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B ctaTbe npuBeaeH 0630p COBPEMEHHbIX cnoco6oB U3Mernb4yeHUs U arperartoB, peanusyrouwux AaHHble cnoco6bl. MpeactaBneHa npuH-
uunuanbHO HOBasA y,qapHo-ueHTpoﬁe)KHaﬂ wiapoBasi MefibHULla oTe4eCTBEHHOro npoun3soacTea.

HOBASA TEXHUKA MEXAHHUYECKOI'O
JTUCITEPT UPOBAHUA

O eKTUBHOCTD - pesynbsTaTMBHOCTL NpoLecca
UM onepaLyy Mo OTHOLLIEHWIO peayrbTaTa K
3aTparam, 06ecrneynBLUMM ero NosyYeHre

TOHKWX NOMOJT CEFOOHSA N 3ABTPA

B HacTosLee Bpems CyLeCTBYIOT pas3nuny-
Hble Cnocobbl Nony4yeHusi BbICOKOAMCNEPCHbIX
NnopoLUKoB TBepAblx Ten. MNpu aTom mMexaHunye-
ckuii cnocob ABnsieTcs Hanbonee NpPoCTbIM U
LUMPOKO pacnpocTpaHeHHbIM. [na gucnepru-
pPOBaHNS MUHEParnbHOTO Chbipbs HaXoAsiT Mpu-
MEHEHMe MaLlWHbI, OTnM4YaLMecss cnocobom
BO3AEeWCTBUS Ha maTtepuan. B ogHom crniyvae
3TO MOXeT OblTb pas3faBnvBaHve, B [ApYrom
— yAap, uctmpaHue nnm nx kombuHaums [1].

CeroHsi OCHOBHbIMU arperatamyi TOHKOrO
rnomMona SIBASIOTCS LUapOBble W aHanornyHble
MM MenbHUubl. VX paboune anemeHTbl - 3TO
OGpoHeBble NNUTLI GapabaHa 1 3arpyXeHHble B
Hero MenLume Tena - Lwapbl, CTEPXHU, AUCKA,
a B MernbHMLAxX CaMOM3MeSIbYeHNS - KPYrMHble
Kycku matepuana. BpalieHve 6apabaHa Bbi3bl-
BaeT NoAbeM MenoLmMX Tes, KoTopble, JOCTUr-
HyB OrnpeaeneHHoN BbICOTbI, MaAatoT U cKaTbl-
BatoTcst BHM3 (Puc.1).

Puc. 1 YCTpoiicTBO LWapoBoi MenbHULbI U
cxema ABWKeHus Wwapos B 6apabaHe

A.B. NTMNUINH
M.B. BEKCJIEP
H.B. KOPEHIOTMHA

PaspyLlueHne matepmana B LLAPOBbIX Mefb-
HULaX NPOVUCXOAWT Kak B pesynbraTe MearneH-
HOro pasfaBnvBaHUA - UCTUPAHWUS MpU CcKa-
TbIBAHUM LLAPOB, Tak WU ObICTPOro cxatus oT
yAapoB Npu X NageHuu.

HecmoTps Ha abcontoTHoe NMaepcTBO cpe-
[V arperaToB TOHKOrO MOMOMa, UCMOsb3yeMblX
B MHOTOTOHHaXXHOM MPOU3BOACTBE MOPOLLIKOO-
6pasHbIXx MaTepuarnos, LIAPOBLIM MeNbHULAM
NPUCYLLM U CepbeaHble HeaocTaTku. TonbKo oT
2 po 20% Bcen notpebnsiemort aHeprum pac-
XOOyeTcs HemnmocpeACcTBEHHO Ha M3MenbyeHve
[2], ocTanbHas ee YacTb MAET Ha NpeoaoneHne
cun TpeHnsi, obpasoBaHve Tenna, 3ByKOBbIX KO-
nebanun, Bubpaumn n T.4. B pesynsrate npo-
BEAEHHbIX UCCMEefoBaHUiA BbINo yCTaHOBMEHO,
YTO TOMbKO KaXAbl ThICAYHbIV ydap Lapa
Npov3BOAUT paboTy HEMoCPeACTBEHHO MO W3-
mMenbyeHno [3]. VI ecnu rpy6bini nomon ¢ no-
ny4yeHneMm YacTuu, pasmepamui B COTble [OMM
MWUMNIMMETPA, He Bbl3bIBaeT CEPbE3HbIX 3aTpyA-
HeHWI, Npy Gornee TOHKOM nomore ko3 uLIn-
€HT MONe3HOro AeCTBNA LLapoBON MenbHULIbI
CHWXaeTCs HaCTOMbKo, YTO ee AanbHelilee
1Cnosb3oBaHWe CTaHOBUTCS 3KOHOMUYECKU He
LienecoobpasHo. OrpaHNU4eHHOCTb Camoro Crno-
coba v3mernbYeHus, Kak 1 peanuayroLero ero
obopynoBaHUsi NpekpacHo oTobpaxarT crio-
Ba COBETCKOrO YYEHOro, JOKTOpa TEXHWUYECKUX
Hayk AnekcaHgpa BacunbeBunya BormkeHcko-
ro: «...60mnblUoe yMeHblUeHVe 3aTpaT aHeprum
MOryT AaTb NUWb Te Cnocobbl, Npy KOTOPbIX
matepuansl usmensyanucb bl nog BIMSIHUEM
NpsIMbIX paspbiBalOLLNX BO3AENCTBUA Ha HUX,
a He B pe3ynbTaTe NepBOHaYasibHbIX CXUMato-
Lwmx cun» [4].

YOAP U CXKATUE

Bce TBepable MaTepuansl XxapaktepusyTcs
MPUCYLLMM UM COMPOTUBIIEHUEM U3MENMBYEHNIO.
PaspyLueHne TBepaoro Tena npovMcxoauT B TOM
criyyae, ecrnv nogBeaeHHoN 3HEPrMn JOCTaTOYHO
NS NPEOAONEHNs CUIN BHYTPEHHErO CLEeNnneHus.
OBbIYHO MPU MEXaHNYEeCcKOM AMCreprupoBaHUm
obpabaTbiBaembli  MaTepvan nopBepraetcs
OEeNCTBUIO CKUMAaIOLLMX CUIN C ABYX CTOPOH (CTa-
TUYeckoe pasfaenmMBaHWe - UCTUpPaHWe) unn ¢
OHON CTOpOHbI (cBOGOAHBLIM yaap). [lepsbi
cnocob n3mens4eHUs peanusyeTcs, Hanpumep,
B LLIEKOBbIX, KOHYCHbIX 1 BanKkoBbIX Apobunkax,
LIApPOBbIX WM BUOPALMOHHBLIX MemnbHULAX, BTO-
poi cnocob xapakTepeH AN Ae3nHTerpaTopos,
MenbHUL, CTPYWHbIX M YAAPHO-OTpaxaTenbHbIX
npobunok. Ho B nobom cnyyae KMHeETU4ecKomn
3HEPr1n OeNCTBYIOLMX MEMIOLMX Ten AOIMKHO
ObITb AOCTATOMHO ANSt CO3AaHWSA TakUX Hanps-
XKEHUW, KOTOpble MO AOCTMXKEHUIO MpedenbHbIX
3Ha4YeHUn NpvBEAYT K paspbiBy LEoro Kycka
¢ obpasoBaHveM Gonee Menkux dparMeHToB.
Mpun aTom pacxop aHeprun, Heobxoaumon ns
CO3[aHNsA  KPUTUYECKUX HaMNPsHKeHUN, MOoXeT

