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Ha auccepraunto Makankuna JImutpust nbuya
«/lunamuka Mex(aszHbIX rpaHUl], cernapupoBaHUe U abJISLUs B
JABYXKOMITOHEHTHBIX KOHJIEHCUPOBAHHBIX Cpe/iax 1101 IelCTBUEM
yJIbTpa3ByKay, IPeACTaBICHHON Ha COMCKaHWe YUEHOU CTENEeHN KaHau1aTa
(usuKo-mMaTeMaTHUECKUX HayK 1o crienquanbHocte 01.04.07 — dhusuka
KOHJEHCUPOBAHHOTO COCTOSIHHSI

Axmyanenocms u HOBU3NA MeMbl QUCCEPMAYUOHHO20 UCCACOOCANUSL

B jwmccepratmnm  Jlmutpus MWibnua Makankuna 1pecTaBlieHbl  HOBBIE  PE3YJILTATHI
IIPUMCHEHHS! YIILTPA3BYKOBBIX TEXHOJIOTHH JUISl BO3JAEHCTBUS HA IPAHMILY XXUIKUX cpej. Hayunbnit
MHTCPEC K OTOMY HAIPABJICHUIO HCCICIOBAaHHA OOBACHAETCS NOTPEOHOCTAMH  pa3BUTHS
COBPCMCHHBIX ~ TCXHOJIOTMH, KOTOpbIE BKIIOYalOT B ce0s CO3AaHUE MHUKPOYCTPOMCTB M
“nabopaTopuil Ha uMnax’ IPeAHA3HAYCHHBIX I HPOBCACHMS XMMHYECKMX PEaklMil B MaJiblX
o0bemax IKMAKOCTEH M MaHUIYJIHPOBAHUS MMM I[IOCPEJICTBOM pPaJMAlMOHHOIO JIABJICHHS
yIbTpasByKka. B macTosinee Bpems TakoH IMOAXOJM peaM3yeTcs B BHJE aKyCTOMIEKTPOHHBIX
YCTPOUCTB, INPEIHA3HAYCHHBIX JUIs LPOBEIEHUS B pEabHOM BPEMEHH XHMHYECKOIO U
OMOJIOrHYECKOro aBTOMAaTU3MPOBAHHOIO aHAJIM3a U CUHTE3a JKUAKUX pacTBOpoB [[Ipoxopos A.M.,
1998]. Oanaxo, B myGIMKaIUSIX 110 YTOH TEMATHKE IIPUBOJISITCS PE3YJIbTAThI HCCIIEI0BAHA MPAHHUILbI
JKHJIKOCTB-Ia3 WM cilydal, xorja spdexramy B3auMOJICHCTBUS KUIKOCTEW CO CTEHKAMH COCY/1a
MOXKHO 1peHeOpeyub. B 9TOH cBsA3u, MCClC0BaHUE SIBICHUNA Ha TPaHHUIEC HECMELIMBAEMbIX
MAJIOBSI3KMX JKMJIKOCTEH, 3aK/IIOYEHHBIX B MaJlblii 00BbEM, a TakKe BO3ACHCTBHS YJIbTpa3Byka Ha
KOJUIOW/IHBIE PACTBOPBI NPEACTABIISCTCS AKTyalbHBIM. KOJUIOMJHBIE pacTBOPLI HAXOJST BCE
OoJblliee INPUMEHEHHE B OIITHYECKUX YCTPOHCTBAX M AJIEMEHTAX XEMOCEHCOPOB. ekt
CCIIAPHPOBAHMS KOJUIOM/IHBIX YaCTHIl B aKyCTHYECKOM I10JI€ UMEET HEePCHEKTUBBI IIPU pa3paboTke
KOMITLIOTEPHU3HPOBAHHBIX YCTPOUCTB OlIpe/iesieHus KoHuentpauu sputporutos (I'yp6aros C.H. u
ap., 2010; Pynenko O.B. u ip., 2010).

