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Ilonoea H.H., Xyovix H.A., Ilonosa A.C.

HNCITIOJIb30BAHUE PETHOHAPHOI'O METOJJA OBE350JIMBAHUSA Y TAIIMEHTOB
BbICOKOI'O AHECTE3NOJIOTHYECKOT'O PUCKA ITPH PEKOHCTPYKTHUBHO-
OHKOJIOI'MYECKHX OIIEPALIUAX HA MOJIOYHOMU KEJIE3E

Llens naHHOHM cTaThU SBJISIETCS IEMOHCTpALUs
MeToza 00e300JIMBaHus P OHKOPEKOHCTPYKTHBHBIX
oIepamyax Ha MOJIOYHOH XKeJle3e Y OOJIbHBIX BHICOKOTO
AHECTE3MONIOTHYECKOTO  PUCKAa  MpPH  IIIAHOBBIX
OIIEPaTHBHBIX BMEIIATENbCTBAX. B OCHOBY IOaHHOTO
METO/la IMOJOXKEH YacTHYHO METO[, Pa3pabOTaHHBIN
B.C. CoxonockuM B 2005 rogy mpu omepauusax Ha
BEPXHEH KOHEYHOCTH, KOTOPBIH 3aIlWINEH MaTCeHTOM
Ha u3o0pereHue. JlokazaHa BBICOKas OE30MACHOCTD,
HaJIe)KHOCTh ¥ 3(P()EKTUBHOCTH IUIEKCYCHOTO METoJa

00e300/IMBaHUsT  BEpXHEH  KOHCYHOCTH M €ro
aICKBAaTHOCThb TpaBMaTU4YHOCTH BBIINTOJIHACMBIX
onepanuii. Meron CokomnoBckoro B.C. Hamu

JIOTIOJIHEH METOAOM HWHTpPAIUIEBPAIILHON aHEeCTE3UH,
KOTOpbIE B COYCTaHWH OOECIICYMBAIOT BBICOKUI
YPOBEHb aHECTE3HH IPH JaHHBIX BHIAX omepanuii. 13
CYIICCTBYIOIIUX HA CETONHAIIHUA [EHb METOIHNK
OJIOKaIBI TICUEBOTO CIICTEHUS OTAaeM MIPEIIOYTCHUE
MeTomy  OJOKagsl  IUIEYEBOTO  CIUICTEHHS B
HAJKITIOYMYHON 001acTH, HHTpAIIeBpaIbHas OJloKaga
npoBomuTcs Ha ypoBHe V3-4. Cpeam MECTHBIX
AQHECTETHKOB , WCIOJB3YEMBIX TpPH TMPOBEJACHUU
6soKkan , oraaeM npeumyiectso Sol.Ropivacaini 1% -
20 ml u Sol. Lidocaini 1%-20 ml, npuuem Giokamy
MJIEYEeBOTO  CIUIETEHHS  MPOU3BOJUM  HMEHHO
pacTBOpOM JHAOKAaWHA Ui TOTO, YTOOBI HM30eXKaTh
JUTUTEIIEHOT'0 MOTOPHOTO OJIOKA BEpXHEW KOHEUYHOCTH,
YTO HETaTUBHO BOCIPHUHUMAETCS OONBHBIMH TpHU
npoOYXIeHHH. XOTUM OTMETHUTh, YTO TOCKOIBKY
BBEJICHHE MECTHOTO aHECTETHKAa BBOJUTCS B MecTa
CKOIUICHUS HEPBHBIX CTBOJIOB OSTO  BBI3HIBACT
UIICOJIATEPANbHBIA  MOTODHBIM,  CEHCOPHBIM U
CUMITaTUYECKHI OJIOK

Xorenoch Obl OTMETHUTH, YTO OIEPALUU IO
MIPOBOJHUKOBBIM BHUJIOM 00€3007MBaHUS MPOBOJSATCS
TIPU COXPAHEHUH CIIOHTAHHOTO JIBIXaHUS, UTO SBIISETCS
0COOCHHO B&KHBIM TMPH HAIMYUH COMYTCTBYIOMIEH
MATOJIOTUU  JIbIXaTeNbHOM CHUCTEMBI, a MECTHbIE
AHECTETHKU HE BIMAIOT aKTHBHO HAa MeTabONH3M B
Me4YeHH, a MMEHHO, He VyrHeTas »JJIMMHUHAILUIO
9HJIOTE€HHBIX BEIIECTB M MEIUKaMEHTO3HBIX CPEJACTB,
MCIOJIb3YEMBIX TPU MPOBEJCHUH aHECTE3UU.

JleueOHBIMU s dexramu, JIOCTUTaeMbIe
MPOBECHUEM JAHHOTO COYETaHHOTO OJI0Ka, CYNTAEM:
BereraTuBHblii OII0K. CermeHTapHas

CUMITAaTUYECKasg NJCHEPBaUA CHOCOGCTByeT CHHXXCHUIO
apTEpUaIbHOrO JABICHHUSA 3a CYET YBEIMYEHHS
€MKOCTH COCYIHCTOTO PyCiia, YTO OCOOEHHO IEHHO Y

DOI: 10.31618/ESSA.2782-1994.2023.2.90.365

OOJIHBIX C  COIYTCTBYIOIIEH THIIEPTOHUYECKOMN
00JIe3HBIO, YTO B CBOIO OYEPEAb YMEHBLIAET TAKXKE U
00BbEM HHTpPAOIIEPalnOHHONW KpoBonoTepr. MHIyKIHs
I'OMKowMm, conpoBoxaaemas TpPOBEIEHHE HTaHHOTO
BUIA OJIOKaIbI obecrieunBaer MIpOBEICHUE
MEINKaMEHTO3HOTO CHA, OJIN3KOTO TI0 CBOEM KaueCTBY
€CTECTBEHHOMY, OOJIbHBIC IMPOOYXOAIOTCS, HE WMes
TaJUTFOIIMHATOPHOT O A deKTa.

CeHcopHBIFE  OJIOK. Hocturaercs  myTem
cerMeHTapHOU OJIOKajbl BETBEU IMJICUEBOTO CIUIETEHUS
U MEeXpeOepHBIX HEpBOB U TPYIAHOM CHMIIATHYECKOM
LENOYKHY B IUIEBPajbHON IIOJOCTU. Brepseie MeTOq
HMHTPAIUICBPAJIbHOTO BBEJCHUS MECTHBIX aHECTETHUKOB
caenanu HopBexckue anecresuonoru L. Kvalheim u
F.Reiestad (1984), umu OBUIO [OOKa3aHO, dYTO
pacmpocTpaHEeHHEe MECTHOTO aHeCcTeTHKa BOIH3H
3amHe CpeOWHHOW IMHHHA O0ECHeueHO TeM, 9YTO
MeXpeOepHbIe HEPBBI OTIENCHBI OT IUIEBPHI TOHKHUM
clloeM, M 9eM BBIIIe MeXpeOepbe, TeM MeMOpaHa
TOHBIIIE M BO3MOXHOCTD PacIpOCTPaHCHHS aHECTETHKA
nyumre. KpoMe Toro, aHecTeTHK paclpoCTpaHsIeTcs U B
napaBepTeOpasbHOE TPOCTPAHCTBO, KOTOPOE TECHO
mpujeraeT K = MeXpeOepHOMY TMPOCTPAHCTBY H
BKJIIOYAET B c€0sl CHMIIATUYECKYIO HEPBHYIO LIETIOYKY.

Bce BbIme mepedyrclIeHHOE ONpaBABIBACT HAIl
BEIOOD JAHHOTO MeToaa aHeCcTe3nn pu
OHKOPEKOHCTPYKTUBHBIX ~ ONEpalHAX M0 IOBOIY
3II0Ka4eCTBEHHBIX 00pa30BaHUI MOIIOYHOH JKEJIe3Hl.

MortopHsiii 6110k pa3BuBaeTcs He B 100% ciaydaes
32 CYET BO3MOXHOTO PACCHITHOTO PACHOI0KECHHUS
HEPBHBIX CTBOJOB IUICYCBOTO CIUICTCHHSA, HO B
OOJBIIMHCTBE CIIy4aeB pacciiabieHue MBIIIEYHOTO
TOHYCa CIOCOOCTBYET JTyqIemMy 0CMOTPY
MOJKPBUIBIIOBOH SIMKHU NPH IPOBEICHUH HEOOXOAMMOM
nM(ageHKTOMH HIIPH JaHHOM BUAE XUPYPTUUIECKOTO
JICYCHHUS.

Hamu IIPOU3BENIEH PETPOCIIEKTUBHBIN
CpPaBHUTENBHBIN aHamu3 3a 3 roma (2020-2022rr),
BBIOpaHbI 120 MalUEHTOB, HIEPEHECIIUX
OHKOPEKOCTPYKTUBHYIO ONEpalui0 Ha MOJOYHOU
JKejle3e IojA NIPOBOJHMKOBOM aHecresued u 50
MalUeHTOB, KOTOPbIM  JAHHBIA  BHUJA  JICYEHUS
BBIIONHAINCE  mox  KoMmOmHMpoBaHHBIM  OTH.
HccregoBanack 4acToTa IyJbCa U BEIWYHHA CPETHETO
apTepUaNbHOTO JaBIICHHS, a TakXKe IT0Ka3aTeln
BHEIIIHErO JIbIXaHWA: mapiuaisHoe gasieHue pO2,
pCO2, pH kposwu.

NIOATPYIIIBL Cp Al [Tynse pO2 pCO2 pH
HITA+BIIC 78+5,1* 68 +5,2* 55+3 35+0.7 7,35+1.2
OTH 98 +8,8* 84 +6.7* 65+ 1 45+ 0,1 745+13
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IIpu  aHamu3e  MOJYYEHHBIX  PE3yJNbTaTOB
BBISBJIGHO, YTO Y MalMeHTOB | Tpynmbl OTMEueHO
CTaTUCTHUYECKHU TOATBEPIKICHHOE CHU)KEHUE CPEAHEro
aptepuanbHoro naaeieHuss Ha 30% OT HCXOOHBIX
BEJIMYMH, YacToTa IyJbca TaKXKe OblIa JOCTOBEPHO
HIDKE Yy  MalUeHTOB  3TOH  TIpymmbel,  4TO
CBUJCTENBCTBYET O Jydmell CeHCOpHO# Omokane,
MPOBOAMMOM TpU  NPOBOAHMKOBOM  aHECTE3UHU.
V3meHeHne napaMeTpoB BHEIITHETO JbIXaHHUS HE IMENN
CTAaTHUCTUYCCKH Pa3IMIUMOM pa3HHIBI, YTO HaM IaeT
IpaBO  yTBEpXKAaTb 00 OTCYTCTBHM YTHETCHUS
(YHKIIMM BHEINHETO [BIXaHWA TIPH IPOBEICHHUHU
MIPOBO/IHMKOBOW aHecTe3nH. JlaHHbIE, TOMeUeHHbIe *
CTaTUCTHUYECKH TOCTOBEPHBHI.

IIporuBonokasanus JUIsL [IPUMCHEHUS
IIPOBOAHHUKOBON aHECTE3UU:

AOCONIOTHBIM ~ MPOTHBOIIOKA3aHUEM  CUHUTACM
MOBBIIIEHHYI0 YYBCTBUTEIBHOCTh M AJUIEPTUYECKYIO
HEMEePEeHOCHUMOCTh ~ NpemaparoB Uil MECTHOH
AHECTE3HN.

BropeiM MIPOTHBONOKA3aHUEM CUHTaEM
OTCYTCTBHE COOTBETCTBYIOIIUX 3HaHUI u

podecCHOHANBHBIX HABBIKOB Y Bpaya aHECTE3HOJIOTa.

Hanuune rHOMHO BOCHANMUTEIBHBIX W3MEHEHUU
Ha KOK€ B MECTE ITYHKI[UH.

ApTtepuanbHas TUIOTEH3US, TpPaBMaTHUYECKHH
IIOK, XOTS apTepuanbHas TUIOTEH3US MOXKET He OBITh
MPOTUBONOKA3aHUEM IIpPU MPAaBUIBHO IPOBEIEHHOI
MPEJONEePalMOHHON  MOJATOTOBKM M T'PaMOTHO
MPOBOIUMON  WHTpAOIEPAlMOHHON  HWH(Y3HOHHOH
Teparnuu.

[NoBbImIeHHAs MCUX03MOLUOHANbHAS
JTaOMIBHOCTb, JETCKMH BO3pacT WM HapyIICHHE
BepOaJIbHOTO KOHTAKTa C MAIMEHTOM SBIISIETCS TaK)Ke

OTHOCHUTCJIbHBIM HpOTI/IBOHOKa3aHI/IeM JUJIA
BBIITOJTHEHHS DTOr0 BHIa 00€300IMBaHUS.
BriBoabr:

IIpumeneHne MeToga NPOBOAHUKOBON aHECTE3UU
IIPU XUPYPTrUUYECKOM JICUEHUH PaKa MOJIOYHOMU XKeJIe3bl
XapakTepuszyercs OJaronpusTHBIM BJIMSHHEM Ha

VK 616-036.8 [616-036.12]

LEHTPAIbHYIO TeMOIMHAMUKY U IT0Ka3aTellb BHELTHErO
IObIXaHus Oe3 TPUMEHEHUs HMHTYOaluH Tpaxen |
nposenenus UBJL

JIByXUHBEKIIOHHAS METO/INKa Oy0Ka/IbI,
Onaromapst BpeMEHHOMY ()aKTOpy M CEJIEKTHBHOMN
UIcoJIaTepaIbHON CHMITaTHYECKOU 61nokaze
MO3BOJIIET ~ CHCTEMHOW  TeMOJWHAMHKE  JTydlle
aJanTHPOBATECSI K IIEPEPACIPENCIICHUI0 KPOBH B
MHKpPOCOCYIax, obecrieunBast JIOCTaTOYHYTO
apdepeHTHyI0O  OnmoKamy, — HEOOXOAUMYIO  UIA
MIPOBEJCHUS XUPYPTrHIECKOTO BMEIIATEIBCTBA.

[IpoBomumKOBas ONOKana, B OTIIMYMH OT OOmIeH
aHeCTe3Mn 00JaJaeT BBHICOKON aHTHHOLMIENIUEH Ha
0aze  MyJNbTUMONAIBHOCTH W  NPeXyNnpeXICHUs
MIOCJIEHAPKO3HOW JIENPECCUH JABIXaHUs, CIIOCOOCTBYS
paHHeﬁ aKTHUBH3allUH 6OJ'II)HI)IX, MUHYS
UCIIONIb30BAaHUE HAPKOTHYECKHX aHAJbIeTUKOB B
PaHHEM IOCJICONIEPAIOHHOM IIEPHOJIE.
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AKTYyaJIbHOCTh.  3yOOYCNIIOCTHBIE  aHOMAJINU
3aHUMAIOT OJTHO MECT IO PaclpOCTPaHEHHOCTU Cpean
CTOMATOJNOTHYeCKuX 3aboneBanuii B mupe [1, 3].
[IpakTHuecku KaXkablid TPETHH KUTEIb IIAHETHl UMEET
HapylIeHHH pocTa M pPa3BUTHS 3yOOYEIIOCTHO -
nuueBoi odnactu [7, 10]. B3anmozaBucuMocTs GopMBbI
U (QYHKOUM CTaBUT MpoOJiIeMy JOHAarHOCTUKU U
YCTpaHEHHsI 3yOOUENIOCTHBIX aHOMAlWil B YHCIO
aKTyalbHBIX B  cromaromormu [6, 9, 10].
OyHKINOHATBHAS u MopdoormgecKas
COCTaBJIAIONIHE (hopmupoBaHUS KEBATEIBHOTO
amnmapara CBsi3aHbl C IOJHOLIEHHOM YCTaHOBKOH H
(hyHKIIMOHHPOBAaHHWEM BCEX 3y0OOB, BKIIOYAs TPETHU
MOCTOSIHHBIE  MOJSIpbl  [8, 2]. OpTomoHTHUYEcKas
MAaTONOTUsl, B YaCTHOCTU OKKJIFO3MOHHAS MaTOJIOTUs He
TOJIBKO CIIOCOOCTBYIOT BO3HHUKHOBEHHUIO AUCQYHKIINU
BHCOYHO-HUKHEUEIIOCTHOTO CycTaBa, HO u
CYIIECTBEHHO OCIIOKHSIOT €ro TedeHue [2, 7, 8].

