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AHHOTAIINA

Bgeoenue. TlosBneHne HOBBIX KOHCTPYKLHOHHBIX MarepHajioB U COBEPLICHCTBOBAaHHE HMMEIOIIMXCS TEXHOJOTHH
W3TOTOBJICHUS W3 HHUX HOBBIX BUJIOB M3ACIHMH MPHUBOIAT K IOSBJICHWIO HOBBIX BHIOB HAPYIICHHWH CIUIOIIHOCTH.
B cBs13u ¢ 9THM aKTyas bHOM U1 LieJiel Hepa3pyIIaroiero KOHTPOJIs U CTPYKTYPOMETPHH SIBJISETCS 3a/1a4a pa3padoTKu
HOBBIX MOJIeJIel HapYIICHHUH CIUIONIHOCTH, YYUTHIBAIOIIMX paHee He MPUHUMABIINECS BO BHUMAaHHUE I1apaMeTphl.

Ilenv pabomui. TeopeTndeckoe OMUCAHUE MPOIECCOB PACTIPOCTPAHEHHSI YIPYTHX BOJIH YEPE3 CPEAy, COACPIKAILYIO
YHOPSIIOYCHHYIO PEIIeTKY MUKPOTPEIINH C TPAaHWUYHBIMH YCIOBUSMH B HMPUOMIDKCHUH 'NMHHEHHOTO CKOJIBKEHUS
MOJICPHU3UPOBAHHBIMHU C YYETOM ITapaMETPOB MHKPOBBICTYIIOB IIEPOXOBATHIX I'PaHHIl MUKpoTpelnH. dopmuposa-
HHUe 0a3bl JaHHBIX AJISI SKCTIEPUMEHTAIBHBIX HCCIICIOBAHMH NPH ONpPEEICHUH (PU3UKO-MEXaHNIECKUX XapaKTepH-
CTHK KOHCTPYKIIMOHHBIX MaTepHaJIOB.

Mamepuanst u menoosl. AKyCTUUECKUE XapaKTEPUCTHKH MaTepUaJiOB ONPEIeISUINCh HAa OCHOBE BHIBOJIA M PELLICHUH
JVMCTIEPCHOHHBIX yPaBHEHHH, ONMCHIBAIOIINX 00pa30BaHME M PACIPOCTPAaHEHHE B YNPYTHX Cpelax C yIOpsSAOUCH-
HOH TPELIMHOBATOCTHIO 3()(HEKTUBHBIX MPOLOIBHBIX U TTOTIEPEUHBIX, a TAK)KE MOBEPXHOCTHBIX BOJH.

Pe3ynvmamut. Pe3ynbraTbl MOJEIMPOBAHUS MpolieccoB (JOPMHUPOBAHUS YIIPYTUX BOJH MOKA3ald, YTO YBEIMYECHUE
KOHIIEHTPAIIMM MHUKPOTPEIIMH NPUBOJUT K YMEHBIIEHHIO 3HAYeHUI (a3oBbIX ckopocTell 3(peKTHBHBIX MPOI0IIb-
HBIX, TIOIEPEYHBIX W MOBEPXHOCTHBIX BOJH W IOBBIMICHHIO KOG GHUIMECHTOB 3aTyXaHUs NPH 33AaHHBIX 3HAYEHUIX
YacTOTHI YJIBTpa3ByKa U apaMeTpoB MaTepuaa.

3axniouenue. YaTeHHbIE TApaMeTPhl MOJIEIIH: CPEHEE 3HAYCHHE PaJyca MUKpochepsl, 3aMeIatomel MUKPOBBICTYII

MOBEPXHOCTH, U MapaMeTp IepOXOBaTOCTH R; cyliecTBEHHO BIMSIOT Ha (HOPMHUpOBaHHE (HHU3UKO-MEXaHHYECKUX Xa-
PAKTEPUCTUK MATEPUAJIOB, OIPEESIEMbIX 10 pe3yJbTaTaM YIbTPa3BYKOBBIX M3MepeHuil. Pa3spaboraHHas MOJeIb MO-
KET PEKOMEH/IOBAThCS B KAY€CTBE HAYYHOM 0a3bl Il MHTEPIIPETAIIMU PE3YABTATOB YIBTPAa3ByKOBBIX H3MEPCHHUI.
KuroueBble ciioBa: yrnpyras TBepiasi cpea, yrnopsiIoueHHas TPEIIMHOBATOCTb, [IIEPOXOBATOCTh MOBEPXHOCTEH MHUK-
POTpEIINH, YIBTPa3ByKOBBIE M3MEpeHHs, 3P PEeKTHBHBIE CKOPOCTH OOBEMHBIX BOJH, (DM3UKO-MEXaHHMYECKHE Xapak-
TEPUCTUKU KOHCTPYKIIHOHHBIX MAaTEPUAIIOB
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Abstract

