MunucrepcTBo oopa3oBanusi 1 Hayku Poccuiickoii @enepanumn
(denepanbHoe rocyapcTBeHHOE ABTOHOMHOE 00pPa30BaTe/IbHOE YUpPeKIeHUe
BbICIIETr0 00pa30oBaHUSA
«HAIIMOHAJIbHBI UCCJIEJTOBATEJIbCKHM
TOMCKHH NOJIMTEXHUYECKNH YHUBEPCUTET»

NHCTUTYT PUBHKO-TEXHUUYECKHUM
Hampasnienue noarotoBku (pusmka
Kadenpa obmeii puzuku

BAKAJIABPCKASA PABOTA

Tema pa6oThl

OBPA3OBAHHME CAMOIIOJJOBHBIX CTPYKTYP HA ®OJIBI'AX
MOHOKPUCTAJUIA AJTIOMUHUA TTPU HUKITMYECKOM ITPOJJOJIBHOM

PACTAKEHHUMN.
YK
CryneHt
I'pynna [0 (0] Hoanuch Harta
0621 IlerpoB Anekcanap CepreeBud
PykoBoaurenn
J0KHOCTH [5(0] Yuenas creneHb, Moanucey Jara
3BaHUE
Homent kadenpsr OD Kysnenos I1. B. K..-M.H
KOHCYJIbTAHTHI:
ITo pazneny «®UHAHCOBBIN MEHEIKMEHT, pecypcor((PEKTUBHOCTh M PECYypCOCOepeKEHUEN
JlomkHOCTD DdUO VYyenas cremneHs, Tloanuce Jlara
3BaHHC
Homnent xadenpst MEH | Ceunna A.A. K.X.H.
ITo pazneny «ConmaibHasi OTBETCTBEHHOCThY
JlomkHOCTD DdUO VYyenas cremneHs, Tloanuce Jlara
3BaHHUC
[Tpodeccop xadempsr denopuyk FO.M. I.T.H
OB
JIOIIYCTUTD K 3AILNTE:
3aB. kadenpoit DdUO VYyeHast cTerneHs, TToamuce Jata
3BaHHUC
3aB.kad. kadeapsl JIupnep AM. K. ¢.-M. H.

O61eit puznku

Tomck — 2016r.




[Tnanupyemsble pe3ynbTaThl O0yYeHUs
[To ocHOBHOM 00pa3oBaTENbLHON MPOrpaMMe BBICIIETO MPOPECCHOHATIBEHOTO
oOpa3oBaHusl, HallpaBJeHUE MOAroTOBKU Pu3nKa,

KBaMUKaIus - 6akaiaBp

Kon
pe3ynbTaTa

PesynbTaT 00ydeHus (KOMIETEHIIUN
BBIIIYCKHHKA)

TpeboBanus ®I'OC,
KPUTEPHUEB U/WIH
3aMHTEPECOBAHHBIX CTOPOH

OO11eKyIbTYpHBIE (YHUBEPCAIbHBIC)KOMIIETEHITNH

P1

CriocobeH caMOoCTOATENbHO MPUOOpETaTh HOBBIE
3HaHWA, UCTIONIb30BAaTh COBpPEMCHHBIE
o0Opa3oBaTeibHbIE U uH(POPMALMOHHbIE
TEXHOJIOTUH, COBEPIICHCTBOBATH M DPa3BHUBAThH
CBOM npohecCuOHATLHBIIH YpOBEHb,
HOJJICPKUBATh 3/I0POBBIN 00pa3 KU3HU

TpeboBanuss PI'OC (OK-1,
OK-2, OK-7, OK-8, OK-11,
OK-19) [2], Kpurepuii 5
AUOP (m. 1.1, 2.6),
COTJIaCOBAHHBIN c
TpeOOBaHUSAMHU
MEXIYHAPOIHBIX CTAHIAPTOB
EUR-ACE u FEANI

P2

Crocoben kK  mowucky, o0pabotke u
UHTEpIpETalUH c UCIIOJIb30BaHUEM
COBPEMEHHBIX HH(OPMALIMOHHBIX TEXHOJIOTHH
JaHHBIX, HEOOXOIMMBIX Uil (HOPMUPOBAHHMS
Cy7KIleHI/II7I M0 COOTBCTCTBYIOIIMM COLIMAJIbHBIM,
Hay4yHbIM M OTHYECKUM IpoOjeMaM, Kak B
KOJUICKTHUBC, TaK 1 UHAUBUAYAJIbHO (Ha pPOaAHOM
Y HHOCTPAHHOM SI3BIKE)

TpeboBanuss PI'OC (OK-3,
OK-4, OK_8, OK-14, OK-15,
IK-10, TIIK-12, TIK-13)),
Kputepuit 5 AUOP (mm. 2.1,
2.2, 2.3), COIJIaCOBaHHBIA C
TpeOOBaHUSAMHU
MEXITYHAPOIHBIX CTAaHIAPTOB
EUR-ACE u FEANI

P3

Crioco0eH KPUTHYECKU MEePEOCMBICIIUBATh CBOM
HAKOTLJICHHBIH COIMAITbHBIN u
npo(eCCHOHANBHBIA  OMBIT, H3MCHITh TpU
HEOOXOIUMOCTH npoduib cBOCH
npoeCCHOHATLHON JIeATENIEHOCTH, CJIeI0BATh
STHYECKUM U TPaBOBBIM HOPMaM U HECTH
OTBETCTBEHHOCTb 32  IIOCIIEJICTBUS  CBOEHU
WHKCHEPHOU e TENIbHOCTH

Tpeboanuss PI'OC (OK-5,
OK-6, OK-7, OK-9, OK-10,
[1K-5, TIK- 18), Kpurepwuii 5
AUOP (mm. 24, 2.5),
COTJIACOBAHHBIN c
TpeOOBaHUSAMU
MEXITYHAPOIHBIX CTAaHIAPTOB
EUR-ACE u FEANI

ITpodeccuonabHbIe KOMIIETEHITUN

P4

CriocobeH K OBJIAJCHUI0O U TPUMEHEHUIO
0a30BBIX 3HAHMN B 00JIACTH €CTECTBEHHBIX HAYK
" MaTeMaTHKU Ui peleHus
npodecCHOHANBHBIX  33Jad, K  YCBOEHHIO
OCHOBHBIX I€JarorMuecKkux Mojeneu, Gopm u
IPUEMOB TE€JAarorMyecKoro BO3JEHCTBUS Ha
JINYHOCTB;

Tpeboanus PI'OC (OK-1,
OK-9, OK-10, OK-11, TIK-1,
[1K-2, TIK-10), Kpurepuit 5
AUNOP (. 1.1),
COTJIaCOBaHHBIH c
TpeOOBaHUSIMU
MEXIYHApOJHBIX CTAaHAAPTOB
EUR-ACE u FEANI

P5

Cnocoben MMPUMCHUTD B IIPOCKTAX 10 TEMATUKE,
SaﬂaHHOI\/'I 3aMHTCPCCOBAHHBIMU OPraHU3alusIMHu,
SKCHCPUMCHTAJIBHBIC  MCTOABI ~ UCCICAOBAHUA
KOHACHCHUPOBAHHOI'O COCTOSHHUA BCIIIECTBA,
MCTOJbl aHajin3a IMOBCPXHOCTU TBCPABIX TCI H
TOHKHX ITJICHOK

Tpebosanus ®I'OC (OK-12,
[TK- 3, I1K-4, TIK-6, I1K-14),
Kpurepuit 5 AMUOP (m. 1.1,
1.4,2.2,2.6), coriiacoBaHHBIN
c TpeOOBaHUSIMHU
MEXTYHAPOIHBIX CTAaHIApTOB
EUR-ACE u FEANI

P6

CniocoOeH MPUMEHUTH B MTPOCKTaX MO TEMATHKE,
3a/IaHHOM 3aMHTEPECOBAHHBIMU OPTaHU3AIUSIMH,
0a30BbIE €CTEeCTBEHHOHAYYHbIE u

TpeboBanus ®I'OC (OK-12,
[K- 3, TIK-4, TIK-6, T1K-14),
Kpurepuit 5 AUOP (m. 1.1,

2



MAaTEMATUYCCKUE 3HAHUA TIIPpH IIOJIYYCHHU H
HCCJIICOOBAHUU TBEPAOIoO TCIIA.

1.4,2.2,2.6), coriacoBaHHBIN
c TpeOOBaHUAMHU
MEXIYHAPOJIHBIX CTaHIApTOB
EUR-ACE u FEAN 1

P7

CriocoObeH TOHMMAaTh CYIIHOCTh W 3HAYCHHE
uHpOpMallUM B Pa3BUTHH  COBPEMEHHOTO
UH(POPMAIIMOHHOTO O0IIEeCcTBa, K MPUMEHEHHUIO
HA TPAKTHKE TIONYYEHHBIX 3HAHUU TIpuU
00paboTKe, aHAJM3e TOJYYCHHBIX (PU3UUECKHX
JAaHHBIX B COOTBETCTBUU C  MpoduieM
poeCCUOHATLHOMN JIeATEIbHOCTH.

TpeboBanuss ®I'OC (OK-12,
OK-16, OK-21.ITK-1, TIK-2,
[1K-5, [1K-6, [1K-7),
Kpurepuit 5 AUOP (n. 1.1),
COTJIACOBAHHBIN c
TpeOOBaHUSAMU
MEXTyHAPOIHBIX CTaHIApTOB
EUR-ACE u FEANI

P8

CrocobeH TOHMUMATh ¥  HUCIOJb30BAaTh HA
MIPAKTUKE TEOPETUICCKHE OCHOBBI
IUIAHUPOBAHHUSI W OpPraHU3aluK  (PU3HUECKUX
WCCIICIOBAHHMA, TIPEJCTABIATh PE3YIbTaThl U
NPUMEHSATh Ha MPAKTHKE METOMBI YIPABJICHUS B
chepe TpUpoaONIOIH30BAHMS.

TpeboBanuss ®I'OC (OK-12,
[K- 3, TIK-4, IIK-6, ITIK-7,
[K-8, TIIK- 9, TIIK-14),
Kpurepuit 5 AUOP (m. 1.1,
1.4,2.2,2.6), corimacoBaHHbIN
c TpeOOBaHUSIMU
MEXIYHApOJHBIX CTaHAAPTOB
EUR-ACE u FEANI

P9

CnocobeH (opMHUPOBaTh CY)XICHUS O 3HAYCHUH
U TIOCIEACTBUSX CBOEH MpodecCHOHAIBHON
NEATEIBHOCTH € YY4ETOM  COLHAJIbHBIX,
IMPpaBOBbLIX, OJTHUYCCKUX W HNPUPOJOOXPAHHBIX
aCIeKTOB, MpPU HEOOXOJMMOCTH IPUMEHHUTH
pecypco- 1 3HeprocOeperaroime TeXHOJIOTuH

Tpeboanus ®I'OC (OK-10,
OK-11, IIK-1, TIK-2, TIK-7,
I1K-9), Kpurepuii 5 AWNOP
(m. 1.1), cormacoBaHHBIH ¢
TpeOOBaHUSAMHU
MEXyHAPOAHBIX CTaHIApTOB
EUR-ACE u FEANI




MunucrepcTBo oopa3oBanusi 1 Hayku Poccuiickoii @enepanumn
benepaapHOE TOCYAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEIKICHUE
BBICIHICTO 06pa3013aH1/151
«HAIIMOHAJIBHBIN UCCJIEJTOBATEJbCKUH TOMCKHUI
MNOJUTEXHUYECKUA YHUBEPCUTET»

NHCTUTYT PUBHKO-TEXHUUECKHUH
Hampasiienne noarotoBku (pusmka
Kadenpa obmeii puzuku

YTBEPXIAIO:
3aB. xadenpoii
Jlugep A.M.
(ITommuck) (/larta) (®.1.0.)
3AJJAHUE

Ha BbINOJIHEHHE BHITYCKHON KBAJIM(PUKANMOHHOH padoThI

B dopwme:

‘ BakayiaBpckoit paboThl

(bakamaBpcKo# pabOThI, UIIIOMHOTO IMPOEKTA/pab0Thl, MAaTUCTEPCKON TUCCEPTAIIH)

CryneHt

I'pynna DPUO

Hoanuck JlaTta

0621

IlerpoB Anekcannp CepreeBuy

Tema paboTbl:

OBPA3OBAHUE CAMOIIOJAOBHBIX CTPYKTYP HA ®OJIbI'AX
MOHOKPUCTAJUIA AJIJIOMUHMA TTPU ITPOJOJIBHOM PACTSXXEHUNMN.

VYTBepiK/ieHa NPUKa3oM AUPEKTopa (1aTa,
HOMEp)

CpoK cauu CTyIEHTOM BBITTOJTHEHHOM
paboTHI:

TEXHUYECKOE 3AJIAHME:

Hcxoanbie 1aHHbIE K padoTe
(HamMeHOBaHWE 00BEKTa MCCIICIOBAHUS UITH
MIPOCKTUPOBAHUS; TPOU3BOAUTEIILHOCTD UITH
Harpy3Ka; peskuM padoThl (HETIPEPHIBHBIH,
MEePUOIUYECKHM, IMKITNYECKUH UT. I1.); BUI
CBIPBSI WJIM MaTepuai u3aenus; TpeOOBaHUs K
MIPOJIYKTY, U3IEITHIO UJIH MPOIECCY; 0COOBIE
TpeOOBaHUS K 0COOCHHOCTSIM
(GYHKIIMOHUPOBAHUS (IKCILTYaTaIl|H )
00BEKTa MIIM M3/ICTUS B TUIaHE OC30IMaCHOCTH
IKCIUTyaTaIH, BIUSHUS HA OKPYKAIOIIYIO
cpeny, aHepro3arpaTam; SdKOHOMUYECKUN
aHaJIu3 v T.J.).

— 00pa3Ibl MOHOKPHUCTAIJIA AJTFOMUHHS U
MOJUI0KKA 13 AropantoMuHuit D16

IlepeyeHb MoAJIEKAIMX HCCIEI0BAHMIO,
MPOEKTHPOBAHMIO U Pa3padoTKe BONPOCOB
(aHanUTHYECKU 0030p MO JTUTEPATYPHBIM
WCTOYHUKAM C [IEJThIO BBISICHEHUS
JOCTH>KEHUI MUPOBOM HAyKU TEXHUKHU B
paccMaTpuBaeMoOi 00JIaCTH; MOCTAaHOBKA

— MIPOBEJIEHUE TUTEPATYPHOTO 0030pa;

— CO31aHuc YCTaHOBKI/I HJIA HpOBe}IeHI/Iﬂ
IKCIIEPUMEHTA;

— WCCIIEJIOBAaHHE MPOJOIBHOTO PACTSHKCHUS
o0pas1ia aTlFOMUHUS;



https://ru.wikipedia.org/wiki/%D0%94%D1%8E%D1%80%D0%B0%D0%BB%D1%8E%D0%BC%D0%B8%D0%BD%D0%B8%D0%B9

3aJ]au MCCIIeIOBAHMs, IIPOCKTUPOBAHMUS,
KOHCTPYHPOBAHUS; COJIEPKaHUE TPOIICTYPHI
UCCIICIOBaHHS, IPOCKTHPOBAHUS,
KOHCTPYHPOBaHUS; 00CYKJIEHUE PE3yIbTaTOB
BBIITOJIHEHHON paOOThl; HAUMEHOBAHUE
JOTIOTHATEILHBIX Pa3IeloB, MO JICKAITIX
pa3paboTKe; 3aKIF0YEHHUE TI0 padboTe).

— aHaJu3 MOJYyYEHHBIX PE3yIbTaTOB;
— JIONOJTHUTENbHBIE pa3fienbl: «DUHaHCOBBIN

MEHEDKMEHT,  pecypcod(d(PeKTuBHOCTE |
pecypcocOepexeHre», «CounanpHas
OTBETCTBEHHOCTb)

KoHCynbTaHThI 110 pa3jenam BBITYCKHOW KBATU(PUKAIIMOHHON paboThI
(c ykazaHueM pa3JIesioB)

Paznen

Koncynprant

JlutepatypHsbiii 0030p

Kysuernos I1. B. nouent kadenpsr OD

:‘)KCHCpI/IMCHTaHBHaﬂ 4aCTb

I"apanun I'.B. 3aB.;1a6. xadenpsr OD

duHAHCOBBIM MECHEKMEHT,
pecypcorhHeKTUBHOCT U
pecypcocOepekeHne

Ceunna A.A. nouent kap. MEH UCT'T TITY

ConmanpHas OTBETCTBEHHOCTD

denopuyk FO.M. mpodeccop kad. D5XK MHK
TITY

HazBanwns Ppas3acioB, KOTOPBIC TOJIKHBI OBITH HAIIMCAHBI HA PYCCKOM M MHOCTPAHHOM A3bIKAX:

I'naBa 1 JlutepatypHsiii 00630p




3AJJAHME JIJISI PA3JIEJIA
«COIMAJBLHASI OTBETCTBEHHOCTb»

Crynenry: I'pynna ®UO

0b21 ITetpoB Anexcanap CepreeBuu

HMucruryT DU3NKO-TeXHMYEeCKH I Kadenpa Oowmeii pusukn
Yposenn bakanasp Hanpasienue/cnenuanbnocts | Gusuka
o0pa3oBaHus

Tema qunomMHoii padorer: O0pa3oBaHne caMONOAO00HBIX CTPYKTYP HA (0JIbraX MOHOKPHCTAJLIA AJJIOMUAHHA
NPH NPOAOCJLHOM PACTSIKEHUH

UcxopHble AaHHble K pasaeny «CoumanbHana OTBETCTBEHHOCTbY:

1. HccnenoBanue sBomonnu penbeda Gobr MOHOKPHUCTAIIA aTIOMUHUS TIPH TPOJIOIEHOM PaCTSHKECHHH.

2. Omnwucanue pabodero MecTa Ha IPeIMET BOSHUKHOBEHUS: BPEIHBIX MPOSBICHUN (GaKTOPOB IPOU3BOIACTBEHHON
cpensl (Ut 00CITy)KUBAIOIIET0 TIepCOHAIAa HEOOX0MMO 00eCIIeUnTh ONTHUMANIBHEIC, B KpalfHEM CITydae, JOITyCTHMBIC
3Ha4YEHH METEOYCIIOBHI Ha paboueM MecTe, KOM(MOPTHYIO OCBEIIEHHOCTh Pab0Yero MecTa, yMEHBIINTD 10
JOIYCTHMBIX IPEIENIOB IIyM OT CHJIOBOTO OJIOKA INTa3MOPEaKTOpa, BEHTIWIIALNHN);

OTIaCHBIX MIPOSIBICHUH (DaKTOPOB MPOU3BOICTBEHHOM CpEbI

(HEOOXOMMO MPETYCMOTPETh, €CITU €CTh, TO MEPEUHCIUTH CPEACTBA KOJUICKTUBHON M UHAMBHUIYATBHOM 3aI[UTHI OT
AJIEKTPO-, IOKAPO- K B3PHIBOOMIACHOCTH);

HEO00XO0IMMO MPEIYCMOTPETh MEPOIIPHUATHS MO TPEIOTBPAIIEHHIO HETATUBHOTO BO3/ICHCTBHS HA OKPYKAIOLIYIO
MPUPOJHYIO CPEAY MCIIOJIB3YEMBIX YHEPIreTHUECKHX MPOSBICHUN M 00pa3yIoMINXCsl OTXOJOB!

IlepeyeHs BONPOCOB, MOAJIEKAUINX HCCIETOBAHHIO, MPOEKTHPOBAHMIO U pa3padoTKe:

5.1. TexnorenHas 0€30MaCHOCTH
[IpuBeneHre MEPOTIPHUSATHIA, KOTOPBIC TPOBOIUIKCH JUTS IPEIOTBPAIICHHS HECYACTHBIX CITyYacB.

5.1.1 Anamu3 BpeqHbBIX (haKTOPOB MIPOU3BOICTBECHHOM CpeIbI
a) Bpennsie BemecTa

6) HemocraTok OCBEIICHHOCTH
B) [IoBBIIIIEHHBIN YPOBEHB IITyMa M BUOpaIiu
r) HeGnaronpuaTHbIif MUKpOKJIUMAT MOMEIIECHUI

5.1.2 AHanu3 onacHbIX (h)aKTOPOB MPOU3BOJICTBEHHOH CPEJIbI
a) DnexTpobe30macHOCTh

0) [ToxxapHast 6€30MaCHOCTH

5.2 Oxpana OKpy»Karomiei cpeapt

5.3 OpraHuzaiioHHbIe MEPOTIPUATHS oOecreueHus: 6€30MacHOCTH

5.4 OcoOeHHOCTH 3aKOHOJATEIFHOTO PETYINPOBAHMS TPOSKTHBIX PEIICHUH

5.5 be3onacHOCTb B UpE3BbIYANHBIX CUTYaLUAX
a) UC npupoHOTO XapakTepa
6) UC TexHOTEHHOTO XapaKTepa

Ilepedyenn rpapuyeckoro Mmarepuaja:
1) [ytu sBaKyaruu
2) IInan pa3menieHys CBETWJILHUKOB HA ITOTOJIKE pabovero noMerieHus

| JlaTa Bbl1auM 3aaHMsA 1J1s1 pa3jiedia 1o JUHelHOMY rpadpuky |

Banaﬂne BbIJAJ KOHCYJIBTAHT:

JoskHOCTH DdUO YueHnas creneHb, IMoanmucek Jara
3BaHHe
Ipodeccop Demopuyk FO.M. JI.T.H.
3aganue NPUHSAJI K HCTIOJTHEHUIO CTY/ICHT:
I'pynna L0400 Hoanuce Hara
0621 ITerpoB A.C.




_ 3AIAHME JJISl PA3JIEJIA
«®UHAHCOBBIII MEHE/UKMEHT, PECYPCOD®®EKTUBHOCTbD U

PECYPCOCBEPEXEHUE)
CTyneHry:
I'pynna DUO
0621 ITerpoB Anekcanap CepreeBud
HMucTuryT DU3NKO-TeXHHYECKH I Kadenpa OO0meii pusukn
Yposenn bakanasp Hanpasienue/cnenuanbuocts | Gusuka
o0pa3oBaHus

Hcxonnbie nanHble K pa3aeny «OHHAHCOBBIH MEHEIKMEHT, pecypco3(GpeKTHUBHOCTD H

pecypcocoepeskeHne:

1. CrommocTb pecypcoB HayqHOTO HccnenoBanus (HIU):

MaTCPHUAIIBHO-TEXHUIECCKNX, DOHEPTCTUICCKUX, CI)I/IHaHCOBBIX,

MH()OPMALMOHHBIX U YEIOBEYECKUX

OmnpeneneHre CTOMMOCTH PECYPCOB
HayyHoro wuccienoBanus (HU):
TEXHHYECKUX,  JHEPreTHYCCKHUX,
WH()OPMAIMOHHBIX M YEJIOBEUECKUX

MaTepHanbHO-
(hMHAHCOBBIX

2. HopMbl 1 HOpMATHBEI PACXOIOBAHHS PECYPCOB Os3HakomJieHHE M OTOOp HOPM W HOPMAaTHBOB
Pacxo/I0BaHUsI PECYPCOB
3. Hcnonp3yemas cucteMa HaIOTOOOIOKEHNUS, CTABKA O3HaKOMJICHHE C CHCTEMOH HaJoroo0JI0XKEeHHs, CO

HaJIoros, OT‘II/ICJ'IGHI/II\/'I, JAUCKOHTHUPOBAHUA U KPEAUTOBAHUA

CTaBKaMH HaJIOI'OB, 0T‘II/ICJ'I€HPII7[, JAUCKOHTHUPOBAHUA
1 KPCAUTOBAHU

IlepeyeHsb BONPOCOB, MOIJIEKANMX HCCTETOBAHUIO, TPOEKTHPOBAHMUIO M Pa3padoTKe:

1. OueHka KOMMEpPYECKOT0 U MHHOBAIIMOHHOTO MOTEHIHaIa OmeHka KOMMEpPYECKOT0 W HHHOBAIIMOHHOTO
HTU noreHuuana HTU

2. Ilnanmposanue npouecca ynpasienus HTU: ctpykrypa u IInanupoBanue  mnpouecca  ympasienuss HTU:
rpaduk npoBeaeHNs, OI0KET, PUCKH M OPTaHU3aLMS CTPYKTYypa ¥ rpaduK NpoBeJeHUs, OI0KET
3aKyIOK

3. OmpeneneHue pecypcHoi, GUHAHCOBOW, IKOHOMUYECKOM Onpenenenue pecypcHoi, (UHAHCOBOIA,
3G GEKTUBHOCTH 9KOHOMMYECKOHN COCTABJISAIONIEH

Ilepedyenn rpauyeckoro MaTepuasa (C mouHvlM yYKa3anuem 0013amenvHblx uepmedicell).

1. Ouenka KOHKYPEHTOCTIOCOOGHOCTH TEXHHUIECKHX PEIICHHI
Matpuma SWOT
I'paduk nposeaenus u 6romker HTU

2.
3.
.

OrieHKa pecypcHOH, GUHAHCOBOM 1 9KOHOMUYECKO# dddextuBHOcTH HTU

\ JlaTa BbIIa4M 3aaHUsA JJIA pa3/enia no JHHEHHOMY rpaguky \

3a)lalme BbIJ1aJ1 KOHCYJbTAHT:

J0/KHOCTH [(%(0] Yuenas crenens, Moanucey JaTa
3BaHHe
Houent kadenpst MEH | Ceuena A. A. K.X.H.
3aganue NMPUHAJ K UCITIOJTHEHUIO CTYAECHT:
T'pynna ®UO Hoamucs Jara
0021 IletposB A. C.




MunucrepcTBo oopa3oBanusi 1 Hayku Poccuiickoii @enepanun

denepanpHOE TOCYAAPCTBEHHOE aBTOHOMHOE 00pa30BaTEeIILHOE YUPEKICHUE

BBICIIIETO 00pa30BaHUs

«HAIIMOHAJIBHBIN UCCJIEJOBATEJbCKNHU TOMCKHUI

Nuctutyr OU3nKo-TeXHUYECKUH

Hampasnenne noarorosku (crnennanbHOCTh)DU3UKa

YpoBeHb 0O6pa3oBaHus 6akagaBpuaT

Kadenpa O6mmeit puznku

MOJIUTEXHUYECKN YHUBEPCUTET»

[Tepuon Beinonnenus (ocenuuii / Becennuii cemectp 2015/2016 yue6HOTO rona)

®opma npeacTaBieHus: padoThI:

‘ bakanaBpckas pabota

(bakamaBpckas paboTa, TUILUIOMHBIN TPOEKT/paboTa, MarucTepcKas JUCCePTALIHS )

KAJIEHJIAPHBIN PEUTHUHI -TIJIAH

BBIINTOJIHCHHU AL BLIHYCKHOﬁ KBEL]'H/I(I)I/IKEII_II/IOHHOI‘/'I pa6OTLI

‘ CpOK caavu CTyJCHTOM BBIITOJIHEHHOM pa6OTBIZ ‘

JlaTta KOHTpOJIA HazBanue paznena (Moayns)/ Bua MaxkcumanbHbIN
paboTeI(Kccie0BaHus) Oann
paznena(MoTyst)
15.05.2015 r O0630p auTEpaTYpHI 20
20.05.2015r OOBEKT U METOBI UCCIIEIOBAHN 25
23.05.2015 1. Pacder u ananuTHka 25
15.05.2015 r DOuHaHCOBLIA MEHEPKMEHT, 15
pecypcorhHEKTUBHOCTD U pecypcocOepexeHne
12.05.2015r CouuanbHas OTBETCTBEHHOCTh 15
CocraBuu npenojaBaTelb:
JoskHOCTH [25(0] YuyeHas cTeneHb, Moanuch Jara
3BaHUE
Joruent kadenper OD Kysnenos I1. B. K.().-M.H
COT'JTACOBAHO:
3aB. kadenpoit [)5(6] Y4eHas CTeneHb, Toamuce Jlara
3BaHHC
3aB.xad. xadeaps Junep A.M. K.(].-M.H.
O6meit puszuku




PEDEPAT

Broimycknas kBanmudukanunonsas pabora 111 c., 14 puc., 15 Tabn., 53
WCTOYHUKOB, 3 TIPHIL

KitoueBbie ci0Ba: MOHOKPUCTAUT aIIOMUHUA, penbed, MPOI0JIbHbIE
KOJIe0aHusl, MUKPOCKOTHSI.

OObeKTOM HccneoBaHus ABIseTcsl (oiabra MOHOKpUCTAIIA ATIOMUHUS
KyOM4eCcKOIl OpueHTaIUH.

[lenp paboThl MccaenOBaTh BO3MOXKHOCTH OOpPa30BaHUSA IMEPHOJUYECKHUX
TBUJIOBBIX CTPYKTYp Ha (Hojbre MOHOKpPHUCTAUIa KpUCTaUla aJlOMHUHHS TpU
ITUKJIAYECKOM TTPOJIOJIBHOM PACTSHKECHUH M BIMSTHUE YaCTOTHI HA WX TMEPUO.

B nmpouecce wuccienoBaHus MNpPOBOJMIUCH HCHBITaHWS oO0paslia Mpu
[UKIMYECKOM MPOAOILHOM PACTSKEHUH, MOCJE JaHHBIE CHUMAIUCh C MOMOIIBIO
METOJIOB MUKPOCKOITHH.

B pesynbraTe uccienoBaHus ObUIO BBISBICHO, YTO CIEACTBUU OTIWYUS
YOPYTUX MOJYyJIEd TMOJUIOKKHA JIOpATIOMUHHMS W (OJIBIM  MOHOKpHUCTaJLIa
ATFOMHUHHMSI Ha ATIOMUHUH BO3HUKAIOT MaKPOCKOMTUYECKHE TOIOCHI.

