Ilepeyenb HayuHoro ooopynosanusi LHIKII «CocraB, cTpyKkTypa M ¢BOMCTBAa KOHCTPYKIUMOHHBIX U (PYHKIIMOHAJIbHBIX MATEPHAJIOB)
HUII «KypuaroBckuii uHcTuTyT» - HHUU KM «IlpomeTeii» mo cocrosinuio na 01.02.2025 r

HanmeHoBaHMe eTUHM- H3roroBurein,
Ne Mapka Ha3HayeHMe U TeXHHYeCKHe XapaKTePHCTHKH
1l 000pPYA0BaAHUS ro/i BBINMYCKAa
1 2 3 4 5
HccnenoBaHne TOHKOM CTPYKTYPBI MaTEPHAIOB, KPUCTAIUIO-TEOMETPHIECKAs aTTECTALUS U ONpPEAEIICHUE
JIOKaJHHOTO XMM. COCTaBa HaHOpa3MepHBIX BheneHni. Paspemenne 0.20 aM, [(nanason yBennuernit 60 x —
1 IpocBeunBarOIIHii dIIEK- Tecnai G2 30F S- FE| 2007 1000000 x.
TPOHHBIN MHKPOCKOTI TWIN STEM ' OcHaméH YHEPTOAUCTICPCHOHHBIM PEHTTC€HOBCKUM aHAJIN3aTOPOM H CIIEKTPOMETPOM TIOTEPh SHEPTHH HJIEK-
TPOHOB, 00ECTIEUNBAIOIINMH aHATIN3 JIEMEHTHOTO COCTABA.
Hcrounuk anextpoHos: 50 - 300 kB
CxaHupYIOMUI 3JIEKTPOH-
HBIIl MUKPOCKOII C CUCTe- s nccnenoBaHus HOBEPXHOCTH MaTepUalIOB Ha MUKPO- M HAHO- YPOBHE, N3y4eHUs GOPMBI M pa3MepoB
2 | Moii onpenenenus suie- Vega 5136-LM Tescan, 2009/2019 | wacTHL, CTPYKTYPHBIX COCTABIISIOLIMX MATEPHAIIOB, MPOBEACHUS QpaKkTOrpapMIecKuX UCCIIeI0BaHMUI, H3yde-
MEHTHOTO cocTaBa (Mo- HUSI DJIEMEHTHOT'O COCTaBa, PACIpeIeNICHHs] PAa3INYHBIX (Pa3 M XUMHUYECKHX JJIEMEHTOB
JICPHU3HPOBAHHBIH)
JunatomeTpudecKnii aHaIu3 B yCIOBHUAX CTATUYECKOTO U IMHAMUYECKOTO Harpy>KEHHS CKaTHEM U PacTsi-
JkeHueM. Bo3MOXHOCTE pabOTHI B 3aKaJIOUHON | JeOPMAITMOHHON CHCTEMax.
Huamazon temneparyp 20 °C - 1500 °C
BricoKOCKOpOCTHOH nie- IIpuHiyn HarpeBa: UHIYKTUBHBIN
3 | ¢popmanmoHHbIil qUIaTO- DIL805A|D Bahr, 2012 ATMocdepa: 3aIIUTHBIH ra3, BaKyyM, BO3IyX
MeTp Paspematonias cnocobHocTs: 0,05 Mxm / 0,05 °C
Ycunue nepopmanuu: Makc. 25 kH
Ckopoctb aedopmaumu: 0,001 — 20 ¢
HUcrunnas crenens nedopmannu: 0,05 — 1,5
PeHTreHOCTPYKTYPHBIH 1 peHTreHO()a30BBIH aHATIH3 MaTepruaoB. MHOTOIEIEBOW PEHTT€HOBCKHH JIH-
(hpaKTOMETp C MOTHOCTHIO aBTOMAaTHUECKON IOCTHPOBKOMN BCEH CHCTEMBI
P " - Pertrenosckas tpyoka Cu, Fe, Cr, Mo, momHocTs 1,5-2,5 kBT
SHTI'€HOBCKHUH Audpak-
[tima IV Rioaku - MouHocTs reseparopa 3 kBt
4 | TOMCTP € KOOPAHHATHLIM v gaxu, - 'eomerpus ronnomerpa Beprukanbsueiid, Teta -Teta
nerextopoM (Mogepuusu- | Tum 11 2008/2019
poBaHHbIi) - Pagnyc r0Hnopv/1eTpal85 — 285 mm
- Munumanessii mar 2 Tera 0,0001°
- lllenu pacxoaumoctu ABToMaThueckue 10 20 MM
- FOcTupoBKa peHTTeHOBCKOM ONTUKH ABTOMaTHYeCKast
Jlis n3MepeHust MUKPOTBEpJOCTH METAJIIOB U CILUIaBOB 10 IIKanaM Bukkepca B cootBercTBuM ¢ [OCT
9450 -76.
Juana3zon u3MepeHuil TBeproctu no mkane Bukkepca: ot 5 1o 2000 HV
5 | MukpotBepaomep DM8 AFFRI, 2006 [Ipenensl nonyckaeMol OTHOCHTENILHOM MOTPENIHOCTH 3MepeHus TBepaocT £5.0%

HUcnrerrarensaeie Harpysku 0,09807; 0,2452; 0,4903; 0,9807;1,961; 2,942; 4,903; 9,807;19,614 H
VYBemmuenne 10x,40 x [Imamazon n3mepenus 0,25 MM Paspematomias cnoco6HocTs 0,0001 MM
Pabouee mpoctpancTBo: 1Mo ropu3oHTaIH 160 MM, 10 BepTHKamu 120 MM




OmnpeneneHnss MEXaHMYECKUX CBONCTB (yIapHOMU BSI3KOCTH) BBICOKOIIPOYHBIX MATEPHAJIOB 110 METOLY
[Mapmu cormacHo TOCT 9454. DHeprus paspyimeHus oopas3ia Marepraia onpeAeIsaeTcs: P MTOMOIIH OTpe-

