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OBPAINEHUME K YUTATEJIAM

DOL: 10.17223/24135542/1/1
Jdoporue yuraresnu!

Bbl nepxute B pykax HepBBIi HOMEP HOBOTO OTEUECTBEHHOI'O XMMUYe-
CKOro xypHana «BectHuKk TOMCKOro rocyaapcTBEHHOIO YHUBEpPCHTETA.
Xumusi». [losBaeHne HOBOrO OTPACcIEBOro XypHajla B YCIOBHUIX COBPEMEH-
Holi Poccum — Bcerna HeopIuHapHOE COOBITHE, BbI3bIBarOLIEe 0coboe yBa-
JKEHUE K yUpeIuTeNnsM, OTBaKUBIIMMCS Ha Takoil mar. B momHoit mepe 310
OTHOCHUTCS M K MY>KECTBY, IPOSIBICHHOMY PYKOBOIACTBOM TOMCKOI0 rocy-
JApCTBEHHOI'0 YHUBEpPCUTETA. TeM He MeHee Hellb3s He OTMETUTh, YTO TaKOe
peleHre BIOJHE 3aKOHOMEPHO M ONPAaBIAHHO, a CBEPILUBILEECS COObITHE
PaHO WM MO3IHO JODKHO OBUIO IPOU3ONTH.

HeiicTBuTenbHO, co3gaHHbii enle B 1878 r. ToMckuil rocynapcTBEHHbBIN
YHUBEPCUTET Ha MPOTSHKEHUU BCEU CBOEH JOJITOM MCTOPUHU M3BECTEH KakK
Ky3HHIAa BBICOKOKBAJIU(UIMPOBAHHBIX KaJPOB ISl HAYKH M IPAKTHUKU B 00-
JIACTU MPAKTHUYECKH BCEX Pa3[esioB XMMHUHU M HAyK O MaTepHaax, IpuieM He
TOJIBKO JUIsl a3UaTCKOi yactu Poccuu, HO U Juisl Bcel cTpaHbl B 1enoM. [lo-
CTaTOYHO BCIIOMHUTB, YTO B TOABI I'pa’kTaHCKOH BOIHBI 3[1€Ch NMPEMOAABa
mojonoii Hukomaii HukomaeBuu CeMeHOB, BIIOCIENCTBHU aKaJeMHK U 10
CHX TIOp €AMHCTBEHHBIH POCCHUACKHNA HOOENEBCKWI IlaypeaT MO XHUMUU.
3meck ke B KoHIle 1920-X rT. Mpomuioro Beka 3aBenyrommmM kadenpoit ¢pu-
3udeckoi xummn mpogeccopom M.M. KoTrokoBeIM OB HammmcaH W W3MIaH B
1930 r. mepBEIil MOMHOPOPMATHBIN YIEOHHUK O (HU3UIECKONH XUMHUH, TIPEN-
BOCXUTUBLIMKA CTPYKTYPY BCEX IOCIEAYIOLIMX OTEUECTBEHHBIX Y4E€OHUKOB
o 3ToH BakHeWmel xumuueckod aucuuminuse. [locne Bemmkoit Oreue-
CTBEHHOH BOMHBI CHELUATHNCTHI U BBITYCKHUKN YHHMBEpCUTETa NPUHSIIMA aK-
TUBHEMIIIee yJacTue B PEIIEHNH XUMHUECKUX IPo0JieM, CBSI3aHHBIX C CO3/a-
HUEM SAEPHOrO LIUTA CTPAHBL

B Hacrosimee Bpemst MHOTHE U3 3alla4 HEPTEXMMHUYECKOTO KOMIUIEKCA
CTpaHbl, @ TAKXe CO3JaHUs 3JEMEHTHOW 0a3bl COBPEMEHHOH 3JIEKTPOHHMKH
pelaTcs ¢ IOMOIIBIO CHENHaIicTOB YHHUBepcuTera. Tak, Hanpumep, Xu-
Mukn u marepuanoBensl TI'Y sBnstoTcs moOemuTensMu OOJBIIOTO YHCHA
KOHKYPCOB Ha BBIIIOJIHEHHE KPYIIHBIX IPOEKTOB M0 (eiepatbHbIM LIETEBbIM
nporpaMMaM MuHOOpHaykH M MUHIPOMTOpra C aKTUBHBIM Y4acTHEM
KPYITHBIX OW3HEC-CTPYKTYp W T.N. Bce 310 OBII0 OB HEBO3MOXKHO 0e3 ak-
THBHOI COOCTBEHHOW HCCIIEIOBATENBCKON AEATEhbHOCTH COTpYAHUKOB TT'Y
B obmacti (hyHIaMEHTalbHBIX, MOMCKOBBIX M MPUKIAJHBIX PAa0OT XUMHYE-
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CKOW HamlpaBJIEHHOCTH, MyOMUKALMs PE3YNbTATOB KOTOPHIX 3aHUMAET MHO-
T'Mi€ COTHU CTPaHHILL €KEeroHO.

HoBbiM 1m1arom, CTHMYJIHPYIOLIMM HCCIEAOBATENbCKYIO AEATENBHOCTD
VYHuBepcutera B chepe XUMHUECKUX M MaTepHalOBEAYECKUX AWCLMILIMH,
sBIsiercs: co3nanue LleHTpa mMaTepuanaoB U TEXHOJIOTHI KaK OJHOTO M3 dJie-
MEHTOB CTPaTEerHH MOCTYNATEIbHOTO Pa3BUTHS YHUBEPCUTETa B YHUBEPCH-
TeT MUPOBOro ypoBHs. Pesympratom nesrenbHOocTH 3Toro llentpa Oyner,
KOHEYHO, U MOsIBJICHHE OONBLIOro YKCia cTaTeil XUMHUYECKON HalpaBiIeHHO-
cru. HakoHell, O4eHb CYIIECTBEHHO, 4TO IpobieMa CO34aHMs HOBBIX MaTe-
puasnos o3ByueHa [Ipesunentom Poccun B.B. IIyTuHbIM Kak SIBHBII HAy4yHO-
TEXHOJIOTUYECKUN MPUOPUTET COBpeMEHHOI Poccuu.

B at10if cBsI3M pemeHne pyKOBOICTBAa YHHBEPCHTETA 00 YUPEXKISHUH IPO-
(UIBHOTO MEPUOANYECKOr0 HAYYHOTO M3JaHHs 110 XUMUH SBHJIOCH, O€3yCIIOB-
HO, 3aKOHOMEpPHBIM. ECTh yBEpPEHHOCTH B TOM, YTO 3TOT IUAr MPUBEAET K elle
Oonblueil y3HaBaEMOCTH YHHKAJIBHOCTH TOMCKOTO TOCyAapCTBEHHOTO YHU-
BEpCUTETA CPEAU CHELHAIMCTOB-XUMHKOB M MAaTEPHAJIOBENOB M OIHOBpE-
MEHHO OyJeT NPUBJIEKATh K COTPYIHUUYECTBY C YHHUBEPCUTETOM CIELHAIIN-
CTOB M JIPYTMX OTEUECTBEHHBIX M 3apyOEKHBIX YHHBEPCUTETOB M HAayYHBIX
OpraHu3alHi.

JlaBaiiTe jke MOXKENaeM YCIIEXOB HOBOMY XMMUYECKOMY XYPHAIly, B TOM
YHCIIe B €r0 CTA0OMIIBHOCTH, YUTAEMOCTH U LIUTHPYEMOCTH.

I'naenwiii pedoaxmop
axkademuk B.H. llapmon
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E.O. I'puropseBa, U.I'. E¢ppemon

DedepanvHoe 2ocydapcmeeHHoe YHUMapHoe npeonpusmue
Dedepanvras sdepHas opeanuzayus «I OpHO-XuMU1ecKuti KOMOUHaAmM»
(XKenesnoeopck, Poccus)

BbI0OpP KOHCTPYKIIHOHHOT0 MAaTepHAJa
JJIS annapaTa pacTBOPHUTENS THOKCHIA TIIYTOHUS

Cmamus noceawena 6v160py KOHCMPYKYUOHHO20 Mamepuaia O1s annapamad
pacmeopumens ouokcuoa NiymoHus. Beisenenvi ocnoeHwie ceolicmea, Komopvimu
Odosicen obradames KOHCMpPYKYUOHHbIU mamepuan. Ha ocnoge evisignennvix ceolicms
nocmaeien psao Onblmos. Ycmanoenemo 6nuAHUe MAMEPUAnNos Ha - KUHEeMmuKy
2eHepUPOBaHUsl cepedpa U onpedeneHbl KOPPO3UOHHbIE CEOUCBA MAMEPUALO8.
B 3axmouenuu coenan 6b1600 0 NPUSOOHOCMU —MAMepuanos Ois annapama
pacmeopumens. Pesynbmamul, nonyyeHHvie 6 0aHHOU pabome, MO2ym NPUMEHAMbCA 8
OaNbHEWUX UCCIe008AHUAX, A MAKHCe ONid NPOEKMUPOBAHUL  NPOMBIUIEHHOZO
060py008anusL.

KiroueBble ciioBa: Ouoxkcud niymouus, KOHCMPYKYUOHHbIE MAMEPUAbl;
KUHemuKa,; Kopposusl.

BBeneunne

B Hacrosmee Bpems pa3BUTHE aTOMHOW YHEPreTHKU CBA3aHO C Pa3BUTH-
€M PEeaKTOpPOB Ha OBICTPHIX HEHTPOHAX, OCHOBHBIM TOILTHBOM IJISI KOTOPBIX
sersieTcss MOX-tommBo. [Ipumenerune mnyTonus npu mpousBoactee MOX-
TOIUINBA BO3MOXKHO JIHIIb IPH €r0 OYMCTKE oT Am’ . OXHHM M3 BaKHBIX
sTtanmoB o4ucTKu PuQ, sSBISETCS €ro pacTBOpEHWE B a30THOW KHUCJIOTE C TMO-
CIEeIYIOMHUM IIPOBEACHUEM dKCTpakiuu. OZHUM U3 TaKHX METONIOB SIBIISIETCS
JIEKTPOXUMHUYECKANA METOX PACTBOPCHHS AMOKCHIA IUIYTOHHS B IIPUCYT-
CTBHHU MEIHATOPA.

Tak Kak B Ipolecce pacTBOPEHHUS MUOKCHIA ILTYTOHHS TaHHBIM METOIOM
HCIIONIB3YIOTCSL PACTBOPEI C BBEICOKHMM OKHCIUTEIHHBIM TOTEHITHAIOM, HE00XO0-
IMMO TPUMEHEHHE KOHCTPYKIIMOHHOTO MaTephalia cO CIEAYIOIMIUMHU TEXHOIO-
THYECKAMHU CBOWCTBAMH: BBICOKAsl KOPPO3MOHHASI CTOHKOCTh; HU3KOEC MHTHOU-
poBaHHE TIpolecca 3JeKTpoxumuueckoro reHepupoBanus Ag(I). Haumbomee
MEPCIIEKTUBHBIMI MaTepHajlaMi ISl TAaHHOTO IPOIecca SBISIFOTCS MUPKOHHIMA
mapku D110 u tutan BT1-0.

Boutn mpoBeneHsl OMBITHI 10 M3YYSHHWIO BIUSHHS MPEANojaraeMbIX KOH-
CTPYKIIMOHHBIX MAaTEPHAJIOB Ha KHHETHKY HAKOIUICHHUS JBYXBAJICHTHOTO cepe-
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Opa, a TakKe HCCIEeJOBaHNE KOPPO3HOHHBIX CBOWCTB KOHCTPYKIIMOHHBIX Ma-
TEpPHUAJIOB.

JKenepuMeHTATbHAS YaCTh

Jus ompeneneHus BIUSHAS KOHCTPYKIHMOHHBIX MAaTEPUAIOB HAa KHHETHKY
TpoItecca HIEKTPOXHMHUIECKOTO TIONyYeH s Ag™ HCITONb3yeTCs AMEKTPOIH3Ep C
HOHOOOMEHHOM MeMOpaHo#. KaTo M3roTOBJICH U3 CETKH TEXHUYECKOT0 THUTaHA
mapku BT1-0. AHon BBIMONHEH U3 JIUCTOBOW IMIATHHBI 9iCTOTON 99,99%. Pasz-
JeTUTeNbHAsT MeMOpaHa, pa3Ieliiomas aHOTHOE W KaTOMHOE IPOCTPAHCTBA, —
KaTHOHOOOMEHHAsI WIIH (TOpOIUIacTOBas. J[MHTETBPHOCTH AIIEKTPOreHEPHUPOBaA-
Husa Ag (1) mo orGopa mpoOb! 1 4, 3KCIIEPUMEHTHI MPOBOAWIM B TCUCHHE 6 .
[lnotHOCTE ToKa 3A/nM’. Drnexrporenepuposanue nonos Ag (I1) mpoBoamn B
MPUCYTCTBUU 00pa3ioB ThuTaHa Mapkun BT1-0, mupkonus 3110, a Taxke auc-
niepcHor (as3el (auokcuma tutana). OnpenencHue koHieHTpanuu Ag (II) mpo-
BOJIIIIN TIEPMAapraHaTOMETPUIECKUM METOTOM.

Jlannpie o kuHetnke HakoruieHus Ag(Il) B pactBope 6 mons/n HNO;, co-
nepxaiem 0,05 mons/nm Ag(I), B IpUCYTCTBUY THTaHA U IIUPKOHUS MPEICTABIIC-
HBI Ha puC. 1 1 2.

Kommentpamm Ag(NO;), E oTcyTeTeIm oucnepcrolt dassr Ti0, i AN R SRR AR W TR0,

-

—=—C ofpazimon
THTana
—x—Bes ofpasma
TuTana

—— C obpasuon

Bpeus wac Bpens, Hac

a [

Puc. 1. Konnenrpauun Ag(Il) npu npoBeaeHnu mnpoiecca ¢ 00pa3ioM THTaHa
1 Ge3 Hero TpH IIOTHOCTH TOKA | = 3A/IM*: @ — B OTCYTCTBHH JIUCIIEPCHON (asbl
TiO,; 6 — B npucyrcTBuu aucnepcHoit ¢passl Ti0,

Komerrpamm Ag(NO3): & oTcyTerem ancncperoii passt TiO; Komuertpawm Ag(NO; ), & NprCYTCTsIt AHCTIepeRoii daser TiO;

- —=—C obpasuon

5 / -
002 — ——Bes
2 eOpasma
mprom

1 Ag(NO3),, Mosmln

3 4 s 6 7 o 1 2 3 4 5 6
Bpens, 4ac Bpeus, 7ac

a o

Puc. 2. Konnenrpauun Ag(Il) npu npoBeaeHnu mpoiecca ¢ 00pa3ioM HUPKOHUS
1 Ge3 Hero TpH MIOTHOCTH TOKa § = 3A/IM%: d — B OTCYTCTBHH
nucnepcHoit dhasel TiO,; 6 — B npucyreTBrn aucnepcHoit ¢assr TiO,
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Buioop koncmpykyuonnozo mamepuana

BbUIO yCTAHOBICHO, YTO MPUCYTCTBHE o0pasua tutana BT1-0 (S = 29 cm’;
tommmHa — 0,3 MM) BBI3BIBAIO YMEHBIIICHUE CTAIIMOHAPHOH KOHIICHTPAIIUU
Ag(Il) ¢ 0,025 mone/m qo 0,017 mone/n. [Ipu 3tom Beixon Ag(Il) mo Toky 3a
nepsbii yac I'CO ymenbmancs ¢ 42 1o 31%.

[IpucyrcrBue crmaBa nupkorust 110 B 37EKTPOIUTE BHI3BIBAIO YMEHbIIIE-
HUe cranmoHapHoi KoHmeHTpanuud Ag(ll) B amekrpomure ¢ 0,025 no
0,019 monb/n. ITpu 3Tom Beixox Ag(I) 3a mepBbIi Yac 3eKTpou3a ObLI OJIM30K
K 34%.

Kak mokazanm pe3ynbraThl HcnbITaHul, KoHIeHTpanus Ag(Il) B pactBope,
MOJTYYIEHHOM B MPUCYTCTBUU Ti, OKa3arach MEHBIIE, YeM B PacTBOpE, HOITyUCH-
HOM B IpUCYTCTBUH Zr, B cpenHeM Ha 17%. Taxxe kornentpanus Ag(Il) B pac-
TBOpE, IMOTyYCHHOM B MPUCYTCTBUU Ti, OKa3ajgach MEHBIIE, €M B «XOJIOCTOM)
onbiTe, mpuMmepHo Ha 30%. Kak mokasanm manpHEWINE WCCIETOBaHMS, JTAaHHOE
M3MEHECHUE KOHIIEHTpaIuy cepedpa He BIUSIET Ha KHHETHKY PAaCTBOPEHHUS IHOK-
cuJa TUTYTOHMSI, CIIe0BaTeNbHO, TUTaH Mapku BT1-0 yoBieTBOpsieT ycIoBUsIM
TpOBEIeHUS TIpoiiecca pactBoperus PuO,.

Kopposuounnvie ucnvimanus Koncmpykyuonuvix mamepuanos. JJnokcuz mry-
TOHUSI UMEET MUKPOTBepaOCTh mopsiaka 105SHB, mpu nmepememmBannm u cornpu-
KocHOBeHNH PuO, ¢ MOBepXHOCTHIO KOHCTPYKIIMOHHOTO MaTepraja MOTyT Mpo-
HCXOIUTH UCTUPAHIE TIOBEPXHOCTH U YBEIIMIEHUE CKOPOCTH KOPPO3HH.

BbutH TpoBeIeHBI UCIBITAHUS Ha THAPOAOPa3HBHBIN M KOPPO3UOHHBIN H3HOC
TATAHOBOW M ITUPKOHHEBOH IUTACTUH TPH IJIOTHOCTH Toka 3A/mM,. OOpasert
MaTepraa UCIBITHIBAJIICS B TCUCHHE 6 U MPH IEePEMEIINBAHUN (CKOPOCTh Bpa-
miernst Mermankya 700 00./MHH) ¢ MOHHTOPHHTOM MaccChl 00pa3ia KakIplid vac.
Pe3ynbraThl SKCIIEpUMEHTOB, MPEACTaBICHHBIC B TaO. 1 W 2, MOKa3aid, 4TO
KOPpPO3HOHHAs CTOMKOCTh THUTaHa B YCIOBHsX 3nekrporeHepupoBanms Ag(Il)
BEIIIIE, TIO CPABHEHHIO C IIMPKOHHUEM.

Tabnuna 1
Cxopoctb koppo3un Tutana BT1-0 B cpene 6M HNO;
¥ B IPHCYTCTBHH OKHCHTETs1 Ag®"

Bpewms, CKOpOCTh KOPPO3UHU Bpewms, CKOpOCTh KOPPO3UHU
q r/(m*x1) MM/TOx q /(m*xu) MM/TOJL
1 0,203 0,391 4 0 0,000
2 0,068 0,130 5 0,0344 0,065
3 0 0,000 6 0 0,000

Tabnuma 2

CKopocTh KOppo3uu unpkonus B cpeae 6M HNO; u B npucyrereum okucanrens Ag”*

Bpewms, CKOpOCTh KOPPO3UHU Bpewms, CKOpOCTh KOPPO3UHU
q /(m*xu) MM/TOx q r/(m*x1) MM/TOJL
1 0,120 0,162 4 0,060 0,081
2 0,150 0,202 5 0,030 0,040
3 0,060 0,081 6 0,030 0,040
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[Ipu BU3yambHOM OCMOTpE MOBEPXHOCTH OOPA3IOB TUTaHA W IUPKOHHS HE
00HAPYKEHO JIOKATBHOW KOPPO3UHW B BHUJIC IUTHHTA U 3B, YTO MO3BOJIIET OTHE-
CTH JIaHHBIC MaTepUabl K KATETOPUH KOPPO3HOHHO-CTOMKUX JUIS TaHHBIX YCIIO-
BHUH.

3akiroueHne

lupkoHuit MeeT, B CPaBHEHUH C THTAHOM, 00Jiee BBICOKYIO CKOPOCTH KOp-
pO3WH, UTO BIUSCT HA pacdeT CpoKa CIyKOBI ammapaTa pactBopeHus. C 3KOHO-
MUYECKOH TOUKH 3peHIs IIeHA MIPKOHUS IPEBHIIIACT IICHy TUTaHa IPUMEPHO B
TpH pa3a. YMeHblleHue koHmeHTpannn Ag(Il) mpu ucnbTannn odpasia THTaHa
HE BIMSACT Ha KUHETHKY PACTBOPEHHS ANOKCUIA IUTYyTOHHSL. TakuM oOpa3om, Ha
OCHOBE TTOJTYIEHHBIX PE3yTbTaTOB MOXKHO CAENATh BEIBOM, YTO B KaUECTBE KOH-
CTPYKIIMOHHOTO MaTepHayia IJis ammapaTa-pacTBOPUTENS IUOKCHAA TUIYTOHHUS
nenecoodpa3Hee UCIoIb30BaTh TUTAaH Mapku BT1-0.
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CHOICE CONSTRUCTION MATERIAL
FOR DEVICES SOLVENT PLUTONIUM DIOXIDE

The article is devoted to the selection of the structural material for the installation
for plutonium dioxide dissolving. The article reveals the basic properties, which a
structural material should have.

Based on the identified properties a series of experiments was made. It was de-
termined the effect of structural material on the kinetics of generation of silver and
corrosion properties of materials. As a result chosen structural materials for the in-
stallation can be concluded as suitable materials.

Results obtained in this study can be applied for the design of industrial equip-
ment and in future research.

Keywords: plutonium dioxide; construction materials; kinetics; corrosion.
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CTpyKTypHbIE H3MEHEHUsI B Bojle
U BOJHBIX PACTBOPAX JIEKTPOJHUTOB
NpH pa3jMYHbIX BHEUIHUX BO3/1eCTBUX

Ilpeonoowcenvr memoovl oyeHku usMeHeHUuti CMpPYKmMypsl 800bl UNU B0OHbIX
PAcmeopos NeKMpoIumos npu 030eicmeuu memnepamypbl, MAzHUMHO20 O,
GIUAHUU MAMEPUANA NOBEPXHOCMU NYMeEM Onpeoenenusi dNeKmpuvecKol emMKocmu
JHCUOKOCIU U O0OPOMHOCIU KOJIeOAMENbHO20 KOHMYPA 6 OUANd3oHe 4acmom om
1oo 3000 xI'y. Ilpu smom niacmunsl KOHOEHCAMOPA 6 PA3IUYHLIX GUOAX
INEKMPOXUMULECKUX AUEeK PACNONA2AION UAU HANPOMUS opye Opyed Ha pAcCMOSHUU
bonee 5 cm, unu cmewjarom OMHOCUMENbHO Opye Opyed 8 NAPANLETbHbIX NIOCKOCTAX,
WU PACNonazaiom 6 0OHOU NIOCKOCMU, A HCUOKOCHb 8 IMOM CLyHae HAXOOUMCs HAO
o06K1a0kamu Konoencamopa. Ilnommocmes moka Ha NIACMUHAX 8 PASTUYHBIX AYEUKAX
cocmasnsem om 10 do 100 nA/es’. Tlpu usmepenuu snexmpuueckoti emxocmi
Hanpsicenue, n008OOUMOe K NIACTHUHAM, CHUNCAIOM NPONOPYUOHATILHO NOBLIUEHUIO
yacmomul 2enepamopa. Taxoil memooudeckuti n00xXo0 ygenudusaem OUHAMUYECKULL
0uanasoH U3MeHeHUs CUSHAA C NeKMPOXUMULECKOT AUelKY, CHUdICAem 6030eliCmeue
UBMEPEHUTl HA CIMPYKMYPY HCUOKOCMEl U NO360JIAen OYeHU8amy HanpasieHHoCmy U
BbIPAHCEHHOCHIb USMEHEHUL CIPYKMYPbL 800blL U 600HBIX PACMBOPO8 NPU PATUUHBIX
6030eticmeusix. IIpeonodicen Kpumepuil 0iisk OYEeHKU CIMPYKMYPbl BOOHBIX PACMEOPO8 6
NPUCTEHOYHOM CllO€ U Kpumepuil 0Jisi OYeHKU CIMPYKIMYpbl NUMbegblX U MUHEPATbHbIX
600.

KiroueBble cioBa: cmpykmypa 600bl; KIACMEPbl, NOZPAHUYHBIL  CILOU;
NEKMPUYECKASL EMKOCb, PE3OHAHC, OUINEKMPOMEMPUSL.

B Hacrosmiee Bpems HCCIEOBaHUSA B HANPABICHHW W3YyYEHHS CTPYKTYPBI
BOJIBI M BOJHBIX PacTBOPOB OYPHO pa3BHBarOTCA. B paboTax mocnemnux 20 yet
BOIPOC O HATMYHH CTPYKTYPBI BOJBI M BOJIHBIX PACTBOPOB YK€ Iepernien B KOH-
KPETH3AIMI0 BJIMSHUS W3MEHEHHSI CTPYKTYPHI BOABI M BOIHBIX PAaCcTBOPOB Ha
pa3TUYHBIE TEXHOJIOTHYECKHE MTPOLIECCH U YPOBEHB 3/I0POBbs YenmoBeka [ 1-8].

N3BecTHO, 9TO MOJIEKYJIBI BOJBI HAXOMATCS B HEMPEPHIBHOM TEIIJIOBOM JBH-
JKCHHH, U TOBOPUTH O KOHKPETHOM TIOJIOKCHHH OTICIBHBIX JIATIONCH BOJBI 11O
OTHOIIECHHIO JIPYT K APYry MOKHO B WHTEpBAJIe BPEMEHH MEHEe 10" c. IIpn
WCIIOJIb30BAHUN CYNIECTBYIOIIMX B HACTOSIICE BPEMsS METOIOB 3TO HEBO3MOXK-
HO. C Ipyro¥ CTOPOHBI, MMOHITHE CTPYKTYPBI BOJBI U BOJHBIX CHCTEM B OOIIEM
ciydae BKITIOYAeT HE TOJBKO OINpe/elieHne KOOPIUHAT BCEX €€ MOJICKYJI, HO U
3HaHUE 3aKOHOMEPHOCTEH W MIPUHIIUIIOB WX B3auMoaencTsus [9].
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Hamuure BomopoAHBIX CBsI3€ii B BOAE U TMAPATHPOBAHHBIX HOHOB B BOIHBIX
pacTBOpax yxKe SIBJISICTCS MPOSBIIEHHEM CTPYKTYpPhl BOABI M BOJHBIX PacTBOPOB
[10]. CoBpeMeHHEBIH B3TIISA HAa CTPYKTYPY BOJBI 3aKIIOYAECTCS B TOM, UTO B BOJIE
CyILIEeCTBYeT Oojice CIIOXKHAs CTPYKTYPHAs OpraHu3allys, TPeXMEpHas CeTKa,
o0Opa3oBaHHAsE MOJIEKYJIaMH, COCIMHEHHBIMH BOJOPOAHBIMHU CBs3saMH. Ilokasa-
HO, YTO OTHCIIbHBIE MOJIEKYJIbI BOJbI OOBEAUHSIOTCS B acCOMMaThl (KJIACTEPhI),
pacrpeeneHHble B «KOHTHHYaIBHOM kUKol ¢dase [4, 11, 12]. Pasmeps! kia-
CTEpPOB B BOJE M BOIHBIX PAacTBOPax 3aBUCAT OT KOHLIEHTpAI[MH, COCTaBa pac-
TBOPOB M TeMIIepaTyphl kuakocteit [4, 8, 13]. ITockonbKy IMOABMKHOCTE JTUTIO-
JIeli BOJABI OIpPENEIsSeTCs XapaKTepoM HX CBSA3M MEXKAY CO000H (HE CBS3aHHBIC
MEXAy CO0OM IUITONHA MMEIOT MAaKCHMAaJIbHYIO MOABUXKHOCTB), TO IO HM3MEHE-
HHIO MOJABMOKHOCTH AMIIONCH BOMABI MPH Pa3InYHBIX BO3ACHCTBUIX MOXHO CY-
JUTh 00 M3MEHEHHUM CBS3M MEXKIy HHMH M, COOTBETCTBCHHO, 00 H3MEHEHHHU
CTPYKTYPHPOBAaHHOCTH BOJIbI X BOJHBIX PACTBOPOB.

