUSAX WM Teparuy, OEJIKOB-JOBYIIEK U
APYyTUX CIUTBIX C XuMepHbIM Fc-perientopom OenkoB, XHUMEPHBIX O€JKOB, aHTHUTEDN,
MOHOKJIOHAJIbHBIX ~ aHTUTEJ, [OJUKJIOHANBHBIX  AHTUTEN, YEJOBEYECKHX AaHTUTEN U
oucnenuduueckux aHtutes. B 1pyroM THUMOBOM acriekTe OeJOK MOXET BKJIKYaTh (PparMeHThI
aHTUTEJN, HAHOTEJA, XUMepPbl PEKOMOWHAHTHBIX AHTHUTEN, LIUTOKWHBI, XEMOKHHBI, MENTHIHbIE
TOPMOHBI U T.II. besku MOryT OBITH MOJIy4YeHbI C TOMOIIBIO CUCTEM NPOAYLIUPOBAHMS Ha OCHOBE
PEKOMOMHAHTHBIX KJIETOK, TaKUX Kak OaKyJOBHpPYCHAas CHUCTEMa HACEKOMBIX, IPOXCKEBbIE
cucrembl (Hampumep, Pichia sp.), cucrembl muekonutaromux (Hanpumep, kiaetku CHO wu
npousBogubie CHO, Takue kak knetku CHO-K1). [Inst o3HaKOMIIeHHSI C HEAaBHUM 0030pOM, B
KOTOpOM 00cyskaatoTcst buorepaneBTudeckue Oeiaku U ux npoayuuposanue, cM. Ghader et al.,
"Production platforms for biotherapeutic glycoproteins. Occurrence, impact, and challenges of
non-human sialylation," (Biotechnol. Genet. Eng. Rev. (2012) 147-75). B HekOTOpbIX BapHaHTax
OCYLIEeCTBJICHUs, OeNKHU comepkar MOAM(GUKAIMY, aAAyKThl U APYrHe KOBAJEHTHO CBS3aHHbBIE
¢parMeHTb. DTH MOmU(pUKALMH, AATYKThl W (PPAarMEHThl BKJIIOYAIOT, HAMPHUMEp, ABUIVH,
CTpenTaBHOWH, OWOTWH, TJIHKaHbl (HampuMep, N-alUeTHITralakTO3aMHH, TajaKTo3y,
HEHPaMHUHOBYIO KHCJIOTY, N-alleTHITTIOKO3aMuH, (pyko3y, MAaHHO3y M JPyTrHe MOHOCAXapU/bI),
II2T", nonuructunuy, 6enok FLAGtag, Oenok, cs3biBaromuii MajasTo3y (MBP - anrn.: maltose
binding protein), xutuHcBsi3biBatomuii 6enok (CBP - anri.: chitin binding protein), rinytaTuon-S-
tpancdepasy (GST - anrn.: glutathione-S-transferase), myc-smuron, ¢uyopecleHTHbIE METKH, a
TAK)Ke APYTrHe KPAcHTENW M T.M. Benkum MOXHO KiacCH(PUUUpPOBaTH HAa OCHOBE COCTaBa M
pPacTBOPUMOCTH M, TakuM 00Opa3oM, OHHM MOTYT BKJIIOYaTh NPOCTble OEJNKH, Takue Kak
ro0yisipHble  O€NKW ¥ BOJIOKHUCTBIE O€NKM;, KOHBIOTUPOBAaHHBIE O€NKW, Takhe Kak
HYKJICOTIPOTEHHBI, TJIMKONMPOTEUHBI, MYKOIIPOTEHHbI, XPOMOIPOTEHHBL, (HOCHONpPOTEHHHBI,
METAJUIONIPOTENHBl M JIMIIONPOTEUHBI, W MPOU3BOIHBIC OEJKH, Takue KakK IepPBUYHbIE
NPOM3BOIHBIE OEJIKH M BTOPHYHBIC IPOU3BOAHBIE OEJIKH.

[111] B HEKOTOPBIX THIOBBIX BapHUAHTAX OCYIIECTBJICHUs] OEJNIOK MOXKET MPENCTaBJIATH
coboli aHTUTENO, OHCrenm(pIIecKoe aHTUTENO, MyJbTHCHENH(PHUIECKOe aHTUTENO, (parMeHT
aHTHTENIa, MOHOKJIOHAJIBHOE aHTUTEJIO WJIM MX KOMOMHALIUH.

[112] B ntaHHOM KOHTEKCTE TEPMUH KAHTHTEJIO» BKITFOUAET MOJIEKY JIbl UMMYHOTJIOOY JTHHA,
cofiep Kalie YeThIpe MOJHUMENTUAHBIX Lenw, nBe Tsokensle (H) nerm u ase nerkue (L) nenw,
COEIMHEHHbIE AUCYJIbGUIHBIME CBS3SIMU, a TAK)Ke MX MyJbTHUMepbl (Hanpumep, IgM). Kaxnas
TsDKEJIasl eTb COASPKUT BapruabebHY0 00JIaCTh TSDKEJION ey (COKpPAIleHHO 0003HAYaeMy IO B
nanHoM nokymeHte kak HCVR wimn Vi) u KOHCTaHTHYIO 005acTh Tsikeson nenu. KoHcTanTHas

obnactb TspKenol nenu Brrodaet Tpu gomeHa: Cyl, Cy2 u Cy3. Kaxknas nerkast Lenb COIepsKuT
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BapuadenbHy0 00J1acTh JIETKOH Lenu (COKpalieHHO 0003HaYaeMyr0 B JTAHHOM JOKYMEHTE Kak
LCVR wunmn VL) u KOHCTaHTHYK obnacth jierkoil nenu. KoHcranTHas 00nacTe JIETKOW LienH
comepxkut Tonbko omuH nomeH (Cpl). Ob6mactu Vy u VL MOryT OBITh JOMOJHUTEIBHO
nofpasfeneHbl  Ha  00JacTH  THNepBapHaOeNbHOCTH,  HAa3blBA€MbIE  ONPEAEISTFOIINMU
koMiuieMeHTapHocTh  obmactsimu  (CDR), mepemeskaromuecss 0Oojiee  KOHCEPBATHBHBIMU
o0xactsimu, Ha3bIBaeMbIMU KapkacHbIME obnactsamu (FR). Kaxxnas Vg u Vi coctout u3 tpex CDR
u yetbipex FR, pacrnonokeHHBIX OT aMMHOKOHLIA K KapOOKCUKOHLY B crenyromeM nopsinke: FR1,
CDRI1, FR2, CDR2, FR3, CDR3, FR4. B pa3nuuHbIX BapuHaHTaX OCYLIECTBJEHUS HACTOSLIETO
u3o0perenus, FR anturena x big-ET-1 (mnm ero aHTUreHCBSA3BIBAIOIIEH YacTH) MOTYT OBITH
UIGHTHUYHBl TIOCJIEOBATENbHOCTSAM 3apOABIIIEBON JIMHUM YeJOBEKa WM MOIYyT OBITh
MOIU(PHUIMPOBAHBI €CTECTBEHHBIM MIJIN UCKYCCTBEHHBIM MyTeM. KOHCEHCYCHAasi aMMHOKHCIIOTHAS
NIOCJIEIOBATEIBHOCTh MOKET OBITh ONpenesieHa Ha OCHOBE IMapajUIeNIbHOTO aHAJIN3a JBYX WU
Oonpuiero konmudyectsa CDR. B naHHOM KOHTEKCTE TEPMHUH «AaHTUTENO» TAKXKe BKIOYAET
AHTUIeHCBA3BIBAIOIINE  (ParMEHTbl  IIOJIHOPA3MEPHBIX  MOJIEKYJ  aHTUTeNa. |epMUHBI
«aHTHTeHCBS3bIBAIOIIAS YaCThy AHTHUTENA, KAHTHTCHCBA3BIBAOLINN (PParMeHT» aHTHTENA U T.IL,
IpUMEHSieMble B JaHHOM JOKYMEHTE, BKJIIOYAIOT JIOOOH BCTPEHAIOLIUICS B MPHUPOIE,
(epMEHTAaTUBHO TOJNy4YaeMbli, CHHTETHYECKMH WM T€HHO-WH)XXEHEPHBIH NOJMUIIENTUA WIH
IJINKONPOTENH, KOTOPBIH CrerupUUecKy CBA3bIBAET AHTUIEH C OOpa30BaHUEM KOMILIEKCA.
AHTUTEHCBSI3BIBAIOIINE (PPArMEHThI AHTHTENA MOTYT OBITh IOJIyYEHBI, HAPHUMEp, U3 MOJIEKYJI
MOJTHOTO aHTUTENAa C MPUMEHEHHEeM JIFOObIX MPUIOAHBIX CTAHJAPTHBIX METOIUK, TAKHX Kak
MPOTEOJUTHYECKOE paclleryieHHe Wi MeToasl pekomOuHaHTHON JIHK u reHHON WHKEHEepuH,
BKJIIOUAKOIMEe MaHumyjaupoBanue u oskcnpeccuto JIHK, komupyromieit BapuaOenbHblE U
HeoOs13aTeNIbHO KOHCTaHTHbIe oMeHbl anTutena. Takas JIHK m3BecTHa m/wim Jierko TOCTyIHa,
HampuMep, U3 KOMMepPYeCKUX UCTOYHUKOB, Oubmmorek JIHK (Bkimrovasi, Hanpumep, OUOIMOTEKH
¢dar-aHtuTeno), Wi Moxker ObiTh cuHTesupoBaHa. JIHK Moker ObITh CEKBEHHUPOBaHA U
o0paboTaHa XMMUYECKH WU C IPUMEHEHHEM METOZOB MOJIEKYJISIPHON OUOJIOTHH, HATIPUMEP, AJIs
YHOPSIIOYMBAHUSL OJHOTO MM OOJNBIIEr0 KOJMYECTBA BapHAOENbHBIX W/WIM KOHCTAHTHBIX
JOMEHOB B NPUTOAHYI) KOH(DUIYpanMIO WM Al BBEICHUS KOJOHOB, CO3/IaHUSI OCTAaTKOB
UCTenHa, MOTupUKAINK, TOOABJICHHS WU yAAJIEHUS] aMUHOKHUCIIOT U TaK JaJiee.

[113] B naHHOM KOHTEKCTE «(pparMeHT aHTUTEJIa» BKIIFOYAET YaCTh MHTAKTHOT'O AHTHTEJA,
TAKyI0 KaK aHTUT€HCBS3BIBAIOIIASI MM BapuabenbHast 00acTh MHTAKTHOTO aHTUTeNa. [Ipumepsl
(bparMeHTOB aHTUTEN BKJOYAIOT, TOMUMO Mpouero, ¢parment Fab, ¢pparment Fab', ¢pparment
F(ab')2, pparment scFv, ¢pparment Fv, nuateno dsFv, pparment dAb, pparment Fd', pparment
Fd u Beimenennyio obnacth, ompenensomyo kommiementapHocTs (CDR), a Takike Tpurena,
TeTpaTena, JMHEHHbIE AHTHTENA, MOJIEKYJIbI OJTHOLIENIOYEUHBIX aHTHTEN U MyJIbTHCIIELI(pIUECcKue
aHTHuTeNa, oOpasoBaHHbIE M3 (parMeHTOB aHTUTEN. Pparmentsl Fv mpencraBisroT coOoi
KOMOMHALINIO BapuadeTbHbIX 00JIaCTElN TSHKENION U JISTKOU Ierneil MMMYHOTIOOyJInHA, a OelKu
ScFv npeacraBisiror coboil peKOMOMHAHTHBIE OJHOLETIOYEYHBIE ITOJUMIENTUIHBIE MOJICKYJIbI, B
KOTOpPBIX BapuabenbHble OOJNACTH JIETKOM W TSDKENOH Leneil MMMYHOTJIOOYJIMHA COEIMHEHBI

NENTUAHBIM JIMHKEPOM. B HEKOTOPBIX TUIIOBBIX BapHUaHTaX OCYLICCTBIICHUS, (I)paFMeHT AHTUTCJIa
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COIEPKHUT JOCTATOYHYK) AMHHOKHCJIOTHYIO MOCJIE€OBATENbHOCTh POAUTEIBCKOTO AHTHTEJNA,
(bparMeHTOM KOTOPOTO OH SIBJISIETCS, KOTOPBIN CBSA3BIBAETCS C TEM K€ AHTUI€HOM, UTO H ICXOHOE
AHTHUTENIO, B HEKOTOPBIX THUIOBBIX BAPHUAHTAX OCYINECTBJIEHUs, (PArMEHT CBS3BIBAETCS C
aHTUreHOM ¢ ap(UHHOCTBIO, CPaBHUMOH C ap(UHHOCTBIO POIUTENBCKOTO AHTHTENA, W/WIN
KOHKYPHUPYET C POAMTEIbCKHUM AHTHTEJIOM 3a CBS3bIBAHME C aHTUreHoM. dparmeHT aHTUTENA
MO>KHO TOJy4HUTh JIEOOBIM criocobom. Hampumep, ¢parmMeHT aHTHTENAa MOXKET OBITH MOJNYYEH
(bepMEeHTaTUBHBIM W XUMUYECKH My TeM (PparMeHTALUH HHTAKTHOTO aHTHUTENA W/ U (PparMeHT
aHTHUTENa MOXKET OBITh TNOJY4YeH PEKOMOMHAHTHO M3 T€HA, KOAUPYIOIIEr0 YacTUYHYIO
NOCJIEIOBATEIbHOCTh AHTUTENA. B anbTepHaTUBHOM WM TOTIOJIHUTENIBHOM BapuaHTe, (parMeHT
aHTHUTENAa MOKET OBbITh IMOJHOCTBIO WJIM YaCTHYHO IOJIyYeH CHHTETHYECKUM myTeM. PparmeHT
aHTHUTENAa MOJKET HeoOsA3aTeNbHO BKJIIOYATh OJHOLETIOYEUHbIH (parMeHT aHTturena. B
aNbTEPHATUBHOM MWJIM JONOJHUTENIBHOM BapuaHTe, (ParMeHT aHTHTEJIa MOXET BKIOYaTh
MHOJKECTBO 1ieTiel, KOTOPbIE CBSI3aHbl BMECTE, HAIlpUMep, AUCYIbPUIAHBIMU CBSI3sIMH. PparMeHT
AHTHUTEJIa MOJKET He003aTeIbHO BKIIFOYATh MY JIbTUMOJIEKYJSIPHBIH KOMIUTEKC. PyHKLIMOHAIBHBIH
(parMeHT aHTHTENa OOBIYHO CONEPKUT MO MeHbLIeH Mepe okoso 50 aMHHOKHCIOT U Oonee
TUIUYHO COMAEP>KUT IO MeHbLIeH Mepe 0koJ0 200 aMMHOKHUCIIOT.

[114] Dpasa «Oucnenmupuueckoe aHTHTENO» BKIIOYAET AaHTHTENO, CIIOCOOHOE
M30UpaTENbHO CBA3BIBATH J1BA MM OOJbIIEe KOJIMUECTBO SNIUTONOB. bucnenupuaeckue anrurena
OOBIMHO CONEpIKAT ABE Pa3HbIe TSDKEJble LENH, MPUYeM Kakaas TshKelas Lelb CrenupUuIecKu
CBSI3BIBAET JIPYTOH SIUTOII - THOO € ABYMsI Pa3HBIMU MOJIEKYJIaMH (HaprMep, aHTUT€HaMH), THO0
C ONHOW ¥ TOW XK€ MOJIeKYJIoi (Hampumep, ¢ OZHMM M TeM >Ke aHTureHom). Ecmu
oucnerpuueckoe aHTUTENO CIIOCOOHO CEJEKTHBHO CBSI3bIBATH JIBA PA3HBIX SMHUTOMNA (TEpBBIH
SMUTOMN U BTOPOH 3mmTomn), ap(HUHHOCTh MEPBOI TSHKEJIOH LENMU K MEePBOMY SIHUTOMY OOBIYHO
Oyner mo MeHbIIeHl Mepe Ha ONMH-NIBA, TPU HJIM YEThIPE TOPSIKA BEJUYUHBI HIKE, UYeM
apUHHOCTP TEpPBOW TSKENOW LEmd KO BTOPOMY OIHUTONY M HAOOOPOT. IHUTOIBL,
pacro3HaBaeMble OUCTIEU(PUUECKAM aHTUTEJIOM, MOTYT OBITh HAa OJHON MJIM PAa3HBIX MUIIEHSIX
(HampuMep, Ha TOM K€ WM APYTroM Oelke). bucnenuduyeckue aHTUTENA MOTYT OBITh TIOJYYEHBbI,
HarpuMep, MyTeM OOBENMHEHHs TSDKENbIX LeNel, pacroO3HAKUINX Pa3HbIe SMUTOIBI OAHOTO U
TOTO JK€ aHTUreHa. Hampumep, MOCIENOBATENbHOCTH HYKJIEMHOBOH KHCIOTBI, KOAHPYIOIIUE
BapHuabesIbHbIE TMOCIENOBATEIBPHOCTH TSDKEJION IIeNH, KOTOPbIE PACIO3HAIOT Pa3HbIE SIHUTOIBI
OJHOTO M TOTO K€ AHTHICHA, MOTYT OBITh CIIUTBHI C IOCJIENOBATEIBbHOCTSIMH HYKJICHHOBOH
KHUCJIOTBI, KOAWPYIOIIMMU pa3Hble KOHCTAHTHBIE OOJNACTH TSDKEJNOW Ienmu, W Takue
NIOCJIEIOBATEIBHOCTH MOTYT OBITh SKCIIPECCUPOBAHBI B KJIETKE, KOTOPask SKCIIPECCUPYET JIETKYIO
1enb UMMyHOroOyinHa. TunoBoe OHCIEenU(UUECKOe AaHTUTENO MMEET IBE TsDKENble LETlH,
Kaxkaas u3 koTopeix uMeeT Tpu CDR Tsxenoit nemny, 3a koTopeiMu ciiefytoT aomeH Cyl, mapHup,
nomeH Cy2 n nomeH Cy3, a TakKe JIETKYIO IeTlb HMMYHOTJIOOYJIMHA, KOTOpast JIM0OO HE MpHIaeT
AHTUTeHCBS3BIBAIOIIEH CIEM(PUIHOCTH, HO MOJKET aCCOLMUPOBATECS C KAKAOH TSKEJIOHN LETbIo
WIA KOTOpasi MOYKET aCCOLIMUPOBATHCS C KAXKIOH TSHKENION LIENBbI0 M KOTOPasi MOXKET CBSI3bIBATH
OOUH WiIN OOoJbliee KOJMYECTBO SMUTOIOB, CBSI3aHHBIX AHTHIEHCBS3BIBAIOLIMMH OOJACTIMHU

TSDKEJION LEMnu, WK KOTOpast MOKET aCCOLIUHUPOBATBHCA C K&)I(I[Oﬁ TSDKEJION OENbO U obecrieunBaTh
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CBSI3bIBAHHME OJTHOM MJIM 00EUX TSDKENBIX LeNel ¢ OMHUM WM 000MMH >mHTOonaMu. BsAb MoxHO
pa3nenuTh Ha ABa OCHOBHBIX KJlacca: Te, KoTopele conepskar Fe-obmacts (IgG-nmonobuyro), u Te,
y KOTOpBIX OTCyTCTBYeT Fc-0o0mactp, mpuueM mocienHsisi oOprgHO MeHbine, deM IgG u IgG-
nonodOHble Oucnennpuyeckue MosiekyJbl, conepskamue Fc. IgG-nomodubie bsAb moryT nmets
pas3Hble popMaThI, TAaKHE KaK, MOMUMO MPOYEro, Tpuomad, BeICTyIbI-BO-BriaanHbl 1gG (kih IgQG),
crossMab, orth-Fab IgG, nBoitabie BapuabenbHble nomeHnbl Ig (DVD-Ig), nBa B omHOM wiu
nsoitHoro peiicteus Fab (DAF), IgG-ognouenoueunsiii Fv (IgG-scFv) mwmm «kA-tena. He-IgG-
nofoOHble  pa3nuuHble  (opMaThl  BKIKOYAOT TaHaeMmHble scFv, ¢opmar naumarena,
OITHOIIeTIOYeUHbIe Araresa, TanaeMHuble nuarena (TandAb), mepeopueHTUPYOIYOCS MOJIEKYJTY C
nsotinoi apdunnocThi0 (DART), DART-Fc, HaHOTEMa Mt aHTUTENA, TPOAY LIUPY EMbIE METOJIOM
«cThIKkoBKa-u-3aMok» (dock-and-lock - DNL) meton. Fan et al. u Kontermann u Brinkmann
NPEACTaBISIIOT NoAPoOHBIH 0030p ducnenupuyueckux anturen (Fan et al. «Bispecific antibodies
and their applications» J. Hematol. Oncol. (2015) 8:130; Kontermann and Brinkmann. «Bispecific
antibodies» Drug Discov. Today (2015) 20: 838-847). CmocoObl monyuenusi BsAb He
OrpPaHUYMBAIOTCS KBAaJAPOMHON TEXHOJIOTHEH, OCHOBAHHONH HAa COMAaTHYECKOM CIUSHHM JBYX
pasHbIX JIMHUHA TUOPUIOMHBIX KJIETOK, XHMHYECKOH KOHBIOTALMH, KOTOpas BKJIKOYAET
XUMHYECKUE MEePEKPECTHbIE JIMHKEPhI, 1 FeHETUYECKUX MOAXO0AaX C MPUMEHEHUEM TEXHOJIOTUH
pexkomOunanTHOit JIHK. Ilpumeprr bsAb BKIHOUArOT Te, KOTOpbIE OMHCAHBI B CIEAYIOLINX
MATEHTHBIX 3a51BKaX, NOJIHOCTBIO BKJIFOYEHHBIX B JAHHBIHM JIOKYMEHT IIOCPEACTBOM CChUIKH: 3asIBKE
Ha nateHT CIITA Ne 8 586 713, nomanHou 25 utons 2010 r.; 3asiBKe Ha MyOJIMKALMIO TATEHTA
CIIA Ne 2013/0045492, nomannoit 5 mronst 2012 r; 3asBke Ha mateHT CIITA Ne 9 657 102
nogaHHoit 19 cenrsiOps 2013 r;, 3asBke Ha nyOnmkaumro marenta CIIIA Ne 2016/0024147,
nonaHHou 24 utogis 2015 r.; 3asBke Ha myOnukanuio natenra CIIIA Ne 2018/0112001, moganHO¥H
22 centsi0Opst 2017 r.; 3asBke Ha myOsukanuio nateHta CIIIA Ne 2018/0104357, nmomanHo¥ 22
centsiopss 2017 r.; 3asBke Ha nyOnukaumo nateHra CIIIA Ne 2017/0174779, nopmanuHoi 21
nexadps 2016 r.; 3asBke Ha myOnukauro narenra CIIIA Ne 2017/0174781, monanHoti 21 nexadps
2016
nyOnukauuro narenta CIIA Ne 2018/0134794, nopanHoi 15 HostOpst 2017 r. Huzkue ypoBHH

; 3asBke Ha mateHT CIIIA Ne 10179819, nmomanHo# 29 wmrons 2016 r.; u 3asBKe Ha

TOMOJUMEPHBIX MPHUMECeH MOIyT NPUCYTCTBOBAaTh HA HECKOJBKUX JTalax H3TOTOBJICHUS
oucnerdrueckux anrutesn. OOHapykeHHE TaKUX TOMOAUMEPHBIX MpPUMECEH MOKET OBITh
3aTPYOHHUTEIBHBIM TIPH BBIMOJIHEHMH AaHAJN3a MAacChl HCXOIHOTO BEINECTBA M3-32 HHU3KOTO
COIEp KaHMs IPUMECEH roMoauMepa M KO3JTIOMPOBAHUS 3TUX NMPHUMECeHl ¢ OCHOBHBIMH BUIAMHU
MIPY BBITIOJIHEHUU OOBIMHOTO METOA JKUIKOCTHOU Xpomatorpaduu (Kak MpOAeMOHCTPUPOBAHO
Ha @ur. 2)

[115] Tepanerruueckne Oucneunduueckue antutena (bsAb) MOryT OmHOBpEMEHHO
CBSI3BIBATBCS C JIByMsl PA3IUYHBIMA MHUIICHSIMH W OOEIIAIT JOCTH)KEHHE MOBBIIIEHHON
TEPareBTUUECKON >(PQPEKTUBHOCTH, Npeasaras ABOHHYI (PYHKIMOHAIBHOCTh WJIM HOBBIE
mexaHu3Mbl perictBusi (Marie Godar et al., Therapeutic bispecific antibody formats: a patent
applications review (1994-2017), 28 EXPERT OPINION ON THERAPEUTIC PATENTS 251-276 (2018)).

Ha cerogssiinamii neHp paspaboraHo u oneHeHO Oojnee 60 OucnenMpUUECKUX MOJIEKYJ IS
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JIeUeHHs Pa3NIMYHBIX 3a00JeBaHMUN, MHOTHE M3 KOTOPBIX MMEIOT CTPYKTYpy, momoOHyo IgG,
Onaronapst U3BECTHBIM MPEUMY IECTBAM (CTaOMIIBHOCTD, IEPUOT TTOJTYKU3HU B CBIBOPOTKE U T.1.)
npu TepanesTraueckoM npuMmeneHuu (Christoph Spiess, Qianting Zhai & Paul J. Carter, Alternative
molecular formats and therapeutic applications for bispecific antibodies, 67 MOLECULAR
IMMUNOLOGY 95-106 (2015); M X Sliwkowski & I Mellman, Antibody therapeutics in cancer.,
341 SCIENCE 1192-1198 (2013); Paul J. Carter, Potent antibody therapeutics by design, 6 NATURE
REVIEWS IMMUNOLOGY 343-357 (2006)). bucnenuduueckue anTuTeNna 4acTo NpoAyLUPYIOTCS B
OHOW KJIETKE ITyTeM COBMECTHOW OKCIPECCHM pPA3JNUYHBIX JIETKHUX W TSDKENBbIX LEernei.
Bnocnencreun cbopka koHCTpykuuu bsAb TpeOyer mpaBHIbHOrO CriapuBaHUs POACTBEHHBIX
JEeTKUX W TSDKENBIX Lenel, a Takke TeTepoAMMEpH3allid JABYX pas3HbIX mnonymosekynr K
COXKAJIEHHIO, 3TOT MPOLECC MOXKET TakXKe MPUBECTU K OOPa30BAHMIO HETPABHIIBHO COOPAHHBIX
MOJIEKYJISIPHBIX ~KOHCTPYKLMH, TakHMX Kak MOHOcnenuduyeckne MONEKyJbl (Hampumep,
roMoOZMMepHbIe BHUIbI). B oTimume oT apyrux npumecel, ynaneHHe TOMOAMMEPHBIX BHUIOB
MOCPECTBOM TOCJIEAYIOUIeH OUYUCTKH MOJKET OBITh CIIOKHOW 3adadyeil, MOCKOJbKY OHH 4YacTo
NPOSIBISIIOT OYEHb MOX0XkHe (PU3NKO-XUMHUUECKHE CBOMCTBA C OJKUIAEMbIMU MPOAYKTaMHU bsAb.
UroObl yJAy4IIUTh TOYHOCTb BOCIPOM3BENEHHs CIIAPUBAHMS MOJMIIENTUAHBIX ILeneil w,
CJIeIOBATENbHO, CIOCOOCTBOBAaTh 0Opa3oBaHMi0 bsAb, B mocienHue roasl ObLIH pa3padOTaHbI
pasnmuunble ctpaterun (Shixue Chen et al., Immunoglobulin Gamma-Like Therapeutic Bispecific
Antibody Formats for Tumor Therapy, 2019 JOURNAL OF IMMUNOLOGY RESEARCH 1-13 (2019)).
Hanpumep, Bo n30exkaHne HENPAaBIJIBHOTO CIIAPMBAHHS MEXKIY JIETKOH M TSDKENIOH ILeIsIMH,
0COOEHHO yCHewHbIM ObUIO TPUMEHEHHWE WACHTHYHOW JITKOH I[enu Ui KaKAOoro
aHTHreHCBs3bIBatoIIero mieda bsAb (A. Margaret Merchant et al., An efficient route to human
bispecific 1g(G, 16 NATURE BIOTECHNOLOGY677-681 (1998)). Kpome Toro, rereponumepusanus
PA3NIUYHBIX TSDKENBIX LENed MOXeT ObITh 3HAYUTEIbHO OOJIer4eHa C MOMOIIBI0 TEXHOJOTHU
«BBICTYMBI-BO-BrIaAMHb (John B.b. Ridgway, Leonard G. Presta & Paul Carter, ‘Knobs-into-
holes’ engineering of antibody CH3 domains for heavy chain heterodimerization, 9 «PROTEIN
ENGINEERING, DESIGN AND SELECTION» 617-621 (1996)), mpu KOTOpO# crieu(puuecKue My TalluH
KOHCTpYHUpYIOTCs B Fc-yactu anTHTENa, YTOOBI CIOCOOCTBOBATH O0PA30BaHHIO reTeponumepa. B
AJIbTEPHATUBHOM BapHaHTe, MOAYJUpPYs apPUHHOCTb CBS3BIBAHUSI C OENKOM A TOCPEICTBOM
AMUHOKHUCJIOTHBIX 3aMeH B Fc-uactu, bsAb Taxxke Moxker ObITh 3()()EKTUBHO BBIAENEHO W3
rOMOJIMMEPHBIX MpuUMeceil BO BpeMms 3Tama ouuctku Oenka A (Adam Zwolak et al., Rapid
Purification of Human Bispecific Antibodies via Selective Modulation of Protein A Binding, 7
SCIENTIFIC REPORTS 15521 (2017)). Ota cTparerus y»e yCIEIIHO peaJu30BaHa sl MACCOBOTO
u3rotosneHus bsAb ans knmHndeckux uccnenosanuii (Andrew D. Tustian et al., Development of
purification processes for fully human bispecific antibodies based upon modification of protein A
binding avidity, 8 MABS 828-838 (2016)).