6 | Komep MassTHUKOBBII Metrocom -300 Metrocom, 2005
JICTICHUS! Pa3HULbI MKy PUKCHPOBAHHBIM YIJIOM IOJIOKEHHUSI MasTHAKA M YTIIOM BO3BpaTa Mocie yaapa oo
uccieyeMbli oopaserl.
[IpoBeeHNE CTATHYCCKUX MEXaHHYCCKHUX UCITBITAHHI 00pa3I0B METAIIOB M IPYTHX MaTepHAIOB Ha pacTs-
JKEHUe, coKaTue, U3rud. MalmHa ¢ cepBo-3IeKTpOMeXaHnIecKiM puBogoM Haunbonblas npenenbHas
7 | Pa3peiBHas MammHa 5585H INSTRON, 2006 ’ ’ p P o PHBO o o pen
Harpy3ka 250 kH. TounocTts n3mepenust Harpysku +0,5% B anamazone 0,2%-100% oT BeIHIMHBI TEKYIIETO
3HaueHus. [lorpenrHocTh CUCTEMBI U3MEPEHHS TTIepEMEIICHUS TpaBepchl /medopmanuu oopasia 0,01 Mmm
e OmpejeneHne CoaepKaHms yriepo/a, a30Ta, KUCIOpoa U cepbl aOCOPOLOHHBIM METOIOM, HIpe/Ielt
oOHapyxeHusi. TOYHOCTH M BOCIIPOU3BOIMMOCTh HA YPOBHE HIXKe 1 ppm.
8 Kowmiuieke razoananusaro- | LECO CS-230, TC- | LECO e VYraepox: ot 0,0004 o 4,5%
poB 400 2006 e Cepa: ot 0,0004 no 0,4%
e Kucnopoa: ot 0,00005 no 0,2%
e Asor: ot 0,00005 no 3%
AHanu3atop MarHUTHBIX Cpenypanamernpom AHA/IH3 MATHHTHBIX CBOMCTB MaTepHanoB. M3MepeHie MarHHTHO IPOHMIAEMOCTH ¢ TOYHOCTHIO 10 1073
9 . HNmnac, MC3-UOM
U DJIEKTPUUECKUX CBOMCTB , 2008 B nuanaszone ot 1,001 mo 4,00
AHann3 XUMHYECKOTO COCTaBa MaTepuaioB, onpeaeneHue ooyee 85 amemento ot B (z=5) mo U(z=92)
- KaprupoBanue pacnpeneneHus 31eMeHTOB ¢ marom 250 MKM.
-JlokanbHblit aHamu3 B Touke @ 500 MKM € MOMOIIBIO MUKPOKOJIZTIMATOPOB U BCTPOEHHOH 1] poBoii Ka-
Penrrenoguyopecuent- MepbI
10 | Penrrenoduyopecn XRF-1800 Ilumazzy, 2008 P y
HBII CLIEKTPOMETP - olpe/ieJIeHNEe TOILIMHBI M DJIEMEHTHOTO COCTaBa HEOPTaHWYECKUX IMOKPBITHH
- Pasmep o6pasma: 51 mm B muamerpe, BbicoTa 38 MM.
- ABTOCamIuiep: 8 mo3uuui.
- AT™Mocdepa aHanmu3a: BO31yX/BaKyyMHPOBaHHE.
Hcnonp3yeTcs AJsl OTNpeeNIeHNs SJIEMEHTHOTO COCTaBa BELIECTB U MATEPHAIIOB 110 YMUCCHOHHBIM CIIEK-
TpaMm (METaJUIOB U CIUIABOB, JIMTATYP, CBAPOUHBIX MATEPHAJIOB, B TOM 4Kcie ¢uitocoB). [IpenHa3HadeH s
ATOMHO-9MUCCHOHHBII MHOT03JIEMEHTHOT'O aHAITU3a XKHUKHX 00pa3IoB, paCTBOP KOTOPHIX BBOAUTCS B IIa3My B BHIIE a3pO30JIsl JUIs
11 | cnekTpoMeTp ¢ MHAYKIHU- Optima-9000 Perkin Elmer, 2009 | mony4enus crnektpoB. CriekTpaibHbIil Auana3oH ot 163 o 782 M. OnTrka 601bLUIOT0 pa3Mepa JaeT BbICO-

OHHOH IUIa3MoM

KYIO CBETOCHITY DIIIeIuIe MOJIMXPOMaTOpy CO CKpEIleHHOW aucnepcueil. Paspemaronias criocoOHOCTH sryyine
0.004 uM npu amrHe BosHBI 193 HM.. CHAaOKeHa IPUCTaBKON FeHepaliiy THAPHUIOB, KOTOPBIE MTO3BOJISIOT
OIIPEIEIATh TUAPOo0OpasyIoIIne MpuMecH 0e3 BIMSHUS MaTPHUILIBI




PeHTreHoBCKUM BOJTHOBOM

JIiist BBICOKOTOYHOTO aHaIH3a XUMHUYECKOTO coctaBa mpob ot Be 1o U ¢ mpexenamMu oGHAPYKEHHS 3JIEMEHTOB
Ha ypoBHE oT foseid ppm go 100%.
B03M0OXHOCTH NPOBECHUSI KPYTIIOCYTOUYHOTO IKCIPECC-KOHTPOJIS B YCIOBHUSAX HATPY>KEHHOTO M 3alBUICHHOTO

