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3yyeHne BbICOKOYACTOTHbLIX curHanos (o 11 kl'y)
reoakyCTM4eCckon aMNCCcumn NpeaLLecTBYOWMNX CUNbHBLIM
3emrieTpsaceHnam (aHepreTudeckmin kracc K > 9-10)

I'opauenko T. B. (1), l'opauenko B. A. (1), llleBuos b. M. (2),
Mapanysen FO. B. (2)

1. MockoBcKkun rocyaapCcTBeHHbIN yHuBepcuTteT umeHn M.B. JTomoHocoBa,
domsnvecknmn pakynoteT

2. IHCTUTYT KOCMOMU3NYECKNX UCCNegoBaHNn N pacnpoCcTpaHeHuss paanuoBOSTH
(MKWP) OanbHeBoCTOYHOro otaeneHus Poccunckon Akagemmm Hayk

IIpenckazanue 3eMIIETPSICEHUI OHA U3 aKTyaJbHEHIINX COBPEMEHHBIX MPOOJIEM.
Pesynbrarel uccienoBanmii, kotopble HauumHas ¢ 2003 1. mpoBomATcs HaMu B
CEHCMOAKTUBHOM 30HE ImomyocTpoBa Kamuarka, IIO3BOJAIOT HANEATHCA, 4YTO JUIA
OTIPENIETICHHBIX PailOHOB 3Ta MpolieMa MOXKET OBITh perieHa. Mbl 0OHApYKUIIM HOBBIN
3 (deKT, — CylecTBOBaHUE aHOMAaJIMi BBICOKOYACTOTHHIX (4-11 k[') reoakycTudecKux
IIyMOB, OOYCJIOBJICHHBIX HAINPSDKEHUSIMH, BO3HMKAIOIIMMHU IPHU TOATOTOBKE CHIIBHBIX
CEHCMUYECKUX COOBITHM, W BBICTYNAIOLIUMX B KAayeCTBE ONEPATUBHBIX IPEIBECTHUKOB
roToBsiierocs 3emiierpsiceHus. [lon anoManusaMu Mbl TOHMMAEM IOBBIIIEHNUE HA 1BA-TPH
HOpsiAKA 4aCTOThI CJIE0BAaHMUS UMITYJICOB CUTHAJIOB reoakycTtudeckoil amuccun (I'AD) B
BBIOpAaHHOM YaCTOTHOM JHAala30HE 3allOJHEHHMsI 3TUX HMMITyJabcoB. o Hammx pabor,
CEpbE3HBIX HCCIeN0oBaHU curHanoB ['AD B yka3aHHOM 4YacTOTHOM JHala3oHE He

OpOBOAMIOCH,  T.K.  3Ta  4YacTOTHas  oOJacTb  TPAAMLMOHHO  CYMTAJIACh
MaJIONH(OPMATUBHON B CBA3HM C CHJIBHBIM 3aTyXaHHWEM BBICOKOYACTOTHBIX CHTHAJIOB B
rpyHre [1].

CornacHO TMOJNy4eHHBIM HAaMM CTAaTUCTUYECKUM JaHHBIM IIOYTH JUISI COTHHU
ceficMMuecKUx CcoObITHH, 00pa3oBaHHE KpPYNHBIX TPEIIMH C HHU3KOYAaCTOTHBIM
3all0JIHEHUEM UMITYJIbCHBIX CHUTHajnoB [AD (cuuraercs, 4TO pa3Mep TpELIMHbI 7
U3MEHsAETCs OOparHO MpPONOPLHMOHATIBHO YacTOTE 3alOJHEHUS HMITyJbCa U TMpU €€
3HayeHUn f=3 k[l cocraBnser Mo ouneHkaM [2] oxono 1.m), nOpeaBapsrouUIrx
3eMJIeTpsiCEHHEe — COOBITHE OTHOCHTEIBHO pEIKoe, B TO BpeMs Kak aHOMaJbHOE
YBEJIMUYEHUE YUCIIAa O0Pa3yIOIIUXCs TPEIIMH U Pa3IOMOB C M3Iy4yeHUEM curhaioB ['AD,
MMEIOIINX YacToTy 3amojHeHus Ooinee 5 kI'1p Habmomanoch Hamu Oosee uem st 75%
coObITUI ¢ 3HepreTnyeckuM KiaccoM Kg>9-10. Ilpu 3TOM OTCyTCTBHE perucrpaunuu
BBICOKOYACTOTHBIX CHTHAJOB 3allONHEHHs] JUISI OCTajJbHBIX COOBITHM B TOYKax
HAONMIOIEHUI BO3MOXKHO CBSI3aHO JIMIIb C HAJIMYUEM paA3JIOMOB MEXAY TOYKOU
HAOMIONCHUS U SIULEHTPOM 3eMJIeTpsceHHsl. Tak 4YTO YBEJIMYEHHE Yucia MPUEMHBIX
CUCTEM M MPOCTPAHCTBEHHOE HX Pa3HECEHUE, BO3MOXHO, ITO3BOJIUT CYIIECTBEHHO
YBEJIMYHUTDH MPOIECHT HAOMIONEHUS TAKUX aHOMaIHid curHainoB [AD.

[Ipumep nposBIeHUS OMHOW M3 XapakTEepHbIX aHOMaIMil [AD B pa3inuyHBIX
YaCTOTHBIX Juana3oHax npuseneH Ha puc. 1. IlosBieHne aHOManbHBIX LIYMOB
IPOUCXOJUT, KaK INPaBWJIO, NPUMEPHO B CYTOYHOM BpPEMEHHOM HHTEpPBAJE IEpeN
CUJIbHBIMHU CEUCMUYECKHUMH COOBITUSIMH C OJHEpreTuueckuMm kiaccom Kg>9-10.
[TponomKUTETEHOCTS AHOMAJIMI BAPBUPYETCS OT JECATKOB MUHYT IO HECKOJIBKUX YaCOB.

N3-3a cuinbHOrO 3aryXxaHusi B TPYHTE 3TH PETUCTPUPYEMbIE IIPUEMHOM CHUCTEMOU
BBICOKOYACTOTHBIC CHTHAJIBI HE MOTYT T€HEPHPOBATHCS B 30HE CYOITyKITUH TOTOBSIIIETOCS
3emueTpsaceHus. Ilo cymiecTBy OHM SBISIOTCS BTOPUYHBIMH 3(P(EeKTamMu MOATOTOBKH

3eMJIETPSICEHU U 00YCIOBJICHBI TPEIMHOOOpa30oBaHUEM TOJ AeicTBUEM AedopMaiuit
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[1], KOTOpBIE PacHpOCTPAHSAIOTCS M3 o4ara 3eMJIETPACEHUS] U CO3[Ar0T BOJIM3M ITyHKTOB
HAONIOCHUI B SIUIEHTPAJIbHON 00JacTH CABHUTOBBIE HAINPSIKEHUS, ONpPEAEISIoNIne
NPEUMYIIECTBEHHYI0  OpHeHTanuio  TpemuH. Kak  cieicTBue, — MOsBIsETCS
HaIpaBJICHHOCTh KOJIEOATEILHOTO JIBMXKEHHUS! YAaCTHI] CPEJIbl C MEPEHOCOM aKyCTHYECKOU
SHEPrUU B HAINPABICHUM OT 30HbI CYOIyKUMH M Odara TOTOBSAIIEroCs 3€MIIETPSCEHUS.
JlanbHOCTh pachpocTpaHeHUs O0JIaCTH TPEIIMHOOOPa30BaHUsl M HAIPSKEHHOCTb
nedopManuii  omnpenensoTcs pazmepom ouara. Jns semmerpsiceHuit ¢ Kg>9-10 stum
CUTHAJbl MOTYT PErucTpupoBarbcsi Ha pacctosHusax a0 200-250 xm OoT snuueHTpa
rotoBserocst 3emietrpsicenus [2]. Tlockonbky pa3Mepbl BTOPHUYHBIX TPEUIUH OOBIYHO
CPaBHHUTEIILHO MaJjibl, BbI3BaHHBbIE HMHU YIpyrue KojieOaHus HaxoAsTcs B Oolee
BBICOKOYACTOTHOM 4YacTH CHEKTpa IO CPaBHEHUIO C BOJHAMHU, KOTOPBIE CO3JAOTCS
OCHOBHOM (pa30i CEHCMUYECKOrOo COOBITHSI M TO3TOMY BBIXOJSAT 32 TpPaHUIIbI
UCIOJIb3YEMBIX B TPAIULIMOHHON CEHCMOJIOTMH YacCTOT.

[lo xapakrepy ABMKEHMS YaCTHLl CPENbl B BOJIHE (IIOJIAPU3ALMUA BOJIHBI) MOYKHO
OCYILIECTBJIATh  JIOKAIMIO  OOJacTell  MOATOTOBKU  CEUCMHYECKUX  COOBITUHA B
TOPU30HTAIBHOM MJIOCKOCTHU. {7151 3TOrO TpeOyeTcsi perucTpupoBaTh XapakTep JBHKEHUS
YacTHI[ Cpelbl B TNPOEKIMH Ha JBa TOPU3OHTAIBHBIX B3aUMHO OPTOTOHAJIBHBIX
HarpasieHus 6e3 Kakux Obl TO HU OBIJIO aMIUTUTYIHO-(DAa30BbIX CKAKEHUH.

1. Cobones A.I'., [lonomapes A.B. ®u3nka 3emieTpsiceHuid u npeasecTHuku., M.: Hayka. 2003.
270 c.

2. Bunoepaoos C.J[. u op. ®uznueckas mpupoIa pa3pbiBa U H3IyUYCHUE CEUCMHYECKUX BOJIH//
duznueckue npoueccs B ouarax 3emiuerpscenuit. M. Hayka. 1980. C.129-140.
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Puc. 1. XapakrepHblil B UHTErpaIbHON 3HEprun curHainoB ['AD nis wacror Huxe 10 I'n u B
HEKOTOPBIX TPETHOKTABHBIX I0JI0CAX aHaJIW3a B IEpPUOJ NPOSBICHUS €€ aHOMAaJHH,
3aperucTPUpPOBaHHON Ha 03. Mukmwka nepen coobitueM 16 HOos6ps 2004 1. (Ks = 12.8).
MOoMEHT 3eMIIEeTPSICEHNUs [T0Ka3aH CTPEIIKOM.
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TOHKOMNEHOYHbIN NONIMMEPHbLIN MaTepuar, BKIoYarLwwmmn
hyHKUMOHaNbHbIE OMONOrMYecKkne KOMMNOHEHTbI: CNOCo0
Nnosly4YeHus, nepcnekTuBbl BO3MOXHOIo0 MCNOJSiIb30BaHUA

JIeMEHTBEB A.A.l, Kpaesckuii C.B.Q, KyBbIkuH I/I.B.l, MamenoB M.I[.3,
[Irymenko B.B.3, Cemenos I0.A.° , THXOHOB A.H.l, XOMyTOB I'B.

1. dusnyeckun dpakynstet, MY nmenn M.B. JlomoHocoBa
2. NHctntyT TeopeTuyeckon n JkcnepnmeHTansHom Punamku
3. MHCTUTYT dpunaunko-xummndeckon buonorum um. A.H.benosepckoro, MI'Y nmenn M.B.
JlomoHocoBa

MexaHu3Mbl M OCOOCHHOCTH TIIOJIy4E€HUS HOBBIX HAaHOCTPYKTYPHPOBAHHBIX
MaTEPHUAIIOB SABJIAIOTCS B HACTOAILEE BPEMsI IPEIMETOM MHTEHCUBHBIX UCCIIEIOBAaHUM.
OtaenpHOE BHHUMAaHHME B JTOW 00JIACTH 3acCily’)KMBAlOT THUOPUIHBIE CHCTEMBI,
BKJIIOYAIOIIINE KOMIIOHEHTBI OHMOJIOrHYECKOM IPUPOIBI, TaKue KaK
CYINpaMOJIEKyJISIpHbIE U CyOKJIETOYHbIE KOJIJIOMIAHBIE YACTHIIBI M BE3UKYJIbl. CHCTEMBI
TAKOTO poOJia CHOCOOHBI COYETaTh BBICOKYIO (PYHKUHOHAIBHYIO 3((EKTUBHOCTD
OMOJIOTUYECKUX CUCTEM CO CTAOMIBHOCTHIO M BOCIPOU3BOJMMOCTBIO CUHTETUYECKUX
MaTepHalioB.

B nHammx npenpinymux padotax [1,2] Mbl onucanu mpoueaypsl NOJYy4YEHHUS U
W3JI0KWIA  PE3yNbTaThl HCCICIOBAHUS THUOPHUIHBIX CHCTEM, COCTOSIIMX U3
OMOJIOTMYECKUX U MOJIMMEPHBIX KOMIIOHEHTOB.

B Hactosimieit pa®oTe H3M0KEHBI Pe3yJIbTaThl MCCIEIOBaHHUM, KOTOpbIE ObUIN
HamnpaBiIeHbl Ha CO3JaHHE TMOJMMEPHBIX IUIGHOK C BBICOKOM IJIOTHOCTBIO
(GYHKIIMOHAIBHBIX OMOJIOTUYECKUX KOMIIOHEHTOB. MeTo/ YepeIyromeics MoCIOWHOM
a7copOLMK, HCIMOJIb30BABIIMICS N7l TIOMYYEHHUS MOJIUAJICKTPOIUTHBIX TICHOK,
BKJTIOYAIOIINX XJIOPOIUIACTHI, M OMHMCaHHBIN B [1], 6611 MonuduupoBas. B metoauky
Obuta no0aBieHa Tmporeaypa UEHTPUPYTUPOBAHUS, COBMEIICHHAs C OTaloM
MHKYOMPOBaHUS MOJIOXKUTEIBHO 3apsKEHHOM MOJUIOKKU B CYCHEH3UU XJIOPOIIACTOB.
OctanpHble 3Tarbl HOPMUPOBAHUS MHOTOCIONHON IUJIEHKH OCTaIMCh 0€3 U3MEHEHUH.
[Inenku, moiy4eHHble NpPU MOMOLIM JAHHOM HpOIEeaypbl, MOMEIIAINCh B €MKOCTb,
conmepxkamyto Oydep. 3amuchk cnexktpoB OIIP u QuryopectieHuu mpou3BoAMIaAChH B
Te4YeHHe nepuoia He 6osee 12 yacoB ¢ MOMEHTa MPUTOTOBIIEHUS 00Pa3LIOB.

ONEeKTPOHHBIN TPAHCHOPT B TOJHMAJICKTPOJIUTHBIX TUICHKAX, COAEPIKAIINX
XJIOPOILIACThl, ObLI HCCIeAoBaH ¢ moMolibio Metona OIIP. CBeromHAyUMpPOBaHHbBIE
OKHCIUTENFHO-BOCCTAHOBUTEIbHEIE  MPEBPAIIEHNs  OKHCJIEHHBIX IIEHTPOB  Prgo
OLIEHUBAJIMChH 10 KuHeTuke curHana [ OIIP, corimacHo nmpoTokoiy, onucaHHoMmy B [3]
(cm. puc. 1). IlomyueHHbIe pe3ysbTaThl CBUAETEILCTBYIOT O TOM, YTO 3JEKTPOHHBIN
TPAHCHOPT B YBJIAJKHEHHBIX IMOJMMEPHBIX IJIEHKAX, COJAEP)KaLIUX XJIOPOIUIACTHI, HE
WHTUOUPOBaH.

®dnyopecueHus xjaopoduuia B XJIOPOIJIACTAX, BKIIOUYEHHBIX B MOJIMMEPHBIC
IJIeHKH, OblIa uccienoBana ¢ nomoibio npudopa FluorPen (“PSI” Chech Republic).
Kak BugHo w3 puc. 2, nob6aBka aumypoHa (wHrubutopa ®C-2) mpuBogmna k
YBEJIIMYEHHUIO CKOPOCTH MHAYKLUUHU (PIIyOPECLEHIIUH, YTO CBUJIETEILCTBYET O TOM, UTO
UMMOOMIIN30BaHHBIE XJIOPOIIACTHI COXPAHSIOT (POTOXUMUYECKYIO aKTUBHOCTb.
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HccnenoBanue CTpyKTypbl HNOJMMEPHBIX IUIEHOK, BKIIIOYAIOMIMX XJIOPOIUIACTHI
(Puc. 3) ObulO HPOBEAEHO C MOMOIIBIO METOAA ATOMHO-CHJIOBOM MMKPOCKOIHU
(ACM). Obpasusl ;s ACM ObUIH BBICYIIEHBI IIPU KOMHATHOM Temmeparype (20-22
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PEaKIUOHHBIX LIEHTPOB P7go
XJIOPOILIACTOB, BKJIFOUEHHBIX B
MOJINMEPHYIO IUIEHKY

Fig. 2 Kuneruka dayopectieHImm
xjopodusia B XJIOPOIJIacTax,
BKJIFOUEHHBIX B ITOJIUMEPHYIO TUIEHKY

Puc 3. ACM u3o00pa>keHus1 OJAHOTO CIIOS XJIOPOIUIACTOB, MOMYyYE€HHOT0, Ha
MMOBEPXHOCTH TTOIOKKHU U3 OB (a,b)

JlaHHBIE ~ METOA ~ MOKET  HWCIOJb30BAaThCA Uil  TOJNYYEHUS  HOBBIX
TOHKOILJICHOYHBIX KOMIIO3UTHBIX MATEpPUAIOB M TMOKPHITUH, MCHOJIb3YEMbIX B
CEHCOPHBIX, aHAIUTUYECKUX, IMATHOCTUYECKUX YCTPOICTBaX, CHCTEMaX MOHUTOPUHTA
COCTOSIHUS TUAPOCQEPHI.

[1] Dementiev A.A., Baikov A.A., Ptushenko V.V., Khomutov G.B.and Tikhonov A.N.,
Biochimica et Biophysica Acta (BBA) - Biomembranes, 2005, v. 1712, p. 9-16.

[2] HementneB A.A., CemenoB A 1O., Tuxonos A.H., XomyToB I'.b., matent P® Ne 2326898.
[3] Tikhonov A.N., Khomutov G.B., Ruuge E.K., Blumenfeld L.A., Biochim. Biophys. Acta,
1981 v.637, p.21-333.
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HoBbI MeTO4 MaTeMaTU4YeCKOro Mo4enMpoBaHNA TeYEHUN
XUAOKOCTU B NPpUBNMKEeHn Menkown oAbl

AdanacreBa M.B., bynaros O.B.

Kadenpa HenTpoHorpadum n kacdegpa matematmkm, Pusnyecknin gakynbTerT,
MI'Y nmenn M.B. JlomoHocoBa

JIBI>KEHHE HEC)KMMAeMOW YHUAKOCTH CO CBOOOJHON NOBEPXHOCTBIO B TIOJE
TSOKECTH OMUCHIBACTCS cucTeMoil nudQepeHnnaibHbIX YpaBHEHUH B YaCTHBIX
MIPOU3BOJIHBIX B TaK HA3bIBAEMOM ‘‘TIPUOJIMKEHUU MEJIKOW BOJABI’, WU YPABHEHUSIMHU
Cen-Benana [1]. Ota maTemaTuyeckass MOJI€NIb IIMUPOKO HMCIOJB3YETCS I pacuera
3a/la4y, MPEJICTABISAIOMUX OOJBIION NpaKTHUYECKU uHTepec. B uacTHOCTH, 3TO
MaTEeMaTU4YECKOE MOJEIUPOBAHUE TEUEHUH B HENIYOOKMX BOJOEMax, peKax,
BOJOXPAHUJIUIIAX, TEYEHUW BOJIU3M MOOEpEexbs MOpEed W OKEaHOB, pacyeT BOJH
IyHaMu ¥ cOpoca BOJ BOJM3HM THUAPOIIEKTPOCTAHIIMM, a TaK)K€ MHOXKECTBO APYTHX
3a/1a4, HEMOCPEACTBEHHO CBSI3aHHBIX C MPOOIEMaMH IKOJIOTHH, aTMOchepHOM HU3UKU
1 OKEaHOJIOTHH.

ITo cBoell mpupoAe ypaBHEHUsI MEJIKON BOJbI TECHO CBA3aHbI C yPaBHEHUSIMHU
JUHAMHUKW Ta3a, MO3TOMY Ui YHUCJIEHHOTO pELICHUsS YPaBHEHHM MEJIKOW BOJIbI
UCIIOJIb3YIOTCSl aJITOPUTMBI, Pa3BUTHIE U pacueTa ra3oAMHAMHYECKHX TEUEHUH,
KOTOpPBIE JJOCTATOYHO CJIOKHBI [2].

B »aroit pabore mnpemmaraercss abCONMIOTHO HOBBIA A((HEKTUBHBIM METOA
YUCJICHHOI'O pacyeTa HECTALMOHAPHBIX ypPaBHEHUN MEJIKOW BOAbl. lIpemyioxeHHbIN
METOJ1 OCHOBaH Ha CHEIMAJIbHOM BHJIE PETYJISIpU3allMi YPAaBHEHUH ra30BOil JUHAMUKHU
[3]. Ero OCHOBHBIE HOCTOMHCTBA — MPOCTOTA YHUCIECHHOW peaau3aliu, BbICOKas
CKOPOCTh CXOJMMOCTH K TOYHOMY PEIICHUI0 MPU CTYLIEHWH NPOCTPAHCTBEHHOU
CEeTKH, BO3MOXKHOCTh pacyera KoiedarenbHbIX TeueHuil. [locneanee 0ocoOeHHO BaXHO
JUIT  YHUCIICHHOTO MOJICJIMPOBAHUSl HEIITAaTHBIX CUTyalldd Ha TUIPOCTAHIUAX.
BaxxHbIMM JOCTOMHCTBAMM QJITOPUTMa SIBIIAKOTCS €ro €CTECTBEHHAs aJanTalus Ha
HECTPYKTYPUPOBAHHBIE MPOCTPAHCTBEHHBIE CETKU U BO3MOXKHOCTH €ro 3(PexkTuBHOM
peain3alii Ha COBPEMEHHBIX MHOTOINPOLIECCOPHBIX BBIYUCIUTENBHBIX KOMIUIEKCAX,
YTO MO3BOJISIET OMUCKHIBATh peajbHble KOH(PUTypalluu O€peroBoil TMHUY.

[lepBble pe3yJsbTaThl, MOJIYUYECHHbIE B JAHHOM HalpaBJICHUU, U3JIO0XKEHBI B [4] u

[5].

[1] JJanpay JI.J., JIudumn E.M. I'maponunamuka, Hayka, M., 1986.

[2] KynukoBckuit A.I'., [Toropenos H.B., CemenoB A.FO. MatemaTndeckre BOIPOCHI
YHCJICHHOTO PEIIeHUs TUIepOoINYecKUX cucTeM ypaBHeHui. Mocka, ®usmariur, 2001.

[3] Enuzaposa T.I'. KBa3zurazognHaMu4eckre ypaBHEHHS U METOJIbI pacyeTa BSI3KUX TEUEHUM.
Mocksa, Hayunsiii mup, 2007.

[4] EmmzapoBa T.I'., AdanackeBa M.B. PerynspuzoBaHHbIe YpaBHCHHS MEJIKOW BOJIBI.
Bectauk MockoBckoro ynusepcurera. Ne 1. B neuatu.

[S] Enuzaposa T.I'., bynatoB O.B. UucnenHoe mojaennpoBaHUE TEYEHUW Ta3a Ha OCHOBE
KBa3sUTHJIPOJMHAMMUYECKUX ypaBHEHHMH. BectHuk MockoBckoro ynuBepcuteta. Ne 6. B
reyaTH.
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I/IMHyJILCHl)Iﬁ paspaa HaJA NOBEPXHOCTHIO BOABI: XaPAKTCPUCTUKHU U BO3MOKHOCTH
TEXHUYCCKOro NIPpUMEHCHUS.

acnupanum Baynun J[.H., cmydenm Keac A.A.
Quzuueckuii paxyromem MI'Y um. M.B. Jlomonocosa, kageopa puzuueckoii 51eKmpoHUKu.

VMmyibCHBIE BBICOKOBOJIBTHBIE DJJICKTPUYECKHE pas3psAlbl, CO3JIaBacMble B aTMocdepe
MEXy ABYMS 3JEKTPOAAMH, OJMH W3 KOTOPHIX pa3MeUIeH HaJl MOBEPXHOCTHIO cIabompoBoAsILeH
KUJKOCTH, a BTOPOUM KOHTAKTUpyeT ¢ Hel [1-4], moryT ObITh 3¢ (EeKTUBHBI AN LENOr0 psiaa
TEXHOJIOTHYECKUX MPUMEHEHUI: SJICKTpOpa3psIHas OYHCTKA BOJbI, HMHUIIMUPOBAHHE DPEAKIIMIA B
JKUJKOCTH C MCIOJIB30BAHMEM aKTHBHBIX YacTHIl, 0Opasyrolmxcs B ra3oBoi (aze, oOpaboTka
MaTepuasa TBepJOoro 3JeKTPoja, BOCIIAMEHEHHE CKOPOCTHBIX MOTOKOB KaK Ia3000pa3HbIX, TakK U
KUJKUX YTIEBOIOPOIOB.

B Hacrosmeil paboTe NPUBOIATCS pE3yJIbTAaThl AKCIEPUMEHTANbHBIX HCCIIEIOBAaHUM
YCIIOBUHM peau3alliy UMIYJBCHOTO pa3psja HaJl MOBEPXHOCTHIO BOJBI U OMPEIEIIEHUS OCHOBHBIX
XapaKTEPUCTHK €r0 pacIpOCTPaHEHUSI.

DKCHEepUMEHTHI TTPOBOIMIIMCH HA YCTAHOBKE, CXeMa KOTOpoi npuBeneHa Ha (puc. 1). Boga
HAJIMBAJIUCh B AUAIIEKTPUUECKYIO KIOBETY, HaJl KOTOPOM pacroaraics BHICOKOBOJIBTHBIN 3JIEKTPO.T

B BU/JIE 320CTPEHHOI0 CTEPKHA. BTOpOI1 311€KTpo g pa3Melancs B BOJAE Y IPOTUBOIMOIOXKHONW CTEHKU

KIOBETEL. Pazpsin co3JaBajics i
a<hk
BBICOKOBOJIbTHBIM UMITYJIbCHBIM N
9+

TCHEePaTopoOM, BbIPa0AaTHIBAIOLIIM

UMITYJIBCBI KBa3UMPSIMOYTOJIBHOMN

dbopmbl guTenbHOCTHIO T = (10 — 800)

MKC ¥ ammuatyaoit Uy = (5 — 28) kB.

beum OTIPEICIICHBI HayaJbHbIC Puc. 1.

yClI0BUS, HE00XOIUMBIE JUISL

CYILIECTBOBaHMsI pa3psiia HaJ MOBEPXHOCTHIO BOJBI: MaJaroliasl BOJbTaMIIEpHAas XapaKTEepUCTUKA,
CYLIECTBOBAaHME MEPBUYHOIO JIMHEHHOro mpo0osi BO3MYIIHOIO MPOMEKYTKA U HaJIW4Me
HENPEPBIBHOTO JIEKTPUYECKOIO0 KOHTAKTa MEXy pa3psoM U BOJOM.

[lokazaHo, 4TO B 3aBUCMMOCTH OT HauyaJbHBIX YCJIOBUH pa3psl MOXET HOCHUTb Kak
HE3aBEpIICHHBIM, TaK U 3aBEpIICHHbIN XapakTep, IpU KOTOPOM OH JIOCTHIaeT MPOTHUBOIOJIOKHOTO
anektpoga (puc. 2). Ilpu sToM MakcuManbHas JUIMHA pa3psjia, AJOCTUTHYTash B 3KCIIEPUMEHTax
paBHa 20 cM mpH HampspkeHMM B uMmyibce 28 kB, uyto Oonee yeM Ha MOPSJOK MEHBIIE
HaNpsHKEHUs, HEOOXOMMOTO JUTsl CO3AaHuUs pa3psiia TAaKOW JITMHHBI B BO3YIITHOM IPOMEXKYTKE.

OKCIIEpUMEHTAIBHO OIPENEICHO, 4YTO OCHOBHOM XapaKTEpUCTHKOM pacnpoCTpaHEHUs
paspsaa HaJ BOJIOW ABIIAETCA BpEMs, a, CJIENOBATEIBHO, U CKOPOCTb €r0 [BIKCHHUS MEKIY

QJICKTpOAaMHU. BrIsiBJIeHBI OCHOBHBIE 3aBUCHMOCTH 3TOrO BpEMCHHU OT MHUPOKOI'o CICKTpa
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Ha4daJIbHBIX YCHOBHP’II HUMITYJIbCHOC HAIPSAXKCHUC, UINTCIBHOCTH HMITYJIbCA, PACCTOSAHUC MCKIY

SJICKTpOAaMHU, ITOJITHOC CONIPOTUBJICHHUEC BOALI U 1IP.

T=50MKC T=250MKC T=S00MKC

20 ¢cm

Puc. 2. He3aBepIeHHBIN 1 3aBeplIeHHbIN BUA paspsaa. Uo =28 kB.

boinmu paccMoTpeHbl pa3audHble METOABI OMPEACIICHUS] CKOPOCTH PAaCIIPOCTPaHEHUs pa3psia
Haj Bojo. [lomydeHHbIe pe3ybTaThl O3BOJISIOT O0Jiee AETAIbHO U3yUYUTh OCHOBHBIEC (PU3UYECKHE
MIPOLIECCHI, OMPEAEISAIONINE MEXaHU3M PAcCHpOCTpaHEHUsl pa3psiia HaJ MOBEPXHOCTHIO BOJBI WU

JIpyroi ci1abonpoBOISIICH KUAKOCTH.

Puc. 3. l'openue mieHKM OEH3WHA B MHUIIMMPOBAHHOE UMITYJILCHBIM Pa3psijioM: a - B
HETIOJIBMYKHOM BO31yXe, O — B MOTOKe mpu ckopoctu 20 m/c.

[IpuBoasATCS pe3ysbTaThl UCCIIEIOBAHUS BO3MOXKHOCTU MPUMEHEHUSI UMITYJILCHOTO pa3psizia
HaJ IOBEPXHOCTBIO BOJBI Il BOCILUIAMEHEHMS IUIEHOK YIJIEBOJOPOJIOB, HAHECEHHBIX Ha €€
noBepxHOCTh (puc. 3). M3 mony4eHHbIX 3KCIEpUMEHTAIbHBIX PE3yJibTaTOB CIEAYET, UTO J0OaBKa
OeH3MHA IIPUBOAUT K 3HAYMTEIBHOMY YBEIMYEHHUIO MHTEHCUBHOCTU CBEYEHUS Pa3psla B TEUCHHE
umnynbca. [locine okoHUaHMsST MMITyJibCa TOpeHUEe OEH3WHA MOXET NMPOUCXOAUTh B TPU CTaJUU:
¢aza mpeaBapUTEILHOTO CBEUEHHs, CTaus Nay3bl U (pa3a caMOCTOSTENFHOIO TOPEHHS, IIPUYEM T10
Mepe YBEIMYCHHS Macchl OOAaBIEHHOrO O€H3WHA BpeMs TMay3bl YMEHBINACTCS, M CTaaus

CaMOCTOSITENIbHOTO TOPEHUsI HAUMHAETCS Cpasy e M0ciie OKOHYAHUS UMITYJIbca paspsa.
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Ponb xupanbHbIX COeaMHEHNIN B Npouecce amopuoreHesa

NBnueBa A.A., Teepaucios B.A.
Kadenpa 6uodunaunku, dmnsmnyecknin pakynoetet, MI'Y nmenn M.B. JlomoHocoBa

Bo Bpems smOpuorenesa BKJIIOYAIOTCSI KAacKaJbl pEaKLUUd, PEryJupyrolux U
NOJJEPKUBAIOIIMX PA3BUTUE IUIOAA. ABTOpaMH BBIJIBUHYTa THIIOTE3a, COIIACHO
KOTOPOW PETYJIATOPHBIE MEXaHU3MBI, [IEHCTBYIOIIME B paHHEM 3MOpHOTeHE3e,
OTpaXKalOT IMPOLIECCHI, CBSI3aHHBIE C MPOUCXOKIECHUEM IKHUBBIX KIETOK -
dbopMupoBaHeM JBYX (yHIaMEHTAIbHBIX ACHMMETPHI: KJIETOYHOM (MOHHOW) U
MOJIEKYJISIPHOM (XUpaIbHOM).

DKCHEepUMEHTaIbHO YCTAaHOBJIEHO, YTO HEPABHOBECHAs! MOBEPXHOCTh MUPOBOIO
okeaHa o0Onagaer (PU3MKO-XMMUYECKHMMH CBOMCTBaMH, OOECIEUMBAIOIIMMU HOHHYIO
aCUMMETpPHIO, (PAKIMOHUPOBAHHE DSHAHTHOMEPOB AMHUHOKHUCIOT, HYKJIEHHOBBIX
OCHOBaHUU M (HPOPMHPOBAHUE 3aMKHYTBIX BE3UKYJ, T.€. YCIOBHUS, HEOOXOAUMBIE IS
CaMOIIPOU3BOJILHOTO BO3HUKHOBEHUS MpEAIIECTBEHHUKOB KieTok (B.A.TBepaucios,
JI.B.fIxoBeHKO).

XupanbHas acUMMETpPHUsl COCTaBUJa OCHOBY CTE€pPEOCNEeUU(PUUHOCTH OHOCHUHTE3A,
(dbepMEeHTaTUBHOIO KaTajlu3a, pEeUeniUu, FOPMOHAIBHOW PEryisiui, UMMYHUTETA,
00yCI0oBHIIA «XHUPATBHYIO YUCTOTY» OHMOCHEPHI.

e XwupanbHas acUMMETPHs 3aKpenwiack B Xo0J€ OHOJIOTMYECKON 3BOJIIOLIUH,
BKJIIOUMBILIEN B puOOCOMAJIbHBIN CUHTE3 OEJIKOB TOJIBKO L- aMUHOKHUCIIOTHL, a B
OMOCHMHTE3 -  HYKJIEMHOBBIE  KHUCIOTBI,  COJEp)Kaue Toibko  D-
(me3okcu)pubdo3y.

e B Xxozme crapeHus OpraHM3MOB M IIpM Pa3BUTHUM IATOJIOTMH IPOUCXOIUT
CIIOHTAHHAs paleMHu3alus aMUHOKUCIOT B MOJIMIENTUIAHBIX LEMsIX OEIKOB
(mpeumyiecTBeHHO L-acmaprara).

OnTorenes u ¢uioreses

OMOpHONIOTHST TECHO CBs3aHA C JBOJIONHMOHHON Teopueid, Jlapun (1859%)
MCIIOJIb30BAJl XapaKTEpHbIE YEPThl PA3BUTHUS 3apOAbIIIEH KaK OJHO U3 JOKA3aTeIbCTB
sBommonuu. ['exkens (1866*) BeISBIII CBSI3b IMOPUOIJIOTHH € (DPUTTOTEHUEH.

dopmupoBaHHE OpraHu3Ma B pPAEMHYECKOM MATEPUHCKOM «OyJIbOHE» Ha
HaYyaJIbHbIX JTamax M[OBTOPSIET CTaauud OTOOpa HMOHOB M CTepeocneupuyecKux
XUPATBHBIX BEIIECTB, XapaKTepHBIX s (OPMHUPOBAaHUS NPOTOKIETOK B MOPCKON
Bojie. Pasymeercs, peub HIeT 0O BOCIPOU3BEACHUN CTaAHM, HO HE UX OMOPU3NYECKUX
MEXaHU3MOB.

XupanbHas Perynsanus

Jlo HeTaBHETO BPEMEHM CUMTAJIOCh, YTO OHocdepa roMoxupajibHa U UMEET JEJI0
TOJIbKO ¢ L-aMUHOKHMCIOTaMHU, HO MCCIEAOBAHMS MOCIEAHUX JET OTMEYAIOT HAINYUE
D-aMUHOKHUCIOT Kak B COOOJHOM COCTOSHMHM, TaK M B COCTaB€ IENTHUIOB, 4YTO
MOJYJIMPYET UX OMOJOTHYECKYI0 aKTUBHOCTH M 3aIIMILAET OT MPOTEa3.

Panemuzamuss L/D  aMUHOKHMCIOT NpU CTapeHUHM U aTEPOCKICPOTHUYECKUX
U3MEHEeHMsX, O6one3nsx Anbureiimepa u Ilapkuncona, GopMUpyeT MONOKHUTEIHHYIO
00paTHYIO CBSI3b B CHCTEME PETYJISIHH MTPOIECCOB METab0IM3Ma.

HccnenoBanus MocieqHUX JET YCTAaHOBWIN, YTO D-aMMHOKHMCIOTBI HAXOAATCS B
JUHAMUYECKOM IIOTOKE, OHM CaMU WJIM B COCTaBE NENTHI0B NPUHUMAIOT y4acTHUE B
Helpoaud hepeHITUPOBKE YIMOPHOHATBHBIX JTUCTOB (CBOOOMHBIN D-acmaprar HaiijieH B
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oonbmioM konuyectBe B TKaHAx LHC wu sHIokpuHHONM cucreme - runoduse,
IMIMIIKOBUJHON Keje3e, HaAINOYeyHHKax...). Ero KOHLEHTpauusi H3MEHSETCs B
3aBUCUMOCTH OT OPraHOB U CTaJuU DPAa3BUTHS B IPOLECCE Pa3BUTUS SMOpPUOHA
IMOpHOreHesa.

D-acnaprar - HOBBIM THII MeCCEHKepa y Miekonuraromux. OH BBIXOAWUT H3
KJIETKA T0CJIE€ CHUHTE3a M MOXET Y4YacTBOBaTh B AyTOKPUHHOM M NapakKpUHHON
cucremax. [Ipumep ayTOKpMHHOM aKTMBHOCTH:B TepeAHEN Joine rumnopusa
NPOJAKTUH-CUHTE3UPYIOIIME  KJIETKM  BbIpabarbiBaoT  D-acmapraT,  KOTOPBII
YCUJIMBAET CEKpPELUI0 MpojakThHa. [Ipumep mapakpuHHON aKTMBHOCTH: B simukax D-
acniapTar NpOM3BOAMUTCS B CEMSBBIHOCALIEM KAaHAJIE ITPU B3aMMOJECHCTBUU C KJIETKaMHU
Jleiimura, 4yTO MPUBOJUT K YCHJIEHUIO BBIPAaOOTKM TecTocTepoHa. HanmoueuHuku u
IIMIIKOBU/IHASL JKeJie3a MCIOJIB3YIT TOTOBBIM D-acnmaprar. IlocpeacTtBom Hero
HA/IMTOYEYHUKHN PETyJIHUPYIOT BBIPAOOTKY TECTOCTEpOHA B sIMUKaX. AHalOruyHo, D-
acmapTaT B 3MH(U3e MOXKET MNOJABIATh BbIPaOOTKY MeiaaToHMHA. DU3HOTIOrHYecKas
posib D-acnaprata B Mo3re HescHa. OpnHako, D-acmapraT aHTaroHuct peuenrtopa L-
['mroramara, KOTOpPBIM BOBJIIEUEH B Pa3BUTHE W HEHWporeHe3uc mosra. bosee toro, D-
acnapTar MO>KEeT CTUMYJIMPOBATh CUHTE3 HEMPOCTEPOUIOB B MO3TE.

NwMeromnecs naHHbIE YKa3bIBAIOT HA KIIOYEBYIO posib D-acnaprara B perysisiuuu
pa3BUTUSL OpraHu3Ma BO BpeMs 5SMOpHOreHe3a M Iocie poxkaeHusd. Mmerorcs
OCHOBAHMsI CUUTATh, YTO MOI00HAsI CXeMa PEryJISILIUU SBISETCS OJHOW U3 MEPBUYHBIX,
U €€ HapyIICHUsI CHOCOOHBI MPUBOIUTH K PA3BUTHUIO MATOJIOTHIA.

DOTO HOBOE HalpaBJEHHE MCCIEHOBAHUI TMPEACTABISETCS BaXHbIM U
NEPCHEeKTUBHbIM.  [lnmaHupyercs  BBISICHUTH  KOHLEHTPALMOHHYXO  JUHAMHKY
AMUHOKHCJIOTHOTO COCTaBa 3SMOpPUOHAJIBHOW KHUJIKOCTH TIPU MEPBBIX AEICHUSIX
ooruTa. VIHHOBAallMOHHAsI TEPCIEKTHBA MCCIENIOBaHUS COCTOUT B pa3pabOTKe
METOJIMKH, KOTOopas 3akiovaercs B 1oadope AP EKTUBHOTO COOTHOUICHUS
AMUHOKHUCJIOT M HMX HSHAHTUOMEPOB U1 TEpallMU IaTOJIOTMYECKUX W3MEHEHUM B
IMOpHUOTeHese.

[1] Teepaucinos B.A., SIkosenko JI.B., XKaBoponkoB A.A. XupaabHOCTh Kak mpodiemMa
omoxumuueckon pusuku.//XKypnan Poc. xum. 06-Ba um. /.. Menaeneesa, 1. LI, Nel,
2007. —C. 13-23.

[2] TBepaucnor B.A., SIkoenko JI.B., )KaBoponkoB A.A. XupanabHasi 4ucTOTa OMOCheEpsl U
IKOJIOTHYecKast 6e30macHOCTh./JKkonorus ypo. Tep., Nel, 2007. —C. 6-1.

[3] Biol Pharm Bull. 2005 Sep;28(9):1566-70. Free D-aspartate in mammals. Furuchi T,

Homma H. Laboratory of Biomolecular Science, School of Pharmaceutical Sciences, Kitasato

University, Tokyo, Japan.

[4] Occurrence of D-aspartic acid in human seminal plasma and spermatozoa: Possible role in

reproduction Gemma D’ Aniello, M.D.,a Salvatore Ronsini, M.D.,a Francesco Guida, M.D.,a

Patrizia Spinelli, Ph.D.,b and Antimo D’Aniello, Ph.D.b
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nepCI'IeKTI/IBHbIe nna3amMmeHHble N NOHHO-MNYYKOBbIE
HaHOTEXHOosorMn. ICTOYHUKM nnasmbl. YCTaHOBKN

AnexcanapoB A.®., Basunun K.B., Kpanskuna E.A., [TaBnos B.b.
®usunyecknin pakynostet, MY nmenn M.B. JlomoHocoBa

B nocnennee necstuieTre BO BCEM MHUPE HAMETWIACh YCTOWYMBAs TEHACHLIUS
NPUMEHEHHsI TUTa3MEHHBIX TEXHOJIOTHA B MPOMBIIUIEHHBIX MpOIeccax. ITO CBSI3aHO,
BO-TIEPBBIX, C IIUPOKUM CIEKTPOM BO3MOKHOCTEH IIJIa3MEHHBIX TEXHOJOTHUM,
HEJOCTYIHBIX JUIsl paHee NMPUMEHSIBIIMXCS METOJOB, a BO-BTOPBIX, C MOBBIIICHUEM
TpeOOBaHMUN K HKOJIOTUYECKONW YMCTOTE MPOMBIIUICHHBIX POIIECCOB

Ha xadenpe ¢dusnueckori »saekTpoHUkH ¢uzudeckoro ¢akyiapreta MIY
TPAIULMOHHO NPOBOJATCS (PyHAaMEHTaJIbHbIE HCCIEAOBaHUS B 00JacTu (QU3MKU U
XUMHM ~ IJ1a3Mbl, MHKPO- W HAHOMJIEKTPOHUKH.  YPOBEHb  IOJYYEHHBIX
dyHIaMEHTaIbHBIX PE3YJIBTATOB COMOCTABUM C MHPOBBIM, a MO PALY MO3HUIMNA
orepexaeT aHaJOTMYHble 3apyOekHbIE pa3padOTKM B yKa3aHHBIX OO0JACTH HAYKH.
@dyHIaMeHTalbHbIE pPE3yJIbTaThl, MOJYyYEHHbIE Ha Kadeape, HCIOIb30BaHbl IS
pa3pabOTKH OPUTMHAIBHBIX IMPOTOTUIIOB IUIa3MEHHBIX HCTOYHHUKOB, IJIA3MEHHBIX,
MOHHO-TTyYKOBBIX W HaHO- TexHoyoruid. K Hactosmemy BpeMEHH OCHOBHBIMU
pazpaboTkamu  Kadeapbl SBISAIOTCS: DJHEpreTHuecku dS(PQPEeKTUBHbIE CceMENCTBa
UCTOYHMKOB IJIa3Mbl U MOHOB, pabOTAIOIINX MPU OHUKEHHBIX JaBJIEHUSX, CEMecTBa
UCTOYHHMKOB IUIa3Mbl, pabOTalOMMX MPU aTMOC(PEPHOM JaBJICHUH, TEXHOJIOTUU
MOBEPXHOCTHONW MOJU(UKALIMK MaTEPHAJIOB, MO3BOJISIOLINE CYIIECTBEHHO MOBBICUTH
aAre3ur0 TMOKPBITHM K TMOBEPXHOCTH MATEPUAIOB, TEXHOJIOIMHM IJIJA3MEHHOMN
MOJIMMEPHU3alliH, TTO3BOJISIONINE OCAX/1aTh HAHOCTPYKTYPUPOBAHHBIC TTOKPHITHS.

Pe3ynbTaT npuUMEHEHHS TEXHOJOTHUU, MO3BOJISIONICH YCHUIUTh aAre3MOHHBIC
CBOICTBa MaTepuaioB, Noka3aH Ha puc.l Ha mpumepe ¢ropormacta. Kak BuIHO,
UCTOJIb30BAHUE BaKyyMHBIX TEXHOJIOTUN MO3BOJISAET MOBBICUTH aare3uio (Toporiacta
6onee uwem B 10pa3. bonee nememas oOpaboTka (roporuiacta B paspsjae Npu
aTMOC(epHOM JABJICHUHU MTO3BOJISIET YBEITUUYUTD are3uto B 4-5 pas.

Puc.1. [lnarpamma u3mMeHeHus aare3nu GToporancTa nocjae HOHHO-ITYYKOBOU U
MJIa3MEHHOM TEXHOJIOTHYECKOU 00pabOTKH.
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Ha puc.2 mnokazana CTpyKTypa HOKpBITHSA, OCQXKICHHOTO TMPH pPa3InYHBIX
YCIIOBUSIX pabOThl OPUTHHAIBHOTO IUIA3MEHHOTO pPEAaKTOpa, HWCIOJIB3YIOMIETO B
KayecTBe pabouell cpeibl CMECh alleTHIIEHA C a30TOM.

Puc.2. Crpykrypa nosmumMepa, 0CaxJAE€HHOTO IPU pa3IMuHbIX apamMeTpax pa3psa.
[ToMuMO WCTOYHMKOB TIUTa3MbI W TEXHOJOTMH Ha Kadempe Quznueckoit

JJeKTpOoHUKH Pa3paboTaHa TexHWYECKass JAOKYMEHTAaIMs Ha TEXHOJOTUYECKHE
YCTaHOBKH JJIs1 pealii3aliy pa3pab0TaHHbIX MTPOLIECCOB.
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HoBble HAHOKOMMNO3UTHLIE U HAHOMSTIEHOYHbIE MaTepuarsbl

XomyToB I'.b.

®usundecknn pakynetetr MINY
gbk@phys.msu.ru

[TpoekT umMeeT 1eNbI0 pa3padoTKy HAYYHO-METOJAMYECKHX OCHOB YKOHOMHUYECKU
3h(EKTUBHBIX W DSKOJOTUYECKH PANMOHAIBHBIX TEXHOJIOTHA CO3JaHUS HOBBIX
(GYHKUIMOHAIBHBIX HAHOCTPYKTYPUPOBAHHBIX MATEPUANIOB C 33JaHHBIMU CBOMCTBAMHU
JUIsl UCTIOJb30BaHUS B COBPEMEHHBIX BBICOKHMX TeXHOJNOTrHsX. [IpoekT ocHOBaH Ha
pe3ynbTratax (pyHIaMEHTAIBHBIX HCCIECIOBAHUN B3aWMOCBS3EH MEXKIY XUMUYECKUM
COCTaBOM, CTPYKTYPHOW OpraHU3alnei, 0COOEHHOCTAMU (U3UUECKUX U XUMUUYECKUX
B3aMMO/JICHCTBUI HAa HAHO-YPOBHE U (PU3MKO-XMMHUYECKUMH CBOWCTBAMH HAHOCHUCTEM
M HAaHOMATEepPUAJIOB PA3IMYHON MPHUPOJIBI, BKIOYAs OMOTEHHBbIC, CHUHTETHYECKHE U
ruOpuHBIE HAHOCHCTEMBI. B pamkax mpoekTa BeIeTCS TOHCK BO3MOXKHOCTEH
MPAKTUYECKOTO MPUMEHEHHUSI MOTYUYCHHBIX PE3yJIbTaTOB M CO3JaHUE MWHHOBAIIMOHHBIX
MPOAYKTOB (MHTEIIJIEKTYaJIbHONH COOCTBEHHOCTH ).

[TpoBoauTcs pa3paboTKa HAyYHO-METOAMUECKOM 0a3bl €IMHON TEXHOJIOTUIECKON
m1aTQoOpMbl MOTYUYEHUS HOBBIX (PYHKIIMOHAJIbHBIX HAHOIUICHOYHBIX MaTepUajoB U
HAHOKOMIIO3UTOB, COAEpXAIIUX HaHO(a3HbIe OJAropoJIHbIE U MEPEXOHBIE METAJUIbI,
OCHOBAaHHOW Ha OOMMX NpUHIOUNAX (DOPMUPOBAHUS  MATEPUATIOB  IIyTEM
KOMOWMHUPOBAHUS W WHTCTPUPOBAHUS Psfa CHHTETUYCCKUX M (DU3UKO-XUMHUUYECKUX
METOJOB U TOAXOAOB (MOHOCIOWHOW TEXHHUKH, (PU3NUECKOM W XUMHUYECKOMH
ajgcopOLMU, MeToJa TMOCIOWHOTO (QOPMUPOBAHUS MYJIBTUCIOWHBIX  CTPYKTYD,
dbopMUpOBaHUS  TOJUKOMIUIEKCOB, XHMHUYECKOTO  CIIMBAHMS, KOHKYPEHTHBIX
B3aMMOJICHCTBUM, 3aMEHBI JIMTAHJOB, CaMOCOOPKM M CaMOOpraHU3alMi) W HaHO-
KOMITOHEHTOB pa3IMYyHOW MpUpobl. BaxHOW yacThio pabOTHI SIBISETCS H3Y4YEHUE
MPOLIECCOB CaMOCOOPKM W CaMOOpPTraHHW3allid B TaKMX CHCTEMax U BBISICHEHUE
BO3MOKHOCTEW YMNPABJICHUS TAKUMH MPOILIECCAMU C LENbI0 UX HMCIOJIb30BAHUS IS
pa3pabotkn  3(P(HEKTUBHBIX  TEXHOJOTMUYECKUX  pEHICHUH, 00eCreunBaIOIINX
HKOHOMHMYECKH U SKOJOTUYECKU PAllMOHAIBHOE MOJTYyYE€HUE HOBBIX HAHOIJIEHOUHBIX U
HAHOKOMIIO3UTHBIX MaTepUaJOB U HAHOCHCTEM OTHOCUTEIHHO MPOCTHIMU CIOCOOaAMHU
0€3 UCIOJIb30BaHMS BBICOKUX WJIM HU3KHUX TEMIIEpPaTyp, BHICOKOTO BaKyyMa, BBICOKHX
JTaBJICHUW WJIM CWJIbHBIX BHEIIHUX MOJICH.

C  wucrmonb3oBaHWEM  pa3pa0OTaHHBIX  METOJOB  TOJIYYCHBI  HOBBIC
OpraHW30BaHHbIE  HEOPraHMYECKUE, OpraHuyYecKue, THOPUIIHBIE  OPTraHHUKO-
HEOpraHU4ecKue, OHMO-HEOpraHUYecKue, OHMO-TIOTUMEPHBIE, KOMITO3UTHBIE
HaHOOMOMAaTepuaabl ¥ HAHOCHUCTEMBbl PA3IMYHON PAa3MEPHOCTH, TOM YHCIE
HAHOIUJIECHOYHbIE KOMIO3UTHBIE MaTepHUalbl, XapaKTEPU3YIOIIMNXCSI PEKOPIHBIMU WU
YHUKQJIBHBIMHU CTPYKTYPHBIMU U/UIU (PYHKITHOHAIBHBIMHU XapaKTEPUCTUKAMU.

Pa3paGoTku MOryT OBITH KCIIOJIB30BaHBI IS TMOJYYCHHS] METAJICOAEPKAIINX
HAaHOKOMITO3UTHBIX HAaHOCTPYKTYPUPOBAHHBIX MATEPHUAIOB, METAJJIONOIUMEPOB, AJIS
pa3paboTKu  (PYHKIIMOHATBHBIX JJIEMEHTOB B JJICKTPOHHMKE (B YacCTHOCTH, B
TEXHOJIOTUSX CO3/IaHUsI HOBBIX JJIEMEHTOB SJIEKTPOHHBIX CHCTEM B YCTPOMCTBAxX
00paboTku W XpaHeHuss WHGPOPMAIMM HAa OCHOBE TPAH3UCTOPOB C IUIABAIOUIUM
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3aTBOPOM, B CHCTEMaX «IJIACTHMKOBOI» 3JIEKTPOHUKU B KauECTBE METAJIICOAEPKAIUX
«YEPHWI» I TOJIy4eHUS  METAUIMYeCKMX IMPOBOJHUKOB HA  Pa3IMYHBIX
MOBEPXHOCTSX), B (POTOIIEKTPUUYECKUX DIEMEHTaX U KOJUIEKTOPAX, COJHEYHBIX
Oarapesix, aKKyMyJsATOpax W HMCTOYHHKAX NHUTAHUSA, B TEXHOJOTHUSX TONYyYCHUS
MaTepUAIOB M TOKPBHITHH CO  CICUUANBHBIMH  CBOHCTBAMH  (ONITUYECKUMH,
MEXaHUYECKMMH, XMMHUYECKUMH, TEPMHUUYECKUMH, 3JIEKTPUYECKHUMHM, MOIJIOLICHHUE
U3Ty4YeHH, OMOAKTUBHOCTH U JP.), VISl Pa3padOTKU HOBBIX HAHOCTPYKTYPHPOBAHHBIX
KaTAIUTHIECKUX CHUCTEM (B YaCTHOCTH, B TEXHOJIOTHX MOMyUYeHHs] OMOTOIUINBA ITyTEM
KaTaJIUTUYECKON IepepabOTKH OTXO/J0B IPOU3BOJCTBA JAepeBOOOpadaThIBaroIIeh
IPOMBIIUIEHHOCTH U BO30OHOBJISIEMBIX UCTOYHUKOB OPraHUYECKOI'O ChIPhs, a TAKXKE B
TEXHOJIOTUAX TiepepaboTku HepTH U HEePTEHPOAYKTOB IMyTEM KUIKO(PA3HOTO
HU3KOTEMIIEPaTyPHOTO OKHCITUTEIIEHOTO KaTaTUTUIECKOTO KPEKWHTA),
(YHKIIMOHAIBHBIX HAHOKOMIIO3UTOB. Pa3paboTaHbl MOIXOABI K CO3JaHMIO HOBBIX
MarHuTOCOPOEHTOB M CHCTEM YIIPABIIIEMOTO0 TPAHCIOPTa M JOCTAaBKU MHKPOHHBIX,
CYOMHUKPOHHBIX M MOJIEKYJISPHBIX OOBEKTOB B JKUAKOW (haze, CemapamroHHBIX U
KaTATUTUYECKUX TEXHOJOTHHA, TOKPBITUH W CPEeNCTB MOAM(DHUKAIMHA Pa3TUIHBIX
MOBEPXHOCTEH, B TOM 4YHUCIIE MOBEPXHOCTEH KOJUIOMAHBIX 4YacTUI] (B, YaCTHOCTH,
OakTepuii), HUTEH W BOJIOKOH (CO3/laHME TKAHEW M MATEPUATOB C HOBBIMH U
CTeMaJIbHBIMU CBOMCTBaMH). PazpaboTaHHbIe METOBI MOTYT HCIIOJIB30BATHCS TAKKE
JUTS TIOJTyYEHHUS HOBBIX OMOKATAMTHYECKUX CHCTEM, OMOCEHCOPOB, YIBTPATOHKUX
(YHKIIMOHAIBHBIX, MOIUQUIMPYIOMMX U 3alIMTHBIX IUIGHOK W TOKPBITHH Ha
Pa3IMYHBIX TIOBEPXHOCTSIX, B TOM YMCIIE OMOOTUYECKH aKTHUBHBIX (OaKTEPULIUIHBIX
CTEPIIIM3YIONINX) U OMOCOBMECTHMBIX HAHOIUICHOYHBIX MAaTEPHAJIOB W TOKPHITHH, B
OMO-MEIUIIMHCKUX U IPYTHX IPOMBIIUIEHHBIX TEXHOIOTHSIX.
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OunarHocTuka nonynpoBOAHUKOBbLIX reTepOCTPYKTYP
InGaN/GaN/AlGaN meTogamu anekTpooTpaXeHUs u
3NEeKTPOsIlOMUHECLEHLIUN

Asaksun JI. I1. 1, boxkos I1.IO. 1, UYepssikos A.B.l, Uysic A.B.', IOuoBuu A.D. ",
Bayman JI.A.%, Bacuisesa E.JI. 2, SIeuu B.C. 2

! dusnuecknii paxyasrer MY um. M.B. Jlomonocosa, Mocksa, Jlenuuckue rops! 1 ctp. 2,
119991 temn: (495) 939-2388, dakc: (495) 939-1489, »n. moura: pavel bokov(@rambler.ru

> OAO «Caernana-OnrosnexTponnkay, Cankr-Ilerepbypr, a/s 78, 194156

UccnenoBanbl naTepdepeHIMOHHBIE A((HEKTHI B CIIEKTPAX IIEKTPOOTPAKEHUS U
ANICKTPOTIOMUHECIICHIIMM B TOJIYIIPOBOJHUKOBBIX ~ CBETOAMOJAX HA  OCHOBE
retepoctpyktyp AlGaN/GaN/InGaN. HcciaenoBaHo BIUSHUS U3MEHEHUS TTapaMeTPOB
TeTePOCTPYKTYp Ha  CHEKTphl W 3(PPEKTHBHOCTH  AIEKTPOIIOMUHECIICHIINN
cBeTonoAax Ha ocHoBe rerepocTpykTyp AlGaN/GaN/InGaN.

Kpucrannel cBeroanonoB ¢ p-n- rerepoctpykrypamu tuna InGaN/AlGaN/GaN,
BBIPAILLIEHHBIE ~ METOJOM  MeTalo-opranndyeckoi  snutakcun (MOCVD) Ha
candupoBoii momIokke (Al,O3;), MOHTHPOBAIUCH B TEIUIOOTBOISIINN KOPITYC
metogoMm «flip-chip» [5, 6]. Ha moanmoxxke mocienoBaTeIbHO BBIPANIMBAINUCH
OydepHnsiii cioit 1-GaN (TonmuHa < 500 HM); Oydepnas cBepxpemierka InGaN/GaN u
cioit n-GaN (tommmuHa 3.5 MkM); 5 kBaHTOBBIX M In,Ga; ,N/GaN (akTuBHas 001aCTh,
x=0.13-0.15, TonmuHbl KBaHTOBBIX sIM 3 HM, OapbepoB 12 HM); ciloH, OJOKUPYOIIUI
MOMEepeYHbId TpaHCHOPT 31eKTpoHOB, p-AlGaN (tommwmua 20 um); u cioir p-GaN
(rommuua 110 am). Co CTOPOHBI KOHTAaKTa K p- 00JaCTH HAHOCWIJIOCH OTpaXkarolee
3epKaJlo.

IIpu peructpanyy CEKTPOB IeTEPOCTPYKTYpa OCBEIIATIACH YEPE3 MTPO3PAYHYIO B
ONTUYECKOM JHara3oHe CcanpupoOBYIO TMOJUIOKKY. YTOJN MaJeHHUs 30HIUPYIOIIETO
M3IIy4eHHs Ha KPHUCTaI cBeroarojaa coctaBistl 8°. CIeKTpallbHOE pa3pelieHue
yCTaHOBKHU He Xyke 1 M3B. Monynsauust koddduirienTa oTpaxeHus: OCyIIeCcTBIsIACh
NPWIOKEHHEM K KOHTaKkTaM CBETOAMOJA MEPUOAMYECKOrO HAIpSKEHUS B BHJE
IPSIMOYTOJIBHBIX UMITYJIbCOB ¢ yacToTo 370 I'l. cO CKBaKHOCTBIO 2 U MOCTOSIHHBIM
CMEIICHUEM, [P KOTOPOM P-N — IEPEX0]] OCTABAJICS 3aKpbIThIM (0T -7 110 + 2 B).

B cmekTtpax SneKTpOOTpakeHUS HCCIENyeMbIX O00pa3loB  OOHAPYKEHBI
UHTEep(EpPEHIIMOHHBIE TIOJOCHI PAa3MYHBIX TEpPHOJOB. B pesynpTaTte 00pabOTKH
CHEKTPOB C YYETOM JHUCHEepCUu TIoKazarens nperomieHuss B GaN  olieHeHbl
XapakTepHble TOJNIIMHBI 00JacTel, B KOTOpBIX Habmomaercs unTepdepenuus: 4.5
MKkM, 500 HM, 200 ©HM. IlepBoMy 3HA4YeHHMIO COOTBETCTBYET TOJIIMHA BCEH
reTepOCTPYKTYpbl 0€3 yuyeTa MOJAJI0KKH, BTOPOMY 3HAUEHHIO — TOJIIMHA OydepHOro
cinos i-GaN, TperbeMy — 00JacTh, BKIIOYAIOIIas B ce0s MHOKECTBEHHbBIE KBAaHTOBBIE
asmbl u crmou p-AlGaN, p-GaN. IlosBneHne B CHEKTpax 3IIEKTPOOTPAKECHHUS
uHTEpPEepEeHUNOHHBIX ToJI0Cc OT ciios 1-GaN u oT 00JacTH KBaHTOBBIX SIM CO CIIOSIMHU
p-AlGaN, p-GaN, 1o BHUIMMOMY, CBSI3aHO CO CPaBHUTEIBHO  OOJIBLINM
KOO(QQUIMEHTOM  OTpaKe€HHsI OT  aKTUBHOM  00JIaCTH  TeTepOCTPYKTYPHI.
[leproanueckoe >KpaHUPOBAHHUE MHE30IICKTPUUSCKUX TOJEH B ATOM OOJACTH TpH
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MOJYJISIUM TPUBOJUT K TOSIBJICHUIO HHTEP(PEPEHIIMOHHOTO CHUTHANA B CIEKTPax
AIEKTPOOTPAKECHHUS.

UccnenoBano BnusHue JerupoBanus InGaN OydepHoil CBepXpelieTku B
rerepoctpykrypax Tumna InGaN/AlGaN/GaN Ha BojbTaMIIepHBIE XapaKTEPUCTUKH,
(b ()EKTUBHOCTh U CHEKTPHI DJIEKTPOIIOMHUHECIICHIINM CBETOANO0B. OOHApyX EHO,
YTO YyBEJIMYEHUE YHCTIa TEepuofoB OyQpepHON CBEpXpElIeTKH M YMEHbIIEHUE
KOHIEHTPALMH JIETUPYIOLIEH MPUMECH B HEM MPUBOJUT K CIIBUTY MaKCUMyMa CIEKTpa
B JUIMHHOBOJHOBYIO o0jacth (440 + 460 HM), k Oojiee 3aMETHOW 3aBHCHUMOCTH
MOJIOXKCHHSI MAKCHUMyMa OT CHJIBI TOKA M K TOSIBIICHUIO B CIIEKTPaX MaJOWHTEHCUBHOMN
KOPOTKOBOJIHOBOM moJiockl ¢ MakcumymoM 3.03 3B. DTo cBs3aHO C TeMm, 4TO B
CTPYKTypax C OJHOM AaKTWBHOW KBAaHTOBOM SIMOM IPU YBEJIWYEHUU CHUJIBI TOKA
HaOmoaercs OONbIIMKA CIBUT OSJEKTPOHHOTO KBa3uypoBHS @DepMu U 4acTh
HEpaBHOBECHBIX HOCHUTEJEH peKOMOMHUPYET Ha akuenTope Mg B p-00acTH.

HccnenoBano BIMSHME KOHILIEHTPALMU JIETUPYIOLIEH NPUMECH W TOJIIMHBI P-
AlGaN Gapeepa u p-GaN KOHTAKTHOTO CJIOSl HAa BOJIbTAMIEPHBIE XapaKTEPUCTHKH,
3O PEKTUBHOCTh M CIEKTPBI AJICKTPOJIOMUHECICHIIMN CBETOANO0B. OOHapyKEHO,
YTO TIOJIOXKEHHSI MAKCUMYMOB B CIIEKTPax A3JIEKTPOIIOMHUHECIICHIIMM CBETOUOJIOB
U3MEHSIOTCS C YBEJIMYEHHUEM KOHLEHTpPAlMU akIenTopoB Mg HEMOHOTOHHO
(monoxenuss MakcuMyMoB 461 — 457 — 477 um). D (PeKTUBHOCTH CBETOIMOIOB MPHU
OOJBIITNX TOKAX PACTET C YBEIMICHUEM KOHIICHTPAIIMU aKIIENTOPOB.

HccrnenoBano BAMSHME Bapualii paccTosHUsS OT Oy(depHOW pemeTku 10
aKTHUBHOM 00JacTH M Yuciaa KBaHTOBBIX sM (1 wiam 2) B aKTUBHOM 00JacTH Ha
BOJIbTAMIIEPHBIC XapaKTePUCTUKH, 3 (HEKTUBHOCTD u CHEKTPBI
AIIEKTPOJIFOMUHECIIEHIIUN  CBETOAMOAO0B. IlonokeHHe OCHOBHOTO CHEKTPAJIBHOIO
MaKCHUMyMa U3MEHsUIOCh B npezenax 2,719 — 2,707 3B (458 — 455 uM) u 1u1st cpeiHero
paccrosiHusi OT OydepHOl cBepXpemieTku ObUI0 MHHUMAaJIbHBIM TI0 JHEPTHUH.
[TokazaHo, 4yTo B cCeKTpax 0Opa3LOB C OJHON KBAaHTOBOMW SIMOM C YBEIMUYEHHUEM CHJIbI
Toka 10 100 MA TposBIsSETCS MOJI0ca B 00JIACTH BBICOKHX DHEPTHH, NW®max2 = 3.099 —
3.01 3B. B stux mnpeaenax MNOJOKEHUE MMy CIABUTAIOCh B KOPOTKOBOJIHOBYIO
o0nacTh ¢ yBenMueHueM paccTosiHusi a0 OydepHoil cBepxpemierku. B obpasmax c
JIBYMsI KBAaHTOBBIMU SIMAMHU 3Ta MHTEHCHUBHOCTb ATOH MOJIOCHI HA MOPSIOK MEHBIIIE.
OT0 MOXHO OOBACHUTH, €CIIM CUMTaTh, YTO BBICOKOAHEprUYecKass IoJioca
cOOTBeTCTBYeT pekoMmOuHanuu B p—GaN Oapbepe, KyJa 3JIEKTPOHBI MEPETEKAIOT MPU
OO0JIBIION MJIOTHOCTH TOKA TMOCIIE 3allOJHEHUS] KBAaHTOBBIX M. Uepe3 /JBe KBAHTOBBIE
SIMBI 3TO MIEPETEKAHUE MPU JAHHOM IJIIOTHOCTH TOKA MEHEE BEPOSITHO.

Bo Bcex oOpa3umax  MHTEeppEpeHLMOHHAs  MOAYJSIMSA B CIEKTpax
ANEKTPOIIOMUHECHEHIIMM HMEET OTHOCUTEIbHYI0 amruutyny wmeHee 0.023. Orto
CBSI3aHO C TE€M, YTO B TEXHOJIOTMHU CO3JaHMs CTPYKTyp Oblla co3JaHa IiepoxoBaras
noBepxHocTh Ha rpanuiie GaN ¢ candupoBoil MOIT0XKKOM.

Nudopmanmsi 0 monoKeHUH OOJACTH MHOXKECTBEHHBIX KBAHTOBBIX SIM 10
OTHOIIIEHHUIO K 3€pKAly p€30HATOPA I€TePOCTPYKTYPHI SIBIACTCS MPAKTUUYECKA BAXKHOMN
M TO3BOJSIET  KOHTPOJIMPOBATH  KAue€CTBO  M3rOTaBIMBAEMBIX  PE30HATOPOB.
HauGomnpmas 3¢)EeKTUBHOCTh U3IYyYEHUS CBETOIMOJOB B OOJACTH CHIIBI TOKa JIO
100 MA nmocturaercss mpu OJU3KOM pPacCTOSTHUU OydepHOMl CBEpXPEIICTKH J0
aKTUBHOM 00J1aCTH.
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MeToq AuarHoCTUYEeCKOro KOHTPOIs, COMPOBOXAatoLLMUiA
MoandMUMpOBaHME NOBEPXHOCTN Mbe30KBAPLIEBOro ceHcopa

Anemmn FO.K.!, Yo6a M.A”%

1. duaunyeckun gakynotet MY nmenm M.B. JlomoHocoBa
2. Xumunyeckun dakynstet MY nmenmn M.B. JlomoHocoBa

KBapueBsle MHKpOBECHI — HW3MEpUTENbHBIE aBTOTEHEPATOpPHbIE YCTPOWCTBA,
NpeJHa3HAuYEHHbIE JUId [peoOpa3oBaHUSl HW3MEHEHUM Macchl, MPUCOEAMHEHHOM K
NIOBEPXHOCTH KBapLEBOTO IbE€30pPE30HATOpa, B NPHUPALICHUS BBIXOJHOW YacCTOTHI
aBTroreHepatopa.  OCHOBHBIE JOCTOWHCTBA KBapIEBBHIX MHKPOBECOB CIEAyIOUIHE: a/
paspemaromas  ClocOOHOCT  MAacC-4yBCTBHUTENBHBIX  CEHCOPOB  jocturaer  107''r,
O/yHUBEpCaJIbHOCTh; METOJIOM MMKPOB3BELIMBAHUS MPOBOAATCS H3MEPEHHs MHOXKECTBa
apaMeTpoOB: TOJILMHBI IIJIEHOK, COCTaBa ra30BbIX CMECEH, KOHLIEHTPALMA MUKPOIIpUMECEH,
OKHUCJIUTEIILHON CTa0WIBHOCTH, U T. 1., 6/ pabOTOCIIOCOOHOCTh B MIMPOKOM JHArazoHe, o/
MaJsible rabapuThl, BBICOKAs YCTOMUMBOCTh K yJapaM, BUOpanusM, OoJbLIME XUMHUYECKas U
pajuanuoHHasl CTOMKOCTh, O/ HE HapylIalTcs YCIOBUS TroMeocTa3a (MMeeT ocoboe
3HaYCHHE B M3MEPEHHH KOHIEHTPAIIMH XUMHUYECKUX BEIIECTB), €/ HEBBICOKAs CTOMMOCTH U
JIOCTYITHOCTb.

C yBelMYEHMEM YHCIIA CJIOEB MPOMCXOIUT CY>KE€HHE O00JIaCTH HMPUMEHEHHs TaKoro
ceHcopa. Hampumep, mist ceHcopa ¢ 6a3oBoit wactotoit 10MI'TT MakcuManbHBIA YXOJ
yacToThl cocTtaBisier 180 kI'1, 4To OorpaHMYMBaeT AMANA30H U3MEPEHUs NPUCOEAUHEHHOU
Maccel. B mpuBeIeHHOM MpuUMepe OMUCAaHO CO3JaHME CEHCopa Ha OBaJIbOYMUH, IpHU
W3TOTOBJIEHUU KOTOPOI'O MCIOJB30BAJACh OPUTHMHAJIbHAS METOAMKA HAHECEHMs NOKPBITUH,
MMEIOIMX Ha TOBEPXHOCTH AKTHUBHBIE XMMUYECKUE LIEHTPHI B3aUMOJEUCTBHSI CO CTPOrO
OTpeeNICHHBIMI HHAUBHUIyalIbHbIMU MoJieKyJamMu. ClOM B TakUX AATYUKAX COEIUHEHBI
CWIBHBIMM XHMHUYECKMMM CBsI3AMU. B naHHON paboTe mocTaBiieHa 3ajjadya yBEIUYEHUS
paOouero auamna3oHa IPUMEHEHHUs] CEHCOpa METOJOM ONTHMM3AlMM IpoLecca HAHECEHUs
MHOI'OCJIONHOTO TOKpPBITHs. HenpepbIBHBIN KOHTPOJIb HAJ 3THM IPOLECCOM IIPOBOIUIICS
U3MEPEHUEM  yXOJa  4YacTOThl BO  BpeMsi  XMMHYECKOW  peakuud  HaHECEHHs
IIOCJIEIOBATENIBHBIX CJIOEB HA MOBEPXHOCTH JIEKTPOIA MTbE30CEHCOPA.

YyBCTBUTENBHOCTb, JAHHOIO ceHcopa (¢ yuyeroMm tuiomanu mnoBepxHoctu [IKP)
cocraBuia 0.78 Hr/l'.

Hcnonp3yst 3Ty METOAMKY, ObUI MOMy4YeH CIEAYIOIUI pe3ylabTaT: Uil AAHHOTO
CEHCOpa MAaKCHUMAaJlbHO€ 3HA4YeHHWE MPUCOCIMHEHHON MAacChl, KOTOPOE MOXET OBbITh
U3MEPEHO B JIAHHBIX YCIIOBUSX, COCTABIISET 25 MKT.
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NMonnMmepHble HAHOKOMMNO3UTHbIE CONTHEeYHbIe
¢poTOo3aNNeMeHTbI

I'pomuenko A.A.

MexayHapoaHbI y4ebHO-Hay4YHbIN nasepHbin ueHTp MY um M.B. JlomoHocoBa

Jlo HenaBHEro BPEMEHM pa3BUTHE COJIHEYHOM SHEPreTHKH HamnpsMyro ObLIo
CBS3aHO C HEOPraHMYECKMMU INOJYyIPOBOJAHUKAMH, B YACTHOCTU ¢ KpeMHUEM. OHAKO
BBICOKAsi CTOUMOCTh KPEMHHEBBIX (POTORJIEMEHTOB HE MO3BOJISIET UM KOHKYPHPOBATH C
TPaJULIMOHHBIMM HMCTOYHUKAMU dHepruu. Pacmupenue oOnactel mnpUMEHEHHS
COJIHEYHBIX OaTapeil TpeOyeT pa3paOOTKM HOBBIX (DOTOBOJHTAMYECKMX MATEPHAIIOB U
TEXHOJIOTUH JJIs CO3aHusl KOHKYPEHTOCIIOCOOHBIX YCTPOMCTB.

B kayectBe OCHOBBI TakuxX (POTOBOJIBTAMUECKHX MaTEpUajIOB HOBOTO MOKOJICHUS
paccMaTpUBalOT OPraHUYECKHE IOJIYNPOBOJHUKH, B YACTHOCTH IOIYIPOBOJIHUKOBBIE
nonumepbl. OHM coYeTaloT B cebe yIpaBisieMble MOJYIPOBOAHUKOBHIE CBOMCTBA
(mmpuHa 3ampemeHHOW 30HBI, BBICOKHHA KOX(MQUIMEHT TMOTJOMEHUsI H Jp.) C
MPUBJICKATEIbHBIMUA  CBOMCTBAMHU MOJUMEPOB  (TUIACTUYHOCTb, TEXHOJIOTHYHOCTD,
HU3Kasi CTOMMOCTh). B mocneaHee BpeMmsi MOKa3aHO, YTO IMEPCHEKTUBHBIM IyTEM K
CO3JIaHUI0 CONMHEYHBIX (hoTOrneMeHTOB (CD) sABISIETCA MCMOIB30BAaHUE OPTaHUYECKUX
CTPYKTYp Ha OCHOBE HAHOKOMIIO3UTOB IOJYNPOBOAHUKOBBIX IIOJMUMEPOB C
bymnepenamu. KIIJ nyqmux nabopatopHbix o0pa3ioB noiumMep-¢yiepeHoBbix CO,
COIVIACHO JINTEpPaTypHbIM JAaHHBIM, Ha CErofHs cocTaBiseT 4-6% npu TOJIIMHE
aktuBHOTO cyiosi meHee 200 M. Cuwmraercs, yto KII[] CD na ypoBHe 5% yxe
JOCTaTOYHO JUIsl Havajla MacluTaOHOM KOMMEpLHUaIN3aluu, T.K. MOJUMEPbI HAIENSIOT
C® HOBBIMHM KaueCTBAMH — THOKOCTbIO, MajbiM BECOM, MOJYNPO3PAUYHOCTHIO U
HU3KOU CTOMMOCTBIO.

OcHoBHas npobsiema B obnactu opranndeckux CO — co3gaTh aKTUBHBIN CIIOM,
obecneunBarouii MakcumanbHO Bo3MOXkHbIH KII/l. OnuH u3 Hambosee ygauHbIX U
XOPOIIIO HMCCIEOBAaHHBIX akTUBHBIX cioeB CD, obecneunBarommii KIIJ[ Gonee 4%,
cocront w3 kommnosutra mnomu[3-rekcuntuodena] (P3HT) wu  pactBopumoro
Metanoymiepena Cg (PCBM). C apyroit CTOpOHBI, TEOPETUUYECCKUM TMPEACTbHBIN
KII/I a1t Takoro akTUBHOTO CJIOSI HE TpeBbIaeT 5%, ciaenoBaTeNbHo, Ul pa3paboTKu
s pexTuBHBIX TonuMepHbIX C® HY)KHBI HOBBIE MaTepHajbl Ui aKTHBHOTO CIIOS, B
YaCTHOCTH, HOBBIE MpPOU3BOJHBIE (yIIepeHoB. [lepCrneKTUBHBIMU MPOU3BOJHBIMU
(GynnepeHoB MOTYT CIY>KUTh 9K303IpalibHbIE KOMIUIEKCHI (YIJIEPEHOB C METaUIaMU
wiatuHoBoM rpynnsl  (MK®). Bo-mepBbix, NpHUCOEIMHEHHE HWOHAa MeTala K
$yIepeHHOBOMY KapKacy NPUBOIUT K YMEHBIICHHIO SJIEKTPOHHOTO CPOJCTBA IIO
CPaBHEHHIO C UCXOJHBIM (yiiepeHoM, BO-BTOpbiX, MK® moryT umerh CylecTBEHHO
0oJ1ee BBICOKOE TMOTJIONIEHNE B BUIUMOM 00JIaCTH CIEKTPa, YeM UCXOHBIE (PYJIIIepEHBI.
310 MOXeT obecneunTs 00JIee BRICOKHE 3HAUYSHHSI HAMIPSDKEHUS XOJIOCTOrO X01a M TOKa
KOpOTKOro 3ambikanusa C® u, cnenosarensHo, yBenuunutbh KITJ[ COD.

Hactosimas ~ paGora  mocBfleHa  HMCCIAEAOBAHUIO  (POTOIIEKTPUUYECKUX
xapaktepuctuk C® Ha OCHOBE HAaHOKOMIIO3UTOB IOJYIPOBOJHUKOBBIX IOJIMMEPOB C
MK® u n3mepenuro npeidoBoii moABIKHOCTH HOCcUTENeH 3apsina B uieHkax MKO.
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B xome pabGotel Obla pa3paboTaHa W OTJIaXKEHA METOJUKA H3TOTOBJICHHS
1abopaToOpHBIX 00pa3IOB MOJMMEPHBIX HaHOKOMIO3UTHBIX C@. Jlng oriaaku
MeToauku Obutn  u3rotoBiieHsl (C® Ha OCHOBE XOpOIIO HCCIIEIOBAHHOTO
HaHOKOMITO3UTa MOJyNpoBoaHUKOBOTO mojuMepa P3HT u mpousBogHOM (yiepeHa
(1-(3-meToxcukapbonunmponun)- 1 -pennn)[ 6,6 lmerano[ Cqo ] pymnepena (PCBM).
OOpasupl MMENM MHOTOCIONMHYIO CTpPYKTypy. Ha mpo3pauHyio MOAJIOKKY C
MIPOBOJISIIIIMM CJI0eM oKcuaa uHaus u oyioBa (ITO) HaHOCHIICS BCIOMOTATEIbHBIN CIIOM
nonmumepa  modu(3,4-stuaunokcutuodena)/monu(crupoincyibponara) PEDOT:PSS
tonmuHOoM okono 30 HM; 3aTeM HAHOCWJICS aKTHBHBIM CIIOH HCCIeIyeMoro
HAaHOKOMIIO3UTA, TIOCJE Yero TEPMHUYECKH Hambuisics ciaod crmiaBa CaAl. Mertoauka
M3rOTOBJIEHUSI 00pa3OB TpeboBaja TIATEIbHON MOATOTOBKHA MOBEPXHOCTH MOJJIOKKH
K HAaHECEHHWIO HAaHOKOMIIO3UTHOTO CJIOS, a TaK)KE€ ONTHUMHU3ALMK YCJIOBHM HaHECEHHs
BEPXHEr0 U HIKHEro 5yeKTpojoB. C HCIONB30BaHUEM JaHHONH METOJUKU OBbLIU
usroroBiensl oopaszubl CO ¢ KIIJA 4%, 4ro cTaBUT MX B OIUH DS C JIyUIIUMHU
oopasnam CD na ocuore P3HT/PCBM.

BblTa HCCNEIOBAHA MOABIKHOCTh DJEGKTPOHOB B obpasmax MK®D (-
Ce0)IrH(CO)(DIOP) (IrCe0), (nz'Cﬁo)OS(CO)(tBUNC)(PP hs), (OsCe), ("12'
C10)0s(CO)(tBuNC)(PPh3); (OsCro), (n*-C0)[Os(CO)(tBuNC)(PPh3),], (diOsCyo) m
Ceo[IrH(CO)(PPhs),]> (dilrCqgp), cuntesupoBanbix B MHOOC PAH rpymmoit FO.H.
HosuxoBa. Taxke wuccnenoBanuch ¢orodnekTpudeckue xapakrepuctuku CO Ha
OCHOBE HaHOKOMII03UTOB JJaHHbIX MK® ¢ nonynpoBoannkoBeiM noinumepom P3HT.

MakcumanbHOe 3HAYeHHE MOJBUKHOCTH 3JEKTPOHOB MPOJEMOHCTPUPOBAIIN
wieHku MK® IrCgy), mOoaBUKHOCTD B KOTOPBIX COCTaBUIIA 5X 10" emM?/B-c. [Tomyyennoe
3Ha4YeHHE Jper(oBOil MOABUKHOCTH IEKTPOHOB B mieHKax IrCq AenaeT BO3MOXHBIM
npumenenne IrCgq, B momumepubix C®. Jlamee Obutn m3rotoBieHsl CD Ha OCHOBE
uccnegyemblx MK® u uccnenoBaHbl UX BOJIbT-aMIIEPHBIE XapAKTEPUCTUKU U CHEKTPHI
¢dororoka. Hampsikenne xomoctoro xoma C® c¢ akrtuBHbM cioeM P3HT/IrCg,
MPEBBICHIIO aHATOTHYHBIN napameTp onopHoro CO P3HT/PCBM na 0.15 B. Oxnako
KITIJ] y C® P3HT/IrCgy okazancst noctatouno HU3KkUM (0.86%) 13-3a HUZKUX 3HAUCHUI
TOKa KOPOTKOTO 3aMbIKaHUsi M ¢akTopa 3amonHeHus. Bo3moxkHo, Oonee HU3KHE
dotorokn B oOpasmax ¢ pabouum cioem P3HT/IrCyy, byem B OmOpHBIX 0oOpasiax,
ABJIIOTCSL  CJIEJICTBUEM HEONTUMaJbHOM MoOpQoJoruu akTUBHOro ciuos. Jis
dotosnemenToB Ha ocHoBe MK® wucnonp30Baics MPOTOKON TMPUTOTOBICHHUS,
orpabotannsiii s P3HT/PCBM. Oxgnako, Tak Kak pacTBOPUMOCTB M MOJBHKHOCThH B
MK® Hmxe coorBercBytomux 3HadeHud piuss PCBM, BrmosiHe BEpOSITHO, 4YTO
ONTUMAJIbHBIN MPOTOKOJ MPUTOTOBICHUS HAHOKOMITO3UTA JJOJIKEH ObITh HHOM.

Takum 00pazoM, pa3paboTaHa METOAMKA U3rOTOBIEHUS oduMepHbIx CD kak Ha
CTEKJISTHHBIX, TaK M Ha TMOKUX MOJUIOXKKAaX, Mo3Bojstomas noiyyarb CO Ha ocHOBe
HaHokommno3uta P3HT/PCBM c¢ xapakTepucTHKamMHu, HE YCTYNAOIMIUMHU JTyYIIUM
MHUpPOBBIM oOpa3ziiaM. PaccmoTpeHa Bo3MOKHOCTH npuMeHeHuss MK® B mojammepHbIX
C®. Bricokue 3HaYeHUS MOABUKHOCTU 3JIEKTPOHOB B IuIeHKaXx MK® u HanpspkeHus
xojsoctoro xofa y C® Ha MX OCHOBE YKa3bIBalOT HA MEPCIEKTHUBHOCTH JAJIbHEUIINX
uccinenoanuit MK® g noseienus KIIJ[ nonumep-dynnepenoBbix CO.
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HenunHenHo-onTuyeckasi CNeKkTpoCcKonuyeckasi AnarHoCcTuka
da3oBbIX NEPEXOAOB MOMEKYNSAPHbLIX Cped B HAHOMoOpax u
onpeaeneHne napameTpoB HAHOMOPUCTbIX MaTepunarnos

ApakueeB B.I'., BaneeB A.A.

