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H €ro NnpuMeHeH1e

[NPOTUBOTOYHLIE UMMNENEPHI
U1K HOBAA KOHCTPYKUAA KOP3UH
BblCTPOXOAHbBIX AESMHTEIPATOPOB

TEXIIPMEOP

OCHOBHOW 1 NpakTN4eCKN eAUHCTBEHHON
cepbesHoi npobnemow, BO3HMKAKLEN MpK
aKcnayaTaumy GbICTPOXOAHBIX Ae3UHTerpa-
TOPOB, SBASETCSA BbICTPbIA N3HOC MOMOMBbHbIX
3NEMEHTOB — CTEPKHEN AN NanbLeB-0un, YTo
cambIM HeraTuBHbIM 06pa3oM CkasblBaeTcs Ha
cebecTonMOoCTN LE3VNHTErPaTOPHOr0 U3MENb-
yeHns (puc. 1).

N xots pacxon meTanna Ha obpasoBaHue
€AVHULbI HOBOV NOBEPXHOCTY B A€3UHTErPaTo-
pe He Bbille, YeM B APYTrUX U3MENbYUTENbHbIX
arperarax, nocneAcTens abpasvBHOro U3Hoca
MOMO/IbHbIX 3NEMEHTOB UMEKT NPUHUMNANb-
Hble pasnnyug.

[leno B TOM, YTO KOAWYECTBO MEOLLErO
MeTanna B [e3MHTerpatope OTHOCUTE/b-
HO HEBENWKO, a nmanbubl-6una, Kak npasuno,
ABNFITCH 3NEMEHTAMU KpenneHnsd netanem
POTOPOB-KOP3WH. I ecawn, Hanpumep, B Wapo-
BOW MeNbHULE U3HOC LLIApOoB, NMOMELLEHHbIX B
KOpMyC, He YMEHbLUAET NPOYHOCTb KOHCTPYK-
UMK, TO U3HOC ManbLeB-6un 4OMYCTUM TONBKO
B Mpefenax 3anaca npoyHOCTU Y3/10B, NHAYE
AanbHenwas paboTa Le3VHTErpaTopa MOXeT
MPUBECTU K aBapuu.

Ha NpoTSHEeHWM BCEro BPEMEHW MPOMbILL-
NIEHHOr0 MCMONb30BAHNS [Ee3UHTErpaTopos
MOCTOSIHHO MPEANPUHUMANUCE MOMbITKW yBe-
NUYEHNS CPOKOB X BE3PEMOHTHON SKCMayaTa-
UMM MyTeM NOBbILLEHVS abpas3vBHOW CTONKOCTI
MOMO/IbHbIX 31eMeHTOB. [py 3TOM OCHOBHbIE
ycunansg 6binn HampaBneHbl Ha yBeNUYeHue
TBEPAOCTY NanbLeB-61n 3a CYeT NPUMEHEHMS
PEOKMX 11 JOPOroCTOSALLMX MaTepUanos, Bna0Th
[0 MeTannokepaMmyeckx KOMMNo3nUTOB Ha 0C-
HoBe kapbuaa Bonbpama. Popme 1 pacnono-
KEHWI nanbLes-6bun Npy 3TOM He yAensanoch
[OMKHOr0 BHUMAHWS, a BMECTE C TEM, MEHHO
3TOT NyTb NO3BONSET MHOTOKPATHO YBENNYUTD
PECYPC MOMO/bHBIX 31EMEHTOB ObICTPOXOAHO-
ro AesuHTerpaTopa Havmbonee pauyoHanbHbIM
cnocobom.

