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IMPOBJIEMBI UCITOJIb30BAHUS HOBBIX MATEPHUAJIOB
JJIS1 IOITATOYHOI'O AIIITAPATA TYPBOMAIINH

AHHOTAITHA Paccmampusaiomcs ocobeHHOCu meMnepanmypHo20, mepmoynpy2020 u UOPaAyuoHH020 COCMOANUS 0Xd-
Jicoaemulx 1onamox 2azomypounnsix ogucameneti (I'TH) u3z MOHOKpUCMAIIUYECKUX MAMEPUANO8 C YHEMOM OPUCHMAYUY
Kpucmannozpaguueckux oceu. IIpoeedén ananusz KOHYeHMpayuy HAnPANCEHUll 8 30He IPO3UOHHBIX NOBPEINCOCHUL TONAMOK
U3 MUMAHOB020 CNIABA OISl NOCIEOHUX cmynerell naposvlx mypoun. Hccaedyromes ocobeHnocmu cKopocmuozo 0eqhopmupo-
sanus anemenmos kopnycoe I'T/] npu yoapuwix nacpyskax. Ilokazano, umo ucnonvb308anue HOBbIX MAMEPUATO8 CYUECTBEH-
HO pacuiupsiem 603MOACHOCIU MYPOOMAULUH.

Kniouesvle cnosa: mypbomawiunsl, 10Namxy, Mamepuasl, MepmMoynpy2ocmo, Koiebauus, yoap, Memoo KOHEYHbIX IJeMeH-
mog (MKD).
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P. KULAKOV

PROBLEMS OF NEW MATERIALS FOR TURBOMACHINE BLADING

ABSTRACT Increasing the unit and the power density and efficiency of turbomachines leads to increased intensity of ther-
mal and mechanical loads on the blading. In this regard, there is need for new materials. Purpose of work is analysis of
problems of the blading strength under different loads. The features of the thermal, thermoelastic and vibration state of the
cooled blades of gas turbine engine from single-crystal materials are considered by finite element method. The influence of
the axial orientation of the crystallographic axes in the thermoelastic state and parameters of blade vibrations are investi-
gated. The use of titanium alloys allows to increase the length of the blades of the last stages of turbines for nuclear power
plants, but these blades work in an environment of wet steam and prone to erosion. The analysis of stress concentration in
the area of erosion damage of the blades from a titanium alloy for the last stages of a powerful steam turbine was carried
out. Blading and corps of the gas turbine engine experiencing impact load during exploitation. Elements of corps are often
made from composite materials. The features of high-rate deformation elements corps of the gas turbine engine under impact
loads are investigated. The use of new materials are significantly extends the capabilities of turbomachines, but requires
special research of strength, thermal elasticity, vibrations and high-rate deformation of the elements for appropriate struc-

tures.

Key words: turbomachine, blades, materials, termoelasticity, vibrations, impact, FEM.

BBenenue

JlonaTtouHbli ammapaT MapoBBIX M Ta30BBIX
TypOHMH sBISETCA WX Hanboiee HANpsHKEHHOW M OT-
BETCTBCHHOM cucTeMoii. CoBpeMeHHasi TEHISHIHMA K
YBEIMUYEHUIO €IMHUYHON U YJEIbHON MOIIHOCTH TYp-
6oarperaToB MPUBOAUT K POCTY IapaMeTpoB pabouero
TelNa U, KaK CJIE/ICTBHE, K 00Jiee HHTEHCHBHBIM TeMIIe-
paTypHBIM CTaTUYECKUM M JMHAMUYECKUM Harpy3Kam.
TpeOoBaHWsT K TIOBBILEHUIO HKOHOMHYHOCTH U
yIIeJIbHOM MOIIHOCTH TYpOOMAIIMH IIPY OJHOBPEMEH-
HOM YBEIMYEHHH MX HaJI&KHOCTH M JIOITOBEYHOCTH
SBISIFOTCS IIPOTHMBOPEUUBBIMU. B 11epByto ouepens 3To
OTHOCHUTCSI K JIONATOYHOMY armapary TypOOMallIHH.
Haubomnee BbICOKME TeMIrepaTypsl BO3ICHCTBYIOT Ha
JIONATKU TEPBBIX CTyNEHEH ra30TypOWHHBIX JBUTATE-
et (I'TH). [ooToMy WMEHHO 31€CH HCIOIB3YIOTCS
JKapOIPOYHbIE MOHOKPUCTAIIMYECKUE CIUIaBbl. Bo3-
MOXHOCTH apONPOYHBIX MaTepHaNIOB OTCTAlOT OT
MOTPeOHOCTEH  COBPEMEHHOT0 Tra30TypOOCTpOCHHUS
[1, 2]. I[ToaTOMy HCHOIB3yETCS PA3IUYHBIE CHCTEMBI
OXJIAKACHHU JIOMMAaTOK B BUJC BHYTPCHHUX KaHAJIOB U
OTBEPCTHH MaJloro auameTpa, npuiéM Qopma BHYT-
PCHHUX KaHaJIOB MOXeET OBITh KakK IpsSMOH, TaK H
BEChbMa CJIOXKHOM B ClIydae BUXPEBON CHCTEMBI OXJa-