MexayHapoaHbIn y4eBHO-Hay4YHbIN NTa3epHbIA LLEHTP
MIY nmenn M.B. JTomoHocoBa

bnarogapsi yHUKaJIbHBIM CBOMCTBaM HAaHONOPHUCTBIX MAaTE€PUAIIOB JUAINA30H HX
OPUMEHEHUs] B XUMHYECKOH MPOMBIIIJICHHOCTH, MEAMLIMHE M JpYyrux O00JIacTsaX
IIOCTOSIHHO ~ pacwupsiercs. B HacTosmiee BpeMs HaHONOPUCTBIE MaTE€pHAJIbI
UCTIOJIB3YIOTCSI B OOJIBIIIOM KOJMYECTBE TEXHOJIOIMUYECKUMX M HAYYHBIX IMPHIOKEHUH,
CBA3aHHBIX C KaTaJiu3oM, SKCTpakUueld, HOHOOOMEHOM, CO3JaHHEM OHMOCEHCOPOB U
HEKOTOpBIX Apyrux. CyIlecTBYeT psj HOBBIX MHOTOOOEHIAIONINX HACH MPUMEHEHUS
HAHOMOPHUCTBIX MAaTEpPUAIOB, B UUCJIE KOTOPBIX HJIEA CO3JaHUs  JIEKapCTB
IIPOJIOHTMPOBAHHOIO JeHCTBUA. [IpuMeHEHME TBEpAbIX HAHONOPHUCTBIX CTPYKTYpP
YacTO CBS3aHO C 3AIIOJIHEHUEM IOpP MOJIEKYJIIPHOM CpPENIOH, SIBISIOLICHCS areéHTOM
XUMHMYECKOW PEeaKIMU WM BBIIOJHSIONIEH TPAaHCHOPTHYIO (PYHKLHIO IO JOCTAaBKE B
HOpbl WJIM H3BJICUEHHUIO M3 IMOpP KAaKUX-TUOO KOMIIOHEHTOB B PACTBOPEHHOM BHJIE.
OU3NKO-XUMUYECKME CBOWCTBA MOJIEKYJSIDHOW Cpebl, TaKUe KAaK pPacTBOPSIOLIA
CIOCOOHOCTD, BSI3KOCTh, COKMMAEMOCTb, UTPAIOT BAXKHEHILYIO POJIb B TAKUX MPOLIECCAX
U CYIIECTBEHHO 3aBUCAT OT €€ (Da30BOro COCTOSHUS. YCIIOBUS OIPaHMYEHHOTO
IOPOCTPAHCTBA, a Takke 3()p(PEeKTUBHOE B3aUMOJCHCTBHE MOJIEKYJI Cpebl CO CTEHKaMU
NOp CYNIECTBEHHO CKa3bIBAIOTCSA Ha €€ (pa30BOM IMOBEACHHWU B HaHomopax. [loatomy
onucanue (ha30BOro MOBEACHMS CpeAbl B YCIOBHUSX HAHOMOpP MPEACTABISIET cOOOM
BAXKHYIO 33J1a4y KakK ¢ (yHJaMEHTaJIbHOM, TaK U C MPAKTUYECKON TOUKHU 3PEHUS.

Jlnst nuarHocTUku (a3oBBIX COCTOSHUM M MEPEXO0JI0B MOJIEKYJISIPHBIX Cpel B
HAHONOpax TPAAULMOHHO IPUMEHSIOTCA CTaTUCTUYECKHME MeToabl. B uX ocHOBe
KOTOPBIX JIEKUT U3MEPEHUE MACCHI MOJIEKYJISIPHOW CpeJbl, 3alOHSAIONIeH 00BeM 1op
U aJcOpOMpOBAaHHOM Ha MX IMOBEPXHOCTH, @ TAK)KE BHEIIHETO IO OTHOLIEHUIO K
HAHOMOPHUCTOMY 00pa3sily JaBieHHUs. DTH METOAbl MO3BOJISIOT OCYIIECTBIATH JIUIIb
ONOCPEJIOBAHHYI0 JIMAarHOCTUKY M 3((EKTUBHBI B TOM Ciy4ae, €Cld BpeMms
YCTAaHOBJICHUSI PABHOBECHOIO COCTOSIHMSI B IIOpaXx HAHOIOPUCTOTO MaTepuasa
noctatoyHo mano. OHaKo, COTIACHO OICHKaM, MPUBEICHHBIM B HOBEHIINX padoTax,
BpEMsSI YCTaHOBJIEHUS (A30BOTO paBHOBECHS B MOpax OOBEMHBIX HAHOMOPHUCTBIX
CTPYKTYD C Pa3BUTOM B3aMMOCBS3bIO IIOP IUAMETPOM HECKOJIBKO HAHOMETPOB U MEHEE
MOXET 3HAYUTEIBHO NPEBOCXOAUTH Pa3yMHOE BpeMs IPOBEIACHUS DKCIEPUMEHTA.
Pa3pabotka AKCIEPUMEHTAIBHBIX METOJIOB, MO3BOJISIFOLINX IPOBOJUTH
HEMOCPEICTBEHHYIO AMArHOCTUKY (Da30BbIX COCTOSHUN M MEPEXOJ0B MOJIEKYJISIPHOU
Cpelibl, IOMELEHHOW B MOPHI HAHOMOPHUCTBIX MAaTEPUAIIOB C Pa3IM4YHON CTPYKTYpPOH,
IPEJCTaBIIIET COOOM B HACTOsAIIEE BpeMs aKTyaJlbHYIO U NMPUHIMIHAIBHYIO 33jady,
MMEIOIIYI0 KaK (yH/IaMEHTaIbHbIN, TaK U MPUKIIATHON aCIIEKT.

B Hacrosmeil pabore pa3sBUT SKCHEPUMEHTAIBHBIA MOJIXOJ K JUArHOCTUKE
¢da3oBbIX TIEepexoq0B, ocHOBaHHBIM Ha MeTone KAPC-cnekrpockonuu. J{uarnoctuka
(a30BBIX COCTOSIHMM M IEpeXO[0B B JAHHOM CiIy4ae MPOBOJAUTCS HA OCHOBaHWUHU
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HOBEJICHUS] MOJIEKYJISIPHBIX CIEKTPOB CpeAbl, KOTOpPbIE CYIIECTBEHHO PpPa3INYaroTCs
Ui pasHbIX (pa3. cTouHMKOM cUrHaja sBIISE€TCS cpeja, HaXosAllascs B HAHONOPax,
YTO MO3BOJISIET IPOBOJUTH HETIOCPEICTBEHHYIO IMarHOCTUKY. BrIcOKO€E clieKTpanbHOE
paspelieHre Mo3BOJIAET JAUArHOCTHPOBATh pa3iuyHble ()a3bl B TOM UYHWCIE TPH UX
OJIHOBPEMEHHOM TMPUCYTCTBMM B HaHomopax. Bpicokoe MpoCTpaHCTBEHHOE
paspeleHre MpUMEHIEMOro METO/a IO3BOJSET NMPOBOAUTH JUATHOCTUKY (Pa30BBIX
COCTOSIHMI M (Pa30BBIX MEPEXO0B MOJIEKYJSIPHBIX CPEl B HAHOMOPAX B JIOKATHHBIX
o0nacTsiX BHYTPU OOBEMHBIX HAHOMOPHUCTBIX OOBEKTOB. BbICOKOE BpeMeHHOE
paspeleHre MO3BOJSET O0XapaKTepU30BaTh 3aMEUIEHHYIO JUHAMUKY YCTaHOBJICHMS
(a3z0BOro paBHOBECHUS! MOJIEKYJISIPHOM cpeibl B 00beMe HaHOIIOPUCTOr0 MaTepuaia.

da30Bo€ TMOBEIECHUE MOJEKYJISAPHOM Cpeapl B HAHOMNOpax OIpeAessercs
napaMeTpaMy HaHONOPHUCTOM CTPYKTypbl. JlaBieHue, NMpu KOTOPOM B HaHOIOpax
IPOUCXOJUT MEPEeXo] B KOHIEHCUPOBAHHOE COCTOSIHHWE, B OCHOBHOM OIIpEeNseTcs
dbopmoit u nuamerpom mop. Bpemst ycraHoBieHHsT (a3oBOTO paBHOBECHsS B 00beMe
TPEXMEPHOTO HAHOMOPUCTOrO0 00paslia CYIIECTBEHHO 3aBUCUT OT CTENEHU
B3aMMOCBSI3U MOp. BennunHa BHyTpeHHEH NOBEPXHOCTH HOP OMNpEesieT KOJIMUECTBO
a7IcOpOMpPOBAaHHOTO HA MOBEPXHOCTH BellecTBa. Pa3BuThlii B paboTe MOAXOA Ha
ocHoBe Merona KAPC-crexkTpockonuu MO3BOJISIET OMPENeNsaTh ycIoBHs (Da30BbIX
MEepPeXoJ0B MOJIEKYJSIPHOW Cpellbl B HAHOMNOpax, M, TaKUM 00pa3oM, MOXKET
HOPUMEHSTHCS IS ONPECIICHUS TapaMeTPOB HAHOIIOPUCTHIX CTPYKTYP.
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YnyJuieHune paspeluaroller crocoGHOCTM aTOMHO-CUMOBOTO
MUKPOCKONa Mpu MOMOLLIM KOMMbIOTEPHOIO MOAENMPOBaHNS

Ton3u M.I!

1. WM Makcum N'epmaHoBmy 'oasm

AtomHO-cusioBag Mukpockonusi (ACM) sBasieTcs OIHMM M3 CaMbIX
pacupoCTpaHEeHHBIX METOJI0B BU3yaJIU3alnN HAaHOOOBEKTOB B
UCCIIEIOBATEIbCKUX W TPOMBINUICHHBIX 1esiX. HWMudbopmanms, mnomydaemas
JAHHBIM METOAOM, HOCUT HE TOJBKO WJUIFOCTPATUBHBIA XapakTep, HO TaKkKe
NO3BOJISIET AHAJIU3UPOBaTh pPsiA  (U3MUYECKUX CBOWCTB aJCOPOMPOBAHHBIX
00pa3noB, H3ydaTh MapaMeTpbl aACOPOIMU U OCYIIECTBISATH HAONIIOICHHE
IIPOLIECCOB, MPOUCXOIALUIMX B ajacopOupoBaHHOM cinoeHecMoTpst Ha BCrO
IPUBJIEKATEILHOCTh MCIOJIb30BAHUS NOCTYIMHOU U ruOkoi metoguku ACM s
JETaIbHOTO HCCIEAOBAHUS OMOJIOTMYECKUX OOBEKTOB B OHOJIOTMYECKOM U
MEAUIIMHCKOM acClieKTaX HaHOTEXHOJIOTHH, CIEAYIOIINE TEXHUUECKUE TPYAHOCTH
BHOCAT SKCIIEPUMEHTAJIbHBIE OUIMOKH, OTpaHUYMBAasi TOYHOCTb BHU3YyaJM3alUU
00BEKTOB JIECATKAMU HAHOMETPOB:

e ccienyeMble OMOIOTHYECKHEe HAHOOBEKTHI YacTO MPEICTABISIIOT COOOM
OTIENbHbIE MOJIEKYJIbl OHOINOJMMEPOB C XapaKTEpPHbIMH pa3MepaMu
ONMM3KUMU, WU AK€ MEHBIUMMHU Pa3MEPOB B3aMMOECHCTBYIOIIEH YaCTH
30H/A;

® B3aMMOJCHCTBUE 30HJAa C OOpa3lOM MOXET MPUBOAWTH K HAIUITAHUIO
OTJENBbHBIX MOJIEKYJ oOpaslia Ha B3aHMMOJCHCTBYIONIYIO YacTh 30H]A,
UCKaXkasi JaHHbIE CKAaHUPOBAHUS,

® HEBO3MOXXHOCTH  TIONYYEeHHs]  YUCTOro  oOpasiia  HaHOOOBEKTa
Oouonoruyeckoir mpupoasl TpeOyer ¢uibrpanuu mnoiydaembix B ACM
U300paKEHUI OT BU3yaJIM3UPOBAHHBIX IPUMECHBIX OOBEKTOB;

e ehOpPMUPYEMOCTh AK€ BBICYIICHHBIX OHOJIOTMYECKHX OOBEKTOB
OPUBOJUT K MOpue oOpa3na Wik HEBEpHOW HH(pOpMaluuu O pa3MepoB
UCCIIEAYEeMbIX OOBEKTOB.

B  mocimegHue  rompl  pa3iauYHBIE  HUCCIEAOBATEIBCKHE  TPYIIIBI
IPEAIPUHUMAIN  IIONBITKM  IPEOAOJIETh  JAaHHBIE  TPYOHOCTH  IIyTEM
JIOTIOJIHUTENIBHON KOMITBIOTEPHOW OOpa0OTKM CHUTHAJOB IOJIOKEHUS 30HJA U
JNEUCTBYIOIIMX CWJI W JOINOJIHUTEIBHBIX IIPOLIEAYP OYUCTKH 30HIOB. B
pesyibrare ObUIH ycnoxHeHbl TexHuka ACM skcnepuMeHTa U cam npudop, 4To
MO3BOJIMJIO BBIABIIATH 3aBEJOMO HEIOCTOBEpHbIE 00JacTH CKaHHUPOBaHUS,
OJTHAKO CYILIECTBEHHBIX YIIy4IIEeHUI JeTann3anun CKaHUPYEMBIX
OMOIOTHYECKUX 00OBEKTOB TOOUTHCS HE YIAIOCh.

Hameld HayyHOM TIpynmod NPEIJIOKEH HWHHOBALMOHHBIA  IOIXOZ,
MO3BOJISIOIINI UCITOJIB30BATh MOCIEHNE JOCTUKEHNSI METOJIOB KOMITBIOTEPHOTO
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MOJEIUPOBAHUSI  JIJI1  BBIBEICHUS  aTOMHO-CHUJIOBOM  MHUKPOCKOIIMM  Ha
Ka4eCTBEHHO HOBBIN YPOBEHbB, TPU KOTOPOM OHA MOKET OBITh UCIIOIb30BaHA JJIS
UCCIIEOBaHUS Psijia OMOJIOTHYECKUX 00BEKTOB ¢ HAHOMETPOBOM TOUHOCTHIO.

[locTpouB mnepByr0 B MHpPE KOMIIBIOTEPHYKD MOJAENH  30HIAOBOIO
CKaHUPOBAHUS, BOCIPOU3BOMSIILYIO ABUKEHUSI aTOMOB 30H/Ia B COOTBETCTBHHU C
pa3IMYHBIMM MOJAMHU CKaHMPOBAHHWS M YUYMUTHIBAIOLIYID BCE MEXATOMHBIE
B3aMMOJICHCTBUS 30Ha C MOBEPXHOCTHIO MOAJIOKKH U 00pa3I[OM, MbI TTOTYYUITH
BO3MOXKHOCTh ~(DWIIBTpAIlMd W yTOYHEHHS DKCIEPUMEHTAIBHBIX JaHHBIX.
Anroput™m (QUIBTpaIlii ¥ YTOYHEHUS OCHOBAH HAa CPABHEHUU CHIPHIX JAHHBIX
IKCIEPUMEHTAIBHOTO CKAaHUPOBAHUS 00pa3iia ¥ MOACIUPYEMOTO CKaHUPOBAHUS
UCCIIEyeMBbIX MOJICKYISIPHBIX KOMIUIEKCOB, aJCOPOMPOBAHHBIX HA ATOMHYIO
MOJZIeJIb TOJJIOKKH B XOJA€ MPEABAPUTEIBHON MOJEKYJISPHO-TUHAMUYECKOM
KOMIIBIOTEPHON CUMYJISIIIUU.

[Tonxon KOMMBIOTEPHOTO MOJACIUPOBAHUS 30HIAOB M OKPYXKEHHUS Ha
aTOMHOM yPOBHE IMPEANOaracTcs Tak:Ke UCIOIb30BaTh 1JI1 KOHCTPYUPOBAHUS U
KaJuOpOBKU OMOCEHCOPOB, UMEIOLIUX KAaHTHUJIEBEPHOE YCTPOUCTRO.

Ha ocHoBe mony4yeHHBIX pe3yJbTaToB Hamen HaydyHou rpymnmon HWII
Makcum ['on3u pa3zpabarbiBaeTcss HOBasi MOJIEb ATOMHO-CHUIIOBOIO MUKPOCKOTIA
CO BCTPOCHHBIM amNNapaTHbIM CYNEPKOMIBIOTEPHBIM OJIOKOM MOJIEKYJISIPHOTO
MOJICJIMPOBAHUS, HE HMEIOIIas MHUPOBBIX aHaloroB. JlaHHas WHHOBALUA
obecreuut UCCJIE0BATENIbCKUE u MPOMBIIIJIEHHBIE naboparopuu
HAaHOMHJyCTPUU HEIOPOTMM U JIOCTYIIHBIM CpPEICTBOM JJISI HCCIEHOBaHUSA
a7cOpOMPOBAaHHBIX OHOJIOTHYCCKUX HAHOOOBEKTOB C TOYHOCTHIO IO JIeCATKA
aHTCTPEM.
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HoBbI MaTepmnan — OQHOCTEHHble reTepodasHble HaHOTPYOKK
n3 yrnepoga n H1Tpuga 6opa, CUHTE3MPOBaAHHbIE METOLOM
razopasHoro ocaxaeHus

I'peGentokos B.B."?, Apyrionsn H.P >, O6pasuosa E.JI."*, Tonknx A.A.°

1. ®usnueckuii paxynsrer MI'Y umenu M.B. JlomoHocoBa
2. UuctutyT obmeit ¢pusuku umenu A.M. [Ipoxoposa PAH

B Hacrosmee BpeMsi MeTaMmarepualibl HA OCHOBE HAHOCTPYKTYP INPEACTABISIOT
OONBIIOW HHTEpeC U Ppa3jIMYHBIX HPOMBIIUICHHBIX NpuUMeHeHUH. OAHUMHU U3
Hauboyiee TMOMYJSPHBIX HAHOCTPYKTYp SBISIIOTCS  OAHOCTEHHBIE  YIIIEPOJHBIC
HaHotpyOku (OYH). Orta momynspHOCTh 00yciioBiena crocobHocteto OYH nMmers
Pa3IMYHYIO IIMPUHY 3alPEIIEHHON 30HBI B 3aBUCHMOCTU OT CBOMX I'€OMETPHYECKHX
apamMeTpoB — AMAMETPA U XMPAIbHOCTH. DTa IIMPUHA MOXKET BappupoBarhcs ot 0 1o
1,4 »B, TO ecTb ymiepoaHble HAHOTPYOKM MOTYT HUMETh METAUIMYECKUE WIIU
MOJTyIPOBOJIHUKOBBIE CBOMCTBA.

OCHOBHOI TPYAHOCTBIO MPH pabOTEe C YIIEPOIHBIMU HAHOTPYOKaMH SIBIISETCS
CTOXAaCTUYECKHM XapakTep paclpeieseHus] UX IeOMETPUYECKUX MapaMeTpoB M, Kak
CJIEJICTBUE, IIEKTPOHHBIX CBOMCTB. B HacTosIee Bpems [Jis pelieHus 3TOH IpooieMbl
UCHOJNb3yeTCsl JIMOO pas3jieleHne HaHOTPYOOK IO IJIOTHOCTH C  IOMOIIBIO
rpagveHTHoro ueHTtpudyrupoBanus [1], au00 uX AONMUpPOBaHHE pa3IUUYHBIMU
aromamu. Takke JONMUPOBAHHUE MO3BOJISIET PACIIMPUTH JUANa30H U3MEHEHUS IIUPUHBI
3anpeniEHHOM 30HbI, YTO HEJOCTHKUMO B citydyae ynucthix OYH.

He3saBucumo ot BeiOpanHoro crnoco6a o0padotkun OYH, BbIxoJ NMPUTrogHOTO ISt
WCIOJBb30BAHMS HAHOMAaTrepHalla YMEHBIIAETCsA, a CIOXKHOCTh pPadOThl U, Kak
CJIEJICTBUE, CTOUMOCTh KOHEYHOI'O IPOAYKTA YBEINUYUBAETCS.

AnbrepHatuBoii  oO6pabotke OYH Moxer crtarb cuHTE3 rerepodasHbIx
OJTHOCTEHHBIX HAHOTPYOOK U3 yriepoaa u Hutpuaa 6opa (BNC-nanorpyoku). Hutpun
O0opa B rekcaroHajgbHOW (aze 3TO Marepuas, OONAJAIONUN CXOMHBIMH C Tpadurom
TreOMETPUUECKUMH XapaKTEPUCTHUKAMU aTOMHOM peméTKu, COCOOHBIM 00pa30BbIBATh
HaHOTpyOkH. HaHoTpyOkM wu3 HuTpuza Oopa SBISIOTCS HOJXYNPOBOJHUKAMH C
IIMPUHOW 3ampeméHHon 30HBI B 5,5 5B He3aBUCHMO OT TE€OMETPUYECKUX
XApaKTepUCTUK. BBHUAY CXOIHBIX MapaMETpPOB ATOMHBIX PEUIETOK CYUTAETCS
BO3MOKHBIM CHHTE3 OJIHOCTEHHBIX HaHOTPYOOK cocrosimux, u3 yyactkoB OYH u BN-
HaHOTPYOOK. Oxwupmaercss [2], YTO OJIEKTPOHHBIE CBOMCTBA TaKUX THOPUIHBIX
HAHOCTPYKTYp Takke He OyIyT 3aBUCETh OT UX TEOMETPUUYECKUX MTapaMeTpoB, H OymyT
onpeaenartbes cootHomenneM BN:C. 3DTo mno3BoAMT ymopaBisTh CBOMCTBaAMHU
HAHOTPYOOK Ha dTare CUHTEe3a.

Takrie HaHOCTPYKTYpbl YXe OBLIM CHHTE3MPOBAHBI B MaJbIX KOJIMYECTBAX
METOaMH JiazepHOil abmsiuuu [3] U 1yroBeiM MeTonoM [4]. B HacTosiem mpoexTe Jist
MOJYyYEHHUs] TaKUX HAHOCTPYKTYp HpEeAsiaraercsi HCHOJIb30BaTh METOA Tra3o(a3HOro
ocaxzaenusa (CVD). Oror meron ycnemHo npumensiercss A cunre3a OYH [5], u no
CPaBHEHHWIO C JAPYTUMH METOJaMH O00JaJaeT IIUPOKHUMH BO3MOXKHOCTAMHU ISt
MacutTabupoBaHusi. B coueTaHuu ¢ BEICOKOM YHCTOTOM Moirydaemoro marepuania (99%
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M BbIUIE), CPAaBHUTEIBHOM NPOCTOTON B peanu3aluu, a TaKKe BO3MOXHOCTHIO
BbIpAIIMBaTh HAHOTPYOKH Ha TpeOyeMbIX MOJIOKKAaX MO MacKe, 3TOT METOJ CHHTE3a
SBIIETCS HanOoJee MOAXOISAIINM JIJIsl IPOMBIIIUIEHHOTO IPUMEHEHHUS.

[1] A. I. Chernov and E. D. Obraztsova. “Density Gradient Ultracentrifugation of Arc
Produced Single-Wall Carbon Nanotubes” // J. Nanoelectron. Optoelectron. 4, 224-226 (2009)

[2] Tomoaki Yoshioka, Hidekatsu Suzuura, and Tsuneya Ando. "Electronic States of
BCN Alloy Nanotubes in a Simple Tight-Binding Model" // J. Phys. Soc. Jpn. 72, 2003, pp.
2656-2664.

[3] A. Loiseau, S. Enouz, et al. // Proceeding of XXth International Winterschool on
Electronic Properties of Novel Materials, Kirchberg (Austria), 2006, p. 110.

[4] N.R. Arutyunyan, V.V. Grebenyukov, E.D. Obraztsova, A.S. Pozharov, E.P.
Kharitonova, P. Jaffrenou, B. Attal-Tretou, A. Loiseau. "Complex study of single-wall
nanotubes synthesized from C:BN mixtures" // Fullerenes, Nanotubes and Carbon
Nanostructures 2008, pp. 368-373.

[5] F.V. Golikov, A.S. Pozharov, E.D. Obraztsova, N.R. Arutyunyan, S.V. Terekhov, A.L
Chernov, V.I. Konov, L.D. Iskhakova, A.S. Lobach. “Synthesis and Characterization of
Single-Wall Carbon Nanotubes Grown by Chemical Deposition of Ethanol Vapor” //
Advances in Science and Technology Vol. 48 (2006) pp. 31-36
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Pa3paboTka XonoAHbIX KaToAHbIX Ha OCHOBE
HaHOCTPYKTYpMUpPOBaHHOro rpadhnTonogobHoro yrnepoaa

Jlamenko C.A.
®usunyecknin pakynstet, MY nmenn M.B. JlomoHocoBa

Hapsny ¢ pa3HooOpa3sHbIMH  TBEPAOTEIBHBIMU  IOJYIPOBOJIHUKOBBIMU
3JIEKTPOHHBIMHM IPUOOpaMH J0 HACTOSIIET0 BPEMEHH aKTUBHO HMCIOJB3YIOTCA TAKXKE U
BaKyyMHbI€ NPUOOPHI (MOIIHbIE TPAH3UCTOPHI U JNUOJIbI, PEHTTEHOBCKHE U AJIEKTPOHHO-
aydeBsle TpyOku, CBUY reneparopsr u T.m.). KitodeBbIM 31€MEHTOM JFOOOTO
AJIEKTPOBAKYYMHOT'O YCTpPOMCTBA SIBJIETCS HCTOYHHUK 3JEKTPOHOB — KaTol. HambGonee
pacnpoCTpaHEHHbIMU SIBIISIOTCS KaTOAbl, NPUHLUI ACUCTBUS KOTOPBIX OCHOBAaH Ha
SBJICHUM TE€PMOAJIEKTPOHHOM 3Muccuu. Takue KaToasl 00JalaloT PsIOM HEJOCTaTKOB:
Oonpiivie rabapuThl, HEBBICOKAs HAAEKHOCTb, OOJBLIME SHEPronoTepHd Ha MOJOTPEB
KaToJ1a, 00JIbIIOE BpeMs pa3orpeBa KaToaa.

AJBTEpHATUBHBIM CIIOCOOOM TMOJYUEHUS JCKTPOHHBIX IyYKOB SIBISETCS 3 deKT
aBTORJIEKTPOHHOW 3Muccud. OpHO U3 Haubornee CyLIECTBEHHBIX MPEUMYILIECTB
aBTOKAaTOZOB COCTOMT B OTCYTCTBUM JHEpPro3arpaTr Ha SMHUCCHIO DJIEKTPOHOB, KOTOpas
OPOUCXOJUT B  pe3yjibTare KBAaHTOBOMEXAHHMYECKOTO  TYHHEJIUpPOBaHHUS.  ITO
HNOTEHIIUATILHO MOXKET 3HAYUTENIbHO YMEHBIIUTh rabapuThl U 00I1ee IHepronorpedIeHue
AJNIEKTPOBAKYYMHBIX  YCTPOMCTB. JlpyrMMHM  MOTEHIMAIbHBIMU  PEUMYIIECTBAMU
UCMOJIb30BaHNS aBTOKATOJOB SIBJISIIOTCS UX IOCTOSIHHAs FOTOBHOCTH (T.€. HE Tpelyercs
BPEMEHU Ha Pa30rPeB JAMIIbl) U MOHOXPOMATUYHOCTD UCITy CKAEMBIX 3JIEKTPOHOB.

OpHako MOJy4YyeHUE AaBTOPMUCCHUU TpeOyeT cO3/aHus y TMOBEPXHOCTHU Karoja
IEKTPHYECKHUX TONICH OrpoMHOil HampspkeHHocTH (mopsimka 10° B/m). D10 3HaueHne
MO>KET OBITh CHM)KEHO IPH MCIIOJIb30BAHUN KAaTOJOB OCTPUMHOM WIIN JIE3BUHHON (OpPMBI
— Takasg Qopma KaToga NPUBOAUT K 3HAYUTEIBHOMY JIOKAJHbHOMY YCHJICHHIO
IIEKTPUYECKOTO MOJISI B pailoHe OCTpHS.

B nanHoii pabGore paccMaTpuUBaIOTCS BO3MOXKHOCTH HCIIOJIb30BAaHUSI B KayeCcTBE
AaBTOKAaTO/JOB  YIJEPOJAHBIX IUIEHOK, COCTOSALIMX W3  HAHOCTPYKTYPHUPOBAHHOI'O
rpaduTonog00HOro MaTepuana. DTO HOBBIM YHUKAJbHBIM MaTepual, MpeacTaBIsIomnn
co00ll Me30-TIOPUCTBIE CTPYKTYpPhl B BHUJAE IUIACTUHYATBHIX KPUCTAIIMTOB rpaduta
HaHOMETPOBOM  TONIIMHBL.  Takue  KPUCTAUIMTBI UMEIT  NPEUMYILECTBEHHYIO
OPHEHTAIIMIO BIOJIb HOPMAaJIH K TIOBEPXHOCTH TOJIOKKHU (OTKIIOHEHHE B mpenenax 20°).
[Ipy HaHOMETPOBOW TOJIIMHE JpyrHe pasMepbl KPUCTAUIUTOB (BbICOTA M JJIMHA)
nopsiaka 1 mukpona. IlpoBeneHHble HaMH HMCCIIEAOBAaHUS IOKa3aid, 4ToO Oyaromaps
Je3BUHHONM (opMe KPUCTAJUIMTOB HAa HMX IOBEPXHOCTH OKAa3bIBAETCS BO3MOXKHBIM
co3gaHue TMojeil, TpeOdyeMbIX [UIsi TMOJYy4YeHUs aBTOAIMHUCCHM, IPH YMEPEHHBIX
HanpsDKeHUsIX. BakHOM XapakTepuCTHKOW J1000Tr0 KaTofa SBISETCS MAaKCHUMAJIbHO
JOCTH)KMMAsi TUIOTHOCTh AMHCCHOHHOTO TOKa, Ul HAaHOTPA(UTHBIX MaTepUaloB OHA
cocTaBisier mopsiaka 1 A/CcM’, YTO MO3BOISET HCIONB30BATH MX B PAasHOOOPA3HBIX
JJIEKTPOBAKYyMHBIX ~ ycTpoWcTBax. MccienoBanue (¢akTopoB, OrpaHHYMBAIOIIMX
MaKCHUMAJIbHBII TOK, IOMOXET YBEJIUYUTh 3TO 3HAYEHUE, U CAEJIATh JAHHbIE MaTepUabl
enie Oosee MpUBJIEKATETbHBIMHU.

Kputnueckn BaKHBIM NPEUMYLIECTBOM HAHOTPA(QUTHBIX KaTOAOB SBISIETCS
OTHOCUTENIbHAsI ~ HEBBICOKAs CTOMMOCTb HX M3TOTOBJIEHHS W  COBMECTHUMOCTH
UCIOJIB3YEMBIX JJII 3TOI0 METOJOB C JPYTUMHU TEXHOJIOTMSIMH, IPUMEHSIEMBIMH B
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BaKyyMHOH »JJleKTpoHWKe. [laHHBIE mMpenMyIliecTBa OBUIM TPOACMOHCTPUPOBAHBI HA
npuMepe  KaTOMOJIOMHUHECLUEHTHBIX  HCTOYHMKOB  CBETa  HECKOJIBKHX  THIIOB,
PEHTTCHOBCKHX TPYOOK M HMHIMKATOPHBIX AIIEKTPOHHO-TYYEBBIX TPYOOK, HCIBITAaHHE
KOTOPBIX OBLJIO MTPOBEJCHO B paMKax JTaHHOW paOOoTHI.

Ha ocHoOBe mosyueHHBIX HayYHBIX JaHHBIX BO3MOXKHA pa3pabOTKa MPOMBIIIIICHHON
TEXHOJIOTUU M3TOTOBJICHUS] HAHOTPA(PUTHBIX aBTOKATOIOB JUIsl Pa3IMYHBIX IPUMEHEHUH.
OCHOBHBIM 3JIEMEHTOM 3TOM TEXHOJIOTUU SIBJISIETCA YCTAaHOBKA IUIA3MOXHMUYECKOTO
OCaX/IeHUs. B KadecTBe NPYyrux Ba)KHBIX DJIEMEHTOB BBICTYMAIOT OOOPYIOBaHHE ISt
MOJITOTOBKM W TECTUPOBAHUS MaTEpUajoB, B TOM YHCJE, M3TOTOBICHHBIX KAaTO/OB, a
TaK)kKe HAKOIUIEHHBIN OIBIT M HOY-Xay.

WHBECTUIIMOHHOE MPEATIOKEHUE IS CO3JaHMs M BHEAPEHUS TAKOH TEXHOJIOTHU
BKJIFOYAET COOTBETCTBEHHO pacxojbl Ha MpHOOpeTeHHe, yKa3aHHOTO OOOPYIOBAaHHS H
UHTEJUIEKTYallbHOM COOCTBEHHOCTH, a TakKK€ HEOOXOAMMBIX MaTepuajoB M JPYrHX
MaTepUalbHbIX W  HEMaTepUAIbHBIX  CPEACTB.  BO3MOXHOCTH  OKyIaeMOCTH
MPOU3BEJICHHBIX PACXOA0B U IMOJyYeHHUE TPUOBLIH O0YCIOBICHBI BOCTPEOOBAHHOCTHIO
aBTOKATO/OB U JIEKTPOBAKYYMHBIX YCTPONCTB Ha X OCHOBE.

[1] A.N. Obraztsov, V.I. Klesch, J. Nanoelectron. Optoelectron, 2009, V. 4,

p. 207-219

[2] C.A. JIamenko, A.I1. Bonkos, P.P. Ucmarunos, A.H. O6pa3suos, [Tucema B XKTD, 2009 1. T.
35,B.6,c. 1-8
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PaspaboTka HOBOro tnna 6bICTpOAENCTBYOLLETO
aKyCTOOMTUYECKOro MOAYyNATOpa HENONAPU30BaHHOIO CBeTa
01 BONTOKOHHO-ONTUYECKUX NMUHUIN CBA3N

Banakmmii B.1'., Bonommsos B.B.!, CononosaikoB B.B.

1. Kadbegpa cumsmkm konebanum, dusndeckun gakynstet MY nmenm M.B.
JlomoHocoBa
2. IPG Group GmbH, N'epmaHus

SBnenne  gudpaknum  cBETa  HA  YIbTpa3ByKe  (aKyCTOONTHYECKOE
B3aMMOJICHCTBUE) B HACTOAIIEE BPEMs SIBIISCTCS OJHUM W3 OCHOBHBIX J(PQEKTOB,
KOTOpBIE MCTIONB3YIOTCS JJI YIPABICHUS ONTHYECKUM H3ayueHueM. Takue npubopbl
aKyCTOOINTUKHU, KaK MOAYJATOPBI, Ae(IIEKTOPbl U (PUIBTPHI, BHITYCKAIOTCS MHOTMMU
¢upMaMu MHpa W IIHPOKO TPUMEHSIOTCS HE TOJBKO B JIa3epHOUW (QH3UKE u
ONTOAJNEKTPOHUKE, HO TaKXe B OJKOJOTMH, MEAMIMHE, BOEHHOM jele. ITO
OoOyCJIOBJIEHO WX IIUPOKUMH (PYHKIIMOHAJIBHBIMU BO3MOXHOCTSMH, BBICOKHM
OBICTPOJICHCTBHEM, MAaJbIMU YIPABISIOIUMH HAOPSKECHUSMH, HAJIEKHOCTBIO U
IPOCTOTON KOHCTpyKUMH [ 1-3].

K coxanenuto, Bce 3T nmpuOOpbl HOPMAIbHO (YHKIUMOHHUPYIOT, JIUIIL KOTJa
[a/Ia0IIee ONTUYECKOE M3ITYUCHHE UMEET MOJISIPU3ALUI0 OJHON U3 COOCTBEHHBIX MOJI
HCIIOJIb3YEMOI'0 B YCTPOWCTBE KpHCTa/UIa (TO €CTh JUHEHHYIO WIM 3JUIMIITHUYECKYIO).
D10 00YCIOBJIEHO AaKyCTOONTHYECKOW aHU30TpOmHeH cpeabl: KodPPUIIMEHT
aKyCTOONTHYECKOTO KadecTBa M, onpenenstonuii 3GeKTuBHOCTh TUGPAKIIUU, UMEET
pasHble 3HAUEHUs I pa3HbIX ONTHYECKUX Moa. Takum oOpa3om, YTOOBI
aKyCTOONTHYECKHI TPprOOp HOpMaTbHO padoTal, HeOOXOJUMO Ha €r0 BXOJE CTaBUTh
noJsispuzarop. Ho 3To mpuBOAUT K MOTEpe MOJIOBHHBI CBETOBOM MOILHOCTH B CIyyae
HENOJIIPU30BAHHOIO ONTUYECKOTO M3JIyYEHMs, YTO BO MHOTHMX CIIy4asX SBJISETCS
COBEPILIEHHO HEJIOIY CTUMBIM.

[IpoGnema ynpaBieHus: HEMOJISPU30BAHHBIM CBETOM YpE3BBIYAHHO aKTyallbHA;
OHa CTOUT B akyctoontuke ¢ 60-x ronoB mpouwuioro crojerus. Haubonee mpocroe
peleHne 3akioYyaeTcs B UCIOIb30BaHUH KpHcTaia Moimoaara ceunna (PbMoOy,), y
KOTOPOTO HAaWJIEH YHUKAJIbHBIN CPE3, NAIOIINNA OJIMHAKOBBIC 3HAYCHUS KauecTBa M 1uist
obeux ontudyeckux MoA. OJHAKO O3TOT Cpe3 XapaKTepu3yeTcsi OTHOCUTENIbHO
HeOonbINM 3HaueHneM M, u 3((eKT JocTUraeTcst Ipu TaK Ha3bIBA€MON M30TPOITHON
Jupakuuyd CBeTa, KOTOpas HE MO3BOJISIET CO3/aBaThb YCTPONCTBA C XOPOIIMMHU
napamerpamu. Jlpyroe pemieHue COCTOUT B NPUMEHEHHHM [JBYX CKpPEUICHHBIX
aKyCTOONTHYECKMX SYEEK, PACMOJOKEHHBIX TMOCJIeI0BaTeIbHO, WIM K€ B
pacIlEeNJeHUuy MaJarolero CBETOBOIO IIydyka Ha JBa Iy4ka C OpPTOrOHAJIbHBIMU
NOJIApU3aLMAMH, a TOTOM, Ha BBIXOJE SYEHKH, UX CBEJIECHUU B OJUH IIyYOK. OTH
METOJIbl HMMEIOT PsJ HEJOCTATKOB: CIIOKHAsg KOHCTPYKLMS, TpyJIHas HOCTHUPOBKa
CUCTEMBI, HU3Kas Ha/IeKHOCTh, YBEJTMUECHHUE YIIPABIIAIOIIEH MOIIIHOCTH U JIp.

Eme omgHoil cepbe3Hoil mpoOiieMoid, OTHOCSILEHCS KO BCEM aKyCTOONTUYECKUM
YCTPOMCTBAM, OCTA€TCS UX BBICOKAsI CTOUMOCTh — HECKOJIBKO THICSIY JI0JUIAPOB TOJIBKO
3a MOAYJUPYIOLLYI0 s4eiiKy. Bpicokas cToMMOCTh OOYCJIOBIIEHA CJIOXKHOCTHIO
TEXHOJIOTUYECKOr0 Tpoliecca M HEOOXOAMMOCTBHIO IMPUMEHEHHUS PYyYHOro TpyAa
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BBICOKOKBATU(UIIMPOBAHHBIX ONTUKOB MPU M3TOTOBJIEHUU aKyCTOONTUYECKUX SUYECK.
Bricokas  CTOMMOCTh  aKyCTOONTHYECKUX  MPUOOPOB  SIBISIETCS  CEPHE3HBIM
OPErATCTBUEM JJIsi  MX 0Oojee IIUPOKOr0 TNPUMEHEHHS B IPOMBIILICHHOCTH,
MEIUIMHE, OBITOBOM TEXHUKE U JIp.

Hacrosmuii  mpoekT  CcBOed  TJaBHOW  IEIbI0O  HMMEET  pa3paboTKy
aKyCTOOIITUYECKUX YCTPOUCTB C BO30YXkJIE€HUEM OOBEMHBIX aKyCTHUECKHUX BOJH IO
HOBOM TEXHOJIOTHM Ha OCHOBE COOCTBEHHOTO IbE303JIEKTPUUECKOTO dPdekTa
aKyCTOONTHUYECKOTO KpHCTaUla. IDTO MO3BOJUT OOOWTHUCH 0€3 IIaCTMHYATOro
MbE30Ipeo0pa3zoBaTeisl, UCIOIb3yEMOr0 B HACTOSIIEE BPEMSsI, U3TOTOBIIEHHE KOTOPOTO
B OCHOBHOM M OIpPEAENSIET BBICOKYIO CTOMMOCTh aKyCTOONTHYECKHX s4eek. B
HacTosIIllee BpeMsl Haubosee MOAXOMSIIMM IS 3THUX LEJIe KpUCTauIoM SIBISETCS
HuoOar smwmtus (LiINbO;), uMeronuii Xopoliwe aKyCTOONTHYECKHE CBOWCTBA U
OTJIMYAIOIINICS YpE3BBIYAHO CHITBHBIM MTbe303(h hexTom [4].

Konkpernas 3amaua, pemaemass B paMkKax IMPOEKTa, COCTOUT B pa3pabOTKe U
HKCIIEPUMEHTAIBHON ~ peain3allil  aKyCTOONTHYECKOTO MOAYJSTOpa CBETOBOIO
U3Ny4YeHUs C JUIMHOW BOJHBI 1.06 MKM i1 BOJIOKOHHOTO HTTEpOMEBOro Jiaszepa,
npeJHa3HaueHHOro Juis paboThl B CHCTEMax BOJOKOHHO-ONTUYECKOW — CBS3H.
[TockonbKy Takoil Jlazep JaeT HENOJISPU30BAHHOE M3IIy4YEHHE, TO Ha NEPBOM 3Tare
paboThl OCHOBHBIE yCWJIMSI ObUIM HANpaBJIeHbl Ha TOUCK TAaKOro cpe3a Kpucrasia
HuoOaTa JUTHSI, KOTOPbIH, BO-TIEPBBIX, AA€T OJM3KHUE 3HAUEHUS aKyCTOONTUYECKOTO
KadecTBa M aiist 00enx MOJspU3alnii ONTHYECKUX MOJ, a BO-BTOPBIX, — 00ECIIeYnBaET
BBICOKYIO d(dextuBHOCTs audpakuuu (He meHee 90%) mpu yMEpeHHOM YpOBHE
noTpedysieMo MOUIHOCTU. JleTallbHBIN pacueT aKyCTUYECKHUX U aKyCTOONTUYECKUX
XapaKTepUCTUK KpUCTaIa HUoOAaTa JIMTHS TO3BOJIMII HAWTH Cpe3bl, MEPCIEKTUBHbBIE
JUISl U3TOTOBJIEHUSI MOAYJISITOPA C 3a/IaHHBIMU XapaKTEPUCTUKAMU: BPEMEHEM OTKJIMKA
momayistopa — 0.1 MKc, moTpeOasieMoil MOITHOCThIO — MeHee 2 BT, wacTOTHBIM
quanazoHoM — 200 + 250 MI'n. CaenyeT OTMETHUTb, UTO YKa3aHHbIE XapaKTEPUCTUKU
HE SIBJSIFOTCS TpenenbHbIMA. HuoOaT IUTHUS OTIMYAETCS YHHUKAIHHO HU3ZKUM
3aTyXaHHEM yJbTPa3ByKa, YTO IMO3BOJSET MCIOJIb30BaTh €ro Ha 4YacToTax /0
HECKOJIbKMX rurarepl]. Pacuer cucrembl BO30YXKIEHHUS YJIbTpa3ByKa B KpUCTaLIE
TaKk)ke Jajl BeChbMa ONTHMUCTUYECKUE PE3YyJbTaThl: MPU ONTUMAIBHOW KOHCTPYKIIUU
BO30YXKJIAIOMIUX ~ AJIEKTPOAOB  3PPEKTUBHOCTh  MpeoOpa3oBaHUs  MMOJBOJAUMON
AIEKTPUUYECKON MOITHOCTH B aKyCTUUYECKYI0 MOXKET pocturath 50%.

PaGotra BbITIONHSETCS COBMECTHBIMU YCHIMSIMU JBYX KOJUIEKTUBOB U3
nabopaTopun AKyCTOONTUKH Kadeapbl GU3NKH KoJIeOaHni PU3NIECKOro (PaKyIbTeTa
MI'Y u poccwmiickoro ¢mmana pupmsl [IPG Group GmbH (I'epmanust). B Hacrosimiee
BpeMs UCCIIEI0BAHUS HAXOATCS HA CTAIUHM U3TOTOBJIEHUSI MaKeTa MOJYJISTOpa CBETa,
pa3paboTaHHOTO Ha OCHOBE BBIIMOJHEHHBIX PACUYETOB.

1. bamakmmii B.U., [Tapsirun B.H., Yupkos JI.LE. Qusuueckue ocnogvr akycmoonmuxu.
— M.: Paguo u cBs3b, 1985.

2. Xu J., Stroud R. Acousto-optic devices. — N.Y.: Wiley, 1992.

3. Design and fabrication of acousto-optic devices. / Ed. A.P.Goutzoulis and
D.R. Pape. — N.Y.: Marcel Dekker, 1994.

4. Axycmuueckue xpucmannvl. CrnpaBounuk. / Ilox pen. M.ILIlackonbckoit. — M.:
Hayxka, 1982.
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BbICOKOCKOPOCTHOE U3mMmepeHne BoTHOBoOro opoHTa
HNpomnnkos H.I'.

dusnyecknin pakynotet, MI'Y nmenn M.B. JlomoHocoBa

PaGora pmarumka I[llaka-I'apTMana B 3HAYUTEIBHOM CTENEHU OMPEIEIACTCS
KaueCTBOM HCIIOJIb3yEMOTO JIMH30BOrO pacTpa. Pa3zpaboTaHblii maTeHTOBAHBIM CIOCOO
U3TOTOBJIEHUSI 00ECIIeYnBAET BEIUKOJIETHOE KA4eCTBO MAaTpPHIIBI JIMH30BOrO pactpa. Ha
MaTpUIly HAHECEHO aHTUOIMKOOE MOKpHITHE ¢ 000X CTOpoH. Ele 0HO mpenMymiecTBo
JATYNKOB BOJHOBOTO (ppoHTa ShaH 3TO ONTUMU3MPOBAHBIN aNTOPUTM BBIYHCICHHIA, YTO
JienaeT BO3MOXKHBIM palOTy JaTyuka B pEXUME peajbHOro BpPEMEHH C YacTOTOM,
npesbinatonieit 1000 kaapoB B cekynay ¢ ucnosnb3oBanueM oobranoro I1K. Bmaronaps
UCTIOJIB30BAHUIO HU3KOYPOBHEBOTO MPOTPAMHUPOBAHMSA M TPadUuecKoro mporeccopa,
BO3MOXHO TIOJlyY€HHE JaHHBIX O BOJIHOBOM (pOHTE ¢ paspemieHueM 1o 512x512
nukcened u kagpoBod yactorod 500 ['m. DTOT pexuM NOAXOAUT Uil yHpPaBICHUS
COBPEMEHHBIMU  JKUJKOKPUCTAITMYECKUMHU  KOPPEKTOpaMHU  BOJIHOBOTO  (PppoHTa.
CemelicTBO MaT4nKOB BOJHOBOTO (hpoHTa ShaH BKIItOYaeT B ceOsi HECKOJIBKO MOJIEIICH,
HauuHasg oT Hegoporumx ShaH 0620, xoTopble MOXXHO HCIOJIL30BaTh MJisi OOy4YeHUS
IepcoHana, M 3aKaHYMBash  MOJEJIbID  BBICOKOTO  TEXHHYECKOrO  YpPOBHS,
BbIcokockopocTHO# ShaH-03500. [Tocnennsas ucnomns3yer I13C natuuk, ocBemaeMslii co
CTOPOHBI OJITIOKKH, C DJIEKTPOHHBIM YCUJIEHUEM U ¢ oxJaaxaeHueM a0 -100°C.

O6nacTe MPUMEHEHHSI: aCTPOHOMMUSI, TEJIEMETPHS, aJalTUBHAS ONTHKA.

Quantum Efficiency (%)
o
3

200 300 400 500 600 700 800 900 1000
Wavelength (nm)

Puc 1: BeicokockopoctHo#t qatunk  Puc 2: CnekrpanbHas KpuBas narunka ShaH-
BostHOBOTO (hponTa ShaH-03500. 03500
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AneKkTpu4yeckoe ynpasrieHue MMKPOMarHUTHOM
CTPYKTYPOM KaK MPUHLMN paboOTbl 35IeMEHTOB

3HeprocobeperaroLen NnamaTu
ITsarakoB A.Il.,MemkoB I'.A.; Ceuunn [I. A.; CepreeB A. C.; HukonaeBa

E. I1.; HuxonaeB A. B. ; Jlorrunos A. C.
®usunyecknn pakynetetr MY nm. M.B. JlomoHocoBa

MarnutHas mnamaTh mnpousBosibHOro goctyma (MRAM) paccmarpuBaeTcs B
HACTOsIIIIEE BpEMS KaK HOBOE IIOKOJIEHUE YHHBEPCAIbHBIX 3alIOMUHAIOUINX YCTPOMICTB,
OOBEeIMHAIONINX B cebe JOCTOMHCTBA IOJYIMPOBOJHUKOBOM OINEPaTHUBHON IMaMSATH
(ObICTpOACIICTBIE) W TOCTOSSHHOW MArHUTHOW TIaMsATH (SHEPTrOHE3aBHCHUMOCTH).
Opnaxo npo6iieMa sHeprocoepexeHus B TAKMX YCTPONUCTBAX pellieHa He MOJHOCThI0. B
CYLIECTBYIOUIMX OMBITHBIX  OOpasuax 3amuch WHGOPMAIMH OCYIIECTBISETCS C
HICTIOTB30BAHMEM MEKTPHUCCKIX TOKOB, ITOTHOCTH KOTOPBIX JocTHraeT Bemmans 10°-
10"A/cM?, 4TO BeieT K 3HAYNTEIBHBIM OMHYCCKUAM MOTEPSAM U TIEPErPEBY YCTPOIMCTB.

OcCHOBBIBasICh Ha HEJNABHO OTKPHITOM HaMu 3(Q(deKTe 3INEeKTPUUYECKON
NEPECTPOMKM MHUKPOMArHMUTHOM CTPYKTYpbl [2], Mbl IpejyiaraéM HWHOE pELICHHE
MpoOIeMbl MAarHUTHOM 3amucy WHGOpPMAIMH, HE TMPEANOIararoiiee HCIOIb30BaHus
TOKOB.

CxeMma 3KcHepMMEHTa INpEACTABIECHAa Ha PUCYHKE 1. a). DileKTpuyeckoe moJie
co3maercd B IUIEHKE (eppuTa-rpaHaTta IMyTeM NPWIOKEHUS HANpsKEHUs MEKIY
OCTpHUEM 30HJa | W KOHTaKTOM Ha MOJIokke 2. B cinoe deppur-rpanata mnokasaHa
MUKpOMarHuTHas KoHQUrypamus: iBa JOMEHa pasjieieHsl rpanuneit. [lpu nokambsHOM
BO3CHCTBUU AJIEKTPUUECKOIO MMOJisi Ha oOpaszer] B 00JacTU pacloiIOKeHHUs JTOMEHHOMN
IpaHULIbl HaOMIOAAIOCh €€ OTKJIOHEHHE OT MOJIOXKEeHUs paBHOBecus (puc. 10). Ilpu
MOJIO)KUTETFHOM TOTEHIIMAJe Ha 3JeKTpoJe | JOMEHHas CTeHKa MPUTATHBAETCS K
3NEKTPOy (JIeBO€ MOJIOKEHHE 0003HAUYE€HO KPACHBIM LBETOM), MPH OTPHUIATEIHLHOM
MOTEHIHAJIe — OTTAJKUBAETCs (MIpaBoe MOJIOKEHUE, 0003HAYEHO CMHUM I1BeToM). [Ipun
CHSTUU HAamNpsOKEHUs JOMEHHAas TpaHMIA BO3BPAILAETCS B HCXOJHOE IMOJIOKEHHE
(wrpuxoBas suHUs). [lepBble 3KCHEPUMEHTBHI, IMPOBEIECHHbIE C KOHTAKTHOM
CTPYKTYpOH, 0Opa30BaHHOW TOJOCKOBBIMHU  3JIEKTPOJAMH, HAHECEHHbIMH Ha
MOBEPXHOCTh MArHUTHOM TUIeHKH (pHC. | B), Takke MOATBEPKAAOT HAI4YuE P deKra.

1 (BiluFeGa)0,,
% e 7 £
R A

\%
e S S

fE Gd;Gas0),
= 2

Puc.1 a)
Puc. 1 a) Cxema skcniepumenTa: 1 3a0CTpEHHBIN AIIEKTPOI, 2 3a3€MIICHHBIH 3J1eKTPOo/] 0) OTKIIOHEHHUE JJOMEHHOM
TpaHUIIBI IO ACUCTBUEM IICKTPHUYCCKOTO TOJIS: | M300paskeHIe IEKTPOAa, 2 MAarHUTOONITHIECKOE N300paKeHHE
JIOMEHHOH IpaHUIIBI B INICHKH (peppuT rpaHara B) onTuyeckas Mukpodororpadus odpasna ¢ HaHECEHHON
CUCTEMO TOJIOCKOBBIX AIEKTPOAOB Ha (DOHE JOMCHHOM CTPYKTYPHIL.

10 M

500 mrm

3MHM
e

-500 B
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HccnenoBanns 0ocoOEHHOCTEHM TMOBENEHUS MArHUTHOM CTPYKTYpbl B HMITYJIbCHBIX
ANEKTPUYECKUX MOJIAX MO3BOJWIM HAM IPOCIEAUTh NUHAMUKY JOMEHHOW I'paHUIbI U
YCTaHOBUTb, YTO CKOPOCTh €€ JBM)KEHHUS UM BEJIMYMHA CMEILIEHUS BO3PACTAIOT C
YBEIIMYEHUEM JJICKTPUIECKOTO moJjis: B mojie S00kB/cM aBMkeHHWE CTEHKH MPOUCXOIUT
co ckopocThio 50M/C, YTO 3KBHUBAJIEHTHO JCHCTBUIO MarHuTHoro momus 502 [2].
W3MeHeHus: MUKPOMAarHUTHOM CTPYKTYpbl MOTYT HOCUTh Kak OOpaTUMBIHA, TaKk u
HeoOpaTumblii xapaktep [3]. HeoOpatumbiii 3¢ ¢dekT MOXKET CIyX)UTh MPooOpa3om

3anucy UH(pOpMAIMU B MAarHUTHOM CpeJIE C MOMOILBIO 3JIEKTPUUYECKOTO MOJIS.
—ly

«1»

‘ i ‘ «0»

Puc.2. KoHuenuus ssuelky naMsaTy ¢ IOABMKHONU JOMEHHOM rpanuuei IlonoxxeHne 10MEHHON CTEHKHU B
CBOOOTHOM CIIO€ CTPYKTYPHI OTpeAessieT COCTOSTHUS «0»  «1».

Ha »TOoM mpuHIune cTaHOBUTCS BO3MOKHBIM MOCTPOCHHUE YCTPOMCTB MarHUTHOM
MaMsTH U CIIMHOBOM 3JIEKTPOHHUKHU C MaJIbIM dHepronorpedieHueM. Tak, B KOHICTIHH
MarHUTHOW maMATH, npeioxkenHoil CtioaptoMm [lapkunsiM [4], 3anuck nHopManuu
OCYUIECTBIISIETCS. HE IMEPEMarHWYMBAaHUEM OJJIEMEHTA IMaMATH, a CABUIOM TIPaHUIIbI
MEXIy JHOMeHaMH (puc.2). 3allOMUHAIOIIEE YCTPOMCTBO MPEACTABISIET COO0M COHABUY
U3 JIByX MAarHUTHBIX  CJIOEB,  PAa3JCJICHHbIX  HEMarHUTHOM  MPOCIIONKOM.
HamarHn4eHHOCTh HWKHETO CJIOSi HEM3MEHHa, a HaMarHWYeHHOCTh CBOOOIHOTO
BEPXHEr0 CJ0s 3aBUCUT OT IOJIOXKEHUS TOMEHHOW rpaHuilbl. CUMTHIBAHUE COCTOSIHUS
TAKOro JJIEMEHTa MaMITH OCYIIECTBISETCS, KaKk M B JIIOOOM JPYyTOM YCTpOMCTBE
CHMHTPOHUKH, Ha OCHOBE H(¢eKTa TUraHTCKOIO0 MAarHUTOCONPOTHUBICHUS — IO
U3MEHEHHIO  CONPOTUBIEHUS  TOKY,  IPOTEKAIOIIEMy  4Y€pe3  «COHIBHUY»
NEPIEHIUKYIISIPHO CIOSM.

Bmecro oOmienpuHATHIX B HAcTOSIIEE BpeMs METOJOB  YIPAaBISIEMOIO
MepEeMEILCHNs JIOMEHHBIX TPaHUIl MOCPEICTBOM HUMITYJIbCOB MarHUTHOIO MOJS WIH
CIIMHOBOT'O TOKa (M TO M JIpyroe MPUBOAMUT K 3HAUYUTEIBHBIM MOTEPSIM SHEPTUH) MBI
MpeajaraéM BOCIIOJIb30BaThCs dPPEeKToM, OOHAPYKEHHBIM HAMU B AUDIEKTPUUYECKUX
MaTtepuanax (IieHKax (eppUTOB-TPAHATOB), B KOTOPHIX CTAaTUYECKOE DIIEKTPUUYECKOE
MI0JIE BBI3BIBAET CMEIICHHE MArHUTHBIX JOMEHHBIX TpaHull. JludjeKTpuyeckuil cioit
(depputr-rpaHaTa Mpud 3TOM MOXKET ObITh JOMOJHUTENIbHBIM CJIOEM,  33Jal0IIUM
MUKPOMAarHUTHYIO CTPYKTYpY B MPOBOJAIIUX CJIOSX MOCPEICTBOM OOMEHHOM CBSI3H.
Bo3MoXXHOCTh  co3maHust TOAOOHBIX OOMEHHO-CBSI3aHHBIE CTPYKTYp M3  CIIOEB
MarHUTORJEKTPUKAa M METaNIMYECKOro (¢eppoMarHeTvka IMpOoJEMOHCTPUpPOBaHa B
auteparype [S]. [Ipu nonepeunbix pazmepax ssemeHTa B 100 HM 1 CKOpOCTH IOMEHHOMN
rpanunibl 100 M/c (xapakTepHble BEIMUMHBI B HAITUX 00pasiiax) BpeMs MEPEeKITIOYCHHUS

3JIEMEHTA COCTaBUT | HC.
1. Claude Chappert et al, Nature Materials, 6, 813 (2007)
A.S. Logginov et al, APL 93, 182510 (2008)
A.S. Logginov et al, Solid State Phenomena, 152, 143 (2009)
S.S.S. Parkin et al, Science, 320, 190 (2008)
Ying-Hao Chu et al, Nature Materials, 7, 478 (2008)

A
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CepxpaspelieHne, ToueuHasi HHIUKAIUS 0ObEKTOB

TepenteeB E.H., Tepentsen H.E.
®uznueckuit paxkynprer MI'Y, The University of Queensland, Australia

JlokanbHble pazpemaromue (QyHknuu R 00namarT  CBOWCTBOM
MOJIHUMATh Pa3pelIeHUe B BBICOKOYACTOTHBIX YaCTSIX HM300paK€HUH U TOJABISTH
HU3KOYaCTOTHBIC YaCTH N300pakeHUH.

JIByXKaHallbHas CXema, MOCTPOEHHAasi C Y4eTOM 3TOr0 CBOMCTBA, MO3BOJIMIA
JIOCTUTHYTh 3aMETHO 0o0Jiee BHICOKOTO Pa3pelICHHs 10 CPABHEHHIO C OJJHOKAHAIbHON
JOKAIBHON CXEMOM.

B coBepiieHHBIX MHOTOKaHAJIBHBIX CHCTEMaxX CBEpXpa3pelieHHe W TOUYeHHas
UHAMKAIUs 00BEKTOB OYyIyT pealu30BBIBATHCS C OLIMOKOM MOpsiAKa YPOBHS IIyMa B
HCXOJTHOM M300paKeHHH.

[Ipenmaraemast WHHOBAIlMOHHAS TEXHOJIOTHS MHOTOKaHAJILHOTO
CBEpXpa3pelieHus] ¥ TOUSUHON MHAUKAIMK OOBbEKTOB HAMIET IIMPOKOE MPUMEHEHHUE
Py KOHCTPYUPOBAHWU HOBBIX PAJapOB, B aCTPOHOMHH W JIPYTUX TMPUKIATHBIX U
HKCIIEPUMEHTATBHBIX UCCIICTOBAHUSX.

AmnmapaTHas ¢pyHKIus Teneckorna - O,
paspermaromas - R 1 pa3peneHHas -
R*0O nns KOHTPOJS pa3pelieHus

50
100

150

200

w=0.012

250

o o AN

100 200 300 400
Br160op nzo6paxeHus 38e37bl ¢ 2468 2468 2406 8
“aneptypoit Teneckona’ — O 0 R R*O

50 50

100 100
150 150
200 200

250 250

100 200 300 400 100 200 300 400

Hcxonnoe nzobpaxkenue 4 | u ero cBepxpaspenienne R*4
Puc. 1. OgHokaHabHOE CBEpXpa3pelIeHUE B JUaNa30He IPKOCTEN HCXOIHOTO
U300paKeHUs
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OyHkuus D,
anmapartHas — O,
paspermaromas - R u
paspetiennas - R*0 s
KOHTPOJIS pa3peieHus

o o N

2 4 6 8

o o AN
0 oo ~N
o o h~N

2 46 8 2 4 6 8

R*O

50
100
150
200
250

100 200 300 400

Hcxognoe uzobpaxenne A

50
100
150
200
250

100 200 300 400

1 €TO0 HU3KO4YaCTOTHAA 4acCThb - @*A

50
100
150
200
250

100 200 300

400

BbIcoko4acTOTHOE CBEpXpa3pelIeHHE
R*4

50

100

150

200

250

400

100 200

Y TIOJTHOE CBEPXpa3peIieHue -
R*4A+D*4

Puc. 2. JIByXxkaHanbHOE CBEPXPAa3pELICHNUE B AUANa30HE IPKOCTEW HCXOIHOTO

M300paKeHUsl.
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[lepenaTounast pyHkuus
M(Tx)

y o =100 10 ¥

Pazpematomas pyHkuus
R(T)={Rx,0,0}

WNunukaropras QyHKIus
R*T={Rx*Tx,0,0}

Rx*Tx

M(Rx*Tx)=M(Rx)
M(Tx)

Puc. 3. 3D paspemaromias ¢pyukuus R(T) oovekra T, unnukatopHast GpyHKIH
R*T u cooTBeTCTBYIOIIME MTepeaaToYHbIe (DYHKIIUU B IPABOM CTOJIOIIE.
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IIpoekuusa Tx B
MJIOCKOCTH

AmnmapatHast GyHKIIUS
Ox

yoo-l0 <10

Brixon cucreMnl
Haomrogenus O: O*T

-0.2 -015 -01 -0.05

O*Tx

¥y oo-10 -10 %

PazpenieHHbIil 00BEKT
R*O*T

R*O*Tx

0 002 004 006 0.05

Rx*0Ox

Puc. 4. 3D annmaparnas ¢yskuus O mpocTpaHCTBEHHON CUCTEMBI HAOIIOACHMUS,
ee Beixoa O*T u paspemennsiii 00bekT R*O*T.
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[TonocHble KOppensAIMOHHbIE GYHKIIMN BUXPEBBIX TCUCHUM, KPATHBIC
UHTETPAJIBI

TepentheB E.H., Tepentren H.E.
Ousnueckuii pakynpTer MI'Y, The University of Queensland, Australia

B ocHoBe MonenupoBaHMsS BHXPEBBIX TEUEHMH — JIEKHUT HOBBIH CIIOCOO
peanu3anuy orepanuii MaTeMaTUYeCKOro aHalu3a U TEOPUH NOJIs Ha Kinacce (QyHKITHA
Bunepa-KoTenbHuKoBa mpeacraBisieMbix orcueTamu. OKa3aioch, 4TO pa3Mep BHXPS
HE ABJISIETCS (DAKTOPHBIM IMAPAMETPOM €TI0 KOPPEIAIUOHHON (CTPYKTYpHOH (DYHKITUN).
Jlnst  olleHMBaHUS pacHpellelieHH XapaKTepHBIX pa3MepoOB BHUXPEBBIX TEUCHUU
IpeUIaraloTcsi MOJOCHBIE (IO TMPOCTPAHCTBEHHBIM YacTOTaM) KOPPEJSILMOHHBIE
GYHKIIMM C WX OTHOCHUTENHHBIMU JTUCIEPCHOHHBIMU BKJIaJaMU. TakoWd MOAXO.
MO3BOJISIET MCCIIEIOBaTh, AaHAJIU3UPOBATH CJIOKHBIE BUXPEBbIE TEUYEHUS C UX
XapaKTEpHbIMH pa3MepaMH IO I0J0CaM MPOCTPAHCTBEHHBIX YacTOT O€3 MpHUBIICUECHUS
JOTIOJTHUTEINIBHBIX “TUNOTE3 0 MaciTabax TypOyJIeHTHOCTH .

[Ipn MonenupoBaHUM BUXPEBBIX TEUEHUH HAa OCHOBe ypaBHeHUM HaBbe —
Crokca BO3HHMKAIOT BBIPAKEHHMS C KpPAaTHBIMU HHTErpajaMud C [EPEMEHHBbIMU
BepxHUMHU Tmpenenamu. [Ipemmaraercss crnoco® TOYHOTO BBIYMCICHUS HHTETPAIOB
BBICOKOHM KpaTHOCTH (0e3 MpUMEHEHHUs! KBaJpaTypHbIX (opMmy:in) Ha Kiacce (yHKIHA
Bunepa-KoTenbHnkoBa.

[Ipennaraemasi MHHOBAallMOHHAS TEXHOJOTUS MOJEIMPOBAHUSA, HCCIEIOBAHMS,
aHalM3a BHUXPEBBIX TEUCHWW W BBIYHCICHHUS WHTETPAIOB BBICOKOM KpaTHOCTH 0e3
UCIIOJIb30BAHMSI KOHEYHO PAa3HOCTHBIX CXEM M KBaJApaTypHbIX (opMya HalaeT
HIMPOKOE MPUMEHEHUE Y MAaTEMaTUKOB M (DU3UKOB B TEOPETUUYECKUX U MPHUKIATHBIX
MCCJIEIOBAaHUSAX B OYEHB IIIMPOKOM Kpyre 3aaad.
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F

1]

¥,
A Bexrtopnoe ®@ypoe VF(A)

y o4,
AH

Puc. 1. IlpoctpancTBeHHble monochl mpomyckanus LF — HuskouacrotHas, MF -
cpennevyactotHas U HF - BeicokoyacToTHas. A — Rot Buxps Xusuia, BektopHoe Dypbe
— VF(A). A=AL+AM+AH - npencraBnenue Buxpsi A no noiocam ydactoT LF, MF,
HF.
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02 04 0B 08

Cor(A)=CL+CM+CH Cor(A)|

[ 3]
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B
02 04 0B 08 02 04 0B 08 02 04 0B 08
ICor(AL)|, L=0.019 ICor(AM)], M=0.454 [Cor(AH)|, H=0.527

4
4
4

¥4

P U R A
CL=Cor(AL)*L CM=Cor(AM)*M CH=Cor(AH)*H
Puc. 2. BcewacrotHas BekTOpHas KoppessuuoHHass ¢yHkuus Cor(A), HOJOCHBIE
ckamsipuble  koppensiiuoHHbie  QyHkmuu  |Cor(AL)|, |Cor(AM)|, [Cor(AH)| c
OTHOCHUTENIBHBIMM AUCHIEPCUOHHBIMU BKianamu L, M, H. IIpencraBinenne BeKTOpHON

koppensiumonHo  yHkiuu  Cor(A)=Cor(AL)*L+Cor(AM)*M+Cor(AH)*H mno
ckasapHbIM nosiocam yactot LF, MF, HF.

4 %
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3D cumBoa Kponekepa

02 0 02 04 0B 08

3D ¢ynkuus Kponekepa

B

=]
-8
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4 B8
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3D cyMMa ¢ AUCKPETHBIMU 3HAYECHHUSIMHA
BEPXHUX MPEICITIOB CyMMHUPOBAHUS

3D uHTErpan ¢ HenpepbIBHBIMU
3HAYEHUSIMU BEPXHUX IPEJIEIIOB
MHTETpUpOBaHUA - QyHKIM Bunepa

- KorenpHrkoBa
1.5
1 ’G\V‘&'e—‘o i
0.5 -
06— ——0—60——0——0——0— st i
_05 | | | | | | |
-8 -6 -4 2 0 2 4 6 8

JlnaronanbHble JUCKPETHO - HEMPEPHIBHbIC 3HAYEHUS] TPEXKPATHOTO MHTErpajia

Puc. 3. TouHOCTb 3HAUEHUS TPEXKPATHOTO MHTErpaja ~ J0JU MPOIICHTA.
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3D nuckpeTHBIN aHaor 1mapa 3D ¢yukuus Bunepa -
KoTenpHnkoBa

g 30
-0 -31
g g 30 m
4 B
a 100 200 300 400 500

-3 -3
0 100 200 300 400 500

3D cymma ¢ IMCKPETHBIMU 3HAYCHUSIMU 3D uHTErpal ¢ HenpepbIBHBIMU
BEPXHUX MPEAEIOB CyMMHUPOBAHUSA 3HAYEHUSIMU BEPXHUX MPEAEIOB
WHTETpUpoBaHus - GyHKIHsS BuHepa
- KorenpHrkoBa
600
o—e—o0
400 | 515.000 515.801 .
200 -
0o¢ _
_200 | | | | | | |
-8 -6 -4 2 0 2 4 6 8

JlnaroHanpHble JUCKPETHO - HENPEPBIBHBIC 3HAYEHUS TPEXKPATHOTO MHTErpaja
Puc. 4. TouyHOCTh 3Ha4YeHWs] TPEXKPATHOTO MHTErpaja ~ A0dM mnporeHta. [lpu
BBIYMCIICHUAX YETBIPEXKPATHBIX HMHTEIPAJIOB W BBIIIE BBIBOASATCA  TOJBKO
JIMarOHaJIbHbIC JUCKPETHBIC 3HAYCHUS.
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OnTnyeckoe HeB3aMMHOE YCTPOWCTBO Ha OCHOBE
KONMMHEeapHOro akycToonTU4eckoro punbTpa

HpsikonoB E.A., Hukutun I1.A.

®usunyecknin pakynstet, MY nmenn M.B. JlomoHocoBa

B mocnennee Bpems Bce Oounbliiee MpUMEHEHHE B HAyKe W TEXHHUKE HAXOMIST
aKycToonTuiyeckue mnpuOopbl. VHTEHCHUBHOE pa3BUTHE AaKyCTOONTHKU MO3BOJIMIIO
co37aTh YCTPOMCTBA, MOCTPOEHHBIE HA OCHOBE MPUHIMIIMAILHO HOBBIX 3(PQEKTOB,
KOTOPBIE CYMTAINCHh MAJIBIMU WJIH JaKe HeXenareabHbIMU. OTHUM 13 TakuX 3(h(eKToB
ABIIAETCA «HEB3aUMHBII» 3@dekr, cocrosmmii B cienyromeMm. Yacrora cserta,
Najaroiero  Ha  aKyCTOONTHYECKYI0  sSYeiiKy,  OTJIMYaeTcss OT  YacTOThI
JU(PParupoOBaHHOTO CBETA HAa BEJIMYMHY, PABHYIO YaCTOTE YJIbTPa3ByKa. JTO pa3inyue
oboycioBneHo aspdexrom  Jommepa. I[losToMy B 3aBHCHMOCTH  OT  TOTO,
pacmpoCTpaHseTCsT CBET HABCTPEUy WM B HAaIMpaBICHUH YIbTPa3ByKa, MOXKHO
MOJIyYUTh YBEJIMYECHHUE WM YMEHBbIIEHUE YacTOThl AU(PParupoBaHHOTO cBeTa. Tak Kak
yCIIOBHE OpP3ITOBCKOTO CHHXPOHHM3Ma >KECTKO CBA3BIBACT MJMHY BOJHBI CBETa C
ONTUMAJILHOM YacTOTOW yJbTpa3ByKa, Ha KOTOpOoH AP EKTUBHOCTh AU(paKIHU
MaKCHMaJlbHa, TO NIPU U3MEHEHUH B3aMMHOTO HAIIpaBJICHHs pPaCIPOCTPAHEHUS CBETA U
yIbTpa3BykKa IU(pakius TPOUCXOJUT Ha YIbTPA3BYKOBBIX BOJHAX C pa3HbIMU
gacrotamu. [losTomy audpakimonHble KapTUHBI, HaOJIOAaeMble B OOOUX CIyyasx,
pa3nuyHbl. IMEHHO B 3TOM M COCTOUT HEB3aHUMHOCTD aKycToonTudeckoro ¢ ¢exra [1].

Hes3aumubie 3¢dexTsl B onTuke, B 4aCTHOCTH 3(PGHEKT BpaIieHHUs TUIOCKOCTH
noJisipu3auuy B MarHuTHoM nosie (3¢ dext dapazes), ObUIM XOPOILIO MU3BECTHBI paHEe.
Opnnako, JNHIIb aKyCTOONTUYECKHE YCTPOWCTBA TMO3BOJIAIOT COYETaTh ONTHYECKYIO
HEB3aMMHOCTh C BBICOKOM CIEKTpPajIbHOM HM30MpATEIbHOCTHIO, YTO OTKPHIBAET HOBBIC
BO3MOKHOCTU JJIsi MX TMPAKTUYECKOTO TPUMEHEHHs. B uacTHOCTH, HEeB3auMHas
aKyCTOONTHYECKass SYeiKa MOXKET OBITh BCTPOCHA B ONTHYECKUI PE3OHATOP
KOJIBIIEBOTO Jlazepa. Jpyroil BO3MOXKHON 00J1aCThIO MPUMEHEHHUS YKa3aHHOTO 3¢ dexTa
MOKET OBITh CO3/1aHHE OJIHOHAINPABJIIEHHOTO Pa3Bs3bIBAIOIIECIO YCTPOMCTBO IS
CUCTEMBI TIEepelaud ONTUYECKUX CUTHAJIOB, aHAJIOTMYHON n3BecTHOMY B CBY TexHuke
ycTpoiicTBy. M3 BCero Cka3aHHOTO CTAHOBUTCSI OYEBHIHOW BaKHOCTH TEOPETUUECKOTO
U DKCMIEPUMEHTAIILHOTO UCCIIeI0OBaHUS HeB3auMHOT0 3¢ dekTa B akycroonTuke [1-3].

B nmoknmame mpenctaBieHbl  pe3yJbTaThl  TEOPETHUECKOTO  MCCIEIOBAHUSA
HeB3anMHOTO 3¢ dekra B kpuctawiax candupa (4/,0;) u anodara mutust (LiNbO;) B
peXUME KOJUIMHEAPHOI'O aKyCTOONTHYECKOr0 B3auMOAEHCTBUS. PaccMoTpeHbl Kak
HU3KOYACTOTHBIM, Tak ©  BBICOKOYACTOTHBIM  PEXKUMBI  aKyCTOOITHYECKOTO
B3anMoieicTBUsA. OKa3pIBaeTCsA, 4YTO HEB3aWMMHBIA 3(PQeKkT BwIpakaercs Hambosee
CHJIBHO TIPH BBICOKOYACTOTHOM KOJUTMHEAPHOM aKyCTOONTHYECKOM B3aMMOICHCTBHU.
Opnnako, NI MPAaKTHYECKOW peaM3allii TaKoro pekruma B3auMOJACHCTBHUS CBETa C
yIBTPa3ByKOM  HEOOXOAMMO  HCHOJb30BAaHME  YacTOT  AKyCTHMYECKOW  BOJIHBI,
COCTaBJISIIOIIMX HECKOJNBKO rurarepr. OdYeBHIHO, YTO MPUMEHEHHE TaKWX YacTOT
3aTPYIHUTETHHO M3-3a CHIIBHOTO 3aTyXaHUs yIbTPa3ByKa B KPUCTAIIIAX.

Teoperndeckoe nccieqoBaHNE MOKA3ai0, YTO HEB3aUMHBIA 3((HEKT MOXKET OBITh
3apEeTUCTPUPOBAH B DKCIEPUMEHTE KaK B KPUCTAJUIE HHOOATa JUTH, TaK U candupa.
Opnako ero BennuMHa B KpucTtamwie A/,(0; HECKOABKO pa3 MEHbIIE, YeM B HUoOaTe
auTUA. DTOT (HAaKT OOBACHSIETCS TE€M, UYTO NMPH KOJUIMHEAPHOH Nudpakiuy OTHOLICHHUE
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CABUTAa TIOJIOCHI TPOIYCKaHUs aKyCTOONTHYECKOro (uinbTpa, 0OyCIOBIEHHOTO
HEB3aUMHBIM 3()(HEKTOM, K BETMUNHE NOJOCHI IPOIYCKAHUS IPSIMO MPONOPLUOHATIBHO
JIBYJTy4eIPEIOMIIEHUIO UCIOIb3yEMOI0 KpHCTalila U KBaJpaTy CKOPOCTH 3BYKa B HEM.
CKOpOCTh aKyCTHYECKHUX BOJH B KpUCTaJjie cardupa BIOJIb KPUCTAJLUIOTpaduuecKoit
ocu X B 1moiaTopa pasa Bbllle, 4YeM B KpuctammumyeckoMm LiNbO;. Opnnako,
NByJIyuenpeaoMieHue camndupa npuOIu3uTebHO Ha MOPAJOK MeHbIe, yeM B LiNDO;.
B utore, s ekt B candupe nposiBisiercs B 4 pasa ciabee, 4eM B HIOOATE JTUTHUS.

JUis  SKCIIEpUMEHTAIBHOIO  HCCIENOBAaHUS HEB3aHMMHOIO  aKyCTOONTHYECKOTO
addexra ObuT BBHIOpaH KpUCTAUT HHOOATAa JIUTHSA, B KOTOPOM OBUIO peaTn30BaHO
HU3KOYACTOTHOE KOJUIMHEAPHOE aKyCTOONTHYECKOE B3aUMOJEHCTBHE. DTO IO3BOJIUIIO
CHM3UTHh YacTOTY YMPABJISAIONIET0 CHUTHANA JI0 HECKOJBKUX COTEH Merarepil MpH €ero
MOIIHOCTH, He mpeBblmaroneid 1 BT. beln CKOHCTpyHpOBaH M M3rOTOBIIEH MPOTOTHII
HEB3aMHOI'0  aKyCTOONTHYECKOro ycTpoicTBa. I[IpoBOOMIIMCE 3KCHEPUMEHTHI C
U3lydeHreM Ha ayinHe BoaHbl 0,6328 mMxM u 0,532 MKM, KOTOpbIE TPOJAEMOHCTPUPOBAIIN
paboTOCOCOOHOCTh MOJOOHOTO HEB3aUMHOTO 3yieMeHTa. Pe3ynbTarhl SKCIepruMeHTa C
BBICOKOH TOYHOCTHIO COOTBETCTBOBAIIM BBIBOJIAM TEOPHUH, UYTO TIO3BOJISET CIEIATh BHIBO
0 BO3MO>KHOCTH IIPUMEHEHUs pa3pabOTaHHOTO TEOPETUYECKOI0 ONMMCAaHUS HEB3aUMHOIO
s¢dexTa A1 NPOSKTUPOBAHUS NIEPCIIEKTUBHBIX aKyCTOONTHYECKUX pubopos [2-3].

Takum oOpa3oM, MOXKHO cAenaTh BBIBOJ O TOM, YTO MOHOKPHMCTalIbl HHOOaTa
autus 0oJiee MPUBJIEKATENbHBI I CO3JaHHsI YCTPOMCTB, OCHOBAaHHBIX HA MPUMEHEHUU
HEB3aMMHOT0 aKyCTOONTUYECKOTO 3((eKTa, 0 CPaBHEHUIO C KpUCTAIaMH caridupa.

[1] banakmmii B.W., [Tapeirun B.H., Yupkos JI.U. ®usnyueckue 0CHOBBI aKyCTOONTHKU. M.,
Panno u cBs3b, 1985.

[2] Dobrolenskiy Yu.S., Voloshinov V.B., Zyuryukin Yu.A. and Djakonov E.A. Non-
Reciprocity of Acousto-Optic Interaction in Collinear Tunable Acousto-Optic Filters. Applied
Optics, 2009, v.48, No.7, p.C67-C73.

[3] Hobponenckuii FO.C., Bonomunos B.b., 3ioptokun 10.A. Biausaue HeB3aumHoro 3¢ dexra
Ha paboTy KOJTTMHEAPHOTO aKyCTOONTHYeCKOTOo hunbrpa. Keanmosas snexkmponuxa, 2008,
1.38, Nel, ¢.46-50
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NHopMaUNOHHO-aHaNUTUYECKNN KOMIMNEKC AN
TPaHCMOPTHbIX KOMMNaHUW

Hyneukuii B.1O.
®usunyecknin pakynetet, MY nmenn M.B. JlomoHocoBa

IIpennoceuikaMu K CO3JAHUI0 KOMIUIEKCA IIOCIY>KWJIM, C OJIHOM CTOPOHBI,
HOBBIIIEHWE YPOBHSI 0€30MAaCHOCTH JOPOKHOTO JBUKEHUS TPAHCIOPTHBIX CPEICTB
KOMIIAaHUH, M C JAPYro, HEoOXOAMMOCTb YIyYlICHHS YMPABICHUS aBTOIAPKOM.
HelictButenbHo, 1o cratuctuke noutu 85 mpoueHTtoB npuuud JTII — »s1o0
yenoBedeckuid ¢aktop. U peus 31ech HE UAET 0 MPpodecCHOHATFHON KOMIETEHTHOCTH
BoauTens. Benp — Kaxaplii BoAMTENb IepeA NpPUEMOM Ha paboTy MPOXOAUT
KB (pUKAITMOHHBINA 0TOOP. Peub uaer o coOnMoaeHIH BOIUTENEM MPABUIT JOPOKHOTO
JIBUKEHUS U HOPM TPYAOBOIO pacropsjika IHS, B KOTOPOM 00s3aTeNbHO HaJIUYUE
NepepsIBOB B paboTe, OTBEACHHBIX Ha OTAbIX BoauTento. Hapsay c 3amasamu 1o
obecnieuenbto BJIJl xommanuu HE0OXOAMMO 3a00TUTHCS O KauecTBE MpeiJlaraeMbIX
YCIyI M DKOHOMHYECKH BBITOJHO OpraHuU30BaTh pPabOTy CBOEro aBTOIMApKa.
NHupopmalimoHHO-aHATUTUYECKUH KOMILIEKC CITY>KUT JJIsi PEIICHMs BbIIICYKa3aHHBIX
3a/1a4.

Bo3MoxxHOCTH KOMITIEKCa BKIIOYAIOT B ce0S BO3MOXKHOCTH IlepeaaBaTh
NO3ULIMOHHBIE KOOPJAMHATHI TPAHCHOPTHBIX CPEACTB, HHPOPMALMIO O CKOPOCTHU
nerxenuss TC, coctosHust cuctemsl 3axkuranuss TC, TpaHCIMpOBaThb BHUIEO-ayAHO
uHpopMaIHio ¢ HU(POBBIX BUIECOKAMEP, YCTAHOBIECHHBIX HA KaXKIOM TPAHCIOPTHOM
CpEICTBE,  JUCTAaHIMOHHO  yOPaBIATH  MapaMerpamMu  paboTel  NpUOOpPOB.
Pa3pabaTbeiBaeMoe mporpaMMHOE oOecrieueHue Jsi KOMIUIEKCA, TO3BOJIUT B PEKUME
peaspHOro BpeMEHH Ha0JIt01aTh 3a MEepeABHKEHUEM TPAHCIIOPTHBIX CPEICTB HA KapTe,
nojiyyaTh MH(OpMaLKIO ¢ Kamep HaONI0AEHUs, 1 KOHTPOJUIEPOB, YCTAHOBIIEHHBIX HA
TpPaHCHOPTHBIX cpeacTBax. PazpadaTeiBaeMoe porpaMMHOE 0OecrieueHue Mo3BOJIUT B
aBTOMAaTU3UPOBAHHOM pEXUME cooOlaTh B AMCIETYEPCKUN LIEHTP O HAPYLICHHUSX
CKOPOCTHOTO pE€XMMa TPAHCIIOPTHBIMU CPEACTBAMM, UX MapLIpyTa CJIEI0BaHUA, O
HApyIIEHUSX periaMeHTa palboT (coOmioaeHue pexuma padoThl:  y4deT OOIIero
BpeMeHU padOoThl, BpEMEHHU Ha 00e/1, 00s13aTENIbHbIX MEPEPHIBOB HA OT/IBIX BOJUTENIEH).
[To3BoUT ycTaHaBIMBAaTh BHJEO CBA3b ¢ BoguTeneM. OCHOBHBIMU TPeOOBaHMSIMH K
IpOrpaMMHOMY OOECHEeUeHHUIO SBIseTCsl 3amyck ero u3 certu MHTepHer, 0e3
MpPEIBAPUTEIBHON  yYCTAHOBKM  JIONMOJIHUTEIBHBIX MPOrpaMM Ha  KOMIIBIOTEP
MOJIb30BATEJIs.

[lomyuennast wuHpopMamusi C  TPAHCIOPTHBIX  CPEICTB  3aIHCHIBACTCH,
aHAJIM3UPYETCSl, U CTAaTHCTUYECKU OOpabaThIBA€TCS, YTO MO3BOJISIET PETyJIHPOBATh
paboTy aBTOTPAHCIOPTHOIO IapKa, KOPPEKTHPOBATh MapIIPYThl CIEI0BaHMUS,
WHTEPBAJIBI IBM’KEHUS B 3aBUCUMOCTH OT IIACCa>KMPOTOTOKA.

[Ipu cozmannu KOMILIEKCa MPUMEHSIOTCSA TeXHOoJIorun WiMax — 3TO TeXHOJIOTHS
IpeJocTaBlIeHNus OeCpOBOJHOrO IMIMpPOKonosiocHoro nocryna B Mutepner, GPS,
KOMIIBIOTEPHOT'O MOJIEJITMPOBAHUS.

