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MMOMOWbIO UHepmMHo20 audpogunbHo20 nonumepa nonusmuneHenukons (M3r) npedcmasnsem cobou

8aXHOE HarpasreHue 8 co30aHuUU HOB0Z0 MOKOMEeHUs1 chapMayuesmuyecKux npenapamos rnposioHaupo8aH-
Ho20o Oelicmeusi. KoHbloeaupogaHHbIE MOMEKYIbl, KaK Mpasusio, UMerm yryHweHHbIU hapMakoKuHemuyYeckul
npocghusib, 8 MOM HUCNE MOHUXEHHbIU MOYEYHbIU KIUpeHc, AoMonHUmMenbHy 3auumy om Oelicmeusi npomeo-
JIUMUYECKUX (hepMEHIMO8 U HU3KYH UMMYHO2EHHOCMb, 4YmO [10380719€m COXpaHumbs akmueHOCmb in Vivo
HamueHo20 rnpernapama 8 4ero8e4ecKoM op2aHu3Me 8 medeHue bonee npodoMKUMENTbHO20 8peMeHU. [aHHbIl
0630p daem B03MOXHOCMb O3HAaKOMUMbLCS C COBPEMEHHbIMU MemooOuKkaMu nazunuposaHusi buogapmaues-
muy4eckux MornekKysn, rnpernapamamu Ha OCHo8e KoHbro2amoe ¢ [1OI u paccmampusaem, Kak npumep,
r32unuposaHue peKkoMOUHaHMHO20 4YesI08€4ECK020 epaHynouumapHo20 KOToOHUecmuMynupyoweso ghakmopa
(pul-KC®). Takxe e o0b63ope npedcmasrneHbl pasniudHbie eudbl MooughuyuposaHHbix [13M-peazeHmos 0Ons
HarnpaeneHHo20 npucoeOUHeHUsT K buonoaudyeckuMm Morsnekynam u obcyxdaomcesi ux npeuMmyujecmea u

BHacmomuee epeMs rscunuposaHue buorioeuYecKU aKmugHbIX MOJIeKyrn, 8 moM 4ucrie bernkos, ¢

Hedocmamku.

Knroyeenle cnosa: nonusmunerenukons (I136), 6uogapmayesmudeckue npenapamsl, PEKOMOUHaHMHbIU
yeriogeyeckul epaHynoyumapHbil KormoHuecmumynupyrouwul gakmop (pul-KC®), modugbukayusi, UUMOKUHBI,

hapmakoKuHemuyeckul npoguris.

1. I'panyJIONUTAPHBIH
KOJIOHMeCTUMYJIHMpPYoMi paxkTop

Komouuectumynupyromue dakropsr (KCD) —
9TO CEMEHCTBO MOJIEKYJ, CTUMYIHPYIOIIUX MTPOH3-
BOJICTBO 3pEINBIX KJIETOK KPOBH B OpraHM3Me de-
noseka. KC® BriepBbie ObIIM BBIJICIICHBI H OXapak-
Tepu30BaHbl B Havaie 70-X romoB XX Beka, Korma
OBUTO OOHApPYXKEHO, YTO KOJOHWH, COJepIKaIlue
3pesible HeUTpoMIIbl U Makpodaru, moJBEprajuch
OBICTPOMY POCTY TIOCTIE MMMOOWMIU3AINN KpOBe-
TBOPHBIX KJIETOK Ha TeJIeBOI MaTpuile U 00paboTke
pasmmunsiMu cpenamu. KCD ygacTBYIOT B pa3ind-
HBIX CTaJUsIX CO3pPEBaHUS, NeNeHUs U mpoimdepa-
UM TEMOIOATHYECKUX KIETOK U3 IUTFOPHIIOTCHT-
HBIX CTBOJIOBBIX B PA3JIMYHBIC 3peIble KICTKH, Tpa-
HYJIOIIUTAapHBIE MaKpo(haru, SpUTPOIUTH H TPOM-
Ooruter [1]. MHorme (akTopbl pocTa MPOSBISIOT
VHUBEpCATBHBIC CBOMCTBA, CTHMYIHPYIOT KIECTOYHOE
JICTICHIE PA3NIMIHBIX THIIOB KJIETOK, B TO BPEMsI Kak
JPYTHE SBITFOTCS JOBOJBHO Y3KO CTICHH(DIIHBIMU.

KC® otHOCATCS K IUTOKUHAM, KOTOPEIC TPE-
CTaBJSIIOT COOOM KJIaCC CHTHATBHBIX OEJKOB, ydacT-
BYIOIIMX B KJIETOYHOM B3aWMOJEHCTBHH, UMMYHHOU
(bynkimu u smOpuoreHese. LIUTOKMHBI SKcIIpeccu-
PYIOTCS C TIOMOIIBIO PA3IIYHBIX KPOBETBOPHBIX H
HEKPOBETBOPHBIX THIIOB KJIETOK W MOTYT OKa3bIBaTh
AQyTOKPUHHBINM, TAPAKPUHHBIN M SHIOKPWUHHBIA

sddexrs [2].

1.1. @yuxkyuu, duonozuueckoe snauenue
U MEXAHU3M CEeKPeyuu SPAHyI10UUumapHoo
KonoHuecmumynupylowezo haxmopa

I'panynonuTapHelii  KOJOHHUECTHMYJIUPYILIHN
¢daxrop (I'-KC®) — onguH U3 npencraBuTeneii IUTo-
KHHOB — TJIMKONPOTEUH C MOJEKYJISIPHON Maccou
19.6 x/la, cocrosimuii u3 174 aMHHOKHMCIOTHBIX
OCTaTKOB, — BJIMSET HAa COCTOSHHE CHCTEMBI KpOBe-
TBOpEHUs, O0pa3oBaHWE (HYHKIIMOHAIHLHO aKTHB-
HBIX HEUTPO(HIOB M UX BBIACICHHE W3 KOCTHOTO
MoO3ra B KPOBEHOCHYIO cucteMy [3], a Taxke o0ia-
JaeT CUTHAIBGHOH (QYHKIUEH JUIS TOAICpKaHUS
CTaIMOHAPHOTO YPOBHS HeWTpoduIoB in Vivo [4].

OcHoBHoe zeiictBue [-KC® na HOpManmbHbIE
TEMOTIO3TUYECKUE KIECTKH OTPAHUYMBACTCS KIICTKA-
My uHuu Hertpodwmios. In vitro I'-KC® u3bu-
paTeNnbpHO CTHMYIHPYET mponudeparuo u audde-
PCHIIUPOBKY HEUTPO(MIIOB KOJOHHEOOPa3yIOIIUX
KJICTOK W M3MCHSET HEKOTOpHIE (PYHKIHHU 3pENbIX
HeiitpoduiioB. [-KCD Taxke neiicTtByer Ha OTHO-
CHUTEIBHO  3pejible  KJICTKU-NPE/IICCTBEHHHKH,
KOTOpBIE OTBETCTBEHHBI 32 TU(PEepeHINAINI0 HEl-
tpodmioB. I'-KC®D wyacTto mposBISET CHHEPIEeTH-
YECKYI0 KPOBETBOPHYIO AKTHBHOCTH B IPHCYTCT-
BUH JIPYrUX IIUTOKUHOB iN Vitro, Takux Kak WHTEP-
NEHKUH-3, WHTEPICHKUH-6 ¥ TpaHyJIOIMTAPHBIN
makpotaraneapii KCO (I'M-KC®). Cunepreru-
geckyto akTUBHOCTh [-KC® Taxke mposBisieT B



KOMOMHAIIMK C KIOHHPOBAaHHBIMU JIMTaHJAMU
(haxTOpamMu CTBOJIOBBIX KJIETOK) Ha C-IPOTOOHKO-
TeH, KOTOPBIA BO3JIEHCTBYET HA PAHHIOI KJIETOY-
HYIO TIOMyJSIuio [5].

IMpu BBedenun iN ViVO pekomOuHaHTHbINA -
KC® yBennmumBaeT KONMMYECTBO 3pENBIX HEHUTPO-
(WIIOB B KPOBU KpBIC, MBIIICH, XOMSIKOB, COOaK,
MpUMAaTOB W deloBeKa. JleueHue >KHUBOTHBIX C
nomomipto [-KC® B X0/1€ NOKIMHUYECKUX HCCIIe-
JIOBaHWH BBISBUIJIO Psijl €r0 BaKHEHITUX OHOJIOTH-
YeCKUX OCOOEHHOCTEW, B TOM YHCJIE MOBBIIICHUE
YPOBHSI HEUTPO(DUIIOB, YCKOPEHHOE UX BOCCTaHOB-
JICHWEe, TepepaclpesieieHre  reMaTonol’3a W
MOOHITU3AIMIO CTBOJIOBBIX KIIETOK MepU(epruec-
KOH KpoBH [5].

C ToukM 3peHHs CHenU(pUIHOCTH KIETOK-MH-
meHel, [-KCD sBnsiercst npuBieKkaTeIbHbIM BEK-
TOPOM Il JIOCTaBKM OHMOJOIMYECKHX BEIECTB K
HOPMAaJbHBIM WM AHOMAIBHBIM TPaHYJIOLUTAM MU
ux npexypcopam [6].

Kak mnpasuio, I'-KC® MoxHO OOHapyXHUTh B
IUIa3Me KPOBH MPY KOHIEHTpaImsix Oonee 10 mxr/mit.
B paznmuHbIX cnydasx, Kak, HapuMep, IpH aruiac-
TUYECKOH aHEeMHUH, HEUTPONEHHH, BCEBO3MOXKHBIX
MHQEKIHAX, a TAKKE TIPU CIOKHBIX CIydasx Oepe-
MeHHocTH KoHIeHTpanus [-KC® moxer ObITh 3Ha-
YUTEIBHO BhIe — 10 100 mkr/mi [7].

Ha kmetoyHoM ypoBHE OBLIO MOKa3aHO, YTO
orcyrctBue [-KCO (BcnenctBue ynajJeHUs €ro
penenTopa) yBeIMUHUBACT BOCIPHIMYIHBOCTD HEUT-
POMQMIBHBIX MPEAMIECTBEHHUKOB K allONTO3y, HIH
3aIpOrpaMMUPOBAHHON CMEPTH KIIETKH [7].

OcnoBuo#t menpto [-KC®  sBrstiroTest  mipo-
MUEIONUTHBIE/MUEIIO0IACTHBIC KOJIOHHU KJIETOK, a
YCKOPEHHOE TIPOHM3BOACTBO HEUTPOPHIOB IOX
BrnusiHueM BBeAeHHoro [-KC® mpoucxomut 3a
CYET YCKOPEHHOW MHWIpaIMd HEUTpOPHIOB U3
KOCTHOTO MO3Ta B KpOBb [7].

I[Tomumo Bcero mpouero, ['-KC® mnpomnonru-
PYET BpeMsl XXH3HH 3pENbIX HEHTPODUIOB M yBe-
JUYMBAET UX CIIOCOOHOCTh K XEMOTAKCHUCY, K TeHe-
PUPOBAHUIO CYIIEPOKCHI-aHUOHA B OTBET Ha OaKTe-
pHaNTBHBIE TENTHIBI, K CHHTE3Y HeHTpodmimamMu
mIeo4HoN (ocdarasbl U MHETONEPOKCUIA3BI U K
BBICBOOOX/ICHUIO apaXxWJOHOBOW KHCJIOTHI. Takxke
I'-KC® ctumynmpyeTr ycuiieHHEe TPOAYKIHH WH-
teppepona-o. (IFN-a), yBemuuuBaer daroumrap-
HYIO0 aKTHBHOCTh HEHTPO(UIIOB M UX CIIOCOOHOCTH
K QHTUTEJI0-3aBHCUMOMY YHHUYTO)KEHHUIO OITyXOJe-
BBIX KJIETOK [4].

I'"KC® mnpoayuupyercss MOHOLMTaMU-MaKpO-
(baramu, GuOpoOIACTAMH M KIIETKAMHU SHAOTEIHS.
ITockonpKy 3TH THIBI KJIETOK IIMPOKO pPacipo-
CTpaHEHbI B YEJIIOBEYECKOM OpraHU3Me, BO3MOXKHO,
yto [-KC® yuactByer B mponmdepamnuu, akTh-
Ballil W YCWICHWH (yHKIHOHAIBHBIX CBOMCTB
HEUTPO(IIOB, KOTOPBIC BO3HHKAIOT B OTBET HAa
MECTHBIE MH(EKINH WIA [0 APYTUM IPUIUHAM.
BakrepuanbHble AHIOTOKCHHBI, TaKWe Kak JIHIIO-
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monucaxapuapl  (JITIC), MoOryr cTUMyIupoBaTh
npoaykuuto I'-KC® moHonuTamMu-makpogaramu.
Kpome Ttoro, mHTepneikua-1 u QakTop HEKpo3a
onyxom (DPHO), cekpernpyeMble aKTHBHPOBaH-
HBIMH MOHOLIUTaMHU-Makpodaramu, MOTYT CTHMY-
TUpoBaTh (HUOPOOITACTHI M KICTKH SHIOTEIHS IS
nponykiuu [-KCO [4].

AxTuBHpOBaHHBIE T-TUMQOIUTH CEKPETUPY-
10T OOJIBIIIOE KOJMYECTBO LIMTOKWHOB, TaKMX Kak
uHTepiekuH-3, -4, TM-KC®, IFN-0, xoTopbic B
CBOIO OYEpe[b CTUMYIUPYIOT MOHOLHUTHI-MaKpo-
¢aru s npoxykuuu [-KCO. INo-Buaumomy, sta
cnoxkHas cuctema npoayknuu ['-KC®D onpenensier
YPOBHH JIOKaJIbHOTO M IMpKyaupytomero ['-KCO.
OpHako TMOKa HEBO3MOXHO YCTaHOBHUTH, KaKue
KJIETKH U CTUMYJIATOPBI SIBJIAIOTCS aKTHUBATOPaMH,
a Kakue — TOJBbKO BCIIOMOI'aTeNbHBIMU B IIPOLIECCE
cunreza [-KC® in vivo [4].

N3BecTHO, UTO HEKOTOPBIE JIMHUU OIIyXOJIEBBIX
KJIETOK paka 4YejoBeKa, TaKMe KaK CKBaMO3Has
kinerounas kapruaoma (CHU-2) u kapruHOoMa
MoueBoro my3bipst (5637 u T24), W3BECTHBI Kak
KoHCTUTyTHBHBIE mpom3Boautenu [-KC®. Dxcn-
peccuss I'-KC® B 3THX OmyXOdsIX BO3MOXKHA
Onmarojapsi BHYTPEHHEW akTUBalMH (HaKTOPOB
TPaHCKPUILMM, CBA3AHHBIX C NPONYKLHEW LUTO-
KHHOB, KOTOpBIE BO3JIEHCTBYIOT Ha PETHOH MPOMO-
topa rena [-KCO [4].

UYro kacaercs mexanu3Mma aeiicteus I-KC®, to
B3anmoericteue [-KC®D ¢ pementopoM, kak ObLIO
YCTaHOBJICHO, CJIEAYET cpa3y Iocje aKTUBaLUU
CUCTEMBI T'yaHO3UHTpHU(OCc(hHATCBAZBIBAIOIIETO Oe-
Ka U aneHwiaTiuiiassl. CyliecTByeT B3aUMO3aBU-
CUMO€ TIOBBIIIEHWE BHYTPUKJIETOUHBIX KOHLIEH-
Tpamii  azeHumatMonodocdara m moHo Ca’t
napajiesbHO ¢ akTuBarmei nporentkuHasel C [4].

Mornekyna [-KC® cnenupuueck CBsI3BIBACT-
Csl C pelenTopaMu KJIETKU MPU KOHCTAHTE JUCCO-
nuanuu okojo 100 mkM. Drta KOHCTaHTa ropasio
BbIIIIE, Y€M KOHLEHTpalus, Tpedyromasics s
MPOSIBJICHUS TIOJIOBUHBI OT MAaKCUMAJILHOTO OHOJIO-
ruyeckoro orsera Ha Monekyny [-KC®d. 3to
CITy’)KUT JIOKa3aTeIb,CTBOM TOTO, YTO OHMOIOTHYec-
KU OTBET, BhI3BaHHBIN [-KC®, MOKET BO3HHKATH
Y TIPF HU3KOM YPOBHE 3arpy3ku perentopa [4].

1.1. Cmpykmypa I'-KC®

Yenoseueckuit [-KC® pocrynen s KIUHH-
YEeCKOTO UCIIONB30BaHUs B ABYX (hopMax: HETJIUKO-
3WIMPOBAHHOW W TIWKO3WIUpOBaHHOW. Hermmko-
3WIMpoBaHHas (Gopma Oenka, WK PEeKOMOWHAHT-
Helld [-KC® (pu-I'-KC®), monyueHHBbIN 3KCHpec-
cuerr u3 kimerok E. coli, u3Becten kak guepac-
mum 1 COCTOUT U3 175 aMUHOKUCIIOTHBIX OCTaTKOB
(AKO). Dta ¢dopma Oenka uMmeeT AOHONHUTEIH-
Hblii N-KOHILIEBOM OCTATOK METHOHWHA, CTAOMIN3HU-
pYyIOIIUN TPETHUYHYIO CTPYKTYpY Oenka B OakTepu-
IBHOU JKCIpeccHupyromeil cucreme. bmaromaps
CBOEMY OaKTepHaTbHOMY IPOUCXOXKACHHUO, pul -



KC® ne numeer O-cBsI3aHHOTO YTIEBOJAHOTO OCTaT-
Ka Ha TpeoHuHe-133 HaTUBHOrO O€jKa, HO COXpa-
HSET BCE IISTh OCTAaTKOB IMCTEWHA, THITUYHBIX IS
MpoTEerHa YenoBeka [8].

Harupnbiii [-KC® — 3TO TIUKONMPOTEWH, CO-
nepxkamuit 204 AKO, BKITIOYasi CHTHAJBHYIO TIO-
cnenoBarenpHOCTh M3 30 AKO, koTopas ymansercs
u3 cekperupyemoit popmsl. Ilpuponnas dhopma He
COJICPIKUT CaiTOB N-TIIMKO3UIUPOBAHUS U HUMEET
OMH CaWT O-TIMKO3WIMPOBAHUS TIO Thr133
KOTOPBIN 3aluinaeT OelKd OT arperupoBaHusi, HO
HE BIUSET pemammuM o0pa3oM Ha Ouosoru-
YECKyI0 AaKTHUBHOCTH [7]. MonekynsipHbli Mexa-
HU3M CTaOWIH3UPYIOMIEro YPPEKTa MITHKOZHUITUPO-
BaHU$, MO-BUAMMOMY, COCTOMT B TOM, 4YTO YTJie-
BOIHBI  OCTaTOK  YMEHBINACT  IOABHXKHOCTH
Mounekyinbsl [-KC® B paiiOHe caiiTa TIHKO3UIHPO-
BaHus [9].

Monekyna I'-KC® coaepxur CBO60,Z[H
CyTbOTHIPUIBHYIO TPYIIY B MOJOKESHUH Cys
ZIBE BHyTpI/IMOHeKXHSIpHBIC JCYTb(QUTHBIC CBSI3H B
nonoxennsix Cys— Cys* u Cys™-Cys" [7]. C
MTOMOIIIBI0 CaNUT-CIICIM(PUUSCKOTO MyTareHesa Obl-
JI0 YCTaHOBJIEHO, 4TO B Mojekyine I'-KC®D cBobox-
Held Cys He OTBeyaeT 3a aKTUBHOCTh Oelka, B TO
BpeMsl Kak Moau(UKaIus IMCTEHHOB, (hopMupy-
IONIUX JUCYIb(UIHBIC CBS3HM, NPUBOAUT K CHH-
JKEHUIO OMOJIOTHYECKOI aKTHUBHOCTH U HapyLIEHHIO
BTOPHYHOM M TPETHYHOM CTPYKTYpP MOJIEKYIHI [5].

Pacuer BTopmuno# ctpykTypsl [-KC® mnoxka-
3aJ1, 9TO MOJIeKyJa Oenka cojepkut 66% a-crmpa-
neit u 17% P-cxaamok [10].

Tpernunas crpykrypa I'-KC®D, kak u apyrux
YJIEHOB CEMEHCTBa LIMTOKMHOB, ObLJIa YCTaHOBJIEHA
C BBICOKMM pa3peleHeM PEeHTI€HOBCKOM KpucTa-
norpadueit u AMP-cniektpockonueii. Monekyna -
KC® mpencrasiser coboil y3en U3 4eTblpex aHTH-
napajuleNbHbIX O-CIupaje ¢ oOImMM pa3MepoM
45x26%26 A m mMeeT KOPOTKYIO CIIHpaab MKy
IIEPBOM ¥ BTOPOM U3 3TUX CTPYKTYp. UeTsIpe cru-
paJii Ha3BIBAIOT COOTBETCTBEHHO A-, B-, C- u D-
CIIUpAJSIMH, & WX COCIUHHUTEIbHBIE meTin — AB-,
BC- u CD-netiiamu. AB- u CD-nietyin — iinHHBIE
BEPTUKAIBHBIE CTPYKTYpHI, W TOmbKo BC-metms
SBIIIETCSI HamOoliee THIMYHON KopoTtkod U-
oOpaszHoit neteit [11].

Crpykrypa y3na pul -KCD HeuzmeHHa 3a cuer
VIJIOB TEPEecedYeHuss CHUpalH, pa3Mep KOTOPBIX
Bapbpupyetcst Mmexnay -167° u -159°. Cpennnii yron
nepecedeHnst -162.5° oveHb OJIM30K K TEOpeTH-
4YecKH Nporsosupyemomy (-161°) mis naeanbHOro
JICBO3aKPYUYECHHOTO aHTHIAPAIUICTBHOTO YETHIPEX-
cnupansHoro ysna. Crnupamu A, B u C npsiMsele,
TOr/Ia KaK crupanb D crubaercst o HanpaBICHUIO
K caMmoi KopoTkod crnupanu B. M3menenue B
aKCHMaJbHOM  HANpaBIICHHHM MEXAy  KOHIIAMH
crimpamu D cocraBnsieT 35° ¢ HAMOONBIIUMU U3TH-
Oamu B paiioHe Gly149 u Ser™. [Ipsimoii ygacTok
cmupan D (AKO 159-173) mo3Bossier Haubomee
MIOJTHO B3aUMOJICHCTBOBATH cO crmpansMu A, B u
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C, a TaxKe 4acTO HCIONB3YETCS IS OIpeeICHUs
yIIOB IepecedyeHus BHYTpU Mosekynasl [11].
Kopotkas cnimpanpHas cekuusi E Haxomgures: BHYT-
pu et AB (puc. 1).

BenkoBasi 1emp jgenaeT KpyTod MOBOPOT OT
cmpan A, U 5 AKO nepexojsaT B 4 ocrarka
criupanu 3;0. B Leu* ecrs cusur B HanpaBJICHUN
TOJMIIENTAAHON e, U CHUpab 319 BENET He-
MTOCPEICTBEHHO K 6-My OCTaTKy O-CIHUpad. YTOI
45° MexIy dTHMH KOPOTKMMHU CITHPAIISIMU 000pa-
yuBaeT ux BoKpyr N-koHua uenu cnupaiu D. Onu
SKCHOHUPOBAHBI HAPYXKY M BBICTYHAIOT W3 OCHOB-
HOTO Kapkaca OenkoBOH CTpYKTypbl. OcTaTKu
3TOT0 PErHOHA MEPEKPHIBAIOTCS C SIUTONAMH, pac-
MMO3HABACMBIMH ~ HEUTPAIU3YIONIMMUA  MOHOKIIO-
HaJIbHBIMK aHTUTeaamu [11].

Puc. 1. Tpexmepnas ctpykrypa I-KCD
(a-crimpanu n300pakeHbl B BUC [IUITUHIPOB).

Kak yxe ymomuHanocs, MPUCYTCTBHE NBYX ,Z[I/I-

Cynbg)I/I,Z[HLIX cesizeir B pul -KC®, Cys Cys

—Cys™*, HeoGxomumo st 6[/IOHOFI/I‘IeCKOI/I
aKTI/IBHOCTI/I Oenkxa. OHU PaCIIOIOKEHBI HA MPOTH-
BOIIOJIOXKHBIX KOHIAX JUIMHHOW meTnun AB, rme
00pa3yroT KopoTkue netinu y C-KOHIa crupand A
n N-xonma crupamu B. H3mepenme kpyrororo
JIIUXpOu3Ma MOJIEKyJbI I - KCCD TO3BO/IMIIO yCTAHO-
BUTH, YTO B OTCYTCTBHE CyS —CyS (bopmupyercs
JUIIb OKOJIO TIOJIOBHHBI HATHBHOW CTPYKTYpHI O-
crimpanu [11].

CymecTByeT ABa THUINA CTPYKTYp MOJEKyisI I -
KC® (A u B), umerommx npuOIM3HTEIBHO OJU-
HaKOBBIE MOJIEKYJsIpHbIE Beca mopsaka 20 klla u
KOTOPBIE COCTOSIT COOTBETCTBEHHO U3 177 (A-Tum)
u 174 AKO (B-tum). Otu 1Ba BHJa CTPYKTYp
UICHTUYHBI, 32 WCKIIOYCHHEM IMOCIIEIO0BATENb-
noctu u3 Tpex AKO (Val-Ser-Glu), nmeromieiicst B
pailone 35-ii amuHOkHcnoTHl 0T N-KOoHLIA B
Mmonekyne A-tuna. Monekynsl I'-KCD o6oux
TUTIOB B OOWJIMM CoOJepXkaT TUAPOPOOHbIE aMUHO-
KHCIIOTHBIE OCTaTKH W UMEIOT IBE TUCYIb(HUIHBIC
cBs3M [4].

YruneBomHbli ocratok Ha Thr'> cocraBmser
0k0110 4% OT 00I1ero MONEKYISIPHOTO Beca [IIUKO-
NpOTEUHA W TPENCTaBIsieT coboi (2,6)ramakro3o-
B(1,3)-N-anerniranakTo3aMuH CHaJIOBOH KHCIIOTHI

[4].



1.3. Ilpumenenue gpunzpacmuma 6 meouyute

OuncTka ¥ MOJIEKYJIAPHOE KIOHUPOBAHHE PU-
I'-KC® (punrpacruma) 66UTH OCYIIIECTBICHBI B TIE-
puon mexay 1984 u 1986 rr., a pazpaboTka TexHO-
JIOTHH TOJTy4eHUsT riirpacTuMa It KITHHHIECKUAX
HyX1 Hayamacb B 1986 romy. Ero kimnnueckoe
MPUMEHEHUE ¥ OHKOJOTMYECKUX OONBHBIX, MPOXO-
JUBIIMX KypC XMMHOTEpanuu, ObLJIO pa3pelieHo B
Coenunennbix Ilratax B ¢eBpane 1991 rona.
Croycts 5 jer ¢ MOMEHTa JIUIICH3UPOBAHHS (HII-
rpacTuMa Kak JICKAPCTBEHHOT'O CpencTBa, 1.2 M-
JIMOHA TAIMEHTOB NPOLUIM KypC JIEYeHUS C €ro
moMorsko [12].

[epBoHAYATBHO (PUITPACTHM HCIONB30BAJICS B
KauecTBe BCIOMOraTeNbHOIO CPEACTBAa B KJIMHU-
YECKUX HCHBITAaHUSIX IOCIE Kypca XUMHOTEPAIUU
JUIsl IPEJOTBPAILEHHs] HEUTPOIIEHUHU WU €€ OCIIOXK-
HEHHMH (JIuxopajka, WH(EKIUH, S3BBI POTOBOU
nmonoctr) [13]. UccnenoBanusi BBISBWIIM, YTO PU-
I-KC® yckopsieT BoccTaHOBIIEHHE HEUTPODUIIOB U
YMEHbLIAeT MPOJOJDKUTEIHHOCTh HEHUTPOIEHUHU
Mociie XUMHOTEPanui LUTOCTATUYECKUMH Iperia-
pataMu W paavalvoOHHOW Tepamnuu omyxounei [14].
Ero wucnonp3oBaHMe TNpUBENO K CHIDKEHHUIO
9aCTOTHl BOSHUKHOBEHUS MH(PEKIMH W K COKpaIle-
HUIO IPOJOJKUTEIbHOCTY T'OCHHUTAIM3alUMH OHKO-
norudeckux 0onpHBIX [13]. [Tomumo HeWTponeHuu,
BBI3BAHHOW XWUMHUOTepanuel, Guiarpactum ObLI
onobpen Ooiee yeM B 70 cTpaHax JyIs JICUYCHHS
MUEJNOCYIIPECCUH T10CIIE TPaHCIJIaHTALUM KOCTHO-
ro MO3ra, TSKEIOW XPOHHYECKOW HEHTPONECHUH,
IMHEBMOHUHU, OCTPOTO JIEMKO03a, AarulaCTUYECcKOM
aHEMMHM, MUEJIOIUCINIACTUYECKOTO CUHAPOMA U IS
MOOHMITM3aIMY B MEepU(DEPUICCKYI0 KPOBb KIETOK-
MPEIIECTBEHHUKOB MPU TpaHCIUIaHTauuu. B mo-
clleqHee BpEMsl ONMCAHBl Cllyyau HCIOJIb30BaHMS
¢wirpacTMMa  TPU  TOKEIBIX  MOBPESKIACHUIX
CIIMHHOTO MO3Ta U MpH PEeBacKyJspHU3alMU COCY-
JIOB TIPY MIIIEMUYECKOM 6ose3nu cepaua [12].

Knuandeckoe npumenenue I'-KCD 6su10 mpe-
HMMYILIECTBEHHO OIPAaBIAHO MpPH JICYEHUH pPaziIny-
HbIX (OpM HEHTPONCHWU: BPOXKICHHOW, ITHKIIH-
yecko wim uauonarndecko [13]. Hampumep, mpu
TSDKEIOH BpPOXKAEHHON HeHWTpomeHuM — 3aboieBa-
HUH, XapaKTepU3yIoLIeMcs 3aJepKKON co3peBaHus
MHUEJIOUAHBIX KJIETOK B KOCTHOM MO3r€ M IPHUBO-
JSIIeM K PEe3KOMY CHIDKEHUIO YpOBHA mepude-
PUAHBIX HEHTPOMWIOB M BOCHPUUMYUBOCTH K
OIITOPTYHUCTHYECKUM OaKTepUAIbHBIM HUH(EKIIHU-
sIM, KOTOpBIE MOTYT OBITH (paTtanbHbIMU. Elne
OJIHUM Ba)KHBIM M IEPBOHAYAIBHO HEOKUIAAHHBIM
npeumyinectBoM [-KCD sBwirack ero cmoco0-
HOCTb WHAYLHMPOBATH BBIXOJl I'€MaTOMO3TUYECKUX
CTBOJIOBBIX KIIETOK M KJIETOK-TIPEIIIECTBEHHUKOB
13 KOCTHOTO MO3Ta B Iepu(epuIecKyio KpoBb. ITO
JIa7Io0 BO3MOXKHOCTh ucmonb3oBarh pul-KCD s
aKTHBAlMK W H30JIMH Tepudepuyeckux remMo-
MIO3TUYECKUX CTBOJIOBBIX KJIETOK Uil MX TpaHC-
IJIaHTauu U Jielikodepesa [12, 13]. Mexanuswm,
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nocpeactBoM kotoporo I'-KC® moOwimsyer 3Tu
KIECTKH B mepudepuio, 10 KOHIA HE W3Y4YCH, HO,
KaK TI0JIaraioT, HE SBISIETCS MPSIMBIM, HOCKOJBKY
HerocpencteeHHo [-KCD He Bo3aeicTByeT Ha
CTBOJIOBBIE KIJIETKA M KIIETKU-TIPEALIECTBEHHUKU.
OTOT MEXaHU3M OIIOCPENOBAH €r0 PEIenTopaMu, B
TOM YHCIE C TOMOIIBIO CEKPEIMd MAaTPHUKCHBIX
METaJJIONPOTENHA3, aKTUBAIIMH PELETITOPOB XeMO-
KHHOB M MOJIYJSIUM Pa3IMYHBIX aJATe3UBHBIX
MmoJeky [13, 15].

2. IoAMA3 THIIEHTIHKOJIN

2.1. Ilpeumywecmea, nanpasienus
U REPCHEKMUBHL UCHONb308AHUSL NIZUTIUPOBAHUA
6 001acmu co30aHUs HOBBIX KACCOB
ouopapmayesmuueckux npenapamos

B mHacrosimee BpeMs IMOTUATHIICHIJIHKOIb
(IT3I') sByseTcst OAHUM U3 HauOoJee MOMyIISIPHBIX
OMOCOBMECTUMBIX TIOJMMEPOB, IOCKOJBKY o00Jia-
JlaeT MHOYKECTBOM I10JIE3HBIX CBOMCTB. Cpeau HUX
— IIMPOKHMH [HMAama3oH pacTBOPUMOCTH B oOpra-
HUYECKMX W BOJHBIX CpelaxX, OTCYTCTBHE TOK-
CHYHOCTH W WMMYHOTCHHOCTH ¥ OTHOCHUTEIbHAS
yCTOWYMBOCTE N ViVO [16] B coueTaHuu ¢ BhI-
COKOM TOJHMIUCIIEPCHOCTHIO U KOMMEPUYECKO# 1oc-
tynHocThio IO Ha poeike [17]. 12 umeer
caMblii HU3KHUH YpPOBEHb OCIKOBOW W KIIETOYHOM
aZIcopOLIMM Ha CBOEH MOBEPXHOCTH 10 CPABHEHMIO
C IIPYTUMH H3BECTHHIMHU TONIUMEpPaMU. DTO CBOW-
CTBO OOBSCHAETCS MHUHUMAILHOW O3HEpPruel Ha
MIOBEPXHOCTH pazzesnia (a3 ero MoJeKyl B BOTHOM
pactBope [18].

Jpyroii Ba)KHOW NPUYMHOW BO3pOCIIEH MOIy-
nspHoctu [IOI" sBisieTcst ero OTHOCHUTENbHAs
CTPYKTYpHas pocToTa. MoJekyna moiuMepa uMme-
©T XUMHYECKH MHEPTHYIO OCHOBY (KapKac) U TOJb-
Ko aBe (wiu B ciydae MoHO-IIDI— omny) mMoau-
¢bunpoBaHHbIe KOHIEBBIE TPYNIIUPOBKY [16].

Muorue HexenarenbHble 3(QeKTs, BBI3BaH-
HBIC Pa3IMYHBIMUA OMOJIOTHYCCKUMHI MEXaHHU3MaMU
y3HaBaHus iN ViVvO, MOryT OBITH CBEIEHBI K MH-
HUMYMY IyTEM KOBaJICHTHOW Moaudukanmu Ouo-
JIOTUYECKH akTUBHBIX Monekyn ¢ IIOT. Tak, Ha-
puMep, IMMYHOT€HHOCTh M aHTHTCHHOCTh OEKOB
MOXKET OBITh 3HAYUTEIBHO CHIDKEHa. Bpems mump-
KyJSIAM B KPOBH JIMTIOCOM, HAHOYACTHUI] U OEIKOB
MOXeET OBITh YBEIMYEHO, a MX YCBOCHHE pETH-
KyJI03HAoTenuanbHok cucremoir (POC), medyeHbro
U Cele3eHKOM MNoHMkeHo. Tawke MoxeT ObITh
YMEHBIIIEHA TPOMOOTEHHOCTb, JINe3HsI KJIETOK 1 OCITKOB
Ha TOBEpXHOCTH  Mojiekyn [16].  bmaromaps
KOBaJIeHTHOMY mnpucoeaunenuto I3[0 k Oenkam
BOKpYT' MOJIEKYJIBI KOHBIOTaTa 00pa3yercsi BOIHOE
00J1ako, KOTOpPOE CHOCOOHO 3aTOPMO3HTH WU
NPEAOTBPATHTh  JEHCTBUE  MPOTEOTUTUUCCKUX
(dbepMeHTOB, aHTHTEN U (HaroIUTOB, a TAKKE YBEIH-
YUTh THUAPOAWHAMUYECKUI O0BEM MOJEKYJBI, YTO
MO3BOJISIET CHU3UTH TMOYEUHBIH KiaupeHc [17].
Takum 00pa3oM, MOXKeET OBITh YMEHBIIICHA YacTOTa



BBEJICHUS IIpenapaTra ¥ COOTBETCTBEHHO KOJINYECT-
BO JICKAPCTBEHHOTO CPEICTBA, YTO YIIydIlIaeT
Ka4eCTBO >XM3HM NAalMCHTA M YMEHBIIACT KIIMHH-
yeckue pacxonst [19].

BriBenenne [101-KOHBIOTaTOB U MATUIIMPOBAH-
HBIX HOCHTEJEH MOYKAMHU CHIDKACTCS IPHU HCIONb-
30BaHMU TIpETapaToB ¢ Oojiee BBICOKOH MOJIEKY-
JSIPHOM Maccoi, 4To o0ycioBieHo 3(h(peKToM Io-
BBIIICHHOW POHUIIAEMOCTH U YACPIKAHUS MOJICKYJT
B opraHusMme (MTaCCHBHBIA TApPreTHHT). DTO sB-
JICHUE B OCHOBHOM HAOJIONACTCS B PAKOBBIX WM
BOCIAJICHHBIX TKAaHIX, KOTOPHIC OTIUYAIOTCS T'H-
nepBacKyJspu3anuei u 061anaT 0codo MpoHuUIa-
€MOI COCYAUCTOH CeThI0 M MPEACTABISIOT COOOM
CIIOHTAHHO PACHOJIOKEHHEIE, c1a00 CBSI3aHHBIC JH-
JIOTEMHATBHBIC KIETKH, TIO3BOJISIONINE HAHOCKOIIH-
YEeCKUM YacCTHIIAM ITPOHHKATEH B OITyXOJIEBBIC TKAHH
U OCTaBaThCS BHYTPH B PE3yJbTaTe OTCYTCTBHUS
i ocnabnenus auMdoapeHaxka [19].

OpHako crmemyeT WMETh B BHAY, YTO BBIBE-
JICHUE TIONMMepa HE HANpPSIMYI0 3aBHCHUT OT €ro
MOJIEKYJIIDHOM Macchl, HO, CKOpee, OT €ro THIpo-
JUHAMHYECKOTO 00BeMa, Ha KOTOPBIH BIMSET ap-
XHUTEKTypa nmoinumepa. Hampumep, 3Be3m1000pas3Hbie
MOJUMEPHI U JCHAPUMEPHI UMEIOT MEHBIIUE 00b-
€MBI TI0 CPAaBHECHHUIO C JIMHEWHBIMH TIOJIMMEPAMHU C
aHAJIOTMYHBIMU MOJIEKYJISIpPHBIMU Maccami [19].

Take MAITUIUPOBAHUE TPHUIACT IIperapaTam
0OJBITYI0 (DU3MUYECKYI0O U TEPMHUYCCKYIO CTAOMIIb-
HOCTh W NPENOTBPAINACT WINA CHIDKAET arperamnuio
UX MOJICKYJ B OpraHH3ME WJIM BO BPEMs XpaHCHUS,
YTO SIBIISIETCS PE3YNBTATOM CTEPUICCKON M3OJISIIIA
/WM MacKUpPOBaHHS 3apsjoB, OOECIICYCHHOTO
o0pa3zoBaHUEM KKOH(POPMAIIMOHHOTO oOnakay [19].

OTu 1nose3Hble CBOMCTBA, Nepeaarouecs 01uo-
MOJIEKyJlaM C ToMolIsio mpucoenuuenus I[190T,
HMEIOT OTPOMHOE€ 3HAYeHHUE IJIs JIIOOOW CHCTEMBI,
TpeOyrolei KOHTAaKTa ¢ KPOBBIO [16].

B cBsa3uM c yHHKamBHBIM COYETAHHEM (H3H-
YECKHUX, XMUMUYECKUX U OHMOJOTHYECKHX CBOMCTB
[IOI" u ero mMpoOW3BOAHBIC CTANM OJHUMH M3 HaW-
0osee BOCTpeOOBAHHBIX MOIU(PUKATOPOB OUOJIOTH-
YeCKH 3HAYMMBIX Mousekyid. IIpomsBomubie T10I°
TaK)Ke IIUPOKO HCIOJIB3YIOTCS B KadecTBE pacT-
BOPUMBIX MaTpPUI] IS KUAKO(PA3HOTO MENTUIHOTO
CHHTE3a, KaK JIMTAaHABl A1 BOIOPACTBOPHMBIX
KOMIUIEKCOB TMEPEXOJHBIX METaNIOB U KaK BOJO-
pacTBOpUMBIE areHThl Ul ciusHus kietok [18]. B
HacToslmee BpeMmsi Auamna3zoH npumeHeHus [101-
KOHBIOTATOB MPOAOIDKAET pacuupsaThcs. Hekorto-
peie w3 [IDOI'-MomuduIMpoBaHHBIX MOJEKYIN, Ha-
npumep, OCJIKU U JINTIOCOMBI, YK€ SIBJISIFOTCS KOM-
MEpPYECKH YCHCIIHBIMH  33apETUCTPUPOBAHHBIMHU
(hapMalleBTHUECKUMH TIpenapaTamu [16].

OOmupHEIA ombIT padotel ¢ [19T-mMomudu-
[IIPOBAaHHBIMH O€JIKaM{ IIOKa3bIBACT, YTO TaKWe
CUCTEMBI TPpeOYIOT 0COOCHHO TIATENILHOM CTENeHH
pazpabotku. Crektp cnoxHbx [190-peareHToB,
MIpeIHA3HAYCHHBIX I CalT-CEeJIeKTUBHON MOIH-
(ukanum OMONOTHYECKHX MaKpOMOJIEKyJ, Oe3yc-
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JIOBHO, Oy/IET pacupsaThCs U CO3JaHHS IPOJIOH-
THPOBaHHBIX (OPM MpPENapaToB HAMPABICHHOTO
neiictBus. OnbIT paboThl ¢ MOAM(DHIIMPOBAHHBIMHU
I[ID" B mocnemHuwe HOecATHNICTHS IIOKa3all, YTO
BBEJICHUEC COOTBETCTBYIONIMX PEAKIIMOHHOCIOCO0-
HBIX TPYII B MOJIEKYJIY TIOJMMEpa MOXXET OBITh
YCIIENTHO OMHCAHO JIOBOJBHO TMPOCTHIMH CXEMaMH
npucoenuHenus [16].

3a mocneanue 30 neT ObLIO CO3/1aHO HECKOJIBKO
paznuyHbIX KiaccoB [1OI, koTopble MO3BONSIOT
CKOHCTPYHPOBATh KOHBIOTAT C 3apaHee 3aJaHHBIMU
TepaneBTUYeCKUMH CBoOWcTBaMu. Kpome Toro, 3a
3TO BpeMs ObLIH pa3pa0O0TaHbl U ONTUMH3UPOBAHBI
pa3iMvHbICE METOAMKH [UIS OYMCTKH M aHaju3a
KOHBIOTaTOB, KOTOPBIE HEOOXOAWMBI TNPH pa3pa-
0oTKe MOIOOHBIX (hapMaIleBTHYECKUX IPEIapaToB.
Bcenencreue pactymiero nHTepeca K M3TWIMPOBaH-
HBIM (hopMaM Ha (apMaIEeBTHUECKOM PBIHKE CTaJIN
JIOCTYITHBI MHOTHE aKTHBHUPOBAHHBIC MOJHUMEPHI,
TakuM 00pa3oM Jiejasi BO3MOXKHBIM IPOBEICHUE
MOTUIIMPOBAHUS B TEX JIA0OPaTOPUAX, KOTOPhIC HE
CHAOXKEHBl XUMHUYECKUMU U TEXHOJIOTHUECKIMHU
CpelcTBaMH, HEOOXOTUMBIMH Tt akTuBaru 191
[20].

C MomMmeHTa yTBepKIeHHS Ha (apMaleBTH-
YECKOM pBIHKE IMEPBOTO MATHIUPOBAHHOTO Ipera-
para YmpaBieHHEM IO KOHTPOIIO IMPOAYKTOB U
nexapctB (FDA) B CIHA B 1990 roay, a uMeHHO
MIATUJIMPOBAHHOW  (HDOPMBI  aJICHO3WH IC3aMUHA3BI
«AgnareH» JUId JCUSHUsI TSKEIOro KOMOMHUPOBAH-
HOTO HMMMYHOJC(HIUTA, TITHINPOBAHHE CTAIO
IIMPOKO UCTIOJIH30BATHCS B KAYECTBE METO/Ia MOJIU-
(bukanuum Ha CTaJUM MOCT-TIPOU3BOICTBA IS YIIyd-
nieHus  OmoMeauMHCKOW  3ddexTuBHOCTH UM
(U3UKO-XUMHUYECKUX CBOWCTB TEPAIEBTUUCCKHIX
oenkoB [21]. C Tex mop AEBATh Pa3IMYHBIX M3TH-
JUPOBAaHHBIX TIPEHApPaTOB MONYYMWIH OI0O0pEHHE
FDA: BoceMb IATHIMPOBAHHBIX OCJIKOB W OJUH
anTaMmep IMAITHIMPOBAHHOTO (hakTopa pocTa cocy-
puctoro sHpotenus (OPCD) «lIsramtanud» st
JEUCHHsT TJA3HBIX COCYIOUCTBIX  3a0O0NCBaHUIL.
CTOUT OTMETHTh, YTO YEThIPE M3 ITHUX BOCHMH
YTBEPXKJICHHBIX TATHIMPOBAHHBIX OHOIpErapaToB
SIBISIOTCSL (hapMaIleBTUUECKIMU «OJIOKOacTepaMm»
— TEMH TpenapaTamu, KOTOPbIE TCHEPUPYIOT JI0XO0]T
Gomee $ 1 mupa. B rox: «IIsruHTpOH» (IOIMIK-
poBaHHas (opma uHTephepoHa-o2b); «Ileracuex»
(mrunupoBannast  ¢opma  uHTEphepoHa-02a),
«Hpronacray (myrunupoBanHas ¢popma pu-I'-KCD)
u  «Mupiiepa» (MATHIUPOBAHHBIA 3MOHeTHH-[),
yrBepxkneHHbii FDA B 2007 romy ayis nedeHws
AHEMHH, CBSI3aHHOW ¢ XPOHHYECCKOH MMOYCHHOU He-
JOCTATOYHOCTBIO Y B3pOCIbIX [22].

B xadecTBe ampTepHATHBHI MOHOKIOHATEHBIM
aHTHUTEIaM YK€ 3aperucTpUpoOBaH IATHWIMPOBAH-
HBI ()parMEeHT aHTUTENIa, KOTOPBIA OTHOCHUTCS K
CEMEHCTBY HHTHOUTOPOB (pakTOpa HEKPO3a OIyXO-
ma (®HO). Tlpenapar «Kum3us» (m3ruimpoBaH-
ueiii antH-OHO-a-Fab’) 6bu1 yTBepXKIeH B anpere
2008 roma ans nedeHus 3aboneBanusi KpoHa u B



mae 2009 roma — ang JiedeHuss PEeBMATOHUIHOTO
aptputa. [pyrodl mArWIMPOBaHHBIA (QparMeHT
aHTUTeNaa ObL1 co3maH w3 au-Fab'-antu-arperant-
HOTO Tpou3BoaHOro (hakropa pocra (CDP860) mns
MPUMEHEHUS. Ha TMOCICIHUX HSTamaxX KIMHUYECKUX
HCTIBITaHMH [22].

B nmomonmHeHne K 3THM YK€ YTBEP)KICHHBIM
MTWIMPOBAHHBIM  OMO(hapMaIleBTUUECKIM TIpena-
param B OnmkaiimeM OyIyIlieM K BBITYCKY TOTO-
BATCSI MHOTHE APYrHe HOBBIC IPOJIOHTHPOBAHHBIC
(G opMBI, HaXoIAIIUECs CeiYac Ha Pa3HBIX CTAIHAX
KIMHAYEeCKUX HcIbITannii. Hekotopeie dapmaries-
THYECKHE KOMIIAHWM aKTHBHO pa3pabaThIBaioOT
marunupoBanHbie Gpopmbl IFN-B: myrummupoBanHbIit
o N-koniy uenoBedeckuii IFN-f, pazpaboTanHbIN
kommanuerr «Biogen ldec» (BIIB017), B Hacro-
simee Bpemst Haxonutes Ha Il dasze kiamHMYECKUX
ucneitanuit, u I[IOI-IFN-B, paspaborannbii
«Toray» (TRK-560), - =Ha mepBoii (ase
kIuHnYecKuXx ucnbitanuit [23]. Kpome toro, HoBas
Bepcus marmwiupoaHHoro [-KC® ¢ ymydmieHHbIM
(dapmakokuHeTHIeCKUM TpodmiaeMm «Maxy-G34»,
paszpaboranHas komnanumed «Maxy-gen Inc.»,
YCIEIIHO TIPOILIA BTOPYIO CTATUI0 KIMHUYECKUX
ucnbliTaHuii [24].

Ectp Taxke HECKOJBKO OKIAJ0B O IIPHMeE-
HEHHWHU TATWIMPOBAHHBIX OCIKOB, KOTOPBIE HAaXO-
JITCSL HA Pa3NMYHBIX dTamax paspaborku. Dapma-
neBTryeckoit kommanueir «Novo Nordisk» mpo-
BEJICHBI WCIBITAHUS MPOW3BOAHBIX TIMKOISTHIH-
POBaHHEIX (PAKTOPOB CBEPTHIBAEMOCTH KPOBHU, U3
kotopsix aHainor VIl pakropa N7-GP yxe npomen
Il da3y knuHMYeCKWX WHCHBITAaHUK [25], kKak U
agaymor ¢akropa VI N8-GP, mpomenmmit
UCTBITAaHUS HA TAlMEHTaX W3 7 CTpaH, CTpaja-
IOIUX TsDKeIoW Gopmoii remodumuu tuna A [26].

Take Bemercs pa3paboTka (apMaKOKHHETH-
YecKoW Mojenu A 0a30BbIX M XUPYPTrHUECKUX
ucnbitanuii  [II  ($aspl  TIUMKOMATHINPOBAHHOMN

¢dbopmbl pekomObuHaHTHOrO (akropa IX HOHakora
6era N9-GP mo maHHBIM OTHOKPAaTHOTO BBEICHUS
npenapara HalieHTaM, CTPaJalonM reModurei
tina B, w npomenmum | ¢a3zy KIMHAYECKHX
uccnenopanuit  [27]. Kowmnanwmeit «BioMarin
Pharmaceutical Inc.» npoBoautcs II dasza knunHu-
YECKUX HCHBITAaHUHA TATWIMPOBAHHOW  (DOpMBI
(eHMITaTaHMHAMMOHUIITNA3EI B KAYECTBE MMOTCHIIH-
NBHOTO Tpemapara sl WHBEKIHUHA OOJBHBIM
¢denmnkeronypueit  [28]. Taxke KoMIaHHUEH
«Halozyme Therapeutics» ycnemHo npoBosTCs
UCTIBITaHUsI TIpernapara IATHIMPOBAHHOW YelloBe-

YeCcKOon pPEKOMOWHAHTHOM THATYPOHUAA3BI
PEGPH20, pacmierIsronen THAITypOHOBYIO
KHCJIOTY, BXOZSIIYI0 B COCTaB BHEKJIETOYHOIO

MaTpUKca, U CIIOCOOHOW MPOBOIMPOBATH HECKOIb-
KO KJICTOYHBIX JIMHUWA YeJIOBEYEeCKOW MaHKpea-
tHyeckoil kapuuHoMbel. PEGPH20 cnocobctByer
OTyXOJICCIICTIU(PUUECKOMY  YBEIMUCHUIO MaKpo-
MOJICKYJIIPHON TPOHUIIAEMOCTH W HHIYIIUPYET
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MOPO3HOCTE M MEXDHIOTEIHAIBHbIE W COEIH-
HUTEJbHBIC TMPOOETBl B OSHAOTEIUH  OIYXOJIH.
KomOunupoBannas tepanmusi PEGPH20 u rtem-
IUTaOMHOM WHTHOWMPYET POCT OIyXOMH U Tpo-
JUICBACT BBDKUBAHWE TMOMYJSAIMA TPAHCTCHHBIX
MbImei [29].

KapkacHbie Oesku pecTaBIsIFOT CO00l HOBOE
MOKOJICHUE YHUBEPCAIBHBIX CBS3BIBAIOIINX PELIETI-
TOPOB JUIsi KOHCTPYHPOBaHUs OHO(apMarieBTHIeC-
KHX JICKAPCTBEHHBIX IpenapaToB. CKOHCTPYHPO-
BaHHbIE KapKacHble OeJKu o0pa3oBaHbl HEOOIb-
IOIMMH PAcTBOPHMBIMH MOHOMEPHBIMU OeITKaMH,
TAaKUMHU KaK JIMIIOKAINHBI («AHTHKAINHY), Guodpo-
wektud |l («Anaextun»), 6Gemok A («Addu-
6omu»), tuopenoxkcun u BPTI/LACID1/ITI-D2
(momen Kynmna) [22], m TpeAcTaBisioT coOoi
JOMCHBI aHTUTEJ, B YACTHOCTH, WX HAWMECHBIIHE
(YHKIIMOHABHBIC SITUHHIBI, CIIOCOOHBIC K CIICIH-
(bnyeckoMy CBSI3bIBaHUIO. JIMITOKATHHBI — QYHKITH-
OHAJIbHO Pa3HOOOpa3Hble OCNKH, CoAepIKaIIue
160-180 AKO, ¢ moBospHO ci1a00i TOMOJIOTHEH
AMHHOKHCJIIOTHOW  TOCIEIOBAaTEIBHOCTH.  JTHU
MPOTEUHBl CO CKOHCTPYHUPOBAHHBIMH  JINTAH-
CBSI3BIBAIONIMMH CaWTaMU MPEICTaBISIIOT COOOH
MPUBJICKATEIFHYIO albTCPHATHBY pPEKOMOMHAHT-
HbIM (pparmMenTam aHTuTel. OHH COYETAIOT B cede
MPEUMYIIECTBA MOJEKYJI 3HAYUTECIBHO MEHBIIUX
pa3MepoB ¢ OJIHOM MOJUIENTUIHON LENblo U 00J1a-
JAf0T TEPareBTHYECKUM IIOTCHINAJIOM BHYTPH-
KJIETOYHBIX MHIICHEH C BBICOKOW CTPYKTYpPHOM
IUTACTHYHOCTBIO BCJIC/ICTBUE W3MEHEHUS aMHHO-
kucinoTHOM mociemoBarenbHocTr [30, 31]. Yrobsr
MPOAINTE BpeMs IMPKYIALUN B OpraHu3Me, HX
TaK)Ke 4YacTO IOJBEPraoT MITHIHpoBaHui0. He-
CKOJIBKO TIPENapaToB Ha OCHOBE KApKACHBIX OCIKOB
B JAaHHBIH MOMEHT NPOXOAAT CTAIHIO JOKIUHH-
YECKHUX W KJIMHUYECKUX UCIBITAaHWU, B TOM YHCIE:
MI3TIAPOBAHHBIN Annextun™ CT-322, cBsi3bIBa-
IO PelenTop-2 COCYIWCTOTO DJHJOTENHab-
HOTO (haKToOpa pocTa, MPUMEHSIONIUICS B TepaIuu
capkombl FOunra (kommnanus «Adnexus, A Bristol-
Myers Squibb R&D Company») [32], u
MI3TUIIMPOBAHHBIA JOMEH aHTHUTENa, CBSA3BIBAIOIINH
(hakTOp HEKPO3a OIMyXOIH-(l, pa3pabOTAHHBIA COB-
mectHO Kommanusimu  «PolyTherics Ltd.» u
«Fujifilm Diosynth Biotechnologies» [33].

OavH U3 HOBEHIIMX TOAXOMOB JJS CO3TaHUS
HEOOIBIINX AHTUTCHCBS3BIBAIOIINX (PPArMEHTOB C
BBICOKOH M30MpaTeNbHOCTHIO C(DOKYyCHPOBaH Ha HC-
MOJB30BaHUK OJHOJOMEHHBIX VyH-(pparmMeHTOB
AQHTUTEJ, HA3BaHHBIX HAHOTEIAMH U OOHApPYKEH-
HBIX TOJBKO y ceMelcTBa BepOIto1oBbIX. CBOHCTBA
PEKOMOWHAHTHBIX OJTHOJIOMEHHBIX HAHOTEN T03BO-
JSFOT OECIPENSITCTBEHHO MTPOBOJNUTEH CHHTE3, BBIpa-
0OTKY ¥ MOJICKYJISPHO-OMOIOTHYSCKUE MAHHITYJIS-
IIUM, TaKue Kak MOTU(HKAINSI aMUHOKHUCIOTHOMN
MOCIICOBATEIBHOCTH, CO3JaHHe «(DBIOKH»-MOJIC-
Kyl C APYIrHMH O€JIKaMH U Ja)Ke TEePEHOC aHTH-
TeHHOW CIeMM(UIHOCTH OT OJHOTO HaHOTeNIa K



npyromy [34]. HaHoTena o0nagaroT BBICOKOW CTa-
OMJIBHOCTBIO TPM KOMHATHOM WJIM TOBBIIIEHHOM
TEMIepaTypax ¥ HMEIOT CIa0yl CIIOCOOHOCTh K
arperupoOBaHMIO 0 CPABHEHHUIO C JIOOBIMH OJHO-
LENOYCeYHBIMA  BapualOelbHBIMU  (pparMeHTamMu
(scFv), monyyeHHBIMH W3 OOBIYHBIX AHTHUTEN, MO-
TYT OBITH JIETKO IOJIyYEHBI B OaKTepHUsX, B JPOXK-
XKaxX U MUIEIHATGHBIX Tpudax W MMEIOT HHU3KYIO
MMMYHOTE€HHOCTH (AaHHbIe Juia Mblei) [35]. Kpo-
Me TOro, u3-3a uX Hebombimux pasmepoB (15 kJla)
HAHOTEJIAa MOTYT aTaKOBaTh TIIMKO3WJINPOBAHHBIC U
CKPBITBIC AHTUTEHBI, HEJOCTYITHBIC JUIT KPYITHBIX
MOJICKYJI aHTHTEN, a XapaKTepHBIC BBITAHYTHIC
(GhOpMBI yuacTka WX aHTUTCHCBS3BIBAIOIICTIO CaiiTa
MO3BOJISAIOT B3aMMOJEUCTBOBATH C SMUTONAMH, KO-
TOpBIC HE SIBISIIOTCS y3HABAGMBIMH JJISI OOBIYHBIX
anTuTen. Ha HacToAmMii MOMEHT YK€ OIMCaHO
MPUMEHEHUE HAHOTEN N VIVO [uis TepameBTHYeC-
KUX IIeNed, B TOM 4YHCIIC IS BO3JICHCTBHS Ha
Mapa3uToB U Ha pakoBble kieTku [34]. Tloatomy
CTaJI0 OYEBHIHBIM, YTO IMATHIUPOBAHHE HAHOTEIN
CMOXKET MOJABHUTh KIMPEHC MaKpo(aroB W yBeJH-
YUTh BpeMs IMPKYJALUN BBEICHHBIX BEKTOPOB,
YTO >KM3HEHHO BaXXHO MAJISi 3KCTpaBa3allid HaHO-
MIOJIMMEPOB B OIYXOJIU sl obecrieueHus dPdek-
TUBHOW CHCTEMHOM JOCTaBKHM TpaHcreHoB. He Tak
JaBHO ObUT CHHTE3UPOBaH KOHBIOTAaT AaHTH-
DF3/Mynunl-nanotena co cioxHbeM 191 -mosu-
STHIICHUMHHOBBIM KOMIUIEKCOM (TIOJMILIEKC) IS
JIOCTaBKH JICTAJIBHBIX TPAHCTEHOB K CBEPXIPO-
JYKTUBHBIM pakoBbIM KkieTrkamM Mymunl [36] u
KOHBIOTAaThl TPEX PA3IHYHBIX (PaKTOPOB HEKPO3a
onyxonu-a ¢ 190" 40 k/la st nedeHust ayToum-
MYHHBIX 3200JI€BaHUiA, TAKUX KaK PEBMATOWTHBIN
aptput [37].

Konbrorammss [19I° ¢ OenkamMu TPUBOTUT K
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00pa30BaHMIO HOBBIX MAaKpOMOJEKYT C H3Me-
HEHHBIMU  (DU3UKO-XUMHICCKUMH XapaKTEPUCTH-
KaMd. OTH Moauukanuy, Kak MpaBWIO, OTpa-
JKAIOTCSl Ha CIIOCOOHOCTH CBSI3BIBAHUS PELENTOPA,
Ha in Vivo u in Vitro GMOIOrMYeCKON aKTUBHOCTH,
CKOpOCTH COpOIMU W OWOIOCTYIHOCTH, OMopac-
TpeeeHny, papMaKOKHHETHIECKOM U (hapMako-
JUHAMHYCCKOM MPOQHIIIX, a TaKKe Ha CHUKCHHUH
UMMYHOTE€HHOCTH ¥ TOKCHYHOCTH.

[IhrunmupoBanue 3amnIIaeT HENTHIB U OEIKH
OT TMPOTEOIUTHYECKOTO PACIICTUICHHS, OJHAKO BBI-
COKOMOJIEKYJISIPHBIC M pa3BeTBIICHHBIC BUIBI [1D1
CIOCOOHBI OKa3bIBaTh HETATHBHOE BO3/CHCTBHE Ha
OMOJIOTHYECKYIO aKTHBHOCTh KOHBIOTATOB H3-3a
crepuueckux nomex [38—40]. B ycmoBusix in vivo
3TOT 3((EeKT KOMIIEHCHPYETCs 3HAYUTEIHHO YBe-
JMYCHHBIM KJIMPEHCOM, KOTOPHIH OOBIYHO COCTaB-
JSI€T OCHOBHOE MPEUMYIIECTBO IMATHUIIUPOBAHHBIX
6enkoB mepen HatuBHbIMU [41-43]. Kak npasmio,
gyem miuHHee 1enb [IDI0 [44—46] u BwIme ero
MoJeKyIspHbIil Bec [47-49], Tem Gosblie Bpems
nonyBeiBeienust [19T-koustorara (puc. 2) [22]. B
noroHeHue Kk jumHe [0, Ha QapMakoKWHETH-
geckue © (apMaKOJMHAMHYCCKHE ITOKA3aTelH,
CKOPOCTb COpOIMH, 00BEM pacIpeesieHus mpera-
pata B Opranm3Me W Ha HEPHOA IIONYBHIBEICHUS
CHIbHO BimsieT ero reomerpus [50-52]. Bwuio
YCTAHOBJICHO, YTO KOHBIOTATHl OCIKOB C Pa3BETB-
neHHbpIMHE BuaaMu [191° umeroT Gosee UIUTENBHYIO
MUPKYJSIAIO iN VIVO, YeM HX JIMHCHHBIC aHaIOTH,
NpY OJMHAKOBOM MOJIEKYJSIPHOW Macce 3a cYer
Oonee 3PPEKTUBHOTO SKPAaHUPOBAHUS MMOBEPXHOC-
TH OeJKa, HO TakXke 00JalaloT H OOJBIIUM THAPO-
MUHAMHYeCKMM  obObeMoMm  [53-56], xors B
MOCEHEee  BPEeMs  MOSBHJINCH  PE3YJbTATHI,
OCTIIapHBarOIIKE 3Ty TUHoTe3y [57].
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Puc. 2. BiusiHne MOJIEKYISIpHOH MacChl IIITMIIMPOBAHHBIX 110 N-KOHIIEBOH aMHHOKHCIIOTE KOHCTPYKTOB
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y KpBIC TIOC/IE BBEACHUS JaHHBIX MIPENapaToB.

[TpoGiieMbl, KOTOpBIE BCTAIOT MpH pa3paboTKe
M3THJIMPOBAHHBIX OCJKOB, TaKXKE KaKk U JPYrHX

MIATUJIMPOBAHHBIX MOJIEKYJI, YacTO CBS3aHBI C
KOHTpoJieM caiita KoHbtorauuu 131" u xonmuuect-



BOM NPOAYKTOB C PA3IMYHON CTENECHBIO IPTHIH-
poBanusa. TepameBTHuecKue MNpemnapaTbl JOJKHBI
OBITH TOJHOCTBIO TOMOTEHHBI, C YETKO YCTAHOB-
JICHHOW aKTUBHOCTBI0O W MHUHHMHU3UPOBAHHBIMHU
noOoYHbIMU S dekTaMu. M3MeHeHne COOTHOIIe-
HUS IPOJYKTOB PEAKINH IPTHIMPOBAHMS, KaK U UX
KOH(pOpMaIH, TPUBOJUT K U3MEHEHHUIO OHUOJIOTHY-
€CKOH aKTHBHOCTH ¥  (PapMaKOKHHETHYCCKOTO
npoduis  [58-60]. AKTHBHOCTB, CTAOUIBHOCTH,
(hapMaKOKHHETHKA, a TaKKe OuopacrpelneieHue u
HMMYHOTE€HHOCTh OMOKOHBIOTaTOB MOTYT 3aBUCETD
OT HECKOJBKUX MapaMeTpPOB, TAKUX KaK pa3Mep U
¢dopma monmmepa, MOJIOKECHUE caiiTa KOHBIOTAIlHH,
YyUCIo npucoeanHeHHbIX Moinekyn 131, mpupona
XUMHYECKOW CBSI3M M KOJIMYECTBO 3alleHCTBO-
BaHHBIX AMUHOKUCIIOT [61-65].

Hoctynuele B Hacrosimee Bpemst [I0I-
peareHThl TO3BOJISIIOT IPOBOAUTH CEJIEKTUBHOE
MPUCOCANHCHNE K Hanboiee pacmpoCTpaHEHHBIM
(YHKIIMOHATBHBIM TPYIIIaM, MPUCYTCTBYIOIIUM B
Oenkax, a UMEHHO: K TEPBHYHBIM aMUHaM, KapO-
OKCHJIBHBIM TPYIIIaM, THOJIOBBIM WJIH YTJIEBOIHBIM
ocratrkam [66, 67]. Tem He MeHee, MpoBenECHHE
CENICKTHBHBIX MOJTU(DHKALUA MO ONpeACICHHBIM
AMUHOKHCIIOTHBIM OCTaTKaM B O€JIKOBOH mociieno-
BaTEJIBHOCTU (HAIIPUMEp, Ul COXPAHEHHUs MEepBO-
Ha4yaJbHOW OHOJIOTMYECKOW aKTUBHOCTH) SIBJIAETCS
JOBOJIBHO CIIOXKHOM IPOLIEAYPOM, M Ha JaHHBIA
MOMEHT HEBO3MOYKHO BBIBECTH KaKylO-TO €IHHCT-
BEHHYI0 YHH(UIIMPOBAHHYIO CTPATETHIO IUISI TIPH-
coequuaenns [10I' ko BceM OellkaM WM IENTHAAM

[22].

