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Abstract. Using emulsions with polymerized “oil” dispersed phase is the universal method to obtain containers,
filled with corresponding active agents. Particularly, spontancously emulsified Pickering emulsions oil in water can
be used in this purpose. One of the successful attempts to develop materials, combining the improved functional cha-
racteristics with high environmental friendliness and renewability, was creation of so called “self-healing” functional
materials. Its experimental samples were obtained during last 2-3 decennaries at once in several economically
developed countries. Nanocontainers which contain active substances were obtained by emulsions polymerization
formed spontancously.

Purpose of this work was to obtain submicrosized capsules which can provide self-existing reducing of friction
on the borders, coated with paints containing it. Their size, zeta-potential properties were studied by mean of photon
correlation spectroscopy. Structural-morphological propertics were studied by mean of scanning and transmission
electron microscopy. Polymerized particles size dependence on cycles of washing process and washing substance
was investigated.
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NCCJIEJOBAHUE ITOJIMMEPHU30BAHHbIX
B OBBEME SMVYJIbCHU «MACJIO B BOJE»,
COIEPKAILINUX B COCTABE AKTUBHBIN AT'EHT
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AnHoTammst. VMcnons30Banue 3MyIbCHi ¢ MOMMMEPH3YEMON «MACITHOW» AHCHEPCHOU (pazoi sBIIETCA YHH-
BEPCAIbHBIM METOAOM MNPHTOTOBJICHHA KOHTCHHEPOB, 3aNOTHCHHBIX COOTBETCTBYIOIIUMH AKTHBHBIMH ATCHTAMH.
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B vacTHOCTH, CIIOHTAHHO AMYJIBTUPOBaHHBIC [IMKEPUHT SMYJIBCHH «Maciio B BOJEY» MOTYT OBITh WCIIOJIE30BAHBI C
9Tol menbto. OOHON W3 YCMEMIHBIX TOMBITOK Pa3pabOoTKM MaTepUANIOB, COYETAIOIIMX HAPALY C YJIyYIICHHBIMU
(YHKIMOHATHHBIMY XapaKTePUCTUKAMU BBICOKYHO SKOJIOTUYHOCTh ¥ BO30OHOBIISIEMOCTh, OBIJIO CO3JJaHUE TaK Ha3bl-
BaeMbIX «CaMOBOCCTaHABJIMBAIOIIMXCS» (YHKIMOHATBHBIX MaTEpPHANIOB, dKCMEpUMEHTaNbHbIE 00pa3iibl KOTOPBIX
OBbLTM CO3/1aHbI B TEUSHHUE MOCIEAHUX 2-3 IECATUIIETHI Cpa3y B HECKOJIbKUX 3KOHOMHYECKH Pa3BUTHIX CTpaHaX.
Llenbto maHHON paboThI SABISIOCH TONyYEHUE Karcysl CyOMUKPOHHOTO pa3Mepa, KOTOpble MOTYT o0ecreunBaTh
CaMOTIPOM3BOJIbHOE CHIDKEHNE TPEHUS Ha IpaHHlax, MOKPBITHIX KpackaMu, MX cojepxamuMu. MeToloM cBOOOIHO-
panuKanbHOM MoNMMepH3alui B SMYJIbCUH, 00pa30BaHHOW CIMOHTAHHBIM 3MYJILIMPOBAHUEM, YCIIEIIHO TOJYYEHBI
Karncynbl 3-(Tpumerokcucunun) nponui Metakpunata (TIIM) ¢ rexcapeuun tpumeTtokcucunadoM (I'ITMC). Beiu
W3y4YeHbl pa3Mepbl M A3€Ta-MOTEHLUHUA] YacTHLl SMYJIbCUIl W MOCIEAYIOIINX KarcyJ METOIOM JIa3epHON Koppeis-
IUOHHOMN criekTpockomuu. CTpykTypa ¥ Mopdonorus cyOMUKpOKaricy Obljla W3ydeHa ¢ UCTOJIb30BAHUEM CKaHH-
pYIOILEH U TPaHCMHUCCUOHHOMU AJIEKTPOHHON MUKPOCKOITMH BEICOKOTO pa3pelieHus. brina nccienoBaHa 3aBUCUMOCTh
pa3MepoB MOJMMEPHU30BAHHBIX YACTHI] OT LIMKJIOB MPOMBIBKH, a TAK)Ke BEIECTBA, KOTOPHIM MTPOMBIBAJIH KarCyJIbl.

