OT3bIB
o(u1KaILHOTO ONMOHCHTA, x.¢.-m.n. KapabyTtosa AjleKcanipa AJlekceeBnua
Ha MccepTanMoHHyo padory MakaikiHa Imutpust Mnerua
«JlnHamuka MekdasHbIX rPaHULL, CENapUpOBAHIE 1 a0JIA1MA B IBYXKOMIIOHEHTHBIX
KOH/ICHCHPOBAHHBIX CPe/Iax MO/ ACHCTBUEM yIETPa3ByKay, MPEICTaBICHHYIO Ha COMCKaHKe YUeHOH
cTeleHr KaHauaara Gu3nko-MaTeMaTHYeCKUX HayK Mo cnemmansaocTd 01.04.07 — Ousnka
KOHIEHCUPOBAHHOTO COCTOAHHUA

Kannuparckas — JAuccepTanms .M. MakajkuHa  TOCBSIICHA 3KCIIEPUMEHTAIBHOMY
HceTeJOBAHUIO psjla aKTyallbHBIX 3a7at yAbTPa3ByKOBOIO BO3CHCTBHS Ha JBYXKOMIIOHCHTHBIC
KOH,I[CHCHpOBaHHLIe Cpenbl. boneioe BHHUMaHHC IpH 3TOM yﬂenﬂe'rcs{ 0coDeHHOCTAM
CTUMYJIMPOBAHHOM YJITPA3BYKOM JHHAMUKH rpaHuibl HeCMemHBAEMBIX JKUIKOCTEH, a TaKKe
usyuyeHnio 2(heKxToB cenapupoBaHis U aOIAIAKM B JBYXKOMIIOHCHTHBIX Cpelax, 00y cII0BJIEHHBIX
NefcTBHEM YIIbTPa3ByKa.

AKTyanbHOCTh TE€MbI JWCCEPTALHH 00ycI0BIeHa TeM, YTO YNbTpasByK ABJACTCAH OIHUM M3
BaKHBIX M YHHBEPCAILHBIX MHCTPYMCHTOB MpH {3yueHHH KOH/IEHCMPOBAHHBIX CPE: OH MOMET HE
TOJIBKO KCIIOJB30BAThCA KaK CPENCTBO AMArHOCTUKM PasiMHHBIX napameTpoB KOH/ICHCHPOBAHHOM
cpelbl, HO MOXET TaKiKe BBICTYNATh H B aKTHBHOM pOJIM, OKa3bIBasg CHUIIOBOC BO3JICHCTBUE Ha
KOHJIEHCHPOBAHHYH ~ CpEAy. [oka3aTenbHBIM  [PMMEPOM ~ MOXKET  CIIYXKHTD MHTEHCHBHOE
HCTIONb30BAHME YILTPa3ByKa B MEAMIMHE: M U esiell JMATHOCTHKM, W, Hampumep, IJs
paspyILIeHHA NPEACTABIAOLIMX ONACHOCT: KOHKPEMEHTOB B OPraHM3Me 4eJIoBeKa.

Kpome TOTO, YJIBTPA3BYK CTAHOBMTCA BCe Oojee BOCTPeOOBaHHBIM - B pa3BUTHH
WHHOBALIMOHHBIX ~TEXHOJIOTHH, TaKWX KaK " 1abopaTopHs-Ha-uune" ("lab-on-a-chip"). 3ro
MHHHATIOpHBIE yCTPOMCTBA, npenHa3HAYEHHBIE I ABTOMATH3MPOBAHHOIO BBIMONHEHHA AN
[oCIe0BaTebHBIX — MAHHMYIsALMHA ¢ HCXOMHBIMH BellecTBaMM, BO  MHOTHX  Clydadx
HpeﬂCTaBHBHHHX KUIKOCTAMMU. I[eff]CTBHH ¢ HUMH MOTYT BKKOYATE Takue oIlepanuu, KakK
pasieneHue, NPELU3UOHHOE JO3MPOBAHNE, KOHLIEHTPUPOBAHKE, CMEIUUBAHUE MPOMENYTOUHBIX
MPOJyKTOB, JOCTABKY WX B PasiIndHbIC toukn uuna ¥ T.o. C 9TOH TOUKM 3peHus H3YHCHHE
pa3NUUHbIX ACTIEKTOB Bo3ciicTBUs  CPOKYCHPOBAHHOIO yNLTPa3BYKOBOrO TMy4Ka Ha TPaHHIly
pasiena MaloBASKHX JKUIKOCTEN, HAXOOAUIMXCA B HeOonbpImoM 00BEMe, IPOBEICHHOE B
AMccepTalyy, TMPeACTaBIACTCA HeOGXO/MMBIM ¥ akTyanpHbiM. Eciu vMETR B BUIY TaKKe
HEeoOXOAMMOCTh [epeMelaThk pasauyHbIe ManopasMepHble 00BEKThI, B TOM HHCIC, KIETKH, MEXKIY