)kneHus. Bece 3To MpUBOIUT K BO3HUKHOBEHUIO KOH-
LEHTPALUY U JIOKAIHU3AIUKY HaNpsHKEHU, a HEpaBHO-
MEpPHOCTh TEMIEPATYPHBIX IOJIEH BBI3BIBAET 3HAUM-
TeNBHBIC TEeMIIepaTypHbIe HampspkeHus. Kpome Toro
MOHOKPHCTAIUTMYECKIE CIUIAaBBl O0NIAJal0T HEOIHO-
POTHOCTHIO MEXAaHIMYECKUX CBOMCTB, KOTOPAs 3aBUCHT
oT opueHTanun kpuctamiorpaduyecknx oceit (KI'O).
B pesynmpTare BO3HHKAIOT CIIOKHBIE 3aJadd KoieOa-
HUH JIONIATOK U3 MOHOKPUCTAJUINYECKUX CILIaBOB.

CtpemiieHHE MOBBICUTh €IMHUYHYIO MOIIHOCTh Mapo-
BbIX TYpPOHH NPUBOAUT K YBEIHUCHHIO JUIMHBI JIOTIA-
TOK MOCJIETHUX CTYMEHEW, YTO MOKHO JOCTHYb, UC-
MoJib3ys TUTAaHOBBIE CIUIaBbl. B Hacrosimiee Bpems
CO371aHbl JIOMIATKU W3 TUTAHOBBIX CIUIABOB JJIUHOM
1200 MM 1Opu  CKOpPOCTH  BpalleHHs  poTopa
3000 o6/MuH. THUTaHOBBIE CIUIABBI TaK)Ke IIHPOKO
KCIOJNIb3YIOTCA 171l jonaTok kommpeccopoB I'TJ u
BEHTWISITOPHBIX JIONATOK ABYXKOHTYpHBIXx ['T/l. B
ATHX CIydasX HEOOXOAWMO YYHUTBHIBATH TOBPESKICHUS
u 3a00MHEI B Jonatkax Ha Bxojae [ T/l u »po3noHHBIC
MOBPEXICHUSA B JIOMATKax MOCIETHUX CTyICHEH
MOIITHBIX TapoBEIX TypOuH. KpoMe momaTok ynapHsIM
BO3ZCHCTBUSIM TIOABEPKECHBI 3JEMEHTHl KOPITyCOB
I'TJ. 31ech yacTO UCHONB3YIOTCS KOMIIO3UTHBIE Ma-
TepHaibl, KOTOPhIE COUETAIOT CBOHCTBA OIPaHUYCHHO-
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ro Beca ¥ MPOTUBOCTOSHHS yIAPHBIM BO3ACHCTBHSM.
Jnst 53phexTHBHOTO MCMONB30BaHKs HOBBIX MaTepha-
JIOB B 3JIEMEHTaX TypOOMaIlWH, HEOOXOIMMO pac-

a 0 8

Puc. 1 — Oxnaxcoaemas MoHOKpuUCmaiiuyeckas no-
namxa: a — obwuii 6uo ¢ obosnauenuem KIO;
6 — nanpaenenue nosopoma KI'O; 6 — cucmema
BHYMPEHHUX OXTAACOAIOWUX KAHATIO8 6 BUOe
BUXPEBOU MaAMPULbL
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Puc. 3 — Hsmenenue naubonvuiux unmencusHocmet
Hanpsaxcenuli 6 1onamke npu nogopome KI'O [100],
[010] soxpye ocu [001]

o

Puc. 5 — 3ouwr noxanuzayuu nanpajicenui:
a — npu nepsoti popme konebanuti (633,2 I'y);
6 — npu mpemoeti popme xonebanuii (2626 I'y)

CMOTpETh PAJ 3a1a4 B 00JAaCTH TEPMOYIPYTOCTH, KO-
nebGaHuil 1 CKOPOCTHOTO JiehopMHUPOBaHHSI.