[Tokazano uto npu aoctkeHnu 10000 HUKIOB MPOJOJIBHOTO PACTSKEHUS
Ha MOHOKPHUCTAJJIE ATFOMUHUS TOSBIISIFOTCS ME30CKOMMYECKHE TOJIO0CHI, KOTOPhIE
Opyu  JUTUTEIBHOM  TPOJIOJIBHOM  PAacTSHKEHUM — TpaHCHOPMUPYIOTCS B
«IIAXMATHYI0» CTPYKTYPY.

CreneHb BHEAPEHUS: YaCTUIHAS.

OO6nacTh NPUMEHEHHUS: Pe3yIbTaThl MOTYT MOXKET ObITh 3(P(HEKTUBHO
UCTIOJTb30BaHBI st KOJIMYECTBEHHOU XapaKTePUCTUKH HBOJIIOLIAU
nehOpMaIMOHHOTO pefbeda aTtOMUHUEBBIX (DOJTBT, KOTOPHIE MOTYT PUMEHSATHCS
B KAueCTBE CEHCOPOB JUIsi MOHHUTOPHHIA YCTAJIOCTHBIX TMOBPEKICHUN B
aBUAITMOHHBIX CIUIaBaX.

DOxoHoMuueckas 3 (HEeKTUBHOCTH/3HAUUMOCTh pa0OThI: YCOBEPIIICHCTBOBAHUE

MTOKPBITHUH.



B OynymeMm mnnaHupyeTcsi NpPOBECTH HCHBITAaHUS Ha U3rud oOpasma

MOHOKpHCTAJJIa aJIOMUHUA.
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Beenenue

YMeHbllIeHHEe MaTepuaibHbIX OOBEKTOB JO HAHOMETPOBBIX PAa3MEPOB
NPUBOJUT K KapJAWHAIBHOMY HW3MEHEHHIO HX CBOMCTB. McchnegoBaHue 3THX
CBOMCTB,  CO3/JaHUE HA UX OCHOBE NMPAKTUYECKH 3HAYMMBIX HAHOJJIEMEHTOB C
YHUKQJIbHBIMU CBOWCTBAMHU OIpEAENseT, W Ha OmmbKalimme ToAsl Oyder
ONpENIENIATh OCHOBHOE HAIIPABIICHUE Pa3BUTUSL HAayKH O marepuanax. OCHOBHOM
npo0JieMOil pa3BUTHUA TEXHOJIOTUM B ATOM HAmpaBlICHUSX SIBISETCS OTCYTCTBHE
IPOCTBIX METOJIOB, JOIMYCKAIOIIMNX PEINIEHUPOBAHIUE HAHOCTPYKTYP, aHAJTIOTMYHBIX
dboTonuTorpadyeCcKuM, JIEKAIMUM B OCHOBE COBPEMEHHON MHKPOIJIECKTPOHUKH,
IPOJBMKEHHE  KOTOPbIX B~ HAHOMETPOBBIM  JIMANa30H  OTPAaHUYECHO
TUQpakIUOHHBIM  mpeaenoM. Mcmonb3oBaHue  Oojiee  KOPOTKOBOJHOBOIO
U3IIy4EeHHUS] U IbTEPHATUBHBIX CIOCOOOB SKCIIOHUPOBAHUS TMO3BOJIMUIIO
YMEHBUIUTh Pa3Mepbl MOJYyYAEMBIX CTPYKTYp, YTO, OJHAKO, HE pEIIAeT BCEX
npo0JieM M3-3a TEXHUYECKUX CIIOKHOCTEH MpH UX peanu3auuu. B cBs3u ¢ atum
MOUCK, OOOCHOBaHME W MCCIEIOBAaHUWE HETPAJULUMOHHBIX TMOAXOIOB K
(GOpMHUPOBAHMIO HAHOCTPYKTYp C 3aJaHHBIMU [apamMeTpaMu IpUoOpeTaer

IICPBOCTCIICHHYIO dKTYAJIbHOCTD U IIPAKTHYCCKYIO 3HAYNMOCTD.

[lepcieKTUBHBIM HamNpaBJIEHUEM [JIsl PELICHMs] 3TUX MpoOJIeM SIBIISETCA
SBJICHUE  CAMOOpPraHM3alUM, I[IMPOKO  PaCHpOCTPaHEHHOE B  MPUPOJE,
MO3BOJISIIONIEE E€CTECTBEHHbIM 00pa3oM (OpMHUPOBATH M BOCIPOU3BOJIUTH
JIOBOJIbHO ~ CJIOKHbIE  (DYHKUIMOHANIbHBIE CTPYKTyphl. (OueBHIHO, YTO MpH
CaMOOPIraHU30BaHHON cOOpke He TpeOyeTcss NPUMEHEHHS JOMOJHUTEIbHBIX
TEXHOJIOTHYECKUX IPUEMOB, a PEIUIMLHUPOBAHUE JOCTUTAETCS ABTOMATUYECKH.
OaHMM M3  HEJOCTAaTKOB  CaMOOpPraHM3allMM  SIBISETCA  CleUU(PUUHOCTH
n30UpaTeNbHBIX B3aMMOCHCTBUMN, MPUBOISIIMX K CAMOOPTaHW30BaHHOU COOpKe
OpPraHUYECKUX CTPYKTYpP, U TPYJHOCTHU MX BOCIIPOU3BEACHUS MPU HEOOXOAUMOCTH

HCIIOJIb30BaHUS HEOPIraHNYCCKHUX MATCPUAJIOB.

EctrecTBEHHBIM pa3BUTHEM HANPABJICHHS CBSI3aHHOIO C CAMOOpPraHU3alUEH

ABJIIETCS CaMOCOOpKa, OCHOBaHHasg Ha (uU3MYEeCKUuX BozneucTBusX. llpu
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UCIIOJIb30BAaHUU TaKMX METOJOB BO3MOXKHO IOJIy9€HHE BOCIPOHM3BOIUMBIX
pe3yJbTaTOB W, B OTJIMYME OT XMMHYECKOH CaMOOPTaHW3allMH, OHU TO3BOJISIOT
co3llaBaTh CTPYKTYpbl W3 MaTepuUajoB pa3jiuyHOW  mpuponbl. [Ipu sToM
pa3paboTka T[O3TAITHOTO METOJa CHHTEe3a CTPYKTYp IO NEHCTBUEM
KOHTPOJUPYEMOTO  (DU3MYCCKOTO  BO3JCHCTBHS, IO3BOJIMJIA OBl  TOJyYaTh
CBCPXMHMHHUATIOPHBIC  YCTPOMCTBA, CBOWCTBA KOTOPBIX 3aJAlOTCS B IPOIECCEe
pocta. Pazymeercs, dYTo (U3MYECKOE BO3ACUCTBHE JIOJDKHO  00JaaaTh
OIPEICIICHHONW CEJICKTUBHOCTHIO IO OTHOIICHHIO K DJIEMEHTaM, M3 KOTOPBIX
coOupaercs HaHOCTPYKTypa, KaK M K MPOCTPAHCTBEHHOMY PaCIOJOKEHHUIO ATHX
2JIeMEHTOB B (opmupyemMoM  o0ObekTe.  [lo3TOMYy  3HAYUTCIBHBIX H
MHOTOOOCIIAIIINX PE3yIbTaTOB B OTOM HANpaBICHUH K HACTOSAINIEMY BPEMEHU

MOJIYYE€HO HE ObLIO.

Tem He MeHee, B psje CilydaeB, OJUH U3 KOTOPBIX SBIIAETCA HPEIMETOM
UCCIICIOBAaHUI B TaHHOW paboTe, BOZMOKHO PEan30BaTh yCIOBUS CaMOCOOPKHU
HAaHOCTPYKTYp C  KOHTPOJIUPDYEMBIM  COCTaBOM U  MPOCTPAHCTBEHHBIM

PpaCIIOJIOKCHUEM 3JICMCHTOB.
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1. JIMTEPATYPHBIA OE30P

1.1. AI'OMMHHUH 4 €ro CILIaBbI

Amomunuit  (Al), xumudeckuit smemeHt III rpynmel nepuoauueckoit
CHUCTEMBI, TPEThEr0 MEepuoaa, aTOMHbI HoMmep 13, atromHas macca 26,98154. B
PUPOJE OJMH CTaOMIBHBIA m30TOomn 27A1. AmoMmuHMI p-diemeHT. Ha BHemHeM
DHEPreTUYECKOM YPOBHE aTOMA AJIOMUHUS COAECPIKUTCS 3 JIEKTPOHA. AJFOMUHUN
MPOSIBIISICT CTENEHb OKUCIeHus +3 [1].

OtHOCHUTCA K TpyIIe Jerkux MetauioB. Coliep:kaHue ATFOMUHUS B 36MHOU
kope 8,8% mo macce. [Io pacrpoCTpaHEHHOCTH B MPUPOJIE 3aHUMAET YETBEPTOE
MecTo cpeau Beex sneMeHToB (mocie O, H u Si1) u nepBoe cpenu Merayios; B
CBOOOJTHOM BHUJIC HE BCTPEUYALTCSI.

[IpocTtoe BemecTBO aMOMUHHUM — JIETKWW, SIBISETCA IApaMarHETUKOM
cepeOpucTo-0e10ro UBETAa, JIETKO MOKHO MEHATh (POpMY, JIUTHIO, MEXAHUYECKON
oOpabotke.  AmoMUHUN  00JIalaéT  BBICOKOM  TEIJIONPOBOAHOCTHIO U
AIIEKTPONPOBOIHOCThIO, OUYE€Hb CTOMKHMNA K KOPPO3HHM MOCPEACTBAM OBICTPOIO
oOpa3oBaHUsI TMPOYHBIX OKCUAHBIX IUICHOK, 3alUIIAIONINX IMOBEPXHOCTh OT
JAJIbHEHMIIIEr0 B3auMOICHCTBUS [6].

Kpucrannuueckas pemérka — BCIOMOTaTENbHBIA T€OMETPUUECKUI 00pas,
BBOJIUMBIN ISl aHAJIM3a CTPOEHUS KpUCTasia. PeméTka uMeeT CX0ACTBO C KAHBOM
WJIA CETKOM, YTO JAET OCHOBAHMUE HA3bIBATh TOUKHU PEUIETKU Y3JIAMU.

Kaxnoll KpUCTaNIMYECKON CTPYKTYpE€ COOTBETCTBYIOT [IBE PEIIETKU:
npsiMasi KpUcTayuimueckas pemeérka u oopaTHas pemerka.

[IpsiMasg kpucrauueckass pemeéTka — 3TO pemeéTka B OOBIYHOM,
pealbHOM mpocTpaHcTBe. lIpsiMass Kpucramuueckas pelmerka aJllOMUHUS -
IPaHCIICHTPUPOBAHHBIN KyO, KOTOpas ycToWuumBa mpu Temmeparype oT 4 K o

Touku nnasnenus. [lapamerpsl pemérku: 4,050 A [7].
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OOpartHast KpucTa/IMYecKasi pemeéTka — peneéTka B mpoctpancTse Dypobe.
OOpatHass K TpaHEICHTPUPOBAHHON pEIIeTKE ecTh KyOudeckas 0O0BEMHO-

LIeHTpUpoBaHHas pemietka. [Tlapamerpsl pemerku: 1,95 A.

Ta6n1z1ua 1- CpaBHI/ITeJ'IBHI)Ie CBOICTBA aJJFIOMUHHS B MHUKPO- U TUOKCHUJIa AJIFOMUHUSA B MUKPO- U

HAaHO- CTPYKTypax.

Mukpoctpykrypa | Mukpoctpykrypa | Hano ctpykrypa
amromuHus (Al) JHOKCHUA JIMOKCHUA AITFOMUHUS
amomuaus(Al,O3) | (Al,Os)(Hano
MOPOIIOK)
[lnotHocts | g=2,7 r/em® £=3,99 r/cm3 g=1,2 r/cm3
AIFOMUHHUS (npu pazmepe ~ 70HM)
Temneparypa | 658-660 °C 2044 °C 2000 °C
IJIaBJICHUS: (npu pazmepe ~ S4HM)
IBeT Cepebpucro- benbrit benprit
OebIit

B Tabmuue 1 mpuBeneHbl CBOICTBAa alOMHHHS B MHUKPOCTPYKTYpE H

JMOKCH/Ia AJIIOMUHUSI B MUKPOCTPYKTYPE U B HAHO CTPYKType (IO JIUTEPATypPHBIM

JTaHHBIM

Hanpuwmep,

IJIOTHOCTH B  MHUKPOCTPYKType Ha 2,

HECYILIECTBEHHYIO Pa3HUILy B TEMIIEPATYPE IIJIaBJICHUS.

Taxxe MBI

[3,5]). B HekoToppix caydasx 3aMeTHa CYIIECTBEHHAsl pa3HUIIA.
IJIOTHOCTh JUOKCHJIAa QJIFOMHHUSI B HAHO CTPYKTYpe MEHbBIIE

79 1/ oM BUIUM
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Jlna ompeneneHusl BKJIala B MU3MEHEHHE CBOMCTB pa3MepHbIX 3(h(dexToB
HEOOXOJMMO pacCUMTaTh JJIMHY BOJHBI € bpoins wnmm anuHy CcBOOOIHOTO
npobera U CpaBHUTH MOJYYEHHOE 3HAYEHHUE C Pa3MEPOM HaHO YACTHUL] AITFOMUHMSL.

dopmyna Ui pacdera:

(1.1)
rae h = 6,63-10’34I[>K°c — mocrtoguHas Ilnagka, m = 9,11'10—31 KI — Macca
31eKTpoHa, v = 10° M/c — CKOPOCTB AMEKTPOHA.

B pesynbraTe pacuera nomyvaercs, uto A = 0,7 HM, IOCKOJIbKY JTaHHOE
3HQUEHUE MHOIO0 MEHBIIE pa3Mepa HAHO YAaCTUIbl, OCHOBHOE BIIMSIHUE Ha
U3MEHEHUE CBOWMCTB [IMOKCHJA aJIIOMHUHHMS B HAHO CTPYKTypax OKa3bIBalOT
KJlaccuueckue pasmepnbie dddextsl. OnHON M3 MPUYUH Pa3MEPHBIX 3PPEKTOB
ABNIsEeTCS Ooyblast JI0JI1 HPUIIOBEPXHOCTHBIX AaTOMOB, KOTOpas BO3HHUKAET
BCJICZICTBUE HEHACBIIICHHOCTH AaTOMHBIX CBA3€H Yy MOBEPXHOCTH, MCKaXEHUS
pElIETKH y TOBEPXHOCTH, TOHKUX (U3HuecKux 3PQPEKToB B3aUMOAEUCTBUSA
AIIEKTPOHOB CO CBOOOHON MOBEPXHOCTHIO.

Bcerga npu HOpMalbHBIX YCIOBHUSX Ha allOMUHHHM OOpa3zyeTcsi TOHKHU U
IIPOYHBI OKCHJHBIM CJIOM W IIOTOMY OH HE pearupyer ¢ KIACCUYECKUMHU
okucnutensiMu: Takumu kak H,O (t°), O,, HNO; (6e3 narpeBanus). bnaromaps
TUM CBOMCTBaM QJIIOMUHUN NPAKTUYECKHM HE IOJBEPKEH KOPPO3UH U MOTOMY
IIMPOKO BOCTPeOOBAaH COBPEMEHHOW MPOMBIIIJIEHHOCTHI0. B ciyuan paspyiienun
OKCUIHOW TMJIEHKH, ATIOMUHMA M €ro COEAMHEHUST MOTYT BBICTYINAaTh, Kak
aAKTUBHBIA METAIJI-BOCCTAHOBUTENb. [Ipy 3TOM JOMyCcTUTH 00pa3oBaHusl OKCHIHON
IJIEHKA MOKHO, HO JIJISl 3TOT0 HaJ0 A00ABIATh K AJIFOMUHUIO TAKUE METaJIbI, KaK
rajuiMi, UHIUU Wik 0JIOBO. [Ipu 3TOM Ha MOBEPXHOCTH AIFOMHUHUSI IMPOUCXOIUT
CMauyuBaHKE JETKOIIAaBKUMH 3BTEKTHKAMHU Ha OCHOBE 3TUX METa/LIOB [7].

J{ropantoMuHumi — coOupaTenbHOe o003HaueHue IPYIIIIBI
BBICOKOTIPOYHBIX CIIJIABOB HA OCHOBE AJTIOMUHUS C JTO0OaBKaAMHU ME, MarHus 1
Maprania. Ha3BaHue mHpPOMCXOOUT OT TOPrOBOM MAapKM — KOMMEPUYECKOTO

0003HAaY€HUsI OJHOTO M3 TMEPBbIX YIPOUHAEMBIX TEPMOOOpPAOOTKON U
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https://ru.wikipedia.org/wiki/%D0%A3%D0%BF%D1%80%D0%BE%D1%87%D0%BD%D0%B5%D0%BD%D0%B8%D0%B5_%D1%81%D0%BF%D0%BB%D0%B0%D0%B2%D0%BE%D0%B2

MOCIIEAYIOLIUM CTapeHHeM ATFOMUHUEBBIX CILTaBOB.
OCHOBHBIMH JIETUPYIOIIMMU JIEMEHTAMU B HEM SBISIUCH Meab (4,5 % Maccbl),
marauii (1,5 %) wu wmapranen (0,5 %), ocrampHoe — amomunHmid (93,5 %).
TunoBoe 3HaYEHHUE MPEIENIa TEKYUECTH TyPATIOMUHOB COCTABISIET TTopsiaka 250
MIla, npenena kparkoBpemMeHHOMl mnpouyHoctd — 400...500 MlIla, oanako
XapaKTEPUCTUKU KOHKPETHOTO CIJIaBa 3aBUCSAT OT COCTaBa U — B OCOOEHHOCTHU
— TEPMOOOPAOOTKH.

CaoiicTBa 1 IPUMEHEHUE

JlopalmfOMUHAA — OCHOBHOM Marepuaj, KOTOPBIM MCIOJIB3YETCA B
aBUallUd M KOCMOHAaBTHKE, a TakXe B JPYTrUX O00JIaCTAX TEXHUKH, TAKUX Kak

MAalllMHOCTPOCHUA C BBICOKHUMH Tp€6OBaHI/I$IMH K BECOBOU oTaaqc.

IlepBoe mpuMeHEHHE NIOPATIOMHUHHUSI — OBLUIO B HM3TOTOBJICHHE KapKaca
nuprxkaoneit B 1911 roxa, mociae oHM aKTUBHO mpuMeHsIHMch. CocTaB CIllaBa M
TepMOOOPadOTKa B TOJIbI Pa3IMYaInCh OT HBIHEITHETO BpeMeHHu. [lepBoii MupoRBoi
BOWHBI CO37]aHe MeTajla ObUIO 3acekpeueHo. biarogapss cBoMM KauecTBaM:
BBICOKOW y/IEJIBHOW MPOYHOCTH AIOpaTOMUHUN HauuHasg ¢ 1920-x romos,

CTAHOBUTCSI, BAXKHEUIIINM KOHCTPYKIIMOHHBIM MATEPUAIIOM B CaMOJIETOCTPOEHUH.

[TnotHocTh cmmaBa 2500—2800 kr/m3, TemmepaTypa IUIABICHUS OKOJIO
650°C. CmuiaB MmMIMPOKO TMPUMEHSETCS B aBUACTPOEHUHU, TMPU MPOU3BOJCTBE
CKOPOCTHBIX T0€370B (Hampumep, moe3oB CHHKAHCOH) M BO MHOTHX APYTHX
OTpacisiX MAIIUHOCTPOCHUS (TaK KaK OTIWYAeTCs CYIIECTBEHHO OoJbIei

TBEPIOCTHIO, YEM YHUCTHIM AITFOMUHUN ).

[Tocne omxkura (HarpeBa 10 Temnepatypbl okojo 500°C u oxJaxkaeHus)
CTAaHOBUTCSl MSITKMM U THOKUM (Kak amtoMuHui). Ilocne crapenus (€CTeCTBEHHOTO
— 1upu +20°C — HECKOJBKO CYTOK, MCKYCCTBEHHOTO — IIPH MOBBIIIEHHOU

TEeMIEpAType — HECKOIbKO YACOB) CTAHOBUTCS TBEPIBIM U KECTKHUM.

Henocratok nypaitoMUHOB — HU3Kasi KOPPO3HOHHAS CTOMKOCTb, U3/IEIIUS

TpeOYIOT THIATENBHOM 3alllUThl OT KOPpO3uH. JIMCTHI IypaqtOMHMHOB, Kak
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https://ru.wikipedia.org/wiki/%D0%90%D0%BB%D1%8E%D0%BC%D0%B8%D0%BD%D0%B8%D0%B5%D0%B2%D1%8B%D0%B9_%D1%81%D0%BF%D0%BB%D0%B0%D0%B2
https://ru.wikipedia.org/wiki/%D0%9B%D0%B5%D0%B3%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B5%D0%B4%D0%B5%D0%BB_%D1%82%D0%B5%D0%BA%D1%83%D1%87%D0%B5%D1%81%D1%82%D0%B8
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D1%80%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BE%D0%B1%D1%80%D0%B0%D0%B1%D0%BE%D1%82%D0%BA%D0%B0_%D0%BC%D0%B5%D1%82%D0%B0%D0%BB%D0%BB%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%80%D0%B8%D0%B6%D0%B0%D0%B1%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/1911_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B2%D0%B0%D1%8F_%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D1%8F_%D0%B2%D0%BE%D0%B9%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B2%D0%B0%D1%8F_%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D1%8F_%D0%B2%D0%BE%D0%B9%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%A3%D0%B4%D0%B5%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D0%BF%D1%80%D0%BE%D1%87%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D0%BB%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC
https://ru.wikipedia.org/wiki/%D0%9A%D1%83%D0%B1%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BC%D0%B5%D1%82%D1%80
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%B4%D1%83%D1%81_%D0%A6%D0%B5%D0%BB%D1%8C%D1%81%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BF%D0%BE%D0%B5%D0%B7%D0%B4_Shinkansen_E2
https://ru.wikipedia.org/wiki/%D0%9E%D1%82%D0%B6%D0%B8%D0%B3
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D1%80%D0%B5%D0%BD%D0%B8%D0%B5_(%D0%BC%D0%B5%D1%82%D0%B0%D0%BB%D0%BB%D1%83%D1%80%D0%B3%D0%B8%D1%8F)

paBuJIo, INIAKUPYKOT YUCTBIM ~ AJIFOMHUHHCM. Tak JKC, KaK TIIpaBHJIO, BCC
INPUMCHACMBIC B KOHCTPYKIHWHU caMoJIETa J€Tajld W3 aJIIOMUHHEBBIX CILIABOB
IMOKPLIBAIOTCA CIICHHUAJIBHO p3.3pa6OTaHHI>IMI/I ML aBUallu T'PYHTOBKAMH (O6I)I‘IHO

XKENTOTO WK 3eTIEHOTO I[BETOB) U, MPU HEOOXOIMMOCTH, OKPAIIUBAIOTCH.

1.2. Co3nanue 00beKTOB 10 NPUHIUILY «CHU3Y-BBEPX» H «CBEPXY-BHU3).

Cy1iecTBYIOT JBa MOJX0/1a K 00pab0TKe MaTepHualioB (BEIIECTB) U CO3/TAHUIO
MJIAHUPYEMBIX U3JETUN. DTH MOIX0/1bl IPUHATO YCIOBHO HA3bIBATh TEXHOJOTUSIMU

«CHU3Y- BBEPX» U «CBEPXY-BHU3Y.

Wnest TEXHONOIMH «CHU3Y-BBEpPX» 3aKIIIOYaeTcs B TOM, 4YTO cOOpka
CO3/1aBAEMOM KOHCTPYKLUHU OCYHIECTBIIIETCS HENOCPEICTBEHHO M3 DIJIEMEHTOB
«HU3ILET0 NOPAIKa»(aTOMOB MOJIEKYJI, CTPYKTYPHBIX (DparMeHTOB OMOIOTMUECKUX
KJIETOK M T.II.),pacrojiaraéMblX B TpeOyeMOM MOPSJIKE, 3TOT MOAXOJ MOKHO
CUMTATh «OOPATHBIM» MO OTHOLIEHUIO K MPUBBIYHOMY METOJY MUHUATIOPU3ALMH
«CBEPXy- BHM3», KOIZa Mbl IIPOCTO YMEHbIIAeM pasMmepsl aeranei. Hampuwmep,
NOIITYYHAs! YKJIaJlka aTOMOB Ha KPUCTAJUIMYECKOW MOBEPXHOCTH MPU MOMOIIU
CKaHHPYIOLIETO TYHHEJIBHOTO MMKPOCKONA WM JIPYTUX YCTPOWCTB 3TOrO THIIA.
MeTon mo3BOJSIET HAHOCUTH JIPYr HAa JApyra HE TOJBKO OTIEIbHBIE aTOMBI, HO U
cion aromMoB. OpHAKO METOJ TMOKa HMEET HH3KYI0 3(PQPEeKTUBHOCTh H

IMPONU3BOAUTCIIBHOCTD

[Toxxon «cBepXy-BHHM3» OCHOBAH Ha YMEHBIIEHHUU Pa3MEpPOB (PU3UUECKUX
TEJl MEXaHWYEeCKOW WM WHOM OOpabOTKOM, BIUIOTH JO MOJIYyYECHHUS OOBEKTOB C
YJIBTPAMUKPOCKOIIMYECKHUMH,  HAaHOMETPOBBIMH  MapaMmeTrpamu.  Hampuwmep,
HEKOTOpBIE TOJYIPOBOJHUKOBBIE YCTPOWMCTBA, CTPYKTYpa KOTOPBIX CO3JaeTCs
doTonmuTorpaduyeckoit oopadbotkoii. [Ipu doTomuTorpaduu moIynpoBOIHUKOBAS
3aroTOBKa MOJBEPTaeTcs 00pabOTKE JTa3ePHBIM JIy9OM, YTO TIO3BOJISIET TIOJYYUTh B

HEll 3apaHee CIUIAHMPOBAHHYIO KOH(UTypalui CcXeMbl. Paspemarorias
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https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D0%BA%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5

CHOCOOHOCTH (TO €CTh MUHUMAJIbHBIN pa3Mep 3JIEMEHTOB U3TOTOBISIEMOM CXEMBbl)
ONpEIENsAeTCs IPU 3TOM JUIMHON BOJIHBI JIA3EPHOIO M3JIyYEeHHs (CaMblii MUHUMYM

npuMepHO 100 HM — OYEHB CJIOKHBIN U TPYJOEMKUH ).

ar

Momon, nazepHoe ucnapeHue,
nurorpadus U TpasneHmne «CBepxy BHU3»

I «CHMU3Y BBEpX»

|

MonekynapHbie

NPEeALIECTBEHHNKN ‘“"ml ﬁ
(<1 HM) f

XvMU4eckuin cuHTes

Puc. 1.1. CpaBHEeHUE IOJIXOJI0B «CBEPXY-BHHU3» U «CHU3Y-BBEPX» MOJYUYEHUIO HAHOMATEPHAJIOB.

1.3. Metoanbt ¢popmupoBanus HAHOCTPYKTYP, OCHOBAHHbIE Ha

CaMOOpPraHH3aNNU

HeB03MOXXHOCTh TIPEOJ0JIeTh P HEAOCTAaTKOB MPUCYIIUX JHUTOrpaduu,
MOJBUIJIA YUYCHBIX UCKATh aJbTEPHATUBHBIE METOAbI (POPMUPOBAHUS CTPYKTYp Ha
HaHoMacmTabe. Takoli ambTepHATHBOM CTaJdd METOIbl, OCHOBAHHBIC Ha

CaMOOPTaHU3aIluH, IIUPOKO PACIIPOCTPAHCHHOM B MIPHUPO/IE.

OTO sBICHUE TO3BOJISIET (POPMUPOBATH OYEHb CIIOXKHBIE KOMIUICKCHBIC

(GyHKIIMOHAJIbHBIE CTPYKTYpPBI 0€3 HCIOJIb30BAHUS KAKUX-JIMOO TEXHOJOTHYECKHX
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mpoucCCoB. 3aMeTI/IM, 4qTO MpoHeCChbl CaMOOpraHu3aluMv, OCHOBAHHBLIC Ha

XUMHUYCCKHX, (1)I/I3I/I‘ICCKI/IX B3aHMOHCﬁCTBHHX u

CEJICKTUBHOM  B3aUMOJICHCTBUU MOJIEKYJ, KOTOpbIE SBJIAIOTCS 0a3zod  Juis
dbopMHUpOBaHUS HAHOCTPYKTYP, TO3BOJISIOT KOHTPOJIMPOBATH, KaK MPOIECC pOCTa

CTPYKTYp, TaK 1 UX hopmy.

OmuH U3 caMbIX IIPOCTBIX METOJOB CaMOOpPraHW3allid OCHOBaH Ha
BO3MOKHOCTH YaCTHI] CIIOHTAHHO arperupoBaTh C MOMOIIBK) HEKOBAJIEHTHOTO
OTTAJIKUBAaHUA W NpUTSDKEHMS Mexnay Humu [30]. B Tom cimydae, koraa CHIIBI
NPUTSDKEHHUS. TPEBBIIIAIOT CUJIbl  OTTAJIKMBAHUSA, CTAHOBUTCSA BO3MOKHBIM
HeoOpaTuMbIil mporuecc (OPMHUPOBAHUS CTPYKTYphbl. ECTECTBEHHO HU O Kakou
BO3MOXKHOCTH BJIMATh Ha T€OMETPUIO MOJYy4aeMOW CTPYKTYpbl HE MOXKET ObITh U

peyn.

Metoapl caMOOpraHu3allid, OCHOBAHHBIE HA CEJIIEKTUBHOM XHWMHYECKOM
B3aMMOJICUCTBHUH, NMOKA3bIBAIOT OUYE€Hb XOpOIIKe pe3ynbTaThl. Tak B pabore [31] ¢
MOMOILBI0 TEXHOJIOTMH TOCIOMHONM CaMOOpraHU3allid € HUCIOJIb30BAHUEM COJIU
MOJIUCTUPOIT CyJib(paHaTa HATPUS U TOJUTHAPOXIIOPUTA aJUTAMHHA HA CTEKJISTHHOU
MOJJIOKKE OBLIM MOJIyYEHBI IUICHKU TUTaHA, JOMUPOBAHHOTO MOHAMU METAJLIOB.
beuio mokazaHo, 4YTO TakWe IUICHKA MOTYT OBbITh HCIOJIb30BaHBI — Kak

dboToKaTaANU3ATOPHI.