3HaunTeNbHAsS  YacTh  JIMCCEPTALMHM  IOCBSIICHA OKCIEPUMEHTAaM 110  ONPEHCIICHUIO
kodpdunuenta mexdasnoro Harsokerus (KMOH) va rpanuie pasmena GMHAPHBIX KMIAKOCTEH
(bX). Asropom npejutosken crnoco® onpenesnenns KOMH ¢ BBICOKOH TOYHOCTBIO H CKOPOCTHIO.
Kospdunment mexdazHoro HaTsKeHUs SBISETCS OJHUM W3 BRKHEHIIMX [ApaMeTpoB IPH
M3YUYCHHH ITPOIECCOB 00pa3oBaHue TyMaHa, IIeHbl, SMYJIbCHid, cycriens3uit (Diwakar et al., 2018) u
UI'PACT BAKHYIO POJIb B IIOHMMAHUU IIPOLECCOB aAre3uy U KanwuisipHbIX a¢dekror. B ciyuae BXK
npuHsThie MeTo bl n3Mepenus KM®H, okaspiBatorest Hedo(p(PeKTUBHBIMUA. DTO CBSI3aHO C BIHSIHHEM
M3MEPUTEILHOrO 000pynoBanus Ha pacTBopsemocTb bXK, 3aBucsinyro ot mexoanoro coaepkanust
KaK/10i KOMIIOHEHTHI U Temneparypbl (Kumar et al., 1983). M3mepenne manbix 3Hauennit KM®OH
poctpedoBano B matepuaioseaennu (Rhim et al., 1999; Hyers, Rogers, 2008); ais ororo B (Vibhor,
2016) Obu1 TIpe/UIONKEH METOJ Ha OCHOBe HeycroduuBoctn (Mapajes, peaaus3yeMblil B YCIOBHSIX
MUKPOIpABUTAIMA W TMO3BOJISIOUIMKA JOCTUTHYTH MPUEMIIEMYIO TOYHOCTH HM3MepeHuid. OjHaKo,
TaKoi cnoco0d Tpebyer rpoMo3aKoro 0o0OpYyJ0BaHMs C BBICOKMM JHEPromnoTpedIeHHEM, 4YTo
KPUTHYHO Ui paboThl Ha OopTy camosiera win opOuTaibHOW craniuu. C 9TOH TOYKM 3peHHMs
paboTa BBINOJHEHHAS! ABTOPOM OKA3LIBAETCH BECHMA aKTyaabHOH.

Obwyas xapakmepucmuxa pabomel.

[lenpro  paboThl  SIBJISUIOCH  HKCIIEPUMEHTAIbHOE HM3y4EHME OCOOEHHOCTEH JIMHAMUKH
MEK(DasHbIX  rpaHull, AQQGEKTOB  CenapupoBaHds W AONALUM B JIBYXKOMIIOHEHTHBIX
KOH/ICHCMPOBAHHBIX CpeJlaX IPH YJILTPA3BYKOBOM BO3JICHCTBUU. B COOTBETCTBHM C 3a9BIEHHOI
LEbI0 OBLIH IPETIOKEHDI CJACAYIOUME PEILCHHS,