B mHacrosmee BpeMms HEIOCTATOYHO W3YYCHBI
4acTOTa W CTPYKTypa 3yOOUETIOCTHBIX aHOMANHU Y
B3pOCIBIX, OOPATHBIINXCS HA MPHUEM K OPTOHOHTY, HE
ofpeneieHa HYXXIaeMOCTh M CTEICHb BBIPaKCHHOCTH
MATOJIOTUH.

HUccnenoBanus YacTOTHI u CTPYKTYPHI
3y004EeIIOCTHOM MAaTOJOTHH Y B3POCHBIX MallMEHTOB
JaeT BO3MOXHOCTh IUIAHHUPOBaTh JiedeOHBIE U
peabmiuTanMoHHbIe Meponpustus [4, 9]. M3ydeHue
HYX/JaeMOCTH ¥  IUIAaHUPOBAaHHE  BO3MOXKHOCTH
OKa3aHMWs OPTOJOHTHYECKOH IOMOIIM TO3BOJISAET
COBEPILIEHCTBOBAaTh  YpPOBEHb  OPTOAOHTHUYECKOI
TIOMOIIX B IFOOOM pETHOHE.

Lens Hamiero mcciieI0BaHHSI COCTOHT B TOM,
YTOOBI U3YYUTH COCTOSTHUE 3yO0UESIOCTHON CHCTEMEI Y
JUIl C TIOCTOSHHBIM IIPUKYCOM, OOpaTHUBIIMXCS K
OPTOIOHTY B Pa3HBIX CTpaHaX IJIs pEIICHUS 3amad
KOPPEKIMH UMEIONUXCS HapyIICHUH.

Matepuan M MeTOABI HccadedoBaHUsl. brina
MpoBeJIeHa cernas BeIOOpKa, rae 3a nepuox ¢ 2018 no
2022 roxmpl B3SITO 152 KIMHUYECKHX Ciydas - U3
Poccuiickoit @eneparun (Kazans) u 80 ciyuaeB — u3
Cupuiickoit Apadckoit Pecniyomuku (ropox Taptyc).
Bcero 6put0 mpoananmsupoBaHo 232 aMOyiaTOpHBIE
KapThl U TaHHBIC PEHTT€HOJIOTHYSCKUX 00CIIeTIOBaHUH.
B toMm uncne - 73 myxckoro u 159 — xeHckoro mnona B
Bo3pacTe oT 18 10 44 ner. oleHUBaJIM 5 BO3PACTHBIX
TPYIII ~ HACEJNCHUS, COTJIACHO  PEKOMCHIAIHIM

BcemupHoit opranuzanuu 3apaBooxpanenus [S]: 18,
20-24, 25-29, 30-34, 35-44 rona.

Ha ocHOBaHUM TaHHBIX aMOYJIaTOPHBIX KapT ObLIa
COCTaBJE€Ha KapTa HCCIEIOBaHMSA, BHECEHHas B
9NIEKTPOHHYIO 0a3zy nanHbix Exel. M3ydanuch takue
mapamerpbl Kak TI0J, BO3pacT, MOTHBAaLUs K
OPTOJIOHTHYECKOMY JICYEHHIO, COCTOSIHIE TPHKYyCa I10
MoJsipaM, KJIBIKaM H (DPOHTaNbHOH Tpymme 3yOoB,
CTETIeHb BEPTHKAJIHHOTO MEPEKPHITHS 3YOHBIX PSIOB,
CHMMETPHYHOCTD 3yOHBIX pSIOB, CTETICHb
CKyYeHHOCTH 3yOOB.

CocTosiHIe IPUKyCca H3ydaiach 0 COOTHOIICHUTO
Ha Moapax u kisikax 1mo Jurimo (1, 11, IIT xmacc).

CreneHb CKy4eHHOCTH 3y0OB OLEHMBaNIU 1O 3
cTemeHsaM: 1 — jerkas (IeHIMT MecTa COCTaBIseT 2 —
3 mm); 2 — cpennss (ot 4 10 6 Mm); 3 - Tspkenas (6oee
6 MM).

HyxnaeMocTh U CTENEHb TSHKECTH OLCHUBAIH C
nomonibio naaexkca ICON.

Cratucruyeckas 00paboTka MTOJTyYCHHBIX
pe3yIbTaTOB TPOBOAMIACE C MOMOIIBIO IPOTPAMMEI
Statistic 6.0 Exsel.

Pesyabrarel uccaenoBanusi. CpaBHUBas B
BBIOOPKH (POCCHIICKAs W CHPHICKAs) MBI HAIIUTA YTO
3ech HE OBLIO CYIIECTBEHHBIX pPa3lIH4yMid, Kpome
onHoro. Cupuiickue NalUeHThl B CpeIHEM ObUIH
cTapuie poccuiickux Ha 1,8 roma. CpemgHuit Bo3pacT
coctaBui 26,5 net. OqHaKo 3Ta pa3HUIlA HE BIMsIIA HA
Jpyrye rnokaszareiau. B 1esoM mos u BO3pact He BIUSUIIN
Ha TMPHUKYC, COCTOSIHME 3yOHBIX PSJOB U TPETHU
MTOCTOSTHHBIX MOJIIPOB.

AHamm3  (pakTopoB, KOTOpBIE MOTHBHPOBAIHN
MAI[MEHTOB U O0paIIeH!s K OPTOIOHTY MOKAa3all, 4TO
B OonpmuHCTBE cirydaeB (38,79%) manueHTsl XOTemn
WCIPaBUTh BHEIIHUH BUA W BBIICISUIA IPUYAHBI
3CTETHYECKOro xapaxrepa. Mensme Bcero (12,07%)
NAalMeHThl  KaJoBaJlMChb Ha  Mopdonoruyeckne
HapylIeHHs, TAKUE KaK CHIDKCHUE YPOBHs (pereccus)
JECHbl ~ W3-3a  IIeperpy3kH  OTHENbHBIX  3y0OB,
mucoynkipst BHUC (xpycr, kpunuranus ¥ mieJIKaHue
CycTaBa TMpH OTKPBIBAHHUHM pTa), CYXECHHUE WU
paciupeHue 3yOHBIX PsIOB.

[NarnreHTH cpaBHUBASMBIX TPYII B ABYX CTpaHaX
MPEIBSBIBUIA MPAKTHYCCKH ONWHAKOBBIC JKAIOOBI Ha
prieMe Bpada OpToAoHTa. MBI HaOIF0 1T OTCYTCTBHE
CTAaTUCTHYECKH 3HAYMMOM pPAa3HHUIBI B TpPYIIax
cpaBHeHus (puc. 1)
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40 37,5
35 30,92
30 27,5
25 21,25
20 18,42
15 13,16
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0
Mopdonoruueckue ScTeTnueckune DYyHKLMOHaNbHbIE KomnneKcHbie
B NPUYMHbI 06PaLLLeHNA K OPTOAOHTY KasaHb M MPUYMHbI 0BPaLLEHMA K OPTOLOHTY TapTyC
Pucynox 1. CpasnumensHule dannvie npuuun oopawenus kK opmooonmy 6 2. Kasano (P®) u 2. Tapmyc (CAP)
Yarmie Bcero B KIIMHUKY 00Opamaivuch anueHTsl ¢ MeHbime  (23,71£2,79%). CpaBHUBass ~ JaHHEBIE

3y00uenocTHEIME aHoManusiMu | Kimacca mo DHIIIO
(48,2743,28 %), manMeHTHl ¢ AUCTATBHBIM IPUKYCOM
(II xkmacc mo DHIIIO) B Hameld BBIOOPKE COCTaBIISIIN
28,02+2.9% ot obmero uncna. Jons manuenton ¢ 111
KJIacCOM aHOMallMii mpukyca ObUIO Ha 5 IIyHKTOB
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3apeructpupoBadnbie B I. Kazanu um B r. Taptyc
ClIelyeT OTMETHTh OTCYTCTBHE 3HAUMMOW pasHULEI (t=
0,38 — 0,98; P>0,05) B cTpykType BHIOOB IpHKyca
cpenr 0OpaTUBIIMXCS K OPTOJIOHTY (pHC. 2).

27,64 287>

25
I I I .
Il i

B KazaHb M Tapryc

Pucynox 2. Cmpykmypa OKKIIO3UOHHBIX COOMHOUEHUT Y TUY, 00pamuguiuxcs k opmoooumy 6 2. Kazanu (P®) u
2. Tapmyc (CAP)

WuteHcuBHOCTh aedopManuii GOpMBI  3yOHBIX
pSZOB B pacueTe Ha OJHOrO MalueHTa COCTaBHiIa
2,43+£0,15 (370 cmywaeB Ha 152 HaOmopeHus) y
Kazanckux nanuenToB u 2,48+0,21 (199 ciay4daes Ha 80
HaOmrofeHuil) mo JaHHeIM B T.  Tapryc, 49TO
CBHJIETENBCTBYET 00 OTCYTCTBHHM DA3HHIBI MEXIY
cpaBHHBaeMbIMH rpymmamu (P> 0,05).

CrpyKTypa HapymeHu# (GopMbl 3yOHBIX PSAIOB Y
Ka3aHCKMX W  CUPUICKMX  IallMeHTOB,  Obuia
mpakTHyeckn — oxmHakoBoi (P> 0,05), kpome
ACCUMETPUYHOIO CY)XKEHHsI HIKHEro 3yOHOro psija.
Ora nedopmanust BcTpewangack B 1,6 paza wyame y
POCCHIICKUX TAlMEHTOB, YeM y CHppHUiicKux (Tabm.1).
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Tabmauma 1.

Crpykrypa HapyumieHuii ¢opmbl 3yOHBIX PAIOB Y B3POCJIbIX NAIMEHTOB 00PATUBLIMXCH K OPTO/IOHTY B
JA0JIAX K YMCJIy HapyumeHuil ¢opMbl 3yOHBIX PAI0B
(0 nanHbIM HaOM0aeHui B r. Ka3anu, N=152 u B r. TapTyc, = 80)

Kazans (n; % +m) Taptyc (n; % +m)
Bun nedopmariuu 3yOoHOr0 psiga BEPXHSISI BEPXHSISI HIDKHSAS
HIDKHSA YCIIHOCTh
YEJIIOCTh YCIIIOCTh YEIIIOCTh
e n=47; n=21; n=29;
CumveTpiHoe Cykerme =56, 284321 | 39 494448 19,6343 84 31,5244.84
AcuMMeTprYHOE CY)KEHHE n=96; n=105; n=59; n=5L,
P yH 48,73+3,56 88,24+2 95* 55,14+4,81 55,4345,1*
n=24; n=7; n=16; n=5;
YILTOIICHUE 12,1823 5.8842.16 14,95+3,45 5,43+2,36
n=21; n=14; n=11; n=7;
YHHHHCHHE 10,66+2,20 11,76+2,95 102+2,92 7,6122,76
Bcero HapymeHuit Gpopmbl 3yOHBIX n=197; n=119; n=107; n=92;
PsIIOB 100,0 100,0 100,0 100,0

*-P<0,01

Wcxons 3 maHHBIX aHaMHe3a U 3yOHOH (popMyITsI
MAIFEHTOB, MBI HAIIUTK IPUYUHY B IPEKICBPEMEHHOM
ymaJeHHu OOKOBOW Tpymmbel 3yOOB Ha HIDKHEH
YEIOCTH IO TTOBOAY OCIIOKHEHHOTO Kapueca.

[IpakTudecku Bce MalueHThl B 232 KITMHUYECKUX
CIydYasiX, WM3y4aeMbIX HaMH, HUMEId Ty HIW HHYIO

CTeNeHb CKydeHHOCTH 3y0oB. Hapymienus ¢opmbr
3yOHBIX PSZOB COYETAUCh CO CKYYEHHOCTHIO 3yOOB.
[Mo matepuanam aMOyIaTOPHBIX KapT ObLIa TPOBEICHA
CpaBHHTEIIbHAS OIICHKA CTETIEHH CKYYEHHOCTH 3y0O0B y
nanuenToB T. Kaszanu u r. Taptyc (Tabnuma 2)

Tabmnuua 2.

CreneHb CKYYeHHOCTH 3Y00B y B3pocCJbIX nanueHToB B r. Kazanu u B r. Taptyc (B pacuere Ha 100
Ha0 0aeHmii (n) B KaXK/0M rpynmne cpaBHeHust).

Kazaus, (n=152) Tapryc, (n=80)
CreneHb CKy4eHHOCTH 3yO0B Bepxnsst Hiwxusis Hwxnsis
Bepxusist uentocts
YeJIFOCTh YEJIFOCTh YEJIFOCTh
_ 0,82+0,03 0,38+0,05** (n = 0,54+0,05**
1- nerkas 0,58+0,04 (n=93) (n= 130) 28) (n=43)
_ 0,18+0,03 _ 0,18+0,04 (n=
2 - cpenHsis 0,23+0,03 (n=37) (n=28) 0,21+0,04 (n=17) 14)
3 - Topenas 0,08£0,02 (n= 12) O?rfj%)c’l 0,08:0,03(N=6) | 0,04£0,02 (n=23)
Bcero ciygaeB ckydeHHOCTH 0,93+0,02 (n= 1,03+0,01 % (e 0,75+0,5%*
3y608 142) (=163 | 004005 (n=>51) (n=60)
*- P <0,05
** . P<0,01

B mienom, creayeT OTMETUTH, UTO B KITMHUYECKHUX
CIy4asX HMHTEHCHBHOCTh CKYYEHHOCTH 3yOOB B
pacueTe Ha OJHOTO Ka3aHcKoro manuenta (1,9) Opura
BBIIe, 4eM B HaOmoneHusx 1. Tapryc (1,3). Ha
BEPXHEH 4YENIOCTU CpPaBHUBAEMBIN IOKa3aTelb B T.
Kazanu cocrasun 0,93+0,02, a B . TapTyc - 0,6440,05.
MHTCHCHBHOCTh CKYYEHHOCTH 3yOOB Ha HIDKHEH
YemcTH cocTtaBuia coorBeTrcTBeHHO 1,03+0,01 u
0,75+0,5 nwa omHoro manueHta. B 1enom B o00omx
CpaBHMBaeMbIX Tpymmax mpeobmagamy ciuydam |
JIETKOM cTerneHu TshkecTH. YactoTa ux B Kasanu Oblia
B 1,53 pasa Bemme, yem B Tapryc. Cpenssist cTeneHb
TSDKECTH Oblla auarHoctupoBaHa B 42,76+4,01%
KIIMHUYECKUX CIIy4aeB y Ka3aHCKUX TMAlMeHTOB W B
38,7545,44% ciiydaeB y CHpPHICKUX, T.e. HE HMela
pasznuuauii (P>0,05). OtMeueHo, 9TO ciydam TexeIon
CTCIICHH CKYYCHHOCTH 3Yy0OB 3 CTENEHH TSKECTH
BCTpPEUAJNCh C OJAMHAKOBO HU3KOW YacTOTOW Kak B

Kazanu, Tax u B Taptyc (coorBercrBenHo 0,11+0,03 u
0,12+0,05; P> 0,05). Pazuuna

OTMeYeHO, YTO 3Ta aHOMAJUS BCTpedalach MpH
BCEX KJ1accax MpHuKyca u He koppenuponaina (= 0,12) ¢
HaJM4deM WM OTCYTCTBHEM TPEThUX IOCTOSHHBIX
MOJISIPOB.