Bonbiiolt uHTEpEC TakKe MPEACTaBIsIET caMOOpraHu3allusi, OCHOBaHHAsl Ha
busndeckux BozaecTBusx. OHa MO3BOJISET KOHTPOIMPOBATH, KaK MPOIECC pOCTa
CTPYKTYp, Tak ¥ ux ¢opmy. Duznueckue BO3ACUCTBUS MOXKHO pa3/IeuTh Ha

DIIEKTPUYECKUE, MEXaHUYCCKHE, KOHBEKTUBHBIC M onTHUeCKHe [24].

B nacrosimieit pabote pasBuBaeTcs (pU3MYECKUN METOJ| CaMOOpPTaHU3AIUH
CTPYKTYp Ha MOBEPXHOCTH ()OJIBI MOHOKPHCTAJUIOB QIIOMUHUS TIOJ JIEHCTBHEM
UKTHYECKOro pacTsokeHus. HemaBHo Ob110 mokazaHo [32], 94To npu HUKIHYECKOM
pPaCTSHKEHUU MOHOKPHUCTAIIOB aTIOMUHUSI 00pa3ylOTCsS CaMOIMOA00HbBIE TBUIOBBIC

CTPYKTYPLI B AWAIIA30HC OT HCCKOJBbKHNX MHKPOH A0 HECKOJBKHX COTCH MHKPOH.

22



Camonoo0ue CTPyKTyp SICHO MOKAa3bIBa€T, YTO OHU 0Opa3zyloTCs B pe3yJbTaTe
camoopranu3aiuu. B padorax [1-5] 6pu10 TTOKa3aHO, YTO 00pa30BaHMS TBHIOBBIX
CTPYKTYp  TNPOUCXOJUT B  pe3ylpTare HecrtabwibHoctu  ['pundenbua.
HectabunsHocTh ['puHdenbaa - moBepXHOCTHBIN 3P (HEKT, KOTOPBI UMEET YHCTO
yIOpyroe MpoucXoxACHUE U 3aKitouaercs B cienytomeM. Korga matepuan umeer
MOBEPXHOCTh, HA KOTOPOM Macca MOXET IepepacipeieuThCs KaKuM-JTM00
TPAHCHOPTHBIM MEXaHW3MOM, HETMJAPOCTATUYECKM HArpy>KEHHOE TBEPIOE TEJO
MOKET MOHU3UTHh CBOIO YIPYTYIO SHEPIUIO0 MyTeM 00pa30BaHUsI MOBEPXHOCTHBIX
mMonynauuid. JlnmuHa BOJHBI HecTaOWIBHOCTH ['pHH(ENbIa KOHTPOIUPYETCS
OajlaHCOM MEXJy YIPYrod 5SHEpPrueil, Koropas CTPEeMUTCS K OrpyOJeHUIO
IIOBEPXHOCTHU U TOBEPXHOCTHBIM HATSKEHUEM, KOTOPOE PA3IIIAXKUBAET €€ U MOKET
ObITh BBIUMCIIEHA B paMKax JMHEHHOrO MPHUOJIMKEHUS TEOPUU HECTAOMIILHOCTH
['pundenbua.

HecrabunbHocTh ['puH(ensia uMeeT yHUBEPCAIbHBIN XapakTep UM BO3HHUKAET B
Harpy>K€HHbIX TBEPABIX Te€JaX IMpPH BBIIOJHEHUH [JIBYX YCIOBHI: HaJIU4uU
HETHJIPOCTATUUECKUX YIPYIMX HANpsOKEHUHM M MexaHu3Ma, 00ecreyMBaroLIero
nepepacnpeeieHle Macchl Ha TOBEPXHOCTH TBEPAOro Tena. OOBIYHO YCIOBHS s
IepepaclpeeNieHns Maccbl Ha IIOBEPXHOCTH HArpy>KEHHOrO0 TBEpPAOro Teja
CO3/1al0TCS MyTEM MCIApEHUs/KOHAECHCAMU WM KOHTaKTa €ro MOBEPXHOCTH C
COOTBETCTBYIOIIUM pPACTBOPOM WM paciuiaBoM. Kak ciegyer u3 pesyibTaTa
pabotel [1], mepepacmpenelieHME MacChl Ha ITOBEPXHOCTH BBICOKOYHMCTBIX
KpPUCTAJUIOB AJIFOMUHUS MTPOUCXOAUT B MPOLECCE MX LUKIMYECKON IMIACTUYECKON
nedopManu mpu KOMHATHOM TeMIiepatype 0e3 BHEITHEeT0 KOHTAaKTa ¢ KaKoW-ru0o

BTOpOH (ha3oii.

OcHoBHasi ujesi HACTOsIICH pabOThl 3aKIIOYAETCs B IlI€JICHANPABICHHOM
W3MEHEHUHW BHEIIHUX YCIOBUN MUKINYECKOW JepopManuyd alfOMUHUEBBIX (OJIBT

KyOMYeCKOI OpUEHTAIUH C TIeJIbI0 YMEHBIIICHHSI TIEPHUOa TBUIOBBIX CTPYKTYD.
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1.4 PeryasipHble nepuonyecKue CTPYKTypPbI

[Ipu co3paHuKM pEryyisipHbIX MEPUOAUYECKUX CTPYKTYp MpHUpPOJA HE
OTpaHUYIIIACh CHCTEeMaMH C (PUKCHPOBAHHBIMH 3HAYEHHUSMH I1apaMETPOB HX
pemieTok. B nocnennue rojibl yueHble OOHAPYKUIU U U3YYHIIN €11e OJWH X BUJ —
«TBEpPJIOE TOKPHITHE HE TMOJATIMBBIM  OCHOBaHUE». @DOyHIaMEHTaIbHbBIC
CTPYKTYPHO-MEXAHUYECKUE CBOWCTBA  JTUX  CHUCTEM  IMPOILE BCETO
IIPOJAEMOHCTPUPOBATD, [IPOBOJAS UCCIEAOBAHUE TAKUX IUPOKO PACIPOCTPAHECHHBIX

00BEKTOB, KaK MOJIMMEPHBIC TUICHKH C TOHKHM JKECTKUM TIOKPBITHEM [6].

Pucynok 1.2 - Bo3HUKHOBEHHE PETYISPHON EPUOTUIECKON CTPYKTYPHI PU PACTHKEHUH

MOJIMMEPHOH TJIEHKU ¢ METAJUINYECKUM MOKPBITHEM () — MOJIMBUHUIXJIOPUAHAS TUIEHKA C

TUIATHHOBBIM MOKPBITHEM (3JIEKTPOHHAsi MUKpodoTorpadus); (b) — monuddupHas mieHka c
QIIOMUHUEBBIM MOKPBITHEM (M300paXKeHHE TIOJIYyYeHO aTOMHO-CUIIOBOTO MUKPOCKOIIA).

OxkasbIBaeTcsi, MPOCTOE PACTSHKEHUE, CTOJIb PACHPOCTPAHEHHOE B OBITY H,
Ka3aJI0Ch, XOPOIIO U3YYEHHBIX MJIEHOK COMPOBOXKIAETCS, IO KpalHEeW Mepe, AByMs
SBJICHUSIMH OOITIETO XapaKTepa: PacTPECKUBAHMEM TIOKPBITHS Ha MHOYKECTBO
PETYJISIPHO PACIIOIO0KEHHBIX «OCTPOBOBY» M BOBHUKHOBEHUEM BBICOKOPETYJIIPHOTO,
OPUEHTHUPOBAHHOTO BJOJb OCU PACTSLKEHMS penbeda. BozHuKaronme CTpyKTypbl
BBICOKO, OpraHU30BaHbl, Ojarojmapsi 4emMy pacCceMBalOT M pasjlaraloT CBET Kak

HAcTOsIMEe  TU(PAKIMOHHBIE  PEIIETKHU. JIACKpETHOCTh  MOJIYYEHHBIX
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nu(dpaKkTorpaMM  CBUJETEIBCTBYET O BBICOKOW CTETMEHW TOpsAJKa Kak B
pPacloJIOKCHUN  AJIEMEHTOB  CTPYKTYPBI, OTBETCTBEHHBIX 3a PETYJISPHBIN
MUKpopenbed, Tak U 3a pa3Mepbl (pParMEeHTOB pa3pylICHUS TMOKPBITHS M HX
PacroJIOKCHUH Ha MIOBEPXHOCTH MOAATIMBON TTOIJIOKKH.

Bo3HHKHOBEHHE YKa3aHHBIX CTPYKTyp HMeEeT OOIIMi XapakTep W HE
3aBHCHT OT TIPUPOJBI MaTepualia W TMOKPHITUSA. HeoOXOauMBIM yCIIOBHEM,
OTIPEICIISIIONTM CaMy BO3MOXXHOCTh WX BO3HHUKHOBEHHS, SBISICTCS AchOpMaIIHsI
CHCTEM THIA «TBEPJ0€ TOKPHITHE Ha TMOJATIMBOM OCHOBAaHUMY», OTIIMYUTEIILHBIC
CBOMCTBA, KOTOPBIX — IPEHEOPEKUMO Majiasi TOJIIMHA MOKPHITHS TT0 CPABHEHUIO C
TaKOBOMW Y MOJIOKKHA M 3HAYUTEIHLHOE PA3INIUE B MOIYJISAX YIPYTOCTH TIOKPBITHS
Y TIOJIJTOKKH.

JIisi TIOHMMaHWS MeEXaHW3Ma BO3HUKHOBEHHS PETYISIPHBIX CTPYKTYP
JTAHHOTO THUMA Ba)XHO TO, YTO MOJIMMEpHas IUICHKA, MOJBEepraemMas OJHOOCHOMY
PaCTSKEHHUI0, UCIIBITHIBAET OJTHOBPEMEHHO JBa BUAa JAedopMmaliiu: yIJIMHEHHUE B
OJTHOM HAIPABICHUHA COMPOBOXKIACTCS CXKATHEM TEPICHIUKYISIPHO B JAPYTOM.
BcenenctBue 9TOro  TBEpJOE€ TMOKPHITUE HA TOBEPXHOCTH IUICHKH TaKkKe
UCITBITHIBACT OJHOBPEMEHHO pACTSHKCHHE W CKaThe. ITO  OOCTOSITEIBCTBO
MO3BOJISIET OTJEIBLHO PACCMOTPETh 00a OOHAPYKEHHBIX SIBJICHUS — OOpa30BaHUE
MUKpopenbeda U (parMeHTAIMI0 TOKPHITHS. 3a BO3HUKHOBEHHE TIEPBOTO
OTBETCTBEHHO HMMEHHO CXaThue TOKpbITHA. OHO TmpeAcTaBiaseT CcoOoM
(HepaBHOMEpHOE TO JUaMeTpy) TBEpPAO€ TeJo, HCHbIThIBaroIIee aehopMaIiiio

OJIHOOCHOTO C)KAaTHsl HA IOBEPXHOCTH PACTATUBAEMOM TIEHKH [6].

Brnepsbie siBieHMS, COMPOBOXKIAIOIINE ITH MPOIECCHI, OB PACCMOTPEHBI
3HAMEHUTHIM (U3UKOM UM MATEMaTUKOM, HWHOCTPAHHBIM IMOYETHHIM YJIEHOM
[Terepbyprckoit AH JI. Diinepom 6osiee 200 et Haza.

OH mnoka3aj, 4TO MPU OJHOOCHOM CXAaTUU TBEPAOro Teia (BOJOKHA,
MJICHKW, MEMOpaHbl) MPU TOCTHIKEHUM KPUTUUYECKOM HATpy3KHU TMOCJEAHEE TepseT
YCTOMYMBOCTh W TIPHOOpeTaeT (GopMy MOTYBOJHBI. Takoro poja sIBICHUE JIETKO

HaOJII0AaTh B IPAKTUYECKOM JKU3HU, HAIPUMED, CKUMAsE TOHKYIO METAILTUYECKYIO
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JUHEWKY Win JucT Oymaru. Ecnm jke TOHKOe jKeCTKOE MOKPBITHE MPOYHO CBA3AHO
C MOJATJIMBOM MOJIOKKON (OCHOBaHMEM), TO KapTUHA MOTEPU YCTONUMBOCTH

IICPBOT0 pCIIAOIMUM 06p2130M N3MCHUTCA.
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Pucynok 1.3 - Cxema n3meneHust popMbl TeIa Ipu €ro CKaTuu B CBOOOTHOM COCTOSTHUH (a, 0) 1
Ha MOIaTJIMBOM OCHOBaHUH (B, T)

IIpy 1OCTMIKEHMHM KPUTHUYECKOM CKUMAIOIIEH HArpy3KH TBEPIOE TEJIO HE
CMOKET NPHUHATH (POPMY IMOIYBOJHBI, HOO MPHU OTKIOHEHUH OT MPSAMOIUMHEHHON
(GOopMbI Ha HEro Co CTOPOHBI MOJJIOKKU OYIET BO3/EHCTBOBATH BO3BpAllaroILasi
CWJIa, IPONOPIMOHANIbHAS BEJIMYMHE OTKJIOHEHHUs. B pe3ynbTaTe B3aMMOIeHCTBHS
BHEILIHEW MPUJIOXKEHHON CHJIbl M BO3HHUKAIOIIETO BHYTPEHHETO COMPOTHBICHUS
HOJUIOKKH TIOKPBITHE HEU30E€KHO CIOXKUTCS, MOJAOOHO CKJIaJHOMY METpy, H
IPUMET CHHYCOMJAJbHYI0 (OpMy € MEpUOJOM BOJHBI, paBHbIM A . Pabora cuin
nedopMalui Ipy CKATUHU TBEPJOTo Tefa (B HallleM Clydyae MOKPBITHS), OUEBUIHO,
pacTeT ¢ yBEJIMUYEHUEM YHCJIa COBEPIICHHBIX M3rMO0B (C YMEHBIIEHUEM Iepruoia
penbeda). OOHAKO «IPUKPEIUIEHAa» K MOKPBITHIO IOJATIMBas, HO BeCbMa
NPOTSKEHHAsT MOJJIOKKA BHOCUT CBOM MOINpPaBKu B mporecc. O4eBUIHO: 4YeEM
OonblIe nepuo penbeda, TeM MpU MPOUYUX PABHBIX YCIOBUAX, OOJIBIIE pa3MeEp €ro
aMIUTUTYJbl. A 3TO YBEJIMYEHUE O3HAYaeT «BBITACKUBAHME» YACTU MOJIMMEpA,
«IPUKPETNIEHHOT0» K TOJJIOKKE, Ha JOCTATOYHO OOJBIIOE PAaCCTOSIHME OT €ro

MepBOHAYAJILHO POBHOM TMOBEpXHOCTU. st Takoil jaedopmariuu  MOJJI0KKU
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HEOOXOMMO MPUJIOKUTH 3HAYUTEIHHOE YCHIIHE, T.€. COBEPIIUTH ONMPEACIICHHYIO
paGoty. Jpyrumu cioBamMu, NpuU BO3HUKHOBEHUHU penbeda YBETUUYCHHE €ro
NepuoJia, CTOJIb «BBITOJHOE»  TOKPBITHUIO, COBEPIICHHO «HE BBITOJTHO
NOJIATIMBOMY MTOJIMMEPHOMY OCHOBAHUIO. B 3THX yClOBHSX, KaK BCerja, mpupoja
UJET 1O TMyTH MUHUMHU3AIMU SHEpPreThueckux 3arpar. HWx BeauuuHy
MPUMEHUTENBHO K Kay4yKOBOW M IJIACTUYHOM MOJJI0KKAM yUEHbIE XMMHYECKOTO
dakynpTeTa MI'Y cHavama paccuuTanm TEOPETUUYECKHA, a TOTOM IMOATBEPIUIU
HKCIIEPUMEHTAJILHO, YTO CBHUJETEIBCTBYET O Pa3yMHOCTH MPEIINOIO0KEHUH,
CIEJIaHHBIX BBIIIE OTHOCUTEIBHO MEXaHW3Ma 3TOr0 BUJA CaMOOPTaHU3ALMH
MaTEepHH.

Perynspnas ¢parMeHTanusi >KECTKOM OOOJOYKM TakkKe CBsi3aHa C
OCOOEHHOCTSIMU ~ Mepelayd  MEXAHMYECKOTO HANpsHKEHUs OT MOJATIMBOIrO
OCHOBAaHMsI TBEPAOMY IIOKPBITUIO 4Yepe3 TIpaHuLly pasznena. B wyactHocTH, ee
XapakTep 3aBUCUT OT MeXaHu3Ma JedopMaluu MOJUIOKKH. M3 MOBCEIHEBHOTO
OIbITA MBI 3HAEM, YTO MOJIUMEPHBIE TJIEHKU Ae(hOpMUPYIOTCS, 110 KpalHel Mepe,
IBYyMsI croco0aMu: OJHOpPOJIHO (Tak BeAeT ceds pe3rHa) M HEOJHOPOIHO
(monmuaTHIIEHOBAsA IUIEHKA). B mocienHeM ciiydae HENpepbIBHO COCYIIECTBYIOT
(dparMeHThl, KaK UCXOJHOrO MOJIMMEpPA, TaK U MEpEIIeIIero B OpPUEHTUPOBAHHOE
COCTOsIHUE (Tak Ha3bIBaemasi eiKa).

IIpu omHOpogHOM neOpMUPOBAaHMHU MOJUMEPA-TIOJJIOKKH B Hadale
pacTsDKeHUs pa3Mepbl 00pa3yroIIuXcsi (parMeHTOB MOKPBITUS HE WIECHTHYHBI.
OT10T 3 (DEKT CBA3aH C TeM, YTO HA HAYAJIbHOM CTaJuU pa3pylieHus (IIPU MajbIx
YIJIMHEHUSX MOJMMEPA-TIOAJIOKKN) pElIaloMii  BKJIaL BO (parMeHTaIuIo
HOKPBITHSL BHOCAT MOBEPXHOCTHBIE MUKPOAC(PEKThI, MHULIMUPYIOIINE pa3pylleHNe
NOKPBITUSL B MECTax CBOEH JOKalu3aluu. Takoro poaa aedeKThbl, OYEBHUJIHO,
pacrnosararTcs B MOKPHITHH CITy4yallHbIM, Xa0THYECKUM 00pa3oM, Oiarogaps yemy

U TIPOUCXOJIUT €0 HEPETYISIPHOE, CllydaliHOE pa3pylieHue [6].
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1.5 Oco0eHHOCTHM MAaKpPOCKONMHUYECKOro pejabeda MOHOKPHUCTANIOB
AJIIOMHHMSA, 3aKpPelJIeHHbIX Ha 00pa3nax BbICOKONPOYHBIX CIJIABOB IpPH
HUKJINYECKOM PACTKEHUHU

1.5.1 HeycroitunBocTh Jiliiepa B CHCTEMAX GKECTKOE MOKPbITHE HA

nmoaaTJjiuBOM OCHOBAHUM»

Mopenp Diinepa Oblla HMCHOJIB30BAHA IS aHAIW3a HEYCTOWYUMBOCTH
CHCTEM «KECTKOE MOKPBITHE Ha TIOJaTIMBOM OCHOBaHUM» B paboTax[51, 54, 55].

B knaccuueckoil cxeme Oilnepa paccMaTpuBaeTcsi aOCOJMIOTHO KECTKUM
CTepXEHb JUIMHOM [, ¢ MIApHUPHO 3aKPEIUICHHBIM HIDKHUM KOHIIOM M CHKATbIi
cwioh F. B BepTUKAIbHOM TOJIOKEHUH CTEPKEHb YIEPKUBACTCS YIPYrou
MPYKUHOW, UMEIOIIEH )KECTKOCTh ¢. DTO O3HAYAET, YTO MPU MOBOPOTE CTEPIKHS HA
€AUHUYHBIN YToJ B yIPYroM IIAPHUPE BO3HUKAET MOMEHT 71, PaBHBIM c.

[Ipenmonoxum, 4Tro MO KAKOM-TO MNPHUYMHE CTEPKEHBb MOIYYUI Majoe
UCKPHUBJICHUE OCH, BCIEACTBHE YErO B HEM IOSBUJICS M3rHOaromuii MOMEHT M =
Fv, rne v - oTkioHeHHe ocu Oanku OT LEeHTpaibHOM nuHuMU. HeoOxomumo
0oOpaTUTh BHUMaHHE HA TO, YTO BBIPAXKEHUE JJI1 U3THOAIOIIEr0 MOMEHTA MOJIYYEHO
U1t 1€(OPMUPOBAHHOTO COCTOSIHUSI CTEPKHS, B YEM TMPOSIBISIETCS HETUHEUHOCTD.

Cuna Diinepa 3anuchIBaeTCA Kak

n?m2EIl
12

F =

(1.2)

rne £ — moaynb ynpyroctd, | — moMeHT uHepiuu Oanku, n =1, 2, 3, ... .

Takum oOpa3oM, KpUBOJIMHENHHAs (opMa paBHOBECHS CTEP>KHS BO3MOXKHA
py PUKCUPOBAHHBIX 3HAUYCHUSX CxKUMarolen cuibl. [Ipu n = 1, B COOTBETCTBUM C
BbIpakeHHUeM 1.2, cTepkeHb H3rubaercs ¢ 0O0pa30oBaHHEM OJHOM IMOJIYBOJHBI
CUHYCOU/IBI, IPUYEM JIJISl 3TOr0 TpedyeTcss MUHUMAalIbHOE 3HaueHue cuibl F (puc.
1.3). C yBennyeHueM N U yMEHbLUICHUEM MEPHOAA CHHYCOUAAIBHBIX BO3MYIICHHM

CTEPIKHS TPEOYETCS MPHUIIOKHUTH OOJIBIIYIO 1O BeuunHe cuiy (puc. 1.3)
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Pucynox 1.4— ®opMbl MOTEpH yCTOHYUBOCTH CTEPIKHS, OTBEYAIOITUE PA3HBIM
3HAYEHUSIM 1

Kak cnenyer u3 o0030pa 53KCIEpUMEHTaNIBHBIX paboT, oOpa3oBaHUE
PEryJISIpHOTO MUKpOpenbeda Ipu OJHOOCHOM PacTsHKEHUU MOJIMMEPHBIX IJIEHOK C
JKECTKHM TMOKPBITHEM CBSI3aHO C IIyaCCOHOBBIM IONEPEYHBIM  C)KATUEM
MOJIMMEPHON TOMJIOKKM TMPU €€ OJHOOCHOM pacTshKEeHUU. BbIBOJ O TOM, 4TO
UMEHHO C)KaTHE€ OTBETCTBEHHO 3a BO3HMKHOBEHHUE DPETYJSPHOIO MHKpopeinbeda,
ABJIETCS] IPUHIUIIUAIBHO BaXKHBIM ISl TOHUMAHUS 3TOr0 (PU3HUYECKOTO SIBJICHUS.

IIpy OOHOOCHOM C)KaTUM TBEPAOIO TeJIa C IMOKPBITHEM IIPH JOCTHXKEHHU
KPUTHUYECKON Harpy3Kd HOKpBITHE TEpsieT YyCTOMYMBOCTh M MpuodpeTtaer (popmy
CUHYCOUBI C IJIMHOM BOJHBI, PABHOW MOJIOBUHE JUIMHBI CKUMaeMoro tena [60].

Knaccuueckuit cmydaii mokazan Ha puc. 1.3 a u puc. 1.3 6. Ecnu xe
yKa3aHHbIM aCHMMETPUYHBIM OOBEKT MPOYHO CBA3ATH C MOJATIMBBIM OCHOBAaHUEM
(puc. 1.3 B), TO cuTyauusi, UMEIOIIAsg MECTO MPU CKATHUH TaKOTO OOBEKTa,
MPUHIUITHAIBHO W3MEHUTCS. [Ipy  OOCTHXKEHMH KPUTHYECKOM CHKUMAIOIIEH
Harpy3Ku TeJ0 HE CMOXET MPUHATH (OPMY MOJTYBOJIHBI, TAK KaK MPU OTKIOHEHUU
OT TPSIMOJIMHEWHON (PopMBbI Ha Hero OyAeT ACHCTBOBATH CO CTOPOHBI MOJIONKKH
BO3BpAILlAOIas Cuia, MPOMOPIMOHANIbHAS BEITMYMHE OTKIOHEHUs. B pesynbraTe
TaKOI'0 B3aUMOJEUCTBUS MEXKY BHEIIHEU IPUIOKEHHON CUJIOW U BOZHUKAIOIIUM
BHYTPEHHUM CONPOTHBJICHUEM CO CTOPOHBI TOIJIOKKH, MOKPBITHE HEU30€KHO
MPUMET CHHYCOUJAIBHYIO0 (POPMY C eprUO0M BOJIHBI, paBHBIM / (puc. 1.3 1).

1) Ympyras noaioxka
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Takum oOpa3om, aHanu3 HECTAOMIBHOCTH B paMKax yOpPyroro
OpUOJMKEHUST HAa OCHOBE pelIeHUs 3ajaud Oilsiepa npu aePOpMUPOBAHUHU
CUCTEMBI «TBEPIOE MOKPHITUE HA YIPYTOM OCHOBAaHUMU» I103BOJISIET KaYE€CTBEHHO
OOBSICHUTh OCHOBHBIE OCOOCHHOCTH BO3HHUKHOBEHHS PETYISPHOTO penbeda MpH
neOpMUPOBAHUN CUCTEMBI «TBEPIOEC TOKPBITHE HA YHOPYrod MOJIUMEPHOU
MOJJTOKKE» M IKCIIEPUMEHTAIbHBIE TaHHBIE MO AEPOPMUPOBAHUIO METAILITMYECKUX
MOKPBITUIA HA MOJIMMEPHBIX IUIEHKAX.

2) IlnacTuyHas MoUIOKKa

Takum oOpa3om, aHanM3 HECTAOWJIBLHOCTH ABYXCIOWHBIX CHCTEM THIIA
«TBEpJ0€ MOKPHITUE HA MOAATIMBOM OCHOBAaHMU» B BHJIE€ TOHKUX METAIUTMYECKUX
NOKPBITHA Ha IMOJMMEPHBIX IUIEHKaX Ha OCHOBE pELICHWs 3a1adu  Oiliepa
MO3BOJISIET OOBSICHUTH CIEAYIOIINE OCOOCHHOCTH BO3HMKHOBEHUS PETYJISPHOTO

penseda npu 1eopMUPOBAHUHN CUCTEM ILJICHKA — MOJIJIOKKA».

1.5.2 Mogaeas I'.Il. YepenanoBa

B pa6ore I'.Il. YepemanoBa [30] aHanuTHuUecKu pelieHa 3ajada o
TEPMUUYECKUX HANPSHKEHUSX, BO3HUKAIOIIUX B CHCTEME «TOHKas IUICHKA-
MOJIOKKA» C pa3 JMYHBIMU KOA(P(UIIMEHTAMH TEPMUYECKOTO PACIIMPEHUS TPH
OCQKJIEHUU IJIEHKH Ha TOJJIOKKY M OXJIaXICHUH OT TEMIIEPATyPbl OCAKACHUS 10
paboueit TeMnepaTypshl.

BbIM MCIOSIB30BaHbI CIEAYIOLIUE MTPEANOI0KEHUS

1. TonmyHa MJIEHKH HAMHOTO MEHBIIIE TOIIIUHBI TTOIJIOXKKH.

2. B mporiecce Tepmuyeckoro aedopMHUpPOBaHUS OXJIaXKJICHUEM/HarpeBaHUEM B
COEJIMHAIOIIEM CJI0€ HE 00pa3yloTCsl CIBUTH U TPEIMHBI (MACaIbHOE COEUHE-
HHUE).

3. MaTepuai moasioKKy OTHOPOIHBIN, M30TPOTTHBINA U JTMHEHHO TEPMOYIIPYTHUH.

4. Marepuall IJIEHKH OJAHOPOIHBIN, U30TPOMHBIN M HACATBbHO TEPMOYNPYTUU U

MJIACTUYECKUMH.
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Pucynok 1.5 - Cxema COCIMHEHHUsS «IUICHKA-TIOUIOKKA»: TOPU3OHTAJIbHAS MPOCKIUSI
OCaXXJICHHOW TOHKOM IUIeHKH, ¢ pasmepamu 21, x 2l, X (0) BepTHKampHas IpOEKIHS,
HOKa3bIBAOLIAsl IPUIPAHUYHYIO 30HY HOII0XKKHU C pazmepamu 21, x 21, X t,.

Takum o0pazom, mozens [.Il.UepenaHoBa mMmo3BOISIET OOBSICHUTH Trap-
MOHMYECKUN  XapakTep paclpelneieHHs] HOPMaJbHBIX U KacaTeJIbHBIX
HalpsOKEHUH Ha UHTepdeiice pa3sHOPOAHBIX Cpel, a TaKXkKe JIMHEWHYIO
3aBHCHUMOCTD aMILTUTY/IbI MOAYJIALNNA PO MOBEPXHOCTH B 3aBUCHMOCTH OT
TOJIIIMHBI TOBEPXHOCTHOTO cJiosl. [loyueHHOe penieHre JaeT nocie10BaTenbHOe
OTHCaHNe MPOTPECCUPYIOMINX U3MEHEHUH MOP(OIOTUN METAJUINYECKOM TIICHKH,
3aKpEIJICHHOM Ha KepaMH4YeCKOM IOAJIOKKE B MPOIECCe HarpeBaHUs WM
oxnaxaenus. [Ipu 3ToM B mporiecce HarpeBaHus WK OXJIKICHUS UHAYLUPYETCS
oOpa3zoBaHue HEOONBIIMX OYrOpKOB B TEUECHHE MOJYLHMKIA CKATHUsS, pazMepbl

KOTOPBIX YMCHBIIAIOTCA JO MUHUMAJIbHO BO3MOXKHOI'O paauyca.