B rnase 1 npeicraBieHbl  pe3yJbTaTbhl  AKCIIEPUMEHTAJIBLHOIO  HAOJIOACHUS  SIBJICHUH,
BOZHUKAIOUIMX HA TIPaHMIE HECMEHIMBAEMbIX MAJIOBA3KMX IKMJIKOCTCH, 3aKJIIOYCHHBIX B
LMJIMHAPHYECKYIO KIOBETY, B pe3yibrare BO3JEHCTBUS C(HOKYCHPOBAHHOIO YJIBTPa3ByKOBOIO
uMiysbea. C MOMOIIBIO MMITYJIbCHO-TIEPHONYECKOTO BO3JACHCTBUS PEan30BaHo BO30YKICHHE
HU3MIEH CUMMETPHYHOW MOJbI KOJICOAHMH IpaHHIbI KHIKOCTCH. DKCICPUMCHTAILHO I0KA3AHO
BJIMSIHUE T10JI0KEeHUs (POKYCa YIbTPa3BYKOBOIO IIy4Ka OTHOCHTEIbHO IPAHMIIbI JIBYX XKH/IKOCTCH Ha
nedopmanuio 910 rpanunel, OOHapYXkKeHOo, YTO ynpapjisemMas SMUCCHS Karesb BO3MOXHA JIMIIb
npu  cMetienud  GoKanbHOW 06IACTH  YJIBTPA3BYKOBOrO Mydka BIVIyOb BTOPOH IKHJIKOCTH.
MceneloBaHo  BAMSHUE [EPUOJUYHOCTH W MHTEHCHBHOCTH YJIBTPA3BYKOBOI'O BO3ACHCTBMS Ha
Y PeKTUBHOCTE BO3OYIKJIEHUS KoNeOaHWid Ha rpaHuie KuaKocTed. [1o Mepe pocra HHTCHCUBHOCTH
YJILTPa3BYKOBBIX MMITYJIbCOB, BO3/JCHCTBYIONIMX HA IPAHUILY Pa3/ielia, BBIACICHO TPH XapaKTEePHbIX
peXKMMa: BbIHYKJCHHBIC KojeOaHHs TIpaHHUbl pasjena, yIpabiseMas YJIbTPa3sBYKOM DMHCCHA
OJIMHOYHBIX KalleJib OJIMHAKOBBIX pa3MEpOB M  CTOXACTHYECKas YyJbTPa3sBYKOBas OMHUCCHS
MHOJKECTBEHHBIX Kamesib. B IepBOM peXnMe JKCIEPUMEHTaIbHO OOHApYKEHO CYIIECTBOBAHUE
nopora Bo30yKaeHus KoJeOaHHH TPAHUILI Pa3JieNa, U I0Ka3aHa 3aBUCHMOCTL ero BeJIHUMHBI OT
cocTaBa XKUIAKocTel. Bo BTopom pexumMe MojlydyeHa JTMHelHas 3aBUCHMOCTb pa3Mepa SMUTUPYEMbIX
Karelib  OT  JUIMTEJIBHOCTH  YJIBTPA3BYKOBOI'O HMIIYJIbCA, UMEIoIast MECTO B OIPCACIICHHOM
JAManasoHe uiMresnbHocteil.  ITokazaHo, 4TO I10JIOKEHHEM I'paHMIl 9TOro Juana3’oHa MOXHO
YHPaB/IATh [YTEM [O3MI[MOHMPOBAHMS (OKyca YILTPA3BYKOBOrO H3JIyUEHHS OTHOCHTEJIBHO
paHUIbI pa3/iesia KUAKOCTeH. be3ycnoBHO, 9TH pe3yIbTaThl HAHAYT MPAKTHUECKOE IPUMCHEHHUE.

B kauecTBe 3amMeyaHMsi K TIJIaBe 1 MOXHO BBIICJAUTb ClleJyromiee. ABTOPOM He
chOopMyIMPOBAHBLI KPHTEPHH JUISI OLCHKH MUHHUMAILHOM Pa/IMAlliOHHOMN CHIIBI HEOOXO0IMMON LI
BO3ZHUKHOBEHMSI Ha0JI0/1aeMOro  SBJCHHUS, HeT OIEHKM MHHHUMAJIBHBIX pa3MepoB COCYJa,
OKA3LIBAIOLIMX BJIMSHMUSI HAa IPOIECC BOZHUKHOBEHHS JeOpMAlMM HAa IPAHUIE IKUIKOCTCH.
BbISIB/JCHO HAJIMYME [10POra ¥ NOKA3aHO BJAMSAHAE COCTaBa CMECH Ha 9T0 napamerp. OHAKO aHaIH3
llpClLC'l"dBJlCHHbIX B AUcCCCpTallMH JAHHBIX HC ITO3BOJIMJI aBTOPY IIOCTPOUTDH HpOCTy}O (.I.)I/I3I/I‘—[€CK}/}O
MOJIENIb JUIS TIOHMMAHMS [IOBEJCHUS TPAHUIBI pasjielia [IBYX JKUJIKOCTEH B MajoM oObeme IMpu
BO3JICHCTBUU Ha HEE YJIBTPA3BYKOM.

