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IIpakTnuna podora 1.
JOCJIIKEHHS 3MIH ®A30BOI'O CKJIAQY ITOPOUIKY
Fe BI1I HAPAMETPIB OGPOBKHA

Meta po6oTu: 03HaHOMUTHCS 3 BILIMBOM napameTpiB BEP-00poOku
MOPOIIIKY 3aJi3a Ha foro (a3oBuii ckirag Ta MOP(HOIIOTIIO.

OcHoBHa YyacTHHA

BEP-o0po6ka — 1e 00poOka Mmarepialy 3a  JOIOMOIOIO
BHCOKOBOJIBTHOTO eNeKTpuaHOro po3psay (BEP) y meBHoMy cepemoBui.

Y BUIIISIII BUXITHOTO MaTepiany U JOCHTIPKEHHs 00paji MOpoIIoK
Fe wmapku IDKP 3.200.26-30 TOCT 9849-86 (dpakuis 60 MKM).
JocnimkeHHsT BUKOHYBalIM Yy BYTJIEBOMHEBIN pimmHi. Y BHUTIsAAI pobodoi
pigman BukopuctoByBanu rac mapku TC-1 (TOCT 10227-86), a Takoxk rac
i3 nomaBanHsiM [1AP. BukoprictaHHS BYIJIEBOJHEBOI PiIMHU 3aMiCTh BOJAU
JTO3BOJISIE  3aMOOITTH  OKWCHEHHIO YaCTHHOK OOpOOIIOBaHOTO MeTamy.
BinMiHHICTIO BHCOKOBOJILTHOTO eleKTpuaHoro pospsgy (BEP) vy
BYTJIEBONHEBIM pimuHi € 1i miponi3 (po3pHB JaHIIOTIB 3B’S3KIB) il
BIUIMBOM TEMIIEpaTypy IUIa3MOBOTO KaHAy pO3pSAAY Ta IMITyJICHOTO
TUCKY 13 YTBOPEHHSIM aKTMBHUX HaHOYACTHHOK Byriemro a0 Cy [1, 2], mo
CTBOPIOE YMOBH JIJISl CHHTE3Y BHCOKOMOJTYJIbHHX HATIOBHIOBAUiB, 30KpeMa,
kapOiniB Ta MAX-¢as.

Buxonsuu 3 BHIEHaBEIECHUX pE3yJbTATIB TEOPETHUYHOIO aHai3Yy,
KepyBaHHA mpouecamu BEP-BmimBy MosknmBe 3a paxyHOK BapiroBaHHS
CEpeIHOI0 MIBHJIKICTIO 3POCTaHHS CTPyMY B KaHANi PO3pSIy, T'yCTHHOIO
CTpyMy B KaHali pO3psAdy Ta NUTOMOIO EHEpPri€l0 BIUIMBY. ToMmy mis
OCHOBHUX JloclipkeHsb BBy BEP Ha 3MmiHy mucnepcHocti Ta (ha3oBoro
CKJIaJ1y MOPOIIKIB OyJI0 00paHO PeKUMU, HaBeeH] y Taou. 1.1,

B pexumax No 1, 2 Ta 4 BHKOHYBAJIOCH BapilOBaHHS CEpPEIHHOIO
HIBUIKICTIO 3pOCTaHHS CTPYMY 32 paXyHOK €MHOCTi OaTapei KOHAEHCAaTopiB
npu 30epexeHH]I MUTOMOI eHeprii 0OpOOKH 3a paxyHOK 3MIiHHM KUTBKOCTI
po3psaais. B pexxumax Ne 3 — 6 BUKOHYBaJOCh BapilOBaHHS ITHTOMOKO
eHeprielo oOpoOKM TpH OJHAKOBMX 3HAYEHHSAX TYyCTHHH CTpPyMy Ta
HIBUJKOCTI 3POCTaHHS CTPYMY 3a PaxyHOK 3MIHM KiJBKOCTI PO3pSiB.
Hocnimpkennst B pexxumi No 8§ BUKOHYBAIWCH JIJISl YTOYHEHHSI MiHIMAJIbHOT
MUTOMOT eHeprii 00poOKH, sika Ie J03BOJISIE TUCIEPryBaTH 00poOIOBaHi
YaCTUHKH JI0 CEPEIHBOT0 AiaMeTpy MeHII | MKM. Pe3ynbraTu gociimKeHHs



mucnepcHocTi  Ta  $a3oBOro  CKiIaxy MOPOIMIKIB  TIiCaa  0OpoOKu
MTOPIBHIOBAJIMCH MIXK COOOIO Ta i3 BIACTUBOCTSIMH BUX1THHUX TOPOIIIKIB.

Tabmuus 1.1 — 3arumanoBani pexxumu BEP-06po0ku mopomikis

* N vw | como |7 s H di/dt, TAlc
pexuMy MJTx/KT
1 50 0.2 0.25 20 13
2 50 0.4 0.5 20 19
3 50 0.8 1 10 24
4 50 0.8 1 20 24
5 50 0.8 1 30 24
6 50 0.8 1 40 24
7 50 1.6 2 40 28
8 50 3.2 4 8 31
9 50 3.2 4 40 31
10 25 3.2 1 40 15
[IpumiTtka: Harpyra o0poOieHHs, kB;

1L.U-

2. C — emuicTh OaTapei KoHIEHCATOPIB, MKD;

3. W) — oquanvHa enepris o0poOku, kJ[x;

4. W,,,, — muToma eHeprist 00pooku, MJ[x/kr;

5. di/dt — cepennst mBHAKICTH 3pOCcTanHHs cTpymy, ['A/c

Amnaiiz 3MiHH (a30BOTO CKIiany Mopomky Fe BUKOHyBamw mmicis
BEP-00po6ku B pexxumax Ne 3 — 6 (muB. Tabn. 1.1), ans SKUX OJUHUYHA
eHepris oOpobku Oyna omnakoBa (W; = 1 k/[k), a KUIBKICTh pO3psiiiB
smintoBaid Bix 1000 10 4000. Ananiz audpakTorpaM BUXiIHOTO MTOPOIIKY
MOKa3aB, O KpiM ¢as3u o-Fe, B mOpOIIKy MpUCYTHI TaKOX OKCHIHU 3alliza
FeO, Fe,03, Fe;0, (nus. puc. 1.1, a).
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PI/ICyHOK 1.1 — Iliku gudpaxrorpam mnopomky Fe: a — BuximHui
nopomok; 0 — micns BEP-06po6ku 3 Wy, = 10 MJDk/kr; B — micas
BEP-O6p06KI/I 3 W = 20 MJ/x/kr; t — micnis BEP-o0poOku 3

Wi = 30 MIx/kr; 1 — micis BEP-06po0ku 3 W, = 40 M/JTx/kr.

Ilicma BEP-00poOku mopomky 3amiza B pexumi Ne 3 mpu
Wi = 10 Mx/Kr HOTO CKJIaJ 3MIHIOETBCS: HA PEHTTEHOrpami MPUCYTHI
ocHoBHi miku Fe ta Fe;C, B okpemux 3pas3kax 30epiratoThCsl ClIiiu OKCHIIIB
3amiza (auB. puc. 1.1, 6). Ilo mipi 301bIIEHHS BETWMYMHU MUTOMOI €HEprii
00pobku 10 20, 30 ta 40 MJDK/Kr 301LIbIIYETHCS IHTCHCHBHICTH IIKIB
LIEMEHTHUTY, a OKCHIHY 3aJli3a IMOBOJI 3HHKalOTh (MuB. puc. 1.1, B, T, 1
BiJIITOBI/THO).

[pu muTomiit eneprii 06podku Wy, = 40 MJDXK/KT OCHOBHI TiKH
XapakTepHi s kapOiay 3amiza Ta camoro 3amiza. Lle moB’s3aHo 3 TUM, 10
npu 00poOLi MOPOILIKIB BiIOYBA€THCS 3pUB OKMCHUX ILUTIBOK 3 IOBEPXHi
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YaCTHHOK 3aJ1i3a, PO3KJIa/ OKCH/IIB 3 YTBOPEHHSIM BIIHHOTO Ta30M0110HOTO
KHCHIO Ta 3aMIIIICHHS OKCHIIB KapOimom.

Bcranosneno, mo npu 301IbIIEHHI MTUTOMOI eHeprii BmmBy Bix 10
o 40 M/x/kr po3mip obmacti korepeHTHOTO posciroBanHs (OKP) 3amiza
3MeHmryeTbesl Bim 25,3 g0 7,9 mM (muB. puc. 1.2), MO CBITYUTH TPO
IHTEHCHBHE TOAPiOHEHHsSI YacTHHOK Fe Ta 3MiHy #Oro MIKpOCTPYKTYpH 3
YTBOPEHHSIM HOBUX, APiOHIIINX cy03epeH.

D?
HM [
25
20
15 - ~ t
® .\.
10 T 1 >
5 .
0 10 20 30 Wi, MJIA/KT
Pucynok 1.2 — 3anexnicts po3mipy 007acTi KOT€pEeHTHOTO

PO3CifOBaHHS 3alTi3a BiJl TUTOMOI €HEeprii BIUIUBY.

[Mpu 36inpIeHHI MTUTOMOI eHeprii BBy Wi, Big 10 go 40 MJIx/kr
TAKOX CIIOCTEPIra€ThCsi 3MEHIICHHS 3HA4YeHHS IapaMmerpy KyOiuHOi
KpHCcTaniyHoi 00’eMo-IleHTpoBaHoi rpatku 3amiza 3 0,2863 no 0,2855 M
(muB. puc. 1.3). Ha Ham mornsp, 1e moB’s3aHo 13 3pOCTaHHSIM HarpyXeHb
BHACJIIOK BKJIIOUEHHS aTOMIB BYTJICLIO B KPUCTANIIUHY IPaTKy 3aji3a.

3MiHa Me30cTpyKTypH nopowky Fe, sik 1 mosiBa micisa BEP-00po6ku
YaCTMHOK JiaMeTpoM MeHimuM 200 HM, HiATBEPIKY€E MNPHUITYILICHHS PO
BIUIMB edekTy abisuii Ha mopomku npu BEP-o06poOui. AGmaumis (Jar.
ablatio — BiniOpanHs) — OaraTto3HauyHHN (DI3UYHUIA TEPMiH, IO TTO3HAYAE
MPOIEC BHUHOCY PEYOBHHU 3 IMOBEPXHI TBEPAOro Tija MiJ BILJIUBOM
BUIIPOMIHIOBaHb 1 OTOYYIOUOT'0 TIOTOKY Tapsioro rasy.



a, HM
0,2866
0,2864

~_
0,2862

0,2860 | e
0.2858 TN .
0,2856 % ]
02854 1 \\
02852 :

0,2850

0 10 20 30 Wy MJLK/KT

Pucynok 1.3 — 3anexHicTs 3MiHH TapaMeTpy KPUCTATIYHOI I'PATKH
Fe, Bix muromoi eneprii BEP-BrnmuBy

OTxe, pe3ynbTaTH JOCHIHKEHHS 3MiHH (pa30BOTO CKIIAAY IMOPOIIKY
Fe micns BEP-00poOku cBimyath mpo Horo kapOigu3alliro BHACHIIOK
peaxiiif i3 YacCTHHKaMU HaHOBYTJIEII0, YTBOPEHUMH IIPH PO3KIIAAL racy y
IUIa3MOBOMY KaHali po3psay Ta y MIKPOIUIa3MOBHX YTBOPEHHSX MIK
gacTuHKaMHd. CyMiCHUH BIUIMB MEXaHIYHUX, TEPMIYHHX Ta €IEKTPUYHUX
¢dakropie BEP mpusBoauTs He numie 1o 3minm Mopdororii i ¢azoBoro
CKJIQJly YacTHMHOK mopomky Fe, ame # 10O 3MiHH iX MeE30CTPYKTYpH,
30kpema, OKP.

KonTpoabHi nuTanusa

1. Il{o sBnsie co6oro BEP-06po6ka mopomki? 3 sIKOI0 METOIO BOHA
MIPOBOAUTHCS?

2. lllo BinOyBaerbcst 3 (a30BHM CKJIJOM IIPHU 3MiHI BEIHYHHU
MUTOMOI eHeprii 0opooKu?

3. Sk 3ayeXuTh Po3Mip 00JacTi KOrepeHTHOTIO PO3CiIOBaHHS 3alliza
BiJ MUTOMOI €Heprii BILTUBY?

4.Yn 3MIHIOIOTBCSI 3HAUEHHA MapaMeTpiB rpaTku Fe, npu
BEP-06po611i?

5. Ilo Take ab6ismis?
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IIpakTnuna podora 2.
JOCJIIKEHHS 3MIH ®A30BOI'O CKJIAQY ITOPOUIKY
Ti BIA IAPAMETPIB BEP-OBPOBKH

MeTta po060TH: O3HAWOMHTHCS 3 METOAUKOI JOCIIKCHHS 3MiH
(dazoBoro cxmagy mopomky Ti Bim mapamerpiB  BEP-06po0xwu;
MIPOaHAITI3yBaTH 3aJIEKHOCTI, 1[0 OMMCYIOTH 3MiH1, KOTPi BiI0OyBalOTHCA.

OcHoBHa YyacTHHA

[Topomok THTaHy OOpOOISIIM 32 THMH CaMUMH PEKHMaMH, IO i
MOPOIIOK 3aji3a, a came 3a pekumamu Ne 3-6 (mauB. Tadm. 2.1). Ilpo
aktuBanito mopomky Ti mig wac Horo BEP-00poOku cBiguuTh 3MiHA
mapaMeTpiB #oro Kpuctamigaoi rpaTtku. [lo wmipi 30inbmeHHS MTUTOMOT
eneprii BmmuBy 3 10 mo 40 MJx/kr mapameTp @ HOTO rekcaroHaIbHOT
HIUTBHOYTIAKOBAHOT KPUCTANIYHOI TIpaTKu CTabilbHO 3MEHIIYETHCS BiX
0,2960 mo 0,2918 ©Bm (amB. puc. 2.1), a mapamerp ¢ CTaOUIBHO
30impmryerbes Big 0,465 no 0,481 am (muB. puc. 2.2).

OTxe, KpUCTaJiuHa TpaTKa TUTaHy CIIOTBOPIOETHCS, BUTATYIOUYHCH 32
mapaMeTpoM ¢ Ta 3BYXKYIYHCH 3a MapaMeTpoM d. Taki 3MiHH MOXYTb
CBITYMTH PO BKJIIOYECHHSI HAHOBYTJICIIO B KPUCTAIIYHY IPATKy THTaHY Ta
(dopmyBaHHs KapOijy THTaHy, a TaKOX IpoO Te, IO, K 1 B BHUIAAKY
BEP-06po6ku nopomuiky Fe, mopomok Ti 3a3Hae BIUIMB eeKTy aOusLii, mo
CIpus€ TOSBI YAaCTHHOK po3mipoMm MeHmwuM, HiX 200 HM Ta 3MiHaMm
ME30CTPYKTYpH.

Bcranopieno, mo Bxe npu o0podui Ti 3 MHTOMOIO EHEPTiero
00pooku Wy, = 10 MJx/kr (pexum Ne 3) ¢ikcyeTbcst yTBOpEeHHS KapOixy
tutany TiC. 3 metoro BusiBieHHs KinbkocTi TiC, sikuii yTBOpIOETBCS 32
pesynbratamu  BEP-BrumBy, Oyno BHKOHAHO TMOPIBHSUIGHUM —aHaii3
peHTreHorpam i3 migroroBanuMu etanoHamum cymimi Ti Tta TiC.
Bumpo6oByBamn 20 3pas3kiB,  sKi  BiAPI3HSIUCH  KUIBKICHUM
criBBiiHOmenHssM BMicTy Ti Tta TiC i3 kpokoMm 5 %. AHani3 oTpUMaHUX
pe3yabTaTiB mokazap (auB. puc. 2.3), MO CepeaHs KUIbKICTh YTBOPEHOI'O
kapOigy turany Cric npu BEP-00poOui mopomky TtuTany mnpu
Wi = 10 MIx/kr  cknamae 14 %  (excnepuMeEHTallbHI  3HAYEHHS
3HAXOJATHCS B Jiana3oHi Bix 5,5 1o 22 %).
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Ta6mmms 2.1 — 3amnanoBani pexxumu BEP-006po6ku mopomkis

* N vs | e |m s H di/dt, TA/c
peXKHMY MJx/KT
1 50 0.2 0.25 20 13
2 50 0.4 0.5 20 19
3 50 0.8 1 10 24
4 50 0.8 1 20 24
5 50 0.8 1 30 24
6 50 0.8 1 40 24
7 50 1.6 2 40 28
8 50 3.2 4 8 31
9 50 3.2 4 40 31
10 25 3.2 1 40 15
[Mpumitka: 1. U — manpyra o6pobneHHs, kB;

2. C — emHicTb Oatapei KoHIeHCATOPIB, MKD;

3. W; — oquanvHa enepris o0poOku, kJ[x;

4. W,,,, — muToma eHeprist 00pooxu, MJx/kr;

5. di/dt — cepenHs mBHAKICT 3poCTaHHst CTpyMy, ['A/c
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a, HM

0.2960

0.2950 \
0.2940 +

0.2930 . S~—1 _
"-—..___‘__‘__‘___‘-
0.2920 i .
0.2910
0 10 20 W MITR/KT

Pucynok 2.1 — 3anexHicTh 3MiHH TapaMeTPy a KPUCTATIYHOI TPATKH
nopomky Ti Bim mutomoi eneprii BEP-pmmuBy mpu W = 1x/[x.

¢, HM

0.4850

0.4800
0.4750 - ¢

0.4700 —

0.4650

0.4600

0 10 20 W MIE/KT
PucyHok 2.2 — 3ajnexHicTh 3MiHU TTapaMeTpy ¢ KPUCTAIIIYHOI IPaTKH
nopoky Ti Big mutomoi eneprii BEP-BrummBy npu W; = 1x/Ix.

[pu  36inpmenni  muromoi  eneprii  BEP-o0poOku 1o
W = 20 MJDK/KT KUIBKICTh YTBOPEHOTO KapOily THUTaHy 3pOCTa€ J0
18 %. Ilopmanpme 30imbIIEHHS NUTOMOI eHeprii  oOpoOKku 10
Wom = 30 M[Ix/xr ta W, = 40 MJDx/kr npusBeio A0 MOJANIBIIOTO
30UIBIIEHHS. KIJIBKOCTI yYTBOPEHOTo KapOimy turany mo 28 % ta 33 %
BIJIITIOBITHO.
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Pucynok 2.3 — 3anexHIiCTh KiNBKOCTI KapOify TUTaHy BiJ MUTOMOI
eneprii BEP-06po0kw.

JocnimkeHHst 3a7e:KHOCTI KIIBKOCTI yTBOPEHOTO KapOiqy TUTaHY Bij
IIBUAKOCTI 3POCTaHHSA CTPyMy B KaHai pO3psAy TOKa3and, [0 TPHU
301TBIIIEHH] IBUIKOCTI 3pOCTaHHs cTpyMy Bix 22,6 mo 30,5 I'A/c kinbKicTh
kapOiny tutany micisi BEP-00poOku 30inmbinyerhest Big 5,5 10 22 % (aus.
puc. 2.4).

Cric: %
30

22 24 26 28 30 didt.TAlc
PucyHnok 2.4 — 3anexHIiCTh KUTbKOCTI KapOily TUTaHy BiJ| IIBUAKOCTI
3pocTaHHs CTpyMy B KaHaii po3psany npu W, =10 Mx/kr.



13

3 TOYKH 30py B3a€MOJii CHHTE30BaHWX HAHOBYTJICLEBHX YAaCTHHOK,
SAKi BUHUKAIOTH IIiJ] Yac MIipodi3y racy IJia3MoBHM KaHaimoMm [1], sBHY
nepeBary 3 TOYKH 30py YTBOPEHHS HOBHX (a3 MalOTh Ti YAaCTHHKH, SKi
BUHHUKAIOTh HAa KOHTAaKTHHX MeEXaX MK YacTHHKaMH OOpOOJIOBaHOTO
MOPOIIKY (/i€ YTBOPIOIOTHCS MIKPOIIIIA3MOBI KaHAIH).

3a pe3yibpTaTaMu PEeHTTEHOCTPYKTYPHHUX JIOCIHIHPKEHb KOHIIEHTpAIii
kapOiy TUTaHy Yy 3pa3kax oOpoOJEHOro MOpOIIKY OyJI0 BCTaHOBICHO
3anexHicTh Cric BiJl TyCTHHU CTPYMY B KaHaJi po3psiny (IuB. puc. 2.5).

Cre%
60
50
40

30 -

!/
20
10

{
|
l
04
0 0,1 0.2 03 04 0,5 j, KA/MM?
Pucynok 2.5 — 3anexHicTh KOHLEHTpauii kapOimy THTaHy Bixg
TYCTHHHU CTPYMY B KaHaJll po3psiy.

Haxainp, 3anexHicTh KOHIEHTpaIlii KapOily THTaHy BiJl TYCTHHHU
CTpyMy B KaHaJl po3psay Hapasi Oyja IOCIHi/pKeHa JIWIIe B Jliana3oHi
j« €[0,08;0,56] KA/MM?, 1[0 HE O3BOISE JOCTATHBO TOYHO APOKCHMYBATH
(yHKIF0 OTpPEMAHOI 3aNEeKHOCTI y Aiama3oni 3HaueHb j, < 0,08 KA/MM.
OpHak MOXKHA 3pOOHMTH MPHITYLICHHS, IO y IbOMY Jiana3oHi BoHa Oyne
MaTH BUIJISL JorapruMidHOT 3a1€KHOCTI (IUB. pHC. 2.5, MyHKTHPHA JIiHIs).
Toxi 3ajexHICTh KOHIEHTpaIlii KapOily THTaHy BiJl TYCTHHH CTPyMy B
KaHaJIi pO3pALY MOXKHA allpOKCUMYBATH SIK:

3,5605 - In(j,) + 40,993; j, < 0,08 KA/MM2

2.1
51,531 j, + 27,579; j, = 0,08 KA/MM? 1)

Cric = {
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PentrenodasoBi JOCHIHKEHHS CHHTE30BaHOTO KapOigy THTaHy
MoKa3anu, 10 13 30UIBIICHHSAM THTOMOI €Heprii BIUIUBY TIEpPioa
KpucTaiiyHoi rpatku @ TiC 30imburyerses (IuB. puc. 2.6).

a, M

0.434

0,432 T
0.431 //

0,43
0,420
0 10 20 30 Wi, MIGK/KT
Pucynok 2.6 — 3anexHicTh Tepiofy KpUCTaJTiYHOI TIpaTKH

a kapbimy TutaHy Big mnuToMoi eHeprii BEP-o0poOkum mpu eneprii
OJMHUYHOTO po3pany 1 x/[x.

3rigHo [2] mpu 3MiHI CTEXiOMETPUYHOro CKJIagy KapOimy THTaHy
BIJIIOBITHO 3MIHIOETHCS TEPiOJ @ WOTro KpuctamiuHoi rparku. Ha puc. 2.7
HaBeICHO 3aJICKHICTh 3MiHK 001acTi ToMorenHocTi KapOimy turany (TiCy)
BiJl TUTOMOI eHeprii BIUIMBY NpH eHeprii oJuHU4HOro po3psaay 1 x/x, 3
SAKOi BUAHO, IO 30imbIneHHs nutomoi eHeprii BEP-o0poOku 3 10 mo
40 MJDK/KT IpUBOIUTE 10 3MiHHM OOJIACTI TOMOTEHHOCTI KapOimy THTaHy
BiI[ TiC0y48 a0 TiC(),gg.

HaBenena na pumc. 2.7 3aJexHICTh i3 TOYHICTIO R? = 0,98
AIPOKCUMY€ETHCSI JTOrapH(pMidHO:

TiCy = 35,175 In(W,y,,) — 32,939 (2.2)

OTxe, 3MIHIOIOYH 3HAYCHHS T'YCTHMHH CTPYMY B KaHalli PO3psay Ta
MUTOMY EHEPril0 OOpPOOKH, MOMXJIMBO KEPyBaTH SK KUIBKICTIO, TaK 1
CTEXIOMETPUYHUM CKJIAJIOM KapOify TUTaHy, CHHTE30BaHOTO B Pe3yJbTaTi
BEP-00po0xkwu.
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TiC,. 7 4
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40

0 10 20 30 W MJITE/ET

Pucynok 2.7 — 3anexHicts 3MiHH obOnacti romoreHHocTi TiC Bifg
MUTOMOI €HEpril BIUTUBY MPH €HEePrii onuHIUYHOTO po3psiay 1 kJx.

