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BJIMAHUE TJIEIOINEI'O PA3PAJA HA CTPYKTYPY BE3BOJIb®PAMOBBIX

TBEPJbIX CIIJTABOB

B cTaThe paccMOTpPEHBI MEXaHU3MbI MOIU(DHKALINH CTPYKTYPBI 0€3BOIB(PAMOBBIX TBEPIBIX CIUIABOB TH-
na TH-20, npuBoaAIIKe K MOBBIIICHAO MOBEPXHOCTHON TBEPAOCTH M H3HOCOCTOMKOCTH HHCTPYMEHTOB. IIpen-
CTaBJICHBI PE3YIbTAaThl CKAHUPYIOLICH 31ICKTPOHHOH MUKPOCKOIIUM H PEHTICHO(A30BOr0 aHAIH3a.

Beeoenue

O06pabotka BONBHPaMOKOOATBTOBBIX
TBEPIBIX CIUIABOB TJICIOLINM Pa3psiioM TO-
CTOSIHHOTO TOKa, BO30y)kKIaeMoM B cperne
OCTaTOYHBIX aTMOC(EPHBIX Ta30B aBJE-
Huem 1,33...13,33 Ila, HanpsbkeHUEM ro-
perus 1...5 xB npu mnnorHoct TOKa
0,05...0,5 A/M’, wuacroTe HMITY JTbCOB
100 T'u + 20 % ¥ OTHOUIEHUH TUIOLIAH
a"Honma k momanu karoma 0,010...0,015,
obecrnieunBaer (POpMHUPOBAHHE YHUKAIb-
HBIX CTPYKTYPHO-(a30BBIX COCTOSTHUN B UX
MOBEPXHOCTHBIX CIIOSAX, & TaK)Ke IHPOKHUN
macmTad Monmudukauuu CTpykTypbl [1].
DTO MPUBOAUT K M3MEHEHUIO SKCILTyaTa-
IIUOHHOTO TOBEAEHHUS MOIUPULIHPYEMBIX
U3IENIUI B YCIOBHSIX TPUOOMEXaHHUYECKO-
ro ¥ TPHOOXUMHUYECKOTO BO3ACHCTBUSI.

OOmuM HEJOCTaTKOM  BOJBb(Ppamo-
KOOAJBTOBBIX TBEPABIX CIUIABOB SIBISIETCS
MOBBIIIEHHAsT JE(PUIUTHOCTD HCXOJHOTO
BOJIb()PAMOBOTO  CBIPbS, ONPEAEISIOIIErO
X (PU3HKO-MEXaHUUECKHUE XapaKTePUCTH-
ku. IlosToMy B mocnenHee Bpems Kak 3a
pyOexoM, Tak U B OTEUECTBEHHOH MPaKTH-
ke MeTaioodpadboTku Bce Ooblee pac-
MPOCTPAaHEeHUE MOJNy4aroT Oe3BoJIb(ppamo-
BbI€ TBEpAbIE CIUIABbL. B KauecTBe OCHOBBI
TAKHUX CILIABOB HCIOJB3YeTCs KapOua Wiu
KapOOHHUTPH TUTAHA, & B POJIU CBS3KH —
HUKEJNb U MONUOIeH. SIpKuM mpencraBu-
TEJIeM NaHHOW IPYMNIbl SBJISETCS TBEPABIA
cruiaB TH-20 mo 'OCT 26530-85.