520 MMNa

Puc. 2 — Pacnpedenenue unmencusHocmeti

Hanpﬂolcenuzi Ha nosepxHocmu u 6 cequu}pra6oue12

JIOnamku noo 0eucmeuem YeHmpoOeNCHbIX CUTL
U MemMnepamypHo20 noJisl

Puc. 4 — Konebanusa oxaascoaemoii 1onamru:
a — nosisa nepemeujenuil;, O — NoaA HANPAAHCEHUL

o

Puc. 6 — Pezynomamol 3KcnepumenmanbHblX UCCAe00-

BAHUIL A — 30Hbl 3APOICOEHUS MPEUWUH;
0 — XxapaxmepHule paspyuieHus 10namKu
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Puc. 7 — Oposuonnvie nospesicoenus Ha 6Xx00HOU
KpOMKe 10namKu

'Lrg.
a 6

Puc. 8 — Konebanusi ionamxu ¢ 3p03u0HHbIMU NO-
8pedcOeHUAMU.
a — nojst nepemewenull; 6 — noask HanPsICEHUIL ¢ 6bl-
OeJleHueM 30Hbl NOBPEHCOeHUs

Puc. 9 — Pacnpedenenue 3k6u6a1eHMHBIX HANPSICE-
HULL 8 CEYEeHUU 8 30He YOapPa 8 MOMEHMbL BDEMEHIU:
a—t=0001c;6—-t=001c;6—t=0,1c

Heab padoTsbl

OTBETCTBEHHBIE JIEMEHTHI COBPEMEHHBIX TYp-
OomamiuH paboTaroT B YCIOBUSX TPEOYIONIMX MpUMe-
HEeHUs] HOBBIX MarepuanioB. Llems paGoThl mpuBecTH
HauOoyiee XapaKkTOpHBIE IPUMEPHl HCIOIB30BAHUS
HOBBIX MaTepHajoB Jisl obecrieueHHs 3(PQPEeKTUBHON
paboThl 3JI€MEHTOB TYpOOMAalIMH M TO0Ka3aTh BO3HH-
KAaFOIIUE MTPHU ITOM MPOOIICMBL

HpOﬁJ’leMBl MPOYHOCTH OXJIAKAAEMBIX JIONMATOK
U3 MOHOKPHUCTANIUIECCKHUX CILIABOB

3amaun TepMOYIIPYroCTH W KolebaHWi Joma-
TOK M3 MOHOKPHCTAJUIMYECKOTO MaTepHaia SBILIOTCS
OIHUMH U3 HauboJee CIOXHBIX. MOHOKpUCTAIUINYE-
CKHE CIUIaBbl 00JIIAI0T HEOJAHOPOIAHOCTHIO MEXaHH-
YECKHUX CBOMCTB, KOTOpBIE CBSI3aHbl C OpUEHTALUEH
KTO.

3amaun TEPMOYNPYTrOCTH U KOJCOAHWH Jist
OXJIAXKJJAEMBIX JIONATOK C MPSMOW CUCTEMOW KaHaJIOB
PaccMOTPEHEI B psijie padboT [2—6].

B nanHOM ciydae paccMaTpuBaeTCs pacipesne-
JICHWE TEPMOYIPYTHX HANPDKEHUH B JIOMATKE CO
CJIO’)KHOW BUXPEBOM CHUCTEMOW OXJAXKIECHHSI W KaHa-
JaM| JUTS TUIEHOYHOTO oXJaxaeHus. OOmuii B Jio-
naTku 1 nonoxennss KI'O npencrasieHs! Ha puc. 1.

Pacnipenenenust tepMOynpyrux HamnpsKEeHU
Ha TIOBEPXHOCTH JIOMATKH W B PAa3MYHBIX CECUCHUS
MIPEJCTaBIICHBI Ha pUC. 2.

HSBGCTHO, 4YTO HIpU HU3MCHCHHUU OpHUCHTAIIUN
KpHcTaJulorpaueckux Oceil MpOMCXOIUT Tepepac-
Npe/ieieHNe BCEX HAaNpsHKeHUH W W3MEHEHHE Bcel
kaptuabl HIIC nomatku [4—6]. IlenecoobpasHo mo-
CTPOUTH HEKOTOPYIO KPUBYIO, KOTOpasi OTPaKaeT M3-
MEHEHHE HanOOJIBIINX MHTCHCUBHOCTEH HaNpsDKEHHUH
HE3aBHCHUMO OT MECTa MX PACIOJIOKEHHUS IPH H3Me-
uHennu opuenrtanyu KI'O (puc. 3).