KouTpoabHi nuTaHHs

1. ki mapametrpu BEP-06po6ku Bam Bigomi?

2. SIkwii XapakTep HOCSATh 3MiHU MMapaMeTPiB PATKH MOPOMIKyY Ti?

3. YuM MOSICHIOETHCS 3MiHA MApaMeTpiB TPaTKH MOPOIIKY Ti mpu
BEP-00po611i?

4. Sk KinbKiCTh KapOiqy TUTaHy 3alie)KHUTh B MUTOMOI €Heprii
BEP-06po6ku?

5. Sk mBHUAKicTh 3pocTanHs cTtpymy npu BEP-00po0ui BrmBae Ha
KUTBKICTh KapOimy TuTany?

6. SIKOFO 3aJIEKHICTIO OMUCYETHCS KOHICHTpaIlis KapOixy TUTaHy BiJl
TYCTHHH CTPyMY B KaHaji po3psny?

7. Sk BrmuBae nutoMa eHepris BEP-o0poOku Ha 3MiHM mepiony
KPHUCTANIYHOT TPaTKH a KapOiLy THTaHy?

8. Un 3anexutb obnactb romoreHHocti TiC Bix mutomoi eneprii
BIUMBY 1ipu BEP-00po61i?

Jliteparypa
1. Kyckoa H. U., FOmummuna A. H., Mamomesckas A. II. u np.
[Mony4yeHnne yriaepoJHbBIX HAHOMATEPUAIOB B MPOIECCE IMEKTPOPA3PSIHON
00pabOTKM  OpraHMYecKHX  KHUIKOCTEH. OJeKkTpoHHas  o0paboTka
marepuaion. 2010. Ne 32. C. 72-76.
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2. 3yeBa JI. B., I'ycee A. W. BrnusHue HecTeXHOMETpHUH U
YIOPSIIOYEHNsT Ha TIepHoa 0a3MCHOW CTPYKTYpHI KyOWdecKoro kapowma
tutaHa. ®usuka TBeporo tena. 1999. Ne 41, C. 1134-1141

IIpakTuyna podora 3.
JOCJIILIZKEHHSA 3MIH ®A30BOT'O CKUIAZLY ITOPOLIKY
Al BI1 MTAPAMETPIB BEP-OBPOBKHA

Meta po6oTH: 03HAOMUTHCH 3 XapakTepoM BBy BEP-00poOku
Ha (a30BHii CKiIaz i cTpyKTypy mopouky Al.

OcHoBHa yacTHHA

Hocmimkenns BEP-BuBy Ha MOPOIIOK aMIOMIiHIF0 BAKOHYBAIH MTPH
e”eprii oguauuHoro pospsay W; =1 kJ[x Ta mutomiii eneprii oOpoOku
W = 10 MJIx/KT.

Y ckmami BuxigHOrO mOpomKy (muB. puc. 3.1) kpim, BiacHe,
ATIOMIHII0, IPUCYTHI MiKH, BiAMOBIAHI rigpookcuaam amomiHito Al(OH)s.

VY pesynbrari BEP-BIunBy y (azoBomy Ckiaji MOPOLIKY aTOMIiHIiIO
MOMITHUX 3MiH HE criocTepiranu (auB. puc. 3.2), yTBOPEHHS HOBUX IIiKiB
BiJI3HAYCHO HE OYJI0.

CriocrepiraeTbcsi HEBEJMKE PO3MIMPEHHS MiKiB, BUKIUKAHE 3MiHOIO
PO3MIpiB KPUCTAIIITIB TOPOIIIKY.

L% [
®_ Al

90 A ¥ — AI(OH)s

[ ] ® e ©
| |
J\, “ . I " ',Jl' .

4 e
f T T f T T T T T T T
10 20 30 40 50 60 70 80 90 100 110

\A4 v \

20,°
Pucynok 3.1 — [ludpaxTorpama mopoIky amaOMiHIIO Y BHXiZHOMY
CTaHi.
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Pucynok 3.2 - [udpaxrtorpama TmMOpOLIKY aJTIOMIHIIO MiCHs

BEP-00po6xu ipu W, = 10 MJx/xr, W; =1 xJ]x.

Po3mip 00macTi KOTEpEeHTHOTO PO3CiIOBaHHS MPH IHOMY 3HIKYETHCS
3 77 am go 50 mm. Iloganbiine 30ibIICHHS MHUTOMOI €HEPrii CHpuUse
3HIDKEHHIO 00JIacTi KOT€PEeHTHOTO PpO3CiIOBaHHS JO 3HA4YeHb Bin 24 10
40 =M (uB. puc. 3.3).

D, M
80 +
70 N
n
60
50 ‘\:\\ 1
40 __\_ﬁ:
20 r
0 5 10 15 Wy MIK/ET
Pucynok 3.3 — 3anexHicte po3Mmipy 007acTi KOTEPEHTHOTO

PO3CifOBaHHS aIOMIHIO BiJl MUTOMOI €HEpTii BILIUBY.
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Orxe, Ha BigMiHY Bim Bumaaky oOpoOkm mopomkiB Fe Ta Ti,
BEP-00po6ka iHmuBigyanpHOTO MOpOmKYy Al HE TPU3BOAUTH IO 3HAYHHUX
3MiH Horo ¢a3zoBoro cknany. [Ipu npoMy BiZOYBaeThCsl MOMITHE 3HIKCHHS
snageHHs: OKP, mo cBiguuTh npo 3MiHY ME30CTPYKTYpH YacTHHOK
MOPOIIKY 1 YTBOPEHHS Y HUX HOBUX CyO3epeH.

KonTpoabHi nuTanns
1. SIki ¢a3u MICTHTH TIOPOIIOK ATIOMIHIIO Y BUX1THOMY CTaHi?
2. SIx BunmBae BEP-prmuB Ha (pasoBuit ckiman mopomky Al?
3. Slkuii xapakTep Mae 3aJIeKHICTh PO3MIpYy 00JacTi KOTEPEHTHOTO
PO3ciroBaHHS amtoMiHi0 Bif nutomoi eHeprii BEP-BmiuBy?
4. Um 3wminoerecs npu BEP-00po0mi crpykrypa dYacTHHOK
MOPOLIKY?

IIpakTnuna podora 4.
JTOCJIIXKEHHS 3MIH ®A30BOI'O CKJIALY CYMIIIEN
MOPOULIKIB, 1O MICTATb Al, Fera Ti, 3
ITAPAMETPAMMU BEP-OBPOBKH

Meta po6oTH: 03HAHOMHUTHCH 3 XapakTepoM BILTHNBY BEP-00poOku
Ha ($a30BHH CKIIA/I TA CTPYKTYPY CYMIIIIEH MOPOIIKIB.

OcHoBHa YyacTHHA

Penrrenodaszouii ananiz pesynsrarieB BEP-00poku cucremu «rac —
cymitn mopomkiB cknany 70 % Fe + 30 % Ti (mac.)» BUKOHYBaIU MicCIis
00pobku B pexnmax Ne 6, 7 ta 9 (muB. Tabdn. 4.1). B Buxigniid cymimri
ckiany Fe-Ti BcraHoBieHo HasiBHICTBH JBOX (a3 — o-Fe ta a-Ti (auB. puc.
4.1, a), a micnst BEP-00po0Oku Ha qOCHiKEHNX PeKUMaX YiTKO BCTAHOBHTH
(hazoBuii CcKIIa]] MOPOIIKIB Baxko (fauB. puc. 4.1, 0, B, T). Bei ¢a3u marTh
BITHOCHO HECTeXiOMeTpHUuHui ckian. Lle cBimuuTh Hpo Te, MO MPOIEC
dhopmyBaHHs (ha3 3 BUPaKEHUM CTEXiOMETPHUYHUM CKJIAJIOM HE MPOXOIUTh
no kiHmg. CroctepiraeTbcsi CyTTEBE 3MEHIICHHS IHTEHCHUBHOCTI BCIX
3apeecTpOBaHUX TUQPPAKIIHHAX MaKCHMyMIiB Ta 3HayHe iX pPO3IMIMPEHHS,
1m0 Moke OyTH TOB’si3aHE 3 JUCIEPTyBaHHSM YaCTHHOK IOPOIIKY,
HETOMOTEHHICTIO  0OpOOJIIOBaHMX  IOPOWIKiB, 30UIBIICHHSIM  PiBHIB
MIKpOHAIIPYKeHb Yy  YacTHUHKAaX, SKi BHUKIWKaHI CTPYKTypPHUMH



CIIOTBOPEHHSAMM Ta JedeKkTaMu B KPUCTAIIYHUX TIpaTKax. YTBOPEHHS
HOBHX (pa3 CIOCTEpIiraeThCs MPHY BILTUBI 13 €HEPTIEI0 OAMHUIHOTO PO3PSITY
1 xJx, nuromiii eneprii BrumBy 40 M/DK/Kr Ta MIBUAKOCTI 3pOCTaHHS
ctpymy 24 T'A/c (muB. puc. 4.1, 6). Y upomy pexuMi BinOyBaeThcs
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yrBOpeHHs kapOimaux ¢a3 FesC ta TiC.

Bimomo [65, 66, 137], m0 mix BIUTMBOM IUIA3MH KaHATY PO3PALY
BiOyBa€ThCSI TEpMiuHA AECTPYKIIS Ta PO3KIAA MOJIEKYN racy y Imapax
piowHA 61N TIa3MOBOTO KaHANY, IO CIIPHE CHHTE30BI HAHOBYTJIEIIO B
TBepaii ¢a3i Ta BomHIO y TraszomomiOHii. IlosBa HOBuUX a3 3MmiHIOE

KOMILJICKC BJIAaCTHUBOCTEH racy, 3oKpema ¥ ONTUYHI.

Tabmurs 4.1 — 3anmanoBani pexxumu BEP-006po0ku moporikis

® lve | e |mmk| " | dvd Tase
peXKUMY MJTx/KT
1 50 0.2 0.25 20 13
2 50 0.4 0.5 20 19
3 50 0.8 1 10 24
4 50 0.8 1 20 24
5 50 0.8 1 30 24
6 50 0.8 1 40 24
7 50 1.6 2 40 28
8 50 3.2 4 8 31
9 50 3.2 4 40 31
10 25 3.2 1 40 15
[TpumiTka: Hanpyra o0pobinenHs, kB;

1.U

2. C — emHicTb Oatapei KoHIEHCATOPIB, MKD;
3. W, — onquanyHa enepris 00poOku, kJ[xk;
4. W,

um — TIATOMA €Heprist 00pooku, MJIx/Kr;
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5. di/dt — cepenns mBHAKICTH 3pOCTaHHs CTpyMy, ['A/c

o-Fe
[

o-Ti

a-Ti T
i o-Ti

o-Fe

35 40 45 50 55 60 65 70 75 80 85 90 95

a
a-Fe
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FesC a-Fe iC Ti
ol T
i | n \ {
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T, aFe,
TiC FesC FesC,
aTi Tic, FeaTi
FeaT

a-Ti |

Fe3C

i TiC
TiC aTi m T

FesC Tic

FeaC FezTi
Fe2T

T ‘

35 40 45 50 35 60 65 T0 75 80 85 90 93
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FeTi
FeaC
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r

Pucynok 4.1 — PeHTreHorpamu cyMimii mopoIKiB MacoBOrO CKJIaay
70 % Fe + 30 % Ti: a — Buxigna cyminr; 6 — micist BEP-06po6ku mpu W, =
1 xx, Wy 40 MJDx/kr, di/dt = 24 TA/c; B — micas
BEP-06po6ku npu Wy = 4 xJlx, Wy, = 8 M/Dx/kr, di/dt = 31 TA/c; r —
micist BEP-06po6ku ipu W = 4 kJIx, Wy, = 40 M]Dx/xr, di/dt =31 T'A/c.
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3 MeToI0 BUSABIIEHHS 3MIHU CKJIaIy Tacy B pe3yNbTaTi AECTPYKIIIi ITi T
yac BEP 0y;10 BUKOHaHO IOCITIIHKEHHS 3MIHH TMOKa3HUKA 3AJIOMJICHHS Tacy
Np 3a gomomoror pedpaxkromerpy YPJI [139]. Byno BusiBneHo 3miHy Np 3
1,4456 no 1,444. Taki He3Ha4yHI 3MiHU CBig4ath, o npu BEP B cucremi
«rac — cymim nopomkiB cuctemu Fe-Ti» He BigOyBaeTbCs YTBOPEHHS
IHIIMX PIAKUX BYTJIIEBOJHIB 3 MEHIIOIO, HIX Y racy, KuIbKicTio aromiB C y
Mmonekymi. IIpomec necTpykuii MoOJeKyd Tracy Ha BYIJIeIb Ta BOZCHB
BiOyBaethest 3rigHo piBHsHHA CpH,it2 — nC + (n+1)H,, Tto6TO
BiIOYBA€THCS PO3KIIA]] MOJIEKYII i3 HACTYITHUM YTBOPEHHSM TBepAO(ha3HUX
Moau(ikaiiii HAHOBYIJICHIO Ta Ta30NoJi0OHOr0 BOAHI. BukoHani Ha
paMaHIBCLKOMY MIiKPOCKOITI TOCII/PKEHHS MOoKa3aiu, 1o B pe3ysnbrati BEP
BIUTBY Ha JTUCIIEPCHY CHCTEMY «IIOPOILIOK THUTaHY — Tac» CHHTE3YIOTHCS
pi3Hi anoTponHi (OPMH HAHOBYTJIEIIO, Y TOMY YHCHi, QyJepeHH (IUB.
puc. 4.2).

-1,5x 10* - 1.6x 10
1x105 [l ;
4 il H14x103
N |
8x10* - J12x10
1 41.0x103
-1,0 x 10*
6x10* - E
48.0x102
4x10* —6,0x 102
A ! -4.0x 102
/)
2x 104 7505103 /M""ﬂ/ fdy ] 1BM-91, Cé0 1
“\//M/‘ . “ \ ',‘"‘ | ) IBM-91. C70 -2,0x 10?2
— T | 0.0
0 500 1000 1500 2000 2500 3000 3500

PamaniBcekuii 3cyB, cm!

Pucynok 4.2 — PamaniBcbkuii criekTp racy: | — rac y BHXiJTHOMY
ctaHi; 2 — rac micis o0pooku Wy = 4 Mk, Wy =1 k/Ix; 3 — eranonHui
cnextp Cgo; 4 — etasionnuii cuextp Cro.
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3miHa (azoBoro cxiamy cymimi nopomkiBs 70 % Fe + 30 % Ti
cnpuunHeHa TuM, mo npu BEP B nmmcmepcHiii cucremi (QopmyeTbes
TUTa3MOBHI KaHal, TemIepaTypa skoro ckmagae ~ 40000 K, Ttomy dasu
o-Fe ta o-Ti y npukaHanpHiil 30HI HarpiBaroTbcs BHIIEC TeMIlepaTypu
IUTaBJICHHS, HACHIYIOTHCS BYTJIEIEM Ta KpPHCTali3yloThes. HanoByrens y
ra3oBiH, piakii Ta TBepAii (a3ax Moke BCTyIaTH B peakilii kapOimizamii i3
a-Fe ta o-Ti.

I3 30inmpmieHHsM eHeprii ogMHWYHOTO po3paxy no 4 kx/x Ta
MBUAKOCTI 3pocTaHHs ctpymy no 31 ['A/c, ame mpu ogHOYacHOMY
3MeHIIeHHI muToMoi eHeprii BmiuBy no 8 MJLk/kr (pexxum Ne 6, nuB.
Tabm. 4.1) BigOyBaeThCsl IHTEHCHBHE MOAPIOHEHHS MOPOIIKOBOI CyMillli Ta
HAaKOMMYEHHsSI MiKpOHANpYXKeHb, M0 HA TU(PPAKTOrpamMax MPOSBISETHCS Y
3MEHIIICHHI I1HTEHCHBHOCTI Ta PO3MIMPEHHI iHTeppepeHIiiHNX iHil
KOXHOT0 13 KOMIOHEHTIB. [Ipu iboMy 0THOYACHO 13 MOsABOO KapOiaiB FesC
ta TiC, mo Oyno xapakrtepHo i ans pexumy Ne 4, BinOyBaeThCs CHHTE3
intepmeraminy Fe,Ti (muB. puc. 4.1, B). Takoxx Ha peHTreHOTpami
30epiraroThes mku (a3 o-Fe ta a-Ti, 10 CBIAYMTE, 110 TMUTOMOI €HEprii B
8 M/I>x/KT HEIOCTaTHRO [T MMOBHOI KapOifizariii 00poOIoBaHOT CyMilIi.

30inpmienHss mutoMoi eneprii BEP-o0po6kn mo 40 MJDx/kr mpu
30epeKeHHI 3HAYeHHsI €Heprii OoJuHWYHOro po3psaay y 4 kJx Ta
BIJIMIOBIIHO MIBUJIKOCTI 3poctaHHsi ctpymMy y 31 T'A/c (pexxum 0OpoOKu
Ne 9, nuB. Tabn. 4.1) mpuBOAWTH A0 TOSBH Ha audpakTorpaMi IiKiB
kap6iniB Fe;C Ta TiC ta intepmeranigie Fe,Ti ta FeTi (uuB. puc. 4.1, ).
Iarepmeranin FeTi € menm crabinpanm, Hik Fe,Ti, Ta po3knanaersest nmpu
HWKk4id Temmeparypi. Kpim mporo, FeTi, pearyroum 3 3amizom, Moxe
yrBoptoBati Fe,Ti. Takox, o06poOka B pexxumi Ne 9 mnpuBoguTh 10
YTBOPEHHSI 3HAYHOI KUILKOCTI HAHOBYTJICIIIO, IO TAKOX OYyII0 3adikCcOBaHO
Ha TUdpakTorpami.

IlonmiGHI pesymbraTé Oyno OTpUMaHO ¥ TMPU  IOCHIHKEHHI
pesyabtaTie BEP-00po0ku nopomikoBux cymimei cucremu Fe-Ti iHimoro
MacoBOTO cKJaay. AHami3 (a30BOro ckiajay TOPOIIKOBOI KOMIO3HUINT
80 % Fe + 20 % Ti cBimuuth, mo obpobka B pexxumax Ne 3 — Ne 6
NpUBOIUTH 10 3MiHM ckinamy cymimni. [licas BEP-o6poOku okpim mikiB
BuXigHux o-Ti Ta o-Fe, y BCIX pO3MISHYTHX pexuMax 3’sBISIOTHCS KA
kapOizis (TiC, Fe3C), ta intepmeraniny Fe,Ti (nuB. puc. 4.3).
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Pucynok 43 -  JludpaxtorpaMu  MOPOIIKOBOI  CyMiIIi
80 % Fe + 20 % Ti go i1 micns BEP 00po0Oku B raci: 1 — BuxigHa cyminm;
2 — micna BEP o00pooxku npu W, = 10 MJDkx/kr; 3 — mpu
Wi = 20 MIx/kr; 4 — ipu Wy, = 40 M JTx/kr.

Pesynbratu pamaniBcbkoi criektpockortii cymimi 80 % Fe + 20 % Ti
micist BEP-00poOku y pexxumi Ne 6, BukoHaHoi Ha mpwiaai Renishaw
InVia Micro Raman, HaBeneno Ha puc. 4.4. Ha criekrporpami momiTHi 1Bi
gitko BHpaxeHi mimii mpu 1400 cm ™ ta 1600 cM ', ski cBimyaTh mpo
HasBHICTH MoJiekyll Cg Ta Cyo BigmosigHo. JliHii, ski crocrtepiraiv y
o6macri Bix 2400 cm 10 3000 CM’l, BiTHOCATHCSA A0 KapOixy Turany TiC.

AHai3 peHTreHorpam cymimi nopomkis ckiany 50 % Ti + 50 % Al
nicist BEP 00po6ku i3 W, = 3,33 MJDK/Kr CBiq4uTh TIPO HAsBHICTH
kapOigy turany TiC, iHTepmeranimiB amominito Ta turany AlTis, AlTi,
Al,Ti, Al;Ti Ta noasiiinoro kap6imy TizAlC.

36inbmenHs muTomoi eHeprii BEP-BIuMBY Ha MOpOIIKOBY cCyMmill
50 % Ti + 50 % Al y 2 pa3u (10 6,67 M/IX/KI) IPUBOIUTH 10 CHUHTE3Y
Takux crnoiyk, sk AlTis, AlTi, AlLTi, Al;Ti, Tiz;AIC, TizAIC,, Ti,AlC (nus.
puc. 4.5, ©0). Ilikm kapbimy TuUTaHy Yy LbOMY BHIAAKY JEII0 OiIbII
BUPaXeHi, HIXK y BUIAJKY BEP-00po6ku i3
Wi = 3,33 M/x/kr. Takuii ¢a3oBuii CKiaj JO3BOJSE PEKOMEHAYBATH
BUKOpPHUCTaHHs 00po0iieHoi cymimi nopomkis ckinaxy 50 % Ti+ 50 % Al y
BUTTISI MOJM(IKATOPY CTPYKTYPH JKAPOMIIHOTO CILIABY.
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Pucynok 4.4 — PamaniBcrkuii criektp cucremu 80 % Fe + 20 % Ti
nicist BEP-00poOku B raci.

PesynbTaTti pamMaHiBChKOI CIIEKTPOCKOTIT 1HIUBIIyaTbHUX YaCTHHOK
CyMillli TIOpOIIKIB mouatkoBoro ckiagy 50 % Ti + 50 % Al micns
BEP-00po6ku HaBeneno Ha puc. 4.5. Ha BciXx pamaHiBCBKHX CHEKTpax
FOTO 3pa3Ka HE3aJIEKHO BiJ| TOYKH, JIe BOHH OyJiM 3HATI, MPUCYTHI HBi
He3MiHui minii ma 1400 cm™ Ta 1600 CM'l, 10 CBiAUUTh Mpo cuHTe3 Cqp T
C70 nozibHO 10 BUNaaKy o6poOku racy ta cymimi 80 % Fe + 20 % Ti.

OTxe, BCTAHOBJIEHI 3aKOHOMIPHOCTI 3alIeXHOCTI (pa3oBOro ckiamy
Bin pexumy BEP-00poOKHM m03BONSIOTH KEpyBaTH JUCIEPCHICTIO Ta
(haz0BUM CKJIAIOM TOPOIIKY Yepe3 Mmi0ip napamMeTpiB BIUIUBY (IIBHIKOCTI
3pOCTaHHA Ta TYCTHMHH CTpyMYy B KaHalli poO3psdy, NMUTOMOI eHeprii
BEP-00po6ku). lle m03BONUTH OTPUMYBATH BUXITHY UIMXTY 3aJaHOi
JUCTIepCHOCTI Ta (Pa30BOTo CKIIAY.
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Pucynok 4.5 — PamaHIBCBKi CHEKTPH YaCTHHOK CYMIIlli TOPOILKiB
rogatkoBoro ckmany 50 % Ti + 50 % Al micns BEP-00po0Oku: a — Touku
3HATTSA CHEKTPiB Ha MOBEPXHI MOPOIIKY; © — paMaHIBChKiI CIHEKTpH,
OTpPHMaHi y BKa3aHHX TOUYKaX.

KonTpoabHi nuTanus

1. Sx BrumBae BEP-00poOka y raci Ha ¢asoBuil ckiaj cymimri
nopoinkiB cucremu Fe-Ti?

2. Illo Take TepMmidyHa AECTPYKIlis, KONH BiIOYBaeThCS Ta UYUM
CYTIPOBOIKY€ETHCS?

3.5k 3miHrOeTbcs  (GazoBUil  CKIIaAg  CyMimi  TIOPOMIKiB
50%Ti — 50%Al miciast BEP-06po0ku?

4. B 4yomy mossirae CyTHICTh MEXaHi3My 3MiH (ha30BOrO CKJIATy Ta
JucriepcHocTi mopomkiB pu BEP-06po6i y raci?

IIpakTnyna podora S.
BJIACTHUBOCTI MATEPIAJIIB, KOHCOJIIAOBAHHUX I3
OBPOBJIEHUX BUCOKOBOJIbTHUM EJIEKTPUYHUM
PO3PSAJIOM INOPOIIKOBUX CYMIIIEN

Mera podoTH: 03HAHOMUTHCH 31 3MIHOK BJIACTUBOCTEH, MIO
BiZIOyBa€ThCSI MPH KOHCOMiJAILil MOPOIIKOBUX CyMilllei, sKi monepenHbo
00po6eni BEP.

