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BBIBOJ

UznoxeHHast BbIIE METOJMKA IPOBEPOUHOTO
pacuera IO3BOJSIET CO 3HAYUTEIHLHOU CTEIECHBIO
TOYHOCTH TPOBOJIWTH NPOBEPOYHBIA pacueT Oapa-
0aHOB CpeHETO M OOJBIIOr0 AUAMETPOB OOBITHOM
KOHCTPYKITHH.

Opnako paccMorpeHue OapabaHa kak HabOopa
OTJICNBHBIX 3JIEMEHTOB MPUBOIMT K PSITy JOIMYIIe-
HUH (HampuMmep, 3aMEeHe YIPYTHUX CBS3eU MEXIY
JJIeMEHTaMH Ha aOCONIOTHO JKECTKHE), KOTOpbIE
CKa3bIBAIOTCSl HA TOYHOCTH pacueToB. K Tomy xe
JIAaHHAs METOJIMKA TI03BOJISCT PACCUMTHIBATH Oapa-
0aHbBI TOJILKO TPAIUIIUOHHOM KOHCTpYKImu. Heol-
XoJIuMa pa3paboTKa METOINKH pacdera OapabaHOB
JICHTOYHBIX KOHBEHEPOB, YUUTHIBAIOIICH B3aUMHOE
BIIUSIHUE 3JIEMEHTOB Oapabana npyr Ha npyra. s
3TOH e UCMOJIB3YIOTCS PA3INYHbIC YHCICHHBIC
METO/TBI.
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PU3NKO-MATEMATUYECKOE MOJAEJINPOBAHUE MPOLHECCA
®PETTUHI-KOPPO3UHU 'A30TEPMMUYECKHUX NOKPHITUI

Acn. COKOPOB HU. O., ooxm. mexH. nayk, npo¢p. CIIHPHU/{OHOB H. B.

benopycckuii nayuonanvHulll mexHuueckutl yHugepcumem

Ha noBpexnenns oT ¢GpeTTHHr-KOPPO3HUN BIIH-
SIFOT Takue (aKTophl, KaK HOpPMajbHAs Harpyska,
aMIUTUTyla [POCKaJIb3bIBaHUS, arMocdepa
T. 1. MaTeMaTn4eckoe OIHMCAaHHWE ATOTO SBICHHS
OpPEACTaBIACT ONpeACiIeHHbIE TPYAHOCTH H3-32a
MHOT000pa3ust (HU3NKO-XUMHUYECKHX IPOIECCOB,
CONPOBOJKAAIOIINX Hporiecc. Kpome Toro, ceromns
HET €IMHOTr0 MHEHUS 10 MOBOJIy MeXaHu3Ma (pet-
THHTa ¥ OTHOCHUTEIBHOW BaXHOCTH KOHKYPHPYIO-
IIUX TPOLECCOB.

U3 Bcex MexaHMUECKUX XapaKTEPUCTHK JIydllle
BCETO M3HOCOCTOWKOCTh METAJIOB KOPPEIUPYET €
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YCTaJIOCTHOM MPOYHOCTHIO, TIPU 3TOM HEOOXOTUMO
YYUTHIBATh XUMUYECKYIO0 aKTHBHOCTh MaTepraia u
€ro CIIOCOOHOCTh pacceuBaTh MEXaHHUYECKYIO
aHepruto. ABTOPHI [1] TpEmIOXKUIN IS OIEHKH
COTIPOTUBIISEMOCTH METAJUIOB JEHCTBHIO PE30-
HAHCHOTO HArpy>KEHUs TOJNb30BaThC KPHUTEPUEM
BHOPOIIPOYHOCTH

G_
R=535, M
rac oy — Opeacyi BBIHOCIMBOCTU MaTcpUaia, k —

KO3 PHULMEHT, YINTHIBAIOIINN CHIKECHUE G_| B pe-
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aJTBHBIX YCIOBHSX; O — JCKPEMEHT KOJICOaHMH TTpH
MaKCHMAaJIbHON aMILTUTY/E.