[116] Hoctmkenust B 006J1acTH HOBBIX (hOpMaTOB bsSAb MOCPeNCTBOM MHKEHEPUH OENTKOB
U pa3padOTKH TPOLECCOB CHENAIM BO3MOXHBIM  KPYITHOMACINTa0HOE  HM3TOTOBJICHUE
TeparneBTHIecKuX bsAb ¢ Bbicokoit uncToToil. OHAKO MPUCYTCTBHE TOMOANMEPHBIX IPUMECEH C

HU3KUM COZIEp)KaHHEM B JIEKAPCTBEHHBIX Ipemaparax bsAb Bce eme BO3MOXHO, M €ro
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HEOOXOIMMO  PEryJsIpHO KOHTPOJHPOBAaTb BO BpeMsi pa3padOTKU M TECTHPOBAHUS
BbICBOOOXKIEHNA. | OMOIMMepHBbIE aHTHUTENA, PACCMAaTPUBAEMble KaK NMPUMECH, CBS3aHHBIE C
JIEKapCTBEHHBIM MPOAYKTOM, MOTYT OBbIThb OYE€Hb NOXOXHM Ha jkeiraemoe bsAb mo MHOrmm
CBOWCTBAM, 4YTO JeJaeT WX OOHApYy’KEHHEe M KOJUYECTBEHHOE OIpeleIeHHe YHUKAJIbHOH U
CJIOKHOM 3a7ayeil Il COBPEMEHHBIX aHAIUTHYECKHUX croco0oB. IIOCKONBKY roMomumepHbIe
BUABI OOBIMHO JI€MOHCTPUPYIOT OTJIMYUTENIbHBIE MOJIEKYJISIPHBIE MacChl IO CPAaBHEHHIO C
COOTBETCTBYIOIUMH bsAb, m3MepeHHe macchl Ha YpPOBHE HMHTAaKTHOrO OejKa C IMOMOIIBIO
TexXHoJioru, ocHoBaHHBIX Ha LC-MS, 6b110 MeTOIOM BbIOOpa 17151 MX Xapaktepusannu (R. Jeremy
Woods et al., LC-MS characterization and purity assessment of a prototype bispecific antibody, 5
MABS 711-722 (2013);, Wolfgang Schaefer et al., Heavy and light chain pairing of bivalent
quadroma and knobs-into-holes antibodies analyzed by UHR-ESI-QTOF mass spectrometry, 8
MABS 49-55 (2015); Frank D. Macchi et al., Absolute Quantitation of Intact Recombinant Antibody
Product Variants Using Mass Spectrometry, 87 ANALYTICAL CHEMISTRY 10475-10482 (2015);,
Luis Schachner et al., Characterization of Chain Pairing Variants of Bispecific IgG Expressed in
a Single Host Cell by High-Resolution Native and Denaturing Mass Spectrometry, 88
ANALYTICAL CHEMISTRY 12122-12127 (2016); Yiyuan Yin et al., Precise quantification of
mixtures of bispecific IgG produced in single host cells by liquid chromatography-Orbitrap high-
resolution mass spectrometry, 8 MABS 1467-1476 (2016); Chunlei Wang et al., A systematic
approach for analysis and characterization of mispairing in bispecific antibodies with asymmetric
architecture, 10 MABS 1226-1235 (2018); Markus Haberger et al., Rapid characterization of
biotherapeutic proteins by size-exclusion chromatography coupled to native mass spectrometry, 8
MABS 331-339 (2015); Frangois Debaene et al.,, Time Resolved Native lon-Mobility Mass
Spectrometry to Monitor Dynamics of 1gG4 Fab Arm FExchange and “Bispecific” Monoclonal
Antibody Formation, 85 ANALYTICAL CHEMISTRY 9785-9792 (2013)). Hanpumep, HECKOJIBKO
naboparopuii cooOmmmu 06 npuMeHeHun odpameHHo-(hazoBoi xpomartorpaduu (RPLC - aHrn.:
reversed phase chromatography) B codeTaHuu ¢ MacC-CIIEKTPOMETPUEH BBICOKOTO pa3pellieHus ¢
onpenenenuemM TouHoM Maccel (high-resolution accurate-mass - HRAM) st KOTM4eCTBEHHOTO
ompeseNeHns TOMOIUMEPHBIX mpuMecel B odpasuax bsAb (Woods et al, 2013, supra;, Schachner
et al, 2016, Boime; Yin et al, 2016, Boie). B 60NbIIUHCTBE 3THX UCCIETOBAHUI TOMOIUMEPHBIE
NPUMECH MOKHO OBLIO OOHAPYKUTh M KOJIMYECTBEHHO OINPENENUTh 0e3 XpoMaTorpaduyeckoro
paszzneneHus: OT OCHOBHBIX BHIIOB bsAb. JlelicTBUTENBHO, yuuThIBask 00NbIoii pasmep (~ 150 k/la),
a TaK)Ke CXONCTBO (PU3MKO-XUMHUUYECKUX CBOICTB, YaCTO MOXKET OBbITh CIIOKHOM 3a1a4ell JOCTHYb
JIOCTAaTOYHOTO PA3NENIeHUs] MEXIy TOMOAMMEPHBIMH aHTUTeNaMH U bsAb ¢ momompo MeTona
RPLC. B pesynbrate, MeTonnl Ha ocHOBe RPLC-MS uacTo He 001ajar0T 4y BCTBUTENBHOCTBIO TIPH
OOHapy»KeHUH TOMOIUMEPHBIX BHIOB, MPUCYTCTBYIOLIMX HA HU3KUX YPOBHSAX (CaMblii HU3KHUI
3apeructpupoBannbiii LLOQ cocrasmsier ~ 1% (Schachner et al, 2016, supra; Yin et al, 2016,
BBILIIE), B OCHOBHOM H3-3a MOJABJICHUS MOHOB OT KOXJIIOMPYIOLIMX M 3HAYUTENBbHO Oolee
MHOTOYHCIICHHbIX BHIOB bsAb. bomee Toro, 0e3 xpomarorpaduyeckoro pasneieHus
oOHapy>KeHHe TOMOJMMEPHBIX BHIOB C MOJICKYJISIPHBIMH Maccamu, OJM3KUMU K bsAb, moker

OBITH OCOOEHHO MPOOIIEMAaTHYHBIM, ITOCKOJIBKY BapHaHTHBIE Gopmbl bsAb m3 PTM (Hanpumep,
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+128 Ha nns C-xkonueBoro Lys w +162 st TUKUPOBaHMS) WM OOpa3OBaHHE aIayKIIHH,
NOTEHIMAJIbHO MOXKET MOMelaTh aHanu3y. HakoHern, B ciydasx, Korga xpomarorpadudeckoe
pasneneHne Mexay romomumepoM U bsAb nmocruraercs meromom RPLC, kommuectBeHHOE
orpeneneHne Ha OcHOBe MS Bce eme MOXeT ObITh 3aTPYIHEHO H3-3a HECOOTBETCTBHS B
3¢} (eKTHBHOCTUHOHU3ALUH AHTHTEJ, SJIFOUPYEMBIX C PA3HBIM BPEMEHEM YA€ KUBAHUS B PA3HBIX
KOMITO3ULIUSIX PACTBOPUTENEH, 4TO TpeOyeT MOCTPOeHHUs] BHELIHEH KaaMOpPOBOUHOM KPUBOH C
NpUMEHEHHEM A00aBIIEHHBIX CTAaHAAPTOB IPU NMPOBEACHUH KonndecTBeHHOro axammsa (Risto
Kostiainen & Tiina J. Kauppila, Effect of eluent on the ionization process in liquid
chromatography-mass spectrometry, 1216 JOURNAL OF CHROMATOGRAPHY A 685-699 (2009)). B
aNbTEPHATUBHOM BapUaHTe, HATHUBHAS MAacCC-CIIEKTPOMETPHS TPEACTaBisAeT cOOOH elne OnuH
LIEHHbI METOJ| AaHaJlM3a HMHTAKTHBIX OEJKOB M WHTErpUpPOBAaHA BO MHOTHE PYTHHHbBIE
aHaIUTHYeCKHe pabodre MpOLEeCcChl JJIsi OLIEHKU IeTepOreHHOCTH MOHOKJIOHAJBHBIX AHTUTEN
(mADb) (Haberger et al, 2016, Bbiue, Sara Rosati et al., Qualitative and Semiquantitative Analysis
of Composite Mixtures of Antibodies by Native Mass Spectrometry, 84 ANALYTICAL CHEMISTRY
7227-7232 (2012); Anthony Ehkirch et al., Hyphenation of size exclusion chromatography to
native ion mobility mass spectrometry for the analytical characterization of therapeutic antibodies
and related products, 1086 JOURNAL OF CHROMATOGRAPHY B 176-183 (2018); Guillaume Terral,
Alain Beck & Sarah Cianférani, Insights from native mass spectrometry and ion mobility-mass
spectrometry for antibody and antibody-based product characterization, 1032 JOURNAL OF
CHROMATOGRAPHY B 79-90 (2016); Oscar Hernandez-Alba et al., Native Mass Spectrometry, lon
Mobility, and Collision-Induced Unfolding for Conformational Characterization of IgG4
Monoclonal  Antibodies, 90 ANALYTICAL CHEMISTRY 8865-8872 (2018)). Hz-3a Oonee
KOHLIEHTPUPOBAHHOTO CUTHAJIA, TEHEPUPYEMOTO MEHBIIUM KOJHYECTBOM 3aPSIIOBBIX COCTOSTHHIA,
HaTUBHas MS MoXeT uMeTh YJIyulIeHHYI0 4yBCTBUTENBHOCTb MO cpaBHeHHI0 ¢ RPLC-MS.
Hampumep, Rosati et al.(Bbiie) cooOumim 00 mMpuMeHeHWM HATHBHOW MS miist usydeHus
OWMHApPHOW CMecu IBYX KoOdKcrpeccupoBaHHbIX aHTuTen IgGl. OmHako 06e3 3ddexTuBHOrO
XpOMaTorpadguuecKoro pasueieHus, OOHapyKeHHE U KOJHMYECTBEHHBIH aHAJIN3 FOMOJUMEPHBIX
BUJIOB, MPUCYTCTBYIOIUX B HU3KUX KOHIEHTPALUSX, MMO-TIPEKHEMY SIBJISIETCS CJIOXKHOMW 3a7adeit
IO TEM K€ MPUYUHAM, KOTOpPbIe OOCY KAAIICH BBIIIE.

[117] Ha ceromHsIIHUN JeHb HMEETCS OTPAHUYEHHOE KOJHYECTBO COooOImeHuid 00
AHATUTHYECKUX METO/AX, OCHOBAHHBIX HA XpOMATOrpaduecKoM pas3ieneHuu st OOHapy KEeHHUs
U KOJMYECTBEHHOTO OMNpEeJeeHuss TOMOAMMEPHBIX BUIOB B oOpasmax bsAb. Hampuwmep,
nocpencteoM xpomarorpaduu rugpododroro Bzammoneiricteus (HIC - anrm: hydrophobic
interaction chromatography) (Wang et al., 2018, Bbime) min HOHOOOMEHHOH xpomartorpaduu
(IEX - anrn.: ion exchange chromatography) (A. F. Labrijn et al., Efficient generation of stable
bispecific IgGG 1 by controlled Fab-arm exchange, 110 PROCEEDINGS OF THE NATIONAL ACADEMY
OF SCIENCES 5145-5150 (2013); Michael J Gramer et al., Production of stable bispecific 1gG1 by
controlled Fab-arm exchange, 5 MABS 962-973 (2013)) Obu10 mpOIEeMOHCTPUPOBAHO, YTO bsAb
OTHENAETCS] OT €ro TOMOAMMEPOB, €CIM OHH WMEIOT JOCTaTOYHO pa3Hble 3HAYCHUS

ruapooOHOCTH UiTH U303NeKTpudeckor Touku (pl), coorBercTBenHo. Kpome Toro, mocnenHue
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nocTwkeHus: B TexHonorusix onnaiiH IEX-matmeHOit MS (Yuetian Yan et al., Ulfrasensitive
Characterization of Charge Heterogeneity of Therapeutic Monoclonal Antibodies Using Strong
Cation Exchange Chromatography Coupled to Native Mass Spectrometry, 90 ANALYTICAL
CHEMISTRY 13013-13020 (2018); Florian Fussl et al., Charge Variant Analysis of Monoclonal
Antibodies Using Direct Coupled pH Gradient Cation Exchange Chromatography to High-
Resolution Native Mass Spectrometry, 90 ANALYTICAL CHEMISTRY 4669-4676 (2018); Aaron O.
Bailey et al., Charge variant native mass spectrometry benefits mass precision and dynamic range
of monoclonal antibody intact mass analysis, 10 MABS 1214-1225 (2018)) obecneunBaroT
3¢ (eKTUBHBINA TOAXOJ IJIsi YyBCTBUTEJILHOIO OOHAPYKEHHs TOMOJUMEPHBIX BHIOB HH3KOTO
ypoBHs B bsAb. Omnako u3-3a BbICOKOro paspemeHust IEX oOOBMHO reHepupyer CIOXKHBIHN
npoduIb 3apsizia A KQXKIOro U3 BCEX aHTHTEJ HA OCHOBE MeTEPOr€HHOCTH UX 3apsizia, KOTOphIE,
BEPOSITHO, OyIyT MEePEeKPhIBATLCSA APYT € APYroM. bonee Toro, KOMMuecTBEHHOE OIpeesieHHe Ha
ocHOBe MS ¢ MpUMeHEHHEM 3TOr0 MOAXO0/Ia MOXKET OBITh 3aTPYJHEHO, TaK KaK BCE OTAENIbHbIE
(bopMbI BapHaHTOB 3apsiia KaKIOH MOJIEKYJIbl HEOOXOIUMO CyMMHUpPOBATh s pacdyera. Kpome
TOro, asajornyHo noxxoxy Ha ocHoBe RPLC, meron IEX wucnonb3yer rpaaueHTHOeE
3JIIOMPOBAHUE, YTO, BEPOSITHO, MTOCTABUT IOl YTPO3y KOJMYECTBEHHOE OINpeJeeHne Ha OCHOBE
MS u3-3a paznn4aHoi 5 (HeKTHBHOCTH HOHU3ALNUY AHTUTEIT, SJIFOMPYEMBIX B PA3JIMYHBIX YCIOBHSIX
pactBopurenss (Hanpumep, pH wim koHueHtpaumu comu). HemaBHO anst  u3ydeHUs
I'€TepOreHHOCTH aHTUTEN OBbLI MPUMEHEH METOZ XpoMaTorpadguu co CMEIIaHHbIM PEXXHMOM Ha
ocHoBe SEC (MM-SEC), KOTOpbIii pa3zessieT aHaJIUThl KaK MO TMAPOIUHAMHYECKOMY O0BbeMY,
TaK ¥ 1Mo ruapodoOHBIM B3aMMONEHCTBHSIM ¢ MaTpuLel koynoHkH (Xiaoyu Yang et al., Analysis
and purification of I1gG4 bispecific antibodies by a mixed-mode chromatography, 484
ANALYTICAL BIOCHEMISTRY 173-179 (2015); Cintyu Wong, Camille Strachan-Mills & Sudhir
Burman, Facile method of quantification for oxidized tryptophan degradants of monoclonal
antibody by mixed mode ultra performance liquid chromatography, 1270 JOURNAL OF
CHROMATOGRAPHY A 153-161 (2012); Jorge Alexander Pavon et al., Analysis of monoclonal
antibody oxidation by simple mixed mode chromatography, 1431 JOURNAL OF CHROMATOGRAPHY
A 154-165 (2016)). B coueranun ¢ Y- mwiu (yopeceHTHbIM E€TeKTHPOBaHUEM MeTon MM-
SEC Obul yCHEmHO TPUMEHEH /Il OTHOCHTEJIBHOTO KOJMYECTBEHHOT'O  OIpPEIesICHHS
rOMOIUMEPHBIX BUAOB B oOpasue bsAb (Yang et al, 2015, Beime). OgHako OYEBHIHO, YTO
MOJIE3HOCTh 3TOTO METONIa MOKET OBITh OTPaHWYEHA CIy4YasMH, KOT/Ia TOMOJHUMEPHBIC BUIbI U
bsAb CylecTBeHHO pa3U4aroTCcsi MO THAPO(GOOHOCTH, TaK YTO UCXOAHOE pa3NIeNIeHHE MOXKET
OBITH TOCTUTHYTO JJISI KOJIMYECTBEHHOTO OMNpeneNieHUs Ha OCHOBe Y@ mim (uiyopecueHIHH.
Bonee Toro, mockoibKy MAEHTH(HUKALNS TOMOJUMEPHBIX BUIOB OCHOBBIBAJIACH UCKIIFOYHTEBHO
HA CONOCTAaBJIEHUH BPEMEHH YAEPKHUBAaHUS CO CTAHAAPTAMH, BCETAa CYIIECTBOBAN PHUCK
3aBBIICHUS] OTHOCUTEJILHOW YHCIEHHOCTH, €CJIM OHU SJIFOUPYIOTCSI COBMECTHO C OJTUTOMEPHBIMH
WIN YCEYEHHBIMU (POPMAMU MOJIEKYJIbI bSAb.

[118] Konuemnust xpomarorpadguu co CMEIIaHHBIM PEKUMOM C TIPUMEHEHHUEM KOJIOHKHU
SEC Oeper cBoe Hayalo W3 HEXKEJIATENbHbIX BTOPHUYHBIX B3aUMOIEHCTBHH MEXKIy

aHATM3UPyeMbIMU OelkaMu M MaTpuleid KonoHku. B wmneanmsHoMm Bapuante, SEC nomxHa
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pa3mensTh aHANIWUTHI OelKa MCKIIIOYUTEHbHO Ha OCHOBE HX THApPOJMHAMHYecKoro oobema. Ha
NPAKTUKE, JIEKTPOCTATUIECKHE, THAPOPOOHBIE U BOIOPOIHBIE B3aNMOAECHCTBHISI MOTYT BHOCHTD
BKJIAJl B YIepKaHUE U pasfesieHue OeNKOB B PA3JIMYHON CTENEHH, B 3aBUCHMOCTH OT MAaTPHIIbI
KOJIOHKH, yciiouii Oydepa u xapakrepuctuk Oenka (Alexandre Goyon et al., Unraveling the
mysteries of modern size exclusion chromatography - the way fo achieve confident
characterization of therapeutic proteins, 1092 JOURNAL OF CHROMATOGRAPHY B 368-378 (2018);
Tsutomu Arakawa et al., The critical role of mobile phase composition in size exclusion
chromatography of protein pharmaceuticals, 99 JOURNAL OF PHARMACEUTICAL SCIENCES 1674-
1692 (2010)). Mcronp3oBaHue 3TUX BTOPUYHBIX B3aumopercTeuili Bo Bpems SEC-paspenenus
NyTeM HaJexalei ONTUMHU3aIN XpOMaTOrpaduIecKUxX yCIOBUN MPEJOCTABIIET BO3MOKHOCTH
I YIIy4YLIeHUs pasfeNieHHs] aHTUTeNl C aHAJOTMYHBIM T'MAPOAMHAMHYECKUM OOBEMOM, HO C
Pa3NIUYHBIMH XapaKTEePUCTUKAMU TTOBEPXHOCTH (HarpuMep, 3apsaoM u runpopodbHoctsio). Ilpu
UCTIONBb30BaHUN MS-COBMECTUMBIX MOABMXKHBIX (pa3, oHnaliH coueranue SEC co cMermaHHbIM
pekuMoM ¢ oOHapykeHueM mnocpenctsoM HatuBHOM MS (MM-SEC-MS) mMoxeT uMerb MHOTO
NPEUMYLIECTB IO CPaBHEHUIO C MeToJaMH Ha oOcHoBe Y@, BKkiOYas OJHO3HAYHYIO
UIEHTU(UKAIIMIO TOMOAMMEPHBIX BHAOB IyTEM TOYHBIX HM3MEPEHUH MAacChl, MHHHUMAJIbHOIO
BJIMSHHUS ~ COBMECTHO  OJIIOMPYIOIIMX  YacTHIl M MEHee CTpOrux TpeOoBaHMH K
xpomatorpaduueckomy pasperenuto (Terral et al., 2016, bime; Goyon et al., 2017, Bbiwe).

[119] B naHHOM KOHTEKCTE TEPMMH «MYJbTHCHELU(PHUECKOe AHTUTENIO» Hin «Maby
OTHOCHUTCSl K QHTHUTEIY CO CIelM(UIHOCTBIO CBSA3bIBAHUS MO MEHBIIEH Mepe C IBYMsl pa3HbIMU
aHTHreHaMu. XOTS TakKue MOJIeKyJbl OOBIMHO CBSI3BIBAIOT TOJBKO JBa AaHTUreHa (T.e.
oucnenmduueckue anturena, BsAb), aHTuTena ¢ qOMOTHUTEIPHONU CIEUPUIHOCTHIO, TAKHE KaK
Tpucneruduueckue anrurena u rpucneundudeckue KIH, Takke MOryT ObIThb pacCMOTpPEHBI B
cucreMe u crnocoda, ONMMCAHHBIX B JAHHOM JIOKYMEHTE.

[120] B maHHOM KOHTEKCTE TEPMHH «MOHOKJIOHAJbHOE AHTUTEJIO» HE OrPAHUYUBAETCS
AHTHUTENAMH, TOJYYEHHbBIMH C TIOMOLIBK0 THOPHIOMHOW TEXHOJOrHH. MOHOKJIOHATBHOE
AHTHUTEJIO MOXET OBITh TOJYYEHO M3 OJHOIO KJIOHA, BKJIIOYAs JIOO0H SyKapUOTHYECKHIA,
NPOKAPUOTHYECKHUHA WU (ParoBbIl KJIOH, JIFOOBIMH CIIOCOOaMH, TOCTYITHBIMU HJTH U3BECTHBIMH B
JaHHOW OO0NACTH TEeXHWKH. MOHOKJIOHAJbHBIC AHTHUTENA, NPHUMEHHMBbIE B COOTBETCTBHU C
HACTOSIIIUM OITUCAHUEM, MOTYT OBITh MOJYy4€HbI C TOMOIIBIO IUPOKOTO pa3HO00pa3usi METONUK,
U3BECTHBIX B JAHHOH 00JIaCTH TEXHUKH, BKJIIOYasi IPUMEHEHHE THOPUIOMHBIX, PEKOMOUHAHTHBIX
TEXHOJIOTUH U TEXHOJIOTHH ()aroBOro JUCILIES] MTH UX KOMOWHAIIH.

[121] Ha mHOrmMxX »3Tamax H3TOTOBJIEHUs OWO(papMaleBTHUECKUX TPENnapaToB MOTYT
oOpa3oBbIBaTbCsl mpuMecu. [IpuMecH, MOJIy4eHHbIEe B XOA€ OMOTEXHOJIOTMYECKOTrO IMpOoLecca,
MOJKET OBITb OU€Hb TPYOHO OXapaKTEPH30BATH U KOJWYECTBEHHO ONPENENNUTh, TIOCKOJIBKY OHH
94aCTO MPUCYTCTBYIOT B OYE€Hb HU3KHUX KOJIMYECTBAX U MOTYT MPEICTABIATH COOOH OUEHb CIIOKHBIE
BUBI HJIM CMeCH BUAOB. Takke MOKET ObITh OYEHb TPYAHO MOJNYYUTh MOJJIMHHBINA 3TAJOH MUKOB
Takux npumecei. [Ipm 3TOM mosHas XapakTepusalusi CIENOBBIX KOJWYECTB NMPHMECH Oenka
CTaHOBUTCS TPYAOEMKHUM, UIMTEIBHBIM WM YaCcTO OYEHb JOPOTOCTOSIIUM mporeccoM. Yacro

NPUMECh MOXKET BKJIOYATh BapHUAHThL, HM30(OPMBI, TMPOAYKTHI PA3JIOKEHUs, POACTBEHHbBIE
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NPUMECH, TEXHOJIOTWYECKHE MPUMECH, HE3HAUUTENbHbIE MMOCTTPAHCISIIMOHHBIE MOTU(DHUKALIHH,
arperaTbl WM oOpe3aHHble (PparMeHThl WHTAKTHOTO peKOMOMHaHTHOro Oenka. CymecTByer
noyTH 0ECKOHEYHOE KOJUYECTBO BO3MOKHBIX MPUMeECEH, OOJBIIMHCTBO U3 KOTOPBIX, HO HE BCE,
MOTYT ObITh U3BECTHBI.

[122] B naHHOM KOHTEKCTE€ TEPMHH «IEJIeBOH OENOK» MOXKET BKJIFOUATh JKEJIaeMbIH
NPOAYKT WU MPUMECh, TN U TO, M JPYTOE.

[123] B naHHOM KOHTEKCTE TEPMHH <« KEJIA€MbIil POAYKT» OTHOCUTCS K OEJIKY, KOTOPBIH
UMEET JKeJaeMYI0 CTPYKTYPY, GYHKIMIO WK Npodib 3G PeKTHBHOCTH.