OcHoBHa YyacTHHA

Ickpo-nazmose crikanus (IIIC) cymimi 80 % Fe + 20 % Ti micna

00poOKH BHCOKOBOJIFTHHM eJeKTpHUHUM po3psigoM (BEP) mo3sonmio



27

oTpUMaTH MeTamo-Marpuddi  kommosutd (MMK) i3 piBHOMIpHOIO
CTPYKTYpOIO  3aJli3HOT MaTpwii, 3MIIIHEHOi KapOigoM THTaHy i3
MmikporBepaictio qo 7 [Tla (mmuB. puc. 5.1, a, cipa daza). Teepmictb
orpumanux 3paskiB MMK cucremu Fe-Ti-C 3a Bikkepcom ckiana
14,7 T'Tla. IllnsgxoM eneKTPOHHOI MiKpocKomii Oyl0 BCTAHOBIEHO, IO
pPO3Mip YaCTHHOK 3MIIHIOBAFHOI KapOimHoi ¢aszu y orpumanomy MMK
3HaXOUThCs y miana3oHi Big 100 M g0 600 HM (uB. puc. 5.1, 0).

20,00KV. %500k i0im

Pucynok 5.1 — MikpocTpykTypa KOHCOINiIO0BaHOTO 3pazka MMK
cucremu Fe-Ti-C: a — omrmuna wmikpockomis (30imsmenas Y250),
0 — enekTpoHHA MiKpocKoTis, 30inpimeHHs (x5000).

[Mpu upomy ITIC He mpu3Beno 1O MOMITHHX 3MiH (Pa3oBOro CKIaLy
MMK 1opiBHSHO 13 00POOICHOIO CYMIIIIIIIO ITOPOIIKIB (UB. puUC. 5.2).

Pesynpraty mociimkeHb 3HOCOCTIMKOCTI CBi4aTh, IO BTpAaTa Mach
npu abpasuBHomy 3HomryBanHi MMK cuctemu Fe-Ti-C cknana 0,035
(muax 2,5 kM) (ouB. puc. 5.3, a Ta puc. 5.4, kxpuBa 1), 0 CTAaHOBUTH
1,25 %. Lle HmwkK4e, HDX BTpara MacH 3a pe3yJbTaTaMH JOCIiIKEHHS
3HOCOCTIMKOCTI I1HCTpYMEHTalbHOI IMIBHIKOpi3anbHOi cram POMS, ska
cradoButh 0,037 r Ha 2,5 kM nuiaxy ab6o 1,57 % (muB. puc. 5.3, 0 Ta
puc. 5.4, kpusa 2).

IIpu mpoMy nemio Bipi3HAETBHCA 1 XapakTep 3HOIIYBAaHHS 3Pa3KiB.
3unoc orpumanoro MMK cucremu Fe-Ti-C BinOyBaeTbcss piBHOMIpHO i3
cepenuboro mBuakictio 0,014 r/km a6o 0,56 %/km. Ha kpuBiii 3HOCY
3pas3ka craji POMS 4iTko BUAIISIOTHCS ABI AUISTHKH YCTAJIEHOTO 3HOCY — JI0
2 KM, KOJIM 3HOC Bii0yBaeThcs i3 mBUAKICTIO 0,56 %/kM , Ta Bix 2 KM, Ha
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sIKif BiOyBaeThes piBHOMipHHMH 3HOC 13 mBuakictio 0,017 r/km abo
1,14 %/xm.

200
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Pucynok 5.2 — ®asosuii ckmag MMK, orpumaHoro 3 mopouky
cknany 80 % Fe + 20 % Ti miciist BEP-06po6xkwu.

500 MM

Pucynoxk 5.3 — Onrtuuni  wmikpodororpadii  miHIE — TepTs
KOHCOJTiTIoBaHKX 3pa3kiB (30iibiieHHs x250): a — MMK cucremu Fe-Ti-C,;
6 — crasib POMS.

Otpumanuii micist crikaHHg cyMinn nopowmkiB 50 % Al + 50 % Ti
micass BEP o0pooku mpu W, = 6,67 MJx/kxr MMK mae piBHOMIpHY
CTPYKTYPY PO3MOALTY 3MII[HIOBAIBHUX (a3 3a 00’eMoM (IuB. puc. 5.5) Ta
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TBepaicTh 3a Bikkepcom ~ 8,3 I'Tla. MikpoTBepaicTh CBITIMX IiISHOK
Matepiany ckianae 4,6 I'Tla, a temanx ~ 8 ['Tla. Pe3ynpraTul enekTpoHHOT
Mmikpockomii orpumanoro MMK (nuB. puc. 5.5, 6) cBiguars, mo po3mipu
3epeH 3MIIHIOBaIBHOI (TeMHOT) (ha3u y HbOMY 3HAXOJIATHCS Y Jiarma3oHi Bij
1 MKM 10 8 MKM.

Am, %
1.8
1.6

1.4
1,2 - /]
1
0.8

UI_6 1 Ap/
0:2 L /

0 0.5 1 1,5 2 1, kM

Pucynok 5.4 — KpuBi 3HOIIyBaHHS 3pa3KiB 3ai3HO-MaTPUYHUX
MMK: 1 — MMK cucremu Fe-Ti-C; 2 — crans P6M5.

Pucynok 5.5 — MikpocTpyKTypa KOHcoxizoBaHoro 3pazka MMK
cucremu Al-Ti-C: a — onruuna wmikpockoriss (36inbmenus U250); 6 —
eJIeKTpOoHHA Mikpockoris (30inbienHs x1000).
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PentrenodazoBuii anamiz KOHCOJNIZOBAHOTO 3pa3Ky IIOKasaB, IO
MPOMYCKaHHA CKpi3p MIMXTY, oTpuMaHy nurixom BEP o0poOku cywmimmi
50 % Al + 50 Ti % (Wy = 6,67 MJx/kr Ta W= 1 xJIk), cymeprno3uiii
MOCTIHOTO Ta 3MIHHOTO CTPyMYy MpH3BEJO 10 (a3oBUX MEPETBOPEHH Y
KOHCOJIIJIOBAaHOMY MaTepiaii, BHACIIJOK YOTO YTBOPIOETHCS IOJATKOBHMA
TiC (a = ¢ = 0,4331 £ £+ 0,0002 am) ta Ti3AIC, (a = 0,3068 £ 0,0009 HM,
c = 1,844 £ 0,011 HM) i3 BUBIIBHCHHSM 3aJIMIIKOBOTO BYTJICHIO (IMB.
puc. 5.6).
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Pucynok 5.6 — ®azoswmii cxiagq MMK, oTpumaHOro 3 TOpOMIKY
ckiany 50 % Ti+ 50 % Al

3rigHO pe3ynbTaTiB KibKicHOro anamizy merogom RIR [140],
¢dazoBuii cxman orpumanoro MMK wactynaumii: 0,8 % Ti, 25 % TiC,
44 % C, 23 % TizAlIC, (MAX-da3za).

Hocmimkenns 3aococtiiikocti MMK cucremu Al-Ti-C nokasanu, 1o
BTpara Macu npu 3HouryBaHHi MMK cuctemu Fe-Ti-C cxmana 0,013 r
(msx 5 kM) (auB. puc. 5.7, a), mo craHosuth 0,9 %. lle HmwKkue, HIK Y
AQHAJIOTIYHUX  ANMIOMOMATPUYHHUX KOMIIO3MTIB, OTPUMAHMX METOJIOM
rapsiaoro excrpyayBanss (0,017 r, abo 1,2 %, npu HIWKYIH MIBUIKOCTI
o0epTaHHs cTajieBOro poiauky — 230 00./xB [141]).



Pucynok 5.7 — Onruura Mikpodororpadis JmHIE — TEepTs
koHcomigoBanoro 3pa3zky MMK cuctemu Al-Ti-C (36inbiieHHs X250).

IIpn mpoMy KpuBa 3HOCY 3pa3Ka IO Mipi 30UIBIICHHAS TPOHISHOTO
HUIsXy, HaBeleHa Ha puc. 5.8, SKICHO 30ira€tbesi i3 XapakTepHUMHU JUIs
3MIIIHEHUX 3HOCOCTIHKUX allOMOMATPUYHUX KOMIO3HUTIB, JOCIIDKEHUX Y
poboti [141]. Ha xpuBiii 3HOCY BHUIUISIOTHCS TPW MUISHKH — JIUISHKA
JnonatkoBoro mnputupanHs (Big 0 mo 1 kM), ycraneHa iisHKa, 1€ 3HOC
Maibke BiicyTHil (Big 1 1o 3 kM), Ta AiNSHKA yCTaJIeHOro 3HOCY (Bif 3 KM),
Ha SIKid IIBHAKICTH 3HOIIYBaHHS Maike HE 3MIHIOEThCA. TOMYy MOXKHa
NPOTHO3YBaTH, IO IMOJAJbIIe 3HOIIYBAaHHS 3pa3Ky Oyne BigOyBaTuch i3
cepennboro mBHKicTIO 0,003 r/kMm (260 0,21 Y%/xm).

XapakTepHi JiarpaMd HamNpyTd, MIBUIKOCTI Ta TYCTHHH €HEpTii
nedopmanii 3pasky, Burotosieroro IIIC 3 mmxtu 50 % Al + 50 % Ti,
nigrorosiaenoi BEP npu Wnur = 6,67 MJDx/kr, HaBeneHO Ha puc.5.9.
BianogigHo 1o kpuBoi 1 Ha puc. 5.9 nuHamivyHa Hanpyra B 3pa3Ky CArHyJa
no3Hauku 620 Mlla, nmpu npoMy IBUAKICTH Nedopmarii ckianga OJU3bKO
370 c—1 (auB. puc. 5.9, xpuBa 2), a rycTuHa eHeprii cxana 40 MJ[x/cm®
(muB. puc. 5.9, xpusa 3). Moxyns FOnra marepiany ckias 15 I'Tla.

JocmipkeHHs: KapoCTIHKOCTI IMMOKas3ald, Mo Micis mnepeOyBaHHS
BIpoaoBx 105 roauH npu miaBuIeHii Temneparypi (3 HUX 25 TOAUH — IpU
600 °C) BigHocHa 3mina Macu 3pa3kiB MMK cuctemu Al-Ti-C ckianae
0,004.
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Pucynok 5.8 — Kpusa 3nomryBanns 3pazka MMK cucremu Al-Ti-C.

Orpumanuii  MMK  cucremu  Al-Ti-C = moeaHye — BHCOKY
KaPOCTIHKICTh, TBepAiCcTh 3a Bikkepcom 8§ I'Tla, nuHaMiuyHy MexXy MIIIHOCTI
Ha cTuck y 620 MIla ta monynas FOura y 15 I'Tla. Taka komOiHaiis
BJIACTUBOCTEH O3BOJISIE PEKOMEHYBATH MO0 SIK 3aMiHY CIIJIaBy Ha OCHOBI
inrepmetanigy TisAl (57% Ti + 25% Al + + 17% Nb + 1% Mo), sikuii mae
tBepaicTh y 2 ['Tla Ta auHamivHy Mexy MillHOCTI Ha cTrck y 600 MITa.

OTxe, pe3y/lbTaTH BUKOHAHOI KOHCOMiJALii MiATBEPKYIOTH, ILIO
€JIEKTPOPO3pAJHA MiJrOTOBKA BHXIJIHUX IOPOLIKIB JO3BOJSIE OTpUMATH
skicHy muxTy ais pizaux Tanie MMK. Tlpu mpomy BEP-06po6ka
NPUBOJIUTH JIO CYTTEBOTO TOJPIOHEHHS MOPONIKIB a TaKOX J0 CHHTE3y B
HUX KapOiiHMX Ta IHTEpMETAJIIHUX MAWCHEPCHHX 3MIIHIOBAaYiB Ta
MAX-¢da3, ski npuBOAsATE MO 30iIBIICHHS TBEPJOCTI Ta 3HOCOCTIMKOCTI
KOHCOJIi10BaHOro 13 Takux mnopoinkie MMK. J/loBelieHo, 1110 BUKOPHUCTaHHI
merony IIIC nosBossie 30epert cunTe3oBaHi mnpu BEP-00po6ui
BHUCOKOMOZYJIbHI HallOBHIOBAYI.
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Pucynok 5.9 — Xapakrepuctuku 3pasky, BurorosieHoro IIIC 3
mwxTtH 50 % Al + 50 % Ti micias BEP-06po6xu mpu Wy, = 6,67 MJIx/kr:
1 — miarpama HampyTy CTHUCKaHHS; 2 — Jiarpama MBHIKOCTI aedopmartii;
3 — miarpama rycTHHH eHeprii aedopmariii.

KouTpoabHi nuTaHus
1. Sk BnnmBae koHcomimamis ickpoBo-turazMoBuM criikanasM (IT1C)
Ha CTPYKTYpy Ta PO3Mip YaCTHHOK METaJ0-MaTPUYHOIO KOMIIO3HUTY

(MMK)?
2. Uum xapaxTtepusyerbes Tmporiec 3HomryBaHHS MMK cucremu

Fe-Ti-C?

3. flkumu mapamerpamu xapaktepusyerbcss MMK, 1o orpumMaHO
miciist crikanHs cymimi mopoukiB 50%Al + 50%Ti?

4. lllo neMOHCTPYIOTh JocipkeHHs xapocTiiikocti MMK cucremu
Al-Ti-C?

5. Yu nepcnexktuBHUil Metoy koncomigarii IIIC no BigHOIIEHHIO 10
MOPOIIKiB, 10 mignaHi BEP-06po6mi?
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IIpakTnuna podora 6.
ONTUMIBALIA CKJIAAY ABOKOMIIOHEHTHOI'O
HAIIOBHIOBAYA JIJISI ®OPMYBAHHS AATE3IMHOT O
HIAPY 3AXUCHOI'O TIOKPUTTS

Meta po0OTH: OTpUMATH MPAKTHYHI HABHYKH ONTHUMI3allii CKIaIy
JBOKOMIIOHEHTHOTO MaTepiany 3a aAre3ifiHo MilHICTIO mpu (OpMyBaHHI
3aXMCHOTO MOKPHUTTSI.

OcHoBHa YyacTHHA

Ilpu onTuMizamii BMICTY HAallOBHIOBAaYiB it  (OPMYBaHHS
aare3iHOTO Mapy MOKPUTTS BUKOPUCTOBYBAJIM OPTOTOHAJIBHE IIEHTPAIbHE
KOMIIO3WIIIfHE  IUTaHyBaHHA. BMICT OCHOBHOTO Ta  JOJATKOBOTO
HAIIOBHIOBa4iB BUOWpPAJIM HA OCHOBI Pe3yJIbTATIB JOCITIIKEHHS aare3iiHuXx,
¢isuko-mMexaHiyHuX 1 Terodizmunux BiactuBocTeir KM. Buxomsun 3
pe3ynbTaTiB MOCIipKeHHs aaresiitHoi MinaocTi KM, y Tabmn. 6.1 HaBexeHo
OCHOBHI PiBHI 3MiHU BMICTY iHTpe/Ii€HTIB ByTieneBux HaHoTpyook (BHT) i
creapaty kanblito (CK). Posmmpena wmaTpuisl IUTaHyBaHHS ITOBHOTO
(haKTOpPHOTO EKCIIEpUMEHTY Ta HOTO pe3yibTaTH HaBeleHO y Tabm. 6.2. 3a
thopmynamu (6.1) Bu3Havam koedinieHTn perpecii (Tadm. 6.3):

N SN TN SN 10 T X2

X 12
9 6 6 2 2 - 4 (61)

Y pe3ynbTati OTpUMali HACTYIHE PiBHSHHS perpecii:
v=58.87-2.97x, —1.07x, —5.70x; +0.50x; +0.28xx,.

Juns cratuctnanoi 00poOKK OTpUMaHMX Pe3yJbTaTiB €KCIIEPUMEHTY
NPOBEJIEHO TIePEBIPKY BITBOPIOBAHOCTI JNOCHiAiB 3a Kputepiem Koxpena

(bopmyma 6.2):

- (‘7{0-051.7"..1.?'..-}..

= 6.2)
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3HavyeHHS a0COJIOTHOTO BITXWIICHHS, AWCIEPCIA aJXeKBAaTHOCTI 1

BiITBOPEHHS HaBeeHO y Tabm. 6.4.

PospaxynkoBe 3HaueHHS Kkputepiro Koxpena 3Haxommiaum 3a
hopmyitoro (6.3), micisi 4Oro MOPIBHIOBAU 3 TAOTHMYHUM
Sl
u:'un:
Gpasp= N R )
> S
=1 (6.3)
Tabmumss 6.1 — PiBHI 3MIHHUX B YMOBHOMY 1 HaTypaJbHOMY
MaciTadax
- 3Ha4YeHHS PiBHIB 3MiHHUX
CepenHiii Kpox . .
! . (Mac.4.), o BiIOBiIAIOThH
Komnonentn |®axtop | piBeHb, | BapiloBaHH,
vaca. | Aq, mac. YMOBHHM OJIMHUIISIM
(, Mac.d. , Mac.d. = 0 1
Byrneuesi
HAHOTPYOKH X1 0,050 0,025 0,025 0,050 0,075
(BHT)
Creapat
xamb1ito (CK) X2 20 10 10 20 30

Tabmuis 6.2 — Pesynbratu KociipkeHHs aare3iinoi mirHocti [TIKM

, AnresifiHa AnresifiHa
Banict . .
) . MIITHICTh MIPH | MIITHICTE TIPH
Ne KOMIIOHEHTIB. . L _ .
. BITIPHBI (0,), 3¢yBi (7).
JOCILOY ¢, Mac.4. MIIa MITa
X7 X2 Vi Y2
1 0,025 10 59.8 12,0
2 0.075 10 498 8.9
3 0,025 30 58.3 11.2
4 0.075 30 494 8.3
5 0.050 20 61.5 12.7
6 0.075 20 524 9.9
7 0,025 20 51.3 9.6
8 0,050 30 55.8 10.8
9 0.050 10 60.3 12.3
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Tabauns 6.3 — KoediuienTn piBHAHHS perpecii
bg b; bj b”
58.87 -2.97 -1.07 -5.70

bss

0.50

by
0.28

IlepeBipka pe3ynpTaTiB eKCIepUMEHTY 3a Kputepiem KoxpeHa mis
¢ikcosanoi iimMoBipHOCTI 00 = 0,05 migTBEpANIIa BiATBOPIOBAHICTD TOCHIiB.
Hucnepcis, mo xapakTepu3ye pO3CifoBaHHS pe3yNibTaTiB JOCTiAIB HA i-My
noegHaHHI piBHIB  (akTopiB: SZ4,= 0,03. Pospaxynkose 3HadeHHS
kputepito Koxpena: G,,,, = 0,273.

Tabnuune 3HaueHHs kputepito Koxpena: G,.; = 0,478. TooOro,
BUKOHY€ETBCS yMOBa: G,,,, = 0,273 < G,,44, = 0,48.

Tabmums 6.4 — 3navenns aucnepciit anexkBatHocTi (S2;) i mucmepciit
BinTBOpenHs (o2{y};)

HI&ECHGPCH ) Iucnepcii BiITBOPEHHA
. , AJeKBATHOCT1
Ne m/m — —
YMOBHE . VMOBHe .
3HaueHHd 3HaUeHHA
INOo3HAYICHHA IMO3HAYISHHA

1 Sa 0.023 o {vh 0.047
2 St 0.013 o’ {vh 0.027
3 Sis 0.013 o’ {vk 0.027
4 Si4 0.010 *{l, 0.020
5 Sys 0.003 il 0.007
6 S 0.003 o {ys 0.007
7 S 0.003 o iy}, 0.007
8 Sre 0.010 o’ ik 0.020

Hapmani BH3Ha4anmw 3HAYYIIICTh KOE(IIEHTIB PIBHSIHHS perpecii,
aHaJi3yI0uu pe3yJbTaTH 3a IUIAHOM eKcrepuMeHTy (Tabu. 6.5). 3anexxHo
Bif cryneniB BinbHOCTI: f =N (n-1) =9 (5 - 1) = 36 Bu3Hauau TaONUYHE
3Ha4yeHHs1 Kputepito CThrojieHTa, sKe craHoBuTh tr = 2,028. Hanmami
BU3HAuYaNu aucnepcii koedimieHTiB perpecii (6.4) 1 po3paxyHKOBi 3HaAYEHHS
kputepito CterozienTa (6.5) (tadn. 6.6).
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Tabmumst 6.5 — ExcrepuMeHTanbHI pPe3ylbTaTH JAOCHIHKSHHS
aaresiitnoi minHOCTI KM
Cepeane
Ne AnresifiEa MITHICTE IPH BLIPHBI (g,). MIla 3HAYeHHI,
Jocaiay (g,). MIIa
1 2 3 4 5

1 59.8 59.6 59.7 59.9 60.0 59.8

2 495 50.0 49.9 499 49.7 49.8

3 585 58.0 58.4 58.2 58.4 58.3

4 492 49.3 49.5 494 49.6 494

5 61.2 61.4 61.7 61.6 61.6 61.5

6 52.2 52.1 52.5 52.6 52.6 524

7 51.0 51.2 51.5 51.4 514 51.3

8 56.0 559 55.7 55.6 55.8 55.8

9 60.2 60.1 60.5 60.5 60.2 60.3

S2 A 2 3 g 2 2 fl 2
So T Sy =S/Z(x1): S, =S/ (x27): S, =S,/ X (x1):

Sy, =52/ X (x7): Sy, =52/ T (X1%0):

(6.4)
5 b '
fsp 2@: r""'p = ‘ LE'| :‘!.!.p =|b—z| .
% & %, (6.5)

Po3paxynkoBi 3HaueHHsa kputepito CterofenTa ty, tj,, 1y, 1, ),
t;;, € OinpmmMHM Bif tr, TOMy BBaKaiaM, IO BCi KOe(ili€HTH PIBHAHHS
perpecii € 3HaYyIIUMH.
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PO3paxyHKOBI 3HaueHHs KpuTepito CthroaeHTa (1,)

Tabmuns 6.6 — Jlucmepcii koedimientis perpecii (SZ) i

Iucnepcii koedilieHTIB Po3paxyHKOBI 3HaUeHHA KPHTEPIKO
Ne perpecii
/o VioBHe
3HaueHHA VMOBHE N03HaUeHHA 3HaueHHA
[I03HAYeHHA
1 Sy 0,001 fop 1544.53
2 S 0,002 tp 65.73
3 S5 0.002 f2 23,63
4 S;. 0.006 fp 72.91
5 Sy 0.006 22 6.40
6 Ss, 0.003 tap 5.0

IlepesipuBIIN 3Ha49YNIICTE KOEPIMIEHTIB 1y, ), Uy, 1), Logp, 12, > 7y,
OTPHUMAJTH KiHIICBUI BUIIISA]] PiBHSHHS perpecii:

¥ =58,87-2.97x, —1.07x, —5.70x; +0,50x; +0.28x,

AJICKBaTHICTh OTPUMAHOI MOJIENI TiepeBipsuin 3a kputepiem dimepa
(6.6, 6.7), mpu I1BOMY BH3HAYAIM WOTO PO3PAXyHKOBE 1 TabIHMYHE
3HAYEHHS:

-
F — ‘Sunnx < .
P 51‘3 - 'L0.0f‘:juo_f_..f

(6.6)

N 6.7)
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Pospaxynkose 3nauenns kpurepito ®imepa (F, = 2,455) € meHmmm
Bin TaOnu4yHOro, sike mpu S5 %-HOMY piBHI 3HAYyIIOCTI CTaHOBHUTH
Fo = 3,25. Tobro, BuKOHyeThcs ymoBa (6.6). MoskHa BBakaTu, IO
PIBHSIHHS a/IeKBaTHO OIMHUCYE CKJIa] KOMIO3HUII.

IIpomec iHTepmpeTallii oOTpUMaHOI MaTeMAaTHYHOI MOJEdi, 5K
MIPaBWJIO, HE 3BOAMTHCS TUTBKH 10 BH3HAYEHHS BIUHMBY ¢akTopi. [Ipocte
TIOPIBHSHHS 32 a0COJIOTHOIO BEIMYMHOKO JIIHIMHUX KOE(]IIiEHTIB He
BHM3HA4Ya€ BIJHOCHY CTYIiHb BIUIMBY (DaKTOPiB, OCKUIBKH TPH IHOMY
MPUCYTHI e ¥ KBaJpaTH4HI 4ieHH Ta mapHi B3aemomuii. [lpu gerampHOMY
aHaJIi3i OTPUMaHOI afeKBaTHOI MOJIENi MOTPiOHO BpaxoBYBATH i Te, IO IS
KBaJpaTHYHOI MOJEINi CTyHiHb BIUIMBY (akropa Ha 3MiHY BHUXIiJHOI
BEJIMYMHU HE € TIOCTIHHNM.