Onnako uccienoBaHuE [2] HM3HOCOCTOMKOCTU
MaTeprajoB B YCIOBHAX (PETTHHT-KOPPO3UH
C yd4eToM KpHUTEpHs BHUOPONPOYHOCTH HE [AJI0
MIOJIOKUTENIBHBIX PE3yNbTaToB. BakHOW Xapak-
TEPUCTUKON I OIEHKH TMOBEIEHHUS MaTepHaIoB
B YCIIOBUSIX (DPETTHHT-KOPPO3UHU MOXKET SBHUTb-
Csl CKOpPOCTb, C KOTOPOH IOBEPXHOCTHBIE CIIOH
moamaroTes epeaehopMupoBanuio. M3HococToli-
KOCTh MaTE€pHaJIOB B 3THUX YCJIOBUAX TECHO CBS3a-
HA C TUIACTHYECKUMH U YIPYroO-IUIaCTHYSCKU-
MH CBOHCTBaMH, NpUOOpPETaeMBIMH TOBEPXHOCT-
HBIMH CJIOSIMH METaJUula B MPOIECCe BHOpOHArpy-
KEHUSL.

Baxublit mapaMeTp npu ONpeieiCeHUH CTENEHU
MOBPEKTACMOCTA METaJlIa B YCIOBUAX (YPETTUHT-
KOPpPO3UH — TPATUCHT CKOPOCTH nedopMaruu B
TOBEPXHOCTHBIX CJOsiX. KpuUTHYEeCKUH TpagueHT
CKOpOCTH Je(opMallii TBEPAOTO Tela MOXKET
CIIY)KUTh XapaKTCPUCTHKOW IIACTUHYHOCTH MaTe-
puaina [3]. B 3aBucuMOCTH OT CKOpoCTH Aedopma-
U B MTOBEPXHOCTHOM CIIO€ TEJO JIMOO paspylia-
ercs (CKopocTh JehopMaIiil TPEBHIMIACT KPUTH-
YeCKYI0 BCIIMYHHY), JHUOO IPOHUCXOMUT TEUCHHUE
TBepaoro Tena (aeopMUpOBaHUE CO CKOPOCTEHIO,
MEHBIIICH KPUTHUECKOM).

Hcnons3ys mpeacrarienns [3] 06 ympyroctu
ne(hOpMUPOBAHUS TBEPABIX TEN B KAUYECTBE KPUTE-
pUsi M3HOCOCTOWKOCTH, MOXKHO TPUHSTH 3aBUCH-
MOCTb

GS

W: ?8“ (2)

re G, — Ipenen TeKydecTdu marepuana; G — Mo-
JTyJb CABUTA; O, — IEKPEMEHT KoJeOaHul npu Jei-
CTBUM TaHTCHIIMAIBHBIX HATPY30K.

IIpemnoxenHass 3aBHCHUMOCTD (2) TTO3BOJISIET C
JIOCTATOYHOW CTETEeHbI0 TOYHOCTU OIICHUTHh W3HO-
COCTOMKOCTh pa3iNyYHBIX MaTepuanoB. Hemoctat-
KOM JIJAaHHOW 3aBUCHUMOCTH SIBJIIETCS TO, YTO OHA HE
VUUTHIBACT B MOJIHOW Mepe MPOsIBICHHE KOPPO3H-
OHHOTO (haKTOpA.