2.2. Ceouicmea IIDI" kax moougpuyupyrowiezo
azenma

VHUKAIBHBIE XUMAYECKHE M MEIUKO-OMOIOI -
YECKHE O0COOEHHOCTH ITOJIMATUIEHITIUKONS B Teue-
HUE JUIMTEIBHOTO BPEMEHH YCIIENTHO HCIIOJIb3Y-
FOTCS IS Pa3lIUYHBIX MPAKTHYSCKUX IIEIEH, B TOM
gucie JUIs TPUCOSAUHEHUS K OHOJNOTHYSCKHM
MoJIeKyllaM 0e3 M3MEHEHHS WX OWOMETUIIMHCKHX
cBoiictB. 191" MoxeT OBITh JIeTKO MoAM(HUIINPO-
BaH W MPHUCOCIMHEH K JIPYTUM MOJICKYJIaM C He3Ha-
YUTENIBHBIM BO3JEHCTBUEM Ha HX XHUMHYECKHE
CBOWCTBA, HO C 3aMETHBIM N3MEHEHHEM HX PacTBO-
PUMOCTH, pa3Mepa M CTaOMIBHOCTU. DTOT IOJU-
Mep, Ha MEPBbIA B3MIA[, SBISETCS OYCHb MPOCTOU
MOJICKYIIOW, a, 1O CYyTH, MPEICTaBJIACT COOOM
JIUHEWHBIN HEUTpaNbHBIA Tonudpup ¢  oObmen
cTpykTypoii [68]:

R-0O—-(CH,—-CH,-0),—CH,—CH,—OH,
rae R = CHs, H.

Onnoit u3 HanbGoee spkux ocodbenHocreit [12I°
SIBIISIETCSL PACTBOPUMOCTE: 110 50% B OONBIIMHCTBE
pacTBOpUTENIEH, TMPUMEHSEMBIX B OPTaHUYECKOM
XUMUHU, a Takxke B Bozae. [IOIT mmeer HU3KYyIO
COOCTBEHHYIO TOKCHYHOCTb. K TOMY e He KaxIblii
HEUOHHBIA THAPOPUILHBINA MOJUMEpP MOXKET obec-
IMeYnTh O€30IacHOE, HE BBI3BIBAIOIIEE MOOOYHBIX
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peakmmii  BozaenictBue. I[19Tm ¢ momekymsipHOI
Maccoii or 20 mo 50 kx/la B OCHOBHOM WHCIIOJb-
3YIOTCS UTSI KOHBIOTAINH C HI3KOMOJICKYIISPHBIMA
npenaparaMy, TaKUMH KaK OJIMTOHYKIICOTHIBI U
manble uHTepdepupyronme PHK. B pesymbrate
00pa3yroTcsi KOHBIOTATHI, HMEIOIIIE MOBIIICHHBIN
MOYEYHBI KIIMPEHC H3-32 yBEIIMYEHHOW MOJEKY-
JSIPHOM Macchl IOJYYeHHOHW MOJIEKYJbl, HE CIIO-
COOHOH MPEOoA0JIeTh MOPOT MOYEYHOTO BBIBEIICHUS.
[129Tu ¢ Gonee HUBKUMH MOJICKYIIIPHBIMH MaccaMu
1-5 k/la wacTo MCHONB3yIOTCA U1l KOHBIOTAIMH C
BBICOKOMOJICKYJIIDHBIMU ~ TIpENapaTaMy, TaKHUMHU
KaK aHTUTe/a WM HaHoYacTHie! [19].

C TeopeTH4ecKOW TOYKH 3pEHHs, 3TOT Ouo-
pasyaraemblil monumMep sBiseTcst HauOoiee yno0-
HBIM B TIPAMEHCHHUH, HOCKOJBKY IpoOiieMa ero
MIOJTHOTO BEIBEICHMS Ipeofonuma. B To ke Bpems
JIOJDKHBI OBITh TPUHATHI BO BHUMAaHHE UM JAPYTUe
aCTIeKTHl, TaKWe KaK TOKCHYHOCTh IPOJYKTOB
pa3oKeHUs M OTPaHUYCHHBIA TEPHOJA XPaHCHUS
npernapara.

Yro Kacaercs XHUMHYECKOH MOIU(UKAINT
12T, To Ha KOHIAX €ro MOJIEKyJa UMEeT Iep-
BUYHYIO, JIETKO MOJIU(UIMPYEMYIO THIPOKCHIIb-
HYIO TPYIIY, B TO BpeMsl Kak Moind(upHas OCHOBa
XIUMHAYEeCKH HHEPTHA.

B cnyuae, xorga TpeOyercsi NPUCOETUHUTH
TOJBKO OJHY MOJIEKYJIy BellecTBa K MOJIEKyJe
19" wnmm npukpenuts crnoxsble nemu [I0I0 k
cyOcTpaTy, BO u30eKaHUE BO3MOXHOTO Kpocc-
JMHKUHTa OeJKa 4acTO HCHOJIB3YeTCs MOHOMETH-
noBeiit apup 19T (MIIDIY). KopanmeHTHas cBsi3b
Mexny [IOI° m monekynol Oenka oOpaszyeTcs c
yuactuem OH-rpynn nomumepa. Kpome Toro,
HOBBIE (pyHKIMOHANEHBIE MoseKynsl [1007 moryt
OBITh TOJNYYEHBI WM IyTEM NPSIMOTO Ipeodpa-
30BaHUS THIPOKCHIBHBIX ()parMeHToB B TpeOy-
eMYIO (YHKIIMOHABHYIO rpymimy, 1100
B3aMMOJICHCTBHEM ToMMepa ¢  OW(yHKIHO-
HaJIbHOW MOJIEKYJIOH, Il OfHa (YHKIMOHAJIbHAs
TpyNIa HWCHOJB3yeTcs JUIA TNPUCOSIUHEHUS K
MOJIMMEpy, a Apyras OCTaeTCs NOCTYIHOH st
KOHBIOTAIIUH C MHTEPECYIONICH MosteKytoi [68].

Cunraercs, 4ro KoHbroramus Mmonekyn I10T,
MIPUCOEAVHEHHBIX B HEMOCPEICTBEHHOH Onm3ocTu
OT aKTHBHOTO IIGHTPA, MOXET IPHBECTH K CTEPH-
YeCKUM 3aTpyJHEHHSIM I He3HaYUTEIbHBIM KOH-
(OpMaMOHHEIM M3MEHEHHSM B (DYHKIIMOHAIIBHOM
yactu 6enka. C moMoIbp0 IMMOOWIN3ANH MACKH-
pyromux (9KpaHUPYIOLIMX) areHTOB Ha TBepJble
HOCHTEIH, TIPOCTPAHCTBO BOKPYT' aKTHBHOTO IIEHT-
pa CTaHOBHUTCS 3aIlIUIICHHBIM OT XHMHUYECKOTO
BO3JICHCTBHSL BO BpeMs IPOBEICHUS HITHINPOBA-
Hud. [locne cHATHSA 3ammTH cyOCTpaT Oecrpenst-
CTBCHHO IOCTUTAET aKTUBHOTO LIEHTPa MATHIUPO-
BaHHOTrO Oelka [69].

ITpu ucnone3zoBanuu II2I° B kadecTBe MOAHU-
¢UIHpyIOImero areHTa Al NPUCOSIWHEHNS K TeTl-
TUAY WK OeNKy OH JOJDKeH OBITh aKTHBHPOBAH C



IOMOITBI0 (DYHKIMOHAIBHBIX TPYIIL, KOTOPHIE SIB-
JSFOTCSL PEAKIMOHHOCIIOCOOHBIMU 10 OTHOILICHHIO
K HEKOTOPBIM IPyIIIHpPOBKaM Oenka [68].

HecmoTps Ha ycnex KIMHUYECKUX HUCTIBITAaHUH
MHorux II3I'-konbtoraToB, npucoeaunenue [191-
pearenTa Kk OHOMOJEKYyIe, TAKKE KaK W MpHUAaHUE
KOHBIOTAaTy TpeOyeMOW CTPYKTYpBl U €ro Jajb-
HeWImas OYHMCTKA, OCTAlOTCS JOBOIBHO MPOOIIe-
MaTuuHeiMu [70]. B uacTHOCTH, B pe3yibraTe
peaKknuy KOHBIOTAIMH MOXKET O00pa3oBBIBATHCS
IpUMeCh MOOOYHBIX MPOIYKTOB, €CIIM B MOJICKYIIE
Oenmka umeeTcs enie ofHa (HYHKIUOHAIBHAS TPYII-
ma, KOTopasi SBJSETCS aKTUBHOHM IO OTHOIICHHUIO K
I13I-pearenty. Hanpumep, npu B3auMoJeHCTBHU C
OOBIYHBIMU OENKaMU JTaKe MOHO(DYHKIIMOHATHHBIX
12" peakmusi KOHBIOTAIMM YacTO TPUBOAHUT K
00pa3oBaHUIO CMECH MOHO-, IH- W TOJUIATIINPO-
BaHHBIX (opM. B CBS3M C BBIICU3IOKECHHBIMU
COOOpaXCHUSAMH, OrpaHWuYeHHBIH BBIOOP [1OT-
peareHToB, CIIOCOOHBIX OOCCIICYHTh CalT-HaIpPaB-
JCHHOE ITWIMPOBAHHUE, SBJSIETCS  OCHOBHOWM
nperpamon Ui pa3paboTKu OuodapmarneBTHIeC-
KAX  MOJICKYI-KOHBIOTaTOB. JIOBONIBHO  dYacTo
MPUXOIUTCS BCTPAMBATh KOHKPETHBIA cCrierudud-
HBIA CaiiT B OMOMOJIEKYTy AJIsl JalbHEHIIero caut-
HampaBieHHOTo mnpucoenuHenuss [71]. Takum
o0Opa3oM, BbIOOp crienu(UYHOrO0 peareHra CTaHo-
BUTCS BaXKHOHM 3aJadell MpU CO3MAHHU METOIUKU
HAIMpPaBJICHHOTO MATHIHpOoBaHus [68].

[TockonbKy (onmuHT OSIKOBBIX IENeH peryiu-
pyeTcs TepMOIUHAMUYECKUMHU (pakTopamu, HOC-
TYITHOCTh W PEAKIMOHHAs CIIOCOOHOCTh OOKOBBIX
nerneil MoXeT OBITh W3MEHEHa ITyTeM BapbHpO-
BaHUsI YCJIOBHI TpOTeKaHWs peakimu. Hampumep,
JU3UH SIBIISIETCST OoJiee PeakIMOHHOCIIOCOOHBIM B
HENPOTOHUPOBaHHOU ¢opme, T.e. mpu pH > pK.,.
CrnenoBaTenpHO, MpH 0OJiee BBHICOKUX 3HAYCHUSIX
pH peakuus mpotekaer Ovictpee [72], Ho OH-
TPYIIIBI  CTAHOBATCA 0oJiee KOHKYPEHTOCIOCO0-
HBIMU, a TpPU HU3KUX 3HadeHWsX pH peakmwms
MIPOTEKAET MeJJICHHEee ¢ 0oJiee BHICOKOM CEeNEKTUB-
HOCThIO. Kpome TOro, «cmpsiTaHHBIE» aMHHO-
KHCIIOTHI MOTYT OBITH BBIBEACHBI HAa IOBEPXHOCTH
Omaronmapst yacTUYHOU NeHarypanun O0enka. Takum
o0pa3oM, IOCKOJbKY Ouosornveckue (QyHKIUH
OCIIKOB OMPEAETSAIOTCS UX CTPYKTYpOH H (OpMOH,
TO CIICAYET YYUTHIBATH BCE CTPYKTYpPHBIE OCOOCH-
HOCTH JTHX MOJEKYyl JUIS TpPEIOTBPALICHUS
HEONMAronpuATHBIX W3MEHEHHH KOH(OpPMAIlMU B
pesyabTaTe poBeieHns MoanuKanuu [69].

IMpouecc mnpucoemuuenuss IO k Oenkam
OOBIYHO MPOHMCXOAUT C BOBJIICUCHHEM OCTaTKa JIH-
3WHA, MMOCKOJIbKY €T0 €-aMHHOTPYIIIBL, BCETIa TIPH-
CYTCTBYIOIIME B O€JKax, NOBOJBHO PEAKIIMOHHO-
crocobubl U ruapodmibHel [73-75]. Tarke cy-
IIECTBYET MHOXECTBO PabOT, MOCBSIIICHHBIX CaiT-
HANPaBICHHOMY IIATHIMPOBAHUIO JIPYTUX aMHHO-
KHCJIOTHBIX OCTaTKOB B Oenkax [42, 66, 76].
TuomnoBsle MomudpuKanmud C TOMOMIBIO TaKUX
peareHTOB Kak Mamemmun [77, 78], mupummi-
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mucynbun [79, 80], sunmicynbdon [81] mpen-
CTAaBISIOT OCOOBI MHTEpPEC, HO IOCKOJIBKY
IUCTEMH PEAKO TPHCYTCTBYeT B OenmKaxX, TO HX
npuMeHeHue orpanudeHo [82, 83]. B kauectBe
AKTHUBHBIX CalWTOB KOHBIOTAIIMA TAKKE MOTYT
BBICTYIIAaTh TyaHUAWHOBBIE TPYNIIBI apTHHUHA,
KapOOKCWJIBHBIE W  KapOOKCaMUJHBIC TPYIIIBI
[IyTaMUHOBOM KHCJIOTHI M TiyramuHa [84-86], a
TaK)Ke YIJIEBOAHBIE OCTAaTKM — B Cilydae IJIMKO-
npotenHoB [87]. WHorma cmyuaiiHoe mpucoeu-
HEHHE TaKXe MOXET IPOUCXOIUTHh IO TUPO3UHY
[88] wnu ructuamuy [72, 89]. Jlroboii Hexena-
TEJNIFHBIA TPOAYKT NPHUCOCIUHECHUS 10 THPO3UHY
MOXET OBbITh paclielyieH 00paboTKoil ruapoKcui-
amuHoM [90]. ITpucoeanHeHne N0 KapOOKCUIBHBIM
rpymnnaM OeKa ONHCAaHO TOJBKO IS HECKOJIBKUX
KOHKpPETHBIX CIIydaeB, Kak B CiIydac KOCBEHHOTO
npucoenuHenuss IO -ruapasuga mpu  HU3KUX
s3HaueHussx pH [91, 92], mockonbKy mpu peakmuu ¢
amuHorpymnmnamu [191" omfHOBpEeMEHHO MPOUCXOAUT
KPOCC-TMHKUHT O€NKa MO 3TUM K€ aMUHOIPYyIIam
[93-95].

HeobOxoaumpiM TpeOOBaHHEM JUIS BCEX STHX
METOMOB SIBJSIETCSI CO3/laHME YCIOBHH Uil coXpa-
HEHMs AKTUBHOCTH OUOMOJIEKYINBI: OINpPEJEICHHOE
3HaueHue pH, TemmepaTypsl M KOHIICHTpAIHH
Oenka u comu [68, 96] ¢ 1enbI0 NpenOTBpaICHUS
Hecnienu@uuHoro npucoeauHenus 11071,

N3BecTHO, 9TO 0OOpa3oBaHWE MPOYHOW CBS3U
MEXIy OMOJIOTUYECKON MOJICKYJIOH W MOJICKYJIOH
[I9I" sBnsieTcs MPUYMHON CYHIECTBEHHOW moTepu
OMOJIOTHUECKON aKTUBHOCTH Oelka WIIM TOJH-
nentuaa [54, 58]. OnHako gaxke eciv B pe3ynbTare
peaKkuuu ocTaeTcsi Okono 5% OT MepBOHAYATBHON
OMOJIOTHUECKON AaKTUBHOCTH, TO 3TOr0, KakK Ipa-
BIJIO, BIIOJHE TOCTATOYHO AT (PYHKIIMOHUPOBAHUS
in Vivo maruiupoBaHHOW (GOPMBI CO CTAOHIBHOMN
cBsi3bto [68].

2.3. Buowt II2I'-peazenmos
2.3.1. O630p cospemenuvix [121-peacenmos

Kommepuecku  goctynuble  [IOI-peareHTh
HUMEIOT Pa3/IMYHbIE UIMHY, T€OMETPHUIO MOJEKYNI U
XUMHMUYECKUE CBOMCTBA, YTO MO3BOJIAET UM B3aUMO-
JIECTBOBAThH ¢ 0COOBIMU (PYHKIIHOHATBHBIMU TPYII-
namMu OEJIKOB JJISi CO3/IaHMS KOBAJICHTHOW CBS3H.
Cyl1ecTByeT HECKOJIBKO KOMMEPUYECKHX II0CTaB-
mukoB, Hanpumep, «NOF Corporation» (Smouwus),
«SunBio» (FOsxnast Kopest), «Chirotech
Technology Ltd.» (Benukobpuranus), «JenKem»
(Kurait), «Creative PEG Works» (CIITA) [22].

[Tomumepusie II0I, kak mnpaBwilo, HE MOI-
BEpXKEHBI OHOAErpajalvy, HO, [0 HEKOTOPHIM
JIAaHHBIM, MOJITBEPXKAEH MPOLECC UX OKUCIUTEINb-
HOTO pAacCILEIUIEHHUS C TOMOIIBI0  Pa3IMYHBIX
(epMEHTOB, TaKMX KaK aJKOTONb- W aJbJCTHA-
neruaporenasza [97] wnmu muroxpom-P450-3aBucu-
Mas okcugasza. Lenu 191" ¢ MonekynsapHO# Maccoit
menee 400 [la merpagupyrot in Vivo mox BO3AEHCT-
BHUEM AJIKOTOJIBIETUAPOreHas3 10 AOBOJbHO TOKCHY-



HbIX MeTabonutoB [98]. Bosee miuHHBIE IIEMH,
KOTOpBIE  HCIIOJIB3YIOTCSL Ui T3THWIMPOBAHUS
OCITKOB, HE IMOJIBEPraloTCs METa0oNIM3My, U MeXa-
HU3M BBIBEICHUS HX KOHBIOTATOB 3aBUCHUT OT
MOJIEKYJISIPHO# Macchl [22, 99].

Monexynst [191" u konbroraToB 6enkoB ¢ [101,
AMEIONIMMH MOJIEKYJIspHy0 Maccy Hike 20 k/la,
BBIBOJISAITCS Uepe3 MOYKH, B TO BpeMs Kak OeJIKOBbIE
KOHBIOTaThl C OOJIBIIUMHU MOJIEKYJIIPHBIMU BECaMH
YOAISIOTCS W3 OpraHu3Ma JAPYTUMH CIOCOOaMH:
yepes Me4YeHb, ¢ OMOIIBI0O UMMYHHOU CHUCTEMBI U
MPOTEOJUTUYECKUM  pacUIelieHueM  OelIKOBOM
yacTi KoHbiorata [100]. DTu myTH npeacTaBisioT
co00if MPUPOJIHBIE MEXaHU3MbI BbIBEIEHUS KpYI-
HBIX OENIKOBBIX MOJIEKYJ C MOJIEKYJSPHON Maccoit
6onee 70 x/1a [22].

Paznmuynbie Bumbl TI0I, kak Momudunmpo-
BaHHbIE, TaK U HET, UMEIOIINE IIUPOKUN CIEKTP
MOJIMIUCTIEPCHOCTH, WCIIONB30BAINCH B HEIABHEM
MPOILIOM, B TO BPeMsS KaK B HACTOSIIEE BpeMs
o0enpuHITHIM cTangapToM g 191 -pearenTos
¢ MonekynsipHoit maccoit go 30 k/la sBnsercs
cTeneHb mnojuaucrnepcHoctn okono 1.05. s
BBICOKOMOJIEKYJISIPHBIX (pOPM IpHEMJIEMO 3Haue-
HUE TOJNUAUCIEPCHOCTH, paBHoe 1.1, onxHako
oOmIass TEeHIEHIMsI HampaBlIeHa Ha pPa3pabOTKy
II3I' ¢ y3kuM nuamna3oHOM pacrpezeneHus. bomnb-
mol pa3dpoc MOJEKYISIPHBIX MacC B COCTaBe
MOJIMEpa SIBIISICTCS OJHUM M3 (DaKTOPOB, YCIOXK-
HAOIUX aHam3 KoHbroratos 11D ¢ Oenkamu. B
CETOJHALIHEH TMPAaKTHUKE YacTO HCIOJIb3YIOTCS
TUHEHHBIE W pa3BeTBieHHbIE BUAbl [IOI ¢ mome-
Kynsipaoit maccoit 1o 40 x/la, mpumeHeHne KOTO-
PBIX TPUBOAUT K OXUAAEMOMY YJIydIIEHUIO ¢ap-
MaKOKMHETHYECKHX CBOMCTB OenkoB [54, 56, 100].
Tem He MmeHee, HOBbIe Qopmbl [I0I, Hampumep,
pa3aBocHHBIE, «MHOoropykue» [101] u rpeOHe-
obpasnele [102], MMEOT NEpPCHEKTUBY JalIbHEH-
IIETO WCIIOJIB30BAHUS TPH CO3MaHHHM HOBEBIX IIPO-
JIOHTHPOBaHHBIX ¢opM mpemnaparoB. ['pebHe-
obpasuele IIDI' coxepkaT MHOTOUYHCICHHBIE
kopotkue menu [IOI, mpuKpemnyieHHble K OCTOBY
MOJIIMEPa C ITOMOIIBI0 METaJII-0IOCPETOBAHHON
CcBOOOIHO-pauKaibHON nonumepuzanuu [103],
9TO JOOABISAET JOMOIHUTENbHBIC TPEUMYIIECTBA K
IUIOTHO-YIIAKOBAHHOW CTPYKType mosmmepa [22].

[lepcrieKTUBHBIM MOAXO0J0M K HAIpPaBICHHOMY
IIBTUINPOBaHUIO siBiigeTcs npucoenuHenue [191 ¢
JATbHEHIINM yAaJieHueM TPYIIbl, CBS3bIBAIOIICH
ero ¢ 6emkom [63, 104, 105]. DtoT MeTOon MO3-
BOJISIET TPEOJ0JIeBaTh WHAKTUBAILMIO Oelika BO
BpeMsI PEaKIWy IPTHIINPOBAHUS W CO3/1aBaTh IIpe-
mnapar cO CpaBHUTEIHHO BBICOKOW OMOIOTMYECKOM
AKTUBHOCTBIO, TOBBIIIEHHOW PacTBOPUMOCTBIO H
OMOIOCTYITHOCTHIO, @ C TIOMOIIBIO CENEKIUH CIITH-
BAaIOIIETO AareHTa JeNacT BO3MOXKHBIM KOHTPOJIb
(bapmakokuHeTHKH [22].

Bricroboxxaaembie [1O0-muHKepbl (MM CIIH-
BAaIOIIME arcHTHI), KaK IPAaBHJIO, NMPECIHA3HAYCHBI
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JUIT  KOHTPOJHMPYEMOTO BBICBOOOXKICHUS Ipena-
paToB, conepxamux amuHorpynmsl [106]. DToT
croco0 Hambonee moaxoauT s mentuaoB [107],
HEOONMBIINX MOJEKYNI M ONUTOHYKJICOTHAOB. [lis
Oonpmiedt  3¢dexkTUBHOCTH HeakTUBHAs (dopma
mpernapara («mporpenapar»), MoJydeHHas C To-
MOIIBI0O  «BBICBOOOKAAEMOT0»  IIATIMPOBAHHMSA,
JIOJDKHA OBITh XUMHUYECKH WIH (HEepMEHTATHUBHO
npeobpa3zoBaHa B CBOK aKTHUBHYIO (GopMmy Tocie
BBEJICHUS B opraHu3M mnainueHta. C 3Toil menbio
3anuncku u ap. [108], a takxke ['punBanba u Ap.
[109, 110] cozmamnu in Vivo BEICBOOOK IaEMbIE BUIBI
[I3T, paznuyarommecss MEXaHU3MOM OTIIEILICHHSI.
Monexynsl [191', pa3paboTtannblie rpynmnoil 3anum-
CKH, HCIIONB30BaBIICH napa- WIH Opmo-IUCYib-
¢buapl OeH3WIypeTaHa, MOABEPraUCh paciierlie-
HUIO B DHIOCOMAJIFHOM HPOCTPAHCTBE KIETKH B
JIOBOJIbHO Msrkux ycnoBusix. B II0lax, cuHTesu-
POBaHHBIX TPyMION ['puHBaNbAa, UCHOIB30BATIACH
CHCTEMa, COCTOSIIasi U3 clieiicepa, comaep)Kariero
WHUIMATOp WM cnenudukarop, U GpepMeHTaTHB-
HO BBICBOOOXKJAEMOT0 JIMHKEpa, NPUCOEANHEH-
HOTO K MoJiekyne npemnapara. CKOpocTh, C KOTOPOi
mpenapar OTLIEIUISUICS OT JIMHKepa, 3aBHcelia OT
CTepUYECKUX NMPEnsATCTBUMN, 3aJaHHBIX XUMUYECKOI
CTPYKTYpOH caMoro JinHKepa [59].

VYayumeHHble (U3UKO-XUMHUECKHE XapakTe-
puctuku [IO-KOHBIOTaTOB OOBICHSIOTCA YBEJHU-
YeHHEeM THIPOANHAMUYECKOro o0beMa HMX MoJje-
KyJI, 4to obecnednBaeTcs crmocoOHocThio [12I0
KOOPAMHUPOBATh BOKPYT c€0sl MOJIEKYJIBI BOJBI, a
TaKkKe BCIENCTBHE THOKOCTH ero menw. Llemm
MOJIMEPa MOTYT Pa3BOPAUMBATHCS BOKPYT Oelika
JUIsl OTPAXKACHUS €0 OT OKpYKaroIel cpenbl (1iu
HA000pOT), HO OHHU TAKXKE OKA3bIBAIOT BIMSHUE HA
B3anMOJCHCTBHE OenKa ¢ OPYTHMMH MOJEKYJIaMH,
YTO B@XHO ISl MPOSIBIICHUS] €ro OMOJOTHYECKUX
¢byHKIMA. 3TO CBOMCTBO CUMTAeTCsl KaueCTBEHHOI
OCHOBOH Pa3HHITBI B aKTUBHOCTSAX IITHIIMPOBAHHBIX
OeskoB in Vvitro u in vivo. Kak mpaBuio, akTHBHOCTh
in Vitro mocie MAruIMpOBaHUs CHIKAETCS, HHOTIA
OUYCHb CYIICCTBEHHO; TeM He MeHee, (apMako-
JIOTHYECKHE CBOMCTBA iN VIVO OOBIYHO YIyUIIAIOTCS
[22, 58, 59, 63].

[TockonbKy OOJIBIIMHCTBO PEaKIUN MATHIIHPO-
BaHUsI TIPOBOIUTCS C YJacTHEM JOBOJBHO HECTa-
OMJIBHBIX MOJIEKYJ, TO HAJISl MPOBEJCHUS pPEaKun
KOHBIOTAIIUN TPEOYIOTCSI MSTKHE YCIOBHUS, MOJIXO-
ISIIUe ISl TIPOBENEHHs B BOIHBIX pacTBopax. B
Cllydae MOJMIENTUIIOB Hanbojee pachpoCTpaHEH-
HBIMHU JJI1 TPUCOCAMHEHUS PEAKTUBHBIMU TpPYI-
mamMu  SBIBTIOTCST N-KOHEI MOJHUIENTHIHON Ienn
WIH €-aMUHOTpyNIbl ju3uHa [74]. IlepBoie cuHTe-
3upoBaHHble aHanoru 101, kak mpaBuio, coaep-
XKay OOJIBIIOE KOJMYECTBO NPUMECEH, HMenn
HU3KHE MOJIEKYJSIPHBIC MACCHl, HECTaOMIBHBIE CBS-
3M, a TakKe He oO0Jiafjami SPKO BBIPAXKEHHOMN
CEIIeKTHUBHOCTHIO. [IprMepamMu IepBoTro OKOJICHUS
npom3BoaHbX IO sBmsrorcs:  [1OT-mmuxop-
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tpuazun [111, 112], TI9-tpesunar [113], TIDI-  tpuxnopdenmnkapobonar  [112],  IIDI-kap6o-
cykuuaumuauiakapoonar (CK-II2I) [114, 115], wummumupazon [112] [OI-cykuuHUMHUIUI-CYKIU-

[12T'-6en30TpHazoIHIIKapOOHAT
HUTPOPEHUIKAPOOHAT [112,

[116], IIBI'-n-  wmar (CC-IIAI) [112, 115, 118], xoropsie mpen-
117], I[I9I'-  craBneHsl B Ta0a. 1 u 2.

Tabnuua 1. Ankunupyromue npoussoansie 11507, B3auMoaedcTByIOIYE ¢ aMUHOIPYIIAMU

¢ 00pa3oBaHMEM BTOPUYHBIX aMHHOB C COXpPaHEHUEM 3apsijia Oenka

dopmyna

Hazsanue IIpumeuanus CchUTKH

o)
PEG—O—CHy—£

PEG—O
—N
N Y—ci
=N
PEG—O

PEG—O—S07—CH,CF,

o}

PEGA)L H

HepeakunonnocmnocobeH,

12T -3m0KCH [122, 123]
UCTIONb3YETCS PEAKO
IO -X 10D TP HASHE He ucnonp3yeTcst B KITMHUYECKON [111, 112,
PP MIPAKTHUKE U3-3a TOKCHUHOCTU 119, 120]
TI2T'-tpe3unar He ucrmone3yercs: 00paszyercs cMech [92, 113,
(-ro3mnar) H30MEPOB 124]

Peaxiust IPOXOUT B JIBE CTaIUK C
BoccranoButeraeM NaCNBH;. Eciun
[I3I-anbaerun NPUCOEINHEHHE TIPOBOIUTCS TIPH [125, 126]
Hu3kux pH (4.5-5.0), peakmus uuet
TOJIBKO T10 0-AMHHOTPYIIIIE

IIpousBognpie  IIDI-xmopTpuazuHa MOTyT  OWJIBHBIX CBSI3€H, MPOTEKaHWE IMOOOYHBIX PeaKIuid
pearupoBaTh C HECKOJNBKAMH HYKICOPIIBHBIMH M OTCYTCTBHE HW30HMPATENBHOCTH K 3aMCHaM.
rpynnaMy, TAKUMHU Kak (GYHKIUOHATBHBIE Tpynnsl  OOHEM W3 TPEACTABHUTENCH BTOPOTO MOKOJICHHS
OCTaTKOB JIM3WHA, CEepUHA, TUpo3wHa, mucrenHa  [IOI-mpomsBomubix siBasiercss  wMIIOI-mpormon-
W THCTH/IMHA, B pe3ysibTaTe o0Opasyercst KOHbiO-  ambaerua [16, 68]. OH jierko cHUHTE3HpyeTCsl H
rar B BHJC BTOPUYHOIO aMHHA C COXPAaHCHHBIM  yIoO€H B UCIONB30BaHUM [126] MmO CpaBHEHHIO C
sapsgom [119, 120]. K coxanenuio, peakiimoHHast [IOIM-aneTanpaernaoM, Tak Kak MOCIEIHHN OYEHb
criocobHocth  [IDI-XJOpTpUa3WHOB  JOBOJIBHO ~ YYBCTBUTENICH K JIUMEPHU3AIUU Yepe3 albJI0JIbHYIO
BBICOKA, YTO BBI3BIBAET KPOCC-IMHKHHI MOJIEKYNT  KOHAeHcarwuio [132, 125].

Oenka, cojepXamux JIOMOJHUTEIbHBIE HYKJICO- B3anmopneiicTBue anpAeTUIOB C MEPBUYHBIMU
¢unpHBIe OocTaTku. JIpyrUMHU alKWIMPYIOIUMH  aMHHAMH TPOMCXOJHUT Yepe3 o0pa3oBaHHUE OCHOBA-
areHTaMH, HWCHONB3YIOIUMHCS st Hecmemudu-  Huid 1udda, xoTopble BOCCTAHABIMBAIOTCS 10
YECKOW MOJM(UKAIMA MHOTOYHCICHHBIX aMWUHO-  CTaOMJIbHBIX BTOPHYHBIX aMHHOB, KaK MOKa3aHO Ha

rpynmn W oOpa3yloUIMMH CBS3M IO BTOPUYHBIM  pHUC. 3. DTO yHOOHBIM croco® KOHBIOTAIWH, TO-
AMHUHOTPYIIAaM ¢ OeJIKaMH, BUPYCHBIMH YACTHUIIAMH  CKOJIbKY TIOJIOXHTEIbHBIA 3apsAj aMHHOKUCIOTHI
U gunocomamu, sBIsiFoTCs I[IDT-Tpesmnar (Wi MMeEET pelamllee 3HAYCHHE U  COXPAHCHUS
I13I'-to3mnart) [68, 121]. [I3I-Tpesmnar Hanbosee  OMOIIOTHUECKOM aKTUBHOCTH Oenka [68].

crielu(UUeH MO0 OTHOIICHHUIO K aMHUHOTPYIIIaMm, B kauecTBe albTEPHATUBHBIX ATKHIUPYIOIIHX

yem [19T-nquxnopTpuasux.

Ar€éHTOB TAaKXKE€ MOI'yT OBITh HCIIOJIB30BAHBI JIIOK-

Js  BTOporo mokosieHWs —ankuimpyrommx — cu-119I0 [133], HO 3TO HepeaKITMOHHOCITOCOOHEIE H,
[1OI'-peareHToB OBUIM YCTpPaHEHBI CJIEAYIOMKE  KPOME TOTO, HECTECHU(HUYHBIC areHTHI, TTOCKOJIBKY
mpoOJieMbl: 3arpsi3HEHHE JTUOJBHBIMH TPOM3BOJ- B CIIydyae UX NMPUMEHEHHUS MPHUCOEAUHEHHE MOXKET
HBIMH, OrPaHHYCHHE HAa HCIOJb30BaHHE HHU3KO-  WATH U [0 THAPOKCHIBHBIM Ipymiam [68].
Monekysipasix - MIIOI', BO3HUMKHOBEHWE HecTa-

O

L
mPEG-C—H

N

I
mPEG-C—-H

Protein

- N/

20 [}
+ NH:;—Protein =——= mPEG-C—-H

Protein

Ha H
mPEG-C ——N

+  NaCNBHj; Protein

Puc. 3. Cxema obpa3zoBanus cradbunbHoit C—N-cBsi3u mexxay MIIOI™ u 6enxom.
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Tabmuma 2. Amupytonue npoussonnsie [1317, B3anMoeCTByIONIE ¢ aMUHOTPYITIIAMH
¢ 00pa3oBaHUEM aMUIOB WIIM YPETAHOBBIX CBA3EH CO CHIDKEHUEM 3apsiaa Oenka
TIPOTIOPIIMOHAIBFHO KOJMYECTBY NMpUCOeANHEHHBIX nener [191

Dopmyiia | HasBanue IIpumeydanus Ccpuikn
11D -kapboxcuramovl
(N-euoporcucyryurnumuonsie (NHS-) aghupsor)
2T -cykuuHuMU M- CrerneHb KOHBIOTaIlui
o IIPOM3BO/IHBIE Kap0o- 3aBucuT OT yrcia CHo-
PEG— O—(CH 2)__< 0Su HOBBIX KHCJIOT C OTHOM  TPYIN U Pa3BETBICH- [127]
" win GoJjiee rpynmnon HOCTH LIeTIH
-CH,-
o Jlerko mporexaromuii
H ‘ M[3I-cykumHAMUITAIT- TUIPOIIH3 dQUpa MEXKITY [112, 115,
_0 . CYKIIUHAT STHTApHOM KHUCJIOTOU U 118, 128]
PEG CH,CH; 0OSu ST
BeicTphlit ananu3 uncaa
0 9T -cykumuuMuanpii  TPHCOCTHHCHHBIX Lenei
PEG X_‘f(.":fSU 3¢hUp aMHHOKHUCIIOTHI 19T BBenennem Nle niu [129, 130]
B-Ala
Met-Nle niun Met-p-Ala
_ TIO3BOJIAIIOT JIETKO JIOKA-
PEG _6 X j.L‘fO [OI'-CyKIMHAMAIHBIE  jpsoBaTe CANT BTN~ [129, 130,
n OSu a¢up nenruga pOBaHUs yaleHHeM 131]
M3 ¢ nomomrsro CNBr
TIDI-kapbonamor
0 T2 -cyKMHUMUIAI- Hepeakunonno- [72, 114,
PEG- olL OSu KapOoHaT crocobeH 115]
o Cl
pec—o-lo ol I1321'-2,3,5-Tpuxsop- HepeakunonHo- [112]
(dhennnkapboHaT croco0eH
Cl
(0] N= N
PEG—0-LoN [13I'-6en3oTpuaso- HepeakunonHo- [116]
nuiaKapOoHaT criocobeH
(@]
[13I'-n-HuTpodhenm- HepeakunonHo-
_olL P
PEG—0—0 NO; kapOoHaT croco0eH [112,117]
BonpmuacTBO TID17 mepBoro MOKOJNEHUS SIBJISA-  XJIOPPOPMHATOB MM  KapOOHHIMMHIIA30Jla  C

I0TCS ALWIMPYIOIIUMH areHTamu (cM. taba. 2). [isa
U3 HHUX IIHUPOKO HCIONB3YIOTCS — CYKIIMHUMUINI-
kapoonat (CK-IIOI') [114, 115] u OGensorpua-
somkapoonat (BT3-I19IN) [116]. CK-TIOT u BT3-
[I3I' pearupyroT MPEUMYIIECTBEHHO C OCTAaTKAMHU
JM3UHA ¢ 00pa30BaHUEM aMUIHOM CBSI3H, HO TaKXKe
BCTYHAIOT B PEAKIUIO C TUCTUAMHOM M THPO3WHOM;
CK-IIOI' Heckonbko OoJee yCTOWYMB K THAPOIH3Y,
yem bBT3-IIOI. [pyrue auunupyromue [191-
peareHThl 00pa3yIoT KapOaMaTHbIE CBS3H ¢ OelTkaMu
n-autpodenmikapoonar (nHOK-II3I') [112,
117], tpuxnopdenmnkapoonar (TXD-TIOT) [112] u
kapoonmmmunazon  (KBU-TIB)  [112].  Otwm
peareHTsl  MONYYalOT IYyTeM  B3aUMOJICHCTBHS
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KOHIIEBOM ruapoxcunbHoi rpymmoit MIIOI, u ux
peakIoHHas ClIocoOHOCTh ropasno Hmke, yem CK-
9T wmm BT3-II0I. OO6pa3zoBanue kapOamaTHOM
CBsSI3W TIOKa3aHo Ha puc. 4 [68].

Hpyroit IIOI'-peareHT nepBOro MOKOJECHUS —
cykupaumuawicyknuaar  (CC-TII2OIN) [112, 118,
128]. CC-IIOT obpasyercs B xoae peakuuu MIIOT ¢
SHTApHBIM AHTHAPUIOM C TOCIEAYIOLEH aKkTUBa-
el CyKIMHUMHIHOTO 3(upa KapOOHOBOH KHCIIO-
Tl. llenm mommMepa cozpep:kaT BTOPYIO 3(HPHYIO
CBsI3b, KOTOpasi 00pa3yercsl MOCie KOHBIOTalluU C
OEIKOM U OueHb YYBCTBUTENIbHA K ruapoausy [134].
Ho He TONBKO TIHMApONM3 HPUBOLUT K MOTEPE
(hapMaKOKMHETHYECKUX CBOMCTB KOHBIOTaTa, HO W



CYKIIMHATHBIN «XBOCT», KOTOPBIA OCTaeTcsi Ha
Oesike mocie TUAPONIN3a — OH MOXET BBICTYIATh B
KaueCTBE TanTeHa, YT0 B KOHCYHOM CUETE MPUBOJIUT
K TOBBIIICHHI0O HWMMYHOTCHHBIX CBOWCTB Oenka
[115, 135]. B 1ienoM, aKTHBUPOBaHHBIE 3(GHPHI

[1OTI'-kapOOHOBBIX KHCIOT — Hauboyiee 4Yacrto
(A)
O
1
mPEG-0-C-0-Y + Hs;N—Protein

n H
mPEG-0-C—-N—Protein
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UCIIOJIb3yEeMble AlMIINPYIOIINE areHThl IJIsi MOJH-
¢ukaruu  OenkoB. OHM  B3aHMMOICHCTBYIOT C
NEPBUYHBIME aMHHAMU B YCIIOBUSX, OJIM3KHX K
(usmonornyecknM, ¢ 00pa3oBaHWEM CTAOHMIBHBIX
aMHJI0B, KaK MMoKa3zaHo Ha puc. 4 [68, 136].

(B)

9
mPEG—C-0Su

+

HsN—Protein

n H
mPEG — C—N—Protein

Puc. 4. Cxema oOpa3oBanus kapoamatHoi (A) u amuHo# (B) cBszeit mexxny MIIOI™ u 6enkom
(Y = n-nurpodenun, TpuxioppeHus, 6eH30TpUa30II).

[epBeiMu mponsBoaubiMU  [191'-kapOOHOBEIX
KHCIIOT, COJCP)KAIIUMH YCTOMYMBYIO CBSI3b C
ocroBoM 1ienu [191, kak B CC-TIOI, Obun Kap6b-
okcumetwinpoBannsie Buasl [191 (KM-IIOT). Ux
CYKIMHUMUAWIBHBIE  S(QUPHBIE  TPOU3BOIHBIC
(CKM-IIBI) nposiBHIN 4pe3BbIYalHYIO PEAKIMOH-
HOCITIOCOOHOCTh, YTO 3aTPYIHWIO HUX HCIOJB30-
BaHHUE NpU KOHCTPYUPOBAHH U KOHBIOTATOB [68,
112, 137].

s co3gaHust akTHBHPOBAHHOTO A(Hpa, KOTO-
pBIit ObI MMeN HanboJiee MPEAIOYTUTEIBHBIA KUHE-
THYeCKHid mpodunb i1 MoaupUKauu OENKOB,
ObUIH MCTONB30BaHbl [ID1-pou3BOIHBIC CYKIIMH-
nmugunponuoHosoit (IIBT-0O-[CH,],-COO0SuU) u
cykupauMuauMacisiaon  (I12I-0-[CH,]s-COOSu)
kucnoT [132]. V3MeHeHue pacCcTOSHUA MEXKIY
aKTHBHPOBAaHHBEIM 3¢dupom u octoBom [IDOT ¢
N00aBICHHEM METHJICHOBOH EIWHHIEI 0Ka3ajio
CHJIFHOE BIIMSIHHE Ha PEaKIMOHHYIO CIIOCOOHOCTH
[IOI'-peareHTOB MO OTHOIICHHIO K aMuHaM. Tak,
II3I-O-[CH,]--COOSU  umeer Gosnbilice  Bpemst
THAPOJIUTHYECKOTO TMonypacnana, dem [19I-O-
[CH,],-COOSu. Kpome Toro, IprcyTCTBHE aMHHO-
KHCJIOTHOTO WJIH MENTUIHOTO yyacTka Mexxay [100
U MaKpOMOJIEKYIOH JaeT psl NPEHMYIIECTB
Oymarogapsi pa3HOOOpasWi0  CBOKMCTB, KOTOpHIC
MOTYT OBITh IPUBHECEHBI C TOMOIIBIO MOIXOASIIEH
amuHOKucaoThl win nentuaa [138]. Cpenn Ham-
0oJiee 4acTO MCIIOJIb3YEMbIX aMHUHOKHCIIOT OCOOBIHA
UHTEpEC MPEICTaBILIIOT HOPJISHIMH s yao0cTBa
aHaJM3a MATIWINPOBAHHBIX OenkoB [139] u metno-

HUH — JUIA WACHTU(DUKAIUN caliTa TIITHIMPOBAHUS
[68, 140].

2.3.2. Jlunetinvie naeunupyoujue peazenmuol

Jns obpazoBaHMs KOHBIOTaTOB C JIMHEHHBIMU
[I2T" ogry mnm Heckonbko nemnen [I9I0 ¢ moneky-
nspHoii Maccod oT 1 mo 40 k/la xumudecku
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MPUILIUBAIOT K MOBEpXHOCTH Oenka (puc. SA) [17,
141]. Tlsrmmupyromme areHThl, Kak IPaBUIIO,
MOJTyYar0T XUMHYECKOW MoAu(UKaueld KOoHIe-
BOTO0 THAPOKCHIIHOTO OCTaTkKa IIeMd MOoJIuMepa
[18, 115]. 3a HexkoTopbIMU HCKIOUCHUSIMU [142,
143], B mepBbie roapl pa3pabOTKH METOIUK IITHU-
JUPOBaHUs B apCeHAlC OMOXUMHKOB HE HMMEIIOCh
OOMIMPHOTO MOTEHIMANa MyTeH CUHTEe3a VIS MOITY-
YeHHsI YHCTHIX MOHO(MYHKIMOHAIBHBIX [19T-mpo-
W3BOJHBIX C BRICOKUMH MOJICKYJISPHBIMH MacCaMHu.
ITockonbKy MUONBHAS COCTABJISIONIAsl Y BBICOKO-
MonekysapHeIx [19I0 moxer nocrurats 15%, nep-
BBIE ATAIbl Pa3pabOTKH MOAU(HUIIMPOBAHHBIX pea-
TCHTOB, KaK MPaBWIO, ObUTH Hed(D(DEKTHBHBIMA W3-
3a Hem30eKHOTO Kpocc-muHKuHTa [95]. Ene omuaum
HEJOCTAaTKOM TIEPBBIX TATHIIMPYIONIMX arcHTOB
SIBIISIOCH  OTCYTCTBHE CaWT-CHENU(GUYHOCTH IPH
COIPSDKCHUH, YTO MPUBOIIIO K TE€TEPOrCHHBIM
cMecsiM  pernom3oMepoB. Hecmotps Ha 31O, He-
CKONBKO MomudunupoBanusix [19I'-mpenaparos
ObUIM OopULIMANBHO OIOOPEHBI U YTBEPXKACHBI Kak
JIEKapCTBEHHBIE CPEICTBA B CBA3HM C WX
UCKJTIOYUTENEHON M BOCIIPOU3BOIUMOM 3(h(heKTHB-
HOCTBIO TI0 CPAaBHEHUIO C UCXOJHBIMH MOJICKYJIaMU
[21, 23, 144].

B Hacrosimee BpeMs MATHIMPOBaHUE CBOOOI-
HBIX OCTaTKOB IIMCTEUHA, BEPOSATHO, OCTACTCS HAM-
Oonee > QekTUBHON cTpaTerueit s calT-crenu-
(UYHON KOHBIOTAIMK — B OCHOBHOM, C HCIIOJb-
30BaHHEM MAICHMU- WIH 2-THPHIWI-THCYIb-
¢bun-moanUIMPOBaHHBIX MOIUMEPOB (puc. 6) [79,
80, 82, 83], a Tarxke mpu MPOBEACHUH MPHCOCH-
HEHUS B HECTAIMOHAPHBIX JCHATYPHPYIOIIUX
ycnoBusix [145]. CBoOoaHble OCTaTKM LUCTEMHA
JIOBOJILHO ~PEAKO BCTPEUAKOTCA Yy HATHUBHBIX
MOJIUTIETITHIOB, TIO3TOMY OHH MOTYT OBITh BBEICHBI
B @MHUHOKHUCJIOTHYIO TTOCIIEZIOBATEILHOCTD C MTOMOIIBIO
METOJIOB OeIIKOBOIM nmkeHepuu [144-146].
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1-40 kda
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5-40 glla

Puc. 5. Bugst moniexyi [191 -onmMepos 1ist co3ianust npenapaToB Ha ocHoBe [101-0eskoBbIX
KOHBIOraToB: A — nuHelHble; b — pa3BeTBneHHbIe; B — cuiibHOpa3BeTBIICHHBIE.

Hanpasnennass ataka N-KOHIIEBOTO oOCTaTKa
MNENTUAHOW IIeTTH JOCTHIAaeTCsl IyTeM BOCCTAaHO-
BUTEIFHOTO aMUHHUPOBAHHS C KCIIOJIb30BAHHEM
MTIIMPYIONINX areHTOB ¢ aKTUBHOW albJeTUIHON
TPYIIOH, KOTOPBIE CTIOCOOHBI BCTYIATh B PEAKIIUIO
C TCpPBUYHBIME aMUHAMH OCIKOB Uit (HopMH-
poBanust ocHoBanuii ludda, kortopeie 3arem
MOJBEPTalOTCSI BOCCTAHOBICHUIO B PEAKIIMOHHOU
cMecH ¢ o0pa3oBaHHMEM CTAOWJIBHBIX BTOPHYHBIX
amMuHOB [57, 126, 142]. BpIIO yCTaHOBJIEHO, YTO
MIPY OTHOCUTEIHLHO HU3KUX 3HaueHHX pH (0O0bIYHO
HUXKe 6), OONBIIMHCTBO €-aMHHOTPYII OCTaTKOB
JU3UHA HAXOAATCS B IPOTOHUPOBAHHOM COCTO-
SHUHM, B TO BpeMs Kak N-KOHIIEBOH aTtoMm a3ora
OCTaeTCsl HEMPOTOHHPOBAHHBIM M CIOCOOEH B3aH-
MOJICHCTBOBaTh € amnbjeruaHoi rpymmoi II00
[136, 148]. He Tak maBHO ObLia MpEAOKEHa CXeMa
peaknuu, B KOTOPOW AWCYNb(UIHBIE MOCTHKH
CHayajia BOCCTAHABJIMBAIOTCS, a 3aT€M PEarHpyIoT
¢ Mmerokcu-II9I°, o0pasys OupyHKIUOHAIBHYIO
rpynny Ha koHne uenu [83, 149]. buc-ankunupo-
BaHHE O0Opa3yloUIMXCs CBOOOJHBIX THOJIOB JaeT
BIIOCTICICTBUN  TPEXYIICPOMHBIA  MOCTHK, K
KOTOpOMY KoBaJleHTHO Tipucoenunsercs [ (cm.
puc. 6) [82, 144].

2.3.3. Pazsemenennvie nacunupyrowue azeHmol

OyHKIMOHATBHBIE Y-00pa3Hble (BUIKOOOpa3-
ueie) Buasl [IOI (puc. 5b) B mocnenHee Bpems
IPUBIEKAIOT OONBIIOE BHUMAHUE B CBS3M C Ha-
VYHBIMH OTYETaMH 00 YIyUYIIEHHOW OWoJiornvec-
KOH aKTHBHOCTH KOHBIOTATOB HA HMX OCHOBE IO
CPaBHEHHIO C HCIIOJIB3yEMBIMH JINHEHHBIMU 00pa3-
namu [55, 105, 150]. Beuto mokaszaHo, 4ToO Mak-
pPOMOJIEKYIIsIpHasl (B NAHHOM CITydae pa3BETBIICH-
Has) CTPYKTypa IoJInMepa MMEET pelIaroniee 3Ha-
YeHHUE IS YITYUIICHHUs] CBOMCTB COOTBETCTBYIOIINX
OnokoHBIOTaTOB. [0 CpaBHEHUIO C JIMHEHHBIMU
[I3I" pa3BeTBICHHBIC MOTU(PHUKANNH YBEIHIUBAOT
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YCTOMYUBOCTH KOHBIOTATa K IPOTEOJIU3Y U CHIKA-
IOT €r0 HMMYHOT'€HHOCTh OJiarojapst CBOEi 30HTH-
KooOpaszHoi popme [95, 144, 151].

2.3.4. Cunvropaszeemeienmvie nISUIUPYIOujie a2eHmbl

I'peOHeoOpa3HbIe MONMMEPHI C OJTHUM CaWTOM
MIPUCOENUHEHMS TIPEJCTABISIOT OO0 HOBBIN THII
ITUINPYOMUX areHToB. OMHUM W3 TaKUX IOJIU-
MEpOB SBIISIETCSl 3apPETUCTPUPOBAHHBIN peareHT
«[Tomm-TII3IN», B kKoTOpOM «3y0O1B» [12I" cuThl ¢
METaKpHJIATHBIM KapKacoM 4epe3 CII0KHOI(DUpHBIE
cBs3u (puc. 5B). Monekyna «[lonu-T12I» umeer
00JIbIIYI0 CTENEeHb MOABMKHOCTH, YeM JIMHEHHbIE
[12T, Gmaromaps TIIATEIPHOMY KOHCTPYHPOBAHHIO
ee CTpYKTypsl [144].

Haubonee wacto ucmoyb3yemble MATHIAPYIO-
[I¥e areHThl TOJMYYarT C TIOMOIIBI0 IOJUMEpH-
3alMM PACKPBITOTO KOJIbIIA ATUIICHOKCHIA, OOBITHO
B3aMMOICUCTBYIOLIETO C aJKOKCH-TIPOU3BOJHBIMHU
COOTBETCTBYIOIIUX CIUPTOB. B 3aBUCHUMOCTH OT
BBIOPAaHHOTO METO/a CHHTE3a TOCIEIYIONINE XH-
MHUYECKUE TPaHCHOPMAIH MPUBOIAT K 00pa3oBa-
Huto nenesoro 1317, ucnons3ytomierocs st KOHb-
foranuu. JTa MOJIMMEPU3alisl OTKPHITOTO KOJIbIA
OCTIOXKHSICTCS HEU30CKHBIM MPHUCYTCTBHEM CIICIOB
MIPOTOHCOIEPKAIIUX TPYNIHPOBOK, KOTOPHIE Mpe-
JIOCTaBJISIFOT KOHKYPHUPYIOIIUE ITyTH JJIS B3anMO-
JeicTBUA ¢ 00pa3oBaHUEM T'HIPOKCHUIIBHBIX TPYIIL
Ha o0oux KOHIAxX wenu noinumepa. Kpome Toro,
4acTo TpedyeTcss MHOKECTBO JIOTOJIHUTEILHBIX XHU-
MHYECKUX TpaHchHOpMaIii As MONydeHHs Tpe-
Oyemol (YHKUMOHAJIBHONW €IUHMLIBI TOJUMEpA.
[TockonmbKy B J1FOOOM CiIy4ae HEBO3MOXKHO TIONY-
guth 100%-Hyr0 TOMOTEHHYIO MOJIUPHUKAIIIO
[I2T', xak u pa3IeNnuTh MOJIUMEPHI, OTIUYAIOIINECS
TOJIGKO (PYHKIIMOHATLHBIMH KOHIICBHIMHU TpPYIIIa-
MH, To cuHTe3upoBaHHb 1D Bcerma mpencras-
nseT co0oil cMech U3 11eJIEBOr0 KOHBIOTAIIHOHHOTO
areHTa M ero MOIUu(pHUKaIUii.
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CaiT koHsHoraumm (R=6enok)

AKTHBHaA rpynna nonumepa

MonyyeHHLIA KOHBIOraT

MepeuyHbie amuHbl, R-NH, (nuauk, N-koxew)
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Puc. 6. [Ipumeps! caiiT-HanpaBneHHON kKoHbIoTanmu [131° ¢ Genkamu.

Ot npobneMbl ycyryosioTcs B TOM CIydae,
€CITM MOJICKYJSIpHAass Macca MOJHMepa YBEIHIH-
BaeTCsl — U3-3a TPYAHOCTEH, CBSI3aHHBIX C MOJIUME-
pu3anueil OTKPBITOTO KOJbIa 3MOKCHAOB, YTO
OPUBOIUT K MPHCOCIWHEHHUIO IO Pa3IUIHBIM
rpynnaM. HoBble MOKOJEHHUS MOJUMEPOB IOJIyya-
I0T C TIOMOIIBI0 TPAH3UIMOHHON MeTayI-omocpe-
JOBaHHOHN panukanbHoi nonmumepusanun (TMM
LRP, wacto — ATRP) [103, 152] - meroxa, koto-
PBIA MO3BOJISIET CTPOrO KOHTPOJIUPOBATH MOJIEKY-
JEPHYI0O Maccy TOnMMepa W €ro  BBICOKO-
MOJICKYJIIPHYIO CTpyKTYpy [144, 153].

[IOI-peareHThl CYyIIECTBYIOT Takke B (popMme
UMEIOIIMXCS B MPOJake€ METaKPHUJIOBBIX MOHOME-
POB pazIUYHBIX MOJIEKYJSIpHBIX Macc [154, 155].
OTH TOoJAUMEpPbl MUMEIOT METAKPUIIBHBI OCTOB C
«3youamuy» [10I u onHy (QYHKIMOHANBHYIO TPYII-
my. KonngectBo neneit 131" moxxHO BapbupoBarh,
U3MeEHss JUIMHY «3youoB» 101 ¢ ucnonb3oBaHueM
BCeBO3MOXKHBIX [12'-MeTakpunaT-MmoHOMEpOB pas-
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JIMYHBIX MOJIEKYJISpHBEIX Macce (00brano 0,5-2 x/1a).
[TomoOHBIM 00pa3oM, ¢ U3MECHEHHEM TMO3UIIMOHHO-
o OTHOILEHUS MOHOMEpa K HMHUIHMATOpY, IJIMHA
METaKpUJIATHOTO KapKaca TakKe MOXKET BapbUpO-
Bathcs. He comepxamuii «3yO1IOBY» CETMEHT CIiei-
cepa TakKe MOXKET ObITh BCTaBJICH Il COXPaHEHUs
«rpe0eHKN» KaKk MOXKHO Janblie oT Oenka. Takum
o0pa3oM, MmoIUMepbl MOTYT OBITh TPUCTIOCOOJICHBI
UIT  OOBEIMHEHUS aKTHBHPOBAHHBIX KOHIICBBIX
TPYII ¢ MOCIEAYIOIed OpUeHTAlMEel Ha KOHKPET-
HBIC aMHHOKHCIIOTH. Hampumep, CKOHCTpyHpOBaH-
Has mosekyna «[lomu-TI3I mo3BomisieT mpoBOAUTH
MIPTUIMPOBAHUE C 3alleliCTBOBaHUEM psila aKTUB-
HBIX KOHIEBBIX TPYI, TaKUX Kak ajbAeTHaHas,
CYKIUHUMUAAWI-YQHUPHAS U MaJleuMHIHAA, KOTO-
peie pearupyroT ¢ N-KOHIIEBBIM aMHUHOM, OOKOBBI-
MU paJuKaliaMd JIM3MHA W IIUCTEMHA COOTBET-
cTtBeHHO [144, 156].

Jluneiinpie Buabl [15I 0OBIYHO MMEIOT OIHY
TUJIPOKCUJIBHYIO KOHIIEBYIO T'PYIILY, KOTOpas MoO-



KeT ObITh XUMHYECKH MpeoOpa3oBaHa B JIOOYIO
Ipyryro (YHKIUOHAIBHYIO TPYIILY, CIOCOOHYIO
MIPUCOCIUHATHCS K OeNKoBOM 1enu. Jljisi HEeKOTo-
peix [IOI Takke BO3MOXKEH BapuaHT JABYX (DyHK-
[UOHAIBHEIX TPYNI Ha OOOWX KOHIAX IIEMH, YTO
MOJKET IPHUBECTH K HEXETATCIFHOMY IpPUCOCIH-
HEHUIO ¢ O0O0pa30BaHWUEM THOPHIHOTO TPOIYKTa
[17]. B ornuume ot cunTesa nuHelHbx 1191, me-
TOA PpaAUKAIbHOW TMOJUMEPU3ALNHU, HUCIONb3Y-
IOIIMICS ISl CHHTE3a TPEOHEBUIHBIX TOIUMEPOB,
TapaHTUPYET, YTO KaXKAas IOJUMEpHas MOJEKyla
COJICPYKUT TOJBKO OJHY KOHIIEBYIO (DYHKIIMOHAJb-
Hyto Tpynmny [157]. B Hacrosiiee BpeMs n3yvaercs,
HACKOJIbKO KOHBIOTaThl HAa OCHOBE 3TUX THOpHI-
HBIX TpeOHEBUAHBIX IMOJMMEPOB YIydlIaloT Qap-
MaKOKMHETHYECKHH TPO(WIb, CHIKAIOT UMMYHO-
TCHHOCTh U TOKCHYHOCTh W YBEIHMYUBAIOT IEPHOJ
€CTECTBEHHOI'O TOJYBBIBEIEHHUS IO CPABHEHHUIO C
HATUBHOW MOJICKYJIOW Oellka U APYyTrUMH TITHIINPO-
BaHHBIMU (opmamu [158, 159]. Tem He MeHee, IO
CHUX TOP OTKPBIT BOIIPOC 0 OHoAerpamanuu rpedHe-
BUJHBIX TOJIMMEPOB M BBICBOOOXKICHUM MENTHIA
[160]. «ITomau-IIBI» comep:KUT SPUPHBIC CBS3H,
CIIy)Kaliue KOHHEKTOPOM MexIy «3youmammy» 10T
1 OCTOBOM METaKpuiaTa, KOTOPBIA JOJKEH JAerpa-
JUPOBATH, KOTJA 3TH CBSA3M aTaKyIOTCS IPOTea3aMu
[161, 162]. Takxe He Tak AaBHO OBUIO MPOBEIAECHO
MPUCOEIMHEHHE JIETKO YAASIOUIErocs CIINBaroILe-
ro areHra (IMHKepa) Mexnay mnentuaom u [19T-
MOJIMMEPOM, M 3Ta TEXHOJIOTHSI MOXKET OBITH NpH-
MEHeHa K rpeOHeBUIHBIM MoauMepam tuna «llomu-
I13I'» [104, 144, 163].

[pyrue TpeOHEBHIHBIC HONMUMEPHI C AKPHIb-
HBIM KapKacOM TaKXe HaxOZSTCA B MPOLECcce U3y-
YeHUs, Takue Kak pH-4yBCTBUTENBHBIA MOMH[2-
(TUATHUITAMIHO )dTHIMETaKpUIaT],  MoIu(UIpPO-
BaHHbI noau(L-nmuzunom) (I1JI), xoTophlii MOXKET
MIPUMEHSATHCS B KauecTBe Hocutens moiekyn JJHK.
XO0T4 OH U HE SBISIETCS IATIIUPYIONIIM areHTOM,
3TOT TMOJUMEP HMEEeT YHUKaJbHbIE CBOWCTBA,
MOCKOJIbKY €r0 aKTUBHOCTH CHUJIBHO 3aBUCHUT OT pH
pactBopa [164]. IlpomomkeHuem 3TOH pabOTHI
SIBIISICTCSL CHHTE3 TpEOHEBHIHBIX COIOJIMMEPOB,
cocrosiuux K3 ocHoBHOM nenu I[UJI, JIHK-cBs3bI-
BAOIIETO caiiTa, OOKOBBIX IETICH THATypPOHOBOM
kucnotel (I'K) m kierouHo-ciennUIHBIX JTUTaH-
noB [157]. C momompto TT-cumuteix I'K-rpedHe-
BUJHBIX COTMOJIMMEPOB MOKHO YIPaBJISATh CBOMCT-
Bamu J[HK, a umenHo pasmepom, pacTBOPUMOCTEIO
U CTeneHbplo ymakoBku. O0a 3Tux THIa TpebHe-
BUJHBIX COMOJIMMEPOB MOTYT OBITH MUCIOJIb30BAHBI
UI  yAYYOICHWS  HAlPaBJICHHOCTH  JOCTAaBKH
KopoTkoit unrepdepupytomein PHK B uutozons. B
npyroM uccnenosanuu IlpuBumus u coasT. [165]
CHHTE3UPOBAIM  aMPuUIbHbEIE  TpeOHEBUIHBIC
nomamepel ¢ [IO, mpummreM K TOMU(IH-
metuncuiokcadam) (ITAC-IIOI) mocpeactBoM Tua-
POCHITIIIMPOBAHNS PEAKTUBHBIX AIIOKCHTPYIII, IS
TpHCOCTIHEHNS K OenKy. [lonroToBineHHbIe TOHKHE
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MeMOpaHBI, HACHIIIEHHBIE OBIYBIM CHIBOPOTOYHBIM
anpOymunom (BCA), mpummsanuce x [TAC-TI2T,
Oyarogapsi 4eMy TEepHUOJ IUPKYJISIUN BBICBOOOXK-
JIeHHOTO OenKa OBUT TOBONBHO MPOIOKUTEIHHBIM
U cocTaBisul Oonee 72 4. TepMOUyBCTBUTENbHBIN
moau(N-usonpormiakpriamun)  (mosu[NIPAM])
TaKke OBUT KOHBIOTHPOBAH CO CTPENTaBHIMHOM,
nenas BO3MOXKHBIM TEPMO3aBHCHMOE BBICBOOOX-
JICHHE TIPU TeMIeparype Tena B YCIOBHsX iN ViVo
[166, 167]. KonbroraTsl Tak)Ke HUCIIOIL3YIOTCS IS
MIPOBEICHUS CAaMOCOOPKH B TUTaHTCKUE aM(pUUIIbI
U JUI OOBEeTMHEHHNS Pa3IMYHbIX CBOWCTB (DYHKIINO-
HAIPHBIX ~ TPYNOII  Kapkaca HoOJIuMepa  MpH
konbroranuu ¢ BCA [144, 168].

2.4, IDzunupoeannvie ouoghapmayesmuueckue
npenapamol

2.4.1. IIpenapamvi, nonyuennsvle ¢ NOMOWBIO
Hecneyupuuecko2o nISUIUPOBAHUsL

[TepBrie mArIIHMPOBaHHBIE (hapMaIleBTHUECKUE
npenapatbl «Aparen» ([12I-agemaza) u «OHk-
acmap» (IIDOT-acnmaparunasa, II9I-acnaprasa) Ha
CaMoM JieJie TIPEACTABISIN cO0O0M CIIOKHBIE CMECH
pa3IUYHBIX TMHATHIIMPOBAHHBIX HM30MepoB [22, 54].
B0 nokazano, uro Bo3neictaue npenapara [191-
ajzieMasbl Ha OpraHu3M ropasio 6osee 3QPeKTHBHO,
[0 CPaBHEHHUIO C NMPUMEHSABIIMMUCS paHee Iepe-
JUBAaHUSIMH KPOBH, KOTOpPbIE HCIIONB30BAJINCh B
KadecTBe craHmapTHOW Tepamuu [169]. TIOI-
acraprasza CIIy>KUT JJIS JICUCHHUS Pa3NIUIHBIX BUIOB
NeiKeMUH, a TalkkKe U1 paspelIieHus MpoOjIeMbl
MpPUMEHEHUs] HEeHTpaIu3yIOUIMX aHTUTEJN, CBSI3aH-
HBIX C HMCIOJB30BAaHMEM HATHUBHOHM acraparnHasbl
[22, 170].

OnHako BIOCIEACTBUM OBUIM 3aperucTpUpo-
BaHBl (hapMmarieBTHUecKue mnpenapatsl «[lernHT-
pon» u «lleracmcy», MmoMydeHHBIE HEHAIPABIICH-
HBIM TArusupoBanueM. O0a mpernapara MpencTas-
JSIOT cO0OH cMecH MOHOIATHIMPOBAHHBIX ITO3H-
IIUOHHBIX M30MEPOB, COAEPIKAIINX JINOO JTMHEHHYIO
uenb (12 x/a) TIOT, cBsI3aHHYIO C Pa3NUYHBIMH
caiiramu naTepdepona-a-2b, — B cnyvae «Ilerunt-
ponay [171], mubo passetBiieHHyto memnb (40 x/la)
[I3T, cBs3aHHYIO TJIABHBIM 00Opa3oM C YETBIPbMs
JTU3UHOBBIMH OCTaTKaMH HHTEppEepoHa-0-23, — B
ciygae «[leracuca» [22, 172].

Eme oAHMM WHTEPECHBIM MATHUINPOBAHHBIM
6uodapmaneBTHUECKUM NpenapaToM, MpOU3BEACH-
HBIM METOJIOM HECTIEIU(PHIECKOTO MAITHUINPOBA-
Hus, seisercs [19T-Bucomant («Comasept»), KO-
TOpbIit ObUT 3apeructpupoBad B 2003 roxy mis
nedeHus: akpomeranuu. [1OI-BucomaHT OBLT pas-
pabotaHn i (YHKIMOHHPOBAHWS B KAYECTBE
AQHTaroHHUCTa pelenTopa rOpMOHA POCTa YeloBeKa
(P-I'PY) myTem 3aMeHBI HEKOTOPBIX aMHHOKHCIIOT
B ocHOBHOU 1lenn [ PU. Moaudukanuy BKIIOYAIOT
B ce0sl HECKOJIbKO MyTaluid Oelika U KOHBIOTaIHIO
¢ 4-6 uemsimu monekynel 19T (5 k[a) Ha oaHy
MoJekyy oenka [22, 173].