GPS mnpuemHuK omnpenenser KOOPAMHATHI MECTOIOJIOKEHHUS] TPAHCHOPTHBIX
CpEICTB, 3aTeM N0 OecHpOBOAHOMY BBICOKOCKOPOCTHOMY COE€AMHEHHIO VHTepHeT
NOJYy4YCHHbIE  KOOPAMHATBHI, JAaHHbIE C  KOHTPOJUIEPOB U  00OpyIOBaHMUS,
YCTaHOBJIEHHOT'O Ha TPAaHCIIOPTHBIX CPENCTBAax, NepeaaroTcs Ha cepsep. Ha cepsepe ¢

58



MTOMOIILI0 pa3pabaThIBAEMOTO IPOTPAMMHOTO 00eCIIeUeHUS TToJTydYeHHasT HH(DOpMAIIHs
oOpabaTbhIBaeTCI M CUCTEMATU3UPYETCs, M 3aTeM MpeJcTaBiseTcs B web-unrepdeiice
Ha TIOJb30BATEIIbCKOM KOMITBIOTEPE OIeparopa TUCIETYEPCKOTO OTAeiIa WA
PYKOBOJTUTEIIS.

HoBu3Ha cucTempl 3akii04aeTcs B TOM, YTO JaHHBIM KOMIUIEKC COBMEIIACT
HOBEHIIINE TEXHOJIOTUN aJalTUPOBAHHBIE CIICLUATIBHO VISl TPAHCIIOPTHBIX KOMITAHUH.
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AKyCTOOMNTUYECKMNE YCTPOMCTBA YNpaBNeHNst 3nyyYyeHnem
OanbHero MHdppakpacHoro guanasoHa

. A. KHases, B.b. BonowunHoB

MockoBckui rocygapctBeHHbIn yHuBepcuteT nm. M.B. JlomoHocoBa, omsnyeckui
dakynbTeT

AsneHve gudpakumMmM cBeTa Ha  aKyCTMYeCKMX  BOSMHax  LUMPOKO
MUCroNb3yeTCAa ANA  KOHTPOSIA  XapakKTepUCTUK  ONTUYECKOro  U3IyYeHus.
AkycToonTudeckne npmbopbl ycnewHo paboTaloT B ynbTpadmoneToBomM,
BUOMMOM, ONMXKHEM W cpegHeM UWHpakpacHOM AuanasoHax OnTUYECKOro
cnektpa. OpHako paspaboTka 9ddEKTUBHBIX aKyCTOONTUYECKUX YCTPOWUCTB,
npefHasHa4YeHHbIX ONS NPUMEHEHU B CpedHeM W JanbHeM MHpakpacHOM
avanasoHax € anuHamm BOMH A > 5 MKM, OCTaeTcsl HepelleHHOW 3agaqven
akyctoonTuku. [naBHaa npobnema 3aknw4aeTcd B TOM, YTO BeNUYMHbI
KoadppmUMeHTa akyCTOONTUYECKOro KavecTBa MaTepuanoB WMNOnb3yemMblX B
aKyCTOOMNTMKE CIIMLLKOM Marnbl A4S AanbHero uHpakpacHoro AnanasoHa AJSivH
BONH. OgHako 6bino obHapyXeHo, YTO B KaYecTBe cpeabl B3aMMOLENCTBUSA CBETA
N 3ByKa B MH(PpaKpacHOM AnanasoHe NepcriekTUBHO NpUMEHEHWe KpUcTarnsos
Tennypa. VIHTepec Kk Tennypy obObscHAeTCs Ype3BbldanHO 60MbLION BENTMYMHOM
ero koadhuLMeHTa aKycToonTuyeckoro kadectsa M, > 100-10 '° ¢%/r, uto Gonee
YyeM Ha [Ba NopsiAka NPEeBOCXOOUT XapaKTEPUCTUKN TPaaULMOHHbLIX MaTepuaros.

Puc.1 ®oTorpacumm akyCTooNnTUYECKUX SYEEK Ha KpucTanne Tennypa. (a —
yNbTPa3ByK B KpUCTanne HanpasneH nog yrinom 6, = 80°, 6 — ynbTpasByk
HanpasneH nog yriom 6, = 95°).

Hamn 6bino uccnegoBaHO HECKONbKO KOHAUrypauum akyCToonTUYEeCKOW
Sl4erKn Ha ocHoBe Tennypa. Ha pucyHke 1 npeacrasneHsl ooTorpadum syeek Ha
Kpucrtanne Tennypa, B KOTOPbIX peanunsyeTcs LLIMPOKOYTOSbHOE
B3anmogencTeme. Ha pucyHkax 2a n 206 npecrtasreHbl 3aBMCUMOCTWU yrna
Bparra oT 4acToTbl ynbTpasByka COOTBETCTBEHHO AN A4veek ¢ 6, =80° wu
6, = 95°. Kak MOXXHO BMAeTb, B 060MX Crydasax peanusyeTcs LWMpoKoanepTypHbI
criydamn, COOTBETCTBYHOLWMI ycroButo dé,/df — «. B pesynbTate nccnegoBaHum

60



ObiNo OBHapyXeHO 4TO, AnanasoH YrNoB MageHust cBeTa, MNpU  KOTOPbIX
HabntogaetTcs Andpakumsa, okasblBaeTcs Mpe ONns SYenku, NokasaHHOW Ha
pucyHke 1a. B aTon sidenke oH gocturan 3HadeHus ABg = 26°, B TO BpeMs, Kak
AnNs Apyron si4erkn gonyctumMas yrrosasi aneptypa He npeBbiwana Afg = 15°. K
coXaneHuto, unbTp C YrrioM pacnpocTpaHeHust ynbTpassyka 6, = 80° moxeTt
MCNoMb30BaTbCs TOMbKO B KadecTBe 3arpaxgarwowero un3-3a  BbICOKOro
NOrMOLWEHNA 3HEPIMN HEODBLIKHOBEHHbLIA CBETOBOW BOJSIHbI: CKBO3b KpUCTass
NPOXOoAMNO JULWb WU3fTydeHMEe HYNEeBOro nopsgka Aaudpakuum, uMeroLlee
OObLIKHOBEHHYIO nonsipu3aumto. odToMy AaHHbIM PUNLTP He NoAXoauT Ans
dunbTpPaUum oNTUYECKNX N306pakeHnn.

Yron Bparra, rpma

Vron Bparra, rpan.

Lo m W Lo 0w

176 178 180 1EZ 184 186 188 130 1% 134 136 188 200 &
Yactora, MIy Yacrora, MI'y

a 0
Puc. 2 3aBucumocTn yrina bparra ot 4acToTHI yiIbTpa3ByKa (2 — akyCTHYeCKasi BOJTHA
pacripoctpansercs noa yriom 6, = 80°, 6 — BoJHa pacpocTpaHsieTcs
noJ yriom 6, = 95°).

90 95 100

Kak nokasanun mamepeHus, LMPOKOYrOfbHbIN PUINbTP Ha OCHOBE SYENKW,
MokasaHHOM Ha pucyHke 16, obnagaeT cneayloWMMN XapaKTepUCTUKaMMU:
yactoTa YynbTpasByka npu AnuHe BoSHbl cBeta A =10.6 MKM gocTuraer
BenuumHbl f=80 MIU, npocTpaHCTBEHHOE paspelleHne OoCTUraeT BenUYMHbI
N =120, cnektpanbHoe paspeweHue A/AA =140, nonoca 4acToT, Npu KOTOPOK
Habnogaetca gudpakumns, pasHa Af=500 kly. CnegyeT OTMETUTb, u4TO
yKasaHHble 3Ha4YeHWs MPOCTPAHCTBEHHONO W CHEKTPanbHOro paspeLleHus
MCCnefoBaHHOMO akycTOOMTMYEecKoro dunbTpa Ha Tennype npubnmkarTca K
napameTpaMm aHanornvHblx npubopos, paboTarwmx B BUOAMMOM obnacTtu
9N1IEKTPOMArHMTHOrO CrnekTpa.
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JKCNepUMeHTATbHOE HCCIeI0BAHNE TIOBEPXHOCTHOIO BO30Y:KIEeHHSA
aKyCTH4YeCKHX BOJIH C HCIOJIb30BAHMEM KPHUCTALJIA HU00ATa JIUTHSA

Mypomey A.B, FOxneeuu T.B.

cmyoenmku uzuueckozo axyibmema

Mocxosckuii 2ocyoapcmeennviil ynusepcumem umenu M.B.Jlomonocosa, Mocksa, Poccus
volosh@phys.msu.ru

B mocnennee BpeMs akyCTOONTHYECKHE MPUOOPHI HAXOMAT BCe OOJIbIIEe NMPUMEHEHHE B
HayKe U TexHuke [ |. DTu mpuOOpHl OTIAMYAET MUPOKHE (YHKIIMOHATbHBIE BO3MOXKHOCTH,
QJIGKTPOHHAST TICPECTPOHKA IMapaMeTPOB, BBICOKAas J(PPEKTUBHOCTh JH(PPAKIHHA, MaJbe
YIPaBJISIONUE MOIIHOCTH, KOMIIAKTHOCTh M HAJICKHOCTh. AKYCTOONTHYECKOE YCTPOMCTBO
COCTOHUT W3 KPUCTAUIMYECKOTO MaTepuayia, B KOTOPOM IPOWCXOIUT B3aMMOJCHCTBHE CBETA U
3ByKa, a TaKKe IMbE303JICKTPUUIECKOTO MPeoOpa3oBareis, TeHEPUPYIOIIETO aKyCTHYECKHUE
BOJIHBI B 00JacTH BSaHMOILGﬁCTBHﬂ CB€TOBOI'0O M 3BYKOBOI'O ITYYKOB. O)IHI/IM N3 TJIaBHBIX
HEJIOCTATKOB aKyCTOONTHYECKHX YCTPOHCTB SIBIISIETCSI MX BBICOKAsi CTOMMOCTbD, 00YCIIOBIICHHAS
CJIO’KHOCTBIO M3TOTOBIICHUSI TIHE30JIEKTPHUYECKOTO MpeodpazoBarens. OCHOBHBIE TEXHUYECKHE
npoOJeMbl, CBS3aHHBI C HEOOXOJMMOCTHIO M3TOTOBJICHUS TOHKOW IhE303JICKTPHUECKON
TUTACTHHKH, a TaKXe CO3JaHMEeM HAJEKHOTO aKyCTHYECKOTO COCTUHEHHUS. JTO COEIWHEHHE
OCYIIECTBIIICTCS, KaK MPaBHIIO, METOJIOM WHIUCBOW CBAPKU B BaKyyMe U TpeOyeT OOJbIIUX
MaTCpHAJIbHBIX PacxXod0B. B T0 ke camoe BpEMA HUCIOJB30BAHUC AJIbTCPHATHBHBIX MCETO0B
BO30YKIICHHS 3ByKa, KaK OXXHAACTCS, TMO3BOJIUT CYIIECTBEHHO YIPOCTUTh KOHCTPYKIIHIO
AKyCTOOIITUYCCKUX YCTpOI\/'ICTB, UX U3TOTOBJICHUC U CHU3UTH UX CTOUMOCTD.

B nanHoM nokiazne cooOIIalOTCsl pe3yibTaThl MCCIEAOBAHUS HEKOTOPBIX OCOOEHHOCTEH
BO30Y)KICHHUsSI OOBEMHBIX aKyCTHYECKMX BOJH C TMOBEPXHOCTH MHE303JIEKTPUIECKOTO
KpUCTa/uta. DTOT METOJl BO3OYXACHHS YyJIbTpa3ByKa ObUT MpemiokeH W onpodoBan B MI'Y
K.H. bapanckum B kpucTaiuiax kBapua [2] u ycoBepuieHcTBoBaH bommernem u Jlpancdenbaom
[3]. Yka3zaHHBIM METOJIOM yIaeTcsi BO30yk/1aTh 00bEMHBIE aKyCTHYCCKHE BOJHBI HA YacTOTaX
OT COTEH Merarepil U 0 HECKOJIbKUX Turarepil. [Ipu npoBeneHnn HACTOSAIIUX HCCIEIOBAHUN B
KayecTBE Cpe/bl B3aUMOJEWCTBUS ObUT BBIOpAaH KpHCTaul HHUOOATa JUTHS, OTIMYAIOIIUKCS
UCKITIOYUTEIFHO BBICOKMMHU IThE303JCKTPUUECKUMU cBoWcTBaMU. CleayeT OTMETHUTh, YTO
COBPEMEHHBI ypOBEHb pPa3BUTHUSA aKYyCTOIJIEKTPOHUKU TIO3BOJUT TMOJYYUTh KayeCTBEHHO
HOBBIC pE3yIbTAaThl MO BO30YXKIECHUIO OOBEMHBIX AaKyCTHMYECKUX BOJH C IOBEPXHOCTU
MBE303JIEKTPUUECKOT0 MaTepHara.

JIns u3ydeHuss BO3SMOXKHOCTH CO3JIaHHsI aKyCTOONTHYECKHX YCTPOHCTB C IMOBEPXHOCTHBIM
BO30YyKJIeHHEM 3BYyKa ObUI BHIOpAH Cpe3 KpHcTaia HHoOaTa JTUTHSA, B KOTOPOM aKyCTUYECKHE
BOJIHBI BO30Y)KHAIOTCSI OpTOroHaibHO ocu OX, a CBETOBBIE BOJHBI PACHPOCTPAHSIOTCS
npubnu3uTensHo Baonb ocu OZ kpucramia. Cxema BO30YXIEHHUS 3ByKa IpeJCTaBlieHa Ha
puc.l, a KpuCTa/Ul C 3JIEKTPOJaMH W YKa3aHHBIM HalpaBJICHHEM PaclpOCTPAaHEHHs CBETa W
3ByKa Ha puc.2. U3 puc. 1 BUaHO, 4TO OOKOBBIE IJIEKTPOJBI 3a3EMIISIOTCS, a yIPABISIONIUIA
BBICOKOYACTOTHBIN 3JIEKTPHUYECKUN CHTHAJ HMOJIACTCS HA IEHTPAIBHBIM 3JIEKTPO]] KPUCTAILIA.
OueBUIHO , YTO B3JEKTPUYECKOE TOJIE B 3a30p€ MEXKAY JJIEKTPOAAMHU HAMPABICHO BIOJb
HOBEPXHOCTH, TO ecTh 1o ocu OV, B TO BpeMs Kak IOJ€ HOA LEHTPAJIbHBIM U OOKOBBIMHU
3IIEKTPOAAMHU HANpPaBIEHHO HOPMAJIBHO K MOBEPXHOCTH KpUCTa/Ia, TO ecTh mo ocu OX.
AHanu3 MOKa3bIBaeT, YTO B JAHHOM Cpe3e KPHUCTaIa W3 3a30pa BO30YXKIAeTCs MPONOJIbHAS
aKyCTHYeCKas BOJIHA, B TO BpeMsI KaK O] 3JIEKTPOIaMHU MPOUCXOUT BO30YKACHUE CIIBUTOBOM
aKyCTUYECKOW MO/IBI.
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CBeT

Puc.1 Puc.2

[IpaBMIIBHOCTH TEOPETUYECKOTO PACCMOTPEHMs OblIa MOJATBEPKJEHA 3KCIEPUMEHTAIBHO
IpY 30HAMPOBAaHMM aKyCTHYECKOro Ioyid Jy4doM Jasepa. llpm ocBemenun kpucramia
Ja3epHBIM CBETOM HAOIIONANOCH sIBJICHHE MU(pakuuu Ha (Pa30Boil AudpaKIMOHHON peleTKe,
CO3IaHHOM aKyCTHUeCKOl BOoHOM. Tum Bo30yxk1aeMoil akyCTHUECKOI BOJIHBI ONPEAEISIICS 0
($a30BOIl CKOPOCTU pacCHIpPOCTPAaHEHUs YJIbTpa3ByKa, MprueM (a3oBasi CKOPOCTh aKyCTHUECKHUX
BOJIH OLEHMBAJacCh MO YLy OTKJIOHEHHS JIU(PParMpoBaHHOTO CBETa OTHOCUTEIBHO
najfaroniero. MHTEHCMBHOCTh BO30YXKACHUS YIbTpa3ByKa OICHHWBANACh MO 3(PPEKTHBHOCTH
TU(QpakLuy, TO €CTh OTHOIIEHUIO MHTEHCUBHOCTEN AU(parupoBaHHOIO U MaJaoLIEero CBeTa.

OKCIEpUMEHT, MPOBEACHHBIM HA JUIMHE BOJHBI cBeTa 633 HM, MOKa3al, 4TO CKOpPOCTb
C/IBUI'OBOIl aKyCTHYeCKON BOJHBI BoJb oc OX Kpuctamuia HMobarta auTus Oblia paBHa Vg =
6,6 kmM/cex. CKOpOCTh CABHTOBOI aKyCTHYECKOH BOJHBI He TpeBbimana V' s= 4,1 km/cex. [Ipn
NOJa4YH Ha KPUCTAJUT BEICOKOYACTOTHOM 3JeKTpHYecKoi MomrHocTH 1 BT B nudparupoBanHbIit
CBET YJaBaJIOCh OTKJIOHUTH HECKOJIBKO IIPOIIEHTOB MAaoIel Ha KPUCTAILUI CBETOBOM SHEPTUHL.

Takum o0pazom, B pe3yibTaTe MPOBEAEHHOI'O TEOPETHMUYECKOTO M 3KCIEPUMEHTAIBLHOTO
UCCJIEIOBaHMSI [TIOKA3aHO, YTO MOBEPXHOCTHOE BO30YK/IEHNE aKyCTUYECKUX BOJIH MOXET OBITh
UCIIOJIb30BaHO B aKyCTOONTHKE JAJISI CO3AAaHUS aKyCTOONTUYECKUX MOAYJIATOPOB Ae(ICKTOPOB
U QUIIBTPOB.
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Ocunnnupyrowmne peweHnsa ypasHeHnn HaBbe-CTokca

[TerpoBa T. A. (1), lllyraes @. B. (1)
MI'Y um. M. B. JlomoHocoBa, pusmnyeckun dakynstet (1)

VYpaBHeHuss HaBbe-CTOKCa SBISIOTCS OCHOBHBIM HMHCTPYMEHTOM Ul aHajuu3a
TypOyJieHTHOCTH. BakHas poiib B MOJEIMPOBAHUU TYpOYJIEHTHOCTH TMPUHAIJICKUT
METO/1aM, HCTIOJIb3YIOUIUM PAa3HOCTHBIE CXEMbI U 00bEIMHEHHBIX MO]] Ha3BaHUEM MPSMOTO
YUCJIIEHHOr0 MojenupoBanusi. (OJHaKo, [MaHHBIA TMOJXOH, Jla)k€ Ha COBPEMEHHBIX
KOMIIBIOTEpAX, MO3BOJISIET PELIUTH JIMIIL HEKOTOPhIE TEXHUUYECKHE MPOOJIEMBbI, TaK Kak
HAaKJIA/IBIBAET CYIIECTBEHHbIE OIPAaHUYCHHUs HA 4nciao PeiiHobIca MOCTaBIEHHONW 3a1adun
(Re<10%). Mexay TeM, pasBuTas TypOyIEHTHOCTh BO3HHKaeT mpu Re=10’-10" Taxum
o0pa3oM, BO3HUKAE€T MOTPEOHOCTh MOCTpOEHUs pemieHuid ypaBHeHud Habbe-CTokca
METOJ0M, AJIbTEPHATUBHBIM PA3HOCTHBIM CXE€MaM, KaKUM M SBISETCS NPEIJIOKEHHBIN B
JTaHHOH paboTe METOJ UTepaIlHii.

JlaHHBIM MeTOHA pelleHus ypaBHeHUM HaBbe-CTOKkCa OCHOBaH Ha HCHOJIB30BAHUU
(yHIAMEHTaIBbHOTO pEeUIeHUs] JIMHEWHOM mnapabonnyeckoil cucrembl. Ero ocHoBHas
OCOOEHHOCTh COCTOMT B TOM, YTO HE HCIOJIb3YIOTCS KOHEYHO-PA3HOCTHBIE CXEMBI.
CoOTBETCTBEHHO, OH NPUMEHHMM K 3ajladaM ¢ JI0ObIMH uuciamMu PeliHonmbaca U He
HaKJIJbIBACT OTPAHUUYCHUN HA aMIUTUTYy TYpOyneHTHbIX (iykryaruii. Takum oOpazom,
MbI MOYKEM MPOAHATU3UPOBATH KaK CHIIbHYI0, TaK U c1a0yI0 TypOyJIE€HTHOCTb.

[TonHas cucreMa HeCTallMOHAPHBIX ypaBHeHH HaBbe-cTokca MOXKeET ObITh Mepernrcana
B CJIeAYIOIIEM BUJIe (C UCIIOJIB30BAHUEM NIEpeMEHHbIX Jlarpanxa)
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3neck p, T, v, A TNIOTHOCTD, TEMIIEPATYPA, BI3KOCTh U TETIONPOBOIHOCTb,
COOTBETCTBEHHO; A - oniepatop Jlamnaca, Pr — wucino I[pannmis, y — anuabaruueckuii
nnBapuant. CumBonamu fij, T, f; 0003HaUeHbI HeNMMHEHHBIC WiEHBI (OTHOCHTEIILHO MEPBBIX
pou3BOIHbIX ). X 3HaueHus Obun npenctasiensl panee [1]. Cuctema (1) 3anucana B
Ge3pasMepHoOi (hopMe, XapakTepHast JUTHHA -  1y=vo/Co, XapakTepHOe BpeMs - ty=Vo/Co’,
371€Ch C() — CKOPOCTh 3ByKa, MHJAEKC “0” 03HAaYaeT Ha4aJIbHOE COCTOSTHUE.

Hannas cucrtema sBisgercs napadonnueckoi. OCHOBHAs Ujaes MPEAJIOKEHHOTO0 METO/1a
pEIICHUS 3aKITI0YAETCs B CBEJCHUH CUCTEMbI K MHTETPAIbHBIM YPaBHEHHSIM U
MOCIIEYOIIEMY MCIIOJIb30BAHHIO UTEPAIIMOHHOM Tpotieyphl. JlanHas mporeaypa MoKeT
ObITh pa3duTa Ha JABe YacTu. CHaYaa Mbl HAXOAWM MPUOIIKEHHOE PEIICHHE
(mapamMeTpuKkc). 3aTeM MbI IPUBOJANM CHCTEMY K HHTETPaTbHBIM YPABHCHUSAM THITA
BonbTepa n npuMensieM K HUM UTepallMOHHYI0 npoueaypy [2,3]. B kauectBe nepBoit
uTepanuu Oepercs pelieHne JMHeapu30BaHHON cucTeMbl. Jlanee mpeamnonaraem, 4ro (n-

T r . T
w=—Inp;Q=rotv;s=divw;h=T -1;v =
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1)st urepanust uzBectHa. Toraa U3BECTHBI U KOIPUIIMEHTHI, OTHOCSIIIHECS K ONEepaTopy
Jlannaca. Takum o6pa3oM, MbI IOJTy4aeM CUCTEMY JIMHEHHBIX YPaBHEHUM C IEPEMEHHBIMU
koa¢pdunrentamu. 3ateM npeamnogaraeM, 4to KodhOUIUEHTHI 3aBUCAT TOJIBKO OT BPEeMEHU
t, a KOOPIMHATBI paCCMaTPUBAEM KaK mapameTpbl. HauanbHble yCIOBUA: TUBEPTrEeHIINS
CKOPOCTH HyJIeBasi, TeMIiepaTypa — u3BecTHasi (PyHKITUS, TUIOTHOCTh MOCTOSTHHA. 3a/1a4a
paccmaTpuBaeTcs B 06CKOHEYHOM MPOCTPAHCTRBE.

BbL1M BBITTOJIHEHBI BBIUMCIEHUS J1s NEPBOM U BTOpoi utepaunu. CpaBHEHUE
PE3yNbTATOB MO3BOJISIET CAIENATh MPEANOI0KEHNUE O CXOIUMOCTH METOA, OJHAKO,
HEO0OXO0IMMBI IaJIbHEHIIINE UCCIEA0OBAHNS CXOIUMOCTH IaHHON UTepallMOHHON
MIPOLIEAYPHI.
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BnusiHne Temnepatypbl U TPUMECEN Ha CTPYKTYpPbl CETOK
BOAOPOAHbIX CBA3EN BOAHbIX KNacTepoB

XaxanuH A.B.
®usunyecknin pakynstet, MY nmenn M.B. JlomoHocoBa

TeopeTnueckn ycTaHOBJIEHHBIA (TEOpUU CTPYKTYpHBIX AedekrtoB CamoiiioBa,
ctpykryp bepnapa-®@anyepa, mepuaronmux kimacrepoB @panka u Bena u ap.) u
HKCIEPUMEHTAILHO MOATBEPKICHHBIN (DaKT reTeporeHHOCTH BOAbI [ 1] akTyanusupyer
BOIIPOC O MPHUPOJE €€ HEOAHOPOAHOCTH. ONIHY W3 TJIaBHBIX pOJEd B HEW UIpaeT
JBAONOA00HAs BOJA, ONpPEAEIsis LEHTPhl 00pa30BaHUsI KPUCTAUIMYECKON CTPYKTYpPBI
IIPU €€ 3aMEpP3aHHH.

CuuTaercs, YTO KpUCTAJIIM3aLKs BOAbl HAUMHAETCS U3 MECT COCPEIOTOUYECHHUS €€
OpUMECHBIX  4YacTull. AOCONIOTHO uyucTas JjabopatopHas BoAa  IICHTPOB
KPUCTAJUIM3ALMM HMMEET 3HAUUTENIbHO MEHbIIe, YeM BOJAa, HaxonsIascs B
€CTECTBEHHBIX BojoeMax. [Io3TOMy OHa MOXKET NEepeoXJaxAaTbcs, OCTaBasCh B
KUJAKOM COCTOSSHMM Ja)Ke NpU OTPULATENBHBIX TeMmIeparypax (Mpu HOPMaJIbHOM
aTMOoc(epHOM JaBJICHUN).

[Ipumecn B BOJEe MPUBOAAT K TOSABICHUIO ACPEKTOB B €€ CTPYKTYpPE CETKH
BOJOPOJHBIX cBsizel. B Hacrosiiee BpeMs, OTCYTCTBYIOT AKCIIEPUMEHTAJIbHbBIE
METOJUKH ONPEIEICHUS BOJOPOJIHON CBS3U U XapaKTEPUCTHUK €€ TUHAMUKH B BOJIHBIX
cpenax. [TogoGHbIe Hccaen0BaHN MOXKHO MTPOBOJIUTH TOJIBKO METOJAMU YHUCIEHHOTO
MOJIEJTMPOBAHMSI.

B nanHoit pabGote, Ans U3yuyeHUs CTPYKTYpPhl CETKHM U3 BOJOPOAHBIX CBS3Eil
MEXIy MOJIeKyJdaMu BOJbl moja BozaedctBuem Temmeparypsl (1 wmm 300 K) u
npumeceii (katuonsl Na™ unu K') 6bu1u BEIOpaHBI ClEAyIOIME 3 BOAHBIX KJIacTepa:
(H,0),, Na+(H2O)n " K+(H2O)n, rae 2<n<8. Monekynsl H,O onuceiBamuch B pamkax
KECTKOM Monenu Boabl [2]. s pacueToB MEKMOJICKYJISIPHBIX B3aUMOJICHUCTBHUI
MOJIEKYJ BOZBI APYT ¢ ApyroM H ¢ kathoHoM Na' mmu K mcrons3oBanmch aToM-
aToMHble mnoTeHuuanbHble ¢yHkuuu [lonteBa-ManenkoBa [3,4]. B pacuerax
UCIIOJIB30BAJICA KECTKO JCTEPMUHUPOBAHHBIM HAYaJbHBIMU YCIIOBHSIMHU T€HEpPATOp
CIOy4alHBIX YHCEI JBOWMHOM TOYHOCTH «ran2» [5]. MogenupoBaHue mpolecca
TUIpaTaluy  OCYIIECTBIISJIOCh IOCPEJICTBOM TI'E€HEPUPOBAaHUS pPAaBHOBECHBIX MU
temneparype 1 nmm 300 K xoHpurypanuii u3 MoseKys BOJbl, B3aUMOJIECHCTBYIOIIMX
Jpyr ¢ ApPYroM M C TuApatHpyeMbiM kKatmoHoM Na' wmn K'. Mx momyuenue
npou3BoaMiIoch, MerogoM Monte-Kapno ¢ mnpouenypoir Metpononuca [6] npu
NEPUOJUYECKUX TPAHUYHBIX YCIOBUAX (pacueTHas suyeika npeacTasisiia co0oil Ky ¢
nmuHOM cropoHsl 40 A). U3 mocnenoBaTeqbHO MONYyYaeMBIX DPABHOBECHBIX MPH
temneparype 1 wumum 300 K kxondurypamuit kaxgoro kmacrepa ¢ 1marom 1000
¢dopmupoBanace 10000 Bei6opka. M3 20 Ttakux BbIOOpOK 0Opa3zoBbiBasicss Habop. Ha
OCHOBAaHMHM aHalM3a B OSTOM Habope 3HAYEHWH KOJMYECTB PaBHOBECHBIX
KOH(UTrypanui, COOTBETCTBYIOIIMX OPUTMHAIBHBIM THUIIAM CTPYKTYp CETOK W3
BOJIOPOJIHBIX CBSA3EH, OMpENessuINCh UX CPEeHUE BECOBbIe KOA(D(PUIIMEHTHI U OITMOKH
UX OMpeAeNeHHs C TOBepUTeNbHBIM UHTepBasioM 0,95. Tun cTpyKTypbl ¢ HAUOOIBIIUM
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BECOBBIM KO3 (duIeHTOM, BeTpevaromumMcs Bo Bcex 20 BbIOOpkax B Habope,
Ha3bIBaJICs Hanbosiee BEPOSTHBIM TUIIOM.

[Ton CTpyKTYpHOW XapakTEpUCTHUKOW CETKHM M3 BOAOPOIHBIX  CBSI3€U
nojipazymMeBaeTcss Habop BOJOPOJO-CBSI3aHHBIX N€OMETPUYECKUX (Uryp, Kaxkaas H3
KOTOPBIX SIBJISIETCSI CBA3aHHBIM OPHUEHTHPOBAHHBIM (peOpO HAIMPABJIEHO OT KUCIOPO/a,
SIBIIIONIETOCS] JJOHOPOM MPOTOHA K KHUCJIOPOJY — akienTopy) rpadom, BeplIIMHAMU
KOTOpPOTO SIBJIAIOTCSI aTOMbl KHCIIOpOZa, a peOpaMu — BOJOPOJHBIE CBSI3H MEXIY
MOJIEKYJIaMU BOJbl. AHAIU3 CTPYKTYp CETKHM BOJOPOJHBIX CBSA3€H paBHOBECHBIX
KoH(pUrypanuif ~ BOJHOTO  Kjactepa €  KAaTHOHOM  OCYUIECTBISUICA IO
(dopMaI30BaHHBIM NPU3HAKAM, OCHOBaHHBIM Ha Teopuu rpados [7]. Ilpusnaku, mo
KOTOPBIM TPOMU3BOAWIOCH CPAaBHEHUE CETOK BOJOPOIHBIX CBszel: 1) KoamuecTBO
MOJIEKYJT BOJBI, BXOIAIIMX B TNEPBYI0 KOOPJUMHAIMOHHYIO cdepy KaTHOHa;
2) KOJTMYECTBO BOJIOPOAO-CBI3aHHBIX (PUTYp M3 MOJEKYJ BOABI (CIOJA K€ BXOASAT HE
CBSI3aHHBIC BOJIOPOJAHBIMU CBSI3SIMH  “‘OAMHOYHBIC” MOJEKYJBl BOJIBI); 3) HAOOp
KOJIMYECTB MOJIEKYJI BOJBI B KaXKJ10i BOAOPOI0-CBSI3aHHOM (purype (Habop KOJIUYECTB
BepiinH rpadoB); 4) HAOOP KOJUYECTB BOJOPOJHBIX CBS3EH B KaXJI0W BOJOPOIO-
cBs3aHHOW ¢urype (Habop KommuecTB pedep rpadoB); 5) HAOOPHI KOJIMYECTB
O00pa30BaHHBIX KaXJIOM MOJIEKYJIOM BOABI B  BOJOPOAO-CBSI3aHHOW  (urype
BOJIOPOAHBIX CBsizel (HAOOpBI cremeHeil BepmmH TpadoB). [laHHas MeToauka HE
MO3BOJISIET YYECTh TOJBKO XHUPAJIBHOCTH BOJOPOIO-CBSI3aHHBIX (PUTYyp M3 MOJIEKYJ
BOJBI.

B pesynbrare 4MCIEHHOTO MOJEIMPOBAHUSA, B KaXJAOM U3 3-X HCCIIEJOBAaHHBIX
KJIACTEPOB BBISABICHBI BCE PA3HOBUIHOCTH OOpa3yeMbIX THUIIOB CTPYKTYp CETOK
BOJIOPO/IHBIX CBSI3€H, a Takke HambOosee BeposTHbIe mpu TemnepaTtype 1 mmm 300 K
TUIBI TaKUX CTPYKTyp. YcraHoBieHo, 4yto npu | K Haubosee BepoATHBIN THII
CTPYKTYPbI CETKH U3 BOJOPOJHBIX CBSI3€H MEXKIYy N MOJIEKYJIaMU BOJAbI KKJIOTO U3 3-X
KJIaCTEpOB 00pa3yeTcsi Ha OCHOBE Hanbosiee BEPOSITHOrO TUMNA MpU n—1 (¢ TOUHOCTHIO
00 oxaHou BoaopoaHoil cBs3u). Ilpu Temneparype 300 K Ttakas 3aBHCHMOCTB
oOpa3oBaHusi HauboJiee BEPOSITHOIO TUIIA CTPYKTYP CETKH U3 BOJOPOJIHBIX CBSI3EH ISt
Kaxaoro w3 3-X  KjactepoB  coxpaHsercsi. OJIHAKO TOJBKO PaBHOBECHBIE
koHpurypanuu kiacrepa (H,O),, cooTBeTcTByromme Hanboiee BEPOATHBIM THIIAM
ctpykryp npu temneparype 300 K cocrosim u3 pa30dpocaHHBIX 1O BceMy O0BEMY
pacueTHON sA4YEeKH OAMHOYHBIX MoJekysl H,O u BOAOpPOAO-CBA3aHHBIX TPYIII
(cocTostmux 110 3-X MoJieKyd BOjbl). B paBHOBeCHBIX KOHGUTYpaIUsSX BOIHBIX
KITacTepoB C TpuMecHOM uactmmeir Na' wmmum K' cooTBeTcTBylommx Hambonee
BEPOSITHBIM THUIIAM CTPYKTYp CETOK W3 BOJOPOJHBIX CBS3€H, MOJIEKYJIbl BOJbI
COCpeZI0TOUEHBI BOJIM3U MpUMECHOH dacTullsl (B cepe panuycom He 6omee 3 I[TKC).

Ha ocHOBaHuM MOITYYEHHBIX PE3YIbTATOB, MOXKHO yTBEPKIATh, YTO CPEIU BCETO
MHOT000pa3ust 00pa3yeMbIX MOJIEKYJIaMH BOJBI PAaBHOBECHBIX MPHU TeMIieparypax 1 u
300 K koHpurypaluii CymecTBy0T KOHPUTypalluu ¢ HanboJiee BEpOSATHBIMU TUTIAMHU
CTPYKTYP CETOK M3 BOJOPOJHBIX CBsI3€H. DTH THUIIBI CTPYKTYP 3aBUCAT OT CIEAYIOIINUX
¢dakTopoB: 1) KOTMYECTBO MOJIEKYJ BOJBI HX 00pa3yromux (Hanboiee BepOSITHBIN THIT
CTPYKTYpbI CETKH BOJAOPOJHBIX CBSI3EH AJISl KJacTepa ¢ N MOJIEKYJIaMH BOJbI SIBISIETCS
pa3BUTHEM Haubosee BEPOSITHOIO THUIA CTPYKTYPbI, CHOPMHUPOBAHHOTO KIIACTEPOM C
n—1 MoJekynamMu BOJbl); 2) Temreparypa (C yBeITUYCHHEM TEeMIIepaTyphbl KOJIMYECTBO
BOJIOPOJHBIX CBSi3eM B HanOoJiee BEPOATHBIX THINAX CTPYKTYp YMEHBILIAETCS 3a CUET
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s dexra ucnapeHus: MOJIEKyJ BOJIbI); 3) IPUCYTCTBUE NMPUMECEH U UX Pa3HOBUIHOCTH
(HamM4Yre TPUMECHBIX YaCTHIl TMO3BOJIAET YMEHBIIUTh A((EKT ucrnapeHus: MOJIEKyJ
BOJBl B PaBHOBECHBIX KOH(UTYpaIUsaX C Haubojee BEPOATHBIMU TUIIAMHU CTPYKTYP
CETOK M3 BOJOPOJHBIX CBA3€H, a Pa3HOBUIHOCTb NMPUMECHOM YacCTHUIbl BIUSET Ha
pa3zHooOpa3ue Hanbosiee BEPOSITHBIX TUIIOB CTPYKTYP CETOK M3 BOJAOPOJHBIX CBSI3EH B
BOJHBIX KJacTepax).

[IpennonoxuTenbHO, TMEpBBIA M TpeTUid (AKTOPbl MOTYT  ONPEIENSThH
CYILIECTBOBAaHME B BOJIE€ HEOJHOPOJHOCTEW B BHUJE KJIACTEPOB, COAEpKAIllUX B cebe
00JpIII0e KOTMYeCcTBO MOJieKy Boasl (~100 [1]).
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MeToq HEMHBA3NBHOW YNbTPa3BYKOBOW XUPYPrnmn onyxonewn
neyeHu npm obnyvyeHnn Yyepes pedbpa ¢ MCNoSIb30BaHNEM
dras3npoBaHHbIX peLleToK

Bo6kosa C.M.', Xoxmosa B.A.', TaBpuitos JI.P.’

1. dusmyeckun dakynstet, MY nmenn M.B. JlomoHocoBa
2. AkycTnyecknm MHCTUTyT umenn H.H. AHgpeeBa

PocT uuncna pakoBbix 3a0oneBaHMil B mocienHee Bpemsi TpeOyeT pa3paboTKu
HOBBIX A(QQEKTUBHBIX CIMOCOO0B MX JjeueHus. OAHMUM U3 HHUX SBISETCS METOJ
HEWHBA3UBHOM (T.€. 6€3 OMepaliOHHOTO BMEIIATEIbCTBA) YIbTPa3BYKOBON XUPYPIHUH,
KOTJa MOIIHBIA C(HOKYCHUPOBAHHBIM YJIBTPA3BYKOBOM ITy4OK JIOKAJIbHO HAarpeBaer
TKaHb 7O TeMmIepatypbl Hekpo3a. OJHAKO ATOT METOJ OKa3bIBaeTCs HE BCerja
OPUMEHUMBIM H3-32 HalU4Msi B Cpele pacCIHpOCTPAHEHUs YIbTPa3ByKa CHIIBHO
OTpaXXaroUIMX U CUIBHO IMOIVIOIAIOIINX aKyCTHUYECKUX MPENATCTBUM, O KOTOPBIMU
MOHUMAIOTCS, HAalpUMep, KOCTH TPYJHOM KIETKH, 3aTPYyIHSIOLIUME IPOBEICHUE
HEMHBA3UBHBIX ONEpALMNA HA MEYEeHU WU cepile. Tak Kak KOCTHas TKaHb o0iaiaer
O60apmMM  KOA(G(GUIIMEHTOM TMOTJIOIICHUs YJIbTPA3BYKOBOM SHEPruu, TO MpHU
IIPOBEJICHNH ONEpPAllii BO3HUKAET €€ MEPETPeEB, a TAKKE OXKOT BBILIEIEKALUX CIOEB
TKaHH, BKJIIOYas KOxKy. UToObl u30exaTh moBpexacHus: peoep, B Kurae, k npumepy,
KOCTH TpPYAHOM KJIETKH, HaXOJSAIIMecs Ha IyTH NPOXOXKICHHUS YIbTpa3BYyKa,
MpeIBApUTENbHO yAAJSUIM, a 3aTEM YCTAaHABIMBAIM Ha MPEKHEE MECTO C IMOMOIIbIO
JOTIOJIHUTEIILHON XUPYPIUUECKON IPOLETYPHI.

Bo3MOXXHOCTh OCyIeCcTBIATh Oojiee 3(DPEKTUBHOE JOKAIhHOE BO3JCHCTBUE
yJIbTpa3Byka Ha HEoOXOJuMble 00JacTH BHYTPH 33JaHHOTO OObeMa TKaHU IpH
COXpaHEHHH 0e30TaCHBIX YPOBHEH TeMIepaTyphl Ha MPEMATCTBUAX CTalla PEalbHO ¢
MOSIBJICHHEM COBPEMEHHBIX MHOTO3JIEMEHTHBIX aKyCTHYECKUX PEeIIeTOK OO0bIIoi
MOIIIHOCTH. [lenbro JaHHOTO MpOeKTa SIBIsUIach pa3paboTka METOI0B TMHAMUYECKOTO
¢doKycupoBaHUsl yIbTpa3ByKa BBICOKOM HWHTEHCHBHOCTH MpPU HAIUYUH B Cpele
aKyCTMYECKMX  TNPENATCTBHM, UYTO CYyIIECTBEHHO pAacCUIMPAET BO3MOKHOCTH
NpPUMEHEHHs] B MeIuIMHE (DOKYCUPOBAHHOIO YJIbTPa3ByKa BbICOKOW MHTEHCHBHOCTH.
CymHOCTh MpeajiaraeMoro mojaxoaa B caMoM KpaTKOM BHUE CBOJUTCS K COBMECTHOMY
WCIIOJIb30BAHMIO  MHOTORJIEMEHTHOM  paHAOMM3MPOBAHHOM  pELIETKH, METOoJa
oOpailieHdsi BOJHOBOTO (poHTA ©  pa3pabOTaHHBIX METOJOB  ONTHUMHU3ALNHU
aMILTUTY AHO-(Da30BBIX paclpeeieHui Ha deMeHTax pemeTku [1,2].

YucneHHOE MOJEIMPOBAHUE W HW3MEPEHUS NPOBOIAWINCH JUIsl PEIIETKH,
npejcrasisitoneil codoit 254 mpe3zodnieMeHTa AuameTpoM 7 MM M yactotod IMI'W,
PACIOJIOKEHHBIX CIIy4YailHbIM 00pa3oM Ha MOBEPXHOCTU CPEpUYECKOr0 CErMEHTa C
pamuycom KpuBmu3HbI 130 MM 1 mtuameTtpom 170 mm [1,2]. Llenpro skcnepumeHTa ObLIO
CO3/aHME pa3pylIeHHH B OHOJOTMYECKHMX TKaHAX NyTéM HX OOJIydeHHUs
(GhOKyCHpPOBaHHBIM YIBTPa3BYKOM uepe3 (aHTOM peldep TpyIHON KJIETKH M CBHUHBIC
pebpa in vitro. UM3mepeHus aKyCTHYECKOrO TOJS TMPOBOJMWIMCH TOMOIIBIO
UHPPaKpaCHOW KaMepbl B IUIOCKOCTU pedep M B (POKAIBHOW IUIOCKOCTU PEIIETKH.
Kontpons Ttemmeparypbl Ha peOpax OCYHIECTBISJICS C TOMOUIBIO TEPMOIMApPHBIX
M3MEPEHUH, MOIIHOCTD yJIbTPa3ByKa HaXOAuiIack B HHTepBaie oT 5 10 150 Br.
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bbUI0 MOKa3aHO, 4YTO CO3/1aBAEMOE PEIIETKOM aKyCTHYECKOE II0JI€ HMEJO
HOJIOCAaTYI0 CTPYKTYpPY B IUIOCKOCTH pedep, TakuM 00pa3oM, 3HEprus Iydka Obuia
COCpEIOTOUYEHA B MEXPEOEpHBIX MPOMEKYTKAX, HE BbI3bIBAsI IIEperpeBa caMux peoep.
JIOTIOMHUTENBHO TPOBEACHHBIE HM3MEPEHMS] TEMIIEpaTyphl C IOMOIIBIO TEpMOIap
TaK)Ke€ J0Kazaau 0e30MacHOCTh MPEAJIOKEHHOM METOAMKH. bBbUlM  mosydeHsl
paspylleHuss OMONOrMYecKo TKaHM B oOmactu  (QoOKyca, UTO JOKa3bIBAJIO
BO3MOXXHOCTh NPUMEHEHHMSI METOAA MJi1 pPa3pyLIEeHUs OIyXoJIeBOW TKaHW. Jlis
yBeIMUYeHUs: 00beMa OOJyuYeHHUs TKaHW HCCIIE0BANIACh BO3MOXKHOCTh 3JIEKTPOHHOTO
nepeMelieHus (pokyca 1 cozlaHusl MHOTO(OKYCHBIX KOH(pUryparuii. bsuio mosydeno,
4TO pedpa He BIUSIOT Ha Mpenesbl cMelleHus Gokyca, Kotopble coctaBuiau 10-15 MM
NepneHANKyIsIipHO ocu pemetkd W 20 mm Baons ocu. Kondurypamum uz 3-4
OJIHOBPEMEHHBIX (DOKYCOB TaKKe ObLITH CO3aHBI.

[TonmyueHHBIE pe3ybTaThl CBUACTEIBCTBYIOT 00 3()()EeKTUBHOCTH MPEATI0KEHHON
METOJMKH ¥ BO3MOXHOCTU €€ TMPUMEHEHUS B KIMHUYECKOM NpPAKTHKE IS
HEMHBA3UBHOTO JICUEHUsS] PAKOBOW OIyXOJIM IIEYEHH, PACIIONIOKEHHOH 3a pedpamu.
Kak nokaszano HenmaBHee oOCyKIeHHE MeTOAa Ha MeXIyHapoJHOM CHMIIO3UyME IO
TEpareBTUYECKOMY YIbTPa3ByKy [3], ero ah(peKTUBHOCTH MPEBOCXOAUT U3BECTHBIE JI0
HACTOSIIIETO BPEMEHHM TEXHOJIOTWH, pazpaboTaHHble 3a pyOexom. HccnemoBanus u
pa3paboOTKH, BBIMIOJHEHHbIE B yKazaHHOM oOmactu B CIIA, BenukoOputanuu u
@paHIK NOCBSIEHbI JTM00 TEOPETHUECKUM acleKTaM yKa3aHHOW IpoOiemsl, OO
NEPBBIM IlIaraM Ha IMyTH MOCTPOEHMS YJbTPa3BYKOBOM TEXHHUKH, IMpEIHA3HAYEHHON
TSI pelieHust 3TOH 3aJ1a49u. DKCNEPUMEHTAIBHOTO MOITBEPKICHUSA
paboTOCIIOCOOHOCTH MPEAJIOKEHHBIX MOIX0J0B M TEXHUYECKUX pEIIeHul, 10J00HOro
ONMCAHHBIM BBIIIE OSKCIEPUMEHTaM, BBIIOJHEHHBIX HaMHU Ha TIPYJHOW KIIETKE
KPYIHBIX MOJONBITHBIX KUBOTHBIX, 10 HACTOSIIETO BPEMEHH HE CYILIECTBYET.

Crenyer Takke OTMETUTh, YTO JIaXe CTOJb IIUPOKask 00JIacTh MPUMEHEHHUS, KaK
NPOBEJCHNE HEMHBA3UBHBIX ONepalyil Ha TeueH! 0e3 MOBPEeXKIECHUS I'PYIHOMN KIETKH,
ABJIAETCA JIaJIeKO HE E€IMHCTBEHHON 0O0JacThI0O BO3MOYKHOIO IMPAKTUYECKOTO
UCIIOJIB30BAHMs. YMEHHE pa3pyllaTh TKAHH, PACIOJIOKECHHBIE 34 aKyCTHYECKUMH
INPENATCTBUSAMHU, MOXKET OKa3aTbCsA IIOJIE3HBIM IIPU ONEpAalMAX Ha CepAle, INpU
BO37ecTBUN (DOKYCHPOBAHHBIM YJIBTPa3ByKOM Ha TJa3HOE AHO 0e3 MOBPEXACHUS
XpycCTajnKa, a TaKkKe MPU HATMYUH B OpPTraHU3ME Pa3HOOOPa3HBIX CKOIUICHUH BO3/IyXa
WIM  TBEPAbIX  BKJIIOYEHHMH, B  YaCTHOCTH,  METAJUIMYECKHMX  IPOTE30B,
KapAUOCTUMYJISITOPOB U T.II.

PaGora BbImonHeHa npu uyacTuyHOW nonaepkke rpantroB MHTL] u POOU.
KoMIIBIOTEpHBIE BBIYMCIICHHS MPOBOJWINCH HA CYNEPKOMIIBIOTEPHOM KOMILIEKCE
«Cxu®-MI'Y».
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HoBbIM MeEXaHN3M pa3pyLLUEHUS MATKMX BUONOrM4YeCcKkUxX TKaHeu
npu UMNYJIbCHO-NEPNOANYECKOM BO3OENCTBUMN
doOKyCMpOBaHHbIMW YOapHbIMU BONTHAMU

becconora O.B., XoxioBa B.A.
Kadenpa axycruku, ®@uznueckuit pakynsrer, MI'Y umenu M.B. JlomonocoBa

B coBpemenHoO#l MemuuuHE OBICTPO pPAa3BUBACTCS HOBOE HANpPaBICHHE —
UCIOJIb30BAHME  MOLIHOTO  (POKYCHUPOBAHHOTO  YJIbTpa3BykKa JUIsl  JIOKAJIbHOI'O
paspylieHus OIMyXodeBbIX TKaHe. OCHOBHbIMH (U3MUECKUMH MeEXaHH3MaMu
paspyllieHus: TKaHU yJIbTPA3BYKOM SIBJSIIOTCS ee HarpeB M kaBuTanwus [1]. TerioBoi
a¢deKT 3aKmoyYaeTcss B TOM, YTO TPU PACIPOCTPAHEHUW YIbTpPa3ByKa YacTb €ro
DHEPIruH TOTJIONIACTCS W TEePEeXOAWT B Teruio. KaBuTamms BBI3BIBACT MEXaHHYECKOE
paspyllleHHe TKaHW B pe3yjbTaTe paspbiBa Cpelbl BO BpeMsi TMOIYNEepUoIOB
pa3pexeHus MpU MPOXOXKIACHUM aKyCTUYECKOW BOJHBI [2]. OmHaKo, Kak IMOKa3alu
HEJaBHHE DOKCIIEPHUMEHTHI, BO3MOXEH HOBBI MEXaHH3M pPa3pyIICHUS MATKUX
OMOJIOTMYECKUX TKaHEH: MEXaHMYECKOE pa3pyllIeHHWE TKAHW 3a CYET B3PBIBHOTO
BCKHITaHMSI, POUCXO/SIETO MPU CBEPXOBICTPOM HarpeBe yJapHbIMU BOJIHaMU [3,4].

W3BecTHO, YTO TIpHU BBICOKHX YPOBHSIX WHTCHCHBHOCTH B (pOKambHOU oOjacTu
(Bwoth 10 25000 Br/cm?) BamsHHEe 5(QEKTOB aKyCTHUECKOH HENTMHEHHOCTH
NPUBOJIUT K OOpa30BaHHIO pPa3pblBOB B mpoduie BOJHBI B ¢okyce (puc.l) u
CYILIECTBEHHOMY YBeNMUeHUIo 3(dexTuBHOCTH HarpeBa. B oGmactu dokyca myuka
BO3MOKEH JIOKQJIBHBIA CBEPXOBICTPBHIA (32 HECKONBKO MWJUTMCEKYH]I, THUITUYHAS

60 P+ = 55 MPa IKCIO3MUIMS — CEKYHbl) HarpeB TKaHU [0

e P-=_11 MPa TeMrieparypsl kurienus [4]. Ecnu o0nydenue
S 40 A =48 MPa MPOUCXOJNUT B TCUCHUEC BPEMEHHU, HECHIIBHO
S A s NPEBBIIIAIONIETO BPEeMsl BCKHIIAHUS, TO
= 90- MOKET MIPOUCXO/IUTh MEXaHUIEeCKOe
% paszpyiieHne  TKaHu  (9MyJIbCUpUKALINS)
= 0 obpasyromumucs my3sipsivu [2]. TIpu aTom,
XOTS MHHIMATOPOM pa3pyILICHHs SBISCTCS

-2% 0 02 02 KUIISAIIUH 11y36Iph, TKAHb HE HAPEBAETCS 0

0OJNBIINX TeMIlepaTryp, TaK Kak pacTyIIHi
My3bIpb, BBIXONS M3 HArpeToud (QoKaTbHOU
o0nacTu Majloro pasMepa, OuYeHb OBICTPO

BpeMs1, MC
Puc.1 Ilpoduns BOAHBI B TKaHU B
dokyce  wumzmyuarens;  HadaJbHOE

OXJIaX/1aeTCsl.
nasnenue Py = 0.57 MPa (pesynbrar .
B nanHO#f paboTe UYHMCICHHO W
YUCJIEHHOTO MOJIEIUPOBAHUA).
IKCTIEPUMEHTAITLHO UCCIIEZIOBAJIACh

BO3MOXHOCTh CBEPXOBICTPOrO (32 MHJUIMCEKYH/bl) BCKHUIIAHUS TKaHU U €€
aMyJibcu(UKaMu 0e3 TOCIEAYIOLIEro TEeIMIOBOIO HEKpo3a TMpHU  BO3ACHCTBUU
MOIIHBIMU (DOKYCUPOBAHHBIMU YAAPHBIMH UMIyJibcaMu. [[1s1 3TOro ucmnosiab3oBajcs
npeobOpasoBatenb ¢ yacToroi 2 MI1, aneptypoit u dokanbHOU aauHOM 45 MMm. Dokyc
U3ITydaTessl Haxoauscsl B oOpasiie rneueHu Ha riryoune 13.5 mm. Ha ocHoBe perieHus
ypaBHeHHs X3K paccumThIiBaINCh yaapHbIe TpOQUIN BOJHBI B (DOKyCe M3TydaTeNs U
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BPEMEHA HArpeBa TKaHU OO TEMIEPATypbl KUIICHUS

MPU  PA3NUYHBIX HAYAJIbHBIX AMIUIMTYJIaX BOJIHbI

[3,4]. HccnemoBano BiusHue uddy3un Terma;

MOKA3aHO, JJI1 KaKuUX DSKCHO3UIUN OHAa HayMHAET

\J &b time ATPATh CYIIECTBEHHYIO poiib. [IpoBeneHo cpaBHenue

pEe3yJbTaTOB MOJEIUPOBAHUSA C DKCIEPUMEHTOM.

[Tocne BozaeiicTBHS (HOKYCHPOBAHHBIMH yIAPHBIMH

BOJIHAMM  OOpa3lpl  [EYEHW  pa3pe3aluch U

dhoTtorpadupoBanuch s HAOIIOACHHS MOTYyYSHHOTO

paspyuieHusi. bblmm  uccienoBaHbl  paspylIEHUs,

BO3HHUKAIOIIME B  TKaHU, NOpU  BO3JICUCTBUU

UMITYJIbCAMH OJIMHAKOBOW amrumtyasl (Po = 0.57

MPa) u 1omHOM aKyCTHYECKOW HHEpruu, HO

paznmuuHor anurensHocTH [5]. Ilokazano, uto mpu

HernpepblBHOM  oOnydyennun  (100%  koapdunmeHt

3aroJjHeHus) HaOJI0/aeTcs TeruioBas JCHATypalus

Oenka TkaHu (puc.2a). B ciydae, korma obmyueHue

MPOBOJUTCS MUMIYJIbCAMU JUIMTENBHOCThIO 10 MC U

b &t time Ko3((duuuentom 3anonHeHus 1%, Tun paspyuieHUs

U3MEHSIETCS, MPOUCXOAUT HMYJIbCU(UKAIMSA TKAHU
0e3 TerioBoro Hekposa (puc.20). s wiTrocTpanum

Ha PUCYHKE MOKa3aHbl TOJBKO TPU TMEPHOJA BOJIHHI,

TOTJa Kak B PEaJIbHOCTH UMMYJIbC JJIUTEIbHOCTHIO 10

Mc coctouT wu3 npumepHo 2000 mnepuonos.

IIpencka3zaHHBI TEOPETUYECKH WM IOATBEPKICHHBIN

SKCMIEPUMEHTABHO A(P(GEKT KUMEHHS B TKAHU IO

JIEWCTBUEM  yJIbTpa3ByKa 3a MWIIMCEKYHIBl U
—a 0OHapyKEHHBIN 3PPEKT MEXaHUYECKOTO pa3pyLICHHS

2 IIpodumm Y3 TKaHU TOJI IEHCTBHEM PACTYIINX B3PBIBHBIM 00pazom

CHTHAJIOE M XapakKTepHBI!  gymamux myssIpei ABISETCS MPHHIUMHATBLHO HOBBIM
EWJ] paspyIIeHHH B IeYeHH g ype3BbIYAlHO MHTEPECHBIM SABJIEHHEM, TPEOYIOLIUM
JOTIOJTHUTENIbHBIX HccienoBaHuid. PaboTa BeIoHEHA

pu yacTu4HOU nopzaep:kke rpantoB MHTL u POOU. KoMnbroTepHbIE BBIYUCICHUS

MPOBOJWINCH Ha cyniepkoMIibioTepHOM Komiuiekce « CKUD-MI'Y».
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Mcnonb3oBaHne MoaMdULMPOBaHHbIX LiaHOaKpUMaTHbIX
YyacTuL, AN JOCTaBKWU NekapcTs B MO3r

I'yceB A.B.
®dusndeckmn dakyneret, MY umenn M.B. JlomoHocoBa

Jleuenue paccTpoilcTB HEPBHOW CHUCTEMbI MOXKET MPOU3ZBOAUTHCS MPUEMOM
npernapaToB BO3JEHCTBYIOIIUX Ha (QPYHKIMH WU AUCPYHKIIMU HEPBHOM CHCTEMBI
narueHTa. OOBIYHO MOIOOHBIE JIEKApCTBA MPUHUMAIOTCS OPaJIbHO UM BHYTPUBEHHO.
B TO Bpemsi Kak CylIecTByeT MHOXECTBO JIEKAPCTB, CIOCOOHBIX MPEOONETh
remMaro’Hilepannuecknii 6aprep, OrpOMHOE KOJUYECTBO JPYTHX JEKapCTB HE MOTYT
MPONTH Yyepe3 reMaTodHIepantndeckuil 0apbep BOOOIIE UM UX MPEOAOIECHUE CUIILHO
3arpyaHeHo. Takwe nekapctBa MOTYT ObITh  3(QEKTHBHBI TOJNBKO TIPH HE
MOCPEACTBEHHON HHBEKIMKU B MO3l. [emarosnnedanuueckuit Oaprep 3TO0 Oapbep
MEXI1y KpOBBIO C OJHOW CTOPOHBI M HEPBHOM TKaHbIO - ¢ Apyro. OH COCTOUT H3
SHAOTENHS KamWUIIpoB, 0a3anbHOW MeMOpaHbl M TEPUBACKYISIPHON MOTpaHUYHOMN
[JIHAJbHON MeMOpaHbl M3 OTPOCTKOB AacTpPOLMTOB. Takum o0pa3oM, OTpOMHOE
KOJIMYECTBO BBHICOKO I(P(PEKTHUBHBIX JIEKAPCTB HE MOXET IIMPOKO MCIONb30BATHCA B
KIIMHUYECKOW mpakTtuke. JlaHHylo mpoOiaeMy MOXHO pEUIUTh Pa3IuuYHbIMHU
crnocobaMu:  yBEJIIMYUTHb  IPOHUIAEMOCTh  Oapbepa, BXKHUBUTH  CIEHUAIBHYIO
MOJMMEPHYIO TKaHb, HECYIIYIO JIEKAPCTBO C KOHTPOJIUPYEMBIM BBHICBOOOKIEHUEM €TO,
WIKM K€ BOCIOJB30BaTbCsl YCIAyraMu HOCHUTENEH, CIOCOOHBIX TPE0I0JIeBaTh
remMaro’Hilepannuecknii 6apbep. YBelIMUEHUE MPOHUIIAEMOCTH MeMOpaH HEeraTuBHO
CKa3bIBAETCSl HA UX CTPYKTypax, 4acTO pa3pylias €€, UTO HEraTMBHO CKa3bIBAECTCS Ha
JanbHeHIeM (QYHKIMOHUPOBAHWM MO3ra. BiKUBIEHHE e SBISCTCS CIOKHBIM
XUPYPTrUYECKUM BMEIIATEILCTBOM, KOTOPOE UMEET OTPOMHOE KOJIMYECTBO PUCKOB.

[Tocneqnuit Tpetuii BapuaHT TpencTaBisieTcss HaumbOonee 3¢dekTuBHbIM. B
KauecTBe HOCHUTENIeH JIeKapCTBa, CIIOCOOHBIX MPEOAONIETh Oapbep MEXAy MO3IOM M
KPOBOTOKOM, HCIOJB3YIOT Pa3jM4Hble YaCTHIIbl, KallCyjbl, JUIOCOMBI, a TaK >e
MOIU(UIIMPOBAHHBIE MOJIEKYJBI CaMOro JiekapcTBa. Hambomee mnepcrneKTUBHBIMU
SBJISIIOTCS JIMTIOCOMBI, HO HECMOTPS Ha OMOCOBMECTUMOCTh OHU HMEIOT CEpPhe3HbIE
npoOJIeMbI CO CTAOMIIBHOCTBIO.

Crnenyer oOpaTuTh BHUMAaHUE HA TOT ()aKT, YTO OOBIYHO JEKAPCTBO BBEICHHOE
B KPOBb MJIM IPUHATOE OPAIBHO, BOCIIPHHUMAETCSI HMMYHHOW CUCTEMOH YeTOBeKa Kak
qyKEpOJHOE TeJI0, U HEMEAJEHHO aTakyercsl (aromutramu. Tak ke MMeeT 3HaueHue
7103a Tpernapara, IpUuHUMaeMas MalueHToOM. boJbIioe KonMuecTBO aKTUBHBIX MOJIEKYJT
JIEKapCTBa aTaKylOT BHYTPEHHHME OpPraHbl YEJIOBEKA, HAHOCS BpPEI UX CTPYKType U
¢byHknuonupoBanuto. [Ipobirema ymeHbIIEHHE AO0JIM JIEKapCTBa, OCEAAIOIIETO Ha
BHYTPEHHHMX OpraHax 4eJIOBeKa, SIBJISICTCS OYeHb BAXKHOM.

U nocnennuii MyHKT: AJs1 YIIpaBIeHUsS TPAHCIIOPTOM JIEKapCTBa MO BHYTPEHHUM
OpraHaM MO)XHO HCITOJIb30BaTh MAarHUTHBIE TOJII M COOTBETCTBEHHO YaCTHIIBI,
oOnajiarme MarHUTHBIMM CBOWCTBaMHU. YIpaBisisli HOCHUTENSIMU JIEKapcTBa C
MOMOIIIBI0 MATHUTHBIX TMOJIEH, MOXKHO CO3/1aBaTh BHICOKHE KOHIIEHTPAIUH JeKapCcTBa B
HEOOXOAMMBIX palOHAaX OpraHOB, M TOBBIIICHWEM HMHTEHCUBHOCTH pa3pyIiaTh
HOCHUTEIH, BEICBOOOXKIas JIEKapCTRO.
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Wnes npoekra

Hcnonp30BaTh MOIUMEpHBIC ITMaHOAKpUiaTHbIe HaHodacTUIlbl(pasmep oT 100-200 Hm)
MoIM(UIIMPOBaHHBIE HaHOYACTUIIAMHU MarHeTuTa(5-10 HM) A JOCTaBKU JIEKApCTB B
MO3T U KOHTPOJIHPYEMOTO BBICBOOOXICHHS CONEPKMMOTO B HEOOXOIUMBIX O0JIACTIX
JUISl CO3JaHUS HYy>KHOW KOHLIEHTPALIUH JIEKApCTBA.
[IpenmyuiecTBa nepea aHaJIOTaMH:

® [IPOCTOTA B U3TOTOBJICHUM YACTHII;

® TIpocTas TEXHOJOTHS MOAUPUKAIINN;

® HU3Kas CTOUMOCTH HCXOJTHBIX BEIIECTB TUTST CO3/IaHUS
HOCHTEJCH(IIMaHOAKPUIIATBl — SIBJSIFOTCSI IMPOKO HCIIONIb3YEMBIMH  CYTIEp-
KJIESIMU );

® BO3MOXKHOCTb JOCTaBJISATh JIIOObIE aKTUBHBIE BEIIECTBA B MO3I, HE TpelyeTcs
CJI0KHOM pabOThl CHHTETHKOB;

® [[MAaHOAKPUJIATHBIE YACTHUIbl MPOXOAAT TeMaTO’HIEepaInuecKuii Oapbep, He
HAHOCS TIOBPEXACHMUS;

e KpailHe CTaOWJIbHBIE YaCTUIBl, MOT'YT HAaXOAWUTHCS B PAcCTBOPE JOCTATOYHO
MPOAOKUTENLHOE BPEMsI(B OTJIMYHME OT JIMIIOCOM); U AP.

HoBu3Ha
Hcnonb3oBaHne HAHOHOCUTENEH 11 JOCTABKH JIEKAPCTB B YEJIOBEYECKOM OpPraHU3ME
SBIIICTCS TICPEJOBBIM IIIArOM B COBPEMEHHOU Qapmakomorun. [logoOHbIe METOABI
TOJILKO HAUMHAIOT MPUMEHSATHCA B KIIMHUYECKON MPAKTUKE.

MaciiTabHOCTb UCTIOIb30BaAHUS
Croucok TPYyAHO U3JIEYUMBIX OoJe3HeHd, 3(PGEeKTUBHOCTh JIEYEHHS BO3pocia Obl C
NPUMEHEHHEM JIaHHOM TEeXHOJIOTUU BO3pPOCIa Obl B HECKOJIBKO pa3 JOCTATOYHO MIUPOK:
SHIE(ATTUT, MEHUHTHT, CTOJIOHSK, PACCESHHBIN CKJIEpO3, APOKATEIbHBIA Mapaind U

ap...

Cpoxku
BHGI[peHI/Ie B KJ'II/IHI/I‘—IGCKyIO HpaKTI/IKy JAaHHOI'O MCETOIAa MOXKET 3aTHHYTBC$I Ha

HECKoJIbKO JieT. [Ipolecc BOIUIOMIEHHWS B JKU3Hb MOXHO PAa3feiUTh Ha HECKOJILKO
CTaguu:

e HccnenoBanus u qopaboTKa Mmpoaykra: 1 ro.

e (CoszngaHue v TECTUPOBAHKE MPOTOTHUITOB MPOAYKITUU: 10 2 JIET.

e TupaxupoBaHHUE HOBOTO JIEKAPCTBA, TOM YHCIIE HACTPOWKAa OOOpYHOBaHUSA,

obydenwue yronei: 1 rox.

e BHenpeHue B KJIMHUYECKYIO IPAKTUKY: 2 TO/A.

Hroro: 6 ner.
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3mepeHne coBmMroBom ynpyroctm MArkux TKaHewn

NHTepdepPEHUNOHHBIM METOAOM

Kput T.b., Koctuxkos B.B., Auapees B.T.
®usnyeckni pakynoteT MOCKOBCKOro rocyfapCcTBEHHOro yHuBepcuTeTa
nmeHn M.B. JlomoHocoBa, kadpepa akyCTUKM
E-mail: timofey@acs366.phys.msu.ru

B nHacTosimiee BpeMsi CyIIECTBYIOT Pa3IMUHbIC METOIbI U3MEPEHUSI BAZKOYIIPYTUX
CBOMCTB MSATKUX OHOJIOTMYECKUX TKaHEW, CpeAM KOTOPBIX CIEIyEeT BbIICIUTh
coHodnacrorpaduio [1] u BU3yanu3anuo MOCPEICTBOM CABUTOBBIX Jaedopmanmii [2].
[IpennoxxeHHbI METOI U3MEPEHHS CIBUTOBOIO MOAYJISl B MSTKUX TKaHSX OCHOBaH Ha
aHaJIM3€ CTOSAYMX BOJH B OJJTHOMEPHOM PE30HATOPE, 3aMOTHEHHOM 00pa3IioM U3 TKaHHU.
[Toxoxuit mMeron ycmemHo paboTaeT B MErarepieBoM JuanasoHe, TJe
yJIbTPAa3BYKOBBIE PE30HATOPHI UCIIONIB3YIOTCS AJIsl U3BMEPEHUSI CKOPOCTH U 3aTyXaHUs B
xuakoctax [3]. Ilo mwmpuHe pEe30HAHCHOW KpPUBOM OMNpEAeNseTcsl 3HaueHUe
K03 (ULIMEeHTa 3aTyXaHHUsI, a IO PE30HAHCHOM YacTOTe — CKOPOCTh 3BYKA.

Ob6paser, cocrosuii U3 N mNapayieNbHBIX CJIOEB, 3aKpEIieH Ha IUIACTHHE,
KOTOpasi KoJeONeTcss TOPU30HTAbHO. TBepjas IUTacTMHA KOHEYHOW Macchl M
3aKperieHa Ha BepxHeW rpaHu oOpasua. YacTuupsl B KaxIoM cioe oOpasna
MEPEMEIIAIOTCSI B COOTBETCTBUUM C YPABHEHHUEM [IBIDKEHUSI U MaTepUaIbHBIM
ypaBHEHHEM:

2. (n) (n)
Ou,” _ oo,

P

o’ dy
ou'” o’u™
(n) _ x
ol = u +77
Xy n ay n a at
31ech p, — IIOTHOCTH A-TO CJOs, u!” — CMEIIECHHE YaCTUIIBI B HANPABICHUH OCH X,
M, — MONYNb CIBHMTa, 7, — KOX()QUINEHT CIBHIOBOW BA3KOCTH, o =

S
COOTBETCTBYIOILIAsl KOMIIOHEHTA TEH30pa HaIpsKeHWH, F, — KOMIIOHEHTa CHJIbI?
JeicTByolIast B HarpaBiieHuu ocu x, S — hkjoflm nosepxnocTy, nepneHauKyIsIpHOM
ocH ).

Pemenue cucreMbl 3TUX YpaBHEHUH JOJKHO OTBEYaTb JBYM YCIOBUSAM
CILIMBAHMS:

u(y= ZL,,I) =u"(y= ZL,,t) ,n=12.,N-1,
r=1 r=1

a()l) a (n)
w2y =3t fon Sy =F ) -

au(’”l) n a2u(”+1) n
= = => L t\+n,,——|y=)L.,t|, n=12,.,N-1,
/un+l ay (y z r ] 77 1 8y8t y 2

r=l1 r=1

rac Lr — TOJIIHWHA 7-I'0 CJIOA, U IBYM I'PAHUYHBIM YCJIOBUAM:
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Takum oOpazoM, i 1enoro obpasna umeeM cucremy 2N ypaBHEHHHA C
YCJIOBUSMM CHIMBAaHUS W TPAHUYHBIMU YCIOBUSMHU. Takas cuctemMa MOXKET ObITh
paszpemiena.  CriemoBareinbHO,  Haubosee  MOAXOAAIIMM s oOpaboOTKH
HKCIIEPUMEHTAIBHBIX PE3YIhTATOB SIBIISETCS METOJ COMOCTABIICHUS C MOJICTIBIO.

Jns mpoBefeHUsT SKCIEPUMEHTOB C JIBYXCJIOWMHBIM OOpas3lioM Kak MPOCTHIM
NpUMEPOM HEOJHOPOIHOW cpeibl Obla CO3/1aHa dKCIepUMEHTalbHas yCcTaHOBKa. B
JIBYXCIIOMHOM oOpaslie MO M3BECTHOMY CABUTOBOMY MOJYJIIO OJHOTO CJIOSI MOXKHO
BBIYUCIIUTH 3HAYEHUE CIBUTOBOI'O MOAYJISL B IpyroM cioe. [lapameTpsl uccieayemoro
obpasna ObuH crnexyromumMu: LytL, = 2.6 cm, g = 6 klla, o = 5, = 3.5 Tla-c, py =1
r/em’, pe = 0.9 r/em’. Ungexe 0 COOTBETCTBYET U3BECTHOMY CJIOK0, HHACKC X — CIIOKO C
HEHU3BECTHBIM CABHUTOBBIM MOAYJieM. TBepaas miacTuHa Macco M = 3 T U IIIOIAabI0
S =28 cM” Gblia 3aKpEILICHa Ha BepXHEil rpaHi o0pasia.

PaccunTannble 3aBUCHMOCTH PE30HAHCHOW YACTOTHI OT HEU3BECTHOI'O MOJIYJIS
CIBUTA TPEJCTaBICHS Ha pucyHKe. OHU MOJTYUYEHBI JJIsl CIydasi, KOTJa HEU3BECTHBIN
CJION pacmoJiarajicsi BHU3y. BepxHssi KpuBas paccudTaHa Jjisi TOJIIUHBI U3BECTHOTO
cnost Lo =1.365 cm u L, = 1.235 cm. HuxHss kpuBas paccuutana npu Lo = 1.235 cm u
L, = 1.365 cm. PesynbraTthl pacuetoB st Ly=Ly = 1.3 cM moka3zaHbl MEXIy STUMHU
KpuBbIMM. TOYKOM OTME4YeHa W3MEpPEHHAas pe30HaHCHas dYactora. Meroaom
COIMOCTAaBJIEHUSI H3MEPEHHOM YacTOThbl C PACCUUTAHHBIMH 3aBHCHUMOCTSMHU ObLIO
HaJICHO 3HAYE€HUE HEU3BECTHOI'O MOJYJISl CABUTA, KOTOPOE COCTAaBMIO iy = 3.50+0.10
kl]a.

B nByxcnoitHoM o0pasiie CIIBUTOBBIM MOAYJb OJHOTO CJIOS MOXKHO HAWTH, €CIU
M3BECTHBI OCTAJIbHBIC MMapaMeTpbl. TOYHOCTh METOAA BBIIIE, €CJIM HEU3BECTHBIN CIION
MSIT4€ M PACIOJNIONKEH HUXKE KECTKOTO CJI0s. TOYHOCTh M3MEPEHHUs YacTOThI OKOJIO
0.5%. Kornma TonmmuHa ciosi u3MepeHa ¢ TOYHOCTBIO 5%, TOYHOCTH OIpeneIeHUs
CIBHUIOBOTO MOJYJISI OKa3bIBaeTcsl paBHOM 3%.

1. Hoyt K., Castaneda B., Parker K.J. Muscle Tissue Characterization Using
Quantitative  Sonoelastography: Preliminary Results. IEEE Ultrasonics
Symposium. 2007. P. 365-368.

2. BercoffJ., Tanter M., Fink M. Supersonic Shear Imaging: A New Technique for
Soft Tissue Elasticity Mapping. IEEE Trans Ultrason. Ferroelect Freq Control.
2004. V. 51. No. 4. P. 396-409.

3. Eggers F., Funck T. Ultrasonic measurements with millimeter liquid samples in
the 0.5 — 100 MHz range. Rev. Sci. Instrum. 1973. Vol. 44. P. 969.
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CosgaHue KoMmnsiekca KOMNbTEPHOro MoaenmMpoBaHng
NPOTOHHOIO 06NYy4YEeHUs1 OHKONOrMYECKUX BONbHbIX ASS
nepBoro B Poccuun KNMHNYECKOro LeHTPa NPOTOHHOW
ny4yesoun Tepanun

Xopomxos B.C.!, Uepnsies A.I1.% Pszanmes O.5.', Bapsaps C.M. 2,
Benoycos A.B.?, Kapnynun B.O.!, Marycosa T.B.%, Xaii6ymmnu B.I"!

1. IHCTUTYT TEOPETMYECKON N IKCNEPUMEHTANBHOM (PU3NKN
nm. A..AnmxaHoBsa
2. dnsnyeckunn dakyneret, MY nmenn M.B. JlomoHocoBa

[Iporonnast myueBast Ttepanust (IIJIT) 3nokadecTBeHHBIX HOBOOOpPA30BAHMIA
ABJsieTCs 2PPEKTUBHBIM U aKTUBHO BHEAPSIEMBIM B MEAULMHCKYIO IPAKTUKY METOIOM
paJMallMOHHON OHKOJIOTMH, OTBEYAIOIIMM COBPEMEHHBIM 3allpocaM 3/1paBOOXPaHEHUS.
Yucno nmauueHtoB B Poccuu, KOTOPhIM MOKa3aHa MPOTOHHAs TEParus, 0 HEKOTOPHIM
olleHKaM coctapisieT okoso 50 Teicsd B roA. [loaToMy MHHHManbHOE HEOOXOIUMOE
YHUCJIO NPOTOHHBIX TEPAaNEeBTHUECKUX KOMIUIEKCOB B HallEll CTpaHe COCTAaBISET S-
7cnenuanu3upoBaHbIX KIMHUYECKUX LIEHTPOB.

Nuctutyr Teopernueckoit u OxcnepumentansHoit @Dusuku (UTOD), B
kotopoM ¢ 1969 rona IIJIT 6puta npoBenena amst 6onee 4000 GOIBHBIX, COBMECTHO C
PSAAOM ApyTruX HAaydHBIX W MPOM3BOACTBEHHBIX opraHm3amnmii Poccuu paspabarbiBaet
MPOEKT MO coopykeHuto nepBoro B crpane Knuanueckoro Hentpa [UIT npu I'Kb um.
C.IlLborkuna. OpHOM U3 BaXXHEWINIMX 4YacTed MPOEKTa SBISIETCS CO3/JaHUE
KOMITBIOTEPHOTO KOMILIEKCa TPEXMEPHOIO J03HO-aHATOMUYECKOrO IUIAHUPOBAHUS
(KOMIIBIOTEPHOTO MOJAEIUPOBaHUsI) MNpPOTOHHOro oOmydeHuss ProCom# nHa 0aze
cyllecTByomiero nporpammuoro mnakera ProCom, pa3pa®oTaHHOTO COTpYAHHKaAMHU
UTOO.

Crpykrypa ProCom# Oyzmetr cocTosiTb U3 OONBIIOTO YHCIa (PYHKIMOHATBHBIX
IPOrpaMMHBIX ITAKETOB, COOTBETCTBYIOIIMX HE3aBUCHMO 3allyCKaeMbIM 3ajadam.
Takoe o6ocoOnenne pyHKIMOHATBHBIX 3a/1a4 MO3BOJIUT PEIIUTh HECKOJIBKO IPoOiIeM,
BO3HUKAIOIIMX KaK Ha CTaJuM pa3pabOTKM NPOrpaMMHOIO KOMIUIEKCa, TaK M Ha
cTaauu ero npuMeHeHus. OCHOBHBIE M3 HUX: He3aBHUCHMMas paboTa pa3pabOTUMKOB,
YOPOILIEHUE  TECTUPOBAHUS,  MUHUMAIBHOCTH W IPOCTOTa  JIOKAJbHOTO
NOJIB30BATENIBCKOTO MHTEpdEiica, KBa3unapaienbHas 00paboTKa HECKOJIbKUX 33]a4 ¢
pa3HOM 3arpy3KOil BBIUMCIMTENIBHBIX pECYpCOB Ha OJHOM MWJIM HECKOJBKHX
KOMITBIOTEpAX, BO3MOXKHOCTh HACTPOMKM Ha HMHAUBHIYyalbHbIE TMOTPEOHOCTH
II0JIb30BAaTEIIA.

Ha nanneiii MomeHT B pamkax ProCom yxke peann3oBaHa OCHOBHasi 4acTb
MPOTrPaMMHBIX TTaKETOB-MIPOTOTUIIOB IO 00pabOTKe TOMOMETpUYECKON HHGPOPMAIITH
(pentreHoBckux KommbioTepHbiX ToMmorpamm (PKT)), pacuéry xkomuyectBa U
HalnpaBlIeHUN T1oyield OOmyuYeHHs, TPEXMEPHOTO J030BOTO pacHpeieiieHUus u
BU3yaJIM3aluu pe3ynbraToB. Benércsa nuanupoBanre o0MyUYeHUs! peasibHbIX MALIUEHTOB
Ha MEAUIUHCKUX Iy4YKax NPOTOHHOro cuHxporpoHa B UTO®. Ilpennonaraercs
ucnonp3oBanue nakera ProCom Ha meauuMHCKoM npoToHHOM nyuke B SN PAH.
Cotpynaukamu UTO® u HUU sipepuoii ¢puzuku MI'Y um. M.B. JlomonocoBa Beaércs
pa3paboTKa MporpamMmsl, MO3BOJISIONIEH COBMENIATh JaHHbIE MarHUTHO-PE30HAHCHOU
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tomorpadpuu (MPT) ¢ PKT.

B Kmuandeckom Ilentpe IIJIT OymyT npuHOMOHAIBLHO Jpyrue JIydeBbIE
ycTtaHoBkH, ueM B UTO® u UM, u aktyanbHOCTh co3fgaHusi komiuiekca ProCom#
3aKJII0YaeTCs B OTCYTCTBMM  COOTBETCTBYIOIIMX  IIPOIPAMMHBIX  CPEACTB
OTE€YECTBEHHBIX pa3pabOTUMKOB [UJII HOBBIX YCTAHOBOK. 3apyOeKHbIE IaKeThbl
IporpaMMm JUIsl TNIAHUPOBAHUS POTOHHOTO OOTYYEHUSI HAa aHAJIOTUYHBIX YCTAaHOBKAX,
KaK TIPaBHUJIO, TOCTABIISIFOTCSI BMECTE C JIyYEBBIMH yCcTaHOBKaMmH. [Ipu 3Tom mopaboTka
U aJanTtanusi IporpaMmM, JOMOJHUTEIbHBIE HACTPOMKU U CEPBUCHOE OOCITYKUBAaHUE
OCYILIECTBIISIETCS TaKke 3apyOeHbIMH CIIEHUATUCTaMH, YTO CTAaBUT OTEYECTBEHHBIX
MOJIB30BATEJIE B  3aBUCUMOE IIOJIOKEHHME MW NOPUBOJUT K  CYILIECTBEHHBIM
JOMONMHUTENBHBIM 3aTparaM. Iloatromy B KimmHnueckom lleHTpe mpennonaraercs mo
BO3MOKHOCTM  MCIOJIb30BaTb TEXHUYECKOE M MPOTPAMMHOE OCHAIEHHE OT
POCCHUICKOTO MPOU3BOAUTES.

[IpakTuyeckasi EHHOCTb pa3pabOTKH KOMIUIEKCA IJIAHUPOBAHUS MPOTOHHOTO
oOnyuenuss ProCom# 3axnrouaercs, BO-IEPBBIX, B 0o0Jie€ HU3KOM CTOMMOCTH IO
CPaBHEHUIO C MHUPOBBIMU aHaJIOraMH, a BO-BTOPbIX, B NPUOOPETEHUH OIbITa IO
CO3/IaHHI0 TOAO0OHOTO TPOAYKTa W OOPETEeHHH HE3aBUCUMOCTH OT 3apyOe’KHOTO
IIPOU3BOAMTEII.

78



JInHenHo-uenoyeYHbIN yrnepos — NepcrnekTUBHbLIN
mMaTtepuan anga MeauunHbl

Anekcannpos A. @., I'ycesa M. b., HoBukos H. /1.,
CaBuenko H. ®@., XBoctoB B. B., ®uomkun A.I'.

Kadbenpa punamyeckon anekTpoHnku, dnsmyecknin gakynoTeT,
MI'Y umenn M.B. JlomoHocoBa

Opranunueckas ’KU3Hb IOCTPOCHA HA MaTepHalbHOMN 0a3e yriuepoaa. [ maBHoH
0COOCHHOCTBIO aTOMa YIJIepoia SBISETCS CIIOCOOHOCTh K 00pa30BaHUIO XUMHUYECKUX
COEJIMHEHUH C IBOMHBIMU M TPOMHBIMU CBS3SIMU, UTO 0OecriedrBaeT MHOrooopasue
OpPraHUYEeCKHX COCTUHEHUN U CTIIOCOOCTBYET X CTaOMIBHOCTH. B oprannmueckux
COEJIMHEHUSX JIBOWHBIE U TPOMHBIE CBSA3H MOTYT JIETKO NEPEMEILATHCA U
TpaHC(HOPMHUPOBATHCS, UTO OOECIIEUNBAET U3BECTHYIO TMOKOCTh U UyBCTBUTEIHHOCTh
OpraHMYeCKHX U OMOMOJIEKYJI K BIUSHUIO BHEIIHUX YCIOBHM U BO3/IEHCTBUN.

JInHEeNHO-11eNOYeYHbIN YTIIEPO 110 CBOEH IIPUPOIE UMEET CXOACTBO C JKUBBIMU
TKaHSIMHU KaK 10 CBOEH MEePBUYHOMN CTPYKType (IIeMOYEeUHbIN yIiepo), Tak U Mo
CBOEH BTOPUYHOM CTPYKTYpe (CIOCOOHOCTh 00pa30BbIBAaTh MJIOTHOYIIAKOBAHHYIO
CTPYKTYPY, HAIIOMUHAIOIIYIO CTPYKTYPY KJIETOYHBIX 000JI04eK U MeMOpaH).

[TnoTHOyMakoBaHHAs CTPYKTypa sp | -1iernoyek yriepoia COCTOUT U3
MapajuIeNbHbIX LIENOYEK U SABISECTCS MPEKPACHON KOMAaHIHON NOBEPXHOCTHIO AJIS
OPUEHTUPOBAHHOTO OCAXK/ICHUS HA HEMl MOJIEKYJ OEIKOB U JIUMUOB, TOCKOJIbKY
paccTossHME MEXAy LIENIOYKaMH, paBHOE 5 aHICTpeMaM, COBMA/IAaET C
MEXMOJIEKYJISIPHBIMU PACCTOSIHUSMHU y OOJBIIMHCTBA OPTaHUYECKUX MOJIEKYII.
Jlpyrumu coBamMu, OHa 33J]aeT MePBUUHYIO0 OPUEHTAIUIO0 OMOJIOTUYECKUX MOJIEKY B
KHUBBIX OpraHU3Max, 4YTO BECbMa BaXKHO JIsi o0ecrieueHus: OMOCOBMECTUMOCTH
MaTepuana. boyiee Toro, opueHTUpOBaHHBIE CJIOU Sp l-yriieposia cCnocOOHbBI MEHATH
napameTp peleTKH, MPOIMyCKaOT HOHBI U MOJIEKYJIbI JKUAKOCTH, JEHCTBYSI KaK
MOJIEKYJISIpHBIN QUIBTP. DTO CBOMCTBO 00BsACHAETCA caabbiM BaH-aep-
BaanbcoBckuM B3anMOEHCTBUEM LIEMOYEK MEXKIAY COOOM, UTO JIenaeT BO3MOKHBIM
UX pa3[BUTaHUE MPU B3aUMOJICHCTBUHU C MOJIEKyJIaMH U HOHAaMU. JlaHHOE CBOMCTBO
elie 60JbIlIe POJAHUT JIMHEHHO-IIENOYEeUHYI0 a3y yriaeposa ¢ )KMBbIM OpPraHU3MOM, B
KoTOopoM Ban-nep-BaanscoBckoe B3anMOAENHCTBUE HAPALY C BOJOPOJHBIMU CBS3SIMHU
SIBJIIETCSI OCHOBOW CTPOCHMSI.