Jlrobast Teopust ppeTTHHTA TOJDKHA IPUHUMATD
B pacyeT CIeAYIONNEe YCTAaHOBICHHBIC (DAKTHI [4]:

e MIOBPEXKJICHUE OT (PPETTUHTA YMEHBINIACTCS B
BaKyyMe WM HHEPTHOU aTMocdepe;

e TIPOJIYKTHI pa3pylIeHus, oOpa3yronecs npu
(peTTHHTE >Kene3a, COCTOST TJABHBIM 00pa3oM
n3 Fe,03;
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e 32 JaHHOE YHCIIO IMKJIOB OoJiee Cepbe3HOe
MOBPEKJCHUE TPOUCXOIUT NPU HU3KHX YaCTOTAX
10 CPABHEHHIO C BEICOKMMH 9aCTOTAMU;

e MOTEPH METAJIa YBEIWYHMBAIOTCS C POCTOM
Harpy3Kd U OTHOCHUTEIIEHOTO MPOCKAIb3EIBAHYS,

 Oonee cepre3HOE TOBPEKICHUE MPOMCXOIUT
MpU TeMIiepaType HHKE KOMHATHOMW, IO CpaBHE-
HUIO C TEMIIEPaTypaMH BBIIIE KOMHATHOW;

e TIOBPEXKACHNE OOJIBIIE B CYyXOM BO3/AyXE, YEM
BO BJIAYKHOM.

ABTOD [4] 0OOBEIUHSET 1Ba MEXaHU3MA.

1. Mexanuyeckoe AEHCTBHE pa3pyllIaeT OKHUC-
HBbIC IJICHKH HA MOBEPXHOCTH, BCKPHIBAS UYUCTHIN
U, BO3MOXXHO, Ne(QOPMUPOBAHHBIA METall, KOTO-
peiii OyZneT O4YeHb AaKTHBHBIM W B NPHUCYTCTBUHU
BO3AYIIHON aTMOC(Ephl HAYHET OKUCISTHCS OUCHb
OBICTPO B TEUEHHE MOJOBUHBI IIUKJIA TIOCIIE BCKPHI-
THS, ¢ TEM YTOOBI OBITH Pa3pyIICHHBIM IPH BO3-
BpaTHOH MOJIOBUHE ITUKIIA.

2. YpianeHue METAJUIMYECKHX 4YacTUI] C IIO-
BEPXHOCTH B TOHKO pa3MellbueHHOH (hopme myTem
00 MexaHHYecKoro nuimgoBanus, 160 obpaszo-
BaHUS TOYCK CBAPKH B MECTaX KOHTAKTa, KOTOPBIC
3aTeM pa3pymIaloTCsA MO0 MHOH MOBEPXHOCTH, YeM
NepBOHAaYalbHasE IOBEPXHOCTh CONPUKOCHOBEHHS,
mnbo cpe3aHusi, TMOO0 B pe3yNbTaTe JIOKAIHLHOTO
pa3BUTHUS yCTaNOCTHBIX mporeccoB. CoctaB aTMo-
cdeprl HE UMEET 3HAYEHHUS MPU 3TUX MPOLECCax,
32 UCKJIFOYCHUEM CydYasl yCTAJIOCTHBIX SIBJICHHIA,
KOT/1a MOXET J00aBUTHCS JIEMEHT KOPPO3HMOHHON
ycranoctu. Co3ganHasi YIUroM MOJENb MOKa3aHa
Ha puc. 1.

v
-
w 73

Puc. 1. Tlpenmoxennast YIurom Mozens (ppeTTuHra Ha 1o-
BEPXHOCTHU METaJlIa, IOKPHITOro OKUCIoM [4]: 1 — rpanuna
paszena; 2 — okucel; 3 — HepOBHOCTb