[ins TOro 4ToObI MOHATB, B YEM e 3aKya-
t0TCS NMPUHLMNMANBHBIE OTINYNS MPOTUBOTOYHbIX
MNeNnepoB (CNOBO «umMmennep» obosHavaeT
Mewlanky B Buae paboyero koneca ¢ 10macts-
MU, BpaLLaloLLMUCS BOKPYF MPOAOALHOM OCK)
OT CTEPHHEBbIX POTOPOB-KOP3UH «Kaaccuyec-
KOW» KOHCTPYKLMW, He0OX0ANMO PaccMOTPETh
OCHOBHbIE (PAKTOPbI, OKa3blBaKLLMe BAVGHIE HA
abpasvBHy CTOMKOCTb MOMO/BLHbIX 31EMEHTOB.
OTBETUTD Ha LieNbli psia BOMPOCOB:

* YTO MPOWCXOAUT B MOMEHT 1 Mocne ynapa
nanbLes-6un 0 YacTulbl N3MEeNbYaeMoro
martepvana?

+ BO3MOMHO N1 CyLleCcTBEHHOe (6onee Yem
B 4 pasa) yBenuyeHve pecypca poTopoB-

Kop3uH 6e3 MoBbILLEHNS TBEPAOCTY (a 3HA-

YWT, U CTOMMOCTY) nanbLes-6un?

* Kak (hopMa 1 pacrnonoMeHme nomMonbHbIX
91EeMEHTOB BAUSIT Ha 06Uy pasmonb-
HYI MOLLHOCTb LE€3MHTEerpaTopa v CpoKu
ero 6espeMoHTHON 3KcnayaTaumn?
TOHKM MOMON BCErAa CBA3aH CO 3HAYU-

TeNbHbIM PACX0A0M 3Heprum 1 6e3BO3BPATHON

noTeper MeTanna NnoMO/MbHbIX 31EMEHTOB. [pu

MPOYKX PaBHbIX YCAOBUSX CPOKM BE3PEMOHT-

HOW SKCMAyaTauuy onpesenstoTcs KOnM4ecT-

BOM MENIOLLEr0 MeTanna, noTeps KOTOPOro He

BbI3bIBAET ONACHOr0 0CNabneHNs KOHCTPYKLMN

MenbHMLUbI. M03TOMY M3HALIMBAKLLMECS Yac-

TV W3MENbYUTENbHbIX arperatoB CTPEMATCS

coenatb Kak MOXHO 60n1ee MacCUBHbIMYK, a

9NEMEHTbI X KPEemnneHUs BbIHECTU U3 30HbI

KOHTakTa ¢ obpabaTbiBaemMbiM MaTepuanom.
Ho B CTepxHEBOM Ae3nHTerpatope Mak-

CVYManbHbIN AvameTp nanbLueB-0un orpaHnyeH

Kak pasmepamy camoro potopa, TaK u Heob-

XOAVIMOCTbI0 pa3MeLLeHNs BO3MOXHO Gonblue-

ro KONMYecTBa PSA0B MOMOMbHbIX 91EMEHTOB,

Tak Kak C MOBbILUEHUEM PSAHOCTY ManblieBs-

Oun yBENMYMBAETCS BEPOSITHOCTb, YTO Kaxaas

0TAeNbHAsA NeCYMHKA NOAYYUT yaap BO BPEMS

CBOETO ABWMEHUS OT LieHTpa poTopa K ero ne-

pucepun.

30eCb-TO U CKPbIBAETCS FNABHOE MPOTU-
BOpEeYMe poTopa-Kop3WHbl Ae3uHTerpaTopa
«KNnaccuyeckom» KOHCTpykuun. [ng Toro,
4TOObl YMEHbLWNTH «MNPOCKOK» Menbyanmnx
yacTul, HeobXoanMO YBEANYUTL KOMUYECTBO
PSAOB ManbLeB-6un, a YTobbl pa3mMecTuTb 3TU
PSAbl HA POTOPE, HYXHO YMeHbLWUTb AnaMeTp
nanbues-6un. Ho ¢ yMeHbLUeHEM AnameTpa
nanbla yMEeHbLIAeTCs W 30HA NEePeKpbITUS
TPAEKTOPVA ABUMKEHNS OTAENbHbIX YacTul, 1
paxe 6onbluasg paaHOCTb yAapHbIX CTEPHHEN
He cnocobHa MOAHOCTbIO YCTPAHWUTb «Mpo-
CKOK>.