ABTOp B 3aKJIIOUEHHMH JIENIAeT BBIBOJL O TOM, YTO IOPOr OOYCIIOBJICH CHJIAMH CLCILICHHS
JKHJIKOCTEH CO CTEHKAMM COCY/la M CBOMCTBOM HECIKUMAEMOCTH JKUIKOCTEH. [I0CKOIBKY, aBTOPOM
HE MCCHIeOBANIOCh BIMAHME CTEHOK COCyJa Ha BCJIMYMHY [OpPOra, MOMKHO IHPEAIOJIOKHUTH
B3aMMOCBS3b  JTOrO Iapamerpa ¢ Kod(duiueHToM MeK(A3HOrO HATSIKCHHA HAa  TPaHHIC
JKHJIKOCTEH.

B riase 2 npeacTasiieHbl pe3ysbTaThl pa3paboTKuU UMITYJIBCHOTO YIbTPA3ByKOBOTO METO/IA,
[O3BOJIAIONIET0 B YCIOBHSX MHKPOTPABUTALMU OIpEACsTh Majble 3HAUCHUS Koa(dunmenTa
MEK(AZHOTO HATSDKEHHSl HA TIPAHMIE OMHAPHBIX JKUJIKOCTEH € 00Jee BBICOKOH CKOPOCTHIO
M3MEpPEHHs] B CPAaBHEHMM C H3BECTHBIMM METOJaMd. BbIIoJIHEH CPaBHUTE/IbHBIA aHAJIU3
PE3yJIbTATOB DKCIEPHMEHTA B JIBYX PEKHMMaX — «UMITYJIBCHOM)» M «KBA3UIaPMOHMYECKOM», a C
OnyOJMKOBAaHHBIMH  JIDYTHMH  ABTOPaMM  IIPH  aJIbTCPHATHBHBIX IOAXOJAX. IToxazano, 4TO
11pe;u10>1<cmu,11‘& B Jguccepranuum  MCTOA OTJIN4YacTCsA [IOBBIIICHHOH TOYHOCTBIO, CKOPOCTBIO
I/I3MCPCHYUI, HpOCTOIA/‘l peann3auueﬁ, leMMCHI/IMUC'I‘b}O K 6HHapHBIM JKHUJKOCTsAM €  MaJIbIMH
3HauCHUAMH Koo PureHTa MexxpazHoro HaTsHKEHHUS

B 137105)KeHHOM MaTepualie ecTh Psijl HETOYHOCTEH U CTUIIMCTHICCKUX HECOBCPLICHCTB.

Harpumep, Ha «3aTyXaHus y BBICOKOYACTOTHBIX KOMIIOHEHT CIICKTpa» MOKHO 3aMCHHUTL Ha
«3aTyXaHus BHICOKOYACTOTHBIX KOMIIOHEHT CIIEKTPa).

Ha ctp 69 «OaHako HeCMOTps Ha TO, YTO KAaXKJ0€ OTIEJILHO B3STOC H3MEPEHHMC B
KBa3uIrapMOHHNYCCKOM PEKHUME SIBJIACTCSA ooiee TOYHbIM, H3-3a MCHBUICTO YHC]IA JTAHHBIX
pesyabpTupyiomias omuoKa OOBIYHO OKA3bIBACTCH GoJiplle  OIIUOKM HMMITYJILCHOIO PEKHMa.
[Touemy B «KBA3UTApMOHHYECKOM» PEKUME TOJTYHACTCsl MEHBIIEE YUCII0 JIAHHBIX 1O CPABHCHUIO €
«uMnyJbCHBIMY.  OrpanudeHo M 9TO BPEMEHHBIMM  pAMKaMH,  OIPEJIEIseMbIMU
MPOJIOJDKUTENIBHOCTBIO SIBIICHUS MHKpPOTpaBUTALIUU?