BBenenne. dyHaaMeHTaIbHOM OCOOEHHOCTBHIO TPYOBIX OMYJIbCHH «Macjiao B BOJAE» SIBIISETCS MX
TepMOJMHAMHUYECKAsT HECTaOWIBHOCTh, BbI3BaHHAs OOJIBIIUM KOJIMYECTBOM CBOOOJIHOM SHEPrHM, «Xpa-
HsLIelcs» B MexdaszHoM ciioe karesb [1]. Takas HecTaOWJIBHOCTh MPUBOJUT CUCTEMY K MUHUMU3ALUU
Mex(a3sHOH MOBEPXHOCTH MyTeM CIMAHHUS Kameib Maciia, KOTopas B KOHEYHOM WTOre MNpPUBOIWT K
MOJTHOMY Pa3/IeJIeHUIO COCTAaBNIAIOMMX KUAKUAX (a3. M3BecTHbIM crnocoOoM 3amMesyieHus] KoaneCUeHLUH
SBJIIETCS JOOABJICHUE MEJIKOJIMCTIEPCHBIX TBEPJBIX YACTHII, KOTOPhIE MOTYT BeCTU ce0sl KaK MOJICKYJIbI
[TAB, T.e. A HUX DHEPreTUYECKH BBIMOJHO CKAIJIMBATLCS HAa TpaHUIe pasjena Mmacio-Bonaa, crabu-
JIM3UPYIOUIUE SMYJILCUIO WU TeHy [1].

DTOT BUJ CTa0WIM3ALMU SMYJbCHIM B 3HAYMTEIbHOW CTENeHW WTHOPUPOBAIUCH C paHHEro oOHa-
pyxenus Pamcaerom B 1903 [2] u 6onee nmoapoOHoro onucanus B padbote [Tukepunra B 1907 roay [3], HO
MO3Ke HayaJld BbI3bIBATh MOBBIIIEHHBIH HHTEPEC HCCie0BaTeNeil.

[TukepuHr SMYJIBLCUN — 3TO AMYJIBCHH JIIOOOTO THMA, MO0 TUMA «Macyio B BoAe» (M/B), «BoAa B Mac-
sie» (B/M) WM JaXke HECKOJIbKO, CTaOWIM3MPOBaHHBIC TBEPIALIMU YacTHUIAMH BMECTO TMOBEPXHOCTHO-
aKTUBHbIX BelECTB [4-6].
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Pucynok 1 — Cxembl smynscuu [lukepunra (a),
CcTaOMIIM3UPOBAHHOMN TBEPIBIMHU YACTULIAMU U dMYJILCUH, CTAOMIIM3UPOBaHHOI Mosieky1amu [TAB (6)

[TukepUHr SMYJIbCUM SBISIOTCS TNPUBJEKATENbHBIMM, TaK Kak OHHM TNPOCTbl M HMEIOT CHJIbHOE
CXOJICTBO C XOPOIIIO U3YYSHHBIMU dMYJIbCUIMHU, CTaOUIU3upoBaHHbIMU [TAB[7].

BaxHbIMM JTOCTOMHCTBaMU 3MyJibcuii [IMKepUHra, Mo CpaBHEHHUIO C KJIACCUYECKUMHU 3MYJIbCUSIMH,
crabunmsupoBaHHbiMu [1AB, sBnsercst ux Oojee BbicOKash CTAOWMJIBHOCTb K KOAQJIECLGHUMH M HM30Tep-
MHUUYECKOM MeperoHke. DTO MO3BOJSET CTAOMJIM3UPOBATh BBICOKOKOHLIEHTPUPOBAaHHbIE CHUCTEMbI, a B
HEKOTOPBIX CyYasX Nake COXPaHATbh U BOCCTAHABIMBATb CTPYKTYPY OMYJBbCHI Jlaxke Mocjie MOJIHOro
yaaneHus aucrnepcMoHHoi cpenbl [4]. Taxoke oTmeuaeTcsi ycToiuMBOCTb 3MyJjbcHid [lukepuHra
m3MeHeHuto pH cpenpl, coctaBa mMacisHoi (as3bl U BBeneHUIO 100aBok 3nekrpoiautos [8]. [Ipu droky-
JIALIMU YaCTHUL[ MOXKET BO3HUKATh OMOJHUTENbHbIA CTAOMIM3UpYIOWUH 3¢ deKT, cBI3aHHBIH ¢ 00pa-
30BaHUEM TPEXMEPHOU resieBol CTPYKTYpbl B 00beMe dMyJibcuu [9].