Ecnu e noBbiWwaTth U paaHOCTb, 1 AVameTp
nanbueB-6un, pacTyT pa3mepbl poTopa- Kop-
3WHbI, 4TO TpebyeT Takxe yBennyeHws raba-
PUTOB KOpMyca, AvaMeTpa NpYBOAHbIX BANOB,
NOALUMMHMKOBBIX OMOP, MOLWHOCTA MpUBOAA U
T. 0.

[03TOMY CTEPHHEBbLIE POTOPbI-KOP3MHbI —
9TO BCErfa HeKOTOPbIA KOMNPOMICC MEXAY
CTPEMNEHUEM YBENWNYNTE MAcCy nanbues-oun,
pasMecTMB Ha ANCKE Kak MOXHO 60/blue 1X
PSLOB, U COXPAHEeHVeM pasMepoB Camoro po-
Topa.

Kak mokasbiBaet 6onee Yem 100-neTHAS
NCTOPUS AE3VHTErpaTopoB (puc. 2), TeXHU-
YECKOr0 pEeLLeHMs, KOTOpoe Mo3BOANAO Obl
€030aTb CTEPKHEBbIE POTOPbI-KOP3MHbI, CO-

yeTakLime 6onblyl maccy nanbues-6un u
yCTpaHeHne «MpocKoKa» YacTul, He cyllec-
TBYET.

OpHako 3Ta 3afava MoxeT ObiTb pelueHa
nyTeM W3MEHEHNs CamOl (POPMbI MOMOMbHBIX
9NeMeHTOB. [lepexoq 0T CTEpKHen K nnac-
TYHaM-710MacTaM MNO3BONAET YBEANYUTHL WX
Maccy, 04HOBpeMeHHO obecneyns 6onbluee
(MO CpaBHEHWIO CO CTEPHHEBLIMU ManbLamm)
nepekpbITYe TPAEKTOPU ABVIKEHNS YacTuL, B
Le3VHTerpartope.

Kak yBenn4uBaeTcs KOAMYECTBO «pac-
XOLHOr0» MeTanna NnoMOMbHbIX 3NEMEHTOB B
3aBMCKUMOCTY OT WX (POPMbI, MOXHO MpOAe-
MOHCTPVPOBATb Ha CneaynLleM npuMepe: B
YeTbIpeXpsaaHOM Le3VHTerpaTope ¢ AnameT-
pPOM POTOPOB-KOP3WH 0K0A0 400 MM MCNOMb-
3yl0TCH yAAPHbIE 91EMEHTbI BTYI04HOIO TUNa,
LJVHONM 66 MM, HapyXHbIM AYamMeTpoM 24 MM
V1 BHYTPEHHUM OTBEPCTUEM AnameTpom 10 MM
(puc. 3).

Tak Kak OCHOBHOM WM3HOC MOMOMbHbIX

9NEeMEHTOB Ae3unHTerpaTopa npoucxoamnt no
MOBEPXHOCTAM CKONb3ALLEro yaapa, cnycrs
HEKOTOpOE BpPEMH CTepxeHb npuobpeTtaet
(hopMy Kannu, HanpaBAeHHOW CBOEN OCTPON
4acTbto B CTOPOHY BpaLleHnd poTopa-Kop3aun-
Hbl. Mpy 3TOM 13 coobpaxeHnin COXpaHeHNs

L it \, ; v
..‘:L“‘g g Ay ¢
Puc. 2. [leannterpatop Kapa, 1896 roa. VmetoTcs WwecTb psaos