Y poccuilckux MauUMeHTOB HYXKIAaeMOCTh B
OpPTOJIOHTHYECKOM JieyeHUH corjacHo uuaekca ICON
coctaBisia B cpemHem 31,28+1,5 OamwioB, a y
cupuiickux 33,47+1,8, 4TO HE UMEINO CYIIECTBEHHBIX U
JIOCTOBEpHBIX pasnuuuii (P>0,05).

BriBogsr:

1. ¥ poccuiickux ManueHTOB HYXIaeMOCTh B
OpPTOJIOHTHYECKOM JiedeHUH coriiacHo mHaekca I[CON
coctaBmsla B cpemHem 31,28+1,5 OamnoB, a y
cupwmiickux 33,47+1,8, 4TO HE UMEJIO CYIIECTBEHHBIX U
JIOCTOBEpHBIX pasnuuuii (P>0,05).
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2. TlanueHTHl CpaBHMBAaeMBIX TIPYHI B JBYX
CTpaHax NpPEABSIBISUIM TPAKTHYECKH OJNHAKOBBIE
JKaJIo0bl, B OCHOBHOM 3TO OBUTH KaJ00bl Ha 3CTETHKY
(37,5 - 41,25%).

3. IHTEeHCUBHOCTB CKYYEHHOCTH 3y0OB B pacueTe
Ha OJTHOT'O MaIMeHTa KIMHUYECKHX ciydasx r. Kasanu
(1,9) ObLia BBIIIE, YeM B HaOmoneHusx r. Taptyc (1,3).

4. Cocrostare 3y0OYETIOCTHON CHCTEMBI B JBYX
rpyImnax CpaBHEHUS OPTOAOHTHYECKHX MAalUEHTOB T.
Kazanu u 1. Tapryc He HMEIOT CYyIIECTBEHHBIX
pa3IYui ¥ MOTYT OBITH UCCIIEOBAHBI COBMECTHO.

Bubaunorpadus

1. Ap3yMaHsIH AT. W3yuenue
pacnpoCTpaHEHHOCTH M CTPYKTYPBI 3yOOUENIOCTHBIX
aHOMAJIMH cpeau JeTed W MoAgpocTKOB  (0030p
nurepatypsl)/ A.I'. ApsymansH, A.B. ®ommuna //
BHMT. 2019. Nel. URL:
https://cyberleninka.ru/article/n/izuchenie-
rasprostranennosti-i-struktury-zubochelyustnyh-
anomaliy-sredi-detey-i-podrostkov-obzor-literatury
(mata obpamenus: 11.04.2023).

2. Bs3pmuH A. Yacrora OONEBBIX CHHAPOMOB Yy
B3pOCTBIX ¢ HapymeHueM mpukyca / A. Bsssmun, H.
Junenko, H. Mamonosa // Cathedra. - Ne43, 2013. —c.
36 - 40

3. Kypoemoa B. [I. PacmpocTpaHeHHOCTB
3yOOUENIOCTHBIX aHOMAJIMH Yy B3pOCIBIX M OIS
acummerpu4HbIX (opm cpenu Hux / B./1. Kypoenoga,
AH. MakapoBa/ CMBb. 2012. Ne4. URL:
https://cyberleninka.ru/article/n/rasprostranennost-
zubochelyustnyh-anomaliy-u-vzroslyh-i-dolya-

asimmetrichnyh-form-sredi-nih  (matra oGpamenus:
10.05.2023).
4. Jlebeme C.H. PacmpoctpaHeHHOCTE W

CTPYKTypa 3yOOUETIOCTHBIX aHOMAIUH y TOJPOCTKOB

KOPEHHOTO0 MAaJIOYHUCIICHHOTO HACENeHHs XaHThI-
Mascwuiickoro aBToHOMHOro okpyra — Orper / C.H.
Jlebenes, B.P. T'amumymnuna, M.O. Haraesa, 1O.E.
Tumodeea // [IpobGnemsr cromaronoruu. 2019. Nel.
URL:
https://cyberleninka.ru/article/n/rasprostranennost-i-
struktura-zubochelyustnyh-anomaliy-u-podrostkov-
korennogo-malochislennogo-naseleniya-hanty-
mansiyskogo (mara obpamenus: 10.05.2023).

5. Merogsl W TporpaMMbl  TIPOQPIIAKTHKA
OCHOBHBIX CTOMAaTOJIOTHYECKHUX 3a00JIEBaHUMN: JOKIAL
komutera dkcreproB BO3. — JKeneBa: Bcemmpras
opraHu3amus 3apaBooxpaneHus, 1986. —47 c.

6. Ilepcun, JI. C. OprogonTus. JluarHoctuka u
Je4eHue  3yOOYENIOCTHO-JIMIEBBIX  aHOMAIMH U
nedopmaruii: yaeonuk non peaakuueii JI. C. Iepcuna
// Mocksa : TDOTAP-Menua, 2015. - 640 c.

7. Tlpobdur V.P. CoBpeMeHHas OPTOAOHTHS.
Yunbsam P. I[TIpoddur; nep. ¢ aHriL.; mox pes. €Wi.-Kopp.
PAH, mpog. JI.C. Iepcuna. 3-e uza. M.: MEInpecc-
uHpopm, 2015. 560 c.

8. Ilysun A.M. BoneBas mucyHKINS BHCOYHO-
HIOKHEYEToCcTHOTO cycrtaBa / A. M. Ilysun, A.S.
Bsasemun // M.: Menunuuna, 2002, 160 ¢

9. IOpuc O.B. HapymeHue OKKIIO3HOHHBIX

B3aUMOOTHOILCHUN CpeIHM HACeNIeHNUsl PeCITyOIIMKH
Benapycb u (¢axTopel pucka, 00yciaBIMBaIOIINE
npooiemy /O.B. HOpuc //Bectauk BI'MY.— 2015.—
Tom 14, Ne6. — €.112-119.
10. Alnamlah S. Impacted Third Molars and Anterior
Crowding-Beliefs and Evidence/ S. Alnamlah, R.
Almazroa, N. Alkhammash, R. Alfotawi, S. Premnath
/l Journal of Research in Medical and Dental Science. -
2021, Volume 9, Issue 11, Page No: 53-60



10

[ |

TEXHUYECKHE HAVKH

Grigoryan David
Software engineer tech lead
VCV Inc.
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Abstract. The research topic of the article is related to the definition of the characteristics of modern mobile
application development tools, the rationale for the use of each, depending on the requirements for the final
product. The study identified the main types of mobile applications: web applications and sites, hybrid software
development and native software. Concluded that native applications that give the best performance are well suited
for complex projects that work with complex graphics. The most relevant four trends in mobile development today
are highlighted: the spread of AR, new ways of monetization in social networks, attracting users to development,
and the development of mobile wallets. The features of the development of a client-server mobile application are
described. The interaction of the Firebase service with the application and the data received to work with the
service are analyzed. Two algorithms for the operation of some of the most common mobile applications are

presented.

Keywords: technologies, development, software, mobile applications

Introduction. The development of mobile
applications is relevant in many areas, such as transport
services, chains of restaurants and cafes, online stores,
the media, the organization of corporate
communication and many other enterprises and trade in
products [1].

In modern conditions, the Mobile First approach
is included in all sectors of the economy. With the
growing popularity of mobile platforms, a large number
of technologies have been introduced to facilitate the

promotion of smartphones [2]. Initially, hybrid
frameworks were developed for application
development, allowing the use of basic web

technologies such as HTML, CSS and JavaScript to
compile and deploy applications on different platforms
[3]. Later, native frameworks appeared, allowing not
only the use of web tools for mobile development, but
also using the native API for Android or iOS. These
platforms serve to support and create mobile
applications using web technologies such as HTML,
CSS, JavaScript. Where they differ is in the features
they provide and how they communicate with platform-
specific APIs [4; 5; 6; 7].

The purpose of the article is to study modern
technologies for developing software for mobile
applications.

Research  methods include a set of
methodological  apparatus  for  systematizing,
summarizing and analyzing scientific and research
literature on the subject of the characteristics of modern
mobile application development tools, substantiating
the feasibility of using each tool depending on the
requirements for the final product.

Results and discussion. Mobile application
development is one of the most popular services in the
digital technology market today. The number of
application users using various mobile platforms is
constantly increasing [8].

In 2023, the user downloads applications on a
smartphone not only for the purpose of entertainment,
but also for optimizing the performance of work tasks,
as well as solving urgent business issues. The price for
lost time is too high, so the modern user must be
equipped with the best software for daily use.
According to the Sensor Tower Store Intellig, COVID-
19 has accelerated mobile trends, boosted global
consumer spending on premium apps, and in-app
purchases and subscriptions on the Apple App Store
and Google Play will reach $270 billion a year by 2025,
nearly 2 .5 times more than in 2020 (fig. 1).
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Fig. 1 - Dynamics of the mobile application development market. Source Sensor Tower Store

Consumer spending on mobile apps in 2020
increased by 30% to $111 billion. Even if annual
spending growth returns to pandemic levels, over the
next five years, the gross revenue of both app stores will
continue to grow annually at a compound annual
growth rate (CAGR) 19.5%. According to Sensor
Tower, the App Store will grow at a CAGR of 21% by
2025, reaching $185 billion a year. Consumer spending
on Google Play will grow by an average of 17%,
reaching $85 billion a year over the next five years.

Next, let's look at the main types of mobile
applications.  Modern  software  products are
conditionally divided into 3 main types [9; 10; 11; 12]:

- Web application and website. This type is the
most popular on the market. With HTML 5 support,
users can surf the web in the same way as they would
on a desktop computer. It is worth noting that the
development of mobile applications for smartphones
based on Android or iOS is an ideal startup that does
not require a significant investment of funds, but has a
wide range of functions. In addition, the site is easy to
adapt to any convenient platform.

- Hybrid software development. To create the
functionality of mobile applications with hybrid
software, HTML, JAVA, CSS and frameworks are
most often used. Since this kind of software is
developed with an integrated markup, the application
contains the advantages of the native and combines
them with innovations in information technology. The
best-known example of hybrid software is Facebook,
which is easy to download on a mobile device but does
not work without Internet access. The main advantages
of hybrid applications include versatility and the ability
to quickly enter the market.

- Native software. Applications with native
software are the most demanding on resources, which
determines their ability to include the full potential of
the OS. Mobile application development with native
software contains more functionality and is the most

productive type of applications. Native applications are
much easier for users to master, they have a high speed
of work.

The process of developing mobile applications is
carried out on one of the existing Android or iOS
platforms, in an integrated environment that allows the
manufacturer to create open coding, conduct tests,
solve current problems and plan further implementation
of the application.

Over the fifteen years of its existence, the mobile
application market has grown significantly in terms of
technology development.

Consumers are downloading over 435,000 apps
per minute, and that number looks set to rise. Users
already spend a third of their day consuming content in
apps. Today, there are four trends in mobile
development [13-20].

Distribution of AR. Augmented reality (AR)
continues to gain popularity. An increasing number of
services are launching new features based on this
technology. For example, IKEA introduced the IKEA
Place app, which allows you to arrange furniture in a
3D model of an apartment and evaluate how it will
look.

In September, along with iOS 16, a feature
appeared on the iPhone that allows you to cut out
objects in a photo (both people and objects) and move
them to a different background. Technologies for
editing the background and even replacing the face in
the video are also actively spreading and improving.
Various programs have appeared on the market that
allow you to place animated 3D models in a real
environment. Through this technology, companies can
create attractive videos with their products.

Thanks to the availability and rapid development
of AR technologies, as well as the creative potential of
users, authors with a small audience will soon be
making videos that are almost as good as studio ones.
Content creation is actively democratizing and new
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developments in the field of augmented reality are
helping to strengthen this trend.

New ways to monetize in social networks. This
concept is not new, however, the difficult situation in
the global economy and the growth of social networks
further encourage gamers, content creators and
ordinary users to look for new ways to monetize their
activities.

In August 2022, Instagram launched a paid
subscription for exclusive content creators. This trend
is likely to be followed by other platforms. Earlier this
year, Yepp launched an app that shares its ad revenue
with users, who can earn from creating and consuming
memes. This revenue sharing model could also become
popular in the coming months. In addition, as digital
marketing develops, more social networks will add
features for online trading. So people will be able to buy
clothes, works of art and other goods and services not
only on platforms created specifically for this.

Involving users in development. There is now a
growing understanding that a broader range of thoughts
is important for product improvement. Therefore,
application developers and companies are paying more
and more attention to the development of communities
within the framework of beta testing.

In the near future, more users and customers are
likely to participate in the early stages of software
development. The result will be products created by
people and for people.

Development of mobile wallets. Convenience,
security and speed are becoming increasingly important
for users, and their trust in traditional banks and
financial systems is declining. The 2021 Mobile
Wallets Report predicts that mobile wallet usage will
grow by 74% between 2021 and 2025. As stated, by the
end of 2025, the number of such wallets will be 4.8
billion rubles.

Consumers are already much more careful about
their finances. Therefore, in 2023, new wallets and
applications may appear that will attract more users.

However, in 2023 we are likely to see new ESG-
focused services that inspire consumers to save and
save, and help communities by promoting social and
environmental projects.

As of early 2023, about 50% of users prefer
Android mobile devices. 30% of users choose the iOS
operating system developed by Apple.

In fact, for an experienced programmer, the
differences between hybrid and native software are
minimal, because for each kind of application it is
necessary to develop code to be able to be used on both
Android and iOS. In this regard, it is important to
choose the type of application that, in the opinion of the
programmer, will be necessary, useful and, most
importantly, convenient for a wide range of users.

When considering how to build iOS and Android
apps, many programmers find that sister languages
Objective-C, Swift, and Java are the only choice.
However, this approach has a serious drawback: when
developing for two platforms at once, it is necessary to
develop the same code fragments twice.

Considering different programming languages
(Java and Swift), different approaches to doing the
same in iOS and Android, different ways of creating a
GUI, it's hard to do anything without writing the same
code twice [21].

The situation is more complicated if two different
developers are creating apps for iOS and Android, since
two people are likely to implement the same feature in
slightly different ways. However, over the past few
years, a whole ecosystem of platforms for creating
mobile applications has emerged. There is no doubt that
when it comes to the development of mobile
applications, the leaders in performance are products
written in native languages [22; 24; 25]. This
minimizes abstraction levels.

HpI/IHHHH «MeHbIIIe 00MeHa JaHHbBIMU — JIy4dIllIe
OBICTpOJICIiCTBHEY HAHOOJICEe ONEPATUBHO PabOTacT Ha
MOOWIBHBIX IIaTOpMax, IJE CHUCTEMHBIE PECYPCHI
CHUJIbBHO OI'PpaHUYCHBI. Tem ne MCHEC, pa3Hulla B
OroKeTe W cpokax pazpaboTku Oojee 3HaAUYMMA, YEM
pa3Hulia B 6LICTp0Z[eﬁCTBHH. BBIXOIL Ha PBIHOK TaKHUX
urpokoB kak React Native niam Xamarin cienanm 3Ty
nponacTs Cuie Goitee 3Ha‘IPIMOI>i, MMO2TOMY BOIPOC CTAJT
octpee. lonic, Cordova u PhoneGap — cpencrsa s
pa3paboTKy TMOPHUIHBIX TPUIIOKEHUH.

The biggest problem with hybrid apps is their
speed and efficiency. In the beginning, websites were
built for simple web pages, rather than the complex
applications currently being developed. Hybrid
programs will be able to run smoothly on high-tech
devices, but not as smoothly as we would like. The
limited system parameters of phones is the biggest
problem.

Another problem is that when developing a hybrid
application, all the problems that a website developer
experiences are automatically inherited. Websites may
work differently on some browsers, and applications
work with certain nuances on certain devices.
Diagnosing errors and debugging becomes time-
consuming for the developer. Statistics show that
smartphone owners spend most of their time using just
a few apps, and they expect any new app they use to be
as fast as Facebook, YouTube or Uber.