reHepanbHbIi aupektop MIM « TEXIMTPUBOP»
WHXEHEp, BeAYLLMIA cneuuanuct
rnaBHbI TexHonor MMM « TEXMPUBOP»

r. Tyna

CYLLIECTBEHHO pa3nuyaTbecsi, B 3aBUCMMOCTY Kak
OT (PU3UKO-MEXaHUYECKMX CBOWCTB CaMOro U3-
MenbL4aeMoro Matepuana, Tak u cnocoba npu-
TNOXKEHWSI pa3pyLUaoLLMX CUI.

MuHepanbHoe cbipbe, 00ObIYHO MUCMOSb3ye-
MO€e B MpOV3BOACTBE MOPOLLKOB TBEPAbIX Terl,
XapaKTepu3yeTcsi NMPOYHOCTbIO Ha cxaTue, B 6-
12 pa3 npeBocxoadaLlent NPOYHOCTb Ha pacTsxe-
HVe, MO3TOMY AN ero AUCMEePrMpoBaHns Lere-
coobpa3Ho ucnonb3oBaTb BbICTPLIN yaap, a He
mMeaneHHoe cxatve. OgHU 1 Te xe pesynbraTbl
N3MEerNBYeHUst MOTyT ObITb AOCTUMHYTHI C Pa3Hbl-
MW MokKasaTensiMyM 3KOHOMUYHOCTU MpoLecca, U
CYLLECTBYIOLLUMIA OMbIT WCMOSb30BaHNS CaMoro
pPacrnpoCTPaHEHHOTO MHCTPYMEHTA TOHKOIO Mo-
Mora noATBEPXKAAET TaKyt BO3MOXHOCTb.

XoTs1 WwapoBble MenbHWLbI ML YCIOBHO
MOXHO Ha3BaTb arperaTtom ygapHOro AencTBuUs,
TEOPUSI U MpaKTUKa WX NPUMEHEHUsI NO3BOMSIET
YCTaHOBUTb YETKYI 3aBWCUMOCTb Mexay npe-
obnagatoLmm cnocobom paspyLueHns n addek-
TUBHOCTBLI TOHKOTO NMOMOna.

Kak roBopunocs BblLLe, cnocob paspyLueHus
mMarepuarna B LUapoBbIX MeSIbHULAX KOMOUHUPO-
BaHHbIN, TO €CTb NPUCYTCTBYET U pa3faBnmBaHne
- UCTUpaHME OT KayeHWs LLapoB W yaapbl OT UX
nagenus. OT Toro, kakow crnocob Gyaet npeod-
nafatoLLmnM, 3aBUCUT KOMNUYECTBO 3HEPrM pac-
XxofdyeMoln Ha obpa3oBaHve eauHULIbI HOBOW Mo-
BEPXHOCTU. HecmoTps Ha MpocToTy yCTponcTBa
M MpyvHUMNa [OEeNCTBUS LUApOBOW  MeENbHULbI,
pesynbTatbl €e  TEeXHUKO-3KOHOMWYECKOro  WC-
NMonb30BaHWs 3aBUCAT OT MHOXECTBa (haKTOPOB.
KritoueBbiMY 13 HUX SIBMSIKOTCS: KPYMHOCTb MUTa-
HWS, pa3Mep W pacnpefeneHvie Memnowyx Ten,
06beMm 3arpysku, CKOPOCTb BpalleHus bapabaHa.
MocnepHuii B Gorbluel CTeneHV M onpenens-
eT appekTMBHOCTb paboTbl MeNbHULBI, TaK Kak
yOoapHasi CoCTaBnsiioLLasl momona - 310, npexae
BCEr0, Macca 1 CKOpOCTb «BpocaHusi» LLapoB.

MexaHnam «BpocaHusi» Menwmux Ten B
LIApOBOV MeJlbHULE AOCTaTOMHO XOPOLUO W3-
y4YeH, U OGOMbLUMHCTBO BhbILLENEPEYNCTIEHHBIX
akTopoB paboTalT Ha MHTEHCUUKaLMIO
MMEHHO Yy[apHOro Bo3dencTBus. BpaueHue
Kopryca MenbHWLbI YBIeKaeT wapbl, KoTopble,
NOAHSIBLUMCH HA HEKOTOPYIO BbICOTY, OTPbIBAKOT-
CSsl OT CTEHKV U nagaroT BHU3. [Mpy 3TOM Lwapbl
nagawT He OTBecHo, a no napabone. lMocne
OTpbIBa OT CTEHKM Luap NpoAoIhKaeT ABUraTbCs
KaK Teno, OpOLIEHHOE MO YIIIOM K FOPU3OHTY
CO CKOPOCTbIO paBHOW CKOPOCTU BpalleHus 6a-
pabaHa. AKT M3MeNbYEeHNs NPOUCXOAUT B TOM
cnyyae, ecrnv KMHETUYECKON SHEPrUn GpOoLLEH-
HOrO LWapa AOCTaTOuHO ANst NPEOoAONEHUst BHY-
TPEHHMX CBsI3el B YacTuuax matepuana. Yem
OorblUue 3Heprvsl Wwapa, TeM Bbille U ero pas-
MOMbHasi MOLLHOCTb.