12 | mocnenoBarenbHe criek- | AXios “Panalytical”, 2009
TpoMeTp npou3BoacTBa. CHCTeMa MpeABAPUTEIHHOTO BaKYyMHUPOBAHHS MTPOOBI, KOJJIEKTOP cOOpa MBLIH
Juano3oH onpezaenseMbIx 3JeMeHToB ot Be o U.
[Ipenensl oOHapykeHUs dJIeMEHTOB Ha yposHe oT 0,5 10 5 ppm.
Pentrenosckast TpyOKa — ¢ TOpPIIEBBIM OKHOM, Max Hampsbkenue 60 kB
st onpenenenns a3ora, KUCJIOpOAa U BOAOPOJa U UCIIOJIb3YET B KadecTBe raza Hocuress - renuit 1 UK ne-
TEKTOp Ha BOJOPO/I.
1. lnamna3oH u3MepeHruid MacCOBOU JIOJIU:
-a30ora 0,5-10°-3 %
- kucnopoxa 0,5:10°-3 %
- BOJIOpoOIa 1-10'5-0,25 %
2. Ilpenensl 1omyckaeMoi OTHOCHUT. IOTPEIIHOCTH U3MEPEHHU MacCOBOM JJOJM B IMaNla30HaX U3MEpEHuit 10 2
13 l'azoananuzarop Kucio- TCH-600 Leco, 2009 MITH BKn}oq._l R
poaa, a30Ta U BOAOpoJa cBbiie 2 MiH - 10 10 muH - —+£50%
cabime 10 mn™ 1o 200 M — +30%
cebimre 200 Mita™ — £20%
3. IIpenen nomyckaemoro otHocHT. CKO ciry4aifHO# cocTaBIISIONIEi MOrpenTHOCTH N3MEPEHI MacCOBOM
JIOTIH:
- a3oTa 4%
- kucsopozaa 6%
- Bozopoxa 7%
M3mepenne TemonpoBoIHOCTH CTaIeH U CILIaBOB B AnanazoHe Temneparyp -70 - 1500°C u unrepBaie
terutonpoBoaHoctel ot 0,5 10 2000 Br/mMeK
Komrieke ams u3mepeHust Netzsch Pasmepst o6paszmos: 10... 25,4 mm (vomr 8x8 nmm10x10)
14 | TenmodpusnuecKux LFA 457/2/G 2008 /20’09 Cxopocts HarpeBa/oxmaxaenus: 0,01...50 K/mun
CBOMCTB OHeprust UMIyJbca j1azepa: 1o 18 Jx/mMIrynse (FocTHpyeMast MOIITHOCTD)

Junana3oH u3mMepseMbIX BEIMUUH TemnepaTyponpoBogHoctu: 0,01...1000 MM%/c
Jnana3on u3mMepseMbIX BeTuduH TeruronpoBoanocty: 0,01...2000 Br/mMK.
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Junatomerp

DIL 402C

Netzsch, 2008

Junatomerp npenHa3zHadeH ISl K3MEPEHHUS TEIIOBOTO PACIIMPEHUS WIIH CHKATH MaTepHaa, IIPOUCXO/Is-
X B oOpasiie B YCIOBHSIX MPOrpaMMUPYEMOTO Bo3aeicTBus Temneparypbl. Onpenenenue TKIIP, n3ydenne
(ha30BBIX MEPEXOIOB U TBEPIO(PAZHBIX PEAKITHIA.

- TemnepatypHslit auanaszon: 20 ... 1500°C

- Cropocts oxnaxaenus u Harpesanus: 0.01 K/mun ... 50 K/mun

- Hepxarens obpasua: Al,O3

- M3mepsiemblit auanaszon: 500 Mkm

- inna ob6pasna: Makc. 28 MM

- dIunamerp oOpasia: Makc. 12 mm

- Al paszpemrenue: 0.125 am

- ATMoc(epsl I3MepeHnit: BO3AyX, HHEPTHAS TUHAMHAYecKast (IIPOIyBKa aprOHOM BBICOKOI YHCTOTHI), HU3-
KW BaKyyM [0 10 M6ap (107 I1a, u3MepeHne MAHOBAKYyMMETPOM).

- KonTposmrep moroka ra3os i IpoIyBOYHOTO ra3a.
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[Tpubop cuHxpoHHOTO
TEPMUYECKOT0 aHANIN3A

STA449F

Netzsch, 2009

TepMoaHanuTHYECKas CHCTEMa ISl IPOBECHHS CHHXPOHHOTO TEPMHUYIECKOTO aHAIHN3a METAJUTMIECKAX
MmatepuaiioB metonamu JJCK/JITA/TT

[To3BonsieT BBIMIOIHATH N3MEPEHUSI U3MEHEHHUS MACChI U TETUIOBBIX () (EKTOB.

- TemmnepatypHusblii quanaszon: 20°C ... 1500°C

- Cxopocts Harpesa u oxnaxaenus: 0.001 ... 50 K/mun

- Paspemenue TI': 0,1 pg

-AtMocdepa: UHepTHas, OKUCIHUTENIbHAs, CTaTHYeCKasl, AMHAMUYECKasl.

-BakyymHoe pa3penienue: 10 10 mGap

17

MarseTockoIr

1,069

D-r Ferster, 2009

Jnist Hepa3pymaronero KOHTPOJIsl MarHUTHBIX TOJICH U MarHUTHBIX [TPOHUI[AEMOCTH.

- 3MepeHre MarHUTHOM NPOHULIAEMOCTH MaTepuaoB B Auana3zone ot i = 1.001 no 2.00

- M3MepeHne n3MeHeHHs MarHUTHOM IPOHHUIIAEMOCTH B MaTepHae

- UccnenoBanne MarHuTO-aHU30TPOITHEIX MAaTePHAIIOB

- O6HapyxeHne 1e(eKTOB MaTepralla, BEI3BaHHBIX HAIPSIKCHUEM

- I3MepeHne CTaTHYeCKUX U MEUICHHO MEHSIOIIMXCS JHUHAMWYECKUX HANPSDKCHUH MarHUTHOTO HOJIS U
TOJIEBBIX TpanreHToB (B nuamazone ot 0.0001 go 100 uT)

- M3MepeHne abCOMOTHON HANPSHKEHHOCTH IIOJISL U TPaJUEHTOB HAIPSKEHHOCTH MOJIS
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Kommuiekc kamep 1t mpu-
€MKH, MEXaHUIECKOH 00-
paboTKH, HCcCIeI0BaHUN
PanTMOaKTUBHBIX BEIIECTB
1 00Ty4eHHBIX 00pa3IoB

KI'M-1\17

HUKUOIT, 1969

Mexanndeckas 00pa0d0TKa U UCCIIEOBAHNS PAJUOAKTUBHBIX BEIIECTB M 00TydEeHHBIX 00pa3IoB
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WHuBepTUpOBaHHBIN ONTH-
YeCKHIl MUKPOCKOTT

AxioVert 40 MAT

Zeiss, 2005

Amnanu3 cTpykTypbl Matepuana. [{udpoas o6padoTka n3obpaxenuii. KonnuectseHHas metamiorpadus.
VBenuuenne Mmukpockora: 12,5x - 1000x
Mertonas! uccnenoBanus: cBeTIO0E nose, TeMuoe nojie, JANK, nonspuzamus