Hybrid apps fall short of high user expectations by
offering more limited user experience: slow
animations, lack of gesture recognition, sometimes
incorrect keyboard behavior or insufficient interaction
with the mabile platform and its operating system. All
of the above problems lead to a decrease in the
popularity of hybrid applications. For example,
PhoneGap and lonic show noticeable weaknesses in
large applications.

It should be noted that there are applications that
have moved from a hybrid to a native interface on React
Native, the number of which is rapidly increasing.
These include Facebook, Airbnb, Instagram, Skype,
Tesla, Slack and many more. The biggest benefit that
React Native offers is better performance compared to
hybrid apps. The developer gets access to the entire
platform and all native interface elements, which
allows you to create an application with complex
animations and many controls.
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Also, hardware features are handled by the
specific platform. React Native works without using a
WebView, so the developer doesn't have to worry about
browser compatibility issues. Finally, React Native is
based on the React framework with much better support
from both Facebook and an active and large
community. With ongoing support, React Native stays
up to date, provides greater reliability, and a great
knowledge base where you can learn how to develop
apps and solve problems.

The next mobile development tool is Xamarin, one
of the oldest cross-platform frameworks of its kind. The
project was acquired by Microsoft in 2016 and became

part of their Visual Studio IDE, which provided the
platform with further development. This is one of the
key reasons why big companies like Pinterest rely on
Xamarin. It offers a single language, C#, a class library
and runtime that runs on three mobile platforms: iOS,
Android, and Windows Phone (Windows Phone's
native language is C#). The output speed and
performance of the product is sufficient even for
demanding games.

Regarding the popularity of the funds under
consideration, a selection of statistical data from the
Google Trends service was made (table 1).

Table 1
A selection of statistical data from the Google Trends service
React Native Xamarin lonic Cordova PhoneGap
In Russia 40% 25% 24% 10% 1%
In the world 18% 14% 44% 22% 2%

In the world, a popular query from Google is lonic.
The general trend shows that React Native and Xamarin
are steadily taking away the popularity of technologies
based on WebView over time. At the same time, if we
compare native and hybrid applications, then the
question arises about the advantage of one or another
type. To do this, you need to find out how many
applications a typical user uses daily and how many
applications they have not opened since installation.

The user interface is very important for mobile
applications. The main features include:

- attractive user interface elements;

- smooth scrolling;

- gesture recognition for the platform;

- advanced animations and effects.

In comparison with these characteristics, hybrid
application development must adapt to the specific user
interface of several platforms at the same time. Despite
the fact that cross-platform technologies and systems
are being actively improved, hybrid applications may
not work correctly on different devices.

Thus, if you are interested in the user interface,
you should choose native application development. To
protect the hybrid approach, a web designer can
overcome the UX disadvantages and make applications
look very similar to native design. But there are also
cases, like Google Gmail, where developers don't pay
more attention to the native user interface and
implement the same design for all platforms. Users
don't care what the app looks like, as long as it serves
all its purposes.

Native apps communicate directly with the device
hardware and typically all static content is downloaded
after the app is installed [2]. Thus, users are not
dependent on the speed of the Internet, so the program
always runs smoothly and reliably. Unlike native apps,
hybrid apps first need to traverse the hybrid platform
and execute code, and then access the device.
Typically, content is downloaded from a server

(although not always), and performance depends on the
speed of your Internet connection.

You may also notice some lag, for example by
switching the iPad from portrait to landscape. This is a
big minus of a hybrid application. In the native app,
changing the screen orientation is quick and easy,
unlike the hybrid one (Facebook has gotten faster since
switching to the native app). However, it is worth
noting that hybrid programs are still slower than their
competitors, but not as critical.

Performance is an individual application
characteristic that depends on the needs of the project
and the capabilities of the device. The developer and
end user need to pay attention to speed if the goal is to
create applications that support real-time updates, high
loads (social networks such as Facebook), complex
business logic with multiple calculations (photo, music
or video editors) and 3D - graphics (games). In other
cases it is not significant. For example, the owner may
think that scrolling on a website is somewhat laggy and
users don't even notice [3].

In general, the efficiency of hybrid applications
has increased in recent years due to the following
factors:

1. Every year devices become much more
powerful and faster.

2. The action of the OS is getting better from
version to version.

3. Progress in technology.

4. The skill level and experience of developers is
growing.

The poor performance of hybrid applications is
due to an outdated OS or poor optimization of the
technologies used.

Hybrid programs can beat a competitor only in the
speed of developing a software product. By having a
single codebase, these apps develop faster, so the owner
or developer can bring the app to market in just a few
months. Adapting features across platforms in a hybrid
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approach takes less time than designing for all possible
device options (iPhone, tablets, different Android
smartphones, etc.) in native app development. By the
way, changes in hybrids are more likely to deliver to
users without forcing them to download an update.
Typically, developers specialize in only one platform
(iOS or Android).

So, to create a native application for different
platforms, you need at least two development teams,
which means two budgets. Any further changes and
updates will also give funds multiplied by the number
of platforms. Hybrid app development is cheaper
because some solutions are built with HTML and JS
rather than Objective-C or Java. In addition, much of
the code can be reused across platforms, although there
is a need to adapt to platform specifics. In any case,
fewer resources and less budget will be needed. The
following are the advantages and disadvantages of
native and hybrid applications [4].

Benefits of a native app:

1. A set of rich native interfaces that are familiar
to users and help them intuitively explore applications.

2. The full potential of the platform (a large
number of ready-made and proven solutions).

3. High execution speed.

4. Direct access to device functions (camera, GPS,
address book, calendar, push notifications) via API.

Disadvantages of a native app:

1. Long-term development, as it requires
knowledge in different programming languages.

2. High cost, since it requires the involvement of
specialists of different profiles to create and support
different platforms.

Advantages of a hybrid application:

1. Rapid development: one code base for all
platforms.

2. Easy testing and implementation of many
changes and scaling to other platforms.

1 z6eno

3anpoc
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3. Lower cost as payment is made by only one
team.

Disadvantages of a hybrid application:

1. Not enough smooth and intuitive UX compared
to native app.

2.  Slower performance: Highly loaded
applications slow down when the Internet connection is
poor.

3. In rare cases, battery consumption increases for
complex applications.

Native development is the most sought after as the
platform's feature set is constantly updated, making
hybrid development more challenging. The advantage
of native over hybrid mobile apps is greater
performance and UX. Native development is more
suitable for interactive applications with a lot of
graphics and animations, or where content needs to be
updated quickly. In this case, we mean games, some
types of social networks, etc. In the event that some
exclusive features are needed, hybrid development may
require additional effort and consultation from the
platform’s language developers to write them from
scratch.

Hybrid applications have emerged with the aim of
speeding up development. The use of cross-platforms
is only limited to guidance for mobile platforms
imposing their designs and OS upgrades. The main
advantage is that this type of development has a lower
cost. A well-designed mashup has no visible or
functional differences for users. The end user does not
care how the application is built, as long as it is
convenient and pleasant to use. There are three main
IDEs for Android OS development: Eclipse (today it is
used less and less), IntelliJ idea, Android Studio.

A mobile application was developed as part of the
client service. The developed mobile application is a
client of a two-tier client-server architecture (Fig. 2).

2 36eH0

Fig. 2 — Program architecture

The client is software that provides the user with
an interface to interact with the system. The client does

not interact directly with the database, nor does it
contain much business logic. The client is responsible
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for receiving and displaying the data received from the
server, is responsible for sending the data received from
the user, or makes a request to the data at the user's
command.

In the iOS application, all user interactions take
place using the touch screen.
The architecture of the iOS program has 4 layers

(Fig. 3).

LAl

Fig. 3 - iOS program architecture

The Firebase server interacts with the app to get
information like this:

1. When registering a new user:

— information about the user's first and last name;

- information about yourself from the user;

— information about the user's phone;

— information about the user's email;

— information about the place of residence of the
user;

— information about the user website;

— the main photo of the user;

— background photo of the user;

- user ID;

— identifier of the user device.

2. When searching for new users via the Internet:

— Information about the user's sender 1D.

— Information about the location of the user.

— Information about the user's search radius.

3. When adding new users using the QR code:

— Information about the user's sender ID.

— Information about the user's recipient ID.

— Information about the creation time of the QR
code.

— Information about whether the code is valid.

— Location information when reading the code.

— Information about the code reading time.

4. While adding new users via beeps:

— Information about the user's audio sender ID.

— Information about the user's audio recipient ID.

— Location information when adding a user.

— Information about when the user was added.

Two algorithms were developed:

1) Algorithms for searching users via the Internet.
This algorithm shows the entire business logic of
searching for users over the Internet. It presents three
aspects of the algorithm for Firebase, Backend, and the
mobile app itself.

2) Algorithm for adding a user using a QR code.
The developed algorithm shows the entire logic of the
mobile application for exchanging data via a QR code.

An example of data generation through a QR code
is shown in Fig. 4.
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- (UIImage *)createNonInterpolatedUIImageFromCIImage: (CIImage *)image
withScale: (CGFloat)scale
{
// BRendser the CIImags into a CGImags
CGImageRef cglImage = [[CIContext contextWithOptions:nil]
createCGImage:image fromRect:image.extent];
// Now we'll rescale using CoreGraphics
UIGraphicsBeginImageContext (CGS8izeMake (image.extent.size.width * scale,
image.extent.size.width * scale)):
CGContextRef context = UlGraphicsGetCurrentContext():;
// We don't want to interpolate (since we've got a pixel-corrsct imags)
CGContextSetInterpolationQuality (context, kCGInterpoclaticonNone);
CGContextDrawImage (context, CGContextGetClipBoundingBox (context),
cgImage) ;
// Get the image out
UIImage *scaledImage = UIGraphicsGetImageFromCurrentImagelontext ();
/7 Tidy up
Fig. 4 - An example of sending data to play audio signals after encoding.

Let's describe the development of the main screens  is scaled depending on the screen size using Auto-
of the application. The program was developed in the  Layout.

Xcode environment, using the Objective C language, The welcome screen allows the user to choose the
according to the Apple MVC pattern. The layout of the  next step to create a new user or log into an old account.
screen elements was made using constraints, the layout The welcome screen contains three Labels, two

Buttons, one ScrollView, one ImageView (Fig. 5).

ol 2216 99 % . ¢

o
: -
e ——
The worid's easiest online and offline way
o exchange contact information with

people you just met!

GET STARTED

Aready have an account? Login

Fig. 5 — Welcome Screen
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The registration screen allows the user to enter a The registration screen contains two Labels, three
username and password and password confirmation to  Buttons and three TextFields (Fig. 6).
create a Firebase account.

wl 22116 g9 % .. 4

Welcome to Unify!

CONFIRM

Already have an account? Login

Fig. 6 — Registration Screen

The login screen allows the user to enter the screen contains two Labels, four Buttons and two
username and password used in Firebase. The login  TextFields (Fig. 7).
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Welcome back!

CONFIRM

Co not hawe an account? Sign up

99 % o

Fig. 7 — Login screen

The password recovery screen allows the user to
enter their email, which they use in Firebase in order to
recover a forgotten password. The password update
screen contains one Label, two Buttons, and one
TextField.

The profile screen allows the user to customize
their data page and after clicking the Done button, the
user saves the information locally and on the server.
The profile screen contains seven Labels, seven
Buttons, five TextFields, two ImageViews, one
ScrollView, one generic TabBar.

The user search screen uses three technologies for
data exchange - the Internet, the Chirp Connect
framework for using sound signals, and a QR code. The
user search screen contains one Label, four Buttons,
two ImageViews, one shared TabBar.

The QR code screen simultaneously generates
data into a QR code and starts reading data from the
camera. The QR code screen contains one Button, one
ImageView, one UlView, one AlertView to show
errors or add users.

The contact list screen displays contacts sorted
alphabetically or by the date they were added to the list.

The user search screen contains one TableView, two
Buttons, one SearchBar, one generic TabBar.

The profile screen of the added contact. In it, you
can view information about the added contact, delete
this contact, make notes, view the place where users
have added each other. The profile screen of the added
contact contains a common TabBar, one ImageView,
eleven Labels, seven Buttons, one TextView, one
MapView.

Thus, the development of a client-server mobile
application was carried out.

Conclusions. Based on the analysis carried out, it
can be argued that native applications that give the best
performance are well suited for complex projects that
work with complex graphics (for example, video
games). The wrong choice of development tools in this
case will definitely make itself felt in the final product.
At best, you can get user dissatisfaction, and at worst,
there will be no opportunity to introduce such an
application at all. For less demanding applications,
when developing for multiple platforms (i.e. iOS and
Android), it is worth looking into tools such as Xamarin
or React Native. Their end product, which has a native
user interface, will be fast and fluid when applied
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correctly. In this case, the user will not notice a
performance loss without special tests. In addition, it
significantly reduces the development time and,
accordingly, the cost.

So, in the article, the development of a client-
server mobile application was carried out. The
interaction of the Firebase service with the application
and the data received to work with the service are
described. Two algorithms for the operation of
individual frequent mobile applications were presented,
in general, these algorithms describe data exchange
using the Internet and a QR code. In addition, separate
parts of the code for data exchange are presented,
taking into account the encryption and decryption of
data after reading the QR code, as well as the methods
of operation of sound signals. The basic principles of
interface design for mobile devices are studied and
described, which will be used for further functional
development of the application. The user interface of
the program has been developed, the maximum number
of transitions between screens for executing test
scenarios is eight, which allows the user to quickly
carry out their activities with the application.
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Summary. The relevance of the work is due to the widespread use of machine learning in various fields of
science, technology, and human activity. The article discusses the components of modern machine learning, types
of machine learning, key areas of machine learning, software tools used for machine learning.
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COBPEMEHHOI'O MAIIMHHOT'O o6yquI/m, THUIIbI MAITUHHOI'O o6yqu1/1$1, KJIIFOUYEBBIC O6J’IaCTI/I MAalllUHHOTI'O 06y‘IeHI/I$I,
MIPOTpaMMHBIE HHCTPYMEHTBI, UCIIONIb3YEeMBbIE [T MaIIHHHOTO O0y4eHusI.

Keyword. Machine learning, types of machine learning, key areas of machine learning.

Kniouesvie cnosa. Mawunnoe 06y1¢eHue, munsl MAQUUHHO20 06y1¢esz, Kouesvie 001acmu MAuUHHO20

0OyUeHusl.

Bseaenne (Introduction)

MamuHHOe o0ydeHme — 3TO0 OCOOBIH CITOco0
0o0y4JaTh KOMITBIOTEp peIlaTh OINpeleNICHHBIE 3aaaud
0e3 TIPUMEHECHHUS MPOTrPaMMHUPOBAHHS. Ha
MesxryHapoaHOW KOH(EPEHINH 10 UCKYCCTBEHHOMY
MHTEIIEKTY M aHainmu3y JaHHbIX Artificial Intelligence
Journey (Al Journey 2022) npe3ueHT 110 rio0aibHBIM
MpoJakaM, MapKeTUHTY U onepaiusM Microsoft JXKan-
Ouwmnn Kyprya coolmmia o TOM, 4TO MaHIEMUS
COVID-19 ¢opcupoBana UHTEpeC K HUCIOJIB30BAHHIO
MaruHHOTro 00y4ueHus: 80% KoMIaHu# yke BHEAPSIOT
€ro B CBOIO JEATENbHOCTh, a 560% MIaHupyroT
YBEIMYUTH 00BEM HHBECTHLIMI B 3Ty cdepy.
YuuThIBass aKTyaJlbHOCTh MAIIMHHOTO OOy4eHHs B
COBpeMeHHBIX  ycioBusix  [1],[2], paccMmoTpum
OCHOBHBIC YacTH MalIMHHOTO oO0ydeHus [3], ero
KIIFo4eBbIe oOxacTu [4], Hamboiee BOCTpeOOBaHHBIC
MPOrpaMMHbIE HHCTPYMEHTbI, KOTOPBIE UCIOJIB3YHOTCSI
JUTS MaIIHHHOTO O0Y4eHHs.