[pu moBopote KI'O [100] u [010] BokpyT ocu
[001], coBmanaromieit ¢ ocbio Z, HAUOOJIBIINE WHTEH-
CHUBHOCTH HANPSOHKCHUH HM3MEHSIOTCS TEPHOANICCKH,
mosTopssack depe3 900. Llemecoobpa3Ho OrpaHUYHTH
MTOBBIIICHHE HHTEHCHBHOCTEH HANPSIKCHUN BEIWYH-
Hoit 320 MIla (#a 30 %), 9YTO COOTBETCTBYET ITOBOPO-
1y KI'O Ha 12-15° [6].

Takue ke orpaHuueHHs] Ha TIOBOPOT KPUCTaI-
norpaduyeckux oceil peKOMEHIYIOTCS JJIsl JIONATOK
JIpyTux KOHCTpyKuuit [1, 4, 5], a Takke COOTBETCTBY-
10T YCIIOBHSIM pa3dpoca COOCTBEHHBIX YacTOT JIOTIATOK
He Oosee yem Ha 8—10 % [7].

[Tpn koneGaHMAX OXJIaXKJAEMBIX JIOMIATOK BO3-
HUKAeT 3HAYMTENbHAS JIOKAIHM3alWs HAIMPSOKCHUH,
KoTopas onpezensercs (opMoil KaHaIOB M TeMIIepa-
TypHBIMH TTOJIIMU. Tak Ha puc. 4 MpUBEICHBI OHA W3
(dbopM TIepeMenIeHnii U pactpeesIeHne HapsHDKeHUH B
JIOTIaTKE C MPSIMBIMH OXJIaXKTAIOIIMMHY KaHamamu [1].

Xopomio BHIHO CMEIIEHHE MaKCHMAaJIbHBIX
HaIIpsSDKEHUH OT BXOJIHOM M BBIXOAHOM KPOMOK K YI-
JIOBBIM 30HaM Ha MOBEPXHOCTH OXJIAXKIAeMbBIX KaHa-
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JIOB. DTO OOBSCHSETCS TEM, YTO BOKPYT OXJIaKIaro-
KX KaHAJIOB MaTepual JIONATKH UMeeT Ooiee HU3-
KyI0 TeMIeparypy U 0ojee BHICOKHH MOIYJIb YIPyro-
CTH, 4eM B HanboJjiee HarpeThiX 30HaX BXOJHOW U BbI-
xoaHOo# kpoMmok. Emié 6osiee cioxHOe pacnpeaeacHue
HarnpsbKeHUi HaOMojaeTcst Ipu KoJleOaHHUsX JIOTaTKU
C BHXPEBOH CHCTEMOH OXJIaXXJCHUS, PEICTaBICHHON
Ha puc. 1. BecbMa XapakTepHBIM ISl TaKHUX JIOMIATOK
SIBJISIETCSI JIOKAJTM3anus HalpsDKEHUH Ha TTOBEPXHOCTH
BHYTPEHHHUX KaHAJIOB BUXPEBOW MAaTpPHIBI M B 30HE
OTBEPCTHH JUIA BBIXO/A OXJIAXKIAIOMIETO BO3MyXa IPH
TUIEHOYHOM OXJIQXKICHHUM, TJIE MOTYT 3apOXKIaThCs
TpemHEl. B padote [2] Ha OCHOBE SKCIIEpUMEHTANb-
HBIX HCCIICIOBAHUH IIOKa3aHO, YTO MAarucTpaibHbIC
TPEMMHBl B MOHOKPHCTAJUIMYECKUX JIOTATKAaxX pac-
npoctpassiores Bronb KI'O. JInga o6pasuoB u yoma-
TOK ¢ akcuaynbHOU opuenTareit [001] onu pacmouio-
JKeHbl mon yrimamu 35-45° k ocm Z. WccnemoBaHus
KoJjeOaHu{ NTaHHOM JIOTIATKHM BBIIBUJIM MECTa 3apOiK-
JICHUS BO3MOXHBIX TPEIIHH (pHC. 5).