Tak Kak macca Lapa MoCTosiHHasi, YyBe-
JINYEHVE €r0 KMHETUYECKOW SHEPrMM BO3MOX-
HO, TOMbKO 3a CYET MOBbILLEHUSI CKOPOCTU P>
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BpaweHus GapabaHa. OgHako cam MnpUHLMN
paboTbl LapOoBON MeSbHULbI UCKIoYaeT Ta-
Kyt0 BO3MOXHOCTb, KaK TONbKO [AEeNCTBYyHLLME
LeHTPobEXHbIE CUIbl HAYMHAKT CUrnbHee Npu-
XUMaTb MenLlne Tena kK cteHkam G6apabaHa,
nageHue LWapoB, a 3Ha4yuT U MOMOJ, MNpekpa-
watotes. MosTomy rmaBHOW 3agadent pacyeta
napaMeTpoB LUApPOBOA MeNbHULIbI SBISIETCH
onpefeneHne KpUTUYECKOM CKOpPOCTM Bpa-
LeHusi 6apabaHa. Ecnu oHa BbibpaHa BepHoO,
nocturaetcs 6onbluas BbicoTa NOgbeMa U CKo-
pocTb «BpocaHus» LapoB, eCnn HET - NPoLEecc
N3MenbYeHUs] pesko 3aMeasIsieTcsi, a aHepro-
pacxod MenbHUUbI Bo3pacTaeT. Ho ueHTpo-
GexHasi cocTaBnsilollas CTaBUT npeen Mak-
cvMarnbHO [OMyCTUMON CKOPOCTM BpaLleHus
b6apabaHa, a 3Ha4nUT, 3PPEKTUBHOCTL TOHKOIO
rnomMora ¢ UCMonb30BaHNEM LLAPOBbIX MEMNbHULY
He MOXEeT ObITb CYyLLECTBEHHO yBENuYeHa, 4To
B CBOK OYepedb Bbi3biBAaeT HeobXoauMocTb B
M3bICKaHUN Takux crnocoboB ANCNEPrMPOBaHMS,
rae ygapHas coctaensiowas 6eina 6bl peanu-
30BaHa B MaKCMMaribHO MOJTHOM 0GbeMe.

PA3HOOBPA3UE BAPUAHTOB U
OTCYTCTBUE ANbTEPHATUBbI

B HacTosiLlee Bpemsi paspabotaHa Gonb-
Las HOMEHKnaTypa annapatoB W3Merb4eHUs
cBoboaHbIM yaapoM. OgHako B KPYMHOTOHHAX-
HOM MPOU3BOACTBE HALLUMW NPUMEHEHWNE TOMbKO
yAapHo-OTpaxaTenbHble ApoOuIKM, Ccepbe3HO
NOTECHMB, @ B HEKOTOPbIX OOnacTax W npak-
TUYECKM MONHOCTBIO 3aMEHUB, «TUXOXOOHbIE»
arperatbl 4pobrneHus. YaapHble MenbHULbI XKe,
HecMoTpsi Ha 6e3ynpeyHOCTb TEeOpPEeTUYECKNX
NMoCbINOB ANt UX CO3[aHUsl, He MOryT NoxBa-
cTatbCA MoJobHbIMM ycrnexamun, cdepor ux
NMPUMEHEHUS SIBMSIETCS OTHOCUTESNbHO pyObIii
NoMOMn MSITKMX MaTepuanoB [0 pa3MepoB Ya-
ctuy B 100 MKM, C HEBBICOKOW NPOU3BOAUTENb-
HOCTbIO U OTHOCUTENBHO OOMNbLUMMK 3aTpaTamm
aHeprun. Pefkue UCKMIOYEHNs, Korga paccma-
TpYBaemMble MallMHbl BCE € WCMOonb3yTcs
Ons moMoria MSIrkux, MaroabpasuBHbIX MaTe-
puanoB TOMbKO NULLHWIA pa3 yKka3blBaloT Ha ce-
pbe3Hble Npobrembl TEXHUYECKON peanuaauum
NMPUHLMMOB YAAPHOIo AUCMEPTUPOBaHUS.

[axe cnycTss OecsTUNEeTUst HaydHbIX MC-
crnegoBaHWiA, 9KCMEPUMEHTOB, MacLUTabHbIX
VCNbITaHUA, MOAEPHU3ALMIA N YIyYLLEHUA CO-
BpPEMEHHbIE MernbHULBl cBoboaHOro yaapa,
ncrnonb3yeMble B MPOU3BOACTBE BbICOKOAM-
crnepcHbIX nopolwkoB (Sya = 3000 cm2/r), He
MMEIOT CYLIECTBEHHbIX MPEUMYLLECTB nepen
LIapOBbIMW MEMbHULIAMY HU MO OAHOMY W3 KIlto-
YeBbIX Mokasartenei. HanpoTue, NonbITKM Npo-
MBbILLMEHHOTO MCMONb30BaHUs Hanbonee spKnx
npeactaBuTenel ObICTPOXOAHBIX MalUvH yaap-
HOTO AMCMNEePrupoBaHUS: CTPYMHBIX U BUXPEBbIX
MEnbHUL, OEe3VHTErpaTopoB U AWcMeMbpaTo-
POB BbISIBUNW LENbIA P UX Cepbe3HenLnx
HE0CTaTKOB.

Vi
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B vacTHocTu, pacxon Heprumn LeHTpobex-
HOW MeNbHULbI MPU NMOMOSIE LLEMEHTHOIO KIWH-
Kepa OO ygenbHoW noBepxHocTn 2500 cm2/r
npesbiwaeT 200 KBT Ha TOHHY, YTO NOYTU B Ae-
CATb pa3 bonblue, YeM 3aTpaynBalOT MHOrOKa-
MEpHbIEe LIapoBble MerNbHULbI, UCMOMNb3yeMble
B Npou3BOACTBe LeMeHTa [5]. He npuxoautcs
YAMBAATBLCSA Y BECbMa HU3KOW TEXHUYECKOW Ha-
[OEXHOCTU BUXPEBbIX, LLEHTPOOEXHBIX, @ Takke
NoAo6HbIX UM ObICTPOXOAHBIX MENbHUL, Y4u-
TbiBasi BbICOKYK) CKOPOCTb ABWXEHWUSI MOMOMb-
HbIX 3NIEMEHTOB, HaxoAsLUMXCS B MOCTOSIHHOM
KOHTaKTe C mMaTepvanamu pasfnuyHon CTeneHu
abpasunBHOCTL.

CTpyiHble MenbHULBI XapaKTepuayloTcs
Takke GOMNbLIMM pacxofoM 3HEepPrum, KOTopbIi
[OMOSHAETCA U OTHOCUTENbHO ObICTPbIM K3-
HOCOM [eTarneun, KOHTaKTUPYLLIMX C U3MElb-
YyaemblM MaTepuarnoMm, BbICOKOW CMOXHOCTbIO
camoro arperara, a Takke ero nepudepun. Tak
Kak pa3MosibHasi MOLLHOCTb CTPYMHbIX MEMbHUL]
He Bemnuka, nory4yeHne BbICOKOAUCTEPCHBIX MO-
POLLUKOB BO3MOXHO TOIMbKO B 3aMKHYTOW CXeme
romoria npu MHTEHCMBHOMW LIMPKYNSLUMM MaTe-
pvana. B HekoTopbIxX criydasix aTta LMpKynsauusi
B JECSTKM pa3 MpeBOCXOAMT MpOU3BOAUTENb-
HOCTb CamMOW MefnbHWUbl.  [OnonHUTENbHbIE
CMOXHOCTU MPUMEHEHUSI CTPYMHbIX MeNbHULY
co3faeT HeobXOAUMMOCTb O4MCTKM  BonbLUNX
06bEMOB OTXOASILLErO BO3AyXa U HEU3BEXHbIN
YHOC Hambonee BbICOKOAUCNEPCHOW dpakumm
mMaTtepuana ¢ oTpaboTaHHbIM HOCUTENEM.