3aJe:KHOCTI, 1110 TIOB’SI3yI0Th HOPMAaJli30BaHi 1 HATypaibHI 3HAUCHHS
3MIHHHUX ()aKTOPiB, MalOTh HACTYITHHIA BUTJISLII;

¥ = q} _qilj .

Ag, 6.8)

Je: (i — 3HaueHHs i-T0 (aKTopa eKCHEPUMEHTY, (i — 3Ha4eHHS
HYJBOBOTO PiBHS, A(j— iHTEpBaI BapitoBaHHSI.

[TizcraBuBImK AaHi 3HA4YeHHS 3TigHO (Gopmynu (6.8) y piBHSHHSA
perpecii i MpoBiBIIM HOTO TEPETBOPEHHS, OTPUMAIH HACTYITHE PiBHSHHS
perpecii 3 HaTypaJIbHUM 3HaYE€HHSM 3MIHHHX ITapaMeTpiB:

o, =70.069—141.196g, — 0.363¢, —0,036¢; +0,005¢; +1.12¢,q, .

AHAJOTIYHO 0 BHICHABEICHOI CXeMH PO3PaXyHKIB ONTHUMIi3yBaslid
ckiaag KM 3a mokasHukaMu anresiiiHoi MimHOCTI mpu 3cyBi. KomyBanHs
HATypaJbHUX 3HA4Y€Hb KOMIIOHEHTIB Ta CXeMa IUIaHYBaHHS SKCICPUMEHTY
BUOpaHi 3rigHo 3 Tadm. 6.1 1 Tabi. 6.2.

VY mporieci aHalizy pe3yNbTaTiB JOCHIHKEHHS aAre3idiHOi MillHOCTI
Opyd  3CYyBI KOMITIO3HMTIB OTPHMAIM HACTYIHI 3HAa4eHHS Koe(illieHTiB
perpecii (Ta61.6.7).
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Tabmms 6.7 — Koedimientn piBHSIHHS perpecii mis anre3iidHol
MIITHOCTI IPH 3CYBi

by b; b

12.03 | -0.95 -0.48

bﬂ
-1.95

b2
-0.15

b.f_?
0,05

VY pesynbTarti OTpUMAal HACTYITHE PIBHSIHHS PEerpecii:
¥ =12,03-0,95x, —0,48x, —1.95x; — 0.15x; +0.05x,x, .

Jnst ctaTHCTHYHOT 0OPOOKHM OTpUMaHUX PE3YJIbTATIB EKCIIEPUMEHTY
NPOBEJICHO TEPEBIPKY BIATBOPIOBAHOCTI HOCHiAiB 3a Kputepiem Koxpena
(dbopmyna 6.2). 3HaueHHs AUCIIEPCil, HABEIEHO Y Ta0JL. 6.8,

Tabmuus 6.8 — 3navenns gucnepcii agexsatHocTi (S2) i aucmepcii
BinTBOpenus (a2 (y))

N Jucmepcii ageKBaTHOCTI Iucnepcii BiITBOPEHAA

i YMOBHE , YMoBHE .
' 3HaUYeHHT 3HAYeHHA

MO3HAYEHHAA MO3HAYEHHA

1 S 0.010 a2y}, 0.020
2 Sz 0.023 oy} 0.047

3 Sk 0.043 oy} 0.087
4 S7, 0.010 o ), 0,020

5 S2 0.010 o {y, 0.020

6 S2 0.043 ks 0.087

7 S 0.023 o {vh 0.047

8 S2 0.010 o {yls 0.020

9 S2 0.010 a*{yk 0.020
P03anyHKOBe 3HAYCHHA KpI/ITepiIO KoxpeHa 3HAXo4AWJIN 3a

dhopmyioro (6.3), micis yoro mopiBHIOBaNM 3 TabnmuuHuM. [lepeBipka
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pe3ynpTaTiB  eKcrnepuMeHTy 3a KputTepieM Koxpena mist QikcoBaHOl
imoBipHOCTI 00 = 0,05 miaTBepAMIIa BiATBOPIOBAHICTE AOCiniB. lucmepcis,
IO XapaKTepU3y€e PO3CIIOBaHHS PEe3yJIbTATIB MOCIIAIB HA i-My IMOETHAHHI
piBHiB daxTopiB: SZ,,4x= 0,043. Po3paxyHkoBe 3HAUECHHS KPUTEpiIO
Koxpena: G,,;, = 0,236.

Tabnuune 3HaueHHs kputepito Koxpena: G, = 0,478. TooOro,
BHKOHY€EThCS yMOBa (6.2): G5, = 0,236 < G,,45, = 0,48.

Hapani Bu3Hawanu 3Ha4ymiicTh Koe(ili€HTIB PIBHAHHS perpecii,
aHATI3YIOYH Pe3yIbTaTH 3a TUIAHOM eKcIepuMeHTy (Tabi. 6.9). Buznauanm
TabnuuHe 3HaueHHs Kpurepito CTbloJeHTa, sike cTaHOBUTH tr = 2,028.
Hapmani Bu3Hauanu aucnepcii koedimieHTiB perpecii (6.4) i po3paxyHKOBi
3HaueHHs kputepiro CTeiogenTa (6.5) (tadm. 6.10).

Tabmuus 6.9 — EkcrnepuMeHTanbHI pe3ylbTaTd AOCIHiIKESHHS
aAre3iifHOT MIITHOCTI 1pH 3cyBi KM
Cepenne
Ne AnresiitHa MILHICTB OpH 3¢yBI (7). MITa 3HAYEHHA,
JOCTIIY (7). MIIa
| 2 3 4 5

| 12,2 12.1 11.8 11.9 12.0 12.0

2 8.9 8.8 8.8 9.1 8.9 8.9

3 11.0 11.2 11.2 11.1 11.5 11.2

4 8.2 8.1 8.4 8.3 8.5 8.3

5 12.5 12.6 12.8 12,9 12,7 12,7

6 10.1 9.8 7 9.8 10.1 9.9

7 9.8 9.8 9.5 9.6 9.3 9.6

8 10.9 10,7 10,7 10,9 10.8 10.8

9 12.5 12.4 12,2 12.1 12.3 12.3
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Tabmuus 6.10 — Jlucmepcii  koedimientis  perpecii  (SZ2) i
PO3paxyHKOBI 3HaueHHs KpuTepito CthroaeHTa (1,)

Jucnepcii koedilieHTIB perpecii PO3paxyHKOBI 3HAUCHAA
Ne ' P PeIp KpuTepito CThIOSHTA
/I YMOBHe , VMoBHe )

3HaueHHA 3HaueHHA
TO3HATEHHA TIO3HATEHHA

1 Sa 0.002 fop 239,06
2 S 0.003 tp 16.30
3 Si 0.003 o 8.30
4 Ss, 0.010 tip 19.32
5 S, 0.010 1 1.49
6 Sh, 0.005 12 0.7

Po3paxynkoBi 3HaueHHs kputepito CreromeHTta tj, t,, ty, t;, €
OimbIIMMH Bif {7, TOMy BBaXKasd, 110 Koedirientu by, by, by, by piBHsHHES
perpecii € 3HauymumMu. Po3paxyHKkoBi 3Ha4eHH 1,5, 1,5, € MeHIIMMH Bix 17,
ToMy KoedirienTn by, Dp He € 3Hauymmu. B pesynbrari oTpumanu
HACTYITHE PiBHSHHS perpecii:

v=12.03-0.95x, —0.48x, —1.95x] .

AJICKBaTHICTh OTPUMAHOI MOJIENI NepeBipsum 3a kputepiem dimepa
(6.6, 6.7), mpu I1BOMY BH3HAYAIM WOTO PO3PAXyHKOBE 1 TabIMYHE
3HayeHHA. PospaxyHkoBe 3HaueHHs kputepito @imepa (F, = 2,127) €
MEHIIINM BiJl TaOJIMYHOTO, SIKE TIpH 5 %-HOMY pPiBHI 3HAYYIIIOCTI CTAHOBHUTH
Foy = 2,64. ToOto, BuKOHYeTbCs ymoBa (6.6). MoxkHa BBaXkaTH, ILO
PIBHSIHHS aJICKBATHO OIIMCYE CKJIAJ KOMITO3HIIIT.

[poeiBimmm mneperBopeHHst 3rigHo  Gopmymu  (6.8), oTpumanu
HACTyNHE PIBHAHHS perpecii 3 HaTypaJbHUM 3HAUYEHHAM 3MiHHHUX
napameTpiB:

r=7.09+274q, —0.048¢, — 3120q; .
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OTxe, Ha OCHOBI pE3yNbTaTiB EKCIePUMEHTAIBFHUX JOCIHIHKEeHb
(Tabm. 6.5 1 6.9) noBexeHO, MO MaKCHMAaTLHUMHU MOKAa3HUKAMHU aATe3iitHol
migHocti KM  XapakTepu3yeTbCsi KOMIIO3UT HACTYIHOTO  CKJAAY:
EJI-20 — 100 mac.u., TBepaauk — 10 Mac.4., ocHoBHul HanoBHIoBa4 (BHT)
(d = 5.8 M) — 0,050 wmMac.y; TONATKOBHII HANOBHIOBAY —
(CK) (d = 8...12 Mmxm) — 20 mac.u. Takwii CKiax KOMITO3HIII JOIIILHO
BUKOPHCTOBYBATH Jis (DOPMYBaHHs 3aXMCHUX MOKPHUTTIB 3 MOJIMIICHUMHI
aJre31fHIMU BIACTUBOCTSIMH.

KonTpoabHi nuTanus

1.3 sKOI0 METOI 3aCTOCOBYIOTh OpPTOTOHAIBHE ILIEHTpabHE
KOMTIO3HIIIifHE TUTAHyBaHHS €KCIIEPHUMEHTY?

2. JIns 9oro mpoBOANTHCS MEpeBipKa pe3ynbTaTiB eKCICPUMEHTIB 32
kputepiem Koxpena?

3. SIk BU3HAYAETHCS 3HAUYIIICTh KOe(Ii€HTIB y piBHSAHHI perpecii?

4.3a SKUM KpHUTEpieEM TMeEpeBipsAIOTh aJCKBATHICTb OTPUMAaHOI
mozeni?

5. 3a IKMMH OCTATOYHUMH MTOKa3HUKaMHU TPOBO/ISATH ONTHMI3aIlito?

IIpakTnyna podora 7.
ONITUMIBALIA CKJIAAY IBOKOMIIOHEHTHOI'O
HAITIOBHIOBAYA JJISA @OPMYBAHHA
OYHKIIOHAJIBHOTI'O IIAPY 3AXUCHOI'O IOKPUTTA

Meta po00TH: 03HAHOMHUTHCH 3 OCHOBHHUMHM €TanaMHd Ta OTPUMATH
MPAKTHYHI HABUYKH 3 ONTHMI3allil CKJIay MaTepiajy, 10 3aCTOCOBYEThCS
npu GOpMYyBaHHI 3aXUCHOTO TOKPUTTS.

OcHoBHa YyacTHHA
Buxozsiun 3 pe3ynbTariB JIOCHIJPKEHHS PYHHIBHHX HAaIPYKEHb,
MOJIYJIsl TPYXXHOCTI NPH 3rWHAaHHI, y Ta0ia. 7.1 HaBeAeHO OCHOBHI PiBHI
3MiHM BMICTY iHrpenieHTiB creapaTty Kanbmiro (CK) 1 rpanymboBaHOTO
nmaxky (['IL). Posmmpena marpuis maHyBaHHS IOBHOTO (PAKTOPHOTO
eKCIIEPIMEHTY Ta HOro pe3yibTaTdu HaBeneHOo y Tadm. 7.2. 3a ¢opmynamu
koediuienTiB perpecii (7.1) BusHayanu koedinientu perpecii (tTadi. 7.3):
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x o Zwo, Zur o, FOy o, FEY o, Fuey
9 6 6 2 2 4 (71)

VY pesynbTari OTpUMAaIi HACTYITHE PIBHSIHHS perpecii:
y = 77,51 —3,12x; — 2,95x, — 0,92x% — 6,92x% + 2,10x, 5.

Jnst craTrcTHYHOT 0OPOOKHM OTpUMaHUX PE3YJIbTATIB €KCIIEPUMEHTY
NPOBENICHO TEPEBIPKY BIATBOPIOBAHOCTI NOCHiAiB 3a kputepiem Koxpena
(dbopmyna 7.2).

G=—=x = -(O.DS:f,r:fll.)_
= (7.2)

3HaueHHS a0COJIOTHOTO BIIXWICHHS, IWCIEPCIH aJeKBAaTHOCTI 1
BiITBOPEHHS HaBeeHO y Tabm. 7.4.

Tabmuus 7.1 — PiBHI 3MIHHMX B YMOBHOMY 1 HaTypalbHOMY
MaciTabdax

3HaYeHHA PiBHIB

Cepenniit . 3MIHHHX
. Kpoxk
. PiBEHB. . (Mac.w.). mo
KonnoHeHTH dakTop BapilOBaHHA, ) .
q, BiIOBITaIOTH
Ag. mac.d.
Mac.d. VMOBHHM OJHHHIAM
-1 0 +1
CTeapaT Kaabllilo
pat & . 20 10 10 | 20 | 30
(CK)
I'panyipoBaHHH )
PAyIROB: X 40 20 20 | 40 | 60
miak (I'1I)
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Tabmurs 7.2 — Pesynprati mociipkeHHs Koresiiaol mimaocTti KM

Buict PyliBHi Moaynb \.:Lap Ha
. ) , HanpyAeHHA - . B A3KICTB
Ne KOMIIOHEHTIB. : . | mpy&HOCTI !
J0CTIOY (. Mac.1. TIPH STHHAHHL. E.ITla RC xJla/m
- 05 I'Tla
X X2 Vi V2 Vi
1 10 20 78.3 5.0 10.8
2 30 20 70.2 49 9.0
3 10 60 67.0 5.1 10.4
+ 30 60 67.3 5.5 10.4
5 20 40 81.6 5.6 10.8
6 30 40 69.1 4.8 10.7
7 10 40 80.0 54 11.3
8 20 60 66.8 4.4 8.9
9 20 20 70.3 4.6 9.0
Tabmurs 7.3 — Koedinientn piBHSIHHS perpecii
by b; b, b by b1
77.51 -3.12 -2.95 -0.92 -6.92 2,10

PospaxynkoBe 3HaueHHss kputepito Koxpena 3Haxomunu 3a
thopmyoro (7.3), micist 4Oro MOPIBHIOBAIN 3 TAOIHMYHIM:

S.,
G 'm

pozp = 1

e
>S5
i=l

(7.3)

[lepeBipka pe3ynbTaTiB eKcliepuMeHTy 3a Kpurepiem Koxpena s
(hikcoBanoi iimoBipHOCTI 0. = 0,05 miaATBEepANIa BIATBOPIOBAHICTD TOCIIIIB.
Jucnepcis, 10 XapakTepu3y€e PO3CIFOBaHHS PE3yNbTaTiB JOCTIMIB Ha i-My
NOEMHAHH] PiBHIB (aKTOpiB: S2,,4,= 0,07. Po3paxyHkoBe 3HauyeHHs
kputepito Koxpena: G,,,, = 0,241.

Tabnuune 3HaueHHs kputepito Koxpena: G,. = 0,478. TooOro,
BHKOHY€TbCS yMOBa (2.6): G, = 0,241 <G,,,5, = 0,478.

Hapmani Bu3Hawanu 3HavyllicTh KOeQili€HTIB PiBHSIHHS perpecii,
aHaI3yI0UU PEe3yJIbTAaTH 3a IJIAHOM EKCIEpUMEHTY (Tabm. 7.5). 3ajnexHo
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Bia cryneniB BimeHOCTI: T =N (n - 1) =9 (3 - 1) = 18 Bu3Hauanu Tabnuvne
3HaueHHs Kputepito CrhiomeHTta, ske craHoButh {r = 2,11. Hamami
BU3HAuUaNM Aucnepcii koeginieHTiB perpecii (7.4) 1 po3paxyHKOBI 3HAYSHHS
kputepito CtetonienTa (7.5) (tadm. 7.6).

2 S.E 1 o2y 2 2 _ o2y 2 2 _ o2y 2
Ss, :?-_ S, =S /L(X17): 85, =8/ L (X2): 5, =8,/ L (X1):

SL=5 T (x): SL,=52/ T (x1%2):
: : (7.4)
b, b, b,
rip=|'1|;ry =|'[i|'.f!.ip= .
Sy 'ty Sy 75)

Tabmums 7.4 — 3Havenns aucnepciit anexkBatHocTi (S2;) i mucmepciit
BinTBOpenHs (o2{y};)

Jucmepceil .
] . Jlucmepcii BiATBOpeHHA
:NQO 1'[-"'1'_[ AIcKBATHOCT1
- VMoOBHE ) VYMOBHE ,
3HaueHHA 3HauUeHHA
IIO3HAYUCHHA MO3HAYUYCHHA
2 2
1 St 0.070 o'k 0.140
2 Si 0.010 o {y), 0.020
3 Sos 0.010 o {yh 0.020
4 Sia 0.040 o’ {vly 0.080
5 Sis 0.040 o*{vl; 0.080
6 Sys 0.040 o’ ks 0.080
7 Siy 0.040 o’} 0.080
8 Sors 0.010 *{vk 0.020
9 Sio 0.030 ?{y) 0.060
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Tabmumst 7.5 — EkcrnepuMeHTanbHI pPe3ylbTaTH JOCHIHKCHHS
pPYHHIBHUX HaIpyKeHb
) PyiiHIBHI HAIpyKeHHA IPH Cepenne
Neo . 3Ha4YeHHA,
oty 3THHAHHI (0;.). [Tla (6.). TTIa
1 2 3

1 78.2 78.1 78.6 78.3

2 70.3 70.1 70.2 70.2

3 67.1 67.0 66.9 67.0

4 67.5 67.3 67.1 67.3

5 81.8 81.4 81.6 81.6

6 69.3 68.9 69.1 69.1

7 79.8 80,2 80.0 80.0

8 66.8 66.9 66.7 66.8

9 70,2 70.2 70.5 70.3

PozpaxynkoBi 3HaueHHs kputepito CtbrofieHTa iy, ty,, 1), 111, 122,
t;;, € OinpmmMu Bif tr, TOMy BBaKaiaW, IO BCi KOE(ILI€HTH PIBHAHHS
perpecii € 3HAUYIUMH.

IlepeBipuBIIN 3HAYYLIICTh KOEDILIEHTIB typ, 11, o), i1y, Tozp, iy > 1,
OTpUMAIIY KiHIIEBUH BUTIIS PIBHSHHS perpecii:

v=77.51-3.12x, - 2.95x, — 0.92x] —6.92x + 2.10x,x,.

AJICKBaTHICTh OTPUMAHOI MOJIENI TiepeBipsuin 3a Kputepiem dimepa
(7.6, 7.7), mpm 1upOMYy BH3HAYaJld HOro0 pO3PaxyHKOBE 1 TaOnIH4HE
3HAYEHHS:

-\

F :ﬂ " -

b §2 T T .0sf,1000
¥

(7.6)



N (7.7)

PospaxynkoBe 3HayeHHs kputepito ®@imepa (F, = 2,172) € meHIIUM
Bin ~ TabmuuHoro, sike mpd S5 %-HOMY  piBHI  3HA4yIIOCTI
(fp=N-(k+1)=9-(6+1)=2,f,=N(n-1)=9(3-1)=18) cranosurs
Fo = 3,55. Moxna BBakaTW, 11O PIiBHSAHHS aJ€KBaTHO OIMCYE CKIJaJ
KOMIIO3HIII.

Ta6muns 7.6 — qucnepcii koedimienTis perpecii (SZ) i po3paxyHKoBi
3HaueHHs kputepito CteroaeHTa (t,)

Jlucnepcii KoedillieHTIB Po3paxXyHKOBI 3HAUSHHA KPHTEPIIO
Ne perpecii CTrr0IEHTA
/I VMoBHe . _ ;
3HaUeHHA VMOBHe m03HaUeHHA 3HaUeHHA
TO3HATeHHA
1 S 0,004 fop 1254.27
2 Si 0,005 f1p 4253
3 S5, 0,005 t3 40.26
4 S 0.016 tip 7.22
5 Sy, 0.016 12 54,49
6 S;, 0.008 tap 234

[lpouec iHTepmperamii oTpuMaHOi MaTeMaTHYHOI MOJENi, SK
MIPAaBUJIO, HE 3BOAMTHCS TUIBKH 10 BU3HAYCHHsS BIUIMBY (akTopis. [Tpocte
MOPIBHSAHHSA 3a a0COJIIOTHOIO BEJIMYMHOI JIHIMHUX KOE(DII[EHTIB He
BU3HAYA€ BiJHOCHY CTYHiHb BIUIMBY (AaKTOPiB, OCKINBKH NPH LHOMY
NPUCYTHI e ¥ KBaJpaTH4HI WICHH Ta NapHi B3aemomuii. [Ipu neraipHOMY
aHaJIi31 OTPUMAaHOI aJIeKBaTHOT MOJIENI TOTPIOHO BPAaXOBYBATH 1 T€, IO IS
KBaJpaTHYHOI MOJENi CTyHiHb BIUIMBY (akropa Ha 3MiHY BHXIJHOI
BEJINYMHU HE € IOCTIHNUM.

3aeKHOCTI, 1110 TIOB’SI3yI0Th HOPMAITi30BaHi 1 HATypalbHI 3HAYCHHS
3MiHHUX (PaKTOPIB, MAOTh HACTYITHUIA BUTJISLII
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_ t;"a' _Q‘:'O .
Aq, (7.8)

Je: (; — 3HauyeHHs i-T0 (aKTopa eKCHEPHUMEHTY, (i — 3Ha4YeHHS
HYJIBOBOTO PiBHS, A(];— IHTEpBaJ BapirOBaHHSI.

IlincTaBuBmm nmaHi 3Ha4deHHA 3rigHO dopmynu (7.8) y piBHIHHS
perpecii 1 mpoBiBIIM HOTO MEPETBOPEHHS, OTPUMAald HACTYIHE PiBHSHHS
perpecii 3 HaTypaTbHUM 3HAYSHHSM 3MiHHUX ITapaMeTpiB:

O s = 66,69 — 0.364¢; +1.0265¢, —0.0092¢; —0.0173¢; +0,0105¢,q;

HaBenene piBHAHHS B HAaTypalbHHX 3HAYEHHSAX IO3BOJISIE JIUIIE
nepea0aynuTy 3HAYCHHS BHUXITHOI BEJIUYMHU I OyAb-IKOi TOYKH B
cepenuHi oOmacti BapitoBaHHs (akTopiB. OmHaKk, 3 HOrO JOIMIOMOTOIO
MOXXHa MOOYAyBaTH Tpadikd 3aJIe)KHOCTI BUXITHOT BEMWMYNHE (PYHHIBHUX
HaNpyXCHb NPHU 3THHAHHI KOMIIO3UTIB) Bii OyIb-sKOTO (hakTopy (4d IBOX
(akropiB). ['eomeTpruHy iHTEpIpeTallif0 MOBEPXHI BIAT'YKY HaBEJEHO Ha
puc. 7.1-7.3.

Kaprta ITapeto IonoBHi epekTH ¢,

Pucynok 7.1 — Kapra IlaperTo (a) i rosioBHi edpextu y (0)
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Pucynok 7.2 — Po3paxyHKoBa MOBEpXHsI BIATYKY 4, = f(Q1,02)
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Pucynok 7.3 — KoHTypu po3paxyHKOBOI MOBEPXHi BIATYKY

Ha ocCHOBiI ekcliepUMEHTaIbHUX JOCHIHDKCHb BCTAaHOBJICHO, IO
obunBa ¢akropu € 3Hauymmmu. Coix 3a3Ha4YMTH, IO BIUIMB BMICTY
JIOJTATKOBOTO HAIOBHIOBaYa HAa IMOKA3HWKHW PYHHIBHUX HANpPYXEHb INpH
3TMHAHHI € BHIUM MOPIBHAHO 3 OCHOBHMM (3rigHO 3 Kaprtow I[lapero).
AHai3youn po3paxoBaHy MOBEPXHIO BIAT'YKY BU3HAYCHO, 1[0 ONTUMAJIbHI
MOKa3HUKWA PYHHIBHUX HANPYXEHb IPH 3TUHAHHI Mae po3poOIeHUA
EMOKCUIHUH  KOMIIO3UT 3  JIBOKOMIIOHEHTHHM  ITOJIIJHUCIIEPCHUM
HAIIOBHIOBAYE€M 3a HACTYIIHOTO BMICTY 4YacTOK: CTeapaT KaJbllilo —
20 mac.4., rpanynsoBanwuii utak — 40 mac.4. (o,, = 81,6 MIla).