1.5.3 Moaeas I'pundennaa

B wmomenu [I'pundenbna paccmaTpuBaeTcss NOTEps YCTOWYMBOCTH
NIEPBOHAYAJIBHO IUIOCKOM IOBEPXHOCTU HArpyKEHHOIO TBEPAOro Tela IMOJ
JNEHUCTBUEM TPUIIOKEHHBIX HampspkeHU. BriepBble HeCTaOMIBHOCTH IUIOCKOU
MOBEPXHOCTU HArPYKEHHOTO TBEPJOTO Tejla TEOPETHUECKH Oblla MpeacKka3aHa
Azapo u Tumnepom. O0mmiA XapakTep 3TOro siBIeHUs ObUT moka3aH [ puHdenpaoMm
B paboTax MmyTeM aHanu3a OajaHca yHnpyrod W CBOOOJHOM MOBEPXHOCTHOMU
SHEPIrUU OJHOOCHO U OJHOPOJHO HArpy>KEHHOTO TBEPJOTO TENA, TIO3ITOMY €€ 4acTO

Ha3bIBAIOT HECTAOMIBHOCTRIO ['puHdenbaa.
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B naHHOW MOJenu paccMaTpHUBAETCS HETMAPOCTATHYECKH HArpyXEHHOE
TBEPAOE TEIO C MEPBOHAYAIBHO IUIOCKOM NOBEPXHOCTHIO. IlpuiokeHHOe
HaOpsDKEHUE  YBEIMYMBAECT  YIOPYTYH0  DHEPrUI0  CHUCTEMBI,  KOTOpOE
YPaBHOBEIIMBAETCS CUJIAMHU TMOBEPXHOCTHOro HatskeHus. [lpum  goctwkeHun
CUCTEMON HEKOW KPUTUYECKOM BEIMYMHBI HSHEPTUM, CTAHOBUTCSA BBITOJIHBIM
UCKPHUBJICHUE MTOBEPXHOCTH HArpy>KEHHOTO Tejla U 00pa30BaHUE BOJIHOOOPA3HOIO
npodpwmis. IlepepacnpeneneHue MaTepuaia Ha IOBEPXHOCTH OCYIIECTBISETCS
IOCPEACTBOM KaKOro-imb0 MeXxaHM3Ma IIE€peHOca BEIIECTBA, HAlpUMeEp, IMyTeM
pacTBOpEHHsSI B 30HE KOHTaKTa C XMMHYECKHUM pPAacTBOPOM, C PaCIUIaBOM, HIIA
yTeM NOBEPXHOCTHOM IUPPy3un s JOCTATOYHO HArpeToro TBEPAOro Tela.
IlepeHoc BemecTBa MPOMCXOAMUT B IOJIE I'PAJAMEHTa XMMHUYECKOTO MOTEHLHANA,
KOTOPBIN BKJIIOYAET CBOOOJHYIO MOBEPXHOCTHYIO U YIPYTYIO SHEPIHIO0 CHCTEMBI.

PaccMOTpuM OJJTHOOCHO M OJHOPOJHO HArpy:KEHHOE IMOIYyOSCKOHEYHOE TEJO Kak
MoKaszaHo Ha puc. 1.5

1 ‘? i?
o 11 /'\ _
N/ X

Pucynok 1.6 — Cxema necradbunbHocTH ['pundensaa. HanpsbkeHne ¢ mpuiokeHo K KpasM
MOJIyOECKOHEYHOTO H30TPOITHOTO Tea, HAXOSIIETOCs B CBOOOIHOM KOHTAKTE C COOCTBEHHOM

paciuiaBOM UM paCTBOPOM IO JABJICHUEM D.

Pe3ynpTHpyronmi rpagueHT HANPSKEHUH BIOJb ITOBEPXHOCTH JIBUKET I10O-
TOKH BEIIECTBA U3 YIUIYOJICHUH K BepirHaM MUKOB. [ToaToMy ckopocTs yriybie-
HUS BHAJWH OyAET YBEJIMUUBATHCS, TEM CaMbIM, YBEIMYUBAsI TPAJAUCHT HaIPsKe-

Hui. JlecTraOunmn3upyroliee BIMSHUE HAMPSKEHUST YPABHOBEIINBACTCS MTOBEPXHO-
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CTHBIM HAaTSDKEHHUEM, KOTOPOE CTPEMUTCS MUHUMHU3HPOBATH IUIOMIA/Ib ITOBEPXHO-
CTH.

B oTcyTcTBMM TMOBEPXHOCTHOTO HATSDKCHHUsS, Kak IIOKa3aHO B pabote,
MJI0CKasi MeXQaszHas TpPaHUIA MEXAY KPUCTAIUIOM M €r0 PaciylaBOM TPHU CKOJIb
YTOJHBIX MaJIbIX HETHUJIPOCTATUYECKUX HAIPSHKCHUSAX BHYTPU TBEPJOM (asbl
OyleT HEYyCTOMYMBA OTHOCHUTEIBHO BO3MYILICHHH C JIIOOOW JJIMHOW BOJIHBI.
[ToBEpXHOCTHOE HATSXKEHUE TMOAABIISIET KOPOTKOBOJIHOBBIE BO3MYILEHUS, HO HE
MOXKET cTabMIM3UpOoBaTh GopMy MeK(pa3HOM I'PaHUIBI B 00JIaCTH BO3MYIIICHUH C
JIOCTATOYHO OOJIBIITOM JIIMHHOM BOJIHEI.

KoHkypeHIus MexXay JeCTaOUIM3UPYIONIUM BJIMSHUEM HaNpsKEHUs,
CBSI3aHHOTO C oOpa3oBaHueM pelbeda, W CTAOMIM3HPYIOIMIUM  BIUSHHEM
MMOBEPXHOCTHOTO HATSKEHUSI XapaKTEPU3YETCA TUCIEPCUOHHBIM YPABHECHHUEM,
KOTOPOE TOJIYyYEeHO Ha OCHOBE JIMHEHHOTO aHajIu3a HeCTAOMIIBHOCTH U ITO3BOJISET

OOCHUTH KPUTHYCCKYIO JJINHY BOJIHBI BOBMYHIGHI/II;'I IIOBCPXHOCTH.

2. MATEPUAJIbI SKCIIEPUMEHTAJIbHBINX UCCJEJOBAHUM

2.1. MaTepuaJj uccjie10BaHus

Merton bpumxmena no3BojsieT BRIPACTUTh MOHOKPUCTAIIBI TUAMETPOM J10
50 MM, B BEpPTUKAJIBHYIO T€Ub MOMEIIACTCS TUTeIb U3 OKCHAA UTTPUS TOCIe
MPOM3BOJAUTHLCS 3aTpaBKa HYXKHOM oOpHeHTauuu. YucToTa  BbIPAILIEHHBIX
MOHOKPHUCTAJIJIOB TIOMUHUS MOXeT jgocturath 99,995% Bec. Al. Ilocie
MOJy4YEHHbIE MOHOKPHUCTAIIIBI pa3pe3ajucCh JJIEKTPOIPO3ZMOHHBIM METOJOM Ha
mactuHbl HOM 30, mmpunoit 10 u BeicoToi 0,4-0,5 mm. Jlanee ucnosb30BaIN
pentrenorpadckuiit tudpakToMeTp s ONpeAeIeHUs OPUEHTAIIMN KPUCTAILIA, YTO
MO3BOJISVIO MPOU3BOJUTH PE3KY, HE BBIHUMAsT MOHOKPHUCTAI, W3 JepKaTelis
obOecrieurBas BRICOKYIO TOYHOCTh.  3aTeM MOJyYeHHBIC 00paslibl MOJBEPralnch
AJIEKTPOIIOIMPOBKE, KOTOpas yOupaeT aedopmariiio, BO BpeMs PE3KH YTOHYAET

TMOBEPXHOCTH U JIENAECT €€ 36PKAJTbHOM.
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[ToBepXHOCTh TMOJUIOKKHA TOTOBWJIHM CICAYIOIIUM 00pa3oM: BHauaje
MPOBOJMIIACH MEXaHW4YecKas NUM(OBKAa HaXKIAYHOW OyMaroil ¢ MOCTENEHHBIM

YMEHBIIICHHEM 3epHa 00pasiia, Iocie MPOU3BOINIOCH TPABJICHUE 00Pa3IIOB.

Ha pucynke mpocraBieHa cxema KperuieHus oOpasla K MOJJIOKKE MPHU
npuaaye Harpy3kd Ha KOHIBI MOMJIOXKKU. [lon BO3MEHCTBUEM AJIEKTPUUECKOTO

TOKa IIOJJIOKKAa HAYMHACT PACTATHBATBCA, COBCPIIAA MMUKITMYCCKHC KOJIEOAHHSI.

71
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Pucynok 2.1 — Cxema HarpyxeHHs1 00pa3I0B ¢ HAKICCHHOH (PoIbro

2.2 [loaroroBKa NOBEPXHOCTH

2.2.1 lllindoBanne U MEXaHUYECKOE MOJUPOBAHME

JUis u3ydeHuss CTPYKTyphl oOpa3na HEOOXOIMMO IMOATOTOBUTh Ha €ro
MOBEPXHOCTH TJIAKYIO IUIOMIAAKY, Ha3piBaemyro Immudom. Ilmockocts mumuda
U3TOTOBJIAIOT mimudoBaHMeM WM mnoiupoBanueM. lllmud i uccnemoBaHus
JOJDKEH OBITh THIATEIBHO O0O0paOOTaH [Jisg TMOJy4eHHUs 3€pKAbHOTO Ojecka.
HepomycTuMo — crilaKMBaHHE  MOBEPXHOCTM € IOMOIIBIO  IJIACTHYECKON
nedopmaliim, Tak Kak mpy 3TOM HCKaXaeTcsl CTPYKTypa MeTala.

Lenpto MmIUGOBKM W MEXAaHWUYECKON TIOJUPOBKH SIBISICTCS MOJYYCHHE
nudoB 0e3 pucok, penbeda, ssMok u nedopmaruii. [lpu 06praHOM TG OBAHUN
abpa3uBaMu TJTyOMHA CJOSI ¢ MCKaKEHHOM CTPYKTYpOM MOKET JOCTUYBL 75 MKM.
Cnenpl aedopmaliii ¥ MOBEPXHOCTHOTO HarpeBa Iocjie OOpadOTKU pe3loM

oOHapyxuBatoTcsi Ha riayomne ot 250 nmo 2000 wmxm. B mpouecce
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MeTayorpaguueckoil nUMGOBKA 3TH CIOW JOJKHBI ObITH yaaneHbl. Haunbornee
yI0OHBIM a0pa3uBOM SIBJSIIOTCS MITHU(GOBAIBHBIE IIKYPKH.

IlepBuuHoe  BbIpaBHHMBaHHME OOpa3LOB MPOMU3BOAIAT Ha abpas3uBax
3epHUCTOCTRIO 46 1 60, m3beras HarpeBa oOpasma. [Ipu mmmdoBanun oOpaserr
ClIEyeT JepKaTh B OAHOM MoJsioxkeHuu. [Ipu nepexoze ot 6osee rpy0oit Oymaru k
MeHee rpyOol HEOOXOAMMO TIIATENBHO MBITh 00pa3ell U pyKd B CTpye BOJBI, a
TaKk)K€ MBITh MPUMEHSBIIMECS MPH MNUIIU(POBAHUM MPUCHOCOOIEHUS IS TOTO,
4TOOBl HCKIIIOUUTh BO3MOXKHOCTh IIEPEHOCA YaCTUL[ KpPYNHOro abpasuBa Ha
MEJIKO3EPHUCTYIO NUTH(OBATBHYIO MIKYpKY. UeM MEHbIIe pa3HHIIA B 36PHUCTOCTH
MEXIy IBYMsI TOCIEAOBATEIBHO YMOTPEOIIEMBIMH IIKypKaMH, TeM ObICTpee
IPOXOAUT HUTH(OBaHUE.

Crnenyromas omepanusi TOHKOE IIIUGOBaHHE. ITO MPOMEKYTOUHAS
ornepanus Mex1y udoBaHUEM U oJupoBaHueM. OHa CIyKUT 1Js yAaJleHUsl He
TOJIBKO TJIYOOKHX PHCOK, HO U TOJICTOTO HAKJIEMaHHOI'O MOBEPXHOCTHOIO CJOA,
OCTAaBIIErOCs MOCIE pe3aHbsl U TIIyOOKOTO nuTM(oBaHusa. ITOT CJIOH MOXKET UMETh
tonuuHy 0,1mMM u 6one. O6a mpouecca — TOHKOE HUTM(POBAHKE U MOJIUPOBAHUE —
MpEACTaBIsACT COO0OM ylalieHHe C MOMOIIbI0 abpa3uBa MEIKUX METAJTUYECKHUX
YacTULl C MOBEPXHOCTH MeTama. llpu mumdoBaHMM BO3HHMKAIOT PUCKHU, U
NOBEPXHOCTh BBIMVIAIUT TYCKJIOH, a IOJHMPOBAHHUE JENAeT MOBEPXHOCTh Ooliee
Onectael. 3epKalbHasi MOBEPXHOCTh, HA KOTOPOM PHUCKU HE BUJIHBI JaXKe MOJ
MHUKPOCKOIIOM, TOJy4YalOTCAd TOJBKO IIOCJIE OKOHYaTelIbHOM oOmepauuud —
MOJIUPOBAHUS.

Tonkoe uuMdoBaHue OOBIYHO MPOBOAAT Ha abOpa3uBHBIX Oymarax. Bo
BpeMsl 3TOW OIEepaluy LEJeCO0O0pa3HO COXPaHATh OJHO M TO e IOJOKEHUE
oOpasiia, 4To0bl BCe PUCKU OBLIM TapasuielibHbl. B 3TOM cilyyae mocie Kaxkaoi
CTalMi MOXXHO TPOBEPHUTH, OBUIM JHM YCTPAHEHbl BCE PUCKU, HAHECEHHBIE MpPHU
IpEeABbIIYLIEH ONEPALUH.

[TpoMexyToOdHON MeEXIy OMeparusiMid TOHKOTO NUIU(OBAHHUSA U TPyOOTO

IMOJIMPOBAHUA ABJLACTCA OIICpalusd IIPHUTHUPKH. I[J'Iﬂ IMOJIUPOBAHUA IIPUMCHACTCA
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BOpCHUCTasl TKaHb. MsrKas TKaHb C JOBOJBHO BBICOKUM JJIACTUYHBIM BOPCOM B
COUYETAHUH C OUYEHBb MEJIKHUM a0pa3suBOM JIa€T MOBEPXHOCTH 0€3 PUCOK.

@®onaprd MOHOKpHCTAJIa QIIOMHHHS OBUTM BBIPE3aHBl C  TOMOIIBIO
AJIEKTPOIPO3UOHHON PE3KH TakuM oOpazoM, 4To TMiockocth (100) sBisuiack
IUIOCKOCTBIO HAOMIOJCHHS, a HampaBlieHHE, B KOTOPOM TPHUKIAIBIBATIOCH
pactsaruBaromiee Hampspkerue, Obuto <001>. Ilocrme Mexanwdeckod HUTH(OBKH

G oJIbrY TOABEPTATIH DIIEKTPOJIMTHIECKON TTOJTMPOBKE.

2.2.2 DIeKTPOJIUTHYECKOE OJTMPOBAHNE

OcHoOBHas 1€ AJEKTPOINOJIUPOBAHUSI — MPUTOTOBJICHUS HUIM(pa 0e3 PUCOK
JUIsL METAJUIOrpauyecKoro UCCIEOBAHMS ITyTEM aHOIHOTO PACTBOPEHUS METaJIa
B AsiekTposute. [lpu 31eKTponoaupoBaHuu METAII HE HAKJICTIHIBAETCS, B TO BpEMs
KaK Ja)ke MOCJIe TIATEIbHOTO MEXaHUYECKOTO MOJIMPOBAHUS 3TU J1€(DEKTH UMEIOT
MECTO.

DJIEKTPONOIUPOBAHUE OCOOCHHO HEOOXOAUMO I MATKUX METAJUIOB M IS
00pasloB, HCIOJIB3YEMBIX B 3JIEKTPOHHON MUKpockomnuu. [lockonbky Hamuune
YUCTBIX, HEUCKXEHHBIX TIOBEPXHOCTEH 0O0BEeKTa oOecreynBaeT IMONIyICHHE
BBICOKOI'O Pa3peLIeHHUS.

[Ipu >7€KTPONOJIUPOBAHUU TPOUCXOUT MPEUMYILECTBEHHOE PACTBOPEHHUE
MeTaJljla BOKPYT TYCTOT M HEMETAUTMYECKUX BKIIOUEHWH, TEM CaMBIM,
YBEJIMYUBACTCS UX pa3Mep.

Jis  mpoBeneHUs DJICKTPOIUTHYECKOTO TOJMPOBAHUS —METaTorpaduaecKux
o0Opa3LoB HE00X0IUMO UMETh COOTBETCTBYIOIIHMA AIEKTPOJIUT,
AIIEKTPOJIUTUUECKYIO AYEHKY U perynupyemblit UCTOYHUK TOKa.
DNEeKTpOJIUTHYECKass  sS4Yeiika COCTOMT W3: cocyda [UIsl  DJICKTPOJIHTA,
U3TOTOBJICHHOTO OOBIYHO M3 CTEKJA, TaK KaK 3TOT MaTephall UMEET BBICOKYIO
KOPPO3HMOHHYIO CTOMKOCTbh M SIBIISIETCSl AMAJCKTPUKOM. J[Ba 3JeKTpoja: Karoja,
W3TOTOBJICHHOTO, KaK MPaBUIIO, U3 HEP)KABEIOIIEH CTalli, U TIEPEHOCHOTO aHOJa B

BUJIC 3AKUMa, KOTOPBIN yAEpKUBAET 00pa3el] v MO3BOJIIET MOTPYKaTh €T0 B BAHHY
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U OBICTPO WU3BJIEKATh, MOCKOJBKY HEKOTOPBIE AJIEKTPOJIUTHI SIBISIOTCS BEChMa
AKTUBHBIMH TPABSIIIMMH PEAKTUBAMHU.

K BbINOJNHEHUIO mpolecca MNOJIMPOBAHUS MPEABSBISIIOTCS CIEAYIOLIUE
TpeOOBaHMUS.
1. O6pa3zen JOMHKEH JIETKO U OBICTPO U3BJIEKATHCS U3 BaHHBI JJI1 IPOMBIBKHU.
2. OnyckaTe oOpa3zel B JIEKTPOJIUT MOCIE HAIOKEHUSI pa3HOCTH MOTEHIUAJIOB U
BBIHUMATD JIO OTKJIOHEHUS HAMPSKCHHUSL.
3. Ilorpyxathb JuIIb YaCTh 00pa3La B 3JIEKTPOIHUT.
4. Tlonoxenue oOpa3la 1O OTHOLIEHWIO K KaToay JOJDKHO OCTaBaThCA
MOCTOSTHHBIM BO BPEMs DJIEKTPOJIN3a, C TEM, UTO Obl HU MPOUCXOAMIIO U3MEHEHHE
BHYTPEHHEr0 CONpOTUBIEHUS s4elku. B  OoJbIIMHCTBE clyyaeB aHOJ
pacriosaraeTcsi Fopu30HTaIbHO, YTOOBI COXPAHUThH CTAOUIIBLHBIN BSI3KUHN CIIOM.
5. Karon He 1011KeH B3auMOIEHCTBOBATD C 3JIEKTPOIUTOM.

DAEKTPOIUTUYECKOE MOJIMPOBAHUE KPUCTAJUIOB ATIOMUHUS OCYILECTBIISUIN

B anekTposute HzPO4-75mn, H,SO,4-74Mmm, CrOs-16rT, H,O-56Mm.

2.3 Iepopmanusi 00pa3na ¢ NOMOIbIO UCNIBITATEIbHON MAILIMHbBI

OOpasupl ¢ HakJIeHHBIMHA (OJIIaMH  HCIBITHIBATM Ha MAJIOIMKIOBYIO
ycranocth Ha mamuHe Schenck Sinus 100.40 mpu cienmyromux mnapaMeTpax:
Yacrota f = 1 I't, 0,4 = 165 1 200 MIIA, 6,,in = 0,10maxr Omean =(Omax —
Omin)/2. OOpa3Ibl HCIBITHIBAINA B MAJIOIIMKIIOBOW 00JIACTH YCTATIOCTH. DBOJTIOIHIO
nedopMaloHHOTo penbeda MOBEPXHOCTH U JUHAMUKHK POCTa TPEIIUH U3ydyaau Ha
IUIOCKOW TpaHu o00pas3inoB. Ilocnme MOCTHMKEHUS OINpPENeIeHHOro YHcia IUKIIO0
00pa3iibl U3BJICKAUCH U3 UCTIBITATEILHON MAIIMHBI U UCCIICOBAIMCH C IIOMOIIIBIO

OIITNUYCCKOI0 MUKPOCKOIIA.
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2.4 Bo30yxaenue npoaobHBIX KoJie0aHMiI B CTep:KHe (IOAJI0XKKe) —

HCII0JIb30BAHME PE30HAHCA COOCTBEHHBIX KOJIeOaAHUIA.

HccnenoBanne MOHOKpHCTaLIa (PONbrd amroMUHUS TOMIMHON 200 MKM.
Pasmep oOpasua u3 mypamomuna 150x30x3. Moayns FOnra mns amomunus 200
['Tla u mmoTHOCTH 7.8 T/MOJIB.

[TomrygaeM BeIpakeHHE ISl COOCTBEHHON YaCcTOTHI KOJIEOAHUS MPOI0TBHBIX

BOJIH

f=5{z (2.1)

riae | ;mna ractunsl, E Moayis KOHra, p mimoTHOCTh 00pasmal34].
[Ipu nymue 150 MM B cTanbHOM 00pasie yactora coctasisier 3 kl'm.
PaccMoTpuM OTHOPOAHBIN CTEPIKEHD JIMHOIO | M MIOIAa b0 MOIEPEeYHOro

CCUCHMUA S, K KOHIIaM KOTOPOI'O IIPHUIIOKCHBI HAIIPABJICHHBIC BAOJIb CI'0 OCHU CHJIBI

F.uF, (F1=F, = F) B pe3ynbraTe 4ero JyiMHa CTEPIKHSI U3MECHUTCS HA BEIIMYMHY

Al (puc.2.2) [35].

oF

Puc.2.2 otHOPOIHBIH CTEPKEHD JUIMHOO | 1 TT0MIa1bI0 OMEPEYHOTr0 CEUCHHUS S.

Hedbopmanuro pacTspkeHHs! (CKATHS) XapaKTepU3yroT a0COTIOTHRIM
Al=1-1y (2.2)
Y OTHOCUTEJIHHBIM
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Al

g=—
lo

(2.3)

yITUHCHUSIMH, T1€ |l — HauanmpHas aauHa crepskHs, | — koHeuHas mauHa[36].
XapaKTepuCTUKOW  COCTOSHUS ~ JAeOPMHPOBAHHOTO  Tella  SIBISICTCS
MexaHuyeckoe HAanpsixceHue WU MPOCTO HAMNPSHKEHUE G — OTHOUIEHHWE MOMYJIsS

CUJIBI YIIPYI'OCTH F K mroimaau IMOIICPCUYHOI'O CCUCHUA S CTCPIKHA

o :g (2.4)

CymHocTh METO/A, UCIOJIB3yEMOro B paboTe, COCTOUT B cleayromeM. B
METaJUIMYECKOM  CTEp’KHE, 3aKpEIJICHHOM IIOCEpe/IuHe, BO30YXKIAIOTCS C
MOMOILBIO 3BYKOBOI'O F€HEpaTopa NpooJibHbIe Kosnebanus. B crepxkHe oOpazyercs
CTOsiuast BOJIHA — HA CBOOOJHOM KOHIIE CTEPKHSI BO3HUKAET MyYHOCTh KOJIEOAHUH,

a B TOYKe 3aKkperuieHus — yzen[37].

w1 [70-10°
~20,150.] 2,6989

f = 4500 Ty

YacToTa BO30YXKIEHUS MPOAOJBHBIX KojieOanuii coctaBuna 4,5 k't mis
racTulbl JuHoN 150 mm. [TonyueHHast OLleHKa YaCTOThI pe30HAHCa MPOJOJIbHBIX
KOJIGOAHUM CTEpXKHS TIO3BOJIAET CJelaTh BBIBOJA O TOM, YTO BO3MOXHO
BO30yK/IeHHE KojeOaHMWil Ha 4acTOTax B JMaNa3oHE HECKOJbKUX kuiorepil. [Ipu
TOM CIIeAyeT YUYWUTHIBATh TPYAHOCTh BO30YXKIEHHUS MPOJOJBbHBIX KoJieOaHUM
JIOCTATOYHOM aMIUIMTY/bI, KOTOpas OyJeT OMNpenessaThCs MOJIYJIEM YIPYTOCTH
Marepuaia CTepkHS U KOd(PPUIIMEHTOM 3aTyXaHus TMPOAOJIBHBIX BOJIH.
[IpoBeneHHBIE  AKCIIEPUMEHTAIbHBIE  OIIEHKHM  BO3MOXKHOCTH  BO30YKIACHUS
MPOJIOJBLHOM CTOSIYEH BOJIHBI B CTEPXKHE HE MOKa3aJld HEOOXOIUMON aMILIUTYIbI

KOJIcOaHMIA.
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2.5. Bo30y:xnenune u3rnOHbIX KoOJIeOaHUil

Crepxenb JHBL | ¢ TPSIMOTMHEHHON OCHIO, 3aKPETUICHHBIH OJHUM
KOHIIOM, KakK II0OKa3aHO Ha puCYHKe 2.3, CHocoOeH coBepIilaTh HW3THOHBIC
koJjie6anus. I1ycTh och X coBMajaeT ¢ MpSIMOM OChIO CTEPHKHS, a OCh Y HaIlpaBJieHa
B CTOPOHY TMPEAINOJOTaeMOr0 OTKJIOHEHUS OT TIIOJOKEHUS PaBHOBECHS;

OTKJIOHCHHC I10JJaracrcsa MaJibIM.

évy\%

— AFhxy

Pucynok 2.3 - Konebanus nsruda 3aieMaeHHOro CTEPKHS

PaccmoTpum BHauasne kojaebaTenbHbIN MpoLece NPy YCIOBUH, YTO KaXK bl
JJIEMEHT CTEpXKHS KOJeONeTcss Kak TBepAas 4YacTHIa MapajljielIbHO Ooch Y .
OcraroTcs  HEYYTEHHBIMH, TaKuM 00pa3oMm, Bce T00O0YHBIC  BIIUSHUS,
OOyCJIOBJIEHHBIE TE€M, YTO B JCHCTBUTEIBHOCTH H3-32 W3MEHEHHUS HAKIOHOB
YOPYTOW JTUHUU TPH KOJICOAHUSAX KaXABIA AJIEMEHT CTEPKHS TOBOPAYMBACTCS C
HEKOTOPBIM YTJIOBBIM YCKOPEHUEM M YTO JIEMEHTHI CTEPXKHSI HE COXPAHSIOT CBOIO
dbopMy W BCIICICTBUC M3MEHEHHUsS YTJIOB BO3HUKAIOT HANPSDKCHHS CIABUTA U T.I.
PaccmarpuBast 3aTteM mnpu OOBIYHBIX O0O3HAYEHUSAX (IIOTHOCTH P, IUIONIAb
cedyeHus: F, ®EeCTKOCTh Ha WM3TUO O) CHUJIy MHEPIUU B KayecTBE Harpys3ku P, u3
W3BECTHOTO YpaBHEHUS HM3THOa CTEP)KHS,MOKHO OIICHHTh PE30HACHYIO YacCTOTY

U3TUOHBIX KOJICOAHUIN CTEPIKHS:

g3El,  9,8-3-70-10°-350-10712
pl3 2,6989 - 0,153

= 240 T

rie g — CKopocTh cBoOOaHOTO TazeHus, E — moayns FOHra, I, — MOMEHT UHEpIHH

OJIHO¥ OaJIKH, P — IIOTHOCTH anfoMuHMS | — nyrHa Oanky.
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Puc.2.4 cxema crenaa n3ruOHBIX KOJeOaHUH CTEPKHSA

rae 1. 3axuMm, 2. noanoxka, 3. obpasen, 4. MarHur, 5. Karyuika, 6. yCUIUTENb ,7

0JIOK UTaHus, 8 reHepaTop

Ha mnoamoxkky, WM3roTOBIEHHOW W3 JropaidtoMuHusi pasmepom 150x5x2,
MOMEIIAJICA UCCIeNyeMBbIil 00pasel] u3 anmoMuHueBoN ¢osibru. Ha moanoxky Obu1
MPUKJIEEH MAarHAT, KOTOPBIM SIBISUICS YacCThlO JJIEKTPOMATHUTHOW CHUCTEMBI
BO30YXIeHust koyiebanuil. IlepemMmeHHO€ MarHMTHOE TMOJE 3aJaHHOW YacTOTHI
BO30YXKJadoch B Karylike, cojepxkamieil 240 BUTKOB MEIHOTO IIPOBOJIA
nuameTpoM 0,3 mm.

Texnuueckne XapakTEPUCTHUKU HUCIOJIb30BAaHHBIX MPUOOPOB IMPHUBEICHBHI B
npuioxeHuu b. ['abapuTHBIN PUCYHOK KaTyIIKU NPUBEACH B MPUIIOKEHUH B.