N3BecTHO, 94TO BOAA M BOMHBIC CHCTEMBI HMEIOT BHICOKYIO UYBCTBUTEIHHOCTD
K BHEITHUM BO3JCHCTBUAM, BKIO4ass mHMopMaruonHsie [3]. TTosTomMy mis ux
aJICKBaTHOTO M3y4YeHHUS HEOOXOIUMBI Hepa3p27ma}omne METO/IbI HUCCIIeIOBAHUS
B IIMPOKOM JIMAIa30HEe YacToT — OT 1 110 10" I'n. Tak, nmst OUEHKH CTPYKTYPBI
BOJIBI M BOJHBIX CHCTEM HCIIOJIB3YIOT ONpPENeICHUe WX JUAICKTPUYSCKON Mpo-
HHUIIAEMOCTH Ha Pa3HbIX Yacrorax (Meronm mudiiekrpomerpuu) [14, 15]. Takoit
MTOJIXOJ TIO3BOJISCT TONYYUTh JAHHBIC O MOJICKYJSIPHOH TUHAMHKE U CTPYKTYp-
HBIX MPEBPAICHUAX KAIKUX CHCTEM MIPH M3MEHEHHUH WX COCTaBa W TEMIIepaTy-
pol. [Ipy 3TOM Mayio M3y4eHBI MPOIECCHI, TPOTCKAIOIINE B BOJIE M BOJHBIX CH-
cTeMax B MHTEpBAJE OT 10* o 10° I'm [15].

N3BecteH crmocob ompeneneHus TUAJISKTPUYECKUX TapaMeTpoB BOIBI U €€
pacTBOpOB, MpH KOTOPOM HCCIEIYyEeMbIC KHIKOCTH B 3JIEKTPOXUMHUYCCKON
siYeiKe TIOCIICAOBATEIEHO BBOJSATCS BHYTPh PA3JIMYHBIX COJICHOMIHBIX KaTYIICK,
a m3MepeHus MpoBoIsATcs B auamazoHe 4actoT Beime 10 k[ [Tam xe]. Tlpn
3TOM BEJMYMHA HANPSHKEHHOCTH BHXPEBOT'O 3JICKTPUUECKOTrO OIS BHYTPH
staeiiku m3MeHseTes oT 5 mo 300 MkB/cM. D10 B 60 pa3 MeHSET BETUUHHY peak-
THBHOTO TOKa B OJHOHM XHJIKOCTH B IpoOIlecce U3MEPEHUH, YTO MOXKET MPHUBO-
JUTh K Pa3IMYHBIM HEKOHTPOIUPYEMBIM U3MEHEHHUSAM CTPYKTYPBI KHIKOCTEH, a
TaK)Ke CO3JacT ONpeaeiIeHHbIE HEyn00CcTBa B padoTe.

enpro paboThl sABISETCS pa3pad0TKa METOJOB OLIEHKH CTPYKTYPHI BOIBI U
BOJHBIX PACTBOPOB B AJIEKTPOXMMHUYECKOHN SUCHKe MPH Pa3IMUHbIX BO3IEHCTBU-
SIX, BKJTFOYAFOIIUX BIJIMSHHE TEMIIEpaTypbl, MAarHUTHOT'O TOJIS, MaTepHala Io-
BEPXHOCTH B IIPUCTCHOYHOM CJIOE H T.JI.

MarepuaJbl 1 METOAMKH HCCIEA0BAHUS

B ompITax mCmonp30BaHB AUCTHIDIMPOBAHHAS BOJAA, a TaKkKe BOTHBIC pac-
TBOPBI XJIOPH/IOB HATPHSI, KAJTHsI, KAJTBIAS W MATHAS B KOHIEHTpamusx ot 10
1o 1,0 M. M3ygaemyto )KUIKOCTh MOMEMIAIOT B U3MEPUTEIBHYIO STIEHKY OJHOTO
W3 BHUJIOB, BKIIIOYAIOIIYIO €MKOCTh W3 JWAIIEKTPHUECKOTO MaTepHaja, a TaKKe
0OKITaIKi KOHICHCATOpa W3 HEMarHUTHOTO MaTepraja 0e3 HeMOCPeACTBEHHOTO
KOHTaKTa C HCCIEAYEMOM KHUIKOCTHIO.
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OCOOCHHOCTBIO HCIIONB3YEMbIX B HCCICIOBAHUSIX H3MEPHTENBHBIX SUYEeK
Pa3HBIX BHJIOB SIBISIETCS TAKOE B3aMMHOE PACIIOIOKEHHE OOKIAIOK KOHIEHCA-
TOpa, KOTOPOE MO3BOJISICT YBEIHUUTh AMHAMUYCCKHI UATa30H U3MEHEHUSI CUT-
HaJla C M3MEPHUTENbHBIX SYEEK W, BCIEACTBUE 3TOrO, MOJIYYUTH BO3MOXKHOCTH
PEruCTpUPOBATh Majble W3MEHEHHS CTPYKTYPbl BOIBI M BOJIHBIX PAcTBOPOB
(puc. 1). st aTOTO, B 3aBUCHMOCTH OT PEIIaeMbIX 3aJia4, OOKJIaJKH KOHJIeHCa-
TOpa U3MEPUTENBHOM STMEHKH PACIONIAraloT HAMPOTUB JAPYT Ipyra Ha paccTos-
HUK OoJiee 5 cM, MJIM CMEIHIA0T OTHOCHUTEIBHO APYr Apyra B HapauielbHBIX
TUIOCKOCTSIX, WJIM PACIIONAraloT B OIHOM ILIOCKOCTH, & XUAKOCTh B 3TOM Cilydyae
HAXOAUTCS HaJl O0KIaIKaMH KOHICHCATOPA.

| | v
Si 3 3
o— N/
4

4
[ 6

Puc. 1. CxeMbl BUIOB U3MEPUTETIBHBIX STYEEK IUISl OLICHKU CTPYKTYPbI BOABL
U BOJIHBIX PACTBOPOB: ¢ — MCCIIEAyeMasi KUIKOCTh HAXOIUTCS MEXKIY OOKIIaAKaMU
KOHJICHCATOPa; 6 — OOKJIaIKH KOH/ICHCATOpa CMEILEHbl OTHOCUTENBHO APYT Apyra
B IapaJuleJIbHBIX INIOCKOCTSIX; 6 — 00KJIaIKU KOHJICHCATOpa PACIoNaraloT B OJHOM
IUIOCKOCTH, a KMAKOCTh HAaXOIUTCS HaJl OOKJIaJKaMH KOH/ICHCATOPa;
1 — eMKOCTb /151 )KUIIKOCTH; 2 — UCCIEAyeMast )KUIKOCTh; 3 — OOKIIa/IKi KOHIGHCATOpa,;
4 — KJIEeMMBI JUTS TIOZIKJIOUEHHS CUTHANA OT FEHEepaTopa CHHYCOMIAJIBHBIX KONleOaHHi

JIJIs1 OIeHKH CTPYKTYPHBIX M3MEHEHHH BOAHBIX PACTBOPOB B IMPHUCTEHOYHOM
CIIOC WCIIONB30BATIN M3MEPHUTENBHBIC SUCHKH, TTOKa3aHHBIE HAa PHC. 2 U TIpen-
CTaBJISIFOIME OO0 MOMU(PUKAIINIO U3MEPUTEILHON sTYeHKH 6 (prc. 1).

Hanpspkenne x m3MEpUTENIBHBIM SYeHKaM MOJAaeTCsl OT TeHepaTopa CHHYCO-
HOTbHBIX Konebannii AFG 2025, curHai ¢ siueek yCHIIMBAETCS WHCTPYMEH-
TalbHBIM YCHIIMTENEM Ha OcHOBe MuKpocxembl AD8067 u m3mepsieTcss Ha oc-
nutorpadge PDS5022S. BenmnuuHy WHIYKTHBHOCTH H3MEPSIOT C MOMOIIBIO
npubopa LCR-9063.

BennunHa HanpspKeHUs TeHepaTopa CHHYCOHITANIBHBIX KONCOaHWiA, MOIBO-
IUMOTO K M3MEPHTEIBHON sUeiKe, YMEHBIIAeTCS O0paTHO IPONOPLHHUOHATBHO
€ro YacToTe. DTO, BO-TIEPBHIX, 00ECIICUMBAET IMMOCTOSHHYIO (STAJIOHHYIO) BEIH-
YHHY TOKA Yepe3 M3MEPHUTENbHYIO SUCHKY MPH pa3HBIX YacTOTaX TeHepaTopa B
cllyyae TOAKITIOUEHHUS MEKTY OOKIAIKaMH KOHIEHCATOpa SUCHKH STAIOHHOTO
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KOHJIeHcaTopa. Bo-BTOpPBIX, YMEHbBIAETCS 3aBUCUMOCTD IUIOTHOCTH TOKa 4Yepe3
HU3MEPUTENBHYIO SIUEHKY OT €ro 4acTOTbl, YTO CHUKAET BJIHMSHUE BEJIMUMHBI pe-
AKTUBHOI'O TOKA Ha CTPYKTYPY KHUIKOCTEH.

a [

Puc. 2. Cxema u3MepuTENbHBIX SIUEEK I OUEHKH CTPYKTYPbI BOABI U BOJHBIX PACTBOPOB
B IIPUCTCHOYHOM CJIO€: @ — siuelKa, B KOTOPOH XUIKOCTh HAXOIUTCS MEXIY IBYMS
CTEKJITHHBIMU IOBEPXHOCTSIMU; 6 — ST4€HKa, B KOTOPOU JKUIKOCTb HAXOAUTCS MEXKIY
IUIACTMACCOBOM U CTEKIISTHHOM MOBEPXHOCTSIMU. | — HIDKHSS CTEKIISIHHASL €MKOCTb C IUIOCKHM
JTHOM JUTSL UCCIIEyeMBIX KHUIKOCTEH (B STUeHKe a) WK MIacTMAcCOBasl TNIACTUHKA
(B stueiike 0); 2 — BepXHsisi CTEKIISTHHASI eMKOCTb C IUIOCKKM JHOM; 3 — UCCIie1yeMast
KHUJIKOCTh; 4 — 00KJIaJIKM KOHAEHCATOPA; 5 — KJIEMMBI JUIS [OJKIIIOUESHHS CUTHAIA
OT reHepaTopa CHHYCOMIAIBHBIX KONeOaHUH

YcraHOBKa MO3BOIISIET B M3MEPUTENBHON sSTIEHKe OIHOTO M3 BHIOB OIpeie-
JISITH DIEKTPUIECKYIO €MKOCTB JKHUIKOCTEH (IT0 M3MEHEHUIO BEIMYNHBI PEaKTHUB-
HOTO TOKa 4epe3 HUX W IOCIEe BBEIYUTAHUS M3 OOmeld eMKOCTH KOHIEHcaTopa
€MKOCTH WU3MEPUTEIIEHOM SIUCHKU 0e3 JKUIKOCTH), a TakkKe JOOPOTHOCTH KOJie-
0aTempHOro KOHTYpa, 00pa30BaHHOTO MTEPEMEHHON WHAYKTHBHOCTBIO M KOH/ICH-
CaTOpOM TIpH HAXOXICHHUU KUAKOCTEH MEXIy €ro M30JHPOBAHHBIMH ILIACTH-
Hamu. [Ipr W3MEepeHHHN eMKOCTH KHAKOCTEH 9acToTa TOKa, MOIBOANMOrO K 00-
KIIaJKaM KoHzeHcaTopa, uaMeHsercs ot 1 go 3 000 k['u. Ilpu usmepenuun mo6-
POTHOCTH KOJeOaTETHHOT0 KOHTYpa BETMINHBI HHIYKTHBHOCTH yCTaHABIHBAIOT
Ha ypOBHE, TIO3BOJIIONIEM IMONYYUTh pe3oHaHcHyto dactoty 10, 30, 100, 300
vian 1 000 x['m.

Jts OIleHKH M3MEHEHHWH CTPYKTYPHI BOIBI M BOAHBIX PACTBOPOB IIPH pas-
JIYHBIX BO3ICHCTBUAX HCIONB3YIOTCS MHHUMAIIGHBIE BETHYMHBI HAIPSHKEHHO-
CTH 3JICKTPHUYECKOTO ITOJISI BHYTPH H3MEPUTENbHON suekiku (0T 15 1o 75 MxB/cm
B 3aBHCHMOCTH PACCTOSHHS MEXIy IUIACTHHAMH KOHAEHCATOpa B Pa3IMYHBIX
BHJaX M3MEPUTEIBHBIX sTYeeK) U TUIOTHOCTH TOKa Ha OOKIJIAAKaX KOHIEHCATOpa
(ot 10 mo 100 HA/cM® B 3aBUCHMOCTH OT TJTOMAM TITACTHH KOHJEHCATopa B
Pa3IUYHBIX BUIAX H3MEPUTEIBHBIX SUECK).

Pe3yabTarhl u ux o0cy:KaeHne

B naugane uccrnenoBanuii OIEHUBAIN BIHSHUE PACCTOSHUS MEXIY SJIEKTPO-
JIaMH ¥, COOTBETCTBEHHO, HAMPSKEHHOCTH JIEKTPHUIECKOTO TIOJISI HA TUHAMHUKY
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AIIEKTPHYECKON EMKOCTH W TOOPOTHOCTH KOJIEOATEIFHOrO KOHTYpPa € UCIIONB30-
BaHWEM BapuaHTa 4 M3MEPHUTENHHOHN sueiiku, moka3zaHHoro Ha puc. 1. Oxaza-
JIOCh, YTO DIIEKTPHYECKAsi €eMKOCTh IUCTHIUIMPOBAHHON BOABI IPH PACCTOSHUH
MEXIY TUTACTHHAMH KOHJIECHCATOpa 2 CM C YBEIIMYEHUEM YaCTOTHI PEaKTHBHOTO
toka oT 1 1o 3 000 xI'y ymenpmmanacek g0 66% (puc. 3, A) OT HCXOTHOTO YPOBHS
(P <0,001). ITpu sTom ¢ noBeIitieHrueM yactoTsl oT 300 mo 3 000 k['1 BemuuHa
9TOTO IMOKA3aTeNsl MPaKTHUSCKH He M3MEHsuachk. [Ipn yBenmnyeHun pacCTOsTHUS
MEXAy TIaCTHHAMH KOHJeHcaTopa 10 S u 10 cM anmexkTpuyueckasi eMKOCTh MPU
Bo3pactaHuu 4actoTsl oT 1 o 3 000 x['r cHmkanack Gojiee BeIpaskeHHO (10 48
1 27% COOTBETCTBEHHO).

Benmmuanaa n006poTHOCTH KOI€0aTEeNEHOrO KOHTYpa P YBEIHICHUH PaccTo-
SIHUST MEXy TIaCTHHAMH KoHJeHcaTopa oT 2 a0 10 cm Ha gactotax 30, 100 n
300 x['u camkanacek 1o 39, 64 u 78% coorBerctBeHHo (P < 0,001 Bo Bcex ciry-
yasx). [Ipu sToM Oojee BBHIpAKEHHOE CHHXEHHE NOOPOTHOCTH HAOJIONATIOCH
TIPU MEHBIIIEH PE30HAHCHON YacTOTeE.

Cs n® C, nd
80 - 70
l w
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Puc. 3. 3aBucumocts anekrpudeckoit emkxoctu (C, n®) auctuimmupoBaHHON BOAbI (a)
1 1107 M pacTBopa XJIopHaa HaTpust (6) OT YaCTOTEI PEAKTHBHOIO TOKA TIPH PA3THIHOM
paccrosiHuu MeX Iy oOKiagkamu KoHnencaropa: I —2 cm; 2—5 cm; 3— 10 cm

DnexkTpuuecKkasi eMKOCTb 1-110° M pacTBoOpa XJIOpWa HATPHUS MPU PacCTOs-
HUU MEXIY TUTACTHHAMH KOHJICHCATOpa 2 CM C YBEITUYEHHUEM YaCTOThI PECaKTHB-
Horo Toka oT 1 mo 3 000 xI'1y cHMKaeTcst MeHee BBIPAKEHHO M0 CPaBHEHHIO C
IUCTHILTAPOBaHHOM Bomoit (mo 91% ot mcxomuoro yposus, P < 0,001). Ilpu
YBEITUYECHUH PACCTOSHUSI MEXY TUTACTUHAMHU KOHJeHcaTopa 10 5 u 10 cM arek-
TpHYECKasi EMKOCTb IPH BO3PACTAHHH YaCTOTHI CHHYKAETCS 00Jiee BRIPAXKEHHO —
10 89 u 87% coorBercTBeHHO. [IpH paccTossHUM MEXIy MIACTHHAMU KOHICHCA-
TOpa 2 CM BEIIMYHHA JOOPOTHOCTH KOJEOATEIIEHOrO KOHTYpa, IO CPABHEHHUIO C
JUCTAJUTMPOBAHHON BOJIIOW, MHOTOKPATHO BO3PACTacT, a MPH yBEIMUYCHUHU pac-
CTOSIHUSI MKy TIACTHHAMU KoHAeHcaTopa oT 2 1o 10 cm Ha wacrorax 30, 100
n 300 k['m goOporHOCTh cHMXkaack 10 97, 78 m 50% COOTBETCTBEHHO
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(P <0,001 Bo Bcex cmyuasix). [Ipu aToM cHMKeHHE TOOPOTHOCTH OBLIO Oosiee
BBIPa)KCHHO Ha OOJIBIICH PE30HAHCHOM YacToTe.

Hcxonst X MONMyYeHHBIX BBIIIE PE3YIIBTATOB OBUIO MPEIIIONIOKEHO, UTO IS
BEISBIICHHS CTPYKTYPHBIX H3MEHCHUH B BOJIE M BOIHBIX pacTBOpax, BO-TICPBHIX,
esecoo0pa3Ho MCHONB30BaTh M3MEPHUTENBHBIC SUSHKH, B KOTOPBIX IIACTHHBI
KOHJICHCAaTOpa TapauIeNbHEl IPyr APYTY W HaXOmATCS Ha PaccTosHUM Ooiee
5 cM apyr ot apyra (cM. prc. 2, @), TH00 CMEIIEHBI OTHOCHUTENILHO JIPYT IpyTra B
MapauIeTIbHBIX INIOCKOCTAX (CM. pHC. 2, 6), MO0 pacroyiararoT B OJHOW IJIOC-
KOCTH, a XHIKOCTh B 9TOM CJIy4ae HaXOIHWTCS HaJ OOKIaIKaMH KOHIEHCATOpa
(cMm. puc. 2, 8). Bo-BTOpBIX, JOOPOTHOCTH KOJIEOATEIHHOIO KOHTYPA, IO CpaBHE-
HUIO C AJIEKTPUIECKONH EMKOCTBIO, BEPOSITHO, SIBIISIETCSL O0Jiee TyBCTBUTEIHHBIM
apaMeTpoM H TAKXKE MOXKET OBITh HCIIOIh30BaHAa ISl OLIEHKU CTPYKTYPHI BOIBI
1 BOIHBIX paCTBOPOB.

Hwke npuBeneHs TaHHBIE, TOYICHHBIE C HCIIONB30BAaHUEM BapruaHTa O (CM.
puc. 1, 6) uameputenbHO# stueiiku [16]. B aTom cirygae nipu tTemmiepatype 20°C
C yBEIMYEHUEM YacTOTHI peakTuBHOro Toka oT 1 go 100 k[ amekrpuyeckas
€MKOCTb AUCTHIUINPOBAHHON BOIBI MHOTOKPATHO (10 7% OT UCXOJHOTO YPOBHS,
P <0,001) camxaercs (puc. 4, a). [Ipu nanpHeHIIeM MOBBIIIEHUN YaCTOTHI 10
3000 x['m amekTpuveckasi eMKOCTh MPAaKTHYEeCKH He yMeHbInaercs. Cremyer
OTMETHTD, YTO yke Ipu yactore 3 K['11 eMkocTh cHIKandack 10 42% 1o cpaBHe-
Huto ¢ yactoTo 1 k['m (P < 0,001).
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Puc. 4. a — 3aBUCUMOCTB 37EKTPHUYECKON EMKOCTH AUCTUILTUPOBAHHOMN BOZIBI U BOAHBIX
PAacTBOpPOB OT YaCTOTHI PEAKTUBHOIO TOKA: / — MUCTUIUIMPOBaHHAas Bona; 2, 3,4, 5,6 u 7 —
PACTBOPBI COJH XJIOPHAA HATPHSA B KoHIeHTpaumsx 1-107°, 1107, 1-107%, 1-107,
1-102 1 1-10”" M COOTBETCTBEHHO. 6 — OTHOCHTENEHOE H3MEHEHHE HTEKTPHIECKOH
€MKOCTH TP PA3JIMYHBIX YACTOTaX PEaKTMBHOIO TOKa U KOHLEHTpaiusax pactBopa NaCl:
1—1-10"°M pacTBOp M0 CpaBHEHMIO C AHCTHITHPOBAHHON BOKOH; 2 — 1107 M pacTBOp
1o cpasHerHio ¢ 1-107° M pacrsopom; 3 — 1-10~ M pacrBop 1o cpasHenuio ¢ 1-10° M
pactBopom; 4 — 1107 M pactBop 110 cpasrermnio ¢ 1-107* M pactsopom; 5 — 1:10°M
pacTBop 1o cpaBHernio ¢ 1°107 M pactBopom; 6 — 1-10”' M pacTBop 10 cpaBHEHHIO
¢ 1:107*M pacropom, 7 — 1,5-10" M pacreop o cpasrermio ¢ 1-10”" M pacropom
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[IpuaNMas Bo BHIMaHHE JaHHBIE JINTEPATYPHI, IIPOBEACHHBIC HAMU PAaCcUeTHI
Y TIOy9YEeHHBIC paHee pe3ynbratsl [3, §, 11, 17-19], MoxxHO TpeAnOn0XKUTh, YTO
B IWCTHJUITMPOBAHHON BOZAE €€ MOJEKYIBI JOCTATOYHO MPOYHO CBSA3AHBI MEKITY
co0OM B accoumarhl. JTO 3HAYNUTENHLHO CHWIKAET MOABMIKHOCTH IUIIONEH BOJIBI
yKe TIpY HU3KOH JacToTe peakTuBHOro Toka (1-10 xI'm).

[Ipu mcnonws3zoBanun BomHOro pactBopa NaCl ¢ KoHIeHTpamuen 1'10° M
BO3pacTaHUE €r0 eMKOCTH (TI0 CPaBHEHUIO C EMKOCTBIO AWCTHIUTMPOBAHHON BO-
Ip1) HaOmomaercs Ha 4yacrorax 1, 3, 10 u 30 k[11 ¢ MaKCHIMyMOM Ha YacTOTe
1 kI’ (cMm. puc. 3, 6). Ilpu xoHuentpawuu 1-10° M emxocts pactBopa (110
CpPaBHEHUIO C 1-10°M pactBopoMm NaCl) MakcHMabHO BO3PACTacT HA YaCTOTE
3 k', a npu konuenTpauuu 10 M (o cpaaenuo ¢ 10° M pactBopoM) Mak-
CUMaJIFHOE YBEJIMYCHHUE 3TOro IMmapamerpa HaOmomaercs Ha vacrore 10 xI'm
(P <0,001). HPI/I JaIIbHEIiIeM IOBBIICHHN KOHLGHTPALK pacTBopa 10 1-107,
1107 1 1-10" M MaKCHMAIBHOE OTHOCHTEIBHOE BO3pacTaHuEe EMKOCTH IIPOHC-
xoaut Ha yacrorax 30, 300 u 3 000 kI'r coorBercTBenHO (P < 0,001). [Ipn max-
cuMasibHOM KoHIeHTparmu pactBopa NaCl (0,15 M) cHmKeHHUE eMKOCTH -
CTUJUTMPOBAHHOW BOJBI TIpH MOBBIIeHNH 9acToThl OT 1 10 3 000 x['11 cocrass-
er Bcero 10%. Takum oOpa3oM, HpH TOBBINICHUN KOHIICHTPAIH PACTBOPOB
colell TPOMCXOAWT IIOCTECIOBATENIFHOS YBEIMYCHHE MX EMKOCTH CHadala Ha
HU3KHUX, a 3aTeM U Ha 0oJiee BEICOKUX YaCTOTaX.

[ToBpImIeHME, IO CPABHEHUIO C JUCTHIDIMPOBAHHON BOJIOW, 3JEKTPUIECKON eM-
koct pactBopa NaCl HauMHAeTCs yKe MpH HEOONBIIOH €ro KOHIICHTPAIUH. JTO
CBHICTENBCTBYET O TOM, YTO HAPSIy C KOMMYESCTBEHHBIMHA U3MEHEHUSIMU TIPOHACXO-
IIAT M3MCHEHUE CTPYKTYPHI PacTBOpa, MPHBOISIIEE K YBEIMUCHHIO KOJIMICCTBA
JIMTTONCH, COBEPIIAONINX KolebaTebHble MBHKeHUS TpH Yactotax (1-3 000) kI .
Jaiee MOXHO TIPEITOIOKHTD, YTO JUHAMHIKA AJIEKTPHYECKOH EMKOCTH TIPH TIOBEI-
ImeHUH KoHIeHTparmu pactBopoB NaCl oTpaxkaeT: 1) U3MEHEHHS B CTPYKType ac-
COIMATOB MOJIEKYJI BOZBL, @ IMECHHO B COOTHOIICHHUSX Pa3sMEPOB U KOJIMIECTBA KIIa-
CTEpOB; 2) OCOOCHHOCTH IMPOIIECCOB THAPATAIIUK OHOB; 3) TUHAMHUKY B3aHMOJICH-
CTBUSI MEKY aCCOIMATAMU MOJIEKYI BOIBI ¥ TUAPATHHIMA 00pa30BaHMSIMHU.