Pe3ym>TaT1>1 OKCIICPUMEHTOB BBLIIIOJIHCHHBIX Ha
I'TI HIIKT «3ops» - «MammnpoekT» Mo pa3pylieHuto
JIONAaTOK TOATBEPKIAIOT JOCTOBEPHOCTh YHMCIEHHBIX
WCCJIEIOBAaHUH JIOKAIHM3alMd BHOPAILIMOHHBIX HArps-
xeHuit (puc. 6) [7].

Bungno pasBuTHE MarumcTpaibHOW TPELIMHBI
Mo yriioM Onm3kuM K 450, 4To mpuBeNo K paspyIie-
HUIO JIONATKH.

Pe3ynbTaThl 4MCIEHHBIX HCCIIENOBAaHUI XOpPO-
IO COTJACYIOTCSI C IKCHEPHUMEHTAIBHBIMH M OOBsIC-
HSIOT XapakTep U MecTa MOBPEXIECHUIN U pa3pyLIeHUH
JIoNaToK, oOHapy)KEHHbIE MpPHU J1a0OPATOPHBIX HCIIbI-
tanusax jomarok Ha ['TI HIIKT «3ops» - «Marmmpo-
eKT».

Jpo3HOHHAS MPOYHOCTH JIONATOK
U3 TUTAHOBBIX CILIABOB

JlomaTky mOCIETHIX CTYIIEHEH MOIIHBIX Mapo-
BEIX TypOWH YacTo paboTaloT BO BIAXHO MapOBOH
cpele u moIBepKeHkI 3po3uu [8]. B mapoBoii TypOuHe
K-1000-60/3000 mms aTOMHOW SJIEKTPOCTAHIIUU WC-
10JIb30BAJIUCH JIONIATKU IOCJIEAHEN CTYNEHW NJIMHOU
1200 mm u3 tuTaHoBoro cmiaBa TCS. Ilpu akcmmya-
taruu Typounsl Ha OIl «Xwmempaumnkas ADCy» mocie
otpaboTku Oonee 180 Thic. yacoB HaOIIOJANKCH 3a-
METHBIE dPO3UOHHBIE TOBpEXAeHUs (puc. 7).

Meramnorpaduueckuii u (pakrorpapuyeckuii
aHaJIN3 TI0Ka3aJIH, YTO MEXaHUYEeCKUE CBOWCTBA TUTA-
HOBOrO crutaBa TCS onaTtok B 30HE 3pO3HU B 00IIEM
COOTBETCTBYIOT HOPMATHUBHBIM 3HaueHUsIM. Jlerpama-
UM MEXaHWYECKUX CBOWCTB MaTepHalia JIOIATOK IO-
cie 180 ThIC. YacoB IKCIDTyaTallidl HE HAOIIOJAcTCS.
OmHako 3PO3MOHHBIE TOBPEKACHUS BBI3BIBAIOT TOSB-
JIeHUS 30H JIOKAJIM3AaIWU M KOHIICHTPALWU HaIpsDKe-
HUH. DTH TOBPESKACHUS MIPUBOAAT K M3MEHECHUIO TIpe-
JieNia yCTaIOCTH MaTeprana U U3MEHEHHIO OCTaTOYHO-
ro pecypca. Dpo3HUOHHBIE MTOBPEXICHHUS MOICTHUPOBA-
JUCHh C TIOMOMIBIO pa3pe3a C pajuycoM B BEpIINHE

0,5 MM, 4TO COOTBETCTBOBAJIO 3aMepaM, KaKk U B JIO-
MaTKax U3 CTaJbHBIX CIJIaBOB [8].

Bbu1 npoBe€H aHaM3 BUOPALMOHHBIX HAIps-
JKeHUH B JlonaTke 0e3 NOBPEXICHUH U C IOBPEXKICHH-
SIMU TIPY CBOOO/IHBIX KOJIEOAHUSIX M NIPU BO3JCHCTBUA
rapMoHuku ¢ yactoro nz=2100T1, roe z=42 —
YHUCIIO JIONATOK HaIpaBJiAOLIEH cTyneny, a n =50 I'g
— YacTOTa BpalleHHs poTopa. BemmumHa Bo3MyIaro-
el TapMOHUKHM ObDTa BEIOpaHa ycioBHO. Ha puc. 8
NIPEACTABICHbl ~ JKBUBAJICHTHBIE  BHOpAIIMOHHBIC
HaNnpsDKeHUST B JIOMATKE C MOBPEXICHHWEM TIPH JCH-
CTBHM TapMOHMKH, KOTOpasi BbI3BaHA HANpPaBIIIOLIH-
MH JIOTIATKaMH.