M3 nepeymcneHHbIx arperaTtoB Ae3nHTerpa-
TOp ABMSIETCA NPMMEPOM, Mnoxanyn, Hambonee
yCMEeLHOW peanusaunm yaapHoro n3mens4eHnst
TBepAblx MaTepuanoB. CyliecTByeT OBLLIMPHbIN
OMbIT NMPOMBILLIIEHHOTO UCMOMb30BaHUS AE3WH-
TerpaTopHbIX MeNbHUL-aKTUBATOPOB B MPOU3-
BOACTBE OPWUMMHANbHOIO CTPOUTENLHOMO MaTte-
pvana — cunukanbuuTa, nonyyaemoro nytem
COBMECTHOIO Momoria M3BeCcTU U KBapLEeBOro
necka [6]. OgHako NpMMeHeHUe BbICTPOXOAHbIX
[Ee3VHTerpaTtopoB  OrpaHM4YeHO OTHOCUTENb-
HO rpybbiM nomornom. [lonyyeHve MNOpOLUKOB
C ygenbHOM noBepxHocTbio Ao 2000 cm2/r
BKITIOYUTENBHO MOXHO CYMTaTb €CTECTBEHHbIM
npegenom Ansi gaHHoro Buaa obopyaoBaHus.
MpennpuHUMaemMble NOMbITKA YBENUYEHUS pas-
MOIbHOW MOLLHOCTU OEe31HTerpaTtopoB 3a c4eT
OonbluUen YacToTbl BpaLLEHMs NMOMOJIbHbIX Op-
raHOB BbI3bIBAKT YCKOPEHHbIN M3HOC nocnen-
HVX, YMeHbluasi n 6e3 Toro Hebonblune Cpoku
6e3pemoHTHOM akcnnyaTtauum (Puc.2).

[ns Toro, 4Tobbl NOHSTH, NOYEMY NPUMEHE-
HVe U3MenbYnTEnel yaapHoro AencTems ceroa-
HS1 OrPaHWYEHO TONbKO rpybbIM MOMOSIOM MSr-
KMX maTepuanoB, HEOOGXOOMMO MEPECMOTPETb
cnocobbl peanusaumn yaapHoro paspyLueHust
TBEpOoro Tena C Mo3vuuM OCHOBHbLIX 32KOHOB
HbIOTOHOBCKOW MEXaHWKW: MHepuuun, AeNCTBUS
1 NpoTUBOAENCTBUS. VIMEHHO 3[ecb U CKpbl-
BaeTCs OTBET Ha BOMPOC: MOYEMy yOapHble

Puc. 2 Cxema fgBuxeHus MaTepuana B Ae3nHTerpartope 1 nocrencresuns aﬁpaSMBHOI’O N3HOCa CTepXXHen

ApOGWMKN YCMELWHO UCMOSb3yloTCs BO BCEM
MUpe, a MenbHULbI CBOBOAHOIO yaapa, Tak v
He peanv3oBaBs ¥ Masioi YacTy CBOUX NOTEHLM-
anbHbIX BO3MOXHOCTEW, HALLMM OYEHb OrpaHu-
YeHHOEe NpPUMEHEHNE.

CKOPOCTb, MACCA, PASBMEP

B menbHMUax ygapHoro OencTtBusi paspy-
LUEeHWe YacTul MaTepuana npoucxoamT Bernea-
CTBME yAapHbIX Harpysok. OTU Harpyskv MoryT
BO3HMKHYTb B CaMbIX Pa3HOOOpPa3HbIX YCIIOBUSAX
n obcTosTenbcTBax. Hanpumep, npu nageHun
MEnNILWNX Tern, MpW CTOMKHOBEHUW NETALEN
YacTuubl C HEMOABWXHOW Mperpagon unm, Ha-
NpPOTUB, CTONIKHOBEHUSI MEMIOLNX TEM C Henoa-
BVWKHOM MNU  OBWXKYLUENCH YacTuuen, Takke
BO3MOXHbI 1 B3aVMHbIE COyAapeHus YacTuL, B
nonete. Ho B no6bom criyyae kycok matepvana
UnM camo Menwulee Terno AOMKHO obnapatb
TakvMM KOMNMYECTBOM KUHETUYECKOW SHEepruu,
KOTOpOWN XBaTuno Obl ANsi NPEoOOneHUst BHY-
TPEHHMX CBA3EN MeXay YacTulamm.

Mpu yoapHOM M3Mens4eHnn paspyLuaroLLmnia
ahdeKT 3aBUCUT OT Macchl Tena u ero CKOPOCTHU.
KunHeTnuyeckas aHeprusi Tena B MOMEHT yaapa
onpefensieTca Mo m3BecTHon dhopmyne: E=m-
V2/2, rge m - macca Tena, a V - ero ckopocTb.
Yewm Gonblue Bec Kycka MaTtepuana u Bbllle ero
CKOpOCTb, TeM 3cbdekTuBHeN paboTta ygapHo-
ro aucneprupoBaHus. Ecnn ymeHbWwWMTL Maccy
Tena, Ans AOCTUXKEHUSI TEX Xe pesynsTaToB U3-
MENbYEHUS HYXKHO YBEMUYUTL Er0 CKOPOCTb U Ha-
060poT, Ho B NOGOM criyvyae HeAOCTaTOK OQHOIO
OOIMKEH KOMMEHCUPOBATbCS U3ObITKOM ApYroro
- 3TO OCHOBa crnocoba n3mesns4eHNs yaapom.

HecmoTpsi Ha Bce pa3Hoobpasne KOHCTPYK-
LUMA U3MENbYUTENbHBIX MalUWH yAapHOro Aen-
CTBMSl, MEXaHWKa paspyLlleHus TBepAoro Terna
pasnuyaeTcs NLLb HEKOTOPLIMU HDA@HCaMW, YTO
XOPOLLIO MPOCMNEXMNBAETCA Ha MPUMEpPE LIeHTPO-
BEXHOV MENbHMLBI U yAapHO-0TpaXaTenbHon b

Puc. 3 [IBmxeHne matepuana B yaapHo-
oTpaxkaTenbHow apobunke
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npobunku. B nocnegHen matepuan, nognexa-
LM U3MenbYeHnto, nogaeTcs Ha BbICTpo Bpa-
LaKoLWMIACS POTOP-YCKOPUTENb, YacTullbl npu-
obpeTaloT CKOpOCTb, paBHY CKOPOCTU poTopa,
1 BblGpackIBaOTCSA B MPOCTPAHCTBO MNOMOSIbHOW
Kamepbl, X pa3pyLUeHUE NPOUCXOAUT Npu yaa-
pe 06 oTpaxaTenbHble NAnTbl U CTONIKHOBEHUN
opyr ¢ gpyrom B nonete (Puc.3).