OnTHueckuii MeTamorpa-
(bugecKkuit KOMIUTEKC TSt

[IpoBenenue ncciae0BaHUN CTPYKTYPBI METAIUIMYECKUX M HEMETAJUIMYECKUX MaTtepuasioB B opmare 3D
Ha 06a3e ONTHYECKOTr0 MCCIIEA0BATEILCKOI0 MOTOPU30BaHHOTO MUKPOCKOIIA; CBETJIOI'0/TEMHOT'O OIS, TIOJISIPH-

20 AxioObserver.D1m | Zeiss, 2009 3anuud, 1 GpepeHranpHo -HHTephepeHnnoHHoro kKonrpacra (JUK
HcCieIoBaHus B popmate wun, i depenty pdepenn p (AMK)
3D YBemmuenne mukpockona: 50x - 1000x.
Meronpl HccaenoBaHus: CBETIIOE Noje, TeMHoe noiie, AWK, nonspuzanuus
W3zyuenne Mopdonoruu NOBEPXHOCTH U HU3JIOMOB MAaTepHAIIOB, IPOBEICHNE (PpaKTOrpadHIeCcKOTO aHATIH3a
Muipockon A ucenezo- npu quqemm xe{) (l;KTe a pa3s I?IGHI/U[ KOHCTPYKIHNH P PO w ped
21 | Banmit Mmop¢onoruun usno- | Discovery Zeiss, 2009 pu u3y PaKtepa paspy Yy ’
MOB Mortopu3oBanHbIi zoom 8:1
[Tnockoe nose, paboyee paccrosHue 81Mm
KonTtpons npoaykunmn Ha Hanmnane nedektoB (o0Hapy)eHue Ae(eKTOB) THIIa HapyIICHHE CIUTONTHOCTH U
OJTHOPOJTHOCTH MaTEPHAaIOB, NOTy(paOpHUKaTOB, TOTOBBIX H3/IEJINI U CBAPHBIX COEANHEHUH, AT U3MEPEHUS
TITyOMHBI M KOOPAMHAT X 3aJIETaHNs, U3MEPEHHS TOJIINHBI, H3MEPEHNUS] CKOPOCTH PACIIPOCTPAHEHHS YIbTpa-
Kommekc neexTockonon 3BYKOBBIX KoJeOanwmii (Y3K) B MaTepuare, ¢ MCIIOIE30BaHIEM IIHE30IEKTPHIECKIX IPpeodpazoBaTesei
Huctutryt UnTpo-
2 | mis Hepas3pylaroIero YIH ckommL. 2004 (IT2IT) paboraromux Ha yactoTax oT 0,5 mo 15MI'n. JledexTockon coxpaHsieT paboTOCITIOCOOHOCTh IPH KOH-
KOHTPOJISI MATEPHAJIOB ' TPOJIE MAaTEPHAJIOB U M3JEINH CO CKOPOCTSIMH PacIIPOCTPAHEHNMS MPOAOIbHBIX BotH Y 3K B anamazone ot
1000 10 9999 M/c, npu 3TOM JOMYCTHMOE 3HaYEHUE 3aTyXaHHs IpoJoibHbIX Y 3K B MaTepuanax onpeaenser-
csl IITyOMHOM 3aJieraHusi, pa3MepaMu 1 opueHrauuei gedpexToB u TurnoM npumMensiemsix [1911. [lnanazon uz-
MepseMBbIX BpeMeHHBIX HHTepBajioB oT 0 go 1000 mxc
HcnpiTatensHble Harpy3Ky No wkanaMm Bukkepca:
- 9,807; 29,42; 49,03; 98,07; 196,1; 294,2; 490,3 H;
IIpenens nomyckaeMol OTHOCHTENBHON MOTPENTHOCTH Harpy3ku = 1,0%.
Jlmana3oH n3MepeHnii TBEpAOCTH 10 mKanaM Bukkepea ......ot 50 mo 1500 HV.
ZWICK/ROELL, 0
23 | Teepoomep Bukkepca 5030SKV 2008 - MOTpeNIHOCTH u3MepeHus Tepaoctu £3.0%
- HUcnbrtarensusie Harpysku, 1,3,5,10, 20,30,50 kre
- lnanazon n3MepeHus 1 Mmm
- Paspematoras cnoco6HocTs, 0,00001 MM
- Pabouee mpoctpancTBO: 1Mo ropu3oHTanu 150 MM, 1o BepTrkamu 250 MM
24 TBepaomep yHUBepcab- ZHUT50 ZWICK/ROELL, Omnpenenenne TBepaocTu MeTogamu Poksesuta, Bukkepca, bpunemnsa, Kuyna), a Takke MeTOJI0B H3MEpEHHS
HBII 2009 riryOuHbl otTnevarka (o Poksemty) B nuanaszone ycuius ot 1 1o 750 kr.
ABTOMAaTHYECKHI1 KOM-
IUIEKC JUIsl OIIPE/ICIICHHS .
. Gamry OmnpeneneHne KPUTUIECKON TEMIIEPaTypbl MUTTHHIO00pa30BaHKs IPU UCTIBITAHUAX Ha OOIIYI0O KOPPO3Us,
25 | xputHyeckoil Temnepary- | Gamry 750
Instruments, 2010 | xoppo3uonHoe pactpeckuBanue. 11 V, 750 mA
PBI TUTTHHTO000pa30Ba-
HUS
Jnst mpoBeieHNst I3MEPEeHNH YAETbHON IIOBEPXHOCTH AUCTIEPCHOHHBIX M HOPHUCTBIX MAaTEPHAIIOB 110 METO-
" " ny BOT. B xadecTBe ra3a ajgcop0aHTa HCIIONB3YETCS a30T WK aproH, B Ka4eCcTBE Taza HOCUTENs — renuit. 13-
YcraHoBKa 7151 U3MEPEHHS 3A0 "dorokoH",
26 COPBTOMETP-M MEpEeHHUE [TPOUCXOIUT B aBTOMATHIECKOM PEKUME.

