NHCTUTYT MAIIMHOBEJEHNUA
M. A.A. braronpaBoBa Poccuiickoii akae-
muu Hayk (MMAII PAH) co3nan B 1938 T,
BXOIUT B cocTtaB OTHENEHUSI SHEPIEeTUKH,
MAaIIMHOCTPOEHUS], MEXaHUKH U MTPOLIECCOB
yIpaBi€Huss POCCHUUCKOM aKaJeMuu Hayk
U SIBJISIETCS  BEAYIUM HAayYHBIM IICHTPOM,
pemaonM (pyHIaMEHTAIbHBIe Hay4YHbIC
po0ieMbl MAIIMHOBEICHUSL.

Pazpaborku MMAIIl PAH wusBecT-
Hbl U NPU3HAHBI BO BceM Mupe. Pesynb-
TaThl (DyHAAMEHTAIBHBIX HCCIEIOBAHUMN
NHcTuTyTa Ha NOPOTSKEHUHU BCEU €ro
VMCTOPUHU COCTABJISJIA OCHOBY Pa3BUTHS U
COBEPIIEHCTBOBAHMS OT€YECTBEHHOTO Ma-
IIMHOCTPOEHHUS B AaBHAIMOHHO-KOCMUYE-
CKOM TEXHHMKE, CTAHKOCTPOEHHUH, aBTOMO-
OMJIECTPOEHUH, SHEPTETUKE, B TOM YHCIIE
aTOMHOM, HePTSIHOU, HEPTEXUMUYECKON U IPYTUX OTPACISIX TPOMBIIIIEHHOCTH.

OpnuM u3 ocHoBaresel HCTUTyTa MalIMHOBEACHHUS U €r0 NIEPBBIM THPEK-
TopoM ObLT akajiemuk EBrenuii AnexceeBuu UynakoB. B manpaeiimem UHCTUTYT
BO3MJIABJSUIM aKaJeMukun AHaronuii ApkaaseBud. biiaronpaBoB u KoHcTaHTHH
BacwiseBruu Oposios.

B 2008 romy UMAIII PAH BosriaBui akagemuk PuBaep ®a3puioBud I'anu-
€B, O]l PYKOBOJICTBOM KOTOPOT0O ObLiIa MPOBEICHA MacllITaOHas peopraHu3alius
WucTutyTa B 1ENsIX KOHLEHTpAlMd U OOBEAMHEHUS] €r0 HAyYHOro MOTEHIHala
Ha pelleHn: (pyHIaMEHTaIbHBIX TPOOIeM MAIIMHOBECHUS U BOJIHOBOM MEXaHHU-
Ku. B pesynbrare peopranusainuu B cocraB UMAIL PAH Bomen HayuHblii neHTp
HEJIMHEHHOM BOIHOBOM Mexanuku U texHojorun PAH (HL[ HBMT PAH), 6bi1a
YKpyIIHEHa T€MaThKa OTHEJIOB, CO3/aHbl 3 HOBBIX OTneNa: «KOoHCTpyKUMOHHOE
MaTepuajioBeeHuey, «Bubpoakyctuka mamuny», «Teopetudeckas U MpUKIa-
Hasi aKyCTHKa», — HalleJICHHbIC Ha PEllIeHUe MPUHIUINAIBHO HOBBIX (yHIaMEH-
TaJbHBIX U MPUKIAIHBIX TPOOJIEM, 3HAYUTEIILHO OMOJIOKEH MCCIIEI0BATENbCKUN
COCTaB, CO3aHO OIBITHOE MTPOU3BOJCTBO.




C 1 pexabps 2015 roma paupekropoM MHCTUTYyTa MallMHOBEACHUS
uM. A.A. bnaronpaBoBa PAH Ha3HaueH OOKTOp TEXHUYECKHUX HAYK, JIOKTOP
dunocodekux Hayk, npodeccop B.A. [mazyHos.

OcHoBHbIMM Hay4yHbIMU HarpasieHusmu UMAIL PAH sasnstorcs:

* TeOopus MallUMH U MEXaHU3MOB M YNPABICHUE MAIIMHAMU, AaHAJIN3 U CHH-
T€3 MalIMHHBIX, OMOMEXAaHUYECKUX, POOOTOTEXHUYECKUX U MEXaTpOH-
HBIX KOMILJIEKCOB;

* Teopusi 0€30MACHOCTH, pecypca, HAJIEKHOCTH, KUBYUECTHU, MPOYHOCTH
MAIlH U CJIOKHBIX TEXHUYECKUX CUCTEM;

* JMHAMUKA MAalllMH, BUOPAIIMOHHBIE U BOJIHOBBIE MPOLECCHI, BUOPOAKY-
CTUKA MalllMH U KOHCTPYKLUN;

* TpobnemMbl TPUOOJOTHH, TOBBINIEHHE H3HOCOCTOMKOCTH M CHUKECHHE
SHEPreTUYecKnX HOTEPh B MallIMHAX U 000PYAOBAHNH;

* KOHCTPYKLMOHHOE MaTepuajoBeeHHne, TpoOIeMbl HCIIOJIb30BAHMS HAHO-
MaTepHUaioB U HAHOTEXHOJIOTUM 7151 OOBEKTOB MAIIMHOCTPOEHUS;

* HayyHbI€ OCHOBBI KOMITJIEKCHBIX TPOOJIEM MAIIMHOBEIEHUS 1J11 OOBEKTOB
IPa)KJaHCKOTO U 0OOPOHHOTO HA3HAYECHUS;

* HEeJMHEHHas BOJIHOBAS MEXaHMKa MHOTO(a3HbIX CUCTEM, HAyUHbIE OCHO-
BbI BOJTHOBBIX TEXHOJIOTMI, BOJIHOBBIX MAIIMH M aNNaparoB;

* BHOpOHA/IEKHOCTH U OECIIYMHOCTh I'MAPOMEXAHUYECKUX CUCTEM U TEX-
HHYCCKNX 00BEKTOB;

* TEOpUs MAIIMHOCTPOUTENBHOTO ITPOM3BOACTBA W HOBBIE TEXHOJIOTHH
B MALIMHOCTPOCHUH.

Peann3oBaHHbBI KOMIUIEKC MEPOIIPUATHM MMO3BOJIAET BBINOIHATH HAYYHBIE HC-
cJIeI0OBaHuUs U pa3pabOTKK Ha BHICOKOM MUPOBOM ypoBHe. [lo utoram nposeneH-
HOM OLEHKM pEe3yJIbTaTUBHOCTH JACATEIBHOCTH HAyYHBIX OopraHuzaunid MlHcturyT
MamrHoOBeeHus uM. A.A. biiaronpaBoBa PAH oTHeceH k HaydHbIM OpraHH3al-
am I kareropum.



DYUOROATEA HMAL DAL

AKageMHuK

EBIEHUH AJTEKCEEBHY YY/JIAKOB

OcHoBarenb u nepBblil gupekrop MuctutyTa mammHoBeaeHus (¢ 1938 r. o
1953 1) — wW3BECTHBIN Y4YEHBIA B OOJACTH MANIMHOBEICHUS W aBTOMOOMIILHOM
TeXHUKH, ABax bl Jlaypear Cranunckoit mpemun, Butie-nipe3uaeHT AH CCCP. EB-
reHui AJIeKCeeBUY MHOTHE TOJIbl BO3IVIABIISL PA3IMYHbIC HAYUYHBIE YUPEIKICHUS
Y MHOTO€ cjienani JiJisi CTAHOBJICHUSI U Pa3BUTHS OCHOBHBIX HAllpaBJIEHUN OTeue-
CTBEHHOU Hayku o MamuHax. [log ero pykoBoactBoMm B MHCTHTYTE OBLIIA peasnu-
30BaHa CTPATErusl ONEPEKAOIIEr0 Pa3BUTHS MAIIMHOBEICHUS KAK OCHOBOIIOJIAara-
IOILIEN HAyKu O MalllMHaX JUisl pEIeHUs EPBOOUYEPEAHBIX 3a/1a4 OTE€UECTBEHHOIO
MAaIlMHOCTPOCHHUS TPAKIAHCKOTO U 0OOPOHHOTO HA3HAYCHHSI.



DYUOROATEA HMAL A

AKageMHuK

AHATOJIHH APKAJJTbEBHY FJIATOHPABOB

Hupekrop MuHctutyta MamuHoBeAeHus ¢ 1954 r. mo 1975 r., u3BecTHBIN
y4eHbIH-MeXaHuK (OammcTuk), aBaxasl l[epoit Cormanuctudeckoro Tpyna,
Jlaypear Jlenunckoit 1 CTalUHCKOW MpeMHil, reHepana-JIeUTeHAaHT apTUILICPUH,
akaJieMuK-cekpetapb OTheneHus TEeXHUYECKUX Hayk, npeaceaaresib Komuccuu
M0 HCCIIeIOBaHUsIM Kocmudeckoro npoctpanctsa npu [Ipesuauyme AH CCCP.
[Tpu A.A. bnaroupaBose UMAIII coxpanui HarrpaBiIeHHOCTh (DyHAaMEHTATBHBIX
UCCIIEOBAaHUN U MPOJOJKII JalbHENIee pa3BUTHE MAIIMHOBEICHUS B HOBBIX
HMCTOPUYECKHUX YCIIOBHUSIX CTAHOBJICHUSI aTOMHOTO M PAKETHO-KOCMHYECKOTO Ma-
IIMHOCTPOCHUS, IIUPOKON aBTOMATH3AIMK, POOOTHM3AIMK U WH()OpMaTU3aIuu
MIPOMBIIIJIEHHOTO MPOU3BOJICTBA.



DYLOROATEA HMAL AL

AKageMHuK

KOHCTAHTHH BACH/IBEBHUY ®POJIOB

I'epoit Conmanuctuueckoro Tpyna, M3BECTHBIN yUEHBII-MEXaHUK, CO3/1aTeNb psla
Hay4HbIX HAIIPaBJICHUH B IPUKJIAJHON MEXaHUKE U MAIIMHOBEIEHNH, MOJTYYUBIIUX LIH-
pokoe npuzHanue B Poccun u 3a pyodesxxom. Koncrantun BacuibeBuy Obul BULle-TIPE3H-
nentoM AH CCCP u Poccuiickoil akaieMuu HayK, akaJleMUKOM-cekperapeM OTaeneHus
MaIIMHOCTPOEHUS, MEXAHUKU U IipouieccoB ynpasieHusd. bonee 30 ner (1975—2007 rr.)
K.B. ®ponos Bozmasisun MHCTUTYT MammHoBeneHus uMm. A.A. brnaronpasoBa. B 3tu
roast UMAILL nonrBepiui BEICOKMNA MOTEHIIMAN BEAYIIETO HAyYHOIO LIEHTPAa MAlIuHO-
CTPOUTEJILHON ITPOMBIIIJIEHHOCTH CTPAHbI, PACIIMPUII UCCIEA0BAHUSA 110 COBPEMEHHBIM
npobiaemam mamuHoBeneHus. K.B. @ponoB HarpaxaeH opaeHoM «3a 3aciayr mepen
OteuectBom» 111 u I crenenu, nBymMs opaeHamu Jlenuna, opaenom Tpynosoro KpacHo-
ro 3HameHu U MHorumMu Megainsimu. K.B. @poinos — naypear Jlenunckoit npemun, ['ocy-
napcrserHoi npemun CCCP, aByx npemuit Cosera Munuctpos CCCP u psina npyrux
npemuii. K.B. ®ponos aBrop 6onee 400 HayuHsIx padot, B ToM uncie 44 monorpaduii u
cOoopHuKoB, Oosnee 30 MaTeHToB.



DYLOROATEA HMAL AL

AKaaeMHuK
PUBHEP ®A3BI/IOBUY TAHHEB

Hayunb1ii pyxoBogurens MucTtuTyTa MammHo-
BefeHuss M. A.A. bnaronpaBoBa PAH (nupexTtop
HayuHoro neHTpa HEJIMHENHOW BOJIHOBOM MEXaHH-
k1 u texHojjornu PAH ¢ 1995 roga mo 2008 o,
mupektop UMAII PAH ¢ 2008 rona mo 2015 ron),
3aBeylonil  Kadenpoil WHKEHEPHOW MEXaHHUKHU
U IPUKIAJHONM MaTeMaTuKu MexaHUuKO-MaTeMaTh-
yeckoro ¢akynasrera MI'Y um. M.B. JlomoHocoBa,
U3BECTHBIM yUeHBIH B OOJACTH TEOPUH KOJEOAHUH,
IIPUKJIAJHON MAaTE€MaTUKH, HEJIMHEHHONM MEXaHU-
KM M MallMHOCTpoeHus, jaypear lIpemuun IlpaBu-
TenbcTBa PO B 001acTH HAyKU M TEXHUKH.

[Ton pyxoBoacTBoM akagemuka P.d. ['anueBa mpoBeseHa MaciiTabHasi peopraHusa-
st MTHCTUTYTa, TO3BOJIMBINASE CKOHLIEHTPUPOBATH U O0BEAMHUTD €r0 Hay4YHbIH MOTEHIIN-
all Ha pelIeHuH (yHIaMEHTAIbHBIX MpoOieM MAIIMHOBEICHHUS U BOIHOBOM MEXaHUKH,
BBINIOJTHEHBI KPYITHBIE (PyHIaMEHTAIbHbIE U TPUKIAHbIE UCCIICI0BAHUS B 00IacTu JU-
HaMMKHU MallVH U ariaparoB, B TOM YHCIE aBHALUHU, B PAKETHO-KOCMHUYECKOW TEXHUKE,
TEOPHUU HETTMHEHHBIX KOeOaHni, BOTHOBBIX U BUOPAIIMOHHBIX MTPOIIECCOB.

Axanemuk P.®. 'anmeB — cosmarens HOBOW 00JIACTH MEXAHUKUA — HEIMHEHHOMN
BOJIHOBOM MEXAHMKH, a TAK)KE€ HAyYHBIX OCHOB HOBOI'O NMEPCIEKTUBHOIO HAlpaBJICHUS -
BOJIHOBOI'O MAIIMHOCTPOEHUSI U BOJIHOBBIX TEXHOJIOTMH, NPEAHA3HAYEHHBIX Ul UHTEH-
CHU(HKAUN TEXHOJOTHYECKUX MPOIECCOB B PA3IMYHBIX OTPACIHSAX MPOMBIIIICHHOCTH:
MAaIlIMHOCTPOEHNH, MATEPUATIOBEACHNN (B YACTHOCTH, ITOJyUYEHUE KOMIIO3UTHBIX MaTepH-
aJIoB), HE(TETa30BOM MPOMBIIIIICHHOCTH (OypeHuu, NOO0bIYH, IepepadOTKU U TPAHCIIOP-
TUPOBKH HE(TH M Ta30KOHJEHCATa), MEAUIIMHCKON TEXHUKE, XUMUYECKIX TEXHOJIOTHIX
u ap. P.®. 'anues HarpaxiaeH OpaeHom [louera, opnenamu «3a 3acayru nepen Oteue-
ctBom» III u IV crenenu, Opnenom Anexkcanzapa HeBckoro u MHOrMMHM MeJAlIsIMU, OH
aBrop Oonee 500 Hay4HBIX paboT, B TOM uncie 27 MoHorpaduii, 6onee 150 n3obperenuii

U TIATEHTOB; UM MOATOTOBIIEHO Oosiee 70 kaHauaaToB HayK U 30 TOKTOPOB HayK.
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IEEHAS DOHORAY MEXAUYAN 1 EKHOAOrHy

OCHOBALENB IIKOABI

AxazieMuk
PuBHep ®a3pl10BUY
IT'AHUEB

[Ton pyxoBoactBoM akanemuka ['anueBa P.®. pa3zpaborana HenuHelHas BOJHOBas
MeXaHUKa — HOBasi 00JIaCTh MEXaHUKH, SIBJISIOINIASICS HAyYHOU OCHOBOM MTPOPHIBHBIX TEX-
HoJytorui. [Ipu 3TOM yCTaHOBIICH HEJBIN KJTacC BOJTHOBBIX SIBICHHM 1 () PeKTOB, peanu-
3YIOLIUXCS B YCIOBUSIX HEJIMHEUHBIX PE30HAHCOB.

Otu siBieHUSA U dPPEKTH MOJIOKEHBI B OCHOBY TaK Ha3bIBAEMBIX BOJHOBBIX TEXHO-
JIOTUH, KOTOPBIEC POBEPEHBI KaK B 1a00PATOPHBIX, TAK U B TPOMBIIIJICHHBIX YCIOBUSX.

BoJHOBBIE TEXHOIOTUU ABISIOTCSA POCCUUCKUM IIPUOPUTETOM U IITUPOKO BHEAPSIOTCS
B Pa3JIMYHBIX OTPACIISIX MPOMBINIJIEHHOCTH Kak B Poccun, Tak u 3a pyOexoM.




HAYUHLIH UEHTD HEAHUEMHON ROAHOROH MEXAUMAH

M TEXHOAOTHA uMAW PAK

HpHKHaIIHOﬁ MCXaHUKHU,

Unen-koppecnonaeHt PAH
Ouser PuBnepoBuy
I'AHUEB

3amecTHuTeIb JUPEKTOPA
Kpynnbiii yueHblil B 00JaCTH HEIMHEHHON MEXaHUKU U
JMHAMUKY, 3aCIYyKCHHBIN AesATeslb Hayku Poccuiickon
Oenepanun, arop Oomee 170 HayyHsix pabor,
B ToM uwuciie 20 mareHTtoB, w3 HUX 4 MeXIyHapoa-
HbIX, 14 MoHOrpaduii, 2 U3 KOTOPBIX IEPEBEICHBI
Ha aHmUrcKkui Aa3b6IKk U n3nanel B CIHA u Kanane.
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JupexTop

W3BecTHBI y4eHBIH B 0OONACTH TEOPETUYECKOW U
TEOpUn HEJIMHEUHBIX
Kojie0aHuit MHOTO()a3HBIX CUCTEM, TMHAMUKHU KUAKOCTH U
raza. Aprop 6osee 120 HayyHBIX ITyOIMKALHA, B TOM YHCIIE
3 moHorpaduu, 32 aBTOPCKUX CBUAETEILCTBA UM MATEH-
TOB (B TOM UHCJIE 3apPyOEIKHBIX).

Unen-koppecnonaent PAH
Jleonua E¢pumoBuy
YKPAMHCKUMN



OYUAAMENTANLHLIE NPOEALMLl (HAYYHLIE DCHDRLI)

HesinHelHASI BOJITHOBAsI MEXaHMKA M BOJIHOBbIE TEXHOJIOTHH

OTtmpaBHO# 6a30BOM Hay4yHON OCHOBOM sBiIsieTcs paspaboranHas B UMAIIl PAH wenu-
HelfHas BOJTHOBAsI MEXaHMKA, SBJIAIONIASCS YaCThIO MPUOPUTETHBIX HANPABICHUN Pa3BUTHS Ha-
YKH, TEXHOJIOTUI 1 TeXHUKH B PD. B mporecce pa3paboTky 3TOM HOBOW 00J1aCTH HETMHEHHOM
MEXaHUKH OTKPBIT Psi/i HOBBIX HEJTMHEWHBIX BOJHOBBIX U KOJieOaTeNbHbIX SIBICHUN U 3((HEKTOB,
KOTOpbIE MOJIOKEHBI B OCHOBY BOJIHOBBIX TEXHOJIOTHM, MOTYYUBIIMX IIUPOKOE PACIIPOCTpaHe-
Hue B Poccuu u 3a py6Gexom.

B nactosimee Bpems LleHTp ocyIecTBiasieT uccaeaoBanus Kak B 00JacTH JaIbHEHIIIETo
pa3BUTHS HAYYHBIX OCHOB HEJIMHEHHOM BOJHOBOM MEXAaHUKH, TaK U B HAlpaBICHUM paclIvpe-
HUS BO3MOXHOCTEH €€ MPaKTUYECKOro UCIOIb30BAHMS Ha CThIKE (DU3UKU U XUMUU:

* BOJIHOBAsA MEXaHOXUMMS;

* HeJIMHEHAsl BOJITHOBOJAHASI MUKPO- M MAKPOMEXaHHMKA MOPUCTHIX Cpel, B TOM
yucje B HeTera3oBbIxX IJIACTAX;

* BOJIHOBAas1 U BOJTHOBOJAHAS MHUKPO-THAPOMEXaHHUKA.

Ha ocHoBe BbllIeyKa3aHHBIX HAy4YHBIX HAIIPABIEHUIN OCYIIECTBISETCS pa3paboTKa HOBBIX
TEXHOJIOTMYECKHX MPOIIECCOB, MALIMH U allaparoB, ONEPEKAIONIUX B psAe CIIydaeB MUPOBOI
YPOBEHb MAIIMHOCTPOECHUSI.

Dxcnepumenmansbuwili CmeHo DKcnepumenmanbubiil CMeHoO no U3y4eHuio
10 UCCTIEO08AHUIO NPOYECCO8 NEPeMeUUBAHIUSL npoobnemM 80IHOBO20 USMENLYEHUSL CHINYYUX
8 KAGUMAYUOHHO-BONIHOBBIX 2CHEPATNOPAX MAmepuanos 8 GUXPeauIX 2a306blX NOMOKAX

Boanosoit

CMECHTEAb

l

= el
| Boanosoit
'Boanosoit MeAbHHYHDIH -
- 7 | Aosatop | arperaT-
TypbyAusaTOop
FuapOauHaMM‘lecKue ceHepamopbl AGmOMGmu3up06aHHClﬂ JUHUA NO np0u3eoacm6y CyxXux

KONeOaHULl U 6OJIH MHO2OKOMNOHEHMHbIX CMecell HAd B0THOBbIX NPUHYUNAX
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ROANOROL MAWHUOCTPOLHHE

BoJsiHOBBIE MAILIMHBI U ANNAPATHI JJIEKTPOMATHUTHOTO MPUHIIMIIA
nefcTBUSA (TUIIOBbIE Y3JIbI)
-3

Pomopno-sonnosoii
usMenbyumensb Colnyuux
Mamepuanos

Yemanosxa ons 6onnosoii
00pabomKu HCUOKUX U
CoINYy4Ux cpeo

Bonnosoii dozamop
CHINYUUX MAMeEPUALos

Yemanoska
0151 6ONIHOBO
0bpabomxu 653KUX
U 8bICOKOBSIZKUX CPEO 8
NOPYUOHHOM PeANCUME

TexHosiornyeckas JIMHUS BOJHOBOI 00pa00OTKH CyXHX cMeceid,
3MYJIbCHIl U CYCIIEH3Hil ¢ IPUMEHEeHNEeM THIIOBBIX BOJHOBBIX YCTAHOBOK

* ToHKOE 1 CBEpXTOHOKOE M3MEIBIeHUE (MKM U HM)
» MexaHn4eckasi akTUBAIHsI MaTepHaa (B TOM YUCIIe TOHKOIUCTIEPCHOTO)
* neanpHOE CMELICHHUE CHITYYHX MaTEPHANIOB C KUAKOCTSIMHU, B TOM YHUCIIC BHICOKOBS3-

KUMU
» PaBHOMEpHOE pacrpeesicHre MajbixX 100aBOK U UX aKTHBAIIUS

* Jlo3upoBaHue

Vsea gas soanosoii o6paGomxu
HCUKUX U CHINYUUX Cpes

Boanosoii gosamop
Cblny"lux mamepuanos

Vsea gas soanosoii o6pabomru Boanosoii aesunmezpamop
BAZKUX U BbICOKOBAIKUX CPCI npomouHozo muna

O0Ha u3 Munosvix cxem MOOepHU3AYUU 3A600A HO NPOUZBOOCIBY CYXUX NOPOUKOOOPAZHBIX
U BA3KUX CPOUMENbHBIX MAMEPUATIO8 C NPUMEHEHUEM BOHOBbIX V3108
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BosiHOBBIE CMeCHTE/IM U BOJIHOBbIE MeJIbHHIIbI
3JIeKTPOMATHUTHOI0 NIPUHLMIIA 1eiicTBHUSA (0TAe/IbHbIE Y3JIbI)

pabouas Kamepa SazpysKa mamepuand Bapuanm

ﬂ’“ C <HOMCaAMU»
8bIZPY3KA

?%ﬁud}im

AAMU

PE3OHAHCHbLE
npusojol

npusog
8pAULAMEAbHOZ0
pabouezo opara

O6wuii suz Cxema Cxema paboucii kamepot

Boanosas menvnuya (0esunmeepamop)

| BOﬂHOBOﬁ annapam A CMeUieHUA
BLICOKOBABKUX Cped U <MOKPOZO>»
UBMENBUCHUSA PABAUUHDBIX Mamepuanros

Boarosoti

BOJlHOBOﬁ cmecumens
cmecumenb-aKkmusarmop

NPOMOYHOZ0 MuUna AAst
obpabomku colnyuux
Mamepuanos

HUIKUX MANOBABKUX cpe]
8 NOPUUOHHOM pexrcume

Bonnosvie cmecumenu
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KaBl/ITaHI/IOHHO-BO.HHOBbIe MalllMHbI U THAPOANHAMHUYCCKHUEC T'CHEPATOPLI

JlabopamopHsie ycmanoeku 015 KasUmMayuoHHO-80IHOB0U 0OPAOOMKU HCUOKUX CPeO
(MOHKOE U C8EPXMOHKOe UBMENbYECHIUE, CMeUeHUE U OUCNEePSUPOBAHUE CYCIEH3U U IMYTbCULL)

BoJuHoBbI€ reHeparopbl rIMAPOANMHAMHUYICCKHUX BOJTHOBLIX allllaparoB

Obwuii 610 MUNOBLIX 1AOOPAMOPHBIX YNPAGIAEMBIX KASUMAYUOHHO-80THOBLIX ANNAPATNOE U UX
amnaumyoHo-uacmomuuli cnekmp (wupuna cnekmpa 0o 100 xl'y npu amnaumyoax nopsaoxa 70 amm.)

Pa3pa6ambwatomc;1 mexHoN0ZuUecKue TUHUU 01 Pasniudnslx ompaczleﬁ npombolutjieHHOCmu
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THAOTHLIE YCTAHODUH H DEIYALTATL HX HCNLITAUNH

Pe3yabTaThbl HCNIBITAHUN JUCTIEPTHPOBAHUS YIJIEPOIHBIX
HAHOTPYOOK B dNOKCHIHOI cMoJie JJI-20 (ocHoBa aBManMOHHOTO KJesi BK-47)

1. IIpousseneno aucnepruposanue 0.01 % ymeponusix HanoTpyOok (YHT) B cocTaBe kiiee-
BOW KOMITO3ULIUH. JIOCTUTHYTO MOBBILIIEHUE MEXaHUYECKUX XapPAKTEPUCTHUK KJles, COIIOCTaBUMOE C
MOJTYYCHHOMU TIPH YABTPa3ByKoBOM aucneprupoBanuu ¢ 200 pa3 6omnpmieit konnentpanuu Y HT, uro
Ba)KHO C YKOHOMUYECKON TOUKH 3PEHHUSL.

2. [lomyyeHHbIE ONTHYECKHUE M AIIEKTPOHHBIE MHUKpO(GOTOrpaguu MOATBEPKIAIOT BBICO-
KO€ Ka4eCTBO BOJIHOBOTO JMCIIEPTHPOBaHUs ariiomepatoB, ¢popmupyeMbix YHT B cBOOOIHOM
COCTOSIHMU. BuiHO, 4TO pazMep ariomepaToB MpU BOJIHOBOM JMCIIEPTUPOBAHUM YMEHbBIIACTCS
B ~10° — 10* pa3 npu paBHOMEPHOM pacrpeae/icHHH B 00beMe Kilest 110 CPAaBHEHHUIO C YIBTPa3By-
KOBBIM JIUCIIEPTUPOBAHHUEM.

Jucnepruposanue YHT B snokcuanoi
CMOAE yABTPa3BYKOBBIMCIIOCO60M

O6pabatbiBaemblii cocTas:

9,76KmpOHHaH M 7rgpo$omozpa(puﬂ % yMOAa 34-20 . - YET =
aznomepamos YHT «Taynum -M>» - YTACPOZHDIE HAHOTPYOKH 104m Jucnepraposanue 11" snoxcnanoit
<<TayHHT-M>> 0,01 /0 Macc. CMOA€ 110 BOAHOBOH T€XHOAOTHH

Pe3yﬂbTaTbl HCNBITAHUN U3MeJIbYeHUS 0TX0I0B IIPOU3BOACTBA

CTEeKJIOHANOJHEHHBIX MpeccMaTepHuaIoB

He menee 70 macc. % uactui umeet pazmepsl meHee 100
MKM, a J10Ji1 KpyIHbIX YacTull cBbile 200 MKM He MpEBBIILIAECT
2-3 macc. %. Bce ormpeccoBannbie 06pasusl BMC matepuana
BBE/ICHUEM B €T0 COCTaB M3MEJIBYCHHBIX BOJHOBBIM CIIOCOOOM
dpaxuit SMC/BMC koMIayH/I0B ITOKa3aid HEOOXOIMMBIH Ka-
YECTBEHHBIN YPOBEHb.

Pe3ynbrarhl HCTIBITaHUI TTO3BOJISIOT IPUCTYITUTH K BBIITY-
CKy MEJIbBHUYHOTO arperara Jyisl JINHUHA TOHKOTO BOJIHOBOTO M3-
MEJBYEHNUS CTEKJIOHANIOJHEHHBIX MaTEPUAIOB.

v

Bonnosoii menvruunsiii acpecam PBM-IIK
1 — y3en 601H08020 21EKMPOMEXAHUYECKO20
2eHepamopa Koieoanutl;

2 — pasmonvHas kamepa,

3 — yzen nosopoma u ¢uxcayuu,

4 — anekmponpugood pomopa, 5 — ocmos Dnexmpounvie Mukpoghomoepaghuu nomona

BMC (cresa) u SMC (cnpasa)
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HcenbiTaHusl yCTAHOBOK 110 BOJTHOBOMY CMEIICHUIO KMIAKHX He(TenpoayK-
TOB U NIPUCAIOK ISl Y3J10B IPUTOTOBJICHUS MOTOPHBIX MaceJl

Obwuti 610 ycmanosKu Ha ocHoBaHMM NPOBEAEHHBIX UCIIBITAHUN B
60JIHO6020 CMeuUuBarusl
obvemom 0o 1 m*

MIPOMBIIIUICHHOHN Ta00paTopuu ObLIO OMPENETICHO,
4TO 00pa3ipl Macia, MOJyYCHHbIC 110 BOJHOBON
TEXHOJIOTUH, TIOJIHOCTBIO YJIOBJICTBOPSIOT TPeOo-
BaHUAM, NPCABABIACMBIM K MACITY, IIOJIYy4aCMOMY
MIPOMBIIIJICHHBIM CIIOCOOOM.

CpaBHeHue cKopocTu Habopa BA3KOCTU pacTBopa
3arycTutens Ha ocHoBse Lubrizol u 6asosoro macna
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OKcnepumenmansHuill CMmeHo RPOMOYHO20 MUNA.: DKCnepumMenmanbHo noKa3aHo,

I - pabouas emxocmo; YUMo BOIHOBOE NEPEMEULUBAHUE
2 - 6onnoeou cmecumenv CB-5; COKpawjaem epems npu2omosieHus.
3 - anexmpoosuzamens nacoca, 4 - nacoc; 3azywaroujeri npucadku NPUMEPHO

5 - 6onnosoil cenepamop; 6 - mepmocmam; 62-2.5 paza

7 - ynpasienue cmecumenem,
8 - ynpasnenue nacocom

ITepexon Ha BOJIHOBYIO TEXHOJIOTUIO OOECIIEUUT CYIIECTBEHHOE COKPAILIEHUE TEXHOIOIU-
YEeCKOT0 BPEMEHH, MPOM3BOJICTBEHHBIX TUIOMIAICH U 3aTpaT Ha 00CITy>)KUBaHHE 000PYIOBAHUS.

Pa3paborana BbICOKONPOU3BOAUTENbHASA (4X-KPAaTHOE YBeJIHYeHHe IPOU3BOAUTENbHOCTH
110 CPABHEHHUIO C IPOMBILIJIEHHOH TEXHOJIOTHell) MoJyIPpOMBbILIICHHAS] JIMHUS
MOJTy4eHHs] MOTOPHBIX MaceJ

Pe3yabTarsl HCHBITAHUN KABUTALUMOHHO-BOJIHOBBIX
anmnaparoB A/ CHUKEHHUs BA3KOCTH CBEPXBA3KOH HePTH

PazpaboTaHbl ¥ UCTIBITAHBI KOHCTPYKIIMH KaBUTALMOHHO-BOJIHOBBIX
cMecuTeneid, odbecrieunBaromux cHuxkeHus Bsizkoctd CBH nipu ogHOBpe-
MEHHOM CHIDKEHHH acganbrocMononapadunossix omioxkeruin (ACIIO)
Ha CTEHKaX TpyOONpoBOIOB U HEPTIHOM 00OPYIOBAHUY.

IToka3aHa BO3MOKHOCTb:

* cHKeHus Bs3kocTH cmecu CBH ¢ kapO6oHOBOI HEPTHIO MOpSIKaA
10 % 1no cpaBHEHMIO C TPAJUIMOHHBIMM IE€PEMEIINBAIOIIUMU YCTPOU-
CTBAMHU U JIOTIOTHUTEIHHOE MPSMOE YMEHBIIEHUE TUHAMUYECKOHN BS3KO-

ctu CBH npu BonmHOBO# 00paboTtke 110

Jlabopamopnwiii cmeno 15 %; Taxkxe HMMEET MECTO HOHYTHBIﬁ

0N KABUMAYUOHHO-B0IHOBOT  HATPEB TPAHCTIOPTUPYEMO HepTH U
obpabomxu ceepxeaskotl negpmu ymenplieaue ACIIO;




* HKOHOMHUH JIOPOTOCTOSIINX J00ABOK 3a CYET BOJHOBOTO cMmemmBaHus mopsiaka 10 %,
JIOTIONTHUTERHOE TipsiMoe cHIbkeHue BsiskoctTh CBH 10 15 % u cHmkeHue BS3KOCTH 3a CUET
n06aBok Ha 50 %, TOT POIIECC TAK)KE COMPOBOXKIAETCS JOTIOTHUTEIIBHBIM TIOJIOTPEBOM HEPTH
n ymensinearnemM ACIIO Ha cTeHkax TpyOOIpoOBOIOB.

PaccmarpuBarotcs npeaniokeHus: HE(TIHBIX KOMIIAHUN IO CO3/IaHUIO MPOMBIIIIICHHON
YCTAHOBKH.

Pe3y.11bTaTbl HCNBITAHMI BOJTHOBBIX almnmapaToB JJid IOBbLIINICHUSA
3(bq)eKTHBHOCTH IMPUTOTOBJCHUA CMCIIAHHbBIX BUAOB MOTOPHBIX TOIIJ/INB

HcnpiTanbl BOJHOBBIE AUCIEPraToOphbl, MO3BOJSIOUIME MOJYYUTh YCTONYMBYIO T'OMOI€H-
HYIO cMech Onooiina B HepTIHOM MOTOPHOM TOTUIHBE.