Ha ctp 69 ckasano: «['padukn nuHeiHOM perpeccuy, IpejCTaBieHHbe Ha Puc. 24.10 un
Puc. 2426 Juis ABYX KOMOMHAIMH JKHJIKOCTEH, JCMOHCTPUPYIOT pasHble OTKJIIOHCHHA
HYKCIIEPUMEHTALHBIX TOYEK OT TEOPETUUECKHX NPsMBIXY. KOPPEKTHES HAIHUCATD: «...OTKIOHCHM:
OKCIIEPUMEHTANILHBIX  3HAYEHHIl 0T TeopeTnveckux». [lajgee cieaycr: «MnauBuyabHbIC
OTKJIOHEHHs CHibHee uist mapbl sxkuakocteit FC72/1.0¢Cr. D10 MOKeT ObITh o0BsicHeHO Oouiee
BBICOKOMN HEOIPE/IeTeHHOCTBIO OCIa0IeHHsI CKOPOCTH KallWJULIPHON BOJIHBI IIPU MAJIBIX 3HAUCHHAX
o». B pesynbrare H3j10KeHHs OCTaeTCsl HE SICHO, CBA3AHO JIM OTKJIOHCHHE 3HAYCHUH CO CBOMCTBAMM
TOM WM MHOH mapel JKUAKOCTeH. Ecmu 910 ompenensercs HeOnpeIeCHHOCTRIO H3MCPCHUA
CKOPOCTH KalMUIIPHOH BOJIHBI [PH MAJIBIX 3HAUCHUAX O. EcTh M KpUTEPUHM MAJIOCTH O, NpH
KOTOPBIX METOJI HE MOXET ObITh TPUMEHHM?

Jlastee cnenyer: «Ho, kaxk yxe ObUIO yKa3aHO BBIIIC, B OKOHYATCIbHOM PE3YJIbTATC JTH
[IOBBIICHHbIEC OTKJIOHEHHS TOUEK OKA3bIBAIOTCSA CKOMIICHCHPOBAHbI MX OOJIBILMM KOJIMYECTBOM, U B
MTOre ATO INPUBEIO K eie OoJiblIeH OTHOCHTEIPHON TOYHOCTH pe3yibTaTa JULd BTOPOH Mapbl
skuKocTed.» [ToueMy 310 He HabmoaeTest Uil epBoi napbi?

B Inase 3 upuBeAeHBI pPe3yJIbTaThl  OKCIEPUMEHTATIBHOTO HaOmoaeHust  dpdekra
CClIapUpOBAHUs JPHTPOLUTOB KPOBH UEJOBEKA B I0JIE CTOSUMX MOBEPXHOCTHBIX AKyCTHHECKHX
BosH. D(PEKT cernapupoBaris HCCIeI0BAICS paHee Ha 00BEMHBIX BOJIHAX [K. MacioB u ap.]; B
JUACCEpPTALIMM  ABTOPOM [0KA3aHa BO3MOMKHOCTbH HAOIIOJATh JTO SBJICHHC HA IMOBCPXHOCTHBIX
BOTHAX. YCTAHOBICHO KAYECTBEHHOE COOTBETCTBHE JKCIIEPUMEHTAIBHBIX JIAHHBIX TCOPCTHYCCKOH
Mosen, passutoii O.B. Pysenko ¢ coasropamn B pabote 2010 r., u paHee MOJIYYCHHBIM HMH
YKCIIEPUMEHTAILHBIM PE3yJIbTaTaM 110 CENapHpOBAHHIO YAaCTHIL KPEMHE3EMa B IIOJIE CTOSINX [TAB.

ABTOPOM HE yKa3aHO, KaK Ha 3TO sBJICHUE BIMSICT OFPAaHUUEHHOE IPOCTPAHCTBO COCY/Id, B
KOTOPOM TPOUCXOAMT cerapanus wactuil. [loyemy He BO3HHKAIOT aKyCTHICCKHUC TeYeHHs?
KauecTBEHHOE OMMCAHME MOTJIO Obl ObITh TOJIE3HBIM IIPU CO3JAHIH yCTPOHCTB «lab-on-chipy.