[Ipemapar «Mupriepa», KOTOPBIA ObLT YTBEPK-
neH FDA B 2007 roxy, npeactaBisieT cOOOH cMech
MOHOIIITHWIIMPOBAHHBIX ~ KOHBIOTATOB  DPUTPO-
nostuHa ¢ 30 k/la [I9T, npucoeanHEeHHBIM K OC-

52 45
TaTKaM Ju3uHa (B ocHOBHOM, LYys™ u LyS™) unu k
N-KOHIIEBOM aMMHOKHCIIOTE Oelka [22, 174].

2.4.2. [Ipenapamul, nonyuenuvie
€ NOMOWBIO CAUM-HANPABTIEHHOZ0
(catim-cneyuguuro2o) naurUpo8anus

OnHOW W3 MEPCIEKTUBHBIX IPYIMI OCIKOB s
[IIICTEHH-HAIIPABICHHOTO TITHIINPOBAHUS SBIISIOT-
cs Fab'-¢pparmentsl. [IsrunmupoBanue crano wjie-
QIBHBIM METOJIOM JJISl CHIDKEHUSI X aHTUTEHHOCTHU
U TPOJUICHHUS NEepHOAa IUPKYILIIUN B OpraHu3Me
[175, 176]. Tem He MeHee, TJaBHBIM IMPEUMY-
IIECTBOM HCIIOJB30BaHUs IMATWINPOBAHHBIX Fab'-
(parMeHTOB BMECTO IIEJIBIX AHTUTEN SIBISIETCS YCT-
paHeHHE HeXeNaTeIbHBIX IMOOOYHBIX 3PPEKTOB,
BbI3BaHHBIX Fc-peruonom [177]. Octatku mucre-
WHOB B ImapHUpHOW obOnactu Fab'-pparmeHTos,
HaxoJIuecs Ha OOJBIIOM PAcCTOSHUHM OT aHTH-
TeHCBS3BIBAIONIEH 00J7acTH, MPENOCTaBISIOT BO3-
MO>KHOCTH CIEI(PHICCKOTO TPUCOSTUHECHUS, TIPH-
BOISIIETO K OOpa3oBaHHIO NPOAYKTa C YETKO
3aJJaHHBIMU CBOWcTBaMu. Hambornee sipkum mpume-
poM 3TOro moaxoda cran mpemapat «Kemzus» —
Fab'-¢pparment  denoBeueckoro  antu-OHO-o-
MOHOKJIOHAJIFHOTO aHTUTENA, HAIPABIEHHO ITPHCO-
eaunenHoro k 40 x/la pa3serBienHomy 1131 uepes
CynbOTHAPHIBHYIO Trpynnmy mmcremHa [178].
HenaBHo Obu10 ommcaHo, 4YTO 3(PPEKTHBHOCTH
myrunupoBanust  Fab'-pparmentoB moxer ObITh
CYIIIECTBEHHO YCWJICHA BBEACHHEM IHCYIb(QHIHON
CBSI3U C TIOCICAYIOUINM XHMHYECKHM BOCCTaHOB-
JeHHeM; TakuM oOpazoM, ¢uHaneHbI Fab'-I10I-
KOHBIOTAT HE COJCPKUT ITUCYIbGUIHOU CBSI3H.
Takue MONeKyJIbl, XOTS ¥ 0€3 KOBAJICHTHBIX CBSI3CH
MEXKIy OOCHUMH IIEMSIMH aHTHTENa, COXPAHSIIOT
OUYCHb BBICOKHI YpPOBEHb XUMHYECKOH H TEpMH-
YECKOW CTaOWJIBHOCTH, MPUBBIYHBIE (DapMaKOKHHE-
THUYECKUE IIOKA3aTeNH W XapakTepHYI0 OHWOIOTH-
YeCKyI0 aKTUBHOCTH [22, 179].

HoBpIM moOmxomoM K HATHIMPOBAHHIO OEIKOB
10 AUCYTb(GHUIHBIM CBS3SM CTaJId METOIBI, HCIIONb-
3ytouie crneuuanbHble  [13I-MoHOCYnb)OHOBBIE
pearentsl [83, 176]. C momompio calT-HaNpaB-
JICHHOTO OMC-aJIKWIMPOBAHMS IBYX aTOMOB CEpHI B
HaTUBHOW aucynbuaHod cBsasm [10I-cmmBa-
IOIMHA areHT (OPMHUPYET TPEXYrIEPOMHBINA MITH-
JTMPOBaHHBIN MOCTHK [82, 149].

HenaBHo ObUTH OITyOJIMKOBAHBI PE3YIBTATHI T10
IOTHIIUPOBAHUIO  OCTKOB € KCIOJIBh30BAaHHEM
ad(puHHOTO MapKepa TUCTUIMHA B KAYECTBE MHUIIIC-
Hu i npucoeaunenus [1OI [33, 180]. Yuutsl-
Bas, YTO TaKUE MAapKEphl SBIIIOTCS OIHUMH U3
HanboJee YacTO WCHONBb3YeMbIX HHCTPYMEHTOB
JUISL CO3NIaHUSI TIPOCTOH W OBICTPOH METOJUKHU
OYNCTKA PEKOMOWHAHTHBIX  OCJIKOB, JAHHBIN
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MOJXOZl HEceT B cede OmpeAeieHHBI MOTCHIIUAI
JUTSL TTOCTIeAyolIero npuMeHenns [22, 181].

[IrumupoBanne ¢ ydacTHeM HEHATHBHBIX
AMHHOKHCIOT TpeOyeT TCHEeTHYECKUX MaHHITY-
JNAUUA C TOCIIEA0BaTEIbHOCTRIO O€lika M Tpel-
yCMaTpUBaeT BO3MOXKHOCTh WX BKJIIOUCHHS B
AMHHOKHCJIOTHYIO ITOCTICI0BATEIFHOCTD IPOIYIICH-
Ta (TaKk Ha3bplBaeMas TexHOJOrHs «Amber»), a
TaK)Ke HalpaBJIEHHOE IMPHCOEIWHEHHE K COOTBET-
crBytomum [19I-pearenram [22, 182, 183].

B 37011 cBA3U O0MBILION HHTEPEC MPEACTABMISIOT
a3UJ0- ¥ STUHWINPOU3BOJIHBIE CEPUHA, 3a CUET UX
CIOCOOHOCTH ~ B3aMMOJCHCTBOBATH C  COOTBET-
cTByromuMu  3TUHWI-IIOD wnn  azupo-I101-pea-
reutamu [22, 184].

brarogapst mpumMeHeHHIO TexHOJIOTHH «Ambery,
ObUla TONyYeHa MOHOITIIMPOBAHHAS MOJEKyIa
I'PY ¢ ynyulmieHHBIMH  (hapMaKOIOTHYECKUMHU
xapakrepuctukamu [185]. ®azer I u Il xnuHB-
YECKUX HCCIEeIOBAaHUN TMOKa3ajid, YTO IPOJIOH-
rupoBaHHble Gopmbl ['PY cTabunmsupyroT ypoBeHb
HHCYIUHONOZ00HOrO (akropa pocra | (MDP-I),
obecnieunBass Npu 3TOM O€30MACHOCTh U Tepe-
HOCHUMOCTh Yy B3POCIBIX C JE(PHUIUTOM TOpPMOHA
pocra [22, 186].

Bwmecto ocymiecTBieHUs TPagULMOHHONW Mpo-
HEeAyphl Peakliu KOHBIOTAIIMA XUMHYECKUM CIIO-
co0oM, I AOCTYDKEHUS HAlpaBICHHOTO TATHIIHU-
pOBaHHS TAaKXKE MOTYT OBITH HCIOJNB30BaHEI (ep-
MeHThl. Hampumep, TpaHCriayTamMHHa3a CrocoOHa
KaTtanu3uposarbk npucoeauHenue IIO0I-ankun-
aMuHa K TNIyTaMUHOBOM KHUCIIOTE OENKOB, KOTOpas
MOXET OBITh KaKk HATHBHOW, TaK M TE€HETHYECKH
BBesieHHON [187]. Peakmust mMeer BBICOKYIO CTe-
MICHb CIEHU(PUIHOCTH, TTOCKONBKY MOIU(PHITHPY-
IOTCSl TOJBKO T€ OCTATKU TNIyTaAMHHOBOW KHCIIOTHI,
KOTOpPBIE OKPY)KEHBI THOKUMH M Pa3BePHYTHIMU
perunonamu [188]. Boree mepcneKTUBHBIM TaKke
MIPEJICTABIISETCS ABYXIIAaroBoe (hepMeHTHOE TIIHKO-
MTUIINPOBAHUE, KOTOPOE IO3BOJISET IPOBOIUTH
npucoenuHenue nemnu [1O° Mo HaTUBHBIM caliTam
O-TIIMKO3WINPOBAHUS [189]. HcxonupimMu
MOJICKYJIaMH  SIBJSIFOTCS  HETJIMKO3WINPOBAHHBIC
pEKOMOWHAHTHBIE TOJMIENTHIbI, TOJIy4YeHHBIC H3
Escherichia coli. benku nomkHBI comepkaTh OJUH
calT O-TTUKO3UIUPOBAHUSA, B KOTOPOM CEpUH WIIH
TPEOHUH (PYHKUMOHUPYIOT KakK aKLIENTOpbl MAJis
CEJIEKTHBHOTO TpHcoeanHeHnsT N-aleTHiranakTos-
amuna (NAcGal) k pekombuHaHTHOMY (hepMEHTY —
O-NAcGal-tpaucdepaze [190]. Ha cuenyromem
dTare TIMKO3WINPOBAHHBIA OCNOK IATIHPYETCS
nmo O-NAcGal ¢ nmomompro IIDT-mUTHAMHMOHO-
¢dbocdar-npou3BOIHBIX  CHAIOBOM  KUCIOTHL C
HCIIONIb30BAaHUEM JPYroro peKOMOWHAHTHOTO dep-
MeHTa, cuamuitpancdepassl [191]. Ha cerogusim-
HUH JICHb 3Ta METOJMKA ObUIa MPOTECTUPOBAHA HA
pas3nuuHBIX (apMaleBTHYCCKUX OelKkax, B TOM
umcrie, Ha pul -KCD [22].



3. [IrunMpoBaHHBIN rPAHYJIONUTAPHBIH
KOJIOHHEeCTHMYJIMPYIOIIUH akTop

3.1. Kpamkoe onucanue npenapama

KoBanenTHoe mnpucoequHeHUE IIENH IMONUITH-
nenrmukonst  (II31) &k  N-KOHLEBOMY METHOHHHY
(unrpacTiMa ToCpeIcCTBOM BOCCTaHOBUTEIbHOTO N-
ATKWIMPOBAHUS TIPUBOAUT K oOpasoBanuto I10I-
¢wirpactuma. 130 -¢prrpacTuM sBISIETCS TPOJIOH-
THpOBaHHOK (opmoit ¢mirpactuma, TpeOyromen
TOJNBKO ONHOW WHBEKIMH TIpernapara 3a Bech Kypc
JIEYCHUs], HANpaBJICHHOTO Ha YCTpaHEHHE TMOCIe-
CTBUI XMMHOTEPAIMH, B TOM YHCIE HEUTPOTICHHU.
[I>rumpoBanye  yBEIMYMBACT pPa3Mep MOJCKYIIBI
(rrpacTrMa HaCTOJNBKO, YTO OHA CTAHOBUTCSI CITHIII-
KOM OOJIBILION JJIsi TIOYEYHOTO0 BhbIBEIEHUS (KIIUpPEH-
ca). CremoBarenbHO, HEUTPODHIT-ONIOCPEIOBAHHBII
KIMPEHC SBISICTCS TNPEHMYIIECTBEHHBIM — ITyTEM
BBIBEJICHUS TIpenapara. TakuMm o0pa3oM, CpeaHHid
MIEPHOA, ECTECTBEHHOTO TONTYBBIBECHHS IIpenapaTa
[3I-punrpactuma yBenmauBaercs 10 42 4, TI0 CpaB-
Henmto ¢ 3.5-3.8 u w1 ¢uirpactiMa, XOTS Ha ca-
MOM JieJie 3TOT MapaMeTp HEMOCTOSIHEH U 3aBUCUT OT
abCONIOTHOTO 4YWClia HEWTpOQWIOB W, B CBOKO
odepeslb, OTpaXxaeT CIOCOOHOCTh Ipernapara IOA-
JIEp>KUBATh MPOU3BOJICTBO 3THX XK€ KIIETOK [12].

[1OT-punrpactuM  coxpaHseT TepBOHAYAIIb-
HYI0 6uosoruueckyro akTuBHOCTh pul -KC® u cBs-
3BIBAETCS C TEM XK€ PELENTOPOM, CTUMYJIUPYS MpPo-
mudepanuio, JUPPEpEeHIMANNI0 W aKTUBAIUIO
HelTpodunos. OMHOPA30BOE 32 BECh UK XUMHO-
Tepanuu BBenenue [13-punrpactuma B opraHusm
YMEHBINACT MPOAOIIKUTENFHOCTD TSHKETIOH (POPMBI
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HEHTPONICHUH, TP STOM COXPAHSA pe3yJIbTaTHI
€XKETHEBHOTO NPUMEHEHUS HEKOHBIOTMPOBAHHOTO
npenapara. B Xoje KIWHWYECKUX HCHBITAHUN Y
MaIrUeHToB, nonydaromux [13I-¢punrpactum, vac-
TOTa BO3HUKHOBEHHUs (eOpMIIbHOM HEHUTpOIEeHUU
CHIDKAJIach, TI0 CPABHEHHIO C ITAI[MCHTAMH, ITOIY-
YarommMu ¢uirpactaM [12].

3.2. Ibzunuposanue I'-KCD

Konbtoratel [19T--KC® nonyuaror meTogom
BOCCTaHOBHUTEJIBHOTO QJIKUJIMPOBaHUS OENKOB C
JTUHEHHBIMA  MOHO(YHKIIMOHANEHBIMH ~ METOKCH-
[I2T-anbaerunaMu  HECKOJIBKMX — MOJIEKYJSPHBIX
Macc. Hekotopeie W3 HHX OTOMpArOT MO Pe3yib-
TaTam TeCToB iN Vivo u in Vitro.

Ha cerogusmiouii geHb OMHMCAHO MHOYKECTBO
Meronuk mruiupoanus pul-KCO® nmns momy-
geHUST N-KOHIIEBBIX IPTHIMPOBAHHBIX IPOHM3BOA-
HBIX OUTOKMHOB. CormacHo Hambojiee 4acTo IpH-
MeHsieMor u3 Hux [136], K OXJaXAEHHOMY pacT-
Bopy pul-KC® (5 mr/mn) B OydepHoii cucreme,
coneprkaieii 100 MM anerar Hatpust (pH 5.0) u 20
MM numaHoOopruapua HaTpus 100aBISIOT PacTBOP,
COJICpIKAIINH MATUMOJISIPHBIA M30bITOK MIID[ -anb-
Jgeruna. PeakiimoHHYI0 cMeCh MOJABEPraroT IOCTO-
SIHHOMY TEPEMEIIMBAHUIO MPHU TEX K€ YCIOBHSIX.
[Ipumep cxembl JaHHON peakLUUU NATHIMPOBAHUS
pul -KC® mnpusenen Ha puc. 7. Taxke HemaBHO
ObUTa omHcaHa MacHITadHUpOBaHHAs, OoJiee TEXHO-
Joru4Has Merojauka marunuposanus pul-KCd no
0-KOHIIEBOM aMMHOTIPYIIIE C COKpPAIEHHbIM KOJU-
4YecTBOM B3ATOro B peakuuio [IOI-anpaermnma

[192].

a w
o), o~ oA o pH 4.0-7.0
lf\/ n=4360/\0r gH + HyN-Protein <~——
SN 'Hzo
a-meTun-w-{3-okconponokcu)-N3r
OH
H 4.0-7.0 a
P ,G\/o),/\of\ro\)m NaCNBH,
n=486
-H,0 OWN‘G-CSF
OcHoBaHue Wudpa
.
NaCNBH, 0) o Ju
_— )
n=486 /\I/ H

Crenenp Moaudukauud Oelka KOHTPOJIU-
pyercs metogom BOXKX wHa kosonke Bio-Sil SEC
250-5 «Bio-Rad» ¢ mnoaBmwkHOH da3oi, comep-
xameir 100 MM docdat matpus, 150 MM xmopun
uarpus, 10 MM asux matpus (pH 6.8) mpu ckopoc-
™1 noroka 1 mu/muH [136]. ITocne 10 4 mHKyOa-
mun, cornacio BIXX-ananmmsy, mpumepno 92%
Oenka Cremu(pUIHO TPUCOSTUHIETCS K MOHO-
Metokcu-T13I". Monomep I13I-I'-KC® 61t BbIIE-

o N,
TN G-CSF
Nar-r-Kco
Puc. 7. Cxema peaxunn myrmwiiposanus pual -KC® mo a-amuHorpymme N-KOHIIEBOTO METHOHHHA.
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JICH C TOMOIIBI0 HOHOOOMEHHOH Xpomarorpadpuu
Ha copbente SP Sepharose, ypaBHOBEIICHHOM B
oydepuoit cucreme 20 MM armerar wmatpus (pH
4.0), ¢ moCNeAYIOUIMM JIHHEHHBIM TPAAUEHTOM
0-1 M NaCl [136]. Pasmuunbie moHOMepbI I13T -
[-KC® 6bl11 mosTy4eHbl aHAJIOTHYHBIM 00Pa3oM C
UCIIOJIb30BAHUEM CEJIEKTUBHOTO oTOopa MIIDI-
AIBJICTU/IOB  Pa3UYHBIX MOJEKYISIPHBIX — MaccC
(Mexmy 12 u 30 x/1a).



Pacnonoxenne mnpucoeaunenHoi [190-cyOn-
eIMHMIBI B TPOCTPAHCTBEHHOH CTPYKTYpe IOJY-
YeHHOW MOJIEKYJIBl OBUIO OIPENETICHO METOIIOM
SHIIOMIPOTEUHA3HOTO IENTHIHOTO KapTHPOBAHMUSL
JloTIOJTHUTENBHBIE  MCCJICIOBAHUSA C  HCIIOJB30-
BaHHUEM pA3IHYHBIX METOMOB XapaKTEPUCTHKHU
(U3UKO-XUMHUYECKUX CBOMCTB Oenka (ymbTpa-
nearpudyruposanne, MALDI-TOF-MS, BOXX
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Ha Telb-QUIBTPAIMOHHBIX KOJIOHKax ¢ On-line
KOHTPOJIEM TIOJI HECKOJIBKHMU PaKypcamu paccesi-
HUSI JIa3€PHOTO CBETa) MOATBEPIMIN HPOTHO3U-
pyeMblil COCTaB M CTPYKTYPY 3THX KOHBIOTATOB, a
UMEHHO, YTO OJHA JIMHEHHAs MaKpOMOJIEKYJa
12T mpucoenuusiercss Kk N-KOHIIEBOMY OCTaTKy
AMHHOKHCJIOTHOW  IOCJIe0BAaTeIbHOCTH  OesKa
(puc. 8) [136].

Puc. 8. Tpexmepnas moaens Moiekyisl [I19T-I-KC®.

[TockonmeKy B pe3yibTaTe Peakmuy IATHIHPO-
BaHMs OEJKOB, KaK IMPaBWIO, 00pa3yrOTCs OYEHBb
crienu(pUUECKre MOJICKYJIbl KOHBIOTaTOB, TO Ha
MPAKTHKE HEIb3s BHIPAOOTaTh OOIIMK MOAXOJ] Kak
JUIS TIPOIIECCOB KOHBIOTAINH, TaK M HX OYHUCTKU
[70, 193].

Haubosee yacto mpuMeHSIEMBIN I OYUCTKU
IATITUPOBAHHBIX OEJIKOB METOJ KaTHOHOOOMEH-
HOM Xpomarorpaduu WCIOIB3yeTcs Onaromaps
cpoxcTBy K amuHorpymmam [131-konbrorara [194].
VYnerpadpmwieTpanus W JHATH3  UCHONB3YIOTCS
pEeIKO W B OCHOBHOM JUIS YCTaHOBICHHS TpeOy-
€MOM KOHIICHTpAIlMd WU MepeBoja B APYTYIO
OydepHyro cucreMy, a He Ui pa3jelicHUs Ha-
THBHO# U MIruinpoBanHoi Gopm Genka [69, 195].
TI'mnpodobuas xpomarorpadus II2I-moauduum-
POBaHHBIX O€JKOB eme 10 KOHIA He H3ydYeHa,
IpUHIMasi BO BHHUMaHHE TOT (DaKT, YTO MOIM-
(ukanus Bo3aeicTByeT Ha THAPOPOOHOCTL OenKa,
YMEHBINAS! WM YBETUYMBAsl €€ B 3aBUCHMOCTH OT
ero crpykrypel [58, 70]. OO6paimeHnHo-(pa3oBast
xXpoMaTorpadusi MPUMEHSETCS B OCHOBHOM B TpO-
MBIIIJICHHOM TIPOM3BOJICTBE JJIsI aHaM3a peak-
IIMOHHOW cMecu Ha mnpumecu. Ad¢uHHas Xpoma-
Torpadus 3aJeUCTBYET AOBOJIBHO JOPOTOCTOSIIHE
MaTepHalbl U HE MOXET OBITh HCIOJb30BaHA B
npoMbIIUIeHHBIX Maciitabax [70]. enb-punbTpa-
ISl TAK)KE MOXKET OBITh MCIIONB30BaHA [UIS pasfie-
JICHUS TITHINPOBAHHEIX U30(hOpM, HO UMEET OYCHb
HU3KYIO TIPOM3BOIUTENHHOCTE B IIPOMBIIUICHHBIX
macmTabax [196], u ee 3()GEKTHBHOCTH CHIIBHO
3aBHCHT OT MOJICKYJIPHBIX MAacC pa3ieisieMbIX

6enkos [60].
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B HacTosimuii MOMEHT B NUTEpaType ONMucaHa
TOJBKO OJHA moiHas cxeMa ouucTkH [12I--KCD,
pa3paboTaHHass Ha OCHOBE CXEMBI OYHCTKU pd-
['"KC® wu cocrosimasi u3 YeTHIpEX OCHOBHBIX
cranuii [197]: moHOOOMEHHOW Xpomatorpaduu Ha
SP Sepharose FF npu 3nauenuu pH 6.0, mo3Bo-
nsromied ouucTuTh pul -KC®D oT KIeToyHBIX mpu-
Meceil M CKOHIICHTpUpOBaTh Bbime 10 Mr/mi s
MPOBENCHHUST PEAKIMH KOHBIOTAIUK C O-METHII-
[MOT-mponmmonaneaerugoM [192], runpodobHOiM
xpomatorpapuu Ha Butyl Sepharose 4 FF mms
yoaneHus u3 mpernapara Oeikos E. coli, pomcr-
BEHHBIX IpUMECEd W HEMPOPEarupoBaBIIETO pPU-
I'-KC®, u xpomarorpaduu na SP Sepharose FF B
arieraTHoM Oydepe npu 3HaueHuu pH 4.5 s
OYUCTKH TMpemapaTa OT JHIOTOKCHHOB M II03BO-
JSIOIIEH CKOHIIEHTPHPOBATH OENOK A0 3HAYCHHUS
13 wr/mi mepen craauedl Telb-QUIbTPAllMU Ha
copbente Sephadex G-25 Fine mpu pH 4.0 [197].

3.3. Joxknunuueckue u KiuHuYecKue
ucnvimanus I2I-gpunepacmuma

[IpuBbiuHast yeueOHAsh MPAKTUKA JUIT OHKO-
JOTHYECKUX OONBHBIX, TPOXOAAIINX KYpC XUMHO-
Tepanuy, HAYMHACTCS C €XKEAHCBHOW [O3UPOBKU
¢wirpacTiMa Ha CIEIYIOUIMHA JIEHb TOCIE Hadaa
XUMHOTEPAIMA ¥ TIPOJODKACTCS JO TOCTIDKEHHUS
0e30MmacHOro YpoBHS HEUTPO(HUIOB B CHIBOPOTKE
kpoBu — okojo 10000 weiitpodumos/mn [198]. B
JOKJIMHAYECKUX HCIBITAHUSAX HA JKUBOTHBIX OBLIO
MOKa3aHOo, 4TO pa3oBas jo3a (uirpactuma, Hesa-
BUCHMO OT €¢ KOJIMYECTBAa, HE MOXET 3aMEHHTh
MIOBTOPHOTO €KEJIHEBHOTO BBEJCHHUS M3-3a KOPOT-



KOTO TIEpHOJa TTONYBEIBEICHUS IHUPKYIUPYIOMIETO
oenxka [199]. [IsrunupoBaHHbIe TPOU3BOAHEIC (DHIT-
rpacTiMa B UCHBITAaHHUSAX iN VIVO Ha MBIIIaX MOYTH
0€3 HCKIIOYCHUH TPOSBIIN IPOJOHTHPOBAHHYIO
AKTHBHOCTh MOJICKYJIBI, YBEIUYMBAs a0COIOTHOE
yucno HerlTpodunoB (AYH) ropaszno nHTeHCHBHEE,
4eM HeMoAu(HUIHpOBaHHAS Moyekynaa. OKOH-
YaTeNbHBIA BBIOOP KaHAWIATA, MPEICTABISIONICTO
coboii monekyny [I2I" ¢ maccoir 20 k/la, koBa-
JICHTHO TIPHCOCTUHEHHYIO0 K N-KOHIIEBOH aMHHO-
KHCIIOTEe (uiIrpacTuMa, OCHOBBIBAJICS Ha IIPO-
JIOHTUPOBAHHOW aKTUBHOCTH iN VIVO 1O CpaBHEHUIO
C HHU3KOW aKTUBHOCTHIO IN VIO u Takumu
(akTOopamu, KaK JOCTYIHOCTh CyOCTpara, BBIXOI U
ycrodunBocTh mponecca [70]. IIOI-¢uiarpactum
AMEET CXOoJHOe (apMaKoJAMHAMUYECKOe W OHOIIO0-
THYECKOEe BO3JICHCTBHE Ha HEUTpODMIBI, Kak M
¢urpacTuM, CTUMYIHpPYST BBIPAOOTKY H CO3pe-
BaHHE TIPEKypCOpPOB HEHTPOQMIOB, a TaKke
MOBEHIICHUE AaKTUBHOCTH 3pENBIX HEUTPO(HIoB ¢
MOMOIIBIO TEX K€ MEXAHU3MOB, YTO M (PHITPACTHM
[200]. [doxnuHWYECKHE HCCIAEAOBAHUS TIOKA3alIH,
YTO  OXKHMJAeMble CBOHCTBA HOBOHM  (hOPMBI
JOCTHTHYTBI ~ MOJCIHPOBAaHHEM  ITapaMeTPOB,
OIMCAHHBIX  BHIIIE, CpaBHUMOTO  TpO(HIIS
Oe3onmacHOCTH M (PapMaKOJIOrMYECKHMX CBOWCTB
MaTEPHHCKOW MOJICKYJIBI, U €€ TPOJIOHTUPOBAHHON
(OpMBI, ¢ BO3MOXHOCTBIO (PapMAKOKHHETHIECKOTO
KOHTPOJISI ypoBHsI Hefirpoduios [12].

[TepBast (aza KIMHUYECKUX UCTIBITAHHMMA TPOIII-
na 0e3 OCIIOKHEHHI Ha 3I0POBBIX JOOPOBOJIBIAX U
ObuUla OTMEYeHAa TOSUICHHEM HEHTpohuiIuu u
AKCTPEMATBHON MOOHIU3ANUEH KIICTOK-TIPEIIIECT-
BEHHUKOB B mepudepudeckyro kpoBb [201]. Bo
BTOpO#l (pase ucclenoBaHWd Ha OOJNBHBIX PAKOM
JIETKAX CPaBHHUBAJM JCHUCTBHE OIHOPA30BOM O3B
[3I-punrpactima 3a BeCh MUK XUMHOTEPAITUHU C
©)KEIHEBHBIM BBEICHHEM (HITpacTUMa; MPUMEHe-
HUe o0eux cxeM BbI3BaNO OBICTpBIE pocT AUH,
XOTsI, KaK W OBLIO CIPOTHO3MPOBAHO, UCXOIS U3
JOKITMHUYECKAX HCCIIENOBAaHMA M TIepBOH  (ha3bl
KIMHAYECKUX HCHBITAHUH, MPOIODKUTEIBFHOCTD
HMMYHHOTO OTBeTa ObLIa OOJbIIEC Y IaIUCHTOB,
nomyqatonmx 19T -¢punrpactum  [202].  Kpome
TOTO, Ieproa mupKyssiun [19T-punrpactuma Obu1
0oJpie, yeM y (uiarpactuma Jlaxke B OTCYTCTBHE
HelTpoduios [12].

[Mocne BTOpO#t (ha3bl KIMHUYECKUX UCTIHITAHHH,
TEYEHHE KOTOPHIX OBUIO IOJHOCTBIO CIPOTHO-
3MPOBAHO, OBUIH TPOBECHBI JBa PAHIOMHBIX JTara
TpeTrbel (a3pl ¢ 0JHOPa30BbIM BBeneHueM [10I-
¢unrpactuma  y  OONBHBIX PaKOM  MOJIOYHOM
JKeNe3bl, MOIYIaroIUX JoKcopyouimH (60 mr/m?) u
norerakcen (75 MF/MZ) B XOJI€ Kypca XHMHO-
tepanuu. OCHOBHBIM OIPAaHWYCHUEM 3TUX HCCIIe-
JIOBaHWH OblIa TIPOJIOJKHTEIBHOCTh  TSDKEION
HelTponiennu (B aau ¢ AUH Hioke 0.5x10%n). B
UCTBITAHUSX OBUIO  HCIIONB30BAHO  HECKOJIBKO
Pa3IMYHBIX METOJIOB pacyera J03UPOBKH. B ogHOM
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nu3 wucciaenopanuii [19T-punrpactum  BBOIMIH,
ucxoast U3 Maccel tena 6ompHOro (100 MKI/Kr Ha
OJIMH LIMKIT), B TO BpeMs Kak BO BTOPOM IAallUEHTHI
noiy4dany GUKCHpOBaHHYIO 103y — 6 mr [19I-u-
rpactuMa. B o0omx wuccienoBaHMSIX B KadecTBe
KOHTPOJIS MCIOJB30BAIN CTAHAAPTHBIE HHBEKIINU
¢mirpacTuMa 5 MKI/KT B JICHb, KOTOPBIA JO3HPO-
BajiCsi CTaHJapTHbIM 00pa3oM — HauuHas ¢ 24 u
nocie Hadana xumuortepanuu 10 AYH Gosbiine yem
10x10%/ wmu Ha cpok 1o 14 mueii [12, 203, 204].

B ucmeiTaHusAX Ha OCHOBaHWMU Beca OOJBHBIX
CpelHssl MPOJOJDKUTENBHOCTh TSDKEIOW HEWTpo-
NICHWH B TIEPBOM IIMKJIE ObIIa OAMHAKOBOH KaK ISt
rpynmnsl, nomydaromeid [19I-¢punrpactum, Tak u
Uit nonydaromeii gunrpactum (1.7 aHS TpOTHB
1.840.5), u comocraBuma B MOCIEAYIONIMX [IUKIIAX
i1 o0eux TpyI, XOTS, KaK MpaBHIIO, KOpode B
rpynne II9I'-¢unrpactuma. HccnemoBaHus Ha
OCHOBE MeTOAa (PMKCHPOBAHHBIX O3 TAKXKE ITOKa-
3aJM OJMHAKOBYIO 3(P(PEKTUBHOCTh y IMAIUCHTOB,
nonmy4yaBmmx kak [19T-punrpactum, tak u Qui-
rpactum [204]. Cpenu 77 mauueHTOB B TpyIIe
[OT'-punrpactuma u 75 TNAIMEHTOB B TpYyIIE
¢unrpacTuMa CpemHss MPOJODKUTENEHOCTD TSDKE-
JIO HEUTpPONEeHWH B TEUCHHE MEPBOTO IIMKJIA
cocraBisuia 1.8 u 1.6 guelt coorBeTcTBeHHO. [10]-
¢unrpacTuM MMeN CONOCTaBUMYIO 3((HEKTUBHOCTh
C ©XEIHEBHBIMH J03aMH (ruirpacTuMa He3aBH-
CHUMO OT MAcCChI Tella TAlMCHTOB IPH BBEICHHU 6
MT" (PUKCUPOBAHHOH 103b1. MeToT GUKCHPOBaHHBIX
JIO3UPOBOK MMeEJ, KaK MPaBUIIO, MPOTHO3UPYEMBIH
npo¢mine u Obul Oomee 3pdekTrBeH 3a cUeT
CHIDKEHUSI BO3MOXHOCTH OIIMOOK IpH pacueTe
J103, YTO 3HAYUTENHHO YHpoImano JiedeHue. Boc-
cranosnenne AYH y nmammenToB B rpynme I19I-
¢uirpactumMa ObUTO CPaBHHUMO C TEM JK€ IMOKa3a-
TeJIeM y TAIEeHTOB, KOTOPBIE MOMyJain (hunrpac-
TUM, HO 0€3 OTKIIOHEHHH, CBSA3aHHBIX C C)KCIHEB-
HBIMH WHBEKIMSAMU (UITpacTUMa. DTO OTpasuil
OTIBIT JOKJIMHUYECKUX HCCICIOBAHUH, B KOTOPBIX
qacThIil 3a00p KPOBU IO3BOJMI MOApOOHEE Ipo-
JIEMOHCTPHUPOBATh CyTouHOe Konebanne AUH wu
BIIUSTHUE ©KEIHECBHOTO J03UPOBaHUs (huirpactuma
Ha TMpOTEeKaHuWe UuKiIa xumuorepanuu [201].
MoskHO mpeanonaokuTh, 4ro orcyrcrsue I10T-
¢unrpacTuMa B CHIBOPOTKE KPOBH M KOHKPETHOE
3Hauenne AUH nocne Tepanuu ¢ UCNOJIb30BaHUEM
MIPOJIOHTHPOBAHHOW ()OPMBI MOTYT HMETh MPOQH-
JakTH4Yeckoe mnpeumymiecTBo. Ocrtaercs ompene-
JUTb, SIBJIAETCS JM COOTBETCTBYIOILIUHN IMOKa3aTelb
AUYH mone3HsIM mapaMeTpoM; Hampumep, Tie
AKKyMYJIUPYIOTCS HEHTpo(wMIBl, KOrZa OHH He
HUPKYJIUPYIOT — IPOCTO MUTPUPYIOT B OTAAJICHHbBIE
obnacTu KJIeToK Win 6e3B03BpaTHO TepsitoTes [12].

OeOpuibHas HeWTporeHus (Tspkenas (opma
HEHUTPONEHUH, CONPOBOXKAAIOIIAsICS TeMIepaTypoit
6onee 38.2°C), kak mpaBWIIO, CBs3aHA C CEPhE3-
HBIMH WHQEKIVMSIMA W 3a4acTyl0 TpeOyeT TrocIu-
TaIM3allid W  BBEICHHUS aHTHOAKTEPUATBHBIX



cpencts [205]. B mononHeHue K yrpose Aiis KU3HH
MalyeHTa W TOTCHIHUAIBHON 3aJepkKKE JTO3HPO-
BaHHOW XUMHOTEpanuu, JiedeHue (HeOpHITbHOM
HEUTPONIEHUH caMO IO cebe MOXKET OKa3bIBaTh
HEraTHBHOE BJIMSHUE HA KaYECTBO XKHM3HU MAlUCH-
TOB B CBSI3U C HEOOXOJUMOCTHIO TOCTINTATIM3AINH 1
BHYTPHBEHHOW aHTUMH(EKIIMOHHON Teparend. Debd-
pwibHas HeEHTpomeHust ObLIa OIpenelicHa Kak
OpeAeibHO JOMYCTUMBIA MapaMerp Ha 000X
dTamax TpeThel (a3bl KIMHUYECKHX WCIBITAHUH.
Ha »Tux 3Tamax (MeToa TO3UPOBKU B 3aBHCUMOCTH
OT Beca MAIMEHTOB U Ha OCHOBE (DMKCHPOBAHHBIX
J103) TosiBIieHWE (GeOpHIbHOW HEUTPONICHHH TIPH
npumenenun [I0I-¢punrpactuma ObLIO HUXE Ha
KaXIIOM IMKJIE [0 CPaBHEHUIO C (HITPaCTUMOM
(18 mpotue 9% wu 13 nporuB 20% cooTBeTCT-
BeHHO) [203, 204]. [Tpu KOMOWHUPOBAHUN JAHHBIX
U3 JIBYX THIIOB UCIIBITAHMH OBLIO YCTAHOBIICHO, YTO
4acTOTa BO3HHUKHOBEHHS (eOpHIbHOH HEHUTpo-
NeHnH OblIa 3HAYMTEIHHO yMEHBIICHA y TallHeH-
TOB, nonydaromux 190 -uirpactum, mo cpaBHe-
HHIO C TeMH, KTO moiyuan ¢uarpactum (11 nmporus
19%). Kpome TOT0, IPOI0/DKUTEIBHOCTD TIEPHOIOB
(hebpubHON HeWTpomneHnu Oblla 3HAYUTENIBHO
Kopoue B ciydae npumeHenus [19I-¢punrpactuma,
B pe3ynbTare 4ero 3HAYUTENBFHO CHIDKAJach TCH-
JICHIIUST PUCKA TOCTIUTAIM3ALUN U HCIOIb30BAHUS
BHYTPUBEHHBIX aHTUOAKTEPUAIBHBIX CpeacTs [12].
[Mepenocumocty  [IOT-punrpactuma u  Qun-
rpacTiMa ObUIa OJUHAKOBOM Ha O0OWX JTamax
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TpeTbel (pa3pl KIMHWYECKUX HcmbITannid. Crabas
WIA YMEPEHHO CWIbHAs OO0Jb B KOCTAX ObLIa
omnHcaHa KaK €JUHCTBEHHBIH MOOOYHBIA 3¢ (eEKT,
CBs3aHHBIM C JieueHueM (25 mporus 26%) [203,
204]. Taxke 6bUTO TOKa3aHO, yro 1D -¢rurpac-
THM BO BTOpOH (pase WcCHbITaHWA HA OCHOBAaHUH
Beca MAalMEeHTOB HE MMENl HETraTUBHOTO BO3EHCT-
BUS 110 CPABHEHHIO C (DMIITPACTUMOM Y MAIMEHTOB
¢ nmuMmpomoit tuna HoH-XOMKKHMHC, a Takxke C
maMpoMort  THma  XOIDKKWUHC,  IOJIyYaroIIuX
ESHAP-xuMuorepanuto (3TOMO3MI, METHINPE-
HU30JIOH, HUCIUIATHH U 1uTapabuH) [12, 206].

[ThrunupoBanue QunrpacTuMa 3aMeaysieT BHI-
BeJICHUE MOJICKYJIbI Oelika, He BIHsIS Ha ero OHoIo-
THYCCKYI0 aKTUBHOCTHb. OJMHOYHBIC WHBEKIUH
[1OT'-punrpactimMa 3a BeCh IUKI XUMHOTEPAITUH
OKa3zaMch He MeHee OJ(PQPEKTHBHBI, YEM exKe-
JTHEBHOE BBelcHHE (PruirpacTuMa B HENSX CHIKE-
HUSI TPOTODKUTETIFHOCTH W YacTOTHI BO3HHUKHO-
BEHMSI TSDKENIOM HEHUTPONEHWH. Y IIydIIEeHHBIN
rpa¢puk BBemeHus [IOI-punrpactuma MoxeT
UMETh IPEUMYIIECTBA Mepel BBEACHUEM (uirpac-
TAMa C TOYKH 3PEHHS IPOCTOTHI, COOJIONCHUS
PEKUMA U YIYYIICHUS Ka4eCTBA JKU3HH MAIUCHTOB
[207]. B pesynbrare THIATEIBHOTO H3YYCHUS
KOHCTPYKTHBHBIX ~IIapaMEeTPOB IPOJIOHTHPOBAH-
HOU (hOpMBI, ¢ XapaKTEPUCTUKU OBUIH MPH3HAHBI
0oJiee BBIMIPBINIHBIMU, HECMOTpPS Ha TO, uTo [13I'-
¢wirpactuM W QUATPAcCTUM HMEIOT  CXOXHE
npoduim modouHbIX 3 dexron [12, 202].
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By now the pegylation of biologically active molecules including proteins with an inert hydrophilic polymer
polyethylene glycol (PEG) is an important area in the new generation of prolonged-action pharmaceutical
preparations. The conjugated molecules usually have an improved pharmacokinetic profile, including reduced
renal clearance, additional protection from the proteolytic enzymes and reduced immunogenicity, thus preserving
the in vivo activity of the native preparation in the human body for a longer time. This review is focused on the
example of the pegylation of recombinant human granulocyte colony-stimulating factor (G-CSF) and gives the
opportunity to have a look at different ways of pegylation and the mechanism of this reaction. Besides, the review
describes the different types of reactive PEG for the specific conjugation to biological molecules and benefits and
disadvantages of these reagents.

Keywords: polyethylene glycol (PEG), biopharmaceutical drugs, granulocyte colony-stimulating factor (G-CSF),
modification, cytokines, pharmacokinetic profile.
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06pa3yos, ykasaHbl UX Hedocmamku, nPensmcmeyrWue OoCyu,ecmesieHu0 KOHMPOssS MOHOMepa 8
gapmauesmudeckol cybcmaHyuu. Pa3spabomaHa memoduka Konu4ecmeeHHo20 ornpedesneHusi a2udpo-
xnopula eyaHuOuHa & chbapmauesmuyeckol cybcmaHyuu «passemerieHHbIl  2udpoxopud  onuzozekca-
memurneHayaHuduHa» C [MOMOWbI 8bICOKOIGhheKmuUBHOU XUOKOCMHOU Xxpomamozpaghuu, rnposedeHa ee
sanudauyusi ¢ yenbto cmaHGapmu3ayuu cybcmaHyuu ro napamempy «puMecHble COeOUHEeHUS».
Knroyeebie crioga: ornuzozekcamemusieHeyaHuOuHa audpoxsopud, eayaHuduHa 2ulpoxsiopud, MPUMECHbIE
COeOUHEeHUS, 8bICOKO3(heheKmuHas XUOKOCMHas Xxpomamozpagpus.

OnucaHb/ cywecmeyroujue Memolbi ornpedenieHusi audpoxnopuda 2yaHuOuHa Mpu aHanu3e pPasiuyHbIX

Brenenue NOJUTYaHUJUHBl B MEAULMHCKOW MPAKTUKE IS
Onuro- ¥ TMoONUMEpHbIE OWOIUIHBIE MaTepu-  JICUCHHWS BHUPYCHBIX M WH(EKIMOHHBIX 3a0olie-
ael puOOpeTaroT Bce Oosee Immpokoe pacmpo- — Bauuwid. Cnenmamucramu 3AO «UuCTHTYT dapma-

CTpAaHEHHE B PA3NUYHBIX O0JACTSIX YETOBEYECKOW  [EBTHYCCKMX TEXHOJOrWi» Oplma pazpaboTaHa
KU3HEHCATCIIFHOCTH  (MEAMIMHA, BETCPUHAPHSA,  TEXHOJOTHS MOJTYYCHHS OJIMTOMEPHOTO Ouommma —
CTPOUTENBCTBO, OUYUCTKA U 00€33apaKUBaHKE BOJBI  PAa3BETBICHHOIO THIPOXJIOPUAA OJNUTOTEKCaMETH-
u t.0.) [1-3]. Cpenu takux martepuaynioB ocoObi  nenryanuamna (OI'MI-I'X) [5-7] ¢ menbto wuc-
WHTEPEC BBI3BIBAIOT MOJUTYaHUIUHBI — BEIIECTBA,  IIOJMB30BAHUS €ro B KadecTBE CYOCTaHLWHU IS
coliepKalllie B CBOEM COCTaBE TyaHHIUHOBBIE  OCHOBBI 3(P(EKTUBHBIX MPOTHBOMUKPOOHBIX IIpe-
(dbparmeHTsI [4]. nmapatoB. Xummudeckas crpykrypa OI'MI-T'X
Bricokast 3ppeKkTHBHOCTD JNESHCTBUS, HApPSAYy C  OIUCHIBACTCS CIEIyIOIIEH (GOpMyIIoii:
HU3KOW TOKCHYHOCTHIO, MO3BOJIIET HCIIOJB30BATh
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[pumenenne OI'MI-I'X B kauecTBe (apma-  SBISIETCS TOCTOBEPHOE OIPEICICHHE TyaHHUIHHA
[IEBTUYECKON cyOcTaHIMU CBsA3aHO Hampsimytro ¢ ruapoxiiopuzaa (I'TX), seistomierocst MOHOMEPOM B
obecrieueHueM 4YeNoBeUeCKOU >ku3HenesTenbHoc-  cuHTede OI'MI-I'X u Bxopnsiiero B cocraB ocra-
TH, MOAJEPKAHUEM 3/10POBBS, IOITOMY OY€Hb Ba-  TOYHBIX IPUMECEH B KOHEUHOM MPOAYKTE.
KEH CTPOTHHA KOHTPOJIb 3a OE30MacHOCTBIO TIpe- N3BectHo, uT0o B monmumepHoMm anaiore OI'MI -

napara. OIHUM U3 IapaMeTpoB Takoro KoHTpois  ['X — mojaurexkcaMeTWIeHIyaHUIMHA IMIPOXJIOpUIE
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(roproBoe HazBanue «BMOIIAI») ocTatouHblie Mo-
HOMEpbI  ONpPEAETSIIOT  METOJAOM  TOHKOCJTIOHHOM
xpomarorpaduu (TCX) [8]. OmHako KaHHBIH METOJ
MMEET ONpEeICHHBIC HEIOCTATKH: SBIAETCS HOINY-
KOJINUECTBEHHBIM, MMEET BBICOKHMI Tpenen oOHa-
pY’)XeHHs, HEIOCTAaTOYHYIO TOYHOCTE H IUIOXYIO
BOCIPON3BOAMMOCTE. CyIIECTBYIOT M APYTHE METO-
JIpl KonmruecTBeHHOro omnpeneneHus I'TX B paznuy-
HBIX oOpasuax [9], omHaKo MpUMEHEHHWEe UX I
KOHTPOJSI TAHHOTO MOHOMEpa B CyOCTaHIIMM He-
BO3MOKHO BBHUJY TOrO, YTO HaJM4uMe B 0Opasue
OJIUrOMEpHOTro MpoaykTa Ha ocHoBe I'TX (OI'MI-
I'X) BHOCHT cymecTBeHHYIO OmMUOKY. B cBsizu ¢
9THM IENBI0 NAaHHOW paboThl ObLIa pa3paboTka
BBICOKOTOYHOTI'0, aIllapaTHO-JAOCTYIHOTO U CeJeK-
TUBHOTO METOJa KOJIWYECTBEHHOT'O KOHTPOJIS THA-
poxJiopua TyaHHIWHA UL CTaHAapTH3anuu dap-
MmaneBTuueckoit cyocranmuun OI'MI-I'’X. Hau-
0oJiee YIOBJIETBOPSIONINM JTaHHBIM TPEOOBAHUSIM
SIBIIIETCSI METOX BBICOKO3(D(PEKTHBHON IKUIKOCT-
Ho#t xpomarorpaduu (BOXKX).

JKcnepuMeHTAIbHAS YaCTh

OCHOBHBIM OOBEKTOM HCCIIENOBaHUS OblIa
CHUHTe3upoBaHHass Hamu cyocranmus OI'MI-I'X
(M, =708 Ma, crenens passersienus 0.31), momy-
yaemasl IOJIMKOHAEHCAled rMApOXJIOpUaa ryaHu-
quHa ¢ rekcametwieHauamuaoM [10]. PaspaboTka
Meroauku BOXKX nist KonMuecTBEHHOTO ompeje-
neHusi rugpoxinopuga ryamuaunHa B OIMI-I'X
IIPOBOJAMIACHE C HCIOJb30BAHUEM SKHUIKOCTHOI'O
rpaaueHTHOr0 Xpomarorpada «Craiiep» ¢ KOJOH-
kot Luna C18(2) pasmepom 4.6x250 mm, 3a-
TIOJTHEHHO! COPOSHTOM C pa3MepoM HaCTHI[ 5 MKM,
¢ Y@-gerektupoBanueM (JynHa BosHbI 205 HM). B
KauecTBe CTaHAapTa IPUMEHSUIN THIPOXJIOpU] I'ya-
HuauHa 1o [11]. B xadectBe moaBmxHOHN ¢a3el A

A, MB

@

20 B

200 B
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ucnonp3oBanu  ¢GochaTHbi  OydepHbIid pacTBOp
[12], a B xauecTBe moaBMWXHOH (a3zel B — amero-
HUTpWI s xpomarorpadum [13]. Jus  mpo-
BEJICHHS DKCIIEPUMEHTOB TOTOBUIIM PACTBOPHI CyO-
craniun OI'MI-['X w crangapTHOTO THUIPOXIIO-
puma TyaHWJWMHA KOHIEeHTparuid 10 mr/mn u
1.000+0.0005 M™r/mi, COOTBETCTBEHHO, a TAaKXe
TpaJyMpPOBOYHBIC PACTBOPHI TUAPOXIOPHIA T'yaHH-
JUHa ¢ KOHIEeHTpanusamu 6.18, 12.36 u 100 Mxr/mi.
OKCIIEpUMEHTHI TTPOBOAWIH TPH 18-23°C 8 rpa-
JUCHTHOM pEXHuMe (mporpamMma TpajHeHTa IpHU-
BeJicHa B Tabn. 1); o0beM BBOJUMOM MPOOBI CO-
crasisit 20.0 Mk, Bpems aHanusa — 20 MuH.

Tabmuma 1. [Iporpamma rpaguenra

Bpewms, ®daza A, ®daza B, IToroxk,
MHH % % MJI/MUH
0 100 0 1
4 100 0 1
5 5 95 1
6 5 95 2
9 5 95 2
10 100 0 1
20 100 0 1

20

Bpewms, smun

22

Jis Banumanum pa3pabOTaHHON METOJMKU KO-
JMYECTBEHHOTO OIpPEAETICHUs TUAPOXIIOpHIa Tya-
HUJIMHA OLICHWBAJIM TaKHe IMOKa3aTeNu Kak CIelu-
¢uarOCTH [14], TOYHOCTH MO IMapaMeTpy OTKPHI-
BaemocTH [15, 16], mocTOBEpHOCTH 1O MapamMeTpam
nosTopsieMoctu [17] u BocnpousBogumoct [17],
Mpesen KOJWYEeCTBEHHOro ormpexaeneHus [18] wu
cTabMIBHOCTH pacTBOpa mpoodsI [19, 20].

Pe3yabrathl U uX 00CyxKIeHHe

B3XX-xpomarorpamMmmsl rpagyHpOBOYHOTO pac-
TBOpa M pactBopa cyocranmuu OI' MI-I'X B ojgHOM 1
TOM K€ PaCTBOpUTENIE IPUBEAEHBI Ha puc. 1.

500MB

\ | |
G ¢

16
Bpems, Mun

Puc. 1. Tunmaasie BOXX-xpomarorpaMMbl rpaynpoBOYHOTO pacTBopa (a)
u pactBopa cyocraniuu OIT'MI-I'X (0).

W3 HUX BUAHO, YTO THUAPOXJIOPUA TyaHUAHHA
AMEeT YeTKO BHIPOKCHHBI MHK B 00JacTH Bpe-
MeHu yaepkuBaHus 4.0-4.5 MUH, KOTOpPBIA He
MEePEeKpPbIBAeTCA C MHUKaMH, COOTBETCTBYIOILUMU
JIpyrdM KOMIIOHEHTaM cucteMbl. [lpenBapurens-
HBIC DKCIIEPUMEHTHI TIOKa3alld, YTO JUIS HCIOJb-
3yeMOro pPacTBOPUTENSI B 3TOH 00NacTH BpeMEH
KaKue-mM00 TIMKH TakKXe OTCYTCTBYIOT. Takum
00pa3oM, XpoMaTOrpaMMbl YJOBIETBOPSIOT KpUTeE-

33

PHIO CENU(UIHOCTH METOTUKH.

g KOJIWYEeCTBEHHOTO OIpeNeNeHnuss TUapo-
XJIOpHUIIa TyaHUIUHA C WCTIONB30BAHAEM CTaHIApT-
HBIX PacTBOPOB ObLIa IMOCTPOCHA T'paTyHpOBOYHAS
3aBHCUMOCTD (pHC. 2). DKCHEpUMEHTAIHHO IIOITY-
YEHHBIE TOYKH OMKCHIBAIOTCS yPaBHEHHEM TPSIMOMA
y =0.2325x —0.1054
¢ koaddunuentom koppemsaiuu  1.00. Pacuet
conepxkanus ryanunuHa rugpoxiopuna ([I'TX]) B
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CcyOCTaHIIMU POBOIUIH 110 (hopMyIIe:

_C.'V-P

[[TX] 100%

rae Cuen — KOHIEHTpAlMs TyaHHJMHA B HCIIbI-
TyeMOM pacTBOpE, IOJMy4eHHas IO IPagyHpOBOY-
HOMY TpaMKy, MKI/MJI; & — HaBeCKa CyOCTaHIIHH,
UCIMIONb30BAHHAS MPU  HPUTCOTOBIEHHH  HCIIBI-
TyeMOTO PacTBOpa, MKT; P — copepaHHe OCHOB-
HOTO BEIIeCTBA B CTaHAApTHOM obOpasue, % mac.; V
— 00beM MepHOW KOJOBI, HCIOJNL30BAaHHOW ISt
MIPUTOTOBJICHUS HCIIBITYeMOTo pacTBopa (100 mi).

25 7 nomaan

nuKa
20 4

154

10 4

0 T T T T T

0 20 40 60 80 100 120
KoHueHTpanus ryaHuiMHa, MKI/MJI

Puc. 2. I'pagynpoBovHasi 3aBUCUMOCTD TUIOTIIA A
MUKa OT KOHLUEHTPAlUU CTaHAApTHOIO pacTBopa
TUAPOXJIOpHUAA TYaHUAMHA.

ITo pesympTaraM KOJHMYECTBEHHOTO Ompeje-
JCHUS TUAPOXJIOpHIA TyaHHJIUHA B o0pasne c
u3BecTHOW KoHIeHTpammeld (20 mr/mi) B coort-
BETCTBHUH C TIpeAJIaraeMoii METOJIMKON U criocoOoM
pacdyera, OBUT pacCUMTaH TMapaMeTp OTKPHIBac-
moctr R [15]:

X
R=—-100%
Xo
rae Xo — wusBectHoe coaepxkanme ITX; X —

HaiiienHoe cogepxkanue ['TX.

3nauenne R cocraBmser 97.0%. CormacuHo
[16], mist yAOBIETBOpPEHMSI KPHUTEPUIO TOYHOCTH
spauenne R gomwkao coctaBisaTe 100+5%, Tak uTo
paspaboTaHHass METOAWKA ITaHHOMY KPHTEPHIO
YIOBJIETBOPSIET.

JocroBepHOCTh  pa3pabOTaHHOW  METOJIUKH
OLICHUBAJIM II0 €€ IOBTOPSEMOCTH M BOCIPOM3-
BOJAMMOCTU. Pe3ysibTaTel KOJIMYECTBEHHOrO OIpe-
JIeJIeHUs] TUAPOXJIOpUa TyaHHIMHA B ABYX CEPUAX
n3Mepenuid cyocranmu OI'MIT-I'X npeicraBieHsl
B Tabu. 2. [Ipu cratucTryeckoit 00paboTKe pe3yinb-
TATOB IO W3BECTHBIM ypaBHeHUWsM [17] paccuu-
TBIBAJIM CpeaHee apu(pMETHUIECKOE 3HAUYEHHE OT-

o A 2
HOCHUTCJIbHOU ILIOIAJMW IIMKa [XJ AUCTICPCUIO S )

CTaHIAAPTHOE OTKJIOHCHHE S W OTHOCHTEILHOE
CTaHJIAPTHOE OTKJIIOHCHUE Sy

Tabmuma 2. CoxepikaHue TUAPOXIIOpUIA T'YaHUIMHA B JIByX CEPUSX U3MEPECHUN
cyocrannun OI'MI'-I'X cornmacHo pazpaboranHoi MeToauke BOXKX

1 cepusa 2 cepus
No OTH. Konuentpauus Ne OTH. KonuenTtpauus
ILIOIIAb ryaHuaunHa, IJIOIIA/b ryaHuanHa,
obpasua muka A M};F/MJ‘I obpasua muka A M};CF/MJ'I
1.1 9.113 39.65 2.1 9.236 40.18
1.2 8.674 37.76 2.2 8.779 38.21
1.3 8.492 36.98 2.3 8.371 36.46
14 8.935 38.88 2.4 8.882 38.66
15 8.487 36.96 2.5 8.767 38.16
1.6 8.775 38.20 2.6 8.455 36.82
A =8.746 A =8.748
$?=0.0616 $?=0.0971
S$=0.2482 S$=0.3116
Som = 2.84% Som = 3.56%
F=125

W3 paHHBIX TaOJMMIBI BUIHO, YTO OTHOCH-
TEJIbHOE CTAaHIAPTHOE OTKJIOHEHHUE I KakIAOoh
cepun 00pasoB HE TMpeBbImacT 5%, 4TO CBHIEC-
TEJIBCTBYET 00 YJOBIETBOPCHUN METOJUKU KPHUTE-
PHIO TIOBTOPSEMOCTH.

BocnpousBonumocts Metoauku [17] onenu-
BaJIM ¢ ToMoInkto kpurepus Oumiepa F (mpu ypos-
He 3HauumMmocTh o = 0.05, u cremeHsax CBOOOIbI
JIACTIEPCHIA Szl H 822 — 51 5 COOTBETCTBEHHO):

_S¢

S;
rae 821 u 822 — BEJMYUHBI JIUCIIEPCHH, TpPH
YCIIOBUH, YTO Szl > Szz.
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ITonyyenHnoe 3Hauenwe kputepus Dumepa
COTJIAaCHO TaONl. 2 HE MPEBBIIIAET KPUTHYECKOTO
3HaueHust 5.05, 4YTO TOATBEPXKAAET BOCIPOU3-
BOJIUMOCTD METOJTUKH.

[Ipenen KOJIMYECTBEHHOTO ONpEeSieHUs] METO-
JIUKH OLCHUBAIM C UCIIOJIE30BAHUEM KaTUOPOBOY-
HOU mpsiMoii, o mokaszatero LOQ [18]:

S
LOQ=10-=
° b

rae b — HakIoH KaTMOPOBOYHOM MPSAMOM, S — CTaH-
JApPTHOE OTKJIOHEHUE CUTHaJIa.

st 1-ii cepum 06pasiioB (tadm. 2) b=0.2325, a
$=0.2482, Tak 4TO HIWKHHUH TIpEJeNl KOJINIECTBEH-



HOTO ompeneneHuss Metoauku coctaBiuser LOQ =
=10.7 MKr/mi1.

B 3akimoueHne OlEHMBAIM CTAOWIBHOCTH PacT-
BOPOB aHAIM3UPYyeMOi poOkI B TeueHue 30 v (Tadr.
3). OTHOCHTEIBHOE CTAHAIAPTHOE OTKIOHEHHE IO~

Tabmuna 3. CTabWIEHOCTH PacTBOPa MPOOBI
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[agel NMUKOB HAa XPOMATOrpamMMax HCITBITYEMbIX
pacTBOpPOB, TONYYCHHBIX B TedeHHe 24 U, HE
JIOJDKHO OBITH Oosee 5%. W3 Tabn. 3 cnemyer, 4to
pa3paboTaHHBIA METOX YIOBJCTBOPSET KPUTCPHIO
CTaOMIBLHOCTH, IO KpalHel Mepe, B TeueHue 30 .

BriBoabI

IIpHU XpaHEHUHU 110 pe3yIbTaTaM

Pazpaboran BDXKX-metom KOIWYeCTBEHHOTO
paspabotanHoii MeToarkn BOXKX

OIIPCACIICHUs TMAPOXJIOpUAa I'yaHHnJuHa B (bapMa—

Bpewms Orn. momans Konnenrparmst LEBTUYECKON cyOCTaHIIMU — «Pa3BETBIEHHOM TH[-
XPanCHus, 1 mka A T'YaHWIHA, MKI/MJI POXJIOPUE  OJUTOTEKCAMETHIECHITYaHUIMHA» |
1 9.312 40.50 MPOBEJICHA €T0 BaJMAAIUS TI0 MOKA3aTeNIsIM CIICIH-
2 8.941 38.91 (UYHOCTH, TOYHOCTH WO MAapaMeTpy OTKpHIBA-
6 8.764 38.15 €MOCTH, JIOCTOBEPHOCTH II0 IapameTpaM IOBTO-
284 gigé gg?g PsIEMOCTH M BOCIPOU3BOJAUMMOCTH, IpPEAEny KOJIU-
30 8.678 3778 YECTBEHHOTO OIPEJICNICHUSI U CTa0MIBHOCTU PacT-
— Bopa TipoObl.  [IpoBeneHHBIE  WCCIETOBAHUS
SZA— :0%326 MOKA3bIBAIOT BO3MOYKHOCTh HCIIOJIb30BaHUS pa3-
S_= O. 29?.]{35 paborannoro metoga BOXKX mus cranmapTuzanuu
S = 3 31% cyOcTaHIIuN o napameTpy «IPUMECHEBIC

OTH . COCIUHECHUS.
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DEVELOPMENT AND VALIDATION OF THE METHOD OF CONTROL
MONOMER IMPURITIES GUANIDINE HYDROCHLORIDE

IN PHARMACEUTICAL SUBSTANCE “BRANCHED
HYDROCHLORIDE OLIGO(HEXAMETHYLENEGUANIDINE)”

S.A. Kedik'?, D.O. Shatalov'*@, S.G. Beksaev'?, I.P. Sedishev?,
E.S. Zhavoronok?, V.V. Suslov?, A.V. Panov* 2

! M.V. Lomonosov Moscow State University of Fine Chemical Technologies, Moscow, 119571 Russia
2ZAO0 «Institute of Pharmaceutical Technologies», Moscow, 119571 Russia

@Corresponding author e-mail: shat-05@mail.ru

Some existing methodologies for quantitative estimation of guanidine hydrochloride during the analysis of various
samples were described. Their shortcomings impeding the implementation of the control of the monomer in the
pharmaceutical substance were identified. A method for quantitative determination of guanidine hydrochloride in
pharmaceutical substance “branched oligo(hexamethyleneguanidine) hydrochloride” by high performance liquid
chromatography was developed. The method was validated to standardize the substance by the parameter
“impurity compounds”.

Keywords: branched oligo(hexamethyleneguanidine) hydrochloride, guanidine hydrochloride, impurity compounds,
high performance liquid chromatography.
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XVIMHS1 H TEXHONOIUSI AEKAPCTBEHHDIX ITPETTAPATOB H BONOITMYECKM AKTUBHbIX COEAMHEHHA

V/IK 615. 322 (035)

PUTOXUMUYECKUE OCHOBbI CO30AHUA NMPEMNAPATOB
OnAa nNMTOJIM3A OKCAJIATHbIX KOHKPEMEHTOB
H.T. Ya6an', nouent, A.E. CTemanos™*, BeLy UMl HAYYHbIH COTPYIHUK,
JL.M. PaHOHOPTZ, npodeccop, 1.I. I_Iapnqemcoz, npodeccop,

J1.0. HOHBOHOHKHﬁl, ACIHUPAHT
Ykagpeopa O6weri xumuneckoii mexnonozuu MUTXT um. M.B. Jlomonocosa, 119571 Poccus

2 kagpeopa Yponozuu 1 MTMY um. .M. Ceuenosa, 119992 Poccus
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cmambe paccmampuearomcesi 0CObeHHOCMU rfpuUMeHeHuUs1 ghumorpenapamos Onsi nMpogunakmuku u
Jle4eHus MoYyeKkameHHOU 6oresHU, 8 YaCmHOCMU, OKcaam+{020 Heghpoaumua3sa.
Knroyesnle cnoga: coumonpernapamei, OKcarnamHble KOHKpeMeHMbI, IUMOsu3.

BBenenue

Movuekamennas 6one3ns (MKB) otHOCHTCS K
YHUCIy HamOoJiee PaCHpPOCTPAaHCHHBIX B YPOJIOTH-
YEeCKOM NpaKTHKE: B Pa3BUTBIX CTpaHaxX MHpa U3
Kakapix 10 MITH. HacelieHUsl 3TOM OOJe3HBIO CTpa-
narot 400 Teicsa yenoBek [1]. KamuaeoOpazoBanuio B
OpraHu3Me CIIOCOOCTBYIOT: HapylIieHHe OOMeHa
BEIIECTB, MH(EKIMH MOYEBBHIBOIIIMX IYTCH, H3-
MCHCHHS aKTUBHOM pEaKIUWH MO4YH, HapylIeHue
IIATBEBOTO PEXKNMA, XPOHIMUYECKHE TUIIOBUTAMHUHO3HI
(ocobGenHo Henoctarok BUTaMuHOB A, B1 1 B6).

[To xuMuYeckoMy COCTaBy pa3lIM4alOT KaMHU
OKcaslaTHbIe, QocdaTHble, ypaTHbIe, KapOOHATHBIE,
pEKe BCTPEUAIOTCSI UCTHHOBBIE, OSITKOBEIE, XOJIEC-
TepuHOBBIE [2]. OCHOBY OpraHMYECKOW YacTH MO-
YEeBBIX KAMHEH COCTaBISIOT OCNMKH W TIUKOIPO-
Teunsl [3]. [TockonbKy BIUSITH HA HEOPTAHUYECKYIO
COCTABJISIIOIIYI0 KaMHsI O€3BpEIHBIMH ISl Opra-
HU3Ma dYellOBEKa METOAaMH TPAKTHIECKH HEBO3-
MO’KHO, OCHOBHOE€ BHHUMaHHE 0OpaImaroT Ha HEoO-
XOJMMOCTh PACTBOPECHUS OPTraHUIECKOU MAaTPHUIIBI.

MHOrOrpaHHOCTh JICHCTBHUS JIEKapCTBEHHBIX
PaCTUTETBHBIX CPEACTB MpEBpaIIaeT GUTOTEPATIHIO
B HE3aMCHHUMBI KOMIOHEHT KOMIUIEKCHOTO Jiede-
nus MKB. B Poccuu nHambosiee mmpoko mpume-
HSIOTCS TaKWe Mpemnapartsl, Kak OiemapeH, Kawe-
@pon, nponum, yucmon. YcraHosneHo [4, 5], 4ro
uuTpaTHas Tepanus (6remaper) NePCeKTUBHA IS
pacTBOpeHHS YpaTHBIX KaMHel; kanedporn 3ddek-
THUBCH TOJIBKO TPH JINTONN3E OKCATATHBIX KOHKpE-
MEHTOB, COAECpPXKAIIUX B CBOeM cocTaBe MeHee 50%
MOHOTHJIpaTa OKcaslaTa Kajblus (BeBEIUINTA); TIpe-
napar npoaum MOXKeT pa3pymarb GochaTHbIe KaM-
HU, YUCMOH — B OCHOBHOM ypaTHBIC.