Introduction. The development of new structural materials and improvement of existing technologies for the pro-
duction of new products on their basis lead to the emergence of new types of medium discontinuities. Therefore, the
development of new models of discontinuities that take the previously ignored parameters into account seems to be
relevant for the purposes of nondestructive testing and structural measurements. This concerns, e.g., the roughness
of adjacent surfaces of microcrack ordered sets.

Aim. Theoretical substantiation for the processes of elastic waves propagation through an elastic medium containing
an ordered lattice of microcracks with boundary conditions in the linear slip approximation, modified by taking into
account the parameters of micro-convexities of microcrack rough boundaries. Database formation for experimental
studies aimed at determining the physical and mechanical characteristics of structural materials.

Materials and methods. The acoustic characteristics of materials were determined based on the derivation and solu-
tions of dispersion equations describing the formation and propagation of effective longitudinal, transverse, and
Rayleigh surface elastic waves in elastic media with ordered cracking. Their values were also used to determine the
effective speed of Rayleigh surface waves.

Results. The conducted simulation of elastic wave formation processes showed that an increase in the concentration of
microcracks leads to a decrease in the phase velocities of effective longitudinal, transverse, and surface waves, as well as
to an increase in the attenuation coefficients at given ultrasound frequencies and material parameters.

Conclusion. The radius of the microsphere that replaces the surface micro-convexity and the roughness parameter
R; have a significant impact on the formation of physical and mechanical characteristics of materials, which are de-
termined by the results of ultrasonic measurements. The developed model can be recommended as a basis for inter-
preting the results of ultrasonic measurements.

Keywords: elastic solid medium, ordered cracking, roughness of microcrack surface, ultrasonic measurements, ef-
fective speed of longitudinal and transverse waves, physical and mechanical characteristics of structural materials
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BBenenne. B HacTosimee Bpems BOIpocam
MOJICJIMPOBAHMSI CBOMCTB pa3HOOOPa3HBIX He-
CrutomHOCTEH (neeKTOB) ynenseTcs 3HaYMTENb-
HOE BHMMaHHE M3-32 BO3MOXKHOCTH HCIIOJIb30Ba-
HUS 3TUX MOJENIedl Ui OMMCaHWS CBOMCTB Kak
HOBBIX BU/IOB HECIUIOITHOCTEH, CONMPOBOKIAIOIINX
HOBBIE BUABI TEXHOJIOTHI M3TOTOBIICHHUS MEPCIIEK-
TUBHBIX KOHCTPYKLIIMOHHBIX MaTepHaliOB, TaK H
HECIUIOLIHOCTEH MaTepualioB, HM3TOTaBINBAEMBIX

M0 TPAaAMLMOHHBIM TEXHOJIOTHSIM. JTOMY BOIPO-
Cy, HampuMmep, mocBsiieHbl Matepuanst [1-20].
B yactHocTH, B [20] paspaborana Mojenb B3au-
MOJEHCTBUS IUIOCKUX YHOPYTHX MPOJOIBHBIX BOJH
C YIPYrou Cpelnou, coiepKalleil OpUEHTUPOBAH-
HbIE MHUKPOTpEIIMHBI, O00NajaIme OCOOCHHO-
CTBbIO TPAHUYHBIX YCJIOBUI B MPUOIIKEHUH ''JH-
HelHoro ckonbxeHus . OnpenencH, B MpUOIrKe-
HUH TeopuH BodH brnoxa n ®noké, Bu aucnepcu-
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KoaddurenTsr

orpaxenus: R = R1 + jR2;
npoxoxaenus: D = D1 + jD2

Obpaserr: p, A, |

/

Hampasnenue pacrpocTpaneHus
MPOJOJIBHON BOJHBI

Xy

Puc. 1. Cxema obOpazoBanus 3h(eKTHBHON MPOIOIBHOM BOHBI IIPU MPOXOXKICHUH YIIBTPa3ByKa yepe3 00JIacTH MeTalia ¢
OPHEHTHPOBAHHO! TPEITMHOBATOCTHIO U ()parMEHT 3aIiCH TPAHUYHBIX YCIOBUH B IPHOIMKEHUH "TIMHEHHOTO CKOJIBKEHUS