OTH TpeAnoNIoKEHIs TOATBEPKIAI0TCS JaHHBIMU HAIIMX Ooliee paHHUX HC-
CIIeIOBaHHMI U PabOT APYrux aBTOpoB [5, 6, 8, 11, 16—18], B KOTOPBIX TTOKA3aHO,
9TO KJIacTepBl MOTYT XapaKTEePU30BATHCS KOJNEOAHUSIMH B 00IAacTH 4acToOT OT 1
o 10° k['11. B pactBopax NaCl ¢ koHIleHTparuei 1-10°° M, 1o cpaBHEHHIO C
IHMCTHIUTHPOBAHHON BOMIOH, BO3pACTaeT coAepikaHue Oonee KPYIHBIX KIacTepoB
U CHIKAeTCs cofiepkaHne 0oee MEIKIX. Y BEIMUeHIE KOHIIEHTPAIIUH PacTBOpa
10 0,1 M u BbIIlIe TPHBOAMT K YBEIIMUCHHUIO COICPIKAHUs OoJiee MEITKUX KilacTe-
poB. CiemyeT OTMETUTD, YTO AHAJIOTHYHEBIE PE3YNBTATHl JHHAMUIKH SIICKTPHUC-
CKOM €MKOCTH HaOJIONANNCh B IPOBEACHHBIX HAMH paHEE HCCIEIOBAHUSAX C
pactBopamu NaCl, KCI, MgCl, u CaCl, [17, 18], B KOTOpPBIX TaKxe OBLIO MOKa-
3aHO, YTO TO BEJIMYMHE JIEKTPUICCKONH EMKOCTH PACTBOPHI COJIEH MOCTOBEPHO
OTJIMYAIOTCS IPYT OT IpyTa.

Jlamee mpHBeNeHBI Pe3yAbTATHI MCCICAOBAaHUNA C HATPEBAHWEM W OXJIAXIIe-
HUEM BOIBI W BOAHBIX PACTBOPOB, BO3ACHCTBHEM MAarHUTHOTO IIOJIS, OLEHKON
BIIMSIHUSI MaTE€pHAalia TTIOBEPXHOCTH B IPUCTEHOYHOM citoe [5, 16—19].
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Ha ocHOBaHWMW TOIy4EeHHBIX pE3yNIBTATOB MPH HW3MEPEHHUH JIIEKTPHUECKOM
E€MKOCTH M JTIOOPOTHOCTH KOJeOaTeNbHOr0 KOHTYpa OBIJIO yCTaHOBJICHO, YTO
MOJBIDKHOCTD TUTIONEH BONBI B BOAE M BONHBIX PACTBOpaxX MpPH Pas3IMUHBIX
BO3JICHCTBUSAX pa3HOHANPABICHHO HM3MEHSCTCS Ha Pa3NMYHBIX YacTOTaX. DTH
W3MEHEHUS, BEPOATHO, 3aBUCST OT COOTHOIICHHS CBOOOAHBIX M aCCOIMHPO-
BaHHBIX (HAaIpUMep B KJIACTEPhI MOJICKYJ BOJBI) THIPATHBIX OOpa30BaHUH H
B3aNMOZIEHCTBHS MEKIY HUMH, a TAaK)Ke OT KOHIICHTPAIIUH PaCTBOPEHHBIX Ta30B
U TEMIEpaTypHL.

Tak, mpu Temneparype 20°C smekTpudeckas eMKOCTh JUCTHIUTHPOBAHHON
BOZBI TIPH yBENIMYEHUH YaCTOTH peakTUBHOTO Toka oT 1 mo 3 000 x['m mHOTO-
KpaTHO CHIDKAeTCs. DJIEKTpHUYecKas eMKOCTh BOAHBIX pactBopoB NaCl, KCI,
CaCl, u MgCl, mpu MOBBIIIEHUH X KOHIICHTPALUH 10 1-110'Mu BO3pacTaHUU
9aCcTOTH PEaKTUBHOTO TOKA MHOTOKPATHO YBEIMYMBACTCS CHAaydala HA HU3KUX
(1-30 kI'), a 3areM Ha Oosee BhIcOKMX yacToTax (100-3 000 xI'mr). ITo BeIpa-
KEHHOCTH U3MEHEHHUH TOTO IapaMeTpa pacTBOPHI OTIMIAIOTCS APYT OT APyTa.

H};I/I TOBBIIICHUU KOHIIEHTpaIuu BoaHoro pactBopa NaCl ot 1-10°° o
1:-100° M nmoOpoTHOCTh KOJIEOATENBHOTO KOHTYpa Ha PE30HAHCHOW YaCTOTe
10 kI'm MHOrOKpaTHO BO3pacTaeT BO BCEM JHWANa30HE yBEIHYCHUSA
koHIeHTpanuid pactBopoB NaCl. Ilpm »tom Ha wyacrorax 30 m 100 kI
JTOOpPOTHOCTh CHadaia CHIDKAeTCs, a 3aTeM MHOTOKPaTHO BO3pacTaeT IpU
nobIieHUH KoHIeHTpamu NaCl 6omnee 1-10*M mipu gactote 30 k['r u Oomnee
1-10” M npu wacrore 100 k[

I[Ipn wHarpeBanmm kugkocter mo 40°C  smekTpuueckas €MKOCTh
JUCTIJUTMPOBAHHON BoAbl yBenmmumBaercs Ha dacrtorax 10 m 30 x[m, a
snekrpudeckas emxocts 1-10* M pacropo NaCl, KCI, MgCl, u CaCl,
Bo3pacraeT mpu Oonpimeli dactore — 300 kI'm. Ilpm 3ToM HOOPOTHOCTH
KONeOaTeIbHOT0 KOHTYpa B ONBITaX C [HCTIJUIMPOBAHHOW BOXOW Ha
pe3onancHbIX gactorax 30 m 100 k['11 cHmKaeTcsi, HO BO3pPAcTaeT B OMBITAX C
1-10* M pacreopos NaCl, KCl, MgCl, u CaCl,.

[Ipu akTHBUpPOBAaHWYU TUCTIILIMPOBAHHONW BOBI HarpeBanueM ot 20 mo 60°C
¢ mocnenyromuM oxyaxaeHueM jgo 20°C 0e3 mocTyma Bo3Myxa TIpH €€
MarHuTHOW 00paboTKe W CHWXKEHHH TemuepaTypbl a0 10°C mpoucxomsr
YMEHBIIIEHHE EeMKOCTH Ha HHu3kux dactotaXx (1-10) x[m m Bo3pacraHue
JOOpOTHOCTH Ha  Ooliee  BBICOKMX  4YacToTaX, a Ipd  HarpeBaHUH
IMCTIIUTHPOBAHHON BOIBI HAOMIOAaeTCsl OOpaTHAs TUHAMIKA STHX ITapaMETPOB.

B npucTeHOYHOM TOHKOM CJI0€ KUAKOCTH TPH YMEHBIIEHUH PAaCCTOSHUS 0
cTekystHHOW moBepxHOCTH OT 5 000 mo 8 MKM W TpH KOHIIGHTpAIlMU BOJHBIX
pactBopoB NaCl, KCI or 0,01 mo 1,0 M snekrpudeckas eMKOCTh Ha 4acTOTax
1 000 u 3 000 x['t 1 7OOPOTHOCTH KOJIEOATENBHOTO KOHTYpa Ha Yactore 30 k'
MHOTOKPAaTHO CHIDKAIOTCS. OTH W3MEHEHHS 3aBHCAT OT KOHIICHTpPAIUH
PacTBOPOB, MPUPOAEI PACTBOPEHHOTO BEMIECTBA U MaTEepUaa IIOBEPXHOCTH.

C ydeToM MOIy4eHHBIX JaHHBIX ObL1 pa3paboraH xodbdumment K, [5], xa-
PaKTepU3YIOMUH TpaleHT U3MEHEHHS JOOPOTHOCTH KOJeOaTeIbHOr0 KOHTYpa
o hopmyie
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Ky =100 2=,

i i+1
e Ky — KO3(DUIMEHT, ONpeeieMblii KaK OTHOIIEHHE U3MEHEHHUS TOOPOTHO-
CTH KOJIE0aTeNIbHOr0 KOHTYpa IPH N3MEHEHUH BBICOTHI CIIOS JKHUAKOCTH K BEJIH-
YHHE H3MECHEHHS BBICOTHI CIIOS KHUIKOCTH, OTH. €1.; H;, H ;+; — pacCTOsIHAE MeX-
Iy IBYMSI BBICOTAMM CJIOSI JKUIKOCTH, MKM; Q; U Q4 — J0OPOTHOCTH Kojeba-

TEJIFHOTO KOHTYPA IPH STHX BBICOTAX CIIOS KHUIKOCTH.

Oka3zanocsk, uro npu ucnonb3oBanuu 0,15 M pacTBoOpoB XJjopuaa HATpus U

Kallusl BEJIMYMHA 3TOro Kod(ddummenTta Oblla MakcMMalbHa B WHTepBaie 50—
200 MkM (puc. 5).

20 r

O 1 1 1 ]

16-25 25-50 50-200 200-2000 2000-10000
h, MKM

Puc. 5. 3aBucumocts k03¢ duiuenTa Kg oT BHICOTBI CI0sI XKHUAKOCTH (/) B HOrpaHUIHOM
(IPUCTEHOYHOM) CI0€ TSI BOAHBIX PACTBOPOB XJIOPUIOB HATPHS M KAJIHS:
1-0,15 M pactBop NaCl; 2 — 0,15 M pacrsop KCl

3DTO TO3BONSET MPEIIIONIOKHITD, YTO IIPH YMEHBIICHIH BBICOTHI CIIOS JKHIKO-
ctu ot 200 mo 50 MKM B CTPYKTYpE pacTBOPOB MPOUCXOAIAT MaKCHMAIbHO BbI-
pa’KeHHBIC M3MEHEHUS, COMPOBOXKAAIOIINECS CHIKEHUEM TIOIBIYKHOCTH IUTIO-
JIel BOABI B PE30HAHCHOM peXrMMe. B MeHbIIIel cTernenn 3T N3MEHEHUS CoXpa-
HSIIOTCS TP YMEHBIICHNH BBICOTHI CIIOS SKHUAKOCTH 10 16 MKM U €€ YBeIMUeHUH
1o 2 000 MkM.

Jlanee ¢ ucmonb3oBaHNeM BapHaHTa 6 (CM. pHUC. 1) U3MEPHUTENBHON SYSHKH
ObLTa TIPOBEJICHA OIEHKA CTPYKTYPHI MUTHEBBIX U MHUHEPATbHBIX Box [4]. s
3TOro OBUT pa3paboTaH KO3(PGHUIMEHT IS OLEHKH CTPYKTYPhl MHHEPAITbHBIX
BoJ (K;), KOTOPBII pacCYMTHIBAIIHM IO CIIEeAyIONIeH hopmyie:

_ C100—C1000
K, =10 —
1

rae Cy, Cioo 11 Ciooo — EMKOCTE kuaKocTH Ha yactorax 1, 100 u 1 000 xI'm.
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[Ipu oreHke CTPYKTYpHI HCHONB3YEMBIX IMHTHEBHIX M MUHEPAIBHBIX BOZ C
WCTIONB30BaHneM Koddduumenta Kg oka3anoch, 4TO Ui MUTHEBBIX M MHHE-
PAIBHBIX BOJ €ro BEIMYUHBI cocTaBisaioT: Fiji — 5,39+0,02; Zala — 4,24+0,02;
Primula — 3,77+0,02; Donat Mg — 0,35+0,01; mopckast Boga — 0,16+0,01 (pa3-
JUYHSI MEXKIY BOIAMHU BO BeeX cliydasx Obutd moctoBepHsl, P < 0,001). [Tpuau-
Masi BO BHIMAaHHE JaHHBIC JINTEPATyPHl, IPOBEICHHBIC HAMU PAcUeThl U IMOIY-
YeHHBIE paHee pe3ynbTathl [4—6, 16—19], MOXXHO MPEAMOIOKUTH, YTO B MMHUTHE-
BBIX U MUHEPAIFHBIX BOJaX MOIBIKHOCTD AWIIOJICH BOIBI 3aBHCUT OT COCTaBa U
KoHIIeHTpanuu coiieil. CHikenne koddduuuenta Ks, odeBHIHO, SBISETCS pe-
3yIBTATOM YBEIUYCHUS MOIABIKHOCTH JHITONECH BOIBI, O0YCIOBICHHOT'O YBEIIH-
YeHUEM COACPXKaHHS OoJiee METIKMX acCOIMATOB MOJIEKYJ BOIBI M BO3pACTaHU-
€M CTENCHHU THAPATAINH Pa3IMYHBIX HOHOB. C y4EeTOM 3TOr0 MOIMYIICHUS MOXK-
HO TIPEIIIOJIOKHUTH, YTO O3IOPOBUTEIHHBIC M JICUCOHBIC CBOWCTBA MHUTHEBBIX H
MUHEPaTBHBIX BOJ B 3HAUUTENHHON CTEIIEHH MOTYT 3aBHCETH HE TOJBKO OT MX
COCTaBa W KOHIICHTpPAIMH PAaCTBOPEHHBIX BEIIECTB, HO M OT COOTHOIIEHUS pa3-
JIYHBIX IO pa3MepaM acCOMATOB BOIBI, & TAKXKE CTEIICHH TUAPATAIIH HOHOB.

COBOKYITHOCTB TIOJYYSHHBIX BBIIIE TAHHBIX ITO3BOIISET C HOBOW TOYKH 3PEHHUSI
OIICHUTH POJNIb CTPYKTYPHBIX M3MEHEHHUI B BOIC W BOAHBIX PaCTBOpax B JKUBBIX H
HEeXWBBIX cHcTeMaX. Tak, I0 MHEHHIO psiia aBTOPOB, pa3Mephl U CBOHCTBA THTaHT-
ckux rerepodasHpix kiacrepoB Boasl (ITKB) momoOHBI pasMepam U CBOWCTBaAM
kierok opranu3moB [8, 13]. ITKB, kak 1 KIeTKH OpraHU3MOB, UMEIOT «MeMOpa-
Hy», TpaHCMeMOpaHHBIA moTeHman (okoo 100 MB). Tlpu 3TOoM B KpyrmHOM Kiia-
cTepe BOIBI MOT'YT HAXOIUThCS Ooiee MENKHE KIIacTephl BOBL, TOMOOHO TOMY, Kak
B KJIETKE HAXOIITCS MATOXOHIPHHX U APYrre opraneuisl. Kiactepsr MoryT B3anMo-
JICWCTBOBATh MEXKIy COOOI M 00pa3oBBIBATH CTPYKTYPBI, IOAOOHO CTPYKTYpPE MHO-
rokierounbix opranm3MoB. [ TKB mpucytctBytor B coke pacrenwmii [8]. Pazmepsr
KJIaCTEpPOB MOTYT BJIHSTH Ha O3OPOBUTEIBHEIC U JICUCOHBIC CBOMCTBA MMUTHEBHIX H
MUHEPAITFHBIX BOJ M YMEHBIIIAIOTCS TIPX TOBBIIIICHUH Temriepatypel [4, 11].

C y4yeroM 3THX JaHHBIX MOXKHO HPEAMONIOKUTH, YTO IPU CBOEM 0Opa3oBa-
HUH, POCTE U Pa3BUTHU KICTKH «HCHONB3YIOT» YK€ MMEIOIIYIOCs KIACTEPHYIO,
«KIIETOYHYIO» CTPYKTYPY BOIBI KaK CTPYKTYPHYIO OCHOBY. DTO IPEIIIONOKEHHE
YaCTHYHO MTOATBEPXKAACTCS N3BECTHBIMA TAHHBIMHU O TOM, YTO Y TEIDIOKPOBHBIX
KUBOTHBIX, IMEIOMINX O0Jiee BRICOKYIO TEMIIEpPATypy Tella, THaMeTp SPUTPOLIH-
TOB COCTaBJIACT OKOJIO 7,5 MKM, 4TO Ooiiee 4eM B 2 pa3a MEHBIIE JHaMeTpa
SPUTPOIIUTOB XOIOAHOKPOBHBIX JKABOTHBIX.

W3BecTHO TaxKe, YTO BHYTPH KJIETOK OPraHM3MOB KOHIIEHTPAIHS KAJUSI BO
MHOTO pa3 OoIbIlle, YeM CHapYXU KIJIETOK, a KOHIIEHTpAIWsI HATPHUS BHYPHU KIle-
TOK BO MHOTO pa3 MEHbIIE, YeM CHapy)H. C y4eToM MOIyd4eHHBIX PE3yIbTaTOB
1 W3BECTHBIX JAaHHBIX JUTEPATYPHl MOXKHO IPEAIOIO0KATE, UTO B KIIETKAX Opra-
HU3MOB OOJIBINAST KOHIICHTPAIHSI BHYTPHKIETOYHOT'0 KAJIHS TO3BOJISET YaCTHU-
HO CHHU3HTH U30BITOYHBIN APPEKT CTPYKTYpHUPOBAHUS JKUAKOCTEH B TOrpaHHUY-
HOM CIIO€ ¥ OOJIETYUTH B3aMOJICHCTBHIE MTPOIIECCOB, MMPOTEKAIOIINX B KIETKaX B
pe3oHaHCHOM pexuMe. OTHOCHTENHFHO OOJbINasi KOHIIEHTPALHSI BHEKIETOYHOTO
HAaTpHUs, HA00OpPOT, TO3BOJSAET B OOJNBIICH CTEIEHW CTaOMIIM3MPOBATH HapyK-
HYIO CTOPOHY KJIETOYHOI MeMOpaHBI.
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B nipoBeneHHbIx recnenoBanusx [4—6, 17-19] ObUIO MMOKa3aHO, YTO TIPH aKTH-
BaIlMK BOJBI B HEHM MPOMCXOANUT CHUYKEHHUE IIIEKTPUIECKON €MKOCTH Ha 9acToTax 1—
30 k[, HO TIOBBITIICHHE TOOPOTHOCTH KOJIEOATEIBHOIO KOHTYpA IPH PE30HAHCHBIX
gactorax 30, 100 u 300 x['1. C y4eroM 3TOr0 CTUMYIUPYIOIIEE BO3ICHCTBHE AKTH-
BHPOBAaHHOW BOIBI HA YKUBBIC U HEXKUBBIE CHCTEMBI, BEPOSITHO, O0YCIIOBIICHO TaKH-
MH W3MEHEHHUSIMHA CTPYKTYPBI BOIHBIX CHCTEM (B YaCTHOCTH, BHYTPH U BHE KJIETOK),
MPH KOTOPBIX O0JErdacTcs B3aUMOIEHCTBHE MEXIy IPOLEecCaMd B PE30HAHCHOM
peRIMe, HO COXPAHSETCsI CTaOWIFHOCTh ONarofaps OrpaHHuCHHIO TTOIBHYKHOCTH
JTUTIONEH TIPY BO3/ICWCTBUH HEPE30HAHCHBIX YacTOT.

[NoxydeHHbIe pe3yabTATH HKCIEPUMEHTAIBHBIX HCCICAOBAHUNA MOTYT OBITH
WCIIONIb30BAHBI M YACTUYHO YK€ UCIONB3YIOTCA B mpakTuke [1, 5, 13, 18]:

1) BOBMOXXHOCTB OIICHUBATh MOABIKHOCTB TUIIONICH BOIBI M, COOTBETCTBEH-
HO, CTPYKTYpHPOBAaHHOCTb BOJIBI M BOAHBIX PaCTBOPOB, HAXOISIINXCS B M3Me-
PHTENBHBIX SYeHKaX WIN IPYyrod Tape U3 TUIICKTPHUSCKOr0 MaTepraa;

2) pa3pabOTaHHBIE H3MEPHUTEIbHBIC SYCHKH TO3BOJIAIOT MOJAOMPATh Tapa-
METpPHI KaKuX-IN00 BO3IEHCTBUI HAa BOLY M BOJHBIC PAaCTBOPHI, HAIIPUMEDP UL
MoauUKAIN (PUIUKO-XUMHIECKAX IPOIECCOB, MPOTEKAIOMNX B BKYIIUX
cucremax [1];

3) pa3paboTaHHBIA METOJMYCCKUH MOMXOA JJIS HCCICNOBAHUS CTPYKTYPBI
BOJIBI M BOJHBIX PacTBOPOB U KpuTepnii Kg mMo3BONSIOT OLIEHUBATH BO3NCHCTBHE
Pa3MTUYHBIX MAaTEPUAIOB HA CTPYKTYpPY BOZBI M BOJHBIX CHCTEM B MPHCTCHOY-
HOM CJIO€;

4) pa3paboranHbie Kputepnu Kg NCIONB30BaHEI TSI OICHKH CTPYKTYPHI ITH-
THEBBIX U MUHEPATBHBIX BOJI.

3akioueHne

1. Pa3paGoTaHHble METOAWYECKHIA TOAXOJ K OIEHKE CTPYKTYPHI BOABI W
BOIHBIX PacTBOPOB, M3MEPHUTENFHBIC SUCHKN M CIIOCO0 M3MEPEHUS DIIEKTpHUE-
CKUX TapaMeTPOB IO3BOJSIOT KOCBEHHO OICHWBATH M3MCHEHHS B CTPYKTypax
IUCTIJUTMPOBAHHON BOIBI, TUTHEBHIX W MUHEPAJIbHBIX BOZ, a TaKKe BOTHBIX
PacTBOPOB TIPH PAa3IHMYHBIX BO3ICHCTBHUAX, BKIIOYAIONINX H3MEHEHNE TEMITepa-
TypBI, MATHUTHOTO TIOJIS, BIISIHAE MaTepHaja MOBEPXHOCTH B HMPHUCTEHOYHOM
CIIO€ U T.JI.

2. IToBblmenue (CHMKEHHUE) AJIEKTPHUECKOW eMKOCTH W (WIH) JOOPOTHOCTH
KONIeOaTeIbHOTO KOHTYpa IMPH Pa3TUIHBIX BO3ACHCTBHSAX OTPa’kalOT BO3pacTa-
HUEe (YMEHBIICHNE) MMOABIDKHOCTH IHIIONCH BONBI B IEPEMEHHOM DIICKTpHUE-
CKOM T10J1¢ (TIpH OOBIYHOM W (WJIH) PE30HAHCHOM PEKHMMAaX €ro BO3IACHCTBHA) U,
OUYEBHUHO, CBUJCTEIBCTBYIOT 00 YMEHbIICHNH (YBEIMYCHUH) CTPYKTYpPHPOBaH-
HOCTH BOJIBI M BOIHBIX PaCTBOPOB.
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STRUCTURAL TRANSFORMATIONS IN WATER
AND IN AQUEOUS SOLUTIONS OF ELECTROLYTES UNDER
VARIOUS EXTERNAL INFLUENCES

In the work the methods of assessing changes in the structure of water or aqueous
electrolyte solutions under various external influences by determining the electrical
capacitance of the fluid and g-factor resonant circuit in the frequency range from 1
kHz to 3000 kHz. The plates of the capacitor in different types of electrochemical cells
locate opposite each other at a distance greater than 5 cm, or displaced relative to
each other in parallel planes, or locate in one plane, and the liquid in this case is
located above the capacitor plates. The current density on the plates in different cells
is from 10 to 100 na/cm’. When measuring capacitance, the voltage applied to the
plates, changes proportionally to the increase in the frequency of the generator.

This methodical approach increases the dynamic range of change of the signal
from the electrochemical cell, reduces the impact of measurements on the structure of
liquids and allows to indirectly estimate the direction and intensity of changes in the
structures of distilled water, drinking and mineral water, and aqueous solutions at
various influences, including changes in temperature, magnetic fields, the influence of
the surface material in near-wall layer, and other factors. The criterion to assess the
structure of aqueous solutions in the parietal layer and the criterion for assessing the
drinking and mineral waters are offered.

1t is shown that an increase (decrease) electric capacity and / or quality factor of
an oscillatory circuit under different treatments reflects the increase (decrease) the
mobility of the water dipoles in an alternating electric field (in usual and (or)
resonant modes ), and obviously means a reduction (increase) of structure of water
and aqueous solutions.

Keywords: water structure; clusters; boundary layer; capacitance,; resonance;
dielectrometry.
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Bansinue MexaHu4eckoii akTuBanum Ha ¢a3oBbIil cOCTaB
U CTPYKTYpPY mnuHeabcogepxamux CBC-nurmeHTon

Memodom camopacnpocmpanaowe2ocs 8blCOKOMeMNepamypHo20 CuHmesda ¢
UCNONL308AHUEM MEXAHUYECKOU aKMUBAYUU UCXOOHbIX KOMNOHEHMO8 HNOLYYeHbl
KepamudecKkue nuemeHmol wnuxeibho2o muna ¢ cucmemax ZnO-CoO-A41,05 u ZnO-
MgO-CoO-Al,0;.  Vemanosneno, 4wmo Mmexamoakmugayusi WuUxm NUSMEHMO8 8
nnanemapmnol menvhuye M3 ¢ yckopenuem 45g 6 meuenue 60 c npusooum K
CHUdICEeHUto HauanvHou memnepamypsl CB-cunmesa na 170°C. Yeenuuenue nonnomol
cunmesa winunenei hoomsepoicoeno MK-cnekmpockonuyeckum, penmeenopazosuim,
MUKPOPEHM2EHOCNEKMPANbHbIM AHATU3AMU, CBEMOB0U U CKAHUPYIOWell JeKIMPOHHOT
MUKpockonuei.

KiroueBble cioBa:  wnunens,  Kepamuueckue — NUSMEHMbl;  ANOMUHULL
CamopacnpoCmpaHsIoOWUiics biCOKOMeMNEPamypHoiil CUHMES.

KoGanpToBBIC IIMTIHETBCONEPIKAIIIE TUTMEHTBI OTHOCSATCS K JYUIINM ITHT-
MEHTaM CHHE-TOIyOOi raMMBbI B KepaMHUYECKOM Mpon3BoacTBe [1]. OOBIYHO UX
CHHTE3UPYIOT TIEYHBIM WIH 30J1b-Telb Meromamu. C ITOMOIIBI0 METOHa CaMo-
pacrpocTpaHsomEerocs BeicokoremmnepaTypHoro cuate3a (CBC) Obutn moyue-
HBI TIMTMEHTHI MIMUHENIBHOro Tuma B cucteMax ZnO-Co0O-Al,O; u ZnO-MgO-
Co0-Al,0O3. BeicTpoTa MpOTEKaHHUs MPOIECCOB, MPOCTOTa 00OPYAOBaHHS, BbI-
COKHE TEeMITepaTyphl, JOCTUTAEMBbIE 3a CUET WCIONb30BaHNS BHYTPEHHEH XUMH-
YECKOW DHEPrWH CHUCTEMBI, SBIIOTCS JOCTOMHCTBAMH NaHHOro Mertoma. Jlis
VITy4IIeHHs Ka4ecTBa IOyJaeMbIX IATMEHTOB IIPAMEHSUIIACH MEXaHOAKTHBALINS
(MA) cMmeceit HCXOIHBIX KOMIIOHEHTOB.

Hens nanHO#N paOOTHI — H3yUCHHE BIISIHUS MEXaHOAKTHBAIIMHA HA OCHOBHBIE
napamerpbl CB-cuHTE32, (ha30BBId COCTaB, CTPYKTYPY M IUCHEPCHOCTH ITUTMEH-
TOB Ha OCHOBE LITMHENEH.