IIpennonaraercsi, 4To MOBPEXKJIEHHUE BBHI3bIBA-
€TCSl PETyJIAPHBIM PSAIOM HEPOBHOCTEH, CTHUpAIO-
[IUX OKUCHYIO IUICHKY, KOTOpas cpasy K€ HaunHa-
eT (GOpMHPOBATHCS BHOBB, UYTOOBI CHOBAa OBITH
CTEPTOM B CIIEAYIOIIEM LUKJIE. Bkian storo nei-
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CTBUS B OOIIHIA 00BEM MTOBPEKIACHHS PACCUUTHIBA-
eTcs B MPEIIOJIOKEHUH, YTO POCT OKUCHOM IIeH-
KM TIPOUCXOTUT TO JOTapru(hMUIECKOMY 3aKOHY.
Kpome Toro, mormyckaioT, 9TO HEPOBHOCTH Bpe3a-
IOTCSl B METAUIMYECKYI0 MOBEPXHOCTh M HEMOo-
CPEIICTBEHHO YAAJSIOT METAJUL. DTO SKBUBAJICHTHO
MexaHusMy 2. [loteps Macchl MaTepuana 3a IUKJ,
BbI3BaHHAas COCK36J'II/IB3HI/ICM OKHMCHOM IIJICHKH,
OTIMCHIBAETCS YpaBHEHUEM

_ S
W, = 2111c](lr( 7t lj, 3)

TJ€ 7 — YUCII0 KPYTOBBIX HEPOBHOCTEH Ha €IUHUILY
wiomany; /| — paccTosHue, MPOXOJUMOE HEPOB-
HOCTBIO 3a TIONYTIEPUOM ITMKJIA, T. €. aMIUTHTyAa
MPOCKANB3bIBAHUS; ¢ — TUAMETP HEPOBHOCTHU; § —
CpellHee pPacCTOSHUE MEXIY HEPOBHOCTAMU; f —
YacToTa IUKIIOB; T, kK — ITOCTOSHHEIC.

IToTepst Macchl 3a UKII BCIICACTBHE MPOIIAXH-
BAIOIIETO ICUCTBUS COCTABIISICT

W 2KIP

Mex

= k1P, 4

0

rae P — HopMallbHasl HarpysKka; po — JaBJICHUC Te-
KydecTH; k' u k, — TOCTOSTHHBIC.

Yaur, packiansiBas B psj JiorapudMudecKuit
yiieH B ypaBHeHuH (3), mpeHeOperaer BceMH 4iie-
HaMH psfga, Kpome mepBoro. Takum oOGpa3oMm, OH
(akTHUUeCKU TMpearnonaraeT JITHHEHHYIO CKOPOCTb
okucnenus. Torma ypaBHeHue (3) UpUHHMAET
YIPOILEHHBIN BU/T

W, =120 (5)

Paccrosane MCKAY HCPOBHOCTSAMU § PABHACTCA

172 o
n . O6H.Ia$1 JCUCTBUTCIIbHAA INIOIIaAb KOHTAKTa

2
C
COCTaBJIACT lﬂ(j) , U3 4€T0 CICAYCT:

W, =7 AL, (6)
2 k 4 k
roe k = — " f=—2=2
& pn T & T

OO0benuauB ypaBHeHus (4) u (6), moxydum
Weu =P~ kPNt kIPN, (7

rae N — o01iee Yucio HUKIIOB.

OTO BBIpOKEHHUE BIIOJHE YJIOBJICTBOPUTEIBHO
COOTBETCTBYET  OIKCIIEPHIMEHTANbHBIM  JaHHBIM
VYnura, Tak Kak SBISCTCS JUHEHHBIM IO YUCITY
IUKJIOB, MTAPa0OIMYECKUM — TI0 HArpy3Ke W TUTIEP-
OommyeckuM — 1o gactote [5]. KpomMe Toro, dimeHs
(hOpMyJTBI, OMUCHIBAIOININE KOPPO3IUOHHBIC MPOIIEC-
CBl, YYHUTHIBAIOT DPA3NIUYHOE TOBEACHHE METaia
MIPH Pa3UYHBIX TEMIIEPAType U YCIOBHIX OKPY-
JKAIOMIeH cpelbl (HapuMep, BIUSHUE BIAXKHOCTH).
Hepocratku ananm3a 3aKiIr04aroTCs B TOM, 9TO HE
MIPHHUMAETCS] BO BHUMaHHUE OCOOBIN XapaKkTep BO3-
BPaTHO-TIOCTYIATEIILHOTO ABHKCHUS, HE YUUTHIBA-
€TCsl BIMSHUE AaMIUTUTYIBl TPOCKATH3BIBAHMUA.
dopMysa yuduTBIBa€T TOJBKO 0OIIee MPOHICHHOE
pacctosiaue. Yacrora f BBOAUTCSA KaK 4JICH, Y4H-
THIBAIOIIUM CKOPOCTb.