Fig. 1. Formation scheme of an effective longitudinal ultrasonic wave through metal areas with oriented cracking
and a fragment of recording boundary conditions in the linear slip approximation

OHHOTO ypaBHeHHA. [lomydeHBI W TpoOaHANH3UPO-
BaHBl PE3YJBTAThl €r0 PEIIeHUs, OMNPEAEISIONINe
XapakTep 3aBUCHUMOCTEH (ha30BOW CKOpPOCTH pac-
mpocTpaHeHus: W KodduimeHTa 3aTyxanus 3¢-
(heKTUBHOM MPOTONBHOM (M TIOTIEPEUHOM) BOJHEI OT
MapaMeTpoB MHKPOIIIEPOXOBATOCTH OEperoB Tpe-
LIMH U JApYrux napamerpoB Monenu. Kak mokazan
OIIBIT HCIIOJIb30BaHMsl Pe3yibTaToB pabdotsl [20],
BbIOpaHHas JJIsl PAcueToB CHCTEMa MapaMeTpoB
OKa3bIBaeTCs He BCerla yIOoOHOH M3-3a MX 3aBHCH-
MOCTH JIPYT OT Jpyra B paMKax NpUMEHIEeMOH MO-
JIeNT 3aMEIIEHNs] €CTECTBEHHBIX MIEPOXOBATOCTEH
MOBEPXHOCTE MUKPOTPEUIMH MHKPOBBICTYIAMHU
ctepudeckoit popmbl. B pamkax maHHOW cTaThu
npeaaraeTcs yCTpaHUTh ATOT HEAOCTAaTOK U OHO-
BPEMEHHO PAaCIpPOCTPAHUTH PE3yJabTaThl pabOoTHI
[20] u Ha ciy4aii hopMUpyeMOii B MUKPOTPEIINHO-
BaTol cpene 3h(HEKTUBHOMN MOBEPXHOCTHON BOJIHEI.
Cnenys nmocranoBke 3amaun B [20], ¢ yueToM
BBEJICHHOW MOJIEJIH TPEIIMHOBATOM cpenpl (puc. 1)
B KauecTBE HE3aBHCHUMBIX IapaMEeTpOB BBIOHMpa-
JUCh: & — paanyc KPUBU3HBI 3aMEIAroIeld MUK-
poBbicTynn cepsl; R, — mapameTp IIEpOXOBaToO-
CTH CONPATAEMBIX MIOBEPXHOCTEH MUKPOTPEILUH.
Mopnepauzanusi BbIBOAA JAUCTIEPCHOHHBIX
ypaBHeHHii. PaccmarpuBaiics Ipolecc pacrpo-
CTpaHEHHUs] TUIOCKOM MpOAOJLHOW BOJHBI B

HAIpaBJICHUH OCU Z JIEKApTOBOW CHUCTEMBI KOOP-
muHat (puc. 1). Bo Bcem 00beMe cpepl 0Opasiia ¢
mapaMeTpaMM: p — IUIOTHOCTB; A, U — Kod(hduiu-
eutel Jlamd [4] cuWTamTUCh PaCHONIOKCHHBIMHU
TUIOCKOCTHBIE  MPOTSDKEHHBIE  HEOHOPOIHOCTH,
napauieiabHeie Apyr apyry u mockoctu XOY.
Kaxmas w3 3Thx HeomHopomHOocTed oOamana
KOMITIEKCHBIMA KO3 GUIIMEHTaMA  OTPaKEHUS:
R=R1+ jR2 u mnpoxoxaenus: D=Dl+ jD2,
rae R1, D1 u R2, D2 — ux BeliecTBEHHBIE U MHU-
MBIC YacTH COOTBETCTBEHHO. PaccTosiHue Mexmy
HECIUTONTHOCTSIMU  1oJIarajgoch paBHbiM N, Jlst
TapMOHUYECKUX BOJHOBBIX MPOIIECCOB C YACTOTOM
® TIPEJIIONAarajioch CYNIeCTBEHHOE MPEBOCXOJICTBO
JUIMHBI TIPOJIOJIGHOW BOJIHBI HAJl PaCCTOSHUEM
MEXY HECIJIOIIHOCTAMH: A >>h (HH3KOYacTOT-

HOE TIPUOIIKEHNE).