JIJist McTIBITaHUS CTEHJIa U3TUOHBIX KOJEOAHUM CTEpKHSI ObLIM MPOBEICHBI
M3MEPEHUS PE30HAHCHBIX YacTOT KOJICOAHWM MJIS pa3IMYHONM CBOOOIHOM JJIMHBI
CTEpKHS, pe3yJbTaThl MpeacTaBieHbl B Tabmuie 2.1. Yacrora konebaHuii
3a/1aBasiach renepatopoM 3BYKOBbIX yacToT ['CC-93 B nuamazone ot 120 mo 180
I'm ¢ marom 1 I'm. 3ajmarommii CUTHAnI TeHepaTopa YCWIMBAICS YCUIMTEIEM
MOIITHOCTA  3BYKOBBIX  YacTOT, AaMIUIUTyJla  KoJieOaHWM  HA  KaTyIlIKe
KOHTPOJIUpOBaJIach ocmmwuiorpadoM W cocTaBisiiia 5B, MOMEHT HACTYIICHUS
pe30oHaHca OMNpeAessUICS BHU3yaJdbHO [0 MAaKCUMYMY BHIUMBIX KOJIeOaHUM

cBOOOIHOTO KOHIIA CTEPKHA. AMIUIUTY1a KOJeOaHui focTuraia 5-8 M.

Ta6J'II/IL[a 2.1 OKCIICPUMCHTAJIbHBIC 3HAUCHUA pCSOHaHCHOﬁ YaCTOTHI ITpU M3TUOHBIX KOJICOAHUSX.
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JnHa Pe3oHaHcHas yacToTa CpenHee 3H.
12 cm 138 137 139 137 142 138+0,3
10 cm 151 149 146 148 147 148+0,5
8 cM 163 162 162 161 162 162+0,2

JlaHHbIE UCHBITAHMM TOKa3aJd, YTO TMPU YMEHBIICHUH JJIUHBI
HE3aKPEIICHHOTO KOHIIA TOJUIOKKH YBEIUYMBAETCS PE30HAHCHAs 4YacToTa
KoJIeOaHMii, a TaKKe, 4TO MHPHUHA PE30HAHCA IS TAaHHOW KOJeOaTeIhbHOW NMEET
BEJTUYUHY MOPSIIKA HECKOIBKUX TEPII.

BriBoggl.

1. Pa3zpabotaHa »JEKTpOMArHuTHas CHUCTEMa [Jis LMUKIXYECKOTO PaCTSIKEHUS
o0pa3lioB MyTeM 3HAKONEPEMEHHOI0 M3ruba ¢ amIumrtyaou A =+3 MM npu

W3MEHEHUH 4acTOThI Kotebauuii B quana3zone 120-180 I'm.
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3. NCCIEAOBAHUE PEJBE®A MOHOKPHUCTAJIJIOB
AJIOMUHUS KYBUUYECKOW OPUEHTAIIUU, 3AKPEIIJIEHHBIX HA
OBPA3LIAX JHOPAJIBATIOMUHHUEBOI'O CIIVTIABA, HPU
MMPOJOJIBHOM PACTAXKEHUU

3.1 JBoyouuss MaKpOCKONMYECKOro pejbeda HA MOHOKPHCTAJLIAX

AJIOMHUHHUSA IIPHA IPOAOJHbHOM PACTHAKCHUH

B naHHOM pa3nene npuBeaeHbI Pe3ysbTaThl UCCIECAOBAHUNA MAKPOCKOIIH-
YECKOIo pesibepa MOHOKpUCTAIIA ATFOMUHUS KyOMYECKOW OpUEHTAIMN, KOTOPbIE
NOJBEPIIINCh LUKINYECKOMY PACTSDKCHHIO.  BBIABUHYTBI MPEANOIOXKEHHUS O
MEXaHU3Me 00pa30BaHUsl MPOJOJIBHBIX MOJOC MPU MPOJOJBHOM PACTSKEHUU Ha

MOHOKpPHCTAJIJIAX AJIFOMUHUS, KOTOPBIE BIIEPBIC HAOMIOAUCH B paboTax[37]

3.1.1 Oo0Opa3oBaHue M IBOJIOLUI MAKPOCKONUYECKOro peibeda Ha

IMOBEPXHOCTH (l)OJIbFI/I MOHOKPpHCTAJLJIA AJIOMHUHHUSA.

OOpazoBaHue MaKpPOCKOMWYECKUX TIOJIOC MOKHO BHUJETh Ha JIMIICBOU
noBepxHocTH (onbru. CrucreMa MakKpOCKOTMUECKUX TOJIOC TPECTABIISIET pebed,
KOTOPBIN HampasJieH BAOJL Ocu pacTsbkeHus (puc. 3.1). Ha pucynke 3.1 6 MOxHO
Ha0II01aTh MAKPOCKOITUYECKUE TTOJIOCH, 00pa30BaHHBIE B MPOIECCE MPOAOTHHOTO

PaCTSKEHUS.
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a) 0)

Pucynoxk 3.1 - CBoOGogHast TOBEPXHOCTH (DOJIBI'M MOHOKpHCTaIUIA amtoMuHus (yBenmueHue x50):
a) B ucxogHoM coctosiaud U 6) mocie 10000 mukiios.

C nmoMomnip10 ONTHYECKOTO MUKPOCKOTA OBLJIO OMPEAIEIIEHHO, YTO TPU3HAKH
IacTH4ecko nmedopmaruu He HAONIOMAIOTCA TPH  OOJBIIOM YBEIMYCHHH.
[Inactuyeckas aedopmanusi HaOMIOAACTCS TOJBKO B HEKOTOPHIX BBIOPAHHBIX
obnactsx. B atux obnactsax HabIt01aeTCI UCXOIHOE COCTOSIHUE KpUCTallIa.

MO>XHO TPEIOIOKUTh, YTO IMHPHUHA MAKPOCKOMMYECKUX IOJIOC 3aBUCUT
OT MaTepuaa MoJJIOKKH U MPUKIIAIBIBAEMON Harpy3Ke.

MakpoCKOITMYeCKHe TIOJIOCKI B IOMEPEYHOM HAMPABICHUH MOXKHO
paccMaTpuBaTh Kak SApO Oallku, HA KOTOPBIC JCHCTBYIOT CHJIBI CXXATHUS |
pacTspkeHus. Ha sngpe Oanke MOXKHO YBHUIETh, UYTO Ha TpaHMIE 0OpaszyeTcs
MJIACTUYECKUH IIApHUP, KOTOPBIA 00pa3yeT CHCTEMY CaMOypPaBHOBEIIMBAIOIITUXCS
BHYTPEHHHX CHII.

[leproa mpoaOTBHBIX MaKpPOCKOMUYECKHX TOJOC HE M3MEHsieT o0pasIloB,
MOKHO TIPEIOJI0XKHUTh, YTO B MPOIECCE MPOAOILHON medopmaIuu mpoucXoauT
ynpyromiactudyeckass jaeopmanust (Qojabr'u ajllOMUHUS, B CBOIO OdYepedb OHa
CKJIa/IbIBaETCS U 00pa3yeT MPOAOJIBHBIN TOodp, YTO MPUBOAWT K TUIACTHYECKOU
nedopmary KpucTaa.

B pesynbprare ucciienoBaHuil OKa3ajiv, 4TO HA MOHOKPUCTAILIIE ATTFOMUHUS

HAKJICEHHBIX Ha JIOPAIbATIOMUHUI CIUIaB, KOTOPBIM MOABEPrajcs MPOAOJIbHOMY
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pacTsHKeHHI0, (OPMUPYIOTCS MAKPOCKOHMUYECKUE IMOJIOCHI, KOTOPHIN MOKA3bIBAET
Bech penbed moBepxHocTH. Ha Qombre mMoHOKpHcTamia agtOMUHUS 00pasyeTcs
MaKpOCKOIMYECKUX T0JIOC, KOTOpas HampasieHa mox yrioMm ~ 40 rpaaycoB K

HAIpaBJICHUIO BHEIIHEW CWibl, KOTopas Obula Ha3BaHa  «IIIaxXMaTHOW»

cTpykTypoii[38].

Puc.3.2 MukpocTpykTypa moBepxXHOCTH (HOJIBTU a) UCXOTHBINA o0pa3er u yBeinundeHuu B 50 pa3
6) mocne N>12000 uuxmioB u yBenuuenuu B 50 pa3
B) mocie N>42000 uukioB u yBenuueHuu B 50 pas

r) mocae N>42000 uuxioB u yBenudeHuu B 500 pa3

[Tonmy4yeHHbIE pe3yNbTaThl HCCIEIOBAHUS MaKpPOCKOMMYECKOro peibeda
doapr xopomio coriacyercs ¢ AaHHbIMH paboT [1-5]. McxomHseiii obpasern
npeacTasieH oA (puc. 1 a) mpeacTaBisieT co0OM IMajKyr0 MOBEPXHOCTh MOCIE
DJICKTPOJIMTHICCKON  MOMMPOBKUA. (OOpa3oBaHWE OTYCTIUBO BHIUMOTO B

ONTUYECKOM MHKpOCKone penbeda Ha donbre Habmoaaercs nmpu N>12000 nuxios
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(puc. 1, 0), pembed TmpencTaBIIET CHUCTEMY MaKpPOCKOMHYECKUX MOJOC,
HaIpaBJICHHBIX BIOJIb OCH pacTshkeHHs. [lpm yBenmwdeHWM dmClIa MUKIOB [0
N>42000 MOXHO BHJETh, YTO MPOJOJbHBIE MAaKPOCKOMUYECKHE IMOJOCH MUMEIOT
pasnyto muHy (puc. 1, B). [Ltactuueckas nedopmariiys cocpenoToueHa B 001acTsIx
OKPYXKAIOIIUX MakKpockonuyeckue 1ojiockl (puc 1, r1). CpemHsas mumpuHa
TIPOJIOJIBHBIX MaKPOCKOIMYECKUX MOJI0C cocTaBmia 80 MKM, CpeTHEEe pacCTOSHUE
MEXIy HUMHU cocTaBmia 220 MKM, TakuM 00pazoM, miepuo mojoc paBusercs 300
MkM. [lojgcueT ymcia MOJOC M W3MEHEHHE PACCTOSHHS MEXAY HHUMH TIOCIIE
Pa3HOTO YHCIIA IIUKJIOB UCIIBITAHUS TIOKA3aJd, YTO IMTUPHUHA TOJIOC HE3HAYUTEITHHO
YMEHBITIAETCS, OJHAKO YHCIO W TIEPHOJ TIOJIOC HE H3MEHSIOTCS BO BCEM

HCCICAOBAHHOM AHAIIa30HC YK CJIa NUKIIOB.

3.2 MexaHnu3sM 00pa3oBaHUsI MAKPOCKONMYECKHX MOJIOC Ha (ouabrax
MOHOKPHCTAJJIOB AJIOMHMHHMS, Ha o0pa3nax ajJlOMHHHEBOrO CIUIABA MPH

NMPpOAOJBbHOM PaACTHKCHUH

W3 ananu3a nuTepaTypHbIX HaHHBIX[37], 0Opa3oBaHMs «IIaXMATHON»
CTPYKTYpHl mpH AedopManmu O4eHb pacmnpocTtpaHeHo. OOpa3oBaHHe MOAOOHBIX
CTPYKTYp CBSI3aHO TEIIOBBIM pacIIUpeHHueM OonbIas YacTh, BBI3BIBACT Ha
uHTepdelice BOSHUKHOBEHUS CpPeJl MEPUOANYECKU PacpeIeICHHBIX HAMPSIKECHUH.
B cBoro ouepenr HamO YYHTHIBATh, KOT/Ia PeUb HACT O MEXaHW3ME OOpa30BaHUS
MaKpOCKOMMYECKUX I10JI0C Ha MOHOKPHCTAIIAX AJTIOMUHUS TIPH TPOJOJIBHOM
paCTSHKEHUU HEOOXOJUMO YYHUTHIBATh JBYXCIOWHBIM XapakTep HCCIEIOBAHHOU
HaMU CHUCTEMBI,

B mporecce nukimyueckoro pacTsikeHus oOpasiioB, BeaeAcTBUE dddexTa
[TyaccoHa, MPOUCXOAUT COKpAIICHUE €ro IMOMEPEUHBIX pa3MepoB (ceucHwus)[26].
[IpoucxomsiT W3MEHEHHsI pa3MEpoB oOpasla oA BO3JACHCTBUEM OTIMYHOTO
AHU30TPOITHOTO YMPYroro MOYJisi MOHOKpUCTasuia amoMmuaus. Ha uaTepdeiice B

TCUCHUC KAXK/JI0T'O OHKJIA IMOABJIAIOTCS CXKUMAIOINWEC HAIIPSAKCHUA, KOTOPBIC MOTI'YT
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UMETh CHHycoMnaabHbId BUM (puc. 3.2). [lepwoy pacnpenencHust OyneT 3aBHCETh
ot kod(pdumuenta Ilyaccona, TommuHbl (HOTBIM MOHOKpPHUCTAUIA ATIOMUHHS |
MOAyJig yhnpyroctu. YUYTo B CBOWO oOyepedp MPUBOAUT K BO3HUKHOBEHUIO

HanpspKeHui Ha (osbre.

-

L
!
|
!

Puc.3.3 Cxema pacnpezeneHus HOpMaIbHBIX HAMPsLKEHUN Ha (OIbIe MPHIICTUICHHBIX K
oOpa3sity: 1-o6pazertt, 2 - ¢osbra

BrimonHeH Ka4yecTBEHHBIM aHAINW3 HampsHKEHHO-Ie(OPMUPOBAHHOTO Ha
oOpa3lie MOHOKpPHUCTa/UIa allOMUHHUA.  Tak Kak B CHUCTEME IIPUCYTCTBYET
CKOJIbKEHUE aJIOMUHUEBYIO (POJIBIY MOKHO paccMaTpuBaTh Kak H30TPOIHYIO
cpeny.

[nactuueckue nedopmaruu Ha (Qoapre 3aBUCAT OT BHYTPEHHHX
HanpspkeHuit (puc. 3.2). [Iycts 01—pactaruparoiiee HanpsHKeHUE BIOJIb och X, 0
— CKUMAIOIIee HalpshKeHUe Ha (DoIbrax MOHOKPUCTAIIA aTIOMUHMS BIOJIb OcH Y
U 03— CKUMAIOIIee HaMpsKeHKE BI0JIb ocH Z (puc. 3.2)[38].

Korna yBenuumBaeTcst 4MCIIO MUKIOB, (oJbra HAYMHACT YMPOUHATHCA, H
HaNpsDKEHUsl yBENIMUYUBaKOTCA. TakuM o0pa3oM, oOpa3zoBaHHE MaKpOCKOMUYECKHX
N0JIOC OOYCIIOBJIEHO MJIACTUYECKOM AeopManuen.

Takum  oOpa3oM, pe3ynbTaThl [UKIMYECKOTO  PACTSDKEHHS  (HOJBT
MOHOKpHUCTAJIJIa aTIOMUHUS, HAKJIECHHBIX Ha IJIOCKHE 00pa3ia BBICOKOIPOUYHOTO
AMIOMUHUS, TIpU 4acTtoTe nukiandeckoit aedopmaruum =100 T'eprr moka3swiBaroT,
YTO NMPUHIUIHAIBHBIX OTIIMYUIN 00pa3syromierocst AepopMalMOHHOTO penbeda oT
HaOmoaBierocss panee npu yactore f=4 I'epria He HaOmomaercs. OTavuus

COCTOAT B YMCHBHICHHMHU TOJIIWHBI W IIEpUOJa IMPOJOJbHBIX MAaKpPOCKOIIHMYCCKUX
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II0JIOC, KOTOPBIE CTAHOBSTCS MEHEE PEryJIApPHBIMU 10 CPABHEHHMIO C IOJIOCAMH,
HaOmomaBmumucs npu vacrore f=4 Tepma. Cpemnuii mepuoa TBUIOBOU
ctpyktypsl npu yactore f=100 I'epu craHoButTcs uyTh Oonbiie T=3,4 MKM, yeMm
npu yactote 4 ['epua T=2,8 MkM.

OTu pe3ynbTaThl NOKA3BIBAIOT, YTO NPEANOI0KEHNE, BRICKA3aHHOE B paboTe
[l] o BO3MOXHOCTH pa3pabOTKH METOJa CO3MaHUS  YHOPSIOYCHHBIX
NEPUOJNYECKUX TBUJOBBIX CTPYKTYp € HAaHOMETPOBBIM IEPUOAOM, IIyTEM
KOHTPOJIUPYEMOT'O  M3MEHEHMs] 4acTOThl MEXaHMYECKUX  KoyeOaHuil  He
MOJTBEPKIACTCS.

[Tonmy4yeHHBI pe3yabTaT MOKHO OOBSCHHUTH cleAyrolmuMm obpa3zom. Kak
ObLI0 MOKa3aHo B [2], oOpa3oBaHUe TBUAOBOI CTPYKTYphl Ha (OJIbrax KpUCTAIIOB
QTIOMUHUSA ~ NPOUCXOAMT B  YCIOBUSIX  HecTabwibHOCTH  ['puHpenbaa.
HectabunpHocTh ['puH(QEnbaa MMeEeT YUCTO TEPMOAMHAMHUYECKYIO IPUPOLY,
IIOCKOJIBKY €€ IMOsIBJICHHE ObLIIO MOKa3aHO IyTeM BapHUallii BTOPOM MPOM3BOJAHOMN
or sHeprun ['mb0Oca cucreMbl oOpa3en - NOBEPXHOCTHBIA cioi. [loaTomy
U3MEHEHUE  NEpUOJAa  NOBEPXHOCTHBIX  MOAYJISIUUMHA  IPU  IOCTOSSHHOM
MOBEPXHOCTHOM HATSKEHUH MOXET MPOUCXOAUTh TOJBKO B pe3yibTaTe
U3MEHEHUSI TEPMOJMHAMHYECKUX I[apaMeTpoB (Temmeparypa, AABICHUE U T.X).
CnaGoe u3MeHEHUE Nepuoaa TBHUJIOBOW CTPYKTYpbl OT YacCTOThl KoOJeOaHMt
MOKAa3bIBAET, YTO TMEPUOJ TOBEPXHOCTHBIX MOJYJSALMA 3aBUCUT TOJIBKO OT
(GyHIaMEHTaJIbHBIX CBOMCTB KpHUCTaJlJla aIOMUHHUSA, TaKUX Kak IOBEPXHOCTHOE
HATSOKEHUE, MOJIYJIb YINPYrOCTH, a TakKKe HHEpruu oOpa3oBaHMUsS U DHEPTrUU
MUTPALMM  BAaKaHCHUM M MEXKJOY3€JIbHbIX aTOMOB, KOTOpPbIE OCTArOTCS

HCU3MCHHBIMU B SKCIICPUMCHTC.

BbiBoabI 10 pa3aenay

1. Iukindeckoe pacTsbKeHHE 00pas3IoB TypaIlOMUHA C HAKJICEHHBIMU (POJIbIaMu
MOHOKPHCTAIIJIA AIFOMUHUS KYOMYECKOW OpUEHTAITMH 1MOKa3ajH, YTO MPU YacTOTE

xosiebanuii f=100 ri HabIr0MaeTCsl yMEHBIICHUE ITUPUHBI U TIEPUOA MTPOIO0TBHBIX
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MaKpPOCKOIUYECKUX TMOJIOC U HEOOJBIION POCT MEepUOa TBUAOBON CTPYKTYphl T=
3,4 MKM.

2. IlomydyeHHble pe3ynbTaThl IO3BOJSAIOT CHENATH BBIBOJ O TOM, YTO IEPUOJ
TBUJIOBOW CTPYKTYpHI ormpenensiercss (yHIaMEeHTaIbHBIMU XapaKTepUCTUKAMU
MOHOKpHUCTAJIJIa aJTIOMUHHUS (TaKUMH, KaK MOAYJIM YIPYrocTH, Ko3(pPuuueHT
ITyaccoHa, NOBEpXHOCTHBIE HAINpPSDKEHMsI, a TaKXe HHEeprueil oOpa3zoBaHUs U

MUI'palii TOYCUHBIX I[eCI)eKTOB .
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4. DUHAHCOBBI MEHEJ[)KMEHT,
PECYPCO2®®EKTUBHOCTDb U PECYPCOCBEPEXEHHUE

BBenenue

Llenpto HacTosiel pabOThl SBISETCS HUCCIECIOBAHHME SBOJIOIUH penbeda
dbonbr adOMUHMS TIPU  TPOJIOJBHOM pacTsikeHuu. Pabora mnpoBoauiiack B
nabopatopusax Tomckoro I[lonuTexHuueckoro yHuBepcurera. B xome paboThl
UCIT0JIB30BAJIOCh TaKOE 000PYI0BAHUE KaK aTOMHO-CHIIOBOM MHKPOCKOII, pACTPOBBIM

MHUKPOCKOII, TeHeparop, ocumuiorpad u 1. J1[40].

4.1. OueHka KOMMEPYECKOr0 TMOTEHOHMAJA M NEPCHEeKTHBHOCTH
NPOBEACHUS HAYYHBIX HCCJEIOBAHMH € NO3MUUM PecypcodPPeKTUBHOCTH U

pecypcocoepeskeHust

4.1.1. lloreHuMAJbHBIE OTPEOUTETH Pe3yIbTATOB UCCIEAOBAHUS

CerMeHTHpOBaHUE — ATO pa3JeiCHUE MOKYyIaTeIei Ha OAHOPOIHBIC TPYIIIIHI,
JUTSL KQXKIO0U U3 KOTOPBIX MOKET MOTPEeOOBATHCS ONPEICTICHHBIN TOBap (yciayra).

OgHuM W3 OCHOBHBIX TIPOW3BOJIUTENICH aATIOMUHHMS SBISCTCS KOMITAHUS
«Pycam» ona npouszBoaut 3800 Teic. TOH B roa. [Iponecc mpon3BoacTBa aATFOMUHUS
BKJIIOYAeT B ce0s T0OBIUYy OOKCHUTOB, MX MEPepadOTKy B TJIMHO3EM M TOCIICIYIOIICE
MIPOU3BOACTBO aTtOMUHUSA. OTpaHWUYEHHBIN JOCTYIT K KOMMEPYECKH H3BIICKACMBIM
3amacaM OOKCHUTOB M HCTOIIEHHE PYJ SBJISIOTCS OCHOBHBIM OTpaHMYEHUEM IS

Pa3BUTHA ATFOMUHHAEBOUN OTPACIIN.

4.1.2. AHAJIU3 KOHKYPEHTHBIX TeXHMYECKUX pelIeHuii

[IpoBeneM aHanmu3 IByX KOHKYPUPYIOIIMX MaTEPUAIOB HA OCHOBE aJIFOMUHUS

xomnanuii: «Pycam» u «Chalcoy (tabnuma 4.1).

Tabnuma 4.1 — OueHouHas KapTa /1715l CpPaBHEHUSI KOHKYPEHTHBIX TEXHUYECKUX PEIIECHUH.
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Bec Bkt Konkypento-
Kputepumn onenku KpuTe- CNOCOOHOCTH

pus E(b BKl BK2 K(b KKI KKZ
1 2 3 |4 |5 |6 7 8
TexHnuyeckue KpUTEPUU OLEeHKH pecypco3PPeKTUBHOCTH
1.M3ydyeHHOCTh

0,7 5 |5 [2 |35 (35 |14
(bapMaKOKUHETUKHU
2. OnpeneneHHbIA COCTaB 0,05 5 5 13 10,25|0,25|0,15
3. BueuHui BUI U 1IBET 0,03 5 4 |4 10,15/(0,12|0,12
4. YCTOMYMBOCTH K CBETY 0,02 2 2 |5 10,04{00401
5. 3anax 0,02 5 (5 (2 |01 |01 (0,04
JKOHOMHUYECKHE KPUTEPHHU OLeHKHU 3P PEeKTHBHOCTH
1. KonkypeHTocnocoOHOCTh

0,01 5 (5 |2 |0,05|0,05|0,02
MPOTYKTA
2. YpoBeHb MPOHUKHOBEHHS Ha

0,01 5 |5 |5 |0,05/0,05|0,05
PBIHOK
3. llena 0,06 3 |3 |5 |0,18/0,18(0,3
4.  Ilpennosaraemelii  CpokK

0,01 5 |5 |3 |0,05/0,05|0,03
IKCIUTyaTaIiu
5.Ilocnenponaxuoe

0,01 3 |3 |3 [0,03]0,03|0,03
00CITy’)KUBaHUE
6. DuHaHCUPOBAaHWE HAYYHOU

0,01 4 |4 |4 10,04/0,04|0,04
pazpaboTku
7. Cpok BBIX0/1a Ha PHIHOK 0,02 5 5 (5 |01 |01 |01
8. Hammume ceprudukanmuu

0,05 5 |5 |5 10,25/0,25|0,25
pazpaboTku
Hroro 1 4,79 14,76 | 2,38

rae b — npoextupyemast meTouka,

BK1 — razoBas xpomatorpadus.
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BbK2 — TonkocnoitHas xpomaTtorpadusi.

AHann3 KOHKYPEHTHBIX TEXHUYECKHUX PELICHUH onpeensieTcs no Gopmyre:
KSR,

raeK — KOHKYpeHTOCIIOCOOHOCTh HAYYHOM pa3pabOTKU WIIM KOHKYPEHTA;

(4.1)

Bi — Bec noka3zatens (B 105X €AUHMIIBI);
B1 — 6am i-ro mokasarens.
Pa3paboTka 1 Mpou3BOACTBA MPOBOAUTCS B COOTBETCTBUM cTaHmapToB GLP u

GMP, 3HauuT, KOHKYPEHTOCIIOCOOHOCTh TPOAYKTa MOXXHO OLEHUTh IO

KOMMEPUYECKUM KPUTEPUSIM s dpextuBHOCTH[41]. CyMMapHsblii Oain

KOHKypeHTOCHOCO6HOCTI/I JJI1 HpOGKTI/IpyeMOﬁ MCTOJUKHN MaKCHUMAJICH. VA3BUMOCTh
Halieu MCTOJUKHU 3aKIIOYACTCA B TOM, YTO JId ITOCJICIIPOAAKHOIO O6CJIy>KI/IBaHI/I$I
H€O6XOIIHMO IIPUBJICKATb JOIIOJHUTCIIbHBIC (1)I/IHaHCI>I, OJHAaKO Oosice BBICOKa

HN3Y4YCHHOCTD (bapMaKOKI/IHeTI/IKI/I IIO3BOJIACT HalIen MCTOJUKEC YCIICIIHO

KOHKYpPHUPOBATb.

4.1.3. SWOT-anaau3

SWOT - cunbnble ctoponbl (Strengths), crmaObie croponbl (Weaknesses),

BO3MOXKHOCTH  (Opportunities) wu yrpossr (threats) — mnpeacraBisger coOoi

KOMITJICKCHBI ~ aHAlIM3 HAy4YHO-HCClenoBarenbckoro mpoekra. SWOT-anamus

IMPUMCHAIOT IJIA UCCIICIJOBAHUA BHEIIHEH U BHYTpeHHeﬁ CpCAbI IIPOCKTA.

OH npoBoIUTCS B HECKOJIbKO 3TanoB[43]. (tabmuna 4.2 u 4.3)

Tabmuma 4.2 — Marpuma SWOT.

CuwibHbIE CTOPOHBI HAYYHO-
HCCJIeI0BATEILCKOI0
NpoeKTa:

C1.3asgBinennas
DKOHOMHYHOCTEH TEXHOJIOTHH.
C2. IKOJIOTHYHOCTH
TEXHOJIOTHH.

C3. bonee HU3Kas CTOMMOCTH
HCCIe0BaHUM IO CPAaBHEHUIO
C IpYTUMH.

C4. Hamnume OrOMIKETHOIO

Cnalble CTOPOHBI Hay4HO-
Hcc1e10BATe1bCKOI0
NMpoeKTa:

Cal. OtcyrcTBUE y
MOTEHINATTLHBIX
norpedureneit
KBAJTM(UIIMPOBAHHBIX KaJIPOB

no pabore ¢  HayyHOHU
pa3paboTKOi

Cn2. bonp1iol cpok MOCTaBOK
MaTepHaoB u
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(uHAHCUPOBAHUSI. KOMILIEKTYIOIINH,
C5.  KpamuduuupoBaHHBIN | UCIIONb3YyEMbIE pu
IIEpPCOHAI. IIPOBEICHUU HAy4YHOT'O
MCCIJIEJOBAHMUSI
Cn3. Bericokas
MPOJOIKUTEILHOCTD
MOJATOTOBUTENIBHBIX CTaAUN
Cnd4. Huzkuit YpOBEHb
MIPOHUKHOBEHUS Ha PHIHOK
Bo3mo:kHoCTH: HNudpacrpykrypa TIIY | Uadpactpykrypa TITY
BI1. Hcnonp3oBaHue | IO3BOJISET CHU3UTh | IO3BOJIAET  CHU3UTH  CPOK
MHHOBAIIMOHHOMN CTOMMOCTb MCCJIEI0BAaHUS IO | MIOCTaBOK,
unppactpykrypsl TITY CPaBHCHUIO C JPYITMMHU M | NPOJOJDKUTEIBHOCTh  CTaauid
B2. CHuxeHHe TaMOXXEHHBIX | o0ierdyaer MOJIy4YEeHUE | U MOBBICUTH YpOBEHBb
NOUUIMH  HA  ChIpbe U | OHOIKETHOTrO MPOHUKHOBEHUS HAa PBIHOK.
MaTepuaibl, HcHonb3yeMmble | puHaHcupoBaHus. CHmkenue | CHIDKEHUE TaMO>KEHHBIX

MIPH HAYYHBIX UCCIICIOBAHMIA
B3. IloBelmieHue CTOMMOCTH
KOHKYPEHTHBIX pa3paboToK

TaMOKC€HHbIX IIOIIJINH u

IIOBBIIIICHHUEC CTOUMOCTHU
KOHKYPEHTHBIX  pa3paboTok

BJIMACT Ha BCC CHIIBHBIC
CTOPOHBI KpoME

3KOJIOTHYHOCTH TCXHOJIOI'Nn

INOIIJIMH IIO3BOJIACT CHH3HUTDH
CpPOK IMOCTaBOK MAaTCpraIoB.