JKcnepuMeHTAIbHAS YaCTh

B kauecTBe MCXOOHBIX KOMIIOHEHTOB HCIIONB30BAICH ITOPOIIKH OKCHJIOB
kob6anbTa (C0,03, C030,), IMHKA, MarHUs, ATFOMAHUS, HUTpAT MarHus ¥ TIOpO-
mok amomuHus ACJ[-4. Mexanndeckasi akKTHBAIMSI UCXOMHBIX PEAKIIMOHHBIX
cMecell OCyIEeCTBISUIACh B BO3AYIIHOW CpeJie B IIAPOBOW IUIAHETAPHOW MEIb-
Hue M3 ¢ yekoperuem 45 g. Vcrons3oBamuch Gapabadbl oobemoM 10 am’,
Macca 3arpy»aeMoi MUXThI cocTaBisuia SO T Tpu COOTHOIIIEHUH MacChl TOPOII-
Ka K Macce IapoB, paBHOM 1:6.
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Bnuanue mexanuueckoii akmueayuu na azoeulii cocmas u CmpyKmypy

Cunre3 murmentoB mMerogqoM CBC mpoBommics B yCTaHOBKE MTOCTOSHHOTO
JaBJICHHS C TIOIOTPEBOM Ha BO3IyX€ IpH aTMOc(hepHOM aaBiieHuH. CMecH 3achl-
MAJTA B CETYAThIC CTAKAHYMKY W3 HEPXKAaBEIOIIEH cTany muamMeTpoM oT 2,0+ 107 o
8,0:107 m, KOTOpbIE TIOMEIATH B TIEYh COMPOTUBIICHUS YCTAHOBKHU. 3aKUTAHHE
00pasIoB OCYIIECTBIBUIOCH C TOPLEBOW ITOBEPXHOCTH OOpasla OT IOIKHUTA0-
meit cupanu. Temrepatypa KoHTponupoBaiiack ¢ momorisio W-Re tepmorap,
MTOMEIIEHHBIX B EHTP 00pa3IoB.

Nnentndukanuio HCXOAHBIX H TOTOBBIX MPOmykToB CB-CHHTE3a MPOBOANIH
¢ nomonipo peHTreHodaszosoro ananuza (mudpakromerp IPOH-YMI1, ¢wib-
tpoBarHOEe Co K,-n3mydenne), MUKpOPEHTICHOCTIEKTPaIBHOTO aHan3a (aHaJH-
3arop Camebax-Microbeam) m uH(pakpacHoit crnekrpockonuu (MK-Dypbe
cnektpomerp Nicolet 5700). Jlnsg HW3y4eHHUS MHKPOCTPYKTYPBI IMONYyUEHHBIX
MMATMEHTOB HCIOJh30BAIUCh ONTHYEeCKass MHUKpockomus (Axiovert 200M) u
pactpoBast 3nekTpoHHass Mukpockonus (Philips SEM 515). Tepmuueckuii aHa-
JIU3 MCXOAHBIX IMHUXT mUrMeHTa cucteMbl ZnO-MgO-Co0O-Al,O3 no u mocie
MEXaHOAKTUBAIMKU mpoBoAwmics Ha aHanu3atope SDT Q600 B mHTEepBaie TeM-
niepatyp 25-1 200°C co ckopoctbio Harpea 20°C/MuH Ha Bo3myxe. Jlucmepc-
HBI COCTaB NMHUTMEHTOB OMNPENEeIUICS METOJOM IHMHAMHYECKOr'0 CBETOpacces-
Hus Ha pudope ZETASIZER NANO ZS (Malvern «Mastersizer-2000).

[MurMeHTH MIMIHETBHOTO TUTIA CHHE-TOY0Oi raMMBI MTOTyYeHB Ha OCHOBE
anmroMokobanproBor muHe CoAlyOy. Iy yimydmieHus IBETOBBIX XapaKTe-
PHCTHK U TOIXYYEHISI pa3IAIHBIX OTTEHKOB B COCTAB IIMXTHI BBOAWINCEH H00aB-
K{ — OKCH/IBI WJTH HATPATHI IIMHKA W MAaTHHS.

Pe3yabTarhl u ux 00Cy:KaeHHNE

B mponecce CB-cuHTE3a MATMEHTOB OKUCIICHHE ATFOMHHUS, OCYIIECTBIISIC-
MoOe depe3 MpsSMOoe OKHCICHUE ATIOMUHHS M TEPMHUTHYIO PEAKIHIO C OKCHIOM
K00OabTa, MPUBOJUT K CAMOPa30rpeBy MUXTHI 10 Temreparypsl Boimie 1 000°C,
ocyie KOTOPOW HaYWHAETCS Ipoliece 00pa3oBaHus IuHeNeH [2, 3]:

3C00+2Al = 3Co+ALOs+1196,8 K/Tx (1)
4A1+30,= 2AL05+3350 Kk )
Co0+ALO; = CoAl,0,+74,6 k]l 3)
ZnO+ALO; = ZnALO4+42,8 kI (4)
MgO+ALO; = MgAlL,O,+31,2 kI (5)

Kak BugHO 13 puc. 1, mpomecc cuHTe3a KOOAIBTCONEPKAIIINX ITUTMEHTOB CH-
crembl ZnO-MgO-Co0O-Al,O; B pexxuMme TemioBoro B3peiBa meromom CBC
MPOTEKAET B TEUCHHE 3 MUH.

Ucnonp3oBanne MA cHmXaer Hayalio ciHTe3a murMeHToB ~ Ha 170°C — ot
TemnepaTypbl 650°C, 613K0i K TeMITepaType TUIaBlieHus amroMuHus, 10 480°C
(Ty). MakcumanbHas temnepatypa cuHTe3a (Ti.x) Tocie MA Takxke HE3HAUH-
tenbHO yMeHbImaeTcs. M3menenne AT = To—Tp,c ¢ 1 100 mo 1 250°C ykassiBaet
Ha yBEJIIMYEHWE TIOTHOTHI CHHTE3a MIMWHENeH. TepMUYECKUU aHaIn3 MIMXTHI
nurmMeHTa cucteMbl ZnO-MgO-CoO-Al,O; 10 U mociie MeXaHOAKTHBAIlUM B
IIaHeTapHor MenpHUIE M3 mokaszan, 4ro nu3MenpueHue B reueHue 60 ¢ mpuBo-
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T K pasnoxkeHuro okcupa Co3;O4, O UYEM CBHICTENBCTBYET OTCYTCTBHE
suA03(dekTa pu Temneparype 912,8°C na kpupoit ICK (auddepeHnmanbHOM
CKaHUpYyolIel kanopumerpun) ¢ MA (puc. 2).
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Puc. 2. ®parment kpusoit JJCK Tepmuyeckoro ananusa MKUXTHL U1 CHHTE3a
murmenta cucrembl ZnO-MgO-Co0-Al,O; ¢ MA (—) u 6e3 MA (- - -)
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Bnuanue mexanuueckoii akmueayuu na azoeulii cocmas u CmpyKmypy

OKuCIIeHUE YaCTHII aJJIOMAHHSI B MEXaHOAKTUBUPOBAHHOH IINXTE HAYMHACT-
cs ipu 850°C, B oTIMUMe OT IUXTHI MUrMeHTa 6e3 MA — 950°C. BreiaensroTes
nBa HEOONBIUX MakcumyMa mpu 901,5 u 926,7°C, cBsizaHHBIC ¢ OKHCICHHUEM
QTIOMUHHASA Yepe3 TEPMUTHYIO PEAKIHIO U IPSIMOE OKUCIICHUE.

Omnmure B TeMIIepaTypax Hadajla OKACIICHHsI allfoMHHUSA (cM. puc. 1, 2), BXOo-
JIAIIETO B COCTaB IMUXTHI, HA TepMoaHamm3aTtope u B CBC ycTanoBke cBs3aHO ¢
Pa3IMYHBIMA CKOPOCTAMH HarpeBa o0pasmoB. [Ipr BEICOKMX CKOPOCTSIX HarpeBa
cmecn (CBC mporiece) OKCHIHBIN CITOW Ha YacTHIAX aATFOMUHHS HAaYdHAET pac-
TPECKUBATHCS BCIEACTBAE HEPABHOMEPHOTO 00BEMHOTO pacmmpenust. 3BecTHo,

6 -1
aro KOd(pduumMent Tepmmueckoro pacmmpenust f,,, = 8,6:107 rpan, a

Bar= 33,5 10°° rpajfl [4]. TenmoBbIAENEHAE 32 CUET PEAKIIMIA OKMCIICHHUS METAIIA
HAYMHAET IPEBHIIIATH TEINIONOTEPH B OKPYKAIOIIYIO CPELY, UTO BEI3BIBAET CYIIIE-
CTBEHHBIN CaMOPa30TrPEB YaCTHII.

Otnuyne TemmepaTyp Hadaiga CHHTE3a 110 U rmociie MA CBSI3aHO HE TOJNBKO C
H3MeNbYeHHEeM KOMITOHEHTOB HIMXTHI, 00pa30BaHUEM Pa3IMYHOTO poja Jedek-
TOB, HO ¥ C BOSHHKHOBEHHEM 3apOJIbIIIei HOBBIX (a3 (puc. 3, 8), 4TO JOKa3hIBa-
etcst Taxoke MerogoM UK-criekrpockonmm.

B npoaykrax cuHTe3a 6€3 MCIOIb30BaHUS MA TPUCYTCTBYIOT YaCTHIIBI KO-
0anbTa, OKPY)KEHHBIE OKCHIHON 000j0ukoi (puc. 4, a). Pearrenoda3oBeiii u
MUKPOPEHTT€HOCHEKTPAITBHBIN aHATN3BI IIOATBEPIKIAIOT 3TO.

Puc. 3. Mukpodororpaduu mmxtel murmenta cucremsl ZnO-MgO-CoO-Al,O3 6e3 MA (a)
u ¢ MA - 60 c (6, 6) (Philips SEM 515)

Puc. 4. Mukpodororpaduu nvmpos nponykroB CB-cuHTE3a MMrMEHTa CUCTEMBI
Zn0-MgO-Co0-Al,O3 6e3 ucnonb3oBanust MexanoakTusauuy mmxtel (Camebax, X1000)
(a), ¢ uCroNIb30BaHUEM MEXaHOAKTHBAIMH IMXTHI B TedeHue 60 ¢ B I1aHeTapHON
menbruie M3 (Axiovert 200M) (6) u (Philips SEM 515) (8);
rae I — Co, 2 — Co0, 3 — mmnuHenb
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B pesynbraTte MexaHoaKTHBAIIMM pa3Mep 3€peH MIMUHENH B mpoaykrax CB-
CHHTE3a YMeHbIaeTcs U coctaBiisieT ~1 MM (Philips SEM 515) (cwm. puc. 4, g).

Merannmueckne BKIIOUEHHUS K0OalbTa, BRIACIHMBIIETOCS B Pe3yibTaTe Tep-
MHUTHOW peakllny, He 0OHAPYKUBAIOTCS, UTO yKa3bIBaeT Ha ogHOopoaHocTs CBC-
npoaykra (cMm. puc. 4, 6). 9T0, BO3MOXHO, CBA3aHO C 3a()POHTAILHBIMHU IOCT-
MPOLIECCaMU, B PE3yIbTATe KOTOPHIX MPOUCXOIAT OKHCICHUE MEIKUX JaCTHUYCK
KobGanbTa 1 oopazoBanue mmuHEeTH CoAl,Oy.

OTcyTcTBHE MOMIUIABICHHBIX U CIIEKIINXCS YIACTKOB IOBEPXHOCTH Ha MHK-
POCTPYKTypax MUTMeHTa rmocie MA moATBepKaaeT To, UTO MPH UCIIOIE30BAHUH
MEXaHOAKTHBAIIUH PEaJN3yeTcsl MPEHMYIIECTBEHHO TBEpAO(a3HBI MeXaHH3M
oOpa3oBanus mmuHeNeH. [IpoayKT mpencraBiser coOol pacchImuaThlii MENKO-
JCIIEPCHBIH IMOPOIIOK, YTO sIBJIseTCs OonbimuM nocTrkeHueM B CBC mporec-
cax. CpemHuil onpenensieMplid TMaMeTp YaCTHUI] MTOCIIe U3MENbYEHUS MTPOAYKTa B
mapoBoii MenpHUIE B Tedenwe 30 muH cocraBiser 5,33 mrm. Jlomst cambix
KPYIIHBIX YaCTHI] pa3MepoM 28 MKM He3HauuTeNbHa U He npebimaer 0,2%.

brmuzocts mapamerpoB pemrerok mmmuHened CoAl,O4 MgALO4 u ZnAlO4
CrocoOCTBYeT O0pa30BaHHUIO MEXTy HHMH TBEPOBIX PACTBOPOB 3aMEIICHHS
ZnMg,Co;_yAl,O4, Tae 0 < (xt+y) < 0,3. YBenuuenue cofepKaHHs alOMO-
MarHe3uallbHOW M aJIOMOIIMHKOBOW MITTMHEICH B MUTMEHTE M3MEHSET I[BET Ha
0oJree CBETIIBIN.

UK-criekTpockonmuyeckne HCCIEOBaHUsT O0pasloB IMHTMEHTa CHCTEMBI
MgO-ZnO-Co0-Al,O3, cHHTE3MPOBAHHOTO 0€3 MCIOIB30BaHu MA, TIoka3aim,
YTO MPOIYKT CHHTE3a HMEET HEOTHOPOIHBINA cocTaB (pHcC. S5).
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Puc. 5. UK-ciekrpsl iurmenra cucrembl MgO-Zn0-Co0-Al,0;
C HCTIONb30BaHUEM MexaHoakTuBaluu (/) u 6e3 Hee (2)
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Tak, npu 670,9 1 566,5 cM ' HAGIIOAOTCS KONEOGAHMs CBSI3EH TETpadapHe-
CKH KoopauHupoBaHHOTO KoOanbTa [CoO4] U OKTAdIPUIECKH KOOPAMHUPOBAH-
Horo amoMuHus [AlOg] COOTBETCTBEHHO, OTHOCSIIMECS K aIiOMOKOOaIbTOBOM
mmuHenn. [Ipu 802,9; 1021,9 u 1061,7 em ! TIPOSIBJISIFOTCST KOJICOAHMsI CBSI3EH
obpamenHoi mmuHENMH AlC0,04. IMomockl mornomenus npu 1100,2; 601,9 u
467,5 cM ! oTHOCSATCS K a-Al,Os;. Konebanus terpasapuueckoro nuHka [ZnOy4] B
ZnAl,O4 Habmogarotest pu 531,9 oM .

[Ipumenenne MA mMXTHl yBENTMYHMBAET OJHOPOJHOCTH MUTMEHTA, MPEICTAB-
JsroILero codoi TeepabLil pacteop mmuHenel cocrapa Zn Mg Coi AL Oy, Ilpn
689.4 cM ' HabnroaeTCs KOIeGAHHE CBA3CH TETPadAPUIECKH KOOPIUHUPOBAH-
Horo kobanpra [CoQ4]. Yactnunas 3ameHa [CoO4] Ha [MgO4] B cTpyKType
IIMTAHENTN TPUBOINUT K CMEIICHUIO 3TOH ITOJIOCHI ITOTJIOMIEHHSI B BEICOKOYACTOT-
Hyro obnacte MK-cniektpa. Konebanus kopyHna He HaOmoxarotes [5]. Pentre-
HO(A30BBIN aHATH3 ITOATBEPKAACT HATMIHE dTUX (a3.

3akiroueHne

Ucnonbs3zoBaHnue MexaHoaKTHUBaUKMK MMXThI Ipu CB-cuHTE3€ NMUrMEHTOB Ha
OCHOBE QJIFOMOKOOAIBTOBOH ImuHemn cucteMbl ZnO-MgO-Co0O-Al,O5 npuso-
JINT K CHIPKCHHIO HadalbHOU TeMrepaTypsl cuate3a Ha 170°C, cuHTe3 mUTrMeH-
TOB HauMHAETCS B TBepHoi (ase, rryOrHa MpeBpanieHns] KOHEYHBIX MPOIYKTOB
yBenmuuBacTcs. [INTMeHTH Ha OCHOBE aJIFOMOKOOAIBTOBOM INMTUHENN B MEJKO-
JWcIiepcHoM coctostHuH B Tiporiecce CBC monydeHbl BIiepBble H MOT'YT OBITH
HCIIOJIB30BAHEI B COCTABE CHHIX M TOMYOBIX KEPAMHUECKHX KPACOK.
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INFLUENCE OF MECHANICAL ACTIVATION
ON PHASE COMPOSITION AND STRUCTURE
OF SHS SPINEL PIGMENTS

Ceramic spinel pigments were produced in the ZnO-CoO-Al,O; and ZnO-MgO-
CoO-Al,O; systems by the self-propagating high-temperature synthesis method using
mechanical activation of initial components.

The powders of cobalt oxides (Co,0; Co3;0,), zinc, magnesium, aluminum,
magnesium nitrate and SDA-4 aluminum powder were used as initial components.
The SHS synthesis of pigments was conducted in the constant pressure installation
heated in air at atmospheric pressure. The samples were ignited from the frontal
surface of the sample by an igniting spiral. The temperature was controled using W-
Re thermocouples placed in the center of the samples.

Mechanical activation of initial reactionary mixtures was conducted in air in the
M3 planetary ball mill with an acceleration of 45 g. The volume of milling drums was
10 dm’, the mass of the green mixture was 50g, the ratio between the mass of the
powder and the mass of balls was 1: 6.

The initial and finished products of SH-synthesis were identified using X-ray
diffraction analysis (DRON-UMI, filtered Co K,-radiation), electron microprobe
analysis (Camebax-Microbeam analyzer) and infrared spectroscopy (IR-Fourier
spectrometer Nicolet 5700). Optical microscopy (Axiovert 200M) and scanning electron
microscopy (Philips SEM 515) were used to study the microstructure of pigments
obtained. Thermal analysis for the green pigment mixtures in the ZnO-MgO-CoO-Al,0;
system was carried out before and after mechanical activation using the SDT Q600
analyzer in the temperature range of 25-1200°C at a heating rate of 20°C/min in air.
The dispersed pigment composition was determined by the dynamic light scattering
method using the ZETASIZER NANO ZS device (Malvern «Mastersizer 2000).

Oxidation of aluminum realized through direct oxidation of aluminum and a
thermite reaction with cobalt oxide during the SH-synthesis of pigments was found to
result in self-heating of the green mixture up to a temperature above 1000°C and the
formation of spinels. Grinding of the green pigment mixtures in the M3 planetary mill
with an acceleration of 45g for 60 seconds leads to a decrease in initial temperature of
SH-synthesis (Ty) at 170°C, i. e. from 650°C to 480°C. The maximum temperature of
synthesis (T,,..) also slightly decreases afier mechanical activation. The change AT=T;—
Tax from 1100°C to 1250°C indicates an increase in conversion efficiency of spinels.

The difference in the synthesis temperature before and after mechanical activation
is connected not only with grinding of green mixture components and the formation of
various defects, but also with the occurrence of new nucleating phases.

Thermal analysis of the green pigment mixture in the ZnO-MgO-CoO-Al,O;
system after mechanical activation in the M3 planetary mill has shown that there is
decomposition of Co;0, oxide to CoO during grinding, as evidenced by the absence
of endoeffects at 912.8°C on a curve of differential scanning calorimetry. Metal
inclusions of cobalt formed during a thermite reaction are not detected. The absence
of the submelting and sintered surface in the finished pigment confirms the fact that
mechanical activation of the green mixture leads to the solid-phase mechanism of
spinel formation.

Keywords: spinel; ceramic pigments; aluminum,; self-propagating high-
temperature synthesis.
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Cunres, crpykrypa u cBoiicrBa MAX-¢a3 TizSiC, u Nb,AIC

Memoodom camopacnpocmpanaiowe2ocs 8blcOKOMeMNePamypHo20 cunmesa no-
JIyYeHbl KOMRO3UYUOoHHble Mamepuansl Ha octose MAX-¢ghaz Ti;SiC, u Nb,AIC. Yema-
Hoenenwl pesxcumvl CB-cunmesa, obecneuusarowue 6 mamepuane MakCUMaibHoe co-
oeparcanue ¢haz TizSiC, u Nb,AIC. Hecneoosanvl pazoewiii cocmag u MUKpOCMPYKNLy-
pa CBC-mamepuanos na ocnoge MAX-paz TizSiC, u Nb,AIC.

KiroueBble ciioBa: camopacnpocmpaHaiowuiicss 8bICOKOMeMNEPAmypHblil CUH-
me3; cmpykmypa;, MAX-¢gazot.

Co3naHme HOBBIX MaTEePUANIOB M TEXHOJOTHI HX IIPOM3BOJICTBA SBISIETCS OJI-
HOU M3 Ba)KHBIX HAYYHBIX W MPHKIATHBIX 33129 (PH3MUECKOTO MaTepUaIOBEC-
uus. [Ipu pazpaboTke Takux MaTepHaIoB OCOOBII HHTEpeC MPEACTABIAIOT MaTe-
puaitel HoBoro kiacca — MAX-daspl. D10 TpolHBIE COSIMHEHHS, KOTOPBIE OT-
BevaroT obmierd popmyne M, 1AX,, Tae M — nepexomaHbIil MeTalut, A — SJIEMEHT
ITA wnm IVA rpynmnsl eproguvecKod CUCTEMBI 3JIEMEHTOB; X — yTrIepos win
a30T (nm 00a). OTIIMYHTENbHAS OCOOCHHOCTh ATHX MaTEpUaJIOB 3aKII0YacTCs B
CTPOCHHUH TEKCATOHAIBHBIX KPUCTAUTMUECKUX PEMIETOK, B KOTOPBIX CIOH aTo-
MOB 37eMeHTOB M 1 A depemyroTcs B ONpENeIEHHON MMOCIEeIOBATEIHHOCTH, a
aTOMEBI yriiepona (WM a30Ta) pacIoyiararoTcs B OKTadAPHUYECKUX MOpax MEKIY
aTomamu d1eMeHTa M. OCcOOEHHOCTH CTPOCHHS MX KPUCTAIUINIECKUX PEIIETOK
00yCIIOBINBAIOT YHUKAIEHOE COUYETAHHE B TAKUX MaTepHaliaX CBOWCTB MeTaiuia
W KepaMukH. J[ns monmydeHHsi MaTepuanoB Ha ocHoBe MAX-da3 HCIONb3yIOT
paznuuabie MeTonsl [1-5]. OCHOBHBIM METOAOM TMONYYECHHS MaTepuajioB Ha
ocHOBe MAX-(ha3 sIBJIIETCS CIIEKaHHE, KOTOpOe TpedyeT OOMNBIINX 3aTpaT JHEP-
THH W BPEMEHH. ANBTEPHATHBOH CIIEKAHHUIO SBILICTCS CaMOpPACHpOCTpPaHSIIO-
nuiicst BeicokotemnepaTypHbiid cuaTe3 (CBC).

B Hacrosmieir paboTe u3ydeHbl (a30BBId COCTaB, MUKPOCTPYKTYpa U HEKO-
Topeie cBoiictBa CBC-MartepuanoB Ha ocHoBe MAX-(a3 Ti;SiC, u Nb,AIC.
J7s IpUTOTOBIEHUS PEaKIHOHHBIX CMeECed HCIIONB30BaIHM MOPOIIKM THTaHA
mapku TIII8, xkpemuus mapxku KP-1 (<20 mxwm), yrimepoma mapku I[IM75
(< 0,033 mxMm), HEOOUS (TY 48-4-284-73, >63) u amomunust Mapku ACJ14.

JKcnepuMeHTAIbHAS YaCTh

®dazoBeril coctaB CB-CcHHTE3MPOBAaHHBIX MATEPHUANIOB OIPENESUIA HA [TU-
¢pakromerpe JIPOH-2 (CoK oa-m3nmyuenwme). [l M3ydeHHWS] MHKPOCTPYKTYPBI
ucnonb3oBau ontudeckuid (Axiovert 200M, Karl Zeiss) u pacTpoBbIi 3Jek-
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tpoHHBIA (SEMS515, Philips) mukpockomsl. Jlns onpenerneHus KOHIICHTPAIUN
KOMIIOHEHTOB MPHMEHSIIIN MUKpOpeHTreHocneKTpanbHbli aHam3 (CAMEBAX
MICROBEAM).

Ha puc. 1 npencrarnena tepmorpamma roperus cocraBa Ti-Si-C (TizSiCy).
MakcumalibHas Temieparypa ropeHus cocrasisier (2 373 &+ 25) K, gro 3ametrHO
HIKe ajanadatuieckoi TeMieparypsl roperus (3 008 K), Ho BbIme Temmeparyp
mnasyienus Tatana (1 937 K), kpemuus (1 723 K), a Takke TBOHHBIX ¥ TPOHHBIX
OBTEKTHK B HCCIIEAYEMON CHCTEME.

2500

2000 h\\_/,#_/—g-__wm

1500

1000

Temnepartypa, °c

o T T T 1

Bpewms, ¢

Puc. 1. Tepmorpamma nporiecca ropenus cucrembl Ti—Si—C

CaMopacnpoCcTpaHSIONUICS BRICOKOTEMITEPATypHBIH CHHTE3 B cucteMe Ti—
Si—C ¢ n30BITKOM KPEeMHHSI TPHBOAMT K 00pa30BaHUIO KOMITO3UIIHOHHOTO MaTe-
puana Ti3SiC, — (12—18) 06. % TiC (tadmn. 1).

Taonuia 1
Da30Bblii COCTAB KOMIO3UTHOI0 MAaTEPHAJIa B 3aBHCUMOCTH 0T pPeKuMa 00padoTKu

Pescin o6batoric ®da3oBhIii cocTas, 00. %
1 obpaboTic TiSiC, | TicC TSh,

CBC (mopucTblii MPOAYKT) 8288 18-12 Crnenpl
CBC + cnekaHue mopucToro NpoayKra .
npu 1 423 K, 4 u 92-93 7 Cnenpt
CBC + mpobiieHne 1 oMol HOPUCTOro MpoayKTa +
cnekanue nopoika npu 1 473 K, 4 4 23 7 Crept
CBC + mpobiieHne 1 oMol HOPUCTOro MpoayKTa + 100 Crexst B
cnekanue nopoika mpu 1 673 K, 4 g4

Ha6mromarorcs taxoke citenst crymmunos TiSi u TiSi,. TTocne gomonHuTEND-
Horo crnekanus npoaykra CBC B Buze oOpa3ia wMIId TMOpPOIIKA, MOIYIEHHOTO
pasmonom, ipu temmeparype 1 473 K B Teuenne 4 1 B Bakyyme 10 MM pr. cT.
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conepkanue ¢azer TizSiC, moBermaercs 1o 92-98 06. %, a dazer TiC — coot-
BETCTBEHHO MOHIKaercs. Clenpl CHINIUIOB IPH 3TOM COXPAHSIOTCS. Y BEJH-
YeHue TeMreparypsl okura 10 1 673 K mpu coxpaneHnn mpoaonKATETFHOCTH
CIeKaHWs PUBOAUT K 00pazoBaHuio ogHodasnoro Marepuana TizSiC,.

Ha puc. 2 npusenensl MUKpOCTpYKTYpbl u310MOB CBC-KOMIO3ULIMOHHOTO
Matepuana Ti3SiCy+15 06. % TiC mocne MexaHUYEeCKUX UCIIBITAHUA Ha CXKaTHe.
Bunno, 9To MaTepran mox Harpy3KOH mpeTepriesl HHTep- U TPAHCKPUCTAIUINT-
HOE paccioeHHe.

Puc. 2. Crpykrypa uznoma CBC-o06pasua Ti;SiCy+15 06. % TiC
[OCIIe MEXaHHIECKHX HCIIBITAHHI

[Tockonbky cMech coctaBa 2Nb+Al+C Mal03K30TepMUYHA, TO TOTYYHUTh Ka-
YeCTBEHHBIH TPOMyKT Ha ocHOBe NbyAlC meromom CBC 6e3 nomomHUTEIbHBIX
TEXHOJOTHIECKUX MpuéMoB He ynaércs. [1o maHHBIM peHTreH0(ha30BOr0 aHajM-
3a OCHOBHO# (pa30il B CHHTE3UpOBaHHOM IpOAyKTe siBisercs Nb,AlC, mpucyt-
ctBytoT NbC u mHTepMeTainm HuoOus. Ha puc. 3 mpuBeneHa CTpyKTypa Io-
BEPXHOCTH M3JoMa. BuiHbl XapakrepHbie it MAX-¢a3 3epHa B BUJIE TUIACTHH.
[Tockonbky oOpaserr He ObLT IpEABAPUTEILHO Ne(GOPMHUPOBAH, TO CIOHCTAS
CTPYKTypa ero 3¢peH He BBIBILICTCS.