OObuHO wucnosib3oBaHve [1IAB wnu apyrux craOunn3aTopoB € HH3KOM MOJIEKYJISpHOM Maccoii
SBJsieTCsT 00s3aTeNIbHbIM JUIs MPEAOTBpaLleHHUs KoalleCLeHLIMM Karejiek. TemM He MeHee, ocTaeTcs
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m30eiTok [TAB B 00pasiie, KOTOphIe TOMKHBI OBITh YJAJICHBI MOCIC CUHTE3a HAHOYACTHII, TOCKOIBKY 3TO
MOKET MOBJIHUATh U YCIOKHUTh UX MOCACAYIONICE MPUMEHCHHS, HAIPUMED, NPH (POPMUPOBAHUH TLICHKH.
K tomy ¢ xoporo u3BectHo, uto [TAB MOryT mpHBECTH K Pa3ApaKCHHIO TKAHH WM MOBPCIKICHHUIO
KJICTOK, CTaBsI MO/ BOITPOC MX UCMOJIb30BAHUE B OMOMEIUIIMHCKHUX 1eisix [10].

B orauuue ot smynbcuii, crabunuzupoBanHbix [TAB ams smynscuit [lukepunra He TpeOyeTcs
IUIOTHBIH CJIOW — CTAOWIBHBIC 3MYJIBCHU OOPasyroTcs Aaxke mpu 5%-M HOKPBHITHH MOBEPXHOCTH HacC-
taramu [11].

['maBHBIMEH TIPEUMYIIECTBAMH CHUCTEM, CTAOHTM3MPOBAHHBIMHU YACTULIAMH SIB/IIFOTCS CPABHUTCIBHO
HHU3Kas CCOCCTOUMOCTD, DKOJOTUYHOCTh U HHU3KAS TOKCHYHOCTh B BHIY HCUCIOIb30BAHUS HIIM HU3KOH
KOHICHTpaIu TPATUHOHHBIX [TAB U BBICOKOMONCKY/ISPHBIX COCAUHCHHH, YTO BBI3BIBACT OOJIBIION
HWHTEPEC 3a MOCNICAHUC ACCATHICTHS [T MPONU3BOACTBA TMOPHUIHBIX MOMUMEPHBIX YACTHUI[ H HAHOKOM-
MO3UTOB C CYNPAMOJICKY/SIPHOH KOJUIOMTHOU CTPYKTYPOH. IMYIbCHOHHAS M CYCIICH3MOUIHAS TOHME-
puzaius B dmyibcusx [IukepuHra mo3BOMMCT MOAYYaTh iMSifi YCUICHHBIC HAHOCTPYKTYPHUPOBAHHBIC
MOJIUMEPHBIC KOMITO3UThI, HCOOBIYHBIC TATCKChI U MUKPOKAIICY JTbl ¢ YHUKAJIBHBIMU CBOMCTBAMU | 12].

Hcnonb30Banne 3MyabCHE C MOJUMEPU3YEMON «MACHISIHOM» TUCHCPCHON (ha30ii SBISCTCS YHHBEP-
CalIbHBIM METOMOM TMPHUTCOTOBJCHHUS KOHTCHHEPOB, 3alOJHCHHBIX COOTBETCTBYIOIIUMH AKTHBHBIMH
arcHTamu [13, 14]. B 4acTHOCTH, CITOHTAaHHO 3MVIBIHPOBAHHBIC [IMKCPHHT SMYJIBCHH MAacio B BOJAC
MOTYT OBITh UCIIOIb30BAHBI ¢ 3TOM LEbI0 [15].

Jst Toro utoOBl OCYINECTBUTH MPOIECCC 3MYJIBCHOHHOU MOIMMCPH3ALNH B OMYJIbCHIX, CTAOW/IH-
3UPOBAHHBIX TBEPIABIMU YACTHLAMH, HCOOXOAMMO VUHTHIBATH TOT (PAKT, UTO MPOLECC, KAaK MHPABUIIO,
MMPOTCKACT B MPSIMBIX 3MYJIbCHOHHBIX CUCTEMAX, U MO3TOMY HECOOXOAHUMO BHIOHPATh B MPOLIECCE CHHTE3A
TAKKUEC YaCTHULIBI, BEJIMIHHA KPACBOTO yIiIa KOTOPBIX CO CTOPOHBI BOABI ObLa Obl uyTh MEHbIIC 90°.