[124] B taHHOM KOHTEKCTE TEPMUH KIIPUMECH» MOXKET BKJIFOUATD JIFOOOH HeXKeNaTeIbHbIN
0enoK, NMPUCYTCTBYIOLIUI B OnodpapManeBTHYECKOM NponaykTe. IIpuMecn MOryT BKIHOYATh
TEXHOJIOTHYECKHE TPUMECH U POACTBEHHble npuMmecH. Kpome TOro, mpumecb MOXKET HUMETb
U3BECTHYI0 CTPYKTYpPYy, YAaCTHYHO OXapaKTEePU30BAHHYK WM HEUIEHTHU()HULIHUPOBAHHYIO.
TexHONMOrMUECKNE NPUMECH MOTYT OBITh IOy YEHBI B IIPOLIECCE U3TOTOBJIEHUS U MOTYT BKJIFOUATh
TPU OCHOBHBIC KaTerOPHM: INPOHCXOASALIME U3 KIETOYHOro cyOcTpara, MpPOMCXONAINNE U3
KJIETOYHOM KyJBTYpPhl M BO3HUKAIOLIME B XOA€ MOCJIEAYIOIIUX 3TanoB rnpouecca. [Ipumecy,
HPOUCXOIAIINE U3 KIETOYHOTO CyOCTpaTa, BKIFOYAIOT, IOMHMO MPOYero, OeNKH, MOJyYeHHBIE 13
OpPraHM3Ma-XO03siMHA, M HYKJIEWHOBYIO KHCJOTY (T€HOMHYIO, BEKTOpHyH wiam obmyro JIHK
KJIETKU-X035MHa). [IprMecH, mpoucxXonsiiye W3 KIETOYHBIX KYJBTYpP, BKJIIOYAIOT, MOMHMO
IPOYero, WHAYKTOPBI, aHTUOMOTHKH, CHIBOPOTKY M JApPyrHe KOMIIOHEHTHI cpenbl. IIpumecw,
BO3HMKAIOIIME B XOA€ IOCIEAYIOLUIUX STanoB IPOLECCa, BKIKYAIOT, I[OMHMO IPOYEro,
(dbepMeHThl, XHUMHYECKME€ U OHOXMMHYECKHE IMPOLECCUHTOBbIE pPEareHThl (HampuMmep,
LIUAHOT€HOPOMU, TYaHHIWH, OKHUCIUTENM U BOCCTAHOBUTENIM), HEOPraHUYECKUe COJIU
(HampuMep, TSKENble METAJJIbl, MBILIbSIK, HEMETAJJINUECKUEe HUOHBI), PACTBOPUTEIH, HOCHTEIH,
JUraHabl (HampUMep, MOHOKJIOHAJIbHBIE AHTHTENAa) WU JPyTHe BbIIIEIAYHBAEMbIC AreHTBI.
PoxncteeHHble puMecH (HanpuMep, MPeNIIeCTBEHHUKH, ONPEEICHHbIC TIPOIYKThI Pa3JIOKEeHHU),
MOTYT OBITb MOJIEKYJIIPHBIMH BapHAHTAMH, BOSHUKAIOIIUMH B TMPOLIECCE U3TOTOBJIEHHS W/WIN
XpaHEHMsI, KOTOpbIe He OOJAamar0T CBOWCTBAMH, COTMOCTABHMBIMH CO CBOWMCTBAMH JKEJIA€MOTO
NPOJAYKTa B OTHOIIEHUH aKTHBHOCTH, 3((PEKTUBHOCTH U Oe30nmacHOCTH. Takue BapuaHThl MOTYT
noTpe0oBaTh 3HAYUTENBHBIX YCHIMA TNPH BBIACIEHHH W XapaKTepU3aLUH, YTOOBI
uneHTuguuuposate THN Moaudukaunu (Moaudukanmii). PoAacTBeHHBIE NPUMECH MOTYT
BKJIFOYATh yCe4YeHHbIe (opMbl, MoauduLpoBaHHbE (POPMBI U arperatsl. Y ce4eHHbIE (HOPMBI
00pa3yIOTCsl THAPOJUTHYECKUMH (PEepMEHTaAMU WM XHUMHYECKUMH BEINEeCTBAMH, KOTOPbBIE
KaTAIM3UPYIOT pacUIeTUICHHe MEeNTHIHBIX CBsizell. MoaupunupoBaHHble (OPMBI BKIFOYAIOT,
MOMUMO TPOYEro, Ne3aMHUIUPOBAHHBIE, M30MEPU30BAHHbIC, HECOBMANAOIINE S-S-CBS3aHHBIE,
OKHUCJICHHbIE WJIM H3MEHEHHBbIE KOHBIOTMPOBAaHHBbIE (POpPMBI (HampuMep, TITUKO3WINPOBAHHE,
dochopunnposanne). MoguduurpoBanHsle GOPMbI MOTYT TaK)Ke BKIIOUATH JIFOOYIO (Gopmy
NOCT-TPAHCISIMOHHON MonuduKauu. Arperatbl BKIOYAIOT AUMEpPbl U Ooliee BBICOKHE
KoJMuecTBa kenaemoro nponykra. (Q6B Specifications: Test Procedures and Acceptance Criteria
for Biotechnological/Biological Products, ICH August 1999, U.S. Dept. of Health and Humans

Services).
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[125] B naHHOM KOTEKCTe OOIIMH TEPMUH «ITOCTTPAHCISLMOHHBIE MOAU(DUKALIII) WIH
«PTM» OTHOCHTCSI K KOBaJIEHTHBIM MOAM(PHUKALNAM, KOTOPBIM MOABEPTAIOTCS MOJIHUIIENTHBI BO
BpeMsi (KOTPaHCIIIUOHHAST MOIU(UKALINS) WK MTOC)e (TIOCTTPAHCISIIIUOHHAS MOTH(D KAL) UX
pubdocomuoro cunre3a. PTM o0OblMHO BBOIATCS ONpeAENeHHbIMU (pepMeHTaMu WU
(dbepMeHTHBIMH TyTSIMH. MHOTHE M3 HUX BO3HHKAIOT HA yYacTKe ONPENeJICHHON XapaKTepHOH
OenKoBON TOCJIENOBATENIbHOCTH (CUTHATYPHOH IOCIENOBATENPHOCTH) BHYTPU OEIKOBOTO
Kapkaca. 3aperucTpupoOBaHO HECKOJBKO coTeH PTM, 1 3T MoguduKkauud HEM3MEHHO BIIHSIIOT Ha
HEKOTOpbIe acleKkThl CTPYKTypsl win ¢yHkimu Oenka (Walsh, G. «Proteins» (2014), BTopoe
uznanue, omnyoOnukoBannoe Wiley and Sons, Ltd., ISBN: 9780470669853). Pasnuunbie
HNOCTTPAHCIIALMOHHBIE MOAU(PHUKALIMY BKIKOYAIOT, TOMUMO MPOYEro, pacllerIeHue, yAINHEeHNe
N-koHIa, pas3noxeHue Oenka, anuiaupoBaHue N-KOHLA, OMOTHMHMIMPOBaHHE (ALMIMPOBAHUE
OCTaTKOB JIM3WHa OWOTHHOM), amuaupoBaHue C-KOHIA, TJIMKO3WJIMPOBaHHE, HOIUpPOBAHMUE,
KOBAJIEHTHOE NPUCOEAUHEHHE MPOCTETUYECKUX TPYII, aleTwiupoBaHue (noOaieHue
alleTUIBHOM Tpymmbl, 0ObiMHO Ha N-KOHLE Oenka), ankuiaupoBaHue (moOaBjieHHE ANKHIbHON
rpymnmbl (HanmpuMep, MeTWiia, 3THiA, NPOIMMIa) OOBIMHO HA OCTAaTKaX JIM3MHA WM aprHHUHA),
METWINPOBaHUe, afeHmInposanne, ADP-puOo3minpoBaHie, KOBAJIEHTHbIE MOMEPEYHbIE CBSI3H
BHYTPH WM MEXIY MOJUNENTHIHBIMH LETSMH, CYJIb(QUPOBAHHE, IPEHIINPOBAHUE, 3aBHCUMBIE
ot BuramMuHa C mMomudukanuu (rHAPOKCUIMPOBAHNE NPOJHMHA U JIM3UHA U KapOOKCHUKOHIIEBOE
aMHIMpOBaHKe), 3aBUcUMasi oT ButaMuHa K Momaudukarus, npu kotopoit ButamuH K sBisiercst
KO(aKTOPOM TpU KapOOKCHIUPOBAHMU OCTATKOB TJIyTAMMHOBOW KHCJIOTBI, MPHUBOASIIEM K
o0Opa3oBaHHIO Y-KapOOKcUriyTamata (OCTaTOK TIJIFOKO3bI), TIyTaMUJIUpPOBaHHE (KOBaJIEHTHOE
CBSI3bIBAHME OCTATKOB TJIyTAMHHOBOW KHCJIOTHI), TIMLMJIMPOBAHHE (KOBAJIEHTHOE CBSI3bIBAHUE
OCTaTKOB TJIMIMHA), TJIMKO3WJIMpOBaHHE (0OaBJICHUE TIIMKO3WIBHON TIPYMIbI K acHaparuHy,
THAPOKCWIIN3UHY, CEPHUHY WJIM TPEOHHMHY, B pPE3yJbTaTe€ Yero IMOJy4YarT TJIMKOMPOTEUH),
U30TpPeHUINpOBaHue (noOaBJIeHUE W3OMPEHOUIHOW TPYNNbI, Takoi Kak ¢apHe3on u
repaHWIrepaHuo), JHUIMOWINPOBaHHE (TMPUCOETUHEHUE JIMIOATHOW (DYHKIIMOHAIBHOCTH),
docdonanrerennmnupoanue (nobasienune 4'-pochonanTerenHUIPHOTO  (PparMeHTa U3
KoepMeHTa A, KaK B JKUPHOHW KHUCIIOTE, TIOJHKETHAA, HEPUOOCOMHOTO MenThaa U OMOCHHTE3a
neiiunHa), pochopunrposanue (nodasiaenue GpochaTHON rpymIbl, OOBIMHO K CEPUHY, THPO3HHY,
TPEOHHHY WJIM THCTUAMHY) U CyJbbaTrpoBanue (nodaBieHue CyabpaTHON TIpyIbl, OOBIMHO K
ocTaTky THpo3uHA). [IoCTTpaHCISIMOHHBIE MOTU(PHUKALMH, KOTOPbIE U3MEHSIOT XHUMUYECKYIO
NPUPOAY AMHUHOKHCIIOT, BKIIFOYAIOT, TMOMHMO MPOYEro, LUTPYJUIMHHPOBaHUE (TpeBpalieHue
aprUHMHA B LUTPYJUIMH TyTeM e3JUMHHHUPOBAHUS) U JAe3aMHIUpPOBaHME (TIpEeBpalIeHUE
ryTaMHHa B TJYTAMHHOBYIO KHCIIOTY WJIM aclapariHa B AaclapardHOBYHO KHCIOTY).
[MoctTpaHcnsiuMOHHBIE  MOAM(UKALNK, KOTOpPblE BKIOYAIOT CTPYKTYPHBIE HM3MEHEHHUs,
BKJIFOYAIOT, [OMHUMO TIpoYero, oOpa3oBaHWe JUCYJIb(QHUIHBIX MOCTUKOB (KOBaJ€HTHOE
CBSI3bIBAHHME JBYX aMHHOKHCIIOT LUCTEHHA) U MPOTEOIUTHYECKOE paclieruieHne (paciierieHue
Oenka mo menTHOHOW cCBsi3k). HekoTopele MOCTTPAaHCISILMOHHBIE MOAU(DHUKALMHA BKIFOYAIOT
nobaByiieHue ApPYrux OENKOB WM TeNnTHAOB, Takux Kak ISG-unmpoBaHue (KOBaJ€HTHOE

cBsi3piBaHue ¢ Oenkom ISG1S (ren, ctumynupoBaHHbd uHTEpdeporom)), SUMO-unuposanue
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(xoBanenTHoe cBsizbiBaHMEe ¢ OemkoM SUMO (Manbiii yOUKBUTHH-TIONOOHBIH MOAu(UKaTop)) u
yOuKBUTHHUpOBaHNE  (KOBAJEHTHOE  CBSI3bIBAHME C  OenkoM  yOukBUTHHOM). Cwm.
http://www.uniprot.org/docs/ptmlist mist SGonee moapodHOro KOHTpoNHpyemoro ciosapst PTM,
pexomennoBanHoro UniProt.

DKCKIIO3UOHHAs XpoMaTorpadus o CMEIAHHBIM PEKUMOM

[126] B naHHOM KOHTEKCTE TEPMUH «XpoMaTorpadusy» OTHOCUTCS K MPOLIECCY, B KOTOPOM
XUMHYECKasi CMeCh, IEPEHOCHMasl JKUAKOCTBIO WM Ta30M, MOXET ObITh pas3feieHa Ha
KOMIIOHEHTbI B pe3ysbTare Iu(QPEepeHHaTIbHOIO PACIpENeNeHNs] XUMUYECKUX COEIUHEHHH,
KOTZIa OHM MTPOTEKAIOT BOKPYT WJIM Ha/l HEMOABIKHOM KUIAKOHM MM TBEPAOH (a3oii.

[127] B naHHOM KOHTEKCTE TEPMHUH «Xpomarorpadus co cMemaHHbM peskumoM (MMC)»
WIN «MYJIbTUMOZANIbHAST XpoMaTorpadgusk» BKIKOYAET XpoMaTorpadpuyeckuii METoa, B KOTOPOM
pPacTBOPEHHBIE BEIECTBAa B3aMMONEHCTBYIOT C HEMOABMXKHOM (ha3oii mocpencTsoMm Oojee dem
OJTHOTO pexkuma WiIn MexaHusma B3aumozenctsusa. MMC MOXXKHO NpPUMEHSATb B KauecTBe
aJIbTEPHATUBBI MM TOTIOJHEHUS] K TPaIULMOHHON oOpareHHo-(azosoii (RP - anrmn.: reversed-
phased), nonoobmennoii (IEX - anr:.: ion exchange) u HopmanbHO-(ha30Boit xpomarorpaduu (NP
- anri.: normal phase). B ornuuune ot xpomarorpaguu RP, NP u IEX, B koTopoit runpodobHOe
B3aUMOJIEHCTBHE, THAPO(PHUIBHOE B3aUMOACHCTBHE M HOHHOE B3aUMOJIEHCTBUE, COOTBETCTBEHHO,
ABJISIFOTCS. JOMHHUPYIOIIUMH PEKUMaMHU B3aUMOJEHCTBHUS, Xpomarorpagus cO CMELIaHHBIM
PEeXMMOM MOXKET HCIIONb30BaTh KOMOMHAIMIO JBYX MWiIM Oojee M3 OSTUX PEKHMOB
B3aumopelicreus. Cpena 1 XpoMarorpaduu CO CMELIAHHBIM PEXHMOM MOXET OOeCTeqHTh
YHUKAJbHYIO  CEJIEKTUBHOCTb, KOTOPYIO  HEBO3MOXXHO BOCIPOU3BECTH C  IOMOILBIO
Xpomarorpadguu ¢ OTHUM PEKUMOM. XpoMaTorpadusi CO CMELIAHHbIM PEKUMOM TaK)KE MOKET
o0ecrneynTh MOTEHIUABHY0 YKOHOMHIO 3aTPaT U TMOKOCTh pabOThI MO CPABHEHUIO C METOJAMH,
OCHOBaHHbIMH Ha appuHHOCTH.

[128] Dpasza «dkckimro3uoHHass xpomatorpadus» win «SEC» wimm «remb-QuibTparmsn
BKJIFOYAET METOJ] JKUIKOCTHOH KOJIOHOYHOH XpomaTtorpaduu, KOTOPBIH MO3BOJISIET COPTHPOBATH
MOJIEKYJIbl B paCTBOpE IO pa3Mepy.

[129] B nanHOM KOHTeKkcTe TepMuHbI «cMmona aiisi SEC xpomatorpadumy uitu «cpena as
SEC xpomarorpadumu» NPUMEHSIOTCS B HACTOSALIEM IOKYMEHTE B3aHMO3aMEHSIEMO U MOTYT
BKJIFOYATh JII000H BUA TBepaol (asel, mpumensemoir B SEC, xotopas oTaenseT nmpumecu OT
JKEJAeMOro  MpOAyKTa  (HampuMmep, TOMOJWMMEPHBbIH  KOHTAMHHAHT JUIA  HPOAYKTa
oucnerpdrueckux anruten). O0BEM CMOJIBL, [UTMHA U JTUAMETpP MPUMEHSIEMON KOJIOHKH, a TAK)Ke
JUHAMHUYecKas MPOU3BOAMTENBHOCTb M CKOPOCTb MOTOKAa MOTYT 3aBUCETh OT HECKOJIbKUX
MapaMeTpoB, TAKUX Kak 00beM 0OpabaThiBaeMO KUIKOCTH, KOHIIEHTpaLus Oelika B KUIKOCTH,
KOTOpast OyAeT MOABEPrHyTa MPOLIECCY IO HACTOSALIEMY H300peTeH o, U T.1. OnpenesneHne THX
NapaMeTpPoB ISl KAKAOTO STana HAXOOUTCS B Mpenesiax YPOBHsS KBaJH(PHUKAIMU CIIEUAINCTA B
TaHHOM 00JIaCTH TEXHUKH.

[130] B maHHOM KOHTEKCTE TEPMHH «3KCKIIFO3UOHHAs Xpomatorpadus cO CMEIaHHBIM
pesxkumom» i «MM-SEC» moskeT BKIIFOUaTh JF0O0H XpomaTorpadudeckuil MEeTos, KOTOPbIHA

pa3aciaAacT Oenku MOoCPEACTBOM HOMOJHUTEIBHOTO BSaHMOHeﬁCTBHH, OTJIMYHOTI'O OT pa3AacCyICHUA B
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3aBHCHUMOCTH OT HX pasMepa. JlomomHUTENpHOE WM BTOPHUYHOE B3aMMOJACHCTBHE MOJXKET
UCTIONB30BATh OJIMH WUJIH OOJblIee KOJUYECTBO M3 CIEAYIOINX MEXaHU3MOB. aHHOHHBIH OOMEH,
KaTUOHHBIH  0OMeH, ruapodoOHOe B3aMMOAEWCTBHE, TIUAPOQHUIBHOE B3aMMOJEHCTBHE,
B3aUMOJIEHCTBHE 3apsA-3apsijl, BOOIOPOAHAS CBSI3b, MU-MTH-CBA3b U adpPUHHOCTH K MeTaity. CMona
IUTSL KCKITFO3MOHHON XpoMaTorpaguu Co CMEIIaHHBIM PEKUMOM MOXET OTHOCHUTBCS K JIFOOOMY
Tuny TBepaoi ¢aspl, mnpumensemon mni MM-SEC pasnenenus. Heorpanudmsaromumu
npumepamu siBisitoTest Sepax Zenix SEC-300, Waters BEH 300 unu Agilent Bio SEC-3.

[131] B naHHOM KOHTeKCTe TepMHUH «runpodoOHasi QyHKIHMOHAIBHOCTBY OTHOCHUTCS K
rugpododbHOMy B3ammozeiicTero Oenka ¢ SEC xpomarorpadguaeckoi CMOJIOH Kak BTOPUIHOMY
B3aumopeiicteuo. ['mnpopoOHas (yHKIMOHAJIBHOCTD TaKKe MOXKET 3HAYUTENbHO HU3MEHAThb
¢dbopMy nuka, 4TO MOXKET OKa3aTh 3aMETHOE BJIMSHUE HA Pa3peLIAONIYI0 CIIOCOOHOCTD MpoLecca.
I'mnpodoOHbIe B3anMoneHCTBIsI HAaMOOJIee CUITBHBI IIPU BBICOKOM HOHHOM CHJIE IOABIKHON (pa3bl.
Jns BBIOOpa MOABMIKHOM (hasbl € LENbI0 BKIIOUEHUs THAPOGOOHBIX (DyHKIIMOHANBHBIX TPYII B
CMOJIy pa3jMYHbIe MOHbI MOTYT OBITh PACIOJIOKEHBI B TaK Ha3bIBa€MOM COMOGOOHOM psiny B
3aBHCUMOCTH OT TOTO, CHOCOOCTBYIOT JIU OHH TUAPOGOOHBIM B3auMoAeHcTBHsM (3hdexT
BBICAJIMBAHUS) WIM HAPYIIAIOT CTPYKTYpPy BOABI (XaoTpomHbId 3(@QexkT) U NpUBOAAT K
ociabnennto ruapodobHOro B3aumMonencTBus (Kak npoxeMoHcTpupoBaHo Ha Pur. 3). Katuonsr
pPaHXXMPYIOTCA MO BO3pacTaHuio d(d¢exta BbICATMBAHUS B clenyromeM nopsake: Ba™; Ca™;
Mg**; Li*; Cs™; Na®; K*; Rb*; NH4", Torma kak aHMOHBI MOXXHO MpPOPAHKHPOBATH IO
BO3pacTaHmio XaoTpornHoro 3¢ dekra B cnenyroumem nopsinke: PO, SO47; CH;CO;; Cl5; Br; NOy,
ClO4; I

2

SCN~. B wuenom cynbdparet Na, K wimu NH; s¢pdexktuBHO CnocoOCTBYOT
B3auUMOJeHCTBHIO «Jurana-o6enox» npu HIC. MoryT ObITh COCTaBIIEHBI COJIU, BIUSFOIINAE HA CUITY
B3aUMOJIEICTBYS, ONpeENeIIEMY IO CIEeNYHOLIUM COOTHOLIEHUEM:
(NH,4),S0,>Na,S0O,>NaCI>NH,4CI>NaBr>NaSCN.

Macc-cnekTpomerpust

[132] B naHHOM KOHTEKCTE€ TEPMHH «MAacCC-CIIEKTPOMETP» BKJIFOYAET YCTPOKCTBO,
croco0HOe OOHAPYKUBAThH ONPECICHHBIE MOJIEKYJSIPHBIC YACTHLIBI M TOYHO U3MEPSITh MX MACCHL
[Tonpa3ymeBaeTcsi, 4TO TEPMHUH BKJIFOUAET JIOOOH MOJIEKYJISIPHBIH I€TEKTOP, B KOTOPBIA MOYKHO
SJIOMPOBATh TMOJUMENTHA WIM TenTHn s OOHapyKeHUsl W/WiM Xapakrepuzauuu. Macc-
CHEKTPOMETP MOXKET BKJIIOYaTh TPU OCHOBHBIE YaCTH. UCTOYHHUK HOHOB, MAacCC-aHAJINU3ATOP U
nerektop. Ponb MCTOYHMKA MOHOB 3aKJIOYAETCS B CO3MAHWU MOHOB B Ta30BOW (pasze. ATOMBI,
MOJIEKYJIbl WJIN KJIACTEPhI aHAJINTA MOTYT OBITh NMEPEBENEHBI B ra30BYI0 a3y U MOHU3UPOBAHBI
OHOBPEMEHHO (KaK TpPH HOHHU3ALMH 3JEKTPOpacHbUIeHHEM). BbIOOp HCTOYHHMKAa HOHOB B
3HAYUTEIBbHON Mepe 3aBUCHT OT OOJIACTH MPUMEHEHHS.

[133] B naHHOM KOHTEKCTE TEPMHH «MaCC-aHAJIU3aTOP» BKJIFOUAET YCTPOUCTBO, KOTOPOE
MOJKET Pa3leisATh YaCTHIBI, TO €CTb aTOMBI, MOJIEKYJbl MJIH KJACTEPhI, B COOTBETCTBHH C HX
Maccoil. HeorpaHHUMBAIOIIMMU NPUMEPAMH MacC-aHAJIN3aTOPOB, KOTOPbIE MOXHO NPHUMEHSTh
11st OBICTPOTO CeKBeHHpOBaHMs OenkoB, sBIsIOTCs BpemsinposieTHbld (TOF - awnrm.: time-of-
flight), MarHUTHBINA/3JIEKTPUUECKUI CEKTOP, KBaAPYMHOIbHbIN Macc-GpuibTp (Q), KBagpynoiabHas

nonHHast soBymka (QIT - amrm: quadrupole ion trap), opOurtanbHasi JOBYIIKa, HOHHO-
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LIUKJIOTPOHHBIA pe3oHaHc ¢ npeoOpasoBanueM Pypwe (FTICR - anrn.: Fourier transform ion
cyclotron resonance), a Tak’ke METOIUKA YCKOPHUTEIbHON Macc-criektpomeTpund (AMS - aHr.:
accelerator mass spectrometry).

[134] B naHHOM KOHTEKCTE TEPMHUH «TAHAEMHAasi MaCC-CIIEKTPOMETPHS) BKJIIFOYAET METOI,
IPU KOTOPOM CTPYKTYPHYIO MH(POPMALIMIO O MOJIEKYJIaX o0paslia MoJyyaroT ¢ HCIOIb30BAHUEM
HECKOJIBKHUX 3TaroB 0TOOpa U pa3aeneHus no Maccam. [IpenBapuTenbHBIM yCIOBUEM SIBIISIETCS TO,
YTO MOJIEKYJIbI OOpa3na MOryT OBITh NEpeBeleHbl B Tra3oByK (asy M HOHU3UPOBAHBI B
HEM3MEHHOM BHJE, U YTO MOXKHO MHAYLHMPOBATh MX pPacmaj HEKOTOPBIM IMPOTHO3HPYEMBIM U
KOHTPOJIMPY€EMbIM 00pa3oM Mocie nepBoro 3rana oroopa no Mmaccam. Muorostansas MS/MS unu
MS" MOkeT ObITh BBITIOJIHEHA TyTEM BBIOOpA ¥ BBIAEJIEHHUsS] HOHA-TIpeamnecTBeHHnka (MS?), ero
(parmenTHpOBaHUsI, BbIIENEHNST HOHA nepBu4HOrO (parmenrta (MS?), ero ¢pparmeHTHpOBaHUSI,
BbIENIeHHsT BTOpUuHOro (parmenta(MS*), u Tak nanee 10 TeX MOp, MOKA MOXHO IOJYYHTH
3HAYUMYI0 UH(POPMALMIO MIIM CUTHAJ (PPAarMEHTHOrO MOHA, KOTOPBIN MOAAAaeTCs: OOHAPY KEHUIO.
Tangemuyro MS ycnemHso npoBOANIM ¢ LIMPOKUM CIIEKTPOM KOMOMHAIMH aHAIH3aTOpOB. BeiOop
AHAJIM3aTOPOB Ul KOMOMHALMKM C LEJbI0 OMNPENEeNEHHOTO NPUMEHEHHUS, OIpeaessieTCs
MHOKECTBOM PA3JIMYHBIX (PAKTOPOB, TAKUX KaK YyBCTBHTEIBHOCTD, CEJIEKTUBHOCTH U CKOPOCTD, a
TaK>Ke Pa3sMepOM, CTOUMOCTBIO U JOCTYITHOCTBIO. JIBE OCHOBHBIE KATETOPUH METOAOB TAHAEMHOM
MS - 3TO TaHAEM-B-IIPOCTPAHCTBE M TAHIAEM-BO-BPEMEHH, HO €CTb TaK)ke TMOpHIbI, Kornma
aHAJIN3aTOPbl «TaHJEM-BO-BPEMEHN» COEAMHSIOTCS B IPOCTPAHCTBE WM C aHAJIU3aTOPaMu
«TaH/IEM-B-TIPOCTPAHCTBEY.

[135] B HEKOTOPBIX THIOBBIX BAPUAHTAX OCYINECTBIICHUS, MACC-CIIEKTPOMETPHUIO MOXKHO
MPOBOJUTH B €CTECTBEHHBIX YCIIOBHSX.

[136] B naHHOM KOHTEKCTe TEPMUH «HATUBHBbIE YCIOBUS», «HaTUBHas MS» wnu
«HaruBHasi ESI-MS» MokeT BKJIIOYATh BBITOJHEHUE MAaCC-CIIEKTPOMETPUH B YCIIOBHSIX, KOTOPBIE
COXPAHSIOT HEKOBAJICHTHBIE B3aMMOACHUCTBH B aHauTe. [lonpobHyr0 nHpOpMAIHIO O HATUBHON
MS cm. B ob30pe: Elisabetta Boeri Erba & Carlo Petosa, 7he emerging role of native mass
spectrometry in characterizing the structure and dynamics of macromolecular complexes, 24
PROTEIN SCIENCE 1176-1192 (2015). Hekotopsle pa3nuuus Mesxxay HaTtuBHOH ESI 11 o6pranoit ESI
nponemonctpuposansl B Tabmune 1 (Hao Zhang et al., Native mass spectrometry of photosynthetic
pigment-protein complexes, 587 FEBS Letters 1012-1020 (2013)).