YZAEJBbHOM IOBEPXHOCTH

2006

Junanazon m3Mmepennit yaenpHo# mosepxaocta: 0,01-2000 m2/T
IIpenen nonmyckaeMoif OTHOCUTEIBHOM MOTPELIHOCTH U3MEPEHUH yAeIbHOMN noBepXHOCTU: + 6%
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[Tpubop muHAMUYECKOTO
MEXaHMYECKOTO aHaIn3a

DMABSG1E

Mettler-Toledo,
2006

HccnenoBanue BSI3KOYNPYIUX CBOMCTB MaTepraiioB (Moayns ynpyroctu E', monyist Baskoctu E", tanrenca
yIila MeXaHHYECKHUX MOTeph MPOOBI) B 3aBUCHMOCTH OT BPEMEHH, TEMIIEPATYPhI WJIHM YaCTOTHI PH Pa3IMYHbIX
OCIIMJUTMPYIOMINX Harpys3Kax.

Jmanazon gactot g0 1000 I'm

Jwmanazon cui ot 1 MH 10 40

nmuarazoH temneparyp — oT —150 °C mo 500°C B oqHOM H3MepeHUH

28

YHUBepcalbHbIN KilaccH-
(uKaTop yacTuu

Hr-6y

3A0 "Unokc",
2006

Pacces nopomukoB Menee 50 MKM 110 pakuusM
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AHaJIUTHYECKHE BECHI

XS204

Mettler-Toledo,
2006

- Knmace Tounoctu mo 'OCT 24104-2001 - 1

- [ommHas BcTpoeHHAs caMOKaIHOpOBKa BECOB 0€3 yuacTHs oleparopa

- [TommHOCTBIO aBTOMaTHYECKAS KaTHOPOBKA C YIETOM TEMIIEPATypPHl TAPAHTUPYET TOYHOCTH B3BEIITUBAHHUS.

- OcHameHsl IByMsI BCTPOSHHBIMH KaJTHOPOBOYHBIMH TPy3aMH U OJJTHOBPEMEHHO ¢ KaIMOPOBKOMN IIPOBO-
JUTCS TMHEapU3aIisl BecoB (HaCTPOHKa 10 3 TOUKaM).

- BerpoenHoe nporpaMMHOe obecrieueHue it OOJBITHHCTBA JTA00PaTOPHBIX 33134, BKIIFOYas Ompeaese-
HUE TUIOTHOCTHU TUAPOCTATUYECKUM METOIOM.

- Hamka BecoB pacmoiokeHa HU3KO0, YTO MO3BOJIAET yIOOHO pacIloIOKUTh PYKY Ha MOBEPXHOCTH CTOJIA B
MIPOLIECCE B3ATHS HABECKU.

-Pa360pHBIi BETPO3aIUTHBIN KOXKYX.

- CbeMHBIH TepMUHAI [TO3BOJISIET PA3MECTUTh BECHI B OTPAHMYEHHOM MPOCTPAHCTBE.

KonnuecTBo guana3oHOB B3BEIINBAHUS 1

Lena nenenus - 0,0001 rp.

Haubonsmmit npenen B3BemmuBanus 220 rp.

30

YHuBepcaiibHasi UCTIbITA-
TeJNbHAs MAaIIiHA C KINMa-
THYECKOI KaMepoit

Z100

ZWICK/ROELL,
2007

MaimHa npeHa3HaueHa JUis ONPEICIICHUs] MEXaHUYEeCKUX CBOMCTB MaTepHasoB B AUANIA30HE TEMIICPATYP
ot 80 1o +650 °C mpu pacTsDKEHUH, CKATHH U M3THOE, M3yUeHHS THCTepe3nca, MOBECHU MaTepHaJioB MIPH
MAJIOIHKIIOBOM HArPYyKEHUH.

MaxcumansHas Harpy3ka 100 kH

HarpyxeHue oCyIecTBIIeTCs MPU MOMOIIH JICKTPOMEXAHUIECKOT0 IIPUBO/IA BEICOKOH TOYHOCTH.

MainrHa yKOMIUIEKTOBaHa 3aXBaTaMK Ha PACTSDKCHUE, CKATHE, TPEXTOUCUHBIN H3THO
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YHI/IBepCEU'ILHaﬂ UCIIbITAa-
TCJIbHasA MallliHa

7250

ZWICK/ROELL,
2007

MammHa npeHa3HaueHa AT ONPECICHUSI MEXaHUNIECKHUX CBOMCTB MaTepHAIOB B AWANa30HE TEMIEPATYP
ot 80 1o +650 °C npu pacTshKEHHH, CKATHH U U3rHOe, M3Y4eHHs TUCTEepe3nca, TIOBEJICHHUSI MaTepHajIoB IIPH
MaJIOLMKJIOBOM Harpy>KeHHH.

MaxkcumanbHas Harpyska 250 kH

HarpyxeHne ocyIecTBiIseTcs Py MOMOIIH dJIEKTPOMEXaHUYECKOT0 IIPUBOJIA BEICOKOH TOUHOCTH.

MamyHa yKOMIUIEKTOBaHa 3aXBaTaMH Ha PAaCTIKEHUE, CKATUE, TPEXTOYECUHBIH U3TrH0
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KaMepa COJIIHOI'O TyMaHa

SF 260

Atlas Material
Testing
Technology, 2008

HcnbiTanns 00pasios B yCIOBUAX aTMOC(epbl HEUTPAILHOTO FITH KHACJIOTO COJITHOTO TyMaHa.

Temmeparypa B kamepe 10 54°C.