besBonbppamMoBbie TBEpPABIE CIUTABBI
OTJIMYAIOTCSI BBICOKOH TBEPIOCTBIO, OKa-
JIUHOCTOWKOCTBIO, TTOHMKEHHOM CKJIOHHO-
CTBIO K aJr€3MOHHOMY B3aUMOJEHCTBHIO C
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oOpabarbiBaeMbIM  MaTepuaioM. OpHaKO
Oe3Bosb(ppaMoOBBIe CIJIABBI UMEIOT OoJee
HU3KUH, 4YeM Y BOJIb(PPaMOKOOATBTOBBIX
TBEPAbIX CIUIABOB, MOAyJb YIOPYTOCTH,
MEHBIIYI0 TEIUIOMPOBOAHOCTD U YAAPHYIO
BS3KOCTb. YKa3aHHbIE CBOWcTBa 0e€3-
BOJIb(DPAMOBBIX TBEPIBIX CILIABOB MO3BO-
50T uX 3P PeKTUBHO UCTONB30BATH ISt
MOJIyYHCTOBOH M YHCTOBON 0OpabOTKH yT-
JIEPOAMCTBIX M JIETHPOBAHHBIX KOHCTPYK-
LOHHBIX CTajJel C BBICOKUMH CKOPOCTSIMH
pe3aHusi U OTHOCUTEJIBHO HEOONbLINMHU
CeYSHHUSIMU Cpe3a.

YuuTeiBasg ONpENENsIy)  pPOib
CBOWCTB MOBEPXHOCTHOIO CJIOsi B olecrie-
YeHUH HAJIEKHOCTH, PabOTOCOCOOHOCTH
U CTOMKOCTH PEKYLIMX HHCTPYMEHTOB, B
HACTOsAIIEe BpeMs OOJbIIOE BHUMAHUE
yIENAETCS CO3MaHHI0, Pa3BUTHIO U COBEp-
IIEHCTBOBAHUIO  PA3JM4YHBIX  METOMOB
SHEPreTHYECKOr0 BO3JCHCTBUSI HA  IO-
BEPXHOCTHBIE CJIOM HHCTPYMEHTAJbHBIX
MaTepUaoB.

ITpoBeneHHbIe npeiBapUTEIbHbIC
UCCJIeIOBAHKS BJIMSTHUS TJICIOLIETO pas3psi-
Jla Ha CTOHKOCTh 0e3BOJIb()PAMOBBIX TBEP-
ObIX CILIABOB TOKA3aJd MEePCIEeKTHBHOCTD
JaHHOTO MeTona oOpaboTku. YcTaHOBIE-
HO, YTO MPH BO3AEHCTBHUHU TJCHOIIETO pas-
psina Ha paboune MOBEPXHOCTH PEKYIIUX
IUIACTUH WX CTOHKOCTb TIOBBIIAETCS B
2...3 pa3a. B ¢Bsi3u C 5TUM LIeNBbIO AAHHOMH
paboThl SIBIAETCS] BBISBIECHHE MPOTEKA0-
IIUX CTPYKTYPHO-(pa30OBBIX MpeBpalleHuit
B TOBEPXHOCTHBIX CJIOSX Oe3Bosb(pamo-
BBIX TBEPAbIX CILJIABOB B MPOLIECCE UX MO-
ouduupyromeil  o0paboTKu  TICIOIUM
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paspsiioM, KOTOpble MOTYT BIIUSATH Ha TO-
BbIIIEHUE TBEPAOCTH U CTONKOCTH HHCT-
pPYMeEHTa.

Memoouxa uccineooeanus.
Pesyavmamot ucciedosanusn
u ux oocyrncoenue

HccnenoBanue mponeccoB monupu-
KallMd CTPYKTYPbl TTOBEPXHOCTHBIX CJIOEB
U3y4aJii HA MapTUU MHOTOTPAHHBIX HeEre-
peTauuBaeMbIX IUJIACTHH W3 TBEPAOrO
craBa TH-20 B MCXOOHOM COCTOSIHUU U
MOJBEPTHYBIINXCST 00paboTKe mpu pas-
JUYHBIX SHEPTETUYECKUX XapaKTEePHUCTU-
Kax TIIEIOIIEr0 paspsiaa U BpeMeHu odpa-
OOTKHU B HEM.

Hsmepenue TBepmoctu padodeit mo-
BEPXHOCTH TBEPIOCIUIABHBIX MHOTOTIPaH-
HBIX [JIACTHH 1O METONy Bukkepca mpowus-
BOMJIOCH COTJIACHO CTaHAAPTHOW METOU-
KU npu Harpyske 294,2 H, npunoxxeHHOH B
teueHue 10 c.