OCOOCHHOCTBIO ~ CTPOCHHS  MHUKPOTPELIUH
NpPEANoarajoch B3aUMOJCHCTBHE WX TpaHHIl B
npuOIKeHHN "TMHEeHHOTO cKonbkeHus " [12, 16],
B KOTOPBIX KOA(pPHULUHUEHTH KOHTAKTHOH HOpMaJlb-
HOM M TAHT€HLMAJIBHOM XKECTKOCTEH ¢ y4eToM Ma-
paMeTpoB @ U R, IMpHUHUMANIH BHJ:

&(a,R;)

3
KGN (k) = 24 @

9%  Mogenn (opMupoBaHNs AKyCTHYECKHX XaPAKTEPHCTHK TBEPABIX CPeX ¢ YNOPAJ04YeHHONH TPEIHHOBATOCTHIO
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KGT(k) — pCt3 é(a’ RZ) ’
2 fd(aR, )2 [1_ &(aRr, )}

rae p — INIOTHOCTh MaTepHana; Cp U C;y — CKOPOCTH

00BEMHBIX HpO,Z[OJ'IBHOfI u HOHCpC‘IHOﬁ BOJIH COOT-
L 2L-2n/9)aR, - R,
2aR, — R,?

k03¢ ¢unneHt nepdopanuu; f — gacrora ynbrpa-

seyka; d(a,R;)=2y/2aR; - R,> - cpemtee pac-

CTOSIHHE MKy MUKPOBBICTYIIAMH.

Pe3yabTaTbhl 4YHMCJIEHHBIX HMCCJIET0BAHMIA.
B kauectBe mpumepa Ha puc. 2, a, O TPHUBEIACHBI
pe3yiabpTaTel BeIUKCIeHH 10 dopmymam (1), (2).
B kauecTBe Matepuana BbIOpaHA YIIepOAUCTAs
crank. YacToTra ymeTpa3Byka coctasisiia 1 MI .

BuiHo, 4T0 HOpMasbHAs KOHTAKTHAs JKECT-
KOCTh MPEBOCXOJHUT TAHTCHIMAIBHYI0 BO BCEM
JMATia30He U3MEHEHUH YUUTHIBAEMbBIX [TAPAMETPOB
W TpH 33JaHHON YacTOTe YJIbTpasByKa IS W3-
BECTHOT'O MaTepuaa.

BercTBeHHO; §(a,R; )=

KGN, H/v®
—1.106

45.101°

a,mxm 40 30 20 10

a

()

Kax u ns npyroé cucteMbl mapamMeTpoB, HOP-
MaJibHasi KECTKOCTb IPEBOCXOIUT TaHTeHIHAJb-
HYI0, & POCT pajuyca 3aMeIlaloIero chepuyeckoro
MHUKpPOKOHTaKTa M IlapaMerpa LIepOXOBaTOCTU
MIPUOIDKAIOT CBOMCTBAa TPAaHWIHON OOIACTH MUK-
POTPEIINH K YCIOBUSM ''CBOOOTHON" TPAHUIIBI.

Hanee, no ananoruu ¢ [20], 3aBucumoctu (1),
(2) moxcTaBAsIMCH B BRIpaXEHUs 11si Kodddum-
eHTOB oTpaxxeHus: U npoxoxaenus [20]. Ha puc. 3
B Ka4yecTBE MPUMEpa NPUBEACHBI 3aBUCUMOCTH IS
Moysied KO3 (GUIIMECHTOB OTPAKEHUS U MPOXOK-
JCHUS A7 IPOAOJIBHBIX U MONEPEUHbIX BOJH IIPU
UX HOPMaJbHOM IaJIeHUH.

[lomy4eHHbIe 3aBUCUMOCTH VISl BEIIECTBEHHBIX
¥ MHHUMBIX YacTel KOA(QHUINEHTOB OTpPaXKeHUs U
NPOXOXKICHHUS MCTIONB30BAIMCH TPH COCTABICHHU
JMCTIEPCUOHHBIX YPaBHEHUH, ONPEeIIONINX 3Ha-
yeHust (a3oBbIX CKOpocTed 3((EKTHBHBIX IPO-
JIOJIbHOW U TIONIEPEYHON BOJIH M 3HAYEHUSI COOTBET-
CTBYIOIIMX K03 durmeHToB 3aTyxanus (puc. 4).