Haubonee paimoHaNbHO HCHONB30BaTh (PUTO-
mpenaparsl B TeX CiIydasx, Korga TpeOyeTrcs Iim-
TEJIFHOE MPUMCHEHHUE JIEKapCTB, T.C. IPH XPOHH-
YEeCKUX BOCIAIHMTENBHBIX 3a00JEBaHUSIX MOYEIO-
JIOBOHM CHCTEMBI, JUIA Toiepkanus dddexra paHee
MPOBEICHHOTO MHTCHCHBHOTO JICUCHHS, CHIDKCHUS
HEXKENATeTLHOTO MOOOYHOTO JEHCTBUS XHUMHUOIIPE-
MapaToB, MOBBICHUS YPPEKTUBHOCTH KOMILICKC-
HOTO JIeueHHs. TakuM oOpa3om, GpuToTepans pac-
MIHpsieT BO3MOXKHOCTH Bpaya, KOTZa IpUMEHEHHE
XUMHOTEPANICBTUYCCKUX CPEACTB HEIOCTATOYHO
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3¢ QeKTHBHO WM HexenaTensHo. PaspabarsiBae-
MbIe (hUTOIpEnapaThl JOKHBI 001a1aTh MOYETOH-
HBIMHU, CIa3MOJHUTUYECKUMHU, MPOTUBOBOCIIAIH-
TEJNILHBIMH CBOWCTBaMH, MPEAOTBPALATh KPUCTAN-
JM3AMMI0 ¥ POCT MOYEBBIX KaMHEH, 00pa30BHIBATH
KOJUIOMIHBIC PAcTBOPHI, HM3MEHSTh KHCIOTHOCTH
MOYH, PEryJIMpoBaTh OOMEH BEIIECTB.

B Hacrosimee BpeMsi U3BECTHO HECKOJIBKO Je-
CATKOB TpaB, mpuMmeHsiembix s jedernst MKB.
W3ommpoBaHHOE TpPUMEHEHHE TPaB IPHUMEHSICTCS
penKo, OOBIYHO HCHONB3YIOT cOophl. IIpenmy-
IIECTBO IMPUMEHEHUs] COOPOB M3 JIEKapCTBEHHBIX
TpaB Mepea CHHTETHISCKUMH IIperapaTaMi COCTO-
UT B CIICAYIOIEM:

- TMPaKTHYECKA OTCYTCTBYIOT OCIIOXKHCHUS U
HeXeJaTeIbHbIe T0O0UHBIE 3P (EKTH;

- YBENMYMBACTCS TPOCTOP MIsI MaHEBPHUPO-
BaHIsL, YTO TIO3BOJISICT M30€TaTh MPUBHIKAHMS, CHH-
JKAIOIIEr0 KOHEUHBIH pe3yIbTar;

- BO3MOXHOCTHh MOAOOpa TaKMX KOMOMHAIUHA
JIeKapCTBEHHBIX TPaB, KOTOPEIE, C OJHOI CTOPOHBL,
B3daMMHO YCUJIMBAOT MHAWBUAYaJIbHBIC CBOﬁCTBa, a
¢ Jpyroii — 00ecnednBaroT BeCh HEOOXOAUMBIH TS
0onpHOTO HaOOp OWOJOTMYECKH AaKTHBHBIX Be-
IeCTB, Kak-TO: (IaBOHOWABI, 3(HpHBIE Macia,
oM (EeHOJIBI, TIUKO3HUIBI, ATKATOUIBI, 1yOUITEHBIC
BEIIECCTBA, BUTAMHUHBI, TOPEYH, CIIH3H, OPraHH-
YecKHe  KUCIOTBL, KyMapuHbBI,  (DUTOHIHIHI,
MHHEpaJIbHbIE COJIH, CMOJIbI, Maclia, KaMeJIu.

B mpemnaraemoli BamieMy BHUMaHHIO paboTte
MIPEACTABIICHBI PE3yIbTaThl MHOTOJIETHUX HUCCIIEIO-
BaHMH 110 CO3/IaHMIO (PUTONPENapaToB JUIsl JIUTO-
JM3a MOYEBBIX KaMHEH, MperMYIIeCTBEHHO OKCa-
JATHBIX KaK HaWMEHEe W3YyYCHHBIX W Hamboiee
TPYAHO BBIBOJHMMBIX U3 OPraHU3Ma.

MeTtoanueckast 4acTh

OObeKkTaMu HMCCIEOBAHUS CIYXKUIA MOYEBBIE
KaMHH, MOJIy4eHHbIe OT 258 OOJbHBIX, U3 HUX 93
MayeHTa MMETH OKCaJaTHble KOHKPEMEHTHI C
paznuuabIM cozepxanuem BepeimuTa CaC,04-HyO
u Beagemura CaC,0,4°2H,0.

[lepedenp pacTteHuii ¢ KaMHEpa3pyMIAIOMIUMU
CBOICTBaMH, HCIIOJIB30BaHHBIX B paboTe B BUJC
SKCTPAKTOB MHIAMBHUYyaJbHBIX TPAaB U COOPOB, U UX
COCTaB NPUBEJICHBI B Ta0II. 1.
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Tabnuma 1. PacTeHus ¢ KaMHepa3pylIaloNIMMHA CBOMCTBAMU M UX XapaKTEPUCTHKU

Pactenne Cocran CaoiicTBa
1 2 3
benpenen, wim | JlurHane! (QunaHTHH, TUNO(GWIAHTHH U Op.), TeprieHbl | Mo4eroHHoe,
KaMHEJIOMKa (TMMOHEH, JIIOTIE0J, aleTar Jorneosna), (IaBOHOUIBI | MPOTUBOBOCHAIUTENLHOE,
SI3BIYKOBAs (KBepLETHH,  KBEpUETPWUH,  acTparajuH, pPYTUH), | HOTOTOHHOE, BSDKYIIEE,
(ropHEeBHIIIE) OCH3CHOM[BI,  aNKAJOWIbI,  CTEPOWJBI,  TAHHHBI, | 00e300JUBaIOIICE ACUCTBHE,

CaroHUHHI [6].

BIIUSIET HAa KPUCTAILIO-
KOJUTOMJIHOE COOTHOIICHHE
cocTaBa KamHeil [7].

Bepesa (scTbst)

D¢dupHOE MaciIo CIOXKHOTO COCTaBa, B TOM YHCJE:
OounuKIMyeckuii  ceckpurepnen — OerynuH CisHp,

MoueronHoe, KeJueroHHoe,
OakTepuimaHoe nencreue [7].

OWIMKJIMIECKIH CECKBHUTEPIICHOBBIH CIIUPT -
OeTyneHon, OWIMKIMYECKHH CECKBHUTEPIIEH — Kapuo-
¢dbumren [8].
bepesa (moukn) | OuTOHIUABIL, OETYJOPETHHONOBAsI KHCIOTa, CMOJa, | MOUYEroHHOE, OaKTEePUITHIHOE

a(hupHOE MacIio, CAIIOHNHBI, TyOMITbHBIC BeniecTBal8].

JieiicTBre, cHkaeT pH moum [7].

BeccmepTauk
(TBeTOUHBIE
KOP3WHKH)

®draBoHOUIBI, MTyOWIBHBIE BellecTBa, d(UPHOE MAacIo,
caxapa, CMOJIbl, (DJIaBOHBI, CAMOHHHBI, CTEPHHBI,
BBICOKOMOJIEKYISIpHBIE criipThl, BUTaMuHb! C, K [§].

Moueronnoe,
MPOTHBOBOCTIAJIUTENTBHOE,
CIa3MOJIUTHYECKOE, JKEITYCTOHHOE,
CEeJIATHBHOE, AHTHOAKTCPHAIHLHOC
neicteue [9].

Topeu nTuuunit
(TpaBa)

KgepuieTun u ero npou3BoJIHbIE; NEHCTBYIOIINE
BEILECTBA — COJIU KPEMHHUEBOM KUCIOTHI [§].

Coun KPEMHHUEBOU KUCIIOTHI
PEryaupyIoT KOJJIOUIHOE
COCTOSTHHE MOYH U MPETSITCTBYIOT
00pa30BaHUIO MOYEBBIX KamHel [9].

3BepoOoii ®naBoHOMAbl  (PYTHH,  KBEpUETHH, THIEponun), | Moderonnoe, GakTepHImIHOE,
(acThs) aHTOIIMAHBI, CAIOHWHBI, J3(UPHOE Macjio, KAPOTHH, | CIIa3MOJUTHYECKOE JCHCTBHE,
xonmuH, BuTaMuHbl C, PP, amkamommsl, cMONHCTBIE W | yIydIIaeT KeTdeOoTAEICHHE,
nyomnpHele  BemiecTBa.  OCHOBHBIE — JEHMCTBYIOIINE | BOCCTAaHABIMBACT HOPMAJBHYIO
BeIlecTBa — KOHICHCHPOBAaHHBIE aHTPAIICHOBBIE MPOW3- | MEPUCTAIBTHKY, CHUIMAET CIIa3M
BOJIHBIC — THUIEPHUIIHMH, NCEBIOTHUICPUIINH, KOJINYECTBO | KPOBEHOCHBIX COCYIOB. MOXKeT
nx mocturaet 0.5% [7]. B3aUMO/ICHCTBOBATh C
HEOPTraHUYECKOM COCTaBIISIIOIIEH
KaMHsl, pa3pyliias B OCHOBHOM
OKcaJIaThl KaJbIus [9].
Kpamnuga [MonuBuramunuoe coipbe: ButamuHel K, C, B2, | Moueronssie, npoTuBO-
(ucths) MAHTOTCHOBAsl KHCJOTA, KAapOTHHOWIBI, [-KapOTHH, | BOCHAIUTEIHHEIC CBOWCTBA,
KcaHTOQWLI,  ypPTHLIWH,  JyOWJbHBIC  BEINECTBA, | HOPMAJIHM3yeT OOMEH BEIUICCTB,
MypaBbUHAS KHCJIOTA, MUHEPAIBHBIC COJIU, pUOO(IIAaBUH, | CHMKACT CHHTE3 IIaBEJICBOU
(uTocTepoH, ructaMuH [8]. KHCJIOTHI [6].
Kykypy3Hbie l'oppkue TaMKO3WABI, CamoHWHBI, J(UpHBIE Macia, | ModeroHHoe, JKEeITIErOHHOE,
pBUIBIA Kpaxmall, IEeHTO3aHbl, KaMe/b, KPUNTOKCAHTHH, HHO3UT, | MPOTHBOBOCIAUTEIBHOE,
(TIBETOK) CHTOCTEPOII, HUKOTHUHOBAS, ackopOuHOBas u | ycrokamBatormee aeiictue [10].
MaHTOTCHOBAs KHCIOTHI, KBEPIETHH, W30KBEPIICTHH,
(h1aBOHOBBIE MPOM3BOIHBIC, OMOTHH, caxapa, BUTAMUHBI
B1,B2,B6u K [8, 10].
JlammuaTka 15-30% - nyOwibHble BemiecTBa ¢ npeodOiananuem | ModeroHsoe,
IPSIMOCTOSYAs KOH/ICHCHPOBAHHBIX TAHMHOB (B OCHOBHOM IpE[- | MPOTHBOBOCHAJIMTEIBHOE U
(xopHHM) CTaBJIEHBl TOJIUMEPAMHU KATEXHMHOB — (hIaBOHOIa—3). | MPOTHBOMHUKPOOHOE JEHCTBHE.

CoJIepIKHT 3IUIArOBYIO M XHHHYIO KHCIOTHI [8].

Paszpymraer MoueBble KaMHHY,
B3aMMOJIEHCTBYS C
HEOPTraHUYeCKOH 1 OpraHMIecKoi
COCTABIISFOLIMMHY KaMHsI. XHHHas
KHCJIOTa MOXKET
B3aHMO/JIEMCTBOBATH C
OpraHUYECKON MaTpuLEe KaMHs,
IyOWITEHBIC BEIIECTBA —
CBS3BIBATHCS C OCIIKaMH, yMEHBIITAs
BCACBIBAEMOCTbH KalbIUs U3
KHIIEYHUKA B KpoBb [7, 10, 11].
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ITponomkenue Tadm. 1

cyMKa (TpaBa)

miaBesicBas,  (hymapoBas,  paMHOIVIMKO3WX  THCCOIIMH,
CAIlOHMHBI, KyMapHHBL, ()IABOHOWIBI, (PUTOHIMIBI, MHO3WT,
THPaMHH, JKHPHOE Maclio, JAyOHIbHbIC BEIECTBA, BUTAMUHbBI
K, A, B; u By, xonuH, anerrxosmus [7 —9)].

1 2 3
Jrobuctok ®ypokymapussl (TicopaieH u OepranTeH), Kpaxmai, | ModeronHoe, GakTepHIIHOE,
(TpaBa) siOouHas KHCIIOTA, BUTaMHUHBI, JIEUTHH | 00e300JMBaroIIee ISHCTBUE,
(bocharummnxonnH), KaMeab, CMOJHUCTHIE W TOPHKHE | PACTBOPSET M BHIBOAWT M3 MOUYEBBIX
BellecTBa, 3(UPHOE MAacio, TJIABHOW COCTABIIIONICH | IMyTeH Cm3b, CIIOCOOCH N3MEHSATh
KOTOPOTO SIBJISIETCS 1-TepIHHOI. COCTaB MOYH 1 BBIBOAUTH U3
OpraHm3Ma MOYEBHHY U COJIH
MOYEBOH KHUCIIOTHI [6, 10].
Mapena Pasnmuunble  aHTpaxXxWHOHBI W WX  NPOU3BOJAHBIC: | MoOuYeroHHoe, GaKTEPHUIHMIHOE,
KpacHIbHas pyOCpUTpUHOBAsT  KUCIIOTa, TAIMO3WH, MYpPIypuH, | 00e300IMBatoIIee ICHCTRIE
(xopHH) MypPIYyPOKCAHTHH, MICEBIONYPITYPUH, pyOuanvH, | yCUIHMBAET NEPUCTAIBTUKY TJIaIKON
HOCPUIIMH, a TAKKE aau3apuH B CBOOOJHOM COCTOSHHH | MYCKYJIaTypbl MOUYCTOYHHKOB,;
[7, 8]. 00JajaeT CrocOOHOCTHIO
Pa3PBIXJIATH U Pa3pyIIaTh MOYCBhIC
KaMHH, cozieprkarue (ocgats
KaybIws ¥ Maraws [6, 7, 9, 10].
[Mactymss OpraHndeckrie KUCIOTBL: BHHHASA, JIIMOHHAS, s07m0YHas, | MOUYeroHHOE, )KeTUYeTOHHOE,

BSDKYIIIEE, KPOBOOCTAHABIIMBAIOLIICE
nevicteue [10, 11].

yepHas (JINCThS)

aCKOp6I/IHOBaH KHCJIOTa, ITICKTHHOBBIC U ,I[y6I/IHI>HBIe

Pacropormia JKupneie wmacna, S¢uUpHBIE Macia, CMOJbBI, CIu3b, | JKeryeroHHsle u

(Tpaa) MHUKPOJJIEMCHTBI, OWOTCHHBIC aMUHBI — THCTaMUH, | MPOTUBOBOCIAIUTEIIHHBIC CBOUCTBA
(GraBOHOJMIHAHBI — CHIMOWH, cunuauaHuH, cuin- | [9].
XPUCTUH. AKTUBHOE BELIECTBO — CHJIMMapHH [9].

Posmapun DO¢upHble Macia, cocTOsIUME M3 IMHeona, KamQopsl, | Moueronnoe, o6e30onmBaromiee,

(JrcThs) OopHeoJsla, JIMMOHEHa, TIWHEHa, KamdeHa, OOpHWI- | OaKTEPULMIHOE, KETYETOHHOE,
anerata; JyOWIbHBIE BEIIECTBA, CMOJBI, TOPEYH, | aHTHCAa3Marudeckoe [7, 9]
(1aBOHOMBI, paCTUTENBHBIE KHCIOTH. CaMBIif MOIIHBINA | ACHCTBHUE, CHIIBHBIN CTHMYIISITOD U
U3 HUX — po3MapuHOBasg KucioTa. COIEpKHUT JKelre30, | HCTOUYHWK aHTHOKCHIAHTOB.
MarHu#i, Qocdop, Kamumid, HATPUA W IUHK. AKTHBHBIC
cocCTaBIAONINE — (PIIABOHOUIBI, PO3MapHHOBAs KHUCIOTA,
Gopueon, wim 3HI0-1,7,7-TpuMmeTHiOuIIKIO-(1,2,2)-
reNnTaHoj-2 — OTHOCHTCS K TEPIICHOBBIM crimpTaM [7, 8].

Pomarika CecKBUTEpIICHBI, B T.4. U3 anudarmdeckux — (apHeseH, | DdupHoe Macio odmanaer

(uBeTkH) U3 MOHOIIMKJIMYECKAX — OMCa0OJIOH M €ro OKCHJIBI, U3 | JAC3HMH(PHIMPYIOIIEM U POTHUBO-
OMLMKIMYCCKUX — KaJuHEH, (JIaBOHOUIBI: aIlWHH, | BOCHIAIUTEIHHBIM JICHCTBHEM;
KBEPIMMEPTPHH, KyMapUHBbIL: yMOeImiudepoH, | XaMa3yJaeH U MaTPUIIMH OCIIA0JISIOT
TepHUAPUH, TPUTEPIICHOBBIC CHHUPTHI (TapaKCOCTEPOIT), | AUICPTHUYCCKUC PEAKIIUH.
ACKOPOMHOBAsI KHUCJIOTA, KAPOTHH, CIM3UCTHIC BEIICCTBa, | DIaBOHOMIBI M KyMapHH
s¢upHOE  Macio, CHeHU(PUIECKHUM  KOMIIOHCHTOM | OKa3BIBAIOT YMEPEHHOE CIIa3MO-
KOTOPOTO SIBIIsIETCST XamasyueH [7, 8]. JTHdeckoe nericreue 7, 9, 10].

CmopoanHa OdupHoe wmacio, GUTOHIHIBI, cepa, cepedpo, Menn, | [IpoTMBOBOCHANIUTENRHOE,

TIPOTHUBOTPHOKOBOE, IPOTHBO-

(TpaBa)

(h1aBOHOMIBI, B TOM YHCJIE SKBU3ETPHH [6, 8, 9].

BEIIECTBA. MHUKpPOOHOE, CTTa0UTEITBHOE,
MOYETOHHOE, BSKYILEE IEHCTBUE,
BBIBOJIUT U3 OPTraHU3Ma MOYEBYIO 1
[aBEJIEBYIO KUCIIOThI U UX COJU
[7.8].
Conoaka ®naBoHOUABI,  TJMKO3UIBL,  CHUTOCTEPUH,  Kpaxmail, | MoueroHHoe, mpoOTHBO-
(xopHH) caxapo3a, TIJIIOKO3a, KaMelb, CIM3HUCTbIE, TOPbKHE U | BOCHAIUTENHHOE, CIIa3MO-
MEKTUHOBBIC BellecTBa, d(UpHBIC Macia, MHHEpajbHBIC | JUTHYecKoe aeiicTre [10, 12].
comu [7, 12].
TonoxHsAHKa lannoBast kWcinoTa M NPOAYKT €€ JuMepHOW | MoueroHHoe, GakTepuLmaHOE 00€3-
(ucThs) KOHJICHCAILIMHU dJj1aroBas kuciuora [8, 9]. GonmBaroriee nericteue [6, 7, 10].
XBouy nosieBoit | CuiaHTpaHsbl, KpEMHUEBast KHCIIOTa H,Si04, | CwiibHOE MOYETOHHOE JACHCTBHE

(ycuinuBaeT MOYEBbIICIICHHE HA
68%); Grmaromapst KOJUIOHIHBIM
CBOWCTBaM, TPEIyNPEeKIaeT 00pa-
30BaHME MOYEBBIX KaMHei [7, 9].
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Mertonuka HpOBENCHUS AKCIIEPHMEHTA COCTO-
sla B CIEIYIOIEM: HABECKY BBICYLIEHHOIO M TIIa-
TEJNEHO W3MENBYEHHOTO PaCcTUTENBHOTO Ipenapara
Maccoil |r momemanu B CTEKISHHBIN COCYZ,
3aJIMBAId KHIIAIICH Bomod B kommuectBe 100 mui,
3aKpBIBAIN COCYZ KPBIIIKOW M MOJTYIEHHYIO CMECh
HactauBanu B Tepmoctare npu t = 50°C B TeueHune
1 4. DKCTpaKT MOCie OXJAXKACHUS OO KOMHATHOM
TEMIIepaTypbl OTACISUIM Ha (QHIBTPE OT PacTH-
TENEHON MacChl M XPaHWIN B XOJNOIMIBHUKE B Te-
YeHHE BCEr0 BPEMEHM IPOBEICHUS SKCIIEPUMEH-
TOB. BEIOpaHHBIE TS HCCIIENOBAHUS 00pa3IIbl KaM-
HEH Mocie yCTaHOBJICHHS HX (ha30BOTO COCTaBa,
ChbeMKH MHKpodoTorpaduii, ompeneneHus IUIOT-
HOCTH M Macchl 3aiuBaiu 20 MJ pPacTUTEIBHOTO
9KCTpPaKTa M BHIACP)KMBAIN B TEPMOCTATEe B Tede-
Hue 21 nmust mpu Ttemmeparype 38°C, cootBer-
CTByMOLIEH Temueparype B nouke. Kaxnasie 7 nueit
oOpazer; KaMHsSI BBIHIMAaJIH W3 PEAKIIMOHHOTO CO-
cyna, oocymmuBaiy (QUIBTPOBAJIBHON Oymaroi 1o
MOJIHOTO yJalleHUs] Karelb KUIKOCTU M 3aJIMBajii
CBEXKel nopuuein skctpakrta. [To okoHuaHuM 3Kcme-
pUMeHTa 00pa3ipl BEICYIIMBATIH 10 HOCTOSHHOM
Macchl W ONpeleNsUIM TMOTEepPI0 MacChl IMocie
JIeHCTBHSI HKCTPAKTa 33JJaHHOTO COCTaBa.

OmpeneneHne IEMEHTHOTO COCTaBa 00pa3IoB
U HccieoBaHUEe MX MOP(OJOTUU BBHIMONHAIM Ha
CKaHHPYIOIIEM JIIEKTPOHHOM MUKpockone JSM-
5910L (JEOL 100CX, Smonwust), cCHaOXEHHOM TpH-
CTaBKOH Ui DHEPrOAWCIEPCHOHHOTO AaHaIn3a
INCA EDS (Oxford Instruments). Pe3ymbraTh
SHEPTOTUCIIEPCHOHHOTO AaHANN3a HOCAT KadecT-
BEHHBII XapakTep Mo IBYM MPUYHHAM: BO-TICPBBIX,
JaHHBII METOJ HE JaeT BO3MOXHOCTH ONPEAEIATh
coJiepyKaHHe NMPUCYTCTBYIOIIEro B 00pasiax BoJO-
pona u, BO-BTOPBIX, HE TIO3BOJISIET KOIMIECTBEHHO
YCTAHOBUTH COZEPXKAHUE YIIIEpoJia, MOCKOJIbKY 00-
paslbl UMEIOT HEMPOBOJSIIYIO IMOBEPXHOCTh U
mepes aHaM30M HEoOXOAMMO HAHOCHTh Ha HHUX
TOKOIPOBOSIILYIO YIIIEPOJHYIO TUIEHKY (YCTaHOB-
ka EMS450X). TlosTomy ompeneneHre XuMHUUEC-
KOTO COCTaBa I10 JAHHBIM HEPTOANCIIEPCHOHHOTO
aHaJm3a BO3MOXKHO TOJBHKO B COYCTAaHUM C JaHHBI-
MH peHTreHodazoBoro aHaiamza. Bce wMmukpogo-
Torpaduil BBIIONHSIA B PEXHUME KOMIIO3HIIU-
OHHOTO Z-KOHTpacTa, TIPH KOTOPOM SIPKOCTh
n300paXeHus] 3aBUCUT OT IOPSAAKOBOTO HOMEpa
XUMHYECKOTO 3JIeMeHTa (Z): 4eM CBeTJiee Yy4acTOK
Ha MuKpodoTorpaduu, TeM OOJIBIIE CONepKaHNUE B
JAHHOM YYacTKE 3JIEMEHTOB C BBICOKMM IOPSI-
KOBBIM HOMEPOM.

Pentrenorpadudeckue mcciaenoBaHUs IMPOBO-
i Ha gudpakromerpax D8 DISCOVER c
GADDS u D2 PHASER (¢dbupma Bruker) na CuK,-
na3nydeHud. [lepBblii M3 IUGPAKTOMETPOB Ipel-
Ha3HAUCH JJIS1 MUKPOPEHTI€HO(a30BOr0 aHANN3a U
MO3BOJIIET TIOYYaTh PEHTICHOIPAMMBI 00pa3IoB
06e3 ux paspymeHus. Hampapnenne peHTIeHOB-
CKOTO JIy4a B TaHHOM IH(PaKTOMETpe Ha HY KHBIN
yuacTok (0T 50 W) MpoU3BOIUTCS CUCTEMOM BUACO-
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u JyazepHoro HaseneHus. Jludpakromerp D2
PHASER o6Onamaer Oombliieli  paspernaroniei
cnocobHocThIO TI0 cpaBHeHuto ¢ D8 DISCOVER,
YTO TIO3BOJIMIIO ITPOBECTH OoJiee IeTalbHBIN aHaIN3
PEHTIeHOIpaMM UCCIIEeYEMBIX 00pa3IoB.
[170THOCTH MOYEBBIX KaMHEW (B OTHOCHTEIb-
HBIX emuHMIax H) in Vivo ompemensiii MeToaoM
CIIUPAJIBHON PEHTTEHOBCKON KOMIIBIOTEPHOM TOMO-
rpaduun Ha mpubope ¢upmbr General Electric.
Janee, mcnons3ysi ypaBHEHHE CBSI3U ILIOTHOCTH,
BBIYUCIICHHOW U3 PEHTTeHOrpapHUSCKUX JaHHBIX P
(F/CMa), u H, HaiineHHOW METO/IOM KOMIBIOTEPHOU
TOMOTpaduu, BEIIBUIIN CBSI3b MEX/Yy HUMH:

p(0.07) = 1.539 + 0.000485H [13].

JlaHHOe ypaBHEHHE MO3BOJISICT MO IUIOTHOCTH
KPHCTaJlIa, ONPEIEIIAEMOd METOJ0M ToMOrpaduu
in Vivo, oLlEHWTHL COCTaB KaMHs, €CJOH OH OJIHO-
(dasen wim comepxut omHy (asy B mpeobia-
JAIOLIEM KOJIMYECTBE, YTO 4Yalle BCEro U
HabmomaeTcss Ha mpakThke. JIs  ompeneieHus
JOJIA KaXIOr0 KOMIIOHEHTA, BXOMSILEr0 B COCTAB
KaMHSI, UCTIOJB3YIOT (OPMYITy aIATHBHOCTH:

p=xp1 +(1-x)p2,
I7ie p — pacueTHOE 3HAUCHHE INIOTHOCTH, rlem; p1—
3HAYCHHE MUIOTHOCTH IIEPBOTO KOMIIOHEHTa, I/cM’;
p2 — 3HAYEHHE IUIOTHOCTH BTOPOTO KOMITOHEHTA,
r/em®; x — nomst MIEPBOTO KOMITOHEHTA.

Msmepenust pH pacTBOpoB MpOBOAWIN C IIO-
MolIpio yHHBepcanpHOro pH-MeTpa mapku pH-340
OKOHHUKC OJKCHepT. OKCIEPUMEHT BBITIOIHSIIH,
ucnonp3ys ananuruueckue Becei OHAUS Pioneer
u TepmoctaT Mapku U-10, ['epmanus.

Pe3yabraThl U UX 00CyxKIeHHE

MKB - cioxHbIi (U3NKO-XUMHUYECKUH Mpo-
LIECC, CBA3AHHBIM C HApYIIEHUEM KOJUIOMIHOTO
paBHOBECHS U3-3a CHW)KEHHUS COAEP)KAHUSA B MOUe
3alUTHBIX KoyiouaoB. OkcanaTHOE colle- U KaM-
HEOOPa30BaHUE BO3MOXKHO TOJIBKO MPHU HAIUYUH B
MO4Y€ IIaBeJIEBOM KHCIOThL. B HopMme mnwmieBas
1aBeJieBasi KUCJIOTa BBIBOAUTCS KHIIEYHUKOM B
BUJIE KPHUCTAJUIOB OKcajlaTa KaJlbLusl; Ta €€ 4acTh,
KOTOpas LMPKYJUPYET B KpPOBH, YTWIU3UPYETCS
[I€YEHBI0; HEKOTOPOE KOJIMYECTBO LIABEJIEBON KHUC-
JIOTHl BBIBOAMTCS MOYKAMHU B HECBS3aHHOM COCTO-
SIHUM WK B BHUJIE KPUCTAJUIOB OKcajlaTa KajbLHs.
Ponp cammx mouek B perymsamuu OamaHca IaBe-
JIEBOW KHUCJIOTHI B OpraHU3ME HECOMHEHHA: INpHU
U30BITOYHOM COJIEP)KAaHUM B IMEPBUYHON MOYE OHa
peabcopOupyercsi U B JajbHEUIIEM YaCTUYHO YTH-
JU3UpPYeTCs B ME€YEHM, BHIBOJUTCS KUILIEYHUKOM U
BHOBb OJKCKpeTupyercs mnoukamu. I[loaTomy ot
(YHKIIMOHAIFHOTO COCTOSIHUSI TUCTAIBHBIX OTHE-
JIOB KaHAJbIIEB M HE(PPOHOB 3aBUCHT IIOSBIICHHE
oKcalnypuu u okcanatypuu [14]. B Hopme ypoBeHb
I11aBEJIEBOM KUCIIOTHI B CHIBOPOTKE KPOBU JOCTUIAET
0.011 mmouw/n1, B Moue — 0.22 MMOTIB/1T B cyTKH [15].

buoxumMnyeckuii SHAOTEHHBIN CUHTE3 IIaBEJe-
BOIl KHCJIOTBI U3y4YeH HEJ0CTaTOuHO. B TO e Bpe-
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MSI CYIIECTBYET MHEHHE, YTO OH MOXKET aKTHBH-
3MPOBATHCS HEIOCTATOYHOCTHIO BUTaMUHOB Bl u
B6. TlosTomy mpu BbIOOpE (uTONMpEenapaToB s
Mpo(UIIAKTUKH OKCAJaTHOTO HedpoyMTHa3a HeoO-
XOJMMO TPUCYTCTBUE B HX COCTaBE YKa3aHHBIX
BUTAMUHOB.

OxcanaTHbIe KaMHH — 3TO IUTOTHBIE 00pa3oBa-
HUSI 9epPHO-CEpOro IBETa, C IMIMIIOBATOW IOBEPX-
HOCTBIO. OHH JIETKO PAHAT CIU3UCTYIO 000JIOUKY, B
pe3ynbTaTe 4ero KpOBSHON NMUTMEHT OKpAIliBacT
WX B TEMHO-KOPWUYHEBBIN WM YepHbIi 1BeT. OKca-
JaThl B KaMHX TPEICTABICHBL ABYMs (hopMamu:
BeqmeumtoM  CaC,O42H,O u  BeBeNIMTOM
CaC,04-H,0, mpuyem ¢aza BeBemuTa JOMHUHH-
pyer [14]. IloMuMo HeopraHMYECKOW COCTaBIIs-
IOIIeH, OKcajlaTHBIE KaMHH BKJIIOYAIOT TAaKKe
OpPTaHMUYECKYI0 MaTpHILy, KOTOpasi COCTOUT IIpe-
UMYIIECTBEHHO W3 aMHHOKHCIOT TIyTaMHHA U
acraparuHOBOM KUCIOTH [2, 3].

B nwuteparype mpuBeAEHO MHOXKECTBO COCTa-
BOB COOPOB pacTeHUH, PEKOMEHIYEMBIX TIPH Jede-
Hun MKB [6—12], omHako, W3BECTHBIE COCTaBHI,
HapsiAy C JTOCTOMHCTBAMH, MUMEIOT U HEIOCTATKH.
Tak, cOop, COCTOSIIUN U3 aconu 0b6bIKHOBEHHOL
(cmpyuKu), nycmulpHUKA 60JI0CUCIO20 (TUCbA),
beopenuyvl, U KaMHeroMKU (KOPHU), SPbIJCHUKA
2naoxkoeo (mpasa), nacmyuiveni CymKu (mpasa),
Masio A(GQGEKTHBEH BCICACTBHE HEIOCTATOYHOTO
MOYETOHHOTO JeicTBus. Kpome Toro, MucTes myc-
TBIPHHKA BOJIOCHCTOTO OOJIaal0T KyMYJIITHBHBIMA
CBOWCTBAMH, YTO MPUBOJUT K TOKCHYECKOMY (-
(bekty nanHOTO COOpa MPHU €ro JTUTSIHLHOM TpH-
MeHeHun. CO0p, B COCTaB KOTOPOTO BXOIST aHUC
(noovl), nempyuwiKka noceguas (na1o00st), NACMyulbs
cymKa (mpasa), MOH#CHCEBENbHUK O0ObIKHOBEHHbIIL
(n100vL), CMATLHUK KOIOUULl (KOPeHv), THOUCTOK
JIeKapCcmeeHtblli  (KOpeHs), 00Y8aHUUK JNeKapCm-
6eHHbIL (KOpeHb), MOXKET BBI3BaTh JBM)KCHHE KOH-
KPEMEHTOB, UTO BBI3BAET OOIEBOW CHHAPOM, MHOT-
Ja JaXe HEOOXOJMMO HEOTIOKHOE XHPYprhuec-
Koe BMematenbcTBO. OH MMeEeT B psfie ClydacB
moOoYHOE JIEHCTBHE, 00YCIIOBICHHOE OTHOCHTEIh-
HO BBICOKHM COJCp)KaHHEM IUIOOB aHHUCA, B BUJIE
YCHJICHUSI XOJiepe3a M MPUCTYIIOB XOJCIUCTHTA.
NzBecten cOop, BKIIOYAOIIUN Kpanusy 08y0om-
HY10, aup 60a0MmHbL (KOPHESUWE), MAMY NePEUHYIO
(nucmus), xeouy nonegou (mpasa), 6y3UHY YepHyIO
(ysemul), auny cepoyesuoHyro (Ygemol), Mo;icHCe-
BENILHUK 0OBIKHOBEHHBIN (NA00bL), WUNOBHUK (N0~
ov1). Ilpumenenne nanHoro cOopa He Bcerga obOec-
TICYMBACT KIMHUYECKUH SPdeKT, Tak Kak OH CyIIe-
CTBCHHO HE BIMSCT Ha JIMype3 M HE BCErIa HOpMa-
JM3yeT (PYHKIMIO MOYEBBLIEINTENIBEHON CHCTEMBI [3].

[ nedeHus: okcamaTHOro HedposiuTHaza 3a-
YaCcTYI0 UCTOJB3YIOT MapeHy KpacuibHYyI0, 6apba-
pHIC, 3eMIISTHUKY, XBOII MOJEBOM, YHCTOTEN, JIOIMYX
U Japyrue pacteHus [6]. YBenMYEHUIO PacTBOPU-
MOCTH OKCAJIATOB CIIOCOOCTBYIOT (UTOIpErnaparhbl
u3: Oy3uHBI, Bepecka, Oepe3bl, OPYCHHUKH, JaTHCKH,
ca0enbHUKA, (PHATKH, 3MEECTOJIOBHUKA, MSATHI, IIIAJ-
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(hbest, *MOMPS, TOYEYHOTO Yasi, 2 YMEHBILICHUIO BCa-
CBIBaHHS OKCAaJaToB mpenaparbl  anod, aKTH-
HUINH, KOJEeaHIpa, KPOBOXJICOKH, KaJaHX03, YKPO-
ma, XMeJsl, YUCTOTeNa, 3eMIIHAKA. C IeNbI0 CHU-
JKCHHSI CUHTE3a IIABEIEBOM KHUCIOTHI MOXHO TpH-
MEHSTH TIpenapaThl KPalWBEI, JHMBI, KaJCHIYIBL,
cymieHuIbl, uncrena [6, 16]. Ipu BocmanuTenbHBIX
MpoIleccax B MOYEBBIX IYTAX HEOOXOIMMO Ha3-
HayaTh (PUTONPENapaThl C aHTUOAKTEPUATLHON aK-
TUBHOCTBIO, B YAaCTHOCTH, IIETPYIIKYy, dalper,
MOJMOKEBEIIFHUK, Oy3UHY, OpYCHHKY, YHCTOTE,
aHuc, Oepesy, mary u ap. Ilpu neuenun MKDB
MEPCIEKTUBHBIMHI TIPEICTABIISIOTCS TAKXKE PaCTH-
TENbHBIE CPEJICTBA, KOTOPHIE COJEpXKAT CHUIIaH-
TPAaHBL: JIUCThS KPAIUBBI, MUKYJIbHUKA, TPABY XBO-
11a moyieBoro [6, 12, 16].

Hamu BBIIOTHEHO HMCCIENOBaHHE IO IOAOOPY
(uTONpENapaToB U MOTYYCHUIO TEPATIEBTUUCCKOTO
a¢dexTa, BRIPAXKAIOIIErocs B pACTBOPSHUHN U BhIBE-
JCHUN OKCAIaTHBIX KOHKPEMEHTOB W3 MOYCK IpH
OTCYTCTBHU MOOOYHBIX PEAKIMHA M TOKCHYECKOTO
Bo3zeicTBusA. Hwke TmpuBefeHBl  pe3yibTaThI
WCCIIEIOBAaHMUS OKCAJATHBIX KOHKPEMCHTOB, HaW-
fonee YacTO BCTpEYAIOIIUXCA B JeucOHOU
npaktuke (puc. 1-3).

TunmuyHBIA COCTaB HEOPTaHMYECKOW COCTABIISI-
IOIell MOYEBBIX KaMHEH TpeicTaBlcH (a3zaMu
BeBeUIMTa W Bemgemwmra (puc. la, 0), Haxons-
IIMMHUCS. B Pa3sHOM COOTHOIICHUH: HarpuMmep, Ui
obpazna 23 (puc. 10) (aza BeBeTUTa SBIACTCS
npeobianatomeil. Muxpodororpadus obdpasma 11
U CHEKTPHl, TIONyYeHHBIC METOIOM DHEpro-
JIMCTICPCUOHHOTO aHanu3a (puc. 2), TOKa3bIBaIoT,
9TO B IUIOTHOHM KPUCTALUTHYECKON Macce BEBEILTUTA
u Bengenuta (y4actkd 2 u 4, COOTBETCTBEHHO)
MIPHUCYTCTBYIOT BKIIOYeHHUs (a3, comepkammx P, S,
Mg, K, Al u Si. BepositHee Bcero, Hamu4ue
(docdopa cBsI3aHO € TNPUMECHBIM THAPOKCHII-
amaTUTOM, a HAJIMYHE Cephl — C OPraHUYECKIMU
COCIIMHEHHSMHU, HATIPHUMED, C IIUCTUHOM.

B TO ke Bpems 3HEProJMCICPCHOHHBIA aHa-
mu3 npoObl oOpasna 11 mokaspiBaeT, 4To B HEM
COIep KUTCSI Opranndeckas ¢aza, KOTOPyIo He yzaa-
ercsi uaeHTnunuposars (puc. 2, 3). OHa coxep-
JKAT, IOMAMO YTJIepoJa, KHACIOpoJa W BOXOPOIa,
Takke oma, docdop, cepy, KaIuid, XJI0p U Kene3o.
O6pa3oBaBIInecs: BHYTPU KaMHSI XOPOILIO OTPAHEH-
HBIC KPUCTAJUIBI BEBEIUTUTA IPUMECEH HE COMepIKAT
(puc. 3).

Jis u3ydeHusl JIMTONM3a OKCAJaTHBIX KaMHeH
HAMH OINpPOOOBAHBI IKCTPAKTHI WHAWBUAYaTHHBIX
pacTeHUN W SKCTPAKTHl PACTEHHH, B3ATHIX B pas3-
JUYHBIX KOMIO3UIHUSIX. Pe3ynbpTaThl BHITOTHEHHBIX
HAMH MHOTOYHMCIICHHBIX 3KCIEPUMECHTOB CYMMH-
poBaHbl B Tabn. 2. M3 mpencTaBieHHBIX JTaHHBIX
CIIEZyeT BBIBOJ, YTO VIS JOCTIKEHHH MOCTaBIICH-
HOM LIeTM Helesiecoo0pa3HO MCIHONIB30BaTh AKCT-
PaKTHI OTJAENBHBIX PACTCHHHA. DTOT BHIBOJ YACTHU-
HO TIOATBEPKIACTCS AAHHBIMH, TPHUBEICHHBIMH B
Tabm. 3.
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Puc. 1. ®a30BbIii COCTAB OKCAIATHBIX KOHKPEMEHTOB (00pasipl 11 u 23).
Tabnuma 2. Pe3ynbTaThl BO3ICHCTBYSI MHANBUYaTbHBIX
TPaBSHBIX SKCTPAKTOB Ha 00pa3isl KamHei™ 1, 2, 3
Vot Macest, % 3nauenue pH skcTpakra
duronpenapar HAYaIbHOE KOHEYHOE
1 2 3 1 2 3 1 2 3
Bepesa (moukwu) 1.6 0.8 0 4.8 4.8 4.8 4.8 4.8 4.8
T'opernt nruumii 22.1 17.4 14.3 5.2 5.3 5.2 6.3 6.4 59
3Bepoboii 19.7 13.7 11.7 4.9 4.9 4.9 6.0 6.0 5.7
Kykypy3Hble pblIblia 0 0 0 6.4 6.4 6.4 7.0 6.9 6.7
MapeHa KpacuibHast 11.3 7.3 2.2 6.5 6.5 6.5 5.6 55 5.7
CMopoarHa YepHast 0 0 0 5.8 5.8 5.8 5.9 5.9 5.8
ToJoKHSIHKA 10.4 8.2 5.4 4.8 4.8 4.8 4.7 4.8 4.8

*CocraB kamueit, CaC,04 H,0 — CaC,04°2H,0, %: obpaserr 1 10 — 90; obpasen 2 27 — 73; obpaser; 3 50 — 50.

Tabnuma 3. Pe3ynbTaThl BO3IEHCTBHSI COJIOJIKA U COOPOB™ TpaBSHBIX SKCTPAKTOB Ha oOpaser] 3

duronpenapar

Yo6b116 Macchl, %

3navenue pH skcTpakra

HayvaJbHOE KOHEYHOE
Comoaka 0.9 5.8 5.9
Cooika + 1osieBo# XBOII] 9.6 5.6 5.8
I'open nTrumii + MacTyubs cymMKa 4.2 6.0 6.5
ToOKHSHKA + poMaIKa 24 4.9 5.2
Po3mapuH + 3Bepo0oii 7.3 54 5.9
JIro6ucrok + Geapenery 19.8 5.5 5.9
JlamuaTka + Genpenery 22.9 5.7 5.9
3Bepoboii + namyarka 28.4 5.5 5.9
Kpanwusa + namgatka 311 5.7 6.0
benpenen + nanuarka + kpamnvsa 38.7 55 6.1

* Bcee PACTUTCIIBHBIC COCTABIAONIUEC B3SAThl B COOTHOLICHUH 1:1.
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W3 manaepix Tabm. 2, 3 BUAHO, YTO, HE3ABHCH-
MO OT COCTaBa JKCTpakTa, 3HadeHus pH wucxox-
HOTO IKCTPaKTa W IKCTPAKTA IIOCIEC PACTBOPCHHUS
B3STHIX O0pas3loB OKCAlIaTHBIX KOHKPEMEHTOB
MEHSIOTCS HEe3HaYuTeNnbHO B HHTepBae 4.5-6.0.
[TosTOoMy permraroriiee BIUSTHUE HA JINTOJIM3 KaMHEH
BEIOPaHHOTO COCTaBa OKAa3bIBAIOT [IEHCTBYIOIINE
BEIIECTBA PACTUTENBHBIX MpenapaToB. MHorouuc-
JICHHBIE JKCIIEPUMEHTHI MO BO3ACHUCTBHIO IKCTPAK-
TOB TpaBSHBIX COOpOB Ha JIMTOJHM3 KaMHEH
MO3BOJIHIIH 33KIIFOUUTh, YTO YeM OOJIBIIE B COCTABE
KaMHs BEBEJUIUTA, TeM TpeOyeTcs Ooiee IIUTEb-
HOE BO3JCHCTBHE PACTHTEIHHOTO SKCTPAKTa, XOTS
OKCaJIaThl KAIBIUS B HUX HE PACTBOPSIOTCA.

PaccMoTpuM  gmelicTBHE — JIEKapCTBEHHOTO
mpernapara Kcuoug@or Ha JIATOIU3 OKCAIATHBIX
kamHe#. Kcuoughon — 310 KajauiiHas coyib 1-ruup-
OKCHATHIUIICHTU(POCPOHOBOU (ITHIPOHOBOI) KHUC-
noTe! guruapaT. CoueTaHue B MOJICKYIE COH ABYX
rpymn P=O W TUAPOKCHATWIIBHON TpymImbl 00yc-
JIOBJMBAET IMUPOKHMH Juama3oH pH komiiekco-
o0pazoBaHUsl M YHUKaJIbHBIC CBOMCTBa 00pa3y-
IOIIUXCS KOMIUIEKCOB CO IIEIIOYHBIMH H MIET0YHO-
3eMesbHbBIME dneMenTamu [17]. HeraTuBHO#l cTo-
pOHOW TIPUMEHEHHS JSTOrO TMperapaTa SBISETCS
OpicTpoe omenaunBanne moun (pH 8-9) u o6pazo-
BaHue ocanka. C LEeNbl0 YCTPaHSHHsT HEIOCTATKOB
mpemapaTa HaMu pa3paboTaHa HOBas JICKapCT-
BeHHas (hopMa, B COCTaB KOTOPOH BXOAUT IKCTPAKT
nmamgatkyu  npsMoctosuedt [18, 19]. Mexanuzm
COBMECTHOTO JICHCTBHSI IBYX AKTHBHBIX COCTAaBJISI-
IOIINX TIPH JIUTOJN3E OKCANATHBIX KaMHEH, BEpOsT-
HO, TaKOB: IPH B3aMMOJCUCTBHM Kcuan(oHa C
HMOHAMH Kalbllusl 00pa3yercsi pacTBOpUMasl COJb
KaJblUs, TPH OTOM HOHBI Kalus MEPEeXOIsiT B
pactBop ¢ oOpasoBanueM menoun KOH. B
MPUCYTCTBUY JIAITYATKH TPSAMOCTOSUEH, B KOTOPOU
NEACTBYIONIMM BEIIECTBOM SIBJISIETCSI 3JUIArOBast
KHCJIOTA, TIPOMCXOJHUT pEAKIHs HEHTpaIH3amnm.
Perymupys KOHIIEHTpaIMIO pacTBOpa Jam4aTKu
MPSMOCTOSTIEH, MOXKHO TPEIOTBPATUTH BBHIMIAJICHHE
B 0CamoK Kcuan(poHA TIPU COXPAHCHHH €ro
BBICOKOH KOMILIEKCOOOpa3yroIeld CrnocoOHOCTH.
Hamu pa3pa®oTaHbl KOMIO3HMIUHM JUIS JINTOJIH3A
OKcaJaTHBIX KamHeH [20], BKIIIOUaromue pacTeHust
C pa3IMYHBIMHU CBOICTBAMH, 3 UMEHHO:

. aanuamka npsmocmosndas (KopHu)
CIIOCOOCTBYET MEPECTPONKE CTPYKTYPHI IMTOUETHBIX
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KaMHEW: OHHU CTAHOBSITCS MArYe, YTO OCOOEHHO
BAXXHO B Cllyyae KPYIHBIX KaMHSX, MOJJIEkKAIIUX
YIABTPa3ByKOBOMY APOOIICHHIO;

. aobucmox  (mucmovs),  MOIOKHAHKA
(nucmovs) u  poamapur (nucmuvs) — 00JNAAAIOT
MOYETOHHBIMM,  HPOTHBOBOCIAIUTECIBHBIMA U
AHTUMHUKPOOHBIMH CBOWCTBaM, OYHINAIOT

MOYEBBIBOISIIIE IyTH OT MPOJYKTOB BOCHAJICHUS
1 OaKkTepuaTbHON (IIOPHI;

. mapena — kpacunvhas — (KopHu)
YCHIMBAET MEPUCTAIBTHKY IMOYCYHBIX JIOXAaHOK U
MOYETOYHHKOB, CHOCOOCTBYET MPOABMKECHHIO U
BBIBEJICHUIO KAMHEH;

. eopey nmuyuli (mpasa) — NPENSTCTBYET
00pa30BaHMIO MOYEBBIX KaMHEW 3a CueT CojepKa-
HUSI B HEM KPEMHHEBBIX KHCJIOT, KOTOPhIE UTPAIOT
POJIb 3AIUTHOTO KOJUJIOWIA U YMEHBINIAIOT CTEIICHb
KPHUCTALTM3AI[MH MUHEPAIbHBIX COJICH;

o X60u noreeoll (mpasa) — TaKKe HCTOU-
HUK KPEMHHUEBBIX KUCIIOT, OKa3bIBACT MOYCTOHHOE,
[POTHBOBOCHIANUTENBHOE JICHCTBHE.

Oco0oe BHUMaHHE CIIeAyeT 0OpaTUTh Ha pac-
TeHus, o0JagaronMe KaMmHepa3pyamum sddex-
Tom [6-12].

BrinmonnHeHHBIE HAMM HCCHENOBaHUA IN Vitro
JTAIOT OCHOBAHUS CUUTATh, YTO JICUCTBHE TPABSHBIX
9KCTPAKTOB CTAHOBHUTCS Oojiee 3PPEKTHBHBIM,
eclii TPUMEHSATh MX B JIBa JTala, NPUYEM COCTaB
cOOpOB Ha TIEPBOM KM BTOPOM I3Tamax OTIMYACTCS
JpyT OT npyra. Hamu nokasaHo, 4to Ha HEPBOM 3Tare
TIeIIeco00Pa3HO MPUMEHSTH SKCTPAKT TPaBsSHOTO cOopa,
BKJIIOUAIOLIIETO 368¢po0oti (mpasa), bepe3y (nouku), bec-
CMepmHUK  (coysemus), poMawiky (yeemwl), pacmo-
ponuty (cemena), eopey nmuuull (Mpasa), AaANYAMKy
NPAMOCMOAYYIO (KOpHU); Ha BTOPOM 3TAle — SKCTPAKT
COCTaBA: JIANYamKa npsmMocmosnyas (Kopuu), beopeney
(kopHu), H0OUCMOK (KOpHU), X680y Notesoll (mpasa),
Mapera Kpacuibhas (KOPHIL), Kpanuea (Ucmvsi).

B Tabn. 4 naHel pe3ynbTaThl BO3JCHCTBHS Ha
OKCalaTHbIE KOHKPEMEHTHI BBIIICYKa3aHHBIX COO-
POB, IPOBOIMMOIO B JIBa JTaIlA.

Cnenyer oOpaTuTh BHHMaHHE, YTO MOYEBBIC
KaMHH OJIHOTO COCTaBa MOJBEPTaIKCh JIUTONHU3Y B
OJIMHAKOBBIX YCIIOBHSX, HO YOBUIb MAcChl JJISI HUX
HECKOJIbKO OTIIMYAeTCs, MO0 BCEH BHIMMOCTH, 3a
CYeT BKJIIOYCHHUS  CONIEPXKAIIMX  pa3IUYHBIC
aeMeHThl a3 (puc. 2, 3), a TakkKe IPUCYTCTBUS
OPraHUYECKON MaTPHULBI.

Tabnura 4. Pe3ynbTaThl IUTOIM3a MOUEBBIX KAMHEH Pa3IMYHOrO COCTaBa, IPOBOMMOIO B JIBA 3Tala

Y6b116 MaccsL %

CocTaB MOYEBBLIX KaMHEH

1-i1 sTamn 2-i oTamn

CaC,04-H,0 — BeBemur 29.0 57.3
CaC,04-H,0O 33.6 64.8
CaC,04°2H,0 — Begnemaur 32.8 63.1
CaC204'H20 - CaC204-2H20, %:

30-70 31.2 60.8

185- 815 34.1 61.1

785-215 31.4 62.4

44



Becmnuxk MUTXT, 2014, m. 9, No 2

Hcxonst w3 BBIIIE M3I0KEHHOTO, MOJKHO 3a-
KJIFOUHTh, YTO MPHU JICUEHUU OKCAIaTHOro Hedpo-
IUTHAa3a CIeyeT PEKOMEHIIOBATh Ha TIEPBOM
JTane JUTONIM3a BKIIOYEHHE B COCTaB (PUTO-
npenapaToB PAacTeHHM, KOTOpbIE COJICPKAT B
CBOEM cocTaBe 3(UpHBIE Macya, 00JanarIIne
BBICOKOM AaKTHUBHOW TMMOBEPXHOCTHIO W MallbIM

MOJKET CIIOCOOCTBOBAaTh €ro paspyuicHuio. Ha
BTOPOM 3Tamne B cOcTaB cOOpOB Iieraeco00pa3Ho
BKJIIOYATh PACTCHHSI, XapPaKTEPHU3YIOUUECS SPKO
BBIP@XKCHHBIMH ~ MOYETOHHBIMH  CBOHCTBaMH.
[MockoybKy OONBIIMHCTBO PACTEHUI 00JagaroT
KOMIUIEKCOM CBOMCTB, HEOOXOIMMO CO37aBaTh
KOMITO3HUIIMH, KOTOPhIC OKaXyT TaK)Ke MPOTHBO-

MMOBEPXHOCTHBIM HATSAXKEHUEM, JIETKO NPOHHUKAa-  BOCHAJIUTEIBHOE, CIa3MOJINTHYECKOE u
IOIIMe N0 MUKPOTPEIIWHAM BHYTPh KaMHS, 4TO  aHTHOAaKTepHalIbHOE JACHCTBHE.
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The aim of this work was to search for and study new phytopreparations based on natural plant materials
(medicinal plants) that are necessary for effective litholysis of oxalate stones in patients with urolithiasis. New
phytomedications were proposed and studied in which litholytic action is due to the presence of certain
combinations of flavonoids and some other types of biologically active substances. In a study carried out to obtain
total extracts of natural flavonoids from several medicinal plants obtained and studied litholytic properties of new
pharmaceutical compositions together with previously known herbal remedies. The effectiveness of the new
phytopreparations demonstrated by native oxalate calculi different composition isolated from patients with
urolithiasis after surgical management.
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uantum solitons are discovered with the help of generalized quantum hydrodynamics. The solitons have

Q

the character of the stable quantum objects in the self consistent electric field. The theory leads to
solitons as typical formations in the generalized quantum hydrodynamics. The self-consistent theory of
plasmoids cannot be constructed in the frame of local physics. Particularly these effects can be
considered as explanation of the existence of the stable plasmoids, lightning balls and atoms with the

separated electronic shell and the positive kernel. Three well known catastrophes (Tunguska explosion, Gagarin
catastrophe, accident with Malaysia Airlines flight MH370) have the same physical origin — plasmoid appearance

in the Earth atmosphere.

Keywords: quantum hydrodynamics, theory of plasmoids, Tunguska explosion, Gagarin catastrophe, accident

with Malaysia Airlines flight MH370.

Introduction

A ball lightning phenomenon has attracted the
attention of researchers for more than two hundred
years. Ball lightning is an atmospheric electrical
phenomenon. The properties of a “typical” ball
lightning are associated with:

1. Thunderstorms, but lasts considerably longer
than the split-second flash of a lightning bolt.

2. Shapes that vary between spheres, ovals,
tear-drops, rods, or disks.

3. Its capability to change form, split into
fragments and penetrate through chinks.

4. Peculiar character of its movement (absence
of convection, movement against the wind, floating
along conductors).

5. The lifetime of each event is from 1 second
to over a minute with the brightness remaining
fairly constant during that time.

6. Quiet dying or destruction with explosion.

4. Absence of heat emission, and burns at close
contact.

5. Its ability to penetrate through obstacles
(glasses, nets) with or without damaging them.

6. The presence or absence of noise and odour,
accompanying its appearance.

Ball lightning is often erroneously identified as
St. Elmo's fire. St. EImo's fire is named after St.
Erasmus, the patron saint of sailors. The
phenomenon sometimes appeared on ships at sea
during thunderstorms. St. EImo’'s light is a weather
phenomenon in which luminous plasma is created
by a coronal discharge from a sharp or pointed
object in a strong electric field in the atmosphere.

The wide range of physical conditions exists
under which events have been reported in nature
(including unidentified flying objects like foo-
fighters). Over the last century, there have been
numerous attempts to produce an atmospheric ball
lightning. The first reproducible experimental
production of ball-lightning-like phenomena is
attributed to Nicola Tesla during his infamous year
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at the Colorado Springs laboratory in 1899—1900,
[1]. In January 1900, Tesla noted that “the
phenomenon of the “fireball” is produced by the
sudden heating, to high incandescence, of a mass of
air or other gas as the case may be, by the passage
of a powerful discharge.”

Presence of electric discharges at heights from
30 to 150 km gives grounds to consider that
possible unidentified flying objects (UFQO) are giant
ball lightning, which are formed in such discharges
during the break-down. Large UFOs in diameter
from 3 to 10 meters was observed also under a
surface of water in the sea [2]. In this case the
appearance of UFO can be connected with moving
of tectonic plates.

As you see “the ball lightning” is not aptly
called. More preferable name is plasmoid. The
word plasmoid was coined in 1956 by Winston H.
Bostick to mean a *“plasma-magnetic entity”.
Hereafter we intend to use “plasmoid” in the
extended sense for an object with the separated
positive and negative charges — it does not matter
whether the magnetic field is existing or not.

Moreover, the creation of the plasmoid theory
means also the creation the theory of the atom
structure with the simultaneous description of the
electronic shell and the positive nucleus.

Tremendous number of papers is published in
this area including review articles. | indicate only
well-known monographs [3-6]. Many efforts have
been made for theoretical explanation generation,
structure and long lifetime of ball lightning. A
number of models for the ball lightning have been
developed. But all theoretical models have the
same character features — they are developed in the
frame of the local physics. Moreover, it was shown
(see for example, [7, 8]) that local models have no
chance for success.

Important conclusions follow from non-local
guantum hydrodynamics:

1. Plasmoid (Ball lightning) is the non-
equilibrium product of the matter self-organization,
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placed in the finite domain of space. This non-
equilibrium object has the excess charge (in
comparison with the equilibrium state) of one sign
along the radial direction and a deficit of the charge
of another sign. The stability of the plasma object
has been reached as the result of the equilibrium of
forces of the electrostatic origin and Kkinetic
pressure of the non-local origin.

2. Mathematical modeling realized in the frame
of non-local physics leads to existence of the stable
objects even in the absence of magnetic fields.

3. In the developed non-local theory no needs
to use the external boundary conditions. The radial
dimensionless size of plasmoid is a result of the
self-consistent Cauchy solution of non-local
equations and corresponds to the area of the
solution existence.

4. The theory does not contain restrictions for
the charge scales or the object sizes. No needs to
introduce the convoying magnetic field. It is no
surprise — the Schrddinger — Madelung atom theory
is the theory of plasmoid with the separated charges
(as postulate) without the magnetic confinement of
the physical system.

5. As follows from calculations, two kinds of
plasmoids (as minimum) can exist — namely,
plasmoids, as product of plasma polarization, and
plasmoids with atomic structures. Obviously the
theory of the second type plasmoids describes (in
the frame generalized quantum hydrodynamics) the
atom structure with the coincident description of
nucleus and the electron shell.

6. The controlled discharge should serve for the
plasmoid production; this charge should follow the
solution of the non-stationary non-local equations
which leads to the stationary charge separation.

Remark again — the plasmoid theory can not be
constructed in the frame of local physics.

2. Tunguska event

The Tunguska event was an enormously
powerful explosion that occurred near the
Podkamennaya Tunguska River in what is now
Krasnoyarsk Krai, Russia, at about 07:14
(Krasnoyarsk local time, 00:14 Universal time) on
June 30, 1908. The explosion had the epicenter
60°55'N 101°57'E. Tunguska explosion caused the
felling of 80 million trees over area of over 2.000
square kilometers.

The explosion registered at seismic stations
across Eurasia. The resulting shock wave was
equivalent to an earthquake measuring 5.0 on the
Richter scale. It also produced fluctuations in
atmospheric pressure strong enough to be detected
in Great Britain. Over the next few days, night
skies in Asia and Europe were aglow. An explosion
of this magnitude is capable of destroying a large
metropolitan area; a tremendous sound wave
traveled twice around the globe. Since then, dozens
of research expeditions have visited the area,
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hundreds of scientific papers (mainly in Russian)
have been written and several hundred hypotheses
put forward about the causes of the event. Not one
of them, however, has been able to explain fully the
complex  phenomena that preceded and
accompanied the Tunguska explosion. Many
scientists have participated in Tunguska studies; the
best known are Leonid Kulik, Yevgeny Krinov,
Kirill Florensky, N. V. Vasiliev. The results of their
investigations are well known and have the free
access in Internet.

From the first glance the simple explanation
can be used for the Tunguska event (TE) — impact
of the celestial bodies. The chief difficulty in the
celestial impact hypothesis is that a stony object
should have produced a large crater where it struck
the ground, but no such crater has been found.
Many people believe that the crater lies under the
water of Lake Checko in Western Siberia. Yet, the
scientists have found no object or material from
this cosmic body itself.

Maybe we have with the probable airburst of
small asteroid or comet? But a body composed of
cometary material, travelling through the
atmosphere along such a shallow trajectory, ought
to have disintegrated, whereas the Tunguska object
(TO) apparently remained intact into the lower
atmosphere. The leading scientific explanation for
the explosion is the air burst of an asteroid 6-10
kilometers above Earth's surface.

Practically all energy estimations are based on
the asteroid version. Meteoroids enter Earth's
atmosphere from outer space every day, travelling
at a speed of at least 11 kilometers per second. In
literature we have tremendous differences in
estimations of size and mass of the object.
Different studies have yielded widely varying
estimates of the object's size, on the order of 60 m
to 190 m.

If we have the stone spherical object which
diameter are roughly 30 meters and the mass of

about 10 kg moving with the velocity of 15 km/s,
the Kkinetic energy of the object as large as

~10'®joules. Obviously it is only the rough
estimation biased to the concrete (maybe wrong)
model. The “megaton of TNT” is a unit of energy
equal to 4.184 petajoules. The Hiroshima bomb

represented only 8-10'% joules of energy. Thus, our
estimate is that the Tunguska had an explosive
energy on order of 2 MT of TNT. It was closer in
effect to a very large H-bomb. Most likely
estimates are between 10-15 megatons of TNT
(42-63 PJ).

By the way the Tsar Bomba (the nickname for
the ANG602 hydrogen bomb) developed by the
Soviet Union, the bomb had the yield of 50 to 58
megatons of TNT (210 to 240 PJ). Only one bomb
of this type was ever officially built and it was
tested on October 30, 1961, in the Novaya Zemlya
archipelago, at Sukhoy Nos.



Many unusual effects convoyed this event;
these effects cannot be explained from positions of
the celestial impact. Really,

1. Many meteorological factors point towards
the possibility of a meteorological event occurring.
There was evidence of strong cyclones near Siberia
that summer. Significant increases in air pressure
were associated with the area at that time.
Increased thunderstorm activity and intensity
inundated Siberia. Witness accounts detail hearing
thunder and seeing lightning as the event occurred.
Perhaps there is some credit to the theory that the
Tunguska event transpired as a meteorological
occurrence.

2. It was established that the zone of leveled
forest occupied an area of some 2.150 square
kilometers with the shape resembling a gigantic
spread-eagled butterfly with a “wingspan” of 70
kilometers and a “body length” of 55 kilometers.
Upon closer examination it was found that several
explosions took place. Siberian Life newspaper
(July 27, 1908) reported about some kind of
artillery barrage, that repeated in intervals of 15
minutes at least 10 times.

3. In the 10 days before the explosion, in many
countries of Europe as well as western Siberia, the
darkness of night was replaced by an unusual
illumination as if those areas were experiencing the
“white nights” phenomenon of high-latitude
summers. Everywhere there appeared, shining
brightly in the twilight of dawn and dusk, silvery
clouds stretching east to west that formed like
along “the lines of force”. Professor Weber about a
powerful geo-magnetic disturbance observed in a
laboratory at Kiel University in Germany for three
days before the intrusion of the Tunguska object,
and which ended at the very hour after the
explosion in the Central Siberian Plateau. There
was a sense of the approach of some unusual
natural phenomenon.

4. Some climatologists and scientists concur
that the Tunguska event caused major damage to
the air layer of the mesosphere. These atmospheric
changes resulted in an ozone depletion lasting up to
four years after the event. A cooling trend in the
years following the 1908 event was recorded in
weather records around the Earth.

5. The TO followed a trajectory from southeast
to northwest. It was the discrepancies in the
accounts of eyewitnesses — who at one and the
same time observed objects above areas of Siberia
far remote from one another, moving on different
courses but towards a single point — that confused
researchers, prompting the hypothesis that it was
probably a spaceship that had been maneuvering
above the Siberian taiga. Meteorites and comets do
not fly like that!

6. The reports contain information about
objects moving slowly, parallel to the Earth’s
surface, sometimes stopping, changing course and
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speed. Thousands of observers could not have
mistaken what they saw, as the sky was cloudless
that morning. People living within a radius of over
800 km from the place where the cosmic intruder
fell observed the unusual flight of enormous fiery
bodies giving off sparks and leaving rainbow trails
behind them. As result, one of hypothesis sounds
that they did not all see one and the same object,
but several different bodies.

One other possible cause of the Tunguska event
which can explain all main character features of the
TE, is plasmoid (ball lightning). It can move
horizontally, hover or in a zigzag motion. It is not a
new idea, but until now, ball lightning was a
phenomenon not consensually understood in the
scientific world. The non-local theory of plasmoids
gives grounds to solve the TO problem.

Energy content of plasmoids has no restrictions
in comparison with the chemical models. The
energy density is defined by the initial conditions
of the plasmoid creation and calls for the
application of the non-stationary models. It has
been known about the very large plasmoids with
diameter up to 260 m.

As it follows from the calculations, the
separated charges in plasmoid can correspond to
the model of the spherical capacitor. The maximum
energy that can be stored in a capacitor is limited
by the breakdown voltage. But the breakdown
process can have rather lengthy character realized
in the several stages. This fact can explain the
anomalies in the forest felling.

The spherical capacitor energy W is written as:

Rle( 2
Ay/) ,
2—Ry

W =27¢qe

e 3 oy
where Ay =w;—-w,, is the potential difference
between the conductors for a given charge q on

each. The voltage between the spheres can be
found by integrating the electric field along a radial
line:
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If RZ >> Rl, then

oW 2
° =—27T50«91(AV/)2(%J ’

R, X (6)

Fex =—

If for the TO W =107, radius of the internal
sphere is 100 m, & =1, then Ay =1.34-10*V .

Electrostatic generator (which uses a moving
belt to accumulate very high amounts of electrical
potential on a hollow metal globe on the top of the
stand) was invented by American physicist Robert
J. Van de Graaff in 1929. The potential difference
achieved in Van de Graaff generators reaches

7-10° volts in the 30th of the last century.