CTEPIKHEN Manoro anameTpa. rnara 3a yMeHbLIEHME «MPOCKOKa»
YaCTHL — CHIKEHIE PECYPCA MOMOMbHbIX 3NEMEHTOB.
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30HBI MHTEHCMBHOMD M3HOG:

Z30HLI MHTEHCUBHOND WAHOCE

Puc. 3. yﬂaprIe SNEMEHTbI BTYNI04HOTO TiNA B YETIPEXPAAHOM
[ie3nHTerpaTope

"

Puic. 5. CxeMbl YZapHOro KOHTAKTA 1 MOCNeAYIOLLEro NepemeLLeHns
4aCTUL| M3MeNbYaemMoro Matepuana OTHOCKTENBHO MOMOSIBHOTO
3neMeHTa POTOPA-KOP3IHbI AE3MHTErPaTopa: a — MOMOAbHbIA
3NEMEHT KpYrnoro ceyeHns, 6 - B Buge nonacty. Hanpaenene
BPALLEH] — CTIpaBa Haneso.

MaKCUManbHOM MPOYHOCTW KOHCTPYKLMU 13-
HOC He [OMKeH 3aTpOoHYTb OONT KpenneHus
nanbla K poTopy Ae3uHTerpatopa.

«PacxofHbivi» Menwun MeTana Takoro
BTY/NI0YHOrO nanblia coctasnget 10,8 cm3 nm
86 r. /IMeHHO 3Ta uMgpa, B KOHEYHOM CcyeTe,
onpeaenseT peanbHble CPOKK GE3PEMOHTHOM
9KCMayaTaummn AesnHTerpaTopa u pecype ero
POTOPOB-KOP3WH.

Ha puc. 4 nokasara nonactb MpOTUBOTOY-
Horo umnennepa «PECYPC-450» ¢ 30HamMu
Havnbonee CUbHOrO M3Hoca.

wpuHa nonactn coctasnget 50 MM, Anu-
Ha paboyer noBepxHoCTU 70 MM, a TOALUMHA
12 MM. KonnyecTBO MentoLero MeTanna, pac-
XOf KOTOPOr0 He CKas3blBAETCH Ha MPOYHOCTM
KOHCTpYKUWK, coctasnget 21 cM3 uan 164 T,
4TO MOYTY B [1BA Pas3a Bblille, YeM Y BTYNOYHOrO
nanbLa.

V13Hoc 601TOB KpenneHns aetanen potTopa-
KOP3MHbI MPaKTUYECKM MOMHOCTLIO OTCYTCTBYET,
TaK Kak OHW pasmMeLLalTCcs no3aan nonactu B
30HE a3POAMHAMNYECKOTO «MeLlKa» 1 UX KOH-
TaKT C YyacTvuamn n3mMenb4aemoro martepuana
MUHUMANEH.

HO [OMONHUTENbHBIA «PACXOAHbIN> MeTan
— 970, Tak CKasaTb, MacC1BHOE yBeNU4eHue
pecypca, a B apceHane npoTUBOTOYHbIX UMMEeN-
NIEPOB €CTb V1 AKTUBHblE MPVEMbI MOBbILIEHNS
PasMOo/bHOM MOLLHOCTW [e3nHTerparopa Ha
(hOHE CHIIKEHMS abpa3vBHOrO M3HOCA NOMO/b-
HbIX 3N1EMEHTOB.

Kak Mbl yxe ropopunu, Haubonee cuabHbIN
N3HOC MOMO/IbHbIX 3N1EMEHTOB Ae3NHTEerpaTopa
HabNAAeTCS Ha MOBEPXHOCTAX CKOMb3ALLETO
ynapa. Bmecte ¢ Tem oCHoBHas paboTa n3-

Puc. 4. NonacTb nvnennepa

Puc. 6. MpoteoTouHbIn Mnennep «PECYPC-450»

ME/bYEHNS NPUXOAUTCSA HA KOHTaKTbI C YacTu-
Lamu, HanpasieHHbIMI N04 MPIMbIM YIIOM K
paboyen MOBEPXHOCTW MOMONbHBIX 31EMEHTOB.
To ecTb, BbIHOC MenlLero MeTanna npoucxo-
ANT, NPEMAE BCEro, Mo BHE OTPAKEHHbIX Yac-
TUL, KOTAa NOABEAEHHAs 3Heprng pacxoayercs
HE CTO/MIbKO Ha paspyLUeHne, CKOMbKO Ha n3Me-
HEHWEe VX TPAEKTOPUN ABUKEHUS.