Yrpo3ssr:

V1. OrcyrcrBue cmnpoca Ha
HOBBIE TEXHOJIOTUU
IIPOU3BOJICTBA

V2. PazButas KOHKYpPEHIIMS
TEXHOJIOTHI1 TPOU3BOJICTBA
V3. Orpannyenust Ha SKCIOPT
TEXHOJIOTUH

Y4.Benenus
JIOTIOJTHUTEIbHBIX
rOCyIapCTBEHHBIX
TpeOoBaHUI K cepTUUKALUU
TPOIYKITHH
V5.HecBoeBpemeHHOE
¢uHaHCOBOE obecrieyeHne
HAy4YHOTO HCCIIEIOBAaHUS CO
CTOPOHBI TOCYAapCcTBa

OtcyrcTBHE cIpoca MOXKET
IIPUBECTH K yTE€uKe
KBaJTM(UIIMPOBAHHBIX KaJIPOB

u MIPEKPALLICHUIO
OI01)KETHOTO
¢uHaHcupoBanus. Paspuras

KOHKYPEHLIUS MOXXET HE JaTh
NPOAYKTY yIepXkaTbCsi Ha

peiHke.  OrpaHudyeHwe Ha
JKCIIOPT MOXET
CcItIoco0CTBOBATH

YMEHBIIECHUIO  OIOIKETHOMY
¢uHaHCcupoBaHuio. BBeneHue
JOTIOJTHUTETHHBIX

TpeOoBaHUI K cepTUHHUKALNU

POJIyKTa u
HECBOEBPEMEHHOE
¢uHaHcoBoe  obecrieyeHue

BIIMSET Ha DKOHOMHUYHOCTh U
[IEHY TPOIYyKTa.

OtcyrcTBUE cnpoca, pa3BUTast
KOHKYPEHLIUST W OrpPaHHYECHS
NpUBEAYT K

YPOBHIO
IIPOHUKHOBEHNS Ha PBIHOK.

Ha  3KCIOPT
HU3KOMY
BBenenne  OMONHUTETHHBIX
TpeOoBaHUN K cepTU(UKALIUH
IOPUBOJAUT B COYETAaHUHU C
OTCYTCTBUEM

KBAJTM(HUIUPOBAHHBIX KaJpOB
3HAYUTEIHHO YCIIOKHSIET

BBIBOJ IMTPOAYKIIMU HA PBIHOK.

Ta6muma 4.3 — aTepakThBHAS MaTpHIlA POEKTA.

CunbHbIC CTOPOHBI ITPOCKTA
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C1 C2 C3 C4 C5
BosmoxHnoctu B1 0 - + + .
MPOEKTa B2 + - + + +
B3 + - + + +
CunpHbIE CTOPOHBI IPOEKTA
C1 C2 C3 C4 Cs5
Vi - - - + +
y2 + 0 + + +
Yrpo3bl mpoekTa
V3 - - - + -
V4 + - + + +
V5 + - + + +
Cnabble CTOPOHBI IPOEKTA
Cnl Cn2 Cn3 Cn4
Bosmoxnoctn | Bl - + + +
IIPOEKTA B2 - + - -
B3 0 0 0 0
Cna0ble CTOPOHBI IPOEKTA
Cnl Cn2 Cn3 Cn4
Vi - - - +
y2 - - - +
Yrpo3sl npoekTa
y3 - - - +
V4 + 0 0 +
VA 0 0 0 0

4.2. IlnaHupoBaHue HAYYHO-HCCIEA0BATENbCKUX padoT

4.2.1. CTpykTypa padoT B paMKax HAYYHOI'0 UCCJIeI0BAHUS

J1J1st BBITIOTHEHUST HAYYHBIX MCCIEAOBaHUM (opMupyercst pabouas rpymrma, B
COCTaB KOTOPOM MOTYT BXOJAUTh HAYYHBIE COTPYAHUKH U MPENOIABATEIIN, HHKEHEPBHI,
TEXHUKU U JTaOOpPaHTHI, YHMCIEHHOCTb TPYII MOXET BapbHpoBaThCs. 1o kaxmaomy
BUJly 3aIUTAHMPOBAHHBIX pPAOOT YCTAHABIMBAECTCS COOTBETCTBYIOIIAS JIOHKHOCTD

ucnonauTenei[44].
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Tabnuma 4.4 — Ilepedens 3TannoB, paboT U pacnpeaeIeHIe UCTIOTHUTECH

OCHOBHBIE FTarbI Ne Copepxanne paboT JomxHocTh
pab WCTIOJTHUATEIIS
Pa3paborka 1 CocraBnenue U yTIBEpXkAeHUE | PyKoBOOUTENb TEMBI
TEXHUUYECKOI'0 3aJJaHus TEXHUUYECKOTO 3aJaHUs
2 [TonGop u wu3ydyeHue MmartepuanoB mo | JunmoMHUK
TeMe
Br16op HanpasieHus 3 Bri6op HanpaBiieHus HcciIe0BaHUI PykoBonurens,
HCCIIEIOBAHU I JurioMHuK
4 Kanengapuoe miianupoBanue pabot no | PykoBogutens,
TeMe JnrioMHuK
5 [IpoBenenue TeOpeTUUECKUX pacyeToB | J(MMIOMHHK
Teopernueckue u 1 000CHOBaHUI
AKCIIEPUMEHTAIIbHBIC 6 [Toctpoenne wmakeroB (Moxeneil) u | JummoMHHK
U CCJIEIOBAHMUS [IPOBEJIEHUE SKCIIEPUMEHTOB
7 ConocraBnenue pe3ynbTatoB | PykoBoaurens,

OKCIICPUMCHTOB C TCOPCTHUUCCKUMU I[I/IHJ'IOMHI/IK

HCCIIeIOBaHUSIMU
8 Onenka >(QQeKTUBHOCTH NOJNy4eHHBIX | PykoBoaures,

O6o0mieHne u OIlEeHKa pE3yNbTaTOB JIuminoMHIK

pE3yJIbTaTOB 9 Onpenenenne nesnecoodpasHocty | PykoBoautens,

npoBeaeHust OKP JnrioMHuK

IIposedenue OKP

Odopmnenune otuera mo| 10 CocrapneHre MOSCHUTEIbHON 3amucku | J(urnmomMHUK

HHP (KomILIeKTa (9KCTTyaTallnOHHO-TEXHUYECKOM

nokymenraiuu no OKP) JOKYMEHTAIIH )

4.2.2. Onpenesenne TPyA0eMKOCTH BbIIIOJTHEHUSI padoT

pr,Z[OGMKOCTB BBIITOJIHCHU A HAay4YHOT'O HCCIICAOBaHUA OLICHUBACTCA

DKCIIEPTHBIM IIYTEM B YEJIOBEKO-IHAX M HOCUT BEPOSATHOCTHBIN XapakrTep, T.K.
55



3aBHUCUT OT MHOXKECTBAa TPYAHO Y4YUThIBaeMbIX (akTopoB. [lnsg ompeneneHus

OKHJIAeMOTO (CpEHEr0) 3HA4YEeHUs TPYIOEMKOCTH UCIIONB3YETCS CIEayroas
dbopmyna:

t — 3tmini + 21:maxi

okl 5 , (42)

rje — oKugaeMasi TpyI0€MKOCTh BBIITOJIHEHUS 1-0i pabOThI Yes.-IH.;

— MHMHHMAJIBHO BO3MOXKHAs TPYJAOEMKOCTh BBITIOJIHEHUS 3aJaHHON I-0H
paboTHl (ONTUMHUCTHYCCKAS OIEHKA: B MPEIIOJIOKCHUN Harbosee OarornpusTHOTO
CTEUYCHUS OOCTOSATEILCTB), Y.~ JIH.;

— MaKCHMAajJbHO BO3MOXHAsl TPYJOCMKOCTh BBIIOJHCHUS 3aJlaHHOM I-0H
paboThI (meccuMucTHIECKas OIICHKA: B MIPEII0JIOKESHUH HauoOoee

HEOJIaronpusiTHOTO CTEYEHUS 0OCTOSTEIBCTB), Y.~ /IH.

Ornpenenenue NpoAOIKUTEIBHOCTA pabOT B pabo4uX AHSIX MPOU3BOJUTCS MO

dbopmyie:
Tpi = e ' (43)

r/Ie — MPOJAOJIKUTEILHOCTD OJHOM paboThI, pad.aH.;
— OKHJaeMasl TPYJI0EMKOCTb BBITIOJTHEHUS OHOU paOOThI, YeJl.-TH.
— YUCJICHHOCTD HCIIOJIHUTENIEH, BBITTOTHSIONINX OJHOBPEMECHHO OJIHY M TY )K€ paboTy

Ha JaHHOM dTare, yen[45].

4.2.3. PazpaboTka rpaduka npoBeeHuss HAYYHOT0 MCCJIeI0BAHUSA

dopmyna s iepeBojia pabodynx JHEH B KaJleHIapHBIC TOI:
TKi = Tpi ) kKa_]'l ) (44)
rae Ty i— MPOAOIKUTEILHOCTD BBITOJHEHHS I-i paOOThI B KaJCHIAPHBIX THSX;

Ti — IPOIOIKUTEIIBHOCTD BBITIOJIHEHHS I-i pabOTHI B pabounX JHIX;

Ko Ky ar— KOO(DOHUIMEHT KaJIeHAapHOCTH.
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®dopmyna 11 pacyera Ko UIMeHTa KaleHJapHOCTH:

T

— Kal
- TKaJI _TBI)IX_THp ’ (4.5)
rac TKM — KOJIMYCCTBO KAJICHAAPHBIX ,Z[Heﬁ BTronay,
T, . — KOJIUYECTBO BBIXOJIHBIX JIHEU B TOJY;
T, — KOJMYECTBO NMPa3THUYHBIX THEH B TOIY.
Pacuer ko3¢ dunmenTa KaJeHT1apHOCTH
K = 365 _
kal 365-104-14
Tabnuna 4.5-BpemeHHble TOKa3aTeNN MIPOBEICHUS HAYYHOT'O UCCIICIOBAHUS
TpynoémkocTb HUcnonnuren | JaureabHoc| JuimrebHOCTD
Ha3zpanmue padort 1 b padort B
PadoTtn1 tmin, tmax, tom , pador B KaJICHIAPHBIX
(ATanbi) yen-aH 4en- padouux JHSIX
Yen-IH
JTHU JTHSAX i
T pi
PazpaboTka Texaud. 3amaHus
1 3 1,8 Pyxos. 1,8 3

[lonGop u w3yyeHHe MaTepuanoB
110 TEME 17 21 | 18,6 | Jdumm. 18,6 28
Br16op namp. Hccnen. 4 6 4.8 Pyxos., qum. | 2,4 4
Kanenmapnoe TUTAHUpOBaHue | 2 4 2,4 Pyxog., aumi. | 1,2 2
pabot
IIposenenue TEOPETUUECKUX
pacdeToB U 000CHOBaHUI 7 10 | 8,2 Juru. 8,2 13
IToctpoenue MoJienen u
MIPOBEICHIE IKCIICPUMEHTOB 27 30 | 28,2 | dum. 28,2 42
ComoctaBn. Pe3ynsT. Dkcmepum. Pyxos., qum.
Creopernu. Hccnen. 4 6 4.8 2,4 4
Onenxka 3G PEKTHBHOCTH
[IOJIy4YEHHBIX PE3yJIbTaTOB 2 4 2,4 Pykos., qum. | 1,2 2
Onpen. Llenecoobp. Ilposenenus
OKP 2 4 2,4 Pyxog., aumi. | 1,2 2

57




Odopmrnenne otuera mo HUP 7

7,8

Juart.

7,8

12

Ta6muma 4.6 — Kanennapusiii mnan-rpadux nposenenus HUOKP no teme

Ne Bug pabor Hcnonnutenu i [TpomomKUTENEHOCTD BBIIOIHEHUS PaObOT
pabort ¢eBp. | Maprt ammpens | Mait HUIOHb
KaJ.]y
2 1312|312 |3|1(2|3|1|2
1 i;)CTaBHeHI/Ie PykoBogutens 3 ﬁ
2 Uzyuenue JIMIIIIOMHHK 28 -
JTUTEPATYPHI
3 Bri6op Hamp. | PykoBogurtens, | 4
Hccaen. JnmnoMHHK
4 Kanennmapn. | PykoBoaurens, | 2 8
[Lnanup. JurmoMHnk
5 Teop. Pacu. | lurutomMamrk 13 e
HobGocHos.
6 Iocrp. JMIIIIOMHHK 42
Mogereii, _
MPOBE/I.
DKCHepum.
7 Comocr. PykoBogutens, | 4
3
PesynbT. JuninoMHHK -
Uccnen.
Creop.
8 Ornenka PykoBomutens, | 2
s¢dexktuBH. | JIUTUIOMHHMK
9 Onpen. PykoBoauTens, 2 ]
Lenecoobp. | JuruioMHHK i
OKP
10 Odopmnenue | JunnoMHuK 12
oryera 1O -
HUP

- PykoBoaurens

- JIutIoMHUK
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4.3. broa:ker HayYHO-TeXHHYeCcKOoro ucciaenosanus (HTH)

4.3.1. Pacuer maTtepuaibubix 3aTpat HTHU

Pacuer MaTeprallbHBIX 3aTPAT OCYIIECTBIISCTCS MO CIEeAyIoNeH hopmyre:
3, =01+ kT)-ZL[i “New (4.6)
i=1

r1€ M — KOJMYECTBO BHJIOB MATEPHAIBHBIX PECYpPCOB, MOTPEOJIAEMBIX IpU
BBIIIOJIHEHUH HAYYHOT'O HCCIIEJOBAHUS;

Npacxi — KOJMYECTBO MAaTE€pPUAIbHBIX PECYPCOB 1-TO BH[A, IUIAHUPYEMBIX K
MCITOJIb30BAHUIO NP BBINOJHEHUN HAYYHOT'O UCCIEA0BaHM (IUT., KT, M, M2 U T.11.);

L1 — uena npruoOOpETEeHUs] EAUHULBI 1-TO BUAA NOTPEOISIEMBIX MAaTepUaIbHBIX
pecypcoB (py0./mT., pyo./kr, py0./M, py0./M2 1 T.1.);

kT— ko3 PuieHT, yuuThIBaIOIINI TPAHCIIOPTHO-3arOTOBUTENIBHBIE PACXO/IbI
(15%)

Tabnuma 4.7 — MaTtepuaibHbBIE 3aTPaThl

HanmenoBanue Enununna Komuuecty llena3saen| 3arparsl |
U3MEpEeHUs pyo. MaTepHabl,
(3w, PYO.

ATIOMUHUI KT 0,93 75 69,75
Menp KT 0,045 250 11,25
Marumnit KT 0,015 35 0,525
Mapranen KT 0,005 150 0,75

Hroro 82,275
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4.3.2. Pacyer 3aTpaT Ha cHenMajdbHOe 00OpPyIOBaHHE I HAYYHBIX

(3KcnepuMeHTANbHBIX) padoT

Yurem croMMOCTh OOOpPYAOBaHHUS, HCIHOJIb3YEMOIO IPU  BBINOJIHEHUU
koHkpeTHOTO HTH 1 mMmeromerocst B JaHHOM Hay4YHO-TEXHUYECKOW OPraHU3alMM, B
BHJIC aMOPTHU3ALMOHHBIX OTYMCIEHUH. PacyeT mpoBOgUM IO METOLy PaBHOMEPHOTO
IIPSIMOJIMHEWHOIO CIIMCAHMS — CTOMMOCTBH CIIMCBIBAETCS PaBHOMEPHBIMHU JOJSMHU B

TEYCHHE TIEpPHOa dKCILTyaTaruu[45].

A0, =% , (7)

rae AO — roJioBbIe aMOPTH3AIMOHHBIE OTYHUCIICHUS, PYO;
t — cpok ciry>k0bI 000py1I0BaHMUS, TO/I.

Crnep — nepBoHavajgbHasi CTOMMOCTL 000PYI0BaHUS, PYO;
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Tabnuma 4.8 — PacyeT OropkeTa 3aTpar Ha MpUOOpETEHUE CIEI000PYI0BaAHUS

JUIsL HAYYHBIX paboT

Ne | HammenoBanune | Kon-Bo emuny llena exmaun OOmas Cpok ciyxG AmMopTHu3aluq
/1 | o6opynoBaHusi | 000pymoBaHUsI| 000PYIOBAaHH CTOUMOCTH o0opyI0BaHy HbIS
, pyo. obopymoBaHus,| , I€T OTUYHUCIICHUS
pyo. ePHO
BBITMIOJTHEHUS
paboTsl, pyo.
1. | Xpomarorpa¢pD |1 70000 70000 10 7790
IONEXUItiMate
3000
2. | pH-metp 1 5000 5000 10 205
METTLER
TOLED FE-20
ATCKIT
3 | Uenrpudyra 1 4500 4500 10 1845
eppendorfcentrif
uge 5702
4 | HentrpudyraEL |1 2000 2000 10 820
MI CM-50
5 | Becw 1 10000 10000 10 410
AIIEKTPOHHBIE
GR-120
6 | YO- 1 22000 22000 10 9020
CHIEKTPOMETP
UNICO
7 | MounuTopSync 1 500 500 10 205
Master E1920
8 | IIponeccopOPT |1 1000 1000 10 410
IPLEX 390
9 XomommwneankH | 1 5000 5000 10 2050
aier HYC-940
Htoro 120000 120000 - 9840
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I. OcHoBHasi 3apa0dOTHAsl IVIATA MCIIOJHUTEJIeH TeMbI
CraTesi  BKJIIOYa€T  OCHOBHYIO  3apabOTHYI0  IUlaTy  pabOTHHUKOB,
HENOCPEACTBEHHO 3aHATHIX BbimoiaHeHuem HTU, (Bkiarowass mpeMuu, AOIUIATHI) U

JIOTIOJTHUTEIBHYIO 3apa0O0THYIO TIIATY:
331'1 = 3OCH + 311011 ’ (48)
rae 30CH — OCHOBHas 3apaboTHas MIiarTa;

3nom — gonoJHUTeNbHAs 3apadoTHas maata (12-20 % ot 3o0chH).
OcHoBHast 3apaboTHAas TUTaTa PACCYMTHIBACTCS TI0 CIIEMyIoIIel hopmye:
Boen =3 T, (4.9)
rjie 30CH — OCHOBHas 3apaboTHas IJ1aTa OJJHOTO paOOTHHUKA;
Tp— npPOAOKHUTENILHOCT, PpabdOT, BBIMOJHAEMBIX HAYYHO-TEXHHUYCCKUM
pabotHukoMm, pab. [Ju. (Tadmn. §);
311H— cpellHeTHeBHAs 3apaboTHAas T1aTa pabOTHUKA, PYO.

CpennenneBHas 3apabOTHasI IIaTa pacCUUTHIBAETCS 1O hopmyJie:

3.-M
3uw="F ", (4.10)

a
rae 3M — MECSIYHBIN JIOJDKHOCTHOM OKJIaa pabOTHHUKA, PYyoO.;
M — koM4ecTBO MecsIeB padOThl 0€3 OTITyCKa B TEUEHHUE Io/1a:
Fn — netictButenpHBI romoBoM (oHm paboyero BpeMEHHM HAy4YHO-

TEXHUYECKOTO TepcoHana, pad.aH. (Tabnuia4.9).

Tabnuma 4.9 — bananc padouero BpeMeHH

IHoka3aTenn pado4ero BpeMeHH PykoBoaurennb

Kanennapnoe uncio nueu 126

KonnuecTBo Hepabouux nHen
- BBIXOJHBIE THU 38

- Npa3gHAYHbIC THU 4

[ToTepu pabouero BpeMeH!

- OTIyCK 0
- HEBBIXOJIbI 110 0OJIE3HU 0
JeiicTBuTenbHbIi rooBoi GoHa paboyero BpeMeHu 84
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Mecs4HbIi TOKHOCTHOM OKJ1ag pabOTHHUKA!
3y =3 - K, -9 [, (4.11)
riae 3, — 3apaboTHas 1maTa mo TapudHoOi cTaBke, pyo.;
K, — paiionnsIit ko3ddunuent, pasusiit 1,3 (uit ToMmcka).
Y — uncno yacos

J[ — uncio nHen

Tabnuma 4.10 —Tapuduas craBka padotHukoB TITY

KontunrenT obydarommuxcs | CTaBku modacoBoi oriaTel 6e3 yaera PK(py0.)
[Tpodeccop | Jorenr, Jluna, HE
JIOKTOP KaHIuaaT UMEIOIINE YICHON
HayK HayK CTETICHU

Oo6yuaronuecs B

00111e00pa30BaTEIbHBIX

YAPEKACHUAK, YIPESIKICHUIX

HA4YaJlbHOTO W CPEAHETO

oOpa3oBaHus, Ipyrue

aHaJIOTUYHbIC KaTeropuu

oOyyaromuxcs — CIIyIaTenu

e Y 300 225 150

KypCOB.

CTyzieHThI 400 300 175

AcnupanTsl, CiylaTenu

y4eOHBIX  3aBEACHUH IO

MOBBIMICHUIO KBaTU(PUKAIINH

PYKOBOJAIIMX PAaOOTHUKOB U | §((Q) 375 220

CHELMATUCTOB

Pacuér ocHOBHOVW 3apa0OTHON TMJaThl MPOBOAWIICS TO  JIOJDKHOCTH
IpernoiaBaresis JOLEeHT, 00yJarouuil CTyIEHTOB.
JIOMmKHOCTHOM OKJIa paOOTHHKA 32 BCE BpeMsl paOOTHI:

3, =300-1,3 884 = 262080 py6.
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4.3.4. lonoiHATEIbHAS 3apa0OTHAS IJIATA MCIIOJHUTEJIe TeMbl

Pacuer nomosiHMTENbHOW 3apaOOTHOW TUIATBI BEAETCS MO  CIEAYIONIECH
bopmyie:
3h0n = Kaon 3o (4.12)

rne Kpn — KOI(POUIMEHT IOMOJHUTENFHOW 3apa0OTHOW IUiaThl (IpUMEM
paBHbM 0,12).

3 = 0,12 - 262080 = 31449 py®6.

pon(pyk)

4.3.5. OTuncieHns BO BHeOIOIKeTHbIE (POHIBI (CTPAXOBbIe OTYUCIEHHS)

Bennunna otunciienunii BO BHEOIOHKETHBIE (DOHIBI ONPEIEAECTCS UCXO U3

cieayromieit hopMyIb:
3BH66 - kBHe6 ) (300H + 3;(on) ) (413)

r1e Kynes — K0OOPQHUIMEHT OTYHCIICHN HA YIUIATy BO BHEOIOMKETHBIEC (hOHIBI
(nmencuoHHbIt (ponn, GoHA 0043aTETLHOIO MEAUIIMHCKOTO CTPaxOBaHUS M IIp.).
[Mpunumaem pasabM 0,271[46].

Ha 2015 r. B coorBercTBHM ¢ DenepanbHbiM 3aKOHOM OT 24.07.2009 No212-
@®3 yCcTaHOBIIEH pa3Mep CTPaxOBbIX B3HOCOB paBHbI 30%. Ha ocHoBanuu myHkra 1
cT.58 3akoHa Ne212-d3 nnst yupexaeHuN OCYIIECTBIAIONINX 00pa3oBaTEIbHYIO U

Hay4IHYIO AesATeIbHOCTh B 2014 rogy BoauTcs MOHM>KEHHas cTaBka — 27,1%".

Tabnuma 4.11 — OTurcneHus: BO BHEOIOIKETHBIE (POHIBI

OcHoBHast 3apadoTHy lonojiHUTEILHAA
Hcnonnureanb
miara, pyo. 3apaboTHas miara, pyo.
PykoBoauTens npoekra 262080 31449
Koaddurment OTUUCTICHUN ]
0,271
BHEOIOKETHBIE (DOHIBI
Hroro: 79547

1 o o N

OenepanbHpiii 3akoH 0T 24.07.2009 Ne212-@3 «O ctpaxoBeix B3HOcax B IleHcmonnsii ¢onn Poccuiickoit
Oeneparun, onn commanpHOTO cTpaxoBaHus Poccuiickoit ®enepannu, DenepanbHbl (OHA 00S3aTEIBEHOTO
MEIULIMHCKOIO CTPAXOBAHMSI»
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4.3.6. HakiagHble pacxoabl

BenuunHa HaKIaJHbIX PacXOI0B ONPEAESIETCS 0 CAEAYIOIIEH hopMyIe:
3. = (cymma crareit 1+5)- ka , (4.14)
3. =154779,84-0,16 =24764,77

rae Ky, — K03pPuInenT, yunThIBaloIui HaKIaaHbIE PACXOIBL.

Benuunny xo3dduirienTa HakIaJHBIX PACXOIOB MOXHO B3SITh B pa3mepe

16%.
4.3.7. ®opMmupoBanue OI0[XKeTa 3aTPAT HAYYHO-UCCJIE0BATEIHCKOIO
NPOeKTa
Tabnuna 4.12 — Pacuer 6romkera 3atpar @TU
HaumenoBanue cratbu Cymwma, pyo. [TIpumeuanue
1. Marepuanbhusbie 3aTpatel HTU 16615,35 [TynxTt 3.4.1
2. 3arpatel Ha crenuansHoe obopymnosany 98400 [Tynkr 3.4.2

JUISL HAYYHBIX (3KCIIEPUMEHTAIbHBIX) padOT

3. 3arpaThl 10 OCHOBHOM 3apaboTHOM mal 262080 [lynkr 3.4.3

HCIIOJIHUTENECH TEMBI

4. 3aTpathl O TOMOJHUTENbHOH 3apaboTH( 31449 [TynkT 3.4.4

ILIaTe MCIIOJIHUTEICH TEMBI

5. Otuucnenus Bo BHEOWpKeTHBIE PoHABI | 719547 ITynkr 3.4.5
6. HakmagHble pacxo sl 24764,77 16 % ot cymmsI cT. 1-9
7. bromxer 3atpar ®TU 179544 ,61 Cymma ct. 1-6
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I''TABA 5. COIIUAJIBHASA OTBETCTBEHHOCTD

BBenenue

Llenpto HacTosiel pabOThl SBISETCS HUCCIECIOBAHHME SBOJIOIUH penbeda
dbonbr MOHOKpUCTA/UIA AJIOMHUHMSI TPU TMPOAOJIBLHOM pacTsbkeHud. Pabora
npoBojuiack B adboparopusix Tomckoro [lonutexnuueckoro yHuBepcurera. B xone
paboThl MCHOJIB30BAIOCH TAKOE OOOpPYAOBaHME KAK AaTOMHO-CHJIOBOM MHUKPOCKOIL,

pacTpoBbIi MUKPOCKOII, TeHEepaTop, ocipuiorpad u T. 1.

5.1. TexHoreHnasi 0e30MaCHOCTH

B Xxo1e BBbINMONHEHUS HAyYHO-HCCIIEAOBATEIBCKOW PabOThI MPHU IPOBEACHUU
pa3IMUHbIX  (PU3MUECKUX  OMNBITOB BO3HHMKAlNAa HEOOXOAUMOCTH  IPUMEHSTH
AIEKTpooOOpyIOBaHUE, O0OpyJAOBaHHE, paboTaroIlee ¢ IOBBIIICHHBIM YPOBHEM
myma. B cBsizu ¢ 3TUM HE0O0XoauMa olleHKa (DaKTOPOB TPyJa, C KOTOPHIMH CBS3aHO
BBITIOJTHEHUE JTAaHHOM MCCIIEA0BATEIbCKOM pabOThl. DTOMY MOCBSIIEH HACTOSIIHUMA
paszen.

MeponpusTusi, KOTOpbI€ MPOBOJWINACH I MPEIOTBPAIICHUAS HECYACTHBIX

CJIy4acB.
1. mpoBeneHUe UHCTPYKTaXka: Mo MpaBujiaM 0€30MacHOIO MOBEACHUS B 1a00OpaTOpUH;
Mo npaBuiaM 0€30MacHOro OOpaIlleHUs] ¢ XUMUUYECKUMU PEaKTUBAMH, XUMUUYECKUM
o0opyioBaHKEM; IO TPABHIIAM ITOKApPHOM 0€30MacHOCTH; MO MpaBUjaM IOBEICHUS
MPY BO3HUKHOBEHUH HECYACTHBIX CIIYyYacB;

2. IepuoInYecKasi MpoBepKa MepcoHalia Ha 3HaHUE MPaBUJl OE30MaCHOCTH.

66



5.1.1 Ana;1u3 BpeAHBIX (PAKTOPOB NMPOU3BOJACTBEHHOM Cpe/ibl

BpeIlHLIe BeieCrea

B kauectBe OCHOBHOrO Marepuajga  HUCIOJBb3YETCS  AJIFOMUHHM.
[TpumeHnsieTcs antoMUHUM, Kak B OBITY, TaK U B IIPOU3BOJICTBE.