A Marx generator (Arkadyev - Marks
generator in the Russian scientific literature)
generates a high-voltage pulse. The circuit

generates a high-voltage pulse by charging a
number of capacitors in parallel, then suddenly
connecting them in series. Marx generators are
used in high energy physics experiments, as well as
to simulate the effects of lightning on power line
gear and aviation equipment. The high-voltage

pulse can reach up to 10’V. The mega-joule
estimates are known for the ball lightings.

It is stated that the ball lighting explosion
damages the plane navigation equipment, but it is
the theme of the next section.

3. About a version of the Yuri Gagarin
air crash

In 1960, after much searching and a selection
process, Yuri Gagarin was chosen with many other
pilots for the Soviet space program. A Soviet Air
Force doctor evaluated his personality as follows:

“Modest; embarrasses when his humor gets a
little too racy; high degree of intellectual
development evident in Yuri; fantastic memory;
distinguishes himself from his colleagues by his
sharp and far-ranging sense of attention to his
surroundings; a well-developed imagination; quick
reactions; persevering, prepares himself pain-
stakingly for his activities and training exercises,
handles celestial mechanics and mathematical
formulae with ease as well as excels in higher
mathematics; does not feel constrained when he has
to defend his point of view if he considers himself
right; appears that he understands life better than a
lot of his friends.”

Gagarin was also a favored candidate by his
peers. When the 20 candidates were asked to
anonymously vote for which other candidate they
would like to see as the first to fly, all but three
chose Gagarin. On 12 April 1961, aboard the
Vostok 1, Gagarin became both the first human to
travel into space, and the first to orbit the earth.

On 27 March 1968, while on a routine training
flight from Chkalovsky Air Base, he and flight
instructor Vladimir Seryogin died in a MiG-15UT]I
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crash near the town of Kirzhach. The bodies of
Gagarin and Seryogin were cremated and the ashes
were buried in the walls of the Kremlin on Red
Square. It was the tragedy of the national scale,
(read more for example: [9-16]). The cause of the
crash that killed Gagarin is not entirely certain, and
has been subject to speculation about conspiracy
theories over the ensuing decades.

In April 2011, documents from a 1968
commission set up by the Central Committee of the
Communist Party to investigate the accident were
declassified. Those documents revealed that the
commission's original conclusion was that Gagarin
or Seryogin had maneuvered sharply either to avoid
a weather balloon, leading the jet into a “super-
critical flight regime and to its stalling in complex
meteorological conditions,” or to avoid “entry into
the upper limit of the first layer of cloud cover”.

Soviet documents declassified in March 2003
showed that the KGB had conducted their own
investigation of the accident, in addition to one
government and two military investigations. The
KGB's report dismissed various conspiracy
theories.

In the years and decades that followed, rumors
swirled about Gagarin’s death. No reason to discuss
fantastic hypotheses on the level of the provocation
like “Had Gagarin been drinking?” or “Was he
distracted, taking pictures of birds from the air
when he should have been paying attention to his
aircraft?”

About the aim of the Gagarin air plane flight,
pilot-cosmonaut Vladimir Aksenov wrote in his
book “The Roads of Tests”:

“Gagarin and Yevgeny Khrunov were
supposed to be the first to go through check flights.
According to flight rules, check flights, prior to
independent flights, could be conducted by the
heads of flight departments, rather than instructor
pilots. They could be squadron commanders,
deputy commanders and commanders of regiments.
So it was Vladimir Seryogin, the regiment
commander, who joined Yuri Gagarin in the check
flight. Another important peculiarity of that check
flight was as follows: it was a flight in the area for
the execution of complex aerobatics stunts. In
classical training programs, the check flight and the
first solo flight are performed on the so-called
"box" that is, takeoff, height gain, flying around the
airfield, landing approach and landing. Prior to solo
flights in the area to perform aerobatic maneuvers,
another check flight should be made.” It should be
added that V. Seryogin was the leading test-pilot
for the plane MiG-15UTI.

The KGB report states that an air traffic
controller provided Gagarin with outdated weather
information, and that by the time of his flight,
conditions had deteriorated significantly. Vladimir
Aksenov writes: “On that day clouds were unusual.
The lower edge of almost continuous clouds was



about 600 meters above the ground. Then, 4,000
meters above, there were only dense clouds. The
upper edge was flat, and there were no clouds
above that - there was a clear sky and very good
visibility.” The last message from the MiG-15UTI
contains information (without unusual emotions in
the voice), that the check-flight is finished and they
return to landing. Further on the height less than
4,000 meters the plane entered in the clouds.

Here is an extract from the book of distin-
guished test pilot of the USSR Stepan Mikoyan
“We Are Children of War. Memoirs of a Military
Test Pilot™:

“The time determined by imprints of the hands
of the remains of aircraft clock and Gagarin's watch
differed by about 15 seconds. That moment
occurred only in 45-60 seconds after the last
broadcast from Gagarin that was recorded on the
magnetic tape.” The investigation concluded that
Gagarin's aircraft executes the maneuver trying to
avoid the collision with unknown object. The
hypotheses about possible objects like balloons or
flocks of birds should be ruled out — too high for
birds and no traces of the balloon on the place of
the crash.

The investigation concluded that:

1. The maneuver led to the aircraft going into a
tailspin and crashing, killing both men.

2. Gagarin and Seryogin have the control until
the end.

3. The crew believed their altitude to be higher
than it actually was, and could not react properly to
bring the MiG-15 out of its spin. It was discovered
that altitude sensor was out of order but the crew
believed — their altitude to be higher than it actually
was.

4. The plane was not destroyed in the air. It
means that the plane with outboard tanks had the
overloads less than 8 which were not unusual for
the crew.

5. The reading of the pressure sensor scale
displayed that the glass cockpit was destroyed.
Only 2/3 of the glass splits were discovered on the
crash place, for other parts ~96%. It means that
cockpit was destroyed in air.

Hypotheses that a cabin air vent was
accidentally left open by the crew or the previous
pilot, leading to oxygen deprivation and leaving the
crew incapable of controlling the aircraft, cannot be
true. The height of about or even less than 4,000
meters is usual for alpinists. For example, the
“Shelter of 11” (4.130 m) was a hotel near Elbrus.
Large groups of climbers would usually leave this
base camp at 2-3am to challenge the summit.

In his 2004 book Two Sides of the Moon,
Alexey Leonov, who was part of a State
Commission established to investigate the death in
1968, recounts that he was flying a helicopter in the
same area that day when he heard “two loud booms
in the distance”. Corroborating other theories, his
conclusion is that a Sukhoi jet (which he identifies
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as a Su-15) was flying below its minimum allowed
altitude, and “without realizing it because of the
terrible weather conditions, he passed within 10 or
20 meters of Yuri and Seregin's plane while
breaking the sound barrier”. The resulting
turbulence would have sent the MIG into an
uncontrolled spin. Leonov believes the first boom
he heard was that of the jet breaking the sound
barrier, and the second was Gagarin's plane
crashing. In a June 2013 interview with Russian
television network RT, Leonov said that a
declassified report on the incident revealed the
presence of a second, “unauthorized” Su-15 flying
in the area. Leonov states that “the aircraft reduced
its echelon at a distance of 10-15 meters in the
clouds, passing close to Gagarin, turning his plane
and thus sending it into a tailspin — a deep spiral, to
be precise — at a speed of 750 kilometers per hour”.

It is the very significant evidence which was
checked by cosmonaut Tolboyev. He said (for
example during the television interview on January,
7 (2013)) that the special experiments were
organized; during the Su-15 flight two MiG-15 UTI
entered in the turbulent wake of Su-15. In all cases
both MiG-15 UTI were pushed out from the stream
without going into a tailspin.

Interesting  information from  cosmonaut
Tolboyev during this interview — he retailed about
the aviation accident in the Russian Ahtuba
aviation division. The pilot broadcasted about the
UFO (unknown flying object). He was commanded
to return immediately for landing, but the pilot tried
to close to this object. The result — he was landing
with the tremendous difficulties without cabin
electronics.

I believe that the cause of the Gagarin accident
consists in the impact of the MiG 15 UTI with
plasmoid.

4. Accident with Malaysia Airlines flight
MH370

Let us consider other mystery accidents from
this point of view. For example, the Malaysia
Airlines flight MH370 with 239 people onboard. It
“lost all contact” with Subang Air Traffic Control
at 2:40 a.m., two hours into the flight. The plane
was expected to land in Beijing at 6:30 a.m.
Saturday (on March 8, 2014). Known facts:

1. Around the time the plane vanished, the
weather was fine and the plane was already at
cruising altitude, making its disappearance all the
more mysterious. Just 9 percent of fatal accidents
happen when a plane is at cruising altitude,
according to a statistical summary of commercial
jet accidents done by Boeing.

2. Military radar indicated that the plane may
have turned from its flight route before losing
contact. Aviation sources in China report that radar
data suggest a steep and sudden descent of the
aircraft, during which the track of the aircraft
changed from 024 degrees to 333 degrees.
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3. A Malaysia Airlines plane sent signals to a
satellite for four hours after the aircraft went
missing, an indication that it was still flying for
hundreds of miles or more. Boeing offers a satellite
service that can receive a stream of data during
flight on how the aircraft is functioning and relay
the information to the plane’s home base. Malaysia
Airlines not a subscriber to Boeing service but still
automatically sent pings to satellite. If the plane
had disintegrated during flight or had suffered
some other catastrophic failure, all signals — the
pings to the satellite, the data messages and the
transponder — would be expected to stop at the
same time.

4. There was no distress signal. The lack of a
radio call suggests something very sudden and very
violent happened.

5. The plane had enough fuel for four more
hours of flight. The plane lost all contact and radar
signal one minute before it entered Vietnam's air
traffic control.

6. Officials said two men, later identified as
Iranians, boarded the plane with stolen passports. It
was later reported that they were unlikely to be
linked to terrorist groups.

7. The plane was last inspected 10 days before
the accident and found to be in proper condition.

Investigators have not ruled out any possible
cause for the plane’s disappearance. As result,
experts say one possibility that could explain why
the transponders were not working is that the pilot,
or a passenger, likely one with some technical
knowledge, switched off the transponders in the
hope of flying undetected.

It is known that the appearance of the ball
lightning in the airplane is dangerous, because it
can cause a short circuit and hence lead to crash of
the airplane. Plasmoids were really observed on
board the air-plane [17]. Taking into account the
plasmoid theory created by me, we can make the
preliminary conclusions:

a) The accident has very sudden and very
violent character. The aircraft was partly
disintegrated, as result — the loss of pressure and
practically of all electronic equipment.

b) The loss of pressure was so severe that it
knocked passengers and crew out.

¢) In this case, the pilots should have been able
to react quickly and connect to oxygen masks, but

didn’t. The plane transformed into, so to speak,
“flying Dutchman”. The aircraft flew for the rest
hours until it ran out of fuel and crashed. Really,
the aircraft has fuel for ~ four hours for flight, and
plane sent signals to a satellite for four hours after
the aircraft went missing. This fact indicates the
possible area of the crash. But this area has no site
for landing. In its turn it excludes the version of
hijacking.

d) It should be added that the area of the plane
crash contains the boundary between two tectonic
plates, the Burma plate and the Sunda Plate. The
boundary between two major tectonic plates results
in high seismic activity, anomalous atmospheric
and ocean events in the region. Numerous
earthquakes have been recorded, and at least six, in
1797, 1833, 1861, 2004, 2005 and 2007, had the
magnitude of 8.4 or higher. On December 26, 2004,
a large portion of the boundary between the Burma
Plate and the Indo-Australian Plate slipped, causing
the 2004 Indian Ocean earthquake. This earthquake
had a magnitude of 9.3. Between 1300 and 1600
kilometers of the boundary underwent thrust
faulting and shifted by about 20 meters, with the
sea floor being uplifted several meters. This rise in
the sea floor generated a massive tsunami with an
estimated height of 28 meters that Killed
approximately 280.000 people along the coast of
the Indian Ocean.

Now the final reasonable conclusions could be
done from the position of the previous theory:

1. Malaysia Airlines flight MH370 met the
atmospheric plasmoid.

2. This isn't the only time a plane has
disappeared without a trace or sparks an
investigation surrounded by confusion. It is
reasonable to look back at other baffling aviation
disasters (this quantity may as much as 14%) from
the formulated point of view.

3. The special programme should be developed
for avoiding this class of accidents.

Conclusion

From the point of view of non-local physics the
Tunguska explosion, Gagarin catastrophe and
accident with Malaysia Airlines flight MH370 can
have the same physical origin - plasmoid
appearance in the Earth atmosphere.
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HEKOTOPBIE TAMHCTBEHHbLIE KATACTPO®bI MOCJIEAHUX
CTA JIET C NO3NUUN HENNOKAJIbHOU ®PU3UKU

B.B. AnekceeB*

Mocrosckuii 20cy0apcmeenHblil yHUSEPCUMen MOHKUX XUMUYECKUX MEXHON02ULl
umernu M.B. Jlomonocosa, Mockea, 119571 Poccus

“Aeémop ons nepenucku, e-mail: boris.vlad.alexeev@gmail.com

0Obob6uweHHasi keaHMosasi 2udpoduUHaMuKa rnPUEOOUM K Cyujecmeo8aHUl0 K8aHMOo8bIX CONUMOH08. COolUMOHbI
obpasyrom cmabusibHble Ke8aHmoeble OOBLEeKMbI 8 CcaMOC0o2/1aco8aHHOM 3/1eKmpuyYyeckom none. Teopus
MO3UUUOHUPYem COJIUMOHbI KakK murnu4Hble obpa3osaHusi 8 0606wWeHHOU KeaHmogol audpoOuHaMUKe.
CamocoenacogaHHass meopusi rnna3moudos8 8 rnpuHyune He mMoxem bbimb rocmpoeHa 8 pamkax J/10KanbHoOU
usuku. YrnomsiHymsbie aghghbekmbl MO2ym paccmMampueambCsi Kak 0bbsICHeHUe cyujecmeogaHusi cmaburbHbIX
rnnasmoudos, Wwaposbix MOIHUU U amomMo8 ¢ pa3desibHbIMU 35IEKMPOHHOU o0borioukol u ssidpom. Tpu u3eecmHbIxX
Kamacmpocpbi (83pbie TyHeyccko2o obbekma, aubesnb azapuHa u CepeauHa u ucye3HoseHue bouHza 777
petica MH370) umerom odHomurnHoe husu4yeckKoe rnpoucxoxoeHue — rosiefieHUe nnasmouda 8 ammocgepe
3emnu.

Knrodeenle cnoea: kgaHmoegasi sudpoduHamuka, meopusi nia3amoudos, 83pbie TyHaycckozo obbekma, aubenb
MazapuHa, uc4yesHoseHuUe bouHea 777 petica MH370.
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TO THE NON-LOCAL THEORY OF CHARGE — SPIN
INTERACTION IN WAVES AND PARTICLES

B.V. Alexeev, head of the department
Department of Physics
M.V. Lomonosov Moscow State University of Fine Chemical Technologies, Moscow, 119571 Russia
e-mail: boris.vlad.alexeev@gmail.com

he theory of the charge — spin interaction in waves in the frame of non-local quantum hydrodynamics is
considered. The electron charge inner structure is investigated using the non-local physical description.
From calculations follow that electrons can be considered like charged balls (shortly CB model) which
charges are concentrated mainly in the shell of these balls. The possible direction deviation of the spin
momentum and the magnetic momentum is taken into account.

Keywords: foundations of the theory of transport processes, the theory of solitons, generalized hydrodynamic

equations, foundations of quantum mechanics.

In  Schrodinger—Pauli quantum theory the
electron can be theoretically considered as a bound
state of chargon, spinon and orbiton. In particle
physics, spin is an intrinsic form of angular
momentum carried by elementary particles
including electron. The orbiton is carrying the
orbital degree of freedom and the chargon is
carrying the charge. One of the often used models
in condensed matter physics is the spin—charge
separation in electrons in some materials in which
they “split” into three independent particles, the
spinon, orbiton and the chargon (or its antiparticle,
the holon).

Usually the theory of spin—charge separation
originates with the work of Sin-Itiro Tomonaga
who developed an approximate method for treating
one-dimensional interacting quantum systems [1].
The aim of the article consists in consideration of
the spin — charge separation and interaction from
position of the non-local quantum hydrodynamics.
The article is organized as follows. In the definite
sense this paper can be considered as the
prolongation of the article [2]. As result in
Introduction (Section 1) the basic principles of
generalized quantum hydrodynamics (GQH)
created by me and expounded in particular in [3-8]
are delivered in a brief form. As it was shown
earlier the theory of transport processes (including
guantum mechanics) can be applied in the frame of
the unified theory based on the non-local physical
description. In particular the generalized hydro-
dynamic equations represent an effective tool for
solving problems in the very vast area of physical
problems [9-12]. In Section 2 the system of non-
local quantum hydrodynamic equations is applied
for investigation of the charge — spin waves
investigations, taking as a case in point the waves
in graphene. Section 3 contains the basic non-local
equations in spherical coordinate system for
description of a negative charged physical system
placed in a bounded region of a space. Internal
energy ¢, of this one species object and a possible

influence of the magnetic field are taken into
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account. In Section 4 is pointed out the important
particular non-stationary one dimensional case
corresponding to the negative charged system
evolution in the potential electric field. The
derivation of the angle relaxation equation is
realized for the angle reflecting the possible
deviation between a separated direction of the spin
at the initial time moment and the direction of
magnetic momentum after an external perturbation.
Section 5 involves the mathematical modeling of
the charge distribution in electron.

1. Introduction. About the basic principles
of the generalized quantum hydrodynamics

Let us consider the transport processes in open
dissipative systems and ideas of following
transformation of generalized hydrodynamic
description in quantum hydrodynamics which can
be applied to the individual particle.

The kinetic description is inevitably related to
the system diagnostics. Such an element of
diagnostics in the case of theoretical description in
physical kinetics is the concept of the physically
infinitely small volume (PhSV). The correlation

between theoretical description and system
diagnostics is well-known in physics. Suffice it to
recall the part played by test charge in electrostatics
or by test circuit in the physics of magnetic
phenomena. The traditional definition of PhSV
contains the statement to the effect that the PhSV
contains a sufficient number of particles for
introducing a statistical description; however, at the
same time, the PhSV is much smaller than the
volume V of the physical system under
consideration; in a first approximation, this leads to
the local approach in investigating of the transport
processes. It is assumed in classical hydrodynamics
that local thermodynamic equilibrium is first
established within the PhSV, and only after that the
transition occurs to global thermodynamic
equilibrium if it is at all possible for the system
under study.

Let us consider the hydrodynamic description
in more detail from this point of view. Assume that
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we have two neighboring physically infinitely
small volumes PhSV; and PhSV, in a non-

equilibrium system. Even the point-like particles
(starting after the last collision near the boundary
between two mentioned volumes) can change the
distribution functions in the neighboring volume.
The adjusting of the particles dynamic charac-
teristics for translational degrees of freedom takes
several collisions in the simplest case. As result, we
have in the definite sense “the Knudsen layer”
between these volumes. This fact unavoidably
leads to fluctuations in mass and hence in other
hydrodynamic quantities. Existence of such
“Knudsen layers” is not connected with the choice
of space nets and fully defined by the reduced
description for ensemble of particles of finite
diameters in the conceptual frame of open
physically small volumes, therefore — with the
chosen method of measurement. This entire
complex of effects defines non-local effects in
space and time.

The physically infinitely small volume (PhSV)
is an open thermodynamic system for any division
of macroscopic system by a set of PhSVs. But the
Boltzmann equation (BE) [3, 13, 14]

Df /Dt=J8, (1.1)

where JB is the Boltzmann collision integral and
D/Dt is a substantive derivative, fully ignores non-

local effects and contains only the local collision

integral JB. The foregoing nonlocal effects are
insignificant only in equilibrium systems, where
the kinetic approach changes to methods of
statistical mechanics.

This is what the difficulties of classical
Boltzmann physical kinetics arise from. Also a
weak point of the classical Boltzmann Kkinetic
theory is the treatment of the dynamic properties of
interacting particles. On the one hand, as follows
from the so-called “physical” derivation of BE,
Boltzmann particles are regarded as material
points; on the other hand, the collision integral in
the BE leads to the emergence of collision cross
sections.

Notice that the application of the above
principles also leads to the modification of the
system of Maxwell equations. While the traditional
formulation of this system does not involve the

continuity equation, its derivation explicitly
employs the equation

op* 0 .

Z o+ =0, (12)
ot arJ

where p? is the charge per unit volume, and j* is

the current density, both calculated without
accounting for the fluctuations. As a result, the
system of Maxwell equations written in the
standard notation, namely:
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EBZO, Q.D:pa,

or or (13)

0 oB 0o ., oD '

9= T -+ 2

or ot or ot

contains

pP=p-p" i =j-j". (1.4)
The p™, j” fluctuations calculated using the

generalized Boltzmann equation are given, for
example, in Ref. [4, 6, 8]. The violation of Bell’s
inequalities [15] is found for local statistical
theories, and the transition to non-local description
is inevitable.

The rigorous approach to derivation of Kinetic

equation relative to one-particle DF f (KE;) is

based on employing the hierarchy of Bogoliubov
equations. Generally speaking, the structure of

KE; is as follows:

_:JB+JnI

(1.5)

where 3™ is the non-local integral term. An
approximation for the second collision integral is
suggested by me in generalized Boltzmann physical
kinetics,

D( Df
=—|7—|
Dt\ Dt

Here, 7 is non-local relaxation parameter, in
the simplest case — the mean time between
collisions of particles, which is related in a
hydrodynamic approximation with dynamical
viscosity z and pressure p,

an (1.6)

r p=Igk, (.7)

where the factor IT is defined by the model of
collision of particles: for neutral hard-sphere gas,
I1=0.8 [16, 17]. All of the known methods of the
kinetic equation derivation relative to one-particle
DF lead to approximation (1.6), including the
method of many scales, the method of correlation
functions, and the iteration method.

In the general case, the parameter ¢ is the non-
locality parameter; in quantum hydrodynamics, its
magnitude is correlated with the “time-energy”
uncertainty relation [9, 10].

Now we can turn our attention to the quantum
hydrodynamic description of individual particles.
The abstract of the classical Madelung’s paper [18]
contains only one phrase: “It is shown that the
Schrodinger equation for one-electron problems
can be transformed into the form of hydrodynamic
equations”. The following conclusion of principal
significance can be done from the previous
consideration [9, 10]:
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1. Madelung’s quantum hydrodynamics is
equivalent to the Schrédinger equation (SE) and
leads to the description of the quantum particle
evolution in the form of Euler equation and
continuity equation. Quantum Euler equation
contains additional potential of non-local origin
which can be written for example in the Bohm
form.

2. SE is consequence of the Liouville
equation as result of the local approximation of
non-local equations.

3. Generalized Boltzmann physical kinetics
leads to the strict approximation of non-local
effects in space and time and after going to the
local approximation leads to parameter z, which
on the quantum level corresponds to the uncertainty
principle “time-energy”.

4. Generalized hydrodynamic  equations
(GHE) lead to SE as a deep particular case of the
generalized Boltzmann physical Kkinetics and
therefore of non-local hydrodynamics.

In principle GHE needn’t in using of the “time-
energy” uncertainty relation for estimation of the
value of the non-locality parameter t. Moreover the
“time-energy” uncertainty relation does not lead to
the exact relations and from position of non-local
physics is only the simplest estimation of the non-
local effects. Really, let us consider two
neighboring physically infinitely small volumes
PhSV, and PhSV, in a non-equilibrium system.

Obviously the time 7 should tends to diminishing
with increasing of the velocities U of particles
invading in the nearest neighboring physically
infinitely small volume (PhSV; or PhSV,):

r=H/u", (1.8)

But the value 7 cannot depend on the velocity
direction and naturally to tie 7 with the particle
Kinetic energy, then

T= H/(muz),

(1.9)

where H is a coefficient of proportionality, which
reflects the state of physical system. In the simplest
case H is equal to Plank constant # and relation
(1.8) becomes compatible with the Heisenberg
relation. Possible approximations of 7 — parameter
in details in the monographs [8, 20, 21] are
considered. But some remarks of the principal
significance should be done.

It is known that Ehrenfest adiabatic theorem is
one of the most important and widely studied
theorems in Schrodinger quantum mechanics. It
states that if we have a slowly changing
Hamiltonian that depends on time, and the system
is prepared in one of the instantaneous eigenstates
of the Hamiltonian then the state of the system at
any time is given by an the instantaneous
eigenfunction of the Hamiltonian up to
multiplicative phase factors.

The adiabatic theory can be naturally
incorporated in generalized quantum hydro-
dynamics based on local approximations of non-
local terms. In the simplest case if AQ is the

elementary heat quantity delivered for a system
executing the transfer from one state (the
corresponding time moment is t;,) to the next one

(the time moment t,) then
-t
T
where r=t,—t;; and T is the average Kinetic
energy. For adiabatic case Ehrenfest supposes that
2Tt =01,Q9,... (1.11)

where  Q;,Q,,.. are adiabatic invariants.
Obviously for Plank’s oscillator (compare with

(1.9)):
2Tz = nh.

25(Tz) (1.10)

(1.12)

Then the adiabatic theorem and consequences
of this theory deliver the general quantization
conditions for non-local quantum hydrodynamics.

2. Generalized quantum hydrodynamic equations
Strict consideration leads to the following system of the generalized hydrodynamic equations (GHE)

[4, 8] written in the generalized Euler form:
continuity equation for species« :

a a o

_paFo(zl) _q_apaVO % B:|} =Ry,
ma
and continuity equation for mixture:

e

T P q
+1 -7a—paF0(ll) —m—apavoxB:|}=0.

o

P
a

Vs -
E(paVO)"'_'(paVOVO)_"

o 1) 2z o o
_{pa _Ta|:&+_’(pa\/0)}}+§'{pav0 _Ta|:

[24

a
(2.1)

+%'(PaVo)}}+§'{ﬂVo —gfa[g(PaVo)Jr%'(PaVoVo)ﬂL

(2.2)



Momentum equation for species:

o i i P

E{pavo_Talig(paVO)+E'paVOV0+ ; _paFo(zl)_

"2,y v B |L—FD| o, — 2| Lo (pyvo)] |-
ma a a o a ﬁ a_ a

q 2 7 P )
—i{/?avo —Ta[E(PaV0)+E'PaV0Vo +7a_pa|:o(z) -

q 0 - o
_m_apaVO X B}}X B+E'{pa\/0v0 + Pg ! —Ta[E(PaVoVo +

o

IR -0 2 (;
+pa|)+§'Pa(VoVo)Vo+2|(E'(paVo)j+E'(|paVo)—
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a a
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Generalized moment equation for mixture:
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Energy equation for component:
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(2.3)

(2.4)

(2.5)
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and after summation the generalized energy equation for mixture:

l

a

o
+XE,N, — 2T, —
5 2p =falla ~ = a{

5[1 )

a

naVOJ_ Frgcl) 'paVO:|}+
0‘7(1

1 5 5
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{zﬂ\/oo 2Po Oaaa aaL‘IZ
+él vivov +1
a 2Pozooo 5

{Pvéﬁ (pzvé

5
+E' EpaVOVO +§paVO t &g

12
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1
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o
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Here Fo(,l) are the forces of the non-magnetic

origin, B — magnetic induction, T — unit tensor,
q, — charge of the « -component particle, p, -

static pressure for o -component, ¢, — internal
energy for the particles of « - component, v, —

hydrodynamic velocity for mixture. For calcu-
lations in the self-consistent electro-magnetic field
the system of non-local Maxwell equations should
be added (see (1.3)).

It is well known that basic Schrodinger
equation (SE) of quantum mechanics firstly was
introduced as a quantum mechanical postulate. The
obvious next step should be done and was realized
by E. Madelung in 1927 — the derivation of special
hydrodynamic form of SE after introduction wave
function ¥ as:

W(x,y,2,t)= alx, y, z,t) eBtyat), (2.7)

Using (2.7) and separating the real and imagine
parts of SE one obtains:

[azhaﬂJ o
m or

and Eq. (2.8) immediately transforms in continuity
equation if the identifications in the Madelung’s
notations for density p and velocity v

da? o

a  or (2.8)

p=a’=V¥x (2.9)
0
v:g(ﬁh/m). (2.10)

introduce in Eq. (2.8). Identification for velocity
(2.10) is obvious because for 1D flow with const
values p, E

0 h O 1
V:—(ﬁh/m)z_—[__(Ekt_ px)}:
oX m ox h (2.11)
S22 )y
m &x ¢
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where Vg is phase velocity. The existence of the

condition (2.10) means that the corresponding flow
has potential:

D = ph/m. (2.12)
As result two effective hydrodynamic

equations take place:

op O

= . =0, 2.13

et () (2.13)

v, 10,2 L10f, 7’ Aa

a zer mar[u 2m a} (2.14)

But:

Ao _Ad? _i(a_ajz (2.15)
(04 20(2 az or ' l
and the relation (2.15) transforms (2.14) in

particular case of the Euler motion equation:
Nyt y, (2.16)
ot or m or
where introduced the efficient potential:
. n? 1 (op)?
U*=U-———[ap——|L]| |
4mp{ r Zp(ﬁrj } (2.17)

Additive quantum part of potential can be
written in the so called Bohm form:

A2 2 1 (6pj2
Ap = Ap——| =1 | 2.18
2m\/; \/; 4mp{ r 2p\or (2.18)
Then
n? \/‘
U*=U+Ugy =U - Ap =
+Yqu 2m\/; Y
n2 1 (p)? (2.19)
:U[Ap(pj ]
4mp 2p\ or
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Some remarks: e) In chemically reaction systems the internal
a) SE transforms in hydrodynamic form  energies &, define the reactions heat Q. For

without additional assumptions. But numerical ; ;
4 example for bimolecular reaction A, + A, > A, +
methods of hydrodynamics are very good P ath > At A

developed. As result at the end of seventieth of the  the reaction heat Q = &¢ + &g — &3 —&p.

last century we realized the systematic calculations f) For so called “elementary particles” the

of quantum problems using quantum hydro- internal energy can contain the spin and magnetic

dynamics (see for example [3, 19]. parts. For example, electron has the internal energy & :
b) SE reduces to the system of continuity

equation and the particular case of the Euler e =felsp +Eelm: (2.20)

equation with the additional potential proportional

to #%. The physical sense and the origin of the

Bohm potential are established later in [9, 10]. Eel,sp = hl2, ¢ =—Pm -B. (2.21)
c) SE (obtained in the frame of the theory of ) )

classical complex variables) cannot contain the  Pm — €lectron magnetic moment, B — magnetic

with the spin and magnetic parts, namely:

energy equation in principle. As result in many e # 5

cases the palliative approach is used when for  induction. But Pm =——2—,then Eo = — Weff -
solution of dissipative quantum problems the Me C 2
classical hydrodynamics is used with the insertion The effective frequencies wgs; can be altered in

of the additional Bohm potential in the system of

. . the process of the interaction with the surrounding
hydrodynamic equations.

d) The system of the generalized quantum environment. In this case the additional equations

hydrodynamic equations contains energy equation defining the change of the internal energies shquld
written for unknown dependent value which can be ~ be added to equations (2.1)-(2.6). Let us consider
specified as quantum pressure p, of non-local  this situation in detail. I begin with case when the
origin. particle internal energy is constant.

After dividing the both sides of the continuity equation (2.1) by m, and multiplying by &, this
equation takes the form:

é{gana _Ta[%_'_%'(‘ganaVO)}}_'_

a a

Z 'z Z
+E'{5anavo —Ta [E(ganaVO)_"E'(ganaVOVO)"'

N (2.22)
1 T 1 _4d
+E€al '761—8‘2 naFc(() —ﬁglxnaVO XB:|}=
1
“m,, feRa

In general case if ¢, =const equation (2.22) is the internal energy equation in which the right hand

side of equation migaRa transforms into function E, (s, ). After subtraction of the both sides of
equation (2.22) from the corresponding parts of equation (2.5) one obtains:

2 2
é’{pavo é’[pavo +§ pa]"’ﬂ'(lpavgvo +g paVOJ_thzl) 'paVOj|}+

3
+7_
al 2z 2Pzl T2 T2 a2

RGN 2 +§pv—r (L, vav +§pv +
O,rzpaOOZaO adzpaOOZaO

2L v2vv+zpvv+£p VZT+Epv +
&zpa0002a002a02a0

é (1 2 7 1 2 .5 PG+ ) O .7 2.23
5| 3 PaV0VoVo + 5 PaVoVo +o paVoI+§71 —PaFa’ VoVo—PoFg’ - 1- (2.23)
[24
2

1 2 3 PaVo Ua 5 o
-—p.VoFs’ ——F —————|VoxB|-=p, —|Vo xB -

ZpaOa Zapa 2 ma[OX]Zpama[OX]

o 17 o -

_{pangl)'VO_Ta|:F¢§zl)'(a(paVO)+é},'paV0V0+a'pal_pangl)_qana[VOXB]jo:

m V2 t el m V2 t inel
:17”‘2“»'!;’9 dva+17“2”‘\]§"”e avg,.

58



Becmnuxk MUTXT, 2014, m. 9, No 2

taking into account that:

a

[e,33%v, +[z,33 dv, =& (2.24)

Conclusion: In the case when the change of the
species internal energies is absent as result of
interaction with external media the solution of the
full system of equations (2.1)—(2.6) can be reduced
to the system (2.1)-(2.5), (2.23).

It is interesting to confirm this conclusion by
the direct numerical calculation. With this aim let
us consider the charge density waves which are
periodic modulation of the conduction electron
density. The movement of the soliton waves in
graphene was considered in the mentioned article
[2]. I remind shortly the problem formulation.

The effective charge is created due to
interference of the induced electron waves and
correlating potentials as result of the polarized
modulation of atomic positions. Therefore in this
approach the conduction in graphene convoys the
transfer of the positive (+e,m,, ) and negative (-e, mg )

coordinate system (& =X-Uyt, y). In the

following we intend to apply generalized non-local
quantum hydrodynamic equations (2.1)—(2.6) to the
investigation of the charge density waves (CDW)
in the frame of two species model which lead to the
following dimensional equations [9, 10]:

Poisson equation for the self-consistent electric
field:

5_40@_‘!’_
og?  oy?

{ —(”p(u—uo))}

{ re 2l —uo»}}

Continuity equation for the positive particles:

b2 e, 2oy o-u s

(2.25)

o
0”75['0”(

charges. Let us formulate the problem in detail. The +5{ { ppr§:|} (2.26)
non-stationary 1D motion of the combined soliton a ‘f
is considered under influence of the self-consistent o o
electric forces of the potential and non-potential +5 Tp Epp_Ppry =0.
origin. It was shown [2] that mentioned soliton can
exists without a chemical bond formation. Continuity equation for electrons:
Introduce the coordinate system (&=x-Ct)
moving along the positive direction of the X axis <[, (u, —u)]+-2- { d [pe(u Up )’ ]}
with the velocity C =ug, which is equal to the 24 &\
phase velocity of this quantum object. 0” 0 F
Let us find the soliton type solutions for the 55 o Pe = Pt (2.27)
system of the generalized quantum equations for
two species mixture. The graphene crystal lattice is +5{T{a P, — P, Feyj|} =0.
2D flat structure which is considered in the moving Y| Ly
Momentum equation for the x direction:

o
a—f{PU(U —Ug )+ pf- ppFpe — peFes +

17 17 2
+é}—§{rp{§—§(2pp(uo —u)- ppu(ug —u) )—pprg(uo —u)}}+

17 2
+— Te{_(z pe(UO —U)—Peu(uo _U)z)_ PeFef(UO _u)}}"'

% % (2.28)

o ’

+Tpr¢{0,,§ (pp(u uO))j+TeFe§[é,_§<pe(u _UO))j_

0 2 0 o 0 o 0 J

%{Tp ﬁ—é(ppu)} —a—g{fe a—g(PeU)} —a{fp E(pPU)} _a_y{fe E(Peu)} +

0 0 0 0
+%{Tp[Fp§pp”]}+£{7e [Fefpe“]}Jra{Tp[prpp“]}JrE{Te [Feype“]}: 0.
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l
é}—g[ppuz(u —Ug)+2epNp(U—ug)+5ppu —3ppu0]—2ppr§u+

l 2 2 2
ﬁ_g(_ppu (U —u)* =2e5np(ug —u)” +7ppulug —u)+3p,ugu—ug)-
+0’)—§ Tp p p2 -
p 2
—ppu —ng—p— ,D_p —2Fpeppullp —u)+p U Fpe + 28N F oz +5p,Fp
(2.29)
ol |o Pp P
——A7 pu+25—+5 pFu —-2¢eyn,Fy —5p,F -
@,{p@[p P, pp] p oy p"pFpy ppy]}
2 2
_ZTprg{ (pp )} prppk': af) +(pr) ]*
o o Pp — Pe
+22'pr§|:&§ppi|+ZTpry|:@pp:|:— Tep .
Energy equation for electrons:
0
a—f[peuz(u—u0)+2£ene(u—u0)+5peu—3peuo]—2peFe§u+
o
2 a2~ ~2egn,(ug ~u + Tp(ug ~u) 3pyuglu-u)-
o
+OT§ e Pe pz 2 B
— peu? —2£em 5p = 2Fz pelUg —U)+ peli“Feg + 22N Foz +5peFeg
e e
(2.30)

2
i 7 2 p p 2
_Oy{re{@[peu +256mZ+5p‘;]—peFeyu —26¢NgFey —5peFey |1 —

—27¢pe [(Feé )2 + (Fey )2 ]+

o o Pe — P
+21eFe§[é’§ pe}+ZreF3y{@/ pe:| :_%.
ep

Let write down these equations in the
dimensionless form (see also [2]), where di-
mensionless symbols are marked by tildes;
introduce the scales:

E=X&, Y=X¥, ¢=000,
Pe = PoPe Pp = P0oPp

u=ugu,
(2.31)

where ug, X9, ¢p, pg — scales for velocity,
distance, potential and density. Let us introduce
also

Pp = pOVOZp 5p » Pe = pOVOZe Pe » Where VOp and VOe
— the scales for thermal velocities for the electron
and positive species;

~ e _~
Fp=F 20 F, =F, 20,
meO meXO -
_ meXOH _ XoH ( ' )
mpUOGZ e Uolﬁj‘2 ’

NR” _ js dimensionless parameter.
MeXoUg

Then - Y U= [1, Mo |
Tep X0 H Mg

where H-

Let wus introduce also the following
dimensionless parameters:
2
eopX e

Me®Po mMeU3

and dimensionless parameters characterizing the
internal particles energy:

289 25p

Se: ’Sp:

7 (2:34)

meu? mpUg

Acting forces are the sum of three terms: the
self-consistent potential force (scalar potential ¢ ),
connected with the displacement of positive and
negative charges, potential forces originated by the
graphene crystal lattice (potential U ) and the

external electrical field creating the intensity E. As result the following relations are valid:

e op oU op oJU
Fo=— |- % B |, Fo=— |2
b mp( o&  of O‘f] e (ag Ea

Eogj (2.35)
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e ( 0p oU e (0p U J
Fo=— |- % |, Fy =22 % g 2.36
e R e e @39

or in the dimensionless form:
~ op U =~ = o8¢ U = = ¢ U =~ =~ ap oU
Fy=————%+E ,F =—t—— ,F :—_.._,——___+E ,F =—+t—- . 237

Graphene is a single layer of carbon atoms densely packed in a honeycomb lattice.

Taking into account the introduced values and approximations acting forces along Y - direction for

graphene (all details of the corresponding approximations are delivered in [2]) the following system of
dimensionless non-local hydrodynamic equations for the 2D soliton description can be written in the first
approximation:

Poisson equation for the self-consistent electric field:

25 _ _4,ZR{£[ PR RPN _1))] _{59 _uii(;e @ _1))}. (2.38)

oc? Mp

Continuity equation for the positive particles:

=5 —a)hﬁi{#i[ﬁp(a—1)2]}+ﬁi{%{v°—pi Po -
p u

& mp & (G2 & mp & |G?| u@ o (2:39)
~ > . (4r ~ '
_ rr:‘; ppE(——..—i-UilSIn(%f —%)H}:O
Continuity equation for electrons:

O~y ~q 0 [H =~ 2l 6 |H|VE 6 -

! “)]+a¢{‘u*2 P2 2 )]}Vg’{ﬁz[ué Z" (2.40)
5 e[ %2 _Grsin[A2E )|l 2 |
peE[ag Ullsln(sé_g SJH} 0.

Momentum equation for the x direction:
o (= = \ye Vép - VA - | me - 05 ~ . (4r= =
O’,—g{(pp+pe)J(u —l)+¥ Pp+ u% Pe —mp PpE —£+Ulls|n[£§_€j _
S E 6(} J, . 4 ~ T Mme 17 H 7 2V02p ~ (1 ~) ~ ~(l ~)2
TreRleE PN T ) m, E |a | | P P e
_ 2: 5p(1—U)E[—(£+L71’1 sm[‘;jg—g)ﬂ}+
2B 2 (Ve s a_g)-550-a) |-5a—0)E 22 _Gr sin( 42z _7
R O e 3m}+
2
Hg[me | (292 G0 sinf[22z_ 2 2 (3 @G-
+[IZ E[’“p}[ Py +Ullsm(35§ 3))[0”5(pp(u 1))J+ (2.41)
H (92 _Grsin(42z 7| 2 _1)|-
v 2 E[a~ Uggsinl —=¢ 3]](55('06(“ 1))]
o
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Energy equation for the positive particles:

6|~ oy . Vé, - - V& -
~{ o020 -1)+S,p, (@ —l)+502pppu—3lj)2ppp1—
0

0”§ Upg
- E,BPE —a—?+ﬁilsin(4—fg—£) U+
mp o& 3a 3
2
| H mg| &2 ~ ~2 ~\2 ~ =~ 2 Vop ~ ~ ~
el | - 5 0% -0) Sy p, (- + 7P U -0)+
a«:{uzmp{%{ P P ug "
Ve, V& v vé B2
+3u72ppp(“ —1)—f;pp”2—ffsppp—5ff7p +
0 0 0 0o Pr
2 -
Mg = ~ ~ Mg~ ~2 M - me Vop — o
+E|—2—Sp,00-0)+ eppu2+—eSpppp+5 e—zppp -2
Mp Mp Mp Mp ug o5 (2.42)

2
~ . (4r =z H m O (~ ~ -~
+U{ysin| —=¢& - = +2—E| —¢& ——l\p,u@l-0))+
11 (3a§ 3jﬂ} 52 {mpJ{ é,g(Pp( )
V& s - ~
+L2pi5p [-6‘.’i+ul'1sin(4’f§—”j}—
u@ o o 33 3
H me )’ op 4 2 2 2
- ~, . Tz -, . T T
ZGZEZ(mZJ pp|:(6§+Ullsm[3é—§3jj +E[Ulos|n[§§ +§j] +
2
3( .~ 27 = - 2. 16(~, -~ 27 =
+ E[Ulo cos(éej + %D + 6(U11) + 7(U10U11)cos(3—ﬁ§ + %H =

~2
u 2 = = \,2 Mp
= (VOppp_peVOe{lJrrn )

Hug e

Energy equation for electrons:

|~ ~2(~ = (= Ve = = Vee = ~ = (09 5, (47[ z ﬂj
—_ u“(u-1)+S u-—1)+5——=pu—-3—— —2pUE| —<=—-U{ysin| —=& —— | [+
Y0 5055 57 -2Y 5, |28 22 - (222

0’75 Ug
L ORI oL S a2a G s, p(@o1)? +7Y08 Bua(-T)+3Y0 B (@ -1)- VO pa2
5§ 1]2 ag e er’e ug e ug e ug e

4 =2 2 > ~
Ve 5B, —5Y0e Pe | Bl _25,0(1—0)+ 5ol +Sepe + 502 b, %—uilsin(“é{g—ﬁn +
Uuo Ug Pe ug o& 3a 3

- - VE _ 5 o~ . ~
(oaa-a)r 2t VE 2 5 ][Wu(g”f )

(2.43)

G2 ug o )\og

- 2 2
_2E?2 ;5{[—22’_+uh sin(:—gg‘ —’;j] +%[u1’o sin(%g +%D +6(01, f +
- - 2 - - - 52 m

+%{U1'0 cos(g—gf +%D +%(U1’0U1’1)cos(§—;f§ +Zﬂ = —:7%6/026 Pe —Vép 5”{1+m:}

The calculations are realized on the basement  D(u)(0)=0 means in the usual notations
of equations (2.38)—(2.43) by the initial conditions o ) )
and parameters containing in the Table 1. The vast E(O) =0, independent variable t responds to ;-
results of the mathematical modeling realized with
the help of Maple (the versions Maple 9 or more  The solution exists only in the restricted domain of
can be used) can be found in [2]. Here I discuss  the 1D space and the obtained object in the moving
only the calculations of the mentioned Variant 1. coordinate system (&=x-t) has the constant

The following Maple notations on figures are  velocity T =1 for all parts of the object. In this
used: r —density p, , s — density 5, , u—Velocity U, p  case the domain of the solution existence defines
the character soliton size. The following numerical
) o ) results (Table 2) demonstrate the realization of
consistent potential ¢ . Explanations placed under  mentioned principles. Figures 1, 2 reflect the result
all following figures, Maple program contains  of calculations for Variant 1 (Table 1) in the first
Maple’s notations — for example, the expression  approximation.

— pressure p,, q — pressure p. and v — self
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Fig. 1. s — the electron density p, ,
u—velocity U (solid line).

Fig. 2. r — the positive particles density,
(solid line); p — the positive particles pressure.

Table 1. Initial conditions and parameters of calculations for Variant 1

a C T 20 50 B % B0 Bp0)  #0)
U ()
1 1 2.104 1 2.10% 1 1074 1 2.10%
__em _epxd H @0 @ e aﬁfp _@ U4 lj'
T e oz z 0 o © 20 K= o0& © . H
0.1 0.003 15 0 0 0 0 0 10 10
Table 2. Numerical results of calculations for Variant 1(s, = s b= 0)
t=g=0.2 t:g:0.25
p=p, 21731.595 22164.607
b=, /0Z 8660.254 8660.254
a=p, 0.956424 0.925592
q = aﬁe/aE -0.476250 -0.859321
r=py 0.622976-1073 0.407662-1073
r'=0p, [0F -0.593701 -0.308647 102
s=p, 1.866551 4.681384
s'=0p, [0F 18.453042 170.620851
u=ua 1.000000 1.000000
V=0 1.000819 1.0013853
V=050 0.909275 102 0.143210.10*

Now I can formulate some principal conclusions:
1. All calculations realized as Variant 1 and
containing in Table 2 correspond to spin variables
Se=5,=0. The domain of the soliton existence is

equal to E varying in interval (-0.305, 0.274).
2. All calculations realized as Variant 1
corresponding to constant spin variables S, S

varying from s, =5, =010 s, =5, =10° lead to the

absolutely the same results shown in Table 2. The
domain of the soliton existence is also equal to (-
0.305, 0.274).

3. This fact confirms the previous theoretical
result - in the case when the change of the species
internal energies is absent as result of interaction
with external media, the solution of the full system
of equations (2.1)-(2.6) can be reduced to the
system (2.1)-(2.5), (2.23).

4. These calculations realized by several
numerical methods are the direct evidence in favor
of high accuracy of numerical methods in the

interactive Maple system for solution of the
ordinary differential equations.

3. The charge internal structure of electron

Let us consider a negative charged physical
system placed in a bounded region of a space.
Internal energy &, of this one species object and a

possible influence of the magnetic field are taken
into account. The character linear scale of this
region will be defined as result of the self-
consistent solution of the generalized non-local
quantum hydrodynamic equations (2.1)—(2.6). In
the following | intend to suppose also that the
mentioned physical object for simplicity has the
spherical form and the system (2.1)—(2.6) is
reasonable to write in the spherical coordinate
system [20, 21]. Remark also that the terms pg,,

paes P9, correspond to the components of the

mass forces acting on the unit of volume. For
example, for the potential forces of the electrical

origin =m.n =—mneE=—neE= v,
mr e gl‘ e m q ar

e

It means also that in the following q is the absolute value of the negative charge per the unit of volume.
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We have:
non-local continuity equation:

é’{p_T[O%Jrl@(rzpme 1 Apvo,), 1 a(pvoesiné)}}+

a a r? or rsin@ oJo¢ rsin @ o6
1 o 2 |z 1 S(r'zpvozr) 1 G(pvoq,vm)
Y7 or {r {pvor T|:0’t (ovor )+ rz or T rsino o -

1 d(pvoeVor sin®) q B 1 0 o
rsing PY) Ay mP(Voa:Be V095¢) +—rsm96(p Aogp — (PV0¢)+

2 2 .
+ L a(r pvorvoq,) bt é(pvo@)+ 1 a(pvong o 0)—/39(# _%P(Voa Br —VorBg )}}Jr

r2 or rsind op rsing o0 (3.1)
1 0o 1 6(r szOrVOH ) 1 a(pVO¢V09 )
sin @ - + + — +
rsm9 69{ {p\/og T[ (ovo0) r2 or rsiné op
1 8(pv§95in6’) q
+ - ——plvgrB, —Vo,B -
rsin@ 00 Mo mp( or=e — "0 r)
f%i[ﬂza—p]f—z 1 9 [ sin & p] > 1 > 9 [ 6pJ 0.
ré or or rsing 00 o0 r¢sin“ g op\ OJgp
Non-local momentum equation (e, projection):
e e 1 5(" PVOr) 1 a(pVO:pVOr) 1 a(pvoeVor sin O)
{pvc,r T|: (p\/c,r) or +rsinH op +rsin¢9 o0 -
+%*pgr *%P(Vo(pBH*Voan)]}*
oo 1 a(rzpvc,r) 1 B(pvo(,,) 1 3(pvge sin©)
— 9| o—7 E-l——z E -+ - -+ - —
r r rsin @ op rsin @ o0
2 2 :
_a |2 ia(r pVOrVO(p) 1 a(p'\/o(p) 1 6(pvo,9v0¢,sm9)
m[pvo,/) T[a‘t(pvo‘/’)+r2 or trsino o *rsino o0 *
1 @
+rsm¢90”¢ pgq,**P(VoeB *VOrBe)DBeJr
a —2 ia(" PVOrVoe) 1 3(pvopvos) 1 a(pvg,gsine)
+m[pv0‘9 T[ (vo0)+ 2 or +rsim9 o +rsin¢9 *
1
?%,pgg ,ﬂp(VOrB(p —voq)Br)JJB(/, +
2
1 0 2 2 0 2 1 6(r2pv(3)r) 1 a(IOVO(pVOr)
+—=—Ar —7| = + + +
2 ar{ {var T[at<pvor) 2 or rsing  op
1 6(/7\/09V§r sin 9) q
-2 —2— By — B
rSing 20 9rNVor mp(VO¢) 6 —Voe (p) + (32)
PRI SV a(pv y )+i6(r /7VO¢VOr)+ 1 8(m§¢vOr)+
rsin@ ogp O 0r Optor /™ 2 or rsin@ o

1 3(pvopVo,Vor sin0)
rsiné@ o6

q
— 9y NVor _EP(VOHBr —Vor By Vor —

—%pVo(p (Vo(p By — Voo By )— Vop P9y }} +

a(r 2 VoeVar )+ 1 a(pVO(pVOHVOr ) .
or rsin @ op

+ 1 isin6’pv \7 —rg(pv \ )+i
rsin@ 0o ogVor ot ogVvor r2

1 a(p\/SgVOr sin 8)
rsin @ o6

q
+ — 96 Vor _HP(VOr By — Vo, Br )"Or -
q
—VooP9r —EP(Vofp By —Vvos B, )‘/09 J}} +

+@_§(T@)_23[{ia(#va,)+ 1 opve,), 1 a(pvogsine)ﬂ_
;

or ot or r2 or rsing@ og rsin@ o0
_%g[ﬂ,Z a(pVOr)) 1 a z.Slnea(pVOr) 1 - G(pVOr) =0.
r<or or r?sin@ 00 oo r?sin 96(/7 op
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Non-local momentum equation (e, projection):

P P ol\r < pvg, v 1 8pv2 1 a(pv \ sin6’)
_{pvow_fl (pvo‘”) 2 ( a?r Ow)Jrrsin@ (8:¢)+rsin¢9 Ogazo ’

1
+rsm9?; pggp—&/?(voaB _VOrBQ)}}
~ { [5;3 (r pVOr) 1 6(pVo(p) 1 d(pvge sine)ﬂ_
g(p pP—T——+t— 2 - +—
a r or rsind oe rsinéd 00
_9 A2 ia(rszOrVoa) 1 8(/‘No(o\/oa) 1 6(pv§,,sin9)
m(pvw r[d(pvoa)+ r? or rsing o TYsine o0
1
F%_pr ﬂ (VOI‘qu VO(pBr ):DBr +

q 42 1arpd) . 1 AVoVor) 1 B pVoyVy sin0)
+m(pV0r r[d(pvm)+ 2 or rsing op T rsing 00 "

10 0
+%_Pgr q (v B, VOBB(/,)DBg+r2ar{rZ{pVOrva—r[at(pVO,v0¢)+

+i6(r /)VOrVOzp)_’_ 1 a(lavgszOr)_i_ 1 a(IOVO:QVOrVO(p Sine)_
re or rsin@ op rsing o

—0,Vo, —VorPY, — q (V By —VosB, )\/0<p VoaBr Vm&))"m}}}*‘

TR PN )

rsiné op or rsind op
2 .
1 (pVOHVqu sin 9) q
+ -2 -2 p(vgpB, =V, B +
rsin® 00 99 Mop mp( 00 5r —Vor 9)\/0(/;
2
1 2 Sin 6< PNogVo, — T a(p\/ v )+ia(r P"’OrVOQVow) 1 6(pvo¢,v09)+
"rsing 20 w0 00700 2 or Trsing . op
1 G(pvogvow sin 9) q
+ - —— plvo, B, —Vo,B -
rsinég 00 9oPog mp( 0r=p — Y0p r)’o(p

1 0 1
—Vog e _%P(VOHBr —VorByg )\’00}} P ( j

rsind dp rsiné op

_ 2 i[{riza(rzpvm)Jr 1 a(va(/))_i_ 1 pVOg SInH ]

rsind op or rsind og rsind

10 2 a(pVng) 1 5 (pVO(p) 1 pVO(p)
- o rsing - T
r2 or or r2sing 00 oo rsin o 5(P op
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Non-local momentum equation (e, projection):

é _ é ia(rzpvmvog) 1 a(pVO(pVOQ) 1 a(pvje sin 9)
a {pvw {ﬁ (pV00)+ r or i rsind oe i rsin@ 00

1
+7%_pgﬂ % (VOI'B(p VO(pBr):|}

—g{p {02? 126(rzPV0r)+ 1 8(W0¢)+ 1 6(pv0€sin49)ﬂ_

r or rsiné oge rsin@ 00

_9a 42 1) 1 AlpVe) 1 a(puyvysin6)
m[pVOr T[d(pvor)+r2 o rsing op T rsing 26

?rp P9, —%p(vO(ﬂBe —VOgB(p)DB(p +
4
m

(pvw { (pvoq))Jriz8(r2;0VorVo¢)+ 1 6(/”@)4_ 1 G(pv09v0¢sin¢9)+

r or rsind og rsinéd 00
1 & q 10 2 0
* rSinG dp —P9, VB, —Vy, B )DB +_8_{ {pVOrVOQ _T[a(pvmvoe)"' (3.4)
+i8(r pVOrV06)+ 1 a(pVO(/)VOrVOH)+ 1 6(pv09v0rsin 9)
r2 or rsiné op rsiné o0

—0r Moo —Vor e —%P(VowBa _VOHB(p)‘IOH —Vor %p(VOr By _VO(/)BI’):|}}+
1 a(pvgevo sin¢9) q
+ rsing 6; _gq;pVOH_E:D(VOHBr_VOrBH)VOH_

VOC”%'D(VOqu) V,,, B )

Op —r

a 2
o A ),

r? or rsind  og
1 alpvi,sing) g } Jlop 1 a( 8pj

+ —20,MNgy— v, B, —v, B =K _ = 9P
rsing 00 9oPloo mp(Or o Voo roo rool at

rsiné oo rsing o6

1a(,rza(pvog)j L2 csing (pvog)j_ 1 a(,amvw)jzo
reor or r?sin@ 66

00 r’sin’ o ogp o

_Ei(r[ia(erVOr)+ ! a(pvo¢)+ 1 6(pvogsin¢9)j}_
reg\ \r*> or
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Energy equation:

élpvz+5ﬂ+§p—r££p\/2+éﬂ+§p IRERLH L ip\/2+éﬂ+§p +
a2 2 al 270 2 2orl or(2f0

—P(ngOr +9yVop t geVoa) }} +

o

rsiné@ o0

1 2 3
*P(ngOr + 9»Vop +99V09)‘/0r - E/jVO +éﬂ+§ P |9r —

1 1 ]
[ p\/o +en+ — pj g (Vong —VogB ):|}}+

+ —_ lp\/2+gn+zpvv +;i
rsin@ epll 27 ° 2 00 70r

1 0 1, 5 1 8. 1, s
Y - 2 2 lsingvn,| = 2all=
T rsing 6(0(\/0“’(2’0\/0 Tty DD+ rsing aé)(sm 09(2'0\/0 s pD

2

—_— 1,o'\/2+m+5pv -
rsing o |\ 2°7° 2" )0

a((1 , 5 101 7
_TE Ep\/o+&‘n+§p v0w+r—2§r o Ao+t P NorVop |+

2

s 1 7 pv gn+zpv2 +Lisin91pv2+an+zpv Voo |-
rsind dp 0 FNTS PN ¥ Sineg a0 2170 2 ") 00700

1 5 3
—p(ngOr +9¢Vo¢;+99V00)/o(p— EpVO +gn+§p 9p—

1 5 1 o
_(Ep\/§+m+§ pjr?](voaBr_VOrBe):G"' i 7{

rsin@ o6
o

- (v+v+v)—fgg(ﬂ\/)+i
P 9 Vor +9,Vo, + oV otV or 2

L (pvoevo 5|n0)+——pg
rsin@ 66 ’ r

rsing op © 0°

op

1 0

e i S oo
1

7
( B g[ (Pop)+—5—
I’SII’]H%_pg —an Voe — Vor 9) + Y6 00 25

. 1 5

sin 9{[5,0\/5 +m+E ijOg -

-7 — pv+sn+5pv +10” zipv2+gn+1pvv +
a 0 00 2 a 2 0 2 orvoo

+ 1 7 ipv2+sn+1pv Voo |+ ! isin¢9(lpv2+en+1pjv2 -
rsind dp\\ 2" ° 2" 70700 1 sing 20 2770 2" )00

1 3 1 5
_P(ngOr +9,Vo, + gevoe)‘/oa _[vag +en +E pjge - (Ep‘lg +m+§ p]%(VOrB(p —Vo,Br )}}}_

r g(rzpvgr)‘* 1 0 (p‘/O(p Or)

rsiné oo

0
T sing op (pvo(/, 09)

. 10
+ oin 9%('0\/59 sin 0)+ Fﬁ_pga - qn(VOngo —Vy,, B, ))}}_

2
tof2ofLa, 0, 50%)]
r2 or orl| 2 m 2 p

op

0 1
rsin 9%(“)9“’) rsmeﬁ(mgg sing)=0.
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Let us point out the important particular non-stationary one dimensional case corresponding to the negative
charged system evolution in the potential electric field:

(continuity equation)

2 o 1 8(I’2pv0r) 10 a 1ol ) ow |||

Lofem)
Zar or

(momentum equation)

2 2 2
g{ ﬂVOr) 1 alr?pvé, +Q_q3_'/'}}_&a_‘/’{p_{5_ﬂ+iéﬂm+

(3.6)

2 or a or

10 0 1 alr2pvd 0
_28_{ Z{PVgr T[&(ﬂ&r)+r—2lﬂ)2q—wvo&}}+ (3.7)

+

or or

+a_p_£(,[@ _2£ ia(rzpvm) _ 10 Za(pVOr) -0
or orl ét orlr2 or r2 or or '

(energy equation)

}— 7L v + (3.8)

Assume that non-stationary physical system is qld ow B -0
at the rest, namely vo, =0. Taking into account — “y 5 95 [P =7 (3.12)
also the forces of the magnetic origin one obtains

; energy equation
from the system of equations (3.1) — (3.5) for the (energy eq )
non—s.tatl.onary on_e—dlmensmnal (along r) case: a m+§p_rﬁ(m +§pj =
(continuity equation) a 2 a 2
1 0 alp 5
of | .1 0[af 0w o). —__(#_{_(m_pm_
— - +—=—r ———1]=0, , 2
d{p ‘ o‘t} r2 ar{ T[q or 8rﬂ (39) reor ole 2 (3.13)
1 0] » q oy

(momentum equation, e, projection) T G L e
ol oy qow a _Tﬂa_‘/’(@_q@_‘/f}
Y i el Enbeu Dk el p or \or or
a or p or a

6 ap (3:10)  \where ¢ is the internal particle energy. To the

p-7—|=0, system of equations (3.9), (3.10), (3.13) the Poisson
ot
equation should be added:
momentum equation, e, projection 1 0 b
( g o Projection) _2_[2_1//j:4ﬂq, (3.14)
re or or

ﬂ,[%_qéa_‘/’}sg =0, (3.11)  where y - scalar electric potential and q is the
m ' absolute value of the negative charge (per the unit
(momentum equation, e, projection): of volume) of the one species quantum object.
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4. The derivation of the angle relaxation
equation

Let us consider an electron which is at rest at
the time moment t=0. This electron has the
internal energy ¢ (see also (2.20), (2.21))

€= &gl sp tEel,m 4.1)
containing the spin and magnetic parts, namely

Eelsp =hwl2, e =—Pm B, (4.2)
P, — electron magnetic moment, B — magnetic

__en

induction. But p, and relation (4.1) can

e
be written as:

h
e=—|w+
2{

e
meC

Bcosg}, (4.3)
where the angle 9 reflects the possible deviation
between a separated direction of the spin at the
initial time moment and the direction of magnetic
momentum after an external perturbation. For
example this perturbation can be considered as
result of the approach of the second electron to the
previous one at the distance r,, with appearance of

the virtual photon with the wavelength:

ﬂvph = 27fip. (4.4

The fine-structure constant ¢ has the physical
interpretations as the ratio of two energies:

(M the energy E. needed to overcome the
electrostatic repulsion between two electrons a
distance of r;, apart, and

(i) the energy of a single photon of
wavelength A, = 2zt .

Taking into account the previous remarks let us
consider the charge time evolution inside of the
first electron. In principle we need to solve the
general complicated system (3.1)—(3.5). It is
reasonable to obtain much more simple solution
using the perturbation method. Namely, all
unknown functions can be expanded in a Taylor
series like:

9
P =po {Epl t At .. (4.5)
=l

In particular we need to find the time derivation
of the value &¢ =—pm-B and therefore the

derivative with signs reflecting two possible

projection orientations i%cos 9 =Fsin .9%—;9. The

derivative 24 is written in the relaxation form:

(4.6)
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As it was supposed the deviation of the
magnetic moment from the spin orientation is result
of the approach of the second electron with impulse

p to the first electron at the distance r;, . In this case:

1_p

TS 4.7)

where 4 ~r;, . After introduction the coefficient s,
we have rj, = As and

1
Zos P 4.8)
T Melin

It means
09
" . (4.9)
ot Melin
or

2

%_s 27 P =S 2z E.. (4.10)
ot Prin 2mMe Plin

Let us introduce now the fine-structure constant «

E
a=—C (4.11)
E ph

and transform (4.10)
98 _ 27 ooE 412
ot prip ph » (4.12)
99 _ 2—”806 — 4.13
ot h ph lin l ( ' )
and using r, = As one obtains

. 2 . .
xsin 9%:i%aEph sin 9 = tawj, sin 4. (4.14)
or
09
EZQWin y (415)

where ;, is the photon frequency which the wave
length is 2ar;,. But
2

e
==, 4.16
P (4.16)
It means, that equation (4.15) takes the
transparent physical form
2
o8 _e" 4.17)
ot hrin
5. The mathematical modeling of the

charge distribution in electron

Let us deliver the derivation of the non-local
equations in the first approximation. From (3.9)-
(3.12) follows

)
a

oy

= (5.1)

—q



Transform the energy equation (3.13) using
(4.14), (5.1), (see also (2.22))

+—n Baw;, sing =
2 e
10 20| p 5
= — = an+— —
2 8r[ 8I’{p( 2pm (5-2)
_%g{ﬂz(mép]ga_w}
ré or 2 )p or
or
+hn—Baa),nr sing=— (ﬂ’ pag}
2 mgC or m or
(5.3)
55( 2 G[pD
+——|ap—|—||
20r or| p

Naturally to suppose that a— =0 and non-local
r

parameter 7 does not depend on r, then:

r%[rng[ﬂ} (5.4)

Using the relation p:mﬂ, scales ry, pp. o
e

iinBaa)ian sin 9 _>
2c

for the values r, p, g and denoting by tilde the
dimensionless values one obtains

vl o

Introduce the notation I§ for the dimensionless
coefficient

2.2
i T _ -
isilBﬂo—goasmS d=
Cc € T Po

B=—= sin @, 5.6
5¢c e T Po ( )
we have
0f=2~01Dp ~_o.
—|r —|=||=%Br :
ar[ par {qD a ®.7)
The Poisson equation (3.14) takes the
dimensionless form
0 2 61// ~2~
A— r , .
or ( or ) a (5:8)

where the dimensionless coefficient A is introduced

A=—"0
4y o

(5.9)

w Is the scale for the potential i .

In the absence of perturbations B=0 and from
(5.7) one obtains

p=Cq. (5.10)
From (5.7), (5.8) follow also

O~2~01|P =~ 0 (~2 6\1}

—| r'p—=|=||=tBA—| r°*°— )

ar[ par[qD ar( ar) (5.11)
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Write down the equation (5.1) in the
dimensionless form
Py 3 oy _
Qovo OF o 12)

and introduce the obvious relation between scales
for the simplification

Po =1,

5.13
Jdo¥%o .13)
then
D~y
—-0q—==0. 5.14
or a or ( )
and
~ : 2
B= Bh‘”—'“%asins. (5.15)
7 Be
Yo
Using equations (5.11), (5.14) it turns out that
P oln p p oq
+BAL " -,
or o qeor (5.16)
a p 10Inp p
| +BA— =0,

then the second term on the left hand side of Eq.
(5.16) reflects the influence of perturbation.
Omitting this term we return to the relation (5.10).
Before going further some points need to be
made about so called the *“classical electron
radius”. This is a calculated radius based on an
assumption that the electron is the empty charged
sphere a certain radius. It has a value of ry =

2.82-107°m obtained as result of calculation by
equating the potential electrostatic energy e?/ ry to

the energy of rest mecz. Now compare this radius
with the measured radius of a proton, which is

1.11-107®m. There are several sources with
different values, but they appear to be around
107**m. According to this an electron has a radius
2.5 times larger than a proton. Given that a proton
is 1836 heavier however, it’s difficult to know if
we should take this “classical radius” seriously.

Write down once more the system of equation
which was used in the mathematical modeling
(SYSTEM 1)

0(=2-01|Pp ~_o
—| r -\ = =BI’ 1
ar( pﬁfLD !

ov or
0V B _,
or or
where
A= l//g , B=+ hin rozasin.9
471y do © Seyq
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Some significant remarks:

1. Solutions of SYSTEM 1| belongs to the
class of Cauchy problems and need not in
introduction the strictly defined the electron radius
beforehand.