Kamepa ocnariena Omni — CHCTEMO# CO3aHUs COJITHOTO TyMaHa, mojiepikanue naienus P = 6.9 k[la,
KOMOWHAIIHS YKCTPAKTOPA BOJBI M Maciia ¢ BO3AYIIHBIM PEryJIsSTOPOM




[penna3zHayeHa Ui IPOBEACHHSI UCTIBITAHKS 3AIUTHON CITIOCOOHOCTH JIAKOKPACOYHBIX, FajIbBAHHYECKUX,
ra30TepMHUYECKUX MMOKPBITUH NPU BO3ACHCTBUY HAa HUX Teruia U Xonozaa. CtanaapTHeie Xxapakrepuctuku: [1o-
Tpebasiemast MOIITHOCTE: 5,5 kBT

33 Kamepa ucnbitatenabHas CHALLENGE 600 Angela_ntoni Iome3nbrit 06bem: 0,8 M
Teria/Xooaa/Binaru C Industrie, 2008 T"aGapuThl UCTIBITATEIHLHOTO MPOCTpaHCTBA: 745x880X765 MM
onnepsxuBaet Temmnepatypsl oT - 80°C no 80°C 1 oTHOCHTENBHYIO BIaXXHOCTH OT 10% mo 98% mpu Tem-
nepatype or 10 °C mo 90 °C.
CxopocTb Harpea 2°C B MUHYTY, oxyaxaeHus 1,5 °C B MUHYTY.
[Tpubop st yCKOPEHHBIX Atlas Material Kamepa 111 ycKOpEHHBIX MCIIBITAHUM YCTOMYMBOCTH MaTEPUAJIOB K CBETY U cBeTonorone. Kamepa ocHa-
34 | MCTIBITAHHUH YCTOMMHBOCTH | o \\TEST XX+ Testing meHa 3 KCEHOHOBBIMH JIAMITAMH, CHCTEMOH 110/1a4n BOJIbI, HMHTHPYIOMEH A0KIb. I/IHTCI\-'ICI/IBHOCTB W3ITydCHUS
MaTepHaJioB K CBETY U Technology, 2008 | ~ B ananazone 300-400 aM B BT/M. B nponecce ucnpITanmii ¢ MOMOIIBIO YIBTPa3BYKOBOI CHCTEMEI MPOBOAIHT-
CBETOIOTrOJe Csl I3MEPEHNE W KOHTPOJIb TEMIICPATyPhl BO3AyXa, OTHOCUTEIBHON BIAXKHOCTH U JJOKICBAHUSL.
[IpennasHayeH At UCCIENOBAaHMS CBOMCTB METAIIOB U CIUIABOB M MO3BOJISICT MOAEIUPOBATH OOJIBITMHCTBO
METAJUTYPTHIECKHUX IPOLIECCOB
®  TIPOBEACHHE HCIBITAHUII IO Pa3HBIM CXeMaM (pacTsKeHHe, CKaTHe, KpydeHNE, KOMOMHUPOBAHHO);
KoMIuIekc 11st MOJEIHpO- e ckopocTh Harpesa > 10 000 °C/c; ckopocts oxmaxaerus > 1000 °C/c;
35 | BaHHA IpoLeccoB ropsiaeit GLEEBLE Dinamic Systems, e  JIMHeliHas CKOPOCTb IO/IBM)KHOMU Tpasepchl - 1o 2000 Mm/c;
IUTaCTHYECKOW 00paboTKH 2009 e ycumme cxarus - 10 200 xkH; ycunue pactsokenus - no 100 xH;
METAJUIOB e KkpyTsumid MoMeHT - 10 1500 HM; ckopoctb kpydeHus - 10 1500 06./mMuH;
e  BhICOKHE TeMmeparypsl Harpesa (1o 1750 °C) u Beicokast TouHOCTh (He Xyxke 1 °C) noanepxkanus
TeMIiepaTypsl oOpasia B paboueii 30He;
®  BbICOKas CKOpocTh (10 50 k') CUMTHIBAHMS NaHHBIX C TATYMKOB CHIIBI, AeGOpMAaIH, TEMITEPATYPHI.
Jnst nccnenoBaHus HIOBEPXHOCTH MaTepUaliOB Ha MUKPO- M HAHO- YPOBHE, N3y4eHUs (GOpMBI U pa3MepoB
YaCTHII, CTPYKTYPHBIX COCTaBIIAIOIINX MaTepHaIOB, H3YUCHHS 3JIEMEHTHOTO COCTaBa, PacTIpeeIICHUS pa3-
AHaNUTHYECKUN KOMIUIEKC TYHBIX (Da3 1 XUMHYECKUX AJIeMeHTOB. OpakTorpadmaeckuil aHAIN3 IIOBEPXHOCTEH pa3pyLIICHHs M TPEHHUS C
Ha OCHOBE CKaHUPYIOIIETO paspemeHneM 10 2 HM, SHEPToUCIIEPCHOHHBIN PEHTTCHOBCKHUI aHAJIN3 3JIEMEHTHOTO COCTaBa, HCCIICAOBAHUE
36 | smekrponHoro mukpocko- | LYRA3 XMHRL | Tescan, 2017/2019 | B3auMHO#N OPHEHTHPOBKH CTPYKTYPHBIX COCTABIISIONINX MaTEPHAIIOB, KOJTMIECTBEHHBIX COOTHOIIEHHUH CTPYK-
na TYPHBIX JIEMEHTOB. BO3MOXHOCTb TpaBJIEHNS U PE3KH MaTepUaIOB IIPU MOMOIIH CHOKYCHPOBAHHOTO HOHHO-
(MOepHU3UPOBAHHBII) ro myuka. ©a3oBbIil CTPYKTYpHBIH U KpHCTa/UIOrpadMuecKuii aHaJIN3 METOAOM AU PaKIUK 00paTHO OTpa-
>KEHHBIX NekTpoHoB (EBSD)
Juanazon ysenuuenuii 30 x —500000 x
[IpoBenenune paguorpadguueckoro KOHTPOIIS, UCII0JIB30BAHHUE IIOCKONAHEIBHOTO IETEKTOPa, BEICOKAs BBISB-
37 PentrenoreneBu3nOHHAs PTC 4343 KAPAT, 2019 JISIEMOCTh MAJIOKOHTPACTHBIX JIe()EKTOB

CcUucTeMa

Juamnazon suepruii 30-450 x3B; Pasmepsl akTuBHOM 00macT 43-43 cMm;
CucremMa apXMBUPOBAHUS U YIIydIleHus n300pakenuii X-Vizor.