B pabore wuccnenomanace 3aBHCH-
MOCTh MPUPALIESHUS] TIOBEPXHOCTHOU TBEp-
OOCTH IDIACTHH OT OCHOBHBIX (PaKTOPOB
npouecca MoguduIupyromeil o00paboTKku B
TICIOIIEM paspsie ¢ YACNbHOH MOIIHO-
cTio roperns ot 0,20 1o 0,88 kBT/M?, ko-
Topasi ObljIa anmmpPOKCUMHUPOBAaHA TIOJHHO-
MOM BTOPOH CTENEeHH, OTBEYAIOIIHM Tpe-
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OoBaHUIO POTATAOENBPHOCTH W AJEKBATHO
NPEACTABIIAOIINUM SKCIICPUMEHT.

B pesynbrate cratucTuueckon 00-
pa60TKI/I SKCINEPHUMEHTAJIBHBIX JAHHBIX IMO-
Jy4YeHa MaTeMaTudeckas MOJENb B HaTy-
PaJIbHBIX 3HAYCHUAX
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HOJ’IyLIeHbI 3aBI/ICI/IMOCTI/I, HpeI[CTaB-
JICHHBIC Ha pI/IC. 1, TTOKA3bIBAKOIHNEC N3MCEC-
HEHUsI TBEPIOCTH OT ABYX (haKTOPOB MO-

muuuupyromeir 06paboTku Tpu  3HAYe-
HUHM TPETHEro, HAXOAIIErocs Ha OCHOB-

HOM ypOBHE.

ANERNERNERNE
ANEANEANEANEA

Puc. 1. Bmusaue miotHOCTH TOKA J W BpeMeHH 00padoTku T (a), HAMPSHKCHHS TOPSHHS TIICEOIICTO Paspsaa
U u mrotHOCTH TOKA J (0), HANMPsDKCHUA TOPSHUA Tiactomero paspaga U u Bpemenn o0pabotku T (B) Ha mpuparme-
HHE NOBEPXHOCTHOM TBEPAOCTH IUIACTHH W3 TBepAOro cmiaasa TH-20
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Ha ocHoBaHuu aHaius3a IMpencTaB-
JICHHBIX PE3YyJbTAaTOB MOACIUPOBAHUA OBI-
JU ONpeJesieHbl 3Ha4Y€HUS OCHOBHBIX Ia-
pamerpoB MoauduImpyOIed o00padoTKu
TBEpAOro CIUIaBa B TIEIOLIEM paspsije, co-
OTBCTCTBYHOLIUE HauOOJBINIUM 3HAYECHHUSIM
MPUPALLECHNUsT MOBEPXHOCTHON TBEPAOCTH
(mo 15...20 %)).

Taxe u3 aHanu3a MpeACTaBIEHHBIX
Ha pucC. | 3aBUCUMOCTEN YCTAHOBJIEHO, YTO
HanOoJbllIee BIUSHUE HA MPUPAIICHUE TO-
BEPXHOCTHOMN TBEPAOCTH OKa3bIBAIOT dHEP-
reTUYeCKUe XapakTEePUCTUKHU TIEHOLIEro

paspsina, Takue Kak HamnpsDKeHHE TOpEeHHUs
paspsina U, kB, u motHOCTb TOKa J, A/M.
Meraorpaguyeckiii  aHaIu3 MpU
MOMOIIM  B3JIEKTPOHHOW  MHKPOCKOIHUHU
TBEPIOCIUIABHBIX IUJIACTUH B COCTOSIHUH
NOCTaBKU (pHUC. 2, a) CBUAETENLCTBYET O
HAJIMYMN B KauecTBE TBepAOH (asbl Kap-
ouna turana (TiC) co cpemHeil TIomaabo
3€peH, paBHOM 2,3 MKMZ, 4 B KAYECTBE CBsl-

3YIOLIET0 KOMIIOHEHTA BBICTYIA€T HUKEIIb-
MOJMUOICHOBAasT CBs3Ka. | paHUIBl 3epeH
KapOUIHOM (pa3bl SIBJSIFOTCST Pa3MBITBIMU, &
3epHa UMEIOT CIIOKHYIO (hopMmy.