YCTaHOBIICHO, YTO BOJHOBBIE TOMOTEHHU3ATOPHI TIO3BOJISIOT MOJTyYaTh SMYJIbCHOHHBIE TO-
TUTABA ¢ KOHIICHTpAIUel Onooiina B cynoBoM HeTssHOM ToTuBe 110 15 % Macc. ¢ ycToiHdnBo-
CTBIO K PACCIIOCHHUIO 10 3 MECSIIEB M YCTOWYHMBEIE CMECEBBIE YMYIILCHOHHBIE TOTIIIBA C KOHIICH-
Tpanueit ouooina B mazyte 10 50 % macc. CreneHp AUCIIEPCHOCTH AMYIIbCUU, TIOTYUYEHHON Ha
BOJIHOBBIX armaparax (MeHee 1 MKM) CyIlleCTBEHHO BbILIE, IO CPABHEHHIO C JOCTUrAaeMON Ha
TPaIUIIMOHHBIX KOJUTOMTHBIX MEIBHUIIAX U TUCTIEPTapTOpax.
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Pe3yabrarsl HCNIBITAHUI KABUTAIIMOHHO-BOJIHOBBIX JUCIIEPraToOpoB
JJIS1 MOBBIIIEHUA 3(P(PEeKTUBHOCTH NPOU3BOIACTBA JOPOKHBIX OUTYMOB

[TokazaHa >)EeKTUBHOCTD MUCTIOIH30BAHMS
KaBUTAI[IOHHO-BOJTHOBBIX aIlIAPaToOB B IPOM3-
BOJICTBE PE3MHOMOAN(DUIIMPOBAHHBIX OMTYMOB.

IIpy KaBUTALIMOHHO-BOJIHOBOM CMeEIlle-
HUH PE3MHOBOW KPOIIKH C OMTyMOM Y/EIbHbIC
sHepro3arparsl Ha 30-35% MeHblle, yem mnpu
TEXHOJIOTHH, OCHOBAHHOW Ha HWCIOJIH30BAHUH
TPaIUIIMOHHBIX KOJUTOMTHBIX MEJTHHHII.

Obwuii 610 HKCNEPUMEHMANBLHO20 CMEHOA

Pesyabrarsl McnbITAHMS MOJACPHU30BAHHOM BOJTHOBOH BAJIKOBOI MeEJIbHUIbI
JJIs NOBbIIIeHHUS (P PEeKTUBHOCTH U3MeJIbYeHUS HE(PTAHOIO KOKca

L] T ] ] ~ —
£ 3 | |

Obwutl 610 pa3pabomanHo2o azpeeama ¢ 60IHOBOU 8ANIKOBOU METbHUYELL:

1 — Kopnyc menvHuYybl ¢ NPUBOOOM NOMOTLHOU APENKU, CIOTOM YCIMAHOBKU
BATIKOG U 2UOPOYUTUHOPAMU NPUICUMA BATKO8, 2 — BAIKU C NPUBOOAMU KOLEOAHUL
(4 wm.); 3 — cenapamop, 4 — cuopocmanyus; 5 — wum ynpasieHus 2uOpoOCmaHyuel;
6 — wum ynpasieHus npuso0amu Koieoanull anxkos, 7 — 1ok yukionos 4x1[H-15;
8 — unvmp monxou owucmru [LIB(P)-3 ¢ komnpeccopom; 9 — nvliesoti 6eHMuisimop
BPII 01-4.0; 10 — numamens nooauu mamepuana,; 11 — uacmommuwvie npeobpazoeamen
VAPABLEHUS NPUBOOOM Ceapamopd, Nulieo20 6eHMUNAMOPA, NUMAames.

B HII peanu3oBan u ucrbITaH 00pa3er] BOJTHOBOH BAJIKOBOW MEIBHUIIBI, TO3BOJISFOIINAN

MHTEHCU(UIIMPOBATH MPOIIECC M3MENIBYCHUSI OCTATOYHBIX MPOIYKTOB HedTernepepadarbiBato-
IIETO MPOU3BOICTBA C TOMOIIBIO BOJTHOBBIX TEXHOJIOTHIA.

Ha pa3paGoTanHOM MPOTOTHUIIE MOTYUYEHBI CISTYIONNE OCHOBHBIEC PE3YJIbTATHI:

1. JlocTUrHYTO NOBBIIIEHUE IPOU3BOAUTEIBHOCTH BAJIKOBOW MeIbHUIBI Ha 38—63 %
3a CYET BBEJCHHUS JIOMOJHHUTEIBHBIX BOJHOBBIX IPHBOJIOB, yCTAHABIMBAEMBIX Ha BaJIKax.
[Tpu sTOoM oOIIEEe PHEProNOTpedICHNE KOMIUIEKCA BAaJKOBOW MEJIBHUIIBI TOBBIIIACTCS JIHIIb
Ha 15.6-23 % COOTBETCTBEHHO.
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2. BbIsBII€HO, YTO BBE/ICHUE JIOMOJHUTENBHBIX KOJI€OaHUI MO3BOJISIET CHU3UTh HArpy3Ku
Ha MOMOJIBHYIO TapeliKy, BOZHUKAIOIIKE MPHU MOMaJaHUK KPYMHBIX KyCKOB (JlaXe MpeBbILIato-
IIMX MAaKCUMaJIbHO JOMYCTUMBII pa3mep JAJisl 3TOro TUIOpa3Mepa BAJIKOB) U TBEPJbIX KOHIJIO-
MeparoB. [Ipu 3TOM cHIIKaeTcs Harpys3ka Ha IMPUBOJ TOMOJIBHOM TapelsikH, 4TO, B YACTHOCTH,
M03BOJIMIIO paboTaTh Ha 0oJiee BHICOKOM YCHIIMU MPHKUMa BaJIKOB 0€3 BO3SHUKHOBEHHS 3aKJIU-
HUBAHUW MOMOJIBHON TapeKH.

3. BeIsiBIIeHO, UTO MOBBILIEHUE TPOU3BOAUTEIBLHOCTH 32 CUET IPUMEHEHUS BOJTHOBBIX TEX-
HOJIOTH HE BIMSIET HA UTOTOBBIN JUCIIEPCHBIN COCTAB.

MozepHuzupoBaHHas BOJHOBas BAJIKOBasi MEJIbHUIIA COKPAIIIAET 3aTPaThl AJIEKTPOIHEPTUN
Ha m3MmenpdeHue HedtssHoro kokca st TOLl opuentupoBouno Ha 23— 40 % B ciydae cpaBHe-
HUS C KJIACCHYECKUMH BaJIKOBBIMU MeJbHUIIAMU U 62—70 % B ciyyae CpaBHEHHUS C MIApPOBBIMU
MeJbHUIIAMHU.

PCBy.]'IbTaTI:-I NMPUMCHCHUSA BOJTHOBBIX cMecuTeen aJis pecain3anmnu

«CYX0ro» crmocoda MOJIYICHUSA MO)_II/I(l)I/IIII/IPOBaHHOFO KpaxMmaJja
B HII paspaboran WHHOBaIlMOHHBIN

BOJTHOBOM «CYXO¥#» CITOCO0 MOTyIeHUS KaTH-
l OHHPOBAHBIX M KapOOKCHMETHIMPOBAHHBIX
2?:532;3 KpaxMaJjoB, KOTOPBIA ITO3BOJISET COKPATUTH
i MIPOM3BOICTBEHHBIN IUKJI, SHEPro3arparsl,

"' cOpOC CTOYHBIX BOJ, YTO CYLIECTBEHHO YITyy-
D IIAET SKOJOTMYECKUE M SKOHOMUYECKHUE I10-

Ka3aTeNy IMPOU3BOICTBA.

l, BHenpeHne 1aHHOW TEXHOJIOTUH B IIe-
Boxsosoe pepabarbIBalOIIUE OTPACIH CEIILCKOTO XO-
:;:zz:ﬂ 35iiCTBA, B TOM UHCJIe JUIS TITYOOKOH mepe-
peakrm pabOTKM 3€pHa, OTKPOET JAOINOIHUTENIbHBIE

LIMPOKHUE MEPCIEKTUBBI U ISl pa3BUTHUS BOJI-

l’ HOBOT'O MAaIlIMHOCTPOEHUS.

B mnacrosee BpEMs  BLIIIOJIHACTCA

IIPOEKT 110 CO3JIAHUI0 MOJYJIbHOW NMUIIOTHOU

Texnonoeuueckas cxema npouze00cmed IIPOMBIIUIEHHON JIMHUM TOJy4eHHUS] MOJM-
KapbOKCUMeMUNUPOBAHHO20 KPAXMALA (GUIMPOBAaHHBIX KpaxMaJlOB IO BOJHOBOM
CYXUM BOTHOBbIM CNOCODOM TEXHOJIOTHH.

e

bwzpyaxa

1 — cmanyus pazepysku MewKos ¢ cucmemou nooayu 8 003amop, 2 — wHeKk nooayu Kpaxmaia 8 003amop;
3 —30Hm cucmemul acnupayuu, 4 — 801HOB0U 003AMOP CLINYUUX KOMIOHEHMO08, 5 — HeNOOBUNMCHDBIIL Y3el 86004
PEaKyuoOHHOU Cpedbl 68 BOIHOBOU peakmop, 6 — BOIHOBOU peakmop, 7 — 003amop CbINyyux peazeHmos, 8 — yszei
NO020MOBKU U O03UPOBAHUSL HCUOKUX K OMHOHEHMO08, 9 — HaKOnUmMenb NPOMENCYMOYHbIX NPOOYKMOs,
10 — nunus peyuprynayuu
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IIpuMeHeHUEe BOJTHOBOM TEXHUKM AJISl MHTEHCHUPUKALMHA

NMPOLECcCOB N'MAPO0JIN3A ChIPbS NMPH NMPOU3BOACTBE 0M0ITAHO/IA
B HII co3nan 1 ycneniHo UCHbITaH 3KCIEPUMEHTAIBHBIX CTEH]I, BKJIFOUAKOUIUNA THIPOIH-
HaMHUYECKYI0 BOJHOBYIO JIMHUIO, POTOPHO-BOJIHOBOM MEIBHUYHBIN annapar TOHKOTO U3MeJbye-
HUS JIMTHOLEIUTI0I03HOTO ChIpbst (JILIC) 1 ycTaHOBKY B3pBIBHOTO aBTOIMIPOJIN3a C BOJIHOBBIMU
y3JIaMU TIPOTIMTKH ¥ U3MEJIbUEHUsT OMOMACCHI.

THT RIS R
CHFEE

Hrneommnmarmer nerenmmamenk saeprie
napa. Ofpadome Ha

IEIRT £l Vi

I TPAKIIEN TETRCTHTPATE S M,
CARIPON B OPOTVETOA PEIKEHIT
4{ 2l o T TR TS |
1
EpMeHTITHEERH
HIPOE DRTTRI R
TP BT
Ba1gehcTEr

lf:::w_: CANAPE K COpTRETaIE

Brok-cxema npoyeccos o6pabomru u euoponuza JILC ¢ npumenenuem 01HOBbIX MAUIUH
u annapamos u u oowull 8UO IKCNEPUMEHMATLHO2O CIEHOA:

1 — pomopHo-601HOB0I METbHUYHBII ANNAPAM MOHKO20 USMENbYEHUS TUCHOYEILIIONI03HO20 CbIPbSL,
2 — YCManosKa 63pbl6HO20 ABMOSUOPONU3ZA C BOTHOBLIMU Y3NLAMU NPONUMKU/HACLIUEHUS 614201
(peacenmamu) u uzmenbyeHus asmocUOPOIUZ0BAHHOU OGUOMACChL; 3 — 2UOPOOUHAMUYECKAS BOTHOBAS
JIUHUSL OJ15 UCCTLe008AHUSL (DePMEHMAMUBHO20 2UOPONU3A NPU BOIHOBLIX 8030CLCNEUSIX

B pesynbrare ncciieoBaHHid BBIICHEHO, YTO TOHKHI BOJIHOBOM MOMOJ OMOMACCHI YBEIHU-
YHBAET BBIXOJ CaxapoB Mpu (hepMEHTAaTUBHOM THIpoin3e B 2.5-3 pasza 1Mo CpaBHEHUIO C He-
00paboTaHHBIM MaTEepPHUAIOM; aBTOTHIPOJIN3 B KOMOMHAIIMH C BOJTHOBBIMH y3JIAMH U BOJHOBOM
METOJl aKTHBALMU (PEepMEHTATUBHOIO THPOJIN3a MyTeM OO0pabOTKU CyCIIEH3MH cyOcTpara B
PacTBOpC q)epMeHTOB Ha TUAPOAUHAMHUYCCKOM ITPOTOYHOM KaABUTALIMOHHO-BOJIHOBOM aIirapare
II03BOJISIET MOBBICUTH KaK CKOPOCTb, TaK M CTENICHb KOHBEpCUH Oromacchl. Hampumep, mokasa-
HO, YTO CTEINIeHb KOHBEPCHHU COJIOMBI MUCKAHTYyCa JOoCcTUraeT 66.5 % 1o cyxoMy BelIecTBY (MU
91.1 % oT TeopeTUYECKOro BhIXO/Ia CaxapoB).

B Hacrosmiee BpeMsl BBIMOJIHSIOTCS MPOEKTHI MO MPOMBIIUICHHOMY MAacCIITaOWpPOBAHUIO
pe3yJIbTaToB J1a00paTOPHBIX UCCIIEIOBAHUIM.

FeHepaTOpr BOJIH JIJISI CO3JaHUA KQYE€CTBCHHBIX TAMIIOHA’KHBIX PacTBOpPOB
AJISA o0ecneyeHust repMETUIHOCTH 3aKOJIOHHOT0 IPOCTPAHCTBA CKBAKHH
B HII pa3paboTtaHbl 1 IpOBEIECHbI IPOMBIIUIEHHBIE UCIIBITAHUS BOJTHOBBIX TEHEPATOPOB C
3aKpYYEHHBIM TEUEHHEM JKUIKOCTH.
[Io pesymbraraM 5SKCHEPUMEHTOB II0KAa3aHO, YTO IIOCJIE€  HENPOJOJIKUTEIBHOU

(mo 10 MuHYT) 00pabOTKH TaMIIOHAKHOTO pacTBOpa (TIPU MPOKAYMBAHUN €TI0 YepPe3 BOIHOBOMH
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TeHepaTop), CYLIECTBEHHO YITy4IlIaloTCs €r0 OCHOBHBIE TEXHOJIOTMYECKHE XapaKTePUCTUKH:
* IPOKaYMBAEMOCTb yBennuuBaeTcs Ha 15 %,
* CeJUMEHTAIIMOHHAs! YCTOMYMBOCTH MOBBIIIAETCS B JBa pasa,
* CpOKH TBepAeHHUs cHukatoTcs Ha 20 %,
* IPOYHOCTH LIEMEHTHOTO KaMHs NoBbIIaeTcs Ha 25 %.

Mukpocmpykmypa yemeHmHo20 KAMHs

0e3 801H0B01 0OpabomKu nocie 801H080U 0OpabomKu

YaapHoO-BOJIHOBbIE TeHEPATOPHI ISl BO3AEHCTBUA HA IJIACT

B HII co3nan menslil psijg yaapHO-BOJHOBBIX IeHeparopoB. OHU SIBJIAIOTCS MCTOUHHKOM
MOIIIHBIX BOJIH JIaBJICHUS, KOTOPbIE PACIPOCTPAHSIIOTCS O KHUAKOCTH U MO CKENETY TOPHOH 1o-
POJIbI, MPOHUKAs TIIYOOKO B IJIACT.

Cuibl, BO3HUKAIOIIME BO BpeMsl IPOXOKIEHUSI BOJIHBI U ICUCTBYIOIINE HA (DIIOUA, MOTYT
3HAYUTEIHHO MPEBBIIIATh CUJIbI, CYIIECTBYIOIINE MPU CTallMOHApHOU ¢unbTpauuu. [Ipu BbI-
TECHEHUU HePTH BOAOH YaCTh YITIEBOJOPOJIOB MOXKET Y€ )KUBATHCS KaWIJIIPHBIMU CUJIaMU B
CYXKEHHSIX IOPOBBIX KaHAJIOB, €CJIM BHITECHSIONINE CUIIbI MaJjbl. JIOMIOTHUTENIbHbBIE CHIIbI, PU-
JIOKEHHbIE K (UIIONIaM U CTEHKaM Mop, CIIOCOOCTBYIOT M3BJICYCHHUIO YIIIEBOJIOPOIOB U3 TAaKUX
JIOBYIIIEK.

B pesynbrare, yaapHO-BOIHOBOE BO3/IEHCTBUE MPUBOIUT K YBEIMYCHHUIO HE(PTEOTHauu B
0OBOIHEHHBIX HEOJHOPOJHBIX IUIACTAaX MPU HAJUYUU COJEPKALIUX YIIIEBOAOPOABI MalONpo-
HUI[AEMBIX MPOIIACTKOB.

Jljig ipoBe/ieHUs] UCIIBITAHUHN yAapHO-BOJIHOBOM reHepaTop ObUl BHEIPEH HA KOJIOHHE Ha-
COCHO-KOMITPECCOPHBIX TPYO B CHEIHAIbHO BEIOPAaHHYIO CKBAXKHHY C HU3KUM JeOUTOM U pazMme-
IIeH Ha YPOBHE MPOAYKTUBHOTO MiacTa. ONBITHBIN y4acTOK, HA KOTOPOM MPOXOJIUIN HUCTbITA-
HUSl, BKJIIOYAII B ce€0s CKBa)KHMHBI, 32001 KOTOPBIX ObLIH pacnoioxkeHbl B paguyce 500 MeTpoB OT
CKBa)KMHBI ¢ reHepaTopoM. Ha 3Tux ckBaxxuHax ObLIM YCTaHOBIJICHbBI HH/IMBUyalIbHBIE IPUOO-
pBI 3aMepoB 1e0uTa, 0OBOIHEHHOCTH U 3a00HHOTO 1aBneHus. Takxke B TeUeHHE BPEMEHU UCTIbI-
TaHUH Ha ITUX CKBaKMHAX HE MPOBOAMIOCH HUKAKUX APYTUX paboT M0 CTUMYJISIIUN IPUTOKA U
MOBBILICHUS HEPTEOTNauu TU1acTa. B TeueHue roga mpoBOAMIIOCH HAOIIOIEHUE 32 CKBAKMHAMHU
OTIBITHOTO yYacTKa B OTCYTCTBHH BOJIHOBOTO BO3JICHCTBHSI, @ 3aTEM €llle 8 MECAIIEB C TAKOBBIM.

Jliia MecTopoKIeHHH, pazpadaTbiBaeMbIX MPOJOJDKUTEIILHOE BPEMsI XapaKTepHO CHUXKE-
HUE J1eO0MTOB HE(TU U CHUKEHHUE CKOPOCTU POCTa HAKOIUIEHHOM 100b1un. CHUKEHHE TEMIIOB
najieHus 1eOuTa U YCKOPEHUE POCTa HAKOIIEHHOHN JOOBIYM CBUAETEIBCTBYET 00 3 (heKTHBHO-
CTH MPUMEHEHHOTO BO3/ICHCTBHUS.
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nebut HedTn, M3/CYTKM
5

HakonneHHas ao6biva, M

= - 1ebur g0
- 1e6uT 10 (anmpoKCcHMans)
-=-~ - 71ebut 10 (FKCTpanoaALus)

Cymounwiti cymmapnuii 0ebum negpmu
CKBAINICUH ONBIMHO20 YHUACMKA
00 U nocie Hayana 60IHOB0U 0OPAOOMKU

0 100 200 300 400

18000
16000 -
Cd
14000 P
12000
- 10000
W 2
> 8000 /
: 6000 /
~~a 4000 /
2000
0 T T T T T T
0 100 200 300 400 500 600 700
o - HAaKOIUIEHHast 100bIYa 10
- HAKOIUIEHHast 100bIYa 10 (anmnpoKCHMALHs)
500 600 700 === - HaKOIUIEHHas 100bIYa (IKCTPAMOISALIAS)
- nebut mocne
- nebur nocne
- 1ebuT mocne (anMpPOKCHMALHs) *

- nebuT nocsie (anmpoOKCHMAaItHs)

Haxonnennas 0obviua nepmu
nO y4acmky 00 u nocie Haiaud
B0IHOBOU 0OpaboOmKU

VapHO-BOTHOBOE BO3JIEHCTBHE HA IIJIACT BBI3BAJIO 3HAYUTEIILHOE YMEHBILICHHUE TEMIIA 1a-
JeHHs AeOuTa, TEMIT POCTa HAKOIIJICHHOW JOOBIYM HE(DTH YBEIUUMIICS.

BoJsinoBasi 00padoTka npu3ad0iHOM 30HbI CKBAYKHH € UCIOJIb30BAHHEM
rHOKUX HAcOCHO-KommpeccopHbIx TPYyO (I'HKT)

KoaoHHQ
[bkas Tpyba : HKT-73

[HKT-32

3Kcnayata-
LUMOHHQA
KOAOHHQ

BOAH
BoaHoBOA
reHeparopa -
‘ hatanl
YA

SNy
11ii1k

3oHa
nepcpopaLmm

Permctparop
A4X
QBTOHOMHbIA

Cxema 060pyoosanus.
07151 6OIHOBOU 0OpabomKu
npu3abouHOU 30Hbl
0obblearouiell CK8ANCUHbL
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Hacoc LUTH

[eHeparop

MPSMOTOYHbIV

[Ipu mpoBegeHUM BOJTHOBOM 00paOOTKH B J0OBI-
BaIOLUX CKBaXMHAX BOJIHOBOM I'eHEparop, 3aKperieH-
Hb11 Ha koHIle ' HKT, omyckaercst Ha ypoBEeHb NPOAYK-
TUBHOTO TUTACTa B 3a30p€ MEX Ay 00CaTHON KOJIOHHOH U
KOJIOHHOM HacocHo-kommpeccopHbix TpyO (HKT), mpu
TOM HET HEOOXOIMMOCTH MOJbEMa Ha IMOBEPXHOCTb
IyOMHHOTO HacOCHOTO O0OpY/IOBaHUS, KOJOHHBI Ha-
COCHO-KOMITPECCOPHBIX TPYO M MITAHTOBOM KOJIOHHBI. B
HArHeTaTeJIbHbIX CKBaKMHAX CITyCK F€HepaTopa MOKHO
ocymecTBUTh BHyTpH KostoHHBI HKT.

3a cueT CoKpallleHus BpeMsi MpoBeieHus: 00padoT-
KM, CHIDKEHHUSI KOJIMYECTBA CITyCKO-IIOJJbEMHBIX Orepa-
LM BHEJIPEHUE HOBOW TEXHOJOTHMHU MO3BOJISIET CyIlle-
CTBEHHO YBEJIIMYUTh 3KOHOMHUYECKYIO 3(PPEKTUBHOCTD
BOJTHOBBIX 00pabOTOK.

Crnenytouiye pe3ynbTaTbl ObLUIN MOJIYYEHBI B XO/I€
MPOBEJICHUS UCCIIEAOBAHUMN:

* pazpaboTaHa METO/MKAa PacueToB IeHEPaTOPOB
Ha OCHOBe TpyOku Bentypu ;

* CO3/1aH SKCIIEPUMEHTAJIbHBIN CTEHJ, UMUTHUPY-
IOLUI CKBa)XKMHHBIE YCJIOBHS, HA KOTOPOM IPOBEIECHBI
HaATypHbIE HCIBITAaHUS MOJIeJIeH TeHEPATOPOB;

* pa3paboTaHO HECKOJIbKO BApUAHTOB pealn3aliu
BOJIHOBOM TEXHOJIOTUU 0OpaOOTKH MPU3a00HHOI 30HBI
I1acTa, ¢ y4eTOM 0COOEHHOCTEH CKBa)KMHBI;



* pa3paboTaHbl KOHCTPYKIIMH BOJHOBBIX TEHEPATOPOB U TEXHOJIOTUYECKON OOBI3KH

* pa3paboTaHa U3MEepUTENbHAs TEXHUKA JIJIsl MOHUTOPUHIA BOJIHOBBIX MPOIIECCOB BO Bpe-
Ms1 IPOBEACHUSI BOJTHOBBIX 00paboToK;

® IMPOBEACHBI ONIBITHO-IIPOMBIINIJICHHBIC UCITBITAHUA.

14 Q, wfeyT
12 ) S i Si—
10 Jlebum dobuviearouyeli
8 /] —— CKBACUNDBL
6 g !/ —B—QH ( Qofcu() -
4 ,&1\.‘. no JHCUOKOCMU,
2 a— On — no negpmu)
0 ; ‘ ; : 00 u nocie obpabomxu
ABrycT 2019 OkTabpe 2019 dekabpb 2019 AnBape 2020 MapT 2020  Man 2020 (eepmumﬂbnaﬂ qepma)

I'enepaTopsbl BOJIH 1151 YIYYIICHUS XAaPAKTEPUCTHK OyPOBBIX 10J10T

B HII pa3paboTaHbl ¥ UCTBITAHbI B MPOMBICIOBBIX YCIOBHSX PAa3JIMYHbIC KOHCTPYKIIUU
BOJTHOBBIX TE€HEPATOPOB UII OypOBBIX IOJIOT, MO3BOJISIONIMX MOBBICHTH OCHOBHBIE JKCILTya-
TAIMOHHBIE XapPaKTEPUCTUKH OypOBOTO 0OOpPYHOBaHHS: CKOPOCTh OypeHHs, OUYUCTKY 332005 U
CO3/IaHUS KOJIBMATaI[MOHHOTO 9KpaHa. B ONbITHON CKBa)knHe ObliIa TOCTUTHYTA CYIIECTBCHHO
0oJsiee BHICOKAs MEXaHMUECKasi CKOPOCTh MPOXOAKU — Ha 32.6 % BhIIIIe, i T
YeM B COCEHEH CKBa)XMHE B CPABHUMOM HHTEpBAJIE.

B nenoM, ucnonab30BaHUE BOJHOBBIX TE€HEPATOPOB, (POPMHUPYIOLIMX
BOJIHOBOE IOJIE B 30HE pabOTHI 10JI0TA, AAET CIAEAYIOMINE IPEUMYIIECTRa:

* ISt psia IOPOJ] MOYKET MOBBIIIAETCS CKOPOCTH MPOXOAKH;

* KOJIbMAaTallUs CTBOJIA CKBKMHBI YITy4IIaeT KaueCTBO [[EMEHTUPO-
BaHUS M KPETUICHHS CKBAKUHBI, CHIKACTCS BEPOSATHOCTH BOSHUKHOBEHUS
3aKOJIOHHBIX TIEPETOKOB U PHCKA HE TEPMETHYHOCTH KPETH CKBAKUHBI,

* MEHbIIIEe KOJIMYECTBO OYyPOBOTO pacTBOpa M €ro (PMIIbTpaTa MPOHH- ;
KAaeT B MPOYKTHBHBI [LIACT, 4TO B Pe3ylsTaTe obecrednBactcs mydmas 0wl 6ud donoma

MPOIYKTHBHOCTh CKBa)KHHBI, ¢ YCManOo61eHHbLMU
o 60JIHOBbIMU
* 5 )EKTUBHOCTH KOJIbMATAIIMHU [IPU BO3ICHCTBUM BOJIHOBBIM I10JIEM
2enepamopamu

YBCJIMYMBACTCA Ha HECKOJILKO IMOPSAIKOB.

PAIDALOTUH WU B DEAACTH CDIAANNG CORPEMENHOH MEAHUKHCUOH TEXHH AN

KOMHbIOTepHOe MOAECJINPOBAHNE BOJTHOBLIX ITPOIECCOB

B cHCTeMe KPYIIHbIX apTepuil

* Pa3paborana maremarudeckast MOZIEIb CEPACYHO-COCYTUCTON CUCTEMBI YeJIOBEKa C yue-
TOM OCHOB HEJIMHEHHON BOJHOBON OMOMEXaHUKU

* Pa3zpaboTan anmaparHO-IpOTrpaMMHBIH KOMITJIEKC JIJIsl UCCIIETOBAHUN (POPMBI 1 CKOPOCTH
pacnpoCTpaHEHHUs MTyJIbCOBOM BOJHBI B MAarCTPAIbHBIX apTEPUAX

* MozenrpoBaHue aopTaibHOTO JAepeBa HAa OCHOBE 0OOOIICHHOW MO, BKIIFOYAOIICH
BOCXOJISIIIIYIO AOpTY, NMPaBble MOAKIIOUUYHYIO U IUIEYEBYIO apTEPHUH, AYTY aOpThl, JIEBbIE MOJI-
KIIIOUMYHYIO U IIJICYEBYIO apTEPUH, A0PTHI TPYIHOTO U OPIOIIHOTO OT/ENOB.
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* MonennpoBaHue BOJHOBBIX IIPOLIECCOB HA OCHOBE IIOJTHOMAC-
mTaOHOM MOJENH apTepUalbHOTO JEpeBa, BKIIOYAIOIMIEH 55 KpyMHBIX
KPOBEHOCHBIX COCYZIOB.

ANnapaTHo-NPoOrpaMMHbIA KOMILJIEKC

VI aHAJIN3a NMYJbCOBBIX BOJH
B HII[ co3nana yHuKanbHasg anmaparypa, I[O3BOJISIIONIAS JKC-
npecc-MeToIoM (3a 3-5 MUHYT) TPOBECTH 00CIIETOBAHNUE CEPACUHO-COCY-
JIUCTOW CHCTEMBI YeJIOBEeKa, OTMPEACIIUTh THIPOIMHAMUYICCKYIO KapTUHY
ee paboThI, IPOBEPHUTH ATACTUIHOCTH MArUCTPAIBHBIX COCYIOB H ITOJTY-
YUTH JIPYTHE XapaKTePUCTHKH.
Armmaparypa ¢ TIOMOIIBIO CIEIHATBHON
| porpaMMBI MO3BOJSET OCYIIECTBHTH CHHTE3
MyJIbCOBOH BOJIHBI W HM3MEpPEHHE KPOBSHOTO
JABJICHUS HE TOJIBKO B MEPUPEPHIHBIX COCY-
. J1aX, HO U B aopTe.

AIIK conmepxuT npeumMyIniecTBEeHHO OTe-
YECTBEHHBIC KOMIUICKTYIOIIHUE, 10 MPeIBapH-
TEJIBHBIM OIICHKaM, €€ CTOMMOCTD IPHU CEePHii-
HOM HW3TOTOBJICHUH OYJIET CYIIECTBEHHO HUXKE
3apyOekHBIX aHamoroB. OCHOBHBIC TEXHUYE-
CKHE peIleHHsI, UCTIOIb30BaHHbIE TPH CO3/a-
HUU aIaparypebl, 3aaTeHTOBAHEI.

PazpaboranHasi JuarHocTUYecKas —arl-
maparypa MoXeT ObITh PEKOMEHJIOBaHa K WC-
MOJIb30BAHUIO0 B MEIUIIMHCKHAX KIMHHKAaX, B
TOM YHCJIE OT/IAJICHHBIX OT IICHTPOB METUITUH-
CKUX YUIPEKJICHUSIX, BOMHCKHX YaCTAX H Jp.
PaboThl pa3BuBaOTCS B MIMPOKOM ILIAHE MO Pa3pabOTKe MEIUIIMHCKOW TEXHUKU W IS

JIpYTUX 00JIacTeid METUIIUHEI.

Obwuti 810 annapammno-npocpammHo2o
KOMNIEKCa OJisl AHANU3A NYIbCOBLIX BONIH
6 cocyoax

¢ dexT yBeudeHUsI MUKPOUMPKYJIANMHA U TPAHC-KANTUJJIAPHOTO 00MEeHa

0J1arogapsi BOJIHOBBIM BO3/1€iiCTBUSIM

TpaHC—KaHHHHHpHBIﬁ 0OMEH SIBIIIETCS OJHHM M3 Ba)KHEHIITNX (1)I/I3I/IOJ'IOFI/I‘-IGCKI/IX npouec-
COB B JXUBBIX OpraHu3smax. OH obecrneynBaeT CHAOKEHNE DJIEMEHTOB MBIIIEYHON TKAaHU U Apy-
I'UX OpraHOB KHUCJIOPOAOM U APYI'UMH BCIICCTBAMU, IIPUCYTCTBYIOIIUMHU B KPOBHU, U 5BAKYaAlIUIO
HX U3 TKaHU B KPOBCHOCHYIO CUCTEMY. 9TO0T Iponuccce NporuCxXoanuT B q)opMe MHUKPOLUPKYIIAIHNHA,
HpOI/ICXOI[SIH_Ieﬁ B MUKPOCOCYAax (KaHI/IJ'IJIHan C IIPOHULIACMBIMHA CTGHKaMI/I) H OKpPYXKaroluem
HUX TKAHCBOM IIPOCTPAHCTBC.

B pe3ybTaTe TCOPETUYCCKUX I/ICCHe,HOBaHI/Iﬁ OIpCACIICHO BIUMAHHWEC BHCIIHETO BOJIHOBOI'O
BOSHCﬁCTBHH Ha (I)I/IJ'ILTpaI_[I/IIO KUAKOCTHU U3 KAITWJIIAPOB C NIPOHHUIAEMbBIMU CTCHKAMU B OKPY-
JKaromee ImopoBOC MMPOCTPAaHCTBO U 06paTHO. YcTaHOBIICHBI JABa MCXaHH3Ma YCKOPCHUS (l)I/IJ'Ib-
Tpaluu. HepBbIﬁ U3 HUX 06YCJ'IOBJ'ICH HEJIMHEHHOM CBS3bIO MCKAY NPpOHUIACMOCTbBIO, OKPYIKa-
IOH.[GI\/'I KarmuJurap, HOpHCTOﬁ Cpeabl 1 HOpHCTOfI MOBCPXHOCTHU KalTUMJIAPaA € XapaKTCPUCTUKAMHA
BOJIHOBOI'O BO3,I[CI>’ICTBPI$I. BTOpOﬁ O6YCJ'IOBJ'ICH CUHXPOHHBIMH H CI/IH(1)33HBIMI/I KOJIe0aHUSIMHU

24



JABJICHUS B KalWUISpe U NMPOHUIIAEMOCTH B CTEHKE KaMWUIsApa M B OKPY)KaoIlled Karuiuisp
nopuctoil cpene. OH NPOSBISIETCS TOJBKO B PE30HAHCHOM CIlydae, KOIJja 4acTOThl KOJIEOaHUM
JABJICHUS B KalWUIIpe U MPOHHUIIAEMOCTH B MOPUCTON cpesie MOAYMHSIOTCS OIpeeIeHHBIM
YCTaHOBJIEHHBIM 3aBHCUMOCTAM. O06a 3¢hexra MOryT OBITH UCTIOIB30BAHbI JJI1 HHTEHCU(UKA-

MW TPaHC-KaUJUIIPHOTO OOMEHA B MEJIUIINHE.