IIporpamMmmHo-anmapaTHbIi

Zeiss, Thixomet

HpOBeHeHI/Ie MeTaJ’IJIOFpa(I)I/I‘erCKI/IX HCCJ’IeﬂOBaHI/Iﬁ cranei u CIJIaBOB, NOJIYYCHHUE KaUCCTBCHHBIX 1/13o6pa-
)KeHI/II\/'I, OLI€EHKAa MUKPOCTPYKTYP II0 COBPEMEHHBIM METOAUKAM B COOTBETCTBHUU C BO3SMOKHOCTAMHU COBpE-
MCHHOTO 06opy11013aHm, HCII0JIB30BAHUEC ITPOTrPaMMHOTO o0ecrieueHus ¢ pacmMp€HHBIMHU BO3MOKHOCTAMH,
TMTO3BOJIAIOIIETO aBTOMATU3UPOBATH HOBBIE METOANKU ITPOBEACHU HCCJICIOBAHMI.

38 KOMIUIEKC I OLIEHKHU AxioOberver 3 2019 VBenunuenne MEKpockoma: 2,5x - 1000x
MHKPOCTPYKTYPHI MeTomp! HccIe0BaHUS: CBETIIOE TI0JIE, TEMHOE TI0JIe, TTONAPU3aIH
MoTopu3npoBaHHEIH CTOJHK; IIOCTPOCHHE TAHOPAMHBIX H300pakeHui, aBTO()OKyCHpOBKa, pacIIpEeHHBIN
doxyc.
ABTOMAaTHUYECKUI aHAIU3 MUKPOCTPYKTYp B cooTBeTcTBHH ¢ HT/]
AHaIUTHYECKUN KOMIUIEKC
Ha 06a3e aToMHO- . AHanu3 o0IIIero 3JIEMEHTHOTO COCTaBa MaTepuaaoB. MaTpuuHbiid TBepaoTenbHbIH [13C-aetexTop. Criek-
Agilent 4210 MP- . .
39 | 3MHCCHOHHOTO CIEKTPO- AES Agilent, 2019 TpansHbIH quama3oH 178...780 am. [Ipenen obnapyxernus ans Mn — 5 mxr/n, ns Ba — 1,5 mxr/n. [loctosa-
METpa ¢ MUKPOBOJHOBOMH Hast MoIIHOCTh a3Mbl 1| KBT. ABTOMaTn3upoBaHHbIH BBOJ IPOO
TeHepalueH 1mia3mbl
YHuBepcanbHblil ppesep- .
40 peas (bpesep FNS-55PD Proma, 2019 O6opynoBanue 115 ppe3epHoit 00pabOTKM METAILIIOB
HBIN CTAHOK
41 IoreHmuocTar ZIVE SP2 Wonatech, 2019 O06opynoBanue Ajs mosiporpadum
HccnenoBaHus TEIUIOBOTO pacIupeHus Wi cxarus Marepuana. Onpexnenenne TKIIP, m3ydenne ¢gpa3oBbix
TepeXoa0B 1 TBePI0(a3HBIX peaKIInii.
- TemneparypHsiii auana3zon: -150 ... 1600°C
42 BeicokoTeMIiepaTypHblit DIL 402 Expedis Neztch. 2019 - Usmepsiemsbrit quanason: +25 mm - Al paspemenue: 0.1 HM/pa3psia
JTUITATOMETP Supreme ' - MimHa obpasma: Make. 52 Mm - [lnametp obpasma: Makc. 19 Mm
- AT™Mocdepbl U3MepeHuil: BO3/1yX, MHEpPTHAs! JMHAMHUYecKas (IPOJyBKa aprOHOM BBICOKOH YMCTOTBI), HU3-
Kuit Bakyym 10 10 mMGap
-Paspemrenne o temmneparype 0,001°C
ABTOMaTHYECKOE N3MEPEHNE MarHUTHBIX XapaKTePUCTHK
- KOJIBIIEBBIX 00Pa3i0B MarHUTO-MATKHX MaTepualoB O, 014 10 80 MM, d,,, 016 10 100 MM, BEICOTA
VYcranoBka AO HITO «Mutpa- | oT 4 10 20 MM,
43 MK-33 . N
MAarHATOM3MEPUTEIIbHAS Tect»;, 2019 - MPOTsHKEHHBIX 00pa3nos iuHoi ot 100 10 400 MM, d otl 10 10 MM,
- MOCTOSIHHBIX MarHUTOB JUIMHOM 0T 4 10 40 MM. monepeyH.pa3mep oT 5 10 50 MM ,
- MUIHHAPUYECKUX 00pa3IoB cl1abOMarHUTHBIX MaTepuanoB J10x150 mm
[TmockomanensHBIN TOTYIPOBOJHUKOBEIA AETEKTOP raMMa-KBaHTOB C PACIIUPEHHBIM SHEPTETHIESCKIM JHa-
44 |  Tamma- criekTpoMeTp GEM-SP5020P4 Ortec, 2019 YIpOBO % p pactrup P 8
na3oHoM /lnana3zoH sHepruil perucTpupyemMoro usnydeHus ot 3 k3B 1o 10M»>B
IIpoBenenne MeTamnorpaguueckux UCCIeA0BaHNN CTAICH U CTIABOB
N . . YBenuuenne mukpockona: 50X - 500x Cucrema nMH3 JOMOTHUTENBHOTO yBenuuenus "Onrosap"” 2,5 X.
45 Muxpockon npsaMon AXxio Scope.Al Zeiss, 2020 P A y P2

OcHallleH BBICOKOTEMIIEPATYPHBIMU cTOIMKaMu ¢ HarpeBoM 10 600°C u 1o 1200°C ¢ HenocpeACTBEHHBIM
TIOJJKJIIOYEHHEM K MUKPOCKOILY, TeMIiepaTypHast ctaduiabpHocTh 1°C, ckopocts Harpesa 1o 200 °C/mun
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PacTpoBblit 351€KTPOHHBIH
MHUKPOCKOII

Mira-4LMS

TESCAN, 2021

HccnenoBaHus CTpyKTYpPhI IPOBOASAIINX M HEMPOBOSIIINX MATEPHATIOB HA Pa3HbIX MACIITAOHBIX YPOBHSAX,
npoBeneHust ppakTorpapuIecKnx UCCIEAOBaHNH, IPOBEACHUE YIEMEHTHOTO aHAJIN3a B PEATbHOM BPEMEHH,
Huanazon ysenmuaenuii 30 x —500000 x