IMpouecc MUKpOKANCyMPOBaHHUS HE3AMCHHM TaM, ¢ HEOOXOAMMa MOCTABKAa KalCyJUPyEMOTrO
BCIICCTBA HA MECTO O3 B3aUMOACHCTBHS CO CPEIOH, B KOTOPOH XpaHHTCS 3To BemiecTBo. IlpuMmeHeHue
MHUKPOKAICYTHPOBAHMUS TO3BOJIICT PA3ACIUTh APYT OT APYra HECOBMECTUMBIC KOMIIOHCHTHI, PSBPATUTH
JKUAKOCTh B CBOOOJHO ILIABAIOINNE TBEPABIC YACTULIBL, 3AIMUTUTh (PYHKIHMOHAIBPHO AKTHBHBIH ar¢HT OT
OKHCJICHHUSI WIN YTPAThl LCICBBIX CBONCTB HM3-3a BO3ACHCTBHUS OKPYKAOIUICH CPEAbI, MACKHPOBATh HE-
MPUSITHBIA 3ammax, BKYC KalCyJIHPYEMOTrO BEUICCTBA, & TAKXKE KOHTPOJIHUPOBATE MECTO M BPEMS BBICBO-
0OKICHMS AKTUBHOTO KOMIIOHEHTA (ITPOJIOHTMPOBAHHOS W 3aMEUICHHOE BBICBOOOKACHKE) [15].

OnaHO# W3 YCHOCIIHBIX MOMBITOK Pa3pabOTKH MATCPUANOB, COUCTAINUX HAPSAAY € VIYUIICHHBIMHU
(hYHKITHOHATBHBIMHA XaPAKTCPUCTUKAMH BBICOKYHO SKOJIOTHIHOCTh U BO30OHOBISICMOCTD, OBIIO CO3AaHKE
TaK HA3bIBACMBIX «CAMOBOCCTAHABIMBAINUXCS» (PYHKIMOHAIBHBIX MATCPHAIOB, 3KCICPUMCHTATBHBIC
0o0Opasipl KOTOPBIX ObUTH CO3JaHBI B TCUCHUE MOCACAHUX 2-3 ACCATHICTHH CPa3y B HECKONBKUX SKOHOMU-
YECKH Pas3BUTHIX cTpaHax. [losmMepHbIC MaTepuaibl, BOCCTAHABIUBAIOIING CBOK LECJIOCTHOCTh MOCIC
nokaneHoro paspymenus [16-19] (CLUHA, Hunepnange:, BemukoOpurtanus, ®PI); nokpeiTusa, camoszarne-
YHBAIOLIHE TIOBECPXHOCTHBIC AeeKThl mpH nerkod repmoodpadorke (CLLIA, ®PIY) [20]; anHTUMHKpPOOHBIE
YU aHTHOAKTCPHUAIBHBIC MATCPUAIBl U MOKPBITHS, MOAACPKUBAIOIINE WIM JAXKES YCUIHBAOIINC CBOKO
AKTHBHOCTD B CPEJaxX ¢ BRICOKUM MuKpoOuomornucckum 3arpszaeauem (Iserus, CIIHA) [21,22].

B cBs13u ¢ BBHIIICHU3I0KCHHBIM, ICJIBIO JAHHOH PaOOTHI SIBJISJIOCH HOMYUCHUS KAIICYJT CyOMUKPOHHOTO
pasmepa (150-400 HM), 3aNONHCHHBIC AKTHBHBIM arcHTOM, KOTOPBIC MOTYT OOCCICYHBATH AHTH(PHK-
LHUOHHYIO (D)YHKIMOHAIBHOCTb .

IKCHEePUMEHTAIBHAS Y4CTh

Marepuassbl. /{11 npUroToBICHUS 3MYIBCHH MAcIO B BOJC B KAUCCTBE CTAOMITN3UPYIOIINX TBEPABIX
YaCcTHUI] HCIOJB30BANCA BOJHAS CYCIEH3USA THAPOQUIBHOIO HEarperHpoBaHHOTO aMOP(HOTO AMOKCHIA
kpemuns guametpoM 30HM, pH 9,1 (LudoxAS-40, SigmaAldrich Co., 40% wmac.), B Ka4ecTBE OCHOBBI
MacnsaHoH (asel ucnonb3osamu 3-(Tpumeroxcucunmnpornmn Metakpunat (TTIM, AlfaAesar, 97%). B
Ka4YeCTBE aKTHUBHOIO arcHTa Ucmob3oBain rexcageumirpumetokcucunan (IITMC, Fluka, 85%).Bo Beex
IKCIICPUMEHTAX Boga Obiia oumieHa cucremoi ounctkuMilli-Q. YaenpHOE COMPOTHUBICHUE BOABI
18 MQ cm npu 25°C. Jlas noauMepusaiiii UCIo1b30Baau uHUMaTop nepcyibdar kams K,S,0s. s
MPOMBIBKH KaICy.J1 HCIOIb30BaIM cHPT 3TaHonoBei, SigmaAldrich Co, 99,8% unctoTsr.
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IlpuroroBnenne 3mMyJabCHH. 32 OCHOBY METOIUKU TMOIYYCHHUS KarCyl CYOMHKPOHHOTO pasMepa
ucnoap3oBanack padora C. Cakanuer u Ap. [15], B KOTOpOH OMHUCHIBAIOTCS CTAOHIBHO 3apPSKCHHBIC
JUCTIEPCHH HEOPTaHWYCCKHUX KOJUTOMIOB, BBI3HIBAIOIINE CIOHTAHHOC SMYJIbTHPOBaHUE THAPO(OOHBIX
mosiekyn (TTIM), qst crabuausaiiiu My JIbCHE Mac/o B BOJE.