Puc. 2. CprKTypa TBEPAOTO CILIaBA TH-20: a — ucxonnoe cocrosnue; 6 — nocie oGpaGOTKHU ¢ YETbHONH MONTHOCTBIO
roperns paspana 0,20 kBT/M% B — mocite 06paboTKy ¢ yAeIbHOM MOITHOCTEEO ropeHHs paspsaaa 0,30 kBr/M?%;, T — mocite o6paboTKH ¢ yaeIb-

HOM MOIHOCTBIO Topenmst paspsfa 0,88 kBr/M*
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Mopudurupyromas 00paboTka BbI-
3BIBAET PsIl U3MEHEHUI B CTPYKTypE TBEP-
JOr0 CIUIaBa, CBSI3AHHBIX C TOSIBICHHEM
YETKUX TPaHUIl 3epeH KapOumHoW (asbl,
ocobeHHo mnpu 00paboTke TMIACTHH C
yI€IbHON MOIIHOCTBIO FOPEHUs TICIOLIEerO
paspsina W, pasroii 0,20 u 0,88 kBt/m’,
YTO MOXKET OBITh OOBSICHEHO 00pa3OBaHU-

€M TI0 TPaHHULaM 3epPeH TBEPAOro pacTBopa
TiC + Mo,C, nepepacrpeneieHueM HHUKe-
Jisl BIOJIb TPAHWIl 3epeH TBepaou (asbl u

YaCTUYHBIM MEPexXonoM MonubaeHa U3
TBEPAOU (hasbl B CBSZYIOMIYIO.

IlpencraBnenns O MexaHHU3Max MO-
audukanuy CTPyKTypbl 6€3BOIBPPAMOBBIX
TBEPIBbIX CIUIABOB HAIOT PE3yJbTaThl HC-
CJIEOBAHUS MO BIIUSTHUIO YIEJIBbHOW MOII-
HOCTH TJICIOLIETO paspsifa Ha XapakTep
pacripeneneHusl 3JIEMEHTOB, TOJy4YEeHHBIC
NpU TOMOIIM MHKPOPEHTTEHOCTIEKTPaTThb-
HOro aHaju3a (puc. 3...5).

Puc. 3. PacnpeaencHue HHTCHCHBHOCTH PEHITCHOBCKOTO H3IYUCHHA HHUKEA. a — HCXO[HOE COCTOSHHE,
6 — mocste 06paGOTKH ¢ YEIbHON MOIHOCTHIO roperHs paspana 0,20 KBT/M% B — Tocie 06paGoTKH ¢ y/eIbHOM MOIHOCTIO TOPEHHS Pas-
psima 0,50 kBT/M?; r — mocte 06paGOTKH © yAeNbHOM MOITHOCTRIO roperHs pazpsga 0,88 kBr/M”

Puc. 4. PacnpencncHue MHTCHCHBHOCTH PEHTTCHOBCKOTO HM3IYUCHHA THTAHA. a — MCXO[HOE COCTOSHHE,
6 — mocite 06paGOTKH ¢ YEIbHON MOIHOCTHIO ToperHs paspsana 0,20 KBT/M% B — Tocie 06paGoTKH ¢ y/IeTbHOM MOIHOCTIO FOPEHHS Pas-
psima 0,50 kBT/M; T — mocte 06paGOTKH © yAeIbHOM MOITHOCTRIO roperus pazpsga 0,88 kBr/M”

Puc. 5. PacnpeaencHue MHTCHCHBHOCTH PEHTTEHOBCKOTO H3IYYCHHUS YINIEPOAA: a — UCXO[HOE COCTOSHHE,
6 — mocte 06paGOTKH ¢ YIEIbHON MOIHOCTHIO roperHs paspsana 0,20 KBT/M% B — Tocie o6paGoTKH ¢ y/IeIbHOM MOIHOCTHIO TOPEHHS Pas-
psima 0,50 kBT/M?; r — mocte 06paGOTKH © yAeNbHOM MOITHOCTRIO roperHs pazpsga 0,88 kBr/M”
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