Labnerie Ha Brewred
p gpanuye mrkarebozo
npocmpancmba

Labrerue b
Kanunspe

Harpabrere
QuUAbMPAYLL

~

Mukpouyprsus Aé 3 JJ

C brewmur Bomiober Boscedcmbuer

be3 bomobozo bosdedcmbus

(kgpocme @uasmpauuny V

Paccmosuue am ocu kanmuwspa ¢

[IpakTuueckas peanuzanusi yCTaHOBICHHOTO d(deKTa s Hy KT MEIUIIMHBI BO3MOYKHA C
MOMOIIBI0 pa3pabOTaHHBIX B MOCIEAHUE TOIBI THAPOJIUHAMUUECKUX MACCaKEPOB, KOTOPhIE K
HACTOSILIEMY BPEMEHU YK€ 3allaTEHTOBAHBI U MPOXOAST KIMHUYECKUE UCTIBITAHUS.
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EYNUHAA MO ASIPRAEHNC MayHnwy

OCHOBALSNHEHAWMHBIXVIIKOA

> <@

AkanemMuk AkaneMuK J.1t.H., mpodeccop J.1.H., mpodeccop

HWBan UBanoBu4 Huxouaii I'puropseBuy  Asnexcanap @uiunmnoBuy Apon EpumoBnu

APTOBOJIEBCKUM BPYEBHY KPAHEB KOBPUHCKUI
1905-1977 1896-1987 1941-2011 1915-1992

3aBenyroumuii 0TI€J10M
«MexaHuKa MalIMH
U yIpaBJjeHre MAITHHAMM

3acnyKeHHbIN JiesTens Hayku Poccuiickoit Denepannu,
SBJISIETCS  3aMecTUTeNeM mpenaceaarenss HaydHoro
coeta PAH mno wmammHocTpoeHutro u Poccuiickoro
HaIIMOHAJBHOTO KOMHMTETa MO TEOPUUM MAIlUH U
MEXaHU3MOB,  CHEIHAIUCT B  00JacTH  TEOPHH
MEXaHM3MOB W MalllMH, YIPaBJICHUS MalluHAMH,
KHHEMATUKHA U TMHAMHUKNA POOOTOTEXHUYECKUX CHCTEM.

J.1.H., n.¢unoc.H, mpodeccop
BuxrTop ApkaabeBuy
ITTA3YHOB
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OCHORULIE HAYVHLIE HANPARALHHY

* Teopust MEXaHHU3MOB U MalllMH

* JInHaMuKa MaluH U MalllMHHBIX arperaTos

* MexaHuka MpuBOIOB MAaIlIMH

* Ilnnamuika BUOpOyIapHbBIX (CHIIBHO HETMHEHWHBIX ) CUCTEM

* Pe3oHaHCHBIE 1 aBTOPE30HAHCHBIE BUOPOTEXHUYECKUE CUCTEMBI
* DKCIIEpUMEHTAJIbHAS TIMHAMUKA U JJUArHOCTUKA MAITUH

* MHoOrokputepuaibHasi ONTUMHU3ALUS CIIOKHBIX CUCTEM

* ABTOMaTHU3a1IMs TEXHOJIOTHYECKHUX MPOIIECCOB

OCHORHLIE HAYYHLIE PEIYALTATAI

Otnen «MexaHuka MalllMH ¥ yIpaBieHUE MalllMHAMU — CTapeiliee HaydyHOe Moapasere-
Hue MHCTUTYyTa. Y UCTOKOB 3TOTr0 HAIlPaBIICHHS CTOSUIN Benyliue yueHnle akagemuku U.1. Ap-
ToboneBckuii 1 A.A. brnaronpaBoB. OTnen pemian ¥ peniaeT KOMIIEKCHBIE 3a71add B 001acTH
CO3/7IaHUs M UCCJIEIOBaHMS MaIlluH pa3nnyHoro HasHaueHus. B UMAIII BriepBeie B Mupe ObLT
co3/1aH oOpasel IpoTe3a pyKH, padoTaroIIEero Moj BO3AEHCTBIUEM AIEKTPUUECKUX UMITYJIbCOB,
reHepUupyeMbIX MYCKylaMH desioBeka. Pa3paboTanbl METO/IbI aHAIM3a U CUHTE3a HOBBIX KJlac-
COB MEXaHU3MOB U TEXHOJIOTUYECKUX MPOIIECCOB ISl MALIUH HOBOT'O ITOKOJIECHHUS.

B sToMm otzene B pasHble To/ibl ObUTN MOJTYYEHBI BECbMa CEPbE3HbIC HAYUHBIEC PE3YJIbTAThI.
Ot10 Kacaercs (yHIaMEHTaJIbHBIX BOIIPOCOB POOOTOTEXHUYECKUX CHCTEM, MEXAaHHM3MOB C 3a-
30paMM B KMHEMAaTHYECKUX Mapax, MEXaHUYECKUX CHCTEM CO 3BEHbSMHU MEPEMEHHON Macchl,
Hrararoumx poOOTOB, IKCIEPUMEHTATbHON MEXaHWKH MAllUH U JAMAarHOCTHKH MEXaHU3MOB,
MHOTOKPUTEPHAJIbHON ONTUMU3ALMU U UACHTU(UKALUY [TapaMETPOB MEXaHUUYECKUX CHUCTEM,
(GYHKIMOHATBHON KJIacCU(PUKAUN MEXaHU3MOB U T.1.

Pa3paborano ycTpoicTBO, KOTOPOE IJIAHUPYETCS UCIOIb30BaTh i paboThl B a3poJuHAMU-
yeckux TpyoOax. [logoOGHbIie cxeMbl MOTYT OBITh MCIIOJIB30BaHbI B APYTUX TEXHUUYECKUX MPUIIO-
KEHUSIX, B YACTHOCTH IIPU MAHUITYJIUPOBAHUH B arPECCUBHBIX Cpeax (KOCMOC, OKEaH).

Manunynamop Manunynamop
0718 UCnLIMAanuL mooenetl C KapOAHHbIMU WAPHUPAMU
JlemameibHblX annapamos U OONONHUMENLHLIMU MAAMU

8 AdpoOUHaAMUYecKoll mpybe
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OTzen akTUBHO 3aHUMAETCs CO3/1aHUEM MalllMH HOBOTO MOKOJIEHUS, OTHOBPEMEHHO peliast
3aJ1auy UMIIOPTO3aMEIICHHUS.

Bakneiimieii 3ajaueit siisieTcst pa3paboTka HayuHbIX OCHOB BBICOKO3(DPEKTUBHON TEXHOIIO-
ruu 1 o0opynoBaHus uig GopmMooOpazoBaHus AeTalell ra30TypOMHHBIX JIBUTaTeNeil u3 cynep-
CIUIaBOB B M30TepMUUecKuX ycioBusax. [Ipenmymectsa popmooOpazoBanus aeraneil u3 xxapo-
MPOYHBIX CIJIABOB METOJIOM PACKaTKU M KOMOMHUPOBAaHHBIM METOJIOM JaBJIEHUS C KPyUEHHEM B
U30TEPMHUYECKUX YCIOBUSX: CHH)KEHHE TPYAOEMKOCTH U3TOTOBJICHUS 3@ CUET CHIKEHUSI yCUITHI
nedopMaly U UCKIIIOYEHHUS IOPOTOCTOSIIEN OCHACTKY; TEXHOJIOTUYHOCTD MTPH U3rOTOBJIECHUY;
MOJyYeHHE OJHOPOAHON MEIKO3EPHUCTOM CTPYKTYpPBhI; IMOBBIIIEHHE MEXaHUYECKUX CBOMICTB
crutaBa (1o cpaBHeHHIO ¢ TpeboBarusiMu TY Ha 10-15 %); nossimenne KM B 3-5 pas.

Jlemanu (oucku)

' Cman CPXKIT-800.

Ipeonasnauen ons ucnvimanuil u ompadoOmKu MexHON02UU
U320MOBILEHUS. OCECUMMEMPUYHBIX Oemaiell

(Ouckos, koney, obewaex u m.o.)

Jlemanu (nonvie 6anvt)

Cman CPB. [Ipeonasuauen ona ucnvimarnuii
U OMpPadOMKU MEXHONOSUU U320MOBIIEHUS NOTILIX 8AI06

1 — BepxHsist TUIHTA, 9 — HOIIIUITHUKOBBIE OTIOPHI,
2 — HIDKHSIS IUINTA, 10 — noHHas Bpamaromascs
3 — KOJIOHKHM OCHACTKH, YaCTh MaTPHIIBI,

4 — TpaBepca ¢ OOKOBOM 11 — KopITyCc OCHACTKH,
YaCThIO0 MATPHIIBI, 12 — UHIYKIMOHHBIIA

5 — MEXaHU3M HarpeBaTeb,
BEPTHKAILHOTO 13 — TemIon30IsIIHs,
MEPEMEICHUSI KOJIOHOK, 14 — 3arpy3ouno-

6 — "epBsIYHOE KOJIECO, Ppa3rpy304HbIid

7 — uepBsIK, MEXaHNU3M

8 — myaHCoOH,

A —ipoduiib masos b — npous mazos
Ha HOHHOI:I qacTu Ha IyaHCOHEC B BU/IC
MaTpHIIbI B BHIE TPSIMOYTOTBHIKA
TPAMOYTOIBHOTO

TPeyroJIbHHKa

Hzomepmuueckuil wimamn 0 peanu3ayuiu KOMOUHUPOBAHHO20 Memood
oaesneHust ¢ kpyuenuem oeopmayuu oucrkoe I'T/]
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Onmuyeckuii 610K YCMAaHo8KU

Texnonocuueckue ycmanosxku 01 6ecmpaccogou HACMpoUKy U npogepKu
JIA3epHbIX OANbHOMEPOB 2PANCOAHCKO20 U CNEYUATbHO20 HA3HAYEHUS]

(DaCO@OUHO-ynaKO@O'{Ha}l JIUHUSL 0715

. 003UPOBKU HCUOKUX NPOOYKMOB NUMAHUS
Texnonoeuuecxuii pobom

METROM na ocrose
NapaiienbHHol CmpyKmypbl

Texnonozuueckuii pobom napaiieibHol
CMPYKMYpbl C NAMbIO CMENEeHAMU C80000bl

Mexanuzm co cmabunuzupyrowumu
38€HbAMU
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Mexanuzmvl napaiienvHol CmpyKmypbl ¢ Yemulpbysi CIeneHamu c60000bl

OnHOM U3 BaXKHBIX 3a/1a4 B COBPEMEHHOM TEXHUKE (TPaHCIIOPT, aBHALUs, KOCMOC) SIBJISIETCS
pa3paboTKa TpEeHa)XepoB /IS MOJArOTOBKH HKUIAKEH Ha3eMHBIX TPAHCIIOPTHBIX CPEICTB U Je-
TaTeJbHBIX anmnapaToB. [ pemeHus 3Toi 3aJauu B OTAeNe ObUI CHHTE3UPOBAH PsiJ CXeM Me-
XaHU3MOB MapaJIEIbHOM CTPYKTYPBI C IPUMEHEHHEM KPYTOBOI HapaBIIsoLIeH, 001a1ai0nx
KAQueCTBEHHO HOBBIM (DYyHKIIMOHAJIOM — UMHUTALIMS YCIOBHH «1032» M MIOBOPOTA TPAHCHOPTHBIX
CPEZCTB, a TAKXKE ILTOIOPAY JIETATeIbHBIX AMIapaToB.

Maxem mpenasicepa
O0JI51 NOO20MOBKU 600UmMeell

CosmectHo ¢ Yal'V (MbkeBck), MEXaHUKO-MaTeMa-
tryeckuM ¢akyasrerom MI'Y um. M.B. JlomonocoBa,
HUIIM um. M.B. Kennppima, 3AO «Posep» (CaHkt-
[TerepOypr) paspaboran mepBbii B Poccum cdepo-
6ot — pobot-map SpheROB. Ilomobupie amnmapa-
Thl B CHJIy CBOEH I'eépMETUYHON KOHCTPYKLIHMU MOTYT
UCIOJIb30BATHCS ISl UCCIIEOBAHUS 30H C arpecCuB-
HOM Cpelloy, HapUMep, MECT aBapuil WU MOBEPXHO-
CTH IPYTHUX IJIAHET.

Cghepobom —

MoOUNBLHBIL pOOOM-UUAD
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CuHTe3upoBaHbl CUCTEMbl MAaHUIYJIIMPOBAHUS JJI1 XUPYPTUUECKUX MAaHUMYISIIUMA B ypOJIo-
TUHU, OPTONICAUN, KapAUOJIOTHH. Pa3pa6aTBIBaeMI)Ie MEXAHU3MBI SIBJIISIIOTCS OT€YECTBEHHOHN aJIb-
TEepHATHBOU M3BeCTHOMY poboTy da Vinci.

Xupypeuueckue pobomul

OTaen akTHBHO U IUIOJOTBOPHO cOTpyAHHMYaeT ¢ LleHTpanbHOI KIMHUYECKON OOIbHUIIEH
PAH, ¢ xnmunukoii um. C.I1. borkuna, c MI'TY um. H.D. baymana, c UKTU PAH, ¢ MockoBckum
YHUBEPCUTETOM JIM3aiiHa U TEXHOJIOTHH. Pa3pabaTeiBaeMble CUCTEMBI IPEICTABISAIOT COO0I NM-
MOPTO3aMEIIAIOIIYI0 TEXHUKY, B PSJIE CIIy4aeB ONEPEKAIONIYI0 3apyOeKHBIH YPOBEHbD.
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IDCUHE. HOUDC CHBRAD. DHED 07y

OCHOBELSNHEHAWMHBIXS KON

J.T.H., mpodeccop K.c.-x.H., I.T.H., podheccop JI.T.H., mpodeccop
Muxaua MuxaitioBuy Hrops BuxkropoBuy IOpnii HuxonaeBnu
XPYHIOB KPATEJIbCKUI APO310B
1890-1972 1908-1989 1936-2014

3aBeayromui oTaeJI0M
«Tpenue, u3HOC, cCMa3Ka.
Tpuoosorusp

Bune-npe3uaeHT Accormanu HHXEHEPOB-TPHOOJIOTOB
Poccun, 3amectutens mpeacenarens MeXBEIOMCTBEH-
HOTO Hay4YHOTO coBeTa 1o Tpudongorun PAH, mouetHsI
pabOTHHK BBICIIETO MPOECCHOHATBHOTO 00pa30BaHMs,
npodeccop Kadeapbl LHUPPOBBIX U  AJIUTHBHBIX
texHosoruit PTY MUPOA. Harpaxnen 3onotoit meza-
aeto uM. B.I'. [llyxoga.

J.1.H., mpodeccop
Anu IOcynoBuu
AJIBATAUUEB
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OCHORULIE HAYNHLIE HANPARALHHG

* TpeHnue u U3HOC B MalIMHAX

* OpeTTUHT B HEMOABUKHBIX COEAMHEHUSIX

 Tpubosiorust B aBUAlIMOHHOM, KOCMUYECKOU U OOOPOHHOM TEXHHUKE
« JIazepHOE yIIPOYHEHHE MaTEPHUAOB

* CMa304HbIE MATEPUAIIBI JUISl TSKEITOHATPY)KEHHBIX Y3JI0B TPEHUS

* [loAMMITHUKHA CKOJBKEHUS U KaUEHUS

* Tpubonorus B MexaHn4eckoil 00paboTKe MaTepuasoB

* JIMarHOCTUKA MOBEPXHOCTEN TPEHUS

* TenioBbI€ MpoOIIECCHI B TPUOOJIOTUU U MEXaHUYECKO 00padboTKe

* I3HOCOCTOMKHE U BBICOKOIIPOYHBIE MaTEpHUaIbI

dyHnnaMeHTabHBIC U PUKIIAHBIC UCCIICIOBAHMS OT/IE)Ia HAIIPABJICHbBI Ha TIOBHIIICHHUE pe-
cypca, 0e30MmacHOCTH B KO3 PHUIIMEHTa MOIE3HOTO AEHCTBUS OOBEKTOB TPAXKIAHCKOTO M BOCH-
HOTO Ha3HAYCHHS, KOCMUYECKUX, TPAHCIOPTHBIX, YJHEPTETHUECKUX, aTOMHBIX, aBUAIIHOHHBIX,
razo-He(dTe100bIBAIOIINX CHCTEM.

OCHORHLIE HAYYHLIE PEIYALTATA

Co31aHo M aKTHUBHO pa3BUBAETCA HAy4YHOE HAMpaBiIeHHE 10 OOECHEUEHUIO0 HaIEKHO-
CTH M pecypca YCTAaHOBOK 3JIEKTPONPUBOAHBIX JOMACTHBIX HACOCOB, KOTOPHIMU 00OpY/HOBa-
HO Oonee 100 Toic. ckBaxuH P® u nobdviBaercs Gonee 70 % HedTu. Pazpaboransl HayuHbIe
OCHOBBl U KOMIUIEKC HCIBITATEIbHBIX CTEHJOB JJISi HCCIENOBaHUS TPHUOOIMHAMUYECKUX
MPOIIECCOB B HAcocaxX, B TOM YHUCJIE C BBICOKOW YacToToi BpameHus (mo 12000 o6/mun).
CoBMmecTHast paboTa ¢ BeAylIIUMHU HEe(TSIHBIMM KOMIAHHUSIMH IO MOBBIIICHUIO pecypca Haco-
coB ynoctoeHa IIpemun IlpaButennctBa P®. Bmepswie paspaborana TpuOoamHaMUYECKas
MOJIeJIb Hacoca C HCIOJIb30BAHUEM TEOPUU IOA00MS, MOITY4YeHbl 3aBUCHUMOCTH BHOpaIuu
OT W3HOCAa TPHUOOCONPSHKCHHM, HCCIIEIOBAaHbI IPOILECChl aOpa3sMBHOTO W THAPOAOpPa3UBHO-
ro M3HAIIMBAHHUA JETaliell HacOCOB B Cpelax, coaepKallux adpa3uB U KOPPO3UOHHO-aKTUB-
Hple BemlecTBa. C ydacTHeM COTPYIHHUKOB OTHena pa3padOTaH HAIMOHAJIbHBIA CTaHAAPT
I'OCT P 56830-2015 (BBenen B neiictue ¢ 01.07.2016 1.), KOTOPHIiA BIIEpBBIE B MUPOBOM MPAK-
TUKE BBeJ oOuIre TpeOoBaHUs ISl 3TOro 00opynoBaHus. Pe3ynbraThl HaydHBIX HCCIIEJOBAaHUN
pear30BaHbl B KOHCTPYKLUSAX U3HOCOCTOMKUX MOALIMITHUKOB ¢ (DyHKIMEH BUOpoOraiieHus, MeTo-
JIMKax MO OIpeIENIeHHI0 U3HOCOCTOMKOCTH JIeTallei U y3JI0B HACOCOB.

Pa3BuBaeTcs HayuHOE HampaBieHHUE B 00JACTH TPUOOIOTHUECKON HA/IEKHOCTH Y3JIOB U Me-
XaHU3MOB a’POKOCMHMUYECKOTO0 HA3HAUEHUS: YHHUBEPCAIbHBIX MHOTO(PYHKIHOHAJIBHBIX MeXa-
TPOHHBIX MOJyJel, o0ecneunBarouX QyHKINOHUPOBAHUE MCIIOIHUTEIbHBIX CUCTEM TpaHC-
bopMupyeMbIX KOHCTPYKIIMIA; 3JIEKTPOHACOCHBIX arperaTtoB yCTPOHCTBA TEPMOPETYIUPOBAHUS
CUCTEMBI )KH3HEOOECIICUEHUSI.
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Pa3zpaborana meTonuka M CTEHJ AJS MCIBITAHUNA HAa TPEHHWE M M3HOC MOJEJIEH TOPLEBBIX
YIUIOTHEHUI TypOOHACOCHBIX arperaroB mpu kpuoreHHou temmeparype (—196 °C). Pesynbra-
ThI UCIIBITAHUS COMPSIKEHUN «KOMITO3UIIMOHHBIA MaTrepuajl Ha OCHOBE YITIEPOIHBIX BOJOKOH —
ctanb 07X21I"7AHS ¢ nokpeiTueM «TBepablil xpom» ucnonb3zoBanbl AO « HUNT'PAOUT» pam-
Kax MeXJIyHapOJHOU MpOTrpamMMBbl.

Cmeno 4x-no3uyuonmbiii Cmeno ons ucnolmanuil
OJ1s1 UCNBIMAHULL WAPUKONOOUUNHUKA NOOWUNHUKOS 8 8AKYYME

Pa3paborana MeTouKa U BaKyyMHBII CTEH]T ISl UCCIIE0BaHUS pabOTOCIIOCOOHOCTH TBEP-
JIBIX CMA304HbIX MOKPBITUH B BaKyyMe JUIsl y3JI0B KpEeIlIeHHsI OJIaHKETHBIX YCTPOHUCTB IKCIEepH-
MEHTaJIbHOTO TepMosiAiepHOro peaktopa 1o 3akazy AO «HUKUDT» no mexnyHaponHoi npo-
rpamme ITER.

"
monmoReRTH (mamss [IC)

PessboBar
BTYIIEA
Bxojg TennoHoCHTELE

Cihepraecran maiida

Caapka tpenuem ¢ nepemermmBanueM (CTII, Friction Stir Welding — FSW) siBnsietcss Becbma
BOCTpeOOBaHHON TexHoJorued. OCHOBOW JTaHHOW TEXHOJIOTUU SIBIIETCA TPEHUE U IepeMe-
[IEHHE BPALAIONIEroCsl HHCTPYMEHTA - [IUJIMHAPUYECKOTO 3alljIeunKa U KOHUYECKOTO MUHA T0
CTBIKY MEX]y JIByMsI CO€IMHAEMbIMH IIJIJACTUHAMU MaTepuaa.

(0)

(a) Oceroe ycimie

Hanpaenesune
CBapEH
Ceapusaemeie

=H“= Cxema npoyecca ceapku mpenuem ¢ nepemeuiusanuem (a),

/ BpamesHns
BT HHCTpYMeHTa

U3MeHeHUue CKOPOCmuU NIACMUYecKo20 meyenus u memnepa-
mypul no yen06ot koopouname (6)
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YucneHHbIM METOJIOM YCTaHOBJIEHA 3aKOHOMEPHOCTh U3MEHEHHUS! CKOPOCTH TEUEHMS IS
aJTIOMHUHUS U omnpezenieHa Temieparypa cBapku npu CTII, MakcumanbHasi BETUYMHA KOTOPOM
coctapinger 473 °C, uro OIM3KO K SKCIEPUMEHTaIbHOMY ONTUMAJIbHOMY 3HAU€HUIO.

Compyouuxu omoena npuHuMarom
yuacmue 8 pazpadbomre HO8020
NOKOJLCHUSL COBPEMEHHBIX YeNepoo-
VenepoOHbIX (PPUKYUOHHBIX
KOMNO3UYUOHHBIX MAMEPUATO8
cosmecmuo ¢ HUU I'pagpum

Cmeno 0751 ucnvimanuil Ha pemmune
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HccnenoBanne conpoTUBIEHUS K (PPETTUHT-U3HOCY MPOBOAMIOCH IO CXEME «IIIAPOBOM MH-
JIEeHTOp-TacTHHAY. K WHACHTOPY NPUKIIAIbIBAIOTCS BO3BPATHO MOCTYTATENIbHBIC KOICOaHHS U
HOpMaJbHas Harpy3ka. KoneOaHus co3/1al0Tcs MarHUTOCTPUKIIMOHHBIM NTPeo0pa3oBaTesieM.

Crenenp u3HOCa 00paslia mociie MPOBEACHUS UCIIBITAHUN ONpeAesieTcs U3MEPEHNEM pas3-
MepOB 00JIACTH M3HOCA, KOTOpasi UMEET BHJI MPSIMOYTOJIbHUKA. J[ITMHA H MIMpUHA U3MEPSIOTCS
MHCTPYMEHTAIFHBIM MHKpOCKoTIoM. [ITyOnHa onpeessieTcs mpy IOMOIITH MPOGUIOMETpa.

Ha xoHCTpykiuio creHia ObUT NOJIy4YeH MATeHT Ha mone3Hyr Monenb Ne 190246 ot
25.06.2019.

Coznana TexHoorusl THOKM UMIUTAaHTaToB U3 TuTana Grade 4, 6e3 CyIIeCTBEHHOTO Harpe-
Ba C TOKOM. VIMITJTaHTaTBl MCTIONB3YIOTCS ISl KOPPEKIUH IeeuHO-Anadu3apHoro yria y ae-
teil. Konerpykuust ummuiantara u3 cranu 0X18H10T paspaborana B ®I'Y «HUJOU um. I'N.
TypHepay, KOTOpYyIO TUITAHUPYETCsl 3aMEHUTh Ha THTAH, YTO MO3BOJHT YIYUYIIHTh OHOCOBME-
CTUMOCTh M MEXaHHYECKHEe CBOWCTBA MMILIaHTaTa. Pe3yinbTaThl HCCIIeJOBaHUH JIETIIH B OCHOBY
narenta Ne 2 781 513.

Hanpsxenue n3ru6a, MIla

0 S 10 15
lepopmauus, %

[IpoBeneHo uccnenoBaHue MOHOKpUCTANIMYECKOro yrepoaHoro nokpeitus (MKY) Ha Bu-
opannonnom tpudbomerpe UMT-3MT B cpene HopmanbHOTO TeTpagekcana. OOBEMHBIN U3HOC
CHIKaeTcsa 10 12 pas.

Jlopooicka uznoca MKY-nokpvimus npu mpenuu
1o CMAIbHOMY WAp).
Temnepamypa 200 °C, naepysxa na yzen mpenus 7.4 H.
Cmasxa - Macno 6azenunosoe MeouyuHcKoe.

3asucumocmu kosppuyuenma mpenus f om npoodondicumens-
Hocmu ucnvimanus 6 macie [1AO-4 ¢ cepocodeparcaweti npu-
<1 caokoul J{D-11 npu mpenuu 6 pexcume epaHuiHOU CMA3KU.:

-2

=) 1 — cmanw no cmanu, 2 — cmans no MOHOKpUCmaliu4ecKkomy

-4

i s nokpuvimuto-opuenmanmy, 3 — cmans ho MKY, necuposannomy
—— - Kpemuuem, 4 — cmanv no noxpoimuio MKY, necuposanmnomy

o sonb@pamom; 5 — cmanvno nokpovimuio MKY, necuposannomy
Bpews, man MOIUOOEHOM.

Pazpymenne MKY nokpbITHil B OCHOBHOM OINPEAENSAETCS KaK JOCTATOYHO HE3HAYUTETbHBIM
M3HOCOM BEPIIUH KPUCTAJUTMUTOB, TaK M BBUIAMBIBAHUEM OT/EIBHBIX CTOJIOUATHIX KPUCTAILIHU-

36



ToB. M300paxeHne NoiayyeHo ¢ MOMOIIbI0 onTuYeckoro Mukpockomna Neofot-32 ¢ ncrons3oBa-
HUEM KOMIBIOTEPHOMN CHCTEMbI 00paOOTKH U MOJEIUPOBAHUS ONTHUECKUX N300pakKeHUH.

B otnene npoBoasTcs paboThI MO MOJYYEHUIO MEPCIIEKTUBHBIX U3HOCOCTOMKUX MOKPBITHMA
METOZIOM aTOMHO-CIIO€BOTO OCAKIEHUS, UCCIIEIOBAHHUSI HAHOMOIU(DUKATOPOB ISl aBTOMOOUITB-
HBIX Macell, GPUKIUOHHBIX MaTePUIIOB I TOIBEMHO-TPAHCIIOPTHBIX MEXaHU3MOB.

st cepocopepkalux CMa3o0uHbIX MaTepHasioB MOBBIIMIEHHE aHTU(PPUKIIMOHHBIX U MPOTHU-
BOM3HOCHBIX CBOMCTB JocTUraeTcs myTem jeruposanus MKY nokpeituii BonsdpamoM wim Mo-
muonenom (Ilarentsr PO NeNe 2570057 u 2728449).

Pa3paboTanbl METOAUKH U UCTIBITaTEIHLHOE 000PYIO0-
BaHUE JUIsl UCTIBITAHUI CMa304HbIX MaTEPUAJIOB U Y3JIOB
TPEHUs B YCJIOBHSX, UMHTHPYIONUX KocMmoc. O6opy-
JIOBaHME aTTECTOBAHO IO MEXIYHApOAHOW METOJMKE
ASTM G133-99.

C ucnonb3zoBaHHEM pa3pabOTaHHBIX METOAUKH U UC-
MBITATEIBHOTO 000PYI0BAHUSI TIOTYyUYEHbl 3aBUCHMOCTH
cMa3ouHoM criocoOHocTH U pecypca [ICM oT BHEIHUX
(dakTopoB (BaKyyma, TEMIEPaTyphbl, HATPY3KH).

Buewnuii 6uo cmenoa 011 ucnsimanutl
6 YCI06UAX, UMUMUDYIOUUX KOCMOC

Pa3paborana TEXHOJIOTHSI MO (ULIUPOBAHUS MTOBEPXHOCTH YIJIEPOJHO-
ro komno3uta (YYKM) o0paboTkoii mapamMu  XaJbKOT€HOB C  aHTH(QPUKIIHOH-
HBIMM TpucagkamMu. PexkoMeHpanmuu 10 mapaM TpeHUs Juis paboThl  y3JI0B  Tpe-
HUSL KOCMHYECKHMX amnmapaTtoB Ha noBepxHocT Bewepsl mnepemansl B HIIO
uM. C.A. JlaBoukuHa.

Pazpaborannsie B UMAILl PAH TexHonoruu jia3epHOro ynpoyHEHHs, JIESTUPOBAHUS U Ha-
IUIaBKHU C MCIIOJIb30BAaHUEM IONEPEUHBIX BHICOKOUACTOTHBIX KOJIEOAaHUH Jy4a MO3BOJISIOT MO-
BBICUTH TIPOU3BOAUTEILHOCTh 00paboTku B 1,8-2,5 pa3a 1mo CpaBHEHHIO C BO3/ICUCTBHEM KpY-
JIbIM pac(OKyCHPOBAaHHBIM ITy4KOM. PazpaboTaHbl TEXHOJIOTHH JIa3€pHON HalJIaBKU MHUKpPO- U
HaHO-pa3MepHbBIX KapOHI0B BoJIb(ppaMa U TaHTaJla MHOTOKOMIIOHEHTHBIX MOPOIIKOB JJIsl TOBbI-
HIeHUs1 pecypca paboThl y3710B TpeHus. HoBuzHa pa3paboTok nonrsepskaeHa nareHramu PO Ha
n300peTeHre. YCTAaHOBIICHO TMOBBINMICHUE 3aUPOCTOMKOCTH 110 3 pa3 U M3HOCOCTOMKOCTH Ha-
IUIaBJICHHBIX TTOBEPXHOCTEH Mpu aOpa3sMBHOM M3HAILMBAHUM A0 5 pa3 MO CPaBHEHHIO C MCXOJI-
HBIMU MaTepHuaJamMH.

[IpoBeneHbl cUCTEMHBIE UCCIIEIOBAHMS HECYIIEH CTIOCOOHOCTH (KOHTAKTHOW MPOYHOCTH) TIO-
BEPXHOCTEH TPeHUS, YIIPOUHAEMbIX TOHKUMHU TBEPABIMHU KEpPAMUUYECKUMHU MOKPBITUIMH, OOecrie-
YUBAIOIIMMH BBICOKYIO pa0OTOCIIOCOOHOCTh MOBEPXHOCTEHW TpeHus. [ moBwIimieHUs paboTo-
CIOCOOHOCTH MOBEPXHOCTEN TPEHMs JeTajeil MaliuH, MPUOOPOB U MHCTPYMEHTA B HACTOSIIEE
BpeMs IIMPOKO HMCIIONB3YIOTCS pa3IMyHble MOKPHITHS U MOAU(PHUIIMPOBAHHBIE MOBEPXHOCTHHIE
ciou. TomIuHa MOBEPXHOCTHOIO CJI0S MOXKET BapbUPOBATHCS OT HECKOJIIBKUX MUJUIUMETPOB IS
HAaIJIaBJIsI€MbIX TOKPBITUI 0 HECKOJIBKUX MUKPOMETPOB I BAKYYMHBIX HOHHO-TUIa3MEHHBIX U
ra3oa3HpIX MOKPHITHIA. KOMIO3UIIMOHHBIN TPUITOBEPXHOCTHBIH CIIOM C TOKPHITHEM ONpEIEIeH-
HOU TOJIIMHBI, 00€CTIEYMBAIOLINI TOBEPXHOCTH U JAETAIH B PSJIE CIIy4aeB TaKyl0 TEXHUUYECKYIO
3 PEKTUBHOCTb U SIKOHOMHUYECKYIO L[EI€CO00Pa3HOCTh, KaKyl0 HE JTAI0T AJIEMEHTHI CJIOUCTOH CH-
CTEMbI B OT/AEIbHOCTH, CTaJl Ha3bIBaThCS TOMOKOMITO3UTOM.
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UL, WHRVSECELHEEONCLOGTL, gy

AKaneMuKk Unen-koppecnonaent PAH
IOpnii Hukonaesuu Huxonaii AnapeeBu4
PABOTHOB MAXYTOB
1914-1985

3aBeayromui oTae10M
«IIpoYHOCTD, )KUBYYECTH
1 0e30I1aCHOCTH MAINH

3acmykeHHbIN nesrens Hayku PO, 3aBenyronuii 6azo-
Boi1 kKadenpoii «PakeTHast TexHHKa» TeXHOIOTHYECKOTO
yHuBepcurera (. Kopones), siBnsieTcss crenuaincTomMm
B 00JIaCTH MOJICIMPOBAHUS MOBPEXKICHUN, MEXaHUKHU
paspyliieHus, KUBY4ECTH U 0€30MaCHOCTH MAIlIKH.