Bricokas 6mocoBmecTuMOoCTh TIeHOK JIL[Y 00ycioBieHa HE TOIBKO CPOACTBOM
LENOoYeK YIiiepoJa ¢ KOHIEBbIMU IpyIIIaMu O€JIKOB U yIIeBOJOPOJIOB, HO U
OTHOCHUTEJIBHOU «PBIXJIOCTBIO» CTPYKTYPbI JIMHEWHO-LIETIOYEYHBIN YIJIEpOa.
KoHuesbie rpynmbl OHOMOIMMEPOB MOTYT BXOJUTH B MEKIIEIIOUEYHOE MPOCTPAHCTBO,
oOecreynBasi YUCTO MEXAaHUUECKOE CIEIUICHHE C TOBEPXHOCTHIO YTIEPOAHON TICHKH,
HE paspyliasi HM caMy IUICHKY, HH CTPYKTYpy OMOMOJIEKYI.

BaxxHbIM CBOMCTBOM JIMHEWHO-LIEIOYEYHOT'O YTIIEPOJa ABISETCS OTCYTCTBHE Y
HEro KaHLEPOT€HHBIX CBOMCTB. bUOMEANIIMHCKIE SKCIIEPUMEHTHI C UCITOJIb30BAHUEM
JUHENHO-1IETIOYEYHOT0 YIJIepo/ia MOKa3alu OTCYTCTBUE ICHATyPUPOBAHUS OEIIKOB Ha
€ro NOBEPXHOCTH U UCKIIIOUUTEIBHO HU3KUI MOTEHIIMAJ CBEPTHIBAHUS KPOBHU.

[ToxkpbITHE TOBEPXHOCTH JTMHEWHO-LEITOYEUHBIM YTIIEPOJAOM MPUIAET 1
UCKJIIOUUTENIBHYIO TPOMOOPE3UCTETHOCTD (MPEBOCXOIUT MOJUCTEPHUH) U MTO3BOJISET
YIIy4IIUTh OMOCOBMECTUMOCTDh MEJUIIMHCKUX UMIUIAHTATOB U YCTPOICTB, yMEHbIIAET
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puUCK 00pazoBaHUs TPOMOOB, OTTOPKEHUS UMIUTAHTATA U PA3BUTHS BOCTIAJICHHUS.

Cpenu npeanonaraéMbIX HallpaBJICHUN UCTIOJIb30BAHUSA JIMHEHHO-[ETIOYEYHOTO
yraepoja - prudopsl AJis CEPACUHO-COCYIUCTON CUCTEMBI, OPTOIIEUYECKUE U
3yOHBIC UMITJIAHTATHI, UMIUIAHTATHI MSTKUX TKAHEH, XUPYPrudecKue UTIIbl U HUTH,
MpoTe3bl OapaOaHHON MEPENOHKHA B OTOXUPYPIHH.

Xupypruueckre HUTU, TOKPBITHIE CI0EM JTIMHEHHO-1IETI0YEUHOTO YTIIIepo/a,
UMEIOT MEHBIITYIO TPAaBMATHYHOCTh 34 CUET YMEHbINCHUS KO PHUIHeHTa TpeHUs TpU
HaXOXKJCHUH B )KUBBIX TKaHAX. B TOXe BpeMsl, MOBBIIIACTCS MPOYHOCTh U CPOKHU
COXPAHHOCTH HUTEH B TKAHAX 3a CUET MPHJIAHUS UM CBOHCTB HEPACCACHIBAIOIINXCS
MaTepuasioB. TEeXHOIOTHS HAHECCHHS JTMHCHHO-IIETTOUYEYHOTO YIJIepOia MO3BOJISIET
JIETUPOBATh YIJIEPOJHYIO CTPYKTYPY, HAIIPUMEpP, a30TOM WJIH cepedpoM, 4TO MpUaaET
MTOKPBITHIO OAKTEPHUITUIHBIC CBOMCTRA.

TexHOMOorusl MOKPHITUS UMIUIAHTATOB TUIEHKOW TMHEHHO-1IETIOYEYHOT0 YTIJIepo/ia
OblJ1a HCTIBITAaHA B YETIOCTHO-JIUIIEBON XUPYPTUU U cTOMATONIOTUU. VcnibiTanus
MOKa3aJId, 9YTO BCE UMIUIAHTATHI, HA KOTOPHIE HAHECEHO OMOYTIIEPOIHOE
KapOWHCoOIepIKaIiee MOKPBITHE, COOTBETCTBYIOT MEINKO-ONOIOTHIECKIM
TpeOOBAHUSAM:

1. BCce UMIUTAaHTAThI APCAKTUBHBI, a 3HAUUT, OMOCOBMECTUMBI,

2. OWoyrJIepoaHOE MOKPHITHE 00J1a1aeT CTOMKOCThIO K METOIaM
CTEpUJIU3ALIUY U HE MEHSIET CBOUX CBOICTB;

3. OuOyIJIepoHOE MOKPBITHE CaMo TI0 ceOe U croco0 ero HaHeCEeHUs He
MeHseT (PM3MUECKUX CBONCTB UMIUIAHTATOB: COXPAHSAETCS HEOOX0IuMast
AIIACTUYHOCTH OYTHIIAKPUIIATOBBIX HMILIAHTATOB, COXPAHSIETCS TPOYHOCTD
METAJUTMYECKUX KOHCTPYKITH;

4. TOKPBITHE UMIUIAHTATOB IMO3BOJISIET CHU3UTH MPOLIEHT BOCHAIUTEIBHBIX
OCJTIOKHEHHH U OTTOPYKCHUS UMIUTAHTATOB, GPUKCUPYEMBIX B OJTM30CTH OT
MOCTOSIHHO MH(UITUPOBAHHBIX MOJIOCTEH (TOJI0CTh BEPXHEUETIOCTHOTO CHHYCA,
MOJIOCTh PTa) WM B HEMOCPEJCTBEHHOM KOHTAKTE C HUMHU, YTO CBUJIETEIIbCTBYET
00 anmuporeHHOCTH MOKPBITHUS;

5. TOKpBITHE TIO3BOJSICT KOMOMHUPOBATH PA3IMYHBIC BUIBI
METAUTMYECKUX UMIUIAHTATOB, B YaCTHOCTH, KOOAIBTOXPOMOBBIIA CILIaB, U3
KOTOPOT'O U3TOTaBIMBAIOTCS MMPOTE3bI BUCOYHO-HIKHEUETIOCTHOTO CyCTaBa
¢duKcaTOpHI B BUE IIYPYIIOB M3 CTAHIAPTHOTO HAOOpa /I OCTEOCHHTE3a
KOCTEH JIMIIa, N3rOTaBJIMBAEMbIX U3 THUTaHA. [Ipy 3TOM HE TPOUCXOIUT
3HaYUMOTO B TAKOM CITy4ae raJibBaHU3Ma, IPUBOISIIETO K OTTOPKEHUIO
UMIUIAHTATOB.

[IpoBeaEHHBIC HCCIeIOBAHUS JAIOT OCHOBAHUE TIPETIOIO0KHUTh, YTO KOHTAKT C
JILLY ctumynupyeT HanmpaBlIeHHYIO PEreHEPALUIO CIIM3UCTON 000JI0UYKH TOJIOCTH PTa.
B cBoto ouepens, moaTBepkaeHue cnocoonoctu Spl- yrnepoaa (JILY)
CTHMYJIMPOBATh HANIPABJICHHYIO PETeHEPAIUIO TKAaHEH OpraHn3Ma JeloBeKa
OTKPBIBACT HOBBIC BO3MOYKHOCTH B 00JIACTH BOCCTAHOBUTEIILHON XUPYPTHH.
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rlepCI'IeKTI/IBHbIe MarHUTOCTpPUKLUMNOHHbIE MaTepuaribl Ha OCHOBE

coeMHEeHM peaKko3eMeribHbIX U 3d-nepexoaHbiX MeTansioB

[TankparoB H.IO.(I), Huxutnn C.A.(l), Tepemna I/I.C.(z), [Monurosa I'.A.?

O dusuueckuit ¢daxynpTer MI'Y um. M.B. JlomoHocoBa, r.Mocksa, Poccust
@ WHcTuTyT MeTanmypruu u matepuanoseneHus uMm. A.A. baiikoBa PAH, r.Mocksa, Poccus

Pa3paborka MaTepuasoB C BBICOKMMHU 3HAYEHUSIMU  MarHUTOCTPUKLIUU
MHTEHCUBHO BEAETCA B BEAYLIMX MPOMBIIUIEHHO-pa3BUThIX cTpaHax (CUIA,
Benuxobpurtanusi, ['epmanus, Kurtait u 1p.) ¢ 1enpio co3JaHus MarHUTOCTPUKTOPOB
JUTSI TEHEpAIK 3BYKOBBIX U YJIBTPa3BYKOBBIX BOJH B THAPOAKYCTHUKE, JIJISl YIIPABICHUS
JA3epHBIMUA JIydaMHd B ONTOXJIEKTPOHUKE, [JIsl YIPAaBISAIOMIMX KOHCTPYKUUNA B
TU/IPABIIUKE.

SIBleHHe TUTAaHTCKOW MAarHUTOCTPUKLIMU B PEAKO3EMEIbHBIX M YPaHOBBIX
COCMHEHUAX, OOHAPYKEHHOE OTEYECTBEHHBIMH yueHbIMHU [1-2], co3maer 6a3y aus
pa3pabOTKM  MAarHUTOCTPUKLMOHHBIX ~MAaTE€pUAJIOB C BBICOKUMH  3HAYEHUSIMU
MarHUTOCTPUKIMOHHBIX ~ KOHCTaHT. Jlyig  peaqu3al  3TOTO  SIBJCHUS B
peAKO3eMENbHBIX COCTUHEHUsIX ObLla MMoKa3aHa [2] HEOOXOAMMOCTH BBITIOJHEHUS
CHEAYIOIINX YCIOBUM:

1) Bbicokasi KOHIEHTpalLKs HOHOB PEIKO3EMENbHBIX METAIOB;

2) Beicokue 3Ha4eHus 3QQPEKTUBHBIX 0OMEHHBIX monei H,q, meiicTByrommx Ha
MOHBI PEJIKO3EMEIIHBIX METAJUIOB;

3) Hanuuune Ttpex u Oosee oceil Jerkoro HaMarHMYMBaHUs (UTO peanu3yercs B
KyOHWYeCKON KPUCTAJUNIMUECKOU pelIeTKe, WM B 0a3MCHOM MJIOCKOCTH Te€KCaroHaIbHOM
KPUCTAJUTUYECKOM PEIIeTKN ).

Cpean W3BECTHBIX COEOUHEHUH B HauOONbIIEH CTENEHUM 3THU YCIOBUSA
BBITIOJIHSIOTCST ISl MHTEpMETaUIMueckux coeauHeHuid tuna RFe, ¢ kybuueckoit
KpUCTAJUTMYECKON pemieTkol (a3bl JlaBeca, rae W Obula HaiijieHa TUTaHTCKas
MarHUTOCTPUKLMS IIPU KOMHATHBIX TemIlepaTypax [3], KoTopas COCTaBiseT B
coenuaennn TbFe, Bemumuuny A ~ 1500°10° B mone H = 15 xD. OnHako 3TH
COCIMHEHUS W MaTepualbl Ha HUX OCHOBE HE o0ecredyuBaeT B TOJIHOM Mepe
3¢ (HEKTUBHOCTH HCTOIH30BAHUS MarHUTOCTPUKTOPOB, TOCKOJIbKY BBHICOKHE 3HAYCHUS
MAarHUTOCTPUKLIUUA JOCTUTAIOTCS TOJBKO B JOBOJIBHO CHJIBHBIX MArHUTHBIX MOJSX
(H>5«kD9). IloatoMy BaxkHO€ 3HA4Y€HUE TMPUOOPETACT UCCIECAOBAaHUE COCTABOB
RR'(Fe,Co), [4-6], roe 3a cueT moadopa KOHIIEHTPAIMU PEIKO3EMENbHBIX HOHOB C
pa3HbIMM 3HAKaMM KOHCTaHT MAarHUTHOM AHU3O0TPOIIMU YAAETCSd CKOMIIEHCHUPOBATh
OO0JIBIIIYI0 YAaCTh MAarHUTHOM aHU30Tponuu. JlJis MUHUMHM3aUU KOHCTAHT MarHUTHOMN
aHU30TPONUH, 1IeNeCO00pPa3HO HCIOJIb30BaTh COEAUHEHUS C TpeMsi TUIaMHu
pPEAKO3EMENbHBIX HOHOB, T.€. «4YeTBepHBIe» cuctembl. C 3Toi 1enpl0 OblIa
CHUHTE3UpOBaHa  cepusl  MOJUKPUCTAIUIMYECKUX  PEIKO3EMENbHBIX  CIUIABOB
crexuomerpun RR'R"(Fe,Co),, rie B KadecTBEe pPEAKO3EMENbHBIX KOMIIOHEHTOB B
CIUIaBBI, coJep)kalie  HOHBI 1D C MOJIOXKUTETTLHOM OJIHOMOHHOM
MarHUTOKPUCTAJUIMYECKON aHU30TpoIuen, BBoAWINCh, Metaiuibl Dy u HO, kotopsie
JAI0T OTPULATENbHBIN BKJIAJ B KOHCTAHTY MarHUTHOM aHU30TPOIUU.

OOpa3npl  crilaBoB  ObUIM  BBIIUIABICHBI B JIyTOBOM  3JIEKTPOINEYU  C
HEPACXOJYEMBbIM BOJH(PAMOBBIM JJIEKTPOJOM HA MEJIHOM BOJOOXJIAX/IaeMOM
noJi0He B atMoc(epe aprona. PaBHOMEpHOCTh cOCTaBa COeIMHEHUI 00ecrieunBanach
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TPEXKPATHBIM NEPETIABOM U MOCIEAYIOIIMM OTKUTOM B 3BaKyHUPOBAaHHBIX KBAPIIEBBIX
amnynax npu temneparype 900°C B Teuenme 100u. DazoBbii  cocTaB
CUHTE3UPOBAHHBIX COCTUHEHUN KOHTPOIHPOBAICS METOJAMU PEHTTEHOCTPYKTYPHOTO
U MeTtauiorpaduueckoro aHaimu3oB. Bo Bcex 3Tux 00pasmax m3MepeHa 3aBHUCHUMOCTh
MIPOJIOJILHOM | IMMONIEPEUYNHON MAarHUTOCTPUKIIMK OT CTATHYECKOTO MAarHUTHOTO TTOJISL.

B pabote mpoBeAH Mouck coctaBoB, 00JaAAOMIMX OOJIBIION MOJOKUTEIHHON
MarHUTOCTPUKIIMOHHONW BOCTIPUUMYHBOCTBIO TPU IPOJOJBHOM HAaMarHUIMBAHUU.
O6unapyxeno, uyto B coemuHeHusix RR'R"(Fe,Co),, MarHuTOCTpHUKIIMOHHAS
BOCIIPUMMYUBOCT, OMOH, KOoTOpas  XapakTepu3yeT CKOPOCTh  BO3pacTaHHs
MAarHUTOCTPUKIIMM C TMOJIEM, COCTABJSET BEJIUYUHBI B HHTEPBAJIC 20-10% ! bi (e}
45-10" 3. Tlokasano, 4to HekoTopsie CO-COIEPIKALIME COCAMHEHHS MMEIOT Golee
BBICOKME 3HAUYE€HHUS] MAarHUTOCTPUKLIMOHHOM BOCHPUMMYMBOCTH MO CpaBHEeHHIO ¢ Fe-
cozepxkamumu. B cucreme Tbg 3Dy »7Hog sFe, (Coy makcumym O)y/OH = 42:10° !
HaOmoaercs B obnact Manbix KoHueHTpauuid Co (y = 0,2), B TOo BpeMs Kak B
cucreme Tby37DyosHog 13Fe,Co, Makcumym OAy/OH =32:10% 2" oOHapyXeH TpHu
y = 1,3. Cucrems! (Tb-Dy-Ho)(Fe,Co), siBusitoTcst Oosiee MepCrieKTUBHBIMUA JIsI TPU-
MEHEHUS TI0 cpaBHEHUIO ¢ Fe-comepikamumu cuctemamu, UCClieJOBaHHBIMU paHee [7].

B pabote Takke oOHapykeHa ruranrckas o0bEMHasi MarHuTocTpukuus ~(200-
400)-10'6 BOJMM3M KOMHATHBIX TeMIeparyp B coemuHeHusx Y,Fe;; m Lu,Feys.
JleTaJlbHO WCCIEIOBaHbI TeMIEpPAaTypHbIE U TOJIEBbIE 3aBUCHUMOCTU MPOJOJIBHOU U
MOIMEPEYHOM MarHUTOCTPUKIMH MOHOKpuctaiuioB Lu,Fe;; m Y,Fe;; B umHTepBane
temneparyp 78-300 K B wmarautHeix monsx g0 12 kOe. OOGHapykeHO, YTO
HauOOJIBIIYI0 BETUYMHY UMEET CTPHUKIUS BAOJIL ocu C B ojie H L C, B TO BpeMs Kak
CTpUKIMST B 0Oa3uCHOW IUIOCKOCTH 3HAuMTeIbHO MeHbmie. OOpammaer Ha ce0s
BHMMaHUWE, YTO NMPU HArpeBaHWW oOpaslia JIMHEWHAs W O0BbEMHAsT MarHUTOCTPUKITUS
CWIBHO BO3pacTaloT Npu mnpubmmkeHuun kK Temneparype Kropu. Marepuansl ¢
TUTaHTCKOW 00BEMHOW MAarHUTOCTPUKIIMEH SIBIISIETCS MEPCIIEKTUBHBIMU JIJISI PEUICHUS
psla 3a/1a4d B TUPABIUKE.

PaGota nonnepskana rpaHTOM MOJACPKKHU MOJIOABIX poccUicKux ydeHbix MK-
5467.2008.2.
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yl'lpaBJ'IFIeMble MUKPOBOJIHOBbIE KOMMNO3NTbl HA OCHOBE
doeppoMarHMTHbIX MUKPOMNPOBOAOB
IMankparos H.FO."*, TTanuna J1.B.”, Kykos A.IL?, Peng H.-X.©

) Guspraeckuii ¢dakynsrer MI'Y um. M.B. JlomonocoBa, Mocksa, Poccust
@ School of computing, Communication and Electronics, University of Plymouth, UK
® Departamento de Fisica de Materiales, Facultad de Quimica, UPV/EHU, San Sebastian,
Spain
@ ACCIS, Aerospace Engineering, University of Bristol, Bristol, UK

KoMmmo3utHbie cpenbl ¢ MEpUOAMYECKUMH MACCHBAMH JJIEMEHTOB PaCCesHUs
SBIITFOTCSI MHTEPECHBIMH OOBEKTAMHU HCCIICIOBAHUS OJlarojiapsi WX aHOMaJIbHBIM
JTUCTIEPCUOHHBIM XapaKTEPUCTHKAM 3JIEKTPOMAarHUTHOTO u3inydeHus. M3BecTHO, 4TO
KOMITO3UTHI C BHEJPEHHBIMHU MPOBOJAMHU JEMOHCTPUPYIOT TOJO0OHBIE YHHKAJIbHBIE
coiictBa B CBY nuanazone. L{enpro JaHnHOM paOOTHI ABISETCS NMPECTaBICHNE HOBBIX
PE3yNBTaTOB O BIIMSIHUM MAarHUTHOTO TIOJII HA CIEKTPHI PACCESHUS B KOMIIO3UTHOU
cpelne, coiepskaiieil MaccuB aMOpP(QHBIX (PEeppOMArHUTHBIX MUKPOMPOBOJOB COCTaBa
CoFeNiSiBMo.

OAWHOYHBINA CJIOW TMapajuIeIbHO HATSHYTBIX MArHUTOMSTKAX MHUKPOTIPOBOJIOB
MOKPBITBIX CTEKJIOM, BHEIPSUICSI B apMHUPOBAHHBIM CTEKJIOBOJIOKHOM TOHKHUH
IJIAHAPHBIA KOMIIO3UT HA OCHOBE AIIOKCUIHOM CMOJIBL. BilMsiHHE MarHUTHOTO TOJIS HA
JTUCTICPCUOHHYIO 3aBUCUMOCTh KOMITOHEHTOB BOJIHOBOW MATPHIIBI MHUKPOBOJHOBOTO
paccesiHusl UCCJIEeI0BajJOCh B CBOOOJHOM MPOCTPAHCTBE ISl KOMIIO3UTOB PazMEPOM
50x50cm  (tommmuaa 640 um). Ha OCHOBE JKCIEPUMEHTAIBHBIX  JaHHBIX
BOCCTAHOBJIEHA JIUCIIEPCHOHHAS 3aBUCUMOCTh A()DPEKTUBHON JTUAIIIEKTPUUYECKOM
NPOHUIIAEMOCTH € B  PA3IUYHBIX MAarHUTHBIX TOJsAX. OOHApyKeHO, YTO
UCCJICIOBAHHBIE KOMIIO3UTHl XapaKTePU3YIOTCS PE30HAHCHBIM BHUJIOM CIEKTpa
KO3 PHUIMEHTA OTPAKEHUS C PE3KOIl 3aBUCUMOCTBIO OT BHemHero noist H <6 O.

B pabote 3kcnepuMeHTaIbHO TOKa3aHa BO3MOXKHOCTH YIPABICHUS MarHUTHBIM
MOJIEM Ha MHUKPOBOJIHOBbIE CBOWCTBA  IJIAHAPHBIX KOMIIO3UTOB, COJEPKAIIUX
BKJIFOUEHHUS TPOTSKEHHBIX (PEPPOMATHUTHBIX aMOP(GHBIX MUKPOIIPOBOJIOB C BHICOKHM
comepxanreMm kobanmbTa. CHEKTp TPOIyCKAHUSI CPEAbl COJEpKalleld MPOBOJIOKH
JIOCTaTOYHO CHJIBHO HM3MEHSETCS IO/ JICHCTBHEM IIOJIS B Y3KOM JHaIa3oHe BOJIU3U
M1a3MEHHOM 4acToThl. OTIMYUTENBHOW 0COOEHHOCTBIO SBIISIETCS TO, UTO B PE3yJIbTATE
JEHCTBUS ¢1a00T0 MArHUTHOTO TOJIS IPOUCXOAUT U3MEHEHHE B MAaTHUTHOM CTPYKType
MHUKpPOTIIPOBO/Ia, KOTOpOE OTKphIBaeT Tmosiocy mpomyckanus CBY curnana.
VY CTaHOBJIGHO, YTO CYIIECTBYET KOPPENSANHs MEXKIy MarHUTHBIMH CBONCTBaAMHU
KOMITO3UTOB M T€OMETPHUIl pacnoiioskeHus mpoBojok. JlanHas paboTra mokaszana, 4To
mukponpoBoaa ¢ kommosunueit (Co,Fe,Ni)(B,Si,Mo) npurogusl asiss U3roTOBICHUS
KOMITO3UTHBIX Cpe€Jl YYBCTBUTCIBHBIX K MarHuTHOMYy Tomto. CuibHas TMoyeBas
3aBucuMocth CBUY  mapameTrpoB  oTpaxkeHus/mepenaun U dQPEKTUBHOM
JTUDJIEKTPUYECKON  MPOHUIIAEMOCTH  KOMIIO3UTOB, COJEPXKAIIMX MHUKPOIPOBOJI,
MOKA3bIBAET, 4YTO TMOJOOHBIE KOMIIO3HUTHI SIBIISIIOTCS BEChbMa IEPCHEKTUBHBIMU
KaHIUaTaMH B MaTepUaiIbl Ui ITUPOKOTO JUaNa30Ha CaMOTECTUPYEMBIX CPE/I.

Pa6ota nmomnepxkana EPSRC UK rpaatom No.EP/FO3850X.
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KomnbloTepHoe MoaenupoBaHue B pa3paboTke HOBbIX
mMaTepuarnoB Ansg opraHMYecknx CBeToanmoa0B

Maradee A.C.', UBanos B.A.', JTykpsnos A.E.”

1. ®dusnyeckun dakynotet, MI'Y nmenn M.B. JlomoHocoBa
2. Max-Planck Institute for Polymer Research

Atomuctuueckuii moreniman st Poly(2,3-diphenyl phenylene vinylene) (DP-
PPV) Obin ynydiieH ¢ MOMOUIbI0 KBAaHTOBO-XMMHUYECKHUX BBIUMCICHUNH M CBEPEH C
JKCHEPUMEHTAIBHBIMU ~ JAHHBIMHA. MOJEIupoBaHUE  METOJOM  MOJIEKYJSIPHOU
TUHAMUKUA pa3baBieHHbIx pactBopoB DP6-PPV u DP10-PPV B xmopodopme u
TOJIyOJIe TIOJATBEP)KIAET OJKCIEPUMEHTAJIbHbIE JIaHHbIE O TOM, YTO XJOpOopopM
aBisieTcs: 6osee xopowmuM pacteopurenem st DP-PPV, uem tomyon. B To ke Bpems,
nepcuctentHas JiuHa DP-PPV B xmopodopme, paccuutaHHas u3 JaHHBIX
KOMITBIOTEPHOTO ~ MOJICIMPOBAHMSI, OKa3bIBAETCS  3HAUUTENBHO  OOJblle, YeM
HaOroaeMas B 9KCIIEpPUMEHTE; CKOpee BCET0, 3TO CBSI3aHO € MPUCYTCTBUEM J1€(DEKTOB
B uemsx. OrpyOnéHHas Monenb M MOTEHUUAN TMOJyYeHBl W3 aTOMHCTUYECKOTO
MOJCJIMPOBAHNS C NMPUMEHEHUEM AJITOpUTMa bBOJBIIMAHOBCKOIO MHBEPTUPOBAHUSA U
anroputMa  cTaruBaHus  Mosekynal w3 makera GROMACS. Orpyo6nénHoe
MozenupoBanue noarsepxkaaer, uro DP10-PPV nHe arperupyer, HO, B TO *e Bpems,
MOKA3bIBAET JIMIIb HE3HAUUTENbHbIE paznuuus Mexay DP6-PPV u DP10-PPV, uto He
COOTBETCTBYET 3KCIEpHUMEHTaIbHBIM JaHHBIM. BeposdTHo, Oojiee cuiibHas arperarus
DP6-PPV B »skcnepumMeHTe sIBISETCA CASACTBHEM O0oJie€ CHIBHOW arperaiud B
TBEPJIOM BEILECTBE JI0 PACTBOPEHHUS, T.€. B KPHUCTANINUECKOH (a3e.

B mnocnenHee BpeMs HMHTEpPEC K CONPSHDKEHHBIM IMOJIMMEPAM CHIIBHO BBIPOC
Onarosapsi UX YHUKAQJIbHBIM ONTHYECKUM M DJIEKTPUUYECKUM CBOMCTBaM, UMEHHO 3TO
JIeNaeT MX MEpPCHEKTUBHBIMM MATE€pUAIAMM JUIS ONTO3JEKTPOHUKH, HaIpUMeEp
MOJMMEPHBIX CBETOAMOO0B U IJIACTUKOBBIX MTPOBOIAIIMX CIOEB [1-3].

Vike Ha paHHel cTaauu pa3pabOTKH MOJUMEPHBIX ONTOAIEKTPOHHBIX YCTPOMCTB
Ha OCHOBE CONPSKEHHBIX MOJMMEPOB CTAJIO ITOHATHO, YTO UX CBOWMCTBA OYEHb CHUIIBHO
3aBUCAT OT JIOKAJIBHOW CTPYKTYpPBl PpAaCIOJIOKCHHs Iiereidl. BwiOupas paznudHbie
YCJIOBUS MPHU U3TOTOBJIEHUHU TUIEHOK, TAKUX KaK PacTBOPHUTENb, TEMIEpATypa, CIIOco0
MOJIyYeHUsl IUIEHKM W3 pacTBOpa, CTAHOBUTCSA BO3MOXKHBIM IIOJIy4aTh IUIEHKU C
pa3nMYHBIMU MOP(OJIOTUSIMHU M KOHTPOJIMPOBATH UX CBOMCTBA.

ATomMuCTHUYECKasi MOJIeNb TPeOyeT OUeHb MHOT'O BHIYUCIUTEIBHBIX PECYPCOB, ATa
npobieMa MOXKET ObITh pelleHa ¢ MOMOUIbIO UCTOIb30BaHUs orpy0inéHHoil Mmoaenu. B
OrpyoNn€éHHOM MoOJenu aroMbl OOBEAMHSAIOTCSA B TPYIIBl U  PACCUYUTHIBAIOTCS
ITOTEHIINAJIBI Ul B3aUMOACHCTBHS ATUX T'PYII KaK MaTepuaibHbIX ToueK. IloTeHnman
JUIS. BAJICHTHBIX B3aUMOJCHMCTBUN BBIUYUCISIETCS C MOMOIIBI bBOJIBIIMaHOBCKOTO
WHBEPTUPOBAHUSA KOPPESIUOHHBIX (DYHKIMIA, MOJYyYEHHBIX U3 aTOMHUCTUYECKOTO
MOJIEJIMPOBAHMSI, OTEHLIUABl JJI1 HEBAJIEHTHBIX B3aUMOJEHCTBUNA BBIYHUCISAIOTCA C
WCIIOJIb30BAHUEM AITOPUTMA CTATMBaHUS MoJieKyl u3 naketa GROMACS.

CranpgapTHass CTpPYKTypa pacTBOPUMOIO COMNPSDKEHHOIO IOJIMMEpPAa — 3TO
NONMY>KECTKUM ~ YIIEpOAHBIM  CKeneT ¢ THUOKMMHU ~ OOKOBBIMH  IICTISIMH,
00eCTIeunBaIONIMMH  PAaCTBOPHUMOCTh M OOJETYaomuMH  (OPMHUPOBAHHUE TUIEHKH.
CgoiicTBa TIEHKH, TOJTYYEHHON MeTOI0M drop-casting uim spin-coating U3 pacTBopa,
3aBUCAT OT KOH(popMaIuu 1ernei B pazdaBieHHOM pactBope. Koneunas kondopmarus
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3aBUCUT OT OallaHca MEXAy CUJIbHBIM B3aWMOJCHCTBHEM Ha MajoOM PAaCCTOSHUHU
MEXIy YIJIEpOAHBIMU CKeJeTaMH (7-T  B3aUMOJICHCTBHE) M CTEPUUYECKUM U
SHTPOMUUHBIM OTTAIKUBAHUEM OOKOBBIX IIETEH.

UtoOBl TONYyYNUTh TPEJCTABICHHE O BIMSHUM KayeCTBA PACTBOPHUTENS Ha
MOP(]OJIOTUI0 TUIEHKH, MOXKHO MCIOJIb30BaTh KOMIBIOTEPHOE MojeiaupoBanue. M3
CpPaBHEHHUSI pPEe3yJIbTATOB KOMIBIOTEPHOIO MOJEIMPOBAHUSL C HKCIIEPUMEHTAIbHBIMU
JAHHBIMU MO>KHO TIOJIYYHUTh MIPEICTABICHUE O MPUCYTCTBUU 1€(PEKTOB, BIUSIONIUX HA
COMPSHKEHHOCTH 1IEMU U TPAHCTIOPTHBIE CBOMCTBA.

Jlnst monmydeHuss aTOMUCTUYECKOM MOJeny ObUIO HCIOJIb30BAaHO CHIIOBOE TOJIE
OPLS [4], a HegocTamue NOTEHIUABI 7S IBYTPAHHBIX YIJIOB ObUIM TOJYYEHBI C
MOMOIIbI0  KBAHTOBO-XMMHUYECKUX BBIYUCICHUNW U3 TMEPBBIX MNPUHIUIOB C
ucrnonbzoBanrem mnaketa GAUSSIAN. Jlns pacdera 3apsanoB Oblia HCIIONIh30BaHA
npouenypa CHELPG [5]. [ns yTouHeHusi CWJIOBOTO TOTEHIMAalda CHayana ObLIN
NPOBEACHBI PaCcYeThl TOJIBKO JJIs1 OCHOBHOM Liemnu, 6e3 O0KOBBIX enei. [y npoBepku
MOTCHIMAJIA TeMIlepaTypa IUiaBieHus U kodddumuent auddy3un sl KpucTamia
TpaHC-CTUJILOEHA, TOJYYEHHBIE W3 MOJCIUPOBAHUS, CPABHUBAIUCH C TMapaMeTpaMu,
MOJIyYEHHBIMU SKCIIEPUMEHTAIBHO, OHU COBIAJIM C XOPOILIEH CTENEHbID TOYHOCTH.
[TapameTpbl MOHOKJIMHHOW pEmIETKH TpaHC-CTWILOeHa ObUlM B3SATHI U3 [6].
N3mepenHass MIOTHOCTh TPAHC-CTUIIBOEHA COOTBETCTBYET AKCIEPUMEHTATBHBIM
JTAHHBIM.

[Tonyuas nmotenuumansl s npousBogueix PPV (DP6-PPV u DP10-PPV), mbl
CJIeI0BAJIM TaKOW CTpaTEruu: CHayajia BBIYMCIISIIN YaCTHUYHbBIC 3apsAJibl HA MOHOMEpax
DP-PPV wu 3arem npoBoAuIM NapaMEeTPU3ALMIO JIBYX JOMOJHUTEIbHBIX MOTEHIIMATIOB
JUIsl ABYTPaHHBIX YTJOB, OJIMH M3 KOTOPBIX CBSI3bIBA€T (PEHWIbHBIE KOJbIA U
OCHOBHYIO IIeTib, a APYTrod — (DEeHUIBLHOE KOJIBIIO U AKHIBbHYI0 OOKOBYIO 1emb. J[is
napaMeTpu3alny Hcrhojib3oBanack ¢yHkuus Paitkapra-bennemana [7], tme =0
COOTBETCTBYET TpaHC-KOH(popmanuu. JIIsi ankuiIbHOM IIeMM  HCHOJIb30BaJICs
norennmann OPLS ¢ oO0benunéHHbIMM aToMamu. J[is MPOBEPKH MOTEHIIUATOB IS
pacTBOpUTENST OBUIO MPOBEACHO MOJIEKYJIAPHO-AMHAMUYECKOE MojenupoBanHue 125
Mosiekyn xyopodopma B TeueHuun 2 ns B NPT ancamOme mpu 300 K, 1 bar.
PaBHOBecHas mIOTHOCT, U KO3 GUUKUEHT AUQPPYy3uu XOpPOIIO COOTBETCTBYIOT
AKCIEpPUMEHTANIbHBIM 3HaueHusM. [lanee oauHouHas uens anmuHod 10 wmm 20
MOHOMEPHBIX 3BEHBHEB MOMEIANIACh B PACTBOPUTENh, U CUCTEMA YPABHOBEIIMBAIACH B
teueHnu 10 ns. [Tocne nocTukeHUs paBHOBECHS 3allyCKajloCh MojieiupoBaHue Ha 40
ns. bbUIn paccunTanbl KOPPENSIUU UIsl OPUEHTALM MOHOMEPHBIX 3BEHBEB B LICTIH.

Jnst moctpoeHus OorpyOJEHHOM MOJEIN HEOOXOAMMO 3aMEHUTH OMpPEIC/ICHHbIC
Ipynmnbl U3 HECKOJBKUX aToMOB 3()(PEKTUBHBIMU OrpyOJIeHHBIMH YacTullamu. B
ciaydae ¢ DP6-PPV Mbl ucnonb3oBaiu ABa aTOMUCTUYECKUX 3B€HA B KAU€CTBE OJHOM
Takod vactuipl. Takum oOpa3oMm, n-Mep aTOMHUCTHYCCKOW MO CTAaHOBUTCS N/2-
MEpOM B OrpyOJIEHHOM MOJIEIH.

Crnenyromuii 3Tan NmoJly4eHus: OrpyOJIEHHON MOJIENH — pacyeT MOTeHIrana ajs
BAJICHTHBIX B3auMozencTBuid. Ha 3TOM 3Tane 4ocTaTo4yHO MpOBECTH aTOMUCTUYECKOE
MOJCJIIMPOBAHUE TOJBKO OJHOW I1enu. HeoOXoauMo MCKIIOUUTh HEBAJICHTHBIC
B3aUMOJICHCTBUSI MEXJy ATOMUCTHYECKUMH TPYMNIaMU, COOTBETCTBYIOIIUMH OJHOMN
orpyOJIeHHOW dYacTHIle, HE COCIMHEHHBIMH BAJICHTHBIMHU CBSI3SIMH BJOJbL MO LEIH,
TakuM# Kak 1-5 1-6 u 1.1, J{7s mpocToThl ObUTa B3siTa CXe€Ma TOJBKO C OJHUM BHIOM
orpyOsieHHbIX 4YacTull. MoaenupoBanue npoBoamwiock B NPT ancambie B sueiike
pasmepamu 15*8*8nm nnsa 10mepa, T=300K, P=1bar.
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Hns moxpenupoBanusi ucnoisb3oBaics nmakeT GROMACS, B HEM BalieHTHbIC
MOTEHIIMAJIBI MOTYT OBbITh 33J]JaHbl B BUJIE TAaOJIUII, TO OYEHb yI00HO B HAILIEM CIydae.
[Tocne BonabIMaHOBCKOTO MHBEPTUPOBAHUSI MBI MONYYHIN Hernaakue GyHkuud. OHu
OBLTH cTITaXKeHbI ¢ oMotk anroputma LOESS.

Jns momydyeHus HEBaJEHTHOIO MOTEHLIMAlIa Mbl MCHOJIB30BAIM aAJITOPUTM
CTSATHBAHUS MOJIEKYJ. JI[Ba aTOMUCTHMYECKMX AUMepa ObUTM MOMEIICHBl B SYECHKY C
pPacTBOPUTENIEM U CTSAHYTHl O MHHUMAJIbHO BO3MOXXHOTO PACCTOSIHUA MEXKIY HX
IEHTPaMU Macc. 3aTeM OHM Pa3JBUTAIUCH JIPYT OT JApyra ¢ 3aJaHHOU CKOpocThio. C
maroM B 0.02 nm Oputn mosydeHbI100 pa3sIUYHBIX CHUCTEM, OTIUYAIOIIHAECS
pPacCTOSIHUEM MEXIY LIEHTpaMu Macc JAUMEPOB, 3aTE€M paccTOosiHUuE (UKCHUPOBAIOCH U
3aMyCcKajaoCch MOJEIUPOBAHUE, B PE3YJIbTATE KOTOPOrO Mbl U3MEPSIIA CPEIHIOK CUITY
B3aUMOJCHCTBUS MEXAY AUMEPaMHU. 3Hasl CPEIHIOK CHITY JUIS KaKJIOrO PacCTOSHUS,
HETPYIHO MOJIYYUTh TOTEHINAT.

DKCTIEPUMEHTHI TI0 CBETOPACCESIHUIO JAIOT MH()OPMAIINIO O KyHOBCKOM CETMEHTE
u nepcuctentHoil anmuHe DP10-PPV B pasbaBieHHbIXx pacTBopax xjopodopma u
tonyomna. [lepcucrentnas nmuna DP10-PPV B xmopodopme paBua 5,6 nm (nmpumepHO
10 moHoMepHbIX 3BeHBeB), a i DP10-PPV B Tomyone — 3,5 nm (mpumepHo 6
NOBTOPSIOIIMXCS 3BeHbEB). JlnuHa noropstomerocs 3BeHa DP10-PPV pasna 0.57
nm. Mpl TpUIUIM K BBIBOJY, YTO OPHUEHTAIIMOHHAS KOPpENAlMs B TOdyoje Oosee
cinabasi, yemM B XxJopodopme, 3TO TMOATBEPKIAET UYTO TOJIYod Oosee III0X0M
pactBoputenb, ueM xjopodopm mans DPP-PV [8]. B nHamem MoaenupoBaHUH
MEPCUCTEHTHAsl JIJIMHA MOJYy4YHJIach PAaBHOW MPUMEPHO 17 MOHOMEPHBIX 3BEHBEB (MU
9.8 nm) gms DP10-PPV B xmopodopme. OTKIOHEHUS B NEPCUCTEHTHON JIMHE,
BEPOSITHO, MOJIYYWINCh H3-3a2 Hamuuusl Je(eKTOB B IENsAX. OTU AEPEKThl MOTYT
pa3pylINTh CONPSHKEHHOCTh IIEMH, YMEHBIINTh OPUEHTALMOHHBIE KOPPEISIUU U
3HAYUTENBHO TOBIUATH Ha KOH(OpPMAIMIO M MEPEHOC 3apsia B IUIEHKE U3 TaKOro
nonmumepa [9]. OrpyOnennsiit norenuman mns DP10-PPV  He wumeer spko
BBIPAXKEHHOTO MUHUMYMa, YTO COOTBETCTBYET 3KCIEPUMEHTAIbHBIM pe3yJibTaram. Ho
orpyOneHHbld moteHmuan s DP6-PPV  toxe He uMmeeT SpKO BBIPAKEHHOTO
MUHMMYMa, 4YTO HE BIIOJIHE COOTBETCTBYET JKCIEPUMEHTAIBHBIM JaHHBIM. MBI
[oJIaraeM, 4TO arperanusi B SKCHEPHUMEHTE — pe3yJIbTaT HEMOJIHOIO PACTBOPEHHS
HOJINMEpA.
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BY PA3PAL NP ATMOC®EPHOM OABITEHNN U
BO3MOXXHOCTW EI'O NCIMOJNb3OBAHNA AJ1A
NOBEPXHOCTHOW MOAN®UKALMN MATEPUAIIOB

K.B.BaBI/IJ'II/IHz, M.A. FOMOpeBl, E.A.KpaJIBKI/IHaI, B.b. HaBJIOBl, B.I1.CaBunos'

' — dusnyeckuin bakynbTeT, MOCKOBCKUIA TrOCYaPCTBEHHbI  YHUBEPCUTET UM

M.B.JlomoHocoBa,119991, Poccus, Mocksa, JleHuHckue ropsl, 4. 1, cTp. 2.

1. BBenenue

B TeueHue nocneaHUX JET CTala OYEBUIHON TEHACHIUS MCIIOIb30BATh ra30BbIC
paspsabl pu aTMOC(EpHOM JIaBIIEHWH B MPOMBIIUICHHOCTH, TJIaBHBIM 00pa3oM B
MJIa3MOXUMUYECKUX MpUIoKeHUussX. OQHaKO B JUTEpaType OTCYTCTBYET AETAIbHOE
NOHUMaHHe MeXaHu3Ma (U3MYECKHUX IPOILIECCOB, MPOTEKAIOIIMX B paspsiaax, a
TaKKe MpPHU B3aUMOJEHCTBUM pa3psiga C MOBEPXHOCThIO MaTepuanoB. Hacrosmias
paboTa TpenCTaBIsSET TEpPBbIE PE3YJbTAThl IO CHUCTEMATHUYECKOMY HW3YYECHUIO
croiicte BU pa3psima mpu arMochepHOM MaBIIEHUHM COBMECTHO C pe3yJibTaTaMu
HCCIIEIOBaHUS BO3JICUCTBUS Pa3psA10B HA TOBEPXHOCTh MAaTEPHUAIIOB.

2. Kondurypauusi paspsiioB 1 MeTOAUKA IKCIIEPUMEHTOB.

B skcnepyMeHTax HMCNONB30BAIMCH aBa Tuna opranuszauumu BY paspsma. B
MIEPBOM CIIy4ae paspsijl 3aKUTaJICS B KOHDUTYpallUK OCTPUE-TIIOCKOCTh, PACCTOSIHUE
MEXy KOTOPBIMU U3MEHSUIOCH B Auana3zoHe 4-15mm. B HeKOTOpbIX 3KCIIepUMEeHTaxX
Ha 3a3€MJICHHYIO IIACTUHY NOMEINAJICA IUAJIEKTpUK. Paspsn momemancs B MOTOK
BO3/lyXa, CO3JaBaeMbli  razopacnpenenureneM. Paspsan  momkuraincs U
noaaepkuBasics BU renepaTtopom, padoraromum Ha gactore 13.6MI1.

Bropeim Tunom uccnenoBanueix BY paspsnoB ABIsIICA NPOTSKEHHBIN paspsi,,
OpraHHU30BaHHBIN C TTOMOIIBIO YCTpOHCTBa, n300pakenHoro Ha Puc.1. C momorbio
MOJ/PKUTHOTO 3JEKTPoAa 1 MHULIMUPOBAJICS pa3psal MEXAY METAJUIMYECKON CTPYHOU
| n meramumueckoi miacTMHOM. Pa3psn momemancss B NOTOK BO3AyXa, UMEBIINN
IIPOJIOJIBHYIO U IONEPEYHYI0 OTHOCHUTENIBHO CTPYHBI COCTaBIIIOLIUE CKOPOCTH, YTO
obecrneurBago HEOOXOIUMYIO OJTHOPOTHOCTh pa3psa.

Jlns u3ydyeHus: CBOMCTB pa3psia B TF€OMETPUU UIJIA-INIOCKOCTh U3MEPSUIUCH
BPEMEHHbIE 3aBUCUMOCTU NpwiokeHHOro BUYU HampspkeHuss ¥ pa3psiHOrO TOKa,
BOJIbTAMIIEPHBIE XapaKTEPUCTUKU pa3psAlla, YCPEOHEHHbIE [0 BPEMEHHU 3HAUYCHUS
MOTEHIMAJa TIa3Mbl OTHOCUTEIIBHO 3JIEKTPOJIOB.

Jns  w3ydeHuss MexaHm3dMa — (OPMHUPOBAHUS  TPOTSHKEHHOTO — paszpsiia
IIPOBOJMJIACH BHJEO CbEeMKa paspsga. Kpome Toro, wusydamach KOppessius
CUTHAJIOB ()OTOJMO/IOB, YCTAHOBJICHHBIX B/IOJIb pa3ps/a.

Jlnst m3ydeHusi BO3MOXKHOCTEH ucnonb3oBanusi BU paspsga npu atmochepHoM
JMABJICHUM 11 MOAU(UKAIIMA TOBEPXHOCTH MAaTEPHAIIOB O00pasibl pa3IUdHbBIX
MaTepHUAJIOB, NMPEABAPUTEIHLHO OUMILEHHBIE STHIIOBBIM CIIUPTOM, 00pabaThIBaINCh B
pa3pslie ONpu UX MHOTOKPAaTHOM CKAaHUPOBAHUU YE€pe3 pPa3psSOHBIN MPOMEXKYTOK.
[Tocnie 06paboOTKH B pa3psijie U3MEPSUICS KOHTAKTHBINA yTOJI U a[ir€3MOHHAS CUJIa.

87



3. Pe3yJabTaThl 3KCIIEPUMEHTOB

Ha Puc.2a noka3aHna BojibT-aMIepHasi XapaKTEepUCTHKA pa3psaa B KOHPUTypauu
OCTPHE-TUIOCKOCTh, MOJAECPKUBAEMOT0 TE€HEPAaTOPOM, padOTAIONIMM Ha YacTOTe
13.6MI'un. Yuactku BA xapaKTepuCTHUKH, COOTBETCTBYIOLIUE I1OCIEI0BATEIBHO
yBeIMUMBaOMMcs 3HadeHusiM BU moiHocTH, 0TMEUeHbl OyKBaMu, CIIETYIOMIMMU
JpyT 32 APYyroM, HauuHas ¢ OyKBbI A.

Yyactok AB BoibpTaMnepHON XapaKTEPUCTHUKH COOTBETCTBYET CIIy4aro, KOraa
pazpsia oTcyTcTBYeT. YdacTok CD COOTBETCTBYET YCIOBUSIM, KOTJla CBETSIIAsCA
4acTh pas3psjia, BO3HHUKAIOIIAs BOJW3M UIJIbI, HE KacaeTcs IUIacTHHbL. B Touke D
pa3psa KacaeTcs IJIACTUHBI M TOSABISAETCA Pa3psAHbIA KaHal MEXIy IIa3Moi U
anekTponoM. Ilpu 3ToM ymeHblnaercss HampsbkeHue ropenust BY paspsana (Touka
E). Touka F cooTBeTcTByeT mepexony paspsia B Ayry. 3aBUCUMOCTb aKTHUBHOM
YacTU Pa3psIHOIO TOKA OT HAIPSDKEHUS TOPEHUs paspsia IOoKazaHa Ha puc.20.
MOXHO BHIETH, YTO IIOCJE 3alOJHEHMS IIIa3MOM IPOCTPAHCTBA MEXIY HUIVIOW H
m1acTuHOM B Touke D npu yBennuennn BU MOITHOCTH aKTUBHBIN TOK BO3pPAacTaeT, a
BY HampspkeHue mnanaer, T.e. HaOmromaercss cTaOwibHas MojAa paspsjga ¢
OTpULIATEIbHBIM g pepeHnaIbHbIM COIIPOTHUBIICHUEM. [TpyunHamu
Habmogaemoro 3¢ dekra Mo Bceil BEpOATHOCTH ABIISIOTCS HATPEB Ta3a B pa3psaHOM
KaHajie, €ro KOHTPAKLUs W TEPMOAIEKTPOHHASI YMUCCHS C UIJIbL.

BuneocbeMka NPOTSIKEHHOrO paspsAla IOKaszaja, YTO CHadajga MOJKUIaercs
pa3psa BOJIM3M MOJUKUTHOTO 3JIEKTPOAA, 3aTeM I0J JECWCTBHEM IOTOKAa BO3QyXa
(aken nepemelaeTcs BOJIb CTPYHBI IIOKa HE JOCTUraeT sexrpoaa 4. Tam paspsn
TacHeT, a 3aTeM I1O/KUTaeTCsl BHOBb BOJU3U MOKUTHOTO 3JIEKTPOJa. YBEJINYEHHE
MONEPEYHOW CKOPOCTH MOTOKA BO3JyXa MPUBOJUT K YBEIMYEHHUIO CKOPOCTH
nepeMenieHus pakena.

[Ipotsokennble pa3psapl  Ha 4actore 13.6MI'1] wucnons3oBamuch st
MOJIM(UKALUU TOBEPXHOCTU OJIMMEPOB U METAJIJIOB.

OKCMEPUMEHTHI MOKa3alid, 4TO B pe3yJibTare 00pabOTKH 0OpasIoB B paspsje
IIPOUCXOJUT CYIIECTBEHHOE CHW)KCHME KOHTAKTHBIX YTJIOB MaTepuanoB. Tak B
ciydae (proporuiacta, MOJIMATUICHA, HOJTUUMH/IA U BUHWII XJIOPHIa ObLIN MOTYUYEeHbI
3HAYEHUS 40°, 20° , 20° ,25° COOTBETCTBEHHO, a B Cllydae allOMHHHUS H
HepykaBerome cramun — 10-20°,
4. Cniicox uTepaTypsl
[1]. Proceedings of HAKONE YII Conference. on-a =
Greifswald, 2000.
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HoBblIn HAHOYrNepoa ANst MUKPO3NEKTPOHUKM ByayLiero

Kopo6oga FO.T"., Anexcanapos A.®., I'ycesa M.b., HoBukos H./I.,
CaBuenko H.®., XBocToB B.B.

Katbenpa punanyeckon anekTpoHUKKN, onsndeckmin pakynbTer,
MI'Y nmexnn M.B. JllomoHocoBa

JlanHasi pa0oTa MOCBsSIIEHA OINMCAHUIO YHUKAJILHOTO HOBOTO MaTepuana Ha
ocHoBe yriepona. Kak Bce asnemeHThl IV rpynmbl nepuoanyecKod TaOJIMILIbI
Memnpeneesa, yriiepoJl 00pa3yer CBsI3W MEXKIY aTOMaMU HE BCJEICTBHUE MEPEKPBITHS
OCHOBHBIX OpOUWTaneil, a co3naBas HOBbIe, TMOpUAM30BaHHbIe, opOutamu. Ho B
OTIUYHE OT APYTUX dJeMeHTOB IV rpymmbl oH criocoOeH 00pa3oBhIBATH PA3HBIE THUITHI
rubpummsarn. JIBe ero $hassl, COOTBETCTBYIOMME SP° (anMas) H Sp°- THOPUIH3AINH
(rpacdut) XOpOIIO M3YyYEHBI, HAWIEHBI B MPUPOJE U MCKYCCTBEHHO CHUHTE3WPOBAHBI.
Sp'-yI7Iepoa J0Aroe BpeMs HE MOIIH OOHApyXHTb. BriepBbie sp'-yriepoa (Kapoun)
ob1 cuaTesupoBan B THOOCe CrnaakoBeiM A.M. B 1959 r. B amopdroii popme[1].
bbutn nomy4yeHsl TOJIBKO aMOP(HBIE UITU TUI0XO YHOPSAJO0UYEHHBIE IMJIEHKU U MTOPOIIKHU C
pazMepoMm kpuctaiutoB He 6onee 100 M. T.e. nuneliHo-1ienoueunsbit yraeposd JILY
YCTONYMB TOJBKO B HaHO(as3e.

B nacrosiieit pabote onucbiBaeTcs MEPBbIN MIEHOYHBIA MaTepUal, OCHOBAaHHBIM
HA JIMHEHHO-IEMOYEYHOM Sp -yIIepOfe — ABYMEPHO YIOPSIOYCHHBIH CIIOMCTBIT
nuHeHo-1enoveyHsbnid yriaepoa (JAYJILY), nonyuennsiii Ha ¢usndeckom (axynbrere
MI'Y um. M.B. JlomonocoBa [2].

[TocTpoena mMozenp aTOMHOM CTPYKTYphl IJIEHKH. CTpyKTypa MHOTOCIONHAs U
KaK/IbIi CIIOH COCTOMT U3 Sp'-THOPUAN30BAHHBIX YTIEPOAHBIX ATOMHBIX IIEIIOYEK. DT
LEMOYKHA IUIOTHO YIMAaKOBAaHbl B TIEKCAaroHajJbHYI pemieTky. CorjiacHO KapTHHE
AJIEKTPOHHOM JAM(PPAKIUM W aTOMHOM CHJIOBOM MHKPOCKOIMHU PACCTOSHHE MEXY
nenoykamMu JiexkuT B npenenax ot 0.490 no 0.503 um. MHbIMU ciioBamu, TJICHOYHAS
CTPYKTypa COCTOUT W3 HWJEHTHUYHBIX HW30THYTHIX IIEMOYEK, B KOTOPOW W3THObI
OPUEHTHPOBAHHBI CIyYallHBIM 00pa3oM MO OTHOIIEHUIO K OCSM menoyek. M3rubni
COCEIHMX LEMOYEK KOPPEIUPOBAHHBL: PACIIOJIOKEHBl B OJHOM IJIOCKOCTH H
OJIMHAKOBO HaIllpaBJIeHbI. L{enouky poBHBIE TOJIBKO BHYTPH CJI0S, @ CJIOU COEAUHSIOTCS
IIOCPEJCTBOM 3UI3aroB. 3Ur3arv OBOPAYMBAIOTCS OT CJIO0S K CJIOK0 Ul BCEX LIETIOYEK
KOPPEJIUPOBAHHO.

B ¢opmupoBannu ctpyktypel mi¢Hku AYIILY u e€ cTabuibHOCTH BakKHYIO
poJib urpaet noasioxkka [2]. OHa onpenensier «mapaMmeTp NopsaKka» - MaKCUMaJIbHYIO
tonmuny miénku JAVYJIIY, nopsaka 100am. Ha Oompiineit TONIIMHE TPOUCXOAUT
pazynopsgouenue AYJILY cTpyKkTypsl BCIEACTBUE CIIMBAHUA LIEMOYEK.

Uccnenoanne CTM BeisBuiio, uro miéHku J[YJILY oOmamaroT TyHHEIBHOMN
IPO3pavyHOCTbI0. ITOT JPPEKT HMeeT Ty K€ MPUPOAY, UYTO M TyHHEJIbHas
IPOBOAUMOCTD JUTMHHBIX MOJIEKYJ YIJIEBOJOPOAOB, OCAXIEHHBIX HA IPOBOJALIYIO
MTOJJIOXKKY .

DKCHEpUMEHTAIbHbIE HCCIEAOBAHHUA BEPTUKAIBHOIO W TOPU30HTAIBHOIO
YIAEABbHOTO  CONPOTUBIICHUS, TMOKazanu, 49ro T1wénku JAVYJIY  saBnsrorcs
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NPEBOCXOJHBIMU  AHM3OTPOMHBIMU NPOBOAHUKAMU. OTHOLIEHHWE BEPTUKAIBHOIO
YICIBHOTO COMPOTHBICHHS K TOPH30HTANBHOMY > 2x10°.

[IpoBOoAMMOCTH BIIOJIb IEMOYEK HE 3aBUCUT OT TEMIIEPaTypbl U OT JJIUHBI
LEMOYKH, T.€. TOJIIMHBI IUIEHKA. Bonb 1enoyexk HMMeEeT MeCTO KBaHTOBas
MIPOBOIUMOCTh (TYHHEIUPOBAHUE): JIEKTPOHBI JBMXYTCS IO IENMOYKe 0e3 MoTeph —
Oamuctrueckuii pexum. [lonepék menoyex MpoBOJUMOCTb MPBIKKOBAsS, T.€. TUIEHKU
BEIYT ce€0sl aHAIIOTMYHO JAUAJIEKTPUKAM.

T.o., 2NEeKTpOHBI BAOJNb IEMOYEK JBHXKYTCS KaK B BBICOKOM BakKyyMe,
CJI€I0BAaTENIbHO, OTKPBHIBAETCS MEPCIEKTHUBA CO3JaHUsl TBEPIOTEIbHON 3JIEKTPOHHUKH,
pa0oTaromeli Ha NPUHIMIIAX BaKyyMHOW OaJJTUCTUYECKOW JJIEKTPOHHMKH, a T.K.
paccTosiHEE MKy IeNoYKaMy MpUMepHO SA u B3aumoseiicTBie MeKTy IenoYKaMu
ciraboe, TO MOKHO CUHMTATh, YTO MMEET MECTO aHcaMOJIb KBAaHTOBBIX HHUTeH. Takas
AJIEKTPOHUKA COXpPaHUT B ce0e NpeuMylIeCTBA BaKyyMHOW JJIEKTPOHUKH —

OBICTPO/ICHCTBME W OTCYTCTBHE IIYyMOB — W TIPEYMHOXXUT IIEHHBIE KauecTBa
TBEPJIOTEIHHON JJIEKTPOHUKM — BO3MOXKHOCTh MHUHHATIOpU3ALMH (TIPAKTUUECKH
Oe3rpaHuYHas - O aTOMHOTO YpOBHs) M uHTerpanuu. [lokazano, uro JAYJILY

IUICHKM MOKHO JIETUPOBaTh M MHTEPKAJIMPOBATh M IOJIy4YaTh HAa HUX OCHOBE
OJIHOMEPHBIE MOIYIIPOBOJHUKHU N- U p-Tuna. JloHopamu MoryT ObiTh rpynnsl N, NH,,
OH, CH3;, metambl. Aknentopamu — rpynnsl NO,, CH, S. Metonamu 9CXA u [19M
MOKa3aHo, 4TO mpu JerupoBanun atromamu H m N oHM BCTpauBaroTCs B LEMNOYKY,
co3iaBasi MPOYHbIE XUMHUYECKUE CBSI3U C YIJIEpPOAHBIMU aToMaMH. B TO ke Bpems
aTOMBbI S TOMEIIAIOTCS MEXKIY LIETIOYKaMU U He 00pa3yloT XUMUYECKUX CBSI3EH.

Taxum oOpa3oM, ogHOMEpPHAs YIIepoaAHas JIEKTPOHUKA MOXKET OBbITh MOCTPOEHA
U Ha MPUHLUIIAX COBPEMEHHOM IMOJIyIIPOBOJHUKOBOMN AJIEKTPOHUKHU, II€ aKTUBHBIE U
MACCUBHBIE JJIEMEHTHl CO3/Ial0TCSI HA OCHOBE p-n-nepexonoB. [loaBMXKHOCTH
AJIIEKTPOHOB B TaKUX cHUCTeMax OoJibllie Ha JiBa MOpsAKa, YeM B JIYYIIHUX
MOJyIPOBOAHUKOBBIX oOOpasiiax B HacTosimiee BpeMms. CKOpoCTh MNepeKIIoueHus,
COOTBETCTBEHHO, Bo3pactaeT B 100 pa3. TemioBoe paccessHUE NPaKTUUECKU
OTCYTCTBYET. Takke OTCYTCTBYET IpeJlie]d MUHHATIOPU3ALMHU, YTO MO3BOJISIET CO3/1aTh
HEOTPaHUYEHHYIO CcTeneHb UHTerpanuu. CUCTEMOTEXHUKA TAaKOW AIIEKTPOHUKU OyleT
SBJIATHCS MPOCTBIM IPOJIOJKEHUEM COBPEMEHHBIX TOCTHKEHUN MUKPOCXEMOTEXHUKU
Ha KpeMHHH. TONBKO 31ech He OyaeT (U3MYECKOro IMpenena MHHUMU3ALUN
UHTETPalbHBIX CXEM. ba30BbIM 3JIEMEHTOM TaKOM JJIEKTPOHUKH MOXKET CTaTh
yIJIepoHasi KBAHTOBAsI HUTb.

[IpennokeHpl pa3nuyHble BapuaHThl npubopoB Ha ocHoBe JIVIILLY:
npeoOpaszoBatenb 3/M usnydeHus (Hanpumep, YD, Buaumoro unu MK auanazoHoB),
ounoispHbl TpaH3uctop Ha ocHoBe MieHku JVYJILY, morneBoil TpaH3ucTtop Ha
0aJUIMCTUYECKUX DJIEKTPOHAX, TOJEBOW TPAaH3UCTOP M CIOCO0 IUIOTHOM 3ammcu
uHpopmaru Ha Matpuiry|3].

Kpome Toro, HaliileHbl HEKOTOpBIE Jpyrue uHTepecHsie npumeHenus AYJILY.
B MenunuHe oH MOXET HCIOJIb30BAaThCS KaKk OMOCOBMECTUMOE TPOMOOPE3UCTEHTHOE
MOKPBITHE, B NPOMBIIIJIEHHOCTH KAaK 3allUTHOE MOKPBITUE, KaK MOACION s
XOJIOJTHOW CBapKH U T.J.

[1] Kydryavtsev Yu. ,Evsyukov, S., Guseva M., Babaev V., Khvostov V. Carbon, 1992,

30,213-221.
[2] Shibaev P., Guseva M., J. Crystal Growth, 1992,119,399-402.
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[laTymMKn MarHMTHOro NOJiA Ha OCHOBE BbICOKOYACTOTHbIX
CBOMCTB HAHOKOMMO3UTHBbIX mMaTtepumasnos

MensaukoB B.A., llaneiruna E.E., lansirua A H.

dusmnyecknin pakynbtTeT MOCKOBCKOro rocygapCTBEHHOrO yHMBepcuTeTa
mm. M.B. JlomoHocoBa, 119991 MockBa

B mocnennee Bpemsi ynemsiercst OONBINIOE BHUMAHUE H3YUYEHUIO (PU3UUYECKUX
CBOMCTB HAHOKOMIIO3UTHBIX MAaT€pHAIOB, M B YaCTHOCTH, HAHOKOMIIO3UTHBIX
MHUKpPOIIPOBOJIOK, COCTOSIIMX W3 TPOBOJALIECH BHYTPEHHEHW CEpALEBUHBI U
MarHUTOMATKON BHeITHeH 000104ku [1 — 5]. MUKpOHHBIE pa3Mephl AITHX MaTepPHANIOB,
00yCIJIaBIMBAIOT WX IIMPOKOE NMPUMEHEHHE B MHUHUATIOPU3MPOBAHHBIX YCTPOHCTBAX
COBPEMEHHOM MHUKpPOAJIEKTpOHUKU. HauOonblllee npuMeHEHHWE OHU MONYy4YWId B
KaueCTBE BBHICOKOUYBCTBUTEIBHBIX MUKPOIJIEMEHTOB B JATYMKAX CIAOBIX MarHUTHBIX
noiet [1], pyHKIIMOHATBEHBIE OCOOCHHOCTH KOTOPBIX OCHOBAaHBI HA MarHUTOIOJIEBON
3aBUCUMOCTH THUTaHTckoro marHutoumriienanca (I'MU). Beuto oGHapykeHO, 4TO
HaJM4Yue XOPOIIO MPOBOAIICH CEPAIIEBUHBI B HAHOKOMIIO3UTHBIX MHKPOMPOBOJIOKAX
3HAUUTENbHO ycunuBaeT amruutyny MU (cm., nampumep, [4, 5]). Bmecte ¢ Tem
MOBBIIICHUE YYBCTBUTEIBHOCTH OMUCAHHBIX BBINIEC JATYMKOB MArHUTHBIX MOJIEH MO-
NPEKHEMY OCTAeTCs aKTyalbHOW MpoOieMol. 3/1ech ciaenyeT OTMETUTh TakKe, 4TO B
TeOpeTHYeCKol paboTe [6] ObUIO moOKazaHo, 4To amiutyaa ['MUW B TOHKHX
MarHUTHBIX  IUICHKaX, aMOp(HBIX W  HAHOKPUCTAUIMYECKUX  JIEHTaX |
MUKPOIIPOBOJIOKAX CHJIBHO 3aBUCUT OT HMX HNPUNOBEPXHOCTHOM MHUKPOMArHUTHOM
CTPYKTYpbl (pPaBHOBECHOTO pacIpeiesieHuss HaMarHMYeHHOCTH), KOTopas s
HAHOKOMITO3UTHBIX MHUKPOIIPOBOJIOK NPAKTUYECKH HE M3y4alach. YUYHUTHIBAS BBIIIE
U3JIOKEHHOE, B paMKax JaHHOW paboThl OBLIM  BBIMIOJHEHBI KOMILUIEKCHBIE
UCCJIEA0BaHUs MPUIIOBEPXHOCTHOM MUKPOMArHUTHON CTPYKTYPbl 1 MarHUTOMOJEBBIX
3aBUCUMOCTEW MarHUTOUMIIeTaHCca HAaHOKOMITO3UTHBIX Ni1Fe/Cu MUKPOTIPOBOJIOK.

Hanoxommosutusie ~ NiFe/Cu  mpoBoiokud  ObITM  MOJNyYEHBI  IIyTEM
NIEKTPOJIMTUYECKOIO OCAXKJEHUS B CHEIHAJbHOM YCTAaHOBKE, KOTOpas COCTOUT U3
BOJISHOM BaHHBI, MWIMHIPUYECKOM KaMepbl CO CTAJIbHBIM AHTUKOPPO3UIHBIM
MOKPBITHEM U T€HEepaTopa MOCTOSHHOTO U nepeMenHoro TokoB. Cinou NiFe TommuHoii
5 MUKpOH OBUIM HaHECEHbl Ha OYMIIEHHbIE MeJHbIe MPOBOJOKU. C MOMOIIbIO
OMKMCAHHOT'O BBIIIE METO/a Oblja MOJyueHa cepusi 00pa3loB ¢ Pa3HBIM COACPKAHUEM
Fe B cnoe NiFe, Cg, usmenswoomemcs ot 19.3 mo 26.8 %. Mukpoctpykrypa
HAHOKOMIIO3UTHBIX MHKPOIIPOBOJIOK OblIa HCclieoBaHa peHTreHoBckuM (XRD)
METOJIOM M MPOKOHTPOJUPOBAHA C IOMOIIBIO TPAHCMHCCHOHHOTO 3JEKTPOHHOIO
mukpockorna (TEM). M3ydeHune npUIIOBEpXHOCTHONM MHUKPOMArHUTHON CTPYKTYpbI
NiFe/Cu MUKPOTIPOBOJIOK OBLJIO BHIMIOJIHEHO C TIOMOIIBIO0 MEeTOla cKanupyrorieit Kepp
MHUKPOCKONIUH,  TO3BOJIAIONIETO  MOJMydYaTh  HMHPOpPMAIHMIO O  Tomorpaduu
HaMarHWYE€HHOCTH MPUIIOBEPXHOCTHOTO CJIOS TOJIIMHON 15 HM ¢ MPOCTPpaHCTBEHHBIM
paspemienueM  Bmioth Ao 0.3  wmukpon [7]. PacnpeneneHuss KOMIOHEHT
HAMAarHWYE€HHOCTU KaK MapaJyIebHOM, TaK WM MEPHEHIUKYJSIPHON HPUIOKEHHOMY
MarHUTHOMY TOJI0 ObUTM M3MEPEHBI C MOMOIIBI0 3KkBaTopuanbHoro 3 dexra Keppa
IIyTEM CKaHUPOBAHUS CBETOBOIO IIATHA JAMAMETPOM | MHMKPOH BJOJIb JIJIMHBI
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NpOBOJIOYHBIX 0OpasnoB L. KBasucratmyeckoe NepeMEHHOE MAarHUTHOE ToJie C
yactotoit /= 80 Hz Opuio mpusnoxxeHo napasuiensHo L. BhICOKOYacTOTHBIE CBOMCTBA
U3ydaeMbIX MHKPOIPOBOJOK OblIv MCCReAoBaHbl C MOMOLLbIO  YeTblpex
KOHTakTHon  cuctembl  HP4192A.  MarHutHo-nonesble  3aBMCUMOCTH
mMarHutoumnenaHca AZ/Z(%) = {Z(H) — Zsat}/Zsat X 100% Obutu uzmepensl Npwu
pasnnyHbIX 3Ha4YeHusIX YacToTbl f uameputensHoro Toka (f = 0.1 - 50 MHz) npwu
UMKIIMYECKOM M3MeHeHun nonsa (oT +H go —H n obpaTtHo), NpUOXEHHOro
naparnsfesrnbHO NpoTeKkarnweMy 4epes o6pa3eu, BbICOKOYaCTOTHOMY TOKY. 3D,er
Zsat — 3HAa4YeHne marHutonmnenanca Z npu H =40 3.

MUKpOCTpYKTYypHBIE HCCIEeIOBaHUs MoKa3anu, 4uro ciou NiFe uzydaembix
KOMIIO3UTHBIX ~MHUKPOIIPOBOJIOK HMEIOT HAHOKPUCTAIIMYECKYIO CTPYKTYpYy C
pasMepoM rpanys D mnopsaka 12 - 18 HM, npudem 3HadyeHue [ YBEIUYUBAETCS C
poctoM Cr,. JlaHHBIE MAarHUTOONITUYECKUX UCCIECIOBAHUN CBUAECTEIHCTBOBAIU O TOM,
YTO B MPUIIOBEPXHOCTHOW o0Ojactu HaHOKOMIO3UTHBIX NiFe/Cu MUKpOmnpoBOIOK
CYHIECTBYIOT KPYroOBbI€ IOMEHBI ¢ +90-rpagyCcHON OpHEHTallEd HAMarHUYEHHOCTH B
COCEHUX JIOMEHAaxX OTHOCUTENIbHO JUIMHBI oOpasma. Ilpuw 5TOM OCHOBHBIM
MEXaHU3MOM NEPEMarHMYMBaHUs H3y4aeMbIX MHKPOIPOBOJOK SIBIISETCS BpallleHUE
JIOKaJIbHBIX BEKTOPOB HAMAarHMUY€HHOCTH B KPYT'OBBIX JJOMEHaX. bblIo Takke HailIeHo,
YTO 3HAUYECHME MOJIS HAChIEHUsl Hg yBeTUUYUBAETCs, a IIMPUHA KPYTOBOTO JOMEHA d
YMEHBIIIAETCI C POCTOM KOHIEHTpanuu xene3a Cg. (COOTBETCTBEHHO C POCTOM
pa3smepa rpanyn D) B crnoe NiFe. Halinennsie 3aBucumoctu Hg(Cg.) u d(Cg.) Obln
0OBSICHEHBI MUKPOCTPYKTYPHBIMH OCOOCHHOCTSMH MHUKPOIIPOBOJIOK C HM3MEHEHHEM
Cge. M3ydyeHue marHuTomnosieBbix 3aBucuMocteid ['MIU MHKpONpOBOJIOK, MOKa3ao,
4YTO MakcuManbHble 3HaueHus [ MU, Habmatonaembie 71t U3y4yaeMbIX MUKPOIIPOBOJIOK,
3aBHCAT OT pPa3MepoB KpuctawmuToB D, ¢opmupyromux maccuB cioeB NiFe. B
qactHoctH, 3Hadenne AZ/Z(%)™™ ypemmumBaercs ¢ yMmeHslueHmeM D, mpH 3TOM
yacToTHbIl amanason, rae perucrpupyercs AZ/Z(%)™™ cmemaercs B 06nacts
MEHbIIHX YacToT. KpoMe Toro, 66110 06HapyskeHo, uto 3uauenus AZ/Z(% )" nourn
Ha TopsiAoK npeBwimaroT [’ MU, Habmtonaemslii 1711 aMOPGHBIX MUKPOTPOBOJIOK.

B 1nenom monydyeHHble JaHHBIE TMO3BOJWJIM JIaTh HAy4YHO-OOOCHOBAHHBIE
PEKOMEH/IAllMM TOBBIIICHUSI YYBCTBUTEIBHOCTH JAaTYUKOB MArHUTHOTIO TIOJIA Ha
ocHose M.
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BbicokoahdekTnBHbIE aacOPOEHTbI_Ha OCHOBE sp1-yrnepona
AnekcanapoB A. @., I'ycesa M. b., Humak O. 1O., HoBukos H. /1.,

Capuenko H. @., XBocTtoB B. B.
dusnyecknin pakynbTeT, kKadeapa PU3NYECKON ANEKTPOHUKN

Boicokass mnotpeOHOCT B 3(Q(EKTHUBHBIX aJacopOeHTax crTaja OCOOEHHO
aKTyaJlbHOH B CBSI3M C MpOOJIeMaMH 3arps3HEHHUS OKPY’KAIOIIEH Cpeabl, OUYUCTKOM
TEXHOJIOTUYECKUX Ta30B B COBPEMEHHBIX BBICOKOIPOM3BOAMUTENBHBIX IMpOIEcCax U
HEOOXOAMMOCTBIO CO3JIaHMs YHUBEPCATIBHBIX CPEJICTB OUUCTKH.

OpnuMm u3 Haubosee NPUBIEKATEIbHBIX C 3TOM TOYKHM 3PEHUS MAaTEpUANIOB
SBJIIETCSl AKTMBHPOBAHHBIM yIiepoa - yriaepoj, oO0Najaroliuid  IOBBIIIEHHOM
aJICOpPOIIMOHHON CMOCOOHOCTRI0. O0NMacTH ero MPUMEHEHUS B HACTOALIEE BpeMs
MHTEHCUBHO PACIIUPSIOTCA. DTO CBA3aHO C OYEHb OOJIBIION yAETbHON MOBEPXHOCTHIO
AKTUBHPOBAHHOTO YIJIEpOJa U OTPOMHBIM pa3zHOOOpa3MeM aTOMHBIX CTPYKTYp,
KOTOpbIE MOT'YT OBITh MOCTPOEHBI HA €I0 OCHOBE.

OCHOBHOE MpPENATCTBUE ISl UCIOJIB30BAHUS TAKOT'O YIJIEPOJHOrO MaTepuasa B
00JBIIMX MacmTabax 3aKIYaeTcsl B OTHOCHTEIBHO BBICOKOW CTOMMOCTH, KOTOpas
ONpeneNseTcs TPAJULMOHHO IIPUMEHSAEMOM TEXHOJIOTMEW, COCTOSAIEH W3 JIBYX
cTamuii: mepBas - KapOOHM3auus yriaepoaocoaepxaiero mnpekypcopa (ITAH,
LEJUTI0NI03a U Jp.); BTOpas - akKTUBAIMs KapOOHM30BaHHOIO MaTepuaia B mapax BOJbI
unu  yraekucinoro raza  (CO,). O6a »tu mporecca TpeOYIOT IIUTEIBHOMN
BBICOKOTEMIIEpaTypHOil ~ obpaGotkn  (900-1000 °C). B  pesymsrate wu3-3a
SHEPreTUYECKUX 3aTpaT KOHEYHas CTOMMOCThH ajacopOeHTa BospactaeT Ha 60-70 %.
Kpome Toro, 601bl110€ KOJIMYECTBO JIETYUYUX KOMIIOHEHT, MOSIBJISIFOIIMXCS BO BpeMs
TEXHOJIOTUYECKOTO MpoIecca, MPUBOAUT K OOJNBILION MOTepe Beca.

B pabore npennaraeTcsi HOBbIM Bl BOJOKHHCTBIX YITIEPOAHBIX aJICOPOCHTOB Ha
OCHOBe JuHeHHo-1enovyeynoro yriaepoga (JILY). OrauuutenbHOM OCOOEHHOCTHIO
ATUX a/ICOPOEHTOB SIBJISIETCSA MUCKIIOUUTEIHLHO HU3Kasi ce0eCcTOMMOCTh, 00YCIIOBICHHAs
HU3KOTEMIIEPATypHOM  TEXHOJOTHEW MX HW3TOTOBJIEHUS (HU3KOIHEPTEeTUUYECKUE
3aTpaTbl) U BHICOKUM KO3(D(PHUIIMEHTOM HMCIIOJIb30BaHUS UCXOAHOTO MaTepuaa (BbIXOJ
65% npotus 15%, cymecTBYONUX Ha CETOIHSAIIHUN JIEHB ).

JILIY  momywaercss  Hu3KoTemrepaTypHoil — kapOonmzarmeit (T  koMmH.)
nonuBuHunuaeHranorenuoB (IIBX, IIBJX, [IBAD).

OCOOEHHOCTBIO HUCIOJIb3YEMOM TEXHOJOIMU TMPUTOTOBJIEHUS aJCOPOECHTOB
ABJISICTCS. TaK)Ke€ HHU3KOTeMIIepaTypHbIH KpaTkoBpeMmeHHbIM oTxkur (T=400C,
t=10MmunyT). B pesynbrare momy4yaeTcsi BHICOKOIOPHUCTBIN YTIEpOAHBIA MaTepHal ¢
BBICOKOH aJICOPOIIMOHHON CIIOCOOHOCTHIO.

XapakTepHOoil 0COOCHHOCTBIO 3TUX aJCOPOCHTOB SIBJISIETCS JIMHEHHO-1IETIOYEUHOE
cTpoerue (sp-ruOpuamzanus). Takoil THUII CTPYKTYpbl 3aKJIaJbIBAETCSI B MCXOJHOM
MaTepHualie ¥ COXpaHsIeTCs mociie 00pabOTKH B KOHEYHOM MPOJIYKTE.

B  kauectBe  mpekypcopa B paboTe  HUCHOJIb30BAJICA  COMOJUMEP
nosmBuHuauAeHxopuaa (IIBAX) w momuBuamixiopuna (IIBX). CrpykrypHas
dbopmya cononmumepa:

{CCl,-CH, )} + {CCIH -CH,)-

JUia monydeHus yriepoAHOTO BOJIOKHA MPUMEHSJIAch XHMHYECKas peaKius
JIETUIPOTalOr€HUPOBAHUSA
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—( CCl,—- CH,), — + 2nKOH —> = ( C= C ),= + 2nH,0 + 2nKCl

B mpouecce peakuuu OT MOJEKYJIbl MOJUMEpPa OTLICIUISIMCh aTOMbI XJIOpa U
BOJOpOZA, M ILENO4YKa CTAaHOBWJIACh YyriepoaHou. IlomydeHHBII B pe3ysbrare
Martepuas Ha 98% MPOIEHTOB COCTOSIT U3 YIJIEpOaa B Sp-THOPUAN3AIUH.

Ha Bcex craausx popmupoBaHus aacopOeHTa UCCIEI0BANICA COCTaB U CTPYKTypa
noJiyqaemMoro marepuaina. Mopdosoruss U aroMHasi CTPYKTypa H3y4dajuCh METOJIOM
npocBeuynBarolieit anekTponHoi mukpockonuu (JEM-100C), anekTpoHHas CTpyKTypa
— MeToA0M 3JeKTpoHHOM criekTpockonuu (RIBER), xumuueckuii coctaB — MeTogaMu
peHTreHoBcko U Orke-crekTpockonuu, TN cBaA3u onpenensics u3z WMK- m KP-
CIIEKTPOB.

VYCTaHOBIIEHO, UYTO Ha BCEX CTaAMIX IMpolecca  COXpaHsIach JIMHEHHO-
HenoyeyHasi CTpyKTypa ¢ Sp-TUIIOM THOpUAN3aUY.

B mpocBeunBaromeM 3J1€KTPOHHOM MHKPOCKOIE Haboanoch (popMHpOBaHHE
MOPUCTOM CTPYKTYpbI B yriepogHoM matepuaine. CpenHuil pazMep Mmop U3MEHSIICS B
nuarnazone 10-100 A. Hanwume OONBIIOTO KOJWYECTBA HAHOMOp B Marepuase
CIOCOOCTBOBAJIO MOJYUEHHUIO PA3BUTON MOBEPXHOCTH YTIIEPOJHOTO MaTepuaa.

HccnenoBanach moTepst Beca MpeKypcopa B MpoIiecce N3rOTOBICHUS aICOPOCHTA.
3HauuTeNbHAs TOTEPS MAcChl MMeENa MECTO B pe3yJbTaTe BAaKyyMHOI'O OTXKHIa IMpHU
temnepatrypax a0 300°C.

CornacHo u3MepeHusM, MOoJHas NOTePsl MacChl MOCIE IETUIPOTraJOreHUPOBAHUS
M OT’)KUra TOYHO COOTBETCTBOBAJIA TEOPETUYECKU PACCUMTAHHOMY 3HadeHHio 35% ot
MIOJIHOW MACCHI ITPEKYPCOPA, YTO 03HAYAIO OTCYTCTBUE HEKOHTPOJIUPYEMBIX ITOTEPD.

Jis uccnenoBaHus aAcopOLMOHHOM crocoOHOcTH Oblla BbIOpaHa oOJHA U3

CTaHJAPTHBIX METOIWK — anacopOmms Oenzoma. [luHammka ancopOmum OeH3ona
MOJTYYEHHbIM  BOJOKHHUCTBIM  JILIY  mokazama  JE€HrMIOpOBCKUU Xapakrep
(MoOHOCIHOMHAs azcopOLms): KOJIMYECTBO a71copOUpPOBAHHOTO BEIIECTBA

HKCIIOHEHITUAIIBHO TPUOIIIKAIOCh K MaKCUMAJIBHON aJIcOpPOIMOHHON CIOCOOHOCTH.
Y CTaHOBIEHO, YTO aJICOPOIMOHHAS CIIOCOOHOCTh CHIIBHO 3aBHUCHUT OT TEMIIEpaTyphl
omxkura: 10 Temmeparyp 360°C ancopOLUHOHHAs CIOCOGHOCTh HE3HAYHTEIbHA U CIIA60
m3Mensiercs, a HaumHas ¢ 360°C - pesko pacter. MaKkCHMaIbHOE 3HAYCHHE
JOCTUTHYTO TIpU 400°C. Kak MOKasand HCCIEIOBAHHS XHMHYECKOTO COCTaBa,
BO3pacTaHue aJICOPOIMOHHON CIIOCOOHOCTHU CBS3aHO C yAaJICHHEM MTPOYHO CBSI3aHHOTO
KHCIOPOJIA U3 YriIepoaHoro BookHa (C=0 cBs3b) npu Temmeparypax Bbie 350°C.

KomMmepueckne oOpa3iibl aKTUBUPOBAHHBIX YIJIEW W3TOTABJIMBAIOTCS U3
IEJUTION03bI M MMEIOT aJICOPOIMOHHYIO CHOCOOHOCTh 1o Oenzomy 150-200 wmr/r.
AHanorndHas ajgcopomuonHas crnocoOHocTh JILIY Marepuana mocturaercst yke mpHu
temmeparype 300°C. IIpu onTuManbHO Temmeparype omkura 350°C MakcuManbHas
aJIcOpOIIMOHHAs CIIOCOOHOCTh AOCTHraeT BeauuuHbl 450-600 mr/T.

Takum 00pa3zoM, acopOLMOHHAs cIOCOOHOCTh BOJIOKHUCTHIX JIL[Y ancopbentos
no OeHzonmy Oosee, yeM B JBa pas3a NPEBBINIACT BEIMYMHY  aJCOPOIIMOHHOMN
CIIOCOOHOCTHU UCIOIb3YEMbIX UHYCTPUATBHO YTIEPOIHBIX aICOPOSHTOB.
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HoBble opraHM4yeckne KOMnneKkchbl Xxernesa (CNMHOBLIE
KpoccoBepbl) ANA co34aHUSA ONTUYECKMX CEHCOPOB U YCTPOMUCTB

namMmAaTH.
JI.B. Xenkun', A.A.Hosakosa', T.JO. Kucenesa' , B.B. Coukwuii® , H.B.Yconbiesa’

D ousuveckut akynsmem MI'Y um. JlomoHocosa, JleHuHckue 2opbl, Mockea, Poccusi

2 WeaHosckull I ocyOapcmeeHHbIU YHusepcumem

ITon neiictBueM BHEHIHMX (PAKTOPOB (TaKMX KaK TEMIIEpaTypa, JaBJIEHUE, MATHUTHOE
1I0JIE U T.Jl.) B HEKOTOPBIX METAJUIOOPTaHUYECKUX KOMIUIEKCaX MEPEXOIHBIX METAJUIOB MOYKET
IIPOUCXOJIUTh HU3MEHEHHE COCTOSHHSA LEHTPAJIBHOTO KaTHOHAa MeETaula — IEepexo] H3
BoicokocriuHoBoro (BC) B HuskocnuHoBoe coctostnue (HC). BemectBa, B KOTOpBIX
IIPOUCXOJAT 3THU SBJICHUS, HA3bIBAIOTCS CIIMHOBBIMU KpoccoBepaMu. CIIMHOBBIE NEPEXOMbI
CBSI3aHBl C H3MEHEHHEM (PU3MUECKUX CBOMICTB BCEro COEAMHEHHUS B IEJIOM, 4YTO JaéT
BO3MOXHOCTH MPAKTUYECKOTO MPUMEHEHHUSI CIIMHOBBIX KPOCCOBEPOB B KAYECTBE ONTUYECKUX
AJIIEMEHTOB JUCIUIEEB, CEHCOPOB JABJICHUM W TEMIIEPATyp, SUEEK I YCTPOMCTB XpAaHEHUS
uH(pOpMAaLIMK, KOHTPACTHBIX BEIIECTB ISl MarHETO-PE30HAHCHBIX n300paxenui [1,2].