2. From here on for convenience the different
signs were included in B .

3. The mentioned classical radius r, is only

one from possible scales.
Really, from (5.8) follows that the absolute
electron charge g is equal to

Gy == T4m2q(r)dr = 4m03qOTFZadF =
0 0

el a _ a& _
=4mlq Al =| 7* =% [dr =
0h !ar( arj
: y (5.18)
10 (=, 6(//)(:'.~
I ey r - r =
O%}[ar ( or
~,| Oy
=y il —|
oWole [6? l_rl
or

a&}

— =1. 5.19
|:6r r=ry ( )
for the scales choosed as
Yo =|E|/r0, lp="re» do =|E|/re3i ,

e? (5.20)

Po =do¥o =—; -

Fel
In this case
6w} el
- =—, 5.21
|:ar r:re| r02 ( )
or
2
e

[F]r:re| = (5.22)
]

But in the definition of the fine-structure
constant « the energy E. was introduced as the

energy needed to overcome the electrostatic
repulsion between two electrons a distance of r,

apart (see also (4.11)). It means that for this
problem naturally to put the scale r, =r; . In this
case (system of conditions SYSTEM I1):

Vo =|e|/r0 » Io =Tins Yo :|e|/ri:f31'
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Po =do¥o = ez/riﬁ :

_W%o _1
Amfqy A7

4
hw—i”ri—”asins.
c 5|e|3

B-+B

Parameter (5.15) can be rewritten as

- 4 3
B:J_rBha)'“ fin_sing=+B-1N_sing. (5.23)
c 5|e|3 5|e|rc
Let us introduce the character magnetic force
o r
= b Bl 1 5.24
M~ ¢ 57 ( )
and the character electrostatic force
02
Felect =5 (5.25)
fin

It means that parameter B can be written in the
transparent physical form

~ F
B=_mag

elect
Is it possible to obtain the soliton type solution
for this object under these conditions? Let us show

that the System | admits such kind of solutions.
All following calculations are realized under

conditions SYSTEM I (in particular by A=4i,
T

sing. (5.26)

different B and initial conditions). The influence
B is investigated from zero up to value ‘ﬁ‘ =10.

Maple notations are used (v =y, D(v)(t):aa_":,
=

q=§, t=r, B=B). Cauchy conditions for the
calculations reflected on figures 3-20:

W0)=0)-1, DW= £(0)-0;

&)

0;

q(0) =3(0)=1, D(a)(0)

0.

p(0) = B(0)=1. DE)O) =-20)

Figures 3-5 correspond to the case when the

angle 9 is nil and then B =0. Solutions in all
calculations exist only in a bounded region of the

1D space. The size of this region I, defines the

electron radius. For the case B =0 one obtains
Tim = 0.9235.



B=0
100 q

0 T r )
i 05 1 15
1

Fig. 3. p= p(F), B=0.

B=0

100 4

R

&0

q

0

20 J

0

0 05 1 15

1

Fig.5. q=§(f), B=0.

B=0.001, ¥-solid line
1004 |

% DCam |

1}

T 1
1] 0.3 1 L5

Fig. 7. v=y/(r), D(v)(t):%(F)’

solid line v=y/(F), B =0.001.
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B=0, ¥-sofid line
100 |

D) |

o

Fig. 4. v=y(F), b)) = %m '

solid line v=(F), B =0.

Bl 001

100
R (

Fig. 6. p=p(f), B =0.001.

B=0.001
100 4

a0

60 4

Uk

i}

T T !
0 05 1 15
t

Fig. 8. q=q (), B =0.001.

For the case B =B =0.001 one obtains also fjim = 0.9235.

B=001
100 4

80 o

60

204

1}

T T ]
0 05 1 15
t

Fig. 9. p= p(f), B =0.01.

B=001, v-solid line
100

w Do |

1}

Fig. 10. v=y/(r), b)) = %(F),
solid line v=y(F), B =0.01.
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o

Fig.
For the case B

v, Do)

B=0.01

11. q=g(F), B =0.01.
=B =0.01 one obtains Fjjy, =0.9239.

B=04, v-solid line
100 5

|
|
|
20 ‘
|
|
a - |
|
|
PE ;
J

!

20 4 j

/
> s
0 ==
0 0,5 1 15

Fig. 13. v=y(F). b0 =2 M),

solid line v=y(F), B =0.1.

For the case B

100 4

o

100 4

o

For the case B

=B =0.1 one obtains T, =0.9272.

B=1

T T |
0 05 1 15
t

Fig. 15. p= p(F), B =1.

T T !
0 05 1 15
1

Fig. 17. q=q(r), B =1.
= B =1 one obtains Fj;, =0.9614.
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100 4

]

T T !
0 05 1 15
t

Fig. 12. p=p(f), B =0.1.

100 5

T T 1
0 05 1 15
t

Fig. 14. q=§(f), B=0.1.

Bel, v.anlid line

1004 |
|
o1 |
|
|
i |
) |
, DOV |
& |J

II

0 ;

’_,r.
A
] e .
o s 1 L5

Fig. 16. v=7(F), D=2 (),
solid line v=y/(F), B =1.

B=10
1004

Fig. 18. p= p(F), B =10.
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B=10, v-solid line B=10
1004

1004

80

0+ |

DD !

204
a0 /

s 1] - T :
0 : ; ) 0 03 I 15
0 05 1 L5 4

Fig. 19. v=y(F), D)) =%—f(?)' Fig. 20. q=§(F), B =10.
solid line v=y(f), B =10.
For the case B=B =10 one obtains Nim =1.4397.. Calculations reflected on figures 21 — 23 are realized by

conditions SYSTEM IIl: B=B =0.1, v(0)=(0)=1, D(v)(0)= ‘Z—rf(o) =0; q(0)=§(0)=0.1, D(q)(0) = Z—g(o) =0,

p(0) = B(0)=001, DRIO) = L (0)-0.

B=01 B=0.1, w-solid line
1004 100 ‘
|
|
804 804 |
|
0 604 #
P w DA :
a0 0 I
|
|
. 20 |
//
a —J DD D‘5 1‘ = ll5
Fig- 2L p = p(r), B=01. Fig. 22. v=i7(F), DW= 2£(),
solid line v=y(F), B =0.1.
B=01 B=-001
100 - 1004
80 20
60 &0
q 3
40 4 40
- 04
0 a T T 1
1 0 1 15 0 05 . 1 15
Fig. 23. q=G(F), B=0.1. Fig. 24. p= p(F), B=-0.01.

For the case SYSTEM Il one obtains T, =1.44 .

Figures 24 — 38 demonstrate the results of calculations for the negative values B =B but for the
Cauchy conditions:

v(0)=y(0)=1, D(v)(0) :‘2—?(0)= 0; 4(0)=d(0)=1, D(g)(0) :g(o):o. p(0) = p(0)=1,
&P

D(p)(0) = —=(0)=0.

or
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B=-001

10 4

v
| J
: . . : )
0 02 04 05 03 1

0

t

Fig. 25. v=y/(F), B=B =-0.01.

For the case B = B =—0.01 one obtains Tim = 0.92312.

B=001
100
20
60
9
404
20
0 T T T T 1
0 0,2 04 06 03 1
t

Fig. 27. q=§(f), B=B =-0.01.

B=01
139

| J
v
5
T T T T
0 01 0.4 05 08

o

1
1
t

Fig. 29. v=y/(F), B=B =-0.1.

B=01
100 4
804
60+
9
404
204
1] T T T T 1
o 0.2 04 06 02 1
t

Fig.31. q=q(f), B=B =-0.1.

For the case B =B =—-0.1 one obtains Mim = 0.9198..

E--0.01
100 4
304
604
D
a0
20
0 7 T T T |
i 02 04 05 08 1

Fig. 26. D(v)(t) :‘Z—VZ(F), B=B=-0.01.
r
B=0.1

1004

P

Fig. 28. p = p(F), B=-0.1.

Be=d1
1004
a4
" /
e
a2 |
|
JIJ
04 !
J‘/.I
] R
0 0 04 05 0 1

Fig. 30. D(V)(t) :‘2—?(?), B=B=-0.1.

B=1
1004
a0
60+
P

4
pul|

0 T T T T d

o 02 04 0.6 03 1

t

Fig. 32. p=p(f), B =-1.



Fig.33. v=y/(f), B=B =-1.
B=-1
100 4

30 4

B0 5

204

0 T T T T 1
0 02 0.4 06 02 1
t

Fig.35. q=q(f), B=B =-1.
For the case B =B =—1 one obtains f;, =0.8979.

B=-10, w-solid line

I
04 J
|
ad \
|
|
304 I[
+ DEG |
04 f
/
/
10 /
A
-
=
0 =T T T
0 02 04 06 08 1

Fig. 37. v=y(r), D(v)(t):%—lé_/(f"),

solid line v=y(F), B=B =-10.

For the case B=B =-10 one obtains Nim = 0.6487 . Finally 1 show some results obtained for the case
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B=1
100 4
a0 o
a0 -
Deae)
P
a0+
0 T T T T 1
1} 02 04 0.6 02 1
i
. oy -
Fig. 34. D(V)(t)=—Z%-(r), B=B =-1.

or

B=-10
100 4
a0 4
60 4

P
0
04
o T T T T 1
1} 0,2 04 0.6 08 1

t
Fig. 36. p=p(f), B=-10.
B=-10
2504
200 4
150 4

100 4

Fig. 38. q=(f), B=B =-10.

v(0)=w(0)=1, D(v)<0>=6a—f(0)=0: a(0) =§(0)=0.1, D(q)(0)=2—§(0)=0, p(0) = p(0)=0.01, D(p)(0)=%(o)=0

but for the negative value B = B=-01; compare fig. 39-41 with fig. 21-23.
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Fig. 41. D(v)(t) :%’(F), B=B=-0.1.

|

1]

T T 1
04 08 1
t

T T
1] 0.2 04

Fig. 40. v=y(F), B=B =-0.1.
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Fig. 42. q=§(f), B=B =-0.1.

For the last case B = B =—0.1 one obtains fim = 0.6487 .

Some conclusions from delivered
calculations:

1. From calculations follow that electrons can
be considered like charged balls (shortly CB
model) which charges are concentrated mainly in
the shell of these balls. In the first approximation
(when $=0) this result does not depend on the
choice of the non-locality parameter.

2. Electron radius can not be indicated
exactly in principle; its radius depends on physical
system where an electron is placed. It is possible to
speak about the different electron shells connected
with evolution of the charge density, quantum
pressure, electric potential and forces near the
boundary.

3. From the theoretical point of view the
electron size is the size of domain of the existence
of the corresponding solution. The mentioned sizes
Nim are indicated for all considered cases; the

values T, practically do not depend on the chosen

numerical method.
4. The value of 1;,, depends significantly on

choosing of the Cauchy conditions. By the same
Cauchy conditions the weak dependence on

parameter B exists only for the moderate value of
this parameter. If ‘ﬁ‘ is of the unit order or more
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the value 1;;,, may vary very significantly especi-

ally with changing of sign in front of B .

5. The proton-electron collision in the frame
of CB-model should be considered as collision of
two resonators. Curves of the equal amplitudes of
the intensity of electric field create domains in
proton in the form of many “islands” — caustic
surfaces of electromagnetic field which can serve
as additional scattering centers. It can open new
way for explanation a number of character
collisional features depending on the initial and
final electron energies without consideration
partons or quarks as scattering centers, [11].

6. This results should be taken into account in
the theory of the single floating electron been
isolated in a Penning trap (see for example [22,
23)).

In this connection another interesting problem
is arising. Can be experimentally confirmed the
resonator model for the electron? In this case it is
reasonable to remind one old Blokhintsev paper
published in Physics-Uspekhi as the letter to Editor
[24]. He considered the process of the interaction
neutrino v and electron e with transformation of
electron in x# —meson v+e — x+0'". In this case

the energy density W can be estimated as

W= 9*178‘//”(/70‘//0' ) (5.27)



where g* is Fermi constant, ., W Y, are

wave functions for electron, x - meson and
neutrino correspondingly. Following 1.S. Shapiro,
Blokhintsev estimated g™ as

g*flne) =A%,

with Ay ~10"%cm. His conclusion consists in

affirmation that the strong interaction of electron
and neutrino takes place when the wave length &
of the neutrino wave packet less than Ay .

R<Ag. (5.29)

The inequality (5.29) can be considered as
estimation for revealing of the resonance electron
properties. Blohintzev supposes that fulfilling of
(5.29) leads to the significant changes in the
Compton effect and to other changes in electro-
magnetic interaction of electrons. It is possible also
to wait for the influence of the resonance electron
effects on investigation of hypothetical neutrino
oscillations.

(5.28)

6. Conclusion

The origin of the charge density and spin waves
is a long-standing problem relevant to a number of
important issues in condensed matter physics. The
collective excitations are discussed here in view of
guantum non-local hydrodynamics. Whereas the
latter remains valid in graphene and yields insight
into the understanding of spin — charge dependent
modes, the generalized system of equations is
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derived including possible particular cases. It is
known that the Schrédinger — Madelung quantum
physics leads to the destruction of the wave packets
and can not be used for the solution of this kind of
problems. The appearance of the soliton solutions
in mathematics is the rare and remarkable effect.
As we see the soliton’s appearance in the
generalized hydrodynamics created by Alexeev is
an “ordinary” oft-recurring fact. Investigation of
the inner charge distribution of electron in the
frame of the non-local quantum hydrodynamics
leads to following main results:

1. From calculations follow that electron can
be considered like charged ball (shortly CB model)
which charge is concentrated mainly in the shell of
this ball. In the first approximation this result does
not depend on the choice of the non-locality
parameter.

2. Electron radius can not be indicated
exactly in principle; its radius depends on physical
system where an electron is placed. It is possible to
speak about the different electron shells connected
with evolution of the charge density, quantum
pressure, electric potential and forces near the
boundary.

3. These results should be taken into account
in the theory of the single floating electron been
isolated in a Penning trap.

Important to underline that the problem of
existing and propagation of solitons belongs to the
class of significantly non-local non-linear problems
which can be solved only in the frame of vast
numerical modeling.
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pabome nposoduMcs corocmaessieHue MomeHYUanbHO-MoMmMoKogo2o Memoda MOOenUpPOBaHUsT XUMUYECKUX
rpespauwieHull 8 3aKpbimol XUMUYECKU peazupyrouleld cucmeme ¢ Memodamu mpadulUoHHOU XUMUYECKOU
KuHemuku. Haknadbiearomcsi o2paHUYeHUs1 CUMMEMPUYHOCMU Ha Mampuuy 80CnpuuMyueocmed, cesi3aHHbIe

C NPUHUUNOM He3a8UCUMOCMU 371leMEeHMapHbIX crmadudl.

Knroyeeblie cnoea: mamemamuyeckoe
rIoMeHyUaribHO-rMoMmMoKo8bIlt Memoo.

Beenenne

XuMmuueckass KHHETHKA H3Yy4aeT MEXaHWU3MBI
XUMUYECKUX TIpeBpamieHuil (ypaBHEHHSI XHMH-
YECKHX PpCaKnui, TMPOTEKAIONMX B CHCTEME,
CTamui MHOTOCTAJIWHHBIX pEakiuid, B T.4. U
COIPSDKEHHBIX, IIPOTEKAIOINX B pacCMaTpHUBaeMOn
XUMHUYECKH pearupymoomieid cucreme). Takxke
3aJja9aMy XUMUYECKOW KUHETUKH SIBIITIOTCS OTIpe-
JIeJIEHUE CKOPOCTEH ATUX OTAENbHBIX CTaIuil — IS
9TOTO  HCHONB3YIOTCS ~ 3aKOHBI  XMMHYECKOU
KHHETHKU (3aKOH JCHWCTBYIOIIMX MacC, KHHETHKA
Mapcenuno-ge-Honge, wu.t.n) [1-5]. Cnenyer
TaKXXe OTMETHTBH, YTO MPOTEKAHUE OMHOW CTaIuH
HE MOXET BBbI3BaTh CPOJCTBO OPYroil craauu — B
9TOM  3aKJIIOYaeTcsl MPUHUIUI  HE3aBUCUMOCTH
craguii [1-4]. OxHako Ha TpaKTUKE B TOJABIIS-
fomeM OONBIIMHCTBE CIyYacB HEBO3MOXKHO BBIS-
BUTh BCC CTaJUHM XUMHYCCKHUX MpPEBpPAIICHUHA, U
TeM Oojee, M3MEPUTh KOHCTaHTHI CKOPOCTEH OT-
NeTBHBIX cTaaui [5].

Bruneonncannyro npo0ieMy HMOMOTaeT pemuTh
MOTEHIMAILHO-TIOTOKOBBI METOJ MOJIETUPOBAHUS
HEPaBHOBECHBIX  IIPOLIECCOB, pPa3pabOTaHHBIA B
nyonmukauax [6, 7]. OH JaeT BO3MOXHOCTH IO-
CTPOCHUSI MAaTEMAaTHYCCKOH MOACTH XUMHYECCKU
pearupyromieil CHCTEMBI, HE BJIaBasICh B JETATbHBIN
MEXaHHW3M XHMMHUYecKHX mnpeBpauienuii [8, 9]. B
COOTBETCTBUHM C OJTHM METOJIOM XUMHUYECKH-
pearupyromas cucTeMa JEKOMITOHYETCSI Ha IIpoc-
ThIe TOACUCTEMBI. IIpocThie MOACHCTEMBI XHMU-
YEeCKU-pearupymomed  CHCTEMBbl  IPEACTaBISIOT
co0OH COBOKYIHOCTH HEKOTOPBIX XHMHYECKUX
cTaauii, MPOTEKAIIINX B PACCMAaTPUBAEMOM CHUCTe-
Me [9]. B 3TuxX mpocThIX MOACHCTEMAaX MPOTEKAeT
60 oxHa peakis (OJHO- WM MHOTOCTaIuiHA),
00 COMpPSHKEHHBIE MEXIY COOOW peakiuu, MO0
pEeakMH B pacCMaTpUBAEMON MTPOCTOM MOJACUCTEME
Hen3BecTHBI [9]. 3Has MaTpuipl KO3 QHUIEHTOB
o0pa3yeMocTeil He3aBUCUMBIX PEareHTOB U KO-
LUEHThl pearupyeMocTeld B MPOCTBIX MOACHUCTEMAX,
HETPYAHO B COOTBETCTBHU C [9] MOCTPOUTH MaTeMa-
THYECKYI0 MOJENb ANHAMUKH XHMHUYECKHX IIpeBpa-
IIEHUH B paccMaTpUBaeMOW XWMHUYECKH-pearu-
pyromieil cucteme. Takoil MoaXoJ] MO3BOJISIET HE

modernuposaHue,
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Xumu4deckasa KuHemuka U mepMOOUHaMUKa,

BBISIBJIATH JI€TalIbHbIE CTAIMU XMMUYECKHUX MIpeBpa-
IIEHUH, a JeKOMIIOHOBaTh CHUCTEMY Ha MPOCTHIE
MOJICUCTEMBI, CKOPOCTH XHMHYECKHX MpeBpalle-
HUH B KOTOPBIX OIPENCISAIOTCS W3 DKCIEepH-
MEHTAJIbHBIX AaHHBIX [9]. DTO ompenensieT mnepcrex-
THUBHOCTbH TIPELIAracMOr0 IOIX0/1a.

Ienmpro HacTOsIIECH pabOTHI SBISETCS YCTAHOB-
JICHUE CBS3M MOTEHIMAILHO-TIOTOKOBBIX YPaBHEHUI
XUMHUUYECKUX MpeBpauieHuid [9] ¢ TpaauuuoHHON
XHUMHAYECKONM KHHETHUKOM.

HpOCTbIe MNOACUCTEMBI C CONPHAKCHHBIMU
XUMH4YC€CKHMH peaKIUAMU

PaccmoTpuM cHavana mpocThie MOJICHCTEMEL, B
KOTOPBHIX HM3BECTHBHl NPOTEKAIOIIHE B HHUX XUMH-
YeCKHe peaknuu (OTHO- WIM MHOTOCTAIUIHEIE).
[Iyctp B paccmarpuBaeMoil MPOCTOM IMOJCHCTEME
MPOTEKAIOT XUMUYECKHIE peakuu (He 00sA3aTeNbHO

OJTHOCTA[IMIHBIE), OIICHIBAEMbIE CTEXHOMETPUYEC-
KMW YPaBHEHUSIMU:
Zv B Zv B,,J_lks 1np, Q)

rae Bj, i=1 N — peareHTsl, y4acTBYIOLIIE B XUMU-

YECKHUX IPEBPALLCHUAX; vif(js), j=1k, s:l,np, i=1N

— CTEXHOMETPHUYECKUEC KOIPPHUIMUCHTHI UCXOTHBIX
peareHToB - peakuMd B S-W TPOCTOM TOJI-

CHCTEMC; v-(s-)

ij» J=L1k s=Lnp,i=LN - crexuo-

MeTpudeckre Kod(QPHUIMEHTH TPOAYKTOB | -i
peakiuu B S -i MPOCTOM MOJCUCTEME; TPUYEM
B —0, j=1k s=1n,, i=1N.

1]
HyCTL YHCIO DIIEMEHTAPHBIX CTATUA XHMU-
YeCKHX peakI|id, MpPOTEKAIoIINX B paccMaTpH-
BaeMoil S-# moxacucreme, paBHo K g . Ilycts 3T
JJ€MEHTapHble CTaJWU OIUCBIBAIOTCA CTEXHO-
MeTqueCKI/IMI/I YpaBHCHUSIMH:
zv°(S)B +z—°*(s)R z—iff;)si +
i=1

)

+2v*(S)R, p=1Kg,s=1n,
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rue Ri*, i=L,N"
3yloliecs B pe3yjbTaTe 3JIEMEHTApHBIX CTaaui
(ns HUX BBIMONHSETCS YCIOBHUE KBa3HCTAIIHO-

— HeCTaOMIIbHEIE YaCcTHULbI, 06pa—

maproctu [2, 3]), N* — umcino HecTaGMIBHBIX

4acTHUI[ B CHCTEME; v (S) Jd=LN,p=1Kg,s=1n

— CTEXHOMETPHYECKUE Koa(b(pHuHeHTm HCXOIHBIX
CTaOMIBHBIX PEarcHTOB JJIEMCHTAPHOW CTalWU;

S
)i -

kue K03 OUIMEHTHI CTaOMIIBHBIX MPOJIYKTOB Peak-
IIUH DJIEMEHTAPHOH CTallnH;

70;(5) i=L,N*,p=1Kg,s=1, np — CTEXMOMETpHYEC-

Kue KOB(b(I)I/IHI/ICHTBI HUCXOOHBIX HeCTaOHMIIBHBIX pe-
ar¢HTOB BHCMCHTapHOﬁ CTaauu,

7 i=LN" p=1Kg,s=1n,

YCCKHEC KO3(1)(1)I/IIII/ICHTI)I HeCTaGI/IJ'II)HBIX IIPOAYKTOB
pC€akuuun BHCMCHTapHOI\/'I CTauu; NpuIcM

7SS 0, p=1Kg, s=1n,, i =L N

Xumnueckue peakuun (1), mporekamomue B
paccMaTpuBaeMoOi MPOCTON MOJACUCTEME, SIBIISIOTCS
TUHEHHOW KOMOWHAIMEH SJIeMEHTApHBIX CTaIui
(2). Beeast k03 puUIMEHTHI pa3ioKEeHHsI

(S)
q,p:

LN,p=1Kg,s=1n, - cTexuomerpuyec-

— CTEXUOMETpPHU-

j=1mg,p=1Ks,s=1n,, nonydum:
S S S o(S
) _ Zq()(” .f)))

~1N, zq(s)(—*(s) ﬂfz(s))=0,i=1,N*

S
Vi(,j)

3)

j=1,ms,s=1,np.

PaccMOTpuM CKOpPOCTH XHMHYECKMX IpeBpa-
menuii. CormacHO CTEXHOMETPUU  YpaBHEHHU
cTanuii (2) CKOpPOCTH XUMHUUYECKUX MpPEBpallleHUi

A\
CTaOWIIBHBIX PEareHTOB (%] i=LN,s=1n,
S
dﬁj( S
p=1

[dt

i:l,N,s:l,np

(S) —o(S))d‘f p
| p | p dt

l

(4)

rae Eés),p=1,K5,S:1,n — Mepa cragun (2);

COIJIACHO YCIIOBHIO KBa3HcTallMOHapHOCTH [1-5] u
CTEXHOMETPHHU YpaBHEHHU CTaui (2) TOTyIHM:

z(8)
b -

_o*(S)

Vip =0,i=L,N*

Q)

s=1,np

CornacHo crexuometrpuu (1) CKOPOCTH XMMHU-
YEeCKHX MPEBPAICHUI CTAOUITBHBIX PEarcHTOB:
dXi

[dtj() :E(

i:l,N,Szl,np.

az®)
dt

) _

7o)

Vi,

: (6)
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Craguu (2) paccMaTpuBacMOH XUMHYECKH
pearupylomieii OJACHCTEMbl MOTYT OBITh Kak
JIMHEMHO-HE3aBUCUMBIMU, TaK W JIMHEWHO-3aBU-
CUMBIMH (T.€. CONpPSDKEHHBIC PEaKIMU OCYIIECTB-
JSIIOTCS  HECKOJMBKUMHU — MYTSAMH, TaKXKe MOTYT
CyIIECTBOBATh CTAagWM, JIMHEHHAs KOMOWHAIHS
KOTOPBIX JIA€T TOJILKO HEKOTOphIe U3 peakmmii (1),
MPOTEKAIONIMX B  PaccCMaTpUBAEMON  MPOCTOM
noxcucteme). B mocnenHem  ciaydae  MOMKHO
BEIOpPAaTh COBOKYITHOCTH JIMHEHHO-HE3aBHCHUMBIX
craguil. HekoTopble COBOKYMHOCTHM JIMHEWHO-
HE3aBUCHUMBIX CTaJHii MOTYT OBITH OOYCIOBJICHBI
HanmuuueM KatanmsatopoB [1-5]. OO6s3arenpHOE
YCIIOBHE TSl STHX JIMHEHHO-HE3aBUCUMBIX TPYIII B
(2) — nuHeitHast KOMOUHALUS CTAAUH, BXOSIIHUX B
MO0yl W3 TakuX rpynm, naet peakmuu (1) (wm
4acTh 3TUX peaknwid). s 3TuxX Tpymm craguit
BbITIONIHSIETCSt cooTHomienue (3). C yueToM KBasu-
CTAIIMOHAPHOCTH HECTAOWIBHBIX PEarcHTOB CTaIHH,
comepkamue oO0mue HecTaOuiIbHBIE pearcHTHI,
(ogHM W3 myTel peakuuii) 00s3aTENBHO JIMHEHHO-
He3aBucumbie [1-5].

[TycTh 4nCIO BBHIIEONHMCAHHBIX COBOKYITHOCTEH
JIMHEHHO-HE3aBUCUMBIX CTaJuil paBHO Ng, a YUCIO

CTauil B KQKJIOW COBOKYITHOCTH — KSS ,§=1ng,s=1n.
B stoM chydae, 0003HAYHMB CTEXHOMETPHYECCKHE
KO3 GUITMEHTHI (2) Kax ol COBOKYITHOCTH cranuit

o(S S) A S
Vip i=LN,p= 1KS S§=1ng,s=1ny,
JJIsL KOTOpBIX BBITIOJIHAKOTCA YCJIOBUA, aHAJIOTHUY-

Heie (3),
)

KakKk V

_ (89

~(S ~oS S,S S,S
REAC Zq( )(.( )

i=1N, j:l,ms ,§=1ng,s=1n,.

K5 55 3 5 @)
(S,S) —*(S,S) —0*(5,5) — 1 — *
pz_qj’p (Vl,p _Vi,p j—O,I—l,N
J:1,m§,§:1,ns,s:1,np,m5 <mg,
S=1ng,s=1ny,
S S : S -
rue v,(J), ,5 Ji=1N, J=1mg,s=1ng,s=1n,

- CTeXI/IOMeTpI/IquKHe K03 hUIIHEHTHI
Jd=LN, j=1mg,5=1Lng,s=1n

peaxkuui (1), MPOTEKAIINX B paCCManHBaeMop“I
MPOCTOHN TOJICUCTEME, CTAJMH KOTOPBIX BXOJIAT B
paccMaTpUBAaEMYyIO S -10 MOJATPYIIILY;

q(S S)

J=Lmg,p=1Ks,5=1ng,s=1n, — koapdu-

LIMEHTHl PA3JIOKEHUS, a mg ,S=Lng,s=1 N, —

qucno peakiuii (1), MpoTeKarommx B paccMaTpu-
BaeMOW TMPOCTOM TMOJCHUCTEME, CTaJuU KOTOPBIX
BXOISAT B pacCMaTPUBAaEeMyI0 S -I0 TOATPYIITY,
MOJMYYUM CKOPOCTh HM3MEHCHHS YHCEN MOoJed
peareHTOB, OOYCJIOBJIICHHBIX XMMHYECKUMHU IPEBPa-



MEHUSIMU B K&XKJIOM COBOKYITHOCTH CTaJIMH
aHaJIoru4HO (4):
S5 5 S,S
(dﬁj( ' Kf; ( S(8.8) _ (s, S))df( :
dt o1 Vip Vi dt (8)
i=LN,s=1ng,s=1n,
OTCIOJIa COTJIacHO (4):
A\GS) n NES)
S S (T N s=1n,. (@)
dt S=1 dt

AnanoruyHo (5) a7 KaxIOM COBOKYIHOCTHU
CTaJIui yCIOBHE KBaSI/ICTa]_II/IOHapHOCTI/I

§
ZS(_*(S - jdép =0,i=1N",
Z m

S=1lng,s=1n,.

o*(S S)

e (10)

Kaxxnast COBOKYIHOCTD JINHEHHO-HE3aBUCUMBIX
CTafuil 1aeT CBOM BKJaJ B CKOPOCTb INPOTEKAHHS
MHOTOCTAMMHBIX peakiuit (1), mporexarolmmx B
paccMaTpuBaemMoil mpoctoit noacucreme. Ilostomy,
CKOpPOCThb TMPOTEKAHUSI KaXKJI0M MHOTOCTaIMHHOMN

peakiuun (1) B paccMaTpuBaeMoOW  MPOCTOMH
MOCUCTEMBI PABHSIETCS CyMME CKOPOCTEH
d §(3,§ )
! j=Lmg,5=1ng,s=1n, Kaxmoi -
at ) =Lmg, ,Ng, Np IOU COBO
KYITHOCTH CTaJIuii:
d 9z(S) d 5(5,5)
= L j=1ms,s=1n, (11)
dt 54 dt
Hexkotopsle u3 ckopocTeit
d 5(5 S)
™ ,j:1,m3,§:1,n5,s:1,np PaBHBI HYIIIO,

TaKk Kak COOTBEeTCTBYyIoIIMEe peakuuu (1), mporeka-
IOI[MEe B pacCMaTpUBAEeMOl MOACUCTEME HE COJep-
’Kar craguid w3 S -i rpymmel. Yucimo ckopocTei

469
L img5-tng.s-1
i =Lms S=1ns,s=1np, He paBHLIX HyIO,
B CHJIy CKA3aHHOI'O BbIIIE PABHO ms 0603HauKB
489
CKOPOCTH in ,j=1mg,§=1ng,s=1n,, HC PaBHbIC
dZ&:S) _
HYJTI0, Kak ) ,j:1,m§,S:1,nS,S:1,np u
BBE/Is MATPHILY &(S'g),s:l,ns,sﬂ,np , 15l KOTOPOIA:
S,S z(S,S
4SS 4Z6S)
Codt dt
D =a®®) 12
(S,S) = (S,S)
acl 4zt
dt dt
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5(8.5)

IIpUYEM, CTPOKU MaTpullbl o , COOTBETCTBY-

dg(s ,S)
dt '

SABJIAIOTCA HYJIEBBIMU, @ CTPOKH MaTpHUIbI 07 S S)

dg‘j’

COOTBETCTBYIOIINE HECHYJICBBIM CKOPOCTIAM y

IOIMHUE TOXACCTBCHHO pPAaBHBIM HYJIIO

collep)KaT JJIEMEHThI, MHAEKC KOTOPBIX HE paBeH
j, paBHbIE HYJIO, U 2JEMEHThI, UHAEKC KOTOPbIX

paBE€H j, paBHbIC C€AWHHUIEC, NOJYYUM COIJIACHO
(1) u (12):

(8) £ (S.5)
dé:l 51
dt Ns = dt
Fo =y at® ©_hs=Ln, (13)
(8) | s=1 £ (S.9)
del s
dt dt
CBs13b MEXKIY CKOPOCTSIMU:

dx; (8:5)

—L i=LN,5=Lng,s=1n, u
& i
d§(s S)

i ,j:l,ms,s:l,ns,s:l,np, aHajorudsas [9],
S S S,S
[dﬁj(s's) mzs( () ~o(S))d§( i

dt ia dt ' (14)

=1,N,§=1,n5,s=1,np.
CornacHao (8) u (14)

§ 7(8.9) § Z(S.5)
%( ) _7:) )d§ :Kz( (8,8) _ (s, s>jd§
i dt oot Vip dt
i=LN,5=1ng,s=1n,

OTCIO/Ia, COTIACHO (7).
KS/ o< oy [dESS mg o gZSS)
—(8,5) _ —(,9) PR (8,5) Y] _
pZ:l(Vhp V|,p jx{ it j:q],p dt (15)
=0,i=LN,5=1ng,s=1n,.
COFJIaCHO (10)
S,S 5 4Z(8.9)
Z (_*(s 8) oS, 3)jd§( : g
oot Vip dt oodt

i:1,N*,§=1,nS,s=1,np,

3aMeHMB TmpaByto dacTh (10), paBHyH HyIIO,
anreOpandeckoll CyMMOH C HYNEBBIMU KOX(QH-
[UEHTAMH; OTCIOJIa, COrTacHo (7) moxyqum:

§ 5 Z(S.S,
bR ] S KL
ot p p dt i 1P dt (16)
i=LN"5=1ng,s=1n,.
VpaBuenue (16) sBuseTcss  CIEACTBHEM

YCHOBI/Iﬁ KBa3UCTAlIMUOHApPHOCTHU HECTaOMIIBHBIX
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pearenToB. [lepenumiem (15) u (16) B MaTpuIHOM BHIEC:

(8.8) _o(8,8) SCH (S, 5)
1 T "1ks T MkS q 5.5
: : 059 1 o5 a5
—(5,5) _o(S,§ _(S,S o(S,S IS
Vrsll )- (,1 ) ng Ks) N(Ks) a J=1 .
OS5 L 6959 | ) S,' . =0, s=1ns,s=1ny 17
11 | 11 "1KS : 1k éng ™ 69 dffj( S)
o o . dt 5 iKS  dt
_%(S,5) __o(S,S _%(S,5)  _o%(S,§ j=1
7aSS) _ps:5) VN(,ng)_VN,(Kg)
Orcroma, B | CHly  MaKCHMAIBHOTO  paHra () _ N (~o © =) N*O .
—_o(3.5) £ =XV vy e 204
MaTpuusl vy J —Vi,j ’|, BBITEKAKOMWEro u3 oA i=1 '
. . . . j=1,m§,s:1,np,
JUHEWHOM HE3aBUCUMOCTM CTaguil S-i non-
TPYIIIBL, IOIY4uM coryiacHo (17): OTCHOJ1a COrnacHo (7) moiydum:
N _ _
—e T s B —o(5,8) _ —(5.9)) .
d‘frgsys_) %S: (s.S df(s o © _ 'S s.5) Z‘i(vi'p ~Vie )ﬂ' "
= qH') - .. XY = Z H B N ,
dt j=1 dt (18) s P N N7/ _ox(s,5) _ 8.9
5 A )
p=1Kg,5=1ng,s=1n, _ =
j:l,m§,§:1,n5, s=1np,
VYpasHenue (18) maer cBs3p MEXAY CKOpPOC- 20 )
TAMH OTIAENBHBIX CTAWil M COCTaBisiomuMu O CroAd COTIAcHo (20) nomy1um:
ckopocreit peakuuit (1). _
p peakuuii (1) . x ) _ z (SS)X(Ss) 1 mS
PaccMoTpuM XHMMHYECKHE CpOJICTBA PEaKLMH a;j J=L1lmg,
S pa S (21)

(1) m ux snemeHTapHbIX cTamuii (2). Ilomydnm
CBSI3b MEXIy STUMH XUMUYECKUMH CPOJCTBAMH.

Xumuueckue cpoacTta peakuuit (1), mpoteka-
IOIIMX B PaccMaTpPUBAEMOU TMPOCTOM MOJCUCTEME,
CTaJNH KOTOPBIX BXOJAT B PACCMaTPUBACMYIO S -IO
noarpymmy, cornacuo [1-5, 9]:

N
(S) _ 5 [3(8) _ (S)
ng _E(Vivi )'u"

(19)
j :1,m§, s:l,np
IA€ 4 — XUMMYECKUI NOTeHLual i-ro crabuib-

HOTO pearcHra; XWMHUYECKUE CpPOJICTBA CTaJHi
peakuuii (2) S -i noarpynmst ananoruyso (19):

—_ N —_
—SS —o(S,S S,S
é ) _ Z( 69 5 )j i+

=1

N*

—o%(S,S —=*(S,S *
z( &9 i,
=1K

KS
S

(20)

s=1 ns,s—lnp,

rae ﬂi* L i=1N" — XuMuuecKHe MOTEHIUATbl He-

ctabuibHbIX peareHToB. CornacHo (19):

S=1ng, s:l,np.

VYpaaenue (21) maeT CBA3b MEXKIY XHMH-
YeCKUMH CpojcTBaMu peakuuii (1) u crammii (2).

[IpoTekanue KaXXaA0H CTAAUU B CHITY IIPUHIIHIIA
HECONPSDKEHHOCTH (HE3aBUCHMOCTH) 3JEMEHTap-
HBIX CTaguil MOXET OBITh BBI3BAHO CPOACTBOM
TONBKO dTOW cramuu [2, 3]. Orciona, B COOTBET-
CTBHE C TOTCHIMATBHO-ITOTOKOBBIM MeToIoM [6—9]:
df;gs’s) _pEHXES p_1k§,

dt Sp p (22)
§=lng,s=1ny,
r7ie Dg"s),p:1,K§,§=1,nS,s=1,n - xoabdu-
P
LIMEeHTBl pearupyemocrtedt crtaauii. PaccMmoTpum

CBA3b KOA((UIIMEHTOB pearupyeMocTeil cTaiui C
MOJCIIMH XHUMUYCCKOM KHHETHKH. B  oOmem
cly4ae B COOTBETCTBHE C KMHETHKOW MapcenunHo-
ne-Jlonae, sBisomelics 0000IIEHHEM 3aKOHa
JICHCTBYIOIIMX MacC Ha Ciy4dall HEWAEeaTbHOMN
cucteMbl [2, 4], CKOPOCTh 3JIEMEHTApHON CTaIuH

[2, 4]

o(S,5) 70*(3 3) N (s,§) N _ws,§) s -
dg—(s,§) a(s S)ELVI M'+z “ as S)E P ﬂ.+i§1‘/.,p A IO=1,KSS
Fc)jt KéS S| e RT _g P RT ,5=1,ng,
P s=1n, (23)
K(S S) _ K(S S)( XN XT x ) S, S) (S S)(x XN XX )
3 3 N X - §p cfp N Xp =X
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CornacHo (22), (23), (20) noxy4um:
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N 3 N* * * — *7* *
D RTED R DT N ST -
ags,s)lzl i=1 agS,S)|:1 i=1 p =1 KS
= = 4 3 RT ' INS
Df' :KE’ N N* N N §=Lns,
P P —o(S,5 —ox(S,5) + W_(5,§ _#(S,5) % o_ (24)

_ZlVi,(p i +_Zlvi‘p( i __zlvifp i —_Zlvi,é Vi s=1ny,

i= i= i= i=

(s.5) (s.9)
K =K
Sp $p

ES
5

(5.5) _ .(5.5)
N FAE =ay

)é Sp

U3 ypaBHeHus (24) BUIHA MOJIOKUTEIBHOCTh
K03 (QUIIHEHTOB pearupyeMoCTel CTaIHi:

(xl...xN,xf...x (xl...xN,xf.

(8.8) ,_ S - _ _
Dgp :p—l,Ks,S—l,ns,S—l,np.

Taxxe u3 ypaBHenuit (23) u (24) BUAHO, 4TO B
cly4yae OJHOW OAHOCTaAUITHOM XMMHUYECKOHN peak-
mur Ko3(QOUIMEHT pearupyeMOCTH 3TOU peakiuu
cBouTCs K (24), Onmaromapsi 4yeMy MOTCHIIMAIbHO-
MOTOKOBBIE YpaBHEHHUs IJI MPOCTOH MOACUCTEMBI
CBOJATCS K YypaBHEHHUSM TPAJULMOHHOH XHUMHU-

() (S.5) (s.5) (5,9) (S.5)
Xgl O11 qviss DE1 O11
x ) (s.8) (s.85)_ 1 (s.9)
s qmg 1 mg K§ 0 DE:S) ql,KSS
k¢

Paccmotpum Matpuily Hq I(SJ )

Vlslsé) “71°,£S’§) 7(8.8) _>o(5.5)

1KS 1KS
_¢ _ _ - (s.9) (5,5)
;h(‘SiS) _;’:‘(i,s) 7(58) _(5.8) | G11 qmgl
1 o NKS NKS : ¥
171*1(3’3) _1710;(8,8) 17*(85,5) _179*(?,5) q(s@ (5.5)
LKg  LKS 1KS ms K$

PSS _ens.s)
NLKS NKS

—#(S,8) _ —o(S,S5)
VN1 T VN2

§=1lng,s=1n,.

*
*

..XN

)

YeCKOH KHHETHKH — 3aKOHYy JCHUCTBYIOIIMX Macc
WM YpaBHEHUIO KHHETUKU MapcenuHo-ne-/lonme.
Cornacao (18), (21), (22) nomyunm:

K$

z(S.S
. 1 (5,8).(S5) d§|( :
n ¥ —=aff Vel |l
x(ﬁ)zz o1 DS:S) L dt
i 1=1 p
j=1,m§,§=1,ns,s=1,np.
HepeHI/IHIeM HOHy‘IeHHOC BI)Ipa)KeHI/IC B
ManI/IqHOM BHUC:
(o9 | 4569
ms,l
o (25)
(55) | 4z
ms K§ SZmsS
dt

§=1ng,s=1n,- Jlist aToro nepernuinem BeipakeHue (7) B MATPUYIHOM BUJIE:

S o(S S o(S
(S) _ o(5) ) _e(5)
=|YNITVNY VN,m§ _VN,m§ ,
0 0
0 0

OTcro/a, 13 TIOJIYYEHHOTO BBIPAXKECHHS B CHITY JIMHEHHON HE3aBHCUMOCTH CTOJIOIIOB MATPHIIBI B TTPABOI

YacTH CIIEAyeT JIMHEeHHas He3aBUCHMOCTh CTOJIOIOB TPAaHCIIOHHPOBAHHOM MaTpHII Hq i(Sj,s*)

§=Lng,s=1np"

OT1croza, CTPOKH MaTPHIIBI ‘qi(sj's) ,$ =1ng, s =1n, nuneiino-He3aBucumple. OTCIONA CIIETYET HEBBIPOXK-
JICHHOCTH MATPHIIBL:
_ _ 1 0 _ _
(s,5) (s,5) 3 (s,5) (s,5)
1 49 | D é(?S,S) Q11 4.5,
. S 1 . . EN _
: D : : D s ,s:l,ns,s—l,np, (26)
q(57,5) (s.5) 0 1 q(S,§) (8,8)_
ms 1 ms K$ D8 | 1KS mg K§
§K§§

a TaKKe€ €€ CHUMMCTPUYHOCTb M IIOJIOXKUTEIbHAsA ONPEACICHHOCTD (B CUIy IOJOXUTCIBHOCTHU

Dg’s), p=1 KSS ,$=1ng,s=1n); orcroza coracHo (25):
-1
LA (s,9) (5.9) - 0 (s,5) (5,5)
1 . S (s.5) ' 2l (S)
ot ql,1. q“‘(ss Dgl. ‘ ql,l' qm§ )(§1 s—1ng,
_ N . : : : : : -~ t : ' -1n
dZ &S (s.5) 8.5 1 (s.5) 8.9 () | $=5Mp
ng qmg, qmé,KsS 0 D65 | "1k§ ms K X5m§
dt §K§ s
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O0o03HaYMB:
71 0
(5,9) (5,9) 3 (5,9)
11 ql ks Dé(fs's) A11
. — 11NG 1
RESI ) : : : :
(S.5) (S.9) 1 (S,5)
qm§,1 qmg,ng 0 N ql,K§
$§
S
[OJTyYMM OKOHYATEIBHO:
4E S
w20 e,
Y |eReS)| ST (28)
4z MOR R
mg ¢ s
dt °

Tak xak wmarpuua (26) cuMMeTpU4YHa U
MOJIOXKUTENIBHO OTpeselieHa, TO U coriacHo (27)

marpuua RS) Tawke cummerpuunas u monoxu-
TENIHO OIPE/CICHHASI.

Xumuueckue cpoacTtBa peakuuit (1), mpoTeka-
IONIMX B PacCMATPUBACMOM MPOCTOW TOACHUCTEME,
cornacHo [1-5, 9]

N _
X =2 v b, i-1m s =Ly

orcroa, uenons3ys marpuusl &%) 5=1ng,s=1n,
nonydynuM cormacHo (19) cBs3p Mexay XuUMU-
YECKHMHU CPOJICTBAMHU IPOCTOW TOACUCTEMBl H
CPOJCTB XMMHYECKUX MPEBPAICHUI OTIEeIbHBIX
MyTe XUMUYECKUX MPEBPAILICHU!

) ()
X ¢ X
?1 :&-(S,§)T ﬁfl s:l,ns,.
() ) | S=Lnp
X‘:Emg Xéms

CoriacHO TIONYYCHHOMY YPaBHCHUIO CBSI3H
MEXIY XUMUYECKUMH CPOJACTBAMH IMPOCTOH TOJ-
CHCTEMBbl M CPOJACTB XHMHYECKUX IpEBpallleHuit
OTICTBHBIX MyTeW XHMUYECKUX IPEBpalICHUH, a
takke (13), (28):

de® ©
dt n X
(S) S=1 (S)

0zl x &)
it

oTCI0a Marpuna Kod(h(QUIMEHTOB pearupyemMo-
cTell B S -l IpOCTOM MOACHCTEME:

RE) = E&(S'g)ﬁ(s'g)&(s'gﬂ s=1n,.

& (29)

N3 (29) B cuny CHUMMETPUYHOCTH M IOJIOXKHU-

TEJILHOM OTNpeAeIEHHOCTH MaTPHIl R(S:S) ciemyer
(s,8)

B CHJIY BBIIICOIIMCAHHBIX CBOICTB MaTpulg o
CUMMECTPUYHOCTL W TIIOJIOXKUTCIIbHAA OIPEACIICH-

85

-1

(s.5)
q !
mg 1 s=1ng,
q(si.g), ’S:l,np
mS kS (27)

HOCTh MATPHIBI KOXPPHUIIUCHTOB pearupyeMocTen

R®) MPOCTBIX MOJICHCTEM.

Takum oOpazom, Marpuna Kod(h(UIHECHTOB
pearupyemMocTeld B paccMmaTpuBaeMor S-ii mpoc-
TOW TMOJNCHCTEME pPacCMaTPUBAEMON  CHCTEMBI
o0agaeT cIeyoNIMU CBOMCTBAMU:

a) CHMMETPUYHOCTb,

0) Matpuna Ko3(h(UITMEHTOB pearupyemMocTeit
B S-ii mpoCTOW MOACHCTEME paBHA CyMME CHM-
METPUYHBIX W HEOTPUIATENbHO OIpeIeIeHHBIX
MaTpHIL, XOTsI OB O/THA M3 KOTOPHIX MOJIOKUTEIBHO
ompeneneHa, 00yCIOBICHHBIX Pa3THYHBIMI MeXa-
HU3MaMH IIPOTEKAHUS CONPSHKEHHBIX PEaKITHi.

HpOCTble MmoaACUCTEMBI
C HEM3BCCTHBIMU peaKIUAMMU

Tenepr mepeiieM K pacCMOTPEHHIO MPOCTHIX
MOJICUCTEM, B KOTOPBIX HEM3BECTHBI TIPOTEKAIOIIUE
B HHUX peakiuu. Tak Kak B JTHX CHCTEMax
MPOTEKAIOT XUMHUYECKHUE PEaKIUH, (O KOTOPHIX MBI
HE 3HAeM), TO aHAJIOTHYHO [9] momydnm:

5 IR
i} R63)[F68) _54s8)
)

S=1

O RRAC

T

(30)

,s:np+1,n,

rae RG:S) 5=1, ﬁF()S) — MaTpHUIBl KOAPPHUIUCHTOB

pearupyemMocTeil  «IIpoCTBIX  TOACUCTEM, U3
KOTOPBIX COCTOMT paccMaTpuBaemas IpocTast
noacucTeMa» (Mbl HE MOXKEM JEKOMIIOHOBATH 3Ty
IIPOCTYIO IOJACUCTEMY, TaK Kak Mbl HE 3HAeM
MPOTEKAIONIMX B HEW peakuuil), mpuyem ﬁl()s) -

YuCiIo 9TUX «IPOCTBIX
7@5)_74&$w§:Lﬁ§)

IIOJACHUCTEMD, a

=Ny +1n - crexuo-

METPHUUECKHE MAaTPHUIbl 3THX <«IIPOCTBIX TIOA-
cuctem». M3 ypaBhenust (30) HETpyIHO BHICTH,
9r0 Marpuia Kod(pHUIHEHTOB 0oOpa3zyemMocTel
HE3aBUCUMBIX pEareHTOB B S-i MPOCTON MOA-
CHCTEME TaKXXe CHMMETPHUYHA M IIOJOXKHUTEIHEHO
ompeneneHas B CHWIy JOKAa3aHHOM BBIIMIE CUM-
METPUYHOCTH W TIOJIOKUTEIBHOW ONpeNeneHHOCTH
MaTpHIBI PEATUPYEMOCTEH «IIPOCTHIX MOJCHCTEM,
JUIT KOTOPBIX HW3BECTHHI TPOTEKAIOIIUE B HUX
peakuun. Tawke u3 ypaBHenuil (30) BUAHO, YTO
Matpuia kKo3gduireHToB odpazyeMocTell He3aBu-
CHMBIX pEarcHTOB B S-W MPOCTOW MOJACUCTEME
TaKKe TMpPEACTaBUMa B BHIC CYMMBI MATpHI],



00YCJIOBJICHHBIX Pa3TNYHBIMH MEXaHM3MaMU XHMH-
YECKUX NPEBPAIICHUN B S -i1 MPOCTON MOACUCTEME.
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IMOJACUCTEM, KaK MW MaTpuil BOCHpHHM‘lHBOCTCﬁ,
SABJIACTCA TIOJIOKHUTECIIbHASA OINPCACIICHHOCTb J3TUX

Matpul] [5-8]. CHUMMETPUYHOCTh ATHX TOJOXKH-
TEJbHO-ONPE/ICTICHHBIX ~ MAaTpHI]  CJEAyeT U3
MPUHITUIIA HE3aBUCUMOCTH CTa/IMii KHHETUYECKOTO
MEXaHHU3Ma XHMMHYECKHX mpeBpamiennit. [lpu
TaKMX OTrPAaHWYEHUSIX MaTpPUIAa COOTBETCTBYET
00ImMM 0COOCHHOCTSIM KHHETHYECKOIO0 MEXaHH3Ma
XUMUYECKUX MPEBPAICHUN.

Takum oOpa3oM, B paboTe MOKa3aHO, YTO TPU
COMNOCTaBJICHUN TIOTCHIIMAJILHO-TIOTOKOBOTO METOZa
MOJICJIMPOBAHMSI XUMUYECKUX TPEBPAIICHUN B
3aKpBITOM XMMHUYECKH pearupyroueil cucreme c
TPAAUIIMOHHON XMMHYECKOH KHUHETHKOW 3TH JBa
METO/Ia IKBHMBAIICHTHHI. [Ipennmaraemsrii moTeHIM-
aJbHO-TIOTOKOBBI METOJ TPEANOYTHTENECH TMIpH
OTCYTCTBUM JETaJbHOTO MEXaHU3Ma CJ0XKHOU
XUMHMYECKU pearupyrouel cucremsl. Ecnu noinHon
KHHETHYECKOW WH(pOpMaMK HET, TO TPEANOYTH-
TEIIbHEE TI0Jb30BAThCA TMPEJIaraeMbIM — ITOTEHIIH-
aJbHO-IIOTOKOBBIM METOJOM, COTIJIACOBAHHBIM C
HEpaBHOBECHOW TEPMOJUHAMUKOI.
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3akiiouenue

Urak, anamu3 cBsi3u marpun koddduimeHToB
pearupyeMocTeld pOCTHIX MOJCUCTEM M MaTpUIIA
ko3 duienToB  00pazyeMocTeil  HE3aBHCHUMBIX
peareHToB MPOCTHIX IMOICUCTEM XUMHUCCKH pearu-
pyIolleld CHCTEMBI C XUMHYECKOH KHHETHKOM
MOKA3aJ, 4TO MAaTPHIBl KOX(PQUIMEHTOB pearupye-
MocTelt 1 MaTpuilpl Ko3UIMeHToB 0OpazyemMocTeit
HE3aBHCHMBIX ~ PEAareHTOB  IPOCTHIX  IOJCHUCTEM
00II1aJat0T CIACAYIOIIMMHU COMCTBAMHU:

a) CHMMETPUYHOCTB;

0) marpuna Ko3()(HUIMEHTOB pearupyeMocTeil B
S-i  mpocrod  TMOJICHUCTEME  paBHA  CyMMeE
CHMMETPHYHBIX M HEOTPHIATEILHO OMPEIEIeHHBIX
Martpu, XoTs OBl OJTHA M3 KOTOPBIX ITOJOKUTEIHHO
oTIpeielieHa, 00YCIIOBIICHHBIX Pa3UIHBIMU
MEXaHM3MaMH XUMUYECKHIX MPEBPAIICHHUH.

Takxe CBONCTBOM 3THUX MAaTpHI] TPOCTHIX

The paper analyzes the communication matrix coefficients reagiruemostey simple subsystems and the coefficient
matrix formed independent subsystems simple reagents chemically reacting systems with chemical kinetics. He
showed that the coefficient matrix and the matrix of coefficients reagiruemostey formed independent reagents
simple subsystems have the following Items supplied: symmetry; reagiruemostey coefficient matrix in the second
subsystem is the sum of simple and symmetric nonnegative definite matrices, at least one of which is positive
definite, due to different mechanisms of chemical reactions. Also property of these matrices simple subsystems
as matrices susceptibility is positive definiteness of these matrices. The symmetry of these positive- definite
matrices follows from the principle of independence stages kinetic mechanism of chemical transformations. Under
such constraints matrix corresponds to the general features of the kinetic mechanism of chemical transformations.
The paper shows that when comparing potentially streaming method of modeling chemical reactions in a closed
system of chemically reacting with traditional chemical kinetics of these two methods are equivalent. Proposed
potentially streaming method is preferred in the absence of the detailed mechanism of complex chemically
reacting systems. If the total kinetic information is not available, it is preferable to use the proposed potentially
streaming method agreed with the non-equilibrium thermodynamics.

Keywords: mathematical modeling, chemical kinetics and thermodynamics, potential streaming method.
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TEOPETUYECHKUE OCHOBbI XUMHYECKOH TEXHONOTMH

VIIK 544.4

N3YYEHUE 3AKOHOMEPHOCTEN XUAKO®A3HOIO
PA3NOXEHWUSA H,0, HA 3AKPEMNEHHbLIX HA CUBYHUTE
NANNAOUEBBLIX KATANIM3ATOPAX (Pd(11)/C)

A.A. l'opauenko™, acnupanr, B.P. ®ana, sasexyrommii kadeapoii

kagheopa Ouzuueckoul xumuu um. A.K. Coipxuna MUTXT um. M.B. Jlomonocosa, Mocksa, 119571 Poccust
*4emop ons nepenucku, e-mail: gordienkoaa@mail.ru

Xapakmepu3oeaHbl meepdoghasHbie Kamanusamopsbl, MpedcmaesneHHbIe 3aKperieHHbIM Ha o8epxHocmu
CubyHuma okcudom nannadus(ll), ¢ codepxaHuem Pd 0.09-0.92 mac. %. TekcmypHble XxapakmepucmuKu
Kamarnu3amopos orpedesieHbl U3 U3omepM HuskomemrepamypHol (-196°C) gpusudeckol adcopbuyuu
asoma. CocmosiHue nannadus Ha nosepxHocmu CubyHuma e ¢hopme Pd(ll) ycmaHosneHo memodamu
peHmaeHoha308020 aHanu3a U PEeHM2eHOMOMOINEKMPOHHOU CrEKMPOCKOMUU, a makxe meMrepamypHo-
rpoegpammuposaHHoli peakyueli ¢ H.. Ckopocmb peakyuu Kamanumudecko2o pasnoxeHus H.O. npu 25-70°C
usMepeHa eoroMomMempuyYeckuM memodoM. Ha ocHosaHUU 3KcriepuMeHmasibHbIX KUHEMUYECKUX pe3yribmamos u
OaHHbIx o enusiHuo JMCO (uHaubumopa padukarbHO-UerHbIX peakyuli ¢ yd4acmueM 2uGPOKCUIbHbIX paduKaros) Ha
KuHemuky pasmnoxeHust HO, Ha nosepxHocmu kamanu3damopa 0.46% Pd(ll)/C npednoxeH MONeKynspHbIi MexaHusm
peakyuu Ha rosepxHocmu uccriedyembiX Kamanu3amopos ¢ aumumupyrowelt cmadueli duccoyuayuu rnepokcuda.

OrlpedeneHb/ 3Ha4eHuUs KUuHemu4YecKux napamempos.

Kmroueenie crioga: nepokcud 800opoda, Kamamumuyeckoe pasfioXeHue, 3aKpernyieHHble Kamanu3amopbi

Pd(l1)/C.

Beenenne

B mocnemHme rompl WCCIENOBaTENM  YACISIOT
0c000e BHIMaHHE TeTePOreHN3aNH MEPCICKTHBHBIX
TOMOTCHHO-KATAJIUTUICCKUX ~PEaKIMd, OIHON W3
KOTOPBIX SIBISICTCS  CEJIEKTUBHOE KHAKO(Da3zHOE
OKHCJICHHE PAa3IUYHBIX OPTaHWYECKUX CyOCTpaToB,
COJICpIKAIIMX JIBOWHBIC CBS3M, B IPUCYTCTBUU
KOMILIEKCHBIX coequuennii mautanusi(ll) [1-5].

N3BectHO [6], 9TO OMHUM U3 KIIOUEBBIX
MOMEHTOB TE€TEPOTCHHOTO KHUIKO()A3HOTO OKHCIe-
HUSI OPTaHIIECKUX CyOCTPAaTOB SIBJISICTCS TIPUMEHEHHE
9KOJIOTMYECKU O€30MacHBIX THAPOPOOHBIX KaTaan3a-
TOPOB C 3aKPEIUICHHBIM Ha MOBEPXHOCTH HOCUTEIIS
HOHOM MeTauia. B HacTosiee BpeMs IIHPOKO
U3y4aroTcsl TBEpPAOQAa3HbIC KaTalU3aTOpPhl, MHpea-
CTaBJICHHBIC HAHECCHHBIM Ha ITOBEPXHOCTh ME30-
MOPUCTOrO yriepoaHoro marepuaiga CuOynura [7]
coenuHeHneM repexonHoro meramia (Ru, Fe, Co,
Pd, Pt u gap.), OpOsSBHUBIIME AaKTUBHOCTH B
KHUIKOPA3HOM TITyOOKOM OKHCICHHH OpTraHUYec-
KHX CyOCTpaToB TEpOKCHIOM Bomoponaa [8, 9].
[TonoOHBIE KaTaTUTUYECKHE CHCTEMBI  TaKKe
UCIIONIE3YIOTCSL B Pa3HOOOPA3HBIX XHMHYECKUX
mporeccax, B TOM 4YHCJIE, IPH THAPHPOBAHUH M
JICOKCUTEHAIIMM  pacTUTenbHOro  coiphsi  [10],
CHHTE3e Mepokcuma Bomopoxa u3 cmeceit H,/O,
[11-14].

[TomydeHHBIe HAMH TIpEBAPUTENBHBIC JaHHBIC
MOKAa3ajJM, 4TO HaHeceHHbIH Ha CHOYHUT maiia-
JOUEBBIA  Karamu3atop ¢  cojaepxanuem Pd
0.46 mac. %, aKTHBEH B PEaKIUH OKUCIUTEIBHOTO
pacuieruieHusl  oNe(pMHOBON CBsi3M  9-OKTajere-
HOBOM  KHCJIOTBI  IEPOKCHIOM  BOIOpPOAa C
oOpa3oBaHWeM HOHAaHOBOW ® 1,9-HOHAHJIMOBOM
kucior [15]. V3ydenne 3akoHOMEpHOCTEH TeTepOreHHo-
KaTATATIYECKOTO PA3JIOKEHHs MEPOKCHIA BOIOPOIA
MO3BOJISIET  YCTAHOBUTH TIPHUPOAY WHTEPMEANATOB
AKTUBHBIX B OKHCIICHUH OPTaHHMYECKHX CyOCTpaToB,
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a Takke oneHuTh a0 HpO,, pasnararorierocs 1o
0, [16-19].

JlanHast paboTa TMOCBSIIICHA BBIABICHUIO 3aKOHO-
MepHocTel pasnoxkenuss H,O, Ha TOBEPXHOCTH
TBEPAO(a3HBIX TaJIIaJueBBIX KaTaJIH3aTOPOB,
MPEICTABICHHBIX HAHECCHHBIMH HA IOBEPXHOCTH
CulyHuTa NMaUIaaUeBEIMU HAHOYACTUIIAMY, C COJEp-
’KaHHEM aKTUBHOIO KoMIloHeHTa He Ooiee 1 mac. %.

9KCH€pHMeHTaJ’lLHaﬂ 4yacTb

PeaxtuBbl: 30% -Hblil BOAHBIA pacTBOp NEPOKCHU-
na Bogopona (KBanuUKAIMA «OC. 4.», XHUMMEN),
mvercynbokern (JIMCO), (kpamdrkarmst «X. 9.»,
Xummen). 3akperuieHHble Ha CuOynute (MHCTUTYT
mpoOiieM TmiepepaboTku  yrieromoponos PAH, r.
Omck) nammagueBbie  (0.09-0.92 mac. % Pd)
KaTaJM3aTophl TOTOBWIIM IO M3BECTHOH METOAWKE
[20] mponuTKON HOCHTENS BOJHBIMH PAaCTBOpPaMH
H,[PdCl,] ¢ mocnenyromieii cyimkoii Ha BO3ayXe U
oTMBIBKOK OT xyopuma-uonoB (mamee — Pd(11)/C).
UccnenoBanme  (azoBoro  cocraBa  00pasioB
BRIMONMHSTM  Ha  jaudpaktomerpe  XRD-6000
(Shimadzu), A ~0.1514 um (CuK,) ¢ wucmons3o-
BanueM 6a3bl ganHbIX JCPDS PDF-2. TekcrypHbie
XapaKTePUCTHKH O0pa3loB — YACIBHYIO IMOBEpPX-
Hocth Mo BOT [21] u cpaBHuTensHOMY [22, 23]
MeTtojaMm, o0beM U pasmep mezomnop (3 ¢deKTuB-
Helid guameTp menee 100 um) [24] — onpeaensiu c
MMOMOIIBI0 MeToJia HU3KoTeMmepaTypHoit (-196°C)
agcopbumu azora (ASAP 2020, Micromeritics —
I'CU Ne 46147-10). O6beM Makporop (3 QeKTHBHBIH
muamerp Oomee 100 HM) paccUMTHIBAIM 110
Pa3sHOCTH MEXIy BIIATOEMKOCTBIO oOpasma u
BEJIMYMHOU 00BbEMa Me30TI0pP.

PentrenoBckue (HOTOIIEKTPOHHBIC CIIEKTPHI
peructpupoBaim Ha crekrpomerpe XSAM-800
(Kratos). B kauecTBe HCTOYHMKA BO30YKICHHS
MPUMEHSJIM MarHAEBBIA aHOJA C DHEprHed Xapak-



Tepucthdeckoro manmydenus MgK, = 1253.6 3B.
MormHOCTB, BBHIIENsIEMas Ha aHOAE BO BpeMs
perucTpanuu CrnekTpoB, He mnpesbimana 90 Br.
®oH, 00YCIOBICHHBIA BTOPUYHBIMHU JJICKTPOHAMU
U (OTOINEKTPOHAMH, TOTEPSBIINMH DHEPTHIO,
anmpOKCUMHUPOBAIH TIpsiMoi JuHUe. V3mepenus
MIPOBOAWIIN IPU JABJIEHUU ~ 5-10° Ia. Peructparnyro
CIIEKTPOB TPOBOAMIN NPU KOMHATHOM TeMIiepa-
Type. KammOpoBKy creKkTpoMeTpa OCYIIECTBISIIH
mo mukaM Au 4f;, u Ni 2ps;p, S3HEPTUM KOTOPBIX
cootBercTBoBanu 84.0 u 852.7 3B. Yuer moBepx-
HOCTHOW 3apsiaku mpoBomuu 1o muky C s,
KOTOpoMYy Tpunucana sueprus 284.4 3B.
TemrmepaTypHO-IIPOrPaMMHUPOBAHHYIO  PEAKLIUIO
(TIIP) ¢ H; Bemonnsim Ha anammzatope AMI-200
(Altamira Instruments) ¢ meTekTOpoM IO TeEIJIO-
TIPOBOJTHOCTH € UCTOJB30BaHueM cmecu 10% H, — Ar.
Paznoxenne H,O, Ha moBepxHOCTH KaTanusa-
topoB 0.09-0.92% Pd(I1)/C usywanu B nuamazoHe
temneparyp 25-70°C B KuHeTHUECKON 00IacTH NpU
HeirpansaoM PH. Kputepusamu BriOOpa KHHETH-
YECKOW OOJIACTH CITY)KHJIO MOCTOSIHCTBO YIIEIBHOMN
KaTaquTHYeCKOU akTUBHOCTH (VKAg) — HavambHas
CKOPOCTh TIpeBpallleHHs] IEepOKCcHIa BOIOPOJa,
OTHECEHHasI K 3arpy3ke KaTajams3aTtopa, B I'Jl , U
HE3aBHCHUMOCTh CKOPOCTH PEaKIHH OT (PpakIMOH-
Horo cocraBa 140-70 MKM B yCIOBHSAX OBICTPO
npotekatonierd peakuuu (70°C, 3arpy3ka KaTanu3za-
Topa 2.5-7.0 rat u uncno 000pOTOB MeEIIaIKN
1000 06-Mun™). Peakumio mpoBoawin B KonGe u3
nupekca ooremom 50 CMS, KOTOPYIO TIOMEIaIN B
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MacCJIIHYI0 0aHI0 ¢ TepMoaaTynkoM. Beinenenue O,
KOHTPOJIUPOBAIN BOJIFOMOMETPUYECKUM METOJIOM.