J.1.H., mpodeccop
KOpwuii I'puropseBuy
MATBHUEHKO
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OCHORHLIE HAYNHLIE HANPARALHHY

* Teopetnueckass ¥  DKCIIEPUMEHTAJIbHAs ~ MEXaHUKAa  pa3pylLIeHUs
U )KUBYYECTU

* MonenupoBaHue, [AMArHOCTUKA M  MOHHUTOPUHT  TMOBPEXKICHUU U
pa3pyuieHun

* DKCIIEPUMEHTAJIbHO-PACUE€THBIE ~ METO/Abl  aHaliu3a  HaIpsKEHHO-
nedopmupoBanHoro cocrostaus (HJIC)

* JIoIrOBEYHOCTD MPU TEPMOMEXAaHUYECKUX HUKIMUYECKUX BO3IEHCTBUSIX

* Puck-ananu3 u 0€30MacHOCTh KPUTHUECKH BAXKHBIX OOBEKTOB

* A3poruIpoynpyroctb ¥ IMHAMUKa MalIuH

* OnTUManbHOE NPOEKTUPOBAHUE CTPYKTYPhI KOMIIO3UTHBIX KOHCTPYKIIUMA

* VripaBiieHre JOKaJIbHBIMU U OOBEMHBIMH MEXaHUYECKHMMHU CBOMCTBaAMU
MaTepHUalioB

Hayunoe HanpaBienue (yHIaMEeHTaNIbHBIX M MPUKIaAHbIX HccaenoBanuii UMAILL PAH
1o npobiemMaM NPOYHOCTH, pecypca, KUBYYeCTH U O€30MacCHOCTH MAIIMH U KOHCTPYKLUH
copmupoBasochk Ha 0aze OONBIIOrO LUKIAa paboT, MPOBOAMMBIX Ha MPOTSHKEHUM BCEH ero
85-netneit ucrtopuu. OCHOBBI 3TOTO HANpPaBIEHUs ObUIM 3aJI0KEHBI U PA3BUTHI aKaJEMHUKOM
1O.H. Pa6otHOBBIM 1 unenom-koppecnioneHToM PAH H.A. MaxyToBbiM. OCHOBHOE Hay4HOE
HarpaBJIeHHE OT/IeJIa CBSA3aHO C MOCTAHOBKOM U MpOBeIeHNEM (yHIaMEHTAIbHBIX UCCIIeI0Ba-
HUI 10 pa3paboTKe KOMIUIEKCHBIX U MHOTOYPOBHEBBIX MOjEJeH, KpUTEPHEB U METO/IOB aHa-
au3a, 000CHOBAaHMS, HOPMUPOBAHUS U MOHUTOPUHIA MPOYHOCTH, HAJEKHOCTH, )KUBYUECTH U
0€30MacHOCTH MAIIUH ¥ KOHCTPYKLUI.

OCHORHLIE HAYVHLIE PLIYALTATL

B nocneanue roap! ycuius oT/iea HarpasieHbl Ha popMupoBaHre 0000IIEHHBIX MOIX0/I0B
K KOMIUIEKCHBIM ITpo6iaeMaM 6e30MacHOCTH, pecypca U KHUBYUECTH C LIEIbI0 CHUKEHUS TEXHO-
TeHHBIX U TEXHOJIOIMYECKUX PUCKOB Ul OOBEKTOB I'PaXkIaHCKOTO M OOOPOHHOI0 Ha3HAYeHHUS,
a’POKOCMHUYECKON 1 aTOMHOM TEXHUKH, TPAHCIIOPTHBIX U APYTUX CIIOKHBIX MAIIUHOCTPOUTEIb-
HBIX CUCTEM C YYETOM KPUTHUECKUX TEXHOJIOTUI. B KauecTBe OCHOBHBIX HAyYHBIX JOCTHKECHUN
CJIeyeT OTMETUTh UEPAPXHUIO METOJOB U CHCTEM IOIIEMEHTHOTO M KOMIUIEKCHOTO OIpezee-
HUSI TEXHOTEHHOM 6e30nmacHOCTH U puckoB. Co31aHa MHOTOYPOBHEBAs HepapXUyecKasi CUCTeMa
KOMIIJIEKCHBIX MOZEJIEH U ABYXIMAapaMETPUUECKUX KPUTEPUEB MEXaHUKU XPYINKOTO M YIpPyro-
IUTACTHYECKOTO Pa3pyLIeHNs] KOHCTPYKIIMOHHBIX MAaTepUAIOB B YCIOBHAX IKCTPEMATIbHBIX (PU-
3MKO-MeXaHMUYEeCKUX Bo3/ieicTBHH. Oco00e BHUMaHKE y/IeNIeHO HEJTMHEHHOMY (DU3UKO-MaTeMa-
TUYECKOMY U MMUTAIIMOHHOMY MOJIEIMPOBAHUIO MPOLECCOB Ae(POPMUPOBAHMSI, TTOBPEKIACHUS
U pa3pyLIeHHs MaTepHUaIoB U KOHCTPYKIMNA Ha pa3IMYHbIX MacIITaOHO-CTPYKTYPHBIX YPOBHSIX.
[TpenokeHa METONOJIOTHS PAaHHENW NMAarHOCTUKM U MOHHUTOPWHIA MOBPEXKACHUN, OCTATOU-
HOM TMPOYHOCTH M PeCypca KPUTHUUECKU BaXKHBIX MOJIUMEPHO-KOMIIO3UTHBIX DJIEMEHTOB KOH-
CTPYKLIMI HAa OCHOBE aKyCTHKO-MHUCCHOHHOTO METO/A.
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PazpaOoranbl MeTOIMKA, amaparypa ¥ IporpaMMHoOe 00eCIieYeHHE ISl pETUCTPALIH HEO-
HOPOJHBIX MOJIEH MepeMeIeHNid, CO3/1aHbl AeUCTBYIOINE MAaKeThl MOOMIIBHBIX JIEKTPOHHBIX
1M (GPOBBIX HHTEPPEPOMETPOB PA3TUUHBIX TUIIOB, TPEIHA3HAYECHHBIE /IS UCCIIEJOBAHUS CYIIle-
CTBEHHO HEOJHOPOJHBIX HaIpPsHKEHHO-Ie()OPMUPOBAHHBIX COCTOSHUN B HATYPHBIX YCIOBUSIX
IIPU KBa3UCTAaTUYECKOM U IIUKINYECKOM HarpyKeHUsX.

[IpennoxeH SKCIepUMEHTATbHO-YUCIEHHBIH METOJI ONpeAeNIeHUs] PA3IMYHbIX TapaMeTpOB
HJIC u TpemiHONO00HBIX 1€(QEKTOB B MAlIMHAX.

Koneuno-snemenmmnoe modenuposarue MuKpono8peicoeHutl
NOBEPXHOCMHBIX CII0E8 U OUDYPKAYUU MUKPOMPEUJUHDL

3HauMTEeNbHOE  pa3BUTHE  MONy4Yywid  paboThl MO  Maremaruyeckomy U ¢u-
3UYECKOMY MOJIEIIMPOBAHUIO JUHAMHYECKUX IIPOLIECCOB B TUAPOAIPOYTIPY-
FMX  CHCT€Max C  HCIIOJIIb30BAaHUEM  HMEPApPXUYECKOM  CTPYKTYpHO-ITPYHNIIOBOM  CH-
CTeMbl  Mojened A JAUAarHOCTHKM  COCTOSIHUA W TIOBBIIEHHS  BHUOPONPOYHOCTH
KOHCTPYKIIMI SHEPreTHYeCKOr0o U TPaHCIIOPTHOTO MalimHocTpoeHus. /s Mogudukanum nosepx-
HOCTH C LEJbI0 TOBBIIIEHHUS KOPPO3UOHHOM CTOMKOCTH, M3HOCOCTOMKOCTH U peCypca IEMEHTOB
MallliH pa3zpaboTaHa TEXHOJIOTHs ra30AMHAMHUYECKOTO HAbIJICHNUSI MEJTU, IMHKA U HUKEIs.

3
2558y
REEBYSBRE

RS
2

Hmumayuonnoe
MOOEUPOBAHUE NPOYECCO
Ooehopmuposarusi,
noBpecOeHUs: U Pa3pyueHUs
C UCNOTL30BAHUEM YUPDPOBLIX
mexuHono2utl

B

2.
».
0.

2

2~ coordinate, mm

OnTuManbHOE MPOSKTUPOBAHNE KOMITIO3UTHBIX 3JIEMEHTOB KOHCTPYKIIMNA C UCIIOJIb30BAHUEM
paloHaIbHBIX KPUBOJIMHEHHBIX TPAEKTOPUHN YKIIaJIKU BOJIOKOH IO3BOJISIET 00ECIEYUTh TOBbI-
IIEHHbIE XapaKTePUCTUKU HAJEKHOCTH, )KMUBY4YECTH U O€30MaCHOCTU OTBETCTBEHHBIX KOMIIO-
3UTHBIX KOHCTPYKIMI TPaHCIIOPTHOTO, SHEPTeTUYECKOT0, aBUALIMOHHOTO U a9POKOCMHUYECKOTO
Ha3Ha4YEHUS.
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Pe3ynprarel HayyHBIX HCCIIEIOBAaHUM M pa3pabOTOK OTJeNa MOCIEeIHUX JIET BOCTPEOOBaHBI
B Pa3JIMYHbIX OTPACISIX MAUIMHOCTPOCHHUSI, HE(PTAHBIX U ra30BbIX KOMIIAHUSAX, CPEIU KOTOPBIX:
OI'VII «llentpanbHblil adporuapoauHaMuueckuii ”HCTUTYT umMeHH npodeccopa H.E. XKykos-
ckoro», OAO «Kommanust «Cyxoit», OAO «I'azmpom», OAO «Poccuiickue xene3Hbie J0porny,
AO HUKUDT um. H.A. Homnexans, OKb «['maponpecc», AO «OKBM Adpukanros», HUN
«Tpancuedth», komnanus «Sakhalin Energy», ®I'VII «kBUAM», I'pynna xomnanumii «IIpo-
MbITIeHHas 6e3omnacHocThy, OO0 «HI'B-DHepronnarnoctuka» u ap.

Cneyuanuzuposantslil MOOUIbHBI CHEKl-
unmepgpepomemp 015 IKCNEPUMEHMATLHOLO
uccnedosanusn H/[C u onpedenenuss ocmamoynwix
HANPSHCEHUL 8 HATNYPHBIX YCI0GUIX

U fricron]
o2

Hccnedosanue kunemuxu
nogpedtcoeHull 8 301He
MEexXHON02UYECKO20 OKHA CINEeHKU
JIOHIICEPOHA aKYCMUKO-
IMUCCUOHHBIM MEMOOOM

00036537
0,0027936 Min 67

0000 10,000 20,000 (mm)

5000 15000

DKcnepumenmanbHO-4UCIeHHbI Menoo OnpedeseHus.
CKPBIMBIX MPEUWUHONOOOOHBIX OeheKmog
€ UCNONb30BAHUEM YUDPOBBIX MEXHONOUU

Tasoounamuueckoe nanviienue meou (a),
YuHKa u Huxens (0)
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[To nampaBnenuto «Puck-aHanu3 U 6€30MaCHOCTh KPUTHUECKH BaXKHBIX OOBEKTOBY» IPOBE-
JIleH 0000MIaromnii aHAIN3 TSOKETBIX aBapui U KaracTpod B CTpaHe M MUpPE 3a MOCIEAHUE Jie-
CSATUIIETHUS.

OH oTHOCHUTCA K Ype3BbIYalHBIM cuTyanusM Ha YepHoObUIbCKOH ADC, aTOMHBIX MOJBO-
JHBIX JIO/IKaX, Ha 00BEKTaX paKeTHO-KOCMHYECKON M aBHAIMOHHON TEXHUKH, HA THAPOIJIEK-
TPOCTAHILIUAX, MaruCTPAJIbHBIX TPYOOIPOBO/IAX, YHUKAIbHBIX MHXKEHEPHBIX COOPYKEHUIX U
TypOoreHeparopax, Ha He(pTera30XMMHUUECKUX MTPOU3BOACTBAX.

Jist 3ajaHHOM cTa Uy AKU3HEHHOTO IIUKIIA KJIIOUEBbIMU NTapaMeTpaMu PUCKOB TSDKEJIbIX aBa-
puii 1 karacTpo¢ 000CHOBaHHO BbIOpaHsI yiepOs (ot 10° 1o 10" py6.) u BepositHocTH (0T 10!
10 107 1/ron) uX BOBHUKHOBEHHS. YUTEHBI PUCKUA TEXHOTCHHBIX, MPUPOIHBIX U aHTPOIIOTCH-
HBIX (pakTOpOB 0€30MaCHOCTH MOCIETHUX onacHbIX coObITHit 2020 — 2023 T
Ha ocHoBe ¢yHIaMeHTanbHBIX U TPU-

,:Jo(;,).,’ . C-M-T CnoxHasa counanbHO-NPUPOAHO- 5,(.2:" o
-TEeXHOreHHan cucTema % KJIIaJHbIX HCCJICOOBAHNU BCEIO CIICKTpPa
12 _— 2
10 IExHOC®EPA ® A3C { + 10 6
R ¢ rac BBICOKOPHUCKOBBIX OOBCKTOB, ITPOLECCOB
B eweres | & COIF s eopMHMpOBaHMs, TOBPEKACHUN, OTKa-
“Cn;gg:;eyr;:::m OB BLeKTkLl $ r;(rk 21 p p 9 p )1 9
EEEEEEEELQHH v Al'lji 30B, paspyuUleHHs, aBapuili M KatacTpod
10° : 10" oo Ve
£ gouam  [Vueps /-o ” TEXHOTEHHBIE B JIMHEWHON W HEJIMHEWHOW, JEeTEPMHUHHU-
iSEEEE’Z‘;" % KBO eizsns, e POBaHHON M BEPOSTHOCTHOW IOCTAHOBKE
KOH: MKTBI 3emneTpAcenun E:B::::.x:z
R no; s Dt npeUIokeHa W 000CHOBaHAa 0a30Basi KH-
& Yparan: Mowape: =
10 ote | iy | w B 10 HETUYECKAasi KpUBasl YBEJIUYECHUS PUCKOB U
Ountln | o Exsprise HaKaIIMBAEMBbIX TIOBPEKICHNN IIPH IITAT-
OwnGHn S CronkHoseHus
u.‘.’l‘.".?:;"“ Cnonaiss O6pywenwn HbIX W HCHITATHBIX PCKHUMax JJIsI MacCo-
Topaicter | Mowapwt
s | BEpoATHOCTL, Baemie Otsans: 1 BBIX OOBEKTOB TEXHHUYECKOTO CTYJIUPO-
10 10
Nokane-| O6LeK- oo ol Pervo- Hauwona- I’noGanb-" Mnane-
S i SR R Banuss (OTP), moTeHIHMaIBHO OMACHBIX
ARATTM R T o6wextoB (IT00), kputnuecku (KBO) u

K
Yiyepoor u nepuoouurnocms masjicenvix Kamacmpog crpatermuecku (CBO) BaXHBIX 0GHEKTOB.

L
D(7)
Aapun R (1) Ry}
E Pucku aBapuit Ry(1) ’P L o), 80) KBO
g ; P Ro{t) Rulo),
E Pucku paspywenmit Ryg(1) )/ 33Pi“;°""" L J(T';‘ noo
Tlocneoosamenvrnocmo E Pricio omesos Ry(s) / odm,asg.n RG(;), (“T?;(c), oo
AHAIU3a ONACHBLIX — - i = (T)’-RM
o OBpeXaeHnua olth YA
cocmosnuti KBO u CBO A [Pucku nospexaenmit Ry(x) i T| "R | OTP
U COOmBemcmaeyouux
yiou Puckn R(r) He6naronpusTHbie cobbITus Napametp | o6, o\r
UM PUCKOB aHanu3a

Pesynbrare pazpaboToK 10 TEOPUH O€30MACHOCTH M PUCKOB OBLITN JTOJIOKEHBI Ha 3aCETaHUSX
npesunuyma PAH, [IpaBurensctBa, komuccuii Hayunoro cosera nmpu Cosete be3zomacHocTw,
HanmonaneHoro neHTpa ynpaBieHHUsS B KPU3UCHBIX CUTyalnusx, HayuyHo-TeXHHYECKHUX cOBe-
tax Pocrexnanzopa, Pocnpupoananzopa, MUC Poccuu, B crpykrypax Pocaroma, PockocMmoca,
OAO «PXI», I'aznpoma, TpancuepT 1 ObLIN MCHOIB30BaHBI IPU (HOPMUPOBAHUU TOCYAAP-
CTBEHHBIX CTpareruii 6e30macHOCTH, (efepalbHBIX 3aKOHOB O O€30MaCHOCTH M OTPAKEHHI B
66-romHoM n3nanun 1988 — 2023 rr. «be3onacHocts Poccun. [IpaBoBbIe, COlMaIbHO-IKOHOMU-
YECKHE U HAyYHO-TEXHUUECKHE aCTIEKThI».
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@ﬁ

BE3ONACHOCTb

POCCHH

n

Dyupamentansibie
HCCNe QoBaHHA npaanen
Texuorennoi GesonacHocTi

Hayuno-memoouueckoe obecneuenue 6e30nacHocmu KOMIIEKCHOU 6€30NACHOCMU.
Hayuonanvnviii yenmp ynpagnenus ¢ KpusuCHuIX cumyayusix (a)
u MHo2omomHoe usoanue «bezonacnocmv Poccuu. IIpasosvle, coyuanbHO-9KOHOMUYECKUE
U HayuHo-mexnHuueckue acnekmuly (0)

B 6mmxkaiimeit (mo 2025 1.) u otmanenHoi (o 2030 — 2050 rr.) mepcrnekTrBe Ha 0a3e yka3aH-
HBIX (YHIAMECHTAILHBIX HCCIICIOBAHUN U TIPUKIIATHBIX pa3paboToK OylaeT peau30BaH Mepexo
OT KJIACCUYECKOTO TIPOYHOCTHOTO U PECYPCHOTO K HOBOMY PHUCK-OPUEHTUPOBAHHOMY TIPOEKTH-
pPOBaHHIO U Q)YHKHI/IOHI/IpOBaHI/IIO KPUTHYCCKU U CTPATCTUUCCKU BAXKHBIX 00BEKTOB MAaIIIMHO-
CTPOCHHSI.
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JQUCTDYHLHOHHOE MATEPHAADRL Ly

OCHEBALE [IKOABI

AkanemMuk J.1t.H., mpodeccop J.¢.-m.H., mpodeccop
Cepreii Bragumuposny Muxann I'puropneBny Bopuc MouceeBuu
CEPEHCEH JO3UHCKUN POBUHCKUH
1905-1977 1909-1970 1899-1973

3aBeayronmui oTae10M
«KOHCTPYKIIMOHHOE MATePUAIOBeIeHH e»

3acnyXeHHbIN gAestesb Hayku W TexHUku PCOCP,
akagemuk MUA, sdBiserca  cHeUaINCTOM B
0o01acT KOHCTPYKIIMOHHOTO MaTepHalOBEJCHUS U
MPOYHOCTU MaTepUasoB.

J.1.H., mpodeccop
Anexcanap HukuroBuu
POMAHOB
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OCHORULIE HAYVHLIE HANPARALHHY

HccnenoBanue poiu CTPYKTYPHOTO COCTOSIHMSI B (QOPMHPOBAHMHM INPOYHOCTHBIX U
(YHKIIMOHAJIBHBIX CBOMCTB KOHCTPYKLIMOHHBIX MaTE€pUalioB AJisi paboThl B YCIOBUAX
CTaTUYECKOTO, IIMKJIMYECKOTO M KOHTAKTHOTO HAarpy>KeHUH, MOJIEIUPOBaHUE CTPYKTYp-
HBIX, HAMPSKEHHO-/1€(DOPMHUPOBAHHBIX U IIPEJEIbHBIX COCTOSHUN, CO3[JaHUE KPUTEPU-
aJbHOM 0a3bl OLICHKH MPEAENbHBIX COCTOSIHUI MaTepuasoB

Pa3paborka maremarnueckux mopesneil 1eopMUPOBAaHUS U PA3PYIICHUS 3JIEMEHTOB
KOHCTPYKIIMH U3 MOJMMEPHBIX U KOMIO3UIIMOHHBIX MaTepraioB 1 METOJIOB OLIEHKU MX
paboToCIOCOOHOCTH

VYrpasieHue CTpyKTypHOH U iehopMaIrimoHHOM HEOTHOPOAHOCTHIO KOHCTPYKIIMOHHBIX
MaTepuasoB, CTPYKTYPHBIM COCTOSIHUEM MOBEPXHOCTHU JIEMEHTOB KOHCTPYKLHUH ¢ 1ie-
JIBIO MTOBBILICHUS IPOYHOCTHBIX U TPUOOIOTHYECKUX CBOUCTB

Pa3paboTka MHKEHEPHBIX KPUTEPUEB pa3pyILICHUs U PEKOMEHIallui 110 oa0opy Mare-
pHUaOB IIPU KOHCTPYUPOBAHUH

UccnenoBanue Hecy1iel crnocoOHOCTH KOHCTPYKLIMOHHBIX MaTepHalioB U €€ ucuepra-
HUE MPU  CTAaTUYECKOM, JUIUTEIbHOM CTaTUYECKOM, IIMKJINYECKOM M KOHTAKTHOM Ha-
Ipy>KEHUHU.

HccnenoBanue eI0OCTHOCTH MaTepyalioB U 3JIEMEHTOB KOHCTPYKIMI U3 HUX IIPH CTa-
TUYECKOM, JUTUTEIILHOM CTaTHYECKOM, IIUKIMYECKOM U KOHTAKTHOM HarpyKeHHUU.
HccnenoBanue CTpyKTypbl U CBOMCTB IMOBEPXHOCTHBIX CJIOEB CTAJEH U CIIJIABOB MOCIE
XUMHKO-TEPMUUECKONH 00pabOTKH M BBICOKOAHEPreTHUYECKOTO BO3JIEHCTBUS KOHIICH-
TPUPOBAHHBIMU ITOTOKAMU SHEPTUHU, BBISIBICHUE TPUOOIOTHYECKUX 3aKOHOMEPHOCTEN
UX KOHTaKTHOTO pa3pyIleHus

MogenupoBanue mpoueccoB AeOpMUPOBAHUS U Pa3pyILICHNUs KOHCTPYKIIMOHHBIX Ma-
TEPHUAJIOB C YUETOM UX MHOTOYPOBHEBBIX COCTOSHUN (HAHO-, MUKPO-, ME30-, 1 MAaKpO-)
1 pa3paboTKa KpUTEPUEB pa3pyLICHUs Ha CTaAUSIX 00pa30BaHMsI U Pa3BUTHUS TPELIUH
[ToBeienue 3¢)(heKTUBHOCTH MAIIMHOCTPOUTENHLHOTO IPOU3BO/ICTBA HA OCHOBE IIPHUH-
LUIIOB MOAYJIbHOM TEXHOJIOTHH

KiieeBble coeinHeHNs B JI€TaTENbHbBIX allaparax

Hepaszpymaronyii KOHTpOJIb KaueCTBa KOHCTPYKIHUI JIETATEIbHbIX allllapaToB U3 KOM-
MO3UIIMOHHBIX MaTepUaJIOB

UucneHHOe MOZEIMPOBAHUE BOJHOBBIX MPOIIECCOB MPU BBICOKOCKOPOCTHOM BO3/EHi-
CTBUU

MC Bpemsa

5 g ron
~ HCNBITAHMUA

Y Nonukpuctannb
MexaHuka
CNAOWHOMK cpeabl

MukpomexaHuka

pC

cy63epex

[vHaMuka
o ‘j MonekynapHas

AMHaMUKa
AedexTn t} KsaHToBas
a

nc

Anuna
nM UM MM cM
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AHajau3 AUHAMHUKHA UCKYCCTBCHHOI'0 KJIallaHa cepana

H OII€HKA €10 J10JI'0OBEYHOCTH
PazpaboTtan TUCKPETHO-TOUCUHBIN IPAJUSHTHBIA METO/ YNCIEHHOTO MOJIeTupoBanus. Me-
TOJ IPUMEHUM JUIsI PA3JIMYHBIX NIPUIIOKEHUN MEXAHUKHU CIUIOIIHBIX CPE.

Beimonneno  mopenuposa-
HUE PabOTBl  TPEXCTBOPYATOTO
A0PTAJILHOTO HCKYCCTBEHHOTO
KJiarmaHa cepua, (0), monaras u3-
BECTHBIM, TOJYYCHHBIM JKCIIe-

PUMEHTAJIBHO, HArpy>KeHHE ero

CTBOpPOK (B). BHyTpeHHss mo-

BEPXHOCTh KJIAllaHa Harpy)kajach

Pa3HOCTBIO JIABJICHHM, JEHCTBY-

=100

~— c]| romux mo oGe CTOPOHBI CTBOPOK
Kianana. [loctpoeHue TOYEUHBIX

Cepoye u aopma:

a) poOHOU AOPMANLHBLU KIANAH 8 3aKPbImoM-1
U OMKPLIMOM-2 COCOSIHUU,
0) ucKyccmeeHublll KIANaw, 8) Hazpydicenue K1anana

01 02 03 08 1
B
MOJIC/ICH KJIallaHa BBIIOJIHCHO Ha
OCHOBE 00pa30B, nomy4yeHHbIX KT.
MopenrpoBaHuE BBITTOJIHEHO
JUIsl TMana3oHa BPEMEHHU, COOT-
BETCTBYIOIIETO TIOJHOMY ITHUKITY

paboThl kianana. J[onroBeYHOCTh (KMU3HEHHBIN pecypc) UCKYCCTBEHHOTO KJIallaHa Cep/ia mpu
YCJIOBHH Takoro (pyHKIIMOHUPOBaHUs cocTaisieT 10 jier.

Heghopmuposarue uckyccmeennoeo
KIANAHa u B03HUKAIOWUe 8 Hem
Hanpsicerust 01 08yX MOMEHNO8
epemenu. Kapmunwvl packpvimus
CMBOPOK KAANAHA U 603HUKAIOUUE
8 HUX HANPANCEHUS OIS PASTUYHBIX
MOMEHMOB 8peMeHU NOKA3AHbL

= 800t Coushe A =200l

L )

=510k =3 r=idre

B @ ©

Ha puc. (a) u (6). Momenmy epemenu 0.15 c. coomsemcmayem noinoe packpvimue Kianana

AHaJIM3 npeAeJbHbIX COCTOSTHUN U pecypca MEeTAINYECKUX KOHCTPYKIMA

U U3/1eJIUI U3 MOJUMEPHbIX MAaTEePHAaJIOB
Merton pa3pabotaH [Jisi U3yuyeHUs HETMHEWHON AMHAMUKH TPEXMEPHBIX 3JIEMEHTOB KOH-
CTPYKIIHA, IOABEPTaeMbIX OOJBIIMM CMEIIECHUSIM U Ae(POpMaIsIM, B TOM YHCIE OHOIOTHYE-
CKHUX OOBLEKTOB B pCajibHOM BPEMCHH HAa OCHOBC MX PCAJIbHBIX aHATOMHUYCCKHUX I'COMCTPUYC-
CKuX Mojeneit (00pa3oB), momydaemMbIx KomnbioTepHoi Tomorpadueii (KT).

damages, &

1.0e¢00

T

INNEN

T=175mc T=7.0mc
T=0.0MmC

Pacnpeodenenue nospesicoenuii 6 nonoce ons momenma epemenu T= 10.5 mc (a)
u 0epopmuposane MOHKUX 000IOUEUHBIX KOHCIPYKYULL npu YOapHom Hazpysceruu (6)
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HaxonjieHne noBpexaeHu Mpu MaJI0UKJIOBOM HAIPYKeHUHU
HA cTaauu 00PA30BAHMS M PACIIPOCTPAHCHUS TPELIUH

Bakyymnas xamepa k ycmanogke 071 MAIOYUKI0B020 HAZPYHCEHUS
C paMeWeHHbIM HA KPblUKe Kamepbl MUKPOCKONOM OJis UCCe008AHUSL MUKPOCMPYKMYPb,
CcKopocmell u nepemeujerus bepe2os mpewut 8 WUpOKoM UHmMepeaie memMnepamyp
u cucmema Hazpesa mpyouamozo oopazya
(I — 3axeamuvi; 2 — dechopmomemp, 3 - nacpesamenv, 4 — 3kpan, 5 — obpaszeuy)

Haxkoruienne moBpeXACHUN NPU MUKIHYECKOM YIIPYTO-TUTACTHYIECKOM JIe(OPMUPOBAHUH
OILICHUBAIOTCS HA OCHOBE Pa3paboTaHHOTO Jae(OpMaIMOHHO-KHHETHYECKOTO KPUTEPHs yCTa-
JIOCTHOTO pa3pymeHHs M0 1e(OPMALMOHHBIM XapaKTEPUCTHKAM ITHKINYECKOTO J1e(hOPMHPO-
BaHUI B COMOCTABJICHUH C JIe(hopMaIIMOHHBIM TTapaMeTPOM HECYIIEeH CIOCOOHOCTH MaTepralia
IIPU CTaTHYECKOM Pa3pyLICHUU.

Ncuepnanue Hecymiel cnocoOHOCTH MPU IUKINUYECKOM HArpyKE€HUH MPOUCXOAUT BCIE-
CTBHE HAKOIUICHUS NOBPEXKICHUN 10 MPEAEIBHOIO 3HAYCHUS.

Hecymas cioco6HOCTh MaTepuana (00pasiia) onpenensercss HCTUHHBIM MPEeIesioM TPoY-
HOCTH M COOTBETCTBYIOIIEH €My HCTHHHOW aedopmarmell mpu CTaTUYeCKOM Harpy>KeHHH.
Kpurepuii no3BossieT onucars KUHETUKY HAKOIIEHUS NOBPEXKICHUN, MIPENEIBHOE COCTOSHUE
U COOTBETCTBYIOIIME €My KPUTHYECKUE MapaMeTphl: MpeleibHble 00paTuMas IUlacTUYecKas,
ynpyrasi, HakOTUICHHAs Ae(QOpMaIii U KPUTUIECKUE HATIPSIKESHUSI.

8¢ 800~
=/ S 750~
USEG S
=5 g 700~
s 47 % 650—
83 X
8 % 600~
@2 £
=4l £ 550~
O | |||||||| 500_| 1 L1 1111 1 1 L1 1111
1 10 100 1000 100 1000

Yucno umknos fo paspywenus, N, Yucno umknos Ao paspylienns, N,

Kpuevie ycmanocmu cmanu TC (uepnvie nunuu) u npedeivbHule kpusvle ycmanocmu (KpacHole TUHUL):
(a) - npu msekom nazpysicenuu 8 oegpopmayusax (CUHUSL TUHUSL — NPEOeTbHAsL WUPUHA Nemiu
aucmepesuca, Wmpuxo8as TUHUsL — NPeOelbHO HAONIeHHAs dedopmayusl);

(6) - orcecmrom Hazpydrcenuu 8 HanpsAXcenusx (WUmMpuxo8as CUHSL TUHUSA — NPeOelbHble HANPSAICEHUST).
Hepopmayuu u nanpsicenus: — 6 UCXOOHOM ROIYYUKILE PASMSAICEHUS.
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HcciienoBanme ycji0BHii camopa3orpeBa Marepuasia
NP MUKJIMYECKOM YIPYIOIJIACTUYECKOM Ae(POPpMHUPOBAHUM
3amaua 0 CBSI3HOCTH IMPOLECCOB 1e(hOPMUPOBAHUS U PA3PYIICHUSI C CAMOPA30TPEBOM Ma-
Tepraia 3a CYeT pa3BUTHs AePOpPMAIHiA SBISIETCS JOCTATOUYHO CIIOKHOM B IKCIIEPUMEHTAIIEHOM
¥ TEOPETHYECKOM TUTaHE KaK MPHU OAHOPOTHBIX, TAK U MPH HEOAHOPOTHBIX HANPSHKEHHO-1e(op-

Yemanoexa ons npoepammubix
UCnLIManul

AL °Ct ac
14 °F

12
10 | 075l

600 Oer MNa

200 400

27
'2-X18H10T

o N A~ O

2 4 6 8 10 12 &%
Juazpammul camopazozpesa
npu cmamudecKom
ynpyzoniacmuyeckom

oehopmuposaruu

MHPOBaHHBIX COCTOSIHUAX B CYIIIECTBEHHO HEJTMHEHHOM MocTa-
HOBKE. B mepByto ouepenb 3TO OTHOCUTCS K Hay4YHO-METOJHU-
YECKUM OCOOEHHOCTSIM (POPMHUPOBAHUS YPABHEHUM COCTOSTHUS
IIPU CTATUYECKOM U LIUKIMYECKOM HArpy>K€HUH, a TaKXkKe OIu-
CaHUIO CBS3U MEXy IIpoLieccaMu 1e(hOpMUPOBAHUS U HarpeBa
MaTepuaa 3a cCueT BHyTPEHHETO TEIIOBbIACICHUS KaK MPH Te-
KYIIUX, TaK U IPH IPEACTBHBIX Pa3pyHIaomuX Ae(opMarmsx.

OKCNIEpUMEHTHI, BBIMOJIHEHHbIE Ha  HCHBITATEIbHOU
YCTaHOBKE B YCJIOBHSIX BaKyyMa IOKa3aJld, YTO MpH cTaTHye-
CKOM U IMKJIMYECKOM Ae(OpMUPOBAHUH 00pa3IoB U3 CTaje
XI8HIO0T u 12X2M®A Ha ctaauu ynpyroro nedpopMupoBa-
HUSl COIVIaCHO TEPMOAMHAMMYECKHM IPEICTABICHUIM UMEET
MECTO JIMHEeHOE CHIbKeHue Temmeparypsl Ha — 0.5+0.6 °C, a
MIPH TIepeX0/ie K CTaIUH yIPYTOTUIACTHYECKOTO Je(OPMHUPOBa-
HUS TEMIepaTypa HaYMHAET MOBBIIIATHCS.

VYnpyromiactudeckoe aeGopMUpoOBaHHE MOKET BBI3BAaTh
pazorpeB Marepuaia BILUIOTh J0 €r0 pacIljlaBlI€Hus, YTO T03BO-
U0 00OCHOBAaTh KOHCTPYKTHBHOE HCIIONIHEHHE W PEKHUMBI
paboThI JIONMATOK PEAKTUBHBIX ABUTATENIEH, YTO OBIJIO UCIIOJNb-
30BaHO Npu ux npoekrtupoBanuu B Kb «XumaBromarukay, a
pe3yabTaThl MCCIEI0BAaHUI OMYyOIMKOBAaHBl H3aTEIbCTBOM
«Hayka» B cepusix aBTOPCKHX MOHOTpaduii.

Haxomienue YCTAJTOCTHBIX HOBpe)K)IeHI/Iﬁ Ipu TMHAMAYE€CKOM HAI'PYKCHUH

C y‘leTOM BJ/JINSAHUA TPCHUA U U3HOCA
Mopenu HaKOIJIEHUSI TOBPEKICHHUIN U OLIEHKH COOTHOILLICHUS HAPSIKEHUE—0JITOBEYHOCTh
WM BEPOSITHOCTHBIX 3aBUCUMOCTEH HAarpy3Ka—JI0JTrOBEYHOCTh—BEPOSITHOCTh, BKIIIOUAIOT O0-
JJACTH MAJIOLIMKIIOBOM, MHOTOLMKJIOBOM M TMTalIMKIOBOM yCTalOCTU. TpakTOBKa M3HOCA, KAK
YCTAJIOCTHOTO Pa3pyIICHHs ITOBEPXHOCTHOTO CJI0sI, COMMKACT 3a/1aud TPUOOTEXHUKH C 3a]1aua-
MH OLEHKM HAKOIUUIEHUS MOBPEKICHUN B KOHCTPYKLIMOHHBIX Marepraiax Mpu JUHAMHYECKOM

Harpy>KCHHH.