Jis monmydeHus SMyJIbCHH YacTUIbl quokcHaa kpemuus (0,772 1) pa3daBisiiv B ACHOHU3UPOBAHHOM
BOJC U BBOJUIIA B HEC 3apaHee MoAroToBiacHHY cMech TIIM (1,57 r) u rekcaaeiunTpuMeTOKCUCHIIAHA
(0,151), moogmmu oObem Boabl 40 40mj. OCTaBIsUTH CIOHTAHHO SMYJIBIHPOBATHCS MPU KOMHATHOH
TEMIIEPaType Ha IBOC CYTOK.

IMpouecc monumepuszarmu npoBoxuan npu temmeparype 80°C ¢ HCHOAB30BAHHEM HHHUIMATOPA
nepeynbdara kamus 0,4 MM. Tlpu noOaBacHUM, XOPOIIO MEPSMEIINBAIN. 3aTCM CTABHIH HA BOJSHYO
6anro. MeqeHHo nogHuMami Temnepatypy amynbcun 10 80°C. [eprkanu 3Ty TeMOepatypy B TCUCHHC
yaca. Tak sxe MegmeHHo oxnaxaanu. Cxema nonyyenus kancyn TIIM u TATMC nokazaHa Ha pucyHKe 2.

I Potassium pe rsulfatel

80°C

Pucynok 2 — cxemaTryeckas wiunocTpalms noiryderus karcyn TIHIM u I'J[TMC

Metoap! ucciaenosanmii. g uccnenoBanus pasMepa U A3€Ta-MOTCHIMATA YACTUL HAHOAMYIbCHH
WCTIOIB30BAIA  METOM  JIA3CPHOH  KOPPESSIHOHHON  crektpockonun  (ZetasizerNanoZSZEN3500,
MalvemlInstruments) mpu 25°C. Ilpu u3amepeHHH pa3MepoB HYaCTHI WHCTPYMEHT BBIJACT PE3YIIbTAT,
yepeansas 11 uaMepeHH OTHOIICHHS MHTCHCHBHOCTH OT BPEMEHH. JlMaMeTphl 4acTHI M MHACKC MOJH-
JUCTIEPCHOCTH OBLTH PacCUUTAHBI C YUCTOM pachpeacicHus pa3Mepos uactun.Bee oOpa3ubl oTOHpatnch
Cpa3y MOCIC OCTBIBAHHUS MOCIC MOIMMEPH3ALUH U ObLTH Pa30aBiICHB BOJOW N0 HEOOXOOUMOHN KOH-
LCHTPALUH I H3MCPCHHUSL.

Mopdonorus cyOMukpoxancyn Oblia H3VUCHA ¢ UCTIONB30BAHUEM KPHOCKAHUPYIOLICH 37ICKTPOHHOMN
mukpockonuu (kpuo-COM, ControlLEQ 1550), usyueHue CrpyKTypHO-MOPGOIOTHUCCKUX CBONCTB
Karcysl MPOBOJUIA C TMOMOINBIO TPAHCMUCCHOHHOW 3ICKTPOHHOU Mukpockomuu (TOM, ZeissEM912
Omega) Bricokoro pasperucaus. O6pazust At TOM u kpro-COM Obliu OATOTOBICHBI Iy TEM BBICY -
BaHH Karelb Pa30aBICHHBIX 3MYIbCHHA HA CIICLUATBHBIX MOTOKKaAX. s mpenoTBpamenns 3apsukeHus
MOBEPXHOCTH BO BPEMs MpOLECCa U3MEPEHHUS, MPOU3BOIIIN PACHBUICHHE CJIOS IUIATHHBI CIICIHATBHBIM
obopyaosanuem (GATANAIt02500 Cryo), mocae 4ero oOpasipl MOMCIIATUCh B CHCHUATIBHBIH OTCEK
COM.