AHaJOTIYHO JI0 BUIICHABEJCHOI CXEMHU PO3PaxyHKIB ONTHMI3yBaIH
ckiaa KM 3a noka3zHuKaMH MOJIYJIsl IPYXKHOCTI pu 3ruHanHi. KomyBaHHs
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HaTypaJbHUX 3HaYeHb KOMIIOHEHTIB Ta CXeMa IIaHYBAaHHS €KCIICPUMEHTY
BHOpaHi 3rigHo 3 Tadu. 7.1 1 Tabm. 7.2.

VY mporeci aHamizy pe3yJbTaTiB JOCTIKESHHS MOMYJIS TPYKHOCTI
KOMITO3UTIB OTpUMAalld HACTYIHI 3Ha4eHHs KoedillieHTiB perpecii (Tadu.
7.7).

Tabmuus 7.7 — KoedimienTn piBHAHHS perpecii s Momyins
MPYKHOCTI
) b, b, by b bp
5.10 | -0.05 0.08 0.25 -0.35 0.13

VY pe3ynbTati OTpUMald HACTYIHE PiBHSHHSI perpecii:
¥=5.10-0.05x, +0.08x, +0.25x] —0.35x7 +0.13x,x,.

Junst cratuctudHoi 00poOKH OTPUMaHHUX Pe3yJIbTaTiB EKCIIEPUMEHTY
MPOBEZICHO TIEPEBIPKY BiITBOPIOBAHOCTI MocHimiB 3a kpurepiem KoxpeHa
(dbopmyna 7.2).

3HadeHHs TucTepciii HaBeeHo y Tabi. 7.8.

Po3paxynkoBe 3HaueHHs Kpurepito Koxpena 3Haxomunmu 3a
tdhopmynoro (7.3), micna yoro mopiBHOBanmmM 3 TabmmuHuM. llepeBipka
pe3ynbTaTiB  eKcrepuMeHTy 3a Kkputepiem Koxpena mis ¢ikcoBaHoi
rimoBipHOCTI o = 0,05 migTBepMIia BiITBOPIOBAaHICTh AOCHIAIB. JJucnepcis,
IO XapaKTEepU3y€e PO3CIIOBaHHS PE3yNbTaTiB MOCIiAIB HA i-My MO€THAHHI
piBHIB (akTopiB: : SZ,,..= 0,03. Po3paxyHKoBe 3HAauEHHS KPUTEpiIO
Koxpena: G,,,, = 0,273.

Tabmuune 3HaueHHs kputepito Koxpena: G, = 0,478. Tobro,
BHKOHY€THCS yMOBa (2.6): G, = 0,273 <G5, = 0,478.

Hapmani BH3Ha4anw 3HAYYIIICTh KOE(IIEHTIB PIBHSIHHS perpecii,
aHaJTI3yI0UM Pe3yJIbTaTH 3a IJIAHOM eKcriepuMeHTy (Tabi. 7.9). Busznauanu
TaOJIMYHE 3HaYeHHs KpuTepito CThIOJIEHTa, IKEe CTAaHOBUTH Uy = 2,11.
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Ta6muns 7.8 — 3HaueHHs aucrepcii agexkBatHOCTI (S2) i mucmepcii
BiaTBopenns (o2(y))

N Jucmepcii aTeKBaTHOCTI Jucmepcii BiATBOpPEHHS
1'[;1 Yhosre 3HaueHHA Yosite 3HadeHHA
IIO3HAYCHHA IIO3HaAYIeHHA
1 S2 0.010 oy}, 0,020
2 S7, 0.010 vk 0,020
3 S 0.010 oyl 0.020
4 S2, 0,010 oy}, 0.020
5 S 0.010 o {ys 0.020
6 S 0.010 a*{y) 0.020
7 S 0.030 *{y}, 0.060
8 S 0.010 o {yk 0,020
9 S2 0.010 vk 0,020

Tabmuus 7.9 — ExciepuMeHTaNbHI pe3yJIbTaTh JOCIIKEHHS MOIYJIS

npyxHocti KM
. Moayas npyxHOCTI, E, T'Tla Moayns
. OPYAHOCTI,
JOCTITY 1 2 3 E ITa
1 5.1 4.9 5,0 5,0
2 5,0 4.8 4.9 49
3 5.1 5.2 5.0 5.1
4 5.5 5.4 5.6 5.5
5 5.5 5.7 5.6 5.6
6 438 4.9 4.7 4.8
7 5.3 5.3 5.6 54
8 4.5 43 4.4 44
9 4.7 4.5 4.6 4.6
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Hamani Busmavanm nucriepcii  koedimieHTiB  perpecii  (7.4) i
pO3paxyHKOBi 3Ha4eHHS Kputepito Cteionenta (7.5) (tabim. 7.10).

Po3paxynkoBi 3HaueHHs kputepito CteromeHTa ty,, t;1,, t2, 12, €
OimpiMu Bif tr, TOMy BBakaiaw, mo koediiieHTd by, by, D, piBHSHHS
perpecii € 3HauymuMH. Po3paxyHkoBi 3Ha4eHHS 1), t,,, € MeHIIMMU Bif tr,
ToMy Koedimientu by, b,, He € 3Hauymmmu. B pesynprari oTpumanu
HACTYIIHE PiBHSIHHS perpecii:

-

¥=5.104+0,25x —0.35x7 +0.13x,x, .

Tabmuua 7.10 — Jlucmepcii koedimientis perpecii  (SZ) i
PO3paxyHKOBi 3HaueHHs KpuTepito CthroaeHTa (1,)
s P03paxyHKOBi 3HaUeHHA

.| Jucnepcii koedinienTiB perpecii .

Ne kpuTepiro CTBIOIEHTA
/1 VMOBHe , VMOBHE .

3HaueHHA 3HaueHHA
HO3HAYeHHA TI03HAYeHHA

1 Sa 0.001 fop 133.28
2 S, 0,002 tp 1.11

3 S 0,002 o 1.85

4 Sy, 0.006 tip 3.20

5 Sa 0.006 tap 4.48

6 Sy, 0.003 tiap 2.3

AJICKBaTHICTh OTPUMAHOI MOJIENI TiepeBipsuin 3a kKputepiem dimepa
(7.6, 7.7), npu 1BOMY BH3HAYAIM MHOr0 pPO3PaxXyHKOBE 1 TaOIU4YHE
3HAYCHHSI.

Pospaxynkose 3nauenns kpurepito ®imepa (F, = 2,455) € menmnm
Bl Tabnmu4yHOrO, sike TpH S5 %-HOMY piBHI 3HAYYIIOCTI CTaHOBHUTH
Foy = 2,93. ToOto, BuKOHYyeTbCs ymoBa (7.6). MokHa BBakaTH, ILIO
PIBHSIHHS a/IEKBAaTHO OIHUCY€E CKJIa] KOMIO3HULII.

[poriBmm neperBopeHHst 3rigHo  ¢dopmymu  (7.8), oTpumanu
HACTYIIHE PIBHSHHS perpecii 3 HaTypaJlbHAM 3HAYEHHSIM 3MIHHUX
napameTpiB:
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E=5.22-0.126¢, +0.057g, + 0.0025¢> —0.000875¢> +0.000654,q, .

I'eomeTpuuHy iHTEpIIpeTali0 MOBEPXHI BIAIYKY HaBelIEHO Ha pUC.

7.4-7.6.

OTpumaHi pe3ynpTaTd CBiI4aTh, MO0 O0HMIBAa (PaKTOpU pPiBHSAHHSA
perpecii € 3Hauymumu. llpore, Ha BHXiAHI NapaMeTpU KOMIIO3HUTY

BILIMBAIOTH JIMIIIE JIIHIIHI 3aI€KHOCTI ITUX (aKTOPIB.

Kapra ITapeto T'omoBHI edheKTH v

8.3
a || =

TEE

q, 63 7

q _.: SEF

. s3k
o 02 0.4 046 03 1 1.2
Egbexmu

a) %)
Pucynoxk 7.4 — Kapra Ilapeto (a) i ronosHi edextu y (6)

40,00 &0.0 100

e 60
S50
- 2 40
. ., D T 0
-
0 1020 4,

Pucynok 7.5 — Po3paxynkoBa moBepxHsi Biaryky E= f(Q;,0,)
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Pucynok 7.6 — KonTypu po3paxyHKOBOI MOBEPXHi BIATYKY

Y mporeci aHai3y BCTaHOBJICHO, IO MOKa3HUKHU MOJYJISI IPYKHOCTI
Opyd  3TUHAHHI TOpUAMAlOTh MaKCHUMaJdbHAX 3HAYeHb MPH  BMICTI
HaIOBHIOBAYiB:

CK - 20 mac.u., 'l — 40 mac.u. (£ = 5,6 I'TIa).

AHaJIOTIYHO JI0 BUIICHABEJCHOI CXEMH PO3PaxyHKIB ONTHMI3yBaJu
cknaxg KM 3a mokasHukamu ynapHoi B’si3kocTi. KogyBaHHS HaTypalbHUX
3HaYeHb KOMIIOHEHTIB Ta CX€Ma IUIaHyBaHHS EKCIEpUMEHTY BHOpaHi
3rijgHo 3 Tabi. 7.1 i Tabi. 7.2. Y nporieci aHaii3y pe3yabTaTiB JOCIiPKSHHS
yAapHOi B’S3KOCTI KOMIIO3HUTIB OTPUMAJIH HACTYITHI 3HaYeHHS KOe(illi€HTIB
perpecii (Tabm. 7.11).

Tabmuus 7.11 — KoedimienTn piBHSHHSA perpecii ais ynapHoi
B’SI3KOCTI

b b, b b; by b;>

10.36 -0.40 0.15 0.87 -1.18 0.45

VY pe3ynbTati OTpUMalld HACTYITHE PiBHSHHS perpecii:

¥=10.36—0,40x, + 0.15x, + 0,87x] —L.18x; +0.45x,x,.
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Jnst craTrcTHYHOT 0OPOOKHM OTpUMaHUX PE3YJIbTATIB EKCIIEPUMEHTY
MPOBEZICHO TEePEBIPKY BiITBOPIOBAHOCTI MocHiAiB 3a kpurepiem KoxpeHa
(dbopmyna 7.2). 3nadeHHs AUCIIEpCili HaBeACHO y Tadm. 7.12.

PospaxynkoBe 3HaueHHS KkputTepiro Koxpena 3Haxomunm 3a
thopmynoro (7.3), micnma goro mopiBHOBanmm 3 TabmmaHuM. llepeBipka
pe3ynpTaTiB  eKcrnepuMeHTy 3a KputTepieM Koxpena mist QikcoBaHOl
imoBipHocTi o = 0,05 miATBEepaMIIa BiATBOPIOBaHICTh JocmifiB. Jucmepcis,
IO XapaKTepU3y€e PO3CIIOBaHHS PE3yNbTaTiB MOCITiAIB Ha i-My MO€THAHHI
piBHIB (akTopiB: S2,,4= 0,04. PospaxyHKOBe 3HAUEHHS KPHUTEPIIO
Koxpena: G,,;, = 0,200.

Tabnuune 3HaueHHs kputepito Koxpena: G, = 0,478. TooOro,
BUKOHY€ETBCS yMoBa (2.6): G,,,, = 0,200 < G,,,5, = 0,478.

Ta6muus 7.12 — 3Hadenns aucnepcii ageksaTHOCTI (S2) i aucnepcii
BinTBOpenus (o2 (y))

Iucmepceil .
. Jlucnepcii BIATBOPEeHHA
i ; dICKBATHOCTL
Ne i/
VMOBHE ) VMOBHE )
3HAUeHHA 3HaUeHHA
[TO3HAYICHHA IIO3HAYTCHHA
1 S 0.010 o (v} 0.020
2 S 0.030 a*{y), 0.060
3 S’ 0.010 oy}, 0,020
4 S2, 0.040 a*{yl, 0.080
5 S2 0.010 o {y), 0.020
6 S 0.010 v 0.020
7 S 0,040 a*{v}, 0.080
8 S 0.010 o iyl 0.020
0 S2 0.040 a*{y) 0.080
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Hapani Bu3Hawanu 3Ha4ymiicTh Koe(ili€HTIB PIBHAHHS perpecii,
aHANMI3YIOYM pe3yJabTaTH 3a IUTAHOM eKcnepuMeHTy (tabm. 7.13).
Busnauanu TtabnmuuHe 3HadeHHs kpurepiro CThIOJICHTAa, SKE CTAaHOBUTh
tr=2,11.

Hamani Busmavamm mgucriepcii  koedimieHTtiB  perpecii  (7.4) i
pO3paxyHKOBi 3Ha4eHHS KpuTepito Cteionenta (6.5) (tadim. 7.14).

Po3paxynkoBi 3HaueHHsa kputepito CtbrofeHTa iy, 1y, 15, 11, 2,
t;5, € OulbmMMM Bin tr, TOMy BBaXKalH, IO BCi KOE(ILIEHTH pPIBHSAHHS
perpecii € 3HauymuMu. B pe3ynpTari BiAKMAAHHS  HE3HAUYIIHX
Koe(ilieHTiB OTPUMaIH HACTYITHE PiBHSIHHS perpecii:

¥=10.36-0.40x, +0.15x, + 0.87x] —1.18x; +0.45x,x, .

Tabmuus 7.13 — ExcnepuMeHTanbHi Pe3yslbTaTd JOCIHiIKEHHS
yAapHOi B’S3KOCTI
" VaapHa B'_H’ih‘ic‘[b Vaaphaa
L KC, xJIx/M" B’ A3KICTH
DOCTIIY 1 5 ; KC KTTxAL

1 10.7 10.9 10.8 10.8

2 8.8 9.1 9.1 9.0

3 10.5 10.3 10.4 104

- 104 10.2 10.6 104

5 10.9 10,7 10.8 10.8

6 10.8 10.6 10.7 10.7

7 11.5 11.3 11.1 11.3

8 8.8 9.0 8.9 8.9

9 9.2 8.8 9.0 9.0

AJICKBaTHICTb OTPUMAHOI MOJIENI NiepeBipsuin 3a kputepiem dimepa
(7.6, 7.7), npu 1BOMY BH3HAYAJIM HOro0 PO3pPaxXyHKOBE 1 TaOIMUHE
3HayeHHA. Po3paxynkoBe 3HadeHHs kputepito Pimepa (F, = 1,8) €
MEHILIUM BiJ TaOJIMYHOTO, SIKE TIPH 5 %-HOMY PiBHI 3HaUyIIOCTi CTAHOBHUTH
Fo = 3,55. Tobro, BuKOHyeTbcs ymoBa (7.6). MoxHa BBakaTH, IO
PIBHSHHS aJIEKBaTHO OMMCYE CKJIa]] KOMIIO3HIIIT.
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IIpoBiBmm meperBopenHs 3rigHo Qopmymu (7.8), oTpumanm
HACTyITHE pIBHSHHS perpecii 3 HaTypaJbHUM 3HAYEHHSIM 3MIHHUX
napameTpiB:

KC=11.42-0.478¢, + 0.1985¢, +0.0087¢; —0.00295¢; +0.00225¢,q, .

Tabmuus 7.14 — Jlucmepcii  koedimientis  perpecii  (SZ) i
pO3paxyHKOBi 3Ha4YeHHs1 kpuTepito CterozenTa (1,)
Jucnepcii KoedimieHTIB Po3paXyHKOBI 3HaYeHHA KPHTEPIIO
Ne perpecii CTrIOICHTA
n'n VMoOBHE ] . .
3HaUeHHA VMOBHE NO3HaUE€HHA 3Ha4eHHA
TO3HAUEHHA
1 Sy 0,002 fop 195.44
2 S, 0.004 f1p 6.57
3 sz 0.004 f 2.46
4 S, 0.011 fip 8.22
5 S, 0.011 Ip 11.23
6 S, 0.006 fiyp 6.00

I'eomeTpryHy iHTEpHpETAalil0 MOBEPXHI BIATYKY HaBEJEHO Ha PHC.
7.7-7.9.

VY mporeci aHali3y BCTaHOBJICHO, II0 IMMOKA3HUKHU YAApHOI B’S3KOCTI
NpUAMaroTh MaKCUMaJIbHUX 3HAa4eHb NMpU BMicTi HanoBHIoBawiB: CK — 10
mac.4., T — 40 mac.u. (KC = 11,3 xJIx/m°).

Kapra ITapeto T'onoBHI edekTH ¥
20
4, | =- F S/
. 18- 4
¢ I i /
w0 ol g -~
- ¥
o 1af S o~ ]
¢, | I : /
12 .
g F g
) " 1k J
0 ! 3 4 5 100 60,0 100 040
q 4,
Ecpexmu
a) 6)

Pucynok 7.7 — Kapra Ilapero (a) i rosioBni epextn y (0)
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W

Pucynok 7.8 — Po3paxynkosa nosepxus Binryky KC = f(qy,9z)

60 N ] —

50 = | ( | [ =

= | [
Wf \ ' zis

: \ 2%

q, 30f - SN =
0k ' RN
10 f_ _ . \'\,\ lfz.ng

- . -~ ™~ -
oE 7.2 - 9.6~ 150144

0 10 20 30 40 S0 &0

Pucynok 7.9 — KoHTypH po3paxyHKOBOI TIOBEPXHi BIJUTIKY

KouTpoabHi nuTaHHus
1. Juis 9oro notpiOHa MaTPHIls eKCIIEPUMEHTY?
2. SIkuM YUHOM OYIY€ETHhCS MATPHIIS TNIAHYBAHHS EKCIICPUMEHTY?
3. SIk BU3HAYAIOTHCS KOeillieHTH perpecii?
4. Jlnst 4oro IpPOBOJUTHCS CTATUCTHYHE OOPOOJICHHS pPE3y/bTaTiB
€KCIIEpUMEHTY?
5. 3a SIKHMH KPUTEPISIMU MEPEBIPSIOTh PE3YJIbTATH SKCIIEPUMEHTY?
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6. 3a SKUM KpHUTEpieEM TeEpPeBipAIOTH BIATBOPIOBAHICTH PE3YNIbTATIB
JoCIimiB?

7. Sxuii kpurepili BH3HAYa€ 3HAYYIIICTh KOE(DILi€HTIB PiBHSIHHSA
perpecii?

8. SIKUM YMHOM OITIHIOIOTH aICKBATHICTh OTPUMAHOI MOJIEII?

IlpakTu4na podora 8.
PO3POBKA TA OITUMI3ALIA KOPO3IMHOTPUBKUX
3AXUCHHUX EITIOKCUIHUX MOKPUTTIB

Merta podoTH: 03HAHOMHUTUCH 3 eTamaMu PO3pOOKH Ta OTPUMATH
MPaKTHYHI HABUYKH OINTUMI3allil 3aXHUCHUX ENOKCHIHUX ITOKPHUTTIB 3a
KOPO3i1HOIO TPUBKICTIO.

OcHOBHa YacTHHA

BpaxoByroun, mo  po3poOieHi  Marepiand  mepemndadeHo
EKCIUTyaTyBaTH y PI3HUX arpeCHMBHHUX CEPEIOBHUINAX, OJHIEID i3 BaroMux
eKCILTyaTallifHuX XapaKTePUCTUK € KOpOo3iifHa TPUBKICTh. [Ipyu BU3HAaYCHH]
KOPO3iiHOT TPUBKOCTI PO3POOJICHHX MaTepialiB, HEOOXiTHO BpaXxOBYBaTH
3[ATHICTh PO3POOJICHHX MaTrepialiiB 30epiraTh ajresiiiHy Ta KOTe3iidHy
MIIHICTh i II€F0 30BHINIHIX (AaKTOPiB (BOJOTICTh, TEMIIEpATypa) Ta Yacy.
OKpiM TOTO, BAXKIIMBOIO XapaKTEPHUCTUKOIO KOPO3IHHOTPHUBKOTO TIOKPUTTS €
UIBUJKICTh TPOHUKHEHHS AarpeCHBHOTO CEPEIOBHUINA Yepe3 MoJiMep 0
OCHOBH, II0 CBIIYUTH IPO TEXHOJOTIYHICTh NPU HAHECCHHI, a OTXKE 1
HaIIHICTh B yMOBaX eKCIUTyaTaIlii.

Jlns  aHTHUKOPO3iWHOTO  3aXUCTy  JeTaliedl, TEeXHOJOTIYHOTO
YCTAaTKyBaHHS, IO CKCIUIyaTYIOTbCS Y arpecHMBHHX CEpElIOBHIIAX,
JOCITIDKYBaId PO3po0JICHI MaTepiain i MOBEPXHEBOIO MIApy 3aXHCHUX
MOKPUTTIB HA OCHOBI EMOKCHIHOIO 3B’S3yBada 3 JABOKOMIIOHEHTHHM
OiIMCTIEpCHUM HAIOBHIOBAYE€M, BMICT SIKOTO TIONEPEJHBO BU3HAYAIN
METOJIOM MAaTeMaTHYHOTO IUIAHYBaHHS EKCIIepUMEHTY. BumpoOoByBann
YOTHUPU BapiaHTH aHTUKOPO3IMHOTO EMOKCMKOMIO3UTHOTO IMOKPHUTTS
(EKII):

- EKII 1 — matputisg (KOHTPOIBHUH 3pa30K);

- EKII 2 (CK (10 mac.u.) + I'lll (20 mac.4.)).

- EKII 3 (CK (10 mac.u.) + 'Ll (40 mac.u.));
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- EKII 4 (CK (20 mac.q.) + I'll (40 mac.4.));

ne CK — creapar xanpmiro, ['1ll — rpanynpoBaHuil nutak.

JoBeneHo, 10 HAWMEHIIOK  KOPO3IHHOIO  TPHBKICTIO Y
JOCHIDKYBAaHAX CEPEOBUIIAX XapaKTEPU3YEThCS EMOKCHUAHA MAaTpHLS
(puc. 8.1), uymi mokasHWkH omopy BmpomoBx 30 mid mocmimKeHHS
CTaHOBJIATH HAHMEHIIIOT0 3HAYCHHS, a CaMe:

-y cepenoBui cipuanoi kuciotn — R = 16,0...18,0 kOm-cm® (110
10 1i6) i R = 15,0...16,0 kOm-cMm? (micist 10 1i6);

- y cepenoBuIli Mopcbkoi Boan — R = 18,0...20,0 kOM-cM? (110 5 1i6)
iR = 18,0 kOm-cm? (micns 5 ni6);

- y cepenoBHINi piukoBoi Boau — R = 27,0...28,0 kOM-cM? (mo 5 niod)
i R=27,0 kOm-cm? (micis 5 mi6).

BpaxoByroun HaBeleHI BHINE pe3yabTaTH JMOCIIKCHHS MOXHA
CTBEp/KYBaTH, IO HAWOLIBII arpecMBHUM CEpElOBHIIEM € cip4yaHa
kucnora. [Ipn 1pOMYy 3MEHIIEHHS OMNOpYy, [I0 MEPEBAKHO IPHIAMAE
TMHIAHUA XapakTep (3MEHIIYETHCS BIPOJIOBX JOCHIHKCHHS), MOXE
CBIAUUTH TIpO iHTeHcu(ikalito npouecy Audy3ii BHACTIIOK MPOHUKHEHHS
KOPO3iifHO aKTHBHUX 10HIB 1 MOJIEKYJ BOJH, O OCHOBH.

[lapanensHO  aHamizyBalM  3HAYEHHS  €MHOCTI  ITOKPHTTIB.
BcraHoBneHo, 1m0 HaWBHIIMMHU 3HAYCHHSM €MHOCTI XapakTepHU3YEThCS
CIIOKCHIHA MATPHUI y PO34uHi cipyaHoi kuciotn — C = 40...42 nd/cm?,
110 00pe Y3rOKY€EThCS 13 pe3yIbTaTaMH JOCIIDKEHHS OTopY.