Bricokoe pazpemtenue - 1o 1,2 M npu 30 k3B,

PexxuM HU3KOTO BakyyMa JUIsl HCCIICIOBaHUS HEIIPOBOIINX 00pa31oB;

PeHTreHOBCKMI 3HEProIUCIEPCUOHHBIH CIEKTPOMETD.
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Komriekc o6opynoBanus
s XIJTH

JIAMET - C8

JIIMET, 2022

Kommneke obopynoBanus npennazHadeH 11l HaneceHus MetogoM XI'JIH MeTammnaeckux MOKPBITHI KakK U3
MOHOTIOPOIIIKOB, TaK ¥ M3 X CMECCH C apMHUPYIOIIMMH J00aBKaMH, IIPU MPOBEICHUN PEMOHTHBIX U BOCCTa-
HOBHTEJILHBIX pabO0T MIMPOKOTo criekTpa. C MOMOIIbIO JAHHOTO KOMIUIEKCA BO3MOXKHO BBIPAIIIMBATH METOIOM
3d npOTOTUITUPOBAHUS JACTAIU CIIOKHON (POPMBI M3 METALTHYSCKUX TOPOIIKOB. KOMIUIEKC MOKET UCHOIB30-
BaThCsI KAK B PYYHOM, TaK M B aBTOMAaTHYCCKOM PEKUME PaOOTHI BO BCEM TEMIIEPATypPHOM JIUAMA30HE MPH
JIABJICHUM JI0 9 aTM, C HCIIOJIH30BAHUEM HE MECHEE 5 TPETyCTaHOBICHHBIX TEMIIEPATyPHBIX PeKUMOB. O00py-
JIOBAaHHUE MTO3BOJISET JOOUTHCS BOCIIPOU3BOJICTBA MTAPaMETPOB HAIIBLIICHUS TIOKPBITHH C TIOTPEITHOCTHIO HE
6omee 5%.
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Hanoteepnomep

HanoCxkan-4D

Hayucneumnpubop,
2022

Omnpenenenye MPOYHOCTHBIX XapaKTEPUCTHK MAaTEpUAJIOB T10CIIE HOHHOTO O0IyYeHHUs! ITyTeM U3MEPEHHs
TBEPAOCTH OOITYUIEHHOTO CJIO0. BO3MOXXHOCT BapbHPOBAHNUS 3a1aBa€MOH Harpy3Ku IIPH U3MEPEHUH MO3BOJIS-
€T MoTy4YaTh JaHHBIE O MUKPOTBEPIOCTH OOJIYICHHOTO CIIOS Ha Pa3NUYHON TyOonHe HaunHast oT 100 HM 1
OTIPEEATh 3aBUCHMOCTh MUKPOTBEPOCTH OT TIIyOHHBI.

HanoTBepaomep ocHaIIEeH ONTHYECKAM MUKPOCKOTIOM ¢ UG POoBEIM yBemderneM a0 1000kpat, uHIeHTOpa-
mu Tuna Bukkepca u bepkosuua.
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MukpoTtBepaomep

Duroscan 50

ZWICK/ROELL,
2023

MukpoTBepIOMEp C MOTOPHU30BaHHBIM JTUHEHHBIM TIEpEMEIICHHEM I10 OCsiM X-, Y- 1 Z obecrednBaeT npo-
BEJICHHE CepHii M3MEPEHUH Ha 00pasnax IpH MCCIETOBAHUN CTPYKTYPHO-MEXaHHIECKOTO COCTOSHHS MaTepH-
ana B TIOKPBITHAX, 00€3yTIIePOKEHHBIX CIIOSIX, PAa3IMYHBIX 30HAX CBapPHBIX COSAMHEHUH, IPH HCCIEIOBaHUT
OKCHIMPOBAHHBIX CJIOCB B THTAHOBBIX CIUIABAX, IPH OICHKE KadeCcTBA IIOBEPXHOCTHOTO YIPOUHCHHS, a TAKXKe
JUTSL BEICOKOTOYHOTO TIPOBEIECHISI I3MEPEHHUH 110 TONIIIMHE IPOKaTa, OCHAIICH MOIYJISIMH [T aBTOMATHYECKO-
TO aHaJI3a OTIIEYaTKOB, UTs CO3AAHUSI aBTOMATHIECKUX CePHUI M3MEPEHHH 10 3aJaHHBIM KOOPAWHATAM.
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ITopTaTuBHBII peHTTEHO-
(byopeclieHTHBIN aHaJIH-
3aTop

TrueXR

LANScientific,
2023

IIpoBeneHne onepaTHBHOTO aHAIK3a JIEMEHTHOTO COCTaBa W3/ U 00pa3IoB 000 Gopmbl 1 rabapu-
TOB, BKJIFOUAsl H3JIENUSI U3 METAIUIMIECKUX M OJIUMEPHBIX MATEPHAIIOB, KEPAMHKH, PY/Ibl, IUIAKH, CTPYKKU H
MOPOIIKOOOPa3HbIE MaTEPHAIBI.

CkopocTb aHanu3a: oT 1 cek. Mpu aHaNu3e MeTajuia i OT 5 CeK MPH aHAIN3¢ HEMETAUTMIECKUX 00pa3iioB
IIpenen o6Hapy)eHns snmementon: 0,001 - 100 %

AHanM3 «IeTKUX 3JIEMEHTOBY»: MarHusl, aIIOMHHUS, KpeMHHUs, pocdopa 1 cepbl
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l'azoananuzaropsl Boj10-
poza, a30Ta, KUCIOpoaa

METDK-600
MET3K-300

METDO3K, 2023

Amnanuzarop azora u kuciopoga METOK-600 [Iunana3on namepenus kuciopoaa — 0,0002-2,0 % macc
Juanazon m3mepenus azota — 0,0001-1,0 % macc

TouHocTh onpenenenus npu HaBecke 1 T - 0,02 ppm

Amnamm3zatop Bogopoxa METOK-300

Juanason u3mepenus Bogopoaa — 0,00001-4,0 % macc

Tounocts onpenenenus npu Haecke 1 T — 0,02 ppm