R

Puc. 3. Crpykrypa uznoma CBC-o6pa3ua Nb,AlC
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Ha mepBoMm sTarme mccnenoBaHnii CTosUIa 3a/1ada IMOMYIUTh B PEKAME Tope-
HHSI MaTe€prall ¢ HAHOJIIAMUHATHOM CTPYKTYpPOW B UYETHIPEXKOMITOHEHTHOW CH-
creMe Nb—AI-C-N (ananor coemunenuto Ti,AlN¢sCos). beum cuaTe3npoBaHsl
W TIPOaHAaJTU3HUPOBaHBI MPOAYKTHI coctaBa 2Nb+AIl+0,5C, nmomydeHHbIE B PEKH-
Me ropeHus npu aasieHusx azora 60, 30, 15 u 4 atm. CornacHo TaHHBIM PEHT-
reHo(a30BOro aHajm3a, MpH JaBJIeHUsAX a3ota 60, 30, 15 aTM oOpa3yroTcs MHO-
rodaszasie mpoxykThl, cocTosmue u3 AlL,Nb;C, NbyNs 9, NbC (puc. 4). U Tonpko
IpU JaBICHUH a30Ta 4 aT™M Ha AU(pPAKTOrpaMMe CHHTE3MPOBAHHOTO MPOIYKTa
MPUCYTCTBYIOT OTpaKeHHs, NpuHamiekamme Nb,AlIC. Matepunan ¢ MAX-
¢dazoit Nb2AIC 6but morydaeH CBC-MeTomoM MpH MCHOIB30BAHUN XUMHYECKOU
neykH (puc. 4, 0).

1
2 2
1
i 1 12 11 1 11 1
Acicinin AN T
21
2
. T | 5,12
§ oy ~JJ\— YY) P
=
-] .
=
123
5
= 0
=
2 3
4 333 4327,
i A A M AN N A i @

20, rpan.

Puc. 4. Iudpaxrorpammsl CBC-iponyktoB crucrembl Nb-Al-C, cHHTE3UpOBaHHBIX
B arMocdepe a3orta: a — npu AasieHuu 60 aT™; 6 — npu AaBiaeHun 15 arwm;
6 — TIpU JIaBJIEHUH 4 aTM; 2 — B XUMHIECKOH TMeUH.
1- szAlC, 2— NbC, 3 - Alsz3C, 4 — NbC0’5

v

Puc. 5. MukpocTpykTypbl mpoaykToB cucrembl Nb-Al-C,
CHHTE3HPOBAaHHBIX B aTMocepe azora: @ — 60 atm, 6 — 4 at™
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Ha puc. 5 mnpusenensl MmukpocTpykTypsl CBC-npogykToB cuCTEMBbI
Nb-Al-C, momy4ueHHble pu AaBieHUsIX azora 60 um 4 atM. Ha mukpodororpa-
¢un 5, a MIAaCTHHYATHIE KPHUCTAJUIBI IPHHAIIICKAT TPOMHOMY COCTMHEHHUIO
ALND;C, daser okpyrioit popmer — NbsN3 o 1 NbC. Ha puc. 5, 6 mpuBenena
MHUKPOCTPYKTypa o0pasia, CHHTe3WPOBAHHOIO TpH NaBieHHH 4 aTtM. XOpoIIo
BHJHBI KPUCTAJUIBI INIACTUHYATOW (POPMBI, XapaKTepPHBIC s 00pa3IoB C HAHO-
JIAMUHATHOW CTPYKTYPOH.

Ha puc. 6 mpuBenmeHa MHKpPOCTpYKTypa oOpasma cocraBa 2Nb+AI+0,5C,
cunaTe3upoBaHHOro CBC-MeTOA0M € MOMOMIBI0 XUMHUYECKON TEYKH. bombiryro
9acTh 00bEMa 3aHIMAIOT KPHCTAIUTEI INTACTHHYATON (OPMBI, KOTOPBIE, COTIIACHO
IAHHBIM PEHTreHOo(a30BOro aHammsa, sBisioTcs (aszoil Nb,AlC. Hmerorcs
OKpYTIIBIE 00JIACTH, TOSBIICHHE KOTOPHIX MOXKET OBITh CBS3aHO C HEJOCTATKOM
yTiepoa B UICXOJHOH IMUXTe. B MUKpOCTpYKType 00pa3moB coctaBa 2Nb+AI+C
TaKuX o0JacTeil HeT.

Puc. 6. Mukpoctpykrypa odpasua cocraBa 2Nb+Al+0,5C,
CHHTE3UPOBAHHOIO C TIOMOLIBI0 XUMHUYECKON MEYKH

3akiouenne

MetosoM CcaMOpacrpoCTPAHSIOMIEroCs BBICOKOTEMIIEPATYPHOrO CHHTE3a
MOTyYeHBl KOMITO3WIIMOHHBIE Matepuanbl Ha ocHoBe MAX-da3 TiSiC, u
Nb,AIC. Ycranormens! pexumbl CB-cuHTe3a, obecrieunBaromye B MaTeprae
MakcuMaibHOe conepxkanue das Ti;SiC, u NbAIC.
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Synthesis, structure and characteristics of Ti;SiC,
and Nb,AIC MAX-PHASES

Composite materials on the base of Ti;SiC, and Nb,AIC MAX-phases were ob-
tained by the method of self-propagating high temperature synthesis (SHS). The main
methods of Ti-Si-C and Nb-Al-C systems’ products of synthesis research were metal-
lographic with application of optical microscopy (Axiovert 200M, Karl Zeiss) and
raster electronic microscopy (SEMS515, Philips). Phase composition of SH-synthesed
samples was defined by diffractometer DRON-2 (CoKa-emission). Research of ele-
mental composition was made by electron microprobe analyzer CAMEBAX MI-
CROBEAM.

SH-synthesis in Ti-Si-C system lead to formation of the porous composite material
Ti;SiCy — (12-15)vol. % TiC. Vacuum annealing of synthesis’ products in the tem-
perature of 1670K during 4 hours or sintering of powders after grinding of composite
material Ti;SiC, — (12—15)vol. % TiC in the same regimes lead to obtainment of al-
most single-phase product consisting of the titanium carbolized Ti;SiC,. Research of
SHS-composite material kink microstructures Ti;SiCy-TiC showed that material under
the load undergoes inter- and transcrystalline bundle.

Products with composition of 2Nb+AI+0,5C were synthesed by the method of
SHS. Synthesis was made in the nitrogen atmosphere in the pressures of 60, 30, 15
and 4 atm. Methods of x-ray diffraction metallographic analysis showed that the
highest content of Nb,AIC Max-phase contains in samples, sythesed in nitrogen pres-
sure of 4 atm. Samples, synthesed in nitrogen pressure of 15,30 and 60 atm., besides
(Nb,AIC) MAX-phase contain NbC, AI,Nb;C, NbCy 5. 2Nb+AI+0,5C and 2Nb+AI+C
compositions’ products synthesed by SHS metods by the chemical furnace (Ti + 0,8C)
were also researched. In the both cases the most part of grinds’ surface volume is oc-
cupied by leaf shaped crystals which according to the data of x-ray diffraction analy-
sis are Nb,AIC Max-Phase. Microstructure of composition 2Nb+AI+0,5C samples be-
sides leaf shaped crystals (Nb,AIC) contains rounded regions. Because microstruc-
ture of composition 2Nb+Al+C samples doesn’t have such regions, we may assume
that its appearance is related to the lack of carbon in the original charge.

Keywords: self-propagating high temperature synthesis (SHS), structure; MAX-
Phases.
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IIpumeHeHNe MATHUTOAMIIEKTPUYECKOT0 KOMIIO3UTA HA OCHOBE
YAbTPAAUCIIEPCHOI0 MOPOILIKA HUKE/Ib-IHHKOBBIX YaCTHUI
AJIs1 pecypcocOeperaromei TeXHOJIOrMU MNPONUTKHU
00MOTOK JJIEKTPUYECKUX MAIIIUH

HccnenoBanue BBIOMHEHO MpH noaepxke Munoopaayku PO
B paMKax rocyznapcTBeHHoro 3aganus «Haykay» (mpoekt Ne 533).

Tokaszano, umo npumenenue MAZHUMOOUIIEKMPULECKOU CMeCU HA OCHOBe
mepmopeakmusHozo komnaynoa KII-34 c¢ oobaskoii 30 macc. % cyOomMukpounozo
NOPOWKA HUKENb-YUHKOB020 (heppuma Ons NPONUMKU OOMOMOK DIeKMPULECKUX
MawuH NO36015A€m YCMpaHumy 8ce dHepeoeMKue, uymMauue d1eKmpomexanuieckue
yempoticmea, obecneuums 601ee pa6HOMEPHbIIL NOUE 10606bIX YaACmell, NObICUND
KO3 @uyuenm nponumxku 06MOmMoK U CHU3UMb YPOBEHb nepezpesa 0OMOMOK.

KiroueBble ciioBa:  cyOMukpoHHvle NOPOWIKU,  MASHUMOOUINEKMPUYECKULL
KOMRO3UM,; NPORUMKA; MENIONPOBOOHOCHIb;, KOMNO3UM.

MarauTogdIeKTPUUECKAe KOMITO3UTHBIE MAaTEepHaNlbl HAXOIAT IIHPOKOE
MPUMEHEHUE B Pa3JIMIHBIX TEXHONOTHSX M M3ICNUAX. B 9acTHOCTH, MarHUTONH-
AIIEKTPHIECKIE KOMIIO3UTHI HA OCHOBE KOMITAYHIOB C TOOAaBKaMU CyOMHUKPOHHBIX
MaTHUTOMSTKIX HUKENb-IMHKOBBIX MOPOIIKOB IPUMEHSIOT B YCTPOWCTBAaX, HC-
MOJB3YIONINX WM CO3JAIOIINX COITYTCTBYIOIIEE DJICKTPOMATHUTHOE H3ITydCHHE
CBEPXBBICOKOYACTOTHOIO JHamna3oHa. [IpuMeHEeHHe MarHATOAMAICKTPUIECKHX
KOMITO3UTOB C HMCIOJNB30BaHHEM J00aBOK CYOMHKPOHHBIX ITOPOIIKOB ITO3BOJIIET
OCYIIECTBILATH AKOJOTHYECKYIO 3aIIUTy OMOJOTHYECKHX OOBEKTOB OT €ro Bpel-
HOTO BO3JICHCTBUS, TIOAABICHHE MTOMEX CPEACTBAM CBSI3H, a TAKKE 00ECIICUUThH
AIIEKTPOMAaTHUTHYIO COBMECTHMOCTh PaIFiOdJICKTPOHHOM armapaTypbl H MpeIoT-
BpaTUTh YTEUKY HH(GOPMAITUH IO paroKaHany v T.01. [1-3].

BecpMa mepcrieKTHBHBIM, Ha HAII B3I, MOXKET CTaTh IPUMEHEHHUE MAarHH-
TOOMIIEKTPUICCKAX KOMITO3UTHBIX MAaTEPHANIOB B TEXHOJIOTHH IIPOITUTKA 0OMO-
TOK DIIEKTPOJABHUTATEICH Pa3IMIHOTO Ha3HAYCHHS, TIOCKOIBKY OT HPOIUTKH 00-
MOTOK B 3HAYHTENHGHON CTEIICHH 3aBUCST MTOKA3aTENIN Ka4eCTBa ATOTO BUA MPO-
nyknun [4-6]. K Hambosee pacnpoCTpaHEHHBIM THIIAM MPOIHUTKA OOMOTOK
MOXXHO OTHECTH CTPyWHO-KaleIbHYI0, OCOOCHHOCTH W HENOCTATKH KOTOPOH
OTpaskeHBbI B padore [7].

Hacrosmast craTbs mocBsilieHa HEKOTOPHIM ACHEKTaM, MO3BOJIIOIINM Ya-
CTUYHO YCTPaHUThH YKa3aHHbIC HEIOCTATKM THIIOBOM CTPYWHO-KANEIhbHOW TEX-
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HOJIOTMEH TPOMUTKH M TIOKa3aTh OCOOEHHOCTH M MPEHMYIIECTBA MpeaIaraeMou
HaMH pecypcocOeperaromneii TEXHOIOTHA MPOITUTKH 0OMOTOK Ha OCHOBE MarHu-
tomuaiekTpudeckoro kommaynna KII-34 m mobGaBok K HEMy CYOMHKPOHHOTO
MOPOIIKA HAUKEIh-IIUHKOBOTO (peppHTa.

PacueTHnas yacThb

[Ipennaraemspiii HAMH MAarHUTOIUAINCKTPUUECKUN KOMITO3UT UMEET CIEIYIO-
I COCTaB: MPOIMUTOYHBIA TepMOpeakTUBHBI kKoMmmayHn KII-34 u cyOMmuk-
POHHBII TIOPOIIOK MarHUTOMSTKOTO HUKEIh-IIMHKOBOTO (hepputa Mapku M 400
HH B xagectBe HamomauTens. [IpemmaraeMprii MarHITONUAIEKTPHIESCKAN KOM-
MO3UT MMeeT Ooliee BBICOKYIO TEIUIONMPOBOTHOCTh, YEM HCIONB3YEMBIH LIS
nponuTkH kommayHa KI1-34; obmagaer MarHUTHBIMH CBOWCTBaMH, YTO TI03BO-
JSIeT COBEPIICHCTBOBATh TEXHOJOTHIO CTPYHHO-KAIEIFHOH IPOITUTKH H ITOBHI-
CHTPH KAUeCTBO W HA/IC)KHOCTH 0OMOTOK, UTO SIBIISICTCSI BECbMa aKTyaJIbHBIM.

MaxkcuManbHO JOMyCTUMBIA pa3Mep 3epHa ITOpPOIIKa MarHUTOMSITKOTO HH-
Kenb-IimHKOBOT0 (pepputa M 400 HH, mcnonp3yemoro B KadecTBe J00ABKH,
IOJDKEH OBITh TaKWM, YTOOBI JIETKO HMPOXOIHUTH B MEKBUTKOBBIC M IIPUKOPITYC-
HBIE TIOJIOCTH W Kanmmupsl. [lopsmok 3Toi BETHIUHBI MOXXHO OIEHUTH CIIETY-
FOIITUM 00pa3oM.

KoaddurueHnt 3amoHeHus mnaza mpoBoJoM OOBIYHO 3aJaeTCsl B KOHCTPYK-
TUBHON JTOKYMEHTALIWU TOTO HJIM MHOTO BHAA DIICKTPONBHUTATENCH U paBHICTCS
BENUYIHHE

KB = nSnp/Snasa: (1)
re n — KOJIMYECTBO IPOBOAHHUKOB B Ma3y; S, — IUIOMIAAb CEYEHUS IPOBOJA;
Shaza— CBOOOTHASI TUTOMIA/Ib TIONIEPEIHOTO CCUCHHS TTa3a.

MeKBUTKOBBIE TIOJIOCTH MPEICTABISIIOT COO0H KAMLIISPHI, K X KOIHIECTBO
B Ta3y MOKHO IIPHHSATH PAaBHBIM KOJIMYECTBY HMPOBOAHHUKOB N B ma3dy. Ecim
MIPEATIONOKUTE, YTO YIIOMSHYTHIE MEKBHUTKOBBIE ITOJIOCTH (KaIMIUISPBI) HMEIOT
OWINHIPUIECKYI0 (GOpPMY M PACIIONIOKECHB MEXKIY BUTKAMH PaBHOMEPHO, TO
CBOOOAHYIO IIJIOMIAAb TIOIEPEYHOT0 CEUSHHS [Ta3a MOYKHO IIPEICTAaBUTH B BUIE

2 2
Suusa = NSy + NSy = o (FLE2), @)

2
d Kart

4
CpEemHUN TUaMETpP Kammuisipa.

Ucnonw3ys Beipakerus (1) u (2), MOXKHO MOKa3aTh, YTO TUAMETP MEKBHUT-
KOBOT'O KaIIMJIJIAPA ey CBA3aH C IUAMETPOM HPOBOAA dy, COOTHOIIEHUEM

e = iy (2= 1). 3

BriOpanHbIit pasMep 3epHa HUKENb-IIMHKOBOTO IOPOIIKA JOJDKEH OBITH Ta-
KHM, 9TOOBI €ro MO>KHO OBLIIO UCIOJIB30BATh MPH MPOMHUTKE JIFOOBIX 0OMOTOK, B
TOM YHCIIE M OOMOTOK AJIEKTPOJABUTATEINECH, H3TOTOBIEHHBIX U3 OTHOCHTEIHHO
TOHKOTO MpoBoia. CTpyiHO-KameIbHbIH METO/T MPOIMUTKN MPUMEHSIETCS] TOIBKO
IUTSL DIIEKTPHYCCKUX MAIINMH KPYMTHOCEPHITHOTO MPOM3BOICTBA C BHICOTON IEH-
TpoB 10 200 MMm. Jluamerpsl dy, UCIIONB3YyeMBIX OOMOTOYHBIX IIPOBOJOB IS
00MOTOK C YIIOMSHYTOW BBICOTOM IIEHTPOB, Kak MpaBuio, 6omibie 0,5 mM. [lo-
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STOMY 32 MUHHMAJBHBIN pa3Mep JuaMeTpa MpoBoja, OOMOTOK, TPOITUTEIBAEMBIX
CTpyHHBIM METOZIOM, MOXKHO IIPUHATH AMAaMETp mposona dnp, = 0,5 mm. Torma
MIPU CaMOM IIJIOTHOM 3aIlOJIHEHHH Mma3a mposoaoM K, = 0,8 muamerp MeXBHTKO-
BOH ITOJIOCTH B COOTBETCTBHH C BhIpakeHHEeM (3) Oyaer paBeH

yan = iy (Ki— 1) = 0,5\/(%— 1) =05x0,5=0,125. (4)

Jlnst Toro 4yTo0bl HUKEIb-IHHKOBBIC YaCTHIIBI TOPOLIKA CBOOOJHO MPOXOIH-
M B MEXBUTKOBBIE MOJOCTU, HEOOXOOUM pazMep dgpep 3€PHA YACTHI[ MHOTO
MEHBIIIE AUAMETPA dyy; MEKBUTKOBBIX HOJIOCTEH. DTO OCYLIECTBISIETCS [IPH BbI-
HOJIHEHUHU HEPABEHCTBA dypep << drox MIIM UCXOJA U3 BhIpaxeHHUs (4):

dgep K 0,125 Mm. (5)

HepaBenctBo (5) HageKHO BBINOIHSIETCS, €CIIH THAMETP HUKEIb-IIMHKOBBIX
YaCTHUI| TOPOIIKA HE MEHee, YeM Ha MOpsIoK, Benuuuusl 0,1 MM, T.e. pasmep
(beppOMarHUTHBIX YAaCTHUI] TOPOIIKA JIOJKEH YIOBIETBOPITH HEPABEHCTBY

dgep < 0,01 Mm. (6)

JKenepuMeHTAIbHAS YaCTh

Bsi3kocTh MHOTMX MAaTepuasioB SBISETCS XapaKTCPHCTUKOW, HEOOXOIMMOM
IUTSL OIEHKH WX JKCIUTYaTaIlMOHHBIX W TEXHOJOTWYECKUX CBOMCTB. [IpoBemen-
HBIE W3MEPEHHS BSI3KOCTH KOMIIO3UTa B 3aBUCHMOCTH OT IIPOIIEHTHOT'O COAEp-
KaHUS B COCTaBE CMECH CYOMHKPOHHOTO MTOPOIIKa HUKENb-IIMHKOBOTO (hepprta
TOKa3aJid, YTO Ipu coaepkannu ero 10 30 macc. % BSI3KOCTh CMECH M3MEHSETCS
HE3HAYNTENbHO U Onm3Ka K BsizkocTr KII-34.

[TosToMy I BCeX NaJIbHEHIIMX WCCIIEIOBAaHMI ObUIa BBIOpaHa MPOIHUTOY-
Has cMech u3 npormutogHoro kommnaynnaa KI1-34 ¢ mo6askoit 30 macc. % cy6-
MHUKPOHHOT'O IOPOIIKa HUKENb-IIMHKOBOTO (eppura. M3mepenue mpoOHBHOTO
Hanpspkerusi npoBouk 1o ['OCT 2256-59, ero ompenensiii Tpu TIJIaBHOM
nmogbeMe Ha yctaHoBke YIIY-1M. [Ins mpomuTOYHBIX CMecel, COAep allixX
30 macc. % ¢deppura, oHO cocTaBisuIo 3545 KB/MM.

s vccienoBaHus TEILIONPOBOAHOCTH TIPOIMUTOYHBIX CMecel OBLIT MCIONb-
30BaH METOJ HEOTPaHMUCHHOTO IUIOCKOTO CIIOSI, IPUMEHSIEMBIH IIpH HCCIIenoBa-
HUM MAaTepHalioB ¢ MAJIOH TEIUIONPOBOJHOCTHIO (M3OJSIIIMOHHBIE MaTEpHAbI,
mIacTMacchl) [8].

[IpoBeneHHBIE KCIIEPUMEHTAIBHBIE HCCIICIOBAHNS MTOKA3aJIH, YTO UM BBIIIE
MPOLIEHTHOE COACP)KaHUE MOPOIIKA HUKEIb-ITHKOBOTO (peppuTa B CMECH, TEM
BEIIIE KOXPPHUIUCHT TEIIIONPOBOTHOCTH MIPOIMUTOYHON CMECH, MEHBIIIE yCcalKa,
HO TPU 3TOM 3HAYUTEINHHO YBETUINBACTCS BSI3KOCTD [7].

OKCIIepUMEHTAIBHO OBIJIO YCTaHOBJICHO, YTO ONTHMasbHas jJo0aBKa cyo-
MHUKPOHHOT'0 TOPOIIKa HUKEIb-IUHKOBOIO (eppuTa B KOMHIAYHI JOJDKHA CO-
craBisITh 30+35 Macc. %, Tak Kak BA3KOCTb IPOIUTOYHON CMECH B 3TOM cilydae
HE3HAYMTENHHO MPEBHITIACT BeNu4InHYy Bsi3kocT kKommnayHaa KII-34, kotopas B
craauu moctaBku JIekHT B nipenenax 50—100 ¢ (TOCT 4P0.029.260). [Tpu 3Tom
MpOoOMBHOE HANPSDKEHHWE MPOMUTOYHOH CMECH H3MEHSETCSI HE3HAYHTENIHFHO W
OTBEYaeT TPEeOOBAHMSIM, MPEIBSIBISIEMBIM K IIPOIUTOYHBIM HIIEKTPOU3OIISIIHOH-
HBIM JIaKaM.
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CremyronmM 3TaroM paboTHI IO MCCIEAOBAHUIO BEHIOPAHHOTO IIPOITUTOYHOTO
coctaBa KII-34 ¢ n06aBKoii CyOMUKPOHHOTO MOPOIIKA HUKEIb-IIMHKOBOTO (ep-
puta Mmapku M400HH ObuH HCTIBITAaHWS HA HArpEeBaHWE OOMOTAHHBIX CTATOPOB.

Cratopsl snekTponsurareneii 4MI12M4VY3 6bun u3rotosieHsl Ha [Ipons-
BOJICTBEHHOM O0BeAMHEHUH «CHO3JIEKTPOMOTOP» IO OOMOTOYHBIM JTAHHBIM
BMIIIN 520031.001

[lepen mpomuTKOW BCE CTATOPHI ITOABEPralliCh HCIBITAHWIO HA IEPETPEB.
C 3TOif 11eTbI0 B KOKJI0H U3 0OMOTOK TTOJOHUpAJICS TAKOW TOK, YTOOBI €ro MpoTe-
KaHHUe Yepe3 0OOMOTKY B IIPOJODKUTEIEHOM PEKUME BBI3BIBAIIO MPHOIN3UTEIh-
HO OJMHAKOBBIN ypoBeHb X mneperpesa 90-96°C.

[ocme wcnpITaHWil Ha HarpeBaHWE CTATOPBI OBUIM B3BEIICHBI Ha Becax C
TouHOCTBIO 10 0,1 T.

brinmu moaroroBnens! cratopsl B kKonuyectBe 12 mt. ['pymnma cratopoB ¢ HO-
Mepamu 5, 6, 7, 8 mponuteiBaimchk kommnayaaom KII1-34, a Bropas rpynma cra-
TopoB ¢ HOMepamu 3, 4, 9, 10 moasepramace nponutke komnayaaom KII1-34 ¢
nmobaBkoit 30 Mace. % CyOMHKPOHHOTO TIOPOIIKA HAKEIh-ITHHKOBOTO (peppHTa.

[TponuTKy 00MOTKH Kaxmoro u3 cratopoB Ne 3, 5,6, 7,9, 10 ocymiecTBisun
MTOJITOTOBJICHHON CMEChIO WIJIH KOMITayHJIOM oO0beMoM 300 Mil, mojuBas Bepx-
HIOIO JIOOOBYIO YacTh C BHEIIHEH W BHYTpPEHHEH CTOpOH B TeueHHEe 6—8 MHUH.
O6moTtku cratopoB Ne 4 u 8 mponuTeiBach o0beMoM 400 mit. 1o 3aBepmeHIH
MIPOITUTKH, B CITydae OTKIIOUCHHUS TPEIOMIETO TOKa, K 0OMOTKE CHOBa TIOABOIIIIN
TOK, KOTOPBI BBHITOMHSII 1BE (DYHKIIUH: Pa30rpeBall MPOIUTOYHEBIN COCTaB 10
TEMIIepaTypPhl KEIMPOBAHUS U 32 CUET BIUSIHUAS MarHUTHOTO IO OOMOTKH Ha
JacTHIBI (heppruTa OCYIIECTBILLI «3alMpPaHNe) KAaMULIPOB OOMOTKH, CHHKASI
BEITEKAaHHE IPOITUTOYHOTO COCTaBa U3 Hee.

[Ipu noctmxennn Temmepatypbl 00MoTkH 150—160°C 00MOTKY BBIZICpKHABA-
T 0 Hayala >KeIMPOBAHUS COCTaBa, YTO NOCTHTANIOCH depe3 6—8 MHH Iocie
OKOHYAHUS MPOIUTKH.

[Nocite oxOHYaHMS CYIIKA CTATOPHI B3BEIIMBAIN H ITPOBOIMIIN UCIBITAHUS 00-
MOTOK CTaTOpOB Ha IeperpeB. Pe3ympTaTe! nccinenoBanmii cBeACHEI B TAOMHIIE.