pasNUYHBIMKM TI0  CBOEMY (QyHKLIMOHAY YacTsMM dHMa, peannsatii sddexra pazneNCHAA



SPUTPOLUTOB M IUIA3MBl KPOBHM B IOJC crosueldl MOBEPXHOCTHOM aKyCTUUECKON BOJIHBI TAKIKC
npeacTaBisieT 3HAUMTETHHBINA HHTEPEC).

Cnenyer OTMETUTh, 4YTO IIpH nsyuenuu 2QQPexTosn BO3AEHCTBUS yIBTpPa3Byka Ha rpaHMIIbI
KOHJIEHCHPOBAHHBIX CPEJl COMCKATENb HC OTPaHAUMIICS TOJIBKO CITyHacM rpaHuibl MENKIy ABYMSI
JKMKOCTAMH. B muccepralliy TOIyHeH aKTya/lbHbld pe3ylbTar, oTHOCALIMICA W K ciy4ato
RO3JIeliCTBMSL YJIbTpasByKa Ha TIpaHHMLYy JKMIKOCTh - TBEpAOE Telno. A HMCHHO, obHapyKeno
o0pasoBaHye HacTUIl C pasMmepamu B HeCKOIIbKO [ECATKOB HAHOMETPOB TpH yJIBTPA3BYKOBOH
G IALMY TBEPAOTEIBHOr0 00pasua.

Tlanee, B HacTosilee BpeMs HHTEHCHBHO u3yuaiotesi CBOHCTBA OMHAPHBIX KU IKOCTEH,
KOTOpblE MPUMEHSIOTCA B PasIU4HBIX obnacTsX Hayku W TexHonormi. OHM, B HaCTHOCTH,
xapakTepu3yloTcs  BeChMa  MallbiMi 3HAUEHHsIMH  KOIpduLHeHTa Mex(azHOro  HATSKEHU.
CYHI,ECTBy}OU_I,l/Ie METOIBl €ro W3MEpCHMA WUJIH HE ]'lpI/IMeHMMLI BOBCE, T.K. U3MEHAOT B3aUMHYHO
pacTBOPMMOCTb 3THX JKIIKOCTEH, MM TPeOYIOT BEChbMa IPOMO3AKOTO obopyoBanusd U CIIOXKHOMI
POy PBl M3MEPEHU. [lo 3TUM NpUUYMHaM 3anpoc Ha pa3paboTKy METOJOB JUIA H3MCPEHHA
Manblx 3HaueHME Koa(puLeHTa Mex()azHOTO HATSHKCHHA, KOTOPHIC MOLJH OBl 00OecreuuThb
[OBBIIEHHYIO TOYHOCTh B TOM YKCIE H LA GUHAPHBIX JKHUAKOCTEH, SBIACTCS AKTYATbHBIM. Otpeuas
Ha HTOT BBI30B, B JIMCCEPTALMH MPEIOKEH H KCIIEPUMEHTANIEHO BEpPUUUMPOBAH yJIBTPa3ByKOBOH
MeTO GBICTPOrO MONYHEHUs OKCIEPHMEHTATBHBIX JAHHBIX, TO3BOJSIIOMIKX ONPENEIATE MAJbIC
smagenns  kodpduimenta MeK(pasHoro HATIKEHHA ¢ BBICOKOM TouHOCTbIO. IlokaszaHo, HTO
HOCeHAS TSl IPELIOKEHHOr0 MeTOa A0CTHIacTCA TOJILKO B YCITIOBHAX HEBECOMOCTH.

JluccepTalis COCTOMT W3 BBEACHUA, yeThIpeX [VIaB, 3AKJOUCHHs, MPUJIOKEHIA 1 CriMcKa
LIATUPYEMOH JIHTEPATY Phl. B upauane KaKIOH M3 YETBIPEX T7aB MPeACTaBICH nuTepatypHbIid 0030p
110 TEME 3TOH TJIaBbl.