Jna v3yueHHs 3aBHCHMOCTH Pa3MEpOB TNOJHUMEPH30BAHHBIX YACTHI[ OT KOJMYECTBA LIUKIOB
MPOMBIBKH, & TAK)KE BELIECTBA, KOTOPBIM MPOMBIBAIH KAICYJIbl, HCIOIb30BaN NeHTpudyry Sigma 3-30K,
Sartorius. Cxopocts nenTpudyruposanus 2500 06./mun, o 15 mun kaxaeit uki. [locne kaxaoro umk-
Ja TPOMBIBKH OTOHpATH 0CaZoK U pa3baBmsav B 16 pa3 OOMbIIMM KOJIHMYESCTBOM BOABI WU 3TAHOJIA
abCOMOTHOH YHCTOTHL.

Pe3ynbTaThl 1 00CyKAEHNS
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MetonoM cBOOOIHOPAANKATBHONW MONMUMEPH3ALMN B 00bEME SMYIbCHU (PHCYHOK 2), 00pa3oBaHHOMN
CHOHTAHHBIM 3MYIBTHPOBaHKEM, yenemHo monayieHsl kancyasl T1IM ¢ I'ITMC ¢ maccoBoil KOHIEH-
Tpamen AHoKcHuaa Kpemuus B Boge 1,93%.

ABTOpBI paboThl [1] yCTaHOBUIM, YTO MacCOBOE COOTHOIICHHE MACITHOW (a3el K TUOKCHAY KPEM-
HHS, IPH KOTOPOM TOYUAOTCsl CTAOUTBbHBIC MOHOJUCTICPCHBIC 3MYIbCHH, AODKHO ObITh HE HIKE 1,3. B
JaHHOH paboTe MacCOBOEC COOTHOLICHHE KOMWYECTBA MAacia K JHOKCHAY KPEMHHS PacCUUTHIBAITH
nocneayomen Gopmyne U paBHAIOCH!

Mg 1,72 _
Y R
Bk L]

JItst IpUrOTOBICHHUS 3MY IbCHH UCTOIb30BaAIN 1,72  MacasHo# dasel, 9% kOTOPOI ObIT AKTUBHBIH
arear ['ITMC maccoit 0,15 r, 91% cocrassn TIIM macco# 1,57 r.

Ha pucynke 3 mokasansl ¢ororpadun kancyn, cogepxamppx cveck TIIM u TATMC, caenanneie ¢
MOMOIIBIO CKAHUPYIOMICH SJICKTPOHHOH MHKPOCKONHMH. BUIHO, YTO 4acTHLBI MOHOAMCICPCHBI U pac-
MPCACICHB PAaBHOMEPHO, co cpexamM pasmepoM uactun 200 mm. [lo momydcHHBIM pUCYHKAM MOXKHO
ONPEICIIUTh YETKO BRIPAKCHHYIO CTPYKTYpY Kamcyi. Ha pucyHke 4 BHIOHO, YTO HOTYUCHHBIC YaCTHLI
UMEIOT cdepuueckyro GopMy, COACpKAaT BHYTPH BeIecTBO (MacisHast (asza), IIOTHO MOKPHITOC HA
MOBEPXHOCTH YaCTHLAMH JTHOKCHAA KPEMHHS.

. A e
EHT- 3004V WO Smm Stgmal A= Inlves Date 25 A 2014 BT 1y Wo- Smm Signal A= inLoes. Date 25 Apt 2010
H 1pm H 100 nm

Pucynok 3 — @otorpadum ckaHUPYIOIIEH 2IEKTPOHHON MUKPOCKOIIHH, TI0Ka3bIBAIOIIHE [TOJIMMEPH30BAaHHbIE CYOMUKPOKAIICY I
TIIM u I'JITMC, ¢ agcopOupoBaHHBIMA HAHOUYACTUIIAMU JUOKCHIAa KpeMHHUS (a) — MacimiTal 1 Mxym, (6) — Maciirad 100 HM

b

Pucynok 4 — @otorpaduy TpaHCMUCCHOHHON SIIEKTPOHHOH MUKPOCKOIIUH, ITOKa3bIBAIOIIHE TIOTHMEPU30BAHHBIE
cyomukpokaricyssl TTIM u I'JITMC, ¢ ajfcopCupoBaHHRIMA HAHOUACTUIIAMY JTUOKCH 1A KpeMHHMs, MaciTal 200 HM
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PesynpraTel m3MepeHUH pa3sMepoOB YaCcTHIl IMYJIBCHMMETOIOM JA3ePHON KOPPEIAMOHHON CIIEKTPO-
cxomnmuH mocie 48 4acoB CIIOHTAHHOTO 3MYJIBIHPOBAHU, A TAK)KE YACTHI] ITOCJE TIOMMMEPH3AIN MOYKHO
YBHAETh HA PUCYHKE 3.