Ta6auna 1.
Harusnas ESI Oo0b1unas ESI
YacTUuHbIi OpPraHUYECKUd pacTBOpP
Bopanbliii pactBOop BOza, auerar
PacTBop o0pa3ua BOJA, MypaBbUHas KUCJIOTA,
aMMOHUS
aneronurpmi/meranon (pH 1-2)
10-50 ®y/mMuH 10-50 u/mMuH
Ycaosus Hanpsxkenne npu pacnbuienuu | Hampsioxenue npu pacnbsiienuu 0,8-1,5
pacnblIeHHs 0,8-1,5 xB kB
Temnepatypa 20-30 °C Temnepatypa 20-30 °C
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O06paboTka ObecconuBanne ouHnaiin/opdnaita ¢
ObecconnBanne BHE JTUHUN
COJIBIO nomouisio RP-HPLC
Konuentpauus
1-10 MKkM (kOMILIEKC) <1 MM (cyObennnura)
Oesika
MonexynsipHast Macca
OenKoBOro KOMILIIEKCA u
CyOBbeTMHHLIBI
Brixognas MonekyisipHas macca OIHOU
HekoBaneHnTtHble
uHpopmanus CyObeAMHULIBI
B3aUMOJIEICTBUS
Crexuomerpus
CrpykTypa

Tunopbie BApUAHTBI OCYIIIECTBICHUS

[137] OnucaHHble B JTaHHOM JOKYMEHTE BAPHAHTHI OCYIECTBIICHUS MPEACTABIISIOT COOOH
KOMITO3ULIUH, CTIOCOOBI U CHCTEMBI JIJIs1 OBICTPOI XapakTepu3aluuu OeKoB B oOpasLe.

[138] B naHHOM KOHTEKCTE€ TEPMMHBI «BKJIOUATHY), «BKIIOYAET» U «BKIIOYAIOLINI) HE
clefyeT IOHMMATh KaK OFPaHUYMBAKOLIME M O3HAYAIOT «COAEPKATb», «COAEPKUT» U
«COAepIKaLINi», COOTBETCTBEHHO.

[139] B Hactosimmem u300peTeHUH TPEANIATAlOTCs CIOCOOBI  OOHApPy)KEHUs WU
KOJIMYECTBEHHOTO OIpeeNieHus] MPUMecH B oOpaslie, BKIOYAOIINE NpUBEAeHHE oOpasua B
KOHTAKT € Xpomarorpaduyueckoii CHUCTEMOM, comepskaliedl cMmojy st Xpomarorpadguu co
CMEILIaHHBIM PEKUMOM; TIPOMBIBKY CMOJIBI IJIs1 SKCKITFO3UOHHOM XpoMaTorpaduu co CMEIIaHHbIM
PEKUMOM C MTPUMEHEHHEM TOABWKHOM (ha3bl IS IOy YeHUS SIFOSHTA, BKIIFOYAKOIIEro PUMECH;,
U 0OHApyKEHNUE PUMECH B HJIFOEHTE C TIOMOLIBI0 MaCcC-CIIEKTPOMETPA.

[140] B HacrosiimeM W300peTeHUN TMPENJaraloTCs CrocoObl OOHAPY KEHHs WU
KOJIMYECTBEHHOTO OMpenesieHus [IeJIeBOro Oeika B 0Opasiie, BKIIIOYAKOINUE MpUBeneHne odpasna
B KOHTAKT C XpoMarorpauueckoil CHUCTEeMOH, HMEIOLIeH CMONy Ui Xpomartorpaguu co
CMEIIaHHBIM PEXHMOM, MPOMBIBKY CMOJIBI Ul XPOMATOrpaduu CO CMEMIAHHBIM PEKUMOM C
NPUMEHEHUEM TOABIKHON (ha3bl IJIsl MOJyUEHHsI 3JIFOCHTA, BKIFOYAIOLIETrO LENIEeBOH OesoK, U
OoOHapy KeHHe WIH KOJINIECTBEHHOE OIPEesIEHHE LIEIEBOT0 OeJIKa B 3JIFOEHTE C MOMOIIBIO MacC-
CHEKTPOMETpA.

[141] B  HeKkOTOpbIX  KOHKPETHBIX  THWIIOBBIX  BapHaHTax  OCYLIECTBJICHUS,
Xpomarorpaduueckasi CHCTEMa MOKET COIEPKAaTh CMOJIY JJIsl SKCKITFO3UOHHOH Xpomarorpaduu ¢
JOTIOJIHUTEJIbHBIM B3aUMOAENCTBUEM.

[142] B  HeKOTOpPbIX  KOHKPETHBIX  THUIIOBBIX  BapHaHTax  OCYLIECTBJICHUS,
Xpomarorpaduyeckasi CHCTEMa MOXKET COIEPKAaTh CMOJIY JIsl SKCKITFO3UOHHOH Xpomartorpaduu ¢
ruapodpOoOHBIM B3aUMOAEHCTBHEM.

[143] B  HeKOTOpPbIX  KOHKPETHBIX  THUIIOBBIX  BapHaHTax  OCYLIECTBJICHU,

XxpoMaTorpadudeckas CHCTEMa MOXKET COAEPKaTh CMOJY ISl SKCKITIO3HOHHOM XpoMarorpaduu ¢



29

byHKIMEH B3aUMOIEHCTBUS «3apsii-3apsiy.

[144] B HeKOTOpBIX THUIIOBBIX BAPUAHTAX OCYILIECTBJICHUS, CIOCOO OOHApyKEHHs WU
KOJINYECTBEHHOTO OIPEEeNIEHHUs IPUMECH B 00pa3iie MOXKET BKJIFOYATh MPUMECh, KOTOPasi MOXKET
BKJIFOYATH [10 MEHbIIIEH Mepe OMH HeKenaTeNbHbll Oestok. [Ipumech(1) MOXKET UMETh H3BECTHY IO
CTPYKTYPY, OBITh HACTHYHO OXapaKTEPU30BAHHON MIIN HEUAECHTU(UIIMPOBAHHOM.

[145] B HEKOTOpPbIX THUIOBBIX BApUAHTAX OCYILIECTBIEHHUS IPHMECh MOXET OBITh
POACTBEHHOW MpuMechr0. POACTBEHHAss MPUMECh MOKET MPENCTaBIATh COOOH MOJEKYJISIPHbIE
BAPUAHTBI, MPEIIIECTBEHHUKH, TMPOAYKTHI Pa3JIoKeHus, (parMeHTUPOBAHHBIN OEJOK, MPOAYKT
pacIuerieHus, arperatsl, popMy MOCTTPAHCISILIMOHHON MOIU(UKAIINH WIH HX KOMOWHALIH.

[146] B HEKOTOpPBIX THUIOBBIX BAapUAHTAX OCYLIECTBIEHHUS IPHUMECh MOXET OBITh
TEXHOJIOTHYECKON mNpuUMechro. TexHosnorumdeckas IPUMECh MOXET BKJKOYaTbh IPUMECH,
NOJIyYEeHHbIE B IPOLIECCE H3TOTOBIIEHHS, TO €CThb HYKJIEMHOBBIE KHCJIOTHI M OENKU KIEeTKH-
XO35IMHA, AHTUOMOTHUKH, CBHIBOPOTKY, IPYIrHe€ KOMIIOHEHTHI CpeAbl, (PEpPMEHTbHI, XUMHUECKUE U
OMOXMMHYECKHE NPOLIECCUHIOBBIE PEareHThbl, HEOPraHUYECKHE COJIM, PACTBOPUTENH, HOCUTEIH,
JIMraHzbl U APYTHUE BBILIEIAYUBAEMbIE BEILECTBA, IPUMEHSIEMbIE B IPOU3BOACTBEHHOM IIPOLIECCE.

[147] B HEKOTOPBIX TUMOBBIX BAPUAHTAX OCYLIECTBIEHUs, IPUMECH MOKET NPEICTABIIATD
coboii 6esnok ¢ pl B nuanasone ot okojio 4,5 10 okoso 9,0. B omHOM acmekre, MprUMech MOXKET
ObITh OenkoMm ¢ pl okosto 4,5, okoino 5,0, okoJio 5,5, okoso 5,6, okono 5,7, okoo 5,8, okouo 5,9,
okoJ10 6,0, okoso 6,1 okoso 6,2, okoJio 6,3, okoJIo 6,4, OKOJIO 6,5, 0KOJIO 6,6, OKOJIO 6,7, OKOJIO
6,8, ok0J10 6,9, oko0 7,0, okojio 7,1 okomno 7,2, okoso 7,3, okoiuo 7,4, okoyo 7,5, okojo 7,6, 0KOJIO
7,7, okogo 7,8, okono 7,9, okouso 8,0, okoo 8,1 okoio 8,2, okoio 8,3, okouo 8,4, okojo 8,5, 0k0J10
8,6, okoi0 8,7, okoso 8,8, okoso 8,9 unu okoso 9,0.

[148] B HEKOTOpBIX THIOBBIX BapUAHTAX OCYINECTBJICHUs, MPUMECh MOXKET OBITh
TOMOJMMEPHBIM BUJIOM. B OZTHOM acriekTe, mpuMech MOXKET PEACTABIATh COOO0I rOMOTUMEPHbBIH
BUJI, KOTOPBIH MOKET 00Pa30BBIBATHCS BO BPeMsI MPOAY LIUPOBAHHSI OUCTIeIM(UIECKOTO aHTHTENA.
B npyrom acrniekte, KOnM4ecTBO nMpuMeceii B 00pasie MOKET ObITh HE MEHEe JIBYX.

[149] B HEKOTOpBIX THIOBBIX BapHAHTaX OCYINECTBJIEHHUs, KOJUYECTBO OO0pasia,
3arpy»KeHHOTO B XpOMAaTOrpaUIECKyI0 CUCTEMY, MOXKET HaXOOUThCS B AHANa3oHe OT 0KoJio 10
MKI 10 okojio 100 mkr. B oqHOM THUNIOBOM BapuaHTe OCYILIECTBJICHHS, KOJIMYECTBO 00pasia,
3arpyKEHHOTO B XpOMAaTOrpauuecKyro CUCTeMY, MOKET COCTaBJIATh OKkojio 10 Mkr, okono 12,5
MKT, OKOJIO 15 MKT, okoji0 20 MKT, OKOJIO 25 MKT, 0k0i10 30 MKr, okoyio 35 MKT, okono 40 MKT,
okouo 45 Mkr, okojio 50 MKT, 0koJ10 55 MKT, okoJio 60 MKT, 0k0JI0 65 MKT, 0K0JIo 70 MKT, OKOJIO
75 MkT, okoJi0 80 MKT, 0k0J10 85 MKT, 0k0s10 90 MKT, OKOJIO 95 MKT uiu okoo 100 MK,

[150] B HEKOTOpBIX THUIOBBIX BapUaHTaX OCYLIECTBJIEHWs, TMONABWXKHAA (asa,
NpUMEHsIeMast IS SJTFOMPOBAHUS ITPUMECH, MOXKET OBITh IOABIKHOMN (ha30ii, KOTOpast MOXKET OBITh
COBMECTHMA C MaCC-CIIEKTPOMETPOM.

[151] B HEKOTOPBIX KOHKPETHBIX TUIIOBBIX BAPHAHTAX OCYIIECTBIICHUS, MOABIIKHAS (a3a
MOJKET ObITb alleTATOM aMMOHHsI, OMKapOOHATOM aMMOHHMS WIH (POPMHATOM aMMOHHS MM HX
koMOuHanmsMu. B ogHOM acnekre, o0mmasi KOHIEHTPALHs TOABIKHON (pa3bl MOKET COCTABIIATh

1o okoino 600 MM. B koHKpeTHOM acmekTe, oOInasi KOHIEHTPALUS TOABHXKHON (a3bl MOXKET
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COCTaBIAThL OKOJIo S MM, okojio 6 MM, 7 MM, okojio 8 MM, 9 MM, okosio 10 MM, 12,5 MM, okoJ10
15 MM, 17,5 MM, okono 20 MM, 25 MM, okogio 30 MM, 35 MM, okono 40 MM, 45 MM, okosio 50
MM, 55 MM, okoso 60 MM, 65 MM, okosio 70 MM, 75 MM, okono 80 MM, 75 MM, okojio 95 MM,
100 MM, okono 1100 MM, 120 MM, oxoso 130 MM, 140 MM, okoso 150 MM, 160 MM, oxoso 170
MM, 180 MM, okono 190 MM, 200 MM, oxoso 225 MM, 250 MM, okoio 275 MM, 300 MM, okoio
325 MM, 350 MM, oxkomno 375 MM, 400 MM, oxkoio 425 MM, 450 MM, okono 475 MM, 500 MM,
okouo 525 MM, 550 MM, okosio 575 MM unu okosio 600 MM.

[152] B HEKOTOPBIX THITOBBIX BAPHAHTAX OCYLIECTBICHHUS, IIOABIDKHAS (ha3a MOKET HMETh
CKOpOCTh moToka oT okojo 0,1 mn/mun no okono 0,4 mu/mMuH. B omHOM TMHOBOM BapHaHTe
OCYIIECTBJIEHUS] CKOPOCTD MOTOKA MOABIKHON (pa3bl MOKET COCTaBNIATh 0koJ10 0,1 Mi1/MUH, OKOJIO
0,15 ma/muH, okono 0,20 ma/muH, okono 0,25 ma/muH, okono 0,30 ma/mMuH, okono 0,35 Mi/MuH,
uiu 0koj0 0,4 Mj1/MHH.

[153] B HEKOTOpBIX THUIIOBBIX BapUAHTAX OCYLIECTBJICHHUS, CIOCOO OOHApyKEHHs WU
KOJIMYECTBEHHOT'O OTPeNIeIeHNsI IPHUMECH MOXKET BKIIFOYATh OOHAPYKEHHE I KOJIMYECTBEHHOE
OTpeJieIeHne MPUMECH B AJIIOEHTE C MOMOIIBI0 Macc-criekTpoMeTpa. B onHoM acrekre, macc-
CIIEKTPOMETP MOXKET OBbITh TaHIEMHBIM MacCC-CIIEKTpOMETpoM. B npyrom acmekre, macc-
CIIEKTPOMETP MOKET COZIEPKaTh HAHOPACTIBUIUTEb.

[154] B HEKOTOPBIX THUINOBBIX BapUAHTAX OCYILECTBJICHUS, DJIOEHT MOXKET COAEP>KaThb
1ieJIeBOI OeJIOK B IONOJIHEHHEe K npuMecu. B omHOM acnekTe, LieneBoi OeloK MOXKEeT BKIIFOYATh
aHTHUTENO, Oucmeuupuueckoe aHTUTENO, (pParMEeHT aHTUTeNa WIH MyJbTHCTenH(UIECcKoe
aHTHUTENO. B KOHKPETHOM acrneKTe, LejeBol OeJIOK MOXKET ObITh MOHOKJIOHAIBHBIM aHTHUTEJIOM. B
KOHKPETHOM aCIeKTe, LEIeBOI OeTOK MOKET OBITh TEPANEBTHUECKUM aHTHTEJIOM. B KOHKpeTHOM
acTieKTe, LEeNIeBO OeNoKk MOoeT ObIThb OeNKOM HMMYyHOrJIoOyJiuHa. B mpyrom KOHKpeTHOM
acriexTe, OeJIOK MMMy HOTJIOOYJIMHA MOsKeT npeacTaBiisaTb coboii [gG1. B ere oiHOM KOHKpETHOM
acriekTe, 0eJIOK UMMYHOTJIOOY JIMHA MOXKeT MpeAcTaBisaTh codoii [gG4. B onHOM acniekTe, 1ie1eBO
Oenok MokeT ObITh OHcTeU(UUECKUM aHTHTENIOM. B KOHKpeTHOM acnekTe, Oucnenuduyeckoe
AHTHUTEJIO MOXKET OBITh MOHOKJIOHAIBHBIM aHTuTEI0M K CD20/CD3. B ogHOM acmnekTe, LeIeBOM
0es0K MOXKeT ObITh AaHTUTEJIOM, CO3/ITAHHBIM C MPHUMEHEHHEM JIMHUU KJIETOK (UOPOOIIACTOB MBIIIN
MGS87. B ogHOM acmekrte, LieJeBOi OEOK MOXKET MPENCTaBlisATh COOOUM (parMeHT aHTHTENA,
00pa3oBaHHBIN MPH PaCIIETUIEHUH AHTHTENA.

[155] B onHOoM acmekrte, 1eNeBOH OelOK MOKET OBITh MOCTTPAHCISLIMOHHO
MOIU(PUIMPOBAHHBIM Oenxom. B KOHKPETHOM acrekxTe, MOCTTPAHCJIALIUOHHO
MOIU(PHUIMPOBAHHBIA OEJOK MOXKET OBITh 00pa30BaH pacIlEIUIEHUEM, YIUIMHEHUSAMU N-KOHIIA,
paznokeHHeM Oenka, aumiupoBaHueM N-KOHLA, OMOTHHHIMpPOBaHHEM, aMuanpoBaHuem C-
KOHII4, OKHUCIIEHHEM, TJIUKO3WJINPOBAHHEM, HOOUPOBAHUEM, KOBAJEHTHBIM INPUCOEIHHEHHEM,
NPOCTETUYECKUX  TPYII,  aleTWIMPOBAHUEM,  AJIKWIMPOBAHHEM,  METWJINPOBAHHEM,
aneHnnmnpoBanueMm, ADP-puOo3unupoBaHieM, KOBAJEHTHBIMU TONEPEYHbIMU CBSI3SMH BHYTPH
WIA MEKAY TOJIMNENTUAHBIMH LETSIMH, CyJIb(QUPOBaHHEM, PEHIINPOBAHIEM, 3aBUCHMbBIMU OT
ButamuHa C  momudukanmsMy, 3aBUCHMBIMH  OT BHTaMHMHa K MomudukanusMy,

LIy TaAMUJIMPOBAHUEM, TIIMOUJIINPOBAHUEM, TJIIMKO3UJINPOBAHUEM, ACTIIUKO3UJIINPOBAHUEM,
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U30MNPEHUTINPOBAHUEM, JUTNOUINPOBAHUEM, ¢bochonaHTETEMHUITNPOBAHUEM,
dochopunnposanuem, cynbpaTHPOBAHUEM, LHUTPYJUIMHHUPOBAHUEM, €3aMHUIUPOBAHHEM,
oOpa3oBaHMEM JUCYJb(PUIHBIX MOCTHUKOB, NPOTEOJIMTHUECKUM pacuierienneM, ISG-
wiiposanueM, SUMO-unupoBaHneM Wid YOUKBUTHHUPOBAHHEM (KOBAJIEHTHOE CBS3BIBAHHE C
OenkoM yOUKBUTHHOM).

[156] B npyrom acriekre, 11eJieBOil O€JI0K MOXKeT OBbITh TPOAYKTOM Pa3JIOKeHHs OeJiKa.

[157] B eme omHOM acriekTe, LeJeBOM OEJIOK MOXKeT ObITh MPUMECHI0, OOHAPYKEHHOU B
OnodapmMarieBTUIECKOM TNpPOAYKTE. B KOHKPETHOM acmekre, LeneBoil OeloK MOXeT OBITh
PUMECHI0, 0OHAPY KEHHOW BO BpeMsI U3rOTOBIIEHHs OMo(apMaLeBTHUECKOTO MPOAYKTA.

[158] B ogHOM acriekre mesieBoi 0eok MokeT ObITh OekoM ¢ pl B nHuanasoHe OT OKOJIO
4.5 no oxoo 9,0.

[159] B opHOM acmekre meneBoill O€lOK MOXKeT OBITb POICTBEHHOW MPUMECHIO.
PoncTtBeHHast mpumech  MOXET — NIPEACTaBIATb  COOOM  MONIEKYJSpHBbIE  BapUAHTBHI,
NPEeNLIeCTBEHHUKY, TPOAYKTBl  pa3jiokeHHs, (parMeHTHPOBaHHbI  O€JIOK, MPOAYKT
pacuienieHus, arperarsl, GOpMy MOCTTPAHCISILUOHHON MOTU(PUKALIUKN MJTH UX KOMOUHALIH.

[160] B omHOM acmekTe 1eNieBOi OEOK MOXKeT ObITh TEXHOJOTHYECKOH MPUMECHIO.
TexHonoruueckas npuMech MOXKET BKJIFOUATh IPUMECH, IIOJYUEHHBIE B TPOLIECCE U3TOTOBJICHNUH,
TO €CTb HYKJIEMHOBBIE KHCJIOTHI U OENIKH KJIETKH-XO35MHA, aHTHOMOTHUKH, ChIBOPOTKY, APYIrHe
KOMITOHEHTBI Cpeabl, (epPMEHThI, XUMUYECKHEe U OMOXMMHUYECKHE MPOLIECCUHIOBBIE PEAreHThI,
HEOPraHUYEeCKUEe CONM, PAaCTBOPUTENIM, HOCHUTENH, JIMTAHAbI U JPYyrUe BbIIIEIAYUBAEMbIE
BELIECTBA, IPUMEHsIEMble B IPOU3BOACTBEHHOM IPOIIeCCe.

[161] B ogHOM acriekTe, KOJUYECTBO MpUMecei B 00pasiie MOXKeT ObITh HE MEHEE JBYX.

[162] B omHOM acmekTe, MOCTTPAHCISLMOHHO MOAUGULHUPOBAHHBIN OEIOK MOKET
00pa30oBbIBATHCS NPU OKUCIICHUH OeJiKa.

[163] B npyrom acrekre, 1ieJieBOi O€JI0K MOKET BKJIFOUATh MPOAYKT PA3JIOKEHHSI.

[164] B npyrom acrnekrte, MPOAYKT Pa3JIOKEeHUsI MOXKET BKJIFOYATh MOCTTPAHCISLIUOHHY IO
MOIU(DHUKALHIO TEPANIEBTUUECKOTO Oeka

[165] B HeEKOTOpBIX THUIOBBIX BapUAHTaX OCYIIECTBJIEHHUS, MPOMbBIBKA CMOJIBI MJis
XpoMaTorpadguu co CMEIIaHHbIM PEKUMOM C IPUMEHEHHEM IMOJIBIKHOH (a3bl TpeOyeT BpeMeHH
MeHee yeM OokoJio 30 MuHYyT. B oHOM acmiekre, BpeMsi, HEOOXOAMMOE ISl TPOMBIBKH CMOJIBI IS
XpoMarorpaguu CO CMELIAHHBIM pPEXHMOM C TIPUMEHEHHEM TMOJBI)KHON (hasbl, MOXKET
cocTaByATh 0KO0JO 10 munyT, okosio 11 MuHyT, okono 12 mMuHyT, Okono 13 MuHYT, okono 14
MHHYT, OKOJIO 15 MuHyT, Okosi0 16 MUHYT, 0k00 17 MuHYT, OkosO 18 MuHYT, OkoOsIO 19 MUHYT,
okoso 20 MUHYT, OKOJIO 21 MUHYTBI, OKOJIO 22 MUHYT, OKOJIO 23 MHUHYT, OKOJIO 24 MUHYT, OKOJIO
25 MHHYT, OKOJIO 26 MUHYT, OKOJIO 26 MUHYT, OKOJIO 27 MUHYT, OKOJIO 28 MUHYT, OKOJIO 29 MUHYT
WY 0KOJI0 30 MUHYT.

[166] B HEKOTOPBIX THIOBBIX BapHAHTAX OCYIIECTBJICHHS, XpOMaTorpaduieckasi CHCTeMa
MOJKET TIPUMEHSATHCS 110 MEHbBIIEH Mepe Ui OKOJIO 3 MpOoroHoB mpod Oe3 oumctku. B ogHOM
acTieKkTe, XpoMarorpaduyeckas CHCTEMa MOXKET MPUMEHSATHCS TI0 MEHbIIEH Mepe Ui OKOJIO 3

MPOTOHOB NPOO, O MEHBLIEH Mepe AJIst OKOJIO 4 IPOTOHOB MPOO, IO MEHBLICH Mepe ISl OKOJIO 5
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IPOTOHOB NPOO, O MEHBLIEH Mepe At OKOJIO 6 MPOrOHOB MPOO, MO MEHbLIEH Mepe At OKOJIo 7
MIPOTOHOB MPOO WJIH 1O MEHbINEH Mepe It OKOJIO 8 IPOrOHOB MPod Oe3 OYUCTKH.

[167] TloHsITHO, YTO CMOCOOBI HE OTPAHUYUBAOTCS KAKHUM-JTHOO W3 BBILICYTOMSHYTHIX
OenkoB, MpUMeceH, KOJIOHOK U UTO CIIOCOOBI OOHAPYIKEHUSI HITH KOJIMYECTBEHHON OLIEHKH MOTYT
OBITH BBITIOJIHEHBI JTFOOBIMU IPUTOAHBIMH CPEICTBAMU.

[168] B HEKOTOpBIX THUIOBBIX BAapHAHTAX OCYLIECTBJIECHUS HACTOSINErO H300pEeTEeHUs
npeayiaraeTcsi Xpomarorpaguyeckas CHCTEMa CO CMELIAHHBIM PEKUMOM, COAeprKamas
xpoMaTtorpadguaeckyro KoJoHKY 110, KOTOPYH MOXKHO MPOMBIBATH C MPUMEHEHHEM TOJBUXKHOU
¢asbl s obecrieyeHus: 3III0EHTa, BKIIIOYAIOIIEro IeNeBoi Oenok, u macc-criektpomerp 120,
COEIMHEHHBIH ¢ Xpomarorpaduyeckoil KOJOHKOH (kak mpopeMoHcTpupoBaHo Ha Pur. 4). B
OJTHOM acrekTe, xpomarorpaduueckas kojoHka 110 MOXeT KOHTakTHpPOBaTh C 0OpasLOM C
noMoltbio ycrpotictsa 100 st 3arpy3ku oOpasios.

[169] B HEKOTOPBIX THIOBBIX BApUAHTAX OCYIIECTBIIEHUS, KOJIUIECTBO 0Opas3La, KOTopoe
MOXKeT OBITh 3aTrPy’KE€HO B XpoMaTorpaguyeckyro KoioHKy 110, MOKeT HaXOAUTHCS B AHAIa30He
ot okojio 10 Mkr o okojyio 100 Mkr. B ogHOM acmekre, kKoau4yecTBO oOpasiia, 3arpyKeHHOrO B
xpomaTorpaduyeckyro KoynoHKy 110, MoxeT coctaBiaTh 0koo 10 MKr, okoso 12,5 MKr, OKOJIO
15 Mkr, ok0j10 20 MKT, OKOJIO 25 MKT, OKOJIO 30 MKT, OKOJIO 35 MKT, OK0JI0 40 MKT, OKOJIO 45 MKT,
OKOJIO 50 MKT, OKOJIO 55 MKT, 0K0JI0 60 MKT, OKOJIO 65 MKT, 0K0JI0 70 MKT, OKOJIO 75 MKT, OKOJIO
80 Mkr, ok0y10 85 MKT, 0k0JIO 90 MKT, 0KOJI0 95 MKT 1t 0koJio 100 MKT.

[170] B HeKOTOpBIX THIOBBIX BapHAHTAX OCYINECTBIEHHS, XPOMATOrpapUUECcKyrO
KOJIOHKY 110 MOKHO pOoMBIBaTh MOABUKHOM (pa3oii. B ogHOM acniekTe, moaBukHAs (Ba3za MOKET
OBITh aleTaToM aMMOHHs, OMKapOOHATOM aMMOHHSI WM (POPMHATOM aMMOHUSI WM WX
koMOuHanmsiMu. B ogHOM acnekte, o0masi KOHIEHTPALHsI TTOABHXKHOHN (ha3bl, KOTOPYK) MOXKHO
NPUMEHSTh ¢ Xpomarorpaduyeckori kojoHkoi 110, MoxkeT coctaBisiTe 10 okono 600 MM. B
KOHKPETHOM acreKkTe, o01asi KOHUEHTPaus MOABMKHOMN (Das3bl, KOTOPYIO MOKHO NMPUMEHSITH C
Xpomartorpaduueckoi KoJOHKO#H 110, MOKET COCTaBJIATh OKOJIO S MM, 0koJ10 6 MM, 7 MM, OKOJIO
8 MM, 9 MM, okono 10 MM, 12,5 MM, okomno 15 MM, 17,5 MM, okomno 20 MM, 25 MM, okouso 30
MM, 35 MM, okono 40 MM, 45 MM, okosio S0 MM, 55 MM, okono 60 MM, 65 MM, okosio 70 MM,
75 MM, okono 80 MM, 75 MM, okono 95 MM, 100 MM, okosio 1100 MM, 120 MM, okomo 130 MM,
140 MM, oxomno 150 MM, 160 MM, okomno 170 MM, 180 MM, okono 190 MM, 200 MM, okono 225
MM, 250 MM, okomno 275 MM, 300 MM, oxoio 325 MM, 350 MM, okosio 375 MM, 400 MM, okoio
425 MM, 450 MM, okomno 475 MM, 500 MM, okomo 525 MM, 550 MM, okosio 575 MM unu OKoJI0
600 MM. B gpyrom acmekrte, mnoxBmwKHas (asza, KOTOPYHO MOXKHO TPUMEHATb C
xpoMarorpadudeckoi kosoHkoi 110, MoxkeT umerh ckopocTh motoka ot 0,1 mu/mun no 0,4
MJI/MUH. B KOHKpPETHOM acmekTe, CKOPOCTb IOTOKa IOABIKHON (ha3bl, KOTOPYIO MOXKHO
NPUMEHSTH ¢ Xpomartorpadaeckoi konoHkoi 110, Moker coctaBiaTh okono 0,1 Mi/MUH, OKOJIO
0,15 mn/muH, okojo 0,20 ma/muH, okojo 0,25 mu/muH, okono 0,30 miu/muH, okoso 0,35 Ma/MuH
wi okoso 0,4 mu/mMuH. B npyrom acnekre, monsmkHas (pasa, KOTOPYHO MOXHO NMPHMEHSTh C
xpomarorpaduueckoil KonoHKOH 110, MOKeT MPUMEHATHCS TSI STFOMPOBAHUS IPUMECH.