Pe3ysabTaThl HCc/1e10BaHUE 0OMOTOK CTATOPOB

IToka3aTens Ne craropa
7 5 6 8 3 10 9 4
AP, xr 0,192 | 0,219 | 0,269 | 0,274 | 0,309 | 0,338 | 0,352 | 0,478
AT, °C 89,8 96,4 96,2 95,2 96,1 97,8 96,0 94,9
AT,, °C 84,0 86,2 92,2 90,0 88,9 90,5 84,8 87,4
AT;, °C 84,7 81,3 88,3 84,7 91,9 82,2 83,1 80,5

AT —AT,, °C 5,8 10,2 4,0 5,2 7,2 7,3 11,2 7,5
AT —AT;, °C 5,1 15,1 7,9 10,5 4,2 15,6 12,9 14,4
AT,—AT;, °C +0,7 —4,9 -3,9 5,3 3 8,3 1,7 -3,5

P, BT 183 187 212 201 249 187 184 204
Tpumeuanue. AP — npusec cratopa mocie nponutku; AT — neperpeB 00MOTKM HENPOMUTAH-
Horo craropa; AT, — neperpeB 0OMOTKH MponuTaHHoro crartopa; AT; — meperpeB 0OMOTKH B
coOpaHHOM 3JeKTpozBHraTene; Pe, — MOIIHOCTb MOTEPB.
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Kak cnemyer u3 TabauIls1, IporuTKa 0OMOTOK cTaTopoB kommnayHaom KI1-34
(Ne 5, 6, 7, 8) mpuBena B CpeIHEM K CHUKCHHUIO TeperpeBa 0OMOTOK Ha BEJITHYH-
HYy 6,3°C, B TO BpeMs KakK MPOIUTKa OOMOTOK CTaTopoB koMmayHimoM KII-34 ¢
30%-Holf mOOaBKOH CYOMHKPOHHOTO IIOPOIIKa HHKENb-IIMHKOBOTO (heppura
(Ne 3, 4,9, 10) npuBena K CHUXKCHHIO YPOBHS IeperpeBa 00MOTOK B CpPEIHEM Ha
8,3°C.

Takum 00pa3oM, BBEJCHHE B Ka4eCTBE HAIMOIHUTENSA NOOABKH CyOMHUKPOH-
HOT'O MTOPOIIKa B KOMITAYH]I IIPABENIO K CHIKEHUIO YPOBHS IIEpPErpeBa 0OMOTOK
CTaTOPOB, IO CPAaBHEHHIO CO CHIDKEHHEM YPOBHS IIEperpeBa OOMOTOK, IPOIIH-
tarHbIX KommayHaoMm KI1-34, B cpemrnem Ha 31%.

CHmkeHHe meperpeBa 00MOTOK ITOCIIE MPOIMUTKA U COOPKH AIIEKTPOABHTATE-
JIeil OTHOCHTENBHO TeperpeBa 0OMOTOK HETPONMHUTAHHBIX CTATOPOB C IMIPUMEHe-
Huem KII-34 cocraBuno B cpemneM 9,65°C, a ¢ UCHOIB30BAaHMEM MarHUTO/IH-
anekTpraeckoit cmecu — 11,78°C (daro otnmyaercst B cpenHeM Ha 22%).

3akiioueHne

B mamHOi#t paboTe mokazaHO, YTO MpeyiaraeMasl MarHATOANAIICKTPHIECKast
cMech 00JamaeT BBICOKOH TEIUIONPOBOAHOCTHIO W TO3BOJIIET MOIYYUTH MPU
MPOITUTKE OOMOTOK DJIGKTPHUYCCKUX MAIMH BBICOKHE KOA(PPHUIIMESHTHI TPOITUT-
KM, 9TO IPUBOINT K CHIDKCHHUIO TIeperpeBa 0OMOTOK IIPH WX SKCIUTyaTaluu. JTO
MO3BOJISICT B HECKONBKO Pa3 MOBBICUTh MX JKCIUTYaTallMOHHYIO HAIEKHOCTh U
YCTPaHUTHh M3 TEXHOJIOTHYECKOTO IMPOIIecca MPOMUTKH OOMOTOK SHEPrOeMKHE,
IIyMSIIIIAE JIEKTPOMEXaHWYECKUE ycTpoicTBa [5, 6]. beuto ycranoBineHO, 9TO
ONTHMaJbHasl JJo0aBKa CYOMHKPOHHOTO TOPOIIKa HUKEIb-IIMHKOBOTO (hepprTa
K TepMopeakTHBHOMY KommayHny KII-34, ucrmons3yeMoMy AJisi POITUTKA  00-
MOTOK 3JIEKTPUYECKUX MallliH, 0JDKHA cocTaBiATh 30 macc. %.
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APPLICATION OF THE MAGNITODIEHLEKTRICAL
COMPOSITES BASED ON NICKEL-ZINC PARTICLES
FOR RESOURCE-SAVING TECHNOLOGIES TREATMENT
WINDINGS OF ELECTRICAL MACHINES

1t is known that the failures of electric motors are often the result of failure of the
windings insulation. The technological mode of impregnation of the winding
insulation by a compound and the subsequent drying has an essential influence on the
indicators of reliability of winding insulation. The application of magneto-dielectric
composite materials for impregnation of windings in the electric motors of different
purposes can become very perspective because the quality and reliability of this type
of products substantially depend on impregnation of windings. Therefore the works
directed on improvement of reliability of winding insulations are very actual today.

The present work considers the possibility for application of a magneto-dielectric
composite on the basis of an impregnating compound KP-34 with an additive of the
ultradispersed powder of nickel-zinc particles used as a filler for resource-saving
technology of windings impregnation in electric machines. The suggested magneto-
dielectric composite has higher heat conductivity than KP-34 compound used for
impregnation; possesses magnetic properties, which allows to improve the technology
of jet-drip impregnation and to increase the quality and reliability of windings.
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Calculations which have shown that the optimum additive of submicron Ni-Zn
powder in the compound must make 30—-35 wt. % are given. According to the given
calculations the maximum permissible size of a grain in submicron Ni-Zn powder
MA400NN used as an additive must satisfy the inequality: dye, < 0,01 mm.

It was determined that application of the magneto-dielectric composite on the
basis of ultradispersed powder of nickel-zinc particles and an impregnating
compound KP-34 for impregnation of the windings in electric and electronic wire
wrap products, allows to eliminate, first, all power-intensive, noisy electromechanical
devices by means of which windings are rotated under the jet of the impregnating
compound falling on the front parts, because the jet can be bent and rotated along the
front parts of the impregnated windings by rotating magnetic field. Secondly, it allows
to provide more uniform flow coating of the front parts because the jet of the
mentioned composition can be influenced by magnetic field. Thirdly, it allows
significantly to increase the impregnation coefficient of the windings, which shows a
saturation degree of inturn cavity by the impregnating composition. After
impregnation the heating current is supplied to the winding which magnetic field is
like a peculiar valve by means of which the impregnating composition stops to flow
from winding cavities at their drying. Besides, after impregnation the front parts of
the windings can be capsulated by the mentioned magneto-dielectric composition. For
this purpose it is necessary to coat the front parts by the suggested composition
during the current drying of the windings. High heat conductivity of this magneto-
dielectric composition and high coefficients of impregnation allow to reduce
overheating of the windings during their operation, which results in improvement of
their operational reliability and durability by several times.

Keywords: submicron powders; magnetic dielectric composite impregnation;
thermal conductivity; the composite.
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Features of structural-phase state of Pd-Ag
nanoparticles supported on silica gel

In this paper we synthesized and investigated mono- and bimetallic Pd-Ag nano-
particles supported on silica. The parameters of the crystal structure of supported
Pd-Ag nanoparticles were investigated by X-ray diffraction (XRD). It was found that
the addition of silver results in a distortion of the crystal lattice of palladium, which
may indicate the interaction between the phases of silver and palladium on the sup-
port surface. Furthermore, the elemental composition of the formed metal particles
was analyzed by energy dispersive spectroscopy (EDS) and by X-ray photoelectron
spectroscopy (XPS).

Key words: Palladium alloys; bimetallic alloys; Pd-Ag nanoparticles; X-ray dif-
fraction (XRD); X-ray photoelectron spectroscopy (XPS).

Alloys based on palladium possess unique physical-mechanical and phys-
ical-chemical properties. This contributes to their wide application in various
sectors of the chemical industry [1]. Palladium-based alloys are used as mem-
brane materials, as they have the necessary set of functional properties: a good
hydrogen permeability, high mechanical strength and thermal resistance in a
gaseous environment. Palladium alloys are widely used in catalysis. Practical
application of the system are bimetallic Pd-Cu, Pd-Ni, Pd-Ag, Pd-Au, Pd-Rh,
Pd-Ru and al. [2].

Palladium refers to the VIIIA group of the D.I. Mendeleev’s periodic ta-
ble unfinished 4d-shell and has the properties typical of the group of transition
elements. Like most of the elements palladium forms a complex system with a
large number of chemical compounds. On the other hand, palladium dissolves
well alloying metals, forming large areas of homogeneous solid solutions [3, 4].
In systems based on palladium the second forming-alloy metal elements are
neighbors of palladium in the periodic table: cobalt, rhodium, iridium from VIIA
subgroups, nickel and platinum from VIIIA subgroup (to which belongs palladi-
um) and copper, silver and gold from the IB subgroup. These elements form
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alloys with electronic structure close to palladium [5]. In the above systems,
binary alloys based on palladium very well meet the conditions of formation of
continuous series of solid solutions of metal compounds [3]:

— lattices forming the alloy elements of the same type (with the exception
of Co);

— atomic similarity components forming compounds (proximity and size
of the electronic structure of atoms);

— type of chemical bond in the compounds of the same.

Under these conditions, the mixing energy

_ UAA + UBB
w=U, 5 ,
(where U,p, U4y, Upp — the potential energy of interaction between the atoms of
different sorts (AB) and the same sorts (44 u BB) respectively) is close to zero,
which is a necessary condition for the formation of solid solutions [6].

Modern industrial catalysts are usually complex multicomponent systems,
even when the two metal components forming the system have the same struc-
tural phase state [5]. Currently, active and stable catalysts based on supported
noble metal particles, in particular palladium, are widely used in the chemical
and petrochemical industries in various reaction such as a wide range of hydro-
genation processes, cracking, polymerization, hydrotreating and oxidation. In
complex catalytic processes are increasingly used systems based on nanoparti-
cles bi- and polymetallic alloys [7]. A great interest in literature is given to
Pd-Ag nanoparticles supported on different supports. Catalysts based on them
are promising among bimetallic systems in selective hydrogenation reactions [§]
and deep oxidation of CO [9]. Catalytic and adsorption properties of bimetallic
systems are directly related to the structural-phase and the valence state of bime-
tallic Pd-Ag nanoparticles.

Interesting results related to this study were obtained by XPS for Ag [12—
14], Pd [15-19] and Pd-Ag [20, 21] nanoparticles. For the supported metal na-
noparticles some interesting effects can be observed (eg, asymmetry, chemical
shift, broadening, etc.) in the photoelectron spectra, depending on the size of the
particles (see [10—11] and references therein). In particular, the chemical shift 1—
2 eV and a significant broadening of the peaks of the core levels were observed
for small nanoparticles (2-3 nm in diameter) compared to the volume of the
metal [12—19].

Based on the foregoing, this study show that the structure-phase and the
valence state supported bimetallic particles are important parameters. The aim of
the present paper was to study the structural phase state of mono- and bimetallic
nanoparticles of palladium and silver, which are the active components of the
catalysts Pd-Ag/SiO,. The nature of the interaction between palladium and silver
on the surface of the support has been studied by X-ray diffraction (XRD) and
X-ray photoelectron spectroscopy (XPS). The research of structural and valence
state of Pd-Ag bimetallic nanoparticles in catalysts supported on silica was per-
formed and a comparison with the monometallic palladium and silver catalyst
was done.
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Experimental part
Synthesis support

Support SiO, was prepared by sol-gel method using tetraethyl orthosili-
cate (TEOS) as the silicon oxide precursor, water as the solvent and concen-
trated nitric acid as the hydrolysis catalyst. The components were mixed in a
volumetric ratio of TEOS:H,O:HNO; = 12:12:1 and stirred at room temperature
for 1 hour. Then, the resulting sol was placed in a sealed container and allowed
to gelation and maturation of the gel at 50°C for 3 days. The resulting gel was
dried at 50°C for 15 hours and calcined at 500°C for 5 hours to remove residual
organic substances and fixing structure of silica gel. The gel was then subjected
to a hydrothermal treatment with aqueous ammonia at 120°C for 3 hours to
change the pore structure — from a microporous to a mesoporous system [22].
Then the silica gel was dried to remove residual ammonia, and calcined at
900°C for 5 hours to fix the porous structure and reduce the amount of surface
silanol groups [23].

Synthesis catalysts

Palladium catalysts were synthesized by incipient wetness impregnation
with an aqueous solution of tetrachloropalladium acid, which was obtained by
dissolving palladium in a mixture of concentrated nitric and hydrochloric acid at
a volume ratio of 1:3. The samples were then calcined in air at 500°C for 5 h. to
complete palladium precursor decomposition. To obtain silver-containing cata-
lysts, calcined samples of catalysts containing palladium were impregnated with
an aqueous solution of silver nitrate. Finally, the samples were subjected to an
oxidation treatment at 500°C to decompose the silver precursor. The quantitative
characteristics of the synthesized samples with a variable ratio of Pd:Ag are
shown in table 1.

Table 1
The volume content of components in the samples (wt. %)
Sample
Element Pd Pd:Ag (1:1) Pd:Ag (1:3) Ag
Pd 3.7 1.3 2.2 0.0
Ag 0.0 1.4 5.8 7.0

Specific surface area

Measurement of the specific surface area, pore volume and pore size dis-
tribution of support was carried out by using the method of low-temperature
(—196°C) nitrogen adsorption in an automatic gas adsorption analyzer TriStar
3020 («Micromeritics», USA). The specific surface area was calculated by BET
multipoint method with straightening adsorption isotherm in the range of P/P® of
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0.05 to 0.30. Pore size distribution was analyzed by the desorption branch of the
isotherm adsorption-desorption of nitrogen by the method of Barrett Joyner
Halenda (BJH). Prior to sorption measurements the samples were subjected to
sorption thermal vacuum degassing processing at station VacPrep 061 («Micro-
metrics», USA) at a pressure of 50 mTorr and a temperature of 200°C for 2 hours
to remove the surface adsorbed water and other impurities from the sample.

X-ray analysis

The study of the phase composition of synthesized catalysts was conduct-
ed using the method of X-ray diffraction (XRD). XRD patterns were obtained
by powder diffractometer XRD 6000 («Shimadzu», Japan) using the CuK,, radi-
ation (. = 1.5418 A) and a Ni filter. Recording conditions: scanning speed
4.0°/min, scan angle range of 10° to 85°, step scan 0.03°, tube voltage 40 kV,
amperage 30 mA. The diffraction peaks of crystalline phases were processed
using software POWDER CELL 2.4. The phase identification was carried out
using a database PCPDFWIN on radiographs of the individual components. Cal-
culation of interplanar spacings (d, A) and crystal lattice parameters (a, A) was
carried out according to the Wulff-Bragg formula. The average crystallite size
(D, nm), which equates to the areas of coherent scattering, was evaluated by
Selyakov-Scherrer equation.

The elemental composition

Photoelectron spectra of the samples were recorded using X-ray photoe-
lectron spectrometer Escalab 250 (Thermo Scientific, USA) equipped with a
combined source of ion-electron surface charge compensation. Samples were
pressed, fixed on a double-sided copper tape and was then introduced into the
chamber of the spectrometer. For each of the samples was recorded a panoramic
range for elemental analysis, and then investigated the detailed spectra of the
regions of interest (Pd3d, Ag3d, Si2p, Ols, Cls). For the elements of interest
(Pd, Ag) the value of the pass energy was 20 eV to provide optimum energy
resolution. Full spectrum of d- and p-levels have been processed using Gaussian
and Lorentz functions, while optimizing the background. To determine the vol-
ume content of palladium and silver (to a depth of 2 microns) in the synthesized
samples energy dispersive spectroscopy (EDS) was used. The primary electrons
used for EDS were obtained by a field emission gun within the XPS spectrome-
ter Escalab 250 (Thermo Scientific, USA).

Results and discussion

The porous structure of the support was investigated by low-temperature
nitrogen adsorption. On isotherm adsorption-desorption of nitrogen (Fig. la)
there is a hysteresis loop in the relative pressure range from 0.9 to 1.0, indicating
a mesoporous structure of silica gel with a predominance of pores larger
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than 10 nm. From of the pore size distribution (Fig. 15) we can derive that the
synthesized silica has a characteristic pore size of 20—100 nm, with a low con-
tent of pores smaller than 10 nm. The use of macroporous silica gel as a support
reduces the effects of the porous structure of the support on the particles size of
the deposited active component. The specific surface area of the silica gel, as
determined by multipoint BET method, was 65.3 m’/g with a pore volume of
0.31 cm’/g. Interactions between the Pd and Ag can lead to the formation of in-
termetallic compounds on the surface of the support [24], as well as solid solu-
tions [25].
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Fig. 1b. Differential pore size distribution of silica gel

Figure 2 a shows diffraction patterns for monometallic palladium (Pd),
silver (Ag), and a mixed bimetallic Pd Ag nanoparticles (Pd:Ag (1:1), Pd:Ag
(1:3)) catalysts supported on silica. For all diffractograms we detect the charac-
teristic diffraction broad line from the amorphous support SiO, at angles 26 of
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15 to 35 with a maximum of ~22—-23. For monometallic systems containing only
nanoparticles of palladium (Pd) diffractogram have two peaks at angles 20
40.00° (111) and 46.54° (200), which correspond to the phase of metallic palla-
dium. A system comprising only nanoparticles of silver (Ag) has diffraction
peaks at angles 260 38.14° (111) and 46.23° (200), which is associated with the
presence of metallic silver phase.
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Fig. 2a. Diffractograms supported Pd-Ag nanoparticles reduced in H, at 500°C
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Fig. 2b. Fragments of diffractograms in the 20 angles from 36° to 48°
51



LS. Bondarchuk, I.A. Kurzina, V.S. Neudachina, F.J. Cadete Santos Aires

In the case of bimetallic systems diffraction peaks, that are characteristic
of pure metallic Pd and Ag, shift: those of palladium to smaller angles 26 and
those of silver to large angles 20 (Fig. 2b). This is due to the distortion of the
crystal lattice, which in turn is caused by interfacial interaction between the pal-
ladium and silver on the surface of the silica without the formation of solid solu-
tion, because in this case the diffraction maxima would have been located be-
tween the lines corresponding to pure Pd and Ag. Interaction between palladium
and silver on the support surface can be associated with the formation of the
interface Pd/Ag with possible partial atomic mixing.

Using the Selyakov-Scherrer equation were calculated average particle
sizes of palladium and silver monometallic and bimetallic catalysts (Table 2).
The average size of the crystallites of palladium and silver, estimated
at 15 to 20 nm and 3 to 5 nm, respectively.

Table 2
Characteristics of the crystal structure
Sample [d;; (Pd), A] a (Pd), A | D (Pd), nm |d;; (Ag), A| a (Ag), A | D (Ag), nm
Pd 2.25 3.90 19.6 — — —
Pd:Ag (1:1) 2.26 3.91 16.0 2.32 4.02 3.2
Pd:Ag (1:3) 2.28 3.95 18.4 2.34 4.05 4.6
Ag — — — 2.36 4.09 3.5

dy1; — interplanar spacing; D — coherent scattering region (mean size); a — lattice constant.

Low intensity and broadened reflections of silver are associated with a
small size (in the field detection limit of XRD method, see Table 2) and a low
degree of crystallinity of the silver particles. While well-defined reflections,
even while reducing its contents within the catalyst, for the palladium metal
phase indicate the relatively large size of the particles of palladium (see Table 2)
and a high degree of crystallinity of the formed particles on the support surface.

For all samples was carried out elemental analysis of the surface. The re-
sults are shown in Table 3. In all the samples was observed a contribution of
pollution carbon. It is important to note, that in all samples the content of palla-
dium at the surface is always considerably lower, than in the bulk, which can be
explained by the predominant localization of silver on the surface [21], while
palladium may be localized bellow silver on the support.

For silver, the chemical shift of the Ag3d-line for silver nanoparticles of 2
nm is reported to be about 0.6 eV [12], however, this value is highly dependent
on the nature of the support. Peaks for silver nanoparticles having dimensions
from 2 to 6 nm in diameter exhibit some degree of asymmetry, in contrast to the
pure metal surfaces, the peaks of which are almost symmetrical. For the Pd-Ag
nanoparticles significant negative shift in the binding energy (—0.7 eV) Ag3d-
line core level in Pd-Ag samples, compared to metallic silver, which can be as-
sociated with the formation of Pd-Ag alloy and consequent charge transfer [20].
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Table 3

Content of elements on the surface according to XPS

Theelementalcomposition (wt.%)
Sample Pd Ag

Pd 0.5 -
Pd:Ag (1:1) 0.2 1.2
Pd:Ag (1:3) 0.2 3.0
Ag — 5.0
Ag3d5/2
Ag3d3/2 368,6
374,4 !\3 68,2
374,0
Ag

AN
e ]
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380 379 378 377 376 375 374 373 372 3N

Binding energy (eV)

370 369 368 367 366 365 364 363 362 361

Fig. 3a. XPS spectra of the binding energy of the levels Ag3d3/2 and Ag3d5/2
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Fig. 3b. XPS spectra of the binding energy of the levels Pd3d3/2 and Pd3d5/2
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For nanoparticles of palladium and palladium metal surfaces the photoe-
lectron peaks are asymmetric [15-19]; in the case of small nanoparticles, de-
pending on the support and the method use for preparation, the asymmetry of the
peaks, according to some authors, is associated with the oxidation of the surface
of the palladium nanoparticles that forms a non-stoichiometric oxide PdOy. The
chemical shift of PdO, nanoparticle surface compared to the metal palladium
reportedly amounts to 1.4 to 2.0 eV [15, 16, 19].

XPS spectra of silver samples of different composition are shown in Fig-
ure 3 a. For silver metal the binding energy levels of Ag3ds, and Ag3d;,, are
368.3 eV and 374.3 eV, respectively. It is interesting to note that the position of
the Ag3d-lines binding energy in the Pd-Ag samples are approximately
0.3-0.4 eV lower than for metallic silver, which is consistent with literature data
[20]. We can conclude that in the synthesized samples are not observed the for-
mation of solid solutions. The shift of 0.4 eV may be caused primarily to lower
dispersion of silver nanoparticles and the formation of an interfacial interface
Pd/Ag. The silver/ palladium ratio measured by XPS was larger than the one
measured by global analysis (ICP) indicating that silver occupies the surface
since it may form on top of the pre-formed palladium nanoparticles [21].

Figure 3b shows the XPS spectra of palladium samples of different com-
position. The noisy obtained spectra Pd3d is associated with low surface palla-
dium content in the synthesized samples. As shown in Figure 3 b, with changes
in the palladium content, the chemical shift was not detected in the spectra Pd3d.
This may be due to the large amount of palladium nanoparticles in the synthe-
sized samples, and with a low concentration of nanoparticles on the surface of
the silica gel.

Conclusions

In this paper we synthesized and investigated silver, palladium and Pd-Ag
bimetallic nanoparticles supported on silica which can be used as catalysts for
deep oxidation. It is found that in the bimetallic systems are not formed particles
representing a bimetallic alloy. There is aggregation of silver particles and pal-
ladium, to form a wide interfacial interface between the two metal atoms. Silver
particles are formed in a highly dispersed state. Bimetallic particles with a wide
interface may be active in catalysis due to the division and reactions of parallel
processes on each particle.
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! Hayuonansuwiii uccnedosamensciuii Tomckuii 2ocydapemeenniil ynusepcumem (Tomck, Poccus)
’Pykosodumens nanpasienus «AHanu3 nosepxHOCHU u HAHOCMPYKIMyp»,
Mockosckoe npedcmasumenscmeo IntertechCorporation (CLLIA) (Mocksa, Poccus)
SHIIHY, Hayuno-ucciedosamenbckuil UHCMUmMym Kamanuza u OKpyjcaioweti cpeovl,

2. Jluon (UMR 5256)

Oco6eHHOCTH CTPYKTYPHO-(a30Boro cocrosinusg Pd-Ag nanouacruu,
HAaHECEHHbIX HA CHIIMKAreJb

Cnnasbl Ha ocHoge nannaousi 061A0AIOM YHUKATIbHBIMU QUIUKO-XUMUYECKUMU
ceoticmeamu. Imo cnocobcmeyem WupoKomy UCNONIb308AHUIO DMUX CHIABO8 8 PA3-
JAUYHBIX OMPACTAX XUMUHECKOU npombluLienHocmu. Kamanusamopsl Ha ochose na-
a0UesbIX CNIAB08 WUPOKO UCHOTL3VIOMCA 6 Kamanuze. [Ipakmuueckoe npumenenue
Haxoosm cnnagel 6 cucmemax Pd-Cu, Pd-Ni, Pd-Ag, Pd-Au, Pd-Rh, Pd-Ru u op.

C OonbUUHCMBOM dNIeMEHMO8 NANIAOULL 0OPA3yem CIONCHbIE CUCIEMbL ¢ 60b-
wium yuciom xumudeckux coeounenuil. C Opyeou cmopousl, naiiaduii Xopouio pac-
meopsem necupylowue Memaiivl, 00pays sHauumenvHvie 001ACMU MBEPObIX pac-
meopos. Bunaphvle cniasvl Ha OCHO8e NANIAOUS OYEHb XOPOULO COOMBEMCMBYIOMm
VCIOBUAM 0OPA308AHUA HENPEPLIBHLIX P08 MEEPObIX PACMBOPO8 OJid Memaniuye-
CKUX COCOUHEHU.

Hcnonvzyemvie cospemMeHHOU NPOMIUIEHHOCBIO KAMANUIAMOPYL, KAK NPAGUI0,
AGNAIOMCS CILOMHCHOIMU MHOLOKOMNOHEHMHBIMU CUCEMAMU, NPUYEM HUCTIO KOMNO-
HEHMO8 8 NPOMbIULEHHBIX KAMANU3AMOpax 4acmo 8ecbMa 3HAYUmMenvHo. Yce npu
08YX 06pa3yIoWux CUCMeEMy KOMNOHEHMAX CMPYKMYPHO-ha306ble COCMOAHUA KOM-
NOHEHMO8 Kamanuzamopa mo2ym Obinb O0B0IbHO CLONCHBIMU U PASHOOOPASHLIMU.
Bce uawje ucnonvsyiom cucmemvl Ha ocrHose naHouacmuy 6u- U NOIUMEMAIULECKUX
Ch1agos.

bonvwou unmepec yoensiemes Pd-Ag nanovacmuyam, HaHeCeHHbIM HA PA3TUYHbLE
Hocumenu. Tak, KAMAanu3amopsl Ha ux OCHOBE AGIANMCA OOHUMU U3 NEPCHEKMUBHBIX
cpeou OGUMEMANTUYECKUX CUCeM 8 PeaKYUAX CeNeKMUBHO20 2UOPUPO8anus u 2iybo-
koeo okucnenus CO. Kamanumuueckue u adcopoyuonuvle ceolicmea Kamanumuue-
CKUX cucmem 6yOym HANPAMYIO C8A3aHbL CO CIMPYKMYPHO-(A308bIM U BANEHMHBIM
cocmosinuem bumemannudeckux Pd-Ag nanouacmuy. Hcxoos u3 eviuieckazannoeo,
uccnedoganue ocobenHocmell CmpyKmypHO-@Pa308020 COCMOAHUA U 8AIEHMHOZ0 CO-
CMOAHUSA HAHECEHHBIX OUMEMANIUYECKUX YACUY ABNACMC S AKMYAIbHbIM.