B pesynapraTre ompenereHbl OTHOCHTENBHBIC
W3MEHEHHs BUOPAIMOHHBIX HANpsDKEHWH B 00JIacTH
SPO3MOHHBIX TOBpexAeHui. [lokazaHo, 4to K03 du-
LIUEHT KOHIIEHTPAlUU BHOPAIMOHHBIX HAINpPsDKECHUH
IIpU MOBPEXJCHUAX JIeKUT B mpenenax K =1,8-2.5.
OTO comocTaBUMO ¢ KOA(PQUIIMEHTOM KOHICHTPAINU
HanpspkeHni npu 3abomHax [9]. Ha ocHoBe nutepa-
TYPHBIX JIAHHBIX MOJKET OBITh OINpEAEICHO CHI)KEHHE
Ipeaena BBIHOCIUBOCTH ML JIOTIATOK M3 TUTAHOBBIX
CIUTaBOB B 3aBUCHMOCTH OT OTHOCHTENBHBIX Pa3MepoB
TIOBpEXAEHUH [9].

IloBeneHnne 371eMEHTOB U3 KOMIIO3UTHBIX
MaTepHaIoB MPH YIAPHBIX HArpy3Kax

JlonaTounslii anmapatr u xopnyca I'TJ] mona-
BEP)KEHBI BO3JICHCTBUIO YapHBIX Harpy3o0K OT MOCTO-
POHHUX MPEIMETOB U (PparMeHTOB POTOPA JABHUTATEIS.
Pan sneMeHTOB KOPIyCOB M3TOTaBIMBAETCS U3 KOM-
MO3UTHEIX MaTepuaioB. [Ipu JOKaXbHBIX yAapHBIX
Harpy3Kax HanOOIBIINE ePEMEIICHHUS W HATIPSIKCHUS
Pa3BUBAIOTCS B OTPAHUYCHHBIX 30HAX U OBICTPO YOBI-
BalOT TI0 MPOCTPAHCTBEHHBIM KOOPIMHATAM H BO Bpe-
menu [10]. Otu ocobenHoctn muHammudeckoro HJIC
MTO3BOJISIOT BBIACIUTH COOTBETCTBYIOUIYIO 00JacTh
3JIEMEHTAa U IPOBECTU AJIsl HEE YTOUHEHHBIE PacU€ThI C
WCIIONIb30BaHUeM Ooliee TycTol ceTku. Ilpu ckopo-
cTsix ynapHuka 300400 m/c HampspKeHHsT B dJIEMEH-
Tax KOpIyca ocTaroTcsi B ynpyroi obmacru. [Ipu 6o-
Jiee BBICOKMX CKOPOCTSIX yaapHuka ao 1000 m/c BO3-
HHUKAIOT IUIacTHYecKkue aedopMalyi, a Mocie pas-
IPY3KH HAOJIONAIOTCS  OCTaTOYHbIE JeopMalyu
(puc. 9).

Ha puc. 9 mokasaHbI 1oJisi SKBUBAJCHTHBIX M-
HAMHUYECKUX HANPSDKCHAN B CCUCHUH B 30HE yaapa B
pa3HBIe MOMEHTHI BPEMCHH IIPH BO3ACHCTBHH yHAp-
HUKa Ha OWIMHAPUYIECKAN 3JIEMEHT KOpITyca M3 KOM-
MTO3UTHOTO MaTepHaa.

Bunno pa3BuTHE YIPOTOTIIIACTHIECKUX
HaIIpSDKEHUH, KOTOpBIE JOCTUral0T MakKCHMyMa IIpH
t=0,0l ¢ ¥ mosBIEHHE OCTATOYHBIX HANPSIKCHUH
nocie pasrpysku npu ¢ = 0,1 c. 30Ha pa3BUTHUS UHTEH-
CUBHBIX HAIPSOKCHUN SIBIISICTCS BECbMa OTPaHUYCH-
HOI.
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Hcnonp30BaHNEe MOHOKPUCTANIMYECKUX MaTe-
pYanoB, TUTAHOBBIX CIUIAaBOB U KOMIIO3UTHBIX Mare-
pUanoB MO3BOJISIET CYUIECTBEHHO pAacCIIUPATh BO3-
MOXXHOCTH TOBBIIIEHUS €IWHUYHOM U YJIETbHOU
MOIITHOCTH TYpOOMAIlMH WX 9SKOHOMHUYHOCTH U
HAJEKHOCTH, HO TpeOyeT CHENUANBHBIX HCCIIEI0Ba-
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