[171] B HEKOTOPBIX TUITOBBIX BAPUAHTAX OCYIIECTBIECHUS, XpoMaTorpadmdeckas KOJIOHKa
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110 moskeT OBITH cOenMHEHa ¢ Macc-criekTpoMeTpoM 120. B ogHOM acrniekte, Macc-CieKTPOMETP
120 MoxeT comep:xaTb HAHOPACIBUIUTEND.

[172] B HEKOTOPBIX TUTIOBBIX BApUAHTAX OCYLIECTBIEHUS, Macc-criekTpomeTp 120 Moxer
OBITh TAHIEMHBIM MaCC-CIIEKTPOMETPOM.

[173] B HEKOTOPBIX TUTIOBBIX BApUAHTAX OCYLIECTBIEHUS, Macc-criekTpomeTp 120 Moxer
OBITH HATUBHBIM MaCC-CIIEKTPOMETPOM.

[174] B HEKOTOPBIX THUIOBBIX BAPHAHTAX OCYINECTBIICHUs, XpoMaTorpapudeckas cucrema
CO CMEIIaHHBIM PEXKUMOM MOKET OBITh CIIOCOOHA K 0OHapykeHuro 140 u/uimm KoITu4ecTBEeHHOMY
onpenenenuro 130 neneBoro Oenka (cw. @ur. 4). B omHOM acmekte, xpomarorpaduueckas
CHCT€Ma CO CMELIAHHbIM PEKUMOM MOKET IPHUMEHATbCS 111 oOHapyxkeHus 140 w/unm
KOJIM4YeCTBEHHOTro onpenenenus 130 ogHOro 1eneBoro denka.

[175] B HEKOTOPBIX THIOBBIX BapHAHTAX OCYILIECTBJICHHS, XpoMaTorpapuieckasi CucreMa
CO CMEIIAHHBIM PEXKUMOM MOKET OBITh CIIOCOOHA K 0OHapy keHuro 140 u/unm KoJTu4ecTBEeHHOMY
onpeneneHuto 130 MOHOKJIOHAJIBHOIO aHTUTEJIA.

[176] B HEKOTOPBIX THUIIOBBIX BAPHAHTAX OCYILECTBIIEHUs], XpOMaTorpaduieckas cucrema
CO CMEIIAHHBIM PEKHIMOM MOXeET ObITh CrIocoOHa kK 0OHapy»keHuro 140 n/uim KOJTU4eCTBEHHOMY
onpeneneHuto 130 TepaneBTUYECKOrO aHTUTEIA.

[177] B HEKOTOPBIX THUIIOBBIX BAPHAHTAX OCYILECTBIICHUs], XpoMaTorpaduieckas cucrema
CO CMEIIAHHBIM PEXIMOM MOXeET ObITh CrocoOHa kK 0OHapyxkeHuro 140 n/uimm KOJIU4eCTBEHHOMY
onpenenenuto 130 Oenka ummyHornoOynuHa. B omHOM acnekTe, XpoMaTtorpadguueckasi CucTeMa
CO CMEIIAaHHBIM PEKUMOM MOKET OBbITh CIIOCOOHA K 0OHapy keHuro 140 u/uiu KOJTu4eCTBEHHOMY
onpenenenuto 130 Oenxa IgGl. B gpyrom acmekre, Xpomarorpaduyeckas CHCTEMA CO
CMELIaHHBIM PEXUMOM MOKET ObITh CIIOCOOHA K OOHapyskeHuro 140 u/MiaM KOJUYECTBEHHOMY
onpenenenuto 130 OGenxa IgG4. B gpyrom acmekre, Xxpomarorpaduyeckas CHCTEMA CO
CMEIIaHHBIM PEXUMOM MOKET ObITh CIIOCOOHA K OOHapyskeHuro 140 M/MiaM KOJUYECTBEHHOMY
onpenenenuro 130 Oducnenpduueckoro anturena. B eme oqHOM acrnekTe, XpoMarorpaduueckas
CHUCTeMa CO CMELIAHHBIM PEKUMOM MOXKeT ObITh crocoOHa Kk oOHapyxkeHuro 140 w/wmm
KOJIM4eCTBEHHOMY omnpenenenuto 130 MoHokoHanpHOTro antutena k CD20/CD3.

[178] B HEKOTOPBIX THIOBBIX BAPHAHTAX OCYILIECTBJICHHS, XpOMaTOrpaduieckasi CHCTeMa
CO CMEIIaHHBIM PEKUMOM MOJKET OBbITh CIIOCOOHA K 0OHapykeHuro 140 u/mim KOJTU4eCTBEHHOMY
onpenenenuro 130 ¢pparmMeHTa aHTUTENA, OOPA3YIOLIErOCs MPHU PACIISIIEHUHN aHTUTeNa. B omHOM
acmiekre, Xxpomarorpaduieckass CUCTEMa CO CMEIIAHHBIM PEKUMOM MOXKET OBITh CrocoOHa K
obHapy:keHuro 140 w/wnm komudecTBeHHOMY ornpeneieHuo 130 neneBoro Oenka, KOTOpbId MOKET
MPENCTaBIsITh COOOM TMOCTTPAHCISMOHHO MoauduuupoBaHHbIA Oenok. B apyrom acmekre,
XpoMmarorpaduueckasi CHCTeMa CO CMEIIaHHBIM PEKUMOM MOXKET ObITh CHocoOHa K
obHapy:keHuro 140 w/wunm komudecTBeHHOMY ornpeneieHuo 130 neneBoro Oenka, KOTOpbId MOKET
OBITH IPOIYKTOM pa3iiokeHus Oenka. B eme onHOM acriekrte, XpoMaTorpadudeckasi CHCTEMA CO
CMEIIaHHBIM PEXUMOM MOKET ObITh CIIOCOOHA K OOHapyskeHHro 140 W/MiM KOJTUYECTBEHHOMY
ompenenenuro 130 memeBoro Oenka, KOTOPBIH MOXKET OBITH NPUMECHIO, OOHApPYKEHHOH B

6uoapmaneBTuyeckoM mnpoaykre. B apyrom acmekre, xpomarorpadpuueckas CHCTEMA CO
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CMEIIaHHBIM PEXUMOM MOKET ObITh CIIOCOOHA K OOHapyskeHHro 140 W/MiaM KOJUYECTBEHHOMY
ompenenennio 130 memeBoro Oenka, KOTOPBI MOXKET OBITh NPUMECHIO, OOHApPYKEHHOH B
OnodapMaeBTHIeCKOM MIPOAYKTE.

[179] B HEKOTOPBIX THIOBBIX BAPHAHTAX OCYILIECTBJICHHS, XpOMaTOrpaduieckasi CHCTeMa
CO CMEIIaHHBIM PEKUMOM MOKET OBITh CIIOCOOHA K 0OHapykeHuio 140 u/uimm KoITu4ecTBEHHOMY
onpexnenenuro 130 neneBoro 0eska, KOTOPbIH MOKeT ObITh OeskoM ¢ pl B muamaszoHe ot okoJio 4,5
1o okoJio 9,0.

[180] B HEKOTOPBIX THIOBBIX BAPHAHTAX OCYILIECTBJICHHS, XpOMaTorpaduieckasi CHCTeMa
CO CMEIIAaHHBIM PEXKUMOM MOKET OBITh CIIOCOOHA K 0OHapykeHuro 140 u/unmm KoJTu4ecTBEeHHOMY
ompenenenuro 130 1meneBoro Oenka, KOTOPBIH MOXET OBITP NPUMECHIO, CBSI3aHHOH C
JIEKapCTBEHHBIM ITPOAYKTOM. PONICTBEHHAs MPUMECHh MOXKET MPEACTABIATH COOOH MOJIEKYJIIPHBIE
BApUAHTBI, MPEIIECTBEHHUKH, MPOAYKTHI Pa3JIoKeHus, (parMeHTUPOBAHHBIN OENOK, MPOAYKT
pacLieryieHus1, arperarsl, GopMy NMOCTTPAHCIALUMOHHON MO UKALIUH WM UX KOMOWHALIH.

[181] B HEKOTOPBIX TUIIOBBIX BapUAHTAX OCYLIECTBJICHHs, XpoMaTorpaduyeckas cucrema
CO CMEIIAHHBIM PEXHIMOM MOXeET ObITh CriocoOHa K 0OHapy»keHuro 140 n/uim KOJTU4eCTBEHHOMY
ompenenennto 130 1meneBoro Oenka, KOTOPBI MOXKET OBITb TEXHOJIOTHYECKOW HPUMECHIO.
TexHonoruueckas NpUMech MOXKET BKJIOYATh IPUMECH, MOJyUEHHbIE B ITPOLIECCE U3TOTOBJICHMUS,
TO €CTb HYKJIEMHOBBIE KHCJIOTHI U OENIKM KJIETKH-XO35MHA, aHTHOMOTHUKH, ChIBOPOTKY, APYIrHe
KOMITOHEHTBI Cpeabl, (epPMEHThI, XUMUYECKHEe U OMOXMMHUYECKHE MPOLIECCUHIOBBIE PEAreHThI,
HEOpPraHUYEeCKHe COJIM, PACTBOPUTENM, HOCHUTENH, JIMIaHAbl M JApPyrue BbllleJaulBaeMble
BEIECTBA, MPUMEHSeMble B MPOHM3BOJACTBEHHOM Ipolecce. B OmHOM acmekte, KOJIMYECTBO
npuMecei B 00pasie MOKeT ObITh He MEHEe JIBYX.

[182] B HEKOTOPBIX TUITOBBIX BAPUAHTAX OCYIIECTBIEHUS, XpoMaTorpaduueckas KOJIOHKa
110, KOTOPYIO MOXKHO MPUMEHSITh 10 MEHbILEH Mepe I OKOJIO 3 MPOrOHOB MPOoO Ge3 OUUCTKH.
B onHoM acnekte, xpomaTtorpaduyieckas KosoHka 110 MOKET MPUMEHSIThCS IO MEHbINEH Mepe
IUTL OKOJIO 3 MIPOTOHOB MPOoO, O MEHbIIEH Mepe AJIsl OKOJIO 4 MPOrOHOB MPOO, MO MEHbLIEH Mepe
IUTL OKOJIO 5 TIPOTrOHOB MP0o0O, O MEHbIIEH Mepe AJIsl OKOJIO 6 MIPOrOHOB MPOO, MO MEHbLIEH Mepe
IUTs1 OKOJIO 7 TIPOTOHOB MPOO MJTH 1O MEHbINEH Mepe st OKOJIO 8 IPOroHOB MPod Oe3 OYNCTKU.

[183] IloHsiTHO, YTO CHCTEMa HE OrPaHHUYMBAETCS KAKUM-JIMOO M3 BBILICYOMSHYTBHIX
3JIEMEHTOB: OEJIKY, MPUMECH, TIOABIIKHAS (paza nim xpomaTtorpadudeckas KOJIOHKA.

[184] TMocnenoBarenpHasi MapKUPOBKA 3TANOB CIOCOOOB, MPENJIOKEHHBIX B JaHHOM
JOKyMEHTE, HOMEpaMH W/ OyKBaMH HE MOJpPa3yMeBaeT OrPAaHHYEHHs Crocol0a MM KaKHX-
71100 BAPHAHTOB €r0 OCYIIECTBIEHHSI KOHKPETHBIM YKa3aHHBIM MTOPSAKOM.

[185] B Tekcre omucaHus LHUTUPYIOTCS PA3JIMYHbIE MyOIMKALWHW, BKIFOYAs MATEHTHI,
NATEHTHBIE 3a5IBKHU, Oy OJIMKOBAaHHBIE MTATEHTHBIE 3asIBKH, HOMEPA AOCTYIIA, TEXHUYECKHE CTaTbU
U Hay4Hble cTaThi. Kakmast M3 3TUX MPOLMTHPOBAHHBIX CCBUIOK B TOJHOM OOBbEME U BO BCEX
LIeJIIX BKJIIOYEHA B JAHHBIA JOKYMEHT IOCPEICTBOM CCHUIKH.

[186] HanHoe m300peTeHne cTaHeT OoJiee MOHATHO CO CChUIKON Ha CIIEAYIOIIHE IPUMEPHI,
KOTOpbIe PUBEAEHBI It Oosee moapodbHoro onucanus n3odpererns. OHU NpeaHA3HAYESHbI IS

HWJUTFOCTPAalN U HE JOJIZKHBI BOCIPUHUMATBCA KaK OrpaHUYHUBAKOIINE o0beM I/1306peTeHI/I$I.
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IMPUMEPBI

[187] Matepuansl. JlenoHN3npoBaHHas BOJA NOJ]aBajach BCTPOEHHOM CUCTEMOM OUNCTKU
Bonbl Milli-Q, ycranosnennoii ¢ punbrpom MilliPak Express 20 (MilliporeSigma, bepnunrTos,
mrat Maccauycerc). Aunerar ammonusi (cteneHp unctotel LC/MS), ykcycHas Kuciora u
Oukapbonatr ammonus (crenedb yuctotel LC/MS) Obutn mpuobperens! y Sigma-Aldrich (Cent-
Jlyuc, mrrat Muccypu). Ilenrun N-rimmko3unasa F (ITHI aza F) 6s11a npuodperena 8 New England
Biolabs Inc (MncBu4, mrar Maccauycerc). Invitrogen™ UltraPure™ 1 M Tris-HCI 6ydep, pH
7,5 monyuanu ot Thermo Fisher Scientific (Yonrem, mratr Maccauycerc). Bce MoHOKIOHaIBHBIE
aHTuTeNna u oucneuuduueckre npemnapartsl, Bkiodas nogkiaccs! IgG1l u IgG4, nsroraBnuBanucey
B Regeneron.

[188] TIlomgroroBka oOpa3moB. C 1enbl0 YMEHBIIEHUS T€TEPOreHHOCTH IO Macce,
o0ycnoBiIeHHON HajmuueM IBYX N-CBSI3aHHBIX INIMKAHOB B Fc-4acTu, Kakgoe aHTUTENO WU
oOpazen cmecu anturen oopadareBanu [THI azo0i F (1 IUB mMumineauanna Ha 10 Mkr 6enka) npu
45°C B 100 MM Tris-HCI (pH 7,5) B Teuenue 1 yaca. /11 npuroToBiIeHUs] BBOAUMBIX CTAHAAPTOB
cMmeceii bsAb, nexkapcTBeHHOe BeriecTBO bsSAb cHavajia JOTONHUTENBHO OYHINATIHA C TTOMOIIBIO
AHAJTUTHYECKOW CHJIbHOW KaTHOHOOOMeHHOW xpomatorpaduu (SCX - aHrm.: strong cation
exchange chromatography) nnsi ynanenuss JrOObIX OCTaTOYHBIX TOMOAMMEPHBIX MPUMECEH,
00pa3yIoLIMXCsl B pe3yJibTaTe KPyMHOMACIITAOHOTO MPOM3BOACTBEHHOTO npouecca. [logpoOHbie
ycnoBusi SCX-dpaxmonnpoBanus npuseaeHsl Hwke. Ilocne GpakunoHnpoBaHus, TPOBOIMIN
3ameHy Oydepa kak anst ouuineHHOro BsAb, Tak M 1is COOTBETCTBYOLIMX CTaHIAPTOB
romoaumepos, Ha S0 MM Oydep Tris-HCI (pH 7,5) u noBonmmm kaxplii 10 6 MKI/MKJI HA OCHOBE
KoHUeHTpauuii, onpenenennsix Nanodrop (Thermo Fisher Scientific, Bpemen, I'epmanus). 3atem
bsAb M 1Ba COOTBETCTBYIOIIMX T'OMOIMMEpPA CMEIIMBAIKd B cooTHomeHuwn 1:1:1. B koHue
BBIMOJIHSUTH TTOCJIEIOBATENIbHBIE Pa3BENEHUs] C MPUMEHEHHEM pacTBopa bsAb 2 MKr/MKI asst
MPUTOTOBJIEHHSI CEPUN JOTIOJIHUTEIbHBIX BBOIUMBIX CTAaHIAPTOB C YPOBHSMH TOMOAHMMEpPA OT
0,1% mo 10%.

[189] Ouuctka bsAb ot nexapctBenHol cyocTanmuu bsAb ¢ momorreio SCX. C wemnbro
nanpHeimei ounctku bsAb, st kaxnoro odpasua bsAb mpoBoaHIN aHATUTHYECKYIO CHIIBHYIO
katnoHooOMeHHyro xpomatorpaduro (SCX) Ha cucreme Waters [-Class UPLC, ocHameHHOMH
netekTopoM Ha (ortomuonnoit matpute (PDA) (Waters, Mundopn, mratr Maccauycerc, CIIIA).
ITepen BBeneHneMm oOpaslia TEMIEPATypPy KOJOHOYHOIO OTHeNieHus! ycraHaBmuBaiu Ha 45°C u
MPUMEHSUTH KOJIOHKY C CHIIbHBIM KaTHOHOOOMEeHHBIM 00MeHOM Y MC-BioPro SP-F (100 mm x 4,6
MM, 5 MkMm) (YMC Co., LTD., Kuoro, fAnoHus). mpeaBapUTEeIbHO KOHIUIMOHUPOBAIU
nonBmwkHOU a3zoit A (20 MM amerar ammonusi, pH noBomwiu no 5,6 ¢ momomeio 20 MM
YKCYCHOM KHCJIOTBI) Tipu ckopoctu noroka 0,4 my/muH. [locne BBenenust amukBoThl (200 MKT)
oOpasuoB Oenka rpagueHT Boeiaep:kuBain npu 100% monsmwkHOH (ase A B TedeHHE 2 MHUHYT C
NOCJIEAYIOIUM JIHHEHHBIM yBenudeHneM no 100% mnoxewxkHOH ¢aser B (140 MM anerar
ammonusi, 10 MM Oukapbonatr ammonwmsi, pH 7,4) 3a 16 munyT. I'panueHT BeiaepKUBaIN NpU
100% nmonBmwxHOH dasze B B TeueHne 4 MuHyT, a 3ateM Bo3Bpamanu k 100% nogsrkHOM daze A

IJIi BOCCTAHOBJICHUsS] KOJIOHKM B T€UEHHE 7/ MHUHYT Nepea CleAyrluuM BeeaeHueM. llocrie
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bpakunoHupoBaHUs, MpoBoawIH 3amMeHy Oydepa mns BsAb Ha ToT xe Oydep, uro u s
HETPaBUJIBHO CIIAPEHHBIX TOMOANMEPHBIX 00pa3LoB, MEpe CMEINBAHUEM /IS IPUTOTOBJICHUS
BBOAMMBIX CTAHAAPTOB.

[190] Meron MM-SEC-MS. DKCKIIO3HOHHYIO XpoMaTorpaduio €O CMEIIaHHBIM
peskumoM BeimonHsM Ha cucteme Waters I-Class UPLC, ocHaleHHON A€TEKTOPOM Ha OCHOBE
dorognonnoit matpuusl (PDA) (Waters, Mundopn, mrar Maccauycerc, CIIIA). s usmepeHus
Macchl mpuMensutn Macc-criektpomerp Thermo Exactive Plus EMR, ocHameHHbIH HCTOYHUKOM
nonoB Nanospray Flex™ (Thermo Fisher Scientific, bpemen, 'epmanus). Ilepen BBomom obpasua
xononky (Waters BEH200 SEC 4,6 x 300 mm, 200A, 1,7 mxm unu Sepax Zenix SEC-300 4,6 x
300 MM, 300A, 3 MKM) TIpenBapUTENLHO YPABHOBELIMBAIHM MIPH CKOPOCTH MOTOKa 0,2 MI/MUH,
NPUMEHSISI TOABIKHYIO (pa3y Ha OCHOBE aleraTa aMMOHHs M OukapOOHaTa aMMOHHUS pa3IMIHON
koHueHTpauuu (ot 30 MM 10 450 MM). 310 OBLIO JTOCTUTHYTO 3a CHET LKA C PUKCUPOBAHHBIM
NPOLIEHTHBIM COZE€P’)KAaHUEM TNOABIKHOM (a3l B ¢ mnpumeHeHunem ABOWHOM CHCTEMBI
pactBopuTteneii (monswikHas pasa A: Boaa; moxsmwkHas (aza B: 420 MM arerata ammonust u 30
MM OukapOonata ammonusi). [Tocie BBeneHus oopasua anturena (2-10 Mkr), B TeueHue 24 MUHY T
BBIMOJTHSIIN H30KpaTuyieckoe smonposanue. C 1enbio odbecneueHns onHoBpeMeHHoro Y ®@- u M S-
obHapyxenus, mnocie SEC-pasnmeneHuss ObUI TNPUMEHEH IIOCIEKOJOHOYHBIH  CIUTUTTEp
(cootnomenue ~ 200:1), 4ToOBI yMEHBIINTL NOTOK 10 ~ | MKJI/MHH 115 aHanu3a HaHO-ESI-MS,
IIPU 5TOM OTKJIOHSISI OCTaBILIMICA BbICOKUI NOTOK K PDA nerexropy nis YV ®-MOHUTOpUHIa NpU
280 mm. s nmoctmkenusi HaHo-ESI mpumensiiu omHOpaszosblii msnyyarenab PicoTip (Oe3
nokpeitusi, HakoHeuHHK: 10 £ 1 mxm) (New Objective, Inc., YoOepH, mwrat Maccauycerc, CIIIA).
Jis  Macc-CIeKTPOMETPUYECKOTrO aHaliu3a paspellieHre Obuio ycTaHoBiIeHO Ha 17 500,
HaNpsDKeHUE KaMUIIPHOTO pacibUieHus - Ha 1,5 kB, sHeprusi ¢pparMeHTanu B HICTOYHHUKE - Ha
100, sHeprus cronkHOBeHUs - Ha 10, Temnepatypa kanuuisipa - Ha 350 °C, RF-ypoBeHb S-nuH3bI
- Ha 200, a HCD naBieHue 3axBaueHHOro ras3a - Ha 3. Macc-CekTpbl ObUTH MOJyYEeHbI C OKHOM
nauanasoHa m/z ot 2000 go 15000.

ITpumep 1. Bropuunsie B3aumonetictsus B xone SEC ¢ npumenennem MS-coBmecTuMoro
Oydepa.

[191] TloBepxHOCTH OeNka SIBJISIETCS BBICOKO T€TEPOr€HHON M COCTOMT M3 MHOXKECTBA
pa3NMUYHBIX  (YHKIHOHAJIBHBIX TPYII, KOTOPbIE MOTYT CIOCOOCTBOBATH OOpa30BAHUIO
BOJIOPOIHBIX CBsi3eH (TMOPOKCHIIbHBIC, AMUHHBIE U aMUJIHBIE TPYIIIBI), 3JIEKTPOCTATUYECKUM
(3apspxeHHbIE TpynIbl) U ruaApodoOHbIM (THApOodOOHBIE TPYTIIbI) B3AUMOIEHCTBHAM C MaTpHLIEH
kojjoHkH SEC Ha OCHOBe AMOKCHIA KPEMHHUS WJIM NOJUCaXapUAOB. DTU B3aUMOJENCTBUS, Kak
MIPaBUJIO, UMEIOT pa3HyK CHJIy CBSI3bIBAaHMSI U CYLIECTBEHHO 3aBUCAT OT mapameTpoB pH,
TEMIepaTypbl U COCTaBa MOABMKHOM (a3el, mpumeHsiembix B SEC. Hanpumep, npu npoBeneHun
aHanmu3a npu pH, O1M3KOoM K HeHTpabHOMY, CHJIaHOJBHBIE TpymIibl n3 KonoHkn SEC Ha ocHOBe
IUOKCHAA KPEMHHUSI MOTYT OBITh 3apsDKEHBI OTPULIATENIBHO U, CIIENOBATENbHO, CIIOCOOCTBOBATD
3JIEKTPOCTATHYECKOMY B3aUMOJAEHCTBUIO C OCHOBHBIMH Oenkamu. /i1 TOAaBIIEHHS TaKOro
B3aUMOJIEHCTBHS, B IPOIIJIOM YacTO TPEOOBAIHCH MOBIKHBIE (ha3bl C yMEPEHHON HOHHON CHIION

(Goyon et al, 2018, cm. Boie) unn Hu3kuM pH (meree S) (Pavon et al, 2016, cm. BbImme).
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[192] CoBcem HemaBHO, MOCPEACTBOM JIEPUBATU3ALIMN TTOBEPXHOCTH JTUOKCHIA KPEMHUS
(HampuMep, KOPOTKUX AQJKHJIbHBIX LeNeld WU CBs3U (DYHKIHMOHAJIBHBIX TPYII), TOSBHIACH
BO3MOKHOCTb 3(D(peKTUBHO 5KPaHUPOBATH OCTATOYHBIE CHJIAHOJBHBIC IPYIIIBI U3 COBPEMEHHOMN

kojoHkun SEC, u4TO, crnenoBaTeNbHO, pPE3KO YMEHbIIAET HaJIU4Yhe BJIEKTPOCTATUUYECKUX

>
B3auMozeiicTBuil. OnHAaKO 3TH HEJABHO BBEICHHbIE XUMUUECKHE [Pyl MOTYT TaK>Ke MPUBECTU
K JPYrUM YCWICHHbIM BTOPUYHBIM  B3aMMOICHCTBHsIM  (HampuMmep, ruapodobHOMY
B3aMMOZEHCTBHIO) C aHAIU3UPYEMbIM OE€JIKOM, KaK COOOIIANIOCh B HEOABHUX HCCIIETOBAHUSIX
(Yang et al, 2015, supra; Yan He et al., On-line coupling of size exclusion chromatography with
mixed-mode liquid chromatography for comprehensive profiling of biopharmaceutical drug
product, 1262 JOURNAL OF CHROMATOGRAPHY A 122-129 (2012)). Cornacao Arakawa et al.,
3JIEKTPOCTATHYECKUE B3aUMOJEHCTBUS MPEoOIaaaoT MPU HU3KUX KOHIEHTPALUSAX COJIeH, TOraa
Kak ruipooOHbIe B3aUMOEHCTBUS MPEAIOYTUTENBHBI JJIs OABIXKHBIX (a3 C BBICOKOH HOHHOMN
CHJION, 0COOEHHO IpU NMPUMEHEHHH colieil Oosiee BBICOKOro paHra B cepun Xodmaiictepa (cm.
@ur. 3). Xors BbIOOp coneil, COBMeCTUMBIX C mnpuMeHeHueMm onHnaiiH SEC-MS, o0braHO
orpaHuueH (Hampumep, (GopMHAaT aMMOHHs, aueTaT aMMOHHMS M OHKapOOHAT aMMOHHUS),
Pa3JIMYHbIE THIbI BTOPUYHBIX B3aUMOJAEHCTBUI MEXAY aHATH3HPYEMbIMH O€JKaMU U MaTpHLEH
KOJJOHKM MOTYT BCE€ JX€ MOJYJHUPOBAaTbCA IyTeM W3MEHEHUs KOHLEHTpAaLUil Ccojel u
MCCJIEIOBATHCS C LIEJIBIO pa3/ieIeHus OeNKoB.