B ynapHo-oTpaxkaTenbHbiX  Apobunkax
mMartepuarn rnocrne CTONMKHOBEHWUSI C Mperpagow
npakTUyeckn cpasy BbIBOAMTCHA M3 arperaTta, a
B LIEHTPOGEXHbIX MEMbHULIAX YacTb MaTepuana
OTNpaBnseTcs Ha AOMOSIHUTENBHOE U3MenbYe-
Hue. YacTvupl, ydapvBLUMCb O MPENSTCTBUE,
OTCKaKMBAKT OT HEro, BO3BPaLLaTCs K pOTOPY-
YCKOpUTENHD, CHOBa OTOpackIBatoTCA UM. Takum
06pa3om, LMKIT MOXET MOBTOPSATLCS A0 TEX Nop,
noka 4actuubl He JOCTUTHYT Tpebyembix pas-
MepoB U He ByayT BbiBeAEHbl 13 MeNbHULbI.

YnapHo-oTpaxaTtenbHble  ApOOUIKKU, Bbl-
NyCK KOTOPbIX HanaXeH TakMMU W3BECTHbIMU
npounsBoAUTENAMU  U3MENbYUTENbHOrO  060-
pyooBaHus kak: «BHS sonthofeny», «Barmak
Associates», «Sandvicy, «Krupp», no3sonsiot
nony4atb NPOAYKT BbICOKOTO KayecTBa C MEHb-
wyMm 3aTpatamu. OgHako No Mepe M3MeHeHUs
Macchl YacTuL, XapakTep UX B3aMMOAENCTBUS C
paboyrMu opraHaMu U3mMenbYUTENbHON MaLlu-
Hbl KapAUHAIbHO MEHSIETCS.

OpHolt M3 0ocobeHHoCcTel  U3MernbYeHus
CBOOOAHBIM yAapoM siBnsieTcs TOT pakT, YTo
paspylLeHne martepuana npoucxoguT No Haw-
6onee cnabbiM cBs3siM, AedeKkTam CTPYKTypbl
B MecTax COe[AVHEHWs KpUCTannoB, 3epeH,
cnoes un 1.4. B npousBoactee dhpakuUMOHMpPO-
BaHHOTO LLEOHS UM UCKYCCTBEHHOTO Mecka 3To
HECOMHEHHOEe NpPeVMYLLECTBO, Tak Kak NpoayKT
yAapHOro ApobneHus npefactaBrieH 3epHamMu
N30MeTpUYeckor opmbl 6e3 BHYTPEHHUX Ae-
eKToB C HebomnbLUMM CcofepxaHueM nepe-
M3MerbYeHHOro npoaykta. B Toxe Bpemsi ons

Puc.4 BuxpeBasi MenbHuLa 1 ee poTop.
Mpeobnagatowmii cnocob naMens4eHnst
B TAKOM arperare - UICTupaHue

nony4yeHns GonbLuei TOHWHbI MoMona, ynpoy-
HeHVe YacTuL, KOTOpoe NpoMCXoauT BMecTe C
YMEHbLUEHVEM VX pa3mMepoB, co3fdaeT [onorn-
HUTEnNbHbIE TPYAHOCTY.

B onpeneneHHbIi MOMEHT, Koraa CTPYKTyp-
Hasi NPOYHOCTb KaXAOW OTAENbHOW YacTuubl
[OCTUraeT CBOero MakcMmyma, a ee macca Hu-
YTOXHO Mana, cBobOAHbIN yaap MpaKkTU4Yecku
MOMHOCTbIO 3aMellaeTcs uctupaHvem. Potop
LIeHTPOOEXHOW MenbHULbI NnepecTaeT BbIMon-
HATb PYHKUMIO yCKOpuTenst n paboTaeT cko-
pee Kak 3aBUXpWUTENlb MaTepuanoBO3AYLUHbIX
notokoB (Puc. 4). YBnekaemble K CTEHKam no-
MOJTbHOM Kamepbl KPYMHble YacTuULlbl BbITECHS-
toT Gonee merkve, KOTopble, NepemeLLasicb oT
nepudepun K LLEeHTPY, M3MeNsL4aTCs UCKMHoYM-
TEMbHO 3a CYET B3aMMHOTO UCTUPaHUs B Typoy-
NEHTHbIX MNOTOKaXx.

Ecnun cyaute no pacxopy aHeprum Ha 06-
pa3oBaHVe eAUHULIbI HOBOW NMOBEPXHOCTU TBEP-
ObIX MaTepuarnos - 3TO OAWH U3 caMblx Head-
heKTVBHbIX CNOCOGOB U3MENBYEHNS.

PALUMOHAIIbHOE YCKOPEHUE, CNOCOB

CoBepLUeHHO 04eBMAHO, 4TO AnA nog-
[epXaHns BbICOKOTO YPOBHSA 3(pdeKTUBHOCTM
YAAPHOro  AUCNEePrupoBaHUs  KUHETMYeckas
QHEprust MenioLLMX Ten, KyCcKoB, 3epeH, YacTuL,
U T.A. He AOIDKHA YMeHbLuatbes. [laHHoe ycro-
BWE CTaBUT MOA COMHEHVE CaMy BO3MOXHOCTb
MPOMBILLIEHHOTO ~ UCMOMb30BaHNA  addekTa
caMouCTVpaHusi TBepAablx MaTtepuanoB (= 3
no wkane Mooca) B mMpou3BOACTBE BbICOKO-
avcnepcHbIX nopolukos (Sya=3000 cwm?/r), Tak
KaK pacxofl dHeprum B 3TOM Criy4ae B AeCATKM
pa3 npe.blLaeT obLenpuHsaTbIe HopMmbl. EcTe-
CTBEHHO, 3TO BOBCE He 03Ha4aeT, YTo yaapHoe
N3MEmNbYEeHNe OrpaHN4YeHo AMCNeprupoBaHu-
eM TOmnbKO MSArKMX, HEMpoYHbIX, Manoabpa-
3MBHbIX BeLLEeCTB, HaMNpPOTUB, MPUBEAEHHbIE
(haKTbl TOMbKO yKa3bIBalOT HAa HEOBXOAMMOCTb
CO3[aHust ApYrMxX TUMOB MEMbHWL, CMOCOBHbIX
peanusoBaTb BCe MpeuMyLlecTBa paspyLuato-
Liero ynapa.