JIns CIMHOBBIX KPOCCOBEPOB C pa3sHOM CTPYKTYpOM M XHMMHYECKUM COCTaBOM
COCIMHEHHS KpWBas CIHHOBOTO Tepexoga — 3aBUCHMOCTh KoimdectBa (assr BC ot
TeMIepaTypbl — MMEET pa3Hbli BHUJA. B 4acTHOCTH, CIBUIalOTCS PAMKH TEMIEPaTypPHOTO
WHTEpBaJla IIPEBPAILCHUS, U3MEHIETCS HAKJIIOH KPUBOU, U MOXKET MOSABUTHCA TUCTEPEZUC NIPU
ChEMKE BBEpPX M BHU3 MO Temrieparype. Ha ceronHsmuui 1eHb OCHOBHOW 3aJa4e SBJISECTCS
CO37laHME CIMHOBBIX KPOCCOBEPOB C 00JIACTHIO TEpexojia MpH TeMmIeparypax OJU3KHX K
KOMHATHOM.

B nameit pabote O6buta CHHTE3MpPOBaHA M MCCIEA0BaHa cepys 00Pa3I0B — KOMILJIEKCOB
JBYXBaJICHTHOTO KeJie3a C JIMTraHJaMHi Ha OCHOBE OCH3MMUA301a, B KOTOPBIX BapbUPOBAJICS
XUMHUYECKU# coctaB. [lomydeHHble COeTUHEHUS OTIIMYAIICh APYT OT ApYyTa IBETOM, KOTOPBIH,
KaK W3BECTHO, 3aBHCHT OT CIIMHOBOTO COCTOSHUS. JIMTaHapl ATHX 00pa3noB OTIMYAIUCH
JUIMHOW anKWIbHBIX 3amecturenieid, a Takxke npupoaor anuoHa (ClI° wumum ClOy).
HccnenoBanusi MpOBOMMIIMCH METOJaMU MeCcCOaydpOBCKOM CHEKTPOCKONMHMU M H3MEPEHHS
MarHUTHOW BOCHPUUMYHUBOCTH, KOTOpBIE MO3BOJIAIOT MOMY4YUTHh HH(popManuio o ¢dopme
KPHBOHM CIIMHOBOTO IMEpeXo/a U 00 M3MEHEHUH BAJICHTHOTO M CIIMHOBOTO COCTOSIHUSI KaTHOHA
xKemesa.

B pesynbrare u3MepeHuil ObUTM BBISIBICHBI TEMIIEpAaTYpHbIE PAMKH M OCOOEHHOCTH
CIMHOBBIX TIEPEXOJ0B HCCIeAyeMbIX 00pa3noB. OOHapyKeHO, YTO YBEIMYEHHE JUIUHBI
QIKWIBHOIO 3aMECTHUTENs MPUBOAUT K CMEILECHUIO MHTEPBAJIOB Mepexojia B 00yacTe Oojee
BBICOKHMX TemriepaTyp. s rpymnmsl o0pa3ios, coaepxkaumx anuoH Cl, ObLJI0 yCTaHOBIIEHO,
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yto momuMo roHoB Fe(Il) onu comepkat nonsl Fe(Ill), koTopsie Takke BIUSIOT Ha CBONCTBA
CIMHOBOTO Tiepexonaa. beuio ycranosieHno, uyto uonsl Fe(Ill) Takxke mpeteprieBaroT CIMHOBOE
MIpeBpaIllEHue, HO €ro MHTEpBaJl oTiauvaercd oT umHTepBasia nepexona Fe(Il). Kommuectso
nonoB  Fe(Ill) B wmccneayemMpix KOMIUIEKCaxX YBEIWYUBAIOCH NPH YBEIWYEHUU JJIUHBI
AIKWIBHOTO XBOCTA.

[1] O. Kahn and C. Jay Martinez, Science, 279, 44-48, (1998)

[2] V. Stavila, M. Allali, et. al., New J. Chem., 32, 428435 (2008)

XenkuH JleB Bagumosud, 119991, Mocksa, JIenuHCKHE TOPHI, husmdeckuid paxymprer MI'Y

Temn.: (495) 939-12-26; dakc: (495) 932-88-20; E-mail: lev_ne@mail.ru
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AvcTaHunoHHas onMMnuaaa Ans WKonbHuKoB «Lar B ®nsmky»

Astopsl: [Ipynaukos B.H., fusimues /[.H., CkBopuosa H.A.

OpraHusauus: LleHTp AncTaHUMOHHOro obpasoBaHus usmyeckoro dakynbteta MIY mumeHu
M.B. JlomoHocoBa.

Ha nporsokennm mocnmegHux et uHGOpMaru3aius 0oOpa30BaHMs CBS3aHA C AKTUBHBIM
WCTIOJIB30BaHUEM pecypcoB cetn MHTepHeT B 00yueHun. BHeapenne nHOPMAIMOHHBIX TEXHOJIOTHMA
U MHTEPHET-TEXHOJIOTHI SIBISIETCSI OJHUM W3 MPUOPUTETOB Pa3BUTUS U peOpPMHUPOBAHUS CPEIHETO
oOpazoBanusi. OAHON U3 TAKUX TEXHOJIOTUH SBJISETCS MHTEPHET-OJUMITHAA.

Ouznueckuit pakynsrer MI'Y nmenn M.B. JlomoHOCOBa MMeeT OOJIBIITON OMBIT MPOBEACHUS U
OpraHM3alMy OYHBIX OJUMIIUAJl BBHICOKOTO ypoBHs. Exxeromno ¢usmyeckuii GakyiabTeT MPOBOIUT
MOCKOBCKYI0 PErHOHAIbHYIO OJIMMIIMANY IO (PU3MKE, KOTOpas UMEET CTaTyC ToCyJapCTBEHHOU
BXXHOCTH U TOAJepkuBaeTcss MuHucTepctBoM obpazoBanus PD. B manHol onmummiuazge MMEOT
IIPAaBO y4aCTBOBAThH BCE JKEJIAOLIUE: yUaIIMECs CPEAHEN IIKOJIBI, yYallIMeCs] HA4YalbHOTO U CPEAHETO
npodeccuoHaabHOT0 o0pa3zoBanus. OnuMIiMana MpoOBOAUTCA B o4HOM ¢dopme B T. Mockse. [lms
oOecreyeHs BO3MOXHOCTU Y4acTHsl B OJMMIIMAJAE yyaluxcs u3 pernoHoB P®D, Obuio mpuHSTO
pElIeHne O MPOBEJACHUH IEPBOTO Typa HE TOJIBKO B OYHOM, HO M B TUCTAHIIMOHHOM (hopMme.

B cBmu c¢ stum, B gexkabpe 2008 roma @Dusuueckuit (paxynpTer cunamu llenTtpa
JTUCTAHIIMOHHOTO 00pa30BaHuUsl OPraHU30BaAT TUCTAHIIMOHHYIO onuMnuany «lllar B @uzuky».

Llenp mpoBeneHUs JAHHOTO MEPONPUATHS - JaTh BO3MOXKHOCTD IIKOJIBHUKAM CO BCEX PETHOHOB
CTpaHBbI IIPUHSATH YYaCTHUE B OJIMMITAAJIE BBICOKOTO YPOBHSI.

K ydactuto B mpoekrte mnpuriamanuch mKoabHUKA 9, 10 m 11 kimaccoB moa pyKOBOJICTBOM
KoopJuHaTopa (y4uTens, IIKOJIBHOTO KOOPAWHATOpPA, POJUTENs). YUYacTHE B OJMMIIMAAE MOTJIH
MPUHUMATh KaK OPraHU30BaHHBIE TPYMIbI IIKOJBHUKOB (MCIOJIb3YSI KOMIIBIOTEPHBIE KJIACCHI B IIIKOJIE),
TaK ¥ KX/l MIKOJIBHUK B OTJAEIBHOCTH (MCHOJb3Ysl JOMAIIHUN KOMIIBIOTED).

s npoBenenust OnuMiuanasl ObU1 co3fad moprai - http://olympiada.msu.ru/, Bkirodaromuii B
cebst Bcro wuwHpoOpMamuiO 1O JaHHOW onmmnuane. OduUIUaTbHBIM MMAPTHEPOM B MPOBEICHUU
Omumnuanel sBsIach Kommnanus Google, KoTopas OCYIIECTBIIsUIa MH()OPMAITMOHHO-TEXHUUYECKYIO
TTOJIJICPIKKY.

Jns ywyactus B onumnuazne «lllar B ®@usuky», He0OX0auMO ObUIO MPOUTH 00s3aTEIbHYIO
PETUCTpalMIO, C 3aloJHEHHEM PpPErHucTpaloHHOW (OpMbl ydacTHHKA onumnuangsl. [locre
perucTpanuy y4YacTHUK MOJy4yad 3aKpelyIeHHbId 3a HUM aJpec >3JEKTPOHHOM IMOYThI, KyAa
BbIChUIaJIach HEOOX0UMa HH(pOpMAaIus.

C yueroMm reorpaduueckoro pacmoinoxxkeHusi Poccuiickoit ®denepanuu ee TeppUTOpUsS TpU
MPOBEACHUN OJIMMITHA/BI ObLTA pa3/ielieHa Ha JIB€ BPEMEHHBIC 30HBI: TIepBasi — IS TPOXKUBAIOIINX
ot Kamuaunrpana ngo KpacHosipcka (dacoBbie mosica oT — 1 10 + 4 Mo OTHOIIEHHI0 K MOCKOBCKOMY
BPEMEHH), U BTOpas — JUIs NpoxkuBaromux B MpKyTcke uian BocTouHee (4acoBble mosica oT + 5 1o +
9).

VYyacTHHKaM KaXJIoro kjiacca ObUIO MPENIOKEHO MO 5 3aJaHuil, Ha peuieHue U OTIIPaBKY,
OTBeJICHO 6 yacoB. 3aaHusl ObUIM pa3MelleHbl Ha caiite Onumnuazsl. i MpecTaBiIeHus: OTBETOB
U pEeIICHUH JOMYyCKalUCh pa3inyuHble (OpMbI: TEKCTOBBINA (aitn, mokyment MSWord, a Takxe
OTCKaHHUPOBaHHBIC WK C(HOTOrpadupOBAHHBIE C BRICOKIM pa3pemieHNeM PYKOITMCHBIE CTPAHUIIBI.
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OO01eHne MexXJy y4YaCcTHHUKaMU M OpraHU3aTOpaMU MPOEKTa OCYIIECTBIISJIOCH MOCPEICTBOM
AJNIEKTPOHHOM MOYTHI, Yepe3 JUCT PACCHUIKU - TEXHOJOTUH MO3BOJIsAIOMIENH 3PHEKTUBHO OCYIIECTBIISTh
J0CTaBKy MH(pOpMaAIMK OOJBIIOMY YHCIy afpecaToB. OMHOBPEMEHHO C 3TUM CEpPBEp JIMCTA PACCHUIKH
XpaHUT apXUB MPOXOJAIICH Yepe3 HEro KOPPECHOHACHLUH, K KOTOPOMY JIHOOONH M3 IMOANHUCYHKOB
MOXKET 00paTUTHCS B JIH000€ BpeMs I PELICHUs TEX WIIM MHBIX CIIOPHBIX BOMPOcoB. [l perieHus
TEXHUYECKUX MpoOJieM, B MPOBEACHUU JAHHOTO MEpPOMNPUATHS, CO3/aBallach CIEIHMabHAS TpPYIIa,
KOHTPOJIMPYIOLIAsk 3TOT IPOLECC.

Croutr ormeTuTh, YTO JaHHas OnuMIMana BbI3Baja HEMAJIbIH HHTEpEC KaKk Yy MOCKOBCKUX
IIKOJBHUKOB, TaK U Yy IIKOJbHUKOB W3 peruoHoB P®. Ha momenT mpoBenenus Onummnuaibl ObLIO
3aperucTpupoBaHO 0oJiee MOIyTOpa THICSY YYACTHHUKOB W3 BCEX PETHOHOB CTPAHBI, TaK K€ HECKOJIBKO
YYaCTHUKOB U3 OJMKHETO 3apyOeKbsl.

[To pe3ynbTaTaM MHTEPHET-OJIUMIIHUA LI ObUTO BhIsiBIIEHO 70 mobOenutenei. [lonyyenHsie 6amisl B
JUCTAHIMOHHOM Type, Ul y4al[uXxcs OAUHHAAATOTO KJIacca, 3aCYUTHIBAINCH BO BTOPOM OYHOM TYypeE.
Bce mobenuTenu AUCTaHIIMOHHOTO Typa OJMMITAAILI OBLIM MpUTIAIIeHb! B MOCKBY, JJIsl y4acTHs B
3aKJTFOYUTEIIEHOM Type MOCKOBCKOUW oymMmiuaasl o ¢usuke. M3 70 mobGequteneil TUCTaHITMOHHOTO
Typa, B 3aKIIOUUTEIBHOM Type ObUIO BbIsIBICHO 46 mobenuteneil. OauHHAIIATUKIACCHUKU
MOJTYYMBIINE AUIUIOMBI -0 U 2-0#1 creneHe no pemeHuto LlenTpanbHoi npueMHoi komuccuu MI'Y

MOJTYYHJIU JIBTOTHI JUIsI OCTYTUIeHUs: Ha Dusnyeckuid hakynpTeT, B BUue 3acuuTanHbix 100 G6amioB mo
EI'D o ¢usuke.

[To6egutensim 9 u 10 kmaccoB, Mo pemieHuo YdeHoro coBeta MI'Y, ObUIO MNpemayIoKEHO
OecruiaTHOe OOy4YeHHE Ha JUCTAHIMOHHBIX TOJATOTOBUTENBHBIX Kypcax 10 (U3MKE B OCEHHEM
CEMECTDE.

VYyacTue B JUCTaHIIMOHHOM U B OYHOM TYpP€ OJIMMIIAA]IbI TO3BOJINIIO MHOTUM LIKOJIBHUKAM CTaTh
crynentamu ¢usnueckoro axynsrera MI'Y B 2009 rogy. B nanpHeiiem, miaHUpyeTcs: €XKeroaHoe
MPOBEJICHNE TAKOTO Pojia OJUMITHAI Ha (haKyIbTETE.

[IpoBenenue BTOpoi Beepoccuiickoli AMCTAaHITMOHHON ONMMMITHAIBI TT0 (pu3KKe Ha3HA4YeHO Ha 13
nekabps 2009 roga.
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Komnnekc 3apgay cneuManbHOro NnpakTuKyma no
MeTamatepuanam: «BonHbl B MeTamaTepuanax c
CUNbHbIM B3aMMOAEMUCTBUEM MeXay

anemeHTtamu. Cynep-nuH3a.»
Pankosckas A.A. (1), [Ipyaaukos B.H. (1), 3axapos I1.H. (2),
babymkun A.K. (2), Kopones A.d.(2), Cyxopykos A.Il. (2)

MI'Y nm.M.B JlomoHocoBa, puandeckun pakynsteT, kacdeapa marHetnsma (1),
Kacpeapa OTOHMKM 1 (PU3NKN MUKPOBOJSTH (2)

Pa3paboTka M BHeIpeHHE WHHOBALMOHHBIX OOpPa30BAaTENIbHBIX MPOrpamM,
oOecreynBaroOlMX ONEpaTUBHOE  BKJIOYEHHE HOBBIX 3HAHUH B yueOHbIe
TEOPETUYECKUE U MPAKTUYECKUE KYPChI, B HACTOSAIIEE BPEMS SIBIISIETCS HEOOXOAUMbBIM
MPU MOATOTOBKE CIIECIMAIMCTOB B OBICTPO Pa3BUBAIOMIMXCS OOJIACTSIX COBPEMEHHOMU
HayKu. MeTtamarepuanbl - CUCTEMbl MHUKPOPE30HATOPOB - 00JIaal0T YHUKAIbHBIMU
AJEKTPOMAarHUTHBIMM  CBOMCTBAMM, YIPABIATH KOTOPBIMH MOXHO, Bapbupys
napaMmeTpel cucteMbl. MccimenoBaHue — MeTaMarepuaroB  MPEACTaBIsE€T  Kak
(byHIaMEHTaTbHBIA UHTEPEC, TAaK U OTKPHIBACT IIMPOKHUE MIPUKIAIHBIE BO3MOKHOCTH
M0 CO3JaHUI0 NPHUOOPOB JIA YNpaBIEHUS OJMKHUM 3JIEKTPOMArHUTHBIM TMOJIEM,
BKJIIOYass HOBBIE THUIBI JJIEKTPOMArHUTHBIX CEHCOPOB, JUH3BI C CYOBOJIHOBBIM
pazpeleHreM, MajJorabapiuTHbIE aHTEHHbI, OOBEKTHI, “HEBUAMMEBIE” B OIMPEICTICHHOM
auana3zoHe 4acToT W Ap. AKTUBHOE M3yY€HHE METaMaTepHalloB HAyajoCh C MEpPBOM
MPAKTUYECKON JEMOHCTpalMu oTpuiateabHoro npenomiieauss B 2001 roaxy u ¢ tex
IOp TMPHUBJIEKAaET BHUMAHHME HCCIIEOBAaTENEH 10 BCEMY MHPY, XOTsA IepBas
TeopeTHueckas padora nossuiaachk B 1960 r.

Jlnst vuccneaoBaHMsi MarHUTHBIX MeTaMaTepHalioB Ha (u3HuecKoM (akyJbTeTe
pa3zpaboTaHa U OTJIa)KEHAa COBPEMEHHAsi U3MEpUTEIbHAsl YCTAaHOBKA Ha 0aze BEKTOp-
ananmu3atopa Rohde&Schwarz ZFB20, mo3Bossromasi B aBTOMaTHYECKOM PEXHUME
MIPOBOJINTh OJHOMEPHOE CKaHUPOBAHUE MOBEPXHOCTH C MUKPOHHBIM pPa3pelICHHUEM.
[logrotoBneno  omucaHue  3aJad  MPaKTHKyma, BKJIOYas  HEOOXOJIUMYIO
TEOPETUYECKYIO U MPAKTUYECKYIO YaCTh.

OcHoBHas 1efb NPAKTUKyMa: M3yYEHHE MHUKPOCKOMHYECKUX CBOMCTB
METaMaTepUAIOB € YYETOM B3aMMOJCHCTBHS MEXAY MHKPOpPE30OHATOpaMu —
“3rIeMEHTapHbIMU AYEKaMU~ — aTOMaMU MCKYCCTBEHHOU CpeIbl U HCCIIEIOBAHHE B
UPOKOM dYacToTHOM juanazoHe ot 20 MI'm go 3ITu. memineHHbIX MarHuTo-
WHIYKTUBHBIX BOJH, OMNPEACIISIONIAX DJIEKTPOMArHUTHBIA OTKIWK B MArHUTHBIX
MeTaMaTepuanax

s mepBoi ouepenu 3amad B MI'Il amama3oHe Ha OCHOBE pa3paOOTaHHOM
OpPUTMHAJIBHOM TEXHOJOTMU M3TOTOBJIEHBI 00pa3lbl METAMATEPUANIOB, COCTOSIIUE U3
MIEPUOANYECKON CUCTEMBI MEHBIX KOJIEL] U KOHAEHCATOPOB. DJIEMEHTHI — KOJIBLIEBBIE
pe3oHaTtopel (aIuamerp 23 MM, C BHOAgHHON TMOCTOSHHOM eMKocThio 330md).
Pe3zonancnas wacrora 51.7 MI'n. HMcnons3oBaHHe MOACTPOEYHBIX KOHJIEHCATOPOB
MO3BOJIMIIO  J00UThCA TouyHOcTH 1o dyactore 0.02%, U roBOpUTH O TMOJHOU
UJECHTUYHOCTH 3JIEMEHTOB.
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B paMkax mpakTMKyma CTyJEHTaM W aclupaHTaM IPeyiaraeTcs BBIIIOJIHMUTH
P UCCIEAOBAaTENIbCKUX paboT, NPEJCTABISAIONMX KOMIUIEKCHOE HCCIIeI0BaHUEe
MeTaMaTepHaioB, HauYWHAsg C ONPEICICHUS] UHOUBUOYAILHLIX CBOUCME OMOENbHbIX
JJIEMEHTOB, COCTAaBJIAIOIIMX MeTamMaTepuas, W 3aKaH4YMBas MAarHUTOMHIYKTHBHOMN
CyIep-JIUH30M, UMeroIel CyOBOJIHOBOE pa3pelieHue.

B wactHOCTH, TOIPOOHO H3yUaeTCs 83aumodelicmsue d1emMeHmos u MPOBOJUTCS
UCCIeI0BaHNE KOMIUIEKCHOTO aHU30TPOIHOTO KO3(pPUIIMeHTa CBS3H.

B3aumonelicTBre MexXy dJI€MEHTaMH NIPUBOAUT K PACIPOCTPAHEHUIO MarHUTO-
WHAYKTUBHBIX BOJIH, UMEIOIIUX Pa3HOOOpa3Hble AMCIIEPCHOHHBIE XapaKTEPUCTHUKH.
JleMoHCTpUpyeTcsl pacnpocmpanenue RpsAMbIX U 0OpamHblX MAarHUTOMHIYKTHUBHBIX
BOJIH B INIAHAPHOW U aKCUAIbHOW OHOMEPHBIX JINHUAX.

[IpoBoauTCs 3KCHEPUMEHTAIBHOE HCCIEA0BaHUE OMATOMHOM MeTamarepHalb-
HOM CTPYKTYpbl U MHOIATBEP>KJIAETCS CYLIECTBOBAHUE AKYCHMUYECKOU U ONMUYECKOU
BETBEH B [UCHEPCHU MArHUTOMHAYKTUBHBIX BONMH. OOCYXmaeTcss aHajuorus c
aucnepcuei GOHOHOB B TBEPAOM TeJe.

[IpoBouTCs HccneaoBaHUE B3AUMOIECHCTBUS CE8A3AHHbIX TUHUL METaMaTeEpHaa.
JIeMOHCTpUpPYETCd BO3MOYKHOCTH YIIPABICHUS AMCHEPCUEN - HIMPUHOM IOJIOCHI
IIPOITYCKaHHUs U €€ PACIIECIUICHUEM Ha JIBE 30HBI.

[IpuBoguTcs TeopeTHueckoe 0OOCHOBAHHWE U MPOBOJUTCS SKCIEPUMEHTAIBHOE
MOJITBEPKICHUE MOJICTH CYOB0IHOBOU NUH3bL OIUNHCHE20 N0/ HA OCHOBE JIBYCIIOMHOM
MarHUTO-UHAYKTUBHOU CTPYKTypbl. MarHMTOMHAYKTHBHAs Cylep-JuH3a M03BOJISET
TPAHCIIALMIO PATUOCUTHATIOB C CyOBOJHOBBIM pa3pelieHueM, Ui BO3MOXKHBIX
MPUMEHEHHUH B CHEKTPOCKOMMHY MarHUTHOTO PE30HAaHCa U MEAULIMHCKOM ToMOrpaduu
(cm. Puc.1).

Hccnenyrorcss nepeaaToyHble CBOWCTBA MACHUMO-UHOYKIMUBHBIX 8OJIHOBOO08 C
ynpasnsiemblm Ko3pguyuenmom cea3u,; AeMOHCTpUpyeTcss 3(h(EKT BO3MOKHOCTH
BapHauuu Tpancmuccuu Ha 60 nb, umeromuii noTeHIMan A1 Co31aHus MPUOOPOB
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Puc.1. CxemarnuHoe M300pa)k€HUE ABYXCIOWHON MarHUTOMHIYKTHUBHOM JIMH3BI C
cyOBOJIHOBBIM paspernieHueM. Pacripenenenne nosist B 3aBUCUMOCTH OT 4acTOTHI U OT
MIOJIO’KEHUS B IUIOCKOCTH M300pa)KEeHMsI SKCIEPUMEHT M YuCIeHHbIH pacueT. (CieBa
Ha IpaBo)

OnucaHHbBIA KOMIUIEKC 3aJa4 OCHOBAH Ha ITOCIEIHHUX JTOCTHIKEHHUIX B 00JaCTH

MeTaMaTepHaoB, MPEJICTaBIsIeT 3aKOHYEHHBIM LUK HCCIEI0BAaHUN U MOET OBbITh
PEKOMEHI0BAH, CTY/IEHTaM M aCIIMpPaHTaM pa3INYHbIX Kadeap.

100



CnctemMa ANCTaHLMOHHOIO KOHTPOISI YCNeBaeMoCTy
CTYOEHTOB

Bensimres C.C.!, Mmxanos B.C.', Kysnenos A.A.%, Kypumuk A.C."
Cromann K.A .

1. Kacbegpa obuien agepHon punsnkm, dnsmyeckun akynbTerT,
MIY nmenn M.B. JlomoHocoBa
2. HWW apepHon domsnkmn nmenmn .B.CkobenbLbiHa,
MIY nmenn M.B. JlomoHocoBa

B mocnemnue rompl  Onaromapsi HWHTEPHETY CTaHOBHUTCS BO3MOKHBIM
JUCTAHIIMOHHOE OOIEHHE MEXIy CTyIJEHTaMH W NPErnojaBaTeNsIMH, MOSBISETCS
00JIBIIOE KOJIMYECTBO CUCTEM AUCTAHIIMOHHOTO OO0yueHus. CTaHOBUTCS MOIMYJISIPHBIM
KOHTPOJIb 3HAHUI 00YyUalolMXCsl B BUJE TECTUPOBAHUN HA KOMIbIoTEpe. B ocHOBHOM
B TakOM BHUJE TECTUPOBAHHS BBIOMPACTCS TONBKO OJMH OTBET U3 HECKOIBKUX
Npe/UIOKEHHBIX. B KaduecTBe 3a1aHnsi MOTYT OBITh KaK KauYeCTBEHHBIE BOTPOCHI, TaK U
3aga4yu. B Tecte 3apaHee NpUCYTCTBYIOT OTBETHI. 1 €CT XOpOUI JyIsl MPOBEPKU 3HAHUM U
3alIOMUHAHUI0  OTPAaHUYEHHOro Habopa ompefelieHHd U TUMOBBIX  3ajad.
TectupoBaHue SBISETCS JHIIL JONOJHUTEIBHBIM HHCTPYMEHTOM JUISl INPOBEPKHU
3HAHUM WM TEKYLIEH YCIIEBAEMOCTH 10 IPEAMETY.

JlaHHBIN TOKJaa MOCBSILEH CUCTEME TUCTAaHIMOHHOIO KOHTPOJI YCIIEBAEMOCTH
CTYJIEHTOB, pa3paboTaHHOW Ha Kadeape oOmieit saepHoi Gusuku. 3agadeld CHCTEMBbI
SBIISICTCSl yAAJCHHAs MPOBEpPKa 3HAHWH CTYICHTOB, OOydJaromuxcs Ha Kadeape.
IIpoBepsitoTCsl 3HAHMS CTYAEHTAaMH TEKYILIEro Marepuaja Kypca U yMEHHE pPellaTh
OCHOBHBIC THUIIBI 3a/a4. [[pyroi LEeJbl0 JAaHHOW CHUCTEMBI SIBISETCS aBTOMATHYECKOE
BEJIEHUE CTaTUCTUKU YCIIEBAEMOCTH. TeXHUYECKH cucTeMa MpeJcTaBisieT coO00i BeO-
caliT, co3JaHHbIM Ha s3bIke MporpammupoBanus PHP, ¢ wucnonb3zoBanuem 06a3bl
nanHeix MySQL. Ilporpammuble MoOIynM caidTa colep:KaT OOJBIIOE KOJIMYECTBO
3a/la4 ¢ aBTOMaTUYECKUM BBIOOPOM YCIIOBHI, CPEICTBA ayTEHTU(DUKAIIMKA CTYACHTOB,
uHTEep(eic MPOCMOTpa pPe3yIbTaTOB.

Bce 3amaum Ha caifte pa3neneHsl o TemaMm U crnenkypcam. IIpu Bxoae Ha calT
II0JIb30BATENb JOJIKEH BBECTH CBOE UMS, HOMEP I'PYMIbl U CHELKYPC MO0 KOTOPOMY OH
Oyner pemarb 3anaud. Kaxknas 3agada B TecTe MMEET HECKOJIBKO BapbUPYEMbIX
IapaMeTpoB, KOTOPBIE MOTYT MEHSATHCS HENPEPBIBHO WIM TUCKPETHO. LISl Ka)xaoro
CTyJIeHTa 3a71aun OyJyT UMETh YHUKaJIbHbIE yciaoBus. Enie 0o1HO BaxkHOE OTIUYHE OT
OOIIECTIPUHSATHIX CHCTEM KOMIBIOTEPHOTO TECTUPOBAHUS COCTOUT B TOM, YTO OTBET
HY>KHO BBOJIMTH B BUJIE YUCIIA B HY’)KHOM CHCTEME €JMHMII, a HE BEIOMPATh U3 CIHCKA
MPEVIOKEHHBIX. EIMHUIBI B KOTOPBIX HYKHO BBECTH OTBET TOXKE HM3MEHSIIOTCA B
3aBUCUMOCTH OT 3ajaud. IIpaBUIIBHBIM CUMTAETCS OTBET C HEKOTOPOH TOYHOCTBIO,
TOYHOCTb IIPOBEPKM OTBETA MOXHO HAacTpouThb. llo ymMomuaHmio mims Bcex 3amay
toyHOCTh 10 %. Cpa3y mocne BBOJA OTBETa CTYIAEHT BUAWT IIPaBUJIbHBIA OTBET U
pE3yNbTAT pellleHrs KOHKPETHOH 3a7auu (TIPaBUIILHO WIIH HEMIPaBUIIBHO).

[TomMumoO 3TUX TUTIOB 3aJlaHUl ceidac pa3padaThiBacTCsi BO3MOXKHOCTD ISl BBOZA
B I0JIe OTBeTa (POpMyJI, UTO elle OOJbIlIe PacCIIUPUT KPYr BO3MOXKHBIX 33aJlaHUN B
TECTE.
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OcHOBHOE Ha3HAUY€HHUE CUCTEMbl KOHTPOJIS 3HAHUM - 3TO TEKyllas IMpoBepKa
ycneBaeMocTd. [IpenogaBarens MOXKET B JIt0OOH MOMEHT JOOAaBUTh HOBBIEC 3a/1a4ul U3
0aHKa 3a/1a4, J1aTh YK€ pElICHHBbIC paHee 3aJladll Ha MOBTOPEHHE U B ONEPATUBHOM
peXMMe HaOJIOAATh 32 XOJIOM MX PEIICHUs], KOHTPOJIUPOBATh OCTATOYHBIC 3HAHMS 110
cTappiM TeMaM. B cucreme mpucyTcTByeT MHTepdeic IS MpocMOTpa Pe3yJIbTaTOB
pemienust 3afad. Bce pemieHuss XpaHsarcs B 0a3e JaHHBIX, YTO JaeT MHOTO
BO3MOXHOCTEH JJII TIPOCMOTpPA PA3IMYHON CTATUCTUKUA TO pemieHusM. Hampumep,
MO>KHO TIPOCMOTPEThH KAaKHUE 33JIa4Ml BBI3BIBAIOT HAWOOJBIINE TPYIHOCTH (110 BPEMEHU
PEIICHUS] UITU TI0 MPOLIEHTY MPAaBUIBHO PEUICHHBIX ).

Hcmonb30oBaHue CUCTEMBI KOHTPOJISI TEKYIIEH YCIMEBAEMOCTH TMOJIOXKHUTEIHHO
CKa3bpIBacTCI Ha 00pa3oBaTEIBLHOM TIPOIECCE, IMOTOMY YTO OCHOBHOH YacThiO
00yueHHUs SBJISIETCS CaMOCTOSTENIbHas padoTa cTyaeHTOB. CTyJeHT MOXKET OOJIbIIoe
YHCIIO pa3 U B J1000€ BpeMsl periaTh OJHy MpobdiieMy A0 TeX MOop MoKa He J0OheTcs
MPABWIBHOTO pemieHus. TakuM o0pa3oM OH YUHUTCS W TIPOBEPSIET cedsi caM, mpuyemM
KQKJIbIA pa3 MoJy9aeT U3MCHCHHBIC YCIIOBUS 3aJ1a4H.

CucreMy MOXHO HCIOJb30BaTh TaKXkKe JUIS TIPOBEIEHUS KJIACCHYECKOTO
TECTUPOBAHUS B KOMITBIOTEPHOM Kiacce. Takke TeCTHPOBAHUE MOXKHO IMPOBOJUTH
yaaneHHo. [Ipm 3TOoM mpemogaBaTtellb MOXKET OrpaHUYUBATH BpEeMs Ha TECT W
KOJIMYECTBO TIOMBITOK BBOAAa OTBeTa. CTYJIEHT K€ MOXET HAlHMCaTh A3TOT TECT
yAaJieHHO B Jit00oe ynoOHOoe eMy BpeMs. boibliine BO3MOXKHOCTH CHUCTeMa JaeT s
JTUCTAHIIMOHHOTO oOydeHus. CTEHIOBBIA JOKJIAJ TOCBSIIEH pabOThl CHUCTEMBI
JTUCTAHIIMOHHOTO KOHTPOJIA 3HAHWUH 10 CXeMe KIIACCUYECKOTO TECTUPOBAHMS C
BbIOOpOM  OoTBeTOB. Kaxkgomy  kenaromiemy — Ipeajiaraercss MPONTH — Takoe
tectupoBanue. llpemnoxkeno 40 BompocoB, cCiy4ailHO BBIOpAHHBIX M3 JIBYXCOT
BO3MOXHBIX. TeCTUpPOBaHHWE OrPaHUYEHO IO BPEMEHH. Pe3ynbTaT TeCTUPOBAHUS
MO>KHO ITPOCMOTPETH Cpa3y MoCIe TeCTa.

OTMETUM JIOCTOMHCTBA CHUCTEMBI IUCTAHIIMOHHOTO KOHTPOJIS YCIEBAEMOCTH
CTYJICHTOB. BO-TIEpBBIX 3TO MOCTYIMHOCTh — JUISi pabOTBI C CHUCTEMOW HEOOXOIUM
TOJIBKO JIOCTYN K MHTEepHET. Bce 3amaun onpeneneHHoro Tumna npyu KaxJoM BXO0J€ Ha
CaliT UMEIOT pa3Hbie ycinoBUs. [Ipu 3TOM CTYIEHT KaXKblii pa3 JOJKEH peliaTh 3a1ady
3aHOBO, YTO HMCKJIIOYAET JyOJIMpOBaHHE pelieHuid. Takke MpeuMyIIecTBOM CHCTEMbI
SIBJIICTCS TO, YTO OTBET BBOJUTCS B BUJIE YHCIIA B HY)KHOU cucteme enunuil. [Ipu atom
MPAKTUYCCKH HEBO3MOXKHO YrajaTh OTBET, a HYXHO OOS3aTCIIBHO peIIaTh 3aaady.
Pe3ynbTaThl pelieHus 3a/1a4 MOKHO BUAETh Cpa3y MOCIE UX PEIICHUS.

Bonpmioe yncino Tem u 3ajad ¥ BO3MOXKHOCTH peliaTh WX B JIFOOOM MecTe, TIe
€CTb MHTEpPHET, I[I03BOJSIET JIOOMTHbCS HENPEPHIBHOCTH Ipollecca 0O0ydYeHUs.
Pa3HooOpasuie THMOB BBIBOJA pE3YJIbTATOB JAaeT MPENoJaBaTEeNi0  OOJBIIYIO
CTaTHCTHUKY MO KaXXJIOMY CTYJeHTY. BO3MOXHOCTH B peanbHOM BpPeMEHH HaOIIOaTh
32 TIPOIECCOM pEHICHUS CTYJCHTaMU 3aJaHUid TO3BOJIIET OBICTPO OICHUTH, Kak
YCBOCHA KaXk/1asi TeMa, U BHOCHTh U3MEHEHUS B TUTAaH O0YUYCHHUSI.

CucreMa TeKyIIero KOHTPOJISI yCIIEBAEMOCTH CTYJIEHTOB YCIEIIHO MUCIOJIb3YeTCs
Ha Kadenape oOmiedt simepHoil ¢u3uku (usznueckoro dakyaprera MI'Y um M.B.
JlomonoOCOBA.
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MarHuTHbIE CBONCTBA FOPHbLIX NOPOA U METEOPUTOB U UX CBA3b
¢ aponwounen 3emnum n ConHEeYHOU CUCTEMBI

bezaesa H.C. (1), Tpyxun B.1. (1), Rochette P.(2)

(1) kadbeopa usnkn 3emnu, omsmyeckmn pakynobteT MY um. M.B. JlomoHocoBa
(2) CEREGE CNRS/ Aix-Marseille Université (PpaHumns)

[Tpu maseoMarHUTHBIX UCCIEAOBAHUSX OOHAPYKEHO, YTO MPUMEPHO MOJOBHHA
BCEX T'OPHBIX MOPOJ, HAMarHMY€Ha aHTHUIAPAUIEIbHO HANPABICHUIO HANPSHKEHHOCTH
coBpeMeHHoro reomarHutHoro mosst (I'MII). Ilpeamonaraercs, uyto oOpaTHas
HaMarHU4eHHOCTb TOPHBIX MOPOJA 00pa3zoBaiachk BO BpeMs MEPHUOAOB, KOTJa JIpeBHEE
I'MII umeno npotuBononoxkHyro noisspHocts (nHBepcuu I'MII). Teopetnueckue u
sKkcnepuMeHTanbHble uccnegoBanus JI. Heenst u T. HaraTel, COOTBETCTBEHHO, YKa3aiau
Ha BO3MOXXHOCTh MOJy4YeHHUs 0OpaTHOW HaMarHUYEHHOCTH TOPHBIX MOPOJA B TOJE
OpsIMOM  MOJSIPHOCTH.  DTO  SIBJICHHE NOJYYWIO Ha3BaHHE CcaMooOpalleHus
HaMarHu4eHHoCcTU. Takum 00pa3oM, CylIecTBYeT anbTepHaTHBHBIN MHBepcusM [ MIIT
MeXaHu3M 00pa3oBaHHUS B IpHUpojae oOpaTHOW HamarHudeHHocTu. CamooOpaiieHue
HaMarHM4eHHOCTH MPOUCXOAMT 3a CUET BHYTPEHHUX (PU3MKO-XMMHUYECKUX MPOLIECCOB,
UMEIOIINX MECTO B (peppUMAarHUTHBIX MUHEpaIax TOPHBIX MOPOJ.

NuBepcun I'MII MoryT oka3plBaTh OIPOMHOE BIIMSIHUE Ha HSKOJIOTHIO Hallen
IUTAHETHI, TaK KaK BO BpeMsi MHBepcUU Hanpspk€HHOCTh ['MII Onmuska K Hynmo u
OBICTpbIE YaCTHUIIBI BHICOKHX SHEPTUil COTHEUHOTO M KOCMUYECKOTO U3ITy4YeHUI MOTYT
JOCTUTHYTh MOBepxHOCTU 3emin U e€ ouocdepsl. Cienyer 3aMeTUuTh, BCE UHBEPCUU
BOCCTAHOBJICHBI TI0 KOCBEHHBIM IPU3HAKAM — MaJ€OMarHUTHBIM JAaHHBIM. 3a BpeMs
npsMbIx u3mepenuil 'MII Hu oHOM MHBEpCUHM MBI MOKa HE HAOMIOJANIM, U U3YyYaTh
MHBEPCUU HAIPSIMYIO Mbl HUKOI'/Ia HE CMOKEM, TaK KaK CpeIHsAs IPOJOJIKUTEIbHOCTh
nHBepcun cocrasisieT 5000 ner.

[ToaToMy GoublITyIO0 pOJib MPUOOPETAIOT UCCIIEAOBAHUS SBJICHHUS CaMOOOpaIleHUs
HAMAarHMYeHHOCTH TOPHBIX TOPOJ M HCCIENOBaHHMS (PU3UYECKOrO MeEXaHHU3Ma
caMooOpaiieHuss HamarHudeHHocTu. (CamooOpalleHrue €CTECTBEHHOHW OCTaTOYHOM
HamarauueHHocTH NRM (ot awrnm.  Natural Remanent Magnetization),
tepmoHamaraudeHHocTd TM (ot anrn. Thermo Magnetization) u TepMOOCTaTOYHON
HamarandeHHOCTH TRM (ot. anrn. Thermo Remanent Magnetization) MHOTOKpaTHO
Ha0JI01aJlIoch BO MHOTUX JabOpaTopusix Mupa, B TOM 4YHUCIEe B JabOpaToOpuu
I'eomarnetn3ama kadenper ¢usuku 3emnn  ¢usudeckoro dakyaprera MIY Ha
kuMmOepiutax SIKyTWH, Ha CHHTE3MPOBAHHBIX T'€MOMJIBMEHUTAX M Ha TOJBOJHBIX
0azanbrax ATinantuyeckoro OkeaHa.

Ha ocHOBe 3KCnepMMEHTalbHBIX HCCIEAOBAHUNA IIOCTPOEHA MOJEJb SBJICHHUS
camMooOpaleHus HAMarHM4eHHOCTH TOPHBIX MOpoA (1o ogHO(a3HOMY MexaHu3Mmy N-
tuna Heenst). IlocTpoeHHas MoOJeNnb CYHIECTBEHHO pacUIMpuia BO3MOXXHOCTHU
(Gu3MYecKOro SKCHEpPUMEHTa M MO3BOJMIIA HCCIEA0BaTh SBJICHUE CAMOOOpaIICHUs
HAMarHWYE€HHOCTM BO BCEM [JMAIa30HE MArHUTHBIX [apaMETPOB BUPTYAJIbHBIX
00pa31ioB ropHbIX MOpo/1 (6e3 HeOOXOAUMOCTH CHUHTE3UPOBATh 00Pa3IIbI C 3aIaHHBIMU
CBOMCTBAaMM WJIM UCKaTh Takue oOpaslbl B TMPHUPOJE), a TaKKe PacCMOTPETh
pa3IMYHbIC BAPUAHTHI HACTOSIILIETO SIBJICHUS.
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C Touku 3peHMs] TII00aJbHOM SKOJIOTMHM HPOBEAEHHBIE HAMU HCCIIEIOBAaHUSA
MMEIOT WHHOBALlMOHHBIM XapakTep, TaK Kak /i II03HAHMs D3BOJIOLMUA 3eMIIM B
MOpOIUIOM, a TaKKe IMOHMMAaHUSA M MpeACKa3aHus TPSAyIHX MOpobiieM 3emiu B
NOCIIEAYIOIINE TOJIbl M CTOJETHS HEOOXOIMMO PEIIUTh BOIIPOC O Haubosiee BEPOSATHOM
(¢u3ruecKoM MexXxaHu3Me O0O0pa3oBaHMsI B MPUPOJIE OOpaTHOM HaMarHUYEHHOCTH
(uaBepcun I'MII  wunm  camooOpalieHMe HaMarHMYEHHOCTH) U BEPOSATHOCTHU
BO3HMKHOBEHHsSI MHBEpCHil B Oyaymiem. JlerampHoe uCCieOBaHHE OCOOCHHOCTEU
MPOLIECCOB caMOOOpaIlleHNss HAMArHUYEHHOCTH (DeppUMAarHUTHBIX MUHEPAJIOB FOPHBIX
HOPOJ TIOMOKET OLIEHUTh BEPOSITHOCTh COOTBETCTBYIOIIETO (PU3UYECKOTO SBJICHUS, U
TEM CaMbIM KOCBEHHO OLIEHUTh BeposiTHOocTh uHBepcuili I'MII. B nacrosimeit padore
pemeHa mpobieMa (U3MYECKOT0 MEXaHW3Ma CaMOOOpaIleHHs HaMarHMYEHHOCTH,
onpenenéH NyTh OLEHKHM BEPOATHOCTH peanu3anuu uHBepcurd ['MII, a Takxke
UCCJIEIOBaHbl MArHUTHBIE CBOMCTBA HEKOTOPBIX METCOPUTOB M IPOBEAEH aHAIN3
MIOJIyYEHHBIX PE3yJbTaTOB C TOUKH 3pEHUS 3BOTIOLUU CONHEUYHON CUCTEMBI.
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MNpupoaHble dnyopecLeHTHbIE MHAMKATOPbI COCTOSHUS
BOAHbIX 3KOCUCTEM

B.B. ®anees (1), I1.A. Boakos (1), H.H. Csicoes (2), 1.B. ®aneesa (2)

dusnyecknin pakynoteT MY, Kadeapa KBaHTOBOW 3NEKTPOHMKM (1),
LEeHTp rmapodumsnyecknx nccnegoBaHum (2)

Pa3paboranbl Hay4HBIE OCHOBBI HCIOJNB30BaHMs TymycoBoro BemectBa (I'B) wm
¢utorutankrona (PII) kak mpUPOTHBIX (PIyOPECHEHTHBIX HHTETPAIbHBIX HHAUKATOPOB COCTOSHHUS
BOJIHBIX JKOCHCTEM. DTH COCIWHEHHS NPUCYTCTBYIOT B TNPHOPESKHBIX MOPCKUX BOJIAX U BO
BHYTPCHHHUX BOI[OéMaX B KOHICHTpAlUAX, JOCTATOYHLIX IJI BBIITOJIHCHUA yKa3aHHOﬁ Q)YHKI_II/II/I
VIMeHHO Takue BOJHBIE SKOCHCTEMBI TOIBEPrarOTCs HAWOOJBIIEH aHTPOIOrCHHOW HAarpys3Ke U
MMO3TOMY JId HUX OCOGGHHO AKTYaJIbHO HCIIOJIb30BAHUC TCXHUKU W MCTOJOB, IMO3BOJIAIOIIUX
nojy4yarb MHGOPMAIMIO B PEXHME PEATbHOIO BPEMEHH, YTO OO0CCIIEYMBACTCS C TIOMOIIBIO
yKa3aHHbIX ()ITyOpECEHTHBIX WHAUKATOPOB.

®dnyopecuenmus ['B npencrapiser co00ii MUPOKYIO TOJIOCY ¢ MAKCUMYMOM B paiione 440 HM
npu Bo3OyxaeHun B Y@ oOnactu crektpa. OTOT NPUPOIHBIA HHAMKATOP MOXET  OBITh
UCIOJIBb30BaH JAJISl ONpPENENICHHUs] CTPYKTYphl BOJIHBIX Macc M Uil OOHAapy>K€HUs TOKCHKAHTOB.
CMmeHa Tuma BOJHOM MacChl MPOSBISETCS B U3MEHEHMHM MHTEHCHBHOCTH (hyopecueHuuu ['B u
U3MEHEHUH (DOPMBI MOJIOCHI, XOTS U HEOONBIIOM, HO MOAJAOIIMMCS ONPEAEICHHUIO C TIOMOLIbIO
HEHUPOCETEBBIX AJITOPUTMOB.

N3Bectno, uro ['B, oOnagaronue CIOKHBIM COCTaBOM M CTPOCHHUEM, CIIOCOOHBI
B3aMMOJICHCTBOBATh C PA3JUYHBIMU XMMHUYECKUMH coeauHeHussMu. B vactHoctH, I'B comepxar
PEaKLMOHHBIE LIEHTPbI, KOTOPHIE CBS3BIBAIOT METAJIBI W PA3JIMYHBIE THUIIBI OPraHUYECKHX
COCIMHEHMI, HanpuMep apomartuyeckue yrieBoaopoasl. [locienHuii  kiacc  BELIECTB
paccmaTtpuBaeTcsi OCOOEHHO BHUMATENIbHO, IOCKOJBKY TOJHIMKINYECKHE apOMaTUYECKUe
yraeBonopoabl (ITAY) sBhsitoTCS 3KOTOKCHKAaHTaMU M B HECBSI3aHHOW (hopMe TpPEeCTaBIISIOT
yrpo3y Uil CyLIECTBOBAaHHUsS >KMBBIX OpraHu3MoB. [IpenenbHO AOMyCTUMBIE KOHLIEHTpaluu
HekoTopbix [IAY cocraBisoT necaTku MuKporpamMMoB Ha Jjutp. Kak mnokasanu Hamm
HCCIEA0BaHMs, BBIOIHEHHBIE Uil cMeced ['B ¢ mupeHoM M ypaHWIIOM, yKa3aHHOE CBSI3bIBaHUE
MIPOSIBIISIETCS. B U3MEHEHUU (DITyOPECIEHTHBIX XapakTepucTuk I'B u 3HaueHusax ¢GoTtodpu3mueckux
napamMeTpoB ux ¢Gayopodopa, KOTOpPhIE ONMPEACIsIINCh METOJAaMH HEIMHEWHOW M KWHETUYECKOU
nazepHoii guryopumerpun. Takum oOpazoMm, ['B MoxkeT ciyXuTh (piyopecrieHTHBIM HHIUKATOPOM
HE TOJIBKO TUJPOJOTUYECKHUX CTPYKTYP, HO U MPUCYTCTBUS B BOJE IKOTOKCUKAHTOB.

[TpucyrctBue ¢utoruankrona (PII) B mpupoaHoil Boxe MposBISETCSs IS BCEX TPy
BOJIOPOCIICH B IMOSIBJIEHUHM B CHEKTPE 3XO-CUTHANa MOJOCHl (hIyOpEeClEeHIMN ¢ MaKCUMyMOM Ha
JUTMHE BOJHBI 685 HM. DopMa U MOJOKEHHUE ATOW MOJIOCHI MPAKTUYECKH HE 3aBUCIT OT BUJAA U
COCTOSIHUSI BOJIOPOCIIH, HO OT 3TOI'0 COCTOSIHMS, KaK OKa3aJloCh, CUJIBHO 3aBUCAT QoTodu3nueckue
napaMeTpbl OCHOBHOTO NHMIMEHTa — XJOpo(uia g, KOTOPbIE MOXXHO ONPEAETHTb METOAO0M
HEJIMHEWHOH J1a3epHOoN (piryopuMeTpu.

Kak moka3zanu HammM I1oJieBble HCCIIEAOBAaHMs, B KauecTBe Oa30BBIX 3JIEMEHTOB
M3MEPUTENBHOTO KOMIUIEKCA JUIS JKOJOTMYECKOTO MOHHUTOPHUHTA TPUOPEKHBIX MOPCKUX
AKBaTOPUM M BHYTPEHHUX BOAOEMOB C Hcmnosib3oBaHueM DIl u I'B B kauyecTtBe NpUpOIHBIX
¢dyopoceHCOpoB HamboJiee TEPCIEKTUBHBI JUaap OeperoBoro 0Oa3WpoBaHUS U JIA3EPHBIH
CIIEKTPOMETP € MPUEMO-TIEPEAIOIIUM ONTOBOJIOKOHHBIM KaleneM. B Oyaymiem Uit 3Tux 1enei,
BO3MOKHO, OyyT UCIOIb30BAThCS U OECIMIIOTHBIE aBUAHOCUTENIHN ¢ MUHHU —JIMIapOM Ha O0pTy.
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OuncTtka NoYB M rPYHTOB Nof, Cy*LI.l,eCTByFOLLI,eVI
NHMPaCTPYKTYPOU

Kommuk C.B.l, Xanen M.

1. Kacbegpa marHeTnama domsmnydeckoro pakynoteta MI'Y, Mocksa, Poccua
2. VIHCTUTYT oKkpyxatowien cpeabl, MHHoBaUMOHHBIN LeHTP, BpemepxadeH, N'epmaHns

B Hacrosiee BpeMs HanOosee MUPOKO UCHOIb3yEMbIMH METOAAMU OYHUCTKU U
BOCCTAHOBJICHUS TI0YB U IPYHTOB SIBJISIETCS BBIEMKA M yJaJICHUE 3arpsi3HEHHOTO CIIOs,
KOTOpBI 3aTeM 00palaThlBaeTCs WJIM BBIBO3UTCA I CKJIAJUPOBAaHUS B JIPYroM
mecte. Kak mpaBuiio, 3T0 A0pOrocTOsIINE METO/bl, CONPOBOKIAOIINECS CHIBHBIM
BO3/ICHCTBHEM Ha OKpY’Kalollylo cpeny. boree Toro, Bo MHOTHX Cilydasx BbIEMKa
3aTpyJHEeHa MO (PMHAHCOBBIM I TEXHUYECKUM MpuuuHaM. [losTomy mpuopuTeTHOM
3amauell  SABISIETCS Pa3BUTHE HOBBIX AIBTEPHATUBHBIX TEXHOJOTHH  yAaJCHHS
3arpsA3HSIOIIMX BEIIECTB M3 IIOYB M TPYHTOB Ha MecTe, 0e3 CYIIECTBEHHBIX
HapylIeHUH MOYBEHHOI'O MOKpOBa. B yacTHOCTH, /Ui OYMCTKH U BOCCTAHOBIJICHUS
3arpS3HEHHBIX TSOKEIBIMA METalIaMU MOYB W TPYHTOB TEPCHEKTHBHBI TEXHOJIOTHU
CBSI3bIBAHMS METAJJIOB HA MECTE C MMOMOIIbIO METMOPUPYIOIIMX J00aBOK, CHIKAIOLIUX
uX OHOJIOTMYECKYI0 NOCTYMHOCTh M MHIPALlMOHHYIO CIIOCOOHOCTh. B KauecTBe
100aBOK HCIONB3YETCS HIMPOKUHM PSA MPHUPOIHBIX MHUHEPATBHBIX M OPraHUYECKHX
BEIIECTB, OTXOJI0B MMPOMBINIIEHHOCTH U CEITbCKOTO XO3SHCTBA.

Texnonorust Cleansoil (Uuctast mousa) pa3BUBaeT NMPOCTOM U IKOHOMHUYECKU
3 PEKTHBHBIA METO, PUTOAHBINA 11 00paOOTKH 3arps3HEHHBIX MTOYB M TPYHTOB IN
Situ, Oe3 3HAYMTENBHBIX HAPYIICHUH TEPPUTOPUH. METOJ OCHOBaH Ha yCTaHOBKE
CHCTEMBI PyKaBOB, KOTOpPbIE MOTYT BKJIIOYaThb MHOKECTBO CEKLUNH-KapMaHOB, BHYTpU
napasuielbHbIX MEepPPOPUPOBAHHBIX TPYO, 3aJOKEHHBIX HAa Ty WIM HHYIO TIIyOUHY C
nomoInsio ropuzoHTasbHOTO Oypernus (Patent No. WO 98/51421, 1998). Kapmanst
CITy’)KaT BMECTHJIMIIEM TOJIXOMASAIIETO COPOSHTA, KOTOPHIH MOTJIOMAET MOJLTFOTAHTHI U
MOJKET 3aMEHSThCA / yIAISThCA 110 JOCTUKEHUN HEOOXOAMMON CTENIEH! OYUCTKU MTOYB
U BIIOCJEICTBUU pEreHepupoBaThcs. [lodToMy MeToa MpUMEHUM sl OYUCTKH U
BOCCTAHOBJICHHSI TIOYB W TPYHTOB TIOJ 3JaHUSAMH, IIOCCe, ITyTEIPOBOIAMH,
’KEJIE3HBIMH JIOPOTaMU Kak B CIIydasix JIOKaJIbHOIO, TaKk U 1U((y3HOro 3arps3HEHUs U
JUISL CO3/1aHusl OaphePOB PACIPOCTPAHEHUIO 3arPSA3HAIONINX BEIIECTB.

[ToneBoii SKCTIEPUMEHT MPOBOIMIN B TEUCHHUE TBYX MECSIEB Ha 3arpS3HEHHBIX
TSKEJIIMU MeTaJuIaMu JI€PHOBO-II0130J1aX WIITIOBUAIBbHO-)KEJIE3UCTBIX,
c(OPMUPOBAHHBIX Ha CIOMCTHIX BOJHO-JIEAHUKOBBIX OTJIOKEHUsAX B 5 kM or I'MK
«CeBeponnkenb»y Ha KombckoMm momyoctpoBe. B kauecTBe copOeHTa TSKEIbIX
METaJUZIOB TI0 pe3yJibTaTaM aJCOpPOIMOHHBIX CTAaTHUYECKUX JKCIIEPUMEHTOB OBLI
BbIOpaH BCIy4YeHHBIH BepMHUKYJIUT Mapku C-verad, NOIy4YeHHBI OOXUIOM
IPUPOTHOTO BepMUKYIHTa KOBIOpPCKOro MecTopoxkaeHus, ¢ pazmepoM ¢pakuuii 0.5-
2 MM u miotHocThio 110-140 kr/m’. BepMHUKYINT 3aKiamblBadd B MOYBBI B

* ABTOpEBI OJ1aroJjapHbl KoJuleraM M cryieHTam (axyiprera nousosenenus MI'Y n UIMIIOC PAH,
Y4aCTBOBABIINM B IIPOBCICHUH TOJICBBIX U aHATMTUICCKUX HCCIIeoBaHuit. Pabora mognepxkana 6-oii PIT
EBpocotoza (INCO-CT-2005-013420) u PODU (mpoekt 08-04-01745).
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TOPU3OHTANBHBIX IEPPOPUPOBAHHBIX TpyOax Ha riyOuny 40-50 cm. [ns yBenuyeHus
MOJIBM’KHOCTH CBSI3aHHBIX B BEPXHUX TOPU30HTAX IMOYB TSHKENBIX METAIJIOB U BBIHOCA
UX B 30Hy KOHTaKTa C COPOCHTOM NPUMEHSITN JIOTIOJIHUTEIbHBIE CIIOCOOBI 00pabOoTKU
(momuB Bogoit, 0.01 M pacTBopamu COJNSIHOW WJIM JJMMOHHOW KucHOT). bbln n3yuen
cocTaB TBepaod (da3pl MOuYB  (FPaHYJIOMETPUYECKUM COCTaB, KHUCIOTHOCTD,
KaTHOHOOOMEHHbIE CBOMCTBA, COJAEpIKaHHME YIJIEpOoJa, a30Ta, OKCAaTOPAaCTBOPUMBIX
ATFOMUHUS, XKeye3a, Maprania, noctynHeix coeauHenuit Ni, Cu, Co, Pb, Cd, Zn),
O0TpabOTaHHOTO BEPMHKYJIUTA, TIOYBEHHOTO PAacTBOpa M JU3UMeTpuueckux Boj (pH,
KOHIICHTpAIMK opranudeckoro Bemectsa, Ni, Cu, Co, Pb, Cd, Zn).

OO0paboTka pa30aBIICHHBIMU KHUCIOTAMH OKa3bIBaJla 3aMETHOE BO3JICHCTBHE Ha
pacTBOPUMOCTD TSIKEIbIX METAIOB. [IpuMeHeHue CONSIHOW M JTMMOHHOW KHCIIOT
YBEJIMYMBAJIO KOHLEHTPALMIO HUKEJIS U MEIU B MOYBEHHOM pactBope 1o 10 pa3 mo
CPaBHEHHIO C TIOJIMBOM BOJIOM U KOHTpoJieM. [lon Bo3aeicTBHEM KHCIOT KOJIHMYECTBO
MOOWMIJTM30BAHHBIX TSKEIIBIX METAIJIOB CO BPEMEHEM YBEIMYHUBAIIOCH, YCHIIUBAJIACH HX
MUTpAlAsS B HWKHHE TOPU30HTBHI TOYBBL. ITOT MPOIECC COMPOBOXKIAICS TaKKe
POCTOM KOHIIEHTpALIUN aTIOMUHUS U jKeJlie3a B TOYBEHHOM PacTBOPE U BBIPAKEHHBIM
MOJIKMCIIEHUEM JIEPHOBO-TI0/[30J1a TIPU 00pabOTKE COJISTHOM KUCIOTOM.

CopepxaHue NOCTYNHBIX HUKEIS U MEAM B BEPXHEM IOpU30HTE 00pabOTaHHBIX
KHUCIIOTAMM TIOYB CHU3WJIOCH K KOHILy JKCliepuMeHTa. Pe3ynbTaThl sKcrnepuMeHTa
CBUJIETEIILCTBYIOT O TIEpepaclpe/ieieHU METAJIOB MEXIy pa3uyHbIMU IO
MPOYHOCTH CBS3M C TIOYBCHHBIMH KOMIIOHCHTAMH COCIUHEHUSMH M C TIIyOWHOM.
OnaHako OIS METAJIOB, BHICBOOOJMBIIIMXCS W3 BEPXHUX CJIOEB IMOYBBI B PE3yJIbTATE
KHCJIOTHON 00pa0oTKH, OblTa HEBENIMKA. XOTS CcOJsHas KuciaoTa Oojee 3pdekTrBHA B
MOOUITU3AIUN U TIEPEPACTIPEACIICHUHN TSHKEIBIX METAJIIOB, BEPOSTHOCTD TOAKUCICHUS
MOYB W TMOTEPh OJJIEMEHTOB MUHEPAILHOTO [HTAHUS TIPH €€ HCIOJIh30BAHUU
JIOCTaTOYHO BBICOKH. JIMMOHHAs KUCIIOTAa MOXET ObITh PEKOMEHJOBAaHA B KAaueCTBE
Oojee mMpUEMIIEMOTO HJisi OKPYXAIoLIeH Cpellbl SKCTpareHTa TSsHKENbIX METaJlIOoB,
MTOCKOJIbKY €€ JICWCTBHE OTPAHUYCHO OBICTPHIM MUKPOOHOJIIOTHUECKUM Pa3I0KEHUEM.
O6paboTka BOIOW HE MPHUBEJIAa K 3HAYMMBIM U3MEHEHUSIM B COJICPKaHUU METAILIOB.

BepMukynut coco6er 3pGeKTUBHO CBSI3bIBATh TSKEJbIE METAIbI B MOYBAX U
MOXKET TMPUMEHSTHCS B COYCTAHWM C JAPYTMMU areHTaMH B HEJOPOTUX TEXHOJOTHSIX
OYMCTKHA W BOCCTAHOBJICHUS 3arpsi3HEHHBIX TT0YB. OHAKO B IOJIEBOM JKCIIEPUMEHTE
3HAYUTENIbHASI YacTh TSDKEIBIX META/NIOB HE OblIa IepeXBadyeHa CHCTEMOM
TOPU30HTAIBHBIX NIeppopupoBaHHbIX TPYO ¢ copoenTtoM. Cucrema Cleansoil momkHa
pabortats Oosiee 3(PGEKTUBHO TPU BHICOKMX KOHIICHTPAIUSAX TSDKEIBIX METaUIOB B
MOYBCHHBIX PACTBOpPaX MW HU3KUX CKOPOCTSIX MHIPAIMH, TPH NpeodsiagaHuu
muddy3HOro MexaHuzMa nepemMenieHuss metawioB. Yacras cMeHa copOeHTa Oyner
CIOCOOCTBOBATh HHTEHCUBHOMY CBSI3BIBAHUIO MOJUTFOTAHTOB.

Takum 00pa3oM, ampoOUPOBAHHBIN METO]T IPUTOACH JIJISI OUUCTKH 3arPsI3SHEHHBIX
TSOKEJIBIMA METaJUIaMH TOYB MOJ CYIUECTBYIOIIEH WHQPacTpyKTypod M B ciydae
HIMPOKOTO CIEKTpa MOJUTIOTAHTOB MPAKTUYECKH HE MMEeT ajbTepHaTuBbl. (OIHAKO
METOJ] CIIEAyeT NPUMEHSITh C 0CO000H OCTOPOKHOCTHIO B CBSI3U C BO3MOXKHOCTBIO
TOKCUYHOTO JICWCTBHUS MOOWIM30BAaHHBIX IOJITIOTAHTOB W BBICOKOW BEPOSTHOCTHIO
3arpsi3HEHUs TPYHTOBBIX BOJ, OCOOEHHO MPHU X HErNTyOOKOM 3aJIeraHuH.
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Pa3pa6oTka TeXHOJI0IMH KOMILJIEKCHOT0O MOHMTOPHHIA COCTOSIHMSA JIUTOChephI
BYJIKAHOONACHBIX M ceiicMoaKTHUBHBIX pernoHoB CeBepHoro KaBkasa Ha ocHOBe
BBICOKOTOYHBIX Jeopmorpapuieckux, rpapumerpudeckux 1 GPS/I'VIOHACC

Ha0JII0/1eHHIA.

MustokoB B.K., Muponos A.Il., MscaukoB A.B.

AW MI'Y, JlabopaTopus nazepHoil HHTEpPepoMeTpun.

TexHomorus KOMIUIEKCHOTO MOHMTOPHMHIA COCTOSIHUS JHUTOC(HEphl BYJIKAHOOMACHBIX U
ceiicMoakTHBHBIX pernoHoB CeBepHoro KaBkaza pa3zpabaTbiBaeTcs C II€NbI0 OIICHKH U3MEHEHUS
COCTOSTHUS TUTOCGEPDI, MPOTHO3a KaTacTPO(GUUECKUX MPUPOTHBIX U aHTPOIOTCHHBIX SIBICHUMH,
Pa3BUTHSI HABUTALMOHHBIX CUCTEM.

Cucrema OCHOBaHa Ha KOMIUIEKCHOM HCIIOJIb30BAaHUM PE3yJIbTATOB T'e€O(U3NUYECKUX,
Te0JIOTHYECKUX, TPAaBUMETPUUECKHX, Teoae3ndeckux (Bkitouas crmyTHHKoBbie GPS/T'JIOHACC)
u3Mepenuil. [Ipeanaraemple s pelieHHs 3aJa4ll TEXHHUUYECKHE CpPEACTBA JHOO OTHOCATCS K
JTyd4muM o0pasliaM COOTBETCTBYIOIIEH ammapaTypbl, BBITYCKaeéMOW B MHUpE (BBICOKOTOUYHBIC
rpaBumetpsl ZLS Burris u Scintrex CGS5, aGcomtotnsiii rpaBumetp FG-5, GPS/TJIOHACC
NPUEMHUKH W AHTEHHBI), JHOO IMPAaKTUYECKH HEe HMMeEIoT aHanoroB (bakcaHckuii na3epHbIi
uHreppepomerp-aepopmorpad). Ilmanupyercss co3naHue HOBBIX TEXHMYECKHX CPEICTB U
CTaHIMH HAOJIONEHMS, a TakKXkKe 3aKJIaJKa ITOCTOSHHBIX CETeH /sl TPaBUMETPHUYECKHX U
GPS/TJIOHACC nabmoieHHi B paMKax KOMIUIEKCHOTO MOHHUTOPUHTA.

B pesynbrare BBIMONHEHUs MPOEKTa OYAET cOo3/laHa CTAI[MOHApHAsl CETh KOMIUIEKCHOTO
MOHUTOPHUHIA COCTOSIHUA OKpy:karoieit cpenpl no CeepHomy KaBkasy, cocTosiiasi U3 CTaHLMI
HaOoIeHUsT TUTOChEPHBIX AedopMainii 1 COBPEMEHHBIX JIBIKEHUN 36MHON KOPBI CPEeICTBAMU
JUIMHHO0A30BOM MHTEppEpOMETPUN M CIYTHHKOBOH HaBUTAlMH, KOTOpass (HOpMHUPYET HOBYIO
TEXHOJIOTMI0O MOHUTOPHMHIAa M KOHTPOJS OKPY’KAIOLIEW cpenbl. PermoHanbHas ceTb CTaHLUN
GPS/TJIOHACC Oyner BximtoueHa B [ocymapcTBeHHYIO ClykOy BpEMEHH, 4YacTOTHI U
onpeneneHusi napametpoB BpamieHus 3emiu (I'CBY) u B mocneayromieM HWHTErpUpOBaHA
esponeiickyto cuctemy EPN (EUREF Permanent Network). Bymer Ttakxke co3maHa
perHoHaNbHAS OMOpHAsi CeTh IYHKTOB aOCONIIOTHON TpaBUMETPHH, CO3JaHbl Ha HOBOM
TE€XHOJIOTMYECKOM YPOBHE MOJUTOHBI BRICOKOTOYHOW T'PAaBUMETPUU AJISl PEKHUMHOIO KOHTPOJIS
HENPUIUBHBIX BapHALUN CUIIBI TSDKECTH, PUBS3AHHBIE K aOCOIOTHON OMOPHOM CETH.

B pesynbrate BBINOMHEHHS HACTOALIEH pabOTHl OyIyT IOJNyd4eHbl HOBBIE 3HAHUSA O
COCTOSIHUM M XapaKTEpUCTHKAX JINTOCHEphl U €€ IAUHAMHKH, BBISIBICHBI U IOJIyYEHbl OLIEHKU
PErMOHANBHBIX 30H KOHIICHTPALMU HANpPsOKEHWH U JedopManuid, BBISBICHBI nepudepuyeckue
OJM3MOBEPXHOCTHBIE MarMaTHYECKHE KaMepbl M MUTAIOIME MX IJIyOMHHBIE OYard I0J
«CISIIMMK» BYJKaHAMHU B Ipefenax OIbOPYyCCKOrO BYJIKAHHYECKOTO IIEHTPA, H3y4YEHBI
MeXaHU3Mbl coBpeMeHHoro JBuxkeHus CeBepHoro Kaskaza. Ha ocHOBe mosiyuyeHHBIX 3HaHUMN
OyAyT HOCTPOEHbI T'€OJMHAMHYECKHE MOJEIN PErMOHOB MCCIIEJOBAHUS U HMPOTHOCTUYECKHE
MOJICI PA3BUTHUS TPHPOTHBIX KAaTaCTPO(PHUUECKHX TIPOLECCOB U sBieHHWHA. llomydeHHbIe
pe3yJbTaThl HAayYHBIX MCCIENOBAHUN OyayT TakKe MCIOJb30BaHbl JJIS COBEPLICHCTBOBAHMS
METOJI0OB U3MEPEHUH U BBIPAOOTKH ONTUMAJIbHBIX METOJOB X MaTeMaTH4eCKOW 00pabOTKH.

OCHOBHBIMU ~ pe3yJibTaTaMH  MPHUKJIAJHOTO  XapakTepa, BbIJABa€MbIMM B  XOJ€
(YHKIMOHMPOBAaHUS  pa3pabaTblBaéMOl  PErMOHAJBHOW CHUCTEMBl MOHUTOpPHMHra, Oyjaer
pa3paboTka METOJOB KOHTPOJII YCJIOBHM CTPOMTENBCTBA M JKCIUIyaTallUM  CJIOXHBIX
TEXHUYECKUX COOPYKEHMH B pPETHOHE, BKIIOYas TUAPOTEXHUYECKHE Y3Jbl, KpYyIHbIE
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IPOMBIIUIEHHbIE OOBEKTHI, KypOPTHO-TYPUCTUYECKUE KOMIUIEKCHI. [lomydeHHble pe3yJsbTaThl
OyAyT MCIIOJIB30BaHbI B 33/1a4ax MPOrHO3a U3MEHEHUH OKpY Karollel cpe/ibl U KIMMara.

Co3mana 0aza a1 KOMIUIEKCHOTO MOHHTOPHHTA reo(u3uyeckod OOCTaHOBKHM paiioHa
ByJKaHa OnbOpyc M reoanHamMuki CeBepOKaBKa3CKOTO PErHMOHa Ha OCHOBE TEXHOJIOTMU
GPS/TJIOHACC. Cucrema mpenmoyiaracT JajlbHEHIICe pa3BUTHE C IMOSBICHHEM HOBOTO
000py/IOBaHUS M CO3JAHUEM HOBBIX CTAHIIUI HAOIIOICHHS.

B pa3paboTke npoekTa yuyacTBOBAJIU:

Cotpynnuku Jlabopatopuu nasepHoit uHTeppepomerpun AU MI'Y u kadenps
HEOECHOM MEXaHUKH, AacCTPOMETPUM U TPAaBUMETPUM  ACTPOHOMHMYECKOTO  OTJIEJICHUS
®dusnueckoro pakynprera MI'Y:

MunrokoB B.K., 3aB. mabopartopueii, 1.¢.M.H.;
Muponos A.Il., M.H.C.;

MscaukoB A.B., H.C.;

Kapos B.E., 3aB. kadenpoii, 1.¢.M.H.;
Komaes A.B., x.¢.M.H.;

FOmkun B/, H.c.
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Nnaroctpamnmu.

Puc. 1. Mexanuyeckasi, BaKyyMHasi cHcTeMa M O0O0mMid BHJ CBETONPOBOJA
uHTepdepomerpa bakcanckoro sasepHoro mHreppepomerpa: (a) 1 — He-Ne mnazep; 2 —
Tejeckonuyeckass cucrema; 3, 4, 5 — cuabdoHbl; 6, 7 — BakyyMHble KaMmepbl; 8 —
HEBAKYYMHUPOBAHHbIN CBETONPOBOA; 9 — BaKyyMHPOBaHHbIH cBeTonmposoa.; (0) 1 —
CBeTONPOBOI; 2 — popBakyyMHbIil Hacoc; 3 — nudPy3MoHHBbIN Hacoc.
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Puc. 2. Cerb cranmoHapHbIX cTaHuuid HaOmwogenus cnytHukoB GPS/TJIOHACC
peruoHaJbLHOI ceTH MOHUTOPHHIA COBPEMEHHBIX TEKTOHHYECKHX IBHkeHUIl CeBepHOro
Kaska3za (Northern Caucasus deformation array, NCDA); peiicTBywomue craHuum (a)
ZECK - 3enenuykckas, Bbicota 1175 m; (6) TRSK — TepckoJ, Beicora 3100 m; (B) KISL —
KucaoBoack, Bbicota 2100 m; (r) VLAD — BaaaukaBka3 Bbicota 700 m; (1) KONI —
Kyprarunckoe ymense (CeBepnassi Ocetusi), c¢. Konu, mnjomagka mMeTeocTaHINH,
ocHameHHOM WMHTepHeTOM, OJHO M3 BO3MOKHBIX MECT pa3sMeIlICHHs CTAalHOHAPHOM
GPS/TJIOHACC cranmnum.
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s Malchlk

Chegem Fervyy
0 E[43:30

Puc. 3. GPS/TJIOHACC wu rpaBuMerpuyeckux HaOmwaenusi: (a) bakcanckmii
rpaBUMeTPUYECKUl MOJMroH ot r. bakcan no r. Dab0pyc (B BepXHeM NPaBoOM YIiy),
crpejikaMu  ykazanbl 8 wu3 16 coBmemeHHbix mnyHkTOB GPS/TJIOHACC wn
rpaBuMeTpu4eckux Ha0aoaennii; (0) KoHTpoIb yc/I0BHIl CTPOUTENBCTBA U IKCILTYATANMHI
3apamarckoii '9C B CeBepHoii Ocerun (o0mmii Bua, Mmapt 2009 r.) Ha 0CHOBe TEXHOJIOTHH
GPS cbemMKH U reoe3n4eckoro MOHUTOPHHTIA.

Puc. 4. Ha6woaenus: a6coaoTHbIM 0autuctudeckuMm rpasumerpom FG-5 (HHUUT AuK)
HA MYHKTe NoJA3eMHO# reoguHammuyeckoit bakcanckoi o6cepparopun AU MI'Y.
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XnagareHTbl M npobnema 3Konorn4yeckom ©Oe3onacHoOCTU
OKpyXxamwlLien cpeabl

[Toxazees K.B. (1), babakun b.C. (2), Boponun M.J. (2). Yammuna T.O. (1),

MockoBckun [ocygapcTBeHHbIi  YHuBepcuteT uMm. M.B. JlomoHocoBa, ®usmyeckui
drakynbTeT, Kadeapa pusmku Mmopa 1 Bog cywm (1)

MockoBckui TocyaapcTBeHHbI YHuBepcuteT lNpuknagHon buotexHonorun, dakynsteT
XONoAUITbHON TEXHUKN N TEXHOMNOTNN (2)

DKonoruyeckue npoodaemMsl, BCTaBIIME MEPE]] YETOBEUECTBOM BO BTOPOIl MOJOBUHE
20 Beka, SBISAIOTCA NPEIMETOM 03a00YEHHOCTH BCETO MHPOBOTO  COOOIECTBA.
Heo0xo1uMOCTh MX pelieHHs] MpeanoiaraeT OObEeIUHEHUE YCWIMM MEXIyHapOJHOro
COOOILIECTBa, PAa3BUTHE MEXIYHAPOJHOIO COTPYAHMYECTBA B  IENIAX  OXPaHbI
OKpYy>Karoleld npupogHOW cpenbl. B Hamie BpeMsi 0ocoOyr0 ONAacHOCTh IMPHOOPETAroT:
paspylIeHHe MPHUPOIHBIX HKOCHCTEM, BBIOPOC MAPHUKOBBIX Ta30B, HEIOCTATOK U
3arpsi3HEHUE MPECHOM BOJbl, HICUE3HOBEHHE JIECOB U ONYCTHIHUBAHUE, POCT YHCIEHHOCTH
HaceJIeHMsI, 3arpsi3HeHHWE BO3[yXa, Jerpajalus IOYB M HKOCUCTEM, XUMHUYECKOE
3arpsi3HEHUE, MCTOLIEHUE O30HOBOI'O CJIOSl, WCTOIIEHHE IPUPOAHBIX PpECYpPCOB U
HapyIIeHHE TI00abHBIX OMOT€OXUMUYECKHIX IIUKIIOB.

Kpyr BompocoB, OCBEIIEHHBIX B JaHHOW paboTe, OXBATHIBAET M3yuEHHE MOJENIeH
r7100a7bHOTO JKOJIOIMYECKOro KpH3UCa, MEXaHU3Mbl M3MEHEHUH KinMaTa, MpoOiIeMbl
O30HOBOTO  CJIOSl, TAPHUKOBBIA S(PQEKT, BO3ACHCTBHE HA OKPYKAIOIIYI0 Cpexy
XOJIOAWJIHLHOM TEXHUKM W TEXHOJOTWM, pa3paboTka o0pa3lioB 3HEprocOeperaromieit
XOJIOJMJIBHOM TEXHHUKH, paboTarollel Ha aJbTepHATUBHBIX 030HOOE30MAaCHbIX BEIECTBAX,
Y TEXHUYECKUX CPEJICTB CEPBUCHOIO OOCITY>KUBAHUS XOJIOAUIBHBIX CUCTEM.

AHanan3 HMCTOPUM O30HOBOIO KPHU3UCA, MHOTOYMCIIEHHBIX 3KCHEPUMEHTAJIBHBIX U
TEOPETHUUYECKUX MCCIIEIOBAaHUM IOKa3al, YTO HapsAQy C aHTPOIOT€HHBIM BO3JCHCTBHEM,
CBA3aHHBIM C IPOMBIIUIEHHBIM IPOU3BOJACTBOM  O30HOPA3PYIIAIOLUINX  BEILECTB,
ONpENENSIOMA  BKIaJd B M3MEHYMBOCTH O30HOBOTO CJIOS BHOCAT €CTECTBEHHBIE
reopusnyeckue  mpomecchl. [IpuBeneHsl  qOKa3aTeNbCTBA  OONBIIOTO  BIWSHUS
€CTECTBEHHBIX HM3MEHEHHMH KJIMMaTra Ha cTparocepy M O30HOBBIM ciod. BsinmonHeH
aHaJu3 pa3InYHBIX BAPUAHTOB IPEJOTBPAILEHUS TI100aIbHOTO U3MEHEHUS KIIMMara.

Hamu Obul  mpoBeleH aHanu3 BIUSHUSA —XJIQJareHTOB U KOHCTPYKTHMBHBIX
O0COOEHHOCTEN XOJIOJWJIBHBIX CHCTEM Ha OKpyXkKatouryro cpeay. Cpean BeILEeCTB,
OKa3bIBAIOIMX BIIMSHUE HA 030H, 0COOYIO0 pOib UrparoT xjopdropyrieponsl (XDPY) u
runpoxsoppropyriaeponsl (I'XDPY) — BemecTBa, MMPOKO HCIONb3yEMble B KauecTBE
MEHOO00PA3yIOIINX MaTepHaoB, XJIaJJar€HTOB, a’po30JIeH, pacTBOpUTENEH.
ANbTepHaTUBON 3aMEHSEMbIM XJIAZIOHAM SBIISIOTCA NPUPOAHbIE paboune BeEIecTBa:
aMMUaK, YTJIEBOAOPOAbl, JUOKCHJA YIJEpoJa, BOJA, BO3AYX, MCIOJIb3yEMBIE YyXKE B
XOJIOAWIILHON TEXHUKE.

B pabore mnpoBeneH aHamus COBPEMEHHBIX pa3pabOTOK IO CO3JIaHUI0
QIbTEPHATUBHBIX  030HOOE30MACHBIX  BEIIECTB, YIOBJIETBOPSIONIMX  TPeOOBAaHUAM
MEXIYHAPOJHBIX COTJIAIICHUH, M OOOCHOBaHA II€IECO00PAa3HOCTh HMX MPUMEHEHUS.
OpHako criemyeT yd4ecTb, 4YTO O€CHOpsIOUYHBIA MEPEeXo]l Ha MPUPOAHBIE XJIAJAAareHTHI
B3aMEH XJIAJJOHOB IpHUBENET K OOJBIIMM SKOHOMUYECKHM HOTEPSIM. DTOT IPOLECC
JOJDKEH OBITh TOAYMHEH ONpEIeNeHHOW CTpaTerud, pa3pabOTaHHOM BeLyIIMMHU
CHEIHMATNCTaMU B 00JIACTH XOJIOAWIHHON TEXHUKH.
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CoBpeMeHHOE TMPOU3BOJACTBO HCKYCCTBEHHOTO XOJOJa SBJSETCS OJHUM U3
OCHOBHBIX MOTPEeOUTENEH BBICOKOMOTEHIIMAIbHOM HHepruu. Ha om0 XomoauibHOM
MPOMBIIIIEHHOCTH pUXoauTcs 15 % mupoBoro norpedienus nekTposnepruu. [loaromy
Cpeay BaXXHEWIINUX TEHACHIMU JalbHEHIIEro MNporpecca COBPEMEHHOM XOJOAWIbHON
TEXHUKHU U TEXHOJIOTHH 3HAYUTENbHASL POJIb PUHAJJICKUT YMEHBIIICHUIO YHEpro3aTpar Ha
MOJIy4eHHE HCKYCCTBEHHOTO XOJIOJla M CHID)KEHHME TOTeph MpU ero morpedmenuu. s
XOJIOAWIHLHON TEXHUKU U TEXHOJIOTUU XapaKTEPHO CPABHUTEIHLHO MEJJICHHOE IPOTEKaHUE
MIPOIIECCOB TEIUIO- U MAacCOOOMEHa B XOJOAWJIBHBIX CHUCTEMax U MPU KOHCEPBUPOBAHUHU
MUIIEBBIX MPOIYyKTOB. OCHOBHBIEC HAIIpaBJICHUS PEILIECHUs 3TOM MpobiieMbl — pa3paboTka
METOJIOB U CPEJICTB, HHTCHCU(PHUIIMPYIOUTUX TEIJI0- 1 MacCOOOMEHHBIE MPOIECCHl KaK Ha
CTaJuU TIPOU3BOJICTBA UCKYCCTBEHHOTO X0JIOJIA, TAK M HA CTAJUHU €ro MOTPEOJICHHUS.

Opnum u3 Hambonee 3(PGEKTHUBHBIX W BO3MOXHBIX pEUICHUN MpH pa3paboTke
SHEProcOeperarNieii XOJOAWIBHON TEXHUKHM ¥ TEXHOJIOTHH SIBJISIETCS COBMECTHOE
NPUMECHCHHE TPAIUIMOHHBIX W JJIEKTPOPU3HUECKHUX METOZIOB B  XOJIOJUJIBHOM
MIPOMBIIIJICHHOCTH. TEXHOJIOTMH, OCHOBAHHBIE HA AJIEKTPOPUINUECKUX METOJaX, UMEIOT
pSAI IPEUMYIIECTB MO CPaBHEHUIO C CYIIECTBYIOIIMMHU TEXHOJOTHSIMHU, CPEIU KOTOPBIX
CIIelyeT OTMETHTh Myl JHEPrOeMKOCTh, IKOJOTHUYECKYI0 OE€30MacHOCTh M BBICOKYIO
s dextuBHOCTh. MCMoONb30BaHWE JJIEKTPOKOHBEKIIMU TO3BOJIIET HHTECHCU(DHUIIUPOBATH
TEMI000MEH ammapaToB M CHU3UTh MX dHepronorpediienue. Mcnonb3oBanue B cucteMax

KOHJUIIMOHUPOBAHUSL  DJEKTPOPHU3NYECKUX  METO/OB no3BoyisieT 3G (HEKTHBHO
OCYIIECTBJIAITh OUYMCTKY BO3JyXa OT MEXaHUYECKUX B3BeCE W MHUKPOOPTaHHU3MOB.
Hcmonb30BaHue  AIIEKTPOKOHBEKIIHH B MOPO3WIBHBIX ammaparax I03BOJIHIO

MHTEHCU(UIUPOBATh MPOLECCHl XOJOAMWIBHON 00paOOTKM MUIIEBBIX MPOIYyKTOB. Bbuin
pa3paboTaHbl 00pa3ibl XOJIOIUIBHOW TEXHUKH, YIOBJIETBOPSIOLIUE 3TUM TPEOOBAHUSM.

[lepcrieKTUBHO MPUMEHEHHE 3JIEKTPOTEXHOJIOTMM B BCIOMOTATEIBHBIX amnmaparax
XOJIOIUIBHBIX CUCTEM (MACIOOTACIUTEIH, OTICIUTENN KUIKOCTH U Jip.). HOBBIM 3Tamnom
pa3BHUTHS AIIEKTPOTEXHOJIOTHH SIBIIsIeTCs pa3paborka DI'JI-cucteM v Ha UX OCHOBE HOBBIX
TUIOB  KOMIIPECCOPOB, HACOCOB, BEHTWJIATOPOB, ammapatoB JUisl  XOJIOJUIBHOMN
MPOMBIIIJICHHOCTH.