[193] [ng OuLeHKH B3aMMOJEHCTBUI CO CMEMIAHHBIM PEXHMOM, aCCOLMHPOBAHHBIX C
KOHLIEHTpauueil coiu, cmecb BocbMH aHTHTen (moaknaccel IgGl um IgG4) ¢ pasmuuHbIMU
XapakTepUCTUKAMU TOBEPXHOCTH aHanmu3upoBanu Ha KkonoHke Waters BEH200 SEC ¢
NPUMEHEHUEM MOJBH)KHBIX (ha3 Ha OCHOBE alleTaTa aMMOHHMS U OMKapOOHATa AMMOHHS a3 IMYHON
KOHILIeHTpauuu B nuanasone ot 30 MM go 300 MM, mpuemsieMOM ISl MOCJAEAYIOIIErO aHalu3a
MOCPENCTBOM HaTUBHOM MS. MomsipHOe COOTHOLIEHHWE MEXAY aleTaToM aMMOHHUS U
OukapOOHATOM aMMOHHUSI TOANEPKUBAJIM IOCTOSHHBIM Ha ypoBHe 14:1 nanms mocTukKeHus
sHauennss pH okono 7,4, Xpomartorpaduueckoe TmoBemeHHEe BOCbMH mAb  Obuto
NPOMJLUTIOCTPUPOBAHO HAHECEHWEM Ha rpaduk 3HadeHud ux BpemeHu ynaepskusanusi SEC, yro
OTPENEeNsUTH € MOMOIIBID XPOMAaTOrPaMM 3KcTparupoBaHHbIX HOHOB (XIC), B 3aBUCUMOCTH OT
KOHLEHTpauuu noaBmxkHOH (aszel (Pur. 5). B nemnom, BoceMb mAb Obutn Hambosiee XOpOLIO
paznenensl npu BeimosHeHMH SEC ¢ mpUMeHeHHeM KOHLEHTPALUH COJNH MOABWKHON ¢a3el 30
MM. Ilo wmepe yBenuueHHs KOHLIEHTPALMH COJH, NPOQUIM 3JIOUPOBAHUS BOCBMH MADb
CTaHOBWJIMCH 0OOJiee KOHBEPTHPOBAHHBIMU U MEHEE pa3lieleHHbIMU (BCTaBkM Ha Pur. 5). Otu
CIBUTM BO BPEMEHH YIEP)KUBAHHA MOXKHO OOBSCHUTD W3MEHEHHSIMH BTOPHYHBIX
B3aUMOJEHCTBUI MEXay MOJieKyJoi mAb u marpuned kojgoHkd. C OZHOH CTOPOHBI, KOrza
OCTAaTOUHblE CHUJIAHOJbHbIE TPYIINbl W3 MATPULbl KOJOHKM CTAaHOBMJHMCH OTPULIATENBHO
3apsbkeHHbIMU nipu pH 7,4, OHM MOIrJIM B3aMMOJENCTBOBATH C MOJIOKUTENIBHO 3apsKEHHOMN
MOBEPXHOCTBIO ~ O€JKa  TMOCPENCTBOM  3JIEKTPOCTATHUECKOTO  B3aUMONEHCTBHA.  JTO
B3aUMOJIEHICTBHE YCHIINBAJIOCH NPU MPUMEHEHUH Oosiee HU3KON KoHIeHTpauuu conu. C npyroi
CTOPOHBL, THAPOPOOHOE B3aNMOIEHCTBHE MEXKIY MOJIEKYJIONH MAD 1 MaTpuLiell KOJIOHKH MOXKET

OBITH YCHJIEHO TIPU MPHUMEHEHHH 0OJiee BBICOKMX KOHLEHTpauui conu. IIpencraBnser mHTEpEC
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TOT (PaKT, YTO HA OCHOBAHUH 3Ha4deHHH pl 3TH BoceMb MADb MOXKHO pa3ienuTh Ha TPHU Pa3HbIE
IPYIIIBI, B KOTOPBIX HAOJIOAINCh aHAJIOTUYHbBIE OTHOLICHUSI MEXy BPEMEHEM YA KUBAHUS U
KOHIeHTpauueit conn. [lepsasi rpynma BKJIIOYAET TPU KUCIBIX MOJIEKyJibl mAb, mAbS (pI=6,3),
mAb6 (plI=6,4) u mAbl (pI=6,7), kotopble, Kak OXumaercsi, OyAyT HECTH MEHbIIE
MOJIOXKHUTEJBHBIX 3aPsAI0B HAa IOBEPXHOCTH Oenka rpu pH 7,4 1, cienoBaTenbHO, IEMOHCTPUPYIOT
HAaUMEHBIIEE  OJIEKTPOCTATUYECKOE  B3aUMOAEWCTBHME €  maTpuuned  konoHku. Kak
IPOAEMOHCTPUPOBAHO Ha DUr. 5, BCE 3TH TPU MOJIEKYJIbI MTOKA3aJIM TEHACHLUIO K YBEIUYECHUIO
BPEMEHH YAEPKUBAHUS [0 MEPE YBEINYEHUS KOHLEHTPALMH COJIM, YTO YKa3bIBa€T Ha TO, UTO,
MIOCKOJIbKY CJ1a0ble 3JIEKTPOCTATUYECKHE B3aMMOAEWCTBHS YCTPAHSIOTCS NpU OoJiee BBICOKOH
WOHHOHN cuie, ruapodoOHOe B3aUMOAEWCTBHE WIPaeT JOMHHHPYIOIIYK poyib BO Bpemsi SEC
pasnenenus. HarpoTus, Tpu ocHOBHBIE MOJieKyJibl mAb, mAb3 (pI=8,0), mAb4 (pI=8,3) n mAb8
(pI=7,6), xoropele, Kak OXupaeTcs, OyAyT HECTH OOJbIle MOJOXHUTEIbHbIX 3apsIOB Ha
nosepxHoctu Oenka npu pH 7,4, Bce mokaszanu TEHIEHLHMIO K YMEHBIIEHHUIO BPEMEHHU
yIEP)KUBAHUS 1O MepPe YBEJIMYEHUs] KOHIIEHTPALMU CONU. JTa OOpaTHasi KOPPENSLHs MEXAy
KOHLIEHTPALMeH COJM M BPEMEHEM YIEepKMBAaHHS B OCHOBHOM OOBSCHSETCS JOMUHUPYIOIIUM
3JIEKTPOCTATHYECKUM B3aUMOJIEHICTBHEM, KOTOPOE YCUIIUBAETCS MPU HU3KOH KOHLIEHTPALIUH COJIH
U TOAABJSIETCA NMPU BBICOKOHM KOHIEHTpauuu coiu. HakoHel, B OTIMYME OT KHUCJIOTHBIX WU
ocHOBHBIX MAb, mAb2 (pI=7,3) n mAb7 (pI=6,9) npencraBisitoT coO0H KHEHTPANBHYIOY» TPYIITY,
KOTOpasi, BEPOATHO, HECET YMEPEHHOE KOJUYECTBO IOJIOKUTENBHBIX 3apsIOB HA MOBEPXHOCTU
Oenka W, CJIENOBATENbHO, JEMOHCTPUPYET CPEOHMH  YPOBEHb  3JIEKTPOCTATHYECKHX
B3aMMOJEHCTBUI ¢ MaTpulled KOJOHKM. JTa TPyMIa MOJIEKYJ COXpaHsjga OTHOCHUTEIBHO
HEM3MEHHOE BPeMsl yIePKUBAHMS MPU PA3JIMUHBIX KOHIeHTpauusix conu (ot 30 MM o 300 MM).
B »TOoM cnywae, korma KOHLIEHTpALHMsi COJM YBEJIMYMBAJIACh, yBeIUYeHHE TuUApoGHOOHOro
B3aUMOJEHCTBHS, BEPOSATHO, ObUIO OJNM3KO K  YMEHBIICHUIO  3JIEKTPOCTATUYECKOTO
B3aUMOJEHCTBUA W MPOTHBOAECHCTBOBAJIO €My, YTO MNPHUBOAMIO K HEOONBIIOMY CIBUTY BO
BPEMEHHU YAEPKUBAHUS. DTH PE3yJIbTaThl MPOIEMOHCTPUPOBAIN, YTO, MPABHUIBHO MOIYJUPYS
KOHLIEHTPALUK COJIeH, MOKHO pa3feNUTh MM YacCTHYHO Pa3leNUTh Pa3IMYHbIE AHTUTENA
(Hampumep, bsAb o cpaBHEHUIO C TOMOAMMEPaMHU ), UCTIONB3Y s B3AUMOJIEHCTBUS CO CMEILIIAHHBIM
pexxumoM Ha kojonke SEC s nocnenyromero ananusa MS.

[194] Xorsa mpencraBisieTcsi, 4To OoJyibliee Xpomarorpapuieckoe paspelieHue ObLIo
JOCTUTHYTO MPHW HU3KUX KOHIEHTPALUsSX coiii Ha koynoHke Waters BEH, cienyer coOmironats
OCTOPOKHOCTD B OTHOIIEHHH OCHOBHBIX MAD, OCKOJIBKY B 3THX YCJIOBUSX MOKET MPOUCXOIHUTD
CHJIBHOE PaCIIUPEHHUE MTUKA, YTO MOKET 3HAUUTENIbHO MOBIIHUSTH HAa N3BJIeUeHne Oenka (Alexandre
Goyon et al., Characterization of 30 therapeutic antibodies and related products by size exclusion
chromatography: Feasibility assessment for future mass spectrometry hyphenation, 1065-1066
JOURNAL OF CHROMATOGRAPHY B 35-43 (2017)).

[195] ITpumep 2. OOHapyskeHue O-TIMKaHOBOTO BapHaHTa OHCIIEU(UIECKOTr0 aHTHTENA,
oucnermduueckoro Ab ¢ momompro MM-SEC-MS.

[196] 2.1 ITpuroroBneHue obpa3oB OucenuGUUEeCKUX aHTUTE

[197] bucnemuduueckoe antureno k CD20xCD3 (BsAbl) mnpencraBnsier coboi
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CTaOMITM3UPOBAHHOE IAPHUPOM Omcrenndpudeckoe moimHopasmMepHoe antureno k CD20xCD3
(Ab) Ha ocHOBe m3oTuna IgG4, MmomuduIMPOBaHHOTO AT CHUKEHUS CBsi3biBaHUsA Fc. YkazaHHOe
AaHTHUTENIO TpeNHa3HauYeHO Ui cBs3biBaHUs T-kierok (mocpenctBoMm CD3) u  KIeToOK,
skcnpeccupyrommux CD20. bucnemuduyeckue aHTUTENa TONYYaIH, CIIEOys METONIUKE,
orucanHoi Smith et al. (Sci. Rep. (2015) 5:17943).

[198] 2.2 MM-SEC-MS

[199] Ananu3 ¢ momotbto MM-SEC-MS BBIONHAMN HU30KPATUYECKU C MPUMEHEHHEM
komonku Zenix SEC-300 MK (7,8 x 300 HM, 3 MKM) B CHUCTEME, Kak OITMCAHO BBILIE.
DNoUpOBaHUE KOHTPOIupoBanu Y @-uznyuenuem npu 280 HM.

[200] bpinu IpoBeEHBI ABE CEPUH HKCIIEPUMEHTOB. B mepBOM 3KCIepUMEHTE MOABMKHAS
¢aza cogepxana 140 MM anerata ammonust u 10 MM OukapOoHaTa aMMOHHS, a BO BTOPOM
JKCIIepUMeHTe noaBrbkHas (asza comepxana 420 MM anerar ammonus u 30 MM OukapOoHaT
aMMOHHUs. DJIIOMPOBAHUE NPOBOAMIN NPU CKOpocTHU mnotoka 0,4 mu/MuH. YpaBHOBEIIMBaHUE
OCYLIECTBIISIIIN C MPUMEHEHUEM TOZIBIKHOM (ha3bl.

[201] [dns aHAIWTHYECKHMX LMKJIOB, BBOAMUMbIE 3arpy3ku Brmouanu 100 Mkr obimero
Oenxa. DIIOMPOBaHHUE MPOBOAMIN C IPUMEHEHUEM H30KPATHYECKOTO TPAIMEHTa, COCTOSIIErO U3
arierata ammonus (Oydep A) u bukapbonara ammonust (Oydep B). JlanHble Macc-CrieKTpoMeTpun
aHAJTM3UPOBAJIN C MOMOLIBIO TpOrpaMMHOro obecnedenus Intact or Protein Metrics.

[202] /IBa mukia ¢ NOABMXKHBIMH (pa3aMH pa3HON KOHLIEHTPALUH IPOAEMOHCTPUPOBAIIH,
4yro OOJiee BBICOKAsl KOHIIEHTPALMsl COJM MOKET YCHJIMBATh TUAPO(POOHOE B3aUMOIEHCTBHE BO
Bpemsi SEC pasnmenenus, 4To HaOJIOAAETCs MO BPEMEHH 3JIIOMPOBAHUS Oucnenuduyueckoro
aHTHUTENIa B PA3JIMYHBIX MOABIKHBIX (pazax. IToT 3¢ (eKT mpuBes K YBEIHUEHHIO Pa3IeIeHUs
Mekay Oucrenuduueckum aHTUTes oM U ero O-riIMKaHOBBIM BapuaHTOM (cv. @ur. 6).

[203] ITpumep 3. OOHapyskeHHE TOMOAMMEPHBIX BUAOB ¢ momometo Zenix SEC-300, 3
MkM, 300 A, 7,8 x 300 mMm.

[204] 3.1 IIpuroroByieHne oOpa3lOB CTAHAAPTOB CMECH OUCTIEUPHUECKUX AHTHTEN U
rOMOZMMEPOB

[205] /IBe romomuMepHBIe TpUMecH 00pa3yIOTCs B XOA€ MPOAYKIUU OUCTIEITU(PUIECKOrO
anturena (BsAbl) (Fc*/Fc): romompumep 1 (Fc*-Fc*) u romonumep 2 (Fc/Fc) (cm. @ur. 2).

[206] 3.2 MM-SEC-MS

[207] Ananu3 ¢ momommbto MM-SEC-MS BBITIONHAIN U30KPATUYECKUA C MPUMEHEHHEM
koonku Zenix SEC-300 MK (7,8 x 300 HM, 3 MKM) B CHUCTEME, Kak OITMCAHO BBIIIE.
DnmoupoBaHue KOHTpoupoBanu Y @-uznyuenuem npu 280 HM.

[208] Bbut TpoBENEHBI ABE CEPUM SKCTIEPUMEHTOB. B MepBOM 3KCMIEPUMEHTE MOBIIKHAS
¢aza comepxana 140 MM anerata ammonust 1 10 MM OukapOoHaTa aMMOHHS, a BO BTOPOM
JKCIIepUMeHTe NoABIkHAs (as3a comepxana 420 MM auertar ammonus U 30 MM OukapOoHat
aMMOHHUs1. DIIFOUPOBaHIE MPOBOIMIN IIPU CKOPOCTH 1MOTOKA 0,4 MIJI/MHH.

[209] lnst aHAMTUTUYECKUX [IUKJIOB, BBOJUMbIE 3arpy3ku BKtouain SO MKT o01iero Oernka.
DnronpoBaHKE MPOBOAMIIHN C IPUMEHEHUEM H30KPATHIECKOT0 IPAIMEHTa, COCTOSIIErO U3 alleTaTa

ammonusi (Oydpep A) um OuxapObonata ammonus (Oydep B). AHanmormuHo pesynbTaTam,
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NOJyYeHHbIM B 2.2, 7ABa LUKJIA C TOABIKHBIMH (pasaMu pasHOH KOHLEHTpaLHUu
IPOIEMOHCTPUPBAJIY, YTO OOJiee BHICOKAsl KOHIIEHTPALIUS COJIM MOKET YCHIINBATh rHApodoOHOoe
B3aumoeiicteue Bo Bpems SEC pasmeneHus, 4ro HaOMIOZAaeTcs MO BPEMEHHU 3IIFOMPOBAHUS
oucrierpuyuecKkoro aHTUTENa U TOMOIUMEPOB B PA3IMYHBIX MOABWXKHBIX (azax. IlogsrkHas
¢aza ¢ obueilt koHueHTpauuel coau 450 MM yiydmana oTaeneHne romoaumMepa 1 u romoanmepa
2 ot Oucnenuduueckoro anturena (cvu. dur. 7).

[210] TIIpumep 4. CpaBHeHue OOHApyX€HHUS TOMOJUMEPHBIX TMpUMeEceH B
oucnerduueckom anrurene ¢ nomoupio MM-SEC-MS, SEC-MS u RP LC-MS.

[211] 4.1 IIpuroToBneHue oOpas3OB CTAaHAAPTOB CMecHU OHUCIeUUPUUECKUX AHTUTEN U
rOMOJIMMEPOB

[212] OGpazer; roTOBUITN IO METOAMKE, POMLIFOCTPUPOBAHHON B IpUMepe 3.

[213]4.2 RP LC-MS

[214] O6pazen pazdasmsau o 0,5 mr/mia. IToT pacTBop BBOAWIN B KonndecTse 0,5 MKr
nna aHanuza LC-MS. Dkenepument LC - MS npoBoaunu Ha macc-cnektpomerpe ThermoFisher
Fusion Lumos Tribrid. Kononky Waters BioResolve™ mAb Polyphenyl, 450 A, 2,7 mxm, 2,1 X
50 mm (O.N. 186008944) mpumensiiu ajsi pasnaeneHusi ¢ obpamenHoi (aszoi. Temmepatypa
obpasia ycranaBnmuBain Ha 5 °C, a temmnepatypa kojoHku - Ha 80 °C. IlomBwkHas (daza A
npezacrasisier codoii 0,1% FA B Bone, monsuwxnas ¢asa B - 0,1% FA B aueronurpune. Macc-
CHEKTPOMETPUYECKUH 3KCIEPUMEHT MPOBOAWICA B  IOJOXKUTEIBHOM  peKuMe.Y CIOBUs
UCTOYHHKA MOHOB MS yCTaHaBIMBAJM CIENYIOIIMM 00pa3oM: HampsoKeHHe pacnbuieHus 3,8 kB,
TemnepaTypa TpyOku neperoca noHoB 325 °C, temnepatypa ucnaputesns 250 °C, 3amuTHbIN ra3
40 (Arb), BcomoratenbHbIi ra3 10 (Arb), mponyBounsiii ra3 2 (Arb), munza RF (%) 60 u sHeprus
¢parmenrtaiun ucrounuka 40 B. Jlanabie MS nosyyanu ¢ moMOLIbI0 OpOUTATBHON JIOBYIIKH B
peskume OONBIIOrO JAMama3oHa Mace ¢ auamasoHoM m/z ot 1500 mo 4000. Paspemenwue
ycranaBnuBaau Ha 15000 mpu m/z 200 ¢ 10 mukpockanupoBanusimu, AGC uens Obuta 107,
MaKCUMajJbHOEe Bpems BBeAeHUs cocTaBsuio 50 wmc. JlaHHBIE MacC-CHEKTPOMETPUU
AQHATM3UPOBAIH C TIOMOIIBIO MPOrpaMMHOro odecriedenust Xaclibur.

[215] 4.3 SEC-MS

[216] OxcxmosnonHyo xpomartorpapuio (SEC) semonssnn Ha konoHke ACQUITY
UPLC Protein BEH SEC (200 A, 1,7 MM, 4,6 MM % 300 MM) ¢ IpHMEHEHHEM MOABIDKHOI (asbl,
conepxameit 140 MM anerata ammonust u 10 MM OukapboHata ammonust. JkcriepumeHTsl SEC
npoBoamyin Ha cucreme Waters Acquity UPLC I-kjmacca mpu KOMHATHOW Temmeparype, ¢
IETeKTUPOBAHUEM JUTHHBI BOJHBI mpu 280 HM, CkopocThio motoka 0,2 MJI/MUH U BBOAUMOMU
Harpy3koi Oenka 50 MKT.

[217] 4.4 MM-SEC-MS

[218] Ananutnueckuii uukyn Ha cucreMe MM-SEC-MS npoBoamin HM30KpaTUYECKU C
NpUMEHEHHEM MOJBIKHOM (asbl, copeprkamieid 420 MM anerata ammonus u 30 MM OukapboHarta
aMMOHHMS 110 METOAMKE, NPOUIUTIOCTpUpoBaHHOM B [Ipumepe 3.2.

[219] 4.5. Pe3yabTaThl

[220] CpaBuenne obmeit nonHoi xpomarorpammsl (TIC) u cnextpos HatuBHON MS must
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RP LC-MS na Lumos (cm. @ur. 8), SEC-MS va EMR 1 MM-SEC-MS na EMR nemoHcTpupyer
CYLIECTBEHHOE OTHAeNieHHe W OOHapy»KeHHe TOMOIMMEPOB OT OHCHenu(pUUecKoro aHTUTENa.
Hcxonnas wmacc-criekTporpaMma, nojiydeHHass npu nomomu RP LC-MS, He mno3Bomsiia
nudepeHInpoBaTh roMoauMepbl U Oucnenuduaeckoe antureno. HeobpaboTaHHBIN Macc-CIIEKTP
ot SEC-MS no3ponuin pa3genurb U 0OHapykuTh romoaumMep | u ducnenudpuyeckoe aHTUTEO,
HO paszfeneHus ObUIO HEJOCTATOYHO MU pa3feNieHus W OOHapy»KeHHs roMoauMepa 2 u
oucneruduueckoro anrutena. Tompko HeoOpadoraHHble Macc-criekTpbl U3 MM-SEC-MS
IPOIEMOHCTPUPOBAJIH TOCTATOYHOE pa3zieieHne U oOHapyskeHHe romoaumMepa 1, romogumepa 2
u OucrnennpuUecKkoro aHTUTENa. JTO CPaBHEHHE IOATBEPKAAET KOHLEMIMIO NPEUMYILIeCTBA
MM-SEC-MS nan SEC-MS u RP LC-MS nnist oOnapy:keHus npumMeceii B OnodapmanieBTHIECKHUX
NPOAYKTAax.

[221] TIpumep 5. Ilocnenosarenbhbie UKl MM-SEC-MS oOHapy KeHHs! ¢ MOMOIIBIO
Zenix SEC-300, 3 mxm, 300 A, 7,8 x 300 mm

[222] [lns OLEHKH KadyecTBa MAHHBIX OOHAPYKEHUs] B MOCIIEAOBATENbHBIX LUKJIAX C
nomotneo cucteMbl MM-SEC-MS Obuto mpoBeneHO TPH aHATUTHYECKHX LUKJA IJis1 o0pasiia,
copepskamero Oucneuuduueckoe Ab, romomumep 1 u romomumep 2 (IPUTOTOBJIEHHBbIE, KaK
onucaHo B pasgene 4.1). AHaguTHUYECKHE IUKJIbl BBINOJHSUIA 1O  METOMOJIOTHH,
NPOUJUTIOCTPUPOBAHHON B pasnene 4.2, u ¢ MOABWXKHON (a3oii, comepskameit 280 MM anerara
amMMonus 1 20 MM OukapOoHaTa aMMOHWUSL.

[223] HeoOpaboTaHHbIE MACC-CIIEKTPBI U XpOMATOrpaMMa H3BjiedeHHbIX HOHOB (XIC) must
TPeX LMKJIOB MPOAEMOHCTPUPOBAIN CHI)KEHHE KaueCTBAa JAHHBIX M OTHOIIECHUS] « CUTHAJ/LITYM»
(cm. @ur. 9). OToT 3P PeKT MOXKET HAOTOIAThCS U3-3a MPUMEHEHUsT OOJBIIOH KOoHKH (7,8 X 300
MM), IJIs1 KOTOpOU Tpedyercst 00binoe KondecTBo odpasua Oenka (~ 50 MKr) mist obecrneueHus
UHTEHCUBHOCTH MS, 4TO MOXKET MPUBECTU K OCAKIEHHIO OeJika MpH BBICOKOW KOHLIEHTPALUU
COJIM |, CJIEeOBaTeIbHO, TpeOyercs: Oojiee yacTas OUMCTKA MyTH MPOXOKACHUS MOTOKa (mepen
OYHMCTKOH 3aIyCKAalT MaKCUMyM 3 00pasia).

[224] Kpome Toro, Oosblasi KOJIOHKA M OTHOCHUTEJBHO HHU3Kasi CKOPOCThb IMOTOKA, C
KOTOpOil MokeT paboTarh HaHOpaszzmenutenb (Makc ~ 0,4 MJI/MUH), TPUBOAWIM K OOJNBLION
mupuHe nuka (~ 1,5 MHH), 4TO B HEKOTOPBIX Ciy4asx BJIMsUIO Ha MS MHTEHCHBHOCTb U
paspernieHre. Bpemst mo3MHETo 3JIFOMPOBAHUS TaKXKe 3aMeyisuio odmee BpeMs aHanmu3a (30 MuH
IUTSI KasKI0oro obpasna).

[225] ITpumep 6. OOHapy keHHE TOMOAMMEPHBIX BUAOB ¢ momometo Zenix SEC-300, 3
MkM, 300 A, 4,6 x 300 mMm.

[226] 6.1 TIpuroToBneHue oOpa3IOB CTAaHAAPTOB CMecHu OUCTeUU(PUUECKUX AHTUTET U
rOMOZNMEPOB

[227] CtannmapThl cMecH OHCTIENUPUUECKUX aHTHTEI U TOMOAMMEPOB MOYKHO TOJYYHTh
COTJIACHO CIIOCOOOB, ONMMCAHHBIX B pasaene 3.1.

[228] 6.2 MM-SEC-MS

[229] Ananu3 ¢ nomommbto MM-SEC-MS BBITIONHAIN U30KPATUYECKUA C MPUMEHEHHEM

komonku Zenix SEC-300 MK (4,6 x 300 HM, 3 MKM) B CHUCTeME, Kak OITMCAHO BBIIIE.



42

DnoupoBaHue KOHTpoupoBanu Y @-uznyuenuem npu 280 HM.

[230] beumn mpoBeneHbl UEThIpE CEPUM HKCIEPUMEHTOB. B mepBOM 3KCIEpUMEHTE,
nonBmkHas ¢aza conepkana 140 MM anerara amvonus u 10 MM OukapOoHaTa aMMOHHS, BO
BTOPOM 3KCIIEpUMEHTe TonBrokHas (aza coxepkana 280 MM amerara ammonust u 20 MM
OukapOoHaTa aMMOHWUSI, B TPEThEM SKCIIEPUMEHTE MOABIDKHAS (aza comeprxkana 420 MM anerara
ammonust 1 30 MM OmkapOoHaTa aMMOHHS, U BO BTOPOM JKCIIEPUMEHTE MOIBWXKHAs (aza
conepxaina 560 MM anierat ammonus U 40 MM OukapOoHaTa aMMOHUS. DIIOMPOBAHUE IPOBOIWIN
npu ckopocTu notoka 0,3 Mi/MuH.

[231] HAna aHaMUTUYECKUX LUKJIOB, BBOAMMBIE 3arpy3ku Bkro4daimu 10 Mkr Oernka.
DnoupoBaHue NPOBOUIIH C IPUMEHEHUEM U30KPaTUYeCKOro rpaiueHTa, COCTOSALIET0 U3 alleTara
ammonus (Oydep A) u dbuxkapbonara ammonus (0ydep B). [Ipumenenne konuenTparuii donee 150
MM o01mel KOHIEHTpaLUU COJU JAEMOHCTPUPOBAJIO YJYUIIEHHOE pa3fesieHne U OOHapyKeHue
romonumepoB u Oucnenududeckux anturen (cu. @ur. 10). OOwee Bpemsi aHanu3a Mpu
NPUMEHEHUN MEHblIeH KONOoHKH (4,6 X 300 HM) yMEHBIINWIOCH IO OKOJIO 18 MUHYT, a muUpHUHA
NMKa YMEHbLIMIACh O MEHee 4eM | MHHYTHI IO CPaBHEHMIO C OOIIMM BPEMEHEM aHaH3a M
IIMPUHON MUKa NMpH NpuMeHeHuu Oosbiuei komoHku (7,8 x 300 HM). Pasnuuus npuBeneHsl Ha
Qur. 11

[232] TIpumep 7. Ananuz MM-SEC-MS nernmko3ninpoBaHHON cMecH OrcrennpuaecKnx
aHTUTeN, romoanMepa 1 u romoxumepa 2 Ha kosonke Zenix-SEC.