Bo Beenenun 060CHOBaHA AKTYalbHOCTb TEMBbI paGoTEL, OMpe/eNeHpl 1ielb W 3a/adH
MCC/IeOBAHMs, OTMEUEHa HayuHas HOBM3HA H TpaKTHYecKas 3Ha4uMOCTh NOJy4eHHBIX
pe3yNbTaToB, CHOPMYITMPOBAHEI 3aIMALIIAEMBIE TTOJIOKEHUA.

B nepsoil rnase paccMOTpEHO Bo3eiicTBHE COKYCHPOBAHHOTO YJIBTPa3BYKOBOTO nmydKa Ha
rpaHully pasjena IBYX HeCMellUBAOIIMXCA ManoBA3KUX JUIKOCTel, HAXOJAUMXcs B MajloM
obneme. [1o0 Mepe HapacTaHus SHEPrvu Takoro BO3EHCTBAS BBIIENSIOTC TP XapaKTepHBIX 110
CBOUM IIPOSABJICHUAM PEKUMA. B riepsoM peskMMe ¢ HH3KOH sHeprueit ynbTpasByKa BO30YKAAKOTCA
TONBKO BBIHYIKIEHHEIE €ro BO3ICHCTBUEM koneGanus untepdeiica. [lokazaHo, 4TO HauOoNbIIAT

aMIUIMTY1a KojeOanuii Hu3MIeH CHMMETPHYHOM MOJBI J0CTHraeTes MpH MOJIOYKEHUU TPaHULEI
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pasjena Ha pacCTOSHWM OT yIbTPa3BYKOBOI'O npeoOpazopareni, PaBHOM 1.3-1.5 ¢oKyCHBIM
PacCTOAHUAM yJIBTPasByKOBOro TrydKa. [lpu RO3pACTAHMM SHEPTHU YJBTPA3BYKOBOTO TIyHKa,
peanu3yerTcs BTOPOH PEXMM, KOTOPBIil XapakTepusyeTes sMuccHell OJMHOUHBIX MOHOPAa3MEPHBIX
xamens Oojee TUIOTHOM KHIKOCTH B MEHEE TUIOTHYIO. VCTaHOBIEHO, UYTO pPasMEp Karmejb
YBEIMUMBACTCS € JUTMTEILHOCTEIO yIbTPa3BYKOBOTO MMITYNbCa, @ TrpaHuiamu auarnazoHa
JUATENBHOCTH, TpM KOTOpPOM HAOMoJaeTcs TaKad IMHUCCHSA, MOMHO YINpaBlsATh, H3MEHAA
paccTosiHMe MEXy TMIOCKOCTAMM (OKYCHMPOBKH YIbTPasByKoBOro my4ka n pasieia sxuakocreit. B
TpeTbeM pexnme (¢ HanGoibIIell SHeprueil) MPOMCXOAUT XAOTUIHAA IMUCCHA MHOKECTBEHHBIX
Karejb pasHbIX pasMepOB.

Bo Bropoil I7aBe OMMCAH HOBbLIH METOA H3MEPCHUA MaJibIX 3HaueHui Kod(uLUeHTa
MexdasHoro HaTAKCHHUA (KM®H), orauuaioimuics 0T H3BECTHBIX [OBBIIIEHHOH TOYHOCTBIO,
OTIEpATHBHOCTLIO M NPOCTOTOH p3MepeHnit. B ocHoBe METOAA  JICKHMT LIMPOKOTIONIOCHOE
BO30YK/ICHHME KATMIIAPHO-TPABUTALIHOHHBIX BOTH KOPOTKHM MMITY/TbCOM yJBTPa3BYKOBOTO Iy*IKd,
chOKyCHPOBAHHOIO Ha TpaHuIly Ppasacna suakocTell. Anpobauus Merola MPOU3BEACHA C
HeCMELIMBAIOIIMMUCA W OMHAPHBIMU JKMJKOCTAMH Kak B nabopatopHbIX (NpH HOpMa/bHOM
rpaBuTALMK) YCIOBMSIX, Tak M B YCIOBHAX MHUKPOTPAaBHTALMHM, PEANU3YIOMMXC Ha dopTy
CIICLMANBLHOTO  CaMoJieTa-nadopaTopuu, Mpu ero TojeTax o napaboiuyecKond TpacKTOPHH.
[Toka3aHo, YTO TOJIBKO B YCJIOBHAX MUKpPOTpaBUTALIHH MpeUIOKEHHBIH  METO/L  M03BOJIACT
ONpeNeNsTh Mallble (~10” H/m) 3HaueHus KM®H ¢ gocrtaro4HO Majoi, HE npesbliatomeit 5%
OTHOCHTENLHOM TOrpelHOCTbI0. BaXXHO OTMETHUTD, HTO a/IeKBATHOCTH PE3YJILTATOB, MOTY4CHHBIX
3TMM METOIOM, IOATBEPIKAeHa WX COBIAJEHUCM ¢ pacueTamd 3HAYCHMH KM®H no
aIPTEPHATHBHBIM  JaHHBIM, ~ HE3aBUCHMO MOJYYEHHBIM ~ TPH  KBa3MMOHOXPOMATHHUECKOM
YIIBTPa3ByKOBOM BO30YKIESHNU FPAHHLIBI JKUIKOCTEH.