Ypaap no yactuue nog yrnom, 6amskum K
npgMoMy, Hanbonee nMpeanoyTUTENEH Kak C
TOYKM 3PEHNS paspyLualLLlero BO3LeNCTBUg,
Tak ¥ YMEHbLUEHNS BbiHOCA MeTanna. B aTom
cnyvyae [LOCTUraeTcsd MakCMMmanbHO MoaHas
nepenava KMHeTUYECKOM 3HEPrv MOMO/bHbIX
3NeMEHTOB HEMOCPEACTBEHHO 00BLEKTY paspy-
LIeHNs.

Tak Kak poTop-KOp3vHa Ae3uHTerpatopa
B MpUHUMNE AO/MKeH obecneyvBaTb yaap mo
Kawaon OTAENbHOM YacTule 1M3mMenb4yaemoro
marepuana, pesynbTart coyaapeHns npeacras-
ngeT 601bLWON NPaKTUYECKNA HTEPEC.

IMEHHO onNTUMM3aUMS yraa BCTPeYn yvac-
TUL C MOMOMbHLIMA 31EMEHTaMI NMO3BONFET
CYLLEeCTBEHHO YBENNYNUTL Pecypc NocnefHux,
MOBbICVB 0OLLYK PasMo/bHY0 MOLLHOCTb Ae-
3uHTerpatopa 6e3 yBenuyeHus 4actoTbl Bpa-
LLIeHNs POTOPOB.

Ha puc. 5 npeacTaBneHbl CXeMbl YAApHO-
r0 KOHTaKTa ¥ MOCNEeAyLLero nepemeLleHns
YyacTuu 1M3Menb4yaemMoro martepuana 0THOCK-
Te/bHO MOMO/MbHOTO 31EMEHTA POTOPa-KOp-
3UHbl Ae3uHTerpatopa. KpacHbiM LBETOM
noKasaHbl 30Hbl «MPAMOro» yaapa 6e3 CKofb-
HEHUA N KaveHUa YacTul no MoBEPXHOCTY
MOMO/bHbIX 31EMEHTOB. [1py TaKOM KOHTaKTe
NnoABEAEHHAs 3Heprus pacxoayeTcs B OCHOB-

HOM Ha paspyLleHune YacTul. CUHIM LBETOM
noKa3aHbl 30Hbl «CKOMb3FLLEro» yaapa ¢ ne-
pekaTbiBaHWeM YacTul. Ipu TakoM KOHTaKTe
4acTb MOABEAEHHON GHEPrvW PacXOAyeTcs Ha
V3MEHEHIEe TPaeKToPUM ABVKEHWUS YacTull 1
BbIHOC MeTanna ¢ NOBEPXHOCTY MOMOMbHbIX
9M1EMEHTOB.