MHTeHcndmKkaumsa mexaHunyeckoro gucnep-
rMPOBaHUS BO3MOXHA TOMbKO 3a CYET yBenu-
YeHus paboTbl MenoWwmx Tern, Macca KOTOpbIX
Cepbe3HO He MEHSIETCS B TeYeHue BCero npo-
Liecca. [laHHOe ycrnoBve oT4acTy peanusyeTcs B
BUOPALIMOHHBIX, NMAHETapHbIX U LEHTPOGEXHO-
ANNUNTUYECKUX LLIAPOBBIX MEMbHULIAX, UICMOMb3Y-
eMblIX B HacTosiLLiee BpeMs A5 TOHKOro nomorna
MVHeparnbHOro cbipbst. MpUHLMN AeACTBUSA 3TUX
MaLLUVH OCHOBaH Ha MHTEHCUBHOM MOOBYXAeHUN
MenioLmMX Ter, Korga B3aMeH CuM rpaButaumu,
BbI3blBaOLLEN MafeHne LapoB, WCMOMb3yeTcs
NHepLuws, LIeHTPoBeXHbIE CUIbl U T.4.

BpalueHue Bana Bubpatopa, a 3a HUM 1 ca-
MOrO Kopryca MeNnbHWLbl 3aCTaBnseT MentoLne
Tena cosepLlaTb ABWXEHWSA B COOTBETCTBUM C
BENUYMHOW 3KCLIEHTPUCUTETa UK paguyca Bo-
avna. lMepegava aHepryn MeniooLen 3arpysku
OCYLLECTBMSETCA 4epe3 KOpMnyc MemnbHULbI.
Mop AencTBrem MHepLUMK, LEHTPOBEXHbIX cunl,
3HaKoMepPeMeHHbIX Harpy3okK Lapbl BHYTPU Kop-
nyca ABWXYTCS NO CMOXHOW TpaekTopuu, npu-
XUMaloTca K CTeHkam GapabaHa, yaapstoTcs
apyr o6 gpyra, a Takke 0 YacTulbl n3Mernb4a-
emoro matepuana, pa3busasi, pasgaBnueas u
nepetmpas mx (Puc.5).

MuHycom gaHHoro cnocoba siBnsercs Tex-
HUYeckas CNOXHOCTb ero peanusaumun. Lienbin
pPAO KOHCTPYKTUBHBLIX WM TEXHOMOrMYEeCcKUX He-
[0CTaTKoB BUOPALMOHHBIX U @HanorvyHbIX UM

MenbHUL, NPEnATCTBYeT CO34aHWMI0 MalUuH, B
KOTOPbIX BbICOKasi 3(EKTUBHOCTL MOMONa
coyeTanacb Obl C TEXHUYECKOW HafgeXHOCTbIO
obopynoBaHusi. TpyoHOCTM ypaBHOBELUMBaHWS
MaCCVBHbIX OBWXKYLLUXCA YacTel, paspyLuato-
Lilee Bo3aeicTBMe BUBpaLum 1 Gonbluve yaap-
Hble Harpysku, CroXHasi KuHemaTuka npusoga
bapabaHa - Bce 3K hakTopbl CaMblM HEraTuB-
HbIM 06pa3oM ckasblBalOTCst HA HAAEXHOCTU U
6e30Tka3HOCTM arperaTtoB. B HacTosiLlee BpeMs
BMOpaUMOHHbIE U MOJOGHbIE MM MENbHULBI B
OCHOBHOM MCMONb3YyTCA B kadecTBe nabopa-
TOPHOrO M MONyNpOMbILINEeHHOro obopynoBsa-
HYS1, MO3BONSAIOLLErO OCYLLECTBMATL TOHKUA U
0c060 TOHKMI MOMOIT MUHEPAarbHOro Chipbsi C
npousBoauTenbHocTbio Ao 500 kr/y. B kpynHo-
TOHHAXHOM MPOW3BOACTBE [aHHble MeSbHULbI
LLIMPOKOTO MPUMEHEHUSI HE HaLLIMU.

Puc. 5 BubpauvoHHas menbH1La 1 cxema ee
paboThbl

OpHako B flaHHOM criyyae npobnemy mac-
LTabupyemocTu npoLiecca crieflyeT OTHECTU He K
peanunsyemomy crnocoby nsmens4eHus;, a ckopee
K €ero annapatHoMy obecneyeHmio. Yxe ToT dakT,
410 Bonee MHTEHCUBHOE NOBYXAEHME LLIAPOB Mo-
3BONWIO BbINTU Ha HOBbI YPOBEHb MEXaHUYECKO-
ro AUCNEPrYPOBaHUS yKasblBaeT Ha NepcreKkTmB-
HOCTb AaHHOro HanpasneHus. OCHOBHOW BONpPoC
3aKrn4aeTcst TonbKo B Bblbope Hanbonee pauu-
OHanbHOro cnocoba coobLUMTL MENLLMM Tenam
[0CTaTO4HO BbICOKYH CKOPOCTb.

Ho yBenununtb paboty Memiowlen 3arpysku
BO3MOXHO 1 He NPUBOAS B ABMXKEHNE BECb KOPNYC
MerbHULbI, @, HaNpUMep, PasorHaB TOMbKO OTHO-
CUTEMBbHO FETKWiA POTOP-YCKOPUTENb, KOTOPbIA U
OyneT pasbpacbiBaTb UNM «BbICTPENMBATLY LLAPbI
BMeCTe C U3Mernb4aemMbIM Matepuanom. Beaps co-
0BLLUMTE BONbLLYIO KUHETUYECKYIO SHEPTUIO MENHo-
WM Ternam BO3MOXHO Kak MUHMMYM [OBYMSi CMO-
cobamut: unu HamnpsiMyto, pasorHaB B yckopuTene
Lapbl BMECTE C M3Merb4aeMbIM Matepuarnom,
Uny  OMoCpenoBaHo, Yepe3 KOpryc MENbHULbI.
Mpu sTOoM nepBbIN crnocob siBnsieTcst Gonee ad-
PEeKTUBHBIM, Tak Kak 3Hepris nepefaercs Hemo-
CPEenCTBEHHO [eNCTByoLLEMY Teny u obbekTy B
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paspyLlleHnd, UCKN4Yaa nepenaTtodHble 3Be-
HbA, @ 3Ha4YUT U OONOJTHUTENbHbIE 3aTpaThbl.