B TpeTbeil rnaBe MPEACTABICHO OMHUCAHNE BIICPBbIE IKCIEPMMEHTABHO PEAIN30BAHHOTO
sdexTa cenapupoBaHis IpUTPOLMTOB H [TA3MBI KPOBM YeJOBEKa B M0JIE CTOAMX MOBEPXHOCTHBIX
axycTuyeckux BonH. OTMeuaeTes, 4To BKHOCTD 3TOTO pe3y/bTara, B HaCTHOCTH, 00ycIIOBIEHA TeM,
yTo ero IOJIydeHue, B paMKax UMEIOLIEHCS TEOpUU BO3/IEHCTBUs CTOAYUX IOBEPXHOCTHBIX
akycTuyeckux BY BoH Ha 4acTHILbI KOJUIOMAHOTO PacTBOpA, APHOPHU HE OBLIO 0YCBUHBIM.

B yeTeepTOii Ii1aBe M0Ka3aHo, 9TO coKycupoBaHHbIe YIbTPa3ByKOBEIC MMITYJIbCEI C Hecyllen
yacToToil 1.8 MI'LL ¥ IMKOBBIM IIEpernaioM aMILIHTY bl aKyCTHHYECKOrO JaBICHNs B doxyce 50 Mlla
OKA3LIBAIOT HA MOJIEJIbHBIE OOBEKTB M3 THIICOBOH CMECH [ECTPYKTUBHOE BO3JICHCTBHE, KOTOPOC

HOCHUT a6ﬂﬂHPlOHHBIﬁ Xapaxkrep 1 IIPUBOAUT K 06pa301saHm0 B UUCJEC MMPOUHX 3HAYUTEJIBbHOTO YHCia



AGNALMOHHBIX YaCTHLL C pasMepamu, JexallumMu B untepsane or 20 HM 10 60 HM ¢ MaKCUMyMOM
pacTipesienieH s TIpyu 35 HM.
B 3aK/FOUEHHM [IPEICTABIeHb! OCHOBHBIS Pe3yIbTaThl U BRIBOLBI JIMCCEPTAMOHHOM paboThL.
B TlpunokeHnH JAHUCCEPTAlKM  OIMCAHbI pe3yJIbTaThl 9KCTIEPUMEHTANIbHOM  OLEHKH
HHTEHCHBHOCTH aKyCTHUYECKOrO Mo B hoKanbHO# [I0CKOCTH YIBTPasBYKOBOTO npeo0pa3zoBares
Ha TpaHMLe pasaena FKUIKOCTEN.

B kaueccTBe Haubollee 3HAUMMBIX, Ha MOH B3TJISJ, PE3yNbTaTOB JMCCepTallMOHHON PadoThL
IL.A. Makasiknsa MOKHO OTMETHTE CIIEMYIOMIHEC:

|. OnpenefieHve YCIOBHE, TMPU  KOTOPBIX — peajlMsycred peXUM  NPENM3UOHHOMH
yIBTPa3ByKOBOH "nunerku", T.e. YNbTPa3BYKOBOH OMHMCCHH  OXMHOYHBIX Karielb
OIMHAKOBOTO pasMepa. [lpn oTOM BaXHO, TO pasmMepoM Karieiqb MOKHO YIPaBIATb,
BapbUpys JUTATENBHOCTE YJIBTPA3BYKOBOTO MMITYJIbCA ¥ PACCTOAHWE OT TPAHMLEL Pas/Iea
710 (OKANBHOM TIIOCKOCTH YIIBTPa3BYKOBOIO ITyHKa.