ITo mMarepuanaM gaHHOW pabOTHl OBUIO W3JaHO y4eOHOE MocoOue «DKOJIOTHS U
xojonuipHas TexHuka». [locobue pexomennoBano YMO P® B obisactu TpaHCHOPTHBIX
MallMH U TPAHCHOPTHO-TEXHOJOTHYECKUX KOMIUJIEKCOB B KayeCTBE Y4YEOHOro mocoowus
JUIsL CTYZICHTOB BY30B, 0Oy4aromuxcs 1o cneruanbHoctu 190603 «CepBuc TpaHCHIOPTHBIX
U TEXHOJIOTHUECKHUX MAIINH 1 000py1I0BaHUS (XOJIOAMIbHBIE YCTAHOBKH, 000PY/I0BaHUE U
CHUCTEMBbl KOHJAMIIMOHUPOBAHUS)», HampaBiaeHuss noarotoBku 190600 «IDkcrutyaramus
HA3eMHOI'0 TPAHCIOpTa M TpaHCHOpPTHOro obopynoBaHus», YMO P® B obnactu
SHEPreTUKU U DJICKTPOTEXHUKHM B KadyecTBE y4yeOHOro MocoOusi AJsi CTYJCHTOB BY30B,
oOyuaromuxca 1o crneudanbHoctd 140504 «XonoaunbHas, KpUOTE€HHAs TEXHUKA U
KOHIUIMOHUpOBaHue», YMO P® B 06;1aCTH TEXHOJIOTHH CHIPbSI M TPOTYKTOB >KUBOTHOTO
MPOUCXOXKICHHUS B KaUeCTBE YU4eOHOro MocoOus JiJIsl CTYACHTOB By30B, 00yYaloOUIuXcs Mo
crienuaiabHOCTIM 240902 — mmmeBas OmorexHonorus, 260301 — TexHomorus Mmsca u
MSICHBIX TPOIYKTOB, 260303 — TeXHOJIOrMsl MOJIOKA ¥ MOJIOYHBIX MPOAYKTOB.

[Tonmyyeno 200 aBTOpCKUX CBUACTENbCTB W MNMareHTOB P®, Hampumep, MaTeHT
P®N2145407, Ne2295393 u np.
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AHOMAJIMY TPABUTALMOHHOIO 110JIs1: HA0IIOCHHUS M HHTEPIpeTalus.
Apxos M.B., Konaes A.B, Kapos B.E., Kypunosuu b.M.

I'paBuTanmoHHas pa3Beaka (MM TpaBUpa3BeKa) SBISIETCS OJHUM U3 METOOB
UCCJIEIOBAHMSI T'€OJIOTUYECKOTO CTPOEHHUS BEPXHUX CJIOEB 3€MJIM, IOMCKOB M pPa3BEIKU
HOJIe3HBIX HCKOMaeMblX. OHAa OCHOBAaHA HAa M3YYEHUHU CBOMCTB IOJI NPUTSHKEHUS, HICTOUHHUKOM
KOTOpOTO SIBJISIFOTCS MAacchl TOPHBIX MOpoA. Pa3Huna B MX IJIOTHOCTU SIBISIETCS OCHOBHOM
HPEANOCHUIKON YCIIEIIHOTO MPUMEHEHHsI IPaBUTALIMOHHOTO METO/1A.

Be/MumHa CHITBI TSOKECTH Ha 3eMHOM MOBEPXHOCTH M3MeHseTcs oT 9,78 m/c” Ha SKBaTOpe
110 9,83 M/c’ y T0TEOCOB. B TpaBHMETpHH HCIIOTB3YIOTCS APYTHE IMHHIb 3Mepennit — 1 Tar
(107 m/c?), nasBannas B uecth Lammreo Fammest m 1 MTan (107 m/c?). B MukporpaBuMerpun
TPaAUIIMOHHO UCIIONb3yeTcs eauHuna 1 Ml an (10'6 Can umm 1078 M/Cz, ~10 '9g).

I'paBupa3Beka aKTMBHO MpPUMEHsSIETCS [ TOMCKOB M pa3BeIKH HEOONbIINX
AHTUKJIMHAJIBHBIX CTPYKTYP, MEPCIEKTUBHBIX HA HE(Th U ra3, 30H pa3yIUIOTHEHUs] U3BECTHSAKOB
WIM JAPYTUX NOPOJ, NMpHU MOUCKAX PYIHBIX U HEPYIHBIX MECTOPOXKIEHUH. DTOT METOJ JaeT
HaJIe)KHbIE MPOTHO3bl HE(YTEra30HOCHOCTH TEPPUTOPUI MO KOJUYECTBEHHBIM M KaYECTBEHHBIM
IpU3HAKaM B MUKPOCTPYKTYpE I'PaBUTAL[MOHHOTO MHOJIS. Y CIEIIHOMY PELIEHUIO0 PETHOHATBHBIX
3aa4 CIOCOOCTBYIOT 3HAYUTEIbHBIE aMIUIMTYJIbl aHOMAJIUM, YBEPEHHO BBIJENsAEMBbIX Ha (hoHe
TCOJIOTUIECKHX ¥ W3MEPHUTENBHBIX TIOMEX; HalIW4yhe CyOBEepTUKAIBHBIX TpaHMIl pa3ena
IUIOTHOCTH; BO3MOXKHOCTb alMpPOKCUMAIMH T'€0JIOTHYECKUX 00BEKTOB OTHOCUTENIBHO MPOCTHIMU
F€OMETPUUECKUMHU TEIaMH.

MukporpaBuMeTpus, Kak OTIEIbHOE HalpaBlIeHUWE B TpaBUpa3BelKe, SBISAETCA
NEPCIEKTHBHBIM METOJOM HHXCHEPHOH reo(u3uku, BecbMa S()(EKTUBHBIM JJIs TOHMCKA
OJIU3MOBEPXHOCTHBIX PA3yIUIOTHEHUI (TOJNOCTH, KapcTbl, MHMKpopasiomsbl). Tak, momnocts,
3allOJIHEHHAs BOJOW W TECKOM (THIMYHOE KapCTOBOE OOpa3oOBaHME), CO3/ACT MEHBIIHHA
I'PAaBUTALIMOHHBIMN 3¢ (eKT, ueM BO3IyIIHas MOJIOCTh (3a0pOLICHHBIM IMOA3EMHBIA X0 WM
nojBan). MUKpOrpaBUMETPUUECKHIN METO]] 3aKJII0YAETCS] B U3MEPEHUU OUYEHb MaJIbIX Bapualluid
IPAaBUTALIMOHHOTO MOJS 3€MJIM M MHTEPHpPETallMd HUX KaK MPOSBICHUM MajblX IHOJ3E€MHBIX
pasymioTHeHUH. ['paBUTAallMOHHBIE AHOMAJIWHU, CO3JaBacMble TaKMMH OOBEKTaMH, He
O0OHapy’KUMBI NIPH IOMOIIM OOBIYHBIX I'PaBUMETPUUECKUX CHEMOK, IIOCKOJIbKY OHU «TOHYT» B
3HAYUTEIHHO OOJBIIMX AHOMAJHIX, BBI3BAHHBIX M3MEHEHHEM BBICOT, IUIAHOBBIX KOOpAMHAT,
HNPUTSHKEHUEM PA3JIMYHBIX I'€OJIOTMYECKHX OOBEKTOB M penbeda. MUKpPOrpaBUMETPHST MOXKET
UCTIOJIb30BaThCsl B KOMILJIEKCE C TPAIUIIMOHHBIMU METOJaMU MHKEHEPHOU IeO(pU3UKH, TAKUMU
Kak ceicMOpa3Be/iKa, IEKTPOpa3BeKa M reopajap, UMesl psj JOCTOMHCTB IO CPaBHEHHIO C
HUMHU. DTO OTHOCHUTEJIBHO HU3Kasi CTOMMOCTb, OTCYTCTBHE AKTHBHBIX BO3JECHCTBHUI Ha TPYHT U
HEUYBCTBUTEIBHOCTh K 3JIEKTPOMAarHUTHBIM M MHKpocedcMudeckuM mnomexam. OObluHON
NPaKTUKOM NP BBISBICHUHM ONACHBIX OJIM3MOBEPXHOCTHBIX Pa3yIUIOTHEHUH sIBIsieTcs OypeHue
CepUH CKBAKMH Ha IUIOUIAJU, HPEJHA3HAYCHHOH IMOJ CTPOUTENbCTBO. lcmonbp3oBaHue
HEMpSIMBIX M Hepa3pylIalonMX reo(U3NYecKUX METOAOB, HAalpuUMep, MHUKPOTPaBUMETPUU U
reopajgapa 0OXOAMUTCS HAMHOIO JelIeBje, OypeHHue HCIOJIb3yeTCs JUIIb AJIS HOATBEPKICHUS
00Hapy KEHHBIX MOTEHIMAIHHO OMACHBIX 00BEKTOB.

I'AUII MI'Y pacnionara€T BRICOKOTOYHBIMM aBTOMAaTUYECKUMH MHKPOIPOLIECCOPHBIMHU
rpaBumerpamu Scintrex CG-5 ¢ paspematomieit ciocodroctpio 1 MxI'an. Tounocts npubopos
mo AaHHBIM CheMOK ce30HOB 2005-2009 rr. (MockBa u IloamockoBwe, TBepckas 00JacTh;
[Ipusneopycre; Kamuarka), cocraBmser 2-5 Mmklan. KoopanHaTHas OCHOBa BBICOKOTOYHBIX
IPaBUMETPUUECKUX HAOMIOJEHUN oOecreurBaeTcss KOMIUIEKCOM CTAllMOHAPHBIX U MOOMIIBHBIX
GPS/TJIOHACC-npuemnukoB Topcon u Javad, taxxke umeromuxcs B AN MI'Y. O6pabotka
HaOJII0/IEHUI BBIMOIHAETCS ¢ MOMOLIBIO JUIIEH3MOHHBIX MPOrpaMMHBIX KoMIulekcoB Pinnacle u
Bernese, 4to mo3BosisieT ONpeneisaTh KOOPAMHATHI IYHKTOB C MWJUIMMETPOBOM TOYHOCTBIO.
['eonmornyeckass MHTEpHpeTalnus pe3yIbTaTOB BBINOIHIETCS IPU IHOMOIIM JIMIEH3MOHHOIO
naketa nporpamm Oasis Montaj.
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JTazepHbIn on-line ceHcop 3arpsaA3HeHnn NPUPOAHLIX BOA,
NCMONb3YOLWNNA POTOCUHTEINPYIOLLIME OPraHN3Mbl B Ka4ecTBe
dniyopecueHTHbIX BUONHOMKATOPOB

['octeB T.C., Ky3pmunoB @.1., Moucees C.A.

®dusnyeckmn pakynotet, MY umenn M.B. JlomoHocoBa

Hcmonb30BaHNEe  €©CTECTBEHHBIX KOMIIOHGHTOB JKOCHCTEMBI B  KAaueCTBE
UMHIUKATOPOB €€ COCTOSIHUSl —sBJIsAeTCcs Hauboyiee COBPEMEHHOHM cTparerueit
HKOJIOTUYECKOTO MOHMUTOPHHTa. bonblive BO3MOXHOCTH i OWOMHAMKAIIUU
MPEACTaBISAIOT  (POTOCHMHTE3UPYIOIIME OpraHu3Mbl —  Ojarojapst  BBICOKOM
YYBCTBUTECIILHOCTH K UW3MCHCHHSIM B OKDPYXAIOIIEH CHCTEME: MPHUCYTCTBHIO
3arpsi3HATENEH, KIMMAaTUYECKUM H3MEHEHHUSIM, HW3MEHEHHIO CBETOBOIO peXuMa.
Bmecte ¢ Tem, (dorocuHTE3MpYyIOIME OpPraHU3Mbl — BECbMa CJOXKHBIM IS
UCCIIEIOBAaHUsI OOBEKT, W BBISBJICHHUE IMMapaMeTPOB (POTOCMHTETHUYECKOIO arapara,
HanOoJIee YyBCTBUTEIBHBIX K M3MECHCHUIO BHEIIHUX YCIIOBUH, a TaKXKe KOMIUICKCHOE
UX U3MEPEeHHE B on-line pexxuMe 70 CUX MOP MPEACTABISIET TPYIHYIO 3a1a4y.

B paGore nmoka3zana TpUHNOUNUATBHAS  BO3MOXXHOCTh  MCIOJB30BaHUS
¢UTOINIAaHKTOHA B KadecTBe on-line ceHcopa 3arpsA3HEHUN TPUPOIAHBIX BOJ —
BO3MOXHOCTb, OCHOBaHHAasi Ha HOBOM TOJXOJ€, UCHOJb3yoImeM ¢(oTodhusnueckue
napaMeTpsl MOJIEKYJIBI ~ XJIOpOGWIIa g, KOTOpPhIE ONPENEISIIOTCS METOJ0M
HeMMHEWHON na3epHOd (GayopuMmerpun. OHWUM H3 OCHOBHBIX OTJIMYUH JTaHHOUN
METOJIMKH OT CYIIECTBYIOIIMX KIACCUYCCKUX (HE JIa3ePHBIX) ONTHYECKUX METOJIOB
UCCJIEIOBaHUS ¥ MOHHMTOPHHIa (POTOCHMHTE3UPYIOIIUX OPraHU3MOB  SIBJISIETCS
BO3MOXHOCTb OTPEJEICHHs] IMapaMeTpOB Ha MOJEKYJIsIpHOM YypoBHe. [[pyras
CYLIECTBEHHAs: 0COOCHHOCTbh METOJa HETMHEWHON (pryopuMeTpun — mapajuieNbHOe
ofpeziesieHre 10 YeThipeX (HOTOPU3NYECKUX MapaMeTPOB 3a OJJHO U3MEPEHUE.

B ocHoBe maHHOrO MeTOoAa JEXKHT HCIOJIB30BAHHE HMITYJIHCHOTO JIa3€PHOTO
W3JTyYCHUST BBICOKOW TUIOTHOCTH MOIHOCTH I BO30YXKICHHUS (DIIyopecIieHITuN
Mouiekyll xjopodusuia a. Ilpu 3ToM B (POTOCHHTETHYECKOM ammapare MpOsBIISIOTCS
dhoTodpusznueckre 3GdEKTh, He HAOIIOAAEMbIC B JPYTHX METOJaX B CBS3M C HU3KOM
TJIOTHOCTHIO TIOTOKA BO30YXKIAIOIIEr0 W3IMyUYeHUs, TaKue, KaK CUHTJIET-CHHTJIETHAs
AHHUTWISANNS BO30YKJIEHHBIX COCTOSHUI MOJICKYJT XJOpopuiUia d, ¥ JUHAMHUYECKOE
oOeTHEHME HX OCHOBHOTO COCTOSIHMS. OTH 3(G(EKThl TPUBOIAT K TOMY, YTO
3aBUCUMOCTh MHTEHCHUBHOCTHU ()JIYyOPECUECHIIMU OT WHTEHCHUBHOCTH BO30YXKIAIOIIETO
W3TYUYEHHs] CTAHOBHUTCS HEIMHEHHOW — HaOII0IaeTCsl HACBIIICHHE (DIyOpEeCCHIIHH.
DKCTiepUMEHTaIbHasT KpPUBas, OTpakaromias 3Ty 3aBUCUMOCTH, HA3bIBACTCS KPHUBOU
HachlIleHne (ITyOpEeCICHIINH.

B paborte omucana Mopenb (IyOpECIEHTHOTO OTKIUKA (POTOCHHTETUYECKOTO
ammapaTa Ha MOIIHOE HWMIYJbCHOE Jla3epHOe wu3imydeHue. KpuBas HachIeHUs
OTpe/ieNIIeTC 3HAYCHUSMH YeThIpeX OOOOMIEHHBIX (Ka)Ibld U3 HUX XapaKTepU3yeT
Cpady HECKOJbKO Ppa3JIMYHBIX TPOIECCOB) MOJEKYJISIPHBIX  (HOTOPU3NIECKUX
MapaMeTpoB: ¢ — CeueHUe BO30YKACHHS MOJIEKYJ XJIopoduiuia a, 7 — BpeMsl )KU3HU
WX BO30YKIEHHOTO COCTOSIHUS, n, — MaKCHUMalbHasi CKOPOCTh CHHIJIET-CUHTJIETHON
AHHUTWIIALMK  BO30OYXKICHHBIX COCTOSIHMM MOJIeKyn xjopopuwmia a, @,
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HOPMHUpPOBaHHasi MHTEHCUBHOCTH (IyOpPECIEHLIMH B OTCYTCTBUE HAChIIIeHHA. B
NPEIBIIYIUX padoTax TMOKa3aHa BBICOKAS YYBCTBHTEIBHOCTh ATHX MApaMeTPOB K
COCTOSIHUIO (DOTOCUHTETUYECKOTO anmnapara.

Jis  JeMOHCTpaluu  MPUHIUIHATBHOW  BO3MOXXHOCTH  HCIOJIb30BaHUS
(GUTOIIAHKTOHA B Ka4eCTBE OMOMHAMKATOPA 3arps3HEHUN MPHUPOJIHBIX BOJ, B paboTe
ObUIM TMPOBEACHBI JTA0OPATOPHBIE SKCIEPUMEHTHI O OMNPEEICHUIO MOJEKYISPHBIX
dotodpuzuueckux mnapameTpoB Bojaopocieit Chlorella pyrenoidosa B mpucytcTBum
repourmaa auypoHa ¥ MOHOB Meam Cu’’ B pasIMYHBIX  KOHIIGHTPALWSX.
OKcIleprMEeHTaIbHAs yCTaHOBKA WCMONB3YeT I BO30YXKIEHHUS TBEPIOTEIHHBIN
MMITYJIbCHBIH JIa3ep CO CIEeAYIOUUMU MapaMeTpamMu: JIUTEbHOCTh UMIYJIbCOB — 20
HC, JUIMHA BOJIHBI M3JIydyeHUs — 532 HM, 3Hepruss B umnyiabce — a0 10 mJDx.
[TnoTHOCTH MOTOKA (POTOHOB B BO3OYXIAIOIIEM M3ITyYCHUH MOXKET BapbUPOBATHCS OT
102 o 10° cm?c'. Humxe MPUBEAEHBI AKCIIEPUMEHTAJIBHO OMNPEACIICHHBIE
doTtoduznueckue napaMeTpsl KJIETOK (DUTOIIAHKTOHA.

O6paseun T,x10"™c | o, x10"¢cm? | yn, x10%2¢?
KoHTponb 180 2,2 2,6
Cu®10°* M 210 2,1 1,6
DCMU 107 M 460 1,8 0,8

3nauenus pomoguzuuecxkux napamempos Chlorella pyrenoidosa 6 npucymcmeuu
uono8 meou, ouypora (DCMU), a maxoice 01 KOHMPOILHO20 0OpaA3ya.

W3 mnpuBeneHHbIX pE3yJbTaTOB BHJHO, 4YTO (OoTOPU3NYECKHE MapaMeTphbl
(UTOIIAHKTOHA, OIpeaeNseMble METOJAOM HeJMHEHHON (IyopHMeTpuu, MO3BOJISIOT
BBISIBUTH TPUCYTCTBUE 3arpsi3HUTENCH B MHUHHUMAIBHBIX KOHIICHTPAIUSX, MPUYEM
XapaKkTep M3MEHEHMsI MapaMeTPOB 3aBUCUT OT THUIIA 3arpsi3HUTENS, a TEXHUYECKas
peanuzaiys MeToja OO0ECHeuMBAET BO3MOXHOCTH JUCTAHIIMOHHOTO MOHUTOpPUHIA
ITUX [aPaMETPOB B PEKHUME PEAIIBHOIO BPEMEHMU.
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JNNasepHbin KP-aHanmsatop XnaKkocTen ¢ KOMMSIEKCHbIM
nporpaMmMHbIM obecnevyeHnem

bypukos C.A., Jonenko T.A., ITataea C.B., IOxakos B.1.

dunsnyecknn gakynoteT, MY nmenn M.B. JlomoHocoBa

B psne mnpakthueckux 3adad  JIMAarHOCTUKHM KUAKUX Cpell TpeOyroTcs
OCCKOHTAKTHBIE METOAbl C BO3MOXKHOHM peanu3anueil MX B PEXKUME PEaTbHOTO
BpeMeHHU. FIMEHHO TakuMU CBOMCTBaMH 00Jaaf0T ONTHYECKHE METO/IbI, B YACTHOCTH,
CHeKTpocKomus KoMmOuHarnmoHHoro paccesHust cBeta (KP) wm  dmyopecuentnas
CHEKTPOCKOTIHS.

[Ipennaraemsiii na3epHsiii KP-ananuzarop mnpemHazHayeH aii O€CKOHTAaKTHOM
JIMArHOCTUKU JKUJIKOCTEH B PEKUME PEaIbHOTO0 BPEMEHU C LIEJIbI0 ONPECICHUS! B HUX
BPEHBIX WJIHM ONACHBIX MPHUMECEH, a TAKXKE Il KAYECTBEHHOI'O M KOJWYECTBEHHOIO
aHaIM3a KUJKUX MHOTOKOMIIOHEHTHBIX CMECEil.

[punuun paboTsl nMpudopa OCHOBAH HAa BO30YKIECHUH CHEKTPATbHOIO OTKIHMKA
wuakon cpensl (KP  cBera wnu  uiyopecuieHIMM) J1a3epHBIM  U3IyUYCHHUEM,
perucTpanuy OTKJIMKAa ONTHYECKUM JETEKTOPOM M aHAJIM3€ CIEKTPOB C IOMOIIBIO
COBPEMEHHBIX MaTeMaTHueckux MeroAoB. lIpemycmarpuBaeTcss BO3MOXKHOCTH
BO30YXKJIEHUSI Cpel HM3IyYEHHEM C PA3IMYHBIMHM JJIMHAMU BOJH (HUCIIOJH30BAaHUE
HECKOJIBKMX JIa3€pOB WJIM HECKOJIbKUX TapMOHHMK OJHOIO Jja3epa), YTO IO3BOJISET
CYILIECTBEHHO PACIIUPUTh HAOOP TUATHOCTUPYEMBIX BEIIECTB U 00ECTIEUUTh OOJIBIIYIO
HAJIeKHOCTh WX KOJMYECTBEHHOI'O aHaiu3a. Perucrpanus CHeKTpalbHOTO OTKIIMKA
MOKET OCYILIECTBIATHCS B TPEX BapHAHTAX:

1) perucrpamusi CHeKTpoOB MPOO KUIKOCTH, TOMEIIEHHOM B KIOBETY;
2) OEeCKOHTaKTHOE 3O0HIMPOBAHME >KUIKOCTEH B MPO3padHbIX KOHTEHHepax (B

Clly4ae HalMTKOB — B OyThUIKax 0€3 UX BCKPBITHS);

3) 30HAMpPOBaHHE XUAKOCTEH C MOMOIIBIO MOTPYKAEMOI0 CBETOBOAHOIO 30HJA —

JUISl AMAarHOCTUKH KUAKOCTEN B KAHUCTPaX, LUUCTEPHAX U T.J.

Cucrtema perucTpanuy BKIIOYaeT B ce0si MOHOXpoMaTop ((hOKyCHOE pacCTOsIHHE
300 mm, pemrerka 1200 mTp/MM) U OXJTOKIAEMYIO C MTOMOINBIO deMeHTa [lenbThe
[I13C - ommueiiky. CucremMa obecredmMBaeT paspelieHHe He Xxyxe 4 cM .
IIpenycmotpena pabora mpubopa B 90°-Hoit u B 180°-HOM cxeme 30HIUPOBAHUS.
Wcnons3oBarne edge-pumpTpa mo3BosieT mpuOIM3HThes g0 100 oM’ K JHHHE
B0o30yx)neHus. [Ipeanonaraercsa peructpupoBath crekTpbl KP sxuakocTeit B obmactu
100 - 4000 cm'. Dro obecrmeynt MOTyYeHHE PAKTHYSCKH HCUEPIIBIBAIOMICH
WHOPMAIIMK O CIEKTPATBHBIX JUHUSX PAa3HOOOPA3HBIX MOJICKYJSIPHBIX TPYIIIL.
[Ipennonaraercss perucTpupoBaTh MNOJISIPUIOBAHHBIE U JIETIOJISIPU30BAHHBIE CIIEKTPHI U
M3MEPATh CTENEHb JCTOJSPU3ANN KaK JOTOJHUTEIbHBIN HWISHTU()UKAIIMOHHBIN
napameTp HapsiIy € MOJOKEHUEM, MHTEHCUBHOCTHIO, JOPMOI CIIEKTPaIbHBIX TOJIOC.

[Ipubop ocHalleH KOMIIEKCHBIM MPOTPaMMHBIM OOECIEYEHHUEM, COAEpPKAIIUM
mporpaMMbl Uil KOJWYECTBEHHOTO aHaiau3a crnekTpoB u makeT Neuroshell2,
oOecreynBaroluii  UCIOIb30BaHUE MCKYCCTBEHHbIX HelpoHHbIX cereit (MHC) mis
peIIeHUs 3a/1a4 PacIO3HaBaHUs 00Pa30B M TE€HETUYECKUX alITOPUTMOB.

3a/1aum, KOTOPbIE MOKET pellaTh npeaaaraeMblil 1azepubiii KP-ananuszaTop:
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e OnpeneicHUEe TOPIOYMX M TOKCHYHBIX JKHJIKOCTEH, KOHTPOJb BPETHBIX
npuMecel B HamUTKax (HarmpuMmep, Mpu T0CMOTpPE Ha TPAHCTIOPTE);

e onpeJeeHe TUMA U KOHIIEHTPALMK KaKI0TO U3 HEOPTaHUYECKUX COCIMHEHUN
B TEXHOJOTHYECKUX, CTOYHBIX, IUIACTOBBIX BOJaX (M0 5-6 KOMITIOHEHT B
pacTBopax);

e onpenecHUe KOHIICHTPAIMU OPTaHWMYECKUX BEMIECTB B MHOT'OKOMITOHEHTHBIX
KUAKOCTSIX (MOTOPHOE TOILTUBO, BOJIHO-CIIUPTOBBIE PACTBOPHI).

[ J

Ob6sactu npumeHeHuss npubOopa — 0OE€30MaCHOCTh, CHU)KEHHE YPOBHS pHCKa,
KOHTPOJIb Ka4eCcTBa MUILEBON MPOYKIIUU,IKOJIOTHS.

[IpeumyiectBa peanuszyemoro KP-ananmuzaropoMm metoga — OECKOHTaKTHOCT,
BO3MOXXHOCTh ~ aHallM3a JKHJIKOCTEH B PEXHUME peaJbHOr0 BpeMeHH, 0e3
MpeIBApUTEIbHON MOATOTOBKH MPOOBI M UCIIOJIB30BAHUS JOPOTOCTOSIINX PEAKTUBOB.
[Ipennaraemslii na3epusiii KP-ananuszatop oTiamdaercs OT M3BECTHBIX KOMMEPUYECKUX
YCTaHOBOK 0oJiee HU3KOW CTOMMOCTBIO, MOPTATHBHOCTHIO, TPUMEHEHUEM HECKOJIBKHIX
JUIMH BOJH BO30Y’XKJICHUSI, PETHCTpAllUe TOJISIPU30BAHHONM M JACTOJSAPU30BAHHOMN
KOMITOHEHT CIIEKTPa, UCIOJIb30BAHUEM KOMIIJIEKCHOTO MPOrPAaMMHOTO 00ECTICUCHHUS.

ABTOPCKMM KOJUJIEKTUBOM JITAHHOTO TMPOEKTa C TOMOIIBI0 JIa0OpaTOPHOTO
oOpasiia nperaraeMoro nmpudopa ObLIN YCIEIIHO PEIICHBI 3a/1a4U UASHTU(DUKAIINA U
OTNpEJIENICHUs KOHIIEHTPAlMi HEOPraHUYEeCKUX COCIUHEHUI B MHOTOKOMIIOHEHTHBIX
KUIKUX cpenax [1-3], AMarHocTUKU BOAHO-3TaHOJIBHBIX PaCTBOPOB [4-7].

1. S.A. Burikov, T.A. Dolenko, V.V. Fadeev, and A.V. Sugonyaev. New opportunities in
determination of inorganic compounds in water by method of laser Raman spectroscopy.
Laser Physics, vol. 15, Ne 8, 2005, pp. 1-5.

2. C.A.bypukos,T.A./lonenko,B.B.®@aneeB. MaeHTudukanus HEOpPraHMYECKHUX coJied H
OTIpeNieNIeHne UX KOHIEHTPAIMid B MHOTOKOMITOHEHTHBIX BOJHBIX PAacTBOpaxX IO BaJCHTHOU
nosioce KP BOIbI ¢ MOMOIIBIO MCKYCCTBEHHBIX HEHPOHHBIX ceTel. HelpokoMmmbroTepsl:
paspaboTka, mpumeHenue, 2007, Ne5, ¢.62-72.

3. S.A.Burikov, T.A.Dolenko, V.V.Fadeev. Identification of inorganic salts and
determination of their concentrations in water solutions from the Raman valence band using
artificial neural networks. Pattern Recognition and Image Analysis, 2007, v.17, N4, pp.554-
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OnTuka atmocdeps! u okeana, 2009, 1.22, Nel1, B meyatu.

5. S. Burikov, T. Dolenko, V. Yuzhakov, S. Patsaeva. Non-contact technique for alcohol
quantification in aqueous ethanol solutions using Raman spectroscopy and data processing.
21-st Colloquium on high resolution molecular spectroscopy. August 31 — September 4, 2009,
Castellammare di Stabia, Italy. Abstract book, p. 70.

6. S.A.Burikov, T.A.Dolenko, S.V.Patsaeva, and V.I.Yuzhakov. Raman spectroscopy of
aqueous ethanol solutions. IX Int. Conf. “Atomic and molecular pulsed lasers”. Sept. 14-18,
2009, Tomsk, Russia. Abstract book, p. 73.

7. bypuxos C.A., I'paueB A.B., lonenko T.A., [Tanaesa C.B., FOxakos B.I1. CtpykTypHbIe
0COOEHHOCTH BOJIHO-ITAHOJBHBIX PACTBOPOB IO JAHHBIM aCCOLMAIIMHM MOJICKYJ pOJaMHHA
6)XX wu xonebarenpHOM crekTpockonuu. MexayHaponHass KoHgpepeHuus «PoToHUKA
MOJIEKYJISIPHBIX HAaHOCTPYKTYpP», 16-19 centsops, 2009, Opendypr, Poccus, C6. noxi., c. 13-
16.
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PaspaboTka cucTeM NaccuUBHOIoO pagnoBUaEHNS
MUINNIMMETPOBOrO Ananas3oHa Ans BbIABNEHUSA CNPATAHHbIX MO,
040l NoTeHUManbHO onacHbIX NpeaMeToB.

[Tuporos 10.A., Tumenko /[.A., I'manyn B.B., Koros A.B., IlaBnos P.A.
LleHTp marHnTHOM ToMorpadum n cnekrpockonun MY nmenn M.B.JlomoHocoBa

B Hacrosimee Bpemsi CTaHOBSTCS BCE 0Oojiee CTPOTUMHU MEXIyHApPOIHBIE U
BHYTpeHHHE TpeOboBaHus 1O Ooprde C TEppoOpU3MOM Ha TPAHCIOPTE, HYTO
o0ycnaBIMBaeT HEOOXOJUMOCTh KAYECTBEHHOT'O COBEPUICHCTBOBAHUS TEXHUYECKHX
CPEICTB JOCMOTpPa NacCa)kKUpOB M NEPEBO3UMBIX Ipy30B. OJHAKO CYyLIECTBYIOIIHE U
IIPUMEHSEMBIE B OTEUYECTBEHHOM M MEXIYHApOAHOM IIPAKTHUKE JOCMOTPOBBIE
KOMIUIEKCHl TPAHCIIOPTHBIX TEPMUHAIOB HE ITO3BOJISIOT OINPENECHATh IaCCHUBHBIMHU
MeToamMu (opMy HNOTEHIHAIBHO ONACHBIX MPEIMETOB, CHPSTAHHBIX MOJ OJEKIOM.
s «OTKpBITOrO» IOCMOTpA IIACCAKUPOIIOTOKAa HE BCErAA XBAaTACT BPEMEHU U
BO3MOXKHOCTEH, MO3TOMY JUIsl oOecrieueHHs 6€30M1aCHOCTH HHOT'/Ia TPEOYOTCS METObI
«CKpBITHOT0» OOHApYKEHUS.

PazpaboTka HampaBieHa Ha CO3/JlaHME MakKeTa MAacCHUBHOM  CHCTEMBI
paguoBUACHUSA MUJUTUMETPOBOTO Jara3oxa, IIpEAHA3HAYEHHOI O JUTS
JUCTAaHIMOHHOTO OOHApyXEHMsI CKPBITBIX IOJ OJAEXKI0H YesoBeKa MOTEHIMAIbHO
OMaCHBIX MPEAMETOB (OPYKHs, B3pHIBUATBIX YCTPOMCTB, BKIIIOYasi M3TOTOBJICHHBIE C
NpUMEHEHHEM IUIaCTHKa M KepaMuku). PazpabaTeiBaeMoe yCTpONCTBO OCHOBBIBAETCS
Ha BO3MOXXHOCTM NpHEMa MUJUIMMETPOBOIO JUAIla30HA BBICOKOYYBCTBUTEIBHBIMHU
NpUEMHUKAMU — paJHOMETPaMH, KOTOpbIE TMO3BOJSIOT JETEKTUPOBATh ciaboe
W3IIy4YE€HHUE NPEAMETOB Pa3IM4YHOW NPUPOABI U CBOMCTB. M3BECTHO, YTO pa3iuvHbIC
BEIlECTBA  II0-pa3HOMY  B3aUMOJCUCTBYIOT  CO  CBEPXBBICOKOYACTOTHBIMHU
ANEKTPOMAarHUTHHIMU BOJIHAMHU, OHU OTJIMYAIOTCS MO KO3PPUIUEHTaAM OTPaKEHUS U
nornomeHus. VMIMEHHO Ha 3TOM TNpPUHIMIE OCHOBaHA pPa3padOTKa CUCTEMBI IO
MU3MEPEHUIO PAAUOSIPKOCTHOIO KOHTPACTA PA3IUYHBIX MAaTEPUAIIOB B MUJIIIUMETPOBOM
JUana3oHe.

[laccuBHasgs cucreMa pagMOBHICHUS MOXKET IPUMEHATHCA [UIsl  KOHTPOJIA
[aCCAKUPONOTOKA B MECTaX MAacCOBOTO CKOIUIEHHMs JitoJed (aspomoprax, x/1
BOK3aJIax, CTAJMOHAX), a TAKKE JUIsl BU3YaJIbHOTO KOHTPOJIA MOCETUTENEH 31aHUl U
MIOMEILECHNN Ha IIPEIMET HAIMYUS ONACHBIX IPEAMETOB IO 0K I0M.
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CnekTpbl N 3 PEKTUBHOCTb NIIOMUHECLEHLIMM CUCTEM U3
NonNynpoBOAHUKOBbLIX KPUCTANNOB Ha OCHOBE HUTPpMAA rannims u
NMIOMUHOOPOB Kak OCHOBbI A5 pa3paboTok aPeKTUBHbIX
Oenbix cBEeTOAMOO0B

JIsarmu N.J1., Typkun A.H.

MockoBckuI rocygapcTBeHHbI yHUBepcuteT nmeHu M.B. JTomoHocoBa,
domsndeckmn pakynoteT, Mocksa, Poccus

CucreMbl M3 TOJYNPOBOAHMKOBBIX KPUCTAIJIOB HA OCHOBE HMTpUAA Tallug U
TIOMUHO(OPOB  YCHENMIHO WCIONB3YIOTCA sl pa3paboTKu  dPPEKTUBHBIX  OEIBIX
cBeTonoA0B. Kak mpaBuiio, mpuMeHsI0TCs TIOMUHO(OPHI HA OCHOBE aJIFOMOUTTPUEBBIX
IpaHAaTOB C aKTUBATOpOM I1iepueM. Bo3OyxkaeHue JIIOMUHOPOPOB MOKHO MPOBOAUTH
CUHEN JIMHUEW W3JIy4eHMs, KOTOpash IpPHU CIOKEHHH C JKEITO-3EJEHBIM CIIEKTPOM
moMuHogopa gact Oenblii csetr. MccnenoBanbl Oenbie cBetoauonbl (CZl) Ha ocHoBe
reTePOCTPYKTYp ¢ kBaHTOBBIMU simaMu THna InGaN/AlGaN/GaN. Ilokazano, yto ais
CBETOJIMOJIOB TEIUIOIO CBEYEHMS] MAKCUMYMBI M3JIYyUYEHHUS CHUHEW IOJIOCHI HaXOZATCS Ha
JUTMHE BOJIH 457 HM, U3MEHSIIOTCSA C TOKOM Ha 3 HM TpHu u3MeHeHuu toka ot 10 mo 350
MA, MakCUMyM H3JIy4E€HHs JIOMUHO(Opa HAXOAUTCS Ha AJiMHE BOJHBI 550-552 HM.
OTHoOIIIEHWE WHTEHCUBHOCTH B MAaKCUMyM€ M3Jy4Y€HUS K MHTEHCUBHOCTH B MaKCHUMyMe
nosiocel  JromuHopopa: 0,62-0,73. Crnektpsl C/] UMEIOT KOPPEIUPOBAHHYIO 1IBETOBYIO
temneparypy 4800-5100 K, mromen-skBuBanieHT 430-440 JIm/Bt. [lns cBetoamomos
XOJIOIHOTO CBEYEHMSI MAKCUMYMbl U3JyU€HHUs HAXOJATCS Ha JUIMHE BOJH 455-458 HM,
U3MEHSIOTCS ¢ TOKOM Ha 3 HM T1pu u3MeHeHuu Toka oT 10 go 350 MA, makcumym
U3My4YeHus: JMoMHHOpOpa HaxoauTcs Ha JiuHAax BoiH 530-533 vM. OtHomeHHe
WHTEHCUBHOCTH B MAaKCUMyM€ M3ITyUeHUs K MaKCuMyMy JifoMuHodopa: 1,4-1,7. O6pa3isl
UMEIOT KOpPPEIUPOBAHHYIO LBETOBYH Temneparypy 8500-8700 K, nroMeH-3KBUBAJIEHT
350-370 JIm/BT. Ha cniekTpax BceX CBETOAMOJOB BUJEH MUK MPUMECH PEIKO3EMETbHBIX
9JIEMEHTOB Ha JumHe BOJHBI 6094 ©HM. OOcyxmaroTcs mpoOieMbl pa3paboTOK
moMuHopopoB i CJl Tennoro cBeueHus: ¢ BBICOKMMH MHJIEKCAMHU LIBETOIIEPEIayu.

Ectb 1 mpyrue myTH co3maHus CBETOIMO0B BUANMOTO JAUANa30Ha ¥ OJMH U3 HUX —
BO30OyXaeHue  JroMuHOdopa  yiabTpadUONETOBBIM  H3IydeHueM. McciaenoBaHbI
CBETOAMOBI C 3€JEHBIM JIIOMHUHO(POPOM, BO30YKIa€MbIM YIbTPa(UOIECTOBON JMHUEH
u3nydyeHus. IHTEeHCUBHOCTh B MaKCUMyMe€ yJbTpaduosieToBoil inHuu B 105 pa3 meHble
4eM B MaKCHMyMe JIMHHW JoMHUHO(Mopa. BrepBeie mMmoka3zaHO, YTO Takue 3€JICHBIC
CBETOAMObl MOTYT UMETh 3HAUEHHUE JIIOMEH - SKBUBAJICHTA (CBETOBOM 3(pPEeKTUBHOCTH)
okosio 500 JImM/BT, yTo mpeBsilaeT cBeToBYIO 3P pekTuBHOCTE 3eneHblx CJl Ha ocHOBe
rerepocTpykTyp InGaN//AlGaN/GaN (okono 400 1m/BT); 3TO MOKET OKa3aThCsl BaXKHBIM
JUTS IPAKTHYECKUX MTPAUMEHEHUH.
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Mopaynsauusa ceeTta npu KornsinHeapHOM akKyCTOONTUYECKOM
B3aMMOOenNCTBUMN

Mannesuu C.H., bamakmmii B.1.

®dusnyeckmn dakynotet, MY nmenn M.B. JlomoHocoBa

B coBpeMeHHOI1 akycTOONTHKE HanboJiee NIMPOKO MCIOJIb3YIOTCS KPUCTAILIBI U
crekia. B 3TMX Marepmanax OCHM aHHU3OTPOIIMH, OIPEIACISIOIIAE MOJISIPU3ALUIO
COOCTBEHHBIX ONTHYECKUX MOJ, JTUOO M3HAYAIBHO 3a/laHbl CUMMETpUEN KpHUCTaa,
7100 BO3HUKAIOT MO JACUCTBUEM yibTpa3Byka. OmHaKko B JI0O0M Cilydae BEMYMHA
AO sddekra u xapakrepuctuk AQO YCTPOWCTB CHJIBHO 3aBHCAT OT TOJSPU3ALNN
CBETa, a, CJIEJJ0BATENIbHO, IPaBUJIbHBIA BIOOP MOJIAPU3ALNU NAJAI0IIET0 CBETa OYEHb
BaykeH B JIF0O0M A O SKCIIEpUMEHTE.

Ecnm cpena siBnsieTcs aHW30TPOITHOM, TO MOJIIPU3ALMIO MAJAOIIETO CBETOBOTO
Nydyka BBIOMpAIOT MO OJHOMY W3 Pa3pelICHHBIX HAMpPaBICHUA MOJISpU3ALUU
aHU30TPOIHOM cpenpl. B mobom ciayuyae Benmuunna AO s¢dexra CUIbHO 3aBUCUT OT
MOJISIPU3aLMY TIAJAroLero ceera. Eciy nmajgaronui ¢cBeT U3Ha4allbHO HE TOJIAPU30BaH,
TO €ro IMPEABAPUTENIBHO MOJSIPU3YIOT C TOMOILBIO MOJISAPU3ATOPA, YCTAHOBIEHHOIO Ha
BXoZe cucTtembl. lIpy 3TOM NOJOBMHA BXOJHOW CBETOBOM MOIIHOCTH TEPSIETCH.
HecoMHeHHbIN MHTEpEC ¢ TOUKH 3peHMs Kak (PYHIaMEHTAIbHOM, TaK W MPHUKIATHON
¢usuku mpexacrasisier Bornpoc 00 AO B3auMOJEHCTBHH HETOISPU30BAHHOTO CBETA
WO CBE€Ta HMEIOUIEr0 MPOM3BOJBHYIO MojsApu3anuio. Bompoc o  BinsHUM
MOJIAPU3ALIMMA CBETAa Ha XapaKTePUCTUKH KOJUIMHEAPHOW Mudpakuuy A0 CUX TOop
ocTaBajics OTKPBHITHIM. B nanHON paboTe TeopeTHuecKuil aHajau3 MOJISPU3AUOHHBIX
3¢ (PeKTOB NpU KOJUIMHEAPHOM B3aUMOJCHCTBHM TMPOBEACH B IJIOCKOBOJIHOBOM
OpUOMIKEHNH. OJKCIEPUMEHTH  BHIMIOJTHEHBI Ha KoyumHeapHoW AQO  sdeiike,
M3TOTOBJIEHHOM M3 KpUCTaJlJIa MOJIMO1aTa KaIbIusl.

Ecnun Ha KpucTain nmagaer HEMoJASIPU30BAHHOE CBETOBOE M3JIyYEHHUE, TO HA BXOJE
CBET pacILIEIUIIeTC] Ha JBE pPaBHbIE KOMIIOHEHTbl CO B3aWMMHO OPTOTOHAJIbHOMN
nojgpuszanue. B cilydae npOM3BOJBHOM JIMHEMHOW MOJISIPU3ALMU  CBETOBOTO
U3IY4YeHHs] CBET Ha BXOJE B KPHUCTAJUI pacHajaeTcsl Ha JBe KOMIIOHEHTHI, BOOOIIE
TOBOPSI, HE PaBHBIC MO BETUYHMHE. DTH KOMIIOHEHTHI AU(PArupyroT B aKyCTHYECKOM
I10JIE HE3aBHCUMO JIPYT OT Apyra.

Ha BbIXoze crcTeMbl CBETOBBIE BOJIHBI OyAyT UHTEp(EPUPOBATH APYT C APYTOM.
buenuss cMEmeHHBIX M0 4acTOT€ M HE CMEUICHHBIX KOMIIOHEHT JAIOT KaK pe3yJbTaT
MOSIBJICHUE MOJIYJISILIUM CBETA [0 MHTEHCUBHOCTH C YacTOTOM yJbTpa3Byka. buenus
KOMITOHEHT CBETOBOTO MydYKa C YacTOTaMH, CABUHYTHIMU B OOJBIIYIO U MEHBIIYIO
CTOPOHBI, [JAlOT MOIYJISIUI0O HHTEHCUBHOCTM CBE€Ta C YIBOCHHOM 4YacCTOTOU
yabTpa3Byka 2Q.

OTMeTuM, 4TO 3TO E€OUHCTBEHHBIM ciaydyail AO B3aMMOAECHCTBUA, KOTAa IMpH
mudpakuud cBeTa Ha Oerymeid MOHOXPOMAaTHYECKOW aKyCTHYECKOW BOJIHE
BBIXO/IAILIEE U3JIyYEHNE OKA3bIBACTCS IIPOMOAYJINPOBAHHBIM 110 UHTEHCUBHOCTH.
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Auppakuma ceeta B akyCTUYECKOM Mnone
HEeO4HOPOAHOro Nbe303reKTpUYeckoro npeobpasoBartens
Ha YyacToTax BbICLUNX raPMOHMK

Peenko A.B., bagaxkmuii B.1

MockoBckumr rocygapctaeeHHbln yHuBepcuteT nm. M.B. JlomoHocoBa,
duanyeckumn akynosteT

PabGora  mocBsleHa — TEOPETHMYECKOMY  HCCIEAOBAHUIO  OCOOEHHOCTEH
BO30YXKJIEHUSI  YIbTPA3BYKOBBIX BOJIH  KJIMHOBHUIHBIMU  IHE303JEKTPUICCKUMU
npeoOpa3oBaTeisIMU Ha 4YacTOTE€ TPEThe rapMOHUKHU. B aKycTHKe KIMHOBUIHBIE
npeoOpa3oBaTesny UCCIAEA0BAIUCH B KOHTEKCTE PEIICHUS 3aa4i PACIIUPEHUS MOJIOCHI
paboumnx 4acToT BO30YXKICHUS YJIBTPa3ByKa WIHM CO3/IaHUS aKyCTHYECKOro IMydykKa CO
CKaHUpYIOIIeH auarpammoil HampaBieHHOCcTH [1-4]. OnHako NPUMEHEHHE TaKUX
npeoOpa3zoBaTesieil B aKyCTOONTHKE HUMEET psii OCOOCHHOCTEH. 31ech 3HaHHE
MHTETPalbHBIX XapaKTEPUCTUK IMpeoOpa3oBaTesis, TaKMX Kak I[0Jioca YacToT U
KOO(QQUIMEHT MpeoOpa3oBaHUsl INEKTPUUYECKOH MOIIHOCTH B  aKyCTHYECKYIO,
HEJ0CTAaTOYHO JIJIsl OLIEHKM KadyecTBa M MPUTOJHOCTU MpeoOpa3oBaTelis JUisl pEeLIeHUs
aKyCTOONTUYECKUX 3a/Jay. BaHO Takke 3HaTh CTPYKTYpY aKyCTHYECKOro MoJjs B
aKyCTOOINTUYECKOH sUelKe U ee U3MEHEHHUE C YaCTOTO! yJbTpa3BykKa [5,6].

B nmannoii pabote 3amada o0 BO30YXICHUH KIMHOBUIHOTO MpeoOpazoBaTeist
penieHa B MOPUOMIKEHWHM MallbIX M3MEHEHUH TOJIIMHBI bE303JeKTPHUUECKON
mwiacTuHbl.  [lodydeHbl  COOTHONIEHMS] JUISi  DJIEKTPUYECKOr0  HMMIeaHca |
KO3 UIMEHTa MPeoOpa3oBaHUs AJIEKTPUUYECKOH MOIIHOCTH B aKyCTUYECKYIO.
[Ipoananmu3upoBaHbl HMX YACTOTHBIE 3aBUCUMOCTH ISl Pa3UYHBIX 3HAYCHHUU
napaMeTpoB aKycToonTHueckod sueiiku. [lpum  uccnegoBaHMM — AIEKTPUUYECKUX
XapaKTePUCTUK KIMHOBUIAHOIO MpeoOpa3oBaTelis Ha YacTOTe TPEThEH TapMOHUKHU
0oOHapy»KEHO CYIIECTBEHHOE YIIMPEHHE MOJIOCH 4acTOT 0e3 Kakoro-i1mbo 3aMeTHOTO
yMEHbIIEHUN Ko3(uimenTa npeodpazoBaHus. Y CTAHOBIEHO, YTO IS YIJia KIIMHA,
paBHoro 0.25 rpagyca, MOKHO JJOCTUYb PACIIMPEHUS MOJIOCHI B 5 pa3 1Mo CPaBHEHUIO €
OJTHOPOJIHBIM IIpeoOpa3zoBaTeneM.

[TokazaHo, 4TO CJOXKHasl aMIUTUTyAHass U (a3oBas CTPYKTypa aKyCTHUYECKOTO
noJis, BO30YXJIaeMOro KJIMHOBHUJHBIM TpeoOpa3oBaTesieM, CUJIBHO BJIMSET Ha
XapaKTEepUCTUKU  aKycToonThdeckod audpakuuu. Da3oBas HEOIHOPOIHOCTDH
CKasbIBaeTcs Oojiee 3HAYUTETHbHO, U3MEHSSI YaCTOTHBIE 3aBHCHMOCTH yria bparra u
s dextuBHOCTH nudpakimu. [IpoBeAEHHBIN aHATN3 OTKPHIBAET HOBBIE BO3MOXHOCTH
JUISL YIYUIIEHHS aKyCTOONITUYECKUX YCTPOMCTB.

1. Jayet Y., Perdrix M., Goutte R. // Ultrasonics, 1981, v. 19, p. 179.

3. Breazeale M.A., Du G., Joharapurkar D. // J. Acoust. Soc. Amer., 1990, v. 88,
p. S167.

4. German L., Cheeke J.D.N. // IEEE Trans., 1993, v. UFFC-40, p. 140.

5. Balakshy V.1, Linde B.B., Vostrikova A.N. // Molec. & Quant. Acoustics, 2006,
v.27,p. 7.

6. Balakshy V.1., Linde B.B., Vostrikova A.N. // Ultrasonics, 2008, v. 48, Ne 5, p. 351.
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anIKJ'Ia,D,HbIe acrekTbl HEJIMHEWHOrO MarHUTHOrO OTKINUKa B
MarHUToOCTaTnN4eCKu B3aI/IMO,EI,eI7ICTByI-OLLI,I/IX MUKponpoBoaax

Camconosa B.B. (1, 2), Unatos M.IIL. (3), Uneun M.U. (3),
Kykora B.A. (3), Ilepos H.C. (1), XKykos A.IL. (3)

®dusnyeckmn dakyneteT, MI'Y nm. M.B. JlomoHocoBa, MockBa, Poccus (1)
MHCTUTYT TeopeTudeckon u npuknagHon anekrpogmHamukn PAH, Mocksa,Poccus (2)
Departamento Fisica de Materiales, Facultad de Quimicas, Universidad del Pais
Vasco/Euskal Herriko Universitatea, San Sebastian, Spain (3)

AMop¢HBIE MHUKpPONpOBOAA B CTEKISIHHOW O00OJIOUKE C  3HAYUTEIBHO
YMEHBUICHHBIMU JIHAMETPOM METAJUIMYECKOM KWJIBI M TOJIIMHONW CTEKJISIHHOU
000JIOUKH TIprOOpeny OOJIbIIOE TPHUKIAJHOE 3HAYCHHE B TEUYCHHM ITOCIICIHUX
Heckonbkux JeT [1]. CoBpeMeHHBIE MAarHUTHOMSTKHE aMOpP(HBIE MUKPOIPOBOAA
o0najgaloT auameTrpamMu MeTaiMueckodl »xwibl oT 1 g0 30 MKM mOpu TONIMHAX
CTeKJIIHHOM 0005104k oT 0,5 10 15 mxM. Takue TOHKHE MUKPOIIPOBOJAA MPOSBISIOT
YHUKaJbHbIE Pa3JIMYHbIE MArHUTHOMSTKHE cBoicTBa [2]. Tak, KospuuTHBHas cuia
MUKpPOIPOBOAOB U3 CIUIaBOB Ha OcHOBe CoO ¢ ONM3KOM K HYJIO MarHUTOCTHKIUEH
MoeT Jocturatbe 4 A/M. Bplcokne MarHUTHOMSTKHE XapaKTEPUCTUKU HEOOXOJUMBI
Ui TOJy4YeHHs BBICOKOTO d¢¢ekra ruranrckoro maranuroumnenanca (I'MHN).
XOpomIMMH ~ MarHUTOTPAaHCHOPTHBIMH ~ cBoilcTBaMu  (3Q(EKT  T'MraHTCKOro
marutoconpotusieHuss - ['MC) o0magaroT TIpaHyJIUpOBaHHBIE MHUKPOIPOBOA.
Kpome TOro, st MHMKpOIIpOBOJOB M3 CIJIaBOB Ha OcCHOBe Fe xapakTepHO
MarHUTHOOMCTAOMIIbHOE TIOBEJICHHE, CBA3aHHOE C MPOSBICHUEM T'MTaHTCKOTO CKaukKa
bapkrayszena. B Takux mpoBomax HaOMIOmAeTCs TaKkKe OBICTPOE pacHpOCTpaHEHHE
nomeHHo rpanunbl ~ 1500 wm/c [3]. Illupokuit cHekTp CBOWCTB TOHKHX
MHUKPOIIPOBOJIOB [IEJIa€T UX YAOOHBIMH MJIi 3aMEHbl TPAJAMLMOHHBIX MAarHUTHBIX
MaTepHaloB B pa3IMYHBIX MNpuUMeHeHusXx. Hanpumep, MeTKH, HCIOIb3yEMBbIE B
MPOTUBOKPAXKHBIX CHUCTEMAaX, OOBIYHO COCTOSIT M3 MArHUTHOMSTKUX Marepuaios. B
TaKUX CHCTEMax OOECIeuuBaeTCsl ObICTpOE M3MEHEHHE HAaMarHMYEHHOCTH JaXKe B
OTHOCHUTEJIBHO CJa0bIX BHEUIHUX IOJIAX., U IPU 3TOM NPOUCXOJUT T'€HEPUPOBAHHE
KOMIIJIEKCHOTO CUTHAaJIa B IPUEMHOMN Karyuke. [Ipu 3ToM 1eTeKTupoBaHuE CUTHAIA Ha
FapMOHUKAX CIIOCOOCTBYET YBEJIMYEHUIO CHTHaja M YJy4YIIAlT HAAEXKHOCTb BCEH
cucreMsl [4, 5]. CoBpeMeHHbIE METKU pa3padaThIBalOTCS HA MArHUTHOMSATKUX JIGHTAX.
OpHaKo UCTOIB30BAHUE MUKPOIIPOBOIOB 00JI€€ TEXHOIOTUYHO U AEMIEBO.

Hactosimast paGora Obula MOCBSIIEHA YIYYIIEHHIO MAarHUTHOTO OTKJIMKAa B
CUCTEME MUKpPONPOBOJAOB [UIsl NPUMEHEHHS B KAadeCTBE MArHUTHBIX METOK. Jlis
YBEJIMYEHUS AaMIUIMTYJ  BBICHIMX TapMOHMK Mbl MONPOOOBAIM  yBEJIUYUTH
HEJIMHEMHOCTh TeTellb THcTepe3nca. bbuln M3MepeHbl CIEeKTPbl MHIYIIMPOBAHHOTO B
OpUEMHOM KaTylllKe CUTHaja pa3jMYHbIX CHCTEM MMKPOIPOBOJOB, BO30YXKAAEMBIX
NepEeMEHHBIM  MarHuTHBIM  mojeM.  OOHapykeHO, 4YTO  KOMOMHHpOBAHHE
MUKpPOIPOBOJOB U U3MEHEHUE aMIUIMTY/bl BHEIIHETO MArHUTHOTO MOJIS MPUBOAUT K
BO3MOKHOCTU ympaBieHus (HOpMOIl M aMIUIMTyAaMU BBICIIUX FapMOHHUK B CHEKTpE
MHAYLIUPOBAaHHOTO CUTHAJA.
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Takxke akTUBHO BeayTcs pa3padOTKM M TMOUCKH MaTepuaroB B 00JacTH
KOJMPOBaHUs WH(OpPMAIIMU B TOMBITKAX 3aMEHUTHh COBPEMEHHBIC ONTHYECKH IITPUX-
Koabl. B oToil o0nacTh mNpuUMEHEHHsS TakK e BaXKHBI BOIPOCHI CBSI3aHHBIE C
OCOOCHHOCTSMU  TIEPEMArHUYMBAHUSA CHCTEM  MHKpPONpoBOJOB. KomOuHupys
MUKpPOIPOBOJA U3 CIJIaBOB Ha ocHOBe Fe n Ha ocHoBe CO MOKHO MOJIyYUTh CUCTEMY,
00JIa/Ial0NIy0 JTYUYIIUMH CBOMCTBAMH BBILICIIEPEUHUCICHHBIX CUCTEM, - OCTaBUTH C
OJTHOW CTOPOHBI CTYNEHBKHM Ha TETJIEe TUCTepe3uca, Onm3Kkue K ckaukam bapkraysena
(3a cuéT HaIM4Msl MUKPONPOBOAOB Ha ocHOBe Fe), u ¢ Apyroi cTopoHbl obagaronime
MEHbIIEH KpuTHUeckoW uHOM (Omarojaps MuKporipoBojam Ha ocHoBe Co).
HccnenoBanne nepeMarHUYMBaHUS TaKUX KOMOWHUPOBAHHBIX CHCTEM CTAaHOBUTCS
HOBBIM HANpaBJICHHEM B HCCICIOBAaHUM TE€PEMAarHUYMBAHUSA CUCTEM aMOpP(HBIX
MHUKpPOIPOBOJIOB.

OOBIYHO MarHUTHBIE CBOMCTBA TOHKUX aMOP(HBIX MHUKPOIPOBOIOB U3MEHSIOTCS
BBIOOPOM COOTBETCTBYIOIIETO XUMHUYECKOTO COCTaBa CIUIaBa, M3 KOTOPBIX HX
MoJTy4yaau, TepMOoOpabOTKON (B MarHUTHOM T0JI€ WK O€3 HEero, ¢ MPUI0KCHHBIMHU
HanpspkeHussMu  unu 6e3  Hux) [1-3, 6]. CpoiicTBa OJMHOYHBIX aMOP(PHBIX
MHUKPOIIPOBOJIOB B CTEKJISIHHOIM 000J10uKe U3 crutaBoB Ha ocHoBe Fe u Co moctaToyHo
neTanbHO u3yueHsl [1-3]. B Hameil paboTe Mbl MONBITAIUCh YHPABIATH MArHUTHBIM
OTKJIUKOM TaKHUX MHUKpPOIIPOBOIOB MOCPEJICTBOM MarHUTOCTaTUYECKOTO
B3aMMOJICHCTBUSL MEXIy HUMH. MBI HCCIIEOBAIA MPOLECChl NMEPEeMarHUYMBaHUS B
cucTeMax, coaepKammx pasiaugHoe uucio (1-5) amMopdHBIX MHUKPOIPOBOAOB
CICOYIOIMNX COCTaBOB CO67FG3.9Ni1‘5B 1 1.5Si14.5M0‘6 WIN/A FC74B13Si1 1C2.
MuxkponpoBosna Ha ocHoBe Fe m Co B Kaxaol cucreme ObUIM PACIIOIOXKEHBI B
HEMOCPeICTBEHHON Omm3octu Apyr k apyry. FesuBi3Si;,C, mukponpoBoma mumenn
MpSIMOYTOJIBHYIO TETJII0 TucTepe3uca, B To BpeMsi kak CogrFe; oNijsB1,5S1145sMgg
MUKpPONPOBOJ € OJM3KOM K HYJI0 KOHCTAHTOM MAarHUTOCTPUKIMHU MMEJ HAKIOHHYIO
NeTJII0 THCTepe3nuca ¢ OJIM3KOW K HYJI0 KOIPUUTUBHOM cuioi. Iletnu rucrepesuca
OBLITM M3MEPEHBl MHAYKIIMOHHBIM METOAOM [6]. AMIUIUTY/Ja BHEIIHEr0 MarHUTHOTO
noJig u3mensnach ot 800 1o 15 A/m.

[1] A. Zhukov and J. Gonzalez, Amorphous and Nanocrystalline Soft Magnetic
Materials, in Advanced Magnetic Materials, book 3 “Processing of advanced magnetic
materials.” Edited by Liu, Y.; Sellmyer, D.J. and Shindo, D.; Kluwer Academic
Publishers, Norwell, MA, USA, 2004; Vol. 3, Capitulo 5, pp 115-181

[2] A. Zhukov, J. Gonzalez, M. Vdzquez, V. Larin, and A. Torcunov.
Nanocrystalline and amorphous magnetic microwires. In Nalwa HS, editor,
Encyclopedia of nanoscience and nanotechnology, vol. X, Chapter 62, page 23.
American Scientific Publishers, 2004.

[3] H. Chiriac, T.A. Ovari, Prog.Mat.Sci. 40 (1996), 333-407.

[4] P.Ripka, Sensors and Actuators A: Physical 106, 1-3, (2003), 8-14.

[5] C.Moron, C. Aroca, M.C. Sanchez, A. Garcia, E. Lopez, P Sanchez, IEEE
Trans. Magn. 31, 906 (1995).

[6] A.Zhukov, Adv.Funct.Mater. 16 (2006), 675-680.
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MeTon akycTuyeckon rosiorpadpum ans BOCCTaHOBIIEHNA
TpEXMEPHbIX HEOOAHOPOAHOCTEN B ONTUYECKN HEMPO3PAYHbIX
cpepax
[picaps C.A., CanoxuukoB O.A.

MockoBckum rocygapcteeHHbln yHuBepcuteT nmeHn M.B. JlomoHocoBa, Poccus

CoBpemMeHHasT TEXHMKAa aKyCTHUYECKOM  BHM3yalM3allMM, Kak IMPaBHIIO,
OCHOBBIBAETCSl HA MCIOJIb30BAHUU 3XO-UMITYJIbCHOI'O MPUHIMUIA, T.€. HCIOJIb3YyET
OTpa’kKEHHBIE OT HEOJIHOPOJHOCTEN KOPOTKHE aKyCTHUECKHE UMIYJIbChl. C TIOMOIIBIO
TAaKOM METOAMKHM NpHU MPOBEICHUM HEPa3pyIIAIOUIEro KOHTPOJIS WM MEIULUHCKOU
JUArHOCTUKU YJAeTcs MOJYy4YHTh JBYMEpPHbIE M JaKe€ TPEXMEpHbIE M300pakeHus ¢
MPOCTPAHCTBEHHBIM pa3pelIeHHEM, OrPAaHUYEHHBIM JJIUTEIBHOCTBIO MMITyJbCa U
yacToTou curdana [1,2]. OgqHako npuBbIYHASL ONTUYECKAs BU3yaln3alds OCHOBaHA HA
NPUMEHEHUH HEINPEPHIBHBIX KBA3UMOHOXPOMATUYECKHX BOJIH. TakoW e MPUHIIMII
MOJKET OBITh NMPUMEHEH B aKyCTHKe. ['omorpamma, 3amucaHHas C HCIOJIb30BAHUEM
HEMPEPBHIBHBIX BOJIH, B HEKOTOPBIX CIy4asX MOKET SBJISATHCS albTEPHATHUBOM 3XO-
UMIIyJbCHOMY MeTony. Hampumep, akyctuueckas rosiorpagusi ONMIKHEro IoJis
NO3BOJISIET pa3pelaTh AeTald pasMepoM MeHee JUIMHBI BosHbl [3,4]. ['onorpadus —
ATO METOJ MOJIHOM 3alUCU aKyCTHYECKOro MmoJist (aMIUIUTYbl U (a3bl), OTPAKEHHOTO
OT 00BEKTa, MO3BOJIIONINNA TOCIe 0O0paOOTKM BOCCTAaHOBHUTH (POPMY M TOJIOKECHHE
3TOro 00BEeKTa. DKCIIEPUMEHTaIbHAS pean3alus MeToAa aKyCTHUeCKO rojorpaduu
JUI M3Yy4eHHUs KoyieOaHW MOBEPXHOCTEH yIbTpa3ByKOBBIX NpeoOpas3oBaTenell Obuia
ocyuiecTBieHa B pabore [5]. IlpakTuueckuil MHTEpeC NPEACTABISIET pacIIUpPEHUE
ATOr0 METOJla Ha Clly4ail MCCIIeJOBaHUS TPEXMEPHBIX OOBEKTOB, HAXOISAIMIMXCA B
aKycThyeckoM noJje. B HacTosimiel pabore nokasaHa MPUHLKIIMAIBHAS BO3MOKHOCTh
WCTIOJIB30BAHMS METOJa aKyCTHYECKOW Tosorpaduu Ui BU3YyAIN3alUN TPEXMEPHBIX
00BEKTOB, OCHOBAHHOI'O Ha CKaHWPOBAHUM THJIPO(POHOM aKyCTUUYECKOTO IMOJI BAOJb
JBYMEPHOW IOBEPXHOCTH C NPUMEHEHHEM MOHOXPOMATUYECKHX YJIBTPAa3BYKOBBIX
BOJIH.

Hcnonszyemplii B pabore ronorpaduyeckuii MOAX0M K YJIbTPa3ByKOBOU
BU3yaJIM3allid OCHOBaH Ha NMPUMEHEHMM uHTerpana Panes u nmpuHuumna oOparieHus
BpEMEHU. OKCHEpUMEHT Obul pa3leleH Ha HecKojgbko maroB. CHauana
YJIBTPA3BYKOBOM ITy4OK, COCTOSIIIMM W3 JUIMHHBIX TOHAQJIBHBIX HMITYJIBCOB,
HaNpaBJsUICd Ha HCCIeNyeMblil 00beKT. PesynbTHpyroliee akyCTHUECKOE IOJe C
MOMOIIBIO  THAPO(OHA PETUCTPUPOBATIOCH B  OOJBIIOM  KOJMYECTBE TOYEK,
pacmoNOKEeHHbIX Ha (UKCHPOBAHHOW TOBEPXHOCTH u3MepeHuid. [lepememnieHue
rUApopoOHa  OCYILIECTBISUIOCH  YNPaBISEMOM  KOMIIBIOTEPOM  BBICOKOTOYHOM
MEXaHUYEeCKON MO3UIIMOHHON CUCTEMOH C IIaroM MEHBIIUM IOJOBHUHBI IJTMHBI BOJIHBIL.
Ha cnenyromem 1mare mnpoM3BOAMICS YHCIEHHBIM pacdyeT aKyCTUYECKOTo IOJs,
dbopMHUpyeMOro 0OpaTHBIM PacHpOCTPAHEHUEM YJIbTPa3BYKOBBIX BOJH C OOpallleHHbIM
BOJIHOBBIM (POHTOM C TIOBEPXHOCTH M3MEPEHUH B TpeXMEpHyl 001acTb
PacIoiokKeHUs UCCIIEIYEMOro 0ObeKTa.

Jlnst BbIOOpa ONTUMANBHBIX NapaMeTpOB HM3MEPEHUIl HAa HayaJlbHOM IIare ¢
UCIOJIb30BAHUEM UYHUCIIEHHBIX METOJIOB IIPOM3BOAMIICS pacueT MPsMOro U 0OpaTHOro
pacnpoCcTpaHeHusl yIbTPa3ByKOBBIX BOJIH OT TOYEUHOIO MCTOYHHKA JI0 MOBEPXHOCTH
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u3MepeHud M o0patHo. B oskcnepuMeHTe B KauecTBE HCCIENyeMOro OO0beKTa
UCIIOJIb30BAJICS HAOOp IJIACTUKOBBIX IIAPUKOB auameTpoMm 3 MM. Mcmoms3oBamuch
MOHOXpPOMATHYECKHE BOJIHBI C YactroraMu B guanazone 1-1.5 MI'u. Ilar
CKaHUPOBAHUS BJOJb IMOBEPXHOCTH H3MEPCHHA BaphbUPOBAICS B 3aBUCHUMOCTH OT
Y4acTOThI M YAAJIIEHHOCTH OT 00bekTa B Auanazone 0.3-0.4 mm.

TeopeTuueckue pacdeTbl U Ppe3yJbTaThl JKCHEPUMEHTOB IOKA3bIBAIOT, YTO
IPOCTPAHCTBEHHOE PA3pPEILIEHUE HCIOJIb3yEMOr0 METOAAa TPEXMEPHOM aKyCTUYECKOM
rosiorpadguu orpaHudeHo audpaxkimoHHbIMU ¢ dexTamu. JIUCKpeTHbIE paccerBaTeIn
pazMepoMm OoJibllie ATUHBI BOJIHBI OJJHO3HAYHO PA3PEIIAIOTCA B UCCIEyEMOM 00beMe
npocTpaHcTBa. TOYHOCTH BOCCTaHOBJICHHSI (DOPMBI OOBEKTOB 3aBUCUT OT YaCTOTHI
aKyCTUYECKUX BOJIH ¥ YTJIOBBIX Pa3MEpPOB 00JIACTH U3MEPEHUHN aMIUTUTYAbI U (a3bl.

[lonydyeHHble pe3yJbTaThl [MOKA3bIBAIOT MPUHIUIHUAIBHYIO  BO3MOXKHOCTb
BOCCTAHOBJICHHUSI TPEXMEPHBIX HEOJHOPOJHOCTEH C MOMOIIBI0 METO/Ia aKyCTHYECKON
rojorpapuu. Kak nokazano oOcyxaeHue meToja Ha MexayHapoJHOM CHMIIO3UyMeE
M0 YJbTPa3BYKy [6], KaUeCTBO BOCCTAHOBJICHUS PACCMOTPEHHBIX HEOAHOPOIHOCTEH
METOJIOM aKyCTHYECKON royiorpaduu COMOCTAaBUMO C Ka4eCTBOM 3XO-UMITYJIbCHOTO
merona. Creayer OTMETHTh, YTO JJIsi WCIOJB30BAHUS TPEUIaraeMoro MeEToja
aKyCTHYECKOW rojiorpaduu Ha JAaHHOM d3Tale €ro pa3BUTHA MOKa Tpedyercs Oonee
NPOJOJKUTENIBHOE BpEMS, YeM [UIsl MMIIYJbCHOTO METOJa (HECKOJbKO 4YacoB IO
CPaBHEHHUIO C MHUHYyTamH). BakHbIM NpEeUMyIIECTBOM ToJorpapuueckoro mojaxoja
SIBIIIETCS TO, YTO B HEM UCTIOIB3YIOTCS JIUIITh MOHOXPOMATHYECKHE BOJIHBI, B TO BPEMS
KaK JJIi HMIIYJIbCHOIO METOAa HEOOXOAMMO HajJU4Me JOCTATOYHO JOpPOTOro
HIMPOKOIOJIOCHOTO TPaKTa AJIs M3JTy4YeHUs U ITpHeMa CUrHaja.

Takum o0Opa3om, TIpU Pa3BUTUU METOJA aKyCTUUYECKOH rosorpaduu, BO3MOKHO
€ro MPUMEHEHUE B PA3IUYHBIX OOJACTAX aKyCTHYECKOW BH3yaldW3allid, TaKUX Kak
MEIUIMHCKAsl JMarHOCTHKa, J1e(eKTOCKOMUs, HCCIeJOBaHHEe MOPCKOro JHA U Jp.,
HapsIy C 3XO-UMITYJIbCHBIM METOOM.

Pabora mnonnepxana rpantamu PODOU 08-02-00368, MHTI[ 3691 wu
NIH ROTEB007643.
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OnTn4ecKkui n akyCTUYeCKMn MeToabl KarmbpoBKu
LLINPOKOMOJIOCHBIX MUKPOJOOHOB B 3aa4vyax HeNMHENHOW

a3p0aKyCTMKM

FOnpames I1.B., ABepbsinoB M.B., Xoxiosa B.A., CanoxnukoB O.A.
busnueckuit paxkynprer MI'Y umenu M.B. JlomoHocoBa

N3mepeHre MUPOKONOIOCHBIX aKyCTUYECKHUX CUTHAJIOB B SKCIIEPUMEHTAIbHON
a’pOAKYCTUKE BCE €Ile HAaXOOUT OIpeleseHHble TpyaHocTu. Hampumep, npobiaemsl
BO3HUKAIOT MPU HU3MEPEHUM HMIIYJbCOB JABJIEHHUS C Y3KUM YyAapHBIM (POHTOM, B
yacTHOCTH, N-BomH (puc.l). Pa3BUTHIO TEOPETHYECKUX U SKCIEPUMEHTAIbHBIX
UCCJIEIOBAaHUN  pacCIpOCTpPaHEHUs] yAapHBIX
BOJIH B aTMoc(epe criocoOCTBOBAIO CO3/1aHUE
CBEPX3BYKOBOM  IaCCA)KUPCKOW  aBHALUU.
['eHepupyeMble CaMOJIETOM YyAApHBIE BOJIHBI
OOJBIION aMIUIUTYAbl PACHpPOCTPAHSIOTCSA /10
MOBEPXHOCTH 3E€MJIM U TNPEACTABISAIOT COOOM
UMITYyJIbCHBI IIyM. YeM BbIIE ypOBEHb
JABJICHUSI B BOJIHE, TEM BbIlE CYyOBEKTHUBHAS
ITPOMKOCTh  IIyMa ¥  BBI3BIBAEMOE UM
— paszapaxenue. CyObeKTHBHasE  T'POMKOCThb
RO ‘ L, 45| pospacraeT TaKKe M HPH yMEHBUICHHH
420 440 460 480 300 ypyHE yaapHOTO (POHTA, KOTOpAs 0OBIYHO
Puc. 1. IIpopuns N-BosHel oT  ONPEACIACTCA  KaK  BpPEeMs  HapacTaHUs

HCKPOBOrO MCTOYHHMKA, M3MEPEHHbIH  namBieHus Ha ¢pontre ot 0.1P. 1o 09P
Mukpoponom pupmsl B&K.

p. Pa
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rae P, - nuKoBoe AasieHue (amrmmryza) [1].

DKcreprMEHTaIbHbIE UCCIEN0BAHNS pacipocTpaHeHusi N-BOJIH B HATYPHBIX YCIOBUAX
JOCTaTOYHO JIOPOTH. AJBTEpPHATUBOM HATYPHBIM JKCIEPUMEHTAM  SBIISIOTCS
YMEHBUICHHbIE JI0 J1a00paTOpHBIX pa3smMepoB mojenu [2,3]. [Ins reHepanuu yaapHbIX
BOJIH B J1abopatopuu OOBIYHO HCIOJIB3YIOT HCKPOBOM HCTOYHMK, cosparomuid N-
BosiHbI ¢ ammuntygoi 1000 Ila u nourensHocThio 30 MKC. CoryiacHO TEOpUHU IIUPUHA
yaapHOro (poHTa B BO3AYyXE NPHU TAKUX aMIUIUTYAaX MOXKeT ObITh mopsaka 0.1 Mkc.
Ha puc.l npexcrasien npumep npoduist N-BOJIHBI, M3MEPEHHOW MHKPO(POHOM

o ¢bupmbl Bruel & Kjer. Bugno, yto mmpuna yaapHoro ¢poHTa

. OueHb BenMKa - 2.65 wmkc. bonpnioe pacxoxaeHue MeEXIy
OKCIEPUMEHTOM H  Teopued  OOBSACHIETCS  TeM,  4TO
YyBCTBUTEJILHOCTh UCIIOJIb30BaHHOTO MUKpodoHa (auamerp 1/8° ,
puc. 2) CyIIECTBEHHO mMajaeT Ha d4actorax Bbimie 140 kI
B CyImecTByIOT U JIpyrHe TPYIHOCTH HCIONB30BAHUSA MHUKPO(POHOB
Puc. 2. B&K A1 H3MEpPEeHUs IIUPOKOIOJOCHBIX  curHanoB. Hanpumep,
MHKpO(OH B MHKPO(GOH MOXXET ObITh BMOHTHUPOBAaH B CIELUAIbHBIA 3KpaH,
9KpaHE. YMEHBIIAIONINKN BiIUsHUE AU pakiuu. B 3ToM ciyyae OTKIMK Beeit
M3MEPHUTETHLHONU CUCTEMBI OTJIMYAETCS OT OTKIMKA OTAEIHHO B35ATOro Mukpodona. B
CBSI3M BBIIIEyKa3aHHBIMU MpoOJieMaMy, HEOOXOoANMa MpocTas U ObICTpasi mpoleaypa
KaJTMOpPOBKH M3MEPUTEIBHON CHUCTeMbl. B JaHHOM mpoekTe pa3paboTaH COBMECTHBIN
aKyCTUYECKHI U ONTUYECKUI METO/IbI KaTMOPOBKU. AKYCTUYECKHI METOJI OCHOBAaH Ha
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UCIOJIb30BAHUM HENMHEUHBIX 3(P(EKTOB MpU PaclpoCTpaHECHUU
chepuueckoit N-BomHbBI OT wuckpoBoro wucrounuka [4]. C
YBEJIMYECHUEM MPOUJEHHOTO OT HMCTOYHHKA pPACCTOSHUS, HM3-32
HETMHEWHBIX YPPEKTOB, NIUTETLHOCTh N-BOJIHBI YBEIIMYUBACTCS,
YTO TMO3BOJISIET pacCcuuTaTh aMIuiuTydy N-BOJHBI MO JTaHHBIM
u3MepeHuit anmurtenbHoct [4]. [lpu 3ToM 04eHb BakHA TOYHOCTh
ONpeeNeHUs JUIUTENbHOCTH. M3-3a pa3MbITOro yaapHoro gppoHTa
OMPENENNUTh JUIMTENIbHOCTh 10 MPOPWII0  3aTPYIHUTENBHO,
Puc. 3. HpI/IMp [O3TOMY HaMH OB MpEeUIOKEH NPYroil OpUTHMHAIBHBIN METOJ,
TeHeBoil Kaprwmp OCHOBAHHBIM HA IOMCKE YaCTOT, HA KOTOPBIX JOCTUTaKOTCS
ymapHOro poHta ~ MHUHHUMYMBI CIEKTpa. Toraa JUIMTENBHOCTh BBIYUCIAETCS IO
dbopmyne T =1.436/f,, rne f, - yacroTa mepBOro MUHUMYyMa.

[TokazaHO, 4TO NpU HUCHONB30BAHUU METOJA, aMIUIMTyAa N-BOJIHBI MOXET OBITh
omnpejeneHa ¢ TOYHOCThIo 10 10 %. [l u3MepeHus MUPUHBI yAAPHOTO (PpoHTa ObLI
UCMOJb30BaH ONTHYECKH TeHeBoW Metop [5]. TeHeBble KapTUHBI (HOPMUPYIOTCS
Omaromapst pedpakiuy CBeTa Ha HEOJHOPOTHOCTSAX TIOKa3aTessl MPEIOMIICHHUS,
CO3[1aBAEMBIX BapualllsAMM IUIOTHOCTH BO3yXa B IMPOXOJIIEH BoaHE. B ontnueckom
HKCHEPUMEHTEe TEHU OBUIM 3aperucTpupoBaHbl MpHu mnomou o0bekTHBa M CCD
kamepsl. [Ipumep TeHeBOM KapTUHBI IPUBEAECH Ha pHC. 3. [[1s HaX0XKIEHUS IIUPUHBI
yAApHOTro (PpoHTa TEHEBble KAapTHUHBI ObLUIM TMPOUHTEPIPETHUPOBAHBI MPHU MOMOIIU
MOJIETIMPOBAHUS PACIPOCTPAHECHMSI CBETA YEPE3 BapUallMK IOKAa3aTesl MPEIOMIICHUS,
co3naBaemble N-BonHoil. Ha puc. 4 mnpoBeneHO CpaBHEHHE IIMPHUHBI YAAPHOTO
¢poHTa, MOITYYEHHON B ONTHYECKOM JKCHEPUMEHTE C MPEICKa3aHUSMU TEOPUHU Ha
pa3IUYHBIX PACCTOAHUSAX FOT HUCTOYHHUKA [6]. Pe3ynbTaThl ONTHYECKOTO U
AKyCTHYECKOI0 HKCIIEPUMEHTOB HAXONATCS B XOPOILIEM COIVIACUM APYr C APYIoM,
OTHOCHTEJbHAs ommOKa He npeBbimaeT 10%. CpaBHeHHE H3MEPEHHOTO MUKPO()OHOM
CUTHaJa ¥ CUTHaja, IPOMOJCIMPOBAHHOIO HA OCHOBE JaHHBIX 00 aMIUIUTYyJE U
JUINTEJIBHOCTH, TIO3BOJISIET OCYILECTBUTh KAIMOPOBKY. M3MepeHue upHUHbl yAapHOTO
dpoHTa oObOecmeurBaeT TMPOBEPKY METOJA. Takum o0o0pa3oMm, COBMECTHOE
UCIIOJIb30BAHUE AKyCTUYECKOr0 M OINTHYECKOTO METOAOB IMO3BOJSAET YIYYLIUTh
KaJIMOPOBKY COBPEMEHHBIX IIMPOKOIMOJIOCHBIX JaTYUKOB.

Ty 1S 1. Leatherwood D. et. al. J. Acoust. Soc. Am.
0.6/ o optical experiment (E ] 111(1) Pt 2. 586 — 598 (2002).
< theory: Burger's eq. f | 2. Ollivier S. et. al. AIAA-2004-2921, 10th
0.5 .
AIAA/CEAS Aeroacoustics Conference.
0.4 TV 1 3. Lipkens B. et. al. J. Acoust. Soc. Am.
03 1E | 103(1). 148-158, (1998).
4. Wright W., J. Acoust. Soc. Am., 73(6). P.
02p . % * 1948—1955. (1983).
0.1 % ] 5. Settles G. Springer-Verlag, Heidelberg,
| | | | | (2001).
10 20 30 40 50 60 70 6. Yuldashev P. et. al. Acoust. Phys., 54(1), 32-
r, cm 41 (2008).
Puc. 4. Hlupuna ynapHoro ¢ponra, BrarogapHoCcTH

M3MCPCHHA  TCHCBBIM ~ MCTONIOM  PaGora BBIMOJNHEHA TMPH YAaCTHIHOW MOMIICPIKKE
(Kpyri) u paccuuTaHHas Ha OCHOBE  po,urop  POON.  KoMIbIOTEpHBIE BBIMHCICHHS

MUKPO(OHHBIX MU3MEpPEHUN
pod p IPOBOAMIIUCH Ha cynepkoMIiibioTepe «Ckud®@-MI'Yy.
(kpecTukm).
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HoBbin cnocob reHepauun peHTreHOBCKOIro U3ry4yeHus npu
KaBUTaLum ObICTPON CTPyn BoAbI

A.A .Kopuunosa (1), B..Beicoukuii (2), H.H.Ceicoes (3),
H.K.JIutBun (4), B..Tomak(5), A.A.bap3oB (6)

MockoBckui rocygapcTBeHHbI yHuBepcuteT uMm. M.B.JlomoHocoBa, Poccus (1)
KneBckuii HaumoHanbHbIn yHMBepceuteT um. T.lLeBueHko, YkpauHa (2)
MocKoBCKMI TexHUYeckun yHusepcuteT uM. baymana (MBTY), Poccus (3)

B pa6ote [1] Obiu oOHapy>keHbl M HMCCIEAOBAHBl ONTHUYECKHE U PEHTIC€HOBCKHE
MPOIIECChI, KOTOPHIE COMPOBOXKJAMU KABUTAIIMOHHBIC SBJICHUSA, MPOTEKAIOIIUE B
JABWXKyHeMcs rpu aasieHuu 70-90 aTM MallMHHOM Macje, BBITEKAIOIIEM U3 TOHKOTO
JTUDJIEKTPUYECKOTO KaHalla B KaBUTALIMOHHYIO Kamepy. Mexanusm GopMmupoBaHus
PEHTTEHOBCKOTO  W3Iy4eHHUS OBbUT CBS3aH C  [IOCJIEOBATEIBHBIM  TaHIEMOM
KaBUTALIMOHHBIX U YJIAPHO-BOJHOBBIX MPOLIECCOB BHYTPU KaMEpHhI.

B  nanHoli paGoTe mpeAcTaBleHbl — pe3yibTaTbl  HM3yYE€HHUS  WMHTEHCUBHOTO
PEHTI€HOBCKOT'O U3JyUYEHHUsI, CBA3AHHOTO C My3bIPhKOBOW KABUTAILIMEN CBEPX3BYKOBOI
CTpyH BOJBI TIpH oueHb BbICOKOM naBieHuu (oT 200 mo 3000 aTtM) Bo3le KOHIIQ
BBIBOJIHOIO KaHajia M B CBOOOJHOM MpPOCTPAaHCTBE. Msrkas 4acThb M3IIy4eHUs
(Ex=1K»B) renepupoBasach MOBEPXHOCTbIO OBICTPOM CTpyH BOJBI B 00JACTH
KaBUTAIlMK TIPU  JIOOOM  JaBICHWH. OHEPIrUs U3IYyYCeHUS, TEHEPUPYEMOTO
MTOBEPXHOCTBIO CTAJIBbHOI'O BOJOBBIBOJSIIETO KaHaa, COOTBETCTBOBAIAa Ex~2 K»oB. B
clydae JOINOJHUTEIBHOTO CBUHIIOBOIO TMOKPBITUS 3TOW MOBEPXHOCTH HSHEPIHs
u3nnydyeHuss Bospactana 10 Ex=4.5-5 KsB (cm. Puc.l). ITlonnas akTuUBHOCTH
PEHTTeHOBCKOM  reHepanuu  cooTBerctBoBasia 0.1  Kropu.  AHanoruusbie
paaualMOHHbIE  SBJIEHUS  PETUCTPUPOBAINCH C  IOMOIIBKD  PEHTT€HOBCKOM
dotoreHku. beiio mokazaHo, 4YTO B TaKOW BOJIOBBIBOJAIIEH CHCTEME C MHTEHCUBHOM
KaBUTAIIMEH BO3MOXKEH IPOIECC TaHAEMHOTO (OPMHUPOBAHUS  YIPABIIEMOTO
(oxycupoBaHHOTO WJIM HAIMpPaBICHHOT0) PEHTTEHOBCKOTO H3JIYYCHHUS C 3aJaHHOU
MONEPEYHON CTPYKTYpOU. Bbll MpeanokeH u AeTallbHO UCCIEN0BAH METOJ CO3JaHHUs
KOMOHMHUPOBAHHOW "aKyCTO-pEHTT€HOBCKOW'" ONTHYEeCKOW Ccuctembl. B gokmnazae
MpeACTaBICHbl Pe3yJbTaThl (POKYCUPOBKM U J1€(POKYCUPOBKH PEHTIEHOBCKOTO
U3JIyYEHUs] T€HEPUPYEMOIO MPU BO3ACHCTBUN KaBUTHPYIOILIEH CBEPX3BYKOBOW CTPYy€Ei
BOJbl HA TOJICThIE MHUILEHHU U YIPaBISEMOro '"aKyCTO-pEHTT€HOBCKOWU" ONTHYECKOM
CHUCTEMOW HM3TOTOBJIECHHON W3 METAUIMYECKOM JUH3HI (cM., Puc.2).