B TummuHOM omBITe B KOJMOY C TpeaBapH-
TEJIbHO HAarpeTod [0 3aJaHHOW TeMIepaTypsl
JUCTUJUIMpOBaHHOW Bomoit (20 ™mi) BHOCHIU
kartanmmzarop (ppaknus menee 70 mkMm, 0.05T,
Beiziepkad mpu 180°C 6 4 Ha BO3AyXe, OXJIAKICH B
SKCHKaTope) U noce nepemernusanys (1000 06-MuH ")
C TIOMOIIIBI0 MAaTHUTHOHN MEIIAJKH B TCUCHHUE 5 MUH
no6asimsim HyO5 (0.22 1 0.17 momb-ar™).

Pe3yabTaThl 1 NX 00Cy:KaeHHe

M3orepma amcopbuuu azora mpu -196°C Ha
NOBEpXHOCTH HocuTenss CHOYHHUT OTHOCHTCA K
tuny |V ¢ mnerneil rucrepesuca tuma H3 no
knaccuuranun MIOIMTAK [25]. Tako#t Taunm wu3o-
TEpM XapakTepeH IS KamWUIIPHOW KOHICHCAINH
a30Ta B LIEIEBUIHBIX WIN KOHYCOOOPa3HBIX IMOpax
[26]. AHanmoruyHble U30TEPMBI IOIYUCHBI TS BCEX
Pd(I1)/C xaranuzatopos. Hocurens CuOyHHT 00J1a-
JIa€T BBICOKOPA3BUTOM IMOBEPXHOCTHIO: 343 ou
o merony BOT (3HaueHHe KOHCTAHTHI YpaBHEHUS
BOT Cgyr cocraBmser 128) u 306 v>rt o
CPaBHUTEIBHOMY METOJY, YTO CBUJETENBCTBYET O
HE3HAYNTENBEHOM COZEPKaHNUH MHKPOIIOp, T.€. IOp
¢ 3¢ dexTuBHBIM AHaMeTpoM MeHee 2 HM. OObeMbl
Me30- (3ddektuBHb auamerp mop 2-100 HM) u
Mmakponop (3¢¢dexTuBHbI auUaMeTp MOp CBbIIIE
100 M) cocTaBNSIOT, COOTBETCTBeHHO, 0.48 wu
0.41 em®r, cpenauii  3pQEeKTHBHBIN aHaMETp
HaHOTOp — 5.6 HM. TeKcTypHbIE XapaKTepUCTHKH
HCCIIeIyeMBIX 00pa3IoB NMPUBEICHBI B Ta0IMI. 1.

Tabmuna 1. Xapakrepuctuku Hocutens Cubyuut u karanuzaropos PA(11)/C ua ero ocaoBe

TeKkcTypHble XapaKTepUCTUKU
Ne VYnenbHas Koncranra . Byﬂ)e(ﬁw::r[ CE zf{HHH
~ | Obpazen MIOBEPXHOCTH IO YpaBHCHHUS OBEPXHOCTB IO IMAMETP H/Pd**
00p. CPaBHHUTEIILBHOMY  ME30IOp,
BOT, Asr, BOT, -
Mz_r-l C i MeTorHY7ACMl DMe )
BIT NEss! M
1 CuOynur 343 128 306 5.6 -
0.09%
2 PA(I1)/C 334 124 286 5.4 14
0.46%
3 PA(I1)/C 342 123 328 5.8 6
0.92%
4 Pd(11)/C 303 113 283 5.8 4
*DMe = 4VM6/AE3T-
**H/Pd - coorHomeHne KonuuecTBa aroMoB Bozopoxa (H), ompegeneHHOro mo IUIOMAAX ITHKA

TIIP-criekTpa Karanusaropa, u aroMoB Pd B katamuszarope.

Ha pentrenorpammax Hocuteiass CUOYHHT U
0.09-0.92% Pd(I1)/C xaranu3zaTopoB HaOIIOIACTCS
¢aza rpaguTonog0OHOTrO YIIIEpOJHOTO0 MaTepuaia
(JCPDS Ne 26-1079). Hanecennblii mamutaanit
HAXOAMTCS B  BBICOKOAWCIIEPCHOM  PEHTI'€HO-
amopdHOoM cocrosiHun. [ Gojee JETAIbLHOro
paccMOTpeHHs  MOJYYeHHOH  KapTHHBI  HAMHU
0XapaKTepU30BaH KaTaau3aTop ¢ 0oJiee BBICOKUM
cojepxanueM namtanust — 4.6 mac. %. ITo naHHBIM
PDA, B 3TOM Karanuszatope MNpHUCYTCTBYeT (hasa
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okcuna namwiagus (JCPDS Ne 43-2024). Ero TIIP-
KpHBasi XapaKTePU3yeTCs] HATUYHEM BBICOKOMHTEH-
CHBHOTO HH3KOTEMIIEPATypHOrO IMUKa (MaKCHUMyM
npu 105°C) ¢ aromapubsiM otHomrenuem H/Pd = 2,
YTO COOTBETCTBYEeT BOCCTaHOBICHHIO (aspr PAO
(puc. 1). Ha TIIP-kpuBbix katanuzaropoB 0.09—
0.92% Pd(II)/C  (puc. 1) HaOmIOmAIOTCS — MTHKA
MIOTJIONICHHUST BOJIOPOJIa B 00acTu Oosiee BHICOKUX
temnepatyp (150-250°C) u ¢ aToMapHBIM OTHO-
mienreM H/Pd ot 4 g0 14 (tabm. 1), uro siBisiercs
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XapakTepHBIM IPU3HAKOM crwnioBepa Hy, T.e. ero
JUCCOLMATUBHON XEeMOCOpOLUHM M IMOCIexyouen
quddy3ur Ha TIOBEPXHOCTH CBS3aHHOTO C METall-
oM HocuTens [27, 28].

"\ 46wmac. % Pd

'

I\

\.0.92 mac. % Pd
, 0.46 mac. % Pd

N 0.09 MaC“"/ngidm B}

0 50 100 150 200 250 300 350 400
Temnepatypa, °C
Puc. 1. TIIP-kpussie 0.09-4.6% Pd(I1)/C-
Karanu3atopos ¢ H,.

B PEHTIeHO(OTOITEKTPOHHOM CHEKTpe
0.46% Pd(I1)/C xaramuzatopa (pHc.2) BBISBICHBI
nmuku Pd 3ds, u Pd 3ds, ¢ sHeprusimu cBsizu 337.7
u 343.0 3B, COOTBETCTBEHHO, XapaKTepHBIC IS
CTEIICHH OKHWCIICHMS Nayumanus +2 (TpeBbIIICHNE
sHepruii cBs3u Ha (.7 3B oTHOCHMTENHHO MaccuB-
HOT'0 00BEKTa CBSI3aHO C MPOSIBICHUEM Pa3MEPHOTO
addexra Hanouactun) [29]. Hns oOHapyKeHUs
(bu3rueckux ocoOSHHOCTEH M HaJeKHOW HMHTEpIIpe-
Tanuy (HOTOIIEKTPOHHBIX CIIEKTPOB OCYIIECTBISLIIH
nojnauy Hanpsbkenus cmeumienus (U.,) Ha nepxka-
tenb obpasuos. [Ipu U= -7 B B obmactu 60iib-
mmx sHepruit cBs3u B crnextpe Pd 3d Habmomaercst
MOSIBIICHAE WHTEHCHBHOTO CHUTHAJIA, KOTOPBIA
OTCYTCTBYET B CHEKTPAaX, 3apECTUCTPHUPOBAHHBIX IIPU
U.. = 0 u 7 B. [TonoOHOE noBeieHne HAOIIOIAETCS
B cnekrpax O ls HocuTens (puc. 3 a) BCIECICTBHE
NPUCYTCTBUSL Ha moBepxHocTH CHOyHMTA KHCIIO-
poaconepxkammx  QyHKIMOHANBGHBIX —rpynm  [8].
3HAYHUTENBHO OOJIbIIee U3MCHEHHE CHUTHANIA BBISB-
neHo B criektpe O 1s xaranuzaropa mpu U= -7 B
(puc. 3 6), yTO yKa3bIBAET HA HAJTMYUE XUMHUIECKOH
CBSI3M HAHECEHHOTO MAUIANUS C MOBEPXHOCTHBHIMU
Kuciopoaconepkammmu  rpymnamu - CuOyHuTa.
Takoe 3aKkperuieHne MeTauia Ha IOBEPXHOCTH HOCH-
TeIs TPOUCXOAUT Olarojaps — CYIICCTBOBAHHIO
JIOCTaTOYHO OOINBIIOTO KOJUYECTBA — HECKOIBKO
JIECATKOB MKMOIBT - [8] — MOBEPXHOCTHBIX (yHK-
uoHalbHBIX  Tpynn  CuOyHHTa, CIIOCOOHBIX
obecneynTs XUMUYECKOEe B3aNMOCHCTBIE ¢ OoJIee,
geMm 1 mac. % mammagus, ¥ c(OpMHPOBATH CTAOWIIB-
HbIe HaHOYACTHITHI [20].

AHamM3 KHHETHYECKUX KPUBBIX «KOHIIECHTpPA-
uus nepokcuaa Bogopona (C) — Bpems peakuuu
()» wu norapupmuuecknx kpuBbix INW=f(INC) na
karamusarope 0.46% PA(I1)/C (puc. 4), tne W —
CKOpPOCTh TPEBPAIICHUS MEPOKCHIA [0 BPEMEHH,
HaiiieHHas  IUQQepeHIMpPOBaHHEM  IMTOJHMHOMOB,
OIKCHIBAIONIMX KUHETHYCCKUE KPUBBIE, B TEMITEPATyp-

oM uHTepBane 25-70°C, u pa3nuyHOM HAYaTbHOM
conepxkanuu H,0O, (0.22 u 0.17 Monb-n'l) oKasall,
4TO HaOMIOJAaeMbIid TOPSIIOK  peakuuu  (N) 1Mo
MEpOKCHIy BOJOpONA SIBICTCS IIEPeMCHHBIM B
uaTepBasie 0 < N < 1. [lomoOHbIe KHHETHYECKUE
3aKOHOMEPHOCTH  OBUTM  TOJy4eHBI ® IS
karanusaropa 0.92% Pd(11)/C. BeneacrBue masbix
BEJIMYMH  HAYaJbHOH  yIOENBHOW  CKOPOCTHU
pasnoxenus H,O, nHa Hocurene CuOyHHT U
kataimuzatope 0.09% Pd(I)/C (tabm. 2) xuneru-
YeCKHEe 3aBHCHUMOCTH 3THX OOpa3lloB HE paccMat-
PHUBAITHUCE.

3|3?.7

VIHTEHCHBHOCTB, YCI. 4.
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Puc. 2. ®orosnexTponnbie crekrpsl Pd 3d
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Pa3IMYHOM HAMPSDKEHUH CMEILCHNUSI.
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Puc. 4. Kunetnueckue KpuBbie (a)

1 Jjorapu(pMHUIECKHE 3aBUCUMOCTH CKOPOCTH PEAKIINN
OT KOHIICHTpAIUK Mepokcua (0) ¢ HayaIbHBIMU
KOHIeHTpauusiMu nepokcuaa 0.17 MOJTBJT nipu 25°C,
n=0.53 (1), 0.22 Mo " mpu 40°C, n=1.0 (2), 50°C,
n=0.79 (3), 60°C, n=0.75 (4) u 70°C, n=0.82 (5)
Ha obpasue katanuzatopa 0.46% Pd(I1)/C.

CormocTaBieHue BEJIMYMH HAadaJIbHBIX CKOPOCTEH
W, karamuszaropos 0.09-0.92% Pd(I1)/C u uactoTst
o6opotoB karaimsaropa (TOF,) (HauanbpHas CKOPOCTH
pEaKIny, OTHECEHHAss K CYMMapHOMY KOJHYECTBY
Pd(I1) 8 (Moxb Pd)-™") mokaseiBaer, 4o ¢ yBemmue-
HHEM COJIep)KaHUsT AKTUBHOTO KOMIIOHEHTa Ha
MOBEPXHOCTH, MAagaeT JONIl  MOBEPXHOCTHBIX
[[CHTPOB, YYaCTBYIOIIUX B KaTAIUTHYECKON peak-
WH.

Tabnuma 2. Bexmuunst Wy u TOF, paznoxxeHust
H,0; npu 40°C na noBepxHOCTH
HCCIIETyEMBIX KaTallN3aTOPOB

Ne Haunmenosanue Wo. 103400C TOF
) 0
06]). 06])33113 MOJIL'J'I-I'MI/IH-l MuH
1 CubyHut 0.70 -
2 0.09% Pd(I)/C 0.91 37.3
3 0.46% Pd(I1)/C 4.07 32.5
4 0.92% Pd(I1)/C 5.19 20.5

Habaromaemble 3aKOHOMEPHOCTH B YCJIOBHSIX
KBa3HCTAIlMOHAPHOTO IIPOIecca XapaKTepU3YIOT
CJI0XHOCTb KHHETHYECKOTO YPaBHEHHUS KaTalUTH-
geckoro pasnokenus H,0,, dYTO0 MOXET OBITh
CBSI3aHO C COBMECTHOM peanu3anuell MOJEeKYIsp-
HOr0 ¥ CBOOOJHOPAIUKAIBLHOTO MEXaHU3Ma JH00 C
MPOTEKAaHUEM pPEeaKUUUd TOJbKO IO MOJEKYJSp-
HOMY MEXaHHM3My Ha TOBEPXHOCTH KaTaln3aTopa
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Pd(I1)/C ¢ obpa3zoBanneM Ha MaJIaqHEBbIX [IEHTPax
Pa3IMYHBIX KUCIOPOACOACPIKAIMX HHTEPMEINATOB.
715 BEISIBICHHST BO3MOXKHOTO y9acTHs CBOOOI-
HbIX paaukanoB OH B peakmuu paznoxenus H,O,
BBIIIOJTHEHBl  OKCIIEPUMEHTBI € JTUMETHICYIIb(]-
okcuoM  (JIMCO), SsBISIOIIUMCS WHTHOUTOPOM
peakmuii ¢ y4JacTMeM THIPOKCHIIBHBIX PaIuKaliOB
[30]. Hamu ombIThl MOKa3ainu, 4TO J00ABICHHE K
PEaKIMOHHON cMecH 7.510% u 0.11 mompur™
JAMCO npu 40 u 70°C mpuBOAWT K CHUKCHHIO
3naueHuit YKA, na karamaszarope 0.46% Pd(I1)/C B
1.7-43 pa3a (tabn.3), HECOMOCTaBIMOMY C
MacirtabaMy BIHMSHHUS WHTHOUTOPOB B PaJIMKaJIbHO-
HEMHBIX  mporeccax. HaOmromaemoe — BIUSHEE
JAMCO, BeposiTHEEe BCEro, TOBOPUT O €ro ancopo-
MU Ha akTUBHBIX neHTpax Pd(Il) u ymeHbimeHun

JIOTA  CBOOOJIHBIX IIEHTPOB HA TIOBEPXHOCTH
Karaau3aropa.
Tabnuma 3. Bnustaue koHuenTpanuu JJMCO
Ha 3HaueHus: YKA( Ha KaraiauzaTope
0.46% Pd(11)/C
. 3
JIMCO, Vi K_AO 10 v
Mombr MOJIB'MHH T
40°C 70°C
0 1.40 8.69
75107 - 4.93
0.11 0.42 2.07
YyutbiBas ~ TONYYECHHBIE  pe3ylbTaThl U

JTUTEPaTYPHBIC JAHHBIE O MEXaHH3ME Pa3JIOKCHHS
H,0; B pactBopax komruiekcos Pd(Il) [17, 31-34]
u Ha HaHeceHHbix Pd [9, 34], PdO [35] xatanwu3a-
TOpax, a TakXKe Ha OKCHIAX MEPEXOIHBIX METAIJIOB
[35-37], MOXHO MPEMOIOKUTh, YTO KATAJIHMTH-
YeCKOe pa3loKeHHE TIePOKCHAa BOJOpOna Ha
MOBEPXHOCTH  3aKPEIUICHHBIX  KaTaln3aTOPOB
Pd(I)/C upmer gepe3 ancopbiuro mMonekyinsl HyO,
(cramus 1) ¢ mocnenyromuM paspsiBoM cBsizu O-O
Opd  y4acTHH  ONMKAWIIero  IOBEPXHOCTHOTO
nannaaueBoro uenrpa (cragus |l), mpuBozsmero k
¢opmupoBanmto Ha TnoBepxHOCTH OH —MOHOB,
cBsa3aHHbIX ¢ 3akperuieHdsiM PA(I1).

H,0,,,+Z<«>—>Z(H,0,) 0)
Z(H,0,)+Z 27" (0H"), (1

rae Z = Pd(ll), Z* = Pd(ll1).

Hanereiimme craguu (111) u (IV) onuceBarot
(opMHpOBaHHE HA TOBEPXHOCTH IaJUIAJAUEBOTO
komiuiekca (1) ¢ CynepoKCHITHBIM aHHOH-PaUKATIOM,
XapakTEPHOTO ISl pa3juvHbIX MeTaiwios [16, 19],
B ToM umciie kommuiekcoB naanus(ll) B pacteope
[32, 33]. Ormeueno [18], uTo mMOMOOHBIE KOMII-
JICKCHI MOTYT OBITh AKTHBHBI B OKHCJICHUH CBSI3eH
C=C, a B OTCYTCTBHE OKHUCIIIEMOro cyOcTpaTa
BO3MOXKHO BBIICJICHHE MOJICKYJIIPHOTO KHCIOPOJa
o peakuuu (V).

Z*(OH™ )+ Z(H,0,)—~—Z" + H,0,

- +Z(HO,")

(1)
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Z"(OH")+Z(HO, )—%—>Z + H,0,,, + Z(-0;)
U]
Z(O,)+Z"—=>27Z + 0O, V)

B cnyusae kBasupaBHoBecHOU craauu (1) u
mamutupytomier cramuu (1) B npubmmkeHun
OJTHOPOJIHOW ITOBEPXHOCTH IIONydaeM YpaBHECHHE
ckopoctu umutupytoiei craguu W (1):

W= K ka K '
@+bC+ e Kapc g [HKep ey (D
k k

3 4 5

[TpuHsB B IepBOM NPUOIMKCHUH JOITYIIIEHUE O
MaJIoi CTENEHH 3allOHEHNS TIOBEPXHOCTH KaTan3a-
TOpa KUCIOPOICOACPIKALIMMH TTaIUIATUCBBIMHA HHTEP-
meauaramu, oopasyromumucs B craausix (1), (1) u
(IV), momyunm ypasHenwe (2), coryiacyrorieecs ¢
HaOJTI0IaeMbIMH KHHETUYECKUMU JaHHBIME (pHC. 4):

. kC
1+b,C)% (2)

rne W — HabmromaeMasi CKOpPOCTh JIMMUTHPYOIIEH
cragun; C — korunentpanus H,O,; k' — Habimona-
eMasi KOHCTaHTa CKOPOCTH JIMMHUTHPYIOIIEH CTa vy,
b; — koncranTa agcopbium H,0;.

W3 nmunHeitHoTO TIpeobpa3oBanus ypaBHeHUs (2)
(puc.5) HaiigeHbl 3HAYeHHA  HAOJIONAEMBIX
KoHcTaHT ckopoctn peakiuu (K') pasmoxenus
MEPOKCHIA BOIOPOJa B TEMIIEPATYPHOM HHTEpBaJe
40-70°C wm paccuWTaHbl 3HAYCHHWS KOHCTAHT
CKOpOCTEH B IepecyeTre Ha coJepKaHHe MOBEpX-
HOCTHOT'O 3aKpeIUIeHHOTo nayuiaaus Kpy  Pa3mep-

s_

e G-g--0-01

@
1

s »
3 -- B i
§ Baeem -4
=
s . 5---7 3
S ¢ s — A -
o B Go-nmmn0 4
2 T ™ T .
0.10 0.15 0.20
C, mons-n’

Puc. 5. JIunelinple 3aBUCUMOCTH U3MEHEHUS
CKOPOCTH JIUMUTHPYIOIIEH CTa MU OT KOJIHUECTBA
H,0, mns karanuzatopa 0.46 % Pd(I1)/C
mpu Temmeparypax 40 (1), 50 (2), 60 (3) u 70°C (4).

(V)

-1 -1
HOCTh Kpy J-MuH ~+(Mosis Pd)™ ¢ yderom 3arpysku
-1
katanu3atopa (r- ) (tabum. 4).

Tab6smia 4. KoHCTaHTBI CKOPOCTH PA3IOKEHHS
H,0, Ha moBepxHOCTH KaTaIM3aTOpOB

0.46 1 0.92% Pd(I1)/C Brepecuere Ha comepxkanue
AKTUBHOTO KOMITIOHEHTa

No Kpg,J1-MuH - (Motb Pd) ™
P 40°C 50°C 60°C  70°C
0.46%
1 PA(I1)/C 144 350 678 1517
0.92%
2 Pd(I1)/C 118 300 803 1250

W3 temmeparypHO# 3aBHCHMOCTH BEIUYHH Kpg
HaliJieHbl HaONIOZIaeMble SHEPTUM aKTHBAMH U
MPEIPKCIIOHCHITUATBHBIC MHOXUTEIN yPaBHEHUS
Appennyca, cooTBeTcTBeHHO: 69.0 KI[)K-Monb'l u
4810 mmun(mons Pd)? ns karamusaropa
0.46% PA(I)/C u 69.7 x/kmoms” u 5.3:10%
mus (mons Pd)™ st katamasatopa 0.92% Pd(11)/C.
JuckpuMuHAIUS JPYrUX BO3MOXKHBIX KHHETHYEC-
KAX Mojenedl OyldeT MpeaIMeToM JalbHEHIIHX
HCCIIEN0BaHUN.

3akaouenune

Ha ocHOBaHWM 3KCIIEPUMEHTAIBHBIX JTAHHBIX
[0 BIUSHAIO WHTUOWUTOpA paIuKalbHO-IEIHBIX
peakuuii Ha KHHETHKY pasnoxenus H,0, Ha
noBepxHocTH Katanusatopa 0.46% Pd(Il) cmeman
BBIBOJ O TIPEHMYIIIECTBEHHON peaji3aiui MOJIEKY-
JSPHOTO MEXaHHW3Ma pEeakIWd Ha IOBEPXHOCTH
MaJUTaNeBoro KaramusaTtopa. [lpeminoxkeH Mexa-
HU3M C JIMMUTHPYIOIIEW CTaaueld IUCCOIHAIIN
ajcopoupoBaHHoil monekynsl H,O, u o6paso-
BaHUEM Ha MOBEPXHOCTH KAaTaJIHM3aTOpa KHCIOPOI-
COZIepIKAIIHX TMaJUTaIUEBBIX HUHTEPMETATOB,
NPUBOIAIIMX K OOpPa30BaHUIO MOBEPXHOCTHOTO
komrutekca Pd(Il) ¢ cymepokcumHbiM — aHHOH-
pamuKaIoM, KOTOPBIA B OTCYTCTBHE OKHUCIISICMOTO
OpraHMYeCcKoro cyoctpara oOpa3yeT MOJICKYJsp-
HBII KUCIOPOJ.

Asmopbi svipadicarom 61a200apHOCHb cmaputemy
Hayunomy compyoruxy HHOOC PAH, «. ¢.-m. H.
Haymxuny Anexcandpy Bacunvesuuy sa ucciedosanue
nanaduesvix Kamanuzamopog memooom PDIC, a
maxoice 0.x.H., npogpeccopy Temxury Onecy Haymosuyy
3a yuacmue 6 00CYIHCOeHUU Pe3yIbIMAmos.
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THE INVESTIGATION OF PATTERNS OF WET HYDROGEN
PEROXIDE DECOMPOSITION OVER ANCHORED ON SIBUNIT
PALLADIUM CATALYSTS (Pd(I1)/C)

A.A. Gordienko®, V.R. Flid

M.V. Lomonosov Moscow State University of Fine Chemical Technologies, Moscow, 119571 Russia
@Corresponding author e-mail: gordienkoaa@mail.ru

The article describes peculiarities of liquid-phase hydrogen peroxide decomposition over palladium oxide (I1)
anchored on mesoporous carbon support with Pd loadings of 0.09—0.92 wt. %. The surface state of the palladium
catalysts has been characterized by a set of physical chemistry methods. According to the observed reaction
rates and orders and influence of dimethyl sulfoxide as an inhibitor of radical-chain reactions with the participation
of the free hydroxy (HO-) radical the molecular mechanism of liquid-phase hydrogen peroxide decomposition over
anchored palladium(ll) oxide and the limiting step have been suggested. The introduced mechanism involves
adsorption of H,O, on an anchored palladium center followed by dissociation with the participation of another Pd
center.

Keywords: liquid phase hydrogen peroxide decomposition, anchored palladium oxide.
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[l

poaHanu3upoeaHo erusiHUe cKopocmel omoesibHbIX cmaduli merioMaccoobmeHa Ha 3ghgheKmusHOCb
mapersiok pekmuguUKayUOHHbIX KOJTOHH. BbiseneHs! numumupyrowue cmaduu. lNpedrnoxeHa KomuyecmeeHHasi
OUEHKa 8HYMpPEeHHe20 3Hep20COePEXeHUSsT 8 PEKMUGUKaUUOHHOU KOTOHHE.

Knroyesnlie criosa: pekmugukayus, numumupyrowass cmadus, 3¢pchekmusHOCMb mapesiku, 8HympeHHee

aHepaocbepexeHue.

[Ipouecc pazaeneHuss KUIKUX CMeced MeTo-
JIOM PEeKTH(UKAINK SBISICTCS OTHHM H3 DHEPro-
€MKHX, K KOTOPBIM OTHOCSTCS TaKXe BbIIapu-
BaHUE, JAUCTWUISALMA, BbICYLIMBAHUE BJIAXKHBIX
MaTepUaIoB. DHEPrOEMKOCTh BCEX I1E€PEUUCIICH-
HBIX TIPOLIECCOB CBs3aHa C HEOOXOJMMOCTHIO
WCHApATh OJWH WM HECKOJIBKO KOMIIOHEHTOB
cMecH, 3aTpauMBas IpU 3TOM TEIUIOTY Mapo-
o0Opa3oBaHUsl.

Pextudukanus mo3BodsieT TONydYaTh  BCE
KOMITOHEHTBI ~ pa3fensieMOod CMeCH  3aJlaHHOM
yuCTOThl. ECTECTBEHHO, 4eM YHIlle IO0JydaeMble
MPOAYKTHl pa3ielieHus, TeM Ooiiblie TpedyeTcs
3aTpaTUTh JHEPruH (OOBIYHO — TEIUIOTHI B KyOe
peKTUGUKAITMOHHONW KOJIOHHBI) [1]. DT 3arpaThl
BO3pACTarOT Ui CMecel C MaJloil OTHOCHTEIBHOMN
JIETY4YEeCThI0O KOMIIOHEHTOB 7Y (I Pa3IMYHBIX
OMHApPHBIX CMECEeH M Pa3HBIX COCTaBaX M YCIOBHIX
pasfeneHus 3Ta BEIMYMHA MOXKET MEHsTbca OT 1
JI0 o0). 3amMeTuM, 4To Oonee yAoOHOH XapakTepuc-
THUKOW CITIOCOOHOCTH CMECH Pa3AeisIThCS METONAMHU
NIEPErOHKU  SABISETCA pa3AensieMocTh cMecu P,
CBSI3aHHAs C OTHOCHUTEIILHOM JIETYy4ECTbI0 KOMIIOHEHTOB
'Y COOTHOLLIEHUEM:

y-1

y+l' @

Benmnuuna P Bcerna HaxoauTtcs B MHTEpBAJe OT
O(opuy=1)nmol (mpuy=o0).

B ommume or gpyrux MaccoOOMEHHBIX
MIPOIIECCOB PEKTH(HKAIMS XapaKTepu3yeTcs 00Jb-
MM BHYTPEHHUM 3HEProcOepeKeHUEM, 3aKTIOUAr0-
IIeMcsl B TOM, 4YTO Tap, MBIDKYIIMHACS IO KOJOHHE
CHH3Y BBEPX, KOHTaKTHPYET C >KUAKOCTBIO (MECHB-
el TeMIepaTypsl, 4eM Tap) Ha KaKIOH Tapelnke.
[Ipu 3TOM 3a CYeT BBINCISAIOMICHCS TPU KOHICH-
calMy Tapa TEIUIOTHl HCHapsieTCs] XHUIKOCTh Ha
tapenke. TeM caMbIM TONy9aeTcss Map HOBOTO
coCTaBa, KOTOPBIH KOHTAKTUPYET C KHUIKOCTHIO Ha
CIemyIomeil TapeiaKe M Tak Jajiee 10 IONydICHHUS
mapa Hy>KHOTO COCTaBa. 31eCh OUYEBU/IHO J[BA OJTHO-
BPEMEHHO TNPOTEKAIOIIUX IMpoIlecca: TEIIo- U
MaccooOMeHa. YUWTHIBas MX B3aUMHOC BIIHSHHE
Ipyr Ha JApyra, Jydlle TOBOPHTH O TEIUIO-
MaccooOMEHE Ha TapeKax.
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C 1eTbI0 BBIABICHUS JIMMUTUPYIOMUX CTaIUH
ATOTO CJIOKHOTO MPOIECCa PACCMOTPUM CHadaia
TEIIOOOMEH Ha TapelikaX pPeKTUPUKAIUOHHBIX
KOJIOHH. ByneM paccMaTpuBaTh Tapenky KOJOHHBI
KaK HEKOTOPBIH TeIIOOOMEHHBIH ammapar, B
KOTOPOM YaCTHYHO (WJIM TIOJHOCTHIO) KOHJICHCH-
pyeTcs map, a 3a CYeT BBIICIHUBIICHCS TEIUIOTHI —
UCTIAPSETCSI YKUAKOCTD (YaCTHYHO WITH TIOJTHOCTEIO).

IMponycknas cnocobHocts (IIp.Cn.) Temmo-
oomeHHnka Q/A* mnpu wuIEaNbHOM CMEIICHHH
TEIUIOHOCUTENE W  JIMHEWHBIX 3aBUCHUMOCTSX
TEMIoOBOro motoka (Q oT pa3HOocTeH TeMmIeparyp
(mBWKyImUX cuin) onpexaensgeTcs o ¢popmyste [1]:
Q _ 1
A* S,

cm

A, F

cm

1
G,c,

1
o, F

1 1
+
a,F  G,c, )

(2)

B 3HamMeHarene CTOST BENMYMHBI, OOpaTHBIC
MPOTYCKHBIM CITIOCOOHOCTSIM OT/IEITLHBIX CTaJIUN:

G; ¢; — p.Co. cramuu moaBoAa TEIUIOTHI C
TEMJIOHOCUTEIIEM;

o; F — IIp.Cn. craguu TemmooTnauu OT ropsi-
YEero TEIIOHOCUTEIIS,

A F _

o

cm

yepes CTEHKY;

oy F — Ip.Cr. craguu TeriooTAauu K XOJIOJ-
HOMY TEIUIOHOCUTEIIIO;

G, ¢, — [Ip.C. craauu 0TBO/IA TEIUIOTHI C TEIIO-
HOCHTEJIEM;

Q - TemwIoBOH MOTOK OT OAHOTO TEIIo-
HOCHTENA K Ipyromy, BT;

Ax — Pa3HOCTh HAYAJIBHBIX TEMIIEPATYp TEIIo-
HOCHTEIIEH.

W3 3Toro BbIpaXK€HMsI CIEAyeT, YTO yBEIu4e-
HUE TPOITYCKHOM CIIOCOOHOCTH JHOOOM U3 CTaiuii
(T.e. yMmeHbllleHHMe OTBevarolled el oOpaTHOM
BEIMYMHBI) CHIDKACT BIMSHHE ATOM CTaAWW Ha
MHTEHCHUBHOCTh IIpolecca B LenoM. Hamporus,
YMEHBIIICHHE MPOIYCKHOH CIIOCOOHOCTH KaKO¥i-
Tu00 CTaAWMM TIOBBIMIACT €€ BIMSHHUE Ha IIPOIECC;

IIp.Cn. cramuu TEMIONPOBOAHOCTH

npu CyIIECTBEHHOM YMCHBIIICHUH
MPONYCKHOMCIIOCOOHOCT  OHAa  MOXET  CTaTb
JTUMUTHPYIOIIEH.

[Ipu cranmonapHOM mpolecce PEeKTU(HUKAINN
TEIUIOOOMEH Ha Tapelkax peKTU(UKAIUOHHBIX
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KOJIOHH TIPU HETIOCPEJICTBEHHOM KOHTAaKTE Mapa |
JKUJIKOCTH BKJIFOYAET YETHIPE ITOCIIEIOBATEIIBHBIE
(omHOBpeMEHHO TmpoTekaromue) craauu: 1 —
MOJIBOJI TEIUIOTHI C TApoM U JKHIKOCThIO, 2 —
KOHJICHCAIIUS Mapa MpH KOHTAKTE C SKHIKOCTBIO, 3
— KWIEHHE JKHIKOCTH 3a CYET BBIJCIUBIIEHCS
TEIUIOTHl TMPH KOHJASHCAMU Mmapa, 4 — OTBOJ
TEIUIOTBI ¢ BHOBb OOpA30BaBIIMMCS MMapoM H
JKHJIKOCTBIO.

B paccmartpuBaemoM citydae TeruiooOMeHa Ha
TapeNkax H3-3a2 HEJIMHEHHBIX 3aBHCUMOCTed Q ot
pasHOCTEl TemmepaTyp (OBMDKYIIMX CHI  JUIS
OTJICNBHBIX ~CTaJui) KOJMYCCTBEHHBIH aHAIN3
BIUSHUSA OTIACIBHBIX CTaiMii Ha TEIIOOOMEH B

LEIOM  HEBO3MOKEH. Tak, Hanmpumep, TpH
KOHJIEHCALIMH Mapa TEIJIOBOM MOTOK:

— _ 1/4 —
Q = aKOHH.F.A:}/]Z'OHIl = A/ (AtKOHI[) F'Atxonu = (3)
= A-F(Ateony)
IPOIOPLHHUOHAIICH YaCTHOMY TEMIIEPATYPHOMY

HAIoPy Atyonz, (PA3HOCTH TEMIIEPATYP TIApa U TIOBEPX-
HocTH pasjena (a3) B crenenu 74 [1].

BEINONTHUM  Ka4eCTBEHHYIO OIICHKY BIIHSHUS
OTJICNIBHBIX CTaMi TEIUIONEepPeHoca Ha TEeIUIo- H
MaccoOOMEH Ha TapelkaX peKTH()UKAIHOHHBIX
KOJIOHH Ha MpuMepe peKThdUKamu OWHAPHBIX
CMeCeH.

IIpn HemocpeACTBEHHOM KOHTAKTe Iapa H
JKUIIKOCTH (B OTCYTCTBHUE TEIUIOIEPEIAIONICH CTEH-
KH, T.e. Ipu O, = 0) TpeThe ciiaraeMoe B 3HaMe-
HaTele BeIpakeHus (2) oOparaercst B HOJb.

[IponyckHple cOCOOHOCTU CTAAMN KOHACHCA-
mn o3 F = oyony F 1 kunenus aF = oy, F Benukn
M0 IBYM NIPUYMHAM:

1 - 3HaueHms KOI(DOUIMEHTOB TEILIOOTAAYH
Olgorz 1 O JAXKE B CITydae OPTaHHYCCKHX JKHIIKOC-
Teit Hepenko mpesbimaer 1000 BT/(MZ'K), a s
BOJISTHOTO Tapa U BOJABI OHU joxoasaT mo 10000 —
20000 Bt/(Mm“K) [1, 2];

2 — Oonpnas MOBEPXHOCTh KOHTaKTa IMapa u
JKUJIKOCTH Ha 0apOOTaXKHBIX Tapeskax, obecredu-
BacMas HaJIWYHEM YCTPOWUCTB s 00pa3oBaHUs
MEJIKMX TYy3bIPHKOB TIapa, IUICHOK W Kallelb
skunakoctd [1, 3].

OTO MO3BOJNSET MPEIINONIOKUTh, YTO TEILIO-
0oOMEH (TEIUIOBOW TOTOK) MEXAY KHIKOCTHIO MU
MapoM Ha Tapelikax PEKTUPHUKAIIMOHHBIX KOJIOHH
ompenensercs (JIMMATUPYETCs) MOTOKAMU Iapa U
KHUIKOCTU. B 3TOM cityuae roBopsr o «banaHcoBon
3amaue» [l, 4]. Tlom >TMM TEpMHUHOM ClEIyeT
MOHUMATh, YTO MHTCHCUBHOCTD TEILIONEPEaYd OT
KOHJICHCUPYIOLIETOCS TMapa K KHITAIIEH JKUIKOCTH
HACTOJIBKO BETIMKA, YTO KHHETHKA IpoIecca TeIuio-
MepeHoca MepecTaeT BIMAThL Ha OOIIYI0 CKOPOCTb
teriooOMena. IlocienHss ompenensercss JUIIb
MOTOKaMHU T1apa U YKUJKOCTH.

B kadecTBe MpUMEpOB MPOIECCOB, KOT/Ia OHU
NPOTEKAIOT B YCIOBHAX 0allaHCOBOHM 3amauw,
MOYKHO TPHBECTH CIICAYIOLIHUE:
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1 — cymka BI@XHBIX MaTepuajoB (U JApPYyrHe
NOJOOHBIE TPOIECCHl, HalpuUMep aacopOouus U3
ra3oBod WM JKHIKOM (a3) B ammaparax cC
TICEBJIOOKIKEHHBIM ciioeM. M3-3a pa3BuToil moBepx-
HOCTH Maccorepenaud F B ciayyae MENKHX 4YacTHIl
BBICOTAa AKTHBHOTO CJIOSI COCTABISICT HECKOJIBKO
MUJUIAMETPOB, a B CIydae KPYIHBIX YacTHI —
HECKOJIBKO CAHTHMETPOB. B MPOMBIIIICHHBIX amma-
parax TaKhe TOHKHE IICEBJOOKIKEHHBIC CIIOU
CTPYKTYPHO HEYCTONYMBBI: BOBMOXKEH CIy4JalHBINA
BBIOPOC TBEPJOr0 MaTepralla B KaKOM-TO MECTE B
COCeIHEH yYacTOK M 0O0pa3oBaHME KaHAma st
npoxoxa Oonbiieit yactu raza. Ha apyrux ydvacr-
KaX CKOPOCTb I'a3a MaJaeT U BO3HUKAIOT 3aCTOMHbBIE
30HBL [ToaTOMY mpomecc BeayT CO CJI0eM BBICOTOI
He meHee 100-200 MM, 9TOOBI CIy4alilHO BO3HHK-
MU KaHaj s Mpoxoja ra3a ObIT TYT jKe «3achl-
MaH» TBEPIbIM MaTePHAIOM M3 COCeTHHX 30H. [Ipn
TaKUX BBICOTAaX CIOS YXOMASAIINE IOTOKH MpPAKTH-
YEeCKH JIOCTUTAIOT PaBHOBECHSL, M IIOTOK MEPEXOIS-
miero u3 (asbl B (pa3y BellecTBa 3aBUCUT JIUIIb OT
MOTOKA BBOJUMOTO (WJIM BBIBOJUMOTO) B amIiapar
3TOTO BEIIECTBA. 3a/1a4a «PEIIaeTCsH ¢ MOMOIIBIO
0aJTaHCOBOTO COOTHOIICHHUSL.

2 — TemwnooOMeH (HarpeBaHUe, OXJIAKICHUE,
BEITIApDUBAHKME W JIp.) ¥ MaccooOMeH (abcopOrus,
peKTUdHKAIs) B ITIEHOYHBIX anmnaparax [4].

B OGonbmmHCTBE MacCOOOMEHHBIX IPOIIECCOB
(abcopbums, amcopOuus, necopOIus, Cylka BiIax-
HBIX MAaTEepPHAaJOB, OSKCTPAKIHUs) WHTEHCHBHOCTH
MOTOKA TIePEeXO/AIIEro BelecTBa U3 OHOM (askl B
JIPYTYIO 3aBUCUT OT Ko3(dduimeHTa Mmaccorepe-
Jla4d, ONpEeNIIeMOro, B CBOIO odepenb, kodhdu-
[IUEHTaMH (CKOPOCTSIMH) MAacCOOTIaul B KaXIOif
u3 da3. [locienHue 3aBUCAT OT KOIDPHUIMEHTOB
middy3nn  mepexonsmero KOMIIOHEHTa B TIOTrpa-
HUYHBIX [UICHKAX.

B mpomeccax meperoHku  (pekTudukais,
JUCTHIIIANMS) 3P (QEKTHBHOCTD pa3zieiieHus CBs3aHa
C TpoleccaMd KOHJEHCAlMM Tapa W HCHapeHus
KHUIIKOCTH. DTO TMO3BOJISIET TPEANOIOKUTh, YTO
MaccoOOMEH TpH  PEKTU(PHKAIMKA  MTOTHOCTHIO
OTIPENIEISICTCS] TEITIOOOMEHOM MEKIY BCTPEUAIOIIH-
MECS Ha Tapeikax MapoM U JKUAKOCTBIO (MMEFo-
IOIMMH pa3HBIE TEMIICPATyphl) M CTPEMIICHHEM HX
MpUHTH B paBHOBecHe (TEIUIOBOE W CBA3aHHOE C
HUM KOHIICHTPAIIMOHHOE).

O 3HAYUTENBHOW JOJIE «IOIOJHUTEIHHOTO
BKJIaJIa B TIEPCHOC JIETKOJETYYEero KOMITOHEHTa
BCJICJICTBUE PA3HOCTH TEMIeEparypy B OOLIHiA
MOTOK Macchl OTMeUYeHO B pabote [S] u apyrux [6,
7]. B pabotax [8—10] skcriepuMeHTaILHO TIOATBEP-
XKJICHO TIOJIOXKUTENBHOE BIIUSIHUE TEIJIO00MEeHa Ha
Macco0oOMeH IPU PeKTUPHKAIINH.

Bmecte ¢ TeM mpemIoKeHBI MOIENTH COB-
MECTHOTO TEIUIO- M MacCOoOOMEHa, B KOTOPBIX
TEIUIOOOMEH ~yXyALIaeT MaccooOMeH 3a CcHeT
JOTIOJTHATENFHOTO COTIPOTHBIICHUS! TEIUIOBOTO TI0-
TPAaHUYHOTO CIIOSI. CormacHo [11]



«...TepMuyeckue 3¢ eKTsI B nporrecce
pekTH(GHUKAIAN TP OONBIION TNIOTHOCTH TEIIOBOTO
MOTOKa CO3JAal0T Ha TpaHuIe paszgena a3
JIOTIOJTHUTEIIEHOE TETIJIOBOE COIIPOTHBJICHHUE
Maccorepeaade, KoTopoe npu OOJBIIOM H MajioM
conep)KaHUM JIETKOJICTYYer0o KOMIIOHEHTA B CMeCH
CTaHOBUTCS COM3MEPUMBIM C Ju(Py3nOHHBIM
CONIPOTHBICHUEM Maccomepenade». Bpsanx nm
TaKyI0 THIIOTE3y MOXHO CYMTATh NPABUILHOM.

[IpoBenennass wamum [12] omenka BkIama
OTJCIBHBIX MPOIIECCOB MPU IICHOYHOM HCIIApEHUU
KHUIKUX OWHAPHBIX CMeced IoKa3aja, 4To H3Me-
HEHHME KOHIICHTPALMN HU3KOKHUILILIETO KOMITOHEHTa
B KHIKOCTH 3a CUET €€ YaCTHYHOTO HCIApPCHUS Ha
2 mopsgka OoJblie, YeM IpPHU COIYTCTBYIOIIEM
MaccooOMeHe MEXIy CTEKaromeh KUIKOCTHON
TUIEHKOW M BCTPEYHBIM ITapPOBBIM IIOTOKOM.

Ham mpexacraBmsieTcss Takas KapTHHA TeEILIO-
MaccooOMeHa Ha TapelikaX pPeKTUPUKAITUOHHBIX
KOJIOHH. lIpyM KOHTakTHPOBaHWW HACKHIIICHHOTO
mapa ¢ MEHEe HarpeTod KHILIMIeH JKUIKOCTHIO
MOJET OBITh JIMIIb €r0 KOHICHCAIMS U 3a CYeT
BBIICNIUBIICICS TIPH ATOM TEIUIOTHI — HCIIApeHHE
KHUJIKOCTH C TOJNyYCHHEM Tapa, OOOTralmIeHHOTO
HU3KOKHITAIINM  (JIETKOJETyYHM) KOMITOHEHTOM.
N3-3a BbICOKHX KOI(DDHUITMEHTOB TEIIOOTIAYH O U
MacCOOT/Ia4H 3 M Pa3BUTON MOBEPXHOCTH KOHTAKTA
¢a3 F mpomyckHble CIIOCOOHOCTH KHHETHYECKHX
CTamuii TerioMaccooOMEHa HACTONBKO BEJHKH,
YTO MPAKTHYECKU HE BIMSIOT Ha OOIIyH0 3(dek-
THBHOCTB TEIIOMAcCOOOMEHA. YXOJISIINE C TEOPETH-
YEeCKOI TapelKy MOTOKH Hapa U SKHAKOCTH UMEIOT
PaBHBIC TEMIEpaTypsl U PaBHOBECHBIE COCTABHI, a
BEJIMYMHBI MEXK(a3HBIX TEIUIOBBIX W MaTepHAab-
HBIX TIOTOKOB OIPENENIOTCS W3 0aJaHCOBBIX
COOTHOIICHNHA. bornee TOYHO: OHM ONMpeAensroTCs
(MUMUTHPYIOTCS) HAMMEHBIIUM MOTOKOM (HIIKO-
ctu u mapa). [loaToMy «OamaHCOBBIC 3amadum»
WHOT1a UMEHYIOTCS [ 1] «TTOTOKOBBIMU 3a7ja9aMm.

O OamaHCOBOM  XapakTepe MaccooOMeHa
(TeriooOMeHa) MOKHO TOBOPUTH, €CIIH YXOJISIINE
M3 KOHTAKTHOTO YCTpOWCTBa (ammapara) TOTOKH
(a3 ONMU3KKM K PaBHOBECHOMY COCTOsTHHIO. JIpyru-
MU CIIOBaMH, €CJIM HadallbHas [BIDKYyIIas CHJIa
nporiecca (pasHOCTh TeMIepaTyp — B TEIIOOOMEHE,
Pa3HOCTh KOHIICHTpAITMA — B MaccOOOMEHe) pean3y-
etcst Ha 95-99%. Uem Bhile BpICOTA PabOTAIOLIETO
CJIOs, TeM OJIDKE K PAaBHOBECHIO COCTABBI YXOJS-
[IUX U3 ATOTO KOHTAKTHOTO yCTpOHcTBa (has.

BanaHcoBslii xapakTep TermiomMaccooOMeHa mpu
pEeKTH(UKAIIMKA TONTBEPIKIAIOT TPHUBEICHHBIC B
[13] maHHBIE O BIMSHUM CTaTUYECKOTO YPOBHSI
KUIKOCTH Ha 3P PEKTHBHOCTH KOJMAYKOBBIX TAPEIIOK:
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TeIioMaccooOMeHa B TIporecce peKTU(UKAIIU
IIPHU CTaTHYECKUX YPOBHAX KUIAKOCTH Ha Tapeikax
6onee 30 MM. 3aMeTUM, YTO BBICOTA TEPEIMBHOM
IUIAHKA TP KOHCTPYHPOBAHUHM TapeioK, Kak
MIPaBWIO, MPEBHINIACT 3Ty BEIUYMHY, a BEICOTA
CJI0SI BCTIEHEHHOW JKMJIKOCTH TMPUMEPHO B 2 paza
BBIIIE CTATUIECKOTO YPOBHSL.

100

/

30

=

=

@

a

SPHERTMEHO LT Tapenkm, %

/
/
i

0 10 h, nana
Puc. 1. 3aBucumocts 3¢ (HEKTUBHOCTH TAPEIKH

OT CTATUYECKOT0 YPOBHS XKUAKOCTH.

20 30 10

Henoctmkenne 100%-0# 3 (QEKTHBHOCTH MOXKET
ObITh OOBSICHEHO MEXTapenbuaThiM OpBI3TOYHO-
COM O KHAKOCTHA. JTO TOATBEP)KAACTCS pe3yiabTa-
tamu onbIToB [13] B kosonne nuamerpom 0.4 M Ha
CHCTEME 3TAaHOJ—BOJAa IPH PA3TUYHBIX PACCTOS-
HISIX MEXAY Tapenkamu H, . ¥, COOTBETCTBEHHO,
Pa3IMYHBIX CKOPOCTSAX IT1apa B KOJOHHE, OIICHU-

o 05f 05 -05-17.

BaeMbIX BEIHYUHON W'p ~ [KT M C ] :
Pacctoaume — MCXNY | 135 0209 027 0415
tapenakamu Hy, ., M ) ) ) )
Maxenvanesast 948 072 096 11.34
CKOPOCTH I1apa, W-p

MaxcumanbHas

3¢ PeKTHBHOCTB, % 92 % 87 o7

Crarudeckuii ypoBeHb 6.3 125 19 32
JKMAKOCTH, MM

3(1)(1)6KTI/I(1)3HOCTL 74 82 88 96
Tapenku, %

[TocTpoeHHast o 3TUM AaHHBIM KpuBas (puc.l)
MOKa3bIBACT BBIXOJ Ha OAaJaHCOBBIA XapakTep
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Bunno, 9To ¢ yBenMYCHHEM MEKTapelb4aToro
paccrosiHus 3()(HEKTHBHOCTh TapENIKA BO3PACTACT.
Bricora H,, . =0.270 M, BuguMo, HeIoCTaTOUYHA JJIs
cernapariy Kareiab Ipu w-p0'5=0.96 krom 0%t , B
MOATOMY 3a(pUKCHPOBAHO TMOHIKECHUE d(HPEKTHB-
HoCTH 10 87%.

AHajornuHple 3aBUCUMOCTH 3(ddeKkTuBHOCTH
KOJIMIAYKOBBIX TapelioK OT CTaTHYECKOro CTojba
JKUJIKOCTH Ha HHUX O3KCIEPUMEHTAIBHO YCTaHOB-
nensl B [14]. IIpu BeicoTax >kuakoctu 30-40 mm
s exkTHBHOCTH Tapenok gocturaet 90 %.

UzBectHo [1], 9TO KO03(hHUIMEHT MOIE3HOTO
neiictBus (KI1/I) tapenok 6apO0TaKHOTO TUTIA TIPU
abcopOrmu KpaiiHe HU30K (nHOrma — Bcero 5—10%).
310 00ycnoBiIeHO MaibiM KoddduimenToM aud-
(hby3un epexoasIero KOMIIOHEHTa B KUAKOU (aze
(Ha 2-3 mopsinka MEHbIIIe, HEXKEJH B Ta30BOH (ase)
U, CJICJIOBATEIHHO, MAJTBIM KOI(PPHUIIUSHTOM Macco-
nepeIavm.

ITpu pexktudukanun KI1J] peanbHbIX TPOMBIIII-
JeHHbIX Tapenok pocturaer 80-90 %. B ornuuue
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oT abcopOIMK CYUTAIOT, YTO MPU PEKTUPUKAIIH
OCHOBHOE COINPOTHBIECHHUE MACCOIEPEHOCY COCPENo-
TOYeHO B mapoBoit ¢aze [15]. [To npuBeaeHHBIM B
[15] onbITHBIM JaHHBIM TIpH peKTH()HUKAIIMK OUHAD-
HOI cMecH ATHJIOBBII CIHMPT — BOZAA B ammapare
KOJITTAYKOBBIMH M CUTYATBIMHU TapenKkaMu Kod(du-
IIMECHT MAaCCOOTAAYH B ITApOBOH (aze

Bys KMOJIb HAXOJHUTCS U3 BEIPAKCHHUS:

M2 uac kMo / KMOITB

224-B, -h

= 0.79-Re, +11000, )

v

rae Dy — xoapdumuent nuddysum, M2fa; Rey
Wyh-py/py — kpurtepuil Peifnonpaca B mnaposoii
(ase; wy — CKOpOCTb IIapa B CBOOOJHOM CEYEHUM
anmapara, m/c; h=1 — nuneitnslil pasmep, M; py —
IUIOTHOCTB 11apa, KI/M’; Ly — BsI3KOCTh apa, Ila-c.

AHanu3 ypaBHeHUs (4) TIOKa3bIBaeT, 4YTO
K03 PUIMEHT MAcCOOTAAuH [y 3aBUCHT OT KpUTe-
pus Rey B mepBOd CTENEHM, YTO IPAMO CBHJE-
TENBCTBYET (B COOTBETCTBHHM C MaTepHAIbHBIMU
OamaHcaMM) O NPOTEKaHUM MAaccOOOMEHa IMpH
peKTH(UKAIIMA B YCIOBHAX OalaHCOBOW 3a/aun
[16-18].

IIpoBenennoe B [15] wuccrnenoBanue macco-
mepefaud Ha MPOBANBHBIX Tapeiakax ¢ Joieid
cB00OOIHOTO ceveHus 25% B KOJOHHAX JIUaMETPOM
120 u 400 MM mpu pektudukamyu OUHAPHBIX
cMeceil: areToH—0eH30JI, alleTOH—METaHOJ, IeKCaH—
0EH30J1, METaHON—OCH30JI, METaHOJI—U300yTaHOJI,
METaHOJI-BOJ[a, STaHON—BOAA IO3BOJIIJIO IIOJIYYUTh
ypaBHEHHE IS TTAPOBOH (hasbl:

Sh, = A-Re,"Sc,”*. (5)

[Tokazarens cremenn mpu Re, pasubii 0.9,
TaKke ¢ OONBIIOI BEpOSATHOCTHIO CBUAETENBCTBYET
0 TOM, YTO MAacCOOOMEH IPOTEKAeT B YCIOBHUIX
OayraHcoBoi#i 3amauu [16].

ITpoBenennbrit Hamu [19] B ycnoBusx 6anaHco-
BOI 3a/auM TEOPETHYECKUI aHalIHu3 TerioMacco-
oOMeHa Ha 0apOOTaXKHBIX TapeiKax peKTH(HUKAIH-
OHHBIX KOJIOHH ITO3BOJIFJI YCTAaHOBUTH CIICAYIOIEE:

1 — TemwIoBOH MOTOK OT Mapa K KHIAKOCTH (H
COOTBETCTBYIOIIEE pa3lleieHue) Ha  Tapeikax
YKPEIUISIONIEH YacTH KOJIOHHBI 3aBHCUT OT TIOTOKa
(bnerMpl — UMEHHO 3TOT MOTOK (hJIETMBI JTMMHTH-
pPYyeT KOHIECHCAIUIO Napa U ero MHOTOKpPaTHYIO (Ha

OBO3HAYEHUA:

KOKIOH Tapelke) paboTy; BHYTPEHHEE JHEpro-
cOepexeHne (OPYrUMH CIOBaMH: KOX(PQHUIUCHT
HCIIOJIF30BAHUS T1apa) B 3TON YaCTH KOJIOHHBI — 3TO
noist L/D, pasuast R/(R+1), rme R — ¢daermosoe
YHCIIO.

2 — B OTTOHHOH KOJIOHHE IIOTOK MXHIKOCTH
(dyrerma TuTFOC WCXOMHAS cMeCh) Bcernma Oouiblie
MapoBOT0 MOTOKa D; TemmoBo#l MOTOK OT mapa K
JKUJIKOCTH HAa TapelikaxX JUMUTHPYETCS MOTOKOM
napa D, m Ha KaXAoW Tapelike map MOITHOCTHIO
MOXET OBITh CKOHICHCHUPOBAH, TaK YTO BHYTPCH-
HEEC DHEProcOCpPEeKCHUE B ITOW YaCTH KOJOHHBI
paBHoO 1.

BHayTpennee sHeprocOepexeHne Iy 1O Bcei
KOJIOHHE B CITy4ae IOJaud HCXOIHOW CMECH IpH
TEMIIepaType KHUIEHUS MOXHO OLCHHTH IO

hopmyne
R
——n, +n,
o = R+1"’
. n,+n,

, (6)

I7e Ny U N, — YUCJIO TAPENOK B yKpeIulsroueil u
OTTOHHOM YacTAX KOJIOHHBI, COOTBETCTBEHHO.

B 3axioueHme moquepKHeM, 9TO MacCOOOMeEH Ha
Tapenkax PeKTH(UKAIMOHHBIX KOJIOHH B 3HAYUTEIh-
HOM  cTemeHW  ompefensiercs — TeI000MEHOM.
3auKCHPOBaHHOE HA OCHOBAHUH OMBITHBIX JAHHBIX
yxymireare 3QheKTHBHOCTH MaccooOMeHa B 00J1acTr
MaJIbIX M BBICOKMX KOHLIEHTpAlUMK HU3KOKHILSLIETO
(;merkoneTydero) komnoHenra [6, 8—12] ¢ mo3unumit
NPEATIOKCHHOH HAaMHM THIOTE3Bl TEIIOOOMEHa Ha
Tapenkax o0BICHAETCS I0CTAaTOUHO IpocTo. [leno B
TOM, 4YTO Jyis OOJIPIIMHCTBA OMHApHBIX cMeceil B
YKa3aHHBIX 00JIaCTSAX KOHIIEHTpalWi HW3MECHEHHE
coctaBoB (ha3 Ha Tapenkax (TEOPETHUECKUX W
peabHBIX) 3HAYUTEIBHO MEHBIIE, YeM B OOJIACTH
cpeaHrx KoHueHTpauui. CieoBaTebHO, U pa3HOCTb
TEMIIepaTyp KOHTAKTUPYIOIIMX IOTOKOB Tapa H
JKUJKOCTH CTaHOBHUTCA MeHble. HemocTmxkenue
TeryioBoro paBHoBecuss B 1°C mpu  pasHOCTH
temnepatyp 4°C cocrasiser 25%, B TO BpeMsl Kak
1°C npu pasnoctu Temmneparyp 10°C cocraiser
Bcero 10%. bosbIas OTHOCUTENbHAS HE3aBEPILECH-
HOCTH TEIUIOBOTO IPOIecca MPUBOIUT K OOINBIIEH
HE3aBEPIICHHOCTH MaccoOOMEHHOTO, a
CIICZIOBATEIbHO, K YXYIIICHHIO 3()(EeKTHBHOCTH
MaccooOMeHa Ha TapeKax.

A — KOMIUIEKC TerIo(pU3MUeCKuX XapaKTePUCTUK KOHJEHCATa;C — TeTuIoeMKocTh, JIx/(krrpan); F —
MOBEPXHOCTh KOHTaKTa (a3, Mz; Hy.: — paccrosiHre MEXIy Tapeikamu, M; h — TUHEHHBIN pa3mep, M; n —
yucno Tapenok; P — pasznensemocts cmecu; Q — TemioBod motok, Bt; Sc — kputepuit Llmunara; Sh —
kpurepuit llepByna; t — TeMueparypa; w — CKOPOCTb, M/C; 0. — KOA(D(PHUIUEHT TEIIOOTAAYH, Br/(M*K); B —
KO3 GUIMEHT MaccoOTIauH, KMonL/(M2~q); vy — K03 PUITMEHT OTHOCUTENBHOH JIETy4YeCTH KOMIIOHEH-TOB;
A — pa3HOCTb TeMIIEpaTyp, ABIKYILAs CUJIa Mpoliecca TEIIoNepeHoca, Ipaj; p — MIOTHOCTS, Kkr/m%; kurm —
KHUIIEHUE; KOHJl. — KOHJEHCALUs; O — OTTOHHAS; Y — YKPEIUISAIOIasl.
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RATE-LIMITING STEPS OF HEAT AND MASS TRANSFER
ON THE PLATES OF A FRACTIONATING COLUMN

M.K. Zakharov@

M.V. Lomonosov Moscow State University of Fine Chemical Technologies, Moscow, 119571 Russia
@Corresponding author e-mail: mkzakharov@gmail.com

Influence of heat-mass transfer velocities of separate steps on efficiency of plates of distillation columns is
analysed. Rate-controlling steps are brought out. The quantitative assessment of internal energy saving in
distillation column is suggested.

Keywords: distillation, rate-controlling steps, efficiency of distillation plates, internal energy saving.
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OKa3aHa 603MOXXHOCMb O4YUCMKU Ma3yma Om IMOKCUYHbIX Jie2Kosiemy4yux CepHUCMbIX rlpumeceﬂ 8
pe3ynbmame Uux Kamaslumu4eCKoecO OKUC/IeHUs KUCHOPOOOM 6036}/X8 8 ripucymecmeuu memarsiio-

KoMmrisieKkcos nepexoOHb/x Memariios.

Knroyeenie cnoga: Ma3ym, cepogodopol, MepKarnmaHbl, Kamanau3amop, CepHUCMbIE MPUMECU.

U3BectHO, uto cepoBopopoa, metumi- (CH3SH)
u stunmepkantanbl (C,HsSH) siBisitoTest BBICOKO-
TOKCHYHBIMU COEAMHEHUSAMH (IPEAETBbHO JOMyCTH-
Mmas koHueHtpanus (ITJIK) cepoBomopona B Bo3-
nyxe pabodeit 30HbI 10 mr/v’, METHJIMEpKaInTaHa
0.8 mMr/v’, STHIIMEpKanTaHa 1 mr/m° [1]). TIpucyr-
CTBHE MX B TOBAapPHOM Ma3yTe CO3IacT 3HAYUTENb-
HBIC DKOJIOTUYECKUE MPOOJIEMBI MPU TPAHCIIOPTH-
POBKe, OIepaIisiX 3arpy3Ka—BbITPY3Ka U XPaHEHHH.
Tak, mo mpoBeneHHsiM Baker Petrolite uccnemo-
BaHISIM | MI/KT cepoBOopoza B HEpTH B cpeaHEeM
MOKeT cooTBercTBOoBaTh 50 mr/kr u 6omee H,S B
BO3/IyXE HAJI KHUJKOCTHIO TePMETUYHON TPAHCIIOPT-
HOU emkocTH [2]. B ciydae TomouHOro masyra
cojiepKaHue CEPOBOAOPOA MOXKET JOCTUTaTh 80—
400 mr/kr B ra3oBoi (aze Hall KUAKOCTBIO, UTO
CBSI3aHO C BBICOKAMH DKCILTYaTallHOHHBIMH TEMIIe-
parypamu (70—100°C). IIpu yBenn4eHnn copepika-
HUSl CepoBOJIOpoaa B >kuakon (aze mo 20.9 mr/kr,
no panHeiM kommanud Nalco, ero comepkanue B
ra3oBoii ¢asze Bospacraer mo 3875 mr/kr [3], mpu
JIeTANBHOM KOHIIGHTpAlMu cepoBojopoma 713
Mr/kr. Hapsimy ¢ BBICOKOH TOKCHYHOCTBIO 3TH
MPUMECH SIBIISIFOTCSI BRICOKOAKTUBHBIME KOPPO3UOH-
HBIMH areHTamy{, 4YTO TPHBOIUT K 3HAYHTEIHHOMY
YMEHBIIICHHIO CPOKa JKCILTyaTallid O00OpPYIOBaHUS,
TPyOOIPOBOIOB, EMKOCTEI XPAHCHIIS.

ITo cymrectByrommemy B Poccum T'OCT 10585-99
[4] pernmameHTHpYETCST OTCYTCTBHE CEPOBOAOPOIA H
JETy4nX MepKanTaHoB B ma3yTe. COrlacHO e€Bpo-
MEeHCKUM HOpMaM, COAEp)KaHHE CEpOBOAOpPOIA B
MazyTe JO0JDKHO OBITH MEHee 2 ppm.

[IpucyrcTBre cepoBOmOpPOAa U MEPKANTaHOB
CBS3aHO C WX OOpa3oBaHHMEM B MPOIECCE Iep-
BUYHOW IEPErOHKH HE(TH B pe3yibTaTe TepMO-
JECTPYKIMU CEPAOPTaHUUECKUX COCAMHCHHHN, WH-
TEHCHBHO TPOTEKAIOIIEH MPH TeMIIEpaType BBIIIC
200°C. CormnacHo mpuBeNEeHHBIM B [5] craTucTu-
YECKMM JIAHHBIM JUIS Pa3IMYHBIX OTEYECTBEHHBIX
HII3, comepxaHue cepoBOfOpOJa B MPSIMOTOHHOM
Ma3yTe, IIONIyYeHHOM W3 CEpHHCTOH 3aIagHo-
cubupckoil HeTH, BapbupyeTcs B Tipeaenax ot 20
no 32 ppm. [Ipu BTOpHUHOH mepepaboTke HePTH,
npoTekaronied mpu  Temreparypax 430-500°C
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(BucoOpexunr) u 450-530°C (xaTamuTHYECKUI
KpeKHHr) [6], mpolecc AeCTpPYKIHUHA CepaopraHu-
YeCKHX COCIWHECHUI NPOTEKAeT 3HAYUTENBHO WH-
TEHCHBHEE, YTO MPUBOAUT K PEIKOMY YBEIUUYECHHIO
COJep)KaHMsI CEPOBOJOPO/IA, HAIPUMEp, B OCTATKE
BHUCOpEKHHTa KOHIIeHTparus H,S nmexxur B mpene-
nax ot 73 no 146 ppm [5]. [IpuHsiB BO BHUMaHUE,
YTO JOJSI BBICOKOCEPHHUCTBIX HedTeil, BOBIEKa-
eMBIX B TIepepadOTKy, BO3pPAcTaeT, MOXHO OXH-
JaTh, YTO KOJMYECTBO JIETKUX CEPHUCTBIX MpHUMe-
ceil B NpoayKTax NepepadoTKU COOTBETCTBEHHO
OyzeT yBeTHMuuBaThHCS.

Jns cHmxeHus coAepikKaHusl CEepoBOJIOpoJa U
MmepkantanoB 10 HopM ['OCT B ToBapHOM Ma3yTe
HAIIUTY IPIMEHEHNE Pa3JIndHbIe BAPHAHTHI IIPOIieC-
COB jaecopOIuy, B KOTOPHIX B KadecTBE JECOP-
OMpYIOLIMX areHTOB MCHOJB3YIOT MEPErpeThiii Bo-
JITHOU T1ap, 6eccepoBOIOPOTHBIA MPUPOIHBIA HITH
WHEepTHBIA Ta3. Hambomnbiee pacmpocTpaHeHue B
HedTenepepabaTHBAIOIICH MPOMBIIUICHHOCTH ITO-
JYYUSIA TIPOLECCHl C HUCIOJIb30BAHUEM BOISHOTO
napa [7], KOTOpbIM TPHUCYNI PsiA HEJOCTATKOB:
BBICOKHE HHEpPro3arparbl U 00pa3zoBaHHe OOJBIINUX
KOJIMYECTB  KHUCIOTO KOPPO3MOHHO aKTUBHOTO
KOHJICHCATA.