B 3aBMCUMOCTV OT (POPMbI 1 pacnonoxe-
HIS NMOBEPXHOCTU KOHTaKTa MOXHO BbIAENNTb
HECKOMbKO BapWaHTOB COyAapeHus YacTuu,
pesyabTaTbl KOTOPbIX MOFYT CYLLECTBEHHO
pasanyatbed. Cama (popma MenwLlero tena
KpYraoro cevyeHws npeanonaraeT coBepLUEH-
HO pasnuyHble YCNOBUS KOHTaKTa B KaxAaom
OTAeNbHOM Touke. INpu 3TOM 30HA Hambonee
3(PPEKTIBHOMO «MPIAMOro» yaapa Heeenuka, a
OCHOBHas Macca obpabaTtbiBaemoro Matepuana
nocne ynapa nepekatbiBaeTcs no NOBEPXHOCTY
MOMONBHOFO dnemeHTa (puc. 5, a). Takum 06-
pa3oM, 60/bliag YacTb NOABEAEHHOM SHEPTUN
3aTpayvBaeTcs He Ha U3MenbyeHne, a Ha 13-
MEHEHVe TPAeKTOPUM ABUMKEHUS YacTHLL, YTo,
B KOHEYHOM CYETe, U BbI3bIBAET VHTEHCUBHBIN
BbIHOC MEMIOWIEero MeTanaa C MOBEPXHOCTH
YAAPHbIX 3N1EMEHTOB.

NonacTu He MMEIT OMMCaHHbIX HEAOCTATKOB,
Tak Kak yCcnoBKS VX BCTPEUM C YacTuLamm us-
MenbyaeMoro Matepuana 6onee ctabunbHbl, Oc-
HOBHOW KOHTAKT MPOMCXOANT MOA NPAMbIM Yr/IOM
K paboyer MOBEPXHOCTU YAAPHbIX 3NEMEHTOB W
CKO/bXKEHE YaCTHL, @ 3HAYNT 1 BbIHOC MeTan-
na, MUHUManbHb! (puc. 5, 6).

MpeanoKeHHbIE TEXHNYECKME PELLEHNS, O-
Po60OBaHHbIE B X0 CO3AaHNS MPOTUBOTOYHbIX
nvnennepo «PECYPC-450» (puc. 6), no3so-
NN TaKKe paspelnTb 1 Lenbii psa paHee
«HepaspeLwuMbIx» Npobaem BbICTPOXOAHbIX Ae-
3MHTErPaToPOB.

HecmoTps Ha TO, YTO Macca yaapHbIX ane-
MEHTOB MMMNENNepoB NPaKkTUYECKW HE OTAN-
yaeTcs OT MacChbl CTEPKHeR YeTbIPEXPAAHBIX
POTOPOB-KOP3WH aHanorMyHoro AuMameTpa,
N0NacTU-NAACTUHbLI NMPEBOCXOAAT CTEPKHU
KpYrnoro ceYeHns, Kak no KonNu4ecTsy Me-
nlolero MeTanna, Tak U no seKTUBHOCTY
3MeNbYeHNS.

OpviruHanbHas KOHCTPYKLMS NPOTUBOTOYHbIX
VIMNENNepoB, paccunTaHHas Ha UCNonb3oBaHyie
Hanbonee MPOrpecCyBHbIX METOAOB MeTanno-
06paboTKK (LUTAMMNOBKA, 31EKTPOIPO3MOHHAS
pesKa), caenana BOSMOKHbIM BMECTE C yBenu-
YeHvieM pecypca MoMO/bHbIX OPraHOB CHUMEHME
VX ce6ecToMoCTML.

B naHHOM Cyyae MHHOBALMOHHbIE PELLIEHUS,
HanpaBneHHble Ha MOBbILIEHNE HAAEKHOCTY U
6€30TKa3HOCTU Hanbonee HarpyxeHHoro ysna
ObICTPOXOAHOIO Ae3VHTerpaTopa, yaayHo cove-
TalTCs C NparMaTuyHbIM NOAXOAOM CEPUIHOMO
npov3BoACTBa.

YHUKanbHble KOHCTPYKTOPCKME peLleHuns,
ICNONb30BAHHbIE MPY CO3AAHWM NPOTUBOTON-
Hbix nmnennepoB «PECYPC-450», 3alumiieHs
nateHtamun P@.

Jiununuu A.B.,
pykoBoAuTenb Mpeanpuatvsg «TexlMprbop»
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