Meroan! u matepuansl (Methods and Materials)

CoBpeMeHHOe MAalIMHHOE O0YYCHHE COCTOUT W3
TpEX YacTew:

1.  AJropuTMmbl,  KOTOpbIE  IOACKAa3bIBAIOT
KOMIIBIOTEPY, Kakue HUCTOYHUKHU Tpedyercs
HCIOJIB30BAaTh, YTOOBI PEIINTH 32129y .

2. HabGopsl HaHHBIX WK JATaceThl. DTO MaMSIThH
MallMHBl, B KOTOPOW HaxoguTca HWHPOpPMAIUSI O
MIPEIBIAYIIEM OIBITE PEIICHUS 3a/1a4H.

3. [Ipu3Haky — MHANBUAYAJIFHBIE TTAPAMETPEI.

PaccmoTpum 6omee moIpoOHO paboty
MaIIMHHOTO 00y4YeHus. [ 3Toro paccMoTpuM THIIBI
MaITUHHOTO 00YYeHUSI.

Turel MaMHHOTO 00yYeHUs

IIpunsaTO pasgensaT Bce THUIIBI
00y4eHHsI Ha TPU KaTeropuu:

* ¢ yuurenem (supervised learning);

* 6e3 yuurens (Unsupervised learning)

« ¢ moakperutenneM (reinforcement learning).

Ha nmpakrtuke B HacTOSIIMI MOMEHT peau30BaHbI
TPH KJIFOYEBBIX 00JACTH MAITUHHOTO 00y4eHus [S]:

PexoMeHnaTenbHble CHCTEMBI

MAalIMHHOT' O
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PekomeHmaTenbHBIE CHCTEMBI — 3TO Hambolee
y3HaBaeMas MOJICJIb MAIIMHHOTO OOYYCHUs, U3 BCEX
UCTONB3YEMBIX CEroMHsI. Bbl BUAWTE CEPBUCHI WU
CalTBI, KOTOPBIC MBITAIOTCS PEKOMECHIOBATH KHUTH HITH
(bUITBMBI, CTaThU, 0a3MPYSACH HAa BAIUX MPEIBIIYIIAX
neiictBusx. OHM TBITAIOTCS BBIBOAUTH BKYCHI U
MPEINOYTCHUS, U HICHTU(UIIMPOBATh HEU3BECTHBIC
MPEeaMEThl, KOTOpBIE TMPENCTAaBIAIOT uHTepec. K
PEKOMEHAATENbHBIM MOXXHO OTHECTH CIIEAYIOIIne
CUCTEMBI:

e Amazon.com 3TO, BO3MOXHO, HanOoJjee
WU3BECTHBI CaiT B  JJIEKTPOHHOM  KOMMEPLUHU
MPUMEHUBIIUN pexkoMmeHAanuu. (OCHOBBIBAsCh Ha
MOKYIIKaX M AaKTUBHOCTM Ha caiite, Amazon.com
PCKOMEHyeT KHUATH U JAPYTHE BEIIH, KOTOPhIE MOTYT
BBI3BaTh HHTEPEC.

e Netflix Takxe pexomengyer DVD, xoropsie
MOT'YT OBITh HHTEPECHBI U TIpETararoT npu3 B IM$ ms
HCCIIeIOBATENICH, KOTOPBIC MOTYT YIIYUIIUTh Ka4eCTBO
UX PCKOMEHIAITHH.

e ComuaneHBle ceTH, Takue Kak @DeicOyk,
WCTIOJNB3YIOT BapUaHTHl PEKOMEHAATENBHBIX TEXHHK
JUIS  BBIBICHUS  JIFONel, Hambonee  BEpOSTHO
TIOIXO/IAIIHX O] OTIpEIeICHUE TaK Ha3bIBAEMBIX “‘eIIe
HE CBSI3aHHBIX Jpy3ei”.

Knacrepusanus

Knacrepusanus MeHee OuYeBU]HA, HO
OKa3bIBACTCS B HE MCHEE M3BECTHBIX YIMOMUHAHUSIX.
Kak cienyer w3 Ha3BaHHSA, METOIBI KJacTepU3allUU
MBITAIOTCS TPYMITUPOBATh OONBIINE YHCIA TPEIMETOB
BMECTE B KJIACTEPHI, KOTOPBIC UMEIOT 00IIIee CXOCTBO.
TakuMm 00pa3oM, YCTaHABIMBAIOT HEPAPXHI0 U
MOPSIOK B OONBINUX WIIM TPYIHBIX U ITOHUMAaHUS
MHOXECTBaX  JIaHHBIX, W  TaKUM  CIIOCOOOM
YCTaHABJIMBAIOT HMHTEPECHBIE 3aKOHOMEPHOCTH WIIH
JIearoT HaOOp JaHHBIX 00Jiee IETKUM JIJIsl TOHUMAaHHSL.
K a10ii 0651acTH MalIMHHOTO 00YYEHUS] OTHOCSTCS:

e Google News rpynnupyer HOBOCTHbIE CTaTbH
10 Ha3BaHHIO, UCTIONB3YS TEXHUKY KIaCTepU3aAIIH.

e [louckoBeie Mexanusmbl, Takue kak Clusty,
TaK K€ IPYIIUPYIOT CBOU TOUCKOBBIC PE3YJIbTATHI.

e 3aka3yMK#d MOTYT OBITH CTPYNIIHPOBAaHBI B
CerMeHTHl  (KJacTepa) TP TOMOIIH  TEXHUKH
KJIaCTepH3alii, OCHOBAaHHBIC Ha aTpUOyTax: IIOXO],
MECTONOIOKEHHUE, TOKYIATeIbCKIE MPUBBIUKH.

Krnacrepusanus momoraet onpeaensaTb CTPYKTypy
U JaXe HepapXxuio, B OOJNBIION KOJUICKIIMH BEIIeH,
KOTOPYIO, MOXET OBITh, Ha)K€ CIOXXHO OCMBICIHUTE.
TIpeanpusTHs. MOTYT HCIIOJIB30BATh 3Ty TEXHUKY IS
OIIpe/IeIeHUs] CKPBITHIX TPYII CPEeH IMOJIb30BaTeseH,
WM Pa3yMHOH OpraHu3anyy OOJNBIION KOJIJICKITUH
JIOKYMEHTOB, HJIH ONPEAEIICHHs OOLIMX MaTTEPHOB IS
CaiTOB, UCIOJB3YS UX JIOTH.

Knaccudukarus

Monemu KIIacCU(DUKAITUH MTO3BOJISIOT
OINPENENUTE: SBISICTCS WU HET NPEAMET YacThio
ONpENEeICHHON KATeropuM WJIH €CTh JH y Hee
HeKoTophlid aTpubyr. K wmopemsm kiaccuduranuu
OTHOCATCS:

e Yahoo!, Mail, koTopsie pemiaoT SBISETCS
WIN HET BXOJIAIIee COOOIIEHNE CIIaMOM, OCHOBBIBASICh
Ha TIPEAICCTBYIONMX NHCbMax W COOOIICHHAX Ha

CraM OT TIOJIb30BaTeNiell, a TakKe XapaKTEepPHUCTHKAX
CaMHX TTHCEM.

e Google's Picasa u apyrue NmpuiIoKeHHs IUIs
yhnpaBieHuss  QoTorpadusiMH  MOTYT  ONPEICIATh
00J1acTh M300paKCHUS, COACPIKAIIYIO YCIOBEUYCCKOC
JIUIIO.

e [IporpaMMa ONTHYECKOTO pacrmo3HaBaHUS
CHMBOJIOB  KJIacCHPHUIHPYET  Maible  00IacTH
OTCKaHHPOBAHHOT'O TEKCTa Ha OTACIHHBIC CHMBOJIBI.

Knaccudukarms momoraet pemuTs BOIIPOC O TOM,
COOTBETCTBYET JI HOBBII KYCOK BBOJHBIX TaHHBIX MITH
MpeIMeT MPEeIBIAYIINM PacCMOTPEHHBIM 1abI0HaM; U
OHa YacTO HCIONB3yeTCs il Kiaccu(uKaiuu
moBeJcHUs WM mabmoHa. OHa MOXKeT OBITh
WCIOJBb30BaHA M OOHAPYKCHHS IOIO3PUTECIBLHON
CETEBOM aKTMBHOCTH WM MOIICHHHYECTBA, A TaKKe
JUTSI BEISICHEHUS TOTO, YKA3bIBAET JIM HA pa304apOBaHHe
WIM Ha YJOBJIETBOPEHHE COOOIIEHUE TMOIh30BATENS.
Kaxnas u3 stux Mopmemeil paboraer mydine, Korjaa
cHa0XeHa OOJIBIIAM KOIUIECTBOM XOPOIIUX BXOIHBIX
JAHHBIX. B HEKOTOPBIX CITy4asX, 3TH METOABI TOJKHEI
HE TOJIEKO paboTaTh Ha OOJBITNX 00bEMaX JaHHBIX, HO
JOJDKHBI ITONTyYaTh Pe3yabTaT OBICTPO, U 3TH (HaKTOPHI
JeNaloT MacIITabupyeMOCTh TTaBHOU 3amavell. OxHa
U3 OCHOBHBIX NPUYHMH HCIOIB30BaTh Mahout 31O
UMEHHO MacIITabupyeMocCTb. Heobxonnmo
OTMETHTD, YTO HET FOTOBOI'O PEIEITa, KOTOPBII MOKHO
B3AThb M MPUMEHUTh K THUIOBOM cuTyauuu. [ns
KQXJIOr0 Ciiydas HYXHO Mpo0OBaTh pasiMyHbIC
QITOPUTMBI M BXOJHBIC JaHHBIC. TOIBKO TMOHSAB CYTh

JITOPUTMOB MOXHO YCIIEITHO MIPUMEHSTH
oubnmoTeKy.

Juns  MammHHOTO  OOYYeHHsI  HCIIONBb3YIOT
pa3iuuHble  OporpaMMHbIE  MHCTPYMEHTHl  [6].

Hamubonee mpoJBHHYTHIME CIHTAIOTCS:
« TensorFlow;
* Shogun;
*io;
« Rapid Miner;
* Google Cloud ML Engine;
* Amazon Machine Learning (AML);
* NET;
* Apache Mahout;
* Microsoft Azure ML;
* SberCloud ML Space.
Bce 3Ti HHCTpYMEHTHI UMEIOT CBOM OCOOECHHOCTH.

OCHOBHBIE  OTIMYUS B NPUMEHSAEMBIX  SI3BIKAX
NIpOrpaMMUPOBAHUS u COBMECTUMOCTHU c
OIpeeICHHbIMU OlepalMOHHBIMHU CUCTEMAMH.

Kaxnplii MHCTpYMEHT NpeJHa3HauYeH [yl PELICHUs
y3KOHAIPABJIEHHBIX 33j1a4, I[03TOMY HE00XOIUMO
Oonee TOAPOOHO PACCMOTPETh HEKOTOPHIE MOAETH
00y4eHHsI HOMCKOBOT'O poOoTa.

TensorFlow - OTKpBITast  IporpamMMHas
6ubmorexa Juist MAaIIXHHOIO o0yueHwus,
paspaboranHas kommaHued Google u npumensemas
JUISL pEelIeHHsl 3a1ad IOCTPOEHHS M TPEHUPOBKH,
MO3BOJISTIONIAST 00Yy4aTh HMCKYCCTBEHHBIH HMHTEIUICKT
peLIeHUIO Pa3HbIX 3ajad. Mcnoib3yercs B MeIUIIMHE,
B YACTHOCTH, JUIs TPEAOTBPALICHUS CIIETIOTHI, TOMOTast
BpayaM CKaHUPOBaTh AUAOETHYECKYIO PETHHOIATHUIO;
CIaceHHUsl JeCOB, MHPOPMUPYS BIACTH O HPU3HAKAX
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HE3aKOHHOH BBIpYyOKM Jeca. Ha ee ocHOBe cTposiTcs
AlphaGo u Google Cloud Vision.
i0 — momennas 3oHa B IT- chepe. CymectByer

Jaxxe HoBas pacmudpoBka abOpeBMATyphl —
Input/Output. A emé 10 moxer o3nauars «Internet
Organizationy. JloMeHnHy10 30HY MOJKHO

paccMmarpuBaTh B KauecTBE MJICaJIbHOIO BapuaHTa s
CTapTanoB U MEAHA, CaWTOB Ha TEMy WHHOBALUi U
TEXHOJIOTHIA.

RapidMiner - 3TO TporpaMMHast
MHOT'OII0JIb30BaTeNbCKAs wiatpopma,
HpelCTaBIomas co00i HHTErPUPOBAHHYIO CPeTy UL
00pabOTKM MAaHHBIX B OONBIINX WH(POPMAIMOHHBIX
MaccuBax, MAIIMHHOIO  OOy4YeHHs,  TEKCTOBOM
AQHAJMTHUKH U TOCTPOSHHS IPOTHOCTHYECKHUX MOJIENIEH,
a TaKKe JUId pelieHus MHbIX 3a1a4 Data Mining.

Cepeuc Google Cloud Search mo3Bosnser Jierko
HaXOJMTh HYXHYIO s paboTbl WH(OpMauuio ¢
MOMOIIBI0 HOYTOYKa, MOOWIBHOTO TeneOoHa WIIH
riaHmera. [IoMck BBIMOJHAETCS 110 KOPIOPATHBHOMY
KOHTEHTy B cepBucax Google Workspace wim B
CTOPOHHUX HMCTOYHHKAX NAaHHBIX, MPEJOCTaBIISIEMBIX
kommanueit Google Habop 00a4YHBIX CIyX0, KOTOPBIE
BBINIOJIHSIIOTCS Ha TOW jke camMoi HHQpacTpykType,
koropyto Google ucmonb3yer mis CBOMX MPOAYKTOB,
NpeJHa3HAYeHHBIX I KOHEYHBIX MOTpeOuTeNeH,
takux kak Google Search u YouTube.

Amazon Machine Learning (AML) - »5t10
30HTUYHBIA TEPMUH, OOBEIUHSIOMINI pa3IUYHbIC
obnaynble MIAT(GOpPMBI, pEIIAoNHe OOJIBIIUHCTBO

UHOPACTPYKTYPHBIX 3aj1ad, BKJIIOYAs
MpeIBapUTENFHYI0 00pabOTKy HAaHHBIX, OOydeHHE U
OLCHKY MoOJeJedl ¢  JaJbHEHIIUM  CO3JaHUEM

nporHo3oB. Camasl pacmpocTpaHEeHHass B —MHpE
obnaunas miaarpopma Amazon Web Services (AWS)
MO/IIEPXKUBACT JTIOO0T0 Ha KaXIOM 3Tare mepexona K
HCITIOTF30BAHUI0 MAIIMHHOTO OOYYCHHUsI C ITOMOIIIBIO
CcaMoro  yHHBEpCalbHOrO  Habopa  CEepBHUCOB
HCKYCCTBEHHOT'O HHTEJUIEKTa H MAITHHHOTO O0yJeHHS,
HHOPACTPYKTYPBI 1 PECYPCOB ISl BHEIPCHHUSL.

Mahout - »T0 Opensource GuGnuOTEKA IS
MaIIMHHOTO 00y4yeHuss or Apache. Asroputmsl,
KOTOphIe OMONHOTEKa pealu3yeT, B COBOKYIHOCTH
MOXKHO Ha3BaTh MAlIMHHBIM OOyYEHHEM WM JaKe
KOJUIEKTUBHBIM HMHTEIUIEKTOM. DTO MOXET O3HAa4aTbh
MHOTO€, HO B HACTOSIINH MOMEHT 3TO O3HAa4aeT B

MEPBYI0  OYepelb PEKOMCHIATCIBHBIC  CHCTEMBI
(xomnmaboparuBHast (QUIBTpaIUs), KIACTEPU3AMUIO W
KJIaCCU(UKAIIHIO.