[233] 7.1 IlpuroroBieHue AETIMKO3UIHMPOBAHHOW CMeCH OHCTEeUU(UYECKUX aHTHUTEN,
romoaumepa 1 u romogumepa 2

[234] Kaxnpiii Oenok obpabareiBayu nentunom N-riukosunaszoi F (ITHIMaza F; 1 TUB
muenuHuna Ha 10 Mkr 6ernka) mpu 45°C B Teuenue 1 yaca UIst MOJTHOTO YAAI€HUS TIIMKAHOBBIX
Lenei U3 KaKnoi KOHCTAHTHON 00JIaCTH TSKEJION LIEITH.

[235] 7.2 MM-SEC-MS

[236] Ananu3 ¢ momormbto MM-SEC-MS BBITIONHAIN HU30KPATUYECKU C MPUMEHEHHEM
komonku Zenix SEC-300 MK (4,6 x 300 HM, 3 MKM) B CHUCTEME, KakK OITMCAHO BBIIIE.
DmoupoBaHue KOHTpoupoBanu Y @-uznyuenuem npu 280 HM.

[237] beum mpoBeneHbl MIECTb CEPHUIl SKCIEPUMEHTOB. B mMepBOM 3KCHEpUMEHTE
nonBmkHas (asza conepkana 9,3 MM anerata ammonust u 0,7 MM OukapOoHaTa aMMOHHS, BO
BTOPOM DJKCIepuUMeHTe TonBrkHas (asa comepskana 46,7 MM anerata ammoHust u 3,3 MM
OukapOoHaTa aMMOHUSI, B TPEThEM SKCIIEPUMEHTE TIoABMKHAs (pa3a comeprkana 93,3 MM amerara
aMMoHusl B 6,7 MM OmkapOoHaTa aMMOHUS, B YE€TBEPTOM JKCIIEPUMEHTE MOIBMXKHAs (asa
comepkana 186,7 MM amerara ammonus u 13,3 MM OukapboHaTa aMMOHUS, B ISITOM
JKCIIEpUMEHTe NoABMKHAs (a3a conepskana 280 MM anerata ammorus 1 20 MM OukapOoHarta
aMMOHWUSI, ¥ B IIECTOM 3KCIIEPHUMEHTE TOABIDKHAS (a3a comeprkana 420 MM anerata aMMOHUS U
30 MM OukapboHaTa aMMOHUS. DIFOUPOBAHIE MPOBOIAIIN MPU CKOPOCTH 1oToka 0,3 MiI/MUH.

[238] st aHanmUTHYECKHUX IUKJIOB, BBOAMMBIE 3arpy3ku BKirouaan 10 Mkr Oernka.

[239] [Tpumenenne ob1ei KoHIeHTpauu cou 10 MM TeMOHCTPUPOBAJIO CYIECTBEHHOE

paznenenue romoaumMepa 1, Oucnennduyeckoro anturena u romoaumepa 2. [Ipu KoHUIEHTpau
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com 10 MM romoammep 2 umen Oosee MO3qHEEe BpeMs YA KUBaHUS, YeM Oucnennduyeckoe
AHTUTEJIO, KOTOPOE IEMOHCTPUPOBANIO Ooee Mo3Hee BpeMsl yIepKUBAHUs, YeM romoaumep 1.
Onnako mpu koHueHTpammsx Oonee 10 MM romomumep 1 umen Oonee mo3gHee Bpems
yIepKUBaHUs, 4eM Oucnenuduyueckoe aHTHTENO, KOTOPOe AEMOHCTPHPOBANO Oojiee HHU3KOe
BpeMs yaep>kuBaHus, yeM romoanmep 2 (cm. ®@ur. 12 u @ur. 13). DtoT 3ddexT Moxer ObITh
CBSI3aH C Pa3JMYHBIM THUIIOM B3aUMOIEHUCTBUSA: 3apsAnoM, GopMoi miu runpopoOHOCTBIO Tpex
OEMKOB C MCIOJB30BAHHOW CMOJIOHW U SKCKIIIO3MOHHOW Xpomarorpaduu. 3apsin Oenka mpu
JAHHOM KOHLIEHTpaumu conu 3aBuUcUT OT ux 3HadeHuidl pl (Tabmuma 2). CymectBeHHbIe
paszeneHus nojyvaau JuO0 MpHu NPUMEHEHHH MOABUKHOM (pa3bl ¢ HU3KOH KOHIIEHTpaluel conu
10 MM, nubo npu nNpuMeHEHNH NMOABIKHOM (ha3bl ¢ BBICOKOW KOHLEHTpaluen conu d6onee 100
MM. TIlpu Oonee HHU3KMX KOHLEHTPALMSIX COJM YAEPKUBAHHE MOXKET ObITh BBI3BAHO
B3aUMOJIEHICTBUEM «3apsii-3apsiy. Hampumep, OCHOBHBIE MOJEKYJBl MOXHO pasfeluTb C
MIOMOIIBIO MTOJBHKHON (a3pl ¢ Oosee HU3KOM KOHIeHTpauuel conu B cucreme MM-SEC-MS.
ITpu Gosee BBICOKMX KOHLEHTPALMSIX COJH yAEP)KHBAHUE MPOUCXOIUT 3a c4eT ruapodoOHOro
B3aumopercTaus. Hampumep, KHCIOTHBIE Wi THAPOGOOHBIE MOJIEKYJIBI MOTYT OBITh pa3aeseHbI
C MPUMEHEHUEeM NOABIIKHOI (a3bl ¢ OoJiee BBICOKOI KOHLeHTpauuei comu B cucteme MM-SEC-
MS (cm. @ur. 14 u dur. 15).

[240] Hpeanbnoe SEC  pasmeneHume  OOKHO  OCHOBBIBATBCS — TOJBKO — HA
T'HAPOJMHAMHIYECKOM 00beMe Oenka, U He JOJDKHO OBITh HHUKAKOrO JPYroro B3aMMOIEHCTBUS
Mexkay OenkoM M HenmoABHKHOHM (asoi. Tlockonbky MaTpuiia KOJOHKH Ha OCHOBE JHOKCHIA
KPEeMHHUSI MOXKET JE€MOHCTPUPOBATh OTPULATETbHBIE 3apsbl M3-3a CHJIAHOJBHBIX TPYIII
(MOHOOOMEHHBIE XapaKTePUCTUKU), NEPUBATU3ALMS YACTHL IHUOKCHUAA KPEMHHs IOMOraeT
yMeHbINTh 3(QeKxT cunaHosa, HO B TO K€ BpPEMS MOXKET BBECTH HOBBIH MEXaHHU3M
B3aumoneiicteusa  (runpodpobHocTh). Takum oOpasoMm, MoxHO co3maBath cmonbl  SEC,
oOiaparomue (yHKIHOHAIBHBIMUA BO3MOJKHOCTSIMH, KaK 3TO ObUIO BHIHO C KOJIOHKaMH Zenix
SEC. D10 00BsICHSIET pa3HULY B MOPSIKE JIFOUPOBAHUS OCITKOB C PA3HBIMHI KOHLIEHTPALIMSIMH TIPH

npuMeHeHUU KoyoHkH Zenix-SEC.

Tabnuua 2.
mAb pl MoJgexyasipaas
macca
bucneunduueckoe antureso 7,66 145 337
l'omomumep 1 (Gucnemmduueckoe antureno HC* | 8,03 144 677
TOMOZIFIMED)
I'omonumep 2 (bucnenmpmaeckoe antureno HC romonumep) | 7,28 145998

IMpumep 8. Anamnz MM-SEC-MS nernuko3uanpoBaHHOW cMecH Oucrnenn(puiecKkux
aHTuTeln, romoaumepa 1 u romoaumepa 2 Ha kononke Waters BEH SEC.

[241] 8.1 IlpuroToBiieHHEe NETIMKO3UIUPOBAHHOW CMecH Oucmenu(pruecKux aHTUTE,
romoaumepa 1 u romogumepa 2

[242] Aernuko3mInpOBAHHYK CMECh TOTOBHIIU IO TOM K€ METOUKE, 4TO U pazaeine 7.1.
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[243] 8.2 MM-SEC-MS

[244] Ananu3 ¢ momormbio MM-SEC-MS BBITIONHAMN HU30KPATUYECKU C MPUMEHEHHEM
xosioHku Waters BEH SEC B cucteme, kak onucaHo Bblle. DJIOUPOBaHHe KOHTponuposanu Y @-
u3yydenueM npu 280 HM.

[245] beutm mpoBeneHbl MIECTb CEPHUIl SKCIEPUMEHTOB. B mepBOM 3KCHEpUMEHTE
nonBrkHas (asa coneprkana 14 MM anerata ammonus 1 1 MM OrkapOoHaTa aMMOHMS, BO BTOPOM
JKCIIepUMeEHTe MoABIKHas (asa conepxkana 18,7 MM anerata ammonus u 1,3 MM OukapOoHarta
aMMOHUSI, B TPETbEM SKCIIEPUMEHTE MOABIDKHAS (aza copeprkana 28 MM arierata aMMOHUS U 2
MM OukapOoHaTa aMMOHUS, B YETBEPTOM 3KCIIEpUMEHTE MOABIDKHAsA (aza conmepkana 70 MM
anerara aMMoHHsl u 5 MM OukapOoHAaTa aMMOHHUS, B ISITOM 3KCIIEPUMEHTE MOJBIKHAs (as3a
comepxkanma 93,3 MM anerata ammonumst u 6,7 MM OukapOoHata aMMOHHS, U B LIECTOM
JKCIIepUMEHTe NoABIkHas (asza conepskana 280 MM anerata amMoHus U 20 MM OukapOoHarta
aMMOHHU1. DJIFOUPOBaHKE MPOBOIWIN IPU CKOPOCTH 1MOTOKA 0,2 MIJI/MUH.

[246] JInst aHaIMTHYECKUX LIUKJIOB, BBOAUMBIE 3arpy3Ku BKtouanu 10 Mkr Oenka.

[247] Ilpumenenue oO1iel KOHIEHTPALMH COIH 15 MM IeMOHCTPUPOBAJIO CYIIIECTBEHHOE
pasnenenue romoxumepa 1, Oucnermduaeckoro antutena u romoaumepa 2. [lpu koHLEHTpaLnH
comu 15 MM romonumep 2 umen Oosiee paHHee BpeMs yAep:KHBaHUs, 4eM Oucnennduyeckoe
AHTUTEJIO, KOTOPOEe AEMOHCTPUPOBAIO OoJjiee paHHEe BpeMsl yAEPKUBAHUS, YeM romomumep 1.
IIpu yBenu4eHNMM KOHLEHTpPALMM IOABMKHOW (pasbl pasiuuusi BO BPEMEHAX YAEP KUBAHUS
yMeHbIauch. Kpome Toro, mpy KOHLEHTPALUHU COU B OABMKHOM (paze 300 MM romomumep 1
umen Oojee paHHee BpeMs YAEPKUBAHHs, 4YeM Oucrneun(puveckoe aHTUTENO, KOTOpoe
JIEMOHCTpUPOBaJIO Oojiee paHHee BpeMsl yaep:KuBaHUs, yeM romoaumep 2 (cv. ®@ur. 16 u Our.
17). Kak nponemonctpupoBaHo Ha @ur. 14 u @ur. 15, 310T 3ddeKT cBiA3aH C pa3BUTHEM
JIOTIOJTHUTEILHOTO B3auMoneicTBusi Ha kojonke SEC. JlomonHuWTEeNnbHOE B3auUMOAEHCTBUE
3aBUCHT OT KOHIIGHTPALMU COJH B MOABIXKHOW ¢ase. [Ipu Ooyee HHU3KMX KOHLEHTPALMSX,
B3aUMOJIEHCTBHS «3apsii-3apsii» MpeodanaloT B KOJIOHKE U OMPENeSIOT yAepKUBaHUE OeTKOB
Ha KOJIOHKE.

[248] ITpumep 9. MM-SEC-MS ananu3 monekynsl IgG1 u ee okucaeHHOro BapuaHTa Ha
xojionke Waters BEH SEC.

[249] 9.1 [TpuroToByieHNE OKUCIEHHOTO BapuaHTa MojekyJbsl IgG1 - Abl

[250] Abl obpabGarbiBamu mentugom N-rinukosumasou F (ITHIaza F; 1 IUB
muwrenuHnLa Ha 10 Mkr 6enka) mpu 45°C B TedeHue 1 yaca UIst HOJTHOTO YAAIEHUS TIIMKAHOBBIX
Lernei U3 Kaknoid KOHCTAHTHOUN 00JIaCTH TSDKENION LIEIH.

[251] 9.2 MM-SEC-MS

[252] Ananu3 ¢ momormbto MM-SEC-MS BBITIONHAIN U30KPATUYECKUA C MPUMEHEHHEM
xojionku Waters BEH SEC B cucteme, kak onucaHo Bblle. DIIOUPOBaHHe KOHTponuposanu Y @-
nu3nnydenueM npu 280 HM.

[253] bbutu mpoBeeHbl TPU CEpUHN SKCIIEPUMEHTOB. B nepBoM sKkcriepuMeHTe MOABMKHAS
daza conmepkana 93,3 MM anerata ammoHusi U 6,7 MM OmkapOoHaTa aMMOHHS, BO BTOPOM

JKCIIepUMEHTe NoABIkHAs (a3a conepkana 140 MM anerata ammorus 1 10 MM OukapOoHara
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aMMOHUS], & B TPETbEM SKCIIEPHMEHTE, IIECTOM SKCIIEPUMEHTe, MOABIKHAA (paza coneprxana 280
MM anerata ammonus 1 20 MM OukapOboHaTa aMMOHWSI. DTFOUPOBAHUE MPOBOIIIIU MPU CKOPOCTH
nmotoka 0,2 MJI/MUH.

[254] Jnst aHamUTHYECKHUX IUKJIOB, BBOAMMBIE 3arpy3ku BKirouaan 10 Mkr Oernka.

[255] Otmeuanoch cyinecTBeHHOE pasaenieHue aHtutena Abl U ero OKHCIEHHOTro
BapuanTa B cucteMe MM-SEC-MS npu npuMeHeHHH KOHLEHTPALMU COJIM B IOABIIKHOHN (asze
100 MM, 150 MM u 300 MM (cm. @ur. 18, BepxHss naHens). 3Hauenue pl anrurtena [gGl Abl
cocrapisiio 8,65. Jlnst monekyn IgGl ¢ Gonee Beicokum Pl 3apsimoBoe B3auMoOnelcTBUE UTPaio
0ojiee TOMUHHUPYIOIIYIO POJIb MO CpaBHEHHMIO ¢ Mojekyinamu [gG4, koTopble MMEIOT HHU3KHE
3HavyeHus pl.

[256] ITpumep 10. MM-SEC-MS ananus monexyns! [gG1 Ha xononke Waters BEH SEC

[257] 10.1 IIpurorosnenue monekyisl IgG1 - Ab2

[258] Ab2 obpabGarbiBamu mnentugom N-rmukosumasonn F (ITHIaza F; 1 IUB
mmurenuHuna Ha 10 Mxr Oeska) npu 45°C B TeyeHue 1 4aca At HOHOTO yIAJI€HHS IINKAHOBBIX
erneil u3 KaXXaoi KOHCTAHTHOH 00JIACTH TSKEION LIeTTH.

[259] 10.2 MM-SEC-MS

[260] Anamu3 ¢ nmomorbto MM-SEC-MS BbINOSMHSIM U30KPaTUYECKU C MPUMEHEHUEM
xononku Waters BEH SEC B cucreme, kax onucano B Ilpumepe 8.2. Ilpu cpaBHeHHHN BpeMeHU
ynepsxuBanust AByx Mosekya IgG1l: Abl u Ab2, 610 3ameueHo, uto monekyia Ab2 nmena 6osee
HU3KOE BpeMsl yiep>kuBanus (cv. @ur. 18, HIKHSS aHeb).

[261] DTO MOKHO OOBSICHUTH pasHuliei B ruapododHocTr mexxay Abl u Ab2. [insa Gonee
ruApOoPOOHBIX MOJEKYJ 3PPEeKT «BBICATUBAHHS) HAYHMHAET MPOSBIATHCSA NMpH Oojee HU3KOH
KOHLIEHTPALIUK COJIM TIO CPABHEHHIO C MeHee TMAPO(GOOHBIMH MOJIEKYJIaMU. JTa TOUKA TAKKE
Ha3bIBAETCS TOYKOM nepexona (cvm. @ur. 19).

[262] TIpumep 11. KonudecTBeHHOE OmNpenelieHHe TOMOAUMEPHBIX TMPUMECEH B
oucnerduueckux anrurenax ¢ nomoupsro MM-SEC-MS

[263] CrannapTsl reHEepUPOBAIH [0 METOAOJIOTHH, NTpUBeAeHHOI Ha Pur. 20.

[264] Anamu3 ¢ momommbto MM-SEC-MS BBITIONHAIN HU30KPATUYECKUA C MPUMEHEHHEM
kojionkn Zenix SEC-300 MK (4,6 x 300 M, 3 MKM) B cHCTeMe, KaK OMUCAHO Bbime. J{is
SIIOMPOBaHUsl OENKOB NPUMEHSUIN MONABWXKHBIE (asel ¢ KoHueHTpaumed comu 300 MM wu
KoHUeHTpauueit comn 70 MM. Kak ayisi KOHLEHTpauuid HAa WHTAKTHOM, TaK U CYyOBEIUHHYHOM
ypoBHe, Oojiee BhICOKOEe OOHapyskeHue ¢ momombio MM-SEC-MS Habmonanu B oOpa3max ¢
OOJBLINM KOJINYECTBOM roMoauMepoB (cm. @ur. 21 u @ur. 22). [Tpu koHUeHTpauu coau 70 MM
sl TONBYDKHOM — (pa3el, Takke Obuta oOOHapy)keHa JIOMONHUTENbHAss Fc mpuMech
oucnerpuuecKkoro aHTUTENA.

[265] Ha wHTakTHOM ypOBHE, rpaduK TEOPETUYECKOrO COOTHOIIEHHSI «TOMOIUMEP
1/6ucneunguyeckoe aHTUTENIOY» MO CPABHEHHIO ¢ OOHAPYKEHHBIM COOTHOIIEHHEM «TOMOIUMED
1/6bucneunguyeckoe  aHTHTENIO» W TEOPETHYECKOTO  COOTHOIIEHHsS]  «TOMOIUMEP
2/6ucnennuyeckoe aHTUTEIOY» O CPABHEHHIO ¢ OOHAPYKEHHBIM COOTHOIIEHHEM «TOMOIUMED

2/6bucnennuyeckoe  aHTHTENO»  NPOAEMOHCTPUPOBAN  XOPOUIVIO  JHUHEWHOCTb  JUIS
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KOJINYE€CTBEHHOTO ONPeAeNeHHsI MPUCY TCTBYOLINX romonumepos ot 0,1% no 50% (cm. @ur. 23).

[266] Ha cyObenuHOM ypoBHE, TpaduK TEOPETUYECKOTO COOTHOLIEHHS «TOMOIUMEP
1/6ucneunguyeckoe aHTUTEIOY» MO CPABHEHHIO ¢ OOHAPYKEHHBIM COOTHOIIEHHEM «TOMOJIUMED
1/6ucneunguyeckoe aHTUTENO» H TpaduK TEOPETUUECKOTO COOTHOLIEHUS «TOMOIUMEP
2/6ucnennuyeckoe aHTUTEOY» 0 CPABHEHHIO ¢ OOHAPYKEHHBIM COOTHOIIEHHEM «TOMOJIUMED
2/6ucnennuyeckoe  aHTUTENO»  MPOAEMOHCTPUPOBAN  XOPOUIYIO  JHUHEWHOCTh IS
KOJINYE€CTBEHHOTO ONpeAeNeHNs IPUCY TCTBYOLINX romonumepos ot 0,1% no 50% (cm. Pur. 24).
ITo cpaBHEHHIO C MHTaKTHBIM ypOBHEM, JIy4lllas TOYHOCTb ObLa MOJy4YeHa Ha CyOBbeAHMHOM
YPOBHE.

[267] Ilpumep 12. Paszpmenenme SEC B cmemaHHOM pexkume Oucnenuduyueckux u
TOMOZMMEPHBIX aHTHUTEN 111 OOHAPY KEHHUsI HATUBHON MS.

[268] Yerbipe mosekyJibl bsAb ¢ pasabiMu 3HaueHusiMu pl 1 ruppododHocThIO (Tabnmna
3) cmemnBaNy ¢ COOTBETCTBYIOLIUMH FOMOJUMEPHBIMU AHTHTEIAMU U NMPUMEHSUIN B Ka4eCTBE
craHgapToB TectupoBanus. Kaxmas mosexyna bsAb (HH*L2) conmepskana nBe WIeHTHYHBIE
aerkue nenu (LC) u nBe pasubie Tsokensle nenu (HC u HC*), Torna kxak kaxaoe roMoIuMepHOe
anrureno (H2L2 wnu H*2L2) comeprkano ABe WACHTUYHBIEC JIETKHE LIEMH U J1BE WIECHTHYHBIE

Tsoxensle nenu (HC wmm HC*).

Tabauua 3.
I I'napodobHocTh (Kamymuncs
P
daxrop ynepxkuBanus HIC*; mun)

bsAb2 (HH*L2) 6,5 52
bsAb2

HC romonumep (H2L2) 6,1 4,3
cMecCh

HC* romogumep (H*2L.2) 7,2 6,1

bsAb3 (HH*L2) 7,4 4.8
bsAb3

HC romonumep (H2L2) 6,6 4,2
cMech

HC* romogumep (H*2L2) 83 5,6

bsAb4 (HH*L2) 7,7 7,0
bsAb4

HC romonumep (H2L2) 7,3 8,4
cMech

HC* romogumep (H*2L2) 8,0 5,7

bsAbS (HH*L2) 8,1 6,3
bsAbS

HC romomumep (H2L2) 7.4 52
cMech

HC* romogumep (H*2L2) 8,5 7,7

* Kaxymmiicss ¢akrop yzaepxusanus HIC paccuumTeiBamy Ha OCHOBAaHMH BPEMEHH
yAEPKUBAHUST MOJIEKYJIbI Oelika, mpoaHanmusupoBaHHOro ¢ momometo HIC. Ha xomonky YMC
BioPro HIC BF (4 mkm, 100 MM X 4,6 MM) HaHOCHJIHM TMOIABWXHYIO ¢asy «A» m3 3,3 M
amMMoHuitHOrO Oy(epa u nonsmwxHyo (asy B Bogsl. I'paguent Bomonssam ot 100% o 97% A 3a

18 mMun npu ckopoctu mnoroka 0,4 wmu/muH. Kaxkymmiics ¢aktop ynepsxkusanus HIC
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pPacCYUTBIBAIN [Ty TEM HOPMAJIN3ALMU BPEMEHU yIepKUBaHUs B TeueHue 18 munyT no mkane 10.

[269] 3arem uerbipe cmecu bsAb anHammsupoBanu Ha koysioHke Waters BEH ¢
NPUMEHEHUEM TpeX pa3jnyHbIX KOHHeHTparuii comu (75 MM, 150 MM u 300 mMM) c
MOCNEAYIOMUM  OOHAapy’KeHHeM C TOMOILIbI0 OHJjaitH HatuBHOW MS. IlonyueHHble
XpomaTorpamMMmbl OCHOBHBIX NTUKOB (base peak chromatogram - BPC) nponemoncTpupoBaHb! Ha
nesoil manenu Pur. 25. B cooTrBeTcTBUH ¢ HAOMIOAEHUSMH U3 MPEBIAYLIEr0 HUCCIEAOBAHUS,
KOTZla KOHLIEHTPALMsl COJHM YBEIMYUBAJIACh, MOJEKyJIbl mAb ¢ pasHbIMH 3HaueHus MU pl
JEMOHCTPUPOBAIM pa3Hble TEHIEHLUH BPEMEHU YyAEpPKUBAHMs. YUWUTbIBas pPa3IUYHYIO
XapaKTepUCTUKY YIEPKUBAHMA KaXIOrO AHTUTENA MpPH Pa3JIUYHBIX KOHLEHTPALUSIX COJIH,
aBTOPBl MCCIIEOBAIN BO3MOXKHOCTb OTJEJIEHUs] TOMOAUMEPOB OT bsAb myrem mopymsuuu
KOHLeHTpauuil coimu. Hanpumep, B cmMecu bsAb2, korna KOHIEHTpalus comu cHmkanack ¢ 300
MM no 75 MM, nBe kucnble mMonekysl, romogumep H2L2 (pI=6,1) u HH*L2 bsAb (pI=6,5),
SJIIOMPOBAIINCH PaHble, BEPOSTHO, MU3-32 CHIDKEHHS] THAPOGOOHBIX M 3JIEKTPOCTATUYECKUX
B3aUMOZAEICTBUII MpPU HU3KOW KOHLEHTpauuu cosu. HampoTus, HeWTpanbHas MOJIEKYJa,
romonumep H*2L2 (pI=7,2), ocTaBanach moYTH HEM3MEHHOH BO BPEMEHHU YAEPKUBAHUS TPH
U3MEHEHNU KOHLEHTPALUU COJM, HPEANOJOKUTENbHO H3-3a TOrO, YTO YMEHBLIEHHOMY
ruapooOHOMY  B3aUMOAEHCTBUIO NPOTHUBOAEHCTBOBAIO YCHIEHHOE 3JIEKTPOCTATHYECKOE
B3aMMOZEICTBUE NPU HU3KON KOHLEeHTpauuu conu. Kpome toro, nockonbky romoaumep H2L2
IPOAEMOHCTPUPOBAJ OOJIee 3HAUUTENIbHOE YMEHbIICHNE BPEMEHH yAeP>KUBAHUS 110 CPABHEHHIO C
HH*L2 bsAb (Bo3aMoxHO, M3-3a ero Oojiee HM3KOro 3HaueHusi pl u, ciemoBaTenbHO, Ooiee
€1aboro 3JIEKTPOCTATHYECKOTO B3aUMOICHCTBUS), YIYUIIEHHOE Pa3ielieHHe MEX1y HUMH ObLIO
TaK)Ke JOCTHTHYTO mpu Oojiee HU3KOH KOHLEHTpaUuH coidu. B pesymbraTe Xxopouiee
xpoMaTtorpaduueckoe pasfeieHue MekAy romomuMepamu U bsAb2 ObUIO AOCTUTHYTO TIpU
KOHLIEHTpaLuu conu 75 MM.

[270] TouHo Tak ke pa3deneHue Mexay bsAb3 W OBYMs €ro roMOAMMEpPaMU TaKKe
3HAYUTENBHO YJIYUYIIUIIOCh, KOTAa KOHIEHTpauus conu cHuszmiack ¢ 300 MM o 75 MM. 3t0
CBSI3aHO C TE€M, YTO TMOKa3aTesd BPEeMEHHU yaepskuBaHusi romonumepa H2L2 (pI=6,6), HH*L2
bsAb (pI=7,4) u romogumepa H*2L2 (pI=8,3) yMeHBbIIMINCh, OCTAJIHCh HEM3MEHHBIMU HJIH
YBEJIMYIIINCh, COOTBETCTBEHHO. lIpMMedaTenbHO, 4TO XOTS HCXOOHOE paspelieHue He ObuIo
OOCTUTHYTO HU JJIsl OAHOTO M3 JBYX IPUMEPOB, HAa HMIAEHTU(UKALMIO U KOJMYECTBEHHOE
orpezeNeHHe TOMOJUMEPOB HE JOJIKHBI OKa3bIBaTh CYLIECTBEHHOE BIMSHHE KO3JIIOUPYIOLIHE
YaCTHULIBI, KaK 3TO OBLIO ObI 111 KOJIMYECTBEHHOTO ONPEAENIEHHsI HA OCHOBE Y P-U3JTydeHus H3-3a
BBICOKOM cnennduaHocTr MS Kak nerexTopa.