KINETIKOS - NPUBOASALLNIA B OBUKEHUE

Ecnv B LeHTp poTopa-yckopuTtens BMecTe
C MaTepuanoM noaatb Takke 1 MenioLme Tena,
npeobnagatowmm crnocobom namensyeHus Oy-
[0eT He pasfaBnvBaHWe-UcTVpaHne, a UMEHHO
yaap (Puc.6). Takyto MenbHULY MOXHO HasBaTb
yAapHO-LLApOBO, TaK Kak UMEHHO Liap ABns-
eTcs [eiCTBYIOLMM Merowmm Tenom. Hosast
MerbHMLa, Kak U peanusyemblin et cnocob us-
MeribYeHNs, OTKPbIBAET COBEPLUEHHO HOBble
BO3MOXHOCTW [MCMEPrupoBaHvst TBepabIX Ten,
Mo3BONSSi CEPbe3HO NepecMOTPEThb CyLLEeCTBY-
IOLLYIO MPAaKTUKY MOMNyYeHUs MopOLLKOOOPasHbIX
marepuanos.

YaayHo coveTasi npenmyLLecTBa «knaccuye-
CKMX» LIAPOBbIX U ObICTPOXOAHBIX LIeHTPObex-
HbIX MenbHWUL, YyoapHas LapoBasi MenbHUua
[eMOHCTPUPYeT HanbonbLLYtO B Kracce cTeneHb
N3MEenbYeHNs, TEXHNYECKYIO HaJeXHOCTb, BO3-
MOXHOCTb MPOBEAEHUs1 MOSHOTO CrekTpa Me-
XaHOXMMMYECKMX peakumnii 1 npespaLleHun. Ee
OCHOBHbIM OTNNYMEM OT PACCMOTPEHHOTO BbiLLIE
obopyaoBaHust SBNSeTCA Bbicokas ahdekTvB-
HOCTb Ha BCEX CTansIX U3MENLYEHNS, OT MENKo-
ro ApobneHns [0 CBEPXTOHKOro nomona.

Bonbliass pa3monbHasi MOLHOCTb yaap-
HO-LLIAPOBOW MenbHWUblI obecneunBaeT U Le-

Pwuc. 6 MNpuHuun gencTens v BuA4 NOMOSbHOW
KaMepbl yaapHOW LLapOoBOW MEMbHULLbI
«TPUBOKNHETUKA»

NbIA psf OOMOMHUTENbHBIX MPEVMYLLEeCTB B
co3faHMM  yyactkoB ApobneHus-nomona 3a
CYeT cokpalleHust eavHuL, obopynoBaHus, 3a-
OencTBOBaHHOro B npouecce. Ecnu kpynHocTb
nMTaHUa BMOPALMOHHBLIX MEMbHUL, OObIYHO He
npesbiwaeT 3-5 mm, « TPUBOKUHETUKA» 3a-
rpy>aeTcs Kkyckamu matepvana pasmepamu o
70 MM BKINOUMTENbHO. Tak Kak ux macca gocta-
TOYHO BbICOKA, MOKMAAS POTOP-YCKOpUTENb CO
ckopocTbio nopsigka 40-60 m/c, KpynHble Kycku
paspyLiatoTca npu yaape o6 oTpaxaTenbHble
nnuTbl ctatopa menbHUUbl. C yMeHbLUeHMEM
pa3MepoB YacTuL UX AanbHenlee n3Mensye-
HVe NPOUCXOAMUT B pe3ynbsTaTe yaapoB LUapoB,
KMHeTUYecKas SHeprys KoTopbiX COCTaBMseT OT
6 0o 400 (B 3aBMCUMOCTM OT Macchl Liapa n
CKOPOCTM pOTOpa), YTO BMOMHE AOCTAaTOYHO AMnS
paspyLUeHMs caMblX MPOYHbIX MaTepunanos, 1c-
nosb3yeMblX B MPOU3BOACTBE MOPOLLKOB. Takum
obpa3om, Ha BCex CTagusx nomona yaapHas
COCTaBrsAloLLaA He 3aMeLlaeTcs UCTUPaHnem,
a 3Ha4MT M He TepsieT cBoelr 3PPEKTUBHOCTMH,
N3MEHSII0TCA TOMNbKO BMAbI yaapa.

Tak, npy rpy6om nomorne npeobnagaroLmm

sBnseTca cBobodHbI yoap, korga martepuan
paspyLuaeTcst no cnabbiM cnasim 1 gedektam.
Mo Mepe yMeHbLUeHUs1 pasmMepoB YacTuL, KX
OanbHellee paspyLueHWe MpoucxoguT B Me-
CTax COoCpedoTOMEeHUst HanbombLUMX Harpys3ok,
TO eCTb B pe3ynbraTte CTECHEHHOro ypapa.
C yyeTom HaumbomnbLUeN KPYMHOCTU MUTaHUs
CTeneHb W3MENbYeHUss B yAapHO-LLApOBOWA
mMenbHuue gocturaet 1000 n Bbiwe, 4TO npe-
BOCXOAWT BO3MOXHOCTW MPaKTUYeCKn BCEX Cy-
LLIECTBYIOLLMX B HacTosiee BpPeMs arperatoB
TOHKOrO nomona. ¥ atu BnevatnsioLmne pesynb-
TaTbl 4OCTUraOTCSt NMPU OTHOCUTENBHO HEBbLICO-
KMX CKOpPOCTSIX BpalLEeHUsi poTopa-ycKopuTens
(o1 1000 go 3000 06/MUH), Y4TO MOMNOXUTENBHO
CKa3blBaeTCS Ha pecypce W3HaLIMBalOLLMXCS
YyacTen, NPUBOLAHOM YacTu U obLlen HaJeXHo-
¢t obopynoBaHus.

Ho ypapHasi wapoBasi MenbHuLa - 3TO He
TONMbKO Bonbluasi pasmMoribHas MOLLHOCTb, HO
W MNpexne BCEro BblCOKasi 3KOHOMUYHOCTb U3-
mMenbyeHns. Begb cosgaHne npefenbHol KOH-
LeHTpauun 3Heprum B OrpaHnYeHHoM obbeme
NMOMOIbHOW KaMepbl He SBMSIETCS CaMOLIENbHo,
3(PPeKTUBHOCTb TOHKOrO MOMONa onpeaenser-
ca Tem, Ha 4To pacxogyetca 6Gonbluas 4acTb
nogseneHHow aHepruun. Mpu uctnpatowem no-
More 3To, Mpexae Bcero, Harpes, BMbpauus,
CO3[jaHne MapasuTHbIX BO3AYLUHBIX U LIMPKY-
NAUMOHHBIX MOTOKOB, HEMPOAYKTMBHOE Harpy-
KeHue TOHKUX hpakumin npogykta nomorna u
T.0. YoapHas wapoBas MenbHULa NpakTu4ecku
MOSMHOCTbIO MULLEHA MNEePEeYNCreHHbIX HEeao-
CTaTKOB, AlaXke BO3ayLLHbIE NOTOKW, 06pa3oBaH-
Hble BpaLlalLWMMCS POTOPOM-YCKOPUTENEM,
MCMOMb3YHTCS MaKCUMarbHO NPOAYKTUBHO.