Hapmami anamizyBanu OcCOOJMBOCTI 3MIHM OMOPY 1 €EMHOCTI JUIs
3aXMCHUX TOKPUTTIB 13 4YacTKamM OiJMCIIEPCHOrO  HAIMOBHIOBAYA.
JloBeneHo, mo y HaOIBII arpeCHBHOMY CEpEOBHINI (CipuyaHa KHCIIOTA)
MaKCHMaJbHUM  3HA4eHHsIM  omopy  xapakrepusyerbcsi  EKII-4
(R = 27 xOm-cm?). 3pocranHs 3HaueHHs omopy Ha 40 % (BimHOCHO
EMOKCUIHOT ~ MAaTpHIIi) CBIIYUTH po CyTTEBE CHOBIIbHEHHS
EIIeKTPOXIMIYHMX peakiii Ha TOBEPXHI OCHOBH, BHACIIJOK YTBOPEHHS
mudysiiHoro  Oap’epy B o0’eMi  mosimepHoro  mokputTs.  Lle
3a0e3neuyeThbcss MaKCUMAITBHAM YIITBHEHHSIM OiJIMCIIEPCHOT CKIIaIoBOT B
0o0’eMi MaTpumi 3 YTBOPEHHSM TrigpodoOHOi CTpyKTypu HOIIMeEpy
BHACHIZOK ONTUMalbHOTO BMIcTy creapaTy Kaibhito. OTpumani
PEe3yNbTaTH EKCIIEPUMEHTAIBHUX JIOCHIKEHb KOPO3IMHOT TPUBKOCTI TaKUX
marepianiB (EKII-4) y cepenoBuiii MOpchKoi 1 piukoBOi BOJIM J0AAaTKOBO
HiATBEP/DKYIOTh BHCOKY XiMi4HY CTiHKICTh pPO3pOOJIEHHX MaTepialliB
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Pucynok 8.1 — Yacosa 3MiHa omnopy (a, B, 1) Ta emHocTi (0, T, €)
eNOKCUAHUX 3aXHUCHUX MOKpUTTIB mpH uactoTi 1 k[ y arpecuBHHX
CepeIoBUIIAX:

a, 0) 20 %-mit pozunn cipuanoi kucnotu (I'OCT 4204-77); B, T)
MOpChKa BoJia (cepeHs CoNoHicTh 35 %); 1, e) piukoBa Bozaa (p. Himnpo);

1 — marpuus (xonTponsHui 3pa3zok); 2 — EKII 2 (CK (10 mac.u.) +
'l (20 mac.u.)); 3 — EKII 3 (CK (10 mac.q.) + I'lll (40 mac.u.)); 4 — EKII
4 (CK (20 mac.q.) + I'lll (40 mac.4.)).
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(puc. 8.1). [lomaTkoBO BCTAaHOBJIICHO, IO JOCTATHRO BHCOKHMH
MOKa3HUKaMH KOPO3IMHOT TPHBKOCTI XapaKTEPU3YETHCS PO3POOICHUIHA
matepian EKII-3, mo3asik 3HaUeHHS ONOpPY Y CEPEIOBHILI CipUaHOi KUCIOTH
cranoButhb (R = 25...26 kOm-cm®). BoHouac, 3aCIyroBye yBaru 3HAUCHHS
€MHOCTI Takux MatepiainiB (puc. 8.1, 6, kpusa 3). [lokazaHo, 1m0 3HAYCHHS
€MHOCTI X04Ya HE € MaKCHMaJbHHM, CEpell IOCIiIKyBaHHX 3pasKiB, aie
3poctae micng 15 ni0 BUTPUMKHA y arpecMBHOMY CEpEAOBHILI 0
C = 34 nd/cM®. Beaxamu, mo e BKa3ye Ha mporiec copOmii moiaiMepom
MOJIEKYJI arPeCHBHOTO CEPEIOBHUIIA, BHACIIIOK YOTO PYWHYIOTHCS HECTINKI
3B’SI3KU.

Amnarnoriyne sBuiie crocrepiramun npu  Butpumii EKII-2 y
CEPEeOBHINlI MOPCHKOI BOAM. 3HAYEHHS €MHOCTI 3poctae micis 15 mib
BHTPUMKH y arpecuBHOMy cepeaoBuii 10 C = 34 nd/cm’, Ipy A0CTATHLO
BHCOKOMY 3HadeHHi omopy R = 26,0...27,0 xOwm-cm’. Boamouac,
MakcHManbHe 3Hadenns omopy (R = 27,0...28,0 kOm-cm?) i HailimeHme
spagenns emuocti (C = 20,0..29,0 nd/cm?) y cepenoBHUIIi MOPCHKOT BOIH
BCTaHOBJICHO i po3pobnenux marepianis EKII-3 i EKII-4. lle cBiguuTh
PO BUCOKHH CTYITiHb 3MIMBaHHS Ta (OPMyBaHHA TiApo(OoOHOI CTPYKTYypH
MoJIiMEpy, BHACHIJOK YOTO 3pOCTae KOPO3iHA TPHBKICTH PO3POOICHUX
Marepiaiis.

Haiimenury iHTeHCHBHICTH 3MiHHM mapameTpiB R 1 C crocrepiranu
TIPH BUTPHUMIII PO3POOJICHUX MaTepialliB y CepeOBUIII PiYKOBOI BOIHU (pHC.
8.1, 1, ), W0 CBIMYHTH MPO PIBHOBaXHUH mporec Audy3ii BOpoIOBK
Bcroro gociimkenns (30 ai0). [Ipu oMy, BUCOKMMHU 3HAYSHHSMH OMOPY
(R = 32,0..350 kOmcM®) 1 HE3HAYHHMH 3HAYCHHS EMHOCTI
(C =20,0..23,0 nd/cM®) y cepeioBUII PiYKOBOI BOIM XapaKTepH3yKOThCs
BCi po3po0ieni komno3utHi nokputts (EKII-2, EKII-3, EKII-4).

Ha ocHOBI mpoBeJCHHUX OCIIPKEHb, BCTAHOBJCHO, L0 HAHOLIbII
KOPO3I{HOTPUBKUM IIOKPUTTSIM Y arpecuBHOMY CEPENOBHIIl (KHCIOTA,
MOpChKa 1 piuKoBa BOZA) € MaTepiall, 10 MICTHTh: €MOKCHUIHUHN OliroMep
EJ1-20 (100 Mac.4.), OimucriepcHUi HAINlOBHIOBAY -
(CK (20 mac.u.) + I'LI (40 mac.4.)), TBepaHuK nomierwieHnomiamin [TETTA
(10 mac.u.). OTpumMaHi pe3yabTaTH ONOPY TAKMX MarepiaiiB CTAaHOBJIATH
MAaKCHMAJIBHOTO 3HAYEHHS, & €MHOCTI — MIHIMAQJILHOTO Ta € CTaOlILHUMH
BIIPOJIOBX 33JaHOTO Yacy AOCIiIKEHHS.
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KouTpoabhi mnutaHus

1. 3 K010 METOI0 MPOBOIATH BEMipIOBaHHA omopy R ta emnocti C
3aXUCHUX MOKPUTTIB?

2. Ilpo mo cBig4aTh 3MiHM 3HaYCHb OMOpYy R MOKpUTTIB?

3. Slkum YMHOM 3HaYeHHS oOmopy R TOKpWTTIB TOB’s3aHi 3 iX
KOPO3iiHOIO TPHUBKICTIO?

4. TIpo mo cBigunTh 3Ha4YCHHS €eMHOCTI C MOKPUTTS?

5. Sxumu  mokazHumkamMu R 1 C XapakTepusyroThCs HaHOLIBII
KOPO3iHHOTPHUBKI TTOKPHUTTS?

IIpakTnuna podora 9.
PO3POBKA TA OIITUMIBALIA EITOKCUJHUX
MOKPUTTIB CTIMKHUX B YMOBAX I'l/TIPOABPASUBHOI'O
3HOIIYBAHHA

Merta po6oTH: O3HAHOMUTHCS 3 eTamaMy PO3POOKH EMOKCHUAHUX
MOKPUTTIB CTIKUX B yMOBax Tiipoabpa3ruBHOTO 3HOLIYBaHHS Ta OTPUMATH
MPAKTHYHI HABUYKH X ONTHMi3aIlii.

OcHoBHa YacTHHA
Po3po0ieHi ermokcuaHI KOMITO3UTH 1 TIOKPUTTS Ha X OCHOBI MTOBHHHI
XapakTepu3yBaTHCA NOJIMIIEHUMH (Pi3MKO-MEXaHIYHHMH BJIACTHBOCTAMH,
0 JO3BOJIMTH TIJBHMIIUTH HAQAIMHICT, IX eKCIUIyaTalii B yMOBax
rijipoabpa3rBHOTO 3HOUIYBaHHA. ToMy, BUIPOOOBYBaJIM YOTHPHU BapiaHTH
MOKPHTTIB, AKI XapaKTePHU3YIOThCS MaKCUMaJIbHUMU 3HAYCHHSAMH (i3UKO-
MEXaHIYHUX XapakTepucTuk (Tadi. 9.1).

Kyt aTtaku rimpoabpasucHoi cymimri (o = 75°), mpu J0OCHiHKEHHI
rizpoadbpa3suBHOI 3HOCOCTIMKOCTI po3po0ieHNX MarepiajiiB, BUOMpalu Ha
OCHOBI pe3yJIbTaTIB JOCTIKEHHS, 110 BUCBITIICHO Yy mpaiix [156, 157], ne
JIOMIHYIOTh BUCOKiI 3HA4Y€HHs TaHTEHIIMHUX 1 HOPMAILHUX HaNpy>XeHb
ynapy TigpoaOpa3uBHOi CyMmilli, a OTXe, MOKIMBUN MakCHUMalbHUU 3HOC
NoJiMepy, BHUPKEHHH IJIACTUYHUM Je(QOPMYBAHHSM UM KPUXKHM
pyWHYBaHHSM.

Amnaniz pe3yibTaTiB JIOCITi JPKEHHSI rizpoabpa3uBHOI
3HOCOCTIMKOCTI pO3p00JeHUX MaTepialiB, JO3BOJMB BCTAHOBUTH, IIO
MaKCHUMaJbHa IHTEHCHMBHICTh 3HOIIYBAHHS XapakTepHa JUIS EMOKCHIHOI
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MaTpulli, mo3ask ii 3HaueHHs ctaHoBuTh — [ = 0,80 % (puc. 9.1). Anamis
MOBEPXHI MaTepiary miciisi BUITPOOOBYBaHHS TO3BOJIUB BHSIBUTH JIE(DEKTH y
BUTIISAAI  3aryinOJieHh, BUKJIMKAaHUX  OaraTOKpaTHUM  IIACTHYHHUM
JehOpMyBaHHSM | BAMUBAHHIM BOJ0-a0pa3uBHOKO CYMIIIIIIIIO.

Tabmms 9.1 — ®i3uko-MexaHiuHI BJIACTHBOCTI PO3POOICHUX
MaTepianiB
. PyiiHiBHI
KilbKicTh o Monyib .
, , HaIpPYXEHHA ° YiapHa
Martepianl | IOTiIHCIEPCHOTO OPYKHOCTIIIPH| , . i,
TpH , B A3KICTE, W,
HAIIOBHIOBAYA | HANOBHIOBAYA. | . 3THHAHHI, 5
3rHHAHHI, F ITa KJA/M
. Mac.d. L ITIe
gt o, MITa
EKIT 1 - 48.0 29 7.0
- CK (10 mac.u.)
EKII2 783 5.0 10.8
T'TII (20 Mac.w.) ’
. CK (10 mac.4.)
EKII 3 80.0 54 11.3
| I (40 mac.w) ’
. CK (20 mac.4.)
1 4 . 5. .
EKII4 I'III (40 mac.4.) 81,6 6 108
[Mpumirka: 1. CK-creapar KaJbIIio;

2. T'lll - rpanynbOBaHMH IIIJIAK.

HaiiMennry iHTEHCUBHICTH 3HONIYBaHHS, sika cTaHoBUTH / = 0,23 %,
BUsiBJIeHO it kommo3uty EKIT 3 i3 BMICTOM 4YacTOK cTeapary KalbIito
(10 mac.4.) i rpanyapOBaHOrO HUTaKy (40 mMac.4.). MexaHi3M 3HOIITYBaHHS
TaKMX KOMIIO3UTIB  3YMOBIEHHH  (DI3MKO-MEXaHIYHUMH TIPOIECaMU
MIKpOpi3aHHSl TOBEPXHEBOTO IMIapy MiJl Ji€l0 a0pa3WBHUX YaCTOK 3a
BHU3HAYCHOI'0 KyTa araku ripoadpasuBHoi cymimi (a = 75°). lle cBiguuTh
PO HE3HAUYHUM BIUIMB TAHTEHLIMHMX 1 HOpPMAalbHUX HAampyXeHb yAapy
rijipoabpa3uBHOI CcyMilIi, a, OTKe, W MJIBUIIEHY CTIMKICTh pO3pOOIeHUX
MaTepiajiB JI0 3HOIIYBaHHS y Mpoleci ekciutyaTamii. BHacaigok 1poro
dopMmyeTbcss MaTepiad i3 KOPCTKOIO IOBEPXHEI0, M0 IONEPE/DKYE
YTBOpEHHsI MIKpPOTpPILIMH TpH yxaapi rigpoabpasuBrHoi cymimi. Crin
3ayBaKUTH, W0 iHTeHcuBHicTh 3HomyBanHs EKII2 i EKII4 Ha
55...65 % (I = 0,27...0,36) € MEHIIO TIOPIBHSHO 13 EIMOKCHUIHOIO
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MAaTpHIIEIO, 10 J03BOJISIE TAKOK BUKOPHCTOBYBATH PO3POOIICHI MaTepiaan
JUTS 3aXUCTY TIOBEPXOHB JIeTallei Bifl TiAp0oadpa3suBHOTO 3HOITYBAHHS.

I, %

Nel Ne2  Ne3 Ne4

Pucynok 9.1 — 3anexHicTh iHTEHCUBHOCTI 3HouTyBaHHs (I, %) mpu
KYTi ataku rifgpoabpa3uBy a = 75° Biji BMICTY IHIPEIi€HTIB Y KOMIIO3UTAX:
Nel — EKII 1 (matpuus, KOHTpoiabHUHN 3pa3ok); Ne2 — EKII 2; Ne3 — EKII 3;
Ne4 — EKIT 4

KoHTpoabHI nUTAHHSA:

1. Ha saxi ¢i3uko-MexaHiuHi BIIACTUBOCTI TMOKPUTTIB 3BEPTAETHCS
0co0JiMBa yBara JJisi HiJBHIIEHHS HAIIHHOCTI 1X €KCILTyaTallii B yMOBax
Tiapoadpa3uBHOTO 3HOITYBaHHS?

2.Yum xepyBanmmch Tpu BHOOpI KyTa arakd TinpoabpaswBHOI
cymimri?

3.5k omiHOBaNM  rajJipoabpasuBHY  CTIHKICTh  PO3POOICHUX
MmatepianiB?

4. Yum 3yMOBIICHUH MEXaHi3M 3HOITYBaHHS KOMITO3UTiB?

5. SIki MOKa3HWKHY CIIiJI BpaxOBYBAaTH NPH BU3HAYEHHI ONTHMAILHOTO
BapiaHTy MOKPUTTS?
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IIpakTnuna podora 10.
EMNOKCUKOMITO3UTHI MATEPIAJIU I TIOKPUTTS HA IX
OCHOBI 3 NIJIBUIIEHAMHU EKCILTY ATAIIIAHAMHA
XAPAKTEPUCTUKAMU

Meta po6oTH: 03HAHOMHUTHCH 3 CYYaCHUMHU EMOKCHKOMITO3UTHHMH

MarepiajJamHy i MOKPUTTSIMU Ha iX OCHOBI Ta raiy3siMU IX 3aCTOCYBaHHS.
OcHoBHa YyacTHHA

Ha ocHOBI mpoBeaeHHMX KOMIUIEKCHHX IOCIHIKEHL PO3POOIICHO
Marepiany Uil TOKPHUTTIB (PYHKIIOHATBFHOTO TpPH3HAYEHHS, a CcaMe:
SMOKCUJIHUH aJre3uB 3 HAHOIUCIIEPCHOK JTOOABKOIO 1 MOMIAUCIEPCHOIO,
AHTUKOPO3iliHe 3aXVCHE TIOKPUTTS, MIOKPUTTS CTiKe 10 Tigpoabpa3uBHOTO
3HOIITYBaHHSI.

EKII-1. Enoxkcuanuii aare3uB i3 HaHOBYIJIENEBOIO J100aBKOI0.
OCHOBHE TpH3HAUCHHS: BUKOPUCTAHHS IOJIMEPHOIO MaTepiainy i3
HAHOBYTJIEIICBOIO JO0ABKOK) 3allJITAHOBAHO JJISI PEMOHTY HEPYXOMHUX
3’¢JlHaHb MEXaHi3MiB, OOJaJHAaHHI Ta NPUCTPOIB; JOLUILHUM €
BUKOPHUCTaHHS PO3POOJICHOr0 Marepialy TaKoX Ui PEMOHTY KOPIYCHHX
KOHCTPYKIIif, CKJICIOBaHHS JeTanei (CTaIbHUX, KOJIBOPOBHX, YaBYHIB 1
HEMETAJIIB 332 HASBHOCTI apMYIOUUX TKaHWH).

OcHOBHi KOMIIOHEeHTH NIpH GOPMYBaHHI aAre3UBY:

- enokcuaHa gianosa cmona (EJI-20) 100 mac.u.

- tBepauukK (I1ETTA) 10...12 mac.4.

- ByIJIeLIeBi HAHOTPYOKH 0,05 mac.u.

3a Ttemmeparypu 3mmBaHHgd T = 393 £ 2 K 1 pexumis

yIBTPa3ByKOBOI OOPOOKHM Taki aAre3uBH XapaKTEPHU3YIOThCS HACTYITHUMH
BJIACTHUBOCTSIMU:

- ajre3iiHa MIIHICTH MIPH BiIpuBi — 6, = 56,9 MIla;

- aares3iitHa MiHICTH 1pH 3¢yBi — T = 11,3 MIla;

- 3aJIMLIKOBI HampyXeHHs — o, = 0,9 MIla.

Texunonoris ¢popmyBanns EKII-1 ckianaeTpbes 3 Takux onepartii:

- MiATOTOBKA IOBEPXHI 1O BiJHOBJICHHS, MPH IOMY aHaJi3ylIOTh
JneeKTH IOBEPXHi;

- 3HIMaHHA MIapy MeTaly Ha TIMOWHY IOIIKOJIKCHHS (Oreparito
MO>KJINBO BUKOHYBaTH Ha TOKAPHOMY BEpPCTaTi).

- IPUTOTYBaHHs KOMITO3ULIH. J[03yBaHHS KOMIOHEHTIB 1 MiArOTOBKA
HAIOBHIOBauiB (HAHONOPOIIOK MPOCYMIYIOTh Yy CYWIWIbHIA madi mnpu
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temneparypi 323...353 K ympomox 2 rom). o emOKCHAHOI CMOIH
JIOJTAI0Th HAHOHATIOBHIOBAY y BIAIIOBIAHOMY CITiBBiIHOIIEHH] 1 IPOBOISATH
yIBTPa3ByKOBE NUCIEPTyBaHHS (32 BCTAHOBJICHWUX pexuMiB). Hamanmi
BBOJSITh TBEPIHUK Oe3MocepeqHbO Iepell HAaHEeCEHHSM KOMITO3MILii Ha
CTaJIeBY IIOBEPXHIO;

- HaHeCEeHHS KOMITO3UINH (IMynbBepU3allifHUM METOJO0M, abo
MexaHiyHuM). ToBmuHa aare3uBy craHoButh — 0,1...0,5 mMM;

- mojiMepw3amis aAre3wBy (TWOdiMepuW3allil  aare3uBy  IpH
temneparypi 1 = 293...323 K Bmopogosx dacy T = 30...120 xB.). Jus
penakcaiii 3aJMIIKOBUX HANpyXEeHb 1 MiJBUIICHHSA EKCIUTyaTalliiHuX
XapaKTepUCTUK TOBHUI Yac MOTiMepr3alii CTaHOBUTH 72 TOJI.

EKII-2. EnokcuaHuii aare3us i3 NOJiAUCIEPCHOK A00aBKO0.
OcHOBHE TpHU3HAYCHHS: BUKOPUCTAHHS SIK aAre3ifHoro mapy Juis
JIOBTOBUMIPHHUX IOBEPXOHb CKJIagHOrO Tpodinto. Po3pobnenuit Marepian
Ma€ BHCOKI TIOKa3HWKH aATe3iiHUX BJIACTUBOCTEH, a TepMiH HOTo
ekcroryatamii — 3...5 pokiB. 3a paXyHOK ONTHMi3allii BMiCTy
HAHOAWCHEpPCHOT 1 JucmepcHoi m00aBOK (METOIOM MaTeMaTHYHOTO
TUTAHYBaHHs €KCIIEPUMEHTY) 3a0e3MeuyeThCsl CHHANMEHTAIlIIfHA CTIHKICTh
nmokputTs. Lle 103BOsIe HAHOCUTH PIBHOMIPHHUH IIap MOKPHUTTS, a OTXKE 1
3a0e3neuyBaTH MaKCHUMaJIbHY aJre3iiiHy MIIHICTh /0 METaJeBOi OCHOBH,
IO y MPOIeci eKCIuTyartallii monepe/yKye yTBOPEHHS MMiJIUTiBKOBOI KOPO3ii.
BukopucrtanHsi creapary Kajiblil0 Yy SKOCTI HallOBHIOBaya JOAATKOBO
3a0e3reuye rigpoPoOHICTh aAre3iiHOTOo mapy.

TexnoJoris popmyBanns EKII-2 ckinagaeTbes 3 TaKMX ONeparii:

- MIrOTOBKA MOBEpPXHi (BUIAIICHHS Pi3HUX 3a0pyIHEHb, OKAJIHMHH,
IpKi METOJIOM TICKOCTPYMHHHOI 0OpOOKH Ta 3HEXKUPIOBAHHS);

- MPUTOTYBaHHS KOMITO3MIIN (TIONepenHe JT03yBaHHS EMOKCHIHOT
mianoBoi cmomm  EJI-20, mimirpiBaHHS = cMOiIM 0 TEeMIlEpaTypH
T =353 £ 2 K i ii BUTpUMKa TIpU JaHiid TEMIIEpaTypi BIPOJOBXK YacCy
T = 20 = 0,1 XB; 103yBaHHS HAHO- 1 JHCIEPCHOTO HAMOBHIOBAYIB i
BBEJICHHS 1X Y €MOKCUIHUI oniroMep (y MOCIiIOBHOCTI HAHOAMCIIEPCHUH
nopomok Y30 — nmucnepcHuit mopomok Y30); 0X0JI0KeHHS KOMITO3HIIIT
0 KIMHATHOI TemIlepaTypu BHOPOJOBXK Hacy T = 60 £ 5 xB; BBeICHHs
tBepaHuka [IEITA 1 mnepemimyBaHHS KOMITO3MINI BIPOJIOBXK 4acy
Tt =5+ 0,1 xB.; - HaHeceHHs axresiiiHoro mapy (MyJbBepHU3aLiHHUM
MeTo10M, 00 MexaHiuHUM). ToBmuHa aare3uBy cTaHoBUThH — 0,1...0,5 MM;

- ToJTiMepu3alliss KOMIO3UTy (TIoiMepH3allist aAre3iiHoro MIapy npu
temmeparypi T = 293...323 K Bnpomoex wacy T = 30...120 xB, mo
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3a0e3neyye BHCOKWH CTYIiHb 3MIMBaHHS MaKpOMOJEKYJ 3 YTBOPEHHSIM
MIPOCTOPOBOI CITKH MOTIMEPY, MMOAAIBIIIE HAHECEHHS IOBEPXHEBOTO MIAPY).
OcHOBHiI KOMIIOHEeHTH NP (GOPMYBaHHI aATe3UBY:

- enokcuHa nianosa cmona (E/1-20) 100 mac.u.

- tBepaauK (ITEITA) 10...12 mac.4.

- ByTJIEIeBi HAHOTPYOKH 0,05 mac.4.

- cTeapar KaibLilo 20 mac.u.