Ilo mamHBIM WM3MEpeHMM, CPeXHHMH pa3Mep HYacTHI] YBEJIWYMBAICA IMOYTH B ABa pasza, oT 120 HM
(mucnepcHocts 0,086) mo 200 uM B cpeaHem, ¢ aucuepcHOCThiO 0,035, DMYIbCHU SBISFOTCS MOHOTHUC-
MEPCHBIMHY, 3€TA-MOTCHUUAT MOIYYCHHBIX Karncyld -60 MB, 4TO rOBOPHT O BBICOKOW CTaOHIBHOCTH HX
IMYIIBCHH.
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Pucynok 5 — Kpussle pactipesienenus pazmepos karcyl TIIM u I'JITTMC o o6bemy pactBopa:
1 — 5MyJIBCHS IO TIOTIMMEPU3AIMH, 2 — II0CTIE [TOINMEPH3alliU

Ha pucynke 6 moxazaHbl KPUBBIE, OIMMCHIBAIOINNE Pa3MEPHI KaICyJl TI0 MHTEHCHBHOCTH, HE MTOABEP-
raBIINUXCs IMPOMBIBKE, MMPOMBITBIX BOXOH, a TaKKe ITAHOIOM. B ciayuae MpOMBIBKH BOJOM JUCTIEPCHOCTH
YACTHUL[ YMEHBINATACh, KAUECTBO KAICyd B LEJOM YIYUYIIAIOCh, & B CIYy4ae MPOMBIBKHU 3TAaHONOM MOSBU-
JUCh arperarel, TOBOPSINHE O HAPYLUICHUH CTPYKTYPBI KamcCyjd, O YeM CBHACTEIbCTBYET BTOPOU MUK HA
TPETbEH KPUBOI.
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Pucynok 6 — Kpussle pactipesienenus pazmepos karcyl TIIM u I'JITTMC o o6bemy pactBopa:
1 — mocIie MOMMMepU3aI|K, 2 — IIPOMBITast BOJIOH, 3 — IIPOMBITAS STAHOJIOM

:

Hcxons w3 pe3ynbTaroB, ONMMCAHHBIX BHIIIC, AN HUCCACAOBAHWS BIMSIHI ITUKJIOB MPOMBIBKHA HA
pasMepel MOTUMCPHU30OBAHHEIX YACTHI, UCTIOIB30BATH YIbTPAUUCTVIO BoAy. [lo maHHBIM, MOTYUICHHBIM
METOJOM JA3CPHOH KOPPEISILMOHHONW CICKTPOCKOTHH (PUCYHOK 7), CPeaHUE pasMep YacTHIl yBEIH-
YUBAJICSA ¢ KKIBIM I[UKJIOM MMPOMBIBKH, YTO CBSI3aHO ¢ BBIMBIBAHHEM 00J16€ MCJIKHX YaCTHIl U3 00beMa
SMY TbCHH.

IMocme msTOro paza MPOMBIBKH BOJOW CPEIHUN pa3Mep YacTHIl CHOBA YMCHBIIHICS W OBLI PaBCH
361,9 uMm, ¢ nomuaucnepcHOCThIO 0,276, BO3aMOXKHO, 3TO CBS3aHO C BHIMBIBAHUEM HX U3 00BEMa dMYIIb-
cuu. OTCIOMA MOMKHO CHACNATH BBIBOJ, YTO ONTHMAIBHBIM KOJHYCCTBOM IHKJIOM IPOMBIBKH KarCy/l
SIBJISICTCS UCTHIPE, P KOTOPOU JOCTUTACTCS HAMTYUIICE KAYCCTBO KATICYIL.
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Pucynok 7 — PactipeienieHue pa3sMepoB YacTHII ITOCIIE IIPOMBIBKY BOJIO:
1 xpuBast — 1 UK IPoMBIBKH (215,7 HM, mormuctiepcHocTh 0,049), 2 — 2 niukina (251,5 Hu,nonuauctiepcHocTs 0,083),
3 — 3 uxuta (297,8 HM, oy mcIiepcHocTs 0,223), 4 — nocite 4 MUKIIOB IPOMBIBKY (3932 HM, TIoMMcIiepcHocTs 0,326)