AHAIIOTUYHBIE BBIYUCICHHUS TPOBOJIWINACH U
Ui 00BEMHON TOTIEPEYHON BOJIHBI, PE3yJbTAThI
KOTOPBIX MPEICTaBICHBI HA pUC. 5 U 6.

Puc. 2. 3aBUCUMOCTH KOHTAKTHBIX KECTKOCTEH OT panryca 3aMEIAroIIECTO C(bepI/I‘IeCKOFO BBICTYTIA: 4 — HOpMaHLHOﬁ; 6 — TaHTCHITUATTEHOM

Fig. 2. Dependences of boundary stiffness on the radius of the replacement spherical convexity: a —normal; 6 —tangential

RM

0.3

0.2

Puc. 3. 3aBucumocti Moysteli KO3 GUIIIEHTOB OTpKeHHs (@) 1 IPOXOKIEHHs (6) OT pajIiyca 3aMeNIAoIIero cheprIecKoro BEICTYa
U I1apameTpa IePOXOBATOCTH VIS IIPOJIONIBHOM BOJIHBI

Fig. 3. Dependences of modules of reflection (a) and transmission (6) coefficients on the radius of the replacement spherical
convexity and roughness parameter for longitudinal wave

Mopeab ¢popMHPOBAHMSA AKYCTHYECKUX XaPAKTEPUCTHK TBEPAbIX CPe/A ¢ YHOPAI0YeHHOM TPeIMHOBATOCThI0O 97
Formation Model for Acoustic Characteristics of Solid Media with Ordered Fracturing
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Puc. 4. 3aBucumocti ($hazoBoii ckopocTH 3 eKTHBHOM MPOIOIBHOM BOIHEI (@) U ee Koa(duimenTa 3aryxaHus (6) oT paaryca
3aMenTaroniero chepruuecKkoro BEICTYIIA M apameTpa mepoxoBarocty. Yacrora yiprpasByka — 1 MI1y; Marepran — craib
Fig. 4. Dependences of effective longitudinal wave phase velocity («) and its attenuation coefficient (6) on the radius of the
replacement spherical convexity and roughness parameter. Ultrasound frequency — 1 MHz; material — steel

RMT

a, MKM

Puc. 5. 3aBucumocT MoTyIieit Koo pHUIMEHTOB OTpakeHHs (a) ¥ MPOXOXKIEHHS (0) OT paiyca 3aMEMIAIIEro CHEPUUECKOro BBICTYTIA
U TTapaMeTpa IIePOXOBATOCTH IS TTOTIEPEIHON BOJIHBI

Fig. 5. Dependences of modules of reflection (a) and transmission (6) coefficients on the radius of the replacement spherical
convexity and roughness parameter for transverse wave

Clief 1/M

Cref M/ C 8000
2500

2000

6000

4000

2000

a, MKM

Puc. 6. 3aBucumoct (hazoBoii ckopocti (@) u kod(duimenTa 3aTyxanus 3 PpeKTHBHOM OTIEPEYHOI BOJHEI (0) OT paamyca
3aMelIaLIero c(hepUIecKoro BbICTYIA U NapaMeTpa LIEepOXOBaTOCTH

Fig. 6. Dependences of the phase velocity (a) and the attenuation coefficient (6) of the effective transverse wave

on the radius of the replacement spherical convexity and roughness parameter
TIOBBINICHHIO KOA(MPUIIMEHTOB 3aTyXaHUs TIPU 3a-
JAHHBIX 3HAYEHUSAX YacTOTHI YIBTpa3ByKa U Iapa-
MeTpoB Matepuana. PazoBas ckopocth 3ddek-

AHanu3 pe3yinbTaToOB IIOKa3aj, YTO HAJIMYUE
MHKPOTpEIIMH 3aMETHO CKAa3bIBAaeTCsl KaK Ha 3Ha-
YeHUs:x  (Ha30BBIX CKOPOCTEH MpOJIONBHOW U

MONEPEeYHON BOJNH, TaK M Ha 3HAYCHUSIX HX
ko3¢ durmentoB 3aryxanus. Ilpm sTom yBemmde-
HUE KOHLEHTPALUU MHUKPOTPELIMH CIOCOOCTBYET
YMEHBIIEHUIO 3Ha4eHWH (Ha30BBIX CKOPOCTEH U

TUBHOW IMPOJOJIBHONW BOJHBI BBILIE, YEM Yy IIOIE-
peuHoH, a K03 UIMEHT 3aTyXaHHus MONEPEYHOM
BOJIHBI MOXKET MPEBOCXOIUTHh KO3 UIIMEHT 3aTy-
XaHHUS IPOJOIHHOM BOJIHBIL.