N3BecTHO, YTO MpOIECCH MIACTHYECKOTO -
(hopMUPOBaHUS COMPOBOXKIAIOTCS PACCESHUEM B
MeTaJule JacTH 3aTpadyeHHOW BHEITHEH padoThI B
pe3ynbTaTe CTPYKTYPHBIX M3MeHeHui [6, 7]. Ilpn
(PpPETTUHT-KOPPO3UM BEIMYMHA PACCESIHHOW SHEP-
THUH OMpeAeNsieTcs] He TONBKO IUIACTHYECKOW me-
(hopmarueii, HO ¥ MHTEHCHBHOCTBIO OKHCIIUTENb-
HBIX IPOLECCOB, a TAKIKE BEJIMUMHON H3MEHEHMS
IIOMIaad CBOOOMHBIX TOBepXHOCTeH. lMcmomb3ys
MIPUHIIATIEI HEPABHOBECHOW TEPMOJWHAMUKUA He-
06paTI/IMI>IX mpouecCoB, OIMUCBIBAEMBIX C IIOMO-
B0 TUCCUTIATHBHON (pyHKIINU, aBTOPHI [2] mpen-
JMOKWIM MOJENb W3HAIIMBAHUS MaTepuaja MpH
(pEeTTHHT-KOPPO3UH

I=apAN+(@+ap+am) . ©)

rie p — yAenbHas Harpyska, A — aMIUIUTyZAa
CKOJIRKEHUS, N — 4YHCIO IHUKJIOB HArpy:KEHUS,
f — yactora KojeOaHuil; a;—a4 — KOIPPUIHMEHTBI,
paBHbIE:

__ 2 . . _ 6.
al_ clle-m, QI_dpm, (9)

4 = %680, (6 A - GAS, — 6Ac,) + G A + GAG, —2¢Ac, A - 6AG, A+ GAGAS,,
-
q IAGm
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IJie M—M3, C1—Co — MOCTOSHHbBIE; k — TTOCTOSHHAS,
XapakTepu3ylolias J0JII0 TMOBEPXHOCTHOW 3Hep-
rum; ks — KO3(QQUIMEHT MNPONOPLHUOHATIBHOCTH;
U — K03 PUIHMEHT TPeHHS CKOJIBXKEHUS, d — pas-
Mep YacTHIl M3HOCA; P, — IUIOTHOCTh Marepuaa;
V, — CTEXHOMETPHYECKUI KOdPUIMEHT OKuCcIa B

yYpaBHEHMH peakiuy; Ac, — N3MEHEHHUE YAEIbHOI
MOBEPXHOCTHOH 3Hepruu Meramia; Ac, — To xke

okucia; A, CPOJICTBO XHWMMUYECKOM peakinu;
Fyp — K03bQUIHEHT TpeHuUs MOKOS.