B 30HE (ppUKIIMOHHOTO KOHTAKTa dJIe-

MEHTOB TPUOOCONPSHKEHUN peasin3yeTcst

N H 3a3op B BeposiTHOCTB

HAKOIUICHHC ITOBPCIKIACHUH, COOTBETCTBY- ar I&’Iﬂ(a, COMpSUKCHHUH, N([jl‘:[ pa3pyIeHHs
IOIIEE MAJIOUMKIOBOM M MHOTOLIMKIOBOM MM a P, %
YCTaAJIOCTH. 0.05 40.0 0.001
180 0.10 45.5 0.002
3asucumocms 6eposmHocmu pazpyuieHus 0.15 50.7 0.020
WAMyHa ONNO3UMHO20 KOMIpeccopa 0.05 533 0.074
OM BEUYUHbL 3A30PA U 6ETUHUHBL NOPUIHEEIX CUL 250 0.10 60.0 0.991
0.15 66.5 3.363
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Pacuer KJieeBBIX cOeIMHEHU I

Coszman MeToj] pacueTa U MPOTHO3UPOBAHUS MEXaHUYECKOTO MOBEACHHS KIIEEBBIX COCIH-
HEHU, 00€CMeYnBAOIINX PSII IPEUMYIIECTB M0 CPABHEHHIO C TPATUIIHOHHBIMA MEXaHUYECKH-
MU CIIOCOOAMU COeTMHEHUH (CBApHBIMH, 3aKJICTIOYHBIMU, OOJITOBBIMH, PE3bOOBBIMHU, COSTUHE-
HUSMU MMaKOW WM BasblieBaHHEM). Pe3ynbTaThl peain30BaHbl B KOHCTPYKIHUSAX JETATEIbHBIX
anmapatoB. Vcrnonb30BaHre MeTo/Ia TO3BOJIMIIO HE TOJIKO MTOBBICUTH KAY€CTBO M HAJICKHOCTh
anrapaToB, HO U TEOPETUICCKU OOBSICHUTH HATMYHUE PETYISIPHO TOBTOPSIOIINXCS BOITHOOOpa3-
HBIX 00JIaCTe# KOTe3MOHHOTO paspyiieHus. [lokazaHo, 4To JyIMHA BOJTHBI IEPUOTUIHOCTH 3aBH-
CHUT OT TOJIIIUHBI KJIEEBOTO CJIOSI.
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Pacuem nepuooa u uucna
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Kllee8020 COCOUHECHUs.

emaini-cepmemuK-KepamuKka»

YabTpa3ByKOBOM KOHTPOJIb 3JIEMEHTOB KOHCTPYKIUI

Pa3paboTanbl cIocoOb! yIbTPa3ByKOBOTO KOHTPOJIS Ka4€CTBA OTBETCTBEHHBIX 3JIEMEHTOB
KOHCTPYKIMH JIeTaTeNbHbIX anmnaparos. [lokazaHo, 4TO CTPYKTypHasi HEOAHOPOJHOCTh KOMIIO-
3UIMOHHOTO MaTepHasa, BI3BaHHAS CIOKHOM IreOMETpUUEeCcKOi (OopMOi, MPUBOIAMT K MOSIBIIE-
HUIO JI6(DEKTOB THUIIA «CKJIAJKa» U OTKIIOHEHHIO MEXAaHUYECKUX CBOMCTB OT TPEOyEMBbIX.
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CeyeHNA KOHCTPYKUMK

V3-npoghunu obonouex
C HEPABHOMEPHBIMU (KPACHbIE MOUKLU)
U pABHOMEPHBIMU (CUHUE MOYKIL)
CMPYKMYPHBIMU XAPAKMEPUCIUKAMU

MeToa KOHTPOJIsA TPUOOJIOTHYECKUX CBOMCTB

A30TUPOBAHHBIX KOHCTPYKINUOHHDBIX crajaeu
Cmpykmypa u u3HOC a30MupoBarHoU cmaiu

JBe 30HBI 00padoTKM:
IMOBEPXHOCTHBIM HUTPUIHBIN

CIIOM M IOANOBEPXHOCTHBIN

cioit — nuddy3nonHbIit azo-

TUPOBAHHBIN CIION.
Hurpuaubiii ciaoi, co-

38X2MFOA
PaccrosHue ot R
. WHTEHCHBHOCTD TTonoxeHne Ha KPUBOH
MOBEPXHOCTH, Da30BBIH COCTAB
W3HAIUBAHUA [} HM3HAIIUBAHUA
MKM
0-5 OKcHpI HKene3a 1.0.10° TIpupabotka
5-20 e-dasa (Fer3N) (0.1-0.5).10°10 Tlepseiii yposers
HH3KOTO H3HOCA
20-25 ety' (FeasN + FesN) 0.2.10° Ilepexon ko BTOpOMY
YPOBHIO HH3KOTO H3HOCA
>25 JuddysuonHas 301a (0.3-0.5).10° Bropoii yposers

(0-Fe + HuTpHIBl)

HH3KOro u3Hoca

CTO}IH_[I/II\/‘I MNpEUMYyIICCTBCHHO
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u3 e-HuTpuaoB (Fe, ,N), BHOCHT CyIIECTBEHHBIN MOIOKUTEILHBIA dPdEKT B TpHOOTEXHNYE-
CKHE XapaKTePUCTUKHU COMPSIKEHUS B YCIIOBUSAX TPEHUSI CKOJIbKEHUsA. IHTEHCUBHOCTh U3HAILIU-
BaHUS CJIOSl HUTPUJIOB B HECKOJIBKO pa3 HIKE, ueM AUPPYy3MOHHOM 30HbI, Oaroiapsi HAHOKpH-
CTAJNINYECKOMY COCTOSIHUIO €-(a3bl.

MakcuMabHOH H3HOCOCTOMKOCTBIO O0JIalaeT a30THPOBAHHBIA CIIOH, COAEpKAIIUN
YOPOUHSIONINE AUCIIEPCHBIE YaCTUIbl HEKOTEPEHTHBIX HUTPUIOB.

3HauMMBbIe XapPAKTEPUCTUKH CTPYKTYPHOI'O COCTOSIHUSI 230THPOBAHHOIO CJIOSI: Pa3-
Mep YaCTHI] HUTPHUJIOB JETHUPYIOUIUX JIEMEHTOB, PACCTOSHUE MEXIYy HUMH, IJIOTHOCTh pac-
MpeeIeHNs YIIPOUHSIOMIMX YaCTHII, MUKpOAepOopMalns KpUCTAIIIMUECKOM peleTKH MaTPHIIbI,
3Ha4eHUs (U3NYECKOTO YUIMPEHUs PEHTI€HOBCKUX JMHMI MarepHuayia 30Hbl KOHTAKTHOH Jie-

Lo (dbopMarmu, TBEPIOCTH a30THPOBAHHOTO CIIOS U €€ H3MEHE-
i < HUsI TP JeOpMaIIny, IoKa3arellb 3amaca IIaCTHIHOCTH
’ S @ (mehopMaIMOHHO# CITOCOGHOCTH).

%5 Kmy 14175 PaspaboTaHbl  METOIOJIOIH-
25 R Ho+kl(%)E [DbA(BZ,—B3)]”° YECKHE OCHOBBI HAIPABICHHOIO
15 R K, = — . BO3ACHCTBUSA Ha TIOBEPXHOCTH
’ W (ka35y) METaJUINYECKUX MaTrepuajioB Me-

02 04 06 08 Kye10°

TomamMu AU(Py3MOHHOTO HACBIIEHUS U MaccoIllepeHoca B
Basucumocms OMHOCUMENLHOU USHOCOCMOUKOCTU o
om obowennozo napavempa azomuposanmer . SOHE KOHTAKTHOM nedopmaruu 1Mo BAUSHUEM Pa3IMYHbIX
cmaneil u cnnagos 0 TIPUPOJIE U CBOMCTBAM cMa304uHBIX cpen. Chopmynupo-
BaHBI HAyYHBIE MOJIOKCHUSI TTO KpUTEPUATHHBIM OIICHKAaM KaueCTBa MaTepualia IOBEPXHOCTHOTO
CJIOS ¥ BRIOOpA €ro cocTaBa U 0OpabOTKH ISl TIOBBIMICHUS HAJC)KHOCTH U JIOJITOBEYHOCTH pe-
aJLHBIX y3JI0B TPECHHUS.

IIpoxkarka MoJI0CHI U3 HEPKABECIOLIEH CTAJINU
¢ NIPUMEHEHUEM MMIYJIbCHOI0 TOKA BHICOKOM MJIOTHOCTH

\.\‘\ ey TR 140

120 —
100

60
40
20

MNpepen TekyuyecTu, krc/Mm2

= A

\ ‘e 0 20 40 60 80 100
{0/ 2040 OtHocutenbHasn aegopmaums, %

IIsmuxpamuas npokamra noioc u3 HEPACAGEIOWUX cmanetl Usmenenue npedena mexyuecmu npu 0ObI4HOU NPOKAMKE
12X18H9 u cmanu 12X18HI10T om monwunst 2 Mm 00 moawjurvl U ¢ npUMEeHeHUeM UMNYIbCHO20 MOKA (2NeKMPONIACMUYECKOT)
0.3 Mmm 6e3 npoMesCymMOoUHbIX OMIICUL08 3 CHEm NPUMEHEHUs
UMNYTLCHO20 MOKA 8bICOKOU NIOMHOCU

[IpumeHeHne MMITyJbCHOTO TOKA MPU IPOKATKE JAeT MPEUMMYLIECTBA IO CPABHEHMIO C
OOBIYHOM MPOKATKON: YCTPAHSIOTCS ONEPAIH TPOMEKYTOYHBIX OTKUTOB; YMEHBIIIAETCS SHEP-
ronoTpebieHre MPUBOIAMH MPOKATHBIX cTaHOB 30 %; MOBBIIACTCS TPOU3BOIUTEIHLHOCTD CTa-
HOB B 1.5 pa3a; ymeHbIIaeTcs aHU30TPOINs MaTepualia; MOBBIIIAETCS OCTaTOYHAas IJIacTHY-
HOCTb 3arOTOBOK; YBEJIMUMBAETCS JIJIMHA 3aroToBoK Ha 10—15 % 3a cuer cokpalieHus LIUPUHBI,
MOAABIISIOTCS HEXKeJaTeIbHbBIE CTPYKTYPHO-(ha30BbIe PEBPALCHHUS.

[IpokarHslii cTan pa3padboran coBmectHo ¢ LIATU.
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CpaBHHUTEJIbHBIN AHAJIN3 0COOCHHOCTEN CTPYKTYPHO-()Aa30BOr0 COCTOSIHUSA
U TPUOOJIOrMYEeCKOIr0 MOBeIeHUS HOHHO-IJIA3MEHHBIX OKPbITHI
¢ KOMIIO3UTHOM CTPYKTYpoOi

CpaBHUTEIBHOMY aHAJIM3Y MOJBEPrajaiuch MEXaHUUECKHE U TPUOOIOIMUECKHE XapaKTepH-
ctuku nokpeituii Cr-DLC: H — nanorBepaocts U DCr — pasmep OKP xpoma; 3aBUCHMOCTD
f— xoaddunmenta TpeHus U N — U4uCIia UKIIOB, BBIIIE KOTOPOTO BO3HUKAET HECTAOMILHOCTD
k03¢ UIeHTa TPEHHS OT HArpy3KH P MpH UCTIBITAHUAX Ha QPUKIIMOHHYIO YCTAIOCTh; Li — 1mo-
poroBble Harpy3ku i craauit (1)—(5) mpouecca noBpexaeHUs IIPU CKPETUY-TECTE.

Ha ocHOBe mpoBeIEHHOTO AIIEKTPOHHO-MHKPOCKOMUYECKOTO U3y4eHHs MOP(HOIOTHH T10-
BpexJIeHUH noBepXHOCTH MOKpbITUi Cr-DLC npu nHCTpyMEeHTaNIbHOM LIapanaHuu ObLIO BIEp-
BbI€ [TI0KA3aHO, YTO MPU U3MEHEHUH CTPYKTYPHO-(PA30BOro COCTOSHUS MOKPHITHS MEHSETCS KaK
MOpPGOIIOTHS TIOBEPXHOCTH IAPANHH, TaK U MEXaHU3M MOBEPXHOCTHOTO pa3pyIIeHUs, ONpee-
JSIONTAH 3Ty MOpdoIoTHIO.

MonayiabHast TEXHOJIOTUA
MogynbHasi TEXHOJIOTHSI — BBICOKO3((QEKTUBHBIM METOJ] OpraHU3allK MPOU3BOJCTBA U3-
JIeJi, B OCHOBE KOTOPOM JIEXKHUT IIPEICTABICHUE U3/EINM B BHUJE COBOKYITHOCTEH MOIYJIEH

nosepxHoctel (MII) u mogyneii coenunenuit (MC) neraneit.
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Yepmeoicu: a) oemanu ¢ MOOYIbHOM UCRONHEHUU ¢ epagom. 6) pedykmopa ¢ ykasanuem MC
SOPEKTUBHOCTHh MOAYJIbHON TEXHOJIOI'NN
IIpou3BoaACTBO AeTaiell CTAHOBUTCS BbICOK0I()(peKTUBHBIM HA YPOBHE:

oTpaciiu

Co3znanue equHOM oTpacieBoit
9JIEMEHTHOM 0a3bl CPe/ICTB
TEXHOJIOTMYECKOro obecreue-

1.

MpeInpUusTUS

CokpalieHue Tpy10eMKOCTU
U CPOKOB TE€XHOJIOTHUECKON
MOJrOTOBKH ITPOU3BOJICTBA.

paGoyero mecta

Bo3MmoxHOCTB crienuanu3aniu
pabounx MecT 1OJ M3rOTOBJIIE-
Hue MII B ycnoBusix menkoce-

HUS1 HA MOAYJIbHOM YPOBHE. 2. TloBblllIeHHE TOYHOCTH OIIpe- PUHHOTO U CEPUIHOTO MPOU3-

Kak JIJIsI M3rOTOBJIICHUS JieTalleit JIeNIeHMsI TOTpeOHOCTEH B BOJICTB.

U cOOpKHU U3IeHui CpeJICTBaX TEXHOJIOTHUYECKOro 2. BO3MOXHOCTH U3rOTOBICHHUS
2. VYmpaBieHue opraHuzaiueit OCHAILICHUS JJIs BBITIOJHEHUS MII o mociiemoBareIbHO-IIa-

CO3/IaHHUS CIIEUATU3UPOBAH- MPOU3BOJCTBEHHON IIPOrpaM- pajuienbHON cxeme

HBIX IIPOU3BOJICTB. B YACTHO- MbI 3. Uckiarouenue u30bLITOYHOCTH B

CTH NPEAMETHO-CIIEeLIUATU3U- 3. TloBplieHNE KayecTBa yIpas- noTpeOHOCTAX 00pabaThiBaro-

POBAaHHLIX IPONU3BOACTB

JICHUA MPOU3BOJACTBCHHBIM
npoueccom

LIeT0 UHCTPYMEHTA. 3Has Tpe-
Oyemble HHCTpyMEHTaJIbHbIE
HaJIaJIK! 1101 U3TOTOBJICHUE

3amadHbIx MIT
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DHEPORRYCTHRA MALKL

OCHOBAISNE [IKOABI

J.1t.H., ipodeccop
Muxaua IMuTpueBuy
I'EHKHWH
1910-1995

3aBeayronmui oTae10M
«BuOpoakycTrka MalnH»

Unen CoBera mo KoMIuiekcHOM mnpobieme «lumapo-
buzukay npu Ilpesmmuyme PAH, cneuuamuct
B oOnactax  JAMHAMHKM  3yOuaThIX  Tepenad,
KoJIeOaHMI u W3JIy4YCHUS LWIAHAPUYECKUX
000JI04EUHBIX KOHCTPYKIIMH B KUKOCTH.
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OCHORHLIE HAYNULIE HANPARALUNS

* MccaenoBanue koneOaHui, U3JIydeHUsI

U TudpaKkiuy MWIHHAPUIECKUX 000JI0YEK
* JIuHaMuKa ¥ TPOYHOCTH 3yOUaThIX Mepeaad
* BuOpoakyctuueckasi ITMarHoOCTUKA MaIlluH

QCHORHLIL HAYNULIE PLIYALTATLI

Otnen BUOPOaKyCTUKH MaliuH OblT co3al B 1963 romy U COBMECTHO C APYTMMH WHCTHUTY-
TaMH, KOHCTPYKTOPCKMMH OIOpO M 3aBOJaMH U3rOTOBUTEISIMH IMPUHHUMAJ aKTUBHOE ydacTHE
B CO3JIJaHUHM OTEYECTBEHHOI'O aTOMHOTO MojBogHOrO ¢uiora. [locranoBnenuem IlpaBurenscTBa
oTJies1 ObUT MPUBJICYCH K CO3/IaHUIO MAJIONTYMHBIX TNIaBHBIX TypO03yOuaTsix arperaroB (I'T3A).
B UMAIII 6bu1 TOCTPOEH UCTIBITATENIbHBIN KOPITYC C HATYPHBIM CY/IOBBIM PEIyKTOPOM, aKyCTH-
YECKOM KaMepoM, CO3/IaH IKCIEPUMEHTAIBHBIN OT/IEeN ¢ HOBEHIIEH BUOPOAKyCTUYECKOM arma-
paTypoii U CpecTBaMU U3MEPEHUs BUOpaIuii M HanpspDKeHUH. VHCTUTYT MPOBOIUI U3MEPECHHUS
BHOpaIuii BCeX TOJIOBHBIX U MHOTHX CEPUUHBIX TUIAHETapHBIX peaykTopoB ['T3A Bo Bpems ux
CIATOYHBIX MCTBITaHUK Ha cTeHnax Jlenunrpanckoro Kuporckoro (JIK3) u Kamyxckoro Typ-
ounHoro (KT3) 3aBonoB. Otnaxxennsie B UMAILLL meTopr n3mepenust BuOpanuii 1 o0paboTku
CHUTHAJIOB JIETJIM B OCHOBY pa0OThl AKyCTHYECKUX CITyk0, coznanubix Ha: JIK3, KT3, CeBepHom
MalIuHOCTPOUTEILHOM Ipeanpusatuu U FOxxHo-TypOunHOM 3aBone (. Hukomaes, Ykpanna).

bonpmryro nmomomp MHctuTyTy OkasbiBan CoseT 1o «l'uapodusnkey, KOTOPHI BO3TIIABIISLII
npesunenT AH CCCP akamemuk A.I1. Anekcanapos.

B otnene npoBoaunuchk ucciieioBaHUs B 00JacTAX yNpaBieHUs THAPOAKYCTHYECKUMU I10-
JSIMH, pa3paboTKi MH(POPMALIMOHHBIX CHCTEM IO OLEHKE aKyCTUYECKOro KauecTBa OOBEKTOB,
YIPaBIICHUs CKPBITHBIM JBHKCHHEM MOPCKUX MOABMXHBIX 00bekTOB (MI1O). Pa3zpaborans! Ha-
YYHBbIE€ OCHOBBI CO3JaHMsI UH(POPMALMOHHBIX CHCTEM OIeHKH cKpbiTHOcTH MIIO mo mepsuu-
HBIM THUAPOAKYCTHUECKUM IIOJIAM,
IpeyCMaTpUBAIOIINE KOMILIEKCHOE
pelleHre 3a/1a4 CKPHITHOCTU Ha OC-
HOBE: TEOPHH KoOJIeOaHWH, TEOpUHr
uHpOpMalUU, TEOPUU BEPOSATHOCTH,
TeOpuu OOHApYKEHUs, T'HIIPOAKY-
CTHKH, TEOPUU KOpaOIs, OKEaHOJIO-
MM, TaKTUKUA UCIOJIb30BAaHUS MOJ-
BOJTHBIX CHJI.

Ha 6a3e xomruiekca KoMIbloTep-
HBIX TPOrpamMM CO3/1aHa DKCHEPT-
Hasi CUCTEMa OLIEHKH aKyCTUYeCKOU
CKPBITHOCTH, TMO3BOJISIONIAsl  MPO-
THO3UPOBAaTh OLEHKY CKPBITHOCTH
MIIO B akBaropusix Hopsexcko-
ro, bapennea u bemoro mopeil.

HUcnvimanue manouwymnoix 1'T34

53



Jlannas cucteMa ucnosib3oBasiack B Boenno-Mopckom Unkenepaom Uucturyte (r. Cankr-Ile-
TepOypr) u Ha CeBepHom Diote.

B nocneanue ronpl pazpadaTbiBaaich METObl BUOPOAKYyCTUYECKHUX PACcUueTOB U BHOpOIHUa-
THOCTHUKH Pa3IUYHbIX OOBEKTOB.

B obecneuenue pewienus nocmasienHplx 3a0a4 HA OCHO6E NPOGEOEHHBIX UCCTE006AHUTL
noyuensl ciedyroujue pe3yibmamal:

1. OnmnpeneneHo TOYHOE BbIpaKEHUE MMIIEJaHCA U3TYyYEHUS] KOHEYHOW HUJIMHAPUYECKON
000JI0YKH MTPU MPOU3BOJILHOM paclpeeseHUH Koyie0aTeIbHOM CKOPOCTH 0 €€ MOBEPXHOCTH.

2. [IlonydeHo aucriepcCMOHHOE ypaBHEHUE KojeOaHUN 000JIOUKH B KHUIKOCTH U OIpeere-
HBI €r0 KOPHH.

3. Paspaborana MeTo/IuKa pacueTa BBHIHYKJIEHHBIX KOJeOaHUMN IMIJIMHIPUIECKON 0001049-
KU B )KUIKOCTH, B036Y)K)IaeMI)IX AUCKPECTHBIMHU U paCpPCACICHHBIMU CHIIaMU.

4. PaspaboraHa METOJIMKA pacueTa MePBUYHOTO MOJIST KOHEYHON MIIMHIPUIECKON 000104-
KH B JaJIbHEH 30HE.

5. Paspaborana meronuka pacdyera AUPPaKIIMOHHOTO (BTOPUYHOTO) MOl KOHEYHOU 000-
JIOYEYHOM KOHCTPYKIIMH B JaJIbHEU 30HE.

6. Paspaboranbl criocoObI rameHus JUPPaKIHOHHOTO MOJIS.
7. Pazpaborano mporpammHoOe oOecIriedeHHE.

8. IIpoBeneHbl pacueTHbIE UCCIIEIOBAHUS.

[Ipumepsl AMHAMUYECKON MOMAENH IMIIMHAPUIECKON O0OOJOYKM W PE3YJITaTOB PacueToB
MPUBEICHBI HA PUCYHKAX.

Pezynomamel, nonyuennsvie no Opy2um HAnNPAGIeHUAM UCC1008AHUIL:

Co3naH 4yMcIeHHBIH METOJl pacuera MmapaMeTpoB YIPYroil rMApOJMHAMHYECKON CMa3KHu B
y371ax TpeHus (MOJIIUITHUKY KaueHUs, 3yOuaThle epeayn).

[TpoBeneHo pacdeTHOE HCCIeIOBaHNE TUHAMUYIECKIX XapaKTEPUCTHK IJIAHETAPHOTO PEIyK-
Ttopa I'T3A.

Pa3pa60TaH MPUHIUITHAJIBHO HOBBIU METOJ BI/I6pOMOHI/ITOpI/IHFa TEXHUYCCKOTO COCTOSHUA
MAaIlIMHHOTO O60py,7:[OBaHI/I$[ C MCITIOJIb30BaAHUEM PE3YJIbTAaTOB JUCKPUMHWHAHTHOTO aHAJIM3a BU-
Opanuii, o0ecreunBaromnii 0OHapYyKEHNE 3aPOKAAIONTUXCS Ae(DEKTOB U ONEPATUBHYIO THUArHO-
CTUKY HEHCITPaBHOCTEH 000pyI0BaHNS.

Pa3paboran nporpaMMHbI KOMIIJIEKC MHOIOMEPHOTO JUCKPUMHHAHTHOTO aHajin3a BUOPO-
CUTHAJIOB B 00eCIeUeHHE TPOIeAypP BHOPOMOHHTOPUHTA, OOHAPYKEHUS DKCIUTyaTallMOHHBIX
HOBpe)KJIeHI/II\/II 1 JIOKAJIN3alIiuu HCTOYHUKOB MHOBBIIIEHHOU BI/I6pOpeaKTI/IBHOCTI/I MAaIlIMHHOTO
000pymoBaHuUs.

[IpoBeeHO MOIETUPOBAHKME HCIIONB30BAHUS HOBOW TEXHOJIOTMH BHOPOMOHHTOPHHTA Ha
I'TY na 6a3e nByxBasibHOTO aBHaoHHOTO ABUraress [1C-90.

Ha ocHoBe aHanm3a COBpEMEHHOTO COCTOSTHHS HOPM MPOYHOCTH U PACUETHO-IKCTICPUMEH-
TAJIBbHBIX I/ICCHGHOBaHI/H\/’I B O6.]'IaCTI/I )KI/IBy‘IeCTI/I CaMOJICTHBIX KOHCTPYKI_[I/Iﬁ, C OCJIBIO ITOBBIIIIC-
HUs 0€30TIaCHOCTH IKCIUTyaTaIK TPAKIAHCKUX CAMOJIETOB TTOJTYYEHBI 3aKOHOMEPHOCTH POCTa
TPEIIMH NPU HEPETYISPHBIX CIIEKTpaxX HaMpsHKEHUH U MONpaBOYHbIe KO3(PPUIMEHTHI U1 yueTa
BIIMSIHUS Pa3IMYHBIX (PAKTOPOB HAa KOOPPHUIIMEHT HHTEHCUBHOCTH HAIIPSDKEHUHN B MTPOAOJIBHBIX
CTBIKaX OOIIMBKYU (Dr03elIsKa PU MHOTOOYArOBbIX TPEIMHaX.
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Dphexmusrnocms eawenus OUPPakyuoHHo2o o

Pa3paboTaHbl HOBbIE METO/BI pacueTa Harpy>KEHHOCTH U MMPOYHOCTH 3yOUaThIX Nepeaad, pa-
0OTalOUIMX B peajbHBIX YCIOBMSX JKCIUTyaTallud, B TOM YHUCIIE MPHU MEPEKOCE B 3aLCIIICHUU
3yObeB. HekoTopble 13 3THUX METOA0B UCIIOJIb3YIOTCS HA MPEAIPUITUIX 000POHHOTO ITPOMBIIII-
JIEHHOT'O KOMILIEKCA.

BrniepBbie pazpaborana apOuTpakHas METOAMKA SKCIIEPUMEHTAIBHON OLEHKU KPYTHUIIbHBIX
KoJIeOaHUI B CEUEHUH BaJla M yIIa 3aKPYTKHU Bajla MEX]ly CEYEHUSIMH METOJIOM BPEMEHHBIX UH-
TEpBAJIOB, YUUTHIBAIOILAsl BIUSHUE MIONEPEUHBIX MEPEMEILIEHUI Bala /WK JaTYUKOB YITIOBOM
BUOpALIMY, HHCTPYMEHTAJIBHYIO IOIPEIIHOCTh PACIOJI0KEHHUSI MAapKEPOB YITIOBBIX MOJOXKEHHM
Baja. Co3nan nmporpaMMHo-TexHuueckuil komiieke (I1TK) MmonuTopunra kpyTHIIbHBIX KosieOa-
HUI POTOPHBIX arperaroB, 00eCNeYNBAIONINI HAWIYUIIylo (110 CPABHEHUIO C 3apyOeKHBIMU U
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OTE€YECTBEHHBIMU aHAJIOTaMU) TOYHOCTh M3MEpPEHUs YITIOBOM BHOpaIMM Bajla BO BCEM JMaria-
30He yacToT Bo30yxaenus. [Iposenena sxcnepumenTanpHas anpodanus [ITK na BamonpoBoe
TypOoarperara mouHocThio 350 MBT, monTBepauBIIas BO3SMOKHOCTh pErUCTpallui cOOCTBEH-
HBIX YaCTOT KPYTHJIBHBIX KOJIeOaHUI Ha BCeX peknMax paboTsl TypOoarperara. [Tokazano, uto
MOHHUTOPUHT U3MEHEHHUS] COOCTBEHHBIX YAaCTOT KPYTUJIbHBIX KoleOaHUM BajompoBoia Typooa-
rperara 6e3 yueTa BIUSHUS PEKUMHBIX ITapaMeTpoB TypOoarperara no3BoJsSoT 00HApyKHUBaTh
TPEIIMHbI Baja, HauuHas ¢ 35 % Miom@aan ceueHus Baja. Y4eT BIUSHUS PeKUMHBIX Mapame-
TPOB MO3BOJISIET 0OEeCeYnBaTh OOHAPYKEHNE TPEIINH YCTAIOCTH Baja, B TOM YKcie Haubomee
TPYZIHO OOHapYyKUBaeMble KOJIbIEBbIe, HauMHasi ¢ 2...5 % 1uiomaam ceueHus Baia, 4to sBiseT-
cs1 aDCOJIFOTHBIM PEKOPIOM I10 paHHEMY OOHapyKeHHUIO Ne(heKTOB TUIA «TPEIINHA BajIa» CPeau
BCEX U3BECTHBIX METOJIOM ONEPATUBHOUN TUATHOCTHUKHU.

OO6nacTh NpUMEHEHUS: SHEPTETUKA, aBUA/IBUTAaTENIECTPOCHHUS, MAIIMHOCTPOEHHUE, POTOPHBIE
arperarsl J100bIX TUIOB. [IpuMepsl MpUMeHEeHUs TPUBEIEHBI Ha PUCYHKaX.

Ha mypb6une svicokozo gasaenus

Ha xopnyce xomnpeccopa

Cxema ycmanosku eubpooamuurxos Ha KopnycHolx koncmpyxkyusx I'TY
¢ osueamenem asuayuonnozo muna I1C-90

Tazomypounnsiii 0sueamens /[V-80, na komopom ompabomana
MemoouKa pacyema npoYHOCMU KOHCIMPYKYUil
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3ybouameie nepedauu

Tlaposas mypouna K-1200-6,8/50
onst HBAOC u JIADC

Kocmpomckasa I'POC
mypboazpezam 1200 MBm

Yempoiicmeo monumopunea kpymunbHuix
Konebarull 8a10npo6oda mypboazpezama
350 MBm
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TEOPETHUECKAG ETIPHAARANAS Ay THug

3aBenyomuii 0TA€J10M
«TeopeTrnueckasi U NPUKJIATHAS AKYCTHKA

3acimyxeHHbI nesarens Hayku Pocculickoit denepanuu,
[Ipencenarens cexkuun «Bubpoakyctuka» HayuHoro
coeta PAH «AkycTtukay, Bunie-npe3uaeHt Poccuiickoro
aKyCTHYECKOTO 0OIIeCTBa.

H.b.-m.H.,
KOpuii UBanoBu4
BOBPOBHULIKUI
OCHORHLIE HAYNHLIE HATPARALUHS
. Pa3paboTka NpuHIKIIOB CO3/IaHUs] YIPYTUX CPE U CTPYKTYP CO CTICIIH-

aJbHBIMU BOJIHOBBIMHM U 3BYKOIOTJIOMIAIOIIUMH CBONCTBAMH, B TOM YHCIIE
aKyCTUYECKHX METaMaTepuasoB, IJisi MPUMEHEHUsS B aBUAIIMU, PAKETHO-
KOCMHUYECKON TEXHUKE, MPUOOPOCTPOCHHUH.

. Pa3zpaboTka u co3gaHue 3KCIEePUMEHTAIBHBIX YCTAaHOBOK JIJISl UCCIIe-
JIOBaHUS aKyCTUYECKUX CBOMCTB aKyCTUYECKUX METaMaTepruaaoB U MEXaHU-
YECKHX CBOMCTB KOHCTPYKIIUNA KOCMUYECKUX MPUOOPOB.

. dyHIaMEeHTaNbHbIE U TIPUKIIAHBIC UCCIICOBAHUS OT/Ie]Ia HarpaBlie-
HBbI Ha pa3pabOTKy U CO3/laHHE HOBBIX METOJOB U CPEACTB pEUICHUs Mpo-
OneMbI 1ryMa u BUOpaIuii B pakeTHO-KOCMUYECKON TEXHUKE U aBUAIUH, T/IC
npoOnemy TpedyeTcs perarsb Ipu MUHUMaIbHBIX Maccax U 00beMax.
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OCHORHLIL HAYNHLIE PLIYALTATLI

1. Co3nana uMIeaHcHas TEOPUs PaCIPOCTPAHEHUs YIPYTHX BOJIH B aKyCTHUYECKUX Me-
Tamarepuasax M onpeieiIeHbl MPUHIUIBI cO3MaHus d3PPeKTUBHBIX 3[I-TTOKPBITHIA.
Pazpabotanbl Hay4yHbIE OCHOBBI aKyCTUYECKOM HEBUAUMOCTH.

3. OmnpeneneHsl TPUHIUMBI CO3JaHHUS BBICOKO3()()EKTUBHBIX 3BYKOMOIIOMIAONIUX TO-
KpBITHH.

4. OrnpeneseHsl IPUHLUIIBI CHHTE3UPOBaHUS COCTABHBIX YIIPYTHX KOHCTPYKIMH C 3a1aH-
HBIMH BUOPOAKYCTHYECKUMU CBOWCTBAMH, TPUMEHUMBIE B CO3/IaHIUH KOHCTPYKIIUI Ha-
YYHBIX KOCMUYECKUX MTPHOOPOB.

5. Pa3pabotanbl U CO3qaHbI CTEHABI U METOIUKHU JJISl aKyCTHUECKUX UCIIBITAHUH aKyCTHU-
yeckoro Metamarepuana (AMM) u a5 Ha3eMHOM 0TpabOTKH MEXaHUYECKHUX CBOMCTB
KOHCTPYKIMH KOCMHUYECKUX HPUOOPOB C COOCTBEHHBIMH H3MEPUTEIbHO-BBIYMCIIH-
TEJIbHBIMU KOMILUIEKCaM M.

6. Paszpaboranbl MmeTonuku 3D MOIETUPOBAHUS M U3TOTOBIICHUS 00pa3ioB AMM-3ByKo-
MOTTIOTUTENICH U 3JIEMEHTOB U3 JIYHHOTO PETONINTA 10 TexHonorusm PolyJet (rutacTuk)
1 SLM (MeTani, UMUTATOp JIYHHOTO PETOJIUTA).