B noknane oGcykaaroTcsi pa3Hble METOJIbI MPUMEHEHUS PEHTIC€HOBCKOTO M3JTy4YeHUS,
TEHEPUPYEMOIO0 B TMPOLECCE KABUTALMHU, B MHUKPOIJIEKTPOHUKE, MEIMIIMHE U
OMOTEXHOJIOTUH.

1. A.A Kopuaunoga, B.1.Bsicoukuii, H.H.CsicoeB, A.B.JlecsatoB. I'eneparus

PEHTTEHOBCKOT'O M3JIy4YECHHUS NP My3bIPHKOBON KaBUTAIIUMU OBICTPOU CTPYH KUIKOCTH
B JdJIeKTpudeckux kaHamax //Tlosepxuocts, 2009, Ne 4, c. 17-26
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[NepcneKkTrBbl BETPOIHEPreTUKN B ropax

KoxesnukoB B.H.
Kadenpa usnkn atmocepbl Pusmyeckoro cakynoteta MMy

CamorneTsl JIeTaloT 3a CYET MOJBEMHOW CHUIIbI, BOSHUKAIOLIEH MpU OOTEKaHUU
€ro KpbUIbEB BCTPEUHBIM MOTOKOM BO3/ayxa. BaxHelmmm GpakTopoM, onpeaeistonum
ATy CHIy, SIBJISIETCSI YTOJ MEXIYy HalpaBlI€HUEM II0TOKA M IUIOCKOCTBIO KpbLia,
Ha3bIBAEMBII YIJIOM aTakd. YCTOMYMBOCTH MoOJieTa 00eCrednBaeTcsi TOJIBKO TOT/a,
KOrJla BEJIMYMHA yTJa aTakd HE BBIXOJUT 3a MpEeJesbl HEKOTOPOro Iuana3oHa
3HaueHud. COOTBETCTBYIOUINE HCCIEAOBAHUSA MAAHHOW MPOOJIEMbI MOKa3bIBAIOT, YTO
BBIXOJ] M3 JOIyCTUMOIO JAMAna3oHa MOXET NPOUCXOJUTh TOrAA, KOrja CamoJeT
MOTaaeT B 00JaCTh CEPhE3HBIX BOIMYILICHHI aTMOc(epsl U MPEXkae BCEro KOrna OH
nomnajaaer B 00JACTh 3aMETHBIX BO3MYLIEHHI BEPTUKAJIBbHOM CKOpPOCTH. B Takux
CUTyallMsIX B JIy4YllleM CJIy4a€ CUJIBHO BO3pPACTalOT NEPETrpy3KH, ACHCTBYIOIIHUE Ha
caMoJIET U TacCa)XMpOB B HEM, MU B XYyJLIEM — CAMOJET TEPSET YNPaBIsIEMOCTh
(HauYMHAET «CBAJIMBATHCSA» C BOBMOXHBIM MEPEXO0JIOM B IITONOpP). B Hacrosiee Bpems
YIOAeTCs  JOCTaTOYHO  HAJAECKHO  OLICHMBATh  MHTEHCUBHOCTh  BO3MYIIECHHUI
aTMOC(epHBIX TOTOKOB HaJ peajlbHbIMU TOpHbBIMHU XpeOTamu [1, 2, 3]. B [1, 3], k
npuMepy, OBUIM TIPOBEACHBI OLEHKH BO3MYIICHHH BEPTHKAIBHON CKOPOCTU
aTMoc(epbl U CBA3aHHBIX C 3TUM W3MEHEHHWH yIiia aTaku M Teperpy3oK s IBYX
TUINOB MAacCCaXXUPCKUX camoyneToB. OgHa M3 TakuX OIECHOK, MpOBeaeHHas B [3],
WUTIOCTPUPYETCS] HU)KE Ha PUCYHKax M B TaOJHIle IS JISTKOMOTOpPHOTO camosiera. Ha
MIEPBOM PUCYHKE JIaHbl TPACKTOPUH JABMXKEHHSI M U30JIMHUM BEPTUKAJIBHOM CKOPOCTHU
W Haj BcemHu ropamu, Ha BTOPOM — TPAaeKTOpPUM M M3MEHEHUs yria ataku D Han
IJIaBHBIMU XpeOTamu. B Tabnuile npuBeeHbl SKCTpEeMalbHbIe 3HAUEHHSI BO3MYILICHUN.
OneHka noKa3bIBa€T, YTO W3MEHEHMs yIJla aTakd MOTYT JOCTUraTh 9 rpaaycos.
OOBIYHO TOJIAraroT, YTO MPHU TMPEBBIIICHUHA 7 TPAAyCOB CAMOJET MOXKET MOTEPATH
yIpaBJICHHUE.

OueHkH TMOKa3bIBAIOT, YTO CYLIECTBEHHBIE [UIsI MOJETOB BO3MYILEHUS
atMocdephl ciieyeT 0Xuaath Hajg ropamu ¢ Beicotamu oT 500 mo 1500 M, KoTOpkIE,
KaK M3BECTHO, BECbMa YAacTO BCTPEYAIOTCA B IMpakTHUKe moJieToB. I[IpoBenenue
pacyeToB MOJpa3yMEBAET 3HAHUE JIBYX ACIEKTOB MPOOJIEMBI: XapaKTEPUCTUK TOPHOTO
penbeda W TapaMETpPOB COCTOSHUSA aTMochepsl B TOTOKE Tiepes] Topamu.
XapakTepuCTHKU penbeda Ompenesiorcs Mo pa3padOTaHHOW MNpoLeAype aHaiu3a
KapT BbICOT. [lapaMeTpsl cOCTOsSIHUSL aTMOC(Eephl HETPYAHO ONPEAENATh MO JTaHHBIM
CTaHJAPTHOrO PaJMO30HIMPOBAHMS B OIIEPATUBHOM PEXHUME.

BxiroyeHne ykazaHHBIX pacueToOB B METEOPOJIOTHYECKOE 00ECIIeueHHe MOJIEeTOB
HO3BOJIUT TMOBBICUTH O€30MaCHOCTh M KOM(OPTHOCTh TIOJETOB HAa MHOTUX U3
CYILLECTBYIOLIMX aBHaTpacc. J[aHHBIM MOAXOA MOXKET HCIIOJIB30BAThCS TaK K€ IPHU
IPOKJIAJIKE HOBBIX aBHATPacC M IJIAHWPOBAHMM CTPOMTEIBCTBA HOBBIX a3pPOJPOMOB.
Ha nepBom 3Tarne Takue MEpONpUATHS MOXKHO ObUIO Obl MCIOJIb30BaTh B KayeCTBE
HOJYYCHHs CIEUUAIbHOM HMH(OpPMALMKM O TUMOBOW XapaKTEPUCTHUKE KOHKPETHBIX
aBuatpacc. Her comMHeHu#, 4TOo B HEJAJIEKOM OyAylIeM CTaHET BO3MOKHBIM
IPOBOJAUTH OLIEHKY 0€e30MacHOCTH U KOM(MOPTHOCTH HEMOCPEACTBEHHO BO BpEMs
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npoBesieHus nojeta. B aToM ciiyyae meTeocny:k0a cCMOXET JaBaTh PEKOMEHJAIUU 110
HCIIOJIb30BAHUIO MAaHEBPOB JIJIs1 00X0/1a KOHKPETHBIX OMACHBIX 30H B aTMocdepe.

1. KoxesuukoB B.H., [1aBnenko A.Il. Bo3myienus atMmocdepsl Haa ropamu u
6e3onacHocTh nosietoB. M3B. PAH, ®AO, 1. 29, N 3, ctp. 301--314, 1993.

2. KoxeBunkoB B.H. Bo3mymienust armocdeps! npu o6Tekanuu rop. Mockaa,
"Hayunsiit Mup", 160 ctp. ¢ nmi., 1999.

3. KoxepuukoB B.H., Memapuan M.X. Oporpadpuueckue BO3MYLIEHUS U
npoOieMa 0e30macHOCTH MoJjieToB Haja ropamu Mpana. IIpoGnembl aHanuza pucka.
Tom 3, Ned, ctp. 546-361, 2006.

Mecto W, m/c D, rpan
3emuts y xpeOra e -10/+7 10
3emuts y xpebTa g -10/+7 10
BricoTel 3-4 xm -6/+5 8
BricoTel >4 KM -6/+5 9
102Km Sy

L
0 20 40 60 80 100 120 140 160 180 200

Puc. 1. Oporpaduueckue BoO3MyIIeHHS aTrMocdepbl Npu OOTEKAaHHUU TOP
1O.3arpoc B Hpane. CIUTONIHBIMY JIMHUSMH TTOKAa3aHbI TPACKTOPUHU JBUKEHUS BO3TyXa
(OCHOBHOW TIOTOK HAIIPaBJICH CJIeBa HaIparo). VM30JMHUM BEPTHKAIBHOU CKOPOCTH
MIPEJICTABIICHBI CIUIOMIHBIMU  (HUCXOMSAIINE TOTOKH) W TYHKTUPHBIMU JIMHUSIMHU
(Bocxopsmue MOTOKM), U pamMu JaHbl 3HAUCHUS B M/C. [ TaBHBIC XpEOTHI BBIJCICHBI
OyKBaMHu.
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Puc. 2. Oporpaduueckue BO3MYIIEHUS HAJ TOCTHOJCTBYIOINIMMH XpeOTaMu.
CIUTOIIHBIMU  JIMHUSIMU  TIPEJICTABJICHBl TPACKTOPHH JBWKCHHS, CIUIONIHBIMH C

1udpamMu — M30JMHUM U3MEHEHUM yIJIa aTaku (B Tpajycax).
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[aTymMkn MarHUTHbIX Nofien N aBTOHOMHbIE NCTOYHUKM 3HEPIUmn
Ha OCHOBE MarHMUTO3JSIEKTPUYECKoro adpdekta B CNOnUCTbIX
CTPYKTYypax peppomMarHeTnk — nbe303S1IEKTPUK

®etucos JL.IO., ITepos H.C.
dusnyecknin pakynbteT, MI'Y nmenn M.B. JlomoHocoBa

Ilenbro nmpoekTa SABISETCS CO3JaHUE JATYMKOB MAarHUTHBIX IOJIEH U aBTOHOMHBIX
UCTOYHMKOB SHEPIrMU HOBOTO THIIA HAa OCHOBE MAarHUTOAIEKTPUUECKOro 3¢ ¢dexra B
TBEPAOTEIbHBIX CTPYKTYpaX.

Maruautosnektpuueckuii.  (M3) »addext mposiBisieTcss B AIEKTPUUYECKOM
nojsipuzanuyd obpasua (TeHepauus 3JIEKTpudeckoro HampspkeHuss U Ha Tpansx
o0Opa3na) mpu MOMEIIEHWU €ro BO BHEIIHee MarHuTHoe mnosie H. MakcumaibHbIi 110
BenuurnHe MDD s¢dekT oOHapykeH B KOMIIO3UTHBIX CTPYKTYypax, COJAEpKallnux

MEXaHUYECKH CBSI3aHHBIC
o U H+h(f) dbeppomMarauTHbIE (OM) u

_— nbe3odniektpuueckue  (II0)  cnom.

_ <> Ms Oddexkr Bo3zHMKaeT B pe3yibTaTe

— KOMOWHAIMK MarHuTocTpukiuun OM
cnos u mwe3odddekra B I[1D croe.
Benmnuuny »ddexkra xapakTepusyroT
koadurnmentom o = U/(d-H), rae d —
[eomerprst MO cTpyKTypbI TOJIIMHA CTPYKTYpbl. B cTpykTypax
COJIepKallluX MaTepuaibl C BBICOKOM
MAarHUTOCTPUKIMEH W OONBIINM Mhe30K0I(PIUIIMEHTOM TOCTUTHYTA 3()PEKTUBHOCTH
MD npeobpazoBanus o = 0.1-100 B/(3-cm) [1].

M3 cTpyKTypbl IEPCHIEKTUBHBI JIs1 CO3/1aHMS BHICOKOYYBCTBUTEIBHBIX JaTUUKOB
MOCTOSIHHBIX W TEPEMEHHbIX MArHUTHBIX Tojied. Takue AaTyukd, B OTIWYHE OT
pachpoCTpPaHEHHBIX JAaTYUKOB Ha ocHOBe 3(dekra Xosua u 3ddeKkra TUraHTCKOTO
MarHeTOCOMPOTUBIICHHUS, HE TPEOYIOT AOMOJHUTEILHOTO UCTOYHUKA MUTAHUS, TPOCTHI
M0 KOHCTPYKIIMH, PabOTAIOT MPH KOMHATHOW TEMIEPAType M MMEIOT MOBBIMICHHYO
paJiMallMOHHYI0 CTOMKOCTH [1]. 3a pyOexkoM pa3paboTaHbl OMBITHBIE 00pa3ibsl MO
JATYUKOB TMEPEMEHHBIX MAarHUTHBIX I[OJ€l C 4YyBCTBUTENbHOCThIO g0 1 mT,
paboTarolue Mpu KOMHAaTHOU TeMIlepaType.

Hpyras ob6macte mnpumeHeHuss MD CTpYKTyp — aBTOHOMHbBIE HCTOYHHUKH,
npeoOpa3yoIue HSHEPrHI0 MEXaHWYEeCKHMX KOJIeOAaHMHW W MArHUTHBIX TMIOJIeH B
ANEKTpUUYECKOe HampspkeHue. McTouHnkamMu MexaHMYeCcKUX KoJeOaHuii MOTYT OBITh
JBIDKCHMSI YacTel dYeIOBEUeCKOro Tejla, BHUOpamus 3JaHHi M COOPYKCHUH,
TPAHCIOPTHBIE CPEACTBA W pa3IMYHble NPUPOJIHBIE MPOLECCHl (BOJHBI, BETED).
MarautHple TOJSI BO3HUKAIOT MpH pPabOoTe MPOMBINIIEHHBIX YCTaHOBOK. Takue
WMCTOYHUKU SHEPTUU HKOJIOTUYECKH YHUCTHIC U, B OTIUYUE OT HCHOJb3YEMbIX CETOIHS
Oatapeii, MOTYT UMETh HEOTPAHUUYEHHBIN CPOK CITYKOBI [2].

Hamu Obimu mpoBeieHbl paznuuHble uccienoBanus MO s dexra B cTpykTypax,
coJIep KalliX MArHUTOCTPUKIIMOHHBIC CJIOM W3 HUKeIs, TaindeHona u amopdHOTo
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METaJUla, W  TbE303JEKTPUUYECKHE CJIOM I[MPKOHATa-TUTaHaTta CBHUHOA [3].
[TpoieMOHCTPUPOBAHO PE30HAHCHOE ycwieHne MO B3auMOJEHCTBHA Ha YacTOTax
AKyCTUYECKMX PE30HAHCOB CTPYKTyp [4]. IlomydeHHble naHHBIE IEMOHCTPUPYIOT
BO3MOXHOCTb MTPAKTUYECKOT0 UCIIOJIB30BAHUS TAKUX CTPYKTYP.

B nmnpoekre mnpeamonaraerca wucciaenoBatb MO  addekr B cTpykTypax
COJepKAIMX MAaTepHajbl C TOBBIIIEHHOM MAarHUTOCTPUKLIHUEH M Mbe303(PPEKTOM,
pa3paboTaTh ONTHMalIbHBIE KOHCTPYKIMH JATYNKOB MAarHUTHBIX TOJEH pPa3IMIHOTO
TUIA, U3TOTOBUTH OMNBITHBIA OOpa3el] aBTOHOMHOI'O MCTOYHMKA SHEPrUU Ha OCHOBE
MD sddekra B CIOUCTBIX CTPYKTYpax U MUCCIEN0BaTh €ro0 XapaKTEPUCTUKU.

[1] C.-W. Nun, M.I. Bichurin, S. Dong et al, Multiferroic magnetoelectric composites:
Historical perspective, status, and future directions, JAP 103, 031101 (2008).

[2] S. Priya, J. Ryu, C.-S. Park et al, Piesoelectric and Magnetoelectric Thick Films for
Fabricating Power sourses in Wireless Sensor Nodes, Sensors 9, 6362 (2009).

[3] L.Y. Fetisov, K.E. Kamentsev, D.V. Chashin et al, Converse magnetoelectric effects in a
galfenol and lead zirconate titanate bilayer, J. Appl. Phys., 105, 123918 (2009).

[4] N.S. Perov, Y.K. Fetisov, L.Y. Fetisov, Magnetoelectric interaction in amorphous
magnetic-piezoelectric structures, Abstracts of the Progress in Electromagnetic Research
Symposium, 18-21 August, 2009, Moscow. Russia.
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Cnoco6 nmnynbCHOro BO3AeMcTBUA
Ha B3PbIBHYK BONHY BONIM3M NOBEPXHOCTHU

3namenckas U.A., UsanoB N.D3., Koporeera E. 0., Kapamy6a A.K.,
Mypcenkosa 1.B., Opnos I.M., CreicoeB H.H.

MIY, domnsundeckmin pakynbTeT

[Ipemynoxxen wMeTon BO3ACHCTBUST HAa YIapHYI BOJIHY BOJIM3M TBEPIOi
IIOBEPXHOCTH  C  IIOMOINBIKD  PACHPEACIICHHOIO  ITOBEPXHOCTHOIO  paspsia
HAHOCEKYHJIHOM JJIUTEIILHOCTH.

HccnenoBano ra3oIMHaMH4YECKOe TEUYEHHUE, BO3HHUKAIOLIEE npu
pacupoCTpaHEHUH B3PHIBHOM BOJHBI B KaHaje, Ha OJHOM M3 CTEHOK KOTOPOIO
MHULMUPYETCS MMIIYJbCHBIM CHUJIBHOTOYHBIA IOBEPXHOCTHBIM paclpeleeHHbIN
CKOJIB3SIIIUE pa3psia (IIa3MEeHHbIN JHCT). MTHOBEHHOE ¢ TOUKH 3PEHHS XapaKTEPHBIX
ra3oIMHAMMYECKUX BPEMEH BJIOKEHHE 3HEPIMM B TOHKOM CJIO€ BO3/yXa y CTEHKHU
KaHajla MPUBOJUT K 3HAYUTEIBHOMY POCTY JaBJIEHUS U TeMIlepaTypbl B 00JacTu
paspsga, U IO Pa3psIHON KaMepe Ha4MHAIOT PacHpOCTPaHATHCS yNapHbIE BOJHBI U
Bo3mymieHus. Yepe3 30-40 MKc Bce BO3MYIIEHHs 3aTyXalOT; B pas3psaHON obiactu
UAYT pelaKCalMOHHBIE MPOIIECChl, a BOJM3M MOBEPXHOCTH O0pa3yeTcsl TOHKHHA CIIOH
HArpeToro pas3peKEHHOro ras3a. OKCIEPUMEHTAIBHO HCCIIEI0BAHO B3aMMOJCHCTBUE
yIapHOM BOJIHBI C KBa3WJBYMEPHOW MPHUCTEHOYHOW O0OJACThIO pPEIaKCUPYIOLIeH
IJ1a3Mbl pacpeieIEHHOTO IOBEPXHOCTHOTO pa3psa.

D¢ ekt BO3ACHCTBUSA IMIA3MEHHOI'O JIMCTa Ha IIJIOCKYIO YAAPHYIO BOJIHY,
JBIDKYIYIOCS BJIOJIb ITOBEPXHOCTHM M TEYEHHUE 3a HEM, BKIKOYAIOT: ACCTPYKLUIO U
UCKPHBIIEHUE YyYacTKa ()pOHTA BOJIHBI, IPOCTPAHCTBEHHYIO TypOyIN3alMIO TEUCHUS 32
¢dbponTom (cMm. Puc.1 a, 6).

OBOMIONMS YJapHOM BOJHBI MPHU €€ JBMKEHHUU IO BO30YKIEHHOMY pa3psioM
CJIOI0 Ta3a MCCIEAYETCS Ha pa3HbIX BPEMEHHBIX CTAaAWAX MOCIE WHULHUHAPOBAHUS
paspsina (t=40-500Mkc) u juist pasubix yucen Maxa (M=1,5-3). B atux ycnoBusax
TE€YeHHE HECTAIlMOHAPHO, OHO OTJIMYAETCs] OT YCTaHOBUBILEIOCS JIBHKEHUS YIapHOU
BOJIHBI BJIOJIb TEIUIOIO CJIOSl, TaK KaK MJAET peJlakcalysi, pacUIMpEeHHE HarpeTon
UMITYJICHBIM pa3psiioM obnactu. TeHeBBIMH MeToAaMu OOHapy:keHO oOpa3oBaHHE
KPYITHOMAcIITaOHOTO BO3MYIICHHS, ONEPEeXKaromero (QpPoHT OCHOBHOW BOJHBI, -
IIPEBECTHHUKA, pa3Mepbl KOTOPOI'O PacTyT C BBIXOJAOM Ha aBTOMOJEIBHBIN PEKUM.

[TockonbKy reoMeTpusi 3a/a4d MO3BOJIAET CUUTATh TEUEHUE KBA3UIBYMEPHBIM,
TEHEBbIE CHUMKHU CPaBHMBAIOTCS C pe3yjibTaTaMHM 4YMcIeHHOro 2D monenupoBaHUs.
Pacuer mpoBogwica no metoxy I'oqyHOBa MOBBINIEHHOIO NOPSJAKA, OCHOBAHHOIO Ha
pemieHny 3anadn PuMaHa o pacnaze Npou3BOJBHOIO pas3pbiBa, B paMKax ITOJHOW
CUCTEMBI HecTallMOHApHbIX ypaBHeHHH HaBbe-Crokca, ocpeiHEeHHBIX 110 PeliHonbacy.
PacueTn! MPOBOJIAIIACH 1A BO3yXa (y=1.4) C COOTBETCTBYIOIINUMU
9KCHEPUMEHTAIIbHBIM TPaHUYHBIMU M HauyanbHbIMH  ycnoBusimMu  (Po=25 Topp,
T=300K). TypOyJIeHTHOCTh ONHCHIBACTCS K-£ MOJIETBIO, a BIIOXKCHHUE HIHEPTUU
MOJIETUPYETCS KaK MIHOBEHHOE W3MEHEHHE HauyalibHBIX JAaHHBIX B 00JIACTH, TIE
COCPEIOTOYEH MOBEPXHOCTHBIN pa3psi (MpOTsHKeHHOCTHIO 10 cM, TonmuHoM 0.7 MMm).
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Pacuer naet xapTHHY Te4eHHs, aHATOTHYHYIO HA0JI01aeMON Ha TEHEBBIX CHUMKaX, a
TaKkKe  TMOATBEPXKIACT  COXpPAHEHHE  YJAapHO-BOJIHOBOM  KOH(UTyparmuu ¢
MPEIBECTHUKOM TI0 MEpPE JBMKCHHUSI yIapHOU BOJIHBI BJIOJIb 00JIACTH TTOBEPXHOCTHOTO
SHEProBKJaja U MOCTOSHHYIO CKOPOCTh pocTa npeaBecTHuka (Puc.l B).

AHanu3 SKCIEPUMEHTANbHBIX PE3yJbTATOB M YHUCJIEHHOIO pacueTra TEYeHHs
MO3BOJISIET TPOTHO3MPOBATH BO3JCWUCTBHE Ha YAAapHYI BOJHY BOJW3M TBEPIOM
MOBEPXHOCTH HUMITYJIbCHOTO IMOBEPXHOCTHOTO CHJIBHOTOYHOTO pa3psiia, a TaKkKe
UCCJIeIOBaTh TEIUIOBbIE M peJlaKCAllMOHHBbIE, IeTEPOreHHbIE MPOLECChl B 00JACTH
paspsiia B LIMPOKOM JUAIa30HE NapaMeTPOB.

Puc.1. a), 6) TeneBbie n3o0paxkenus pponrta YB:

a) B OTCYTCTBHH BO3JICUCTBHUS IIA3MEHHOTO JINCTA;

0) TIpu B3aUMOICHCTBHH C TIJIA3MEHHBIM JINCTOM;

B) YMCJICHHBIN pacueT KapTUHBI TEYCHUS, COOTBETCTBYIOIINMA U300paKEeHUIO 0).
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HoBble meToabl oNTUMU3aL MK ropeHund

Uepnukos B.A., Kamenuukos C.A.

Kadbenpa cpusnyeckon anekTpoHukn, dPrusmyeckmin pakynbTeT,
MI'Y nmenun M. B. JlomoHocoBa

Ha ceronnsauii 1eHb NpUMEHEHHE MIa3MEHHBIX HCTOYHUKOB IMPU3HAHO OJHUM HUX
CaMbIX MEPCHEKTUBHBIX JJIS YIPABICHUS BRICOKOCKOPOCTHBIMU MOTOKAaMH, a TAKXKE IS
BOCIUIAMEHEHHUsI ¥ MHTeHCHU(UKauu ropeHns. B mocneanune 10 ner mosBuiack HOBas
001acTh Ha CTHIKE pa3/enoB (GU3UKH — TIa3MEHHAs adpoInHaMKKa. boasmmmHCTBO pabdor,
NOCBSILIEHHBIX JaHHOM TeMaTUKEe NpeICTaBleHO Ha KoHpepeHuusx [1,2] u onuceiBaer
TEIUIOBOE, XHMHUYECKOe, KOMOWHUPOBAHHOE BOCILUIAMEHEHHE IIOTOKOB, a TaKXke
yIpaBjeHHEM HaOEeraromero moToka ¢ HCIOJb30BAHUEM KIACCHUYECKUX THUIIOB T'a30BBIX
pa3psioB. PazpaboTraHHble MOAXOAbI K CTUMYJISIIMA TOPEHUS U YIPABJICHUIO MOTOKOM
SBIISIIOTCSL PELIeHHEeM IIeCTH OCHOBHBIX 3ajaay. [IpoGneMaTuke CTUMYJSILIMU TOPEHUS
COOTBETCTBYIOT 3agaud 3((HEKTUBHOTO NEPEMEIIMBAHUSA, SKOHOMUYHOTO OOBEMHOTO
BOCIUTAMEHEHHUS U CTAOMIBHOTO yepkaHus miameHu. [Ipo0ieMbl BO3IeHCTBHS HA TOTOK
MOJKHO MOAPA3JCINTh B CBOIO O4YEpelb Ha YMNPABICHHE 30HOM OTpbIBA NOTOKA IpHU
OOTEeKaHUM TeJl, YIpaBJIEHUE YJIAPHO-BOJIHOBON CTPYKTYpOH IIpH CBEPX3BYKOBBIX
NOTOKaX M yNpaBjieHHE TYpOYJIEHTHBIM cieloM. B 3ToM mpoekre Mbl XOTenu Obl
IPEICTABUTH HOBBIE MOAXO/bI K PEIICHUIO IPOOJIEM yAEp:KaHUS IUIAMEHU U 00BEMHOIO
YAapHO - pPaJUalOHHOTO BOCIUIAMEHEHMs. YCIOBHUS, [UId KOTOpBIX OyIyT
pa3pabaTbIBaThCsl MpeUlaraéMble METOAMKH — BBICOKOCKOPOCTHBIE IpoOIlaHa -
BO3AYIIHBIE MOTOKH cO ckopocTsimu 200-500 m/c (umcmo Maxa: 1,5-2). B kauectBe
BOCIUIAMEHHTENSI TIPEAJIaraeTcsl HCIOJb30BaTh IMPOJOJIBHO — TONEPEYHBI TyrOBOU
pa3psna noctossHHOro Toka IIIIP (puc.1) MomHocTEIO 3 KBT ¢ JIUTENBHOCTHIO UMITYJIBCA
saxcuranus 1-3 c. TIpi 5TOM KOHIIGHTpAIHs 3MEKTPOHOB B IUIa3Me cocTaBiseT ng=10"
cM™, TemIepatypa rasa T,=2000 °K.

Puc.1. IIpotonsHO nonepeyHslil 1yroBou pas3psii MOCTOSHHOIO TOKA

YaepkaHue 1IaMEHM DJIEKTPUYECKUM mosneM. [IprMeHeHne OaHOpOIHOTO
AJIEKTPUYECKOTO TOJISi MOKET ChITPaTh CYIIECTBEHHYIO POJIb Ul CTAOMIN3AIUH NITAMEHH
B BBICOKOCKOPOCTHOM IIOTOKE IPH BBIIIOJIHEHUHU YCIOBHS Vg = Vi — V¢, TJI€ V4 - CKOPOCTh
npeiida 3apsHKEHHBIX PAJAUKAIOB, V. — JOKaJlbHasg CKOPOCTh BOJHBI TOPEHUS, Vi —
CKOPOCTh IOTOKAa. XapakTepHash CKOpOCTb IIOTOKA B KaMepe TOpPEHMs Ul HallMxX
aKcriepuMeHTOB cocTarisier 500 M/c, B TO Bpemsi, Kak ckopocTh Aedurarpamuu - 10-30
M/c. Wcnonb3yss ans omneHku Maccy u 3apsag pagukana C,H;0 u HampsokeHHOCTH
anexTpuueckoro mois 2.04 B/M s ckopoctu apeiida B 3JeKTPUUECKOM IMoJIe ToydaeM
BermmuuHy 480 M/c. DTa cKOpoCTh Oiin3Ka K COOCTBEHHOM cpefHel ckopocTH noToka (500
M/C), WTO TMO3BOJIIET TOBOPUTh O BO3MOXXKHOCTH OCTAHOBKM IUTAMEHH. YKa3aHHBIC
3HAUEHHUs TMOJISI MOTYT OBITh TMOJIy4eHBbI B JAOOPATOPHBIX YCIOBHUSX. Y CIEIIHOE
yAEp)KaHWE IUIAMEHU TO03BOJSIET COKpPaTUTh MOIIHOCTb, 3aTpauMBacMyl0 Ha
noanepxkanue ropenms B 10’ pa3 UM H306eKATh IOCTOSHHOTO — IUIA3MEHHOTO
BOCIIaMEHEHHs cmecu. Kpome Toro, nepuoanydeckas MOAYJIALMH dJIEKTPUYECKOTO MOJIs
MOXKET OBITh HCIIOJIb30BaHa i BO30YXKIEHHUS TypOYJIEHTHOCTH IUIa3Mbl IUIAMEHH,
YBEJIMYUBAIOIICH TOBEPXHOCTh TermoooMeHa. OmHOW W3 T1ieNield JaHHOTO TPOEKTa
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ABIIAETCA Pa3pabOTKa TEOPETHUYECKOI0 MOJX0Ja BO3ACUCTBHS AJIEKTPUUECKOTIO MOJs Ha
yAepKaHUe IUIa3Mbl TUIAMEHU B BBICOKOCKOPOCTHOM IIOTOKE IPOIMAaHa — BO3AYLIHON
CMeCH, a TaKXke CO3JaHue OECKOHTAaKTHOTO TIIOJEBOr0 JepsKaTeis IJIaMeHH ¢
OPUMEHEHHEM  MOCTOSIHHOTO M MOJYJUPOBAHHOTO  OJHOPOJHOTO  CJIaboro
AIIEKTPUYECKOTO TOJIS.

Y napHo-paauanruoHHOe BOCILIAMEHEHHUE. IlynbcannoHHBIN MEXaHU3M
BOCIUIAMEHEHHUS IPUOOPETAET PEIIAIOIIEe 3HAUEHHE IIPU BBICOKUX CKOPOCTAX MOTOKA, TO
€cTh, B Cllyyae, KOrJa CKOpPOCTh Je(paarpallMOHHOIO TOpPEHMsI CYLIECTBEHHO HIKE
CpeIHE! CKOPOCTH HATEKaHWs CMECH. B JaHHOM mIpoekTe mpearaercs MCCIeI0BaTh
BO3MOKHOCTb BOCIUIAMEHEHHUsI CMECU IIpU IIOMOLIM T'MIEP3BYKOBOM KBa3HUILUIOCKOU
YAApHON BOJHBI M YJIbTPapuOJIETOBOTO W3Iy4YEeHUS, OOpa3yroIMXcs MpU 3PO3UOHHOM
IJ1a3MOIMHAMHYECKOM paspsze. [IpeumymecTsamu IIPEII0KEHHOT O TUIIA
BOCIJIAMEHEHMsS] CMECH SBIIOTCS Mallbli BEC YCTAHOBKHM, Majbl€ JACTOHALIMOHHBIE
pacCTOsIHUA, a TAK)KE MCIOJIb30BAHHUE JOINOIHUTENBHOIO PaJUallMOHHOTO MEXaHHM3Ma
HapaOOTKK paaukaioB. TeopeTHyeckd paccUyMTaHa MUHUMAaJbHAs HSHEPrUsi OAHOIO
uMIyjbca mia3MarpoHa, paBHas 100 Jx, xoropas HeoOxomuma Uil 3QQPEKTUBHOTO
BOCILJIAMEHEHHMs pa3psnoM. 1Ipy 3TOM MOIIHOCTH YCTaHOBKM MOKET COCTAaBJIATH MEHEe
10 kBt. Ywmcno wmaxa runep3BykoBoll BoaHbl pgocturaetr M=10. IIpemgnaraercs
OCYILECTBUTH (POKYCHUPOBKY YJapHOU BOJIHBI B BOJIHOBOJIE C IIPSIMOYTOJIbHBIM CEUCHHUEM,
DKCIIEPUMEHTAIBHO TOATBEPANUTE BO3MOKHOCTh JI€TOHAIIMOHHOIO BOCIUIAMEHEHMS WU
HalTH 00JIaCTh 3JEKTPUUYECKUX MapaMeTpoB, MPU KOTOPBIX JAHHBIA PEXKUM BO3MOMKEH.
Takxke OyIOyT UCCIENOBaH ONTHMAJbHBIM COCTaB CMECH, P KOTOPOM MaKCHMajbHa
JUIMHA CBOOOJHOrO Mpolera BbICOKOAHEPTMYHBIX KBaHTOB. OOBeMHOE "mpocBeTieHue"
CMecH, NpUBOAsiNIEe K (POTOAUCCOLMALUYU, 3HAUYUTEIBHO IOHM)KAET SHEPreTUYecKHe
TpeOOBaHMA K YCTAaHOBKE M K XapaKTEPUCTHKAM yIapHOW BOJHBEL B xome paboTer Oyner
OCYILIECTBJICH PEKUM BOCIZIAMEHEHHMS B YCIIOBHUSIX HEMOABMKHOM MPONaHa — BO3AYIIHON
CMECH U CBepX3ByKoBoro mnoroka (M=2), a Takke co3laHa KaMepa CropaHMs,
paboTaromasi B peKuMe IMyJIbCAallMOHHOTO BOCIIaMEeHEHHUsl. byayT mpoBesieHbl pacdeTsl
YAEIBHOTO UMITYJIbCA TATH.

[1] 1% — 7" AIAA International Workshops on Weakly Ionized Gases. //Proceedings AIAA,
USA, Colorado-1997; Norfolk-1998, 1999; Anaheim-2001; Reno-2002, 2003, 2004, 2005.
[2] 1% — 6™ International Workshops on Magneto- and Plasma Aerodynamics for Aerospace
Applications. //Proceedings IVTAN Russia, Moscow-1999; 2000, 2001, 2002, 2003, 2005.
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Pa3paboTka BEICOKOA()(EKTUBHOTO HCTOYHHUKA CBETA Ha OCHOBE

HOBOU MOI[I/I(I)I/IKaHI/II/I BBICOKOYAaCTOTHOTI'O I'a30BOTI'0 pa3psaaa.
Hexmonona I1. A., Typkosckas A.B., ITerpos A.K.

Ouznyeckuil paxynbreT, MOCKOBCKUI TOCyAapcTBeHHBIN yHUBepcuTeT uM M.B.JlIoMmoHOCOBa
Beenenne.

Haubonee 3¢ekTHBHBIMU COBPEMEHHBIMU MCTOUYHHUKAMH TLJIA3MBbl SIBIISIOTCS
YCTPOWCTBA, CO3AHHBIE HA OCHOBE UCII0JIb30BaHMUs BBICOKOYACTOTHBIX Pa3psl0B
HU3KOTO JIaBJIEHUS! — UHIYKTUBHOTO U eMKOCTHOI0. Kak U3BecTHO, B IEPBOM U3 HUX
JIETKO MOJy4YaeTcs BeChbMa IJIOTHAA IIa3Ma C KOHIICHTpalen 3aps10B n~10"cem”.
JIOCTOMHCTBOM 3K€ EMKOCTHOTO pa3ps/ia SBISETCS 3HAYUTEIIbHOE 000TallleHUE TIIa3Mbl
3JIEKTpOHaMU BhICOKUX 3Hepruil (E~1k3B) u BO3MOXKHOCTH (OpMUPOBaHHS 3a1laHHOTO
AIIEKTPOHHOT'O YHEPIreTUYECKOro cekTpa. M3BecTHO, 4TO NOIKUT MHAYKTUBHOrO BYU
paspsijia NpeCTaBiIsieT U3BECTHYIO TPYAHOCTh U TPEeOYeT TEXHUUECKHUX PEIleHUH,
YCIOXKHSIOIMX KOHCTpYKIUI0. KpoMme Toro, ropeHre HHIYKTUBHOTO pa3psiia B
sHepreTuyeck 3PPEeKTUBHON MOJIE BO3MOKHO IIPHU MOIITHOCTSIX, MTPEBBIIAIOIINX
HEKOTOPYI0 KPUTUYECKYIO BEIUYUHY. DTO CY’KAaeT BO3MOKHOCTb ITIOCTPOCHUS
CeMeNCTBa UCTOYHHUKOB IJIa3Mbl, PACCYMTAHHBIX HA PA3JINYHbIE BETUYMHBI MOIIHOCTH.
EcTecTBEHHO, YTO BO3ZHUKAET MBICIIb O CO3JAHHUH pa3psia, MOAAEPKUBAEMOr0 KaK
BUXPEBBIMHU, TaK U OTCHIUATLHEIME BY mosisiMu, m1a3Ma KOTOPOTO OTIUYAIach Obl
BBICOKOM MJIOTHOCTBIO U 3P(HEKTUBHO YIPABISIEMbIM SHEPTETUUECKUM CIEKTPOM
3JIEKTPOHOB. B HacTosieit paboTe npeacTaBieHbl IEpBbIe Pe3yJIbTaThl 10 U3yUYEHUIO
BO3MOKHOCTHU UCTIOJIB30BaHus Takoro BY pa3psiia B kauecTBe HCTOYHUKA CBETA.
[Ipennonaraercsi, 4TO MHAYKTUBHAS COCTABIISIIOIIAS Pa3psAaa 00ECIIEYUT BHICOKYIO
SHEPTreTHUECKYI0 3()PEKTUBHOCTh UICTOUHHUKA CBETA, & EMKOCTHAs! COCTABJISIONICH —
BO3MOKHOCTb IJIABHOM PEryJIMPOBKU MHTEHCUBHOCTH CBEYCHUS U TOHUKEHUS
IIOPOrOBOM MOIIHOCTH, IIPH KOTOPOU pa3psil NEPEXOJUT B SHEPIE€TUUECKU
3¢ PEeKTUBHYIO MOJTY.

Cxema M MeTOAMKA IKCIIEPUMEHTOB.

Ucrounuku ceeta (MC) npeactaBisitoT OO0 MUIMHAPUUECKUE CTEKIISTHHBIC WITN
KBapIieBbIe KOJIOBI JuaMeTpoM 7cM | anuHou 2.5,4.5 u 8cm. Jlis Bo30yKaeHus
pa3psizia Ha GOKOBOI UJTM TOPIIEBOM MOBEPXHOCTH KOJIO pacIioaraiich CiupaibHbIe
aHTEHHBI. J[OITOIIHUTENBHO K CIUPAJIILHBIM AHTCHHAM, 110 KpaHe! Mepe, Ha OJTHOU
TOPIEBOH MOBEPXHOCTH KPEMUIICS JIEKTPOJI, HEOOXOAUMBIN [T BO30YKACHUS
MOTEHIMAJIbHBIX oJiel B pa3psae. KonObl 3anonHsiMch HEOHOM B TMana3oHe
nasnenuid 0.1-10Top.

Cxema skcniepuMeHTa rmoka3ana Ha puc.l. KoHIlsl aHTeHHBI Yyepe3 coriiacyroliee
YCTpOMCTBO nojcoenuustores k BY reneparopy, padoraroiieMy Ha 4acToTe
13.56MTI'u. U3o6paxenue ot IC ¢ moMoIpio JTMH3BI CO31aETCS HA SKpaHE C
oTBepcTUsIMU. M3MepeHne CBETOBOro CUrHaia Mpou3BoAUTCs ¢ nomompo OOV u
MOHOXpoMaropa. CUrHai MOoCTyMaeT Mo CBETOBOY YEPE3 MOHOXPOMATOp WIIU
Hanpsmyto Ha @Y. Jlng nomxura MC ucnonsizyercs BYU reneparop u cucrema
cornacoBaHus. HampsokeHue U 371eKTpUUECKU TOK U3MEPSIOTCS C ITOMOILBIO
ocumutorpada mpu UCoIb30BAaHUH JICIUTENS HANPsDKEHUS U rosica Porosckoro
COOTBETCTBEHHO.

142



[To u3amepennbM 3HaueHusIM MoltHocTH BY reneparopa Pgen, nHanpsioxenus V u
TOKa | aHTEHHBI pacCYNTHIBAIIMCH YKBUBAJICHTHOE CONIPOTUBIIEHUE Tu1a3Mbl Rpl u
MOIIHOCTH Ppl, BKiabiBaeMasi B rjiazmy.

SKpaH

JMH32 uc

(03c)'% - MoHoxpomaTop!

Cucrema
r cornacoBsaHus

Mosic
Porosckoro
Lenutens
HanpsxeHns

Puc.1.Cxema 3kciepuMEHTaIbHOW yCTAaHOBKH.

Pe3yabTaThl 3KCHIEPUMEHTOB.

Ha puc.2 noka3anbsl 3aBUCUMOCTHA OTHOIIEHUSI UHTEHCUBHOCTH CBEUYEHUS
ma3Mbl Int kK MomHOCTH, BKJIaAbIBaeMoil B miasmy Ppl, ot Ppl nns wucto
UHAYKTUBHOTO 1 Moauduupoannoro BU paspsanos. Kak BunHo, B ciydae
MoauduirpoBanHoro BY paspsiga yaaeTcst moaydyuTh MHTEHCUBHOCTD CBEUEHUS

mia3mbl Ha 10-15% BeImIe, yeM B cllyyae 4MCTO UHIYKTUBHOTO pa3psija.
50 I I

] 7\ —m—Inductive
| i —nm—Modified 1
40 / e Modified 2
- ““‘ %\
“ // L
& | .
= | N
E 20 i .4.
| I
/ = T
10— S i
{m /
I N A
0 20 40 60 80 100 120 140 160 180 200 220 240
Ppl (BT)

Puc.2. 3aBUCMMOCTb OTHOILLICHNSI NTHTEHCUBHOCTH CBEYEHUS IIJIa3MbI K MOIIHOCTH,
BKJIaIbIBA€MOH B Iu1a3my, oT Ppl
BeiBOALI.

IlepBbie noOMy4YeHHBIE PE3YJIBTATHI YKA3BIBAKOT Ha MEPCIEKTUBHOCTD

UCIIONTh30BaHMA MoauduinpoBanHoro BY paspsia B kauecTBe BEICOKOA()(PEKTUBHBIX
BY ucTOYHUKOB CBETA.
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OcobeHHOCTN NPOXOXAEHUS (Pa30BbIX NpeBpaLLEHNI B
donbrax cnnasa Pd-Y nocne HeO4HOKpPATHOroO rmapupoBaHus

Crenenko C.O., Asgroxuna B.M., PeskeBuu I'.11., Ymanckas H.A.
MockoBcCKkuM rocyfapcTBeHHbIn yHuBepcuteT nmeHn M.B. JlomoHocoBa, hmnsndeckmi
dakynbTeT, JleHnHckue ropel, MY, a.1 ctp.2, Mocksa, 119991 'Cl1-1, Poccus

BBenenue

B mnacrosimiee Bpemsi €QUMHCTBEHHBIM 3(PQEKTUBHBIM CIIOCOOOM MOJy4YEHHUS
ocobouncToro Boaopoaa(99.9999%) B oaHy cTaauio SBISIETCS W3BJIICUEHUE €ro W3
ra3oBBIX CMEcel C MOMOIIbI0 MeMOpaH U3 cruiaBoB namaaus. OJHAKO B TaKuX
MEMOpPAaHHBIX (QWIBTPAX B TPOIECCE AKCIUTyaTallMd TMPOUCXOASIT CTPYKTYpHBIE U
(da30BbIC MPEBPAICHUS, YTO TIPUBOJUT K UX OBICTPOMY MEXaHUUECKOMY pa3pyIICHUIO.
[ToaTOoMy akTyanbHOU SIBISIETCS 3a/ladya OMPECIICHUs TUIIAa U KOHIIEHTPAIUU IPUMECH
B MaTpUILy YUCTOTO MAJIAAMs, MPU KOTOPOM MOBBIMIAETCS MEXaHUUYECKAsk MPOYHOCTh
MeMOpaHBbI M OCTAETCS BHICOKOH €€ BOJIOPOAONPOHUIIAEMOCTb.

B nacrosimiee Bpemsi OAHMMHM M3 TMEPCHEKTUBHBIX B 3TOM IUIAHE CUUTAIOTCA
CIUIaBbl TMAIAAMS C PEIKO3eMENbHBIMH MeETajllaMHU, a WMEHHO, cuctema Pd-Y,
CIIOCOOHOCTh KOTOPOM MPOITyCKaTh BOJAOPOJ B HEKOTOPOM MHTEpBaJle KOHILIEHTpAIUil
UTTpHUs B 2-3 pasa BeIlIe, 4eM y cIutaBoB cucteMbl Pd-Ag u B1, ucnonb3yembix B
NPOMBIIIEHHOCTH B HacTosimee Bpems [1]. Kpome Ttoro, nerupoBanue mnamiagus
aTOMaMH UTTPUS YBEIUYUBACT MPOYHOCTHBIC XaPAKTEPUCTHKU CIIABOB, B PE3YJIbTATE
YEro cJeayeT 0°KMJIaTh MOBBIIIEHUE CPOKa dKCIUTyaTalui MeMOpaH. OIHaKo BOIIPOCHI
CTPYKTYPHOM HBOJIIOLIMM B ATUX CIUIaBax MOCIE WX HEOJHOKPATHOTO THUAPUPOBAHMS
elé He IOCTaTOYHO U3Y4YeHBI [2].

Hacrosiias pabota mocBsilieHa U3y4YEHHUIO XapakTepa (a3oBbIX MpPEBpaLICHUI,
nporekatrommx B 130 mxm Qonprax cmimaBa Pd-8.3ar.%Y, mocne TpexkpaTHOTO
HACBIILIEHUSI WX BOJOPOJOM B TIpollecce JJIMTEIbHOM pellakcali MeTOoJaMu
MPEIU3NOHHOTO PEHTTeHIU(PAKIIMOHHOTO aHATN3A.

Pe3yabTaThl 1 00cy:KkaeHue

Bnepeeie nmns cmmaBa  Pd-8.3ar.%Y, Haxomsmierocs mpu  TeMIEparype
HACBILLEHUSI BOJIOPOAOM BOJIM3M ABYX(a3HOW 00nacTh, B MPOLIECCE pelaKcaluuu Mpu
HOPMAJIBHBIX YCIIOBHSIX IOCIIE THIPUPOBAHHS HAONIONATM HEMOHOTOHHBIE (ha30BbIC
npeBpaiieHus. Kak ObIJI0 yCTaHOBIICHO paHee [3], THIpUpOBaHKUE NMAUIAANUS U CTUTABOB
Ha €ro OCHOBE NPHUBOAUT K 0Opa30oBaHHUIO OOJBLIOTO0 KOJUYECTBA BaKaHCUH, H,
CJIeIOBATENBHO, K POCTy KoddduimeHToB quddy3un KOMIOHEHT ciuiaBa. BemencTeue
sTOro B TeueHue 850 u. penakcaluu Npyu KOMHATHOM TeMIepaTtype oAHO(]a3HbIH CIiIaB
Pd-8.3a1.%Y pacnancs Ha Tpu ¢asel: ga3y Pd;Y, o-tBepapiit pactBop Pd-8at.%Y,
oborameHHbIX BogopoaoM (N, /N, ~0.30), u da3y, B KOTOPOil KOHIIEHTPALUS UTTPUS

TIOHU3MIIACh 10 4aT.%, ¢ MEHBIIMM KOJIMYECTBOM Bomopoxa (n, /n,, , =0.12), 4yem B

BBIIICYKa3aHHbBIX (a3ax.

HccnenoBanus mojoxXeHui AU(PPaKIIMOHHBIX MAaKCUMYMOB M MX HMHTETPAIbHON
MHTEHCUBHOCTH B MHTEpBaje BpeMeH penakcauuu (8400-13700) u. mokazanu, 4To Ha
IudpakTorpaMmax TakKe HaOTIOAAOTCS TPU CHUCTEMBI JIMHWN, KOTOPBIE OTIMYAIHChH
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KaKk [0 IOJIO)KEHUIO, TaK M IO HHTEHCHMBHOCTH OT JU(PPAKIMOHHONW KapTHUHBI,
Ha6monaemon ipu 850 .

beu1o ycranoBieHo, uro cnyctd 13700 4. penakcaiuu KOJIMYECTBO BOAOPOJA B
OCHOBHOM (haze CHU3WIOCH 10 N, /Ny, =0.04. O4eBUIHO, YTO BOJOPOA JOJDKEH OBLI

yit 1 u3 da3el Pd;Y. OnHako paccuuMTaHHBIM U3 SKCIEPUMEHTA MEPHOJ PEHIETKU
3TOM (a3zpl Il JTAHHOTO BpEMEHU penakcauuu BbIpoc. [lomgoOHBIN pe3ynbTaT
CBUJIETENILCTBYET O TOM, 4YTO JIJIMTENbHAsI pelakcalus MnpuBena K (a3oBbIM
NpEeBpaIllEHUsIM, M MWK, HAONIOJAIOMIMICS TOJ MEHBIIUMHU YIJIaMH JUpaKiuy,
npuHaiexut ¢asze Pd;Y, B koTopoil mpakTudecku HET BOJOPOia. DTO MPOU3OILIO 32
cyeT BbICOKOU aud@dy3MOHHONM MOABMKHOCTE aToMOB P3M B maTpuie namianus, B
KOTOPOM  COJEPXKHUTCS MHOTO BOJIOpOJa MW  BakaHCUW. J{OMOJHUTEIBHBIM
MOJTBEPKACHUEM JAHHOTO (pa30BOTO MpeBpalleHUs SBISETCS TOT (aKT, YTO IMIMPUHA
JIEBOTO MHMKAa YMEHBUIWJIACh NIOYTH B JIBa pa3a MPU YBEJIUYEHUH BPEMEHU pelaKcaluu
ot 8400 o 13700 u.

[Tuk, HabmrogaeMblil ipu OOJBIIMX yriax AUGPaKIUU, ObLT UACHTUDUIIUPOBAH
HaMH Kak (asza, oOenHEHHass UTTpuUeM. bbuUIO yCTaHOBIEHO, 4YTO B THpoIlecce
qrensHot  penakcanuu (13700 4.) paccuMTaHHBIM M3 AKCIEPUMEHTA MEPUOJ
peméTku 3To (a3bl cTall MEHbIIIE MEepUoa PeméTKu YucToro nawiaaus. [1ogoOHbIH
pe3ynbTaT CBUAETEILCTBYET O TOM, UTO B 3TOH (haze COAEP>KUTCS aHOMAIBHO BBICOKAs
KOHIIEHTpALIMs BAKAHCUH.

BriBoabI

[IpoBeneHne ATUTENBHBIX PEHTTEHAN(PPAKIUOHHBIX HCCIEAOBAHUN  (OJIBT
cruiaBa Pd-8.3aT1.%Y mocne uX 3JIEKTPOJIMTUYECKOTO THUAPUPOBAHUS IO3BOJISET
c(hopMyIMPOBATH CIIEIYIOUIUE PE3YIbTaThI:

U npu BeICOKOM CozepaHUKM B MATpHIlE CIUIaBa BOAOPOJA M BaKAHCHI TBEpbIil
pactBop Pd-8.3a1.%Y pacnanaercs Ha ¢aszy Pd;Y-H, a-tBepasiit pactBop Pd-8at.%Y -
H u a-tBepabiit pactBop Pd-4ar.%Y-H; xonuyecTBO Bomopoaa B CBEpXCTPYKTYpPHOM
daze Boimie, yem B pazax Pd-8at.%Y-H u Pd-4at.%Y-H;

O mpu BeiXOme Bomopoma u3 daser Pd;Y-H B mpomecce penmakcanum, oHa
pacriamaercs, u obpaszyercs (HO B 3HAUMTEIHLHO MEHbIlleM KojudecTBe) daza Pd;Y,
KOTOpasi He COJAEPKUT BOJOPO/I;

U B pesynbrare mnmrenbHON penakcanuu oOpasyercs (asza, oOeIHEHHAs aTOMaMH
UTTPHUSL, KOHLIEHTpALMsI BAKaHCUN B KOTOpOH JtocTuraer 6 ar.%.

Bce npuBeneHHble pe3yibTaThl MOTYYEHBI BIIEPBBIE.

Jlureparypa
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On-line koHTpO/IL Cconep:kaHus (pOPM ypaHa B CMeCH

C HCIO/IB30BAHHEM JIa3ePHOT0 (UIyOpPeCIeHTHOTO CeHeopa

E.A. upmus', B.I. Ierpos?, I.C. Byasumun', 5.C. O6mopomes’
! ®ismueckuit paxynsrer MI'Y nmenn M.B.JlomoHocoBa, MockBa,
? Xummaeckuii tdaxymnsrer MI'Y umenu M.B.JIomonocoBa, Mocksa,

shirshin@]lid.phys.msu.ru

B pesynbrare TEXHOIOTMYECKOTo MpoIiecca BhILIEIauUBaHNs, 3aKIIF0YAIOIIETOCS B
HKCTPAKLUK KHCIOTON ypaHa u3 pyabl, 00pa3yeTcsi CMeCh, cofieprKalliasi pa3anuHble GU3UKO-
XUMHUYeCKUe (pOopMbl ypaHUIIa Uo,™, nponykra rugponunza ypana U(VI). I[Ipu sTom 3HaHue
MIPOLIEHTHOTO COJEPIKAHUS KaXKI0M 13 PopM HEOOXOIUMO JIJIsl ONTUMHU3AIINY TIPOIecca JOOBIYN
ypaHa. B HacTosiiee Bpemst CymecTByeT psiJ TIOAXOI0B, UCTIONB3YIOMIUX HOHHYIO XpOMaTorpaduio,
PEHTIEHOBCKHE METO/IbI aHAJIN3a, METObl HA OCHOBE AJICKTPOXUMHUYECKUX CEHCOPOB HIIU
KHJIKOCTHO-CLUHTWIISLIMOHHYIO CIEKTPOMETPHUIO, TO3BOJISIOIINX YaCTUUHO PELIUTh 3Ty 3a/a4y.
[Ipu 3TOM OTAETBHO CTOMUT IMOJXO/, OCHOBAHHBIM HA HCIIOIL30BAHUY JIA3€PHOI (piyopuMeTpun ¢
BPEMEHHBIM Pa3peLICHUEM, TO3BOJIAIOINN IPOBOIUTH IUAarHOCTUKY C MAKCUMAaJIbHOM
3(PEKTUBHOCTHIO: ITO AKCIIPECCHBIN, HEKOHTAKTHBIA METOI, PAOOTAIONINI B PEKUME PEATHHOTO
BpeMeHHU. OJJHAKO €ro MCIOJIb30BAHUE CONPSKEHO C TPYAHOCTSIMHU, CBSI3aHHBIMH ¢ 00pabOTKOM
HKCIIEPUMEHTANIBHBIX JaHHBIX: 10 CUX MOP HE CYIIECTBYET aJIeKBaTHOM MOJIENN, YUUTHIBAIOLIECH
¢dorousuKy oTHENBHBIX (POPM ypaHUIIA M OMHMCHIBAIONIECH (DIyOpeCIeHTHBIN OTKIMK CMECH.
OTtcyTcTBHE alpUOPHBIX JaHHBIX, OOJIBIIOE YUCIIO APAMETPOB 3a4a4H JIENAIOT [TOJIHOE PEIICHNE
3aJa4M OYTH Oe3HaIeKHBIM. bosee Toro, npuMeHeHne 3TOro MeToAa K peaibHOMY OObEKTY
CBsI3aHa C TEXHUYECKUMHU CI0KHOCTSIMU, TIOCKOJIBKY CMECH MPEJICTaBIsAET OO0t

CHUJIBHOPACCEUBAIOUTYIO IPKOOKPALIEHHYIO CpEy.

B Hacrostmeit pabote npeacTaBiIeHbl pe3ylbTaThl Pa3paboTKH Ja3epHOTO (IIyopeceHTHOTO
CEHCOopa, CIIOCOOHOTO MPOU3BOANTH ON-line KOHTPOJIL cMecH (POpPM ypaHUIIA C YUETOM BCEX

BBINICOMMMCAaHHBIX pr,HHOCTeP’I, KakK MCTOAOJIOTHYCCKHUX, TaK U YNCTO TCXHUYCCKHUX.

Jnist perieHus IepBoii TPyl MpoOIeM, CBSI3aHHBIX C aHAIM30M JIAaHHBIX, TOIY4aeMbIX U3
IKCIIEPUMEHTA, IPEATIOKEHA MOJIENb, OIHMCHIBAIOIIAS KHHETHKY (piayopecieHun oopasina — cMecu
Haunbosee 3HAYUMBIX JJIs1 IPoLecca BbIIIETauYMBaHUs PTOPUIHBIX U CYIb(PATHBIX KOMIIJIEKCOB
ypana. C nomoisto nporpamMmmHoro obecnedenuss MEDUSA npoBoauscs TeopeTudeckuii pacyer

pacrnperneneHus GopM HaXOXKJICHHs ypaHa B MOJICJIbHBIX pacTBopax. M3BecTHO, YTO MpH
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YBEJIMYEHUH YUCIIA JTUTAH0B B KOMILJIEKCAX ypaHa HaO01aeTcsl yBeINYeHHEe HHTEHCUBHOCTH
(iryopecLeHIIMY U CABUT MAaKCUMYMOB JJIMH BOJIH (pIIyOpeCIieHIINU. 3aBUCUMOCTb
UH/MBUAYAIbHBIX (OTO(GU3NYECKUX TapaMETPOB KOMILIEKCA OT KOJIMYECTBA JINTAHI0OB B HEM,
oTpeiesieHHe KOTOPOH CTal0 BO3MOKHBIM JIMIIB Oarofapst IpUMEHEHUIO METO/1a HeTMHEHHOM

(iryopuMeTpuu, U JIeTia B OCHOBY MOJEIIH.

Bropas rpynma npo6ieM cBs3aHa CO CBOWCTBAMH MCCIICTYEMON CPEIbl — BBICOKUMH
TIOTJIOIIEHNEM U paccesiHueM. V3BecTHbIe Ha JaHHBII MOMEHT (PITyOpECIIEHTHBIE CEHCOPHI ypaHa
UMEIOT B cBoel ocHOBe AL :HEOMMMOBBIi J1a3ep U UCIONIB3YIOT AJs BO30OYXIeHHs (DIyopeceHIInu
YETBEPTYIO TapPMOHHUKY €r0 U3IyUYeHUs (JJIMHA BOJIHBI 260 HM), OMAJAI0UIYI0 B MAKCUMYM MOJIOCHI
noronieHus. B ycinoBusix peaabHON Cpeabl TAKOM CEHCOP HEMPUMEHUM. st mpeo1oyIeHust 3TOi
TPYIHOCTH HaMU OBLIT MCIIOJIb30BaH aTIOMUHAT:HEOIUMOBBIN J1a3ep, TPEThI FAPMOHHUKA U3ITyYCHUS
KOTOpOro (yiHa BOJIHBI 447 HM), KaK HEJb3s JIy4llle MOAXOAUT YCIOBUSM 3aa4H, OMajas B

AJIMHHOBOJIHOBYIO ITOJIOCY MOITIOIICHHA.

Ha ocHOBe JaHHBIX, TOTYYSHHBIX C HCIOJIh30BAaHUEM CEHCOPA, OBLIO OMPEACTICHO
COZIepIKaHue OTICIbHBIX KOMILJICKCOB B MOJICJIBHBIX pacTBOpax. [omyueHHbIE SKCIICpUMEHTaIbHBIC
JTAaHHBIE XOPOIIIO COTNTACYIOTCS C pe3yabTaTaMu TepMOJUHAMUYECKUX pacueToB. [loka3ana
BO3MOXKHOCTb OTIpe/ieIeHUs (POPM HAaXOXKICHUS ypaHa B HEpa30aBICHHBIX pacTBOpax 0e3
MpeIBAPUTEIHLHON TPOOOIIOTOTOBKY M B IPUCYTCTBUH KOJUTOMIHBIX YacTHII (Takux Kak SiOy,
obnamaronux coocTBeHHOM duryopecnennueit u Fe,O3, nMerommx HHTEeHCUBHYIO OKpacky). Tem He
MeHee, KOJIMYECTBO OMPECIIAEMbIX TAPAMETPOB BCE €IIIEC BEIMKO, YTO OCJIOKHSICT TOYHOE PEIICHUE

o0OparHoii 3a1a4H.

OnHOBPEMEHHO € PEIICHUEM NPUKIATHON 3a/1a4 BBITIOIHSIOTCS (PyHIaMEHTaIbHBIC
uccienoBanus GpoTodhuznuecKux MpoLeccoB B KOMIUIEKCAX YpaHUIIa; BIIEPBbIE OMPEACTIEHbI UX
WHAWBUAYaIbHbBIE TApAMETPhl — CEYEHUS MOIJIOUICHHS], KBAHTOBBIE BHIXO/IbI, BpEMEHA JKU3HU TIPH
BO36y)KIICHI/II/I B BCPXHCC U HUIKHECC SJICKTPOHHBIC COCTOSHUA. Ha II&HHBIIZ MOMCHT CTOUT 3aJa4a
TCOPCTUUCCKOI'O OIMMCaHUA 3(1)C1)CKTOB, CBSI3aHHBIX C BIIMSSHHUEM JIOKAIBHBIX MOICH JIMTaHAO0B Ha
CTPYKTYPY YPOBHEH U MmapaMeTphl ypaHuia. Pemenue 3ol pyHIaMeHTaIbHON 3a/1a9n

CYHICCTBCHHO 00JIErYUT aHAIU3 SKCIICPUMCHTAJIbHBIX JTaHHBIX.
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YcKkopuTernb 3f1IEKTPOHOB A HedpTerasoBom NPOMbILLIIEHHOCTH

Amumos A. C., Nuixanos b. C., [Taxomos H. U., [lIsegynos B. 1., FOpos /1. C.

Kadbegpa obuwen anepHon goumsnkn,
dusunyeckmn pakynobtetr MI'Y

B Hactosmeit pabore mnpeacraBieHa pa3paboTKa KOMITAKTHOTO JIMHEHHOTO
YCKOPUTENS 3JEKTPOHOB JJIsl MCIOJIb30BAaHUS B PAJAMALMOHHBIX TEXHOJIOTHMSX IS
He(TerasoBol MPOMBINIUICHHOCTH. [IprMeHeHne pagualiOHHBIX TEXHOJIOTHUN B
He(TEra3oBOM IMPOMBIIIJIEHHOCTH TO3BOJIUT 3(Q(EKTUBHO pemarh MpoOJIeMBl,
CBSI3aHHBIE C TPAHCIOPTHUPOBKOM TSKENbIX OUTYMHBIX 3KCTPAKTOB H. 3HAYUTEIHHO
MOBBICUTH BBIXOJIbI MPOAYKTOB MepepaboTKU OUTYMOB, MPEIACTABISIIONIMX LIEHHOCTh
JUIS PbIHKA U YJIOBJIETBOPSIIOLINX YKOJOTUYECKUM TPEOOBAHUSM.

[IpenmaraemMplii  AIEKTPOHHBIM YCKOPUTEIb MOXET OBbITh HCIIOJIB30BaH B
3JIEKTPOHHO-Ty4eBOM 00paboTke s O€30TXOJHOM KOHBEPCHUU MPUPOJHOTO U
HOITyTHOT'O HEPTSIHBIX Ta30B B BOJOPO/ U KHUJKHE PA3BETBICHHbIEC ajIKaHbl. BaskHbIMU
JIOCTOMHCTBAMU METOJia SIBJIIIOTCSI BECbMa YMEPEHHBIE JABICHHS M TEMIEPATypbl
npoliecca U BhICOKasi MOTPEOUTENbCKAst CTOMMOCTh KOHEUHBIX NMPOIYKTOB. Peannzanus
JAHHOTO METOJa Ha YyAAJEHHBIX HE(TEra3oBbIX MECTOPOXKIEHHUSAX IOMOMKET
MUHUMHU3UPOBAaTh WIA YCTPAaHUTh HENPOAYKTHBHOE C)KMIAHUE Ta30B U IIOBBICUTH
BBIXO0J1 HanboJiee KaUeCTBEHHBIX (PpaKkuuil HEPTH.

Ha ocHOBe [elCTByIOIIETO MNPOTOTHNA - JIBYXCEKIIMOHHOTO JIMHEHHOTO
YCKOPHUTENSI DJICKTPOHOB HEMPEPHIBHOTO JIEUCTBUS Ha »dHepruro 1.2 MbdB -
pa3pabaTbIBaeTCsl yCKOpuTelb Ha dHepruto 1 M»3B, OCHOBHBIE XapaKTepUCTUKU
KOTOpOTro MpuBeneHbl B Tabuuie 1. Ha ocHOBe mpeiaraeMoro ycKopHuTessi BO3MOXKHO
CO37laHle€ MOAYJBHOM CHUCTEMBI, YTO OOECHEYUT MPOCTOTY AOCTABKH YCKOPHUTEINs Ha
MECTO M MOHTaxa. B ciydae BbIXOJa W3 CTpPOS OJHOTO M3 MOAYJEH yCTaHOBKa
COXpaHsieT pabOTOCIOCOOHOCTh, 3aMEHa MOMAYJS MOXET OBITh OCYILECTBICHA B
KOPOTKHE CPOKHU.

Tabnuua 1. [IpoexkTHbIe XapaKTEPUCTUKU YCKOPHUTENS HETIPEPHIBHOTO ACHCTBUS
Ha 3Hepruto | MaB.

OHeprus nmyyka 1 M»B
JlnuHa yckopurens 1.26 m
CBY MoI1IHOCTh, paccenBaeMasi B CTEHKaX CEKIUU 20 kBt
CpenHuli TOK mydka 0-26 MA
MakcumanpHas cpeHsisi MOIIHOCTD ITy4Ka 26 kBt
Pabouas yacTtora 2450 MI'
MomnHocTh, moTpediisiemast 0T CETH ~75 kBt
KIIJ] ~30%
["abaputsl yckoputens (0e3 CUCTEMBbI pa3BEPTKU U 900x1260x400 MM
BBIBOJIA ITy4Ka B aTMocepy)

B HacrosmieM mpoekTe TMNPUMEHEH UEeNbld psAd  HETPAIULIUOHHBIX IS
YCKOpUTEJIEH HENpPEepbhIBHOTO JCHCTBUS PELUICHUH U METOIUK, CBSI3aHHBIX, MPEXKIC
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BCEr0, C CHCTEMaMU MHXKEKIMU U (DOPMHUPOBAHUS SJIEKTPOHHBIX CTYCTKOB U CUCTEMOM
CBY-nuranus.

B kauectBe sHeprum HMHKEKUMU BbIOpaHa »Heprus 15 k3B, coBmanaromas c
HaNpsDKEHUEM NUTaHUs KIUCTpoHa 15 kB, 4TO 1aeT BO3MOYKHOCTb 3alUTHIBATh
IEKTPOHHYIO IyIIKY HE OT OTACJIBHOIO MCTOYHMKA IHTaHUSA, a OT HMCTOYHMKA
NIUTaHUS KIUCTPOHA.

Pa3paborana opurnHanbpHas 3J€KTPOHHAs MyIIKa Ha 3Hepruto 15 k3B ¢ aByms
IPOMEKYTOUYHBIMU aHOAAMHM U peryaupoBkod Toka or 0 mgo 250 MA 06e3
CYLIECTBEHHBIX  M3MEHEHUH  ONTHYECKUX  XapaKTepUCTUK  Iyuka. [lymika
pacriosiaraeTcss HEMOCPEICTBEHHO Ha BXOJHOM (uIaHIE yCKOpswolled cekuun 0e3
INPOCTPAHCTBa Jpei(a, rpyNnupyoIIero pe3oHaTopa U (HOKyCHPYIOIUX IJIEMEHTOB.
[Ipu stom >ddextuBHbIN 3axBaT (50%) U npeaBapUTEIbHOE TPYIIIMPOBAHHUE IMyYKa
peayn30BaHbl B IEPBBIX AYEHKAX YCKOPSIOLIEH CTPYKTYPHI.

Yckopsmomas CTpyKTypa MpeAcTaBiIsieT co00i OMIepruoandYecKyto CTPYKTYpY C
BHYTPEHHUMHU slU€HKaMu CBsI3M, pabortarouryro Ha 7z/2 konebanuu. IIpoBeneHs
ONTHUMM3ALUsI M pacdyeT BHYTPEHHEW TI'€OMETPUM SUYEEK YCKOPSIOMIEH CTPYKTYphl C
MCIIOJIb30BAHUEM nakera IIPOrpaMMm TPEXMEPHOTO MOJIEJIMPOBAHHUS
JJIEKTPOMarHUTHbIX Tmojied. Ha ocHOBaHMM pacyeToB MOATOTOBJIEH KOMILJIEKT
KOHCTPYKTOPCKOM JOKYMEHTAllUM W HW3TOTOBJIEHBI BCE SUEUKH YCKOPSIOLIECH
CTpYKTypbl. B Hacrosiiiee Bpemsi MpOBOAATCA U3MEPEHUSI MX DJIEKTPOJIUHAMUYECKUX
XapaKTEpUCTUK U HACTPOMKA.

B ocHOBY wucnonb3yemMoil CHUCTEMBI BBICOKOYACTOTHOIO IHMTAaHUSA 3aJI0KEH
aBTOKOJICOATENIbHBI MPUHUUII PaOOThl KIUCTPOHA M YCKOPSIIOUIEH  CEKIHH,
MO3BOJISIIOLIMM  OTKa3aTbCsAd OT 3aJalollero TIeHepaTopa U Pa3BA3bIBAIOLIETO
LUPKYJIATOPA MEXKIY KIUCTPOHOM U CEKLIUEN.
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Studying of high frequency signals (to 11 kHz) of geoacoustics
emission preceding strong earthquakes (power class K > 9-10)

'Gordienko T.V,, ‘Gordienko V.A., ’Shevtsov B.M., “Marapulets J.V.

'Physics faculty, Lomonosov Moscow State University
?|Institute Cosmo-physical Investigations and Wave Transmission, Far Eastern
Department of Russian Academy of Sciences (IKIR DVO RAN)

Prediction of earthquakes is one of the most urgent modern problems. The results
of the researches which have been done by us in a seismic region of Kamchatka since
2003, make us hope to solve this problem for some regions. We have found out the
new effect, — the existence of anomalies of the high-frequency (4-11 kHz) geoacoustic
noise caused by tension, arising under the preparation of strong seismic events, and
representing itself as the operative harbingers of coming earthquake. Anomalies are
considered as the increase on two-three order of the frequency of impulses of signals
of geoacoustic emission (GE) in the chosen frequency range of the filling of these
impulses. Any serious researches of signals on GE in the specified frequency range
had not been done before, so this frequency area was traditionally considered
underdeveloped due to the strong attenuation of high-frequency signals in the soil [1].

According to our statistical data almost for hundred seismic events, formation of
large cracks with low-frequency filling of pulse signals of GE (it is considered that the
size of a crack r changes in inverse proportion to frequency of filling of an impulse
and at its value f = 3 kHz makes by estimations [2] nearby 1 m), anticipating
earthquake, is the event rather rare while the abnormal increase in number of formed
cracks and breaks with radiation of signals of GE having frequency of filling more 5
kHz was observed by us more than for 75 % of events with power class K > 9-10.
Thus, the absence of the registration of high-frequency signals of filling for other
events in points of supervision is probably connected only with the presence of breaks
between a point of observation and an earthquake epicentre. So the increase in the
number of reception systems and their spatial disperse, will significantly increase the
percent of the observation of such anomalies of signals of GE.

The example of display of one of the characteristic anomalies of GE in various
frequency ranges is presented at fig. 1. The occurrence of abnormal noise takes place,
as a rule, approximately in a daily time interval before strong seismic events to power
class K > 9-10. The duration of anomalies varies from ten minutes to several hours.

Because of a strong attenuation in the soil, these high-frequency signals
registered by the reception system cannot be generated in a subduction zone of coming
earthquake. Essentially they are secondary effects of preparation of earthquakes and
are caused by the formation of cracks under the influence of deformations [1] which
extend from the seismic centre and create the shift pressure by the points of
observation in areas of the epicentre defining primary orientation of cracks. As
consequence, there is an orientation of an oscillatory motion of particles of medium
with carrying over of acoustic energy in the direction of a subduction zone and the
centre of coming earthquake. Range of distribution of the area of the formation of the
cracks and intensity of deformations are defined by the size of the centre. For
earthquakes with K > 9-10 these signals can be registered at the distance of 200-250
km from the epicentre of coming earthquake [2]. As the sizes of secondary cracks are
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usually considerably small, the elastic fluctuations caused by them are in more high-
frequency part of the spectrum in comparison with the waves created by the basic
phase of seismic event and consequently overstep the bounds of frequencies used in
the traditional seismology.

By the character of the particles movement of medium in a wave (wave
polarization) it is possible to carry out the location of areas of preparation of seismic
events in a horizontal plane. For this purpose it is required to register the character of
movement of particles of medium in a projection to two horizontal mutually
orthogonal directions without any amplitude-phase distortions.

1. A.G. Sobolev, A.V. Ponomarev, Earthquake Physics and Precursors (Nauka,
Maoscow, 2003).

2. S. D. Vinogradov, et al., in Physical Processes in Earthquake Sources (Nauka,
Maoscow, 2008).

Fig. 1. Typical forms of the total energy of GE signals for frequencies below 10
Hz and in certain third-octave analyzing bands during the anomaly recorded befor the
event on November 16, 2004 at Mikizha lake (K = 12,8). The earthquake moments are
marked by the arrows.
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Thin-film polymeric material contains functional biological
components: method of fabrication and possible applications

"Dementiev A.A., 2Kraevsky S.V., 1Kuvykin L.V., *Mamedov M.D., *Ptushenko
V.V., *Semenov Yu.A., 'Tikhonov A.N., 'Khomutov G.B.,

!Biophysics department, Physics faculty, Lomonosov Moscow State University,
“Institute for Theoretical and Experimental Physics
3Belozersky Institute of Physico-Chemical Biology, M.V. Lomonosov Moscow State
University.

Investigation of mechanisms and features of novel materials formation are of
substantial importance now. In this field, special attention should be given to hybrid
systems including the components of biological nature such as supramolecular and
subcellular colloid particles and vesicles. Such systems can combine high functional
effectiveness of biological systems with stability and processability of synthetic
materials.

In our previous works [1,2], we discussed the formation and elucidation of
biological and polymeric self-assembled hybrid systems in aqueous phase and on the
substrate surface.

In the present communication, we report the results of investigations aimed at the
fabrication of polymeric films with high density of functional biological components.
We modified the layer-by-layer method for the formation of multilayer complex
described in [1]. The modification included the stage of chloroplast centrifugation,
which was combined with the incubation of positively charged substrate in the
chloroplasts suspension. Other steps of multilayer formation were the same as
described earlier [1]. The films produced according to modified procedure were placed
in a storage flask with HEPES buffer, pH 7,8. All EPR and fluorescence measurements
were carried out within 12 hours after the fabrication of a sample.

Electron transport in chloroplast/polyelectrolyte complex films was studied at
room temperature (20-22 °C) by the EPR method. The light-induced redox transients
of the primary electron donor of photosystem I (P;y9) were measured from the EPR
signal given by oxidized centers P, according to the protocol described in [3]. Fig. 1
demonstrates the light-induced changes in the amplitude of this signal. A decrease in
the signal amplitude in response to illumination with red light (650 nm) indicate that
electron transport from photosystem II to P was not inhibited in chloroplasts
immobilized in damped polyelectrolyte films.

Chlorophyll fluorescence in the chloroplasts included in polymeric film was
studied with a fluorometer FluorPen (“Photon Systems Instruments” Chech Republic).
As seen from Fig. 2, the addition of diuron (the inhibitor of photosystem II) caused a
marked acceleration of the fluorescence induction, thus indicating that immobilized
chloroplasts retained their photochemical activity.

Structural studies of chloroplast/polymer films were carried out using atomic
force microscopy technique (AFM). The Multimode TM Scanning Probe Microscope
("Digital Instruments") was employed to obtain all images. Samples for AFM were
dried at the ambient room temperature (2022 °Q).
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AFM images of single chloroplasts layer on the surface of mica substrate (a,b).

This approach may be employed for fabrication of new thin-film composite
polymer materials and coatings, elements of sensor, analytical, diagnostic devices and
systems of hydrosphere condition monitoring.

1. Dementiev A.A., Baikov A.A., Ptushenko V.V., Khomutov G.B.and Tikhonov
A.N., Biochimica et Biophysica Acta (BBA-Biomembranes), 2005, v. 1712, pp. 9-16.
2. Dementiev A.A., Khomutov G.B., Semenov A.Yu., Tikhonov A.N., Patent RU
Ne 2326898.

3. Tikhonov A.N., Khomutov G.B., Ruuge E.K., Blumenfeld L.A., Electron transport
control in chloroplasts. Effects of photosynthetic control monitored by the
interthylakoid pH, Biochim. Biophys. Acta, 1981 v.637, p.21-333.
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Novel numerical algorithm for simulation shallow water flows

M.V .Afanasieva, O.V.Bulatov

Neutronography and mathematic department, Lomonosov Moscow State University
E-mail: dombulatov@mail.ru

The flow below a free surface in a incompressible fluid is described by a set of
partial differential equations known as shallow water equations(also called Saint
Venant equations[1]). This mathematical model is widely used for real-world
problems, that have a practical application. Particularly, it is used for mathematical
modelling of flow in shallow water, rivers, artificial reservoirs. It can describe the flow
near sea coast, tsunami waves and release of flows from hydroelectric power station.
And also it used for many other problems, that have a straight connection to ecological
problems, atmospheric physics and oceanology.

Due to the nature of the shallow water equations they are associated with
equations of fluid dynamics. That is why for numerical solution of shallow water
equations it is possible to use algorithms, that were developed for computation of
fluid dynamics, and this algorithms are also rather complicated[2].

In this work absolutely new and effective method is suggested for numerical
computation of nonstationary shallow water equations. Introduced method is based on
special type of regularizing of aerodynamics equations[3]. It have principal
advantages, that are a simplicity of numerical implementation, high rate of
convergence to the exact solution with the help of thickening of space grid, possibility
of numerical computation of oscillating flow. The last thing is very important for
computational modeling of emergency situations at the hydroelectric power station.
Significant quality of algorithm is a natural adaptation for unstructured space grid and
possibility of effective implementation on the modern multiprocessor computers, and
make it possible to describe real configuration of the coastline.

First results, that were obtained on this matter, can be found in [4] and [5].
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Pulse discharge above the surface of water

Vaulin D.N, Kvas A.A

Department of Physical Electronic, Physics faculty, Lomonosov Moscow State
University

Pulsed high voltage electric discharges generated in the atmosphere between the
two electrodes, one of which is placed above the surface of a weakly conducting liquid
and the second in contact with it [1-4], can be effective for a range of technological
applications: electrical discharge water purification, initiation of reactions in a liquid
with the use of active particles formed in the gas phase, processing of solid electrode
material, ignition of high-speed flows as gaseous and liquid hydrocarbons.

In this paper we present the results of experimental studies of modalities for
implementing a pulsed :

discharge above the water E__r%ﬂ .

surface and determination the iN
characteristics of its 2
distribution. Ru H
Device diagram where
experiments were conducted
on 1is shown (Fig. 1). Water S— °

poured into the dielectric

cuvette, above which was located the high-voltage electrode in the form of a pointed
rod. The second electrode was placed in the water at the opposite wall of the cuvette.
The discharge was created by high-voltage pulse generator, which works out quasi-
square form of pulses of duration t = (10 - 800) microseconds and amplitude U, = (5 -
28) kV. Initial conditions were defined for existence of the discharge above the water
surface: a falling current-voltage characteristic, the existence of the primary linear
breakdown of the air gap and the presence of continuous electrical contact between the
discharge and water.

It is shown that, depending on the initial conditions discharge can has both
incomplete and complete character, in which he reaches the opposite electrode (Fig.
2). The maximum length of the discharge achieved in the experiments is 20 cm with a
voltage impulse, 28 kV, which is more than an order of magnitude less than the
voltage needed to establish the discharge of such length in the air gap.

Experimentally it was determined that the main characteristic of discharge
propagation over water is a time and, consequently, the speed of its movement
between the electrodes. The main dependence of this time from a wide range of initial
conditions: pulse voltage, pulse width, the distance between the electrodes, the
impedance of water, etc, - was determined.
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Fig. 2. unfinished and finished appearance of the discharge. Uy = 28 kV.

The various methods for determining the velocity of discharge of the water were
considered. The results allow a more detailed study of the basic physical processes that
determine the mechanism of discharge propagation over the surface of water or other
weakly conducting fluid.

a

Fig. 3. Combustion of gasoline film initiated by a pulsed discharge: a - in the
still air, b - in the flow at a speed of 20 m / sec.

The results of the study show the possibility of using a pulsed discharge above
the water surface for the ignition of hydrocarbon films deposited on its surface (Fig. 3)
are presented. It follows from experimental results that the addition of gasoline leads
to a significant increase in the intensity of the discharge glow during the pulse.
Combustion of fuel can occur in three stages after the pulse: pre-glow phase, the
pause stage and phase self-combustion. Increasing mass of the added fuel leads to
pause time decrease, after that the stage of self-burning begins immediately.
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Role of chiral compounds in embryogenesis

Ivlieva A.A., Tverdislov V.A.
Faculty of Physics M.V. Lomonosov M.S.U, Chair of Biophysics

Embryogenesis is under the strict control of many reaction networks that provide
for the embryo development. According to the hypothesis put forward by the authors
the early stages of embryogenesis involve regulatory mechanisms closely related to the
processes that gave rise to the origin of the living cells, namely, formation of the two
fundamental asymmetries: cellular (ionic) and molecular (chiral).

It was established experimentally that the nonequilibrium surface of the (world)
ocean has physical and chemical properties that provide for fractionation of ions,
enantiomers of amino acids, and the bases of nucleic acids, as well as formation of
closed lipid vesicles, i.e. the conditions under which spontaneous generation of the
living cell predecessors seems feasible (V.A.Tverdislov, L.V.Jakovenko).

Chiral asymmetry constitutes the basis of the stereospecificity of biosynthesis,
enzymatic catalysis, reception, hormonal regulation, immunity, resulting in the «chiral
purity» of the biosphere.

Chiral asymmetry was fixed during the biological evolution by the use of only
L-amino acids in the ribosomal synthesis of peptides and only D-(deoxy) ribose in
nucleic acids

Aging of and pathologic processes in organisms are accompanied by
spontaneous racemization of amino acids in proteins (mainly L-aspartate).

Ontogeny and phylogeny

Embryology is closely connected with the evolutionary theory, Darwin (1859 *)
used characteristic lines of development of germs as one of evolution proofs. Haeckel
(1866 *) has revealed a communication between embryology and phylogeny.

Organism formation in a racemic mother "broth" at the initial stages repeats
stages of selection of ions and stereospecific chiral substances, which are characterized
for formation protocells in the sea water. Certainly, it is a reproduction of stages, but
not their biophysical mechanisms.

Chiral Regulation

Until recently it was considered, that the biosphere is homochiral and deals only
with L-amino acids, but researches of last years notice presence of D-amino acids both
in a free condition, and in structure of peptides, that can modulate their biological
activity and can protect from proteases.

Racemation L/D amino acids at aging and atherosclerotic changes, Alzheimer's
diseases and Parkinson’s diseases, forms a positive feedback in system of regulation of
processes of a metabolism.

Researches of last years have established, that D-amino acids are in a dynamic
stream, themselves or as part of peptides takes part in neyrodifferentsirovka embryonic
sheets (free D-aspartat is found in a considerable quantity in CNC and endocrine
system - a hypophysis, a pineal gland, an adrenal gland...). Its concentration changes
depending on bodies and a development stage in embryo.

D-Asp is a novel type of messenger synthesized by specific tissues and cells in
the mammalian body. D-Asp is released from the cell after synthesis, and may act in
an autocrine and paracrine manner. An example of such autocrine activity is that in the
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anterior pituitary, prolactin-producing cells synthesize D-Asp that stimulates the
secretion of more prolactin. In terms of paracrine activity, D-Asp secreted by
seminiferous tubules stimulates Leydig cells in the interstitial space to increase
testosterone producting by activating StAR gene expression. Tissues such as the
adrenal and pineal glands take up D-Asp synthesized elsewhere. D-Asp in the adrenal
gland may modulate steroidogenesis? Comparable to its regulation of testosterone
production in the testis. Similarly, D-Asp in the pineal gland may suppress melatonin
secretion be pinealocytes. The brain contains D-Asp during embryonic development,
but as yet, the functional significance of this is unclear. Notably, D-Asp is an agonist
for the L-Glu receptor, which may be involved in the development and neurogenesis of
the brain.