B nocnenHee BpeMst Bce GONBLIMI UHTEPEC CO
CTOPOHBI MPOMBIIIIEHHOCTH HAaXOASIT METOIbI C
UCIIOJIF30BAHMEM PA3NUYHBIX peareHTOB-HEHTpa-
JIM3aTOPOB, B COCTaB KOTOPHIX B KAa4ECTBE AKTHB-
HBIX KOMIIOHCHTOB BXOJAT (hOPMAJbICTH, MIEI0-
YH, aMMHBI ¥ IPOU3BOJHEIC TpHa3uHA. PearenTs! Ha
OocHOBE (hopManbIeruaa, IMUPOKO IPHUMEHSIEMBIC
JI0 HACTOSIIETO BPEMEHHU, NOCTATOYHO 3(H(DHEKTHB-
Hbl B YyIaJ€HUU CEPOBOAOPOJA, HO XapaKTepu-
3YIOTCS BBICOKOH TOKCHYHOCTBIO M KaHIIEPOTEH-
HOCTBIO aKTMBHOTO KommoHeHTa [8]. [Ipumenenue
BOJIHO-LIEJIOYHBIX PACTBOPOB OTIUYAET CIOKHOCTD
BBCICHUS U pacIpeneNicHHsI peareHra B cpeze, 00-
pPaTUMOCTh PEAKIMU U CKIOHHOCTH K 00pa30BaHHIO
SMYJBCUM, MO JSTHUM MPUYUHAM, HECMOTpA Ha
HEBBICOKYIO CTOMMOCTbH, HCIOJIB30BAaHHE TaHHBIX
peareHToB MaJIOTIEPCIEKTHBHO.

PaznuyHble opraHnyeckre OCHOBaHMA (aMUHBL,
ATaHOJAMUHBI, OKCHATHINPOBAHHEIC YTaHOJIAMUHBI



U Jp.) XapakTepU3yIOTCS YIOBICTBOPHUTEIBHON
JIMCIIEPTHPYEMOCTBIO B YTJIIEBOIOPOIAX, YTO 3HAYH-
TEJNBHO YIPOIIAET CTAAWIO0 BBEICHHS pearcHTa |
mpoBeleHne mporecca ouucTku. OmHako oOpaTH-
MBI XapakTep XUMHYECKOTO B3aUMOJCHCTBUS WU
HU3Kasi CENCKTHBHOCTH II0 OTHOIIEHHIO K CEpo-
BOZIOPO/TY HUBEIHMPYIOT UX ITOJIOKUTENBHBIC KaYeCTBa.

B wmacrosiee Bpems HamOoyee MEpCHEKTHB-
HBIMH pearcHTaMH CYHTAIOT He(PTepPacTBOPHMBIC
MOTJIOTUTEIIN CEPOBOAOPO/Ia Ha OCHOBE MPOM3BOJ-
ueix Tpuasuna (Kerofine 3628 konmepna BASF,
ProSweet S1736 xommanun General Electric), xo-
TOpPBIE CTEXHOMETPHUYECKH B3aWMOJCHCTBYIOT C
H,S, mepeBons €ro B HETOKCHYHBIC U HEJCTy4HE
THATPUA3MHBl W JUTHATPUA3WHBL. Pacxonm Takux
TIOTJIOTHUTENICH CPABHUTEIIBHO OOJIBIIION, 10 JAaHHBIM
npousBoAnUTENEH OH cocTaisieT or 11 go 15 ppm
Ha 1 ppm cepoBonoposia U ONpeenseTcs ero uc-
XOJHBIM cozepkanueM [9]. IIpoBeneHubie nabopa-
TOpHBIC MCHBITAHUS YKA3aHHBIX HOTJIOTHTENEH II0-
Ka3aau uX SPQPEKTUBHOCTH B OYUCTKE IPIMO-
TOHHOTO Ma3yTa C UCXOJHBIM cojiepikanueM 28.7 u
47 ppm mpu pEeKOMEHJOBAaHHBIX COOTHOIICHUSX
nornotutens/HyS [7, 10]. OCHOBHBIM HETOCTATKOM
MOTJIOTUTENICH Ha OCHOBE TPHA3HHOB SBISCTCS
gacTo HaOIIOIaeMoe IPEBBINICHHE HOPMBI BOJO-
pactBopuMbIX Kuciotr u menouedt (BKIL) s
Ma3yTOB, YTO CBS3aHO C OOpa3OBaHHEM OpTaHH-
YECKUX OCHOBaHUH.

JApyruM ToAaxXoaoM Al OYMCTKH HEPTH U
TEMHBIX HE(TAHBIX (Ppakimii OT CepoBOAOPOIA U
JIETKUX MEPKAIITAHOB SIBIISICTCS IPUMCHEHHE Me-
TAIJIOKOMIDIEKCHBIX ~ KaTaJIM3aTOPOB  OKHCIICHHSI
KHCJIOPOJIOM BO3/yXa, YTO MMO3BOJIIET MEPEBOIUTH
CEpHUCTBIC TPUMECH B HETOKCHYHBIC M CTAOWIb-
ueie (Gopmbl (mu- u momucynsbuasl) [11-16].
Panee [17] Obula moka3zaHa MpUHLUMIIHAIBHAS BO3-
MOKHOCTh OYUCTKH HE(TU Pa3IHMYHBIX MECTOPOXK-
JIEHUW OT JIETKOJIETyYUX CEPHHUCTBIX TPUMECEH.
Tak, mpu nemepkanrtanu3anuu Hedtu YwuHapesc-
KOTO MECTOPOXICHHS MOJHOE mpeBpamienue H,S,
MIPU €ro HadadbHOM COjAepXaHUU 88 PpM U KOH-
neHrpanuu  karamusaropa 0.061 r/m (80 ppm),
HaO0oaTK Yepes 6 9 mocie Havaja mpoiecca (1o
JAaHHBIM XpoMaTorpaduveckoro aHamuza). [lpu
YBEITUUYCHUH COJIep)KaHusd Kartaiu3atopa o 120
ppm orcyrctBue H,S oTMedanock yxe depes 3 4.
[Momy4eHHpIe pe3yNbTaThl TO3BOJIWIN MPEAIIONO-
XKHUTh, YTO METOJ| OKHCIHTEIFHON IeMepKanTaHH-
3anuu OyzaeT 2 (GEKTUBEH U IIPU OYUCTKE Ma3yTa.

C uenbio BeLICHEHUS 3(P(QEKTHBHOCTH U TIO-
Jy9EHUs] KOJTHMYESCTBEHHBIX XapaKTEePUCTHK MPOIIec-
ca ylaJeHUs TOKCHYHBIX CEPHHCTBIX MMPUMECEH U3
Ma3yTa ObLIH MPOBEICHBI Ta0OPATOPHBIC IKCIIEPH-
MEHTHI 110 IEMEepKAaITaHN3aINH.

DKcnepuMeHTAIbHAS YacTh
Karanu3aTops! mosyyanu reTeporeHHO-reTepo-
¢asupiM okuciaennem xmopuaa meau(l) (copper(l)
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chloride, purified, 99+%, «Sigma-Aldrichy, npex-
BapUTEIPHO OYHINCH OT CICIOB OKCHUXJIOPHUIA)
KHACIIOpOJOM B cpene 2-amMuHOATaHOda (0.C..,
«JlaBepHay) npu Temmeparype 30°C, MOCTOSSHHOM
MEepEeMEIINBAHUA B KaBUTAIMOHHON MENBHHIE WU
nanernn 1 atm. Cootromenne CuCI(l)/2-amumo-
stanon 0.03-0.1 (Bec.) wm 0.018-0.062 (mossip-
Hoe). XOJ peakuuu KOHTPOJIHUPOBAIU MO0 H3MEHE-
HUIO JIABJICHHWS KHCIOpOJa B KaJHOPOBaHHOMN
€MKOCTH.

AKTHUBHOCTh KaTallU3aTOPOB B PEAKIMAX Ipe-
Bpamenus HyS u stunmepkanrana (C,HsSH) ompe-
Iensiack Ha  MOJENBHBIX cmecsx M-1-M-5.
Vka3zaHHblE CMECH C 3aJlaHHOM KOHIIEHTpanuei
CEpOBOJIOPOJIA WJIM  CEPOBOIOPOIA/ITHIMEPKAII-
TaHa TOTOBWJIM BBEJCHHEM B IPSMOTOHHBIA Ma3yT
pPacTBOpPOB ¢ H3BECTHBIM conepkanuem H,S u
C,HsSH B mpenBaputenbHO 00ECKHUCIOPOKESHHOM,
IUTSL TIPEOTBPAIECHHUS aBTOOKUCIICHNUS, AU3ETHHOM
tormBe. llpomecc nemepkanTaHW3alUM TPOBO-
UM B TEPMETUYHBIX CTEKISIHHBIX pEakTopax ¢
pyOamKaMy TEpMOCTATHPOBAHUS TPU IEPEMEIIIH-
Banuu, Temreparype 90°C,  COOTHOIIECHHUSIX
00beMOB ra3oBoil u kuakoi daz V. /V,, paBHOM
0.2 (M-1, M-2) u 0.3 (M-3-M-5).

IIpu amanu3e >XKUIKOM (a3el cepoBOIOPON U
STHIMEPKANTaH OTAYBAJIU U3 Ma3yTa TOKOM TeIIHs,
BEIMOPQXXUBasi B JIOBYIIKE TMPH TeMIlepaType
)XuAaKkoro azora —196°C, B kadecTBE IOTIIOTHTENS
UCTIONIF30BAJII  W3BECTHRIH ~ 00BEM  remrana.
ConepxaHue CEpOBOIOPOJA W MEPKalTaHOBON
Cephl ONPEACIUIN MOTCHIMOMETPHYECKHM METO-
noMm cormacio ['OCT P 52030-2003 [18]. B xa-
YEeCTBE U3MEPHUTEIBHOIO JIIEKTPOJIa MCIIOIH30BAIH
cynbua-cenextuBHblii  amekTpoy — MOHUKC
111.050. CenektuBHbIM aHanu3 coaepxanus H,S u
C,HsSH B sxmakoit u mapoBoil (pa3ax BEIIOIHSIIA
meronom KX na xpomarorpade «Varian 3800», ¢
KanwuipHo# — komomkoit  HP-5  («Agilent
Technologies») 50 m x 0.32 mm. T'a3-HocuTenp —
remuii.  JIeTeKTHpOBaHHWE  OCYIIECTBIUIH  C
IIOMOIIBI0  ITYJIBCUPYIOIIET0  IUIaMEHHO-(OTO-
MeTpUYecKoro (S-mMoja) neTekTopa. YIpaBlieHHE
xpomatorpadom, cOop u 00pabOTKy PKCIEPHMEH-
TaIBHBIX JAHHBIX OCYIIECTBISUIM C IIOMOIIEIO
nporpamMm  «Galaxie 1.9». Coxepxanue cepo-
Bozopoaa B obpasnax mazyra OAO «TAUD-HK»
ompeaensiu cornacho 1P 399 [19].

Pe3yabTaThl 1 UX 00Cy:KAeHHe

W3 npuBeneHHBIX B Ta0J. | TaHHBIX BHIHO, YTO
KaTAIUTHYECKHE KOMITO3UIIUK JTOCTATOYHO 3P QeK-
TUBHBI B YIaJCHWH CEPOBOAOpPOJAa B HHTEpBaie
KoHIeHTpanuid Metana ot 2% wmac. (K-1) mo 5%
Mmac. (K-2) Tak, mpu coaepkaHuUM KaTalu3aTopa
Bcero 48.0 ppm (1 ppm meramia) B OYHIIIaEMOM
Cpele M COOTHOIIEHHH KaTalln3aTop/CepOBOAOPOST
(kt/H,S), paBHom 1.5, HeoOxomumasi CTemeHb
OYHCTKH JIOCTUTACTCS Uepes 8 d.
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Tabmuma 1. BnusHue koHIeHTpanuii katanuszatopoB K-1 n K2
Ha JleMepKanTaHu3auio Moaeababx cMeceit (V. /V, = 0.2)

Cu, ppm t,u M-1, ppm H,S M-2, ppm H,S M-3*, ppm H,S
(COst =32.0) (COst = 56.0) (COst =93.0)
Karanmuzarop K-1 (2% mac. Cu)
48.0 4.0 8.0 24.0 -
8.0 3.0 7.0 44.0
94.0 4.0 0 - 51.0
8.0 - 0 27
142.0 4.0 0 0 36.0
8.0 - - 0
Katanuszarop K-2 (5% mac. Cu)
42.0 4.0 5.0 12.0 -
8.0 0 3.0 28.0
86.0 4.0 0 8.0 38.0
8.0 - 0 15.0
136.0 4.0 0 0 14.0
8.0 - - 0
*V/IV,=0.3.

YBenuueHne cojepKaHus cepoBOA0POAa B MO-
JIEeTBHON cMecH TpeOyeT MPONMOPIHOHANBHOIO TI0-
BBIIICHUSI KOHLEHTPALUHN KaTalun3aTtopa, HEoOXo-
JUMOTO JUIsi MONHOW KouBepcuu H,S. Tak, mpu
KOHIeHTpanuu Katanuzaropa K-1 48.0 ppm u
coaepxaHuu cepoBoaopoga 93.0 ppm xoHBepcHs
H,S cocraBnsier 50%, a OTCYTCTBHE CEPOBOAOpPOIA
OTMeYaeTcs IpH yBeaudeHnu cootHomenus Kt/H,S
no 1.5. VBenuuenuwe conepkaHusi MeTaujia B
KaTaTUTHYeCKON Kommo3uimu (karanusarop K-2)
MPUBOAUT K POCTY CKOPOCTU JAeMepKanTaHU3aLUH
M, KaK CIEICTBHE, K YMCHBIICHHUIO BpPEMEHHU
KOHTaKTa, HE0OXOAUMOTO JUIs TOCTHXKEHUS TpeOy-
eMoro ypoBHS ounCTKH. CpaBHeHHE >(PPEKTHB-
HOCTH HamOoiee paclpOoCTPaHEHHBIX MOTJIOTUTE-
nert ceposogopona [7, 10] ¢ maHHbIMH KaTanu3a-
TOpaMH MOKa3biBaeT, 4to cooTHomeHue Kt/H,S
MOCIIEAHNX, HEOOXOAMMOE UIS MOJTHOTO YAAJICHUS
cepoBogopona, B 4—-10 pa3 HuXKe, YeM PEKOMEH-
JyeMoe TpU OYMCTKE Ma3yTOB BbIlIEYKa3aHHBIMHU
MOTJIOTUTEISIMU.

Hapsny ¢ obpa3zoBanueM cepoBomopo/ia B X0e
NePBUYHOW W TIyOOKo# mepepaboTku HedTh
BO3MOXKHO 00Opa30oBaHUE JETKOJNETYYHX MEpKarl-
TaHOB, COJEPKAHME KOTOPBIX TAKXKE PETIAMCHTH-
poBano 'OCT 10585-99 [4]. Tak, o JaHHBIM XPO-
MaTorpauvecKoro aHanm3a oOIIee COAepIKaHUe
METWI- ¥ STHIMEPKANTAHOB B MPSIMOTOHHOM T'a30-

kosebnercss B mpegenax ot 100 mo 200 ppm, npu
COOTHOIIICHHH METHJI/3TUIMepKanTaHoB  1/4-1/5
COOTBETCTBEHHO, a oOImee coaep)kaHHe MepKarl-
taHoB pocturaet 1500-1700 ppm.

Iupoko mprMeHSEeMBIE TOTJIOTUTEIH XOPOIIO
3apEeKOMEHOBaNN ce0sI B OCHOBHOM ISl OUHCTKU
OT CEepoBOIOPOJA, a B YIAICHHH MEPKANTAHOB,
JIKe JIETKUX, UX aKTHBHOCTh PE3KO MmagaeT. B To
Ke Bpems, Kak Obuto mokazano B [17], Takue
KaTamu3atopsl 3(P(EKTUBHBI Kak B OYHUCTKE OT
CEpOBOJIOPOJIA, TaK M OT JIETKUX MEPKANTAHOB,
MO3TOMY TIeJIeco00pa3HO OBIJIO OIICHUTH BO3MOXK-
HOCTh WX mnpuMeHenus mis ynanenus CH3SH u
C,HsSH u3 masyra.

B Tabn. 2 mpuBeneHsl pe3ynbTaThl MO JAEMep-
KalTaHU3aIlMd MOJCIBHBIX CMecel MasyTa, conmep-
xKanmx cepoBogopon u stmwiMepkantan (T = 90°C,
V./V=0.3). TIpu COOTHOIIEHHH KaTaiu3aTop/
(cepoBomoponnas + mepkanraHoBas cepa) (Kt/S),
6sin3koM K 1.25, monHoe ynajieHue JISTKUX CepHHUC-
THIX COCJMHEHWH HaOromanock B ciydasx K-1 u
K-2 npu Bpemenu xonrakta 8 4. CHHXKEHHUE Beco-
Boro coornomienus Kt/S (karammsarop K-1) go 0.8
HE TIO3BOJIICT OCYIIECTBUTH MONHOE yraneHue H,S
nu C,HsSH. Tlpu mnpoBeneHWM WCHIBITAHUH B
npucyrctBun Karanusaropa K-2 (5% Bec. Cu)
MOJHAsT KOHBEPCHS CEPOBOIOPOJA JTOCTHTACTCS
yKe Tpu 4 9 KOHTaKTa, a dTHIMEpKaNnTaHa — IpH

KOHJeHcaTHOM Ma3zyTe Actpaxanckoro [TI3  8u.
Tabmuna 2. JleMepKanTaHu3aIys MOJICIbHBIX CMECEH, COIEPIKAIIHNX
cepoBogopon u stunmepkanTas (V/V,. = 0.3)
G ppm Ca M-4 M-5
' ' Chrizs, PPM Ccamsst, PPM Chrizs, PPM Ceamsst, PPM
K1 0 34.0 44.0 59.0 62.0
97_0’ 4.0 0 16.0 17.0 27.0
8.0 - 0 8.0 14.0
K2 0 35.0 46.0 56.0 58.0
92_0’ 4.0 0 7.0 0 18.0
8.0 - 0 - 0
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DKCIepUMEHTAIbHBIC JIaHHBIC [OKa3bIBAIOT,
YTO TMPUMEHSIEMBIC KaTalIu3aToOpbl B OYHUCTKE
MasyTa OT JIETKUX CEpHUCTBIX TpuMecel 3ddek-
THBHbl KaKk B YAAJEHHHM CEPOBOJIOpPOJA, TaK U
HU3MIMX  MEpPKAalTaHOB MpPHU  COOTHOLICHHUSX
kt/S=0.8-1.5. Torma kak IpW HCIOJBG30BAHUU
PacpOCTPaHEHHBIX TOTJIOTHTENICH, HaNpUMep, Ha
OCHOBE TpHa3WHa, PEKOMEHIYeMOE COOTHOIICHUE
M0 CepoBOAOPOAY Ha mopsnok Beime (ot 10 gol5)
[9, 10]. Kak ObL1O0 CKa3aHO BbIIE, MPUMEHEHUE
psAaa TOJIOTHTENCH NPUBOMUT K BO3PACTaHUIO
OJHOTO W3 BaXHEHIIMX I[IOKa3aTelel KayecTBa
mazyra — BKII. [Ipu nmpumenennn katanuruyec-
kol oumctku mnokazarenu BKII waxomunuch B
npenenax mHopmsl (pH < 8).

[TosryueHHBIE pe3yabTaThl MO3BOJIMIIM OTIpEIe-
JIUTHh ONTUMAJIBHBIA COCTAaB KaTaJIM3aTOPOB U TEX-
HOJIOTUYECKHE PEXKUMBI IS JeMepKanTaHu3aluu
MasyTa Ha peaIbHbIX 00bEKTaxX.

Becmuux MUTXT, 2014, m. 9, Ne2

C 31Ol 11e7BI0 OBUTH MPOBEACHBI JIAOOPATOPHBIE
UCIBITAaHKS 10 OYHCTKE OT CEpOBOJOpOAA MasyTa
HedrenepepabartsiBatomiero 3asoga OAO «TAVD-
HK» (T = 80°C, V./Vy4 = 1). U3 npuBeaeHHbIX B TAOJI.
3 naHHBIX BUIHO, YTO TPH KOHIICHTPAIIMH KaTallH-
zaropa K-2 200.0 ppm, cooTBeTCTBYIOIIEH OTHO-
mennto Kt/H,S = 3.6, monHoe ymaneHue cepoBojio-
pona HaOmonaercs yxe depe3 2.3 4. OmgHako npu
TAKUX KOHIICHTPAIMSAX KaTalu3aTropa OTMEJaeTcs
POCT COIep>KaHUs BOIOPACTBOPUMBIX Ienouei. [Ipu
CHIDKeHHH KoHIeHTpauun B 4 pasza (kt/HpS =0.9)
OBLT Moy4eH NpoayKT, cooTBercTBytommii [OCT, ¢
cozepxkanueM H,S 2 ppm mnpu BpeMeHH KOHTaKTa
4.5 4. Ilokazarenun BKIL[ ompexnensuuch coriaacHo
T'OCT 6307-75 [20] v Haxoawnuch B TIpeAenax
HOPMBI Kak MpH KOHIEHTpanuu Karanmzatopa 50.0,
tak 1 100.0 ppm.

Tabmmua 3. PesynbraThl 1a00paTopHbIX HenbiTanuii o ounctke Mazyra HII3 OAO «TAU®D-HK»

Ck-2, ppm t, g Chizs, PpM BKIII
0 56.0 -
50.0 2.5 16.0 -
4.5 2.0 OTCYTCTBYIOT
0 56.0 -
100.0 35 0 OTCYTCTBYIOT
0 56.0 -
200.0 1.3 27.0 -
2.3 0 pH>8

[IpoBeneHHBI MOHHTOPHHI OOpa3lOB O4H-
nieHHoro masyra B Tedenue 1 mecsua (T = 70°C) u
1 roma (mpu KOMHATHOW TemIiepatrype) IMoKasal,
9TO JIETKHE CEPHUCTHIC IPUMECH TPU XPAHCHUH HE
00pa3yroTcss — 3TO CBHIETENLCTBYET O HeoOpaTH-
MOM XapakKTepe MPOTEKAIOMINX PEaKIIUil.

Pe3ynpTaThl MCTIBITAHUI TIO OYMCTKE Ma3yTOB
MOKA3bIBAIOT, YTO OKUCIHUTENbHAS JeMEpKaIlTaHH-
3aIusl B MPUCYTCTBUU METAJUIOKOMIIJICKCHBIX KaTa-
nu3aTopoB siisiercss 3(QdekTHBHON Kak mns yaa-
JICHUSI CEPOBOJIOPOAA, TaK U JIETKHX MEPKAINTaHOB.
Karanutuyeckuit xapakTtep mporecca IMO3BOISIET
CHI3HUTH B HECKOJBKO pa3 TpeOyemMoe OTHOIICHHE
KaTanu3aTop/(CepoBOOPOAHAS + MEpKanTaHOBas
cepa) B CPaBHCHHWU C THIUYHBIMU pPEarcHTaMu-
HeWTpanmzaropamMu. Takke MOJOXKUTEIHLHOU CTO-
POHOW TAaKOr0 METOAA OYHCTKHU SIBIISETCS OTCYT-
ctBue moBbimeHns BKI mpu onTtuManbHBIX KOH-
HeHTpanusax Katanmsaropa. [IpoBenenne mpomecca
B TPOMBIIIICHHBIX YCIOBHSIX MOXET OBITh peaju-

30BaHO BBEICHHUEM XHIKO(DA3HOIO KaTalu3aTopa u
33JJaHHOTO KOJIMYECTBA BO3IyXa B IOTOK Ma3yTa,
TPAaHCIIOPTHPYEMOTO B €MKOCTH XpaHEHUS, B KO-
TOPBIX MPOJIOIDKACTCS OKUCICHUE CEPHUCTBIX IPH-
Mmecedl. HambGompmmit 3ddexT oT mpemiaraemoit
TEXHOJIOTHH MOXET OBITh JOCTHTHYT IPH HCHOJIb-
30BaHUM  JIOTIOJIHUTENBHBIX  JHCIEPTHPYIOIINX
yCcTpoiicTB, Hampumep, TUPPy30p-KOHPY30pHBIX
cMecuTeNIel B COYeTaHUU ¢ (POPCYHOUHBIM BBOJOM
BO3/IyXa.

Aemopbl vipadicaiom 061a200apHOCMb  YleHy-
koppecnonoenmy PAH, o.x.n. A.E. [exmany -
3asedyrowemy  Jlabopamopueii  memaniokomn-
qekcnoeo kamanuza MOHX PAH 3a npedocmas-
JIEHHYI0  803MOJICHOCIb  HPOGEOEeHUs  XpOoMamo-
epaghuneckoeo ananusa.

Paboma ewinonnanace 6 coomeemcmeuu c
2eHEPANbHbIM CO2NAUIeHUeM O COmpyOHUYecmee u
npunyunax ezaumoomuoutenutt UX® PAH u OO0
«HIIIT «HeghpmeCunmesy.
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CATALYTIC PURIFICATION OF FUEL OIL
FROM HYDROGEN SULPHIDE AND MERCAPTANS

I.V. Pletneva®@, Yu.A. Gavrilov?, E.N. Silkinal, 1.V. Isichenko?
YN.N. Semenov Institute of Chemical Physics RAS, Moscow, 119991 Russia
2LLC «SPE «NefteSintez»», Moscow, 119119 Russia

@ Corresponding author e-mail: inna.pletneval@yandex.ru

Increasing environmental regulations according to the content of toxic volatile sulfur impurities in fuel oil requires
improvement existing and development of new absorbers and ways of their application. The results of the study of
oxidative demercaptanization of model mixtures containing hydrogen sulfide and hydrogen sulfide/ethyl
mercaptan in the presence of metal complex catalysts are shown. It is established that the required degree of
purification (conversion of hydrogen sulphide) is achieved at a ratio of kt/H,S=1.5, which is much lower than
required when using scavenger. Experiments carried out at the refinery of "TAIF-NK" to remove hydrogen sulfide
from fuel oil have shown the efficiency close to that obtained in experiments on model compounds. These
catalysts are also effective in conversion of light mercaptans of fuel oil. Irreversible nature of transformation of
hydrogen sulfide and thiols into nontoxical forms and no negative impact on the properties of the final product of
this method is established.

Keywords: fuel oil, hydrogen sulfide, mercaptans, catalyst, sulfur impurities.
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XUMHA 1 TEXHONOTNA OPTAHHWYECKHUX BELLIECTB
VIK 543.062:658.562:665.7

MEXITABOPATOPHbIE CPABHUTEJIbHbLIE UCTbITAHUA
HE®TENPOAOYKTOB B UCIbITATEJIbHbIX IABOPATOPUAX
MUHOBOPOHbI POCCUA
K.B. llIaTa/10B*, HauaibHUK HAYYHO-HCILITATEILHOIO LEHTPA

KBAJTU(PUKANMOHHOM OLIEHKH TOIJIMB U MaceJl,

N.N. CopoxoBoBa, nnkenep
@AY «25 N'ocHUU xummomonoeuu Murnobopornvr Poccuuy, Mockea, 121467 Poccus
*Aemop ons nepenucku, €-mail: shkv2006@rambler.ru

pueedeH nopsi0ok rnposedeHuss U aneopumMm obpabomku pe3ynbmamoe  MexrabopamopHbIX
cpasHUmMernbHbIX UCMbimaHul, nposodumbix 8 nabopamopusix eoprode2o0 MuHucmepcmea 060pOHbI
Poccutickoli ®edepayuu. lNpedcmaesneH rpumep 8bINOIHEHUS] pacdemos npu ammecmauyuu obpa3yos ons
KOHMPOJIA U OUEHKU Kayecmea pe3yrbmaimos UcrbimaHul, rnosy4eHHbIX o umoaam MexnabopamopHbIX
cpasHUMebHbIX UcrblimaHul.

Knroyeeble cnoea: mexnabopamopHbie cpasHUMeEsbHbIe UCMbIMaHus, ucrbimamersbHas snabopamopusi,

pe3ynbmamal UcribimaHuli, OueHKa kadyecmea, HeghmenpooyKmMbi.

JlabGopaTopHbIii KOHTPOJbL KadecTBa HedTemnpo-
JYKTOB, MOCTaBlsieMbIX B Boopyxennsle Cunbl PO,
ocymecTBIIOT 20 KPYIHBIX HE3aBUCHMBIX HCITBITA-
TEJIBHBIX JTabopaTopuii (JabopaTopuH roprovero Bo-
€HHBIX OKPYTOB), CHOCOOHBIX TPOBOJIUTH AHAITU3BI
Bceld HOMEHKJIATYpPhl HEPTENPOJIYKTOB (TOILIUBO,
MacJjio, CMa3KH, CICIMaIbHbIC KUIKOCTH) Mo 43 1o-
Ka3aTellsiM KadecTBa, a Takke Oonee 120 mabopa-
TOpUi ckiamoB (0a3) roprovyero U aBUAIMOHHO-TEX-
HUYECKHX dYacTed (mamee — BOMCKOBBIE Jiabopa-
TOpHH), CIOCOOHBIX POBOIUTH aHATHM3BI HePTEIPo-
JIyKTOB 10 18 moka3arensM KayecTsa.

Baxkueiien 3amaueil 1000 MCHBITATENHLHOMN
1ab0paTOpUH SBISAETCS MOTYyYEHHE JOCTOBEPHBIX pe-
3ynbpTaToB. JlabopaTopus TOJKHA rapaHTUPOBATh Ka-
YECTBCHHOE IIPOBEICHNE HCIIBITAHUN M pacIojaratb
MpoIeaypaMi JAEMOHCTpPAMU CBOEH CIOCOOHOCTH,
CTaOMIIBHO MONYYaTh PEe3YJIbTaThl UCIIBITAHHUNA C Tpe-
Oyemoi TOYHOCTBIO [1].

B MexayHapoaHOM npakTHKE MPU3HAHO, YTO Ha-
nbosee neHCTBEHHON (OPMON MOATBEPXKICHHS MC-
MBITATENIEHOW JTabopaTopuell KadecTBa pe3yabTaToB
W3MEpEHHH SIBIISICTCSl ydacThue B MEXIIabopaTOpHBIX
cpaBHuTenbHbIX UcnbiTanusax (MCH) [2]. TIposepka
KBATH(HKALMK HUCTIBITATSIIHON JTa00PAaTOPUH MOCPECT-
BoM MCHU sBisiercss omHOM 13 (OpM YIIpaBJICHUS Ka-
YeCTBOM PE3YJIbTaTOB UCIbITaHUH [3] ¥ OATBEpKACHUSA
TEXHUYECKONW KOMIICTEHTHOCTH JIAOOpaTOpUU IpH
aKKpeIWTallud M WHCIIEKIIMOHHOM KoHTpone [1], a
TaK)XE€ CpEICTBOM IIOBBIICHHUS KAdecTBa pe3yib-
TaTOB MCIBITAHUH, MOTYYIAEMbIX B Ta0OPATOPHUH.

B nmabopatopusix roprouero Boopyxenusx Cun
P® MCHU uedptenpoaykToB mpoBomsaTcs Oonee 50
net, ¢ Hadana 1960-x rogoB. MCU HedTenpomaykToB,
mpoBoaAUMbIe B MUHHCTEPCTBE OOOPOHBI, a 3aTEM U B
CHUCTEeME J1abopaTOpHid TOPIOUYETO TPAKIAHCKON aBH-
aIid, JUINTEIHHOE BpeMsl ObLUTH €IWHCTBEHHBIM CIIO-
co00M, TMO3BOJISIONIMM BBISIBIISATH MOTPEIIHOCTH HC-
MBITAHAHN, WX MPUYHUHBL, a TAK)KE OCYIIECTBISTH BEI-
00p Mep M0 MX 3HAYUTEIHHOMY YMEHBIICHHUIO U J1a-
Ke UCKIIIOUEHHUIO OTAENbHBIX THUIIOB MOTPEUIHOCTEH.

HNudopmanus, nomyyaemas B mporecce MCU Hed-
TENPOIYKTOB, HEOJHOKPATHO MO3BOILLIA HAXOIUThH
HEJOCTaTKH MPUMEHAEMBIX METOJAUK UCTIBITAHUH, CO-
BEPUICHCTBOBATh WX WM JAa)Ke 3aMCHATh Ha TPUH-
nunuanbHo HoBele (M3M. Ne 1l k T'OCT 5985-79;
I'OCT B 17145-82; TOCT 17147-80). Opranusa-
Topom TipoBenieanst MCH B Boopyxernsix cunax PO B
TEUCHHE BCErO STOro BpeMeHH ObLT U octaercs DAY «25
I'ocHNH xummoTonorri MuHOOG0poHB! Poccrmy.

B nHacTosmue BpeMst OPSIOK IPOBEICHUS U all-
roput™ o6pabotku pesynsratoB MCU B maboparo-
pusix MunucrepctBa 000opoHsl PD ompeneneHsl B
«VHCTpYKIIUM IO KOHTPOJIIO TOYHOCTH MCIIBITAHUI
roproveroy», yreepxkaernoit B 1990 roxy [4]. Onnako
IaHHast MHCTpYKIMS noTepsila akTyaJbHOCTh B CBSI3H C
BhIyckoM cramaptoB cepuu I'OCT P MCO 5725-2002
«To4HOCTH (IPABUIIFHOCTh M TPEIM3HOHHOCTH) Me-
TOIIOB W PE3YJIbTATOB M3MEPEHHI», a TaKKe PeKo-
MmeHmamuii Poccranmapra mo MCHU [3] u [5]. Ilo-
9TOMY BO3HHUKJIa HEOOXOIHWMOCTh BHECEHHUS H3Me-
HEHHUS B TMOPSAJOK MPOBEACHUS W alNTOpUTM 00-
pabotku pesyasraroB MCH, mpoBoIuMBIX B 1ab0-
paTopusix roprouero Munucrepctsa 000ponsl PO.

Ha ocnoBanmu ananmza pexomeHpaimii Poccran-
napra [3], [5], a TaxKe CIIOXKUBIIESHCS TIPAKTUKH TIPOBE-
neanst MCU ¢ maGopatopusimu Toprodero MuHHCTEp-
cTBa 000poHBI PD ObUIa Mpe/iokeHa HOBas OpraHu3a-
[MOHHAS CXeMa H ATOPUTM 00pabOTKH pe3yiIbTaToB.

B cBsi3u ¢ Tem, uTo nabopaTopuu roprovero Mu-
HUCTEpCTBa 00OpOHBI P® 10 CBOMM MPOU3BOJCT-
BEHHBIM BO3MOXKHOCTSIM JIEJIATCS Ha JIBE KaTErOpuu —
7a00paToOpuy TOPIOYETO BOCHHBIX OKPYTOB, KOHTPO-
JUPYIOIIAE KA4eCTBO HEPTENPOIYKTOB B 00OBeMe
MOJIHOTO aHaJIM3a, U BOWCKOBBIE J1a00paTOPUU, KOHT-
POJUPYIOIIHE Ka4ecTBO HEe(TEIPOAYKTOB B 00BEMe
KOHTPOJIGHOTO aHalu3a, OBUIO MPUHATO pEIICHHE
opranuzoBbiBaTh MCH Ha IBYX YpOBHSX.

Ha nepBom ypoBae koopaunatopom MCHU siBmsi-
ercsi ®AY«25 T'ocHUU xummotonoruun MuHoOO-
pousl Poccum», a yyacTHHKaMH SIBISIIOTCS J1abopa-
TOPHH TOPIOYETO BOCHHBIX okpyroB. MCU mepsoro
YPOBHSI OPTaHU3YIOTCA U MPOBOJAATCS OJIMH pa3 B JIBa
rona (puc. 1).
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Koopaunarop

Poccum»

HedrenpoayKTs! ¢ BBICOKHM

DAY «25 T'occHUU
XHUMMOTOJIOTHY MUHOGOPOHBI

ypoBHEM (HU3HUECKOH 1

XUMHYECKOH CTaOMIBHOCTH

Br160p 1 moAroToBKa HCXOHOTO

OTueT 0 MOArOTOBKE
Martepuaia odpasua

Marepuaia 00pasua U KOHTpOJIs
T

v

HOpMaTHBHLIe JOKYMEHTBL

Ha METOJIUKH HCTIBITAaHUI ]

N—p

JUISL KOHTPOJIA

PazpaboTka HHCTPYKIHH 1O
MPOBE/ICHUIO UCTIBITAHMI 00pa3ia

HHCTpyKIMs 10 NPOBEICHUIO
HcTbITaHui 00pasua s
KOHTpOJIsL

A 4

A 4

Pa3paborka nporpammsr MCU

ITporpamma MCU

IToxroroBka

o0pasua Juis
KOHTPOJISL K PACCHLIKE

ComnpoBoAUTENbHOE MHCHMO
>

\/\

A 4

A

OnoBeleH e UCIIBITATEbHBIX J1a00paTopHil
U pacchlika 00pasia 1l KOHTPOIIsS

JIaGopatopuu roprouero

BOCHHBIX OKpPYI'OB
(yuactHukm)

A\ 4

A 4

A 4

Coop
pe3ynbTaToB
HCTIBITAHUI

IIpoTokon ucnbITaHui Ananmus o6pasua

!

JU1A KOHTPOJIA

- —

Anroput™ 06paboTKn
pesynsraroB MCU

A 4

KOHTPOJIA

Arrectarms o0pasia ans

ATTecTOBaHHOE 3HAYCHHE
00pasta s KOHTPOJIS

A 4

A 4

OneHka KauecTBa pe3ybTaToB
UCTIBITAaHUH B TabopaTopun

CBHUETENBCTBO 00 yUacThH B
MCHU
m

A 4

|

Ioxsenenue uroros MCU

3aKII0uCHNE O KaueCTBe
paboThI

A 4

HasnaueHue kKoopauHATOPOB
MCH BTOpOTO YpoBHSA

C

1-ro ypoBHs

OKOHYAHHME MCH

)

Puc. 1. ITopsinok nposenennst MCU B nabopatopusix roprouero Munucrepcrsa 06oponsr PO
HAa NEPBOM YpOBHE.

ITo pesynpraram MCU mnepBoro ypousi DAY
«25 TocHUUM xummotomoruu MwuHOOOpOHBI Poc-
cuM» HazHadaeT koopauHatopoB MCHU BTOpOro
YPOBHSI M3 YHCIa J1a0OPaTOPHil TOPIOYEro BOCHHBIX
OKpYTOB IIOCJI€ IOATBEPKIACHUA MX TEXHUYECKON
KOMIIETEHTHOCTH B TOATOTOBKE M pealu3aluu Mpo-
rpamm MCH B cootserctBum ¢ [6]. IIpoBepka Tex-
HUYECKOH KOMIIETEHTHOCTH KoopauHaTtopoB MCHU
BTOPOrO0 YPOBHA MPOBOJUTCA TPYIIOW ayAUTOPOB
DAY «25 TocHMU xummotonorun MHHOOOPOHBI
Poccun» B Buze:
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- OKCIEPTHU3Bl NPEACTABICHHONW IOKYMEHTAIIUH
(arTectar aKkKpeAWTANUHU, OOJACTh AKKPEIUTAIIUH,
[Monoxenue o naboparopuu, [lacmopr madoparo-
pun, PykoBOACTBO IO Ka4eCTBY);

- OICHKM TOTOBHOCTH JIaDOpaTtopum K peaju-
3aruu rporpamm MCH (¢ BbIe37I0M B 1a00paTOPHIO).

Ha BTopom ypoBue koopaunatopamu MCHU sB-
JISTFOTCS JIAOOPATOPHUU FOPIOYETO BOCHHBIX OKPYTOB, &
YYaCTHUKAMH — BOHCKOBBIE TA0OpATOPUH TOPIOYETO.
MCH BTOpOTO YpOBHS OPTaHU3YIOTCS U MPOBOJATCS
exeroniHo (puc. 2).
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CTAPT

Muno6opous! Poc

Hayuno-meroauueckuii uenrp no MCH B

CHH

DAY «25 T'ocHUU XxuMMOTOIOTHE
Muno6oponsl Poccumn»

'

VTBepxKaeHHas

nporpammMa MCH
2-T0 YpOBHS

Haznauenue koopannatopos

4

A

Y TBep:K/IE€HHBIH OTYET O
HOATOTOBKE MaTepHaa

b

00pa3ia s KOHTPOJL

Koopaunarop

A 4

JlaGopatopuu roproyero
BOCHHBIX OKPYTOB

HedyrenpoayKTs ¢ BEICOKHM

HpOeKT 0T4Y€Ta O MOATOTOBKE

ypoBHEM (u3HUECKOi U
XUMUYECKO# CTaOMIbHOCTH

Br160p 1 OArOTOBKA HCXOJJHOTO
MaTepuaiia oopasia aj1st KOHTPOIIS

Marepuaia 06pasia Juis
KOHTPOJISL

t

VHCTPYKUHS IO IPOBEICHUIO

HOpMaTHBHBIe JOKYMECHTBI
Ha METO/IMKH MCIIBITAHUI

JJIL KOHTPOJIA

Pa3paboTka HHCTPYKLIHH 1O
MIPOBEICHHIO HCTIBITAaHUI 00pasia

UcnbITaHui 00pa3na ast
KOHTPOJISt

!

Paspa6oTka nporpammel MCU

IIpoekT nporpamMmel
MCHU

|
v

IToxroroska obpasua s
KOHTPOJIS K PACCHUIKE

ConpoBOAUTETEHOE TUCEMO

A

v

A 4

OroBeIeHNE UCTIBITATEBbHBIX J1a00paTopuit
U PacChLIKa 00pasia st KOHTPOJIS

BotickoBbie aboparopuu
ropro4ero (y4acTHHKH)

{

Coop
pe3ynbTaToB
UCTIBITAaHUI

&

{

Amnanu3 obpasua

[IpoTokoun ucnbITaHMH

\/\

JUISL KOHTPOJIA

Aunroput™ 06paboTkH
pesynsratoB MCHU

A 4

KOHTPOJISA

Arrecrarus oOpasua ans

ATTecToBaHHOE 3HAUYCHHE
oOpasia 1 KOHTPOIs

A 4

—

OneHKa KauecTBa pe3y/IbTaToB
HUCIBITAHUH B 1a00paTOpUu

CBHIETETBCTBO 00 Y4acTHH B
MCH

{

CBOJIHBIE JJaHHBIC O
pesynbratax MCU

A

TlonBenenne uroros MCU

3aKIII0YCHHE O KAIeCTBE
paboTsI

OKOHYAHUE MCHU

2-r0 YpOBHs

Puc. 2. ITopsmox nposeaenns MCH B naboparopusix roprouero Munuctepcrsa 000poHsr PD
Ha BTOPOM ypOBHE.

B kagectBe 00pa3smoB st KOHTPONIS B XOn€
MCH ucnonb3yloT ToBapHble HEPTEMPOAYKThI, HME-
IOLUE JAOCTATOYHBIA YpOBEHb (DPM3UYECKOW U XUMH-
9YEeCKOM CTAaOMIBHOCTH — IHW3EIBHOE TOIUIMBO, TOI-
JUBO JJIsl PEAKTUBHBIX JBHTATENCH (aBHALMOHHBIHN
KEepOCHH), MOTOPHbIE U aBHALIMOHHBIE Macia u T. II.
OO0pas3er a1t KOHTPOJISI MOKET MPEICTaBIATh COOOM:

- He(TempoAyKT C €CTECTBEHHbIM YPOBHEM
3HaYEHHUI KOHTPOJIUPYEMOT'O IMOKa3aTeNs KayecTBa;

- He(QTENpOAyKT, B KOTOPOM €CTECTBEHHBIH
YPOBEHb KOHTPOJMPYEMOTO ITOKa3aTeNis KadecTBa
u3MeHeH myTeM o0OpaloTku (pa30aBieHue, cMele-
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HUE C JPYyruM He(DTEPOAYKTOM U T. I1.).

OCHOBHBIMH KPHUTEPUSIMH TIPH BBEIOOPE KOHKPET-
HOro HedTenmpoaykTa B KadecTBe OOpas3loB [UIs
KOHTPOJISI SIBJISFOTCS:

- HEOOXOIUMOCTH NPOCIEKHBAHUSI TUHAMHUKH
M3MEHEHUS] KavyeCTBa HCIBITAHWUN OJHHX U TEX XKe
He(TenpOIyKTOB 110 OJTHUM U TEM )K€ ITOKA3aTEIsIM;
YCTpaHEHHE BBIIBICHHBIX B IPOIECCE paHEe
npoBeneHHBIX MCU  (akTOB HEYIOBIECTBOPUTEIH-
HOT'O Ka4eCcTBa MPOBEICHUS UCITBITAHHIA;

- HCIMOJb30BaHWE HEPTEMPOLYKTOB C MaKCH-
MQJFHO [IMPOKAM TMEPEYHEM KOHTPOJIHPYEMBIX



IoKa3aTejiell KauecTBa;

- HCIOJNB30BaHHE TeX HE(PTENPOAYKTOB, KOTOpPbIE
YaIe BCEro aHAIM3HPYIOTCS B HCIIBITATENBHBIX J1abo-
paropusix-ygactauiiax MCU.

Kak mpaBuio, i TOro 4ro0bl OXBAaTHTh KOHT-
poiieM Bce (MM OOJNIBIIMHCTBO) METOJOB HCITBITA-
HUH, OCBOCHHBIX B HCHBITATEIBHBIX JA00PATOPHSX,
s nposeneHus MCU  naGoparopusimu  MuHuc-
TepcTBa 000poHBI P® wucmonmb3yroTcs HeTempo-
IOYKTBl Pa3HBIX THIIOB, HalpUMep, B JabopaTtopuu
MOTYT HaIpaBIIATHCS 00pa3lbl JU3EIBHOTO TOIUIMBA
¥ MOTOPHOTO Maciia, WM aBUAL[MOHHOT'O KEPOCHHA U
THIIPAaBIMYECKOM KHUIKOCTH.

ATTecToBaHHBIE 3HaUYEHUsS 0Opasla A KOHTPO-
7 ¥ JOBEpUTENbHbIE TPAHULIBI TOTPEIIHOCTH aTTec-
TOBAaHHBIX 3HAYCHUI YCTaHABIMBAIOT B MpoOIEcCEe
nposenennss MCU B COOTBETCTBUU C aJTOPUTMOM,
npeacTaBiIeHHOM Ha puc. 3 [7].

OueHKy pe3ynbTaTOB KaKIOW HCIBITATEbHOMN
71abopaTopuy TPOBOIAT IO aJTOPUTMY, HPEACTaB-
JeHHOMY Ha puc. 4 [7].

B MCH npunumano yudactue 20 mabopaTopuii
TrOpIOYEero BOSHHBIX OKPYroB (Tabimma). B kauectBe
npUMepa peanzalud pa3paboTaHHBIX AJITOPUTMOB
MpeCTaBlIeHbl Pe3y/ibTaThl aTTeCTallMM oOpasla
TorutmBa TC-1 W OIlEHKM KayecTBa HCHBITAHUHA B
nabopaTopusaX-y4acTHUIIAX IO TOKa3aTelo «TeM-
nepaTypa BCIBIIIKHA B 3aKPBITOM TUTJIE.

OKcrnepruMeHTalbHbIe JaHHbIE, TOJTy4YEeHHbIE
UCTIBITATeIILHBIMH JIAOOPATOPUSIMH B XOJIE
nposenenus MCU npu onpeneneHuun
TEMIIEPATyPhl BCIBILIKU B 3aKPBITOM THIJIE

o 'OCT 6356 B TonmBax
JUTs peakTHBHBIX apurateneii TC-1
U_[I/}/IJ(_i[)p X, °C  d0,°C Ui w; dl;, °c
1 2 3 4 5 6
1 0J1 36.5 3.35 0.64 0.342 3.08
201 40.0 0.15 0.03  0.998 0.42
30J1 38.0 1.85 0.36 0.763 1.58
4 0] 39.7 0.15 0.03  0.998 0.12
501 39.5 0.35 0.07 0.991 0.08
6 OJI 42.0 2.15 041 0.687 2.42
7 OJ1 40.0 0.15 0.03  0.998 0.42
8 OJI 40.5 0.65 0.13  0.969 0.92
9 0JI 38.0 1.85 0.36 0.763 1.58
10 OJI 40.0 0.15 0.03  0.998 0.42
11 OJI 46.0 6.15 1.18 0 6.42
12 OJ1 39.0 0.85 0.16  0.947 0.58
13 OJI 40.0 0.15 0.03  0.998 0.42
14 OJ1 41.0 1.15 0.22  0.905 1.42
15 0J1 40.0 0.15 0.03  0.998 0.42
16 OJI 36.0 3.85 0.74  0.204 3.58
17 OJ1 39.5 0.35 0.07 0.991 0.08
18 OJI 38.0 1.85 0.36 0.763 1.58
19 OJ1 41.0 1.15 0.22  0.905 1.42
20 OJ1 38.0 1.85 0.36 0.763 1.58

Mo dopmyne (3) (3mece u nmamee cM. puc. 3)
BBIYUCIISIEM MeMaHy pe3ynbTaTtoB X (X =39.85°C).
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[To popmyite (4) BeramcisieM aOCOTIOTHOE OTKIIO-
HEHHE pEe3yJbTATOB HW3MEPEHHH OT MEIHaHBI
d0; (tabnuua, cronder 3) W OTIMYHBIE OT HYJIS

aOCOJIIOTHBIC OTKJIOHEHHUS PE3yabTaTOB W3MEpPEHHI
OT ME/IMaHbl YHOPSA0YUBAEM 10 BO3PACTAHHUIO.

Tak kxax oO1iee yrciio aOCOFOTHBIX OTKJIOHEHUI
pE3yNbTaTOB M3MEPEHUI OT MEIHaHbl YETHOE, TO IO
¢dopmyne (6) BbUMCIAEM MeAMaHy aOCOMIOTHBIX
HeHyseBbIx oTkiIoHeHnid MADO (MADO=1°C).

[To dopmyiie (7) BeIUHCIsAEM BEIWYMHY KPUTH-
9YEeCKOTO OTKJIOHEHHUS Pe3ylabTaToB OT Memuanbl Cy
(¢, =3°C).

Tak kak umerotces Tpu 3Hauenus d0; (d0; = 3.35;
d0y; =6.15; d0;g =3.5), mpeBblIAIONIME BETUYUHY

KPUTHYECKOTO OTKJIOHEHHS PE3yJbTaTOB OT MEIU-
aubl Cy, TO I BBIYMCIICHHS aTTECTOBAHHOTO 3Ha-
YEeHUsS] MPOBOJIUM pacyeT BECOBBIX K03(HUIIMEHTOB
KQXJIOTO TOJIYYSCHHOro pe3yipTara mo (opmynam
(8)—(10) (Tabmuria, cronodis 4, 5).

ITo dhopmyie (11) BEIUKCIsIEM aTTECTOBAHHOE 3H
adeHue o0pasma st KOHTPOIIS A (A= 39.58°C ).

Mo dopmyne (12) BeraucisieM aOCOMIOTHOE OT-
KJIOHEHHE PE3yJIbTATOB U3MEPCHUN OT aTTeCTOBaH-
moro 3nauenus dli (tabnuia, cronbern 6) U OTIIMYHBIE
OT HyJsl a0COJIOTHBIC OTKJIOHEHUS Pe3yJIbTaTOB H3-
MEpEeHHH OT aTTeCTOBAHHOTO 3HAUYCHHS YIIOPSIO-
YHBAEM I10 BO3PACTAHUIO.

Tak xak oOIiee 4Mciio aOCOIOTHRIX OTKIOHCHHH
pe3yIbTaTOB M3MEPEHHH OT aTTECTOBAHHOIO 3HA-
YeHHs 4YeTHoe, TO 1o ¢Gopmyne (14) BeUucIIeM
MelraHy a0CONIOTHBIX HEHYJIEBBIX OTKJIOHCHHH
MAD1 (MAD1=1.17°C).

Mo ¢opmyne (15) BeUUCHsIEeM CpemHEKBaaApa-
TUYECKOE OTKJIIOHEHHE Pe3yIhTaTOB Mexiadoparop-
HOM arrectanmu Sz (S; =1.73°C).

Mo ¢opmyne (16) BbUUCISIEM XapaKTEPUCTHKY
MOTPEIIHOCTH  MEKITa0OpaTOpPHOW  aTTeCTaIllH
Az (a5 =086°C).

ATTecToBaHHOE 3HAYCHHE OOpa3la Iis KOHT-
poIst (TOIJIMBO Il PeakTUBHBIX aBuratenaci TC-1)
COCTaBIISIET 39.60C, TOTPENIHOCTh aTTECTOBAHHOTO
snauenns 0.9°C.

Jis olleHKM KadecTBa WCIBITaHWN B Jlabopa-
topusix-yuaactauiiax MCHU mo dopmymam (17)—(19)
(eMv. puc. 4) mpoBepseM pacdeT  CPEIHEro
KBaJIpaTUYECKOTO OTKIIOHEHHSI PE3yJbTATOB aHAIIN3a
S (s=2,120c) ¥ HOpMAaTHBa KOHTPOJISI BOCHPOHM3BO-

mumoct K (K =2.18° C). Tak Kak paccuMTaHHOE

3HaYCHHE S MEHBIIe HOpMarhBa KoHTpoist K, TO
CilydallHasi TIOTPEIIHOCTh BO BCEX HCIBITATEIHHBIX
nabopatopusix-ydactouiax  MCU  Obula  mpu3HaHa
YIIOBJIETBOPUTENBHOM.

ITo popmyne (20) paccunthiBaeM cpeqHee KBa-
paTHYECKOE OTKJIIOHEHHE PE3YJIbTATOB UCIIBITAHUN OT
aTTECTOBAHHOTO 3HAYECHUS oOpa3sia TUTSt

KOHTPOJIA Sy (SA = 2.121°C).
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C CTAPT )
v

HezaBucumeie PE3YIIbTATEI U3MEPCHUSA Xi yHOopsA041BaroT 10 BO3pPACTaHUIO:

1
iy Xy S £ Ky S Xy ()
Menunana pe3ynbTaToB
MexI1abopaTopHOit
OJIMYECTBO UCIBITATSIBHBIX Ta00paTOPUIr ATTeCTAILIN
yuactHukoB MCU N-uetHoe umncio ~ H
X = med{Xi}: X (N+1)
e
MennaHa pe3yIbTaToB MEXJIa00pPaTOPHON aTTECTalUH
~ AN @
X = med{x,} =2l 127
2
A 4
AOCONIOTHOE OTKIIOHEHHUE PE3yIbTATOB H3MEPCHUI OT MEIUAHEI

v

OTnuyHbIE OT HYJIA a0COMIOTHBIE OTKJIOHEHUS PE3YIbTATOB H3MepeHHI>i OT MCAHUAaHbI
yYOopsAaa041MBarOT 1O BO3paCTAHUTIO

d0y <d0, <,...d0, <,...d0,,,

Menuana a0COJTIOTHO
HEHYJIEBBIX OTKJIOHCHUN

OOIIEC KOJMIECTBO OTIIMYHBIX OT HYJIA
OTKJIOHCHUA PE3YyJIbTATOB H3MepeHHﬁ oT
MeJIMaHbl N-4€THOE YUCIIO

MADO = med{dOi}: dOM (5)
2

Mennana aOCONIOTHO HEHYJIEBBIX OTKIIOHEHHUH
d 0, + do ,

MADOzrred{dOi}zzfﬁ (6)

A 4

Bemmunna KPUTUYCCKOI'O OTKJIOHCHUA PC3YJIbTATOB OT MCAMAHbI

A

C, =3-MADO ()

v

(mponomxenue)
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OTIau4HBIC OT HYJS aOCOTIOTHBIC OTKJIOHCHUS
pe3yJsibTaToB u3Mepenuii ot meauansl d0; cpaBHHMBaOT
C BEJIMYUHON KpuTUUECKOro otkionenus C,

HopmupoBaHHOE OTKIIOHEHUE OT
MEIHaHbL

do, (8)

U=—t
5,2-MADO

a

: <O >l weo

= L

ATTecTOBaHHOE 3HAaUYCHUE
N Becogoif ko3 dummeHT
X _ 232
,&:@ ) w, =@1-U7) (10)

N

AOGCOIIOTHOE OTKIIOHEHHUE PE3yIIbTaTOB
U3MEPEHUH OT aTTECTOBAaHHOTO

ATTeCcTOBaHHOE 3HAYCHHE

3HAYCHUS < _ iwi - X B
i — 12 A= (11)
dl, =|X Al (12) Sw

\ 4

OTJIHYHEBIE OT HYJIA a0COJIIOTHBIE OTKIIOHESHUS pe3yIbTAaTOB H3M€peHPII>1 oT
ATTECTOBAHHOI'O 3HAYCHUA YIIOPAAOYHUBAIOT 110 BO3PACTaHHUIO

dly <dly <,..<dl << dl,

Menanana aGCOMIOTHO HEHYJIEBBIX
OTKJIOHECHUH

MAD1=med{dl j=d1,, (13)
2

HET
N -4€THOE YHUCJIIO

MenHaHa a0COIIOTHO HCHYJICBBIX OTKJIOHEHU N
di, +d1 |
MAD1 = med {d1, } = — (14)

v

CpenHekBaipaTHYECKOE OTKIIOHEHUE PE3yJIbTATOB
MeX1a00paTOpHOH aTTecTalluu <

S; =148 -MAD 1. (15)

v

XapakTepHcTHKa MOTPEITHOCTH MEXKIIa00paTOpHOH
aTTecTaluu

_ziA:Bf.s_' 16
Pl ’ (16)

Puc. 3. Anroputm atrectanuu oOpasia At KOHTPOJIS.
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CTAPT

BCEX Mab0paTopHAX

N —
mei

PaccuuTriBatoT OGHIeC CpeaHee 3HAYCHUE PE3YIbTATOB aHANIN3a, [IOTY4ECHHBIX BO

(17)

PaccunThIBaIOT CpeIHee KBapaTHiecKoe
OTKIIOHEHHE PE3Y/IbTATOB aHAMH3a

TaOmuuHoe 3HaYeHHE
w(f) , mmaf =N -1

Y

PaccunTEIBAIOT HOPMATHB KOHTPOIS

K=u(f)$;

(19)

!

CpaBHHBAIOT CPE/IHEE KBA/IPATHYECKOE

OTKJIOHCHHUE PE3YJIbTATOB aHAIH3a
HOPMaTHBOM KOHTPOJIA K

Se¢

HET

Ja

HaxoJ4T MaX 3Ha4eHUEe U UCKIIH0YAI0T

B coBokymHocTH 3HaueHHit

€r0 H3 JATBHEHIIero pacyeryy - X)

BOCHpOI/ISBOIlHMOCTb HACTIBITAHKH BO BCEX HCTIBITATEIBHBIX

nabopatopusx - yuactaikax MCH npusnator

y}lOBIIeTBOpHTCJ'ILHOﬁ

[

!

Jl1s1 HeoTOPOIIEHHBIX Pe3ybTaTOB
HCTIBITAHUH PACCUHTBIBAIOT SpPE3YIbTATOB
HCITBITAHNH OT aTTECTOBAHHOTO 3HAYCHNS

HHJIEKCa

CHcTeMaTHIeCKYI0 TOTPEIIHOCTD METOMKH
TPU3HAIOT 3HAYUMOI Ha (hOHE CTyHalHOM
TIOTPEIIHOCTH, H KaYeCTBO BCEX Pe3yNbTaTOB
UCTILITAHMiT ONPEIENSIOT C HCTIOb30BAHIEM

HET

Ecmu:

- Z<2 - KayecTBO Pe3yNbTaTOB HCMBITAHWI MPU3HAIOT
YIOBIETBOPHTETBHBIM;

- 2<Z<3 - Ka4ecTBO Pe3y/bTATOB HCTIBITAHMI MPU3HAIOT
COMHUTENBHBIM M TMOJIEKAINM  JIOMOMHATEbHOM
TPOBEPKE;

- Z>3 - KayecTBO Pe3y/bTATOB HCTIbITAHMI NMPH3HAIOT
HEY/IOBIETBOPHTENBHBIM.

g2
?SFW’J(PV f,=N;f, :N,]_)(

20)

Kauectso Bcex 0TOpomEHHbIX
Pe3yJIbTATOB HCTIbITAHHIT
PacCUMTHIBAETCA 1O opMyIe:

Z:M

s

YAOBJIETBOPUTEILHBIM

Cucremaruyeckas IOrPeIHOCTb METOUKY IIPU3HACTCS
He3HAYMMOH Ha (hOHE CITyYaiiHOH MOrPeIIHOCTH 1 KaYecTBO
BCEX HEOTOPOIICHHBIX Pe3yIIbTATOB IPH3HAETCS

Ecomu:

- /<2 - KauecTBO Pe3yNbTaTOB HCILITAHUI

cron

TIPH3HAIOT YJ0BACTBOPHTEBHBIM,

- 2<Z<3 -KauecTBO Pe3yNBTATOB HCIBITAHMI
TPH3HAIOT COMHHTENBHBIM M TOATEKAIIM
JOMOMHUTENbHOI POBEPKE;

- Z>3 - KayecTBO Pe3yIbTATOB WCIBITAHHUH
TPH3HAIOT HEYOBNETBOPHTEILHEIM.

Puc. 4. TTopsaok olleHKH pe3yabTaTOB UCIBITATEIHLHON JTabopaTopuu.
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2 2
Tak Kak OTHOLIEHHE S% [S%_LOJ MEHbIIe  JTAOOPAaTOPHBIX CPAaBHHUTENBHBIX HCHBITaHHHA. Kpome
S S

TOT0, IPEAJIOAKEHHBIE OPraHU3ALMOHHBIE IPOLENYPHI

3HaueHus Kpurepus uiepa IByXCTOPOHHETO  YYUTBIBAIOT ~ OCOOEHHOCTH  (DyHKIIMOHMPOBaHHS
(F(P=0.95; f; = 20; f, =19)= 2.51), To cucremarn-  TabOpaTOpHii rOPIOYEro H MO3BONAT PEATH30BATH

YecKasi MOrPEeLIHOCTh MCMBITaHuil B naboparopusix- ~ COBPEMCHHBIC obwepoccuiickue  TpeGoBaHms
YYaCTHHIIAX MPU3HACTCS yIOBJIICTBOPUTEIHHOM. nposeznernio MCU B Munncrepctse o6oporsl PO.
TlpecTaBeHHbIil anropuT™ 00pabOTKM pe3yinp- — PCANM3allMs HOBOIO MOPSAKA M NPOBEIACHHSA U
TaTOB M IIPOLIEAYPHl MPOBEICHUS MCI/I rapMmo- aJIropyurMa O6pa6OTKI/I PE3YIBTATOB MCI/I aacT
HU3UPOBAHBI ¢ TPeOOBaHMAMH peKoMeHJamuii Poc-  BO3MOKHOCTB COIOCTABISATH KAYECTBO MCHBITAHUH B

craugapta [3, 5], 4TO MO3BOISET paccMaTpPUBATH J1a0b0opaTopusX Toprodero MUHHCTEPCTBA OOOPOHBI
BEJIOMCTBEHHYIO cucteMy MunucrepctBa oboponst P® u B ;maboparopusx —opranumsaumii  Hedre-

P® kak wyacth OOLIEPOCCUHCKON CHCTEMBI MEX- MPOAYKTOOOECIICUCHHUS.
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INTER-LABORATORY COMPARATIVE TESTING OF PETROLEUM
PRODUCTS IN TEST LABORATORIES
OF RUSSIAN DEFENSE MINISTRY

K.V. Shatalov®, I.1. Sorokovova
FAA ““25 GosNII of Chemmotology at the Ministry of Defense of Russia”, Moscow, 121467 Russia

@ Corresponding author e-mail: shkv2006@rambler.ru

The paper contains the procedure of performing and the algorithm of processing the results of comparative tests
conducted in petroleum laboratories of the Russian Defense Ministry. Presented herewith is an example of
calculations made during attestation of samples for the purpose of control and evaluation of quality of test results
obtained in the course of inter-laboratory comparative tests.

Keywords: Inter-laboratory comparative tests, testing laboratory, test results, evaluation of quality, petroleum
products.
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Becruuk MUTXT / Fine Chemical Technologies

KypHan BBIXOAWUT OAMH pa3 B JIBa MecsAlla M NMyOJIMKyeT 0030pbl M CTaTbU IO aKTyaJbHbIM
npobjaeMaM XUMHYECKOH TEXHOJIOTHH U CMEXXHBIX HayK. JKypHan ocHoBan B 2006 rony. Yupenurenem
JKypHana sBigeTcsI MOCKOBCKash TOCYJapCTBEHHAs aKaJeMHs TOHKOM XUMHYECKOH TEXHOJIOTHH
nvmean M.B. JlomonocoBa (MUTXT), HbiHE MOCKOBCKHII TOCYZapCTBEHHBIN YHHBEPCHTET TOHKHX
XUMHUYECKUX TexHonoruid umenu M.B. JlomoHocoBa.

Kypnan Bxogutr B llepedeHp BeoymMX PpELEH3UPYEMBIX HAY4YHBIX JKypHAJIOB, B KOTOPBIX
JIOJKHBI OBITH OMYOJMKOBAaHBI OCHOBHBIE HAy4HbIE Pe3YyJIbTaThl AUCCEPTAlMU Ha COMCKAaHUE YYEHOU
CTEIIeHH JOKTOopa (KaHAWuAaTa) HayK.

o K myOnukanuy MpUHUMAIOTCS MaTepUalibl HA PYCCKOM M aHTJIMMCKOM SI3BIKax, CO/EpIKaIIne
pE3yNIbTaThl OPUTHHAIBHBIX HCCIICIOBaHHU, B BUJE INOJHBIX CTAaTeH, KPAaTKUX COOOLICHHH, a TaKKe
aBTOPCKHME 0030phI M IPOTHO3HO-aHAJUTHYECKHE CTaThU IO aKTyaJbHBIM BONPOCAM XHMHYECKOH
HAyKH, B TOM YHUCJIE MO CICIYIOIIUM pa3JieaaMm:

- Teopernueckre OCHOBBI XUMHYECKOH TEXHOJIOT MU

- X¥MUS ¥ TEXHOJIOTHUSI OPTaHWYIECKUX BELIECTB

- X¥MUSl U TEXHOJIOTHUS JICKAPCTBEHHBIX MPENAapaToOB U OMOIOTUYECKH aKTHBHBIX
COCIMHEHUN

- CuHre3 1 niepepaboTKa MOJTUMEPOB M KOMITO3UTOB Ha HX OCHOBE

- X¥MUsI ¥ TEXHOJIOTHUSI HEOPTaHUYECKUX MaTepUaioB

- MaremaTndeckue MeTOIb M MHG)OPMAITOHHBIE TEXHOIOTHH

e [IpaBuna JUTs aBTOPOB pa3MereHbI Ha caifrax: www.mitht.ru/vestnik;
www.finechemtech.com, a taxoke B Boimycke Ne 1 3a 2013 1.

® DJEeKTPOHHBIE BEPCHH CTaTeH BHIXOAT ¢ GeBpais 20006 T.

e XO0pomo MOArOTOBIICHHBIE CTAaTbU BBIXOJST B CBET HE Ooyice uyeM uepe3 4 mecsia Mocie
MOCTYIJICHUS B PEIAKIIHIO.

e [Inara 3a myOIMKaluKu HE B3UMACTCS.

XKyphanm B pO3HHUHYIO Mpoxaxy He moctynaer. OH pachnpocTpaHseTcs Ha TEPPUTOPUH
Poccuiickoii ®enepanuu u crpadn CHI' mo karanory arentcrBa «Pocmedars», uHaekc 36924,
IMoanvcka Ha )KypHAT MPUHUMAETCS B JIFOOOM TIOYTOBOM OT/ICJICHHH.

[Monmucano B meuath 25.04.2014 dopmar 60x90/8 [Mewats dppoBast
Vu.-u3pg. nmucros 14,0 Tupax 500 3k3. 3aka3z 173

OTtneuatano ¢ opuruHai-makera B tunorpadgun OO0 «I"eHe3uc».
119571, Mockga, nip. Bepraackoro, 86. Ten.: +7(495)434-83-55. www.copycentr.su
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