Mahout copepXHuT psii MOJeNeld U aaropuTMOB,
MHOT'HE W3 KOTOPBIX B HACTOSIIEE BPEMs BCE €Ie B
pa3paboTke WM dKCIepuMeHTaIbHON (aze. Ha stom
PaHHEM JOTaII€ XU3HU IMPOCKTA, TPHU KIIFOYCBBIC TEMBbI
HanOolee 3aMETHBI: PEKOMEHAATEILHBIC CHCTEMBI

(xommaboparvBHas (UIBTpaIUsA), KiIacTepu3amus |
knaccudukanus. OTO Aaleko HE BCE, YTO €CTh B
Mahout, HO 3TH TeMBI HanboJIee 3pUMbIC U 3penbic. B
Teopur Mahout — 3TO TPOEKT, OTKPBITHIA I
peanu3anuu JFOOOTO0 BUAA MOJCICH MAIIMHHOTO
o0yucHHS.
BoiBobI (SUmmary)

Hcnonb3oBaHHe  MAlIMHHOTO  OOy4YeHUS B
Pa3IHYHBIX 00JACTSIX YEIIOBEYECKOW ACATEIbHOCTH, B
TOM YHCIIE: METUIHMHE (IPEIOTBPAIICHUE CIICTOTH),
OusHece (ananmze TTOBEACHHMS KJINCHTOB,
MIPOTHO3UPOBAHUH TEH/ICHIIUH NBIKSHUS 1ICH, OLICHKE
PUCKOB W  MHOTOM  Jpyrom), OdKojorum  (
MPEIOTBPAICHUE BBHIPYOKH JICCOB) IO3BOJIUT PEIIUTH
MHOTHE TIPOOJIEMBI, CBSI3aHHBIC C BBDKUBAHHEM
YeJI0BeUeCTBa.
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Summary. The relevance of the work is due to the widespread use of deep learning in various fields of
science, technology, and human activity. The article describes the characteristics of deep learning, the process of
formation of deep learning, promising areas of use of deep learning.
AHHOTAIHUsA. AKTyaJbHOCTh pabOTHl 00YCJIOBJICHA IMUPOKHUM HCIONB30BAaHHEM TIYOOKOTO OOydYeHHsS B
Ppa3IMIHbIX C(bepax HAaYKH, TCXHUKH, YeJI0BEUECKOM JACATCIIBHOCTH. B cratpe JACTCA XapaKTCPUCTHKA FJ'Iy6I/IHHOFO

oOy4eHwus,
TIIyOWHHOTO OOYYICHUS.

mporecc (GOPMHUPOBAaHUS TIIYOMHHOTO OOydYeHus,

NEPCIICKTUBHBIC 00J1aCTH  HCIIOJIb30BaHUS

Keyword. Artificial intelligence, artificial neural networks, deep learning.
Knioueswie cnosa. HCKyCCM@@HHblﬁ UHmMeJllleKm, UCK)YCCme€eHHble HeﬁpOHHble cemu, 2/1)/601(06 06ylleHu€.

Bgenenue (Introduction)

I'nmybokoe oOydeHHE — 3TO pPa3HOBHIHOCTH
MaIIMHHOrO OOy4YeHUs Ha OCHOBE HCKYCCTBEHHBIX
HelipoHHBIX ceTeld. [Ipomecc oOydeHHs Ha3bIBaeTCs
rIyOOKMM, Tak Kak CTPYKTypa HCKYCCTBEHHBIX
HEWPOHHBIX CEeTeH COCTOMT M3 HECKOJIBKMX BXOJHBIX,
BBIXOHBIX M CKPBITHIX clloeB. Kaskaplii 110l conepxut

€IMHMIBI, MpeoOpa3ylolnue BXOAHBIC JaHHBIE B
CBEJCHUS, KOTOpbIE CIEAYIOIUNA CIOH  MOMKET
UCIIOIb30BaTh ISt OIpeJieIeHHON 3ajaun

nporHosupoBanus [1]. bmaromaps 3Toit cTpykType
KOMITBIOTED  MOXET  00ydarbcsi C  TIOMOIIBIO
coOcTBeHHON  00paboTku nmaHHbIX. Kak dacTh
KOHIIETIIIMM HCKycCTBeHHOro wmHresmiekta (MU),
riryookoe O0Oy4eHHe JIeXKHT B OCHOBE pPa3IMYHBIX
MHHOBAIUH: OecnnIOTHBIC aBTOMOOMIIH,
pacrio3HaBaHHe Toloca, m300paxeHus u T.4.. B 2016
roxy kommnanus Grand View Research (GVR) onernna
TI00ANBHBIA  PBIHOK TIyOOKOro oOydeHust B 272
Musumona fosutapoB CIIA. Ero 3HauntenbHas 4yacTh
(20%) npuHamIeKaNa  aBHANMOHHO-KOCMHUYECKOU
1 oboponHoi npombinuieHHOCTH. C 2014 TOma PHIHOK
rIyOOKOro 0OydYeHHs IEMOHCTPUPYET HENMpPEePBHIBHBIN
poct. B mocnennem otuere GVR roBoOpuTCA, UTO
K KoHITy 2025 roma 3ToT peHOK gocturHeT 10,2 mMipx
nomnapoB [2], [3]. UTo ke mpHUBEIIo K CTOIb 3aMETHOMY
pocty peiHKa? OTBET JIEKHUT B HAOOpE NPEUMYILECTB,
MIPE0CTaBIIIEMbIX TEXHOJIOTHEl TiTy00Koro o0y4yeHus!.
MeTtoas! n MmaTepuainl (Methods and
Materials)

[nybokoe oOydueHHWE Kak METOX MPEInojaracT
orpe/iesieHHY0 (OpMY HCKYCCTBEHHBIX HEHPOHHBIX
ceteit (MHC), koTopble cHavaia He0OXOAMMO 00yIUTh
Ha mpuMepax naHHbIX. OOydennyro NMHC moxHO
INPUMEHATh JUI1  BBIITOJHEHHS COOTBETCTBYIOLIMX

3anay. Ilpumenenune oOyudenHoir MHC HaszwpiBaeTcs
«BBIMIOJIHEHUEM JIOTMYECKHX BBIBOJOB». Bo Bpems
BBINMOJIHEHHUs Jioruueckux BbIBonoB MHC Bblmaer
pe3ynbTaThl aHauW3a [AaHHBIX B COOTBETCTBUH C
3ay4eHHBIMU INpaBmiiamu. Hampumep, 3T0 MOKET OBITh
OLIEHKAa TOTO, COJCPXHT BBEICHHOEC H300pakeHUe
HEHUCTIPaBHBIN WM HOPMAJBHBIH OOBEKT.

[Ipomecc TMy0OKOrO MAIMIMHHOTO OOyYCHHS
COCTOUT W3 JIByX OCHOBHBIX JTaloB: OOy4YEHHS
u popmupoBanre BbeBOOB [4]. Pa3y oOyueHus
ClIleyeT paccMaTpuBaTh KaKk METOJ MapKHPOBKHU
OosiplIMX ~ O0BEMOB  J@HHBIX U ONpelelieHne
UX COOTBETCTBYIOUINX  xapakrepuctuk. Cucrema
CPaBHMBACT 3TH XapaKTEePUCTHKH W 3allOMUHAET X,
YTOOBI ClleNaTh TIPABWIIBHBIC BBIBOIBI, KOT/Ia OHA
CTOJIKHETCS C MOJOOHBIMH JaHHBIMH B CIICAYIOIIHI
pas.

Ipomecc  rmyOoKOTO
cleyromue ransl [5]:

WHC 3anator HaOOp IBOWYHBIX BOIIPOCOB B BUJIE
Ja/Her.

W3BneueHne 4YHCIOBBIX 3HAYEHHH U3 OJIOKOB
JIAHHBIX.

Knaccugpukanus JTaHHBIX
C TIOJTy4YE€HHBIMH OTBETaMH.

MapkupoBaHue JaHHBIX.

BoBpems ¢a3pl  (popMHpPOBaHUS  BBIBOJOB,
CHCTEMA JIeNaeT ONpEEICHHbIE 3aKIIIOYEHNUs, a 3aTeM
MapKUpYeT HOBbIE HEU3YUEHHbIE JaHHbIE, UCIOJB3YS
e€ mpenplayle 3HaHMUS. YK€ OTMEYanoch, 4YTO
riryookoe oOyueHHe HEHPOHHBIX CEeTed — 3TO THII
TpaJUIIMOHHOTO  MamuHHOrOo  oOyueHus. Certn
TIyOOKOT0 O0y4YeHHS HYKJIAI0TCS B OONBIINX 00beMax
HEMapKUPOBAaHHBIX JTAHHBIX, YTOOBI CAENAaTh TOYHBIE
BBIBOZIBI, KpOME TOTO TIIyOOKOe oOydeHue Tpedyer

06y‘16HI/IH BKJIHOYACT

B COOTBCTCTBUU
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BBICOKOTIPOM3BOJUTEIEHOE obopynoBaHue u
3HAYUTEIBHO Oonbliee Bpemst uis oOydeHHUs [6].
Konuenuus riryookoro o0yueHHs IIoIpa3yMeBaeT, YTo
MallMHa caMa Co3JaeT CBOM (YHKIMOHAIbHBIC
BO3MOXKHOCTH, JIO T€X MOp MOKa 3TO BO3MOXKHO.

I'nmybokoe oOy4deHue crnocoOHO T'€HEPUPOBATH
HOBBIE (DYHKIIMM U3 OTPaHUYEHHOr0 Habopa (QYHKIIHH,
pacToiOKeHHBIX B Habope  y4eOHBIX  JTaHHBIX.
ITosTomy anropuTmbl TIIyOOKOTO OOyYEHHS MOTYT
CO371aBaTh HOBBIC 33/1a4M AJISI pPeIleHHs TeKymuXx. Yto
9TO 3HAYUT JJIS CIICIHANHCTOB B 00JacTu 0OpaboTKH
TaHHBIX?

[Mockonpky TmyOMHHOE OOy4YeHHE HEUPOHHBIX
ceTeil MOXKeT co3JaBaTh pyHKINU Oe3 BMEIIaTeIbCTBA
YeJoBeKa, CHEeLMATNCThl B JaHHOH 00JAacTH CMOTYT
COKOHOMHTH MHOT'O BPEMEHH IIpH padboTe ¢ OONbIIMMU
JAHHBIMH, OINHUpasCh Ha ATy TEXHOJOTHIO. OTO
MO3BOJISIET MM HCITIOJIB30BaTh 0oJjiee CII0KHBbIE HAOOPbI

byHKUMit 10 CPAaBHEHHIO C TPaJULUOHHBIM
NPOrpaMMHBIM  obecHedeHHeM Uil MalIWnHHOTO
o0yJdeHHS.

HekoHTponumpyemble YeJIOBEKOM METOBI

r1y6OKOro 00y4IeHUsI TO3BOJISIOT CUCTEME CTaTh YMHEE
CaMOCTOSITENIbHO U paboTaTh C HEMapKHUPOBAHHBIMHU
JMAHHBIMH, a MallHHHOEC OOydYeHHE paboTaeT TOIBKO
C MapKUpPOBAaHHBIMHU JTaHHBIMH. Crioco6HOCTh
OMpeneNaTh Hanboyee BaXKHbIC (DYHKIIMHM IO3BOJISICT
riiyookoMy 00yueHHIO 3()()EKTUBHO MPEIOCTABIIATH

CIELUAJIUCTaM TOYHBI ¥ HaJEXKHBIA  pe3ysbTar
aHayim3a.

IMpomecc  rmybokoro  oOy4eHHS  OCHOBaH
Ha aHaNH3e OoupIInX 00beMOB JJAHHBIX.

Ho noTokoBble BXOAHBIE J@HHBIE TPEJOCTABISIOT
MaJo BpeMEHH i1 obecredeHUs 3SPPEKTHBHOTO
npouecca obydeHns. Bor mouemy crenmanucram
NPUXOIUTCS  aJanTHpOBaTh  CBOM  aJTOPUTMBI
ri1yOOKOro 00y4eHusi, YTOObI HEHPOHHBIC CETH MOTJIH
oOpabaTbiBaTh OoJybliie OOBEMBI  HENPEPHIBHBIX
BXOJIHBIX JaHHBIX.

Eme ogHa CIOXKHOCTH TEXHOJIOTHH TJ1yOOKOTO
00ydeHHs 3aKJIIoYaeTcsi B TOM, YTO OHa HE MOXET
NPEAOCTaBUTh  HPUYMHBI W apTyMEHTHI ~ CBOMX
3aKJFOUCHHUH. B ortimume OT TPaJUINOHHOTO
MAalIMHHOTO OOY4YeHHMs, BBl HE CMOXKETE IIPOBEPHUTH
ITOPUTM M y3HaTh, IIOYEMY Ballla CHCTEMa pEIIna,
YTO, HalpuMep, Ha KapTUHKE H300pakeHa KOIIKa,
a He cobaka. UToOBI HCIPaBUTh OLUIMOKH B aJITOPUTMAax
rIyOMHHOTO OOYYeHHUs, HYXHO IEepeCMOTpPETh BECh
AITOPUTM.

I'mybunnoe obydeHne — JIOCTaTOYHO
pecypcoemkas TexHonorus. OnHa TpebOyer Ooiee
MOILHBIX rpaduIecKux IIPOLIECCOPOB,
BBICOKOIIPOU3BOJIUTENBHBIX ~ BHJCOKApPT, OOJBIIOrO
o0beMa nmamsITH Jutst 00y4eHus Mojene u 1. 1. Kpome
TOTO0, 3TOM TEXHOJIOTMH TpeOyercsi OojblIe BPEeMEHH
Uit o0y4deHUs 0 CPaBHEHHMIO  C TPaAMIMOHHBIM
MAaIIMHHBIM 00y4YeHUEM.

HecMoTps HaBce HENOCTAaTKH, YIy4IIEHHBIE
METOIbl TJYyOMHHOTO OOYYEHHsI OTKPBIBAIOT HOBBIE
BO3MOXXHOCTH ISl 3P(GEKTUBHOTO aHAIM3a OOJBIITUX
00bEMOB HECTPYKTYPHPOBAaHHBIX JaHHBIX. Komnanuwy,
HCIIONB3YIONTHE TITy00Koe 00ydeHue B CBOMX 3a/1a4ax,

CMOI'YT TIONy4uTb Oojiee TOYHBIE PE3YJIBTATHI
AQHAJIUTUKK 0e3 HEeoOXOIUMOCTH TpaTUTh MHOI'O
BpEMEHH Ha 00Y4YEHHE CHCTEMBI.