AKyCTI/I‘IeCKaSI HEBUIUMOCTD
Co31aHo HEOTpaXKarllee U HepacCeUBaoIIee MOKPHITHE B Ta00PATOPHOM IKCIICPUMEHTE
JUIsl TeJa B cpejie, KOTOpoe 00IydaeTcsi aKyCTHYSCKIUM UCTOYHUKOM.

mﬁ
JE

rinrnt all moinge el

Pacnpeoenenue axycmuueckoeo dasnenust
8 cpeoe ¢ aKkyCmu4ecKum UCmo4HUKOM
6 omcymcmeuu mena

Pacnpedenenue axycmuueckoeo dasnenust
6 cpede ¢ UCMOYHUKOM U YRPYeUM MeloM
(6 ceuenuu 3a meiom)

B
4

2

To arce, HO meno ¢ NOKpvlmuem, UMNEOaHCbl
KOMOPO20 COOMEENCMEYIOm UMneOancam
cpedvl OKpYe mend, max 4mo OHO
aKycmuyeckuy HeguoUMO

BuOpomexaHnyeckue UCNIBITAHUSA KOHCTPYKIUM

HAYYHBbIX KOCMHY€CKHX HpHﬁOpOB
Jlis mpoBeieHUs yIapHbBIX UCHBITAHUN IO 3aJJaHHOMY CHEKTpPY yAapHOro oTkiuka SRS
ObuTH pa3paboTaHbl CTEHABI HA OCHOBE IJIMTHI Ha YIIPYTOM OCHOBaHMU (ringing table), mo3Boss-
IOIIKE [I0A00paTh TaKoe BO3/eIICTBUE, KOTOPOE J1aBaslo Obl 33JaHHBII CIIEKTP B MECTaX Kperuie-
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Hus npubdopa k creHay. Ha crennax ycneni-
HO HCIIBITaHbl poccuiickue npudops JJAH
(mpoext MSL (HACA)), MI'HC (mpoekr
BepiColombo (EKA)), nmpubops! mnpoexra
«JIyna-25».

Jns ucnblTaHWK Ha CIy4YalHYK BH-
Opammio paspaboTraHa 2-X OTamHas Me-
TOJMKA HCHBITAHUHN, KOTOpas HMCKIIOYaeT
MEPerpy3Ky  BBICOKOTOYHBIX  MPUOOPOB
MIpU TPOBEACHUU HCHBITAaHUH. AJTOPUTM
peanusyeT pa3zpabOTaHHAsl COTPYTHUKAMH
NMAIII PAH xommbroTepHast mporpamma ¢
rpaduyeckum uHTEpPeEicom.

10 10°

Yacrora (Ta)

DKenepumenmansHulil cnekmp yOapHo20
omxauxa SRS ons npubopa MI'HC
Yoaprnvie cmenovt UMAILLI PAH. u mpebyemulil (KpacHas CNIOWHAS)
(@) 0151 6030eticmaus U3z NIOCKOCMU KpenieHus npubopa, ¢ 00nycKkamu (KpacHwiii NyHKmMup).
(6) 0151 6030eticmeus 8 NIOCKOCMU Kpenienus npubopa Maxcumanvroe yckopenue 1000g

oF PSDUpAbort  Rand(X)_120c 147986 g f—
OF - PSDUpAlem  Rand(X)_120c 1047669 I~
O F —— PSDReference Fand(X)_120c 7416859 |-
O F —— PSDAvgtY|  Rand(X)_13k 742248g [
oF Ps0LowAlam Rand(¥)_120c 525073g |
0 F —— PsDilowibort Rand(X)_120c 3N T23g [T

e : = T -

=
LI TTIIN

0005}
a0

RN
(| L B ]
0 X 40 5 600 100 20 300 40 50060070 1000

Hamypuvie ucneimanus npubopa ®peno Dxrcnepumenmanvubiil CHeKmp
(npoexm Dx3oMapc) na eubpocmenoe 6030yoicoenus psd ons npubopa Dpeno,
10 3A0AHHOMY CNeKmpYy 6030YcOeHUs] — mpeodyemvlil (CUHSIS CNIOWHAS TUHUS)
npoexkm dxzoMapc Eeponetickoeo U 0onycku (kpacmwie u diceimole JUHUU)

Kocmuuecxoeo Aeenmemea
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AJIUTHUBHBIE TEXHOJOTMH JIA U3TOTOBJICHUS
norjoTuresen 3syka us AMM

C momomresio anauTuBHBIX TexHomorui (Polylet,
SLM) co3nanbl nomomatomue AMM-nokpeiTus co
CJIOKHOM BHYTPEHHEW CTPYKTYpOW, MMEIOIIHE ITOBBI-
HICHHYIO 3(PEKTHBHOCTH 3BYKOIOTTIOICHHUS TI0 CPaB-
HEHUIO C CYUIECTBYIOLIUMH CTaHIAPTHBIMHU 3BYKOIIO-
[JIOTUTEJISIMU B 3aJIaHHOM JIMara30He 4acToT.

[Ipoekr PH® Ne 15-19-00284 «AnauTuBHBIE
TEXHOJIOTHH JUIS PEIICHHs MPOOJIEMBbI IIIyMa B MalllH-
HOCTPOEHUUY.

(@)

(6 ) 45

40+

35-

OdpekTMBHOCTL
- N n w
o o o (=]

i T T T

-
o
T

(&)}
T

CompyOonuxu omoena npogoosim
ucnvImanus 36yKono2iomumeneti
U3 Memamamepuaniog
HA aKycmuyeckol yCmanosKe,
Modenupyioujeli aKkycmuieckue
ycnosust pabomel asuadsuecamenst

(8)

T

—AMM1
====coTonaHenb

n3oBep

o
=3

YacroTa, 'y

Obpazey-nanens (a) u 8U0 e2o nepuoOULecKoll BHympeHHel cmpykmypui (6) 018 ucnvlmaHui
Ha aKyCmu4eckoll YCmanoske, Mooeiupyloujell akycmuyeckue yciosus pabomsl asudao8ueamesi:
mexnonoaus PolyJet (niacmuxk). gppexm 38ykonoenowenus AMM-nanenu (cunsas aunus)

10 CPABHEHUI0 ¢ MUNogvlMu 8 yacmomuom ouanaszore 300-400 'y (8)

(©)

Obpasey-nanensv (a) u 6U0 €20 NEPUOOUUECKOU BHYMPEHHEN cmpyKkmypbl (0) 015 uCnblmanuil
Ha aKycmuyeckoll yCmanosKe, Mooemupyrowel aKkycmuieckue yciosus pabomul aguadgueamers:
mexnonoeusi SLM (memainn)
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AN THBHBIE TEXHOJOTMH JIJISl H3TOTOBJIEHHUS CTPOUTEIbHBIX 3JIEMEHTOB
M3 JIYHHOI'0 PerojiuTa
OcBoenue JIyHBI U cO31aHUE HAa €€ TIOBEPXHOCTH COOTBETCTBYIONIEH MH(PPACTPYKTYPHI
npuoOperaer BakHOE 3HaueHne. OHON U3 3a7a4 B 9TOM HANpPABICHUU SIBISETCS pa3padoTka
TEXHOJIOTH, MO3BOJISIONINX CO3[aBaTh CTPOUTEIBHBIC AIIEMEHTHI U MaTepHajbl Ha MECTe U3
IIPUPOTHOTO CHIPhS — MOBEPXHOCTHOI'O JIYHHOTO I'pyHTa (peronura). Cpeau NoTeHIualnbHO pea-
JM3YEMBIX PACCMaTPUBAIOTCS a/ITUTHBHBIE TEXHOJIOTUH, 0COOEHHO — TEXHOJIOTUSI CEJIEKTUBHOTO
nazepHoro cruasieHus (CJIC). CJIC-texnomorus pazpadarsiBanach st U3ATOTOBICHUS U3IETUI
U3 TIOPOIIKOBBIX MaTe€pHajoOB, a IYHHBIH PETOIHT SIBIISICTCS] TAKUM €CTECTBEHHBIM MaTEPHAIIOM.
CoTpynHUKamM# OT/IeNIa TPOIEMOHCTPUPOBAHA PUHIMITHAIBHAS BO3SMOKHOCTH TIPUMEHE-
HUSI TEXHOJIOTHU CEJIEKTUBHOTO JIA3€PHOTO CIUIABICHHSI K UMUTATOpaM JIYHHOTO PErojiuTa Jis
OyIyIuX SKCTIEPUMEHTOB B KOCMOCE — TIOJIy4€HBI TECTOBBIE 00pa3Ibl MpocTeimeil popMel.
[Tpoext PH® Ne 22-22-00840 «Hayunbie 0cHOBHI pa3paboTku JiyHHOTO 3D mpuHTEpay.
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g / goasmow | 3
:é} rmmwm-_w n
= (| A — - — Fadipa-dis B0 P
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agor aot ar 7 0
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CompyoHuxu omoena cniagisom nopouox Ipanynomempuueckuti cocmas pe2oiuma
umumamopda J1YHHO20 pecoauma Ha Jla50pam0pHOL7 U nOpoOuULKoB8blx KOMI’[OS’M”MTZ

JIA3epHOll YCMAaHOBKe

O6pasyvl, nonyyenHvie U3 UMUMamopa IyHHO20 pe2oiuma
€ NOMOWYbIO CENEKMUBHO20 IA3EPHO20 CNILAGIEHUSL:
a) KOHCMPYKYUOHHbIEe Mamepuaivl npocmetiuteti popmol, 6) smorema UMAIL PAH (croscnas ¢hopma)
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DYEPAUHOHHAZ CHOMEXAUHUY

OCHOBAISNHEHAWMHBIXVIIKOA

J.1.H., mpodeccop Axanemuk AH CCCP u PAH J.1.H., mpodeccop,

Denop MenacbeBU4 Koncrantun BacunbeBuny Maxkcum JIMuTpHEBUY
JAUMEHTBEPI ®POJIOB NEPMHWHOB
1908-1999 1932-2007 1934-2020

3aBenyroumuii 0TaA€J10M
«BuOpanuonHasi 0MOMEeXaHMKA»

SIBnsieTcs cnenuaiucToM B 00JIaCTH BO3JEHCTBUS yIapHO-
BOJIHOBBIX M BHUOpPAIIMOHHBIX HAarpy30K Ha OOBEKTHI C
pa3NUYHBIMU  (PU3UKO-MEXaHUYECKHUMH  CBOWCTBAMHU,
BKJTFOYAsi OMOJIOTHMYECKHUE CUCTeMbI. ABTOp Oonee 250
Hay4YHbIX paboT, BKiItoyas 1 MoHorpaduto, 9 aBTopckux
CBUJIETENIHCTB M 7 MAaTEHTOB Ha M300peTeHus. Harpax-
neH 3HakoM «M3o6petarens CCCPy.

J.T.H.

Buxrop Onerosnu
COJIOBBEB
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OCHORULIE HAYVHLIE HANPARALHHY

. Pa3paboTka HayYHBIX OCHOB CO3/IJaHUSI TBEPJIOTOIUIMBHBIX I€HEPATO-
POB yAapHBIX BOJH Pa3JIMYHOTO 11€JIEBOIO HA3HAUYCHUS M 3aIIUThl KOHCTPYK-
M1 OT YJIAPHBIX U BOJIHOBBIX BO3/ICMCTBUM.

. Pa3paboTka HayYHBIX OCHOB MOBBIIEHUS 3PPEKTUBHOCTU TEXHOJIOTH-
YECKUX MAIIIMH BUOPAITMOHHOTO TIPUHITUTIA JEHCTBHUS C CAMOCHHXPOHU3UPY-
IOIIUMUCS BUOPOBO3OYIUTEIISIMHU.

. PacueTHble U 3KCIIEPUMEHTAIbHBIE UCCIEAOBAHUS KPUTHYECKU BaX-
HBIX POTOPHBIX CUCTEM IPHY PA3IMYHBIX YCIOBUSIX IKCIUTyaTalluy U AEHCTBY-
FOIIUX CHIJL.

. Pa3paboTka HayuyHBIX OCHOB U CPEJICTB UCCIEAOBAHUS OMOMEXaHUKHU
BOJIHOBBIX MPOIIECCOB B CUCTEME «YEJIOBEK — MaIlIMHA — CPe/ay, BKI0Yas
MOJIEJIN HACJIEAYEMBbIX BOJHOBBIX M IUKINYECKUX MPOIIECCOB B OPraHU3ME
YeJI0BEKa M CIOCOObI MOBBIMICHUSI OMOCOBMECTUMOCTH KOHCTPYKIIMOHHBIX
MaTepuasoB.

. MHorokpuTepuaabHblli CBA3HON aHAIN3, 00ECTICUCHUE U TIOBBIIIICHUE
0€30IacHOCTH MAaIlIMH, MAIIMHHBIX U YEJIOBEKO-MAIIMHHBIX KOMIUIEKCOB B
MEXKIUCIUIIMHAPHBIX MPoOJIeMaX MAIIMHOBEACHUS W MAalTMHOCTPOCHUS.
Hay4Hbie 0CHOBBI KOHCTPYKIIHOHHOTO MAaT€pHUaIOBEICHUS.

. Pa3paboTka Hay4yHbIX OCHOB CO3/JaHUSI TEXHOJIOTUYECKOTr0 000pyI0Ba-
HUS HA MPUHIANAX MOAYILHOW TEXHOJIOTHH.

OCHORULIE HAYNHLIE PEIYALTATLI

1. Pa3pabGoTaHbl TEOpETHUYECKHUE OCHOBBI CO3/IaHUS TBEPAOTOIUIMBHBIX T'€HEPATOPOB
YIApHBIX BOJIH PA3JIMYHOIO LIEJIEBOIO HA3HAYCHUS.

2. Pa3paboTaH NpUHIMI U aJTOPUTM ABTOMATHYECKOW HACTPOMKU PE30HAHCHBIX PEXU-
MOB KOJI€0aHMH MEXaHHYECKHX CHUCTEM C J1eOalaHCHBIM BHOPOBO30yAMTENEM aCHH-
XPOHHOTO THIIA MPHU MEPEMEHHOM Macce CUCTEMbI (B NMPHJIOKEHUU K PE30HAHCHBIM
BHOpOMAIIIHAM).

3. PaspaGoranbl U npoaHaIU3UPOBAHBI AUHAMUYECKUE MOJEIH POTOPHBIX CUCTEM pas3iiny-
HBIX TEXHOJIOTHYECKHUX arperaToB ¢ LENbIO IPEAyIPEKICHU BOSHUKHOBEHUS B HUX OIlac-
HBIX YpOBHEW BUOpaLMK HA Pa3IMUHbIX PEKUMAX IKCIUTyaTallH.

4. Co3paHa KOMIBIOTEPU3UPOBAHHAS CHUCTEMA CEPAEYHO-COCYIANCTOW NUArHOCTUKU Ha
OCHOBE BOJIOKOHHO-ONTHYECKHUX JaTYNKOB M COOTBETCTBYIOHIIMX MaTeMaTHYECKHX
MOJIEJIEH.

5. Pa3BuBaercs MHOTOKpUTEpHAIbHBIN CBA3HBIN aHAIN3 0OecrieueH sl U MOBbIILIEHUs 6e30-

INaCHOCTHU MalllMH, MAaIlIMHHBIX U YCJIOBCKO-MAIlIMHHBIX KOMIIJICKCOB.
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O0pa3ubl pa3padoTaHHBIX TBEPAOTOIIMBHBIX
reHepaTopoB YIAPHBIX BOJIH PA3JIMYHOIO LeJ1eBOr0 HA3HAYEeHHS

Hcnvimanus pa3pa60maHHblx 6blCOKO0E30NaACHbIX cpedcme UHRUUUPDOBAHUA

Paspabomannvie

il 8 npoyecce pabomol
cneyuanvHble nepeo padomoii poy p

demonamopol UCNBIMAHUSA CHEYUATIbHBIX 0eTNOHAMOPO8

Hcnvimanus meepdomonﬂu(mblx KaccemHblx 63Pbleé02ceHepamopos

Paboma e3pvisocenepamopa 6 6030yxe (ananoe 0emoHAYUOHHO2S0 PAKEMHO20 08Ueames)
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Hcnvimanus pazpadomannvlx 63pble02eHepamopos
01 00paA306aHUs CKGANCUH 8 2OPHBIX NOPOOAX
(nepenocHule 63pvleOpeaKmugHvlie KOMNIEKCbl)

OnvimHule 00pa3zybl NEPEHOCHBIX 83PbleopearxmusHbvix komniexcos (IIBPK)

Ynpowennwvui mun IIBPK Ipomesicymounviii mun I[IBPK Yuusepcanvuwiii mun I[IBPK

BY-74 BY-7B BY-144 BY-14B BY-214 BY-21B

Imanwvi no02omosku K NPUMEHEHUIO 63PblEOPEAKNUBHBIX KOMNIEKCO6

== i = i —
5 X #

) ’ \{ _ A 5= o \ ‘-‘
Locmasxa IIBPK Ilooeomosxa IIBPK 3apaoxa xonoencamopoe BOH-7A
K Mecmy pabomul K pabome U 8b160p YACMOMbL UHUYUUPOBAHUSA
kaccem ¢ JI1Y-1

Paspyuenue nopooul Cksaoicuna, obpazyemasi Buo cxeaoicunvl ceepxy
U 8bIHOC WAMA oonum I[1BPK
NPOOYKMAMU 63Pbléd
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ABTOMaTHYECKOE MOJACPKAHNE PE30OHAHCHBIX KOJIeOAHUIT BUOPALIMOHHOMI
MAIIUHbI IPU U3MEHEHUH MAaCChl 00padaTbIBaeMOIo MaTepuaJia

Qenb [2360TH: obecrnieueHne yCTOI>'I‘lI/IBOI‘;I pa6OTBI BI/I6paI_[I/IOHHBIX MalrH ¢ CaMOCHUHXPO-
HUSUPYHOIIUMHUCA WHCPUHHUOHHBIMU BI/I6pOB036y,I[I/ITCII5[MI/I B PC30HAHCHOM PCIKHUME KoJIeOaHMi
IIPpU BO3MOXXHBIX U3BMCHCHUAX MTApaMCTPOB CUCTCMBIL.

Brnok ympasneHHT npeoGpasoBaTenn
(KoHTpomIEp) HacTOTHI

-
yIpaBIdon Hit curuanu/
Eoom -

s

MMHTaHHE IBHTATRICH

CHIHAJIBL ¢ JATYHKOB

Brok-cxema

cucmembol Junamuueckuti nopmpem
Ynpasienus subpoOMaULUIbL
il

m, Kr f.Tu
1

?

o 13
5 12

s

[
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0 50 100 150 200

i 5] 100 150 =~1,C

Pezynomamur mooenuposanus

Hpe;:[noxceH MMPUHIUIT CO3AaHUA PC30HAHCHBIX BI/I6pOMaI_HI/IH C CaMOCHHXPOHU3ZUPYHOIIN-
MHCA WHCPLIUOHHBIMU BI/I6pOBO36y'I[I/ITeJI}IMI/I N CUCTEMBbI TOAACPIKAHUA PC30OHAHCHBIX KoJie0a-
HUM IMpU UBMCHCHUAX MMApaMETPOB CUCTCMBIL.

Oo0karbiBaHNe TMOKMM MOJIBIM POTOPOM COOCHO PACIIOJIOKEHHOTO
BHYTPEHHEr0 »KeCTKOr0 poTopa — cTaropa

[{enb paGoThl: MccleAOBaHUE PeKUMa OE30TPHIBHOM OOKAaTKW BHYTPEHHErO Bajia BHEIII-
HUM POTOPOM.

Pa3pabGorana MeTomONOTHSI AHATUTUYECKOTO, YHCIEHHOTO M AKCHEPUMEHTaJIbHOTO
UCCJIEIOBAHUS JBYX COOCHBIX POTOPOB, KOTJa BHEUIHUI TMOKHIl pOTOp, MpeICTaBISIONIHIMA
c000i1 MOMBIN MUIMHIP HA MOJATIUBBIX OMOpax, MPU 3aKPUTHYECKUX CKOPOCTSX, B PE3yJbTaTe
cOOCTBEHHOM MPEIecCUN KOHTAKTUPYET ¢ MEUIEHHO BPALIAIOIIMMCS U MaJio 1Ie(OopMUPYEMBIM
BHYTPEHHUM BaJIOM — CTaTOPOM.

67



2,Hz

571+

Cxema coochvix pomopos Tpaexmopus npeyeccuu Yacmommoie
Xapakmepucmuxu
JlnHaMuKa BHEITHETO POTOpa HISHTH(PHUIIMPOBAHA HA OCHOBE TPAEKTOPHUI €ro Mpereccuu,

4acToT U (popM KosiebaHuil, 3aperucCTpUPOBAHHBIX B IKCIIEPUMEHTE, U PACUETOM YaCTOTHBIX Xa-
PaKTEepUCTHK, B T.4. AuarpamMm Kommnobernna. YcTaHoBIeHa BO3MOXXKHOCTh BO3SHUKHOBEHHUS 00paT-
HOH Mpeneccuy poTopa Npu 0OKaTKe cTaropa.

JHepronorouainee Kpecio
¢ oOpaTumoii aganTanuei

Pazpa®otan HOBBII MOAXOJ K MOCTPOCHUIO SHEPrOMOMIOIIAIOLINX Kpecesl ¢ 00paTuMOoi
aganrtanueit (OIIKOA) (ITatent Ha nzooperenue Ne 2699461 ot 13.08.2018). Pesynbrar noctu-
raercs 3a CUeT M3TOTOBJICHUS CUACHbS M CIMHKH Kpecila U3 THIPOCKOIMMYECKOro MaTepuaa —
ne”onoiauBuHWwiIGopmais (IIIIBD), cnocoGHOro aganTUpoBaThCs K TeIy oneparopa u GUKCH-
POBaHO MPUHUMATH €T0 (HOPMY, a TaKKe 00PaTUMO U YIIPABIAEMO U3MEHSTh CBOIO KECTKOCTh B
3aBUCUMOCTH OT cTeneHu yBiaxxkHeHus [IIIB®D, uto no3pomnser obecneunts 3¢ GeKT 3Hepromno-
IVIOIIEHUS NPH YAApHBIX HAarpy3Kax WM JUls BUOpousomsinuu Tena oneparopa IITKOA.

YcraHoBIIEHAa BOBMOXKHOCTB Ucnionb3oBanus [ITIB® i1t co3nanms agantupyeMbIx K ornop-
HOM MOBEPXHOCTH aKTUBHBIX BUOPOU3OJIALIMOHHBIX ONOP, B TOM YHCIIE JIIsl CTAHKOB MJIM MPELH-
3MOHHOTO 000pY/IOBaHMUS.

SOIMKOA 1o3BOSUT MOBBICUTH KOM(OPT, HAJEKHOCTh U 0€30MacCHOCTh B IpOIECcCe JKC-
IUTyaTali U CHU3UTh TabapuTHO-MACcCOBbIE MapaMeTpbl KoHCTpyKuuu. Konerpykuus SITKOA
o0ecrieyrBaeT BO3MOKHOCTb PEryJIUPOBAHUS KECTKOCTH Al TUPYEMOM MMOBEPXHOCTH U SHEP-
rOMOIVIOIIEHUS, a TAK)KE UCIIOIb30BAaHUS KpECia JIETbMHU, TACCaXKUPAMU HEBBICOKOTO POCTa, MH-
BaJIMJJAMH U JIFOIbMU TMOI00HBIX KaTeropuii 6e3 NoCTOPOHHEH MOMOIIH.

HNHuTe/ekTya abHbIN caMonepeMelaloIuiics alanTUBHbIN poTe3
BepPXHeil KOHEYHOCTH HA OCHOBE MapaJ/uieJIbHOro podoTa
«OKTa’apajibHbIN 10AEKAION»

Pa3zpaborana HOBas KOHLEMUHUS HMHTEIEKTYaJbHOIO CaMOIEPEMEINAIOIerocs: alanTuB-
HOTO TPOTEe3a BEPXHEH KOHEYHOCTH, MIOCTPOCHHOTO Ha OCHOBE POOOTa-MaHUMYIATOPA Mapa-
JeTBLHOM CTPYKTYpBI B BUJIE OKTa3painbHoro noaekanozaa (Ilarent na nzodperenue Ne 2738859
ot 10.02.2020). KoHCTpyKTHUBHBIE IPUHLIUIIBI IO3BOJISIIOT 00ECIIEUUTh €T0 CaMOIIepeMeIleHIE U
CaMOYCTAHOBKY Ha KYJIbTIO HE3aBUCHMO OT YPOBHS aMITyTaIlH, BHICOKYIO Y/ICJIbHYIO JKECTKOCTb,
a TaKKe HaJIeKHOE CXBAThIBAHUE MPEAMETOB HE3aBUCHUMO OT UX T€OMETpUYEcKor (hopmbl, pa3-
MEpOB U (PU3NUECKUX CBOWCTB MaTepHaja N3rOTOBICHHUS.

AJanTUBHBIN NPOTE3 BEPXHEH KOHEYHOCTH B BUJIE pOOOTa-MaHUITYISATOPA MOKET CAMOCTO-
ATEJILHO TEPEBUraThCs IS 3aXBaTa U JOCTAaBKU MEJIKUX MPEIMETOB WU VIS MTOJKITIOYEHUS K

3apsAHOMY YCTPOUCTBY.
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B ocHOBe KOHCTpYKIMH MPOTE3a JBEHAINATh JIMHEHHBIX MPUBOJOB, 00pa3yroImux pedpa
AaKTHBHOTO OKTa’Ipa. 3a CUeT M3MEHEHHUS ITTHHBI pedep, poOoT crmocoOeH nmepeMeniaThesi Ha He-
Oompime paccrostaus. OmHA M3 TpaHeH OKTadapa NMpeaHa3HaueHa JUTsS 3aXBaTa U «JIOCTABKIDY
HEOOJIBLINX MPEIMETOB, Apyras — JJIs 3aXBara KyJabTu pykd. Takum oOpa3zoM, MaMeHT MOXKET
MaHHITYJIUPOBATh MPEMETAMHU, KOT/Ia POOOT-IIPOTE3 «BO3BPAIIACTCS» HA KYJIBTIO MTAIIMEHTA, KaK
U B cllyyae ¢ OOBIKHOBEHHBIM, IPUCTSKHBIM IPOTE30M-MaHUITYJIITOPOM.

PeBepcrBHOE OTHONPHBOIHOE MYIINYJILHOE TPAHCIIOPTHOE CPEICTBO
AJIs1 IepeMelleHUs TI0 BHYTPEHHUM MOBEPXHOCTAM

Pa3zpaboTrano OpurHHANIBHOE ONHONPHBOAHOE IMYIIMYJIbHOE TPAHCIOPTHOE Cpel-
CTBO Ui TepeMelleHus] 10 BHYTpeHHUM moBepxHocTsM ([larenT Ha wu300peTeHue
Ne 2743787 ot 17.07.2020).

Texnuueckue pe3ylnbTarhl: pacuMpeHre (YHKIMOHAIBHBIX BO3MOKHOCTEH yCTpOWCTBA
U TIOBBILICHUE HAJISKHOCTH 32 CUET 0OecreueHHss BO3MOKHOCTH OPTaHU3alUH MepEeMEeIIeHUI
[0 BHYTPEHHUM MOBEPXHOCTSM BHYTPH TPYO OOJIBIIOrO AMAMETpa, a TaKKe B MPOCTPAHCTBE
MEX]y IUIOCKMMHU MOBEPXHOCTSAMHU KaK MOCTOSHHOTO, TaK ¥ MEPEMEHHOTO MpOQMIIs MO JIH-
He 6e3 HeoOXOIMMOCTH YBEIMUYCHHS IONEPEUHBIX Pa3MEpOB KOpIyca JHMHEHHOTO MPUBOJA U
YBEJIMYEHUS CLEIUICHUS! (PUKCUPYIOLIMX 3JIEMEHTOB C IVIaJIKOW BHYTPEHHEH IMOBEPXHOCTHIO, a
TaKKe 00ecreueHus] BO3MOKHOCTH PAa3BUTHUS 3HAUUTEIBHBIX TATOBBIX YCHIINH U IEpeMELICHHUS
B KPUBOJIMHEMHBIX yUacTKax TPyO ¢ MajbIM paJlyCcoM IIOBOPOTA, YTO CYIIECTBEHHO PacIIUpPsIET
001acTh IPUMEHEHUS.

[Ipennaraemoe TPaHCIOPTHOE CPEACTBO MOXKET OBITH MCIOIB30BAHO KaK ISl TPAHCIIOPTH-
POBKHU Pa3MHYHBIX 00BEKTOB, TaK U ISl IPOTATUBAHUSA Kabenel u TpyO BHYTpU TpyO OONIBIIOrO
JIMaMeTpa, a TAKKe MPH MPOBEICHUN PEMOHTHO-CTPOUTENBHBIX U aBapUHHO-CIIAcaTeNbHbBIX PA0OT.

AIanTUBHBIA MOOUJILHBIH MPOCTPAHCTBEHHBIA POOOT-MAHUNYJISATOP
JJIS TIepeMenieHlsl B MeKTPYOHOM NMPOCTPAHCTBE

Pa3paboran opurnHagbHBIN aganTHBHBIM MOOUJIBLHBIN POCTPAHCTBEHHBIM pOOOT-MaHU-
MyJSTOP A7 IepeMenieHus B MexTpyoHoMm npoctpanctse (Ilatent na uzooperenue Ne 2786065
ot 15.07.2022).

PoGoT-MaHunynsITop mpencraBiseT coO0OW aKTUBHYIO MPOCTPAHCTBEHHYIO JBEHA/IA-
TUCTEP)KHEBYIO MapaIeNbHYI0 CTPYKTYpY, CTEpKHH KOTOpPOl 00pa3yloT Kapkac KpyroBOTO
MPSIMOTO MMWJIMHIIPA ¢ PPOHTANBHBIM U THUIbHBIM OCHOBAHHSIMH M BBIIOJIHEHBI B BUJIE AyTr000-
pa3HbIX MMPUBOIOB KPUBOJIMHENHOTO NEPEMEIICHUS C OJUHAKOBBIMH JJIMHAMU XOPH, PABHBIMHU
pPacCTOSTHUAM MEXIY CMEXHBIMU BepiinHamu. Kaxxaoe u3 ocHOBaHUM HMUIUWHApPA 00pa3oBaHO
TpeMs AyrooOpa3HbIMU MPUBOAAMH KPUBOJIMHEWHOTO MEPEMEIICHNUS, IIAPHUPHO COCTUHEHHDI-
MU B BEpIIMHAX COOTBETCTBEHHO (PPOHTAIBLHOTO M THUILHOTO OCHOBAaHWM IWJIMHIpPA, a AYTH
CMEXKHBIX Map OOKOBBIX TyroOOpa3HBIX MPUBOAOB KPUBOJIMHEHHOTO MEPEMEIIEHNUS BBITOIHEHBI
B BHJIE YYACTKOB I'€JIMCHI TPABOTO U JIEBOTO XO/1A.

Takum o00pa3zom, oOecreunBaeTcs CHIDKEHHE Ta0apuTHO-MAaCCOBBIX XapaKTEPUCTHK
YCTPOICTBA U paclIupeHue ero (pyHKIIMOHATBHBIX BO3MOKHOCTEH 3a CUET OPraHu3alluid YMEHb-
[IEHUS] MUHUMAJIBHOTO MEXTPYOHOTO PACCTOSIHUS, a TaKkKe YBEIMYEHUS MAKCHUMAIbHO JOIY-
CTUMOTO JMaMeTpa MPOTSHKEHHBIX MPEeIMETOB, HampuMmep TpyO U kalenei, mepeMeriaeMbIx
BHYTPU TPYOBI.
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LEATD HOAAEATHBHOTD N0DAL30RAY
JIAYHLIM OEOPYAORALHEM

«HaykoeMKHe TeXHOJIOTHH CO3IAHUSI MALIIUH OyayLIero»

OcunoBubiMu 3agayamu LKII siBasiroTes:

* IPOBE/ICHUE MCCIIEIOBAHUI, N3MEPEHUI U UCTIBITAHUN Ha HAy9HOM 00OPYIOBAaHUH IIEHTPA;
 obecrnieueHne J0CTyNna K COBPEMEHHOMY Hay4HO-HCCJIEeI0BaTeIbCKOMY OOOpYAOBaHUIO YUé-
HBIX pa3IMYHbIX 00JIACTeH 3HAHUM U3 CTOPOHHUX OpraHU3aLMi;

* obecrieueHye eJMHCTBA U IOCTOBEPHOCTH U3MEPEHUI NPH MPOBEACHUN HayYHBIX MCCIIE0Ba-
HUi Ha o6opynosanuu LIKIL;

* MOJITOTOBKA CIIELMAINCTOB U KaJIpOB BhICIICH KBanH(UKaUK (CTYAEHTOB, aCHHPAHTOB, JOK-
TOPAHTOB) Ha 0a3e COBPEMEHHOI'0 HAyYHOT0 000PYI0BAHMS;

* MIOBBIIIIEHNE YPOBHS 3arpy3KH U MCIOJIb30BaHUs HayuyHoro obopynosanus UMAII PAH wuc-
CJIE0BATEISIMU M HAyYHBIMU KOJIZIEKTUBAMM, a TAKXKE 3aMHTEPECOBAHHBIMU I10JIb30BATEIISIMU U3
CTOPOHHHUX OPTraHU3ALNM.

Hayunbie HanpaBiaenus aesarenbHocru HIKII:

» Hay4Hble OCHOBBI CO37aHHMsI BOJHOBBIX MAIllMH W anmaparoB Ul peaH3alyd MPOPBIBHBIX
TEXHOJIOTHI B MHTEpPECaX MAITUHOCTPOCHUS U YHEPTETHKH

* Pa3paboTka COBpEMEHHBIX TEXHOJIOTUI MOJYYEHHUs KOHCTPYKIIMOHHBIX MaTepuasoB, B TOM
qHciIe KOMIIO3UTOB U MPOIYKTOB (HE()TEXUMHUH U MUIIEBBIX) C YHUKAJIBHBIMU CBOMCTBAMHU.

* Pa3paboTka Mojienelt, KpUTEpUEB U METOJIOB 0OeCIIeUeHHs MPOYHOCTH, HAIEKHOCTH U JKUBY-
YECTH JIEMEHTOB MAIlIMH U KOHCTPYKIMI Ha OCHOBE (PH3UKO-MATEMaTHUECKOTO, MMUTAIIMOHHO-
T'O MOJICJTMPOBAaHUS © MOHUTOPHHTA MPOLIECCOB HATPYKECHUSI.

* Portb CTpyKTYypHOTO COCTOSIHHSI B (QOPMUPOBAHHUH J1e()OPMAMOHHBIX W MPOYHOCTHBIX Xa-
PAKTEPUCTUK KOHCTPYKLMOHHBIX MaT€pUaJIOB MPHU CTAaTUUECKOM, JUIUTEIBHOM CTaTUYECKOM,
LUKIMYECKOM U KOHTAKTHOM Harpy>eHHUH.