XOpoLWo M3BECTHO, YTO 3(PPEKTUBHOCTb
MeXaHU4eCcKoro AMCNeprupoBaHusi, oLeHnBae-
Masi No ONTUManbHOMY rpaHyNoMeTpPUYECKOMy
COCTaBy MopoLUKa MU MUHUManbHOMY yaernbHo-
My pacxofly 3MeKTPO3HepPrun, TeM Bbille, YeM
GbICTpee 1 NonHee BbIAENSAOTCSA U3 MaTepuana
Hanbonee TOHKMe dpakuumn, TOPMO3SALLME NPo-
Liecc usmernbyeHns. B cylecTByoWmnx MenbHu-
Lax rnpoLecchkl nomora 1 Knaccugukauum, Kak
npaBuno, pasgeneHsl. To ecTb MenbHMLA CO-
CTOUT M3 OTAENBHOIO N3MENBYUTENSA U YCTPOW-
CTBa, rae MPOVCXOAUT pasferneHue npopykta
rmomoria Ha TOBapHyl pakuuio U KpyrKy, OT-
npasnseMyto Ha JOMOrT.

B HOBOM yAapHO-IApOBON  MeMbHULE
npoueccbl M3MeNnb4YeHUsl U pasfgeneHust co-
BMELLEHbl B OOHOM YCTPOWCTBE - MerbHU-
ue-knaccudmkatope.  BosgywHble  NOTOKK
3axBaTblBalOT 4aCTULbl HYXHbIX pa3mMepoB
N BbIBOAST WX W3 MOMOJIbHOW Kamepsbl, ynyy-
Lwasi TeM cambIM YCroBUsi paboTbl MEMbHULbI.
Takum obpasom, bonbLuas YacTb NoABEAEHHON
3HEepruM pacxogyeTcs UMEHHO Ha paspyLueHvie
OTHOCUTENbHO KPYMHbIX 4acTul, a He Ha mno-
BTOPHOE HarpyxeHue Menkux.

BcTpoeHHbIN  knaccudpukatop Takke no-
3BONSIET U3MEHSITb IPaHuLYy pasgeneHust, nepe-
KnoyaTb CUMCTEMY Ha BO3BpaT KpyMKku B 3aMm-
KHYTbIX CXemMax M3MeNlbYeHVs Unu Bblgavy Ao
Tpex dpakumin NpoaykTa noMona B OTKPbITbIX
cxemax.

UTOI'M U NEPCNEKTUBbI

MN3amenb4eHune ABnseTcs OCHOBOW
OONMbLUMHCTBA COBPEMEHHbLIX TEXHOMOrunin
M LIMPOKO MCMONb3yeTcsl B CaMblX pasnuy-
HbIX obnactsax maTepuanbHOro NpPoM3BOA-
cTBa. 3HAKOBbIE AOCTUXEHUS YernoBeYecKomn

LMBMIM3aLmmn oT XrnebHoW MyKu A0 U3BECTU
HepaspbIBHO CBHA3aHbl C Mnpoleccamu Jpo-
6neHunst n nomona.

B Bek WHPOPMALMOHHBLIX TEXHOMOrui
MeXaHu4eckoe AWCNeprupoBaHue He TONbKO
He yTpaTuio CBOEro 3HaYeHusi, Ho Npuobpe-
no cratyc 6asoBoro nepefena, pesynbraThbl
KOTOPOro B KOHEYHOM WUTOre W onpeaensior
OCHOBHbI€ CBONCTBA KOMMEPYECKOTO NPoaYyK-
Ta. lNpobnema pauvoHanusauuMm npouecca
N3MenbYeHNst, Kak N CO3AaHUsA HOBbIX TUMOB
MeInbHUL, HUKOTAA elle He CTosina Tak OCcTpo
Kak B HacTosilee Bpems. CerogHsa peanbHas
noTpebHOCTb B BbICOKOAMCNEPCHBIX MOPOLL-
Kax 3HAYMTENbHO MPEBbILIAET BO3MOXHOCTHU
«KIacCUYeCcKMX» MenbHUL, TOHKOro nomona,
Kak B yacTu cebecTtoumocTu, Tak U Kaye-
cTBa npoaykta. [lpyM 3TOM HekoTopble TUMbI
n3mene4nTenbHoro obopygoBaHUs npakTu-
YecKu MOMHOCTbIO McYepnanu pesepsbl ANA
Ccepbe3Hon ModepHU3aumnn.

Poct notpebneHus nopolkoobpasHbix
maTepuanoB, B TOM 4ucrne CyObMUKPOHHOM
pa3MepHOCTU, NpeabsaBnsieT Bce 6onee xecT-
Kne TpeboBaHUSA He TOMNbKO K rpaHyrnoMeTpu-
YECKMM XapaKTepucTukam MOpPOLLKOB, HO
Takxe K opMe oTAENbHbIX YacTul, CTPYKTY-
pe norpaHuWYHbIX CroeB, pPeakLMOHHOW crno-
cobHOCTVM HOBOOGPAa30BaHHOW MOBEPXHOCTH,
cebecToMmocTn nomona u 1.4. B aTon cBa3su
nokasatenu 3P{PEKTUBHOCTU U3MENbYEHNS
nprvobpeTaloT COBEPLUEHHO HOBOE 3HaYeHNe.
WM ecnu npu oTHocuTenbHO rpy6bomM mnomorne
pacxog WNu TOYHee nepepacxon JHepruv
He npeBblllaeT OOWEenpuUHATBIX HOPM, a ee
nonsi B ceb6ecToMMOCT/ KOHEYHOTO NpoAyKTa
He3HauyuTenbHa, TO MPOM3BOACTBO BbICOKO-
ONCMNEPCHbIX MOPOLIKOB, KOTOpOe BCeraa
cBsi3aHO Cc 6oree BbICOKMMY S3HEPreTU4ECKM-
MW 3aTpaTaMu, MOMNPOCTY HE MOXEeT MOo3BO-
nnTb cebe wncnonb3oBaHWe HeAoCTaTOYHO
3P PeKTMBHBIX CNOCOBOB ANCNEPrMPOBaHUS.
B npoTvBHOM cny4ae camble MporpeccuB-
Hble TEeXHOMOrMW CTaHOBATCS NIEHHWKaMu
ycTapeBLlIMX B3rMs40B, TPaauLUMA U TEXHU-
Yeckux pelleHun «BpemeH O4akoBCKUX W
nokopeHbs Kpbima...».

KoHcTpyKTOpCKME — pelleHusi, UCMnoflb-
30BaHHble NpU CO34aHWM yAapHO-LIapOBOWA
MenbHULbI, 3awWuLLeHbl naTeHTammn PO.m
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