He coOmionenne TexHUKH O€30MaCHOCTH MPHUBOIUTH K  TSDKEIBIM
OTpaBJICHUAM AaTIOMUHUEM CTaJld HAOMIOJaThCs y pabodyMx HpHU €ro MHUPOKOM
IIPUMEHEHUU B CaMOJICTOCTPOEHUH, — H3-3a BJBIXaHUS AIIOMUHUEBOM IIBUIH.
[IpodeccronanibHOEe 3a00JieBaHME HOCUT Ha3BaHHUE AJIOMUHO3a JIETKUX U
COIPOBOXKAAETCA CMOPUIMBAHUEM JIETKUX (TO €CTh MOCTENEHHBIM 3aMELECHUEM
JEroyHor TKaHu (UOPO3HOM), aTepoCKIepOo30M (OCOOEHHO COCYI0B OpPOHXORB),
NOTEepel amnmeTuTa, KaluleM, MHOTa OOJIsIMU B KEIyAKEe, TOIIHOTOW, 3alopamu,
«pBYLIUMU» OOJIIMH BO BCEM TeJie, JEpMaTUTaMU U HM3MEHEHHUEM KpOBU —
YBEIUYECHUEM KOJIM4YEeCTBa JUMQOIUTOB 151 303UHO(UIIOB.
bonesnp AunbureiiMepa (mpoBaibl B NaMATH W Mapa3M IpU  TNOBBIIMICHHOU
KOHIIEHTpAllUU AJIOMHHMS B MO3I€) — «IIPUBUJIETHS» LUBUIM30BAHHBIX CTpaH. B
CIIA amomuHuii BBepr B 0e3ymue TpH MHJIJIMOHA YEJOBEK, CPEIM HUX CaMbIH
W3BECTHBIN — ObIBIIMIA TIpe3usieHT Ponanba Peiiran. OTeuecTBEHHOW CTaTHUCTHKHU
HET, HO €CJIH Y4YeCTb, uT0 Poccust — KpynmHeWmmii TpOu3BOIUTENb AIFOMUHHUS, TO
BpAA My HAac TaKMX TALMEHTOB  MEHbIIE, YeM B  AMepuke.
Bona u3-nox kpaHa, Mmpexae 4eM IOIacTh B Hall JOM, IIPOXOJHUT TEXHHUYECKYIO
OYUCTKY OT TnpuMeceil ¢ mnomoupo cyiabpara amomuHus. [Ipumecu
KOaryJupyrTcs, a QJIIOMUHUN OCTAE€TCs, W HHUKAaKUM KHUIITYEHUEM €ro He
BBIBeACIIb  (cmabas  HajaexJa —  TOJBKO Ha  JIOMAIllHUK  QuiIbTp).
Yepes KoKy aTlOMUHHUM yCBAaUBAETCS Jake OOJIbIIE aIIOMUHUS, YeEM uepe3 poT. B
COBPEMEHHBIX J1€30[J0PAHTaX — aHTUIIEPCIUPAHTAX (KOTOPBIE PEKIAMHUPYIOTCS KaK
nerctBytoue 24 wyaca) coaepkutcs A0 25% XJIOPTUAPATOB U XJIOPHUIIOB
amomuHuda. Kcratu, UMEHHO 3a CUeT aJlOMHMHHUS OHU U JICUCTBYIOT, TaKk Kak

HMCHHO OH BbI3BIBACT B OTACJIIBHO B3ATBIX IIOAMBIINIKAX  «MAaJICHBKYIO
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AIOMUHUEBYIO 0OJIE3Hb, OAWH W3 CHMITOMOB KOTOPOM — CYXOCThb KOXH U
OTCYTCTBHE IIOTA.

I'unpokcuapl AIIOMUHUS SBISIFOTCS COCTAaBISAIOIIEH OCHOBHBIX BaKLMH.
['pynma 3amagHbIX YYEHBIX JO0Kas3ajga, 4YTO II0CIE€ HHUX CHJIBHO CHM)KAECTCSA
UMMYHHUTET, a Yy JETed MOXEeT pa3BUThCA ajuieprus OyKBaJbHO Ha BCe.
XyKe BCEro BBIBOJUTCS aJIFOMUHUI U3 OpraHu3Ma JItoJ1ed, UMEIOIIUX MPOOIEMbI €
KHIIEYHUKOM M Mo4ykaMud. OJHAKO HMMEHHO HUX TEepamneBThl AKTHBHO KOPMST
QIIOMUHUEM — OH COJEPXKHUTCS IPAaKTUYECKH BO BCEX KHCIOT MOHMKAFOIIUX
npenaparax, KOTOpble PEKIIAMUPYIOTCS «OT OOJIU B KEITYAKE ISl BCEH CEMBIY.

AJIOMUHHAM - MOXKET CTaTb HNPUYMHOM CTAaPUKOBCKOIO CKYJOYMHUS,
HOBBIIIEHHOT'O BO30Y>K/1a€MOCTH, BbI3BaTh HapYyIIEHUE peakUuil y AeTel, aHEMHUIO,
TOJIOBHYIO 00Jb, 3a00J€BaHUE TIOYEK, II€YEHU, KOJIUT, HEBPOJIOIMYECKHE
u3MeHeHus, Oone3Hb [lapkuHcOHA. AJIOMUHUN COJEPKUTCS B HEKOTOPOH
KyXOHHOW Tmocyjae, ¢oJibre, B KOTOPYIO 3aBEPTHIBAIOT MUIIEBBIE MPOIYKTHI,

AC3010paHTax, BOAC U3 KpaHa.

HenocTraTok oCBellIEHHOCTH

Ha paGouem wmecTe momkeH coOMOMaThCA OMNPEACIICHHBIM YPOBEHB

OCBEIICHHOCTH, COOTBETCTBYIOIIHMI HOpMaMm [52].

OcBeleHHOCTh paboyuX MECT B JJA0OPATOPUH, B KOTOPBIX IKCIUTYaTUPYIOTCS

pabourie YCTaHOBKM M TeXHUYECKoe oOopyaoBanue, coctaniser 300 — 500 nk, as

nepconana — 750 nk [51].

HenocrarkamMu ocBelieHHS BIUSET HA 3PUTEIBHYIO PaOOTOCIIOCOOHOCTD, YTO

NPUBOAUT K YXYIUIEHUIO KayecTBa paboT. Hepocrarok ocBellleHHs] BIUSET Ha

IICUXUKY HYCIOBCKA, YXYyAIIAaCT HACTPOCHHC U BbI3bIBACT 6BICTp}IIO YCTAJIOCTh

OpraHu3ma.

Pacuer HCKYCCTBCHHOTO ITOMCIICHUS ITPOU3BOANTHCA BBIIIOJIHACTCA METOJOM

ko3 dunreHTa cBeToBoro moroka. JnrHa nmomemnienus A = 6 M, mupuHa B = 6 M,
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BbicOTa = 3 M. PaGodas moBepxHOCTh pacmosokeHa Ha Bbicote h, = 1,0 M Hag
YpOBHEM TI0J1a. YPOBEHb OCBEIICHUS JOJKeH ObITh 300 JIK.

[1nomans nomMemeHus:

S = AxB, (5.1)
rae A — JjmHa, M;

B — mmupuna, m.

S=6x7=42m

Koapdpumment 3amaca K3z =1,5. Kosddunuenr HepaBHOMEpHOCTH
ocsemieHus Z=1,1. KoaduimeHT oTpakeHUsI CBEKEMOOETEHHBIX CTEH C OKHAMH,
6e3 mrop p—=50%, cBexenobeneHHoro moroiaka o;=/70%.

B kadectBe cBeTmibHHKa OblTa BbIOpaHa Jlamma gHeBHOTO cBeta JIJI-50,
CBETOBOM MOTOK KOTOpoil paBeH @,y = 10000 JIm. CBeTMIIBHUK UMEET ABE JIAMIIbI
MoIHOCTBIO 50 BT. JlninHa cBetunibHuKa paBHa 1250 MM, mmpuHa — 255 MM.

HNHTerpanbHbIM KPUTEPUEM ONTUMATBLHOCTH PACIOJIOKEHUSI CBETUIILHUKOB
JUIS TIOMUHECLIEHTHBIX JIaMIT MPUHUMAETCA BEIMYMHA A, KOTOpask U3MEPSIETCS B
nuanaszone 1,1 —1,5. Ilpuanmaem A=1,5, paccrosaue 10 nmepekpoitus he=2,8 m.

Bricota cBeTunbHHKA HaJ paboyeil MOBEPXHOCTHIO OIpEAeiseTcs Mo
bopmyie:
h=H-h,—h,=3-1-05=15m.
rne H — oGmas BeicoTa
h,— BbICOTa CBETHIILHUKA HaJ ITOJIOM, BBICOTA MOJIBECA,
hp,—BBICOTa paboueli TOBEPXHOCTH HAJ IOJIOM.

Paccrosinie Mexay cCoOCeTHUMH CBETHJIbHUKAMU WM PSAaMH ONPEACIISIeTCS
o ¢opmyie:

L=A-h=15-2=3wm

YUucno CBETUIILHUKOB B PALY:

Yucio PAI0B CBECTUJIbHUKOB B IIOMCIIICHNUH
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OO0111ee YnCcI0 CBETUIIHHUKOB:
N=Na-Nb=2-2=4
Pa3memiaem cBeTmibHUKH B [1Ba psina. Ha pucynke 5.1 nzo0paxeH miax

MMOMCHICHUA U pa3sMCIICHUSA CBCTUIIbBHUKOB C IIOMUHCCICHTHBIMHU JIAMITAMMU.

PI/ICYHOK 5.1 —Ilman nomMernieHus 1 pasMCICHNA CBETUJIbHUKOB C JIIOMUHCCIICHTHBIMU
JJaMI1aMH.

WNHupekc noMenieHus onpeaensiercs no Gpopmyie:

[ _AB 67T
" h(A+B)  1,5:(6+7)

KoadduimeHnT ncnonp30BaHusi CBETOBOTO MOTOKA MPU UHJIEKCE MOMEIICHUS
paBHoro i = 2, n=0,8.
[ToTpeOHBIN CBETOBON MOTOK JIIOMUHECIIEHTHOM JIAMIIBI OMpEAEsieTCs 10

bopmyie:

p _EABK;Z 150671515
A 208 - DOD

I[enaeM IMPOBCPKY BBINTOJIHCHHA YCIIOBUSL:

Dy — D
~10% < 27 100% < 20%;
®ﬂﬂ
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P = Pt 00 = 10000 — 8860 oo — 11.49
Dy T 10000 oT T

Takum ob6pasom: —10% < —11.4% < 20% , HEOOXOAMMBINA CBETOBOMH

ITOTOK.

IloBbIIEHHBIA YPOBEHb IIyMa W BUOpanumn

[ym u BuOpanus, oueHb Bpeanble (HakTophl s paboThl yenoBeka. [1lym
MOJKET  OKa3bplBaTh  CJENYIOIIME BpeAHbIE  (PAKTOpPhl  TOJOBHBIE  OOJIH,
pa3IpaKUTEIbHOCTh, TOJOBOKPYXEHHUS, IOBBIIIEHHAs YTOMJISIEMOCTh, OOJM B
ylax, HOHWXKeHue anneTura. JJonra pabora co 3ByKOM U3MEHSET 3MOLMOHAIBHOE
COCTOSIHUE YeJIOBEKa M MPUBOAUT K CHIIbHOMY ctpeccy. [Ipu pabote co 3BykoMm

BhIIIE 80 I[B MOJKCT BBI3BATb YaCTUYHYIO U ITIOJIHYIO IIOTCPIO CIyXa.

Jiist coOmtoieHns HOpM Ha pabodyeM MecTe JOJIKHBI COOI0IaThC YPOBEHD
nrymMa He JoJDKeH mpeBblaTh 65 nb. Jlns cHukeHust BUOpaluu Ha yCTaHOBKAX

JOJKHBI OBITh YCTaHOBJIEHBI BUOPOU30ISTOPHI.
Pacuer ypoBHs myma.

[ym siBasieTcs HeOMaronmpusTHBIM (PAKTOpPOM MJii MPOU3BOACTBEHHOM
JESATENPHOCTH 4YesioBeKa. J[JIs1 yMEHbIIEHUs [IyMa HAJAO 3HAaTh 3HAYECHUS YPOBHS

mmyMa B IIOMCIICHUU.

ypOBCHB mymMa OT HECKOJIBKUX MCTOYHHWKOB MOKHO IMOCUUTATh KaK CyMMa

OTACJIIBHBIX MCTOYHUKOB.
L=10nYiZ"10%¢ (5.2)

rae Lj— ypoBeHb 3BYKOBOTO JIaBJICHHUS 1-TO UCTOYHHUKA IITyMa;
N — KOJIMYECTBO UCTOYHUKOB IITyMa.
YpoBHU TITymMa, KOTOpBIE JEHCTBYIOT Ha pab0O4ero MpeAnpusTUs MOKHO HAUTH B

TabIuIe.
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Tabnuia 5.1 ypoBHH 3BYKOBOTO JIaBJICHUS Pa3HBIX HICTOYHUKOB

HUcroynuk myma| YpoBeHb
myma, 1b

['ereparop 40

bnok nutanus 45

Ocuunorpad 17

N3 hopmysl HailieM ypoBEHb IIyMa.
L = 10In(10*+10*°+10"")=40x1b

[TonydyeHHOE 3HaYEHHE HE MPEBBIMIACT JOMYCTUMBIA ypoBeHb Imyma B 65 ab[50].

o 3Tol mprurHE MOKHO MPU3HATH YCTAHOBKY 0€301acHOM JIJ1s1 pabOThI YEIOBEKA.

HeOsaronpusTHbIN MUKPOKJIMMAT NOMeELLEHUI

OCHOBHBIMH  TMapaMeTpaMU  MHKPOKJIMMATa SIBIISIIOTCS:  TeMIleparypa
BJIQXHOCTh, CKOPOCTh JBWDKCHHS BO31yXa, OHH JIOJDKHBI COOTBETCTBOBATH
tpedoBanusam[39, 40,41, 42]. Pabouas 30Ha 10JKHA OBITH OTpaHUYEHA BBICOTOH 2 M.

Temneparypa Bo3ayxa J0JKHA COOTBETCTBOBATh TPEOOBAHUSIM: ONITUMAIbHAS
— 21-23°C, nomyctumast — 20-24 °C (151 X0JIOAHOTO TIEpHUOa TO/1a); ONTUMaIbHAs —
22-24°C, ponyctumas — 21-28°C (ana rtemsoro mepuoja rozga). BmakHocTs aiis
paboThI B 1a00OpaTOPUU TOJDKHO COCTABIATE: onTuManbHas — 40-60%, nomyctumas —
20-80%. CkopocTh MABWXKEHHUS BO3Ayxa pabOThl B J1TA0OPAaTOPUHM COCTABIISIET:
ontumainbHas — 0,1 M/c, momyctumas — 0,2 m/c[55].

He6naronpusTHbie MUKPOKIUMATHYSCKHAE YCIOBHUS MPUBOIAT K CHUKCHHUIO
MIPOU3BOJMTEIILHOCTH YeJOBEKa Ha paboueM MecTe, W CTaTh MNPUYMHOM TaKuX
3a00IcBaHUN KaK paguKyJIHT, pa3udHble (OPMBI  TPOCTYABI, TOH3HWILIHT,
XPOHUYECKUA OPOHXUTHP.

[Tapamerpsl  MHKpOKJIMMaTa  pabouux  MecT  jJabopatopuir  TITY

COOTBCTCTBYIOT HOPMATHBHBLIM JOKYMCHTAM B TEMNJIOBOU U XO.HO)IHBIﬁ Inepuoa roga.
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B nomemennn HaxoAUTHCS BEHTWIISILMS MPUTOYHO-BBIXOJHOW CHUCTEMOU U

CUCTEMA OTOIUJIEHUS C €CTECTBEHHOW HUPKYJIALUEH.

5.1.2 Ana;iu3 onacHbIX (aKTOPOB NPOU3BOACTBEHHOM Cpeabl

J1eKTPO0e30aCHOCTh

DnekTpo6e30macHOCTh B J1a00OPaTOPHBIX U MPOU3BOJICTBEHHBIX TTOMEIICHUIX
oOecrieynBaeTcs:  KOHCTPYKLIMEW  BJIEKTPOYCTAHOBOK,  CPEICTBAMHM  3alUTHI
pPa3IMUHBIMU TEXHUYECKUMU CIOCO0aMU, TPOBEJACHUEM OpPraHU3aIlMOHHBIX U
TEXHUYECKUX MeponpusTuii[45, 46, 47].

Jlist ueneidt oOecriedeHust 3ekTpoOe3onacHocT B jabopatopusax [IBT
MPUMEHSIIOT TEXHUYECKUE CIOCOOBI M CPEACTBA 3allUThl KaK OTHAEJIbHO, TaK U B
COYCTAHUU: 3aHYJICHUE, BbIPABHUBAHWE IIOTCHIMAJIOB, 3allMTHOE 3a3€MJICHUE,
3aIUTHOE OTKJIIOYEHHE, H30JSLHUI0 TOKOBEAYIIMX 4YacTed, Malloe HalpshKeHHe,
OrpaJUTENIbHbIE YCTPOMCTBA, OJOKUPOBKY, MNPEAYyNPEIUTENbHYIO CUTHAIM3ALUIO,
3HAaKU 0€30IMaCHOCTH; MPEAYNPETUTENbHBIC TUIAKATHI, MIEKTPO3AIIUTHBIE CPEACTBA, B
COOTBETCTBHH C [48].

DNEKTPOYCTAaHOBKH KJIACCU(PUIUPYIOT IO HANPSDKCHHIO: C HOMHUHAJIBHBIM
HanpspkenreM 10 1000 B (momenienust 6€3 moBbliieHHON onacHocTr), 70 1000 B ¢
MPUCYTCTBUEM arpecCUBHOM cpeibl (MOMEIICHUSI ¢ TOBBIIIEHHON OMAaCHOCTHIO) U
cseire 1000 B (momemienust ocobo omacHbie).

OCHOBHBIMH ~ 3JICKTPO3AIIUTHBIMU  CPEJICTBAMU B  DJEKTPOYCTAHOBKAX
HanpspbkeHreM Boilie 1000 B SBIAIOTCA M30AMPYIOMIME ITAHTH, U30JUPYIOLIUE U
AIIEKTPOU3MEPUTEIILHBIE KIICIIH, YKAa3aTeIN HANPSDKEHHSI, a TaKKE U30JIHPYIONTUe
YCTPOMCTBA U MPUCTIOCOOJICHHUS Il PEMOHTHBIX PadoT.

K 1onosHUTEeTsHBIM U30IUPYIONIUM SJIEKTPO3AIMUTHRIM CPEICTBAM OTHOCSATCS
JTUDJIEKTPUUECKUE TiepyaTKu, OOThl, PE3UHOBBIC KOBPUKA U  JOPOXKKH,
U30JUpPYIOIMEe TMOACTaBKM Ha (QapPopoBBIX H30JATOpPAX U  NEPEHOCHBIE

3a3CMJICHUS.
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IoxapHas 6e30MacCHOCTH

B naGopatopusix wucmonb3yercs OONBIIOE KOJUYECTBO BJICKTPUUYECKOTO
obopynoBanus. Hekoropas yacTh MMeeT OTOJICHHBbIE MPOBOJA, T.K HAXOJIUTCS B
npoliecce pa3zpaboTku. B cBsi3u ¢ 3TUM J1abopatopuu — 3TO MECTa MOBBIIICHHOM
no>kapooracHocTy. JlabopatopHbie MOMEIIEHUSI COTIACHO CT. 27 M. 5 OTHECEHBI K
kateropuu b — «I[loBsIieHHAs TIOXKapoonacHOCTh»[43].

B nabopatopusix TITY, rae mpou3BoauINCh UCCIEAOBAHUS, IPEACTABICHHBIC
B JIAaHHOW paboTe, MPeANPHUATHE UMEET BCE HEOOXOIMMBIC MPOTHUBOIIOKAPHBIC MEPHI
COTJIaCHO HOPMATHBHBIM JOKyMeHTaM. B maGopaTopusx opraHu3oBaH CBOOOIHBIN
MIPOXO0JT MKy Ta00OpaTOPHBIMU CToJIaMu.[44].

JlaGopaTopuu ocHaIIEHBI TPOTHUBOIIOKAPHBIM 000PYIOBAHUEM:

1) Oruerymmurens Tuna OY-2 (YrJIeKUCIOTHBIN, Ta30BbIN) AJIs1 TYIICHHUS BCEX
BHJIOB TOPIOYUX BEIIECTB M 3JIEKTPOYCTAHOBOK;

2) AcbecToBoe O0JIessi0, KOTOPOE HCHOJb3YeTCa JUIsl TYIICHHUS OJCXKIbI,
00€CTOYEHHBIX JIEKTPOIIPOBO/IOB;

3) SAmuK ¢ mecKoM Jis TyIICHUs OTHS Ha TOPU30HTAIBHON MTOBEPXHOCTH.

B nmaGoparopusix ycTaHOBJI€Ha CUCTEMa OOHAapyXCHHUS TOXApOB U

CUTHaJIM3aIus, paspaboTtaH TJ1aH ABaKyaluu (pucyHok 5.2).

Pucynox 5.2 — Ilnan sBakyaruu u3 nadopatopHbeix nomemenuii [[BT

Taxum 06pazom, 1abopaTopusi COOTBETCTBYET BCEM TPEOOBAHUSAM MOKAPHBIH

0€30MaCHOCTH.
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5.2 OxpaHa okpy:KawIlIeH cpeabl

OxpaHa OKpyXkarolei cpeipl — 3TO KOMIUIEKC Mep MpeACTaBisieT coOoi
MEpONPUATHS IO YMEHBIICHUIO OTPULATEIBHOIO BIMSHHS  YEJIOBEKa Ha
OKPYKAIOLIYIO CPENY.

B nabGopatopuu CymiecTBYIOT TBepJble OTXOAbl B BHJE OBITOBOTO MYyCOpa,
KOTOPBIM BhIOpachiBaeTCs B ypHY. Tak ke B 1a00OpaTOpuu yCTAHOBJICH BBITSHKHOM
mkad 17151 paboThl ¢ BPEAHBIMU M TOKCUYHBIMH BEIIECTBAMU.

Tak sxe He00X0 MO M03a00TUTHCS O Pa3/IETbHBIX KOHTEMHEPAX /I OTXO/I0B
OBITOBOTO  XapakTepa: OTIEIbHbIE MYCOpHbIE Oaku nis1 Oymaru, CTeKia,
METAIMYECKUX YacTel, mmactuka. OTXOAbl € BBITSYKHOTO CTOJA JOJDKHBI OBITh
3ameqyaTaHbl B CHEHHUAIBHBIA TIE€PMETUYHBIA KOHTEMHED M IEPENaH JIIOIIM

3aHMMAaromunxcCcs YTI/IJII/I321HI/Ieﬁ BPCAHBIX 1 TOKCHUYHBIX OTXOJO0B.

5.3 Opranu3anuOHHbIE MEPONIPUATHS O0ecriedyeHUs1 0€30IACHOCTH

Mepsbl, mnpenynpexaaronMe aBapUHbIE CHUTYalldd, 10 OOCCIECYCHHIO
0€30IMacHOr0 MPOTEKAHUSI TEXHOJOTHMUYECKUX MPOIECCOB JOJIKHBI OCYIIECTBISATHCS B
coorBercTBuu ¢ ['OCT 12.3.002—75 [49] u CIT 2.2.2.1327-03 [50].

JIns 3amuThl OT BO3JEHUCTBUSI BPEAHBIX U OMACHBIX MPOU3BOICTBEHHBIX
(hakTOpOB MIEPCOHAN AOJIKEH MOJIb30BATHCSI MHIUBUAYAJTLHBIMU CPEIACTBAMU 3aIUThI,
KOTOPBIMU JIOJIKEH 00ecreunBaTh paboToaaTeNb.

JlaGopatopHble U MPOU3BOJICTBEHHBIEC TOMEIIEHHUS TOKHBI ObITh OCHAIIICHBI
CpeACTBaMH MEPBON MEIUUMHCKON momonu. Ciyxamme, IeATeIbHOCTh KOTOPBIX
CBSI3aHA C OIMACHBIMH U BPEIHBIMU YCJIOBUSMH TpPYJa, B 00sA3aTEIbHOM IMOPSIKE
JIOJDKHBI TIEPUOJAMYECKUA TPOXOJIUTh MEIULIMHCKUM ocMoTp. [IpoekTupoBanue u
MOJIepHU3AIMS PabOYMX TOMEIICHUN OCYIIECTBIACTCS B COOTBETCTBUU C OOIIUMH

HPrOHOMUYECKUMU TPeOOBaHUAMM BBIMOJIHEHUS pa0doT [51, 52].
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Kaxmomy paboTHHKY 1ab0opaTOpuy BBIJAIOTCS CPEICTBA WHIWBUTYyATBHON
3alUThl U CMBIBAIOIIME BEIIECTBA B COOTBETCTBHMM C HOpMaMu Bblgauu Ha |
paboTtHuka B Mecsll [47, 48]. s uckiIroueHUs] BOBMOXKHOCTH HECUYACTHBIX CITydacB
JOJDKHBI TIPOBOJMUTHCS OOyUCHHE, WHCTPYKTAXH W TMPOBEPKA 3HAHWK PAOOTHHUKOB

TpeboBaHuit Oe3omacHoCTH Tpyaa [49].

5.4 Oco0eHHOCTH 3aKOHOJATEJHHOr0 PeryJHpPOBAHUSI NPOEKTHBIX

pemeHui

B uensx coxpaHeHus M TOBBIIMIEHHUS PabOTOCHOCOOHOCTH, YCKOPEHUS
ajanTallud K JIEUCTBUIO HEOJArOmpUsITHBIX YCIOBUM TpyAa, MNPO(HIAKTUKI
3a00sieBaHUM, pabOTAIONIMM B KOHTAKTE C XMMHUYECKHUMH BEIIECTBAMH CJIEAYET JBa
pasa B rojl MpOBOJAWUTHh BUTAMUHH3ALIHUIO.

['ocymapcTBeHHBINM Haa30p ocyiiecTBisiercss «PenaeparbHON MHCIICKIUMEN 10
TPYAY U 3aHATOCTU», & BEAOMCTBEHHBI KOHTPOJIb OCYIIECTBISET «OTIEN 0 OXpaHe

Tpyaa»

5.5 be3onacHOCTb B Ype3BbIYAHHBIX CUTYyalMAX

OnnuM #3 BaxkHEWIMX (PakTOpoB B 0OE30MACHOCTH KU3HEIESTEIHLHOCTH
JIIOJIEN SIBISIETCS NOJITOTOBIEHHOCTD K YPE3BBIYAMHBIM CUTYAIUSIM.

Meponpusatus, mnpoBoaumbie BO Bpems UYC, mpencraBisioT cobou
MPOBEJICHUE CIacaTebHBIX pPaldO0T, HEOTJOXHBIX aBaPUIHO-BOCCTAHOBUTEIIHHBIX
pabot B Mecte YUC. J[anHBIE MEPONPUATUS TOJDKHBI MPOBOAUTHCS B COOTBETCTBUU C
TeXHUYeCKUM perinameHTom [50, Sl],rme mnponucaHbl TOJOXKEHUS KOMILIEKCA

rOCyJapCTBEHHBIX CTaHIAPTOB M0 MPEAYNpEx)IAcHNI0 U mukBuaanuu YC.
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5.5.1 YHC npupoaHoro xapaxkrepa

[IpousBojmcTBO Haxomutcs B TOpoae TomMCKE € KOHTMHEHTAJIbHO-
HUKIOHUYECKUM KiaumaToM. [Ipupoanbie siBieHUs (3eMIIETpsICEHUs], HABOJHEHUS,
yparassl 1 T. J1.), B JaAHHOM TOpOJi€ OTCYTCTBYIOT.

Bo3moxxabiMu YUC Ha 00BEKTE B JAaHHOM Cllydae, MOTYT OBITh CHJIbHBIE
niepenajpl Temreparypsl oT — 40 go 36 °C.

Jlist Cubupu B 3MMHEE BpeMs roj1a XapakTepHBI MOPO3bl. JlocTxkeHne
KPUTHUYECKU HU3KUX TeMIIEpaTyp MPUBEAET K aBapUSIM CUCTEM TEIUIOCHAOKEHUS 1
KU3HEOOEeCIIeYeHHs, MPUOCTAHOBKE PabOThI, 0OOMOPOKEHUSIM U JIaXKe KepTBAM
cpenu HaceneHus. B ciyyae nepeMopo3ku TpyO JOJIKHBI ObITh MPETyCMOTPEHBI
3armacHble o0orpeBarenu. X konyecTBa U MOIIHOCTH JOJIKHO XBaTaTh JUIsl TOTO,
4yTOOBI paboTa Ha MPOU3BOJICTBE HE MPEKpaTUiIach. B neTHee Bpemst MOXeT
JUTUTEILHOE BpEMSI CTOSTh Xkapa. Bricokue TeMnepaTypbl IPUBOAST K ObICTPOiA
YTOMJIIEMOCTH, 0OMOPOKaM U TEIIOBOH yiap. JlJist 3a1uThl OT BEICOKOM
TEeMIEPaTyphl JOJAKHBI ObITh YCTAHOBJICHBI KOHAUIIMOHEPHI, BEHTHIISITOPHI U

BCHTHUJIALIMA.

5.5.2 YC TexXHOTeHHOI'0 XapaKTepa

B nabGopatopuu aBapuiiHOW cHUTyallield MOXKET OBITh IMPOJIUB TOKCUYHBIX
JIETKO JIETYYMX TOPrOYMX BewecTB. JIMKBUIALMIO MOAOOHBIX aBapUHHBIX CUTYAILIMM
MPOBOJAT COTJIACHO TEXHUYeCKoMy periamenty [50, 51], ¢ mnpumeHeHueMm
IPOTUBOTA30B ONPEIEIEHHBIX MapOK BO U30€KaHNE OTPaBICHU.

Jlnst ToMckol 001aCTH XapaKTEepHBI CICAYIONINE CTUXUITHBIE OCICTBUSA:
1 )naBoiHEHUS;
2)npoBajbl FPyHTA;
3)CHEXXHBIE 3aHOCHI.
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Bo Bpemss BOEHHBIX KOH(MIUKTOB TPUBOIATCI B OOCBYI0O TOTOBHOCTH
dbopMupoBaHus  rpaxkgaHcko — oboponbl. Ilpu  yrpo3e  HamajeHus 1O
PAAVOTPAHCISIIIMOHHON CeTH TepenaloT curHaibl «BozayiiHas TpeBora», «Ot0oit
BO3YIIHON TPEBOTrW», «PagnannoHHast OIacHOCTb» U « XMMUAYECKasi TPEBOTay.