Lenvio nacmosweii pabomul AGIANOCH U3YYEHUE CMPYKMYPHO-PA3068020 cOCMOs-
HUSL MOHO- U OUMEMAIIUYECKUX HAHOYACMUY NALIA0Us U cepebpa, HAHECEHHbIX HA
CUnUKazenb, ABIAIOWUXCA AKMUBHBIMU KOMNOHeHmamu kamanuzamopos Pd-Ag/SiO,.
Xapaxmep 83aumooeticmgust Mexcoy nauiaouem u cepedpom Ha NOBEPXHOCMU HOCU-
menst, ObLl U3yueH Memooamu peHmaeHoPaz06020 aHanu3a U PeHmeeHO8CKoU homo-
NEKMPOHHOU CHEKMPOCKONUU. Buinoineno ucciedosanue cmpykmypHo2o u 8aieHm-
HO20 cocmosHus Gumemantuieckux Pd-Ag nanouacmuy 6 Hanecennvlx Ha cunukazenb
kamanuzamopax. Ilposedeno cpasHenue c MOHOMEMANLTUYECKUMU NANTAOUESHIMU U
cepedpAHbIMU KAMATU3AMOPAMU.

B nacmosaweii pabome cunmesuposansvi u uccie008anvl cepebpsitvle, naiiaoue-
svie u Oumemaniuveckue Pd-Ag namouacmuybvl, HaHecenHble HA CUNUKA2ENb, KOMO-
pble mo2ym Obimb UCHONL308AHbI 8 Kayecmeée Kamaau3amopos 2inyboKo20 OKUCIEHUs.
Yemanosneno, yumo 6 bumemaniuveckou cucmeme He 00pa3yVIOMCA 4acmuybsl, npeo-
cmagnsiowue coboti bumemannuyeckui cnias. Habniooaemes azpecayus cepebpsinbix
U nannaouesvlx wacmuy ¢ 006pa308aHuUeM WUPOKO20 Mexchaznozo unmepgeiica



Features of structural-phase state of Pd-Ag nanoparticles

Medcoy amomamu 08yx memainnos. dacmuysl cepebpa popmupyomest 8 8biCOKOOUC-
nepchom cocmosinuy. Bumemaniuueckue yacmuysl ¢ wiupoxum medxcghaznvim uHmep-
heticom mocym 6vimb AKMUSHBIMU 8 KAMAAU3€, YMO C853AHO C pa30eleHueM PeaKyuil
U NAPALNLENLHBIMU NPOYECCAMU HA KAXCOOll Yacmuye.

Kniouesvie cnosa: cnnagul nauiadus; dumemannuyeckue cniasvl, Pd—Ag nanova-
cmuybl; peHmM2eHopazo6elll AHANU3; PEHM2EHOBCKAsl (DOMOINEKMPOHHAS CREKMpPO-
CKONuS.
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are needed to program immune reactions

This Research is supported by Tomsk State University
Competitiveness Improvement Program.

The common and life-threatening like cancer and cardiovascular disorders, as
well as consequences of severe trauma require treatment based on implants, trans-
plants and implantable biomedical devices. The perspective way is to optimise thera-
peutic implantation program for each individual patient in advance, using minimal
non-invasive and low-cost approaches. A complex view about achieving an interdisci-
plinary approach and required bringing together most advanced expertise and tech-
nology of biomedicine, chemistry, physical and mathematic is presented in a paper.

Keywords: implant coatings, immune reaction; like cancer and cardiovascular
disorders.

Number of human pathologies, including most common and life-threatening
like cancer and cardiovascular disorders, as well as consequences of severe
trauma require treatment based on implants, transplants and implantable bio-
medical devices.

Thus, for example, mechanical circulatory support device, most often used to
assist the left ventricle (LVAD, left ventricular assist device), is a key therapeutic
solution for the patients with advanced heart failure — affecting 2—3% of the adult
population and 6-10% of people above 65 years old. Heart failure (HF) is a major
health economic factor, it is the reason for 5% of all hospitalizations in Europe and
other developed courtiers world-wide. The prognosis of HF is discouraging with less
than 50% of patients surviving 5 year after the first symptoms of the disease are
identified. The terminal state of advanced HF is characterised by shortness of breath,
lung edema, dizziness, tiredness (fatigue) and weakness, weight gain due to swell-
ing, rapid or irregular heartbeat and chest pain.

Before recent advance in implantation, the only promising solution for the pa-
tient suffering from terminal state of advance HF was organ transplantation. How-
ever, due to obvious reason — limited access to organ that can be used for transplan-
tation — for most of patients the chance to obtain new heart in time was extremely
low. Initially, LVAD was designed as a bridge for transplantation that significantly —
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for several years — increased the ability of the patient to wait for the new heart [1].
Further successes in the construction of implantable LVAD allowed to use it not
only as bridge for transplantation, but also as therapeutic solution resulting in heart
recovery in up to 50% of patients, that can be removed after couple of years allow-
ing the patient to live with own hart.

Implants are most frequently constructed from non-degradable metallic and
polymeric materials. Despite our recent progress in the construction of implants,
number of patient still suffer from implant intolerance, failure, chronic inflam-
mation, pain and recurrent infections. One of major problem in implantation is
foreign body response caused by local and tissue-specific macrophages. Macro-
phages are designed by nature and trained by long-term evolution to recognise
all foreign bodies and to make all the efforts in order to eliminate them [2]. First,
macrophages try to engulf foreign particles and degrade them by special intra-
cellular organelles: phagolysosomes [3]. However, the size of implant, that is
much larger than the size of a single cell-macrophages does not allow to com-
plete this process, macrophages continuously repeat these attempt and finally
stay in a so-called activation state of “frustrated phagocytosis”, characterised by
the release of tissue-destroying and pro-inflammatory molecules [4].

In case of LVAD, despite recent progress in the surgical procedure and implant
construction, implantation is still associated with significant morbidity and mortality
during follow-up, with inflammation-induced thromboembolic events being one of
the main causes [5]. There is an urgent need to develop innovative solutions in the
constructions of implantable LVAD, made out of the best tolerated by our body
metal-titanium to suppress inflammation around the cannula and to reduce the risk
for thromboembolic events.

Not only titanium implants, but all implanted materials are able to induce a for-
eign body response (FBR) which is primarily mediated by macrophages. The severi-
ty of reaction on the nature of the implanted material, its structure, surface topogra-
phy and localization in the specific tissue organ is very important. Moreover, for
each type of implant each patient ill develop individual reactions, which will depend
not only on the genetic predisposition, but also on the age, presence of chronic in-
flammatory disorders, in distant organs, diet, life style and even the level or stress.

Several biomaterials based on non-biofouling surfaces, natural polymers for
improved interaction with the host tissue or surfaces actively releasing anti-
inflammatory drugs / bioactive agents have been developed to reduce implant-
induced inflammation [6]. However, no definitive and long-term solution to
avoid adverse immune responses to the implanted materials is available to date.

Preventing of implant-associated infections or chronic inflammation via manipu-
lating macrophage phenotype is the most promising strategy to improve implant
acceptance by the patient. This control over macrophage activation can be achieved
by innovative technological solution: construction of functional, biologically active
implant coatings. Such coatings have to be designed to control immune reactions not
only on the initial acute inflammation caused by trauma induced implantation but
also on the long-term basis. Up to date, analysing compatibility and usefulness of
implant coating materials 3 major parameter have been evaluated: mechanical prop-
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erties, toxicity for somatic cells and; in some cases, direct anti-bacterial properties.
And, despite number of indications about detrimental reactions of innate immune
system to the implants, examination of the effect of coating material on the macro-
phages reactions and programming was neglected.

First necessary step in this direction is prediction of personalised responses
to coated implant surface by ex vivo identification of adverse immune reactions,
prediction of potential inflammatory complications and selection of the best
coating type for each individual patient. Pioneering study for the design of ex
vivo test-system based on human primary monocytes-derived macrophages has
been performed by collaborative team from Tomsk State University, Tomsk
Polytechnic University and University of Heidelberg, Germany [7]. We were
able to identify critical parameters indicating profile of individual inflammatory
response to the surface modification of biomaterials based on high-molecular
polylactic acid, and to predict which out of brilliant green dye-modified materi-
als, that showed improved thermal stability and good mechanical properties, will
interact with innate immune system of specific individuals with minimal in-
flammatory consequences. However we were surprised to find out that all these
modifications can induce some inflammatory reactions in macrophages.

Therefore, the most challenging task in future is design and synthesis of
functional implant coatings that have to provide stability, tissue-specific compat-
ibility, long-term control over local immune reactions and, ideally, also support
tissue-specific regenerative processes.

Such a complex goal can be achieved only as an interdisciplinary approach
and required bringing together most advanced expertise and technology of bio-
medicine, chemistry, physical and mathematic. Our ultimate aim is to be able to
develop mathematic approach for the simulations of individual responses to im-
plant coating and the application of such simulation programs to optimise thera-
peutic implantation program for each individual patient in advance, using mini-
mal non-invasive and low-cost approaches.
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On nuclear magnetic resonance, metabolomics
and “metabolic individuality”

Metabolomics is an attractive methodology for clinical research as it is the most
accurate reflection of the actual physiological and biochemical state of the organism.
The dynamic and highly “individualized” nature of the metabolome is a strong indi-
cation that it could provide the means to make personalized medicine go all the way
from an “elusive dream”", via “proof-of-principle”, to real application.

Key words: NMR; metabolomics, personalized medicine.

In December 1945 an extraordinary event has occurred in the Radiation La-
boratory of MIT (Cambridge, Massachusetts). Edward Purcell, Henry Torrey
and Robert Pound have detected weak radiofrequency signal generated by the
nuclei of atoms in ordinary material, namely 1 kg of paraffin wax. Almost at the
same time, Felix Bloch reported a different experiment in which radio signals
from the atomic nuclei in water were observed. These two experiments are
commonly considered as the birth of the Nuclear Magnetic Resonance (NMR)
[1]. Today, NMR is powerful analytical technology that has found a variety of
applications in chemistry, but one could wonder whether any of the “founding
fathers” of the method could have foreseen a role NMR took in the modern biol-
ogy and medicine. Here, we take no notice of the most known “incarnation” of
NMR — MRI imaging but concentrate on the role this technique played in devel-
opment the concept of “metabolic individuality”. The successes story of NMR is
closely related to the field of metabolomics, a post-genomic discipline aiming to
the study of metabolites: the end points and the intermediate products of the me-
tabolism. Metabolomics has its roots in the technological revolutions of the six-
ties, the impressive breakthrough of the computer industry of the seventies and
the re-birth of the holistic views in biology triggered by such major undertakings
such as the human genome project. Historically, the understanding of intracellu-
lar metabolic pathways and fluxes in model (mostly unicellular) organisms has
been a dominant trend in the field. However, the clinical metabolomics, which
has emerged as a spin-off of the “mainstream”, focuses of the research on the
metabolic regulation of the entire organism and aiming to the development of
novel diagnostic / prognostic tools, prediction of the patients responses to the
treatment, exploration human metabolic individuality et cetera. The “experi-
mental” and clinical metabolomics use similar analytical strategies but they are
cordially different in their approaches to experimental design and data treat-
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ment/interpretation. NMR was a key element in the emerging clinical metabo-
lomics as an independent discipline.

The idea of the connection of metabolism and human individuality is not
new. It was first proposed and documented in the classical work of Sir Archibald
E. Garrod “The incidence of alkaptonuria: a study in chemical individuality”,
the title of which speaks for itself. “...No two individuals of a species are abso-
lutely identical in bodily structure,” Garrod wrote as long ago as in 1902, “nei-
ther are their chemical processes carried out on exactly the same lines” [2]. The
next progress in the field was made almost 50 years later by Roger J. Williams
who demonstrated “evidence indicating that each individual possesses what may
be called a “metabolic personality” — that is, a distinctive pattern of metabolic
traits” and that these traits are maintained over a period of several months [3].

As many other fundamental ideas, the idea of “metabolic personality” or
“metabolic individuality”, although not enough appreciated at the time it ap-
peared, came back in the 21* century. In the publications of Assfalg et al. and
Bernini et al. the two collaborating groups elaborated and experimentally sup-
ported exactly the same basic thoughts — that “metabolic phenotypes” (the name
changed slightly 60 years after R.J. Williams) do indeed exist and that they are
stable over time [4, 5]. As the analytical technologies have advanced enormous-
ly in the last decades, the analytical basis of the latest research is different from
that of R.J. Williams, who had to use a combination of the test available in the
contemporary clinical chemistry laboratory. The use of NMR makes it possible
to measure a large number of molecules in one run and to obtain precise quanti-
tative information on these molecules. However, as shown by A4ssfalg et al., the
full variety of metabolites assessed by NMR is not necessary to define the indi-
vidual metabolic patterns — equally good results can be obtained using only a
limited set of twelve compounds. The latter are even to a certain extent overlap-
ping with those measured by Williams. The importance of metabolic phenotypes
in relation to disease, nutrition and response to various stimuli has been outlined
in both studies. All the environment and nutrition influences in, for instance,
urine are superimposed on the invariant profiles represented by metabolic phe-
notypes. The existence and stability of such distinct profiles are related to ho-
meostasis. Homeostasis is defined as “a state of dynamic balance with the varia-
bles fluctuating between tolerance limits”. The moment when “tolerance limit”
is crossed and homeostasis lost can be considered as the moment of the onset of
disease [6]. Detecting this occasion might enable early diagnosis, prognosis and
possibilities for more successful intervention.

There is an increasing awareness that metabolomics is of great importance
for the medicine of the future due to its “personalized” and dynamic nature.
However, to make this possible, the present strategies in metabolomics experi-
ment design and data treatment should be changed. Currently metabolomics lit-
erature is dominated by “case-control” studies, which both average the effects
between individuals and neglect the beneficial dynamic essence of metabolic
profiles. Clinical metabolomics is not an exception, though the concept of “dy-
namic disease” has been around for a considerable time [7]. The advantages and
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the gain in information recovery obtained by dynamic profiling are starting to be
recognized, but are not universally applied. In order to generalize its use it is
important to change study design, sample collection and data analysis strategies.
Metabolomics data generated by NMR and is multivariate by its nature due to
the large number of molecular species measured in one run. With the addition of
the time dimension the data becomes also multilevel as different levels of varia-
tion, for instance, between- and within-individual, can be assessed. A collection
of powerful methods for dealing with such data and for separating the levels of
variability is thus called multilevel [8—10]. Exploring the between-individual
variation allows neglecting the intra-individual changes, which may be non-
systematic day-to-day differences that do not relate to the question of interest.
On the other hand, the within-individual block comprises the time-related in-
formation and using this is a more personalized approach for data analysis as
each person acts as its own control. Taking into account the extremely personal-
ized nature of metabolic profiles and the abundance of very subtle, “silent” per-
turbations of metabolism, that do not bring the organism out of homeostasis and
are not easily noticed, it is a question if healthy profile can be generalized and
found for a whole population, or it is a subjective entity, that can be referred
only to one individual. If the latter case is true, than the disease is also relative to
the individual himself and typical “case-control” study design is of little help.
The design of the study aiming to understanding whether “health” is a popula-
tion or an individual characteristic should contain on the one hand a large num-
ber of subjects in order to eliminate the individual-specific variation, and on the
other follow them in time to investigate the borders of normality for each per-
son. This, in turn, brings us back to a question whether there is technology ready
for the large, epidemiological scale studies. The answer appears to be a simple
one: despite an explosive development of mass spectrometry only NMR pro-
vides the data of such degree of consistency which enables the acquisition stabil-
ity over long period of time and cross-laboratory comparison.

To sum up, metabolomics is an attractive methodology for clinical research
as it is the most accurate reflection of the actual physiological and biochemical
state of the organism. The dynamic and highly “individualized” nature of the
metabolome is a strong indication that it could provide the means to make per-
sonalized medicine go all the way from an “elusive dream” [11], via “proof-of-
principle”, to real application.
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Hayuonanvnuiii uccnedosamenvckuii Tomckuti nonumexnuueckuu ynusepcumem (Tomck, Poccus)
CuHTe3 JJaKTHAa B UHEPTHOI cpene

Hccnedosan cunmes 1akmuoa u3 oaucomepa MOJIOUHOU KUCTIOMbL, KOMOPbLL 6
OanbHetiuemM NOTUMEPUZYIOM C PACKPbIMUEeM YUKAA 8 NOJUNAKIMUO, UCHONb3YeMblil
011 U320MOBNEHUA  PABTUYHBIX OUOCOBMECMUMBIX Pe30POUPYEMbIX  MEOUYUHCKUX
uzoenuil. Hccnedosano enusnue 2a3o80u cpedvl (apeon, azom, 6030yX) u cnocoba
nooauu easa Ha 6vIX00 AAKMUOd, NOIYYAEMO20 U3 ONULOMEPA MONOYHOU KUCIOMbL 6
npucymcemeuu kamaauzamopa (ZnQ). Ycmarnogneno, umo 6 npucymcmeuu UHepmuoul
cpeobl 8bix00 akmuoa ysenuuueaemcs. Ewe bonvuuuil 6b1x00 u yucmoma nakmuoa-
cvipya docmuzaemcst npu bapbomasice 2asa yepes pacnias onuomepa.

KiroueBble cioBa: 6uopesopbupyemvle nOAuUMepsbl, MONOYHASL  KUCIOMA,
0UOMED MONOYHOU KUCTIOMbL, IAKMUO, CUHME3 NIaKMuod; UHepmHas cpeod.

B mocnennne mecATHIETHS aKTHBHO BEOyTCs paOOTHI IO CO3JAHHUIO ITPOH3-
BOJICTB Pa3NHYHBIX OHOpa3araeMbIX ITOJMMEPOB, KOTOPHIC HAIUIH IHMPOKOE
MpUMEHEHHE B IBYX c(hepax >KU3HEIEATENEHOCTH YeNIOBEKa — 3TO OXpaHa OKpPY-
JKaromied cpenpl (TPOM3BOICTBO YIIAKOBOYHBIX MAaTE€PHUAJIOB, TaPhl, OHOPA30BOU
MOCYIIbI U OPYTuX u3Aenuil) u Meauiuaa [1-3]. TlonuMepHbIe MaTeprualibl ¢ 3a-
JAHHBIMH CBOMCTBAaMH Ha OCHOBE MOJIOYHOM, a TAaKXKe APYTUX OKCHKUCIOT IIHPO-
KO HCIIONB3YIOTCS UTS M3TOTOBIICHUS MEAWIMHCKAX W3MICIHINA, TPAMEHSIEMBIX B
o0Imel M PeKOHCTPYKTUBHO-IUIACTUIECKOH XUPYPriH, TPaBMATOIOTHH, OpPTOIIC-
IIMH C LENTBI0 BOCCTAHOBIICHUSI JKU3HEACATEIIEHOCTH OPTaHOB M TKaHEH YeloBeKa.
MemIHCKIE U3IENUs HA OCHOBE OMOIIOIMMEPOB CIIOCOOHBI W3JIEUHBATH I1AaTO-
JIOTUHM ONOPHO-IBUTATEIIFHOTO alapaTa, paHbl Pa3IHMIHON ATHOJOTHH, OOJE3HU
CepIEYHO-COCYIUCTON CHCTEMBI, CIIOCOOCTBOBATH CKOpEUIIEMY 3a’KHBICHHIO
BCEX BHUJIOB TKaHEH IOCIIE OIEPAaTHBHOTO JICUECHHS, TIPENOTBpaIIaTh 00pa3oBaHme
MTOCIICONEPAIIIOHHBIX craeK. [1o meredeHnn 3a1aHHOTO BpeMeH! (PYHKIOHHPO-
BaHMs OHOpa3araeMble MOMMMEPHBIC W3CTHS BEIBOMATCS U3 OpraHU3Ma, paciia-
Jasick ¢ 00pa3oBaHUEM ITPOYKTOB €CTECTBEHHOTO MeTabomi3ma [4].

CaMBIM pacrnpocTpaHEHHBIM OHOpe30pOHpyeMbIM (OHOpa3iiaracMbIM) MOJH-
MEpOM SIBJISICTCSI TIOJTMIAKTH, KOTOPHI B IPOMBIIIIICHHOCTH TIOTy4aroT U3 JIaK-
THJIA C PACKPHITHEM IWKIIA TOJ JEHCTBHEM Pa3TUYHBIX KaTalnu3aTopoB [5, 6].
Jlaktua — nukimyeckuii 3gup MomouHo# kuciotel (MK), i oT ero kadecTBa BO
MHOT'OM 3aBHCAT (DH3MKO-XMMHUYECKHE TIapaMeTphl IMOydaeMoro moiaumepa [7].
JlakTHn IS IPOM3BOICTBA MOJMMEPOB H COMOIMMEPOB MOXHO ITONYYHTH CIie-
IOYIOIIUMH CIIOCOOAMH: M3 MOJIOYHOM KHCIIOTHI Yepe3 e€ onuromep; u3 3pupoB
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MOJIOYHOW KHCIIOTBI, ONHOCTAIUIHBEIM Ta30()a3HBIM KaTaJHUTHICCKAM IIPOIEC-
COM JieruapaTanuu BoaHbIX pactBopoB MK [1, 2, 4, 5].

B coBpeMeHHBIX YCIOBHSX TakKe Ba)KHO, YTO OOJNBINAS YacTh MOJIOYHOM
KHCIJIOTBI, U3 KOTOPOW W MOMYYaroT MOJMMIAKTH, IPOU3BOIUTCS M3 BO30OHOBIIS-
€MOT0 CHIPBSI PACTUTEIHFHOTO TPOHCX OKICHHS.

CuHTe3 JaKTHIa U3 BOTHOTO PacTBOpPa MOJIOYHOH KHCIOTHI B MPUCYTCTBUH
KaTam3aTopoB (MeTayuisl (0JI0BO, IUHK), OKCUIBI IIMHKA, CypbMEI, aJIOMUAHIS,
0JIOBa, COJM M KOMIUIEKCHI METAJUIOB M MHOTHE Jpyrue [4]) 0oOBIYHO BKIHOYAET
CIIEAYIOIINE CTAAWU: KOHIIEHTPHPOBAHUE BOJAHOTO PAcTBOpA M IOJIMKOHICHCA-
st MK; cuHTe3 TaKTraa-CchIpIia; OYMNCTKA JIAKTHIA; peTeHEepais OTXOH0B.

[Iporiecc monmy4yeHus JIaKTHAa MHOTOCTAAMHHBIA W SHEPro3aTpaTHBIN, YTO
MpEIOIpENeNsieT TOCTATOYHO HU3KUU BBIXOI MPOAYKTA, OONBIINE IMOTEpH MpU
OYHCTKE JIAKTH/Ia, 00pa3oBaHMe OONBIIOTO KOINIECTBA OTXOJO0B. M3BecTHO, 4TO
BEIXOJIBI JIAKTH/IA HY’)KHOH YHCTOTHI MOTYT MEHSTHCS TONBKO IIPH OYUCTKE OT 28
10 78% [8]. Ilpu mocTaTodHO YHCTOM JaKTUIE-CHIPIIE BHIXO IIPU IMTEPEKPUCTAII-
nmu3anuu MokeT aocturath 70% u Beime [9]. IIporecc 0OBIYHO OCITOKHSETCS
MPOTEKAaHUEM IIpoIlecca pareManuil H30MEPOB MOJOYHOW KHCIIOTHI W JIAKTHA.
[osToMy mmst yBenW4eHUsl BBIXOAA JIAKTUIA PEAKLIUIO IETOTMMEPU3AIlH OJU-
romepa MK o0bI9HO MpoBOAST B aTMOocdepe HHepTHOro rasza [10—13].

Lenps mccnenoBaHus — OLEHUTH BIMSHUE WHEPTHOW aTtMocdepsl U crmocoba
BBEICHUS ra3a Ha BBIXOJ M YHCTOTY JAKTH]A.

JKenepuMeHTAIbHAS YaCTh

MOoneKyIsSIpHYI0 Maccy OJMroMepoB MosiouHoi kuciotel (OMK) onpenensum
Ha reyb-ipoHuKaromeM xpomarorpade Agilent Technologies 1260 Infinity ¢ pe-
(pakromeTpudeckiuM aerekTopoM (koonka GPC/SEC — ctuporenb, UTHHA
300 MM, BHYTpEHHUI auameTp 7,5 MM, CKOPOCTh JJItoeHTa — 1 Mit/c, KanOpoBKa
M0 CTaHJapTaM IOJMCTUPOJia M3BECTHOH MOJEKYJISApHOW Macchl). ComepixaHue
MOJIOYHOH KHCIIOTHI U JIAKTHA B OTOOPaHHBIX (DPaKIHIX OMPEAEIUIN Ha BEICOKO-
3¢ deKkTHBHOM X)HIKOCTHOM Xxpomarorpade Young Lin ClarityYLL9100, ocHa-
mieHHoM KoioHkor Tracer 120 ODS-A C18 (250%4,6) MM ¢ pa3MepoM YacTHI]
5 MxM 1 YO-nerexktopom (ycioBus aHaiu3a: paboyast umHa BoHb 200 HM, 00b-
€M BBOJMMOH o0kl 20 MKJI, TemIiepaTypa TepMoctaTta kKoioHku 25°C). Temrre-
paTypy IUIABJICHHS ONpenelsuii Ha mpuoope MeltingPointM-560.

B pabore umcmomp3oBanack 80%-Has L-MonmowHas KHCIOTa MPOHU3BOACTBA
PURAC (Mcnanus). KonnentpupoBanue u moryuaeaue OMK (30 M) nmpoBou-
JI0Ch Ha poTropHO-BakyyMHOM ucnaputene Heidolph Hei-VAP npu remnepatype
150°C, ckopocty BparieHus kKoyosl 60 00./MuH 1 paspexkenuun 30—50 mbap. Ye-
pe3 1,5 4 B peakIoHHY0 Maccy J1o0aBisuics katanuzaTop (ZnO) B KOJIMYECTBE
1,5% ot maccer omuromepa MK. O6mee Bpems mporecca coctaBmiio 240 MuH.
[ocite oxOHYAHUS MpoLecca ONUTOMEPH3ANN MOJIOYHON KHCIOTHI 0TOHpaach
mpoba olmuroMepa sl OIpeNeNIeHIsI €r0 MOJEKYISIPHOM MacCHI.

CuHTe3 NaKTUAA-CHIpIa OCYIIECTBISUIM Ha JTa0OpaTOPHOH YCTaHOBKE IS
BaKyyMHOM TIEPErOHKH C BO3AYIIHBIM XONOMIIEHIKOM. [Iporece mpoBoamics ¢
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ncronb3oBanueM snekrpomarautHod memankn [IKAC-MAGHS 7, mns co3nma-
HUS 1 TIOACPKaHNS HY)KHOTO 3HAYCHHS BaKyyMa B YCTaHOBKE MCITONIB30Bajach
BakyyMHas cranius Vacuubrand PC 3001 VARIO. Ot6Gupanucek dhpakimm, Ku-
msne mpu temmnepatype mapoB 120—180°C u npu BEIOpaHHOM 3HAYCHHWH pas-
pekenus B uHTepBaiie 5—10 MOap. [Ipomecc nemonmmMepu3anyu gares 1-2,5 4.
[NoxydeHHBII NaKTHI-CHIPEN] OBUT OYHINEH METOAOM IEePEeKPHUCTAIUIN3AINH W3
stuiamnerara [7].