Anamusupys hopmynsr (8)—(12), MoxkHO cre-
JaTh BBIBOJ O TOM, YTO W3HOC MaTepuaia NpHU
(pEeTTHHT-KOPPO3UK MMEET MapadoIMYecKylo 3a-
BUCHMOCTb OT YJAEJBbHOW HArPY3KH p, TUIIEPOOIIHU-
YEeCKYI0 — OT 4acTOThl KoJeOaHu f, TUHEHHYIO —
OT aMIUTUTYIbI CKOJBKEHUSI A M KOJIMYECTBa LUK~
noB N. U3 (9) u (12) BuaHO, 9TO KOd(PPUIMEHTH @
U a4 HE 3aBHCAT OT XUMHYECKHX XapaKTEPUCTHK
MaTepuaja M Cpeibl, B KOTOPOH MpoTekaeT (per-
THHT-KOPPO3Hs, a ABJISIOTCH QYHKIMAME (u3nde-
CKUX CBOHCTB MaTepuana (TIOBEpPXHOCTHOW SHeEp-
THH, TWIOTHOCTH U CKJIOHHOCTH K IUIACTUYECKOMY
e OpMUPOBAHUIO), & TAK)KE YCIOBUI TPEHHUS, T. €.
9TH YICHH ypaBHEHUs (8) onpenenstoTcs Qu3nKo-
MEXaHHMUYECKHUMHU (PaKTopamMu (PEeTTHHT-KOPPO3UH.
Paccmarpusas (10) u (11), MOKHO cenaTh BBIBOJ,
49T0 K03()(PUIMEHTH @, U a3 OTpaxarT (QPHU3HUKO-
MEXaHMUYECKHE M XUMHYECKHE CBOMCTBA Marepua-
na. [Tpugem ko3durmeHT a, 60IbINEe 3aBUCHT OT
XUMHAYECKHX (aKToOpoB, 4eM Koddduuuenr as, Tak
KaK XUMHUYECKOE CPOJCTBO A, MPEICTABICHO BTO-
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poii cTenenpo, a KOdQPHUITMEHT a; TaKkKe 3aBUCHUT
U OT ycJoBuil TpeHus (ko3¢ uimeHTa TpeHus 1o-
KOS).

UroObl paccMOTpeTh Oosiee oApoOHO 3aBHUCH-
MOCTh KO3((QUIHMEHTOB d; U d3 OT XMUMHUYECKOH
AKTUBHOCTHU T'a30BOM Cpejibl, B KOTOPOW MPOTEKAET
(peTTHHr-KOppO3usl, 3alHIIeM YpaBHEHHE IS
OTIpeENIeHHsI CPOJICTBA XUMHUECKOH peakiuu 8]

A= _Z PV

rZie ¢; — XUMHUYECKUI MOTEHIIUANT £-T0 KOMIIOHEHTa
peaKkmu; vy — CTEXHOMETpUYecKuid kKoddduuuent
k-TO KOMIIOHEHTA peaKLtu.

Tak kak npu (GPETTHHI-KOPPO3UU B XUMHUYE-
CKOIl peakMM y4acTBYIOT TpH KOMIIOHEHTa (Marte-
pHai, ra3oBasi cpelia ¥ OKHCIIbI), MOXKHO 3aIlucaTh

Ac =VuOPm +vg(pg VP, (13)

TIE @y, Pg, Py — XMMUUECKHE TTOTEHIMANIBI COOT-
BETCTBEHHO MaTepHalia, ra30oBOro KOMIIOHEHTa U
OKHUCTIA; Vi, Vg, Vo — CTEXHOMETpHYECKHE KOXDDH-
LMEHTBl COOTBETCTBEHHO MaTepuana, Ia30BOTO
KOMITOHEHTA ¥ OKHMCIIA.

N3BecTHO [9], yTO BenUUMHA XMMHYECKOTO TIO-
TEHIIMAaJla aKTUBHOTO Ta30BOTO KOMIIOHEHTa B pe-
aKIMU 3aBUCUT OT €T0 MapIHaIbHOTO TaBICHUS

¢, =¢,+ RTIn (14)

P

£
1 F’

4
rac ([)z — XMMHUYECKUH MOTEHIHAI KOMIIOHEHTa B

€ro CTaHJApTHOM COCTOSIHUM, P; — CTaHJapTHOE

naBjeHue; P, — naplyaibHOe JaBICHUE aKTUBHOTO
KOMITOHEHTA rasa.