B cthepe mamuHHOTO 3peHus rirydokoe o0ydeHHe
MIpeCTaBIsieT CO00H 0COOEHHO YacTO MCIONB3yEeMBbIi
METOJI pelleHHs ITUPOKOro Kpyra 3anad. K Hanbomnee
pacrpocTpaHeHHBIM  3ajadaM Uil TJIyOOKOro
OOy4eHHUs] B TEXHOJIOTHAX BH3YAIM3aLM OTHOCSTCS
aHamM3 W300paKeHWH B IENMsIX KIACCHPHUKAINH U
CerMEHTALMK CoJeprKalelics Ha HHUX HHGOpMAaluH.
Knaccudukanus HN300pakeHIH TpeIonaraet
OIIpeNleNIeHNe KJIACCOB OOBEKTOB Ha H300paKEHUSX,
Harpumep, Ul OTHeNeHUs Ne(eKTHBIX KOMIIOHCHTOB
oT 0e31eeKTHBIX U MX COPTHPOBKM HMX IO Pa3HBIM
TUIaM J1e(eKTOB WJIM pPACIPENENeHNs] OTITYCKHBIX

n300paxeHuH 0  pa3lU4HbIM KaTeropHusM.
CermeHTanus N300paKeHUH IIpeaIoaraet
OIpesieIeHHEe  Kjacca  KaXAOro M3  IHKceneil
N300paKeHHS. Takoit TIOZX O MIO3BOJISIET

UAECHTH(OUIMPOBATh HECKOJIBKO PA3IMYHBIX OOBEKTOB
Ha M300paXCHUH, HAIIPUMED, ONPEACIATh Pa3INIHbIC
BUABl (PYKTOB B KOpP3WHE WM pPAacHO3HAaBATh
yKa3aTeld, JOpOXKHBIE 3HAKM M JIIOAEH B
TPaHCIIOPTHOM TMoToKe. [1myOokoe oOydueHHE Takxke
UCIIONIb3YeTCsl Ha dTane oOpabOTKH M ONTHMHU3ALUH
U300paKeHUH, Hampumep, AN yJaJleHHUs IIyMa WU

KOMIIGHCAIlUM  MCKAXEHUH,  XapaKTepHBIX Ul
Pa3TUYHBIX 0OBEKTUBOB.
BriBoabl (Summary)
B HacTosIee BpeMs c pa3BUTHEM

HUCKYCCTBEHHOIO MHTEJUIEKTa B MUPE CBSI3aHbBI camble
panyXHble OXHIaHUS, B TOM 4YHCIE KaK C YacTbIO
KOHIICTIIINY NCKYCCTBEHHOI'0 MHTEIUIEKTa — ITyOOKOT0
oOyuenus. brmaromapst CTpyKType HCKYCCTBEHHOM
HEHPOHHOHI ceTH TriIyOokoe oOydeHHe MpeKpacHO
CIpaBsIeTCs € IIOMCKOM  3aKOHOMEpPHOCTEH B
HECTPYKTYpPUPOBAHHBIX  JIaHHBIX,  TaKUX KaK
n300paxkeHus, 3ByK, BUACO U TeKCT. [1o aToi mpuunHe
riryookoe o0yueHue BEJICT K OBICTPBIM
peoOpa3oBaHUsAM B PA3JIMYHBIX OTPACISIX S9KOHOMUKH,
BKJIIOYAsg  3/paBOOXPAaHEHHE, DIIEKTPOIHEPTEeTUKY,
(¢GUHAHCEI W TpPaHCHOPT. OTH OTpPacid Temepb
peOpraHu3yIOT TPAAUIINOHHBIC OU3HEC-TIPOLIECCHI.
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OU3NKO-XUMHNYECKHUE XAPAKTEPUCTUKHA HAHOKPEMHE3EMA N
MHUKPOKPEMHE3EMA SIO2

V.V. Potapov?!, D.S. Gorev?, A.A. Cerdan®

PHYSICAL AND CHEMICAL CHARACTERISTICS OF NANOSILICA AND MICROSILICA SIO:
DOI: 10.31618/ESSA.2782-1994.2023.2.90.370

B cratbe MPUBEACHBI PE3YJIbTAThl UCCIICAOBaHUA (1)H3I/IKO-XI/IMI/I‘ICCKI/IX XapaKTCPUCTUK pa3IMYHbIX BUIOB
J1I00aBOK /1151 OCTOHOB: TIOPOIIIOK U 30JIb HAHOKPEMHE3EMa, TMOJTyYCHHBIC HAa OCHOBE THIPOTEPMAIILHOTO PACTBOPA,
¥ MHKpOKpeMHe3EéM. MccrenoBaHus MpoBeieHbI C MOMOLIBI0 METO/IOB JIa3epHON AU(PaKIMU, TUHAMHYECKOTO
CBETOpacCesiHUs, PEHTTeHO(A30BOr0 aHajIM3a M 3JIEKTPOHHOW MHKpockonuu. OmnpeseneHbl CpeAHUE pa3Mepsl
YacTHUI] HAHO- U MHKpPOKpeMHe3ema, aMopdHas CTPYKTypa, COAep)KaHue IpuMmeced B oOpasmax. Ha ocHoBe
TMOJYYCHHBIX TaHHBIX CACJIaH BBIBOI O 60.]'[66 BBICOKOI aKTUBHOCTH HaHOKPEMHE3EMa ITPU MOBBINICHUU TPOYHOCTHU
OeToHa. PeSynLTaTBI XUMHUYCCKOIr0 aHajrM3a HAaHOKpPEMHE3CMa W MHUKPOKPEMHE3CMa IIOKa3ajnd BbICOKOC
comepxkanne SiOz (94,59%) B HaHOKpeMHe3eMe, 4YTO mpeBblmaer coxepxanue SiOz (84,12%) B
MHUKpokpemHe3eme. [1o pesynbTaram peHTrenodaszoBoro aHanuza SiOz B HAHOKpEMHE3eMe TPUCYTCTBYET TOJIBKO
B aMop(HOii popme, B MUKpokpeMHeseme SiO; comepxutes kak B Kpuctayumnueckoi (1,81%), Tak u B amopdHOit
dopme (10 83%). KommuectBo amopdHOit popmbl SiO; B 3HAUUTEIBHOM CTEIIEHH ONPEAENAeT aKTHBHOE ICHCTBUE
MynoJIaHOBBIX ,Il06aBOI(. BLICOI(YIO AKTHUBHOCTb HAHOKPCEMHE3C€Ma B HE arperupoBaHHOM COCTOSAHUU CTOUT
O0XHUAaTbh MNPpHU HCIOJB30BaAaHMMU B Kad€CTBEC )106a131<1/1 B OeTOH 30 HaHOKpEMHE3EMA. Kak mokasan METO
JAUHaAMHUYECKOI'0 CBETOPACCECAHUA Pa3MEpPbl YaCTHUIl B 30JIC HAHOKPEMHE3E€Ma CYHICCTBCHHO MCHBIIC, YE€M B
MOPOIIKE MUKPOKPEMHE3EMA.

Results of researching physical and chemical characteristics of different additions to concrete are presented
in paper: powder and sol of nanosilica obtaining from hydrothermal solution and microsilica. Methods of laser
diffraction, dynamic light scattering, X-Ray analysis and electron microscopy were used for reseachings. Sizes of
nanosilica and microsilica particles, amorphous structure, impurities concentrations in samples were determined.
On the base of these data conclusion was made that nanosilica have more high activity for rising concrete
compressive strength than microsilica. Results of chemical analyse of nanosilica and microsilica revealed high
SiO; content (94,59%) in nanosilica that is more than SiO- content in microsilica (84,12%). We obtained by X-
Ray analyse that includs SiO; in amorphous form only. Microsilica includes SiO in amorphous (up to 83%) and
crystal form (1,81%). It is known, that one of the main factor of activity of puzzolanic additions is SiO- content in
amorphous form. High activity of nanosilica in nonaggregated condition will be if nanosilica sol used as addition
to concrete. By method of dynamic light scattering it was established that particles sizes in nanosilica sol less than
in microsilica powder.

Knouesvie crosa: HanokpemHnezem, MUKDOKpeMHE3eM, pA3Mepbl 4Yacmuy, cooepicanue npumecel, amopgas

CMpYyKmypa.
Key words: nanosilica, microsilica, particles sizes, impurities consentration, amorphous structure.

BBenenne. Hanouactunet  SiO; ¢ BBICOKOH  ymenbHON
B cTpouTenbHOi MHAYCTpUU B HACTOALLEE BpeMsl  MOBEPXHOCTbIO MOTYT CYUIECTBEHHO BJIMSTH Ha
NpUMEHsieTCsT Ha0op MeTonoB HaHoTexHojoruit [1].  mommbunupoBanue OGeroHOB. JIpyroit aKkTHUBHOM
Pa3BuBaercs mMoaXxoJ] MO HANPABIEHHOMY U3MEHEHUI0  MOAM(PHUIMPYIOMIEH T00aBKOW sl OETOHOB SBIISETCS
CTPYKTYpbl 0€TOHa BBOJOM HAHOYACTHI] Pa3IUYHOTO  MHUKPOKPEMHE3EM.
XUMHUYECKOTO COCTaBa v (POPMEL. B OompImuHCTBE CllydaeB MHKPOKpPEMHE3EM
YTOYHUIMCH JaHHBIE O CKOPOCTH 00pa3oBaHUSA U MPOU3BOJISAT BBICOKOTEMITEPATYPHBIM 00KHUTOM

CTPYKTYpE r'elisi THAPATOB CUIIMKATA KaJIbLIUS, BKIFOUAs
pasMepbl COCTABIIAIOIINX CTPYKTYPBI, €€ IUIOTHOCTD,
tdopmy. Jlob6aBka amopdHOro KpemHe3eMa BIUSIET Ha
CKOPOCTh 00pa30BaHus THPATOB CHUIIMKATA KAIBIHS U
UX  CTEXHOMETPHIO  Onarojaps  MyIIIOJaHOBOMN
peakuuu: SiO; + CaO+H,0—Ca0-SiOz'H>0.

KpeMHecoepskamiero ceipbs (heppocwmiis) [2]. B
COCTaB OTXOAAIINX I'a30B BXOJAUT OKCHUJI KPEMHU. HpI/I
ero OKHCICHMH W KOHJACHcaluH  obpasyercs
TOHKO/MCIIEPCHBII  MOpOWIOK.  Bombmias — vacte
Marepuana uMeeT amopdHyro crpyktypy. CpemHuid
pa3Mep YacTHI[ MHKPOKpPEMHE3eMa HaxXOAUTCS B
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npenenax 0,1-0,2 mxMm, uro mpumepno B 100 pa3
MEHBIIIE pa3Mepa IIEMEHTHBIX 3€PEeH.

OnHo u3 OCHOBHBIX NPUMEHEHNH
MUKPOKpPEMHE3eMa B CTPOHUTENBCTBE — MPOU3BOJCTBO
0GETOHOB C MOBBIIMIEHHOW NPOYHOCTHIO. IloBBINIEHHE
INPOYHOCTH  JOCTUraeTrcs 3a CYeT IOBBIIICHUS
IUIOTHOCTH LIEMEHTHOI' 0 PacTBOPA, 3aII0JIHEHHSI IIyCTOT
THIpaTaMH CUJIMKATa KaJIbIHA, yIyqIIICHUS KOHTAKTa C
TIOBEPXHOCTBIO 3amoaHuTeNs [3-4].

W3BecTHBI OCHOBHBIE (HOPMBI MHKPOKpPEMHE3EMa:
HEYIJIOTHEHHBIH, YIUIOTHEHHBIA U TPaHyIMpPOBaHHBIM.
TexHomorus BBOJAa MHUKPOKPEMHE3eMa MOXKET OBITh
CyXOH ¥ MOKpO# (B BHI€ CYCIICH3HH).

Kpome mpouHocTm mpu cxatuum  OeTOHA
MUKPOKPEMHE3eM  IOBBIIAET  MOPO30CTOMKOCTH,
BOJIOHEIIPOHHIIAEMOCTD, Cynb(haTOCTONKOCTB,
KOPPO3MOHHYIO  CTOHKOCTb, U  JOJTOBEYHOCTH
OGETOHHBIX U3ACTIHH.

MUKpOKpeMHE3eM Halllesl ITMPOKHUE TPUMEHEHUS
B CTPOWTENBbCTBE BBICOTHBIX 3IaHUH, TyHHEJEH,
MocToB, OypoBrIX taTdopM B Espomne, CILIA, Kanane
U IIHPOKO B MHPE.

CoBmecTHOE pUMEHEHHE
CynepIuiacTU(huKaTopoB u MHKPOKpEMHe3eMa
OTKPBLIO JOIIOJITHUTECIIBHBIC BO3MOXXHOCTH 1o
CO3MaHUI0 HOBBIX MapOK OETOHA C  OCOOBIMH

KOHCTPYKIIMOHHBIMH XapakTepHCTHKaMH [5].

B Ttabmune 1 mnpuBeneHsl 00BEMBI HMIIOPTA,
MPOU3BOJICTBA U MOTPEOJICHUS JJIsl Pa3IHUHBIX (HOpM
amop¢pHOro kpemHesema Ha pbiHKe PO B 2017 1.,
BKJIIOYasi MHKPOKpeMHe3eM (TPOM3BOJACTBO B Tabm. 1
HE YYWTHIBACT MHKPOKPEMHE3EM, IOJy4aeMbli Ha
OCHOBe (heppocHTHIINs).

Tadonmuua 1. O0beMbl NpoAaXK Pa3JIMYHBIX
BHAOB aMOp¢HOro [MOKCHAA KpeMHHS Ha
poccuiickoM pbiHke B 2017 1.

B uncine xommanmii, koropsie B 2017 T.
nmpuodperanu Ha poccuiickoMm PBIHKE
MHUKpPOKpPEMHE3eM, B OCHOBHOM B KaueCTBe JI00aBKH B
6eton u OeronHble wuznenus, OOO «HoruHckuit
KOMOWHAT CTpOHTENBHBIX cMecei», OO0 «BACD
Crpourensabie MaTepuainsl»y, OAO «IlepBoypanbckuit
JIMHACOBBIH 3aBoj1», OO0 «Kepamur [6].

Amop¢Has CTPYKTYpa MHKPOKpEMHE3eMa
Ipefonpenesier ero ObIcTpoe B3aWMOICHCTBHE C
Ca(OH). ¢ obpa3oBaHHEM THAPOCHIMKATOB KAaJbIIHSA
(I'CK). Pa3zmepbl THAPOCUINKATOB KaJIbIIs HAXOATCS
B KOJIJIOMTHOM Jrara3oHe 3HAYCHUH.
lunpocunukaTHass  B3BECh  MMEET TNPH  OTOM
CyOMHKDPOTEIEBYI0 CTPYKTYpY, BSI3KOCTh KOTOPOIt
JIOCTAaTOYHO Majia, YTOOBI MPOUCXOMMIO Pa3MELICHHUE
pearupyromux dacTuil 0e3 OCaXICHHS B MOpax
LEMEHTHOI0 MaTepHana 1 Ha TPaHULE C 3aII0JTHUTENIEM
[71.

Lenbro naHHOM paboTh! OBLIO CpaBHEHME (PU3HKO-
XUMHMUYECKUX XapaKTepPUCTHK HAHOKpPEMHE3eMa U
MUKPOKpPEMHE3E€Ma C LENbI0 OLEHKH UX BIUSHHS Ha
CTPYKTYPY M XapaKTepUCTHKH OETOHA.

Matepuainsl 1 METOJBL.

OO0pasmpl 307iell W MOPOIIKOB HAHOKpPEMHE3eMa
MOTy4aJld Ha OCHOBE THAPOTEPMAILHOTO pPacTBOpa 110

27
TEXHOJIOTUH MpeaCcTaBIeHHON B. OO6pasibl
MHUKpPOKpEMHE3eMa (93011 HCIOJIb30BaHBI

npousBozacTea Gpupmbl Perkin Elmer.

OmnpeneneHue pacrpeesIeHUs] arperaTroB 4acTHIL
MIOPOIIKOB KpEeMHE3eMa 10 pa3MepaM MPOU3BOAUIOCH
Ha mnpubope Analysette 22 ¢ U3MEPUTCIHLHBIM
nuanazonoM 0,3-300 mxwm.

st yactun ¢ pasmepamu MeHee 0,3 MKM B 301X
KpeMHe3eMa npuMeHsu npudop ZetaPlus. ZetaPlus —
ABTOMATHYECKUI TpuOOp, TperHa3HAUYECHHBIH I
paboTBl C CYCHEH3WSIMH YacTHIl WIH PacTBOPAMH
MakpoMoliekyn. B cucreme ZetaPlus wmcmonmp3yercs
Ja3epHBIA JTyd, KOTOPBIA MPOXOJUT depe3 oOpaser B
KIOBETEe, TI/€  HaxoAiTcs  JBa  DIIEKTPoAa,
oOecnieunBarone  dyekTpudeckoe mone.  Cer,
pacceuBaeMBIii 4yacTUIIAMM, HMeEET JAOILICPOBCKOE
CMEIl[eHHEe, TIOCKOJIBKY pacCEMBAIOIIME YaCTHIIBI
JBIDKYTCA B DJIEKTPUYIECKOM TIOJIE.