2. PaspaGoTka yIbTpa3ByKOBOTO METO/A, O3BOJSIONIEr0 OBICTPO, 3@ BpeMsA MOPAIKA 3
ceKyHJI, TIONY4UTh B YCIIOBHAX MMKPOTpaBUTALAN MoJiHBIA HAOOp IKCMEPUMEHTAIBHBIX
JAHHBIX, HEOOXOMMMBIX UL ONpEAeieHus € BBICOKOJ TOYHOCTBKO MajbIX (~103 H/m)
sHauenyii Ko3(hdULMEHTa MEK(PasHOTO HATAKEHHA KaK JUisl clyuasi HeCMElMBaeMbIX, TaK
¥ 7UIs Gosiee TPYAHOTO CTydas OMHAPHBIX JKUIKOCTEM.

3. DKcriepUMeHTalbHAas peanusalni sddexta cenapupoBaHus SPUTPOLUTOR H 123MBI
KpOBH YE€JIOBCKA B MOJie CTOAYMX TMOBEPXHOCTHBIX aKyCTM4YECKUX BOIIH, alpHOpH
HeoueBHHAA B paMKax Cy]lleCTBy}OUJ,HX TeopeTqu(:KHx HpC,ILCTaBJ'[eHHﬁ.

4, TlomyyeHHE HAHOYACTHIL METOLOM yNLTPa3BYKOBOH a0TALMA.

BmecTe ¢ TeM, K paboTe UMeeTcs 1 psiil 3aMEeuaHuM....

1. Aprop He TIpUBOIUT o0BacHeHuil, ueM  OOYCIIOBIEH BRIOCOp  JKMIKOCTEH
(nepdnyopTpUNICHTUIAMHUH, nepTOPreKcaH, OKTaMETHATPHUCHIIOKCAH, NeKaMeTUIITETPACUI0KCaH),
KUCIIOJIE30BAHHBIX B HpOBBJlEHI/lH BKCHBPHMBHTOB no yanpasByKosomy BOS}],CﬁGTBﬂ}O Ha rpaHuIy
paszena SKUJKOCTE B TEPBOM [/1aBe M HCTIONB30OBAHHEIX B anpo0auuy METoJa HW3MEPeHM:
ko3(duurenTa MEK(PasHOTO HATHKCHUA B YCIIOBMAX MWKPOIpaBUTALUM, OMMCAHHOIO BO BTOPOMH
rnape?

2. Bo BTOpOIi TJiaBe IMCCePTaLyi HE TIPUBE/ICHO 3HayeHue TEPMUHA «MUKPOTrPaBUTALIAAY. Ha

cTp.59 HamMcaHo 3Ha4YeHHES ocraTounoii rpapuraimu 0.05g Mpu MPOBCIEHUH SKCIIEPUMEHTOB Ha
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GopTy camonera, COBEPINAKOLIErO nojeT 1o napaboiuuecKoi TpaeKTOPUH, XOTS U B Ha3BaHUH
[NABBI M B YCIOBUAX MPOBEACHHUA SKCIIEPUMEHTOB HAMMCAHO MPO MUKPOTPaBUTALIHIO. Kpome Toro, B
[MCCEPTALMM OTCYTCTBYET MPOBEpKa 3HAICHIA rpaBUTALLAH, cyuecTRyHOLEl B KaOUHE CamoJicTa.
Ha puc. 2.3.1a (cTp. 62) NPHUCYTCTBYCT MOMETKA «g=0» B rpaQuke, NOCTPOCHHOM IO pesyJbTaram
IKCIIEPUMEHTOB B YCIOBHAX MMKPOTPABHTALIMH, 4YTO COBEPLISHHO HEIOCTHKUMO TIPU  TaKUX
mofnerax, W, BooOLIe TroBOpA, ABIACTCA HEKOPPEKTHBIM BBIPAXKEHHEM, MOCKONBKY 3HAYCHHE
ycKopeHus cBoGOAHOrO NaneHus g JaXe Ha BhICOTax IOJiCTa camoneTa 6amsko k 9.8 M/c®, U B
JaHHOM Cliydae [paBUIILHES 6Luio 6B OMcaTh O 3HAUEHMM Beca Ha eMHUILy Macchl,
BBIPAKAIOLIETOCs B SAMHNLAX g.