* OU3NKO-MaTEMaTHIECKOE MOJICTUPOBAHNE TPUOOIOTHYECKUX MPOLIECCOB U pa3paboTka Mare-
pPHAJIOB M TEXHOJIOTUH, 00ecTiednBaONINX TpeOyemble (HPUKIIMOHHO-M3HOCHBIE XapaKTePUCTH-
KU CIIOKHOHATPY)KEHHBIX Y3JI0B TPEHHUSL.

* Pa3paboTka MPUHIMITOB CO3aHMS YIPYTUX CPEIl U CTPYKTYP CO CIEIHATBHBIMHA BOJHOBBIMHU
U 3BYKOMNOITIOIIAIOLUIMMHU CBOMCTBaMH, B TOM YHCII€ aKyCTHUECKUX METaMaTepuasoB, i MpH-
MEHEHHs B aBHALIUHU, PAaKETHO-KOCMUYECKON TEXHUKE, TPHOOPOCTPOCHUH.

* Pa3paboTka METO/I0B aHAIM3a M CHHTE3a HOBBIX KJIACCOB MEXaHM3MOB M MAIIIMH HOBBIX TTOKOJICHHH.
* Pa3paboTka MHTEIUIEKTYaIbHBIX CHCTEM YIPABICHUS TEXHOIOTHUYECKUMU MPOLIeccaMu U 000-
PYZOBaHHEM.

* BuOpannoHHbIe TIpoIIeCcChl, BUOPO3aIUTa B MAITHHOBEICHUH, OMOMEXaHUKa CHCTEM «4eJI0-
BEK-MallluHA-CPEaay.

* JlunaMuyeckre u BUOPOAKyCTUUECKHUE MTPOLIECCHl B TEXHUKE.

Ilepeuennb odopynoBanus, Bxoasiero B LIKII pa3memen na caiitre UMAILL PAH:
http://imash.ru/nauka-dejt/ckp/oborudovanie-tskp-1/
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[0ATOTORHA HAYLIK Ungpon

NMAI PAH ocymecTBisieT nmpueM B aclupaHTypy MO OYHOH (opMe 3a cueT OFOKETHBIX
ACCUTHOBAHMH U TI0 1I0roBOpaM 00 OKa3aHUU MJIAaTHBIX 00pa30BaTeIbHbBIX YCIYT 110 HalpaBJIeHU-
SIM NOJTOTOBKY M HAy4YHBIM CIIELUAIBHOCTSIM:

1.1 MaremaTuka M MeXaHUKa:
1.1.7 Teoperuueckass MEXaHHKa, IUHAMHKA MaIIUH.
1.1.8 Mexanuka aepopMUPYEMOro TBEPOTO Tea.
1.1.9 MexaHuKa )XHUIKOCTH, T'a3a U IJ1a3MBl.
1.1.10 buomexanuka u OMOUHKEHEPUSI.

1.2 KomnbrorepHbie Hayku U HHGoOpMaTUKa:
1.2.2 Maremarnueckoe MOICIUPOBAHUE, YUCICHHBIE METO/Ibl U KOMIUJIEKCHI
Mporpamm.

2.3 UndopManiuoHHbIe TEXHOJIOTHM U TE€JIEKOMMYHHUKAINH:
2.3.5 MareMaTrueckoe u MporpaMMHOE 00eCTIIeUeHUE BRIYUCIIUTEIHHBIX CHCTEM,
KOMILUIEKCOB M KOMITBIOTEPHBIX CETEH.
2.3.3 ABromaruzaiys U yrpaBieHHE TEXHOJIOTUUECKUMHU TPOLIeCCaMU U IPOU3BOACTBAMH.

2.5 MamuHoCTpOeHue:
2.5.2 MamuHoBenEHNUE.
2.5.3 TpeHue u U3HOC B MAILIMHAX.
2.5.4 PoOoTbl, MEXaTPOHUKA U POOOTOTEXHUYECKUE CUCTEMBI.
2.5.9 Mertoasl U npuOOPHI KOHTPOJIA U IMATHOCTUKH MaTepHajioB, U3/1EJIHi, BEILIECTB
U IIPUPOAHOU CPEBbL.
2.5.11 HazeMHbIe TPaHCIIOPTHO-TEXHOJIOTUYECKUE CPEACTBA U KOMILIEKCHI.
2.5.21 MaiuuHsl, arperarbl 1 TEXHOJIOTUYECKHUE IIPOLIECCHI.

2.5 XumMuuyeckme TeXHOJIOTHMH, HAYKH 0 MATepHaJIax, MeTAJUIypPrusi:
2.6.2 Mertamutyprusi Y4epHbIX, IBETHBIX U PEKUX METAJIJIOB.

2.8 I'eosiorus, pa3Beaka u pa3padoTka NMoje3HbIX HCKOMaeMbIX:
2.8.2 Texnonorusi OypeHHUs U OCBOCHHS CKBaXKHH.
2.8.4 Pa3pabotka u 3KcIuTyaranus HepTSHBIX U Ta30BBIX MECTOPOXKICHUI.
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Muccepranuonnsie Cosersl npu UMAIL PAH :

CoserT 10 3aImuTe JUccepTalnii Ha COUCKaHUE YUEHOM CTENEeHN KaHJu1aTa HayK, Ha COMCKaHUe
y4eHo# creneHu qokTopa Hayk 24.1.075.01 na 6aze UMAILI PAH no nayuyHoii cieriaibHOCTH:
2.5.2 — MammHoBeeHe (TeXHUYeCKHUe HayKHn)

CoserT 10 3aIuTe JUccepTalnii Ha COUCKaHUE YUEHOM CTENEeHU KaHI11aTa HayK, Ha COMCKaHUe
y4eHoH creneHu JokTopa Hayk 24.1.075.02 na 6aze UMAILI PAH no nayyHoii cieriaibHOCTH:
1.1.7 — TeopeTnueckas MexaHHKa, JMHAMHUKA MAalINH (TEXHUYECKHUE HAYKHN)

OObEeIMHEHHBI COBET MO 3allUTE TUCCEPTAIlMi HAa COMCKAaHWE YUYEHOW CTENeHU KaHIujara
HayK, Ha COMCKaHHUE yYeHOU cTeneHu goktopa Hayk 99.0.033.02 na 6aze UMAII PAH u BI'TY

10 HAYYHBIM CIICIIUAJIBHOCTAM!
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2.5.3 — Tpenue u U3HOC B MalIMHaX (TEXHUYECKUE HAYKH)
2.3.3 — ABroMaru3aius 1 yrpaBjieHHUEe TEXHOJIOTHYECKUMHU MPOLIeCCaMy U ITPOU3BOCTBA-
MU (TEXHUYECKHE HAYKH)

2.6.17 — MarepuanoBeieHe (MalIMHOCTPOEHUE) (TEXHUYECKHE HAYKN)

AcmmpaHTypa
M IOKTOpPaHTYpa

MHKMYC

Hay4HbIe
IIKOJIBI JI/IST KoHdepentua
MOJIOTEXH MOJIOJBIX

Hay4HO- yHeHpX
obpasoBaTeabHbIC
LIEeHTPBI

c BY3amu MECMYC
KoHKypcChbI CeMHHap
Y.M.H.A.K. MOJIOIBIX

YUYE€HbIX

CoBeT
MOJIOIBIX
VYeHBIX




9ANTEALCHAS ALTTEALHDCTL

[TonroroBka u M31aHue HAyYHOU U CIIPABOYHOM JIMTEPATyPhl, B TOM YHCJIE 10 KOHCTPYHUPO-
BaHUIO MAILIMH, BUOPALIMU B TEXHUKE, IPOYHOCTU aTOMHBIX PEAKTOPOB, MAJIOLIUKIOBOM ITPOYHO-
CTH, OCHOBaM IPOEKTUPOBAHUS MAILIUH, U3/JaHie YHUKaJIbHOHN 40-TOMHOM 3HIMKIONE NN «Ma-
LIMHOCTPOCHME), N3JJaHNE HAYYHBIX IIEPUOJNYECKHUX KYPHAJIOB!

XKypnan ocxHoBaH B 1965 roxy, myOnukyet MaTepraibl O TEOPUH MALIMHOCTPOCHUS B 1IEJIOM U
10 MCCIICIOBAHUIO HAJEKHOCTH MAIIMH B YACTHOCTH, CTATbU MO KOHCTPYHUPOBAHHUIO M YCOBEP-
LIIGHCTBOBAHHUIO Pa0OTHI MAILIMH W IPHOOPOB.

MPOB/IENbI PelakuuoHHas KOJLIerus:

MAWNHOCTPOEHMA Aakn

N HAOEXHOCTU MAWWH InaBHbIii perakTop - wicH-koppecnonaeHT PAH Ykpaunckuit Jleonna Epumonuy
3aMecTHTE/IH IIABHOTO PeaKTOpa:

I.T.H., nipodeccop AsukoB Hukomnaii Cepreesuy

I.T.H., poeccop Pomanos Anekcannp HukuroBna

I.X.H., mpodeccop Caitdymmun Uucad [lapudymiosuy

OTBeTCTBeHHbIN ceKpeTaphb - K.T.H. XacbsiHoBa JluHapa YcMaHoOBHA

Hunexcuposanue u pedepuposanue: Web of Science, Scopus

Poccuitckan akanemmua Hayk

http://mecheng.imash.ru/
mecheng-imash@mail.ru

B Kypnan ocHoBaH B 1982 rofy, myOarKyeT cTaTbi H 0030pHI [0 pe3y/IbTaTaM Hay4YHbIX HCCIEI0-
nPosAEM b BaHMII 1 pa3paboTok B Poccnu n 3a py6GexoM B 00J1acTH MAMIMHOBEACHHS 1 MAIIMHOCTPOCHNS,
BKJTIOYAst IPOOJIEMbI 9KOHOMHKH, YIIPABICHHUS], aBTOMATH3alMH U HHHOBAIIUI.

Pepaxumnonnas xoJuierus:

[naBHblii perakTop - akagemuk ['anueB Pusnep ®dazpuioBuy
3amMecTHTe/IH [NIABHOTO PelaKTopa:

n.¢.-M.H. Bepesun Anexcanap Bacunbesnu

anen-koppecnionneHT PAH Cupotkun Oner Cepreeud

I.X.H., podeccop Caiidymnun Uncad [apudymiosua

npocgeccop L. Papich (Cep6ust)

OTBeTCTBEeHHBIH cekpeTaph - K.T.H. XacbssHOBa J[nHapa YcMaHOBHA

MAUWNHOCTPOEHNS
Nn ABTOMATN3AUNN

HupexcupoBanue u pepepupoBanne: Web of Science, Scopus

http://imash.ru/publishing/journal2/
pma-info@mail.ru

XKypnan coznan B 2004 1. cornmacHo pemenusm [Ipesnanyma PAH 1 MunnctepctBa o0pa3zopa-
Hus U Hayku P® B memsax mHTErpauuu Hayku, oOpa3oBaHUS U MPOMU3BOJCTBA, a €ro yupeaure-
nsMu BBICTYTI MHCTHTYT MammHOBeneHUS UM. A.A. braronpaBoBa Poccuiickoit Axkanemun
HayK U MocCKOBCKUIl rocyqapcTBeHHbIM MHAycTpuanbHblil yHuBepcureT (MI'MY). Temaruka
JKypHaJIa OXBaTHIBAET IUPOKUH KPYT HAYIHBIX M TEXHHUECKNX TeM B c(hepe MAIIMHOCTPOCHNS,
aKTyaJbHbIE TIPOOJIEMbI BBICIIET0 TEXHHYECKOT0 00pa30BaHus, a TAK)Ke BOIPOCHI HHTErPALH
HayKH, 00pa30BaHUs ¥ MPOU3BOJCTBA.

Pepaxumonnas xoJuierus:

I'naBublil pegakrop - akanemuk ['anues Pusnep da3buioBuu

3amecTHTe/IH INIABHOTO PelaKTopa:

I.T.H., ipodeccop [lanoko ['puropwuii SxoBaeBna

I.T.H., ipodeccop OBunHHUKOB BukTop Bacunbesnu

I.X.H., mpodeccop Caiidymmma Uucad lapudymiosuya

OTBeTCTBEeHHBIH cekpeTaph - K.T.H. XacbssHOBa J[nHapa YcMaHOBHA
http://mospolytech.ru
mio_imash@mail.ru
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(CUAVIOORIOE OPYAIANE Y

MHCTI/ITYTOM 3aKJ/IIOYE€HDbI I I[eIZCTBYIOT B HacTosAlle€e BpEeMA IBYCTOPOHHME COITIAlIEHNIA C MTHO-
CTpaHHBIMM OpraHM3alVAMI-TIApTHEPpaMI 110 HAYYHO-TEXHUYIECKOMY COTPYIHUYECTBY U 06-
MEHY CTyAE€HTaMI I aClIMpaHTaMIU, Haubonee IIPOAYKTUBHOE COTPYIHMIECTBO C:

BEJIAPYCb NucturyT npuknagaoi ¢pusuku HAH Pb

BEJIAPYCb ®usuko-rexumdeckuit unctutyr HAH Pb

BEJIAPYCb O6benyHeHHbIT MHCTUTYT MamnHocTpoenus HAH Pb
KA3AXCTAH VIHCTUTYT MEXaHUKM ¥ MAalIMHOBEJEHSA

uM. akaj. Y.A. JI>xonmacbexkoBa

KUTAU [MManxaiickasd TeXHMYecKas KoMnanus 1]3unxya
KUTAWN WccnepoBarenbckas accouyanysa COBPEMEHHbBIX
06pa3oBaTe/IbHBIX 1 KOMIIBIOTEPHBIX HayK ([OHKOHT)
UTATINA Yuusepcurer Ilagyn
NCITAHMA VIHCTUTYT MaTepuanoBeneHs
BaneHcniickoro moauTeXHM4IEeCKOro yHUBEPCUTETA
BEHI'PUA Nnucturyr « CMUMMETPVOH»

MesxpynapopHoro obmectsa CUMMETPOJIOT VN

Yuacmnuku mexcoynapoonozo cumnosuyma Romansy
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(UHORAUHOHAAG AESTEALOETL

HNunoBanuonnbie pazpadorku UMAII PAH nocsenHux jet

AdpoaHAMHYECKHIH IIEHTPOOSIKHBIN KiTaccu(UKATOP M BOITHOBOH J103aTOp MOopoInkoB (mareHT Ne 020863,
2015 )
DKCIIepUMEHTAITBFHBIC METOBI, TPOTPAMMEI U alapaTypa i NCCIeI0BaHUI:

- IPOIECCOB HAKOTICHHS MOBPEKICHNUHN, ONPEICTICHUS pa3MepoB e((HEeKTOB MaTepruaIoB

(marent Ne 2569078, 2015 1);

- TpUOOTEXHUYIECKUX XapaKTEPUCTHK MaTeprasioB U cMa3ok (matent Ne 2570057, 2015 1)
MHoronoTo4YHast BaJbHO-TIIIaHeTapHas KopoOka nepenad (rmateHt Ne 2724943, 2019 1)
[Torpy>kxHOI MHOTOCTYTIEHYATHIN IIEHTPOOCKHBII Hacoc (maTeHTt Ne 2726977, 2019 1)
YCTpoHcTBO IS IIUKIIMYIECKOTO TIOTPYKEHHUS M BCIUTBITHS MOpCKoro Oy (matent Ne 2733550, 2019 1)
Crioco6 MozeTMpoBaHus TIEPEXOTHBIX MPOIIECCOB HAKOTUIEHUS ToBpexkaeHni (marent Ne 2704575, 2019 1)
Texuomnorust popmooOpazoBanus aeraneit I'T/] u3 skapornpodHBIX CITIABOB METOJIOM PACKaTKH B H30TEPMUUE-
ckux ycnmoBuax (mareHTsl NeNe 2679033, 2019 1; 2704365 ot 2019 1; 2725455 o1 2020 1)
Buytputpy6HOE TpancmoptHoe cpencTBo (matent Ne 2741148, 2020 1)
Croco6 1 cucTemMa KOHTPOJIS TOYHOCTH JIa3epHOTOo nainbHoMepa (mareHt Ne 2745579, 2020 1)
YcraHoBKa [T U3MENBYCHUS M aKTUBAIMH CHIMTYyYnX MaTepuanoB (mareHT Ne 2750191, 2020 r)
YmpaisieMblit mpoTe3 kuctu pyku (marent Ne 2754125, 2020 1)
Crioco6 oOsran TpyaHOU3BIeKaeMbIX HedTel (mareHT Ne 2765786, 2021 1)
becnmoTHbIH eTaTenbHBIN anmapat Ha Bogopoe (mareHt Ne 2764049, 2021 r.)
BankoBas menpuuta (mateHt Ne 214209, 2022 1.)
Crioco6 MoHHMTOpHHTA HecyIel crmocodHocTn n3nenuit (marent Ne 2787260, 2022 )
CaMOOXJTa)KAAIONTHIICS MHCTPYMEHT JJIsl CBAPKH TPSHHEM C MIEpEeMEIINBaHIEM pacIlyiaBa CBAPUBAEMBIX JIeTa-
newt (mareHt Ne 216182, 2022 1)
BonHoBOi1 crtoco6 momy4yeHns KapOOKCHMETHIMPOBAHHOTO KpaxMaja U YCTAaHOBKA JIJISl €70 OCYIICCTBICHUS
(marent Ne 2778513 C1, 2022 1)
[tamm qis ropsigero 1eoOpMUPOBAaHUS TUCKOB Ta30TypOMHHBIX nBUTarteneii (mareHt Ne 216591, 2022 1)
Xupypruaeckuit podor-manumynsatop (marent Ne 043724, 2022 r.)
[Mupokonnama3oHHOE YCTPOHCTBO It OecTpaccoBOi MPOBEPKH IMapaMeTPOB JIA3EPHBIX JaTbHOMEPOB (T1a-
TeHT Ne 2779243, 2022 rox)
[TATHIONBIKHBIN MAaHUITYIISATOP A NUTH(OBKH KepamMudeckux u3aenuii (matent Ne 2799610, 2023 1)
YCTpo#cTBO A1t MPOCTPAHCTBEHHOTO MAHUITYJIMPOBAHUS C MATHIO CTENEHIMHU cBOOOAbI (ateHT Ne 2801187,
2023 1)
TexHoMOTNs M3roTOBICHUS AUCKOB s [ T/ KOMOMHUPOBAaHHBIM METOIOM JIaBJICHUS C KPYUCHHEM (TTaTeHT
Ne 216591 U1, 2023 ron)

KosimuecTBO 3anaTreHTOBaHHBIX pa3padorok UMAIII PAH
2019 rox - 23 2021 rox - 17
2020 rox - 17 2022 rox - 28

KommnuecTso peiicTByromux Ha 2023 rop naTeHToB — 146
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BoJy1HOBOM cMeCUTEIb-AaKTHBATOP
Pa3HOPOIAHBIX KOMIIOHEHTOB CYXHX cMeceil

O0snacTh NpUMEHeHHsI: IPOU3BOJICTBO CTPOWMATEPUAIOB,
MUIIEBAs] TIPOMBIILIJIEHHOCTb.

Ha3naueHue: BBICOKOKa4eCTBEHHOE IIEPEMELIINBAHUE,
JUCIIEPTUPOBAaHUE U MEXAHOXUMUYECKAsl aKTUBALUS
Pa3HOPOJIHBIX KOMIIOHEHTOB CYyXHX CMECEH.

IMpenmymecrBa:

* cHmwkeHue sHepronorpedaeHus 10 30 %, no cpaBHEHUIO C
TPaJAULIMOHHBIM NIEPEMEIIUBAHUEM;

*  yBeJIHMUYEHHUE CPOKa CIIy:KObl 000pyaoBaHus 10 3-X pas;

*  MOBBIIIEHUE IPOYHOCTH MMOITYYaeMbIX MaTepHaioB (Ha cxKa-
tHe — 10 1.5 pa3, BOJOHENPOHUIIAEMOCTH — JI0 5 pa3 U Mo-
PO30CTOMKOCTH — JI0 2 pa3);

* CHIDKEHHe pacxofa Moaupuuupyromux 106aBok 10 50 %;

* MOBBIIICHHE KaUeCTBA U YCKOPEHHUE Mpoliecca MepeMeIMBaHUs.

BoJiHOBOI#1 1032TOP CHINMY4YHUX KOMIIOHEHTOB

OobaacTh NPUMEHECHUS: XUMUYCCKasd, IMAIIEBast MPOMBIIIJICH-
HOCTb, IPOU3BOACTBO CTPOUTCIIbHBIX MaTCPUAJIOB.
Hasnauyenue: TouHOE JAO3UPOBAHUC CBIITYUYUX, CKIIOHHBIX K
CIIC)KUBAHHWIO KOMITIOHCHTOB.

IIpenmymecrBa:

*  OTCYTCTBHUE CJICKMBAHUS MaTepHaa;

*  BBICOKAs TOUHOCTbH JI03UPOBAHUS KOMIIOHEHTOB B MTOTOKE;

*  BO3MOXKHOCTb PETYIMPOBAHUS CKOPOCTH JO3UPOBAHHOTO MOTOKA B Mpenenax oT 2 10 100 %
HOMUHAJILHOW MPOU3BOAUTEIHLHOCTH;

*  HH3KHUH ypOBEHbH IIyMa;

* coxpaHeHHe paboTOCIOCOOHOCTH MPH 3aKJIMHUBAHUH POTOPA;

*  OTCYTCTBHE BUOpALMU HECYLIUX KOHCTPYKIIH.

YcraHoBKa 1JISl OUUCTKH U MOJUPOBKHU
MOBEPXHOCTEN JeTajieil ra30KuIKOCTHOM
MOIOLIEH cpenoi

ObsacTh NpUMeHeHMsi: MAIIMHOCTPOCHUE, JBUTaTEIe-
CTpOEHHUE, MPOU3BOJCTBO MEAUIIMHCKON TEXHUKHU.
Ha3unauenue: 3ppexTruBHOE yaaneHne Ipou3BOICTBEH-
HBIX 3arpsA3HEHUI ¢ AeTaliell CII0KHOM KOHPUTYpaLUH.

IIpenmymecrsa:
° BO3MOXHOCTb yAaJICHUS NPUTHUPOYHBIX IIACT, Harapa, OCTaTKOB (1)0pMOBO‘-IHOI71 CMECH, XKU-
POBBIX IJIEHOK U T.Il. 6€3 YITIEBOAOPOAHBIX PACTBOPUTEIEH;

*  yYMEHbIIEHHE PAcXo/ia MOIOIIMX CPEACTB B 2 pasa;
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*  YMCHBIIICHHUE TEMIICPaTyPhI TIOJOTPEBA;

*  COKpallleHHe BpeMeHH 00paboTKH B 2 pasa;
*  YMCHBIIICHHUE YHEPTONOTPEOICHHSI,

*  HUCKIIFOYEHUE PYYHBIX OIEPALIAM.

YcTaHoBKa JJISI OUMCTKH U TMOJHUPOBKH
MOBEPXHOCTEN AeTajiell ra30KuIKOCTHOM
MOIOLIEeH cpenoi

ObsacTh, NpUMeHeHMsi: TTUILEBas U XUMUYECKas Mpo-
MBIIIEHHOCTH.

Ha3naueHnue: 115 HHTEHCUBHOTO CMEILICHUS U TOMOTe-
HU3alUU MHOTO(a3HBIX U MHOTOKOMITIOHEHTHBIX JKUIKUX
COCTaBOB, a TaKe MHTEHCU(UKALUU TPOTEKAHUSI XUMU-
YECKUX PEaKIMi MeX 1y KOMIIOHEHTaAMU HEMOCPECTBEH-
HO B ITOTOKE KHUJKON CPEbl.

IIpenmymecrBa:

*  HU3KOE YHEPromnoTpedieHue;

*  BBICOKAas HHTEHCUBHOCTb BO3/ICHCTBUSI;

*  MoJHasg BUOPOU3OJISILIMS CTAaHUHBI,

*  BO3MOXXHOCTH TIOJIyYEHHUS! CTAOMIIBHBIX BBICOKOKAQUECTBEHHBIX AMYJIBCHH M CyCIIEH3UH C
JUCIIEPCHOCTBIO OT HECKOJIBKHUX MKM 10 HM.

YcrpoiicTBa IPOTUBOABAPUITHOM
3alMThI TPYOONIPOBOIOB
U 000py10BaHMS

O0snacTh NpuMeHeHusi: 100bIYa U TPAHCIIOP-
TUPOBKa HE(TH U ra3a, SHEPreTHKa, IPOMBIIII-
JICHHOCTh, JKKX.

Ha3nauenue: npegoTBpallieHue aBapuit
BCJIE/ICTBHE BUOPALIMOHHBIX U THJIpaBlInye-
CKHX YIapHBIX Harpy30K, a TaK)Ke BbIHYK/I€H-
HBIX KOJICOAHUN U PE30HAHCHBIX SBJICHUM B TPyOOIIPOBOJAX.

IIpenmyimecrsa:
*  CHIDKEHHE aBapUHHOCTHU TPyOOIIPOBOJOB M 000pyI0BaHUs HA 85%;
*  yBeJIHMYEHHE CPOKA IKCILTyaTaluu TpyoomnpoBogoB B 1,5 — 2 pasa;
* TramieHHe BOJIHOBBIX M BHOPAIIMOHHBIX TporieccoB B 5-10 pas;
* OwictponeiicTBue - MmeHee 0,005 cexyH/IbL;
*  OTCYTCTBHUE NOTEPh paboueil cpe/bl, SKOJIOTHUHOCTb;
*  OTCYTCTBHUE JIOTIOJIHUTEIHHOTO THAPOAMHAMUYECKOTO COMTPOTUBIICHHUS;
*  DHEProHE3aBHCUMOCTb;
* Masble rabapuThl;
* He TpeOyeT 00CTyXKHBAaHHUSI B IPOIIECCE IKCILTyaTaIlHH;
*  JIETKOCTh MOHTaXa.
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CrpyiiHasi MeJIbHULIA
¢ IUIOCKOM padoyeil kKaMepou

O0snacTh NpUMEHEeHUsI: CTPOUTENbHAS, SJHEPreTUYECKa,
MUILEBasi, JAKOKpacoyHasl, pe3MHOTEeXHUYecKas, (hapmaries-
TUYECKas U IpyrHe OTPaCI POMBIIIJIEHHOCTH.
Ha3naueHue: TOHKOE U CBEPXTOHKOE N3MEIBIEHHUE TBEPIBIX
(XpyNKHX) MaTepHaoB.

IMpenmymecrBa:

*  CpeIHUU pa3Mep YacTHI JSKUT B quana3zone 1-10 Mxm;

*  HU3KHUH YPOBEHb 3arpsA3HEHHS M3MEIIBYCHHOTO Marepuaia |
MIPOYKTaMHU U3HOCA;

*  HaJEKHOCTH U JOJTOBEYHOCTE;

*  OojbIIas MPOU3BOIUTEIHHOCTD.

A3poaHAMUYEeCKM I EHTPOOEKHBI
KjaaccupuKaTop NMOpoIKoB

Obs1acTh NpUMEHeHHsI: CTPOUTEbHAS, YSHEPTETHYECKAS,
MUIIeBast, JaKOKpaco4yHasi, pe3uHOTEXHHUecKasl, (hapma-
LIEBTUYECKAs U IPyTH€ OTPACIN IPOMBIIUIEHHOCTH.
Hasnauenue: pa3aesneHre HCXOAHOTO MTOPOIIKA Ha JBE
(bpakun: MeIKyIo U KpyIHYIo.

IIpenmymecrsa:

*  CHIDKCHHE aBapuHHOCTH TPYOOIIPOBOAOB U 000PYyHO-
BaHMs Ha 85 %);

*  yBEIMYEHHE CPOKA IKCIUTyaTallud TPYOOIPOBOAOB B
1.5 -2 pa3za;

*  TalleHHEe BOJHOBBIX M BUOPAIIMOHHBIX MIPOILIECCOB B
5—10 pa3z;

» OsbicTponeiicTBue - MmeHee 0.005 cekyHIbI;

*  OTCYTCTBHE IOTEpb paboyeli Cpe/ibl, SKOJIOTUIHOCTH;

*  OTCYTCTBHUE JIONOJHUTEIBHOTO THAPOANHAMUYECKOTO
COIPOTHUBIICHUS;

*  DHEPrOHE3aBHCUMOCTB;

*  Masible rabapuThl;

* He TpedyeT 00CTyKMBAHHUS B IPOIIECCE IKCILTyaTaluH;

* JIETKOCTh MOHTaXa.
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TexHo10rMA TMArHOCTHPOBAHMSA M NIPOrPAMMHO-ANNAPATHBINA KOMILIEKC
VIS ABTOMATH3MPOBAHHOI0 TEXHOJIOTHYECKOr0 000pyA0BaHus U cTaHKoB ¢ YITY

O0snacTh NpUMEHEeHHsI: MAIIMHOCTPOEHUE, CTAHKOCTPOEHHUE.

Hasnauenue: onpeneneHue COOTBETCTBH DKCILUTyaTal[MOHHBIX [IapAMETPOB OCHOBHBIX Y3JIOB
ABTOMATH3UPOBAHHOTO 000pynoBaHus, crankoB ¢ UITY, B T.u. [lInunaensHbix y3nos (LY),
JIOITy CTUMBIM 3HAY€HUSAM, 3aJaHHBIM HOpMaMH TY; KOHTPOJIb IapaMeTPOB, OLICHKA TEXHUYE-
CKOT'0 COCTOSIHUS, OIPEAEICHUE IIPUUNH OTKA30B U IIPOTHO3UPOBAHUE OCTATOYHOIO pecypcea
10 OCHOBHBIM pab0O4MM apameTpam.

[laTuvK MUKpO nepemetleHns Hpe“MymeCTBa:

Hatuuk BubpoyckopeHus

*  KOMIUIEKCHAs OLIEHKAa TEXHUYECKOTO CO-

crossHus 111V, Ha OCHOBE KOHTPOJISE TOYHOCT-

HBIX, BAOPAIIMOHHBIX, CUJIOBBIX, )KECTKOCT-

HBIX, TEMIIEPATyPHBIX U YJHEPIeTUYECKUX

apaMeTpoB;

*  JKCIIpPECcC-aHallu3 TEXHUYECKOTO COCTO-

ssaus [1TY cTaHKOB U BBIsSIBICHUE (DYHKITH-

OHAJILHBIX U NMapaMEeTPUYECKUX OTKA30B

pazHol (hU3NYECKOI PUPOIBI;

*  YCTaHOBJICHHE MPUYUH KOHCTPYKTOPCKHX, TEXHOIO-THUECKUX M IKCILTYyaTallHOHHBIX OTKA30B;

*  aBTOMAaTU3MPOBAaHHAs CUCTeMa cOOpa JAHHBIX C MHTEJUIEKTYaJIbHBIMU 1aTYUKAMHU KOHTPO-
a5 pabounx napametpos 11V,

*  Halu4Me CIEeHUATU3UPOBAHHBIX PACUETHBIX IPOrpaMM ISl ONIpeIeTICHUS 1 000CHOBAHUS
IpeeIbHBIX HOPM U3MEHEHUs padoyuX MapameTpoB.

JIunuu (pacoBKM U YIIAKOBKH KUIKHX U MACTOOOPA3HBIX MPOIYKTOB

ObaacTh NPUMEHECHMSI: TTUIIEBAas NPOMBIIIJICHHOCTb.
Haznauenue: aBTOMaTHueCKas yIakOBKa MATKOI'0 TBOpora, CJIMBOYHOTO Macjia, IJIaBJICHOI'O
ChIpa, MEa, ’KEMOB, COyCOB U Ip. HIPOAYKTOB.

IIpeumyiecrna:
*  BBICOKOTOYHOE JO3HPOBAHME IIPO-
NyKTa,

*  MAaKCHMAaJIbHO BBICOKAsSI THTHCHUY-
HOCTH (pacoBKH;

* orcytcTBUE Oy(hepHOro IPOTYKTOBO-
ro 0Oaxa;

*  aBTOMaTWYeCKas MOWKa J03aTopa;

* [IMPOKUI BHIOOP pa3MEpOB U au3aii-
Ha OPMYEMBIX EMKOCTEH;

*  MHHHMAJLHBIC MAaCCOTa0APUTHBIC
XapaKTEePUCTUKH,

*  BBICOKAs HAJICXKHOCTH U DHEProd(-
(EKTUBHOCTD.
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JKCIePUMEHTANbHBIN 00pa3el] cTaHa ISl PACKATKH IMCKOB
(CPK1-800) 3 THUTAHOBBIX U HUKEJEBBIX CILJIABOB.
Cran 1 packatky noJibix BajioB (CPB) u3 :xaponpo4HbIX CIIIABOB
B U30TEPMHYECKHX YCJIOBHUAX U3 INTAMIIOBAHHBIX U JIMCTOBBIX 3aI0TOBOK

O0sacTh NpUMeHEeHUsI: aBUA/IBUTATENIECTPOCHHE, TIPOU3BO/ICTBO HA3EMHBIX Tra30TyPOMHHBIX
YCTaHOBOK.

Ha3unauenue: usrotoBienne oopasnos aeraneit [ T/l u3 criaBoB Ha OCHOBE TUTAHA U HUKEIs,
MIPOBEJICHHSI UCCIIEIOBAHU, UCTIBITAHUNA U OTPAOOTKU PEKUMOB TEXHOJIOTHUECKUX MPOIeC-
COB M3TOTOBJICHUS OCECHUMMETPHUYHBIX JeTallel (TUIa AUCKOB, KOJell, 00euaek) B yCIOBHIX
CBEPXIUIACTHUYECKOU ehopMaIlui B pyYHOM U aBTOMATH3UPOBAHHOM pekuMax. M3roroBrneHue
00pa3110B MOIBIX BaJlOB, 00edaek, nuametpom 10 400 MM u anuHoU 10 500 MM, TpOBeCHHE
MCCJIETOBAHUI TIPH BHIOOPE TEXHOJIOTHUECKUX PEKUMOB PACKATKU TMOJBIX BAJIOB U3 XKapo-
MIPOYHBIX CTaJeH U CIUIaBOB, KaK U3 JTUCTOBBIX, TaK U U3 IITAMIIOBAaHHBIX 3aTOTOBOK (B PyYHOM
¥ aBTOMATU3HPOBAHHOM PEKHMAX).