Available data specifies on key role of D-asp in regulation of development of an
organism during time embryogenesis and after a birth. There are bases to consider, that
the similar scheme of regulation is one of primary, and its infringements are capable to
lead to development of pathologies.

This new direction of researches is obviously important and perspective. It is

planned to find out concentration dynamics amino structure of embrionic liquid at the
first divisions of oocyte. The innovative prospect of research consists in working out
of a technique, which consists in selection of an effective parity of amino acids and
their enantiomers for therapy of pathological changes in embryogenesis.
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PROSPECTIVE PLASMA AND ION BEAM
NANOTECHNOLOGIES. PLASMA SOURCES. FACILITIES.

Alexandrov A.F., Kralkina E.A., Pavlov V.B., Vavilin K.V.

Physics faculty, Lomonosov Moscow State University

During last decades the tendency became evident to utilize plasma based
technologies in industry. This is related first to wide spectrum of plasma technologies
possibilities and second to the increase of the ecological requirements to industrial
processes.

The fundamental investigations in the field of plasma physics and chemistry as
well as in the field of micro- and nanoelectronics are carried out traditionally at the
chair of physical electronics of physical faculty of MSU. The level of the obtained
results can be apreacheated as high as the best results obtained in the other labs of the
leading universities and research institutes. The basic results obtained at the chair are
used for the development of the original ptoptotypes of the plasma sources, plasma,
ion-beam and nano-technologies. To present time the basic developments of the chair
are energy efficient families of the plasma and ion sources, operating at low pressure,
the family of the plasma devices operating at atmospheric pressure, surface
modification technology leading to the significant improvement of the adhesion,
plasma polymerisation technology providing the possibility to deposit coatings with
nano structure.

The result of fluoroplastic adhesion improvement using ion beam, low and
atmospheric pressure technologies is shown on Fig.1. One can see that utilization of
vacuum technologies allows to increase fluoroplastic adhesion more than 10 times.
More cheap treatment of fluoroplastic in RF discharge at atmospheric pressure
provides the 4-5 times increase of adhesion.
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Puc.1. The diagram of the fluoroplastic increase of adhesion after treatment in
ion beam, low and atmospheric pressure technologies.
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Fig.2 represents the structure of the coating deposited at the different conditions
of operation of the original plasma reactor filled by acetylene-nitrogen mixture.

discharge.
The technical documentation for vacuum facilities necessary for industrial
utilization of technologies is developed at the chair of physical electronics as well.
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New nanocomposite and nanofilm materials

Khomutov G.B.

Faculty of Physics, Moscow State University
gbk@phys.msu.ru

The project is directed to the development of scientific and methodical base of
economically efficient and ecologically rational technologies for creation of new
functional nanostructured materials with predetermined properties for use in modern
high technologies. The project is based on the results of fundamental studies of
interrelations between chemical composition, structural organization, the features of
physical and chemical interactions at the nano-scale and physical-chemical properties
of nanosystems and nanomaterials of various nature including biogenic, synthetic and
hybrid nanosystems. In frames of the project we search for the possibilities for
practical applications of the data obtained and for the creation of innovation products
(intellectual property).

We develop the scientific and methodical base for united technological platform
for production of new functional nanofilm materials and nanocomposites containing
nanophase noble and transition metals, based on general principles of materials
formation by combining and integration of a number of synthetic and physical-
chemical methods and approaches (monolayer technique, physical and chemical
adsorption, layer-by-layer formation of multilayer structures, polycomplex formation,
chemical binding, competitive interactions, ligands exchange and substitution, self-
assembly and self-organization) and nano-components of various nature. The
important point of the work is the study of self-assembly and self-organization
processes in those systems and elucidation of possibilities for control of these
processes with the aim of their use for development of effective technological
solutions resulting in the economically and ecologically rational fabrication of new
nanofilm and nanocomposite materials, and nanosystems by relatively simple methods
without the use of high or low temperatures, high vacuum, high pressures or high
applied fields.

With the use of the developed methods we have prepared new ordered inorganic,
organic, hybrid organic-inorganic, bio-inorganic, bio-polymer, composite
nanobiomaterials and nanosystems of various dimensions including nanofilm
composite materials with unique structural and functional characteristics.

The developed materials and methods can be used for fabrication of metal-
containing nanocomposite  nanostructured materials, metallopolymers, for
development of functional elements in electronics (in particular, in technologies of
creation of novel elements of nanoelectronic systems in information storage and
processing devices based on the floating gate transistors, in “plastic” electronics
systems as a metallic “ink” for preparation of metallic conductors and connectors on
various flexible surfaces, in photoelectric elements and collectors, solar batteries,
accumulators and current sources, in technologies for fabrication of materials and
coatings with specific properties (optical, mechanical, chemical, thermal, electrical,
absorbance of radiation, bioactivity etc.), for development of novel nanostructured
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catalytic systems (in particularly, in technologies for production of bio-fuel by
catalytic processing of waste of woodworking industry and renewable sources of
organic and biogenic materials, and also in technologies of oil and oil products
processing via liquid-phase low temperature oxidative catalytic cracking), and
functional nanocomposites. The approaches to creation of new magnetic absorbents
and systems for directed transport of micron, submicron and molecular objects in a
liquid phase have been developed. Those approaches are useful for mew magnetic
separation technologies, for catalytic technologies, for formation of coatings and
modifiers of various surfaces including colloid particles surfaces (in particular,
bacteria), threads and fibers (creation of textiles and materials with special properties.
The developed methods can be also used for preparation of new biocatalytic systems,
biosensors, ultrafine functional, modifying and protective films and coatings on
various surfaces including bio-active (bactericidal and sterilize) and biocompartible
nanofilm materials and coatings, in bio-medical and other industrial applications.
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Diagnostics of InGaN/GaN/AlGaN heterostructures by
electroreflectance and electroluminescence

1Avakyants L.P., 'Bokov P.Yu., 1Chervyakov A.V., 1Chuyas A.V., 'Yunovich
A.E., “Bauman D.A., *Vasileva E.D., *Yavich B.S.

'Physics department, Lomonosov Moscow State University
2 JSC «Svetlana-Optoelectronica», Saint-Petersburg
pavel_bokov@rambler.ru

The results of electroreflectance and electroluminescence studying of light-
emitting diodes based on A1GaN/GaN/InGaN heterostructures have been presented.

Crystals of light-emitting diodes with InGaN/AlGaN/GaN p-n- heterostructures
were grown by metal-organic chemical vapor deposition (MOCVD) on a sapphire
substrate (Al,0O;) and «flip-chip» mounted in the heat-think. On a substrate were
consistently grown a buffer layer i-GaN (a thickness < 500 nm); buffer superlattice
InGaN/GaN and a layer n-GaN (a thickness 3.5 mkm); 5 quantum wells In,Ga;.
«N/GaN (active region, x = 0.13 — 0.15, thickness of quantum wells of 3 nm, barriers
of 12 nm); an electron blocking layer p-AlGaN (a thickness of 20 nm); and a layer p-
GaN (a thickness of 110 nm). The reflecting mirror was done on the p-region.

In the case of electroreflectance spectroscopy the heterostructure was lighted
through transparent in an optical range a sapphire substrate. The angle of incidence of
probe radiation on a light-emitting diode crystal was 8°. The spectral resolution of is
typically 1 meV. Modulation of reflection was carried out by the application to light-
emitting diode contacts of periodic voltage in the form of rectangular pulses with
filling factor of 2 and fixed bias at which p-n- junction remained closed (from -7 to
+2 V). Modulation frequency was 370 Hz.

In electroreflectance spectra of investigated samples are shown interference
fringes with different periods. As a result of spectra processing with regard to
dispersivity in GaN characteristic layer thickness in which the interference is observed
are estimated: 4.5 mkm, 500 nm, 200 nm. To the first value it correspond thickness of
all heterostructure without substrate, to the second value — thickness of buffer layer i-
GaN, to the third —region including multiple quantum wells and p-AlGaN, p-GaN
layers. Occurrence in electroreflectance spectra interference fringes from i-GaN layer
and from quantum wells region with p-AlGaN, p-GaN layers is apparently connected
with relatively large reflection factor from active region of heterostructure. Periodic
shielding of piezoelectric fields in this region with modulation leads to occurrence of
interference signal in electroreflectance spectra.

We investigated influence of doping of InGaN buffer superlattice in
InGaN/AlGaN/GaN heterostructures on voltage-current characteristic, efficiency and
electroluminescence spectra of light-emitting diodes. It is revealed that the increasing
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the number of periods and concentration reduction of dopant in the buffer superlattice
leads to shift of a spectra maximum to long-wave region (440 ~ 460 nm), to more
appreciable position of maximum dependence on current and to occurrence in spectra
low-intensity short-wave band with a maximum at 3.03 eV. Probably it is observed
greater quasi-Fermi level shift and a part of nonequilibrium carriers recombine on
acceptor Mg in p-region.

The influence of dopant concentration and thickness of p-AlGaN barrier and p-
GaN contact layer on voltage-current characteristic, efficiency and
electroluminescence spectra of light-emitting diodes have been studied. It is revealed
that position of maxima in electroluminescence spectra of light-emitting diodes
changes with concentration of acceptors Mg nonmonotonically. Efficiency of light-
emitting diodes grows with the increasing the acceptors concentration.

The influence of distance variation from buffer superlattice to active region and
number of quantum wells (1 or 2) in active region on voltage-current characteristic,
efficiency and electroluminescence spectra of light-emitting diodes have been studied.
Position of main spectral maximum was changed within 2,719 — 2,707 eV (458 —
455 nm) and for average distance from buffer superlattice has minimal energy. It is
shown that in spectra of samples with one quantum well with increasing the current up
to 100 mA band in high-energy region is occurred, [ ][], = 3.099 — 3.01 eV. In these
limits [1[].x» position was shifted to short-wave region with the increasing the
distance to buffer superlattice. In samples with two quantum wells band intensity was
less. It is possible to explain it if to consider that high-energy band corresponds to
recombination in p-GaN arrier where electron overflow at high current density after
filling of quantum wells. Through two quantum wells this leakage at given current
density is less.

In all samples interference modulation in electroluminescence spectra has
relative amplitude less than 0.023. This is due to the technology of structures creation
the rough surface at the border GaN with sapphire substrate has been made.

The information about position of multiple quantum wells region in relation to
cavity mirror of heterostructure is virtually important and allows to control quality of
made cavity have been obtained. Maximum radiation efficiency of light-emitting
diodes with the increasing the current up to 100 mA is reached at short distance from
buffer superlattice to the active region.

This work is performed with assistance of grant of the President of the Russian
Federation Ne612.2008.2.
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The method of diagnosis, accompanying the modification
of the surface of piezoelectric quartz sensor

'Aljoshin J.K, “Choba M.A.

! Physics department, Lomonosov Moscow State University
2 Chemical department, Lomonosov Moscow State University

Quartz microscales — the measuring autogenerating devices intended for
transformation of changes of mass, attached to a surface of quartz piezoelectric
resonators, to increments of the output frequency of the oscillator. Main advantages of
quartz microscales are the following: a/ resolution of mass sensitive sensors reaches
10™g, b/ universality; the microweighing method allows to measure a whole number
of parameters: thickness of films, structure of gas mixes, concentration of
microimpurity, oxidising stability, etc., ¢/ working capacity in a wide range, d/ small
dimensions, high shock, vibration, chemicals and radiation resistance, e/ homeostasis
conditions are not violated (highly important in chemical substances concentration
measurement), f/ low cost and availability.

The horizon of this sensor usage tightens while increasing the number of layers.
For example, for a sensor with base frequency 10 MHz the maximum deviation of
frequency amounts 180 kHz what limits a range of measurement of the attached mass.
The creation of ovalbuminum sensitive sensor is described in the following example.
The original technique of coverings, which have got active chemical centers reacting
with strictly specified individual molecules on them, was used. Layers in such sensors
are connected with strong chemical bonds. In the following research the task to widen
the sensor working diapason by optimization of multilayer covering drawing process
was set. The continuous control over this process was implemented by measurement of
frequency deviations during the chemical reaction of serial layers drawing on surface
of piezosensor electrode.

The sensitivity of the given sensor (taking into account the surface area of quartz
piezoelectric resonators) amounted 0.78ng/Hz.

Using this technique, the following result was reached: the maximum mass which
can be measured in the given conditions amounts 25 mkg for this sensor.

165



Polymeric Nanocomposite Solar Cells

Gromchenko A A.

International Laser Center of Moscow State University

Until recently, the development of solar energetics has been essentially related to
inorganic semiconductors, in particular silicon. Nevertheless, the large production costs
leaving silicon solar cells as poor competitors against traditional energy sources. To
extend the solar cells area new photovoltaic (PV) materials and technology for
generation competitive devices are required.

Organic semiconductors, such as conjugated polymers, are considered as a source
of these new PV materials. They combine controllable semiconductor properties (band
gap, high optical absorption coefficient etc.) with attractive polymeric properties (ease
of fabrication and manipulation, flexibility and low cost). Recently it was shown that
organic structures based on nanocomposite of a conjugated polymer with a fullerene
could be perspective materials for solar cells.

For polymer/fullerene solar cells with the active layer thickness less than 200 nm,
power conversion efficiencies of 4-6% have been reported. It is believed that the
efficiency of 5% is enough to start the scale commercialization, because polymers
endow solar cells with new properties — flexibility, low weight, translucency and low
cost.

The main problem in the organic solar cells area is the creation an active layer that
could provide a maximum possible efficiency. One of the most successful and well
investigated active layer with the efficiency of more than 4% consists of a composite of
a poly(3-hexylthiophene) (P3HT) with a soluble methanofullerene Cgy (PCBM). On the
other hand, the theoretical limit for this active layer doesn’t exceed 5%, so for effective
solar cells one needs new PV materials, particularly new fullerene derivatives.

Exohedral complexes or fullerenes with metals (CFM) could serve as perspective
fullerene derivatives. First of all, a metal ion addition to the fullerene skeleton leads to
the electron affinity reduction as compared with initial fullerene. Secondly, CFM could
have considerably high absorption in visible spectral region in comparison with initial
fullerenes. This can provide higher values of an open circuit voltage and a short-circuit
current and, therefore, increase the efficiency of solar cells.

This work is devoted to the investigation of photoelectric characteristics of solar
cells based on nanocomposites of conjugated polymers with CFM and also to
measuring a drift charge carrier mobility in CFM films.

During the work a fabrication technique of polymeric nanocomposite solar cells
prototypes was developed. To develop the fabrication technique solar cells based on
well investigated nanocomposite of a conjugated polymer P3HT with a fullerene
derivative [6,6]-phenyl-Cg¢,-butyric acid methyl ester (PCBM) were made. Samples had
a multilayer structure. An intermediate layer of polymer poly(3,4-ethylenedioxy
thiophene)/poly(styrene sulfonate) PEDOT:PSS with thickness about 30 nm was coated
onto the transparent substrate covered with a conductive layer of indium tin oxide
(ITO); next an active layer of investigated substance was coated and then a CaAl top
contact was evaporated. The sample fabrication technique requires the careful
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preparation of substrate’s surface for coating of the nanocomposite layer and also
requires the optimization of top and bottom electrodes coating conditions. Using this
technique solar cells samples with the efficiency of 4% were made, witch is comparable
value with the best P3HT/PCBM cells.

The drift electron mobility in films of CFM (1°-Ceo)IrH(CO)(DIOP) (IrCs), (n*-
C40)0s(CO)(tBUNC)(PPhs), (OsCep), (1°-C70)Os(CO)(tBuNC)(PPhs), (OsCro), (-
C70)[OS(CO)(tBUNC)(PPh3)2]2 (leSC70) and C60[II'H(CO)(PPh3)2]2 (dlII'C60),
synthesized in Nesmeyanov Institute of Organoelement Compounds Russian Academy
of Sciences by Yu.N. Novikov’s group was measured. Also photoelectric properties of
nanocomposite solar cells of conjugated polymer P3HT with CFM were investigated.

The best electron mobility among studied CFM (5x10™ cm/V's) was observed in
films of the CFM IrCgy. This value allows one to use IrCgy in polymer/fullerene PV

cells. Next solar cells based on CFM were made and their current-voltage
characteristics and photocurrent spectra were investigated. The open circuit voltage for
P3HT/IrCg solar cell was 0.15 V higher than one of the reference cell P3HT/PCBM.

But efficiency of P3HT/IrCy, cell was considerably low (0.86%) because of low values
of the short-circuit current and the fill factor. Probably photocurrents in P3HT/IrCq
cells could be lower than in reference samples because of nonoptimal morphology of an
active layer. For CFM-based cells the well-tested preparation technique for
P3HT/PCBM was used. But it is known that the solubility and the mobility in CFM are
lower than in PCBM, so probably the optimal preparation technique should be different.

Thus, a technique of polymeric solar cells fabrication was developed for glass and
flexible substrates witch permit one to get P3HT/PCBM nanocomposite solar cells with
characteristics equal to the world’s best samples. The possibility of use CFM in
polymeric solar cells was considered. The high values of the electron mobility in films
of CFM and of the open circuit voltage in CFM-based solar cells shows the availability
of CFM for further study to increase the polymer/fullerene solar cells efficiency.
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Nonlinear optical spectroscopic diagnostics of molecular
media phase transitions in nanopores and determination of
parameters of nanoporous material

Arakcheev V.G., Valeev A A.
International Laser Center of Lomonosov Moscow State University

The range of nanoporous materials applications in chemical industry and
medicine permanently grows due to their unique properties. Nowadays, solid
nanoporous materials are used in great number of technological and scientific
applications connected with catalysis, extraction, ion-exchange, creation of bio-sensors
and some other. There is a number of modern promising applications of nanoporous
materials, among which there is an idea of creating of drugs with prolonged action.
The usage of solid nanoporous materials is often connected with filling pores with
some molecular media that can be an agent of chemical reaction or have transport
function on delivering of some dissolved components inside nanopores. Physico-
chemical properties of molecular media, such as dissolving power, viscosity,
compressibility play an essential role in such processes and significantly depend on
phase state of media. Conditions of nano-confinement and effective interaction with
pores walls appreciably affect molecular media phase behavior in nanopores.
Therefore, the description of molecular media phase behavior under nanoporous
confinement is an important problem from both fundamental and practical point of
view.

Traditionally, statistic methods are used for diagnostics of molecular media phase
behavior in nanopores. These methods are based on measurements of total mass in
pores volume and adsorbed mass, and also external pressure. Statistic methods allow
to fulfill only mediate diagnostics, they are effective if time of phase equilibrium
achieving is quite short. However, in accordance with recent works this time can be
extremely large that makes measurements impossible. Development of experimental
methods of direct diagnostics of molecular media phase behavior under nanoporous
confinement is nowadays an important and principled problem.

In present work coherent anti-Stokes Raman spectroscopy (CARS) was used for
diagnostics of molecular media phase behavior in nanopores. Diagnostics was based
on behavior of molecular spectra that significantly differ for different phase states. In
present approach source of signal is exactly media in nanopores that allows to fulfill
direct diagnostics. High spectral resolution of CARS allows to identify each phase in
case of simultaneous presence of different phases. High spacial resolution allows to
fulfill diagnostics in local volumes inside three-dimensional nanoporous samples. High
temporal resolution allows to define slow dynamics of phase equilibrium achieving in
the volume of three-dimensional nanoporous sample.

Molecular media phase behavior in nanopores is defined by parameters of nanoporous
structure. Pressure value at which molecular media turns into condensed state is
mainly defined by shape and diameter of pores. Time of phase equilibrium achieving
in the volume of three-dimensional nanoporous sample essentially depends on degree
of pores interconnection. Internal surface area defines quantity of adsorbate. Presented
approach based on CARS-spectroscopy allows to define conditions of transitions an so
can be used for determination of parameters of nanoporous structures.
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Development of an Atomic-Force Microscope with the Novel
Accuracy Improved by Using Onboard Block for Molecular Level
Computer Simulations of the Experimental Samples

Godsie M.G.
Maxim G Godsie Registered Sole Trader

Atomic-force microscopy (AFM) is one of the most popular high-resolution
techniques which allow nanoscale visualization of adsorbed objects. Information,
which can be obtained by this method, is not only an artwork, but it also can be used to
analyze some physical properties of adsorbed biopolymer surface, to determine
adsorption parameters, to observe the interaction processes of biopolymers.

Though AFM technique is very sensitive, accessible and flexible, it fails in
detailed visualization of biological objects which is so wanted for bionanotechnology
and medicine purposes. Here we list several technical issues, which are producing
experimental errors, reducing the AFM resolution to dozens of nanometers:

e Investigated biological nanooobjects often are single biopolymer molecules
with average size less than or equal to tip edge size.

e Interactions between tip and sample parts can lead to sticking the sample
and tip edge molecules together, affecting the data distortion.

e Impossibility of obtaining pure sample of biological nanoobjects requires
the filtration of AFM-images to prevent the interpretation of visualized foreign
objects.

e Even dry biological samples could be deformed during the scan routine
that’s why the visualized object size could differ from the original.

During the last few years there were made some attempts to overcome these
issues by either additional processing of the tip position and force signals or extra
procedures of tip cleaning. As a result an experimental technique and the whole device
became more complicated. That provides abilities to discover certainly doubtful areas
of scanning, but no significant improvements in object’s detailed elaboration were
obtained.

Our research group suggested novel approach which allows applying the latest
achievements of computer simulation methods in molecular modeling to raise the
AFM to fundamentally new level making it possible to explore some biological objects
with the nanometer resolution.

By building the world’s first computer simulation of tip scanning which
represents tip atoms movements corresponding to different scanning modes and
considers all the atomic interactions between the tip and the wafer or sample surface,
we achieved an ability to filter, justify and purify the experimental data. The filtration
algorithm is based on the comparison of experimental scanning raw data and the data
obtained by computer modeled scanning of molecular complexes under consideration
them adsorbed to the atomic wafer model during preliminary processed molecular-
dynamical computer simulation.

Computer simulation of tips and environment in atomic scale approach is also
assumed to be used for construction and calibration of biosensors.
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Based on the achieved results Maxim G. Godsie Sole Trader researching group is
developing the world’s first model of atomic-force microscope with the built in
hardware supercomputer block for modeling experimental sample, tip and solvent
environment. This innovation will provide industrial and research laboratories with a
chip and accessible tool for advanced analysis of adsorbed biological objects with the
tens of angstroms resolution.
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NOVEL MATERIAL - SINGLE WALLED GETEROPHASE
CARBON BORON NITRIDE NANOTUBES SYNTHESIZED BY
CHEMICAL VAPOR DEPOSITION

L2Grebenyukov V.V.,? Arutyunyan N.R.,*? Obraztsova E.D.,Tonkikh A.A.

'Physics faculty, Lomonosov Moscow State University
2Prokhorov General Physics Institute

Nanostructure based composites are currently of a great interest for diverse
practical applications. Single walled carbon nanotubes (carbon SWNTSs) are one of the
most promising nanostructures for use in such composites. Their popularity is based
on their ability to have different band gap depending on the geometric parameters —
namely diameter and chirality. The band gap can vary from 0 to 1,4 eV thus allowing
carbon SWNTSs to exhibit either metallic or semiconducting electronic properties.

The main problem one experiences when working with carbon SWNT is the
stochastic behavior of their diameter, chirality and consequently electronic properties
distribution in any as-synthesized sample. This problem is currently solved by either
separating carbon SWNTs by their diameter utilizing density gradient
ultracentrifugation technique[1], or by doping them with various atoms. Doping also
allows extension of the band gap beyond 1,4 eV, which cannot be achieved by using
pristine carbon SWNTSs.

Regardless of the carbon SWNT preparation technique the yield of usable carbon
nanotube material is reduced, the complexity of such treatment and hence the cost of
the end product is increased.

Synthesis of single walled heterophase carbon boron nitride nanotubes (BNC-
nanotubes) can be an alternative to the complicated treatment of carbon SWNTSs.
Boron nitride in hexagonal form has similar to graphite crystalline stricture with close
geometric parameters. It can also form nanotubes, which are semiconductors with the
band gap of 5,5 eV regardless of diameter or chirality. Due to similarity of crystalline
structures it is predicted that the formation of hybrid nanotubes formed from “patches”
of carbon (C) and boron nitride (BN) lattices is possible. It is expected [2] that
electronic properties of such hybrid nanostructures will only depend on their C:BN
ratio and not on their geometric parameters. This will allow the control of nanotubes
properties on the stage of synthesis.

Such nanostructures were already synthesized in small quantities by laser
ablation [3] and arc discharge [4] techniques. In this project the chemical vapor
deposition (CVD) technique will be used. This technique is successfully used for
carbon SWNT synthesis [5]. Compared to other techniques it offers better scalability,
high purity of the synthesized material (up to 99% and possibly higher), simplicity of
realization and the ability to grow nanotubes on required surfaces by patern. Therefore
this technique is the most suited for mass production.
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Research and development of a new type high-speed acousto-
optic modulator for fiber-optic communication lines

Balakshy V.1.", Voloshinov V.B.", Solodovnikov V.V.?

! Physics department, Lomonosov Moscow State University
2 |PG Group GmbH, Germany

Light diffraction by ultrasound (acousto-optic interaction) is nowadays one of
basic effects that are applied for optical radiation controlling. Such instruments of
acousto-optics as modulators, deflectors and filters are produced by many world-wide
firms and used broadly not only in laser physics and optoelectronics, but also in
ecology, medicine, and military science. This fact is determined by their wide
functional potentialities, high speed operation, small driving voltage, high reliability
and simple design [1-3].

Unfortunately, all these instruments function normally only when the incident
optical radiation is polarized as one of eigenmodes of a crystal used in the device (i.e.
linear or elliptical one). The reason lies in acousto-optic anisotropy of the medium: the
acousto-optic figure of merit M defining diffraction efficiency has different
magnitudes for different optical eigenmodes. Thus, to provide normal operation of an
acousto-optic device, it is necessary to place a polarizer at its input. However, this
leads to half optical power loss in the case of unpolarized optical radiation. Every so
often this situation is absolutely inadmissible.

The problem of nonpolarized light controlling is currently very urgent; it faces in
acousto-optics from the sixties of the last century. The simplest solution assumes the
usage of lead molybdate (PbMoQO,) crystal. This crystal has a unique cut which
demonstrates equal values of figure of merit M for both optical eigenmodes. However,
this cut is characterized by a relatively small magnitude M. Besides, the effect is
achieved at so called isotropic diffraction which does not allow creating devices with
good parameters. Another solution consists in the application of two crossed acousto-
optic cells disposed in series or in splitting the incident optical beam into two beams
with orthogonal polarizations and then their bringing together at the output cell. These
methods have a number of disadvantages, such as complicated construction, hard
adjustment of the system, low reliability, increase of driving power, etc.

A serious problem more, typical for all acousto-optic devices, is their high cost —
several thousands per one modulating cell. The high value is caused by a complicated
technological process and by the necessity of hand work of high-skilled opticians at
acousto-optic cells fabrication. The high cost of acousto-optical instruments is a
serious obstacle for their wider use in industry, medicine, consumer equipment, etc.

The present project has a main goal in researching and developing acousto-optic
devices with a new technology of volume acoustic wave excitation on the basis of the
proper piezoelectric effect of the acousto-optic crystal. This will allow managing
without a plate transducer presently employed, whose making determines in the first
place the high cost of acousto-optic cells. At the present time, the most suitable for
this purpose crystal is lithium niobate (LiNbO;) which has good acousto-optic
properties and distinguishes itself with extremely strong piezoelectric effect [4].

A concrete problem solved in the frames of the project consists in development
and experimental realization of an acousto-optic modulator for 1.06 um ytterbium
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fiber laser intended for operation in fiber-optic communication lines. Since such a
laser generates nonpolarized radiation, main efforts at the first stage of the work were
directed to searching such a crystal lithium niobate cut that has first near magnitudes
of the figure of merit M for both optical eigenmode polarization and second provides
high diffraction efficiency (no less than 90%) at moderate level of consumed power. A
detailed calculation of acoustic and acousto-optic characteristics of lithium niobate
crystal has made it possible to find crystal cuts prospective for fabricating the
modulator with specified characteristics: modulator rise time — 0.1 ps, consumed
power — less than 2 W, frequency range — 200-250 MHz. It should be noticed that
these characteristics are not limiting. Lithium niobate is remarkable for uniquely low
ultrasound absorption. This feature permits its application at frequencies up to several
gigaherzs. The calculation of an ultrasound excitation system has given rather
optimistic results as well: an optimal construction of the exciting electrodes allows
reaching the conversion efficiency of the input electrical power into the acoustic one
as great as 50%.

The work is being fulfilled with joint efforts of two scientific groups from the
Acousto-Optics Laboratory at Physics Department of M.V.Lomonosov Moscow State
University (Division of Oscillations Physics) and Russian Branch of the corporation
IPG Group GmbH (Germany). At present, the research is on the stage of prototyping
the light modulator designed on the basis of the fulfilled calculations.

1. Balakshy V.I., Parygin V.N., Chirkov L.E. Physical principles of acousto-optics. —
M.: Radio 1 Svyaz, 1985.

2. Xu J., Stroud R. Acousto-optic devices. — N.Y.: Wiley, 1992.

3. Design and fabrication of acousto-optic devices. / Ed. A.P.Goutzoulis and
D.R. Pape. — N.Y.: Marcel Dekker, 1994.

4. Acoustic crystals. Hand-book. / Ed. M.P.Shaskolskaya. — M.: Nauka, 1982.
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Hi-Speed measurements of the wavefront

Iroshnikov N.G.

Physcis faculty, Lomonosov Moscow State University

Brief description

Performance of the Shack-Hartmann wavefront sensors is greatly affected by the quality of
the lenslet array. We have developed and patented a new manufacturing technology, which
guarantees perfect quality of the lenslet matrix. The matrix is both- side coated to prevent glare.

Another advantage of the wavefront sensors Shah is an optimized processing algorithm,
which permits achieving more than 1000 Hz real-time processing rate with the use of standard PC.

Due to assembler-level coding and GPU intensive use, wavefront data are calculated and
displayed on the grid of 512x512 points with 500 Hz frequency rate. This regime is suitable for
controlling of modern LCOS wavefront correctors. Series of Shah wavefront sensors consists of
several models, from relatively cheap ShaH 0620, which can be used for training or evaluating
purposes, and to topmost hi-speed ShaH-03500. The latter uses a backilluminated CCD sensor
with electronic gain and cooling system down to -100°C.

Application in : astronomy, telemetry, adaptive optics.

200 300 400 500 600 700 800 900 1000
Wavelength (nm)

Fig. 1: Hi-speed wavefront sensor ShaH- Fig. 2: Spectral curve of ShaH-03500.
03500.
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Fig 3: A schematic of an adaptive optical system, based on the hi-speed wavefront sensor
ShaH-03500.

Contacts:
Iroshnikov Nikita, +7 495 939-48-37, nikita@optics.ru.

176



Electric field control of micromagnetic structure
as a principle of energy-conscious memory

Pyatakov A.P., Meshkov G.A.; Sechin D.A.; Sergeev A.S.;
Nikolaeva E.P.; Nikolaev A.V.; Logginov A.S.

Physics department, Lomonosov Moscow State University

Magnetic random access memory (MRAM) is considered now as a new
generation of universal storage devices that combine the advantages of semiconductor
random access memory (high performance) and permanent magnetic one
(nonvolatility). However the problem of energy saving in such devices is not
completely solved. In MRAM prototypes the writing of information implies usage of
electric currents of high density 10°-10’A/cm? that leads to considerable energy losses
and device degradation due to overheating and electromigration.

We propose another solution for the magnetic recording based on the effect of
electric field induced micromagnetic structure transformation that was discovered in
our group [2] which does not imply large current density.

Schematic illustration of the experimental setup is shown in figure 1 a). Electric
field is generated in the magnetic film by applying voltage between the tip electrode 1
and ground contact 2. The micromagnetic configuration in the iron-garnet film is
shown (two domains divided by domain wall). The electric field driven domain wall
motion in the vicinity of the tip electrode was observed (fig. 1 b). Applying positive
potential to the tip results in attraction of the domain wall to the tip 1 (left position
marked in red), with the negative potential the domain wall repel from the tip (right
position marked in blue). When the voltage is switched off the domain wall comes
back to the initial position (dashed line). First experiments with strip-line conductors

(fig 1 c¢) deposited on the film confirm the existence of the effect.
[0.0.1]

Fig. 1 a) Schematic representation of the experiment: 1 is tip electrode, 2 is the ground electrode b) the
displacement of the domain wall under the influence of the electric field: 1 is the image of the tip, 2 is
magnetooptical image of the domain wall in iron garnet film c) is optical photomicrograph of the electrodes
deposited on the magnetic film, the background is the domain structure.

Comparison of the results of measurements in pulse electric field with their
analogues in pulse magnetic field gives us the quantitative measure of the effect: the
voltage 500 V (i.e. the electric field 1 MV/cm) creates the effect similar to the one of
50 Oe magnetic field [2]. Not always the transformation of micromagnetic structure
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had a reversible character: if the modified state was more stable than the initial one the
domain walls would remain in the new position [3]. The irreversible effect serves as a
prototypical example of the electric writing/magnetic reading memory.

—_—
&1»

"

Fig.2. The conceptual design of memory cell with moving domain wall. The position of the domain wall
in the top layer determines «0» and «1» states [4].

This idea of the domain wall motion lies in the design of new magnetic storage,
e.g. Stuart Parkin concept of the race track memory [4], in which the domain wall
motion is proposed as alternative solution to the magnetization reversal (fig.2). The
storage device is a sandwich with two magnetic layers and nonmagnetic spacer. The
magnetization of the bottom layer is fixed, while the state of the top layer depends on
the domain wall position. The reading process is based on the conventional giant
magnetic resistance (GMR) principle: the mutual orientation of the magnetization of
the top and bottom layers determines the electric resistance of the sandwich structure.
The concept of race track memory [4] implies spin current pulses of high
density (10°A/cm®) that leads to energy losses. We propose the usage of the
aforementioned electric field effect in iron garnet films to control the domain wall
position.  Dielectric layer of iron garnet serves as a gate that controls the
micromagnetic structure of conducting layer by exchange coupling. The possibility of
such exchange-coupled structures is demonstrated in [5]. At the size of technological
junction ~100 nm and typical domain wall velocity 100 m/s the switching time of the
element might be ~1 ns.

Claude Chappert et al, Nature Materials, 6, 813 (2007)

A.S. Logginov et al, APL 93, 182510 (2008)

A.S. Logginov et al, Solid State Phenomena, 152, 143 (2009)
S.S.S. Parkin et al, Science, 320, 190 (2008)

Ying-Hao Chu et al, Nature Materials, 7, 478 (2008)
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Optical Non-Reciprocal Device
Based on Collinear Acousto-Optical Filter

Djakonov E.A., Nikitin P.A.

Physics faculty, Lomonosov Moscow State University

Recently acousto-optic instruments have found wide applications in science and
technology. Intensive development of acousto-optics provided design and fabrication
of devices based on principally new effects so far considered as negligible or
unwelcome. One of these effects is the "non-reciprocal” effect consisting in the
following. Frequency of light incident on an acousto-optic cell differs from the
corresponding frequency of the diffracted light by the magnitude equal to the
frequency of ultrasound. This difference is caused by Doppler effect. Therefore, it is
possible to obtain an increase or decrease in the frequency of the diffracted light
depending on the mutual, i.e. coinciding or opposite directions of the optic and
acoustic beams propagation. Since the condition of Bragg matching strictly couples
wavelength of light and optimal frequency of ultrasound at which the efficiency of
diffraction is maximum, change in the mutual direction of light and sound propagation
is inevitably accompanied by variation of Bragg matching frequency. Therefore,
diffraction patterns observed in these two cases are different from each other. This is
just the physical meaning of the acousto-optic non-reciprocal effect [1].

Non-reciprocal effects in optics were well-known previously, particularly the
effect of rotation of polarization plane in a magnetic field (Faraday effect). However,
only acousto-optic devices allow combining optical non-reciprocity with high spectral
selectivity. This opens new possibilities for practical applications of these devices. In
particular, a non-reciprocal acousto-optic cell can be installed in an optical cavity of a
ring laser. Some other range of applications of the mentioned effect may be related to
development of unidirectional decoupling devices for systems of optical signals
transmission similar to the well-known microwave technology devices. Therefore, it is
obvious that a theoretical and experimental research of the non-reciprocal effect in
acousto-optics is of reasonable importance [1-3].

Some results of a theoretical research of the non-reciprocal effect in the crystals
of sapphire and lithium niobate in the mode of the collinear acousto-optical interaction
are presented in the report. Both low-frequency and high-frequency modes of the
acousto-optic interaction have been considered in the investigation. It was found that
the non-reciprocal effect is most pronounced in the high-frequency regime of the
collinear acousto-optic interaction. However, for a practical realization of the
interaction of light and ultrasound, it is necessary to use acoustic waves with the
frequencies about 10° Hz. It is obvious that application of these frequencies is
inconvenient because of strong acoustic attenuation in the crystals.

Theoretical investigation showed that the non-reciprocal effect may be registered
both in the crystals of lithium niobate and also in sapphire. However, the effect in
sapphire is a few times lower than in lithium niobate. The reason is that the ratio of the
passband shift, provided by the non-reciprocal effect, and the value of the bandwidth,
determined by selective properties of the collinear interaction, is proportional to
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birefringence and squared acoustic velocity in the used crystal. Velocity of acoustic
waves in sapphire along the crystallographic axis X is 1.5 times higher than that in
lithium niobate. On the other hand, birefringence in sapphire is about ten times lower
than in lithium niobate. As a result, the non-reciprocal effect in lithium niobate is four
times stronger than in sapphire.

The lithium niobate single crystal was chosen for the experimental research of
the non-reciprocal acousto-optical effect. In this crystal, the low-frequency collinear
acousto-optical interaction has been realized. It made it possible to decrease the
driving acoustic frequency to a few hundred megahertz, while the driving power was
limited to 1 W. The prototype of the non-reciprocal acousto-optical device has been
designed and fabricated. Experiments with the optical radiation at the wavelengths
equal to 0,6328 microns and also to 0,532 microns proved operation capability of non-
reciprocal devices similar to that used in the experiments. Results of the experiment
corresponded to the theoretical conclusions with good accuracy. It makes it possible to
conclude that the proposed theoretical approach to describe the non-reciprocal effect
may be applied for design of new and promising acousto-optical devices [2-3].

As a result of the carried out research, it is also reasonable to conclude that the
crystals of lithium niobate are more suitable for the development of new devices based
on the non-reciprocal effect than the crystals of sapphire.
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Information-analytical complex for transport companies

Vadim D.Yu.

Physics department, Lomonosov Moscow State University

Increasing the level of road traffic safety of company vehicles on the one part
and the necessity to improve car park management on the other served the main
requisites for creating the information-analytical complex. Practically, according to
statistics almost 85% of road traffic accidents happen due to human agencies. And it
doesn’t concern a driver’s professional competence, since every driver goes through
the qualification selection before being engaged. More importantly it concerns a
driver’s abidance by traffic rules and labor routine regulations, which include
obligatory breaks, designated for a driver’s rest. Along with providing road traffic
safety a company needs to take care of the quality of the offered services and to
organize an economically profitable functioning of its car park as well. The
information-analytical complex is intended to solve the above mentioned problems.

The complex’s facilities include the ability to transmit positional coordinates of
vehicles, vehicles’ speed information, vehicles’ ignition system condition; to broadcast
audio and video signals taken from digital video cameras, installed on each vehicle; to
distantly operate the characteristics of devices’ performance.

The developing complex’s software will enable online tracing of moving carriers’ on
the map, getting the information from observation cameras and monitors, which will
be installed on carriers.

The software will permit to automatically inform the control center about speed
limit violation, the vehicle’s route; about work regulations failure (work regulations
compliance includes total work time, lunch time, and obligatory drivers’ breaks
record); it will also make it possible to establish the possibility of video
communication with drivers. The main requirement that the software needs to meet is
easy launching from the Internet without preliminary installation of additional
applications on the user’s PC.

After being received from moving vehicles, the information is recorded,
analyzed, and statistically processed, which enables control of motor fleet, adjustment
of their routes and traffic intervals depending on the density of passenger flow.

At creation of the complex a WiMax technology is used. This technology
provides wireless broadband access to the Internet, GPS, computer modeling, GPS
receiver defines vehicles’ location coordinates, and then send received coordinates,
data from the controllers and equipment, installed on the vehicles to the server via
wireless high-speed Internet connection. On the server with the help of the developed
software the received information is processed and systemized, and is later represented
in the web-interface at the dispatching center or the manager’s personal computer.

The novelty of the system consists that the given complex combines the latest
technologies, adjusted specially for the transport companies.
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Acousto-Optical Devices Intended to Control
Parameters of Long Infrared Radiation

G.A. Knyazev and V.B. Voloshinov

M.V. Lomonosov Moscow State University, Physical Department
119992 Moscow, Russia

Acousto-optic effect or light diffraction on acoustic waves is widely used to
control parameters of optical radiation. Acousto-optical devices are capable of
reliable operatation in the visible light, ultraviolet, near and middle infrared
regions of spectrum. However the problem of design of the long infrared acousto-
optical devices intended to operate at the wavelengths of light A>5 pum is
remaining unsolved. The problem originates from the fact that the values of the
acousto-optic figure of merit of all known acousto-optical materials are too small
to provide applications in the long infrared. Nevertheless it was found that the
most suitable media for the long infrared applications is the crystalline tellurium.
The sounding advantage of this material consists in extremely high value of the
acousto-optical figure of merit M, > 100-10 *° s%g. This value exceeds, to about
two orders of magnitude, the figures of merit of all known in acousto-optic
materials. In indicates that the material is extremely promising for the applications
in acousto-optics and laser technology.

Fig.1 Photos of tellurium based acousto-optical cells (a — ultrasound propagates
in the cell to the axis Y at the angle 6, = 80°, b — ultrasound propagates in the cell
at the angle 6, = 95°).

In our experiments, a few configurations of acousto-optical tellurium based
devices were investigated. In the figure 1, the photos of the examined cells are
presented. The dependences of the Bragg light incident angle on the ultrasound
frequency are presented in the figures 2a and 2b for the cells with the ultrasound
propagation angles correspondingly equal to 6, = 80° and 6, = 95° with respect to
the axis Y. As seen in the figure 2, in both cells the wide aperture regime of
acousto-optical interaction is realized. This regime corresponds to the condition
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dg,/df - . As follows from our experiments, the range of the optic incident

angles providing the efficient acousto-optical interaction is higher in the cell which
is shown in the figure 1a. In this cell, the angle was equal to the value A6z = 26°.
For the cell in the figure 1b, the angular range of interaction was equal to
ABg = 15°. However, the acousto-optical filter with the ultrasound propagation
angle 6,=80° may operate only in the notch regime because of the high
absorption of optical energy of the extraordinary polarized wave: the cell
transmitted only ordinary polarized light. Therefore this filter may not be used for
imaging applications.
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Fig. 2 The dependence of Bragg angle on the ultrasound frequency
(a — ultrasound in the cell propagates at the angle 6, = 80°, b — ultrasound
propagates at the angle 6, = 95° with respect to the axis Y).

As follows from our investigations, the wide-aperture filter on base of the
cell, which is shown in the figure 1b, possesses the following characteristics: the
frequency of ultrasound at the wavelength of light A = 10.6 um is equal to f= 80
MHz, the spatial resolution in the cell achieves the value N =120, the spectral
resolution is equal to A/AA =140, the ultrasound frequency providing efficient
interaction is located in the range Af = 500 kHz. It should be noted that the values
of the spatial and spectral resolution of the designed acousto-optical filter on base
of tellurium are approximately equal to the characteristics of similar devices
operating in the visible light.
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Oscillating solutions of the Navier-Stokes equations

Petrova T. A., Shugaev F. V.

Physics faculty, Lomonosov Moscow State University

The Navier-Stokes equations are the main tool in theoretic analysis of turbulence.
The important role in modeling turbulence belongs to direct numerical simulation
(DNS).

Unfortunately, modern computers allow to solve only some of technical problems.

It is worth noting large eddy simulation of turbulence (LES). This method simulates
only the largest scales. The motivation is that the large scales of turbulence often
dominate physical processes in engineering problems. A new method of solving the
Navier-Stokes equations is proposed recently. It is based on the fundamental solution of
linear parabolic systems. The distinctive feature of the method is that no finite-
difference schemes are used. As we deal with nonlinear equations there are no
limitations on the amplitude of turbulent fluctuations. Thus we can analyze strong
turbulence as well as weak one.

In this work the procedure of solving the system of the Navier-Stokes equations

was proposed. The full system of the unsteady Navier-Stokes equations can be written
in the form (using the Lagrangian variables)
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Here p, T, v, A are density, temperature, viscosity, thermal conductivity, respectively; A
is the Laplace operator, Pr is the Prandtl number, y is the adiabatic exponent.The
symbols fy;, f,, f3 denote nonlinear members (with regards to the first derivatives).
Appropriate expressions have been given earlier [1]. The system (1) is written in a
dimensionless form, the characteristic length being 1y=vo/co, the characteristic time
being ty= vo/co’, where ¢ is the sound velocity, the subscript “0” refers to the initial
state.

This system is a parabolic one. The proposed method of solution consists in
reducing it into the system of integral equations and in subsequent use of iterative
procedure. The procedure can be divided into two parts. First of all we find an
approximate solution (parametrix). Then we reduce the system to integral equations of
Volterra type. The iterative procedure is used [2,3]. The solution to the linearized
system is taken as the first iteration. Suppose that the (n-1)th iteration is known. Then
the coefficients referring to the Laplace operators are known. Thus we have linear
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equations with variable coefficients. Furthermore, we suppose that the coefficients
depend on t solely, the coordinates being considered as parameters. The initial
conditions: the velocity divergence (dilatation) being zero and the temperature being the
known function, the initial density being constant. The problem is set in the infinite
space.

We fulfilled calculations using the first and the second iterations. The comparison
of the subsequent iterations allows to conclude that the convergence takes place. But
further investigations about convergence of the proposed iterative procedure are
necessary.
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Influence of temperature and impurity
on hydrogen bonds grids structures of water clusters

Khakhalin V. Andrey

Faculty of Physics M.V.Lomonosov Moscow State University

Theoretically established (theories of structural defects of Samoilov, Bernard-
Faluera flickering clusters of Franc and Vienna, etc.) and experimentally confirmed [1]
fact of heterogeneity of water the structures the question on the nature of its
heterogeneity staticizes. One of leading roles in it is played ice-water, defining the
centres of crystal structure formation at its freezing.

It is considered that water crystallisation begins from places of a concentration
impurity particles. Centers of crystallization of absolutely pure laboratory water much
less, than in natural reservoirs. Therefore it can overcool, remaining in liquid a
condition even at negative temperatures (at normal atmospheric pressure).

Impurity in water lead to occurrence of defects in its structure of a grid from
hydrogen bonds. Now, there are no experimental techniques of definition of hydrogen
bond and its characteristics of dynamics in water mediums. Similar researches can be
spent only methods of computational modeling.

In the present work, for studying of hydrogen bonds grid structure between
molecules of water under the influence of temperature (1 or 300 K) and impurity
(cations Na' or K") have been chosen following 3 water clusters: (H,0),, Na'(H,0),
and K+(H20)n, where 2<n<8. Molecules H,O were described of the rigid model of
water [2]. For calculations of intermolecular interactions of molecules of water with
each other and with cation Na’ or K" potential functions of Polteva-Malenkova [3, 4].
In calculations generator of random numbers of double accuracy rigidly determined by
entry conditions [5] was used. Modelling of hydration process was carried out by
means of generating equilibrium at temperatures 1 and 300 K configurations from the
molecules of water co-operating with each other and with cation Na’ or K'. Their
reception was made by a method of Monte-Carlo with procedure of the Metropolis [6]
under periodic boundary conditions (the settlement cell represented a cube with length
of the party 40 A). From consistently received equilibrium at temperature 1 or 300 K
configurations of everyone cluster with step 1000 10000 sample was formed. 20 such
selection formed a set. On the basis of the analysis in this set of values of quantities of
the equilibrium configurations corresponding to original types of hydrogen bonds grig
structures, their average weight factors and errors of their definition with a confidential
interval 0,95 were defined. The type of structure with the greatest weight factor
meeting in all 20 samples in a set was called as the most probable type.

The structural characteristic of a grid from hydrogen bonds — a set of the h-
bonds-connected geometrical figures, each of which is connected focused (the edge is
directed from the oxygen which is the donor of a proton to oxygen — to an acceptor)
the count which tops are atoms of oxygen, and edges — hydrogen bonds between water
molecules. The analysis of hydrogen bonds grid structure of water cluster with cation
Na’ or K was carried out to the formalized signs, based on the theory of counts [7].
Signs on which comparison of grids of hydrogen bonds was made:
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1) quantity of molecules of the water entering into the first coordination sphere of an
ion; 2) quantity of the hydrogen bonds-connected figures from water molecules (“the
single” molecules of water not connected by hydrogen communications here enter); 3)
a set of quantities of molecules of water in each h-bonds-connected figure (a set of
quantities of tops of counts); 4) a set of quantities of hydrogen bonds in each h-bonds-
connected figure (a set of quantities of edges of counts); 5) sets of quantities formed
by each molecule of water in the hydrogen bonds-connected figure of hydrogen
communications (sets of degrees of tops of counts). The given technique does not
allow to consider only chirality the hydrogen bonds—connected figures from water
molecules.

As a result of computational modeling in each of 3 investigation clusters for
each value 2<n<8 and temperature 1 or 300 K, all versions and most probable
hydrogen bonds grids types of structures are revealed. It is established, that at
temperature 1 K the most probable type of hydrogen bonds grid structure between n
molecules of water in each of 3 clusters it is formed on the basis of the most probable
type at n—1 (to within one hydrogen bond). At temperature 300 K such dependence for
each of 3 clusters remains. However only equilibrium configurations with the most
probable types of structures cluster (H,0),, at temperature 300 K consisted from
scattered on all volume of a settlement cell of single molecules and groups of them
(consisting no more 3 molecules H,0O). In equilibrium configurations of water clusters
with cation Na™ or K structures of grids corresponding to the most probable types
from hydrogen bonds, water molecules are concentrated close the cation (in sphere
with radius no more than 3 FCS).

On the basis of the received results, it is possible to assert that among all variety
equilibrium at temperatures 1 or 300 K configurations there are configurations with the
most probable types of hydrogen bonds grids structures. These types of structures
depend on following factors: 1) quantity of molecules of their water forming (the most
probable type of hydrogen bonds grid structure for cluster with n water molecules is
development of the most probable type of the structure, generated by means cluster
with n—1 molecules of water); 2) temperature (quantity of the most probable types of
hydrogen bonds structures decreases when temperature increase at the expense of
effect of H,O evaporation); 3) presence of impurity and their version (presence of
impurity particles allows to reduce effect of water molecules evaporation in
equilibrium configurations with the most probable types of hydrogen bonds grids
structures and the version of impurity particles influences on a variety of the most
probable types of hydrogen bonds grids structures in water clusters).

Presumably, the first and third factors can define heterogeneity of water, which
have a clusters form with considerable quantity of H,O molecules (~100 [1]).
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Method of noninvasive ultrasound surgery for liver tumors by
irradiation through the rib cage using phased arrays

15.M. Bobkova, ' V.A. Khokhlova, > L.R. Gavrilov

! Physics Department, Lomonosov Moscow State University, Russia
2 N.N. Andreev Acoustic Institute, Russia

Recent increase in cancer rates requires development of new effective methods of
treatment. One of them is the method of noninvasive (i.e. without surgical operation)
ultrasonic surgery when high intensity focused ultrasound (HIFU) locally heats a
tissue to the temperature of necrosis. However this method is not always applicable
because of the presence of strongly reflecting and strongly absorbing acoustic
obstacles, which are, for example, the bones of a rib cage complicating the carrying
out noninvasive operations on liver or heart. As the bone tissue has the high absorption
coefficient it is usually overheated during the operation that causes its burns and also
the burns of overlying tissues, including a skin. To overcome the problem of damaging
ribs, in China, for example, HIFU treatment involved a cutting out of a section of the
ribs located above the liver to provide an acoustic window during the surgical
procedure. This approach limits the advantages of HIFU surgery, it cannot be named
noninvasive.

Possibility to carry out HIFU operations in required volume of tissue with safe
temperature levels on acoustic obstacles became real with the appearance of
multielement phased arrays which allow creating almost any configuration of an
acoustic field in the given volume of a tissue. The goal of the work included the
development of new methods of dynamic focusing of high intensity ultrasound in the
presence of acoustic obstacles that essentially expands the possibilities of application
of HIFU in medicine. The idea of the proposed method combines the use of
multielement random phased array, the method of the reversal wave front and the
methods of optimization of amplitude-phase distributions on the array elements [1, 2].

Numerical simulations and measurements were performed for the phased array
which consisted of 254 piezoelements 7 mm in diameter (1MHz operational
frequency), randomly distributed on a spherical surface with radius of curvature 130
mm and diameter 170 mm [1, 2]. The goal of the experiment included HIFU tissue
oblation through the phantom of ribs and porcine ribs in vitro. Acoustic field
measurements were carried out with the use of infra-red camera in a plane of ribs and
in a focal plane of the phased array. Temperature rises in tissues near the bones and in
the intercostal spaces were measured using thermocouples.

The following results have been obtained. The acoustic field created by the array
had a striped structure in a plane of ribs, thus, the energy of the beam was mainly
concentrated in the intercostal spaces. Temperature rise measurements on a rib surface
confirmed the absence of dangerous overheating of the tissues. Theoretical and
experimental investigations demonstrate the feasibility of the proposed approach to
produce tissue ablations that proved the possibility of application of the method for the
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tumorous tissue destruction. To increase the volume of irradiation, the possibility of
electronic steering of focus and creation of multiple foci configurations were
suggested. It has been obtained that ribs do not influence the ranges of focus steering
which are 10-15 mm perpendicularly to the array axis and 20 mm along the axis.
Configurations of 3-4 simultaneous foci also have been created.

The ability to ablate tissues through the phantom and maintain an appropriate
quality of the field distribution beyond the ribs in vitro provides strong evidence that
the technique has the potential for addressing a major problem in clinical HIFU, i.e.
the ablation of tissues beyond the ribs without overheating the ribs and overlying
tissue. The recent discussion of a method on the International Symposium on
Therapeutic Ultrasound [3] has shown that its efficiency exceeds the efficiency of
technologies developed abroad. Researches executed in the USA, Great Britain and
France are devoted either to theoretical aspects of the specified problem or to the first
steps in the development of the ultrasonic technique necessary for the study of the
problem. Any experimental evidence of the efficiency of the offered approaches,
similar to the experiments described above, does not exist till now.

It is also necessary to note, that even so wide area of application as carrying out
of noninvasive operations on liver without overheating ribs, is not the only area of
possible practical use of the proposed method. Ability to ablate the tissues located
behind acoustic obstacles can be useful for HIFU surgery of heart, in ultrasound
irradiation of a fundus of the eye without crystalline lens damage, and also for HIFU
surgery in the presence in a body of various congestions of air or rigid inclusions, in
particular, metal artificial prosthesis, cardiostimulators, etc.

This work was supported in parts by NTSC and RFBR. Computer simulations
were performed on computer complex “SkiF-MSU”,
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New mechanism of the soft biological tissue erosion
caused by the pulsed-periodic effect of focused shock
waves

Bessonova O.V., Khokhlova V.A.

Division of Acoustics, Physics Department, Lomonosov Moscow State University
Tel.: +7 495 939-2952; olga@acs366.phys.msu.ru

In modern medicine, a new trend, utilization of high intensity focused ultrasound
for local destruction of tumorous tissue, is now being developed. The main
mechanisms of ultrasound ablation are heating and cavitation [1]. Thermal effect
results from absorption of ultrasound energy due to multi relaxation effect and
viscosity that lead to heat deposition in biological tissue. Cavitation causes the
mechanical damage of tissue as a result of medium rupture during the rarefaction
phase in the propagating acoustic wave and corresponding mechanical emulsification
of tissue [2]. However, the results of recent experiments showed that a new
mechanism of the soft biological tissue emulsification is possible: mechanical
destructions in tissue caused by explosive boiling occurred when tissue is treated by
shock waves [3.4].

It is known that for high intensities in the focal zone (up to 25000 W/cm?),
nonlinear propagation effects lead to the shock formation in the focal waveform
(Fig.1) and to significant increase in the heating efficacy. At the focal area of the
beam, the localized rapid heating to the boiling temperature (in several milliseconds,
the typical exposure time is seconds) is possible [4]. If the HIFU-on time only slightly
P+ = 55 MPa exceeds the time-to boil in tissue, the

60 _ mechanical erosion of biological tissue
P-=-11 MPa : . :

401 A =43 MP (emulsification) can occur by explosively

A s a growing boiling bubbles [2]. Though the

initiator of erosion is boiling, the biological
tissue is not heated to high temperatures
because the growing bubbles get cold
quickly when they go out the heated focal
zone.

In this work, the possibility of
millisecond tissue  boiling and the
mechanical erosion of tissue without thermal
damage caused by the high amplitude
focused shock pulses were investigated
numerically and experimentally. The HIFU
transducer with frequency of 2 MHz, aperture and focal length of 45 mm, and operated
in a pulse mode was used. The HIFU focus was placed at a depth of 13.5 mm in the
liver sample. On the base of numerical solution of the KZK equation, shocked
waveforms at the focus of the transducer and time to boiling in tissue were calculated
for different initial pressure amplitudes [3,4]. The influence of heat diffusion was
studied; it was shown for what intensities the diffusion begins to play an essential role
for estimation of time-to-boil in tissue. The comparison of numerical and experimental
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Fig.1. Waveform in biological tissue
at the source focus; initial pressure p,
= 0.57 MPa (result of numerical
simulation).
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results was performed. After exposures, the tissue samples were sectioned and
photographed to observe the produced lesion morphology. All of the exposures used
the same HIFU output level (p, = 0.57 MPa) and acoustic energy, but different duty
cycles [5]. It was shown that for continuous wave exposure (100% duty cycle),
thermal denaturation of tissue proteins is observed (Fig.2a). In the case when the
pulses of 10 ms duration and 1% duty cycle were used, the lesion morphology began
to change and the mechanical erosion occurs without any sign of thermal damage of
the biological tissue (Fig.2b). Only three cycles are shown in the figure to illustrate
pulsing regime, in reality, 10 ms bursts consisted of approximately 2000 cycles.
Therefore, the effects of millisecond boiling in tissue caused by high intensity
ultrasound and mechanical lesion of tissue
under the action of growing boiling bubbles
were theoretically predicted and numerically
confirmed. These phenomena are
fundamentally new and extremely interesting
\ti_rqe need additional investigations.

The work was supported in parts by
RFBR and ISTC grants. Numerical simulations
were performed on supercomputer center
«Skif-MSU».
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Drug delivery by modificated cyanoacrylate
nanoparticles to the nervous system

Gusev A.V.
Physics faculty, Lomonosov Moscow State University

Background of the invention

The treatment of nervous system disorders can be achieved by taking drugs
which affect the patient’s nervous system function or dysfunction. Typically, such
drugs are taken by peripheral application, either via the oral or the systemic route.
Despite many drugs are able to cross thematoencephalic barrier(TEB) there are many
others which hardly pass TEB or do not pass it at all and are only effective when
injected directly into the brain. Thematoencephalic barrier(TEB) or the blood-brain
barrier (BBB) is a obstruction of circulating blood and cerebrospinal fluid (CSF)
maintained by the choroid plexus in the central nervous system (CNS). BBB consists
of capillary endothelium, basic membrane and plexus of asters. Thus, a huge amount
of effective drugs is not used widely in clinical practice. This problem can be solved in
two ways: increasing the penetrability of BBB, implanting polymeric tissue with
controlled release medicine or using drug careers which can pass BBB. Increasing of
membranes’ penetrability affects their structures and often destructs it which badly
influences further brain functioning. Implanting is a complex and dangerous surgical
operation.

The third variant seems to be the most effective. Various particles, capsules,
liposomes and modified drug molecules are used as drug careers able to pass blood
brain barrier. The most promising method is based on liposomes but there are some
serious problems with their stability.

It is necessary to pay attention to the fact that usually the medicine injected into
the blood or taken orally is perceived by the human’s immune system as an alien body,
and is immediately attacked by phagocytes. Also the medicine dose taken by the
patient affects his internals. The large amount of active molecules attacks human
internals damaging their structure and function. It’s crucial to decrease the medicine
amount absorbed on human internals.

And the last point: it’s possible to use magnetic particles and magnetic field to
control drug delivery. Using magnetism it’s possible to increase and locate the drug on
the necessary spot. In this way we can decrease the drug dose and the drug’s negative
influence.

Basic Idea:

To use polymeric cyanoacrylate nanoparticles (100-200 nm) with magnetite
nanoparticles (5-10 nm) for drug delivery to nervous system and controlled contents
release to make the necessary drug concentration.
The advantages of the method:

e Simple production of the particles;

e Simple modification technology;

e Low cost of the materials (cyanoacrylates — super glue base);
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e An opportunity to deliver any active medicine to the brain without complex
synthetic materials;

e Cyanoacrylate particles pass BBB without making any damage;

e Stable particles, could be kept for a long time (in contrast to liposomes); etc.

Novelty
Using nanocareers for drug delivery is a progressive method in modern pharmacology.
Similar methods just start to be used in clinical practice.

Commercial scale
There are a lot of obstinate brain diseases: meningitis, epilepsy, multiple sclerosis,
encephalitis, tetanus, Parkinson's disease, etc. This method increases the effectiveness
of treatment of obstinate diseases.

Application term

The application in clinic practice can be delayed for several years. The application
process consists of several stages:

e Research and development: 1 year;

e Prototyping: 2 years;

e Mass production including equipment adjustment and staff training: 1 year.

e Clinic practice application: 2 years.
Total: 6 years.
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Measurements of shear elasticity of soft tissues
applying interferential method

Krit T.B., Kostikov V.V., Andreev V.G.

Acoustics department, Physics faculty, Lomonosov Moscow State University

Different methods such as sonoelastography [1], shear imaging [2] and other
were developed for a measurement of viscoelastic properties of tissues. The proposed
method of shear modulus measurement of soft tissues is based on analyses of standing
waves in the 1D resonator filled with tissue sample. The similar method works
successfully for megahertz waves where ultrasound resonators are used for velocity
and attenuation measurements in liquids [3]. Resonant curve width provides one with
value of attenuation coefficient and resonant frequency — with sound velocity.

The sample that consists of N parallel layers is mounted on the plate, which
oscillates horizontally. A rigid plate of finite mass M is fixed on the top of the sample.
The particles inside each layer of the sample move according to the equation of motion
and material equation:
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Thus, for the whole sample we have a system of 2N equations with matching and
boundary conditions. This system could be resolved. Hence, model fitting method for
experimental data evaluation is the most appropriate.

An experimental setup was constructed to carry out the experiments with double
layered sample as a simple example of inhomogeneous medium. In double layered
sample known share modulus of one layer could provide one with value of shear
modulus of the other layer. Properties of the investigated sample were the following:
LotLy =2.6 cm, uy = 6 kPa, 1y =1, = 3.5 Pa's, pp =1 g/cm3, ox=0.9 g/cm3. Index 0
corresponds to known layer, index x — to layer with unknown shear modulus. The rigid
plate of mass M = 3 g and square S = 28 cm” was fixed on the top of the sample.

Numeric simulations of resonant frequency as a function of unknown shear
modulus are shown at the figure. They were simulated for case when unknown layer
was bottom. Upper curve was simulated for thickness of known layer Ly, = 1.365 cm
and L, = 1.235 cm. Lower curve was simulated for Ly = 1.235 cm and L, = 1.365 cm.
Results of simulations for Ly=Ly = 1.3 cm are shown between these curves. The point
marks measured resonance frequency. Value of unknown shear modulus u, =
3.50+0.10 kPa was found by means of comparison between measured frequency ans
simulated curves.

In a two-layered sample shear modulus of one layer can be found if other is
known. The accuracy of the method is better if unknown layer is softer and this layer
is located under the rigid layer. Accuracy of frequency measurements is about 0.5%.
When layer thickness is measured with accuracy of 5%, accuracy of shear modulus
estimation becomes 3%.

1. Hoyt K., Castaneda B., Parker K.J. Muscle Tissue Characterization Using
Quantitative Sonoelastography: Preliminary Results. IEEE Ultrasonics
Symposium. 2007. P. 365-368.

2. Bercoff J., Tanter M., Fink M. Supersonic Shear Imaging: A New Technique for
Soft Tissue Elasticity Mapping. IEEE Trans Ultrason. Ferroelect Freq Control.
2004. V. 51. No. 4. P. 396-409.

3. Eggers F., Funck T. Ultrasonic measurements with millimeter liquid samples in
the 0.5 — 100 MHz range. Rev. Sci. Instrum. 1973. Vol. 44. P. 969.
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Computer simulation of the oncological patients proton
irradiation complex development for the first clinical proton
therapy center in Russia

'Khoroshkov V.S., “Chernjaev A.P., 'Rjazantsev O.B., ?Varzar S.M.,
?Belousov A.V., *Karpunin V.0., “Matusova T.V., *Khaibullin V.G.

A.l. Alikhanov Institute of Theoretical and Experimental Physics
2 Physics faculty, Lomonosov Moscow State University

Proton beam radiation therapy (PT) for the cancer tumors is the method of radiation
oncology answering to modern inquiries of public health service effective and actively
introduced in medical practice. Approximately 50 thousand patients per year in Russia need
PT. Therefore the minimum necessary number of proton therapeutic complexes for our
country is about 5-7 the clinical centers.

The Institute of Theoretical and Experimental Physics (ITEP) in which PT treatment
has been provided for more than 4000 patients since 1969 jointly with other Russian
scientific and industrial organizations projects a construction of the first Clinical PT Center
at Botkin Hospital. One of the project tasks is anatomy-based 3D treatment planning
(computer simulation) system ProCom# which bases on the existing software package
ProCom developed by ITEP scientists.

Structure ProCom# will consist of a great number of the functional software packages
corresponding to independently started operations. Such isolation of the functional operation
will allow to solve some problems arising both at a stage of working out of a program
complex, and at a stage of its application. The main from them: independent work of
developers, testing simplification, a simplicity of the local user interface, quasiparallel
processing of several operations with different loading of computing resources on one or
several computers, possibility of adjustment for individual requirements of the user.

At present the basic part of the software packages-prototypes for computer tomography
(CT) image processing, calculation of numbers and directions of proton beams, 3D dose
distributions and visualization of results is already realized. Planning of an irradiation of real
patients by medical proton beams of ITEP synchrotron is provided. ProCom is supposed to
use for PT planning in INR Russian Academy of Science. Program for combine the CT and
magnetic resonance tomography (MRT) data is developed by scientists from M.V.
Lomonosov Nuclear Physics SRI and ITEP.

There will be principal other beam techniques from ITEP and INR in the Clinical
Center so the urgency of ProCom# developing consists in absence of corresponding Russian
software for the new techniques. Foreign software packages for proton treatment planning as
a rule are delivered together with beam techniques. Thus verification and adaptation of
programs, additional options and service is carried out also by foreign experts that puts
Russian users in a state of dependence and leads to essential additional expenses. Therefore
it is supposed to use in the Clinical Center whenever possible technical and program
equipment from the Russian developers.

Practical value of working out of proton treatment planning system ProCom# consists,
first, in lower cost in comparison with world analogues, and secondly, in experience
acquisition on develop of a similar product and finding of independence of the foreign

developers.
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Linear chain carbon as a prospective material for medicine

Alexandrov A.F., Guseva M.B., Novikov N.D.,
Savchenko N.F., Khvostov V.V., Fioshkin A.G.

Physics Faculty, Lomonosov Moscow State University

Carbon is a material basis of organic life. The main feature of carbon atom is an
ability to form chemical compounds with double or triple bonds. It provides variety of
organic compounds and supports stability of them. Double or triple bonds in organic
compounds are able to move and transform that provides flexibility and sensitivity of
organic and biomolecules towards external conditions and effects impaction.

Linear chain carbon innately is similar to organic tissue both for its primary
structure (chain carbon) and for its secondary one (ability to form structure similar to
cell envelopes and membranes structure).

Densely packed structure of sp1-carbon chains consists of parallel chains with
distance between them equal to distance between molecules in organic tissues (about
5A). Therefore, LCC represents a good surface for lipid and protein oriented
deposition. Other words, it specifies initial orientation of biological molecules in
organism that is very important to provide biocompatibility of the material.
Furthermore, oriented layers of spl-carbon are able to change lattice parameter and let
pass liquid ions and molecules operating as a molecular filter. This feature is explained
with the weak Van der Vaals interaction among chains that makes them capable to
move apart during interactions with molecules and ions. It provides LCC affinity to the
organism where Van der Vaals interaction and hydrogen bonds are the basis of
construction.

Carbon chains affinity to tip protein and hydrocarbon groups and comparative
friability of LCC structure provides high biocompatibility of LCC films. Biopolymer
tip groups can enter chain space keeping safe both film and biomolecular structure.

Important attribute of LCC is an absence of carcinogenic features. Biomedical
experiments with LCC showed the absence of denatured proteins on its surface and
exceptionally low blood coagulation potential. Covering surface with LCC increases
its extraordinary resistance to thrombus formation and permits to improve
biocompatible features of medical implants and equipments. It decreases risks of
implant rejection and inflammation development.

Cardiovascular system devices, orthopedic and tooth implants, soft tissue
implants, surgical needles and sutures are among assumed applications of LCC.

Surgical needles covered with LCC film decrease traumatism in organism tissue
due to friction factor reduction. At the same time, durability and expiration period of
needles increases due to insoluble features infusion. LCC deposition technique allows
alloying carbon structure with silver or nitrogen, for instance. It provides bactericidal
property for the surface.

LCC covering was used in maxillofacial surgery and stomatology. Experiments
showed that all implants covered with biocarbon surface correspond to biomedical
demands:

1. All implants are biocompatible;
2. Biocarbon surface is durable to sterilization techniques and doesn’t change
its features;
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3. Biocarbon surface and its deposition technique doesn’t impact on physical
features of implants: elasticity of butyl acrylic implants and metal
constructions durability remains the same;

4. LCC covering allows to decrease inflammatory complications probability
and rejection of implants fixed closely to permanently infected cavities
(such as maxillary sinus cavity and oral cavity) or in immediate contact
with them:;

5. LCC covering allows combining different kinds of metal implants,
particularly alloy of chrome and cobalt used in temporal joint prosthetic
device production with titan clamps for facial bones. There are no any
signs of galvanism that used to happen in that case and lead to implant
rejection.

Carried out investigations let us to assume that LCC contact with organic tissue
initiates directional regeneration of oral cavity mucilaginous membrane. In its turn,
confirmation of sp1-carbon ability to stimulate directed regeneration of human
organism tissues reveals new opportunities in restorative surgery area.
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A development of intermetalic rare earth and 3d-transition
materials promising for magnetostrictive devices

'Pankratov N.Yu., 'Nikitin S.A., *Tereshina L.S., *Politova G.A.

'Physics faculty, Lomonosov Moscow State University, Moscow, Russia
’Baikov institute of metallurgy and materials science, RAS, Moscow, Russia

The materials with high magnetostriction effect intensively develops in the main
industrial countries (like U.S., UK, Germany, China and others) with aim to produce a
magnetostrictive material capable to use for generating of sonic and ultrasonic
vibration for hydroacoustics; controlling a laser beam in optoelectronic; creating
managed structures in hydraulics.

The phenomenon of giant magnetostriction (GMS), which was discovered by
Russian scientists [1-2] in rare-earth and uranium compounds, provides a potential to
develop a material with high values of magnetostriction constants. It has been shown
[2], that there are few condition to obtain GMS in rare-earth compounds:

1) high concentration of rare-earth ions;

2) high value of the effective exchange fields H.f acting on the rare-earth ions;

3) an existence of three or more easy magnetization axes (which possible to be in
a cubic crystal lattice, or in the basal plane of hexagonal crystal lattice).

In the list of well-known compounds the intermetallic RFe, compounds with
cubic crystal lattice of the Laves phases is mostly suitable to meet these conditions.
The RFe, demonstrates GMS at room temperature [3]. It was found that in TbFe,
magnetostriction A~ 1500¢10° in magnetic field H = 15 kOe. However, these
materials have tremendous magnetic anisotropy which necessitates a rather strong
magnetic field (H> 5 kOe) to drive the saturated magnetosriction, thus a materials
based on this alloys is not full measure effective for magnetostrictive devices.
Therefore it is important to study the materials with RR'(Fe,Co), compositions [4-6],
in which a few rare-earth ions with opposite signs of the magnetic anisotropy
compensate a significant part of the magnetic anisotropy. It is useful to obtain a
composition with three different rare-earth ions, here the magnetic anisotropy
constants are minimized. A series of polycrystalline rare-earth alloy with
stoichiometry RR'R"(Fe, Co), was synthesized. The Dy and Ho, which have a negative
anisotropy, replaces Tb ion with positive single-ion magnetocrystalline anisotropy.

The investigated alloys were melted in the electric arc furnace with non-
consumable tungsten electrode on a copper water-cooled tray in an argon atmosphere.
The uniformity of the compositions provides by triple melting and subsequent
annealing in evacuated quartz tube at the temperature of 900 °C for 100 h. Phase
composition was controlled by X-ray diffraction and metallography test. The field
dependence of the longitudinal and across magnetostriction in the static magnetic field
was measured for all compositions.

An investigation of compounds with high positive magnetostrictive susceptibility
in the longitudinal magnetic field was performed. It was found that, the
magnetostriction sensitivity OA0H of RR'R"(Fe,Co), compounds has the value in the
range from 20-10°Oe’ to 45-10%Oe'. The OMOH characterizes the rate of
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magnetostriction with magnetic field increasing. It was shown that some of the Co-
containing compounds have higher values of magnetostrictive susceptibility in
comparison with Fe-containing alloys. The Tby;Dy,,7;HogsFe, ,Co, system has a
maximum of magnetostrictive susceptibility oA/0H = 42-10® Oe™', which observes at
low Co concentrations (y = 0.2), whereas the Tby3;Dy,sHo 3Fe,.,Co, system
demonstrates a maximum of J)\/OH = 32:10°0e’ at y = 13. So, the
(Tb-Dy-Ho) (Fe,Co), systems are more promised for application in comparison with
Fe-based compounds which are studied recently [7].

It was also found that there is a giant volume magnetostriction @ ~ (200-
400)-10"6 near room temperature for the Y,Fe;; and Lu,Fe;; compounds. The
temperature and field dependencies of longitudinal and transverse magnetostriction of
single crystals of Y,Fe;; and Lu,Fe ; was studied in details in the temperature range
78-300 K in magnetic fields up to 12 kOe. It was found that the highest value of
magnetostriction along the c¢ direction is observed in field H L c, while
magnetostriction in the basal plane is much smaller. It is noteworthy that linear and
volume magnetostriction greatly increases with temperature increasing and shows a
maximal value near Curie temperature. It was demonstrated that materials with a giant
volume magnetostriction promises to develop some devices for hydraulic equipment.

The work was supported by Federal Program on Support of young scientists MK-
5467.2008.2.
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Tunable microwave composites filled by ferromagnetic
microwires

MPpankratov N.Yu., *Panina L.V., *Zhukov A.P., 4Peng H.X.

'Physics faculty, Lomonosov Moscow State University
2School of computing, Communication and Electronics, University of Plymouth, UK
*Departamento de Fisica de Materiales, Facultad de Quimica, UPV/EHU, San
Sebastian, Spain
@ ACCIS, Aerospace Engineering, University of Bristol, Bristol, UK

Composite media with periodic arrays of scattering elements have received much
attention recently because they allow a selective spectral response for electromagnetic
radiation. It has been shown that wire-containing composites demonstrate such unique
behaviour in the microwave frequency range. The aim of this paper is to present recent
results concerning field tunable scattering spectra at microwave frequencies in glass-
fibre reinforced composite media containing CoFeNiSiBMo continuous amorphous
microwires.

A single layer of periodic array of continuous soft magnetic glass-coated
microwires has been embedded into E-glass fibre/Epoxy planar composites. The field
tunable microwave response of the composite with a size of 50 cm x50 cm (thickness
640 um) has been investigated by using free-space measurement techniques. The
frequency dispersion of real and imaginary part of the effective permittivity eeff with
applied magnetic field was obtained. The composites were characterized by the
resonance type of the reflection spectra with a strong dependence on the external field
up to 6 Oe near the resonance frequency.

The field-tunable phenomena of the planar composites containing long Co-based
glass-coated microwires were demonstrated by direct experimental measurement and
theoretical analysis. The spectra transmission of the media containing wires fairly
changes under the field at narrow range related plasma frequency. A distinctive feature
of this behaviour is that changes in the structure of magnetic wires with weak magnetic
field opens up bandwidth. It was found that there was a consistent correlation between
magnetic properties of composite and the geometry of the wire. The work indicated
that (Co,Fe,Ni)(B,S1,Mo0) microwires are suitable for the manufacture of composite
media for sensing local field. The strong field dependence of reflection/transmission
parameters and effective permittivity of composites containing microwires indicates
that these composites are very attractive candidate materials for a wide range of self-
sensing applications.

The work 1s supported by the EPSRC UK under the Grant No.EP/FO3850X.
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Computer simulation in development of new materials

for organic light emitting diods
Malafeev A.S. (1), Ivanov V.A. (1), Lukyanov A.E. (2)
(1) Faculty of Physics, Moscow State University, 119991 Moscow, Russia
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Atomistic force-field for Poly(2,3-diphenyl phenylene vinylene) (DP-PPV) is
refined using first principles calculations and then wvalidated against various
experimental data. Molecular dynamics simulations of dilute solutions of DP6-PPV and
DP10-PPV in chloroform and toluene confirm experimental observations that
chloroform is a better solvent for DP-PPV than toluene. At the same time the
persistence length of DP-PPVs in chloroform is significantly larger than the
experimentally observed one, hinting at the presence of chemical defects in chain
backbones. Coarse-grained model is devised, and force-field is derived from atomistic
simulations using Inverse Boltzmann algorithm and pull-code. Coarse-grained
simulations confirm that DP10-PPV does not aggregate, but at the same time there is no
significant difference between DP6-PPV and DP10-PPV, as opposite to experimental
findings. Probably the aggregation of DP6-PPV is an effect of aggregation in solid, i.e.
crystalline, phase.

Conjugated polymers have gained much interest due to their unique optical and
semiconducting properties making them attractive materials for opto-electronic
applications, e.g. polymer light emitting diodes and plastic conductive layers [1-3].
Already at the early stages of the design of polymeric optoelectronic devices it became
clear that electronic properties of thin films of conjugated polymers are extremely
sensitive to the global as well as local arrangement of the chains. By choosing different
processing conditions, such as solvent, temperature, spin-coating or drop-casting
technique, it became possible to obtain different film morphologies and hence to
control electronic properties of the film.

Atomistic model is very demanding for computational resources, this problem can
be solved by developing coarse-grained model. In a coarse-grained model we unite
groups of atoms in coarse-grained bead and calculate potentials for interactions of these
beads. Bonded potential is calculated using the Boltzmann inversion procedure, non-
bonded potential is calculated using the pull-code algorithm.

The generic molecular architecture of solvable conjugated polymers comprises of
a semi-rigid conjugated backbone responsible for charge conductance and flexible side
chains which insure solubility and facilitate processing. When drop-casted or spin-
coated from a solution, the resulting film morphology depends on the chain
conformation in a dilute solution. This conformation results from the interplay between
strongly interacting at short distances backbones (due to m-m interactions) and steric and
entropic repulsion of the side chains.

To elucidate chain conformations and quality of a solvent prior to the synthesis of
the compound, one can use computer simulations. The role of simulations here can be
two-fold: apart from getting an insight on the structure one can compare the simulated

202



structure to the experimental data and judge about the presence of chemical defects,
which affect conjugation along the chain and affect the transport properties.

To develop atomistic model OPLS [4] force-field was used and missing potentials
for dehidrals was obtained from first principles using GAUSSIAN package. CHELPG
procedure was used to calculate the partial charges [5]. To refine the force-field
parameters for dihedral angles we first considered only the bare backbone, without the
side chains. To validate the force-field the dimensions of the simulated and
experimentally measured unit cell of trans-stilbene crystal was compared as well as
melting temperature and diffusion coefficient. The parameters of the monoclinic unit
cell of trans-stilbene were taken from Ref.[6]. The measured density of trans-stilbene
was in a good agreement with the experimental value.

To derive the force field for the PPV derivatives we would like to study (DP6-
PPV and DP10-PPV) we followed the same strategy: we first calculated the partial
charges on the DP-PPV monomer unit and then parameterized two additional dihedral
potentials: the one linking phenyl rings to the backbone and one linking the phenyl ring
and the alkyl side chain. For parameterization we used Ryckaert-Bellemans function
[7]: where ¢=0 corresponds to the trans-conformation. Note that for the alkyl side
chains we used the OPLS united atoms force field. To test the solvents force-field we
performed MD simulation of 125 chloroform molecules equilibrated for 2 ns in the
NPT ensemble at 300 K, 1 bar. The calculated equilibrium density and diffusion
coefficient were in a good agreement with the experimental values. Then, a single chain
of 10 or 20 repeat units was solvated in molecules of solvent and equilibrated for 10 ns.
After equilibration, a production run of 40 ns was performed. During the production
run, we calculated the correlation of the orientations of repeat units in a polymer chain.

To create coarse-grained model it is necessary to substitute groups of atoms by
some big superatoms (beads). In case of DP6-PPV we have used two atomistic
monomers for such a singe coarse-grained bead. Thus atomistic n-mer became coarse-
grained n/2-mer.

The second stage of making coarse-grained model is the bonded force-field
calculation. On this stage simulations of only one chain enough. It is necessary to
exclude non-bonded interactions between beads that are not connected with bonded
interactions i.e. 1-5 1-6 etc. Lets take a look mapping with only one type of beads for
simplicity. Simulation performed in NPT ensemble in the box with sizes 15*8*8nm for
10mer, T=300K, P=1bar.

Simulation was performed in GROMACS simulation package, therein bonded
force field can be specified using tables for high flexibility, it is very convenient in our
case. After Boltzmann inversion procedure we have obtained functions which we have
smoothed using LOESS algorithm.

To obtain the non bonded potential we have used the pull-code algorithm. Two
atomistic dimers were placed in a box with solvent and pulled with force to a minimal
possible distance between their centers of masses. Subsequently, they were pulled away
from each other with constant force. Snapshots at many several distances between
centers of masses were obtained with step 0.02 nm, 100 systems with constrained
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distance between centers of masses of dimers were simulated and the mean force
between dimers was measured. After integration the potential was obtained.

Static light scattering experiments provided the information about the Kuhn
segment length and the persistence length of DP10-PPV in a dilute solution of
chloroform and toluene. Persistence length for DP10-PPV in chloroform was found to
be 5.6 nm (about 10 monomer units). For DP10-PPV in toluene it was about 3.5 nm
(about 6 monomer units). The length of a repeat unit of DP10-PPV is about 0.57 nm.
We found that the orientational correlations are weaker in toluene than in chloroform,
which confirms the fact that toluene is a poorer solvent for DP-PPV than chloroform
[8]. Our simulations give the persistence length of about 17 monomer units (or 9.8 nm)
for DP10-PPV in chloroform. The overestimation of the persistence length is probably
due to the presence of chemical defects in the polymer chain backbones. These defects
can break the conjugation, decrease the orientational correlations and significantly
influence the chain conformations and charge transport in the film [9]. The coarse-
grained potential for DP10-PPV has no significant minimum, and this is in agreement
with experimental results. However, the potential for DP6-PPV has no significant
minimum too, and this does not agree with experimental results. We guess that the
aggregation observed in experiment is actually an effect of incomplete dissolution of
powder.
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1. Introduction

One of the most prospective modern ion beam and plasma technologies is surface
modification of materials. Surface modification gives the possibility to enhance
hydrophylic or hydrophobic properties of materials surface, i.e. improve printability,
paintability, adhesion to metal coatings and deposited polymer films under conditions
that basic volumetric properties of materials remain unchanged. One of the most
prospective surface modification technologies is materials treatment in the gas
discharge at atmospheric presuure. The paper represents the study of the physical
properties of pin-plane and prolonged RF discharge in air as well as its influence on
the materials surface adhesion and hydrophilicity.

2. Discharge configuration and experimental procedure

Two types of discharge configuration were used in the experiments. The first one
corresponds to pin-plane geometry. The discharge was igni between pin 1 and
grounded metal plate that were separated by the air gap with the length varied within
the range 4-15mm. In some experiments the metal plate was covered by the dielectric
layer. The additional gas flow was organized with the help of gas distributor.The
discharge supported by the generator working on frequency 13.6MHz.

The second type discharge being the prolonged one was generated with the help of
the device schematically shown on Fig.1. The ignition electrode 1 helped to initiate
discharge between metal string 1 and metal plate. The air flow having longitudinal and
transversal components of velocity (in respect to the primary discharge) provided
necessary homogeneity of the discharge.

In order to study discharge properties time dependencies of applied voltage and
discharge current, volt-ampere characteristics and time averaged potential difference
between plasma and electrodes.

In order to study the mechanism of the prolonged discharge formation video
filming of discharge was carried out. As well the time correlation of 4 photodiodes
signals assembled at different distances from the ignition electrode was studied.

In order to study the possibility of RF atmospheric discharge utilization for
materials surface modification the samples of different materials preliminary cleaned
by ethyl alcohol were mounted on the plastic layer positioned on the grounded plate,
then after ignition of the discharge samples were treated by plasma during their
multiple scanning in respect to the string. After treatment the wettability of the
samples was tested on the basis of contact angle measurements.

3. Experimental Results
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The volt-ampere characteristic of 13.6MHz pin-plate discharge is shown on Fig.2a.
It is worth to note that in order to measure the VA curve the power of RF generator
was increased step by step and corresponding values of RF voltage and current
registered. The sections of VA characteristic corresponding to higher values of RF
power are pointed by letters in ascending order starting from A.

The section AB of VA curve corresponds to the case when discharge is absent.
After ignition of the discharge at the point B the discharge voltage reduces. The
section CD corresponds to the conditions when the glowing part of the discharge
originating