B rnase 4 npuBeJEHbI PE3yJbTaThl dKCICPUMEHTAILHOTO HCC/IC/OBAHMA ocobeHHOCTEH
JICCTPYKTUBHOTO ~ BO3JEHCTBUS  C(HOKYCHPOBAHHOIO  MOIIHOIO  YJIBTPA3BYKOBOIO  M3JIyHCHHA
MerarepioBoro Jauanazona Ha GaHToM MOYEUHbIX KaMHEeH. ABTOPOM ONHCAHa SKCICPUMCEHTAILHAs
YCTAHOBKA M [IPUBOJISTCS PE3yJIbTaThl H3MEPECHUSA JaCTHIL, 06pasyIoMXes B pe3yibrare abiisinu
(aHTOMA OYEHHOro KamHs. M3 W3JI0XKEHHOTO B JIUCCEpPTALMH OCTANIOCh HE SACHBIM yem
OIpeIesIseTcs pasMep YACTHIL, CYLIECTBYET JIM KOPPEJIALHs MEHLY UX pasMCpoM H rapamMeTpaMu
PHUMEHAEMOTO YJIBTPA3BYKOBOTO H3IIy4CHHUs (YACTOTOH, aAMILIATY/I0# U TII.)

B 1enoM Mccepranus BBIIOJHEHA HA BBHICOKOM HAy4yHOM YPOBHE M COOTBETCTBYCT
tpeboBanusiM «llonoxKeHust O MOPSIIKE NPUCYIKICHHS yHCHBIX creneneil B BAK», mpeabsaBiisieMbIX
K KapgujaTckum aumccepranusiv. [lo pesysiabraTtaMm aMccepTaliny onybaukosano 11 pabor, u3
KOTOpBIX 5 B JKypHauax, unaekcupyembix B WoS, Scopus, PUHII u crucke BAK. Jlucceprarus
JLW. Makajikuna —mpejcrapisier  coOod  3akOHUEHHOE  MCCIIeNOBAHHME,  HAyqHAN HOBM3HaA,
[PAKTHYECKAs 3HAUMMOCTh ¥ IOCTOBEPHOCTB PE3YJIHTATOB KOTOPOIO HE BBI3HIBACT COMHEHHUS.

Cuuraio, 4To ABTOP JMCCEPTAlMOHHON paboThl MaKalKuH Jmutpui Mibuy 3aciiyxnBact
[PHUCYX/ICHHsS] YUYCHOH CTENeHH KaHauaarta (HU3MKO-MAaTeMaTHIeCKUX HayK [0 CIICIIMATIBLHOCTH
01.04.07 — ¢pm3nKa KOHACHCUPOBAHHOTO COCTOSNHHUA. .

OdunuabHbII ONITOHCHT:

[lerpontox Omus CremanoBHa, K.(.-M.H., BE1yHHi Hay4HbIA COTPYAHUK JiabopaTopuu
aKycTHuecKoil MuKpockonuu, denepalbHOE rocyIapeTBeHHOC OIO/PKETHOE YUYPEKJCHHE HayKH
«MHCTUTYT OMOXMMHUYECCKOH (QH3UKH MM, H.M. Dwmanyist PoccnicKon akaJeMHH HayK».
CrenMaibHOCTb, 0 KOTOPOil O(QUIHMAILHBIM ONIIOHEHTOM 3allliieHa JHCCCPTALMAL. 01.04.06 —
AKYCTHKa.



Axpec: 119334, r. Mocksa, yi1. Koceiruna, i.4, Jlaboparopusi akyCTHYECKOM MUKPOCKOIINH,
UBX® PAH. E-mail: jps7@mail.ru; ten.: +7 (499) 137-83-47.
Caitt opranusaiu: https://ibep.chph.ras.rw/
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