CpaBHEBas TIpoTeKaHHE (PETTUHT-KOPPO3HH,
HampuMep KHUCIOPoJa M BO3yXa MPHU OJMHAKOBOM
JABJICHUH, coTNacHO (14) XUMUYeCKHi OTEHITHAI
KHCIIOpo/ia OyJeT MEeHbIIE XHMUYIECKOTO TIOTEHITH-
ajyia Bo3JlyXa, TaK Kak MapliyaibHOE JaBJICHUE KHC-
Joposia B Bo3nyxe Huxke. COOTBETCTBEHHO Maje-
HHAE XHUMHYECKOro IOTeHInama, corjacHo (10),
(11) u (13), npuBeneT K YMEHbIICHUIO KO3 QHIIH-
€HTOB ) U a3, T. €. IPHU (PPETTUHT-KOPPO3UH B Cpe-
Jie BO3/IyXa M3HOC Oy/leT HWKe, YeM B Cpee KHC-
JI0poJa.

Jns ynporieHuss 00pabOTKU pe3ysbTaTOB HC-
clemoBaHUA KOY(PPHUIUEHTHI d;—a, MOXKHO pac-
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CUUTaTh, MPUMEHUB CIIOCOO HAMMEHBIINX KBaJpa-
TOB. UTOOBI OnpeieuTh YAEIbHYIO HAIPY3KY, aM-
IUINTYLy W YacToTy KosebOaHuii, Heobxoan-
MO PAacCMOTPETh YCJIOBUS PaOOThI KOHKPETHOM
JEeTaH.

JlaHHyr0  (U3NKO-MATEeMaTHYCCKYI0 MOJICNb
MOYKHO MPUMEHHTH, HATIPUMEP, TIPH BHIOOpE Mate-
puaga ra30TepMHUYECKOrO HMOKPBITHS IJsl BOCCTa-
HOBJICHUS-YIIPOYHEHUSI KPYIMHOTa0apUTHBIX JeTa-
neil, paboTalommx B YCIOBHAX (PETTHHT-KOP-
pO3UH, B YaCTHOCTH MPECCOBBIX BaJlOB OymMaroje-
JaTeNbHBIX MaIIVH.

BBIBO [

PaspymiaemMocTh Tipyt (hpETTHHT-KOPPO3UH MOXK-
HO CHU3UTh, YMCHBIINB XUMHICCKYIO AKTUBHOCTb
CpeIlbl WK MoI00paB MaTepuan MOKPBITHS, KOTO-
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3AKOHOMEPHOCTHU 1 OCOBEHHOCTH
HAITPAKEHHO-AE®@OPMHUPOBAHHOT'O COCTOSHUA
KOMITIO3NIIMOHHOI'O MATEPHUAJIA
C ITPOKOJIOTBIM OTBEPCTHUEM

Hoxm. ¢us.-mam. nayx, npogh. BACHJIEBHY I0. B.,
unac. CAXOHEHKO H. I1., acn. CAXOHEHKO C. B.

benopycckuii nayuonanvHulll mexHuiueckutl yHugepcumem

AnbTepHaTUBOM MNPOCBEPICHHBIM OTBEPCTHUSIM
B DJIEMEHTaX KOHCTPYKIMOHHOT'O HAa3HAYCHHUS SIB-
nsgeTcst GopMOBaHHE WX METOAOM IMPOKaJIBIBAHUS
B €IIE¢ HEOTBEPXKICHHOM MOJUMEPHO-BOJIOKHU-

30

CTOM MaTepuaie — npemnpere. B mpouecce ¢opmo-
BaHUsI OTBEPCTHS C TIOMOLIBIO 3a0CTPEHHOrO
CTepXHSI-WHACHTOPAa MPOUCXOAST pa3dBUTaHUE
HUTEH M HapyLICHUE PETYSPHOH CTPYKTYpHI Ma-
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