3a Ttemmeparypm 3mmBamHa I = 393 + 2K i pexunmis

YIIBTPa3ByKOBOi OOPOOKHM TaKi aJlre3MBH XapaKTepU3YIOThCS HACTYITHUMHU
BJIACTHUBOCTSIMU:

- aare3iifHa MIIHICTH NIPH BipuBi — 6, = 61,5 MIla;

- aAre3iifHa MIIHICTH 1pH 3¢yBi — T = 12,7 MlIla;

EKII-3. AnTHnkoposiline 3axucHe mnOKpUTTA. OcCHOBHe
NpPU3HAYCHHS: TMOJIMIICHHS AaHTHUKOPO3iMHUX BIIACTUBOCTEH IOBEPXOHb
TEXHOJIOTIYHOIO YCTaTKyBaHHSA, 30KpeMa MOPCBKOIO Ta Pi4KOBOTO
TpPaHCTIOPTY (MamyOHI MeXaHi3MH, eJIeMEHTH Manxyow, HajgOyaoB, KOPILYC
cynHa). Po3poOiienuii MaTepian MiCTUTh aare3idiHui map, 1o 3ade3nedye
T ABUIIEHHS are3iifHOI MIITHOCTI KOMIIO3HUTY JI0 OCHOBH, Ta TMTOBEPXHEBHIA
miap, L0 HAHOCSTh HA YAacTKOBO IIOJIIMEPU30BAHMI EMOKCHUKOMIIO3HUT 3
METOI0 TIONIIIICHHS KOPO3idHOT TPUBKOCTI JeTalel TEeXHOJIOT1YHOIO
yCTaTKyBaHHS.

Pozpo0Onennii marepian Mae BUCOKI MOKa3HUKU (hi3UKO-MEXaHIYHUX,
Ternodi3uyHUX BIACTUBOCTEH 1 KOPO3iHHOI TPHBKOCTi, a TEpMiH HOTro
ekcrutyaranii — 4...6 pokiB. Husbka BapTiCTh IHIPENI€HTIB MOJIIMEPHOT
KOMTO3WIii (32 paxyHOK BHKOPHUCTaHHA BINXOIB BiJl MPOMHUCIOBOTO
BUPOOHUIITBA), IOPIBHSHO 3 BiIOMUMH MaTepialaMu, Ta BIUCOKI IIOKa3HUKH
MEXaHIYHOI MIITHOCTI 1 KOPO3ifHOI TPUBKOCTI JIO3BOJISIOTH IIiJBUIIUTH
TEpMiH eKcILTyarallii, a TAKOXX MXKPEMOHTHHUX TIepio/iB pOOOTH.

Texuonoria ¢opmyBanns EKII-3 ckmamaerbes 3 omepariiii, sKi
BUKOPHUCTOBYIOTH It opmyBanHs EKM-2.

AJre3iiHNIA MIAp CKIAJAETHCS 3 HACTYITHUX KOMIIOHEHTIB, Mac..:

- enokcuaHa aiaHosa cmona (EJ1-20) 100 mac.u.

- tBepanuk (I1EITA) 10...12 mac.u.

- ByIJIelleBi HAHOTPYOKH 0,05 mac.u.

- cTeapar KajibLilo 20 mac.u.
IloBepxHeBHii AP CKIANAETHCS 3 HACTYITHUX KOMIIOHEHTIB, Mac.4.:
- enOKCUIHUH aianoBuit omiromep EJ1-20 100 mac.u.

- TBepAHUK nonietmiennoniamin (ITETTA) 10 mac.u.
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- cTeapaTt KajbIliio 20 mac.4.

- TpaHyJTbOBaHHAHN TITAK 40 mac.4.

Anre3iiHuii Ta TOBEPXHEBHH IIApH HAHOCSTH TPAAWULIHHUMU
cnocobamu. HaiOinbll NPOAYKTUBHUM 1 TEXHOJIOTIYHUM € METO.
MTHEBMATHYHOTO PO3MIICHHS, SKHH TO3BOJSE HAHOCHUTH PIBHOMIpHI 3a
TOBIIMHOIO IIIapy MaTepiady Ha TOBEpPXHI CKIaaHoi KoHiryparii. s
penakcaiii 3aJMIIKOBUX HANpYyXEeHb 1 MiJBUILCHHSA EKCIUTyaTallifHuX
XapaKTEePUCTHK TIOBHUM Jac MOJIIMEepH3allii CTAHOBUTE 72 TO/I.

EKII-4 EnoxkcuaHe NOKPHUTTSI CTilike 10 TiApoadpa3suBHOro
3HomyBaHHsi. OCHOBHE TNpH3HA4YeHHS — 3a0e3rledeHHs Tiapoadpa3uBHOI
3HOCOCTIMKOCTI ~ €JIEMEHTIB  TiJpaBliYHMX  cUCTeM  (MDK{QIaHIeBi
VINITFHEHHSI, CYJTHOBA apMaTypa, eJIeMEeHTH TpyOomnpoBoiB). JominsHuM €
BUKOPHUCTaHHS PO3pOOJICHOTO MaTepiany i (OpPMYBaHHS YUIUIBHEHb, Y
TOMY 4YHCIi AJsi MOPCHKOTO 1 PIYKOBOIO TpaHCHIOpPTYy. Po3poOieHuii
MaTepial MICTHTh aATe3idHUN map, Mo 3a0e3nedye ITiIBUIICHHS
aATe3iifHOT MIITHOCTI KOMITO3UTY 10 OCHOBH, Ta (YHKIIOHAIBHUH IIap, I10
HAHOCSTh HAa YAaCTKOBO IMOJIMEPU30BaHUI EMOKCHUKOMIIO3UT 3 METOIO
T ABUIIEHHS Tipoadpa3uBHOI 3HOCOCTIHKOCTI.

Texuonoria ¢opmyBanns EKII-4 ckmamaerbes 3 omepariiii, sKi
BUKOPHUCTOBYIOTH [t popmyBanHss EKM-2.

Anre3iiiHUi MIApP CKIaa€ThCs 3 HACTYITHUX KOMIIOHEHTIB: Mac.4.:

- eMOKCUIHUH niaHoBuit omiromep EJ[-20 100 mac.u.

- TBepAHUK noieTmiennoniamin (ITETTA) 10 mac.u.

- HaHoHanoBHioBay BHT 0,05 mac.u.
IloBepxHeBHii MWIAP CKIANAETHCS 3 HACTYITHUX KOMIIOHEHTIB, Mac.4.:
- eMOKCUIHUH niaHoBuit omiromep EJ[-20 100 mac.u.

- TBepAHUK noieTmiennoniamin (ITETTA) 10 mac.u.

- cTeapaT KaJbIIito 10 mac.u.

- FPaHyJIbOBAHUI LIJIaK 40 mac.u.

PesynmbTati  TMOpIBHSJIBHUX — BUNPOOYBaHb  (Pi3MKO-MEXaHIYHHX,
Termo(i3MYHUX BJIACTHBOCTEH 1 3HOCOCTIMKOCTI pO3pOOICHUX 1 BiJOMHUX
MarepiajiiB cBig4aTh IPO BHCOKI eKCIUTyaTaliiiHi XapaKTePUCTHKH 1
JIONUTHHICTh BUKOPUCTAHHS HOBUX KOMITO3UTIB (Tabi. 10.1).

Po3pobneni aHTUKOPO3iliHI TOKPHUTTS, TEXHOJOTIT iX OpMyBaHHS Ta
HaHeceHHs BuposamkeHo Ha I «ImxenepHe O6ropo «Kopser»» (Ykpaina,
M. XepCOH), IO J03BOJISE BiIMOBHTUCH BiJl BUKOPHCTAHHS TPAIUIIHHAX
IPYHTOBOK i MMOKPHUTTIB. P03po0iieHi MOKpUTTS 1 TeXHOMNOT1T X (opMyBaHHs
Ta  HAHECEHHS  BHOpoBapkeHO  Ha  migmpuemctei  LECH-POL
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DYSTRYBUCIJA (ITosnpma), mo q103BOJISIE T ABUIATH aare3iiHi 1 Gi3uko-
MEXaHIYHI BJIACTMBOCTI 3aXHCHUX TIOKPUTTIB Ky30BiB BaHTaXKHUX
aBTOMOO1TIB.

Tabmums 10.1 — TlopiBHAIBHI  TTOKa3HUKHA  BIACTHBOCTEH
pO3pOo0ICHNX 1 BIMOMHMX KOMIIO3WTHHX MaTepiajiB Ta MOKPHUTTIB Ha iX
OCHOBI

IokazeaK EKTI-1 |EKTII-2 | EKII-3 | EKII-4 | ERKTII-5 | EEKII-6
Anresiiiga MIITHICTE, -
5 ) -
0. MITa. 36.9 6l.5 457 45.0 240

Pyiimiem  manpyaeHHs

2 2,
e 3 i 0. MIIa 89.6 623 | 8l6 80.0 68.0 32.0

Momyie npyEHEOCTI IpH

e E. TTIa 33 4.1 5.6 54 22 20
Temmoctiiricts, T, K 344 344 352 356 343 343
BimsocHa ].I-ITO.?HCJI{BI-HCTL . ) 0.27 0.23 ) 0.16
sgomyeanHd. I, %

Kopoaiiina TPHBKICTH

(omip TOKPHTTH

EMPOJOBH 30 me - - 280 26.0 213 184

BHTPHMEH V MOPCBHEIH
Bomi), R. kOnon’

TopmmHa WHBKH, MM 001 |70025| 7010 | ;o 1.0 (0,1...02] 0.2...05

Hac nosmoimoaiepn- | o) oo loy gsl72 0o |72 92| 168 240
Al rog

Bapticts nokpHTTA, 30 75 6.5 6.5 124 14.1

V.0./KT

Mpumitka: 1. EKTI-1, EKII-2, EKII-3 — po3po06:ieHi HOBI emoKCHIHI
TOKPUTTS;
2. EKII-4 — Kronopur (BenukoOpuTanis);
3. EKTII-5 — Hempel (DinnsHmis).

KonTpoJbHi nuTanus:
1. Slki KOMIIOHEHTH Ta B SKIH KIJIBbKOCTI BXOISATh 1O CKIIAAy
enokcuanoro aaresiBy EKII-1?
2. 3 sxux omepauii ckiaanaerses Texnonoris popmysanns EKII-17
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3. HosicHiTh mpu3HaueHHs enokcugHoro anre3mBy EKII-2 Tta ski
HOTO0 CKIIaZ0BI KOMIIOHEHTH?

4. 3 AKkux omepauiil CKIaAaeTbes TexHonoris popmyBanns EKII-2?

5. 3 sAKHMX KOMIIOHEHTIB cKiajgaeThcs enokcukommo3ut EKII-3 Tta
HOTO OCHOBHE TIPU3HAYCHHS?

6. 3 sKuX omepariit ckiagaerses Texnomnoris Gopmysanus EKII-3?

7. OxapakTepu3yiTe pu3HadYeHHs Ta ckiaja mokputts EKII-4.

IMpakTnuna podora 11.
JOCJIIKEHHS AATE3IMHAX I ®I3UKO-MEXAHIYHUX
BJACTUBOCTEN EMNOKCUJIHUX HAHOKOMIIO3MTIB,
1O HAITOBHEHI BYI'JIELUEBUMUW HAHOTPYBKAMHA

Mera po6OTH: O03HAHOMUTUCH 3 METOJUKOI JIOCHIHKCHHS
aAare3iiHUX 1 (i3MKO-MEXaHIYHHX  BIIACTUBOCTEH  CMOKCHIHUX
HAaHOKOMITO3HTIB.

OcHoBHa YacTHHA

11.1. Jocaimxenns aaresiiiHoi mimHocTti. Bimomo, mo anresiiina
MIIHICTD — OJTHA 3 BOXKJIMBUX EKCIUTyaTalliiHUX XapaKTEPUCTUK 3aXHCHHUX
NOKPUTTIB. JloCiKyBalii BIUTMB BMICTY HANOBHIOBAYiB Pi3HOT MPHUPOIH i
JIUCTIEPCHOCTI Ha ajre3iifHi BIACTHUBOCTI MOKPHUTTIB JI0 METaJIEBOi OCHOBH,
BUMIPIOIOYH PYHIBHE HAIIPYXEeHHS («METOJ TPUOKIBY») IIPH PIBHOMIPHOMY
BifpuBi mapu ckieeHux 3paskiB 3rimHo 3 [OCT 14760-69 (puc. 11.1).
HocmipkeHHst aare3ifiHoi MIIHOCTI TpH 3CyBI TPOBOAMJIM 3TiJHO 3
I'OCT 14759-69 (puc. 11.2), aHanoriyHo BUMIPIOIOYM CHIIy BipUBaHHSA
KJICHOBUX 3’€JHaHb CTAIBHUX 3pa3KiB HAa aBTOMATH30BaHIN PO3PHUBHIN
MamuHi YM-5 mpu mBuakocti HaBaHTaxenHs o = 10 H/c. diametp
po00YOi YaCTHHHU CTANBHHUX 3pa3KiB MPU BiApHBI cTaHOBUB — d = 25 MM.
[Inowma ckieroBaHHs 3pa3KiB, AKi JOCTIHKYBaJIM P BiApUBI Ta 3CyBi, Oya
OJTHAKOBOIO.
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Pucynok 11.1 — Cxema QopmyBaHHS 3pa3KiB IS JOCIIKEHHS
aAre3ifHOT MIMHOCTI KOMITO3UTIB mpu Bigpwsi: 1, 3 — OCHOBa;
2 — KOMIIO3HUILI.

. 1
< _m ....... gl‘z ‘“ET%_ —>

Pucynok 11.2 — Cxema ¢dopMmyBaHHS 3pas3KiB AJS JOCHIKEHHS
aJre3iifHOT MIITHOCTI KOMITO3UTIB IPH 3CYBi: 1 — OCHOBA; 2 — KOMITO3UIILisl.

11.2. [dochimkeHHs 3aJHIIKOBUX HANpYy:KeHb. 3aJIUIIKOBI
HarpyeHHsa y KM Bu3Havanu koHcoslbHUM MeToaoM [121]. Beauuuny o,

BH3HaYaJK 3a (POPMYJIOH0:

B HES®
F 3 (+0 )8
(11.1)

ne: H — BiAXWIEHHS OCHOBH BiJl MOYaTKOBOTO MOJOXKEHHS, M;
E — moayns npyxHOCTi ocHoBH (E = 2,1 x 10° ITa);
L — TOB)KMHA OCHOBH 3 TIOKPUTTSIM, M;
0 — TOBIIMHA OCHOBH, M;
8 — TOBIIMHA IIOKPUTTS, M.
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Ilokpurrs ToBmHOIO & = 0,1...0,2 MM QopmyBamy Ha cTajbHii
ocuosi (puc. 11.3). ITapamerpu ocHoBH: 3aranbHa moBkuHa — | = 100 MM;
poboua mgoexuHa — lp = 80 MMm; ToBmMHA — & = 0,2 MM. Y mporeci
3IIMBAHHS HA MEXI MOIUTYy (a3 «3axUCHE MOKPUTTI — METajeBa OCHOBA
YTBOPIOIOTHCSA (i3WYHI 1 XiMiYHI 3B’SI3KH, IO 3YMOBIIOE€ BUHUKHEHHS
3QNUIIKOBUX HANPYKEHb PO3TATY Ta BIiAXWIEHHS KOHCOM (y BHUTISAIL
OCHOBH 3 TIOKPUTTSIM), a0CONIOTHE 3HaueHHs sikoro (H) BuzHavanm y kinmi
JocIimKeHHs (IMicis moliMepr3allii MaTepialy yIIpoIoBX dacy T = 72 roxn).

Pucynok 11.3 — Ilporun 3pa3ka 3 MOKPUTTAM ITiCTIsi BUHUKHEHHS y
OCTaHHBOMY 3aJIMIIKOBUX HANpyKeHb: | — Hecy4a ormopa, J0 SKOI
KPIMHUTHCS 3pa30K 3 MOKPUTTAM; 2 — MOKPUTTS; 3 — IUIACTHHA-TIIKIAJKA 31
crai Cr. 3 (y BuXigHOMYy CcTaHi 1 jedopMOBaHa IIC/sI 3IIMBAHHS
MTOKPHUTTS).

11.3. Metoau ¢izuKo-MexaHiYHUX AOCJiNXKeHb., PyiliHiBHE
HamNpy>KeHHS 1 MOAYNb TPYKHOCTI TNPH 3TWHAHHI BHU3HAYalld 3TiIHO 3
I'OCT 4648-71 i T'OCT 9550-81 simmosinHo. Ilapamerpu 3pa3skis:
noBxuHa | = 120 + 2 MM, mmpuna b = 15 + 0,5 mm, Bucota h =10 £ 0,5 MM
(puc. 11.4).

Y napHy B’S3KiCTh BU3HAYaJIM JBOMA METOJAMH:

Ilepmmit meron. Ymapuy B’sskicte (W') BH3Hawanm 3a MeTOIOM
Iapmi ianosigao g0 'OCT 4647-80 Ha mastHukoBOMY Korpi MK-30 mpu
temnieparypi 7 = 298 + 2 K i BigHocHiii Bosorocti d = 50 + 5 %.
BukopucToByBanmu 3pa3ku 3 TakKMMHU TapamMeTpaMu 0e3  Hajpi3y:
(63,5 x 12,7 x 12,7) £ 0,5 mMm. Bincrans mix omopamu 40 + 0,5 mm.
Hpyruii meton. YnmapHy B’s3kicth (W) Bu3Hauanmum Ha 3paskax 3
po3mipamu 10 x 15 x 75 mm 6e3 Hanpizy. BunpoOyBaHHs mpoBoawin Ha
koripi RKP-300 nanst BHCOKONIBHJIKICHOTO HaBaHTaxeHHs (5,2 m/c) i
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peectpariero giarpamu neopMyBaHHS B KOOPIWHATAX «HABAHTAXKEHHS —
yac» 1 «HABaHTAXEHHS — 3TWH 3paszkay. 3araibHy poOOTy yIapHOTO
pyHiHYBaHHs MaTepiany A po3risand sIK CYKYIMHICTb poOOTH 3apOKEHHS
A, 1 pobOTH NOMUPEHHS TPILMHU A),.

Pucynok 11.4 — Cxema ycTaHOBKH Ui JIOCITIJDKEHHS PYHHIBHOTO
HaATNPY>KEHHS Ta MOAYJIS MPYXHOCTI: P — cnia HaBanTaxkeHHs; AL — mporux
3paska

11.4. [Jocaimxennss  aaresiiiHux i  ¢izuko-mMexaHiyHHX
BJIaCTHBOCTeil eMOKCHIHUX HAHOKOMIIO3HUTIB, HANOBHEHUX
ByrieneBuMn  HaHoTpyOxkamm (BHT). Enokcunnuit  KOMHo3wr,
HanoBHenuit BHT, gopmyBaiu 3a TeXHOJIOTIE OMUCaHOI0 Y npatsx [3-6],
mo mependadae  BUKOPHCTaHHSA — YJIbTPa3sBYKOBOIO  AMCIEPryBaHHS
KOMIIO3MII 1 BUKOHAHHS Hamepes 3aJaHoro TeMIepaTypHO-4acOBOTO
PEXUMY 3aTBEPIIKSHHSI.

HocnipkenHss npoBoauiau y aABa eTanu. Ha mouatkoBoMy erami
nmocmimpkyBanu BriuB BMmicty BHT Ha anresiiiHy MilHICTH TpHW BiJlpuBi
(0,), 3cyBi (1) 1 3aMMIIKOBI HampyKeHHA (C,) Y HAHOKOMITO3UTHHUX

Mmartepiaiax (HKM).
BBenenns y enokcumHmid omiromep uactok BHT 3a Bmicty
g = 0,010...0,025 Mmac.u. TPU3BOAUTH [0 MIJBUIICHHS ITOKAa3HUKIB

aaresiiiHol wirHocti npu BigpuBi HKM nmo o, = 34,8...48,3 Mlla
(puc. 11.5, kpuBa 1), 1m0 XapakTepHO Ui TIOYaTKOBOI B3a€EMO/Ii1 aKTUBHUX
IEHTPIB HAINOBHIOBaYa 3 TiJPOKCWJIBHUMHU Ta EHNOKCHIHUMH TpyHaMH
3B’s13yBaua. 30UTbIIeHHS BMicTy j00aBku g0 q = 0,050 mac.4. mpuBOIUTH
JI0 TIOSIBU MAaKCMMyMY Ha KpHBIH 3aJIe)KHOCTI afresiiiHoi minmnocti HKM
Bin Bmicty BHT. Ilpum mwpomy, aaresitina minHicth HKM cranoBuUTH
6, = 56,9 MIla. BBaxanu, miaBUIICHHS aare3iiHux xapakrepuctuk HKM
3a Takoro Bmicty BHT 3ymoBneHo nepebirom (i3nko-xiMiuHUX MPOIIECIB,
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SK1 3HAYHOIO MipOI0 TTOCHITIOIOTHCS 1IpH BILTuBi Y 30. IIpu mpoMy cermenTn
EMOKCHIHOTO OJIITOMEpY aKTHUBYIOThCS 10 Mik(}a3oBoi B3aemomii 3
AKTUBHMMH IICHTPaMH HAIllOBHIOBaYa, IO TiJl Yac MOAAbIIOTO 3IIUBAHHS
3a0e3neuye yHOpsSIIKOBaHICTh iX CTPYKTYPH.

0, MIla . MIla @, MIIa
o il a
55 £y ~$2 110 = 13 _
1 100
45 1.1
¢ 9.0 —
35 co- 09
25 HO’ - 0.7
C Y IC
. 6.0 -
15 - g3 0.5 —
5.0 A
Ll gl ol o
0 0.02 0.04 0,06 0.08 0,10 0,50 g.Mac.1.
Pucynox 11.5 — 3amexHicTh aAre3idHUX BIIACTUBOCTEH 1

3anumikoBux HanpyxeHb y HKM Bin smicty BHT: 1 — aaresiiiHa MiniHICTh
npu Biapusi (6,); 2 — aaresiiiHa MIIHICTh TPH 3CYBi (T); 3 — 3aIMIIKOBI
HaIpyKeHH (O,).

Boanouwac ciin 3a3HaunTH, MO 301UTBIIEHHS BMICTY HAHOYACTOK JIO
g = 0,075...0,500 wmac.4. TPU3BOAWTH JO0 HE3HAYHOTO 3MEHIICHHS
aaresiiinol minHocti HKM o metaneBoi ocHoBu. [loBemeno (puc. 11.5),
0 32 TAaKOrO HAIlOBHEHHS ajre3iiiHa MIIHICTh MaTepialiB CTaHOBHUTH
o, = 48,7...53,6 Mlla. Tomy ciij 3a3Ha4UTH, 1110 HATIOBHEHHS KOMIIO3HTIB
HaHOTpyOKamu 3a BMicTy noHaa = 0,050 Mac.4., 3 yMOBOIO BUKOPHCTaHHS
Mmarepially K aire3uBy, HE PEHTA0EIbHO 3 EKOHOMIYHOI 1 NMPaKTHYHOI
Toukn 30py. OTpuMaHI pe3yabTaTH MOXHA TMOSCHUTA (POpPMYBaHHSIM
KOHIICHTPATOPIB HANPYKEHb, sIKi BAHUKAIOTH Npu nepeHacuvenHi BHT, mo
CYNPOBOPKYETHCS IMIJABHMIICHHIM B’SI3KOCTI CHCTEMH. 3a paxyHOK I[bOTO
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(hopMyeTbes aare3wB 3 OUTBII JKOPCTKOIO CTPYKTyporo. BpaxoByrouu mpu
poMy TOBIIMHY anre3uBy (6 = 80...100 MxM), MOXKHA CTBEPKYBATH, IO
el ¢axTop HEraTWBHO BIUIMBA€ HA EKCIUTyaTalliifHI XapaKTepUCTHKU
po3po0ieHuX MaTepiaiiB.

Hapaumi, mig gac aHamisy pe3yNibTaTiB IOCIHIIKEHHS BILUTUBY BMICTY
BHT ma agresiitay wminxicts npu 3cyBi HKM (pmc. 11.5, xpuBa 2)
crioctepiranu MmoAiOHy TeHAeHIit0. JloBeAeHO, IO TIpU BBEJCHHI
HaHO4acTok 3a BMicTy ( = 0,010...0,025 mac.4. anresiitna minaicte HKM
MiABUINYETHCA BigHOCHO 00poOmenoi Y30 marpumi (t = 9,0 Mlla) i
craHoButh T = 9,8...10,5 Mlla. 30inbmieHHss BMICTY J00aBKH [0
g = 0,050 mMac.4. mpUBOAUTH O MOSBU MAaKCUMyMY Ha KPHBIil 3aJI€)KHOCTI
aaresiitHo1 MinHOCTI Bif kimbkocti BHT (tr = 11,3 Mlla). [Ipu BBenensi
BHT 3a Bmicty q = 0,075 wmac.4. 3HaYeHHs JAOTUYHHUX HampyXeHb
3HaXoAAThCs B Mexkax T = 11,1 MIla. Ilpu BBeeHHI HAHOYACTOK 33 BMICTY
g = 0,100...0,500 mac.4. BCTAHOBJICHO HE3HAYHE 3HUKEHHS BEIMYUHU
JIOTUYHUX HanpyxeHb T = 10,9...11,0 MIIa.