IMpenmymecrBa:

e obecrieyuBaeT OHOPOAHOCTH MUKPO-
CTPYKTYPBI U «YIIPABICHUE» MTPOLIECCOM
MOJTyYeHUSs 3aJJaHHONH MUKPOCTPYKTYPbI;

* mo3BosisieT noBbicuTh Ha 10-15 % mexa-
HUYECKUX CBOMCTB >KapONPOYHBIX CILIa-
BOB;

* yBEJIMYMBAET pecypc AeTaliell u3 xKapo-
MPOYHBIX CILJIABOB B 2-3 pa3a;

*  TIOBBIMAET KOYPPHUIIUEHT UCITOJIH30BA-
HUS MeTaJlIa B 3-5 pas;

* o0ecreuynBaeT BOBMOXXHOCTh pa3pabOTKH
TUOKHUX MepeHaNakKUBaeMbIX aBTOMaTH-
3UPOBAHHBIX KOMILJIEKCOB, a TaKxe
MIPOM3BOICTBEHHBIX HHTEIIEKTYaIbHBIX
TEXHOJIOTHI B aBUaIBUTATEIECTPOCHUH.

B pamkax HUOKP naboparopueit ympasie-
HUS TCXHOJOTMYCCKHMU MpoueccCaMu H CHU-
CTEeMaMHU CO3JaHbl TEXHOJOTHH (DPUHUIIHON
00pabOTKN CIOKHOMPO(UIBHBIX MTOBEPXHO-
creit neranei I'T/l, a Taxke ux popMoodpa-
30BaHUA U3 KAPOMNPOUYHBIX CIIJIABOB METOAOM
PacKaTK B UBOTCPMUUCCKUX YCIIOBUAX.

HUOKP nposoaunuck B 2011-2017 rr. copmectro ¢ UTICM PAH (1. Yda) B pamkax @LIT MunoOpHa-
yku, ©LIT Munnpomropra, 1orosopos ¢ AO «OJIK» kopropatuu «PocTtex», mMpoMBIIIIEHHBIMU TIPE-
npusitusimMu AO «HIIL] 'azorypounocrpoenus «Canror» (r. Mocksa), [TAO «Ky3uenos» (r.Camapa),

000 «CaBenoBCKUI CTAHKOCTPOUTENBHBIN 3aBony, kommanus OO0 «I'pynmna «Cran» (. Kumpsr).
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PoOoToTrexHnyecknii KOMILIEKC (PUHHUITHON 00padOTKH
CJIOKHONIPOPUIBLHBIX MOBepxHOcTel aerasen I'T/]

Obaactb NPUMEHEHMSsI: MAITMHOCTPOCHUE, aBUATMOHHAA IIPOMBIIIJIEHHOCTD, CYyJOCTPOCHUE.
Hasnauenue: (I)I/IHI/IH_IHaH 06pa60TKa CHO)KHOHpO(I)I/IJ'ILHBIX JieTalieil aBUAlIMOHHBIX JBUIaTe-
J'ICfI, Ha3€MHBIX FaSOTyp6I/IHHBIX YCTAaHOBOK U Jp.

IIpenmymecrBa:

O0sacTh NpUMeHeHHUsI: MATMHOCTPOCHUE, CTaH-
KOCTPOEHHUE.

Haznavenue: HacTpoiika U IpOBEpKa JIa3epHbIX
JAJIBHOMEPOB B LIEXOBBIX YCIOBHUSX.

IIpenmymecrBa:

UCKITIOYCHUE PYYHOTO TPY/Aa MPH NUTH(OBAHNUN U TIOJTHPOBAHKH IT€pa JIOMMATOK;
obecnieuenre TouHOCTH 00padboTku 110 0,02 MMm;

HaJINYUE BCTPOECHHON ONTUYECKOW CUCTEMBI KOHTPOJIA

TEOMETPUUYECKUX PAa3MEPOB U KaueCTBA TTOBEPXHOCTH.

TexHosiornyecKkasi yCTaHOBKA JJI1 HACTPOMKH M NMPOBEPKU
JIa3ePHBIX JAJbHOMEPOB CHENNATLHOI0 HA3HAYCHUS

KOMITJIEKCHAsI OLIEHKA TEXHUYECKOT'O COCTOS-
Hus 1Y, Ha 0CHOBE KOHTPOJISI TOYHOCTHBIX,
BUOPALIMOHHBIX, CUIIOBBIX, KECTKOCTHBIX,
TEMIIEPATYPHBIX M SHEPreTHUECKUX Mapame-
TPOB;

HKCIPECC-aHaIN3 TEXHUUECKOTO COCTOSHUS
IITY craHkoB U BhIsABICHUE (PYHKIIMOHATBHBIX
U TIapaMeTPUUECKUX OTKAa30B pa3Hoil Gpu3nye-
CKOM MIPUPOJIBI;

YCTaHOBJIEHUE MTPUYHH KOHCTPYKTOPCKUX, T€X-
HOJIO-THUECKUX U IKCIUTYyaTallMOHHBIX OTKA30B;
aBTOMaTU3MpPOBaHHAs cucTeMa coopa JaHHBIX
C MHTEJUIEKTYaIbHBIMU JIaTYUKAMU KOHTPOJIS
pabouux mapametpos LY;

HaJIM4YMe CHEeMATN3UPOBAHHBIX PACUETHBIX MPOTrPaMM JUIsl ONpeeieHus 1 000CHOBAHUS
MpeIeIbHbIX HOPM U3MEHEHUs paboyuX MmapameTpoB.
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BosokoHHO-ONITHYECKHE JAaTYUKH
U MHTEJ/UIEKTYaJIbHbIE CEHCOPHbIE
CHCTEMBbI

O0snacTh NPUMeEHEeHHUs1: SHEPreTHKA, MAITMHO-
CTpOCHHME, IBUTATEIeCTPOEHUE, TPUOopocTpoe-
HUE.

Hasnauyenue: usMepeHue JMHEHHBIX IIepeMelie-
HU (OMeHuil MOBepXHOCTEH mocie Mex. o0pa-
OOTKH), 4aCTOTHI BpalleHus, ko3dduuueHron
OTpaKEHHSI MOBEPXHOCTEW; U3MEPEHHUE paclpe/ICICHUs IaBICHUS YIapHbIX BOJIH, HU3KUX
JTABJICHUH B TETJIOBBIX BO3/AYIIHBIX OTOKAX, IABJICHUH B CBEPX3BYKOBBIX JIBYX()a3HbIX MOTO-
Kax, JaBJICHUS B TUPO-ITHEBMOCHUCTEMAX U CMa304HbIX TJICHKAX.

IMpenmymecrBa:

*  MUHHATIOPHOCTH JaTYMKOB;

* TraJbpBaHMYECKas pa3Bs3Ka C OObEKTOM;

*  3ammTa HHPOPMALMOHHOTO KaHalla OT 3JI€KTPOMAarHUTHBIX U paJIMalliOHHBIX TOMEX;
*  BBICOKOE BPEMEHHOE U MPOCTPAHCTBEHHOE Pa3peIICHNE JATYNKOB;

* pabouwii quanaszon gAasnenus 0-20 Mmna;

*  BO3MOXXHOCTb pa0®oTsl pu Temneparype 10 10000 C B ummyinsce;

* [apaMeTpHUyecKas HaJCKHOCTb.

Kapauoananusarop «Ilyabc-M»

O0sacTh NpUMEHEHNs: MEIUIMHA.
Ha3unauenue: sxcripecc-o0cie[oBaHue cepied-
HO-COCYJIUCTOM CHUCTEMBI YEI0BEKa METOJaMU
(OHEHTOCKOIINH, MYJIbCOMETPUU U IIEKTPOKAP-
auorpagum.

IMpenmymecrBa:

*  KOMIAKTHOCTb;

* BO3MOXXHOCTh  TOJY4YEHHsS] BCECTOPOHHEM
nH(popMaIuu o cocyaax, HaCOCHOU QYHKITUN
ceplla U ero >JIeKTPUYECKON aKTUBHOCTH,
MoKa3aTessAX pacxoja U AaBJIEHUS MarucTpajJbHOTO KPOBOTOKA, a TaKkke Nepudepuieckoro
COTPOTHUBIICHUS COCY/IOB;

*  BO3MOXXHOCTH OTIpE/IETICHHS] CHHIPOMA CKPBITON THIIEPTEH3UH;

*  HaJu4Me IPOMKOM CBSI3U Ui MPOCITYIIMBAHUS TOHOB U ITYMOB CEpP/IIa;

*  OBICTPOE M KAUECTBEHHOE 00CIICIOBAaHNE TTAIIUEHTA;

*  BO3MOXXHOCTb IIPOBEICHUS Bpau€OHOr0 KOHCHIIMyMa B peajbHOM BPEMEHH.
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BHCKTpOHaFPEBaTeﬂbHaH TKaHb
C YIVIEPOAHBIMHA HUTAMHU

O0nacTe npuMenenusi: 3apaBooxpanenue, MUC, npomsii-
JI€HHOCTb, TYPU3M, OT/IBIX.

Ha3snayenue: 3eKTpoOHArpeBaTelIbHbIE IIEMEHTHI JUIs TIPO-
M3BOJICTBA CHEIMAIBLHON M OBITOBOM OJIEX/IbI, MEAUIIMHCKUX
M3IeTUH CrIeIaIbHOrO Ha3HaueHus1, o0orpesareneit s
MIPOMBIIIIJICHHBIX YCTAaHOBOK M CHICHUI aBTOMOOMIIEH.

IIpenmymectna:

* obecrieynBaeTcsi MSTKOCTh W TUTHMEHWYHOCTb W3MEIH,
CBOMCTBEHHAs XJIOMYAaTOOYMaKHBIM U JIbHSHBIM TKaHSIM;

*  BBICOKAs CTEIEHb AIEKTPOOE30MaCHOCTU U HAJICKHOCTH;

* paccuuTaHbl Ha pabOTy B LIMPOKOM JHAara3oHe TeMIle-
paryp U MOIIHOCTEH C UCHOIb30BAHHUEM HU3KOBOJBTHBIX
MCTOYHHMKOB MIOCTOSIHHOTO TOKA;

* TeMmeparypa Harpesa g0 +120 °C.

YcraHoBKa U1 perucTpaluy HAKOIVICHUS MOBPeKICHUM
U pa3pyuieHus MPHU UCIBITAHUAX MATEPHUAJIOB

O0snacTe NpUMEHeHHUsi: KOHTPOJIb COCTOSHUSL OTBET-
CTBEHHBIX 3J1eMeHTOB 00opynoBanus ADC, Terios-
HEPreTHKH, TPAHCIIOPTA, aBUALIMOHHONW U KOCMHUYECKON
TEXHUKHU.

Ha3nauenue: vccienoBaHue 1Mojied 0CTaTOUHBIX Ha-
IIPSDKEHUH B HATYPHBIX 3JIEMEHTaX KOHCTPYKLIMM.

IIpenmymecrBa:

* BBICOKas YyBCTBUTEJIBHOCTH METOAA HM3MEpPEHUil -
0.25 mxm Ha uHTEpP(HEPEHITMOHHYIO TIOJIOCY;

*  BO3MOXXHOCTh TOJYYEHHS HEOTPAaHUYEHHBIX 00be-
MOB 3KCIIEpUMEHTAIBHON HHPOPMAIIHH;

*  BBICOKAs TOUHOCTh PE3yJbTaTOB HCCIIEI0BAaHUI;

*  BO3MOXXHOCTH HCCJIEZIOBAaHHUS BBICOKOTPAJAMEHTHBIX
MOJIEN HaIPSKEHUI;

*  MUHHMMAaJIbHbIE MaccorabapuUTHbIE XapaKTEPUCTUKH;

*  BBICOKas HAJCKHOCTh U YPPEKTUBHOCTB;

* BO3MOXHOCTh TPUMEHEHUS B CTAallMOHAPHBIX £ g
¥ TIOJIEBBIX YCIIOBHSX. e

Hompmon [0 3 [3w] [0SR sem R = 2 - Farun

- hmd €+ Mo
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Fa30[mHaM1/mec1<0e HAIIbIJICHHUEC MEIU

ObsacTh NpUMEHEHUs: MAITUHOCTPOCHHE.
Hasznauenue: M3roToBJeHNE U BOCCTAHOBJICHUE
M3HOILIEHHBIX MOBEPXHOCTEH JieTane, KOHTAKT-
HBIX TIOBEPXHOCTEH 2IEKTPOTEXHUIECKOTO 000py-
JIOBaHUs1, OTIOPHBIX MTOBEPXHOCTEN y3JI0B TPEHHUS,
UCTIPaBIIEHUE TEXHOJIOTHYECKOTO Opaka (pakoBU-
HbI, TPEUIUHBI U T.11.).

IIpeumymecrBa:

. TOJIIIMHA CJI0S MEIH 10 3 MM;

. BO3MOXXHOCTh HAaHECECHUS MEIH Ha JIOKaJIb-
HbIC ¥ OOJIBIIINE YYaCTKU TTOBEPXHOCTH;

. Harpes Nnoju10kku He Boie 120 °C;

. BO3MOKHOCTh MPUMEHEHHS B CTAl[MOHAp-
HBIX U TIOJIEBBIX YCIOBUSX;

. TBEpAOCTh NOKphITHsA 10 1200 Ml]a;

. anre3us co cranbio 10 50 MIIA;

. YIIETIbHOE DJIEKTPUYECKOE COMPOTUBIICHUE
0.034 Om/MMm>M;

. MIOPUCTOCTD MOKPBITUS 4-8 %o.

Fa30z[nHaanec1<0e HaNlblVICHUEC IMHKA 1 HUKEJIA

O0s1acTh IPUMEHEHUsI: CTPOUTENIBCTBO, YHEPTe-
THKa U MalllHHOCTPOEHHUE.

Ha3zHnaveHue: MOBBIIIEHNE CONPOTUBICHUS
CBapHBIX COEIMHEHUN TPyOOIPOBOIOB, METAIIIH-
YEeCKUX KOHCTPYKIMH U COOPYKEHUI OT BO3/1EH-
CTBHSI KOPPO3UOHHOM U KOPPO3HMOHHO-a0pa3UBHOM
Cpepl.

IIpenmymecrBa:

e TonuMHa nNokpeitus A0 0.5 mm;

*  BO3MOXHOCTh HAaHECEHME IIMHKA M HUKEJS Ha JIOKAJbHBIC U OOJIBIINE YIaCTKU TOBEPXHO-
CTH,

* HarpeB nomIoku He 6onee 120 °C;

*  BO3MOXXHOCTb IPUMEHEHUS B CTAL[MOHAPHBIX U MOJIEBBIX YCIOBUSX;

* pabouwmii quama3on Temmeparyp ot 0° mo 540 °C;

*  TBEpAOCTb HUKeNEeBOro nokpeitus 10 800 Mlla;

*  TBEPAOCTb LIMHKOBOTO MOKPHITUA 10 600 MIIA;

*  TOPUCTOCTb NOKPHITUA 4-8 %0;

*  IIOBBIIIEHUE CONIPOTUBIIEHMS KOPPO3UU HU3KOYIIIEpOAUCTON cTanu 10 40 pas.
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Anmnaparypa ¥ nporpaMMHoe odecredyeHue
JJIS1 PerMCTPAlMHU MPOLECcCa HAKOIJICHHUS IOBPEKICHNH
U pa3pyLieHHs PU MeXaHUYEeCKHUX MCIBITAHUAX

Obaactb NPUMCHCHUSA 0611_[66 MalIMHOCTPOCHHUEC, DHCProMa-
IMMUHOCTPOCHUC, aBUAITUOHHAA TPOMBINIJICHHOCTDL, TPAHCIIOPT-
HOC MAIIMHOCTPOCHUEC U CYJOCTPOCHUC.

HasHauyeHue: ucciaeaoBaHue IponEeCCOB Pa3BUTHUS IJIACTUYC-
CKHX I[e(I)OpMaI_[I/Iﬁ 1 HAKOIIJICHHUA HOBpC)KI[CHPIfI IIpU UCIIbITA-
HUAX MAaTCpUaJIOB.

IIpeumyimecrBa:

*  BO3MOXXHOCTb PErHCTPUpALMH CHEKI-UHTEPPEPOrpaMMBbI
TOJICH MepeMeNIeHUH B IJIOCKOCTH 00pasiia B €ro MpoI0Jib-
HOM U MOIEPEYHOM HalpaBICHUSIX;

*  BBICOKasl YyBCTBUTEIBHOCTh U3MepeHuil - 0.25 MKM Ha HUH-
TephepeHIIMOHHYIO TIOJIOCY;

*  CKOpOCThpeructpamnuu uatepdpeporpamm—ue meree 30 kaj-
pOB/CEK.

METOI[I/IKa H HpOFpaMMHbIﬁ KOMILJICKC IJIsI OHCHKH IMapaMETpoB
HaAIIPAKCHHOI'0 COCTOAHMA M PasMEpoB I[eq)EKTOB MaTepuajioB

O0sacTh NpUMeHeHUsi: PHEPrOMAIIMHOCTPOEHHE, aBUALIMOHHASI TEXHHUKA, TPAHCIIOPTHOE
MaIIMHOCTPOEHUE U CYIOCTPOEHHUE.

Hasznauenmue: onpeneneHue HaAMPsHKEHUN, YCHIIMA, OCTaTOYHBIX HAIIPSDKCHHH (B TOM YHCTIe
BBICOKOTPA/INEHTHBIX ), pa3MepoB Ae(PEeKTOB, Jerpajalliy CBOMCTB MaTepUaIoB B HATYPHBIX
YCIIOBUSIX.

IIpenmyimecrsa:

*  MPOrpaMMHBIN KOMIUIEKC 00ECIIEYMBAET BCE ATAIBI HCCIEI0BaHUS OT (POPMUPOBAHHS Mac-
CHBa AKCIIEPHUMEHTAIBHBIX JaHHBIX IO MPOBEPKH aI€KBATHOCTH IOyYEHHOTO PEIICHUS;

*  DKCIEpUMEHTaJbHAas HH(POPMALIUS PETUCTPUPYETCS HA OCHOBE JIEKTPOHHO-IU(POBO HH-
TepdepomeTpun u Koppensaunu nu(pPOBBIX U300pAKESHUH.

. WsmeHeHme 3HaueHWiA uenesol cyHKUMK

| T i T T T ) W MCKOMbIX NapamMeTpos B npouecce

PacnpeneneHue KUH no qpoHTy pelleHns  3aaauuM MUHUMM3aLMK
TpelmnHbI
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Anmnaparypa ¥ nporpaMMHoe odecredyeHue
JJIS1 PerMCTPAlMHU MPOLECcCa HAKOIJICHHUS IOBPEKICHNH
U pa3pyLieHHs PU MeXaHUYEeCKHUX MCIBITAHUAX

Obaactb NpUMEHECHMSsI: aBUAITMOHHAA U KOCMHNYECKasA TEXHUKA, TPAHCIIOPTHOE MAITMHOCTPO-
CHUC, CTPOUTCIIbHBIC KOHCTPYKIHUH.

Hasnauenue: ONPCACIICHUC KOHCTAHT YIIPYTOCTU H3OTPOIIHBIX U aHU30TPOITHBIX KOMITO3UT-
HBIX MaTCpUaAJIOB; U3YUCHUC BAZKOYIIPYTOTO IMOBCACHUSA MOJIUMCPHBIX MAaTCPUAJIOB.

IMpeumyiecrBa:

*  KOMIIAKTHOCTbH amnmnapaTypbl;

*  BO3MOXXHOCTH NMPUMEHEHUS B IOJIE-
BBIX YCIIOBUSIX;

*  BBICOKas TOUHOCTh PE3yJbTaTOB;

*  HaISAHOCTH [IPE/ICTABIICHHUS PE3YIIb-
TaTOB HCCJIEJOBAHMIA: IOCTPOCHUE
quarpaMM  YIpyroruiacTU4ecKoro
nedopmupoBanus (MUKpPOILUIACTHY-
HOCTH M TOJ3Y4YECTH) MPU OTHOO-
CHOM U JIByXOCHOM HAIpPSKECHHOM
COCTOSTHUSIX.

MHorokaHaJbHbIe 103aTOPBbI I (PACOBKHU KUAKUX
U MOJYKHAKHUX MPOAYKTOB

O0nacTh NpUMeHeHHusi: THIIeBast, (apMalleBTUIECKas U IPYTHe OTPACITH MPOMBIIIIICHHOCTH.
Ha3naueHnue: BBICOKOTOYHOE JO3UPOBAHUE PA3IMUHBIX KUIKHUX, TOTYKUIKUX U TPYAHOTEKY-
YUX MPOAYKTOB.

IIpenmyiecrsa:

*  YHOPOLICHHE U YJCIIEBICHUE KOHCTPYKLUH MMPOAYKTOBOTO TPAKTA;

*  TOBBIIICHHBIH YPOBEHb TUTUCHBI PO3IIUBA;

*  MOBBIIICHHAs TOYHOCTH Jo3upoBanus (10 0.8-0.9 % npu oObemax go3upoBanus — 15-20 cm?);
*  yYMEHBIICHHAS CTENEHb OKUCIUTEILHBIX MPOLIECCOB B POIYKTE;

*  BBICOKOE OBICTPOJICHCTBHUE;

*  KaueCTBEHHBIN PO3JIMB a3PUPOBAHHBIX IIPOIYKTOB.
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MeToauka u 000pya0BaHue 1JIsl ONPeAeIeHUsI MEXAaHUYEeCKUX CBOMCTB
TOHKHX NIOBEPXHOCTHBIX CJI0€B MATEPHUAJIOB M MOKPHITHH

O06sacTh NpUMEHEHNsI: MAIIMHOCTPOCHHUE.
Ha3unauenue: viccrneoBaHue MUKPOTBEPIOCTH U MEXaHUYECKUX CBOWCTB Marepuanos 1o [SO/
DIS 14577 -1:2002.

IIpenmymecrBa:
*  aBTOMAaTUYECKOE OIpe/IeIeHHEe MUKPOTBEPAOCTH U MOJYJISL YIIPYTOCTH;
e Juana3oH u3MeHeHus Harpysku: ot 10 MH no 10 H;
*  MakcUMajibHas IIyOWHA NPOHUKHOBEHUS HHeHTOopa — 200 MKM;
*  MMHHUMAaJbHBINA JUHEHHBIN pa3zMep 00pa3noB — 10 MMm;
*  YyBCTBUTEJIBHOCTH: 0O Harpy3ke — 100 mxH, 1o rryOuHe BHenpeHus — 1.5 HM;
* ompeneneHue KodpuimeHTa TpeImmuHOyCTOHMYHBOCTH;
*  HaNISAHOCTb MPEJCTABICHUS PE3YIbTAaTOB:
* o0Opabotka pe3ynbraroB 1o metogam Onuepa-dappa u Maprenca;
* IOCTpOEHHUE rpaduKa 3aBUCUMOCTHU INTyOUHBI IPOHUKHOBEHUS OT CUJIBI B PEaJIbHOM Bpe-
MEHH;
*  BHU3yaJu3alus pe3yJIbTaTOB MUKPOUHCHTUPOBAHMUS;
*  ynIyOJeHHBIN aHAJIU3 Pe3yabTaTOB UCCIIEIOBaHUI.

ABTOMATH3MPOBAHHAS YCTAHOBKA HU3KOTEMIIEPATYPHOI MJIa3MeHHO
00padOTKM MOBEPXHOCTHOIO CJIOSI T€OMETPUYECKH CJ0KHBIX U3AeTUil

O0snacTh NpUMEHEeHHsI: MalIMHOCTPOEHHUE.

Ha3znaveHnue: MoBbIIIEHHUE TBEPIOCTH, aOpa3sUBHOMN, KOPPO-
3UOHHOM, 3PO3MOHHON CTOMKOCTH U YJIy4YIIEHUE IEPOXOBa-
TOCTHU TIOBEPXHOCTH 00pabaTHIBAIOIIETO HHCTPYMEHTA.

[Ipeumymecrsa:

ITon BO3aEHCTBHEM CBEPXBBICOKOYACTOTHOTO DJICK-
TPOMarHUTHOTO M DJIEKTPOCTATUYECKOTO MOJIEN
MOBEPXHOCTHBIN CIOW u3enus Ha mIyOuHy 10 5
MKM pacIlIaBJISETCS U MPOUCXOJUT €ro Mpeodpaso-
BAaHHUE B BBICOKOIIPOUYHYIO CTPYKTYPY, COCTOSLIYIO
U3 HaHOKJacTepoB, pazmepoM 30-200 M, uTo o0e-
CIICYMBACT:




COKpallieHHe BpeMeHu 00padboTku 10 1.5-20 muH., BMecTo 4-22 yacoB npu 00paboTKe Apy-
TUMH METOJIaMU;

COXpaHEHHE HEU3MEHHOCTU UCXOAHON T€OMETPUU U3AENus;

CHIDKEHHME IIEPOXOBATOCTH IMOBEPXHOCTH AeTanel B 1.4-2,9 paza;

MOBBILIEHHE U3HOCOCTOMKOCTH MTOBEPXHOCTH nieTaneit B 2.35-5.0 pas;

cHmkenue suepronorpednenus 1o 0.9 kBt mo cpasuenuto ¢ 30 kBt (B cpennem) y aHa-
JIOTOB;

ymenbpmieHue B 1.5-10 pa3 cTOMMOCTH yCTaHOBKH, IIO CPAaBHEHHIO CO CTOMMOCTBIO yCTa-
HOBOK JUIsl JJa3€pHOM, MIa3MEHHON, XUMHUKO-TEPMUYECKONH 0O0paOOTKU M yCTAaHOBOK JUJIS
HAaHECEHUS NOKPBITHM.

IlepeHoCHBIE B3pbIBOPEAKTHBHbIE KOMILJIEKCHI
nJist 0ypo-B3pbiBHbIX padoT (IIBPK)

O0sacTh NPUMEHEHHUsI: CTPOUTENILCTBO U I€0JI0r0-pa3Bel0uHbIE paOOTHI.
Ha3nauenue: npoBeieHne NHKEHEPHO-CTPOUTENIBHBIX PA0OT B CI0KHBIX TOPHO-TE0JIOTHYE-
CKHX M KJIIUMaTHYECKUX yCIIOBUSX.

IIpenmymecrsa:
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BO3MOYKHOCTb ITPOU3BOJCTBA CKBAKUH IITyOnHOM 710 30 M, »

quametpoMm ot 0.2 1o 1 M u TpaHuIel MUpUHON 10 S M B ;
MEp3JIbIX IPYHTaX U CKaJIbHBIX I10POIAX;

ABTOHOMHOE yJaJICHHE pa3pyllaeMbIX Ha 3a00€ Mopoj Ha ‘

paccrosinue 110 30 M, ¢ BO3MOXHOCTBIO (POPMHPOBAHUS y
JIOPOYKHOM HACBIIIH;

BpeMsi TOATOTOBKM M TIPOM3BOJCTBA PabOT C OIHMM BY.76 BY-14uBY.21 BY-7A
[1BPK — ne 6onee 5 MunyT;

Macca KOMIuIeKca He Ooiiee 45 Kr, pa3beMHBIX MOJYJIEH U
npubopoB — He Oonee 10 kr;

rabapuTHbIe pa3Mepbl: Beicota — OT 337 mo 870 mm, nua-
meTp — oT 180 1o 320 mm; ¥
pabouwnii quanaszon temmeparyp — + 50 °C; BY.7E

CKBa?ﬂPﬂ-la,
YUCICHHOCTD OOCIY)KMBAIOIICTO IEPCOHANA — 2 YENOBE-  pepen paGoroii o6 pasosanasn
Ka) B TOPHBIX
ABTOHOMHOCTb U BO3MOXKHOCTb JIOCTaBKM B TPYIHOIO- nopogax
CTYIIHBIE PaliOHBI JIFOOBIM BHJIOM TPAHCIIOPTA, B T.4. BPY4-
HYIO;

BBICOKAs SKCIUTyaTallMOHHAA HAAC)KHOCTD.



ABTOMATH3MPOBAHHAA JUHHSA JJI51 JIA3ePHOM HAILUIABKH U YIIPOYHEHUS

O06sacTh NpUMEHEHNsI: MAIIMHOCTPOCHHUE.
HasnauyeHue: NOBBIILIEHUE SKCILTYaTAIIMOHHBIX XapaKTEPUCTUK U3EIUN MAIIMHOCTPOCHUS.

IMpeumyimecrBa:

* IIpumeHeHMe BHICOKOYACTOTHBIX KOJIeOaHUMN
c(hoKyCHpPOBaHHOTO JIa3€pHOTO Jy4a M03BO-
JISIeT MOBBICUTH MPOU3BOIUTEIBHOCTH 00pa-
6otku B 1.8-2.5 paza B cCpaBHEHUU C Tpaau-
IIMOHHOM 00paboTKOM pachOKyCHPOBAaHHBIM
Jy4OM;

* IIpumeHeHMe BHICOKOYACTOTHBIX KOJeOaHUM
c(hOoKyCHpPOBAaHHOTO JIa3epHOTO Jy4a M03BO-
JISIeT MOBBICUTH MPOU3BOIUTEIBHOCTH 00pa-
6otku B 1.8-2.5 paza B cpaBHEHUU C Tpaau-
IIMOHHOM 00paboTKOM pachOKyCHPOBAHHBIM
Jy4OM;

* BoccranoBienne u MocioWHas HarjaBKa
HOBBIX JIeTaJIel CTAaHKOB, IIITAMIIOB C IIPUMe-
HEHUEM T'a30BbIX, BOJIOKOHHBIX, JUCKOBBIX U
TBEPAOTENbHBIX JIA3€PHBIX YCTAaHOBOK IIO-
BBIIIACT pecypc padboThl u3enuii B 2-4 pasa.

MamuHa TpeHus 1l NPEeU3UOHHOI0 U3MEePEeHUs CUJI TPEHUS
B paauajbHbIX nmogmunaukax kayenus (PIIK)

O0snacTh NpUMEHEeHHsI: MalIMHOCTPOEHHUE.
Ha3nauenue: noBbllIeHNE pecypca U3IEIUN
MAaIIMHOCTPOCHHUS.

IIpenmymecrna:

* ofecneynBaeT HEMpPEPHIBHOE H3MEpEHHE
u3HOCca 0e3 pa3beTUHEHUS 30HbI TPEHHUS;

*  [I03BOJISIET U3MEPSTH CUIIbI TpeHUs 0e3 ma-
Pa3UTHBIX MOTEPh B YCIOBUSAX COXPaHEHUS _
IIOCTOSIHCTBA JIIIOPHI JaBICHUM; .

* OLEHUBATh Ka4e€CTBO IPELU3HOHHBIX MOA-
LIMITHUKOB, 3KCIUTyaTUPYEMBIX B 3KCTPEMAaJIbHBIX YCJIOBUAX OTPAHUYEHHOW YHEPrOBOOPY-
JKEHHOCTH 00BEKTA;

*  MOXET SBJISTHCSI OCHOBOW CO3/1aHUsI HOBOT'O KJlacca UCIBITATEIbHOIO U3HOCOMETPUUECKOTO
000pyI0BaHUS.
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3D npuHTEp A AAAMTHBHOIO MPOU3BOACTBA TMOKUX MHOTOCJIOMHBIX
MEeYATHBIX IUIAT U3 MOJMMEPHbIX MATEPUAJIOB

O0sacTh NpUMeHeHHUsi: aJIUTUBHOE IIPOU3BOICTBO.
HasnaueHue: mpou3BOACTBA TMOKMX MHOTOCJIOMHBIX MEUaTHBIX IUIAT U3 MOJUMEPHBIX MaTe-
pHaoB.

IMpeumyiecrBa:

[IpunTtep, Ha OCHOBE MeXaHU3Ma Mapajlieib-

HOM CTPYKTYpBI, BBIXOJJHOE€ 3BEHO KOTOPOTO

uMeeT 4 CTenmeHu CBOOOABI, pean3yeT 3KC-

TPYIMPOBAaHUE IMACThl M CTPYHHYIO Meyarh C

nocienyrmel (Goronoaumepusanuei, UMeeT

HU3KYIO CTOUMOCTB U 00€CIIeUnBaeT:

* MepeMelleHre 2-X MeYaTaiuX roJoBoK B
pabouem npoctpanctBe 150x150x50 mm ¢
TOYHOCTBIO MEHEE 2 MKM;

*  yBEJIMYEHHE CKOPOCTH IMPOU3BOACTBA Iie-
YaTHBIX IUIAT JII000H CII0KHOCTH;

*  MMHHATIOPU3ALUIO, CHIDKEHUE Maccorada-
PUTHBIX XapaKTEPUCTUK U TPYAOEMKOCTH
W3TOTOBJICHUSI AJIEKTPOHHBIX YCTPOMCTB
3a cueT 0OBEMHOM KOMIIOHOBKH MEYaTHBIX
IUIar.

90



IIpudop nis usmMepenusi PU3NKO-MEeXaHUYECKUX CBOMCTB BHYTPEHHUX
MOBEPXHOCTEH CKBO3HBIX M IIyXuX orBepcTuii - HTIOM-1

Obaactb NPUMEHECHUsI: MAINNHOCTPOCHUE.
Hasnauenue: HU3MCPCHUC (I)I/I3I/IKO-MCX8.HI/I‘IGCKI/IX CBOICTB BHYTPCHHUX HOBCpXHOCTeﬁ CKBO3-
HBIX U TTTYXHUX OTBCpCTI/Iﬁ B PCIKUMC OAHOT'O0 TCXHOJIOI'MYCCKOIO Mponecca NNarHoCTUpPOBaHUs.

IIpenmymecrsa:

JMarHOCTUPOBAHUE TBEPAOCTU M MOAYJS YIPYTOCTH METOJIOM M3MEPHUTEIBHOIO MHIACHTH-
pOBaHUs, U3MepeHHe NMPo(UIs MOBEPXHOCTH B PEKUME MOTYKOHTAKTHON CKaHHPYIOLIEH
30HI0BOM MMUKPOCKOIIMH U pacyeT apaMeTPOB HAHOLIEPOXOBAaTOCTH;

yrpaBieHue paboToil U3MEPUTEIHHOTO MOYIISI U CheM M3MEPUTENbHON HH(pOpMaluy mpo-
M3BOJIUTCS TOCPEICTBOM CIELUATM3UPOBAHHOTO MPOTPAMMHOI0 00€CTICUEHUS;
BO3MOYKHOCTb IPOBEIEHUS U3MEPEHHUN B PEXKMME OJTHOTO TEXHOJIOIMYECKOTO Mpolecca Ju-
arHOCTHPOBAHMS;

MUHHMMAaJbHBIN quamerp orBepcTus — 30 MMm.

BO3MOYKHOCTb ITPOBOJIUTH U3MEPEHHUS HA PAaCCTOSIHMM OT cpe3a oTBepcTust 10 10-kpaTHOro
3HAUEHMsI JMaMeTpa OTBEPCTHs, B JMANa30He ITyOMH BHEAPEHUS OT eIUHHI] HAHOMETPOB
JI0 IECSATKA MUKPOMETPOB, T.€. B JUAMa30HE, IEPEKPHIBAIOIIEM YCTAHOBICHHBIE CTaH1apTa-
MU [TyOMHBI BHEIPEHUS I IPOBEIEHUS U3MEPEHUSI HAHOTBEPIOCTH U MUKPOTBEPIOCTH.
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