[271] B cmecu bsAbS, nyumiee pasnenenne CHOBa ObLIO JOCTUTHYTO NPU KOHLEHTPALIUU
cosu 75 MM Ha xononke BEH 1o cpaBHeHHIO C yCIOBUSMHU C BHICOKHM COZAEpPKaHUEM COJH. ITO
CBSI3aHO C T€M, YTO OTHOCHTEJbHO OCHOBHBIE Mousiekysiel, HH*L2 bsAb (pI=8,1) u romonumep
H*2L2 (pI=8,5), obe mpomeMoHCcTpupoBaau Oojee MO3MHEE BpeMsl yAEpPKUBAHUS, TOTNA Kak
OTHOCHUTEJIbHO HelTpanbHbili romogumep H2L2 (pl=7,4) ve mponeMOHCTPpUpPOBaT U3MEHEHUH B
NoKaszaTesie BpeMEeHU yAep KUBaHUsI IIPU YMEHbIIEHUN KOHLIEHTpalmu coju. OgHako, HeCMOTps

Ha XOpollee Xpomarorpapuyueckoe pasleieHHe, 5TO YCJIOBHE He ObUIO HIOeaJbHBIM JJIsI
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KOJINYECTBEHHOTO OMpEeNIeHHsI TOMOANMEpPa, TIOCKONIBKY Ut romogumepa H*2L.2 npu Huskoi
KOHLIEHTPALlU COJIM H3-3a €r0 BbICOKMX OCHOBHBIX XapaKTEepPUCTUK HAuyajo MPOUCXOIUTH
pacmiipeHre TIMKa W CHWKEHHWe wu3BjeueHuss Oenka. bojee Toro, cmech bsAb4
NPOIEMOHCTPUPOBAJA, YTO YJYUYLIEHHOE pasfelieHHe He MOXET OBITh AOCTHUTHYTO 32 CYET
CHI>KEeHMS KOHUEeHTpauuu cosiu ¢ 300 MM 1o 75 MM. BeposTHO, 3TO CBSAI3aHO C TE€M, UTO BCE TPU
MOJIEKYJIbl UMEIOT Onm3kue K HedTpanmbHbiM 3HaueHust pl (Tabmuma 3) u, Takum oOpasom,
JEMOHCTPUPYIOT aHAJIOTUYHbIE XAPAKTEPUCTUKU YAEP)KUBAHUSA C COOTBETCTBYIOIIUMHU
W3MEHEHUSIMU KOHLEHTpaLuu cOoju. XOTs JajbHellllee CHI)KEHHE KOHLEHTPALUU COJU JJIs
YCUJIEHUsl 3JIEKTPOCTATHUECKOrO B3aUMOJEHCTBUS MOXKET YJYYIIUTh pas3fesieHue, BEPOSTHO,
IIPOU30IIET CUJIBHOE PACLIMpPEHUE MUKA, YTO HAPYLIUT KOJIMYECTBEHHOE ompereneHue. Taxxke
NPEACTaBIsIeT MHTEpeC TOT (akT, 4To Npoduib 3IHOUpoBaHus cMecu bsAb4 pacmupsics ¢
yBeJIMYEHUEM KOHLEeHTpauuu cond. IIpu xonuentpauuun coau 300 MM, nopsiAOK dJIFOMPOBAHUS
Tpex MoJiekysn Obu1 ompeneneH ¢ nomoinblo XIC (maHHbIE HE NPOAEMOHCTPUPOBAHBI) IS
romonumepa H*2L2, HH*L2 bsAb u romomumepa H2L2, 4Yro COOTBETCTBOBAJIO HX
pPaHXXMPOBAaHMIO 1O TUAPOGOOHOCTH, ONpENeNeHHOMY C IOMOLIBI0  XpoMmarorpapuu
ruapodobHoro B3ammoneiictust (Tabmuma 3). CnemoBaTenbHO, HalibHEHINEE YCHIICHUE
ruapooOHOro B3aMMOEIHCTBYS 3a CUET IPUMEHEHHs ele Ooee BBICOKOH KOHLIEHTPALUHU COJIH,
BEPOSITHO, YJIYULINT pasaeiieHne cMmecu bsAb4 Ha sTol konmonke. K cokaneHHoo, ucxonst w3
HAILIETO OMbITa, KOHLEHTpaLus cojeii Bbime 300 MM 00bIYHO co3zaeT mpobiieMy 1ecoibBaTalui
Y 3HAYUTEJIbHO CHUIKAET 4y BCTBUTEIbHOCTh HATUBHON MS.

[272] [ns npanbHeWiero u3y4eHus pasfenieHus cmeceil bsAb mnpu npumeHeHuMn
KOHLIGHTPALUI COJIel, MPUTrOAHBIX s aHainn3a MS, kononky Sepax Zenix SEC-300 ouenuBanu
Ha IIpeIMeT B3aUMOAENCTBUS B CMELIAHHOM pekuMe. I paHyibl AMOKCUAA KPEMHUS 3 MKM B 3TOH
KOJIOHKE TOKPBITBI XUMUYECKH CBSI3aHHBIM CTOMKHUM MOHOCIOEM, KOTOpPBIN, BEpPOSTHO,
CrocoOCTBYeT YMEpEeHHOH ruapodOoOHOCTH 3TOH KOJIOHKH, KaK COOOIIANOCh B MPEIbIIyIIHUX
uccnenoBanusix (Yang et al, 2016, Boie; Wong et al, Boime;, Pavon et al, Boume). [lpu
KOHIeHTpauusix comu 150 MM u 300 MM, Kakayro U3 4eTbIpex cMecer bsAb pasnmensiiu Ha 3TOH
KOJIOHKE  JUIs  TOCJENYIOINero  JeTeKTHPOBAaHUS  HATHUBHOW  MAacC-CIIEKTPOMETpHEN;
crenepupoBanHble BPC nponemoHcTprpoBasbl Ha npaBbix nasHessix @ur. 25. Kak u oxunanocs,
cMech bsAb4 mponpeMOHCTpHpOBaJia YIIyUIIEHHOE pa3eieHHe Ha KOJIOHKE Zenix MO CPaBHEHUIO
¢ xononkoil BEH npu npuMmenenuu tex e KOHUEHTpauui conu. [lopsanok smouposBaHus Tpex
MOJIEKYJT TaKKe COOTBETCTBOBAJ WX OTHOCHTENBHOW TruUApOPOOHOCTH, MNpUYeM Hanboee
ruapodobHbIii romonumep H2L2 smrouposaincs nocnennuMm. Crnenyer oOpaTUTh BHUMAaHHE, YTO
xpoMarorpadguueckoe paspenieHne cmecu bsAb4  IONMONHUTENBHO  yyYINAjJoCh TpU
koHUeHTpauuu conu 300 MM no cpaBHeHMIO ¢ TakoBOH npu 150 MM, 4TO SBISETCS 0KUIAEMBIM,
MIOCKOJIbKY O0Jiee BBICOKAsI KOHLIEHTPALUS COJTH CMIOCOOCTBYeT ruipoGoOHOMY B3aUMOIEHCTBHIO.
Kpome Toro, cmech bsAbS Gonee 3¢hekTHBHO pasnessiiach Ha KOJIOHKE ZenixX 1Mo CPaBHEHUIO ¢
konorkoi BEH, npeanonoxurenbHo u3-3a O0NbIINX pa3induii B THAPO(GOOHOM B3aUMOIEHCTBUN
C MaTpULIEH KOJIOHKH MEKy KOMIIOHEHTaMHU cMecH. TakuM 00pa3oM, MOy IUPY st KOHLIEHTPALIUIO

conu Ha 1ByX KojoHkax SEC c pa3HbIMH CBOHCTBaMH, Mbl JE€MOHCTPHUPYEM, UYTO XOpollee
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XpoMaTorpadguueckoe pasaeseHue MOKET OBbITh JOCTUTHYTO JUISI BCEX YeThIpeX cMecei bsAb mpu
KOHIIEHTPALMSIX COJIM, OJArONPHATHBIX JJIsI TIOCHEAYIOLEero OOHapyKeHUS MOCPEICTBOM
HaTuBHOM MS. Taxxe BeposTHO, uTO npyrue kojoHku SEC, He mpoTecTHpOBaHHBIE B 3TOM
UCCIIEIOBAaHIH, MOTYT el OOJIbIIe PACIIMPUTh IPUMEHUMOCTb 3TOTO CIIOc00a, Ipesiarasi HOBble
B3aUMOJEICTBYS B CMELIAHHOM PEXKUME.

IIpumep 13. KomnuecTBeHHOE ONpenesNeHre IOMOAUMEPHBIX MNPHUMECEH € MOMOLIBIO
HaTuBHOU MM-SEC-MS.

[273] OtTHOCUTENBHOE KOJUYECTBEHHOE OMNpENeeHHe C TMOMOUIBI0 IOAXOOB,
OCHOBaHHBIX Ha MS, yacTo TpeOyeT XOpOILIO OXapaKTepHU30BAHHOTO MOHHUMAaHMs OTKIHKa MS
(marmpumep, 3pdexTHBHOCTH HOHU3ALMK U 3(P(EKTUBHOCTU MEpeNadyd HOHOB) OT KaKAOTO
aHanmuta. M3-3a cBoero cxomHoro pasmepa, bsAb u romompuMeps! JOJKHBI A€MOHCTPUPOBATH
OJIMHAKOBYIO 3(p(PEeKTHUBHOCTH Nepenadynu MOHOB BO BpeMs HaTuBHOro MS-anamusza. C npyroi
CTOPOHBI, Ha 3(pPEeKTUBHOCTb MOHU3ALMH MOXKET BIUATH KaK COCTAB PACTBOPHUTENSI BO BpeMs
3JIFOMPOBAHUSA, TaK U MPUCYTCTBUE COBMECTHO 3oupyeMbIx yactull. [lockoneky B Metone MM-
SEC-MS ucnonb3yercsi U30KpaTUYECKOE dII0OUPOBAHNE, BIUSHIE Ha MOHU3ALUIO U3-32 PA3HOTO
COCTaBa PacTBOPHTEJIS, KOTOPOE OOBIMHO HAOIONAETCS B METOAAX IPATUEHTHOTO 3JIFOUPOBAHUS
(manpumep, IEX-MS), moxer ObITh yeTpaneHo. st ouenku ¢ dexruHocTn Mmerona MM-SEC-
MS Ha npeaMeT OTHOCUTEIBHOTO KOJMYECTBEHHOT'O ONPEIEIEHUsI TOMOANMEPHBIX IPUMeECceH, ISt
aHamu3a ObUla TOATOTOBJIEHA cepusi Ao0aBieHHBIX 00pa3suoB bsAb2, comepkamx
roMonuMepHsele npuMmecH B auanaszoHe ot 0,1% no 10%. Kononky Waters BEH ¢ noasmxHOI
(azoli ¢ KOHIIeHTpaLKel coiiu 75 MM npuMeHsIIH Uit focTikeHus pasnenenus MM-SEC mexny
bsADb2 1 COOTBETCTBYIOIIUMHU roMOnUMepaMu. J1Jisi OLEHKH OTHOCHTEIBHOTO KOJHYECTBEHHOTO
OMpeAeNeHrus] KaKIAOr0 TrOMOIUMEpA, MPHCYTCTBYIOINEro B oOpa3max bsAb2, Obutu
creHepupoBanbl XIC, OCHOBaHHBIC Ha M/Z YeThIpeX HauOoJiee PacIpOCTPAHEHHBIX 3aPsIOBbIX
COCTOSIHUH JTHOO TOMOTUMEPHBIX BUAOB, THOO bsAb2, a mutomaayu nUKoB ObLIM HHTETPHUPOBAHBI U
HCIIOJIb30BAJINCh ISl KOJMUYECTBEHHOTO ONpeAeNeHrs] KOIUYecTBa Kakaoro romoaumepa. Kax
NPONEMOHCTPUPOBAHO Ha Pur. 26, 3TUM METOOOM MOXKHO JIETKO JOOUTHCS HAJEKHOTO
KOJIMYECTBEHHOTO ONpe/ieNieH!sl TOMOAMMEPHBIX npuMeceii B auanas3one ot 0,1% o 10%. Kpome
toro, naxke mpu podasnmeHHoM 0,1% ypoBHe BCce eme MOTyT OBITh TOJYYEHBI
BBICOKOKaU€CTBEHHbIE HATHBHBIE MacC-CIIeKTpbl romoaumepoB H2L.2 u H*2L.2 (®ur. 27, npaBas
NaHeNb), YTO MPUBOAMUT K HMIACHTU(UKALMU U KOJIUYECTBEHHOMY OMNPENCICHHIO C BBICOKOH
CTENEHbIO IOCTOBEPHOCTH.

[274] Hosbeii wmeron MM-SEC-MS 0Obu1  pa3paboTaH ©  UCHOBITAaH IS
BBICOKOUYBCTBUTEJILHOTO OOHApPY)KEHUs] M KOJWYECTBEHHOTO OIPENEeNIEHUs] TOMOANMEPHBIX
npuMecei B oOpasnax bsAb. CrHagana Mbl HCCIIEIOBAIN B3aUMOACHCTBUS B CMEIIAHHOM PEXKHUME
MeXy MOJIEKYJION aHTuTeNna U Matpuueil koJoHkH Bo BpeMs SEC pasneneHus npu pa3iMuHbIX
KOHLEHTPAUUsIX cond. IIpuMeHsist BOCEMb Pa3JIMYHBIX aHTHTEN C Pa3HbIM 3Ha4deHHeM pl, ObpuIO
OOHapy’KeHO, YTO TMpPH ONpPENeTeHHbIX YCIOBUSX pH OCHOBHBIE MOJEKYJBI MPOSBISIOT Oosee
CUJIbHBIE BJIEKTPOCTATHUECKHE B3aUMOENCTBYSI C MaTpULIel KOJIOHKHU 110 CPABHEHUIO C KUCIIBIMU

MOJICKYJIaMHU, U TaAKOC BSaPIMOI[efICTBPIe MOXKHO YCUJIUTD 3a CUCT CHMXKCHUA KOHLUCHTPALUNU COJIA.
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C npyrotii cTOpOHBI, yBeIHMUEHNe KOHLEHTpaLH coiii BO BpeMst SEC pa3neneHus MOXXeT CHU3UTh
3JIEKTPOCTATHYECKOE  B3aMMOIEHCTBHE,  ONHOBPEMEHHO  CIOCOOCTBYs  ruApodoOHBIM
B3aUMOJIEHCTBUSAM MEKAY aHTUTEJIOM H MaTPHULIEH KOJIOHKH. DTH B3aUMOJEHCTBUS B CMEIIAHHOM
pEeKUMe MPENOCTABISIIOT YHUKAIBHYIO BO3MOXKHOCTD ISl Pa3feNieHHsI aHTUTEN C aHAJIOTHYHBIM
THAPOANHAMHYECKUM OOBEMOM, HO € Pa3HBIMH XapaKTEPUCTHKAMH IMOBEPXHOCTU. Mcmonb3ys
NPEeUMYIIECTBA PA3JIMYHBIX CBOWCTB KOJIOHKH, XpOMAaTOrpapuuecKkoe pasfesieHHe YeThIpex
cmeceli bsAb Bemonssmun meronom MM-SEC ¢ mpumeHeHHeM MO0 3JI€KTPOCTATUYECKOTO
B3auMoJelCcTBUsA, OO0 TUAPOGOOHOrO B3aUMOAEHMCTBUS, HYTO JIETKO JOCTUTAJOCh IyTEM
peryJupoBaHus KOHLEHTpalMu cojieil. MBI Takke NpPOAEMOHCTPUPOBAIM, YTO AOCTHTHYTOE
Xpomarorpadguueckoe pasieiieHne UMeeT pelnarolnee 3Ha4eHue Ui yJIyUIIeHUus] OOHapY KeHHs
TOMOJMMEPHBIX MTPUMECEH ¢ HU3KUM COAEPIKaHUEM C MTOMOIIBIO MOCIEAYIOLIEro HAaTUBHOrO M S-
aHanmu3a. B nByx mpumepax bsAb, romoauMepHble IPUMECH, MPUCYTCTBYIOIINE B KOJIUYECTBE
0,01% (bsAb2) u 0,1% (bsAb4), 6buH ycnemrHO 0OHAPY KEHBI C MTOMOLIBIO 3TOro Merona MM-
SEC-MS. Hackonpko HaM M3BECTHO, 5Ta HOBasi pa3paboTka mpencTaBisieT coOoil Hambonee
Yy BCTBHUTENIbHBII METOA OOHApY»KEHUs] TOMOJUMEPHBIX NpuMecel B oOpasuax bsAb. Hakoner,
UCTIONB3Ysl CEPHIO N00ABIEHHbIX CTAHAAPTOB, MBI IPOAEMOHCTPUPOBaH, 4yTo MeTrox MM-SEC-
MS wMoxer ofOecnednTh HAIEKHBIH KOJWYECTBEHHBIH aHAJIN3 TOMOAMMEPHBIX IPUMECEH,
NPUCYTCTBYIOIIUX HA pa3jMYHbIX YypoBHsX. biaromapss BBICOKOH 4YyBCTBUTEIBHOCTH,
UeHTU(UKAINSA U KOJINYECTBEHHOE ONpesieIeHNe C BBICOKOH CTENEeHbI0 NOCTOBEPHOCTH MOTYT
OBITb TOCTHTHYTHI AaXK€ NPH TAaKUX HU3KHX YPOBH:X, Takux Kak 0,1%. Takum oOpasom, 3ToT
HenaBHO paspaborannbiii Meron MM-SEC-MS obecrnieunBaeT BbICOKOYYBCTBUTEIbHBIN MOIXOT
111 OOHAPYKEHUS U KOJMYECTBEHHOTO OTpeeNIeHIsI TOMOANMEPHBIX MprMeceii B oOpasiax bsAb
U, TAKUM 00pa3oM, MOKET MPUMEHSIThCS B TOANEPIKKY pa3pabOTKU TepareBTU4YecKoro bsAb.
HakoHen, mpuMeHeHHe 3TOro MeToJia MOKET PAaCIpOCTPAHIThCS HA APYrUe O0JACTH, TaKHeE KaK
XapaKkTepu3alusi CMECH  aHTUTEN, MPHUCYTCTBYIOIIMX B  COBMECTHO  COCTAaBJICHHBIX

TEPANCBTUYCCKUX CPEACTBAX.
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POPMYJIA U30BPETEHUSA

1. Ciocob KONMM4IeCTBEHHOTO ONPENEIeHHUs PUMECH B 00pasiie, BKIIFOYAIOIINN:

NpPUBEACHNE YKa3aHHOrO oO0pas3la B KOHTAaKT C XpoMaTorpaduveckoil CHUCTEMOI,
colepKamel CMoJy i SKCKIFO3MOHHOM Xpomartorpaguu cO CMEIIaHHBIM PEKHUMOM C
JOTIOJTHUTEIbHOM ()Y HKLIMOHAJIBHOCTBIO;

NPOMBIBKY YKa3aHHOH CMOJIbI JJIsl SKCKJIIO3HOHHOH XpoMaTtorpaduu co CMeIIaHHBIM
PEKMMOM C MPUMEHEHUEM TIOABHMKHOM (pa3bl AJIsl MOy YE€HUsI JIFOEHTA, BKIIFOYAIOIIErO MPHUMECH;
u

OlpeNeNieHne KOJIWYeCTBA IPHMECH B YKA3aHHOM OJIFO€HTE C TIOMOIIBIO Macc-
CIIEKTPOMETpA.

2. Cnocod® mo m.1, B kxoTopoMm mnonBuxkHas (as3a, NMpuUMeHseMas Ul 3JIIOUPOBAHHS
NPUMECH, COAEPIKUT aleTaT aMMOHMs, OukapOOHAT aMMOHHMS WU (HOpPMHAT aMMOHUSI WIH MX
KOMOMHALIHH.

3. Cnocob mo n. 1, B xkoTopoM monBwkHasi (asa, MpUMEHsieMasi Ui SJIFOHPOBAHHS
NPUMECH, MMeeT OOINYH KOHIEHTpaLUur MeHee deM okoysio 600 MM amerata aMMOHHUSI U
OukapOoOHAaTa aMMOHUSI.

4. Cnocob mo m. 1, B KOTOpoM moOABWXHAs (paza, mpUMeHsieMasi Ui 3JIFOUPOBAHUS
IPUMECH, UMeET CKOPOCTh MOTOKA 0T 0koJ1o 0,2 Mi/MuH 10 okoso 0,4 Mi/MuH.

5. Cnoco® mo m. 1, B KOTOPOM KOJHYECTBO OOpasla, 3arpy’kKeHHOr0 Ha CMOJy ISt
SKCKIIFO3HOHHON XpoMaTorpaduu CO CMELIaHHBIM PEXHUMOM, COCTaBJIsIET OT OKoio 10 MKr 1o
oko10 100 mxr.

6. Crnocob mo 1. 1, B KOTOPOM MPUMECH MPEACTABISIET COOOM MPUMECh, CBSI3aHHYIO C
MPOIYKTOM.

7. Crioco0 1o 1. 1, B KOTOPOM MPHUMECH MPEACTABISIET COOOM TOMOIUMED.

8. Crocob mo m. 1, B KOTOpoM oOpaser] BKJIKYAeT MPUMECh U MO MEHBIIEH Mepe OIHH
LIEJIEBOH OEJIOK, KOTOPbIE Pa3AeIOTCS P IO MPOBAHUU.

9. Criocod 1o 1. 8, B KOTOPOM LIEJIeBOI OEJIOK MPeACcTaBisieT COO0I aHTUTENO.

10. Crnocob mo m. 9, B KOTOPOM aHTHUTENO MpeAcTaByisieT coOoii Oucnenupuyeckoe
AHTHTEJO.

11. Croco0 o m. 8, B KOTOPOM IIeJIeBON OeNIOK MpenCTaBisieT COOON TeparneBTUYECKOe
AHTHTEJO.

12. Cnocob no m. 1, B KOTOPOM MAacCC-CIIEKTPOMETP COEOUHEH C XpOoMaTorpadpuieckoi
CHUCTEMOM.

13. Crioco6 mo 1. 1, B KOTOPOM AONOJTHHUTENBHAS (Y HKIIMOHAIBHOCTD MPEACTABISIET COOOM
($YHKIIMOHATBHOCTD TUPO(HOOHOTO B3aMMOIEHCTBHSL.

14. Crioco6 mo 1. 1, B KOTOPOM AONOTHHUTENBHAS (Y HKIIHOHAIBHOCTD MPEACTABISIET COOOM
(YHKLMOHATBHOCTb B3aUMOJEHCTBUS «3apsa-3apsay.

15. Criocob mo 1. 1, B KOTOPOM Macc-CIIEKTPOMETP MPEACTABIISIET COOOM HATUBHBIN MacC-
CHIEKTPOMETD.

16. Cnioco0 obHapyxeHus: mpUMecH B 00pasIie, BKIFOUAO LIHIA:
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NpUBeIeHHe YyKa3aHHOro o0pasia B KOHTAKT C XpoMaTorpapuyeckoll CHCTEMOH,
comepsKalleil CMONy Uil DKCKJIFO3MOHHOW XpoMaTrorpaduu CO CMELIAHHBIM PEKHMOM C
JOTIOTHUTENBHOH (PyHKINOHATBHOCTHIO;

NPOMBIBKY YKa3aHHOM CMOJIBI ISl SKCKIFO3MOHHOH Xpomarorpaguu CO CMELIaHHBIM
PEXUMOM C MIPUMEHEHUEM HOHBHX(HOﬁ (1)83]31 AJIS TIOJTYYE€HUS 3JIFOCHTA, BKIITFOYAOIETO IMPUMECH,
u

o0OHapy»KeHHe MPUMECH B YKa3aHHOM JJIFOSHTE C IOMOILIBIO MacC-CIIEKTPOMETPA.

17. Criocob KONMYeCTBEHHOTO ONpeIesieH s [IeJIeBOro Oeska B 00pasiie, BKITFOYAOIIUN:

NpUBEeIeHHE YyKa3aHHOro o0pasla B KOHTAKT C XpOMaTorpapuyeckodl CHCTEMOM,
comepikaleil CMONy Ui JKCKJIIO3MOHHOW XpoMarorpaguu CO CMELIAHHBIM PEKUMOM C
JOTIOTHUTENBHON (PyHKIMOHATIBHOCTHIO;

IMPOMBIBKY CMOIJIbI AJIsA SKCKJIIO3MOHHOM XpOMaTOFpa(bI/II/I CO CMCIIAHHBIM PCXUMOM C
NPUMEHEHHEM MOJBIXKHON (pas3bl IUIs MOJTyUEHHs SJIFOSHTA, BKIFOYAIOIIEro LeeBOol OeNokK; 1

KOJIMYECTBEHHOE OTpeIeNICHHE 1IeJIEBOro Oelka B YKa3aHHOM 3JIOCHTE ¢ TIOMOIIBI0 MacC-
CIIEKTPOMETpA.

18. Cniocob obHapykeHus LiesieBoro Oenka B 00pasiie, BKIFOYAO M

NpUBEeIeHHe YKa3aHHOro o0pasla B KOHTAKT C Xpomarorpaduyeckoll CHCTEMOM,
comepkalieil CMONy Ui DKCKJIIO3MOHHOW XpoMarorpaguu CO CMELIAHHBIM PEXKUMOM C
JOMOJHUTENBHON (YHKIMOHAJIBHOCTHIO;

MPOMBIBKY CMOJIbI i SKCKJIFO3MOHHOH XpoMaTorpauu CO CMEIIAHHBIM PEKUMOM C
NPUMEHEHHEM MOBHKHOU (has3bl UIsl MOJTyYEHHs SJIFOEHTA, BKIIFOUAIOIIET0 LEIeBOM OeJoK; 1

OOHapy KeHHe LIeJIEBOro OeNika B yKa3aHHOM 3JIFOEHTE ¢ MTOMOIIBIO MacC-CIIEKTPOMETPA

19. XpomaTorpadudeckas CUCTEMa CO CMELIAHHBIM PEKHUMOM, BKJIFOYAFOIAS:

XpoMaTorpadguyeckyro KOJIOHKY, HMEIOIIYI0 CMOJTY ISl SKCKIIFO3HOHHOM XpoMarorpaduu
CO CMCIIaHHBIM PEXUMOM C HOHOHHHTGHBHOﬁ (bYHKL[I/IOHaJIbHOCTbI*O, npru 5TOM KOJIOHKa
crocoOHa MPUHUMATD MOABIDKHYO (hasy v oOpasell, CoAep KalIMii LieJIeBOi OeNoK, U

Macc-CIeKTPOMETp, COENUHEHHbIH C YKa3aHHOW XpoMaTorpadpuyeckol KOJOHKOH, IUis
OoOHapy KeHUs 1eJIeBOro Oerka.

ITo noBepeHHOCTH
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Konorika: Zenix SEC-300, 3 mkm, 300 A,‘ 7,8 x 300 MM Konohka: Zenix SEC-300, 3 mkm, 300 A, 4,6 x 300 mm
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Bpems yaepxuBaHusi, MUH
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YOepxxueaHue, e komopom npeobnadaem
2udpoghobHoe g3aumodelicmeaue,

Hanpumep, KUCIbIE MONEKY bl U 2u0pOGghobHbIE
Mornekynbl (HelmparbsHble unu ompuuamensHo
3apsikeHHble 8 byghepe SEC) 7

-
-
\__ \:."‘-r»—'"" //
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YoepxaHue e komopowm npeobrnadaem e3zaumodelicmeaue «3aps0-3apsio»,
HarnpumMep, OCHOBHLIE MOJEKY bl (MOMoXUMesnsHo 3apsixeHHble & 6yghepe SEC)

4

KoHueHTpauua conu, mM

Dur. 14
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Pa3zdeneHue 3a cyem 2udpoghob6Ho20 e3aumodelicmeust
MoebiweHue KoHYeHmMpayuu conu ons ynyJweHus pazoeneHusi

PasdeneHue 3a cyvem s83aumModelicmeusi «3apsi0-3apsio»
CHUWxXeHUe KOHUeHmpayuu comnu Ons ynyJweHus pasdeneHus

KoHueHTpauua conu, MM
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(9 oumnavdu) LOUL UATTIOIBHAWYE

UcxoaHble pacTBOpbI
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Pur. 21

OTHOCUTeNnbHOEe cogepXaHue
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OTHOCUTENbLHOEe cofe pXKaHue
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Fomopumep 2/Bucneuncuyeckoe Ab
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