98 Moneian (opMupoBaHNs AKyCTHYECKHX XaPAKTEPHCTHK TBEPABIX CPeX ¢ YNOPAJ04YeHHONH TPEIHHOBATOCTHIO
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Puc. 7. 3aBucumocts (a3zoBoii ckopocTn 3P PeKTHBHOI
HIOBEPXHOCTHOH BOJIHBI OT Pa/Iyca 3aMELLAIOILIEro chepHiecKkoro
BBICTYIIA IIPH 33JAHHOM 3HaYCHNUH [TapaMeTpa MIePOXOBATOCTH

R, =200 '1076M; yactoTa yaprpassyka f = 1 MI';

Marepua — CTallb
Fig. 7. Dependence of the phase velocity of the surface wave
on the radius of the replacement spherical convexity — « at the

roughness value — R, =200-10°m;
ultrasound frequency f = 1 MHz; material — steel

[lomyueHHbIEe COOTHOIICHUS I (PA30BBIX
CKOpPOCTEH 00BEMHBIX MPOJIOILHOW U TOTEPEUHOM
BOJIH OBIIM HWCIIOJNB30BaHbI IS YUCICHHOTO pe-
IICHUS] JINCTICPCHOHHOTO YpaBHEHUS, OMpeaes-
foliero 3HaueHus: (pa3oBol CKOPOCTU MOBEPXHOCT-
HOM BONHBI (BOJHEI Pajiest) B cooTBeTcTBHHM ¢ [15].
Ha puc. 7 B kauecTBe mpuMepa MpPHBEICHBI pe-
3yJNBTAThl YUCICHHOTO PEHICHUS TUCTIEPCUOHHOTO

ypaBHEHHUSI U1 ONpEAETICHUS CKOPOCTH 3Pdek-
TUBHOM MOBEPXHOCTHOW BOJIHBI MO OTHOILICHHUIO K
ckopocTH 3¢ (HEeKTUBHOI MMOTIEpEeYHO.

Kak cnemyer u3 pe3yiabTaToB aHaM3a MOJY-
YEHHBIX TPa(UKOB, POCT KOHIICHTPAIMH MHKPO-
TPEUIMH CONPOBOXKJIACTCS yYMEHBIICHHEM 3Haue-
HUsL $a30BoOi ckopocTH 3PGHEKTHUBHOU IMOBEpPX-
HOCTHOW BOJIHBI.

BoiBoabl. OnvcanHasi B CTaTbe MOAENb C YUETOM
HOBOM CHCTEMBI HE3aBHCHUMBIX MapaMeTpOB B 3HAYH-
TEJIBHO OOJIBIIICH CTEIEHU YIOBICTBOPSET TpeOoBa-
HHSIM TIPAKTHKU TPU 0OOCHOBAHUHU 33124 OIpeierie-
HHSL  (PU3UKO-MEXaHMYECKUX XapaKTepPUCTHK KOH-
CTPYKIIMOHHBIX MAaTEePUAIOB TIPU HMHTEPIIPETAIIIN
PE3yNBTaTOB YABTPA3BYKOBBIX N3MEPEHH.

[IpencraBneHHbIe B HACTOSAIICH CTaThe aHAIM-
THYECKHE M YUCIICHHBIC PE3yJbTaThl COBMECTHO C
[20], obmamast caMOCTOSITEbHBIM 3HAYEHHEM, MO-
TYT TaKkke OBbITh MOJOKEHBI B OCHOBY CTPYKTYpO-
METPUYECKHUX 3aJ]adu 10 OTHOIICHHIO KaK K M3BECT-
HBIM, TaK U K HOBBIM MaTepHajiaM, HMEIOIIUM T1ep-
CTIEKTUBBI HCIIOIB30BAHUS KaK B TPAXKIAHCKON TEX-
HHKE, TaK M B TEXHUKE CIICIINAIbHOTO Ha3HAYCHHSI.
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