JIns mpeaynpeKaeHusl BEPOSITHOCTH OCYIIECTBICHUS JUBEPCUH TTPEATIPUSATHE
HE00X0AMMO 000pYI0BATh CUCTEMOUN BUICOHAOIIOICHUS, KPYTJIOCYTOYHON OXpaHO,
MPOITYCKHOM CHUCTEMOM, HAJECKHOM CHUCTEMOM CBA3M, a TAKKE HCKIIOUYCHUS
pacnpocTpaHeHuss HHQPOPMAIlMM O CHUCTEME OXpaHbl OO0OBEKTa, PaCHOJIOKECHUU
MOMEIIECHU U 000PYy/IOBaHUSI B MOMEIICHUSAX, CUCTEMAX OXpPaHbl, CUTHAIA3ATOPAX,

MX MECTaX YCTAHOBKH M KOJUYECTBE.
I'padpuyeckue maTepuanbi

1)  OcBelieHHOCTh Ha paboYEeM MeCTe

2)  Ilyru sBakyanuu
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3ak/IroueHue

1. Pa3paboraHa 53J€KTpOMarHUTHas CHUCTEMA Ui IUKIMYECKOTO PACTSIKEHUS
o0pa3loB MyTeM 3HAKONEPEMEHHOro M3ruba ¢ aMmuutyaod A =+3 MM Mpu
W3MEHEHUH Y9acTOThI Kojiebanuit B nuama3one 120-180 I,

2. luknuyeckoe pacTspkeHre oOpaslioB TypalllOMHHA C HAKJIEEHHBIMU (PoJibramu
MOHOKpHUCTAJIJIa aTIOMUHUSI KyOUYECKOM OpHEHTAIllMH MOKa3alid, YTO MPH YacTOTe
kostebannii f=100 ri HabmogaeTcss yMEHbIIIEHUE MUPUHBI U TIEPUOJIA TIPOIOITBHBIX
MaKpOCKOMMYECKUX TOJIOC U HEOOJNBIION pOCT NMEPHOa TBUIOBOM CTPYKTYpbl T=
3,4 MKM.

3. TlomydeHHble pe3yNbTAaThl MO3BOJISIIOT CHENaTh BBIBOJ O TOM, YTO IMEPUOJ
TBUJIOBOM CTPYKTYphI ormpeaensercs (yHIaMEHTaIbHbIMU XapaKTEPUCTHUKAMU
MOHOKpHCTAJIJIa aTOMHHHUS (TaKMMH, KaK MOJYJIHA YNPYTOCTH, KOIPPUUIUEHT
[Iyaccona, MOBEpXHOCTHBIC HAMNpPSDKEHMs, a TaKXkKe HSHEpruei oOpa3oBaHUS U
MUTPAIAH TOYCUHBIX Te(PEKTOB.

4. B kadecTBe BBIBOJIOB K DKOHOMHYECKOMY pa3feily MOKHO IPHUBECTH 3aTpaThl
OTU 179544,61 p. CroumocTh CO3MaHUSl AOpaib AMIOMUHUS cocTaBuia 82,27
pyOJsieli 1Mo 3TOMy pazlieNly JUIIOMHOTO MPOEKTy ObL1o moTpadeHo 150 muei
3atpatbl Ha oOcimyxuBaHue obOopymoBanusi coctaswm 120000 p. 3apruiara
cOTpyIHHUKOB cocTtasisa 28000 pyoueil.

5. Pe3toMupysl BBIIIEU3IOKEHHOE MOXKHO CHENaTh BBIBOJA, 4YTO COTPYAHHUKHU
JabopaTopuu COONIOAAIOT YCJIOBHS OXpaHbl Tpyna. OOmias XapakTEepUCTHKA U
aHaJIM3 YCJIOBUHM TpyAa Ha aHAJIM3UPYEMOM MPEANPUATHH, & UMEHHO: MOKapHas
0€30MMacCHOCTh, OCBELEHHOCTb, BEHTWISLUS M BOJAOCHA0XKEHUE, CAaHUTApHO-
ObITOBBIC ycioBus cobmogatorcs coriiacHo 'OCTam, CHullam, denepansHoro,

PETUOHAJIBHOI'O U HHOI'O 3aKOHOAAaTCJIbLCTBA.
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1. LITERATURE REVIEW

1.1. Aluminium and its alloys

Aluminum (Al), a chemical element of group Il of the periodic system of
the third period, atomic number 13, atomic weight 26.98154. In nature, one stable
isotope 27A1. P-aluminum element. At the outer energy level of the aluminum
atom contains 3 electrons. Aluminum has an oxidation state 3 [2].

It belongs to the group of light metals. The aluminum content in the crust
of 8.8% by weight. In terms of natural ranks fourth among all elements (after O, H
and Si) and the first among the metals; in free form does not occur.

A simple substance of aluminum - lightweight, is paramagnetic silver-
white color, you can easily change shape, casting, machining. Aluminium has a
high thermal conductivity and electrical conductivity, it is very resistant to
corrosion by the rapid formation of a strong oxide film protecting the surface from
further interaction [4].

The crystal lattice - an auxiliary geometric image input to analyze the
structure of the crystal. The grille is similar to the canvas or mesh, which gives
reason to call the point of lattice sites.

Each crystal lattice structure corresponds to two: direct crystal lattice and
the reciprocal lattice.

Direct crystal lattice - a grill in a normal, real space.
Pryamayakristallicheskaya aluminum grille - face-centered cubic, which is stable
at a temperature of 4 K to the melting point. lattice parameters: 4,050 A [2].

Contact crystal lattice - grid in Fourier space. Contact to the face-centered
cubic lattice has a volume-centered lattice. Lattice parameters: 1,95 A.

Table 1 - Comparative properties of aluminum and alumina micro micro-

and nano-structures.
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Microstructure of | microstructure Nanostructure
aluminum (Al) alumina (2129s) aluminum dioxide
(Flll2 CI'E)
(nanopowder)
The density | g=2,7 r/cm3 2=3,99 r/cm3 g=1,2 r/cm3
of aluminum (at a rate of ~ 70um)
Melting 658-660 °C 2044 °C 2000 °C
temperature (at a rate of ~ 54um)
Colour Silver and white White White

Table 1 shows properties of aluminum and aluminum dioxide
microstructure in the microstructure and nanostructure (according to the literature
[3,5]). In some cases, a significant difference is noticeable. For example, aluminum
dioxide density in the nanostructure density less in the microstructure 2, 79 g / cm®.
We also see a marginal difference in the melting temperature.

To determine the contribution to the change in the properties of size effects
IS necessary to calculate the de Broglie wavelength or the mean free path and

compare the value obtained with the size of the aluminum nanoparticles.

h
L= (1.1)

where h = 6,63 * 10-34 J * s - Planck's constant, m = 9,11 « 10-31 kg - the mass of

the electron, v =106 m /s - velocity of the electron.
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As a result of calculation it turns out that A = 0,7 nm, since this value is
much smaller than the size of the nanoparticles, the main influence on the change
in the properties of aluminum dioxide nanostructures have a classical size effects.
One of the reasons of size effects is the high proportion of surface atoms that
occurs as a result of unsaturated atomic bonds at the surface, the surface of the
lattice distortion, subtle physical effects of electron interaction with the free
surface.

Always under normal conditions, a thin aluminum oxide layer and durable
because it will not react with oxidants classic: such as H,O (t °), O,, HNO;
(without heating). Due to these properties, aluminum is almost not subject to
corrosion and is widely in demand because of modern industry. Cases of
destruction of the oxide film, aluminum and its compounds can act as active metal-
reducing agent. At the same time prevent the formation of an oxide film can be, but
it does add to aluminum metals such as gallium, indium or tin. When this occurs
on the aluminum surface wetting fusible eutectics based on these metals [3].

The crystal lattice - an auxiliary geometric image input to analyze the
structure of the crystal. The grille is similar to the canvas or mesh, which gives
reason to call the point of lattice sites.

Each crystal lattice structure corresponds to two: direct crystal lattice and
the reciprocal lattice.

Direct crystal lattice - a grill in a normal, real space. Direct crystal lattice of
aluminum - face-centered cubic, which is stable at a temperature of 4 K to the
melting point. lattice parameters: 4,050 A [3].

Duralumin - collective designation of the group of high-strength aluminum-
based alloys with additions of copper, magnesium and manganese. The name is
derived from the trade mark - commercial name of one of the first hardened by
heat treatment and subsequent aging of aluminum alloys. The main alloying
elements in it were copper (4.5% weight), magnesium (1.5%) and manganese

(0.5%), the rest - aluminum (93.5%). Typical yield strength duralumin is about 250
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MPa Tensile strength - 400 ... 500 MPa, but the characteristics of the particular

alloy depends on the composition and - in particular - thermal treatment[4].

Features and applications

Duralumin - the basic material used in aviation and aerospace, as well as in
other technical fields such as mechanical engineering with high demands on the
weight returns.

The first application of duralumin - was in the manufacture of the frame
airships in 1911, after they are actively used. The composition of the alloy and heat
treatment in the years differed from the present time. World War | metal creation
was classified. Due to its characteristics: high specific strength duralumin since the
1920s, becoming the most important structural materials in aircraft.

Alloy Density 2500-2800 kg / m?, melting point about 650 ° C[5]. The
alloy is widely used in the aircraft industry, in the production of high-speed trains
(such as Shinkansen trains) and in many other fields of engineering (because differ
substantially greater hardness than pure aluminum).

After annealing (heating to a temperature of about 500 ° C and cooling), it
becomes soft and flexible (such as aluminum). After aging (natural - at +20° C - a
few days, the artificial - at elevated temperatures - a few hours) becomes firm and
hard[5].

At present, alloys of aluminum - copper - magnesium with manganese
additives - collectively known as duralumin. These include the Soviet alloys of the
following brands: D1, D16, D18, B65, D19, B17, VADL. Duralumin hardening
heat treatment; exposed, as a rule, hardened and natural or artificial aging.
Characterized by a combination of high static strength (up to 450-500 MPa) at
ambient or elevated (up to 150 ... 175 ° C) temperatures, high fatigue strength and
fracture toughness[6].

The lack of duralumin - low corrosion resistance, products require careful

protection against corrosion. Duralumin sheets, usually clad with pure aluminum,
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creating from negoalkled. Also, as a rule, all the details of the aircraft used in the
construction of aluminum alloys are covered with specially designed for aviation

primers (usually yellow or green colors) and, if necessary, be painted.

1.2. Types of deformation of solids

Warp - a change in the position of the body of the particles associated with
their movement. The deformation may be a result of changes in the distance
interatomic distances of atoms and groups of blocks. The most common deformity
iIs accompanied by a change in some values of interatomic forces, which are called
elastic stress [7].

Elongation - Compressive deformation during compression and extension
of the plate retain the position parallel to each other and the distance between the
two plates are changed to the same value. Stretching test samples when they were
external voltages are applied. Subjected to compression with pressure on the
sample.

Shear strain can be obtained by displacing a plate parallel to itself and
keeping the other stationary. From this it follows that all the plates are displaced so
that the distance therebetween will remain constant. Shear deformation is
accompanied by a process of cutting material.

Torsional strain can be found by turning a sample of the top plate around
the vertical axis. The distances between the plates remains constant, but the points
of the plates which were previously on the same line may move away from each
other. Torsional strain can occur when drilling metals.

Bending deformation can be observed, if the fix one end of the beam, and
the second hanging load. In the example of the model it can be clearly seen that the
bending deformation can be reduced to compressive and tensile strain, but different
in different parts of the body. And only in the middle of the bar there is a layer
which is not subjected to tension or compression. It is called the neutral layer.
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When deformation of the metal are two types of deformation of the elastic
deformation and plastic deformation.

The elastic deformation property of the body to restore its initial state after
the application of load.

Plastic deformation of the preservation status after the shape and size after
removal of the load.

Called low-cycle fatigue failure after repeated elastic-plastic deformations.
Typically, low-cycle fatigue fracture occurs when the number of load cycles of
repetition N <10° [8].

Low Cycle Fatigue has much in common with the usual fatigue. As with a
conventional (high-cycle) fatigue, destruction begins in places of stress
concentration as a result of the initially formed cracks. However, the mechanism of
low-cycle of destruction can significantly otlichaetsya from fatigue failure
mechanism. Destruction of low cycle fatigue properties depending on the material
and loading conditions can be of three types: a quasi-static, fatigue and mixed [7].
Quasi-static breakdown of the sample is characterized by the accumulation of
plastic strain, equal to about 0.9 times the plastic deformation under static fracture.
Fatigue failure occurs without appreciable plastic deformation of not more than 0.1
times the static [9]. Mixed failure occurs in the range of 0.1 to 0.9. The range of
quasi-static low-cycle of destruction in the number of cycles curled on the type and
condition of the material and reaches from 1 to 10° cycles. Mixed - in the range
from 10° to 10° [10].
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1.3. Physical bases and laws of propagation of sound waves in metals

The propagation of sound - is the process of moving in space and time the
perturbations that should be in a sound wave. The sound wave propagates in the
medium, may be in gaseous, liquid or solid state, always have to have the same
direction, which should be offset free particles of the substance, that is, there is
deformation of the medium. Deformation is that there is a consecutive vacuum and
compression of certain volumes of the medium, the distance between two adjacent
regions corresponding to the length of the ultrasonic wave. The larger the specific
acoustic impedance of the medium, the greater the degree of compression and
decompression of the medium at a given amplitude of oscillation. The particles of
the medium involved in the transmission of wave energy, fluctuate around its
equilibrium position. Speed fluctuations particles near the middle of the
equilibrium position is called vibrational rate. The amplitude, in turn, characterized
by vibrational and speed is the maximum speed at which the particles can travel
environment during oscillation, and to determine the oscillation frequency and
amplitude of the displacement medium particles [11].

In some environments, in which there is a distribution of ultrasound, will
have a viscosity and thermal conductivity, or it may occur other processes of
internal friction, then the propagation of wave is the sound absorption, i.e. the
distance from the source the amplitude of the ultrasonic vibration becomes smaller,
as well as the energy that they carry. The environment in which applies ultrasound
interacts with the energy passing through it and absorbs part of it [12]. The
majority of the absorbed energy is converted into heat, the smaller part is in the
transmitting material irreversible structural changes. The absorbance is a result of
the friction of the particles against each other, it is different in different
environments. Absorption is also dependent on the frequency of ultrasonic
vibration. Theoretically, the absorption is proportional to square of the frequency.
The magnitude of the absorption can be characterized by an absorption coefficient

that shows how the ultrasound intensity in the irradiated medium. With increasing
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frequency it increases. The intensity of the ultrasonic waves in the medium
decreases exponentially. This process is caused by internal friction, thermal
conductivity of the absorbing medium and its structure. Its estimated value is
characterized polupogloschayuschego layer that shows the depth at which the
intensity of the vibrations is reduced by half (or more precisely in times 2,718 or
37%). The depth of penetration of the ultrasonic waves by the depth of penetration
of ultrasound understand the depth at which the intensity is reduced by half. This
value is inversely proportional to absorption: the stronger the medium absorbs
ultrasound, the smaller the distance at which the ultrasound intensity is reduced by
half. [13]

If the medium contains inhomogeneities, the sound scattering occurs,
which can significantly alter the simple picture of propagation of ultrasound and,
ultimately, also cause wave attenuation in the original direction of propagation.
The refraction of the ultrasonic waves. Reflection of ultrasonic waves on the
phenomenon of reflection based ultrasound diagnosis. If the propagation of
ultrasound encounters an obstacle, the reflection happens if the obstacle is small,
ultrasound as if it wraps around [14].

For emission and reception of elastic waves and vibrations using various
methods. All are based on the transformation of energy. In the simplest case, this
conversion can take place without changing the form of energy. However, most
exciting and reception of elastic vibrations is accompanied by a change in the type
of energy [6].

There are several ways to obtain ultrasound: mechanical, magnetostrictive,
piezoelectric.

1. The mechanical ultrasonic vibrations, oscillation mode that occur without
changing the type of energy.

2. Magnetostrictive ultrasonic vibrations occurs converting magnetic energy into
mechanical vibrations.

3. Piezoelectric ultrasonic vibrations generated in the liquid, solid and gaseous

substances under the influence of the piezoelectric effect.
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Ultrasonic diagnosis is performed using the ultrasonic unit. It is a complex
and yet sufficiently portable device is performed in a stationary or mobile device.
To generate the ultrasonic use devices called ultrasonic emitters. The source and
the receiver (sensor) of the ultrasonic waves in such a setting - piezoceramic plate
(crystal), placed in the antenna (sound probe). This record - the ultrasonic
transducer. Alternating electric current changes the size of the plate, thereby
exciting the ultrasonic oscillations. Applied for diagnostic fluctuations have a short
wavelength that allows you to create one narrow beam directed in part materiallov
investigated [13]. The reflected waves are perceived the same plate and are
converted into electrical signals. Recent supplied to an RF amplifier and further
processed and outputted to the user as a one-dimensional (in the form of the curve)
or a two-dimensional (in the form of images) of the image. The first is called
sonogram, and the second - ultrasonogrammoy (sonogram) or ultrasound scans.

The frequency of ultrasonic waves is selected depending on the purpose of
study. For deep structures used lower frequencies and vice versa. For example, the
study of the heart using waves with a frequency of 2,25-5 MHz in gynecology -
3.5-5 MHz ultrasound for eyes - 10-15 MHz. In modern installations echo
sonograms and subjected to computer analysis for the standard programs. Printing
information is in alphanumeric form, it can record on videotape, including color.

All ultrasonic devices other than the Doppler effect based on the work in
pulsed mode echolocation: short pulse is emitted and reflected signal is perceived.
Depending on the objectives of the study use different types of sensors. Some of
them are designed to scan a surface of the body. Other sensors are connected to an
endoscopic probe, they are used when intracavitary study, including combinations
with endoscopy (endosonography). These sensors and probes, designed for

ultrasonic location on the operating table, permit sterilization [15].

94



1.4. Classification of acoustic methods of nondestructive testing and

their application.

1.4 Regular periodic structure

When creating regular periodic structures nature is not limited to systems
with fixed values of the parameters of their lattices. In recent years, scientists have
found and studied one of the hard coating is pliable base". Fundamental structural
and mechanical properties of these systems is easiest to demonstrate in the midst of

studying such common objects as a polymer film with a thin hard coating [6].

Figure 1.1 - Appearance of a regular periodic structure at a stretching of a polymeric film with a
metallic coating (a) a polyvinylchloride film with platinum coating (electron micrograph); (b) is
a polyester film with aluminum coating (the image is obtained atomic force microscope).

Turns out a stress fracture, so common in everyday life, and seemed well-
studied films is accompanied by at least two phenomena of a General nature:
cracking the cover on the set of regularly spaced "Islands" and the emergence of
vysokodispersnogo, oriented along the axis of the strain relief. The resulting
structure is highly organized, making dissipate and decompose the light like a real
diffraction grating. The resolution of the obtained diffraction patterns indicates a

high degree of order in the arrangement of the structure elements responsible for
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the regular microrelief and the dimensions of the fragments of the fracture coatings
and their location on the surface of the pliable substrate.

The appearance of these structures is of a General nature and does not
depend on the nature of the material and coating. A necessary condition for
determining the possibility of their occurrence, is a deformation of the systems of
the type "hard coating on a compliant base", the distinctive properties, which is a
negligible coating thickness compared to that of the substrate and a significant
difference in the elastic moduli of the coating and the substrate.

To understand the mechanism of formation of regular structures of this
type it is important that the polymer film subjected to uniaxial stretching,
experiencing simultaneously two kinds of deformation: elongation in one direction
IS accompanied by compression perpendicular to each other. As a result, the hard
coating on the surface of the film at the same time also experiences tension and
compression. This allows us to consider separately both observed phenomena — the
formation of microrelief and fragmentation of the coating. For the occurrence of
the first responsible is the compression of the coating. It is a (non-uniform
diameter) solid, experiencing deformation uniaxial compression on the surface of
the stretchable film [6].

For the first time, the phenomena accompanying these processes was
reviewed by the famous physicist and mathematician, a foreign honorary member
of Petersburg Academy of Sciences L. Euler over 200 years ago.

He showed that under uniaxial compression the solid fibers, films,
membranes) upon reaching a critical load the latter loses its stability and takes the
form of a half-cycle. Such phenomenon readily observed in practical life, for
example, compressing a thin metal ruler or sheet of paper. If thin hard coating is
firmly connected with the compliant substrate (base), the picture of the buckling of
the first decisive change.
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Figure 1.2 - Scheme of change of shape of the body during its compression in a free state (a, b)
and a pliable base (c, d)

When the critical compressive load the solid body will not be able to take
the form of a half-wave, because if you deviate from the rectilinear forms of the
substrate will affect the returning force proportional to the magnitude of the
deviation. The interaction of the external applied forces and the resultant internal
resistance of the substrate, the coating will inevitably develop, like the folding rule,
and adopt a sinusoidal shape with wave period equal to . The work force of the
compressive deformations of a solid body (in this case the cover), obviously
increases with the number of perfect curves (decreasing period of the relief).
However, "attached" to the coating pliable, but very long substrate makes its own
amendments in the process. It is obvious: the longer the period of relief, the ceteris
paribus, the larger its amplitude. And that increase means "pulling” part of the
polymer attached to the substrate, at a sufficiently large distance from its original
smooth surface. For such a deformation of the substrate it is necessary to make a
considerable effort, ie, do some work. In other words, in the event of elevation the
increase in its period, so the "best" coverage, it is "not profitable" supple polymer
base. In these circumstances, as always, nature is the way of minimizing energy
costs. Their value in relation to rubber and plastic substrates, scientists of chemical

faculty of Moscow state University first calculated theoretically and then
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confirmed experimentally, which indicates the reasonableness of the assumptions
made above concerning the mechanism of this kind of self-organization of matter.

Regular fragmentation of the hard shell is also connected with the
peculiarities of the transmission of mechanical stresses from the pliable base hard
coating through the interface. In particular, it depends on the nature of the
mechanism of deformation of the substrate. From everyday experience we know
that a polymeric film to deform, at least in two ways: homogeneously (behaves as
rubber) and heterogeneous (plastic film). In the latter case continuously coexist
fragments as the source of both the polymer and transformed into the oriented state
(so called neck).

During uniform deformation of the polymer-substrate at the beginning of
stretching, the size of the produced fragments of the coating are not identical. This
effect is related to the fact that at the initial stage of fracture (at low elongation
polymer-substrate) a decisive contribution in the fragmentation of coatings make
the surface microdefects, initiating the destruction of the coating at the places of
their localization. Such defects, obviously, are located in the coverage of a random,

chaotic way, making and it is irregular, random destruction [6].

1.5 Models of phenomena occurring at the interface for heterogeneous

environments under the influence of elastic stresses

Analysis of published data [19-21] devoted to the experimental study of the
interface instability is fundamental. The mechanisms of loss of stability of the
interface and the relaxation of the stresses depend on the specific properties of the
parts constituting the two-layer system may be accomplished by forming an elastic
coating cracks by forming folds and grooves. Analysis of interface instability is
based on different approaches, using different models. Models are built either on
the basis of the balance of elastic forces, or energy balance. This section describes
three different approaches are used to analyze the surface of the instability induced

by the applied voltage: Euler model, model Cherepanov and model Greenfeld.
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1.5.1 Stability of Euler systems «hard coating on the basis of pliable»

Euler model was used to analyze the system instability « hard coating on
the basis of pliable » in the works.

In the classical Euler scheme is considered absolutely rigid rod length I,
with a hinged bottom end and the compressed force F. The rod is held upright
elastic spring having a stiffness.

Assume that for some reason, small bending rod received axis, whereby it
appeared bending moment M = Fv, where v - a beam axis deviation from the
center line. It is necessary to note that the expression for the bending moment
obtained for the strain state of the rod, in what appears nonlinearity [22].

Euler's Strength is recorded as

_ n?m?El

F = "

(1.2)

where E - modulus of elasticity, and - the moment of inertia of the beam, n =1, 2,
3, ...

Thus, the curved shape of the rod balance is possible with fixed values of
the compressive force. When n = 1, in accordance with 1.2 expression, the rod is
bent to form a half-wave of the sinusoid, and this requires the minimum value of
the force F.With increasing n, and a decrease in the period of the sinusoidal

perturbation of the rod is required to make a large-largest force (Fig. 1.1).

i8I
= :rl 25 7y = (?ﬂ);’EI 7y (3n):,EI B, (nrr)l’;'il

a C

Figure 2.1 - Shape of buckling of the rod, corresponding to different
the values of p[23]
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As the review of the experimental work, the formation of regular micro
relief under uniaxial tensile polymer films with a hard coating due to the Poisson
lateral contraction of the polymer substrate during its uniaxial tension. The
conclusion that this compression is responsible for the appearance of the regular
micro-relief is of fundamental importance for the understanding of the physical
phenomenon. In uniaxial compression coated solid body when the coating loses
stability, and takes the form of a sine wave length of the critical load, equal to half
the length of the compressible body [60]. The classic case is shown in Fig. 2.1 a
and Fig. 2.1 b. If the specified asymmetric object strongly associated with pliable
base (Fig. 2.1 c), the situation that occurs when compressing such an object,
fundamentally change. When the critical compressive load a body can not take the
form of a half-wave as a deviation from the straight form it will act on the part of
the substrate restoring force that is proportional to the deviation. As a result of this
interaction between the external applied force and emerging internal resistance
from the substrate, the coating will inevitably sinusoidal wave with a period equal
to A (Fig. 2.1 d).

1.5.2 Model Cherepanov

In the GP Cherepanov [24] analytically solved the problem of thermal
stresses occurring in "thin film-substrate” system with a time of personal
coefficients of thermal expansion when the film deposited on the substrate and the
cooling from the deposition temperature to operating temperature.

The following assumptions were used:

1. The film thickness is much less than the substrate thickness.

2. In the thermal cooling / heating a connecting layer of deformation shifts and
does not crack formed (an ideal connection).

3. The substrate material is homogeneous, isotropic and linear thermo elasticity.

4. Uniform film material, isotropic and perfectly thermo elastic and plastic.
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Thus, the model can explain the Cherepanova har monic nature of the
distribution of normal and shear stresses at the interface for heterogeneous
environments, as well as a linear dependence of the amplitude modulation of the
surface profile according to the thickness of the surface layer. The resulting
solution gives a consistent description of progressive changes in morphology of the
metal film attached to the ceramic substrate during heating or cooling[25]. In the
process of heating or cooling induced formation of small bumps during the
compression half-cycle, the dimensions of which are reduced to the minimum

possible radius.

1.5.3 Model Greenfield

The model is considered Greenfield buckling initially flat solid surface
loaded by applied voltages. For the first time the instability of the flat surface of a
loaded solid body were theoretically predicted Asaro and Tiller. The general nature
of this phenomenon has been shown in Greenfield works by analyzing the balance
of elastic and surface free energy of a uniformly loaded solid body, so it is often
called Greenfield instability.

This model is considered a non-hydrostatically loaded solid flat surface with
the original applied voltage increases the elastic energy of the system, which is
balanced by the surface tension. Upon reaching a certain critical power system
size, the curvature of the surface becomes profitable loaded the body and the
formation of the wave-like profile. The redistribution of the material on the surface
is carried out by means of a substance transfer mechanism, such as by dissolution
in a zone of contact with the chemical solution, melt, or by surface diffusion of
heated sufficiently solid. The transport of matter occurs in the chemical potential
gradient that includes a surface free energy of the system and resilient. Consider

uniaxially and uniformly loaded semi-infinite body as shown in Fig. 1.3
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Figure 1.3 - Scheme Greenfield instability. C voltage is applied to the edges of the
semi-infinite isotropic body in free contact with their own solution or melt under
the pressure p [26].

The resulting voltage gradient along the surface currents are driven in
substance from the depressions to the tops of the peaks. Therefore, the rate of
deepening depressions will increase, thereby increasing the voltage gradient. The
destabilizing effect of voltage is balanced by the surface tension, which tends to
minimize the surface area.

The resulting voltage gradient along the surface of the material flows are
driven out of the recesses to the tops of the peaks. Therefore, the rate of deepening
depressions will increase, thereby increasing the voltage gradient. The
destabilizing effect of voltage is balanced by the surface tension, which tends to
minimize the surface area.

The competition between the destabilizing influence of stress associated
with the formation of the relief, and the stabilizing effect of surface tension is
characterized by a dispersion equation, which is obtained based on linear analysis

of instability and to evaluate the critical wavelength of surface disturbances[25].

102



1.6 Statement of the Problem

Review of the literature data obtained to date indicates that there is strong
experimental and theoretical results, indicating that the surface of the part can not
be reduced only to the emergence of dislocations or drain [9, 11,15-18,20-25].

The aim of this study at the mesoscale level features of plastic deformation
of single crystal of high-purity aluminum foil glued to the material of construction,
the cyclical stretching, identifying possible mechanisms for the formation of
surface deformation structures and their quantitative appraisal using fractal
dimension.

In connection with the foregoing, the aim is to study Zuko-dimensional and
periodic mechanisms of deformation structures at the mesoscale level of single-
crystal aluminum foils cubic orientation, firmly fixed on the flat high-strength
alloys samples D, which were subjected to cyclic stretch in the elastic region.

To achieve this, the following tasks:

1. To investigate the macroscopic structure of the longitudinal strips and
the environ-ment of their areas on the front surface of the cubic orientation of a
single crystal of aluminum foil on the mesoscale level after a different number of
stretching cycles.

2. To investigate the strain relief is formed on the reverse side of the foil of
a single crystal of cubic orientation of aluminum, at the mesoscale level after a
different number of cyclic stretching cycles.

3. Investigate the local mechanical properties of the surface layers of the
areas occupied by macroscopic longitudinal stripes and tvido—voy structure by
measuring the hardness at different loads.

4. Analyze the results and the existing models of the formation of the relief
given the nature of the two-layer system "foil - model". To find out the mechanism
of deformation structures on aluminum foils with non-free single crystal cyclic

tension.
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5. To analyze the role of the surface in the development of plastic
deformation of single crystals of aluminum foil, and the formation of the observed
periodic structures on the basis of the literature data and the results obtained. To
find out the mechanism of formation of protrusions tweed structure of aluminum
single crystals under cyclic tension.

6. Using fractal analysis to quantify the evolution of the surface structures

formed on the foils of aluminum single crystals with an unfree cyclic tension.
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