A3OT TOTyJalii ¢ TIOMOIIBI0 TeHepaTopa azora I'A-200, koTopsIii odbecnedn-
BaeT OOBEMHYIO JIOIIO a30Ta He MeHee 99,6% 00., a mpuMecH comepkat KHACIO-
pox (mo 0,4%), aproH, HEeoH, remuii. AProH HCIONB30BAN M3 CTaHIAPTHBIX
6ammonoB (TY 6-21-12-94).

Pe3yabTarhl 1 uxX 00Cy:KaeHHNE

Craauu koHteHTprpoBanus MK u momyuenus onuromepa MK o0bI9HO TIpO-
TEKAIOT JOCTATOYHO TJIAJIKO M C XOPOIIUM BBIXOJOM [6].

Cunres naktuga 3 OMK oclioxHsieTcst BRICOKOW TeMIIepaTypoid, UCTI0Ib30-
BaHHEM BaKyyMa M COBMEIICHHEM XHUMHYECKOW pEaKINH C IUCTHIUIAIHICH.
Hanwmuue xucnopona HaJl peaKIIMOHHON Maccoil 0OBIYHO TPUBOIUT K YMEHbIIIC-
HUIO BBIXOJa JAKTHA U MOIYICHHUIO Ooiee TPs3HOro IPOIyKTa.

[ToaTomy Ass penieHns MOCTABICHHOM 3a/1audl CHHTE3 OJIMTOMEpa MOJIOYHOMN
KHCJIOTBI W JIAKTHJA-ChIpIa TPOBOAMIN 0€3 HHEPTHOH cpenbl (BO3MyX) W B
WHEPTHOM Cpejie a30Ta U aproHa.

B Ttabn. 1 mpuBemeHBI SKCIIEpUMEHTANBHBIC NaHHBIC CHHTE3a JaKTHIa-
CBIpIIa U3 OJIUTOMEPAa MOJIOYHOM KHCIOTHI B MPHCYTCTBHH a30Ta, aproHa U ero
OUYHUCTKH.

Taonuia 1
Pe3ysibTaThl CHHTE3a JAKTH/IA-CHIPIA U €10 0YUCTKH

1 JlakTun-ceipeny

aKTU/I-ChIper]

l"a3oBas cpena 10CJIe TEPEKPUCTAIITU3ALNU
w, % THJ‘I., °C Wi, % THJ‘I.la °C

Atmochepa 62-65 88 28 90

Apron 67-70 91 35 93

Asor 72-74 86 41 91

Ilpumeuanue. w — BbIXOJ NakTHAa-cbipua, %; T, — TeMmmeparypa IUIaBICHUsS JaKTHIA-
ceipia, °C; wi — BBIXOJl JIAKTHA TOCIIe IePBON NepeKkpucTamm3aniu, %; T, | — Temmnepary-
pa mIaBJIeHUs JIAKTH/IA [TOCIe TIEPBOi nepekpucraumsanyy, °C.

W3 Tabn. 1 BUAHO, YTO UCIONB30BAHHE B KAYECTBE MHEPTHOW aTMOCHEpPhI
a30Ta M aproHa IPUBOIWT K YBEIHMUYEHHIO BBHIXOJA M YHCTOTHI JAKTUAA-CHIPIIA.
UwmcToTy NakTHAa ChIpiia B JaHHOM CIydae OICHHWBAIH MO TeMIIeparype IUiaB-
JICHUS.

Tepmuaeckast nenonumepn3anus OMK B makTtum mpoTrekaeT mpu BBICOKOH
TEMIIEpaType W B JOCTATOYHO BS3KOW Cpelie, YTO CYHICCTBEHHO OCIOXKHSET
YCIIOBUS TEIUIOMACCOIIEPEHOCca B PEaKIIMOHHON Macce M MPUBOINT K YMEHBIIIC-
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HUIO BBIXO/A JakTuza. s pemenns 3Toit mpobieMbl paHee OBUIO IPeTOKEHO
0apOOTHPOBATh WHEPTHBIA Ta3 WM maphl napaduHoB yepe3 paciuiae OMK B
MPUCYTCTBUN COCIUHEHUH OJIOBa KakK IPH HOPMAaJbHOM, TaK W MpPU MTOHWKEH-
HoM naBiieHur [10—13]. B kadecTBe Takoro razoo0pa3HOro BemiecTBa OOBIYHO
HCIIONIB3YIOT a30T M3-3a €r0 MHEPTHOCTH W JIETKOH MOCTYIMHOCTH. XOTs, KpoMe
9THX Ta30B, PEKOMEHIOBAaHO HCIIONB30BATh TAKXKE OKCHIBI YIJIEpoja, aleToH,
Toiyon u napadunsl [10, 12].

Tt omneHKH 3¢ (GEeKTUBHOCTH 0apOoTaka WHEPTHOI'O0 Ta3a ObUI IMOTydeH
OMK, xoropslii anee ObUT pa3zielicH Ha TPH paBHBIC YacTH, UCIIOIB30BAHHBIC
UL CHHTE3a JIAKTHA-ChIpIa (0e3 MHepTHOW Cpenbl, B MHEPTHOU cpele a30Ta H
npu 0apOOTake a30TOM PEAKIIMOHHOW MAcChl) MPH MOHWKCHHOM JaBJICHUU C
OLIEHKOHM oMM (PpaKmuii, MOTydaeMbIX TPH CHHTE3€ W OTTOHKE JIAKTHA-CHIpIIa
0 paHee onucaHHoN MeToauke [7] (Tabi. 2). MojekyispHas Macca OJiuroMepa
MK, npuBenéunoro B Tabn. 2, OblIa onpeseicHa Ha rellb-IIPOHUKAIOIIEM Xpo-
Matorpade u paBHa 448 T/MOJIb.

Tabnuma 2
JlaHHbBIE 0 CHHTE3Y JAKTHIA-CHIPIA B PA3JIMYHbIX Fa30BbIX Cpegax

[Tapametp bes uneptHoii cpeapl | HepTHas cpena — a3o0T Bapborax azorom
Temmneparypa
napoB dpax- | o 120 112 50(; 150-170|do 120 1125%7 1157%7 Jlo 120 112 50(; 1157%7
uu, °C
Becpac- | g | 18 | 44 [ 129 [ 16| - | 114 | 152 | 26
uH, T
Beixomt |35 1 49 18 | 53 | 47 39 | 52 9

bpaxuuid, %
Tuy cbipua, | Onu-
°C romep
Conepxanue
MK B nakTu-
Jie-ChIplLe,
% macc.
Bec dpakimun
mociie 2,7 7,1 11,1
OYHCTKH, T

87-92 | 85-100 | 79-85 | 87-88 - 79-81 | 90-93 | 81-90

26,0 4,4 14,8 67,1 | 13,2 - 88,0 10,7 13,5

Hazmo orMetnTh, 9TO BO BCEX ITHUX CIy4asx MUCTHIULIINHU MPOXYKTOB KaTa-
mutnyeckor npenonumepmn3annun OMK oTcyTcTByeT mMmocienoBaTenbHOCTh OT-
TOHKH BEIIECTB IT0 TEMIIEpaTypaM KHUIIEHIS IPU TaHHOM 3HAUYEHHH BaKyyMa.

Hampumep, L — monounas xucinora mmeeT temiiepatypy kumenwsi 82°C at
0,1 MM pt. cr. m 122°C at 14 mm pr. cT. [14]. Y Me30makTuaa B Bakyyme OT 6 10
80 MOap Temmeparypsl kutieHHs Ha 10-20°C menbire, ueM y D, L-maktuna u
npyrux n3omepoB MK [15]. A Husmme nuHelHble onuromepbl MK nmetror 60-
Jiee BEICOKYIO TEMIEpaTypy KUTICHHS [0 CPaBHEHHUIO C JIAKTUIOM. TeM He MeHee
MOJIOYHAs KUCIIOTA MPUCYTCTBYET B 3HAUUTEIHHBIX KOJMUECTBAX BO BCEX OTOH-
paeMbIX (hpakmusax. ITO CBS3aHO, BEPOITHO, C TE€M, UTO IIPH HONTYyYCHUHU JTaKTH-
Ila TapaJuIeTIbHO IIPOTEKAIOT JIBa MpoIecca: XUMHUYECKasi Peakusl KaTaJuTHue-
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ckoit aemomumepusanun OMK n usmueckuii mporecc TUCTHIUISAINN MTPOIYK-
TOB peakIuH, MpruiaeM oba IIporiecca MPOTEKAIOT IPH BBICOKOW TeMIIeparype.
Bricokast Temneparypa peakIiOHHOH MacChl CYIIECTBEHHO OCIOKHSIET IPOIeCe
mucTiunun. [lomydeHHBIe TaHHBIE CBUACTEIBCTBYIOT, YTO JIMMHUTHPYIOIICH
cTamuel oOIIero Impormecca SBISIETCS XUMUYECKash peakus. Peakmus memor-
mepuzannn OMK, BeposiTHO, MPOTEKaeT TakKe MO MOCIeAOBATEIHHO- TMapai-
JMETBHBIM MapuipyTaM, TaK Kak IIPH II0CIEIOBATEIFHOM MapIipyTe OOBITHO
HAOJIOIAI0TCS MAKCHMYMBI BBIXO/Ia TIPOMEXYTOYHBIX BEIIECTB M IMPOAYKTOB BO
BpeMeHH. [lo 3Toi mpuymHE, BEPOATHO, MOJIOYHASI KUCIOTa MPUCYTCTBYET BO
BceX (ppakmusX JUCTHIUIAIINH B OIIyTHMEIX KonndecTBax. TakuM oOpa3om, ox-
HOBPEMEHHOE COBMEIIECHIE PEAKIINH IONYyYCHUS JIAKTHA W AUCTHUIAIHAN TIPO-
IyKTOB PEaKIUH HE SBISIETCS Y(PPEKTUBHBIM IPOIECCOM C TOYKH 3PEHHS IPO-
IIECCOB Pa3leiCHIs BEIIECTB.

BapboTtupoBanue a3zora yepe3 BA3KYI0 pPeaKIMOHHYIO Maccy pacmuiaBa OMK
MO3BOJISICT YACTUYHO PEIINTH MPOOIEMy IEepeMEIIUBAaHUSI W CBOEBPEMEHHOTO
yIaneHus: 00pa3yIomerocs JakTuAa U IMOO0YHBIX IIPOAYKTOB U3 30HBI PEaKIIHH,
9TO OLIYTHMO YBEIMYMBAECT BBIXOA M UHCTOTY IIOJNYyYaeMOro IPOIYKTa, Kak
BHIHO W3 JaHHBIX, IPUBEICHHBIX B Ta0II. 2.

3akiroueHne

[TokaszaHo, 9TO HCIIONTH30BAHIE HHEPTHOH Cpebl (a30T, aprOH) YBEITHIHBAET
BEIXOJ] U YMCTOTY JAaKTUOA-ChIpHa. bapOoTax WHEPTHOro rasa depes pacIuiaB
OJIUrOMepa MOJIOYHOW KUCIIOTHI IPUBOIUT K CYLIECTBEHHOMY YBEIUYEHHIO BbI-
X0Za JaKTHAa U €ro YUCTOTHI.
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THE LACTID SYNTHESIS IN THE INERT ATMOSPHERE

The process of L-lactide production was investigated. L-Lactide through the ring-
opening polymerization gives polylactide used for processing of various
biocompatible absorbable medical products and environmental packaging.

Lactide synthesis includes the following stages: concentrating the lactic acid
(LA); LA polycondensation in the presence of ZnO catalyst; raw- lactide synthesis;
lactide purification, waste disposal.

To increase the lactide yield the reaction of lactide obtaining is usually carried
out in an inert gas atmosphere. Therefore, it was interesting to assess the impact of
the inert medium and gas injection method on the lactide yield and purity.

The stages of 30 ml LA PURAC concentration and LA oligomer obtain were
combined and carried out on the rotary vacuum evaporator Heidolph Hei-VAP. The
process was conducted at a temperature of 150°C, flask rotational speed on the rotary
vacuum evaporator 60 rpm, and vacuum of 30-50 mbar. The process time was
240 minutes.

The molecular weight of the LA oligomer was determined in a chloroform solution
using gel — permeation chromatography (Agilent Technologies 1260 Infinity,
calibrated by polystyrene standards).

Raw-lactide synthesis was performed on a laboratory set for vacuum distillation
under vacuum of 5—10 mbar. The process was carried out using an air condenser,
electromagnetic stirrer IKAC-MAGHS 7 and vacuum station Vacuubrand PC 3001
VARIO. The fractions boiling at a vapor temperature of 100—180°C were samled.
Depolymerization process lasted 1-2,5 hours. LA oligomer and raw-lactide obtaining
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was conducted under the following conditions: with no inert medium (air), in an inert
atmosphere of nitrogen or argon, and also under reaction mixture bubling with an
inert gas.

Raw-lactide obtained from the LA was purified by recrystallization from dried
ethyl acetate.

Nitrogen was prepared by the nitrogen generator NG-200, which provides a
volume fraction of nitrogen not less than 99.6% of volume. Impurities contain oxygen
(0.4%), argon, neon and helium. Argon was used from cylinders (TU 6-21-12-94).

Analysis of the feedstock and product identification was carried out by differential
thermal analysis (2n/DSC/DTA), high performance liquid chromatography (Young
Lin Clarity YL9100 chromatography), melting temperature (Melting Point M-560)
and infrared-spectroscopy (IR-Fourier spectrometer Nicolet 5700).

To solve the objected problem it LA oligomer was obtained by described method
in a nitrogen atmosphere. Oligomer was divided into three equal parts, used for the
raw-lactide synthesis (without an inert medium, in an inert atmosphere of nitrogen
and while bubbling the reaction mass with nitrogen) under reduced pressure with the
qualitative and quantitative evaluation of the obtained fractions.

It was shown that the use of an inert environment (nitrogen, argon) increases the
raw-lactide purity and raw-lactide yield on 5-8%. Bubbling the inert gas through the
LA oligomer melt leads to a substantial increase in the raw-lactide yield and purity.

Keywords: biodegradable polymer; lactic acid; lactic acid oligomer, lactide;
synthesis of lactide; inert medium.
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ITOJIE3HASA HH®OPMALIMA U MEPOITPUATUA
DOL: 10.17223/24135542/1/11

IenTp npeBocxoacTea —
IenTp uccaenoBanuii B 00J1aCTH MATEPUATI0B U TEXHOJIOTUIi

B 2015 r. B ToMckoM rocymapCTBEHHOM YHHBEPCHTETE OTKpHIT LleHTp mpeBoc-
xoxactBa — LleHTp mccnemoBanuil B o0acTi MaTepuaiioB U TexHonormid. [Ipemcema-
tenem Coseta Llentpa sBnsercs akamemuk B.H. ITapmon. {upexropom LlenTpa sB-
JISIETCST TOKTOP (DH3UKO-MaTeMaTHIECKUX HayK, mpodeccop kadenpsl GU3ndeckoi u
kotonaHoit xumuun TI'Y NLA. Kyp3una.

enpro cozmanus LleHTpa sBusiercs obecnedeHrne MUPOBOTO YPOBHS 00pa3oBa-
TEJIbHOW U HAYYHOH JeATE€IbHOCTH TOMCKOIrO rocyJapCTBEHHOTO YHUBEPCHUTETA B
00JIacTH TEXHOJOTHH IMONTYYeHUsT HOBBIX (DYHKIMOHAIBHBIX M KOHCTPYKIHOHHBIX
MaTepHaNIoB, UX U3y4EHHS COBMECTHO C BEAYIIUMH HAayYHBIMH OPTAaHH3ALMSIMH U
CETEBBIMU HAYYHBIMH OOBEIUHEHHAMH C IIPUBJICIEHHEM K PYKOBOJICTBY KITIOUEBBIX
MHOCTPAHHBIX U POCCUHCKUX YICHBIX.

B ocHoBHBIE 3amaun LleHTpa BXOIAT NMOATOTOBKA KaJApOB Ha 0a3e XUMHUYE-
cKoro, (uszuueckoro u ¢usznko-texuuueckux daxyiapreroB TT'Y mns dyHkumo-
HUPOBAHHUS U Pa3BUTHUS MHHOBAIIMOHHOW MHQPACTPYKTYPHl YHUBEPCUTETA; Opra-
HU3aIMA U COIIPOBOXKJICHHE MEXTYHAPOIHBIX CETEBBIX HCCIENOBATENBCKUX MPO-
€KTOB COBMECTHO C BEAYIIUMH 3apyOeXHBIMU M POCCHICKUMHU YHHBEPCUTETAMHU
U Hay9YHBIMH OPTAaHM3AIMSIMH, B TOM YHCJIE MO PYKOBOJICTBOM IPHUIJIANIEHHBIX
Y4EHBIX, a TAK)KE KOOpAMHALMS H3JaHUs HaydHoro xypHamna TI'Y «BectHuk
TI'Y. XuMmus» u OCBelIeHHE KIFOYEBBIX PE3yIbTATOB HAYYHOH M 00pa3oBaTelb-
HOM JEATENIbHOCTHU LIEHTPA.

B pamkax LlenTpa npeanonaraercs: MpoBEACHUE HAYYHBIX UCCIEIOBAHUN IO Te-
MaTuke LleHTpa ¢ yd4eToM NMPHOPUTETHBIX MEXIYHAPOAHBIX U POCCUICKHUX HArpaB-
NeHui (pyHIaMEeHTaIbHBIX U IPHUKIAIHBIX UCCIEAO0BAHHUH, PE3YIbTaTOB OTPACIEBBIX
MIPOrHO30B HAYYHO-TEXHOJIOTNYECKOr0 Pa3BUTHI.
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Ilonesnaa ungpopmayus u meponpuamus

Centre of excellence — Centre of research in the field
of materials and technologies

In 2015 a new Centre — «Centre of research in the field of materials and technol-
ogies» was opened in Tomsk State University The Chairman of the Council is acad-
emician V.N. Parmon.

The aim of creation and activity of the Centre is provision of the world level of
the educational and research activity of Tomsk State University in the field of tech-
nologies of new functional and constructive materials obtainment, its research joint-
ly with the leading research organizations and network research consortiums involv-
ing into the leadership the key foreign and Russian scientists.

The main tasks of the Centre are training of specialists on the base of Chemi-
cal, Physics and Physics-Technical faculties of TSU for functioning and devel-
opment of the university innovation infrastructure; organization and support of
international network research projects jointly with the leading Russian and for-
eign universities and research organizations, including projects, supervised by
invited scientists.

The Centre is supposed to conduct researches in its subject areas including the
priority international and Russian areas of fundamental and applied researches, tak-
ing into account results of industry sector forecasts of scientific-technological devel-
opment.
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ToMckHil pernoHAJbHBIN HEHTP
KOJUIEKTUBHOI'0 M0JIb30BAHUS
ToMCKOro rocyiapcTBeHHOIr0 yHMBEpPCHTETA

ToMcknid pernOHANBHBINA IIEHTP KOJUIEKTUBHOTO nonb3oBanus (TPIIKII) co-
3maH B 2006 T. Kak BeAylnas dKcreprHas miomanka Poccun. OH obnanaer yHu-
KaJIbHOW MaTepualbHO-TEXHUYECKOH 0a30i W TpUBJIEKacT K paboTe BBICOKO-
KJIACCHBIX CICIMAINCTOB U OKa3aHUS BBICOKOKAYECTBEHHBIX HCCIIEIOBATEIh-
CKUX YCIIYT TI0 CIECAYIOIINM HaIllpaBJICHUSIM:

» MaTtepunanoBegeHue;

> BbICOKOMNPOW3BOAUTESbHbIE BbIYMCIEHNS Ha KnacTepe;

» reonorus;

» nccnegoBaHne MoHocdepbl;

» MukKpoburonorus;

» HaHobGe30MacHOCTb;

» pagnonsMepeHuns;

» (OUBNKO-XMMUNYECKNIN aHanmn3.

Crernanuctsl TPIIKIT mMer0T BRICOKYIO KBATA(UKAIIHIO IO MPOBEACHHUIO He-
CTaHIAPTHBIX BHUIOB FICCIICIOBAHMS M aHANM3a PAa3IMIHBIX BEIIECTB M MaTepHa-
JIOB, 3aHUMAFOTCS pa3paOO0TKON M CTaHJapTH3aUCH METOMUK (METOIOB) H3Mepe-
HU, IMEIOT OOJIBIION OIBIT IO OIEHKE OM00E30IMacCHOCTH MaTEePHAIIOB U T.JI.

Kommannu v HaydHBIE KOJUIEKTHBBI MOTYT ITPOBECTH WCIBITAHHUS 0Opas3loB
Beniects u MarepuaioB B TPIIKII. IloapoGHyro uHpopMamuio o0 ycmyrax
MOJKHO y3HaTh Ha caiite: http://ckp.tsu.ru

[Tomumo HaywHO-HccnenoBaTelibekoil pabotel B TPLIKIT opranm3oBana 06-
pa3oBaTeNbHasT NESATENBHOCTh C HCIONB30BAHHMEM COBPEMEHHBIX HCCIIEIOBA-
TENIECKIX KOMILICKCOB, OTBEUAIOMINX MHUPOBBIM CTAaHIAPTAM 10 TEXHHYECKUM U
SKCIUTYyaTallMOHHBIM XapaKTEepHCTUKAaM MpuOOpHOro mapka. OpraHu30BaHBI
KypCHl TIOBBHIIICHHUS KBAJTU(HUKANK OINEPaTOpOB OOOPYHOBAaHUS MO 3asBKaM
npeanpustaid. 11o uroraMm o0ydeHHs BBITAIOTCS YIOCTOBEPEHUS TOCYIapPCTBEH-
HOro o0pasiia itk cepTU(UKAT orepaTopa 000PyIOBaHUS.
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Tomsk common use center
National Research Tomsk State University

Tomsk common use center was established in 2006.

Tomsk common use center (TCUC) is the leading expert platform in Russia,
has a unique material and technical base and enlists the services of highly skilled
professionals.

On the basis of the TCUC the research is carried out and services are provid-
ed in the following directions:

» materials science;

» high-performance cluster computations;

» geologicy;

» ionosphere studies;

» microbiology;

» nano-safety;

» radio metering;

» physical-chemical analysis.

Specialists at the TCUC have outstanding professional skills in substandard
methods to investigate and analyze various materials, practice in development
and standardizing measurement procedure.

Anyone can do the order http://ckp.tsu.ru

In parallel the research activity, Tomsk common use center realize educative
action and professional courses. You can upgrade you specialist skills in Tomsk

common use center.
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5-1 MexayHapoaHasi HAy4Hasi KOH(epeHuus
«HoBble onepaTuBHbIE TEXHOJIOTHUY,
MOCBSILIEHHAS] AMSTH BEJUKOI0 YYeHOI'0
u xupypra U.JI. Kupnarosckoro

WWW.Nnewot.org

29-30 cenrsopst 2015 r. HarmonanwsHabIN HCCTe-
noBaTenbckuii TOMCKHIT TOCYIapCTBEHHBI YHHUBEP-
CUTET COBMECTHO ¢ Poccuiickum yHUBEPCUTETOM
IpyXOBI HAPOIOB, JlermapTaMeHTOM 3IpaBOOX paHEHHSI
AnmuHucTpanid ToMcKoi 00JacTH, ABTOHOMHOMN
HEKOMMEPYECKOn opraHuzanuen «Hayuno-
HCCIIEIOBATENIBCKAI ~ MHCTUTYT  MHKPOXHPYPTHID)
(AHO «HWHM Mukpoxupypruu») 1 HEKOMMEPUYECKHM
naptHepcTBoM «TexHonmorndeckas miatdopma «Me-
JUITHA OYAYIIEroy» MPOBOJAT S-F0 MeXIyHapOIHYIO
COBMECTHYIO Hay4dHyI0 KoH(epeHmmioo «HoBrble ome-
paTUBHBIC TEXHOJIOTHHY, MOCBAIMICHHYIO MaMsITH Be-
nukoro yueHoro u xupypra U.J1. Kupmarosckoro.

BriepBrie Haygnas koH(pepeHnns «HoBBIe orepaTHBHBIC TEXHOIOTHI» ObLIa
nposeneHa B Mockse B 2002 r. mo nHANIHATUBE WieHa-KoppecnonaeHTa PAMH,
npodeccopa PYJIH N.J. Kupmarosckoro. Bece mocnenyromue KoH(pEpEeHITUN
pu oaepkke mpocgeccopa . J1. KupmaroBckoro mpoxoaniu B r. ToMcke.

B pamkax KoH(epeHINH IUIaHAPYETCs OOCYIHUTH PE3yIbTaThl MEKAWCITH-
IUTMHAPHBIX HAYYHBIX MCCIICIOBAHUH, CO3IAaHIE HOBBIX TEXHOJOTWH W WX HpPH-
MEHEHHUE TI0 CIEeNYIOMNM HalpaBIICHUsIM: OyIyIiee MEIUIMHBI, POOOTOXHPYP-
THsI M WHTEIUIEKTYalbHBIE MEIUIMHCKHAE CHCTEMBI, IDIACTHYECKas W PEKOH-
CTPYKTHUBHAsl XHUPYPTHUsi, percHepalioHHAs MEIUIMHA U BOCCTAHOBHTEIHHAS
XHPYPrus, SHIOCKONUYECKass XUPYPrusl; TPAaHCIUIAHTAIMOHHAS XUPYPTH, XH-
pypruueckas aHaponorus. Bee 5TH HampaBleHHs BO MHOTOM 3aBHCST OT pa3BH-
THS (pyHIAMEHTAIBHBIX OCHOB HOBBIX IEPEIOBBIX TEXHOIOTHI B OOJIACTH CO-
30aHHUS HOBBIX MAaTEPHANIOB W MEIUIMHCKIX H3IEIHH, MEAUITUHCKOW BHU3yalIH-
3allMd, TPUKIAAHOH pPOOOTOTEXHUKH, TKaHEBOH WHkeHepud. KoHdepeHIs
IUTaHUpYeTCsl KaK AWCKYCCHOHHAs IUIOMAAKA U IPEACTaBUTENCH MpaKTHIe-
CKOW MEIUIMHBI M YUEHBIX, CIICIHAIH3UPYIOMNXCS B 00JacTH (PpyHIaMEHTAb-
HBIX U MIPAKJIQIHBIX OMOMEIUINHCKIX ACCIICIOBAHMUM.
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5-th International Scientific Conference
«New Operational Technologies» dedicated to the memory
of the great Russian scientist and surgeon Igor D. Kirpatovskii

WWW.newot.org

September 29-30, 2015. Tomsk (Russia). In 2015, the 5th International
Scientific Conference «New Operational Technologies» dedicated to the
memory of the great Russian scientist and surgeon Igor D. Kirpatovskii will be
organized by National Research Tomsk State University (Tomsk), People’s
Friendship University of Russia (Moscow), Department of Health of the Admin-
istration of Tomsk Region, Non-profit organization «Scientific Research Insti-
tute of Microsurgery» (Tomsk), Non-profit partnership «Technology Platform
«Medicine of the Future» (Tomsk). In 2002 in Moscow, professor Igor D. Kir-
patovskii initiated the tradition of organizing annual scientific conferences
«New operational technologies». The following ones were supported by the pro-
fessor and held in Tomsk. The conference will provide a focused discussion on
the results of interdisciplinary research, the creation of new technologies and
their application in the following areas:

* The Future of Medicine; Robotic Surgery and Intelligent Medical Systems;

* Plastic and Reconstructive Surgery; Regenerative Medicine and Recon-
structive Surgery;

* Endoscopic surgery; Transplant Surgery; Surgical Andrology.
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