3axnmrouenune. Takum oOpazoM, mMoJOOpaHBl ONTHMANBHBIC YCIOBHS MpoLEcCa MOIVICHUS KarcCyl,
KOTOPBIH COCTOMT U3 ABYX CTAIHH: CIIOHTAHHOTO 3MYIBTHPOBAHHS ¢ HAHOUACTHLIAMH AUOKCHIA KPEMHHS
U TOJUMEPHU3ALH B 00beMe dMyabcuu. B kauecrtBe macisiHo# (aszpl Obu1 ucnmonb3oBan 3-(Tpumerox-
CHCHIM) TIPOIHI METAKPUIAT, KOTOPHIM HCIONB30BANCA B KAYCCTBC OCHOBBI IS aHTH(PPHUKIMOHHOTO
AKTHBHOTO arcHTa.

MetomoM cBOOOIHOPAANKATBHOW HMONMMMEPH3ALMN B 00BEME 3MYIbCHU (PHCYHOK 2), 00pa3oBaHHOMN
CIOHTAHHBIM 3MYIbIHpoBaHueM, yernemno noayuensl kancynsl TIIM ¢ I'ITMC co cpeannm pazmepom
gactull 2000M 1 3eta-nioreHmuaaoM -60mB.

NzyueHo BamsgHUE mponecca NPOMBIBKH Ha pasMepbl Karcyd. BeLiBieHO, 4TO onTHMaIbHBIM BeLe-
CTBOM MPOMBIBKH 3MYIBCHH SIBILICTCS BOAA, & KOJIUYCCTBO MPOMBIBAHUH — YETHIPE.
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KYPAMBIHJIA AKTHUBTI 3ATTAP BAP KOHTEWHEPJIEP/I AJTY YIIIH
KEHETTEH OMYJbI'HPJIEHT'EH MAW/CY IMYJbCHUAJAPIBI 3EPTTEY

C. B. Aiinaposa’, A. B. Tizieyosa'?, A. A. Illopunora'?, H. E. Bexrypranosa’, /I. O. [puropses®, P. Muiep®

"Kazaxckuii HAMOHATBHBIN TEXHAYCCKAN yrausepcutet uM. K. Y. Carnaesa, Ammarsl, Kazaxcras,
*Maxkc-TITaHK HECTHTYT KOJUIOHIOB B MEsK(a3HbIX moBepxHOCTeH, [ToTcaam, TepManmns

Tipek ce3aep: ITukepuHr 3MyIBCHATIAP, HAHOIMYIbCHSIAP, MUKPOKAINCYJIIAY, KEHETTCH 3MYJIbIHpICY, CyO-
MHKPOKAMCY JAIap, HAHOKATICY IaJap.

Annotammst. KypaMbeiHaa akTuBTi 3aTTap 0ap KOHTCHHEpIepAl aixy YINIH KEHETTCH SMYJIbIHPICHICH Maw/Cy
[MukepuHr >MyJIbCHATAD KOMAAHBUIBL EpKIHpamwKaxasl MOIMMEPIEY SICIH KONAaHY apKeLibl 3-(TpuMerokcu-
cummupormn Merakpmwiar (TTIM) men rexcamenunrpumeTokcucumanubH ([T ITMC) kancynamapsr (150-400 mM)
anerHabl. OapablH 6IIIeMACP, 36Ta-TIOTCHITHAIBL, KYPHLTBIC-MOP(OTIOTHAIBIK KACHCTTCPI 3CPTTCIHIL.
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Abstract. Testing plays the vital role in development of the qualitative software. Nevertheless, in many
companies which are engaged in development of the software, processes of testing are insufficiently organized there-
fore performers are compelled to go a difficult way, trying to achieve desirable results. And in testing of the object-
oriented software, the main attention is paid to real planning and effective realization of process of testing of the
object-oriented and component software. Development begins with creation of the visual models reflecting static and
dynamic characteristics of future system. In the beginning these models fix initial requirements of the customer, then
formalize implementation of these requirements by allocation of objects which interact with each other by means of
transmission of messages. The most part of expenses of object-oriented process of development are the share of
designing of models. If to add to it that the price of elimination of a mistake promptly grows with each iteration of
development, it is absolutely logical to test the requirement object-oriented models of the analysis and design.

This article considers advantages of use of modern programs of testing, their types, levels, a cost assessment of
productivity of work of the program by means of basic formulas of calculation, the model of the functional directed
metrics is given.
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