VY mporeci eKciepuMEHTAIbHUX JOCTIKeHb BUSBICHO, IO KpUBa
3aNeXHOCTI aAre3ifHOT MIMHOCTI TpPH 3CYBI KOPENMIOE 3 JUHAMIKOO
aaresiiftanx BiactuBocTeir HKM mpu Binmpusi, 3amexHo Bixg Bmicty BHT.
Oco0nuBy yBary ciiJi 3BepHYTH Ha Te, IIO 3a BMICTY HaHOYACTOK
g = 0,050 Mac.4. BCTAHOBJICHO MaKCUMaJlbHI 3HAYCHHS aAre31iMHOT MIITHOCTI
npu Biapusi (o,) 1 3cyBi (1). OTpumaHi pe3yJbTaTH AOCIHIIKCHHS
JTO3BOJISIIOTH KOHCTATyBaTH, 10 HANTOBHEHHS 3B’ s3yBada dyacTkamu BHT 3a
ontumansHoro Bwmicty (4 = 0,050 mac.y.) 3ymoBIOEe (QOpPMYBaHHS
130TPOITHOI ~ €MOKCHOHOI  CUCTeMH.  Taki  aAre3uBM  AOLUIBHO
BUKOPHCTOBYBAaTH SK 3aXHCHI IIOKPHUTTS Ha JOBTOBHUMIPHI TOBEpXHI
CKJIaTHOTO MPOQiIt0, a TAKOXK SK Marepian Jjs BiJHOBJICHHS MOBEPXOHb
pi3HOTO (QYHKIIIOHATBHOTO MPU3HAYEHHS.

ExcniepuMeHTalIlbHO BCTAaHOBJIEHO, 110 pH BBeneHHI BHT 3a BMicTy
g=0,010...0,025 mac.4. 3aUIIKOBI HAIIPY>KEHHsI 3MEHIITYFOThCS (B1IHOCHO
€TMOKCUIHOT MaTpHIli) i CTaHOBIATE G, = 1,2...1,3 MIla. Beenenns BHT 3a
BMicty q = 0,050 wmac.y. 3abe3meuye ¢GopMmMyBaHHS Martepiany i3
3aJIMIIKOBUMHU HarnpyXeHHsMU o, = 0,9 MIla. Hapami 36inbmienHs Bmicty
BHT mo q = 0,075...0,500 mac.d. 3yMOBItO€ MOHOTOHHE 3HIKCHHS
3anuIKoBux HamnpyxeHb y HKM. Otpumani pe3ynbTaTé i MOpiBHUIBHUMA
aHaJli3 3aJeKHOCTI anares3iiHoi MIIHOCTI Ta 3alMIIKOBUX HANpYy>KEHb Y
HKM Bix Bmicty BHT cBiguath mpo ckjaagHui MexaHi3M nepe0iry ¢hi3uko-
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XIMIYHHX TIPOIIECIB I Yac IMOJiMepH3arlii MaTepiaiiB Ta peraKcaIliiHux
MIPOIIECIB MPH MOMAIBIIIIH eKCIDTyaTallii po3poOIeHINX KOMIIO3UTIB.

Ha nactymnomy etami nocmimkeno BmiuB Bmicty BHT Ha mMomynb
NPYXXHOCTI TIpH 3ruHaHHi (E) 1 pyiHIBHI Hamnpy)XEHHs NpPU 3rUHaHHI (G.,.)
HKM.

AHaii3 KpHUBOI 3aJIKHOCTI MOAYNS TPYKHOCTI MpPH 3THHAHHI Bif
BMmicty BHT (puc. 11.6, kpuBa 1) n03Boiisie cTBEpIKyBaTH, IO BBEJCHHS
mobaBkm 3a BMmicty ( = 0,010...0,050 wmac.u. crnpusie miABHIIEHHIO
MOKAa3HMKIB MILIHOCTI KoM1o3uTiB 10 £ = 3,00...3,23 I'Tla.

E.TTla O:.. MIla
3. 80 —
3.1 70 —
3.0 5> 60
2, 50 —
2.8 40 —

| R I IR I BT R PR B

0 0,02 004 006 008 0,10 0,50 ¢g.Mac.H.

Pucynok 11.6 — 3anexHicth MOIYJIsl IPYKHOCTI MpH 3riHaHHI (F) i
pYHHIBHHX HampyXeHb npu 3ruHaHHi (0,) HKM Bix Bmicty BHT:
1 — Moaynb IIPYXHOCTI NpH 3ruHaHHI (E); 2 — pyiHIBHI HaNpyXEHHS TPH
3rHHAHHI (0.,).

Hapani 36inpienns Bmicty HaHo4actok 10 g = 0,075...0,500 mac.u.
3yMOBJIIOE€ (D OpMYyBaHHs Marepiany i3 3HAUEHHSIM MOJIYJISl MPYXKHOCTI MPH
sruHanHi £ = 3,25...3,30 I'Tla. [1pu 1ipoMy cJifi 3ayBaXKUTH, IO AOLILHAM
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€ BUKOpHCcTaHHS Marepianmy i3 Bmictom BHT q = 0,075 mac.4., mo3ask
MOKa3HUKHA MOAyJs mpyxHocTi Takoro HKM € MakcnManbHO BHCOKHMU.
JonaTkoBo BCTaHOBNEHO 30INBLICHHS pPYHHIBHUX HaNpyXeHb IpH
srunanHi HKM nmo o,, = 51,0...79,0 MIla BimHOCHO Matpwuil, sKe
crocrepiramn mipu BBeneHHi BHT 3a Bmicty q = 0,01...0,050 mac.u.
(puc. 11.6, xpumBa 2). BBaxkamu, mo Ile 3yMOBJICHO pPIBHOMIpHHM
PO3MOAIZIOM YacTOK 3a 00’€MOM EMNOKCHAHOTO 3B’si3yBada, a TaKOX
IHTEHCHBHHMM TIepediroM (hi3uko-XiMIYHHX IIPOIECiB B3a€MOJIl Ha MEXi
oy (a3 «ImoxiMep — HAHOHATIOBHIOBAYY.

30inbmenHs: BMicTy mo6aBku no ¢ = 0,075 mac.d. mIpuBOOUTH 10
YTBOPEHHSIM CiTKOBOiI cTpykTypd HKM (BHachimok 3HayHOI XiMIYHOI MiX
(hazoBoi B3aeMoii) i TOSBM MakCUMyMy Ha KPHUBil 3aJIe)KHOCTI pyHHIBHUX
HampyXeHb mnpu 3ruHaHHi Big Bmicty BHT. Tlpm upomy pyiiHiBHI
HanpyxeHHs npu 3ruHanHi HKM cranoBnsats o,, = 89,6 Mlla.

Hanani BBenmenHs mHanodactok 3a Bmicty ( = 0,100...0,500 mac.u.
MIPU3BOIUTH JI0 3MEHIIICHHS PYHHIBHUX HANpYXeHb npyu 3ruHarnai HKM mo
6, = 60,0...76,3 MIIa.

Jns 3a0e3medeHHs CTIMKOCTI /O YAApHUX HaBaHTaXEHb, SKi
BUHUKAIOTh y TIPOIECi eKcIDTyaTallii mepeadadeH0 BUKOPUCTAHHS
ByrieneBux HaHoTpyOok  (BHT). Tak sk BHT xapakrepusyroTbest
BHUCOKOI) MEXaHIYHOK MIIHICTIO, CTIMKI J0 KPUTHYHHUX JedopMariiit
3TUHAHHS, PO3TATYBAaHHS, CTHCKAHHS, HAIOBHEHI PEaKTOIUIACTH 3JaTHi
3MIHIOBATH CTPYKTYPY IOJIMEPY, a OTKE 1 NPOTHIIATH HAaBAaHTAKECHHSIM
yIapHoro xapaktepy. l[lomepenHbO TOpPIBHIOBAIM MOKAa3HUKU YyJIApHOI
B’SI3KOCTI E€MOKCHJHUX KOMIIO3UTIB 3 Ppi3HUM BMicToM uwactok BHT.
BceranoBneno, 1mo 3Ha4YeHHS YAApHOi B’SI3KOCTI EMOKCHJIHOI MAaTpHIi
cranoButs W = 0,7 Jix/cm® (puc. 11.7, kpusa 1). IIpu BBEJCHHI YacTOK
BHT y enokcuaumii 38°s3yBau 3a BMicty = 0,010 mac.4. cniocrepiraiu
CTpiMKe 3pocTaHHs 3HaueHHs yaapHoi B’a3kocti KM 1o W = 1,60 [ix/cm’,
BpaxoByroun ymoBu (GopMyBaHHS (yJIBTPa3ByKOBE JUCIIEPryBaHH) i
CTPYKTYpY HAHOYACTOK (KOXKEH aToM Sp2 TiOpHIW30BaHWil 1 3B’sI3aHHU 3
TpbOMa CYCIIHIMH aTOMaMH T'€KCaroHaJbHOI PELIiTKH, 10 YTBOPIOIOTH
HWTIHAPUYHI CTPYKTYPH 3 PI3HOIO KUIBKICTIO KOHUEHTPHUYHHUX IMIIHIPIB)
JOIITBHO TPHUITYCTUTH, WIO CTPIMKE 3pOCTaHHA YyIapHOi B’A3KOCTI
NOB’S3aHO i3 3HAYHOIO aJCOPOLIMHOI0 B3a€EMOIIEI0 IOJNiMeEpy W
HAIIOBHIOBAa4Ya, KOJIM CHIJIM B3a€EMOJii Ha MeXi moniny ¢as «momimep-
HAHOYACTKA» JIal0Th MOMJIMBICTh PO3TOPHYTH IMOJIIMEPHY MOJEKyTy. Tum
camuM 3a0e3nedyeThcst (Pi3MKO-XIMIUHA B3a€EMOJISA, a OTXKE 1 3POCTaHHS
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ymapHOi B’s3KocTi. BigmoBigHO, eHepris, mo BUTpaueHa Ha PyWHYBaHHS
KOMIIO3UTY TIpH YAApHOMY HABaHTaXKEHHI J0CATAaE MAaKCUMAaIbHOTO
sHauennss £ = 24 JIx. Bsegenns uyactok BHT B Mexax
g = 0,025...0,500 mac.u. 3abe3ned4ye MOHOTOHHE 3MCHIIICHHS MOKA3HUKIB
ymapHoi B’s3kocti KM (W = 1,20...0,7 Jlx/cm?) i, BimmosixHo, eHeprii
(E = 1,5...0,9 IIx), 3aTpadyeHoi Ha pyiiHyBaHHsS Kommo3uTiB (puc. 11.7,
kpuBa 1, 2). Anani3 mpaus [104-112] no3Bosisie KOHCTATYBaTH, IO BUCOKA
MIOBEpXHEBA €Hepris Ta HaHO po3Mmip dactok BHT 3ymoBmioroTh ix 110
CXHMJIBHOCTI YTBOPEHHSI arjioMepaTtiB (po3MipoM BiJ HECATKIB A0 COTECHb
MIKpOMETpiB), L0 MepelKomKae piBHOMipHOMY posnoaity BHT B
MaTpHIli Ta JOCSTHEHHIO MaKCUMaJbHOI e(eKTHUBHOCTI MOAU(DIKYBaHHS
moniMepy. OYEeBHIHO MM MOXHA TOSCHHUTH 3MEHIIEHHsS MOKa3HUKIB
yIapHOi B’I3KOCTI 1 BiATIOBITHO €HEPrii, 1Ka BUTpaueHa Ha yaap.

W"_,I[:&c_.-"c}[j E. Ix
1.6 24 —
1.3 1.9 —
1.0 1.4 —
0.7 0.9 —
s s =

A I T T |

0
0.02 0.04 0.06 0.08 0.50¢.Macc.T.

Pucynok 11.7 — 3anexwuicts yaapHoi B s3kocti (W) 1 eHeprii (£), 1m0
BUTpaueHa Ha pyWHyBaHHS MarepiaiiB, Bix Bmicty BHT: 1 — yzmapna
B’SI3KICTB; 2 — €HEprisl.

Jyisl OIiHKH OCOOJIMBOCTEH 3apOJKEHHS 1 MONIMPEHHS TPILUH MPH
yIapHOMY HaBaHTa)XKEHHI BBaKaJM 3a JOLUIbHE MPOBECTH aHai3 3MiHM
HaBaHTaxeHHS (P) y waci (puc. 11.8, a) Ta 3anexxHocti nedopmarnii KM
(4)) Bim waBantaxenus (P) (puc. 11.8, 0). PyiiHyBaHHS EMOKCHIHHX
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KOMIIO3HTIB IPH YAapHOMY HaBaHTa)KCHHI BiIOYBAETHCA y JEKIJIbKa €TalliB:
nporiec 3apomxeHHs Tpimman (1), il mommpenns (II) ta 6e3mocepeaHBO
pytinyBanHs matepiainis (I11).

AHani3 3aJIeKHOCTI HaBaHTaXKCHHs Bij TpuBajiocTi ymapy KM 3
gactkamu BHT 3a Bwmicty q = 0,010 mac.4. cBimumts, mo ams HKM,
MOPIBHAHO 3  TOJMIMEPHOIO  MATPHUICI0, MaKCHMallbHe 3HAYCHHS
HaBaHTAXGHHS B MOMEHT pyHHYBaHHS 3pa3ka 30UIbHIYEThCS Ha
AP = 0,8 xH, a yac mommpeHHs TPIOMHH 3MIITY€ETHCA MPaBOPYd MO OCi
abcrmuc Ha At = 0,07 Mc (TIOpIBHSHO i3 EMOKCHIHOI MAaTPHIICIO)
(puc. 11.8,a, tabn. 11.1). Omxe, mepedir ¢i3uKo-XiMiYHUX MPOLECIB Y
EMOKCUIHOMY OJIITOMEpi 32 MPHCYTHOCTI HAHOIUCIEPCHOI CKJIaJ0BOI
ONTAMATBHOTO BMICTy 3yMOBIIOE (OpPMyBaHHS HAHOKOMIIO3UTY i3
MaKCHUMAaJIbHOIO CTIHKICTIO 0 KPUTHYHUX JAedopMalliii 3STHHAHHS Ta yaapy.

HonatkoBo, moOBepxHs 3nmaMy warepiany i3 dvactkamu BHT
(g = 0,010 mac.4.) xapaKTepU3y€eTHCS HASBHICTIO MEPEXiAHOrO (B’SI3KOTO i
KPUXKOI0) XaOTHYHOI'O PYHHYBaHHsS 3aIisIHOTO II0 BCHOMY IEPUMETPY
kommo3uty (puc. 11.9, a). Amnanmiz mpaus [104-112] cBiguuth, MO
napamerpu BHT B momimepHili MaTpwili 3Ha49HO BiAPIHAIOTHCS BiX
mapaMeTpiB HaHOTPYOOK y BimbHOMY craHi. llepcucTeHTHa IOBXKWHA
3MEHIIYETHCS BIIBIYi, 8 PpaKkTaibHA PO3MIPHICTh 301TBITY€ETHCS MPU BILUIUBI
yIBTPA3ByKOBOTO  JTUCTIEPryBaHHSA. Y  CBOKO  4epry, 3MEHIICHHS
nepcucTeHTHOI NoBxkuHM THy4uKkoi BHT cBimuuTh npo 3pocTaHHs THYYKOCTI
HAaHOKOMITO3UTY B WUIOMYy. [loJJaTKOBUM MiJATBEPIDKEHHSIM HaBEJICHUX
NOJIOKEHb € OTPpUMaHe 3HAaueHHA KpUTWYHOI nedopmamii. Otmxe,
MaKCHUMaJbHE 3HAUYEHHs KPUTHYHOI nedopmaiii cepelr AOCTiAKYyBaHUX
HKM crasosute | = 0,90 mm (mas HKM i3 Bmictom BHT
g = 0,010 mac.u.), mo Ha A/ = 0,35 mwm, Oinplme y TOpIBHSHHI i3
ETMOKCUIHOI0 MaTPUIICIO.

ToOto mepexigHUi XapakTep PyHHYBaHHS CIHOCTEPIraeTbcs KOJIH
Opyd  JIOCTAaTHIM  TPYXHOCTI  moiiMepy (32  paxyHOK THYYKOCTI
HAHOJIMCIIEPCHOT CKJIAJIOBOT) MEPEeBaKalOTh KPUTUYHI HABAHTAKEHHS Y
MOMEHT pylHyBaHHS. Y TakoMmy Bumnazaky wactku BHT y cdopmosawniii
CiTILI NOJIMEpY BUCTYIAIOTH Oap’€poM MOIUPEHHS TPIIIKH.

IIpu BBeneHHI y enokcujaHui 3B’s13yBad yactok BHT y kinbkocTi
g = 0,025...0,050 wmac.y. cnocrepiranu 3MEHIIEHHS 3HAYEHHS
HaBaHTaXEHHS B MOMeHT pyhHyBaHHs KM mo P = 9,8...10,3 kH i uacy
nomupenss Tpinuan 10 A7t = 0,50...0,70 mc (puc. 11.8, a, tabn. 11.1).
BpaxoByroun MOXKIUBICTE (POPMYBaHHS arjoMepaTiB y 3B’ s3yBadi 3a
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11

105

Hapanraskenna, kH
w
L

8,5

0 0,1 0,2 0,3 0,4 0,5 0,6 07 0,8 0,9 1

Hapamtamenna, xH

85 4
0 01020304050607 0809 1 1,112 13 14 15 16
TTporiH, MM
6)
Pucynok 11.8 — 3aiexHicTh dYacy TMOIUPEHHS TPINMHA Bij

HaBaHTaXeHHS (a) 1 mporuny Big HaBaHTaxkeHHA (0) KM 3 pi3HMM BMicTOM
yactrok BHT, ¢, mac.a.: 1 — 0,010; 2 — 0,025; 3 — 0,050; 4 — 0,075;
5-0,100
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npucytHocTi BHT 13 3Ha4HOIO TOBEPXHEBOIO E€HEPri€ro, CIOCTepiraim
HOTIPIIEHHS JOCIIKYBAaHUX TTOKa3HUKIB (P, 7).

JlomaTkOBUM  TIATBEPKCHHSIM  HABEACHUX  IOJOXKCHb €
(pakrorpamu 3mamy nanux HKM. Jlns KM i3 Bmictom q = 0,025 mac.u.
BHT cnocrepiranu B’sS3KHil XapakTep pyWHYBaHHSA, SIKAH y OUTBIIOCTI
BUMAJKIB CBIAYMTH TPO MPYXKHI BIACTHUBOCTI Martepiamy (pumc. 11.9, 0).
Opnnak, 3a manoro Bmicty BHT cnocrepirany 3HIKEHHS TOKa3HUKIB
yaapHoi B’s3K0CTi 1 mapamerpiB (P, 7), 1110 MOXKE CBIIYHUTH MPO HASBHICTH
MIKpOTIOp Y CTPYKTYpi TOJiMEpy, SKi BHUCTYIMAIOTh KOHIIEHTPATOPAMHU
HaIpPYXCHb.

Tabmuus 11.1 — Xapakrepuctuka mnapametpis P, P’, 7, | npu
pyHHYBaHHI HAHOKOMITO3HUTIB

HapanTaxeHn1,
. IIPH AKOMY MaxrcumanpHe Hac 3HaUeHHA
Buict
NMOYHHAETHCA | HABAHTAKCHHA | IOIIHPEHHA | KPHTHYHOL
HaHOHAIOBHIOBAYA . .
[OIIHPEHHA PYHHYBaHHA, TpimHHEH. | gedopmarii.
(BHT). g. mac.d. )
TPINTHH, P’ xH T, MC [, MM
P xH
Matpuna 9.4 10,0 0.10 0.55
0.010 9.4 10.8 0.18 0.90
0.025 9.4 9.8 0.10 0.50
0.050 9.4 10.3 0.13 0.70
0.075 9.0 9.6 0.25 1.4
0.100 9.4 10.2 0.11 0.60
Bopnouac, mpu Bmicty BHT g = 0,050 mac.u. cmocrepiranu

NPUCYTHICTh BKJIIOUeHb (puc. 11.9, B), sKi NpU3BOIATH A0 3MEHILIEHHS
3HAYCHHS HABAaHTAXXCHHS B MOMEHT pPYHHYBaHHs, IO, Y CBOIO 4Yepry,
3YMOBJIIOE€ 3MEHLICHHS 4Yacy MOLIMPEHHS TPILIMHM, & OTXKE 1 3HIKEHHS
ynapHoi B’si3kocTi. Bigmosinno taki HKM xapakTepu3yloThcsi He3HAUHUMH
3HaYeHHsAMH KputHuHOoi nedopmaiiii | = 0,50...0,70 mm.
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hiy)

Pucynok 11.9 — Bung makpopyiiHyBaHHSI STIOKCHAHUX KOMIIO3HUTIB,
HallOBHEHWX YacTKaMW HaHOTpyOok, (, mac.4.. a) —0,010; 6) —0,025;
B) —0,050; ) -0,075; x) —0,100.

Ilomansme 36imemenns Bmicty BHT (q = 0,075...0,100 mac.q.)
MPU3BOJMTE JI0 3MEHINEHHS MoKasHukiB P, 7, | (puc. 11.8, tabm. 11.1) 3a
paxyHok (opmyBaHHs nedekTHOI cTpykrypu (puc. 11.9, r, n) y 06’emi
NoJiMepy, BIAMOBITHO MPHU MOIIMPEHHI TPIIIUHH 3 BEJIUKOIO IIBUAKICTIO
mig 9ac yaapy taki HKM nerko pydHyrOTBCS.

Tobto Taki MaTepiainu XapaKTepU3yI0ThCA KiHETHYHO
HEBPIBHOBAKEHUM CTaHOM IeTepOreHHOi mojiMepHoi cuctemu. OcoOauBoi
yBard 3aciyroBYIOTh 3HAUYEHHS HABAHTAXEHHS B MOMEHT pPyHHYBaHHS
Matepiany i yac mommpeHHs TpimuHu st KM i3 Bmicrom BHT 3a g =
0,075 wmac.y. (tabm. 11.1). OueBupHO, WO B MOMEHT pPYyHHYBaHHS
MaTepiady TNOINEepeIHhO0 BUHUK HAAKON (dYepe3 AeeKTH CTpyKTypH) i3
noAaNbIINM pyHHYBaHHSIM KM.

KoHTpoJbHI nUTaHHA:

1. 1o sBIII€ COOOO aare3iii Ha MIIHICTH?

2. SIki meromm mociimkeHHs anresiiHol minHocTi Bam Bigomi? B
YOMY iX CyTHICTB?

3. SIkuM METOAOM BHM3HAYalOTh PiBEHb 3AIMIIKOBUX HANpYXEHb y
KM i B yomy #oro cyTHicTh?

4. Sxi meToau (Hi3MKO-MEXaHIYHUX JAOCHTIKeHb BaM Bigomi?

5. Sk BrumBae BMicT ByriemneBux HaHoTpyOok (BHT) 'y
€MOKCUAHOMY OJIiroMepi Ha MOKa3HUKH aAre3iiiHol MiHOCTI Ipu BigpuBi?
YuM 11e MO’KHA TTOSICHUTH?

6. Onmumite BruB BMicty BHT Ha anresiiiHy MilHICTb IPH 3CYBI.
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7. SIky 3ayexHICTh Ma€ MOXIYNb MPYXHOCTI Tpu 3ruHaHHI (E) 1
piBeHB pYIHIBHUX HAMPYXXeHb MPH 3ruHaHHI (6,,) HMK Big Bmicty BHT?

8. SIkuMu moKa3HUKaMU XapakTtepusytoTbest BHT?

9. Oxapaktepusyiite BiuiiuB BHT Ha moka3HHKM ynapHOI B’SI3KOCTI
€MOKCUKOMITO3HUTIB.

10. fIxi eranu pyiHyBaHHS €MTOKCHIHAX KOMIO3HTIB IIPH YIAPHOMY
HaBaHTaXeHHI BaMm Bimomi?