JudpaxrorpaMMbl  TOCTPOEHBI €
mudpakromerpa ARL X'tra (I1IBeimapus).

Ckanupyronuii  mukpockon Quanta 200 ¢
MPUCTABKOM st snemeHTHoro anaimza Apollo 40
MIPUMEHSIA Ul M3YYEHHS CTPYKTYpHl 00pas3loB U
OIIPEAEIECHNS UX XUMHYECKOTO COCTaBa.

Pe3ynbTathl HccnenoBaHU.

Ha puc. 1, 2 mnpeacraBieHsl pe3ynbTaThl
OTIpeNieNIeHUs] PACHpeeNICHUs. arperaroB 4acTHIl I10
pasmepam 00pa3nos HaHOKpeMHe3EMa "
MUKpPOKpEMHE3EMaA.

Jlnst oOpasua nopoika HaHokpeMmHe3éma (puc. 1)
MaKCUMaJIbHBIA pazMep yacTtul coctaBui 120 mxm. U3
TIPUBE/ICHHOW THUCTOTPaMMBbl PACHpEACICHHUs YacTHUI]
10 pa3MepaM cJeyeT, YTO OCHOBHAs Macca YacTHIL
npencTaBieHa ¢pakmueit ¢ pasmepamu 20 - 50 MKM.

[ oOpasia mopomka MHKpOKpeMHe3éMa (pHc.
2) MakcUMaibHBIN pasmep wacturn — 20 mxMm. U3
MPUBEICHHOW THCTOTPAMMBI PACHpPENeNCHUs YacTHI]
[0 pa3MepaM CIeAyeT, YTO OCHOBHAs Macca YacTHI]
npescTaBieHa ¢pakuueil ¢ pasmepamu 2 — 10 MKM.

Pucynox 1. Pacipenenenue 9acTui 1mno pazmMepam
JUIA 00pasiia HaHOKpEeMHe3&EMa.

Pucynok 2. Pacnipenenenue yactun no pasmepam
JUIst 00pa3na MUKpOKpeMHe3eMa.

Ha puwc. 3 mpeacraBieHsl  pe3yibTaThl
OIIPEAEIIEHNs] CPEHero IuaMerpa dvacTui oOpasia
3oma. M3  mpuBemeHHOM — mamee  TaOmHIBl 2
pacIipeiesIeHust 4aCTHUIl 10 pa3MepaMm ClelyeT, YTo IS
JAaHHOTO o0paslla MUHHMAJBHBIA pa3Mep YacTHIl
coctaBmii 44,7 um. CpemHee 3HadeHHE AWaMeTpa
gactury 88,63 um. IlnoTHOCTH OOpasia 3ois - 1160
r/nm®, conepsxanue SiO2 B 301e - 260 r/am>,

Pucynoxk 3. Cpennmnii auametp yactui odpasua
30.1 I'B

Tabonuua 2. Pacnpeaenenne yacTuu 3015 IO
pa3mepam.

Ananmu3 conepkaHus CTekjogassl B oOpasmax
BBINOJIHSAJICS. METOJOM CPaBHEHHMs IUIOMIAAEH rajio U
pedrexcoB kprctaJumueckux ¢as o Gpopmyore:

IIOMOIIBIO

extra
V. = Shalo _ Sbckg ~ “hbckg
- - S extra

tot bckg (1)
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v S kpucramummaeckoit (1,81%), Tak u B amopduoi Gopme

rie Y- obbemmas nons crexmodassl, P49 - (10 83%). Kommdectso amopdHoit dopmbr SiO; B

njomanb noxn KPHBOMH CbOHa B npeaenax 3HAYUTEIBHOU  CTENEHH  ONpEAeNAe€T  aKTUBHOE

gé‘lt(ga 5 JICHCTBUE MYIIIOJIAHOBBIX JT00aBOK.

HHTETPUPOBAHNA, - IUIOWIA/b 10 KPUBOIi (hoHa 2. IIpumenenue 305151 KpEMHe3€eMa,

C OKCTPANOJSILUCH yd4acTka MOA Tamo (IpsMas —  ppejCTAaBIsIONIEr0 CTa0MIBHYIO BOAHYIO  (OpMY

Hauyydmiee IpuOIMkeHHe K oOmed KacarenbHOM), OTJEJIbHBIX HAHOYAaCTHII, MO3BOJIUT aKTUBHO

Siot ofmas  miomams X Teo . MomumduuupoBaTh XapakTepucTHKH OeroHa. Kak
] . PETHHCCKON  11okasanm  MeTOJ  AMHAMHYECKOTO CBETOpACCEesTHUA

PEHTIeHOTpaMMOii (TI0 pe3yabTaTaM yTO‘lHeHI/Iﬂ).U (npuGop Zeta-Sizer) pasepsi wacTH B 301e
Komriectso ~ crexnogasel, oOHapyxeHHOH B HAaHOKpEMHE3eMa CYIICCTBEHHO MeEHBIE, YeM B

MOPOIIIKE HaHOKpeMHe3eMa Obuto Ha ypoBHe 1,3 Mac.

% (cymmn xammms  CaS), B mopome MTOPOIITKE MHUKPOKpEMHE3eMa.

o Yy P

MHUKpOKpeMHe3ema- 3,2 mac. % (a-kBapma SiOz u CIHCOK JTHTepPATYPbI.

remarur  Fe;0z). B Tabmame 3 npuseneHel Sobolev K. Ferrada Gutierrez M. How

KOHIICHTpAIuH (a3 B U3yyaeMbIX Ipodax.

Ta6auna 3. AGco0THbIE KOHUEHTpauuu ¢a3
B U3y4aeMbIX Npodax.

Pucynox 4. 3aperucTpupoBaHHble
audpakTorpaMmMbl MMKpPO- (a), HAHOKpeMHe3eMa
().

PesynbraTs AIEKTPOHHOMHUKPOCKOITUIECKOTO
aHaIM3a MOPOIIKa HAaHOKPEMHEe3eMa IPEeACTaBICHBI Ha
puc. 5. MHUKpPOCKONIMYECKUN aHaIU3 IOKa3bIBaeT
HAJIMYAE SPKO BBIPAKCHHOM arjioMepanuyl YacTHUIl
HaHOKpEMHE3eMa, pa3Mephl arjiomeparoB oT 5 1o 100
MKM. ATJIOMEpaThl HMMEIOT IUIOTHYIO OJHOPOIHYIO
CTPYKTYpY.

Pucynok S. Mukpodortorpadus
HAHOKpeMHe3eMa yBejaudeHne X5000.

Ilo pesympraraM  XMMHMYECKOTO  aHalu3a
ycTaHOBIIEHO: cozepkanue SiO2 B HaHOKpeMHe3eMe
cocrasisier 94,59%, wHanuuue npuMeced B BHIE
coequHeHui copepkammx Na, Al, Si, S, Cl, Ca He
npessimaer 6% (puc. 6).

Pucynoxk 6. Pe3syabtarsl
aHAJIN32a MOPOIIKA HAHOKPEMHe3eMa.

PesynbraTs AIEKTPOHHOMHUKPOCKOITUIECKOTO
aHajM3a MOPOIIKAa MHKPOKpEMHE3eMa Mpe/ICTaBICHBI
Ha puc. 7. MUKpOCKONMYECKUN aHaIU3 IMOKa3bIBaeT
HaJn4ure mapooOpa3HbIX YACTHI] MUKPOKPEMHE3eMa C
pasmepamu ot 0,3 10 10 MKM, 1 HalM4YKe arJoMepaToB
C PBIXJIOW CTPYKTYpOHl.

XHMHYECKOIo

PucyHnox 7. Mukpodortorpadus
IIApo00pa3sHbIX  YacTHLI  MHKPOOKpPEeMHe3eMa
yBeaudeHue X5000.

I[lo  pesynpraTaM  XHMHYECKOrO  aHalM3a

yCTaHOBJICHO: cojepkanue SiO2 B MUKpOKpeMHe3eMe
cocrasisier 84,12%, Hanuuume npumeced B BHIE
coenuHeHu conepxkanux Na, Mg, Al, K, S, Cl, Ca, Fe,
Zn 10 16 % (puc. 8).

Puc. 8. Pe3yabTaTbl XMMHYECKOI0 aHaJM3a
MHKpPOKpeMHe3emMa
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1. PesynbraThl XIMHUYECKOTO aHanmm3a
HaHOKpEMHE3eMa ¥ MHKPOKpEMHe3eMa IO0Ka3alli
BBICOKOE coJiepKaHUe SiO, (94,59%) B
HaHOKPEMHe3eMe, YTO MpeBbilIaeT coaepxanue SiO;
(84,12%) B Mukpokpemueseme. [lo pesymnbraram
penTreHodaszoporo anamusa SiO; B HaHOKpeMHe3eMe
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Tabnuma 1. O0BEMBI IPOJAXK PA3IUIHBIX BHIOB
aMOp(HOTO JUOKCHAA KPEMHUS Ha POCCHICKOM PBHIHKE
B 2017 r.

Tabmuna 2. Pacmpenenenwe dYacTwil 3078 IO
pasmepam.

Tabmuma 3. AGCONIOTHBIE KOHIIEHTpanuu ¢a3 B
H3ydaeMBbIX Mpobax.

Pucynok 1. Pacipenenenne gacTui mo pazmMepam
T 00pasna HaHOKpEMHe3EMa.

Pucynok 2. Pacipenenenue yacTui no pasmMepam
JUIst 00pasnia MUKpOKpeMHe3EMa.

Pucynox 3. Cpennuii nmamerp uactui oOpasia
3oms I'B.

Pucynox 4. 3aperucTpupoBaHHbIE
IudpaKkTorpaMMbl MUKpO- (a), HaHOKpeMHe3ema (0).

Pucynok 5. Mukpodororpadus HaHOKpeMHe3eMa
yeenmaeHue X5000.
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PucyHok 6. Pe3ynbTaThl XMMHYECKOTO aHAIM3a
MOPOILIKa HAHOKPEMHE3EMa.

MHUKPOKPEMH

Pucynok 7. Mukpogororpadus mapoodpasHbIX

9acTUI] MUKpOOKpeMHe3ema yBenuueHue X5000.

€3eMa.

Pucynok 8. Pe3ynmbTaThl XHMHYECKOTO aHaIU3a

Tabnwuma 1.
O0BbeMBbI TPOAAK PA3JIMYHBIX BH/I0B AMOP(HOr0 AMOKCHIA KPEeMHHUSI HA poccHiickoM pbiHKe B 2017 1.
O0beM O0beM O0beM
Bun O0OBeM MPOM3BOIICTBA
MMIIOpTA B 9KCIIOPTA B MOTpeOICHNSI B
Kpemmesema 2017 . (rormy | BPPB2017T-(T0m) | o romm) | 2017 (romm)
OcanaCHHbI JHOKCHA 33626,1 3891,1 458,6 37058,6
KpeMmHu (Oernast caxka U T. 11.)
IIuporenHslii tokcuy,
KkpemHms (Aspocuit, Opucuin 1274,6 0 275 1247,1
HT. 1)
Crwmkaresb 16640,5 0 59,9 16580,6
MukpokpeMHe3eM 1867,2 0 11,4 1855,6
Tabnuma 2.
PacnipenesieHne 4acTHIl 30J1s1 0 pa3Mepam.
d(em) G(d) C(d) d(em) G(d) C(d) d(am) G(d) c(d)
44,7 26 5 79,8 97 40 1173 80 75
52,0 44 10 84,1 99 45 1258 70 80
57,6 58 15 88,7 100 50 136,4 58 85
62,5 70 20 93,4 99 55 151,1 44 90
67,0 80 25 98,5 97 60 1757 26 95
71,3 87 30 104,1 93 65
75,5 93 35 110,3 87 70
Tabmuma 3.
A0coJII0THBIE KOHIEHTpanuu a3 B u3yyaeMbIx mpodax.
Hassanie obpasia SiO,, Fe, 05, CaS, Crexnodasa,
Mmacc. % Macc. % Mmacc. % Mmacc. %o
MHUKpPOKpEMHE3EM 1,81 1,39 - 96,8(2)
Hanocwmxka -—- --- 1,7 98,3(2)
100 93 iy qp
30 | | 3
80 | N
70 L7
80 | ik W
50 | IR 5
40 | | 4
30 | | 3
20 | | 2
10 | L1
0 L . J - ' 0
01 05 1 5 10 50 100 500 1000
fom]

Pucynox 1. Pacnpedenenue wacmuy no pazmepam 0is 00pasya HAaHOKpeMHe3éma.
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Pucynox 2. Pacnpedenenue uacmuy no pasmepam 0Jist 00pasya MUKpoKpemMHeséma.
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Pucynok 3. Cpeonuii ouamemp uacmuy obpasya 3015 I'B.
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ITHTeHCHEHOCTE, MHCIIO OTCHUETOR B CEKYHIY
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an.0 ET w0
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ITHTEeHCHBHOCTR, THCIIO OTCUETOR B CERYHIY

non

s0n

200

2/10/2012

Pucynoxk 4. 3apecucmpuposantsie Ouppaxmozpammvl MUKPO-

mag

20
0)

HFW | det |spot
6:02:09 PM |30.00 kV| 5000 x|{11.2 mm|29.8 ym|ETD | 4.5

Pucynox 5. Muxpogomoepagus nanoxpemnesema ysenuuerue X5000.
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Kommonent macc. o, % MOJIBHAs 1011, %
NaO 02,03 01,99
Al,Os3 01,37 00,81
SiO, 94,59 95,59

SOs 00,58 00,44
Cl,O 00,99 00,69
Ca0o 00,44 00,48
24T~ P
[19.8
4.8
KCnt
9.9 -
Ca
Ca
L 0 'n:cln
s
A
"
] d o T T T T T T T T
375 8.00 12,25 16.50 20,76 25.00 29025 33.50 TS

SHeprud, B
PucyHOK 6. P€3yﬂbmambl XUMUYECKO20 aHAIU3a nOpoutKa HaHoOKpemHnesemda.

2/10/2012 HV mag WD | N | det |spot| —10 }m‘wrr
6:14:35 PM |30.00 kV[2 798 x| 11.1 mm|53.3 ym|ETD | 4.5

Pucynox 7. Muxpogomoepaghus wapoobpasuvix yacmuy mukpooxkpemuesema ygeauuerue X5000.
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Kommonenr macc. o, % MOJIBHAs 1011, %

Na,O 01,45 01,42
MgO 04,44 06,71
AlL,Os 01,10 00,66
SiO, 84,12 85,18
SO; 00,91 00,69
ClL,O0 00,35 00,24
K-0 02,74 01,77
CaO 01,34 01,46
Fe,0O3 02,14 00,82
ZnO 01,41 01,05
24,0 = i
19,2
14.4-
KTt
9.6 - Ca

Ca

K

K

°l &
4.8 5
ﬁ InZn
Fe

. Fe

F“ i 375 800 1225 16.50 2005 2500 2925 3350 3005

DHeprud, kB
PuCyHOK 8. Pe3yﬂbmambl XUMUUECKO2O0 aAHAIU3A MUKPOKpeMHe3eMd.

Caenenusi 00 aBpTopax:

Hloramos Bamum BrnagumupoBuy — g0KTOp
TEXHUYECKUX HayK, Mpod)eccop, TIaBHBI HAayYHBIH
corpynauk HUT'TI] IBO PAH

Topes Jemuc CepreeBud —  KaHIMJAT

TEXHUYECKUX HAyK, CTApUIMM HAy4HBId COTPYIHUK
HUI'TL] IBO PAH
'Hayuno-uccnenosarenbckuii

reoTeXHOJOornyeckuii  1neHtp  JlaJibHEBOCTOYHOIO
oraenenus Poccuiickoit Akagemun Hayx
2CepﬂaH AHxenb  AHXeleBHUY —  JIOKTOpP

XMMHYECKHX HaykK, mpodeccop, BeIylui HaydHBII
COTpYJIHHK, XuMnueckuii dakynprer MI'Y um. M.B.
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