3. B [uccepTalyy NPUCYTCTBYIOT OTIEHaTKH, €CTh CTHIMCTUYECKUE OLIMOKH.

4. OGbeM JMTEpaTypHBIX 0030pOB  MOT 6ul GbiTb Oonblie. Keomorus yCTPOHCTB
«mabopaTopiu-Ha-dumney SBIACTCA B JaHHbIi MOMEHT O4€Hb pAcNpoOCTPAHEHHON B CPEAC Hay4HBIX
3aBe/IeHNil ¥ KOpropauui, MoCKoIBKY OKA3EIBAETCS MEKIMCLUMILTMHAPHOM, cobupas BOKpYT ce0s
MHOTHX CHELUATUCTOR, U MOTEHIMAIBHO 04CHb Boc:Tpe6OBaHHoﬁ B MeuLHe. HaHOUaCTUIIb], KaK 1
MeTOmbl MX TOJNYUYEHHMs, SBISIIOTCA YKE HE HOBOI TemMoO#ll W [oToMy 3Ta o6iacTh 3HAHUH

r[pe,uCTaBneHa FHrAaHTCKUM JIMTEPaTyPHBIM HacJICAHUEM.

Tluccepranuonnas — padoTa L. MakankuHa «JIuHamnka ~ Mex(asHbIX  TPAHMAL,
cerapupoBaHue W aliALus B JIBYXKOMIOHEHTHEIX KOHIECHCHPOBAHHBIX cpelax IOf JefCTRHEM
yIbTpasByka» MpPEACTaBIACT coboli 3aKOHYEHHOE HAaydHOE HCCIE/I0BAHHE, HOBM3HA W HayuHas
3HAYMMOCTE KOTOPOI'O HE BBI3BIBAKOT COMHEHHIA, TaK K& KaK JIOCTOBEPHOCTE M 060CHOBaHHOCTD
pesy/ILTaToB, [PEACTaBICHHBIX B nuccepraumy. Pabora  BBINOJIHEHA HA BLICOKOM YPOBHEC
NOCTaHOBKH 3a71a4, BBINOJIHEHHA SKCTIEPUMEHTOB, MaTeMaTH4eCKOn 00paboTKH
3IKCTIEPUMEHTANIBHBIX JAHHBIX, WHTEpNpeTaluy 1 MPeACTaBICHNA pe3y sTatoR. Psl pe3ylIbTaToB
JMccepTaumMu MOryT HalTH MpUMEHEHHUE NIPH pa3zpabOTKe M PasBUTUN KOHIENLMHA “TadopaTopus Ha
yure”.

(QcHoBHBIE PE3YIBTATE JMCCEPTALMOHHOK paboThl npencTapieHbl B 11 MEUaTHBIX paboTax,
ony0IMKOBaHHBIX B CIICMATH3HPOBAHHBIX HAy4YHbIX XKypHalax 1 cOopHUKax KOH(bepeHIHH. [T
crareii OomyONMKOBAaHBI B POCCUHCKHX U MesKIYHAPOIHBIX  PELEH3HPYEMBIX KypHanax,
MHAEKCUPYEMBIX B 0a3ax JaHHBIX Web of Science, Scopus, PUHLL 1 BXOAAMKX B crincok BAK.

Aptopedepar auccepTalii JI./. MakanKyHa 0CTaTo4HO TOJIHO OTpakaeT ee COIEPIKAHUE 1

pesyNbTaThl.



TakuM 00pa3oM, MOMKHO 3aKIIOHHMTD, yTO JuccepTallOHHAd pabota LK. MakankuHa
COOTBETCTBYET BCEM TpeOoBaHUIM BAK, mpeansBigeMbiM K KaHAUAATCKAM AHCCepTaLHaM, a ee
aBTOP 3aCIYKMBAET TPUCYKACHU YUYEHOH CTENECHH KaHAMAATa pu3MKO-MATEMATHIECKUX HAYK 110

cremanbrocty 01.04.07 — pusnka KOHICHCUPOBAHHOTO COCTOSIHHS.
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